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FOREWORD

This report is Volume 6 of six volumes of the final report on "Nuclear Rocket Shield-
ing Methods, Modification, Updating, and Input Data Preparation”. This work was performed
for the George C. Marshall Space Flight Center (MSFC), Huntsville, Alabama, under Contract
No. NAS-8-24919, Control No. DCN 1-X-80-00056. The technical monitor of this controct
was Mr. Henry E. Stern, Deputy Manager of the Nuclear and Plasma Physics Division of the
Space Sciences Laboratory, MSFC. A description of the KAP-VI and SCAP codes is pre-

sented in this volume.

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

Volume 1:  "Synopsis of Methods and Results of Analyses" - A summary of the work performed
uncier this contract.

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

Volume 3:  "Cross Section Generation and Data Processing Techniques" ~ A description of
the GAMLEG-W, APPROPOS, NAGS, and SATURN codes,

Volume 4:  "One-Dimensional, Discretc Ordinates Transport Technique™ - A description of

the ANISN-W code.

Volume 5:  *Two-Dimensional, Discrete Ordinates Transport Techniques" - A description
cf DOT-IIW, DOQ, ADOQ, and MAP codes, and

Volume 6: "Point Kernel Techniques” - A description of the KAP-VI and SCAP codes.
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ABSTRACT

The KAP VI computer code for soiving energy dependent radiation transport
extenal to a radiaticn source is described. KAP VI is a revised version of the KAP V
code and is written in standard USASI FORTRAN [V. Revisions include the dato input
interface with the GAMLEG-W and NAGS code, as well as options to preferentially
exclude multiple scatter buildup approximations in certain zones. The KAP VI (Point
Kemel Attenuation Program) code employs the point kemnel method to calculate neutron
and gamma ray radiation levels at detector points located within or outside a complex
geometry - (including the radiation source) describable by a combination of quadratic
surfaces. The code can be used, for example, to calculate gamma ray and/or fast neutron
flux, dose, or heating rate. The attenuation function, or kemnel, for gamma rays employs
exponential attenuation along with a buildup factor to account for multiple scales. Three
optional fast neutron attenuation functions are included: (1) a modified Albert- Welton
function for calculoting fast neutron dose rate using removal cross sections; (2) a
bivariant polynomial expression for computing neutron spectra using infinite media moment
data; and (3) a monovariant polynomial expression for computing neutron spectra using
infinite media moments data. The code also handles either cylindrical, spherical, disc,
line, or point sources. A variety of op’r.ions are available for describing neutron or gamma

ray source distributions in complex geometries.

The SCAP computer code for solving energy dependent radiation transport in a
complex scattering geometry is described. The SCAP (SCatter Analysis Program) code
employs the point kemel method to calculate the gamma ray or neutron radiation levels
of a detector point located within or outside a complex scattering geomeiry describable
by a combination of quadratic surfaces. The code employs an anisotropic point source
represented as energy and angular dependénf input values, single or albedo - scatter
methods, and exponential material attenuation to calculate dose rates and gamma ray

energy deposition at a defecfor'-poi_ni'.
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1.0 [INTRCDUCTION

This report is Volume 6 of six volumes of the final report on "Nuclear Rocket
Shielding Methods, Modification, Updating, and Input Data Preparation." Presented in
this volume is a description of the KAP VI and SCAP codes using the point kernel technique.

The KAP VI and SCA? codes a-e an integral part of both the preliminary cr para-
metric and the detailed design radiaticn analysis methods provided for the Marshall Space
Flight Center (MSFC) under this contract and the previous contract (NAS-8-20414). A
simplified, schematic diagram of each method is shown in Figures 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 fo the
ANISN-W code (Volume 4). The AN|SN-VPV code computes one-dimensional neutron and
photon fluxes in the reactor gecmetry. From the neutron fluxes, neutron and photon
energy sources and distributions are obtained using the NAGS data processing code (Volume
3). These sources and distributions are used as input to the KAP VI point kernel code (Volume
6). The KAP VI cods provides gamma. ray and fast neutron radiation levels at locations
external to the reactor. Radiation sources, heat generation rates and radiation environment,
both internal and external to the reactor as well as shield effectiveness can be computed
using the preliminary or parametric design method.

In the detailed design method (Figure 1-2), the neutron and photon cross sections
prepared by the APPROPOS code (Volume 3) are used as input data to the DOT-IIW, two-
dimensionai, discrete ordinates transport code. The DOT-1IW 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
energy deposition and neutron and photon enargy sources and distributions within the
reactor system. These sources and distributions ore used as inpui to the KAP VI point
kernel code (Volume 6). Thé KAP VI code provides gamma ray and fast neutron radiation

levels at locations external to the reactor. In addition the surface leakage fluxes from
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the DOT-!IW problem ge- retry are used as input to the MAP radiation transport code
(Volume 5). The MAP code computes the radiation enviranment ct selected surfaces

or points external to the DOT-IIW geometry and includes provision for last-flight transport
using optional point kernel techniques. The SCAP single-scatter or albedo code (Volume 6)
is used to compute external radiation environment using, as source input data, the output from
either the KAP V| or the MAP codes. Radiation sources, heat generation rates and radiation
environment, both internal 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 systems, point kernel technique codes serve as the basis
for many different types of calculations such as parametric analyses of nuclear rocket or
space power shield designs, space nuclear propulsion system configurations, propellant
management studies, and radiation environment and effects studies. The combination of the
KAP VI point kernel code and the SCAP single-scatter or albedo code provides flexible
yet efficient point kernel method which uses consistent geometry and cross section data.
Punched data and output for the KAP VI code are used as input to the SCAP code.

The KAP VI code is a revision of the KAP V code to update its cupability to
automate the data interfaces with NAGS, GAMLEG-W, and SCAP codes, The present
version of the KAP VI code is operational on the UNIVAC 1108 computer under the
EXEC 8 Monitor System,

The SCAP code is a single-scatter or albedo code which duplicates the geometry
capability of the KAP VI code and employs a consistent set of gamma ray cross section and
binary factor data. The single scatter technique uses scatter point densities based on a
spherical coerdinate system integrated about anistropic point source. Input source data
are from the KAP VI or MAP codes.

The code is in standard USASI FORTRAN language. The present version is operational
on the MSFC UNIVAC 1108 computer under the EXEC 8 Monitor System.

| e ¢
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2.0 KAPVI CODE

KAP Vi is a point kernel code designed to calculate the radiation leval at
detector points located within or cutside @ complex radiation source geometry describable
by @ combination of quadratic sufaces. The code evaluates the material thicknesses inter—
cepted along the line-of-sight from the source point to the detector point. These material
thicknesses (or path lengths) then are employed in attenuation functions to calculate the
flux, dose rafe, or heating rate at the detector. The attenuation function for gamma rays
employs exponential attenuation with a buildup factor. Three optional neutron attenuation
functions are included: (1) a modified Albert-Welton function for calculating fast neutron
dose rate using removal cross sections; (2) a bivariant polynomial expression for computing
neuvfron spectra using infinite media moments data; and (3) a monovariant polynomial for
computing neutron spectra using infinite media moments daia.

The code also handles either cylindrical, spherical, disc, line, or point sources.
Different source distributions may be employed for neutrons and gamma rays. A variety of
options is available for describing the source distributions. The source distributions are
assumed separable along the axis and radijus of cylindrical~ type source regions and
independent of the azimuthal angular position for either spherical or cylindrical sources.
An option is provided to describe azimuthal source density variation by specifying input
data for discrete point sources.

Specific desivable features which have been incorporated in the KAP VI code
are:

(1) Input data preparation has been simplified to allow minimum input for
running "stacked" cases.

(2)  The code uses the "point-in-region" concept fo calculate the boundary
surface-zone relationship ("ambiguity index") which is required as input in other point

kern.! codes.

(8) A routine is included in the code to calculate gamma ray mass absorption
coefficients for up to twenty elements as a function of input gamma ray energy from either

internal calculations or from magnetic tape data and internal calculations.
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(4) A routine is included in the program to calculate the cubic polynomial
coefficients for buildup factors as a function of input gamma ray energy from a library of
bivariant polynomial data.

(5) A routine is included which will interpolate a closely-spaced source distri-
bution (obtained from a discrete ordinate transport source calculation) to @ source mesh
description more economic and amendable to point kernel calculations.

(6) A routine is included which calculates and normalizes point source strengths
for a variety of source geometries and functional variations of source distributions.

(7)  Input data are checked for consistency to eliminate many erroneous calcu-
lations that can occur if input data for a problem are incomplete.

(8)  The program has the capability to calculate fluxes and/or other radiation

responses such as heating rates at multiple detector points for each source region.

(?) The program has no set limit on the number of source regions which can be
run in a single problem. This feature is handled as a set of stacked source region problems.
The program computes the summation at each detector point of the neutron and/or photon
radiation from each source region.

(10) The program allows the user to input separate source distributions for neutrons
and gamma rays within the same source region.

(11)  The program eliminates unnecessary response function computations by
accumulating flux data as a function of detector point and group during the calculation
for each source region. Calculations for up to ten response functions are performed only
at the completion of each source region caiculation and/or at the completion of source
region problems.

(12)  An option is included for calculating the flux at a detector located within
a gamma ray source region. This option circumvents the numerical difficulties introduced
by the "inverse square law" when a source point is too close to the detector.

(13)  An option is included to accept NAGS punched card data as input source
data, |
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(14)  An opiion is included to provide punched card output for use in the SCAP
code,

Section 2.2 gives a description of the required input data for the KAP VI code.
Section 2.3 gives a detailed input data information for specific data arrays. Section 2.4
briefly describes problem setup information, including tape assignments, running time and
a sample problem. Section 2.5 gives a description of the KAP VI output data. Section
2.6 describes the code logic and Section 2.7 provides a description of the numerical

method of solving the point kernel problem.




2.1

COMPUTER CODE SYNOPSIS

Name: KAP-VI

Computer: The code is operational on the MSFC UNIVAC 1108 computer
system under EXEC8 monitor system control.

Nature of Physical Problem Solved:

KAP VI solves for radiation transport in complex geometries using the

point kernel method. The code is designed to calculate the neutron and
gamma ray radiation level at detector points located within or outside a
complex radition source geometry. Geometry is describable by zones
bounded by intersecting quadratic surfaces with a maximum of six boundary
surfaces per zone. Radiation source distributions are describable as sepa~-
rable energy and spatial distributions with internally calculated normaliza-
tion to provide a point source description of a volumetric source in
cylindrical or spherical coordinates. Disc, line, or point sources are
describable as source data. The attenuation function for gamma rays is an
exponential with a buildup factor approximation to account f. multiple
scatter. Three optional neutron attenuation functions are included:

1) a modified Albert-Welton function for calculating fast neutron dose

rate using neutron removal cross sections; 2) a bivariant polynomial ex-
pression for computing neutron spectra using infinite media moments data
and neutron removal cross sections; and 3) a monoveriant polynomial ex-
pression for computing neutron spectra using infinite media moments data
and neutron removal cross sections.

Method of Solution: A point kernel method using a poinf source representa-
tion of multiple finite volumes representing a volumetric radiation source

is used, line=of-sight material attenuation and inverse square spatial attenua-

tion between the source points and detector points is employed. A direct

-
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summation of individual point source results over a user specified breakdown
of a volumetric source region into finite volumes is used as the method of
integration.

Restrictions on the Complexity of the Problem: The KAP VI code is
limited to 30 gamma ray groups and 30 neutron groups. The geometry
description capability is restricted to zones defined by a maximum of six
boundary surfaces with each surface defined by the general quadratic
equation or one of its degenerate forms. A total of 100 surfaces and 100
zones are possible in a simple problem. The volumetric source zone in
KAP VI problems can be described by a maximum of 4000 finite source
volumes each representing a point source. A maximum of 20 radial by 20
axial or polar by 20 azimuthal subdivisions in cylindrical and spherical
geometry is allowed.

Typical Running Time: The KAP VI code computes approximately 100
source point-to-detector point calculations per second on the UNIVAC
1108 computer. This running time is essentially independent of the number
of energy groups and is only dependent upon the calculation of geometry
dependent data.

Unusual Features of the Code: None

Related or Auxiliary Codes: Gamma ray absorption coefficients (cross
sections) may be supplied by magnetic tape from the GAMLEG-W Q)codeo
Neutron and gamma ray source distribution data for neutrons can be
supplied on punched cards from the NAGSCQ)code. The KAP Vi code
provides on punched cards detector flux data for use as the effective aniso-
tropic source data in a scap(l) code.

Status: The code is in productive use at the Marshall Space Flight

Center (MSFC). Users at MSFC load the code from a tape with controls

cards followed by the user's input dat.

2-5
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2.2 INPUT DATA DESCRIPTION

The input data to each KAP=-VI problem or "change case" consist of three different

sets of data. The sets are:

1) Alphanumeric data
2) Integer or fixed point data
3) Real or floating point data

These three data sefs are required for each KAP-VI problem or "change case" and

the user must enter the required data in each data set. The input deck setup consists of

each type of data in the order above.

2,2.1  Input Format

The general card format consists of two data fields. The first field (card columns
1 - 12) is divided into three subfields for all types of data. The second field (card columns
~ 13 - 72) is divided into subfields according to the type of data. The three subfields of the
first field are read in a FORTRAN fgrmat (12, 17, 19) and requires the following information is

in the corresponding subfield which is common to each type of data set input:

1) The number of pieces or words of data on the card (right adjusted*),
2) A control word specifying that this is.the last card of a particular type of data
¢i.e., 0 or blank means that more cards of a particular type follow; 1 means that

is the last card of particular type of data).

3) The address** or data location of the first piece or word data on the card. All
subsequent data in the fields on the card, up to and including the total pieces
of data specified in the first subfield, are stored in sequence from the address of

the first piece or word data.
The second field is divided according fo the type of data to be read.

* Right adjusted means the least significant digit of the number is at the extreme
right of the field.

** Address is the relative location of a variable in blank COMMON where the
FORTRAN EQUIVALENCE is used to assign data arrays in blank COMMON.

2-7
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The card format for the alphanumeric or title data is the FORTRAN format (i2, 11,
19, 15A6). The second field (card columns 13 = 72) is divided into 15 subfields with each
of the alphanumeric data which are input according to the input instructions.

The relative location or address of the initial four character word in each title
array istabulated and described in Section 2. 2.2 ard the breakdown of data sections are
described. The option to input specific title data was included because of the outpur flexi-
bility of the program. | must be noted that the user, in specifying a three word title, has
the capability of inputting 12 characters of information. In addition, the breakdown of the
180 and 120 character titles into 3 and 2 lines of 15 alphanumeric data words per line (60
characters per line) must be followed by the user to provide clearly titled output results.

Thecard format for the integer (fixed point) data is the FORTRAN format (12,

[1, 19, 20i3). The second field (card columns 13 = 72) is subdivided into 20, 3 digit subfields
with each of the 20 pieces of data input as "right adjusted" integer data.

The address of each piece of data, or the address of each data array, is tabulated
and described in Section 2.2.2. The addressing of data internal to each data array is also
tabulated and described.

The card format for the real (floating point) data is the FORTRAN format (12, i1,
19, 5E12.5). The second field (card columns 13 = 72) is subdivided into 5 twelve digit

subfields with each of the 5 pizces of data  input as real or floating point data.

The relative location or address of each piece of data, or the initial address of
each data array, is tabulated and described in Section 2. 2.2, The addressing of data
internal to each data array is also tabulated and described. A complete KAP-VI punched
card input deck for each problem must include at least one data card of each type (alpha-
numeric, integer, and real). Therefore, the minimum card count for a stacked problem is
three cards, one for each type of data with a 1 in column 3 of each card.

‘The ability to assign the specific address of each data word within any data array

allows the user to run stacked problems with minor data changes with a minimum card count.
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2.2,7  Input Data Instructions

This section describes the preparation of problem input data for the KAP-V] code.
Section 2.3 presents a more detailed description of specific input data preparation. The
quantity in slashes represents the number of pieces of data, or the limitation on the range of

the input variable. Data array dimensions are specified in the description.
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TABLE 2-1

INPUT DATA INSTRUCTIONS FOR KAP-VI CODE
DATA SET 1 - ALPHANUMERIC (TITLE) DATA

Address Data

1 TITLE
45 TITLE
76 TITLE
106 TITLE

TITLE

136 TITLE (1)
139 TITLE (2)
142 TITLE (3)
145 TITLE (4)
148 TITLE (5)
151 TITLE (&)
154 TITLE (7)
157 TITLE (8)
160 TITLE (9)
163 TITLE (10)

Array Dimension

(45)

(30)

(30)

(30)

(3, 10)

Description

Overall problem title (180 alphanumeric
characters) which is output at the beginning
of the output printing. (Printed 60 charac-
ters to a line.)

Title information (120 characters) printed
preceding the output of results for each
source region and all detector points.
(Printed 60 characters to a line. )

Title information (120 characters) printed
preceding the output of results for the
subtotal over a selected set of source

regions (i. e., the summation over all reactor
subregions). (Printed 60 characters to a
line.)

Title information (120 characters) printed
preceding the output of results for the
summation over subtotals), (Printed 60
characters to a line.)

Title information (3 words or 12 characters)
associated with gamma ray response oufput
data.

Gamma ray response No.
Gamma ray response No.

Gamma ray response No.

AOWN

Gamma ray response No.

(&)}

Gamma ray response No.
Gamma ray response No.
Gamma ray response No.

Gamma ray response No.

N 0O N O

Gamma ray response No.

Gamma ray response No. 10




Address

166

196

226
229
232
235
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Table 2-1 (Continued)

Data Array Dimension
TITLE (3, 10)
TITLE (3, 10)
TITLE (3, 25)
TITLE (1)

TITLE (2)

TITLE (3)

TITLE (4)

291 - 300 TITLE (25)

2-11

Description

Title information (3 words or 12 characters)
associated with each neutron response output
data. Data order identical to gamma ray
response data.

Title information (3 words or 12 characters)
associated with each Albert-Welton response
output data. Data order idestical to gamma
ray response title data,

Title information (3 words or 12 characters)
for each detector point in the problem:

Detector point 1
Detector point 2
Detector point 3
Detector point 4
Detector point 25
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Table 2-1 (Continued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Addre_is Data
1 NGG
2 NGN
3 MAT
4 NCOMP
5 NDET

Array

Dimension

Description

Total number of gamma ray groups, EG/] <NGG
<30/

Total number of neutron groups, E,/1 <SNGN
< 30/

Total number of materials or elements {i. e., an
element, H, O, or Fe; or a material, HoO, UO2)
in the material/composition table. Note: The
user may input the data, py,(Eg) for MAT elements,
or optionally the program will calculate gamma
ray coefficients, um(Ez), for MATL elements,

but not materials (such as HpO). The coefficients,
pm(E%), calculated by the program are in units

of cm4/gm. The internally generated gamma

ray data will appear as the first MATL sets of

data in the material/composition table, There-
fore, the MAT set of data must corraspond up to
and including the first MATL set of deta,

/1< MAT< 20/ and /MAT > MATL/

Total number of compositions in the material/
composition table,

/1< NCOMP< 50/

Total number of detector points to be evaluated
for the source region in the problem. The pro-
gram will accumulate results for multiple
source regions for all detector points under the
control of the input quantity, ISUM,

/1 <NDET< 25/

AR T~




Address

10

11

19
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Table 2-1 {Continued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Data Array Dimension Description
NBOUND Total number of boundary surfaces in the problem
geometry.

/1 <NBOUND <100/

NREG Total number of geometric regions or zones in the
problem geometry. A region is described by 6 or
less boundary surfaces which subdivide the overall
problem space.

/1SNREG <100/

NRSPG Total number of sets of response functions to be
applied to the calculated gamma ray flux data at
each detector point.

/1< NRSPG< 10/

NRSPN Total number of sets of response functions to be
applied to the calculated neutron flux data at each

detector point.
/1 SNRSPN <10/

NRSPA Total number of response functions to be applied
to the Albert-Welton neutron dose function results

each detector point.
/1 SNRSPA £10/

MATL Total number of elements for which gamma ray co-
efficient sets are fo be internally generated by
the program. The MATL sets must be the first MAT
sets of the material /composition table. If MATL is
negative, then a library tape on logical unit 11 is
required.

/O IMATLISMAT/

IBILD Control word for buildup factor input data.
IBILD = 0: input buildup factor polynomial co-
efficients at location BILD.

IBILDF0:  the program internally computes the
buildup factor coefficients from the library of

data according to the value of IBILD. The allowed
values of IBILD for library data are listed in Table 2-2.

2-13




Table 2-1 (Continued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Array
Address Data Dimension Description

20 IGAM Control word for calculation of gamma ray
attenuation functions.

IGAM = 0: Do not calculate gamma ray
attenuation functions.

IGAM = 1: Calculate gamma ray attenuation
functions. ‘

INEUT (3) Control words for calculation of neutron
attenuation functions.

21 INEUT(T) Control word for Albert-Welton neutron dose
calculation.

INEUT(T) = 0, do not calculate Albert-Welton

result,

INEUT(1) = 1, calculate Albert-Welton result
(Requires input of XSECN(i, 1), XSECN(i, 2),
ALFA, RSPA, and AWSOUR data or data arrays).

22 INEUT(2) Control word for monovariant polynomial,
f(Wg, Ep), neutron spectra calculation.

INEUT(2) = 0, do not calculate monovariant
polynomial neutron spectra results

INEUT(2) = 1, calculate monovariant polynomial
neutron spectra results, (Requires input of
ASOI(2), NSOUR, ENN, XSEC(i,3), XSNREF,
COM, RSPN, XLAM, data arrays)

23 INEUT(3) Control word for bivariant polynomial, f(Wp,E,},

neutron spectra calculation.

INEUT(3) = 0, do not calculate bivariant poly~
nomial neutron spectra results

INEUT(3) = 1, calculate bivariant polynomial

neutron spectra results. (Requires input of KORD,

IORD, ASOI(2), NSOUR, ENN, XSEC(i,3), ,
XSNREF, CON, RSPN, XLAM data arrays. ) @
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24

25

26

27
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Table 2-1 (Continued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Data

ISCP

1Z50

ISORC

ISRC

Array

Dimension

Description

Control word for calculation at a detector in the
immediate vicinity of source points. (An analyti-
cal result is calculated if the path length between
a source point and detector point is less than or
equal to SMFP mean free paths in the composi-
tion number ISCP. (See Section 2.7 for descrip-
tion of technique. )

ISCP = 0: Do not calculate analytic result.

ISCP >0: Calculate analytic result with the
ISCP composition as the source region
material in the analytic solution.

The number of the source zone in which path
length calculations for this source region are
initiated.

IZSO = Source zone number.

Control word for calculation of all source dis-
tribution functions. (See Section 2.7 for
description of methods of solving for source data. )

ISORC = 0: Do not calculate source distribution
data but use previous problem data,

ISORC = 1: Calculate new source distribution
data from XI, ETA, RS, Z5, PHI, FSI RSIT, ZSIT,
FSIT input data.

Conf_rol word for the calculation of source radial
distribution data.

ISRC = 0: Do not calculate and renormalize
input data, but use RS, ZS, PHI, and FSI as
point source data. (This option allows the

"description of one or more discrete point sources. )




Address

28

Data

1SZC

Table 2-1 (Continued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Array
Dimension

Description

Note: The following source radial distribution
options are applicable to a cylindrical source
geometry.

ISRC = 1: Uniform or flat source distribution
(Does not require FSI input).

ISRC = 2: Cosine source distribution based on
input data, XiIs. (Does not require FSI input.)

ISRC = 3: Source distribution based on a linear
variation of input data, FSI, between mesh points,
RS.

ISRC = 4: Source distribution based on input
exponential distribution data Xls. (Does not
require FSI input.)

ISRC = 5: Source distribution based on exponen-
tial variation of input data, FSI, between mesh
points, RS.

Note: The following source radial distribution
options are applicable o a spherical source
geometry,

ISRC = 6: Uniform or flat source distribution,
(Does not require FSI input data. )

[SRC = 7: Source distribution based on a linear
variation of input data, FSI, between mesh
points, RS,

Control word for scurce axial or polar distribu-
tion calculations.

Note: The following source axial distribution
options are applicable to cylindrical source
geometry,




Address

29

e
\
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Table 2-1 (Continued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Array

Data Dimension

ISTC

Description

i1ISZC = 1: Uniform or flat source distribution.
(Does not require FSI input. )

ISZC = 2: Cosine source distributicn based on
the input data, ETA. (Does not require FSi
input data, )

ISZC = 3: Source distribution based on the
linear variation of input data, FSI, between the
mesh points, ZS.

ISZC = 4: Source distribution based on an
exponential variation of the source between
mesh points, ZS, and the input data, ETA, (Does
not require FSl input data. )

ISZC = 5: Source distribution based on the
exponenftial variation of the source between
mesh points, ZS. (Requires FS| input data, )

Note: The following source polar distribution
option is applicable to a spherical source
geometry.

ISZC = 6: Uniform or flat polar variation.
(Does not :equire FSI input data. )

Control word for source azimuthal distribution
calculations.

Note: All source azimuthal distributions are
assumed to be uniform. The user must use the
ISRC = 0 option with all input data calculated
externally to the program to do otherwise.

ISTC = 1: Azimuthal source point spacing from
the input data, PHI, with NSO (1) intervals in
each radial interval.



Address

30

31

Data

ISIT

ISUM

Table 2-1 (Continued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Array
Dimension

Description

ISTC = 2: Azimuthal source point spacing from
the input data, PHI, with the number of azimuthal
intervals for each radial interval set by the input

data, NSO,

ISTC = 3: Azimutha!l source point spacing
based on equal azimuthal intervals; the number
of intervals is set by the input data, NSO.

Control word for source distribution interpolation
calculation.

ISIT = 0: Do not interpolate RSIT, ZSIT, FSIT
input data to obtain FSI at RS and ZS.

[SIT=T1: Interpolate RSIT, ZSIT, FSIT input
data to obtain FS| at RS and ZS.

Control word for summation of the contribution of
individual source regions to the detector response
at each detector point.

ISUM < 0: Initialize the subtotal (intermediate)
and total summary resuits by setting all values to
0.0. This procedure is necessary for subsequent
summations over individual source region results.
ISUM is set equal to the absolute value of the
input value of ISUM after initialization process.

ISUM = 0: Do not include results from this
individual source region in the subtotal or total
summary results.

ISUM =+1: Add individual source region results
to subtotal and total summary results.

ISUM =+2: Add this individual source region
to the subtotal and total summary results, print
the subtotal summary results, and then set all
subtotal summary results to zero.




Address

32

33

36

37
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Table 2-1 (Continued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Array
Data Dimvension

[Py

IOUT(T)

[OUT(2)

KORD (3)

KORD(T)

KORD(2)

KORD(3)

e — o o

Description

ISUM = +3: Add this individual source region to
the subtotal and total summary results, print the
subtotal and total summary results to zero.
NOTE: [fISUM = 3, then the gamma ray and
neutron fotal summary results for the first response
function are output on punched data cards in the
FORTRAN format 6E12. 5 for use in the SCAP

code (see Section 3. 2).

Control word for printing input data,

IOUT(1) = 0: Do not print input data.

IOUT(T) = 1: Print card images of input data.

JOUT(1) = 2: Print card images and organized
input data

NOTE: Normalized source distribution data are

printed only when IOUT(1) = 2,

Control word for printing of output data.

IOUT(2) = 0: Print all output data for each
individual source region.

|IOUT(2) = 1: Do not print individual source
region resulfts.

Degree or order for each set of the neutron
moments method bivariant polynemial data in
the independent variable, energy (E).

Degree or order of the first set of coefficients

for the energy range, BKP(1) to BKP(2).

Degree or order of the second set of coefficients

for the energy range, BKP(2) to BKP(3).

Degree or order of the third set of coefficients
for the energy range, BKP(3) to BKP(4 ),



Address

40

41

42

50

51

52

Data

IORD

ORD(T)

[ORD(2)

IORD(3)

LSO

MSO

NSO

NSO(1)

NSO(2)

Table 2-1 (Continued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Array

Dimension

(3)

(20)

Description

Degree or order for each set of the neutron
moments method bivariant polynomial data in the
independent variable, depth penetration (Wp).

Degree or order of the first set of coefficients
for the energy range, BKP(1) to BKP(2).

Degree or order of the second set of coefficients
for the energy range, BKP(2) to BKP(3),

Degree or arder of the third set of coefficients
for the energy range, BKP(3) to BKP(4).

Total number of radial mesh intervals in the
source region description. -

/15150 <20/

Total number of axial or polar mesh intervals in
the source region description.

/1< MSO <20/

Total number of azimuthal mesh intervals for
each radial interval in the source region descrip-
tion.

/1S NSO(i) <20/
Total number of azimuthal mesh intervals in
radial interval number 1 or if, ISTC = 1, the

total number of intervals in each radial inferval.

Total number of azimuthal mesh intervals in
radial interval 2.
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71

75

76

. /T:.,\\

100

101

199
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Table 2-1 (Continued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Array
Data Dimension
NSO(20)
LSIT
MSIT

NEQBD(j)  (100)

NEQBD(T)

NEQBD(2)

NEQBD(100)

Description

Total number of azimuthal mesh intervals in
radial interval 20.

Total number of radial source distribution input
data values, RSIT and FSIT. This data, RSIT and
FSIT, is used for interpolation of the source dis~
iribution data, FSI, at the mesh points, RS.

/1S LSIT £51/

NOTE: The data, RSIT and FSIT, can be
obtained on cards from the NAGS code.

Total number of axial source distribution input
data values, ZSIT and FSIT, to be used for inter-
polation of source distribution data, FSI, at the
mesh points, ZSI.

/1S MSIT<51/

NOTE: The data, ZSIT and FSIT can be
obtained on cards from the NAGS code.

Surface equation type number for each boundary
surface, |, in the problem. (The surface equa-
tions and their respective type number are
presented in Table 2-3 along with the required
surface coefficient input data ~ ABD, BBD,
CBD, DBD, XOBD, YOBD, ZOBD)

/T <NEQBD(j)< 6/

Surface type number for surface No. 1.

Surface type number for surface No. 2.

Surface equation type number for surface No. 100,
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Address

200

201

299

300

301

Table 2-1 (Continued

DATA SET 2 - INTEGER (FIXED POINT) DATA

Array
Data Dimension Description

NBNDZN() (100) The total number of boundaries or surfaces
defining each zone, i, in the problem. Each
zone must have at least one boundary and no
more than six boundaries.

/TSNBNDZN(i)L 6 /

Note: The sign (+) of NBNDZN(i) denotes
whether the zone is an outside or last zone and
the user must specify this sign. If NBNDZN is
negative, the zone is an outside or last zone to
be calculated on the ray trace to a detector.

NBNDZN(1) Total number of boundary surfaces for zone No. 1.

NBNDZN(2) ' Total number of boundary surfaces for zone No. 2.

NBNDZN(100) Total number of boundary surfaces for zone
No. 100,

NCMPZN(i) (100) The composition number of the mixture of
materials in zone, i, for each zone in the
problem.

NOTE: If NCMPZN(i) is input as a negative
value, there is no buildup calculated for the
mean free paths in the zone, i. Only uncollided
attenuation is calculated for zone i,

NCMPZN(1) Composition number in zone 1,

NCMPZN(2) Composition number in zone 2.
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399

500

506

1094

1100
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Table 2-1 (Centinued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Array

Data Dimension Description

NCMPZN(100) Composition number in zone 100.

LBD(j,i) (6,100) The boundary surface numbers, |, for each zone, i.
The user must specify NBNDZN(i) surface num-
bers for each zone, i, and the surfaces must
totally enclose the zone or region in the problem.
Qutside zones can be described as single boundary
zones.

Note: The KAP-VI program will automatically
assign all ambiguity indices (+ or =) of each
surface, |, in relation to each zone, i.

LBD(j, 1) Surface numbers, | = 1, NBNDZN(1), for zone 1.

LBD(j,2) Surface numbers, | = 1, NBNDZN(1), for zone 2.

LBD(j,100) Surface numbers, | = 1, NBNDZN(1), for zone 100.

NTRYZN(j,i) (6,100) The zone identification number for each boundary
|, of each zone, i, which defines the zone
encountered upon crossing each boundary of the
zone, i. There is a one=fo-one corraspondence
between LBD and NTRYZN.

Note: If more than one zone can be entered
upon crossing boundary, i, the user can minimize
problem running times by specifying the zone
entered the most times, or if this cannot be
determined, the zone with the lower identifica-
tion number.

NTRYZN(j,1) Zone numoer, | = 1, NBNDZN(1), for zone 1.
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Tab!: 2~1 (Conti nued)

DATA SET 2 - INTEGER (FIXED POINT) DATA

Array
Address Data Dimension Description
1106 NTRYZN(j,2) Zone number, j= 1, NBNDZN(1) for zone 2
1694 NTRYZN(j,100) Zcne number, j = 1, MBNDZN(1), for zone 100.
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Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING POINT DATA)

Array
Address Data Dimension Description

ASOI (2) Gamma ray and neutron source normalization
constants. The input constants, ASOI, must be
dimensionally consistent with GSOUR, NSOUR,

and AWSOUR. (See Section 2.7.4
for details.)

1 ASOI(1) Gamma rcy source normalization constant.

2 ASOI(2) Neutron source normalization constant.
Note: If ASOI(2) is input as 0.0, the program
assumes ASOI(2) = ASOI(1) and all gamma ray
source distribution data, FSI, are also used for
neutron source calculations.

Xl (2) Radial source distribution constants used in the

truncated cosine or exponential source distribu-
tion function.

For truncated cosine, (required when ISRC = 2):

3 XK1 =m/2B, where B is the extrapolaied radius R*
of the radial cosine function describing the source
distribution.

4 X1(2) = C, where C is the radial coordinate of the center
of the source region, R=0.0, for a source centered
in the coordinate system.

For exponential (required when ISRC = 4);

3 X (1) = f(Ro), the source value at the |eft boundary
radius, Ro

4 X1(2) = 0, the slope of the source distribution in the
region,

ETA (2) Axial source distribution constants used in the

truncated cosine or exponential source distribu-
tion function.
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Address

28

49

70

Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING POINT DATA)

Array

Data Dimension
ETA(1)

ETA(2)

ETA(T)

ETA(2)

RS(i) (21)
ZS(m) (21)

PHI(n,i) (21,20)

PHI(n,T)

PHI(n,2)

Description

For truncated cosine (required when ISZC = 2)

P
B
of the axial cosine function describing the source
distribution.

, where B is the extrapolated height, H*,

= C, where C is the axial coordinate of the
center of the source region, C = H*/2, for a
source whose base is at the origin of the
coordinate system.

For exponential (required when ISZC = 4)

= f(Z,), the source value at the left axial
boundary, Z,.

= o, the slope of the source distribution in the
region.

Radial dimensions of the source region mesh
lines.

/LSO + 1 values/

Axial or polar dimensions of source region mesh
lines.

/MSO + 1 values/

Azimuthal dimensions of source region mesh
lines for each radial interval, i.

Dimensions of radial interval No. 1, (NSO(1) +
1 values)

NOTE: If ISTC =3, input PHI(1,T) and PHI(2,1)
as 0.0 and 3.15149.

Dimensions of radial interval No. 2, (NSO(2) +
1 values)
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448

470
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931

Astronuclear
—/ lLaboratory

Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING POINT DATA)

Array

Data Dimension
PHI(n,20)

FSi (21,22,2)
FSI(1,1,1)

FSi(m,2,1)

FS1(n,3,1)

FSI(1,3,1)

RS1(2,3,1)

FS1(20,3,1)

Description

Dimensions of radial interval No. 20, /NSO(20)
+ 1 values/

Note: PHI(n,i} for i greater than 1 are required
only when for [STC = 2

Source distribution data for radial, axial, or
polar, and azimuthal distribution for both gamma
ray, K =1, and neutron, K = 2, source data.

Gamma ray radial source data (required when
ISRC = 3 or 5)
/LSO + 1 values/

Gamma ray axial or polar source data (required
when [SZC = 3 or 5)
/MSO + T values/

Gamma ray azimuthal data for each radial
interval,

/NSO(1) + 1 values/

Nofe: FSi(n,3,1) is required input only for the
case when the user specifies all source data FSi
as input (i. e., a unit point source is input by
specifying ISORC =1, ISRC =0, FSI{470) = 1. 0,
FSI1(491) = 1.0, FSI(512) = 1. 0}

Gamma ray azimuthal data for radial interval

Neo. 1.

Gamma ray azimuthal data for radial interval

No. 2.

Gamma ray azimuthal data for radial interval

No. 20.



Address

932

1400

1430

Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING POINT DATA)

Data

FSI(1,1,2)

GSOUR

NSOUR

Array

Dimension

(30)

(30)

v

Description

Neutron source distribution data input which is
identical in order to the gamma ray data, but
with all addresses increased by 462,

Note: If ASOI(2) is input as 0. 0, then FSI(l,1,2)
= FSI(1,1,71)

Gamma ray source by energy group, ENG.
Note: GSOUR must be dimensionally consistent
with ASOI(1), so that GSOUR(k)- ASOI(1) will
provide the units of particles or MeV/cm®=sec.
The NAGS code can provide at user option the
GSOUR data in the KAP-VI punched data card

format.

Neutron source by energy group, ENN,

Note: NSOUR must be dimensionally consistent
with ASOI(2). These quantities provide the

user with the capability to input group dependent
integration factors (energy band widths) and

must not be construed as neutron source spectra.

The following input data (ABD, BBD, CBD, XOBD, YOBD, ZOBD, DBD)are the surface
equation coefficients and constants for each boundary (1 - 100). This input depends on
the surface quation type as specified in the NEQBD array. The surface equation types which
are in the program are the general quadratic equation, and five of the common degenerate
forms as shown in Table 2-3.

1460

1560

1660

1760

ABD

BBD

CBD

XOBD

(100)

(100)

(100)

(100)

Surface equation coefficient constant, A, for
surfaces 1 ~ 100,

Surface equation coefficient, B, for surfaces

1 - 100.

Surface equation coefficient, C, for surfaces
T - 100.

Surface equation constant, X, for surfaces
1 - 100.
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Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING POINT DATA)

Array
Address Data Dimension Description

1860 YOBD (100) Surface equation constant, Y, for surfaces
1 -100.

1960 ZOBD (100) Surface equation constant, Z, for surfaces
1 - 100.

2060 DBD (100) Surface equation coefficient D, for surfaces 1-100.
Note: To eliminate errors in path length calicu-
lations, the program automatically squares the
input quantity, D, foi surface equation types 2
and 3 to provide absolute matching of surface
intersections.

XYZ(j,i) (3,100) Cartesian coordinates of the point internal to
each zone, i, described by the input data, LBD.

{ . There are 3 x NREG required input values.

) These data are used in computing the ambiguity
indices (+ or -) of each surface in relation to the
zone and extreme caution must be used in deter-
mining input values.

216 i

160 XYZ(j, 1) (Xp, Yp, Zp) for zone 1.

2163 XYZ(j,2) (XP, YP’ Zp) for zone 2.

2457 XYZ(j,100) (Xp' Yp' Zp) for zone 100.

COMP{m,n) (20,50) Composition matrix (densities or volume fractions)

according to the materials or elements, m, in
the problem.
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Address

Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING POINT DATA)

2460

2480

3440

3460

3490

3510

3530

3550

3551

3558

Array
Data Dimension
COMP(m,1)
COMP(m,2)
COMP(m,50)
ENN (30)

XSECN(m,i) (20,3)

XSECN(m, 1)

XSECN(m,2)

XSECN(m,3)

XSNREF

ALFA 7)

AWSOUR

Description

COMP(m,1): data for all materials, m, in
composition 1.

COMP(m,2): data for all materials, m, in
composition 2.

COMP(m,50): data for all materials, m, in

composition 50,
Representative energy of each neutron group.

Data for the Albert=Welton and neutron spectra
functions.

Neutron removal cross sections for each material
for use with the Albert=-Welton function.

Constants (7 's) for each material for use with the
Albert-Welton function.

Neutron removal cross sections for each material
for use with the neutron spectra function.

Neutron removal cross section for the material for
which the neutron moments data is input (reference
material removal cross se=tion).

Constants (a's) for the Alkert-Welton function.
Source strength t¢ be applied to the Albert-
Welton kernel.

Note: AWSOUR must be dimensionelly consistent
with ASOI(2).
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3560

3590
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4160
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4194

4306
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Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING POINT DATA)

Array

Data Dimension Description

ENG (30) Representative energy of each gamma ray source
group.

XSECG(k,m) (30,20) Gamma ray absorption coefficients for each group
k, and each material, m, in the problem. The
program will generate these daiu from the data
on magnetic Tape 11 if MATL<0 or from
evaluation of bivariant polynomials if MATL> 0.
If MATL # 0, then input values of ZAT are
required.

XSECG(k,T1) Coefficients for each group k, material 1,

XSECG(k,2) Coefficients for each group k, material 2.

XSECG(k,30) Coefficients for each group k, material 30.

BILD(T,k) (4, 30) Gamma ray cubic polynomial buildup coefficients
for each gamma ray group, k. (Required input
when IBILD = 0.)

Note: The program will internally compute these
data if IBILD > 0.

BILD(1,1) BOr B17 P2 B3 for group 1.

BILD(1,2) BOr BT+ p2r B3 for group 2.

BILD(1,30) Bor B1s p2r pg for group 30.
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4310

4311

4312

4313

4314

Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING POINT DATA)

Array
Data Dimension
SMFP
TMFP
EPSLN
FUDGE
BKP(i) (4)

Description

Total mean free path of source zone material
(source composition ISCP) used in determining

the exclusion sphere volume for source points
adjacent to detector points. This quantity is used
in the empirical solution of the gamma ray flux
for detector points infernal to source regions.

(See Section 2.7.8.)

The limit or maximum range of mean free paths of
gamma ray depth penetration for cubic polynomial
buildup data. The program calculates buildup
only on TMFP (or less) mean free paths. If the
mean free path exceeds TMFP, the program sets
the mean free path equal to TMFP. The program
assumes TMFP = 20, if TMFP is not input.

Surface equation-path length calculation error
limit used in determining if a surface is crossed.
If the test fails, an error statement is given.
Note: EPSLN is internally set as 1.0 x 107" and
is not required as input if the user accepts this
value.

Surface equation-path length calculation step
quantity used in providing a means for the calcu-
lation to cross a boundary. If two steps are
unsuccessful, an error statement is given.

Note: FUDGE is internally set as 1.0 x 1073 and
is not required as input if the user accepts this
value.

For Monovariant Polynomial Neutron Spectra
Data: (Required input when INEUT(2) = T)

The neutron depth penetration, gm/cmz, which is
the breakpoint between the two sets of monovari-
ant moments method data. Only BKP(1) is
required.
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4320
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Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING POINT DATA)

Array
Data Dimension Description

For Bivariant Polynomial Neutron Spectra Data:
(Required input when INEUT(3) = 1):

The neutron energy breakpoints for the applica-
bility of the bivariant polynomial neutron spectrum
data. BKP(1-4) must be in order of decreasing
energy and the last values 2, 3 or 4 must not be
zero (e.g., for only one set of polynomial dataq,
BKP(T) = E (higher) and BKP(2,3, and 4) = E
(lower). E (MEV)

COM (5,30,2) (Required input when INEUT (2) = 1):

Neutron spectra monovariant polynomial coeffi-
cients for NGN groups. These data, which are
evaluajed as a function of depth penetration (W,
gm/cm2 of equivalent neutron attenuation), is
assumed to be applicable in the range of
0.0SW=<1i20.0 gm/cmz. The two sets of input
data divide this range into, 0. 0.>W >BKP(1) and
BKP(T) >W >120.0. For any depth penetration
in excess of 120, 0 gm/cmz, the group dependent
N's (input quantities, XLAM) are used as simple
exponential attenuation as, exp [-A\W -120.0)].

COM(i,1,1) COM(1-5): Cs, Cy, C3, Co, Cy for group 1, and
W< BKP(1).

COM(i,2,1) COM(1-5): Cs, Cy4, C3, Co, Cy for group 2, and
W <BKP(1).

COM(i,30,1) COM(1-5): Cz, Cy, Cg, Co, Cy for group 30,

and W< BKP(1).
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Address

4470

4475

4615

4620

4645

4670

4695

Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING PQOINT DATA)

Array
Data Dimension

COM(i,1,2)

COM(i,2,2)

COM(i,30,2)

CON (5,5,4)

CON(5,5,1)

CON(5,5,2)

CON(5,5,3)

CON(5,5,4)

Description

COM(1-5): Cs, Cy, Cq, Co, Cy for group 1, and
W= BKP(1).

COM(1-8): Cg, Cy4, C3, Co, Cy for group 2, and
W >BKP(1).

COM(1-5): Cs, C4, C3, Cg, Cy for group 30, and
W >BKP(1)

(Required input when INEUT(3) = 1):

Neutron spectra bivariant polynomial coefficients.
These data, which are evaluated as a function of
depth penetration, W, and neutron energy, E_, are
assumed applicable over the entire range of

W 2120, 0 gm/cm?2. The four sets of data divide
the energy range into four intervals as determined
by BKP(1-4), Calculations for W in excess of
120. 0 gm/em# are discussed above in the mono-
variant polynomial description.

CON(1-25): C1, Coyr Cg, C4, C5 ..... Cos for
BKP1 >E >BKP2.

CON(1-25): Cq,Co/C3e v v v v v v u 0 Cos for
BKP2>E2BKP3.

CON(1-25): C1,C2,C3. . . v ... . . Lo5 for
BKP3> E 2BKP4,

CON(1-25): C1,C9,C30 v v v v v v . C25 for
E >BKP4.
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Address

4720

4750

4780

5020

5050
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Laboratory

Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING POINT DATA)

Array
Data Dimension
XLAM (30)
RSPG (30,10)
RSPG(k,1)
RSPG(k,2)
RSPG(k,10)
RSPN (30,10)
RS PN(i, 1)

Description

(Required input when INEUT(2) or INEUT{3) = Tk
Values of A(E,,) for each neutron energy group for
use in extrapolating either the monovariant of
bivariant neufronipectrd data for values of

W 2120, 0 gm/cm”.

Group~-dependent gamma ray response functions.
The user must input at least one set of data, If
collided and uncollided energy flux is desired as
output data, one sef of RSPG values must be input
as 1.0. The code will provide NRSPG sets of
data, and the sum or total over NG G groups for
each response function.,

Response function No. 1, for each energy group, k.

Response function No. 2, for each energy group, k.

Response function No. 10, for each energy group, k.

Group dependent response functions for the
neutron spectra data. The user must input at least
one set of data. If the total (sum over groups)
response is desired, (i. e., total neutrons/cm%-sec)
the energy width for each group must appear in
RSPN or in the input neutron group-dependent
source data NSOUR,

RSPN is input in the some order as RSPG starting
with address, 5050.
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Table Z2-1 (Continued)

DATA SET 3 = REAL (FLOATING POINT DATA)

Array

Address Data Dimension
5350 RSPA (1,10)

RCORD (3,25)
5360 RCORD(i,1)
5363 RCORD(i,2)
5369 RCORE (i, 3) ‘
5432 RCORD (i, 25)
5510 SSOT (3)
5513 - ZAT (20)

Description

Response functions for the Albert~Welton function.
The user must inpuf at least one value of RSPA
(i.e., RSPA (1) = 1,0). The program will provide
NRSPA values of output.

Detector point coordinates (Rp, Zp, 8p) for NDET -

detector points. The detector points must not lie
on a boundary of a zone. A maximum of 25 de~

tector points per problem are permitted.
(Rpr Zp: 8p), for detector No. 1.
(Rp, Zp. ), for detector No. 2.

(Rc, Zp, ©p), for detector No. 3,

(Rp, Zp, Op), for detector No. 25.

Source region translation coordinates (X, Y1, Z7).

The values of SSOT may be used to translate the
source region in the problem geometry so thai the
input source data can be relative to (0,0,0).

(Required only if MATL # 0)

Atomic number (electrons per atom) of each
element for which gamma ray absorption coeffi-
cients, are to be calculated by the program. The
calculated values, in units of cm4/gm, will appear
as the first MATL sefs of gamma ray absorption
coefficients, If coefficients are input in conjunc-
tion with calculated values, then the input values

must be the |MATLI+ 1 to MAT sets of values.
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Data
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Table 2-1 (Continued)

DATA SET 3 - REAL (FLOATING POINT DATA)

Array

Dimension

Description

If MATL is less than zero, the values of ZAT are
used to read the GAMLEG-W library tape. When
MATL< 0, the values of ZAT must be in the order
of the data in Table 2-4.

(The following required only if ISORC = 1)

NOTE: The NAGS code can provide at user option the RSIT, ZSIT, and FSIT data in the
KAP VI punched data card format along with the GSOUR (Address 1400) data.

5533

5584

5635
5686
5737

5788

RSIT

ZSIT (51)

FSIT(,1,1)
FSIT(i,2,1)
FSIT(i,1,2)

FSIT(i,2,2)

(51)

Radial coordinates of source distribution data to be
used in the source interpolation routine. There

are LSIT values required. The range of RSIT should
be greater than or equal to the range of the radial
values, RS, so that only interpolation of data is used.

Axial coordinates of the source distribution data
fo be used in the source interpolation routine.
There are MSIT values required. The range of
Z5IT should be greater than or equal to the range
of the axial values, ZS, so that only interpolation
is used.

Source distribution data to be used in the source
interpolation routine. There are LSIT and MSIT

-vellues required. Source interpolation is calculated

for both gamma ray and neutron source distributions,
Radial gamma ray source data.

Axial gamma ray source data.

Radial neutron source data.

Axial neutron source data.



TABLE 2-2

LIBRARY OF BIVARIANT POLYNOMIAL
DATA FOR GAMMA RAY BUILDUP COEFFICIENT EVALUATION

[BILD (KAP 1V), Applicable Ranges

NBT (SCAP)Value Material Buildup Type EG('lower) EG(upper) bt(upper)*
1 Water . Dose 0.255 10.0 20.0
2 Water Energy " " "
3 Water Energy Absorption "
4 Aluminum Dose 0.5,
5 Aluminum . Energy
6 Aluminum Energy Absorption
7 iron Dose
8 fron Energy
9 Iron Energy Absorption Y
10 Uranium Dose 15.0
il Uranium Energy
12%*% iJrcnium | Energy Absorption
13 Lead Dose
14 Lead Energy
15 Lead Energy Absorpﬁoﬁ
17 Tin Dose
19 Tin Energy
21 Tin Energy Absorption d
23 Tungstern Dose
25 Tungsten Energy (
27 Tungsten Energy Absorption % v v
0.5 10.0 15.0
*bt(!owe_r) = 0,0 for all data, where bf is the mean free path
**Data does not exist in Library - _ 6
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TABLE 2-3

GEOMETRY BOUNDARY SURFACE EQUATION TYPES AND REQUIRED INPUT

Boundary Equation

Type (NEQBD) Quadratic Equation Input Values Required
1 Ax? +By2 + Ca2+ X x+ Yoy + Zz =D =0.0 AB,C,X,,Y,,Z,D
2 AGX ) + B(y-Y )+ Clz-z )2 - D= 0.0 AB,CXo,Yo,Zo,D
3 X ) + = )F +D% = 0.0 Xor Yor D
4 x=D=0.0 D
5 y-D=0.0 D
& z~D=0.0 D
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TABLE 2-4
GAMMA RAY CROSS SECTION LIBRARY DATA (GAMLEG-W)[!F MATL < 0, (KAP) or NL = 1 (SCAP)]

Library Library A :
identification Atomic identification Atomic Name
Number Number Elament Name Number Number Element
1 1 Hydrogen 26 39 Yttrium
2 2 Helium : 27 40 Zirconium
3 3 Lithium 28 41 Niobium
4 4 Beryllium 29 42 Molybdenum
5 5 Boron 30 47 © Silver
6 6 Carbon .31 48 Cadmium
7 7 Nitrogen - 32 49 Indium
8 8 Oxygen 33 ' 50 Tin
% 11 Sodium 34 /55 Cesium
10 12 Magnesium 35 56 Barium
11 13 Aluminum 36 62 Samarium
12 14 Silicon 37 64 Cadolinium
13 15 Phosphorus 38 66 Dysprosium
14 16 . Sulfur 39 70 Ytterbium
15 19 Potassium 49 72 Hafnium
16 2¢ Calcium 41 73 Tantalum
17 22 Titanium 42 74 Tungsten
18 23 Vanadium 43 ‘ 79 CGold
19 24 Chronium 44 80 Mearcury
20 25 ’ Manganese 45 82 Lead
21 26 Iron 46 ' 84 Polonium
22 27 Cobalt 47 90 Thorium
23 28 Nickel 43 21 Protactinium
24 29 Copper 49 92 Uranium
25 30 Zinc 50 93 Neptunium
» 51 24 Plutonium
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2.3 DETAILED INPUT DATA INFORMATION

Detailed input data description on the required KAP VI input data are not provided.
The user is referred to the description of the input data in Section 2.2 and the description

of the code logic and method of solution in Sections 2.6 and 2. 7 for detdils.
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2.4 PROBLEM SETUP INFORMATION

The setup of a KAP VI code problem is described in this section with a sample
problem setup and input punched card listing in Section 2. 4.4, This section is intended to
define the deck setup forthe MSFC UNIVAC 1108 computer system. The MSFC version of
the KAP VI code resides on a production tape and is used by toading the code from tape with
confrol cards preceding the input deck. The use of tape or disk files, running time, and

error messages are described in the following sections.

2.4.1 Tape Assignments

The KAP VI code requires a maximum of four magnetic tape or disk files for a
specific problem, For a majority of problems only three files are required. The file assign-
ments are as follows:

Tape 5 Input Disk

Tape 6 Output Disk

Tape 7 Punched Output Disk

Tape 11 Cross Section Library

Input Tape
/Required only if MATL <0/

The Tape 11 input tape is the tape produced by GAMLEG-W and contains the pair

production and photoelectric pointwise cross section data for elements in the element/

composition table specified as KAP VI input (see Section 2.2,2 and 2,7.7).

2.4.2 Running Time

The required running time for @ given KAP VI problem on the MSFC UNIVAC 1108
computer is mainly dependent upon the number of source points per region, number of regions,
and the number of detectors. The estimate of the required CPU time is obtained by calculat-

ing the total number of source point-to-detector point calculations for each source region as

follows:
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LSO,
N, Z(MSO * Z NSO; ,

where N, is the number of source points in a source zone,

MSO,

is the input value of the number of axial or polar mesh intervals

in the source zone
NSO; > is the number of azimuthal mesh intervals in each radial mesh

interval i where i is from 1 to the input value LSO, the number of

radial mesh intervals in the source zone.

The total running time for a KAP V] problem with N source zones is then estimated
as; Nz
NDET* Nz

t(CPU seconds) = z”
100

where:  NDET is the number of detectors in the KAP VI problem, and

Nz is the number of source zones.

-
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2.4.3  Error Messages

A number of KAP V| code generated error messages may be encountered in running
a KAP VI problem. These messages are primarily due to the incorrect problem input. The

error messages are generally self-explanatory.

Message Explanation
Error in iaput data cards as follows Number of pieces of data specified on the
(card image printed) card incorrect or address specified on the
card incorrect for the type of data being read.
Error in source distribution Input quantity FSI (y, 1, x) < 0.0 where y is
(1/Gamma, 2/neutron) . . . . x radial interval number

point. ... vy.

Error in axial source distribution [nput quantity FSI (y,2,x)< 0.0 where y is

(1/gamma, 2/neutron) . . . . x, axial interval number

point. .. . v. ’

Number of gamma ray groups in error Input quantity NGG < 0or NGG > 30

Number of gamma ray responses in error Input quantity NRSPG < 0 or NRSPG > 10

Gamma ray responses are all zero Input quantities RSPGs equal zero for all groups.

Gamma ray source must be non-zero and Input quantity ASO(T) < 0.0

positive

Gamma ray source spectra must be Input quantity GSOUR < 0.0

non-zero and positive

All gamma ray energies must be non-zero One or more input quantity ENG = 0.0

and positive

Gamma ray coefficient must not all be One or more input quantity XSECG = 0. 0

zero and non=-positive Check MAT and MATL option and related
input

Number of gamma ray buildup coefficients One or more input quantities BUILD =0.0
are specified Check IBILD option and related input.

All geometry parameters (LBD and NTRYZN) Input quantities LBD = 0 or NTRYZN = 0

must be non=-zero

Receiver point coordinates for point x are y S 0.0 where x = detector number
incorrect R =y, y = radial coordinate of
detector in error
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Message

The length routine has experienced error
number x,

Error in breakpoints for range of bivariant
polynomials for moments data, energy group
. -, energy =_, energy limit = _

A total flux of zero was obtained for the
problem. The problem was terminated.

@ Astronuclear
Laboratory

Explanation

x = 1. A zone cannot be located for a point on
the line-of=sight. Check geometry

x = 2. A boundary crossing on the line-of-
sight cannot be found. Check location
of source point and detector point with
relation to geometry.

Check input quantities ENN and BKP.,

Check input quantities RS, XSECG, COMP.



2.4.4 Sample Problem Input

A sample problem for the KAP VI code has been included in this section to illustrate
the flexibility of the input formats and the problem deck setup. The sample problem geometry
is a nuclear rocket engine - nuclear subsystem (i.e., reactor). The nuclear subsystem
geometry is described in Yolume 1 of this report.c The gamma ray and neutron source data used

as input are the punched card output of the NAGS code (See Volume 3 of this report).

The calculation performed by this sample preblem is the calculation of the neutron
and gamma ray flux levels at detector points on a meridian ring. The sample problem consists
of a series of eleven detector points but for brevity the number of detectors were limited to

one for this sample problem. A listing of the sample problem input card deck is in Table 2-5.
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TABLE 2-5

SAMPLE PROBLEM CARD INPUT FOR THE KAP-VI CODE

15 1 MSFC SAMPLE PROBLEM - SOURCE DATA FROM NAGS

15 16 - GEOM. - 75 D. PROP. TANK

15 31 —~ MERIDEAN RING COS(A)=1.0 TO 0.9
15 L) CORE REGION - TOTAL

15 76 EXTRA CORE REGIONS - TOTAL

106 NUCLEAR SUBSYSTEM - TOTAL
136 MEY/CM2~SEC
139 RADS{(C}/HR
142 REM/HR
166 TOTAL

169 E.GT.IMEV
172 E.LT.IMEY
175 REM/HR
178(RADS~T)/HR
196 RADS(E)/FHR
226 A=0,998

229 A=0.986

232 A=0.978

235 A=0.970

238 A=0.966

241 A=0.954%

244 A=0,946

247 A=0.938

250 A=0,922

253 A=0,910

256 A=0.902

46 REGION NO. 1 RADIAL CORE CENTER REGION Pl

Sim o

- —
muuuwuuuuwwwuwuwuuuwum
o

11 1 1327 1212 133 34 3 S 1 12
11 191 1 1 01 0 1 1 3 13 1
4 30 1 -t 2 0
3 35 3 2 13
3 40 2 3 3
29 100 6 2 2 2 6 6 6 6 6 6 2 2 2 ¢ 2 2 2 3 3 13
13 120 3 6 6 6 6 6 6 6 3 3 3 3 3
13 200 3 4 4 4 3 3 & 3 3 3 -4 4 13
20 213 3 3 2 3 4 4 & 3 3 3 4 4 4 3 2 3 3 4 -2 -
1 233 -2
13 300 1 1 2 3 & & 4 5 7 312 12 12
20 313 8 91010 9 8 i2 11 31 11 9 8 12 11 11 9 812 12 12
1 333 12
18 500 22 23 29 22 29 23 30 22 30 23 32
18 518 22 32 27 33 23 24 32 24 25 31%
18 536 24 31 25 32 25 26 32 26 27 32
18 554 27 28 33 28 2 5 21 22 33 28 21
18 5712 1 22 2% 2 5 3 3 5 ¢
18 590 4 5 5 15 & 5 16 8 15
18 608 5 17 8 16 521 8 17 6 15 7
T1% 8 8 18 9 8 19 10 18

18 626

@)
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644 8 20 10 19
662 10 11
680 10 21 14 13
698 21 1
1100 13 5 2
1118 13 3 10 12
1136 5 6 8 4
1154 9 11 12
1172 34 1 33
1190 15 17
1208 14 20 25 18
1226 21 18 23
1244 19 26 30 24
1262 27 29
1280 2% 33 32 30
1298 33 34
50 7 14
52 2 4 6 8
75 14 29
1 1.0
T C.0
12 35.0
28 0.0
33 0.0
38 100.0
49 0.0
1400 8.42206E5-03
1405 4.73163E-01

1419 9.74204E~-01
1430 1.235

1435 2,47

1240 9.888 -1
14645 2.47 -1
1450 2.47 -2
1455 2.47 -2
2060-1000,0

206% B898,.5

2070 487.26

2075 0.0

2080 1000.6G
2085 193.04
2090 55.88
1461 1.0

1470
1474
1561
1570
1574

ot pud gt ot ok
COoODOO

8 21
10 12
14 21
13 1
1 6.
6 9
10 14
11 19
16 18
11 33
22 24
20 33
24 30
31 33
10 12 14
0.8309
10.0
490.0
10.0
60.0
110.0
3.14159235

6.,90293E-03
2.99288E~01
1.32113€€00
2.47 '
2.47

724l -1
2.47 -1
2447 -2
1.235 -2
261,54
1288.5
487.68

0.0

0.0

215.90

$3.5

i.0

1.0

1.0

i.0

1.0

1.0

TABLE 2-5 (Continued)

10 20
11

26 19

31 25
28

20.0
43,5
20.0
70.0
120.0.

2.9381CE-02
4.11821€-01
5.99359E-01
2.47

1.482

4.94 ~1
1.358 -1
2.‘07 -2

256446
1655.84
492.76
487.26
137.16
218.44
66.04
1.0
.0
1.6
1.0
1,0
1.0

9 18 10
10 13 12

u
@
$ ~Nwm

F3

13 4 11 33

15 19 24 17
17 18 22
18 25 29 23
23 24 28
25 31 29

Vo -

25,0

30.0
80.0
130.0

T.45449E-02
5.38622€~01

247

1.976

3.7C5 -1
2.47 -2
2.47 "'2

256.04
2188.5
2756.0
487.68
139.7
43.3

1

1

30.0 R 1

R 1
4C.0 Alqe243:4
90.0 Ale293¢4
137.18 Ale2:3¢4

2.57404E-01
74 26046E-01

2.47

1.482

2.‘07 "l
2047 -2
2447 -

T.T697 €2
2409.84

0.0

492,76
154,94

50.8
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TABLE 2-5 (Continued)

1661 1.0 1.0 1.0

1670 2.109 2.108 2408R

1674-T.17972 ~2-7.17972 =2-7,11972 =2

1961 844,54 844,54 844,54

1970 2409.84 2409 .84 2409 ,.,84

1974~-161.9 =163.5 -183.1

2160 0,0 0.0 59,0

2163 45,0 . 0.0 69.0

2146 55.0 0.0 69.0

2169 65.0 0.0 69.9

2172 0.0 0.0 138.0

2175 0.0 C.0 145.0

2178 60.0 0.0 145.0

2181 0.0 0.0 175.0

21384 0.0 0.0 200.0

2187 0.0 G0 217.0

2190 0.0 0.0 230.0

2193 80.0 0.0 75.0

2196 0.0 Qe -10-0 ‘l

2139 0.0 0.0 584.,0 s

2202 0.0 0.0 588,29

2205 0.0 0.0 770.0

2208 0.9 TJ¢0 798.0

2211 252.0 0.0 778.0

2214 257.2% 0.0 778.0.

2217 300.0 0.0 778.0

2220 0.0 0.0 950.0

2223 0.0 0.0 1600.0

2226 0.0 0.0 £856.0

222% 4BT7.27 0,0 1656.0

2232 487.70 G.0 1656.0

2235 500.0 0.G 1656.0

2238 0.0 0.0 2400,.0

2241 0.0 0.0 2410,0

2244 0.0 C.0 2745.5%

2247 0.0 .0 2745 .80

2250 0.0 0.0 2752.0

2253 0.0 0.0 276040

2259 0.0 0.0 =1100.0

3460 10.0 9.0 8.0 7.0 6.0
3465 5.0 4.0 3.2 265 1.8
3470 1.3 0.95 0.7 0.5 0.4
3475 0.3 0.2 .1 0.09 0.08
3480 0,07 0.06 0.05 0.04 0.03
3485 0.02 0.01

3490 0407 «0091 +00¢%1 «0210 0217
3495 .01990 c.0 «016 029 «058
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3d

3as5¢o
3510
3515
3520

3530 .

3535
3540
3550
3551
355¢
3558
3560
3565
3570
4310
4314
4620
4625
4630
4635
4645
4650
4655
4670
4675
4680
4685
4720
4725
4730
4735
4740
4745
4750
4755
4760
4780
4785
4790
4810
4815
4820
4840
48495
4850
4870
4875
4880

-6.5T7372
2.48702
~2.80043
-1.29332
1.91579
0663
«0663
.0517
.051
«0472
«0412

1.

1.

|

B.5

1.15
1.61
1.03
l.31
1.84
3.91
3.59
4,22
2.94
3.31
4.24

-1
-3
-4
-1
-1
-1

61
&2
L3

-07
-06
-06
~-06
-C6
~-Cé
-15
-15
-15
-15
~15
~15

«022
8.688057307
203591

«6

»022

2-9 "01

9.58 -02

T.25

2.8

0.7

20.0

1.0

-2.52297 -2
31,5555 -3

-2.40152 -3
1.85572 -4

4,96364 -2

-1.29057 -1

8.7204 -2

9.47202 -2

°2¢76006

4.63051 &1

-2.44706 62
0663

« 0663

«0523

=050

«0464

«0464

1.

1.

1.

8.8 -C7
1.23 -06
1067 -06
1‘05 "06
1.41 ~-06
3.83 -15

3.62 -15
4.52 -15
2-96 '15
3,46 ‘15
4454 ~-19

TABLE 2-5 (Continued)

«0091

«016

7.78

~ONO
s o 0
Q W\

0.1
-§.31193
l.4441
=1.40544
2446613
~1.77728
-1.65266
1.58054
-2.69301
1.589
«0663
«0573
«0511
<0493
«0417

l.
1.
l.
9.2
1.27
l.66
1.08
1.45
1. 89
3.77
3.65
5S¢ 45
2.99
3.58
4.54

=01

=07
~-06
-06
=06
-06
-06
=15
-15
-15
«15
-15
-15

0219
«029

9.12486
6.16259
3.56272
-1.28182
-3.3677
«0663
-0508
«0520
«048
<0438

1.
i.

4.5
1.37

1.16
l.56

3.69
3,70

3.05
3.73

-6

-k

-5
-5
-4
-4

=07
-06

-0

-

-06

-15
-15

-13
~-15

.0217
.058

3.5

0.
0.
o.
c.
0o
0.
0.
0.

0.

o.
«0663
«049
.0508
«048
0417

BIV

BIvV

BIv

BIvV

BlvV

BIvV
RSPG
RSPG
RSPG
-06RSPG
-06RSPG
RSPG
-06RSPG
~N6RSPG
RSPG
-15RSPG
-15RSPG
REPG
~1SRSPG
~15RSPG
RSPG

OO0 O0n
w
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5050
5055
5060
5065
5070
5075
5080
5085
5099
5110
5115
5120
5125
5140
5145
5150
5155
5160
5165
5170
5175
5180
5185
5190
5195
5350
5513
5518
5523
$360
5363
5366
$369
5372
5375
5378
5381
5384
5387
539G
5533
5534
5539
5544
5546
5584
5585
5590

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

10158 -4
1.061 -&
9.334 -5
3.983 -5
1.372 -5
2.056 -6
1.781 -5
1.603 -5
9.425 -6
3.927 -6
1.761 -6
1.0

6.0

28.0

4.0
4.08932€E601
1.72450E802
2.07006EE02
2.36312£802
2.69593E802
2.85467€€02
3.06841E802
3.26655EL02
3.62608E602
3.79097E602
3.94T61EL02
0.
3.50000E€EQ0Q
2.60000€E6LN1
4.10000E6G1
4.35000€&01
0.
5+.00000E-O1
1.15000E€£01

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1,101 -4
1.040 -4
8.502 -5
30481 ‘5
l.141 -5
10178 -6
1.688 -5
19489 ‘5
707{9 -6
30716 -6
1.556 ‘6
3,441 -7
92.0

1.0

22.6
9.82485€E802
9.,66991€£602
9.59660£€02
9.52337E&02
9.486T6EL02
9.37698E802
9.30380E802
9.23063E602
9.08430E602
9.01114E¢602
8.93798E6L02
9.50000E€00
3.000C0EEDL
4,275C0ELOL
1.75000E€00
1. 70000€E&01

0N

TABLE 2-5 (Continued)

1.0

1.0

1.0

1.0

1.0
‘1&0

1.0

1.0

1.0

1.0

1.0

1.109 -4
9.784 -5
6.963 ‘5
1.951 -5
9-392 * -6
1.712 -5
1.376 -5
60599 -6
20275 -6
1.344 -6
92.0

41.0

0:-0

0.0

0.0

0.0

0.0

0.0

0.0

0.9

0.0

0.0

0.0
1.40000E601
3,35000€£601
3.00000€ 600
2.35000EL01

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0

1.068 -4
9.033 -5
“.358 "5
1078l ‘5
7-206 —6
1.6194 -5
L-ITQ -5
5.748 -6
2.133 -6
10137 -6
26,0

13.0
1.80000E601
Z.65000EE01

4.75000E600
3.05000E6CL

1.0

1.0

1.0

1.0

1.0

100 ”

1.0

1.0

1.0

i.0

1.068 -4
9.615 -5
5.344 -5
1.672 -5
5.101 -6
1-619 ’5
1.067 -5
5.101 -6
1.931 -6
8.947 -7
2440

5.0
2.20000E&01
3.90000E&O1
7.50000€600
J«T15000E£01

@)

Aicjeloger
Je3januolisy
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5595
5600
5605
5610
5612
5635
5636
5641
5646
56418
5686
5687
5692
5697
5702
5707
5712
5714
2460
2465
2486
2508
2526
253}

- 2540

2546
2566
2586
2600
2606
2628
2646
2666
5737
5738
5743
5748
5750
5788
5789
5794
5799
5804
5809
5814
5816

46

32

4.45000E€601
7.95000E¢E01
1.14500€E802
1.35650F¢E02
1.37160EL02
1. 17635E600
1.17419E&00
1.03985E8L00
8.88781E~01
9.14665F-01
6.51712E-02
T.94648E-02
4.72289E-01
1.23737E60O
1.37167E60C0
8.30944E-C1
9.86592E~C1
1.61799EL00
1.508

$5.281 -3
1.403 -3
2.8095%
6.297 -Z
8.566 -1
3-061 -2
3.272 “2
1.2645 -2
191839 -2
505 *Z
2.41 -3
2.7

7-0 "2
8.8 -~
1.17411E600
1.17191€£00
1.03575E600

8.95759E-01
9.30294E-01}
6.37057E-02
T.78718E-02
4.69472E-01
1.23360EE00
1.36T66EL00
8.208723E-01
1.06794EE00
1.77920E¢E00
REGION NO.

1

5.15000ELG!
B.65000EGD]
1.21500EL02
1.36730E€02

1.16040EEL00
9.92643E~-01
8.99383E-01

1.30459E-01
6.42293E-01
1.3207TELOC
1.31374E60C
6.T1L155E-01
1.30774E600

6.823 ‘2
5.390 -4
9.0

0.0

0.0

1.15794E800
9.89976E-01
9. 11517€E-01

1.28642€E-01
6,39218E-01
1.31685E600
1.30989E600
6.70949E-01
1.43030E600

TABLE 2-5 (Continued)

5.85000E601
9.35000E801
1.27500E802

1.14022C600
9.49040£E-01

1.78508E-01
8.21199E-01
1.37619EECO
1.22884E8£00
S.70514E-01

5.554 -3

0.0

1. 796
2.2476
1.13751€E600

G.4T7382E-01

1. 76484E-01
8.17925E-01
1. 37216E600
1.22521E800
5.77256E-01

6.55000F&01
1.00500E£L02
1.31500E€£02

11183 2€600
9.14791E-01

2.42148E-01
.8T7T1L7E-01
1.40323E600
1.11836E&00
5.92375E-01

2.707‘ "‘3
4

0.0

1.1032 -t

1.11138E€00

9.15072E~01

2+39895€E~01
9,84276€E-01
1.39914€L00
1.11503E600
6.143T74£-01

2 RADIAL CORE EDGE REGION Pl

7.25000E801
1.,07500E602
1.34000E802

1.08085E600
8.93287£-C1

3.,39037E-01
1.12633EECO
1.40168EALD0
9.84439€-01
T.38165E-01

3.8928 -4
1.6606
1.07774EE00

B.96357€E-01

3.36500E~01
1.12273EL0O
1.39759E€600
9.81519E-01
7+85148E-01



£6-¢

4 14

12 12 14 14
12 29
43.5

1.0
3.768941€E-03
2.10084E-01
4.37918E-01
4.35000€4801
4.42500E801
4.87500E&01
5.08000€601
0.
5.00000E-01
1.15000E¢601
4.45000E601
T.95000E601
1.14500E602
1.35650E6L02
1.37160€€602
T.69218E-01
T.81642E-01
1.08263E600
1.61640E800
6.01437€E~-02
T«41678BE~02
4.79201E-01
1.25274EE00
1.38761€600
8.38878E-0C1
6.86132E-01
1.017T9ELQQ
T.46T93E-01
T.61391E-01
1.09099E600
1.66478EEL00
5.90788E-02
T.29991€E-02
4.TT699E-01
1.25154E600
1.38636EL00
8.33091&E-01
T.14313€-01
1.07203€4600
REGICN HO.
2

7 14

14 14 14 16

I Y

TABLE 2-5 (Continued)

46.0
0.38714
2.88111E-03
1.33641E-01.
5.92243E-01

4.-5000EL0Q1L
4.92500€¢E01

1.75000£600
1. 70000EE01
5.15000€601
8.65000E&01
1.21500ER02
1.36730E&02

8.19111E-01
1.16521E800

1.25250E-01
6.53517€-01
1.32656E600
1.32911€E800
6.69965E-01
B.54044E-01

8.03676E-01
1.18006EL0%

1.238G59€E-01
6.52126E-01
1.33533E600
1.32791EL00
6.69881E-01
8.95839E-01

48.0

1.18102E-02
1.84014E-01
2.69925€-01

4.65000E€01
4.97560E&01

3.00000E6GO
2.35000E€01
5.85000E601
9.35000£€01
1.27500E8L02

8.68711E-01
1.26988E600

1.74412E-01
8434794E-01
1.39234£600
1.24339€600
5.44217€-01

8.58474€E-01
1.29272E600

1.72933E-01
8.33516E-01
1.39108&600
1.24224E800
5.46795E-01

49.5

3.08338E-02
2.,38973E~01

4.73750E601
$.02000E€01

4.75000€8090
3,05000E£¢801
6.55000E€601
1.00500E€602
1.31500€802

!

5.29756E~01
1.38815E4&00

2.40403E-01
1.00228EE00
1.41956E£00
1.13180EL00
5.12822€-01

9.25258€E-01
1.41980E600

2.38865E-01
1.00108E&00
1.,41828€L00
1.13074EL00
521026E-01

3 RADIAL REFLECTOR REGION Pl

i6 16 18

S0.8

1.04411E-01
3.261256-01

4.81250E801
5.06000E&01

7.50000E&00
3.75000E€601
7.25000E801
1.07500E¢&02
1.34000EL02

1.00353E€600
1.52409EE00

3.41149E-01
1.14131E600
1.41795€600
9.96101€-01
5.67623E-01

1.00540E600
1.56568E800

3.39588E-01
1.14013E600
Le41668EL00
9.95143E-01
S«844T1E-01

®

Al0jeloqe]
1eajanuolisy



vG-¢

7%
12

1400
1405
1410
5533
5534
5539
5544
5584
5585
5590
5595
5600
5605
5610
5612
5635
5636
5641
5646
5686
5687
€32
5637
5702
5707
5712
5714

46

50

52

75

28
33
38

14C0
1405
1410
5533
5534
5536
5584
5585

12 29
50.8
60.0
1.0
0.
1.2620%E-C2
0.
5.08000£8601
5.10500E£01
5.66300EE60Y
6.35000€801
0.
5.00000€E-C1
1.15000E601
4.45000E601
T.95000EE01
1.14500E602
1.35650E602
1.37160€602
T.62467E-G1
8.20784E~-01
1.29095E600
3.,06364E-01
4.43451€-02
5.78853E~02
4481214E-01
1.264T2EEDD
1.40055€€00
B8.45724E-01
4.54419E-01
4:,81096€E~01
REGION NO.
1 14
18
4 32
63,5
c.0
50.0
100.0
1.0
8.57492E~-03
4.43303E-03
T.90781E-04
6.35000E8E01
6.42500E601
6.60400EE01
0.
5.00000£E-01

52.0

62.0

0.

0.

0.
1.74646E-03

5.16500E€601
5.82%00E601

1,75000£600
1. 70000E&G1
5.15000EEL01
8.565000E801
1.21500E€602
1.367T30EE02

9.65047E-01
1.15934E600

1.126427E-01
6.55617E~C1
1.34916E800
1.34153E600
6.71249E~G1
%.69891€E~01

. 66.04

10.0

60.0

110.0

0.
4.96391E-04
1.95834E~-03
2.94292E~04

6.55200E801

1« 75000E600

54.0
63.5

3.43749E-02
9.73689F-03
0.

5.25000E601
5.97500EL01

3.00000E600
2.35000€€601
5.85000E&01
9.35000€801
1.27500E8L02

1.1197SEE00
Fe57T412E-D1

8.435T0E-01
1.40536€£600
1.25508E600
5.30408€E-01

20.0
70.0
120.0

2.30521€-03

1.33418E-03
3.01566E-04

3.00000€L00

TABLE 2-5 (Continued)

56.0

9.64007E-04
c.

5.37500E601
6.12500€801

4. T75000EE00
3.05000€801
6.55000EC01L
1.00500E602
1.31500E8&02

)

!
1.26135€600
7.02923€-01

2.33291€-01
1.01258E800
1.43279E6C0O
1.14250€E800
4.62589E~01

4A RADIAL PRESSURE VESSEL REGION Pl

30.0
80.0
£130.0

2.10969E-03
l.11629E~-03

4.75000E600

58.0

0.
0.

5.519CCELOL
6.27500E601

7.50000F&00
3.75000€¢601
7.25000€E601
1.07500E602
1.34000E602

1.33071ELOO
4.02482E-01

3.38556E~-01
1.15255E800
1.43116EL0D0
1.00547EE00
4.46836E-01

40.0
90.0
140430

5.65985€6~03
1.04117E~02

7.50000EL00

R 3

R 3
4A
44
R 4A
Ale243¢ 4
A19283'4



Ge-¢

1.15000E&01
4.4500CE&01L
T.95000EEQ1
1.1450CE802
1.35650E€02
140.30

1.57333E800
1.09908€EL00
7.77T738E-C1
1.09592E-01
1.29366E-01
T.48490E-01
1.95923E600
2.16945EE00
1.31035E600
5.61336E-01
3.50104 -1

1.70000E&C1
5.15000E601
8.65C00€E¢601
1.21500E602
1.36730E602

8.59868E-01

1.95849€-01
1.02410€600
2.08993€8&00
2.07805E£00
1.04183E609
5.09526E-01

TABLE 2-5 (Continued)

2.35000€801
5.65000E&01L
9.35000E69D1
1.27500€602
1.37580€E€02

2.68646E-01
1.30825E£00
2.1T691E600
1.94417EEL0O
8.18124E-01
4.66233E-01

3.05000€601
6.55000E601
1.00500E&02
1.31500€&02
1.38500E¢802

3.68290E-01
1.56934E£L00
2.21941E&00
1.T6993EL0O
6.87165E-01
4.15600E-01

REGION NO. 4B RADIAL PRESSURE VESSEL REGiDN Fl

1 7

18

4 49
63.5
140.30
195.0

1.0
B8.57492E-03
4+.43303E-03
T.90781€E-04
6.35000E&L01
6,.42500E¢601
6.60400EL01
1.40300E602
1.55005E802
1.55655€EL02
1.57590€E¢602
1.64490EL02
1.74240E602
1.84240E602
1.90590EL02
1.92540E802
2.01000E602
2.15900€E602
3.50104E-01
3.26822€E-02
2.38802E-02
1.04774E-02
3.26294E-03
B.23674E-04

66,04

145.0

205.0

0.
4.96391E-04
1.95834E-01
2.964292E-04

6.55200€601

1.42400E602
1. 55135E602
1.55785E¢€L02
1.583590E802
1.,66240€E602
1.76240E6C2
1.85990F&02
1.91290E802
1.92740E602
2,07000EL02

2.90578E-01
3.11182E~-02
2.211576£-02
8.02487€~03
2.90605E~03
5.70436E-04

155.0
215.9

2.30521E-03
1.33418E-03
3.01566E-04

1.45900E602
1.55265E8602
1. 55945¢€602
1.59990E£02
1.68240€602
1.78240E802
1.8749GEL02
1.91840E802
1.92890E802
2.12950E¢€02

2.00018E-01
2+93873€E-02
2,01318E-02
5.74968€E-03
2.30569E-03
3.98089E-04

L}

b

165.0

2.10969E-03
1.11629€-03

1.49900E60D2
1.55395€L02
1.56240€602
1.61490E6L02
1.70240€802
1.B024CEE02
1.8874CELQ2
1.92140E&02
1.92990E802

1.11193E~01
2.75044E-02
1.71852E-02
4.22404E-03
1.70168€~03
2.82405E-04

3.75000C&01
7.25000€E601
1.07500E¢602
1.34000E&C2
1.39350E802

5.27098E-01
1.7857T5E6&00
2.21684EE00
1.557T6TEE00
6.18104€E-01
3.77T724E-01

175.0

5.65985€E-03
1.G4117€E-02

1.53420E602
1.55525€602
1.56740EL02
1.82990€E602
1.72240E602
1.82240EL02
1.897T40ELD2
1.92340E802
1.95520E8L02

5.37184E-02
2.54854E-02
1.35559€E~02
3.57458E-03
1.18488E-03
Le97120E-04%

48
4B

R 4B
A 4B
A 48

@

£10}e10QeT
183januolisy



TABLE 2-5 (Continued)

9¢-¢

50 5716 1.42185E~-04 1.02101C-04 T.77541E-05 6.56594E-05 5.59178E-05
5Q 5721 4,97608E~05 4.73509€E~05 4.52692E-05 4.39562F-05 4.30642E-05
50 5T26 4.22305E-05 4.12126E-05 4,04230E~C5 3.9947T7E-05 3.32984E-05
30 5731 2.99381E~05 3.05006E-05 2.42797€-05

1t 5736 2.06%522E-05
151 46 REGIUN NO. 5 AXIAL PLEMUM REGION Pl

2 50 7 2 :

7 52 2 4 6 8 10 12 14

21 75 34 5

5 7 0.0 10,0 2G6.0 30.0 40,0

3 12 50.0 60.0 63,5

3 28 137.16 138.5 129.7

2 1 1.0 0.

S0 1400 G, 0. 0. Ce 0.

50 1405 0. 0. 8.00756E-03 0. 0.

30 1410 0. 0. 0.

10 5533 0.

50 5534 3,50000EE00 9.50000E600 1.40G00EE01 1.80000€E£01 2.20000E601
50 5539 2,60000E601 3.(NPJ0EE01 3.3500GEE01 3.650NC0EEL0Ll 3.90000EE01
S0 5544 4.10000FEO0L #.27500E601 4.42500EE01 4.55000E601 4.65000EL01
S0 5549 4.73TS50EL0) 4.81250E&01 4.87500E601 4.92500E£01 4.97500E601
50 5554 5,0200GEL01 5.06000E£01 5.10500E€01 5.16500FE€01 5.25000€€01
50 5559 5,375005601 5.51900EE01 S.669CG0EE01 5.82500E€01 S5.97500E601
20 5564 6.12500FE01 6.,27S0CEE01

10 5566 6.35000EE01

10 §504 1,37160F602

30 5585 1.37580E602 1.38500E602 1.39350E£02

10 5588 1.39700EE£02

10 5635 1.57785E600

S0 5636 1.57503EE00 1.55T04E600 1.53032EL00 1.49532FE00 1.44868EL00
50 5641 1.3889TEE00 1.31504E&00 1.239255600 1.16540EE00 1.09954ELQ0
50 5646 1.06469EE600 9.96595E-01 9.57025E-01 9.26504E-01 9.05570E-C1
50 5651 8.90535E-01 8.81639E~D1 B.77452E~01 8.77439E-01 B8.80886E-01
50 5656 8.87008E-C1 8.94247E-~01 9.03334E-01 9.14924E-01 9.22T789E~01
50 5661 9.13965E-01 8.810945~01 8.105G4€E-01 6.93901€-01 S.41997E-01
20 5666 3.723386E-C1 1.,86906E-01

10 5668 1.31714E-01

10 5686 T.71813E-01

30 5687 B8.T76655E-01 1.06448EL00 1.05590E£00

11 5690 1.024T4E&00
151 46 REGION NO., 6 AXIAL PLENUM REGION Pt

2 50 2 2

2 52 14 14

28 » 7 T 7

3 7T 55.88 60.0 63.%

% 28 139.7 14%.0 154,94

2 1 1.0 O. :

50 1400 0. Oe 0. O O

>»>Rn R

v

(SLIRV, IS |

[+

[-



Fm_

Al

30

0.
0.
5.58800E&01
5.66900QEL0L
6.35000EE01
1.39700E&02
1.40300E802
1.54940E602
1.69091E6L00
1.64585E600
2,167T72E-01
1.94552E600
1.86006EE00
6.35821€E-02
REGION NO.
6 3

2 & 6 8
29 71
0.0

5C.0

139.7

1.0
1.75331E-02
9.18060E-03
1.68242E-03
0.
3.50000E€600
2.600C0EEDCL
4.10000E601
4,73750E¢801
5.02000E&01
5.37500E6L01
5.58800€801
1.39700E802
1.40300E602
1.54940E802
1.44850E£00
1.4457T0ELOQ
1.26538E&00
9.42695E-01
T.76585¢-01
7.14191€-01
6.53882E-01
6.22159€-01
1.83579EL00
1.73407E600
1.53117€~01
REGION NO.

0.
0.

TABLE 2-5 (Continued)

2.72283E-03
0.

0.

5.8250CE601 5.97500E&01 6.12500E601

1.42400E602 - 1.45900E602 1.49900EL02

1.38641EE00 1.02414E600 6.66063E-01

1.5664TEC0Q 1.13489E6L00 T.13016E-01

7 AXIAL SUPPORT

i0 12

10.0

55.88

145.0

0.
1.02969E--03
4.08992€E~-03
6.19382E-04

9.50000EE00
3.00000EGO1
4.27500E601
4.81250E60Q]
5.060C0£801
5.51900E6L01

1.42400E¢€02

1.427T87EL0Q
1.19562EL00
8.96468E-01
7.58824E~01
7.06389£-01
54 39046E-01

1.49947E£00

PLATE REGION P1
20.0 30.0
{
150.0 154,94

4.78818€£-03
T.TT896E~-03
66 19498BE-04

1.40000E801

3.35000E60)

4.42500F€01
4.87500E601
5.10500€E6L01

1.45900E602

1.40158E&£00
1.12470E600
§.56650E-01
T.44531£-01
6.97894E-C1

1.13770EE00

4e%42958E-03
2.42428E~03

1.80000E¢601
3.65000€601
4.55000E6L01
4.,92500E601
5.16500E601

1.49900E€02

1.36742EE00
1.05592E&00
8.23799E~0Q1
7.33701€E-01
6.87104E-01

T.41033E-01

8 AXIAL BATH SHIELD REGION Pl

c.

6.,27500EL01
1.53420EEL02
3.141125*01

3.01609E-01

40.0

1.17044F-02
2.12471E-02

2.20000E6CE
3.90000E&601
4.65000E601
4,97500E€601
5.25C00EE601L

1.53420E602

1.32239€600
9.94441E-01
7.98232€E-01
Te23254E-01
6.72632E-01

3., 76900E:-01

xR
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-

50
52
75

12
28
33
38

1
1490
1405
1410
5533
5534
5539
5544
5549
5554
5559
5564
5566
5584
5585
5590
5595
5600
5605
5610
5615
5620
5624
5635
5616
5641
5646
5651
565%
5661
5666
5668
5686
5687
5692
5697
5702
5707
5712
57117

8 12

2 4 6 8
34 4]
0.0
50.0

154.6G¢4
170.0

186.0
l.o
1.0C346E-04
2.11365E-04
233734E-04
0.
3.50000&C00
2.60000F£01
4.10000E601
4.T73750E801
5.,02000EE01
5.37500F&01
6,12500E601
5.35000E601
1.5%940E602
1.,55005€¢8L02
1.55655E602
1.57590E602
1.64490£8602
1.74240EELG2
1.84240E602
1.90590E&02
1.92540€802
1.9304CE602
1.88251€£€00
1.87897E600
1.64457EL00
1.17477EL00
9.11869E-01
T.95386E-01
6.4364T7E-01
1.25842E-01
1.31610€E-C1
9.32069EE01
8,62197E801
T.87T185EL00
2.12419E600
3.T74946E-01
S«T76306E-02
9.33034€~03
2.85381E-03

10 12 14 t6

10.0

55.0

1565.5

174.0

190.0

0.
2.47T59E~05
T+39501E-0%
6.787T79E-03

9.50000E&00
3.00000F€E01L
4.2750CELO1
4.81250E601
5.06000EL01L
5.51900EL01

TABLE 2-5 (Continued)

20.0
6C.0
158.0

193.04

1.02079E~-03
1,52885€E-04%
2.52332E-G5

1.40000ELQ1
3.35000E€601
4.42500E€01
4.87500EE01
5.10500€&01
5.66900EL01L

6.27500€E€601 .

1.55135€6602
1.55785E602
1.58690E602
1.66240EE02
1.762640€602
1.85990€E602
1.91290€E6D2
1.92740E602

1.85648E800
1.54835€€00
1.10319E600
8.80361E-n1
7.78501E-v1
5.47T494E-01
T.83726E-02

3.7%349E€01
6. 4TB5TERQG
1.50614E600
2.6‘0‘0075"01
3.,99416€6-~02
6,75556E~03
2.522325‘03

1.5526%€602
1.55945E602
1.59990€E¢€02
1. 68240E602
1.78240E602
1.87490E£02
1.91840E602
1.92890F602

1.82321E£00
1.44765E600
1.04095E800
8.54252E-01
T.60273E-01
3.86348E-01

2.11022E€01
5.38330E8&00
1.06032E4600
1.77988E-01
2.77T393E-02
5.12660E-03
2434345€E-03

30.90
63.5
162.0
18z.0

9.53349E-05
B.92423E~03

1.80000E801
3.65000E601
4.,55000EE01
4,92500E601
5.16500E601
5.82500E601

4 :

1.55395E602
1.56240€602
1.61490E802
1.70240E8L02
1.80240E602
1.88740E802
1.92140€602
1.92990E602

1.77949E600
1.24669E600
9.90366E~-01
8.34032E-01
T«34441E-01
2.51898E-01

1.39236£601
4%.21171EE00
T.286T4E~01
1,21353€E-01
1.9295BE=-02
4.05234E~03
2.30111€-03

40.0

166.0
i8z.0

2.39458E~04
5.07486E-04

2.20000E&01
3.90000ECG01
4.65000E8L01
4.97500E601
5.2%5000EE01
5.97500E801

1.55525E602
1.56740E8L02
1.62990E602
1.72240E802
1.82240€802
1.89740E602
1.92340E8602

1.72075E800
1.25443E600
9.48246E-01
8.13985E~01
6.99936E~01
1.90384€E-01

1.0137SELOL
3.108%9E600
5.17388€E~01
8.34209€E-02
1.34201€E-02
3434674E-D3
2.33776E-03

> » D> 0R
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TABLE 2-5 (Continued)

40 5722 2.49615E~-03 3.,07863FE-03 4.12893E-03 6.51415E-03
11 5726 6.65559€-03
151 46 REGION NO. 9 AXIAL OOME FLENUM REGION Pl
2 50 T 4
7 52 2 4 6 8 10 12 14
2% TS5 34 6
5 7 0.0 10.0 - 20.0 35.0 40,0 R
3 12 50.0 60.0 63.5 R
5 28 193.04 198.0 204.0 210.0 215.9 A
2 1 1.0 O.
50 1400 0. 0. 0. 0. 0.
50 1405 O. C. 1.81855€-07 0. O.
30 1410 0. . Q.
10 5533 0.
50 5534 3.50C00EE00 9.50000EE00 1.40000€€601 1.80000EE01 2.20000EE01
50 5539 2.60000£601 3.00000EL01 3.35000E€01 3.65000F&C1 3.90000E601
1) 5544 4,10000EE01 4.27S00ELO0]l 4.42500FE01 4.55000E501 4.65000€€01
50 5549 4.73750EE01 4.81250EEG]l 4.87500EL01 4.92500E601 4.97500F601
50 5554 5.020G0EEO01 5.06000E&01 5.10500E&601 5.16500E€01 5.25000E601
50 5559 5.37500E6C1 5,%i900E€01 5.66900EE01 5.82%00EE01 5.97500E601
20 5564 6.,12500EE01 6.27500E¢01
19 5566 6.350C0F601
10 5584 1.93040FL02
40 5585 1.95520E802 2.01000EE02 2.07000EE€02 2.12950E£02
10 5589 2.1590CFE02
10 5635 1.965T2€E00
50 5636 1.95931E€00 1.91849ELDC 1.86121€E0Q 1.7915TEE00 1.70611E600
50 5641 1.60574E600 1.49156EE00 1.38192FE00 1.28041E£00 1.19173E€00
50 5646 1.11778EE00 1,05135E600 9.93031E-01 9.43646E-01 9.03535E~-01
50 5651 B8.68084E-01 8.37397E-01 8.11651E-01 7.90919E-01 T.70080E~01
50 5656 T7.51240E-01 T.344iTE-01 1.15416E-01 6.89946E~01 653614601
50 5661 5.99682E~01 5.369146E-01 4,70655E-01 4.00753E-01 3.32098E-01
20 5666 2.51146E-01 1.856656E-01
10 5668 1.55962E-01
10 5686 3.54431E-01
40 5687 7.85373E-01 1.21977E600 1.20350E€00 7.49981E~01
1 5691 4.53204E-01
151 46 REGION NO. 10 AXIAL PRESSURE VESSEL REGION Pl
1 31 3
2 50 7 2
7 52 2 & 6 & 10 12 14
21 75 36 4
5 7 0.0 1G4 20.0 30,0 40,0 R
3 l.'.i “‘0 69.@ 66.6 R
3 28 21%.% 217.3 218.44 A
2 1 1.0 Ge '
30 1400 4.19149€~08 4.01930E-09 1.,93538E-08 Z.78532E-08 4.19199E-G8
50 140% 3.42619E~-08 1.88453FE-08 3.02880E-08 2.57Lk85E-06 6.,45205€E-08
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1410
5533
5534
5539
5544
5549
5554
5559
5564
5568
5584
5885
5587
5635
56%6
5641
5646
5651
5656
5661
5666
5670
5686
5687
5689

2.49050€~08
0.

3.50000EE00
2.50000E801
4.100002€6C1
4.73750E€01
5.02000EE01
5.37500F €01
6.12500E8G2
6.60400E8&01
2.15900E802
2.16T00E€02
2+1B440E€02
1.90907E&00
1.99522E600
1.54594€E600
1-13895EL00
9.40465E-01
8.61230¢E-01
T7.23916€E-01
4.32941€-01
23i065E-01
1.20938EE£00
1.07954E£00
T«96418E-01

6.16882E-09

9.50000EL0D
3.00000EL01L
4.27500E801
4,81250E601

5.06000E8601-

5.51900E801
6.27500E&01

2.17970ELO2

1.88068EL00
1.43B99EL00
1.07788BE&Q0
9.04%11E~-01
8.32337E-01
4.38821E£-01

8.64614E-01

2.48045€E-09

1.40000€&01
3.35000E€0%1
4«%2500E&01
4.87500€E601
5.1G500E601
5.66900E601
6.42500EE01

1.80723E600
1.34613EE00
1.03052E400
8. 78416E-01
1.92539€-01
5.94387E-01
3.86121E-01

TABLE 2-5 (Continued)

1.80000E601
3.65000E6G1)
4.5500CGEL01L
4.92500E601
5.16500€£¢601
5.82500E801
6.55200E601

1.72030E600
1.27038E£00
2.94195€-01
8.71588E~01
7.6471TE-01
6.07213E-01
2.68616E-01

2.20000E£01
3.90000EL01
4. 65000EE01
4.97500E£01
5.25000E€01
5.9T500E£0}

L« 63560ELCO
1.20327E400
9.68858E-01
B.69175€6~-01
7.42075E~01
5.33745E-01
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2.5 DESCRIPTION OF OUTPUT

The KAP~VI output data is dependent upon the input control words IOUT (1)
and IOUT (2) entered at address 32 and 33, respectively.The control word, IOUT (1), controls
the printout of the input data. The control word, IOUT (2) controls the print out cf the
output data and the control word ISUM controls the frequency of the print out of summary

rasul fs.,

2.5.1 Printed Output

The printout of the input data wil! be described first. if IOUT (1) is set at
zero, no input data will be printed, except the program title. This is followed by the output
data described in Section 5.2,

If IOUT (1) is set equal to one, the program title is printed, and is followed by
a printout of the image of each input data card as used by the computer. Therefore, only
columns 1 to 72 are printed. One exception must be noted: Iif the floating point data, input
at address 2060, include the surface equation constant, D, for equaticon types 1, 2, =r 3,
the printed value in the card image is D and the computer squares D, D2, for subsequent use
in geometry calculations.

If IOUT (1) is set equal to two, the input deta is printed out as described for
IOUT (1) equal to one plus a set of labeled input data. This labeled printout is self explanatory
(See the sample problem print Table 2-6). Included in the labeled print out are the normalized
source distribution data. The labeled printout of the input is followed by the output described
in Section 2.5.2.

The output prinfout is dependent upon the types of material attenuaiion functions
that are requested in a particular problem. The output is ulso dependent upon the input control
word ISUM (address 31), and the input control word IOUT (2) (address 33).

If IOUT (2) is set equal to zero, output is printed for each individual source

region in the problem. [f IOUT (2) is equal to ong the output for each source region is not
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printed out. Note: If the problem contains only one source region, IOUT (2) must be set
equal fo zero in order tc obtain any answers,

The control word, (ISUM), controls the subtotal output over various source
regions, and the total output over all source regions, as described in the input data instructions

(Section 4.0).

If a gamma ray calculation is performed, the collided fluxes (contain the buildup

factor) multiplied by each set of response functions is printed for the first detector point, for each

gamma ray group, as well as the total, This is followed by the uncollided gamma ray data.

If an Albert=-Welton calculation is performed, the output multiplied by the
response functions is then printed.

At the end of the output data for each detector point, a comment is printed which
tells the pregram user how many times the value of 20.0 mean free paths, for gamma rays, or
120.0 gm/cm2, for neutrons, was exceeded for a source region.

A sample printout is included in Table 2-6.

2.5,2 Punched Card Output

The punched card output from the KAP VI code is dependent upon the input
control word, ISUM. This punched output is cbtained on cards in the FORTRAN format
IP6E12.5 when the control word ISUM is set to 3 (i.e., when a total summary printout is obtained).
The puncheé output consists of the gamma ray summary results by group of the first response
function in the KAP VI problem. This optional punched card output is obtained by group
and detector point for use in the SCAP code (See Section 3.0). The first response function should
convert the KAP VI results into units of MeV/cmz- sec for use in SCAP, The data are obtained
as NGG values of group data for the detector 1, NGG values of group data for detector 2,
etc., for NDET detectors. The output is then NDET sets of cards with each set containing NGG

values.
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11=0
11=0

4=

3-6

3=-0
20-0
1390
13=9
20=n

i=n
13«0
20=0

1=n
18=p
18=g
1a=0
18-2
18=1n
18-
18-p
18~
18~p
18«90
18~0

6=3

180

18.0
18-0
18~n
18=0
18~n
l1i~0
iBep
18an
1B=np
1B=p
6=n
2=n
Ten
2
2=n
S5=9
3=

Z=9

SAMPLE PROBLEM COMPUTER PRINTOUT FOR THE KAP-VI CODE

MSFC SAMPLE PROHLEM =

19
39

40
100
120
200
213
233
300
313
333
300
518
53%
554
572
599
608
626
544
662
689
698

1lo00
1118
1136
1154
1172
1199
1298
1226
1244
1262
128n
1298

59

75

N\ ot
DI ~d

13 21 12
1 1 1
1 =} 2
3 2 3
2 3 3
6 2 2
3 6 6
3 4 4
3 3 F 4

-2
1 1 2
B8 9 10

12

22 23 29

22 32 27

22 31 25

27 28 133
1 22 21
é S «~0
5 17 8
7 1 8
8 20 10
10 11 <90
i0 21 14

21 1 =0
13 5 2
13 3 10
5 6 8
2 11 2

34 1 33

15 17 =0
14 29 25

21 18 23
19 26 390

27T 29 ¢

26 33 32

33 34 o0
T 14
2 4 6

14 29

Qe

350000E+0]

Oe

TABLE 2-6

SOURCE DATA FROM NAGS
GEOM, =« 7% p, PROp, TANK

MERIDIAN RING COS(A)®1e0 TO 0.9

12 1 33 34
0 i 0 1
0 .

2 6 6 6
6 6 6 6
4 3 3 4
3 4 4 4
3 4 6 &

10 9 8 12

=0 =0 =0 22

33 =0 =0 23

32 -0 =0 25

-0 =0 =0 28

-0 =0 =0 2

=0 <0 =0 5

16 «0 =0 5

-0 =0 =0 ]
19 =9 =0 8

-0 -0 =0 10
13 -0 =0 14

-0 «0 <0

-0 «0 =0 13
12«0 =0 1
4 «0 =0 6

“0 =0 =0 10

“0 =0 =0 11

=0 =0 =0 16

18 -0 -0 11

-0 =0 =0 P2

26 -0 «~0 20

=0 =0 =0 24

30 «0 =0 31

=0 =0 =0
8 'a 12 1s
8,30900FE«01
1.00000E4%0]
4¢00000E+0)

1.00800E%01}

3 5 1 17
1 3 3 3
6 6 & 2 2 2
6 3 3 3 3 3
3 3 3 =4 4 3
3 3 3 4 & 4
5 7 3 12 12 12
1T 11 1 9 8 ]2
29 23 30 =0 =0 22
€4 32 «0. =0 =P 24
26 32 0! =0 =0 26
2 5 21 =0 =0 22
5 3 <0 =0 =0 3
1S 6 =0 =0 =0 5
21 8 17 =0 =0 6
18 9 .0 -0 -0 8
21 10 20 =0 =0 9
12 i1 =0 =0 =0 10
2] =0 ~0 =0 «p 21
1 5 3 =0 «~0 13
& & -0 =0 -0 S
9 4 0 =5 =9 8
14 20 33 -9 =0 13
19 15 «0 =p =0 14
19 21 «0 =0 =0 15
3 26 1% ~p =0 7
26 27 -0 =0 =0 18
33 31 25 <p -0 23
30 28 <0 =G =0 25
33 =0 <0 =0 -0 11
2.00000E+401 2450000E401
4435000E+0]
2.00000E401 J.00000E+01

) e 2
3 2 3
11 1) 9
39 23 32
25 31 =9
21 32 -0
33 28 21
5 4 <0
16 8 115
15 T -0
19 10 18
18 10 =0
13 12 a0
-0 =0 =0
2 5 4
8 T =0
10 4 =0
4 11 33
1R 16 =
19 24 17
18 22 =0
25 29 23
24 2B  ap
31 29 -9
=0 =0 =0
3+00000E+01
4,00000E+0G1

=0
=0
=0
-0
-0
-0
=0
-0
=0

=0

=0
-0
=0
-0
-0
=0
=0
-0
=0
=0
=0

v

12

=0
=0
-0

-0
-0
=0
=0
=0

-0

=0
=0
-0
=0
=0
-0
-0
-0
=0
-0
=0

12

12

@
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S«n
5«0
2=n
50
50
3 n
S=n
S=n
S«n
S=0
S5=0
2=0
Se0
S=q
S=0
S=9
S=0
5=0
3=n
3~
3.0
3-0
3~0
3«0
3=
3=0
3-0
3=n
3=0
3~-0
3=0

B Lt

33

38

49
1400
1405
1410
1430
1435
1449
1445
1450
1455
2060
2065
2070
2075
2080
2085
2090
1461
1479
1474
1561
1570
1574
1661
1670
1674
1961
1970
1974
2160
2163
2166
2169
2172
2175
2178
2181
2184
2187
2190
2193
2196
2199
2202
2208

5,00000E+01
1.00000E+02
(/Y
8.42206FE-03
4¢73163E~-901
9e¢T74204E-01
1.23500E+00
2.47000E+00
9,88800E~01
2.57000E'01
2e4TO000E=02
2+4T000E-02
=1,00000E+03
8.,985Q00E+02
4.,8T260E+02
O
1.00000E+03
1493040E+02
5.58800E+01]
100000€+00
1.060000E+00
1.00000E+00
1+00000E+00
1,00000E+00
1+00000E+00
1.00000E+00
2,10900E+00
=7:17972E=02
B.4454nF+02
2¢4098B4E+03
=1.61900€+02
0,
4,50000E+01
S5¢50000F 01
6¢S0000E+01
Oe
0,
6.00000E+01
Qe
Do
Oe
0s
8+00000E+0)
0,
Os
Oe
(119

6,00000E+01 7,00000E+01
1.10000E+02 1.20000F¢02
3.14159E+400
60902936-03 20938]05‘02
2+99288E=0] 4,11821F=01
1e¢32113E+00 5.99359E=901
2.47T000E+00 2.47000E%00
2:4T000E+00 1448200E200
T.41000E=01 4,94000FE=01
2.47000E-01 1.35800E=0}
2+%7000E=-02 20470005'02
1+23500E-02
2.,61540E402 2.56460F¢02
1.28850E+03 1.55584E¢03
4,87680E+02 4,92760E+02
0 4.87260E+02
0 1437160E%02
2.15900E+02 2.,1R440FE+p2
6.35000E+01 6.60400E+0) |
1.00000E+00 1,00000F+00
1,00000€E+00 1,00000FE+00
100000E+00 1.00000€%00
100000E+00 1400000E+00
1,00000E+00 1,00000E«00
1.00000E+00 1-000005’00
1.00000E+00 1,000C0FE¢00
2,10800E+00 2,08800F+00
“T17972E=02 =T.17972€=02
B.44540E202 B,4454nE+02
2.40984E+03 2,4)984F%03
=1.63500E402 =1.R3100F*02
0, 6,90000F«01
Qo 60900005*01
0 6:90000E+01
(1 6.90000E*0}
0. 1438000E402
0. 1,45000F¢02
0, 1.45000E¢02
Qo 1.75000E%02
O 2.00000E%02
0 2,17000E+02
.0 2.30000E+02
0, T+50000E201}
0, «1,00000€+01
Ge 5.84000E¢02
De 5.85290E+02
O 7.70000E*02

TABLE 2-6 (Continued)

8,00000E401
1¢30000E+02

T+45449E=02
5.38622E-01

2.47000F«00
1.97600F+00
3,70500€F=-01
2.4T000F~02
2eATO00E~02

2-560405¢02
2,18850E+03
2.75600E+03
4,87680E+02
139700E¢+02

. #¢35000E+0)

9.,00000E«01
1.,37160E+02

2.57404F=01

2.47000E+00
1.48200E+00
2,4T000E=01
2.47000E-02
2447000E=02

7.76970E+02
ZO‘OQBQE*O3
0

$.927H0E+02
1.54940E+02
5.08000E+01



¢9-¢

3-0
3=-0
3=0
3=0
3=
3-0
3=0
3-0
3=-0
3=0
3-0
3=0
3=0
3=0
3-0
3-0
3=
3-0
5-0
Sep
§5=0
5«0
5=p
2=0
Se(
S5=n
2=0
S=0
S5=0
2=0
5-0
S=n
r-od
1=0
Sen
2=0
1=0
S0
S«n
3=n
ba)
4=
5=0
Sel
S=g
S=0
5=0

P < LAY, SN Y S EEE T SRR

zeon
221l
2214
2217
2220
2221
2226
2229
2232
2235
22138
2241}
2244
2247
2250
2253
2256
2249
3469
3465
3470
3475
3489
3488
3499
3498
3500
3510

0.

2:52000E+02
2+57250E+02
3.00000E+02
Oe
O
O
448T270E+02
4.87700E+02
5.00000£+02
Qe
Qo
Qe
Do
O
0.
30100005003

[ ]
1,00000E+01
5.00000E¢00
14300006400
3,00000E-01
1400000E=02
2.00000E=07
4,07000E=-02
1:90000E=02
7.20000E~02

-0.

3515 =%
3520 =0,

35139
3535
3540
3559
355
3556
3558
35690
3565
3570
4310
4314
4620
4625
463
4638
4645

4,07000E-02
14%0000E=-02
7.20000E~02
4,07000F 02
146000Q0E=04
1.00000E+01
1.00000E+00
8.50000E+00
3.50000E+00
1.00000E+00
0.

1.00000F¢01
9.20580E~0]

«7,35248E-0]
=3,33736E=03
=~1¢49290E=04

2e02125E~=9]

0,

O

0.

¢,

0.

Oe

(1

0o

O

0.

0,

Co

Oe

O

0.

0.

(1Y

Oe
9,006000E+00
4,00000E%00
9:50000E~01
2,00000E~01
6.00000E~02
1.00000E=0>
9,10000E-03
fe
2420000E=02

0.
B8.68810E+00

-o.

9,10000E-03
6.00000E=01
2.20000E-02

2.90000E~01
9.58000E-02

7.25000E+00
2.80000E¢00
7.00000E~01
2,00000F+01
1.00000E+00

=2+52297E=02

3,55550E~03

=2.,40152E=03

1485572E=0p4

TABLE 2-6 (Continued)

T.98000F¢02
T+7TRN000E*02
7.78000E+07
7T.78000E+02
9.,50600E*02
1<60000E+03
1:.65600E+03
1.65600E+63
1.65600E+03
1.65600E+03
2,40000F+02
2.41000E+03
2.TA555E+03
2.74580E+03
2.,75200E+03
2.,75000E+03
7.50000E+0]
=~1,10000£+03
8,00000E+00
3.20000F%00
7.00000E=01
1,00000E=01
5.06000E=02

9,10000E=03
1.60000E~02

Ll U
-,

9.10000E=03
1.60000E=62

7.78000E=01

6-500655’00
2.50000F*00
3.00000£-01
1,00000F=06
1.00000E=01
=1431193E=04
-209?0135'05
1l.44410F=05
-9,7898%F =07
=1 e%0544E~0]

A rmmAte g% v e owEee s

{7,00000E+00

2.50000F+00
5,00000E=01
9.,00000E-02
4.00000E~02

2,10000E=-02
2+90000E~02

“Q>
ol,

2.,10000E-02
2¢90000E~02

5.80000E~01

5.50000E400
2400000E+00

1.00000E=03"

le00000E~02
0.
0,
0o

Oe
6004680E=06

6,00000E+00
1.80000E+00
8,00000E=02
3,00000E=02

2,17000E=02
5,80000F=02

“0e
-0.

2.17000E=02
S.B0000E=02

3,50000E-05

4,50000E+00
1.,50000E%00

Oe

O
11]
0

i

@

Alojeioge]
1ajanuolsy



TABLE 2-6 (Continued)

S PEPCEIOCUL “arer wvwws Wt et N sy WL 44V R UAN CRATNML s . LB Madm n - o 4 - - — - o eme . e e . I

99-¢

5-0 4650 3,27206E-01 =1,29057E~0]1 2,46613E~03 <1,23860FE-05 0,

S=g 4655 =6,57372E~0]1 B.72040E=02 ~1e7772BE=03 9.12486E~06 0.

5«0 4670 2.,4BT02E+00 9,47202E=02 =1,65266E~03 6,16259E-06 0,

=g 4675 =2.80043E+01 =2.76004E*00 1.58054€E=02 34¢82720E=06 0

S=p 6680 =1029332E+02 &,63051E40] =2,69301E-01 =1.28182F=04 0,

5=0 4685 1,91579F+03 =2,44706E402 1,58900E+00 =3+36770E-04 0,

5«0 4720 6,63000E-02 6,53000E=02 6,63000F=02 ©6.63000F=02 6,63000FE«02
5=9 4725 6,63000E-02 6.063000E=02 5.73000F=02 5+0B000F=02 4«%0000F=02
5=0 4730 S.17000E~02 5¢23000E-02 S5.11000E-02 S¢20000F=02 5.08000E=02
5«0 4735 5,100006E-02 5,00000E-02 4,93000E-02 4,80000F-02 4,80000F=02
S5~0 4T4q 4.72000E~-02 4,64000E=-02 94.17000E~02 4.38000F=~02 &.17000K-02
2=n 4745 4,12000E=02 4,64000E=02 _

5 0 4750 1,000006+400 1,00000E+00 1,00000F+00 1,00000E+00 1,00000F+00
5 0 4755 1,00000E400 1,00000F+00 1,00000FE+00 1,00000F+00 1,00000FE«00
30 4760 1.00000E+00 1.,00000E+00 1+00000E*00

5 0 4780 B,50000E=07 B8.80000E~07 9.20000E=07 #¢50000E~07 1.05000E=06
S o 4785 1.15000E~05 1.23000E=06 1.27000FE=06 1¢37000E=06 1.4B000E~06
30 4790 1.,61000E-06 1,67000E=06 1,66000E=06.

5 0 4810 1+03000E~-06 1405¢0CE=«06 1.0B000E=06! 1¢16000E-06 1.21000E=06
50 4815 1¢31000E=06 1+410C0E=06 1:+45000E~05 1¢S56000E=06 1.69000E=06
3¢ 4820 1eB4000E=~06 1.94000E=08 1.89000E=06

) 4840 3.910G0E~15 3.83000E=15 3.77000E~15 3.69000E~15 3.62000E=15
50 4845 3.59000E<15 3.62000E=15 3,65000E=15 370000F=15 3.8B000E~15
39 4850 4.22000E=15 4.52000E~15 5.45000E-15

50 4870 2.94060E=15 2.95000E=15 2,99000E=15 3.05000E~15 3,15000E=15
5 0 4875 3,31000E-15 "3,46000E-15 3,58000E=1%5 3,73000E-15 3,95000E~15
30 4BBOo 4.24000E=15 4,54000E=~15 #,.54000E-15

§=0 5050 1.00000E+00 1,00000E+00 L1.00000E+400 1.00000F+00 1,00000E+00
S5=0 5055 1,00000E+00 1,60000E+00 1,00000E+400 *.00000F:s00 1,00000E«+00
5=0 5060 1+00000E+00 1.00000E+00 1+00000E*00 1400000E+00 1,00000E+00
5=0 5065 1.00000E+00 1,00000E¢00 1.00000E+00 1.000006+400 1,00000E+00
Sw0 5070 1,00000£+00 1,00000E+00 1,09000E+00 1,00000E+00 1,00000E+00
2=0 S0T7% 1.00000E+00 1.00C00E*00 :

5-0 5080 1.,00000E400 1,00000E+00 1,00000E+00 1,00000E+4D0 1,00000E+00
Bw=g 5085 1¢00000E+00 1.0000CE*00 1.00000E+00 1.00000E+400 1+,00000E+00
i=0 5090 1+00000FE+00

B=( 5110 1e00000E+00 1+00000E*00 1400000E¢00 1400000E+0G ° 1.00000E+00
S=90 5115 1:00000E+00 1.00000E*00 1¢00000E*00 1000000E+00 1400000E+00
5=0 5120 1.00000E+00 1,00000E+00 1,00000FE+00 1.00000F+00". 1,00000E+00
3.0 5125 1.00000E+00 1,00000E+00 1,00000FE+00

5=0 5140 1.158B0pE~0& 1410100E~04 1410900FE=04 1406800FE-04 1,06B800F=04
5«0 5145 1,06100E-04 1,04000E=04 9,784006-05 9.03300E~05 9,61500E~05
5=0 5150 9¢33400E=-05 B8¢50200E~05 ©¢96300E=05 4¢35800E=05 5.34400E=05
S=p 5155 3¢98300E=05 3448100E8=05 1.95100E~0% 1¢78100E~-05 1.67200E=0%
S5=g 5160 1+37200E=05 1414100E=05 9:39200E~06 7Ts20600E-06 S.10100E=~06
=0 5165 3¢05600E~06 1+17800E=06 _

5=0 5170 1478100E=05 1.68800E=05 1,71200E=05 1.61900E=05 1,61900&=05
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5«0
S0
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5=p
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5175
5180
518%
5199
5199
5350
5513
5518
8523
5360
5362
5366
5363
5377
53715
5378
5381
5384
5387
5330
5513
5534
5539
5544
8546
5584
5585
559
§59%
5600
5605
5610
5612
8635
5636
564
5646
5648
5686
5687
565>
5697
5Tp2
STo07
5712
5714
2469

1:60300E~-05
9.42500E=-06
3,92700E-06
1.76100F~06
6.39650E=07
1.0000GE+00
6.00000F¢«00
2.80000F+01
§,00000E+00
440)8932E4+01
1,72450E+02
2.G7006E+02
2435312E+02
2+49993F+(2
2¢8543TE+ 2
3¢0684)E452
3.25685F+02
3062508E002
3.79087E+(2
3¢93761E+02
Qe

3.50000E+00
2,60000E+01
4¢10000E+01
4.35000E+01
O

5+00000F=01}
1¢15000E+01
4.45000E+0})
T+95000E4+01
1.14500£+02
1.35650E+02
1e37160E+02
1¢17635E+00
1417419E+00
1.03585E+0¢
B.8B781E-01
9014665E‘01
6.5]712F=n2
7-94648E‘02
‘0722895-01
1,23737¢+00
1,37167E400
B.30944E~91
9.86592E=01}
1:61799E+00
1,50800€£+00

TABLE

1.48900E-05
T.71900E-06
3,71600E-06
lcSSQOOE'Oﬁ
3:.44)00E-07

9.,20000E+0}
1,00000E¢00
2.,20000E+01
9,82485E4+02
Q.669%1E+Q2
9,57660E+02
9,52337E+02
9.48B676E+02
9.376898E+02
Q.30380E+¢g>2
Q423003E%Q02
9.,08430E*02
9,01114E+02
B.9379BE+Q2

9.50000E+00
3,00000E+01
4.27500E+0)

1.75000E%00
1.70000E+0)
5.15000E+01
B.65000E+01]
1,215006+02
1,36730E+02

1.160%0E+00
9,92643E=9]
8499383E=01

1¢30459E=91
60422936'01
1.32077¢4+00
1,31374E400
6,71155E=01
1430774E%00

6,82300E~-02

1,37600E=05
6.59900E=06
2,27500F~06
1.34400E=06

9¢20000E401
4,10000E+01

0.
O
0,
0,
0+
Qe
O
0.
0.
0.
{1

1.40050E508)
3,35000F+01}

3,0(000E+00
2.35000E+01
5.85000£+01
9.35000E+01
1,27500E+02

1.14022E+0¢
9.49040E'01

1-78§08E'01
8.211995-01
1.376195*00
1,228B4E400p
5.,70514E~01

5,5%400E=03

2-6 (Continued)

1.179005‘05
S5¢74800E=06
2,13300F-06
1.13700E-06

2460000E+Q1
1.30000E+01

1.80000£+01
3.65000E+01

4.75000E+00
3.05000E*01
6¢55000E+01
1400500E+02
1,31500€402

1¢11432E+00
9e14791E=01

2¢42148E=0]
9.,R7TT1TE=p1
1-‘03?3E000
1,11836E400
5.92375E~01

2.70700E-03

1.06T00F=05
5.10100E=06
1,93100F=06
8,94700F=07

2.40000E+01
SQDOOOOEMOO

2+20000E+01
3,90000F+01

T+S0000E+00
3.75000E+01
T.25000E+01
1,07500E+02
l.3é000E§02

1.,08085E4+00

3¢39037E=61
1+12633E+090
1,40168g400
9 Be439F.0]
7.38165E=01

3,89800E-04

b ]

@

Alojeloge
lea|anuolisy



89-¢

3=0
5=0
1=0
4=
1=0
i=0
3=0

1=0
1=0
1=n
1=0
1=n

—
]
2
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DD O000D00O00BOD

2%65
2486
2508
2526
253
2540
2546
2566
2586
2600
2606
2628
2646
2666
5737
5738
5743
5748
5750
5788
5789
5794
5799
5804
58p9
5814
5816

AR e T L AT T

SoEGIGOE—OB
1.40300E~03
2¢80950FE+00
6+29700E=02
B+54600E=01
3.06100E~02
3.27200E-02
1.26450E=02
1,18390E=02
5.50000E~02
2+41000E=-03
24T0000E+00
T¢00000E-02
8+80000E-04
1417411E+00
1¢17191E+00
1.03675E+00
B8¢95759E-01
9,30294€E=01
6e3T05TE=D2
Te78718E=p2
4,59472E=-01
1023360E¢00
1.36766E4+00
8,28723€E«01
1.06794E000
1.77920E+00

TABLE 2-6 (Continued)

5,39000E~04

Ge

0.

0,

1615794E+qp
9,89976E~g]

9,11517E~01

1:28642E=0}
6039318E-01
1.31585E+00
1,30989E+00
6.,70949E=91
1:.43930E+00

3,09500E~02
0.

1,79600£+00

2.24T60E+00

1.13751E+00
9.47382E-01

1.76484E‘01
3.1?9255'01
1.37216E+00
1,22521E+00
5,77256€=01

Q.
1¢10320E~01

1¢11138E+00

9,15072E=01

2¢27895F=p)
G.86276E=01
1439914E400
1.11503E+00
6.14374E=p1

1406060E400

1.0T77T4E+Q0
8,96357Ew=Q1

36365005-01
1.12273E+0n
1,39759E+00
9,81519F=(1
7.85148BE=Q1
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GENERAL PROBLEM INPUT

NO, OF GaMMA GROUPSDODOOO..'OI.
NOe OF NEUTRON GRQUPSo-goo..ooo
NO. DF MATERIALSo-o.tnottcocooo
NOe« OF COMPOSITIONSeoescsosesss
NO. OF DETECTORS.--..-'cooooooo
NOs OF BOUNDARYSooo.ooeoocooOQo
NO., OF RtGIONS.ococooo-ooocooon
NO. DOF RESPONSES(GAMMA) eseesves
NOs OF RESPONSES(NEUTRON) secoss
NOe OF RESPONSES({ALBERT=WE[TON)
NOe OF MATERIALS FROM LIBRARY,,

CALCULATION OPTIONS

GAMMA RAY(0/NO91/YES)eeenvesen
NEUTRON(O/NOQ]/YFS)oooo.o.aooo
ALBERT'WELTONQQ.ooooooolosom
MONOVaRIANT MOMENTScoaoOoonm
BIV‘RIANT MOHENTSOvaoiOOoOnm

PRINT OPT]ONS

SOURCE REGION SUMMATION
{0/NOy1/SUMs2/ST13/GT) eteasnss
INPUT PRINT(O/NOOl/CIOE/FULL).
OUTPUT PRINT
(1/ST AND GT ONLYv2/ALL) seecs

SOURCE CalLCULATION OPTIONS

SOURCE /ONE COMPOSITIONesseoss
MOST PROBABLE lo“EoOoooooooono
SOURCE CALCULATION OPT1ONeesss
RADIAL Dls‘RIBUTION..QQDOQO0.0
AXTAL OR POLAR DISTRIBUTION- ¢4
AZ“UTHIAL DISTRIBU'!ON.....i‘.

SOURCE INTERVAL DATA

NO, OF RADIAL.ooooooooocnoaooo
NOQ OF aXI&L (OR POLAR).ooccoco

TABLE 2-6 (Continued)
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TABLE 2-6 (Continued)

NO, OF AZMUTHIAL..oQOQQQQQoooo 2 4 6 g 10 12
SQURCE AND DISTRIBUTION PARAMETERS
GAMMA RAY SOURCE(INPUT)otyoOOOOOQ 1.00000F+0C
(NORMALIZED) aeeve 2.422592FE=06
NE')TRON SOURCE(INPUT)-.otg.ocoouc B8,30900g~0%
(NORMAIZED) vesssess 2,00821E-06
DISTRIBUTION PARAMETERSI(XI(1))eses Oe
(XI(2))ose 0,
(ETA(Y) ) 4, 0.
(ETA(2)) ee 0.
SQURCE INTERPOLATION DATA
NO, OF RADIAL VALUESeeestcsees 14
NO, OF AXTAL VALUESssseesssvee 29 ,
1}
SOURCE DISTRIRUTICN DATA = RADIAL
PT. COORDINATE GAMMA RaY
. NO INPUT MlnPOINj INPUT NORMAL 1ZED
1 Do T.¢T1E%00 1176E+00 5.823E+0l
.4 1.000E~G1) 1.581E+01 1lel59F+00 1.688F+02
3 2,000Eep) 2,264E401 1,0995+00 1,208E+02
4 24500E¢01 2.T61E+01 1.051E+00 1¢404E+02
5 3.000E+01 3.260E+01 9.976£=01 1.561+02
-] 3,500E+01 3,758E+01 9,308F=01 1.705¢E+02
7 4,000E*p1} 4,179E+g1) 8.888FE=01 1+318E+02
B 44350E+n] Qel477.=01
SOURCE DISTRIBUTION DATA = AXIAL OR POLAR
PTe COORDINATE GAMMA RAY
NO o INPUT MINDPOINT INPUT NORMAL I1ZED
i 0. 5,000E+00 6.517E~02 2.442E¢00
2 1,000E+01 1,500E+01 4,233€=0] 5,755€400°
3 2,000E+0} 2.500E=20] T«278E=01 B8.523E+00
4 3.000E¢Q1 3.500E+0i 9767601 1.073€4¢01

- B RS P T W Wes

14

NEUTRON
INPUT

1.174E400
1.156E400
1.095E+00
I.Q#SE*OO
9.900E=01
9,299E=01
8+936E=01
9¢303E~-01

NEUTRON
INPUT

6:371E=02
‘.205E'01
Te246E~01
9eT33E=01

CAme et v b e e

NORMAL1ZED

5.811E¢0l
1.684E+02
1.204E¢02
1e40nE+Q2
l1.559E+02
1.709E002
1+¢333E+02

NORMALIZED

Qe421E+00
5.726E¢00
84430E400
1. 049€401

[P R U L TR GHUD W SR TR
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4.000E+01
S.000E+01
6.000E+01
7.000E+01
Be000E*+D1]
9.000E+D1
1.000E+02
1.100E+02
1.200E202
1,300E+02
1.3725002

TABLE 2-6 (Continued)

e e S UBVIAS W ¢

4.500E+01
505905‘01
6,500F+01
T7.500E+01
8.5005¢01
5.500E+01
1.050E+02
1.150E¢02
1+250Ee02
1.336E+02

1169F+00
1,305F+C)
1.384F+00
1.406F*00
1«368F¢00
10274F+00
1+127E+00
9.303E=01
Te016E~01
T+618F+00

12376401
1,345€E+01
14395E+01
1.387E+01l
1¢321E%01
1201E+01
1.02%E401
Be139FE+00
&.2T6E+00
TTTGE+Q0

SOURCE OISTRIBUTION DATA = AZMUTHIAL FOR RADIAL INTERVAL

PTe
NQe

1
2
3

1£-¢

COORDINATE
MIDPCINT

INPUT

0, )
3,1427 200
D¢

T+854E-01
2,356E4+00

GAMMA RAY

INPUT

]
9,
O«

NORMAL 1ZED
i

3.805E=06

3,805E=06

SQURCE DISTRIAUTION DATA = AZMUTHIAL Fom RADIA_ INTERVAL

PTe
NGO«

U & W

COORDINATE

INPUT

Ce
0.
0.
0.
0,

MIDPOINT

3.9275‘01
1,178E+00
109635000
2,749E+00

GAMMA RaY

INPUT

0.
o,
De
0.
0,

NORMAL 1ZED

1¢903E=~06
1.903€E=06
1.903€=26
1,903g=06

SOURCE DISTRIRBUTION DATA = AZMUTHIAL FOR RADIAL INTERVAL

PTo
NO o

W N

COORDINATE

INPUTY

O
0.
O
1Y

MInPOINT

2.618E=01
7.854E~01
1.309E+00
1:833E+00

GAMMA RAY

INPUT

NORMAL 1ZED

1.268E=06

1.268E=06 °

1.268E=06
1.268E=06

lolﬁSE*QO
10301E’00
1«3R0E*QO
1+401£+00
1e¢364E+00
1+271E¢0Q0
1.124E4+00
9,275E=01
TeG04E=0D])
5.664E-01
1s779E+00

1

NEUTRON
INPUTY

0o
0.
O

2

NEUTRON
INPUT

0.
0.
Os
0.
0.

3

NEUTRON
INPUY

0
O
O
Qe

1.233E+01
le241€+01
14 391F«0l
1¢383E+01
1¢31RE+0n1]
1:197E+01l
1:026E+01
B¢139E+00
6¢334E+00
B4397E+¢00

NORMAL1ZED

3.154E=06
3.,154E=05

NORMALIZED

14577E-06
1eS77E=06
1e57T7E=06
10577E'05

NORMALIZED

le081E=-086
1.0%1E=00
1¢051E=06
1+051E~06

<§§§>

Alojeioqen
1R3|GNU0LSY
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TABLE 2-6 (Continued)

s . e hnesamn ot s v — e T T ITmL Lt me

5 9. 2.356E+00 0. 1.268E=06 0. 1,051E=-06
6 0o 2.880E+00 0o 1.268E=06 0o 14051E=0b
14 0, . [ Oe

SOURCE OISTRIBUTION DATA = AZMUTHIAL‘FOR RADIAL INTERVAL 4

PTe . COORDINATE GAMMA RAY NEUTRON

NO, INPUT MIpPOINT INPUT © NORMALIZED INPUT NORMALIZED
i 0, 1.963E=01 0, 9.513E=07 0. 7+.886E=07
4 0, 5.890E=01 0. 9.,513E~07 0 T.B86E=07
3 0o 9.,817E=Q} 0. 9.513E=07 De TeBRKE=QT
4 Oe 1.374E+00 Oe 9,513E=07 0s 7.886E=07
5 O 1.T6TE+00 0. 9.513E=0T7 0o T+886E=0T
b 119 2.160E+00 0. 9.513E=07 [/ Y TeBHARE=0T7
14 Geo 2,553E+00 0, 9.,513E~07 0 T.886E=07
8 0. 2.945E400 0. 9.513E<07 0. 7.886E=07
9 (U 0o O

SOURCE DISTRIBUTION DATA = AZMUTHIAL FOR RADIAL INTERVAL 5

PTe COORDINATE . GAMMA RAY NEUTRON

NOo INPUT MIDPOINT INPUT NORMALIZED INPUY NORMAL 1ZED
1 O 1.57T1E=~01 0s T«611E=07 0o 6¢309E~-07
2 0, 4,7T12E-01 0, T.61E-07 0, 6.309E-07
3 De T.854FE=01 O Te611E=07 O 6e309F~-07
4 Q. 1.100E+00 0. . Te&l1E=~0T7 Ge 6¢309E~07
5 0. 1.414E¢00 0, T.611E-07 0, 6,309E~07
6 0o 1.728E+00 0« T«€11E=0T 0o 6+309E~-07
7 0o 2.042E+¢C 0. 7¢611E=07 0 64309€~-07
8 O 2+356F+00 O Te611E~07 GCo 6¢309F=07
9 Oc 2.6T0E+Q0 0o TeH11E=GT Ve 6+309E~07
10 0, 2.985E4+00 0. T.611g=07 0 6¢309¢~07
il 0, 0, 0,

SOURCE DISTRIBUTION DATA = AZMUTHIAL FOR R&DIAL INTERVAL ¢

PTe COORDINATE GAMMp RaY NEUTRON
NOo INPUT MIDPOINT INPUT NORMALIZED INPUY NORMALT2ED




LN,

W=~ U & WY e

1,309€E=-01
3,927E=901
6,545E=01
9,163E=51
1.178E+00
1.440E+00
1.702E+00
1.963E+00
2.225E¢00
2.,48T7E+00
2. T49E+Q0
3,011E+00

TABLE 2-6 (Continued)

o fmlaen

0.
O
0.
0,
Qo
0.
0o
0.
De
Do
Qe
[/
Qo

6,342E=07
603‘2E-07
6,342=07
6.342E-07
64342E=07
6.342E~07
6e342E=07
6e342E=07
603“25‘07
6,342p=07
6.3‘2E‘°7
6.342E=07

SOURCE DISTRIBUTION DATA = AZMUTHIAL FOR RADIA: INTERVAL

PTe
NO o

€L-¢
N—O Om ~ U L~

St Yt ot

el
U & W

GAMMA

GROUP
NO.

COORDINATE

INPUT

ENERGY

B8.5005¢00
T.250E¢00
6,500E*¢g0

MIDPOINT

1,122E«01
3,366E«01
5-610E'01
7.854E=-01
1.010E+00
1,234E+00
1:450E+00
1.683E+00
1,907€+00
201325‘00
2.356E+00
2.581E+00
2,805E+00
3,023E+00

RAY SPECTRAL DATA

SPECTRAL
0aTA

B8,422E~03
6.903&-03
2¢938E=02

GAMMA RAY
INPUT

0
04
Qe
Go
0.
0.
0»
0o
0,
O
O
0.
0.
0.
0.

NORMAL T 2ED

S.436g=07
5,436E=07
5¢436E~07
S:436E~07
S.436E-07
S.436E=07
5.436F=~07
5,436E=07
S.436E=0T
5.436E'07
5.436E=07
50436E-07
S.436E=07
5¢436E~07

NEUTRON
INPUT

0»
0.
Ne
Qe
Qo
O
)
0
O
0»
Qo
O
0.
De
De

5-257E-07
5-257E'U7
5.257F=-07
54257E~=07
5.25TF=07
5¢2STE=0T
5:25TE=07
S«257E~07
5.257€=07
5.25Tg=07
5.257E=07
502575'07

NORMAL 12ED

4.506?”07
4,506E-07
GteS06E=-0Q7
44506E=07
44506E=07
6,506E-07
4450RE=0Q7
4.506E=07
6,506E=-07
4¢506FE~07
40506E‘07
4+506E=07
4,506E-07
4.506E=07

@

Alojeloge]
1e3januol)sy



v/i=C

SRR Ul 71\ S ettt soemr~as =+
& 5,500E+00
5 4.500E+00
& 3.,500E+00
7 24800E+00
8 2+500E+00
9 2.000E+00
10 1.500E+00
11 1,000E+00
12 T«000E=01
13 3.000E~01

NEUTRON SPECTRAL DATA

GROULP
NOo,

ENERGY

1.000E+01
9,000E+0Q0
8.,000E*00
T«000E®00
6.,000E+00
5¢900E400
4.,000E+00
3:200E+400
2:500E+00
1+800E+00
1.300E+00
9.500E=-01
T.000E=01
SQOOQE‘Ol
#oOOOE'Ol
3,000E~01
2¢000E~Q}
1.00C0E=01
9.000E=02
8.000E=02
Te000E=02
©s000E=02
5.000E-02
4,000E=02
3.000E-02
24000E=02
14000E~02

Lt R Nk b AL e s e

T.454E=02
2¢5T4E=01
#a732E"01
2.993E"01
44¢118E=-0]
S¢386E-01
70260E'01
90742E‘01
1.321E+00
5,994E-01

SPECTRAL
DATA

1.235E+00
2.470E400
2.4T0E+00
2:4T0E*00
Z¢4TOE0O
2+4TO0E+0Q0
2+.4T0E+0Q0
1.,482E400
1.976E+00
1.482E+00
9,88RE=0]
7.410E'0l
4,940E-01
3. T05E=01
2|470E'01
2:470E=01
2,4T0E=01
1¢35RE=Q1
2+.4T0E=p2
2:470E-02
2+4T0E=02
294705-02
2+%T0E~02
2.470E=p2
2.4T0E~=02
2.4T0E=p2
1¢235E~02

ZONE BOUNDARY SPECIFACTIONS

R RIS S Yy VR Sy S e e ]

TABLE 2-6 (Continued)



TABLE 2-6 (Continued)

AN B U T ot ngs oy 50t 58 AR TNt AT RARRIN L M PRT 2y RRET

ZONE COMP. gND. 20NE BNDs ZONE

i 1 -z 13 23 5
e 1 =22 13 -29 1
3 2 -22 13 =30 2
4 3 =22 13 =32 3
5 4 -23 1 rd 6
6 6 24 5 25 a
7 4 L -] =31 6
8 5 «25 ) 26 9
9 7 =26 a8 27 10
10 3 w27 9 28 11
11 12 -28 10 -2 14
12 12 =22 13 -33 4
13 12 - 34 2 1
14 8 2 11 ) 19
is 9 3 14 5 18
16 10 4 15 5 17
17 10 =5 16 15 18
18 9 -5 18 16 19
io g =5 14 17 20
20 12 w5 11 21 33
21 11 - 17 15 18
ce 11 -7 el 15 18
23 11 -8 22 18 24
24 9 -8 18 19 25
25 8 -8 19 20 26
26 12 -8 20 21 33
27 11 -9 23 18 24
28 11 =10 27 11 29
29 9 w]lQ 24 12 30
30 8 =10 25 13 3
31 i2 =10 26 21 33
32 12 -14 3 21 33
33 12 -21 11
3s 12 21 33 1 34

BOUNDARY EQUATION CONSTANTS

BNDe NOs AND TYPE A0 X0
1 6 0, 0,
2 2 1,000E+00 o,
3 2 1+000E*00 0,
‘ 2 14000E+00 9,

BND, ZONE ©NDe ZONE  3ND.

29 ?
23 )
- 23 =1
27 lo
32 4
3 7
25 8
ki 4
32 4
33 12
5 20 21 33
28 11 21 3
21 33

32 4

-3 15

-4 16 .
: !

6 21

8 24 -15 17
]} 25 =16 la
3] 26 -l7 19

T 22
& 23
< 27

10 29 =18 23
10 34 -]9 24
10 3 -20 25
10 2R

=11 28
-12 29 |
14 32 .13 3

B0 Yo

0,
1,000Es00 O,
1,000E%00 0,
1,0006+00 O,

ZONE BND, ZONE

Co 0 Do
0. 0. _ -1.000F603
1,000E+00 B 445402 6,R40E404
10008400 B,445E4+02 6RTTE*04
1.000E+00 804‘5E“°2 6+.556E+04

Alojeloge =
feajanuonsy \WW/



9/-C

WHWLWWIERPPIPPORPWWWWNNNEINVNCCRRTII O

1,000E+00
1.000E+00
1,000E+00
Oe

1+000E+00
1.000E+00
1.000E+00
O,

COMPOSITIONS BY MATERIAL

COoMP,
NQO.

[y

QW D~ S WY

1s508E4qp
0,
O
0,

O
0
S.500E=02
O
0.
O.

3,061E=02

6.823E=¢2

TABLE 2-6 (Continued)

MATER
3

5:554F£~03
O
1S
0.
0,
Do
O
Oe
0o
0.

0

0,
0,
0.
1,000E+00
1,000E*00
1.000g+00
0,

1,000E%00
1.,000E+00
1,0G0E*00

TAL NO.
'Y

2+TQTE=G3

A .- AR @GN WEN TESTGNM

O 0.
0 ¢,
0. 0,
0. 0,
Oe 0,
0, 0,
2,109E+00 2,410E+03
2.108E+00 2,4810E+03
2.088E+00 2,410E+03
Oe 0,
=7,180E=02 <~1.,619E+02
=7.180t=02 =1,635E+02
=7.1B0E=-p2 =1,831E+02
0. 0,
0. o'
Oe 0.
0. 0.
0. 0,
0, 9,
0. 00
O 0.
O o,
0. 0,
O 0,
0 0.
o. 0.
O 0,
0. o,
D 0.
6
3.898E~«(4 5¢281E=03
O. 00
0 Os
0. 00
0, 0.
O» O
0. Oo
Qe 0
o. o.
Oe 0'
Oe 0.

Dt oS Ghat b B S

T.7T0E+N?
B.988E+02
1.7RBE+03
1,A56F+03
2.1RBRE+N3
Ce610F+03
2,374E+05
2.378F+05
2.42F+05
2.T56E+03
0.

0.

0.

2e374F 405
2,3TAEs+ 05
2.42RFE+05
1.000E+06
0.

1.3725+02
1,397E+07
1.549F+07
1,930F+02
2,150E+G2
2e1B4Eon?
1.A92E+n3
20581"—"".3
3,123F+n3
4.03?F*03
A.361E+03



12

0.

Ce

COMPOSITIONS BY MATERIAL

Comp,
NO.

OO~ P U PN

LL-C
—0 O ®~NT U S W N

Db bt Qs
N

Se390E=g4
1+403E=03
0.

6'297E-02
3.272E=p2
1,265E=32
1.184E=g2
20410E'03
0

T«000E=pD2
8.800E'04
O

1.622E+¢0
10662E*00
24809E+Q0
2e824E+00
2¢311E+00
1s26BE=pp2
1.184E=02
5:741E=02
20T700E+0D
7T.000E=02
8,800E~04
Oe

3.,095E=92
[/ Y
0,
o,
Oe
Qe
O
0.
0.
0.
0.
0.

COMPOSITION TOTAL DENSITY

NEUTRON CROSS SECTION DATA

MAT .
NOQ o

QP W Yo

AL BERT=WE| TON

REMOVAL

4,070E=0p
9.100E=p3
9.100E'03
2¢100E=02
2¢170E=p2
1,900E~Q2

ETA

-O.
-Og
“0e
=0
=0e

ST ds e AR i o bty

Oe

MATERIAL NOs

9

O
O»
2.,809g+00
1,796E4+00
Ce24BE*00
0s
0o
0o
2.T00F+00
0o
0.
0.

MOMENTS
REMOVAL

Q.@?GF'O?
9,100F=03
S«l00F~=03
2+100E=02
2¢170F=02
1.900E=02

Qo
O

l.
Oe
0.
0o
0.
0

0.
0.

10

103E=01

0o

1

(110
1:661E+00
O«
0.
Oe
O
Oe
0o
Oe
0.
O
0.

A

0.

12

0o
Qe
O
B,546E.01
Oe
Oe
Qe
Do
Oa
0,
Oe
O

@

Aiojeloge
1B3|anuolsy
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0. 8,688E+00
1e600E=02 =,
2e¢900E=02 =p,
5¢800E=02 =0,
Te200E=02 =g,
12 €9200E=02 =g,

ALBERT'HELTON COEFF.’ALPHA(I’QOOQ
YALPHA(2) 400
SALPHA(3) cnes
YALPHA!4) (g e
DALPHA(S)....
vALPHA(6) s uee
YALPHA(T) vece

REFERENCE MATERIAL REMOVAL!QOQOOQ

s
-0 D 0D~

GAMMA RAY LINEAR ABSORPTION COEFF,

coMP., ENERGY
NO. 1
1 8.,500E%qg0 2¢050E=02
2 T+250E+00 2+227E=p2
3 6,500E+¢0 2,360E=Q2
. 5.500E*00 2.56pE=02
5 4.,500E+00 2.840E‘0?
6 3.500E*9p Je270E=q@2
7 2¢800E+gQ 3,720E=p2
8 2.500E‘00 3'9505-02
9 2,000E+10 4,440E-02
10 1.500E*0np 5,18pE-g2
11 1.000E+00 6¢360E~02
12 ?IOOOE-OI 70?50E-02
13 3.000E=01} 14060E=01
GAMMA RAY LINEAR ABSORPTION COEFF,

COoHP
NGO,

1

ENERGY

8,500E+00

M L et e e s -

7
3.550E-02

TABLE 2-6 (Continued)

6.000E'01
1e600F=~02
2¢900F=02
S5e800F=02
T200F=02
2:200F=02

1.600E~04
2:900E=01
Te780E=01
5.800E=51
3,500E~05
1e000E*01
9580E~02

4,070E=02

MATERI..L NO,

2

‘0888E°02
4¢T30E=02
‘-628E-02
‘0‘925-02
4+383E=07
4,373F~92
QmSIQF'QZ
40624F~02
4 ,824F =02
50628E’02
Ta603F=02
1¢103E=¢}
40565E=0)

3

4,888E=02
4. T30E=02
‘0628E°02
4,492F=p2
44383E-02
4,373E=02
4.510E=~02
be824E=02
A ,824FE-02
5.,628E=p2
7@603E‘02
1¢103E=01
‘0565E-01

MATERIAL WO,

8
30‘415'02

9
2-3508'02

X N A

6

2+980E=02
30012E'02
3,043E=902
3«110E=02
3.228E-02
30455E‘02
3;7425‘02
3+918E~-02
4,291E-02
4-905E'02
5e98RE=02
70159E‘02
1.063E=01

10
1.930E-02

5]

209245'02
24967E-02
3,007E=02
300855‘02
3¢220E=02
Je46hE-g2
3e769E=n2
3e952E~02
4,338BE-02
‘.963E-02
6e062F=02
7.2‘75'02
1:063E=01}

11
1e730E=02

6

3.0335'02
3.059E=Q2
3,082E-p2
3.136&‘02
3¢239E=02
3.44T7E=q2
3.720E=g2
3eBE9E-02
4,249E.q2
‘98535'02
509205”02
700825'ﬁ2
1:069€E=9]

12
2.870E=02



TABLE 2-6 (Continued)

64-C

(AREEEND s s ene e e s e
2 7,250E+00 3,569E-02 3,401F-02 2,432E=-02 2,120E-02 1,909€=-02 2,925E~pn2
3 6.500E*00 4,260E~p2 3.38gE~2 2.550E=02 2.+3%0E=-02 2¢03pE=02 2+972E=-92
4 S5.500E%00 4.720E=02 3+364E=02 2.T10E=02 2.580E=02 2.22nE=p2  3.+065E-n2
5 4.500E%00 5.350E=02 3.3R1F=02 3.000E=02 2+97n0E=02 2e4T0F=-02 3.216E=02
6 3.500E+00 6.290E=02 3+485F=02  3.350E=02 3.150E-02 286pE-p2  3.482E=-n2
7 2¢800E¢Q0 7.250E=02 3.675F=92 3.4750E=-02 3+600E=-02 3.270F=02 3.801E-92
B 2,500E400 T7.7S0E=02  3+805E=02  3.900E=02  3.830E-02  3¢490F=02  3.991E=-02
5 2,000E+00 8,760E~02 #,086F-02 4,320E-02 4,300E-02 3,940E-02  4,390E-p2
10 1.500E*Q0 1.030E=-01 4,643F=02 5.000E=02 5.030E-02 4,59pE~02 5.027E=0?2
11 1+G00E*Q0 1.260E~01 5e¢665E~02 6.140E~02 6.230E~-02 54650E~02 6.144E-02
12 T7.000E=01 1.480E=01 6:869F~02 T+200E~02 Te230E=02 6e610E-02 Te34T7E=q2
13 3¢000E=01 2+120E=01 1e253E=01 1.030€E~01 1+040E~01 9.45pE=02 1.068E~q1}
GAMMA RAY BUI_DUP COEFF,
GROIP ENERGY B0 Bl B2 83
NO«
1 B.S00E+00  1.005E400  3.616E=-01 «6,490E=03 1.354E-04
2 T.250E+00 1,004E¢00 3¢984F~0] =5.,643¢~0(3 1.127E=04
3 6,500E+00 1.003E+00 4.263E-01 <=4,850F-03 9.197E-05
3 5:500E+00 1:002E¢00 #¢730E~01 =3+,185E=03 4+975E=n5
5 6,500E+00 14001E400 54357E=01 =1,795E=04 =2.266E=n5
6 3.500E*00 9.,990f=01 64236E=-01 5+938E=03 <«]1.581E=0%
7 20800E+00 9.,974E=pl Te079F=01 124TBE=02 =3¢317E~04
B 2¢500E+00 9.966E«q) TeS16E=0) 20 104E=02 <=4+4]14E=~04
9 2.000E+00 9,954E-01 Be357E=0] 3.831E=02 =6+961E=04
10 1.500E+00 9.94BE~01l 9.289F=01 Te4TIE~02 =)e043E=03
11 14000E*00 9.968E=01 9.870E~01 1+ 714E=0)1 ~9.766E=-04
12 7.000E=01 1.001E¢00 9.502E=01 3.279E=01 171RE-03
13 3.000E=01 9.823E=01 1¢4435F*00 B8.439E=01 5.976E=02
MONOVARIANT POLYNOMIAL MOMENTS DATA
GROUP ENERGY AD Al A2 A3 Ad
NO»
1 1<000E+Q1} Oe Oe O O« 0o
2 960005’00 00 OI 0a 00 00
3 8,000E+00 0. 0, 0 0 0
4 70O00E’00 O« 0 Oe 0o O
5 6 000E*«0Q0D 0. Oa De Os 0.
5 S,006E+00 o, 0. 0, 0, 0,
7 4,000E%00 O 0 0 0 0o
8 3.200E%00 0o Oe 0 O Qe
9 2.500E*Q0 O Oe Oe O» Oe
10 1,800E+00 0, 0, 0o O 0
1% 10300E‘00 Oe De O» L) 0

&)

Alojeloges
1ea|anuoJisy
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BIVARIANT POLYNOMIAL MOMENTS DATA

GROUP

P

9,500E=0]
T'OOOE-OI
5000E-01
4,000E=01)
3.000E=C1
ZOOOOE-OI
1.000E=p1
9.000E~02
8,000E=02
TeQV0E=0Q2
6.000E=02
S.000E=~02
4,000E~02
3.000E=02
2¢000E~=Q2
1.000E=0Q2
1.000E+01}
9.,000E+0Q0
8,000E+00
T+000E2Q0
6,000E+0Q0
5:000E*00
4,000E¢00
3.,200E*00
2¢500E*Q0
1800E+00
1,300€+00
9.500E=01
T«000E=01
S«000E=01
4,000E~0]
3,000E=01
2.000E=-Q1}
1.000E=01
9,000E=0Q2
84000E=02
Te000E=02
6.000E=0Q2
Se000E=~Q2
4,000E=02
3.000E~02
2,000E=02
loOOOE'OZ

ENERGY RANGE LIMITS

0.
Go
O
O
0.
0
0
Oe
0.
O
Ge
0o
Oe
O
De
Oe
O
0,
(1%
0.
0.
O»
O
0.
O
Oe
0,
0.
Qe
0.
Qo
Qo
Os
0,
0,
Qe
O
O
O
Ce
0.
0.
Qe

TABLE 2-6 (Continued)

eI G I VR LA v g 3

.o.
Do
Do
Do
e
De
De
De
0,
De
(11
De
Do
B
De
Qe
De
VIS
De
De
O

co

9

i

c3

ARy

T4



. ey

NO. UPPER LOWER
1 1.000E+p1 1.000E400 9¢206F=01 =2.523E=02 =1.312E-0%
1 1.000E+01 1,000E¢00 =7+352E=01  3.556E£=03 =2.920E-05
1 1.000E%01 1000E+00 =3.337E=03 =2,402E~03 1e644E=-05
1 1,000E+01 1,000E+400 <«1,493FE=04 1.856E=04 =9,790E=07
2 14000E+00 1.000E=01 2+021E£-01 4,964FE=02 =]1.40%E~-03 6+047E~06
2 1,000E+00 1.000E=01 3.272F~01 =1.291E=~01 24466E=-03 =1s235F-05
2 1e000E*00 14000E~0]1 =6.574E=01 Be720E=02 =1¢777E=03 9.125E~06
3 1.000E=91 1.000F=02 2+4B7E*00 9,4T2E~02 =]1.653E=n3 bel6IE=DO
3 1.000E=p] 14000E=02 *=2+B00E*U]l =2.760E+00 1.581E=02 3.627E-06
3 14000E=01 1¢000E~02 =14293E¢02 4,631E¢01 =2,693E=01 ~1.282E=0¢
3 1,000E=01 1.000E-02 1.9165+403 «2,447pe02 1.589E+00 =3436Bg=0%

MOMENTS DATA EXTRAPOLATION PARAMETERS

GROUP
NOs»

18-¢

~N O UVNEWNO O~ PUTS W)

P bt SO gt Pl ot GuD el

GAMMA RAY RESPONSE DATA

ENERGY

leg00E*Q}
9.000E*00
8,000E+00
T.000E+00
6,.000E+00
5.000E900
4.000E+00
3.200E*00
2.500E+00
1.800E%00
14300E+00
9,500E=0]
7.000E-01
5.,000E=01
4,000E-01
3.000E=0}
2+000E~=01)
1:.000E=01
Qe0N0E-02
8., 000E~07
7,000E=02
6,000E=02
S«000E=p2

- 44000E=-0Q2

3.009E=02
2¢000E=02
1s000E=0Q2

LAMBDA

6.63CE~02
6.630E~02
6.630E=02
6¢630E-02
6,630E=02
69630E‘02
6.630E~02
5¢730E~02
S.080E=02
4,906E~-02
S«170E=02
§,230E-02
501105'02
SO?OOE-OZ
SQOSOE'OZ
5.100E=02
5.000E=02
4.330E~-02
4,B00E~02
4.R00E~02
$,720FE=02
4,640E=02
60170E'02
4+380FE=02
4.170E=02
4,120E=02
4.640E-02

2w

@

fiojeloqe]
1B3JanuolisSy



F o e e el DA b S
GROUP ENERGY
NOo 1 .4
X 1 8.500E¢00 1.000E+00
; 2 Te250E400 1,000E+00
' 3 6.,500E+00 1,000E+00
4 5.500E+00 1,000FE+00
5 4.,500E%00 1+000E00
6 3,500E+00 1.000E+00
7 2+800E+00 1.000E+00
8 2.500E+00 1.000E+00
9 2,000E+00 1.000E+00
10 1,500E+00 1.000E+00
11 1.069E+00 IOOOOEQOO
12 T+000E=01 1.000E+00
13 3.000E-01 1.600E+00
NEUTRON RESPONSE DATA
N GROUP ENERGY
éo NQe 1 4
N 1 1.000E+0) 1.006E+00
2 9,000E+00 1.000E+00
3 B,000E+00 1.000E+400
. 7.000E+00 1.,000E+00
5 6,000E+00 1.000E«00
6 S.000E*00 1,000E+00
7 “oODOE’OO 10000[’00
B 3.,200E+00 1.000E+00
9 2.500E+00 1,000E+00
10 1.R00E400 1.000E+00
11 1.300E+00 1,000E+00
12 9.500E=01 1.000E+00
13 7.000E=01 1.000E+00
16 S,000E~01 1,000E+00
15 4.000E~Q1 1.000E¢00
16 3.000E=p1 1.000E+00
17 2.000E”01 loOOOE‘OO
18 1,000E=01 1,000E+00
19 9«000E=p2 1.000E200
20 8.000E=02 1.000E+00
21 7+000E=02 1.000€+00
22 6+000E=02 14000E+00
23 5,000E=02 1,000E400
2¢ 4,000E~-p2 1.000E+00

TABLE 2-6 (Continued)

RESPONSE FUNCTION

3
BeS00E=07
5+800E~07
9.200E~07
4.500E=07
1«050E=06
1e150E=06
10230E’06
14270E=06
103705'0ﬁ
1,4B0E~06
1.610E~06
1¢670E~06
1660E=06

1-630E'06
1.050E=06
1:080E=06
1.160E-06
1.210E=06
14310E=06
1.410E‘06
1.450E=06
1+860E=06
1.6905'06
198‘0E'06
1:940E=06
14890E~06

¢

RESPOMSE FUNCTION

3
1.000E+00
1000E+00
1.000E+00
1.000F¢00
1,000E400
1.000E+00
1.000E*00
1000F+00
1,000E+00
1.000E+00
1.000E¢00
Qe
0.

0,
O
O
0.
0.
(/Y
Qs
Qe
0.
0.
1 3%

&
1.000E%00
1.000E+0Q0
1.000E+00
1.000E+00
1.,000E+00
1.000E+00
1.000E*00
14000E+00
1,000E+00
1.000E+00
1.000E+00
1.000E+00
1.000£+00
1,000E+400
1.000E+00
1020E¢00
1.000g+00
1,000E+00
0o
Qe
Oe
Ge
0.

0.

" omt e Ao e maed B

S
10158E'ﬂ¢
14101E-04
1+109E=~04
100685'0‘
1,06BE=04
1+061E=04
1.040E=0%
9. T84E=05
9,033E~-05
9.615E=05
9.334E=g5
Re502E=-05
60963E'05
4 ,35RE-05
503445'05
3.983E~-p5
30481E'05
1.951E=-05
1.7681E=05
1.672E=05
1:372E=-05
1¢141E=05
9.392E-06
Te206E=06

10781E‘05
1e68BE=05
14712E=05
loblqE'OS
1,619E=-05
1:603E~05
1+489F=(%
1e376E=05
1,179E-0%
loOﬁ?E'Os
94425E=00
TeT19E-0b
6¢590E-06
5,T4RE~0O
50101E'06
34927E=06
30716&‘06
2.,275€=-06
2s1323E~06
1e931E=Q6
1¢7T6/1E=0b
1e554E=006
1,344E=-06
1¢137E-06



£8-C

25
2b
a7

ALBERT/WELTON RESPONSE DATA

GROUP
NO»
1

POINT
NO.»
1

3,000E=02
2¢000E=p2
1:000E=02

ENERGY

1
1.000E¢Q0

R
‘QOBQE*OI

TABLE 2-6 (Continued)

I\\VOOOE.OO 0' 0. 50101E‘06
1:500E+00 Oe 0. 3.056E=06
1.000E+00 O O 1¢178E=06

RESPONSE FUNCTION

loOOOEOOO
RECEIVER POINT COCRDINATES

COORDINATES

9.825E+¢02 (VO

SOQURCE POINT TRANSLATION COQRDINATES .

Xossoeoe
Yessaos
Zososoa

LIBRARY MATERIAL ATOMIC NUMBERS

MAT .
NO»

N O WO ~NU S LT

P fp et

0.
0.
0,

ATCMIC

NUMBER

54000E+09
9.200E+0)
9.200E+0]})
2+600E+0}
24400E+0]
2.80CE*0p1
1.000E¢Q0
4,100E+0}
123008401}
S«000E*0Q0
40G00E*00
€.200E+01

MISCEL{L ANEQUS DATA

BOUNDARY SEARCH EPSILON.,se0
HOUNDARY SEARCH PARAMETERees
EMPIRICAL SOURCE SOLUTiON

MEAN FREE PATHSesecesossotens

1,000E=08
1«000E=0)

Oe

8,947E-07
64396E=-07
3e0461E=07

@)

A10jeioge]
leajanuolisy



¥8=¢

RECEIVER POINT

TABLE 2-6 (Continued)

CALCULATED RESULTS FOR SOURCE REGIQN ¥

COORDINATES Recooes

P Gt ot
N=QO CO~NPWNP WN

13

RECEIVER POINT

Bo50
7.?5
6,50
5.50
4450
3.50
2.80
2.50
2400
1,59
l.060

070

30

Zoeanseo

PHIve oo

COORDINATES Reesese

30170E'1l 206955'17
2,384E~11 2,098Eai?
94104E=11 B,3T6Ew}T
2+009E=10 9,039E=]7
S¢403E=10 8.673E=16
Te302E-10 8,398E=16
3.272E=1¢ 4,025E=16
3.980E~)0 € 055E=16
3.735E~10 S.11BE=]®
2,97TTE~13  4,407E-16
1.807E=)9 2+909E-16
1e333E-10 2,226E-)6
14008E=11  1,673E=)7
3¢33%E=09  4,Up0E=1S

REGION NO,

As(.998
4s0B8932E+¢])
Zenvisao 9.82485t+02
PHlseco Os

REGION NO, 1 RADIAL CORE CENTER REGION ' P1

Ax0.998
4+08G32E+p)
9:82485E¢¢02

Go

MEV/CM2=SEC RADS(C)/HR

REM/HR

3e265E=17
2,503F=17
9.832F~17
2¢330F716
6.538E~16
9.566E=16
4,0]5E=16
5.7T1E=16
5.827F=16
5.032E=1%
3.324F~-16
2+5R6E=16
1905E=17

4o T34E=1S
1 RADIAL CORE CENTER REGION Pi



G8-¢

OW®~NO N PWN -~

RECEIVER POINT

B.50
T.2%
550
5.50
4450
3-50
2080
2050
2400
l1e50
1.00

oT0

030

MEV/CM2=SEC RADS(C)/HR

1¢451E-11
1s011E=11
3¢614E-11
7,193E=11
1.667E-10
1«B46E=1
60742E'1)
7.423E‘11
5.546E=11
3,126E=11
14031E~112
30878E“12
4,233E=-14

Te266E~]p

COORDINATES Reovoge

VXN NPS WM~

Zososco

PHlecoe
TOTAL

1.871E~13
4 _453E-13
6.928E=13
lo341E=12
300725‘12
Te922E=12
2.186E=1}
3.133E—11
8.,869E=11
1.336E=10
1.388E=~]¢
lad66E=]0
1+323E~}0

1:234E=17
80893E‘18
3.385E=17
3,237E-17
l¢750E'16
2:123€E=16
8.,293F=17
Ge427E=17
7.598E=7
4,627E=-\7
1.66pE=17
6.477E~-18
7,027E=20

- O e N e B W

7.966E=16

TABLE 2-6 (Continued)

REM/RHR

1e495E=17
1.06)E=17
34904F~17
8,344F=17
2¢017E~16
2e4)18F~16
90507E-17
1:07T6FE~16
8.652F']7
Se28YF=17
l¢8975'17
Te524E=18
8.@015‘20

- R WD ap m) on T W B

2.6025'16

\

REGIUN NC. 1 RADIAL CORE CENTER REGION

Axp,99a

4¢08932E+9]
2.,82485E+02
Mo

EoGTeMEV EoLTg]MEV
1.871E=13 1e871E~113
4,453E~13  4,653F-13
6,928E=13 6.928E~13
10?41E'12 10343E'12
3.072E=12 3.072F=12
7.922['12 T.922F=~12
2.1858E=11 2e1BGF=]11
3,1236=11  3,133F-11
8.869E-11 B.S6QE-11
1¢336E=10  1.336E-10
1.388E=10 138BE=10
0 1s46HE=10
Oe 10323E-10

REM/HR

2.167E=17
4,902E=-17
7;683E-l7
1¢432E=16
3,281E=16
B.405E~16
2027‘E°15
3,n65E=15
B.011E-15
1e284E~=]14
1296E=14
1e246F=14
7+211E~15

(RADS=T)/HR

3.333E=-18
7.516€-18
1¢1R6E~17
2:171E=-17
4.9T74E=17
{e270E~16
3.255E=16
‘0311E-16
10046E-15
1+425E=15
1¢308E=15
1+131E=15
BeT729E=16

Pl

@)

A1oleloge]
Jea|anuolisy



98-¢

TABLE 2-6 (Continued)

14 250 1,213E~10 0, 1,2)13E=~]10

15 80 B,966E~11} Go B.966E=11

le «30 9,782E=11 (+1 3.782E~11

17 20 1,071E=-10 0. 1,07T1E=10

18 ol0 6.‘005'11 Oe ﬁOQOQE-ll

19 09 1¢385E=11 Oe Oe-

20 «05 1,533€-11 0. 0

21 o7 1,729E=11 (U 0,

22 06 2¢045E=11 Qe Qe

23 «0S 2¢T45E~]1] Qe Qe

24 004 3,840E~11 0o 0.

25 .03 6.568E'11 oc : O'

26 002 1.329€E~10 1% 0o

21 001 1s576E=10 Qe 0.
16676E=09  4,279E=10 1.1B7E=09

5.?.86E-15
4,792E=15
3.896E=15
3,728g«15
1.249E=15
2.,466E=16
22563E~16
2¢333E=16
2:57BE=16
2. 767Tg~16
3,350E=-16
4,061E=1%
1.B5T7E~-16

8.3675“]‘

6.,973E~16
A.5T74E~15
3:841E-]6
3,980E-16
14456E=16
20954E‘17
2:Q6QE‘17
3,045€E=17
30178E'17
3.&89E‘17
&,366E=17
5.876E-17
BeAhFOE=1T
B.424E=17

9.,243E~15

REGION NO, 1 RADIAL CORE CENTER REGION
!

RECEIVER POINT A=0,9938

COQRDINATES Resssoes 4¢08932E+01
Zevsoge Q.824685E+02
PHIeeas Ne
RACS{E)/HR

1 1.00 3.556E-]15

34556E=15

FOR SOQURCE REGION 1 AND DETECTOR POINT

IN EXCESS OF 200 MEAN FREE PATHS(GAMMA RAY) AND

i THERE HAS BEEN
120+0 GRAMS/CM®#2 (NEUTRON) ,RESPECTIVELY' .

784 AND

672 PATH LENGTH CALCULATIONS



£8-¢C
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TABLE 2-6 (Continued)

MSFC SAMFLE PROBLEM =~ SOURCE DATA FROM NAGS
« GEOM, = 75 De PROP. TANK
= MERIDIAN RING COS(a)=1.0 TO 0.9

32
50
52
75

7

1
1400
1405
1410
5533
5534
§539
5544
5584
5588
559¢
5595
5600
5605
1-3%)
5612
5635
5636
5641
5646
5686
5687
5692
5697
5702
STo7
8712
5714
5737
5738
5743
HT748
5788
5789
5794
5799
5804
5899
5814

1

& 14

12 12 14
12 29
4,35000E+01
1¢00000E+00
3.78941E~03
2+.10084E=01
4.379186-01
4435000E+01
4.42500F+01
4.,87500E.01)
5.08000€4+01
O
5.00000E=-01
1¢15000E+01
4.45000E+01
Te95000E+01
1014500F¢02
1.,35650E+02
1-37160E+02
7+69218E=01
Te81642E=0]
1.08263€400
1¢61640E+00
6e0143T7E=(2
Tet)bT8E=p2
4479201E~-01
1e25274F+00
1.,38761€+00
8.38878g-p1
6+86132F-01
1e01779E4+00
Te&b6T793E=01
7.6139]E=01
1.09099E+00
le66478E+00
SeG0788E~02
T429991Ew02
4, 7T7699c =01
1,25154E+00
1:38636E4+00
8.38091E”01
Te14313€E~01

14

4,60300E+Q)
3,87140E=-01
2.88111E~=p3
10336415'01
5.92243E=p)

4,55000€+01
4,92500E4+01

1.75000E4+00
1s70000E+01
S«15000E+01
8.65000E+01
1.21500E+02
1,36730E402

8419111E=91}
1.16521E+p0

1.25250E=0})
6.53517E-0]
1.33656E+00n
1.32911E+00
6.69965F=01
B454044E~0})

8003676E'01
1.18006E+00

1+23689E=0]
6.52126E'01
1.,33533E+90
1632791E+¢0
6.69881E=9)
8,9583%9E=01

4,80000E+01

1.18102E=02
1:84014€E=-01
2+69925E=~p1

4,65000E+01
4,97500E401

3.00000E+00
2,35000E540)
5.85000E¢01
9.35000E+01
1,27500E%02

8.68711E=01
1026988E‘00

1.74412E=01
8,34794E=p}
1:.39234E+9p
1,2433GF«0p
5-‘42175‘01

B,58474E=01
1.29272E+00

1.72933E=01
8,33516g~0])
1,39108E+00
1424224E%09
S:46795E~0)

r—-

4,95000E+01

3.08338E~02
2438973E=p1

4,73750E+01
S+02000E+01

4475000E+00
3.05000E+01
6¢55000FE+01
1.00%500E+02

1.31500£+02

9.29756E=01
1.38818E+00

2¢40403F=01
1.00278E+00
144)956F+00
1.131B0E+00
5.12822E=901

9.25258E=01
1e41%80E+00

2¢38865F =01
1,0010RE+00
1,41828F4+900
1013074E400
5+21026E=01

1404411E=01
3,26125E~0}

4,81250F+01
5.060005001

7+50000E4+00
3,75000E%01
7.25000E401
1.07500E402
1,34000£+02

1010353E% 00
1.52409E+00

3,41149E=01
1.14131E+00
1.41795E+00
9,96101E=01
5.,67623E=01

1.00540E+0¢
1.5656BE+00

31395885‘03
1,14013g+00
1,4166BE.00
9,95143E~01
5.84471E=p}

@)

fi0jeloge]
1B3JINUOL)SY



88-¢

11

RECEIVER POINT

5816

1,07203E+00

TABLE 2-6 (Continued)

-t S

CALCULATED RESULTS FOR SOURCE REGION 1

COORDINATES Reeoose

B,S0
7.25
5,50
5050
4,50
3050
2.8
24590
2400
1450
1s00
o TG
030

WO G ONPWNP WN =

ot ot Pt st

RECEIVER POINT

COORDINATES Rsesvee

REGION NO, 2 RADIAL CORE EDGE REGION ) Pl
As0+998
4e08932E+01
Zeocsese 9,82485E+02
PHIes oo Oe
MEV/CM2-SEC RADS(C)/HR  REM/HR ‘
{
103375'11 1-136E‘17 1¢377E~17
9,281E=12 B8,167E=18 9,745c=~18
3.,401E"11 3.129E=17 Je673E=17
Te678E-1) 3.455E=17  8,9n6E-1T
2,009E=10 2:109E=16 2e830E~16
2¢933E=-10 3.373E=16 3e843E=16
1+304E=10 1.604E~16 1.839E=16
1.57TTE=10 2.002E=16 24286E=16
le449E~10 1,985E=16 2e260F=16
1¢146E~}]0 1696E=16 1+937€E~16
6eT61E=]11 1.089E=16 1¢244E-16
4.860E=1) B8e116E=17  9442BE=~17
3,458E=12 5, 7641E.18 6,536E~18
1e295E=09  1.5Y8E=15  1.834E=15
REGION NO, 2 RADIAL CORE EDGE REGION Pl
A=0,998
4208932E¢9])
Zovooss 9:82485E*02
PHIesss Ne



68-¢

s

[ )

[
—

e s
wnN

[ A ]

8,50
Te25
6050
5¢50
.50
3,50
2480
2e50
?.00
1,52
1.00

70

30

QODNONS WA =

MEV/CM2=SEC RADS(C) /HR

6.042E'12
3.879E=)2
1e330E=11
2eT04E=)
50084E’11
7.264E-ll
24627E=1
2¢8T2E=1)
2+09BE~]1
lol?lE'll
3e749E=y2
1e372E=32
1,419Emg¢

2¢T65E=10

5,1356-18
3-?13E'le
10223E'17
1.217E=17
6-388E'17
84353E=-17
3.231E-17
3.647E=17
2.874E-l 7
1,733E=17
6+035E-]8
2.292E-18
2,356E-2¢0

3n936E-;6
REGION NO.

RECEIVER POINT A=0.998
COORDINATES Recosse

N0 OO ~NOU & WA -
w
-
o
(=}

Zooeoae

PHIeu e
TOTAL

?.162E-16
1.696E=123
2¢625E-123
5.055E~}13
1e153E=12
2,%960E-12
8.141E=)2
14178E=)
3+368E=1}
S.088E=1)
5.2645‘1]
5,618E=1)

4¢08932E4+9)
9.82485E¢02
1t

E,GT I1MEV £

7,162E=14
1:696E=13
2.625E=-13
5+055FE=13
l1.153E=12
2,960E-12
8.1&1E-12
1:178E-11
3.368E=-)1
S.0B8E~-])
5029‘5-13
Oe

TABLE 2-6 (Continued)

REM/HR

602235‘18
4eQ72E~18
Leb36E=17
Je137E=17
7-3615'17
9.5155"7
3'70§E‘l7
4>164F=17
3.273F=17
1.979=17
6a897E'18
2eb62E~18
€.6B3E-20

Je656E=]6

.
!

2 RADIAL CORE EDGE REGION

LT, IMEV

Te162E~14
1+6596E~-13
2+625€-13
5¢055F~13
1sl53E=12
2,960F=12
8,141E-]12
10178E=1]
30,368F~1)
Sooﬂaf'll
B8.264F=1)
5.618E=1]

REM /HR

B,293E~-18
1.86TE=17
2¢911E~17
5¢399E=17
1.231E~16
3,140E=16
80466E‘]6
1¢153E=15
3.042E~15
4.892E~15%
‘0914E‘15
4¢776E>15

(RADS.T) /HR

1+275E=-18
2-8626‘18
44493E-18
Be184E-18
10866E'l7
4, T44EL1T
1e212E-16
1:621E=16
3370E-)6
54429E~16
44962E-16
40336E~16

P1

@)

Alojeloge)
Jeajonuolisy



06-¢

13 0 5,062E=11 O,
14 1) 4,639E~1) 0o
15 e&0 3.4“35"1] Os
16 e3n J.T766E=]] Ne
17 o2 4,146E-11 e
18 oln 2¢492E=1) Do
19 «09 SQQOSE'IZ Oe
290 08 Se996E=12 0
21 e07 6,796E~12 o
22 206 B8.082E=)2 O
23 « 05 1«100E=-11 Qe
24 204 1453%E=11 Oe
25 03 2,6319E-11 0,
26 02 5,333E-1]1 0.
27 . .01 6,221E=)1 0.
6.485E=1p (.622E-10
REGION NO,

RECEIVER POINT A=0.998

COORDINATES Reossess 4+08932E+p1
Zesssse 9.82485E+02
PHIeess 0
RADS(E)/HR
1 le50 1.409€E=15
1¢409E=15

FoR SQURCE REGIgn

TABLE 2-6 (Continued)

50062E'11 3.52¢E‘15 3.360E'16
4,639F=11 2.022E=15 2.667E-16
3.443E~1] 14840E=15 1T756E=16
3. 766E~11 1.500E=-15 1:479E=16
4,146F=11 1.443E~15 1541E=16
2:492E=11] 4.863E~)6 5:670E-17
0. 9.62TE=1T  14153E=17
0. 1.003E~-16 1415RE=17
Qe 9,3264E~17 1:197E=17
Oe 94222E~17 1¢256E=~17
Oe 1.033E~16 1e478E=17
0» 1.106E~16 1e745E=17
0, 1.346E=16 2,361E-17
0, 1,630E~16 3,411E-17
Oe Te32BE~1T 2.140E-17
4+539E=10 3.]195E~14 3.530E~15
2 RaDIAL CORE EDGE REGION P1
1 THERE HAS BEEp 728 AND

1 AnD DETECTQR POINT
IN EXCESS OF 200 MEAN FREE PATHS (GAMMA RAY) AND

624 PATH LENGTH CALCULATIONS

12040 GRAMS/CM##2 (NEUTRON) ¢RESPECTIVELY
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TABLE 2-6 (Continued)

MSFC SAMPLE PROBLEM = SOURCE DATA FRCM NAGS
- GEOM. = 75 D, PROP, TANK
= MERIDIAN RING COS(A)=1.0 YO 0,9

3]
50
52
75

7
12

1
1400
1405
1410
55133
5534
5539
5544
5584
5585
5599
55945
5600
5605
5619
5612
5635
5635
5641
5646
5686
5687
5692
5697
579>
5707
S712
5714

2

T s

14 14 14
12 29
5,08000€+01
6.00000E+01
1.00000£400
0.
1e26205E=-02
Qe
5.08000E+01
S5.10500E+01
5:¢66900E+01
6435000E+01
O
S«00000E=01
1¢15000E+01
40‘5000E*01
T«95000E+01
1.;4500E+02
1¢35650E+02
le37160E+02

Te6246TE=01 -

8.20784E-01i
1.2909%5E4+00
3,06364FE-01
4.43651E=02
S,78853g-02
4.81214F=01
1.26472E+00
1.40055E+00
B,45724E=01
4,544)19F=0]
4,81098E=01}

16 16 16

5.20000E+01)
©420000E0}
0.
0.
O
1 74646E~03

5.16500E¢0)
S.82500E+0]

1.75000E¢+00
lu70000E‘01
5.15000E+0]
8.65000E+01
1:21500E+02
1.36730E¢02

9.65047E=91
1415934E+00

1.12687E-01
6,59617E=01
1.34153E+00
6,7124%E-01
4,69891E-901

CALCULATED RESULTS FOR SOURcE

REGION NO,

18

R

5,40000E4+01
6.350600F+01

3,43749F=02
9.73689€=01
Oe

5025000E’01
5,97500E+01

3,00000E+00
2435000E+01
5,85000E+01
9.35000F¢01
1.27500E¢02

1011979E‘00
9.57412€E=01

1,64136F=01
1.40536E¢00
1.,5508€¢00
5,3040R8E~D1

EGIoN 1

-

5,60000E+01

9.,6400TE~04
(P

5.37500E+01
6+12500E401

4.75000E+00
3.,05000E+01
6,55000E+01
1+00500E+02
1:31500E+02

1e26135F+00
Te02923€E=-01

2.33291F=01
1s01258E400
1.43279E+00
1414250F«00
4 ,62589F .01

3 RADIAL REFLECTOR REGION

S5,80000E%0!

0.
De

$.51900E+01
6.27500E+01

T7.50000E+00
3,75000E+01
7.25000E+01
1.07500E4+02
lo340005“02

1.33071E+00
4,02482E-01

3,38556F=01
1¢15255E+00
1.,43116F¢00
1.0054TE+0Q0
4,46836Fa0]

Pl

@)

Alojelogel
Jeajanuollsy



¢6-¢

TABLE 2-6 (Continued)

RECEIVER POINT A=p.998

COORDINATES Recsssee 4.08932E+0)

Zessoos 9.82485E+02

PHI.Q.. 0.

MEV/CMa=SEC RADS (c) /HR REM/HR
] 6;50 0. 0' 00
2 1.2% 0, 0, 0,
3 6,50 8,865E=11) 8,156Ea)7 9,574Fa17
4 '5,5p 2.079E=32 9,355E=-19 2e412E~18
S 4.50 O, 0. 0.
6 3,50  1,386E=]1 1,594E.1T  ),B15F=17
7 2080 0. 0. 00
8 2.,5p 6,014E=}2 T7.638E=18 8.720E~18
9 2.00 0. 0. 0. i
1o 1,50 0. 0 0, :
11 1,00 Oe (I 0.
12«70  Te77T1E=14  1.298E=19 1,508E~19
13 ¢30 0. O« 0.
le107E=10 1.062E=16 1.,252E=16
REGION NG, 3 RADIAL REFLECTOR REGION

RECEIVER POJINT Ag0,998
COORDINATES Reccooe 43(08932E+¢]

2oesaso 9.82485E+02

PHIreoe 0o

MEV/CM2=SEL RADSI(C!/HR REM/HR

1 8,50 0, 0, O
2 7.25 0. Og N 0.
3 6,50 J3,322€E=11 3,057E-17 3,588E-17
4 5.50 6,971E-13  3,137E-19  B.0B7E=19
8 8,50 0, 0, 0o
8 3,50 3,213E-12 3,695E.18 4.209E<18
7 2.80 Oe Oe Os

Pl



€6-¢

5/;‘*’;‘!:;;\

~

10
11

12.

13

2,50
2600
1.50
1,00
070
230

1,013E-12
Oe
0.
O
1e981E=-15
0.

3+815E=])

‘, Ry .\

TABLE 2-6 (Continued)

1.287E-18 lc‘?OleB
O O
0o O»
O Do
3.309E=2]} 3+844FE=2]
O De
3.586E=17 4e237C~17
REGION NO, 3 RADIAL REFLECTOR REGION

RECEIVER POINT A=p,998
COORDINATES Recvose

Zaossoa

PHIsess

TOTAL

3,761E=14
808295']‘
14355E=13
2,586E-13
50847E°13
1.490g=12
4, 0T6E=-12
6,194E~)2
1.851E=]1
2¢837E=11)
2.876E*11
3,113E-11
208105'11
2.566E=-11}
109295']1
2.115E-1}
2e3/1E=11
10‘38E-11
3,191E=12
3.507E=32
4.026E=)2
4.856E'12
6,964t=12

4«08932E¢0!

9:82485E+02

Qe
E.G1OIMEV EslLTeMEV
3.761E=14 JeT61E~14
B8.829E~14 Be829E=14a
1355E-13 1¢355€E=13
2.586E«13 2.,986E=13
5.847E=13 H¢847E-13
1,490E~12  1.490p-12
4,076E.12  4,07KE~12
6,194FE=)2 6.194F~12
1.851€E~11 1851F=11
2+837E=)1 2e¢837E~11
2.876E=1) 2+.876F=11
Ne Jel13E-11
0. BOBIAE'll
Oe 2+566FE-11
fe 1+928E-11
WS 2¢115F-11
6o 2e3dple~l]
G (W)

Qs 0o

O, Do

0. O

Oe Do

i o

REM/HR

‘03565'18
9.,721E=18
1¢502E=]17
2.,762E=17
64245E~17
1.581g~16
4,239F-16
64060E=16
1:672E=15
24T2RE=15
2068‘E']5
2464TE=15
l096OE-15
1.118E~-15
1«n30E=1)5
80‘24E'l6
8.219E=16
2.806E'16
5.612E=17
5.864E-17

5.524E-17 .

505395'17
6.561E=17

(RADS~T) /HR

6.699E-19
1.490E=18
2+3]19E~-}8B
$4,187E-18
9,466E-18
2.389E-17
6,069E=17
B.SZZE-\T
2+1R82E=16
3.027E=16
2+TY11E-16
2e403E=-16
1.857E=16
1+47SE~-16
9.836F=17
BesINBE=1T
Be774E-17
3,272E=-17
6.721t-18
6.772E-18
T+000E=18
Te844E=18
9.360E-18

Pl

@

fiojeloqgel
J1B3|3NU0JISY
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TABLE 2-6 {Continued )

24 .04 9,54BE-12 0. 0. 6,880E=17 1,086E=17
25 +03 1e679E=11 O 0. 8.566E=1T 1502E=17
26 002 3.401E=11 Qe O 1¢039E=16 2¢175E=3117
27 001 3.730E-11 Oe 0o 4.393E=1T  1.283E=17

L 3 T A L 2 F 1 ] - oo I S ap D =B w69 D WD O n e an W N . - B an G 68 2 W W - 00 an up W we 4N ws W

3.720E=10 8.850E=11 2:519E~10 1.768E=14 ]1+953E~15
REGION NOe 3 RADIAL REFLECTCR REGION : P1

RECEIVER POINT A=z0,998 ’

COORDINATES Revasen 4+08932E+p1
Zesoose 9.82485E+92
PHlevao Qe

RADS {E) /HR

1 1.00 8,512E-16

BQSIZE'lﬁ

FOR SQUReE REGION 1 AND DETECTOR POINT i THERE HAS BEEN 1369 AND 1470 PATH LENGTH CALCULATIONS
IN EXCESS OF 20¢0 MEAN FREE PATHS(GAMMA RAY) AND 120,30 GRaAMS/CM*#2 (NEUTRON) +RESPECTIVELY

INTERMEDIATE SUMMARY RESULTS OVER A SUBSET OF SOURCE REGIONS

EXTRA CORE REGIONS = TOTAL

RECEIVER POINT A=0.998

COCRDINATES Reeseos 4¢08932E+p1
Zesesos 9.82485E4+02
PHIne o O

MEV,/CM2=~SEC RADS(C)/HR REM/HR



G6-¢

/t.':Q\

[
N=O OO NPV S WN e

13

B,5n
7.25
6.50
5650
4.50
3050
2.8
2450
€.00
1.50
1.00

T0

«3n

$,597E~1]
3.312E=]1]
2w137E'10
20797E'10
Tetl2E=1¢
1e037E=g%
4,576E~10
5e¢61TE=10
50184E~10
#0123E'10
204835-13
1.3205”10
1e354E~11%

497“5‘09

3,831F=-17
209155‘17
14966E=16
10259E-16
707826“16
1.193E=15
50629E‘16
Te133E=~16
7-1035'16
601035-16
3.997E=16
3.,039E=16

2.2485‘17‘

5,684E=15

TABLE 2-6 (Continued)

4,642F=17
3.478E-17
2+308BE-16
Je245E=16
B.968BE~16
1+359F=15
6.452E'lﬁ
BelaaE"16
B.s0BBE=16
6.968F~i6
4.568E~16&
3.,531F~16
2+559E=17

R W) W am

54693E=15

EXTRA CORE REGIONS « TOTAL

RECEIVER POINT A=x0.998
COORDINATES Rl.!.o.‘

WN=O O O~NPNSWN ™

T et Pumt et

B450
7,25
.50
559
4,50
3.50
2,8n
2¢50

2400

1.50
1¢G0
of0
«30

200!000

PHleo oo

4408932E+]
9.82485E+02

Oe

MEV/CM2=SEC RADS(C) /HR

Z.OSSE-II
1,398E=11
8,266E-1)
9,96TE=1)
2.275E=3n
2¢605E~10
9,369E~)1}
1.040E=10
7. 6‘4E"1 l
4,297E=11
10406E-ll
5,252E=3:2
5.653E-1‘

1,041E~09

1.T4TE=17
1,231E-17
7.605E”17
4 485E=17
2-389E'16
?QggSE'lﬁ
1,152E=16
10320E-16
1.,047E=16
6,36nE=17
20264E'17
8,771E-18
9.383E=290

- U an O an W Nk

1.136E'15

REM,/HR

2e117€=17
1.468FE=17
80928F'17
1¢156F-16
2+153F~16
3.410F=16
1.,321€=16
1.5n7E=16
14192F=16
Te262F=17
2+58B7E~17
1.019F=17
1e068E=]9

D on @) e W WY

10368E~15

t

@

f10)eloge]
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TABLE 2-6 (Continued)

EXTRA CORE REGIONS = TOTAL

RECEIVER POINT A=0.993
COORDINATES R!!oq..

Pt st et s g
AP W= O OB N & LWIN)
~
.
wn
(=]

[

b
-

FS
=

Yt Gt s et
O XD~
.
b
=

208

i o
Lol ]

NN
W
e e
<O
[ L )

NN
~a> W,
e o
[ =R N ]
- N W

Zooeage

“PHloese

TOTAL

2¢964E=13
T,031E~313
100915'12
20105E=)2
4,810E=12
1237E=11
3.408E=11
409315'11
1e409E=10
2-128E“10

2,202E=-1¢0

24339 =19
2e110E=30
1,934E=10
1,834E=10
le566E”10
19722&')0
1:033E~)10
2,240E=11
2¢683E-])
2.B11E=1})
3.339E‘ll
4,541E=]11
6.330E~]1
1.089E-1o
24,202E=10

2,571E=10

206965‘09

4.0893ZE+01
9.,82485E %92
Ne

E.GTeIMEV EOLTQIMEV
2:964E«13  2,964F-13
7.031E=13 7.031FE=13"
1.091E=12 1+091E=)2
2.105E=12 2.105E=12
4,810E=12 4.8)1pF=12
1.237E-11 1.237E=11}
3.408E=1] 3e48BE~11
4.,931E-11 4.931E-]1
1.40%€E=10 1«4p9E-10
2.128E=10 2.128E=10
2.,202E=10 2,202E=10
O 2339E~-10
Qe 2ellnE~l0
B¢ 1e934E=10
0. IQ“B‘F-IO
O 1e566E=10
Oe 1e7226=10
Oe 1.033€=10
0e a

O Qo

Ce LU

Oe 0.

Oo Qe

O 0.

Qe O

(1S D¢

0. 0,
6.787E=10  1.893E=¢9

REM/HR

3.432E=17
7u761E'l7
1+210E=16
2.2‘8E‘16
50137E'1&
1.313E~)5
3.544E~)5
4:824E~15
1¢273E=14
C.046FE=14
2.,055E=14
1.588E=14
1.46GE=14
8.427E~15
7,662E-15
6.238E-15
5.993FE=-15
24015€E~15
3,990€=16
4.152E=16
1.85T7E=16
3.809F=16
4,265E=-16
‘oSﬁlE'lb
5.553E=16
6.T30E-16
3.0295'16

{¢333E=-13

EXTRA CORE REGIONS = TOTAL

(RADS=T) /HR

5.278E-18
1:187E=17
1:86TE=17
30408E‘]7
7.737E“17
1«983E=16
5.074E=16
6e784E=16
1¢661E~15
2+271E=15
2.076E-15
1+805E=15
1393E~15
le111E-15
T4314E=16
6.151E=16
6+39RE~16
2¢350E~16
‘.779E‘17
44 TO8E=17
4.951E=)7
Se18RE=17
64103E-17
Tel1Q7E=7
9eT40E=17
1+409E-16
B.B4BE=17

1°473E=-14



L6-¢C

M\

RECEIVER POINT A=0+998
COORDINATES Receeee
Zoseseo

PHlseqs

RADS (E) /7HR

1 1,00 Se.BlsE=15

L 3 3 0L 1 2 F it

5.816E~15

4:08932E+01
9,82485E+02

De

TABLE 2-6 (Continued)

@

Alojeloger
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TABLE 2-4 {Ccntinued)

MSFC SAMPLE PROBLEM = SOURCE DATA FROM NAGS
- GEOM., = 7S n, PROpP, TANK
- MERIDIAN RING COS(A)=1.0 TO 0,9

50
52
75

1
DO O- DO

7
28
33
38

1

1400

1405

1410

5533

5534

5536

5584

558%

559,

$595

5600

5605

5619

5615

5635

5636

5638

5686

5687

56972

5697

5702

5707

5712

5717

-0 000 00D COODOODIDVDOIDTDITITIITDVDD2DOO

1 14

18

& 32

6.35000E+01
O

5.,00000E+01
1.00000F+02
1.00000E+00
8,57492E=~03
4,43303E-03
T.90781E~04
6,35000E+01
6,42500€+01
6.60400E+01
IO

5.00000E=01
1415000E«01
4.45000E+01
T7.95000E4+01
1.164500E+02
135650E+02
1.40300E+02
1,57333F+00
1.09908E+00
T77738€E=01
1¢09592E=01
1:429366g~01
Te484905=p1
1.95923€+00
1¢31035E+00
5061336E-01
3+50104E~01

6,60400E+01
1.00000E+0)
6.00000E+01
1,10000E402

0,
4,96391E=p4
1,95834E=03
2+94292E-04

6,55200E+0]

1:750600E*00
1.70000E+01
S5.15000E+0}
B8.65000GE+0)
1.21506E+02
1.36730E+02

8.59868E=0)

1.95849E=~01
1.02413E+00
2.08693E+09
2.07805E+00
1.04183E+00
5009526E'01

CALCULATED RESULTS FOR SOURCE

2,00000F*01
7.00000E+01
1.20000E+02

2.30521E=03
1133418E=03
3.01566E=04

3.00000E+00
2,35000E+01
5.85000E+01
9.35000E+01
1:27500E+402
1.37E80gE+(p?2

2,6R646E=01
1e3p825E+00
2,17691E+0¢0
1.9441TE+09
8.18124E=01
4.,66233E~0)

REGIgN 1

3.00000E+01
8.00000E+01
1.30000E+.02

2010969F -3
1.11629E=03

3‘075000E‘00
"3,05000F+01
6055000E’01
100500E+02
1+31500E+02
1¢38500E+02

3.68290€E-01
1.56934E+00
20219“1E000
1.76993E+00
6.87165%5E=01
‘015600E‘01

4,00000E+01
9,00000E+01
1,40300FE+02

5,659858=03
1,04117E=02

7.50000E%00
3,75000F+01
7.25000E+01
1.07500E+02
1.34000E+02
1.39350E+02

5.,2T09BF=01
1.785T5E+00
2.21684F+00
1.55767E+00
6,18104E=01
3,77724E~91

REGION NOe 4A RADIAL PRESSURE VESSEL REGION Pl

RECEIVER POINT A20+998

W wltinl



TABLE 2-6 (Continued)

COORDINATES Resssen 4.C8932E+01

66=¢

Zessses 9.82485E+02
PHIeo oo O
MEV/CM2=SEC RADS(C)/HR REM/HR

1 Be50 94063E=12 7,704E-18 9,335F=]8
2 T1.25 ‘0602E'13 400505'19 4.832F=19
3 5,50 10796E']2 11653E'18 1.940nF-18
& 5,59 le310E=12 5¢893E~19 1+516F=18
§ 4,50 2.336E=12 2.453E=18 2¢826F~18
6 3,50 1,125E=-12 ],294E~18 1,474F-18
T 2eB0  24870E=}3  3.530E~«19  4404T7E-19
B 2450 1.612E~13 2.047E=19 2¢337F=)9
9 2.00 Te929E=14 1.086E=]9 1¢237E~19
10 1450  3,27BE=13 4.778E=19  8,454F=19
1} 1,60 6,89]1E=15 1,109E=-20 1,268F=20
12 70 9.303E=16 1.554521 1.805E=21
13 430 5,26BE=17 B,T45E~23 9.957E=23
1,695E«11 1.525E=17 1.890F=17

REGION NO, 4A RADIAL PRESSURE VESSEL REGION Pl

RECEIVER POINT Aap.998

COCRDINATES Recosee 4«0B932E+Q)
Zsevoge 9,82485E+02
PHlIsoge O

MEV/CHMp2=SEC RADSI(C) /HR REM/HR

1 Ba.S50 3,510E~12 2,.899F=18 3,513F~18
2 7,25 1,581E=13 1 391E.19 1,%60E=19
3 6,50 5,709E~13 5,252E=19 6,]166F=19
4 5.5n 30688E'13' 1.66QE"19 &0279F =19
5 4,57 5.,532E=13 K,809E=3}9  6,694E-19
6 3590 24122E=13  2.440E=19  2.78pE~]Y
T 2480 4,293E=14 5,28jE=20 6,054E=20
8 2.50 2.154E~j4  2,7365E-20 3.123F=2p

@

Aio)eloge]
1eajanuolisy



9
lo
11
12
13

2,00
1.50
1,00
70
+30

8,181E=)5
2,242E~14
24380E~)16
1,498E=17
1.026E=-19

503695'12

1,121E-20
3.318E-29
3.832E'22
205025'23
1.T04E=25

4.679E=18

TABLE 2-6 (Continued)

30789E'20
4.379g=22
Ce906E~213
1e94gE=25

5+8123F=18

REGION NO. 4A RADIAL PRESSURE VESSEL REGION p)

RECEIVER POINT Amg,998

001l-¢

COORDINATES Reossse 4008932E+91
Zsosess 9.82485E+02
PHlsoan De
]

TOTAL E:6TeIMEV  ELLT,1MEV  REM/HR (RADS=T) /HR
1 10000 ZOOSBE‘I% QQQSBE'I‘ 200585'1‘ 2.3835"18 306655‘19
2 9,00 4,74BE=;4 4,7T48E<14  4,748F=14 S 227F-18 8,014E~19
3 B,00 T.147E-14  7,147E-14 Tel47E~16  7,926F=18 1.224E=18
4 T,00 1.338E~13 1.338E=13 1:338E=)3 16429FE=17 2+¢166E-)8
5 6400 2,968E-13 2,96BE«]3 2+968E=13  3,169g=17  4.B80SE~18
6 5,00 T,434E=13 T.434E=13 T.434E=-13 7.888E«17 1.192E=17
T 4,00 2,004E=12 2,004E~12  2,004E-12 2,085F=16 2+985€E=17
8 3.20  3,292E=17  3,292F-;2 34292E~12  3.221E~16  4.530E~17
9 2,50 1,0%3E-]] 1,043E<11 1.043E-11  9,419F<16 1,229F-16
10 1.80 1.626E~1] },624F=) 14624E-11  1.562E=}15 1.,733E-16
11 1.3 1e6075=11 1.607E=)] 1:607F=11 1¢500E~15 1.515E~16
12 +95 1.810E=-1) O 1eBloE~1}] 1¢539€=15 1+397E~16
i3 070 10630E'11 0, 10630E‘11 10135E'15 14076E=-16
14 S0  1,480E-11 o, 1,480E-11  6,45]E=16 B,508E~17
15 Y 1.]32E'll O le]l32F=i1 &.05]E‘l6 507765’17
16 39 1+253E=-1 0o 1:253E=11 Ge990E~)6 4¢919E=-17
17 020 10430E’ll 0 194305-11 4.97TE=16 5¢313E=-17
18 +lo  Be900E-12 o, Be900E~12 1e736E~16  2.025E~17
19 «59 1¢970E=12 Do Qo 3«509€=17 4+202E-18
20 408 2.207E=-12 o, 0o 3:690E=17  4.26]E~18
21 07  2,875g=12 9, 0. 3.532g=17  4,534g=-]8
22 !06 3.157E'12 0. 0. 3.6025“17 ‘n906E'18
23 e 0% 4,724E=)2 Oe 0 4,43T7E=17 6¢350E-18
24 04  6,423E-12 o, 6o 44628E=1T T7.303E~-}8



l01-¢

TABLE 2-6 (Continued)

25 «n3 1,147E-1] Oa 0, S,851F~17 1,026E=17
26 202 2.318E=1}) 0. Oe Te08B2E=17  1,482E=)7
27 . <01 20412E=-11 D De 2+842E=17 Bs301E-18

2,254E-10  4,935E-11  1.456E-10  1,016g~14 1.1226-15

REGION NO. 4A RADIAL PRESSURE VESSEL REGION

RECEIVER POINT A=pe998

COORDINATES Rscveqs 4.08932E+91
Zevoose G+ B8248%5E+02
PHIQOQO 0!

RADS (E)} /HR

1 1,00 6.205E=16

R ey O WSS a0y

6.20%E=16

Sm o

Pl

FOR SOURCE REGION 1 AND DETECTOR POINT 1 THERE HAS BEEN 390 AND 252 PaATH LENGTH CALCULATIONS
IN EXCESS OF 200 MEAN FREE PATHS(GAMMA RAY) AND 12040 GRAMS/CM®#2 (NEUTRON) ¢ RESPECTIVELY

INTERMEDIATE SUMMARY RESULTS oVER A SUBSEY oF SOURCE REGIQNS

EXTRA CORE REGIONS « TOTAL

RECEIVER POINT A=p. 998 .
COORDINATES Recesee ‘003932E‘01

Zeosonae 9.82485E+92

PHl eoes Noe

MEV/CM2=SEC RADS(C)/HR REM/HR

1 8,50 9,063E=;2 7.704E=18 9,338c-]8

@)

Aiojeloge?
Jesjanuolisy



[T
DO O~NOCTUVSWLWMN

.
N}

13

7425
6+50
5'50
Q.Sﬂ
3050
280
2.50
2400
1450
l1.00

«T0

o3

‘I6OZE-13
1e796E=12
le310E=)2
20336E-12
le125E~)2
2+87pE~13
le612E=13
Te929E~14
3e228E-13
6.891E~}15
90303E‘16
54.268E=17

10695E']l

40050E‘19
10653E'18
5.893E=19
2.453E-18
1+294E=)8
3053OE'19
24047E~19
1. 086E~19
4.7785'19
1.109E=20
1+554E=21
8.745E=23

1e525E~17

TABLE 2-6 (Continued)

4.832F“19
1¢94nF=-18
1¢519F~-]18
248265’18
1e474F~-18
4406T7E=19
2e¢337E~19
1.237E=19
Se454F~19
1-268E-20
IQSOBE‘Zl
9.957E=23

1.890E=17

¢01-¢

EXTRA CORE REGIONS = TOTAL

RECEIVER POINT Au0.998

COORDINATES Reecooe 4+ URSIZE+ (]
Zesoeqe 9.82485E4+32
PHI".. Ne
MEVY /CM2%SEC RADS (C) /MR REM /1R
1 8,5 3e410E-12 2.899%E~)8 3.513E~18
2 T.25 1.581E=13 1+391E~19 1e660F=19
3 B.5) 5.709E-13  5,252E«)19  6.166F~19
& 5,59 3¢68BE=13 1:660E-19 4427TCFE=19
5 64,5 5.532E=13 5.809E-19 5.6F4FE~]19
6 3.5 2¢122E=13 2:440E-19 2+7890E=19
7 2.8y 4.293E~164 5.281FE-2p 6.054F=29
8 2.5 2s154E=14 2.736E=20 3.123F=29
9 2.00 8.181E=15 1.121E=29 1e276E=20
10 159 2e242E~14 30;136“20 3.789F=29
11 l.00 20380E~16 3,832E-22 4,379F=22
12 sT0 14498E=17  2,502E~23 2¢906F=23
13 30 100265'19 1.704E=25 le94E=25
5'3696-]2 ~0679E'18 teBY3FE~16

EXTRA CORE REGIONS = TOTAL



€ol-¢

RECEIVER POINT Axn.99s
COCRDINATES Resosen

Zoaseos
PHInense

RADS (E) /KR

1 1l.00 6.205E=16

DS ww

6,205E~16

TABLE 2-6 (Continued)

£408932E¢¢)
9¢82485E+(2
O

&)

A10jeloge]
EETRITTONNT,



130 Rl

RECEIVER POINT A=p.99a

COORDINATES Recsesos
Zasoonge

PHIzeqs
TOTAL

10,00 C¢058E=~14
9.00 4,748BE=14
Be00  Te147E=16
Te00 1+338E=-13
beOO 2¢968E=13
5.00 Te434E=12
‘.00 2'004E-12

302925'12

2450 12043E~11

1,80 1,824E=11

1.30 1e60TE~1)
95 1eBiGE=1]
«70 leg30E~11

14 50 1,480E=}}
15 o#p le132E=]1
16 » 3 1.253E=1)
17 20 1¢430E=11
18 ol10 8,900E~-12
19 (09 1,970E=12
20 <08 2,207E=12
21 oU7? 2.575E=12
22 06 3,157E=]2
23 205 ‘072¢E'12
r 3 206 6,45423E~12
25 «03 1s147E=11
26 208 2,318E=1)
27 01 2.412E-11

24254E=)11p-

TABLE 2-6 {Continued)

4¢08932E%01
9.82485E4+02
Qe

EeGToIMEV E.LT;]HEV
2.056E=14 2.058E~-14
4,748BE<14 4,T4BE=~14
TeloTE=14 TelbTE-14
1:338E-13 je338F=13
2+96BE=-13 2e965E=11]
Te434E=13 T+624F=13
2,004E-12 2,004F~12
3,292E=12 3.292E=~12
1.043E=11 10043E=1)
1.624E=]11 1,624E-]1
10607E’11 lebG67€=11
e 1«810E=1]
0. )e630E=11
0, 1.485E=11
0 1.132€E=11
Do 1-253E=11)
Qo 1:43pE=11
0 8-9005'12
0. G

O 0

O O»

N> 0

Qe 0»

0e 0»

0o 0»

(29 0,

0., 0.
6,935E<11  1.458E=10

REM/HR

2+383-18
%.227E=18
T.926€E=18
10429€=17
3,169€E=17
7.8BRE=]7
2,085E=16
34221E=16
9.419E~16
1,562E-15%
1.500E=15
1¢539E=15
lo]35E'15
6,45iE=16
60OSIE'16
4.990E=i6
4.977E=16
1.7365‘16
3.509E~17
3.690E=17
3.532e-17
3.602E=17
4,4375=17
4.628F=])T
5.651E=17
7.0682E=17
2.8425'17

1:016E«]14

EXTRA CORE REGIONS « 7OTAL

(RADS=T) /HR

3.665E=19
BeOl4E=19
1¢224E~)8
2¢166E-~)8
4,805€~18
101925'17
2.9855-17
4.5350E~-17
1229E=1%&
1.733E=16
1515E~16
14397E~16
14076E=16
8.508E=)7
5T76E=~17
4.919E=17
5+¢313€-17
2.025E=17
4.202E~18
4.261E-18
5053‘E“18
4.906E~18
6.350E=18
T¢303E=-)8
10026E=17
l.¢82E-17
89301E"18

1s122E-18



Goi-¢

e WUURAU OO AR~ WU AN AR e RN~ = Wwnun

N W UTRIN » N

OISO DO DADIIDDOOO0OODDIO0O OO OO ODOOO

50
52
15

7

28
33

1
1400
1405
1410
5533
5534
5536
5584
5589
5594
5599
5604
5609
5614
5619
5624
5629
5634
5686
569
5696
5701
5706
5711
5716
5721
5726
8721
5736

e

MSFC SAMPLE PROBLEM = SOURCE DATA FROM NAGS

= GEOM, = 75 D, PROP, TANK

1 7
i8

4 49
6.35000E+01
1-40300E’02
1,95060g+02
100000E+00
8.,57492E-D23
4¢43303E=-03
T.907T81E=0¢4
6435000E401
6+42500E+01
6.60400E¢01
15‘03005#02
1:55005E+02
1,55655E402
1¢57590E+02
1e64490F+02
1 74240E+02
1,B84240E+402
109059¢yE+02
192540E+02
2,01000g+02
2.15900E+02
3.50104E~D1
3.26822E=p2
2-38802E-02
1004774E-02
3026294E‘03
84236T4E=04
1,42185p=04%
4.97608E-05
4.2230%E=-05
2499381E~05
2¢0652¢E~05

6,50400E+0]

1.45000E+02
2905000E902

0

4.96391E=04
1,95834E=03
2,94292E-04

6.55200E+01

1.42400E+02
1.58135E+02
1,55785E+07
1+58690E+02
166240E+02
1976240E’02
1,85990E+02
1.912%0E¢02

1e92740E+02

2,07000E+02

2,90578E=0]
3.111B2E=02
2:21157€E=02
2.20605E=02
5o 70436E=04
1,02101E=04
4,73509E-0%
4,12)26E=0%
3,05006E=05

CACULATED RESULTS FOR SOURCE

1455000E+02
2,15900€+02

2430521E-93
1433418E~03
3,01566E=04

1,45900E¢02
1.55265E+02

1.,585945E+02 °

1.59990E+02
1682640E*03
1.78240E202
1,87490€+02
1:%1840E¢02
1:%2R90E+02
2.12950E+02

2,0001RE=31
2¢93RT3E~D2
2¢01318F=02
5,.74368E=03
2.30%69E‘03
3,980R9%E=04
7.771541€-0%
40536926“05
4,04230E=0%
2.42797E=05

REGION 1

TABLE 2-6 (Continued)

= MERIDIAN RING TUS(A)Y=1.0 TO 0,9

1.65000E+02

1411629E=03

1.49900E+02
1¢55395E+02
1.56240F+02
le81690E¢02
170240F*02
1¢80250E+02
1.R8740E+02
1.92140E+02
14929%0FE %02

1,11193F~01
2.750445=02
1¢71852FE=02
% ,P2404E-03

‘10701685“03

2+82405E=04
£.56594F~05
~539562F‘05
3,9947TTE=05

1+75000E+02

5,65985F=03
1.04117E=02

1,53420E402
1.55525E+02
1.5674GE002

- 1462990E<02

1.72240E#02
1¢82240E%02
1,89740E402
1092340E+02
1.95520E+02

S.3718B4E=~02
2.54854E=02
1+35559E=02
3,576458E-03
1,18488E=-03
1,97120E=04%
5.591785-05
4,30642E=05
3,329BAE=-05S

REGION NO. 48 RADIAL PRESSURE VESSEL REGION Pl

@

Aio}eloqe
1ea|anuoljsy



TABLE 2-6 (Continued)

RECEIVER POINT Azn.998

COORDINATES Rseesse 4:08932E+01
Zoesneoos - G.82485E¢02
PHIeege (U

MEV/CM2=SEC RADS(C) /HR REM/HR

?01-¢

1 BeS0n 801455'11 7.093E=17 B,595F~17
2 T1.25% 4,644E=~12 4,0B7E-18 4,876F-18
3 6,50 1.970E-11 14812E=17 2e12RE~-17
4 5.50 le615E~]1 7.267E~18 1.873E-17
5 4,50 3,443E=1} 3,615€-1T 4,166F=17
6 3.50 2.079E~-11 2.391E=17 2eT124E=17
T 2+8n 6eT04E~12 B.246E=18 9.4523E=18

8 2.50 4.144E-]2 5,263E=~}18  6.009E-18 ,

S 2,00 2.534E=12 3.471E-18 3.952¢=18 {
10 1,50 1,403E=-11 2.07TTE=17 2,372F=17
11 l.00 4.T27E=13 7.61pE=19 84697E~19
12 o770  9.554E=14  1.596E=19  1.854E~i9
13 «30 3.011E=14 4.99TE=20 5.690E=20
20072E=10  1.992E=16  2,440F~16

REGION NO., 48 RADIAL PRESSURE VESSEL REGION P}

RECEIVER POINT Ax0.998

COORDINATES Resvoes 490B8932E+01
Levesoa 9.82485E+G2
pHICC.Q 0.

MEv/CM2-SEC RADS (C) #HR REM/HR

1 B.50 4,004E~11} 3,4038=17 ha124E=17
2 .25 2enb6E=12 1.818E=18 2+169F=18
3 6450 Be184E=12  7.530E=18 8.839€-}18
4 5,5) $,030E=12 2+7T13E~18 6.995F=18
5 #4450 1.097E=11 1.1828<17 1l.328e-17
6 3,50 5,377€-12 6,183E-18 7,043F=-18



2.80
2.50
2.00
1.59
1,00

«30

1,400E~}2
7@816E'13
3.802E'23

1e529E=12

3.3?8E-1‘
5,370E-15
10578E'15

B ow o w O 6 W - o

Te6B0E=11]

1,722E-18
9,926E=19
S.EOBE'lg
2.263E-18
5.439E-20
8,968E.2]
2.620E=21

6.9365-17

TABLE 2-6 (Continued)

1e974F~18
1.133E~18
5.9315'19
2+584E~-18
6'216E-20
1,042E=20
2.9835'21

B.592E~17

REGION NO. 48 RADIAL PRESSURE VESSEL REGION p1

RECEIVER POINT Aspe998

£01-¢

COORDINATES Reesens 4o0p932E+01 '
Zessoaae 9,82485E4+02 !
PHIve e Qe

TOTAL E+GTeIMEV  EJLT.iMEV  REM/HR (RADS=T) /KR
1 10,00 1.580E=j2  1,580E~12  1.,580E-)12 1.830FE=16 2.8]5E~:7
2 3,00 3,803E-12 3,803E-12 3,803E-12 4,iBTE-16 5,4]9E-i7
3 8,00 5.977E-12  5,977E-12  5,977E=12  6,629E=16 1eQN2E~16
4 7,00 is162E~-11 1.162E=11 1el62F=11 1.241E=15 18BiE=16
5 be00 24653E-11  2,653E-]1 2.653E=}] 2+833E=)15  4.295E=~16
& 5,00 6,772E=11  6,772E=11 6¢T72F~11 7T.186E=15 1.086E~15
7 4400 14B45E=]0 ]1,845E=10 ] .B45F-10 1¢919E=14  2,747E=15
8 3,20 2,506E-10 2,506E=10 2.506F-10 24452E=14  3.44RE=15
9 2450 6.764E=10  6.T64E=10  64T64E=10 6.119E=14 T+975E-15
10 1.80 14000E~09 1+000E=0D9 1000F=~09 B.619F~14 10057E=14
11 1,30 1,057E-09  1,057E«09 1,057E-09 9 ,867E=14 9.963E-15
12«95 1.129E=09 o, 1.129€=09  9.599E=14  8,Ti5E~{5
13«70 1l.003E~09 o, 16003E=09  6.980E~14  8.616E~15
14 450  9.242E=190 ¢ 94242610 4.02TE=14 5.312E=]5
15 o4& 6-7775‘10 O 6eTTTE~10 3e622E-14 3+457E=15
16«30 Te417E=10 oo Te417E=10  24954E~14 2.913E~]5
17«20  Beg78E-19 . 8e076E~10 2+811E=14  3.00i1E=15
18 .10 4.811E-19 o, 4e811E=10  94386E=15  1¢094E=1S
19 09  1.029E-10 o, 0 1,833E=15 2.195E=16
20  +08  1.140E=10 0, 0o 1¢906E=15 " 2.201E=16
21 «07 le278E=~}0 Oe Oc 1¢753E=15 2+250E=i6
22 <06 1.500E-10 0. 0s 1e712E=15  2.332E=16

@

£1012100€E]
1B3|3NUOLSY



801-¢

23
26
5
26
a7

«05
004
03
002
01

1,910E~=10
24729E"10
‘.5305”10
9.050E=10
1-1286'09

1,249E=p8

9,
e
0
0.
9,

3.?865-09

TABLE 2-6 (Continued)

0.
Qe
De
0.
0.

?09505'09

1. 794E-15
1e967E=15
2¢311E~15
2. T766E-15
1.329E~15

0 ow A 4D up W W W

64389E=13

2.568E=16
3.102E=-16
4.053E=)6
5.7B8E~-16
3.882E=16

T+08SE~14

REGION NO., 4B RADIAL PRESSURE VESSEL REGION

RECEIVER POINT A20,998
COORDINATES Reesecs

1,00

Zeavacss

PHIav o0

RADS(EY /HR

3178E=14

3,178BE~14

FOR SQURCE REGION

IN EXCESS OF 20:0 MEAN FREE PATHS {GAMHMA RAY) AND

4¢08932E+01
9.82485E+02
0s

1 anD OETECTOR POINT

r o

1 THERE HAS .
12040 GRAMS/CHM=#2 (NEUTRON) ¢RESPECTIVELY

~e
By

P1

0 AND

INTERMEDIATE SUMMARY RESULTS OVER A SUBSET OF SOURCE REGIONS

EXTRA CORE REGIONS = TOTAL

RECEIVER POINT A=(.998
COORDINATES Resvease

Zeneosee

PHIevoo

4.08932€+¢}
G.8248%E002
Qe

MEV/CMZ2=SEC RADSI{C) /KR

REM/HR

0 PATH LENGTH CALCULATIDNS



e

OCE®N N & W~

8,50
7425
6,50
5.50
4,50
3.50
2«80
2.50
2+:00
1.50
le00

oT0

«30

8,345E~11
4,644E=12

1e970E~7]

106155'11
3.,443E-)
2e07%9E"]]
Ge704E~12
40144E'12
2¢534E=1p
1.403E=11}
4e727E~-13
9055‘5'].
3.011E=]14

2:.072E=10

7.093E=-17
108125')7
7-267E'18
3,615€.17
2¢391E-17
B.246E=18
5.263E=-18
3.*71E-l8
2.077E=17
7.610E-19
14596E=19
4.,997E-20

1,992E=16

TABLE 2-6 (Continued)

8.595E~17
4.876F=~18
2+128F=17
1.873g=~17
4,166F=17
2+ T24E=17
9¢453E~18
6+009E-18
3.952E~18
C03T2E~17
8.897E-19
1+854E=19
5.690E=20

2.440E-16

601-¢

EXTRA CORE REGIONS = TOTAL,
i

~

RECEIVER POINT A=20,998

COORDINATES Revseoe 4¢08932E+9)
Zesaoys 9.8248%5E+02
PHIes oo 0.

MEV/CM2=-SEC RADS(C)/HR REM/HR

1 .B:s50 4,004E=]1 3,403E=17  4,124FE=17

2 T,2% 2,066E=)p2 1,818E.i8 2,169F-18

3 6,5h 8,184E=12 7.53pE=18 B,839F-18

4 5.5 60030E'12 2.713F-;8 6+995F=18

S 6,5 1e097E-11 1.152t=17 1¢328F~17

6 3,59 Se377E=12 6.283E-18 TeN43E=~18

T 2.8p 1¢400E=12 1.722E~-18 14974F=18

8 245) T.816E-13  9,926E«)9 1¢133€=18

9 2,00 3.802E=13 5,208E=19 5,931F=19

10 1450 105298=12  2,263E=18  2.5R4F=18
11 1l.00 3e378E=1 ¢ 5.439E=20 6e2)16E=20
12 70 S¢370E=15 8,968E=2} 1042E=20
13 ¢330 14578E=15 2¢620E-21 2+983E-2})
Te680E~]1} $¢936E=17 B,593E=}7

@

£lojeioqe]
JB3JINU0LISY



oLL-¢

RECEIVER POINT

COORDINATES Rsevees

1 10000
2 9,00
3 B,00
& 7,00
5 6,00
6 5,00
T 4,00
8 3,20
9 2,50
10 1,80
11 1430
12 +95
13 « 70
14 -7
1 040
16 e 30
17 «20
18 ol0
19 « 09
20 +08
r3) «07
22 «06
23 05
2a e 04
25 «03
26 «02
27 01

Zevseos

PHIeense

TOYTAL

1e¢380E~y2
3,803E=-12
5.9775‘12
lale2E~11
2.653E-11
607725'11
108455'10
24506E=10
6,T64E=)¢
1e000E=09
1,057E=p9
1,129E=09
1.003E-09
9,242E=10
6, TT7TT7E=10
T,417E=10
8,076E=10
4.811E-10
14029E=10
14140E=10
1,278E=10
1500E=)0
1«910E=10
2.7129E=10
4,530E=50
9.050E~10
1+128E=p9

1c249E=p8

TABLE 2-6 (Continued)

EXTRA CORE REGIONS = TOTAL

Az(+998

4e¢08932E+01}
9.82485E+02
(1]

E.G?OIMEV EslLTe]MEV
1.580E=12  1.580E-12
3,803Ew312 3,803E=12
5,977€-12 5.,97T7TE~12
lel62E=11 1el62E=11
2,653Ex11  2,653F-11
6, TT2E=11 6.772E~11
1.845E=10 1:845E=10
205065'10 2@506E'10
&,764E-1p 6.T64E=19
1.000E~09 1+000E=09
1.057E=09 1¢0STE~09
0. . 10129E‘09
0. 1.003E~09
Oe 9:242E-lQ
O 607775-10
0. 7,417€-10
O 8.0786E-10¢
Ne 4:811E-10
Oa 0.

0o 1Y
0. o.
O Go
Ge O
Oe O
o. O-’
0o 0o
O 0.
3,286E«09  9,050E=09

REM/HR

1+830E=16
‘.137E-15
606295’ 6
1.24%1E~15
2,833E«15
T«186E=15
1919E=14
2e452E=]4&
6.110E=14
9,619E=14
9.,86TE~14
9,599E~14
649ﬁ0E'l‘
&,02TE=14
3:622E=14
2,354FE=14
2+811E=14
9.386E=15
1«B833E=15
1.9086E=15
1,753E-15
1.712e~15
1:794E=15
1.267E=~15
2.311E=15
20766E-15
1.329€E=15

6.389E=123

EXTRA CORE REGIONS =~ T0TAL

(RADS-TJ /HR

20815E'17
6,419E=~17

" 1e023E~16

1.881E=16
4,295€E-16
1,086E=15
2+T&TE~1S
3,448E=15
7.97SE“15
1+057E=14
9.,963E=15
3.7155‘15
6.616E=15
5.33;2E~15
39457E‘15
2,913E=15
3.001E=15
1+094E=]5
P2195E=16
2.201E~16
2.250E=16
2¢332E=16
2«568E~16
3.103E~-16
4,053€E=16
5-783E’16
3.882E=16

7-065E‘!Q



ilL-¢

RECEIVER POINT Azpe998
COORDINATES Reesces

Zeossse

pHIO_G.Q
RADS (E) /HR

1 1l.00 3,178E=14

3.178E~-14

§208932E+01
9.82485E+02
0

TABLE 2-6 (Continued)

i

@)

£10)e10GRT
1B3jaNU0LISY
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TABLE 2-6 (Continued)

MSFC SAMPLE PROBLEM = SOURCE DATA FROM NAGS
bt GEOH. - 75 D. pROP. TANK
= MERIDIAN RING COS(A)®)e0 TO 0,9

S50
52
15

7

12
28

1
1400
140%
1410
5533
5534
5539
5564
5549
5554
5E59
8564
5564
5584
5588
5588
5635
5636
5641
5046
£651
5656
5681
5666
5648
5686
5687
56990

7 2

2 4 6
34 )

0.
9.00000E+01
1.27160E+02
1400000E+00
O

O

Qe
3.50000E+00
2460000E+01
4+10000E+01]
4,737S0E+01
5.02000€+01
5:37500E001
6,12500E¢01
6.350006E+01
l1e37160E¢02
1¢375BgF+92
1¢3970GE*G2
1e57785E+00
1.57503E+00
10388975600
120&469E+00
8.90535E-01
8,87008E-01
9.13965c=01
3.73386E=01
1e31714E=01
T+71813E~01
8,76655FE-01
1:02474E400

8 1o 1z

1.00000E201)
6,00000E+0)
1.38500E+02
0«
0.
0,

9.50000E+00
3.20000E+01
4.27500E+04
4,81250E+01
5:06000F 01
5.51900E+0)
6.27500E¢01

1:38500E+92

1.95704E400
103150‘E*00
9.96595E‘01
B,B1639E=01
8,9424TE-0}
B.81994E=0]
10869065‘01

1,06448E+00

14

2.00000E+01
6,35000E+01
1.39700E¢02

0.
8,00756E=03
0.

1e40000E%01
3:.35000F+0]
4.,42500E40]
4,87500E+01
S.10500E401
S.66900E+)]

;.393SQE¢02

1,53032€+00

1.23925E‘DO
9.,57025E=01
8,77452g=01
9,03334E~0]
8.10504E=0)

1,05590E+00

CALCULATED RESULTS FOR SGUKCE REGIQN 1

REGION NO,

oo

3,00000E4+01

0.
0.

1480000E+01
3.650005‘01
4,55000€+01)
4,92500E01
5.16500F 01
5482500E+01

1,49532E+00
1.16540E4+400
9426504E=01
8,77439F=01
9,14924F-0]
6:,93901€E-01

S AXIAL PLENUM REGION

4,00000F%01

0.
0.

2.20000E*01
3.90000F%01
4,65000E+0)
4,37500E«51
5,25000E+01
5.97500E+01

1,44B68E400
1009954E‘00
9.,05570E=p1
8,R0BB86g=~01
9,227H9E~01
Se41997E=01

Pl



gli-¢

RECEIVER POINT

COORDINATES Reseoes

-t
=

12
13

e
SO DNPAP WN -

8,50
7.2%
6.50
5,50
4,50
3.50
280
2,50
2,00
1.50
1.00

oT0

«30

Zonsoqe

PHIseqe

As0.+998

4,08932E+01
9.82485E+02
O

MEV/CM2=SEC RADS(C)/HR

Te762E=11

0o
0,
0.
0.
0o
0o

O
9,095E-17
Oe
[i
O
Qe
Go

90995E'l7
REGION NO,

RECEIVER PCINT As0+998
COORDINATES Revssee

PRI WN -

8.50

2,80

Zesooos

PHlesee

4+08%32E+01

9+82485E+02

Do

MEV/CMp=SEC RADS(C)/HR

O,
0,
e,
0,
0,
0,
0,

TABLE 2-6 (Continued)

REM/HR

0.
0.
0.
0.
0.
0.

0,
1.,038E=-16
0.
O
LD
Qo
O

L L LY T 1-F )

1.03R8E~16
S AXIAL PLENUM REGION

tim -

REM/HR

Pl

@

Alojeioge
1B3[onuoJ)sy



vli-¢

10
11
i2
13

2.9n
2,00
1.50
1.00
o710
«30

l1e678E=11

0,

1.678E=-11

24131E-17
0,
0.
0.
0.
0.

2.131E-17

REGION NO.

RECEIVER POINT A=p.998
COOROINATES Resscas

—
O VO ~NOU P WA -

>
[

12
13
14
15
16

18
19
20
2]
a2
23

Zossoae

PHIce s

TOTAL

2.769E=12
T,008E=12
1¢156E=11
2¢360E=11
50663E“11
1,516E~10
4.301E-10
50986E'10
1e63T7E=(9
2+431E=09
24559E=(9
2¢530E=p9
2031ﬁE'09
2¢123E=-09
1,538E=p9
1e651E=(9
1e752E=99
legloE=09
2+180E=10 -
2+373E=1D
2+576E*"10
209135'10
305845'10

2,

TABLE 2-6 (Continued)

20433E~17
04
0.
O
0a
0.

20433E'l7
5 AxIAL

4408932E¢01
0.82485E402

Ce

E.GTQIMEV EolLT,IMEV

2,769E«12 2.T69F=12
750085-12 7.008E'l2
10156E'11 1.156E~11
20360E‘1l 2e¢36nF=11
5.663E=11 5+663E~11
1.516Ea10 1.516FE=10
44301E=~30  #.301E~10
S.9B6E~10 5.986F=10
1.637E=09  1.637E-09
2.431E=0S 2:431F=09
2:959E=09 2+559F=09
Qe ZOSBOE-OQ
0 2e316E=09
0. 22123E=09
0, 1:,538F =09
Cs l'651E"09
De 1c752E=09%
O 1+010E-09
(VO L)

Oe Qe

(1Y Oe

Oe O

0.

PLENUM REGION

REM/HR

3.207E=16
7.715€=16
IQZBZE'IS
2.520E=-15
60048E'15
1,609E=14
‘I‘73E-1‘
5:85TE=14
1:479E~13
2¢337E~13
2+3BYE=13
2¢151E=-13
1613E=13
9.253E'14
B.?laE-14
6.%76E'1¢
64099F=14
1.971E~14
3.882E=15
3e96TE=1S
3.53%E-}15
Je324E~15
3,366E=15

e

{RADS=T) /HR

‘0932E”17
1s183E=16
1:979E=16
3.,821E=16
9.168E~16
2,430E~15
Geb4E~-]S
8.237E~15
1.93nE=34
2.5956'!4
2e412E-14
1.953E-1Q
1¢529E=14
1.220E~-14
T.B45E-15
604BAE=15
6+511E~i5
2°299E=15
44640E~16
4582E=16
4¢537E-16
4¢52T7E=16
4$.816E=1n

Pl



gLL-¢

TABLE 2-6 (Continued)

<4 « 04 S.002E~10 0. Oe 3.604E~15

S.687E=16
25 ,03 8,283E~-10 o, 0, 4,225E=15  T7.419E-16
26 002 1.698E=09 ¢, Oe 5.188E~15 1.088E=15
27 «01 2+248E-g9 O 0 2:668FE=15 T«735E=16
24747E~(8  7,909E=09  2,083E=-08 1s4B82E-12  §4637E=-13
REGION NO, S AXIAL PLENUM REGION P1
RECEIVER POINT A=0,.99#
COORDINATES Reeoese . 4e08932E+01
' Zevoeos’ 9,824R85E+02
PHIcoeao Do
i
RADS(E) #HR
1 1,00 4,911E=14
4,911E~14
FOR SOURCE REGION 1 AND DETECTOR POINT i1 THERE MHAS BEEN 0 AND 28 PATH LENGTH CA{GULATIONS

IN EXCESS OF 20+0 MEAN FREE PATHS(GAMMA RAY) aND 12040 GRAMS/CM##2 (NEUTRON) yRESPECTIVELY

INTERMEDIATE SUMMARY RESULTS OVER A SyBSET OF SOURCE REGIONS

EXTRA CORE REGIONS = TOTaAL

RECEIVER POINT A=n.998

COORDINATES Reseose ¢008932E’01
Zoseeoe 9.82485E¢02
pHIOl.{ 0

MEV/CM2=SEC RADS{C)/HR REM/HR

@

Alojeloge]
1egjanuossy



911-¢

1 B«50 Oe

2 T.25 Oe

3 56,50 0,

4 5,50 0.

S 4,504 0,

6 3.%0 0,

T 2,80 0,

8 2,50 T.162E=-11

9 2,00 0

10 1450 O

11 1l.00 0o

12 « TN Qe

13 «30 Qe
T4162E~1)

0
0.
0,
0,
O
0.

0,
9,095E-17
O
Qe
O»
O
Oe

9,095E~17

TABLE 2-6 (Continued)

1.038E=16
O
Qe
Gy
Qo
Qe

1.038g~16

EXTRA CORE REGIONS = TOTAL

1

RECEIVER FOINT A=0¢998 !

COORDINATES Receoves
; Zasseee

! leé...

1 Bem 0.
e 1,25 9,
'3 6.50 °|
4 5,50 (1Y
S 850 Oe
6 350 Qe
T 280 Oe
8 259 1+678E=~]
Q@ 2.00 0o
10 1.50 Oe
11 1.00 Qe
12 o 70 Oe
13 «30 D
1.67TBE-}}

"089325’01
94324856 +62

Qe ‘ {

MEV/CM2~SEC RADS(C)/HR

2.131E~)7
O
0.
O
O
0.

241i31E~1T

REM/HR

0
2+433E-17
Oe

O

()

0s

Oe

2,433E=17



L11-C

TABLE 2-6 {Centinued)

EXTRA CORE REGIONS = TOTAL

RECEIVER POINT Ax0.998
COORDINATES Receose

1 10,00
2 9,00
3 8,00
¢ T.00
8 6.00
6 5.00
T &,00
8 3,20
9 2450
10 1.80
11 1,30
12 095
13 oTo
14 050
15 eb
16 030
17 «20
18 «l0
l9 - 409
20 008
2] 07
22 004
23 05
24 04
25 +03
26 002
27 01

Zevsene

PHIQQ-O

TOTAL

20769E'12
T.G08E=12
1e¢156E=11
2:360E=)]
S5.,663E=11
1e516E~10
4,301E=10
5.986E-l°
1¢637E-09
2.‘31E-09
2:,559E-09
215305'09
2+316E=09
2+123E=0p9
1+538E=p9
10651E‘09
14 752E=09
1e010E~=09
€.1R0E~10
2.373E-10
2¢576E=10
24213E=10
d,584E=10
S5¢002E=10
8.283E=1p
]06986'09
2,2%8E=09

2cTATE=pB

4e(08932E¢q]
G.82485E+02
O

E+GTeIMEV EOLTRIMEV
2.T69E=12 2eT63E=~12
7.008E'12 7.008E'12
1e196E=1] 1.156E=11
2+,360E=~11 2¢36pF=11
506635'11 B.663F~11
1.516E=~]10 1:5j6E=10
4,301E=10 4301E~10
S.986E=10 5,986F=10
1:637E«p9 1:637E=09
2.431E«p9 2+%31E-09
2.559E=09 2.559g-0%2
o. 2.530E"09
O 2¢316E~=09
De 2e123F=09
HD) 10538E-09
Oo 1+651E=9Y
Ce 1752E=09
0 1+010E-09
0. 0.

0. 0.

Oe O

Co O

LY Oo

(L) Do

[ ) Do

00 °u

O0e 0,
7.909E=09  2.083E-08

REM/HR

3.207E~-16
7.T15E=16
102325‘15
ZOEZOE.‘S
6.048E=15
1¢609E=14
4,473E=14
5.,857E=14
1.479E-13
2¢337E=-13
243499g~13
2.151g=-13
14613E~13
9.253E~14
8.218E~14
6.576E~14
6.099E~14
14971E=14
30882E'15
3.967E-15
30535E'15
3.324E=15

30366E=15 .

J.604E=15
4.225E-15
5.188E-15
2,648E-15

1:482€~12

EXTRA CORE REGIONS = TOTAL

{RADS=T) /HR

4¢932E=1T7
1,183E=106
1+979E=-16
3.821E-16
9,168E=16
2+430E~15
6:404E~15
Be237E=15
1+930E=14
2059‘E'1‘
C.412E~14
1,953E=14
1¢52GE=14
1e220E~14
TeB4SE«1S
6¢48B4E=15
6¢5]11E=15
24299E=15
4e849E~16
A.582E-16
4.537E-16
4+527E=16
4eB16E=16
KeHBTE=16
Te410E-16
]1+0B6E=1S
T,735E=-16

1+637€=13

@

Aiojejoqel
1e3|anuolsy



8li~¢g

RECEIVER POINT Aa0+998
COORDINATES Revcaaes

Zeoenso

pHIQBOQ
R&ADS(E) 7HR

1 1.00 4¢911E=14

4,911E=14

4.08932E%01 .
9e.82485E402
Oe



6l1-¢

TABLE 2-6 (Continued)

MSFC SAMPLE PROBLEM = SOURCE DATA FROM NAGS
- GEOM, = 75 D, PROp_ TANK
= MERIDIAN RING COS(A)R)1e0 TO 0,9

X

519
s2
75

7

28

1
16045
1405
1410
5533
5534
5539
5584
5585
5590
%635
5536
5641
5686
5687
5692

L

OO0 0DV OOD0DDCODTDOADD D &3 s

[

= st gt (Yt St Y e (0= W) VD WD WP AN O

2 2

14 14

7 7
5.58B00E401
1:39700E*02
1«00000E+00
O

O
O
5.58800E403
5.66900E+01
6¢35000E+01
1¢39700£54+02
1.40300E402
1e54940E+02
1¢69091F+00
1¢64585F+00
2¢16772E=01
1:94562€+00
1.86006E00°

643582]1E~02

6,00000E91
1¢45000L+02
(I
0.
O
Oe

5.82500E+01
1,42400E402

1.38641E 400

1.5664TE+00

CALCULATED RESULTS FOR SOURCE R

60350005001
1:54G40E402

0.
2.72283E~03
O
5.97500E¢0}
1,45900E+02
IQDE‘I‘E‘OO

1.136489E+90¢0

SGlon . 1

O«
Qe

6.12500E+01

1,49900E+02

!

6.66063E=~01

T413016E=01

REGION NO, 6 AXIAL PLENUM REGION

RECEIVER POINT A=0.998

COORDINATES Ressese 4408932801
Zeveaon 2.82485E+02
Pitlcene Do

MEV/CM2=SEC RADSI(C)/HR REM/HR

l 8950 0. o. Ol"
2 1,25 o, 0, 0,
3 6'50 o. D. OIP
4 5,50 0, 0. %

G
O

6.27500E+01

1.53420F+02

3,14112E=-01i

Pl

@

Aioleloge
1B3|9nuolisy



0cl-¢

5 6,50 O
6 3.59 O
T 2480 De
8 2,50 14302E~-11]
9 2.00 O
{ 1:50 00
11 1,00 0.
12 4] 0.
13 «30 Os

103025'11

i

DINATES Recoses
Zoevwosas

‘PHIQOOI

t

€00

!

\ .

pECEIVEa POINT A=x0.998 -
1
y

0
Qe

O
1:653E-]7
Qe
O
Ce
1 2%
Qo

1.6535-!?

REGION NO,

¥
'
[

|

ne
.

! MEV/CM2=SEC RADS(C)/HR

1 8,50 0o

2 7,2% 0,

3 5,5¢p 0.

4 5.5p 0,

s 4,50 0,

& 3,50 0,

7 2,80 0.

8 2.5 2e647E"12

Q@ 2,00 Qe

10 1.50 {129

11 1l.00 0>

12 o 70 )

13 030 Ce
2e647E~12

303625-15
O
Oo
Oe
O
O

3.362E-18

REGION NO.

4408932E+¢1
9.8;455E*oz

TABLE 2-6 (Continued)

0,

Qo
O
1.8876=17
0»
O
(1
O
0o

1.,887E=17
& AXIAL PLENUM REGION Pl

tim s

REM/HR

'
i

3.83%9€~-18

O t

3.836F=18
& AXIAL PLENUM REGION P



lei-z

ey

RECEIVER POINT A30.99g

COORDINATES Reevees -

30

bt Pt et et e g Bt Bt o Pt
DINFV L WN —~O ODPNO U WA -
.
O
(2]

NN
N~ o
L)

(=]
ﬂ

NN
»> W
[y
O
"

003

NN N
~o N
.

[~
N

2._.2.&.

PHIeeqe

TOTAL

1,436E=12
3"#8E-12
5.613E-12
1enS7E=11
26‘*25'11
6,340E~11
1,759E=10
2.454E=10
6.748E=}p
1.006E=09
1.,060E=-09
1¢101E~99
9e3IBE=) ¢
9e152E=10
6.6915“10
70273€'10
T+864E~-79
44641E~]0
9,964E=)1]
1.099E~10
1,224E~10
1.427E=10
1,B24E=10
2.589E-10
‘0334E'10
8.766E‘10
1,103E=99%

1¢226E=08

TABLE 2-6 (Continued)

4408532E+01
9.82485E+¢2
O
E.GT.IMEV EQLT.lMEV
1.436E=)2 1,436E~12
3,448E=-12 JA4BFEw]2
S.413E=12 5.4135~12
1,557E=11 1457611
2,442F<, i  2.442F-11
6.340E=11 6+340FE~11
1,759E=10  1,759F~10
2.454F=19¢ 2e454F=1)
6eT4BE=10  6474BE=~10
1.006E~09 1,00:8=09
1,060E-09 1,060E-09
Qe 1+101E=09
0. 9¢938E~10
Qe 9¢142E=10
Oe 606915'10
0o Te2T73E~10
Qo 7086“E'10
0, 4e641FE=10
0, 0,
0. O
Do De
0. 0.
0. o.
O b )
O O
OQ 00
0, 0.
3.5715-09 Q-?ZTE'O?
REGION NO,

REM/HR

1s663E=16
3,796E=16
6.004E=16
1.129E~15
2.6085'15
6.726E=15
1,829E=14
2+401E=14
6eNFEE=1 4
S¢675E~14
9,896E-l‘
9.363E=14
6.920E=14
3.984E~14
3eB5T76E=14
20397E'1‘
2.738E"l‘
9.054E~15
1.775€-15
1.A37E=15
14679E=~15
1+629€=15
1., 713E=-15
1.865E=15
2.211FE=15
2¢679E~15
1.299€=15

6+311E~13

6 AXIAL PLENUM REGION

(RADS=T) /HR

205586'17
5.820E=17
9.268E~17
1.T7T12E=10
3.953F=~16
1:016E~15
2.619E=15
3.376E~15
70956E'15
1¢074E~14
9,.,993E-15
BOSOIE‘IS
6+558E-15
5+255E=15
3+413E-15
2+856E-15
2:922E=15
1.056E~19
2.125E=16
20122E=16
2e155E~16
2+218E~16
2.451E=16
2.9‘35‘16
3.878BE=16
Be60TE~16
3,794E=-16

6.973E~14

P1
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¢cl-¢

TABLE 2-6 (Continued)

RECEIVER POINT Ax(.358

COURDINATES Rseseeo #¢08932E+0]
Zessosns G.B82485E402
PHIseos ° Do

RAGS(E) /HR

1 l1.00 2e281E=14

2.28B1E=14

FoR SQURCE REGION 1 AND DETECTOR POINT 1| THERE HAS BEEN 0 AND 28 PATH | ENGTH CAL CULATIDNS
IN EXCESS OF 2040 MEAN FREE PATHS(GAMMA RAY) AND 120.0 GRAMS/CM##2 (NEUTRON) s RESPECTIVELY

INTERMEDIATE SUMMARY RESULTS OVER A SUBSET OF SOURCE REGIONS

i
EXTRA CORE REGIONS = TOTAL

RECEIVER POINT A=204998
COORDINATES Reseses 4.08932E+91
Zesosse 9.82485E+¢2
Prilesss Ne o

MEV/CM2=SEC RADS(C) /HR REM/HR

1 8050 0. o. 0‘
e 1,25 0, 0, O
3 6.50 0. 0' 0.
4 5.50 0. 0. o.
5 64,50 0, 0. 0.
6 3050 oo 0. o'
7 2'80 0. O. o!
8 2,50 1.302E«11 1,653E.17 1,887E=17
9 2.0 De De O
10 1.50 (114 Oe 0.
11 1.00 e O O
12 «70 Os O O¢
13 «30 0o 0o Do



ecl-¢

TABLE 2-6 (Continued)

5 D an om TS S &R o B0 e o U0 90 o W en o hdadd R E-TL A4 ]

1.302E~11 1'6535"17 1.887E=17
EXTRA CORE REGIONS « TOTAL

RECEIVER POINT As0.9%8

COORDINATES Receses 4+08932E%p])
Zesooes 9¢824B85E+02
PHIes o Oe

MEV/CM2=SEC RADSI(C)/HR REM /KR

3 8.50 o. o. 00
2 7.2 o, 0. 0.
3 6,50 0. 0, 0,
4 5,50 0, G, Oe
S 4,50 0, 0, 0.
6 3,50 o0, 0. 0,
T 2,80 0, 0, . 0,
8 2,50 2.,647E-12 3,362E.18 3,8239f=-18
9 2.00 O D O
lo 1,50 O 0. 0,
ll 1.00 OQ 0. 0.
12 o T0 0, 0, 0,
13,30 0, 0, 0.

2.6647E=12 3,362E-18 3.,839g~18
EXTRA CORE REGIONS « TOTAL

RECEIVER POINT A=0,998
COORDINATES Resessee 4¢08932E4g)

Zeonooe 9.82485E402
PHleses O

T0TAL EeGTeINEY  EoLT IMEV  REM/HR

proay

(RADS=T) /HR

@

Aiojeloge
1eajonuolisy



vel-¢

RECEIVER POINT

1.436E~12
3.448E'12.
5.‘135'12
1e037TE=}1
Coh42E=11
6¢340E-11
1,759E~-10
2,454E~]0
6.7488'10
1.006E=09
1+ 06CE=09
l1e101E=09
9.938E=y1p
9.,142E~y9
6+631E~10
7,273E=)0
T.864E=10
‘06“1&’1”
9,964E=11
1,099E=-10
l1le224E=10
1,427E=1¢
IQQZQE'IO
403345'10
8,766E=10
10103E'09

102266'08

COORDINATES Ressone

Zeasvese

PHIesao

RADS(E)/HR

1.436F=12
3,448E-12
5,413E~12
1.057E=11
20442F=11
60340E'11
10759E‘10
2.,454E210
6.7‘8E-10
1.006E=09
1.060E-09
0>
Qe
De
0.
0.
Ge
Oe
LE]
Qe
Qe
e
Q.
G,
0«
0.
0«

3.?71E°09

EXTRA CORE REGIONS

A=0+998
4e0R932E*Q]
9.826485E+02

0e

TABLE 2-6 (Continued)

10‘36F'12
J.4468F=12
Se413E=12
1v057€E~11
2+442F~1)
6¢340E=11
l1e756E=10
2.454F=10
b.T4BE=10
10006E=09
14060E~09
1101F=09
9.938E~190
9.142E=10
6.631E~10
70273E-10
7086‘E‘10
4.641E-10
Qo
O
1Y
0.
0o
0.
Do
O
O

909275'09

1,663E=16
3,796F=16
6000“5'16
1+129E~15
2.608E=]15
64726E~15
IOBZQE-I‘
2.40G1E=14
600965'15
9.675E=14
9,896E-14
9:363E~14
6+020E=~14
JOQBQE'I‘
305765"14
2.857E=14
2.738FE~14
9.054E=15
1¢775E=15
1.837E-15
1067QE'15
1.629€E~15
1.713E=15
1.865E=15
24211E~15
206795'15
1.299E=19

6+311E-13
= T0TAL

205535'17
5.820E=17
9,268E-17
1+712€E«16 -
3-953E'16
1.016E-15
2+619E~15
3,376E=-15
7:956E=15
1.0745‘1‘
9.993E=15
B8.501E~15
6558E=15
5.255E=15
3.413E=15
2,856E~15
2.922E-15
10056E'15
2+125E=16
2+122E=16
2+155E~16
2+21BE=16
20451E'16
20943E‘16
3.87BE~19
5:607E=16
3.7945'16

6+973E~14



Gel-¢

A

1

l.00

2.281E=34

2e281E=14

TABLE 2-6 (Contfinued)
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QCl-¢

TABLE 2-6 (Continued)

MSFC SAMPLE PROBLEM = SOURCE DATA FROM NAGS
= GEOMs, = 75 p, PROp, TANK
= MERIDIAN RING COS(A)=],0 TO 0,9

S0
52
75

7

12
28

1
1400
1405
1410
5533
5534
5539
5544
5549
5554
5559
5561
5534
5585
5599
5635
5636
564 ]
5846
5651
5656
5661
5663
5684
5687
5692

1 L]
VDO~ D

wtﬂ--n:unncnuvm-—-UH-u-u:mcnuvmcn—w»tnunua~mcnmcrm

OO0 OOV DO OIS

6 3

2 & 6
29 7

0.
50000005001
139700E+02
1.00000F+00
1e78331Ew02
9.180605=03
1:68242E-03
Oe
3.50000E+00
2,50000F+01
4410000E+01
4,73750F+0)
5.02000F+01}
5¢37500E+01
5.58800E+0]
14397005402
1.40300E+02
1454940E+02
1e4648S0F+00
1044570E¢00
1.2653RF+90
9e62695F=01
7+76585E-0]
7.14191FE«01
6.53882E~01
6¢22169E=01
1+83579€+p0
1,73407E+00
1,531176-01

8 10 12

10000006001
5.,58800E+01
1¢45000E+02
0.

1¢02969E=03
4,08992E=(;3
6.19382E~04

9.50000E+00
3,00000E+01
4,27500E+01
‘0812565¢61
5,00000E+01
5.51900E+0%

1.42400E202

1.42T8BTE Q0
1.19562E+00
8,96468E=0]
7.5882‘E“01
7.,06389E.90
6+39046E=01

1.4994TE« Q0

2,00000E+01
1.50000E+02

4,78818E-03
7377396E'03
6.19498E~p4

1.40000€¢01}
3,35000€+01
4.42500E+01
4.87500E+0]
5.10500E+0)

1.45900E+02

1.4015RE+09
1,124T0E*00
8.56650F=01
704&58]5'01
6,97894E=-0]

1.13770€+00

CALCULATED RESULTS FOR SOURCE REGION 1

REGION NO,

RECEIVER POINT A=0.998

COORDINATES Rasesves

4.08932E4+01 .

3,00000FE+01)
1¢54940E+02

4,42958E~03
2s62428E~03

1:80000E+01
3,65000€401
4.55000E+01
4.92500E+0)

15¢16500E+01

1.49900F+02

1¢36742E+00
1,n5592€400
8.,23799€~01
7+433701E=-01
5.87104E=01

7.‘1033E-01

T axXIAL SUPPORY PLATE REGION

4,00000E401

1+17044E-0?
2e134T7T1E~02

2,20000E+01}
3,90000F%01
4,65000E+01}
4,97500E+01
5,25000E+01

1.53420E+02

1¢3223%E+00
9,94441F=01
T7.,98232E=01
7.232545‘01
6,72632E%01

3,76900g-01

P1



LC1-C

B.S0
T+25
®.50
5650
6,50
3:50
2.80
2.50
2400
1¢50
1,60

70

«30

b Gms Pt pmo
W=D OOV U & WN =

Zeosees

pHIOO.o

9,82485E+¢2

Qe

MEV/CM2=SEC RADS(C) /HR

3.684E=7
2e1)8E=1}
9.305E'}1
BQOSGE"il
1:86SE=19
1:236E=31p
‘05285'11
8.140E-11
2¢090E=1]
1¢319E=10
64125E=12
105255'12
4.891E'l3

14159E~09

3.132E-16
1e864E«)7
84559E=17
30625E'17
109375'16
1.421E=16
50569E‘l7
10034E-l6
26863E-17
1.953E=16
9.86)E~18
2.547E=-18
80120E'l°

10486E=15

REGION NO,

RECEIVER POINT Ax0.998
COORDINATES Reesose

8,50
T.25
6450
5,50
4,50
3.50
280
2,50
2.00

OO~ AP WN

Zoeneogs

PHIoees

2.055E~=]0
1«108E=11
4,589E~]11
3,623E-11
7-212E'11
4.003E-)
lep04E=]1
1,970E=11
‘.06‘5-12

4¢08932E+01
9.82485E+02

0.

MEV/CM2~SEC RADS(C) /HR

1.7T47E=16
9|749E'18
4,222E-17
1,630E-17
Te5T2E=)7
4,603E=17
1.481E~17
2,502E=17
5,567E~18

TABLE 2-6 (Continued)

REM /HR

3.795E~16
2e224E=17
1«005FE=]6
90345E-17
2+232E~16
1«619E~16
6e384E-17
1¢18pE=-]6
3e26pFE=17
2e230F=16
1+4127E=17

24959F~18 .

9e244F~19

404335'15

7 AXIAL SUPPORT PLATE REGION

REM/HK

2:117E~16
1+163F=17
4,997F~17
~0203E“17
8.7265'17
S5¢264F=17
1:0698E=17
2.857F=-17
6+339F=148

P1

(2§§)

Alojelogel
1e3|onuolisy



gel-¢

190
11
12
13

RECEIVER POINT

1.5¢
1.00
070
30

COORDINATES Reesses

«08
o07
006
08
s 04
+03

TABLE 2-6 {Continued)

1,838E=11 2,121E=1T 3:107F=17
AyT6BE~13 T+677E=12 BeTT3F=19
€e240E=] 4 1.042E=19 1211F=19
3,035E~15  §,037E=21 5.735E=21
4,656E=19 4.§82E-16 Bs3ABE=]16
REGIGN NO. 7T AXIAL
Azn.998
4:08932E+01
Zoesses 9.82485E+02
pHI...Q 0.

TOTAL EQGT.IMEV EuLTolMEv
J.424E=y2 3, 424E=12 3.424F=12
8,841E=12 8.841FE~12 B.B4}E=-12
1,483g=11 1.483E=~11 1.4B3=11
J,071E=11 3,071E=11 3,071E=~11
TeddTE=1]  T.44TE=1]1 T.447E~)]
2+009E=10 2.009E~10 2.009F=10
Se726E~10 S¢726E=10 S5eT26E~10
7,976E=10 7,976E<10 T7,9764E=10
24180E-g9  2.180E=-09 2.,180F=09
3.231E=09  3,231E=09 3.23)E=-09
3,395E=0% 3,395€-09 3,395F=0Y
3,369E-0% ¢, 3,369€=-09
3.,078E=09 O 3.078F=09
24822E%09 0. 2+822E=09
20045E=09 0 2e045E-09
2.197E'09 Qo 2019TE'09
2.335E=09 ¢, 2+335E~09
14349E=09 O 1¢349E=q9
€.920E=10 0, Oe
3.175E-10 00 00
3-#32E'10 Oe Oe
3.B58E=10 0. O
4,714E-10 o0, 0,
6,546E=~10 Ce Oe
14080E=¢9 - 0e

REM/HR

34965E=16
907345‘16
1.645¢g=153
30280E'ls
7.95@E‘15
2.132E-1‘
$5.955€=14
7T.804E~14
1.969€=13
30)06E'13
30169E-l3
2.B64FE=13
2e143FE=-13
1¢230E=)1]
1.993E=13
B8.752E~14
85‘27E-1‘
2+631E~14
502015'15
503085-l5
4¢T09E=~15
4+402E=15%

4,427E-15"

4eT1TE=]S
5¢511E=15

SUPPORY PLATE REGION

{RADS=T) /HR

6,098E=Y7
1¢492E~16
254 0E=16
4,971E=16
1&2065-15
3.221E=15
8.525E‘15
1.098E-14
20570E‘14
e64TE=14
3.200E=14
2:.601E=14
2+031E=14
1:622E=14
1.043E-14
Be629E~19
B.676E=15
3.068BE=15
&.229E~16
6¢131E~-16
Ga044E-)6
5.995E=16
6.,335E-16
Teb43E=)6
Fe666E=16

Pl



6¢l-¢

26 .02 2.216E‘09 0.
27 «01 2¢951E=09 O

3.641E=08  ],Y5:E=08
REGION NO,

RECEIVER POINT As=0,998

COORDINATES Roeseee 4+08932E+91
2003000 9.824858E+p2
PHIsnee O

RADS (E) /HR

1 1,00 6.666E=14

60666E'1‘
FOR SCURCE REGION 1 AND DETECTOR

IN EXCESS OF 20¢0 MEAN FREE PATHS(GAMMA RAY) AND

TABLE 2-6 (Continued)

0.
O

?07705-08

6,771E-15
3+477E-15

1.970E-12

1:417E-15
1.0165-15

2+176E~13

T AXIAL SUPPORT PLATE REGION

POINT

s

i1 THERE HAS BEEN

Pl

0 ANO

INTERMEDIATE SUMMARY RESULTS OVER A SUBSET OF SOURCE REGIONS

EXTRA CORE REGIONS = TOTAL

! i

RECEIVER POINT A=x0,998

CCORDINATES Resosee 4004532E401
i :1 : Zoseoass 9+82485E+02
[ ’ PHIes g De ’
k |

MEV/CM2~SEC RADS () 7HR

1 8,59 3,684E=)p 3,132E-16
2 T7.25 24118E=j1 1,864E«)?

REM/HR

3,795¢=16
2e224F~17

0 PATH LENGTH CALCULATIONS
1200 GRAMS/CM##2 (NEUTRON) s RESPECTIVELY

@

fiojeloge]
Jeajonuossy



0€l-¢

OVO~NOWMP W

lo

12
13

6,50
5.50
450
3.50
2eBp
2e50
2,00
1,50
1,00

eTn

«30

9,304E~11
B,056E=11
10845E'19
1.2365'10
44526E=11)
8.1405'11
24090E~-11
1,319E=}0
64125E~)2
1.,525E=12
4,891E=13

1,159E~09

8,.599E-17
3,625E-17
1.937E=16
1,421E-16
5.569E'17
1.034E~16
2.863E'17
1,553E-16
9.861E‘18
205675”18
8.120E-19

101865'15

EXTRA CORE REGIONS =~ TOTAL

RECEIVER POINT Ax0,998
COORDINATES Ruzevee

WO OO RN P WN =

St s Pt ot

8,50
7.,2%
6-50
5,50
4.5n
3.5¢0
2+8p
2.50
2400
1050
1.00

+30

Zosoneo

PHIcaqs

ZQOSSE'IO
le108E-11
4,589E~1)
3.623E=11
T.212E=11
4,903E=11
10204E=-11
14970E=)1
4,064E=y2
i.838E=11)
‘.7685-13
6,240E=14
3-0355‘15

44656E~10

4-08932E+01
9.82485E+02

0.

MEy/CM2=SEC RADS(C) /HR

1.747E=16
90749E'18
4.,222E=-17
10630E‘l7
7.572E=17
4.603E-17
14481E-17
20502E'17
50567E-18
2¢721E=17
T.677E=19
1,042E<19
S.037E=2)

4.382E-16

EXTRA CORE REGIONS = TOTAL

TABLE 2-6 (Continued)

1-005E"16
9+345E=17
2.232E~16
loﬁlQE'lﬁ
6.384FE~17
1+18pE~16
3.250E~17
101275‘17
2+959E=18
9.2&4E'19

1,433E~15

REM/MHR

2.117€E=-16
1¢163E=17
495TF=17
&4203F~17
BeT26F~117
S5:244E-17
1¢698E={7
2¢85TE=117
6:33%9E-18
3e107E=17
80773E-19
1,211FE=19
507355'21

5¢385F=16

e



lel-¢

ab

RECEIVER POINT A=0.998
COORDINATES Rooesees

1 10,00
2 9,00
3 8400
4 7400
% 6,00
6 5,00
T &,00
8 3,20
9 2.%0
10 1.80
11 1,30
12 «95
13 70
14 .20
iS5 YY)
16 +30
17 20
18 o10
19 09
20 «08
2l «07
22 006
23 «0S
24 s0b
25 e03
26 002
27 o0}

Zeosses

PHIscoe

TOTAL

J,424E=12
8,841E=)2
1¢483E=)3
3.071E=]1
7.447E'11
2+009E-10
S+726E=10
70976&'10
2.180E~09
3.231E=09
3,395E=09
3.369E=09
Je07BE=-09
2,822E=~0?
20045E'09
2¢197E=09
2¢33%E=09
1,349E=09
24920E-10
3,175E=10
3.432E=10
3.858E=1¢
4,714E=19
6¢546E=10
1.080E=09
2¢216E=(9
20951E'09

3464)E=p8

TABLE 2-6 (Continued)

4+(0B932E+q1
9.82485E+42
Oe
EeGToIMEV  EolLT,MEV
3,424E-12 J.424F-12
8,841E-12 8,841E=-12
1.483E=11 1:483E=11
3.071E=11 3.071E~1}
T,44TE=]1 T+447F=11
2+009E=10 2.009E~10
SeTi6E=10 BeT26E=10
709v6£‘10 T+975E=10
2.180E=09 201806'09
3.231E=09  3.231E~09
3,395E=09  3,395F-09
Qe 3¢369E=09
O 3.078€=09
0. E.BEEE-09
O+ 2¢045E=09
O 2:19TE=0Y9
0, 2+33%5F=09
00 00
(1Y Qo
O De
Qe Qe
0 Oe
0. Oe
Qe Qe
Oe O
Ge i 1)
14US1E=08  2.770E=08

REM/HR

30965E'16
9,734E=16
1e645E-15
3-?80E'15
7.954E=15
2.132E‘E¢
5,95%E=14
TeBO4E=)S
10969E‘l3
3.106E-13
3,169E-=13
2086‘E’l3
2.‘#3E'l3
l.2308‘13
1.093E-13
BeT752E~14
8.127E‘l4
2.631E=14
54201E~15
5+308E=1%
64T09E~15
‘.‘OZE-IS
4e42TE=15
4,717E=15
5¢511E~1S
6.771E=15
3.477E=15

1¢970E=)2

EXTRA CORE REGIONG = YOTAL

(RADS=T) /HR

6:098E=~17
1,492E=1%
2+540E=-16
£¢971E=18
1¢206E=15
3.2258=15
Be52KE-}

1098BE~14
2:ST0E=~14
3.44TE-14
3,200E~14
2¢601E=14
£.031E~14
1.,622E=14
IQOQBE-I‘
Be629E~15
Beb676E=15
3.068E=15
6.229E-16
60131E'16
6eNAGE=16
5¢995E=16
6¢335E=16
Te443E=16
Qe666E~16
1:417E=15
12016E=15

2¢176E=13

@

Aiojeioge]
1eajonuol)sy



Zel-¢

RECEIVER POINT A=x0.998
COORDINATES Recsces

Zesesss

PHIeosso
RADS (E)}/HR

1 1,00 60666E'1‘

6.666E=14

TABLE 2-6 (Continued)

4.08932E401
9482485E+02
0e

EN



eel-¢

wn
1

u
1
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TABLE 2-6 (Continued)

MSFC SAMPLE PROBLEM = SOURCE DAYA FROM NAGS
- GEOM, = 75 D, PROP, TANK
= MERIDJIAN RING COS(A)=1+0 7O 0.9

50
52

g8 12

2 4 6
34 &)

0.
5.00000E«01
105494 0K +02
1¢70000E+02
1.86000E+02
1+00000£+0Q0
le00346E=p4
2e11365Fg=04
2433734E~-04
0.
3.50000E+00
2.60000F+01
4.10000E+01
4,T3750E+01
S5¢02000E+01]
5.37500E+01
6,12500€4+01
6¢35000E+01
1e54940E+02
1:55005E+02
1.55655E402
1057590EOQ2
1¢64490E4+02
1e74240E+g2
legé240p+02
1.,90590E402
10925§0E002
1¢93040E+02
1.88251F+00
1.87897E¢00
1e6445TE+Q0
1.17477F 400
9.11869E-p1
7.953865-01
6,4364TE-p]
1.25842E=01
1431610E=01
90320695‘01
3462197E+01
7.87185¢F4+00
22194198400

8 1o 12

1,00000E+0]}
S+50000E+01
1+55500E+02
1«74000E+02
1.90000E¢02

0.

2e47T59E=05
7.39501E~-05
6,78779E=~03

9.50000E+00
3.00000E%01
4,27500E+0)
‘081250E¢01
5.06000E+0]
S.51900E¢01
6,27500E+01

1455135E+02
155785E+02
1.58690E+02
1.66240E+02
1:76240E*02
1.85990E+02
1.912905002
1e92T40E+02

1.85648E+g9
1.54835E¢oo
1¢10319E+00
B480361E=0])
7.78501E-01
5,47494E.01
T.83726E=02

3.71345E20)
6.,478575¢00
1.50614E909

le

2.00000F+0}
6.,60000E¢01
1+58000E+02
1.78000E*02
1¢93040€¢02

1402079E=03
1.52885€~04
2,52332€=05

1.40000E+01
3.35000E¢01
4.42500E4+01
4,87500E+01
5.10500E+01
5.66900E+01

1.55265€+02
1:55945E+02
1-59990E032
1.6824(0E+02
1e78B240Evp2
1.87690F+02
1.91840E+02
1.92890E+02

1.82321E+9p
1.44765E+00
1.04095E+00
805‘2525'01
T.60273e~-01
3,86348E~9]

2+11022€¢0}
5438330E¢00
1.06032E¢090

3.00000E<0)
6¢35000E+01
1462000E+02
1eR2000E+02

90533“95-05
8+92423E~05

1480000E+01
3465000E+01
%.55000E+0)
4,92500F+01
5416500E+01
5.82500€+01)

1:55395E+(2
1e56240E+02
1061‘90E‘02
1+T70240E+02
1e80240F+02
legs740E+02
1.92140E+02
1.92990E+02

1e7794GE 40
1e¢34669E+00
9¢90366FE=01
B434032E-01
Teldbbb]lF=0]
2,51898E.01

1¢39236E490]
4¢21171E400
T¢28674F=p)

4,00000E%01

1466000F %02
1.82G00E+0<

2.39‘58E-0‘
S.0T4B6F=04

2+.20000E%01
3.90000E901
4,65000E+01
4,97500E+0]
5.25000E+01
5,37500E+01

1.55525E+¢2
1,56740E+p2
1462990E+02
107224 )E+02
1e8224GE+02
1,89T740E+02
1,92340F+02

1472075E00
1.25443E+00
9,48244F=01
9013985E-01
6,99936g~01
1.903345h01

1:01375€E+p1
3.)08595¢00
5,]17388E=p]

@

Aiojeloqe
1B3JanuoJjsy



vel-¢

> UEAU N
-_O DO OO

5702
STot
5712
5717
5722
5726

3,74946E01
5076306E'02
9.33034E-03
2+¢85381E«03
2¢49615E=03
6,65559€=-03

TABLE 2-6 (Continued)

2.,64407E=0]
3.99416E=g?2
6.75556E~03
2+52232E-03
3,07863E=03

1,77988E=01
2.77393E=02
5,12660E=03
2!3“345E'03
~012893E'03

CALCULATED RESULTS FOR SOURCE

REGION NO.

RECEIVER PUOINT A=0.998
COORDINATES Reesson

1o

O WM~ PP WA o

~

BaSn
T«25
6.50
S.SO
“.5!’)
3.50
28
2e5n
2,00
1,50
1.00

070

30

Zenaose

PHIQ’.H

MEV/CM2=SEC RANS(C)/HR

2:‘04E'12
508265']3
24280E=11
2.00TE=12
4¢433E=y2
3.4n2E=)12
l1e001E=12
1:973E=)2
Qe 725E=13
4n1“1£'12
1e214E=12
2¢578E=11
404B7E-14

Te076E~11

4e0B932E+0)

NeB2485E+p2

Oe

REM/HR

2-043E‘18 20476E'18
S¢127E«19 6:.118BE=19
2.068E=17 24463E-17
9,034E-19 2¢329F~18
4.654FE=18 Se364E-18
3.,913E~-)8 4.457F-18
1+232E~18 1e4]12€E~18
2:.506E=18 2+8631E~18
1.332E~18 1.517¢=18
6.,129E-18 6.998F«}18
10955E°18 2e235E=~18
4.305E=~17 5+001€=17
7.448E=20 B.480E=20
8,528E=17 1.050F=1p

REGIOWN NO,

REGION

1,21353€-01
1492958E~02
4,05234E-p3
2+30111E~03
6¢51415€£-03

8 AXIAL BATH SHIELD REGION

8 AXIAL BATH SHIELD REGION

8,34209E~02
1¢34201E=02
3,346T4E=Q3
2¢33TT6E=03

Pl



Gel-¢

RECEIVER POINT

COORDINATES Rhesese

|
COX~NOUN+WN -

S Pt
N =

13

RECEIVER POINTYT

8.50
T.25
6¢50
5.5n
450
3.50
2890
250
2400
1.50
1,00

eT0

v30

COORDINATES Roessses

TABLE 2-6 (Continued)

A=z(04.998
4408932E4+p]
Zoeooes 9.82485E¢02
PHI.... OQ
MEV/CM2=-SEC RADS(C)/HR REM/HR
1¢383E=-12 1¢176E=-18 1¢425F~19
3.156E~13 2.T7T7E=-19 3eJ14E-19
1.168E=11 1.075E-17 1e262F=17
9,428E=13 4,243E=19 1.094F~=18
14825E=12  1.917E=18 2.209E-18
10175E-12 1.351E-~18 1539F-18
2+882E-13  3,544E<19  4.063F~19
5,205€E=13 6,611E=19 Te548E=19 .
2¢104E=13 2.883E-19 3.282E=19
€e691E~13 09,902E~-19 lel31E=14
1,221E~13 1,966E=19 2:247€=19
1¢608E=)2 2+685E«18 J.119€~-18
1'057E°15 1.?54E‘21 1.9985-21
24075E=)§ 24107E=17 €e5)8F~17
REGION NO, 8 AXiaL
‘300998
4e08932E+0])
Zoaveoe 9.82485E+(2
PHl oo oo re
TOTAL E.GTei1MEV EeLT,1MEV
4.655E‘!? 4.655E-12 ‘.655E-12
1,268E=11 1,268E-11 1,268E=11
2.215E=11 " 2,215E=11 2.2i5E~-11
49706E~11 4eT06E=11 42706E~-11
1,155E=)0  1,155E=10 1,155F=190
3.120E~70 3.120E=10 3.120E=10
8+835E*10 8.835E~10 8.835€~10

tin o

REM/HR

503905'16
1,396F=«15
2¢456E=15
5¢026E~1S
l.23‘E-l‘
3.311E~14
9.188E~14

BATH SHIELD REGION

{RADS=T) /HR

Be290E=17
2.140E~16
3.792E=16
70618E“16
1,870E=15
5:002E=15
1+315E=14

Pl

@

Alojeioqe]
Jea|anuoilsy



9€1-¢C

RECEIVER POINT

COORDINATES Rescooe

O T~ & W =

RECEIVER POINT

Zosvose

PHlso s

TABLE 2-6 (Continued)

EXTRA CORE REGIONS = TOTAL

A=0.998
4+08932E+01
9.82485E+02

[\

MEV/CM2=SEC RADS (C) /HR

20404E'12
5.826E~13
2,280E=11
2.007E=12
4.433E-12
3e402E=12
1,001E=12
1+973E=12
9.725E=13
4e14lE=1p
1,214E=}12
2+578E=11
4,48TE=]14

7.076E‘]l

COORDINATES Roesesos

Ioogo.o

PHIee g,

MEV sCM2=SEC RADS(C)/HR

2.,043E-18
5.127E-l9
2,098E.17
9,034E=)9
4.654E~18
3.913E-18
1,232€-18
2¢506E=-18
lo332E'18
60129E'18
1,955E-18
‘0305E’17
7.448E=20

B492BE=iT

EXTRA CORE REGIONS = TOTAL

A-n.998
4«0R9132E+)
9.82485E+02

Ne

REM/HR

2e476E-18

6.118€~19
2,463E=17
2+329F=~18
5¢364F~18
4.457E=-18
lo‘]?E-le
2+8h)E~18
1«517€E~-18
6+.99AFE~-18
202355-18
5.001€=17
B.480FE=20

1:050E~-16

REM/HR

oy



LEL-C

-

8 3,20
9 2'50
10 1s89
11 1430
12 55
13 «T0
14 -
s YY)
16 30
17 20
18 210
19 + 09
20 «08
21 «07
22 06
23,05
24 004
25 003
26 02
21 .01

1:220E~08
3-306E'09
4.854E=99
S¢068E=g9Q
50228E'09
40676E'09
44291E=-p9
3,129€E~09
3,398E=09
3.664E=(9
2.]575'09
4.713E=19
5.160E‘10
5.562FE=10
60242E°10
7.5905'10
10702E'09
30‘32E'09
4,486E~=(9

5,598E=(8

19320E'09
3.306E~(9
4.854E=09
5¢088E=9
O
O«
0.
Oe
0.
O»
O
O
Oe
0«
Do
(1 I
0.
O
Os
Qe

1+585E«q8

REGION NoO,

RECEIVER POINT A=p.993
COORDINATES RQCQ...

1 1l.00

Zeooeos

PHleess

RADS (E) /7HR

1,036E~13

1,036F=13

FOR SOURCE REGION

4+08932E+01
9.8248%5E+02

TABLE 2-6 (Continued)

1¢220E=09
3¢306F =99
4.854FE=~09
50068F~(9
5+228BE~(9
4+6T6E=09
4.291E~09
3,129F=09
3.3985-09
3.664FE=09
2¢157E=09
Qe
Qe
O
De
(1
O
0.
Qe
0.

44239E=08

1-194Eul3
2+9886E~13
4eh67E= )3
4+T30E=13
&o4455=23
J:256FE=13
1.870E=-13
le672g=13
10353E‘13
1e275€E~13
A4209E=14
84393E=15%
B.593E~15
70631E'15
T.122E=15
T«129E~15
7.529E=15
80682€f15
14 049E~]4
SOZBSE-XS

J00SE~}2

1¢679E=14
3.598BE~14
5.179E-14
4:TT6E~14
‘r'OB(’E-l‘

3.0R6E=14

2.‘67E'1‘
1e596E~14
‘033‘E-1‘
1036]1E~14
4.908E~15
1¢005E=15
9.925E=16
9.795E'16
9,TppE~-16
loOZOE'ls
1.188E=15
1¢523E=15
2¢195E+«15
1+544E=15

3.319E=~13

8 AXIAL BATH SHIELD REGION

1 AND DETECTOR POINT
IN EXCESS OF 34.0 MEAN FREE PATHS (GAMMp

RAY) AND

} THERE HAS BEEN

Pl

0 AND

INTERMEDIATE SUMMARY RESULTS OVER A SUBSET OF SOURCE REGIONS

0 PATH LENGTH CALCULATIONS

120+0 GRAMS/CM®#2 (NEUTRON) +RESPECTIVELY

@

A10jeioqe
leajanuollsy



gel-¢

(=
O OD®NOWN & WK =

P gt
N -

13

RECEIVER POINT

8,50
1.25
6450
550
4450
3,5n
2¢80
2,50
2400
1450
100

70

30

1,383E~12
3,156E=~13
1¢168E=]]
90428E'13
lea25E=12
1,1735E=-12
2.882E']3
SQEOSE-13
2e104E-13
6,691E=13
1221E=}13
1+608E~)2
l.OS7E-l5

2¢075E=]1

COORDINATES Recsnse

ODP~NONP N

«30

Zesnooo

PHIew s

TOTAL

44655E-12
102685'11
24215E=11
‘0706E'11
1,155%€E=]0
3e.120E=10
81835E‘10
14220E~09
3,306E-p9
4,854E=49
5.06BE‘09
5,228E=09
4,6T6E=(9
40291E-09
3.129E=p9
34398E=09

11176E'18
2.7177E-19
10075E-]7
‘.243E-19
1.917€E~18
1,351E-18
3.544E=19
60611E'19
2,883F-19
9-902E-19
1,966E=19
2.585E~18
lo75‘E‘21

2-!075'17

TABLE 2-6 (Continued)

1.426p=18
3,314F-19
1e26PE~17
1094F-18
2:2095-18
1.539E=~18
44063F~19
70543F'19
3.282F~19
1¢131E~18
@e24TE~19
3-119r~-18
1¢998E=2}

2.518F=17

EXTRA CORE REGIONS « TOTAL

Ax0.,998

4908932E+91
9.82485E+02
Ne
Ee«GTeIMEV EolLT,IMEV
4,655E=-12 4.655F=12
1,26BE=11 1.268E~11
24215E=11 2+215F =11
4,T06E=11 4,706¢=~11
1.155E.10 1.158F<10
30120E‘10 301205'10
8.835E~1¢ 8+835E~1y
10220E~09 1¢220F=09
3,306E-09 3,306F-09
44854E-09  4.854F=(9
5¢068E=09 5¢06BFE=09
O 5.228g~09
0. 4,6T6F~09
Oe 4.291E=09
O 3e129E=09
0 3:398E=09

Al
§

REM/HR

5¢390E~16
1,396E=-15
2+456E=15
50026E"15
IO?B‘E-l‘
3.311E-l4
9.188E=14
l.]965'13
2.986E-13
4466TE=13
4¢730E=13
4,445p~13
3q?56E-l3
loBTOE-IJ
1:672E=13
1¢353E~13

(RADS=-T) /HR

8-290E'17
ZoléﬂE'lé
30792E“16
T«618E=16
1.87nE-15
5¢002E=-15
12315E-14
1+679€E~14
3.898E-14
5.179E~14
heTT6E=]14
‘0036E'1‘
3,086E=]46
2o46TE=14
1¢596E~14
1¢334E=14



6el-¢

17 .20
18 el0
19 * 09
20 .08
el o 07
22 06
23 205
24 e 04
25 »03
26 02
27 v01

RECEIVER POINT

COORDINATES Recsens

1 1.00

3.664E=(9 Oe
2p157E'09 Qo
4,713E=19 Oe
5,140E=10 O
5.562E=10 O
6.242E~10 O
Te5905E=10 0.
1¢045SE=09 0«
1+702E=09 O
3.4326-09 O
4,486E~p9 Oe
5,598E~08 ],585E=(8
Ax()«998
4+08932E+¢1)
Zoeveoss 9+82485E2¢2
PHlss e Ge
RADS(E) /HR
1.036E=13
14036E=13

-

TABLE 2-6 (C ontinued)

3.66$E-°9
24157E=09
Qe
(U
0.
Co
O
Oe
Qe
O
Oe

4¢239g-08

1-275E'13
40209E'14
B,393E=15
8.593E'15
70631E'15
7'122E-15
T+129E-15
T.529E~15
B.682E-15
1.049E~14
5¢285E=19%

J.005E=-12

EXTRA CORE REGIONS ~ TOTAL

1.361E=14
4+908E~-15
1.005E']5
9.9?5E'16
9-7QSE-16
9.T00E=16
1¢020E~15
IOIBBE'IS
1+523E-15
2+195E=15
1+544E~15

3.319E-13

@

Alojeioqed
Jeajanuolisy



oy 1-¢

BN U S ON Al P DR WU S Pl W W
OO0 DI DOICODDOCOAODODTOHI OO0

50
52
75

7
12
28

1
1400
1405
1410
5533
5534
5539
5544
5549
5554
5589
5564
5566
5584
5535
5589
5635
5636
5641
5646
5651
5656
5661
5666
5668
5686
5687
5691

TABLE 2-6 (Continued)

MSFC SAMPLE PROBLEM = SOURCE DATA FROM NAGS

= GEOM, = 75 D, PROp, TANK
= MERIDIAN RING COS(A)=),0 TO 0,9

T &

2 4 6
6

0o
5000000E+01
1.93040F+02
1.00000£400
0.

0,

0o

Qe

3+50000E4+00
2¢60000E~01
4.10000E+01
‘073750E401
5.02000g+01
5,37500E+01
6:12500E+01)
6e350C0E+0]
1¢93040E«Q2
1495529E+02
2¢13900F+02
1¢96572F+00
1.95931F+00
1.60574F+00
1e11778E¢ 00
8,68084F-p1
70512‘05‘01
5¢9%682F=-9]
2+6]1146F=01
1¢55962E=01
3c55431E=0]
Te85373E=p}
4¢53204E=0)

8 10 12

1.00000E+01
6,00000E+0]
1.98000E+02
0,
0
0,
O

9.50000E*00
3.00000E+0}
4,27500E+0)
4,81250E+0)
5.06000€+01
5,51900E+01
6,27500E+01

2401000E+02

1.9184%9E+0g
1.49156E+00
1.05135€E+09
8,37397¢€=p1
Te34417E=9)
5¢369)6E~-9)
1+85666E=0

1+22)977E+qg

CALCULATED RESULTS FOR SOURCE

REGION NO,

14

2.00000E+0]
60350005‘01
2.04000E%02

0.
1,81855E-07

0.

1440000E*01
3.35000€+0)
%.42500E+0]
4,87500€E%01.
5,10500E¢0%"
5,56300F+0]

2.07000E¢02

1.86121E+00
1.3R192€+00
9,93031E~01
8,11651E=901
Ta15416E=9)
4.Tp655E=0)

1.29350E400

REGIgN 1

3.,00000E+01
2.]0000F+02

0.
0.

1.80000E+01
3.65000F+01
4,55000F+01
4,9250GE+01
5.16500E401
5,82500E4+01

2¢12950E+02

1.79157€E+00
1,28041F+00
9.43646E=01
T.%30915F=01
6.89946E«g]
4:007523E~-0)

Te49981E~=g}

9 AxIAL pDOME PLENUM REGION

4.00000E+01
2.15900E+02

0.
0.

2.20000E+01
3.90000E+01
4,65000E+01
4.,97500E+01
5,25000£+01
5.97500E+01

1.T0611E%00
1019173E*00
9003535E'01
7.70080F=01
6.,53614E=01
3.32098E=91

Pl



Iy1-¢

~~~~~

RECEIVER POINT A=xpe.99g
COORDINATES Rsvvece

[
OOV VNP N L WN

[
[ X

13

8.50
Te25
6450
5¢50
4,50
3,50
2,80
2,50
2,00
1,50
1.00

«T0

30

Zeosogoe

PHIcoos

MEV/CM2=SEC RADS{C) /HR

2,165E=14
0.
0.
0.
O
0.

4+08932E+01]
9,82485E+02

Qe

O
0o
O0»
O
Qe
0.

Qe
2.7S50E-20
Oe
O
O
O«
0.

TABLE 2-6 (Continued)

REM/HR

Oe
O
O
e
Oe
0o

0.
3.140E=20.

0
Oe
O
0o
0.

L X T Y yromy ¥ J°%

i

2,165E-14  2,350E=20  3.140E~20
REGION NOo 9 AXIAL DOME PLENUM REGION

RECEIVER POINT As0e¢99n

COORDINATES Reeseoe 4,08932E401
Zeosege Qe8B24B5E+p2
i ENIQCOQ Os .

, : i
L MEV/CM2=SEC RADS(C)/HR.  REM/HR

: |

1. B.S0 0, 0. 0 '

217,25 0,) 0. 0. l

3' ‘6.50 0.- 0. 0.

4 '5050 oii 0. 00

5 4,50 o0, 0. 0.

6 ]3.50 0. 0. 0.

7 -2.80; O.K 0, 0, I '

Pl

@)

Alojeloqe]
Jea|anuolsy



TABLE 2-6 (Continued)

crl-¢

B 2.50 1.781E=16 2,262E=20 2.582F=20

9 2.00 0o 0o Qe

10 1.50 ({9 . Oe 0o

ll 1.00 00 Qe Oe

12 70 0, 0. Go

13«30 0. Oe 0

1e761E=14  2,262E=€0  2,582F~20
REGION NO, 9 AXIAL DOME PLENUM REGION Pi

RECEIVER POINT Ax0,998

COORDINATES Reseoss 4¢08932E+¢0]

ZOO_SOOO 9082‘85E002 N
PHIse s 0o !
TOTAL E.GT<IMEV  ELLT,I1MEV  REM/HR (RADS=-T) /HR

‘1 10400  14175E=16  1,17S5E=10 1417SE=10 1,361E~14 2.093E=~]S
2 9,00 5,140E=10 S.140E=10 5.140€=10 5,659E=14 B.,676E=~15
3 Be00 1e147E=09  1,147E-09  1¢187E=09  1.272E=13 ].964E=14
4 7400 2e59BE=~0S  2,598E~09  2,598E=09 2.77SE=13 4.206E~14
5 6400 5,926E=09 §,926E~09 5.926F=09 6.329E=13 9.59SE-14
6 S.00 10353E=(8 1+353E=08 14353F=08 10436E=312 24169E-13
T 8400 3eg72E=08  3.072E=08  3.072E=0B  3,194E=12 4.574E=13
B 3,20 3.521E-p8  13,521E=08  3.521F=08  3.445F=1. 44B44F=13
2 2,50 Be)194E=-n5 8.194E=-¢8 8e194E=08 7¢402E=12 9.661E-13
10 1480 1e061E-07  14061E~07  1:061E=07  1,0206E~11 1+132E=]12
11 1,30 1,037E=07  1,037E=07 1+0376=07  9.683E~12 94778E=13
12,95  9,011E-08 o, 9.,611E=-08  7,661E=12 6,955F=13
13«70 Te112E=08 g, TellPE=08  4,952E=12 4+693E=)3
14 «Sp  6.036E=08 9, 6¢036F=08  2.630E-12 3+46%E=13
15 40  4,264E=gB ¢, 4:264F =08  2,279E«12 2.175E=13
16 30 44508E=08 De 4.508¢=98 1e795E=12 1¢770E~13
17 420 4.753E=08 g, 4o753E=08  ),655E=12 1+T66E=13
18 410 2749E=-0B g, 2¢740E=08 5,363E~13 6.254E=14
19 « 09 SQEQGE'09 ve Oe 1¢Q006E=~]13 1¢205E~14
20 208  6.218E=g3 g, 0 16040E=13 1.201E=14
21 «07  Te4192E=09 9. Oe 94B6BE~14" 1.267E~14
22 06  8,72%9E=09 o, Go 9.960E=14 1.356E-14
23 405 14110E=08 0. Qe 14042E=13  1.492E-14



Evi-¢

24
25
26
27

RECEIVER POINT

004
«03
02
«01

COORDINATES Reveesge

1

1.00

FOR SQURCE REGION

IN EXCESS OF 2040 MEAN FREE PATHS (GAMMA RAY)

RECEIVER POINT

10476E-03 00
24 050E=~gR 0s
2¢968E=-08 0.
2.,238E-p8 0.
8e921E=y7 30816E“0?
REGION NO,
AIO.998
4+08932E+91
Zesncoos 9,82485E+02
pHI.l.. Oz
RADS (E) /HR
3.329E-12
3.329E=12

TABLE 2-6 (Continued)

Oe
Oo
O¢
0.

Ll L T Yooy ¥ P4

Te859E=07

lcO63E°13
1e045%E=]13
9.071F~14
2.637E=14

S5.881E-11

1.678E=~14
1:834E~-14
1-8995'1‘
T.702E-15

6e6T6E-12

9 AXIAL DCME PLENUM REGION

1 AND DETECTOR PO[NT

AND

proe

1 THERE HAS BEEN

Pl

0 AND

INTERMEDIAYE SUMMARY RESULTS OVER & SUBSET OF §OURCE REGIONS

COORDINATES Reesese

Zoessan

PHlsess

Az0.998

EXTRA CORE REGIONS = TOTAL

4¢0B532F 0]

9.82488E¢02

Do

MEV,/CM2=SEC RADS(C) /HR

REM/HR

0 PATH | ENGTH CALCULAT{ONS

1200 GRAMS/CM##2 (NEUTRON) s RESPECTIVELY

1]

@

Aiojeloge’
JB8|anuoJisy



1474 a4

b ot pot
N OBNPN D (WN

13

B,S0
7,25
6,50
5.5
&,50
3.50
2.80
2,50
2,00
1450
1,00
oT0
30

2. 165E-14

0.

20{65E=14

O
2.750E=20
Qe
0.
0.
0.
0.

2-?505‘40

TABLE 2-6 (Continued)

3,140F=20

babad 2 T 2 L 2]

3.140F=20

EXTRA CORE REGIONS = TOTAL

RECEIVER POINT A=z0.998
COORDINATES Reveses

RO D PNPUTI» W

Pt gl ol Gt * "

Zeoveos

PHIve oo

0,

le78lE=14

4008932E+01
9482485402

0

MEV/CM2=SEC RADS(C) /HR

Qe
O
0,
O
0,
0,

0.
2,262E-20
O
O
O
[V
0.

2,262E=20

3
{

REM/HR

LIS
2,582F=20
0O
H XY
Do
e
0.

2+582F=20



Syi-¢

sy

RECEIVER POINT

COORDINATES Roogo.o

1 10,00
2 9.00
3 8,00
& 7,00
8 6400
6 5,00
T %.00
8 3.20
9 2¢50
10 1,80
11 1,30
12 095
13 o 70
ise -1
15 T
16 030
17 20
is «10
19 « 09
20 08
2l 07
a2 « 06
23 +05
24 o0&
25 03
2& 002
27 201

Zevsogo

pHI!Ool

TOTAL

1.175E'10
5.140E=10
le14TE=09
2-5935‘09
S5¢926E=(9
10353E”OB
3.072E~08
3.521E=-p8B
B.194E=¢8
loOblE'D7
1.,037E=q7
9.011E~p8
70112E'08
6.036E=08
4,264E=08
4+508E~q8
‘.7535'08
2.749E=08
5,648E=09
6.,218E=p9
Te192E=09
8,729E=09
1¢110E=08
le476E=p8

2.050E=08

2.9n8E=08
2.238E-08

8.9215'07

TABLE 2-6 (Continued)

EXTRA CORE REGIONS ~ TOTAL

Am0Q,905

"4+08932E+01
9,82485E+02

Co

EeGT oI MEV EoLT.lMEV

1,1 75E=70 1,175€-10
Se}40E>,0 SeldoF-10
1,147E-09 14147E-09
2.598E8-09 2,598E-09
Se926FE=09 5926E~09
1¢353E=08 1¢353F=08
3,072E=08  3.072E-08
3,521E=08  3,521E-08
8+194E=08 Be194F (8
1,061E=07 le0plE~07
1,037E=07 1.037E=07
O 9.0)1E~-08
0. Te112E~08
O 6.036E~08
Qe 4e264F~08
O 4.5pRE«8
Qo &¢753E=08
1% 2.749¢~04
0, 0.

O O

O 0.

O Oe

0- -03

0s ()

Qo O

O 0.

0, 0,

LY I T T ) o . g
3ep16E=0T  74659E~Q7

REM/HR

1,361E=14
Se659E=~14
1.272€E~13
2,775E=~13
603295'13
1¢436E=12
3.194E=12
3.445€E~)2
Te402E~)2
11020E'11
9,683FE«12
Tebb61E~12
4.952E-22
2+630E~12
2e279E=~12
1+795E=12
14655€=12
5.363F=13
1.0065'13
1.040E=13
9.868E=14
9,960E=14
14042E=13
1.063E=13
1«045F=13
9.071E=16
2,637E-14

A S.881E-11

EXTRA CORE REGIONS « TOTAL

(RADS=T) /HR

2.093E-19
80676E'15
1.964E~14
4.2066'1‘
9.595E-14
2+169E-13
4.574E~13
4eB44E~13
Ge661E=13
1.132€~12
9,778t-13
6.955E-13
4:693E-13
34469E+-13
2¢175E=-13
1+770E~13
1-766E-]3
6+254E=14
!c205E'14
IOZOIE'14
1+267E=14
1+356E=14
104925'14
1.678E~34
1¢834E-14
lnaggE'l‘
7.702E=15

7 - ap on W a8 @ = W

6+676E-12

@)

Aiojeloge]
Jea|anuoisy



ovi-¢

RECEIVER POINT Aax0,898
COORDINATES Reossoec

Zeassae

PHIO..:

RADS (E) /HR

1 1l.00 34329E=)2

3.329E=y2

4+08932E¢p]
9482485E¢02
0,

TABLE

2-6 (Continued)



Ly1-Z

N PRGNS Y S AUT I W U ) UT U W U~ ) s

L I
OO0 O= OO0

OO0 U000 RLODLCLOCOOOLDOODIDOC OO

TABLE 2-6 (Continued)

MSFC SAMPLE PROBLEM = SOURCE DATA FROM NAGS
~ GEOM., = 75 D, PROP, TANK
= MERIDIAN RING CG3(A)®1.0 TO 0,9

31
50
52
75

7
12
28

1400
1405
1410
5533
5534
55239
5544
5549
5554
5559
5564
5568
5584
5585
5587
5635
5636
564)
5646
5651
5656
5661
5666
5670
5686
5687
5689

2

4 6
36 4

0.
5.00000E+01
2.15900E+02
1.00000E+00
4419149E-08
3.42619E-08
2+49050F«08
0.
3.50000€E400
2060000E+01
4¢10000E+01
‘0737505001
5.02000E+01
5037500E¢01
6.12500E401
6e60400E+0]
2+15900E+02
2¢16700E+02
2+1B440E+02
1.90507€+00
1:490522E+00
1.54594E400
1413896E+00
9.40465E=01
8.61230E“01
7023916Eu01
4432941E-01
2¢31065F=¢1
1¢2093KE+00
1e07994E2 00
T¢96418E-01

LAVIE RV

8 10 12

1.00000E+01
6,00000E+01
2.17000E+02
0,

4401930E=09
1,88453E=08
6016882E'°9

9,50000E+00

3:00000E+0]
4.27500E+0)

4,81250E+01 -

5.06000E+0)
5.51900E+0]
6.27500E+01

2¢17970E+02

1.88068E9+09
1:.%3899E+00
1.6778BE+0¢
9,04511E=~01
8,32337E=~-py
6.63804E=01
4,38821E~-9}

B.64614E=0}

CALCULATED RESULTS FOR SOURCE

2,00000E+0]
6.64000E+01
2.18440E+02

1493538E=¢8
3.02880E~08
244R045FE-09

1,40000E+01
3¢35000E+01
4¢072500E+0])
4.87500E4+0]
5.10500E401
5.66900F+01)
6,42500E+0]

1.80723E+00
1.34613F+00
1.03052E+00
8,78416E=0}
T.97539E=9]
5-°4387E-01
3.88121F=01

REGION 1

REGION NOs 10 aXIAL PRESSURE

3.00000E+01

2¢2B532E~08
2¢57185E=08

1.80000E4+01
3.65000E+01
4.55000E+01
14,92500E+01
5.16500F*01
5¢82500E+01
$,55200F+01

1e72030F4+00
10270385000
9¢94195E=01
8,71588E~01
7.657175'01
6e07213E~01
2¢68616F=01

VESSEL REGION

4,00000E+01

4,19199F=-08
6.45205E‘08

2,20000E+01
3.90000E+01
4.65000F+01
4,97500F+01
S.25000E+01
5.97500E+01

1.63560F+090
1,20327F+00
9,68858F=(]
B8.69175E=01
T.42075E~01
5.33745E=-01

P1

=

Alojeloge]
Jea|anuoJ)sy



8y 1-¢

RECEIVER POINT Ax(+998
COORDINATES Resseos 4+08932E+01
Zoseoss  D.82485E+02
PHIvess 0o
MEV/CM2=SEC RADSI(C)/HR
1 B8,5n 5.375E=5 4.569E=2}
2 7425 5.156E=16  4.537E=22
3 650 2.6816-15 2t232E'21
4 5,50 2,929E-15 1,318E.2}
5 4,50 5,369E=15 §,837E-2]
6 359 40396E-15 SCOSGE'ZI
7T 2480 2.42%9E=)5 2,983E-2]
8 2450 3¢910E=15 4.965E=2)
9 2400 3.339E=)5 4,575E=2]
10 1,50 8.447E=15 1,250E=20
11 1.00 3.286E~15 §.291E-2)
12 «7n  8,134E=j6  },358E-2)
13 e300  34766E=16  6.251E=p2
4,366E-14 5,161E-20
REGION NO.

RECEIVER POINT A=0.998

COORDINATES Reseesoe 4¢08%32E+9}
Zessegs 9.82485E%02
PHIeeso 0o
MEV /CM2=SEC RADSI(C)/HR
1 B.50 5.188E=)5 4,410E-21
2 T.25 4,960E=16 4,365E-22
3 5,50 2.,378E~}5 2,188E-2]
& 5,50 20T92E=15 1+256E=2]
5 4,50 S5,066E=15 §,320E=21
6 3,50 4,088E.15 4,702E-21

TABLE 2-6 (Continued)

REM/HR

5.537TE=21
Se4]4E=22
2e679E~21
3,398E=21
6.,496E=21
5¢759F=21
3e419E=2]
5:669E-21
5,210E=21
1e427E=20
6¢04TE=~2)
1.578E=21
701]75'22

6.;32E—20
10 axlAL

REM/HR

5:344F=2)
5,208F=22
20569E'21
3e238E~2}
6.130F=~21

5,356E-21

prosEy

PRESSURE VESSEL REGION

P1



¥ 1-¢

O © ~3

10

12
13

2,80

- 2450

2¢00
150
1,00
70
030

20216E'15
3,542E-15

2+963E=15

Te252E=15
2,687E=15
6.411E=16
2¢314E=16

3.954E~-14

2.726E=21
64,499E-21
4.0598'21
1-073E‘20
4,327E=21
X0071E'21
3.841E-22

4.611E=20

T

TABLE 2-6 (Continued)

3,125e=21
S.,137F=21
4.,622E-21
1e226F=20
4,945F=-21
14244E~21
4¢374E=22

U Wt 0 e A o T WS

5e492E=20

REGION NO« 10 AXIAL

RECEIVER POINT A=0.998

COORDINATES Resssse 4e38932E+¢1
Zoovoses 9,82485E+02
PHIweos (K]
T0TAL E«GToIMEV EsLT,IMEV
1 10400 1e4T4E=10 1.,4T74E=10 1.474E=10
2 9.00 6.680E=)0 4e680E=10 6.680FE=10
3 B.00 1:512E=09 1+512E=09 1512E=09
4 7,00 3.409E=09 3,409€E-09 3.409g-09
5 6,00 T.64TE=09  7,64T7E.09 T,647E=09
6 5.00 1.703E=-p8 1. 703E=08 1+703€=08
T &.00 3¢799E=(8 3.759E=98 3.759F=(8
8 3,20 4,215E=0p8  4,215E=-08  4,215F=(8
G 2450 9e651E=08 9,651E=08 9¢651E~0Y
10 1,80 1,23%E=97 1,234E-07 1,234F=07
11 1,30 1.200E=07 1¢200E=0Q7 1-200FE~07
12 95 9,326E-08 0o 9.,326F=08
13 o 10 T,44TE=p8 Go Toh4TE-08
14 .50  6,202E=08 0. 6.202F=08
15 240 4.,301E-08 (1 4¢301F=04
16 .30 4,434E-0B 0, 4,434F-08
17 eln ‘.5326'“8 0o 465325‘08
18  oln  2e525E=p8 G 2+525E=¢8
19 09 Se083E=p9 Qe Do
20 008 5.5575'09 0 0,
21 .07 6,448E=09 0, 0,
22 06 7.881E'09 s . 0»

REM/HR

1.707E=14
7+355E=14
1¢676E-13
306‘1E°13
B,167E=13
1.R0TE~12
3+909E~12
4.126E-12
B.718E-12
1.187E'11
lolZOE'll
T.929F~12
5.185E-12
2.703E=12
2.298E~12
1,766E=-12
1.578E-12
4.926E=]13
9.053E~14
90292E'1‘
806‘75-1‘
8.,992E~14

PRESSURE VESSEL REGION

(RADS=T) /HR

2:626E=15
1+128E-14
EISSBE-I‘
5.519E"l4
1,238E=~13
2:730E=-13
5.597E~13
S5e800E=13
1,13gE~12
1,317E=12
1.1315-12
70199&‘13
4,914E=-13
3.565E=-13
20194E'13
1.741E=13
1e684E=13
54745E=)4
1+0R4E=14
30073E'1‘
1:136E=14
1:225E=14

P1

&)

A10jeioge]
Jeajonuolisy



TABLE 2-6 (Continued)

0¢l-¢

23 05 1,0607E=08 0. 0. 9.45TE=14 1.353E=~14
24 04 193355'08 s Qe Ge61TE=14 1.517E~14
25 «03 1¢822E=¢8 0a 0¢ 9.292E~14 1¢630E~14
26 «02 2454)1E=0B g, O TeaT65E=14  1625E~14
27 00} 1¢798E~08 Qe Oe 2+118E~14 6+187E-15

9+¢478E=p7 4¢501E=-07 8.378E-07 6eS5TTE=11 7517E=12

REGION NO. 10 axIAL PRESSURE VESSEL REGION P1

RECEIVER PIINT Ax0,99g

COORDINATES Rececse 4:08932E+01
Zevoage 9.82483E+02
PHleaqe Co

RADS (E) /HR

‘.2465-12

4,246E~12

FOR SOURCE REGION 1 AND DETECTOR POINT
IN EXCESS OF 20+0 MEAW FREE PATHS (GAMMA RAY) AND

INTERMEDIATE SUMMARY RESULTS OVER A SUBSET OF SOURCE REGIONSg

1 1.00

1 THERE HAS BEEN 0 AND 0 PATH LENGTH CalLcULATIONS
12640 GRAMS/CM%#2 (NEUTRON) yRESPECTIVELY

EXTRA CORE REGIONS -« TOTAL

RECEIVER POINT Ax=0.998

COORDINATES Rosenqs 4+08932E+g]
Zevvegs 9+82485E+02
PHIseqs 0,

MEV/CM2=SEC RADS(C)/HR  REM/MR



P
,_N

TABLE 2-6(Continued)

1 8,59 5,375E~-15 4,569E-2] 5,537F=21
2 T.25 5,156E=)6 4.537E-22 S.4)14F=22
3 6.5p 20481E=15  2,282F-21 2¢679F=21
4 5050 209295'15 1.318E'21 3!398F-2l
5 445 5¢369E=15 S+637E=21 6e4%6F<2]
& 3.50 4.396E~)5 5¢056E=21 5:759F=21
T 2.8¢ 2+425E=15 2.983E~21 3e419E-21
8 2.5¢0 3e910E~15  4,965E=-2] 5.669F=2]
9 2400 3.33%9E-15  4,575E=~p2] 5.210E~21
10 1450 8,447E-15 1.250E=20 1¢427E=20
11 1,00 3.286E~15  5,29]1F-2] 6,047g=21
12 «70 8,134E-)6 1.358E=2] 1.578€<2]
13 «30 3.766E=16  6,251FE-22 Tell7E-22

‘.366E'14 5.&61E-¥0 60;3?5‘20

IG1-¢

EXTRA CORE REGIONS = TOTAL,
.l

RECEIVER POINT A=D,998

COORDINATES Revoseo 4+08932E+01
Zeesose 9.82485E+¢2
PHIse e Oe
MEV7CM2=SEC RADS(C) /HR REM/HR
1 8,50 5.188E-15 4:.4)10E=21 5¢344F=21
2 71,25 4,9605-16 4 ,365F2)p 5.,208F=22
3 6050 29378E'15 201885'21 2.5685-21
4 5050 2.792E'15 1.256E'21 3!238F'21
5 4.5p 5.066E~15 §5.320F=2] 6:13nE=~21
6 3.5 40088E-15 4-7025‘21 5e¢356F=21
7 2.8 24216E=15 2eT26E=2} 3e125F=~2}
8 2.50 35542E'15 4-#99E‘21 501378-21
9 2,00 2¢963E~]5 4,059F =2 4.622F=21]
10 1.5¢ Te252E~15 1.073E=20 1:226F=29
11 1,90 2.687€E=5 4,327E=21 4,945F=2]
12 70 6e4llE=1g 1.071E=21 1e244£5~2)
13 (30 2,314E-16  3.B41E.22  4.374c.20
3:954E=14  A.411E=20  5.490F=20

@)

Alo0jeloqe]
1B3|anuolsy



A Nl

RECEIVER PCOINT

COORDINATES Rocooen

1 10,00
2 9%.00
3 8,00
4 7,00
5 6,00
6 ‘5,00
T 4,00
8 3,20
9 250
o 1.8p
11 1430
12 e95
13 oT0
14 050
15 040
16 «30
17 20
18 olg
19 e« 09
20 08
21 «07
22 «06
23 « 05
24 204
2% e03
26 e 02
27 o001

Zasveos

PHIOOug

TOTalL

1.47‘E'l°
6,680E-10
1-512E'09
3,409E=-09
Te64TE=0S
1¢703E=g8
3.759E'08
4,215E=08
9.651E=¢8
14234E=g7
14200E=Q7
90326E'O8
Te44TE=0B
6.202E-08
4,.301E=-08B
4.434E=8
4¢532E-¢8
2+525E=g8
Se0R3E=0G
5,557TE=-09
6.‘48E'09
T.881E=q9
14007E=0B
1'335E'OB
IOBZZE'OB
2¢541E~05
1.798E’OB

90‘785'07

TABLE 2-6 (Continued)

EXTRA CORE REGIONS = TOTAL

Ax()s99R

4+08%932E+g)

G.82485E+02

Oe
EeGTelIMEV = E LT, IMEVW
1,474E=10  1,474E=10
6,68pE=10 6.680E=10
1.512E=09 1.517E=09
3,409E=09 3,409F=09
70647E’09 706475'09
1:703E<08  1.703F=08
3,759E«p8 3+759E=~(8
4,215E~08  4,215F=(8
9.,651E=08 9,651F=08
1.234E=q7 1e234€=07
1.200E=07  1.200F=07
De 9¢326F =04
Do TedaT7E-08
O 6.202E=08
0 4,301E-08
0o &.434E~(8
0o #4¢532E=08
Oe 2+525E=-08
0. Oo

0. 0,

Qe ()

O 0o

O O

(1 Qo

O [ )

O Qe

Qe Qe
4,501E~07  8.378E~07

REM/HR

107075'1‘
7.355Eﬁl‘
1.676E=13
3,661E=13
BeldTE~13
1.897E=)2
3.90%E-12
4,124E~12
8.718E~12
14187€E~=}1
1¢120E~11
709295'12
5.185E=12
2¢TO3E=)2
2¢298E=12
1:766E=12
1:578E~12
4.926E~13
9.,053E~14
9,292E~14
8.84TE~14
8.992E=14
9.45TE=14
9,617E~14
9.292E=14
T.T65E=14
2.118E=14

GeSTTE=1]

EXTRA CORE REGIONS = TOTAL

{RADS=T) /HR

2.626E~15
Y- 12BE=-14
ZOSBBE'l‘
5.519E=14
1.238E~13
2+730E-13
5¢597E~13
5.800E=~13
1+13BE=12
10317E‘12
1.131E-12
T¢199E=-13
‘-914E'13
3.5658=13
2+194E=13
1eT41E-13
1¢684F-13
5.T45E=14
1+0B4E=14
10073E"1¢
1+136E~-14
1¢225E~14
1353E~14
105175"4
1e630E-14
] e625E=14
6¢187E=19

Te817E~12



TABLE 2-6 (Continued)

RECEIVER POINT Ax0+993
COORDINATES Rscsess 4:08932E+01
2603000 9082‘855002

egl-¢

Pt s

RECEIVER POINTY

1.00

PHlso s

RADS(E}/HR

‘.2‘65-12

402‘5E'12

CUMULATIVE SUMMARY RESULTS OVER ALy SURSETSiOF SOURCE REGIONS

0o

~ NUCLEAR SUBSYSTEM = TOTaL

A29,998

COORDINATES Reassoee 4¢08932E+9]

Zossooe 9.82485E+02

PHlose e Oe

MEV/CM2=SEC RADS(C) /HR REM/HR

1 B,50 5,084E-10 4,322E-16 5,237F-16
2 7.25 5,998BE=1] 5§,279E=}T7 6.298F~]7
3 6450 3.510E=10  3.230E-16 3.791F-16
4 5,50 3.798E=3y0 14709E=16 4eb0ST=16
5 6,50 9,668E-1p 1,015E<15  1,17nE=18
6 3.50 1.186E=09  1,364E=15 1.554F=15
7T 2.80 S.)10%E=10 6,284E=]16 Te204E=16
8, 2+50 Te345E=10 9,322E=]16  ].064F=]5
9 2+00 50429E‘l0 7.438E~18 BeaTpE= |6
6 1,50 S.QZBE’ID 803295‘16 9.5118'B6
1 1,00 2,561E=10 4,123E-18 4,7)2E=16
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TABLE 2-6 (Continued)

12 eT0 240%4E=10 3,497E=16 4.062(~16
13 «30 1,410E~11 2,341E-17 2.666E=17
5.283E~p9 7.€81E~15 BeAh1TE=15

NUCLEAR SUBSYSTEM ~ TOTAL

RECEI{VER POINT A=(.9%3

yei-¢

COORDINATES Roeesen 4¢08932E9%91
Zesvoes 9.BZ485E£+02
pHIOl.O 0!
MEV/CHM2=3E£Z RADS (C) /HR REM /KR

1 BeBp  2470%9E=1n  2,303E=~16  2.,79pFE~14
2 1,25 20760E"l& 20‘29E'l7 24898E=17
3 6459 1e499E«19 1.371E~16 1e609F=16
A 5,59 1e432E=10 6,446E~17 1¢662E=16
5 %.50 3.130E=}0 3,286E-16 3.787¢=16
6 3.%0 3,073E~)10 3.,533E~16 4.,025F~16
T 2480 15075E=10  1,322E=16  1515€=16
B 2,50 1e444E~10 1.834E~)6 20¢094F=16
S 2.00 8s111E"]1 1s111E=-16 1265E=~16
10 1.50 6.358E~-)] 9.410E-17 1075K=16
i1t 1,00 1,469€E~11 2.366E=17 24704E=17
12 o 10 6,928E=12 1.157E-17 13445 =17
13 30 6e6243Ew14 1.035E~-19 1¢180E~19
106296=09 F0604E=15 €+052E=15

NUCLEAR SUBSYSTEM « TOTAL

RECEIVER POINT A=n,993

COORDINATES Renesas 4¢0R932E¢g})
Zovsoce 9.82485E¢02
PHIsvego Oe



gGl-¢

=

1 10.00
2 9.00
3 8,00
4 7,00
5 6400
6 5,00
7 Qegﬂ
8 3,20
¢ 2,50
lo -1.8p
11 1030
12 - 495
13 070
14 e50
1% )
16 30
i7 020
18 «10
19 e 09
rdd .08
21 «07
22 006
23 005
2@ .O‘
2% «02
26 02
27 0]

RECEIVER POINT

TOTAL

2¢791E=190
1:219E=09
2e720E=09
6.133E=99
1+388E=p8
34137E=q8
700595'08
B8.052E=08
1.,871E=97
20‘23E'07
2-371E'07
10970E'07
1¢579E=qg7
1¢337E=p7
9.3865'08
9,.830E=08
1,026E=07
S¢831E=g8
10194E=08
1.309E-08
1:508E=¢g8
1.824E=p8
2.3185‘08
3:091€E~08
4,333E=98
64446E=(8
S5.256E=08

1-987E'06

COORDINATES ﬁaoqoo’

Z..I'O.

pHIQl"

RADS (E) /HR

EsGTeIMEV

2+791E=10
loZlgE'Oq
2:?205'09
6+133E=-09
1.388E=p8
3.137E=8
T+059E=08
B8,052E=~08
1.8T1E=07
2:.423E=q7
2e37)Emg?
Qe

O

Oe

O
Oe

8e732E~07

TABLE 2-6 (Continued)

E.LT.IMEV

2¢T91E=10
16219E~=09
2eT720F =09
6.133F=¢9
1388F=08
3+137E=08
T+059E=0H4
8,052¢=-08
1.871E“07
2e423E=07
2371E~07
14970E=07
1+579E=07
1¢337F~07
9+386E~08
9.830g=~08
1.526E'07
5:831FE~-08
0,
0,
Qe
Qe
Qe
0.
0,
0.
0

1.7156=06

REM/HR

3‘?325-1‘
1-342E‘13
3.0]7E'13
6.550E=13
14482E=12
3+328E=12
Te341E~12
7.,878g=12
1,690E=11
2+330E=-11
Z.ZI*E"II
1s675E=11
1,099E=11
5.825E=12
Se016E*12
30915E-12
3,564E~-12
1138E~12
2e¢126E=13
2.189E“l3
20.069E~13
2+083E>13
2+17T7E=)13
2.227g=13
ZQZIOE'RS
14970E=13
6.192E~14

1+324E=10

NUCLEAR SUBSYSTEM = TOTAL

A=0-998

4¢08932E¢01]
9eB82485E+02

Qe

{RADS-T) /HR

“0971E'15
20057E-14
4465TE=14
9.929E=14
2¢24TE=13
5¢029E=13
1e051E=12
1.10RE=12
2.206E=12
2+585E=12
2¢235E=12
1:520E=12
1:042E=12
T+683E=13
¢07885‘13
3.,86NE=13
3.805F=13
1¢327E=-123
2+547E~-14
2:.529E«14
29655E-14
2+835E~14
3+115E=-14
3051%5'1‘
J.,B77E=14
4-123E'14
}1«809E=14

1+506E=11
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TABLE
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1 1000 708555-12

W ap RO 0 w ve

TeBS55E=}2 _
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2.6 CODE LOGIC

The general code logic used in the KAP VI code is presented in this section. The
calculational procedure used in KAP V1 is described in the following chart illustrated in
Figures 2-1 and 2-2. The flow chart is constructed in a simplified form to illustrate to the
user when a certain operation or calculation is performed. The symbolism used in the flow
chart is shown in Figure 2-1 and the actual KAP-VI logical flow chart is given in Figure 2-2.
Each of the principal operations performed by KAP-VI are described in Section 2.5. The
logic of the code as presented in Figure 2-2 has the principal FORTRAN DO loops indicated
as indexing loops A-S for simplicity. The KAP VI code logic is altered from the KAP V logic
only in the logic to calculate gamma ray absorption coefficients. All other differences be-
tween KAP VI and KAP V are involved with calculatiors and/or iviput or output changes.

A description of the subroutines in the KAP VI code is presented in Table 2-7. These
descriptions indicate the principal calculations performed by the subroutine in the code logic
and are related to the flow chart in Figure 2-1 and the description of the method of selection

in Section 2.7.
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Subroutine Name

KAP

FINSET

FINOUT

DEBN

DEBI

KERNEL

LENGTH

SOURCE

TABLE 2-7

Description of KAP VI Code Subroutines

Principal Function

Reads problem input data, performs data
card format checks, initializes data storage,
computes zone=boundary surface ambiguity=
indices, performs numerical integration over
source points in a source zone for each
detector point.

Performs setup of control data words
for printout of final results.

Prints out the final results under control of
subroutine FINSET.

Prints real (floating point) arrays for code
checkout.

Prints integer (fixed point) array for code
checkout.

Calculates attenuation kernels for neutrons
(Albert-Welton, moments method monovariant

or bivariant, polynomial) or gamma rays
(exponential) depth penetration data (grams/cm™)

in each element or material in the KAP VI
problem. Depth penetration data are com-
puted by subroutine LENGTH.

Calculates the depth penetration in each
element or material for each line = of-sight

from « source pointtoa detector point.
Calculates the geometry related data,

Calculates the source point distribution
and normalized source data for each source
zorne based on input source distribution data,
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Subroutine Name

SIR

PPLOT
LIBRE

LIBER

BUILD

N
INOUT

SIGK

AL

PGUT
ERROR
EXIT

SLITE
SLITET

Astronuclear
Laboratory

TABLE 2-7 (Continued)

Principal Function

Calculates interpolated values of source
distribution data for input distributions.

Not presently used.

Calculates group-wise gamma ray absorption
coefficients (i.e., total cross sections) for
elements based on internally stored bivariant
polynomial coefficient data or interpolation

of tabular data. Data are in units of cm2/gram.

Calculates group-wise gamma ray coefficients
(i.e. total cross sections) for elements based on
Tape 11 photoelectric and pair production
library data and Klein-Nishina equations.

Calculates cubic polynomial coefficients for
use in buildup factor calculations kased on
group energies and internally stored bivariant
polynomial coefficients.

Performs parabolic interpolation of tabular
data.

Prints organized output of the input data
and performs input data checks.

Calculates the total Compton scatter cross
section at an energy based on the Klein-
Nishina equation for inelastic scattering of
a photon with a free electron,

Perfarms a log=log interpolation of tabular

dati,
f#rieis alphanumeric title information.
Prints alphanumeric error statement.

Subroutine to simulate system routine with

a STOP.,

Subroutines to simulate systam sense light operations
for use in LENGTH subroutine.
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MAJOR OPERATION

o

OPERATION: '
MINOR OR INITIAL
OPERATION
CONDITION 1
DECISION:
CONDITION 2
ENTRY POINT:

EXIT (RETURN) POINT

Figure 2-1. Flow Chart Symbolism
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INITIALIZE ALL
QUANTITIES

A

READ INPUT DATA

1. ALPHANUMERIC

2, INTEGER

3. REAL

CALCULATE
AMBIGUITY
INDICES

IF ISRC: 6

+

CALCULAZE CARTESIAN
COORDINATES OF

SOURCE POINT

INCLUDING TRANSLATION

Xg=Xg+ Xy

YS"Y5+YT
Ig=Z5+2;

CALCULATE
GAMMA RAY
LIBRARY DATA

|

INTERPOLATE
SOURCE
DATA

iF ISORC: 0

CALCULATE
SOURCE
DATA

|

IF 18ILD: 0

CALCULATE
BUILDUP
DATA

]

IF INOUT: 1

PRINT INPUT DATA

BEGIN

DETECTOR

POINT LOOP

n=l]

CALL EXIT

BEGIN SOURCE
POINT LOOP IN
AXIAL OR POLAR
DIRECTION

k =1

A

CALCULATE RADIAL
AND
AZIMUTHAL SOURCE
TERM, S i

J

CALCULATE CARTESIAN
COORDINATES OF
SOURCE POINT ; X_ Y,

5,08

)

BEGIN SOURCE
POINT LOOP
IN AZIMUTHAL
DIRECTION

j=1

BEGIN SOURCE
POINT LOOP
IN RADIAL
IRECTION

=1

|

<

i

Xg =X COS IZ + X
Ys = Ys CcOos (ZS' + YT
ZS = RS SIN (ZS) 4 ZT

1A

CALCULATE
SOURCE
REGION W(E)'S

CALCULATE
CARTESIAN
COORDINATES
OF

DETECTOR POINT

[

FQLDQUT ERAME |

R

-

CALCULATE
SOURCE POINT
SOURCE TERM

!
1
i
| Sijk

y

CALCULATE
PATH LENGTH §
(SUBROUTINE LENGTH)

Pz,PuP

CALCULATE

KERNEL FUNCTIONS

¥

CALCULATE
INDIVIDUAL
SOURCE POINT
FLUX DATA

ACCUMULATE
SOURCE POINT
FLUX DATA

I=]+1

IERER

IA
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1 - |

ALCULATE ) INTIALIZE

RCE POINT SUB-TOTAL

URCE TERM RESULT LOCATIONS
Silk .

CALCULATE AND PRINT

! ACCUMULATED
ALCULATE SUs- TOTAL

1 LENGTH § RESPONSE RESULTS
JUTINE LENGTH)

’Z' PM,P

CALCULATE AND PRINT
ACCUMULATED TOTAL
RESPONSE RESULTS

r
NO
INITIALIZE
TOTAL
\LCULATE RESULT LOCATIONS
L FUNCTIONS
n=n+]
y
CULATE
IVIDUA),
JRCE POINT INITIALIZE
X DATA
INDIVIDUAL
SOURCE REGION
RESULT LOCATIONS
UMULATE ?
%CE POINT
< DATA
) j
! CALCULATE AND PRINT
=K+ 1 7 10UT (2: INDIVIDUAL SOUKCE REGION

RESPONSE RESULTS

1

ACCUMULATE
SOUItCE REGION
FLUX DATA
=]+
CALCULATE TOTAL
p SOURCE REGION
NsO (i) > = = C FLUX DATA ,
} Figure 2-2. KAP-VI Program Logic
>
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2.7 METHOD OF SOLUTION

The KAP VI (Point Kernel Attenuation Program) cede employs the point kernel
method to calculate neutron and gamma ray radiation levels at detector points located within
or outside a complex geometry (including the radiation source) describable by a combination
of quadratic surfaces. The attenuation function, or kernel, for gamma rays employs exponen-
tial attenuation along with a buildup factor to account for multiple scatter. Three optional
fast neutron attenuation functions are included: (1) a modified Albert-Welton function for
calculating fast neutron dose rate using removal cross sections; (2) a bivariant polynomial
expression for computing neutron spectra using infinite media moment data; and (3) a mono-
variant polynomial expression for computing neutron spectra using infinite media moments
data. The program also handles either cylindrical, spherical, disc, line, or point sources. A
variety of options are available for describing neutron or gamma ray source distributions in
complex geometries. A description of the geometry dependent calculations and energy de-
pendent calculations and the reiationship ¢ input data to the method of solution in the
KAP VI code are given in this section.

The KAP VI code requires the following input information ir order to perform geom-

etry and energy dependent calculations:

1) zone descriptions which are defined by intersecting surfaces,

2) geometric surfaces which are descril:d by forms of the quadratic equations,

3) compositions in the zones which are described by a material-composition
table, and

4) nuclear properties of the materials.

Based on this geometric data, the KAP Vi program calculites the "line-of-sight"
distance (path length) through each material in each zone between each saurce point and the
detector point.

Subsequent sections describe the techniques used in describing and solving geometry

dependent quantities for a KAP VI problem.
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2.7.1  Geometric Surfaces

The geometry of a KAP VI problem can include the following types of equation

surfaces:
1) Equations of a surface of revolution about any x, y, or z coordinate axis.
2) Equations of a plane normal to the x, y, or z axis of the reference system,
3) Equations of an elliptic cylinder about any z axis.
4) Equations of any quadratic surface by specifying appropriate equation

coefficients,
To simplify the geometry description, the program contains specific forms of these
quadratic surface equations. Each of these equations are identified by an equation number

(value of input quantity NEQBD). The equations available are as follows:

AZ) + Bly?) + Cz?) + Xgx + Yoy + Zgz - D = 0 (NEQBD = 1)
Alx = Xg)2 + Bly = Y)2 + Clz = Zg)2 - D2 =0 (NEQBD = 2)
(<= X2 +ly - Y2 - D" =0 (NEQBD = 3)
x-D=0 (NEQBD = 4)
y =D =0 (NEQBD = 5)
z2-D=0 (NEQBD = 6)

The equation coefficients A, B, C, X0 Yo, Zg, and D are input data for the surfaces
in a problem. The surface equation number defines the necessary coefficients, and only those
coefficients necessary to solve the respective surface equation is required input.

The surface defined by NEQBD =4, 5, or 6 is a plane normal to one of the co-
ordinate axes. NEQBD = 3 is the equation for a cylindric surface with its axis parallel to
the z axis, NEQBD = 2 is an elliptic surface which, by specifying the A, B, and C coeffj-
cients properly, can describe elliptical cylindric surfaces with their axis parallel to each of
the coordinate axes. NEQBD = 1 is a form of the general quadratic equation. By proper
manipulation of the coefficient of a quadratic equation defining a surface, one can calculate

the required coefficients A, B, C, D, Xor Yo, and Zg.

A:Q:\




The equations shown above require that all coefficients must be in units consistent
with the nuclear properties of the zones.
The maximum number of geometric surfaces that can be employed in a KAP Vi

problem is limited to 100 surfaces with @ maximum of 6 surfaces per zone.

2.7.2 Geometric Zones

A zone is defined as a region contfaining a homogeneous compgsition of materials
and bounded by a set of intersecting geometric surfaces as defined by the surface equations.
Geometric surfaces described in a problem geometry are used to define the exterior boundaries
of zones in a problem. Each zone is described as a volume bounded by as many as six inter-
secting surfaces. The boundary surfaces of a zone are designated by the sequence number
(1 to 100) of the geometric surfaces.

KAP VI uses the "point-in-zone" technique to assign the boundary surface-zone
relationship values to each of the zone boundary numbers. This relationship of the zone with
respect to each of its boundary surfaces must be known for a KAP VI geometry calculation.
This relationship is designated by the sign (plus or minus) of the zone boundary number and is

called the "ambiguity index. "

The ambiguity index defines the position of a zone with
respect to the zone boundary surface as being an interior (+) or exterior (=) zone. In compliex
geometries, the assignment of ambiguity indices by the code _ser is difficult and time con-
suming. To circumvent this problem, the KAP VI code requires as input the Cartesian co-
ordinates of a point (xp, Ypr zp) within each zone. Using these point coordinates (input
values of XYZ), the designated surface number (input values of LBD) for each boundary of a
zone, and the equation number (input value of NEQBD) of the designated surface, the calcu-
lation of the ambiguity index is straightforward. The surface equation and the coordinates
Xor Yo Zp) define the quantity, V, for each particular equation number (NEQBD = 1
through 6) as follows:

-
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V= Alx, = Xo)2 + Blyp = Y0)? + Clzp - Zg)2 + Xoxp *+ Yoyp + Zozp - D

(NEQBD = 1)
V= Alx; - X0)? + Bly, - Yo)2 + Clzp - Z)? - D (NEQBD = 2)
V= (xp = X0)? - (yp = Y02 - D (NEQBD = 3)
V=xg =D (NEQBD = 4)
V=y,-D (NEQBD = 5)
V=25-D (NEQBD = 6)

The sign (+) of the quantity V determines the ambiguity index of the boundary
surface of the zone. This ambiguity index for each surface is assigned to the input boundary
surface rumber, LBD. If V is negative, the zone is internal to the boundary surface and the
boundary surface number, LBD, is given a positive sign. Similarly, if V is positive, the zone
is external to the boundary surface and the boundary surface number, LBD, is given a nega-
tive sign. The ambiguity index calculation is performed at the beginning of each KAP V]
source region caiculation, and the computed signs are used for all geometry calculations for
this source region.

External zones 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 pro-

gram if the sign of the input quantityof the number of boundaries for a zone (input value at

NBNDZN) is a negative number.

2.7.3 Geometry Calculations

The geometry calculation begins with the computed Cartesian coordinates of a

source point (xs, ys, z5) and a detector point (xp, yp, zD). These coordinates are computed

as follows:
xg = R; cos _Q-k,,
ys = R; sin -Q-k,; Cylindrieal Source Point
zg = Zi

or:
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The total "line-of-sight" distance, p between a source point and a detector point,

and the direction cosines {(a, Br y) are then computed as follows:

. J(XD - x5+ (yp = y9)2 + (zp - 2g)?

XD = X§

a: O —————
p

_ YD = VYS
B p

zD - z§

Y= R ———
p

The next step in the geometry caiculation is fo obtain the path length, p 7, traversed
in each region along the "line~of-sight. " This calculation begins with the coordinates of a
"pseudo=point" (x', y', z'), along the "line-of=sight" which is related to the original source
point by the input vaive, FUDGE, designated by A, This calculation is performed as:

x' =xg + al
y' =ys+ph
z' =zg tyA
This pseudo=-point (x*, y*, z') is used in conjunction with input zone boundaries,

surface numbers, surface equations, input surface coefficients, and the source zone number to

calculate the correct zone in which x', y', and z' lies. The actual operation performed is

a cyclic calculation of the quantities, V7, for each boundary, b, of the source zone, Z.

The cyclic calculation begins in the zone specified by the input value, IZSO. The values of

V7 depend on the equation number NEQBDY, of boundary, b, and follow as:

Vpz = Alx' - X0)2 + B(y' - YO)2 + C(z' - Zo)2 + Xox! +Yoy'+ Zgz' ~ D
2

2

Vpz = Alx' = Xg)2 +B(y' - Yp)2 + Clz' - Zp)? - D
Viz = &' =Xg? = (y' = Yg) - D

Vpz =x' -D
Vpz=v' =D
\/bz-’:zl "D

2-166




Astronuclear
Laboratory

Y5 = R; sin €k, i sin ¢ Spherical Source Point
zg = R-i cos d_;i
Xp = RD oS QD
yp =Rpsin 8p Detector Point
Zp=Zp
where:
Ei = arithmetic mean hased on areas of the source interval bounded by the radii
Ri and RH‘] .
2
R. = J RH‘] + Rlz
: —_ 1
2

§k P = the arithmetic mean of the azimuthal source interval for each radial interval,
4

i, bounded by 6 ;and B4y . i.e.,

5 .. Blet1,i T Ok,
k,i = 5

Zi = the arithmetic mean of the axial source interval bounded by Zi and Zi.H, i.e.,

= Zi+1+ Z;
| I

dTl = the arithmetic mean of the polar source interval bounded by j and i+ 1r i.e.,

— _Pi1+9
i 2

Rp = the radial coordinate of the detector point (input to the problem)
Op = the azimuthal coordinate of the detector point (input to the problem)

Zp = the axial coordinate of the detector point (input to the problem)
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If the sign of the quantity, V},7, and the sign (ambiguity index) of the boundary
surface number LBDp7 are of opposite sign for all boundary surfaces, the point (x', y', z")
lies within the zone, Z. !f the point does not lie in the 1ZSO zone, the program searches
the zones in a specific order as follows: [ZSO + 1,1ZSO+2,. . . . up to the number of
zones, NREG; then it begins with Zone 1, 2, etc. up to IZSO=-1. If a zone is found which
contains the point (x', y', z'), the calculation proceeds to the next geometry calculation
step. If no zune can be found which contains the pcint, 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. Thesz2 distances to each boundary are sequen-
tially tested, and the minimum distance in the correct direction is selected as the distance
from the "pseudo=point" (x', y' , z') to the correct boundary. This quantity is defined as
7.

At this point in the calculaiion, the correct path length in the zone is calculated as:

p_, = p!
z=Pzt
The material path lengths, oy, for each material, m, are immediately calculated @s cumula-
tive sums from #-7, and composition material matrix values, 6 in Table 2-8 and as follows:
4 m,c
p

m = pm+pZ . em,c
In the above equation, c is the specific composition of the zone, Z, (quantities, 8y ¢, are
discussed in the next section), and P, is set to zero at the beginning of each source-to-
detector calculation. The final operation in the source zone path length calculation is the
starting point for obraining the next zone (along the line-of-sight) path length. The input
values, NTRYZNL7, determine 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:

x'=x"+ abz
y' =yt pez

z =Z'+sz
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TABLE 2-8
ELEMENT OR MATERIAL COMPOSITION MATRIX (QM,C)

Element or Material Number, M

1 2 3 4 oo ... MAT
O 1 91,1 92,1 93’1 LV N BMAT,1
5 2 e €2 2 03 2 04,2 « v v .. OMAT, 2
- 5
< 3 91,3 623 63 3 843 . . ... OMAT,3
0
g e e e e e e e e e
Q.
E
O s e e e e e e e e e e
Q

oooooooo

e e s s 8 & e e e e

NCOMP 81, NCOMP €2, NACOMP 83, NCOMP 94, NCOMP  OMAT,NCOMP
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Pm = Z em,c ’ pZ
Z

where the composition number, ¢, is specified as being in zone, Z.

Values of p are used in calculating the neutron and/or groupwise gamma ray depth
peneiration for each source point-to~detector point path length through each element or
material, m.

A "void" is defined as a composition with zero density or volume fraction for each
constituent in the matrix.

Nuclear data, such as gamma ray absorption coefficients or neutron removal cress
sections in a KAP VI problem are required for each constituent (element or material) in'the
material matrix. Specifically, required nuclear properties are the groupwise gamma ray mass
or linear absorption coefficients, (4/p)m, or pm, and the mass or linear neutron removal cross
sections, ( £ /p )y of £ m. The user must input (or compile from the library as discussed in
Section 2.7.7) these quantities in dimensions consistei:t with the material matrix quantities,
Om,c- For example, if (4/p )m and ( £ /p )y are input in units of cm2/gram, then 6, 's

must be in units of grams/cm3.

2.7.4  Zone Source Description

The KAP VI code accepts either a cylindrical or a spherical source region, as well
a- the basic source geometries of a point, line, or disk. Source distributions in cylindrical

or spherical geometry is assumed separable in the spatial (radial, axial, or polar, and azi-

muthal) coordinates. Source energy distribution is input as a separate quantity.

Source distributions can be input as unnormalized radial and/or axial source data.
The code integrates and normalizes the input distribution data to obtain the source strength of
the source point representing each finite source volume in the source region.

The code assumes that the azimutha!l distribution of the source density is uniform.
The uniform azimuthal aistribution data is used within the code to properly normalize the

sovurce.
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The same distribution may be assumed for the gamma ray and neutron source, or, the

user may specify a different source distribution and normalization constant for gamma rays and
neutrons.

Source Energy Distribution

The quantity, I‘(En or Eg), defines the source strength in each energy group. The
gamma ray source strength, r (Eg), may represent the number of particles (or photons) of
energy, E, or energy release (MeV) at energy Eg. The user must provide data which is
dimensionally consistent data with the total power (or gamma source strength) input value,
AT,Il for the source zone,

The neutron energy distribution parameters, I (E,), for the neutron differential energy
spectrum function can be input as integration factors, AE,, or as parameters to convert the
neutron spectra data from units of one fission source neutron to unifs of neutrons per fission or
per watt, Also the quantity, r(En), allows the user to input the tetal power or total fission
rate in order to make the spectral data dimensionally consistent. The units of T (En) must be
dimensionaily consistent with the total power (or neutron source strength) input value, AT,2’
for the source zone.

Although the Albert-Welton function computes an energy independent dose rate based
on a fission specirum source, a separate quantity, FAW' may be input to the code to provide
a "source strength" for use with this function.

Source Spatial Distribution

The spatial dependence of the source in a KAP V! source zone is represented as
finite number of volume elements, each of which are represented as a source point. The
source density at each source point, and the location of each source point, are determined by
the code from input source parameters. The program includes techniques to calculate source
point densities from: (1) analytical functions (uniform or flat, cosine, exponential), or
(2) pointwise source values. The unnomalized source densities for gamma rays or neutrons
are defined as the separable quantities: f (R;), F(Z_i), F(¢_>i), and F(@k,;), for the space co-

ordinates of R (radius for cylindrical or spherical sources), Z (axial dimensicen for cylindrical




sources), ¢ ‘s:olcm angle for spherical sources), and 8 (azimuthal angle for cylindrical and
spherical sources), respectively.

By means of the input quantities, (ISRC, ISZC, and ISTC), the code user selects a
technique for calculating the source density variation of interest.

Source Point Coordinates

The location of each source point in a KAP VI source zone is defined by coordinates

calculated from the input source parameters. In the cylindrical or spherical source zones,

the source point is placed at the radius, Ri, of each annular source interval bounded by the

input valued R; and R;+1. The radius, R;, is defined as follows:

2 . p2
= %R
Ri = N ——

In a similar fashion, the axial or polar coordinate of the source point is defined as
the arithmetic mean, Zi, or &;I’ of each axial or polar source interval bounded by the input -

values, Zi and Zi'”’ or«bi and¢i+]. The axial or polar coordinate is defined as fol lows:

_ 1+ 7
‘Zi:_]_______Z'HZZI
— %1 ¥
L e

The azimuthal coordinate, 8y, is defined from the input data as the arithmetic mean
of the input data as the arithmetic mean of the input values, 8, 8k+1, or equal spaced
internally calculated values of 8| as follows:

5 _ Ok+1 + 6k
k™72

Source Density Description

The cylindrical and spherical source density functions available in the KAP Vi code
are derived from analytic functions or input pointwise data. The radial and axial or polar

source density functions, f(R;), f(zi)', f(J;i) defines the unnommalized source densities at the

radial coordinate at R-i' Zi’ orcb_i.
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These data are used with the azumuthal source density functions to obtain the point
source value. Azimuthcl source densities are normalized data and are described in later
sections. The radial and axial or polar source density functions are defined in following
paragraphs.

Source Density from Analytical Functions

The source densities obtained from analytical functions available in the KAP VI code
and input data to a KAP VI problem are as follows:

Cylinder = Uniform Source Density (ISRC = 1)

Ri+1
fR:) = / RdR

R.

where values of Rj are required input.
Cylinder ~ Cesine Variation of Source Density (ISRC = 2)

‘ Ri+1
~> F(ﬁi) = f cos X7 [R - Xz] RdR

R;

where values of Xy, X 5 and R; are required input.

Cylinder - Exponential Variation of Source Dersity (ISRC = 4)

Ri+1
f(R;) = Ao+ exp [xm] RdR

Ri

where values of Xy, X 2 and R; are required input.

Sphere = Uniform Source Density (ISRC = 6)

Ri+1
f(R;) = [ R2dR
Je.

where values of R. are required input.
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Cylinder = Uniform Source Density (I5ZC = 1)

Zi'”
f(_Z-l) = / dZ

Zi

where values of Zi are required input.

Cylinder - Cosine Variation of Source Density (ISZC = 2)

Zi+1
fZ;) = '{ cos & [z- 52] dZ
[

where values of £ 1, £ 5 and Z; are required input,

Cylinder - Exponential Variation of Source Density (ISZC = 4)

7
f(zl)= ~/‘ 52' exp [E] Z] dZ
7.
i

where values of & 1k 2 and Z; are required input.

Spherical = Uniform Variation of Source Density (ISZC = 6)

P i+1
f(#;) = f cos ¢ d o
' ¢

where values of @. are required input.

[
Source Densify from Psintwise Input Data

Pointwise source density can be calculated from input point values at source interval
coordinates (R;, Ri+j or Zi’ Zi+-|) of each interval in the source zone, or as point values

calculated from input point values at spatial coordinates other than the desired source poini

coordinates.

Input point values defined as g(Ri) at R; and g(Zi) or g(¢,i) at Zi or ¢ i are used
directly in the program to obtain the source density parameters of f(R;), f(fi), f( $i). The use
of these point values are specified by the input values ISRC and ISZC. The techniques used

ot
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for direct input value calculations are based on a source variation between two adjacent
spatial cocrdinates, i.e., R;, Ri+1, Zi, Zi'”’ or fbi, ®i+1 The point value calculation for

cylindrical and spherical source zones follow as:

Cylinder - Linear Variation of Source Density (ISRC = 3)

Ris1
f(R) = f [aR-l- b] RAR

R
where a and b are computed internally by the code from the adjacent values g(R;) at R and

g(Ri+1) at Ryyy.

Cylinder - Exponential Variation of Source Density (ISRC = 5)

Ri+1
f(R;) = f X2 . exp [X1 R] RdR
R 4

where X 1 and X 2 are computed internally by the code from the adjacent values g(Rj) at R;

and g(Rj+1) at Ri+1.
Sphere - Linear Variation of Source Density (ISRC = 7)

Ri+1
£ (R = f [aR+b] R dR

R.

where a and b are computed internally by the code from the adjacent values g(R.) at R and
g(Ri_”) at Riyqe
Cylinder - Linear Variation of Source Density (ISZC = 3)
Zis1
fZ;) = f [az " b] dz

Z;

where a and b are computed internally by the code from the adjacent values g(Zi) at Z; and

9(Z+1) at Zi41.

L e s v ey o
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Cylinder = Expon=atial Vari~ on of Source Density {ISZC = 5)

Zi+1
f(-Z.i)= f £2~ exp [E] Z] dZ
Zu

|

1 and 52 are computed internally by the code from the adjacent values g/('Zl) at Z;

3

where
and g(ZiH) at Zi+'1. ;
The technique of calculating point valuas from input point values at spatfal coordinates

other than the desired spatial coordinates is a very useful facet of the KAP VI cpde. The

input point values may be representative of a fine radial mesh output from a DQT-IIW discrete
ordinates transport code problem, The fine mesh may, however, provide too mqny source
points for economical use in a point kernel calculation. Therfore, the user of fthe KAP VI
code can input the exact transport code output data, of g' (R) versus R', and the code will
interpolate new point values g(R) at R, where the values of the new radial mesh, R, are
selected to better represent a point kernel source point description. The point values g(R) at
R are used in the equations described above to calculate the pointwise source density. This
interpolation technique is controlled by the input quarntity ISIT, and the spatial distributions

of the source are input as the point values, FSIT, at RSIT and ZSIT, as described in Section 2. 2,
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Azimuthal Source Density

The azimuthal source density function is assumed to be uniform in the azimuthal
space variable, B, for cylindrical and spherical source regions. The user of the KAP-V]
code has the option of specifying the mode in which the routine will subdivide the 8

variable into intervals as follows:

Same Number of Azimuthal Intervals in All Radial Intervals (ISTC = 1)

)
F@k,i):_/' k+1, ' 6 Required input, Gk 1
6, . '
k,i

Variable Number of Azimuthal Intervals in Each Radial interval (ISTC = 2)

g! .
‘C(Q—k,i) =f K+ 1, do Gk’ . are required input for each
Qk .
rl

radial interval

Variable Number of Azimuthal Intervals in Each Radial Interval (ISTC = 3)

fgl<+1,i

O, 1

k.

F@k i) = de ki is required input for radial
4

intervals

These three options allow description of the three possible variations shown
in Figure 2.3, One additional option is available to the code user: if discrete point

sources are of interest, then the quantity ISRC is input as a zero, and the source density
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is input as f(ﬁ) , F(Z), and f(-G.) This option allows the user to describe a non-uniform

source density in the azimuthal variable, 6.

Normalization of Zone Source

The source normalization routine in the KAP-VI code gives the user the
versatility to input the source distribution data inan unnormalized form. The code
normalizes the zone source by using the azimuthal source density by the following

equations:

Cylindrical Source Region

Gamma Ray Source

P = T, 1
[91,k+1‘91, 1]- fff1 ®) - f, Zi)- RdRdZ
R Z
*"1@, PPy (Ek, Y
where: AT, ;. = the gamma ray source normalization constant which is input as ASO! (1)
915’ Kr ] the upper limit of the B8 variable for the gcmn';c ray problem
61, ; = the lower limit of the @ variable for the gamma ray problem
f'1 (EI) = the unnormalized gamma ray source density at each radius, Ri
f (-Z:I) = the unnormalized gamme  ray source density at each value of Zi

f] (Gk i)= the unnormalized gamma ray source density at each azimuthal value
4

Ok for each radial position, i, (i.e., AQk i ).

4
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SOURCE GEOMETRY INPUT DATA

-0 —

IFISTC =1, QK,l
1.5708, 3.1416

IS INPUT AS 0.0,

e
— %~ IF ISTC =2, 8, IS INPUT AS 0,

1.5708, 3.1416, 0 IS INPUT AS O,

- K,?2
. m | .7854, 1.5708, 2.3562, 3.1416
0 .

IF ISTC =3,

K] IS INPUT AS 2,

Ko IS INPUT AS 4,

K3 IS INPUT AS 5,

e IS INPUT AS 0.0, and

K,1

3 p
\'K,Z IS INPUT AS 3.14159

611855-44B

Figure 2-3. Examples aéé%Azimufhoi Source Density Description
\(:
%

\&.
%,

“c‘.
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Neutron Source

If the neutron source strength, ASO! (2), is input as zero, then the program
uses the gamma ray source, AT ¥ and distributions for neutrons and solves the same
14
equation described for gamma rays. |f ASOI(2) is not input as zero, then the program

solves the following equations:

A

' = T, 2
"2
oo [ i e
[1,k+1 %,J A fpR)- £ (Z)RdRAZ
Z
a8, = Flg = K6 )

where all terms were previously defined and the subscript 2 refers to neutron data.

The n“ormolized quantity, f' (Ek i>' and the unnormalized quantities, f (ﬁi) and

—

f (Z.), provide the source magnitude of the source point defined at the coordinates Tii’ ZII
8 . asS (Ei, Z., ) in units of watts, particles per second and these data must be

and 8, K, i

dimensionally consistent with the input gamma ray and neutron or Mev energy distribution

data.

These source data are stored internally to the code and are used in the definition
of the source magnitude for each source-to detector calculation.

The user has the option of specifying the source region azimuthal parameters,

such that the source region symmetry is accounted for

O k+1r O o 92, 1’ 92, 1

in the normalization. If AT, y OF AT, o is total power ( or source strength), and if 91, T

and 8 are wand 0. 0, the power or source density is effectively twice that in the source

1,1

izone. Hence, each source point source at 9] K includes its mirror image at 9] + T
14 ’
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Spherical Source Region
' Gamma Ray Source
P - AT, 1
. - -2
ke 1m8,1] S [fein () (5 - 8 ®) R oRas
¢ R

f]' (le i)=P' . f] e .)

where:

-

f1 <&;I ) = the unnormalized gamma ray source density at each polar coordinate,

® i and all other terms are as previously defined.

Neutron Source

P, = A, 2

[91,k+1'91, T]-fﬁin(fb) . ($i)-f?_ (r?i) RZdRd
- ¢ R

) (ek, D =Py Qk, i)

where all terms are as previously defined, and the subscript 2 refers to neutron data.
I

\

2.7.5 Material Attenuation Function Descriptioh
Fast Neutron \1

|

|

The KAP VI code contains three optiorial material attenuation functions for

obtaining the attenuated rneutron response at a del:!fecfor point, The user can specify
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(2)

the use of the modified Albert-Welton material attenuation function'™”, and either a bivariant
or monovariant polynomial material attentuation function for calculating differential

neutron spectra employing infinite media moments data. Various conversion factors can

be applied to any of these three functions, as described in Section 2. 7. 6 for conversion

of neutron flux or level to detector response in different units.

Fast Neutron Dose Rate

A modification of the Albert-Welton function is used to calculate the fast
neutron dose rate from fission sources in mixtures of hydrogenous and heavy materials.
This function combines a theoretical hydrogen cross section with integration over the
fission neutron spectrum to obtain the uncollided flux or dose. Attenuation effects of
non-hydrogenous materials are included by using exponential attenutation with effective
neutron removal cross sections. )
The basic assumption in the Albert-Welton function is that all heavy materials
are followed by sufficient hydrogenous materials to validate the use of neutron removal
cross sections for the heavy materials. In addition, the Albert-Welton function is an
integral quantify calculated from theoretical consideration of the energy dependence of
neutron cross sections and the variation of neutron spectrum with depth penetration in
hydrogen. Hence, the Albert-Welton function dose rate does not include buildup of neutrons
at lower energies.
The equation coded in the KAP VI cod= for computing the energy independent

fast neutron response at the detector from each source point is:

D — I;\W o S (Rilzilgk) @ ‘l/ (Wl RIXR)

2

4w p

TR
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4

where:

a2 Astronuclear
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I = the "source strength" for use in the Albert-Welton function

AW

S (ﬁi Zi §k ) = the volume weighted source strength for the source point,
r 4 —

locatedat R, Z. @

i, i ki
p = the distance (cm) from the source point to the detector point.
a, o |
H -
¥ (W R, XR) = a . [XR] . exp [—a3 (XR> ] . exp [ W R]
M P
' — 1
W R Z Em 'm
m=1
m_p
XR _ E m “m
m=1
5! = non-hydrogenous removal cross section for all materials, m
m
- = the path length for each material, m
Y " =  the ratio of the hydrogen density in material m to the hydrogen

density in water

Aty s Oy O, and a, are constants.

The user will note that the units of XR may be either cm or gm/cm2 depending

on the units of the path length ( o m). Hence, care must be exercised in applying the

input quantity, 7 o to assure proper units.

Since the Albert-Welton function cannot be used to calculate the neutron dese

rate for small values of XR' the following equation (originally coded in Program 14-0)(2) is

employed in the KAP VI code:




' = - W H
\II(WR,XR) as . exp [G7XR:! . exp [WR], |fXR< ag

Values of a & and a, are input to the code. The units of a., and as

5 ¢

must be compatible to provide proper units for dose rate calcularions.

'll

Neutron Spectra

Either a monovariant or a bivariant polynomial expression can be employed to
calculate the differential neutron spectrum.  The monovariant polynomial data are available
as sets of data representing specific differential spectrum energy points and are solved only in
the variable of material depth penetration, WR. In contrast, the bivariant polynomial data
are available as sets of data which are solved as a function of initial neutron energy, En'
os specified by the user, and mateial depth penetration, W .

The monovariant and bivariant plo,nomial representation of the moments method
data is derived from the infinite medium moments method data such as that generated by the
Nuclear Development Corporation (3\/. The polynomial coefficients are applicable over
specific depth penétration or energy. The user of the KAP program specifies the applicabie
ranges of polynomial data. Both polynomials are based on the infinite medium of the particular
material (hereafter called the reference material) used in the moments method calculation.

The inclusion of other materials is based on their equi.valenf neutron removal in comparison
to the reference material ; hence, extreme care must be used in selecting the removal cross section
for material in non-hydrogenous media (e. g., carbon and beryllium media). The equivalent

depth penetration in the reference material is calculated in the program as:

M

WR ‘ Z Im pm/z'r

m=1

where, Z R is the neutron removal cross section for this refernce material.
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The user specifies a separate set of neutron remove! cross sections, Em, for the
neutron spectra option which is not the same set that was used in the Albert-Welion function.
The code then uses these cross section data in the evaluation WR. A restriction of the maments
data evaluation in the KAP VI code arises when the depth penetration exceeds the range of
applicability of the polynomial data. The program automatically truncates the polynomial
evaluation at WR =120 gm/cmz. However, the user is provided with the capability to input
energy dependent extrapolation parameters, X(En), for extending the range of the moments
data functions.

The equation solved in the code for computing the differential neutron energy

response at the detector from each suurce point for each scattered neutron energy, En is:

b () - I‘(En). S(Ri’(Zi’GQ N (WR1 EpR)
non B

N

where «

r (En) = the source strength for each group, En’ and all other parameters were
previously defined except ¥ (\NR En) which is described below.
4

Neutron Spectra Monovariant Polynomial

W (WR, En ) = exp [f(WR, En)]

where:

4
F(Wp EJ= Z v; (B)- WRI.
i=0
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Y; = monovariant polynomial coefficients fit to the infinite media neutron

spectra data

If, WR > 120.0 gm/cmz,

4
e ] e [y o,
f(WR, En) = — 12 (En ). 1200 . exp A(En) . (WR 120. 0)

)\(En) = parameter for extrapolation of the neutron spectra data for each

nautron energy, En

Neutron Spectra Bivariant Polynomial

VW E)=exp [W, )]

where:

i=0 =0 | N

A, = bivariant polynomial coefficients fit to the infinite media neutron spectra date

If, WR> 120.¢C gm/cm2,

where:

4 6
RN DIID PPN, [ IR
f(WR, ) | Aii E) 120,00 exp [-ME) . (W,-120.0)
i=0  j=0

Gamma Ray

The KAP VI code calculates both uncollided and collided gamma ray response
at a detector point. Thecollided response is obtained from the use of a buildup factor applied
to the uncollided (exponential alternation) response.

The gamma ray point kernel equation in the KAP VI code for computing the

response at the detector from each source point for each gamma ray energy group, E . is:

G
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— — , 5
_ F(EG) . (R"Zi k) - ¥l Pt EG)
DY (E,A) -
G 2
47 p
where: I‘(EG) = the source strength for each group, EG’ and all other terms were

defined previously, except ¥ ( p s E G) which is defined Helow.

Uncollided Gamma Ray Flux

(py Eg) = exp [‘ by (EG)]

where: M
br Eg) = D v (Eg) o,
m:
u (EG) = the gamma ray tofal absorption coefficient for each material, m,
m

ond each gamma ray group, E

=
Collided Gamma Ray Flux

\I’( P_r EG) = B( pml EG) « EXp [-bT (EG)]

m

where:
B(p ,Eg) = B [bT(EG)]
or, 1f by (Ey) >20.0,

B ( P EG) = B (20,0)

3
and, B [bT(EG)] = Z R ) [bT (EG)] i
i=0

The quantities, B;s are the coefficients for the cubic polynomial fit to the
infinite media buildup factor data. These values of B; can be either input to the code
or obtained from the built-in library described in Section 2.7.7. In the above equation,

bT (EG)' is not allowed to exceed 20. 0 mean free paths, because polynomial functions are
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not valid beyond this range.
The user will note that the units of M (EG) can be input as either cmm1 or cm2/gm
depending upon the units of P If the library of the gamma ray absorption coefficients

(see Section 2,7.7 is used in the program, the units of M (EG) are cm2/ gm.

2,7.,6. Detector Response Function Description

A desirable feature of the KAPVI code is the ability to apply conversion factors
to the total energy independent fast neutron detector response, the differential neutron energy
detector response, and the gamma ray detector response. For example, application of the conversion
factors to the gamma ray. detector response could, at the option of the user, provide gamma ray
output in units of: Mev/cmz—sec, R/hr, R/hr-watt, Rads-carbon/hr, watts/gm-steel, watts/gm-
aluminum, etc., all in one run on the computer.

The ¢ tector response is calculated as the total response at a given detector from

all scurce points in a specific source zone as follows:

DT = Z Dn = Total energy-independent

n
fast neutron response
over all

source points

T (E) = D (E ) = Total diffenential fast
non non neutron energy responze
over all
source points
DTY(EG) = Z DY(EG) = Total gamma ray response
over all

source poinfs
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where: Dn' Dn (En), and D (EG) were previously defined for each source point.

A set of ten energy-independent conversion factors may be input to convert the
guantity, DTn’ to other units; a second set of ten conversion factors for each group, En' may

be input to convert the quantity DTn(En), to other units; and finally, a third set of ten con-
version factors for each group, EG’ may be input to convert the quantity, DT (E

G)I to

other units. Therefore, for each detector point calculation, a total of thirty different re-

sponses may be obtained as output data.
The equations solved in applying the conversion factors are as follows:

Albert-Welton Function

DT’ = DT - C

n, 1 n 1

DT'n,Z = DTn C2

efc,

where: C], C2, ceee, C10 = the input conversion factors, RSPA.

Differential Neutron Spectra Function

DTIn,T(En) = DT _(E) - C.(E)

D' ,(E) = DT (E) - C

etc.

where: C. (E ), C,(E), ....,C.,(E) = each set of input conversion factors (RSPN),
1 *n 2'n 10 *'n
for each group, En'
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Gamma Ray Function

1
DT Y, 'I(EG)

i

DT_(E C,(E
A (

e Sl

DT'Y, Z(EG) = DTY(EG) - C, (EG)

etc.

where: C1(EG)’ C2(EG), .o C]O(EG) = each set of input conversion factors (RSPG),
for each group, EG.

The user will note that at least one set of response functions must be input

for each function, DT DT (E ), and DT (EG) Otherwise the code will multiply by
zero, and all values of DT’ o (EG),DT'n(En), and DT' (E G) will be printed as zeros.

2.7.7 Gamma Ray Library Description

Gamma ray library data or the capability to use an input library tape are
included in the program to reduce tedious preparation of input data and to provide the
user with latitude in specifying source gamma ray energies (e.g., a single 2. 23 Mev
gamma ray from hydrogen radiative capture or any of the radioisotope gamma ray source
energies). The gamma ray library data consists of: 1) gamma ray mass absorption
coefficient data as bivariant polynomial coefficients or tabular data as a function of element
atomic number (Z) and gamma ray energy (EG) or an input tape (logical tape unit 11)
containing photoelectric and pair production data as a function of gamma ray energy (EG)
for specific elements, and 2) gamma ray buildup data as monovariant polynomial coefficients

for specific materials (HZO’ Al, etc.) by type (energy, dose, energy absorption) and as a
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function of gamma ray energy (EG). The calculated data requested from the library are

stored internally by the code in the correct irput data array.

Gamma Ray Mass Absorption Coefficient Data

Gamma ray absorption coefficients for each element can either be input to the

program, or calculated from library data, or both. The program assumes the library calculated

data to be the first set in the coefficient data, and the user (if using both options simultanecusly)

must input coefficient data at the proper addresses (see Section 2, 2).

The gamma ray absorption coefficients in the library are calculated by three
methods, depending on the input quantity MATL and on the atomic number of the element
which is input to the program. These mass absorption coefficients are computed in unifs

of cmz/gm.

Method 1 (1<Z <19)

If the atomic number (Z) of | the element is less than Z = 20, the program uses
parabolic interpolation of tabulated data to obtain the mass absorption coefficient, p/p
(EG), at energy EG for the specified atomic number. A total of 19 sets of tabulated mass
absorption coefficient data are included for Z = 1 through 19. Each set contains the 28

energy points presented in Reference 4.

Method 2 (19 <Z < 92)

If the atomic number (Z) of the element is greater than 19, an eguation for
('"-;; (EG) ) in the form of a bivariant polynomial is solved to obtain the mass absorption
coefficient as a function of element atomic number (Z) and gamma ray energy (EC).
7

The mass absorption coefficient calculation follows as:
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The Tng's are bivariant polynomial coefficients from Reference 4 fitted over
two energy ranges of 0.2 to 2.0 to 10 Mev. If the input gamma ray energy is below 0.2
Mev, or greater than 10. 0 Mev, the program sets the energy equal to the limit (0.2 or 10.0

Mev) and obtains the absorption coefficient at the energy limit,

Method 3_

If the input quantity MATL (See Section 2.2) is input as a negative number
the mass absorption coefficient data are calculated from library datc(s)on magnetic tape
and an internal computation of the Compton scattering mass absorption coefficient data.
The user provides as input the atomic numbers of specific element data on tape corresponding
to the list in Table 2-4.. The library data for photoelectric and pair production absorption
(in units of barns/atom) are read from this magnetic tape as peint values at specific energy
points. This magnetic tape (which cap be prepared by the GAMLEG- W(é)code)con‘rcins a lead
binary record containing the number of sets of elemental data and each set of elemental data
consists of five(5)binary records as follows: Record 1 is a title, Record 2 contains the number
of energy points (< 99) in the data following, the atomic number of this element (floating
point), and the atomic weight of the element. Records 3, 4, and 5 contain the energy point
values, the pair production data, and the photoelectric data respectively. A logarithmic inter-
polation of these energy point data to the inpuf values of EG is performed and the mass

ubsorption coefficient calculation follows as:
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[P (EG)} AWm [pm (EG) i (EG) Zm M (EG )]
m
~24
_ ' atoms
where: Na Avogardro's number, (gm—mole X10 )
AW = Atomic weight of eiement m, < grams )
m gm-mole
Z = Atomic number of element m, <_§!E_gfr_op_s_>
m atom
pf:np (EG) = pair production absorption coefficient at energy EG for element
barns
" atom
PF: (EG) = photfoelectric absorption coefficient at energy EG for element
barns
Mr\ “afom
. b
Mg (EG) = Compton scattering coefficient at energy EG’ (el—e(%?on)

Compton scattering data are calculated from the Klein-Nishina equation for

the inelastic scattering of a photon with « free electron. This calculation is as follows:

[ i 1
|+EO 2+2E0_ ) in (‘l+2EO)
_ 2
K (E) = 0.49896 E0 1+2EO E0
. In (1+2EO) ) 1+3EO
2
2E, (W2E)

where: E0 = EG in units of electron rest mass, EO = EG/O.SH
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Gamma Ray Buildup Facter Data

Gamma ray buildup factor data in the KAP VI code can either be input to the
code as specific energy group data, or the user may calculate cubic polynomial buildup
factor coefficients using a bivariant polynomial equation. The program contains a library
of a single set of bivariant polynomial data (Reference 6) that can be evaluated for each
gamma ray energy group. Buildup factor input data to the code is restricted to the cubic
polynomial data in the variable, bT (EG). The buildup of gamma ray energy is represented
by a single material. Hence, the user must select a set of polynomial data which is representative
of the system material composition.

The polynomial form of the buildup factor in the code is:

\ 3 i
B <bT(EG)} = Z B; (Eg). [b'r Eg) :}
i=0

If the user specifies the buildup factor library data, the control word IBILD and the input
gamma ray energies, EG' are used in computing the polynomial coefficients, B; (EG), to be
used in all buildup factc- evaluations. The values of B; (EG) are internally computed by

the code from the bivariant polynomial expressions presented in Reference 6. These bivariant

polynomials have cerfain restrictions which the code handles as follows:

1. If the gamma ray energy is less than or greater than the applicable energy
range of the bivariant polynomial data, the buildup factor coefficients B (EG)'S are

evaluated at the lower or upper limit of the range (see Table 2-2).

2. If the polynomial's applicable range (TMFP) of depth penetration, oT(EG),
in mean free paths, is different than 20, 0, the program assigns a value consistent with the
buildup data to be used.

3. If the bivariant polynomial data is available for two ranges of energy, the

code automatically selects the correct set of data to be evaluated for each energy.
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The buildup factor library data presently available in the KAP VI code is shown
in Table 2.2along with the applicable ranges of energy and depth penetration values which
are built into the code. The input values of IBILD that will select the desired data are also
presented.

The bivariant polynomials solved by the code to obtain the buildup factor

coefficients, By (EG), are:

J
_ 2 : [
i=0

or

6, (Eg) = £ <z]';> |

]

i=0

The program automatically selects the proper form of the polynomial as indicated by the

input values of IBILD, EG' and Zm.
2.7.8 Detector Response in a Source Zone

A basic difficulty with the point kernel method is the calculation of the detector
response when the detector is located in, or very close to, the source zone. This difficulty
arises when the denominator in the kernel approaches zero, i. e., in the equation, ¢ =

¥/ 4 p2, if the quantity p  (the distance from the source point to the detector point) is
a very small number, the function, ¢, approaches infinity, and yields misleading, if not
erroneous results. To obtain a meaningful (or valid) detector response when the source-
detector must be handled with extreme caution. The preceding discussion applies even

when the option (described in this section) is used.
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To compute the analytical response at the detector within a source zone using
this option, the control word {SCP must be input as the composition number of the source
zone of interest, and SMFP, which is the totai mean free path of the source zone composition
(ISCP), must be input.

This option, which is provided to the KAP VI code user, should be applied judiciously.
Note that the option applies only to a gamma ray calculation.

The program then solves the following equation:

M
u (Eg) = Z [ 5; (EG):| 8, Iscp
m=1 m
where:
M (EG) = the macroscopic gamma ray absorption coefficient (cmml) for the

source zone of interest for each energy group, G.

[i;_.. (EG)} = the microscopic gamma ray absorption coefficient (cmz/gm) for

m  each energy group, G.
e

. 3 . . -
m, ISCP = the density (gm/cm ) of each material, m, in the composition, ISCP.
. Mo . . -1
In the above equation, = (E(") , can be input as macroscopic data (em ),
; 7
m
if Qm, |scp dre input as dimensionless volume Frachons.i
Next, the dimensionless quantity, v, is calculated for each source point as:
= E .
v PS( G e
where p is the total distance (cm) from a particular source point to the detector
point, and pS(EG) is defined above.
For each source~detector path calculation, v is tested against the input quantity,
SMFP. If, v > SMFP, the code calculates the usual attenuation function. If v < SMFP,

the code solves the following equation as the gamma ray attenuation function, DY (EG)' at

the detector for each group, G:
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B(E; SMFP) . S (Eg) - (1 - exp (-SMFP))

3
4 [ SMFP n (Eg)
() - (+)

]

where:
B(EG, SMFP) = the buildup factcr for each group, G, computed as: Byt B SMFP
= b, SMFPY + g, (SMFP)
S (EG) = the source (e.g. watts or fissions per second) for the sphere
whose radius is defined as v for each group, G.
4 SMFP S the volume, cm3, of the sphere, calculated for each group, G.

=T
3- K iEG)

The quantity, §(EG), is calculated as the summation of the source for all source
points within radius, v. The solution of the above equation is the response at a detector point
located at the center of a spehrical source of v mean free paths in radius, q.

The quantity, DY (EG)’ is added to the detector response calculated for all the
source points external to the sphere, Two examples are given to illustrate some problems
associated with the option.

1. Figure 2-4 shows an r, z plane cut through an "exclusion" shphere of radius, v.
A typical source point mesh is also shown in Figure 2-4,  The detector point is located at D,
the center. For this example, attenuation functions for source points, 1-4, 5, 8, 9, and 12~
16 would be calculated by the usual KAP Vlequations. The source strengths for the volume
elements surrounding points 6, 7, 10, and 11 would be used in the "sphere" option.

One can cbserve that a part of the volume surrounding points 6, 7, 10, and 11
is outside the sphere, but are included in the total source calculations for the sphere; and,
that part of the element volume surrounding point no. 8 (for example) which actually lies

within the sphere, is net included in the total source for the sphere.
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These approximations are part of the option, and introduce some uncertainrties
in the answer.

2. Figure 2-5 shows a sphere overlapping two regions having different composition
numbers. The zone with composition No. 1 is not a source region. But that portion of the
sphere which extends into the region (shown by the shaded area) does, in fact, have a source
strength associated with it. Hence, a calculation using this option (as coded) when the

detector is near the boundary of a source region, introduces uncertainties in the answer,
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Figure 2-4.

Example of "Exclusion" Sphere Option
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3.0 SCAP CODE

SCAP is a point kernel code employing energy dependent single or albedo-scatter
methods to calculate the radiation level at a detector point located within or outside a
complex scattering geometry describable by a combination of quadratic surfaces. The code
evaluates the material thickness and scatter points in materials intercepted along lines-of -
sight from an anisotropic energy dependent source point. The material thicknesses (or path
lengths) to each point is used in an exponential attenuation function to calculate the radi-

ation level at each scatter point.

Three options exist in the treatment of particle scattering to a detector point.
Photon scattering at the scatter point to the detector point can be treated as a Compton
scatter event using the differential form of the Klein Nishina for the inelastic scattering
of a photon with a free electron, or as a simple albedo scatter event at the surface of a
geometric zone. Neutron scattering at the scatter point to the detector point can be treated

only as an albedo scatter event at the surface of the geometric zone.

The attenuation function for the scattered particle (photon or neutron) on the
scatter leg to the detector point is an exponential attenuation function with a buildup factor

to account for multiple scatter on the scatter leg for photons only.

The code handles a series of anisotropic energy dependent point sources with the
anistropy of the point sources represented as the pointwise variation of flux levels on a

spherical detector (meridian ring).
Specific desirable features which have besn incorporated in the SCAP code are:

(1) Input data preparation has been simplified to allow minimum input for running

¥stacked" cases.

(2) A routire is included in the code to calculate gamma ray cross sections (mass
absorption coefficients) for elements as a function of input gamma ray energy from magnetic

tape data and internal calculations.




(3) A routine is included ir the program to calculate the cubic polynominal coef-
ficients for buildup factors as a function of scattered gamma ray energy from a library of

bivariant polynominal data.

(4) A routine is included which will interpolate a closely-spaced pointwise source
distribution as a function of polar angle to a source polar angle mesh description more amen-

akble and economic to single- or albedo-scatter point kernel calculations.
(5) A method is included which calculates and normalizes point source strengths.

(6) Input data are checked for consistency to eliminate many erroneous calculations

that can occur if input data for a problem is incomplete.

(7) The code has the capability to calculate fluxes and dose rates at a detector
point for each source point and calculate the energy disposition of gamma rays in the scatter

geometry,

(8) The code is written in flexible dimensioning so that there exists no fixed limits Y

on the size of geometry, energy, or source points except a restriction on the sum of all arrays.

(?) An option is included for calculating the fiux at a detector located within a
gamma ray scatter region. This option circumvents the numerical difficulties introduced by

the "inverse square law" when a scatter point is too close to the detector.,

(10) Options are included to accept KAP VI and MAP punched card data as input

source data. ‘

Section 3.2 gives a description of the required input data for the SCAP code. Section
3.3 gives a detailed input data information for specific data arrays. Section 3.4 briefly
describes problem setup information, including tape assignments, running time and a sample
problem, Section 3.5 gives a description of the SCAP output data. Section 3.6 describes
the code logic and Section 3.7 provides a description of the numerical method of solving

the single- or albedo-scatter point kernel method. ;
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3,1 COMPUTER CODE SYNOPSIS

oA
ol |

Name:SCAPU)
Computer: The code is operational on the MSFC UNIVAC 1108 computer
system under EXEC8 monitor system control.

Nature of Physical Problem Solved:

SCAP solves for radiation transport in complex geometries using the single~
or albedo=scatter point kernel method. The code is designed to calculate
the neutron and gamma ray radiation level at detector points located within
or outside a complex radiation scatter source geomety. Geometry is
describable by zones bounded by intersecting quadratic surfaces with a
maximum of six boundary surfaces per zone. Anisotropic point sources

are describable as pointwise energy dependent distributions as a function

of polar angle on a meridian. The attenuation function for gamma rays is
an exponential function on the primary source leg and the scatter leg with
a buildup factor approximation to account for multiple scatter on the scatter
leg. The neutron attenuation function is an exponential function using
neutron removal cross sections on the primary source leg and scatter leg.
Method of Solution: A point kernel method using a anistropic point source
re:.. ~sentation is used, line=of-sight material attenuation and inverse square
spatiai attenuation between the source point and scatter points and the
scafter points and detector point is employed. A direct summation of
individual point source results is obfained.

Restrictions on the Complexity of the Problem: The SCAP code is written

in complete flexible dimensioning so that no resirictions are imposed on

the number of energy groups or geametric zones. The geometric zone

description is restricted to zones defined by a maximum of six boundary




10.

surfaces with each surface defined by the general quadratic equation or one
of its degenerate forms. The only restriction in the code is that the total
data array dimension must be less than the dimension of blank COMMON,
Typical Running Time: The SCAP code computes approximately 50 source
Poinh-fo scatter point-to detector point calculations per second on the
UNIVAC 1108 computer. This running time is essentially independent of
the number of energy groups and is only dependent upon the calculation
of geometry dependent data.
Unusual Features of the Code: The use of a generalized method of defermihing
scatter point densities based on the electron density of the media encountered
on a line-of=sight as well as the use of a generalized spherical geometry
integration technique over scatter zones defined in a complex geometry
are unique features of the code.
Related or Auxiliary Codes: Gamma ray absorption coefficients (cross sections)
may be supplied by magnetic tape From’ the GAMLEG-\/\Xz)code. Neutron
and gamma ray point source distribution data can be supplied on punched
cards from the KAP VI and MAP codes as anisotropic energy dependent source
data.
Status: The code is in production use at the Marshall Space Flight Center
(MSFC). Users at MSFC load the code from a tape with control cards
followed by the user's input data.
References: 1. R. K. Disney and S. L. Zeigler, WANL=PR(LL)-034,
| Volume 6 "Point Kernel Techniques", August 1970.
2. R. G. Soltesz, R. K. Disney, and S. L. Zeigler,
WANL-PR(LL)-034, Volume 3, "Cross Section Generation
and Data Processing Techniques," August 1970.
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3.2 INPUT DATA DESCRIPTION

3.2.1 Input Format

The input data for the SCAP code are divided into the following three

data sefs:

1)  Overall problem storage allocation

2) Overall problem title and parameters

3) Problem geometry, source, and detector 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 and real data on formatted cards in data fields of 12 columns each. This set of data
is always required as input to a SCAP 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 cards.

The remaining data set 3 of a SCAP problem input is 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 SCAP (FIDO)* format capability 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 may ke entered in the standard SCAP or one of two non=standard format
capabilities.

The nen=-standard 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, etc.),
but can include blank fields on a card that cause the input routine to ignore the rest of the

card; i. e., if a data array should include 117 entries, the punched card input for the array

*FIDQ is a generalized input routine capable of performing operations to

prepare data arrays. This routine is standardized through the DOT-IIW, ANISN-W and

MAP codes.

**right adjusted" means that the least significant digit of an integer number is
at the extreme right of the field.

e e U TP s e Ty T eI




1. Standard: (6 (12, Al, F9.0))

Card Columns 1. 2[/23/4 5 58 7 8 9 10 1

12113 1411516 17 18. 19
//// Data Field
Data Type
or Operation Type
Data Array Identification No. or Number of Operations
2. Non-Standard: {6E12.5), U Data Type
Card Columns |1 2 3 4 5 ¢ 7.8 9 10 11 12{13 14 15 16 17 18 19 o
AN
\

Data Field

w

Non-$tandard: (41X, E16.9, 1X)), V Data type or ODDK {FLOCOW)

Card Columns |71 2 3 4 5 6 7 8 9

10111 12 13 14 15 16 17 |18 16
XXX,

% 3
X

Data Field Exporient Field

Figure 3.1. SCAP Input Formats
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would be 19 full cards (6 values/caid) and a final card of three entries using the U format,
SCAP, using this non-standard capahility, would skip the last three fields of the last card
and commence reading at the first data field of the next card.

In the standard SCAP format, the second subfield may include one of the data
type or operation type code letters,

The following characters may be entered: $, *, U, V, R, |, T, S, F, A, +, -,
Z,E,Q N, MW, X, orH.

$ indicates the beginning of an integer (fixed point) army. The first subfield
identifies the array.

* indicates the beginning of a real (floating point) array. 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 (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 tc be entered R times

in succession. The first subfield defines the number of total successive entries
or Repeats (i.e., 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 (i.e., 41 0.0, 10. 0 enters 0. O,
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 a subset of data is attempted and the program proceeds
to the next subset and the next physical datacard.

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 (i. e, , 155 1
enters a 1 in the 16th word of an array).

3-7
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F indicates that the remainder of the present array is to be Filled with the
data entry in the third subfield. Any entry in the first subfield is ignored
(i.e., 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 entry in the first subfield. This option allows more
significant digits 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
enteres 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 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 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 invertad sequence repeat except that the signs of previous entries
are reverse when they are repeated.

W indicates the array identified by the first subfield wil! 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 1 (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 (contain the 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 a separate 72 column title card.
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The following restrictions must be observed when writing input data for SCAP

1) Floating point zeros must be written as 0, or 0.0; a.0 or -.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) Ifanl isspecified 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 a $ or a * contains an 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 deci-

mal point is not included, it is assumed to be at the extreme right of the nine column

subfield,

3.2.2 Input Data Instructions

This section is to be used as a guide in preparing problem input data for the SCAP
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 brackets 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 set 3 and no T card is entered after data sets 1 and 2.
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TABLE 3-1

INPUT DATA INSTRUCTIONS FOR SCAP CODE
DATA SET 1 - OVERALL PROBLEM DATA STORAGE ALLOCATION

FORTRAN Card

Description

Card Type Format Column Variable Name
1 6X, 16 7-12 LIMI

The number of core memory
storage locations to be allocated
for problem data storage. On

the MSFC UNIVAC 1108 the
value of LIMI is set by the

size of the blank common

array size of 35,000.

DATA SET 2 - OVERALL PROBLEM TITLE AND PARAMETERS

2 12A6 1-72 TITLE
3 6112 — ——
1=-12 NG
13 -24 Né
25 - 36 NA

T pdrairs . beias e Yo 7ar b

Problem descriptive title

Source, energy, and cross
section specifications

No. of energy groups in
problem final output data.,

No. of energy groups in
problem source input data

No. of polar angles or detector
points in problem source input
data.

If NA is negative, KAP VI
code punched card output is
input by energy group and
polar angle.

If NA is positive, MAP code
punched card output is input
by polar angle and energy

group.
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DATA SET 2 - QVERALL PRCBLEM TITLE AND PARAMETERS (continued)

FCRTRAN Card

Card Type Format Column

Variab le Name

Description

37 - 48

49 - 60

61-72

4 6112 -—

1-12

13-24

25 - 36

37 - 48

NC

NE

NM

NZ

NE

NR

NT

NOTE: If a SCAP proklem is a
change case from the previous

proklem in the input stack then
NA must be a positive integer.

No. of energy points in the
pointwise absorption cross section
data,

No. of elements in the zone
composition-element table,

No. of compositions in the
zone composition-elemant
table,

No. of zones in problem.

No. of boundary surfaces in
proklem.

Number of initial source rays
emanating in polar angle from
anisotropic point source. If

NR is positive then the polar angle
range is subdivided eoually into
NR intervals.

NOTE: it NR is negative (-) then
the user may specify by the input
array ANG (28*) the polar angle
limits defining the source rays.

Order of integration (trapezoidal
rule) in azimuthai angle of anisotropic
point sourze.

NOTE: If NY =1, the 2w symmetry



TABLE 3-1 (Continued)

DATA SET 2 -~ CVERALL PROBLEM TITLE AND PARAMETERS (continued)

FORTRAN Card

Card Type Format Column
49 - 60
61-72
5 6112 Cee-
1 -12
13- 24
25 -36
6 6E12.5 -=

1- 12

Variable Name

NSZO

NL

NPT

NBT

NTY

TH1

3-12

Description

condition for an on-axis peint
source and detector point is
applied.

Most probable zone which contains
the anisotropic pointsource.

Library option

1 - use GAMLEG-W library

data tape on tape unit 11 to
generate gamma raysabsorption
(photoelectric plus pair production )
cross section data.

0-enter cross section data as the
input data array SIG(27*) and
material electron density as the

input data array ZOM(26*), -

Number of source points in
problem.
(NPT > 1)

Type of buildup desired (See
Table 2-2 for available
library data).

Type of Scatter Technique

0/1, Single Scatter/
“Albedo Scatter.

Lower [imit in polar angle
at which source rays will
emanate from anisotropic

point source.
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DATA SET 2

FORTRAN
Format

6E12.5

TABLE 3-1 (Continuved)
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OVERALL PROBLEM TITLE AND PARAMETERS (continued)

Card
(_Z_c_>|umn
13 - 24
25 - 36
37 - 48
1 —12
13 - 24

Variable Name

TH2

TT1

1712

DED

Description

Upper limit in polar
angle at which source
rays will emanate frem
anisotropic point spurce.

Lower limit in azimuthal
angle at which source

rays will emanate from
anisotropic point source.
(Used as lower limits of
trapezoidal rule integration).

Upper limit in azimuthal
angle at which source

rays will emanate from
anisotropic point source.
(Used as wpper limit of
trapezoidal rule integration).
NOTE: TT1 and TT2 can
be used to perform scatter
calculations in only a limited
range of the azimuthal

angle average.

Radius of meridian ring at
which anisotropic point
source data is defined.

Electron path length 24
(electrons/cm2 x 10
perscatter point used to
determine position and
frequency of scatter points

on line- of~sight through

the scatter lines.

)
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TABLE 3-1 {Continued)

DATA SET 2 OVERALL PROBLEM TITLE AND PARAMETERS (continued)
FORTRAN Card

Format Column Variable Name Description

e

NOTE: DED is used only in
a single scatter calculation.

25 - 36 RP Radius of sphere which contains
: all scatter points in the problem.
RP must be greater tran any
possible line-of-sight through
the geometry.

37 - 48 SCALE Multiplicative factor applied

to all source data for normalization.

49 - 60 RX Exclusion radius on primary
leg. NOTE: No single—er
albedo-scatter points are allowed
within a radius RX of any source
point.

I




Data Set

Number
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TABLE 3-1 (Continued)
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DATA SET 3 - PROBLEM GEOMETRY, SOURCE, AND DETECTOR DATA

Format Variable
Symbol Symbol _
$ NBZ
$ NBD
$ NTR
$ NBE

3-15

Description

No. of boundaries per zone. NOTE:
If NBZ is negative then the zone

is an outside zone and no further
geometry calculations beyond this
zone to the detector are performed.
/NZ values/

Boundary numbers for each surface

of a zone, six numbers per zone

must be entered, i.e., one card

per zone, with boundaries not

used to define this zone, specified
as integer zero (0). /6 x NZ values/
NOTE: Ambiguity indices for
boundaries of zones must be

assigned by user as+ or - the
boundary number. Ambiguity indices
are assigned as negative for boundaries
which are in a negative direction in
relation to the ray leaving the zone
and crossing the boundary.

Zone numbers entered upon crossing
each boundary of a zone, six numbers
per zone, i.e,, one card per zone,
entered in the same order as the

NBD numbers with zone numbers not
used to define the zane specified as
integer zero (0). /6 x NZ values/

Equation number for each boundary
surface. Boundary equations defined

in Table 3.2. /NB values/



TABLE 3-1 (Continued)

DATA SET 3 - PROBLEM GEOMETRY, SOURCE, AND DETECTOR DATA (continued)

Data Set Format Variable
Number Symbol Symbol Description

5 *or U XO Coefficients for boundary surface
equations
/ NB values /

é *or U YG Coefficients for boundary surface
equations
/ NB values /

7 *or U yA®, Coefficients for boundary surface
equations
/ NB values /

8 *or U | AO Coefficients for boundary surface
equations
/ NB values /

% *or U BO Coefficients for boundary surface
equations
/ NB values /

10 *or U CoO Coefficients for boundary surface
equations
/ NB values /

11 *or U DO Coefficients for boundary surface
-equations
/ NB velues /

12 *or U ENC Energy values for cross section data
/ NC values /

13 *or U ZOE Eiectrons/atom for each element

in zone composition/element
table. NOTE: If NL =1 then
values of ZOE are used to obtain
data from tape unit 11. See

Table 2-4, /NE values /

3-16
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DATA SET 3 - PROBLEM GEOMETRY, SOURCE, AND DETECTOR DATA (continued)

Data Set Format

Number Symbol
14 *or U
15 $
16 *or U
17 *or U
18 *or U
1¢ *or U

Variable

Symbol

COM

NMZ

ENS

ENG

ANS

SOS

Description

. 3
Density (gm/cm”) for each element
in each composition by eiement
and composition.

/ NE * NM values /

Number of composition in each
zone. / NZ values /

Energy values anisotropic point source
data at meridian ring. / NS values /

Energy group limits for scattered
results at the detector point.

/ NG + 1 values /

Polar angles corresponding to the
meridan ring data used to describe
the anisotropic point source.

/ NA values /

Anisotropic point source data obtained
at a meridian ring by angle and group
(MAP punched card input) or group
and angle (KAP VI punched card input
for each source point. Input order
defined by signof input quantity
NA in DATA SET 2.
/ NA * NS * NPT or

NS * NA * NPT values /



TABLE 3~1 (Continued) -

DATA SET 3 - PROBLEM GEOMETRY, SOURCE, AND DETECTOR DATA (continued)

Data Set  Format Variable
Number Symbol Symbol Description
20 *or U XP Anisotropic point source coordinates,
(X, Y ,Z,), for each source point.
P PP
/ 3*NPT values /
21 *or U XD Detector point coordinates,
(Xd' Yd’ Zd,).
/3 values /
23 *or U BETA Group dependent albedo in order of
' decreasing energy based on source
energies, ENS.
/ NS values /

24 $ NALB Type albedo scatter by source energy |
group if NTY =1, 2/3, neutron/
photon. See Table 3.3 for options

_definition. / NS values /
25 *or U D@C Dose at conversion factor by source

energy group. Required only if
NTY =1 and NALB =1 or 2,

NOTE: ZOMi26*) and SIG(27*) are required only if NL =0

26 *or U ZOM Electrons/cm3 for each composition
by zone
27 *or U SIG | Gamma absorption cross section

(°pp plus "pe) corresponding to
energy values, ENC and for each
composition.

3-18
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TABLE 3-1 (Continued)

DATA SET 3 - PROBLEM GEOMETRY, SOURCE, AND DETECTOR DATA (continued)

Data Set Format Variable

Number Symbol Symbol Description

28 *or U ANG (If NR is negative)
Polar angle mesh lines defining
the angular limits or bounds of the
polar angle intervals of the anisotropic
point source. The source rays
emanate from the midpoint of
these intervals.

/ NR + 1 values /

T --- - - Terminate card required at the
end of DATA SET 3 only.



TABLE 3-2

SCAP BOUNDARY EQUATION NUMBERS AND EQUATIONS

Boundary Equation
Type (NEQBD)

1

2

Quadratic Equation

Ax2

+By 4+ C22 4+ X x+Y y+Z 2-D=0.0
(o] o] (o)
2 2 2 . _
A(x-XQ) + B(y-YO) + C(z-Zo) -D=0.0

(x-X )%+ (y-Y )%+ D =0.0
(o] (o]

x-D=0.0

y -D=0.0

z-D=0.0

AP+ By? £ CP 4 X x4 Y y+Z 22 D= 0.0
2 2 2 2_

A(x-X )%+ Bly-Y )?+ C(z-Z )2 - D2 = 0.0

2 2 2
(=X )+ (=Y )* - D= =0.0

3-20

Input Values Required

A,B,C,X ,Y ,Z ,D
(o) (o] (o]
A,B,C,X ,Y ,Z ,D
(o) () O
X ,Y ,D
(o] (o]
D
D
D
AIBICIX IY IZ ID
O (o] (o]

A,B,C,X ,Y ,Z ,D
(o) (o] (o)

X .Y ,D
(o) (o]



Type, NALB
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TABLE 3-3
SCAP ALBEDO SCATTER FORMULAE
Type of Particle Albedo Equations
Neutron a(E) = B(E) (COS(2/3)60> cos O
Neutron a(E) = B(E) <].625 - 0.625 cos(2/3)eo) cos 6
Photon a(E) = B(E)

a(E) = the albedo (fraction of particles sccffered)_of particles

incident at angle 0, relative to the normal to the surface.

B(E) = the albedo for particles normally incident and reflected

from the surface.



3.2.3 Problem Size Determination

To determine the number of core storage required for data of a given problem, the
expression below should be evoluated. This will provide the value of the required input
parameter, LIM1, on card 1 of data set 1. For a SCAP problem to run successfully, the
input value of LIMT must be equal to or greater than the calculated value of LAST, All

quantities in the expression below are required input quantities discussed in Section 3. 2. 2,

SCAP flexible dimension data storage requirements

LAST = NZ-(28+2-NG)+8. NB
+NC: (2 + NM) + NE - (NM + 1)
#NS. (6+2+ NPT. | NA|+|NR])
+NG + | NA |+ 6« NPT+ NM (4+NPT)
+2+ | NR | +59
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3.3 DETAILED INPUT DATA INFORMATION

The input data requirements for the SCAP code is described in Section 3.2. Ina
number of areas, input data preparation guidelines in setting up problems can be defined. This

section describes in detail the options available to the user.

3.3.1 Zones and Boundary Surfaces

The required input geometry data for the SCAP code are described in DATA SET 4 of
Section 3.2. The use of these data in the SCAP calculation is described in Section 3.7. In
the setup of the geometry, the user describes a set of intersecting quadratic surfaces. These
quadratic surfaces can take the form of the general quadratic equation (without cross product
terms) or one of the degenerate forms. These equation types, (NBE, 4 $ array), are tabulated
in Table 3.2. The user is provided the option to input either the square of the coefficient D
(11* or U array), or the coefficient D. This option is provided as the optional equation types
7, 8, or 9. The SCAP code calculates D? and changes the equation type to the input value,
MNBE, minus 6. Caution must be exercised in change cases, so that if a boundary of type 7,

8, or 9 changes, then both NBE and D must be input for the change case.

With the defined quadratic surfaces the user specifies the boundary surfaces for each
zone, [NBD; 2 § array), of a problem. The SCAP geometry capability is limited to 6 boundary
surfaces per zone. The input of boundary surfaces by zone are in multiples of six (one zone
per card) with the surface numbers not required as input if zero (0). The zone-boundary sur-
face relationship (i. e., the ambiguity index of + or -) is required in the SCAP input data.

The user must input the coordinates of a point in each zone to defirie the proper zone location.
In addition to the zone boundary surfaces, the most probable zone entered upon crossing each
zone surfuce is entered in NTR (3 § array). The only limitation is that the number of the zone
entered must be greater than or equal to 1 and less than or equal to NZ, To minimize the ray
trace geometry calculation time, the user should enter the zone entered on the most probable
ray trace through the boundary or if more then one zone can be entered, then the zone with
the smallest number should be used. This approach is suggested since the zone entered search
is performéd sequentially from NTR to NZ and from 1 to NTR-1, The material assigned to
each zone is defined by the input value, (NMZ, 15 $ array).

3-23



3.3.2  Special Geometry Input

The SCAP code contains options for the arbitrary specification by the user of "black"

absorber zones, scatter zones, or non-attenuating zones on the source leg. These options are

as follows:

D)

"Black" absorber zones are zones at which the source leg calculation is terminated.
This option is specified in the input by describing the value of the input quantity,
NTR, for the first boundary of the "black" zone as a negative number. If the
radius of the zone entry point is greater than the input value of the point source
exclusion radius, RX, then the source leg calculation is terminated. This method
is a convenient method to restrict scatter to a set of geometric zones within a

large number of scatter zones.

Scatter zones are specified in the geomeiry input description by specifying the
zone material as a positive number. The input of a negative zone material value
(NMZ) will result in no scatter events in the zone.

Non-attenuating zones on the source leg are defined as any zone which is internal K
to the radius of a pseudo-sphere of radius, RX. This is an input value and is pro-

vided to allow scatter calculations in geometries with the radiation source geom-

etry (e.g., a reactor) included in the geometry by represented as a point source

by a set of meridian ring flux values.

3-24
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3.4 PROBLEM SETUP INFORMATION

The setup of a SCAP code problem is described in this section with a sample
problem setup and input punched card listing in Section 3.4.4.1 This section is intended to
define the deck setup or the MSFC UNIVAC 1108 computer system. The MSFC version of
the SCAP cede resides on a production tape and is used by loading the code from tape with
control cards preceding the input deck. The use of tape or disk files, running time, and

error messages are described in the fo!lowing sections.

3.4.1 Tape Assignments

The SCAP code regisires a maximum of four magnetic fape or disk files for a
specific problem. For a mriority of problems only three files are required. The file

assignments are as foliows:

Tape 5  Input Disk
Tape 6  Output Disk
Tape 7  Punched Outpui Disk
Tape 11 Cross Section Library
input Tape
/ Required only if NL =1/

The Tape 11 input tape is the tape produced by GAMLEG-W and contains the
pair production and photoelectric pointwise cross section data for elements in the element/

composition table specified as SCAP input (see Section 3..2.2),

3.4.2 Running Time
\ ,

The required running time for a given SCAP problem on the MSFC UNIVAC 1108

computer is mainly dependent upon the number of source points and the number of scatter points

3-25




in the geometric zones. The estimate of the required CPU time is obtained by estimating
the total number of source peint-to-scatter point-to detector point calculations for each
source point. The number of scatter points in a geometric modei is calculated internally
based on the electron density in the zones and the |ine-of—sighf. distance throug!: each zcne.
The code performs approximately 50 single or albedo scatter calculations per second in a

geometric model.

The total running time for a SCAP problem is estimated as:

NPT (NT + 1)* NR * NS

t(CPU seconds) =
50

where: NPT is the number of source points in the SCAP problem,
NT is the number {(or order of the azmuthial angle integration)
NR is the number of polar angie source rays /f

NS is the total number of scatter points in all zones for each source ray.
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3.4.3 Error Messayes

A number of SCAT code generated error messages may be encountered in running
a SCAP problem. These messages are primarily due to the incorrect problem input. The

error messages are generally self-explanatory.

Message Explanation

Data storage requirements and limits . . . x,y.If x >y, the code terminates. This implies the
problem is too large for available core storaye
or input value LIMT is incorrect,

Geometry error - zone,... ,bnd ... bnd A boundary equation number NBE £ 0 or
number ..., equation number NBE > 9. Check MNBZ, and NBD arrays for .
ccordinates x =,,,, y=,. ,z=..,. consistency .

Gecmietry error - zone,.., A boundary crossing on the line~of-sight can-
boundary..... , distance..... , coordinates not be found. Check location of the source
(x, y, ) . point and detector point with relation to

geometry description.

"Errors were found" The MAP code performs all the quadrature
checks, and prints out the total number of

quadrature check errors, if any occurred.

"Error, N entries required in (3*, for example) Too many or too few pieces of data were
array, data edit continues™ input fo the specified array.

"Warning, Interpolation used in the (9%, for The code is warning the user that integer

exam ple) integer array, data edit continues" interpolation, which involves computer
integer arithmetic is being used. Computers,
in performing integer arithmetic, drop any
fractional remainder.

"Fill option ignored in (9%, for example) - The code already has all the data it needs for
array" the specified array.

"Waming, Address ..., is beyond the limits  The user, in inputing data with the A format,
of (93, for example) array" has exceeded the storage area set aside for the
specified array, '
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3.4.4 Sample Problem Input

A sample problem for the SCAP code has been included in this section to illustrate
the flexibility of the input data formats and the problem deck setup. The sample problem
geometry is a point source on the axis and below a hydroge propellant tank. A detector
point is on the axis and above the tank. The propellant tank geometry is described in
Volume 1 of this report, The tank geometry is a cylindrical center portion with an elliptic
tank top and a conical tank bottom. Source input data are from punched cards provided by
the KAP VI code (see Section 2.0). The calculation performed by this problem is a single-
scatter calculatior. to calculate the dose rate at the top of the propellant tank due to an
anisotropic point source representing a nuclear rocket nuclear subsystem. A listing of the

sample problem input deck is in Table 3-4.

3.5 DESCRIPTION OF OUTPUT

Ouiput data from the SCAP code consists of the printed output of the input data,
and the calculated results. The printed output from the sample problem listed in Table 3-4

is presented in Table 3-5,
The printed output of the SCAP code is:
1) The title card and a listing of the input data of DATA SETS 1 and 2,
2) The data storage requirements and limits (LIMT) for the problem,

3) The FIDO subroutines edit of reading all input data arrays consisting of the

type of format, the array number, and the number of entries input. Error messages described

" in Section 3.4.3 are printed.

4) If the input quantity NL = 1, a tabulation describing the microscopic cross

section data read from the input data tape on tape with 11 (if NL = 1),

5) An organized printout of input data consisting of the geometry data, cross
section energy points, atomic number of element data (electrons per atom), electron

. . ' 3 . . .
density by zone material (electrons per cm™), and zone material compositions,
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TABLE 3-4 SAMPLE PROBLEM CARD INPUT FOR THE SCAP CODE

Liv]= 5000
MSFC SAMPLE PROBLEM - 200 INCH SEPARATION - KAP MERIDIAN RING DATA

13 13 =11 30 10 10
22 21 25 1 1 1
1 1 ]
0.0 25.311 0.0 180.0
914.4 6.0 10000.0 1.0 300.0
Ls
4 3 3 2 3 A
4 4 3 3 3 &
4 4 3 2 3 3
4 -2 -1 -2
23
-1 21 5 -2 0 0
2 5 -3 o 0 0
3 s -4 0 0 o
4 ] 0 (] 0 0
-5 15 6 0 0 h)
-5 16 8 ~-15 ] 0
-5 17 8 -16 o 0
-5 21 8 -17 0 0
-6 15 T 0 0 0
-7 15 8 ] 0 (o
-8 18 9 0 0 0
-8 19 10 -18 0 0
-8 20 10 -19 0 0
-8 21 10 -20 0 0
-9 18 10 0 0 e
-10 11 0 0 0 0
-10 12 -11 0 0 0
-10 13 -12 0 0 0
-10 21 14 -13 0 0
-14 21 0 0 0 0
=21 0 0 (] 0 0
21 1 0 0 ] 0
3s
22 21 8 2 0 0
1 7 3 0 0 0
2 6 4 0 0 0
3 5 0 0 (] ]
4 6 9 0 0 0
3 7 11 s 0 0
2 8 13 6 ] 0
1 21 14 7 0 0
5 6 10 0 (] (]
9 6 11 ] ] 0
10 12 15 0 0 0
6 13 17 11 0 0

@)

Aiojelogen
Je3|anuolisy



0e-¢

43

L1
15
12
13
14
19

LN N .

3R 844.54
-183,1

3R 1.0

3R 1.0

3R 1.0
3R-.0717972

261.54
1655.84
2756.00
492.76

8.0
2.5
0.7
0.25
0.06

6.0
25.0

«055

o

n>o

o o0
o (= Ne]

o
x

6R 0.0

F 0.0

256.46
2188.50
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TABLE 3-4 (Continued)

o
N

-
('Y}

3R 2409.84

3R 1.0

3R 1.0

2.109

256.04
26409.84
0.0

6.0
1.5

0-5

0.15
0.04

8.0
82.0

0.0
0.0
0.9
0.0
0.0
0.0

NOCBE OOO0O®OOOO

IR 0.0

IR 0.0

2.108

776.97
487.26
0.0

5.0
1.0
0.4
0.1
9.03

13.0

N @O CO00O02D00C0OOC

~161.90

3R 1.0

3R 1.0

2.0838

898.50
487.68
487.26

4.0
0.9
0.35
0.08
0.02

16.0

0.0
0.C
0.0

O ™ QOO0 OLOOD

te
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0.0
19.2655
19U

5.08435E-1C
5.10893E-10
1.41040E~-11
T.68543E-10
5.32762F-10
2.12592€~11
8.35503€E-10
5.32227€~-10
2.5T884F-11
8.765R1E~10
5.18619€E~10
2.86881E-11
8.913504€E-10
5.09902E-10
2.96334E~11
9.30291E-10
4.86289€E~10

®»
»

»
~N

QOOCOO0s QODOCOs QO
e 0 9 o We ® e e v O o
0000 QOPO0O0O0ORAPPOO

O 0 O re

T.25
2.5

7.5
2.6
0.02

10.2631
20,6097

5.99838E~-11
T«.34021E~-10

T.324622E-11
T.21633E~10

T.60160F-11
T.20824E-10

7.70827€-11
T.10921E-10

7.75666E~11
T.03790E-10

7.90750€-11
6.84709€E-10

Ly
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TABLE 3-4 (Continued)

0.0
0.0
«0323
0.0
0.0
0.0
«00028
0.0
«0283
0.0
0.0
0.0
0.0
0.0

csrenN

12.5781
23.0739

3.51039€-10
5.42522€-10

4.49073E-10
5.2%995E-10

S.23716E-10
5.19774E~10

5:91573E~10
4.37909E-~10

6.23151E~10
4.23955€E~10

T.10302€-10
4.39984€-10

0.0
0.0
«1425
0.0
0.0
11.35
«000404
0.0
21294
0.0
0.0
0.0
0.0
0.0

S PW

5.5
1.50

6.0
1.8
14.5337

26.21468

3.79753&~10C
5.62789E-10

4.28143€-10
8.16192F-10

4.35960E-10
9.07994F-10

4.35708E-10
9.58278£-10

4.358625E~-10
9.72531€E-10

4.38904€~10
9.86107€-10

0.0
0.0
0.0
C.0

G.0

0.0

«072

NS

4.5
1.0

1.35
15.42006
25.3111

9.66830E-10
2:56095¢-10

1.08863E-09
2.4B061€E~-10

1.10666E-09
2.45092E~-10

1.10081E-09

1.09701£-09
2.30037€E-10

1.09432¢-09
1.GRARTE-Q

0.0
0582
0.0
0.0
0.0
0.0

0.0

17.8242
1.18632E-09
2.09401FE-~10

1.25515E-09
1.30839F-10

1.26550€-09
1.84491iE~-10

1.25875€-09
1.76545E-10

1.25146E-09
1.70825€-10

1.24139€-09
1.43730E~10

&
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3.02720E-11
9.500T4E~10
4.B83614F-10
2.92790E-11
9.66343E-10
4.9211°E-10
2.70114F-112
9.94108E-i0
5.4%9318E~-10
1.87762€~11
1.00639E-09
5.85722E-10
1.32058€-11
1.01899€-09
6.36103E-10
7.18580E~-12

20U

0.0

21%

0.0
¥

8.06468E-11
6.87861E-10

8,254T2E-11
7.05105€E-10

8.74242E-11
T.82242E-10

9.01978E~11
8.59723€E~10

9.32654E-11
9.09341€~10

0.0

0.0

TABLE 3-4 (Continued)

7.64073€~10
4.23368E-10

6.14827E-10
4.20B43E~10

9.09909E-10
4.,60721€~-10

9.54432E-10
5.01021€~10

9.97835E-10
5.55224E-10

69,0

3300.0

4.47592€E~-10
9.96754E-10

4.6G3T1E-10
1.01003E-09

4.98942E-10
1.06625E-19

5.22252E-10
1.11031€-09

5.48520E-10
1.16725€-09

l.11155€-09
1. 78556E~10

1.142313E-99
1.62178E-10

1.24394E-09
1:.51866E-10

1.30887E-09
1.60380E-10

1.38361€E-09
1.80130€E-10

1426325E~06
1.23572€-10

1.30702E-09
1.04080¢-10

1.46080E-09
T.728B460~11

1.562256-09
7.37325€-11

1.68007E-09
7.95932E-11



€e-¢

o~

TABLE 3-5

SAMPLE PROBLEM COMPUTER PRINTOUT FOR THE SCAP CODE

M5FC SAMPLE PROBLEMW = 200 INCH SEPARATION = KAP MERIDIAN RING DATA

PROGRAM SCAP INPUT DATA

NO. OF GROUPS,es00e000ssesazosenssse NG
NOes OF SOURCE GROUPSgocooo:o:gfpg.ggONS
NOe OF SOURCE POLAR ANGLESescesseesesNA
NO, OF CROSS SECTION ENERGIES esecesssNC
NOes OF ELEMENTSOQpclgoooygge!o-éqa:;’NE
NO« OF MATERIALS:guogooooc:-ggoq-oo:'NH
NO, OF ZONESo-oc0|usooe.owc-oocmo.oovNZ
NOes OF HOUNDARIESQoo;oo-aiioseo&EoE;ONB
NO OF PO AR SOURCE RAYSo.ogco-oSQooovNR
NO OF AZIMUTHAL SOURCE RAYSseseaseessNT
CROSS SECTIONS(0/1¢INPUT/TAPE) ecooeesNL

MOST PRORABLE SOURCE POINT ZONEseesssNSZO

NO, OF SOURCE POINTS IN PROBLEMs,qeessNPT
sUli.0uUP TYPEPogq:ooo!o-oa!gs!!gggqééONBT
TYPE OF CALCULATION(0/1,STNGo/aLBe) s sNTY

POLAR ANGLE LOWER Ll"lToo!go!ooggoQ!O‘Hl
POLAR ANGLE UPPER LIM‘Too!qgoggggoggoTHZ
AZIMJITHAL ANGLE LOWER LIMIY aeennesetTT]
AZIMUTHAL ANGLE UPPER L[MIT.;.-&:.:;’TTZ
HADIUS OF MERIDIAN RINGeesssseosceestRM

ELECTRON PATH LENGTH PER SCATTER,, ., +DED
SOURCE RAY PATH LENG'H...!:!,’..'.Gi'RP

SOURCE Scal INg FACTORo-oog:soo;oougoOSCALE

EXCLUSION RADIUS ON PRIMARY LEG.e,ss sRX

'

13
13
=11
30
10
10
22

25

[= F ]

0.

2453110€¢0)
0.

1¢60000E¢02
9.14400E+02
6,00000E+00
1+00000E%04
1400000L+00
3,00000€02

DATA STORAGE REQUIREMENTS AND L]Hl!s....ggoo..oo 2104 5000

1S ARRAY 22 ENTRIES READ
28 ARRAY 132 ENVRIES READ
38 ARRAY 132 ENTRIES READ
" 68 ARRAY 21 ENTRIES READ

&

Alojeioge)
Jeajonuolsy



yE-€

Te ARRAY
8@ ARRAY
9¢ ARRAY
10® ARRAY
NON=STANDARD

11% ARRAY

INON=STANDARD

18U ARRAY

‘NON=STANDARD

13U ARRAY
14U ARRAY

ANOstﬁnuuARu

15% ARRAY
INOR=STANDARD
16U ARRAY
INON=STANDARD
~ 1TU ARRAY
NOM=STANDARD
18U ARRAY
NON=STaNDARD
19U ARRAY
20U ARRAY

218 ARRAY

21

21

21

2}
INPUY
21
INPUT
39
INPUT
10
100
INPUTY
a2
INPUT
13
INPUT
14
INPUT
11
INPUT
143

3

k|

ENTRTES READ
ENTRIES READ
ENTRIES READ
ENTRIES READ
FORMAT USED
ENTRIES READ
FORMAT USED
ENTRIES READ
FOMMAT USED
ENTRIES READ
ENTRIES READ
FORMAT USED
ENTRIES READ
FORMAT USED
ENTRIES READ
FORMAT USED
ENTRIES READ
FORMAT USED
ENTRIES READ
FORMAT USED
ENTRIES READ
ENTRIES READ
E&TR!ES READ

TABLE 3-5 (Continued)

i Y Sy o



ge-¢

¢

HYUROGEN
CARBON

N] TROGEN
OXYGEN
ALUMINUM
SULF UR
CHROMIUM
MANGANESE
IRON
LEAD

NO« OF BOUNDARY SURFACES AND MATERIAL BY ZONE

B Gh e a® P jumt g P Pt
ONOWVMOSWN~O CONTNFWN -

—
O

N NN
N - O

BOUNVARY SURFACE NOe.#S BY ZONE

BND,  zONE

& W -

LI
NN WLUNWLSLIrWVLWWFEIGIPWUWNGWP

=1
21
S

-2

ELEMENT NAME

1

20NE

WOV LN SO NS &S O~NWWN ~ O

2
S
3
0

2

-

TABLE 3-5 (Continued)

ID NUMHBER ATOMIC NO.

QD QN &

[ 3

ev
r44
27
a7
e
27
27
27
27
38

10000
60000
T.0060
8.0000
13.,0000
160000
240000
2%.0000
26,0000
820000

JONE 5
-5
15
6
0

ATOMIC wT,

10080
120111
16,0067
15.9994
26.9815
320640
6169960

5609380
56,8470

203.9736

2J0ONE 6
-5
16
8

-15

ZONE|
-5
17

.16

7

20NE 8
-5
21

=17

Aiojeioqer
1e3januolisy

)



9¢-¢€

o U

BND

PN FWN»>-

BND.

P& WM

0 0
0 0
ZONE 10 ZONE 11
-? -8
15 18
8 9
0 0
] 0
0 0
ZONE 18 20NE 19
-10 =10
13 21
=12 1e
0 -13
0 0
0 9

ZONE NO+#S AT BOUNDARY CROSSINGS

BND o

NN~

BND

N & W N

ZONE

ZONE

ZONE

2
2

QDM DN

[~
- - ¥-¥-W. X7}

18
16
0
0
0

1

9

17

ZONE 2 ZONE 3
1 2
7 6
3 4
0 0
0 0
0 0
JONE 10 ZONE §1)
9 1o
6 12
1i 15
0 0
0 0
Y 0
ZONE 18 ZONE 19
13 14
19 21
17. 20
0 18
0 0
0 0

T it —— o aeod

ZONE 12
-8
19
10
-18
0
0

20NE 20

=14
21

(- K- -N-J

ZONE L

ZONE 12
6
13
17
11
0
0

ZONE 20
1
2

OOOO O

CROSS SECTION ENERGIESELECTRONS/ATOMJELECTRONS/CC

g

- v -

S5

TABLE 3-5 (Continued)

ZONE 13
-8
20
10
-19
0
0

ZO0NE 21
-21

00000

ZONE 5

ooQOWwos

ZONE 13

IONE 21

ODOOO»™

IONE 14
-8
2l
10
=20

LONE 22

OO C Gre

ZONE ©

©C O Nr N

ZONE 16

ZONE 22

DO OO e

0
0

ZONEi 15
-9
18
10
0
0
0

ZONET 7

[
OO WaEN

ZONE! 15

Y ot ot
DO PR

oo

LONE 16
=10

—
SO OO

ZONE A

- N

OO P oo

IONE 16

o put
oOocoOo~Ny



LE-E

. i:'l\

el el
WO CE®ENPU & W =

o &

S Gt s
0o~

WhNNNN NN NN
CLCT~NOWVL WN—O

1.000007+G1
8,00000E4+00
7400000E¢00
6+00000E+00
5.00000£+00
4,00000E+00
3.,00000E+00
2450000E+00
2.00000E+00
1.50000E¢00
1.00000E+00
9.00000E~01
8,00000E=01
7400000E=01
6.00000E=01
5.00000E=01
4.00000E=01
3,50000£=01
3,00000E-01
2450000E=01
2.00000£=01
1.50000E~01
1400000E~01
8+00000E=02
7400000E=02
6+00000E=02
S¢00000E=02
4.00000e=02
3.00000E=02
2400000E=02

1.00000E¢90
6,00000E+00
TeGOD0OE*QD
8,00000E+00
1+30000FE*0)
1.60000E+01
2e40000E+01
2+50000E+01
2e60000E+0}
8420000E+01

TABLE 3-5 (Continued)

1.79933¢=02
7.B3761E=01
4.,18401F=02
5.25990E=04
9,07543E=02
2.T4903E+00
2+12587E=04
1.B0244F~01}

0
2.09003€~02

COMPOSITIONS BY ELEMENT AND MATERIAL

ELEM,

NP P W N

10
ELEM,

MAT.e 1 MAT,s 2
2.41000E~03 ¢,
S.50000£=02 o,

0, 0,

Oe [V

O 2+70000E*00
Oe Qe

0. 0. :

ELEH! 8 THRY ELEM,
Oe Oe

MAT.e 9 MAT,s 10

MAT.. 3
7.00000E~02
0.

L

MAT,e &
B¢80000E~04
(1"

0,
Oe
Qe
Ne

0.
9 SAME AS AROVE

0o

MAT., S
1¢01000E=02
4.84000FE=02
3,23000E-02
142500F=0}
Qe
5+82000E~02
O

Qe

MAT.., ©
0.
0.
0.
1]
Qe
O
0.

1+13500£¢0})

MAT., 7
1410000E=05
0.
?,BOOOOE~OQ
4,04000E=G4
(11
O
0.

0o

vai,, R
3.R7000E=n?
3.64200F=01
2.,83000E.0?
1e29400E=01
(Ve
Ne
Oe

O

Alojeioqe] /=
1B3[INUoJISY \#°



8¢-t

1

5
6

CROSS SECTIONS(CuMe¥®<«)) BY MATERIAL AND GRoUp
(LAST COLUMN IS TOTAL COMPTON PER ELECTRON)

GROUP

~NONPFWN-O OENOUS WN -

o Gt Gt gt Gt Gued Gt ot b Pt
O ®

WNNNNNNNNND NN
OCWVWHI~N~OCOVIrWN~O

GROUP

& W N e

0o 0,

ELEM, 2 THRY ELEM,
Oe T.20000E-02
Oe 0,

ELEM, T THRU ELEM,

MAT 1
2032326E=06
1¢92476E=04
1.67869E=04
1043349E=04
1.16260E=04
8,58440E~(5
5.,15600E=0%
3,18322€-05
1.76412E=05
QQ‘ZZZQE'06
Qe
Ne
Qe
Ne
Ne
Do
O
Oe

(1Y

2,52430E=06
5.04861E=08
1.28560E=~05
4.74514E=-05
9.84893E=05
155882804
2+.64845E=-04
4.,88308E=04
1,02076E=03
2¢T70363E=03
1.05386E=02

MAT! 9
LY
Ne
0.
0a

MAT, -4
2421262E=02
1.84485E-02
1.62563E=02
le604T4E=Q2
1.15153€E=02
8,56108E-03
5016ﬁ79E-03
3,222B4E=-03
1.,80868E=¢3
4,52i70E=04
Qo
4.22025E=05
B444050E=05
1020413E-04
1eB14T1E=0Q4
3,07675E=04
6.149S1E=04
9,2709SE=06
1.48915E=03
2,61635E=03
$.21503E=03
1.26608E=02
4.60007F=02
9.40513E=02
10“42‘6E-0]
2,36334E-01
6,25040E=01
B8.74195E=01
2.23070E+00
B425964E+00

MAT., 10
5,90031€-04
§0919§1E°0‘
4,33500E~04
3,T4598E =04

4 SAME AS Ap

Y

OVE

10 SAME AS AROVE

MAT . 3
1¢37236E=04
1.09621E=04
9.30364F=~05
7 +69858E=0S
5.9413nE=€5
4,13799€~-05
2¢31794E=05
1,40166E=«05
Te57306E=06
1+84097€~06
O
Qe
Qe

MAT . 11
5,09911E=02
S.98872E-02
6.,58083E=02
T7.,32335€=-02

MAT . 4
1.72525E=06
137809E=0d
1416960E=06
9.67822E=07
T.46906E=07
5¢20204E=07
2¢91399E«07
1,76209E-07
9.,52042E=08
2¢31436E-08
Qe
Os
Qe
Oe
Oe
O
0o
O
0.

0.
Oe
(1Y
Qe
0,
0
0o
O
0.
0
Oe

TABLE 3-5 (Continued)

MAT, 8
1.764183E=03
11‘68976'03
127530E=03
1¢30060E=03
B.934556=04
6.65366E=04
3:9798BE=G4
2.47227E=04
1.38066E=04
3.5878B6E=-05
2+67925E=06
3¢45573€E-06
4¢59301FE=06
6.4 T444E-06
0.62345E=06
1+56381E=05
3.10575E=05
5¢32377E=05
BeB1443E=05
1.56161E«04
3.09092E=-06
7¢52645E=04
2+68734FE=03
S«S51779E=03
B8443334E-03
1¢37637E=02
2+46664E=02
5.06535€=02
126996F=01
4¢61250E=01

MAT. 6
4.22278c=-01
3-606595'01
3.305008=01
2.98806t-01
2.61761t=01
2015799E'01
le64607E=01
1,41727E=91
1.18007E-01
14172708=01
2-07854E=03
EDSBOIZE-OI
3.28543E=0]
4.41241E=01
6.20208€E=01
9.48751E=01
1.62260E+00
2.26717E+00
3;33571&‘00
5.39622E400
9.72218E+00
2.07854E%01
6.03446C%01
2.2729BE*n ]
3.29615E+01
5,086224E¢01
B.31414E+01
1.52202E+02
3,28878k+02
9.58808E+¢2

MATe 7
3.50566E=n6
293442805
2.57.30E-06
2+21320E=n6
1.79340E-06
1.33119E=-06
T.93716E=07
4,91503E-0n7
2e¢73303E=07
6,866009L-0R
O
Co
Do
O«

O

0.

De

2.22B10E=-08
4.45620L =08
B,0lp022E=-08
1.64155E=n7
4,15574E =7
1.54002E=06
3,233454E =06
5.03356E=-06
8,39009E=068
153419k =-0%
3,218223E=09

B.,414)17E~08
3.23268E=p4

MAT . R
P2e4UHBOE=0]
2+00188E-03
1eTOHSTE=N
149A54E=03
1.211945-03
HeOOHRT2E=0&
5¢39%530E=-04
3,31433E.04
1«BIRDIE~OS
4.61304E~05
Oe
0o
O
Do
0o
O«

O

5.72718E=06
lel6746E=05
3,73040E=05
T.55401E=05
1¢91R34E-04
T+08I95E =04
1:47925%E=03
2+32047E=03
3.90P745E=-03
Te15708E=03
1,49813E=~-02
3.94142E=-02
1452151E=01



TABLE 3-5 (Continued)

6€-¢

O 3.,07074E~-04 8,28697F=02
0, 2,28296E~-04 9,59790E=02
O . 1.37781E~-06 1.15097E=01
O 8,%9425E-05 1.,28537-01
Qe 4.82314E-05 1446367E-01
O 1,205T9E~05 1.7158%F=01
Oe Oe 2.11219€-01
O 1¢12590E=06 2422268F=01
O 2¢250B0E~06 2+34972E-01
(1) 3,21102E=~06 2.,49815E-01
Oe 6,83922E=06 2.67511F=01
(U 8,19935E=06 2.89181E=01]
Qe 16639B7E=05 3.16696E~01
De 2.47225E=05 3433611E~01
Ne 3.97106E=05% 3.53469E~01
Co 6:97694E=0S 3077261E'U[
Ne 143906T7E~04% 4¢06504FE=01
0o 30376206064 4.43628F=01
0, 1,22669E=03 4,92774E=01
Oe 2.50804E=03 S.17312E=01
fia 3.84657E-03 S5.30951E~0]
e 6+30224E=03 S.4564R8E-01
Qe 1e13344E=02 5.61536FE=01] '
O 2¢33119E=02 6,.78768E=01
0. 5,94855€E=02 5,97525E«01
0. 2,20257€=01 6.18019€=01

SURFACE EQUATION NOe AND COEFF,(A9XeBoY1CeZ,4D)

1 6 0 0 0 0 0 ) «1+00000E+03
2 8 1.00000E*00 0 1.00000E+00 0 1:00000E¢00 B.44540E402 2.615%40E¢02
3 8 1,00000E+00 0 1.00000E+00 0 1.00000E¢00 B.44540E002 2.56460F¢02
¢ ) 1,00000E+00 0 1.00000E«00 0 1.,00000E400 B,445%0Een2 2.50040E+07
5 6 (] 0 0 0 0 0 7.76970E407
6 6 0 0 ] 0 0 0 HeQHS00E+0?
1 6 0 0 0 0 0 0 1e2HRS0EsN]
8 f 0 0 0 0 0 0 1e655B4E 01
9 6 0 0 0 0 0 0 2.18450E4N3

10 é 0 0 0 0 0 0 2.60984k+07

11 ) 1,00000¢+00 0 1.00000£-00 0 2.10900E%00 2.409R4E+03 4eR7260E£¢07

12 8 1,00000E400 0 1,00000E400 0 2,10800E+00 2,409R4E,03 ¢,87680E,02

13 8 1,00000E+00 0 1.00000E+00 0 2.0BB00E*00 2.409R4F+p3 6,92760E402

16 6 ] 0 0 0 0 n 2¢75600F+03

15 2 1,00000¢+00 0 1.00C00E+00 0 «7.179726=02 =1,61300E+02 0

16 2 1,00000E00 0 1,00000E+00 0 =T,17972E=02 =1,63500E402 0

17 2 1¢00000E+00 0 100000E+00 0 =T7+17972E-gc2 =1.83100E+02 0

18 9 0 0 0 0 0 0 A+87260E¢0?

&)

A10jeloge
JR3|aNuoLSY



0oy-¢

19
20
21

SOURCE ENERGLES FLUX ENERGIES+AND ALBEDO DATA

WO O NPV W N -~

B e Pt

—
L 4

9
9
9

8.50000E+00
71.25000E+00
6:59000E¢00
5.,50000E+00
450000E+00
3+56000€E+00
2.89000E+00
2450000E+00
2,20000E400
1.50000E+00
1400000E+00
7.000005'01
3,00000E=01

0

0
0

1.00000E201
Te50000E+00
700000400
6,00000E+00
5¢00000E+00
4.00000E+00
3.00000E+00
2.60000E+00
2,40000E+00
1.840000E+00
1¢35000E+00
9,00000E=01
4,00000E-01
2¢00000E=02

SOURCE POLAR ANGLES

HOWR~NOUMS WN -

[ )

D]
1,02631E+01
125781£+01
145337E+01
1.54206E401
1478242E+01
1e92655E¢01
2:06097E+01
2,30739E4+01
2-4216BE+Q]
253111E+01}

0
0
0

OCO0O0O0OOOOOCOOD O

SOURCE DATA BY ANGLE AND GROUP FOR POINT

SOURCE POINT COORDINATES

| 0.
e 0.

3 0,69000E+02

ANGLE GROUP )

1

S.0843%E=-10
T«68543E~=10

GROUP 2
5,99838E=]]
7.33622E=11

GROUP 3
3.51039€~10

4c49073E=10 4.28143€E=10

0
0
0
0
0
0
0
0
0
0
0
0
¢
0
0
0
i
GROUP &

TABLE 3-5 (Continued)

oo

oocoococoonDo00 o

GRoUP S

3.79753E~10 9.6663¢E=10

L

1:08863E=09

0

0

0
GRQUP &
1013632£‘09
1.25515E£=09

QOO

GROUP 7
5.10893E=]p
5-32762E?‘0

4.BT6RA0E Q2
“092760600?
100000L+03

GROUP n
Te34021E-10
Te21£33E«10



>

i]&

=0 WENOTUL W

Pt g

ANG

m

O W PONCOUMESWN™ (T

= Pt

[fe=,
"
v-*‘
™
€

1
e
3

8,35503E~10
8,76581k~10
8,93504E~10
9030291E'10
9,50074E~=10
9.66343E'10
9.,94108E=]0
1.00639E<09
1401899E=09

GROUP 9
Se42922E=10
5.29%95¢=10
5,19774E=10
4497909E=10
4,83955t-10
4439984E=10
4,23868BE-]0
4,20843E-10
4.60721E~10
5,01021E=10
5.55224E=10

0
0
3,30000E+03

70601605'11
T«70827E=11
1,75666E=11
71.99750E~11
8,0646B8E=]
8,254712E~-]1
8.,74242E-11
9.01978E=11
2.32654E=11

GRoUP 10
5.62789E-1p
8,16192¢~10
9,07994E=~10
9.58278E'10
9.72531E~10
9.88)07E-10
9,96754E=10
1.01603E~09
1¢06625E=09
1,11031=09
1.16725E=09

TOR POINT COORDINATES

5.23714E=10
5.91573E=10
6,23151E-10
7.10302E~10
T.64078E=10
8,14827E-10
9,09%209F=10
Se54432€~1p
9.97835F~-10

GROUP 11
2+56095E~1y
2.48061~10
2.,45092E=10
2¢36930E~10
2¢30037€=10
1.9868B7E-19
178%56E=10
1.62178E-10
1¢51854E=10
1060330E'10
1.80130€-10

cﬂa

TABLE 3-5 (Continued)

4,35960E=~10
4¢35708E«10
4,35625E.10
4038904E‘10
id‘7592E'l0
4,65571E-10
"989~ZE-10
S5¢22252E=10
S.48520E-10

GRoUP 12
2¢09401E-10
1490839g=10
1.84491E<10
10765§5E’10
1. 70825E=10
1443730E-10
1.23572E-10
1404055E=10
TeT2846E=11
Te37325E~11
7.95932E=11

1.10666E=09
1.10081E-09
1.,09701E~09
1.G9432E=-00
l.l])SSE-OQ
1¢164233E-09
1024394E'09
1030887E’09
1+38361E=p9

GRouP 13
1¢41040E=11}
2+12592g=11
2.578B4E=-11
2+86881E-]1
229633%E~-]]
3002720E=1%
2+52790E~]
2+70114E=-11
1eB7762E=11
132058€g~11
T«18580E~-12

ltZGQSUE'Og
1.25875E=09
1,251645E-09
1.264139E=-99
1.26325E=09
1030702§"09
1.46080E=09
1e86225E=09
1.68p07E-09

5,32227E=-10
5.18619F=10
5,09903E~10
4.86280L-\0
4,83614E=10
4,92114E=10
SQ‘QQBBE—IO
5.85722E=19
6.36103E=19

Te20BP4E=1n
7.1GYp1E~1n
71.03790ka10
6.8470%E-10
6,87T861E=10
T«05106E=10
7TeB2242E=10
80397235'10
9.09331E=-19

@)

Aicieloger
Je3januclisy
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TABLE 3-5 (Continued)

MSFC SAMPLE PROBLEM = 200 INCH SEPARATION « kAP MERIDIAN RING DATA

SOURCE POINT NO, =

1

SOURCE POLAR ANGLE LIMITS

(S
O OE N PUVL W

[

[ N g
~ONe W

(1)
1.01244E400
2.02488E+00
3.,03732€+00
4,04976E+00
S.06220€E+00
6074645400
7.08708E+00
B.09952E+00
9.11104¢E¢00
1.01244E+01
1.11368E+0]
1.21493E+01
le3l617E+01
1.41762E401
1.51886E+01
1,61990E4+01
1,72115E01
1.82239E+01
1.92364E+01
ZOOZ‘BGE‘OI
2012612E+01
2+2273764+0]
2.32861E¢01
2.62986E+0]
2+53110€+01

SOURCE DATA (MEV/SEC) = TOTalL IN SOLID ANGLE

LAST LINE IN gaCH COLUMN IS TOTAL

ANGLE GROUP ]

~NOUNeswWN>-

4,30998E-07
1.34904E-06
2.35082E=06
3,43595E=06
4,604G2E=06
5.85457E=06
7-187076.06

GRoupP 2
4,99168E-08
1.,572624F=07
259613E-07
3,70845E-07
4,86283E=-0T
6,05885E=-07
T,29606E-07

GROUP 3
2093187E'07
9,00644F=07
1.53953F=06
2.2096‘6-06
2.910726=06
3,64252E=05
4 h04TSE=~06

GROUP &
3.14066E=07
5.52552E~-07
1460640E-06
2.2T7538E=06
2.95925E=06
3.65T788E=06
4,37092E=06

GROuUP S
T7+99%519E=07
2¢42462E-06
4.0B8836E~-06
5.79021E‘06
T+52959E=06
9.30591F=06
1.11186E=05

GROUP' &
9.76688E-07
2¢94663E=n6
©.93391t=06
6,94391E-06
B.97398E=96
1.10234E-05
1.30916E=05

GROuP 7
‘.201?6E-ﬂ7
1+26518E~06
2.11685E=p6
2.97402E =06
3,839)3k-n6
4,70319E<06
5.58483E«06

GROUP B
6-013565'07
loﬂOl?OF'Qb
2.99548E-06
“ulabg?E'OB
5.,3718%E=06
6.55121E=-06
T.726453E=06



gy-t

Pt P b

80600955-06
1¢00956E=05
1¢16703E«05
1.33566E-05
1,51667E-05
1+70199E=0S
IQGB‘IBE'OS
2.,06902E-05
2¢25442E=05
2464381 9t=05
2462381£=05
2,B1068E-05
2.99773E-05
3.,18465E=05
3,37265E=05
3,56179E~05
3,75215E=05
3,94606E=05
4,5007SE=04

GROUP 9
4,44593F=(7
1+33085E<-06
2,21251E=06
30089295.06
3096Q96E'06
6 82715E.06
S.687T75E=(S
6e54239E=06
T7+39084E=06
B8.23284E=06
9.04491E'06
9.,80979E=06
1.05363F=05
1,11227£405
1.16478E=05
1.2008S5E=05
1.225165=05
1.24884t~08
1,2806BE=05
1.32570£=05
1e39625g=05
1,51384E.05
1.64076E=05
182042FE~05
2:06418E=05
2443048E=04

8,57401E~07
9,89220E=07
1.12501E=06
1e264]17E=06
1,40513E=-06
1:54613E=06
1,68090E~06
1,81347E-06
1¢95229E=q6
2e09198E=06
2023342606
2,38701E-06
2.550‘8E°06
20726?95'06
2092196E'06
3,12252E=-06
3.33985E=-q6
3.57743E~-06
%¢02419E-05

GRouP 10
“07521?E'07
1e648024E-06
2,566T8BE=(Q6
3,73444E-06
4,982 79E=06
6,31132E~06
7.71951E=06
?0206765'06
1le07724E=05
1¢24)15BE=q5
1e42642E=05
1.463401E=05
1.8‘9225‘05
2,05465€-05
2,25904E =05
2444609E=05
2¢61B04E=-05
2¢T8974E=05
2,96191E-~05
3,14072E=05
3,33696€-05
3,56964€ <05
3,81052E=05
4.09760E~=05
4,44381E=p5
4¢84029E=04

-

/QQA

TABLE 3-5 (Continued)

5019713F‘06
6,01933E~06
6.,87103F=06
7.90501E=06
9, 25854E =06
1007176F'05
1.,23259F=05
1,404TpF=05
1.59013E=0%
1 78B797E=05
1+99660E~05
2.,21866E=-05
2¢45300E~05
20699675'05
2¢95966F=05
3,23031E=05
3.512964E~U5
3,80837E-0%
3.50814F=0%

GROUP 11
2.096095.07
627027607
1,04165F«06
1e495335E-06
1.86200e=06
2,26748E~06
2.669665-06
3.06843E~06
3e46366E~06
3.85524E=06
4.23907€=06
4.61267E~06
‘0971155'06
5,27232E=06
5.53962F=06
5.6696BE=06
5.66117E=06
5.63834E=Us
5,53312F=06
5.40755E=06
5,32713g=06
5,40827E=-ub
5.50850E=06
5+88979E=06
6:65664E=06
1+01853E=04

S.09815E-06
6.59413&'06
7.355]12E-06
B, 111852406
8.860%50E=06
9455980E=06
1,02501E-05
loOQQQIE-OS
1¢16726E<-05
1¢26069E=~05
1.324835-05
1¢41827E-05
1¢524]17E~05
1+64831E=05
1.77773E=0S
1¢92374E-05
2.08914E=05
2+20896C=04

GRoUP 12
170746E=07
5.0R175E=07
8,39440E-07
1e16444E=06
1,48309E=-08
1,79528E<06
2¢10093E=06
2¢39996E-06
2¢69228E=06
2.97783E=06
3424873E-06
3.50091E~06
3,74132E=06
3,94556E.06
‘0125605'06
4219624E~05
4,14372E-06
4.07644E=06
3,A9186E06
3,64281E=06
3.35189E=06
3,10376E-06
2.87894E=06
2¢81022E-06
2499418E=06
6'979Q4E'05

1.29669E=05
148502E=0%
1e67679E=p5
1+86961F =05
2.,06045E=05
224835€£=05
2.47010E-05
2.5R797E=05
2.75384E=p5
2+92339E=05
3:09490E=05
3,29481E~05
3.52049E=-05
3478231E=95
4.09854E=05
4,429R6E=(5
4e81223E=05
5.25438BE=05
5.771535'06

GRouP 13
1419527E=08
3073998E-08
6.51500E-08
9451932E~0R
127518E=07
1,62111E=07
1:98958F =07
2*38043E=07
2+7935pE=07
3.2?858E-07
3¢ T68BT6E=07
4049223E~07
5.26270E=07
6,01595E=07
6.78203E~07
T.45503E=07
8.00130E=07
BeS2276E=07
8,83372E=-07
849)1T04%F=07
B8¢63730E-07
T.80344E=07
7:01167E=07
5¢64047E~07
3.T4158E=07
1:16271E=05

1.51779c=05
1072814E'05
1:94017E=05
2413374E=05
2.35816E-05
2+57BHTE=1S
2-771095'05
2,95786E-05
3.139‘1E'05
3.32452E-95
3.51262E-05
3.7“200t-05
4,010B3E=05
4.33654E=05
4,74911E=05
5.15759§-05
Se7i026t=05
6,33094E=05
6,60485E=04

6,46576E=n6
7035166£-ﬂ6
B,2423pk=-n6
9,12189E=-06
9,974B0E06
107949k =05
1,15017E=05%
1,213599t .05
1.27286E «5
1.325408=nS
1.37803E=05
1,44047Ens
1e¢637861E=p5
1.78007E~05
109375‘E-05
2¢13706E=05S
2.3H544E=05

2.6“736E=ﬁ¢

R,89165L =06
1.00516E=05
1e}206Tt=n5
Ls2 3558 =-nG
132101t <05
1e4b420L=n5%
1.85H60F=05
1.66907E205
10761XBE‘05
1.869665-05
1.93%69?-@;
3.0‘10f --0‘5
Ell’ﬁSSE‘OS
2+33885E«05
2¢55281E-05
2. 7B0S9E (0%
3.06519E=05
3,41592E=05
3.71531E=064

&

Aiojelogen
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TABLE 3-5 (Continued)

MSFC SAMPLE PROBLEM ~ 200 INCH SEPARATION = KAP MERIDIAN RING DATA

SOURCE

POINT NOe =

1

RESULTS < SINGLE SCATTER OR REFLECTED w/p BUILDUP (MEV/CM#*#2=SEC)

(LAST LINE IN EACH COLUMN IS TOTAL)

GROUP ZONE 1

FWN = O C®D N NS W) s

P Gut Guut Pt pums

GROyP

OEB~NPYPWN

20NE 9
1¢37577E=14
5.@1740E'15
2¢30635E~]4
3.0888B8E=14
Tel7056E=14
1¢32478E-13
6.0849GtE~]4s
$:04240E~]6
l+1810n6E=13
4,78253E=16
7.78142F=15
1:66959E=16%
$.82684E=13

20NE 17
1.21888E-14
2.480675-14
9.75T14E=15
4+62]103E"1¢

ZONE 2
5.,95488F=15
4,00115€E=15
9,36770E-15
1.57014E~14
3,29451E~14
6,76281E~14
4,02996E~14
1,66517E=14
6,283T6E=14
243262214
2.#6443E-1¢
5.1298%€=15
1e65R846E~16
30085905'13

ZONE 10
141828914
5.80653E=15
10970?9E']4
2¢90n041E-}1 6
5.887?96'1‘
1421536E~13
6.19709E~-14
4.24666F=14
1¢26941E-13
5,68641E~14¢
3,65071E~14
9,01137€-15
1066Q7ZE'16

5.806§6E°}3

ZONE 18
3.,92027€-15
T.94113€E=15
3,13490E=15
le4]1226E=14

Z0NE 3
2,14950E=]4
1.44532F=16
3.38680E-14
5.6B623F-14
1.196898=123
2¢50691E~13
1.51911E~13
6.08853F-14
2,36]120E=13
8,86313E~=14
9,3]461E-14
1¢93054E=14
6+10392F=16
1¢1476TE=]12

ZONE 11
1.65724E~14
1009‘52E'1“
2:20308E~]14
4.273]7F=14
8.68163E-1“
1.56135F=13
1.00497E~14
SeT7T7530E=14
2¢03080F =13
loOBQZ‘E'13
5.49969E=14
1.57019F=14
2+28481FE~16
8.76012E'13

JONE 39
Oe
Qe
Oe
Qe

ZONE [ )
5¢29930E~13
1¢70340E=13
TeS1501E=«13
1e17344E=-12
2,25311E=12
3.49979E=]2
1:64848E=12
9.74268E=13
2+56551E-12

B8,47957E=13

Te28036E~13
1¢5547T7E=]3
4¢21951E-15
1¢53021E~11

ZONE ]2
(11)

O

Qe

O

O

Oe

O

Qe
1¢90986E=13
3.“8997[‘13
2038531E-123
3:34872E=14
5.92793k=16
8,12594E=13

ZONE 20
Oe
Oe
Eo
(1]

ZONE 5
2¢79989E=13
2¢33754E~13
§5+53230E=13
Be4T7025E=13
1460504E~12
3.24420E~-)12
104B8659E~]12
9&16143E'l3
2.49211E-}1?2
B«e9T7130E~123
Be12346E=13
1062424E=; ¢
4:29952E=5
1¢35343E-]})

ZONE 13
Oe

Qo

O

Qo

Qe

O»

0

LIS
3+69683E=14
80236805'1‘
5.557T06E=14
6:609B6E=15
9.84659E=17
1+816]15€E~13

IONE 21
O
Bo
(1)}
0

ZONE 6

5.1648HE=14
1.56913E~13
5.82843E=14
50370“7E'13
2.75‘00E-13
1¢59373E=13
3¢25418E=14
6422382E~16
1.27183E~}12

IONE 14
Oe
Oe
Oe
0.
O
Oe
0.
0.
0e
O
0.
[+ J%
0
Qo

Z0NE 22
0
0,
0o

O

20053?82‘1‘
3.91766E-1¢
3.84B79E~14
IQESDOBE'13
7098273£']‘
50]76QOE-1‘
IQIBBQSEO](
5-538985-16
3,67229E~13

20NEr 15
5.,795158=15
50657H2E-]5
9.9‘089&-16
1:5652T7E=14
3.94702EL =14
6.142725E~-14
3.59063E-14
2.37039t=14
Be69217E=14
5.295NT7E~14
3,013%6¢E-14
7.35553E=15
9.115%8E=~17
3,74993E-13

ZONE 5
0,
0o
Qe
Qe
O
Do
0
0.
(U
O
0
Qe
Qe
Qe

ZONF 16
1-68#27E‘]§
t.79029E-l6
1e¢44575E=-14
3.17384F=14
3e96964E=14
SeaM4RYFE=14
465190k =g
4:50007E=14
1005954E=17
7-95360F-1h
.67 4BE<% 4
1:00669E=16
1+08686E-]6
S5¢21001E-13
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TABLE 3-5 (Continued)

1.37247E=13 3,42863E=14 0, 0, 0.
1:,29385€«]13 4,12579E~]4 Oe 0e (1)
1.404965E=13 3.341)176-14 0. 0. De
1.09491E«16 2,24990E~14 ¢, De 0o
2049504E=13 T7.90321g~14 0, 0o )
2,64414E«13 B8,34332F-14 ¢, 0. Do
2410871E=13 6.70269E~14 0. Oe 0
6.14496E=14 1,96124F~=14 0. De O
3.76104E=16 1+21561E=16 0. Qe 0.
1.29012€6~=12 4,09800E=13 0. 0. 0,

&)
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TABLE 3-5 (Continued)

MSFC SAMPLE PROBLEM =« 200 INCH SEPARATION = KAP MERIDIAN RING DATA

SOURCE

POINT NOo =

:

HESULTS = SINGLE SCATTER OR REFLECTED W/0 BUILDUP (MgV/CMe#2=Sg(C)

(LAST LINE IN EACH COLUMN IS TOTAL)

GROUP

OO U & W -

ZONE 1
De
Qs
41X
0o
Oe
Oe
N
Ne
Oe
De
O
9,
Q¢
Oe

ZONE 1\
1442590E« 4
S5.83%946E=_ "
2.40856E'l@
302“918E‘1‘
7.636§6E'1ﬁ
143936FE=13
6,73839E-14
4,52865E=14
1030“216'13
S.680g7E=14
4,22491E=14
103017E~14
3.044672E-16
6,49823E=13

ZUNE 17
1.23282€=]16
Z2¢51000E=14
§.87391E~15
4¢47760E=]14

ZONE 2
8,02119E=15
$.,55828E-15
1e3570%E=16
€.41595E=14
5.56568BE=14
1.277170E~-13
B8,45790E~14
3.8946]1E~14
1,58558E=]13
Te235T2E~]16
9.34301E-14
3,21482t-14
4,32263E=-15
T¢19067E-13

I0NE 10
T T2E=16
04 TE=15%

~904599F =14
J.02908F =14
6.210325'1‘
1e¢30342E~13
6,75950E=14
‘0679135“14
1e42492E~13
6.60869E~14
4440946E=-14
1¢14819F=14
20796;15'16
6140219Ef13

ZONE 18
3,94334=15
1,98287E=18

3,14975€-15

1e41820E~14

JONE 3
2.,88200E=i4
1:¢99769F =14
4,87902E-14
8.69327E=14
2+00601E=13
4.6T401E~13
3.13084E~123
1e40538E~13
5,83035E~13
246T119E~13
3.41386E~13
104849 1E=14
2.62774€=12

ZONE 11
1+ TQ0S0E~14
1¢12539FE~)4%
2:2T)121E"14
#4824 14E718
9¢05982E =14
164990FE~123
1,07610E=13
6,24264E~14
2+22938E~13
1.2337%g=13
6,38771E~14
1¢91542E=14
3.50376E~16
9.50531E"~13

ZONE 19
O«
0.
0.
Os

Z0ONE 4
6.604]14E~13
2+16805E-~13
9.85789E-13
1,62154FE=12
3,37625E~12
508#3205'12
3¢05048E=12
1+90161E=12
§5:.5%9499E«32
2+33161E=12
2+27190E=-12
7.62360E-13
Te43221E~14
2.86513E~11

ZONE 12
0o
Ce
0
(1Y
0.
0
0,

O

2+24968E-13
4,24906E-13
3.04448E~13
Qo63969€‘1‘
1+16658E=15
160C;89E«)2

ZONE 20

ZONE 5
3.07182&=13
2+59i20E-13
6423350E~-13
9.77778E=13
1¢92178E~12
4¢31202E=12
1¢99296E=12
1:26943E=12
3.64552E=)2
1445984E=172
1.462885'12
3.57755€E-13
2+08020E=14
1¢84104E=11

ZONE 13
Qe

Oo

O

Oe

0.

O

0.

0>
4:¢644]18E-]14
1407962F~13
7.77025E-l~
1:04261E=14
2.4949GE=16
2+42782E=13

ZONE 21
O
0.
De
(1]}

ZONE 6
(1Y

O

(11

[V %

0
5.84915E=14
1e70459E=123
6.66673L~14
6,39240E-13
3.42601E~13
2ella2lt=)12
4,633B4E=14
1032354E'15
1.565545'12

ZONE 14

0.
0.

ZONE 22
0.
0.
0.
O

ZONE' 7
0.

Oe

O

0,

De
2+T1660E=14
S.ZBJQOE‘ll
5.57451E=14
1.792235-13
1:26877E=13
1.04712E=13
3,296475F.14
4,93577E=15
5.86~§0E'l3

ZONE! is
5.91886E=-15
5. 771‘}9&:-15
1.018B97E=-14
1060948E-]§
4. 08298E-14
beo41375E-14
3,78737E-14
2.513605'14
9,366 TE«14
5.,87231E=14
3,43876E=14
8.67968t.15
142945¢E=16
€401589E=~13

ZINE a,
Qe
Oe
Qe
Oe
Qe
Qe
e
e
O
De
O
N
De
(1%

Z0NE 16
1¢5114BE=~14d
4.8B121F~18
10‘7534E'1‘
3.20701E=14
4.07706E-14
9T7HI59E~-14
4,B5R45EC14
4e71750E=14
1e13619E=13
BebGH4IE=14
4.16332E=14
1¢21099E=14
1+4/845E=3 8
5¢5]1386E=13



Ly=¢

1,08783E=13
1431631E~]13
1.07132E-13
T7.269855«14
2.57996E=13
3.00811E=-13
2,643613E=]3
B.409S6E=]4
6.036T4E=]6
1e42019E=]12

3,43938E-]6
4,]13529E~14
3.34761E~14
2.25440FE~14
7.92654E~14
8,8351%E~14
T.55724E=14
2.35288E~14
1.56450E~18
4,27939E~-13

0.

0.
0.
0.
[{ Y
Qe
D«
[/
Oe

0. .

Oe
Ne
O
O
(1)1
O
O
O
Qe

TABLE 3-5 (Continued)

Qe
Qe
O
0o
Qe
L)
0.
O
Qe
[\ )

0.
0.
O
0.
Q.
0.
0.

0.
0o

@
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JE3JINUOIISY
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TABLE 3-5 (Continued)

MSFC SaMPLE PROBLEM « 200 INCH SEPARATION = KAP MERIDIAN RING DATA

SGUHCE POINT NO. =

RESULTS = SUMMARY

1

‘LAST LINE IN EACH COLUMN IS TOTAL)

WO NGNS W N -

23
26
25

DOSE RaATES

W/0 BUILDUP W/ BUILDUP

BY Ray

aY CcOmp,

(RADS (C) /HR) (RADS(C) /HR) kRADSCC)/HR) (RADS (C) /7HR)

0
J.H204TE=19
1442410E=18
1,82443E=17
1.64578E=17
1¢75692E=18
$,085]13E=19

0
Tel2946E=]9
7.20941€E=19
1,10038E=-18
1,20630E=18
2.6945BE~]9

0
‘.76823&'19
65TT62E=19
1.71961t=-18
5.46473E=19

0

0

0

0
4,61844E-17

0
9.33722E~19
3e41362E~19
3,56198E=-17
2+28604E=17
2:14500€E~18
Be22631E=]9

0
8,00952E-19
B.000S4E-19
1420059E=18
1,69]112€6~18
3.61408E-19

0
S¢13186E=19
6¢99341E=)9
1.91577E~-18
5-7“388"9

0

0

0

0
Te41520E=17

4,72814E~19
1033602€~-18
2.02993E-18
2.59743E<18
3.07511E~18
3.48028€-18
3.81975¢~-18
4.09678F=18
4,31997E~18
4.49563F~18
4,.58B4834E~18
4,B87038€~18
5.01214E~18
49441 76~18
4,84276E-18
4.71401E~18
4.,55802E~148
S5e41244E-)8
5403437C~148
4:¢5704)1E~]9
0

0
0
H
0

TOTalL NUMBER OF SCATTER OR ALBEDO POINTSe

TOTAL DIRECT DOSE RATE (RACS(C)/HR) =

2069220E=18
B.96551E-18
5.8‘8015‘17
‘001‘125'18

[-X-N-N-N-N.}

209

3CATTER VOLUME

BY ZONE
(C2)

0
108969E+06
9.72959E+04
2,16174E+07
2¢752T0FE*07
6+664892F+95
9.73639E+06

0
1¢41217E+08
2e¢19250E+0R
3.97366E%08
B.87395E+05
1:08548E¢07

0
1.66483E+498
1:66674E%p8
S5¢63200E+0%
609021?E‘56

(- - N- NN

1.12379€<16 TOTAL DOSE RATE(RADS(C)/HR) =

HY ZONE
(KILOWATIS)

0
3.60303E~21
1445137E-20
1.11620§-19
6,74872E~29
1429469E-20
‘0078585'21

0
1.99086E=2]
1.59137€-2]
1.63215%E~2]
6.,014B7E=21
1.42460L=21

o]
4.4NB02E=22
3.49738E=22
2.02504E=2]
4.97129€-22

0

0

0

0

2+30016E=19

HEAY DEPOSITION

BY COMP,
(KILOWATTS)

9.60344E-21
3.55005E=70
1.78307E=~19
6,006532E-21]

QU OoOO0OoOO

1.86531E«1¢
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TABLE 3-5 (Continued)

MSFC SAMPLE PROBLEM = 200 INCH SEPARATION = kAP MERIDIAN RING DATA
RESULTS = SUMMATION OVER SOURCE POINTS « (RADS(C)/HR)

FIRST NM ROWS ARE BY COMP. AND LAST THREE ARE SCATTEREDWDIRECT TOTAL

(LAST COLUMN 1S Sum)

COMP, SOURCE SQURCE 2

2.69220E~18 2.69220E-18

B+96551E=18 B8,94551E~]18

SeB48B01E=]1T He84801E=1T

4.01412E=18 4.01412E~18

Qe e

COMP, 6 THRU COMP, 10 SAME AS AgOVE
Te41520E=17 Te4)1820E=-17

1ei2379E=16 1412379E=16

1.86531E=16 1,86531€~16
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6) A tabulation of the cross section data by energy point and material. If this is
a gamma ray problem then thuse data are the macroscopic absorption cross section (photo-
electric plus pair production). If this is a neutron problem the cross sections are macro-

scopic total (or removal) cross sections,
7) The input surface equation types and their coefficients,

8) The source energy values, flux group energy bounds, and the albedo data by

source energy group,

9) The input anisotropic point source data by angle and source group energy for

each source point including the source input Cartesian coordinates,
10) The detector point Cartesian coordinates,

11) The calculoted results of the point source data (including the source polar

angle interval limits) in units of MeV/second or particles/second by angle and group,

12) The single scattered or reflected results by scatter or albedo zone and flux - -

group, with and without buildup for each source point,

13) The summary results of the SCAP calculation of the dose rates with and without
buildup by scatter or albedo zone, dose rates by source ray, dose rates by composition,
scatter zone volume or albedo scatter zone area, and for gamma ray single scatter calcu-

lations the heat deposition by scatter zone and material composition,

14) The total number of scatter or albedo points in the problem for the source

point,

15) The total direct (uncollided) dose rate and the total (direct plus scattered) dose

rate at the detector point,

16) The final summary results of the summation of dose rates (total direct, and

.scattered) for all source points in the problem.
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The calculated results of the SCAP code are in the units of Rads (carbon)/hour for all
gamma ray calculations. This requires that the input source data be in units of MeV/cm2—
second. Neutron data are labeled as Rads (carbon)/hour but the units are defined by the input

data DOC specified by the user,

3.6 CODE LOGIC

The general code logic used in the principal SCAP calculations is presented in this
section, Extensive use of flexible dimensioning throughout the SCAP code provides for the
efficient use of the blank COMMON array to store data and maximize the code capability

with @ minimum computer memory core size.

Table 3-6 briefly describes the principal function of each subroutine in the SCAP

code and is presented to familiarize the user with the overall capability of the SCAP code.

The code logics of the SCAP code involves the initial step of searching DATA SET |
and 2 in the main routine SCAP and the assignment of core memory storage. The next logical
step is the MAIN subroutine which calculates the source leg direction cosines for each source
ray of each source point for use in the SCAT subroutine. The MAIN subroutine also calcu-
tates the direct (uncollided) results, provides the summary calculation of detector point

results, and prints all calculated results.

The SCAT subroutine calculates; the total source of each source ray based on the
ray solid angle interval and the meridian ring input data, the scatter-point distribution, the
material and inverse square attenuation functions for the source and scatter leg, the scatter-

ing probabilities, and the results associated with the scatter point,

Auxiliary subroutines used in the SCAP, MAIN and SCAT routines are defined in
Table 3-6.
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Subroutine Name

SCAP

MAIN

SCAT

CONV

FIDO

RAY

GAMX

SIGK

SIGG

TABLE 3-6

DESCRIPTION OF SCAP CODE SUBROUTINES

. based on the scattered energy (or source energy

Principal Function

Reads problem specifications data, allocates

core memory storage, reads all input data with
subroutine FIDO.

Initializes all source point ray calculations,direct
(uncollided) calculations, and prints summary

output,

Calculates the total source of each source ray,

~ the scatter point distribution, the source and scatter

leg lenghts, the material and inverse square atten-

uation on the source and scatter leg, the scatter-

ing probability, the detector flux result for the

source leg, the scatter volume or area, and the

heat deposition (gamma ray only). -

Calculates the gamma ray dose rate cogversion
factor Rads (carbon)/hour per MeV/cm”-second

)

in albedo method).
Generalized input data read routine.

Performs line-of-sight ray trace through complex
geometry described by intersecting quadratic
surfaces.

Calculates the photon dbsorption and cross sections
at energy points 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 differential gamma ray scattering
cross section and scattered energy using Klein-
Nishina equations for inelastic scattering of a
gamma ray with a free electron.
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Subroutine Name

BUILD

AL

WOT8

WIT

WOT
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TABLE 3-6 (Continued)

Principal Function

Calculates the multiple-scatter buildup factor
based on the cubic polynominal approximation.

Performs an interpolation of data assuming a linear
variation in the logarithm of the dependent and

independent data.

Prints up to 8 one-dimensional, mixed, fixed-
floating point data arrays of variable length.

Prints two- or three~-dimensional, fixed point
data arrays.

Prints two- or three-dimensional, floating point
data arrays.
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3.7 METHOD OF SOLUTION

The numerical technique employed in the SCAP code is an integration of the

single- or albedo-scattered flux and dose rate at a detector point in a complex scattering

geometry due to a point anisotropic energy-dependent source, This calculation is performed

in the SCAP code by calculation of the quantities necessary to define the single~scatter or

albedo~scatter technique. The calculations are as follows:

(M)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(9)

Determination of the direction cosines of source ray emanating from the
anisotropic point source.

Integration of energy-dependent source data (i. e., flux as a function of
polar angle on a meridian ring) within the solid angle interval to obtain
the point source strength in the discrete direction.

Inverse square attenuation of the total energy or particle flux in each
solid angle interval into the scattering geometry along "rays" which bisect
the solid angle interval (i.e., source leg calculations).

Calculation of material attenuation exponential along the source leg
absorption cross sections, o, from a library and Compton scattering

cross section, o,

computed internally from Klein=Nishina scattering cross
section formulae or using input cross sections by material.
Selection of scatter points on the source leg in each material zone or a

zone boundary crossing for each ray.

Calculation of a scattering volume or area associated with each scatter
point.

Calculation of scattering probabilities and energy degradb?ion using
Klein=-Nishina formula or albedo formula.

Inverse square attenuation of the scattered energy or particle flux to
the detector point (i.e., scatter leg calculations).

Atianuation of the scattered radiation with and without application of
an appropriate buildup factor along the ray connecting the scatter point

and the detector point,

=2
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(10) Calculation of the scattered flux (with and without buildup due to
muitiple scatter on the scatter leg) and calculation of total response
for each ray, each zone and each composition.

(m Calculation of the direct radiation using meridian ring data at a
polar angle which defines the direction from source point to detector

point. For the in=line symmetric case, i. e., source and detector both

on the reactor and tank axis, this angle is 0°.

In addition to the calculation of the quantitizs related to the scattered flux at a
detector point, the scatter zone volumes, and gamma energy deposition in scatter zones, are
calculated and provided as output. The techniques uz::d to obtain each of the above quanti-

ties are described in following sections.

3.7.1 Description of Point Sources

4 The solid angle about the point source in the SCAP code is subdivided according

to the order of integration specified by the user. This subdivision is input to the code as

the number of intervals and limits in the polar angle integration, and the number of intervals
and limits in the azimuthal angle integration. At option the user may input the limits of each
interval in the polar angle subdivision. On the basis of the angular limits the solid angle

associated with each source ray and the direction cosines of the source ray (a, Br y) are

defined by:
a = sin @ * cos ©
B =sin ¢*sinB
y = cos @

where ¢ = the angle bisecting the polar angle interval,
8 = the angle bisecting the azimuthal angle interval.
The direction cosines of the source ray and the coordinates of the source point are

the starting point of the geometry calculation in the SCAP code.
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3.7.2  Energy Dependent Anisotropic Point Sources

Anisotropic point sources are represented in SCAP as a function of polar angle
(the angle with respect to the z axis), azimuthal angle, and source energy. These source
data are obtained from input meridian ring data (i. e., a spherical detector surface with
uniform distribution with respect to azimuth) for the source energy groups. The anisotropy
of the source data is in polar angle only. The sourcz data are input as the gamma energy
flux (Mev/cmz-sec;) or neutron flux (neufrons/cmz-sec) by energy group at detector points
on a meridian ring. The detector points correspond to polar angles on the meridian ring.
The total source strength associated with each source ray emanating from a point source is
calculated as the total number of particles or energy emitted in the solid angle defined by

the spherical coordinate interval limits b1r b0 81, 87 determined from SCAP input.

82 cos 32
/ D', E)d ¢ 4o

% (¥, 8, E) = C Ry / |

91 cos ¢

where $ = the polar angle of emission of the source ray, ¢, bisects the polar

angle interval,

8 = the azimuthal angle of emission of the source ray. 8 bisects the
azimuthal angle interval,

E = the source energy in units of Mev,

C = an input multiplicative factor to normalize the source strength,

R,= the radius of the meridian ring from the source point

¢ 1= the lower limit of the polar angle interval represented by the ray
at §. These values are determined from code input data,

¢2= the upper limit of the polar angle interval represented by the source
ray at ¢. These values are determined from code input data,

f( ¢',E) = the value of the source data (particles or Mev per cm?) at the

polar angle ¢ * for source energy E.
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Evaluation of the above equation is carried out by subdividing the polar angle
interval defined by ¢ and #9 into ten subintervals and interpolating the input source data
in the polar angle, ¢', at the midpoint of each subinterval to obtain the source data,
f($', Eg). The total source strength associated with the ray is then normalized at option
based on the symmetry of the scatter volume about the z axis by applying a factor determined
from the limits of the azimuthal integration for the source point and the number of azimuthal

integration points used in the numerical integration.

3.7.3 Geometry Calculations

The SCAP code performs calculations to obtain the required geometry-related data
for use in the integration of scattered flux to the detector point along each ray. These
geometry caiculations are similar for both the source leg attenuation (calci:lation number 3)
or the scatter leg attenuation (colcplcfion number 8) described previously.

Geometry ray trace calculations through a complex geometry described as zones -
defined by intersecting quadratic surfaces are performed in an identical fashion for both
source point and scatter point with the source or scatter point at the point of origination of
the ray.

The geometry ray trace returns the sequence and line-of=-sight lengths through each
zone encountered or the ray trace for use in scatter point determination and material attenua-
tion calculations.

Geometry calculations on the primary or source leg of the calculation are carried
out to the radius of a pseudo-sphere imposed on the problem geometry. The radius of this
pseudo-sphere (a SCAP input quantity) sets the upper limit in radius of the integrafion of
scatter points along the source ray and must include all scatter zones to be considered.

An explanation of the geometry calculations for the source ray only will be
described here but the scatter ray can be inferred by substituting the scatter point for the
source point,

Geometry and material penetration calculations in SCAP are based on a geometry
defined by zones defined by intersecting quadratic surfaces. The geometric surfaces are

described by various quadratic equations, and materials in the zones are described by a
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mixture material-component material table and component material nuclear cross sections
or by macroscopic nuclear cross sections.

Based on geometry related daota, the SCAP code calculates the "line-of-sight"
distance {path length) through each material in each zone along a source ray to the radius
of the pseudo-sphere.

Subsequent sections describe the techniques used in describing the geometry by

surfaces and zones and solving geometry dependent quantities in a SCAP problem.

Surfaces

s ——  vna—

The geometry of the problem can include the following types of quadratic equation

surfaces:

* [Equations of a surface of revolution about any x, y, or z coordinate axis.
¢ Equations of a plane normal to the x, y, or z axis of the reference system.
* Equations 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:
AX?) + B(Y?) + C(z2) + XX + YoY + ZgZ - D=0.0
A(X-X0)? + B(Y-Y)2 + C(Z-Z)2 - D = 0.0
(X-X0)2 + (Y-Y0)2 - D=0, 0

X-D=0.0
Y-D=0.0
Z-D=0.0

AX?) + B(Y)2 + C(z2) + XX + YoY + ZoZ - D? = 0.0
A(X=X0) + B(Y-Y()2 + C(2-Z)2 - D? = 0.0
(X-X0)2 + (Y-Y)2 - D2 = 0.0
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The quantities A, B, C, Xo, Y0, Zg, and D are input parameters for the surfaces in a
problem. The surface equation number defines the necessary parameters and only those
parameters are necessary to solve the respective surface equation. The first equation is a
form of the general quadratic equation. Tha second equation defines an elliptic surface,
which, by proper specific:tion of the A, B, and C coeffizients, can describe elliptical cylin-
drical surfaces with their axis parallel to each of the coordinate axes. The third equation
defines a cylindric surface 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
equations define the same quadratic surfaces as the first 1.ree equations except for the
required input of the quantity D. By proper manipulation of the coefficients of a quadratic
equation defining a surface, one can calculate the required coefficients A, B, C, D, Xq, Yo,

and Zg).

The equations shown above require that all parameters must be in units consistent

with the nuclear cress sections of the zones.

Zones

A zone is defined as a region containing a homogeneous composition of materials
and is bounded by a set of geometrical surfaces as defined by the quadratic surface equations.
Geometrical surfaces described in a problem geometry are used to define the boundaries of
zones in a probslem. Each zone is described as a volume bounded by as many as six inter-
secting surfaces, The boundary surfaces of a zone are designated by their sequence number
in input data,

The SCAP code requires the user to assign the boundary surface=~zone relationship
values to each of the zone boundary surface numbers. This relationship of the zone with
respect to each of its boundary surfaces must be known for a SCAP geometry calculation.

This relationship is designated by the sign (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 interior (+) or exterior (=) zone. In complex

geometries, the assignment of ambiguity indices by the code user is a difficuit task.

ey
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External zones in a SCAP code problem can be described by a single boundary sur-
face. External boundary surfaces of external zones need not be defined. An external zone
is recognized by the code if the sign of the input value of the number of boundary surfaces

of a zone is a negative number.

Geometry Calculations

The geometry calculation begins with the computed Cartesian coordinates of a
source point (xS, Ygr zS) and a radius of the pseudo-sphere point (xp, Y s zp).

With the direction cosines (a,B, y) of the source ray known, the geometry calcula-
tion then proceeds to obtain the path length, P traversed in each zone along the "line-of-
sight." This calculation begins with the coordinates of a " pseudo-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+aA

y' =ygtph
z' =zg+yA

This pseudo-point (x', y', z') is used in conjunction with input zone boundaries,
surface numbeérs, surface equations input surface parameters, and the source zone number to
calculate the correct zone in which x*, y', and z' lies. The actual operation performed is a
cyclic calculation of the quantities, V7, for each boundary, b, of the source zone,Z. The
cyclic calculation begins in the zone area. The values of Vpz depend on the equation

number NEQBD}, of boundary b and follow as:
Vpz = Alx' - XO)2 + B(y' - Yo)2 + C(z' - Zo)2 + Xgx! + Yoy'+ Zgz! - D

Viz = Alx' - X0)2 + B(y' - Y0)2 + C(z' - Z())2 -D
Vbz = &' = X% - (' -Yg) - D
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Vpz = x' =D
Vbz=y' -D
Vbz = Z' - D

Vbz = Alx' - Xo)z + B(y' - Y0)2 + C(z' - ZO)2 +. Kox! + YOY:’ +Zpoz! - 02
Viz = Alx' = Xg)2+Bly' - Yp)2+ Clz' - Zg)? - D?
Viz = &' = X2 -y’ - Yg) - 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 surfaces, the point (x*, y', z°) lies

within the region or zone. If 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 to 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 infersection of the
"|ine-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.
z

At this point in the calculation, the correct path length in the zone is calculated as:
Py = Pty + A
The final cperation 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 crosssing 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:
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x!=x'+ape,

y'=y'tpr;

z'=z'+y P,

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 ray "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-

tinues until an "outside zone" is reached or until the radius of the pseudo-sphere is reached.

This source ray calculation is a repetitive calculation for each source ray.
3.7.4  Material Attenuation Calculations

The SCAP code performs material~ and energy-dependent calculations at two points
in the code logic.
These two separate calculations are: )
° Calculation of material penetration on the source leg to each scatter ﬁj
point for each group using input neutron or photon cross sections or
calculated photon cross sections at the energy points describing the
average energies of the groups,
° Material penefrofion on the scatter leg to the detector point for each
group usin: «: put neutron or photon cross sections or calculated photon

cross sections ar source energy or the scattered energy.

Each of the categories of calculations is described in the following discussion.

Material Attenuation Calculation

In Section 3.7, 3 the technique of calculating the geometry ray trace was described.
The calculated zone path lengths, P, ON each ray trace from a source point to a scatter
point (or a scatter point to a detector point) are combined with the macroscopic neutron or
photon cross sections to provide the total mean free paths of material penetration on the ray
trace. The total mean free paths of material traversed on the line-of=sight to the scatteror

detector point are used in an exponential attenuation function to crovide the material attenuation, g
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Two techniques of specifying neutron and photon cross sections are provided in the
SCAP code. The user may input groupwise 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 data on magnetic tape.

The calculation of the material penetration on each ray trace to the point of interest

(scatter or detector point) b(E) is defired by:
Z

b(E) =Z Z(E)°z

z=1

where the cross sections, zz(E), are macroscopic zone material data.

In the calcubition of the material penetration to a scatter point, the material
attenuation is based on cross section data supplied by the user for the source energies or in the
case of single scatter calculations, cross sections interpolated from o table of values.

The input to the SCAP code includes the energies at which the cross sections are
to be evaluated and plo.ced in a table. In gamma ray single scatter or gamma ray albedo
calculations the input or calculated values of the cross sections are the absorption cross
sections. In the case of neutron aibedo calculation, the input cross sections are the total or
removal cross sections of the elements and materials.

The optional calculation of the gamma ray absorption cross sections involves the use
of a mixture material - component material table to specify the density (grams per cubic
centimeter) of elements in each mixture material. These data are combined with gamma ray
cross se ‘tions calculated from a microscopic library tape with internal calculations to form
macroscopic absorption cross sections.

Component materials, which may be used in as many mixture materials as desired

are defined in a matrix of input values A _ .. The values, A_ , define the density (grams

mc’
per cubic centimeter) of each component ¢ in mixture m and are used to calculate the gamma
ray cross sections as follows:

(=D o (E) Anc

Cc
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A "void" is defined as a mixture material in which all component materials are
with zero density.

The technique of calculating the macroscopic 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 library tape required for the SCAP code is in a format-generated by the
GAMLEG-W code.(é)

The basic data were obtained from Reference 5. These data were compiled in
tabular form for the 51 elements shown in Table 2-4 as pointwise data at energy points in
the range of 0. 01 MeV to 20. 0 MeV. Only pair-production and photo-electric data were
required as the Compton data are obtained analytically. The number of energy points for
each element data was dependent on the number of points required to accurately describe
the variations of the data with energy. For photo-electric absorption, the presence of a
double valued function at the K, L, and M electron shell absorption edges necessitafed the
use of continuous data by use of values of the cross section at two energy points, Eg + 4
and Eg -~ &, where & was on the order of 0. 001 MeV. This treatment allowed the use of
these data in the interpolation techniques to obtain specific energy point values in each
code as well as the accurate representation of the double valued electron shell edges.

A description of the contents of the pair-production and photo=electric cross section
library tape is shown in Table 3~7. As indicated, each element requires that the data be in
order of increasing photon energy. Five binary records describe each element on the mag-
netic tape. This magnetic tape contains a title record as the first record on tape,

The techniques employed in the SCAP code involve the use of the magnetic tape
library data as input to a separate subroutine. This subroutine calculates the absorption
cross section, 64(E;), from the sum of the photo-electric absorption cross section, o (E;),

and pair production cross sections, app(E;). This data is then interpolated to specified
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g If the energy point Eg, outside the range of the pointwise data an error

message is returned and if a value of the pointwise data is zero the interpolant is set to zero.

The calculation of the total cross section in the SCAP code provides total cross

section data at source or scatter energy points only. The interpolated absorption data,

GG(Eg), described earlier is combined with the Compton scatter cross section, o¢(E), to

provide the total cross section 94(E). The Compton cross section in units of barns/electron

is calculated from the Klein-Nishina equation for the inelastic scattering of a photon of

energy, Eg, with a free electron as follows:

E 2

(l+2EO)

, 2EK2 (14E )
In(1+2E ) Ee -2-_] +4 4 g
g K q

e - 3 LA
UC (L_g) - ('é-) (O.UéJ) ?

r
[

p The total cross section, 01-(Eg), in barns, is then defined as,
ai‘(Eg) = aq(Eg) +Z. ac(Eg)
where Z is the electrons/cc of the material.
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Purch Cord Type
and FORTRAN Form

1.
2,

(2%, 12A4)
(13,2£12.5)

(6E12.5)

(6E12.5)

(6512.5)

%

TABLE 3-7

REQUIRED BASIC LIBRAKY DATA FCRMAT
(Repeated for Euch Element)

Magnetic Tape*+ Reauvired Data
Record ! Nama of Element
Record 2 IA, number of enzrgy poinis
Z, Atomic Number of elsment,
electrons/atom

AW, Atumic Weight of element
atoms/gram-atom

Record 3 E;,* 1A point values of energy

describing the zross seciion
3

incut, McV

Record 4 o (E.), IA valves ¢f photo-
Peelbctric absorpticn cross
sections at eneryy roint:,

(Ei)’ barns

E,), 1A values of pair-
“production cross ssstions ot
enargy points, (E.), barns

i

Record 5 P r)'lE

Values of Ei must be in increasing order.

** The lead record on the taps contoins a title record. The library tapzs contuins

(5 x 51y + 1 records.
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3.7.5  Scatter Point Calculations - Single Scatter

Calculations of the scatter point density in a SCAP calculation are based on the
source leg line-of-sight path length through a scatter zone in single scatter calculations or the
first boundary crossing of an albedo zone in an albedo scatter calculation. A scatter zone in
SCAP is a zone whose material number is input as a positive zone. All non-scatter or non-
albedo zones must. have o negative material number. The position of the scatter points are
then determined from the line~-of-sight direction cosines and the position along the line-of-
sight (radial distance along the source leg).

The SCAP single scatter method of determining scatter point density (elecfrons/cm3)
of the zone material and an input quantity, DED, to the code.

The number of scatter points along the source leg line-of -sight, P, through zone,

z, is calculated as follows:

where Np = the number of scatter points in the distance Py

P, = the source leg line~of-sight distance through zone z,

‘ . 3
Nze= the electron density (number of electrons/cm”) zone z,

D = the input quantity, DED, which defines the average electron depth penetra-

tion electrons/cmz, per scatter point.

The quantity in brackets is evaluated as an integer, hence the value of N, is one
or greafer.
The scatter point coordinates in the zone are then determined for the radial distance

on the source leg at the zone entry point and the value of Np as foilows:

1 Pz
P '°+<n -T>°(Np )

3-67



the radial distance or the source leg at the scatter point, p ,

where p

Po the radial distance on the source leg at the zone entry point.

The coordinates of the scatter point (xp, yp, zp) then follow as;

x =x +a p
p s

=+p
Yo =Yg tE 2

z =z typ
p s 'fp
The scatfer volume associated with the scatter point used to calculate the total
scatter zone volume and the magritude of the scatter source is a calculator from the solid
angle interval in spherical coordinate system assigned to the source leg and the radial interval
on the source leg bounding the scatter point as follows:

) 3 3
Avp—AOi (co§ ¢iH cos ¢i) \PB +] PB)

the scatter volume at scatter point p,

where Av

P
Agi = the azimuthal angular width cf the source leg solid angle in radians,
Qi+l B g;’
$oqr B T the polar angle limits of the source leg solid angle of source ray i,
PE 417 ’2 = the radial limits along the source leg defining the scatter point interval
P
_ z
PE +1 Pp * N
P
P,
’D = P -
2 P Np
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This scatter source volume is used in determiny the total scatter volume by zone (a
printed output value) and the total number of electrons at a scatter point, N_°® Aup.

The scattering probability ir the SCAP single scatter method uses the Klein Nishina
for scattering through the angle formed by the direction of the source leg at the scatter leg
direction. This calculation involves the direction cosines of the scatter leg defined from the

coordinates of the scatter point (xp, yp, ZP) and the detector point (xD, Ypr zD) as follows:

p~vy
o =—2 P
P Pn
Yp =Y
g =B _’p
P Pp
zy -z
Y b= —A————L
P Pp
w where PD = the line-of-sight distance from a scatter point to the detector point defined as,

2

2 2
P —_— - 4 - -
D (xD xp) + (yD 'YP) + (zD zp)

The angle of scatter, ¢ is then defined by the equation,

-1
= Y + < +
Y = cos (01s ap Bs Bp Y, Yp)

The scattering probability and the scatter energy is calculated for the differential
form of the Klein Nishina equation for Compton scattering of a gamma ray by the following

equations,

T +s=rr * (1 - cos ¢
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] 2 ]
-g-g—(w,s) =C (i)[E +-EF--sin¢]

E
1
where E = the scattered gamma ray energy,
E = the incident gamma ray energy,
-%%— (¥, E) = The differential scatter cross section per electron,
C = the constant 0. 03970562,

The total scatter source at the scatter point P in zone z for scatter toward the detector
point D is defined as:

deo E e = —
AUP I (#’, E) Lk NZ qS (9, ¢, E) ° eXp(-bp(E))

lt El .
lp( . )
Pp

where Sp (W E) = the scatier source at point p.

3.7.6  Scatter Point Calculation - Albedo Scatter

Calculation of the scatter point density in a SCAP albedo scatter calculation are
based on the source leg line-of-sight entry point into an albeds zone. The user specifies the
zones to be albedo zones by the sign of the material in the zone. At the entry point the code
calculates the angle of incidence as the angle the source leg line-of-sight forms with the
normal to the surface and the angle of reflection as the angle of the scatter leg line-of-sight
forms with the normal fo the surface. This calculation uses the boundary surface equations
to calculate the direction cosines of the norma! to the surface (a N’ BN' yN) and the angle

of meridian, wo, is defined by the equation:

¢|=aNas+BN %+YN Ys
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where (as, 65, ys) = the direction cosines of the source leg.

The angle of reflection is defined by the equation:

REINDEINPD TN D
where (aD, ﬁD’ yD) = the direction cosines of the scatter leg.

The albedo scatter probability is then defined by one of three techniques as given

by the following equations:

a(E) =B (E) ocos(2/3)¢}| e coOs ¢’R

a(E) = B(E)* [1.625 -0.652 o cos(-zc) ¢’|] e cos ;//R

: m,‘

o E) =B(E) » cos \I'R

where a(E) = the albedo scatter fraction per inferaction for source energy, E,

B(E) = the normal incidence-normal reflection albedo for source energy, E.

The first two equations above are interacted for use in neutron albedo calculafions(S)
e .. 8
and the third equation is intended for gamma ray albedos( )
The scatter source for the albedo method is then the product of the surface area of

the source leg solid angle interval at the radius of the entry point into the albedo zone;

= ) _ 2
Asu.p = ;AOiO (cos b+ ~ €05; @) pp
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where Aap = the area of the solid angle at the entry point,

% s the line-of-sight distance from the source point to the zone entry point.

The albedo scatter source is then given by:

a(E)+ Ba_* o, (§6,6) + exp[-b(E)]
o (E) = 2
p .2

In addition to the above calculated result, the scatter area by albedo zone is cal-

culated as the sum of all source angle intervals and the total s are printed output.

3.7.7  Scatter Leg Calculations

The scatter leg calculations performed by the SCAP code include the material atten-
vation and the effect of gamma ray‘ multipie scatter by a huildup factor. Maferial attenuation
and the scatter leg is an exponential function and is based on the scattered gamma ray energy
in the single scatter method or the source energy in the gamma ray or neutron albedo scatter
method.

Macroscopic cross section data for the gamma ray scatter leg calculations are ob-
tained for interpolation of the macroscopic absorption cross section data to the scattered
energy (or source energy is albedo scatter) and the calculation of the Klein Nishinaequation
at the scattered or source energy. The total macroscopic cross section is then calculated in
the identical fashion as the source leg data. The material attenuation function is an expon-
enfial function with the mean free paths of material traversed on the scatter leg as the expon-
ent. Material attenuation in neutron albedo scaiter calculations are calculated in a similar
fashion except that the total or removal cross section must be in|;ui' as macroscopic dafa and

the interpolatics of this data to the source energy is performed,
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The application of & buildup factor to account for multiple scattering on the scatter
leg is performed in SCAP. The user of the code specifies the type of buildup in input and the
code evaluates the buildup factor from bivariant polynominal data in a library included in the
codes based on the mean free paths of material depth penetration on the scatter ieg and the
energy of the particle or flux on the scatier leg. The flux arriving at the detection point from

the scatter point is culculated as follows:

 B(E)eq (E,9) e exp[-h(ET]
B () = Es

P
S

where &(E) the energy or particle flux for energy E at the detector point due to

scafter at point P,
I [}

B(E ) = the buildup factor on the scatter leg for gamma rays of energy E and

material specified in the SCAP input,

1
v b(E ) = the mean free paths of material penetration on the scatter leg for
e 1
energy E ,
B = the line-of-sight distance from the scatter point to the detector point.

3.7.8 Detector Point Calculations

1
The scattered flux at the detector point, ®(E ), for each scatter point is summed

into final result tables as a function of scatter zone and scattered eneigy for single scattered
calculations or source energy for albedo calculations. The SCAP user specifies flux group
energy boundaries for this summary result. These data are obtained with and without the
buildup factor B(El) applied. These data are obtained for each point source.

The dose rate at the detector point is obtained by converting the detector flux to

dose rate in Rads (carbon)/hour for gamma rays or input unifs for neutrons summing over group

or energy to calculate the total dose rate contribution for each scatter event. The dose rate
conversion faetor for gamma rays is obtained by interpolation of a table of values internal to

SCAP using the scattered or source energy. Neutron dose conversion is a required inpur data

}E array.
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The final summary results of the code at the detector point are the summation of ihe
detector point dose rates from scatter points as a function of polar angle source ray number,
(with and without buildup), scatter zone, and composition. This latter summation is provided
for problems with many zones of the same material compositicn (e.g., a series of liquid hydro-
gen zones). In addition the scatter volume by zone or the scatter area by albedo zone is cal-
culated from summation of scatter point volumes or areas. An additional quantity calculated
in the SCAP code is the energy deposition in the scatter zones. This result is obtained only
for single scatter calculations and is calculated using; the uncollided flux at the scatter point,
the buildup factor evaluated for the material penetration on the source leg and at the source
energy, the scatter point volume, and the zone material energy absorption cross section
evaluated at the sowrce energy. The energy absorption cross section is caiculated from the
material absorption cross section and the Klein Nishina formula for Compton energy absorption
crass section.

A final detector point result is the direct (uncollided) flux result. This value is
calculated using the meridian ring value of the source data interpolated to the source point- >

to-detector point polar angle. Material and inverse square attenuation and dose conversion is

applied to obtain the direct dose rate. The sum of the scattered result with buildup and the
direct result is provided as the total result.

Since the SCAP code contains the option for multiple point sources, a summation of the
total, direct, and scattered dose rates at the detector point is calculated and printed.

These results contain the scattered result with buildup applied to the result.
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