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FOREWORD 

fW\ Astronuclear 
\:::!:) Laboratory 

This report is Volume 6 of six volumes of the final rep:>rt on "Nuclear Rocket Shield

ing Methods, Modification, Updating._ and Inpllt DafY.] Preparation". This work was performed 

for the George C. Marsha II Space FI ight Cen ter (MSFC), Huntsv'il Ie, Alabama" under Contract 

No. NAS-8-24919, Control No. DCN 1-X·'80-00056. The techn'ical monitor of this contro.ct 

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 
unrler this contract. 

Volume 2~ "Compi lation 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, Discret~ Ordinates Transport Technique" - A description of 
the AN ISN-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 

rV;\ Astronuclear 
\!:!y Laboratory 

The KAP VI r.omputer code for soiving energy dependent radiation transpor~ 

external to a radiation sOl.lrce is described. KAP VI is a revised version of the KAP V 

code and is written in standard USASI FORTRAN IV. ~evisbns include the data 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' 

Kernel Attenuation Program) code employs the point kernel method to calculate neutron 

and gamma ray radiation levels at detector points located wi th in or outside a complex 

geometry (inciL':!ing 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 kernel, for gamma rays employs 

exponential attenuation along with a buildup factor to account for multiple scales. Three 

optiona I fast neutron attenuation functions are inc luded: (1) a modified Albert- Welton 

function for calculaHng 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 us'ing 

infinite media moments data. The code 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. 

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 kernel method to calculate the gamma ray or neutron radiation levels 

of a detector point located within or outside a complex scattering geometry describable 

by a combination of quadratic surfaces. The code employs an anisotropic point source 

represented as energy and angular dependent input values, single or albedo - scatter 

methods, and exponential materia! attenuation to calculate dose rates and gamma ray 

energy deposition at a defector ,-poir't. 
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1.0 INTRODUCTION 

Nj) Astronuclear 
\.::::::/ Lab or a tory 

This report is Volut:1e 6 of six volumes of the final report on "Nuclear Rocket 

Shieldi ng Methods, Modi fica~ion, Updati ng, and I nput Data Preparation. II 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 radiatici1 anal~lsis methods provided for the Marshall Space 

Flight Center (MSFC) under this contract and the previous contract (NAS-8-20414). A 

simplified, schematic diC1gra.m of each method is shown in Fi gures 1-1 and 1-2. Both 

methods are fully describe:d i 11 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 ~odes. These cross sections are input to the 

ANISN-vV code (Volume 4). The ANISN-Vv code computes one-dimensional neutron and 

photon fluxes in the reactor geometry. 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 code provides gamma my and fast neutron radiation levels at locations 

external to the reactor. Radiation SOUices, h~'1t generation rates and radiation environment, 

both i nterna I and externa I to the reactor as well as shi eld effeci'iveness can be computed 

using the prelimh1ary or parametric design method. 

I n 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 -IIW code (Volume 5) computes 

the two-dimensional neutron and photon fluxe5 throughout the reactor geometry. The NAGS 

data processi ng code (Volume 3) processes these fluxes and calculates neutron and photon 

energy deposition and neutron and photon energy sources and distributions within the 

reaCTor system. These sources a~d distributions ore used as input to the KAP VI point 

kernel code (Volume 6). The KAP VI code provides gamma ray and fast neutron radiation 

I evels at locations externa I to th'e reactor. I n addition the surface leakage fluxes from 

1-1 
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the DOT-IIW pioblem gl " 'etry are used as input to the I'v\AP radiation transport code 

(Volume 5). The Iv'IAP code computes the radiation environment at se lected surfaces 

or points externa I to the DOT -IIW geometry and inc ludes provision for last-fl ight 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 VI or the MAP codes. Radiation sources, heat generation rates and radiation 

environment, both internl.l' and externa I to the reactor as we II as sh ie Id effectiveness can 

be computed using the detailed design method. 

The SATURN (Volume 3), DOQ (Volume 5), and ADOQ (Volume 5) codes are 

additional aata preparation and handHng codes. These codes are provided as convenient 

tools for manipulating large quantities of data or providing selecte,d input data. 

In the analysis of nuclear systems, point kernel technique codes serve as the basis 

for mal!Y different type~ of calculations such as parametric analyses of nuclear rocket or 

space power sh ie Id designs, space nuc lear propu !sion system configurations, prope !lant 

management stud ies, and rad iation environment and effects stud ies. The combination of the 

KAP VI point kernel code and the SCAP single-scatter or albedo code provides flexible 

yet effic ient po int kerne I method wh ich uses consistent geometry and cross section data. 

Punched data and output for the KAP VI code are used as input to the SeA P code. 

The KAP VI code is a revision of the KAP V code to update its :';l"Apabil ity to 

automate the data interfaces with NAGS, GAMLEG-W, and SCAP cor.:h~$. 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 dup\ icates the geometry 

capabil ity 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 

spheric(1! coordinate 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 verskm is operational 

on the MSFC UNIVAC 1108 computer under the EXEC 8 Monitor System. 

1-4 
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2.0 KAP VI CODE 

fW\ Astronuclear 
\!::!:) Laboratory 

KAP VI is a point kernel code designed to calculate the (adiation lev.~1 at 

detector points located within or outside G1 cornplex rad;ation sou"ce geometry describable 

by a combination of quadratic sufaces. The code eva/uotes the material thickne~ses inter

cepted a long the I ine-of-sight from the source point to the detector point. These materia I 

th icknesses (or path lengths) then are employed in attenuation functions to ca Icu late the 

flux, dose rata, 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 inc luded: (1) a modified Albert-vVe Iton function for ca k::u lating fast neutron 

dose rate usi'ng remova I cross sections; (2) a b ivariant polynomia I expression for computi ng 

neutron spectra using infinite media moments data; and (3) a monovQt'iant polyoomia I for 

computing neutron spectra using infinite media moments data. 

The code also handles either cylindrical, spherical, disc, line, or point sources. 

[)ifferent source distributions may be employed for neutrons and gamma rays. A variety of 

options is ava i lab Ie for describing the source distributions. The source distributions are 

assumed separable a long the axis and radius of cyl indrica 1:- type source regions and 

independent of the azimutha I angu lor position for either spheiica I or cyl indrica I sources. 

An option is provided to describe azimuthal source density variation by specifying input 

data for dhcrete point sources. 

Specific desL'able features which have been incorporated in the KAP VI code 

are: 

(1) Input data preparation has been simplified to allow minimum input for 

running IstackE.'d" cases. 

(2) The code uses th~ "point-in-region ll concept to c{]lculate the boundary 

surface-zone relationship (liambiguity index") which is required as input in other point' 

kerm~~ codes. 

(3) 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. 

2-1 
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(4) A routine is included in the program to cakulate the cubic polynomial 

coefficients for buildup factors as a function of input gamma ray energy from a library of 

b ivariant polynomia I data. 

(5) A routine is inc luded wh ich wi" interpolate a close I),-spaced source dish'i-

bution (obtained from a discrete ordinate transport source calculation) to a source mesh 

description more economic and amendable to point kernel calculations. 

(6) A routine is inc luded wh ich ca Icu lates and norma I izes po int source strengths 

for a variety of source geometries and functiona I 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. 

(9) The program has no set limit on the number of source regions wh ich can be 

run in a single prob lem. Th is feature is hand led as a set of stacked source region prob lems. 

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 pmgram 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 ca lcu lation and/or at the completion of source 

region problems. 

(12) An option is inc luded fo~ ca Icu lating the flux at a detector located with in 

a gamma ray source region. Th is option circumvents the numerica I d ifficu Ities introduced 

by the II inverse square lawl! when a source point is too c lose to the detector. 

(13) An option is inc luded to accept NA GS punched card data as input source 

data. 

2-2 
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(14) An opi-ion is included to provide punched card output for use in the SCAP 

Section 2.2 gives a description of the required input data for the I<AP 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 ciescription 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. 

2-3 
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2. 1 COMPUTER CODE SYNOPSIS 

1. Name: KAP-VI 

2. Computer: The code is operational on the MSFC UNIVAC 1108 computer 

system under EXEC8 monitor system control. 

3. 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 describabl e by zones 

bounded by intersecting quadratic surfaces with a maximum of six boundary 

surfaces per zone. Radiation source distriblt ions are describabl e as sepa

rabl e energy and spatia I distributions with interna Ily ca I culated nomlOl iza

tion to provide a poi nt source description of a vol umetri c source in 

cyl indrical or spherical coordinates. Disc, I ine, or point sources are 

describable as source data. The attenuation function for gamma rays is an 

exponential with a buildup factor approximation to account K multiple 

scatter. Three optional neutron attenuation functions are inc! uded: 

1) a modified Albert-Vv'elton function for calculating fast neutron dose 

rate using neutron removal cross sections; 2) a bivariant polynomial ex

pression for computing neutron spectra using infin ite media moments data 

and neutron removal cross sections; and 3) a monovariant polynomial ex·~ 

pression for computing neutron spectra using infinite media moments date'J 

and neutron remova I cross sections. 

4. Method of Solution: A point kernel method using a point source representa

tion of mul tipl e fin ite vol urnes representing a vol umetric radiation source 

is used, I ine-of-sight materia I attenuation and inverse square spatia I attenua

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

2-4 
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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. 

5. Restrictions on the Complexity of the Problem: The KAP VI code is 

lim ited to 30 gamma ray groups and 30 neutron grOIJps. The geometry 

description capability is restricted to zones defined by a maximum of six 

boundary surfaces with each surface defined by the general quadratic 

equa ti on or one of its degenerate forms. A tota I 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 

vol umes 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. 

6. Typical Running Time: The KAP VI code computes approximately 100 

source point-to-detector point calculations per second on the UN IVAC 

1108 computer. This running time is essentially independent of the number 

of eneigy groups and is only dependent upon the calculation of geometry 

dependent data. 

7. Unusua I Features of the Code: None 

8. Related or Auxiliary Codes: Gamma ray absorption coefficients {cross 

sections} may be supplied by magnetic tape from the GAMLEG-W (2)codeo 

Neutron and gamma ray source distribution data for neutrons can be 

supplied on punched cards from the NAGS~2)code. The KAP Vi code 

provides on punched cards detector fJ ux data for use as the effective an iso

tropic source data in a SCAp·{l) codeo 

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

Cent'er (MSFC). Users at MSFC ~oad the code from a tape with controls 

cards followed by the user's input datu. 

2-5 
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1 O. References: 1. R. K. Disney and S. L. Zeigl er, WAN L-PR(LL)-034, 

Volume 6, "Pbint Kernel Techniques,ll 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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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) Rt.'01 or floating point data 

These three data sets are required for each KAP-VI problem or "change cas,e" 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 02., 11, 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 coniiroc;> I wqrd specifying that this is .the last card of a particular type of data 

fi.e., 0 or blank means that more cards of a particu lor type follow; 1 means that 

is the last card of particular type of data). 

3) The address ** or elata location of the first piece or word data on the card. A" 

subsequent data in the fields on the card, up to and including the total pieces 

of dota specified in the first subfield, are s'rored in sequence from the address of 

the first piece or word data. 

The second field is divided according to 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 
,1 FORTRAN EQUIVALENCE is used to assign data arrays in blank COMMON. 

2-7 
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T~e card format for the alphanumeric or title data is th,e FORTRAN format (12, 11, 

19, 15A6). The second field (card columns 13 - 72) is divided into 15 subfields with each 

of the a!;:>hanumeric data which are input according to the input instructions. 

The relative location or address of the initial four character word in each title 

array is tabulated and described in Section 2.2.2 and the breakdown of data sections are 

described. The option to input specific title data was included becaus~~ of the outpuT flexi

bility of the program. It must be noted that the user, in specifying a three word title, has 

the capabil ity of inputting 12 characters of information. In addition, the breakdown of the 

180 and 120 character titl es into 3 and 2 I ines of 15 a I phanumeric data words per line (60 

characters per I ine) must be followed by the user to provide cl early titl ed output resul ts. 

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

IT, 19, 2013). The second field (card colltJmns 13 - 72) is subdivided into .20, 3 di git subfi elds 

with each of the' 20 pieces of data i npuf' as "right ad i usted" integer' data. 

The address of each piece of data, or the address of each data arr:lY, 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 (i2, ii, 

19, 5E12. 5). The second field (card columns 13 - 72) is subdivided into 5 twelve digit 

subfields with each of the 5 pieces of data input as rea I or floating point data. 

The relative lo(;ation 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 K,L\P-YI punched 

card input deck for each problem must include at I east one data card of each type (a I pha

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 spedfic a~dress of each data word within any data array 

allows the user to run stacked problems with minor data changes with a minimum card count. 

2-8 

( 

T 
* 



-
----------~-------- - ~ p 

( 

2. 2. I. Input Data Instructions 

tV:;\ Astronuclear 
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This section describes the preparation of problem input data for the KAP-VI 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 lim itation on the range of 

the input variable. Data array dimensions are specified in the description. 

2-9 



Address 

1 

46 

76 

106 

136 

139 

142 

145 

148 

i5. 

154 

157 

160 

163 

TASLE 2-1 

IN PUT DA TA INSTRUCTIONS FOR KAP-VI CODE 

DATA SET 1 - ALPHANUMERIC (TITLE) DATA 

Data Array Dimension Descri ption 

TITLE (45) Overall problem title (180 alphanumeric 
characters) whi ch is output at the beginning 
of the output printing. (Printed 60 charac-
ters to a line.) 

TITLE (30) Title information (120 characters) printed 
preceding the output of resul ts for each 
source region and a II detector points. 
(Printed 60 characters to a line.) 

TITLE (30) Titl e information (120 characters) printed 
preceding the output of results for the 
subtotal over a selected set of source 
regions (i. e. I the summation over all reactor 
subregions). (Printed 60 characters to a 
line. ) 

TITLE (30) Titl e information (120 characters) printed 
preceding the output of results for the 
summation over subtota Is). (Prini'ed 60 
characters to a line.) 

TITLE (3, 10) Title information (3 words or 12 characters) 
associated with gamma ray response output 
data. 

TITLE (1) Gamma ray response No. 1 

TITLE (2) Gamma ray response No. 2 

TITLE (3) Gamma ray response No. 3 

TITLE (4) Gamma ray response No. 4 

TITLE (5) Gamma ray response No. r:: 
,J 

TITLE (6) Gamma ray response No. 6 

TITLE (7) Gamma ray response No. 7 

TITLE (8) Gamma ray response No. 8 

TITLE (9) Gamma ray respOl'1se No. 9 

TITLE (10) Gamma ray response No. 10 
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Address Data 

166 TITLE 

196 TITLE 

TITLE 

226 TITLE (1) 

229 TI TLE (2) 

232 TI TLE (3) 

235 TITLE (4) 

291 - 300 TITLE (25) 

fW\ Astronuclear 
\f:!:) Laboratory 

Table 2-1 (Continued) 

Array Dimension 

(3, 10) 

(3, 10) 

(3, 25) 

2-11 

Descri ption 

Titl e 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) 
C1ssociated with each Albert-Welton response 
output data. Data order id€f"tical to gamma 
ray response titl e data. 

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

Detector poi nt 1 

Detector point 2 

Detector point 3 

Detector point 4 

Detector poi nt 25 



p 

Address 

1 

2 

3 

4 

5 

Tab! e 2-1 (Conti nued) 

DATA SET 2 - INTEGER (FIXED POINT) DATA 

Data 

NGG 

NGN 

MAT 

NCOMP 

NDET 

Array 
Dimension Descriptio l2.. 

Total number of gamma ray groups, Ec;l1 < NGG 
<30/ 

Total number of neutron groups, En/1 ~NGN 
< 30/ 

Total number of materials or elements 0. e., an 
element, H, 0, or Fe; or a material, H20, U02) 
in the material/composition table. Note: The 
user may input the data, flm(EG) for MAT elements, 
or optionally the program will c.alculate gamma 
ray coefficients, flm(EG), for MATL el ements, 
but not materials (such as H20). The coefficients, 
flm(EG), calculated by the program are in units 
of cmL/ gm. The interna Ily generated gamma 
ray data will appear as the first MATL sets of 
data in the material/composition table. There
fore, the I'VIAT set of data must correspond up to 
and incl uding the first MATL set of data. 

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

Total number of compositions in the material/ 
composition table. 

/1 < NCOMP< 50/ 

Tota I number of detector points to be eva I uated 
for the source region in the problem. The pro
gram will accumulate results for multiple 
source regions for a II detector points under the 
control of the input quantity, ISUM. 

/1 ~ NDET< 25/ 
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p 

Address Daft! 

6 NBOUND 

7 NREG 

8 NRSPG 

/' 9 NRSPN 

10 NRSPA 

1 1 MATl 

19 IBllD 

Table 2-1 (Continued) 

DATA SET 2 - INTEGER (FIXED POINT) DATA 

Array Dimension Description 

fv/\ Astronuclear 
\~ Laboratory 

Tota I number of boundary surfaces in the prob lem 
geometry. 
/1 <NBOUND ~100/ 

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 
prob lem space. 
/1 < NREG <100/ 

Tota I number of sets of response functions to be 
applied to the calculated gamma ray flux data at 
each detector point. 
/1 < NRSPG< 10/ 

Tota I number of sets of response functions to be 
appl ied to the ca leu lated neutron flux data at each 
detector po Int. 
/1 <NRSPN <10/ 

Toto I number of response functions to be appl ied 
to the Albert-We Iton neutron dose function resu Its 
each detector po int. 
/1 <NRSPA < 10/ 

Total number of elements for which gamma ray co
effie ient sets are to be interna IIy generated by 
the program. The MAT l 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 
requ ired. 
/O~ (MA Tll<MA T / 

Control word for bui Idup factor input data. 
IRILD = 0: input buildup factor polynomial co

effie ients at location BI LD. 
I B I lD:tO: the program interna IIy comp,lItes the 
bui Idup factor coefficients from the library of 
data according to the value of IBllD. The allowed 
values of IBI lD for library data are listed in Table 2-2. 

2-13 
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Address 

20 

-~-----~ .... ---

21 

22 

23 

Table 2-1 (Conti nued) 

DATA SET 2 - !NTEGER (FIXED POINT) DATA 

Data 

IGAM 

INEUT 

INEUT(1) 

!NEUT(2) 

I NEUT(3) 

Array 
Dimension 

(3) 

Description 

Control word for calculation of gamma ray 
attenuation functions. 

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

IGAM = 1: Calculate gamma ray attenu\~tion 
functions. 

Control words for calculation of neutron 
attenuation functions. 

Control word for Albert-Welton neutron dose 
calculation. 

I NEUT(1) = 0, do not calculate Albert-Welton 
resul t. 

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

Control word for monovariant poiynomiai, 
f(WR' En), 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 array~) 

Control word for bivariant polynomial, f(WR,En), 
neutron spectra ca I culation. 

INEUT(3) = 0, do not calculate bivariant poly-
nom ia I neutron spectra resul ts 

IN EUT(3) = 1, ca I culate bivariant polynom ia I 
neutron spectra results. (Requires inpuf of KORD, 
lORD, ASOI(2), NSOUR, ENN, XSEC(i,3), 
XSNREF, CON, RSPN, XLAM data arrays.) 
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Address 

24 

25 

26 

27 

Table 2-1 (Continued) 

fVj\ Astronuclear 
\5J Laboratory 

DATA SET 2 - INTEGER (FIXED POINT) DAT.~ 

Data 

ISCP 

IZSO 

ISORC 

ISRC 

Array 
Dimension .Description 

Control word for ca Iculation at a detector in rhe 
immediate vicinity of source points. (An anal)'ti
ca I resul t is ca Iculated if the path I ength 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 techn ique. ) 

iSCP = 0: Do not calculate analytic result. 

ISCP > 0: Co I culate ana lytic resul t with the 
ISCP composition as the source region 
material in the analytic solution. 

The number of the source zone in which path 
I ength cal culations for th is source region are 
in itiated. 

IZSO = Source zone number. 

Control word for calculation of all source dis
tributi on funct;ons. (See Section 2. 7 for 
description of methods of solving for source data.) 

ISORe = 0: Do not calculate source distribution 
data but use previous problem data. 

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

Control word for the calculation o~ ::;ource 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.) 

2-15 
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Address Data 

28 ISZC 

Table 2-1 (Conti nued) 

DATA SET 2 - INTEGER (FIXED POINT) DATA 

Array 
Dimension Description 

Note: The following source radia I distribut'ion 
options are appl icabl e to acyl indrica I source 
geometry. 

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

I SRC = 2: Cosine source d:stribution based on 
input data, X Is. (Does not require FSI input.) 

ISRC = 3: Source distribution based on a linear 
variation of input data, FSI 1 between mesh points, 
RS. 

ISRC = 4: Source distribution based on input 
exponential distribution data Xis. (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 to a spherical source 
geometry. 

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

I SRC = 7: Source distributi on based on a linear 
variation of input data, FSI, between mesh 
points, RS. 

Control word for source axial or polar distribu
tion calculaticlns. 

Note: The following source axial distribution 
options are appl icabl e to cyl indrica I source 
geometry. 
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Address Dota 

29 ISTC 

fW\ Astronuclear 
\.!::!:} Laboratory 

Table 2-1 (Continued) 

DATA SET 2 - INTEGER (FIXED POINT) DATA 

Array 
Dimension Descri ption 

ISZC = 1: Uniform or flat source distribution. 
(Does not requfie FSI input.) 

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

I SZC = 3: Source distribution based on the 
I inear variation of input data, FSI, between the 
mesh points, ZS. 

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

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

Note: The following source polar distribution 
option is appl icabl e to a spherica I source 
geometry. 

ISZC = 6: Uniform or flat polar variati on. 
(Does not require FSI input data. ) 

Control word for source az imutha I distribution 
ca I culations. 

Note: All source az imutha I 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. 
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Address Data 

30 ISIT 

31 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 
interva Is for each radia I interva I set by the input 
data, NSO. 

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

Control word for source distribution interpolation 
co I culation. 

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

ISIT = 1: Interpolate RSIT, ZSIT, FSIT input 
data to obtain FSI at RS and ZS. 

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

ISUM < 0: Initialize the subtotal (intermediate) 
and tota I summary resul ts by setHng all va lues to 
O. O. 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 initial ization 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. 
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Address Data 

32 IOUT(l) 

33 IOUT(2) 

I(ORD 

35 KORD(l) 

36 KORD(2) 

37 KORD(3) 

fw\ Astronuclear 
\.::!:) laboratory 

Table 2-1 (Continued) 

DATA SET 2 - INTEGER (FIXED POINT) DATA 

Array 
Dimension Description 

ISUM =+3: Add this individual source region to 
the subtotal and total summary results, print the 
subtota I and tota I summary resul ts to zero. 
NOTE: If ISUM = 3, i-hen the gamma ray and 
neutron tota I summary resul ts 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(l) = 0: Do not print input data. 
IOUT(l) = 1: Print card images of input data. 
IOUT(l) = 2: Print card images and organ ized 

input data 
NOTE: Normal ized source distribution data are 
printed only when IOUT(l) = 2. 

Control word for printing of output data. 

IOUT(2) = 0: Print all output data for each 
individual source region. 
IOUT(2) = 1: Do nc)t print individual source 
region results. 

(3) Degree or order for each set of the neutron 
moments method bivariant polynomial data in 
the independent variabl e, energy (En). 

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

Degree or order of the second set of coeffi cients 
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 ). 
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Address Data -----

lORD 

40 J ORD(l) 

41 IORD(2) 

42 IORD(3) 

50 LSO 

51 MSO 

NSO 

52 NSO(l) 

53 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 0NR). 

Degree or order of the first set of coefficients 
for the energy range, BKP{l) 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 th ird set of coefficients 
for the energy range, BKP(3) to BKP(4). 

Toto I number of radio I mesh intervals in the 
source reg i on descri pti on. 
/1 <LSO<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. 
/1 < 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 interval. 

Total number of azimuthal mesh intervals in 
radio I interva I 2. 
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Address 

71 

75 

76 

Ii Ii 
\ 

100 

101 

199 

( 

Tabl e 2-1 (Conti nued) 

tV:;\ Astronuclear 
\!::!:) Laboratory 

DATA SET 2 - INTEGER (FIXED POINT) DATA 

Data 

NSO(20) 

LSIT 

MSIT 

NEQBD(j) 

NEQBD(l) 

NEQBD(2) 

NEQBD(100) 

Array 
Dimension 

(l00) 

Descri ption 

Total number of azimuthal mesh intervals in 
radia I interva I 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
tribution data, FSI, at the mesh points, RS. 
/1 < 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. 
/1~ 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, i, in the problem .. (The surface equa-
tions and their respective type number are 
presented in Table 2-3 olong with the required 
surface coefficient input data - ABD, BBD, 
CBD, DBD, XOBD, YOBD, ZOBD) 
/1 < NEQBD(j) < 6/ 

Surface type number for surface No. lo 

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 - I~~TEGER (FIXED POINT) DATA 

Array 
Data Dimension 

NBNDZN(i) (100) 

NBNDZN(l) 

NBNDZN(2) 

NBNDZN(100) 

NCMPZN(i) (100) 

NCMPZN(l) 

NCMPZN(2) 

Descri pti on 

The total number of boundaries or surfaces 
defining each zone, if in the problem. Each 
zone must have at I east one boundary (Jnd no 
more than six boundaries. 
/1 < NBNDZN(i)< 6 / , 

Note: The sign (+) of NBNDZN(i) denotes 
whether the zone"is an outside or last zone and 
th~ user must specify this sign. If NBNDZN is 
negative, the zone is an outside or last zone to 
be ca I cu I a ted on th e ray tra ce to a detector. 

Tota I number of boundary surfaces for zone No. 1. 

T ota I number of boundary surfaces for zone No.2. 

Total number of boundary surfaces for zone 
No. 100. 

The composition number of the mixture of 
materials in zone, if 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 uncoil ided 
attenuation is ca Icu lated for zone i. 

Composition number in zone 1. 

Composition number in zone 2. 
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Address 

399 

500 

506 

1094 

1100 

Table 2-1 (Conti nued) 

fw\ Astronuclear 
'6' Laboratory 

DATA SET 2 - INTEGER (FIXED POI~~T) DATA 

Data 
Array 
Dimension 

NCMPZN(100) 

LBD(j,i) 

LBD(j,l) 

LBD(j ,2) 

LBD(j, 1 00) 

(6,100) 

NTRYZN(j,i) (6,100) 

NTRYZN(j,l) 

Descri pti on 

Composition number in zone 100. 

The boundary surface numbers, jf for each zone, i. 
The user must specify NBNDZN(i) ;)urface num
bers for each zone, i, and the surfaces must 
totally enclose the zone or region in the problem. 
Outside zones can be described as single boundary 
zones. 

Note: The KAP-V I program wi II automatica IIv 
assign a II ambiguity indices (+ or -) of each 

, 

surface, j, in relation to each zone, i. 

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

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

• 

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

The zone identification number for each boundary 
j, of each zone, i, wh ich definez the zone 
encountered upon crossing each boundary of the 
zone, i. There is a one-to-one correspondence 
between LBD and NTRYZN. 
Note: If more than one zone can be entered 
upon crossing boundary, j, the user can minimize 
problem running times by specifying the zone 
entered the most times, or if th is cannot be 
determ ined, the zone with the lower identifica
tion number. 

Zone number, j = 1, NBNDZN(l), for zone 1. 
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Address 

1106 

1694 

Tab'.: 2~1 (Continued) 

DATA SET 2 - INTEGER (FIXED POINT) DATA 

Data 
Array 
Dimension 

NTRYZ N (j ,2) 

NTRYZN(j,100) 

Descri pti on 

Zone number, i = 1, NBNDZN(1) for zone 2 

Zcne number, i = 1, r,<H3NDZN(1), for zone 100. 
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Address 

1 

2 

~ 

,/ 

3 

4 

3 

4 

( 

Table 2-1 (Continued) 

fw\ Astronuclear 
\5) Laboratory 

OATA SET 3 - REAL (FLOATING POINT DATA) 

Data 

ASOI 

ASOI(l) 

ASOI(2) 

XI 

XI(l) 

XI(2) 

X (1) 

XI(2) 

ETA 

Array 
Dimension 

(2) 

(2) 

(2) 

Description 

Gamma ray :md neutron source norma I ization 
constants. The input constants, ASOI, must be 
dimensiona lIy consistent with GS OUR, NS 0 UR, 
and AWSOUR. (See Section 2.7.4 3 
for details.) 

Gamma rey source normal ization constant. 

Neutron source norma I ization 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. 

Radicll source distribution constants used in the 
truncated cosine or exponential source distribu-
tion function. 

For t~uncated cosine, (required when ISRC = 2): 

= 7r/2B, where B is the extrapoia;'ed radius R* 
of the radial cosine function describing t.he source 
distribution. 

= C, where C is the radial coordinate of the center 
of the source region, R=O.O; for a source centered 
in the coordinate system. 

For e)cponential (required when ISRC = 4): 
, 

= f(Ro), the source value at the left boundary 
radius,r Ro 

= (1, the slope of the source distribution in the 
region" 

Axial s,ource distribution constants used in the 
truncaf'ed cosine or exponential source distribu-
tion function. 
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Address 

5 

6 

5 

6 

7 

28 

49 

70 

--------------~-------------------- ~- ~ 

Table 2-1 (Continued) 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Data 

ETA(l ) 

ETA(2) 

ETA(l) 

ETA(2) 

RS(i) 

ZS(m) 

PHI(n,i) 

PHI (n, 1) 

PH I (n,2) 

• 

Army 
Dimension 

(21) 

(21) 

(21,20) 

Description 

For truncated cosine (required when ISZC = 2) 

= B ' where B is the extrapolated height, H*, 

of the axial cosine function describing the source 
distribution. 

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

For exponential (required when ISZC = 4) 

= f(Zo)' the source value at the left axial 
boundary, ZOo 

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

Radial dimensions of the source region mesh 
lines. 

/LSO + 1 val ues/ 

Axial or polar dimensions of source region mesh 
lines. 

/MSO + 1 values/ 

Azimuthal dimensions of source region mesh 
lines for each radia I i nterva I, i. 

Dimensions of radial interval No~ 1; (NSO(l) + 
1 va lues) 
NOTE: If ISTC = 3, input PHI(l,l) and PH 1(2, 1) 
as O. 0 and 3. 1 5149. 

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

448 

470 

491 

512 

533 

931 

Table 2-1 (Continued) 

fW\ Astronuclear 
\.!::!:.) Laboratory 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Data 

PHI(n,20) 

FSI 

FSI(I,l,l) 

FSI(m,2,1) 

FSI (n,3, 1) 

FSI (1 ,3,1) 

RSI (2,3, 1) 

FSI (20,3, 1) 

Array 
Dimension 

(21,22,2) 

Descri ption 

Dimensions of radial interval No. 20,/NSO(20) 
+ 1 values/ 
Note: PHI(n,i) for i greater than 1 are required 
only when for ISTC = 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 val ues/ 

Gamma ray axial or polar source data (required 
when ISZC = 3 or 5) 
/MSO + 1 values/ 

Gamma ray azimuthal data for eoch radial 
interval, 
/NSO(l) + 1 values/ 
Note: FSi(n,3,1) is required input only for the 
case when the user specifies a 1.1 source data FSI 
as input 0. e. , a unit point source is input by 
specifying ISORC = 1, ISRC =0, FSI(470) ::=: 1. 0, 
FSI(491) = 1.0, FSI(512) = 1. 0) 

Gamma ray azimuthal data for radial interval 
No.1. 

Gamma ray azimutha I data for radia I interva I 
No.2. 

Gamma ray azimuthal data for radial interval 
No. 20. 
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Address 

932 

1400 

1430 

Table 2-1 (Continued) 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Data 

GSOUR 

NSOUR 

Array 
Dimension 

(30) 

(30) 

Descri ption 

Neutron source distribution data input which is 
identical in order to the gamma ray data, but 
with a II addresses increased by 462. 
Note: If.ASOI(2) is input as 0.0, then FSI(I,l,2) 
= FS I (I, 1, 1) 

Gamma ray source by energy group, EN G. 
Note: GSOUR must be dimensionally consistent 
with ASOI(l), so that GSOUR(k)· ASOI(l~ will 
provide the units of particles or MeY/cm -sec. 
The NAGS code can provide at user option the 
GSOUR data in the KAP-Yl punched data card 
format. 

Neutron source by energy group, ENN. 
Note: NSOUR must be dimensionally consistent 
with ASOI (2). These quantiti es provide the 
user with the capabil ity 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 Qeneral quadratic equation, and five of the common degenerate 
forms as shown in Table 2-3. 

1460 ABD 

1560 BBD 

1660 CBD 

1760 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 
1 - 100. 

Surface equation constant, XO, for surfaces 
1 - 100. 
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Address 

1860 

1960 

2060 

/ 

~. 

2160 

2163 

• 

2457 

1 

Table 2-1 (Continued) 

@) Astronuclear 
'J laboratory 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Data 

YOBD 

ZOBD 

DBD 

XYZ(j,i) 

XYZ(j,l) 

XYZ(j,2) 

XYZ(j,lo,O) 

COMP(m,n) 

Array 
Dimension 

(100) 

(100) 

(100) 

(3,100) 

(20,50) 

Descri ption 

Surface equation constant, YO' for surfaces 
1 - 100. 

Surface equation constant, ZO, for surfaces 
1 - 100. 

Surface equation coefficient D, for surfaces 1-100. 
Note: To eliminate errors in path length calcu-
lations, the program automatic(Jlly squares the 
input quantity, D, fOl surface equation types 2 
and 3 to provide absolute matching of surface 
intersections. 

Cartesian coordinates of the point internal to 
each zone, i, described by the input data, LB D. 
There are 3 x NREG required input values. 
These data are used in computing the ambiguity 
i ndi ces (+ or -) of each surface in relation to the 
zone and extreme caution must be used in derer-
mining input values. 

(X p' Y P' Zp) for zone 1. 

(Xp' Y p' Zp) for zone 2 . 

• 

(X p' Y P' Zp) for zone 100. 

Composition matrix (densities or volume fractions) 
according to the materials or elements, m, in 
the probl em. 
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Address 

2460 

2480 

3440 

3460 

3490 

3510 

3530 

3550 

3551 

3558 

Table 2-1 (Continued) 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Data 

COMP(m,l) 

COMP(m,2) 

COi\~P(m,50) 

ENN 

Array 
Dimension 

(30) 

XSECN(m,i) (20,3) 

XSECN(m,l) 

XSECN(m,2) 

XSECN(m,3) 

XSNREF 

ALFA (7) 

AWSOUR 

Description 

COMP(m,l): 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-vVelton and neutron spectra 
functions. 

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

Constants ( '17 I s) for each materia I for use with the 
AI bert-Wei ton function. 

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

Neutron removal cro!;s section for the material for 
wh ich the neutron moments data is input (reference 
materia I remova I cross se~tion). 

Constants (als) for the Albert-Welton function. 

Source strength to be applied to the A~bert
Welton kernel. 
Note: AWSOUR must be dimensionally consistent 
with ASOI(2). 
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Address 

3560 

3590 

3620 

• 

4160 

4190 

4194 

• 

4306 

Table 2-1 (Continued) 

fW\ Astronuclear 
~ Laboratory 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Data 

ENG 

Array 
Dimension 

(30) 

XSECG(k,m) (30,20) 

XSECG(k,l) 

XSECG(k,2) 

XSECG(k,30) 

BI LD(l,k) 

BI LD(l, 1) 

BI LD(l,2) 

BI LD(l ,30) 

(4, 30) 

Description 

Representative energy of each gamma roy source 
group. 

Gamma ray absorption coefficients for each group 
k, and each mQterial, m, in the problem. The 
program wi II generate these ciai'O from the data 
on magnetic Tape 11 if MA Tl < 0 or from 
evaluation of bivariant polynomials if MATL> O. 
If MATl"l 0, then input values of ZAT are 
required. 

Coefficients for each group k, material 1. 

Coefficients for each group k, material 2. 

• 

Coefficients for each group k, material 30. 

Gamma ray cubic polynomial buildup coefficients 
for each gamma ray group, k. (Required input 
when IBllD = 0.) 
Note: The program will internally compute these 
data if IBI lD > O. 

130' 131' 132' 133 for group 1. 

130, !3r, 132' 133 for group 2. 

130' 131, 1321 133 for group 30. 
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Address Data 

4310 SMFP 

4311 Tiv\FP 

4312 EPSLN 

4313 FUDGE 

4314 BKP(i) 

Table 2-1 (Continued) 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Array 
Dimension 

(4) 

Description 

Total mean free path of source zone material 
(source composition ISCP) used in determining 
the excl usion sphere vol ume for source points 
adjllcent to detector points. This quantity is used 
in the empirical solution of the gamma ray flux 
for detector points internal to source regions. 
(See Section 2.7.8.) 

The I imit or maximum range of mean fref~ paths of 
garllma my depth penetration for cubi c polynom ia I 
buildup data. The program calculates buildup 
only on T MFP (or I ess) mean free paths. I f 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 ca I culation 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 10-6 and 
is not required as input if the user accepts this 
value. 

Surface equation-path length ca I culation step 
quantity used in providing a means for the ca I cu
lation to cross a boundary. If two steps are 
unsuccessful, an error statement is given. 
Note: FUDGE is internally set as 1. 0 x 10-3 and 
is not required as input if the user accepts this 
value. 

For Monovariant Polynomial Neutron Spectra 
Data: (Required input when INEUT(2) = 1) 

The neutron depth penetration, gl11/cm2, which is 
the breakpoint between the two sets of monovari
ant moments method data. Only BKP{l) is 
required. 
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Address 

(I 

4320 

4325 

4460 

Tabl e 2-1 (Conti nued) 

~ Astronuclear 
\!::!:) Laboratory 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Array 
Data Dimension 

COM (5,30,2) 

COM(i,l,l) 

COM(i,2,l) 

• 
• 

COM(i,30,l) 

Description 

For Bivariant Polynomiai l'-leutron Spectra Data: 
{~equired input when INEUT{3) = 1): 

The neutron energy breakpoints for the appl ica-
bil ity of the bivariant polynomial neutron spectrum 
data. BK P{l-4) must be in order of decreas ing 
energy and the last values 2, 3 or 4 must not be 
zero (e. g., for only one set of polynomial data, 
BKP(l) = E (higher) and BKP(2,3, and 4) = E 
(lower). E (MEV) 

(Required input when INEUT (2) = 1): 

Neutron spectra monovariant polynom ia I coeffi-
cients for NGN groups. These data, which are 
evaluated as Q function of depth penetration 0/v, 
gm/ cm

2 
of equiva I ent neutron attenuation)" is 

assumed to be applicable in the range of 
O. 0 < W < 120. 0 gm/ cm2• The two sets of input 
data divide t-his range into, O. O.>W >BKP(l) and 
BKP(l) > W .> 120. O. For any depth penetration 
in excess of 120.0 gm/cm2, the group dependent 
A I s (input quantities, XLAM) are used as simpl e 
exponential attenuation as, exp [ -A(W - 120.0)]. 

COM(l-5}: C5, C4, C3, C2, C1 for group 1, and 
W< BKP{l). 

COM(l-5): C5, C4, C3, C2, C1 for group 2, and 
W ~BKP(l) • 

• 

COM(1 ~5): C5, C4, C3, C2, C 1 for group 30, 
and W< BKP(l). 
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Address 

4470 

4475 

• 

• 

4615 

4620 

4645 

4670 

4695 

Table 2-1 (Continued) 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Data 

COM(i,1,2) 

• 

COM(i,30,2) 

CON 

CON(5,5,l) 

CON(5,5,2) 

CON(5,5,3) 

CON(5,5,4) 

Array 
Dimension 

(5,5,4) 

Description 

COM(1-5): C5, C4, C3, C2, C1 for group 1, and 
W> BKP(l). 

COM(1-5): C5, C4, C3, C2, Cl for group 30, and 
W >BKP(l) 

(Required input when INEUT(3) = 1}: 
Neutron spectra bivariant polynomial coefficients. 
These data, which are evaluated as a function of 
depth penetration, W, an~ neutron energy, En' are 
assumed appl icabl e over the entire range of 
W >120. 0 gm/ cm2• The four set·s of data divide 
the energy range into four intervals as determined 
by BKP(1-4)" Calculations for W in excess of 
120.0 gm/cm2 are discussed above in the mono
variant polynomial description. 

• C25 for 

CON(1-25): el , C2, C3. • • •••..•• C25 for 
B I< P2 >E~B K P3. 

CON(l-25): Cl, C2, C3. 
BKP3 > E > BKP4. 

• • • • • • • • .C?t::. for -.... 

CON(1-25): Cl, C2, C3 ••••••••.• C25 for 
E >BKP4. 
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Address 

I 4720 I 

I 

I 

4750 

4780 

• 

5020 

5050 

Table 2-1 (Continued) 

fw\ Astronuclear 
~ Laboratory 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Array 
Data Dimension 

XLA~A (30) 

RSPG (30,10) 

RSPG(k,l) 

RSPG(k,2) 

RSPG(k,10) 

RSPN (30,10) 

RSPN(i,l) 

Descri ption 

(Required input when I NEUi(2) or I NEUT(3) = 1): 
Values of A(En) for each neutron energy group for 
use in extrapolating either the monovariant of 
bivariant neutron 1pectra data for va I ues of 
W .> 120.0 gm/cm • 

Group-dependent gamma ray response functions. 
The user must input at 1~'Jst one set of data. If 
coli ided and uncoil ided energy fl ux is desired as 
output datn, one set of RS PG va I ues must be input 
as 1. O. The code will provide NRSPG sets of 
data, and the sum or total over NGG groups for 
each response functi on. 

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 I east 
one set of data. I f the tota I (sum over group-s) 
response is desired, 0. e. , total neutrons/ cm2-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 same order as RSPG starting 
with address, 5050. 
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Address 

5350 

5360 

5363 

5369 

5432 

5510 

5513 

Table 2-1 (Continued) 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Array 
Dota Dimension 

RSPA (1,10) 

RCORO (3,25) 

RCORO(i,l) 

RCORD(i,2) 

RCORE (if- 3) 

• 

RCORD (i, 25) 

5S0T (3) 

ZAT (20) 

Description 

Response functions for the Albert-Welton function. 
The user must input at least one value of RSPA 
(i. e. , RSPA (1) = 1.0). The program will provide 
NRSPA values of output. 

Detector point coordinates (R O' Z 0' 9D) for N OET 
detector poi nts. The detector points must not lie 
on a boundary of a zone. A maximum of 25 de-
tector points per problem are permitted. 

(ROf ZO' 90), for detector No. 1. 

(R 0, Z 0, eD), for detector No. 2. 

(RCI Z D, eo), for detector No. 3. 

• 
• 

(RO' LD, 90), for detector No. 25. 

Source region translation coordinates (XT, Yr, ZT). 
The values of SSOT may be used to translate the 
source region in the problem geometry so that the 
input source data can be relative to (0,0,0). 

(Requirc~d only if MATL I 0) 

Atomic number (electrons per atom) of each 
element for wh ich gamma ray absorption coeffi
cients, are to be calculated by the program. The 
calculated values, in units of cm2/gm, will appt:~r 
as the Hrst MATl sets of gamma ray absorption 
coefficients. If coefficients are input in conjunc
tion with calculai"ed values, then the input values 
must be the ~AT4+ 1 to MAT sets of values. 
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Address Data 

Table 2-1 (Continued) 

fw\ Astronuclear 
~ Laboratory 

DATA SET 3 - REAL (FLOATING POINT DATA) 

Array 
Dimension Description.. 

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

(The followi ng required only if I SORe = 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 (51) 

ZSIT (51 ) 

FSIT(!i, i, k) (51,2,2) 

FS I T (i, 1, 1) 

FSIT(i,2,1) 

FSIT(i,1,2) 

FSIT(i,2 .. 2) 

Radial cClordinates 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 equa I to the ral'ge of the radia I 
values, RS, so that only interpolation of data is used. 

Axial coordinates of the source distribution data 
to be used in the source interpolation routine. 
There are MSIT values required. The range of 
ZSiT 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 

,vdlues required. Source interpolation is calculated 
for both gamma ray and neutron source distributions .. 

'Radial gamma ray source data. 

Axial gamma my source data. 

Radial neutron source data. 

Axial neutron source data. 
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TABLE 2-2 

LIBRARY OF BIVARIANT POLYNOMIAL 
DATA FOR GAMMA RAY BUILDUP COEFFICIENT EVALUATION 

IBILD (KAP IV)r 

N BT (SCAP)Va lue 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12** 

13 

14 

15 

17 

19 

21 

23 

25 

27 

Material 

Water. 

Water 

Water 

Aluminum 

Aluminum 

Aluminum 

Iron 

Iron 

Iron 

Uranium 

Uranium 

Uranium 

Lead 

Lead 

Lead 

Tin 

Tin 

Tin 

TlJna~ten ..,. 

Tungsten 

Tungsten 

Buildup Type 

Dose 

Energy 

Energy Absorption 

Dose 

Energy 

Energy Absorption 

Dose 

Energy 

Energy Absorption 

Dose 

Energy 

Energy Absorption 

Dose 

Energy 

Energy Absorption 

Dose 

Energy 

Energy Absorption 

Dose 

Energy 

Energy Absorption 

*bt(lower) = 0.0 for all data, wh.ere b
t 

is the mean free path 

** Data does not exist in Library . 
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Applicable Ranges 

EG(lower) EG(upper) b/upper)* 

0.255 10.0 20.0 
II 

II 

0.5. 

15.0 

I 

0.5 10.0 15.0 
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TABLE 2-3 

fw\ Astronuclear 
~ Laboratory 

GEOMETRY BOUNDARY SURFACE EQUATIO~"J TYPES AND REQUIRED INPUT 

Boundary Equation 
Type (NEQBD) 

1 

2 

3 

4 

5 

6 

Quadratic Equation 

Ax2 + By2 + Cz2 + X x + Y y + Z z - D = O. 0 . 0 0 0 
2 2 2 2 

A(x-Xo) + B(y-Y 0) + C(z-Zo) - D = 0.0 
2 2 2 . 

(x-Xo) + (y-Y 0) + D = 0.0 

x - D = 0.0 

y - D = 0.0 

z ~ D = 0.0 
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Input Values Required 

A,B,C,Xo'Y o,Zo,D 
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TABLE 2-4 

GAMMA RAY CROSS SECTIQ\I LIBRARY DATA (GAMLEG-W) [IF MATL< 0, (KAP) or NL = 1 (SCAP~ 

Library 
Identification 

NlJmb~r 

.. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

, 10 
11 
12 
13 
14 
'15 
16 
'17 
'18 
'19 
20 
') 1 
~-

22 
"3 L. 

') L1. 
4, • 

"'!) 
L • ..., 

Atomic 
Number 

1 
2 
3 
4 
5 
6 
7 
8 

11 
12 
13 
14 
15 
16 
19 
2(' 

22 
23 
24 
25 
26 
27 
28 
29 
30 

Element 'Name 

Hydrogen 
Helium 
I • h. LIt ,um 
Bery/l ium 
Boron 
Carbon 
Nitrogen 
Oxygen 
Sodium 
Magnesium 
Aluminum 
Silicon 
Phosphorus 
Sulfur 
Potassium 
Calcium 
Titan ium 
Vanadium 
Chronium 
Manganese 
Iron 
Cobalt 
Nickel 
Co!=,per 
Zinc 

Library 
Identification 

Number 

• 

26 
27 
28 
29 
30 
31 

• 32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

", 

Atomic 
Number 

39 
40 
41 
42 
47 
48 
49 

SO 
.'55 
56 
62 
64 
66 
70 
72 
73 
74 
79 
80 
82 
84 
90 
91 
92 
93 
94 

Name 
Element 

Yttrium 
Zircon ium 
Niobium 
Molybdenum 
Silver 
Cadmium 
I,ndium 
Tin 
Cesium 
8arium 
Samarium 
Gadolinium 
Dysprosium 
Ytterbium 
Hafnium 
Tantalum 
Tungsten 
Gold 
Mercury 
Lead 
Polonium 
TI • norrum 
Protactin ium 
Uranium 
Neptunium 
Plutonium 

~ 
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2.3 DETAILED INPUT DATA INFORMATION 

fW', Astronuclear 
\.:::!:) Laboratory 

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 detai Is. 
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2.4 PROBLEM SETUP IN FORMATION 

The setup of a KAP VI code problem is described in this section with a sample 

problem setup and input punched card I isting 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 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 following secti ons. 

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 probtems 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 

productlon and photoel ectric pointwise cross section data for el ements in the el ement/ 

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 a given KAP VI problem on the MSFC UNIVAC 1108 

computer is mainly dependent UpOr'l 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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as; 

( 

where Nz 

MSO z 

is the number of source points in a source zone, 

~ Astronuclear 
\!:!Y Laboratory 

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

in the source zone 

NSOi,z 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 

radia I mesh interva Is in the source zone. 

The total running time for a KAP VI problem with Nz source zones is then estimated 

Nz 

NDET* ~; 
t(CPU seconds} = - ______ _ 

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 VI code generated error messages may be encountered in running 

a KAP VI probl em. These messages are primari Iy due to the incorrect probl em input. The 

error messages are genera II y sel f-explanatory. 

Message 

Error in hput data cards as follows 
(card image printed) 

Error in source distribution 
(l/Gamma, 2/neutron) •••• x 
point •••• y. 

Error in axia I source distribution 
(l/gamma, 2/neutron) •••• x, 
point •••• y. 

Number of gamma ray groups in error 

Number of gamma ray responses in error 

Gamma ray responses are a II zero 

Gamma ray source must be non-zero and 
positive 

Gamma ray source spectra must be 
non-zero and positive 

All gamma ray energies must be non-zero 
and positive 

Gamma ray coefficient must not all be 
zero and non-positive 

Number of gamma ray buildup coefficients 
are specified 

All geometry parameters (LBD and NTRYZN) 
must be non-zero 

Receiver point coordinates for point x are 
incorrect R = y. 

Explanation 

Number of pieces of data specified on the 
card incorrect or address specified on the 
card incorrect for the type of data being read. 

Input quantity FSI (y, 1, x) ~ O. 0 where y is 
radial interval number 

Input quantity FSI (y,2,x) $ 0.0 where y is 
axial interval number 

Input quantity NGG ~ 0 or NGG > 30 

Input quantity NRSPG ~ 0 or NRSPG > 10 

Input quantities RSPGs equal zero for all groups. 

Input quantity ASO(1) < o. 0 

Input quantity GSOUR S 0.0 

One or more input quantity EN G = O. 0 

One or more input quantity XSECG = O. 0 
Check MAT and MATL option and related 
input 

One or more input quantities B UI LD = 0.0 
Check I BI LD option and related input. 

Input quantities LBD = 0 or NTRYZN = 0 

y ~ 0.0 where x = detector number 
y = radial coordinate of 

detector in error 
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Message 

The length routi ne has experienced error 
number x. 

Error in breakpoints for range of bivariant 
polynomials for moments data, energy group 
.•• _, energy = _, energy I im it = _ 
A toto I fl ux of zero was obta ined for the 
problem. The problem was terminated. 

fw\. Astronuclear 
~ Laboratory 

Explanation 

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

x = 2. A boundary crossing on the I ine-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, COMPo 
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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. I reactor). The nuclear subsystem 

geometry is described in Volume 1 of this report.' The gamma ray and neui"ron source data used 

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

The calculation performed by this sample problem 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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15 
15 
15 
15 
15 
15 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
:3 
3 
3 
3 
3 
3 

151 
11 
11 

4-
3 
3 

20 
13 
13 
20 

1 
13 
20 

1 
18 
18 
18 
16 
18 
18 
18 
18 

-. \ 

TABLE 2-5 

SAMPLE PROBLEM CARD INPUT FOR THE KAP-VI CODE 

1 MSfC SAMPLE PROBLEM - SOURCE DATA FROM NAGS 
16 - GEOM. - 75 D. PROP. TANt( 
31 - MERIDIAN RING COS(At=l.Q TO 0.9 
76 CORE REGION - TOTAL 
76 EXTRA CORE k~GIONS - TOTAL 

106 NUCLEAR SUBSYSTEM - rOTAl 
136 MEV/CM2-SEC 
139 RADS(C'/HR 
142 REM/HR 
166 TOTAL 
169 E.GT.IMEV 
172 E.lT.IMEV 
115 REM/HR 
118 (RAOS-TJ IHR 
196 RADSfEJ/HR 
226 A=0.998 
229 A=0 .. 986 
232 As O .. 978 
235 A=0.970 
238 A=O.966 
241 A=0.954 
244 A=0.946 
247 Ac O.938 
250 Ac O.922 
253 A::0.910 
256 Ac:O. 902 
46 REGlON NO. 1 RADIAL CORE CENTER REGION PI 

1 13 27 12 12 1 33 34 3 5 1 12 
19 1 1 1 0: 1 0 1 1. 3 3 3 
30 1 -.1 2 0 
35 3 Z 3 
40 2 3 3 

100 6 2 '2 2 6 6 6 6 6 6 2 2 2 6 2 2 2 3 3 3 
120 3 6 6 (, '6 6 (,; 6. 3 3 3 3 3 
200 3 4 4 4 3 3 4 3 3 3 -4 4 ~ 
213 3 3 2 3 4 4 4 3 3 3 4 4 4 3 2 3 3 4 -2 -1 
233 -2 
300 1 1 2 3 4 6 4 5 7 3 12 12 12 
313 8 9 10 10 9 B 17. 11 11 11 9 e 12 11 11 9 e 12 12 12 
333 12 
500 22 23 29 22 29 ~3 30 22 30 23 32 
51B 22 32 27 33 23 24 32 24 25 31 
536 24 31 25 32 25 26 32 26 27 32 
554 27 28 33 2B 2 5 21 22 33 28 21 
572 1 22 21 2 5 3 3 S ~ 
5904 5 5 15 6 5 16 8 15 
608 5 17 8 16 5 21 8 11 6 15 7 
626 1 15 8 8 Ul 9 8 19 10 18 

@ 
r- » 
OJ(/) 
c:r -+ 
0"" ...,0 
Q)::l 
-+ c:: 
on ..., 
'< ro 

Q) ..., 

~ 



z aut ., .... !!~:;;i7 ______ -..=-_----_---------------------

~ • 
t ;r 

r. 

l t Ii TABLE 2-5 (Continued) 
i I 

I I " 1 .. 1 1 

i I 
I ~ 18 644 8 20 10 19 a 21 10 20 9 18 10 II : 18 662 10 11 10 12 11 10 13 12 .~ j- 18 680 10 21 14 13 lit 21 21 
r I 6 698 21 1 
~ 1 i 18 1100 13 5 2 13 1 5 3 13 2 5 4-i),.; i 18 1118 13 3 10 12 1 6 4 5 8 7 I' ,.' 

18 1136 5 8 4 6 9 4 8 10 4 " II 6 ~ I ~ 18 1154 9 11 12 10 lit 20 33 13 4 11 33 ~ l} . ; 113 1172 34 1 33 11 19 15 10\ 18 16 . t . 
18 1190 15 11 16 18 21 15 19 Zit 17 f , f ,I 18 1208 14 20 25 18 11 33 26 19 11 18 22 , " I 18 1226 21 18 23 22 Zit 27 16 25 29 23 ,! I t 18 1244 19 26 30 24 20 33 31 25 23 24 28 .J. 
18 1262 21 29 24 30 28 25 31 29 r~ j?" 18 1280 26 33 32 30 31 3) 11 

i 1 ' i '.~ 6- 1298 33 34 , . I ',a.t :1 50 7 lit 1 ! ~ J ~BJ 

. (" I 

7 52 2 It 6 S 10 12 lit 1 .' . ~ . 21 15 14 29 
-, ~ t' I 

2 1 1.0 0.8309 
., < <~ f . 
~ i .: 5 1 0.0 10.n 20.0 25.0 30.0 R 1 I , 

3 52 35.0 40.0 "3.5 R 1 I i I. 

'" 5 28 0.0 10.0 20.0 30.0 ItO"O Al,2,1.4 j f" I 
5 33 50.0 60.0 10.0 80 .. 0 90.0 Al.2.3,,. ;:'. I • r .,I:::a.. 

~. r. ' (X) 5 38 100.0 110.0 120.0- 130.0 137.16 Al,2 f 3.1t ~'. I /'I : ' 

2 1t9 0.0 3.14159235 r · 50 1400 8.42Z06E-03 6.90293E-03 2.9381CE-02 1.1t5449E-02 2~51404E-Ol '. 50 1405 4.73163E-01 2.99288E-Ol 4.11821E-01 5.38622E-Ol 1.26046E-Ol 
( . I L 30 1410 9.74200\E-Ol 1.32113E&OO 5.99359E-Ol 

5 1430 1.235 2.47 2.47 2.41 2.41 ). 
5 1435 2.47 2.1t1 1.482 1.976 1.482 
5 1440 9.888 -1 1,,41 -1 4.94 -1 3.705 -1 2.41 -1 5 1445 2.47 -1 2.47 -1 1.358 -1 2.47 -2 2e47 -2 5 1450 2.47 -1. 2.47 -2 2.47 -2 2.47 -2 2.47 -2 2 1455 2.41 -2. t.235 -2 
5 21)60-1000.0 261.54 256.46 256.04 7.1'697 &2 5 2065 898.5 1288.5 1655.84 2188.5 240Q.81t 
5 2070 487.26 481.68 492.76 2756~0 0.0 
5 2075 0.0 0.0 4R7.26 487.68 492.76 
Ij 2080 1000.0 0.0 137.16 139 .. 7 1.54.9"* 5 2085 193.04 215.90 218 .. 44 43.5 50.8 
3 2090 55.88 63 .. 5 66.04 
3 1461 1.0 1.0 1.0 
3 1470 1.0 1.0 i.O 
3 1474 1.0 1.0 1,,0 
1 1561 1.0 1.0 1. t) 
:4 1570 1.0 1.0 1 ... 0 
3 1574 1.0 leO 1.0 

_. _. ___ ~_~ 'I'-' zt1 
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TABLE 2-5 (Continued) I , I ' 

1 
if I , 

,. 1 ' II 
3 1661 1.{) 1.0 1.0 
3 1670 2.109 2.108 2.08~ 
:3 1674-7.17972 -2-7.17972 -2-7~i7972 -2 
:3 1961 844.54 844 .. 54 644.54 
:3 1910 2409.84 2409.84 2409.84 
:3 1974-161.9 -1"3.5 -183.1 
3 216,0 0.0 0.0 ~9.0 
:3 2163 45.0 ' 0.0 69.0 
3 2166 55.0 0.0 69.0 
:3 2169 65.0 0.0 69.0 
3 2172 0.0 0.0 D8.0 
3 2175 0.0 0.0 145.0 
3 2118 60.0 0.0 145.0 
3 2181 0.0 0.0 175.0 
~ 2184 0.0 0,,0 200.0 
1 2187 0.0 0.0 211.0 
3 2190 0.0 0.0 230.0 
:3 2193 80.0 0.0 75.0 
:3 2196 0.0 '0.0 -to.O \ 

S 2199 0.0 0.0 584 .. 0 ~ 

:3 2202 0.0 0,.0 588.29 
3 2205 0.0 0.0 no.o f. • 
3 2208 0.0 0 •. 0 1'18.0 l ' i l'V , 

I :3 2211 252.0 0.0 778.0 I ! ! ~ , 4:::-. 
:3 2214 257.2~ 0.0 778. O. 1 I·,' -.0 

.! r' i :3 2211 300.0 0.0 178.0 
!l ~ , , 3 2220 0.0 0.0 950.0 . ! '~ 

3 2223 0.0 0.0 1600.0 ' ' I ' 

3 2226 0.0 0 .. 0 ,%il56.0 
:3 2229 487.27 0.0 1656.0 

-. I L :3 2232 487.70 0.0 1656.0 
:3 2235 500.0 O.G 1656.0 .J, 
:3 2238 0.0 0.0 2400.0 ; 

3 2241 0.0 0.0 2410 .. 0 
3 2244 0.0 0.0 2745.55 
3 2247 0.0 0.0 27'+5.80 
:3 2250 0.0 0.0 2152.0 
:3 2253 0.0 0.0 2760.0 
~ 2256 1100.0 0.0 15.0 
3 2259 0.0 0.0 -HOO.O 

@ 5 30460 10.0 9.0 8.0 7.0 6.n 
5 3465 5.0 4.0 3.2 2.5 1.8 
5 3470 1.3 Oe95 0.7 0.5 0.4 

r- :x:-5 304 75 0.3 0.2 0.1 0.09 0.08 Q)cn C" _ 5 3480 0.01 0.06 0.05 0.04 0.03 0"" ...,0 2 3485 0.02 0.01 
Q):::J 5 3490 .0~07 .0091 .0091 .0210 .'0211 - c: 0('") 

~ 3495 .0190 0.0 .016 .029 .058 -, 
"< C'D 

Q) 
-, 

.JJ, 
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I'V 
I 
In 
o 

~"~ 

2 
5 
5 
2 
5 
5 
2 
1 
5 
2 
1 
5 
5 
3 
4 
4 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
2 
50 
50 
30 
50 
50 
30 
50 
50 
30 
50 
50 
30 
50 
50 
:3IU 

TABLE 2-5 (Continued) 

3500 .or2 
3510 
3515 
3520 
3530 .0407 
3535 .019 
3540 ~012 

.022 

8.688091307 

,,0091 
.6 
.022 

.0091 

.016 
.0210 
.029 

3'550 0.0407 
3551 1.6 
3556 1.0 
3558 1.0 
"3560 8.5 

-04 2.9 
£01 9.59 

-01 7.18 -01 5.8 
-02 

3565 3.5 
3570 1.0 
1t310 0.0 
4314 10.0 
4620 0.92058 
4625 -7.35248 -1 
4630 -3.33136 -3 
4635 -1.4929 -4 
4645 2.02125 -1 
""650 3.27206 -1 
4655 -6 .. 51312 -1 
""670 2.46702 
4615 -2.80043 &1 
4680 -1.29332 &2 
4685 1.91579 &3 
4720 .0663 
""125 .0663 
4130 .0511 
4735 .051 
4740 .0472 
4745 .0412 
4150 1. 
4155 t. 
4760 1. 
4780 8.5 
478~ 1.15 
4190 1.61 
4810 1.03 
4815 1.31 
4820 I.B4 
4840 3.91 
4845 3.59 
4850 4,22 
4810 2.94 
4815 3.31 
4880 4.24 

-01 
-06 
-06 
-06 
-06 
-06 
-15 
-15 
-15 
-15 
-15 
-15 

1.25 6.5 
2.8 2.5 
0.1 0.3 

5.5 
2.0 

20.0 1.0 -06 1.0 
1.0 0.1 0.01 
-2.52ZQ7 -2 -1.31193 -4 o. 

3.5555 
-2.40152 
1.85572 
1t.9&364 
-1.29057 
8.7204 
9.47202 
-2.76004 
4.63051 
-2.44106 
.0663 
.0663 
.0523 
,,050 
.0464 
.0464 
1. 
1. 
1. 
8.8 
1.23 
1.67 
1.05 
1.41 
1.94 
3.8.3 
3.62 
4.52 
2.96 
3.46 
4.54 

-3 -2.92013 -5 o. 
-3 1.4441 -5 O. 
-4 -9.18989 -1 
-2 "-1.l.,.0544 -3 
-1 2.46613 -3 
-2 -1.77128 -3 
-2 -1.65266 -3 

1.5R054 -2 
&1 -2.69301 -1 
&2 1.589 

.0663 

.0573 

.0511 

.0493 

.0411 

-01 
-06 
-06 
-06 
-06 
-06 
-15 
-15 
-15 
-15 
-1' 
-15 

1. 
1. 
1. 
9.2 
1.27 
1.66 
1.08 
1.~5 
1.89 
3.11 
3.65 
5.,.5 
2.99 
3.58 
4.54 

-01 
-06 
-06 
-06 
-06 
-06 
-15 
-15 
-15 
-15 
-15 
-15 

o. 
,6.0468 
-1.2386 
9.12486 
6.16259 
3.6272 
-1.28182 
-3.3617 
.0663 
.. 0508 
.0520 
.048 
~0438 

1. 
1. 

4.,,5 
1.31 

1.16 
1.56 

3.69 
3.70 

3.05 
3.13 

.0217 

.. 058, 

-01 3.5 

-03 

4.5 
1.5 

o. 
o. 
o. 
o. 

-6 0 .. 
-5 o. 
-6 o. 
-6 o. 
-60. 
-4 o. 
-4 Q,; 

.0663 

.049 

.0508 

.048 

.01,17 

1. 
1. 

-07 1.05 
-06 1.48 

-06 i. 21 
-06 1.69 

-15 3.62 
-15 3.88 

-15 3.15 
-15 3.9' 

-05 

C BI 
C 8t 
C Rt 
C 81 
C Bt 
C SI 
C Bf 
C 81 
C 81 
C 81 
C BI 
C BIV 
C SIV 
C BIY 
C BIV 
C BIV 
C SIV 

RSPG 11 
RSPG 12 
R SPG 13 

-ObRSPG 7.1 
-ObRSPG 22 

RSPG 23 
-Of:-RSPG 31 
-06RSPG 32 

RSPG 33 
-i5RSPG 41 
-15RSPG 42 

MiPG 43 
-15RSPG 51 
-15RSPG 52 

RSPG 53 

~ 
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L! 1 TABLE 2-5 (Continued) 
~ 1 
f· 

1 j 

I I 5 5050 1.0 1,,0 1.0 1.0 1.0 
ttl i" 5 5055 1.0 1.0 1.0 1.0 1 .. 0 

, I 1 
'\' 5 5060 1.0 1.0 .0 1.0 1.0 . !. 5 5065 1.0 1.0 1.0 1.0 1.0 

! ' 5 5010 1,.0 1.0 1.0 1.0 1.0 
,~ : 2 5015 1.0 1.0 

i '\ I ! 5 5080 1 .. 0 1.0 . 1.0 1.0 1.0 
1 ~ ! t 5 5085 1.0 LO 1.0 1.0 1.0 , r.. 'j ,! I. 1 5090 1.0 

I'.' Ii . 5 1j110 1.0 1.0 1.0 1.0 1.0 
'\ -: 5 5115 1.0 1.0 1.0 1.0 1.0 
! l~ 5 5120 1.0 1.0 1.0 1.0 1.0 
, If. 3 5125 1.0 1.0 1.0 

f 
r 5 5140 1.158 -4 1 .. 101 -4 1.109 -4 1.068 -4 1.068 -4 

. ~t;.\; 5 5145 1.061 -4 1.040 -4 9.184 -5 9.033 -5 9.615 -5 
.' i. ' 5 5150 9.334 -5 8.502 -5 6.963 -5 4.353 -5 5.344 -5 '....,·t'li ·5 5155 3.983 -5 3 .. 481 -5 1.951 -S 1.781 -5 1.612 -I) 
t"} i . 5 5160 1.372 -5 1.141 -5 9.392 -6 7.206 -6 5.101 -6 
;' \. II"; 2 5165 3.056 -6 1.118 -6 
I t I ., \ 
~ f 1 ::'ll 5 5 17 0 1. 18 1 - 5 1. 68 B - 5 1. 11 2 - 5 1. 6 1 ~ - 5 1. 6 1 9 - 5 
::" ~\~i 5 51751.603 -51.489 -51.316 -51 .• 119 -51.061 -5 
';~: ,~~ 5 5180 9.425 -6 1.1l9 -6 6.599 -6 5.148 -6 ~.101 -6 
• ~~ . (' I 5 5185 3.921 -6 3.116 -6 2.215 -6 2.133 -6 1.931 -6 

~ i J ~ 5 5190 1.161 -6 1.554 -6 1.34/t -6 1.131 -6 8.941 -1 
! :,: 2 5195 6.396 -1 3.441 -1 
; i ;~ 1 15350 1.0 
1:' }' .r 5 5513 6.0 92.0 92.0 26.0 24.0 
,,-' . 5 5518 2 B • 0 1 • 0 41 .0 13 • 0 5. 0 

i ~ 2 5523 4.0 22,,0 
J I 3 5360 4.08932E&01 9.82485Et02 0 .. 0 

3 5363 1.72450ES02 9.66991E&02 0.0 
3 5366 2.07006Et02 9.59660E&02 0.0 
3 5369 2.36312Et02 9.52337E&02 0.0 
3 5372 2.49593E&02 9.48616E&02 0.0 
3 5375 ~.a5461Et02 9.31698E&02 050 
3 5318 3.06841Ef.02 9.30380Et02 O~O 
3 5381 3.26655Et02 9.2306;Et02 0.0 
3 5384 3.62606Et02 9.08430Et02 0.0 
3 ~381 3.79091Et02 9.01114Et02 0.0 
3 5390 3~94161E&02 8.93798EtOZ 0.0 @ 
10 5533 o. .A 

50 5534 3.50000E&OO 9.50000EtOO 1.~OOOOE&Ol 1.80000EtOl 2.20000EtOI 1<: 
50 5539 2.60000EtOl 3.000COE&Ol 3.35000EtOl 3.65000EtOl 3.90000EtOl r- J> 
20 5544 ~.lOOOOE&OI 4.275COECOl ~ ~ 
10 5546 4.35000EtOl ~ a 
10 5584 o. 0) ~ 
50 5585 5.00000E-Ol 1.15000EtOO 3.00000ftOO 4.15000EtOO 7.50000EtOO ~ ~ 
SO 5590 1.15000EtOl 1.10000EtOl 2.35000EtOt 3.0~OOOE&al 3.75000E£OI ~ ~ 

...., 

~ 
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JI TABLE 2-5 (Continued) 
II 

1: 
t ~ 

r I .,. 
5595 4.45000EtOl 5.15000E&Ol 5.85000E&Ol 6.55000F.GOl 1.25000EEOl % 50 

I 50 5600 7.95000EEOl 8.65000E&Ol 9.35000E&Ol 1.00500E&02 1.01500E&02 

r ' 
50 5605 1.14500Et02 1.21500Ef.02 1.27500E&02 1~31500E&02 1.34000Et02 

... j 11 
~ ; 1 20 5610 1.35650Ff.02 1.36730Ef.Ol , 

.. . 10 5612 1.37160E&02 .' ! . 
I . 10 5635 1.17635Ef.00 

',. t; 
50 5636 la114!9E&OO 1.16040E&OO·I.1402Z[&OO 1.li~12E&OO 1.08085E&OO 

iii 50 5641 1.03985E&OO 9.92643E-Ol 9.49040E-Ol 9~14191E-Gl 8.93281E-Ol 
20 5646 8.88781E-Ol B.99383E-Ol 

(" 10 564A 9.14665F-Ol I . 

r 10 5686 6.51112E-02 
j 50 5687 1.94648E-02 1.30459E-Ol 1.18508E-Ol 2.42148E-Ol 3.39037E-Ol 

~ .~ " ' 50 5692 4.722B9E-Ol 6.42293E-Ol 8.21199E-Ol 9.87711E-Ol 1.126J3E&CO "'Or 

50 5691 1.23737E&OO 1.32071E&OO 1.31619EtOO 1.40323Ef.OO 1.40168ECOO 
50 5102 1.37167EtOO 1.31374E&OC 1.22884EtOO 1.11B36EtOO 9.B4439E-Ol 
50 5107 e.30944E-Ol 6.71155E-Ol 5.70514E-Ol 5.92315E-Ol 1.3B165E-Ol 
ZO 5112 9.B659ZE-Ol 1.30774EtOO 

1 ~~. 10 5114 1.61799EtOO 
~fQ' I 5 2460 1.508 6.823 -2 5.554 -3 2.107\ -3 3.898 -4 

. fA 
" "I 3 2465 5.281 -3 5.390 -4 3.095 -2 ~ 

\j r·J 5 2486 1 .. 403 -3 0.0 0.0 0.0 1.6606 
1 2508 2.8095 , ,i . tv 4 2526 6.297 -2 OuO 1.796 1.1032 -1 

Iii I I 
01 1 2531 8.546 -1 

!~1F1 
tv 1 2540 3.061 -2 

3 2546 3.272 -2 0.0 2.2476 
1 2566 1.2645 -2 

I 'I 1 2586 11!'1839 -2 
1 2600 5.5 -2 

l ).' 1 2606 2.41 -3 
1 2628 2.7 
1 2646 7.0 -2 
1 2666 8.8 -4 
10 5731 1.17ltllEtOO 
50 5138 1.17191EGOO 1.15194EtOO 1.13751EtOO 1.11138EtOO 1.01714EtOO 
50 5743 1.03675EtOO 9.a9976E-OI 9.47382E-Ol 9.15072E-Ol 8.96351E-Ol 
20 5748 8.95759E-Ol 9.11517E-Ol 
10 5750 9.30294E-01 
10 5788 6.37057E-Ot 
50 5789 1.78718E-02 1.28642E-OI 1.76484E-Ol 2.39895E-Ol 3.36~OOE-Ol 
50 5794 4.69472E-Ot 6.39218E-Ol 8.11925E-Ol 9~e4276F-Ol 1.12273EtOO 
50 ~799 1.23360E&OO 1.31685EtOO 1.37216E&OO 1.39914EtOO 1.39159EtOO 
50 5804 1.36166E&OO 1.30989Ef.OO 1.2252iEtOO 1.11503EtOO 9.81519E-01 
:50 5809 8.20723E-01 6.10949E-Ol 5.71256E-Ol 6.14374E-Ol 1.85146E-O! 
~O 5814 1.06794EtOO 1.43030EtOO 
11 5&16 1.779Z0EtOO 

151 46 REGION NO. 2 RAOIAl CORE EDGE REGION PI 
1 32 1 

-
.... ...... 

~ -



(~ (._. \ 

TABLE 2-5 (Continued) 

2 50 4 14 2 
4 52 12 12 14 14 2 
21 75 12 Zg 
4 1 43 .. , 46.0 48.0 49.5 50.8 
2 1 1.0 0.38114 
50 1400 3.78941E-03 2.88111E-03 1.1BI02E-02 3.08338E-02 I.04411E-Ol 
50 1405 2.10084E-Ol 1.3364lE-01 1.64014E-Ol 2.38913E-Ol 3.26125E~01 
30 1410 4.31918E-Ol 5.92243E-Ol 2.69925E-Ol 
10 5533 4.35000E&01 
50 5534 4.42500E&01 4.~5000E&Ol 4.65000EtOI 4.13150E&01 4.81250EtOl 
50 5539 4.81500EtOl 4.92500EtOl 4.91500E&Oi 5.02000EtOI 5.06000E&01 
10 5544 5.08000EtOl 
10 5584 o. 
50 5~85 5.00000E-Ol 1.15000EtOO 3.00000EtOO 4.7?000E&OO 7.50000EtOO 
50 5590 1.15000EtOl 1.70000E&01 2.3S000E&01 3405000E&01 3.15000EtOl 
50 5595 4.45000EtOl 5.15000EtOl 5.85000E&01 6.55000E&01 7.25000E&01 
50 5600 7.95000EtOl 8.65000E&01 9.35000E&01 I.00500E&02 1.01500Et02 

I
t'l" 50 5('05 1.14500Et02 1.21500Ef.02 1.27500E&02. 1 .. 31500E£02 1.34000EE.02 
l'~~ 20 5610 1.35650Et02 1.36130Et02 
~ 10 5612 1.37160E&02 

. ,. !', 10 5635 7.69218E-01 \'J f ~ 50 5636 7.81642E-Ol 8.19111E-Ol 8.68111E-Ol 9~29156E-Ol 1.00353ftOO ! ;f 6, 50 5641 1.08263E&OO 1.16521E&OO 1.269S8E&00 1.38815E&OO 1.52409E&OO 

f 
\ w 10 5646 1 .. 61640E&OO 
1 : 10 5686 6.01431E-02 

J 
'" 50 5687 1.41618E-02 1.25250E-Ol 1.7441ZE-Ol 2.40403E-Ol 3.41l49E-01 

;1'".~ 50 5692 4.19201E-Ol 6.53517E-Ol 8.3419ItE-01 ls00228E&00 1 .. 14131E&00 
~~ 50 5697 1.257.14EEOO 1.33656EtOO 1.39234E&00 1.41QS6Ef.OO 1.411QSEtOO 

.' 50 5102 1.38161EtOO 1.32911EtOO 1.24339E&OO 1.13180EtOO 9.96101E-Ol 
I ' 50 5701 8.38878E-Ol 6.6996SE-Ol 5.44211E-Ol 5.1Z822E-01 5.67623E-Ol 
l I 20 5712 6.86132E-Ol 8.54044E-Ol 
J, I J to 5714 1.0171QE&OO 
r ~ .' 10 5737 7.46193E-01 
! 50 5138 7.61391E-Ol 8.03676E-Ol 8.58474E-Ol 9.25258E-Ol 1.00540E&OO 

50 5743 1.09099E&00 1.18006E&0~ 1.2927ZE&OO 1.41980E&OO 1.56568E&OO 
10 5746 1.66478EtOO 
10 5188 5.Q0788E-02 
50 5189 1.29991F-02 1.238G9E-Ol 1.12933E-Ol 2.38865E-Ol '.39588E-Oi 
SO 5794 4.71699E-Ol 6.52126E-Ol 8.33516E-Ol 1.00108EtOO 1~14013E&OO 
50 5199 1.25154E&OO 1.33533E&OO 1.3Q108f.&OO 1.41828E&OO l.~1668EtOO 
50 5804 1.38636E&OO 1.32191E&OO 1.24224E~00 1.13014E&OO 9.95143E-Ol @ 
50 5809 8.3809IE-01 6.69881E-01 5.46795E-01 5.21026E-OI 5.84471E-Ol 1<; 
20 5814 1.14313E-Ol 8.95B39E-Ol 
11 5816 1.07203Ef.OO ~ ?: 

151 46 REGION NO. 3 RADIAL REFLECTOR RfGION Pl a- ~ 
1 31 2 ~ a 
2 50 1 14 3 ~ g 
1 52 l~ 14 14 16 16 16 18 3 ~ ~ 

Q) -. 

--4 



h 1 
t 
r t 

11 TABLE 2-5 (Continued) 

i 
I 21 1'5 12 29 \ I 

, ! I r ~ 5 7 50.8 52.0 54.0 56.0 58.0 R 3 

1 
3 12 60.0 62.0 63.5 R 3 

t I i 2 1 1.0 o. 
50 1400 o. o. 3.~3749E-OZ 9.6~007E-0~ o. 

I I- 50 1405 1.26205E-OZ O. 9.736e9E-03 O. o. 
! f !" 30 1410 O. 1.14646E-03 O. 

I ~-tl 10 5533 5.0BOOOE£01 
50 5534 5.10500E&Ol 5.16500E&Ol 5.25000E&'Ol 5.37500E&Ol 5.51900E£OI 

I 1'\, 50 5539 5.66900ECOl 5.82500E&Ol 5.91500E&'Ol 6.12500E&01 6.Z7500E&'01 
10 5544 6.350aOE&'01 
10 5584 O. 

i t I; 50 5585 5.QOOOOE-Ol 1.15000E£OO 3.00000E&'OO ~.15000E&OO 7.S0000E£OO 
50 5590 1.15000E~01 1.70000E£Ol 2.350QOE&'Ol 3.0S000E£Ol 3.75000EtOl 

~ "- 50 559S ~.45000E&Ol 5.15000E&01 5.85000E£01 6.55000E&'01 1.25000EG01 
so 5600 7.95000E£Ol 8.b5000E~Ol 9.35000E&Dl 1.00500E£02 1.07500E&02 
50 5605 1.14500F.&02 I.Z1S00E&02 1.21500E£02 1.31500E&02 1.34000E£02 
20 5610 1.35650E£02 1.36130E£02 
10 5612 1.31160E&02 
10 5635 7.62467E-Ol \ 

! 
r ~( ~O 5636 8.2078~E-Ol 9.65047E-Ol 1~11919E£OO 1.26135E£OO 1.33011E&00 

~, \ "I' l 

'" 
50 5641 1.29095E£OO 1.15934E&OO 9.574t2E-01 i.02923E-Ol 4.02482E-Ol l \ 1 '"~ 10 5646 3.06364E-O t • I, ~ , I 

I· 0 

~ 10 5686 4./~345 t E-02 

1 
\ 
• 50 5687 5~18853E-02 1.12687E-OI 1.64136E-Ol 2.33291E-Ol ].38556E-Ol j , 

50 5fq2 4.B1214E-Oi 6.596t7E-Cl 8.43570E-Ol 1~01258E&OO 1.15255E&OO I '. I " 

50 56q1 1.26412E&OO 1.34q16E~OO 1.405J6EtOO 1.4327Qf£OO 1.~3116E&OO :: 1: ~ 50 5102 1.40055E&OO 1.34153E&OQ 1.Z5508E£OO 1.14250EtOO 1.00541EtOO 
-;0 5107 8~457l4E-01 6.71249E-Gl 5.30408E-01 4~62589E-Ol 4.46836E-Ol 

t' • ,20 5112 ~.54419E-Ol 4.69S91E-Oa 

'I I ~ 11 511~ 4,,810961:-01 

~L 151 46 REGION NO. 4A RADIAL PRESSURE VESSEL REGION PI 
2 50 1 14 4A 

." 1 52 IS 4A 
21 75 4 32 
2 1 63.5 66.04 R 4A 
5 28 0.0 10.0 20.0 30.0 40.0 Al,2,3,it 
5 33 50.0 60.0 10.0 80.0 90.0 .11~2t13,4 
5 3B 100.0 110.0 120.0 130.0 140.30 
2 1 1.0 O. 
50 1400 8.57492E-03 4.963qlE~04 2.30521E-03 2.10969E-03 5.659B5E-03 
50 1405 ~.4)303E-03 1.9SB34E-03 1.33418E-03 1.11629E-03 1.04117E-02 
30 1410 7.90181E-04 2.94292E-04 3.01566E-04 
10 51)33 6.350(,OE&OI 
20 ~534 6.42500E&01 6.5520DE&Oa 
10 5536 6.60400E&OI 
10 5584 o. 
50 5~B5 5.00000E-Ol 1.75000EtOO 3.00000EtOO 4.15000EtOO 7.50000EtOO 

... 
...... 



,~ 
\ 

,~ 

TABLE 2-5 (Continued) 

50 5590 1.15000E&01 1.70000Ef.01 2.35000Ef.Ol 3.05000F.&01 3.15000[[,01 
, 111 50 5595 4.4500CEf.Ol 5.15000E&01 5.S5000E&01 6.55000E&01 1.2S000Ef.Ol 

50 5600 1.95000E&01 8.65000E&01 9.35000E&Ol 1.00500Ef.02 1.07500E&02 
50 5605 1.14500E&02 1.21500Ef.02 1.27500E&02 1.31500Ef.02 1.34000Ef.02 
50 5610 1.35650Ef.02 1.36130Ef.02 1.37580Ef.02 1.38500E&02 1.39350Er.02 
1 5615 140.30 
10 5635 1.57333Ef.OO 
20 5636 1.0990AE&OO 8.59868E-Ol 
10 5638 7.77738E-Ol 
10 5686 1.09592E-01 
50 5687 1.29366E-Ol 1.95849E-OI 2.68646E-Ol 3.68290E-Ol 5.270QSE-Ol 
50 5692 7.48490E-01 1.02410E&00 1.30825E&00 1.56934Ef.00 1.18575E&00 
50 5697 1.95923EtOO 2.08993Ef.00 2.17691E&00 2.21941E&00 2.21684Ef.OO 
50 5702 2.16945EtOO 2.07805F.f.OO 1.94417E&OO 1.76993Ef.00 1.55167ff.OO 
50 5707 1.31035EtOO 1.04183E&OO 8.18124E-Ol 6.87165E-Ol 6.18104E-Ol 
50 5112 5.61336E-Ol 5.09526E-Ol 4.66233E-Ol 4.15600E-Ol 3.11124E-Ol 
11 5717 :3.50104 -1 

151 46 REGION NO. 48 RADIAL PRESSURE VESSEL REGION PI 
2 1)0 1 1 48 
I 5l 18 46 
21 15 4 49 
2 7 63.5 66.04 R 48 

'" 5 28 140.30 145.0 155.0 165.0 115.0 A 4B 
I 3 33 195.0 205.0 215.9 A 48 <.Jl 

<.Jl 2 1 1.0 O. 
50 1400 8.57492E-03 4.96391E-04 2.30521E-03 2.10969E-03 5.65985E-03 
50 1405 4.43303E-03 1.9~834E-03 1.3341BE-03 1.11629E-03 la04111E-02 
30 1410 7.90781E-04 2.94292E-0~ 3.01566E-04 
10 5533 6.'35000Ef.Ol 
20 5534 6.42500E&01 6.55200Ef.Ol 
10 51)36 6.60400HOI 
50 5584 1.40300E&02 1.42400E&02 1.45900E&02 l.49900E&02 1.~3420E&02 
50 5589 1.55005F.&02 1.5S135E&02 1.55265EC02 1.553q~Et02 1.55525E&02 
50 5594 1.55655E&02 1.557R5E&02 1.55945F&C2 1.56240E&02 1.56740E~02 
50 5599 1.57590Et02 1.58~90E&02 1.59990[t02 1.61490E&02 1.62990Ef.02 
50 5604 1.64490E&OZ 1.66240E&02 1.68240Et02 1.10240E&02 1.72240E&02 
50 5609 1.74240E&02 1.76240E&C2 1.18240E&02 I.B0240E&02 1.82240F.£07. 
50 5614 1.84240E&02 1.85990F.&02 1.87490F.t02 1.88740E£02 I.S9140ff.02 
50 5619 1.9C590Et02 1.91290Er.02 1.91840Et02 1.92140E&02 I.Q2340E&02 
50 5624 1.92540Ef.02 1.92140E&02 1.92890Et02 1.92990E&02 le95520E&02 
30 5629 2.01000E&02 2.01000E&02 2.12950Et02 

@ 10 5634 2.1S900E&02 
50 5686 3.50104E-Ol 2.90518E-Ol 2.0001BE-Ol 1.11193E-01 5.37184E-02 
50 5691 3.26822E-02 3.11182E-02 2.93873E-02 2.75044E-02 2.54854E-02 r- J> 
50 5696 2.38802E-02 2.21157E-02 2.013iBE-02 1.71852E-02 1.35559E-02 Q)cn 

c::r -+ 
50 5701 1.04174E-02 8.02467E-03 5.1496AE-03 4.22404E-03 3.51458E-03 0"'" ....,0 
50 5106 3.26294E-03 2.90605E-03 2.30569E-03 1.7016BE-03 1.184eSE-03 Q):::J 

-+ C 
50 5711 8.23614E-04 5.70436E-04 3.98089E-04 2.82405E-O~ 1.97120E-04 On ...., 

'< CD 
Q) ...., 

........ 



TABLE 2-5 (Continued) 

'II 'r 
1 
" r i 

, " It' I" 50 5716 1.42185E-04 1.02101E-04 1.11541E-05 6.56594E-05 5.59178E-05 

,hi: ';0 5721 4.97608E-O~ 4.13509E-05 4e53692E-05 4.39562F-05 4.30642E-05 
50 5726 4.22305E-05 4.121Z6E-05 4.04230f-C5 3.99477E-05 3.3Z984E-05 
30 ~731 2.99381E-05 3.05006E-05 2.42791E-05 
II 5736 2.06~22E-05 

151 46 REG I\ON NO. 5 AXIAL PLENUM REGION PI I ~ I 2 50 7 2 5 
I ~. ,\,1 7 52 2 4 6 8 10 12 14 5 , III 21 75 34 5 

: i r: 5 "' 0.0 10 ... 0 20.0 30.0 40.0 R 5 
, ~ , ! 3 12 50.0 60.0 6l.5 R 5 , " t 

3 28 131.16 138.5 B9.1 A 5 
i 2 1 1~0 o. 1,; , 50 1400 o. o. o. 0 .. o. ~, '; 

50 1405 o. O. 8.00156E-03 O. o. 
30 !410 o. o. o. 
10 5533 O. 
50 5534 3.50000E&00 9.50000E&00 1.40000EtOl 1.80000fEOl 2.20000EtOl 
50 5539 2.60000E&Ol 3.C0C~OEtOl 3.3500CEtOl 3.65~OOE&Ol 3.90000E&OI 
50 5544 4.10000E&Ol 4.27500EtOl 4.42500EtOl 4.55000E&01 4.65000E&OI 
50 5549 4.73T50E&01 4.81250E&01 ~.87500EtOl 4.92500EtOl 4.97500EtOl 

'" 
50 5554 5.02000EtOl 5.06000E~Ol 5.10500E&Ol 5.16500EtOI 5.25000E&OI 

I 50 5559 5.37500E&01 5.51900E&01 5.66900ESOl 5.82500E&01 5~97500F.&Ol 
U1 20 556~ 6.12500FtOl 6.2150CE&01 
0-

10 5566 6.35000E&Ol lj f :, ' 10 ~51\4 1.31160Et02 
,,~ !, ;{1 5585 1.37580Et02 1.3W500E&02 1.39350EtOl 

1 ~ ~ , 10 5588 1.39700Et02 
• 10 5635 1.57165E£.OO 

! III 
50 5636 1.~1S03E&OO 1.55104E&OO 1.53032EtOO 1.49532EtOO 1.4486SE&OO 
50 5641 1.38891EtOO 1.31504E&OO 1.23925ESOO 1.16540EtOO 1.09954E&OO 
50 5646 1.04469E&OO 9.96595E-Ol 9.57025E-Ol 9.26504E-Ol 9.0~570E-Ol 
IS(} 5651 8.90535E-Ol 8.81639E-Ol 8.77452E-Ol 8.11439E-Ol 8.80886E-01 i' 

~ 50 5656 8.81008E-01 8.94?41E-Ol 9.03334E-Ol 9.14924E-Ol 9.22189E-Ol , . 
! ~ i 50 5661 9.13965E-Ol 8.81094E-Ol 8.10504E-Ol 6.93901E-Ol 5~41991E-Ol ! 

l i 20 5666 3.13386E-Ol 1.86906E-01 
10 5668 1.31114E-01 
10 5ft86 1.71813E-Ol 
30 5687 8.16655E-Ol 1.06448etOO 1.05590esoo 
11 5690 1.02414E&00 

151 46 REGION NOo 6 AXIAL PLENUM REGION Pi 
2 50 2 2 6 
2 52 14 14 6 
2<0 liP 15 l' 1 
'3 1 55.88 60.0 63.5 Po 6 
~ 28 139.1 145.0 154.9ft A 6 
2 1 1.0 o. 
50 1400 O. o. o. Of, o. 

- ~ ..... 

~< ........ 



_ 1 
I >, ~I TABLE 2-5 (Continued) 

f 
" 50 1405 O. O. 2.12283E-03 o. c. 

I I 30 1410 O. O. O. 
4 i 10 5533 5.58800EtOI , l I ~ 50 5534 5.66900Ef:Ol 5.8250(}E&01 5.91500E&OI 6.t2500E&OI 6.27500E£Ol 

f. 

.. \' . 10 5539 6.35000Ef:Ol 
I 10 5584 1.39100Et02 

, , \Ii 50 5585 1.40300Et02 1.42~OOE&02·t.45900E&02 1.49900Et02 1.53420Et02 
i : ' 10 5!S90 1.54940Et02 

\
.i~ . 10 5635 1.69091EWO t !, 50 5636 1.64585EtOO 1.36641EtOO 1.02414E&00 6.66063E-Ol 3.14112f-Ol 

! t"l' 10 5641 2.16172E-Ol 
! I' II 10 5686 1.945!;2EtOO 
I , .i. . 50 5687 1.86006EtOO 1..56647E&OO 1.13489EtOO 7.l30l6E-OI 3.01609E-01 

:: l\t . 11 5692 6.35821E-02 
• t 151 46 REGION NO. 7 AXIAL SUPPORT PLATE REGION Pl 
t i 2 50 6 3 7 

j, ~ IL. 6 52 2 ~ 6 a 10 12 
" I 21 75 29 1 

5 7 0.0 10 .0 20 .0 30.0 40 .0 R 7 
2 12 50.0 55.88i R 7 
4 28 139.7 145.0 150.0 15439~ A 1 
2 1 1.0 o. 

~ 50 1400 1.75331E-02 1.02969E-03 401S818E-03 4.42958E-03 1.17044~-02 
Ln 50 1405 9.18060E-03 4.0B992E-03 7.71896E-03 2.42428E-03 2.1!47lE-02 
~ 30 1410 1.68242E-03 6.19382E-04 6.19498E-04 

t ,. 10 5533 O. t: I . 50 5534 3.50000EtOO 9.50000E&O() 1.40000E&OI. 1.80000E&01 2.20000(£.01 
50 5539 2.60000EtOl 3.00000E&0~ 3.35000EtOl 3.65000EGOl 3.90000E&01 
50 5~44 4.10000E&Ol 4.27S00Er.On 4.42500FtOl 4.55000E£01 4.65000Ef:Ol 
50 5549 4.13150E&01 4.81250EtOl ~.81500EtOI 4.9l500EtOl 4.91~OOE&Ol 
50 5554 5.02000EtOI 5.06000E&Ol 5.10500EtOl 5.16500E&Oi 5.25000E&Ol 
20 5559 5.37500EtOl 5.5l900E&OI 

~ ~ 10 !)561 5.58800EtOI \ J 10 5584 1.39100ftO? 
r ' .. " U 50 5585 1.40300E&02 1.42400Et02 1&45900Et02 1.49900Et02 1.53420E&02 
i .' ~ 10 5590 I.S4940E&02 
. . 10 5635 1.44850E&OO 

50 5636 1.44510EtOO 1.42181E&OO 1.40158[&00 1.36142E£OO 1.32239E&OO 
50 5641 1.26538E&00 1.19562EtOO 1.12470E&OO 1.05592E£OO 9.9444lE-OI 
50 5646 9.42695E-Ol 8.96468E-Ol 8.56650E-Ol 6.23199E-Ol 1.98232E-Ol 
50 5651 7.16585f-Ol 1.58824E-Oi 7.445S1E-Ol 7.ll·rOlE-01 1.23254E-Ol @ 
50 5656 1.14191E-Ol 7.06389E-Ol 6.91894E-01 6.87104E-Ol 6.72632E-Ol I~ 
20 5661 6.53882E-Ol 9.39046E-Ol 
10 5663 6.22169E-Ol ~ ~ 
10 5686 1.83519E&OO ~ ~ 
50 5687 1.73401EtOO 1.49941E&OO 1.13770E&OO 1.41033E-Ol 3.16900e··01 W g 
11 5692 1.53l17E-Ol 0 ~ 

1!;1 46 REGrON NO. 8 AXIAL BA.TI .. SHIELD REGION PI .:< ro 
OJ ...., 

-.....0lI1l 



l h 

~ 1 t. l 
, f ~ TABLE 2-5 (Continued) ! . 

I 

; t I " Z 50 8 12 8 

I; I , 
8 52 2 4 6 e 10 12 14 1;6 8 
21 75 34 41 
5 7 0.0 10.0 20.0 30 .. 0 40.0 R 6 

if I: 4 12 50.0 55.0 60.0 63.5 P. e 
5 28 154.q4 155.5 158.0 162.0 Ib6.0 A 6 
? 33 170.0 174.0 176.0 18Z.0 If12.0 A 0 

~,.j r 3 38 186.0 190.0 193.04 A 8 

I II: . 2 1 1.0 o. , r' 50 l~OO leOC346E-O. 2.47759E-05 1.02079E-03 9.53349E-05 2.39458£-04 
. I 50 1405 2.11365E-04 1.39501E-O~ 1.52885E-04 8.92423E-O§ 5.07486E-04 

t ' 30 l~lO 2.33734E-04 6.78779E-03 2.52332E-OS i.! jl 
~ t l 

10 5533 O. 
50 5534 3.50000E&OO 9.50000E&OO 1.40000E&Ol I.BOOOOE&Ol 2.20000E&01 
50 5539 2.60000EtOl 3.00000E&Ol 3.35000E&OI 3.65000E&Ol 3.90000E&OI 
50 5~44 4.10000E&01 4.21500E&01 4.42500E(OI 4.55000E&OI 4.65000E&Ol 
50 5549 4.T3750E&01 4.81250E&OI 4.87500E&01 4.92500E&01 4.91500F&Ol 
50 5554 5.02000E&01 5.06000E&Ol S.10S00E&Ol 5.16500E&01 5.2?OOOE&Ol 
')0 5559 5.37500E&01 5.51900E&Ol 5.66900ECOl 5.82~OOE&01 5.97500EtOl 
20 5564 6.12500EtOl 6.Z7500EtOl . l 
10 5566 ().35000EtOl 

rJ 
10 558A't 1.54940Et02 , . 

'" 50 5585 1.55005Et02 1.55135Et02 1.55265E&'02 1.55395Et02 1.55525E&02 1 i ' I 
50 5590 1.55655E&02 lo55165E&02 1.S5945Et02 1.56240Et02 1.56740E&02 I ) . lJl 

:;' 1/ 
co 50 5595 1.57590Et02 1.58690Et02 1.59990E&'02 1.61490Et02 1.629QOEt02 

50 5600 1.b4490E&02 i.66240Et02 t.68240E&'02 t.70240Et02 1.72240Et02 
50 5605 1.74240Et02 1.76240E&02 1.78240Et02 1.S0240Et02 1.82240Et02 
50 5610 1.84240Et02 1.8599Uet02 1.87490E&02 1.8B740Et02 1.89740Et02 

; I 1 r · ! 50 5615 1.90590E~02 1.91290E&'02 1.91B.OEC02 1.92i40E&.OZ 1.9Z340F.tOZ 
40 5620 1.92540Et02 1.92740Et02 1.92890E&'02 1.92990Et02 I : J . 10 56~4 1.93040Et02 

r '- I . 10 5635 1.8825lEtOO 
50 5636 1.87S97E£OO 1.85648E&OO 1.82321E&.OO 1.77949E&'OO 1.72075EtOO 
50 564l 1.64457EtOO 1.54835E&'OO 1.~4765EtOO 1.3466getoO 1.25443E&'00 
50 5646 1.17477E&00 1.10319E&'OO 1.0409SE&OO 9.90366E-Ol 9.48246E-Ol 
ISO 5651 9.11B69E-01 8.803blE-OI 8.54252E-Ol 8.34032E-Ol 9.139R5E-Ol 
50 565~ 7.9S386E-Ol 1.78501E-vl 1.60273E-Ol 7.34441E-Ol 6.9QQ36E-Ot 
50 5661 6.43h47E-OI 5.47494E-Ol 3.66346E-01 2.5189SE-Ol 1.90384E-01 
20 5666 1.25842E-Ol 7.83726E-02 
10 5668 1.31610E-01 
10 5686 9. 32069E&O 1 
50 5681 8.62197E&01 3.7l349E&Ol 2.11022E&Ol 1.39236E&Ol 1.01375E£01 
50 5692 7.B7185Et.00 6.',1857E&OO 5.38'330E&OO If,.2117LE&OO 3.10859E&'OO 
50 5697 2.19419E&OO 1.50614E&OO 1.06032E&OO 1.28674~-Ol 3.17368E-Ol 
50 5702 3.74946E-Ol 2.64401E-Ol 1.179BSE-01 1.21353E-Ol 8.34209E-02 
50 5707 5.16306E-02 3.99416E-02 2.71393E-02 1.9295BE-02 1.34201E-02 
SO 5712 9.33034E-03 6~75556E-03 5.12660E-03 ~.05234F.-03 3.34674E-03 
50 5111 2.85381E-03 2.52232E-03 2.34345E-03 2.30111E-03 2.33176E-03 

"" 
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~ TABLE 2-5 (Continued) 

It, 40 5122 2.49615E-03 3.07863E-03 4.12893E-03 6.S1415E-03 

'r~ 
11 5126 6.655S9E-03 

151 46 REGION NO. 9 AXIAL OO~E ~LENUM REGION PI 
! , 2 50 1 4 9 , I I 7 52 2 4 6 8 10 12 14 q 

I '/' ~ 2I 15 34 6 i " !' 5 1 0.0 10.0 . 20.0 30.0 40.0' R 9 3 12 50aO 60.0 63.5 R <) , ft, ,! I 5 28 193.04 198,.0 204.0 210 .. 0 215~9 A 9 

!fP 2 1 1.0 o. 
, '\" 50 HOO O. O. O. O. O. 

I 'r' 50 1405 O. o. 1.818S,)E-07 O. O. ' l JI 30 1410 o. O. o. 

'F 
10 5533 O. 
50 5534 3.50COOEtOO <).50000E&OO 1.40000Et01 1.80000E&01 2.20000E&01 
50 5539 2.60000Et01 3.00000E&Ol 3.35QOOE&01 3.65000Ef.OI 3.90000EtOl 
50 5544 4.10000EtOl 4.Z1500EtOl 4.42500E&01 4.55000E&Ol 4.65000E&01 
50 5549 4.73150E&Ol 4.81250E&Ol 4.87500E&01 4.92500E&01 4.91500FtOI I ' 50 5554 5.02060EtOI 5.06000EtOl 5.10500FtOl 5.16~00E&01 5v25000EtOl ' f C~ 50 5559 5.31500EtCl 5~5i900E&01 5.66900EtOl 5.82~OOE&01 5.91500EtOl ' I .ill 20 5564 6.12500Et01 6.21500EC01 ' t~ 

1\; r; 10 5566 6.350COEtOl 
t-,.) 10 5584 1.93040Et02 ~ - .' , I 

! " <.n 40 5585 1.95520Et02 ~.OI000E&02 2.07000Et02 2.12950E&02 ' 1 i < '0 10 5589 2.15900F.£02 I l! ~ ; 
10 5635 1.9b512Ef.OO I; : til p r 50 5636 1.95931E&OO 1.91~49EtOO 1.86121E&OQ 1.19151E&00 1.10611E&OO 

'r-' 50 5641 1.60514EtOO 1.49156EtOO 1.38192F&OO 1.28041E&OO 1.19173ftOQ ( ~ .. 
50 5646 1.11778EtOO 1~05135EtOO 9~q3031E-Ol 9.43646E-Ol 9.03535F.-Ol 

; It" 50 5651 8.68084E-Ol 8.31391E-O! 8.11651E-Ol 1.90919F-Ol 7.100BOE-Ol 
50 5656 1.51240E-Ol 7.344i7~-OI 1.15416E-Ol 6.89946E-Ol 6.53614E-Ol 

t j t . 50 5661 5.99682E-Ol 5.36916E-Ol 4.10655F.-Ol 4.U0153E-Ol 3.32098E-Ol 
\ ". . 20 5666 2.61146E-Ol I.B5666E-Ol i 

["c 10 5668 1.55962E-01 i 

10 5686 3.54431E-Ol : J. >. ); 
40 5687 1.85373E-Ol 1.21911E&OO 1.20350E~00 1.49981E-Ol I ~ I i 11 5691 4.53204E-Ol 

. ( 151 46 REGION NO. 10 AXIAl PRESSURE VESSEL REGION PI 

I 1 1 31 3 
2 50 7 2 to I 7 52 2 4 6 &J,O 12 14 10 @ 21 15 36 It I 
5 1 0 .. 0 lO~,fj 20.0 30.0 40.0 R 10 3 1~.: "-0 6~.1J 66.4 R 10 r- :x> 3 28 215,·~ 211 .. 0 218.44 A 10 0)(1) 

c:r .... 2 1 1.0 o. 0 ..... 
..... 0 30 1400 4.19149E-08 It.01930E-09 1.93538E-08 2.Z8532E-Oe It.19199E-08 o)::::s 
...... c: SO Ilt05 3.42619E-OB 1.88453E-Q8 3.02880E-08 2.51185E-08 6.45205E-08 On ..... 

'-C ro 
0:--, 

-....... 
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r 11 TABLE 2-5 {Co ntinued} 

II 
I 1 
Ie i I 

t l ! ~ 

~I 30 1410 2.49050E-08 6.16882E-09 2.48045E-09 
10 5S33 O. 
50 5534 3.50000EtOO 9.50000EtOO 1.40000EtOl 1.80000EtO! 2.20000EtOl f .: 50 5539 7..60000E&01 3.00000EtOl 3.35000EEOi 3.65000E&Ol 3.90000ftOl 
50 5S4~ 4.10000EtCl 4.21500EtOl 4.42500EtOl 4.5500GEtOl 4.65000EtOl 

ft! 
50 ~549 4.73150E&Ol 4.81250EtOl 4e8750CEtOl 4.92500EtOl 4.91500EtOl 
50 5554 5 .. 02000EtOl 5.06000E tOl' 5.10500EtOl 5 .16500EtO 1 5. 2~QOOE&0 1 

i l~ 50 5559 5.37500F.&01 5.51900E&01 5.66900EtOl 5.82500EtOl 5.91500EtOl . ,I· 
40 5564 6.12500E'O~ 6.27500EtOt 6.42500EtOI 6.55200E&Ol . n" 10 5568 6.60400EtOl 

I r 10 5584 2.15900Et02 

t·L 20 5585 2.16100Et02 2.11970E'02 
'1' ~ 10 5581 2.18440Et02 

10 5635 !.90901EtOO 
50 56~6 1.90522EtOO 1.88068E&OO 1.80123EtOO 1.12030EtOO 1.63560EtOO 
50 5641 1.54~94EtOO t.43899E&OO lc34613E&OO 1.21038EtOO 1.20321E&OO 
50 5646 ~.13896E&OO 1.01188EtOO 1.03052EtOO 9.9419~E-01 9.6A8~8E-Ol 
50 5651 9.40465E-Ol 9.04511E-Ol 8.18416E-Ol 8.11588E-Ol B~69l1SE-01 
50 5656 6.61230E-Ol 8.32331E-Ol 7.92539E-Ol 7~64~11f-Ol 1.42075E-Ol 
50 5661 7.23916E-Ol 6.63804E-Oli 5c94361E-Ol 6.012U.3E-·OI 5.33145E-Ol 

I'V 40 5666 4.32941E-Ol 4.38821E-On 3.a~121E-01 2.68b16E-Ol 
I 10 5670 2.3i065E-Ol 0-

0 10 5686 1.20938E&OO 
20 5687 1.07954E&OO 8.64614E-Ol 
11 5689 7.96418E-Ol 

--
;~ 

....... 
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2.5 DESCRI PTiON OF OUTPUT 

rV]\ Astronuclear 
~ laboratory 

The KAP-VI output data is dependent upon the input contro! words lOUT (1 ) 

and lOUT (2) entered at address 32 and 33, respectively.The control word, lOUT (l), controls 

the printout of the input data. The control word, lOUT (2) controls the print out cf the 

output data and the control word ISL'M controls the frequency of the print out of summary 

t'~sul ts. 

2.501 Printed Output 

The pri ntout of the input data wi!! 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 

dt1ta described in Section 5.2. 

If lOUT (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 t;;omputer. Therefore, only 

columns 1 to 72 are printed. One exception must be noted: If the floating point data, input 

at address 2060, include the surface equation constant, D, for equation 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 lOUT (1) is liet equal to two, the input dcta is printed out as described for 

lOUT (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 normal ized 

source distribution data. The labeled printout of the input is followed by the output described 

in Section 2.5.2. 

The output pri ntout is dependent upon the types of material attenuaf ion functions 

that are requested in a particular problem. The output is ulso dependent upon the input control 

word ISUM (address 31), and {'he input control word lOUT (2) (address 33). 

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

region in the problem. If lOUT (2) is equal to one, the output for each source region is not 

2-61 
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printed out. Note: If the problem contains only one source region, lOUT (2) must be set 

equal to zero in order to obtain any answers. 

The control word, (lSUM), 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) multipl ied by each set of response functions is printed for the first detector point, for each 

gamma ray group, as wei i as the total. Th is is followed by the i.mcoll ided 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 program user how many times the value of 20.0 mean free paths, for gamma rays, or 

12000 gm/ cm
2

, for neutrons, was exceeded for a source region. 

A sampl e printout is inc! uded in Tabl e 2-6. 

2.502 Punched Card Output 

The punched card output from the KAP VI code is dependent upon the input 

control word, !SUM. This punched output is obtained 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 punched output consists of the gamma I-ay summary results by group of the first response 

funcHon 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 300). The first response function should 

convert the KAP VI results into units of MeV/cm
2 

- sec for use in SCAPo The data are obtained 

as NGG values of group data for the detector 1, NGG values of group data for detector 2f 

etc., for NDET detectors. The output is then NDET sets of cards with each set containing NGG 

values. 

2-62 
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~ TABLE 2-6 

I ' SAMPLE PROBLEM COMPUTER PRINTOUT FOR THE KAP-VI CODE 
I r t· 

" 
, r ; ~SFC SAMPLE PROBLEM .. SOURCE DATA FROM NAGS 
IiI - GEOM, .. 75 I). p~Op. TANK 

t 
1;1 - MERIDIAN RING COSUd"1.0 TO 0.9 \ I· 11-0 1 13 21 12 12 1 33 34 ~ 15 1 17 

'j I 11- 0 19 1 1 1 0 1 0 1 1 3 3 3 
~,~ I 4- a 30 1 -1 2 0 
,i ., 3 - (j 35 3 2 3 
, I~ · 3-0 40 2 3 3 
I ~ I. ~l 20- 0 100 6 2 2 2 6 6 6 6 6 6 2 2 2 6 2 2 2 3 3 3 
'; f : 13- 0 120 3 6 6 6 6 6 6 6 3 3 3 3 3 
~ . 13 - 0 200 3 4 4 4 3 3 • 3 3 3 -4 4 3 
1, ~:. 20 - n 21 3 3 3 ;:: 3 4 4 It 3 3 3 4 4 4 3 2 3 3 4 - 2 -1 
J. I: loon 2]3-2 

,J, 130&(\ 300 1 1 2 3 4 6 4 5 7 3 12 12 12 
jf~' ;~. 20 -0 313 B 9 10 10 9 8 12 11 11 11 9 S 12 11 U 9 8 12 12; 12 ~, r '\' 1-11 333 12 
'j II [~" 18-0 500 22 23 29 -0 ··0 -0 22 2q 23 30 -0 -0 22 '30 23 32 -0 "0 
! r lli~ 18"0 518 22 32 21 33 ··0 -0 23 c4 32 -0. -0 -I') 24 25 31 -0 -0 "0 
: ;; l"i 18-0 536 24 31 25 32 -0 -0 25 26 32 -0 1 -0 -0 26 27 32 -0 "0 -0 
~.:; 1 ,; 18-0 554 27 78 33 -0 ·'0 -0 28 2 5 21 -0 -0 22 33 28 21 -0 -0 
. l ; 18-0 572 1 22 21 -0 -0 -0 2 5 3 -0 -0 -0 3 5 4 -0 -0 -0 

, " 1 \ ~ 1 8- 0 S 90 4 5 - 0 .. 0 ... 0 .. 0 S 15 " ... D "'- 0 - 0 5 1 6 8 1 5 - 0 - 0 
11'1 0. 18-0 !?08 S 17 8 16 "'0 ... 0 5 2i 8 11 -0 "0 6 15 7 -0 -0 -0 
ji: LV 18-0 626 7 IS 8 -0 "'0 -0 8 18 9 -0 -0 -08 19 10 18 -0 -0 
;.~, I "t 18-0 644 8 20 10 l~ "'0 .. 0 a 2i 10 20 "0 -0 9 18 10 -0 -0 -0 
•. f,.. 18-0 662 10 11 -0 -0 "'0 -0 10 12 11 -0 -0 -0 10 13 12 -0 -0 -0 

',; • 18-0 680 10 21 14 13 ·'0 -0 l~ 2i -0 -0 -0 "0 21 -0 -0 -0 -0 -0 
6-n 698 21 1 -0 -0 ~O -0 I 

I ·IB_O 1100 13 5 2 -0 -0 -0 13 1 5 3 -0 -0 13 2 5 ~ -0 -0 • !:. lH,·o 1118 13 3 10 12 -0 -0 1 ~ 4 -0 -0 -0 5 8 1 -0 -0 -0 
j 18-0 1136 5 6 8 4 -0 -0 6 q ~ -0 -D -0 8 10 4 -0 -0 -0 

I; 18-n 1154 911 12 ~o -0 -01014 20 33 -0 "0 }3 411 33 -0 -0 
.} 18-0 117? 34 1 33 -0 -0 -0 11 lQ 1~ -0 -0 -0 14 1~ Ib NO -0 -0 

'

I f 18~o 1190 15 17 -0 -0 -0 -0 16 1~ 21 -0 -0 -0 15 lQ 24 17 -0 -0 
. l~-o 120B 14 20 25 18 -0 -0 11 31 26 19 -0 -0 17 18 22 -0 -0 -0 

~B_~ 1226 21 18 23 -0 -0 -0 ?2 24 27 DO -0 -0 18 25 29 23 -0 -0 
1 1800 1244 19 26 30 24 -0 -0 20 33 31 2S -0 -0 23 24 2H -0 -0 -0 
4 IB-~ 1262 27 29 -0 -0 -0 -0 2- lO 2A -0 -0 -0 25 31 29 -0 -0 -0 

18-n 128n 26 33 32 30 -0 -0 31 33 -0 -0 -0 -0 11 -0 -0 -0 -0 -0 @ 
6-n 1298 33 34 vQ -0 -0 -0 I~ 
2-t1 51') 7 14 
1-n 52 2 4 " 8 1'1\ 12 14 r-:x> 
2 1 75 14 29 ~ ~ 
2-f) 1 1.00000[+00 8.30900E-Ol g a 
5-0 7 o. 1.OOOOOE+Ol 2.00000E+Ol 2.S0000E+Ol 3.00000E+Ol e ~ 
3-;1 12 3.S0000E+Ol 4,OOOOOE+Ol 4,35000E+Ol ~ n 
S-Q 2B O. 1.00GOOE+Ol 2.00000[+01 ~.OOOOOE+Ol ~.OOOOOE+Cll '< ~ 

-.., 

.. ~ 



t, 

~ 

~ 
Ii 

11 
j (f 
! IfFI I 
I 

t' i: I! 
S-n 
5-0 

I ' 2-n ~ I I I 

5 0 ' I I 
~ i r I 5 0 r. If" 

~ II ' 3 0 I \ ~ 5-0 .. p' t 5-0 
5-0 r ,: 5"0 

. I 5-0 

"'rj:~ 
2-0 
5-0 
5"0 

, ,( 5-0 
. 1 f '~tr 5-0 

' . ,', 
5-0 

1-., III 5-0 
" ,f ( 

3-0 h 

t i . 3"0 
1 \ ; t-V 3-0 I 

!j I" . ~ 3-0 
3-0 

~ , , 3-0 
I' 
I 3-1'1 . , 

i 
~-o i 

Ii 3-0 1 I 3-0 ' I 
. ;10."" , I·' 3-0 - "'; . I ~ 3-0 
. t ~ 3-t') 

• i i 3-0 
i • 

3-0 

/H 
3-0 
3-0 
3-0 

i ~ 3-0 
3-0 

11 3-0 

l ~ 
3-0 

I , 3-0 
I 3-0 I " 3-0 

3-n 
3-0 
3-0 
3-0 

-

TABLE 2-6 (Continued) 

~_I'. . .;.~.:.-=~=-:-::..:.= ::: ..• - -_. 

33 5.00000E+Ol 6.00000E+Ol 1.00000E+Ol 8.00000E.01 
38 1.OOOOOE'02 1.10000E+02 1.20000£+02 1.30000E'+02 
49 O. 3.14159E+OO 

1400 8.42206E-03 6.90Z93f."03 2. 93810E-02 7.45449E-02 
1405 4.73163E-01 2,99288E-01 4.11~21E-Ol 5.)t:l622E-01 
1410 9.74204E-Ol le3211JE+OO 5.9Q3SQE-Ol 
1430 1.23500E+00 2.47000E+00 2.47000E~OO 2.47000E'·OO 
1435 2.41000E·00 2.47000E+00 1.4AZOOE·OO 1.97600F.+OO 
1440 9.88800F.:-Ol 1.41000E .. 'OI 4.94000F.'-01 3.70500f ... 01 
1445 2.47000E-Ol 2. 47000E-Ol 1.35800E-Ol 2.47000r:"02 
1450 2.47000E-02 2,47000£"02 2,47000E-02 2.~7000E-02 
1455 2.47000E-02 1.23500E-02 
2060 -1.00000E+03 2.61540E'02 2,56460E+02 c.56040F.:+02 
2065 8.98500E+04~ 1.28850E+03 1"b5584E+03 2'1 885 0£+03 
2010 4.87260E+04~ 4.87680E+02 1t.92160E+02 2.75600E+03 
2075 O. O. 4.81260[+02 4.816f:10[+02 
2080 1.00000E+0:5 o. 1,37160F.·02 1.39700E+02 
20 85 1.q3040E+04~ 2.15900E+02 2.1R440F.+02 ,4.:35000£+01 
209 0 5.588 00E+01 6, 35 000E+Ol 6.66400E+Ol ! 
1461 1.00000E+Ol) 1.00000E+00 1,06000E+00 
1470 1. OOOOOE+ 01) I,OOOOOE+OO 1.OoOOOE'+00 
1474 1.00000E+00 1.00000E+00 1.00000E'+OO 
1561 1.00000E+01) 1. 00 000E+00 1.00000[+00 
1570 1. OOOOOE'+ O() 1.00000£+00 1.00000E+00 
1574 1'00000£+00 1.00000£+00 1.00000£+00 
1661 1.00000E+OO 1I)OOOOOE+00 1.00000[+00 
1670 2.10 9OOE+00 2.10800E+00 2.0~ROOF'·00 
1674 -1.1'972F.:-02 -7$17972E-02 -7.17972£-02 
1961 8.4454(1E+Oii~ 8.44540E.+1)2 8.44540E+02 
1910 2.40984E+0~' 2.40984£+03 2.4I)Q84E'+03 
1914 -1.61900E+02 -1.63500E.+02 -1.R1100E"02 
2160 O. O. 6,90000F.+Ol 
2163 4.50000E+01 O. 6.90000[+01 
2166 S.50000f.+U O. 6&90000E+01 
2169 6.50000E+on O. &.90000£+01 
2172 O. O. 1 dAOOOE+02 
2115 O. O. 1,45000F:+02 
217R 6.00000E+on O. 1.45000E~02 
2181 O. O. 1.75000f+02 
2184 O. O. 2.00000E+02 
2187 O. O. 2,,11000E+02 
2190 0, . O. 2,30000(+02 
2193 81100000E+Oll 0, 7"OOOOE'+01 
2196 O. O. "14 00000'-+01 
2199 O. 0, 5.84000£+02 
2202 O. o. 5.8~29nE+02 
2205 O. 0, 7,10000(+02 

9.00000E+Ol 
1.31160E+02 

2.514041: ... 01 
7.2604&E"'01 

2.47000E+00 
1.482\lOE'00 
2.4 7OOOE-Ol 
2.47000E-02 
2.47000E"'02 

7.7b970E+02 
2.40984E+03 
O • 
4.92760F.+02 
1.54940E'+02 
5.08000E+Ol 

~ 
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P'h 
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' t r 
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I ' . 4 
t1.I?t .} , 
, 1'1' 
J 1 I 

i ~ ,J f "! 

,,'\ f' ." ; . I:' 
~' i 0 • } II . . I' 

I :' . 
:~: 1 · 
, r '. 

L 
'" , ) 

, . 
I ~ 
I' 

I' 

/1 

I 
I, 
• 

'" I 
0-. 
U1 

~~ 

3"0 
3-0 
3-0 
3-0 
3-0 
3""0 
3-0 
3-0 
3-0 
3-0 
3 .. 0 
3-0 
3"0 
3-0 
3-0 
3-0 
3-0 
3-0 
5-0 
5-0 
5-0 
5-0 
Sao 
2-0 
5 .. 0 
5"" 
2"0 
5-0 
5-0 
2-0 
5-0 
5-n 
2-0 
1-0 
5-0 
2-0 
1-0 
5-0 
S-n 
3- n 
4 .. 0 
4-n 
5-0 
5.0 
5-0 
5-0 
Sen 

TABLE 2-6 (Continued) 

~ .. ;_ .. s .1U~""P.:"~~";'-="~~"'e--\.. .. ~ -., "'="" .... .1t' __ ftI""'\-

220B 
2211 
22h 
2217 
2220 
222'3 
2226 
2229 
2232 
223S 
22lA 
2241 
2244 
2247 
22';0 
2253 
2256 
22';9 
3~61) 

3465 
3410 
3475 
3 48 0 
3485 
3490 
3495 
3500 
3510 
35}5 
3520 
3530 
3535 
3540 
3550 
3551 
3S5f, 
3558 
3560 
3565 
3570 
4310 
4314 
4620 
4625 
4630 
4635 
4645 

O. 
2.52000E+O~! 
2.51250E:+02 
3.00000E.02 
O. 
O. 
O. 
4.81270E+OC! 
4.87100E+02 
5.00000e:.Oi! 
o. 
O. 
o. 
o. 
O. 
0,* 
1.10000E+031 
O. 
1.00000E+Ol 
=.OOOOOE+OOI 
1'30000E+OO 
J.OOOOOE-Ol 
?'00000E-02 
2.00000E-02' 
4.07000E-02 
1.90000E-02 
7.20000E-02 

-0. 
-0. 
-0. 

4.07000E-02 
1.90000E-02 
1.20000E-OZ 
4.070001:-02 
1.60000E-O~ 
1.00000E+Ol 
1.00000E+00 
8.50000E'+00 
3.50000E+OO 
1.00000E+OO 
O. 
1.000001:+01 
9'20~80E-Ol 

_7,3S24HE'-OI 
-3.3373br:-03 
-1.4929 0E-04 

2'02125£-0) 

O. 
o • 
O. 
O. 
o. 
o. 
O. 
0 .. 
o. 
O. 
O. 
c. 
O. 
o. 
o. 
O. 
o. 
O. 
9.00000E+00 
4.00000E+OO 
9.C;OOOOE-01 
2.00000E-01 
6.00000£-02 
1.00DOOE-0? 
9.10DOOE-OJ 
O. 
2.20000E-02 

7.9ROOOE+02 
7.7ROOOE+02 
1Q7S000E+02 
7.1~OOOE+02 
9.50000E+02 
1.60000E+03 
1.6C;600f+OJ 
1.65600E+03 
1.65600£+03 
1,6S600E+03 
2.40000F+OJ 
2.41000f.+03 
2.14555E+03 
2.745ROE+03 
2.1Si?OOE+OJ 
2. "SOOOE+ 03 
7.50000E+Ol 

-1.10000E.+03 
8,00000E+00 
~.20000f+OO 
7.00000E-Ol 
1.00000E-01 
5.00000E"'02 

9.10000E-03 
1,6000.oE-02 

-0. -0. 
8.68810E+00 -C. 

-0. 
9.10000E-03 
6.00000E-01 
2.20000E-02 

2.90000E-01 
9.SAOOOE.-02 

7.25000E+OO 
2.80000F+OO 
7.00000E-01 
2.00000F.+Ol 
1.00000f+00 

-2,52297E-02 
3.55550E-03 

-2.401 52£-03 
1. 85572E"04 
4.96364E-02 

9.10000E-03 
1.60000£-02 

7.78000E-01 

6.50000E+00 
2.50000F.+OO 
J.OOOOOE-01 
1.000001:-06 
1.00000E-01 

-1.,311 93E-04 
-2.9?013E-05 

1.44410F-0i3 
-9.78989F.:-07 
-1.~0544F.:-03 

!1.00000E.OO 
2.50000F+OO 
5.00000E-01 
9.00000f-02 
4'OOOOOE-02 

2,10000E-02 
2.90000E-02 

"0, 
.0. 

2.10000E-02 
2.90000£-02 

5.80000E-01 

5.50000E+OO 
2.00000E+00 

1.00000E-03 
1.00000£-02 
O. 
O. 
o. 
O· 
6'046BoE-06 

6.00000E .. OO 
1.80000E'+00 
4.00000E-Ol 
8,00000E-02 
3.00000E-02 

2.17000E Ioo Oi? 
5,80000F. ... 02 

-0. 
-0. 

2.17000E-02 
5,AOOOoE-02 

J.SOOOOF.-OS 

4.S0000EI+OO 
1.S0000EIIOO 

O. 
O. 
O. 
o· 
O. 

j,...-j 
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r- ):> 
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0-
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5-0 
5-0 
5-0 
5-n 
5-0 
5-0 
5-0 
5-0 
5-0 
5-0 
5-0 
2-0 
5 0 
5 0 
3 0 
5 0 
5 0 
3 0 
5 0 
5 0 
3 0 
5 0 
5 0 
3 0 
5 0 
5 a 
:3 0 
5-0 
5-0 
5-0 
5-0 
5-0 
2-0 
5-0 
5-0 
i-O 
5-0 
5-0 
5-0 
3-0 
5-0 
5-0 
5-0 
5-0 
5-0 
2-0 
5-0 

TABLE 2-6 (Continued) 

..... ____ " _ ____ , ...... __ ... ~ .... , ... -. ~ ~~"-,, ..... _ .. .-6. '-.... _ 

4650 
4655 
4670 
1,:.675 
4.,t',BO 
4685 
4120 
4725 
4130 
~135 
474 0 
4145 
4150 
4155 
4760 
41B o 
4785 
4190 
48 10 
48 15 
4820 
4840 
4845 
4850 
4870 
4875 
4880 
5050 
5055 
5060 
5065 
5010 
507S 
508,0 
50~5 

5090 
5110 
5115 
s120 
5125 
5140 
5145 
5150 
5155 
5160 
5165 
5170 

3.27206£-01 
-6.57372E-Ol 

2,48702E+00 
-2.80043E'+Ol 
-1.29332E+02 

1.91519E+03 
6.63000E-02 
6.63000E-02 
5.11000E-02 
5.10000E-02 
4.72000E-02 
4.12000E-02 
1.00000E+00 
1.00000E+OO 
1.OOOOOE+00 
a.50000E-07 
1.15000E-06 
1.61000E-06 
1.03000E-06 
1.31000E-06 
1.·84000E-06 
3.91000E-15 
3.59000E-15 
4.Z2000E-15 
2.94000E-15 
3G31000E~15 
4·.24000E-15 
1.00000E+00 
1.00000E+OO 
1.OOOOOE+OO 
1.00000E+OO 
1.00000E+OO 
1.00000E+OO 
1.00000E+00 
1.00000E·00 
1,OOOOOF.:+()O 
1.00000E+00 
lolOOOOOE+OO 
1.00000E+00 
L. OOOOOE+ 00 
1.15800E-04 
1.06100E-04 
9.33400F.:-OS 
3.98100E-OS 
1.37200E-05 
3.05600E-06 
1.781001::-05 

-1.29057E-0l 
8.72040E-02 
9.41202E-02 

-2.76004E+00 
4 8 63051£+01 

-2.44106E+02 
6.63000E-02 
6.63000E-02 
5.23000E-02 
5.00000£-02 
4. 64 000E-02 
4.64000E-02 
1.00000E+OO 
1,00000F.+Oo 
1.00000E+oO 
8.BOOOOE-07 
1.23000E-06 
1.67000E-06 
1.0'5000£ -06 
1,41000E"06 
1.9'~OOOE-06 
3. 83000£-15 
3.62000E-15 
4.S2000E-IS 
2. 96 000E-IS 

°3.46 000E-15 
4,S'~00oE-15 
1.00000(+00 
1.00000£+00 
1.OOOOOF.+00 
1.00000E+OO 
1.OOOOOE+00 
1.00000E+00 
1.00000E+00 
1.OOOOOE+oO 

1.00000[+00 
1.00000E·00 
1.00000E+OO 
1.00000E+00 
1,10100E-04 
1. 0'~OOOE-04 
8.51)200E-05 
3.48100E-05 
1.14100E"'05 
1.11800E-06 
1.6U800E-O~ 

2.4(,f;13f."03 
-1.71128E-03 
-1.6S?66E ... 03 

1.5R054E-02 
-2.6Q301E-Ol 

1.5A900E·00 
6.6~OOOf-02 
5.13000f-02 
5.11000E-02 
~.93000E"-02 
4.17000E-02 

1.00000f.+OO 
1.ooOOOF.:+OO 
1.00000E·00 
9.20000f.-07 
1.21000E-06 
1.66000E-06, 
1.oaOOOE-06l 
1.4S000E-06 
1.89000E-06 
3.77000E-lS 
3.65000E-15 
5.lf.SOOOE-1S 
2.99000E-15 
3.5AOOOE-15 
4.S4000E-lS 
1.00000E+OO 
i e o6000E+00 
1.00000E+00 
1.00000E+00 
1.OOOOOE·00 

1,OOOOOE+OO 
1.OOOOOE+OO 

1.00000E+OO 
1.00000E+00 
1.OOOOOE+OO 
1.00l)OOE+OO 
1.10900E-04 
9.78400E'-05 
6.96300E"OS 
1.9S100E-oS 
9.39200E-06 

1.1.1 200E-OS 

..,1.238flOF.-OS 
9 0 12486E-06 
6.16259E"-06 
3.627?,OE-06 

-1.28182F-04 
-3.36170E-04 

6.63000F-02 
5.08000F';02 
5.Z0000F-02 
4,80000F."-02 
4.18 000F.-02 

1.00000E+00 
1.00000f+OO 

4.S0000E-07 
1.37000E-06 

1.i6000E.06 
1.S6000E-06 

3.69 000F.-lS 
3.70000F.:-15 

3'OSOOOE-15 
3.73000E-15 

1.00000F+00 
~.OOOOOF~OO 
l'OOOOOE+OO 
1.00000E+00 
1.00000E+00 

1.00000E+OO 
1.00000E·OO 

O. 
O. 
o. 
O. 
O. 
O. 
6.63000E-02 
4.90000E-02 
5.0ROOOr.:"02 
4.BOOOOf.-02 
4.17000~-02 

1.00000E+00 
1.00000F.+00 

1.0S000E-06 
1.4BOOoE"06 

1.21000E,-06 
1. 69 000E'-06 

3.62000E-15 
3.8BOOOE .... 15 

3.15000E:"lS 
3.95000E-lS 

1.00000E+00 
1.OODOOE>+00 
1,OOOOOE+00 
1.OOOOOE+OO 
1.00000E+OO 

1.00000E>+QO 
1.00000E-+00 

1.00000E+00 1.00000E+OO 
1~00000E+OO 1.00000E~00 
1.00000f+00', 1.ODOOOE+OO 

1'06800f-04 
9.03300E-05 
4'35BOoE-OS 
1'78100E-05 
7-20600E-06 

l'61900E-05 

1.0 6B OOE-Oit 
9,61500E-05 
5.3~400E-05 
1.67200E-o~ 
5.10100E-06 

1 , 61900 t:'. 0 5 
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, . t" 
'. ' I' 'r 
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I + i 
1 \ 
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:. I J' ~ 
~, 

~, . 
1 f', 
; I t 

" . j 
I' 

.1 
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, 

J 

I'J 
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0-
'-l 

/:::::':';0, 

5"0 
5"0 
5-0 
5-0 
2-0 
1-0 
5-0 
5-0 
2-0 
3-0 
3-0 
3-0 
3-0 
3"0 
3-0 
3-" 
3"0 
3"0 
3-0 
3-0 
1 0 
5 0 
5 0 
2 0 
1 0 
1 0 
5 0 
5 0 
5 0 
5 0 
5 0 
2 0 
1 f) 

1 0 
5 0 
5 0 
2 0 
1 0 
1 I) 

5 n 
5 I') 

5 n 
5 0 
5 0 
2 0 
1 0 
5-0 

5175 
S180 
5}85 
5190 
5195 
5350 
5513 
5518 
5523 
5360 
5363 
5366 
'5369 
5372 
5375 
5378 
5381 
5384 
53s:17 
5390 
5533 
5534 
5539 
5544 
5546 
5584 
5585 
559 0 
5595 
5600 
5605 
5610 
5612 
5635 
5636 
5641 
5646 
5648 
5686 
5681 
569 2 
5697 
5702 
5 7 07 
5712 
5114 
2460 

1 .. 60300E-05 
9.42500E-06 
3,92 7001::-06 
1.7610aE-06 
6.39bOOE-07 
1.OOOOOE+OO 
6.00000E+OO 
2.80000E+Ol 
"'.OOOOOE+OO 
4.1)8932E+Ol 
! • ,'2 '+ 5 0 E • 02 
2.0?006E+02 
2.3;1)312E+02 
2.49593~+02 
2.a5407E+02 
3'06841E+112 
~.26655E+02 
3.62608E+02 
3.79097E+02 
3.9~161E+02 
O • 
3.50000E+t)0 
2.60000E+OI 
4.10000,E+Ol 
4.3500C~E+01 
O. 
5.00000E-Ol 
1.15000E+Ol 
4 • .r.SOOoE+ol 
7.95000E+Ol 
1.14500E+02 
1.35b50E+02 
1.37160E+02 
1.17635E+OO 
1.17'+1 9E+OO 
1·03985F.:+OO 
8.BB781E-Ol 
9·1.,665f.-01 
6.S1712F-02 
7.94648E-02 
4.12289E-ol 
1.23737f+OO 
1.37167E+OO 
8.30944E"'OI 
9.S6592E-Ol 
1,.61799E+OO 
1.,50800E+OO 

"\ 

TABLE 2-6 (Continued) 

1.40900E-05 
7.71900E-06 
3.71600E-06 
I.S5400E-06 
3.44100E-07 

9.20000E+Ol 
1.0CI000[+00 
2.20000E.+01 
9.a2485E~02 
9.66991E+02 
9,59660£+02 
9.52337E+02 
9.48676E+02 
9~:H698E+02 
9.30380E~02 
Q. 2306:3E'Io 02 
9.08430E+0i! 
9.0111,4£+02 
8.9379aE+02 

9.50000E+00 
3.00000E+Ol 
4~27500E·Ol 

1.15000E+00 
1.10000£+01 
5.1 5000£+01 
8. 65000E+Ol 
1.21500£+02 
1.36130E"02 

1.!6040E+OO 
9.92643E-Ol 
8.99383E"'01 

1.30459E-Ol 
6.4229 3E-Ol 
1.32011E+OO 
1. 31374£+00 
6.71155£-01 
1.30774E+oO 

6,82300E-02 

1.31600F.:-05 
60':;9900E-06 
2.27500f.-06 
1.34400£-06 

9.20000E:+Ol 
4.10000E+Ol 

o. 
o. 
o. 
o • 
o. 
o. 
o. 
o. 
o. 
0 .. 
o. 

1.40!HiOE9'H 
3.350001:+01 

3 iI 0\10001:+ 0 0 
2.35000£+01 
5.8S000E+Ol 
9.35000£+01 
1.27500E+02 

1.14022E+OO 
9. 49 04 0£-01 

1. 7er;oSf:-OI 
B.2i199f-Ol 
1.3761 9£+00 
1.22BIHF.+OO 
5.70S14E-Ol 

S.554 00E-03 

1·1 1900F.-OS 
5.74AOOF.-06 
2.1:nOOE".06 
1.13100E-06 

2.60000E+Ql 
1.30000E+Ol 

1.aooOO'£+01 
3.65000E.+01 

4.75000E+OO 
3.05000E+ol 
6.55000E·Ol 
1.00500[+02 
1.31500E+02 

1.1l432E+00 
9'14791E-o~ 

2.42148E-Ol 
9.IH717E-Ol 
1.403?3E+OO 
1.11836f+00 
5.92375E-01 

2.10700[-03 

1.06700F.-05 
5.10100E.-06 
1.9.3100r.06 
A.94700E-O'7 

2.40000E+Ol 
~. OOOOOE;+OO 

2.20000F.+Ol 
3.900001=:+01 

1.S0000E+OO 
3.75000E+Ol 
7.25000E+01 
1.01500E+02 
1.34000E+0C! 

1.0508'5E'+00 
8.93287E-Ol 

3.39037E-Ol 
1.12633E+OO 
1.4016AF;+OO 
9.844391::.01 
7.3~lb5E-Ol 

3.e98 00E.:..04 

., ..... J 
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I ; 
i, 

3-0 2;;65 5.28tOOE-03 5,39000E-04 3.09500E-02 i: i ;~ 

[: 5-0 2486 1.40300E-03 O. O. O. 1.()6060E+OO 
1-0 2508 2.80950E+00 
4-0 2526 6.29700E-02 O. 1.79flOOE+00 lelO320E-OI 
1-0 2531 8.54600E-Ol 
1-0 2540 3. Ofd 00E-02 r 3-0 2546 3.27200E-02 011 2.24160e:+00 k ' 

f;.; I 1-0 2566 1.26450E-02 

t p 1-0 2586 1.18390E-02 
I <, 1-0 2600 5.50000E-02 

~ P . 1"0 2606 2.41000E-03 
1-0 2628 2.70000E+00 

f. I 
1-0 2646 7.00000£"02 

, ~" 1-n 2666 a.80000E-1)4 .' f, I 

I' I, 1 I') 5131 1·11411E+00 :. ,.t 5 0 5738 1.17191E+oo 1.15794E+OO 1.1375lf'+00 1.11138£+00 1.o7174E+oO 1:Jt ' 5 0 5743 1.03615£+00 9.89976£-01 9.47382£-01 9.150 72E-01 8.96357E-01 ' ,i ' 
'2 0 5748 8.95159E-Ol 9.11S17E-Ol l [~ ! 1 0 5750 9.30294E-Ol 

1. ~ 1 0 5788 6.37051E-02 '. I ,', r-.,) '; f "~ I 5 0 5789 1.187 18E-02 1.2864,2E-Ol 1.16484r.-Ol 2.?I)B95f-01 3.36500E-Ol '"'-;. ~ '/~ 0-. 5 0 5794 4.69412£-01 6.3921 8E-Ol 8.11925E'-01 9.84216£-01 1.12273E"'+OO .j II 
00 

f h' t 5 0 5799 1.23360E+00 1.31685E+00 1.3i'216E+OQ 1.3'1914f.+OO 1.39759E+00 
I H " 5 0 !l804 1.36166E+00 1.30'~89E+00 1.22521E+OO 1.11503£+00 9.B151QE-ol 

1 
5 !l 5809 8.28 723E-Ol 6.10949E-Ol 5.772561::-01 6.143 74E-ol 1'.85148E-Ol j •. 2 0 5814 le06794E·OO 11l4JID30E·oo ;- F' 1 1 5816 1.71920E+00 
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TABLE 2-6 (Continued) 

~ ~ -':"1L_ ~ .... ..:.-: -:--::- ,,- :-~'-'::-:;:-::-:;'~-==" 

GENERAL PROBLEM INPUT 

NO. OF GAMMA GROUPS............ 13 
NO. OF NEUTRON GROUPS •••• ;;.... 21 
NO. OF MATERIALS ••••••• a •• ;.~.. 12 
NO. OF COMPOSITIONS ••••••• ~.... 12 
NO. OF DETECTORS •••••••••••••• , 1 
NO. OF BOUNDARYS, ••• ~.$ •• ;~.... 33 
NO. OF RfGIONS •• ;; •• ; •••• ;;.~.. 34 
NO. OF RESPONSES(GAMMA) •• ;;.... 3 
NO. Of RESPONSES(NEUTRON).;.... 5 
NO. OF RESPONSES CALBERT-WELTON) 1 
NO. OF MATERIALS FROM LlaA~RY.. 12 

CALCULATION OPTIONS 

GAM~A RAYCO/NO.I/YEs) ••• !! ••• u 1 
NEUTRON(O/NO,l/YES) •••••••••• o 

~LBERT-WELTON· ••• ; •••• ;;.~.o 1 
~ONOV~RIANT MOMENfs •• ~.; ••• o 0 
HIVARIANT MOMENTS~.~ •• !~ ••• o 1 

PRiNT OPTIONS 

SOURCE REGION SUMMATION 
(O/NO.l/SUM.2/ST.]/GT) ••••••• -J 

INPUT PRINT(O/NO'I/CI.2/FULL). 2 
OUTPUT PRINT 

CI/ST AND GT ONLY,2/ALL)"'Q. n 

SOURCE C~LCULATION OPTIONS 

SOURCE lONE COMPOSITION....... 0 
~OST PROBABLE lONE............ l 
SOURCE CALCULATION OPTION~.... 1 
RADIAL DISTRIBUTION........... , 
AXIAL OR POLA~ DISTRIBUTION-.. J 
AlMUTHIAL OISTRIBUT!ON •• ~!.~.. 3 

SOURCE INTERVAL DATA 

NO, OF RAOIAL •••••• ~ •••• !!~... 1 
NO, OF AXIALCOR POLAR' ••• ! •••• 14 
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TABLE 2-6 (Continued) 

~~.~ ~:±£: _ L:!io--:~~~ .. ,""",",=~:'-~~",:, .. ~~~ . ...a. - ... -~ ~ __ .• "::' _~! •• '!!:"Ir~~ .......... ,_._~ ............. - •• --

NO. OF AZMUTHIAL, •• !, ••• ,..... 2 

SOURCE AND DISTRIBUTION PARAMETERS 

GAM~A RAY SOURCE(INPUT) •• ~ ••••••• 
(NORMALIZED)" ••• 

NEUTRON SOURCE(INPUT), ••••••••••• 
(NORMAIZED)~ ••••• " 

DISTRIBUTION PARAMETERSeXI(l»." 
(XI(2» ... 
(ElAn» •• 
(ETA(2') •• 

SOURCE INTERPOLATION DATA 

NO, OF RADIAL VALUES ••••• , ••• , l~ 
NO. OF AXIAL VALUES~ •••• ;!.... 29 

SQUQCE DISTRIBUTION DATA - RADIAL 

PT, COORDINATE 

4 6 B 

1.OOOOOE+OO 
2.42252E-06 
8.~0900E"'Ol 
2.0082 U::-06 
o. 
O. 
o. 
o. 

GAMP04A RAY 

10 12 

, NO. INPUT HIoPOINT INPUT NORMALIZED 

1 O. 7.071E+oo 1.~7flE+OO 5.823E+ol 
2 1. OOOE~'OI 1.5B1E+ol 1.1~qF..OO 1.68BE+02 
3 2.000E+0.:1 2.264E+Ol 1.099F.+OQ 1.20RE+02 
it 2.500E+Ol 2.761E+Ol l.051E+OO 1.~o4E+02 
5 3.0 00 E+Ol 3.260E+Ol 9.9?6r.- 01 I.S61E+02 
6 3.500E+Ql 3.758E+Ol 9.308£=,-Ul 1.705E+02 
7 4.000E·Ol 4.179E+Ol B.BBBr.-Ol 1.3lBE+o2 
B 4.3S0E+£H 9.1~?':~-Ol 

SoURCE DISTRIBUTION DATA - AXIAL OR POLAR 

14 

NEUTRON 
INPUT 

1- 174E+oo 
1.156E+00 
1.095E+00 
l'04fiE+oo 
9.900E-Ol 
9.299E-ol 
8,936E-ol 
9.303E-Ol 

COORDINATE GAMMA RAY NEUTRON 

NORMALIZED 

5.811E+01 
1.6B4F.:+O..? 
1.204E+02 
1.40!lE+O~ 
I.S59E+Oc? 
1.709E+02 
1,333E.+o2 

IPT. 
iNO, INPUT MIOPOINT lNPUT NORMALIZED INPUT NORMALIZE.D 

1 
2 
3 

• 
---

O. 
1.000E+Ol 
2.000E+Ol 
~.OOOE+Ol 

5,OOOE+00 
l.500E+Ol 
2.S00E .. t"jl 
3.s00E+Ui 

.• ~. 

6.517E'-02 
4.233F.-Ol 
7.21AE-Ol 

.9.71'J7£-01 

2.442E+OO 
5.755E+00· 
8.523E+00 
1.073£+01 

6.37\E-02 
4.205E-ol 
7.246E-Ol 
9).733£-01 

i:!,42\E+OO 
5.726E+OO 
8,490E+OO 
1.0~9EI+ol 

.~ ............ _ _ ...... ..a..- _ ........ ____ -'" ____ .0114_ 

.. ...... 
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! It' · 
J. 
, I 
I ~ 
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/1 I j 
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l'V 
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" -... 
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5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

-- \ 

TABLE 2-6 (Continued) 

...c __ _ ~" ... ~ ................ ~ ......... _ .... ·~tW_, ........ _· 

4.000E+Ol 
5.000E+Ol 
~.OOO£+OI 
7.000£+01 
8.000£+01 
9.000E+Ol 
1.000E+02 
1.100E+02 
1.200E»02 
l,.300E+02 
1.372E+02 

1t.500E+Ol 
5.500[+01 
6.500f.+Ol 
7.S0tlE+Ol 
8.500~+Ol 
9.500E+Ol 
1.050E+02 
1.150E+02 
1.250E+02 
1.336E+02 

1.1C,QF+OO 
1.305F.+O{) 
1.384F+OO 
1.406F+OO 
1.36Af.+00 
1.27 4 F,+OO 
1.121F.:+OO 
9.303E-01 
1.016E-01 
S.531f.-Ol 
1.61AE+OO 

1.?37E+Ol 
1.345£+01 
1.39SE+Ol 
1.387E+Ol 
1.32!E+Ol 
1.201E+Ol 
1.029E+ol 
8.159~+OO 
~.276E+OO 
7.115E+OO 

SOURCE OISTRIaUTION PATA - A1MUTHIAL fOR RADIAL INTERVAL 

PT. 
NO. 

1 
2 
3 

COORDINATf: 
INPUT MIOPOINT 

O. 
J.1 4 2':too 
o. 

7.854E-Ol 
2.356E+OO 

GAMMA RAY 
INPUT NORMALIZEO 

o. 
O. 
o. 

3.805(-06 
3.R05E ... 06 

SOURCE DISTRIBUTION DATA - AZMUTHIAL FOR RADIAL INTERVAL 

PT. 
NO. 

1 
2 
3 
It 
S 

COORDINATE 
INPUT MIDPOINT 

o. 
O. 
O. 
O. 
o. 

J.927E-Ol 
1~17SE.+OO 
1.963£+00 
2.749E+OO 

GAMMA R.\Y 
INPUT NORMALIZED 

o. 
o. 
~. 
o. 
0" 

1.90,E"06 
1.903E-06 
1.903E-16 
l.q03E-06 

SOURCE OISTRIRUTION DATA - AIMUTHIAL FOR RADIAL INTERVAL 

pro 
NO. 

1 
Z 
3 
It 

COORDINATE 
INPUT MlnPOINT 

o. 
O. 
O. 
O. 

2.61aE-Ol 
1.854E-Ol 
1. 309E.+OO 
l1i'833E-..OO 

GAMMA RAY 
INPUT NORMALIZED 

o. 
O. 
O. 
O. 

1.26SE-06 
1.268e:-06 
1.268£-06 
1.268£-06 

~ .... 

1·1~5E+OO 
1.]OlE+OO 
1.3ROE+OO 
1.401E.+00 
1·3h4E+QO 
1.271E.+00 
1·124E+00 
9.275E-Ol 
7.004E-01 
5.664E-01 
1.779E+OO 

1 

NEUTRON 

1.233[+01 
1. ~41E+Ol 
1dCJIE'+Ol 
l.3H'3E'+ol 
1.31RE+Ol 
1.197£+01 
1.026E+Ol 
8.139E-+OO 
&.334E'+00 
8.397E+OO 

INPUT NORMALIZED 

O. 3.154£-06 
o. 3.154E-OO 
O. 

2 

NEUTRON 
INPUT NORMALIZED 

O. 1.577£-06 
O. 1.577E~06 
O. 1.577£-0& 
O. 1.577£-0& 
O. 

3 

NEUTRON 
INPUT NORMALIZEO 

o. 
o. 
O. 
O· 

1.01S1E-Ob 
1.0151E-Ob 
1.051E-06 
1.051E-a6 

%!J""'~ 
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r- ~ 
1l)C/» c:r _ 
0"'" ....,0 
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TABLE 2-6 (Continued) 

_'Sf,il·ix _ _________ =-=---=~::..-=:::.:-=--=- --.. - .-

S O. 2.356£+00 O. 1.26AE-06 O. 1.051E-0& 
6 O. 2.880£+00 0. 1.268E-06 O. 1,051£-0& 
7 O. o~ O. 

SOURCE DISTRIBUTION DATA - AZMUTHIAL FOR RADIAL INTERVAL 4 

PT. COORDINATE GAMMA RAY NfUTRot. 
NO. INPUT MIoPOINT INPUT NORMALIZED INPUT NORMALIZEO 

1 O. 1.96~f.:-Ol O. 9.513E-01 O • 7.886E-07 
2 O. 5.890E-01 O. 9.513E-01 O. 1.B86E-07 
3 O. 9.817E-01 O. 9.513E-01 O. 7.8R~E-07 • O. 1.374E·OO O. 9.513E-01 O. 7.886£-07 
5 O. 1.767E+OO O. 9.1)13E-01 O. 7.886E-07 
e, O. 2.160E+00 O. 9.GI3E-07 O. 7.88~E-07 
1 t} • 2. 553E+OO 0" 9.513E~01 O. 1.886E-01 
8 O. 2.~45E'OO O. 9.513EJ 07 O. 7.8R6E-07 
9 O. O. O. 

SOURCE DISTRIBUTION DATA - AZMUTHIAL FOR RADIAL INTERVAL 5 

PT. COORDH~ATE GAM'4A RAY NEUTRON 
NO. INPUT MIDPOINT INPUT NORMALIZED INPUT NORMALIZED 

1 '0. 1.S71E. ... Ol O. 7.611E-07 O. 6.~09E-Or 
2 O. 4.712E-Ol O. 7.611E-07 O. 6.309E-07 
3' O. 1.854E-Ol O. 7.61tE-01 O· 6.3091:-07 
4 O. 1.100E+OO O. 1 .. 611E-07 O. 6.309E-07 
5 O. 1.414E+OO O. 7~~llE:. .. 07 o. 6.30QE-07 
b O. 1.728E+OO o· 7.1!.1IE-01 o· beJ09E-o 7 
7 O. 2.0421£+00 O. 7.,6l1E-07 O. 6a309t-O 7 
8 00 2.3561:+00 O. 1.61lE'-07 O. 6.)09f-OT 
9 Oc 2c.670E+OO O. 7.6l1E-a7 O. 6.J09E-07 

10 O. 2.985E+00 O. 7.611E-07 O. 6.309E-O" 
11 O. O. O. 

SOURCE DISTRIBUTION DATA - AZMUTHIAL FOR RAOI4L INTERVAL 6 

PT. COORDINATE GA"'MA RAY NEUTRON 
NO. INPUT MID~OHn INPUT NORMALIZED' INPUT NORMAL'IlF.:O 

...... --------_.:&.-.~---.~---- ..... -
,...1 

~' 
_______________________________________________________________ ~ d 
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TABLE 2-6 (Continued) 

. -=-~,--"~:?I::~~"''':~'::''''-:.:. ,_ •. t-l ...... 

1 O. 1.309E .. Ol o. 6.342E"07 
2 O. 3.927E-Ol o. 6.342E-01 
:; O. 6.545~-01 O. 6.342E"07 
~ O. 9.16JE-Dl O. 6.342E-07 
S O. 1.118E+OO O. 6.342E-07 
6 O. 1.440E+00 O~ 6.342E-'07 
7 Oe 1.70ZE+OO 00 6.342E-01 
B O. 1.963E+OO O. 6.342E-07 
9 O. 2.225E+OO O. 6.342E-07 

10 O. 2.487E+00 Q. 6.342(-07 
11 O. 2 .. 749E+OO o ~, 6.342E-07 
12 O. 3.011E+OO O. 6.342E-07 
13 O. O. 

SOURCE DISTRIBUTION DATA" AZMUTHIAL FOR RAOI~L INTERVAL 

Plll COORDINATE GA~f.4A RAV 
NO. INPUT MIDPOINT INPUT NORMALlifD 

1 O. 1.122E-01 O. 5.436E-07 
2 O. 3,366E-01 O. 5.436E-01 
3 O. 5.61f)f.-Ol O. 5.436E'"'07 • O. 7.854£,-01 O. Sa43bE"07 
5 0, l.OlOr.+OO o. S.436E-07 
6 0, 1,,234E+OO Oe 5.436E-07 
7 O. 1.4SQt+oO (). 5.436F.-07 
B 0, 1.683E+OO 0, 5.436E-07 
9 0, 1.901E+oo O. 5.436E-07 

10 O. 2.132F.+OO O. 5.436E-07 
11 O. 2.356E·OO O. 5.436F. ... 01 
12 o. 2,,581E+OO O. 5.4~6E-07 
13 O. 2. 8 05E+OO O. 5.436E-07 
14 O. 3.029E+OO O. 5.436e:"07 
15 O. O. 

GAMMA RAY SPECTRAL DATA 

GROUP ENERGY SPECTRAL 
NO. DATA 

1 8.500£+00 8,422E-03 
2 7.250E+OO 6.903f."03 
3 6.500E+oo 2. 938E-02 

o. 
O· 
O. 
o. 
o. 
o. 
o. 
O. 
O. 
O. 
O. 
o. 
O. 

7 

- ... ,.- ..... -... 

NfUTRON 
INPUT 

O. 
o. 
O. 
o· 
O. 
O. 
O. 
O. 
O. 
0·, 
O. 
O. 
O. 
o. 
O. 

5.2'7E-07 
5.257E-U7 
5.257F.-07 
5.757E-01 
5.?57f"'07 
5.?57E"07 
5.257E-07 
5.~57E-07 
5.c57E~Ol 
5.257E-07 
5.257E-07 
5.257E"07 

NORMALIZED 

4.506f-0 7 
4.S06E-07 
".~06E-07 
4.S0flE-07 
4.~06E-07 
4.';06E .. 07 
4.50~E-07 
4.~06E-07 
4.'50flE-07 
4.S0flE-07 
4.5061::-07 
4.506[-07 
4.506E-07 
4.506E-O·/ 
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TABLE 2-6 (Continued) 

"'- ..,......;.J_, __ -.. ~~ .... _ u. __ .... _ 

r. 5.500E+oo 7.454E-02 
5 4.500E+oo 2.,574E"01 
b 3.500E+OO 4 0 732E"'01 
7 2.800E+00 2.993E-Ol 
B 2.500E+oo 4.118E.-Ol 
9 2.000E+00 S.3B6E-Ol 

10 1.5UOE+00 7.260£-01 
11 1.000[+00 9.742E-Ol 
12 7.000E-01 1.321E+00 
13 3.000E-Ol 5.994E-Ol 

NEUTRON SPECTRAL DATA 

GROUP ENERGY SPEcTRAL 
NO. DATA 

1 1.000E+ol 1.235E+OO 
2 9.000E+00 2.410E+00 
3 8.000E+00 2.470£+00 
~ 7.000[·00 2.470E+00 
5 6.000E+00 2.470E+OO 
b 5.000E+00 2.470[+00 
7 4.000E+oo 2.470E+OO 
8 3 c 200E+oo !.482E+oO 
9 2,,500[+00 1.976E+oo 

10 1.800E+oO 1.482E+OO 
11 1.300E+00 9.88AE-Ol 
12 9.500E-Ol 7.410E-01 
13 7.000E-Ol 4.940E-Ol 
14 S.OOOE-Ol 3.705E-Ol 
15 4.000E-01 2.470E-0} 
16 3.000E.-Ol 2.410E-Ol 
17 2.000E-Ol 2.470E-Ol 
18 1.000E-Ol 1.35RE-O 1 
19 9.000E-02 2.410E"'o2 
20 8.000E-02 2,.~70E-{)2 
21 &'.000E-02 2.410E-02 
22 i).oooE-02 2.47(1[-02 
23 5.000E-02 2.470E-02 
24 4.000E-02 2.410E-02 
25 3.000E-02 2.410E-02 
26 2.000E-02 2,470[-02 
21 1.000E-02 1.23SE""o2 

ZONE BOUNDARY SPECIFACTIONS 

--'--t.).....J.....c..J.-J_~_--.a. ...... _..J 

-oIIlI 
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TABLE 2-6 (Continued) 
i 

I, I ~w~~~,''''~.1:ro...._~lftru 
.. ~ ... ,--.-. ,-- --" , liT' ., 

j i 1 lONE CaMP. BND. ZONE BND. ZONE aND. lONE BND. lONE BND. lONE BND. ZONE : 1 i: 1 1 -22 13 23 5 21) ? 2 1 -22 13 -29 1 23 5 30 3 1 .! il 3 2 .. 22 13 -30 2 2J 5 32 4 ' 'I 1 4 3 -22 13 -32 3 27 10 33 12 
! 1', i 

. f P ! 5 4 -23 1 24 6 32 4 
\ p 6 6 -24 5 25 8 31 -; .': p' 1 4 -24 5 -31 6 25 8 32 4 8 5 -25 6 26 9 3;;' 4 /1 9 1 "26 8 27 10 32 4 10 3 -27 9 28 11 33 12 

1.1 12 -28 10 -2 14 ,-
~o 21 33 :l 

11r:~ 12 12 -22 13 -~~ 4 28 11 21 33 ~~ 12 -I 34 1 21 33 
14 8 2 11 5 19 -3 15 it" is 9 3 14 5 18 -4 16 f :,.~ 
16 10 4 15 5 17 ' . ! ':, 
17 10 -5 16 15 18 (, 2j ~ {~ .. (~ 

I'') 18 9 -5 15 16 19 B 24 -15 17 ; ~ 

I 19 8 --5 14 17 20 FJ 25 -16 Is f ! ~ '-l 20 12 .. 5 11 21 33 8 26 -17 19 i i , tn 
21 11 -6 11 15 18 I' 22 i; . 22 11 -i 21 15 IS FJ 23 

1" 
I, , 

23 11 -8 22 18 24 CjI 27 ~-: : 

. " 24 9 -8 18 19 25 10 29 -18 23 
.j 

2G a -8 19 20 26 lOt 30 -19 24 
• .1 

i I). i 26 12 -8 20 21 33 10 31 -20 25 27 11 .. 9 23 IB 24 10 2R 28 11 -10 27 11 29 
29 9 -10 24 12 30 -11 2~ 30 8 -10 25 13 31 "12 29 31 12 -10 2& 21 33 14 32 -13 30 32 12 -14 31 21 33 
33 12 .. 21 11 
34 12 21 33 1 34 

BOUNDARV EQUATION CONSTANTS , 

Q~ HNO. NO. AND TYP( AO )(0 00 YO Co lo DO 

r- ::x> 
Wen 

-i,ooor+o] 
c::r _ 1 6 O. O. o. o. o. o. 0"" ...,0 2 2 1.000E+oO O. 1.000(+00 O. 1.000£+00 M.4.SE+02 6.R4oE+04 w::s 
-+ c:: 

J 2 1.000E+oO O. 1,000£+00 o. 1.000E.+oo 8.4lj.SE.+0?- b.~77E·04 On .., -~ 2 1.OOOE.;.OO O. 1.000E+00 O. 1.000E+OO 8.445E+02 6.556E+04 '< ctl 
W ..., 

~ 
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TABLE 2-6 (Continued) 

_ .......... • __ cu_c .... =-"'- ...... ~_ ~ .... "'fa''-~ N .• .-f._-" ..... ---

s 6 O. O. O. O. o. O. 7.710E+O? 
b 6 0" O. 0 0 O. O. O. 8.9R,5F+02 
7 6 0, O. O. O. O. O. 1.?AAE+03 
B 6 O~ O. O. O. o. O. 1. ftSftF. + 0 J 
9 6 O. O. O. O. O. 0, 2.1RAF.+03 

10 6 Ot: O. O. O. 0, 0, 2.410F+03 
11 2 1<1000E+00 0, 1.000E+OO O. 2,10 9E+00 2.410E+03 2.174[+05 
12 2 I"OOOE+OO 0, 1.000E+OO O. 2.10 8E +OO 2,410E+03 2.318F+05 
13 2 1.000E+OO O. 1.000£+00 O. 2.088E+OO 2.410E+03 2.42qr+OS 
14 6 O. O. O. O. O. O. 2.7C:;1'1E'+03 
15 2 1.000E+OO O. 1.000E"OO O. "1.1BOE-02 -1.61QE+02 O. 
,6 2 1.000E+OO O. 1.000E+OO O. -7,1 80£-02 -1.63!;E+02 O. 
1 7 2 l.o00E+OO O. 1.000E+00 0, -7.1 BOE-02 -1.eJIE+02 o. 
1 B 3 O. 0, O. O. O. O. - 2.114F+Oc:; 
\9 3 O. O. 0, O. O. O. 2.31AE+05 
20 3 O. O. O. O. O. O. 2.42AF.:+05 
21 3 O. O. 0. O. o. O. 1.000£+06 
22 6 O. O. 0, O. O. 0, o. 
?3 6 O. O. O. O. O. U, 1.37cf+02 
24 6 O. O. O. O. 0, O. 1,197E+07. 
?5 6 O. O. O. O. O. O. l,Ei49F+O? 
?6 6 O. O. !i, O. O. O. 1.Q30f+02 
27 6 O. O. O. O. O. O. 2,lSQE'+O? 
28 6 O. O. O. 0, o. O. 2.1A4E'+"2 
29 3 O. O. O. O. (I. O. I.A9?E+n3 
30 3 O. O. O. O. O. O. 2. 5fH F +r,'3 
31 3 O. O. O. O. O. O. 3.123F+n3 
32 3 O. O. O. O. O. O. 4.03?F+03 
33 1 O. O. 0, O. o. O. 4.~61E'+03 

COMPOSITIONS BY MATERIAL 

CaMP. MAn.RIAl NO. 
NO. t 2 3 4 5 6 

1 1.508E +OO 6.823E·02 5.554E'·o3 2.701E.-03 3.898E-04 5'28 1E-0 3 
2 O. O. o. o. o. o. , 
3 O. O. o. o. o. O. 
4 O. O. 0, o. o. O. 
5 3.061E-02 o. O. o. o. O. 
6 O. o. o. O. o. O. 
7 O. O. o. o. o. o. 
8 5.500E-02 O. O. o. o· O. 
9 o. O. o. o. o. o. 

10 O. o. o. O. o. O. 
11 O. o. ·0. O • o. o. 

. _______________________________________ ~ ___________________________________ 74 
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; " ~ TABLE 2-6 (Continued) 

i' 

--::=""""'"'~ .. :..... -::~ .... ~:..; • ::::a:~'...J ~ __ .... _ .... :"_~~-_.~.t..!rl_~~ ... ~~~t~\oA' ..... 1L ........ 

I , 

~' 1('4 12 o. O. o. O. O. o. 
, r I, ,: COMPOSIT1.0NS BY MATERIAL 

i I' COMPo MATERIAL NOli 
\' , 
t ' NO. 7 B 9 10 11 i2 f I 

~ I, 
, i j n. ,; , 

I illJ 
1 5.390E-04- 3.095E-02 O. O. o· O. 
2 1.403E-03 O. O. O. 1.661E+OO O. 
3 O. 0, 2.809E+OO O. O. O. 4 6.297E-02 O. 1.796f.+OO 1.103E-Ol O. 8.546E .. Ol 

t, t! . .- S 3.272E-02 O. 2.24RE+OO O. O. O. 
6 1.26SE-02 O. OQ O. O. O. ,~. I •• 1 1.184£-02 O. O. o. o. O. 

1't~ B 2.410E-03 O. (I. O. o. O. 
9 O. O. 2.100E+OO O. O. o. Ii', 10 1.000E-02 O. O. O. O. O. ' i I 6.~. 

11 8.800E-04 O. O. O. O. O. 
l' '1 I , 

"1 J .","" 
12 O. 0111 O. o. o. o. ' , f~, 

I'V ' ' "o( 

I 'f I 
\rt {; -.....,J COMPOSITION TOTAL DENSITV : ~ -.....,J 

~ ! 1 1.622E+oo 
I 1 

" 2 1.662E+OO , L: ' 3 2.809E.+00 
, } ~ I 4 2.824E+OO '. , 

~'. . 5 2.311E+OO 
(. & 1.2b5E-{'2 

7 1.184E-02 
8 5.741E-02 

L 9 2,,100E+OO 
10 7.0-00E-02 .J, 
11 8.800E-04 
12 O. 

NEUTRON CROSS SECTION DATA 

MAra "I ,BERT-WEI. TON MO"'lF.:NTS 
NO. REMOVAL ETA REMOVAL 

@ 
1 4.070E-0? -0. 4.070F'-O? r- :l> 

0)(1) 2 9.100E-03 -0 .. 9.100F'-O.3 c:r -+ 
0-' 3 9.100£-03 -0. 9.1001:-03 -,0 
0) =:J 4 2.100E"02 ·0. 2·100E-02 -+ c::: S 2.11oE-02 -0. 2.170r.-02 o n 
-, -
'< CD 6 1,900E-02 "0. 1.900E-02 

0) 
-, 

-----,------ --------- --_. 

.. 
.......4 
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TABLE 2-6 (Continued) 

--;.--..:.---.~ --------- - --~. 

i 
B 
9 

10 
11 
12 

O. 8.688E+00 
1.600£-02 -011 
2.900E-02 -0. 
5.800E-02 ·0. 
·7.200E-02 -0. 
2,200E'""02 ·0. 

ALBERT-WELTON COEFF.'ALPHA(I)~.e. 
.ALPHA(2) •••• 
.ALPHA!J) •••• 
,ALPHA ~,.) u •• 

'ALPHA(S) •••• 
,ALPHA(6), ••• 
.ALPHA(7) ... , 

HEFERENCE MATERIAL REMOVAL!~.,.,. 

GAMMA RAY LINEAR ABSORPTION COEFFo 

COMP. 
NO. 

1 
2 
3 

• 5 
& 
7 
B 
9 

10 
11 
12 
13 

ENERGY 

8.500E+OO 
7.2 r,OE+OO 
6.500E+oo 
5.500E+OO 
4.S00E+oo 
3.500E+oo 
2.800E+OO 
2'500 E+00 
2.000E.~0 
1.500E+oo 
1.000E+00 
1.oooE-OI 
3'000E-Ol 

1 

2.050E-02 
2.221E-02 
2.360E-02 
2. 5 60E-02 
2. 840E-O? 
3.270E-02 
3.72oE-02 
3. 950F.-02 
4.440E-02 
5.1 80E-02 
6. 360E-02 
7.~50f.-02 
1.06 0E-Ol 

GAM~A RAY LINEAR ABSORPTION COEFF. 

COHP~ 

NO. 

1 

ENERGY 

8.500E+OO 

".-.:,A._~ ___ ~ 

7 

3.550E"02 

(). OOOF.-O t 
ll.600F-02 
2.900E'-02 
S.800r;:--U2 
l'o200F.-U2 
2.200E-02 

1.600E .. O. 
2.900[-01 
1.780E"'01 
5.81)0E""01 
3.S00E-05 
1.000E+Ol 
9.5~OE-02 

..070E-02 

MATEHt ... L NO. 

2 3 

4oa8AE-02 
4.730E-02 
4.628E-02 
4.4921::-02 
4,.383E-O? 
4 .. 373f>"02 
4 .. S10F-02 
4,,6241=:-02 
4.,824F-02 
51l62BF.-02 
70603[-02 
141103E .... Ol 
4.,565E-01 

4.888E-02 
4.730E-02 
4.62AE-02 
4.492E-02 
4.383E-02 
•• 373E-02 
4.510E-02 
•• (,24E-02 
•• 824E-02 
5.628E-02 
70603E-02 
1.103E"01 
4.565E-01 

MATE~hL NO, 

8 

3.441E-02 

9 

2.)50E-02 

._, ........ _----

• 
2.980E-02 
3.012E"02 
3.043E-02 
3el10E-02 
3'22~E-02 
3.455E-02 
3.142E-02 
3·918E.-02 
4.291E-02 
4,905E-02 
5-9RAE-02 
7.1 5Q E-02 
1. 063E-'O 1 

to 

1.930E-02 

5 

2.924E""'02 
2.967E-02 
3.007E-02 
3.08~E-02 
3'220E-02 
3.466E-02 
3.7flQE-02 
3.91j2E-02 
4,338E_02 
4.963E-02 
b.0,,2F.-02 
7.247E.-02 
1.063E-o! 

11 

1.730E-02 

6 

3,038E-02 
3.059E.-02 
3.082E-{}2 
3. 1 36f..-{)2 
3-239E-02 
3.447E-112 
3.72oE-n2 
3·B89["02 
4..249E.·02 
48853E-112 
5.920E .. O?' 
7.0 ti 2E-02 
1.069E"01 

12 

2.810E-02 

l 

, 

~ 
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t l 
I r, 
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~ 
I 

'-J 
'0 

,/.~ 

2 
3 
4 
5 
6 
7 
B 
9 

1D 
11 
12 
13 

.~:~ .. .,.~~ 

1.250E+OO 
6,500E+OO 
5.500E.+00 
4.500E+OO 
3.500E+00 
2.800E+OO 
2,5 00E +00 
2.000E+00 
1.500E+OO 
1.000E·00 
1.000E"01 
3.000E"01 

3.969E-02 
4.260E-02 
0\,120£"02 
5.350E-02 
6.29 0E-02 
7.250E-02 
7.150E-02 
8,16 0E-02 
1.030E-01 
1.260E-01 
1. 480E-01 
2.120E-01 

GAMMA RAV BUILDUP COEFF. 

GROUP 
NO. 

1 
2 
3 
~ 

5 
6 
7 
B 
11 

10 
11 
12 
13 

ENERGY 

8.500E+OO 
1.250E+00 
6,500E+OO 
5.500E+00 
4.500E+OO 
3.500E+OO 
2,800E+00 
2.500£+00 
2.000E+00 
1.500E+OO 
1.000E+OO 
7.000E-01 
3.000E-01 

RO 

1.005E+OO 
1.004E+OO 
1.003E+OO 
1.002E+OO 
1.001E+00 
9.99(lF.-OI 
9.974E-01 
9.966E"'01 
9.954F-01 
9.948E,,01 
9.968E-01 
1.001E+00 
9.823E-Ol 

MONOVARIANT POLYNOMIAL MOMENTS DATA 

GROUP 
NO. 

1 
2 
3 
4 
:, 
& 
7 
8 
9 

10 
li 

ENERGY An 

1.000E·Ol O. 
9&000E+00 O. 
8.000E+00 O. 
7.0001:;+00 O. 
6.000E+OO O. 
5.0UOE+OO. 0, 
~.OOOE~OO O. 
3.200E+OO O. 
2.500E+OO O. 
1.800E+OO O. 
1.300E+OO o. 

....-;.::-:->'" 

TABLE 2-6 (Continued) 

3.401F-02 
3. 38 0E-1)2 
3.364E-02 
3.3 AIF-02 
3.485F. ... 02 
3.675F-02 
3.805E-02 
4.086E-02 
4.643E"02 
5.665E-02 
6.869(-02 
1.253F.-01 

Bl 

3.616E-Ol 
3~984E-Ol 
~.263E-01 
4.130E-01 
5.351F.-Ol 
6.236E-Ol 
7.019F"Ol 
7.516E-01 
8.351£-:'"'01 
9.280F.:-01 
9.810E-Ol 
9.502E-Ol 
1.435E+OO 

A1 

o. 
o. 
O. 
o. 
o. 
O. 
O. 
o. 
o. 
00 
O. 

2.432£-02 
2.C;SOE-02 
2.710E-02 
3.000E-02 
3.~50E"'02 
3.150E-02 
3.900£-02 
4.320E-02 
5'000E-02 
6.1 4 0E-02 
7.200£"'02 
1.030E-01 

B2 

-6.490E-03 
-5.643£-d3 
-4.850[-03 
-3.185E-03 
-1,795E-04 

5.93AE-03 
1.418E-02 
2.104E-02 
3.831E-02 
7.411E"02 
1.714E-Ol 
3.279E-01 
8.439E-01 

Ai! 

o. 
o. 
O. 
o. 
O. 
O. 
O. 
O. 
o. 
O. 
0 .. 

2.120E-02 
2.3 4 I)E-02 
2.580E-02 
?9?OE-02 
3.150E-02 
3.600E-02 
3.R30E:-02 
4.300E-02 
5.030E-02 
fJ.230E-02 
7.230E-02 
1.040E-01 

83 

1.354E-04 
1.121E-04 
9-191£-05 
4.975£-05 

-2.266£-05 
-1.581E-04 
"3.317E-04 
-4,414E"'0· 
-6.961E-04 
-1'04.3E-03 
-9.766E-04 

1.71 RE-OJ 
5.976E-02 

A3 

o. 
o. 
o. 
o. 
o. 
O. 
O. 
o. 
o. 
o. 
o. 

1.90Qf.-02 
2.030E-02 
2,,22nl:.-02 
2.47of-ol 
2.13f,0(-02 
3.21 0F-02 
3.490F.:-02 
3. 94 0F.-02 
4.59oF.-o2 
5.650E-02 
6.610E-02 
9. 450E-02 

A4 

00 
o. 
o. 
o. 
o. 
O. 
o. 
o. 
o. 
O. 
o. 

2.925E,,02 
2.9 12E-02 
3.065E-n2 
3.21 h E"'02 
3.4A2E.-,,2 
3.801[-02 
3.991E-02 
4.390E"02 
5.027E-02 
6.144E-02 
7.341E-02 
1.06AE-Ol 

@ 
r- J> 
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TABLE 2-6 (Continued) 

:.., -~ .-:- .-::~ ! 
._. --.-. - ~ ', .. - --

NO. UPPER LOWER 

1 1.000E+Ol 1.000£+00 9.206F-Ol -2.523[-02 -1.312E-04 
1 1.000E+Ol l",OOOE+OO -7.3S2F.-Ol 3.556E-03 -2.9?OE-05 
1 1.000E+01 1.000E+OO -3.331£:-03 -2.402E-03 1.444E-05 
1 1.000£+01 1.000E+00 -1.493E-04 I.R5bE-04 -9.790£-07 
2 1.000E+00 1.000E-Ol 2.0211::-01 4.964£-02 -1.405E~03 6.047E-Ob 
2 1.000£+00 1.000E-Ol 3.272f.-Ol -1.291£-01 2.466E-03 -1.23C;£-05 
2 1.000E·OO 1.000E-Ol -6.574E-Ol 8.720E-02 -1.777E-03 9.125E-06 
3 1.000E-Ol 1.000F.-02 2.487£+00 9.472E-02 -1.653E-03 6.163£-0& 
3 I~OOOE-Ol 1.000E-02 -2.800E+Ol -2.760E+OO I.SB}E-02 3.6217£-06 
3 1.000£-01 ,.000E"02 -1.293(+02 4.631E+ol -2.693E-Ol -1.282£-0' 
3 l e OOOE-01 1.000E-02 1.916E+03 -2,447E+02 1.5A9E+OO -3.368£-0 4 

MOME~TS DATA EXTRAPOLATION PARAMETERS 

GROUF> ENERGY 
NO. 

1 1.000E+ol 
2 9.000E+OO 
3 8,000E+OO 
4 7.000£+00 
S 6.000E+OO 
b S'OOOE.(JO 
1 4s000E+OO 
B 3.200E+OO 
9 2.500C:+OO 

10 1.800E+OO 
11 1.300E+00 
12 9.500E"01 
13 7.oo0E-Ol 
14 5.000E-Ol 
15 4.000E-Ol 
16 3,OOOE"01 
11 2.0GOE-Ol 
IS 1.000E-01 
19 g,oOOE-02 
20 9.000E"'02 
21 7.000E-02 
22 6.000f."02 
23 5.000E"02 
2iJ . 4.000E-02 
25 3'000E"02 
26 2.oaOE-02 
21 hOOOE-O;? 

GAMMA RAY RESPONSE DATA 

LAMBDA 

6.63cF."02 
6.630£-02 
6.630E-02 
6,"30E-02 
6.630E-02 
6.630E-02 
6.630E"02 
5,130E-02 
5.080E-02 
4.900E-02 
5.170E-02 
5.230E-02 
5.11oE-02 
5.?OOE-02 
5.0S0E-02 
5.100E-02 
S.OOOF.:-02 
4.930E-02 
4.800E-02 
4.AOOE-02 
4 .. 7201:.-02 
4.640E-02 
4.170E-02 
4.380F."02 
4.t7oE-02 
4.120E-02 
4.640E-02 
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TABLE 2-6 (Continued) 

;. __ 'f£i&S E _!~;.::..-::-::-:-~~~-::: .... 

GROUP 
NO. 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 
12 
13 

ENERGV 
1 

8.500E+OO 
1.250£+00 
6.500E+00 
5.500£+00 
4.500£+00 
3.500E+OO 
2.800£+00 
2.500£+00 
2.000E+00 
1.500E+OO 
1.000E+OO 
7.000£-01 
3.000E-Ol 

NEUTRON RESPONSE DATA 

GROUP 
NO. 

t 
2 
3 
~ 
5 
6 
1 
r; 
9 

10 
11 
\2 
13 
1~ 
15 
1& 
17 
18 
1 9 
20 
21 
22 
23 
2. 

ENEHGY 
1 

1.000E+01 
9.000£+00 
8.000E+00 
7.000E+00 
6.000E+OO 
~.OOOE+OO 
4.000E+OO 
3;1200E+00 
2.500E+OO 
1.~OOE+OO 
1.300[+00 
9.500£-01 
7.000E'·01 
5.000E"01 
4.000E-·01 
3'000E-'01 
2.000E'"'01 
1.000E"01 
9.000E"'02 
8.000E"02 
7.000E-02 
6~QOOE-02 
5,,000E-02 
4.000E-02 

-La ......... ..!&a ____ _ 

RESPONSE FUNCTION 
2 

1,000E·00 
1.000£+00 
1.000(+00 
1.000F.+OO 
1.000E+OO 
1.000E+00 
1.000E+00 
1.000E+OO 
1.000£+00 
1.000E+00 
1.OOOE.00 
1.000[+00 
1.000E+OO 

3 
8.S00E-07 
S.800F.-07 
9.200E-07 
4.500E-07 
1.OSOE-06 
1.150E-06 
l'1230E-0& 
11l270r.-06 
1.370E-06 
1.480E-06 
1.610E-06 
1.670E-06 
1.660E-06 

1.t}30E-06 
1.050E-Ob 
liOaOE-06 
1.160E-06 
1.210E-06 
1.310E-06 
1.410E-06 
1.450E-06 
1.560E-06 
1.69 0E-06 
l!OR40E-06 
1.q~OE-06 
1.89 0E-06 

RESPONSE FU~CT~ON 
2 

1.000E+00 
1. 00 0£+00 
1.000E+00 
1.000E+00 
I~OOOE+OO 
1.000£+00 
1.000E+OO 
1.000£+00 
1.000E+00 
1.0~OE+00 
1.000E:+OO 
1.000F.·00 
1.000E+00 
1.000£+00 
1.000£+00 
1.000£+00 
1.000E+00 
1.00{)E+00 
1.000E~oO 
l-OOOf.+OO 
1.0C~e:+GO 
1. 000E+00 
1,OOOE+00 
l.OOOE+OO 

3 
1.000E+OO 
1.000f+OO 
1.000E+00 
r.OOOE+OO 
1.000E+OO 
1.000E+00 
1.000E+00 
}eOOOE+OO 
1.000E+OO 
1.,000E+OO 
1.000E+OO 
O. 
O. 
O. 
O. 
O· 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 

.. 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+OO 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.0COE+00 
1.000E+OO 
1.000E+00 
O. 
O. 
o. 
O. 
O. 
O. 

5 
1.158E-04 
1.101E-04 
1_109E-04 
1.0"8E-04 
1.068E-04 
~.061E-04 
1.040E.-04 
9.784E-05 
9.033E-05 
9.61'1E-05 
9.334E-05 
A.502E-05 
6·9~3E-05 
4.3C;RE-05 
5.344E-05 
3.983E-05 
3.4AIE-05 
I.QGIE-05 
1.7A1E-05 
1·672E-05 
1:372E-05 
1'141E-05 
9.392E-O& 
7.206E-0& 

}.781F..-OS 
l.b8RE-OS 
1.712E-05 
1.&19E-05 
1.619E-05 
1.60~Ei"'OS 
1.489E-05 
1.3761:-05 
1.179E-05 
1.0Fl7E-05 
9.425E-Ob 
7.71QE-U 6 
6.r;,Q9E-06 
S.74AE-OD 
S.101E-Ob 
3.':J27E-Ob 
3.716E.-Ob 
2.275E-O& 
2~1'3E-Ob 
1.931E-O& 
1.7~lE-Ob 
1.554E-Ob 
1.344E-06 
le137E-06 

~ 

~ 
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TABLE 2-6 (Continued) 

2S 
2& 
27 

3.QOOE-02 
2.000E-02 
1 .. 000E-02 

!",OOOE+OO 
l .. ~OOE·OO 
1.000£+00 

ALBERT/wELTON RESPONSE DATA 

O. 
O. 
O. 

O. 
o. 
o. 

GROUP 
NO. 

1 

ENERGY R~SPONSE FUNCTION 
1 

1.000E+00 1.000E+00 

HECEIVER POINT COORDINATES 

POINT 
NO. 

1 

COORDINATES 
R Z 

4.089E.Ol 9.825E+02 o. 
SOURCE POINT TRANSLATION COORDINATES 

x...... O. 
Y ••• ".. O. Z...... O. 

LIBRARY MATERIAL ATOMIC N~MeERS 

MATt ATOMIC 
NO. NUMBER 

1 6.00oE+0!) 
2 9.200[+01 
3 ge200E+Ol 

• 2.600E+01 
5 2.400E+Ol 
", 2.800E+Ol 
7 1.000E+OO 
B 4.100E+Ol 
9 1.3QO~+Ol 

10 5.000[+00 
11 4.000e:+OO 
12 t:.200t:+Ol 

MISCELL~NEOUS DATA 

8 

BOUNDARY SEARCH EPSILON ••••• 
~OUNDARY SEARCH PARAMETER ••• 
~MPIRICAL SOURCE SOLUTION 
MEAN ~REE PATHS ••••• ! •••• ! •• 

1.000E-06 
1.000E-03 

o. 

S~101E-06 
3.056E-06 
1.178E-06 

8.947E-07 
6.)96E-07 
3.441E-07 

@ 
r- ::x:"'en r::T ....... 
0 ..... 
..... 0 
Q)::S 
....... c: 
0("') ..... 
'< CD 

Q) ..... 

l 

........ 
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TABLE 2-6 (ConHnued) 

CALCULATED RESULTS FOR SOURCE REGION I 

REGION NO, 1 RADIAL CORE CENTER REGION PI 

RECEIVER POINT A-0.998 
COO~DINATES R •• ~ ••• 4'08932E+Ol 

l ••••• 11 9.82485E+02 
PHI .... ()! 

MEV/CM2-SEC RADS(C)/HR AEII4/HR 

1 8.50 J.170E-ll 2.69SE-11 3.265E-17 
2 7.25 2.384E-ll 2.098E-17 2.503f.-17 
3 &.50 9.10 4E-11 8.316E&11 9.832F'-17 
4- 5.50 2.009E-I0 9.039E -17 2 • 3 ~ 0 F.:-:o 1 6 
5 4.50 5.403E"10 5. 673E-16 6.538E-16 
6 3.50 1.302E-I0 8.398E-16 9.566E'-lb 
1 2.80 3.272E-I0 4.025E-ib 4.61·~E-16 
8 2.50 3.98 0£-10 5 .. 055£-:-16 5.7"'IE-16 
9 c.OO 3.135E-I0 5.11BE'-16 5.8j?7f-16 

10 1.50 2.91iE~!" 4.401E-lb 5.0:J?E-l~ 
11 1.00 1 e>807E-1O 2. 909E'-16 3.32~f-16 
12 .10 1.333E-10 2,226E-16 2.5A6E-16 
13 .30 1.008E"11 b 67Jf:-l1 1.9()5E-17 --... ---.- ___ ... ~A,.,., ___ --- .. _----

3.339E-09 4'~20E·15 4e1:i4E-15 

REGION NO§ 1 ~AOIAL CORE CENTER REGION Pl 

RECEiVER POINT A.0.99~ 
COORDINATES R...... 4.08932E+Ol Z...... 9.82485E.02 

PHI ~... O. 

". 
rtf 
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TABLE 2-6 (Continued) 

MEV/CM2.SEC RAOS(C)/HR REM/HR 

1 8.50 1.451E-11 1.234E-17 1.495f. ... 17 
2 1.25 1.011E-11 8.893E-IB 1.061E-17 
3 &.50 3.&14(·11 3.3c5E-17 3~904E'·17 
4 5.50 7.1 93E·ll 3.237E-17 8.34H'-17 
S 4.50 1.661E·10 1. 750E-16 2.0l1'E-16 
6 3.50 le8lt-6E·I0 2.123E"16 2·~lF.lF"16 
7 2.80 6.742E-l1 B.293f.-17 9.501'E"17 
8 2.50 1.423E-l1 9.421E-11 1.07f1E-16 
9 2.00 5.546E-l1 1.59P.E-17 8.552F-17 

10 1.50 :,h 126E-11 4. 627E-l1 5.2W3f-17 
11 1.00 1.031E-U 1.660£-17 I.BcnE-11 
12 .10 3.878E-12 6.417E-HI 1152~IE-18 
13 .30 4.233E-1~ 7.021[-20 8.00U: ... 20 

-.-=----.... - . v--______ ... -.... -.... 
7.266E-I0 7.966E-~6 ~.602E"'16 

AEGION NO. i ~AOIAL CORE CENTER REGION PI 

REcEIvER POINT A1t01J998 
COORDINATES R •• ~ ••• 4'08932E+ol 

Z •••• e. 9.8248SE+02 
PHI IQ. fli O! 

TOTAL E.GT'lMEV E.LT'l MEV REI4/HR (RADs ... n /HR 

1 10• 00 l,SlIE-13 1.8nE-13 le871f."}3 2_167E"'1 7 3.333E-1 8 
2 9.00 4.453E-13 4.453£ .. 13 4.453F-13 4.902E-11 7,516£-1 8 
3 B.oO &.928E-13 6,928E"'13 6.928E-IJ 7.683E-17 1 dR6E-17 
4 7.00 1.341E-12 1.~41E-12 1.341F.-12 ,.432E-1 6 2.171E"'17 
S b.oo 3.()72f.-12 3.072F. ... 12 3.07?F.-12 3,281(-\6 4.974E-1 7 
6 5.00 7.922E-12 7,922E-12 1.922F-12 8.405E-16 1.270r"16 

@ 7 4.00 2.186E-U 2.186£-11 2.18M:-11 2.2741:"'15 3·2S5E~16 
8 3.20 3.1 33E-11 3.133E-11 3.133£::-11 3.065E"'1 S 4.31\E-1 6 
9 2.50 8.A69E-ll 8.869£-11 8.869E'-11 S.01lE-15 1.04~E-15 

10 1.80 1 ~336E-1O 1.336E-I0 1·336E-I0 1.284E-1 4 1·4?,;E ... t 5 r- :J> 
Olen 

11 1.30 1,,388E-I0 1.388E-I0 1·386E"10 1.296E-14 1-308E-15 
r::::T-
0"'" 

12 .95 1.466E-I0 Oe 1.466E-l0 1.246E-14 1.131E"'IS 
....,0 
Ol:::J 

13 .70 1.323E-I0 O. 1.323E"'10 ~.21)E-15 8.729E-16 
_ c:: 
o C') ...., -
'< CD 

Ol ...., 

~ 
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T )\BLE 2-6 (Continued) 

14 ,50 1.213E-I0 O. 1,213E-I0 5.286E-1 5 6.973E-16 
15 ,40 8.966E-ll 00 8,96&E"11 4.792E-1S 4.574E-16 
16 .30 9.782E-11 O. 9.782E-11 3.896E-15 3,,841E-16 
17 ,20 1.o7lE-I0 O. 1.07lE-I0 3.128E-1S 3.980E-16 
18 .10 6.400E-ll O· 6.400IE-l1 1.249E-15 1.456E-1 6 
19 .09 1.3!:lSE'"'1l O. O •. 2,466E"16 2.954E-17 
20 .08 1.533(-11 0& O. 20563£-16 2~q(,OE-17 

21 .e:;1 1.729E-11 o. O. 2.312E-16 3.04SE~l7 

22 .06 2'045E-l1 O· O· 2.333E-1 6 3.178E-1 7 

23 .05 2.745E"'1l o. O. 2.576E-16 3.689E-l1 
24 .04 3.840E-l1 00 0, 2,767E-1 6 4.366E .. \7 
25 .03 6.568E-11 O. O. 3.350E-1 6 5.876E-17 
26 .02 1.329E-I0 O. O. 4 11 061E-1 6 8.499E-}7 
27 .01 1.576E-I0 0, O. 1.R57E-16 5.424E-11 

--.------ __ .. ~ ..110. __ ---------
____ 0 .. __ - -------.-

1.616E-09 4o?79E-!0 ~.la1E-09 8.36"1'E3 14 9.243E-15 

~EGION NO, 1 RADIAL CORE CENT,fA' REGION PI 
! 

RECEIVER POINT A_0.998 
COORDINATES R...... 4.08932E+01 

z~.;;.. 9.82485E+02 
PHI~... 1\. 

RADSlf.)/HR 

1 1.00 3.556E-15 _e.----._ 
3.556E-15 

FOR SUURCE REGION 1 AND DETECTOR POl'4T i THERE HAS BEEN 184 AND ~72 ~ATH LENGTH CAlCULlTtONS 
IN EXCESS OF 20~O MEAN FREE PATHS(GA~MA RAY) AND l~O.o GRAMS/CM**2(NEUqRON1,RE~PECTIVELY' , 

I, 

I 

., . 
-- ~ 

--4 
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1-0 
2-0 
4-0 
'2 1 
4-0 
2-0 
5 0 
5 0 
3 0 
1 0 
5 0 
5 0 
1 (l 

1 0 
5 0 
5 0 
5 0 
5 0 
5 0 
2 0 
1 0 
1 0 
5 0 
5 0 
1 0 
1 0 
S 0 
5 0 
5 0 
5 0 
5 0 
2 0 
1 n 
1 0 
5 !) 

5 n 
1 0 
1 t) 

5 0 
5 0 
5 0 
5 0 
5 0 
2 0 

., .\ 

TABLE 2-6 (Continued) 

MSFC SAMFLE PROBLEM • SOURCE DATA FROM NAGS 

32 
50 
52 
15 

7 
1 

1400 
1405 
1410 
5533 
553~ 
5539 
5544 
5584 
5585 
5590 
5595 
5600 
5605 
5610 
5612 
5635 
5636 
5641 
5646 
5686 
5681 
5 69 2 
5697 
5702 
5701 
5712 
5714 
5737 
5738 
5743 
5748 
5788 
5789 
579~ 
5199 
58 04 
58 09 
58 14 

- GEOM. - 75 D. p~OP. TANK 
- MERIDIAN RING COS(A)-toO TO 0.9 

1 
4 14 

12 12 14 
12 29 
4.350GOE+Ol 
1.00000E+OO 
3.78941E"03 
2'100 84E-Ol 
4.379 1BF."01 
4.35000E+Ol 
4.42500£+01 
4.87500E.01 
S.08000E+Ol 
O. 
5'OOOOOE-Ol 
1.1S000E+Ol 
4.45000E+Ol 
7.95000E+Ol 
1.14500E+02 
1.35650E+02 
1.37160E+02 
7 "6921 BE-O 1 
7.81642E-Ol 
1'08263E+00 
1.61640E"OC 
6.01431E"·02 
1.41 678E .. 02 
4.19201E"'01 
1.25274r:;+OO 
1.38761[ .. 00 
8.38 8 78E"'01 
6.S6132E"'OI 
l'0177CJE~'OO 
7.46793E"01 
7.6139iE··ol 
l'09099E+OO 
1.6647~E"'OO 
5.9·0788E .. ·02 
1.29991E~·02 
4. 77699E"'O 1 
1.25154F.+OO 
1.3863bE+OO 
8.38091E-·01 
1.14313£"'01 

14 

4.60000E+Ol 
3.871 40E-Ol 
2.811111 E"03 
1.336'+IE-Ol 
5.92243E-01 

4.55000(+01 
4.92500E+01 

1.75000E+00 
1.10000E+Ol 
5.15000E+Ol 
8.65000E+Ol 
1.21500E+02 
1.36130E+02 

8019111E-Ol 
1.16521E+OO 

1.25250E-01 
6.53511E-01 
1 .. 33656E+QO 
1.32911E+OO 
6.69965F.:-Ol 
8,54 044E-Ol 

8.0367&E-Ol 
1.18006£+00 

1.236A9E-Ol 
6.!l2126E.-Ol 
1,33533E+OO 
1.32791E+OO 
6.6988 1E-Ol 
8.9583'9E-01 

4.80000E+Ol 

1.UHO?E-02 
1,8401 4E-Ol 
2.69925E'-01 

4.65000£+01 
4.97500E+Ol 

3.00000E+00 
2 .,35000E+0 1 
5.85000E+Ol 
9.3S000E+Ol 
1,,27500E+02 

e.MJ7l1E-Ol 
1.26988E+OO 

1.74412E-Ol 
8.347941::-01 
1.39?34E+OO 
1.2~339E+00 
5.44217E-Ol 

8.5A474E-Ol 
1.29272E'+oO 

1. 72 933[-01 
8.33516E-Ol 
1 • J q 1 0 f3 [ + 0 0 
1.24224£600 
5.46795f."Ol 

4.9S000E"+01 

3.08338E-02 
2.38973E-Ol 

4.73750E+Ol 
5.02000£+01 

i 4.r5000E+00 
'3.05000E+Ol 
6.55000E+Ol 
1.00500£+02 
1.31500[+02 

9.29756E-Ol 
1.38B1SE+00 

2.40403F.-Ol 
I·002?BE+OO 
1.419S6F+OO 
1.131ROE+OO 
5.12B22E-Ol 

9.2525RE-Ol 
1.41980E+00 

2.388~SE-Ol 
1.0010RE"'OO 
1 •. 41 828 E' + 0 0 
l'13074f.+OO 
5821026E-Ol 

1.0 44 11EIoo Ol 
3.26 125E"01 

4.81250E .. Ol 
5.06000E+Ol 

1.50000E+OO 
3.75000E'+01 
7 .25000 r.'+ 0 1 
1.07500E+02 
1.34000E+02 

1. \103S3EI<)t)0 
1.52409E"OO 

3,4114()e:"'o1 
1.14131E+OO 
1.41195E+00 
9.961011=':-01 
5.67b23E-Ol 

1.00540E"OO 
1.565bBE+OO 

3.395B BE-oi 
1.1'+013E+00 
1.41 6 6BE+OO 
9.95143£-01 
5.84471E"'ol 
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TABLE 2-6 (Continued) 

1 1 5816 1.01203E+OO 

CALCULATED RESULTS FOR SOURCE R~GI0N 1 

REGION NO. ~ RADIAL CORE EDGE REGION 

RECEIVER POINT AsO.998 
COORDINATES R~.! ••• 4~08932E+01 

Z.o •••• 9.82485£+02 
PHI!, •• O. 

MEV/CM2-SEC RAOS(C)/HR RE"'/HR 

1 8.50 1.337E-11 1.136E-17 1.377E-l1 
2 7.25 9.28 1E-12 8.167E-18 91.7.5E-18 
3 &.50 3.401E-11 3.129E-l1 J.673E-11 
4 5.50 7.618E-11 3.455E-17 e.9n6E-17 
5 4.50 2.009E-I0 2.109E-16 2.430E-16 
6 3.50 2.933E-I0 3.313[-}6 3.843E-16 
1 2.80 1.304E-1O 1.604E-16 1.839[-16 
8 2.50 1.577E-I0 2.002E-16 2.286E-16 
9 2.00 1.449E-I0 1.985E-t6 2.260f.-16 

10 1.50 1.146E-I0 1.696E-16 1.937£-16 
11 1.00 6.761E-11 1.089E-16 1-244(-16 
12 .1C 4.860E-l1 8.116E-17 CjI.4?RE-17 
13 .30 3,458E-12 5.741E_1 8 ~1.536E-18 

--------- ---.. _-_ ... ---.--.--. 
l'295E-09 1.558E-!5 ~, .834£-15 

REGION NO. 2 RADIAL ,CORE EDO£ REGION 

REcEIVER POINT A.O~998 
COORDINATES R ••••• e 4'08932E~Ol 

Z~~;... 9~8248SE·02 
PHI!... n. 

~, 

.... 

_1.1 .. 

Pl 

PI 

1 
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TABLE 2-6 (Continued) 

MEV/CM2-SEC RADS(C)/HR REM/HR 

1 8.50 6.042E-12 S.13SE'-18 6.223F. ... 18 
2 7.25 3.879E-U~ 3. 413E-18 jt. 072E"1 B 
3 6.50 1.330E-l1 1.223E-17 1.436E-17 
4 5.50 2~704E-l1 1.217E-17 3.137E-17 
5 4.50 6. I') 84f." 11 f).388E-}7 -'.361F.-11 
6 3050 7.264E-ll 8.353E"17 9.515E-17 
7 2.80 2.627E.-ll 3.231E-11 3.704E-l1 
8 2.50 2.812E-l1 3~647E-17 ~~.164E"17 
9 2.00 2.098E"11 2.874E"'17 ~l.273F-11 

10 I.Sp 1.111E-11 1.733E-17 1.979f:-17 
11 1.00 3.749E-12 6.035E-18 6,,897E-18 
12 .70 1.372E-12 2.292E-18 2.662E-18 
13 .30 1.419E"'14 2.356E-20 2.683E-20 

--~------ ... ------.. . ... ,-----. 
2.765E-I0 l .. ~36E-~6 ~1.656E-)6 

REGION NO. 2 RADIAL CORE EDGE REGION PI 

R.ECEIvER POINT A.0.998 
COORDINATES R •••••• 4'08932E+Ol 

Z •••••• 9.82485E+02 
PHI~ •• , n, 

TOTAL E.C;T.I MEV f.LT.l..-EV RE"'/HR (RADS_T)/HR 

?162E-l~ 8.293E-1 8 1.275E-1 8 1 10.00 1.1&2E-l. 7.1621:-14 
2 9.00 1.696E-13 1.&96E-13 1.696E-13 1.967E-17 2.8~2E-18 3 8.00 2.625E-13 2.625E-13 2.62SE-13 2.911E-17 4.493E-18 4 7.00 5'055E-13 5.055E-13 S.055F-13 5'399E-17 8'184E-18 5 6.00 1.1S,E-12 1.15)E-12 I.lS,f.-12 1.2JIE-16 1.866E-17 6 5.00 2. 96 0E_12 2. 960E_12 2 .. 96 OF.-IZ 3.1 4OE-1 6 4.744E_17 

@ 
1 4.00 8.1 41E-12 8,1 41E-12 811HIE-12 8.466E-1 6 1·212E-16 8 3.2n 1'1 181::-11 1-l78E-ll I" 17AE-ll 1-}S3E-15 1·6C?lE-1 6 9 2.50 3.368E-l1 3.368E-l1 30368F.:-11 3.042E-15 3·970E-16 r- ::t> 10 1.80 5'088E-11 S'OB8E-l1 5 41 088£"-11 4.892E-lS S.4?,9E-1 6 Q) (,I) 

C" ....... 11 1.30 5,264E-l1 S.2~4E-1l 50264F-ll 4.914£-15 4.962E-16 0"" ...,0 12 .95 5,61 8£-11 ()i. 511618E-l1 4,716E"15 40336E-16 Q)::J 
....... c:: 
on ..., -
'< (1) 

Q) ...... 

....... 
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13 .70 5,062E-ll O • 
U • 50 4.639E-l1 O. 
15 .40 3.443E-l1 O. 
16 .3n 3.166E-ll o. 
17 .20 4.146E-ll o. 
18 .11) 2.4~2E-ll o. 
19 .09 5.405E-12 O. 
20 .08 5.996E-12 O. 
21 .01 6.196E-12 O. 
22 .06 8.082E-12 O. 
23 .05 1.100E-11 O. 
24 .04 1.535E-l1 O. 
25 .03 2.619E-l1 O. 
26 .02 5.333E-l1 0, 
27 .01 6.22IE-ll O. 

--------- -.-------
~.4H5E-IO t.622E-~0 

REGION NO. 

RECEIVER POINT A.0~99A 
COoRDINATES R...... 4.08932£+01 

l~.~... 9.82485E+02 
PHi;... o. 

RADSCE)/HR 

1 1.GO 1.409E-15 
--.------
1.409E-15 

TABLE 2-6 (Continued) 

5.062E-ll 3.524E-15 3.340E-16 
4.639E-ll 2.022E-15 2.667E-16 
3.443E-ll 1.S40E-15 1.756E-1 6 
3.166E-l1 1.C;OOE-15 1·479E-16 
4.146F.-ll 1.443E-15 1.541E-}6 
2~492E"11 4.A63E"16 5.670E-l1 
O. 9.621E-17 Ie 1 53~-17 
O. 1.003E-16 1.1SAE-11 
0" 9.324E-17 1.197E-17 
O. 9.222E-17 1.256E-11 
O. 1.033E-16 1.478E-17 
o~ 1.106E-16 1.745E-17 
O. 1.346E-16 2.361E-17 
O. 1,630E-1 6 3.411E-17 
O. 7.328E-17 2.140E-17 ----._,--- -----.. -.- ---..... ---
4.S3gE-lo 3.195E-14 3,530E-15 

2 RA1DUL CORE EDGE REGION PI 

FOR SOURCE REGION 1 AND DETECToR PoINT 1 THERE HAS HEEN 728 AND 624 PATH LENGTH CALCULATIONS 
IN E~CESS OF 20.0 MEAN FREE PATHSCGAMMA RAY) AND 120.0 GRAMS/CM •• 2(NEU~RON),RESPECTIVELY· 
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; .1 t 'J 

~,i f 'J 
i · 
I ' 
) , , 
J • 
" 

,,~' 

. 

i' 
" 
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N 
I 
-0 
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u-o 
2-0 
7-0 
2 1 
5-u 
3-0 
2-0 
5 0 
5 0 
3 0 
1 0 
5 0 
5 0 
1 0 
1 0 
5 0 
5 0 
5 0 
5 0 
5 0 
2 0 
1 0 
1 0 
5 0 
S 0 
1 0 
1 0 
5 0 
5 0 
5 0 
5 0 
5 0 
Z 0 
1 1 

. '- \ 

TABLE 2-6 (Continued) 

MSFC SAMPLE PROBLEM .. SOURCE DATA FROM NAGS 

31 
50 
52 
75 

7 
12 

1 
1400 
1405 
11tl0 
5533 
5534 
5539 
5544 
5584 
5585 
5590 
5595 
5 6 00 
5 6 05 
5610 
5612 
5635 
5636 
5641 
5646 
5686 
5687 
5692 
5697 
510~ 
5 7 07 
5112 
5714 

- GEOM. - 75 n. PROP. TANK 

2 
- MERIDIAN RING COS(A)-1'0 TO 0.9 

1 14 
14 14 14 
12 29 
5.08000E+01 
6'00000E+Ol 
1.00000[+00 
O. 
1.26205E-02 
O. 
5,08000E'+01 
5.10500E+Ol 
5.669 00E+01 
6.35000E+01 
O. 
5'00000E-01 
1,15000E+Ol 
4.45000E+01 
7.95nOOE+Ol 
1.1~SOOE+02 
1.35650E+02 
1,37160E+02 
1.62461[-01 
8.20 184E-Ol 
1.,,909'5E+00 
J.06364E-Ol 
4.434 51E-02 
5.78853E-02 
4.81214E-01 
1.26~72E+OO 
1.40055E+00 
8.45124F.:_Ol 
4,54419(-01 
4.81096E-Ol 

16 16 16 

5.20000E+Ol 
f.i.20000E+CH 
0" 
O. 
O. 
1.14646E"03 

5.16500E+Ol 
5.82500E.+Ol 

1.15 000E+OO 
1.100001:+01 
5.1 5000(+01 
8,,!65000E+Ol 
l~21500E+02 
1.36730E+02 

9.65047£-01 
1.159341E+OO 

1.126871E-01 
6.59617E-Ol 
1.34916E+OO 
1.341531::+00 
6.11249E-Ol 
4.69a91E-Ol 

18 

5.40000E+Ol 
6.3S000F.'+OI 

3. 14 3749E-02 
9.736S9f-OJ 
O. 

5.25000E+Ol 
5.97500E+Ol 

3.00000E+00 
2.3'5000E+01 
5.8'5000E+Ol 
9.35000E'+OI 
1.27500[+02 

I.Ii 979[+00 
9.57412E-Ol 

1.64136E-Ol 
8.41510E-Ol 
1.4n53~E+oO 
1.?550RE+00 
5.3(l~O~E-01 

!5.60000E+Ol 

9.64007E.04 
O. 

5.31500E+Ol 
6·12500E+Ol 

~ 4.75000E+00 
3.05000E+Ol 
6.55000E+Ol 
1.00SOOF.+02 
1.31500E+02 

1.?6135f+00 
7.02923E-Ol 

2.33C?91F'-01 
1.01258E.OO 
1.4321 9F.+00 
1.14250F. +00 
4.62589£-01 

CALCULATED RESULTS FOR SOURCE REGION 1 

REGJON NO. 3 RADIAL REFLECTO~ REGION 

5.80000['+01 

O. 
O. 

5.51 9 00E+01 
6 • 215 0 0 E'+ 0 1 

7.50000E+00 
3.75000E+Ol 
7.25000E+Ol 
1.07500E·02 
1.34000E'+02 

1.33071E .. OO 
4.024 H2E-Ol 

3.36556E-Ol 
1.152S5E+00 
1.431161::+00 
1.00541E+00 
4.46836E-Ol 

PI @ 
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TABLE 2-6 (Continued) 

RECEIVER POINT A-O.99B 
COORDINATES R •• ! ••• 4.08932E+O~ 

z •••••• 9.82485E+02 
PHI;~ •• O. 

MEV/CM2-SEC RAD~(C)/HR REM/HR 

1 8.50 0, n. o. 
2 7.25 O. O. O. 
3 &.50 9,865E-ll 8.156E_17 9.574E-l1 
4 '5.50 2.079E-12 9.355E-l~ 2.412[-18 
5 4.50 O. O. O. 
6 3.5n 1.386E-11 1.,594£-11 1.815F.:-17 
1 2.eo o. o. O. 
8 2.50 6.014£-12 7.638E-18 8.720E-18 
9 2.00 O. O. O. 

10 ~.50 O. O. O. 
11 1.00 O. o. O. 
12 .70 7.771E-14 \.298E-19 1.508E-19 
13 .30 O. O. o. 

---------
_._GII _____ ----... --. 

1'10 7E-1O 1.~62E-~6 !.Z52E-16 

REGION NO. 3 RADIAL REFLECTOR REGION Pl 

RECEIVER POINT AcO.998 
COOROINATES R ••• o •• 4?08932E+Ol 

1& •••• 0 9.82485£+02 
PHI",.,. 041 

MEV/CM2-SE~ RAOSCC'/HR REM/HR 

1 8.50 O. 0, O. 
2 7.25 O. Olt Il. 
3 6,50 3.322E-11 3.051E-17 3.588E-17 
4 5.50 6.911E-13 3.137E-19 6.087[-19 
! •• 50 O. O. O. 
6 3.50 3.213£-12 3,695E-18 4,209£-18 
1 2.80 O. O. ') . . \ 
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TABLE 2-6 (Continued) 

8 2.50 1.013E-l? 1.287E-18 1.470r-1G 
9 2.00 O. O. 0, 

10 1.50 O. O. o. 
11 1.00 O. O • ,0. 
12· • 70 1,981E-15 3.309£-21 3.844E-21 
13 .30 O. O. 0. 

--.------ -.------- ---------. 
3.815E-11 3.586£-11 , ... 237~-17 

REGION NO. J RADIAL REFLECTOR REGION P1 

RECEIVER POINT A.O.998 
COORDINATES R,~, •• , 4.08932E+01 

Z •• ~ ••• 9.82485E+02 
PHI •••• o. 

TOTAL E.GT.tMEV E.,LT.1MEV REM/HR (RAOS-T)/HR 

1 10.00 3.761E-14 3. 761E-1 4 :).7611=:-14 4.356E-1 8 6.6Q9E-,9 
2 9,00 8,a29E-14 8.829E-14 O.82Qe:-14 9.721E-18 1.4QOE-18 
3 8.00 1.355E-13 1.355(-13 1.355F.-13 r.'502E-l1 2·319E-IB 
4 7,00 2,586E"'13 2. 586E-13 .!. 586E-13 2.762E-1 7 ~.187E"'18 
5 6.00 5.847EII>13 5. 847£-13 5.847["13 6.245E-1 7 9.466£-18 
6 5.00 1.4~OE-12 1.490E-12 1. 49 OF.-12 1.581E-1 6 2.3B9E-17 
7 4.00 4.076E-12 4.076E_12 4.076E-12 4.239E-16 6.069E-1 7 
8 3.20 6.1 94E-12 6.194E-12 6.194F.-12 6.060E-16 8.522E-1 7 
9 2.50 1.8S1E-ll 1.851E-l1 n.S51F-ll 1.672E-15 2'IA2E-16 

10 1.81i 2.837E-l1 2,831(-11 ~~.831E-l1 2.12RE-15 3'021E-16 
11 1,30 2.B76E-l1 2. 876E-11 .~.876f-l1 2.684E-15 2.711E-16 
12 .95 3.113£-11 o. :i.l13E. ... ll 2.641E-15 2.4"3£-1 6 
13 .1n 2.81 /IE-l1 o. 2.81/.[-11 1.960E-15 I.SC:;1E-16 
14 .5'1 2.566E-11 o. .~.566E-11 1-11 SE-15 1.475E-16 
15 .4f\ 1.928E-11 (I. X .92~E-ll l.n30E-15 9.836F.:-17 
16 .3(, 2.115E-11 o· c~ .115F.-ll 8.424E-16 8.305E-17 @ 17 .2" 2.3"lE-11 Ci. ~!.31,1E"1l 8.219E-16 8·714E-17 
18 .10 1,43BE-11 o. n.43BE-ll 2. R06E:-16 3.212E-17 
19 .09 3.1~lE-12 O. o. 5.612£-17 6.1?lE-1 8 , r- :l> 
20 ,08 3.50 7E-12 O· o· 5.A64E-1 7 6.772E-1 8 0)(1) 

C" -21 .07 4,026E-12 O. O. 5.524>£-11 . 1.090E-l8 0"" ...,0 22 .06 4.a54,E-12 0, n, 5.539E-l1 7.544£-1 8 O)~ _ c:: 
23 .05 6.9641::-12 O. O. 6.541[-11 9,360E-1 8 o c') ..., -
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TABLE 2-6 (Continued) 

24 .04 9.548E-12 O. O. 6.B80E-l1 1.086E-l1 
25 .03 1.679E-11 O. O. 8.566£-17 1.502E-17 
26 .02 3.401E'"'11 O. O· 1.039E-1 6 2.115E-1 7 
27 .01 3.730E-11 o. O. 4.393E-17 1.283E"17 

-------.- -.--.---- .. ----~ ... -- -----.--- .. -----_.-
3.120£-10 s.a50E-!1 ?e519E-lo i.768E-14 1,953£-15 

REr,ION NO. 3 RADIAL REFLECTOR REGION PI 

RECEI~ER POINT AuO.998 
COORDl~ATES R...... 4.08932E.Ol 

z •• ~... 9.82485E.02 
PHI!... O. 

RADS H~) /HR 

1 1.00 8.512E-16 
--.------8.;12E-16 

FOR SOURCE REGION 1 AND DETECTOR POINT i THERE HAS HEEN 1369 AND 1470 PATH LENGTH CALCULATIONS 
IN EXCESS OF 20~O MEAN FREE PATHSCGAMMA RAY) AND 120.0 G~AMS/CM •• 2'NEUTRON1.R£SPECTIVELY· 

INTERMEDIATE SUMMARY RESULTS oVER A SUBSET OF SOURCE REGIONS 

EXTRA CORE REGIONS - TOTAL 

~ 

RECEIVER POINT AeO.998 
COORDINATES R...... 4.08932E.Ol 

z •• ;... 9.82485(.02 
PHI;... o. 

MEY/CM2-SE~ RAOSCC,/HR REM/··R 

~ 

--oiiII 



1 
.<~ -~, \ 

; .;, 

~ 
r TABLE 2-6 (Continued) 

( f 

f: i /f 
1 8,50 4.501£""11 3.SJIE-I? 4.642F. ... 17 

1 ! 2 7.25 3.312£-11 2.915f-17 3.41fSE-11 
f l' 3 6.51) 2,,137£-10 1. 96f1E-16 2.308E-16 

'. I : 4 5.511 2.T91E-I0 1.259£-16 3 .. 24SF.-16 
I ';: ! S ~.50 7.412E-10 7.782£-16 a.96RE-l6 
I ~ ! 6 3.51) 1.031£-{j~ 1.1931::-15 1.3SQf-lS 

, : I 1 2.80 4.576E-I0 5. 629E-16 6.452£-16 

! Iii i:S 2.50 5.611E-I0 7.133E-16 8.144£-16 
" ,I ~ 9 2.00 5.184E"10 7.103E-16 a.ORaE:-16 

"If . 10 1.50 4.123E"'10 6 .. 103E-16 6.9681:""16 
11 1.00 2.483E-I0 3.997E-16 4.568E-16 

f" 
12 .70 1.820£"'10 3.039E-16 3.5311="-16 

~ I' 13 .3n 1.354E-11 2 .248E-17 , 2.559£"17 
i ' -... ---0_- ... ----..... -_ .. .,.-.--. 

~+, .... ' 4.744~-o9 5.(,84E-15 6.693E-15 

~ 11:-.11 EXTRA CORE REGIONS 8 TOTAL 

'J f " r . \1 
I, • J ~ 
t " '.. ~,l 

'\ I ¥ . I t--) 

I 1\ I 
RECEIvER POINT A.O.998 I \ , '0 

VI COORDINATES R •••••• 4.08932£·01 1 I' , 

.:11L' l •••••• 9.82/.85E·02 
PHI~ ••• O. 

! {'II MEV/CM2-S£C RAD~(C"HR REMlHR 

). 1\ 1 8.50 2.05SE-11 1.747E-17 2.11"1£-11 
2 7,,25 1.398E-11 1.231E-11 1.468F.:'-17 
3 &.51) 8.266E-11 1.605E.-17 8 .92~3F-l1 

'! ( ,i 4 S.50 9,967E-l1 4.48C)E-17 1.156F-)o 
5 •• 50 2.215E-ln 2.389E-16 2.753F-}6 
6 3.50 2.605E-IO ?995f-16 3.4bF-Ib 
7 2.811 9.369E-l1 1.152E-16 1.321F-16 
8 2,50 1.040£-10 1.,320E-16 I.S0n-lo 
9 2.00 7. 6~4E··11 1.047E-16 1.19;;:!F'-16 @ 10 1.50 4.2(HE-l1 6.36nE-l1 7.26i'F-17 

11 1.00 1.406C:-ll 2.264E'-17 2.581'E-17 
12 .70 5.252£-12 8.771E-18 1.019F-17 r- :J> 

1»(1) 1.3 .30 5,653E-14 9.383[-20 1.06eIE-19 C" -0-' -------.- .. --.---- _a .... ,. __ • -,0 
Q)::::J 

1.041E-09 1.136E-15 1,,368E-15 -+ c:: 
o (") 
-, -
'< (l) 

I» -, 
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TABLE 2-6 (Continued) 

EXTRA CORE REGIONS - TOTAL 

REr.EIVER POINT A-O.99q 
COORDINATES R!! •••• 4.0893~E·Ol 

1 •••••• 9.82485E~02 
PHI~ ••• th 

TOTAL E.GT .. 1MEV E.LT.IMEV REM/HR (RAOS-T) IHR 

1 10.00 2.964E-13 2,964E-13 2.964t.-13 3.432E-17 5.218E-18 
2 9.00 1.031E-13 1.031E-13 1.0lIE-IJ' 1.741E-l1 1.187E-17 
J 8.00 1.091E-12 1.091E-12 1.091E-12 1.2IOE-16 1~867E-11 
4- 7 .. 00. 2.10 5E-12 2.105E-12 2.105E-12 2.248E-16 3.408E-1 7 
5 &.00 4.fHOE-12 4,81n E-12 4.BIOF-12 5.137E-1 6 1.7'87E-1 7 
6 5.00 1.237E"11 1.237£-11 1,,237F.-ll 1.313E-15 1.~R3E-16 7 ~.OO 3.408 E-11 3.!08E.-ll 3.408£-11 3.1544E-15 5·014E-1 6 
8 3.2n 4.931E-l1 4. 93) E-11 4.931F.:-ll 4.824E-15 6.784E-1 6 
9 2.50 1.409E-I0 1.409E-I0 1. 409£-10 1-273E-14 1.661E-15 

10 I.AO 2.128E"10 2.128E-I0 2.12AE-I0 2.046E-14 2.271E-15 
11 1.30 .2.202E-I0 2.202£-10 2.202£-10 2.055E-1 4 2.016E.-15 
12 .95 2.339E-I0 o. 2.339f-l0 1.988E-14 1,805E-15 
13 .70 2.110E.-10 o. 2.110[-10 1.469E-14 1.393E-15 
14 .50 1.9~4E-IO O. 1.9]4E-I0 8.427E-15 1.111E-15 
15 ,40 1.434E"'10 0, 1 .,1t 34f-l 0 7."&2E-15 7.314E-16 
16 .30 1,,566E-I0 O. 1.566£-10 6.23BE-15 6.151E"16 
17 .20 1,722E-1O o. 1. 722f:-l 0 5.993E-15 6.3q~E-16 
18 .10 1.0:13E-I0 o. 1.033E-I0 2.(115£-15 2.350£-16 
19 .09 2.240£-11 O. O~ 3.Q90E-16 4.779E-17 
20 .OB 2.483E-l1 0, O. 4.},52£-16 4.7QSE-17 
21 .07 2.RllE-ll o. O. ~.A57E-16 4.951E-17 22 .06 3.339E-11 o. o. 3.809£-16 5.18RE-17 
23 .05 4.541E-11 O. o. 4.?65E-16 6-101E-17 
24 .04 6.330E-l1 O. O. 4.561E-16 7,l cHE-17 
2S .03 1.089E-I0 o. O. 5",S~3E-16 9.740E"11 
26 .02 2.202E-I0 o. O. 6.710E-16 1.409E-16 
21 ,01 2.571E-I0 O. O. 3.029E-16 8.848E-17 

--------- --------- -----.--. -._----.- -------.-2.696E-09 6.181E-~o 1.1892E-09 . ' 1.333E-13 1·473E-14 

EXTRA COR[ REGIONS - TOTAL 

~ 

~ 
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RECEIVER POINT A.O.998 
COORDINATES ~...... 4.08932[.01 

Z~~.... 9.82485E+02 
PHI'!... o. 

RADSCEJ/HR 

1 I.CO 5.016E-15 
-------.:;.\~ 
5.816E-n' 

TABLE 2-6 (Continued) 
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I,: l' TABLE 2-6 (Continued) 

, 
, I 

I r, MSFC SAMPLE PROBLEM - SOURCE DATA FROM NAGS 

I
I - GEOM, - 75 O. PHOP. TANK 

, l,. - MERIDUN RING COS (A) -1.0 TO 0.9 

J 

2-0 50 1 U 
~ : 1-(l 52 18 
l I 2 1 75 4 32 . 
~ ;! 2-0 7 6.35000E+Ol 6.60400E+Ol 
7;.: 5-0 28 O. I"OOOOOE+01 2.00000[+01 3.00000E+()'\ 4.00000E"Ol 

I 
I! 5-0 33 5.00000E+Ol 6.00000(+01 7.00000[+01 8.00000E+Ol 9.00000E+Ol 

. ,\: 5-0 38 1.00000F+02 1.10000E+02 1.20000E+02 1.30000E602 1. 4 0300E+02 
; 2-0 1 1.ooOOOE+OO O. 

~ 
5 0 1400 8.51492E-03 4. 9639 1E-04 2.30521E-03 2010969f-C3 5.6S9~~t-03 

, ~: 5 0 1405 4.43303E-03 1,9583.E~03 1.33418E-03 1.11629E-03 1.04111E-02 
, 3 0 1410 1.90781E-04 2.94292E-04 3,Oi566E-04 

~
~ 1 0 5533 6 .. 35000E+Ol 
I:~ 2 0 5534 6.42500E~01 6.55200E+01 

, j':. 1 0 5536 6.60400E+Ol 
~ 1 0 5584 O. . 

I 1 )9' 5 0 5585 5'00000E-01 1. 75fllOOE+OO 3.0000('E+OO i 4 .75000E+00 7.50000E'+00 
I' I~I 5 0 5590 1.15000E+Ol 1.70000E+Ol 2.35000E+Ol '3.05000f+01 3.7~OOOE+Ol 
""i f ,~ 5 0 5595 4.4S000E+Ol 5.15000E+Ol 5.85000[+01 6.55000E+Ol 7.25000E+Ol 
I, > ~ 5 0 5600 7.95000E+Ol 8.6500Q;E+Ol 9.3S000E+Ol 1'00500E+02 1.07500E+02 

f ! ~ 5 0 5605 1.14500E+02 1.21500E+02 1.27500E+02 1.31500E+02 }.)4000E+02 
I I ,~ 5 0 5610 1.35650E+02 1.36730E+02 1.37S80E+02 1.3R500E+02 1.39350E+02 !'1: . 1-0 5615 1.40300E+02 
(. .( 1 0 56)5 1.51333E+OO ~ ... t ~: 2 0 5636 1'09908E+00 8.59868E-Ol 

, • 1 U 5638 1.17738E-0 1 
. i 1 0 5686 1. 09592E-O 1 
If /'. 5 0 5681 1,29366F.-Ol 1. 95849E-0\ 2.6f\646E-Ol 3.6829 0E .. Ol 5.2709RE-01 
I, .• ' L 5 0 5692 1.48490E-Ol 1.02'410£:+00 1.30R25E+OO 1.56934[+00 1.78515E+00 
I . J 5 0 5697 1,95923E+00 2.08993E+OO 2.11691E+00 2.?1941E+00 2.21684E+OO 
, I 5 0 5102 2.16945f+00 2.07805E+OO 1.9441 1E+OO 1.76993E+00 1.55767E+00 

I 5 0 5707 1.31035(+00 1.041 83E+00 8.18124E-Ol 6 .. 87165E-Ol 6.18104E-Ol 
I 5 0 5712 5.61336E-Ol 5 D 09526E-Ol 4.66233E-Ol 4.15600E-Ol 3.17724E-Ol 
1 1 1 5717 3.~OI04E"OI 
I 

CALCULATED RESULTS FOR SOURCE REGION 1 

REGION NO. 4A RADIAL PRESSURE VESSEL REGION Pl 

RECEIVER POINT A.0~998 

... .. ..... 

~ 
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TABLE 2-6 (Continued) 

COORDINATES R ••••• m 4.0a932E+ol 
Z ••• ~ •• 9.82485E+02 
PHI~ ••• (I. 

MEV/C M2-SEC RAOS(C)/HR REM/HR 

1 8.50 9.063E-12 7.704E"18 9.3351::-18 
2 7.25 4.602E-13 4.050E-19 4.e32F-19 
3 6.50 1.796E-12 1,653E-18 1,94nE-lB 
4 5.50 1.310E-12 5.893E-19 },S19F-18 
5 4.50 2.336E-12 2,453E-18 2.826E-la 
6 3.50 1.125E-12 1.294E-18 1.474F.-IB 
7 2.81) 2.870E- 13 3.530E"'19 4.Q41E-19 
8 2,,5(, 1.612E""13 2.047E-19 2.331F-19 
9 2.00 7.929£-14 1.OS"E:.-19 1·237E-lg 

10 1.50 3.2?8E"13 4,77BE'-19 5.4S6F. ... 19 
11 1.00 6,H91E-15 1.109E-20 1.26AF.-20 
12 .70 9.303E-16 1.554£ .. 21 1.805E-~1 
I) .30 5.26BE:-17 B.74SE,,-'23 9.957e:-~J. __ c:~. ____ 

~-------.. .. ... _--... _-
1.695E-ll 1.52SE-11 1.890F-l " 

REGION ~O. 4A RADIAL PRESSURE VESSEL REGION PI 

RECEIVER POINT A:sO.9ge 
COORDINATES R •••••• 4·08932E+01 

Z ••• It •• 9.82485E+02 
PHi •• ~" O. 

MEV/CM2-SEC RAOS(C)/HR REM/HR 

1 8 .. 50 3. tdoE"12 2.899r-18 3 .. S13F-18 @ 2 7.25 1.S81E-IJ 1. 391E ... 19 lo66oE-19 
J 6.50 5.709E"13 5.252E-19 60166E'-19 
4 S.5n J.688E-13- 1.66nE"1 9 4 C1 279F-19 r- ::x;:. 

0)(1) 5 4.50 5.S32E-IJ Se809E"'19 6.,694E-19 c:r ---0-' 6 3.50 2.122E-13 2.~40E"'19 2 Q78 0F.:-l" -,0 
O):::J 1 2.80 4.29)E-14 5.281E"20 6 11054E-20 ___ c 
on 8 2.50 2'1 54E-1 4 2,7J€tE-20 341123E'-20 -, -
'< CP 

0) -. 

~ 
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TABLE 2-6 (Continued) 

9 2.00 8.18IE-15 1.121E-20 1.276E"-20 10 1.50 2.242E-14 3.318E-20 3.789E-20 11 1.00 2.3tiOE-l& 3.832E-22 4.319E-22 12 .70 1.498£-17 2.502E-23 2.906E"23 13 .30 1.026E-19 1.104E-25 1.94 OE-25 -------_. -.----.... --!-------5.369~-12 4.679E-18 S.813E-18 

REGION NO. 4A RADIAL PRESSURE VESSEL REGION PI 

RECEIvER POINT A_o.998 
COORDINATES R~.! ••• 4~08932E·Ol 

1 •••••• 9.82485E·02 
PHI~ •• , .. O. 

TOTAL ~~GT'l"'EV E.LT,p'EV REt.4/HR (RADS-T) /HR 

1 10.00 2.0158E-ltrp. 2.058E-14 2.058E-14 2.383£-18 3.665£-}9 2 9,00 4.748E"14 4.?4tiE-14 4.148F.-14 5.227£-18 8.014E"19 3 8.00 7,1 4?E-14 7d47E-14 7.147E-14 7.926E-18 1.224£-18 4 7.00 1.338E--13 1.338E-13 1.338r-13 1.429F.-17 2.166E-1 8 5 6.00 2.968E-lJ 2.968E-13 2.968E-13 3.16QE-17 4.8015E-18 6 5.00 7.434E-13 7.434E-13 1.'+34E-13 7.88AE-17 1. P12E-17 1 4.00 2.004E-12 2.004E-12 2.004£-12 2.085E-16 2.985E-l1 8 3.20 3.292(""12 3.292E-12 3.292F.-12 3.221E-1 6 4.530E-1 7 9 2.50 1.043E-ll 1.043E .. l1 1.043E-ll 9.419r.-16 1.229E-16 10 1.80 18624E-11 1. 624E-11 1.624E-11 1.562E-1 5 1. 733E-16 11 1.30 1.607£"'11 1.607E-11 1.lo07r:-ll le500E-}S 1·515E""16 12 .95 1.010E·11 o· 1.SloE-ll 1.539£"'15 1-3Q7E-16 ' i3 .70 1.630E'"'11 O. 1.630E-l1 1.135[-15 1.076E-16 14 .50 1.480E-ll o. 1.4~aOE-11 6.451E-16 8.508E-l1 IS .40 1.1 32E-ll O. 1. D2f-ll 6.05}E-16 5.176E-l 1 16 ,30 1'2!l3E-U o· 1;'253E-l1 4.990E-16 4.91 9E-17 17 .20 1.430E-l1 o. 1~~30E-ll 4.977(-16 5.313E-17 18 .10 8.900E-12 o. 8.900e:-12 1.736[-16 2·025E-17 19 ~,O9 1.910E-12 O. O. 3.S09E-17 4.202E-18 20 lOB 2 .. 207E-12 O. O. 3.69OE-17 4-261[-18 21 .07 2.575E-12 O. O. 3.532[-17 4.534E-18 Z2 .06 3,157E-12 O. O. 3.602E.,11 4.906E-18 23 .05 4.724E-12 O. O. 4.437E-l1 6.350[-18 24 .04 6.423£-12 O. O. 4.628E-l? 1')03E-18 

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

25 .03 11l147E-ll o. o. S.RS1E-17 1.026E-11 
26 .02 2 .. 318E-l1 O. o. 7.082E-17 1.482E-17 
21 , .01 2.412E-11 O. I,. 2.R42E-11 8.301E-18 --------- 0.-____ -- ______ ... _c_ _ ___ Cl._.- __ " ___ 0._ 

2.254E-I0 4.935[-11 1.456E-I0 1.016e:-14 1.122E-15 

REGION NO. 4A RADIAL PRESSURE VESSEL REGION PI 

RECEIVER POINT A-O.998 
COORDI~ArES R...... 4.0B932[+01 

Z.~!... 9.82485E+02 
PIH.... O! 

RADS(E)/HR 

1 1.00 6.20c;E-16 
__ • __ \'199 __ 

6.205E-16 

FOR SOURCE REGiON 1 AND DETECTOR POINT 1 THERE HAS SEEN 390 AND 252 ~ATH LENGTH CALCULATIONS 
IN EXCESS OF 20.0 MEAN FREE PATHSCGA~~A RAY) AND 120.0 GRAMS/CM·*2CNEUTRON) ,RESPECTIVELY 

HlTERMEOIATE SUMMARY RESUl.TS OVE~ A SU8SET 0" SOURCE REGIONS 

EXTRA CORE ~EGIONS - TOTAL 

RECEIVER POINT A_O e 99S , 
COORDINATES R.e.... 4.08932E+Ol l....... Q.8248SE.02 

PHI.... n. 

~EV/CMl·SEC RAOSIC)/HR REM/HR 

1 8.50 9.06)£-]2 1.704£-19 9~3l5F-18 

-

@ 
r- ::x:
Olen 
t:T -0 .... 
...,0 
Ol:::J 
- c: o (") ..., -
'< ctl 

Ol -. 

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

2 7.25 
J 6,50 
4 5.50 
5 ~.5fl 
6 3,50 
7 2.80 
8 2.50 
9 2.00 

10 1.50 
11 1.00 
12 870 
13 .3f) 

4.6n2E-13 
1.796E-12 
1.310E-12 
2.33 6E-12 
1'125E-12 
2.870E-13 
1.612E-13 
7.929E-1" 
3'228E-13 
6.891E-15 
g e 303E-16 
5.268£-17 
----------
1.695E-11 

4.0S0E-19 
1.6s3E-18 
S. 893E-19 
2.453E-1 8 
1.294E-IO 
3.530E-19 
2.047E-19 
1.086E"19 
4.178F:-19 
1.109E-20 
1.55.E-21 
8.7.5E-23 -.-.... _---
1.525E-11 

4.812F"lY 
1.94I}f-18 
1.S19F-ll:3 
Z.826F-IB 
1.474[-18 
4.047F.-19 
2.337£:-}9 
1.237E-19 
5.45hF."19 
1·268E-20 
1.805E-21 
9.957E-23 
----, ... ---
!.S90E-11 

[XTRA CORE REGIONS .. TOTAL 

RECEIVER POINT AuO.9ge 
COQRD1NATES R...... 4.~A932E+~1 

Z •• ~... 9.82495£+02 

1 8.50 
2 7.25 
3 6.51) 
.. 5.50 
5 4 .. 50 
6 3.50 
7 2.80 
8 2.50 
9 2.00 

10 1.50 
11 1.00 
12 070 
13 .30 

PHI •• · •• n. 

MEV/CM2-SEC RADS(C)/HR 

3.410E-12 
1.s81E-13 
S.709E-13 
3.&R8E-13 
5.532E-13 
2'122f.-13 
4.29 3E-14 
2.1~4E-14 
8.1f:!lE-l§ 
2'242E-14 
2.380E-1& 
1.4QSE-17 
1.026E-19 ------ .. _-
5 • .)69E-12 

2.899E-18 
1.39lE'-19 
5.252E-1 9 
lu660E-19 
5.809E-19 
2~440E-19 
5028 1f.-20 
2. 736[-20 
1.121E-20 
3,31AE-20 
3,832E-22 
2.S02E-23 
1.704[-25 
.... _-----
4.~79E-18 

REM/tiR 

3.5131:-18 
1.660f-19 
6.166f.-19 
4.219(-1'1 
6.6941=:-19 
2.18I)E-19 
6.054F-20 
3.1231:"-20 
1.276E-20 
3.189F-20 
4.37QEe'22 
2.906f-23 
1.94nlE-25 
"--.... ---
5·813E-18 

EXTRA CORE REGIONS - TOTAL 

.) 
at' __ a _______ '-_, ________ _ 
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TABLE 2-6 (Continued) 

RECEIVER POINT A-O-998 
COO~OINATES R8~ •• '. 4.08932E$01 

Z;..... 9~a2485E.02 

1 10.00 
C 9.00 
3 8.011 
4 7.i)0 
5 6.00 
6 5,00 
7 ~.OO 
e 3.20 
9 2.50 

10 1.So 
11 1.30 
12 (?95 
13 ,70 
14 .50 
15 .40 
16 ,::in 
17 .20 
18 .10 
19 .09 
20 ~08 
21 'lI~ 
22 .06 
23 .05 
24 .04 
25 .03 
26 '1;02 
27 .01 

PHI.... O. 

TOTAL 

2.0S8E"14 
4.748E-14 
7,1 47E-14 
: ,33BE-13 
2,968E-13 
7.~34E"13 
2.004E-12 
3.292E-12 
1.043E"11 
1.624E-ll 
1.607E-11 
1.81QI:':-11 
1.63 0E-11 
1.480E-11 
1-1 32E"11 
1'253E""11 
1.430E-ll 
8.900E-12 
1,,970E-12 
2~207E-12 
2.575E-12 
3.}57E-12 
4.724E-12 
6.423E-12 
1-147E-11 
2.318E-l\ 
2.412E-l1 
---------

E.GT·l MEV 

2.05&f:-14 
4.748E-14 
7.147E-14 
1.3)8E·13 
2.96RE·13 
'1.434E-13 
2.004E-12 
3.292E-12 
1.04)E-11 
1.62.E-11 
1.607E-11 
o. 
0. 
O. 
o. 
o. 
o. 
0, 
o. 
o. 
o. 
o. 
o. 
n. 
o. 
o. 
o. , _______ 1~_ 

2,254E-10' ~~q35E-ll 

E.LT.1I'o1EV 

2.058E-l4 
4.748£-14 
7.147F.-14 
1.338E-13 
2.968E-13 
7.434E-13 
2.004f-12 
3.292£·12 
1.043E-11 
\ .624E-11 
1.607E-l1 
1.810E-l' 
" .630E-11 
1.48t1E-ll 
lwI32E-11 
h253E-ll 
1.430E-l1 
e.900E-12 
O. 
O~ 
O. 
O· 
o. 
o. 
o. 
o. 
O. 
_~._. __ f"'"I __ 

!.45M~""lO 

REM/HR 

2,383E-18 
§.227E-t8 
7.926€-18 
1.429E-l1 
3.169E-11 
7.88BE;oo11 
2.085E-16 
3.221E-1 6 
9.419E-16 
1.562£-15 
I.SOOE-IS 
1.539E"15 
1.135E-15 
6.4~iE-16 
6.0S1E-16 
4.990E-,6 
4.971E-16 
1.736E-16 
3.1Si09E-17 
3,,690E-17 
3.532£-17 
3.602E"1 1 
4.437E-17 
4.62SE-lr 
5.851E-l1 
7.0S2E-l1 
2.S42E-l1 _'?f' ___ ~ __ _ 

1;016£-14 

EXTRA CORE REGIONS" TOTAL 

(RADS-l) IHR 

3.66S;E-19 
8.014E-19 
I.Z24E-I S 
2·166E"'1 8 
4.805£-18 
1.192E-11 
2.98t;E·17 
.,S30E-17 
1.229E-l~ 
1.733E-16 
'.51SE-16 
1.397E-16 
1Il076E. ... 16 
a.S08E-,7 
5.176E-17 
4.919£-17 
5.313E-17 
2.0215£-17 
4.202E-18 
4.2blE-18 
4.534£-18 
4.90bE"18 
6.350E-I K 
7.303E-ld 
1 .. 026E"'1 7 
1.482E-17 
8 .. 301E"18 
...... -----
i·i.22E-15 

______________ ' at' 
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('''{ /1. 
i ~., · , I. 

,~';' ... 

i 

'" I 

o 
t11 

,<::::::::\ 

2"0 
1-0 
2 1 
2-0 
5-0 
3-0 
2-0 
5 0 
5 0 
3 () 
1 0 
2 0 
1 0 
5 0 
5 0 
5 0 
5 0 
5 0 
5 0 
5 0 
S 0 
'5 0 
3 0 
1 (I 

5 0 
5 n 
5 0 
S 0 
5 0 
5 0 
5 0 
5 0 
5 0 
3 0 
1 1 

,?=", 

TABLE 2-6 (Continued) 

MSFC SAMPLE PROBLEM - SOURCE DATA FRO~ NAGS 
- GEOM. - 75 De PHOP. TANK 
- MERIOIAN RING COS(A)&1.0 TO 0.9 

50 1 7 
52 18 
15 4 49 

1 6.35000£+01 6.60400E+01 
1_65000E+02 29 le40300E+OZ 1.45000E+0~ i.55000E+02 1. 75000E+02 

33 1.95000E+02 2,,05000E to 02 2~15900E+02 

1 1.00000E+00 O. 
1400 8.57492E-03 4.96391E-04 2.30521E-03 2.10 Q69E'-03 5.65985E .... 03 

1405 4.43303E-03 1.95834E-03, 1.33418E-03 1.11629£-03 1.04117E-02 

1410 7.9()181E-04 2.9~2~2E-()4 3.0iS66E-04 
5533 6.35000E+01 
5534 6.42500E+Ol 6.55200E+0\ 
5536 6.60400F.:+01 
55B4 le40300E~02 1.42400E+02 1.4'5900£+02 1.49900E.02 1.53420E'+02 
5589 1.55005E+02 1.55135£+021 1.55265E+02' 1.55395E+02 1.55525E+02 
55g .. 1.55655E+02 1.55785E+02 1.5S945E+02! 1.56240F+02 1.5b740[+02 

5599 1.57590£+02 1.58690£+02 1.59990E+02 1.61490E+02 1.6299 0E"02 

56 04 1.64lt90F.+02 1. 66240E+02 1.68?40£+O~ 1.102'+OF+02 1.722 4 0E!+02 
5609 1.74240E+02 1 .. 76 240E+02 1.78240E+02 1.8024OE+02 1.82240E~02 

5614 1.84240E+02 1,85990E+02 1.87490E+02 1{8814OE+02 1.8914OE'+02 

5619 1.90S9(J[+02 }.91290E+Oc! 1~gl~40E+02 1.921 40£+02 1.9234(1E+02 

5624 1.925.0[+02 ~.92740E+02 1.''J?A90E+ 02 1.9299 0F.+02 1. 955 20E'+02 

5629 2.01000E+02 2,01000E+02 2.12950E+02 
5634 2.15900E+02 
5686 3.50104E"'01 2.90578E-01 2.0001 AE-IH 1.111 93F"'01 5.31184E-02 

569 1 3.26822E-02 3.111 82£-02 2. 93R7 3E""02 2.1504t.~[-02 ? .. S4854E-02 

5696 2.38802(-02 20211 S7E"Oj~ 2. 01318f'-02 1.n 852F.-02 1.35559 E-02 
5701 1.04174E ... 02 9.02487£-03 5.1496F\E-03 4,?24041:-03 3.574581:.-03 

5706 3.26294E-03 2. 90605E-03 2,30':;69E-03 1.10168£-03 1.1 8488E-03 

5711 8.23614F.-04 5.70436f.-04 3.9AOR9E-04 2.8240'5£-04 1.9712(lE-0~ 

5116 1.42185E-Oi;· 1.021 0 lE,-Oj~ 1.17'541E-05 6.S6S94F.-OS 5.59178E-05 

5721 4.91608E-05 4.73509r.::"·05 4.S3692E-05 4.39562f-05 4.30642E-05 
5726 4.2230!)£-05 4 .. 12126£-05 4.0423QE-05 3.99477E'-05 3.329B4E-05 

5131 2.99391F. ... 05 3.05006E-05 2.42791E-05 
5136 2.0652iiE"'OS 

CAlCCLATEO RESULTS fOR SOURCE REGION 1 

REGION NO. 48 ~~OiAL PRESSURE VESSEL REGION P1 
@ 
r- » 
0)(1) 
t:T ...... 
0"" ...,0 
O)::J 
...... c= 
on ..., -
'< C"D 

0) 
-, 

ctf 
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t 
• f: 1i TAB LE 2-6 (Continued) 

RECEiVER POINT A:lO.998 
COORDINATES R •••••• 4.08932E+Ol 

Z •••••• 9.8248~E+02 
PHI •••• 011 

MEV/CM?-S£C RADS(C)/HR REM/HR 

I 8.50 8.145E-ll 7",091£-11 B.59C;E-17 
2 1.25 4.644E-12 ~.081E-Ie 4.8161: .. 18 
3 6.50 1.970E-11 1.812E-l1 2.12BE-11 
4 5.50 1.615E-ll 7.267£-18 1.813E-11 
5 4.50 3.443E-11 3. 615£-1 1 4.166F-IT 
6 3.50 2.079£-11 2.391E-17 2.724(-17 
7 2.80 6.104£-12 8.246£-18 q,453E-U~ 
8 2.50 4'1 44£-}2 5,263E-1 8 6.009E-18 
9 2.00 2.r;34E-12 3.471E-18 3.9C;2£-18 

10 1.50 1.403E-ll 2.017£ .. 17 2.3T2F-17 
11 1.00 4.721E-13 7.610E-1 9 8.697£-19 

~ 12 .70 9.'354£-14 }.596E-19 1.854£-19 
I 13 .30 3.011£-14 4,997£-20 5 .. 690E-20 

0 
__ egW ___ .. D ------... - -----.--.. 

0- 2.07ZE"'10 1.,!92E-l~ ?4~0F'-16 

REGION NO. 48 RADIAL PR£SSURE VESSEL REGION PI 

RECEIVER POINT A.O.998 
t 

J COORDINATES R •••••• 4!Oe932E·ol . ~ I 

.! t Z"'"CI 9.82485E+Oi2 
PHI~ ••• o. 

J 
" 

MEV/CMZ.SEC RAnS(C"HR REM/HR 
" 

, ! 
I B.SI) 4,00ItE-11 3.403E-17 ~a124E-17 
2 1.25 210!1~6E-12 1.81SE-IS 29169F.-18 
3 6.50 8.1f:l4E"12 1.530E-18 a.839E-18 
4 5050 6'030E-12 2.713E-18 6.99SF.-18 
5 l,50 1.097E-l1 1.1s2E"17 1.328£"17 
6 3,50 5.377[-12 6.183E-18 :r.043E"-18 

" • J ... 
~<t 

- rtf 
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I f J' • • I ." 

. ," '1' ,"! ':t.;" .). 
• ,to' 

i \ 
I i 
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~~II' .. 
I' 
, I 

~ 
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o 
'-l 

'"'::::::~ , 

7 2.80 
8 2.50 
9 2eOO 

10 1'150 
11 1.00 
12 .10 
13 .30 

1.400E-12 
7.81 6E-13 
3.802E-13 
1.529E-12 
3.378E-14 
5.31 0E-15 
1.578E'-15 w. .. _____ ~_ 

7.680E-l1 

1.7c2E:-18 
9.926E-19 
S.208E-19 
2.263E-18 
5.439E-20 
8.968E-21 
2.620E-21 
.... -------
6.936E-17 

~ 

TABLE 2-6 (Continued) 

1.974E-18 
1.133E-18 
5.931E-19 
2.5AI~F.:-18 
6.216E-20 
1.042E-cO 
2.983E-21 
---.. 4 ... __ _ 

~.S92E-11 

REGION NO. 48 RADIAL PRESSURE VESSEL REGION 

RECEIVER POINT A.O.99A 
COORDINATES R...... 4~OR932E.Ol 

l.~;c.. 9~82485E.02 

1 10 .,00 
2 9.00 
3 8.00 
4 7.00 
5 6.00 
6 5.00 
7 4.uO 
8 3.20 
9 2.50 

10 1.80 
11 1,30 
12 .95 
13 .10 
14 .50 
15 .40 
16 .31) 
11 .20 
18 .10 
19 .09 
20 .08 
21 .07 
22 .06 

PHI~... O. 

TOTAL 

10580E-12 
3,~803E"12 
5.977E-12 
1,,1 62E-1l 
2.653E-l1 
6.772E-11 
1.845E-I0 
2.506E'''10 
6.764E-I0 
1.000E-09 
1.057E-09 
1.129E-09 
1.003E-09 
9.(,42E-I0 
6.777E-I0 
7.417E"'10 
8'076E-I0 
4.811 E"10 
1.029E-I0 
1.1 40E-1O 
1'218E-1O 
1.500E-l0 

E.r;T~lMEV 

I. S80E"12 
3,803E-12 
5,977E-12 
1,162E-11 
2. 653E"11 
6.172E-l1 
l. tJ45E-lO 
2.506E-I0 
6.164E-1O 
1.000E-09 
1.057E-09 
O. 
o. 
O. 
O· 
O· 
O· 
O. 
O. 
O. 
o. 
O. 

E.LT.l~EV 

I.S80E-12 
3,,803E:-12 
5,917E-12 
1.162F.-ll 
2. 653E-11 
6.172f"'11 
1.84SE'-10 
2,S06F.-I0 
6.764E'-10 
1.000E-09 
1.051E-09 
1.129E-09 
1.003£-09 
9,242~.-lo 
6.777f"lO 
7.417E"10 
8'076[-10 
4.8111~-10 
O. 
011 
o. 
,0. 

REM/HR 

1.830E-1 6 
4.i81E-16 
6~629E-16 
1.?41E-15 
2.833E-15 
7.186E-15 
1.919E"14 
2.452E-14 
6.110E-14 
9'619[,-14 
9.867E-14 
9.S99E-14 
6.9S0E-14 
4 0 027E-14 
3.622E-14 
2.954E-l't 
2.911E-14 
9.386E-IS 
1.833E-15 
1.906E-IS' 
lt753E--15 
1.712£'"'15 

(RA[)S-T)/HR 

2.8I5E-!" 
6.419E-i1 
] • C:·~Tt""16 
1.fIBl£"'J6 
4,295£-1 6 
10086E-15 
2.141E-15 
3.44AE-15 
1.975E-15 
1·0i5>lE-t4 
9.96:3E.-15 
8.115E-15 
6.616E-15 
5.312E-15 
3.451E-15 
2·913£-15 
3'001 E-15 
I I 094E-15 
2.195E-16 
2·201E-16 
2'250E-16 
2.332E-16 

PI 

@ 
r;;:l:» 
t:T~ 
0"" ....,0 
0):::1 _ c:: 
on ..., 
'< co 

OJ ...., 

1 

____ ,_ _ . "", __________________ .. st1. 
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TABLE 2-6 (Continued) 

23 .05 1.910£"'10 0, O. 1.794E-1S 2.568E-16 
24 .04 2.729E"lO O. O. 1.9&7E-15 3.103£-16 
~5 .03 4.S30E-IO o. O. ~.311E"15 4.053E-16 26 .02 9.0"OE-10 O. O. 2.166E-]5 5.788E-16 21 .01 1.128E-09 !J, O. 1.329E .. }5 3.882t:-16 --------- --------- -----.--- .. -------~ ---.. -.. -.-

1.249E-08 3.~86E-09 ?~'SOE-Q9 6.389E-13 T.Ob5E-U· 

REGION NO. 48 RADIAL PRESSURE VESSEL REGION PI 

RECEIVER POINT A~0.998 
COOqOINATES R...... 4'09932E+01 

l •• ;~.. 9~824a5E.02 
PHI! ~.. O. 

RA05:£~;HR 

1 i.OO 3.178E-14 I 

-------... 
3'118E~14 

FOR SOURCE REGION 1 _NO DETECTOR POINT 1 T.tERE HAS ~EE~. 0 AND 0 PATH LENGTH CALCULATIONS 
IN EXCESS OF 20~O MEAN FREE PATHS(uA~MA RAY' ANO 120.0 GRAMS/C~~.2(NEUTRON).RESPECTIVELY 

INTERMEDIATE SUMMARY RlSULTS OVER A SUBSET OF SOURCE REGIONS 

EXTRA CORE REGIONS - TOTAL 

, 
RECEIVER POINT .-0.998 
COORDINATES R •••• ,. 4.08932E.01 

Z •• ~... Q;8~485E+OZ 
PI'iI •••• ' o. 

MEVICM2·SE~ RAOSIC)/HR REM/HR 

.. 
........ 



'" b 

I t 
.. 
l' , 

t , 
, I' I i tf 
, f j 

~ I j 
t ·k! I : 
I ~ ! 
1 ~. 'j .I 

i, I~ ~ ., 
~ } 1 . -
~' " 

f~ r;, 
I' 1 ~'r,,··;~· i· ,~ 

rh ,"" 
i 1 ;>:-

I

: ,,' t r,,( 

..... f' ~ 1 /~ 

I t \ 0', " 

~~I l " 
Ii', 

IJ. 

'" I --o 
-..0 

/~ '\ 1 
TABLE 2-6 (Continued) 

1 8 .. 50 8.345E-l1 7.093E-17 805951::-17 
2 7.25 4,,644E-12 4.087E-IB 4.816F-IA 
J' 6.50 1.970E-l1 1.812E-17 2.12AE-17 
4 5.50 1.615E-11 7.267E-16 1.873E-17 5 ... 50 J.443E-11 3. 6 15E_17 4.166E-17 6 3.50 2.019E-Il 2.391E-17 ?,724E-17 
7 2.80 b.70lt-E-I? 8.246E-18 9.453E-18 8 2.50 ~'144E-12 5.263E-18 6.009E-18 
9 2.00 2.534E-12 3.471E-18 3.952E-18 

10 1.50 1.403E-ll 2.017E-17 2e312E-11 
11 1.00 4.121E-13 1.bloE-19 8.697E-19 
12 .70 9.554E-14 1.596E-19 1.854E-19 
13 .30 3.011E""14 4.~91E"'20 5.690E-20 ----_.-.- -.------- -----.---2,,012E-I0 1.~92E-16 ~.440E-16 

EXTRA ~ORE REGIONS - TOTA~ 

REcEIvER POINT '-0.998 
tOORDINATES R •• ~ ••• 4!08932E+Ol 

Z •••••• 9.82485E+02 
PHI •••• O. 

MEV/CM2-SEC RADSCC)/HR REM/HR 

1 ~ 8.50 4.004£-11 3.40JE-17 4.1241:-17 
2 1.25 2.nb6E-12 1.818E-18 2.169E-IA 
3 b.5t) 8.1 84E"12 1.530£""18 8.839F:-18 
4 5.50 6.030E-}2 2.713F~i8 6.995F:-}8 
5 ~.SO 1.097E-l1 1.152£-17 1.32AF-17 
6 3.511 5.377E-12 6.~,a3E-IB 7 .. 1)41F.'-lB 
7 2.80 1.400E-U~ 1.122E-18 1.974F-18 
8 2.Sn 7.816E"13 g e 926E-19 1·133£-18 
9 2.00 3.80~E-13 5.208['19 5.9311:-19 

@ 10 1.50 1.529f-"12 2.263E-18 2·5A4F.""18 
11 1.00 3.3'78E-14 5.439E-20 6.216E-20 
12 .10 5.3 70E-15 6. 968E.-21 1.042E'-20 

r- :x> 13 .30 I.S78E-15 2.620£-21 2.983E-21 0)(1) 

C" -----_.-.- _.-_;;iiI ____ 
-----.--- 0"" -,0 1.68OE-ll 6.936E-l1 ,H.S9?E-l1 O):::l _ c= 

o C') ....., -
"< Cl) 

0) ..., 

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

EXTRA CORE REGiONS - TOTAL 

RECEIVER POINT Aa o.998 
COORD1NATES R •• ! ••• 4.08;932£+01 

Z •••••• 9.82485E+02 
PHi; ••• o. 

TOTAL E.G'!.lMEY E.Li.l~EV REM/HR (RM)S .. n IHR 

1 10• 00 1.580E"12 1.58 0E-12 1.580£-12 1.0'30E-16 2.815E-17 
2 9.00 3.R03f.-12 3,803[,,,, 12 3.803E-12 4,1 87E-r' 6.419E-17 
3 B.OO 5.977E-12 5.977E-12 5.97"7E-12 6.629E- 6 1.023E"'1 6 
4 7.00 1.162E-11 l e l&2E-l1 1.162E-l1 1.241E-15 1.881E-16 
5 6.00 2.653E-l1 2,653E",1l 2 0 653F-11 2,833E-1 5 4.ZQ5E-1 6 
6 5.00 6.772E-11 6.172E-11 6.772E-11 1.1 86E-15 1.086E-15 
1 4.00 1.845E-I0 1.845E-I0 1.845E-I0 1.919E-14 2.,147E-15 
a 3.20 2.506E-I0 2.506E-1C 2.506E-lo 2,452E-14 3.448£-15 
9 2.50 6,"'64E'"'10 6,164E~!0 6.16j~E-I0 6.110E-14 1.975E-15 

10 1.80 1.000E-09 1.000E-09 1.000E-09 9·.619E-14 1.0~7E-14 

11 1.30 1.057E-0·9 1.051E-09 1.057E-09 9.867E-14 9.963E-15 
12 ,95 1.129E-09 O. 1.129E'-09 9.599E-14 8.71 1:5£-1 5 
13 • 71) 1.003E-09 0 .. 1.003E-09 6.»C)fiOE-14 6.616E-15 
14 .50 9. e42E-10 o. 9.242E"·10 4.027E-1 4 5.312E-15 
15 ,40 69777E-10 O. 6~771E-I0 3.622E-14 3-457E-15 
16 .30 7.41 7E-10 O. 1.417E-I0 2.954E-1 4 2.913E-15 
17 .20 8'076E-10 O. 8.076E-10 2.811E-14 38001E-15 
18 .10 4&811E-10 O. 4.811E-I0 9.386E-15 1,094E-15 
19 .09 1.029E-10 0 .. O. 1.833E-15 2.195£-16 
20 .OA 1.1 4 OE-10 O. 0, 1.906E-15 2.201E-16 
21 .01 1.278E-10 O. O. 1.753E-15 2.250E-16 
22 .06 1.500E-10 O. O. 1t712E-1 5 2.332E-16 
23 .05 1.910E-I0 U' O· 1·194E-15 2·S68E-1 6 
24 .04 2.729E-I0 O. O. 1.q67E-15 3.1(l3E-16 
25 .03 4,530E-10 O. O. 2.311E-1 5 4..053E:-16 
26 • 02 9.050E-}0 O. O • 2.166F.-15 5.788£ .. \6 
27 • Ol 1.128E-09 O. O • 1.329E-15 3.8A2E-l6 --------.. ~ -.------- _ ... -.-_. ... _-.. --- __ t_._._._ 

1~2.9E-08 3.c8bE-09 . - ~.050E-09 f:I .. 389F.-13 "'06SE-~~ 

EXTRA CORE REGIONS • TOTAL 

,.... 
-....... 
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RECEIVER POINT AaO.998 
COORDINATES R...... 4,08932E.Ol 

Z;.;... 9~82485E.O? 
PHI~,.. o. 

RADS(EJ/HR 

1 1.00 3.178E-14 
-------~ .. 
3.178E-14 

....• l. ..,--
TABLE 2-6 (Continued) 

@ 
r- :Do 
0:. (I) 

u- -0 ...... 
...... 0 
0):::1 _ c: 

o C') ...... -
"< (l) 

0) ...... 

........ 



Lt 
i t 

r 

~ r 

It! 
1 Ii" 
<, I 

j' 
I 

! I 
I ri 1 : 

It '~' I 

• I 
J ", : I 
' r,,: f ; q 

!, I' l( 
: .~' I ': 

, ' I 
I 

tl ;,'" r1 

,{t*' 
; 11i-
11 ! .:. 

, : I' "I 
I, ,,;, ",~ ¥ ;t . ({ 

r ~ ~ ~ 
• f, I 

I I i 

i·! I', Ii 

I

', ..... ~ 
,~ ~ 
! 

• 
! ,: J. 

r 
I ~ I t 

I'V 
I ...... --I'V 

~ 

2-0 
7 .. 0 
2 1 
5-n 
3-0 
3-0 
2-0 
5 0 
5 0 
3 0 
1 (\ 
5 0 
5 0 
5 0 
5 0 
5 0 
5 0 
2 0 
1 n 
1 0 
3 0 
1 il 
1 0 
5 0 
5 0 
5 0 
~ 0 
5 0 
5 0 
2 0 
1 0 
1 l1 
J 0 
1 1 

TABLE 2-6 (Continued) 

MSFC SA~PLE PROBLE~ .. SOURCE DATA FROM NAGS 

SO 
52 
75 

7 
12 
28 

1 
1400 
1405 
1410 
5533 
5534 
5539 
5544 
5549 
555~ 
5559 
S56~ 
556f) 
5584 
5585 
55AS 
5635 
5636 
56lq 
5646 
5651 
56~6 
5601 
5666 
56fl8 
5686 
5681 
5690 

- GEO~. • 75 O. PROp, TANK 

7 
2 

34 

- MERIOIAN RING COSrA).l.O TO 0.9 

O. 

2 
4 
5 

6 

~;. OOOOOE+ 01 
1.31160E+02 
1.00000[+00 
o. 
O. 
o. 
O. 
3.50000E+00 
2.60000E+0\ 
1"10000E+Ol 
4.73750E+Ol 
5.02000[+01 
5 .. 37500E+Ol 
6.12500E+Ol 
6 .. 35000E+01 
1.37160E+02 
1.37580[+02 
1 d9700E+02 
1.57785E+OO 
1.57503E+OO 
1.]8897E+OO 
1-04469£+00 
8.90535E-Ol 
8.87008£-01 
9'13965;::-01 
3.73386E-Ol 
1.31714E-Ol 
7.71813E-Ol 
8.'16655E_Ol 
},0241~E.OO 

8 10 12 

1.00000[""01 
6.000001E+Ol 
1.38500[+02 
O~ 
O. 
0, 
• 

9.50000E+OO 
3.,.~OOOOE.+01 
4.27500E"01 
4.81250E+Ol 
5",I)('OOOf+Ol 
S.51 9 00E+Ol 
6.27500E+Ol 

1.39500E+02 

1.55704E+00 
1.31504E+oO 
9.965951::-01 
8.81639E-Ol 
8, 94247["01 
8.81094 E.-Ol 
1. 86906E-Ol 

1.06448E+OO 

14 

2,,00000£+01 
6 • .35000E+Ol 
1. 3cnoor+02 

o. 
8.00156E-03 
O • 

1. 4 0000E+01 
3 8 35000r+Ol 
4.42,00E+Ol 
4.87500E+01 
5.10500[+01 
5.6"QOOE+Ol 

1.39350E+02 

1.S3032E+00 
1.23Q25E+OO 
9.51025£-01 
8.77452E-Ol 
9.03334£-01 
8.1o';04E-01 

\.05590E+G9 

~.OOOOOE+Ol 

o. 
o. 

1.80000E+Ol 
3.6':iooor+Ol 
4.55000E+Ol 
4.92500F. ... Ol 

~ 5.16500F.:+Ol 
S.S2500E+Ol 

1.49532E'+OO 
1.11;540[+00 
9.j?,6504E-Ol 
8,71439r-Ol 
9.14924E--ol 
6,93901E-Ol 

CALCULATED RESULTS FOR SCU~CE REGION 1 

REGION NO. 5 A~IAL PLENUM REGION 

4.00000E1t01 

o. 
O. 

2.20000E+Ol 
3.9000 OE'+O 1 
4.65000E+01 
4.91500E~\')1 
5.25000E+01 
5;;"HSooE+01 

1.44868E+00 
le09954E+00 
9.05510E-Ol 
8.80886[-01 
9.227H9E-Ol 
5,41997E-Ol 

PI 

----4 



.'--- ~ 

TABLE 2-6 (Continued) 

, 11; RE.cEIVER POINT A-0.998 
COORDINATES R'~"'G 4.08932E+01 

- ~ I 
Z~ ••••• 9~82485E·02 
PHIs ••• O. : 

MEV/CM2-SEC RAO~CC"HR REM/HR 

1 8.50 O. O. O. 
2 7.25 O. 0, O. 
3 6.50 O. O. O. 
4 5.50 O. O. O. 
S ",50 O. O. O. 
6 3.50 O. O. Ow 
7 2.80 0" O. O. 
8 2.50 7.162E-11 9.095E_17 1.038E-16 
9 2.00 O. O. O. 

10 1.50 O. O. o. 
11 1.00 O. O. o. 

'" 
12 • 70 O • Oe O· 

I 13 .30 O. O. O. ....... 
--' --------- --------- -----.-Q.:I-
W 7·;62E-11 9.~95E-17 !.~38E-16 

REGION NO. 5 AxIAL PLENUM REOION PI 

RECEIVFR POINT A.O.998 
COORDINATES R •• ~ ••• 4.08932£+01 

l •••••• 9.82485[+02 
PHl ••• ~ O! 

" MEV/CM?-SEC RAOSCC)/HR REtoI/HR 

1 B.~O O. O. O. @ 2 7,25 0", 0, O. 
3 6.50 O. O. O. r- ;:x:.. 
4 5.50 O. O. O. 0)(1) 

C' ..-.. 
5 •• 50 O. 0, O. 0"'" ....,0 

" 3.50 O. O. 0, O)::J 
..-.. c: 

1 2,80 0, 0, O. o C') 
-. -
'< CD 

0) ...., 

-
,----------~--~ 
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TABLE 2-6 (Continued) 

8 2.5n 1.678E-11 2.131E-11 2.4331;-11 
9 2.00 O. O. O. 

Ii) 1.50 O. O. O. 
11 1.00 O. O. o. 
12 .70 O. O. o~ 
13 .30 O. O. O. ----.. ---- ------.... -._-- .. ---

1.618E-11 2.131E-l1 2.433f~-17 

REGION NO. 5 AxIAL PLENUM REGION 

~ECEIVER POINT A:zo.998 
COORDINATES R •••••• 

1 •••••• 
PHI~ ••• 

TOTAL 

1 10.00 2.769E-12 
2 9.00 7.008£-12 
3 B.OO 1.156£-11 
4 1.00 2.360E-l1 
5 &.00 5.663£""11 
6 S.OO 1,516E-I0 
1 4.00 4.301 E-I0 
B 3.20 5.986E-I0 
9 2.50 1.6J7E-09 

10 1.80 2.4.31E-09 
11 1.30 2.559E-09 
12 .95 2.530E-09 
13 .10 21131 6E-09 
14 .50 2.123E-09 
15 ,40 1.5.38E-09 
16 .30 1.6~lE-09 
11 .20 1.?'~2E-09 
18 ,10 1'010E-09 
lq .09 2.1HOE-IO 
20 .OB 2.373E-10 
II .07 2.5161:-10 
22 ,06 2.91]E-I0 
23 ,05 3.584E-I0 

4.08932E+01 
f1.82485E·02 
O! 

E.O!.I MEV E. L T .1 ~1EV 

2.769E-12 2 0 769F.-12 
7~008E-12 7.008E-12 
1.156E-11 1.156£-11 
2.360E-l1 2.36oF-ll 
5.663E-l1 S.663F.-ll 
1.516E .. I0 1.S16F;:-lO 
4,301 E"10 4.301E-10 
S.986E-I0 S.986F-lo 
1.637E-09 1 .. 637E-09 
2.431E-09 2.431F-09 
2.559E-09 2.55QF-09 
o· 2 .5JOE-~-09 
O. 2.316E-OY 
O. ~.123(-OQ 
O. 1 .. 53AE-OY 
O. 1.651E"09 
O· lc;752E-09 
o· 1.01oE-09 
0 .. O. 
O. O. 
O. 0. 
O. O. 
0, 0. 

REM/HR 

3.207E-16 
7.715E-16 
1.282E-15 
2.520E-1 5 
6.048E-15 
1.609E-1 4 
4.413E-14 
5 a A5 7E-14 
1.479£"'13 
2.337E-13 
2.3S9E-13 
2.151E-13 
1.613E-13 
9.253E-14 
8.21 8E-14 
6.~76E-14 
6'099F.-14 
1-971E-14 
3.882E-15 
3.967E-15 
3.535E-15 
3.324E-15 
3.366E-15 

\ 
j 

(RAOS ... T)/HR 

4.932E-11 
lo:lB3£-16 
lQ919E-1 6 
3.8(,lf-]6 
9 d68E-16 
2.430E-15 
6.404E-1 5 
R.237£-15 
1·931'1["14 
2.594E-!4 
2·412E-14 
1.953£-1~ 
1·S?9f. ... 14 
1'22 0£-14 
7.R4SE .. 15 
6.4841::-15 
6-511E-15 
2·299E.-1S 
•• 64QE-16 
4.'58?E-16 
4.537E-16 
4.527E-16 
4.816E-11'1 

PI 

....... 
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I. ..· .. ·1 i~4J" 
, ·11-,," ~' . Y'I! 
,~ i i1 

l\i1,t~lIi I, 0 

'f \ . 

I ! ' 
L. 
" t· ;t~' 

f· 
,'IL 

f 

, 1 
I! 
I i' 

I' 

I\.) 
I ----01 

"-, 

~4 .04 5 0 002E-10 O. 
25 .03 8.C'83F.-IO O. 
26 .02 1.698E-09 O. 
27 .01 2'248E-09 O. 

--------- -.----... -
2.747E-08 7.909E-09 

REGION NO. 

RECEIVER POINT A.O.998 
COORDINATES R....... 4'08932E.Ol 

Z •• ~ ••• · ~~82485E.O~ 
PHI.... I). 

RADSCE)/HR 

1 1.00 4.911E-14 
--... ------
4.911E-14 

/.:\ 

TABLE 2-6 (Continued) 

O. 3.604E-15 '3.681E-16 
0" 4.?2';E-lS 7 .. 410E-16 
O. 5.188E-15 1.086E.-15 
o. 2.648F.-1S 7.135E.-\6 ----....... . ..... --.--- ---.---.. -
~ .• OA3E-08 18482E"12 i·637E-1J 

S AXIA~ PLENUM REGION PI 

., 
! 

FOR SOURCE REGION 1 AND DETECTOR POINT i THERE HAS BEEN 0 AND 28 PAti~ LENGTH CALCULATIONS 
IN EXCESS of 20.0 MEAN FREE PATHSCGAMMA RAY) AND 120.0 GRAMS/CM •• Z(NEUTRON) ,RESPECTIVELY 

INTERMEDIATE SUMMARY RESULTS OVER A SUASET Of SOURCE REGIONS 

EXTRA CORE REGIONS - TOTAL 

REcEIVER POINT A.n.998 
COOROIN~IES R...... .'08932E+01 

Z...... 9.82485£+02 
PHI;... o. 

MEV/CM2-SEC RAOStC)/HR REM/HA 

~ """" 

@ 
r- l> 
0)(1) 

C" -0"'" ....,0 
Q)::J 
..... c:: 
On ...., -
'< ('j) 

~ ...., 

......11 



Ii!' 
i 

II 
I: 
i 
ii-

I ... · '!t' ~ , 1" 
il f f 
~ r j~. 
ii I 

~ .. I j .,p. t : 
~t\ • .r 
i '; \ , 
k '. ~. \ lr ~: 
: l .! 

~ .. ' '\ J: r.. .. 
,~! ,.. . 

J 
! , 

'" .1 
--" 
--" 
0-

1 8.50 
2 7.215 
3 6.50 
4 5.50 
5 4,50 
6 3.50 
7 2,80 
8 2.50 
9 2.00 

10 1.50 
11 l.OO 
12 .70 
1:; .30 

o. 
O. 
O. 
O. 
O. 
O. 
O. 
7.162E-ll 
o. 
O. 
o. 
o. 
o. 
-------.-
7.162E-11 

o. 
O. 
O. 
O. 
O. 
O. 
O. 
9.095E-11 
O. 
o. 
o. 
o· 
o. 
----.----
9.095E .. 17 

TABLE 2- 6 (Continued) 

Oil 
o~ 
o. 
o. 
o. 
G. 
o. 
1.038E-16 
O. 
o· 
o~ 

o· 
o. --._-.. _. 
1.038F.-16 

EXTRA CORE REGIONS - TOTAL 

RECEIVER POINT A-O.998 
COORDINATES R...... 4.08932E+Ol 

1 a,So 
2 7.25 

'3 6.50 
4 5.50 
5 4.50 
6 3.-:'0 
7 2.AO 
e 2.50 
9 2.0(1 

10 1.50 
H 1.00 
12 .70 
13 .30 

Z~.~... 9.S248Sa·02 
PHI.... o. I 

MEV/CM2-SEC RADSCCl/HR 

O. 
Q. 
O. 
O. 
o. 
o. 
O. 
1.678E-ll 
o. 
O. 
o. 
o. 
o. 
---------! .678E-11 

o. 
O. 
0. 
o. 
o. 
o. 
O· 
2al31E-11 
O. 
O. 
o. 
o. 
o. 
-.-------
2. ~31E-17; 

F\EM/HR 

o. 
o. 
0 0 

o. 
0-
o. 
O. 
2.433E-1 , 
O. 
o. 
o· 
o. 
o. 
-----.-.-
l,433E-l1 , 

~< 

\ 
t/ 

--<1111 



~ .~ 

TABLE 2-6 (Continued) 
If, 

, II EXTRA CORE REGIONS - TOTAL 

• ,I 
! 

VII 
REcEIVER POINT A.~O.998 
COORDINATES R~c! ••• 4'08932E+Ol 

Z •••••• 9082485E+02 
PHi; ... o. 

TOTAL E.GT.I MEV E.LT,,1MEV RE~/HR (RADS-T) IHR 

1 10.00 2.169E-12 2~769E-12 2.769£-12 3,207E-16 4.932E-11 
2 9.00 7.008E-12 7.000E-12 7.008[-12 7.715E-16 1.183E-16 
3 B.OIl 1.156E-11 1.1~6E-ll 1.156E-11 1.282E-15 1.979£-16 
4 7.00 2.360E-l1 2.360E-11 2.360r-ll 2.520E-1 5 3.8~)E""16 
5 6.00 5.663E-ll 5.663E-11 5.6631:-11 6.04AE-15 9'168E-16 
6 5.00 1.516E-1O 1.516E-I0 }.516E-I0 1.609£-14 2.1;30E-15 

'" 7 ~.OO 4.301E-I0 4 t JOIE-IO 4.301E-I0 4.473E-14 6.404E"15 I 8 3.20 5.986E-I0 5.986E-10 5 .'~86F-l. 0 5.857£-14 B.231f."15 
-' 9 2.50 1.637E-09 11)637E"09 1.637E-09 1.479E-13 1.930E-14 '-l 

10 1.80 2.431E-09 2.431E-09 2.'~31E-09 2.337£-13 2,594E-\4 
11 1.30 2 11 559£-09 2.559£-09 2.559£-09 2.3Q9E-13 2.412E-14 
12 .95 2.530E-09 O • 2,:530E-09 2~151E-13 1.953E-14 
13 • 70 2.316E-09 O. 2.316E"0~ 1.613E-13 1.529E-1 4 
14 .50 2'123£"09 O. 2.123F-09 9.253£-14 1.220E-14 
15 .40 1.538E-1)9 O· 1·538E-O~ 8.218E"I~ 7.845E·015 
16 .30 }.651E-09 o. 1.1&51E-09 6.576E-14 6.484E-\5 
17 .20 1.152E"09 O. 1.7521:-09 6.099E-14 6.511E-15 
18 .10 1.010E-09 o· 1- 01 OE-09 1.971E-14 2.2QQE-15 
19 . .09 2.1AOE-I0 O. O. 3.882E-15 4'649E-16 
20 .08 2.373£-10 O. O. 3.9b7E-15 4.5R2E-l& 
21 .07 2.57bE-I0 O. O. 3.535E-15 4.531E-16 
22 .O~ 2.QI3E-IO O. O. 3.324[-15 4.527E-16 
23 .05 3.584E-10 O. 00 3.366[-15 4.S16E-16 
24 .04 5.002E-IO O. o. 3.604E-15 S.6A1E-16 
2S .OJ 8'283E-10 O. O. 4.225E-15 1.410E-16 

@ 26 .02 ].698E-09 O. 0", 5·t 88E-15 1·086E-15 
27 .01 2.2~8E-09 O. O. 2.648E-1 5 1.735E-16 

-------.- ---_ .... _-- -----.--- -----.--- ._-._--.- r- :x:-2c747E·08 1.909E-09 ~.083E-08 1·482E-12 i .637£-13 0,)(1) 

c- -0-' 

EXTR~ CORE REGJON5 • TOTAL -,0 
Q):::J _ c:: 

00 -, 
"< en 

Q) 
-, 

~ 
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RECEIVER POINT AzO.998 
COORDINATES R •• ~... ..08932E.Ol 

Z~.~ •• O 9.82485E.02 
PKI~o.. o. 

RADS(E)/HR 

1 1.00 4.911E-14 
--.-----.. 
4.911E-14 

-------

1 

TAD I ~ ,... / ,,.... 1.- d) 
IMOLI: L-O ~\..onr!nue 
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. ........ 
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TABLE 2-6 (Continued) 

MSFC SAMPLE PROBLEM - SOURCE DATA FROM NAGS 

2'~ t1 
i!""~ 
2 r 
3-0 
3-0 
2""0 
5 0 
5 " 3 0 
1 0 
5 0 
1 0 
1 0 
5 0 
1 0 
1 0 
5 0 
1 0 
1 0 
5 I) 

1 1 

51) 

52 
15 

7 
28 

1 
140.!G 
1405 
1410 
5533 
5534 
5539 
5584 
5585 
5590 
S635 
5*:36 
56'~1 
5686 
568)~ 

5692 

- GEO". - 7S D. PHOP. TANK 
- MERIDIAN RING COSCA)a}eO TO 0.9 

2 2 
11. 14 

7 7 
5.58800E .. 01 
1.39700E~02 
1.00000£+00 
O. 
O. 
O. 
5.58800£+01 
5.66900£+\li 
6.35000E+01 
1.39700F.+02 
1.40300£+02 
leS4940E+02 
1.69091£+00 
1.64585E+00 
2.16772£-01 
1.94562£+00 
1.86006£+00 
6.35821E-02 

6.00000E+·Ul 
!.45000E+02 
O. 
O. 
o. 
o. 
5.825001£+01 

1,424001::+"2 

1.38641E+OO 

1.566471:::+(10 

&.35000£+01 
I.S4940£+02 

O. 
2.7?2BJE"03 
O. 

5.97S00!:+Ol 

1~4S900E+02 

1.02414E+OO 

1.1348QE+OO 

o. 
O. 

6.12S00f.+Ol 

1.49900E+02 

6,66063E-Ol 

1.13016£ .. 01 

CALCULATED RESULTS FOR SOURCE R~GION . 1 

REGION NOt 6 AxIAL PLENUM REGION 

RECEIVER poINT A-O.998 
COORDINATES R...... 4.0S932E+Ol 

1~'.... 9.82485E+02 
PHI;,.. n. 

MEV/CM2-SEC RADSCC3/HR FtEM/HR 

l 8(150 0, O. 011 
2 7,25 0, O. 011 
3 PI,50 O. 0, '''' • 5.50 O • O. 0" 

o. 
o. 

6.2 7500E+01 

1.53420E+02 

3,14112£-0 i 

3.0160C}E-Ol 

PI 

@ 
r- :x:-
Ol(I) 
c· --0 ..... 
....,0 
Ol:::J ..... c::: 
o (") ..... -
"< C'D 

0) ...., 

~ 
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~ 
TABLE 2-6 (Continued) 

I i r' 
, r I ." 5 It.50 O. O. o. 
li 6 3,50 O. O. o. 

j
:l I 12.80 0" O. o. 

, k, : 8 2.50 1.302("'11 1.65JE-17 1.8B1E-11 
: 9 2.00 O. O. o. 

~ 'I 10 1.50 00 O. 0'. 
i' .. 11 1 • 0 0 0 • 0 • 0 , 
~ U 12 .10 O. 0, O. II, ~ 13 .30 O. O. 00 
: I! --------- -------.-- -.. -•. _.--_ l tt 1.302E-11 1.,,53E-17 l.887E-17 

t.' ( , 1 REGIO~" NO.. (, AxIAL PLENUM REGION PI 

~k 
I I '., . \' 
~ 1 ""13 ' 
'; f 11~:( , ~EcbvER POINT A.O.998· ' . 
c~i 1 ,; , COORDINATES R~."... 4.08932E·Ol 

. : t-.) Z,! ~... 9.82485E"02 
J i I PHI.... n. 1 I 
fl, t-.) I 

~:II: -/. 0 MEV ICM2-'SEC RAOS (C) IHR REMl~R 
i' 

'III ! 1 8.50 O. O. o. 
! I, i.H : 2 7.25 O. O. O. 

3 b.50 O~ o. O. 
4 5,50 0, 0, O. 
5 4.50 O. O. O. 
6 3,50 O. O. o. 
1 2.80 O. O. O. 
8 2.50 2.641£-12 3.362E-tS 3.8)9E-18 
9 2.00 01• O. O. 

10 1.50 O. O. o. 
11 1.00 0" O. O. 
12 .10 O~ O. O. 
13 .30 O. O. o. 

--------- --.~----. --~------2.647E-l~ 3.~o2E-18 3.e39F-~J6 

Rt-GION NO e 6 AxIAL PLENUM REGION PI 

." ........ 
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TABLE 2-6 (Continued) 

REcEIVER POINT Ara O.998 
COORDINATES R •••••• 4.08932E+Ol 

Z •• ~.e. 9~82485E·02 
PHi; ••• O. 

TOT4L E.GT.I MEV E.LT.IMEV REM/HR (RADS-T) /HR 

1 10,00 1.436E-12 1.436E-12 1.436E-12 l'(.163E-16 2.55RE-17 
2 9.00 3.448E-12 3.44RE-12 J.448F.-12 3,,796E-16 5.820E-17 
3 B.OO 5.413E-12 5(,413r.-12 5,~413i::-12 6.004E-16 9.268E-17 
4 1.00 1.057E-l1 1.057E-11 l~GS7E-ll 1.129E-15 1.712E-}6 5 &.00 2.442E-l1 2.442F' .... i 2.442F.-ll 2.608E-1 5 3.953£-1 6 
6 5.00 6.340E-11 6.J40E-ll 6.340E-l1 6.726t.:-15 1~OI6E-15 7 4,00 1.759E-I0 1. 759E-I0 1.759E-I0 1.829E .. 14 2.619E-15 8 3020 2.454E-I0 2.454f'-10 2.4S'~E"lO 2.40lE-il~ 3.316E-15 9 2.50 6.748E-I0 6.?48E-I0 6.74BE-IO 6,n9ti.E:-14 7.956E-15 10 1.80 1.006E-09 1.006E-09 1. OOt~f-O~ 9.675E-14 1.074E-14 11 1.30 1.060E-09 1.060E-09 1,060E-09 9,896E-14 9.993E-IS 

12 .95 1.101E-09 O. }.101E-09 9.3b1E-14 8.S0IE-15 
13 .70 9. tl38E-16 O. 9.9]13E-I0 6.Q20E-14 6.558E-15 
U .50 ~.I·\2E-l 0 O. 9.142£-10 3.964E-14 5.255£-15 
15 .40 6.69~E"'10 O. 6.69 1E-I0 3 .• 576E-14 3.413E.-15 16 .30 70273f."10 O. 7,273E-l0 2.R97E-14 2.8'16E-1 5 
17 ,20 7.864£-10 O. 7.864£-10 2.738[-14 2·9?2E-15 18 .10 4,641E-1O O. 4.641E-l0 9.054F.:-15 1.0S6E-15 19 ,09 9.96itE-~\ 1 o. O. 1.775£-15 2.125E-16 20 .08 1.099E-I0 O. O. I.A37E-15 2.122E.-16 21 .01 1.224£-1 t' 00 O. 1,679E"15 2.155E-16 22 .06 1.427E-I0 0, O. 1.629[-15 2.218£-16 23 .05 1.824E-I0 O. O. 1,713E-15 2.451E-16 24 .04 2.589E-10 O. O. 1.865£-15 2.Q43E-16 25 .03 4.334E-I0 O. O. 2.?11F:-15 3.878E-16 26 .02 8.766E-I0 0, O. 2.679E-15 5.607E-16 21 .01 1.103E-09 O. O. 1.299E-15 3.794E-16 

--~----.- , .. -------- -----.--- -----.-.- .--.--_.-
1.226E"08 3.~71E:-09 ~.~2;'E-09 6,311E-13 6.973E-14 

@ REGION NO. 6 AxIAL PLENUM REGION Pl 
r- :x> 
Q)CI) 
CT -+ 
0-' 
-,0 
Q)::::l 
-+ c= 
0("') 
-, 
'< (1) 

OJ -, 

~ __ 4 
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TAB LE 2-6 (Continued) 

REcEIVER POINT A~O.~98 
COORDINATtS R ••••• o 4.0B932E+Ol 

Z •• ~... 9~B2485E+02 
PIH •••• o. 

R.6~5fE)/HR --
1 1.00 2.281E-14 

--.------
2.28 1E-14 

FOR SOURCE REGION 1 AND DETECToR POINT 1 THERE HAS AEEN 0 AND 28 PATH LENGTH CAI.CULATIO~S 
IN EXCESS OF 20.0 MEAN FREE PATHS(GAMMA RAY) AND 120.0 GRAMS/CM**Z(NEUTRON).RESPECTIVELV 

INTiRMEDIATE S~MMARY RESULTS OVEH A SUBSET OF SOURCE REGIONS 
. 
! 

EXT~A CORE REGIONS - TOTAL 

RECEIVER POINT AaO.998 
COORDINAfES R...... 4.08932E+Ol 

Z •• ~... Q.B2485E+02 
PIH.... O~ , . 

MEV/CM2~S£~ RADSCC)/HR REMlHR 

1 6.50 O. O. 0, 
2 1,25 O. 0, O. 
3 &.50 O. O. O. 
4 5,50 O. O. O. 
5 ~.50 O. O. O. 
6 3,50 O. O. O. 
7 2.80 0, O. O. 
8 2.50 1.302E-l1 1.653E.17 1.881E-17 
9 2.0-J O. O. O. 

10 1.50 O. O. 
0 __ 

11 1.00 o. O. O. 
12 • 70 O • O. 0. 
13 .30 o. O. .0. 

---4 
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TABLE 2-6 (Continued) 

--------- ~ .. -----.. - --_ .. 0_--. 
1.302£-11 1.653E .. 17 1.887£-17 

EXTRA CORE REGIONS - TOTAL 

RECEIVER POINT A_O.998 
COORDINATES R...... 4.08932E.Ol 

Z.;~... 9.82485E.02 

1 8.50 
2 7,25 
3 6.50 
4 5,50 
5 -.50 
6 3.50 
7 2.80 
8 2.50 
«) 2.00 

10 1.50 
11 1.00 
12 .70 
13 .30 

PHI!... o. 

MEV/CM2-SEC RAOS(C'/HR 

o. 
O. 
O. 
O. 
D. 
O. 
O. 
2.647E-12 
O. 
O. 
O. 
O. 
O. 
---------
2.6~1E-12 

o. 
O. 
O. 
0, 
O. 
O. 
O. 
3.362E-18 
O. 
O. 
O. 
O. 
O. 
---------3.362E-18 

RE"'i/HR 

o. 
O. 
O. 
O. 
O. 
O. 
O. 
3.839£-18 
O. 
O. 
Ci. 
O. 
O. 
---------3.839E-l!3 

EXTRA CORE REGIONS - TOTAL 

REcEIVER POINT A_O.998 
COOROINATES R...... 4'08932E.Ol 

7...... 9.82485E.02 
PHI~... O,! 

TOTAL E.Gr~lMEY E .• LT.IMEV REM/HR (RADS-n IHR 

'\ 

@ 
r- :x> 
0)(1) 
C" ...... 
0--' 
-,0 
O):::J 
...... c:: 
On --. 
"< ro 

0) --. 

1 

__________________________________________________________________________________________ ~ ________ .n __ ~2,~ 14 



~ 
~ 

f 
) 

I 
l 

! t I /'. 
r i 

I ! j 
I' I ! 
it ! 

rr-d 
l
' II 
" 1\-: 

, l I ~ , • I 

, 1, ~, 

.1

1

1 

,~ '-~'}, (11. 
1 ~ 

1 t !".-, ,f ,-
~ \ I 

. . ~ 

"j ~. /; 

o 

{ , i 

I J 1 ;:] I : : ' 

• 

i I). 

'" I 

I'V 
~ 

~ 

1 10.00 
2 9,00 
3 8.00 
4 1.00 
5 6.00 
6 5.00 
7 4.00 
8 3.20 
9 2.50 

10 1,,80 
11 1.30 
12 .95 
13 .70 
14 ,,50 
15 .40 
16 ,30 
17 .20 
18 .10 
19 .09 
20 ,08 
21 .07 
22 .06 
2,3 .05 
24 .04 
25 .03 
l6 .02 
27 .01 

1.436E-12 
3.448E-12 
5.413E-12 
1.051E-ll 
2.442E-ll 
6.340E-l1 
l'7 59E-I0 
2.454E-I0 
6.748E-10 
1'006E-09 
1.060E-09 
1.101 E-09 
9.938E-I0 
9.142Etr lO 
6.691E-I0 
7.273E-I0 
7.864E-I0 
4.641E.-IO 
9.964E-ll 
1.099E-10 
1.224E"10 
1 ~421E-l(i 
1.~24E-1O 
2.589E-I0 
4.334E-10 
8,766E-I0 
1.103E-09 -.... -----
1.226E-0(i 

1.436f-12 
3.448E-12 
5. 413E-12 
1.057E-l1 
2. 442f.-l1 
6.340E-11 
1"759E-I0 
2.454f-10 
6.748E-10 
1.006E-09 
1.060E-09 
o~ 

O. 
o. 
O. 
O. 
o. 
O. 
o. 
o. 
o. 
o. 
o. 
O. 
O. 
o. 
O. 
---------
3.~71E .. 09 

TABLE 2-6 (Continued) 

1 ,,436r:'-12 
3.1t 4t81:-12 
5.413f.-12 
h057E-ll 
2.44t2E-11 
6.3~oE-11 
1.759E-IO 
2.454F.-IO 
6.74.8E-I0 
10006(-09 
1.060E-09 
1.101F"-09 
9.938r.-l0 
9.142f-l0 
6.691E-10 
1.273E-I0 
7.864£-10 
4.641E-IO 
O. 
O. 
o. 
o. 
O. 
O. 
O. 
O. 
O. 
&aI ____ .--. 

~. 92-(E-09 

1.663£-16 
3.796E-1 6 
6.004E-16 
1.12QE-15 
2.608E-15 
6.726E"15 
1.e29E-14 
2.401E-14 
6.096E-14 
9.67'5E-14 
9.89bE-14 
9.363E-14 
6.920E-ll\ 
3.984E-14 
3. 'H6E-14 
2.897E-1 4 
2.738E~14 
9.054E-15 
1.775E-15 
1.837E-1 5 
1.67QE-15 
1.629E-15 
1.713£-15 
1.865E-15 
2.211E-15 
2.679E-15 
1.299E-15 
-----.-.-
6.311E-13 

2.55AE-17 
5.82f)E-17 
9.268E-1 7 
1.712E-16 
3.953E-16 
1.016E-IS 
2.619E-15 
3.376E-15 
7.956£-15 
1·074F.:-14 
9.993E-IS 
e.501 E"15 
6.558£-15 
5.255E-,5 
3.413E-15 
2.856E-15 
2. 9 22E"15 
1·056E-15 
2-125E-16 
2.122E-16 
2~155E-16 
2.218E-1 6 
2.451E-16 
2.943E-16 
3.87eE-Ie. 
5.607E .. \6 
3.194£-16 ----_ .. -.-
6.973E-14 

EXTRA CORE REGIONS - TOTAL 

REcEIVER POINT A~O.998 
COORDINATES R...... 4'08932E+01 

Z~..... 9.82485[+02 
PHi~... O. 

RADSCE'/HR 

rtf 
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I t I, 
I,l : 

J' 
t ' .,. t I 

; 'I 0- ',. 

~. II 
I" ,I ~ 

:,: 11 . 
~ i 

t, t!" . ~. ,. 

f I 

~t~l ,=-t 
'r t· 

I' 1 J J 
'j 

'::, : 'f: ~f 
" n, ,r:; 

, " t , 

~ 'i ' 

I, J'l .; L: " 1· '. 
~ .... : 

1'1]:' 

N 
I 
--' 

N 
0-

~ 

2-0 
6-0 
2 1 
5-0 
2-0 
4"'0 
2-0 
5 0 
5 0 
3 0 
1 0 
5 0 
5 0 
5 0 
5 0 
5 0 
2 0 
1 0 
1 0 
5 0 
1 0 
1 0 
5 0 
S 0 
5 0 
5 0 
S 0 
2 0 
1 0 
1 0 
5 0 
1 1 

TAB LE 2-6 (Continued) 

MSFC SA~PLE PROBLEM" SOURCE DATA FRO., NAGS 
- GEOM. - 75 n. p~OP. TANK 
- MERIDIAN RING CO~(A).l.O TO 0.9 

50 
52 
75 

7 
12 
28 

1 
1400 
1405 
1410 
5533 
5534 
5539 
5544 
5549 
5554 
5559 
5561 
55a4 
5585 
5590 
5635 
5636 
5641 
5646 
5651 
5656 
566 1 
5663 
5686 
5687 
5692 

6 3 
? 4 6 

29 1 
O. 
5.00000E+Ol 
1.39700E~02 
I~OOOOOE+OO 
1.75,HIE"02 
9.1 8060i::-03 
1.68242E"-03 
O. 
3.50000E+00 
2.60000E~\Ol 
4.10000E+tH 
4.73750(+01 
S.02000F.:+Ol 
5.37500E+Ol 
5.58800E.Ol 
1.39700E+(\2 
1.40300E+02 
1.5.940E+02 
1.44H50E+OO 
1,44570E+OO 
1.26S3AE+OO 
9.42f>95F-01 
7,76585E-01 
1.14191E-Ol 
6.53B82E-Ol 
6'22169E-01 
1'83579E+00 
1.73407E+OO 
1.53117E-Ol 

8 10 12 

1.00000E+Ol 
5.58800E+Ol 
1.45000E+02 
O. 
1.02969E-03 
4,08992E"03 
6 .1 9382E'·04 

9 0 50000E+00 
3.00000E'.01 
4.27500E'·01 
4.812S0E'.iH 
S. 06000E'~01 
S.51900E·~0'i 

1.42400E~02 

t.42187E~OO 
l,19S62E~OO 
B.9646BE··Ol 
1.588 24£"0\ 
7.06389E"01 
6.39 046E"01 

1.49947E·>00 

2.00000£+01 

1.50000E+02 

4.18818E-03 
7.17R96E-03 
6,19498E-04 

1.40000£+01 
3.35000E+Ol 
4.4?500E+Ol 
4,81S00E+Ol 
S,lOSOOE+oi 

1.~5900E+02 

1~401SAE+OO 
1.12470E+00 
8.S"6S0F-Ol 
7.4458 1E-(ll 
6.97894E-01 

1.13770E+00 

~ALCULATEO RESULTS FOR SOURCE REGION 1 

3.00000F.:.01 

1.549~OF+02 

4.42958E-03 
2.42428F-03 

1.80000E+Ol 
3.65000E.Ol 
4,55000E+01 
4.92500E+01 

is'16500E+Ol 

1~49900F+02 

1.36742[+00 
1.05SQ2E+OO 
8.23799E-Ol 
1.337 01E-Ol 
6.87104E-Ol 

1,41033E-01 

4,OOOOOE+Ol 

1,1 7044E-O? 
2.13411E"02 

2 u 20000E.Ol 
3 • 900 0 0 F.'. 0 1 
4.65000E(>01 
4. 91500E+Ol 
5 0 2'5000E+()1 

1.534;':>OE+02 

1.32239E+00 
9.94441f.-Ol 
7.98232E-Ol 
7.23254E"01 
6.72632E\.01 

3.76900E-Ol 

REGION NO. 1 AxIAL SUPPORT PLATE REGION Pl 

RECEIVER POr~T AaO.998 
COORDINATES R...... 4.08932E.01. 

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

Z~~~"9 9.82485E+02 
PHI ••• o o. 

MEV/CMZ-SEC RAOS(C)/HR RE"'/HR 

1 B.50 3.684E-IO 3.132E-16 3.795E-16 
2 7,25 2.118E-11 1.8b4E-17 2.224F.:-17 3 &.50 9.30 4E-l1 a.559E-17 1·00SF.-16 4 5.50 8.056E"11 3.625E-17 9.345E-17 
5 -.50 I.R45E-IO 1. 9J7E-16 2.232E-16 
6 3.50 1'236E-1O 1.421E-16 1·619E-'16 7 2.80 4.528E-l1 5.569E-17 6.384E-17 8 2.50 8.1 40E-11 1.034E-1 6 1.1 Hof.-Ib 9 2.00 2.090E-ll 2. 863E-ll 3.26'OE-17 

10 1.50 1,]19E-I0 1.953E-16 2.230f-16 11 1.00 6.125E-12 9.861E-18 I.127E-17 
12 .70 1.525E-12 2.547E-18 2.9591:-18 . 

~ 13 .30 4,,891E-13 8.120E-19 9.24/..E-19 u_. ______ 
-.------- ----... ---

1'159E-09 i.!86E-lS ~.433E'-15 

REGION NO, 7 AxIAL SUPPORT PLATE REGION PI 

REcEIvER POINT A.O.998 
COOROINATES R,,!.,. 4'08932E+ol 

Z ...... , 9.82485E·02 
PrlI~ ••• O. 

MEV/CM2-SEC RAOS(C)/HR REM/HH 

1 8.50 2.055E-I0 1.747E-16 2.1171::"16 
'2 7.25 1.loaE-ll 9.749E.-18 ).163F.'-11 

@ 3 &.50 4.S89E"11 4.222£-17 4.9~7f.""11 4 5.50 J. "23E-ll 1. 630E.11 4.203F.'-17 5 4.50 7.212E-ll 7.572E-17 8.726f.-l1 
r- :x> 6 3.50 4.003E-11 4.~03E-l1 5.2441:-11 Olen 
c:r -+ 7 Z.80 1.204E-11 J.481E-l1 1.698£-17 0 ..... 
..... 0 8 2.50 1.970E-ll 2.502E-l1 2.8sn:-17 Ol::::I 
-+ c= 9 Z.OO 4.064E-12 5.561E-18 fI.3l91E'-lH o C') ..... 
'< CD 

Ol ..... 

.....41 
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TABLE 2-6 (Continued) 

10 1.50 
11 1.00 
12 .70 
13 .30 

1.838E-ll 
4.768E-IJ 
~. 2'+OE ... ·14 
3.035E-15 

2" 121E-11 
7.677E-19 
1.042E-19 
5.037E-21 

--.--.-.- ----~----4.656£-10 4.~82E-16 

3.l07F-17 
8.713F-19 
1.211F'-19 
5.735E-21 
___ •••• D •• 

5.30~;E-16 

REGION NO. 1 AxIAL SUPPORT PLATE REGION 

RECEIVER POINT A-O.998 
COORDINATES R...... 4.08932£+01 

Z •• ~... 9~82485E+02 

1 10.00 
2 9.00 
3 8.00 
4 7.00 
5 b.OO 
6 5.00 
7 4.00 
8 3,20 
9 2.50 

10 1. 80 
11 1.30 
12 ,95 
13 .10 
14 ,,50 
15 .40 
16 ,30 
17 ,20 
18 .10 
19 .09 
20 .013 
21 .07 
22 .06 
23 .05 
24 .04 
~5 .03 

PHi;... o~ 

TOTAL 

,.' 

3.424E-12 
8.8'+l E-12 
1,483E-11 
3.01lE-ll 
7.447E-11 
2.009E-I0 
5.126E-I0 
7. cHbE-I0 
2.1 8 0E-09 
3'231 E-0 9 
3.39~E-09 
3.369E-09 
3.078F.-09 
2.822E-09 
2'045E-09 
2.1 97E-09 
2.335E-09 
1.349E-09 
2.920E-I0 
3.175E-10 
3.432E-I0 
3.858E-I0 
4,71 4E-I0 
6.546E'''lO 
1.080E-09 

Er;GT.I MEV 

3.424E-12 
8,,841 E-12 
1. 483£-11 
3.071E"'11 
1.4~7E-11 
2.009E-10 
5.126E-I0 
7.976E-10 
2.18 0E"-09 
3.231E-09 
3.395E-09 
O. 
o. 
O· 
04 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
o~ 

E .. LT.I MEV 

3.~2~E-12 
8.84)E'-12 
1.4e~IF.-ll 
3.011.E-11 
1.441'£-11 
2.00QF-lo 
5.726E'-lO 
7.976E-10 
2.1 Anf-09 
3.231E-09 
3.39Sf-Ot,l 
3.369f-09 
3.01RF.'-09 
2.822F.:-09 
2.0.SE-09 
2.191'E-09 
2.335F.-09 
1.34~1F.-09 
O. 
O. 
o. 
O. 
O. 
o. 
·0. 

f.1EM/HR 

3.965E-16 
9.134E-16 
1,,645E-1 5 
~.?80E-15 
1.954-E-15 
2.132E-14 
5.955(-14 
7.804E-14 
1.969E-13 
3'106E-13 
3.1 6 9E-13 
2.B64E-13 
2.143E'-13 
1.230E-13 
1.093E-13 
8.752E"'14 
8.127E-1 4 
2."31E-14 
5.201E-15 
5.308E-15 
4.7(19E-15 
4_402E-15 
4.427E-15 . 
4.717E-15 
5.511E"15 

\ ') 

(RADS-n IHR 

6.098E-\1 
1·49 2E-1 6 
2.5'.OE-16 
4,971E-16 
1-206£-1 5 
3.221E-\5 
8.525E-15 
1.098E-14 
2.S70E-14 
3.447E"1~ 
3.200E-14 
2.601E .. 14 
2.031E-1 4 
1'''22E-14 
1.043E-14 
8.629E-1S 
8.676E-15 
3.068E-15 
~.229E-16 
6.131E-16 
~1iI044E-16 
5.995£-16 
6.335E-16 
1.443E-16 
9.666E-16 

PI 

~ 

.....0111 
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TABLE 2-6 (Continued) 

26 .02 2.216E-09 O. O. 6.771E-15 1.417E-15 27 .01 2.951E-09 O. O. 3.471E-15 1.01I)E-15 --.. ----.- -.------- --------- -----. .,.- .. _-----.-3.641E-08 i.~5!E-08 ?710F-OB 1.970£-12 ? .176E-13 

REGION NO. -7 AxIAL SUPPORT PLATE REGION -PI 

RECEIVER POINT AaO.998 
COORDINATES R...... 4.0e932E+ol l...... 9.82485E+02 

PHI;... O. 

RAOSCE'/HR 

1 1.00 6.666E-14 ---_ ..... -
6.666E-14 

fOR SOURCE REGION 1 AND DETECTOR POINT i THERE .iAS REEN 0 AND 0 ~A1H LENGTH CALCULAT)ONS 
IN EXCESS Or 20~O MEAN FREE PATHS(GAMMA RAY' AND 120eO GRAMS/CM**2CNEUTRON) ,RESPECTIVELY' 

IN1~RMEDIATE SUMMARy RESuLTS OVER A SUBSET or SOURCE REGIONS 

I 

REcEIVER POINT Aan.998 

EXTRA CORE REGIONS - TOTAL 

. , 

COORDINATES R...... 4.08932E+Ol ~ ,i: I Z...... 9.8248.5[+02 
I.; PI-lI.... o. . 
I 3 I' 

MEV/CM2-SEC RAOSCt'/HR REM/HR 

1 8.50 
Z 7~25 

3,684E-IO 
2'11 8E-11 

3.132E-16 
1,864E-lt 

I 

J.795~-16 
~.224!-11 

.. 

@ 
r- ~ 
OJ(/) c:r _ 

0"'" ....,0 
OJ:::l 

- c= On ...., 
"< CD 

OJ ...., 

.......JI 
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I'V 
I -w 
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TABLE 2~6 e:ontinued} 

3 6.50 9.304E-l1 8 c 559E .. 11 1.005E-16 
4 5.50 8.0S6E-ll 30 625E-l1 9.345E-17 
5 ".50 1.845E-lO 1.937E-16 2.232E-16 
6 3.50 1.236£-10 1.421E-16 1.blC)E-16 
7 2.80 4.S28E-ll 5.5b9E-17 6 .. 384E-17 
8 2.50 a.140E-11 1.034E-16 1.IADE-16 
9 2.00 2,090E-ll 2.863E-17 3.260E-l'T 

10 1.50 1.319E-I0 1. 953E-1 6 2.230£-16 
11 1.00 6.125E-12 9.861E-18 1.127E-17 
12 .7r) 1.525E-12 2.547E""18 2.959E-IB 
13 .30 4.891E-13 8.120E-19 9.2,UE-19 

-------...... --------- ..--..... ---
1.159E"09 1.186E-lS 1.433E-lS 

EXTRA CORE REGIONS - TOTAL 

. 
! 

RECEIvER POINT A.O,.998 
COORDiNATES R~~~ ••• 4~08932E·Ol 

Z •••••• 9.8248!;E+02 
PHi~ ... O. 

~EV/CM2-SEC RADS(C)/HR RE'''/HR 

1 8.50 2.I)SSE-I0 1.747E-16 2.117E-16 
2 7.25 1.108E-ll 9.749E-18 1·1631:-17 
3 6.50 4.589E-l1 4.222E-17 4.9S1F-17 
4 5,50 3.623E.-l1 1.630E-17 4.203f-11 
5 it.5!) 7.212E-ll 1.572E-11 8.726r:-17 
6 3.50 4.003E-l1 4.603E-17 5.2·1t4E'-17 
1 2.80 1.204E-ll 1.481 E-17 1.69BF.-l-' 
8 2.50 1.970E-11 2. 502E-l1 2eSS1E-11 
9 2.00 4<1064E-lC~ 5.561E-1 8 60339E-)8 

10 1.50 1.838E-l1 2.721E-l1 3.101F.:-!1 
11 1.00 4.168E-13 1.617E-19 8.773E-19 
12 ,70 6.2 4 0E-14 1.042E-19 1.211F.:-19 
13 .30 3'035E-1 5 5.037E-21 5.735E-21 

__ .. _ee ___ 

---~----- ----- .. ---
4.f;S6E-lO 4.~82E-16 5·3185(:-16 

EXTRA CORE REGIONS - TOTAL 

~~ 
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TABLE 2-6 (Continued) 

I ' 
r ! I r', 

i I"' RECEIVER POINT A_O.99B 

lr 1 
COORDINATES R~.~ ••• 4'08932E+ol 

z •••••• 9.82485E+~2 
PHI;o .. o. 

~' • ~ i 
: I 

; . .\1 III TOTAL E.GT·l MEV E.LT.p-4EV REM/HR (RADS-T)/HR 

jii ! ,1 ~ 

I'll . 1 10.00 3.424E-12 3,424E-12 3.42'''r:-12 3.965E-l& 6.098E-'17 

l' L 2 9,,00 8.841E-12 8,81tlE-12 8,841E-12 9.734E-1 6 1,492E-l~ 
3 3.00 1.483E-l1 le483E-ll 1 e483E"U 1.645E-1 5 2,540E-16 

, ,. 
4, 1.00 3.011E-ll 3.071E-11 3.071F.:"U 3.?80E-1S 4.97}E-16 " .l I s 6.00 7.447E-11 1,447E-ll 7.1t4'TF-ll 7.954E-~5 1.206E-15 

rrL~· 6 ,5.00 2.009E-I0 2.(}09E-I0 2.009[-10 2.132E-i\4 3.22H:-lS 
1 4.00 5.726E-I0 5.1i~6E-I0 5.726£-10 S.9SSE-14 8.525:::-15 

,1 (t 8 3.20 7.976E-I0 1. 9~T6E-l 0 7.976E-IO 7.804E-14 1.09aE-11t 

J .. "7. 
9 2.50 2.180£'-09 2.180E-09 2.180f-09 1.969£-13 2.570E-14 

, I ,. 10 1,80 3.231E-09 3.231 E-09 3.231E"09 3.106E-13 3.41t7E-14 ,: t \~ N 11 1,30 3.39'5E-09 3;;;~95E-O~ 3.395F-09 3.1C,9E-1 3 3,200E-14 
~ ~: (l I 12 .95 3.369E-09 O. 3.369[-09 2.A64E"13 ~.601E-14 , I n ..... 

i w 13 .70 3.078£-09 O. 3.078F.-09 2.143E-13 2.031E-14 
1 

..... lit .50 2.822E-0~ O. 2.822E-09 1.230E-13 1.62?E-14 , ' 

I 

~J }:,: 
IS .40 2.045E-09 O. 2.045E-09 1.093E-13 1·01t3E-t4 
16 .30 2.1 97E-oQ O. 2.197E-09 8.752E-14 8.629E"'15 
17 .20 2.3.35E-09 O. 2.3315E-09 8.127£-14- 8.676£-15 
18 .10 1.34~E-09 O. 1.349£-09 2.631E-14 3.0~~E-15 
19 .09 2.920E-I0 O. O. 5.201E-15 6.229E-16 

IL 20 .08 3.115E-I0 O. O. 5.308(-15 6.131E-16 
21 .07 3.432E-I0 O. O· 4.709E-15 6.044E-16 
22 .06 3.858E-I0 O. O· 4.402E-15 5.995E-16 ): " 

23 .05 4.714E-10 O. O. 4.427£-15 6.335E'-16 
24 .04 6.546E-10 O. O. 40 1l7E~lS 7.443E-16 
25 .03 1.080E-09 O. O. 5.511E~·lS 9.6E-6E-)6 
26 fl02 2.216E-09 O. O· 6.771E-15 1·417E-15 
21 .01 2.951£-09 O· O· 3.1t77E-IS l'016E-15 _______ CII_ 

... --.. ---- ---..... --- --------- ----~,.,---3,641 E-08 1.~51£.-O8 ~.770E-oa 1.970E-12 2'176E-P 

EXTRA CORE ~£GIONS .. TOTAL @ .., 
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f TABLE 2-6 (Continued) 

, 
, i t" 

MSFC SAMPLE PROBLEM - SOURCE DAtA FROM NAGS . I ' 
(( I - GEO~. - 75 O. PROp, TANK II : - MERIDIAN RING COSCA)-1.0 VO 0.9 

2-0 50 8 12 ,. ,. 8-0 52 2 4 6 8 10 12 14 16 ,t 
2 1 75 34 41 I I 

~ .: 5-0 7 O. 1.00000E+Ol 2.00000E+Ol ~.OOOOOE.Ol 4-.00000 E'+ 0 1 fU 4-0 12 5.00000E+Ol 5,50000E+Ol 6.1.1\)000£+01 6.35000£+01 

, 1\ ' 
5-0 28 1.549401::+02 1. 55500E+02 1.58000E+02 1.62000E+02 1. 66 000£'+02 
5-0 33 1.70000E+0£! 1.74000E.+02 1.7ROcioE+02 I.A2000f+02 1.82000E+02 
3-0 38 1.86000E+02 1.90000E+02 1.93040f.+02 

f I i 2-0 1 1.00000F.:+00 o. 
iF" 5 0 1400 1.00346E-04 2.47759E-05 i.0207QE-03 9.53349£-05 2.39458E-04 

,1- ~ 5 0 1405 2.11365E-04 7.39501E-05 1.52885£-04 8.92423E-05 5.0 74 86E .. 04 
3 0 1410 2.33734E-04 6,78779E-03 2.S2332E-05 

~l;~ 1 0 5531 O. 
i " ,', 5 0 5534 3.50000E+00 9.50000E+00 1.40000E+Ol 1.80000E+Ol 2.20000E'+01 

I ~ I l ... ~' 5 0 5539 2.60000E+Ol 3.00000E.+Ol 3.35000E~01 ;3. 65 OOOE+01 3.90000E+Ol 
, I 1 ~ 5 0 5544 4.10000E+Ol 4.275001::.+01 4.42fiOOF.:+Ol '4.55000E+Ol 4.65000E+Ol 

~ " 5 0 55~9 4.73750E+Ol 4.81250E'''01 4.87500E+Ol 4.92500E+Ol 4.97500E+0) ' .. i' ~ 
". ~ ." 5 0 5554 5.02000E+01 5.06000E+01 ~.10500E+Ol 5'16500E+Ol 5.25000E+Ol , ,. 

I'V 5 0 5559 5.375OOE+OI 5.51900E+01 5.66900E+Ol 5.82500E+Ol 5.'17500E+Ol j I 
2 0 5564 6.12500E+01 6,27500E+01 --' 

\ w 1 0 5566 6.35000E+01 

~:l f ~.' 
w 

1 0 5584 I.S4940E+OZ 
5 0 5585 1 .. 55005E+02 1.55135E+02 1.5r;26S(+02 1.55395E+02 1055525E+02 
5 0 559 0 1055655E+02 1.55785E+02 1.55945E+02 1.56240E+02 I.S 67 40E+02 
5 0 5595 lc,S7590r::+02 1.58690E+02 1,5999OE+02 1.6149 Of+02 1.62990E+02 

; I 5 0 56 00 lt6 449 0E+02 1. 66240E+02 1.6824(}E+02 1.7024 OE+02 1.722~,)E+02 
5 .0 5605 1.74240E+02 1, 76240E··02 1. 7A240E+02 1,80240f+02 1.82240E+02 
5 0 5610 l'R4240E+il2 1.S5990E··02 1.87490E+02 l'S87 4 OE+02 1.8'n4OE+02 
5 0 5615 1.90590E+02 1.9 129 0£'.02 1 .. 9i~40E+02 1.921 4OE+02 1.9234 0r.+02 
4 0 5620 1.92540E+02 1. 927 40E·.02 1. 92A9 0E+02 1.9299OE,+02 
1 0 5624 1.93040E+02 
1 0 5635 1.88251E+OO 
5 0 5636 1.87897F.:+00 1.85648E·~00 L8?321 E+OO 1.71949E+OO 1.7207C;E+oo 
5 0 5641 1.64457E+OO 1.5lt835E·~OO 1.44765E+OO 1.34669E+OO 1.2S443E+OO 
5 0 5646 1.17477F:+OO 1.10319E·~00 1.04095E+OO 9.90366f-Ol 9.4824~F.-nl 
5 n 5651 9,11 8691:-01 8.80361E.·aOl 8.5425?E-Ol 8.34032E-Ol a.13 985E-01 

@ 5 . 5656 7,953861:-01 7.78S01E··Ol 7,b0273E-Ol 1.3444 1r-Ol 6.99936E"01 n. 
5 0 . 5661 6,43647E ... 01 '5 .... 749 4E..Ol 3.8"348E-Ol 2.51898E_Ol 1.90384E"'01 
,2 0 5666 1.25842E-Ol 7.83726E.··02 r- ):>0 
1 n 5668 1.3~61nE-01 0)(1) 

t:T --1 0 5686 0.32069E+Ol 0"" 
5 0 5687 £3.621 9 1E+01 3. 71349E'~Ol 2.11022f.'+01 l'39236E+Ol ltOI375f:+01 

...,0 
0) :::J 

5 0 5692 7.87185E+OO 6.47857E~00 5,38130E+00 4.21171E+OO 3.10859E+OO - c::: o n 
S 0 5697 2.,94,9E+OO 1,50614E·OO 1.06032E+oO 1.28674f-Ol 5,1 1388[-01 

..., 
'< (1) 

0) ..., 

~ 



I , 
I i' 

I " 

I : 
t I 

1 ;\ . 
t 'I 

t ( , 
I 

• ! ,1 ~ ~ ( 
I'~, f' Z I' ~, , i ," 

I \ 
t~ ,:, .' 

! '\. ~ 
, . 
If 
~ L 

J 
> 

'" I 

W 
~ 

.... 

5 0 
5 0 
5 0 
5 0 
4 0 
1 1 

5702 
5701 
5712 
5717 
5722 
5726 

3.14946E-Ol 
5.76306E-02 
9.33(l3~E-03 
2.8538 1E-03 
2.49615E-03 
6.65559E-03 

TABLE 2-6 (Continued) 

2. 6 4407E-Ol 
3. 99416E-02 
6.75556E-03 
2.52232E-03 
3.01863E-03 

1.7798I1E-Ol 
2.77393E-02 
5.1266 0E-03 
2~34345E-03 
~.12R93E-03 

1.21353E-Ol 
1.9295RE-02 
4.05234E-03 
2'30111E-03 
6.51415E.-03 

CALCULATED RESULTS fOR SOURCE REGION 1 

REGION NO. 8 AxIAL BATH SHIELD REGION 

RECEIVER pOINT A_O.998 
COORDINATES R •••••• 4.08932E+Ol 

Z •••••• r).824A5E+02 
PHl~ ••• O. 

~EV/CM2-SEC RAOS(C)/HR REM/HR 

1 BoSo 21;404E-12 2.043£-18 2~476E-18 

2 1.25 5.826E-13 5.127E-1 9 6.118[-19 
3 &.50 2.280E-l1 2.098E-17 2.463[-17 
4 5.50 2.001E"12 9.034E-19 2.3291:-18 
5 4.5., 4.433E-12 4.654E-1 8 5.364[-18 
6 3.50 3.402E-12 3,913E-18 4.4511::-18 
7 2.80 1.001E-1i~ 1.232E-18 1.412E-18 
8 2.50 1;\973E-12 2.506E-18 2.86}E-18 
9 2.00 9.725E-13 1.332E-18 1.5I7E-IS 

10 1,50 4 .. 141£-12 6.129E-18 6.9C!8f-18 
11 1.00 1.214E-12 1.955E-18 2.23SE-18 
12 .10 2.578E-11 4.305E-17 5'OOlE'-11 
13 .30 4'487E-14 7.448E-ZO 8.480E-20 -------... _._-. ___ u ---.-.-.-

1.076E-l1 8 g 928E-11 1.0S0E-lb 

REGION NO, 8 AxIAL BATH SHIELD REGION 

~, 

8.3 4209E-02 
1.31!.201E-02 
3.3461 4E-03 
2.33776E-03 

Pi 

PI 

~ 
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TAB LE 2-6 {Continued} 

RECEIVER POI"JT A=0.998 
COORDINATES R~.~ ••• 4.08932E+Ol 

l •••••• 9.82485E+02 
PHI~ ... O. 

MEV/CM2-SEC RAOSCC)/HR REM/HR 

1 a.so 1.383E-12 1.176E-18 1.425F-18 
2 7.25 3.156E-13 2.777E-19 3.3HE-19 
3 6.50 1~168E-1l 1.015E-17 1·262F-11 
4 5.51) 9.428E-13 4.243E-19 1.0941:-18 
5 1t.50 1.825E.-12 1. 917E"18 2.209E-18 
6 3.50 1.1 75E-12 1.351£-18 1.539F-18 
7 2.80 2.882E-13 3.544E-19 4.063f-1 9 
8 2.50 5.205E-13 6.611E-19 7.548E-19, 
9 2.00 2.104E-13 2. 883E-1 9 3.282,E-19 

10 1.50 ~.691E-13 9.902(-19 1.131£-18 
11 1.00 1.221E-13 1.966E-19 2.247£-19 
12 .70 1.608£-12 2.685£"18 3.119E-18 
13 .30 1.051E-15 1.?54E-21 1.998E-21 

--------- -.--....... - -----.---
2.075~-11 2.! 07E-17 ?SlAF.-17 

REGION NO. e AxiAL BATH SHIELD REGION PI 

REcEIVER POINT A_O.998 
COORDINATES R •• ~ ••• .'08932£+01 z.! •••• 9.82485E+02 

PHI •••• ". 
TOTAL E;JGT.iMEV E.LT.1MEV REM/HR (RADS-T) IHR 

1 10.00 4.655E-17 4. 655E-12 4.6SSE-lt? 5.390E-16 8.290E-17 @ 2 9.00 1.268E-ll 1.268E-l1 1.268E-ll 1.396E-15 2.140E-16 3 8.00 2.21 5E"11 . 2.21SE-ll 2.21SE-ll 2.4S6E-15 3.792E-16 r- :l> 
0)(1) 4 7.00 4.706E-ll 4. 106E-11 •• 106E-ll S.026E-15 7.61RE-16 C" .-... 
0"" 5 6,00 1.1 55E-IO 1,155E-I0 1.1!)SF.-IO 1.234E-l· 1,870E-15 ...,0 
O):::J 6 5.00 3. 120E"1O 3.120E-I0 3.1:~OE-I0 3.311E-14 ~.OO2E-15 .-... c: 
o (") 7 4.00 8.83sE-1O 8.83SE-I0 a.e3SE-I0 9.188E-14 1.31SE-14 ..., 
'< CD 

0) ..., 

--ot1II 
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TABLE 2-6 (Continued) 

EXTRA CORE REGIONS - TOTAL 

RE:CEIVER POINT A-O.99a 
COoRDINAtES R •••••• 4.08932E+Ol 

Z •• ! ••• 9.82485E+02 
PHI ••• ., o. 

MEV,CM2-SEC RADS(C)/HR RE"1/HR 

1 B.51) 2.404E-12 2.043E-18 2.476E-18 
2 7.25 5.826E-13 5,127E-19 6.l1SE-19 
3 6.50 2.280E""11 2.098E_l1 2.463E-17 
4 5.50 2,,007E-12 9.034E-19 2.329E'-18 
5 4.50 4,433E-12 4.~54E-18 5.364F-18 
6 3.50 3.402E-12 3. 9 13E-18 4.457E-18 
7 2.80 1.001E-12 1.232E-1 8 1.412f.-18 
8 2.50 1,973E-12 2. 506E-18 2. 86lf.-1 8 
9 2.00 9.725E-13 }.332E-18 I.S17E-18 

10 1.50 4.141E-12 6.129E-18 6.99RE-18 
11 1.00 1.21 4E-12 1.955E_1 8 2.235E"-18 
12 .70 2.578E-l1 4,305E-}7 S.001E'-17 
13 .30 4.481E-14 1.448E-20 8.480F.-20 

--------- _.---M._. -----.---
7.076E-11 8.928£ .. 17 !eOSOE-16 

EXTRA CORE REGIONS - TOTAL 

RECEIVER POiNT A.~,99B 
COORDl~ATES R...... 4'08932E+Ol 

1...... 9,82485E+02 
PHI;.... fl • 

MEV/CMZ-SEC RADSCC)/HR REM/HR 

(111M 

-----4 
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TABLE 2-6 (Continued) 

8 3.20 1.220E-C9 1~220E-09 1.220E-09 1.)94E"13 1.679E-14 9 2.50 3,306E-09 3.306E-09 3.306F-09 2. 986(-13 3.698E-14 10 1,SO 4.S54E-OCJ 4.954E-09 4.S54E-09 4.661IE"13 Sq179E-14 11 1.30 5'068E-09 5.06SE-09 5'068E"-09 4.130E-13 4-.776E"14 12 .95 5.228 E-09 O. 5.228E-09 4.44Sf-"·:3 .,.03"E-14 13 .70 4.676E-09 o. 4.6 i'6F. - 09 3.256E-13 3.0R6E-14 14 .50 4.291E-09 o. 4.291E-09 1.870E-13 2.4fl7E-14 15 .40 3,129E"09 O. 3.12qE-O~ 1.~7'2E-13 I.S9bt-14 16 .30 3.398E-09 O. 3.3~'8F.-o9 1.353E-13 1.334E-14 11 .20 3.664E"09 O. 3.66·4E-09 1.275E-13 1.361E-14 18 .10 2.157E.-09 O. 2.157E-09 4.2·09(-14 4.908E-15 19 .09 4.713E-1O O. O. 8.)93E-15 1.0OSE-IS 20 .Os 5.1 40E-I0 O. O. 8.593E-15 9.925E-16 21 .07 5.562F.-I0 O. O. 7.631E-15 9.795E-16 22 .06 6.24 2E-1O O. O. 7.122E-15 9,700E-16 23 ,0'5 7'590E-10 D. O. 7.129E-l'5 1.020E-15 24 .04 1.045E-09 O. 0" 7 f,529E-15 1.188E-15 25 .03 1.702E-09 O. O. 8,682E-:1 5 1.523E-15 26 .02 3.432E-09 O. O. 1.049E-ill4 2-195E-1 5 21 .01 4.48 6E-09 O. O! 5'.28 5£-15 1.544E-15 --------- --------- ----.... --l1li .. ----.-... • ________ 0 

5.598E-08 j..585E-O~ 4.?3'9£-OB 3'005E-12 3.319E-13 
REGION NO. 8 AxIAL BATH SHI~lO REGION PI 

RECEIVER POINT A-O.998 
COO~OlNATES R...... 4.08932£+01 

Z...... 9.82485E+02 
P~I~... O! 

RADSCE)/HR 

1 1.00 1.036E-13 , 

---------
1.036~-13 

f'OR SOURCE REGION 1 AND DETECTOR POI~T 1 THERE HAS BEEN 0 ANO 0 PATH LENGTH CALCULATIONS 
IN E~CESS OF 20'0 MEAN FREE PATHSCGAM~A RAY) AND 120-0 G~AMS/CM~.2CNEUTRON).RESPECTIVELV 

INTERMEDIATE SUMMARy RESULTS OVER. SUBSET OF SOURCE REGIONS 
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TABLE 2-6 (Continued) 

1 B.5O 1.3~3E-12 1.l16E-18 1. 425F-18 
2 '1.25 3.1 56E"13 2. 177E-19 3.3}4E-19 
3 &.50 1'1 68£-11 1.015E-17 1.26?f:-17 
4 5.50 9.428E-13 4.243E-19 1.094E-18 
5 ~.50 1.825E-12 1.917E-18 2.209E"-lfj 6 3.50 1s;175E"12 1.351E"18 1,539E-18 7 2.80 2.882E-13 3.544£-19 4.0b3F-19 
8 2.50 5.205E-13 6.611E-19 7.54AF"-19 
9 2.00 2.10 4 £-13 2.8B3f-19 3.282F.-19 

10 1.50 6.691E-13 9.902E-19 1.131E-18 
11 1.00 1,,221E-13 1. 966E-19 2.247£-}9 
12 .70 1.608E-12 2.685£-18 3,,119E'-18 
13 .30 1.057E-15 1.754E-21 1.998£"21 -------... -.--.. _---" --------. 2'075E-11 2. !07E-17 ?SU~F.-l1 

EXTRA CORE REGIONS - TOTAL 

REcEIVER POINT A_O.998 
COOROIN~TES R •• ~ ••• 4>!08932E+Ol 

Z •••••• 9.82485E+02 
PHI~ ... fl. 

TOTAL E.GT.I MEV E.LT.1MEV REM/HR (RADS-T )JHR 

1 10.00 4.655E-12 4.655£-12 4.6S5F-12 5.390E-16 8.290E-17 2 9,00 1.268E-11 1,. 268E-11 1.268E-ll 1.3961:: .. 15 2.140£-16 3 B.Cv 2,21 5E-l1 2,215E-l1 2.215F-ll 2.456E:-15 3,792£""1 6 4 7.00 4.706E-l1 4.706E .. 11 4.706[-11 5.02~E-15 7.61AE-16 5 6.00 1.1 55£-10 1.155E_I0 1.155F-lO 1.?34E-14 1.810E-15 6 5.00 3.120£-10 3.120E-I0 3.120F.-IO 3.311£-14 5.002E-15 7 4.00 8.835E-I0 8.835E-I0 8.835E-ltl 9'1 88E-14 1-315E-14 8 3.20 1.220E-09 1.220E-09 1·220F-09 1'1 94E-13 1. 679£-1 4 9 2.50 3.306E-09 3.306E-09 3.306F-O'" 2.986E-13 3.898f.-14 10 1.80 4.854£-09 4. 854E-09 4.854F:-09 4,667£"13 5-179E-14 11 1,30 5'068E-09 5.068~-O9 5.0b8E'-09 4,730E"13 4.776£""14 12 .95 5.22HE"09 O. 5.228£-09 4,445E-13 4.036E-14 13 ,70 4,616E-09 O. 4.676F-09 3.?56E-13 3.086E .... 14 14 .50 4~291E-09 O. 4.Z91F.:-09 1.070E-13 20461E-14 15 .40 3.129E-09 0, 3.129£-09 1.672E-13 1.596E-14 16 .30 3.398E-09 O. 3.398E-09 lt353E"lJ 1.334E-14 
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TAB LE 2-6 (C ontinued) 

17 .20 3.664E-09 o. 3 .66~~E-09 1.275(-13 1.361E-l~ 
18 .10 2.157E-09 O. 2.1S1'F-09 4.209E-14 4.908E-15 
19 .09 4. 713E-1 0 o. o. 8.393E"15 1·005E-15 
20 .08 5.140E-10 O. o. 8.C:;91F.-15 9.9?5E-16 
21 .07 S.562E-10 o. o. 7.fl3lF':-lS 9.7QC;F.-16 
4!2 .06 6.242("10 o. O~ 7.122E-15 9.700E-16 
23 1105 1.r;90E"'10 o. O. 7.129E-15 1.020E-IS 
24 .04 1.045£"'09 o. O. 7.529E-15 1.188E-15 
25 .03 1.702E-OQ o. O. 8.682E-15 1·523E-15 
26 .02 3.432E-09 o. o. 1.049E-14 2.1q5E-15 
21 1i01 4.486E"09 o. o. 5.285E-15 1.544E-15 

-------.- -.------- ---- .. _--- -_ .. _-.--- .-----_.-
5.598E-08 i.585E-O~ 4.?3G1~-08 3.005E-12 3.319E-~3 

EXTRA CORE REGIONS - TOTAL 

RECEIVER POINT AaO.998 
COORDINATES R...... 4009932E+01 

Zo.~... 9.B2485E.02 
PH i;. •• I} • 

RAOS(E)/HR 

1 1.00 1.036£-13 --... _--.-
!.036E-}3 
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r- » 
Ol(I) 
c:r -+ 
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Ol::J 
-+ c:: o ("') -, 
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--<1111 



J ! . . 
~ 
i' 

! ; Ii 
,,\ 1 

, [" i i I 
j , , I: 

'~ . 
i' I , ; I 
~'P 
Ii) ~ 

1 
~, 

'"r, ';, , I 
, ,~ 

'('" I ?~. i ! . 
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2-0 
7-0 
:2 1 
5-0 
3-0 
5-0 
2-0 
5 0 
5 0 
3 0 
1 0 
5 0 
5 0 
5 /) 
5 0 
5 0 
5 0 
2 0 
1 0 
1 0 
4 0 
1 0 
1 0 
S 0 
5 0 
5 0 
5 0 
5 0 
5 n 
2 0 
1 0 

1 " 4 0 
1 1 

TABLE 2-6 (Continued) 

MSFC SAMPLE PROI:R(M - SOURCE DATA FRO~ NAGS 
- GEOM. - 75 0, PROP. TANK 

50 
52 
75 

7 4 
246 

34· 6 

- MERIDIAN RING COS(A).l.O TO 0.9 

7 
12 
28 

1 
1400 
1405 
1410 
5533 
5534 
5539 
5544 
5549 
5554 
5559 
5564 
5566 
5584 
5585 
5589 
5635 
5636 
5641 
5646 
5651 
5656 
566 1 
5666 
5668 
5686 
5687 
5691 

O. 
5ftOOOOOE+Ol 
}.93040E+,02 
1.0000o-e:+01) 
O. 
O. 
O. 
O. 
3.500001::+00 
2.600001::·01 
4.10000E+Ol 
4,73750E+01 
5.020001::+01 
5.37500E+Ol 
6~12500E+Ol 
6.35000E+Ol 
1.93040E+02 
1.95520E+02 
2.15900E'+02 
I.Q6C;72F.+OO 
le959 31E+OO 
!.605HE+OO 
1.11778E+00 
8.68084£-01 
7.51240E'-01 
5. 99682F'-01 
2'61146F.'-Ol 
1.55962E-Ol 
3 .. 54431t-Ol 
7.85373£-01 
4'SJ204E-Ol 

8 10 12 

1.00000E+Ol 
6.00000E+01 
1.98000E+O;~ 
O. 
O. 
O. 
o. 

9.501)00E+OO 
3.00000E+Ol 
4.27500E+Ol 
•• 81250E+Ol 
5.06000£+01 
5,51900E+Ol 
6.27500E+Ol 

2.01000E+02 

1. 9 1849E+00 
1.49156E+OO 
1.051:35E+00 
8. :H3Q 7E-O 1 
7.3441"7E-Ol 
5.369 16E-Ol 
1. 85666E-01 

1.Z1977E+OO 

14 

2.00000E+Ol 
6.3C;000e:+Ol 
2.04000E+02 

o. 
1.8i855f.-07 
o. 

1. 4 0000E+01 
J. 3S OOOE+01 
,.', 42S0 OE + 0 1 
4.87500E+Ol. 
5.10S00E+Ol.! 
S.66900E+Ol 

2.07000£+02 

1.8612'] E+OO 
1.3FH 9?E+OO 
9.93031E-Ol 
8.1i"51E-01 
7.15ft.16E·"OI 
0\.70655E-,Ol 

1.20350E+OO 

CALCULATED RESULTS FOR SOURCE REtiION 1 

3.00000r+,OI 

2·ioOOOf+02 

O. 
O. 

}.80000E+Ol 
3.65000E+Ol 
4.55000E+Ol 
4.92~jOGE+Ol 
5.16500E+Ol 
5.~2504)E+Ol 

2.i2950E+02 

1.79157E+OO 
1.28041f+00 
9.43646E-01 
1.90919E-Ol 
6.89946E-Ol 
4·00753E-Ol 

7.~9981E"Ol 

4 0 00000E-'01 

2.15900E+02 

o. 
O. 

2.20000E+Ol 
J.90000E+Ol 
4.65000E+01 
4. 9 7500E+Ol 
5.25000E+Ol 
5.Q7500E+Ol 

1.'70611E'+OO 
1.19173E+OO 
9.0353SE-Ol 
7.70080E'-01 
6.S36 14E-Ol 
3,3209RE-Ol 

REGION NO. 9 AxiAL OO~f PLENUM REGION PI 
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TABLE 2-6 (Continued) 

RECEIVER POINT A-O.998 
COORDINATES R •••••• 4.08932E+01 

Z •••• 8. 9.82485'E+02 
PHI~ ••• O. 

MEV/CM2-SEC RAOSiC)/HR REM/HR 

1 8.50 O. O. O. 
2 7.25 O. O. O. 
3 6.50 O. O. O. 
4 5.50 O. O. O. 
5 ~.50 O. O. O. 
6 3.50 O. O. O. 
7 2.RO O. O. O. 
8 2,50 2.1 65E-14 2.750E-20 3. HOE-20, 
9 2.00 O. O. O. 

10 1.50 O. O. o. 
11 1.00 O. o. O. 
12 .70 O. O. O. 
13 • 30 O • O. O. 

--------- -.------- -...... ---
2.165E-14 2'750E-20 3.140E-20 

REGION NO. 9 A~IAL DOME PLENUM REGION PI 

RECEIVER POWT A-O,99J\ 
COORDINATES R •••••• 4.oa932E+oI 

Z .. !~ .. q.S2485E+02 
~fH ,.,. O. 

'I 

MEV/CMZ-SEC RAOS(C)/HR, REMlHR 

I \ I 
@ C 8.50 0., O. 0, 

I 

2.r7.25 0,1 O. o. 
3· .6.50 0" O. O. r- ::x> 4· .5.50 O. \ o. O. 1»(1) r::::r_ 5 ,~.50 O •. O. O. 0"" ...,0 6 I 3.50 0'1 0, 0, I»=::S 

- c: 7 '2.80; 0'1 0, 0, on ..., -
'"< Cl) 

I» ..., 

-
~ 
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TABLE 2-6 (Conf:nued) 

8 2.50 1.781E-14 2.262E"20 2.5B2F'-20 
9 2.00 O. 0" O. 

10 1.50 O. O. o. 
11 1.00 0, O. o. 
12 • 70 0 .. O. Q. 
13 .30 O. O. 0'. 

--------- -.--.. ---- ----- .. --. 
1.1'81E-14 2.~~2E-~O ~.582E'-20 

REGION NO. 9 AxIAL OO~E PLENUM REGION PI 

RECEIVER POINT A_0.99B 
COOROI~ATES R~.~ ••• 4'08932E+Ol 

Z •••••• 9 .. 82485E·02 
PHi; ••• o. 

TOTAL E.GT.p1EV E.LT.IMEV REM/HR (RADS-Tl/HR 

1 10.00 1.175E-I0 1 s17SE"1 0 1.175[-10 19361E-14 2.093E-15 
2 9.00 5.1 4OE"10 5.140E-IO 5.140f-l0 5.659E-14 8.676E-15 
3 8.00 1.1 4 7E-09 1.147E-09 Is 14 71E-09 1.272E-13 1.964E-1 4 
4- 7.00 2.598 E-OC; 2.598E"'09 2.598£-09 2.715E-13 4.206E-14 
5 6.00 5,,926E-09 5.~26E-09 5.92&f-09 6.329E-}3 9.SQSE-14 
(, 5.00 1.353E .... 08 1.353£-08 1.353F.-o8 1.436E-12 2'169E-13 
1 ~.OO 3.072E-08 3.072E-08 3.0721E-OR 3t194E-~2 4.574E-13 
8 3.20 3.S2IE-08 3.521 E-08 :3 .5211~-O8 3.445E-li 4.844E-13 
9 2.50 a'1 94E-08 a.194E-08 8.194E-08 7.402E-12 9.661E-13 

10 1.80 1.061E-07 1.061E-07 1~061E-01 1.020E-U 1.132E-12 
11 1.30 1.037E-07 l o 031E-07 1.0:nE-07 9.6B1E-12 fh778E-13 
12 ,95 9.011E .. oa 0" 9.tllE-Otl 7.661E-12 6.9551:-13 
13 .70 7.U2E-OB o· 1 al121~-08 +.952E-12 4.693E-13 
14 .50 6'036E-08 O. 6.036F-08 2.630E-12 3.469E-13 
15 .40 4.264E"08 O. 4.264F-08 Z.(?79E-12 2·175E-13 
16 .30 4.508E-08 0. 4«5081:-08 1,195E-12 1·770E"'13 11 .20 4.753E-08 O. 4.1531:-08 1.655E-12 1.766E-13 
18 .10 2.749E-08 O. 2.7491:-08 5.363E-13 6.254E-14 
19 .09 5.64BE-09 ~. O. 1.OO6E-13 le20SE-14 
20 .08 6.218E-09 O. O. 1.040E-13 1.201E-14 
21 .01 7.192E-09 O. O. 9.A68E"14' 1.267E-14 
22 .06 8,729E-09 O. O. 9.960E-14 ! • 356F. ... 14 
23 .05 I,ll OE-08 O. ' O. 1.04ZE-13 1.492E-14 

.-
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TABLE 2-6 (Continued) 

24 .04 l,476E-08 O. O. 1.063E-13 1.678E-14 
2!; .03 2.050E-fjS O • O. 1.045E-13 1.834E-14 26 .02 2.968E-08 O. O. 9.071E-}4· 1.899E-14 27 .01 2.238E-08 O. O. 2.637E'-14 7.702E-15 -----.. _-- ~,-----.. -- ----"'"'---- --------- .------_ .. a.921E-()7 3.816E,·O? 7.659£-07 S.BRIE-li 6'676E-12 

REGION NO. 9 AxIAL DOME PLENUM REGION PI 

RECEIVER POINT A.0.998 
COORDINATES R...... 4'08932E+Ol 

Z •• ;... 9.82485E+02 
PHI.... O! 

RAOS(E)/HR 

1 1.00 3.329E-12 -------.. 
3.329E-12 

FOR SOURCE REGION 1 AND DETECToR POTNT 1 THERE HAS BEEN 0 AND 0 PATH LENGTH CAlCl~ATtONS 
IN EXCESS OF 20.0 MEAN FREE PATHS(GAM~A RAY) AND 120.0 GRAMS/CM*.2(NEUTRON1,RESPE'CTIVELY 

INTERMEDI~!E S~MMARY RESULTS OVER & SUBsET OF SOURCE REGIONs 

EXTRA CORE REGIONS - TOTAL 

RECEIVER POINT A.O.998 
COORDINATES R...... 4.0a~32F..Ol 

l •• ~ •• ~ 9.82485E+02 
P~H ~'" O. 

, 

MEV/CMZ-SEC RAD~CC'/HR RE~/HR 

" 

@ 
r- ;J:loo 
D.>(I) 
C" -0"" ...,0 
D.>:::J 
- c:: on -. -
'< CD 

D.> -, 
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TABLE 2-6 (Continued) 

1 8.50 O~ O. O. 
2 7.25 O. O. 0, 
J 6,50 O. 0, O. 
4 5,50 O. O. O. 
5 4-.50 O. O. O. 
6 3.50 O. O. o. 
7 2,80 0, O. O • 
8 2.50 2.165E-14 2.750E_20 3.140E .. 20 
9 2.00 O. O. O. 

10 1.50 O. O. o. 
11 1.00 O. O. O. 
12 .70 O. O. O. 
13 .30 O. O. o. 

-------.- -.------- .. ----..• -. 
2'1 65E-14 2.150E .. ~O ~tl140F'-20 

EXTRA CORE REGIONS - TOTAL 

RECEIVER POINT A_O.998 
COORDINATES R •••••• 4008932E·Ol 

Z.!! ••• 9.824~5E·02 
PHI •••• 011 

MEV/CM2-5EC RAO~(C)/HR REM/HR 

I 1 8.50 O. O • O. 
2 1.~S O. O. O. 
3 6.50 O. O. O. 
4 5.50 O. 0, 0, 
5 ft.,SO O. 0, 0, 
6 3,50 0, O. 0, 
7 2.80 O. 0, 0., 
8 2.50 1,781E"'14 2.26~E:-20 2.582~-20 

·9 2.00 0, o. o. 
)0 h50 O. O. o. 
11 1.00 O. O. O. 
12 .70 O. O. 0. 
13 .30 O. Op 0, --ag----... ------_.- Me ___ •• _. 

1.181E-14 2,262E-20 2,5R2r.-20 

~ 
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TABLE 2-6 (Continued) 

EXTRA CORE REGIONS - TOTAL 

REcEIVER POINT A.0~99a 
COORDINATES R...... '4.08932E+Ol 

Z •• ~... 9.S2485E+02 
PHI; ••• 0,; 

TOTAL E.GT.IMEV E.LT,1 MEV REM/HR (RAOS-T) /HR 

1 10,00 1.175E-10 1,17SE ... V 1.1 75E"1 0 1.361(-14 2.093E-15 
2 9.00 5.1 4 0E-10 S.140E, .. 0 5,14(1E"'10 5.659E"14, 8.676E-15 
3 a.oo 1.147E-09 1.141E"09 1.141E'·09 1.272E-13: 1.964E-14 
4 7.00 2.598E-09 2.59~t-()9 2.598E··09 2e 775E .. 13 4.20flE-14 
5 6.00 5.926E-09 5.?26f.-09 5,926E"09 6OJ329E-i3 9.SC)5E-14 
6 5.00 1.353Eeo 08 1.353E-08 1.353F··OB 1.436E"l2 2,169£"'13 
7 4.00 3",072E-08 3.072E-08 3.07"E··08 3.1 9 4E-12 4.514E-13 
8 3,20 30521E-08 3,521E-08 3.521E'·08 3.445E-12 4.8.HE-13 
9 2.50 8'194E-08 8,194E-08 8.194F.'·08 7.402E-12 9.661E-13 

10 1.ao 1.061E-07 1.061E-07 1.0blF."07 1.020E-11 1.132E"12 
11 1,30 1 0 031E-07 1.031E-07 1.037E··07 9.fl83E-12 9.778£-13 
12 .95 9.01l E-08 O. 9.01lE'·OS 7.661E-12 6.91551:-13 
13 .70 7.1l2E-08 o. 7.112F.,·oa 4.952E-ll 4.693E-13 
14 .50 6.036E-08 O. 6.036E,,08 2.fl30E"12 3.469E-13 
15 ,40 4.264E-08 O. 4.264E"'·o8 2.279E-12 2.115E-13 
16 .30 4.S08E-08 O. 4.50AE-·08 11l795E-12 1.770E-13 
11 .20 4.753E-08 O. 4.7S3E-·OS 1.65SE-12 1·766E-]3 
18 .10 2.149E-08 O. 2.749E-·OF,i 5.363E-13 6.254E-14 
19 .09 5.648E-09 O. O. 1.006E-13 1.205E-14 
20 .OB 6.218E-09 O. O. 1.040E-13 1.201E-14 
21 .07 1.192E-09 O. O. 9.fl6AE-14 1.?67E-14 
22 .06 8.729£-09 O. O. 9.960E-14 1.3S6E-14 
23 .05 1.110E-08 O. 00 1.042E-13 1.492E"14 
24- .04 1.476E.-o8 O. O. 1.Ob3E:-13 1.678E-~~ 

@ 25 .03 2.050E-08 O. O. 1.045F~-13 1·B34E-14 
26 .02 2.9f1aE-08 O. o. 9.011E-14 1·S99E-14 
27 ,01 2.238E-08 O. O. 2.637E-1 4 7.702E-15 -------.... -----_ .. _- --...... --. _0 _____ ._ 

~--,.,-----
r- :l> 
0)(1) 

8.921 E-07 3.'H6E-O! !'659E""'o7 S.RR\E-ll 6.676E-12 C'" .-. 
0 .... 
.... 0 

EXTRA CORE REGIONS. TOTAL O):=l 
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TAB LE 2-6 (Continued) 

RECEIVER POINT A.O.998 
COORDINATES R...... 4.08932E+Ol 

1...... 9.82485£'02 
PHI;.... O. 

RAOS(El/HR 

1 1.00 3.329E~12 

---------
3.329E-12 

----4 



t , 
r 
l' 
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t I r' 
. i j 

I I, 
~I I i t I' 
f,.i,I 

J
', If 

\

,1\ ~ 

!
~ I 1 

i ' 
. ~,:i. 

. ~. 

"11 1'1-
J t 
; t I I . \~, 
" ~ i ) . " 

\ . 
1 

L' . i M 

~~: l, 
'.' Jl . 

I I r · 
; 

N 
I 

..j:>.. 
"-I 

!?4 
\ 

1-0 
2-0 
7-0 
2 1 
5-0 
3-0 
3-0 
2-0 
5 0 
5 0 
3 0 
1 0 
5 0 
5 0 
5 0 
5 0 
5 0 
5 0 
4 0 
1 0 
1 0 
2 0 
1 0 
1 0 
5 0 
5 0 
5 0 
5 0 
5 0 
5 0 
4 0 
1 0 
1 0 
2 0 
1 1 

.... ~ 

TABLE 2-6 (Continued) 

MSFC SAMPLE PROBLEM - SOURCE DATA FROM NAGS 

31 
50 
52 
75 

7 
12 
28 

1 
1400 
1405 
1410 
5533 
5534 
5539 
5544 
5549 
5554 
5559 
5564 
5568 
5584 
5585 
5587 
5635 
5636 
5641 
5646 
5651 
5656 
5661 
5666 
5670 
5686 
5687 
5689 

3 
7 
2 

36 

2 
4 
4 

6 

O. 
5'00000E+Ol 
2.15900E+02 
1.00000E+OO 
4·19149E-08 
3.42619E-08 
2·490S0f.-08 
O. 
3.50000E+00 
2.60000E+Ol 
4.10000E+Ol 
4.73750E+Ol 
5'02000E+01 
5.37500E+Ol 
6.12500E+Ol 
6.60400E··Ol 
2'15900E+02 
2.16700E,.02 
2.18440E'.02 
1.90907E+00 
1.90522E·.OO 
1.54594E,.00 
1.13896E··OO 
9.40465E"Ol 
8.61230E··Ol 
1.239 16E··01 
4.32941E··01 
2.31065F.·~01 
l'2093BE'~OO 
1. 07':154E'.OO 
7.96418E··01 

GEOM. - 75 D. PHOpo TANK 
MERIDIAN RING COS(AI-teO To 0.9 

8 10 12 

1 0 00000E+01 
6.00000E+Ol 
2.17000E+02 
O. 
4.01930E-09 
1.88ltS3E-08 
6.16802E-09 

9.50000E+OO 
3,001)00E::+01 
4.21500E+Ol 
4,81250E+Ol 
5.0&000E+Ol 
S.51900E+Ol 
6.21500E+Ol 

2.11910E+02 

1. 880h8E+00 
1~43899E+OO 
1.C1 78 8E+00 
9,0'+511E-01 
8.32337E-01 
6.63804E-Ol 
4.38821E-01 

8.&4614E-01 

14 

2.00000r+Ol 
6.64000f.+01 
2.18440E+02 

1.91538E-08 
3.02R80E-08 
2.4A045E-09 

1.40000E+Ol 
3.3S000E+Ol 
4.~?500E+Ol 
4.S'1500E+Ol 
5.10500E+Ol 
5.b('900E+Ol 
6.42500E+Ol 

1. 8 0723E+OO 
1.34613E+00 
1.03052E+00 
8.7~416E-Ol 
7.9?539E'-Ol 
5.94387£-01 
3.8S121E-Ol 

3.00000E+0'l 

2.28532E-08 
2.571 85E-08 

1.80000E+Ol 
3.6S000E+01 
4.-;SOOOE+Ol 

i4.92S00E+Ol 
'5'16500f.~Ol 
5.82500E+Ol 
6.55200F+Ol 

1.12030F+OO 
1.27038F.+OO 
9.941 Q5E-Ol 
8.71S88E-Ol 
7.64117E-Ol 
6'07213E-Ol 
2.68616E-Ol 

CALCULATED RESULTS FOR SOURCE REGION 1 

REGION NO. 10 AxIAL PRESSURE VESSEL REGION 

4.00000E .. Ol 

4.1 9 199[-08 
6.452ot;F.-08 

2.20000E+Ol 
3.90000E+Ol 
4.65000E+Ol 
4.97500E+Ol 
5.25000E-+Ol 
5.97500E+Ol 

1.63560E*OO 
1.?0327F.+00 
9.688SSE-Ol 
8,(,9175E"'01 
7@42075F.-Ol 
5.33745E-Ol 

PI 
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r- ;x:. 
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TABLE 2-6 (Continued) 

RECEIVER POINT A-o. C;198 
COORDINATES R •• ! ••• 4!08932E+Ol 

Z •••••• 9.8248SE+02 
PHl~ ••• O. 

MEV/CMZ-SEC RAOS(C)/HR REI04/HR 

1 8,50 5.375E-15 4~, 569E-2 i S.531E-21 
2 7.25 5.1 56E-1 6 4.537E-22 5.414E-22 
3 6.50 2.481E-15 2.282E-21 2.6 -T9E-21 
4 5,50 2.929E-15 1. 318E_21 3,3CJ~E-21 
5 4.50 5,369E-15 5. 637E-21 6,496E-21 
6 3,50 4.396E"15 5.056E"21 5.7591:-21 
7 2,80 2.425£-1 5 2. 983E-21 3.419E-21 
8 2.50 3.910E-15 ~.965E-21 5.669E-21 
9 2.00 3.3j~E-15 4.575E-21 5.210E-21 

10 1.50 8.447E-15 1.250E-20 1.427E-21) 
11 1.00 3.286£-15 5.291E-21 6.047E-21 
12 .7f) 8.134E-16 1.358E-21 1.51'8E-21 
13 ,30 3.766E-1 6 6.251 E-22 7 '117f-22 

-------.- -_._----- ---., .. -- .. 
4.366E-14 5.!61E-~O 6.!3l2r.-20 

REGION NO. 10 AxIAL PRESSURE VESSEL REGION PI 

RECEIVER POtNT A-O.998 
COORDINATES R~.~ ••• 4'0e932E+Ol 

Z •••••• 9.82485E+02 
PHI;. III O! 

MEV,CM2-SEC RAOS(C)/HR REM/HR 

1 8.50 5.1 88E-15 4,410£'''21 5.3~41:'''21 
2 7.25 4,960E-16 4.365E .. 22 5.20AF."c2 
) 6.50 2.318E-1S 2.l88E"Zl 2.S6AE-21 
4 5.50 2,792E-15 1_256E-21 3e23f3£'-21 
5 4.50 5.066E-15 5.320E-21 6.130F.-21 
6 3.50 4,088£-15 4.102E.21 .5. 356E' .. 21 

~ 
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TABLE 2-6 (Continued) 

7 2.80 2.216E-15 2.726E-21 3.12SF,-21 
8' 2.50 3.542E-15 4.499E-21 5.137F-21 
9 2.00 2.Q63E-15 4.059[-21 4.622[-21 

10 1.50 7.252E-15 1. 073E-20 1·226F.-20 
11 1.00 2.687E-15 4.327E-21 4.945E-21 
12 .70 6.4llE-g) 1.071£-21 1·244E"21 
13 ,30 2'314E-1 6 3. 841 E-22 4.374E-22 

--------- -.------- w __ ..... --_ 

3.954E-1 4 4.611E-~0 5. 49 2£-20 

REGION NO. 10 AxiAL PRESSURE VESSEL REGION Pl 

RECEIVER POINT A.O.998 
COORDINATES R •• !,., 4-08932E+Ol 

z •••••• 9.82485E+02 
PHl~ ... o! 

TOTAL E.GT.I MEV E.LT.p~EV REIo4/HR (RADS-T) /HR 

1 10.00 1.474E-I0 1,474E-I0 1.474E-l0 1.707E-14 2.626£-15 
2 9.00 6.680E-I0 .:,.680E-I0 6.680F..:-I0 7.355E-14 ]'128E-14 
3 B.OO 1.512£-09 1.512E-09 1.512E-09 1.676E-13 2.58AE-1 4 
4 7.00 3.409E-09 3.409E-09 3.409E-09 3.641£-13 5.519E-14 
5 b.OO 7.647£-09 7.647E_09 7.647E-09 8.167E-13 1 8 23RE-13 
6 5.00 1.703E-08 1. 103E-08 Ie 703E-08 1.R07E-12 2.730E-13 
1 4.00 3.7S9E.-08 3,759E-08 3.7S9f.-08 3.909E-12 5.597£-13 
8 3.20 4.21 5E-o B 4.215£-08 4.21Sr:--oB 4.124E-12 5.800E 8 13 
Ii 2.50 9'''51£-08 9.b51E-OB 9.6S1E'-OI:l 8.718E-12 1.13AE-12 

10 1,80 1.234E-07 1.234E-01 1.234F-07 1.1 87E-11 1.317E-12 
11 1.30 1,?OOE-07 1.200£-07 lo200F.-07 1.120E-11 1.131E-12 
12 .95 9.326E-08 011> 9.326r:-OI:l 1,Q29(-12 7.199E:.-}3 
13 .70 1.441E-08 ()~ 1.447[-08 5.185£-12 4.914E-13 
14 .50 6.202E-08 O. 6.202F.-08 2.703E"-12 3.S~5E-13 
15 ~40 4'301E-OB o. 4.30lE-oa 2'298£-12 2·194E-13 @ 16 ,,3(1 4.434E-08 O. 4.4'34E-08 1,766E-12 1.7HE-13 
11 .21) 4,532E·08 O. 40i53?E'-08 1.57AE-12 1.684E-13 
18 .10 2.525£-OB o~ 2.S25E-08 4.926£-13 5.745£-14 r- :l> 

0)(1) 

19 .09 5.0~3E-09 o· o· 9.n'53E-14 l'OA4E-14 r::::T-
0-' 20 ,08 5.557E-09 0. O. 9.292E-I4- l,073E-14 -,0 
0) :::J 21 .01 6,448E-09 O. O. 8,A47E-14 1.136E-14 - c:: o ('") 22 .06 T.SBIE-09 o~ . O. 8,992E-1~ 1·225E-14 -, -
'< CP 

0) 
-, 

~ 
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TABLE 2-6 (Continued) 

23 .Os l,007E"OB O~ O. 9.451E-14 1.353E-14 
2. .0. le335E-08 O. O. 9.617(-14 1.517E-14 
25 .03 1.822E-08 0- O· 9.292E'-1 4 1.630£-14-
26 .02 2.541E-08 O. O. 7.765E'"'14 1·625E-l. 27 .O! 1.798E-08 O. o. 2·118E-H 6.181E-15 -------.... . ..... _---... __ ...... n ___ • ----......... - ----------9'478E-07 •• 501E-01 ~.~7FJE-07 6.S77E-ll 7.'·517E-12 

REGION NO. 10 AXIAL PRESSURE VESSEL REGION PI 

RECEIVER P~INT AaO.99B 
COORDINATES R...... ..OB932E+01 

Z...... 9.82485E+02 
PHI!".. O. 

RADSIE)/HR 

1 1.00 4.246E-12 
--.------
•• 246E-12 

fOR SOURCE REGION 1 AND DETECTOR POINT • THERE HAS BEEN 0 AND 0 PATH LENGTH CALCULATIONS 
IN EXCESS OF 20.0 MEAN FREE PATHSIGAMMA RAY) AND 120.0 GKAMS/CM**2INEUTRON) ,RESPECTIVELY 

INTERMEDIATE SUMMARY RESuLTS OVER A SUBSET OF SOURCE REGIONS 

EXTRA CORE REGIONS - TOTAL 

, 
RECEIVER POINT A_O.998 
COORDINATES R...... 4'08932(+01 

Z •• ~... 9.82485E+02 
PtH~... 0.' 

MEV/CM2-SEC RAOSrC)/HR REM/HR 

......... 



i • 
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I , I 

'I I'" , I 

I I' 

r I: , I· .i.-
\' , 
: I • . I 

'

it'i I 
, '\ ~ , I' . '- ! 
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I' 
,( 

-1 ..•. j;;,. 
If 
f 1 ! \:1 

'f q 

; ~ .. (~ 

J 
1 

~ 

~~'t i · 
, f" 

! I 
! J. 

~ 
I 

U1 

/~\ 

1 8,50 
2 7.25 
3 6.50 
4 5.50 
5 4.50 
6 3.50 
7 2.80 
8 2.50 
9 2.00 

10 1.50 
11 1.00 
12 .10 
13 .30 

5.375E"'15 
5.156E-16 
2.481E-15 
2.929E-15 
5'369 E-15 
4.3 96E-IS 
2.425E-15 
3.910E-15 
3.339E-15 
8.447E-15 
3.286E-lS 
8.134E"16 
3.766E-16 
---------4.366E-14 

4,569E"21 
4.537E-22 
2.282F.-21 
1.318f-21 
5. 637E-21 
5.QS6E-21 
2. 983E-21 
4.965E-21 
4.575f-Zl 
1.250E-zo 
5.291E-21 
1.358E-21 
6.2S1E-22 
----....... c.-

5.~61E-~0 

TABLE 2-6 (Continued) 

5.537F.-Zl 
5.414E-22 
2.67QF-Zl 
3.398F-Zl 
6.4 c')6f-Zl 
5~759E-21 
::;'~19E-21 
S.66QE-Zl 
5,ZlOE-21 
1.427E-20 
6.047F."Zl 
1.578E-Zl 
7.117E-22 .. _---.--. 
6. P2E-ZQ 

EXTRA CORE REGIONS - TOTAL, 
I 

RECEIVER POINT A_O.998 
COORDINATES R...... 4.0B93ZE.Ol 

1 8.50 
2 1.25 
3 6.50 
4 5.50 
5 4.50 
6 3.50 
7 2.80 
8 2.51) 
9 2.00 

10 1.50 
11 1.00 
12 .70 
13 .30 

Z...... 9,82485E.02 
PHI.... O! 

MEV/CM2-SEC RAD5(C)/HR 

5.188E-15 
4. 96 0E-16 
2,3 78E-15 
2.792E-l5 
5'066E-15 
4.0B8E-15 
2.216E-15 
3.S4ZE-15 
2.963E-15 
7.252E-15 
2.6H7E-lS 
6.411E-16 
2.314E-16 

---------3.954E-14 

4.410[-21 
4.365E_Z2 
2.188E-21 
1.256E-21 
5,3Z0F"21 
4.702f-21 
2.726E"ZI 
4.499E-21 
4,059[-21 
1.073~-20 
4.327E-21 
1.071E-21 
3. 84 1E_22 ------.... 
4.61lE-~O 

REM/HR 

5.344r-21 
5.208F.'-Z2 
2.56AF.-Zl 
3.23Af-21 
6.130E"21 
5.3'l6F-2t 
3el25F-21 
5.137E-21 
4.622E-21 
1.226F.-20 
4.945E-i?1 
1.244r:: ... 21 
4.J74E-C?2 -----... _ .. 
S.492F.-j1!O 

'-1 

@ 
r- :x> 
0)(1) 
C'" ...... 
0-' 
-,0 
O):::J 

- c= 0('") -, 
"< CD 

0) 
-, 

~ 
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TABLE 2-6 (Continued) 

EXTRA CORE REGIONS - TOTAL 

RE.cEIVER POINT A_(:).99R 
COORDINATES R •• ~ •• ~ 4.08932E·Ol 

Z •••••• 9.82485E+02 
PHi .. u O. 

TOTAL E"GT.IMEV E. LT. 1 '/.IE \.\ REM/HR (RADS-T)/HR 

1 10.00 1.414E-10 1. 414E-I0 1.474E-l0 1.107E-14 2.626E·,15 
2 9.00 6.680E-1O 6.680E-I0 6.680E-10 7.355E-.14 ),t28E-14 
3 8.00 1.S12E-09 1.S12E-09 1.51i?E-09 1.616E:":13 ?.SAAE-14 
4 1.00 3.409E-09 3.409E-09 3.4091:.-09 3.~41E"13 5.519E ... 1" 
S 6.00 1.641E-09 1.647E-09 1.641E-09 8.167E-13 10238E-13 
6 '5.00 1.703E-08 1.103F."'08 1.703£-08 1.A{17E-12 2.730E-13 
1 4.00 J.159E-08 3.159E-08 3.759E-08 3.909E-12 S.S97E-13 
8 3.2n 4.21 SE-08 4.21SE-O B 4.21SE'-08 4.124E-12 s.aooE-13 
9 2.50 9.651E-08 9.651E-08 9.651r.-0 8 B.7lSE-12 1·138E-12 

10 l"BO 1.234E"01 1.234E-01 1.234E'-07 1.1 87(-11 1·3}7E-12 
11 1.30 l'cooE-07 1.?OoE-01 1.200F.-01 1.\20E-ll 1.131E-12 
12 .95 9.326E-OB o· 9.326E'-08 7.929E-12 7.199E-13 
13 .70 7.441E-oB 041 1.~41f-08 S.lR5E-12 4.914E-13 
14 .50 6.202E.-o8 O. 6.202E-08 2.703E-12 3.565E'-13 
15 .40 ".301 E-08 o. 4.301E:-08 2.298E-12 2·194E-13 
16 .30 4 .. 434E-OB O. 4.434E-08 1.766E-12 1·741E-13 
17 .20 4.532E-08 o· 4.532E'-08 le578E-12 1·6A4E'-13 
1B .10 2.52SE-08 o • 2.S25E-08 4.926E-13 5.7451:.-14 
19 • 09 5.0J.33E'"'09 O. O. 9.053E-14 1·0A4E.-t4 
20 .08 5.S51E-09 O. O. 9.292E-14 1.073E-\4 
21 .01 6.448E-09 O· O. 8.R47E-14 1.136E-14 
22 .06 1.881E-09 o. O. 8.99ZE-14 1·22,E-\4 
23 .05 l.oo7E-oB O. O. 9.457E-14 1.353F.-14 
24 -04 1.335E-08 o· o· 9.617E-14 1·S}7E-14 
25 e03 1.822E-08 O • o· 9.292E-14 1.630E-14 
26 .02 2 .S41 EftO'£; O. O· 1.165E"14 1·625E-14 
21 .01 1.798E-OB O. o· 2.118E-14 6.187E-15 

-------.- -----_ ..... '. .. ... -- .. --- .. _-;;.----.- ._ ... -----
9.418E·01 4.501 E-(/7 l:Ie~lAE-07 6.577E-11 1'S11E-12 
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TABLE 2-6 (Continued) 

RECEIVER POINT A-O.998 
COORDINATES R.II •••• - 4008932E+Ol 

Z~..... 9.82485£+02 
PHI.... 0 .. 

RAOS(E)/HR 

1 1.00 4.246E-12 

---------4.246E-12 

CUMULATIVE SUMMARY RESULTS OVE~ ALL SURSETSioF SOURCE REGIONS 

NUCLEAR SUBSYSTEM - TOTAL 

REcEIVER POINT A~O.998 
COORDINATE~ R •••• ft , 4.08932E+~1 

Z...... 9.8248~E+02 
PHI~... O. 

MEV/CM2-SEC RAOS(C)/HR REM/HR 

1 8.50 5,084E-10 4.322E-16 5.237F-16 
2 7.25 S.998E-11 5.279E-17 6.298E"-17 
3 6.50 3.510E-10 3.230E"-16 3.79}E'-16 
4 5 a SO 3.798E-I0 1.709E-16 4.40SE-16 
5 .,50 9.668E-IO 1.OISE_IS l.l70E-l') 6 3.50 1.1 86E-09 1.364f;-15 1·S54F-15 
'1 2.80 5.109E-10 6,284E"16 7.204E-16 
,8 , 2,,50 '1.340~-lO 9.322E-16 1,06"F-1l5 9 21100 5-429 -=:'10 1.438E-16 8 v 410E-n6 

10 1,50 5.628E-IO 8,329£-16 9.51 H:-]6 
11 1,00 2,561E-1O 4 11 123E_16 4.112E-l6 
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TABLE 2-6 (Continued) 

12 .10 2.094E-IO 3.497E-16 4.0&21:-16 
13 .30 1.410E-ll 2.341E-17 2.6661:..,.11 

-------.- -.-.... ---- ----- .. ---, 
6.293E-09 1.~81E-1S ~.617E-15 

NUCLEAR SUBSySTEM ~ TOTAL 

RECEIvER POINT A·O~qt;8 
COORDINATES R.,!, •• 4t08932E+Ol 

Z •••••• Q.B2485E+02 
PHi~ ••• O. 

MEV/CM2~SE~ ~AOS(C'/HR REr-4/~·,R 

1 8.50 2.709E-I0 =.303E-16 2. 1Q OE"'16 
2 1.25 2.760E .. U 2. 429E-17 2.898r-17 
3 &.50 1.49() EoU 1O 1.371E-16 1.6n9F-16 
4 5.50 1.432Et>lO 6.'\46F.-17 1·6&2F-:-}b 
5 tt.50 3.130E-IO 3.286E-16 3.787F.";'lb 
6 3.50 3.073E"'lO l.533E-16 4.025E-16 
7 2.80 1,075E-IO 1.322E-16 1.515E-16 
8 2.50 1.444E"lO la 834E-l& 2.094F.-16 
9 2.00 B.111E-ll ls111t-16 1.26SE-lb 

10 1 0 50 6.358E-11 9.410E-17 1.075F.'-16 
11 1.00 1.469E-11 2.:366E-17 2.104(-11 
12 "'0 6.92f1E-12 1,,157E_17 1~344F.-17 
13 .30 6.24JE:"'14 1.03bE-19 ltlROE-19 _119 _____ ._ 

... -... -... - -_ .. -... -.. 
1.629E-09 i·694E-15 ~.OC;?E-15 

NUCLEAR SUBSYSTEM - TOTAL 

REcEIV£R POINT A~n.998 
COORDINAT(S R...... ~.OR932E.Ol 

Z •• ~.ee 9.82485E+02 
PHI;... O! 
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I 10.00 
2 9.00 
3 B.OO 
4 7.00 
5 6.00 
6 S.OO 
., 4.00 
8 3,20 
9 2,50 

101.80 
11 1,30 
12 .95 
13 .70 
14 .50 
15 .~O 
16 .30 
11 ,20 
18 .10 
19 .09 
26 lOB 
21 ,07 
22 .06 
23 .05 
24 .04 
25 • OJ 
26 .02 
27 .01 

TOTAL 

2.7':#1E-l0 
1,219E-09 
2.720E-09 
6.133E-09 
1,388E-08 
3.137E-08 
7.059E-08 
B,,052E-08 
1.871E-07 
2.423E-07 
2.371E-07 
1.9701:-07 
1.S79E""07 
1.331E-0'1 
9.386E-OB 
9.830E-08 
1.024E-07 
5.831E-08 
1.194E-OB 
1.309E"'08 
l.s0 fi E-OB 
1.824E-08 
2.318E-08 
3.091E-OB 
4.333E-08 
6.446E"08 
5.256E-08 
- __ 00 ____ _ 

1.987E-06 

E.GT·IMEV 

2.191E"10 
1.219E-09 
2~~~20E-09 
6.133E-09 
1.388E-OB 
3.i37E-08 
7.059E-08 
8.0s2E-08 
1.871E·01 
2.423E-01 
2.311E-07 
O. 
O. 
o. 
o. 
O. 
0, 
O. 
O. 
O. 
O. 
o. 
o. 
O. 
O. 
O. 
O. 
---------8.:;32£ .. 07 . . 

TABLE 2-6 tContinued} 

E.LT.1MEV 

2.79}IE-IO 
1.219E-09 
2.72oF.,09 
6.13:3F-09 
1.38SF-08 
3.137F.-08 
1.059E-OI:i 
8.052E-08 
1.8711:-07 
Z.423E-07 
2.371f.-o7 
1.970E-01 
1.57~F."'07 
1.337f-07 
9.386E;"08 
9.830F.-08 
1. tj'24E-O 7 
5.831IE-08 
O. 
O. 
o. 
0" o. 
o. 
o. 
o. 
o. -----.. --. 
!.71 5f-06 

REM/HR 

3,?J2E-14 
1.34 2E-13 
3.017E-13 
6.s50E-13 
1_482E-12 
3.32BE-12 
7.341E-12 
7.A18E-12 
1.690E-l1 
2.330E-ll 
2.214E"11 
1.67'5E-11 
1.099E-l1 
5.825E-12 
5.016Eh2 
3.91sE'-12 
3.564£-12 
10138£-12 
2.126E-13 
2.189E"'13 
200 69£"'13 
2.081E"'13 
2:.}71E-}3 
2.227E-13 
2.210[-,3 
1. 97 0E-13 
6.192E"14 -----..... -
lt324E-I0 

CRADS-T) IHR 

4.971E-15 
2.057E-14 
4.657E-14 
9.929E-14 
2.247E-13 
5'029E-13 
1·051E-12 
1.10AE-12 
2.206E-12 
2.SRSE-12 
2.235E-12 
1-520E-12 
1.042E-12 
7.683£-13 
4.788E-13 
3.860E-13 
3.805E .. 13 
}.321E-13 
2.541£-14 
2 .. 529E-14 
2tl655E-14 
2 .. 83~E-14 
3"115E:-14 
3.51~E-14 
3.877£-14 
4.123E-14 
1.809E-14 
... --.- ..... -
i·506E-~1 

NUCLEAR SUBSYSTEM .. TOTAL 

RECEIVER POINT A~O.99a 
COOROINATES R •• ~... 4-08932£+01 

l ••••• ~ 9.8248SE~02 
PHI~... o. 

RAOSlE)/HR 

" -.t 
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2.6 CODE LOGIC 

fw\ Astronuclear 
\!::!:) Laboratory 

The general code logic used in the KAP VI code is presented in this section. The 

calculational procedure used in KAP VI 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 flc::>"A' 

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 abs.orption coefficients. All other differences be

tween KAP VI and KAP V are involved with calculations and/or ii/put 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, initial izes 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 resul ts. 

Prints out the final resul ts 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 
(A I bert-Wei ton, moments method monovadant 
or bivaricmt, polynomial) or gamma rays 2 
(exponential) depth penetration data (grams/ cm ) 
in each element or material in the KAP VI 
problem. Depth penetration data are com-
puted by sobroutine LENGTH. 

CalcukJtes the depth penetration in each 
element or material for each line - of -sight 
from Cl source point to a detector point. 
Calculates the geometry related data. 

Calculates the source point distribution 
and normal ized source data for each source 
zone basoo on input source distribution data. 
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Subroutine Name 

SIR 

PPLOT 

LIBRE 

LIBER 

BUILD 

SI 

INOUT 

SIGK 

AL 

P¢UT 

ERROR 

EXIT 

SLITE 
SLITET 

TABLE 2-7 (Conti nued) 

Principal Function 

fW\ Astronuclear 
~ Laboratory 

Calculates interpolated values of source 
distribution data for input distributions. 

Not presently used. 

Calculates group-wise gamma ray absorption 
coefficients (i. e. I total cross sections) for 
elements based on i nterna Ily stored bivariant 
polynomia I coeffi ci ent data or interpolation 
of tabu lar 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 photoel ectric and pair production 
library data and Klein-Nishina equations. 

Calculates cubic polynomial coefficients for 
use in buildup factor calculations based on 
group energies and internally stored bivariant 
polynomial coefficients. 

Performs parabol ic interpolation of tabular 
data. 

Prints organized output of the input data 
and performs input data checks. 

Calculates the total Compton scotter cross 
section at an energy based on the Klein
Nishina equation for inelastic scattering of 
a photon with a free el ectrono 

r~rf~fms a log-log interpolation of tabular 
d(lt(i" 

t;!~"ln1·s alphanumeric title information o 

Prints alphanumeric error statement. 

Subroutine to simul ate system routine with 
a STOP o 

Subroutines to simulate systam sense I ight operations 
for use in LENGTH subrouti ne .. 
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OPERATION: 

DECISION: 

ENTRY POINT: 

EXIT (RETURN) POINT 

,.. 

I 

MAJOR OPERATION 

MINOR OR INITIAL 
OPERATION 

CONOITION 1 

CONDITION 2 

I 

Figure 2-1. Flow Chart Symbolism 
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INITIALIZE ALL 
QUANTITIES 

READ INPUT DATA 

1. ALPHANUMERIC 

2. INTEGER 

3. REAL 

IF 
INPUT 
I:RROR 

NO 

CALCULATE 

AMBIGUITY 

INDICES 

IFMATL:O 

~: 

IF ISITI 0 

~ 

YES 

!:!: 

< > 

> 

IF ISORC: 0 r---=>--.-I 

IF IBILD:O/--.;..>--..-J 

IF INOUTI I?--:">---.I 

IF 
INPUT 
ERROR 

NO 

BEGIN 

YES 

CALL 

EXIT 

CALCULATE 
GAMMA RAY 
LIBRARY DATA 

I 

INTERPOLATE 
SOURCE 

DATA 

I 

CUCULATE 
SOURCE 

DATA 

CALCULATE 
BUILDUP 

DATA 

PRINT INPUT DATA 

I 

CALL EXIT 

DETECTOR --0 
r-__ PO_IN_T_L_O_O_P_--I-' A _ . 

n· I 

I 

IF ISRCI6 ;>--____ ~---..... 
~ 

CALCULME CARTESIAN 
COORDINATES OF 

SOURCE POINT 

INCLUDING TRANSLATION 

XS· Xs + XT 
YS·YS+YT 
Zs E Zs + ~ 

BEGIN SOURCE 
POINT LOOP IN 
AXIAL OR POLAR 
DIRECTION 

CALCULATE RADIAL 
AND 

AZIMUTHAL SOURCE 
TERM, S •• 

'I 

CALCULATE CARTESIAN 

COORDINATES OF 

SOURCE POINT; X Y ., s 

'L 

eEGIN SOURCE 
POINT LOOP 

IN AZIMUTHAL 
DIRECTION 

i = I 

~ 

BEGIN SOURCE 
POINT LOOP 

IN RADIAL 
DIRECTION 

1=1 

~ 

IF ISCP = 0 

CALCULATE 
CARTESIAN 

COORD1NA TES 
OF 

_ _ DETECTOR POINT 

t 

-

> 

Xs - Xs COS (ZS) + ~ 

YS·Ys COS (ZSi+Y
T 

I---' 

Zs E RS SIN (ZS). ~ 
._J 

o 

C 

B 

1 
CALCULATE 

SOURCE 

REGION ,,(EGl'S 

> 

I CALCULAic 

! SOURCE POINT 

I SOUllCE TERM 

L· Sj I k 
----r---..J 

CALCULATE 

PATH LENGTH S 

(SU6I!OUTINE LENGTH) 

PZ,PM,P 

IF 
GEOMETR 

ERROR 
YES ---D 

>---~D 

NO 

n CALCULATE 

KEItNEL FUNCTIONS 
;.(EGl, ¥-(ENl, ¥-AW 

CALCULATE 
INDIVIDUAl. 
SOURCE POINT 
FLUX DATA 

ACCUMULATE 
SOURCE POINT 
FLUX DATA 

i 

K=K+I 1 
~ 

IF K:MSO 

> 

1-/+ 1 I 

I:NSO(l) 

> 

~ ) ..... 

._ _ . p~ l.:~~·""':":' c 'lI, 

___ ~~~~ __ ~=~:~~~~~,-~:~~C~~~~~'------'-~-'-A·~·;·2~-I~~~@~~~·;;~=;-:--;·~·=;~~=~~~ 



CALCULATE 

iOURCE POINT 

,OURCE TERM 

Sj i Ie 

I CALCULATE 

TH LENGTH S 

OUTINE LENGTH) 

I PZ,PM,P 

II:"K+I 

> 

1-1+ 1 

YES 

CALCULATE AND PRINT 

ACCUMULATED 

SUS- TOTAL 

RESPONSE RESULTS 

INITIALIZE 

INDIVIDUAL 

SOURCE REGION 

RESULT LOCATIONS 

CALCULATE AND PRINT 

1">--------4~ INDIVIDUAL SOUi\~:E REGION 
> 

CALCULATE TOTAL 

SOURCE REGION 

FLUX DATA 

> 

RESPONSE RESULTS 

ACCUMULATE 
SOUIlCE REGION 
FLUX DATA 

INITIALIZE 

SUa~TOTAL 

I!ESUlT LOCATION: 

... 

CALCULATE AND PRINT 

ACCUMULATED TOTAL 

RESPONSE RESULTS 

INITIALIZE 

lOTAL 

RESULT LOCATIONS 

, fw\ Astronuclear 
'5l Laboraiory 

> Figure 2-2. KAP-VI Program Logic 
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2.7 METHOD OF SOLUTION 

The KAP VI {Point Kernel Attenuation Program} code 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 inc! uded: (1) a modified Albert-Wei ton function for 

ca I culating fast neutron dose rate using remova I cross sections; (2) a bivariant polynom ial 

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 cyl indrical, spherical, disc, I ine, 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 Gf 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 ;nformation in order to perform geom-

etry and energy dependent calculations: 

1} zone descri pf'i ons wh ich are def:ned by intersecting surfaces, 

2) geometric surfaces which are descriLtf~d by forms of the quadratic equations, 

3} compositions in the zones which are described by a mat~rial-compos;tion 

table, and 

4) nuclear properties of the materials. 

Based on this geometric data, the KAP Vi program calculotes the "Iine-of~sight" 

distance (path length) through each material in each zone between each SI'HJrCe point and thd 

detector point. , 

Subsequent sections describe the techniques used in describing and s;'Jlving geometry 

dependent quantities for a KAP VI problem. 
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2. 7. 1 

surfaces: 

Geometric Surfaces 

rVj\ Astronuclear 
\!::!:) Laboratory 

The geometry of a KAP VI problem can incl ude the following types of equation 

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 ell ipt,'ic cyl inder about any z axis. 

4) Equations of any quadratic surface by specifying appropriate equation 

eoeffi ci ents. 

To simpl ify the geometry description, the program contains specific forms of these 

quadratic surface equations. Each of these equations are identified by an equation number 

(va I uo of input quantity NEQ BD). The equations avai labl e are as foil ows: 

A(x
2

) + B(y2) + C(z2) + Xox + Y Oy + Zoz - D = 0 (NEQBD = 1) 
2 2 2 2 

(NEQBD = 2) A(x - XO) + B(y - yO) + C(z ... ZO) - D = 0 

(x - XO)2 + (y - Y 0)2 - D 
2 = 0 (NEQBD = 3) 

x - D = 0 (NEQBD = 4) 

y - D =0 (NEQBD = 5) 

z-D=O (NEQBD = 6) 

The equation coeffici ents A, B, C, XO, YO, ZO, and D are input data for the surface:; 

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 coeffi'

cients properly, can describe elliptical cylindric surfaces with their axis parallel to each of 

the coordinate axes. NEQBD = 1 is a f(.>rm of the general quadratic equation. By proper 

manipulation of the coefficient of a quadratic equation defining a surface, one can calculate 

the requi red coeffici ents A, B, C, D, XO' YO' and ZOo 
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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 

probl em is lim ited to 100 surfaces with a maximum of 6 surfaces per zone. 

2. 7.2 Geometric Zones 

A zone is defined as a region containing a homogeneous composition of moterials , 

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 probl em. Each zone is described as a vol ume bounded by ClS 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 ll technique to aS$ign the boundary surface-zene 

relationsh ip V:J lues to each of the zone boundary numbers. This relationshi p 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 

cal led the "ambiguity index. II 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 -,ser is difficult and Hme con

sum ing. To circumvent th is problem, the KAP VI code requires as input the Cartesian co

ordinates of a point (xp' YP' 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 

(X p' Y P' Zp) define the quantity, V, for each particular equation number (NEQBD = 1 

through 6) as follows: 
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V = A(xp '- Xo)2 + B(yp - YO)2 + C(zp - ZO)2 + XOXp + YOYp + ZOZp - D 

v = A(x F) - XO)2 + B(yp - YO)2 + C(zp - ZO)2 - D 

V = (x p - XO)2 - (Yp - Yo)2 - D 

V'='=x - D p 

V=':Yp-D 

V = zp - D 

(NEQBD = 1) 

(NEQBD = 2) 

(NEQBD = 3) 

(NEQBD = 4) 

(NEQBD = 5) 

(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 VI 

source region ca;culation; and the computed signs are used for all geometry calculations for 

th is source regi on. 

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 Ca I culations 

The geometry ca I culation begins with the computed CClrtesian coordinates of a 

source point (xS, YS, zS) and a detector point (XD, YD, zD). These coordinates are computed 

as follows: 

Xs =: R· cos 9k . 
I ,I 

ys = Ri sin 9k,i Cylindrical Source Point 

zs = Zj 

or: 
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The total "Iine-of-sight" distance, p between a source point and a detector point, 

and the direction cosines (a, p, y) are then computed as follows: 

p = ~ (xO - ><S)2 + (Yo - YS)2 + (zO - zS)2 

xD - xs 
a= 

y= 

p 

YD - YS 
p 

ZD - zs 
p 

The next step in the geometry calculation is to obtain the pa1'h length, p Z, traversed 

in each region along tJ-,e !iline-of-sight." This calculation be~ins with the coordinates of a 

IIpseudo-point" (x', y', z'), along the "Iine-of-sight" which is related to the original source 

point by the input value, FUDGEI' designated by bo. This calculation is performed as: 

x' = xS + abo 

y' = YS + p'bo 

z! = Zs + y/). 

This pseudo-point (Xl I yi, Zi) is used in conjunction with input zone boundaries, 

surface, numbers1 surface equations, input surface coefficients, and the source zone number to 

calculate the correc:!zone in which Xl, yl, and z' lies. The actual operation perfon-ned is 

a cycl ic calculation ?f the quantities, VbZ, for each boundary, b, of the source zone, Z. 

The c}'clic calculation begins in the zone specified by the input value, IZSO. The values 0'£ 

VbZ depend on the equation number NEQBDb of boundary, b, and follow as: 

VbZ = A{x ' - Xa)2 + B{y' - Ya}2 -I- C{z' - Za)2 + XOX,I + Yay,' + ZOZ! ON D2 

VbZ = A{x' - Xa)2 + B{y' - Ya)2 + C{z I - Za)2 _ D2 

V bZ = (x I - x a) 2 - (y I - Y a) - D 

VbZ = Xl - D 

VbZ = y' - D 

V
bZ 

:= Z' - D 
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Xs = Ro cos 9k • sin cPo 
I " , 

yS = Ro sin Sk ° sin cP'o' 
• ,I I 

Zs = Ri cos CPo 
I 

xD = RD ;::05 9 D 

YD = RD sin 9D 

zD = ZD 

where: 

fw\ Astronuclear 
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Spheri co I Source Poi nt 

Detector Point 

Ri = arithmetic mean based on a'feas of the source interval bounded by the radii 

Ri and Rj+ 10 

Rj = ~ R~l + Rf 

2 

9k,i = the arithmetic mean of the azimuthal source interval for each radial interval, 

i, bounded by Qk : and 9k+1 i' i. e., ,I , 

- Qk+l • + 9k . 9 - ,I ,I 
k,i - 2 

Zj = the arithmetic mea~ of the axial source interval boun.ded by Zj and Zj+l, i. eo, 

- Zo,+l + Zo, 
Zj = 2 

4> i = the arithmetic mean of the polar source interva I bounded by i and j+ 1, i. e. , 

- cf> 0+1 +cf> ° 
cf>j = , 2 I 

RD = the radial coordinate of the detector point (input to the problem) 

9D = the azimuthal coordinate of the detector point (input to the problem) 

ZD = the axial coordinate of the detector point (input to the problem) 
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If the sign of the quantity, VbZ, ~d the sign (ambiguity index) of the boundary 

surface number LB DbZ are of opposite sign for a II boundar;" surfaces, the point (x I , Y I , Z I) 

lies within the zone, Z. If the point does not lie in the IZ50 zone, the program searches 

the zones in a specific order as follows: IZ50 -:- 1, IZ50 +2, .... up to the number of 

zones, NREG i then it begins with Zone 1, 2, etc. up to IZ50-1. I f a zone is found wh ich 

conto ins the po~nt (x I , Y I, Z I), the ca I culation proceeds to the next geometry ca Iculation 

step. If no zune 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 

sol ution of distances from the point (x I , Y I , Z I) to each boundary surface of the zone. The 

sol ution is obtainecl by solving the boundary equations for the point of intersection of the 

"Ihe-of-sight" and the surface in question. These distances to each boundary are :;equen

tially tested, and the minimum distance in the correct directi<">11 is selected as the distance 

from the "pseudo~point" (x I , Y I I Z I) to the correct boundary. This quantity is defined as 

pi z. 
At this point in the calculaHon, the correct path length in the zone is calculated as: 

PZ:=P'Z+lj, 

The material path lengths, Pm' for each mat"erial, m, are immediately calculated as cumula-

tive sums from P"and composition materia I matrix va I ues ~ 9 in Table 2-8 and as follows: 
i_ , m,c 

Pm:=Pm+PZ • emc I 

In the above equation, c is the specific composition of the zone, Z, (quantities, ern,c, are 

discussed in the next section), and Pm 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 obTaining the next zone (along the line-of-sight) path length. The input 

values, NTRYZNbZ, determine the "most probable" zone entered upon crossing boundary, b, 

of the zone, Z. With the last calculated val;Je of PZ' a new IIpseudo-point" along the line

of -sight is calculated as: 

Xl := X I + oPZ 

yl := y' + !3 PZ 

z· := Z I + YPz 
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V 1 .. 
s-
a> 2 ..!) 

E ... :::> 
Z 3 

C 
0 ·z 
In 
0 
0.. 
E 
0 

V 

NCOMP 

TABLE 2-8 
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ELEMENT OR MATERIAL COMPOSITI ON MATRIX (9M,C) 

Element or Material Number, M 

1 2 3 4 ... · . • MAT 

91 1 , 92 1 
I 

93 1 
. I 

94 1 .. • • , • • • 9MAT,1 

91; 2 g2 2 , 932 , 942. , · . . 9MAT,2 

9 1 3 92 3 933 94 30 • • • 9MAT 3 · . I I I , , 

· . · . 
· . . · . . · . 
· . . . . · . . 

• · . . . e • • • 

· . . · . · . . 
• • • · . • 

· . . · . 
91, NCOMP 92, NACOMP 93, NCOMP 94, NCOMP 9MAT,NCOMP 
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p = '" 9 . Pz m L...J m,c _ 
Z 

where the composition number, c, is specified as being in zone, Z. 

Values of P are used in calculating the neutron and/or groupwise gamma ray depth 

penei'ration for each source point-to-detector point path I ength through each el ement or 

material, m. 

A "void" is defined as a comp,::>sttion with zero density or volume fraction for each 

constituent in the matrix. 

Nuclear data, such as gamma ray absorption coefficients or neutron removal cross 

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 rnass 

or I inear absorption coefficients, {Il/p )m' or Ilm' and the mass or I inear neutron removal cross 

sections, { 1/ P )m of !. m' The user must input (or compi I e from the I ibrary as discussed in 

Section 2. 7. 7) these quantities in dimensions consistel;t with the material matrix quantities, 

em,c' For example, if (Il/p )m and { L / P )m are input in units of cm2/gram, then 9rn,c I s 

must be in units of grams/cm3• 

'l "7 4 L. ,. Zone Source Descri pHon 

The KAP VI code accepts either a cylindrical or a spherical source region, as well 

a r the basic source geometries of a point, line, or disk. Source distributions in cylindrical 

or spherica I geometry is assumed separabl e in the spatia I (rad ia I, axia I, or polar, and azi

mutha I) coord inates. 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 norma I izes the input distributi on data to obta in the source strength of 

the source point representing each finite source volume in the source region. 

The code assumes that the azimuthal distribution of the source density is uniform. 

The uniform azimuthal distribution data is used within the code to properly normal ize the 

source. 

2-170 

. ••. J.. 



( 

rv:r. Astronucle2lr 
"'-.:.:J Laboratory 

The same distribution may be assumed for the gamma ray and neutron source, or, the 

user may specify a different source distribution and normal ization constant for gamma rays and 

neutrons. 

Source ~nergy Distribution 

The quantity, r(En or EG), defines the source strength in each energy group. The 

gamma ray source strength, r (EG), may represent the number of particl es (or photons) of 

energy, EG' 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,I' for the source zone. 

The neutron energy distribution parameters, r (En), for the neutron differential energy 

spectrum function can be input as integration factors, ..1En, or as parameters to convert the 

neutron spectra data from units of one fission source neutron to units of neutrons per fission or 

per watt. Also the quantity, r (En), allows the user to input the to'tal power or total fission 

rate iii order to make the spectral data dimensi ona IIy consistent. The un its of r (En) must be 

dimensionally 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 spectrum source, a separate quantity, rAW' may be input to the code to provide 

a "source strength II for use with th is function. 

Source Spatial Distribution 

The spatial dependence of the source in a KAP VI source zone is represented as a 

finite number of volume elements, each o(which are represented as a source point. The 

source density at each source point, and the location of each source point, are determined by 

f'he 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 va I ues. The unnormal ized source densities for gamma rays or neutrons 

are defined as the separable quantities: f (Ri), f(Zj), f(cPj), and f(9k,i)' for the space co

ordinates of R (radius for cyl indrica I or spherica I sources), Z (axia I dimension for cyl indrica I 
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sources), cP 'i'i;:)lc;:- angle for spherical sources), and 9 (azimuthal angle for cylindrical and 

spheri ca I sources) , respectively. 

By means of the input quantities, (ISRC, ISZC .. and ISTC), the code user selects a 

technique for cal culati ng the source densi ty variation of interest. 

Source Point Coordinates 

The location of each source point in a KAP YI 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 va I ued Ri and Ri+ 1. The radius, Ri' is defined as foil ows: 

In a similar fashion, the axial or polar coordinate of the source point is defined as 

the arithmetic mean, Zj' or CPj' of each axial or polar source interval bOLmded by the input 

va lues, Zj and Zj+ 11 or <P j andCP j+ 1. The axia I or polar coordinate is defined as follows: 

Z.=Zj+1+ Z j 
I 2 

The azimuthal coordinate, 9k, is defined from the input data as the arithmetic mean 

of the input data as the arithmetic mean of the input va lues, 9k, 9k+ 1, :::>r equa I spaced 

internally calculated values of 9k as follows: 

- 9k+1 + 9k 
9k =--=-2--

Source Density Description 

The cylindrical and spherical source density functions avnilable in the KAP Y; code 

are derived from analytic functions or input pointwise data. The radial and axial or polar 

source density functions, f(Ri), f(Zj)' f(ct>j) defines the unnormalized source dendties at the 

radial coordinate at Ri, Zi' orCPj. 
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These data are used with the azumuthal source de'nsity functions to obtain (he pobt 

source va I ue. Azimutha I source densi ties are norma I ized data and are described in later 

sections. The r'r.ldial and axial or polar source density functions are defined in following 

paragraphs. 

So~.:.ce 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 QS follows: 

Cyl inder - Unifonn Sourc-e Density (lSRC = 1) 

Ri+1 

f(R j) = f RdR 

Ri 

where val u e.; of Ri are required input. 

Cyl inder - Cosine Variation of Source Density (lSRC = 2) 

j Ri+1 

f(Rj) = R. cos Xl [R - X2] RdR 
I 

where values of X 1.' X 2 and Rj are required input. 

~yl inder - Exponentia I Variation of Source Densi ty (I SRC = 4) 

j Ki+1 

f(R i) = A2 • exp 
Rj 

where va I ues of Xl, X 2 and Ri are required input. 

Sphere - Uniform Source Density (lSRC = 6) 

Ri+1 

f(Rj) = f R2dR 
. R· 

I 

where va I ues of R. are required input. 
I ' 

.. 
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Cyl inder - Uniform Source Density (l5ZC = 1) 

j Zj+1 

f(Z·) = dZ 
I Z. 

I 

where vol ues of Zj are required input. 

Cyl inder - Cosine Variation of Source Density (lSZC = 2) 
... ' --

j Zj+l 

f(Z·) = cos ~l 
I Z. 

I 

where va I ues of ~ 1, ~ 2 and Zj are required inpu;. 

Cylinder - Exponential Variation of SOlJrce Density (lSZC = 4) 

jZj+l 
~ 2 . exp 

Zj 

where val ues of ~ 1, ~ 2 and Zj are required input. 

Spherical - Uniform Variation of Source Density (lSZC = 6) 

cP j+l 

f(<Pj) = 1 cos cP d ct> 
I ct>. 

I 

where val ues of cP j are required input. 

Source Densit'y from Pointwise Input Data 

Pointwise source density can be calculated from input point values at source interval 

coordinates (Rit Ri+l or Zit Zj+1) of each interval in the source zone, ~ as point values 

calculated from input point values at spatial coordinates other than the desired source point 

coordinates. 

Input point values defined as g(R j) at Ri and g(Zj) or g(<I> j) at Zj or q, j are used 

directly in the program to obtain the source density parameters of f(Rj), f(Zj), f( ¢j). The use 

of these point values are specified by the input values ISRC and ISZC. The techniques used 
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for direct input value calculations are ba;;ed on a source variation between two adjacent 

spatial coordinates, i. e., Ri, Ri+l, Zi' Zj+l, or <Pi' <Pj+lo The point value calculation for 

cylindrical and spherical source zones follow as: 

Cylinder - Linear Variation of Source Density (lSRC = 3) 

j Ri+l 

f(R i ) = R. ~R + bJ RdR 
I 

where a and b are computed internally by the code from the adjacent values g(Rj) at Rj and 

g(Ri+l) at Ri+1o 

Cylinder - Exponential Variation of Source Density (lSRC = 5) 

j Ri+l 

f(Ri) = X 2 ° exp [X 1 RJ RdR 
R· I 

where X 1 and X 2 are computed internally by the code from the adjacent values g(Ri) at Rj 

and g(Ri+l) at Ri+lo 

Sphere - Linear Variation of Source Density (lSRC = 7) 

n /"i+1 
R dR 

R· I 

where a and b are computed internally by the code from the adjacent values g(R j) at Rj and 

g(R j+1) at Ri+1o 

Cy/ inder - Linear-Yariation of Source Density (lSZC = 3) 

j Zj+l 

f(Zj) = [aZ + bJ dZ 
Z· 

I 

where a and b are computed internally by the code from the adjacent values g(Zj) at Zj and 

9(Zj+l) at Zj+lo 
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Zj+l ;' 

f{Zo) = f ~2 ° exp [~1 ZJ dZ !/ 
I Z· I 

I " 
where' ~ 1 and ~ 2 are computed internally by the code from the adjacent values gAZj) at Zj 

and 9(Zj+l) at Zj+olo j 
The technique of calculating point valuas from input point values at spalal coordinates 

other than the desired spatial coordinates is a very useful facet 01 the KAP VI c' de. The 

input point values may be representative of a fine radial mesh output from a DG T-IIW discrete 

ordinate:s transport code problem. The fine mesh may, however, provide too mcny source 

points for economical use in Q point kernel calculation. Therfore/ the user of the KAP VI 

code can input the exact transport code output data, of 9 I (R) versus R I f and the code will 

interpolate new point values g(R) at R, where the values of the new radial mesh, R, ara 

selected 1·0 better represent a point kernel source point description. The point values g(R) at 

R are used in the equations described above to calclJlate the pointwise source density. This 

interpolation technique is controlled by the input quantity 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 
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The azimuthal source density fllnc~ion is assumed to be uniform in the azimuthal 

space variable, 9, for cyl indrical and spherical sourc:e regions. The user of the KAP-VI 

code has the option of specifying the mode in wh ich the routine will subdivide the 9 

variable into intervals as follows: 

Same Number of Azimuthal Intervals in All Radial Intervals (lSTC = 1) 

Q 
f~ .) = r k + 1, 

k, I )9 
k, i 

e 

I d Q Required input, 9 k 1 , 

Variable Number of Azimuthal Intervals in Each Radial Interval (lSTC = 2) 

Q. 

f(~, j) =1 K + 1, d Q 

Qk . ,. 9
k 

. are required input for each 
, I 

radial interval 

Variable Number of Azimuthal Intervals in Each Rgdiai Interval (lSTC = 3 ) 

f~+ 1, 

f(Qk .) 
Qk 1 

- , 
, I k. 

I 

dQ k. is required input for radial 
I 

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 

SQurces are of interest, then the quantity ISRC is input as a zero, and the source density 
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-
is input as f(R) , f(Z), and f(9). This option allows the user to describe a non-uniform 

source de'1sity in the az imuthal variabl e, Q. 

Nonna I izai-ion of Zone Source 

The source normal ization routine in the KAP-VI code gIves the user the 

versati I ity to input the source distribution data in an unnorma I ized form. The' code 

normal izes the zone source by using the azimuthal source density by the following 

equations: 

Cylindrical Source Region 

Gamma Ray Source 

pi 
1 

= 

[9], k + ] - 9], ]]. f f f] (R j ) • f] (Zil· R d R d Z 

R Z 

fl (9
k 

.) = pl. fl (9
k
, .!) 1 , I 1 

where: 
AT 1 the gamma ray source normal ization constant which is input as ASOI = , 

91 i' k+ 1 the upper limit of the 9 variable for the gamma ray problem 

91, 1 = the lower I imit of the e variable for the gamma ray problem 

fl (R i) 
= the unnormal ized gamma ray source density at each radius, R. 

I 

= the unnormalized gammc iCy source density at each value of Z. 
I 

fl (9
k

, i)= the unnormalized gamma ray source density at each azimuthal value 

9
k 

for each radial position, i, (i. e., ~Sk, i ). 
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SOURCE GEOMETRY 
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INPUT DATA 

IF ISTC = 1, 9K,l IS INPUT AS 0.0, 

1.5708, 3.1416 

IF ISTC = 2, 9K,l IS INPUT AS 0, 

1.5708, 3.1416, 9K,2 IS INPUT AS 0, 

. 7854, 1. 5708, 2.3562, 3. 1416 

IF ISTC = 3, 

K1 IS INPUT AS 2, 

K2 IS INPUT AS 4, 

K3 IS I NPUT AS 5, 

9K,l IS INPUT AS 0.0, and 

\9 K,2 IS INPUT AS 3.14159 

611855-44B 

Azimuthal Source Density Description 



~--------------

/ 

Neutron Source 

If the neutron source strength, ASOI (2), is input as zero, then the program 

uses the gamma ray source, AT l' and distributions for neutrons and solves the same , 
equation described for gamma rays. If ASOI(2) is not input as zero, then the program 

solves the following equations: 

pI 
2 

[ 91 k 1 - 9 11. f f f2 (R.,) • f2 (Z.,) R d R d Z 
,+ 1, ~ R Z 

pI 
2 

where a II terms were previously defined and the subscript 2 ref ers to neutron data. 

The n10rma I ized quantity, fl (9
k 

.), and the unn~rma I ized quantiti es, f (R.) and 
I , I I 

f (Z.), provide the source magnitude of the source point defined at the coordinates R., Z., 
1- - - - I 1 

and 9
k 

. as S (R., Z., Q
k 

.) in units of watts, particles per second and these data must be 
, I I 1 , I 

dimensiona Ily consistent with the input gamma ray and neutron or Mev energy distribution 

data. 

These source data are stored interna lIy to the code and arle used in the defin ition 

of the source magn itude for each source-to detector cal culation. 

The user has the option of specifying the source region azimuthal parameters, 

91 k + 1 I 91 l' or 9 ,9
2 

1 such that the source region symmetry is accounted for 
, , 2, k+ 1 , 

in the norma I ization. If AT I 1 or AT, 2 is toto I power ( or source strength), and if 91, k+ 1 

and 9
1 

1 are 1T and 0.0, the power or source density is effectively twice that in the source , 
J;one. Hence, each source point source at 9

1
, k inc! udes its mirror image at 91, + 71'" 
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Spheri ca I Source Region 

Gamma Ray Source 

pI , = 

fW\ Astronuclear 
\& Laboratory 

[91, k+ 1 - 91, 1J • J JSin (<p)' f1 (¢j) • f1 (Rj )-R
2 

dRd4> 
q, R 

where: 

f, (~i ) = ~he un norma I ized gamma ray source density at each polar coordinate, 

q, i and all other terms are as previously defined. 

Neutron Source 

P I 

2 

-

= 

f'2 (9k, i) = pI 2 • f2 ( Qk, i ) 

where all terms are as previously defined, and the subscript 2 refers to neutron data. 

I 
2. 7.5 0aterial Attenuation Function Descriptio,\1 

Fast Neutron " \-
I 

I 
The KAP VI code contains three optior:ilal material attenua,tion functions for 

obta in ing the attenuated neutron response at a deltector point. The user can speci fy 
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the use of the modified Albert-Welton material attenuation function(2), and either a bivariant 

or monovariant pol ynomial materia I attentuation function for cal culating di fferentia I 

neutron spectra employing infinite media moments data. Various conversion factors can 

be appl ied to any of these three functions, as c!~scribed in Section 2. 7. 6 for conversion 

of neutron fl ux or I evel to detector response in different un its. 

Fast Neutron Dose Rate 

A modification of the Albert-Welton fund'ion 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 uncoil ided fl ux or dose. Attenuation effects of 

non-hydrogenous materials are included by using exponential attenutation with effective 

neutron remova I cross sections. 

The basic assumption in the Albert-Welton function is that all heavy materials 

are foil owed by sufficient hydrogenous materials to val idate the use of neutron remova I 

cross sections for the heavy materials. In addition, the Albert-Welton function is an 

integral quantity 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 f'he KAP VI cod~ for computing the energy independent 

fast neutron response at the detector from each source point is: 

D = 
n 

2 
411' P 
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rAW = the "source strength II for use in the Albert-Wei ton function 

S (R. Z. Q ) = the volume weighted source strength for the source point, 
I, I, k 

located at R. Z. 9
k 

• 
I, I, ,I 

p = the distance (em) from the source point to the detector point. 

°2 ° 
'" (W' R, XR) = "1' [XR] · exp [-03 (XR) 4] · exp [-WI RJ 

M 
WI 

R 

XR 

I 

I 
m 

p 
m 

YJ 
m 

--1: 
m=l 
M 

= L 
m=l 

lim 

7] 
m 

P 
m 

P 
m 

= non-hydrogenous removal cross section for all materials, m 

= the path length for each material, m 

= the ratio of the hydrogen density in materia i m to the hydrogen 

density in water 

01' 02' 03' and a4 are constants. 

The user will note that the units of X
R 

may be either cm or gm/cm
2 

depending 

on the units of the path length (p ). Hence, care must be exercised in applying the 
m 

input quantity, Tl ,to assure proper un its. 
m 

Since the Albert-Welton function cannot be used to calculate the neutron dose 

rate for small values of X
R

, the following equation (originally coded in Program 

employed in. the KAP VI code: 
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Values of aS, 0
6

, and 0
7

, are input to the code. The units of 0
1

, and as 
musl' be compatible to provide proper units for dose rate calculaTions. 

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 pene:tratiCln, W
R

• In contrast, the bivariant polynomial data 

are available as sets of data which ore solved as a function of initial neutron energy, E , 
n 

as specified by the user; and mateial depth penetration, W • 
. R 

The monovariant and bivadcmt 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 penetration or energy. The user of the KAP program specifies the applicable 

ranges of polynomial data. Both polynomials are based on the infinite medium of the particular 

materia I (hereafter ca II ed the reference materia I) used in the moments method ca I c ulation. 

The incl usion of other materi(lls is based on their equivalent neutron removal in comparison 

to the reference material; hence, extreme care must be used in selecting the removal cross section 

for materia I in non-hydrogen .. ,us media (e. g., carbon and beryll i um media). The equiva lent 

depth penetration in the reference material is calculated in the program as: 
M 

L 
m=l 

where, 2; R is the neutron removal cross section for this refernce material. 

2-184 



" _t., ,_ .... __ 

rV:;\ Astronuclear 
\f:!:) Laboratory 

The user specifies a separate set of neutron removc..'! cross sections, 2; ,for the 
ITl 

neutron spectra option which is not the same set that was used in the Albert-Welton function. 

The code then uses these cross section data in the eva I uation W R' A restri ction of the m~l~ments 

data evaluation in the KAP VI code arises when the depth penetration exceeds the range ()f 

applicability of the polynomial data. The program automatically truncates the polynomia!· 

evaluation at W
R 

= 120 gm/cm
2

• However, the user is provided with the capability to input 

energy dependent extrapolation parameters, A (E ), for extending the range of the moments 
n 

data functions. 

The equation solved in the code for comptlting the differential neutron energy 

response at the detector from each :~vurce point for each scattered neutron energy, E is: 
n 

where: 

D (E) = 
n n 

r (E ) • S (R. Z. 9 -) • 'l! (WR 1 En) 
n I, I, k' 

2 
4rrP 

r (E ) = the source strength for each group, E , and all other parameters were 
n n 

previously defined except 'It (WR E) which is described below. 
, n 

Neutron Spectra Monovariant Polynomial 

where: 
4 

f (W E) = R, n 2: 
i=O 

. 
I 

y. (E ) • W
R In· 
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If, 

y. = monovariant polynomial coefficients fit to the infinite media neutron 
• 

spectra data 
2 

W
R 

> 120.0 gm/cm , 

f 0N R' En) = [t~ Yj (En)' 120.0]. exp [ X(En)' 0NR - 120.0)] 

A (E ) = parameter for extrapolation of the neutron spectrll data for each n 

n~utron energy, E 
n 

Neutron Spectra Bivariant Polynomial 

where: 4 6 

f (W R, En) = L L 
i=O j=O 

4 E i 'N i 
ij n R 

4.. = bivariant polynomial coefficients fit to the infinite media neutron spectra dah-
l! 

where: 

f(W E) = R, n 

Gamma Ray 

4 6 

L1: 
i=O j=O 

. . 
D. •. E I 120. O· 

II n 

The KAP VI code calculates both uncoil ided and coli ided gamma ray response 

at a detector point. Tl-ecoll ided response is obta ined from the use of a bui I dup factor appl ied 

to the uncoIl ided (exponentia I a I ternation) 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 I EG i~~ 
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where: 

~ Astronuclear 
\!::V Laboratory 

r (E
G

) = the sourc~~ strength for each group, E
G

, and all other terms were 

defined previously, except 'It ( Pm' E G) wh ich is defined ::'elow. 

Uncollided Gamma Ray Flux 

where: 

( Pm' EG) = exp [- bT (EG) ] 

M 

L Ilm (EG) Pm 

m=l 

jJ m (E
G

) = the gamma ray total absorption coefficient for each material, m, 

Q,nd each gamma ray group, E
G

• 

Collided Gamma Ray Flux 

where: 

and, 

'It ( Pm' EG ) = B( Pm' E
G

) • exp [- bT (EC)] 

B( Pm' EG) = B [bT (EG) ] 

or, if b
T 

(E
G

) > 20. 0, 

B ( Pm' EG) :;: B ( 20. 0) 

3 

L f\" ~). [bT (EG) ] i 

i = 0 

The quantiti~i, f3i' are the coefficients for the cubic polynomial fit to the 

infinite media buildup factor data. These values of f3i can be either input to the code 

or obtained from the built-in iibrary 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 wi II note that the uni ts of 1-1 m (E
G

) can be input as either cm -lor cm2/9m 

depending upon the units of p • If the library of the gamma ray absorption coefficients 
m 2 

(see Section 2.7. 7 is used in the program, the units of 1-1 m (E
G

) are cm I gm. 

2.7.6. Detector Response Function Descri ption 

A desirable feature of the KAPYI 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, appl ication 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/cm
2 

-sec, R/hr, R/hr-watt, Rads-carbon/hr, watts/gm-steel, watts/gm-

a I urn inurn, etc., a II in one rUr1 on the computer. 

The c: tector response is calculated as the total response at a given detector from 

all source points in a specific source zone as follows: 

DT = 
n 

DT (E ) = 
n n 

over all 
source points 

over all 
source points 

DTy(EG) = L 
over all 

source points 

D = 
n 

Total energy-independent 
fast neutron response 

D (E ) = Total diffenential fast 
n n 

neutron energy response 

D (E ) = Toto I gamma ray response 
y G 
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where: D ,D (E), and D (E
G

) were previously defined for each source point. n n n 

A set of ten energy-independent conversion factors may be input to convert the 

quantity, DT , to other units; a second set' of ten conversion factors for each group, E , may 
n n 

be input to convert the quantity DT (E ), to other units; and finally, a third set of ten con-n n 
version factors for each group, EG, may be input to convert the quantity, DT (E

G
), to 

other units. Therefore, for each detector point calculaf'ion, a total of thirty different re

sponses may be obtai ned as output data. 

The equations soived in applying the conversion factors are as follows: 

A I hert-W e i ton Function 

DT' 
1 = DT ·C n, n 1 

DT' = DT • C 
n, 2 n 2 

etc. 

where: Cl , C2, •••• , C10 = the input conversion factors, RSPA. 

Differential Neutron Spectra Function 

DT' l(E) 
n, n 

= DT (E) • 
n n 

Dr' 2(E) n, n = DT (E) ~ 
n n 

etc. 

= each set of input conversion factors (RSPN), 
for each group, E • 

n 
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Gamma Ray Function 

DT'y, l(EG) = DTy(EG) . C 1(EG ) 

DT' y, 2(EG ) = DTy(EG) • C2(EG ) 

etc. 

where: C
1 

(E
G

), C
2

(E
G

), ••• C
10

(E
G

) = each set of input conversion factors (RSPG), 
for each group, E

G
• 

The user 'Iv ill note that at least one set of response functions must be input 

for each function, DT , DT (E ), and DT (E
G

). Otherwise the code will multiply by 
n n n y 

zero, and all values of DT! I (EG),DT ' (E ), and DT~ (f
G

) will be printed as zeros. 
n n n ~ 

2. 7. 7 Gamma Ray Library Description 

Gamma ray I ibrary data or the capabi I ity to use an input I ibrary tape are 

incl uded 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 capfure or any of the radioisotope gamma ray source 

energies). The garTlma ray I ibrary 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 (E
G

) or an input tape (logical tape unit 11) 

containing photoelectric and pair production data as a function of gamma ray energy (E
G

) 

for specific elements, and 2) gamma ray buildup data as monovariant polynomial coefficients 

for specific materials (H
2
0, AI, etc.) by type (energy, dose, energy absorption) and as a 
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function of gamma ray energy (E
G

). The calculated data requested from the library are 

stored internally by the code in the correct input data array. 

Gamma Ray Mass Absorption Coefficient Data 

Gamma ray (Jbsorption coefficients for each element can either be input to th~ 

program, or calculated from library dafoa, or both. The program assumes the library calculated 

data to be the first set in the coefficient dat(J, anel the user (if using both options simultaneously) 

mllst input coefficient data at the proper addresses (see Section 2~ 2). 

The gamma ray ,absorption coefficients in the I ibrary are calculated by three 

methods, dej:'ending on the input quantity MATl and on the atomic number of the element 

which is input to the program. These mas~ absorptIon coefficients are computed in units 
2 

of cm I~Jm. 

Method i (1 < Z ~ 19) 

If the atomic number (Z) of I the element is less than Z = 20, the program uses 

parabolic interpolation of tabulated data to obtain the mass absorption coefficient, !-lIp 

(E
G

), at enersy EG for the specified atomic number. A total of 19 sets of tabulated mass 

absorption coeffi cient data ar',; inc! uded for Z = 1 th rough 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 equation for 

(~ (E
G

) ) 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 (EG)t 

The mass absorption coefficient calculation follows as: 
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3 3 
= L:L: (2.53) 

m n=O g=O 

The Tng's are bivariant polynomial coefficients from Reference 4 fitted over 

two energy ranges of O. 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 equa I to the I im it (0.2 or 10. 0 

Mev) and obtains the absorption coefficient at the energy limit. 

Method 3 

If the input quantity MA TL (See Section 2.2) is input as a negative number 

the mass absorption coefficient data are calculated from I ibrary data (5)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 I ist in Table 2-4.. The I ibrary data for photoelectric and pair production absorption 

(in units of barns/atom) are read from this magnetic tape as pc,int values at specific energy 

poin·ts. This magnetic tape (which can be prepared by the GAMLEG- W(6)code)con·tains 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. RecO'rds 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 input va I ues of EG is performed and the mass 

(jbsorption coefficient calculation follows as: 
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where: 

[~ (EGlJ 

Na 

AW 
m 

Z 
m 

~pp (E ) 
m G 

pe (E
G

) Il m 

m 
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Na 
= 

AW 
m 

[
IlPP (E ) + ~pe (E ) + 

m G m G Zm fl, (EG l] 
= Avogardro' s number, ( atoms

l 
X

10 
-24 ) 

gm-mo e 

A ' 'ht f ' ( grams ) = tomlc welg 0 element m, I 
gm-mo e 

, (e/ ectrons ) = Atomic number of element m, 
atom 

= pair production absorption coefficient at energy EG for element 
barns 

m --, atom 

= photoelectric absorption coefficient at energy EG for element 

m, (:~~) 
C 'ff' , E (ba rns ) = ompton scattering coe IClent at energy G' -I -t 

e ec fon 

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 "+E 
[2+2 EO. 

1 
I 0 In 

(l+
2EOl j 

~,. (E) = 0.49896 E 2 1+2EO EO ,) 0 

+ 
In (l+2EO) 1+3E

O 

2EO (l+2EO)2 

where: EO = EG in units of electron rest mass, EO = EdO.511 
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Gamma Ray Bui Idup Factor 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 polynom ia I equation. The program conta ins 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, b
T 

(E
G

). 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: 

If the user specifies the buildup factor I ibrary data, the control word IBI LD and the input 

gamma ray energies, E
G

, are used in computing the polynomial coefficients, l3i (E
G

), to be 

used in all buildup factc- evaluations. The values of (Jj (E
G

) are internally computed by 

the code from the bivariant polynomial expressions presented in Reference 6. These bivariant 

polynomials have certain restrictions which the code handles as follows: 

1. If the gamma ray energy is I ess than or greater than the appl icable energy 

range of the bivariant polynomial data, the buildup factor coefficients l3i (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, DT(E
G

), 

in mean free paths, is different than 20.0, the program assigns a value consistent with the 

buildup data to be use.d. 

3. If the bivariant polynomial data is available for two ranges of energy, the 

code automatically selects the correct set of data to be evcduated 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, ~i (E
G

), are: 

J 

~i (EG ) = L ~ .. (Z ) I 
'I m 

i=O 

or 

J 
1 i 

~i (EG ) = 2: ~ .. (z-) 
'I m 

i=O 

The program automatically selects the proper form of the polynomial as indicated by the 

input values of IBILD, E
G

, 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 kerneJ approaches zero, i. e., in the equation, ¢ = 

1jt / 4'IT P 
2

, 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 resul ts. To obta in a mean ingful (or val id) detector response when the source

detector must be handled with extreme caution. The preceding discussion appl ies 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 muslr be input as the composition number of the source 

zone of interElst, and SMFP, which is the totai mean free poth of the source zone composition 

(\5CP), 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: 

9 ISCP 
m, 

where: 

if9 m, 

9 
m, ISCP 

the macroscopic gamma ray absorption coefficient (cm ~ 1) for the 

source zone of interes! for each energy group, G. 

the microscopic gamma ray absorption coefficient (cm
2
/gm) for 

each energy group, G. 

= the density (gm/cm 3) of each material, m, in the composition, ISCP. 

In the above equation, ~ (E
G

) ]m ' can be input as macroscopic data (em - \ 

ISCP are input as dimensionless volume fractions. , 
I 

Next, the dimensionless quantity, '" is calculated for each source point as: 

" == I-'s (EG) • P 

where p is the total distance (cm) from 0 particular source point to the detector 

pointll and I-'s(E
G

) is defined above. 

For each source··detector path calculation, If is tested against the input quantity, 

SMFP. If, If > SMFP, the code calculates the usual attenuation function. If 11< SMFP, 

the code solves the following equation as the gamma ray attanuation function, Dy (EGL at 

the detector for each group, G: 
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where: 

B(E
G

, SMFP) = 

= 
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the buildup fac~cr f~r each group, G, computed as: f3 + /3, SMFP 
2 3 0 

= ~2 (SMFP) + f33 (SMFP) 

the source (e. g. watts or fissions per second) for the sphere 

whose radius is defined as /I for each group, G. 

= the volume, cm 3, of the sphere, calculated for each group, G. 

The quantity, S(E
G

), is calculated as the summation of the source for all source 

points within radius, /I. The solution of the above equation is the responsa at a detector point 

located at the center of a spehrical source of jJ mean free paths in radius, q. 

The quantity, Dr (E
G

), 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, jJ. 

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 VI equations. The source strengths for the volume 

elements surrounding points 6, 7, 10, and 11 would be used in the "sphere" option. 

One can observe that a part of the vol ume 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 el ement vol ume surrounding point no. 8 (for exampl e) whi ch actua" y lies 

within the sphere, is net included in the tobl source for the sphere. 
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These approximations are part of the option, and introduce some uncertail~ties 

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 CO DE 

SCAP is a point kernel code employing energy dependent single or albedo-scatter 

methods to calculate the radiation level at a detector point located with in or outside a 

complex scattering geometry describable by a combination of quadrntic surfac~s. The code 

evaluates the materi?1 thickness and scatter points in materials intercepted along lines-of

sight from an anisotropic energy dependent source point. The material th icknesses (or path 

lengths) to each point is used in an exponential attenuation function to calculate the radi-
':.I 

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 N ish ina 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. NelJtron scattering at the scatter point to the detector point can be treated 

only as an albedo scatter t::vent at the surface of the gaometric 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 ac'count for mu Itiple 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 vadation of flux levels on a 

spherical detector (meridian ring). 

Specific desirable feahJres wh ich have bE;~n incorporated in the SCAP code are: 

(1) Input data preparation has been si mpl ified to allow mini mum input for running 

1£ stac.ked" cases. 

(2) A rouf'ine is included in the code to calculate gamma ray cross sections (moss 

absorption coefficients) for elements as a function of input gamma ray energy from magnetic 

tape data and internal calculations. 
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(3) A routine is included it,. the program to calculate the cubic polynominal coef

fie ients for bu i Idup factors as a function of scattered gamma ray energy from a I ibrary of 

bivariant polynominal data. 

(4) A routine is included which will interpolate (I closely-spaced pointwise source 

distrib'Jtion as a function of polar angle to a source polar angle mesh description more amen

able 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 di mensioning so that there exists no fixed limits 

on the size of geometry, energy, or source points except a restriction on the sum of all arrays. 

(9) An option is included for calculating the flux at a detector located with in a 

gamma ray scatter region. This option circumvents the numerical difficulties introduced by 

the II 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 

s()urce data. 

Section 3.2 gives a description of the requ ired input data for the SCAP code. Sectic:m 

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 

1. Name: SCAP(l) 

fW\ Astronuclear 
\EJ laboratory 

2. Computer: The code is operational on the MSFC UNIVAC 1108 computer 

system under EXEC8 monitor system control. 

3. 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 approxi·-nation to account for multiple scatter on the scatter 

leg. The neutron attenuation function is an exponential function using 

neutron remova I cross sections on the primary source I eg and scatter leg. 

4. Method of Solution: A point kernel method using a anistropic point source 

rE'.:. :~entation is used, I ine-of-sight materia I attenuation and inverse square 

spatiai o·ttenuation between the source point and scatter points and the 

scatter points and detector point is employed. A direct summation of 

individual point source results is obtained. 

5. Restrictio,ns on the Complexit)' of the Problem: The SCAP code is written 

in cornplc~te flexible dimensioning so that no restrictions are imposed on 

the number of energy groups or geometric zones. The geometric zone 

description is restricted to zones defined by a maximum of six boundary 
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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 Ip.ss than the dimension of blank COMMON. 

6. Typical Running Time: The SCAP code computes approximately 50 source 

point··to scatter point-to detector poi nt cal culations 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. 

7. Unusual Features of the Code: The use of a generalized method of determining 

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. 

8. Related or Auxi I iary Codes: Gamma ray absorption coeffic ients (cross sections) 

may be suppl ied by magnetic tape from" the GAMLEG-yj2~ode. Neutron 

and gamma ray point source distribution data can be suppl ied on punched 

cards from the KAP VI and MAP codes as anisotropic energy dependent source 

data. 

9. Status: The code is in production use at the Marshall Space FI ight Center 

(MS FC). Users at MS FC load the code from a tape with control cards 

foil owed by the user· s input data. 

10. References: 1. R. K. Di:mey and S. L. Zeigl er, WAN L-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 Pro,cessing Techniques, II August 1970. 
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3.2 INPUT DATA DESCRIPTION 

3.2.1 Input Format 

fw\ Astronuclear 
\!:::!:) Laboratory 

The input data for the SCAP code are divided into the following three 

data sets: 

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 probl em deck. The second data set consists of the titl e 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 standtnd SCAP (FIDO)* fermat 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 be entered in the standard SCAP or one of two non-standard format 

ca pa b iii ties. 

The ncn-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 incl ude blank fiel ds 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 

*FIDO 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 ad justed" m~ns that the I east sign ificant digit of an integer number is 
at the extreme right of the field. 
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i. Standard: (6 (I2, Al, F9.0)) 

Card Columns 1 2 3 4 5 6 7 8 9 10 11 12 13 14/15/16 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 CG 1 umns 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 

'\ 
Data Field 

3. Non-Standard: (4(lX, E16.9, lX)), V Data type or ODOK (FLOCOH) 

Card Columns 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 I B ~% 

/ I e ~I L.. 

Data Field 
Exponent Field 

Figure 3.1. SCAP Input Formats 

3-6 



,.----~~--~. ~------~~ 

I 

fw\ Astronuclear 
\!:!y laboratory 

would be 19 full cards (6 values/card) and a final card of three entries using the U format. 

SCAP, using this non-standard capability, 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, I, T, S, F, A, +, -, 

Z, E, Q, N, M, W, X, or H. 

•• .1:;. • 

$ indicates the beginning of an integer (fixed point) arlO y. The first subfiel d 
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-stondard 
format 4 (1 X, E16. 9, 1 X). The first subfiel d identifies the array beginn ing on 
the next physical card. 

R indicates that the data contained in the third subfield ere to be entered R times 
in succession. The first subHeld defines the number of total successive entries 
or Repeats (i. e. , a 16R 1. ° enters 16 1. 0 r s). 

I indicates linear Interpolation between the data in the associaled 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. ° enters 0.0, 
2. 0, 4. 0, 6. ~ 8. 0, 10. 0). 

T indicates Termination of data reading for a particu lar 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 ... , 15S 1 
enters a 1 in the 16th word of an array). 
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F indicates that the rema inder of the present array is to be RII ed with f'he 
data entry in the third subfield. Any entry in the first subfield is ignored 
0. e., FLO 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 lOtN 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 
en teres 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 invert~d sequence repeat except that the signs of previous entries 
are reverse when they are repeated. 

W indicates the array identified by the first subfield will be read according to 
the format on the following card. 

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

3W Card 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 O. or 0.0; 0.0 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) If an I is specified in any data field, the third subfield of that field and the 

following th ird subfield of the next field cannot be blank. In addition, the second sub

field of the field following a field containing an I cannot contain an A. 

4) If the third subfield of a data field containing a $ or a * contains an integer, 

Nt the next data entry is assumed to be the (N + l)!b.. member of the array. Normally th is 

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 

IN PUT DA TA INSTRUCTIONS FOR SCAP CODE 

DATA SET 1 - OVERALL PROBLEM DATA STORAGE ALLOCATION 

Card Type 

1 

FORTRAN 
Format 

6X, 16 

Card 
Column 

7 - 12 

Variable Name 

LlM1 

Description 

The number of core memory 
storage locations to be allocated 
for problem data storage. On 
the MSfC UNIVAC 1108 the 
value of lIM1 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 Problem descriptive title 

3 6112 

1 - 12 NG 

13 - 24 N6 

25 - 36 NA 

3-10 

Source, energy, and cross 
section specifications 

No. of energy groups in 
probl em fina I output data. 

No. of energy groups in 
probl em source input data 

No. of polar angles or detector 
points in problem source input 
data. 
If NA is negative, KAP VI 
code punched cord output is 
input by energy group and 
polar angle. 
If NA is positive, MAP code 
punched cord output is input 
by polar angl e and energy 
group. 

,,' J.. 
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Card Type 

4 

( 

TABLE 3-1 (Continued) 
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DATA SET 2 - OVERALL PRCBLEM TITLE ANO PARAMETERS (continued) 

FORTRAN Card 
Format Column Variab Ie Name 

37 - 48 NC 

49 - 60 NE 

61 - 72 NM 

6112 

1 - 12 NZ 

13 - 24 NB 

25 - 36 NR 

37 - 4~ NT 

3-11 

Description 

NOTE: If a SCAP prol:-Iem is a 
change case from the previous 
prob lem in the input stack then 
NA must be a positive inte$ler. 

No. of ener~y points in tl,e 
po intwise absorption cross section 
data. 

No. of elements in the zone 
composition-element table. 

No. of compositions in the 
zone composition-elem~nt 
table. 

No. of zones in problem. 

No. of boundary surfaces in 
prol:-Iem. 

Number of in itia I source rays 
emanatinR in polar angle from 
anisotropic point source. If 
NR is positive then the polar anple 
range is subd ivided eoua lIy into 
NR intervals. 
NOTE: if NR is negative (-) then 
the user may spec ify by the input 
array ANG (28*) the polar angle 
limits defining the source rays. 

Order of integration (trapezoida I 
rule) in azimuthCJi angle of anisotropic 
point SOl,n·ce. 

NOTE: If NT = 1, the 2n symmetry 

,"",. 
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Card T) 2=. 

7 

DATA SET 2 

FORTRAN 
Format 

6E12.5 

TABLE 3-1 (Continued) 
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OVERALL PROBLEM TITLE AND PARAMETERS (continued) 

Card 
Column 

13 .- 24 

25 - 36 

37 - 48 

1 - 12 

13 - 24 

3-13 

Variab Ie Name . 

TH2 
.. 

TTl 

TT2 

RM 

DED 

Desc.ription 

Upper limit in polar 
angle at which source 
rays will emanate from 
anisotropic point source. 

Lower limit in azimuthal 
angle at which source 
rays will emanate from 
anisotropic point source. 
(Used as lower I im its of 
trapezoidal rule integration). 

Upper limit in azimuthal 
angle at which source 
rays will emanate from 
anisotropic point source. 
(Used as tJPper limit of 
trapezoidal rule integration). 
NOTE: TTl 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 ) 
per scatter point used to 
determine position and 
frequency of scatter points 
on line- of-sight through 
the scatter lines. 

,'. -'It-



Card Type 

TABLE 3-1 (Continued) 

DATA SET 2 OVERALL PROBLEM TITLE AND PARAMETERS (continued) 

FORTRAN 
Format 

Card 
Column 

25 - 36 

37 - 48 

49 - 60 

Variable Name 

RP 

SCALE 

RX 

3-14 

Description 

NOTE: DED is used only in 
a sing Ie scatter calculation. 

Radius of sphere which contains 
all scatter points in the proLlem. 
RP must be greater hlan any 
possib Ie I ine-of-sight through 
the geometry. 

Multiplicative factor applied 
to all source data for normalization. 

Exclusion radius on primary 
ieg. NOTE: No single-or 
albedo-scatter points are allowed 
within a radius RX of any source 
point. 

f 
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Data Set 
Number 

2 

3 

4 

TABLE 3-1 (Continued) 
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DATA SET 3 - PROBLEM GEOMETRY, SOURCE, AND DETECTOR DATA 

Format 
Symbol 

$ 

$ 

$ 

$ 

Variable 
Symbol 

NBZ 

NBD 

NTR 

NBE 

3-15 

Description 

No. of boundaries per zone. NOTE: 
If NBZ is negc.1tive 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 
re lation 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 ~~,t1e specified as 
integer zero (0). /6 x NZ values/ 

Equation number for each boundary 
surface. Boundary equations defined 
in Table l.2. /NB values/ 

.' . .....:. 
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TABLE 3-1 (Continued-) 

DATA SET 3 - PROBLEM GEOMETRY I SOURCE, AND DETECTOR DATA (continued) 

Data Set 
Number 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Format 
Symbol 

* or U 

* or U 

* or U 

* or U 

* or U 

* or U 

* or U 

* or U 

* or U 

Variable 
Symbol 

xo 

YO 

ZO 

AO 

BO 

CO 

DO 

ENC 

ZOE 

3-16 

Description 

Coefficients for boundary surface 
equations 
/ NB values / 

Coefficients for boundary surface 
equations 
/ NB values / 

Coefficients for boundary surface 
equaHons 
/ NB values / 

Coefficients for boundary surface 
equations 
/ NB values / 

Coefficients for boundary surface 
equations 
/ NB values / 

Coefficients for boundary surface 
equations 
/ NB values / 

Coefficients for boundary surface 
equations 
/ NB values / 

Energy values for Cf(.)SS section data 
/ NC values / 

Electrons/atom for each element 
in zone composition/element 
table. NOTE: If NL = 1 then 
values of ZOE are used to obtain 
dota from tape IJnit 11. See 
Table 2-4. /NE values/ • 
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DATA SET 3 - PROBLEM GEOMETRY, SOURCE, AND DETECTOR DATA (continued) 

Data Set Format Variable 
Number Symbol Symbol Description 

14 * or U COM Density (gm/cm
3

) for each element 
in each composition by element 
and composition. 
/ NE * NM values / 

15 $ NMZ Number of composition in each 
zone. / NZ values / 

16 * or U ENS Energy values anisotropic point source 
data at meridian ring. / NS values / 

17 * or U ENG Energy group I imits for scattered 
results at the detector point. 
/ NG + 1 va lues / 

18 * or U ANS Polar angles corresponding to the 
meridan ring data used to describe 
the anisotropic point source. 
/ NA values / 

19 * or U 50S 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 sign of input quantity 
NA in DATA SET 2. 
/ NA * NS * NPT or 

NS * NA * NPT values / 
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TABLE 3-1 (ContinlJed) 

DATA SET 3 - PROBLEM GEOMETRY, SOURCE, AND DETECTOR DATA (continued) 

Data Set 
Number 

20 

21 

23 

24 

25 

26 

27 

Format 
Symbol 

* or U 

* or U 

* or U 

$ 

* or U 

Variable 
Symbol 

XP 

XD 

BETA 

NALB 

D(tC 

Description 

Anisotropic point source coordinates, 
(X..( Y , Z ,), for each source poi nt. 

t-' p P 
/ 3*NPT values / 

Detector point coordinates, 

(Xd, Yd, Zd')· 

/3 values / 

Group dependent albedo in order of 
decreasing energy based on source 
energies, ENS. 
/ NS values / 

Type albedo scatter by source energy 
group if NTY = 1, 2/3, neutron/ 
photon. See Table 3.3 for options 
definition. / NS values / 

Dose at conversion factor by source 
energy group. Required only if 
NTY = 1 and NALB = 1 or 2. 

NOTE: ZOM(26*) and SIG(27*) are required only if NL = 0 

* or U ZOM 

* or U SfG 

3-18 

( 

Electrons/cm
3 

for each composition 
by zone 

Gamma absorption cross section 
(upp plus ope) corresponding to 
energy values, ENe and for each 
compositiorl. 

( 
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DATA SET 3 - PROBLEM GEOMETRY, SOURCE, AND DETECTOR DATA (continued) 

(: 
\ 

( 
\' 

Data Set 
Number 

28 

T 

.. ~ 

Format 
Symbol 

* or U 

Variable 
Symbol 

ANG 

3-19 

Descri ption 

{If NR is negative} 
Polar angle mesh lines defining 
the angular limits or bounds of the 
polar angle intervals of the anisotropic 
point source. Th~ source rays 
emanate from the midpoint of 
these intervals. 
/ NR + 1 values / 

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 

3 

4 

5 

6 

7 

8 

9 

Quadratic Equation Input Values Required 

2 2 2 
Ax + By + Cz + X x + Y y + Z z - D = 0.0 A, B, C, X f Y ,Z ,D 

o 0 0 0 0 0 

A{x-X )2 + B{y-Y )2 + C{z-Z )2 - D = 0.0 A, B, C, X ,Y 1 Z ,D 
o 0 0 0 0 0 

{x-X )2 + {y_ Y )2 + D = 0.0 X ,Y ,D 
o 0 0 0 

x - D = 0.0 D 

y - D = 0.0 D 

z - D = 0.0 D 

2 2 2 2 
Ax + By + Cz + X x + Y y + Z z - D = 0.0 A, B, C, X ,Y , Z ,D 

o 0 0 0 0 0 

A{x-X )2 + B{y-Y )2 + C{z-Z )2 _ D2 = 0.0 A, B, C, X ,Y ,Z , D 
o 0 0 0 0 0 

{x-X )2 + {y_Y )2 _ D2 = 0.0 X I' Y ,D 
o 0 0 0 
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Type, NALB 

1 

2 

3 

where: 

fw\ Astronuclear 
~ laboratory 

TABLE 3-3 

SCAP ALBEDO SCATTER FORMULAE 

Type of Particle 

Neutron 

Neutron 

Photon 

Albedo Equations 

atE) = /3(E) ( cos(2/3)e
o

) cos e 

,,(E) = /l(E) (1.625 - 0.625 cos(2/3) eo) cos e 

a(E} = ,s(E} 

a(E) = the albedo (fraction of particles scattered) of particles 

incident at angle e relative to the normal to the surface. 
o 

,s(E) = the albedo for PQrticles normally incident and reflected 

from the surface. 



3.2.3 Problem Size Determination 

To determ ine the n'.Imber of core storage required for data of a given probl em, the 

expression below should be eV('1luated. This will provide the value of the required input 

parameter, LlMl, on card 1 of data set 1. For a SCAP problem to run successfully, the 

input value of LlM1 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) 

+ N S • (6 + 2· N PT. I NA I + I N R I ) 
+NG + I NA I + 6· NPT + NM (4+NPT) 

+2. I NR 1+ 59 
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3.3 DETAILED INPUT DATA INFORMATION 

fw\ Astronuclear 
~ laboratory 

The input data requireMents for the SCAP code is described in Section 3.2. In a 

number of areas, input data preparation guidelines in setting up problems can be defined. This 

section describes in detai I the options avai lable 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 {withwt 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 0 

{11* or U array}, or the coefficient D. This option is provided as the optional equation t}'pes 

7, 8, or 9. The SCAP code calculates 0 2 and changes the equation type to the input value, 

Ii NBE, minus 6. Caution must be exercised in change cases, so that if a boundary of type 7, , 
8, or 9 changes, then both NSE and 0 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 capobi lity is limited to 6 boundary 

surfaces per zone. The input of boundary surfaces by zone are in multiples of ~i~ (one zone 

per card) with the surface numbers not required as input if zero (O). 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 define the proper zone location. 

In addition to the zone boundary surfaces, the most probable zone entered upon crossi ng each 

zone surface 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 performed 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). 
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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-attenuati ng zones on the source leg. These options are 

as follows: 

1) "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 II zone as a negative number. I f 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. 

2) Scatter zones are specified in the geometry input description by specifying the 

zone material as a positive number. The input of a negative zone material value 

(NMZ) wi II resu I tin no sca tter events in the zone. 

3) Non-attenuating zones on the source leg are defined as any z~ne which is internal 

to the radius of a pseudo-sphere of radius, RX. This is (,In input va lue 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. 
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3.4 PROBLEM SETUP INFORWtATlON 

~ Astronuclear 
. ~ Laboratory 

The setup of a SCAP code problem is described in this section with a s~.1mple 
J 

problem setup and input punched card listing in Section 3.4.4. This section is intended to 

define the deck setup or the MSFC UNIVAC 1108 computer system. The MSFC version of 

the SCAP code resides on 0 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 f~: ~owing sections. 

3.4. 1 Tape Assignrnel1ts --=-'_._--
The SCAP code requires a maximum of four magnetic tape or disk fi les for a 

specific problem. For a fn;~iority of problems only three files are required. The file 

assignments are as follows: 

Tape 5 Input Disk 

Tape 6 Output Disk 

Tape 7 Punched Outpui~ Disk 

Tape 11 Cross Section Library 

input Tape 

/ Reql.!ired only if NL = 1/ 

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

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

composition table specified as SCAP input (see Section 3 .• 2.2). 

~.4.2 Running Timt~_ 

\ 
\ The required running time for a given SCAP problem on the MSFC UNIVAC 1108 

COlllput'er is mainly dependent upon the number of source points and the numbl.r of scatter PQints 
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in the geometric zones. The est'imate of the required CPU time is obtained by estimating 

the total number of source point-to-scatter point-to detech:>r point calculations for each 

source point. The number ,')f sC·.ltter points in a geometric mooei is calculated internall), 

based on the electron density in the zones and the I ine -of-sight distance through each zone. 

The code performs approximately 50 single or albedo scatter calculations per second in a 

geometric mode I. 

The total running time for a SCAP problem is estimated as: 

t(CPU seconds) = 
NPT (NT + 1)* NR * N 

s 

50 

where: NPT is the number of source points in the SCAP problem, 

NT is the number (or order of the azmuthia I angle integration) 

NR is the number of polar ang Ie source rays 

N is the total number of scatter points in all zones for each source ray. 
s 
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3. 4. 3 Error Messages 

fW\ Astronuclear 
~ Laboratory 

A number of SC/~.r code generated error messages may be encountered in running 

a SCAP problem. These messages are primarily due f'o the incorrect problem input. The 

error messages are generally self-explanatory. 

t'lAessage 

Data storage requirements and I im its. • • 

Geometry error - zone H •• ,bnd' ... bnd 
number 'B" equation number I 

cc,ordinates x = ... , y = .. , z = .... 
Geometry error - zone ••• , 
boundary ..... , distance ••••• , coordinates 
(x, y, z) 

Exp.'anation 

x,y.1f x > y, the code terminate:;. This implies the 
problem is too large for available core stora~e 
or input value L1Ml is incorrect. 

A boundary equation, number NBE < 0 or 
NBE > 9. Check t'~BZ, and NBD arrays for 
cons istency • 

j.\ boundary cro.ssing on the line-of-sight can
not be found. Check location of the source 
point and detector point with relation to 
geometry descripHon. 

"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 to the specified array. 

'Warning, Interpolation used in the (9$, for 
exam pie) integer array I data edit continues" 

"Fill option ignored in (9$, for example) 
array" 

'Warning, Address ••••• is beyond the limits 
of (9$, for example) array" 

The code is warning the user that integer 
interpolation, which involves computer 
integer arithmetic is being used. Computers, 
in performing integer arithmetic, drop any 
fractiona I rema inder. 

The code already has all the data it needs for 
the specified array. 

The user, in inputing data with the A format, 
has ex.:eeded the stora~,e area set aside for the 
specifk~d array. 
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3.4.4 Stlmple Problem Input 

A sample problem for the SCAP code has been included in th is section to i IIustiate 

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:1 propellant tank. A detector 

point is on the axis and above the tank .. The propellant tank geometry is described in 

Volume 1 of th is report. The tank geometry is acyl indrical center portion with an ell iptic 

tank top and a conical tank bottom. Source input data are from punched cards provided by 

the KAP VI code (sce 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 

Oui'put data from the SCAP code consists of the printed output of the input data, 

and the calculated resul1-s. The printed output from the sample problem I isted 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 (L1Ml) for the problem, 

3) The FIDO subroutines edit of reading a" 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 N L = 1), 

5) An organized printQut of input data consisting of the geometry data, cross 

section energy points, atomic number of element data (electrons per atom), electron 

density by zone material (electrons'per cm
3).1 and zone material compositions, 
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TABLE 3-4 SAMPLE PROBLEM CARD INPUT FOR THE SCAP CODE 

l(~I· 15000 \ ,. . .lil MSFC SAMPLE PROBLEM - 200 INCH SEPARATION - KAP MERIDIAN RING OATA 
13 13 -11 30 10 10 i H 22 21 25 1 1 1 I I 

I: 1 1 0 
n.o 25.311 0.0 180.0 

i 911t.~\ -6.0 10000.0 1.0 300.0 
,; I is 

II It :3 3 2 3 4 
4 4 3 3 3 ~ \ ~ 
4 4 3 2 3 3 p. 4 -2 -1 -2 

2' , '" .: -1 2,t 5 -2 0 0 
2 5 -3 0 0 0 
3 5 -4 0 0 0 
It 5 0 0 0 0 

-5 15 6 0 0 0) 

-5 16 8 -15 0 0 
-5 17 8 -16 (I 0 
-5 21 8 -17 0 0 W 
-6 15 1 0 0 0 I 

tv -7 15 8 0 0 0 -.0 
-8 18 9 0 0 0 

;1 -8 19 10 -18 0 0 
-8 20 10 -19 0 0 
-8 21 10 -20 0 0 
-9 18 10 0 0 0 

-10 11 0 0 0 0 
-10 12 -11 0 0 0 
-10 13 -12 0 0 0 
-10 21 14 -13 0 0 
-lit, 21 0 0 0 0 
-21 0 0 0 0 0 

21 1 0 0 0 0 
31 

22 21 8 2 0 0 
1 7 3 0 0 0 
2 6 4 0 0 0 
3 5 0 0 0 0 

@ 4 6 9 0 0 0 
3 7 11 5 0 0 
2 8 13 6 0 0 r- ::x:-
l 21 14 1 0 0 GJcn 

c::r -5 6 10 0 0 (I o ..., 
..., 0 

9 6 11 0 0 0 GJ::l 
- C 10 12 15 0 0 0 o n 

6 13 11 11 0 0 
..., 
'< ro 

OJ ..., 

·liI··-~""y.~·r;:.;.,"';j~C1;q,.;.."~.,,-<' ., •• ",,,1, 
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TABLE 3-4 (Continued) 

7 14 18 12 0 11 8 21 19 13 0 0 Ii 12 16 0 0 0 

"'1 15 17 0 0 0 {) : .' .! tj; 

12 18 16 0 (l 0 , . 

13 19 17 0 0 0 I I :: 

14 21 20 18 0 0 
~ '; 

19 21 0 0 0 0 1 0 0 0 0 0 21 1 0 0 0 0 4$ 
6 8 8 8 6 6 6 6 6 6 8 8 8 6 2 2 2 9 9 9 9 

7* 
0.0 3R 844.54 6R 0.0 3R 2409.84 0.0 r 161.90 -163.5 ':'183.1 F 0.0 

8* 
lR 0.0 3R 1.0 6R 0.0 3R 1.0 lR 0.0 3R 1.0 F 0.0 
9* 
lR 0.0 3R 1.0 6R 0.0 3R 1.0 lR 0.0 3R 1.0 

eN F 0.0 
I 10* eN 

0 0.0 3R 1.0 6R 0.0 2.109 2.108 2.088 0.0 3R- .0717912 F 0.0 
11* 

-1000.0 261.54 256.46 256.04 716.97 898.50 1288.5n 1655.84 2188.50 2409.84 481.26 481.68 492.16 2156.00 0.0 0.0 0.0 481.26 481.68 492.16 1000.0 
12U 
10.0 8.0 7 .. 0 6.0 5.0 4.0 3.0 2.5 2.0 1.5 1.0 0.9 O.R 0.1 0.6 0.5 0.4 0.35 i 0.3 0.25 0.2 0.15 0.1 0.08 i f 0.07 0.06 0.05 0.04 0.03 0.02 'It 13U 
1.0 6.0 1.0 8.0 13.0 16.0 ,,( 24.0 25.0 26.0 82.0 

i 14U 
.00241 .. 055 0.1) 0.0 0.0 0.0 0.0 0.0 0"0 0.0 
0.0 0.0 0.0 0.0 2.1 0.0 0.0 0.0 0.0 0.0 
.01 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

.. \ 
'I t" ~ 

'" 
' . . ' ........ 
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w 
I w .-
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c<.,~h'<l!1l;;;:;·v.tr'~-"C-'-'''' --> 

.00088 0.0 0.0 
0.0 0.0 0.0 
.ClOl .048~ .0323 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
~OOOO11 0.0 .00028 
0.0 0.0 0.0 
.0387 .3642 .0283 
0.0 0.0 0.0 
0.0 0.0 O.Q 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

15S 
9 t 
1 9 
1 9 
9 fJ 

16U 
9.5 7.25 6.5 
2.8 2.5 2.2 
0.3 

11U 
10.0 1.5 1.0 
3.0 2.6 2.4 
O.'it 0.02 

18U 
0.0 10.2631 12.5181 
19.2655 20.6097 2.3 .0139 

IfJU 

"'=:--, 
i 

TABLE 3--4 (Continued) 

0.0 0.0 
0.0 
.1425 0.0 
0.0 
0.0 0.0 
11.35 
.000404 0.0 
0.0 
.1294 0.0 
0.0 
0.0 0.0 
0.0 
0.0 .072 
0.0 

2 3 
4 .,. 
4 4 
9 9 

5.!S 4.5 
1.50 1.0 

6.0 5.0 
1.8 1.35 

14.5331 15.4206 
21t.2168 25.3111 

0.0 

.0582 

0.0 

0.0 

0.0 

0.0 

0.0 

:3 2 .,. 2 
2 1 

3 .. 5 
0.1 

4.0 
0.9 

11.8242 

5.08435E-ID 5.99838E-ll 3.51039f-lO 3.19153E-lO 9.66830E-IO 1.18632E-09 
5.10a93E-lO 1.3402lE-lO 5.42922E-IO 5.62189E-IO 1.56095F-lO 2.094ulf-lO 
1.41040E-ll 
7.68543E-IO 1.33622E-ll 4.49073E-IO 4.28143E-IO I.DS863E-09 1.25515E-09 
5.32162f-l0 7.Z1633E-IO 5.29Q9SE-IO 8.16192F-10 2.49061E-IO 1.90839F-lO 
2.t2592E-ll 
8.3~503E-IO 1.6016CF-tl 5.23'(16E-lO 4.35960E-IO 1.10666E-09 t.26~10E-09 
5.32227E-IO 7.20824E-lO 5.19774E-I0 9.07Q94f-l0 2.45092E-IO 1.84491E-lO 
2.51884F-11 
8.165RIE-IO 7.10827E-ll 5.9l513E-lO 4.'S108E-IO 1.10081E-OQ 1.25A75E-09 
5.18619E-lO 7.1092lE-10 4.Q1909E-IO 9.58278E-IO 2.36910E-IO 1.76545E-lO 
2.86BBIE-ll 
8.Q)S04E-IO 1.15666E-ll 6.Z3151E-IO 4.35625E-IO 1.0910lE-09 1.25146E-09 
5.0Q903E-lO 7.03190E-IO 4.83955E-IO 9.72531E-IO 2.30037E-10 1.10825~-lO 
2.96334E-ll 
9.30291E-IO 7.90150E-l1 1.l0l02E-tO 4.3890ltE-lO 1.09432[-09 1.24139E-09 
4.86280E-IO 6.84109E-lO 4.39984E-10 9.SSI01E-10 lAQA~A1E-lO 1.43130E-10 

.... 
>," 

@ 
r- :l> 
Q,)(I) 
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TABLE 3-4 (Continued) 

!'i 3.02720E-11 
9.50074E-~O 8.06468E-ll 7.64078E-I0 4.47592E-I0 1.11155E-09 1.26)25E-O~ 
4.83614F.-IO 6.87861E-I0 4.23368E-I0 9.96754E-I0 1.18556E-IO 1.23572F.-I0 I: I 2.92190E-11 
9.66343E-l0 8.25472E-l1 6Q14827E-I0 4.60~71E-10 1.14213E-Q9 1~30102f-09 
4.921l·~-10 1.0510bE-I0 4.20843E-IO 1.01003E-09 1.62178E-l0 1.04090f-l0 I 
2.7011'tF-ll 

dJ 9.94!08E-IO 8.74242E-ll 9.09909E-I0 4.98942E-I0 1.24394E-09 1.46080[-09 
5.4~q18E-10 7.~224ZE-!0 4.6Q721f-10 1.06625E-09 1$51A66E-10 7.72846[-11 

! 1\ ' 
1.87162F-ll 
1.00639E-09 9.01Q78E-lt 9.54432E-I0 5.22252E-I0 1.30B87E-09 1.56?25E-09 
5.85722E-I0 8.~9123E-I0 5.01021E-IO 1.11031E-09 1.60380E-I0 1.37325E-ll 

a " " 1.32058E-ll 
I .'" 1.01~99E-09 9.32654E-~1 9.91835E-I0 5.48520E-I0 1.38361E-09 1.68007E-09 

6.36103E-I0 9.093~IE-I0 5.552i4E-10 1~16125E-09 1.80130E-I0 7.95932E-l1 
7.18580E-12 

20U 
0.0 0.0 69.0 

21· 
0.0 0.0 3300.0 
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TABLE 3-5 

SAMPLE PROBLEM COMPUTER PRINTOUT FOR THE SCAP CODE 

MSFC SAMPLE PROBLEM '. 200 INCH SEPAHATION - KAP MERIOIAN RING DATA 

PROGRAM SCAP INPUT DATA 

NO. OF GROUPS •• $ •••••••••• ~*o •••••••• NG • 13 
NO. OF SOURCE GRbUps; •••• ;;~;.~~ •• ; •• NS • 13 
NO. OF SOURCE POLAR ANGLES;.;; •• ~.;~.NA • -11 
NO. OF C~OSS SECTION ENEHGfES ••• ~.; •• NC • 30 
NO. OF ELEMENTS ••••••••••• Q$ ••• ~ •• ;;.NE • 10 
NO. OF ~ATERIALS;~ •• ; •••• ;;.; •• ~~ ••• 'NM • 10 
NO. OF ZONES •••• ;;.~;.o ••• ;.;~.~ ••• ;,NZ • 22 
NO. OF HOUNDARIES ••• ; ••• ~;;.~o.~;.;;,NH • 21 
NO OF POLAR SOURCE RAYS •• ;;.;.3.;.;.,NR • 25 
NO OF AZIMUTHAL SOURCE RAYS •••• ;~ •• ;.NT. 1 
C.ROSS SECTIONS(O/l.lNPUT/T~P£) •••• ~;'NL. 1 
MOST PROBABLE SOURCE POINT ZONE •••• ;,NSlO • 1 
NO. OF SOURCE PGINTS IN PROaLEM •••• ~.NPT. 1 

w tlUltOUP TYPE~'~'!"'!"'.!!~"!!lef!!'NBT· 1 
I TYPE O~ CALCULATION(O/l.StNGo/ALB.).,NTV. 0 w . 
w 

~OLAR ANGLE LOWER LIMIT •••••••••••••• THl • 
~OLAR ANGLE UPPER LIMIT •• ;;.; •• ;~.~;.TH2 • 
All~JTHAL ANGLE LOWER LIMfT~.~~;;.;~ttTl • 
AZIMUTHAL ANGLE UPPER lIMIT.; •• ~ ••• ;tTT2 • 
HAUtUS Of MERIUIAN RING ••• ~.~ ••• ;.;.,R~ • 
tllcTRON PATH LENGTH PER ~cAiTER~ •••• DED • 
~OURCE RAY PATH LENGTH ••• ; •••••••• e •• RP • 
~OU~Cl SCALING FACTOR •••• ;;;~; •••••• 'SCAlE. 
t.CLUSION RADIUS ON PRIMARY LEG~ •• ~ •• RX • 

O. 
2.53110E·OI 
O. 
1.60000E·02 
9.14400E.·0;? 
~. OOOOOE.·'OO 
1.00000E·04 
1.o.OOOOl·00 
3.60000E.02 

I 

DATA STORAGE REQUIREMENTS AND LIMI!5 •••• ~~ •••••• 210. 5000 

IS ARHAY 22 ENTRIES READ 

2S ARRAY 132 ENnH~S READ 

31 ARRAY 132 ENTRiES READ 

., ARHAY 21 ~NTRi~~ READ 

" ~ ~.- .• ""'-~- ........ I!~,~t'.J .. ~.*4~.· .. ;.{~~".i' ,. 

-~ 

@ 
r- ::x:-
OJcn 
cr -0"'" ...,0 
C'...) ::l 
- c:: o n ...., -
'< ctI 

C» ...., 

1 
J. 

~ 



~I I 

7'. A'RR'AY 2\ ENT'R'I;S READ 

e. ARRAY 21 f.NTRIES REAO 

9. ARRAY 21 ENTRl~S READ 

i'O'. ARRAY 21 ~N7RIES READ 

'N0Ni·,S,TANOARD INPUT f:ORMAT USED 

U. ARRAy 21 ~NTRI~~ REAO 

'~~N:lI!lS;T ANOARD INPUT fORMAT USEO 

l?U ARRAY 30 E.NTRI~S READ 

itj6Niii\$iTANDARD INPUT ~O~"MAT USED 

13U ARRAY 10 ENTRIES READ-

U)' 
:lii~~1IJ ARRAY 100 ENTRIES READ ,. 

w 
~ 

~N,O,N-:STANOARO I NPUT FORMAT USED 

15S ARRAY 22 ENTRIES REAO 

INC:lN!i!\S"TANOARO INPUT FOR"'AT USED 

IflU ARRAY 1) ENTRJ~S READ 

':N~t;li"':STANOA~O INPUT FORMAl USED 

17U ARRAY 14 ENTRt~S READ 

,N~I\I-~S'rANOARO INPUT FORMAT USED 

leu ARHAY 1\ ~NTRI~S READ 

'N6:N:-ST ANOA~O INPUT FORMAT USED 

19u ARRAY 143 ENTRI~S READ 

:a(OlU ARRAY l ENTRt~S READ 

~\t. A;;RAY 3 ENTRIES READ 

• 
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HYUIolOGt::N 
CAHaON 
NI H~OGEN 
OXYGE.N 
ALUMINUM 
~ULFUR 
CHHO'4IUM 
MANGANESE 
iRON 
LE~D 

ELEMENT NAM~ 

'" 
TABLE 3-5 (Continued) 

10 NUMUEH 
27 
27 
21 
21 
2'" 
2-' 
21 
21 
21 
35 

ATOMiC NO. 
1-0000 
6.0000 
7.0000 
8.0000 

13.0000 
16.0000 
24.0000 
?5.0000 
26.0000 
82.0000 

NO. OF ~OUNOARY SURFACES AND MATERIAL BY lONE 

1 4 9 
2 3 1 
3 J 2 • 2 3 
5 3 j 
6 4 2 
1 4 1 
8 4 9 
9 3 4 

10 3 ~ 

11 3 4 
12 4 2 
13 4 1 
l' 4 9 
15 J 4 ,6 2 4 
1 1 l 2 
16 3 1 
19 4 9 
20 -2 9 
21 -1 9 
22 -2 9 

aOUNOARY SURfACE NO.~S HY ZONt 

8NO. ZONE 1 ZONE 2 ZONE 3 ZONE 4 lONE 5 
i -1 2 3 4 -s 
2 21 5 5 5 IS 
1 5 -3 -. 0 6 
4 -2 0 0 0 0 

fit 

ATOMIC lifT. 
l·OOt:tO 

12.0111 
14.00b1 
15.9994 
2f.u9B15 
32.06 4 0 
51.9960 
54.93 80 
55.8470 
ZO].97~Q 

lONE 6 zONEt '1 lo~r 8 @ -5 -5 -5 
16 17 21 

8 8 8 r- » 
1»(1) 

-IS -16 -17 c::::J"'-
0"" ...,0 
I» ::::t 
- c:: 0" ..., -
'< rn 

Po) ..., 

....... 



TABLE 3-5 (Continued) 

':'~~ .-:'"- J" --;'~ ___ -_ .--. _. ~ • __ 

, 
I 5 0 0 0 0 0 0 0 0 

!~ 6 0 0 0 0 0 0 0 0 
I 

Ii ; SNO. ZONE 9 ZONE 10 ZONE 11 lONE 12 ZONE 13 lONE 14 lONEi 15 ZO~€ 16 

1 ~ 
1 -6 -7 -8 -8 -8 -R -9 ·dO 
ii! 15 15 18 19 20 21 18 11 

, 3 7 8 q 10 10 10 10 0 
I ' 
; j; it 0 0 0 -18 -19 -20 0 0 

Hfi 
5 n 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 0 

r" BN(). lONE 11 ZONE 18 lONE 19 ZONE 20 ZONE 21 lONE 22 

:1 1 ... .10 -10 -10 -14 -21 21 , ;:" 2 12 13 21 21 0 1 
3 . -11 -12 14 0 0 0 

~ 0 0 -13 0 0 0 
5- 0 0 0 0 0 0 
6 0 0 I) 0 0 0 

lONE NO.'S AT BOUNDARY CROSSINGS 
w 
I 

W SNO. ZONE ZONE 2 ZONE 3 ZONE lONE 5 ZONE 6 ZONEl 1 ZONE A 
0- 1 4 

1 22 1 2 3 4 J 2 1 
2 21 7 6 5 6 7 8 21 

3 8 J 4 ") 9 11 13 14 

" i! 0 0 0 0 5 6 7 

5 n 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 0 

8ND! ZONE III ZONE 10 ZONE 11 ZONE 12 ZONE 13 ZONE 1, ZONEI 15 ZO"-lE 16 

1 S 9 10 6 1 R 11 15 

2 6 6 12 13 14 21 12 17 
3 10 11 15 17 18 19 16 0 , 

0 0 0 11 12 13 0 0 

5 0 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 0 

BNO. ZONE 11 ZONE 18 ZONE 19 ZONE 20 ZONE 21 ZONE ZZ 
1 12 13 14 19 1 ii!1 
2 18 lCi 21 21 0 ~ 

3 16 17, 20 0 0 0 

4 0 0 18 0 0 0 

S 0 0 0 0 0 0 

6 0 0 0 0 0 0 

C~OSS S~C!ION ~N~RGIES.~LE~THONS/A!OM.El~C~RONS/CC 

~ ~ 

:~ 
\! 

, 

......... 
.; 

j~ " 



.a."'7 

f' :=~ 

TABLE 3-5 (Continued) 

I~ ~ 1 1.0000or·Ol 1.00000E+OO 1.7~9J3F-02 

I· , Z 8.00000E.OO 6.00000E.OO 7.83761E-Ol 
i 3 7.00000£+00 7.00000E.00 4,lB~Olf-02 

/

.' j: 4 6.00000E+00 8.00000E.00 5.25990E-04 
: ' 5 5.00000E.00 1.JOOOOE.Ol 9.0154~E-02 
. ~ & 4.UOOOOt.OO 1.60000~.Ol 2.74903E+OO 'I·· ·t. 7 3.00000~+OO 2.40000r.Ol 2.12587E-04 

, f 8 2.!)0000E+00 2.500~OE·01 1.802~4E-Ol 
(" ~ 9 2.00000E+OO 2.60000E.Ol 0 
.• ~ 10 I.S0000E·00 8.20000E.Ol 2.09003£-02 
\. : 11 1.00000E.OO " 
( 12 9.00000E.-Ol 

13 8.00000E-Ol 
1 ~ 7. O"OOOOE-Ol 
15 6."0000E-Ol 
1&" 5.00000E-Ol 
17 4.00000E-01 
18 3.50000E-Ol 
19 3.00000E-Ol 

UJ 20 2.50000E-Ol 
I 21 2.00000E-Ol 
~ 22 I.S0000E-Ol 

23 I.OOOOOE-Ol 
24 8.00000E-02 
25 7.00000E-02 
26 6.00000E-02 
21 5~OOOOOE-02 
28 4.00000f..-02 
21J 3.00000E-02 
30 2.00000E-02 

CO~POSlrIONS BY ELEMENT AND MATERIAL 

ELEM. MAT.. 1 MAT •• 2 MAT •• l 
1 2.41000E-03 O. 1.00000£-02 2 5.50000E-02 O. O. 
3 o. D. O. • o. o. O. 
5 o. 2.10000E·OO o. 
6 O. O. o. 
1 O. O. o. 

MAT •• • 8.80000£"0· 
O. 
O. 
O. 
a. 
n. 
o. ELEM. a THRU ELE.M. 9 SAME AS ABnVE . 10 O. O. o. o. 

ELf". ...AT •• 9 MAT.~ 10 

MAT •• S 
1.01000E-02 
4.A~OOOf.-02 
3.23000E-02 
1.~2500E-Oi 

o· 
S.8?OOOE-02 
o. 

O. 

.I, 

MAT •• 6 MAT,.. 7 "lAT •• ~ 
O. 1.10000E-OS 3.R 1 OOOE-O? 
O. o. 3.6t.cOOF-Ol 
O. t'.~OOOOE .. 04 2.S3000E_02 

@ O. 4.0~OOOE-{j4 1.?9ItOOE-Ol o. Q. (I. 

o. o. O. r- )::. o. 0" o. C»C/') 
r:::r -+ 
0"" -,0 

1.1JSOO~·01 O. o. c» :::J 
- c:: On ...... --
'< ro 

w -, 

~ . ~ __________________________________________________________________________________________ .. -.r-~~~~ ... 
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TABLE 3-5 (Continued) 

1 o. o. \ 

"1! 4 SAME °AS ABdvE ELf"'. 2 THRU ELEM. ; 'I 5 I). 7.20000E-02 l, :1 6 o. o. 
f: :: ELE"'. 7 lHRU ELE"'. 10 SAME AS AROVE 

CROSS SECTIONS(C"'.*-l) BY MATERIAL AN~ GHOUp 
I i fill 

.1 j Ii C~AST COLUMN IS TOTAL ~OMPTON PEH ELECTHON) 

r \] GHOUP MAT. 1 MAT. 2 MAT. J MAT. 4 MAT. S MAT. b MAT. 7 "IAr. R 
1 a.32~26E-04 2.2!~f)2E-02 1.31236£-04 1.7?,S25E-06 1.74183E-03 4.22278t::-Ol 3.S0!t66E-1'I6 2.40f:iB4E-OJ 
2 1.92476E-04 1.844~5E-02 1.09621E-04 1.31809£-06 1.44897E-03 3.6Q659C.-Ol 2.93U2E-1'I6 2.0018HE.-03 
3 1.67869E-04 1.62563E"-02 9.303b4F-05 1.16960E-06 1.27530E-03 3')0500t-01 2.57430E.-O" 1.74M~7E-01 
f, 1.43349E-04 1.404?4E-02 7.&9858f.-05 9.61822 E-0 7 1.).0060E-03 2.9B80bt-Ol 2.213?OE.-o(l, I.4 9hS4E.-OJ 
S 1.16260E-04 1.1S153E-02 5.94130E-05 1.46906E-07 R.93455E-04 2.61161t:.-Ol 1.19HOt.-06 1.21194E-03 
6 8.58440E-05 8.56108£-03 4.13799f-05 5.20204E-07 6.6536 b(-04 2el579qt::-0~ 1.33iI9E-06 H.QhH72E-04 
7 !,.15600E.-05 5.16679E-03 2.31794E-05 2.91399E .. 07 3· 9795HE-04 1.64607£-01 7.9371"E.-07 5. 3~'S30 E -04 
S 3.18322E-05 3.22284£-03 1. 40166E-05 1.76209E-07 2.41227E-04 1.41121~-Ol 4. (H 503E-o 7 3.31433E.-04 
9 1.16412E-05 I.M086HE-03 1.51306E-06 9.52042£-08 1.38066E-04 1.1B007E-Ol 2.73393E.-01 1. B .. H\09E-04 

10 4.42229E-06 ~iS21?uE-04 1.8~097E·06 2.31436E-08 3.S8786E-05 1.17210:'-01 b.86&OOf:.-oA 4.bl104E-05 

w 11 n. o. o. O. 2.61925E-06 2"101854(-01 O. O. 
I 12 Il. 4.2202SE-05 O. o. 3.45513E-06 2.SB012E.-01 0, O. 
w 13 o. 8.4405QE-05 o. o· 4.59301F.-06 3.28S43f.-Ol o. o· <Xl 14 n. 1.20413E-04 o. n. 6.4744~E-06 4.412~lE-Ol O. O. 

15 fl. I.RI471~-04 o. O. 9.62345E"06 6.2020HE-Ol o. n. 
16 o. 3.07475E-04 O. O. 1.56381(-05 9.48751E.-Ol O. o. 
11 o. 6.14951£-04 O. O. 3.10575E-05 1.62260~+00 O. o. 
18 o. 9.21095E-04 0" O. 5.32317E-05 2 .. 267171:.+00 2.22BIOE-OR 5.13718E-06 
19 o. 1.4B915E-OJ O. o. 8.81443E-05 3.3357lCo·OO ... 456j?01::-OB 1.1474 .. E-0C; 
20 2.52430E-06 2.61635E-03 o. o. 1.56161E-04 5.39f122E.·OO B.OI0?2E-nB 3.7)040E-05 
21 5.04861E-06 5.21503£-03 O. o. 3.09092E-04 9.7?21Af.+OO 1.64195E.-n1 1.S5401E-OS 
22 1.28560E-05 1.26608(-02 o. o. 7.5264~E-04 2.07854t.+Ol 4.15574E-07 1.91A34E-04 
23 4.14514E.-05 4.60001F-02 O. O. 2.68734("03 6.0344bCo+Ol l e 54002E-06 7.0~995E-04 
24 9.B489]E-OS 9.40C;13E-02 0, O. 5.51779(-03 2.2"'298£ + n 1 :;.2J344~"'O" la47921)E-cl3 
25 1.55882E.-04 1.44246E.-OI o. n. 8.43334E-03 3.29615f.+Ol 5.033C)6E"06 2.32047£-03 
it» 2.64845E-0'" 2.36334E-Ol o. O. 1.3763°!F.-02 S.Ot,224£+Ol B.3YOO9E;.-0" 3.90?45E-03 
2" 4.H8308E.-04 4.25040E-Ol o. o. 2.466b4E-02 8.31414 E+Ol 1. 53H 9E:.-0c; 7.15?Or;E-03 

J ~ 28 1,02016E-03 H.74195E-Ol o. n. 5.0453!)E-02 1.52202E.+02 3.21e23E.-05 I.49~13Eo-02 
29 2.70363~-O3 2.23010E+00 o. O. 1.26996E-Ol 3.2B878t+02 8.41r.17E-oc; 3.9c.142E-0? 
30 1.05386E-02 8.2S9~4E+oo o. O. 4.61250E-Ol f1.58808E.+02 3.232"BE-04 1.S21S1E"Ol 

GHQUP MAT. 9 MAT. 10 MAi. 11 
1 l). 5.90031E-1)4 5.09911E-OC! 
2 n. 4.919~1£-04 5.98872E-02 
1 o • 4.33500£-04 6.580ij3E-02 • o. 3.14598E-04 7.32JJ5E-OZ 

-
~ 
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TABLE 3-5 (Continued) 

, ~ i r'~ 5 o. 3.07074E-04 8.28697F--02 
6 O. 2.28296E-04 9.59790f-02 

. I . T (h 1.37781E-04 1.15091E-Ol 
1 ' 8 O. 8.59425E-05 1.2853?E'-Ol 

[' 1 ~ , 'I O. 4.82314E-05 1.4636",£-01 
10 O. 1.~0519E-05 1.7158Sf-Ol 

It! 11 o. O. 2.11219£-01 
12 O. 1.12540E-06 2.2226AF.-Ol 
13 O. 2.25080£-06 2.34912[-01 

~ I~ 14 O. 3.21102E-Ob 2.49815E-01 ; f ~ 15 O. •• 83922£-06 2.6751lF-Ol 

" ! 
16 O. 8.19935£-06 2.89181f.-Ol 
17 O. 1.63981E-05 3.16696E-Ol 

r I!, .. 18 O. 2,,41225E-05 3.33611E-01 
19 o. 3.971 06E-05 3.53469E-Ol 
20 O. 6.91694£-05 3.71261£-01 
21 O. 1.39067E-04 4.06504f-Ol 
22 O. 3.37620£-04 4.4362AF-Ol 
23 O. 1.22669E-03 4.92714E-Ol 
2~ O. 2.50804E-03 5.11312£-01 
2:; 0" 3.84651£-03 5.30951E-Ol 

w 26 O. 6.30224E-03 5.45648f-Ol 

I 21 o. 1.13344£-02 5.61536E-Ol 
w 28 O. 2.33119E-02 5.7876RE-Ol 
'0 29 O. 5.94855E-02 5.97525E-01 

30 O. 2.20251E-Ol 6.18019£-01 

SURFACE EQUATION NO. AND COE~F.CA,X.B.y,~.Z.D) 

1 6 0 0 0 0 0 0 -1.00000E-01 

2 8 1.00000E+00 0 1.00000E+OO 0 l.oOOOOE.·OO 8.445.0E·02 ?.biC,~OE-O?, 

3 8 1.00000E·00 0 1.00000E-00 0 1.00000E-00 R.44S40E,o? 2.56460f+O? 

" q 1.00000E·00 0 1.00000E+00 0 1.0000OE-OO 8.44SVtOE-02 2.5b040E+O? 

~ 6 0 0 0 0 0 0 1.1bcnOE_O? 

& " 0 Q 0 0 0 0 li.q':!C,OOE.O? 

7 6 0 0 0 0 0 0 1.?H~50E+Cq 

8 " 0 0 0 0 0 0 , .65~R4E.+O~ 

Ii 6 0 0 0 0 0 0 2.1H~50E.03 

10 6 0 0 0 0 0 0 ?4toqH4~·Ol 

11 A 1.00000£+00 0 1.00000E 4 OO 0 2.10qOOt=.-OO 2.409R4E+03 4 .,H260E -o? 

12 8 1.00000f.+00 0 1.00000E,00 0 C!.10800E~OO 2.40~A4E._OJ 4.8 7h80E_07 

1~ 8 l.OOOOOE+OO 0 1.00000E.00 0 2.08800~-OO 2.409~4f-03 4.Q2760E+O? @ lit 6 0 0 n 0 0 n ?.15bOOE-03 

15 2 1.00000E+00 0 1.00000E'00 0 .7.17~72~-n2 ·1.61~OOE.02 0 

16 2 1.00000E,00 0 1.00000E,00 0 -7.17972£-02 -1.63500E_02 0 r- :l> 

1! 2 1.00000E·00 0 \.OOOOOE,OO 0 -7.11912E-02 -1.83100[-02 0 
WCI) 

c:r -

18 9 0 0 0 0 0 0 \.81260E-02 0-' 
-,0 
OJ:::l 
- c:: on 
-, -
'< (1) 

W -. 

--0IIII 
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TABLE 3-5 (Continued) 

19 9 0 0 0 a 20 9 0 0 0 0 21 9 0 0 0 0 

SOURCE ENERGtES,fLUX ENE~GJES,AND ALBEDO DArA 

1 8.50000E+OO 1.00000F"OI 0 
2 1.25000E+OO 7.50000E+00 0 
3 6.!)OOOOE+00 1.00000E+00 0 • 5.500001::+00 6.00000E+OO 0 
5 It.SOOOOE.+OO 5.00000E+00 0 
6 3.~OOOOE+00 4.00000E+00 0 
7 2.8vOOOE+00 3.00000E+OO 0 
8 2.~OOOO£+OO Z,('OOOOE+OO 0 
9 2.20000E+OO 2.40000E+00 0 

10 1.50000E+00 1.80000E+00 0 
11 1.00000E+00 1.35000E+00 0 
12 1.00000E-Ol 9.00000E-Ol 0 
13 3.00000E-Ol 4.00000E-Ol 0 
J4 2.00000E-02 

SOURCE POLAR ANGLES 

1 .0 
2 1.02631£+01 
3 1.25781£+01 
it 1.45337E+Ol 
S 1.54206E+Ol 
6 1./8242[+01 
1 1.92655E+Ol 
8 2.0b097E.+Ol 
Ii 2.30739E+Ol 

10 2~42168E+Ol 
11 2.53111E+Ol 

SOURCE DATA BY ANGLE AND GROUP FOR POINY 

SOURCE POINT COORDINATES 

1 o. 
2 O. 
3 0. 69 OOOE+02 

ANGI.E GROUP 1 GROUP 2 GROUP J 
1 5.08~35E-I0 5.99838E-l1 3.51039£-10 
2 1.b8S.3E-I0 7.33622£-11 ~.49073E-IO 

r-: .' 

"''- i c.' 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
C .0 
0 0 
0 0 
0 0 

1 

GROUP 4 GROUP 5 
3.79753E-I0 9.668]()E-1O 
4.28143E-I0 

.. 

.' '~ " . ., 

1,08863E-09 

0 0 4.ij7~AOE·O? 
0 0 ~.92760E+O? 
0 0 1.OOOOO~·OJ 

I 

GROUP b GHOJP 7 GROUP R 
1.le632~-o9 5.10893E-IO 7.3 4Ol1E-IO 
1.2S51SE-09 5.32762E-10 7.216)3[",10 

........ 
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TABLE 3-5 (Continued) 
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TABLE 3-5 (Continued) 

MSF~ SAM~L~ PROBLEM - 200 INCH SEPARATioN - KAP ~ERIDIAN RJNG DATA 

SOURCE POINT NO. • 1 

SOURCE POLAR ANGL! LIMIT~ 

1 Q 
2 1.01244E+00 
3 2.02488E+OO 
4 3.03732E+00 
5 4.04976E+00 
(, 5.06220E+OO 
7 6.07464E+OO 
8 7.0870BE+OO 
9 e.09952£+00 

10 9.11196..:+00 
11 1 .. 01244E+Ol 
12 1.11368E+Ol 
13 I.Z1493E+Ol 
h L.31617 E+01 
15 1.41742(+01 
1ft 1.S1866E+Ol 
17 1.61990E+Ol 
1~ 1.12115(+01 
19 I.H2Z39E+Ol 
2D \.92364E+0\ 
21 2.02488E+Ol 
22 2.12612£+01 
23 2.22137~+01 
24 2.32861E+Ol 
25 2.42986E+Ol 
26 2.53110E+Ol 

SOURCE DATA (MEV/SEC) - TOTAL IN SOLID ANGLE 
LAST LINE IN EACH COLUMN IS TOTAL 

AN(j~E GHOUP 1 GHQUP 2 GROUP 3 
1 4.J0998E-07 4.99168£-08 2. 93187E-01 
2 1.34904E-06 1.S~624F.-Ol 9.00644f-07 
3 2.3S082t.-06 2.59613E-01 1.539S3E'-06 
4 3.4359Sf..-06 3.10845E-01 2.20964E-06 
5 4.604G2E-06 4,S6?83E-01 2.91012E-06 
6 5.H5457E-06 6.05885E-01 3.642')2E-0.6 
1 7.18701E-06 1.29606E-01 4.40~75E-06 

~ 

, '''"":~, 

GROUP 4 GROUP 5 
3.14066E-07 7.99S19E-07 
Q.52552E-Ol 2.42462E-06 
1.~0640E-06 4.088,36£-06 
2.21538E-06 5.19021£-06 
2.9~929E-06 7.52959E-06 
3.65788E-06 9.30591f-06 
1,.31092E-0 6 1.t11 8bE-05 

. \ 

"ROUP' ti GROdP 7 GROUP A 
9.166881::-01 4.201fbE-07 6.01156(-07 
2.94463E-06 1.26S1'3E.,,06 1.H0120f-1)6 
4.93391t.-Ob 2.116tl5t.-06 2.99,,4SE-Oh 
6.943911:.-06 2.914Q2E.-06 ".1 !36R?f -06 
8~97398E-06 3. 83~ l3E.-O" 5.311B&.,E.-06 
1.10234E.-OS 4.1lH191:-06 6.SS121E-06 
1.30 916E.-OS 5.58~83E-06 1.72453E-06 

-01lI1l 



/':~ 
\ 

I I 

11 
8 8.60095£-06 8.57401E-07 
9 1.00956E-05 9.89220E-07 

10 1.16703£-0 5 1.12501E-06 
11 1.33566E-OS 1.26417E-06 
it! 1.51661E-05 1.40513E-06 
13 Ie 7 0 199E-05 1.54613E-06 
14- 1.S84 1SE-05 1.68090E-06 
15 2.0&902£-05 1. 81547E-06 
16 2.25442'::-05 1. 95229E-06 
17 2. 43810£-05 2.09)98f-06 
1 B 2.62381£-05 2.23342F.:-06 
19 2.81068E-05 2.38701E.-06 
20 2.99773£-05 2.55048E-06 
21 3.1 8465£-05 2.12679E-06 
22 3.37269t-OS 2.921 96E-06 
23 3.5bI19E .. 05 3"12252E-Ob 
24 3.75215E.-o5 3.33985E-06 
25 3.94606E.-OS 3.57743E-06 
26 4.50075E-04 4.0241 9E-05 

ANGLE GROUP 9 GROUP 10 
W 1 4.44593E-07 4.7521?E-07 
I l 1.330ASE-06 1.48024E-06 .!=o.. 
w 3 2.21251E-06 2.56678E-06 

4 3.089 29£-06 3.73444E-06 
S 3.96094E-06 4.98279E-06 
6 4.82 716E _06 6.311 32E-06 
t 5.6M775E-06 7.11 951E-06 
8 6.54239E-06 ~.20616E:-06 
9 7.39084E-06 l'07124E-05 

10 8.23284E-06 1.24158E-05 
11 9.04491E-06 1.42442£-05 
12 9.80919E-06 1.63401E'-05 
13 1.05363E-05 1.H4922E-05 
14 1.112271:.-05 2.05465E-05 
IS 1.16~78E.-05 2.25904E-05 
16 1.20085E-05 2.44609E-05 
17 1.22516~-O5 2.61804E-05 
IS 1.24886t"--05 2.78974E-05 
19 1.28068E_05 2.961 9 1f.-05 
20 1.32570E.-05 3.14072F-05 
21 1.3'1625£-05 3.33696E-05 
22 1.51384E_05 ].5696~E-05 
23 l.b~076E-05 ~.81052E-05 
24 1.82042F.:-05 4.09760E-05 
2S 2.0641 8E-05 4.4438 1E-05 
26 2.43048E-04 4.84029£-04 

, , 

/ --~ 
\ 

TABLE 3-5 (Continued) 

5.1 'HI3F-06 5.098 15E .. 06 1.29664E-015 
6.019J3E-tl6 S.8393~E-06 1.48S02E-Or, 
6.tH!03E-06 6.SQ413E-0 6 1·67679E-05 
7. 9050 1F.-06 7.315512E.-06 1·8696 1F.-05 
9.258H4E-Ob 8.111R5~-06 2.06045E-05 
1.07114f-05 A.86060E-06 2.24B)5E-05 
1.2325qE-05 9. 5!?,980E-06 2.4?010E-05 
1.4041 0f-O S 1.0,2501 E-05 2.SR197E-05 
1.59013E-O~ 1.0949 1[-05 2.753H4E-05 
1. 78197E-05 1.}6726E-05 2. 92330E-05 
1. 996f,OE-05 1,,24069E-05 3·09490E-05 
2.21866£-05 1.324A3 E-05 3.2Q481E-05 
2.45JOOf-OS le41 821E-05 ).52049E-05 
2.699b7f-O!; 1.52411E"'05 3.7R231E-05 
2. 959 46F.-05 t.64831E-OS 4.09854E-05 
3.23031E-05 1.77773E-()5 4.429Rf,E-os 
3.51294E"U5 1.92J74F.·0~1 4.8122JE-05 
3.80837E-O~ 2.089 14E-05 5.25438E-05 
3.50814F:-04 2.2Q896E-04 5.77153E.-04 

GROUP 11 GROUP !2 GRoUP 13 
2.09609E-01 1.70746E'807 1.1C)527E-OB 
6.27027F.-07 S.OR17SE-07 3.73Q~dE-OB 
1.04165f-Ob 8.39440E-07 6.51500£-08 
1.45335E-OI'J 1.16444E-06 ~.51"3eE-oR 
1.86200E-06 1.4SJ09E-06 1.215 181:-07 
2.26748E .. 06 1. 795 2RE_06 1.62111E-07 
2.66966F-06 2.10093E-06 1·9R958F.-07 
3'06843E-06 2.39996£-06 c'3S043E-07 
3.46366[-06 2.69228E-06 2·7'9]50E-07 
3.85524£-06 2.977EqE-06 J.2?85AE-07 
4.2]907E-06 3.2487 3E-06 3.76876£-07 
4.61261~-O6 3.50091 E-0 6 4.49223E-07 
4.9711 5f.-06 3.74132E-06 5.26270E-07 
5.2721?f. ... 06 3.94556E_06 6.01595E-07 
5.53962F-Ob 4.12560E-06 6.78203E-01 
5.669M4E-U6 4&19624E-0!J 7.45503t-07 
5.66117E-Ob 4.14372E-06 8.00130E-07 
5.63834E-Ob 4.07644E-06 e,S?216F.-07 
5.53312f-06 3.~91a6E_06 8.83372E-07 
5.40755E-06 3.642HIE-06 8.9]704F.-07 
5.32713E-Ob 3.3"lA9E-06 8· 63736E-07 
5.40B27E-U6 3.10376E-06 7.80344E-07 
5.50850E-06 2.A7894E-06 7.01167E-07 
5.88979(-06 2.13\022E"'06 5.64047E-07 
6. 65664~;"O6 2. 9Q418E-06 3.7415~E-07 
1.01853E-04 6.97944E-05 1.1627!E-05 

.... ~:.~ . \ 

I.SJ779ti.-05 6.465·76E.-o(, R.8~145E:.-06 

1.7?814E-OS 1.35 1 ~Hf. -0(, 1.ooSlnE-05 
1.94011£-O~ 8 .. 242JOf:..-o6 1.1 c0 4 lE: -ot; 
2.1::t]14 t -0':> 9.121~~E-06 l·2J55~~-oC; 
2.3f> H16t-O:' 9 • 9 , 4 '1 () c: _ 06 J •. ~" 1 0 11:. -I}, 
2.S78B7t-(lS 1.0 79RCi f.-o5 1.4 0420t.-n5 
2'17109f:-05 l.l5017f-oC; 1.5~H60f-05 
2.957ti6t.-n5 1.215Q9f_05 1 • "h~O 7E-05 
3.13941£ .... 05 1.272R6E"05 1.1 n ll1H.-OE) 
3.32 4 52E-05 1.32:'40e.-n5 1·A4Q66E-05 
3.512621::-05 1.3 7E103f:.-05 i·93n6q~-o~ 

J.7'+200t.-05 1. 44 44 7E -ns i?04/0t .-0' 
4'0108Jt::-05 1.52bl1E-nr; 2.1 'h5':1E-05 
4.33654t:-05 1.63?hlF ... oS ~.'3JAB5E-oC; 
4.74911E-05 1.78 001£-05 2.55281E-05 
5 .. 1875Y~-05 1. 93154E:-05 c.1~059E-O~ 
5.71026t.-05 2.13706t-05 .l.0 6519£-05 
6.330~,+~-O5 2.31:t~44E-05 3.41592E-05 
6.69~85E-04 2.647:;4£ ... 04 3.11531E-04 

@ 
r- ;x:. 
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TABLE 3-5 (Continued) 

MSF~ 5AMPLE PRO~LEM - 200 INCH SEPARATION • kAP MERIDIAN HING DATA 

~OURCE POINT NO. • 1 

HESU~TS • SINGLE SCA!TtR OR REFLECrgD wlO aUILDUP(MEV/CM*.2-SEC) 

CLAST LINE IN EACH COLUMN Is TOTAL) 

GROUP ZONE 
1 O. 

1 

2 o. 
3 o. 
it o. 
5 0, 
6 O. 

-1 o. 
8 O. 
\I O. 

10 o. 
11 O. 
12 o. 
13 O. 
14 O. 

GROUP 
1 

ZONE 9 
1.31577E-14 
5.b114I)E-15 
2.30635E-14 
3.08888E-14 
7.17056E-14 
1.3241SE-13 
6.08499t::-14 
4 8 04240£-14 
1.14106£-13 
4.7825]E-14 
3.40219E-14 
7.76142[-15 
1.66959E-16 
5.82686E,w13 

2 
3 
~ 

5 
6 ., 
8 
9 

10 
11 
12 
13 
14 

GRoUP 
1 
2 
3 
4 

~, 

ZONE 17 
1.21888E-14 
2.48067E-14 
9.75714E-IS 
4.42103E-U 

ZONE 2 
5.95488(-15 
4.00'115£-15 
9.36710E-15 
1.S70i4E-h 
3.29451E-14 
6.7628}E.-14 
4.02996E-14 
1.66S17E-14 
6.283?6E-14 
2.32622£::-14 
2.46443E-14 
5'12985£-15 
l.b5846E-16 
~.0859(JE-13 

ZONE !O 
1.18229E-14 
5.80653E-15 
1.97099E-14 
2.90041E-14 
5.88719E-14 
1.21536E-13 
6.19109E-14 
4.24666f-14 
1.26941E-13 
5.68641E-14 
3.65071E-14 
9,01131E-15 
1.66472f-16 
5.806~4E"'13 

lONE 18 
3.92027E-15 
7.94113E-15 
~.lJ490E-15 
1.412?6E"'14 

ZONE 3 
2.149S0E-U 
1.44532E-14 
3.3868of-14 
S.68623E- 14 
1.19689£,..13 
2.5069 1E""13 
1.51911E-13 
6.08853£:"-14 
2.36120E-13 
8.86313E-14 
9.314blE-l~ 
1. 93054E-l'+ 
6el0392F.-16 
h14761f-12 

ZONE 11 
1.65724f.-14 
1.094S2E-ll+ 
2.20308E-14 
4.2'7317F-14 
8.68163E-14 
1.561351:.-13 
1.00491E-IJ 
S.775]OE-14 
2.030AOF-13 
1.0g924E-13 
5.45969E-14 
1.51019F-14 
2.28481E-16 
8.76012E-13 

lONE 
O. 
O. 
O. 
O· 

19 

ZONE 4 
5.29930E-13 
1.70340E-13 
7.51501E-13 
1.11344\E-12 
2.25311E-12 
3.49979E-l.:! 
1.6484SE-!2 
9.74268E-13 
2.56551E-12 
8.47957E-13 
7.28036E-13 
le55471E-13 
4.21 951E-15 
1. 53021E-11 

ZONE 12 
O. 
O. 
0. 
O. 
o. 
o. 
o. 
o. 
1.90986E-13 
3.48997E-13 
2.38531E-13 
3.34812E-14 
5.92793E-16 
8,,12594E-13 

ZONE 
O. 
O. 
(i .• 

O· 

20 

~-l \-., 

ZONE 5 
2.79989E-13 
2.33754E-13 
5.53230f.-13 
8.47025E-13 
1.60S04[-12 
3.24420E-12 
1.48659E-12 
'h16143E-13 
2.49211E-12 
8.97130[-13 
8.12346E-13 
1.62424E-1-;: 
4.29952E-15 
1.35J4~E-ll 

ZONE 13 
o. 
O· 
O' 
O. 
O. 
O· 
o. 
O. 
3.69683E-14 
8.23680E-14 
5.55706E-14 
6.60986E-15 
9.8465~E-17 
1.8161SE-13 

ZONE 
O· 
O. 
O. 
O· 

21 

lONE 6 
O. 
O. 
O. 
O. 
D. 
!t.1 648RE-14 
1.56913t.-13 
5.8284'1t.-14 
5.3104n-13 
2.15400E-IJ 
1.S937,lE-13 
3.2541!;lE;-14 
6.223 B2E.-16 
1.27183E-12 

LONE 
O. 
O. 
O. 
O. 
O. 
0 .. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 

lONE 
O. 
O. 
0 .. 
O· 

l~ 

22 

ZONEI 1 lOlllE Ii' 
O. O. 
O. o. 
O. o. 
O. o. 
O. O. 
2.05378E-14 o. 
J.917"6t-l~ O. 
3.84879£-14 o. 
1.25003E.-13 O. 
7. 98 273£-14 O. 
S.11~qOt.-14 O. 
lel89Q5E-l~ o. 
5.43B9I:it-16 o. 
3. 67 229E.-13 O· 

ZONEI 15 
5.79515E'-lS 
5.6 /• 7H2E.-l S 
9.940R9~-1'; 
1.565?1E-t4 
3.947021:.-14 
6.1 4 2?SF.-t4 
3.590f,3E-\4 
2.]70391:.-14 
8.6921 7E -14 
S.29S'n1E-14 
3.01316E-14 
7.35593E-15 
9. l1Sr,SF. - 17 
3.74993[-13 

lO~f 16 
1.48427E-l·. 
4.7:j102AE-16 
1.44';75E-14 
3.17384 t-14 
3.9hYb4E-14 
9."448~E-]4 
4.65190E.-14 
4.50007£-11t 
1. Ob9S4E-l J. 
7 • q 5 3 4 0 F - 11. 
J.67~48E"'~4 
1.0 4 669E-14 
1.o8t,8nE-16 
5·21001E-13 

.. 
~ 



;~ , 
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OJ 

TAB LE 3-5 (Continued) 

, 1 .. 0724 lE.-13 3.42863E-14 O. o. O. 6 1.293,85E-13 4. 12;579f-14 O. o. O. 7 1.049('5E-13 3.341),1£.-14 O. O. O· 8 ,.09491E-14 2.24q~OE-14 O. O. o. 9 2.,.Q!)04E-13 7.90321F.:-14 O. O. O. 10 2.b4414E-13 8.34332f:-14 Oit O. O. 11 2.10811E-13 b .. 70269E-14 O. O. o· 12 6.14496E-14 1.96124f-14 O. o. o· 13 3.76104E-16 1.2156 1E-16 O. O. o. 14 1.29012E-12 ~.09800E-13 O. O. o. 

lJkJiSiJ i J .!I --
_ ...... ...---- ~-- ... ~ ~ 
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TABLE 3-5 (Continued) 

MSFC SA~~LE PROBLEM - 200 INCH SEPARATION - KAP MERIDIAN RING DATA 

SOURCE POIN1 NO. • ~ 

HESU~TS - SINGLE SCAITER OR REFLECTED _/0 HUILOUP (MEV/CM •• 2-SECl 

(LAST LINE IN EACH COLUMN IS TOTAL) 

GROUP ZONE 
1 O. 

1 

2 O. 
3 O. 
~ O. 
S O. 
6 O. 
., "I. 

S n. 
9 o. 

10 o. 
11 O. 
12 o. 
13 o. 
U o. 

GROUP 
1 
2 
3 
~ 
5 
6 ., 
8 
9 

10 
11 
12 
13 
1~ 

GROUP 
1 
2 
3 

• 

~/ f • 

ZONE \~ 

1. 42590f::"'~"l\ 
5. 8J946E." _ ' 
2.40856E-U 
3.~491Bf.-l~ 
7.63646E-14 
1.-3936E-13 
6.73839E-14 
4.!32865E-14 
1.30'+21[-13 
5. 68997£-14 
4.2249 1E-14 
1.03017l-14 
3.04462E-16 
6,49823 E-13 

ZONE 11 
1.23282E-14 
c,~1000E-14 
9.H7391E-15 
4.47?60E-14 

-" 

ZONE 2 
8 • 0 211 9E -15 
5.55828E-15 
1.35105£-14 
Z.41595E-14 
5.S6568E-14 
1.217 10E-13 
8.45790£-14 
3.89461F.-14 
i.S8558E-13 
1.23~72E-14 
9.34301E-14 
3.21482f-14 
4.32263E-15 
7.19067E-13 

ZONE 10 
.,. - '~~E-14 

-O.'ylE-15 
~.04599E'-14 
3.02908F-14 
6.21032E-14 
1.30342E-13 
6.7S950E-14 
4.61913.rt,"14 
1. 42492E .... 13 
6.60869E-14 
4.4094bE-14 
1.1481 9f-14 
2.19631£-16 
6. 40 21 9E "713 

ZONE 18 
l.94334~-15 
1,'lR2iHE-15 
3.14915£-15 
i.41820E-14 

lONE 3 
2.88200E-14 
1.99169f'-lit 
4.87902£-14 
8.69327E-lit 
2.0060 rE-lJ 
4.61401E·1.3 
3'1:3084E-lJ 
1. 40538E'-1 j 
5.83035E-13 
2.61119E-13 
3.41386E-13 
1 1l 15202E ... IJ 
1. 48491£'-14 
2.62174£,'-12 

lONE 11 
1.10050E'· lit 
1.125391:'·14 
2.27121E-lit 
4.42414E"'lit 
9.05982E'-h 
1.64990F.:'-13 
1.01610E-13 
6.24264E'-14 
2.2293AE'''13 
1.23315£-13 
6.3 IH71f-14 
1.91S_2E-14 
3.50376£'-16 
9.50531E-13 

~ONE 

O. 
0, 
O. 
O. 

lCj1 

ZONE 4 
6.60414E-13 
2.16805E-13 
9,85789E-13 
1.62154E-12 
3.37625E"12 
5.84320E-12 
3.05048E-12 
1,90161 E-12 
5.55499E-~2 
2.33161E-12 
2.;?1190E-12 
7.62360E-13 
1,43221E-14 
2.86513E-11 

ZONE 12 
O. 
O. 
o. 
o. 
o. 
O. 
0 .. 
O. 
2.24968E-13 
4.24906E-13 
3.04448E-13 
4.63969E-14 
It 16658E-15 
1.0G i 89E"12 

lONE 
O. 
OJ 
O. 
O. 

20 

-. '~ ~.~ 

lONE 5 
3.07182E:-13 
2·59120E-13 
t,.23350E-13 
9.17778[-13 
1.9217B[-12 
4,11202E-12 
1·99?9bE-12 
11026943E-12 
3.64552E-12 
1,4598it E-12 
1·4E!28HE-12 
3.51755E-13 
2.08020E-14 
1.84104E-ll 

ZONE 13 
O. 
O. 
O. 
O. 
O. 
O • 
O. 
0", 
4.64418£-14 
1.01962E"-13 
1. 7102~E-H 
1-04261 E-\4 
2·49499E-16 
2-42182E"13 

ZONE 
O. 
O. 
o. 
o. 

21 

lONE 6 
O. 
O. 
O. 
O. 
O. 
5.84915E.-14 
1.71')45YE-13 
6.666731:.-14 
6.39240t-13 
3.42601f.-13 
2'11421~-1~ 
4.63384E.-14 
le 32354£-15 
1.54554~-12 

ZONE 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
O. 
o. 
o· 
O. 
O. 

l~ 

ZONE- l2 
O. 
0, 
O. 
O. 

lONE' 7 
O. 
O. 
O. 
O. 
O. 
2.71&60E-14 
5.28340E-14 
5.57451E-14 
1.792231:.-13 
1.261jJ7E-13 
1.04112E-13 
3.29 475E_1lt 
4.9)577E-15 
5.84~40E-13 

ZONE' 1'i 
5.91BR6E-15 
5.777W£-tC; 
1.01B~7f-14 
1.60~4HE-H 
4.0B29H£-14 
6.413751::-,. 
3.781371:-14 
2.51%OF.-14 
~.36617E-14 
5.87231E-14 
3.438761::.-\4 
8.679681:.-15 
1.29~5.£-16 
4~01589E-1l 

Z~NE. 
O. 
o. 
o. 
o. 
O. 
O. 
o. 
o. 
o. 
o. 
O. 
O. 
o. 
O. 

q, 

ZO'lE 16 
1,51148E-14 
4.a H121E'-16 
1.47C,34E-14 
3.24701E-14 
4.07106£-14 
9.1b')59E-l:' 
4.A4H45E-14 
it.71750E-14 
1.13t.lI9E-\:l 
8.b9t14JE-t4 
4·t bJ32E-14 
l'21099E-14 
1.4'B45E-lb 
S.S138bE-13 

.. 
rtf 



W 
I 
~ 
""-J 

,""""" . I 

5 
6 
7 
8 
9 

10 
11 
12 
1] 
1,4 

1.0'8183E-13 3.43Q3'BE-14 O. 
1.31631£-13 4.13529(-14 O. 
1.07132E-IJ 3.34761E-14 O. 
7.269851': .. 14 2.25440E-14 O. 
2.57996£-13 7.92654£-14 O. 
3,,00811£-13 8,83914£-14 O. 
2.64363£-13 1.55724E-14 \). 
B.40956£-14 t?35288E-14 O. 
6.031674E-16 1.56450E-16· O. 
1.42019E.-12 4.279~9E-13 O. 

.... 

~ 

TABLE 3-5 (Continued) 

n. o. 
n. o. 
I). O. 
O. O. 
O. o. 
O. O. 
O. O. 
O. o. 
o. o· 
O. O· 
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,; 
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TABLE 3-5 (Continued) 

MSF~ SAM~LE PROSLEM - 200 INCH SEPARATIoN - KAP MERIDIAN RING DATA 

SOURCE POINT NO. • 1 

HESULTS - SUMMARY 

(LAST LINE IN EACH COLUMN IS TOTAL) 

DOSE RATES 
W/O BUILDUP WI BUILDUP BY RAY AY COMP. 

CRAOS(C}/HH) (RAOS(C)/HR' (RAOS(C)/HH, (RAOS(C)/HR) 

1 
2 
3 
4 
5 
b 
1 
8 
9 

10 
11 
12 
13 
14 
tS 
16 
17 ,8 
19 
?o 
21 
22 
II 
7. 
75 

o 
3.82047E-19 
1.4(t410E-18 
1.82443E-17 
1.64578t-17 
1. "1569 2E-18 
S.o81;)13E-19 

o 
7.12946E-19 
7.20941E-19 
1.10038£-IB 
1.20630E-18 
2 .. 69458E-19 

o 
4.7&82AE.-l" 
6.~776<9t:-19 
1.11961£-18 
S.46478E-19 

o 
o 
o 
o 

4.b1844f.-l1 

o 
9.33722£-],9 
j.41362E-18 
3.561 90E-17 
2.28604£-17 
2,.14500[-18 
'8.22631E-19 

o 
8.00952E-19 
8.00054E-19 
1,20059E-18 
1.49112E-18 
3.61408E-19 

o 
5.'131 8 6E-19 
6.99341E-19 
1.91577£-18 
5.744j8E-19 

o 
o 
o 
o 

7.41520E-17 

4.72814E-19 
1.33402E-18 
2.02995£-18 
2.59749E-Hi 
3.07511£-18 
3.4B02A[-18 
J.81915E-ll:t 
4.09678F.-18 
4.31997[-18 
4.49563f.-18 
4.58484E-18 
4.87038E-18 
5.01214[-18 
4.94417£-18 
4.84276E-IB 
4.71401£-18 
4.55802E-18 
5.41244£-18 
5.034311!-18 
•• 57041E'-19 

o 
o 
o 
o 
o 

T01AL NUMSER OF ~C.T!ER OR ALBEDO POINTS. 

2.69220E-18 
8.96551E-18 
5.84801E-17 
4,"01412E-18 

o 
o 
o 
o 
o 
o 
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SCATTER VOLUME HEAT DEPOSITION 
BY ZONE 8Y lON~ BY COMP. 

(eel (KILOWAT!S) (KILO.ATTS) 

o 
1.08969E·06 
9.72959E+04 
2.16174E+07 
2.75270E+07 
6.64892£+115 
9.73639E+06 

o 
1.4,1217E+08 
2.19250E+08 
3.97366E+08 
8.97395E+05 
1.0e548E+07 

o 
1.66483£·08 
1·66674E+08 
5.63200E+05 
6.90212E+06 

o· 
o 
o 
o 
o 

o 
3.60303e:"21 
1.4S137E-20 
1.11420~-19 
6,,74872£-20 
1.294h9E-20 
4.078(,8~-21 

o 
1.99086E-21 
1.59137~-21 
1.6l21~E··?1 
6.014BrE:-21 
1.4?460~-21 

Q 
4.4n802E-?2 
3.49738t:-22 
2.02504E-21 
4.97129 ;-22 

o 
o 
o 
o 

2.30016E-19 

9.60344E"?1 
3.55005E-?O 
1.78907E-19 
6.00~92E-21 

o 
o 
o 
o 
o 
o 

TOTAL DIRECT DosE AATECAADS(C)/HR). 1,12319[-16 TOTAL 005£ AATECAAOS(C)/HR~. 1.86531~.i6 . - - - ~ ...... ~... 

~,~ . / 

,; 

-
....0III1I 
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TABLE 3-5 (Continued) 

MSFC SAMPLE PROULEH - 200 INCH SEPARATtON'~ KAP MERIDIAN RING DATA 
- - \ 

HESU~TS - SU~MATION OVER SOURCE POINTS - (RAOSCC)/HR) 

FI~ST N~ ROWS ARE BY COMP. AND LAS! THR~l ARE SCATTEREO,DIRECT.TOTAL 

(LA~T COLUMN 15 SUH' 

COM~. SOURCE 1 SOURcE 2 
1 2.6922I)E-1B 2.69220E-18 
2 a.96551E-lB 8,,96551E-18 
3 5.848(11£-17 ~"~4BolE-l T 
4 4.01412E-18 4.01412£-18 
5 O. O. 

COMP. 6 THRU COMP. 10 SAME AS ABOVE 
11 7.41521')£-17 7.41520E-11 
12 1.'2319E.-16 1.123"9£-16 
\3 1.86531E-16 1.86531E-16 

•• 'IP-_ 

." 

@ 
r- ~ 
Q)cn 
C" ..... 
0 ...... 
...... 0 
Q)::l 
..... c:: 
o (") ...... -= CD 
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6} A tabu lation of the cross section data by energy point and material. If th is is 

a gamma ray problem then thr:se 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 calculated results of the point source data (including the source polar 

angle iinterval I imits) in units of MeV/second or particles/second by angle and group, 

12} The ~ingle scattered or reflected resu I ts 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 {uncoil ided} 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 p()ints in the problem. 
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The calculated results of the SCAP code are in the units of Rods {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 Rods {carbon}/hour but the units are defined by the input 

data DOC spec ified 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 th~ blank COMMON array to store data and maximize the code capability 

with a 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 I 

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 MA IN subroutine also calcu

lates the direct {uncollided} results, provides the summary calculation of detector point 

results, and prints all calculated results. 

The SCAT subroutine calclJ lates; 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 probabi I ities, and the resu I ts assoc iated with thQ scatter point. 

Auxiliary subroutines used in the SCAP, MAIN and SCAT routines are defined in 

Table 3-6. 

3-51 



p 

Subroutine Name 

SCAP 

MAIN 

SCAT 

CONV 

FIDO 

RAY 

GAMX 

SIGK 

SIGG 

TABLE 3-6 

DESCRIPTION OF SCAP CODE SUBROUTINES 

Princ ipal Function 

Reads problem specifications data, allocates 
core memor}1 storage, reads all input data with 
subroutine FIDO. 

Initial izes all source point ray calculations,direct 
(uncoil ided) calcu lations, 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 scattE.~r volume or area, and the 
heat deposition (gamma ray only). 

Calculates the gamma n'ly dose rate co~version 
factor Rads {carbon)/hour per MeV /cm -second 
based on the scattered energy (or source energy 
in albedo method). 

General ized input data read routine. 

Performs I ine-of-sight ray trace through complex 
geometry described by intersecting quadratic 
surfaces. 

Calcu lates the photon absorption and cross sections 
at energy points from I ibrary 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 

TABLE 3-6 (Continued) 

Prine ipal Function 

tV;\ Astronuclear 
~ Laboratory 

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-di mensional, 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: 

(1) Determination of the direction cosines of source ray emanating from the 

anisotropic point source. 

(2) 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. 

(3) Inverse square attenuation of the total energy or particle flux in each 

sol id angle interval into the scattering geometry along II rays II which bisect 

the soiid angle interval (i.e., source leg calculations). 

(4) Calculation of material attenuation exponential along the source leg 

absorption cross sections, U a' fr()m a I ibrary and Compton scattering 

cross section, us' computed internally from Klein-Nishina scattering cross 

section formulae or using input cross sections by material. 

(5) Sel ection of scatter points on the source leg in each material zone or a 

zone bou ndary cross i ng for each ray. 

(6) Caiculation of a scattering volume or area associated with each scatter 

point. 

(7) Calculation of scattering probabilities and energy degradal"ion using 

Klein-Nishina formula or albedo formula. 

(8) Inverse square attenuation of the scattered energy or particle fl ux to 

the detector point (i.e., scatter leg calculations). 

(9) An?nuatiol1 of the scattered radiation with and without application of 

an appropriate buildup factor along the ray connecting the scatter point 

and the detector point. 
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(l0) Ca I culetion of the scattered fl ux (with and without bu i Idup due to 

multiple scatter on the scatter If!g) and calculation of total response 

for each ray, each zone and each composition. 

(11) 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-I ine symmf!tric easeg i. e. , source and detector both 

on the reactor and tank axis, this angi e is 00 • 

In addition to the calculation of the quantitil;:s related to the scattered flux at a 

detector point, the scatt'er zone volumes, and gamma energy deposition in scatter zones, are 

calculated and provided as output. The techniques u:dd to obtc,lln each of the above quanti

ties are described in following sections. 

3. 7. 1 Description of Point Sources 

The sol id 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 I imits in the polar angle integration, and the number of intervals 

and limits in the qzimuthal angle integration. At option the user may input the limits of each 

interva I in the polar angl e subdivision. On the basis of the angular I im its the sol id angl e 

associated with each source ray and the direction cosines of the source ray (0, f3' y) are 

defined by: 

- * a = sin I(J cos e 
{3 = sin I(J * sin e 
y = cos I(J 

where I(J = the angle bisecting the polar angle interval, 

Q = 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. 

3-55 

.. 



.. F------------------------------~- ~ ~-- -

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 sourC'~ dote are input as the gamma energy 

fl ux (Mev/ cm2-sec) or neutron fl ux (m~utrons/ cm2-sec) by energy group at detector poi nts 

on g meridian ring. The detector points correspond to polar angl es on the meridian ring. 

The total source strength associated with each source ray emanating from a point source is 

ca I culated as the total number of par:ticl es or energy em itted in the sol id angl e defined by 

the spherical coordinate interval limits ~l" ~2' 91, 92 determined from SCAP input. 

_ _ _ 2 / 92 f cos '+2 

qs ( +, 9, E) - C Rm f(¢' , E) d .' d 91 

91 cos + 
where i'" = the polar angle of emission of the source ray, ""i, bisects the polar 

angle interval, 

9 = the azimuthal angle of emission of the source ray. 9 bisects the 

azimuthal angle interval, 

E = the source energy in uni ts of Mev, 

C = an input multipl icative factor to normal ize the source strength, 

Rm= the radius of the meridian ring from the source point 

+1= the lower limit of the polar angle interval represented by the ray 

ot .-. These val ues are det~rmined from code input data, 

+2 = the upper I im it of the polar angl e interval represented by the source 

ray at +. These values are determined from code input data, 

f( q; I ,E) = the value of the source data (particles or Mev per cm2) at the 

polar angle + • for source energy E. 
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Evaluation of the above equation is carried out by subdividing the pol.:Jr angle 

interval defined by ~ 1 and .~ 2 Into ten subintervals and interpolating the input source data 

in the polar angle, 4> I, at the midpoint of each subinterval to obtain the source data, 

f( ~ I, Eg). The total source strength associated with the ray is then norma I ized at option 

based on the symmetry of the scatter vol ume about the z axis by applying a factor determ ined 

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 

fo;: use in the integration of scattered flux to the detector point along each ray. These 

geometry calculations are similar for both the source leg attenuation (calculation number 3) 

or the scatter leg attenuation (calculation number 8) descdbed 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 I ine-of-sight I engths through each 

zone encountered or the ray trace for use in scatter point determination and materia I 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 I imit in radius of the integration of 

scatter points along the source ray and must include a" scatter zones to be considered. 

An explanation of the geometry calculations for the source ray only wi" 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 materiai' table and component material nuclear cross sections 

or by macroscopic nuclear cross sections. 

Based on geometry ralated data, the SCAP code calculates the "I ine-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 geomef'ry by 

surfaces and zones and solving geometry dependent quantities in a SCAP problem. 

Surfaces 

The geometry of the problem can include the following types of quadratic equation 

surfaces: 

• Equations of a surface of revol ution about any X, y I or z coordinate axis . 

., Eq uations of a plane norma I to the x, y I or z ax is of the reference system. 

• Equations of an ell iptic cyl inder 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 eqlJations is identified by an input surface 

equation number. The equations available are as follows: 

A(X2) + 8CV2) + C(Z2) + XoX + VoV + ZOZ - 0 = 0.0 

A(X-Xo)2 + 8(V-VO)2 + C(Z-ZO)2 - 0 = 0.0 

(X_XO)2 + (V_VO)2 - 0 = 0.0 

X - 0 = 0.0 

Y - 0 = 0.0 

Z - D = 0.0 

A(X2) + 8(y)2 + C(Z2) + XoX + VOV + ZOZ - 02 = 0.0 

A(X-XO)2 + B(V-VO)2 + C(Z_ZO)2 - 02 = 0.0 

(X_XO)2 + (V-V cP2 - 02 = 0.0 
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The quantities A, B, C, Xo, YO, ZO, and D are input parameters for the sur fa~es in a 

problem. The surface equation number defines the necesr;ary 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, 

wh i ch, by proper specifi c ::tion of the A, B, and C coeffi-:;ents, can describe ell iptical cyl in

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, eighHl; and ninth 

equations define the same quadratic surfaces as the first Lree equations except for the 

required input of the quantity D. By proper manipulation of the coefficients or a quadratic 

equation defining a surface, one can calculate the required coefficients A, B, C, D, XO, YOu 

and Z00 

The equations shown above require that all parameters must be in unHs consistent 

with the nucl C(Jr crOSs sections of th'a zones. 

Zones 

A zone is defined as a region containing a homogeneous composition of materials 

and is bounded by a se't of geometrical surfaces as defined by the quadratic s~rface equations. 

Geometrical surfaces described in a problem geometry are used to define the 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 their sequence number 

in input do tQ. 

The SCAP code requires the user to assign the boundary surface-zone n~lationship 

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 z,one boundary number and is 

called the Hambiguity index. II 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 

ff geometries, the assignment of ambiguity indices by the code user is a difficult task. 
\< 
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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 0 zone is a negative number" 

S;eometry Calculatiorls 

The geometry calculation begins with the computed Cartesian coordinates of a 

source point (xS' ys' zS) and a radius of the pseudo-sphere point (x
p

' y p' zp). 

\Vith the direction cosines (0,(3, 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-
z 

sight." Th is calculation begins with the coordinates of a II pseudo-point" (Xl, yl ,Zl), along 

the. "I ine-of-sight" wh ich is removed from the original source point by the distance 6. Th is 

calculation is performed as; 

X I = Xs + of). 

Y I = Y S + !3f). 

z I = Zs + y6. 

This pseudo-point (x I, yl , Z I) is used in conjunction with input zone boundaries, 

surface numbers, surface equations input surface parameters, and the source zone number to 

calculate the correct zone in which Xl, yl, and Zl lies. The actual operation performed is a 

cyclic calculation of the quantities, VbZ, for each boundary, b, of the source zone,Z. The 

cyclic calculation begins in the zone area. The values of VbZ depend on the equation 

number NEQBDb of boundary b and follow as: 

VbZ = A(x ' - XO)2 + B(y' - YO)2 + C(z I - ZO)2 + XQX,I + YOy:1 + ZQz ~ - D 

VbZ = A(x I - XO)2 + B(y I - Y 0)2 + C(z I - ZO)2 - D 

VbZ = {Xl - Xcj2 - (y' -·yeP - D 
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VbZ = Xl - 0 

VbZ = y' - 0 

VbZ = z' - 0 

VbZ = A(X', - Xo)2 + B(y' - YO)2 + C(ZI - zo)2 + XOX,I + \'Oy:1 + ZQZ! - D2 

VbZ = A(x ' - X~2 + B(y' - Yo)2 + C(z I - ZO)2 - 0
2 

V bZ = (x i - x~2 - (y' - Y rP - 0
2 

If the sign of the quantity, V
bz

' and the sign (ambiguity index) of the boundary 

surface number are of opposite siign for all boundary surfaces, the point (Xl, yl, ZC) lies 

with in the region or zone. If the· point doe~ not I ie in the zone, the code searches the 

zones in sequence up to the number of zom,'s in the problem. If a zone is found which con

tains the point (Xl, yl, Zl), the calculation proceeds to the next geometry calculation stoep. 

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 

(t wh ich the error occurred. 

/("-
11 
\'-.::-

The next step in calculating the path length in each region involves the analytic 

solution of distances from the point (Xl, 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 

II I 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" (Xl, yl, Zl) to the correct boundary. 
z 

At this point in the calculation, the correct path length in the zone is calculated as: 

p Z = pI Z + D. 

The final operation in the source zone path length calculation is the starting point for 

obtaining the next zone (along the line-of-sighi') path length. Input values define the "most 

proooble" zone entered upon crosssing boundary b of the zone z. With the last calculated 

val ue of PZ' a new "pseudo-point.1I along the I ine-of-sight is calculated as: 
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Xl =XI+OPZ 

yl = yl + f3 Pz 
Zl == Z 1 + Y Pz 

These current "pseudo-point" coordinates and the zone number ore used in the operations 

described above in ca I culating data for the next zone traversed in the source ray III ine-of

sight. II The data of the correct zone numb'er 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 

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 penetration on the scatter leg to the detector point for each 

group usin: i; out neutron or photon cross sections or cal culated photon 

cross sections or 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, Pz' 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 neutrcl'1 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 I ine-of-sight to the scatteror 

detector point are used in an exponentia I attenuation function to provitle the materia I attenuation. f 
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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 materia Is to zones or an optional cal culation of the photon cross sections by materia I 

can be performed by the code using microscopic I ibrary data on magnetic tape. 

The calculation of the material penetration on each roy trace: to the point of interest 

(scatter or detector point) b(E) is defined by: 
Z 

b(E) = ~ ! (E)Pz 
z=l Z 

where the cross sections, ~ (E), are macroscopic zone material data. 
z 

In the calcubtion of the material penetration to a scatter point, the material 

attenuation is based on cross section data suppl ied by the user for the source energies or in the 

case of single scatter calculations, cross sections interpolated from a table of values. 

The input to the SCAP code includes the energies at which the cross sections are 

to be evaluated and placed 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 olSedo calculation, the input cross sections are the total or 

removal cross sections of the elements and materials. 

The optil.)nal 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 mix~ure material. These data are combined with gamma ray 

cross se ~tions calculated from a miclroscopic 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 Amc. The values, Amc' define the density (grams 

per cubic centimeter) of each component c in mixture m and are used to calculate the gamma 

ray cross sections as follows: 

"2: n (E)= ~ 0 c (E) Amc 
c 
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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, U c (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 dlJta for use in geometry ray trace 

ca I culations. 

Basic Library Data 

The basic I ibrary tape required for the SCAP code is in a format-genera ted by the 
(6) 

GAMLE G-W code. 

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 necessitated the 

use of continuous data by use of va I ues of the cross section at two energy po ints, Eg + () 

and E - (), where () was on the order of O. 001 MeV. This treatment allowed the use of 
g 

these data in the interpolation techniques to obtain specific ener3Y point values in each 

code as well as the accurate representation of the doubl e va lued el ectron 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 

I ibrary data as input to a separate subroutine. This subroutine ca I culates the absorption 

cross section, 0a(E i), from the sum of the photo-electric absorption cross section, u (Ei), 

and pair production cross sections, upp(Ei). This data is then interpolated to specified 
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energy value, Eg• 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 hterpolate:d absorption data, 

U (/Eg), described earl ier is combined with the Compton scatter cross section, 0 c(E), to 

provide the tota I cross section f.7 teE). The Compton cross section in uni ts of barns/ el ectron 

is calculated from the Klein-Nishina equation for the inelastic scattering of a photon of 

energy, Egt with a free electron as follows: 

2 

r 
2J 2EK (l+E.) 

In(l +2E ) E K - 2 - Ep + 4 + fl 

( ) 

g _ (1+2E )2 
Clc(Eg) = ~ (0.665)_, ______________ ..-£' __ 

[ 2 
9. 

The total cross s~ction, Ut(Eg), in barns, is then definp.d as, 

where Z is the electrons/cc of the material. 
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Punch Cord Type 
and FORTRl ... N Form -----. 
1. (2X, 12A4) 

2. (13,2EJ2.5) 

3. (6E 12.5) 

4. (6E 12.5) 

5. (6E 12.5) 

---------

TABLE 3-7 

REQUIRED BASIC LlBRAKY DATA FCRtviAT 
(Repeat~d for Eoch Element) 

Mr..lgn&r;c Tap.:: ** -._---'-
Reef.xd 1 

Record 3 

• 

Record 4 

Record 5 

Reouired Da~a 

Nome of E lemcn-r 

lA, numbt.!r of energy po;n!s 
Z, Atomic Numb.::r of e!::tne.Yf, 

electrons/atom 
A.\V, Ai'(,mic \\'eight of elem~nt 

obms/omm-':ltom 
I '" 

Ei,* fA point vobes of energy 
d "h' tl. .• es::n !li9 rl3 :ross s~crI0r. 
input, tAc V 

(T (E.), 1/\ va lues cf photo-
po ,I .' . e ectnc absorDtrcn c,,:;ss 

I 

t - J. • , sec lons af en~;"8), POiiH:, 

(E.), barns 
I 

(T (E.), fA valuGs of pair-
po' :. . 

I productIon crOS5 ~ect lens Gt 

energ'l poinl"s, (E.')/ bnrns .. , J 

* Va lues of E. mlJst be in increasing order. 
I 

** The lead record on ~he tape conto ins a tit Ie rec.ord. The library tap9 cont,:sins 
(5 x 51) + 1 records. 
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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 materinl number is input as a positive zone. All non-scatter or non-
• 

albedo zones must have a 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 (radia I dist'once a long the source leg). 

The SCAP single scatter method of determining scatter point density (electrons/cm3) 

of the zone material and an input quantity, OED, to the code. 

The number of sC<'ltte'r points a long the so~rc;e leg line-of-sight, P z' through zone, 

z, is calculated as follows: 

where 

N e

J o z + ] 

N = the number of scotter poi nts in the distance p , 
p z 

p z = the source leg line-of-sight distance through zone z, 

N e = the electron density (number of electrons/cm 3) zone z, z 

o - the input quantity, OED, whkh defines the average electron depth penetra

tion electrons/cm2, per scatter point. 

The quantity in brackets is evaluated as an integer, hence the value of Np is one 

or greater. 

The scatter point coordinates in th(3 zone are then determined for the redial distance 

on the source leg at the zone entry point and the value of Np as foilows: 
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where p - the radial distance or the source leg at the scatter point, p , 
p 

Po - the radia I distance on the source leg t1t the zone entry poi nt. 

The coordinates of the scatter point (x
p

' y p' zp) then follow as; 

x =x +a p 
p s p 

y = y +{3 p 
p s p 

z =z +yp 
p s p 

The scatter volume associated with the scatter point used to calculate the total 

scatter zone volume and the magnitude of the scatter source is a calculator (.-om 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: 

where I:::. v - the scatter volume at scatter point p, 
p 

1:::.9. = the azimutha I angular width I~f the source leg solid angle in radians, 
I 

Qj+1 - Qj' 

~i +1' +j = the polar angle limits of the source leg solid angle of source ray i, 

~ +1' ~ = the radial limits along the source leg defining the scatter point interval 

Pz 
P.e+l = Pp +~ 

Pz 
p = P .e p-rq-

.P 

P 
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This scatter source volume is used in determin~ the total scatter volume by zone {a 

printed output value} and the total number of electrons at a scatter point, Nze ~up. 

The scattering probabi lity in the SCAP :;ingle scatter method uses the Klein Nishina 

for scatl'ering 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 {x p' y p' zp} and the detector point {x D' y D' z ri as follows: 

a 
p 

where PD = f'he line-of-sight distance from a scatter point to the detector point defined as, 

222 
P D = (x D - x'p) + {y D -, Y p} + {z D - z p} 

The angle of scatter, t/I is then defined by the equation, 

-1 
t/; = cos (as • a p + f3s " fj + Y • Y ) 

P s, P 

The scattering probabi lity 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 

equationsf 

< ' 
"---"."._-,_"".~,.o-" 

E =.E. f 1 ] 
1 + O. ~ 11 • {1 - cos -/I' ' 
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where E 

E 

dO" E E E • I 2 I ] 

dn (11', E) = C • h-) · [T+T -Sin ~ 

= the: scattered gamma ray energy, 

= the i nci dent gamma ray energy, 

dO" Tn (0/1, E) = The differential scatter cross section per electron, 

C = the constant 0.03970562. 

The tota I scatter source at the scatter poi nt Pin zone z for scatter toward the detector 

point 0 is defined as: 

I 

Au 
p 

I 

dO" E e ---.. ern (0/1, E) • E· Nz • qs (9, 4>, E) • exp( -b p(E» 

2 
Pp 

where S (0/1, E) = the scotter source at point p. 
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 a ibedc zone. The user specifies the 

zones to be albedo zQnes by the sign of the material in the zone. At the 61 try point the code 

ca Iculates the angle of incidence as the ang Ie the source leg Ii ne-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 to the surface. This calculation uses the boundary surface equations 

to calculate the direction cosines of the normal to the surface (aN' (jN' YN) and the angle 

of meridian, 0/1, is defined by the equation: 
o 
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where (a (j y) = the direction cosines of the source leg. s' s' s 

The ang Ie of ref!ection is defined by the equation: 

""here (aD' PO' r 0) = the direction cosines of the scatter leg. 

fw\ Astronuclear 
~ Laboratory 

The a Ibedo scatter probabi lity is then defined by one of three techniques as given 

by the following equations: 

(~/3) . 
a(E) =IJ(E) .cos fl • cos ~R 

[ (~) ] a(E) = ~(E)· 1. 625 - 0.652 • cos . ~,. cos ~R 

a(E) = IJ(E) • cos ~R 

where a(E) - the albedo scatter fraction per interaction for source energy, E, 

,,(E) - the normal incidence-normal reflection albedo for source energy, E. 

The first two equations above are interacted for use in neutron albedo calculations(8) 

and the third equation is intended for gamma ray albedos(8'). 

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; 
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where ,~a -
p 

the area of the soli d angle at the entry point, 

.~ ,,' 
p 

the line-of-sight distance from the source point to tha zone entry point. 

The albedo scatter source is then given by: 

a(E). Aa • q (9, CP, E) • exp[-b(E)] 
~ (~ = . p s 
P 2 

Pp 

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 totals are printed output. 

3.7.7 Scatter Leg Calculations 

The scatter leg calculations performed by the SCAP code include the material atten

uation and the effect of gamma ray multiple scatter by a buildup factor. MaTerial attenuation 

and the scatter leg is an exponentia I 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 a Ibedo scatter) and the calculation of the Klei n 'Nlsh ina equation 

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 ... 

entia I function wi th the mean free paths of materia I traversed on the scatter leg as the expon

ent. Material attenuation in neutron albedo scai'ter calculations are calculated in a similar 
'" 

fashion except that the tota I or remova I cross section must be input as macroscopic data and 

the interpolatiofl of this data to the source energy is performed. 
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The application of CI 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 scatf'er leg. The flux arriving at the detection point from 

the scatter point is colculated as follows: 

where 

3.7.8 

<t> (E ) 

I 

B(E ) 

I 

b(E ) 

-

-

-

I I I 

B(E ) • q (E ,~) • exp [:'b(E )] 
<ll(E) = p 2 

p 
s 

I 

the energy or particle flux for energy E at the detector point due to 

scatter at point P, 
I 

the build,",p factor on the scatter leg for gamma rays of energy E and 

material specified in the SCAP input, 

the mean free paths of material penetration on the scatter leg for 

energy E f 

= the line-of-sight distance from the scatter point to the detector point. 

Detector Point Co Icu lations 
I 

The scattered flux at the detector point, ct>(E ),' for each scatter point is summed 

into final result tables as a function of scatter zone and scattered energy for single scattered 

calculations or source energy for cdbedo calculations. The SCAP user specifies flux group 

energy boundaries for this summary result. These data are obtained with and without the 
I 

buildup factor B(E ) 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 units for neutrO'lS summing over group 

or energy to calculate the total dose rate contribution for each scatter event. The dose rate 

conversion factor for gamma rays is obtained by interpolation of a table of values internal to 

SCAP using the scattered or source energy. Neutron dose converoiion is a required input data 

array. 

3-73 



p 

The final summary results of the code at ('he detector point are the summation of i'he 

detector point dose rates from scatter points as a function of polar angle source ray nUn1::>er, 

(with and without bui Idup), scatter zone, and composition. This latter summatioo is provided 

for problems with many zones of the same material compositicll (eo 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 bui Idup 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 sOlXce energy. The energy absorption cross section is calculated 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 

ca!cldated using the meridian ring value of the source dtlta interpolated to the .A>urce point

to-detector point polar angle. Materia I and inverse square attenuat,ion and dose conversion is 

oppl ied to obtain the direct dose rate. The sum of the scattered result with bui IdlJp and the 

direct result is provided as the total resulto 

Since the SCAP code contains the option for multiple point sources, a summation of the 

total, direct, and scattered dose rat'es at the detector point is calculated and printed. 

These results contain the scattered result with buildup applied to the result. 

3-74 

. ;;", ." ... 
. ,~ . 

; . 

..•. ". 
:' 



F 

~ 
! f 

4.0 REFERENCES 

~ Astronuclear 
\.!::!Y Laboratory 

1. R. K. Disney and M. A. Capo, WANL-PRR(LL)-Ol 0, Volume 4, "Synthesis of Calcu
lational Methods for the Design and Analysis of Radiation Shields for Nuclear Rocket 
S;,s!ems, KAP-V, The Point Kernel Attenuation Program, If June 1967. 

2. Edwards, W. E. et. al., Shielding Computer Programs 14-0 and 14-1, Reactor Shield 
Analysis, General Electric Co., ANPD, XDC 59-2-16, January 23, 1959. 

3. Krumbrin, A. D., Summary of NDA Unclassified Results of Moments Calculation for the 
Penetration of Neutrons Through Various Materials, Nuclear Development Corporation 
of America, NDA 92-2, August, 1957. 

4. Capo, M. A., Gamma Ray Absorption Coefficients for Elements and ,Mixture, General 
Electric Co., ANPD, XDC 59-1 0-19, September 28, 1 959. 

5. Storm, E., et. al., Gamma Ray Absorption Coefficients for Elements 1 Through 100 
Derived from Theoretical Values of the National Bureau of Standards, Los Alamos 
Scientific Laboratory I L14\-2237 , November, 1 958. 

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

4-1 

";., 


	0001A02
	0001A03
	0001A04
	0001A05
	0001A06
	0001A07
	0001A08
	0001A09
	0001A10
	0001A11
	0001A12
	0001B01
	0001B02
	0001B03
	0001B04
	0001B05
	0001B06
	0001B07
	0001B08
	0001B09
	0001B10
	0001B11
	0001B12
	0001C01
	0001C02
	0001C03
	0001C04
	0001C05
	0001C06
	0001C07
	0001C08
	0001C09
	0001C10
	0001C11
	0001C12
	0001D01
	0001D02
	0001D03
	0001D04
	0001D05
	0001D06
	0001D07
	0001D08
	0001D09
	0001D10
	0001D11
	0001D12
	0001E01
	0001E02
	0001E03
	0001E04
	0001E05
	0001E06
	0001E07
	0001E08
	0001E09
	0001E10
	0001E11
	0001E12
	0002A01
	0002A02
	0002A03
	0002A04
	0002A05
	0002A06
	0002A07
	0002A08
	0002A09
	0002A10
	0002A11
	0002B01
	0002B02
	0002B03
	0002B04
	0002B05
	0002B06
	0002B07
	0002B08
	0002B09
	0002B10
	0002B11
	0002B12
	0002C01
	0002C02
	0002C03
	0002C04
	0002C05
	0002C06
	0002C07
	0002C08
	0002C09
	0002C10
	0002C11
	0002C12
	0002D01
	0002D02
	0002D03
	0002D04
	0002D05
	0002D06
	0002D07
	0002D08
	0002D09
	0002D10
	0002D11
	0002D12
	0002E01
	0002E02
	0002E03
	0002E04
	0002E05
	0002E06
	0002E07
	0002E08
	0002E09
	0002E10
	0002E11
	0002E12
	0003A01
	0003A02
	0003A03
	0003A04
	0003A05
	0003A06
	0003A07
	0003A08
	0003A09
	0003A10
	0003A11
	0003B01
	0003B02
	0003B03
	0003B04
	0003B05
	0003B06
	0003B07
	0003B08
	0003B09
	0003B10
	0003B11
	0003B12
	0003C01
	0003C02
	0003C03
	0003C04
	0003C05
	0003C06
	0003C07
	0003C08
	0003C09
	0003C10
	0003C11
	0003C12
	0003D01
	0003D02
	0003D03
	0003D04
	0003D05
	0003D06
	0003D07
	0003D08
	0003D09
	0003D10
	0003D11
	0003D12
	0003E01
	0003E02
	0003E03
	0003E04
	0003E05
	0003E06
	0003E07
	0003E08
	0003E09
	0003E10
	0003E11
	0003E12
	0004A02
	0004A03
	0004A04
	0004A05
	0004A06
	0004A07
	0004A08
	0004A09
	0004A10
	0004A11
	0004A12
	0004B01
	0004B02
	0004B03
	0004B04
	0004B05
	0004B06
	0004B07
	0004B08
	0004B09
	0004B10
	0004B11
	0004B12
	0004C01
	0004C02
	0004C03
	0004C04
	0004C05
	0004C06
	0004C07
	0004C08
	0004C09
	0004C10
	0004C11
	0004C12
	0004D01
	0004D02
	0004D03
	0004D04
	0004D05
	0004D06
	0004D07
	0004D08
	0004D09
	0004D10
	0004D11
	0004D12
	0004E01
	0004E02
	0004E03
	0004E04
	0004E05
	0004E06
	0004E07
	0004E08
	0004E09
	0004E10
	0004E11
	0004E12
	0005A01
	0005A02
	0005A03
	0005A04
	0005A05
	0005A06
	0005A07
	0005A08
	0005A09
	0005A10
	0005A11
	0005B01
	0005B02
	0005B03
	0005B04
	0005B05
	0005B06
	0005B07
	0005B08
	0005B09
	0005B10
	0005B11
	0005B12
	0005C01
	0005C02
	0005C03
	0005C04
	0005C05
	0005C06
	0005C07
	0005C08
	0005C09
	0005C10
	0005C11
	0005C12
	0005D01
	0005D02
	0005D03
	0005D04
	0005D05
	0005D06
	0005D07
	0005D07
	0005D08
	0005D09
	0005D10
	0005D11
	0005D12
	0005E01
	0005E02
	0005E03
	0005E04

