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Sĵ  interval from core bottom. 

Fig. 14. Axial S^ Adjoint Flux for SNAP-TSF Reactor; Top to Bottom of 

Core. Averaged over energy with fission spectrum weighting. 



2 

Fig. 15. Sis Adjoint Flux Spectrum for SNAP-TSF Reactor. Averaged over 

core with axial power d i s t r ibu t ion weighting. 

Fig. 16. Normalized Power Distributions for SNAP-TSF Reactor; Top to 
p20 

Bottom of Core. 
0' 

P(z) dz = 1, where z is in S interval units. 
n 

Fig. 17. Source Angle Biased Distribution for SNAP-TSF Reactor. S^ energy 

group 8.187 to 10.0 MeV; second S^ interval from core bottom. 

Fig. 18. Angular Leakage Flux from the SNAP-TSF Reactor Bottom. Averaged 

over radius 0.0 to 11.239 cm and over azimuthal angle. 

Fig. 19. Leakage Flux Radial Distribution, SNAP-TSF Reactor Bottom. 

Fig. 20. Leakage Flux Spectrum from the SNAP-TSF Reactor Bottom. Averaged 

over radius 0.0 to 11.239 cm. 

Fig. 21. Collimator Geometry. 

Fig. 22. Perfect Collimator Diagram for Core Mapping Problem. 

Fig. 23. Collimated Leakage Flux Spectra from the SNAP-TSF Reactor Bottom. 

Collimator angle 0 deg from normal to reactor bottom; R = radius 

at which collimator axis intersects reactor bottom (in Y = 0 

plane). 

Fig. 24. Collimated Leakage Flux Spectra from the SNAP-TSF Reactor Bottom. 

Collimator angle 30 deg from normal to reactor bottom in Y = 0 

plane; R = radius at which collimator axis intersects reactor 

bottom. 

Fig. 25. Collimated Leakage Flux Spectra from the SNAP-TSF Reactor Bottom. 

Collimator angle 60 deg from normal to reactor bottom in Y = 0 

plane; R = radius at which collimator axis intersects reactor 

bottom. 



3 

METHODS FOR CALCUIATING FAST-NEUTRON LEAKAGE FROM THE 

SNAP-TSF REACTOR AND FRELIMENARY RESULTS 

R. S. Hubner 

ABSTRACT 

The 05R Monte Carlo code and associated analysis codes were modified 

for use in the analyses of the ORNL SNAP-TSF experiments on the leakage 

of fast neutrons from a SNAP reactor. The reactor geometry is given in 

great detail. Anisotropic elastic scattering, beryllium (n,2n) reactions, 

and inelastic scattering processes are treated thoroughly. Importance 

information obtained from adjoint S calculations was used to construct 
n 

biased distributions in 05R for the selection of source neutron parameters 

and of neutron track lengths between reactions. Input instructions and 

listings for programs and subroutines that were developed are given in 

the appendices; flow diagrams for certain routines are also given. 

Power distributions, angular leakage flux, and fluxes viewed by collimated 

detectors were calculated for some preliminary analyses; 05R source neu

tron tapes for subsequent 05R calculations on the penetration of neutrons 

thro-ugh a SNAP-2 shield were prepared. Requirements for the final 

analyses are given. 
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INTRODUCTION 

A SNAP-TSF program is being conducted at Oak Ridge National Labora

tory which will determine, experimentally and analytically, leakage of 

fast neutrons from a SNAP-lOA reactor and their transmission through a 

SNAP-2 shield. The proposed experimental program includes measiiring the 

neutron angular leakage spectra from the bottom face of the reactor with a 

tightly collimated detector, determining the fast-neutron doses transmitted 

through a SNAP-2 shield with the SNAP-lOA reactor used as the source, and, 

possibly, studying the transmitted doses from scatter sources outside the 

shield shadow. 

The analyses of these experiments require not only an adequate trans

port model which adequately handles anisotropic elastic scattering, inelas

tic scattering, and n,2n reactions but also some way of describing the 

geometry in three dimensions and in great detail. Monte Carlo methods are 

easily adapted to these requirements and offer the best available means of 

doing the work. Problems arise, however, in minimizing computer time or, 

in other words, extracting as much information as possible from each neu

tron history so as to process fewer histories. This can be achieved to 

some degree by using biased distributions in selecting source neutrons 

and in governing their paths. The biased distributions can be constructed, 

in principle, if the importance of the neutrons to the desired answer is 

known as a function of energy, direction, and position. Results of adjoint 

S calculations can be interpreted as importance functions.""" 

The 05R Monte Carlo neutron transport code^ was selected for the 

analysis of the SNAP-TSF experiments. It has the above advantages and has 

had much successful use at ORNL. Adjoint S calculations performed with 

ANISN^ were used to provide importance f-unctions from which biased distri

butions were determined. 

"""R. R. Coveyou, V. R. Cain, and K. J. Yost, "Adjoint and Importance in 
Monte Carlo Application," Nucl. Scl. Eng. 2^, 219 (1967). 

^D. C. Irving et al., O^R, A General-Purpose Monte Carlo Neutron Transport 
Code, ORNL-5652 I1965). 

^W. W. Engle, Jr., A User's Manual for ANISN, A One-Dimensional Discrete 
Ordinates Transport Code with Anisotropic Scattering, K-I693 (1967). 
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Since the 05R program must be modified for the user's particular 

problem and since it provides only a collision tape-*̂  as output, several 

programs and subroutines were written to assist in providing input and 

source description and in analyzing the output. The analytical work 

reported here involved the development of these machine programs for the 

CDC 16O4A computer and some preliminary calculations using the programs. 

There were two separate problems to be analyzed for the SNAP-TSF 

reactor. The first (referred to later as the shield source problem) was 

to determine the total leakage neutron angular flux spectra to be used as 

a source in subsequent 05R calculations of neutron penetration in the 

SNAP-2 shield. The second (referred to later as the core mapping problem) 

was to determine the angular flux spectra to be measured by collimated 

detectors viewing small fractions of the bottom face of the reactor. Each 

of these problems required different biasing in order to achieve good 

statistics for a reasonable running time. 

The 05R source selection subroutines^ required that the axial and 

radial source distributions be separable. A special 05R calciolation was 

made to determine this source distribution. 

For the particular SNAP-lOA configuration used (which had the control 

drums in) the leakage angular distribution, spectra, and spatial distribu

tion were determined. As in the proposed core-mapping experiments, the 

spectra at several collimated detectors were calculated assuming perfect 

collimation. The leakage source for subsequent calculations of neutron 

penetration in a SNAP-2 shield was determined. 

*A collision tape contains a variety of neutron parameters for any or all 
of such events as source, collision, escape from system^ etc. 

^L. G. Mooney, A Cylindrical Volume Source Routine for the O^R Monte Carlo 
Code, RRA-T55 (June 5O, I965). 
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I. SNAP-TSF REACTOR MODEL FOR 05R 

Reactor Description 

The 05R program that was developed for the CDC-16O4A computer dif

fered from the usual program in that the 8-medium and 8-scatter limitation 

was relaxed to accept I6 media and I6 scatterers. The dimensions, atomic 

densities, and materials on which the geometric and material model for the 

SNAP-TSF reactor was based are given elsewhere.^ ̂  An axial cross section 

of the reactor as it was described for the 05R geometry input is shown in 

Fig. 1. Figure 2 shows a cross section through the core perpendicular 

to the axial direction (g direction) with the control drums in; the surface 

numbers are circled and placed on the positive sides of the siirfaces. For 

the position of the drums out, additional blocks and surfaces were required 

as shown in Fig. 5« Zones were defined by 2 = constant planes; the zone 

boundaries are given in Table 1. Note that the direction from top to 

bottom of the reactor is positive. 

05R geometry description allows any boundary within the system to be 

a plane or a quadratic surface with any orientation. Table 2 lists the 

surfaces required in the SNAP-TSF reactor with the control drums rotated 

in. For the drums-out configuration the same surfaces were used that are 

given in Table 2; however, the location zone number was different and can 

be found in Table 1. To describe the drums, the region between -35•1150 

and -4.0 cm was divided into three zones, numbered 3̂  ^} ^^^ 5- Zone 4 

contained the drums and had fo"ur different surfaces; for this configuration 

surface 8 is described by 

X(cos0 + sine) + Y(cose - sine) + 29.O38 cose 

+ 0.122 sine - 5.5124 = 0, 

^A. R. Dayes, II, SNAP IOA/2 Nuclear Calculational Model, NAA-SR-MEMO-
9248 (Nov. 22, 1963') (Secret RD). 

^Fuels Quality Control Group, SNAPTRAU V Core-Fuel Element Data Packages, 
NAA-SR-MEMO-9946 (May l4, 1964) (Secret RD). 

'''A. R. Fallon, Atomics International, internal letter to E. J. Donovan 
(Aug. 30, 1965). 

^Atomics International Drawings 767O-I2OO2 thro\igh 767O-12OO7, 767O-IIO54, 
7670-11059, lOFS-16002, lOFS-11012, 10FSM2-15002 through 10FSM2-15005, 
7611-18001, 7611-18002, and 7580-18010 through 758O-I8055. 
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ORNL-DWG 6 7 - 4 4 0 

16.8656 r- -

11.2394 
e 
(J 

7.1730 

5.6197 

0 I -

X (cm) 

Fig. 2. X,Y Cross Section of Core Zone of SNAP-TSF Reactor Model, 
Drums In. Dashed lines indicate block boundaries. 



ORNL-DWG 6 7 - 4 4 1 

23.5055 

16.8656 

X (cm) 

3. X,Y Cross Section of Core Zone of SNAP-TSF Reactor Model, 
30 deg. 
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Table 1. 05R Axial Zone Boundaries 

Dr-ums 

Zone 
Number 

1 

2 

3 

4 

5 

In 

Lower Z 
Boundary 

(cm) 

-39.7^55 

-36.979^ 

-35.1150 

- 4.0 

- 2.5146 

Drums 

Zone 
Number 

1 

2 

3 

4 

5 

6 

7 

Out 

Lower Z 
Boundary 

(cm) 

-39.7^55 

-56.979^ 

-35.1150 

-32.5750 

- 6.5̂ + 

- 4.0 

- 2.5146 

Description 

Top head 

Top grid and vessel 

Core and stationary 
reflectors 

Core, reflectors, and 
drums 

Core and stationary 
reflectors 

Bottom grid and vessel 

Bottom NaK and bottom 
vessel 

1.4710 1.4710 (Upper boundary) 



Table 2. 05R Surfaces, Drums In 

Surface 
Number Description Equation (cm units) 

Location, 
Zone 
Number 

2 
3 
4 

5 

6 

7 

8 

9 
10 
11 

12 

13 

14 

15 

Cylindrical top head 
boundary 

Hexagonal core and 
grid boundaries 
(planes) 

Vessel inner cylinder 

Vessel outer cylinder 
(see also surface Ij) 

Octagonal external 
reflector boundaries 
(planes) 

External reflector inner 
cylindrical boundary 

Vessel outer cylinder 

Vessel bottom, exterior 
(sphere) 

Vessel bottom, internal 
(sphere) 

X2 + Y^ - 150.55782 - 0 

X - 1.73205Y - 19.4672 = 0 
X + i.75205y + 19.4672 = 0 
X - i.73205y + 19.4672 - 0 
X + i.73205y - 19.4672 = 0 

X^ + Y^ - 127.04l08 = 0 

}̂  + ŷ  _ 129.92010 = 0 

X + Y + 23.52820 = 0 
X - Y + 23.52820 = 0 
X + Y - 23.52820 = 0 
X - Y - 23.52820 = 0 

X^ + ys _ i33.j4o44 = 0 

X^ + Y^ - 134.29913 = 0 

X^ + Y^ + Z^ - 93.982 = 0 

X^ + Y^ 4- 2^ - 95.982 - 29.93946 = 0 

2,3,^ 
2,3,^ 
2,3 ,^ 
2,3,^ 

2,5,i^,5 

2,3 

3 
3 
3 
3 

S5 
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and surface 10 by 

x(cose + sine) + Y(co9e - sine) - 29.038 cose 

- 0.122 sine + 5.5124 = 0 , 

where e was the drum rotation angle. The drum cylinder surfaces were 

added; the equations were 

X^ + Y^ - 29.16X - 28.916Y + 339.7529 = 0 

for surface I6 and 

X^ + Y^ + 29.I6X + 28.916Y + 339.7529 = 0 

for surface number 17. Surfaces 18 and 19 were added to describe the 

original surfaces 8 and 10 in zones 3 snd 5. 

The media used in the 05R description of the reactor are given in 

Table 3 along with the atomic densities used in each medium. In the 

Code 6 input for the system data tape (CODE 6) for each medium, the atomic 

density for the "other" entry in the element column was added to the 

atomic density of the element with the asterisk. 

The 05R input for subroutine GEOM is given in Appendix A for the 

drums-in configuration and in Appendix B for the drums rotated out 30° 

(0 = 30°). 

05R System Data Tape - CODE 6 

The parameters and probabilities reqiiired by 05R for the running of 

a problem are obtained from a data tape prepared by CODE 6 (ref. 2). The 

05R master cross-section library, along with the CODE 6 input - element 

identification, cross section identification, atomic densities, and 

number of subgroups per super group for each mediimi - is processed, and 

the 05R system data tape is written. Appendix C lists the CODE 6 input 

for the 05R system data tape used in all 05R runs on the SNAP-TSF reac

tor. The energy range was from I8 MeV to 0.4 eV. Sixty-four subgroups 

per supergroup were used for all media. 



13 

Table 3. 05R Media and Atomic Densities 

05R Atomic 
Medium Density 
Number Description Element (atoms/bam. 

1 Top head 
Type 321 stainless steel, NaK 

4 Core hexagon 
Fuel, Be, Hastelloy N, NaK 

5 Internal Be reflector 
Be, NaK 

6 Vessel 
Type 321 stainless steel 

Ni 0.006469 
Fe-X" 0.04401 
Cr 0.01252 
Na 0.001247 
K 0.002600 

Other 0.00323 

Ni* 0.01881 
Fe 0.00747 
Cr 0.00373 
Na 0.003006 
K 0.006267 

Other 0.00335 

Ni 0.004786 
Fe* 0.009797 
Cr 0.003964 
Na 0.003750 
K 0.007818 

Other 0.00257 

235u 0.0010964 
2^^u 0.00008247 
H 0.049956 
Zr 0.02715 
Be 0.008147 
Ni"^ 0.002646 
Na 0.0005511 
K 0.001107 

Other 0.000989 

Be 0.11548 
Na 0.0002742 
K 0.0005717 

Ni 0.008651 
Fe* 0.05885 
Cr 0.0167^ 

Other 0.004509 

Top grid hexagon 
Type 516 stainless steel, Hastelloy 

N, NaK 

Top grid edge 
Type 516 stainless steel, Rene 4l, 

NaK 

7 External Be reflector Be 0.12014 
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Table 5 (cont.) 

05R 
Medium 
Number Description Element 

Atomic 
Density 

(atoms /bam. cm) 

Bottom grid hexagon 
Type 516 stainless steel, Hastelloy 

N, NaK 

Bottom grid edge 
Type 516 stainless steel, NaK 

10 Bottom NaK 
NaK 

Ni 
Fe* 
Cr 
Na 
K 

Other 

Ni 
Fe* 
Cr 
Na 
K 

Other 

Na 
K 

0.01095 
0.01574 
0.005165 
0.002967 
0.006186 
0.002527 

0.006740 
0.05666 
0.01027 
0.001712 
0.005570 
0.00295 

0.004945 
0.010510 

*See text. 
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In 05R each type of reaction is treated as a separate scattering type; 

thus elastic scatter, inelastic scatter, and n,2n reactions in a given ele

ment would be treated as three separate scatterers. As listed in Appendix C, 

each element generally appears twice in a given medium, once for elastic 

scatter and once for inelastic scatter; exceptions are hydrogen, which has 

only elastic scatter; ̂ ^®U, for which inelastic scatter was ignored; beryl

lium, in which inelastic scatter was replaced by the n,2n reaction; and 

zirconium, which has three entries in the core medium. For zirconium the 

third entry (the n,2n reaction) was a dummy entry and was treated the same 

as the second entry (inelastic scatter). 

In addition, the fi coefficients for elastic scatter for all ele

ments except hydrogen were written on the 05R system data tape; the fi coef

ficients for beryllium n,2n reactions were also written on the tape. These 

are the coefficients for the Pi term in the Legendre polynomial expansion 

of the angular scattering distributions. 

Phi Tape, Anisotropic AngixLar Scattering - CODE 8 

The master cross-section library contained the coefficients for the 

expansion of anisotropic angular elastic scattering distributions in 

Legendre polynomials. For the elements excluding hydrogen used in the 

SNAP-TSF reactor the order of the expansion was Ps except for zirconiimi 

and the isotopes of uranium, for which it was Pg and P14 respectively; 

hydrogen elastic scattering was isotropic in the center-of-mass system. 

05R used these distributions for the selection of the cosine of the angle 

of scatter for an elastic reaction. The parameters required for this selec

tion were prepared by CODE 8 (ref. 2) and written on the phi tape. Ap

pendix C lists the CODE 8 input for the phi tape used in all the 05R runs 

on the SNAP-TSF reactor except the fission distribution run. Pi scatter

ing was used for the fission distribution calculation; the data, the fi 

coefficients, were obtained from the 05R system data tape. 
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Thermal Parameters 

The thermal neutron option used in the 05R calculation of the SNAP-

TSF fission distribution was the one-velocity trea"tment. Thermal cross 

sections for the 05R input were obtained from the program QUICKIE;^ the 

spectrum was calculated at 700°F.'̂ ° The averaged thermal microscopic cross 

sections for the elements in the SNAP-lOA reactor are given in Table 4. 

Table 5 lists the macroscopic cross sections for each medium. 

05R Input 

For the fission distribution calculation the energy below which neu

trons were considered to be in the one-velocity thermal group, EBOT, was 

0.4 eV; NTHEML was equal to 1. The LFl parameters were positive for elas

tic scattering in order to pick the f 's from the system data tape and to 

use the anisotropic distribution function P(|j.) = (l + 5fi|J-)/2 for the selec

tion of |j., the cosine of the elastic scattering angle. The LFl's were zero 

for all inelastic scatter and for elastic scatter in hydrogen in order to 

select |i from an isotropic distribution function in the center-of-mass 

system. Neutrons with weights below O.OO5 were subjected to Russian roulette, 

with the surviving neutrons given the weight 0.1. The purpose of this 

procedure was to decrease the time spent in following thermal neutrons. 

The 05R input for this problem is listed in Appendix D. 

The items of interest written on the collision tape were the colli

sion coordinates and the fission weight at each collision point. 

For the shield source and core-mapping 05R calculations, the energy 

below which neutrons were ignored, EBOT, was 0.1 MeV; NTHEML was equal to 

0. The LFl parameters were negative for elastic scattering in order to 

pick the cosine of the elastic scattering angle from the Legendre poly

nomial expansion of the anisotropic scattering distribution; the constants 

were obtained from the phi tape. The LFl's were zero for all inelastic 

^M. Boling and ¥. Rhoades, (QUICKIE - A Computer Program for Spatially 
Independent Multigroup Slowing Down and Thermalization Calculations, 
NAA-SR-9255 (Apr. 15, 1964). 

"""̂W. B. Green, Atomics International, private communication. 
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Table 4. Thermal Microscopi< 
Reactor at 700°F 

Element a (bams) 

235u 

238u 

H 

Zr 

Be 

Ni 

Fe 

Na 

K 

Mn* 

Cr 

Mo 

B 

Co* 

C 

0 

55^.28 

1.585 

0.17705 

0.09865 

0.005557 

2.455 

1.597 

0.27998 

1.104 

7.505 

1.617 

1.44 

402.62 

21.05 

0.002 

0.000105) 

Cross Sections for the SNAP-lOA 
from Program QUICKIE 

a (bams) 
s 

10.0 

8.5 
59.552 
6.242 

5.91 

17.5 

10.87 

5.28 

2.16 

2.5 

4.25 

5.87 

5.7 

7.0 

4.76 

5.86 

va^ (1 

690 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

*Maxwell-Boltzmann averaged at 800°F; not from QUICKIE. 
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Table 5. Thermal Macroscopic Parameters for Each 
Medium in the SNAP-lOA Reactor 

Medi-um 
Number 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

Thermal Mean 
Free Path, 
1/2^ (cm) 

1.3025 

1.8596 

5.2821 

0.27452 

1.4854 

0.99001 

1.40715 

2.0465 

1.4758 

19.5099 

Thermal 
Nonab s orpt1on 
Probability, 

^s/^T 

0.85615 

0.85789 

0.8o4l6 

0.89166 

0.99806 

0.85750 

0.99909 

0.85̂ +̂0 

0.85558 

0.75092 

Average Fission 
Neutrons per 
Collision, 

0 

0 

0 

0.20781 

0 

0 

0 

0 

0 

0 
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scatter and for elastic scatter in hydrogen in order to select the cosine 

of the scattering angle from an isotropic distribution function in the 

center-of-mass system. Russian roulette was not used. The 05R input for 

these problems is listed in Appendix D. 

For the shield source problem the items of interest written on the 

collision tape were the coordinates, weight, energy, and direction for 

neutrons escaping from the system. For the core-mapping problem the same 

parameters were of interest not only for escapes but also for source and 

collision points; additional parameters required by program ACTIFK 

(described in a later section) were included. 

05R User Subroutines 

In 05R a variety of subroutines must be written for the user's 

particular problem. These include subroutine SOURCE for the selection of 

source neutron coordinates, direction, and energy, subroutine NONELAS to 

control the treatment of inelastic scattering, and subroutine GETETA which 

governs the selection of track length between reactions in the system. 

In the following discussion the programming pertains to the shield 

source and core-mapping problems. The special case for the fission dis

tribution calculation used the subroutine NONELAS, which allowed only the 

evaporation model for the treatment of inelastic scattering, and used the 

regular subroutine GETETA (ref. 2) for track length selection. Subroutine 

SOURCE for the fission distribution problem was the same as in the follow

ing discussion; however, the biasing options were not used. 

Source Routines 

The neutron source description for 05R allowed the selection of neu

tron coordinates from a hexagonal volume as in the SNAP-lOA core. The 

power distribution governing this selection was assimied to be separable in 

the radial and axial directions. SoTorce neutron direction and energy were 

selected from an isotropic distribution and the ̂ ^^U fission spectrum 

respectively. To enhance the desired quantity to be calculated, biasing 

schemes favoring source neutrons which make important contributions to the 

answer were available. 
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The source routine consisted of several subroutines written by 

Mooney.'* Subroutine SOURCE was the control routine, with subroutine 

DATAIN supplying source input data, subroutine SPACE selecting source neu

tron coordinates, and subroutine VECTOR selecting source neutron directions. 

Subroutines FISESW and FISSN"'"''" were written for the selection of source 

neutron energy. Subroutines SOURCE, DATAIN, SPACE, and VECTOR were modified 

to suit the requirements of the problems. Listings of all these subroutines 

may be foimd in Appendix E. Data input sheets are given in Appendix F. 

The selection of source neutron coordinates occurred in subroutine 

SPACE. Source neutrons were picked from a circular area circumscribing the 

hexagonal core boundaries. A rejection technique was used to eliminate 

source neutrons from the area outside the hexagonal core. 

If the biasing option was omitted, the coordinates were selected from 

the normalized cumulative power distributions Ii(r) and la (z); thus, if r\. 

is a random number and R and Z are the random values to be selected, then 

m = Ii(R) 

^2 = i2(z) , 

•where 

;i(R) 

;2(z) 

R r 
0 

R 

= / r P i ( r ) dr , 

0 

z 
= / P2(Z) dZ , 

w 

h 

r P i ( r ) dr = 1 , 

J P2(z) dZ = 1 , 

h 
'"•''E. A. Straker, Oak Ridge National Laboratory, private communication. 
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Z = lower z boundary of core, 

Z^ = upper z boundary of core, 

R = radius of core, 
n •' 

Pi and P2 = power distributions, radial and axial respectively (normalized). 

Values of R and Z were obtained using tabulated values of Ii(r) and 

12(2) with r^ Interpolation for Ii(r) and linear interpolation for Ig(z). 

In the biasing option, the biased distributions were controlled by 

the r and z interval size. Source neutrons were selected from each inter

val with equal probability. The biased distributions, P (r) and P _(z), 
Bl Dd 

were calculated in subroutine DATAUT using the input interval sizes; these 

distributions were histograms, constant over each interval. The input 

actual distributions, Pi(r) and P2(z), were linear in each interval. A 

source neutron with selected coordinates R and Z had its weight adjusted 

by the factor 

P^(R) P2(Z) 

^ T T R T P ^ ^ • 

When using biased distributions combined with rejection techniques, 

the total weight assigned to all source neutrons will be in error by a con

stant factor. The final answer in units per source neutron will not contain 

this error; however, in order to make all intermediate calculations correct, 

the constant was calculated in subroutine DATAIN and applied to the prob

ability distributions. 

The selection of source neutron direction occurred in subroutine 

VECTOR. The actual source neutron direction distribution was assumed to be 

isotropic, and when biasing was not used, the direction cosines were ob

tained by calling subroutine GTISO(U,V,W).^ 

For source neutron directions, the cosine of the polar angle measured 

from the z axis, 7, also can be selected from a biased distribution. Again 

the biased distribution is controlled by the interval size, values of 7 

being selected from each interval with equal probability. The resulting 

biased distribution, P (7), is constant over each interval, and its 
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magnitude is a function of the interval size. If N is the number of 

intervals, then 

^B^^) = Il(7ĝ - 7̂ ) '•°'" ̂ 1 < ^ < ^2 • 

The real distribution, P(7)^ was taken to be isotropic; that is, P(7) = l/2. 

The weight correction factor is given by 

P(7) ^^^2 - ^1^ 

^ = 2 ^°^ 7i < 7 < 72 . 

The selection of source neutron energy occurred in subroutine 

FISESW.-'--'• The spectrum used in all calculations was the fission spectrum 

for ^^^U. COMMON data for this spectrum were contained in subroutine 

FISSN. 

Biasing in FISESN was achieved by dividing the energy range into 

several groups and specifying the probability for energy selection in each 

group. Within a group the selection was from the spectrum as defined in 

that energy interval. Since the biasing parameters were to be obtained from 

adjoint S calculations, the group structure for FISESN was taken from the 

structure used in the adjoint S problems. 

Input parameters for FISESN were read by subroutine SOURCE, Appendix 

F. 

Inelastic Routines 

In a more recent version of 05R"'"̂  the treatment used for inelastic 

scattering is controlled by subroutine NONELAS. When an inelastic event 

occurs, NONELAS selects the appropriate subroutine to use based on medium 

and scatterer index. The NONELAS listing is given in Appendix H. 

For the SNAP-TSF reactor two inelastic routines were used. The first 

was subroutine INELAS.-^^ This routine gave a discrete level inelastic 

12 
F. B. K. Kam, Oak Ridge National Laboratory, private communication. 
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scatter treatment. As many levels as are known may be used. For energies 

above a cutoff energy, EHI, the evaporation model was substituted. Table 6 

lists the level energies along with EHI for each of the inelastic scatterers. 

Absent from the table are ̂ ^®U whose inelastic scattering was ignored. Be, 

which was treated in a different subroutine, and H, which has no inelastic 

scattering. Level energies and excitation probabilities were processed 

by program NNPCOM-̂ ^ (see Appendix G for the program listing and input 

instructions) to provide COMMON data for use in INELAS. 

The second inelastic routine was subroutine BEN2N''"'̂  (see Appendix H 

for the listing). This routine treated the n,2n reaction in beryllium. 

Half the reactions used the discrete level model with a level energy of 

2..h6 MeV; in the remaining reactions the scattered neutron was given the 

energy 0.79 MeV in the center-of-mass system. The neutron weight was 

doubled for each reaction. 

In all cases inelastic scattering was assumed to be isotropic in the 

center-of-mass system. 

Track Length Selection 

Selection of the neutron track length between reactions took place 

in subroutine GETETA.^ This routine was rewritten in order to include the 

exponential transform-̂ ^ for the selection of biased track lengths. This 

method attempts to stretch the track lengths for favorable directions and 

to contract track lengths for unfavorable directions; thus, neutrons are 

pushed to regions of high importance. In the leakage from the reactor 

bottom, the favorable direction was the +Z direction. 

-V 
Instead of selecting track lengths, &, from the distribution e , 

,,-,.,.,,. 1 T was used, where Ẑn == total macroscopic cross the distribution — e ' T 

section; B ̂  l/[l - 7.(XNU)]; but if B < 0.6, it is set equal to 0.6; 

7 = Z direction cosine; (XNU) = A/Z . The parameter A can be determined 

only if the spatial rate of change of the importance of neutrons is known. 

The slope of the adjoint S flux as a function of Z was a meas\xre of 
n 

this rate of change. For all 05R calculations on the neutron leakage 

from the bottom of the reactor, this slope was used for A. 
•'"̂K. D. Franz, ORNL, private communication. 
•'"'̂F. B. K. Kam, ORNL, private communication. 
"""̂ F. H. Clark, The Exponential Transform as an Importance-Sampling Device, 
A Review, ORNL-RSIC-14 (Jan. I966). 
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Table 6. Inelastic Scatter Level Data 

Element 

Level Energy 
(Negative Values) 

(MeV) 

O.llU 
2 .08 
2.59 
2 .6^ 
2 .71 

2.52 
2 .81 
5.05 
5.59 

1.1^5 
2.37 

0.81^5 
2.09 
2.66 
2.95 
5 .01 
5.58 

1.1+5 
2.1+6 

0.91+ 

None 

WTI 
(MeV) 

2 .97 

5.96 

5.50 

I+.9I 

5.0 

2 .0 

0 .0 

Na 

K 

Cr 

Fe 

Ni 

Zr 

235u 
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When selecting track lengths from the above distribution, a weight 

adjustment must be made. If WQ was the original neutron weight, then 

the new weight, W, was 

-2 i[l-(l/B)] 
W = Wo B e 

Since the weight recorded on the 05R collision tape for an escaping neu

tron is the old weight, a small change to 05R subroutine BANKR was nec

essary; the parameter OLDWT was multiplied by the factor 

-Z^[I-(I/B)] 
B e . This factor, called GLOP, was placed in COMMON. 

The listing for subroutine GETETA is found in Appendix I. Input 

parameters for GETETA are read by subroutine SOURCE, Appendix F. 

II. FISSION DISTRIBUTION IN THE SNAP-TSF REACTOR 

The more efficient use of 05R for shielding calculations requires 

that the source distribution be specified and used for all batches of neu

trons; thus the neutron thermalization problem can be ignored and neutrons 

with energies below a cutoff energy can be terminated. The 05R neutron 

source selection subroutines written for the SNAP-TSF reactor leakage 

calculation assumed that the source distribution (fission distribution) 

was separable and that axial and radial distributions would be supplied. 

A confirmation of separability and a determination of the distributions 

required that 05R be used in a complete reactor calculation involving 

neutron thermalization. 

05R Calculation 

A special 05R calculation was done to determine the fission distri

bution for the SNAP-TSF core in the drums-in configuration. Neutrons 

were allowed to degrade to 0.4 eV; neutrons below O.k eV were placed in 

a one-velocity thermal group. Thermal cross sections were obtained from 

program QUICKIE.^ Fissioning was allowed. 

Several simplifications were used to conserve machine time: only 

the evaporation model was used for inelastic scattering, the fi treatment 
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of anisotropic elastic scattering was used, there was no neutron source 

biasing nor track stretching, and Russian roulette was used to kill neu

trons whose weights fell below a specified value. 

An initial so-urce guess was used for the first batch of neutrons; 

05R then calculated the source for each succeeding batch from the informa

tion acquired during the previous batch. Fourteen batches of 8OO neutrons 

each were run. The fission weight produced at each collision point was 

written on the collision tape. Seven collision tapes were required. 

The multiplication constant and its standard deviation were cal

culated using the average values from the last 9 batches. Its value was 

1.029 + 0.011. 

Fission Distribution Analysis 

An analysis program, ANALYSIS, was written to read the collision 

tapes and accumulate the fission weights in axial and radial bins and 

print out the resulting fission distributions with their standard devia

tions. A listing of the program can be found in Appendix J; input instruc 

tions are in Appendix K, along with input listings for the SNAP-TSF 

drums-in configuration. 

The axial and radial bin specifications that were used in the fis

sion distribution analysis for the SNAP-TSF reactor were too fine; that 

is, the interval sizes were too small. The result was that the standard 

deviations were large and histogram plots of the fission distributions 

were irregular. Program POWPOW was written to eliminate this statistical 

fluctuation without sacrificing the ability to have a well-defined distri

bution (small interval size). It averaged the axial distributions over 

larger radial Intervals, and averaged the radial distributions over larger 

axial intervals. Since the radial distributions were averaged over the 

polar angle, the values near the hexagonal core boundaries required some 

adjustment so that they could be used in the 05R source routine (SOURCE). 

POWPOW performed this adjustment by multiplying the fission distribution 

by the ratio of the radial area increment to the hexagonal core area 

within the radial increment. POWPOW listings are in Appendix J; input 

instructions are in Appendix K. 
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Plots of the fission distribution obtained from POWPOW appear in 

Figs, k through 9. Both axial and radial distributions had a cosine 

shape. The curvature of the distributions indicated separability in the 

axial and radial directions. 

A cosine fitting program"'-® using the function A cos Bx and the method 

of least squares was used to fit the fission distributions. The results 

are given in Table 7, with the data plotted in the figure indicated. 

After examination of Table 7 the following equations were selected 

to represent the power distributions in the SNAP-TSF reactor: 

P(z) = O.Oi|-i4-5 cos O.O869Z ^ 

P(r) = O.OIOI+ cos 0.0896r ^ 

where P(z) and P(r) were proportional to the axial and radial power dis

tributions respectively. These "smoothed" distributions were used as 

the actual source distributions in all the remaining 05R runs on the 

SNAP-TSF reactor (drums-in config\xration) . 

III. NEUTRON LEAKAGE FROM THE SNAP-TSF REACTOR 

The 05R calculations of neutron leakage from the SNAP-TSF reactor 

employed several biasing schemes which increased the number of neutrons 

making important contributions to the desired quantity. Thus better 

statistics resulted and fewer neutrons were processed with a saving of 

calculation time. 

For the SNAP-TSF reactor and the SNAP-2 shield system, fair biasing 

parameters were available from past experience; however, systematic 

techniques for calculating biasing parameters that are close to optimum 

have been studied,^ and it was felt that use of these techniques would be 

helpful in this investigation. The procedure assumes that an approximate 

solution to the eqimtion adjoint to the original transport equation is 

available. This solution would represent the importance of a neutron at 

each point in phase space, which would then be used to obtain parameters 

for the biasing techniques. Since the adjoint equation in its complete 

form is as difficult to solve as the original equation, the adjoint 

'"̂ M. H. Lletzke, A Generalized Least Squares Program for the IBM-709Q 
Computer, ORNL-3259 (Mar. 21, I962). 
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Table "J. Parameters for A cos Bx F i t t i ng of Fission Distr ibutions 

Direction 

Axial 
(center to bottom) 

Axial 
(center to top) 

Axial 
(bottom to top) 

Axial 
(center to bottom) 

Axial 
(center to top) 

Axial 
(center to bottom) 

Axial 
(center to top) 

Radial 

Radial 

Radial 

Radial 

Radial 

Radial 

Radial 

Transverse Direction 
Averaging Interval 

Entire radial dimension 

Entire radial dimension 

Entire radial dimension 

R = 0.0 to 7.2 cm 

R = 0.0 to 7.2 cm 

R = 7.2 to 11.259 cm 

R = 7.2 to 11.239 cm 

Entire axial length 

Bottom ha.lf of core 

Top half of core 

First quarter of axial 
length (bottom) 

Second quarter of axial 
length 

Third quarter of axial 
length 

Fourth quarter of axial 
length (top) 

Parameter 
A 

0.0i|^2 

0.0i|U8 

0.0i|l)-5 

0.0kj)6 

O.OU5I 

o.oiiî S 

0.0kk6 

0.010l̂ -

0.0102 

0.0105 

0.0104 

0.0100 

0.0108 

0.0102 

Standard 
Deviation 

in A 

0.00071 

0.00126 

O.OOO8U 

0.00117 

0.00108 

O.OOO7U 

0.00180 

0.00012 

O.OOOlU 

0.00019 

0.00025 

0.00021^ 

0.00029 

O.OOO2I+ 

Parameter 
B 

0.0912 

0.0825 

0.0869 

0.0909 

0.0820 

0.0916 

0.0850 

0.0896 

0.0871 

0.0917 

0.0900 

0.081̂ 5 

0.0960 

0.0869 

Standard 
Deviation 

in B 

0.0015 

0.0050 

0.0019 

0.0026 

0.0026 

0.0016 

O.OOi+5 

0.0018 

0.0025 

0.0027 

0.0055 

o.ooUo 

0.0058 

0.0058 

Figure 
Number 

1+ 

5 

5 

6 

6 

7 

8 

9 

-1=-
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calculations were performed with a simpler model to obtain better biasing 

for efficient Monte Carlo calculatlonj; Program ANISN^^ a one-dimensional 

S code, wab used to provide this information, 
n ' 

ANISN Adjoint Sn Calculations 

One-dimensional descriptions for both the SNAP-TSF reactor with the 

SNAP-2 shield and the SNAP-TSF reactor alone were used in Sis adjoint flux 

calculations with P2 cross-section representation by program ANISN. The 

reactor shield model for the slab geometry is given in Table 8. The 

reactor-alone model did not have zone 7* Atomic densities were the same 

as those used in 05R (CODE 6). 

The energy group structiire is given in Table 9. For the reactor 

plus shield configuration^ a shell source was placed in interval number 

65^ the shield bottomj the Sis angle interval index was 1, cosine 6 between 

0.9^9^ and 1.0000. Fast-neutron dose factors were divided by the cosine 

of the midpoint angle of angle interval 1; the resiilt was used as the 

shell source input. Table 10 lists the source input. 

For the reactor alone, a unit isotropic shell source was placed in 

interval 5^ (the reactor vessel bottom). 

Source Biasing — Shield Soixrce Problem 

The biased distributions required by subroutines SPACE and FISESN 

(both called by subroutine SOURCE) were obtained from the adjoint Sis fliix 

data printed by program ANISN. The reduction of the flux data was ac

complished by program BIASOR. Input instructions and program listing for 

BIASOR are found in Appendix L. 

Input for BIASOR consisted of the adjoint S total flux as a fimc-

tion of position and energy. The flux was averaged over energy, using 

the energy-group-dependent fission probabilities as a weighting function. 

The resulting flux, (i)i(z), was a function of axial position only and was 

a measure of the axial importance of the neutron source. If P(z) is the 

actual power distribution, P_(z) is the unnormalized biased power distri-
B 

bution, and the adjoint flux is used as the importance f-unction, then 

P^(z) = $i(z) P(z) . 
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Table 8. One-Dimensional Slab Geometry for ANISN Description 
of the SNAP-TSF Reactor Plus Shield Configuration 

Zone Number of Outer Radius 
Number Intervals (cm) Zone Description 

0.0 

1 

2 

5 

k 

5 

6 

7 

k 
2 

20 

2 

k 
2 

51 

2.766 

1̂ .650̂ 1-

55.7^5^ 

37.2507 

59.5507 

59.8ii82 

101.81^82 

Top head 

Top grid 

Core 

Bottom grid 

Bottom NaK 

Bottom vessel 

Shield 
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Table 9 . ANISN Adjoint S Energy Group S t r u c t u r e 

Upper Energy Lower Energy 
Adjoint S-^ Boundary Boiondary 

Group NiJmber (eV) (eV) 

27 
26 
25 
2k 
25 
2 2 
2 1 
2 0 

19 
18 
17 
16 
15 
Ik 
15 
12 
1 1 
1 0 

9 
8 
7 
6 
5 
1̂  
5 
2 
1 

1.1+92 
1 . 2 2 1 
1 . 0 0 0 

8.187 
6.703 
5.J^8 
4.^93 
3.679 
3-012 
2.466 
2.019 
1.653 
1-353 
1.108 
9.072 
6.081 
4.076 
1.111 
1.505 
5.555 
5.829 
1.013 
2.902 
1.068 
5.059 
1.125 
4 . i 4 o 

X 
X 

X 

X 
X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

10"^ 
10"^ 
1 0 7 

1 0 ^ 
10^ 
10^ 
10^ 
10^ 
10^ 
10^ 
10^ 
10^ 
10^ 

1 0 6 
10= 

10^ 
10^ 
105 

1 0 ^ 
1 0 3 
102 
102 

10^ 
10^ 
10° 
10° 
10"^ 

1.221 
1.000 
8.187 
6.703 
5.488 
4.493 
3-679 
3-012 
2.466 
2.019 
1.653 
1-353 
1.108 
9.072 
6.081 
4.076 
1 . 1 1 1 

1-503 
3.555 
5.829 
1.015 
2.902 
1.068 
5.059 
1.125 
4 . i 4 o 

X 10"^ 
X lo"^ 
X 1 0 ^ 
X 10^ 
X 10^ 
X 10^ 
X 10^ 
X 10® 
X 10^ 
X 10® 
X 10® 
X 10® 
X 1 0 ^ 
X 1 0 ^ 
X 10^ 
X 10^ 
X 1 0 ^ 

X 1 0 * 
X 1 0 ° 
X 1 0 ^ 
X 1 0 ^ 
X 1 0 ^ 
X 1 0 ^ 
X 1 0 ° 
X 1 0 ° 
X 1 0 " ^ 

Thermal 
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Table 10. ANISN Adjoint S^ Shell Source Input for the 
SNAP-TSF Reactor Plus Shield Configuration 

Adjoint Sĵ  Fast-Neutron Dose* 
Group Number (rads hr "'" per neutron cm ̂  sec •"") 

27 
26 
25 
24 
25 
22 
21 
20 

19 
18 
17 
16 
15 
14 
15 
12 

n 
10 

9 

2.0046 
1.8878 
1.7776 
1.7128 
1.6511 
1.5905 
1.5852 
1.4452 
1.2496 
1.1557 
1.0840 
9.8811 
9.2181 
8.6247 
7.0724 
5.9512 
4.0400 
1.6288 
2.1948 

X 10 "5 
X 10 "s 
X 10 "5 
X 10 "5 
X 10 ~s 
X 10 "s 
X 10 "5 
X 10 "5 
X 10 "5 
X 10 "5 
X 10 "s 
X 10 "6 
X 10 "6 
X 10 "6 
X 10 "s 
X 10 "6 
X 10"^ 
X 10 "s 
X 10 ""̂  

^Divided by 0.9801449-
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BIASOR also averaged the adjoint S flux over position, using the 

actual power distribution as a weighting function. The resulting flux, 

*2(E), is a function of energy only and is a measiire of the energy importance 

of the neutron source. <t>2(E) was constant over each energy group 1; thus, 

*o. = ^^(E) for E. < E < E. .,. If F. were the fission probability for 2i 2 1 1+1 1 
energy group i and QE. were the biased fission probability, then 

QE. . 21 1 

^ ^21^1 

Although / QE. = 1, the printed results from BIASOR may not equal 1 

i 

exactly, due to roundoff error; however, QE. input to FISESN (SOURCE input) 

must have this property. Appropriate adjustments to the QE. values must be 

made. 

The adjoint S fl-uxes tt)i(z) and <t'2(E) are plotted in Figs. 10 and 11 

respectively. The biased axial power distribution results are shown in 

Table 11. The biased axial power distribution is compared in Fig. 12 with 

the actual axial power distribution. The biased fission probability 

results are shown in Table 12. 

For the QE. input to subroutine FISESN, the biased fission source 

fractions in Table 12 were used except for adjoint S group Nos. 19 and 20 

and group Nos. 15 through l8, whose values were averaged and placed in two 

broader energy groups. 

An investigation of the adjoint S angular fluxes showed that the 

angular variation was relatively independent of axial position and of 

energy. For the source angle biased distribution, the adjoint S angular 

flux in the second S interval from the core bottom and the S energy 
n n "̂  

group nimiber 27 was used. This flux is plotted in Fig. 13 and listed in 

Table I5. 
The biased radial distribution was arbitrarily selected to be flat. 
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Fig. 10. Axial Si5 Adjoint Flux for SNAP-TSF Reactor Plus Shield 
Configuration; Top to Bottom of Core. Averaged over energy with fission 
spectrum weighting. 
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Fig. 11. Si6 Adjoint Flux Spectrum for SNAP-TSF Reactor Plus Shield 
Configuration. Averaged over core with axial power distribution weighting. 
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Table 11. Biased Axial Power Distribution for the SNAP-TSF 
Reactor Plus Shield Configuration 

Adjoint S-j^ 
Lower Z, Core A B C 

Interval Boundary Actual Fission Spectrum Biased 
(cm) .^ial Power Averaged Adjoint Axial Power 

(Top to Bottom) Distribution* S„ Flux Distribution*-* 

-55.115 
-55.559 
-52.004 
-50.448 
-28.892 
-27.556 
-25.780 
-24.225 
-22.669 
-21.115 
-19.558 
-18.002 
-16.446 
-14.890 
-15.554 
-11.779 
-10.223 
- 8.667 
- 7.112 
- 5.556 
- 4.000 

0.01955 
0.02852 
0.03658 
0.04415 
0.05094 
0.05678 
0.06159 
0.06528 
0.06778 
0.06904 
0.06904 
0.06778 
0.06528 
0.06159 
0.05678 
0.05094 
0.04415 
0.05658 
0.02852 
0.01955 

6.341 
8.091 
1.034 
1.521 
1.690 
2.165 
2.770 
5.552 
4.556 
5.851 
7.518 
9.674 
1.245 
1.605 
2.070 
2.673 
3.^52 
4.467 
5.777 
7.525 

X 

X 
X 

X 

X 
X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

10's 
10"9 
10 "s 
10 "s 
10 "s 
10"s 
10 "s 
10 "s 
10 "s 
10's 
10 "s 
io"s 
10-^ 
10"-̂  
10"^ 
10""̂  
10"-̂  
10"^ 
10"-̂  
10"^ 

0.00094 
0.00175 
0.00286 
0.00441 
0.00650 
0.00928 
0.01289 
0.01752 
0.02554 
0.05055 
0.05922 
0.04955 
0.06i4i 
0.07470 
0.08881 
0.10289 
0.11517 
0.12548 
0.12363 
0.11114 

*The sum of column A equaled 1. 
**Column C equaled column A times column B, normalized such that the sum 
of column C equaled 1. 
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Table 12, Source Energy Biasing for the SNAP-TSF 
Reactor Plus Shield Configuration 

Adjoint Sn 
Gro-up Number 

27 
26 
25 
24 
25 
22 
21 
20 
19 
18 
17 
16 
15 
14 
15 
12 
11 

Lower Energy 
Boundary 
(MeV) 

12.2 
10.0 
8.18 
6.70 
5.49 
i^-.5 
5.68 
3.01 
2.46 
2.02 
1.65 
1.55 
1.11 
0.907 
0.608 
0.4076 
0.111 

1 
Fission Source 
Fractii on from 
Subroutine 
FISSN 

1.795 
8.785 
5.492 
1.002 
2.118 
5.785 
5.84 
7.45 
8.95 
9.h 
9.4 
8.9 
8.0 
6.9 
1.08 
7.0 
8.5 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10-4 
10-4 
10 "3 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
lO'i 
10-2 
10"2 

B 
Power Di; 3tribu-
tion Averaged 
Adjoint Sn 
Flux in 

9.857 
2.704 
7.967 
2.469 
8.038 
2.788 
9.750 
5.711 
1.554 
6.46 
2.57^ 
9.024 
2.613 
5.826 
6.816 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Core 

10-s 
10-5 
IQ-s 
10-s 
10-^ 
10-^ 
io"s 
10-8 
10-8 
10 "9 
10-9 
10-1° 
10-1° 
10-11 
10"12 

C 
Normalized 

Biased Fission 
Source 

Fraction* 

0.1334 
0.1795 
0.2102 
0.1870 
0.1287 
0.0797 
0.0430 
0.0209 
0.0104 
0.0046 
0.0018 
0.0006 
0.0002 
0 
0 
0 
0 

*Column C was obtained by multiplying column A times column B and normalla-
such that the sum of column C equaled 1. 
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h6 

Table IJ. Source Angle Biased Distribution for SWAP-TSF 
Reactor Plus Shield Configuration^ 

Angle 
Index 

1 
2 
5 
1+ 
5 
6 
7 
8 
9 
10 
11 
12 
15 
111-
15 
16 

Sl6 

Cose 
Lower Boundary 

1.0000000 
0.9^95858 
0.8381952 
O.6813IH8 
0.5000000 
0.3186582 
O.I6180U8 
O.O5061U2 
0.0000000 
-0. 0506li|2 
-0.161801̂ 8 
-0.3186582 
-0.5000000 
-O.6813U18 
-0.8381952 
-0.9it-93858 
-1.0000000 

S16 
Adj oint 

Angular Flux 
(Biased Distribution) 

2.093 X 
2.507 X 
1.391 X 
0.835^ X 
0.4679 X 
0.2570 X 
0.1365 X 
0.07426 X 
0.05226 X 
0.05701 X 
0.01987 X 
0.00246 X 
0.00246 X 
0.00246 X 
0.00246 X 
0.00246 X 

10 "4 
10 "4 
10-4 
10 "4 
10 "4 
10-4 
10-4 
10-4 
10-4 
10-4 
10-4 
10-4 
10-4 
10-4 
10-4 
10-4 

• Sn energy group 8.187 to 10.0 MeV; second Sĵ  interval from 
core bottom. 
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The input for subroutine SOURCE does not include the biased distri

butions for the axial^ radial, and angular selection of source neutron 

parameters; instead, it requires a specification of interval sizes from 

which parameters are selected with eqioal probability. In order to determine 

the interval sizes appropriate for the biased distributions, program 

SORSPREP was written. Input instructions and listings for SORSPREP are 

given in Appendix M. 

SORSPREP input consists of the real and biased radial and axial 

source distributions and the biased angular source distribution. SORSPREP 

prints and punches the axial, radial, and angular input required by sub

routine DATAIM (called by subroutine SOURCE). 

Exponential Transform - Shield Source Problem 

The selection of track lengths, i, was made from the distribution 

1 -v/̂  1 
— e , where Z = total macroscopic cross section; B = •::J /.̂ v̂ , 

but if B < 0.6, it is set equal to 0.6; 7 = z direction cosine, (XMJ) = 

A/Z and A is the slope of the adjoint S fl-ux.-"-

Examination of XMJ for the adjoint S total flux and of XWU for the 
^ n 

adjoint S angular flux in the first angular interval resulted in the 

decision to use the angular flux in the first angular interval. XMJ's 

obtained from the total flux seemed too large in view of past experience, 

and the values did not decrease as the bottom system boundary was ap

proached. The behavior of XNU's obtained from the angular flux seemed 

more appropriate. 

Since the XNU's could be supplied as input by 05R region and by 

energy group, a large number of calculations of XNU were anticipated. 

Program IMPORT was written to aid in this work. IMPORT calculates A and 

XMJ for each S energy group. It assumes that over a given broad interval, 

Zi < z < Zg, the adjoint S flux <t> can be represented by 

Az 
<J) = A e for zi < z < Z2 ; 

A is then calculated using 
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-2 
A = £n — , 

Zs - Zi *1 

and 

XMJ = ^ 
^T 

is obtained. A region of constant cross section may be divided into 

several broad z intervals containing two or more of the S intervals. The 
n 

flux is then input as a function of energy at each of these broad interval 
boundaries. Since the adjoint S flux is an average value for the S 

n n 

interval, the broad interval boundary should be the midpoint of the S 

interval. Either the total flux or the angular flux for any angular group 

may be input. As many regions of constant cross section as desired may 

be processed. Input instructions and program listing are given in Ap

pendix L. 
For the shield source problem, the values of XMJ for each S energy 

group were found to be constant over the entire axial length of the core. 

Results of these calculations, including values for the WaK at the reactor 

bottom, are given in Table l4. 

Since the values of XMJ were fo-und to be relatively constant over 

energr intervals larger than the S energy intervals, the XMJ input energy 

group structure was changed. Table 15 gives the XMJ values used in the 

05R calculation. Two regions were used: region 1, which was contained 

in zones 1 through 4 and region 2, which was contained in zone 5-

The source data and the track stretching parameters required as 

input to 05R for the shield source problem are listed in Appendix F. 

Source Biasing - Core-Mapping Problem 

The biased distributions required by subroutines SPACE and FISESW 

were obtained from the adjoint flux data printed by program ANISW for the 

reactor without the shield. The reduction of the flux data was ac

complished by methods described previously. 



Table l4. Adjoint S^ Parameters for the Exponential Transform in the SWAP-TSP 
Reactor Plus Shield Configuration 

A B C 
Total Macroscopic Slope of Adjoint Sn Exponential Trans-

Lower Energy Cross Section (cm ^) Forward Flux* (cm ••-) form Parameter, XMJ** 
Sn Energy Boundary 
Index (MeV) Core Bottom NaK Core Bottom NaK Core Bottom NaK 

27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
l4 
15 
12 
11 

12.2 
10.0 
8.18 
6.70 
5.49 
h.5 
3.68 
3.01 
2.46 
2.02 
1.65 
1.55 
1.11 
0.907 
0.608 
0.4076 
0.111 

018421 
0.19930 
0.20991 
0.21877 
0.22281 
0.23420 
0.25072 
0.27154 
0.29687 
0.50808 
0.55424 
0.56957 
0.40723 
0.45385 
0.54014 
0.65661 
0.76864 

0.05145 
0.05298 
0.05476 
0.05755 
0.04102 
0.04642 
0.05115 
0.05215 
0.05251 
0.04952 
0. 04l86 
0.05767 
0.05502 
0.05874 
0.04662 
0.05861 
0.04311 

0.1519 
0.1445 
0.155^ 
0.1669 
0.1795 
0.1952 
0.2124 
0.2299 
0.2495 
0.2591 
0.2821 
0.5155 
0.5505 
0.5957 
0.4549 
0.5647 
0.5968 

0.0242 
0.0249 
0.0256 
0.0266 
0.0290 
0.0552 
0.0572 
0.0588 
o.o4oo 
0.0588 
0.0541 
0.0515 
0.0297 
0.0534 
0.0397 
0.0542 
0.0504 

0.7158 
0.7242 
0.7401 
0.7651 
0.8047 
0.833^ 
0.8471 
0.8474 
0.8404 
0.8412 
0.8459 
0.8482 
0.8601 
0.8719 
0.8422 
0.8870 
0.7765 

0.7707 
0.7565 
0.7565 
0.7086 
0.7064 
0.7145 
0.7278 
0.7442 
0.7640 
0.7860 
0.8156 
0.8562 
0.8495 
0.8627 
0.8527 
0.8866 
0.7051 

*The adjoint Sig angular flux for angle index number 1. 
**Column C was obtained by dividing column B by column A. 
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Table 15. XMJ Values Used in 05R for the SNAP-TSF 
Reactor Plus Shield Config\aration 

Ith Group 
Lower Energy 

Boundary (MeV) 

8.18 

5.49 

5.01 

1.55 

0.407 

0.11 

05R 
Region 1 
XMJ(1,I) 

0.727 

0.784 

0.843 

0.845 

0.865 

0.776 

05R 
Region 2 
XMJ(2,I) 

0.754 

0.708 

0.729 

0.800 

0.865 

0.705 
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The adjoint S fluxes <l>i(z) and <I>2(E) are plotted in Figs. l4 and 15. 

The biased axial power distribution was calculated as shown in Table I6. 

The biased axial power distribution is compared to the actual axial power 

distribution in Fig. I6. The biased fission probabilities were calculated 

as shown in Table 17. 

For the QE input to subroutine FISESN, the biased fission source frac

tion in Table 17 was used except for the values for the following adjoint 

S group n-umbers which were averaged and placed in the corresponding 

broader energy groups: 

Adjoint S group Wos. 25 through 27, 25 and 24, 21 and 22, I9 and 

20, l4 and I5, and 12 and I5. 

An investigation of the adjoint S angular fluxes showed that the 

angular variation was relatively Independent of axial position and of 

energy. For the source angle biased distribution the adjoint S angular 

flux in the second S interval from the core bottom and the S energy 
n n '̂'' 

group No. 27 was used. The flux data are given in Fig. 17 and Table I8. 

The biased radial distribution was arbitrarily selected to be flat. 

Program SORSPREP was used to prepare the above data for input to the 

05R source routines. 

Exponential Transform - Core-Mapping Problem 

The track stretching parameters XMJ were obtained from the slope of 

the adjoint S angular flux in the manner described previously; 

however, the values for XMJ for each S energy group were not constant 

over the entire axial length of the core. The reactor was divided into 

four axial 05R regions. The bottom NaK and vessel, zone 5.> were the 

fourth region; the rest of the reactor consisted of regions 1 through 5 

defined by the planes Z + 25.4469 = 0 and Z + 14.1124 = 0. Results of 

the XMJ calculations for the four regions are given in Table I9. 

Since the values of XMJ were found to be relatively constant over 

larger energy intervals than the S energy intervals, the XNU input energy 

group structure was changed. Table 20 gives the XNU values used in the 

05R calculation. 
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Table 1 

Adjoint Sn 
Lower Z, 

Core Interval 
Boundary (cm) 
(Top to Bottom) 

-55.115 
-55.559 
-52.004 
-50.448 
-28.892 
-27.556 
-25.780 
-24.225 
-22.669 
-21.115 
-19.558 
-18.002 
-16.446 
-14.890 
-15.55^ 
-11.779 
-10.225 
- 8.667 
- 7.112 
- 5-556 
- 4.000 

.6. Biased Axial Power Distribution for 
SNAP-TSF 

A 
Actual 

Axial Power 
Distribution* 

0.01955 
0.02852 
0.05658 
0.04415 
0.05094 
0.05678 
0.06159 
0.06528 
0.06778 
0.06904 
0.06904 
0.06778 
0.06528 
0.06159 
0.05678 
0.05094 
0.04415 
0.05658 
0.02852 
0.01955 

Reactor 

Fission 
B 
Spectrum 

Averaged Adjoint 
Sn Flux 

5.125 
6.901 
9.469 
1.507 
1.811 
2.519 
5.515 
4.920 
6.909 
9.752 
1.575 
1.952 
2.779 
5.978 
5.716 
8.275 
1.202 
1.772 
2.625 
4.092 

X 
X 

X 

X 
X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

X 

X 

10-5 
10-s 
10-s 
10-4 
10 "4 
10-4 
10-4 
10 "4 
10-4 
10-4 
10 "3 
10-3 
10-3 
10 "3 
10-3 
10 "3 
10-2 
10-2 
10-2 
10-2 

the 

C 
Biased 

Axial Power 
Distribution** 

0.00025 
0.00045 
0.00080 
0.00154 
0.00215 
0.00551 
0.00500 
0.00745 
0.01085 
0.01555 
0.02195 
0.05059 
0.04194 
0.05664 
0.07504 
0.097^5 
0.12270 
0.14986 
0.17186 
0.18494 

*The sum of columnA equaled 1. 
**Column C equaled column A times column B, normalized such that the sum 
of column C equaled 1. 
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Table I7. Source Energy Biasing for the SNAP-TSF Reactor 

A B C 
Fission Source Power Distribu- Normalized 

Adjoint Lower Energy Fraction from tion Averaged Biased Fission 
Group Boundary Subroutine Adjoint Sn Source 
Number (MeV) FISSN Flux in Core Fraction* 

27 
26 
25 
24 
25 
2 2 
2 1 
2 0 

19 
18 
17 
16 
15 
14 
15 
1 2 

1 2 . 2 
1 0 . 0 
8.18 
6.70 
5.49 
h.5 
5.68 
5.01 
2.46 

--2.02 
1.65 
1.55 
1 . 1 1 

0.907 
0.608 
0.4076 

1.795 
8.785 
5.492 
1.002 
2 . 1 1 8 
5.785 
5.84 
7.45 
8.95 
9.h 
9-h 
8.9 
8.0 
6.9 
1.08 
7.0 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10 "4 
10 -4 
10 "3 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
10-2 
1 0 - 1 
10-2 

1.460 
1.291 
1.155 
1.047 
9.504 
8.551 
7.591 
6.755 
6.054 
5.652 
4.987 
4.258 
5.516 
2.875 
2.055 
1.096 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10-2 
10-2 
10-2 
10-2 
10 -3 
10-3 
10 -3 
10 -3 
1 0 - 3 
10 -3 
1 0 - 3 
10 -3 
10 -3 
10 -3 
1 0 - 3 
10 -3 

0.0006 
0.0026 
0.0095 
0.0245 
0.0465 
0.0748 
0.1025 
0.1165 
0.1254 
0.1224 
0.1084 
0.0876 
0.0650 
0.0458 
0.0508 
0.0177 

*Column C was obtained by multiplying column A times column B and norm
alizing such that the sum of column C equaled 1. 
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Table l8. Source Angle Biased Distribution 
for SNAP-TSF Reactor^ 

Si6 S]_g, Adjoint 
Angle COS0 Angular Flux 
Index Lower Boundary (Biased Distribution) 

X 10-2 

1 
2 
5 
4 
5 
6 
7 
8 
9 
10 
11 
12 
15 
l4 
15 
16 

1.0000000 
0.9495858 
0.8581952 
0.6815418 
0.5000000 
0.5186582 
o.i6i8o48 
0.0506142 
0.0000000 
-0.0506142 
-0.l6l8048 
-0.5186582 
-0.5000000 
-0.6815418 
-0.8581952 
-0.9495858 
-1.0000000 

9.475 
9.592 
9.050 
8.552 
7.551 
6.010 
4.662 
5.676 
2.849 
5.015 
2.652 
2.110 
1.617 
1.249 
1.022 
0.9061 

a. Sn energy group 8.187 to 10.0 MeV; second Sn interval 
from core bottom. 



Sn 
Energy 
Index 

27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
i4 
15 
12 

Lower 
Energy 
Boundary 
(MeV) 

12.2 
10.0 
8.18 
6.70 
5.̂ 9 
.̂5 
5.68 
3.01 
2.46 
2.02 
1.65 
1.55 
1.11 
0.907 
0.608 
0.4076 

Table I9. Adj oint 

A 
Total Macroscopic 
Cross Section (cm""'") 

Core 

0.18421 
0.19930 
0.20991 
0.21877 
0.22281 
0.25420 
0.25072 
0.27154 
0.29687 
O.5O808 
0.55424 
0. 36937 
0.40725 
0.45585 
0.54014 
0.63661 

Bottom 
NaK 

0.03145 
0.03298 
0.05476 
0.05755 
0.04102 
0.04642 
0.05115 
0.05215 
0.05251 
0.04952 
0.04i86 
0.05767 
0.05502 
0.05874 
0.04662 
0.05861 

Sn Parameters for the Exponential Transform 
in the SNAP-TSF Reactor 

B 
Slope of Adjoint_S: 
Forward Flux^ (cm-""-

Top 
CoreC 

0.1151 
0.1258 
0.1541 
0.1456 
0.1582 
0.1756 
0.1901 
0.2067 
0.2245 
0.2382 
0.2620 
0.2930 
0.5501 
0.5764 
0.4415 
0.5547 

Middle 
CoreC 

0.0995 
0.1098 
0.1195 
0.1502 
0.1424 
0.1571 
0.1750 
0.1891 
0.2066 
0.2197 
0.2451 
0.2758 
0.5108 
0.5576 
0.4300 
0.5511 

Bottom 
CoreC 

0.0707 
0.0799 
0.0886 
0.0980 
0.1086 
0.1215 
0.1555 
0.1489 
0.1647 
0.1747 
0.1951 
0.2251 
0.2579 
0.5028 
0.5845 
0.5254 

n 
) 

Bottom 
NaK 

0.0119 
0.0115 
0.0105 
0.0096 
0.0091 
0.0100 
0.0120 
0.0151 
0.0156 
0.0151 
0.0116 
0.0111 
0.0101 
0.0111 
0.0156 
0.0178 

C 
Exponential Transform 

Parameter, XMJ^ 

Top 
Core*̂  

0.6158 
0.6215 
0.6587 
0.6655 
0.7101 
0.7415 
0.7581 
0.7618 
0.7565 
0.7755 
0.7858 
0.7952 
0.8106 
0.8295 
0.8171 
0.8715 

Middle 
Core^ 

0.5401 
0.5508 
0.5692 
0.5951 
0.6590 
0.6710 
0.6902 
0.6968 
0.6959 
0.7150 
0.7272 
0.7415 
0.7652 
0.7880 
0.7962 
0.8657 

Bottom 
Core^ 

0.5858 
0.4008 
0.4222 
0.4480 
0.4872 
0.5189 
0.5597 
0.5486 
0.5548 
0.5672 
0.5856 
0.6o4i 
0.6552 
0.6672 
0.7115 
0.8255 

Bottom 
NaK 

0.5788 
0.5481 
0.5028 
0.2545 
0.2215 
0.2165 
0.2555 
0.2509 
0.2592 
0.2648 
0.2767 
0.2946 
0.2898 
0.2869 
0.5556 
0.4615 

a. The adjoint Sie angular flux for angle index number 1. 
b. Column C was obtained by dividing column B by column A. 
c. Top, middle, and bottom cores are described by regions 1, 2, and 5.> respectively. 
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Table 20. XMJ Values Used i n 05R fo r the 
SNAP-TSF Reactor 

Ith Group 
Lower Energy 

Boundary (MeV) 

05R 
Region 1 

XMJ (1,1) 

05R 
Region 2 

xmj (2,1) 

05R 
Region 5 

XMJ (5,1) 

05R 
Region 4 

XMJ (4,1) 

8.18 
4.49 
2.02 
1.55 
0.608 
0.407 

0.6246 
0.7056 
0.7624 
0.7885 
0.8191 
0.8715 

0.5554 
0.6550 
0.6990 
0.7542 
0.7825 
0.8657 

0.4025 
0.4847 
0.5526 
0.5958 
0.6706 
0.8255 

0.5452 
0.2507 
0.2526 
0.2857 
0.5054 
0.4615 
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The source data and the track stretching parameters required as 

input to 05R for the core-mapping problem are listed in Appendix F. 

05R Calculations 

Preliminary 05R calculations were made on the SNAP-TSF reactor for 

both the shield source and the core-mapping problems. A summary of the 

conditions imposed on these calculations follows. 

1. The drums-in configuration was used in all cases. 

2. The neutron source was obtained from the 05R calculations of 

the fission distribution. 

5. Biasing parameters obtained from adjoint S calculations 

(ANISN) were used. 

4. The phi tape was used for elastic scattering. 

5. Inelastic scattering was isotropic in the center-of-mass 

system and a multilevel inelastic scattering model was used 

where data were known. 

6. The lowest energy of interest was 0.1 MeV. 

Shield Source Problem 

Two 05R calculations were made for the shield source problem. The 

first consisted of 47 batches of 80O neutrons each, with the value 

0000545277244615 used for the starting random number. Since only the 

neutron parameters for an escape event were recorded, only one collision 

tape was generated. The second calculation consisted of 50 batches of 

800 neutrons each, with the value I7756O7256545075 used for the starting 

random number. Again only one collision tape was generated. The calcula

tion time on the CDC l6o4-A computer for this second calculation was 129 

min. 

Core-Mapping Problem 

One 05R calculation was made for the core-mapping problem. It con

sisted of 60 batches of 8OO neutrons each, with the value 0000545277244615 

used for the starting random number. Since neutron parameters for source, 

collision, and escape events were recorded, four collision tapes were 

generated. The calculation time on the CDC l604-A computer was 172 min. 
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rV. ANALYSIS OF 05R LEAKAGE CALCULATIONS 

Two programs were involved in the analyses of 05R collision tapes: 

SNARLS and ACTIFK."̂ '' SNARLS was written to prepare tapes containing neutrons 

to be used as the source for subsequent 05E calculations on the penetration 

of neutrons through a SNAP-2 shield. It obtained its information from tapes 

prepared by the 05R shield source problem; only neutron escape events were 

considered. In addition, SNARLS used neutron escape events on the tapes pre

pared by the 05R core-mapping problem to calculate leakage angular fluxes. 

ACTIFK, like 05R, required medication by the user for his particular problem. 

It used neutron source and collision events on the tapes prepared by the 05R 

core-mapping problem to estimate statistically contributions to collimated 

detectors. 

Program SNARLS 

In operating SNARLS, the 05R collision tapes must be prepared with 

the following values for NBIND: 111000111111110001000110100000000000. 

The SNARLS input provides for the enclosing of the reactor system by a 

cylinder and two planes perpendicular to the cylinder axis. The cylinder 

axis coincides with the z axis. These surfaces become the leakage sur

faces. Neutron escapes from the reactor system are traced to these 

leakage surfaces, and the escape coordinates are changed to values at the 

intersection of the neutron track and the nearest surface. 

SNAEIfi input Instructions, flow diagram, and listings are found in 

Appendix N. 

Source Tape Preparation 

Since a great nimiber of leaking neutrons will contribute nothing to 

a shielded detector, the neutrons which leak must be processed to eliminate 

unimportant neutrons and to enhance important neutrons. If a neutron 

weight falls below a specified value, it is killed a specified fraction 

of the time (Russian roulette); if it survives its weight is increas.ed an 

appropriate amount. If a neutron weight is above a specified value, it 

is split into two or more neutrons of equal weight, whose sum is the 

original weight, such that the individual weight does not exceed the above 

specified value (splitting). 

"̂̂ F. B. K. Kam and K. D. Franz, ACTIFK, A General Analysis Code for 05R, 
ORNL-5856 (September I966). 
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Russian roulette and splitting are employed according to the follow

ing relation, where I is an energy index, 

W2 < R(l) < Wi < S(l) < W3 . 

Weights Wi are accepted, weights W3 are aplit (¥3/3(1)) + 1 times 

(smallest integer), and weights W2 have a survival fraction W2/R(I); 

surviving neutrons are given the weight R(l). The weight standards S(l) 

and R(I) can be specified for two angular groups and for either one or 

two of four possible values of the leakage criteria, JTYPEl and JTYPE2. 

The meanings of the possible values of JTYPEl and JTyPE2 are given 

below: 

1. leakage from the bottom plane (ZBOTNEW), positive Z direction, 

2. leakage from the cylinder (RCYLIN), positive Z direction, 

5. leakage from the cylinder, negative Z direction, 

4. leakage from the top plane (ZTOPNEW), negative Z direction. 

The weight standards can be obtained from the adjoint S calculation 

on the reactor-plus-shield configuration by using flux values at the 

reactor-shield interface. For a particular angular group, the optimum 

leakage weight W(E) should be proportional to I/0(E), the reciprocal of 

the adjoint flux spectrum: 

/ ^ 
W ( E ) <t'(E.) = K . 

Thus as <t>(E) (the energy-dependent importance) increases, the optimimi 

weight decreases, requiring that a larger number of neutrons leak for a 

given amount of weight. The constant K may be taken as the average of 

the neutron weight W(E) times the importance: 

K = W(E)<t>(E) . 

If the energy variation is represented by a group structure, then 
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\ <I>(I) W(l) AE(I) 

K = - ^ 

^AE(I) 

I 

where AE(I) is the energy width of group I, and W(l) is the average 

weight. 

A preliminary run with SNARIS will determine the W(l) for two 

angular groups; hence K can be found and the optimum weight W(l) for 

each energy group can be calculated. Since an optimum weight range is 

desired [between R(I) and S(l) ], SNARLS input weight standards include 

W(l), Ri(l), and Si(l), from which R(I) and S(l) are determined: 

/ ^ 
R(I) = Ri(l) W(I) , 

S(I) = Si(l) W(I) . 

In the input the following variables are used: 

For the first angular group 

WBAR(I,JTYPEl) -* W(I) for leakage JTYPEl 

WBAR(I,JTYPE2) - W(l) for leakage JTYPE2 

WK(I) -> Ri(l) 

SWK(I) -* Si(l) 

For the second angular group 

WMAX( I,JTYPEl) - W(I) for leakage JTYPEl 

WMAX(I,JTYPE2) -> w(l) for leakage JTYPE2 

WKI(I) -> Ri(l) 

SWK(l) -* Si (I) 

The source tape preparation option may be omitted. 
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Neutron Leakage Angular Flux 

SNARLS can calculate the neutron leakage angular flux from either the 

leakage cylinder or the bottom leakage plane or both. The calculation 

can also be omitted. 

In the case of the leakage cylinder, the z axis is divided into one 

or more Intervals. In each interval, escaping neutron coordinates and 

directions are rotated such that the new x and y coordinates are zero and 

RCYLIN respectively. Angular bins are obtained by dividing the polar 

angle 8 into equal cos© intervals from 0 to 1; the polar direction is 

perpendicular to the cylinder surface. An azimuthal angle interval is 

specified. The neutron weight divided by the cosine of the polar angle 

is accumumated in the appropriate angular bin for that interval. The 

average over all batches is divided by the area of the cylindrical surface 

in the z interval and the solid angle for the bin. The result is the 

average angular flux on the interval. 

For the bottom leakage plane, the surface is divided into one or 

more rings. In each ring, escaping neutron coordinates and directions 

are rotated such that the new x coordinate is zero. Angular bins are 

obtained by dividing the polar angle 6 into equal cos© intervals from 

0 to 1; the polar direction is the positive z direction. An azimuthal 

angle interval is specified. The neutron weight divided by the cosine of 

the polar angle is accumulated in the appropriate angular bin for that 

interval. The average over all batches is divided by the area of the ring 

and the solid angle for the bin. The result is the average angular flux 

over the ring. 

SNARLS Output 

The following items appear in the SNARLS output (certain items may 

be omitted according to the input specifications): 

a, the input data; 

b, the angular flux by energy group and space Interval for each 

batch; 
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c. for each batch, totals of the following items summed over all 

completed batches and listed by energy group for the bottom 

leakage plane: 

1. number of escapes ^ ,-, ,, 
Y appear for the three other 

2. escape weight J leakage criteria also, 

5. escape weight by angular group, 

4. number of escapes by angular group; 

d. the batch average leakage weight and the total number of escapes 

by leakage criteria and energy group; 

e. the batch average leakage angular flux and its percent standard 

deviation by energy and angle for each space Interval; 

f. a statement indicating whether the source tape was written and 

the n-umber of neutrons and total weight written for each batch. 

Provision was made for continuing the source tape on a second reel 

if necessary. Thus, if NSOR and NSORl are specified on the input, NSOR + 1 

and NSORl + 1 may also be used as tape logical nimibers. 

Source Tape Checking 

A special purpose program, CKSOURPT, was written to print the 

contents of the source tape prepared by SNARLS. In addition, it prints 

the total number of escapes and total escape weight for several energy 

groups and two angular groups. A special version of CKSOURTP just prints 

the latter. The source tape must be on logical tape unit 5. Wo provision 

was made for continuation on another reel. No input is required; changes 

to energy and angular group structure must be made in the program. 

Listings for both versions of CKSOURTP are given in Appendix N. 

Source Tape Utilization 

Subroutine SNEUT(X,Y,Z,A,B,C,W,E,NTAPE,NSKIP) was written to read 

soTorce tapes prepared by SNARLS and to return the following parameters 

describing a source neutron for 05R's use: 

a. spatial coordinates x, y, and z, 

b. direction cosines A, B, and C, 
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c. weight W, 

d. energy E. 

This subroutine sho-uld be called by 05R's subroutine SOURCE for each 

source neutron . The data required by SNEUT includes NTAPE, the logical 

number for the source tape, and NSKIP, the number of records of 50 neu

trons to be skipped at the beginning of the source tape. SNEUT returns 

NTAPE = 0 when there are no more neutrons on the source tape. The calling 

program (subroutine SOURCE) may reset NTAPE and skip NSKEP records on a 

new source tape. 

The listing for subroutine SNEUT(X,Y,Z,A,B,C,W,E,NTAPE,NSKIP) is 

given in Appendix N. 

Preparation of Source Tape for SNAP-2 Shield CaJ.culation 

For the SNARLS leakage surface input, the SNAP-TSF reactor was 

boimded by the following surfaces: 

1. a cylinder of radius 6O.96 cm, with its axis coinciding with 

the z axis, 

2. a plane at z = 1.48 cm, the bottom of the reactor, 

5. a plane at z ̂  -40.0, approximately the top of the reactor. 

On the SNARLS runs the only leakage criterion of interest was leakage 

from the bottom of the reactor (JTYPEn^JTYPE2=l). Since the radius of 

the cylinder was considerably larger than the radius of the reactor 

system, leakage neutrons from the reactor sides with large z direction 

cosines were recorded on the bottom surface. 

The 05R collision tape prepared by the shield source problem was 

used. 

A preliminary SNARIfi run was made to obtain data for the calculation 

of the energy-dependent optimum weight to be used in splitting and Russian 

roulette techniques for the final source tape preparation. The two 

angular groups were O.7 < [j. < 1.0 and 0 < ji < O.7, where p, = cos0. The 

adjoint S flux at the reactor-shield interface was found to be separable 

in energy and angle on the Interval 0 < u, < 1.0; the same flux was used 
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for both angular groups. Table 21 summarizes the resu l t s of th i s c a l 
cula t ion. 

Using the optimum weight K/4> . , an optimtim weight range, W ., was 

a r b i t r a r i l y selected: 

0.555 K/d). < W .̂ < 5.0 K / * . . 
' 1 — Ri — 1 

Neutron weights below this range were subjected to Russian roulette; neu

tron weights above this range were subjected to splitting. 

Two leakage source tapes were prepared, one using an 05R collision 

tape containing 47 batches of 8OO neutrons each, and one using an 05R 

collision tape containing 50 batches of 8OO neutrons each. (Both 05R 

problems used biasing obtained from adjoint S calculations.) SNARIJS 

input data are listed in Appendix 0. The effect of Russian roulette and 

splitting on the neutron leakage data is given in Tables 22 and 25. 

Leakage Angular Flux from Bottom Face of SNAP-TSF Reactor 

For the SNARLS leakage surface input the SNAP-TSF reactor was 

bounded by the following surfaces: 

1. a cylinder of radius I8.I55 cm, with its axis, with its axis coincid

ing with the z axis, 

2.̂  a plane at z = 1.48 cm, the bottom of the reactor, 

5. a plane at z = -4o.O cm, approximately the top of the reactor. 

On the SNARLS runs the leakage angular flux was calculated for the reactor 

bottom only, z = 1.48; a source tape preparation was omitted. 

The four 05R collision tapes prepared by the core-mapping problem 

were used. 

Test SNARLS runs showed that the statistics were too poor when a 

large number of radial, energy, and angular bins were used. The number 

of bins was reduced in the following ways: 

1. The angixLar flux was averaged over all azimuthal angles (one 

azimuthal bin). 



Table 21. Biasing Parameter 

B 
Adjoint Sĵ  

Adjoint S Q Lower A Normalized 
Energy Energy AEj_ Flux, ^j_ 
Group, i (MeV) (MeV) 0 < p, < 1.0 

2? 

26 

25 

24 

23 

22 

21 

1 rough l 8 

irough 11 

1 2 . 2 

1 0 . 0 

8 .18 

6 . 7 0 

5 .49 

h.^ 

5 . 6 8 

2 . 0 2 

0 . 1 1 1 

2 . 8 

2 . 2 

1.82 

1.1+8 

1 .21 

0 . 9 9 

0 .82 

1.66 

1.909 

1.000 

0 .302 

0 .0968 

0 .0329 

0 .0119 

O.OOU62 

0.00182 

0.000456 

0.000017 

*K was obtained by summing the product of columns A x B 

for the Source Tape Preparation 

C 
Average Neutron Optimum Weight, 
Weight, Wĵ  ^/^±* 

U, > 0.7 p, < 0.7 |j, >0.7 |i < 0.7 

1.0 

3 .62 

1.30 

3-40 

7 .52 

2 . 0 3 

6 .10 

8 .49 

9 .92 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10"* 

10"* 

10"^ 

10"^ 

10"= 

10"2 

10"2 

10"2 

10"= 

4 .06 

1.35 

3 .13 

9 . 0 1 

2 .82 

7 .36 

1.43 

1.87 

2 . 0 6 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10"* 

10"= 

10'= 

10"= 

10"^ 

10"= 

10"^ 

10"^ 

10"! 

.789 

2 . 6 1 

8 .15 

2 . 4 0 

6 . 6 3 

1 .71 

4.31+ 

1-73 

1̂ .61+ 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10"* 

10"* 

10"* 

10"= 

10"= 

10"= 

10"= 

10"^ 

ICP 

2 . 7 7 

.917 

2 . 8 6 

8 .^2 

2 . 3 3 

6 . 0 0 

1.52 

6 .07 

1 6 . 6 

X 10"* 

X 10"= 

X 10"= 

X 10"= 

X 10"= 

X 10"2 

X 10"^ 

X 10"^ 

X ICP 

X C and dividing the result by the sum of column A. 



Table 22. Neutron Leakage Shield Source Data; 
hj Batches of 800 Neutrons Each 

Lower 
Energy 

Boundary 
(MeV) 

1 2 . 2 

1 0 . 0 

8 . 1 8 

6 . 7 

5 -^9 

^ • 5 

3 . 6 8 

2 . 0 2 

0 . 1 0 0 

Number of 

\i. > O.J 

2086 

2702 

3141 

289^+ 

2113 

IU1I+ 

837 

1187 

301+8 

05R 

N e u t r o n s 

M- < 0 .7 

677 

977 

1164 

1023 

860 

585 

376 

804 

2313 

Leakage 

T o t a l 

[i > 0 .7 

0.2i+l 

0 . 9 0 8 

3 . 5 3 

1 0 . 1 

2 2 . 7 

3 2 . i+ 

56.1+ 

2 6 6 . 0 

681+.0 

Weight 

M. < 0 .7 

0 .285 

1.3i+ 

if.07 

1 0 . 4 

2 8 . 7 

3 7 . 7 

5 2 . 6 

2 7 0 . 0 

8 5 9 - 0 

Number of 

L̂ > 0 .7 

2100 

2559 

3082 

2825 

2313 

12il9 

804 

883 

191+ 

SNAELS S h i e l d S o u r c e 

Neutrons 

^ < 0.7 

773 

1095 

1216 

1048 

921 

520 

287 

345 

91 

Tota l 

H > 0.7 

0.246 

0.913 

3.65 

10.3 

26.7 

32.3 

57.2 

266.0 

692.0 

Weight 

\i < 0.7 

0.290 

1.34 

4.13 

10.8 

29.0 

37.6 

52.7 

269.0 

891.0 

-^ 
0 



Table 23 • Neutron Leakage Shield Source Data; 
50 Batches of 8OO Neutrons Each 

Lower 
Energy 

Boundary 
(MeV) 

12 .2 

1 0 . 0 

8 . 1 8 

6 .7 

5-49 

^ . 5 

3 . 6 8 

2 . 0 2 

0 . 1 0 0 

Number of 

\i > 0 .7 

2253 

2968 

3353 

3098 

2229 

1427 

940 

1262 

3155 

05R 

N e u t r o n s 

[i < 0 .7 

811 

1009 

1191 

1147 

845 

592 

4 1 1 

849 

2375 

Leakage 

T o t a l 

li > 0 .7 

0 .242 

0 .946 

3 . 9 3 

9 .37 

2 1 . 4 

3 3 - 5 

5 0 . 5 

2 1 7 . 0 

2 7 4 0 . 0 

Weight 

11 < 0 .7 

0 .304 

1.13 

4 . 3 0 

1 2 . 6 

2 3 . 6 

4 6 . 8 

50 .5 

2 8 0 . 0 

1 0 8 0 . 0 

Number of 

^ > 0 .7 

2164 

2729 

3318 

2839 

2162 

1276 

770 

803 

352 

SNARLS S h i e l d Source 

N e u t r o n s 

li < 0 .7 

903 

1070 

1245 

1194 

840 

576 

288 

355 

101 

T o t a l 

[1. > 0 .7 

0 .245 

0 . 9 5 1 

3 -98 

1 0 . 1 

2 2 . 1 

33 -5 

50 .5 

2 1 7 . 0 

2 7 4 0 . 0 

Weight 

\i < 0 .7 

0 . 3 1 8 

1.17 

J+.37 

1 2 . 8 

2 4 . 0 

^I'l 

5 0 . 4 

2 8 1 . 0 

1 0 9 0 . 0 
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2. The angular flux as a function of polar angle 9 (cosS = 11) was 

obtained from a SNARLS run in which three energy groups, 2 radial intervals, 

and 5 polar angle intervals were used; thus the angular flux was calculated 

as an average over the core bottom for three broad energy groups. 

3. The leakage flux as a function of radial position was obtained 

from a SNARLS run in which three energy groups, one polar angle interval, 

and ten radial intervals were used. 

4. The leakage spectrum was obtained from a SNARLS run in which two 

radial intervals, one polar angle interval, and ten energy groups were 

used. Input data for the three SNARLS problems are listed in Appendix 0. 

The results of the SNARLS leakage angular flux calculations are 

given in Figs. I8 through 20. The angular flux ^(p,) for three energy 

groups is presented in Fig. I8; the angular fluxes can be approximated by 

the following equations: 

0.41 < E <2.0 MeV, ^{\j.) - 2.11 x 10~^ \i'^''^'^ 

neutrons cm ̂  steradian "'" (source neutron) •"• 

- 2 57 
2.0 < E < 4.0 MeV, )Z$(ia,) = 9.IO x 10 ̂  |j, '̂ ' 

neutrons cm ̂ steradian •"" (source neutron) •'' 

4.0 < E < 18.0 MeV, jẑ(|j,) = 3.29 X 10"^ ij,̂'"'" 

neutrons cm ̂  steradian •"" (source neutron) •"• 

The leakage flux radial distributions are shown in Fig. 19 for three energy 

groups. The apparent dip in the distributions at the reactor center is 

probably due to undersampling in this region; since the biased source dis

tribution was flat radially, fewer source neutrons were picked with small 

radii. The leakage flux spectrum is given in Fig. 20. The data presented 

in these figures are tabulated in Tables 24, 25, and 26. 

Core Mapping - Program ACTIFK 

In order to increase the number of scores at collimated detector 

locations, each collision point lying in the reactor system and lying in 

a cone defined by the collimator was allowed to contribute to the dose. 
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Fig. 18. Angular Leakage Flux from the SNAP-TSF Reactor Bottom. 
Averaged over radius 0.0 to 11.239 cm and over azimuthal angle. 
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Table 24. Angular Leakage Flux [neutrons cm ̂  steradian """ (source neutron) """j 
from SNAP-TSF Reactor Bottom 

Cosine 
Polar An 

1-0.8 

0.8-0.6 

0.6-0.4 

0.4-0.2 

of 
Lgle 

0.4076 < E 

Angular 
Flux 

1.69 X 10"^ 

i.4o X 10"^ 

5.82 X 10"s 

3.20 X 10"6 

< 2.0 MeV 

Standard 
Deviation 

{I0) 

4.8 

11.1 

7.1 

22.7 

2.0 < E < 4. 

Angular 
Flux 

7.12 X 10"6 

4.14 X 10"6 

1.7^ X 10"^ 

5.24 X 10""̂  

.0 MeV 

Standard 
Deviation 

Ho) 

8.1 

6.2 

6.9 

17.8 

4.0 < E < 

Angular 
Flux 

2.36 X 10~® 

1.19 X 10"s 

3.07 X 10"^ 

8.30 X 10"8 

18 .0 MeV 

Standard 
Deviation 

Ho) 

4.9 

8.3 

12.3 

37.6 Ch 



Table 25. Radial Distribution of Leakage Flux [neutrons cm ̂  
(source neutrons •'• ] from SNAP-TSF Reactor System 

0.4076 < E < 2.0 MeV 2.0 < E < 4.0 MeV 4.0 < E < I8.O MeV 

Radial Standard Standard Standard 
Distance Leakage Deviation Leakage Deviation Leakage Deviation 

(cm) Flux H) Flux H) Flux H) 

0-1.5 

1 .5-5 .0 

3 .0 -4 .5 

4 . 5 - 6 . 0 

6 . 0 - 7 . 5 

7 . 5 - 9 . 0 

9 . 0 - 1 0 . 1 

0 .1-11.239 

.1.239-14.0 

.4.0-18.135 

6.27 

5.51 

6.66 

5.65 

4.99 

6.14 

5.7^ 

3.53 

2.64 

1.96 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10-5 

10-5 

10-5 

10 -5 

10 -5 

10-5 

10-5 

10 -5 

10 -5 

10"5 

20 .7 

8.6 

8.4 

7 .8 

9 .0 

15.4 

27.6 

11.9 

5.5 

5.6 

1.62 

2 . l 4 

2.42 

2.08 

1.92 

1.76 

1.37 

1.08 

8.27 

6.47 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10"5 

10-5 

10 "5 

10 "5 

10-5 

10-5 

10-5 

10-5 

10"^ 

IQ-^ 

18.9 

10.8 

2 2 . 0 

1 0 . 1 

6.9 

l 4 . 2 

8.7 

8.2 

5.8 

5.8 

i+.55 

7.20 

6.48 

5.52 

5.^3 

i^.73 

5.84 

4 .31 

4.18 

2.35 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10"® 

10 "6 

lO"^ 

IQ-s 

10-6 

10-6 

10 "6 

10-6 

10 "6 

10-6 

22.7 

10.8 

15 .1 

9.6 

11.4 

12 .3 

10.5 

12.5 

25.0 

9-6 
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Table 26. Leakage Flux Spectrum from the 
SNAP-TSF Reactor Bottom 

Leakage Fliix Standard 
Lower Energy Energy Width [neutrons cm ̂  MeV "'' Deviation 

(MeV (MeV (source neutrons) """ ] (5̂ ) 

10.0 

7.0 

5.0 

4 .0 

3.0 

2 .5 

2 . 0 

1.5 

1.0 

0.4076 

8.0 

5.0 

2 . 0 

1 .0 

1 .0 

0.5 

0.5 

0.5 

0.5 

0.5924 

6.04 

2.00 

1.02 

2.31 

5.75 

9.70 

1.29 

1.76 

3.58 

4.51 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10-9 

10--^ 

10-6 

10-6 

10 "6 

10-6 

10 "5 

10-5 

10-5 

10-5 

24.7 

18.2 

5 .1 

6 .3 

8.5 

10.2 

6 . 1 

h.7 

18.3 

8.0 
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The method, statistical estimation, involved determining the probability 

that the neutron at each collision point would on its next flight intersect 

the detector. 

At each collision site within the collimator cone (see Fig. 21) the 

weight W scored at the detector is given by 

W P(^) e-^ D(e) 
W = 2 ' 

r 

where 

W = the neutron weight at the collision site, 

r = the distance from the collision site to the detector, 

A, = the number of mean free paths through the system from the 

collision site to the detector, 

|j, = the cosine of the angle between the neutron direction before 

collision and the direction from collision site to the 

detector, 

P(|j,) = the probability per unit solid angle of scattering through an 

angle defined by |j,, 

D(9) = a collimator response function dependent upon the angle Q 

between the collimator axis and the line joining the collision 

site to the collimator vertex (see Fig. 21). 

(Realistic values of the last function were not used in this work.) 

The accumulated weight W divided by the number of source neutrons 

is the flux per source neutron at the detector location. The accumulation 

may be done over energy groups, which gives a flux spectrum at the detec

tor. 

Program ACTIFK was modified to calculate flux spectra at the colli

mated detectors using the SNAP-TSF geometry and the collision tapes pre

pared by 05R runs on the SNAP-TSF reactor system. ACTIFK uses the same 

geometry input as 05R and the same approximations for elastic scattering 

distributions and for inelastic scattering treatment; program modifications 
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81 

are required only in the subroutines which the user must write for each 

problem. 

GEOM Input 

With some minor modifications the 05R GEOM input was used for ACTIFK; 

the internal void medium number 1000 was changed to 5OO. The ACTIFK ver

sion that was used was for a maximimi of 8 media and 32 scatterers per 

medium; however, the 05R collision tapes were prepared with 10-medium 

description of the reactor. In order to make the collision tapes and 

ACTIFK compatible, the first three 05R media were changed since collisions 

in these media were not important to the flux at the reactor bottom. In 

the GEOM input medium 1, the top head, was changed to medium 8, the bottom 

grid hexagon. Medium 2, the top grid hexagon, was changed to medium 8 

also. Medium 3̂  "the top grid edge, was changed to medium 9, the bottom 

grid edge. Then all media numbers excepting 1000 and 0 were reduced by 3. 

Table 27 shows the original 05R GEOM input media numbers and the modified 

ACTIFK GEOM Input media numbers. 

Media numbers read by ACTIFK from the 05R collision tapes, except

ing 0 and 1000, were reduced by 3 in subroutine RELCOL; collisions with 

negative media nimibers were not processed. 

A listing of the ACTIFK GEOM input (drums in) appears in Appendix E 

Total Cross Section Tape - CODE 7 

Program ACTIFK needs a data tape containing the total cross sections 

for each medium in order to calculate A, the nimiber of mean free paths 

through the system from the collision site to the detector. Program XSECT 

(CODE 7)^ generates this tape; however, several CODE 5's, cross-section 

arithmetic, and Code 4's, delete and recopy cross sections, were required 

to generate the total cross sections and to put them on the master cross-

section library tape. The same compositions used in the 05R systems 

data tape preparation were used for the seven media in the generation 

of the total-cross-section tape. Listings of the CODE 4, CODE 5̂  and 

CODE 7 inputs are given in Appendix P. 



82 

Table 27. ACTIFK GEOM Media Numbers 

05R 
GEOM Media 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

1000 

0 

ACTIFK 
GEOM Media 

5 
5 
6 
1 

2 

3 
4 

5 
6 

7 
500 

0 
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Elastic Scattering Angular Distribution, F Tape - CODE 7 

ACTIFK must be able to detennlne the probability P(M-) of scattering 

through the angle 9, between the neutron direction before collision and 

the direction from collision site to the detector. The master cross-

section library contains the coefficient? for the Legendre polynomial ex

pansion of anisotropic angular elastic scattering probabilities. CODE 7 

prepares the tape giving these coefficients for use by ACTIFK. In the 

SNAP-TSF reactor the order of the expansion for hydrogen was PQ, for 

zirconium and for the isotopes of uranium was Pg and P14 respectively, 

and for all other elements was Ps. The CODE 7 input is listed in 

Appendix P. 

ACTIFK Input 

For the ACTIFK analysis of the 05R collision tapes generated by 

the core-mapping problem, the lowest energy of interest, EBOT, was 0.5 

MeV. The LFl parameters were negative for elastic scattering in order to 

use the F tape data for anisotropic elastic-scattering probabilities. 

Inelastic scattering was treated as isotropic in the center-of-mass 

system. Data required by the option for full analysis of the statistics 

were included; ten space-energy detectors (a space-energy detector is a 

specified energy group for a specified detector) received this treatment. 

Appendixes P and Q, contain the ACTIFK input data and input instruc

tions respectively. 

ACTIFK User Subroutines 

In ACTIFK, as in 05R, a variety of subroutines must be written for 

the user's particular problem. These include subroutine STBATCH to read 

in and to print out special data and to initialize certain variables; 

subroutine SDATA to calculate uncollided flvix from source points; sub

routine RELCOL to calc-ulate scattered flux from collision sites; sub

routine NBATCH to print out results at the end of each batch; subroutine 

OUTPUT to calculate and to print out batch averaged fluxes and standard 

deviations at the end of the rim; and subroutine NONELAS to control the 

inelastic scattering treatment. Flow diagrams for these subroutines 
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are given in Appendix R. Subroutine listings are in Appendix S. Input 

instructions for subroutine SIBATCH are found in Appendix Q. 

The estimator used in SDATA for the flux contribution from each 

source point was 

W e-'̂  D(e) 
TT _ o 
W = , 

4Ttr̂  

and in RELCOL from each collision site was 

W e"'̂  P(|j,) D(e) 
rj _ o ^^ 

W = 
r2 

The collimator response fimction D(0) was evaluated in function 

COLF (C,V,l), where C = cos6, V is the speed squared, and I is the 

detector iyidex. Since collimator response functions have not yet been 

evaluated, this function was set equal to 1.0; this means perfect colli-

mation if the collimator cone description is described properly. 

Core Mapping 

Collimated Detector Description 

For the preliminary ACTIFK analysis of the core-mapping problem, 

eight collimated detectors were specified. Perfect collimation was 

assumed. This implies that the collimator cone is defined by the colli

mator aperture and by the detector size, as shown in Fig. 22. The dis

tance along the collimator axis from the bottom of the core to the detec

tor was l42 cm, and from the bottom of the core to the collimator cone 

vertex was 91 cm. The collimator cone half-angle was 2.84°. 

Table 28 gives the data required for the description of the eight 

collimated detectors. Detectors 1, 2, and 5 look at the reactor bottom 

at 0 radius and at angles 0, 50, and 60° respectively. Detector 4 looks 

at the reactor bottom at a radius of 5.923 om and at 0°. Detectors 5̂  6, 

7, and 8 look at the reactor bottom at a radius of 11.864 cm and at 

angles of 0, 30 (away from reactor center), 50 (toward reactor center), 

and 60° (toward reactor center) respectively. 
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Table 28. Perfect Collimator Data for Core-Mapping Problem 

Data Descriptic 

Detector 
X coordinate. 

Detector 
Y coordinate. 

Detector 
Z coordinate. 

Cone vertex 
X coordinate 

Cone vertex 
Y coordinate 

Cone vertex 
Z coordinate 

Cone direction 
cosine, a 

Cone direction 
cosine, p 

Cone direction 
cosine, 7 

Cosine of cone 
half angle 

)n 

cm 

cm 

cm 

1 

0.0 

0.0 

143.48 

0.0 

0.0 

92.48 

0.0 

0.0 

-1.0 

0.99876 

2 

-71.0 

0.0 

124.4565 

-i+5.5 

0.0 

80.2887 

0.5 

0.0 

-0.86605 

0.99876 

5 

-122.9765 

0.0 

72.48 

-78.8087 

0.0 

46.98 

0.86605 

0.0 

-0.5 

0.99876 

Detector Number 

4 

5.925 

0.0 

143.48 

5.925 

0.0 

92.48 

0.0 

0.0 

-1.0 

0.99876 

5 

11.846 

0.0 

143.48 

11.846 

0.0 

92.48 

0.0 

0.0 

-1.0 

0.99876 

6 

-59.15^ 

0.0 

124.4563 

-55.65^ 

0.0 

80.2887 

0.5 

0.0 

-0.86603 

0.99876 

7 

82.846 

0.0 

124.4563 

57.5^6 

0.0 

80.2887 

-0.5 

0.0 

-0.86603 

0.99876 

8 

143.8223 

0.0 

72.48 

90.6547 

0.0 

46.98 

-0.86603 

0.0 

-0.5 

0.99876 
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There were eleven energy groups for each collimated detector. The 

boundaries were 0.5, 1.0, 1.5, 2.0, 2.5, 3.O, 5.5, 4.0, 5.0, 6.0, 10.0, and 

18.0 MeV. There were ten space-energy detectors at which the full analyses 

of the statistics were requested. They were the foiirth energy group 

for all detectors except detector number 3; 'the tenth energy group for 

detector number 1, and the third and seventh energy groups for detector 

number 5. 

The input data read by subroutine STBATCH for the SNAP-TSF core 

mapping problem are given in Appendix P. 

ACTIFK Calculation 

Using the four collision tapes prepared by the 05R run on the core-

mapping problem, one ACTIFK run was made. Out of the 60 batches on the 

tapes the first 40 batches of 8OO neutrons each were processed. The run

ning time on the CDC-16O4A computer was 175 min. 

ACTIFK Results 

The flux spectra calculated by ACTIFK at each of the eight detectors 

are shown in Figs. 25 through 25. The same data are given in Tables 29 

and 30. Except for detector Wo. 6, which was not looking toward the reac

tor core, and except for the energy group I.5 to 2.0 MeV, which apparently 

contained a neutron with an extremely large weight, the standard deviations 

for 32000 source neutrons generally ranged from 5 "to 20^; however, 

each detector viewed only a portion of the core, and relatively few of the 

source neutrons contributed anything to a given detector. The ACTIFK 

frequency table requested for ten of the space-energy detectors showed that 

the number of source neutrons that counted ranged from 68 to 22l8. The 

frequency table also showed that for these particular ten space-energy 

detectors no one neutron nor any small group of neutrons contributed a 

large fraction to the final answer. 

For the number of histories processed and for the amount of machine 

time Involved, the results can be considered good. 

Although the uncollided flux is treated separately in ACTIFK and 

averages for each batch are printed out, no provision to calculate the 
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Table 29. ACTIFK Flux Spectra from the SNAP-TSF Reactor Bottom 

Flux Spectra [neutrons cm ̂  MeV •"• (source neutron) •"•] for Detector 

Lower No. 1 „ No. 2 No. 5 No. 4 No. 5 No. 6 No. 7 No. 8 
Energy R = 0.0 cm R = 0.0 cm R = 0.0 cm R = 5.923 cm R = 11.846 cm R = 11.846 cm R = 11.846 cm R = 11.846 cm 

(MeV) e = 0° e = 30° e = 60° e = o° e = o° e = 30°'b e = 30°= e = 6o°c 

0.5 7.30 X 10"^ 5.90 x 10"^ 2.10 X 10"s ^.00 X 10"^ 2.46 X lO's 5.44 X 10"^ 5.00 X lO"^ 4.5O x lO'^ 

1.0 6.56 X 10"8 5,60 X 10"^ 1.61 x 10"^ 5.88 X 10"^ 2.08 X 10"s 3.52 X 10"^ 4.00 X 10"s 3.72 x lO"'' 

1.5 6.30 X 10"8 6.22 X 10"8 8.90 X 10"3 5.20 X 10"s 1.3^ X 10"S 2.80 x lO"^ 3.20 x lO'^ 2.80 x lO'^ 

2.0 3.12 X lO'B 2.18 X 10~s 5.90 X 10"9 2.56 X 10"s 1.09 x lO''̂  9.84 x 10"^° 2.24 x 10"^ 1.64 x 10"^ 

2.5 2.64 X 10"8 1.58 X 10~8 3.72 X 10"3 2.18 X 10"s 4.40 X 10"3 3.04 X 10'^° 1.45 X 10"^ I.I6 x 10"^ 

3.0 1.44 X 10"8 1.10 X 10-8 2.56 X 10"3 1.17 x 10"s 2.76 X 10"^ 2.06 X 10'^° 1.24 x lO"^ 7.64 x lO"^ 

3.5 1.18 X 10"8 8,52 X 10"9 1.4l X 10"S 8.56 X 10"S 3.12 X 10"=5 2.08 X 10"^° 9.92 X 10"3 6.36 X lO"^ 

4.0 6.76 X 10"9 4.64 X 10~9 1.04 X 10"S 5.66 X 10"9 1.34 X 10"^ 4.8l X 10"^^ 5.28 X 10"^ 3.36 x lO"^ 

5.0 4.36 X 10"9 2.60 X 10"9 4.66 X 10"^° 3.39 X 10"^ 9.04 X 10"^° 3.05 X 10"^ 1.60 X 10"^ 

6.0 

10.0 

?.72 X 10"io 6,44 X 10~^o 9.49 X 10"^^ 6.95 X 10"^° 1.63 X io"^° 5.90 x 10"^° 4.8o x 10"^° 

a. For each detector R is the radius from the reactor axis and Q is the collimator inclination angle. 
b. Directed away from the reactor. 
c. Directed toward the reactor. 
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Table JO. ACTIFK - Standard Deviation for Fliix Spectra from 
the SNAP-TSF Reactor Bottom 

Lower Standard Deviation H) for Detector 
Energy 
(MeV) No. 1 No. 2 No. J No. 4 No. 5 No. 6 No. 7 No. 8 

0.5 

1.0 

1.5 

2 .0 

2 .5 

3.0 

3.5 

4 .0 

5.0 

6 .0 

10.0 

8.5 

8.2 

30.6 

6.0 

13.3 

8.9 

11.5 

11.8 

15.1 

18.7 

9.4 

11.6 

49.9 

6.2 

8.9 

10.8 

12.7 

10.7 

12.3 

14.6 

12.6 

12.5 

7.9 

9.9 

10.1 

14.1 

12.5 

17.0 

18.9 

16.5 

12.7 

10.8 

33.3 

7.2 

18.4 

7.7 

7.5 

11.4 

13.2 

19.1 

13.5 

12.9 

11.0 

15.8 

20.8 

10.5 

20.7 

12.8 

19.5 

18.6 

18.4 

19.7 

24.5 

21.0 

28.5 

37.8 

51.9 

29.8 

9 . 1 

7.0 

7 . ^ 

6 .4 

6 .2 

18.4 

16.5 

8.0 

11.4 

26.2 

8.9 

7.0 

10.8 

5 .1 

6 .7 

9.6 

11.9 

6.2 

10.7 

15.2 
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batch average was made. A hand calculation for the uncollided fl-ox was 

made for detector No. 1, R = 0.0 cm and 0 = 0 ° ; these data appear in 

Table 51. 

A comparison between ACTIFK and SNARLS was made. Since the SNARLS 

results were averaged over the core bottom and azimuthal angle, the com

parison was made only with the ACTIFK answers at R = 0.0. The flux at the 

detector, 0 , was obtained from 

_ H\x) AA 

^ ' R|F ' 

where 

*((i) = the SNARLS angular flux for ii = 1.0 (cosine of the polar 

angle), 

AA = the area of the reactor bottom within the collimator cone, 

R2 = the distance from the reactor bottom to the detector, 

F = the average leakage flux value over the core bottom, assum

ing that the value at R = 0.0 was 1.0 and that the distribu

tion was the same as the radial power distribution. 

This equation can be written 

AA K 
R2 R^ F D 

where Ri is the distance from the reactor bottom to the collimator cone 

vertex. However, since AA/R^ is the solid angle Ml subtended by the colli

mator cone. 

$ = <t>(n) m 
D ^2 R| F 

Inserting values for Af2, Ri, R2, and F, 

^^ r= 4.22 X 10 "3 (t.(|J,) 



Table 5I. ACTIFK Uncollided Flux Spectr-um from the SNAP-TSF 
Reactor Bottom; Detector Number One 

Lower 
Energy 
(MeV) 

0.5 

1.0 

1.5 

2.0 

2.5 

3.0 

3.5 

4.0 

5.0 

6.0 

10.0 

Uncollided FIUK 
[neutrons cm ̂  MeV """ 
(source neutron) •"•] 

8.45 

1.14 

1.15 

1.12 

8.55 

6.72 

5.15 

5.48 

1.82 

4.44 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10 "9 

10 "8 

10 "s 

10 "s 

10 "9 

10 "s 

10"9 

10 "9 

10 "9 

10"io 

Standard 
Deviation in 
Uncollided Flux 

Ho) 

8.6 

5.4 

4.2 

4.2 

5.1 

6.0 

7.2 

5.4 

7.6 

6.4 

Total Flux 
[neutrons cm~^ MeV """ 
(source neutron ) •''] 

7.30 

6.56 

6.50 

3.12 

2.64 

1.44 

1.18 

6.76 

4.56 

9.72 

x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

10"^ 

10 "8 

10"8 

10"s 

io"s 

10 "s 

10 "8 

10"9 

10"9 

10"^° 

Standard 
Deviation in 
Total Flux 

H) 

8.5 

8.2 

30.6 

7.5 

13.3 

8.9 

11.3 

11.8 

15.1 

18.9 

Uncollided Fliix 
(fo of total fluic) 

11.6 

17.4 

18.2 

35.9 

32.4 

46.7 

45.6 

51.5 

41.7 

45.7 
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The comparison is presented in Table 32; the ACTIFK energy groups were 

combined to form the broader SNAELS energy groups. 

V. CONCLUSIOKS 

The 05R Monte Carlo neutron transport code was modified for the 

analysis of the OML SNAP-TSF experiments. In addition, the development 

of machine programs for the analyses of 05R collision tapes was completedj 

included were program SNARLS for the determination of the leakage neutron 

source to be used in subsequent 05R calculations of neutron penetration 

in a SNAP-2 shield and program ACTIFK for the calculation of the flux 

spectra measured by colllmated detectors viewing portions of the bottom 

face of the reactor. A variety of programs were written to assist in the 

preparation of data for the analyses. 

Some preliminary analyses were performed on the SNAP-TSF reactor. 

The geometry model, material specifications, and neutron reaction processes 

are given in great detail. For the preliminary analyses the reactor core 

consisted of a hexagonal volume in \jhich the fuel, cladding, Na?' and three 

beryllium rods were homogenized. The control drimis were turned in. 

The axial and radial power distributions were determined using 05R. 

Biased power distributions, neutron source energy distributions, and 

neutron source angiilar distributions for the 05R leakage calculations 

were obtained from importance functions derived from adjoint S calcula

tions on the system. 

A comparison between the SNARLS and ACTIFK results indicated that 

the two different flux estimators were in reasonable agreement. 

A version of 05R which does not allow leakage from the system is 

currently under study; although this version is not a subject of this 

report, it has been tried on the preliminary core-mapping problem. Fewer 

histories were processed for a given computer running time in this version; 

however, better statistics are obtained at the lower energies. The final 

analyses of the experiments may require the use of the regular 05R for 

high-energy results and use of the "no leakage" version of 05R for the 

lower energy results. 

file:///jhich


Table 52. ACTIFK-SNARLS Comparison 

SNARLS 
Angular 

Lower Flux^ 't'(M-) 
Energy [neutrons cm ^ steradian 
(MeV) (source neutron ) "̂J 

SNARLS 
Calculated 

Total Flux, Op 
[neutrons cm 

(source neutron ) """] 

ACTIFK 
Total Flux, i^-Q 
[neutrons cm ^ 

(source neutron.) """] 

SNARLS 
Deviation from 

ACTIFK 

ii) 

Detector No. 1; R = 0.0 and 0 = 0 ° 

0.5 

2.0 

k.O 

0.5 

2.0 

k.O 

2.11 X 

9.10 X 

3.29 X 

1.65 X 

6M X 

2.09 X 

10"5 

10"6 

10 "6 

10"^ 

10 "6 

10 "6 

0.89 X 10"^ 

3.81̂  X 10"8 

1.39 X 10"s 

Detector No. 2; R = 

6.96 X 10"^ 

2.73 X 10'^ 

8.82 X 10"3 

Detector No. 3; R = 

0. 

0. 

,0 

.0 

and 

and 

2 = 

e = 

1.01 

k.i9 
1.51 

= 30° 

8.86 

2.86 

9.82 

= 60° 

X 10""̂  

X 10 "s 

X 10 "s 

X 10~s 

X 10"s 

X 10"9 

0.5 

2.0 

k.O 

6.U5 X 10"^ 

1.76 X 10"^ 

3.73 X 10"^ 

2.72 X 10"s 

7.^3 X lO"^ 

1.57 X 10"s 

2.30 X 10"^ 

6.80 X 10"s 

1.89 X 10"3 

-12 

-21 

- 5 

-10 

+18 

+ 9 

-17 

vo 
ĉ  
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The final analyses of the SNAP-TSF experiments should be done with 

certain information on the reactor configuration available. The position 

of the fine control drums should be specified. If only one berylli-um 

rod is in the core (at the core center), the source specifications should 

be changed, as well as the atomic densities of the core; one berylli-um 

rod at the center can be handled exactly by the geometry specifications. 

In addition, the correct NaK density should be used in the analyses; 

the preliminary analyses used the density at 20°C for the NaX. In order 

to improve statistics at small core radii, the radial biased source dis

tribution should be changed. The flat distribution caused too many 

source neutrons to be picked at large radii. Collimator efficiency data 

should be obtained for program ACTIFK. These data are required by 

function COLF to adjust the detector results according to the collimator 

response for each collision site viewed. 

With the improved reactor specifications a new 05R run must be made 

to determine the fission distribution. With the better fission distri

bution as the source, the final SNARLS and ACTIFK calculations can be 

done. 
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APPENDIX B 

GEOM INPUT FOR DRUMS OUT 50° 

2 HALE 00000010 
X ZONE -16.3525, 16.3525 00000020 
Y ZONE -23.5055, 23.5055 00000030 
7 ZONE -39.-/455, -36.9794, »35,||50, -32.5750. "6,54, 00000040 

-4,0, -2.5146, 1.4710 00000050 
ZONE I I I 00000060 
y BLOCK -16.i525, 16.3525 00000070 
Y BLOCK -23.5n55, 23,5o55 00000080 
Z BLOCK -39.7455, -36.979^ D000D090 
BLOCK I I I 00000100 
MEDIA I, 1000 00000 1 I 0 
SURFACES I onooni2o 
SECTOR -I 00000130 
SECTOR I 00000140 
ZONE I I 2 00000150 ^^ 
y BLOCK -16.3525, -9.7337o, 0,0, 9,7337, |6,3525 00000160 g 
Y BLOCK -23.5055, 23.5055 00000170 
7 BLOCK -36.V794, -35.1150 0Q000I80 
BLOCK 1 I I 00000190 
MEDIA 2, 6, 1000 00000200 
SURFACES 6. 7 00000210 
SECTOR -I 0 00000220 
SECTOR I -I 00000230 
SECTOR 0 I OOO0O240 
BLOCK 2 I I 00000250 
MEDIA 2, 3, 3, 6f I 000 00000260 
SURFACES 3. 4, 6, 7 00000270 
SECTOR 1 1 0 0 00000280 
SECTOR n -I -I 0 00000290 
SECTOR -I 0-1 0 00000300 
SECTOR 0 0 I -I 00000310 
SECTOR n 0 0 I 00000320 
BLOCK 3 I I 00000330 
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- 16.3525, 
-23.5055, 
-2.5 146, 

1 
6, 
6, 

6, 
13, 

23.5055 
-2.5 I 46 

I 000 

9, 
6, 

6, 
13 

1 000 

9, 
6, 

6. 
13 

1000 

l o o n 

16.3525 
23,5055 

I .47| 

10, 
14, 

1 000. 1000 

0 000330 0 
0Q0033 I 0 
•0003320 
00003330 
0Q003340 
00003350 
00003360 
00003370 
OQ003380 
00003390 
00003400 
0000341 0 
00003420 
00003430 
00003440 

00003450 
00003460 
00003470 
00003480 
00003490 
00003500 
00003510 
00003520 
00003530 
00003540 
00003550 
00003560 
00003570 
00003580 
00003590 
00003600 
0000361 0 
00003620 
00003630 
00003640 
D0003650 
00003660 



SECTOR 
SECTOR 
SECTPR 
SECTOR 
SECTOR 

|9 

0 
n 
I 0 u 
0 I I 
0 0 -I 
OUAURIC 
I .OXSO 
I .OX 
I ,ox 
I .ox 
I ,ox 
I .OXSQ 
I ,oxsn 
I .ox 
I .ox 
I .ox 
I .ox 
I .oxso 
I .OXSQ 
I ,OXSQ 
I ,oxso 

•29,93946 $ 
I ,0XSO 

339.7529 I 
I ,oxso 

339,7529 $ 
I .OX 
I.OX 

0 
0 

SURFACES. 
1 . 

DRUHS 
OYSQ 

.73205Y 
,732n5Y 
.73205Y 
.73205Y 

1.OYSn 
I,OYSQ 

,26794Y 
-1 ,0Y 

,26794Y 
- 1 OY 

OYSQ 
OYSn 
OYSQ 
OYSQ 

1 . 0 Y S 0 

O Y S n 

OY 
OY 

OUT 30 DEGREES 
- 130,55782 
• 19,4672 
19,4672 
19,4672 

- 19,4672 
-127,04 108 
- 129,920 I 0 

14,4 186 
23,52820 
- 14,4 186 

•'23,52820 
- 133,74044 
-. 134,299 1 3 

I ,OZSQ 
I,0ZSO 

-29. I6X 

29.I6X 

23,5282 
•23,5282 

-93,98Z 
-93.98Z 

•28,916Y 

28.916Y 

$ 
$ 

00003670 
00003680 
00003690 
00003700 
0 0 0 0 3 7 10 
•0003720 
00003730 
00003740 
OQ003750 
0 0 0 03 7 6 0 
00003770 
•0003780 
00003790 
•0003800 
• 0 0 0 3 8 I 0 
00003820 
00003830 
00003840 
00003850 
00003860 
00003870 
00003880 
00003890 
00003900 
0000391 0 
00003920 
00003930 
D0003940 

H 

o 
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APPEHDIX C 

U^m LISTINGS FOR 05R DATA TAPE PEEPARATIONS 

1. CODE 6 Input L i s t i n g 

CODE 6 
S N A P -

10 
10 

1 1 OOP 
1 1000 
19000 
19000 
24000 
24000 
26000 
26000 
28000 
?daon 

|Q 
1 1000 
1 loon 
19000 
t 9 0 0 (1 
2 4 0 0 tl 
24D00 
26000 
26000 
28000 
28000 

in 
1 loon 
1 m o o 
1 9000 
19000 
24000 
24000 
26000 

1 0 12 
TSE REACTGE 

1 
64 
1 

30 
1 

30 
1 

30 
1 

30 
1 

30 
64 
1 

30 
1 

30 
1 

30 
1 

3 0 
1 

30 
ft4 
1 

30 
1 

30 
1 

30 
1 

,8 + / 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

(15 SCATTERERS IN CORE) 
4.0-1 

,001247 
,001247 
,002600 
,002600 
,012520 
,012520 
,047240 
,047240 
,006469 
,006469 

.003006 

.003006 

.006267 
,006267 
,003730 
,003730 
,007470 
,007470 
,022160 
,022160 

,003750 
.003750 
,0078 1 8 
,007818 
,003964 
.003964 
,012167 

A 
B 
IC 
IDOt 
1002 
IU03 
1D04 
ID05 
ID06 
ID07 
1DD8 
ID09 
IDl 0 
2C 
2D0I 
2002 
2003 
2D 0 4 
2D05 
2P06 
2007 
2008 
2U09 
2DI 0 
3C 
3D0I 
3D02 
3D 0 3 
3DD4 
3D05 
3D06 
3D07 



260 0 0 
?8noo 
28000 

15 
1001 
4000 
400D 
1 1000 
II 0 0 0 
|9oun 
19000 
28000 
28000 
40000 
40000 
40000 
92235 
92235 
92238 

6 
4000 
4000 
1 1000 
1 1000 
19000 
19000 

6 
24000 
24000 
26000 
26000 
28000 
28000 

2 
4000 
4000 

10 

30 
1 

30 
64 
1 
1 

46 
1 

30 
1 

3 0 
1 

30 
1 

30 
46 
1 
3 
1 

64 
1 

46 
1 

30 
1 

30 
64 
1 

30 
1 

30 
1 

30 
64 
1 

46 
64 

2 

2 
2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

5 

3 

,0 12167 
,004786 
,004786 

,049956 
,0081 47 
.008147 

.000531 I 

.000531 I 
,001107 
,001 107 
,003635 
, 003635 
,027150 
,027150 
,027150 

,00 I 0964 
,00 1 0964 
00008247 

, I 13480 
, I 13480 

,0002742 
.0002742 
,0005717 
,0005717 

,0 16740 
,0 16740 
,063159 
,063159 
,008651 
,008651 

20 
20 

40 
40 

30 0 8 
30 0 9 
30 10 
4C 
4D0I 
4002 
4D03 
4D05 
4D06 
4007 
4008 
4009 
40 10 
4DI I 
401 
4DI 
4DI 
4DI 
401 
5C 
5D0I 
5D02 
5D04 
5D05 
5D06 
5007 
6C 
6001 
6DD2 
6DD3 
6004 
6D05 
6D06 
7C 
700 1 
7002 
ac 

S 

w>̂  
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C
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C
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C
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 —

 
C

D
C

D
C

3
C

D
 

C
D
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D
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D

C
D

C
D
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D

C
D
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D

e
D

 
c

i
Q

a
c

a
c

:
;

Q
a

Q
a

Q
U

c
:

i
Q

a
c

3
L

a
a

c
i

c
3

a
c

j
L

J
E

5
c

3
C

3
c

a
L

U
L

t
u

.
i

t
^

L
.
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u
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<
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D
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D
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D
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3
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D

t
D

:
C

D
C

D
C

D
C

D
C

D
C

D
C

D
 

—
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D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

C
D

 
C

D
C

D
C

D
C

D
 

C
D

C
D
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D

C
D

 
C

D
C

D
C

D
P
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D
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D

C
C

D
C

D
C
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D
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D
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D
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C
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^
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 C
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 C
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 C
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2. CODE 8 Input l i s t i n g 

COUfc 8 10 14 
SNAP-TSr RbACTeR Phi TAPfc FflR C8KE L,fcAKAGE 

9 
1 

4000 
1 1 n u 0 
19000 
2400 0 
26000 
28000 
4 0 0 0 0 
9223b 
92238 

8 
.8+7 
71 
71 
71 
71 
71 
71 
71 
71 
71 

8 
4 

72 
72 
72 
72 
72 
72 
72 
72 
72 

8 
.0-1 
73 
73 
73 
73 
73 
73 
73 
73 
73 

fl 
32 
74 
74 
74 
74 
74 
74 
74 
74 
74 

8 
32 
75 
lb 
lb 
lb 
lb 
lb 
lb 
lb 
lb 

e 
35 
76 
It 
76 
76 
76 
76 
76 
76 
76 

8 
32 
77 
77 
77 
77 
77 
77 

77 
77 

6) 
32 
78 
78 
78 
78 
78 
78 

78 
7 8 

8 
32 

79 
79 

8 
3? 

8 0 
80 

32 

PI 
8 1 

32 

82 
82 

83 
83 

A 
B 
C 
UOI 
U02 
b03 
D04 
D05 
D06 
U0 7 
DD8 
DID 

-p-



APPEHDIX D 

05R INPUT LISTINGS 

1. 05R Input for F i s s i o n Dlstr i"bution Calcu la t ion 

SNAP-TSF REACTBP PGWfcR D ISTRlBUTICN A 
800 I ono I 4 I ' t . O - I I t! 

10 12 13 C 
2 0 3 0 4 0 5 0 6 0 ID 

2 ? . 9 9 - 2 5 . 9 9 3 9 . | T ' 3 9 , | 5 2 , 0 " 5 2 . 0 5 5 , 8 5 IfcOl 
'b^.Hb be,l\ - b e . 7 1 Ifc02 
1 ,3025 , 8 5 6 1 3 O.C '^ 
2 0 3 Q 4 0 5 0 6 0 20 

2 2 , 9 9 - 2 5 , 9 9 3 9 . | ^ 3 9 , | 5 2 . 0 - 5 2 , 0 5 5 , 8 5 2fcOI 
- 5 ' 5 , f l 5 5 ? . 7 1 - b f l . 7 l 2fc02 
1 ,8396 . 8 5 7 8 9 0 .0 2F 
2 0 3 0 4 0 5 0 6 0 3D 

2 2 , 9 9 - 2 5 . 9 9 3 9 . 1 - 3 9 . | 5 2 . 0 - 5 2 , 0 5 5 , 8 5 3fcOI 
- 5 5 , 8 5 5 g . 7 l - 5 8 . 7 1 3E02 
3 , 2 8 2 1 , 8 C 4 I 6 0 .0 

4 0 5 0 6 0 

3F K 
n I 0 2 0 3 0 6 0 7 0 0 8 0 9 4D0I 

1 .00814 9 , 0 1 2 - 9 , 0 1 2 2 2 , 9 9 - 2 2 . 9 9 3 9 . 1 ' 3 9 , 1 4fcQ| 
5«* ,7 | - 5 6 . 7 1 9 1 , 2 2 - 9 1 , 2 2 - 9 | , 2 2 2 3 5 . 0 - 2 3 5 , 0 4fc02 

2 3 8 . 0 "^^-^^ 
, 2 7 4 3 2 . 8 9 1 ^ 6 , 2 o 7 8 | 4F 
1 0 2 0 3 0 ^^ 
9 . 0 1 2 - 9 . 0 1 2 2 2 , 9 9 - 2 2 , 9 9 3 9 , 1 ^ 3 9 . 1 5fc 

1 ,4834 , 9 9 e o 5 ; 0 ,0 ^^ 
6U 

52.0 -52.0 55.85 -55,85 58.71 -̂ 58,71 6fc 
.99001 .85^30 0.0 ^̂ ^ 
I 0 11 
9 . 0 1 2 - 9 , 0 1 2 ; ^ 

| . 4 n 7 l 3 . 9 9 9 0 9 8 0 . 0 ^^ 
2 0 3 0 4 0 5 0 6 0 8U 

2 2 , 9 9 - 2 5 . 9 9 3 9 . 1 ^ 3 9 . | 5 2 . 0 - 5 2 , 0 5 5 . 8 5 SEOI 
- 5 5 , 8 5 5 g . 7 l - 5 P . 7 I 8E02 
2 , 0 4 6 3 , 8 5 4 4 0 O.Q ^^ 

vn 
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2 . 05R Input for the Shie ld Source Problem 

SMAP-TSF LEAKAGE <XNU FRGM FSRWARC ADJOINT) A 
800 80 0 50 1 1.0+5 0 B 

I 0 12 I 3 C 
- 2 0 - 3 0 - 4 0 "5 0 »6 0 ID 

2 ^ . 9 9 - 2 5 , 9 9 3 9 . | ^ 3 9 . | 52.Q - 5 2 , 0 5 5 , 8 5 lEOI 
- 5 5 , 8 5 5 S , 7 I - 5 8 . 7 1 IE02 

- 2 0 - 3 0 - 4 0 "5 0 - 6 0 2U 
2 2 , 9 9 - 2 5 . 9 9 3 9 , i - 3 9 , | 5 2 , 0 - 5 2 . 0 5 5 , 8 5 2bOI 

- 5 5 , 8 5 5 e , 7 | - 5 8 . 7 1 2E02 
.2 0 - 3 0 - 4 0 " ^ 0 - 6 0 3U 

2 2 , 9 9 - 2 5 . 9 9 3 9 . | " 3 9 , 1 5 2 . 0 - 5 2 . 0 5 5 , 8 5 3E0I 
- 5 5 , 8 5 5 6 , 7 ! - 5 8 . 7 | 3E02 
0 - 1 0 - 2 0 - 3 0 - 6 0 - 7 0 0 - 8 0 ..9 4D 

1 .00814 9 . 0 1 2 - 9 . 0 1 2 2 2 , 9 9 - 2 2 , 9 9 3 9 . 1 - 3 9 , 1 4E0I 
5 8 , 7 1 - 5 £ , 7 I 9 | , ? 2 - 9 1 , 2 2 - 9 | . ? 2 2 3 5 , 0 - 2 3 5 , 0 4fc02 
2 i 8 , 0 4E03 

- 1 0 - 2 0 - 3 0 5D H 
9 . 0 1 2 - 9 . 0 1 2 2 2 . 9 9 « 2 2 , 9 9 3 9 . 1 - 3 9 , 1 5E -J 

- 4 0 - 5 0 - 6 0 6U 
5 2 . 0 - 5 2 . 0 5 5 . 8 5 - 5 5 , 8 5 6 8 . 7 1 - 5 8 , 7 1 6b 

- 1 0 7D 
9 . 0 1 2 - 9 . 0 1 2 7b 

- 2 0 - 3 0 - 4 0 ' ^ 0 - 6 0 8D 
2 2 , 9 9 - 2 5 , 9 9 3 9 . 1 - 3 9 , | 5 2 , 0 - 5 2 . 0 5 5 , 8 5 8fcOI 

- 5 5 , 8 5 5 6 , 7 1 - 5 8 , 7 | 8ED2 
- 2 0 - 3 0 - 4 0 "5 0 - 6 0 9D 

2 2 , 9 9 - 2 5 , 9 9 3 9 . | - 3 9 . | 5 2 . 0 - 5 2 . 0 5 5 , 8 5 9E0I 
- 5 5 . 8 5 5 6 , 7 ! - 5 8 , 7 1 9E02 

- 2 0 - 3 0 I 0 D 
2 2 . 9 9 - 2 5 . 9 9 3 9 . | - 3 9 . 1 I Oh 

0 . 0 0 , 0 0 .0 0 ,0 1,0 G 
0 . 0 0 . 0 - 1 9 , 5 5 7 5 4 I H 

I 3 I I I 000 I I I I I I I I 000 I 000 I I 0 I 00000000000 OOnlOOOQO 12 
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5, 05R Input for the Core-Mapping Problem 

MAP-TSF LEAKAGE- RfcACTtiR ̂ N L Y 

800 eno 
|0 12 
-2 0 

22.99 
-55,85 

-2 0 
22.99 

-55.85 
-2 0 

2?,99 
-55,85 
0 - 1 
1.00814 

58,7 1 

238,0 
- 1 0 

9,012 
-4 0 

52, 0 

- 1 0 
9,012 

-2 0 
2?,99 

-55,85 
-2 0 

2?.99 
-55,85 

-2 0 
22,99 

0.0 
0.0 
W f u 

1 3 

60 1 l.0-*-5 
13 
-3 0 - 4 C 
-22,99 39,1 
56.71 -58.71 

-3 0 - 4 0 
-25.99 39,1 
56.71 -58,71 

-3 0 - 4 D 
-25.P9 39.1 
55,71 -58,71 
0 - 2 n -3 
9.012 -9.012 

-56.71 9|.?2 

-2 0 - 3 Q 
-9,0 12 22.<59 

-5 0 - 6 0 
-52.0 5-5.85 

-9.012 
-3 0 - 4 0 
-25,99 39.1 
56.71 -58.71 

-3 0 - 4 0 
-25.99 39,1 
58.71 -58,71 

-3 0 
-25,99 39.1 

0.0 0,0 
0.0 -19,5575 

ACJeiNT 
0 

-5 0 
-39. 1 

-5 0 
H 3 9 , 1 

"5 0 
-39, 1 

0 -6 
22,99 
.91.22 

-22,99 

155,85 

• 5 0 
^39. 1 

»5 0 
-39, 1 

^39.1 
0,0 

4 

SN BIAS 

-6 0 
52.0 

-6 0 
52.0 

-6 0 
52.0 

0 -7 
-22.99 
-9 1.22 

39, 1 

58.71 

-6 0 
52.0 

-6 0 
52,0 

1 .0 
1 

1 1 IDOOI 1 1 1 1 1 1 lOOOIOODl lOIOOOO0 000000 

-52.0 

-52.0 

-52.0 

0 0 
39. 1 

235.0 

-39. 1 

-58.71 

-52.0 

-52.0 

55,85 

55,85 

55,85 

-8 0 
-39, 1 

r235,0 

55,85 

55,85 

1 1 0 1 00000 

A 

C 

ID 
lEOI 
1 t02 

2D 
2fcOI 
2E02 

3U 
3E0 1 
3E02 

-.9 4D 
4E0I 
4E02 
4E03 
5D 

5E 
6D 
6E 
7D 
7E 

8D 
SEOI 
8E02 

9D 
9E0I 
9E02 
1 OD 
lOE 

G 

H 
12 
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APPENDIX E 

05R SOURCE ROUTIKE LISTINGS 

1. 05R Subroutines SOURCE. DAJAIN, SPACE, and VECTOR 
«?UHR1UTINE S'^'URCE ( SPUS^u . U . V , *^, X , Y , Z , W ATE , N , NMFH, NMED, NREG ) 
CeWM'tN / S f L R C E / A K r , { 9 , 4 0 ) « B 8 N E , B T H R E , B T W d , C f l N E . C T H R E , 

A CTWe, NAMG, NOOF, ^ O P T , NOR. Nf^Z. N O Z E . P H f l b R ( 2 5 i , 
a P R f i b R B ( 2 5 ) , P H n b Z ( 3 c ) . P F 3 H ^ B ( 3 0 ) . R R R ( 2 5 ) . Z E ( 9 i , Z E E ( 3 0 ) . 
C R R , W T 3 , I R A S f c , H R H ? ( ? 5 ) 

C O M M ' I N / E S I F / I f c t I 0 ) , U E ( 9 ) 
CflMMTN/XNU/XMUf I 0.6).fcXNU(7),NXNU 
DATA (NO=0) 
!F(Nfl) 2 C , 10, 20 

|0 CALL DATAIN 
MO 5 I 
READ ( 5 D . I C 0 O ) ( I F ( K ) , K = l , | n ) , K F I Z 

I OOU Ff!)RMAT( I I 15 ) 
READ ( 5 0 . I C O I ) ( O E ( K ) , K = | , K F I 2 ) 

1001 FHRMAT(6fc15.2) 
READ (50.IC0 0) K R E R . K E G 
READ (50. i c o n (EXNU(K),K= I .KfcG) 
K E G = K E G - I 
WEAD (50. ICOn((XNlJ(KI,K).K=l,KfcG),K!s| ,KREG) 

20 CALL F I S E S N ( S e 2 . W T ) 
SPDS0=S02 
CALL SPACE (V.Y.Z.WT I ,NMEM) 
CALL VECTOR ( U , V,W,Z,WT2) 
•/ATE = WT*WT 1 •WT2 
IF (WATE) 700.701.701 

700 PRINT 702,i.T,t^T I ,WT2,X, Y.Z.U, V,W 
702 FORMAT ( IN I ,961 0,2, I |H ^T,UT|.WT2) 

CALL EXIT 
701 CONTINUE 

(RETURN 
END SOURCE 



c 
S U P R O U T I N E LATAIN 

COMMflN / SfLPCE / ANG(9,40), BONE, bTHRE, RTWO. CONE, C T H R E . 

A CTl.ie, NAMG, NOOP, NOPT. NOR, NOZ. NOZE. PRflBR(25), 
8 PR0BRB(55), PROBZ(30). PReBZR(30). RRR(25), ZE(9), ZEfc(30)f 
C RR,WT3,IHASfc.RRH2(?5) 
niMENSISN CLM ( ;?0 ) 

C 
READ INPUT TAPE 50,10. N80P. NflH, NJQZ 

I 0 FORMAT (31 I 0) 
C 
C NIOPP IS POUfcR niSTRlRUTlON OPTION, UlSTRlBUTlON IS ACTUAL 
C IF NOOP = I. blASED IF NOflP = 2,. 
C N)OP IS NUMEfcR flF RAUIAL DIVISION BOUNDARIES, 
C N07 IS NUMEfcR flF AXlAL DIVISION BOUNDAklES, 

K = I 
C TEST NfZ ANL NOR FOK DIMENSICN STORAGE 

IF (NOZ - 30) 20. 20. 30 
20 IF (NOP - 55) 50. 50. 30 
30 PRINT 40 
40 FORMAT (58F NOZ OR NOR EXCEECS STORAGE DIMFNSION IN SUBK0UTINE SOU 

IRCE) 
K = K+ I 

50 READ INPUT TAPE 50,60. (RRR(^), J = I,NOR) 
C RRR(J) IS THE RADIAL BOUNDARY VALUES (CM) 

60 FORMAT (6FID,0) 
C TEST RRR(J) FOR A S C E N D I N G P R C E R , 

DO 90 J = 2.NflK 
R R R 2 ( J ) = R R F ( J ) ' * 2 

IF(RRR(J)-PRR(J-n ) 70. 70. 90 
70 PRINT 80 
80 FORMAT (52F PRR(J) NOT IN ASCENDING ORDER IN SUBROUTINE SOURCE ) 

K = K+ I 
90 CONTINUE 

RRR2( I )=RRF( I )*»2 



READ INPUT TAPF 50.60. (PHeBR(J), J = I.NflR) 
r. PRPBR(J) ARE THE ACTUAL R A D I A L POWFR DISTRIBUTION PROBABILITIES, 
C TEST NPOP, IF I, THfc DISTHIBLTION IS ASSUMED TO RE OF THP 
C MORMALIZED, CUMULATIVE FRRV, IF 2. NORMALIZE AS FOLLOWS -
C PRflBR(J) = FPBHK(J) /(Ii^ThGRAL ( PROHR (R) H UR ) FROM 0,0 TO 
r, RRP (NOR) ), 

IF (NOOP - 2) 230, 160, |60 
160 NOR! = NOR - I 

TOTAL = O.C 
00 16 1 1 = 1 , NORI 
CUM ( ! ) = ( ( RRR (I+l) - RRR ( ! ) ) * ( ( PROBR i\) * ( RRR (1*1) 

A 4 2, * RHR ( I) ) ) * ( PROBR (I + D • ( 2. • RRR (1*1) 
8 •• HRR I I ) ) ) ) ) / 6, 
TOTAL = TOTAL + CUM ( I) 

16 1 CONTINUE 
no 162 1 = 1 , NOR 

162 PRflBR ( I ) = PROBR ( I ) / TflTAL 
C CAICIILATE ThP PIASFD H A D I A L C I S TR I BUT I ON , 

no 163 I = I , NURI 
163 PRflBRb ( I ) = 2 . / ( F L P A T F (NOR - I ) • ( ( RRR ( I + D ) ' • 2 H 

A - ( HRR U ) ) • • 2 ) ) 
230 -iONE = 2 . * SINF ( 1 , 0 4 / 1 9 7 6 ) 

CONE = RRR (i^OR) * tiOfJf= 
BTWO = 0 . 0 
CTWO = RRR (NOR) • bINF ( 1,0471976 ) 
HTMRE = - ECN'E 
CTHRF = CONE 

C HOME, CONE, RTWO, CTWO, BTHRE, CTHRE ARE COEFFICIENTS ^^ 
C QUADPATICS L F F I N I N G T H F CORE HEXAGONAL BPUNDARIES, 

READ INPUT TAPF 50,6o, (ZEE(j). J = l,N07) 
C 7EE<J) IS THF AXIAL BOUNDARY VALUES (CM) 
C TEST 2Efc(J) FOR ASCfcNDING flHCER 

no 260 J = 2. NOZ 
IF (7EE(J)-ZFt(J-I )) 24Q, 240, 260 

240 PRINT 250 
250 FORMAT (52H 7tF(J) NPT IN ASCENDING ORDER IN SUBROUTINE SOURCE ) 

K = K* I 



260 

C 
c 
C 
c 

330 

CONTl 
READ 
PRflS? 
TEST 
NORMA 
PRflBZ 
IF (N 
NOZ I 
TOTAL 
DO 3 
CUM ( 

NUfc 
INPUT 
(J) AF 
NOOP. 
LIZED, 
(J) = 
OOP -
= NOZ 
= O.C 

31 
I) 

33 

S6 

333 

01 
01 

TOTAL 
CANT 

no 3 
PROBZ 
CALCU 
no 33 
PRPBZ 

ADO AT 
RMIN 
SIXOP 
DO 10 
JO = 
IF (R 

3 CONTI 
4 JS s 

MORI 
TRIB 

T - RM 
00 10 

5 TRIB 
T -ACfl 
T (RMI 
RS = RR 
DEI = 
EPS = 

I 
( 
/ 

= TOT 
INUE 
32 I 
(I) = 

LATE T 
3 1=1, 
B (I) 
fcND OF 
= SORT 
I = 6. 
13 J=l 
J 
HR(J+I 
NUE 
JO + I 
= NOR 
= 1,0-
IN/2,« 
15 J = . 
= TRIfc 
SF(RMI 
N/NRR( 
R( JS) 
(PROE 
(RRR( 

TAPE 50.60. (PReBZ(J). J = I.NOZ) 
E THE ACTUAL AXIAL POWER DISTRIRUTION PROPA8ILITlES, 
IF I. THF niSTRIf?UTIflN IS ASSUMED TO BF OF THE 
CUMULATIVE FOHN-, 11- 2. NORMALIZE AS FOLLOWS -

PR8HZ(J) / ( INTEGRAL ( PROBZ(Z) DZ ) FROM Zl TO ZMAX), 
2) 400, 330, 330 

= I. NOZI 
( ZEE (Ul) - ZEE ( ! ) ) • ( PROBZ (I+l) + PROBZ (I) )) 

AL + CUM (I) 

= I, NOZ 
PROBZ (I) / TOTAL 

HF R I A S E D AXIAL DISTRIBUTION, 
NnZ I 
= I, / ( FL8ATF (NOZ - I) • ( ZEE (!+l) - ZEE (I) ) ) 
DATAIN 

I- (3,)/2,*RRR(N0R) 
/3, I 4 15926535 
.NOR 

H 

)-hMIN) 10 13,1013,1014 

S I X O P l * P K O B R H ( j O ) M A C O S F ( R M l N / R R R ( J S ) ) / 2 . •RRR( J S ) * * 2 
R R R ( J S ) * S 0 K T F ( | , „ ( H M I N / R R R ( J S ) ) » * 2 ) ) 
S.NOR I 
- S I X 0 P I * P R 0 R R B ( J ) « ( A C O S F ( R M I N / R R R ( J + n ) / 2 , « R R R ( J + l ) * * 2 
N/RRH(J))/2,•RRR(v)**2 - RMI N/2.*(RRR(J+I )*SQRTF( I,-
w*l))»*2)-RRR(J)»SQRTF(l,-(RMlN/RRR(J))**2))) 

R(JS)-PRORR(JO))/(RRH(JS)-RRN(JO)) 
jS>*FR8BH(je)-RRR(J0)«pRQBR(JS))/(HRR(JS)-RRR(JO)) 



c 
c 
c 
c 
c 
c 
c 

TRI 
T -
T + 
no 
9D-
DEL 
EPt; 
iU = 
RJ I 
HRJ 
RRJ 
SQJ 
SQJ 

0|6 TRI 
T -( 
T RR 
T RM 
DO 
PRO 
'^RP 
PRO 
HE A 
NiQP 

IS 
ANI 
01 V 
^'AN 
ANI 
COR 
IF 
t̂ EA 
;E( 
APP 
TES 
DO 
IF 
PRI 

390 

400 

405 

4|n 

= l,0-SI 
(nEL/6.« 
DPL/6,*F 

I 0 16 J 
RRR(J+ I ) 
=(PROBR( 
=(RRR(J* 
RMIN/RRP 
sRMIN/RF 
=RHR(J) 
I =RPR( J-» 
= SQkTF( I 
I =SORTF( 
= TRI -

DFL/3.*F 
J I 'RMIN* 
IM^'S^LP 
39 0 I 

BR ( I ) = 
BRB (I) 
BR (NOP) 
D INPUT 
T IS ANG 
ISOTRflPI 
SPTROPIC 
ISIPNS F 
G IS THF 
SPTROPIC 
E DIVISI 
(NIQPT -
D INPUT 
J) ARE T 
LIGATION 
T ZF(J) 
430 J = 
(7E(J)-Z 
NT 420 

IX"PI»((DEL/3,*RRR(JS)+EPS/2.)»RRR(JS)»»2»AC8SF(RMIN/RS) 
•tii?H(JS)+bPS/2.)*Rf'IN»RRR(JS)*SQRTF(|.-(RMIN/RS)»»2) 
F M I N * * 3 * L 0 G F ( K S / R M 1 N « ( I,-S0RTF( | , - ( R M I N / R S ) » * 2 ) ) ) ) 

wS.NOR I 
)-RHR(J) 
(̂ 4. I )-PHflBR( J) )/RD 
-in«PHflBR(J)-HRR(J)*PROBR(J+l))/RU 
F ( J) 
Fh(J+ I ) 

I ) 

SI 
RJ* 
SOJ 
GF( 

PR 
= P 

TAP 
LLA 
C A 

« « 
OR 
NU 
AN 

CN. 
2) 
TAP 
HF 
PF 

FAR 
2, 

E( J 

J • • 2 ) 
RJI•*2) 
XOPI *t ( 
FPS/2, ) 
I * (LE 
RRJ I /HR 
, NOR I 
OBR ( I ) 
ROBRR ( 
PROBR ( 
E 50,10 
R DISTR 
LL SPUR 
•• NPZE 
A P P L I C A 
MBER OF 
fiULAR n 

D F L / 3 . 
• R R J * * 
L / 6 , 'R 
J M S U J 

/ TRI 
I ) / T 
NPH) / 
, MflPT 
I R U T i e 
CE POI 

IS NL 
T I 0 N 0 
COSIN 
ISTRIB 

E 50, 60, (ZE 
POUNDARIFS OF 
ANISOTROPIC 
ASCENDING OR 

NOZE 
- I )) 410. 

•RRJI*EPS/2,)*RRJI*»2»AC0SF(Rj|) 
2*ACeSF(RJ) -(uFL/6,*RRJ|+EPS/2.)* 
R^*EP5/2,)«RRJ*RMIN«SQJ * DfcL/6,» 
I-I ,//(SQJ-I , ) ) ) 

RIB 
TRI 
, NOZE, NANG 
N OPTION, FOR NPPT = I, DISTRIBUTION 
NTS, FOR NOPT = 2, DISTRIBUTION IS 
MEER OF I BOUNDARIES DEFINING CORE 
F ANISOTRnplC ANGULAR DISTRIBUTIONS. 
E THETA VALUES DESCRIRING THE 
UTION, NANG MUST BE THE SAHE IN EACH 

445. 4C5, 405 
(U), J = I.Nfl7E) 
THE CORE DIVISIONS USED FOR THE 

ANGULAR DISTRIBUTIONS. 
DER 

H 

410. 430 



420 

430 

440 

445 
450 
460 

F0PMAT(5IH ZF(J) NQT IN ASCENDING ORDER IN SUBROUTINE SOURCE ) 
K = K+ I 
CONTINUE 
READ IN ANG(L,J) 
NOZEI = NOZE - I 
DO 440 L = I.NOZEI 
READ INPUT TAPE 50.6n. (ANG(L.J). J = I.NANG) 
CONTINUE 
TEST K 
IF (K-l) 
CALL EXIT 
RETU'^N 
END DATAIN 

450, 460. 45(] 

SUBROUTINE SPACE (X.Y,Z.WTI,NMEM) 
SURRPUTINE TP CALCULATE S O L R C E POINT LOCATION. 
COMMPN / SeURl-E / ANG(9,40), BONE, BTHRt, BTWO, CONE, 

A CTWO, NA^JG, NOeP, NOPT, NOR, NOZ. NOZE. PRnBR(25) 
8 PRRBRB(25), PRnBZ(30). PReBZR(30). RRR(25). ZE(9) 
C RR,WT3.IBASE,RRH2(25) 
DATA ( NME^I = 0 ), ( NREJECT = 0 ), ( Pi = 3.1415927 
NMEMI = NMEMI ••• I 
TEST OPTION (NOOP). IF NOOP = I. IHfcN INPUT POWER DISTRIBUTION 

20 
3 0 

C T H R E , 

ZEE(30)# 

) 

2 , T H E N 
100. 100 

DISTRIBUTION IS BIASED, 

I 

IS ACTUAL. IF NOOP 
IF (NOOP - 2) 10 
NREJECT = NREJFCT 
RN = FLTRNF(DUMMY) 
no 20 J = I, NOR 
IF (RN - PPCHRfJ) ) 
CONTINUE 
RR = SnRTF (RFR2(J- I ) + ((RN 
I)-RRR2(J- I ) ) ) 
THF USE OF LINEAR INTERPOLATION ABOVE ASSU^^ES 
PROBABILITY DENSITY FUNCTlCN VARIES AS I/R IN 

30. 20, 20 

•PROBRt J- ))/(PR0BR(J)-PR08R(J-l )))*(RRR2(J 

THAT 
EACH 

THE RADIAL 

INTERVAL, 



40 RN = FLTRNF(DUMMY) 
THFTA = 6.583IR • RN 
XTRY = RR • COSF (THFTA) 
YTRY = RR * SINF (THFTA) 

C TE<;T XTRY ANn YTRY F PR LOCATION, REJECT IF flijTSinE 
C HEXAGONAL CORE. 

IF ( ARSF ( XTRY * bONE » YTRY ) - ABSF ( CONE ) ) 50, SO. 9 
50 IF ( AÎ SF ( XTRY * bTWP • YTRY ) - AHSF ( CTWO ) ) 6n. 60. 9 
60 IF ( ARSF ( XTRY * bTHRE * YTKY ) - ABSF ( CTHRE ) ) 70. 70. 9 
70 X = XTRY 

Y = YTRY 
C CALCULATE Z 

RN = FLTRNF(DUMMY) 
no 80 J = I. NPZ 
IF (RN - PheHZ(J) ) 9 0 , 8 0 . 8 0 

80 CONTINUE 
90 7 z 7EE(J-I) + ((RN - PKnBZ(.-l)) / (PReRZ(J) - PROBZ(J-I))) 

I * (ZEE(J) - ZEE(J-I)) 
C THF USE OF LINEAR INTERPOLATION ABOVE ASSUMES THAT THE AXIAL 
C PRPBALITY L•Ê !SITY F U M C T I O N IS A H I S I O Q R A H . 
C CALCULATE ;. T I 

W T I = I . 0 
GO TO 190 

C CALCULATE X,Y,Z AND WT| FuR NOOP = 2, 
100 RN = FLTRNF(noMMY) 

WNPZ = NOZ - I 
J = RN • WNOZ 
FJ = J 
J s J + I 
7 = 7£E(J) * (RN • KMOZ - FJ) • (ZEfc(J*l) - ZbF(J)) 

C IMPLIES THF ASSUMPTION THAT THE BIASED AXIAL POWER DISTRIBUTION IS 
C CONSTANT IN EACH I N I F H V A L , 

C FIND A PROEZ AND PRGRZR CORRESPONDING TO Z,. 
102 GOPP = (Z - 7fcF(J)) / (ZEE(J+I) - ZEE(J)) 

C PZ = PROBZ 
C PZBs PROHZE 

PZ = PRflBZ(J) * GOflP • (PRCBZ(J*I) - PReRZ(J)) 



149 

150 

130 

140 

C 
c 

160 
170 
180 

190 
191 

PZ8 = 
PP = 
GO TP 
NRFJE 
CAI CU 
RN = 
WNPR 
00 13 
IF (R 
CONTl 
J = N 
RN = 
«R = SO 
THF U 
DISTR 
RN s 
THFTA 
XTRY 
YTRY 
TEST 
HEXAG 
IF ( 
IF ( 
IF ( 
X = X 
Y = Y 
PARP 
FIND 
PR s 
PR s 
THF U 
PflWEP 
PRB = 
RP s 
•ITI = 
IF ( 
PRINT 

PROBZ 
P7/PZE 
150 

CT = N 
LATH > 
FLTRNF 
= NPR 
0 J = 
N - (F 
NUfc 
OR 
FLTRNF 
RTF(Rfi 
SE OF 
IBuTie 
FLTRNF 
= 6.5 

= RR • 
= RR • 
XTRY 
ONAU 
ABSF 
ABSF 
ABSF 
TRY 
TRY 
= (RR 
A PROS 
PROHR, 
PROBR{ 
SE OF 
DISTR 
PROBR 

PR / F 
PP * 

NMEM 
192, 

B (J) 

REJECT • 
AND Y 
(DUMMY) 

2,NflH 
LPATF ( ( J- I ) ) / WNOR )) 4 0, 130, 130 

(DUMMY) 
RP(J-I) 
R*«? IN 
N IS CO 
(DUMMY) 
8 3 18 • 
COSF ( 
SINF ( 

ND YTRY 
ePE, 
XTRY * 
XTRY * 
XTRY + 

+ hNMHRR2(v)-HRR?( J- I ) ) ) 
T E R P P L A T I O N ABOVE ASSUMES THAT THE RADIAL POWER 
NSTANT IN EACH INIERVAL. 

RN 
THFTA) 
THFTA) 
FOR LOCATION. REJECT IF OUTSIDE 

bONE • 
hTWfl • 
bTHRt 

YTRY ) 
YTRY ) 
I YTRY ) 

ABSF 
ARSF 
• ABSF 

( CONE ) 
( CTWO ) 
( CTHRE 

160. 160. |49 
170. 170. |49 
) 180, 180, 149 

CO 

- RRR 
R AND 
PRB 

v-l ) 
LINEA 
IBUTI 
B (J-
RH 
RP 
.Nb, 
NMfcM I 

(J-I )) / (RRR(J) - RRR(J- I )) 
PRORRR CORRESPONDING TQ RR, 

= PHOBRB 
* EARP • (PReBR(J) - PReBR(J-l)) 
R INTERPOLATION ABPVE ASSUMES THAT THE RADIAL 
ON IS LINEAR IN EACH INTERVAL. 
I ) 

0 ) 193, 
NRFJECT 

91 



92 FORMAT (IHC,5X, 24HSPUPCE HAS BEEN CALLtD ,18,7H TIMES/ 
A IH .'IX.SHANL , I 8 , 4 X . 4 9 H R E J E C T S PCCURRFD IN THE RADIAL SAM 
8PLING PROCELURF) 

93 RETURN 
END SPACE 

SUBRPUTINE VECTOR (U,V,W,Z.WT2> 
SURRPUTINE T""* CALCULATE DIRECTION COSINES, 
C0MMPN / SfLRCF / AlNG(Q,4[]), BONE, BTHRE, RTWO, CONE, CTHRE. 

A CTWO, NANG, NOflP, NOPT. NOR* NOZ. NOZE. PRPBR(25). 
B PR0BRb(25), PRObZ(30). PROBZB(30). HRR(25), 7E(9), ZEE(30). 
C RR,wT3.IRASE,RRR?(25) 
TE<?T OPTION (NOPT) 
IF (NOPT - 2) I 0. 20, 50 

1 CALL GTISe (U.V.W) 

20 

30 
40 

I .0 
WT2 
70 
J = 2,NOZE 

- ZE(j)) 

•IT2 = 
'JT3 = 
GO TP 
no 30 
IF (Z - ZE(j)) 40, 30i 30 
CONTINUE 
J = J - I 
UINANG = NANG - I 
RN 5 FLTRNFlOUMMY) 
I = RN • WNAhiQ 
Fl = I 
1 = 1+1 
ANGI = ANG(J,I) + (WNANG • RN -Fl) 
UT2 s WNANC « (ANG(J,I) - ANG(J>I* 
WT3 = WT2 
RN = FLTRNF(DUMMY) 
PHI = 6,283 IR • RN 
PINT s SORTF ( I ,- (ANG I ••2) ) 
U = CesF (FHI) • PINT 

• (ANG(J,I* 
)) / 2,0 

) • AK'Q(J.I)) 
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2 . 05R Subrout ines FISESN and FISSBT 

SUBRPUTINE F ISFSN(SO?,WT) 
COMMHN/FISi:/ENFR(38),FF(3a),ALPN(|0) 
DIMENSION l»eMwflH(|0) 
COMMPN/ESIF/Ifc( I 0),tJE(9) 
nATA(IST=D) 
IF(IST)2.I.2 

I CONTINUE 
W T S s I . 
ISPEC=38 
ISTsI 
^ R I T E ( 5 | , 2 C n ( A L P N ( L ) , L = l , I O ) . ( E N E R ( L ) . F F ( L ) , L s | , l S P E C ) 

201 PORMAT( IHD l5X24hENEHnY DISTRIBUTION F R O M | 0 A 8 / / 

|3(||XbHE IN MfcV |5X4hF(F))/(6E |9,4)) 
OS = 0. 
no 5 L= I . ir 
ns=QS+OE(L) 
WONWflR(L)=ENFR( IF(L) ) 
IF(0>^-,999999)S,6,6 

5 CONTINUE 
••JRITE(5 I ,2C2) 

CALL EXIT 
202 FORMAT( IH0//29H SUM OF (JE(I) IS LESS THAN 1.) 

6 .>I0NWPR(L*I )=FNFR( 1E(L* I ) ) 
iJRITE(5|,2[3)(weNWflR{LI).QE(LI).LI = I.L).W0NwflR(L*l) 

203 FflPMAT(36Hr ENENGY BIAStD 0 ISJRI BUT IPN/(E|2,4/20X 
IFI2.4)) 

2 uiT = WTS 
R=FLTRNF(R) 
SUM=0, 
J = 0 

50 J=J*I 
SUM=SUM4QE(v) 
IF(R-SUM)6C,6Q,50 



60 

150 

155 
160 

170 

180 

200 

KJ = 
KL = 
PRP 
WT = 
S = P 
T = S 
I=K 
IF( 
Isl 
GO 
EsF 
GO 
TEM 
E = F 
SO? 
RET 
END 

IE(J) 
IF( J*l ) 
BJL=FE(K^)-FE(KL) 
WT«PROB>,L/QF( J) 
RPBJL»FLTRNF(R I ) 
+ FE(KL) 
L-l 
T-FE(I))180,170,160 
. I 
TO 155 
NERd) 
TO 200 
p = ( T - F E ( n ) / ( F E ( u i ) - r E ( n ) 
NFR(n+7EMP«(ENER(I*n-ENER<I)) 
=F»|.9|322t*|8 
URN 

FISD 

ENER 

IDENT 
BLOCK 
COMMON 
CPMMON 
CPMMON 
ORGP 
BSS 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 

FISSN 
86 
£NER(3a) 
FE(38) 
ALPN( 1 0) 
ENER 
0 
0, 
0,111 
0,25 
0,407 
0,608 
0,907 
1,11 
1 ,35 
1,65 

-p-
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ALPN 

DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DFC 
DEC 
DFC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DFC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
DEC 
BSS 
BCD 
BCD 
END 

0.573 
0.484 
0.443 
0.390 
0.296 
0,2065 
0. 132 
0.1050 
0,0736 
0,U5|2 
0.03575 
0,02439 
0,0 I 96/ 
0.0 1457 
0.0 I I 3b 
/,72fc-3 
4.55E-3 
3,52E-3 
2,364E-3 
I ,583F-3 
I ,058E-3 
7,05E-4 
4,686E-4 
3. 108F-4 
I .795E-4 
8.97E-5 
3.88E-5 
I,67E-5 
7, IOfc-6 
3,00E-6 
0,0 
0 
5 FISSION SPECTHUM 
5 

S 
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APPENDIX F 

INPUr INSTRUCTIONS FOR SOURCE ROUTINES AND INPUT FOR THE 
FISSION DISTRIBUTION PROBLEM, THE SHIELD SOURCE 

PROBLEM, AND TEE CORE-MAPPING PROBLEM 

1. Input Instructions 

The source input cards, given below, follow the geometry input for OJR-

Card 1. Format (JIIO) 

a. N00P: spatial bias control parameter; 

N00P = 1 for no spatial biasing, 

N00P = 2 to bias both axial and radial selection of source 

coordinates. 

b. N0R: number of radial boimdaries including the smallest radius 

(normally the center) at which the radial source distri

bution will be specified; N0R < 25. 

c. N0Z: number of axial boundaries at which the axial source 

distribution will be specified; N0Z < JO. 

Card 2. Format (6FIO.O) 

a, RRR(J), J = 1, N0R: radial boundary values (normally including 

0.0), in cm; if N00P = 2, the biasing is determined by 

the size of the radial intervals; neutrons are selected 

with equal probability from each interval: RRR(j-l) 

< RRR(J). Within each interval the biased power distribu

tion is taken to be constant. 

Card 3. Foniiat (6FIO.O) 

a. PR0BR(J), J = 1, N0R: if N00P = 1, PROBR(J) is the normalized 

cumulative radial power distribution and is assimied to be 

linear in the radial interval, PR0BR(N0R) = 1.0; if 

N00P = 2, PR0BR(J) is the unnonnalized radial power dis

tribution and is assumed to be linear in the radial 

interval. 



ii+6 

Card k. Format (6F10.0) 

a. ZEE(J), J = 1, N0Z: axial boundary values, in cm; if N00P = 2, 

the biasing is determined by the size of the axial inter

vals; neutrons are selected with equal probability from 

each interval and uniformly within the interval ZEE(J-l) 

< ZEE(j). This corresponds to a constant biased power 

distribution within each interval. 

Card 5. Format (6FIO.O) 

a. PR0BZ(J), J = 1, N0Z: if N00P ̂  1, PR0BZ(j) is the normalized 

cumulative axial power distribution and is assumed to be 

linear in the axial interval, PR0BZ(N0Z) = 1.0; if 

N00P = 2, PR0BZ(j) is the unnormalized axial power 

distribution and is assumed to be linear in the axial 

interval. 

Card 6. Format (JIIO) 

a. N0PT: angular bias control parameter; 

N0PT = 1 for unbiased isotropic source, 

N0PT = 2 for biased isotropic soirrce. 

b. N0ZE: niMber of axial boundaries for axial regions in which 

different angular biasing will be applied. N0ZE < 9« 

c. NANG: number of cosine values for boundary angles describing the 

biased angular distributions; NANG < hO. 

Cards 7 and 8 are omitted if N0PT = 1 

Card 7. Format (6FIO.O) 

a. Z E ( J ) , J = 1, N0ZE: the ax ia l boundaries, in cm, for regions in 

which different angular biasing wi l l be applied. 

ZE(j-l) < Z E ( J ) . 

Card 8. Format (6FIO.O) 

a. (A]\FG(L,J), J = 1, NAUG), L = 1, N0ZE-1)) : the cosine of the 

angles describing the biased angular distributions; 

(AUG(L,J-1) > A N G ( L , J ) ; within an axial region, specified 

by L, neutron Z-axis direction cosines are picked with 



lii7 

equal probability from each angular interval. The 

azlmuthal angle is picked isotropically. The real source 

angular distribution is assumed to be isotropic. 

Card 9. Format (III5) 

a. IE(K), K = 1, 10: Energy group boundary indices from subroutine 

FISSN; up to 10 values may be given for the specification 

of source energy biasing. See table below. Within a 

group, energy is selected from the ̂ ssy fission spectrum. 

b. KFIZ: number of QF values associated with the energy groups 

defined by the lE's, also, the number of energy groups. 

See card 10 for QF definition. KFIZ < 9. 

FISSN ENERGY GROUP STRUCTURE 

IE Energy (MeV) 

1 
2 
5 
h 
5 
6 
7 
8 
9 
10 
11 
12 
15 
1^ 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2U 
25 
26 
27 
28 
29 
30 

0.00 
0.111 
0.25 
o.ho-j 
0.608 
0.907 
1.11 

1.35 
1.65 
1.8 
2.02 
2.i+6 
3.01 
3.68 

k.O 
)+.5 
5.0 
5.^9 
6.0 
6.3 
6.7 
7.0 
7.5 
8.18 

8.5 
9.0 
9.5 

10.0 
10.5 
11.0 
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IE 

51 
32 
55 
5iF 
55 
36 
57 
58 

Energy (MeV) 

11.5 
12.2 
13.0 
lU.O 
15.0 
16.0 
17.0 
18.0 

Card 10. Format (6E12.2) 

a, 'JE (K), K = 1, KFIZ: Biased probability that the source neu

tron energy will be picked from the IE(K) to IE(K+1) 

energy interval. Within the interval the energy is 

selected from the ̂ ^^U fission spectrum. 5L^Q;E(K) = 1.0. 

The following cards are for the specification of parameters required 

for the track length selection using exponential transform (track length 

stretching). The parameters are region- (05R regions) and energy-dependent. 

Card 11. Format (215) 

a. KEIEG: number of 05R regions for the specification of different 

XNU's (defined on card I3). KREG < 10. 

b. KEG: number of energy group boimdaries, EXNU (card 12), for 

the specification of XNU's by energy group. 

Card 12. Format (6E12.2) 

a. EXNU(K), K = 1, KEG: energy group boimdaries, in MeV, from high 

to low energy for the specification of XNU's by energy 

group. 

Card 13. Format (6E12.2) 

a. ((XNU(K1,K), K = 1, KEG-l), Kl == 1, KREG): XMJ values for track 

length stretching, used as follows: 



lk9 

^ - 1^ (xmj).7 ' ^^^ ̂  ̂  °-̂  ' 

and 

p(V^ = i ^ 
1 -v /^ 

where 

7 = Z-axis direction cosine, 

£ = track length_, 

Z = total macroscopic cross section, 

P = biased track length distribution. 



2. 05R Subroutine Source Input for the Fission Distribution Problem 

II ?l 
n.o 
6,7434 
0,0 
.4527i>5 
-3b, 1 15 
-25,78n5n 
-|6,44600 
-7.11150 

n,a 
.259216 
.623472 
.933769 

1,1239 
7.86/3 
.014084 
.589835 
-33.55?25 
-24.22475 
-14,89c25 
-5,55575 
.03020r 
.3l678g 
.68321 1 
,969/99 

2.2478 
fi.99 12 
.05588? 
,86979"=; 
"32,00 3 50 
-22.66900 
- 13.33450 
-4,0000 
,066?3| 
.376527 
.740783 
1 ,0 

3,37 1 7 
ID.1lb| 
,123659 
1 .0 
-30.44775 
-21 . 11325 
-1 1 ,77875 

. 1 07650 
,437930 
.795134 

4.4956 
11.2390 
.215103 

-2«,89?00 
-I9.5575Q 
-10,22300 

, 154121 
,50000 
,845879 

5,6|95 

.^26098 

-27,33625 
- 18,no 175 
-8.66725 

,204865 
,562069 
.892350 

2 
3 
4 
5 
6 
7 
8 
9 
1 
1 
1 
1 



5. 05R Subroutine Source Input for the Shield Source Problem 

2 
0 

8.7057 
1, n 0 0 0 n 0 
,710841 

-35.1150 
- 14.0609 
^9,2312 
"5.3998 
,217090 
,887831 
.623427 
,333877 

2 
-35,1150 
1, n 0 n 0 0 0 
,712504 
7 12 

1 1 
3.5541 
9.4Q32 
.945679 
,665529 

-23.2133 
T 1 3.C696 
-8,5633 
-4,6999 
,949678 
,844954 
.577031 
.275973 

2 
-4,COOD 
,95792/ 
.63C228 
14 16 

21 
5,n26<i 
10,0b?5 
.900^^45 
,620992 

-20.0671 
-12. |937 
-7,9333 
-4,0000 
,998644 
,80|775 
.5314^3 
.217090 

1 1 

.9 189 1 3 
,5248 18 

18 21 
.0072 
.2102 

7 
18.0 

I 1 1 

. M l 
,727 
,754 

,0313 
, 1795 

8.18 

,784 
./08 

6.1559 
1 0»6623 
,851680 
,577270 
17,9/73 
11.3809 
-7.3U34 

.990243 

.757673 
,484384 

7. 1 082 
11.2390 
.803880 
,534380 

-|6.4|48 
-|n,6249 
-6.6740 

.962496 

.713271 

.435881 

7.9472 

.756963 

"|5.1481 
-9,9066 
-6.0448 

,927 14 0 
,668210 
,386105 

, 8 8 0 7 4 3 . 8 3 9 | |7 . 7 7 5 8 | 0 
, 3 5 1 6 1 8 - I . 0 0 0 0 0 0 
24 28 32 38 9 

, 0 4 3 . 0 7 9 7 . 1 2 8 7 
, 1334 

5 , 4 9 3 , 0 1 I . 3 5 

. 8 4 3 . 8 4 3 . 8 6 5 
, 7 2 9 . 6 0 0 . « 6 3 



k, 05E Subroutine Source Input for the Core-Mapping Problem 

2 II 21 
0 3,5541 5.0262 6,|559 7.1082 7.9472 

8.7057 9.4Q32 10.0525 10.6623 II.23Q0 
I.OOUOOO .949679 .900245 ,651680 .803880 .756963 
,710841 .665529 ,620992 ,577270 .534380 

-35,1150 -19,3483 -|6,4308 -|4,6577 -|3,2966 -12,2599 
-11.^^509 -10.5525 -9,8507 -9,2167 -8,5981 -8,0790 
-7,5599 -7.C4'?9 -6,5973 -6.1447 -5,6921 -5.2618 
-4,8412 -4.4^:06 -4.0000 
,217090 ,999443 ,962873 ,510659 .855469 ,8052)4 
,755987 .708920 ,664638 ,622449 ,579482 .542195 
,503929 ,465076 .429858 .394170 ,357643 ,322493 
,287788 .252476 .217090 

2 5 II 
-35,1150 -24,2250 -16,4460 "8,6670 -4,0000 
l.nonono ,94955/ ,895898 ,842228 .774077 ,704751 
,611731 .506629 .339123 ,019763 -I.OOOOOD H 
l.nOQOOO ,9430^^6 .883712 ,821359 .749103 ,675011 >o 
,573246 ,455743 .285995 -,Q4II0I -1.000000 
1,000000 .931528 .86|54| ,785I5| .705558 ,6|0992 
.509876 .371070 .183987 -,175798 -1.000000 
1.1)00000 .909689 .817622 ,721452 .618734 .511330 
,384659 .236128 .n<:6786 -,336458 -I.OOOOOO 
4 6 8 9 II I 2 14 18 24 38 9 D9| 

,0685 .1108 ,0876 .1084 .1224 ,2417 lOI 
,1773 .n70a .0125 102 

4 7 Ml 
18.0 8.18 4,5 2.02 I ,35 .608 I2I 

,4076 122 
.6246 .7056 ,7624 ,7885 ,8|9I ,87|3 l3l 
,5534 .6350 ,6990 .7342 .7825 ,8657 132 
,4023 ,4847 .5526 ,5938 ,6706 ,8253 I 33 
,3432 ,2307 ,2526 .2857 .3034 ,46|3 134 
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APPEMDIK G 

INPUT IWSTRUCTIOWS AND LISTING FOR 
PROGRAM KNPCOM 

1. Input Instructions 

Card 1. Format (A2, JX, 12, 5XA2, 2X15, 2XA5) 

a. W.AMEC0M: two alphanumeric characters to identify the G0MM0W, 

b. NSIGS: number of energy levels, 

c. WSIGSIFT: number of energy levels, left adjusted, 

d. W0EPTS: number of energy points at which cross sections for 

each level are defined (same energy points for all 

levels), 

e. KEPTSIFT: same as W0EPTS but left adjusted. 

Card 2 and Card 5 3-̂6 repeated for each energy level, J. 

Card 2. Fomat (515, 5X, F10.7, 5A8, A2) 

a. TITLE(I), 1=1, 5: Element identifier 

Cross section identifier 

Interpolation index 

b. QS(J): Energy, in MeV, of Jth level 

c. REFI(J), KEF2(J), (TITLE(I), 1=4, 7): k2 alphan-umeric characters. 

Card 5 is repeated for each energy point 1=1, W0EPTS 

Card 5. Format (2E15.9, 2A8) 

a. EPT(I): energy, MeV, high to low, at which cross sections are 

specified, 

b. XXSECT(I,J): inelastic cross section for Jth level, 

c. REFPTl(l,j), REFPT2(l,j): sixteen alphanumeric characters. 

When XXSECT(I,J) = 0 then follow card 3 set with a blank card. 

For levels 2 or greater the energy EPT may be omitted from card 5* 



Program KHPCQM Listing 

PRPGRAM NNFCi°)M 
DiMENSIflN EFTUOO).XXSFcT<IOO#l6),SUM(|On).PRSB{IUO.|6)*IDENT(|51, 
|nS(|5),TITLfcMn).REfPT|(loO»|5).REFPT2(|OQ,|5),REF|(l5)»REF2(|5) 
EQUIVALfc:NCE(MeEPTI,NflEPTS|) 
HATAfBLANKI=20202020202020208) 

8 R E A D ( b O , l 0 2 ) NAMC8M.NSIGS,NSIGSLFT,Nf lEPTS,NePTSLFT 
102 F 9 P M A T ( A 2 , 3 X . I 2 « 3 X A 2 , 2 y i 3 , 2 X A 3 ) 

MQEPT I =NflEFT?i- I 
NSIG?I=NSIGS* I 
INITIALIZE ARRAYS 
DO 9 J=2,Ne£PTS 
SUM(J)=0, 
00 9 1 = I.MS ins I 
REFPT I ( J . I ) = B L A N K I 
R E F P T 2 ( J , I )=RLANK I 
PRf lB(J» I ) = C . 

9 XX<?ECT( J . I ) = 0 . 
INPUT LOOP FPR ADDlTiewS TC NAST6R TAPE 
DO 30 J=l,NSIGS 
IQBO 

READfbO, 103) (TITLEU), I=|i3)»QS(J), 
IREFl(J),REF2(J).(TITUE(I),1=4.7) 

103 FaRMAT(3I5,5x#FI0.7.5A8,A2) 
WRITE{5 1,2C5)(T1TLF(I),1=1.3)#QS(J), 
|»EF|(J).REF2(J)»(TlTtfc(I),I=4,7) 

205 FORMAT(|MO,3I5,5X,FI0.5,5A8,A2) 
I I 10=10*1 

IHlsNBfcPTS-Ifl+l 
IF(J-I) I0C3, 1004. 1003 

004 READ(50.I04)FPT(IH1),XXSECT(IHI,J),REFPTI(IHI»J),REFPT2(IHI#J) 
104 roRMAT(2E|5.9,2A8) 

GO T̂l I0U5 
0 03 READ(50,I0 06)XXSECT(IHI,J),REFPT|(IHI,J),REFPT2(IHI.J) 



I 006 FgpHAT( I5x,b l5.9,2At3) 
|n05 <^UM(IHI)=SL^'(IMI)+XXSECT(IHI,J) 

IF(XVSECT(Ihl,J) ) I 1.29, I I 
29 READ(50, I 0^)RLANK 
105 FflPMAT(A8) 
30 COMTlNUfc 

CAL CHLATE F k f l b A H I L i T IhR 
no 3003 I=2,NiBFPTS 
J = 0 

30011 J = J + I 
IF(XXSf-CT(I,J+|)) 3002,3004,3002 

3n02 PRP8(I.J)=XXStCT(I,J)/SUMU) 
îO Tfl 3000 

3004 PRPB(I,J)= I . 
J2=J-I 
IF(J?) 30 03,30 03,30 06 

3U06 DO 30D5 J0= | ,J2 
3 0 05 PRPe(I,J)=FRPfa(I,J)-PRl°!a(I,JC) 
3003 COMTlNUfc 

10 DO 15 J=I.NSIGS 
I 5 ns(J):nS(J)•1.91322fc+ I 8 

no |50I=I,^eFPTS 
150 FpT(T)=fcPT(n*l ,9|322t+l2 

^J0ST^R l=NOepTSI *NSIbS 
MflSTi°'H = N0STeR|+NflfcPTSI+NSlGS + 2 
'^RITE(52.2C0D) NAMCOM 

2000 FaRMAT(|4H InhNTSX.A2,6HNNPUeM) 
IF(NnSTeR-I 0) 2003,<iD04,2004 

2004 IFCNflSTOR-I 00) 2 0 05,2006,2006 
2006 IFfN'iSTOR-I 000) 20 0 / , 20 08, ? U 0 8 
2003 WRITe(52,250n) NAMCCM,NOSTCR 
250 0 F 0 R M A T ( A 2 , 3 ^ M N P , 4 X , 5 M B L 0 C K , 5 X , I I ) 

no jn 2025 
2005 K!RITE(52,250 I ) NAMCC3M, MOSjeR 
250 I FnPMAT(A2,3hMi\P,4X,5MBLaCK,5X,I2) 

GO Jf^ 2025 
2007 WRITE(52,250?) N AMCOM , NOSTf^K 



2502 

2008 
2503 
2025 
2504 

2505 

2506 

2507 

2508 

2509 

25 

25 

25 

25 

25 

25 

25 

25 

25 

25 
2520 

FORMAT (A2,3hNI\P,4X,5HbLeCK,5y, 13) 
GO TO 2025 
WRITE(52.25U3) NAMCGH,MflSTRR 
FORMAT(A2,3hNNP,4X,5HBLnCK,5y,14) 
WRITF(52,25C4)NAMCflM 
F0RMAT(|5h CnMH0N4X|l-N,A2,6HFPT(|)) 
WRITE{52,2505)NAMCOM 
FORMAT(|bh CnMM0N,4X|HN,A2,4HQ(n) 
' J R n E ( 5 2 , 2 5 0 6)NJAMCOr,NnhPT I 
F 0 R M A T ( | 5 H C n M M r t N , 4 X , 3 H b M 2 , A 2 , | H ( , I 3 , I H ) ) 
WRlTE(52,2507)NAMCeH,NSIGS 
FORMAT ( Î H COMMnN,4X,lHU,A2,lH(,l2,IH)) 
^R ITE(52 ,2508 )NAMCf l f 1 ,N f lSTa f i l 
FORMAT(I5H C 0 M M n N , 4 X , 4 H F R f l P , A 2 . I H ( , I 4 , | H ) ) 
W R I T E ( 5 2 , 2 5 0 9 ) M A M C O M 
F0RMAT(I3H 0RGR,6X,IFN,A?,3HFPT) 
WRITE(52,25 I n)NAMCOM 
F0RMAT(|2H «FM7X IHNA2,3hEPT) 
wRITE(52,25 I I )fJbPTSLFT 
F0RMAT(|2H UFC7XA2) 
WRITE(52,25I?) NAMCOM 
F0RMAT(|2h f̂ FM7X IHNA2, I HQ) 
WRITF(52,25 |3)NSIGSLFT 
(̂ ORMAT( I 2h yEC7XA4) 
WRITE(52,25 |4) NAMCOM 
FflRMAT(|2H HFM7X3HSM2,A2) 
WRITE(52,25 1^) (EPT(I),I=2,NefcPTS) 
F0RMAT(I2H L;FCftXE|5,P) 
WRITE(52,2516) NAMCflM 
F0RMAT(|2h RFM7XIHC,A2) 
JRITE(52,25|7) (nS(I),RbFi(I),Rt;F2(I),I,Ia|,NSlG5;) 
FORMAT(I2H LFC6XE|5,e,7X,2A8,I5) 
WRITE(52,25Ift) NAMCOM 
F0RMAT(I2H RFM7X,4HPfi88,A2) 
00 2519 K= I ,NSIGS 
WRITf-(52,2520)(PROR<J,K),REFFT| ( J, K ), RFFPT2< J. K ), J.K, J = 2, NOEPTS ) 
F0RMAT(|2H UFC6XE|7,|0,VX,2Aa,I5,|H,,l2) 

H 
VJI 



• • 

W R I T E ( 5 2 , 2 5 2 I ) 
2521 FflRMAT(l2h bMU) 

wRITE(52,25 22)NAMCnM,NAMCeM,NAMC0M,NAMCeM,N(3EPTSl , N AMCSM , NS I GS , N AM 
ICOM.MGFPTS I ,NSIGS 

2522 FflR|V|AT(0X,7FCflMM0N/A?,5HNNP/N,A2,5HbPT,N,A?,5HQ,SM2,A2,IH(I3,3H),Q 
l,A2,|h(I2,6h),PRflB,M?,IH(l3,lH,,I2,|H)) 
GO TO 8 
ENn 

H 
vn 
-J 



APPENDIX H 

05R INELASTIC SUBROUTINES 

1 . 05R Subroutine NOHELAS L i s t i n g 

SUBROUTINE KnNFLAS |0 
COMMON/SlNGLFS/BLZf lN,EROT,ECLT,bGRPUP,EINC,EMONfl ,ESOLR, 

IFTAPE,ETA,FTATH,FTAUSU,bTOP.FONfc ,FTOTL .FWATb , ITERS, ITSTR, 
2LELEM,LF,MAf iK,MAXGP,MbniA,MGFREG,MFISTP,MxREG,N,N!C0LPR, 
3NWPC' iL ,NCeNTI ,NCf lNT2,NC0NTP.NEWNM,MFISH,NF0NF,NFPT,NGE0M, 

4 M G R e U P . N G W T , N H I S M X , N H l S T R , M N C , N F I N C , N P l N C , N l T S , N K l L L , 
5NLAST,NGLAST,NSIGL,NPLAST,NLFFT,NMFM,NMf lST.N0EL,NPCf lF , 
6NPTAPb,NQUIT,NRe0H,NS0l !K,NSPLT,NSTAPE,NSTRT,NTHERM,NTHRML, 
7 N T Y P E , P L D W T , P S I b , S P 0 L D , T H E T M , T N U C , U I N p , U n L D , V l N P , V f l L D , 
8WAT£F,WINp,hi1LD,WTAVR,WTHIR, l»TLtJH,WTRED,WTSTRT,Xf lLD,XSTRT, 
9vOLD,YSTRT,2 f i Ln ,ZSTKT ,UNUSED( IO) 

C0MM0N/NANNF/NNAEPT,NNAU,SM2NA(38 ) ,QNA(5 ) ,PK f lBNA(38 ,5 ) 20 
nOMMON/KNNF/K iKFPT ,NKn ,SM2K(30 )»QK(4 ) ,PRePK(30 .4 ) 3Q 
C 0 M M 0 N / u 2 3 5 N N P / N l ) 2 3 5 e P T , N u 2 3 5 Q , b M 2 l J 2 3 5 ( l ) , Q U 2 3 5 ( l ) , P R Q H U ? 3 5 ( l , l ) 40 
C 0 M M ' ^ N / F E N K P / N F b E P T , N F F Q , S M 2 F E ( 3 5 ) , Q F f c ( 6 ) , P R n b F E ( 3 5 , 6 ) 50 
COMMON/CRNNF/NCRFPT,NCRQ,SM2CR( lO) , fJCR(2) ,PROBCR( |0 ,2) 60 
n O M M n N / N l N N P / N N l E P T , N N I ( J , S f ' 2 M ( 9 ) , 0 N I ( 2 ) , P R O R N I ( 9 , 2 ) 70 
COMM")N/ZRNNP/NZREPT,NZRU,SM22R( 4 ) , QZR ( I ) , PROBZR ( 4 , | ) 90 
Cf lMM' iN/NEUTRnN/NAME,NAMEX,SP[:SQ,U,V,vJ,X,Y,7,WATE,NMEC,NRFG,BLZNT 200 

C ISO = 0» LEGEMTRF DIST 300 
C I S f l s l , ISGThf lPIC U lbT 31 0 

I S f l s l 32 0 
GO T"̂  ( 1 , 1 , 1 , 2 , 3 , 4 , 5 , 1 , 1 , 6 ) NMEU 330 

1 no TO ( I 0 , 2 0 , I n , 3 0 , I 0 , 6 Q , I 0 , 5 0 , I 0 . 7 0 ) LELEH 340 
2 GO T'^ ( 1 0 , 1 0 . 8 1 . I 0 , 2 0 . I 0 , 3 0 , I 0 , 7 0 , I 0 , 9 0 , 9 j " H 0 . 4 0 # T O ) L E L E M 350 
3 GO Tfl ( 1 0 , g | , 1 0 , 2 0 , 1 0 , 3 0 ) LELEM 360 
4 GO TO ( 1 0 , 6 0 , 1 0 , 5 0 , 1 0 , 7 0 ) LELbM 370 
5 GO T'l ( I 0 , e I ) LELFM 380 
6 GO TO ( 1 0 , 2 0 , 1 0 , 3 0 ) LELPM 390 

10 W R I T F ( 5 I , j C O O ) NMED.LELbM 400 
1000 FORMAT( | H | , 5 H N M b D = , I 5 , 3 X . 6 H L E L E M = , 1 5 ) 410 

CALL EXIT 420 
20 CALL lNELAS(NNAbPT.NNAn,SH2NA,QNA,PRflBNA,SPDSQ,U,V.W,WATE,NMED»LEL 430 



lfcM,Ise) 440 
100 RETURN 450 
30 CAI L IIMLLAS (^'^FPT,NK^.SM2K,QK,PH0BK,SPDS0,U,V,^l.WATE,NMED,LELEM, IS 460 

\») 470 
f̂fl TO 100 480 

40 CAt L INhLAc tMU235EPT.NU235C,SM2U235,0U235,PR0BU235,SPDSQ,U.V,W,».AT 490 
IF,NMFD,LPLFM,ISO) 500 
GO TO I on 510 

50 CALL INtLAS(''FFbPT,NFbC.SM2FE,QFE,PR0bFfc,SPDSQ,U,V,W.WATE,NMED,LEL 520 
|f-M,ISO) ^30 
GO TO 100 540 

60 CALL INbLAS (MCPbPT.NCRn,SM2Cfi,OCR,PR0BCR,SPUSC1,U. V,W,WATF,NMED,LEL 550 
|PM,ISe) ^60 
GO TO 100 570 

70 CALL INbLA? (NNIbPT,l\Nin,SM2NI,QNI ,PROBNI,SPDSU,U,V,W,WATE,NMED,LEL 580 
|FM,ISO) 590 
GO Tî  100 600 

90 CALL INELA<:(MZREPT,NZR0,SM2ZK,QZR,PRflBZH,SPDSU,U,V,W,WATF,NMED,LEL 640 
|FM,ISe) 650 
GO TO 100 660 

81 CALL bFN2N(L,V,W,SPDSQ,i^ATE) 670 
G O T " I O O 680 

91 CALL ZRN2N(L,V,W,bPDSQ,'^ATF) 690 
GO TO 100 700 
END 710 



051 Subroutine BEH2II (U0,V0,¥0,S02,WE0) List ing 

SUBROUTINE faEN2N(Ufl,VO,WO,S02#WTO> 
0 | = - 2 , 4 6 * | . 9 I 3 2 2 E + I 8 
Q 2 = . 7 9 * | , 9 I 3 2 2 F + | 8 
T = S 0 2 * Q | / . 9 
I F ( T ) 1 0 , 2 0 , 2 0 

I n ' ^ R I T E { 5 | , | 2 ) s e 2 , Q | 
12 FflRMAT(|H0,4HSO2=Elb,8,3X,3HCI»El8,8,3X.23HlNCRMlNG ENERGY TOO LOW 

I ) 
RETURN 

20 ROflTI=SQRTF(T) 
CALL GTISfl(fcX,FY,tZ) 
IF(FLTRNF(F|)-,5)30,30,40 

30 SPI=.9«RflflTI 
U0=, I •UO + SF I "bX 
V0=. I •VO + SF I "EY 
••10=. I •We + SF I "EZ 
G0 TO ^0 

40 SP2=, I •ROOT I 
R0nT2=SQRTF(02/.888889) 
SP3=,9»ROOT2 
CALL GTISO(fcU,EV.EW) 
l)0=. I *Ue-SF2«EX + SP3*FU 
V0=, I •V0-SF2«EY + SP3*FV 
W0=. I •W0-SF2«EZ + SP3»FW 

5'0 S02aUe*U0*VG»Vf) + W0'Wn 
WTOsWT0*2, 
RETURN 
END 



• • 

APPENDIX I 

05R SUBROUTINE GETETA LISTING 

9URR'°'UTINb GFIFTA 
C0MMf1N/SlNGLFS/bLZOi \ ,bH0T,ECLT,EGRf lUP,ElNC.EM0N0,ESeuR# 

| ^ T A p F , F T A , F T A T H , F T A U S U . L - T O P , F O N b . F T 0 T L , H ^ A T E , I T E R S , ITSTR, 
2LEIEM,LF.MAhK,MAXGP,MbniA,MGFREG,MFISTP.MXREG,N,NCf lLPR« 
3NWPC'^L«NCONTI,MCflNT2,NC0NTP,NEWNM,NFlSH.MFONF,NFPT,NGEflM, 
4 'MGR0I IP ,NGWT,MHISMX,NHISTR,MNC,NF INC,NPINC,N ITS ,NK ILL , 
5MLAST,NGLA=T,NSIGL,NPLAST,NLFFT,NMFM,NM0ST,N0bL,NPC0F, 
6MPTAPb,NQUIT,( \R0f lM,NSdlJH,NSPLT,NSTAPE,NSTRT,NTHERM,NTHRML, 
/ M T Y P F , f i L U W T , P S I b , S P G L n , T H E T M , T N U C , U I N P , U O L D , V I N P , V O L E , 
8 '4ATEF,WlNp, / , f lLn,WTAVR,WTHIR,UTL0R,WTRED,WTSTRT,Xf lLD,XSTHT, 
9 Y 0 L D , Y S T R T . Z i L n . Z S T H T , U N U S E D ( I O ) 

COMMfiN/NEUTRf lN/NAMb,NAMbX,SPi :SQ,U,V,W,X,Y,Z,WATE,NMEr,NKEG,BLZNT 
COMMf lN /XNU/XMU( IO ,6 ) ,EXNUi7 ) ,NXNU 
C0MMON/GLOFI/GLOP 
nATA(IST=0) 
IF(IST)3,4,3 

4 I.;RITE(5I , ICO) 

ino FORMAT(IH0,26HDIREC1 NFUTRCNS TOWARD +Z,) 
no 7/ 1=1,7 

77 FXMU(I)=l.9|3i?fc+l8*FXMU(I) 
1ST = I 

3 T = !^QRTI- (SP[ SQ) 

niPrW/T 
no 78 NXMU= I ,6 
IF (<^PUbO-FXML(NXNU+I )> 78,79*79 

78 CONTINUE 
NXNU=6 

79 CONTINUE 
BIAS=I./M.-XNU(NReG,NXNU)«DlK) 
IF(BIAS-.6)1,2,2 

1 HIAS = .6 
2 ETA = BIAS*tXPRNF(X) 

GLOP=BIAS«fXPF(-ETA*(I.-1,/BlAS)) 
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APPENDIX J 
LISTINGS FOR PROGRAMS ANALYSIS ( F I S S I O U DISaECBOTKJISi) AHD POWPOW 

1. Program ANALYSIS L i s t i n g 

PRPC^AM A N A L Y S I S 
C 0 M M ' ' = i K / A S l N [ U . t : S / ' M S T , < T , M i T b , N F l N , N E T A P E , f c T 0 P , E B O T , E C U T , N X T A P E , N Y T AP 

| e , ^ l F T A p b l , M • T A P b ? , N ^ T A P f c P , M b i : i A , N H I b T K , N M I S M X , M W P C O L , N S G P , N C O L P R , N 
2 A N l S ' ^ f : L , M D c c ; ' " , » ' L A S T , K T H , N G R e L P , L R A T C H , N V A R , N F , M L , I B , N C P S R 2 , N C P N G P , 
3 - : C P E L E ^ % ' ^ C F r ( i j . N T Y P E : , l J ' 1 ? 3 E , N R S U M , ; M Z R O , N f l S U M , N Y T A 8 L E , N G E P M , N M , M G Z , N 0 
4 - J E U T , N Y S I J M , K ; r ( , I VAR 

C e M M ' ^ ^ / C P L I S T / N U U M M Y ( | ? 4 ) 
CO^ 'M- ' i i v /EXTf-A 'V IHSH 
CALL F I X I N F L T 
^iCPLPK = B 

6(1 \ ' P A R I T Y = 0 
L B A T C h = 0 

I L B A T C h = L B A T C M + I 
10 1 C A I L STBATCh 

4 CALL e5KWEAi ; 
I F { N T Y P b ) 5 , 1 0 , | 5 

5 r iPAHTTY = N P A h I T Y - ^ l 
' • i R I T P t S I , 7 ) 

7 F 0 R M A T ( 3 4 H C P A R I T Y Er<40W I N READING COLL TAPfc) 
I F ( N P A R I T Y - 7 ) 4 , 4 , 9 

9 LBATCI^ = L B A T C w - I 

I F ( L « A T C M ) I Q , I 4 , IU 

Ml CALL E^DRU^ 
P R I N T l O U O . l t ' S i J 

m o n roPHAT ( l h r / / / / | H , I | 2 , 5 0 H CeLLlSIONS WAVE OCCURRED IN THE FISSION 
I ABLE MFUI A) 

I 4 CALL F.XIT 
| 5 I F ( N T Y P f c - 2 ) i 7 , 9 , 9 
17 G S M T I M I E 

I F ( L P A T C M - N I T S ) I , I 0 , I 0 
| 9 no 41 KTH= I , - . . C l L P R 

I C P L = ^ D U M M Y ( K T M ) 
I F ( I C P L ) 4 , i , ? 5 



25 GO in (3 I ,.'<,4| , 33) I COL 
31 CALL SUATA 

GO T" 4| 
32 CALL RFLCOL 

GO TO 4 1 
33 CALL tSCAPF 
4 1 CONTINUE 

GO jr\ 4 

f-NP 

SUHRf^UTINE S T W A T C H 

C0MMf iN/ASlNGLtS/MSTNT,K ' lTS,NF lN,METAPE,ETaP,EBf lT ,ECUT,MXTAPE,NYTAP 
| F ,N iFTAPEI ,NFTAPL? ,N f -TAP^P,^ 'E r lA ,NHISTR,NHISMX, r 'WPCf lL ' , N S G P , N C 0 L P K . N 
2ANIS '= iEL ,NL? i :P ,MLAST,KTM,NGReLP, lRATCH,NVAR,NF,NL, IR ,NCPSR2,NCPNGP, 
3^CPELE^',^ICF^FL;', NTYPb,DOSE,NKSUM,NZRe,NFiSUM,NYTABLE,NGE"M,Ni- ' ,MGZ,N0 
4'^ 'E^lT,^YS^i^ ' ,^7K, I V A R 

C0MMO'N/CPLIST/MCOLL(>^) , i s A M E ( e ) , S | 2 ( 8 ) , X | ( 8 ) , Y I ( 8 ) , Z I ( 8 ) , i ^ T | ( 8 ) , 
| ' 5 0 ? ( R ) , U O ( e ) , V P ( 8 ) , ' ' R ( = i ) , N G R F ( 8 ) , N F L F M ( 6 ) , M M F D ( 8 ) , W A T E P < f t ) , 
2nUMMY(8) 

n A T A ( I J K = 0 ) 
I F ( IJr<) I I , 5 , I I 

5 CALL e5RSbT(''hTSTR,iNMlS«.iX,NReC,NTYPt,NCeLL,NAHF.'^l2,X|.Yl,Zl, 
|wTI,<^R2,ue,VP,'<iO,i\|G^P.'IELeM,NMED,WATbF) 
IJKs I 

I I C0MTINU6 
«ETURN 
END 

I DENT 
ENTRY 
ENTRY 

C5HTAPE 
C^RREAC READS 
OSHSBT REWINDS AND SETS APGUMFNTS 



P5RSFT 

MORF 

EXT 
EXT 
EXT 
bXT 
bXT 
EXT 
EVT 
SL J 
SIL 
SIL 
b̂ 'I 
LIL 
LDA 
SAL 
ARS 
SAU 
IMI 
LDA 
SAL 
ARS 
SAL 
SAL 
INI 
LPu 
EM A 
LLS 
AJP 
LLS 
SAL 
IMI 
ENA 
LLS 
AJP 
LLS 
SAL 
INI 
SLJ 

(• 

p 

c 

6 
t 

t 
(• 

6 
t 

N 

c; 
C 

N 

t. 

1-

ijnUHUNLM 
GHQINGCT 
l i f Q G O T T Y 
U R Q F N G C T 
G =1U I iV R1- I 
(. B tj R b W N n 
N A Q R A C ^ S 
K-ShiSbT 
SAVF65 
SAVE65 
G 
e'^KSET 
0 
AMH ISî X 
24 
AMH I STh 
1 
0 
i\TYPb 
<:4 
NPbC 
C{ 1 ) 
1 
Q 
0 
6 
ENDLEFl 
18 
APGS 
1 
0 
0 
t^'URIRhT 
1 !̂  
APGS 
1 
i-PHE 

I F ( U N I T , I )NI ,,N2,N3,N4 
i"RITF 

R b i«' I N D 
R A C K S P A C F 

0 0 0 N H I S T H 0 0 0 N H I S M X 

000 NREC OOJ NTYPE 



FNDRIGHT 
FNDLFFT 
ANHISTw 

ANHISMX 

SAVE65 

nSRREAn 

ON 

INI 
SIL 
LPA 
SAL 
STA 
SIL 
RTJ 
SIL 
ENA 
ENU 
DVI 
IMA 
SAU 
RTJ 
ENA 
STA 
LDA 
STA 
LLIA 
STA 
LHA 
STA 
LDA 
IMA 
STA 
RTJ 
fcMI 

EN I 
SLJ 
SIU 
SIL 
LOA 
AJP 
RTJ 
RTJ 
AJP 
ENA 

I 
tYlT 
• • 
TAPENUM 
=SNHISTR 
A| 
(.RQREWNP 

NviPCOL 
125 
0 
INUPCOL 
- I 
A? 
CKUNIT 
I 
= SNCHFl-K 
A| 
ARGS 
A2 
ARGS+ I 
A3 
A R G S + 2 

« * 
I 
= 9NHISI''X 
bMFFER 
« • 
* • 
f^t^RRbAL 
SAVF65 
SAVE65 
NCHFCK 
CM 
p i j F F b R 
C K U N I T 
SK 
0 

TAPE NUMPfeR fiF HISTflRY TAPE 

RbwiNlJNHISiR 
WORDS PER COLLISIe^ 

1 
i 
I 

1 

a 

4 

ENTRY FOR READING = 

SAVE IN'DFX RFGISTERS 5 AND 6 

TRANSFFR IF TAPE NFE^S TO HE CHECKED 

• 
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A| 
A2 

A3 
16 

NSKIP 

bOFILE 

SKIP 

CKUMT 

W A I T 

STA 
LPA 
STA 
LP A 

STA 
L'lA 
STA 
L'lA 
STA 
IMI 
ISK 
SLJ 
SLJ 
ENI 
EN I 
RTJ 
EM A 
STA 
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A + 3 2 
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QPQHUNCH 

WORDS PER COLLISION 
COLLISIONS PER RECPRU 

REWIND TAPENUM 

IFCUNIT,TAPENUM) WAIT. CKUNIT, EOFILE. P 



PARITY 
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+ 
SET 

C( I ) 

RET 
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TAPENUM 
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i ,8UIiMBF I 
A 

A + 1 2 7 
h i i FFER 
e^HREAU 
0 
0 
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0 

RUFFEH 1 N < T A P E N U M , I ) ( A , 
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^^ETURN 
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" ( f c ) , V " i ( « ) , » N P ( s ) , N P H F ( a ) , N F L P M ( t n , N M F U ( 8 ) , W A T E F ( « ) , 
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NCF(-F-Ll.NTYPt,DOSE,NR?UM,NZRfl,NRSllM,NYTASLE,NGEOM,NM,MGZ,NO 
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X T F ; A | / 7 Z 7 ( 3 l ) , « R R ( 2 5 ) . K R , K Z , f W T ( ? 5 , 3 n . 2 0 ) , K 7 Z , K R R ? ( 2 5 ) , K R 
H A T ( ' , b r i J I D ( l ? ) , v A K ( 2 5 , 3 0 ) , F w T A V E ( 2 5 , 3 0 ) , K Z I 
XTF.A<)/iKSH 
CH-LNAT) 100,1 ro.InI 

ATCP-LPAT 
= 2,S7 

40 
50 
60 
70 
ao 
90 

I no 
I 1 0 
i ? o 
130 
I 40 
141 
I 50 
160 
170 
200 
201 

H 
—J 



IF 
COM 
KZZ 
IR<5 
LRS 
•<Z7 
IRS 
RSn 
PO 
IF 

KRR 
IRS 
FWT 
GO 
END 

iH-

I 
)H + 

(7ZZ{KZZ)^Z|(KTH)) 1,2,2 
TI'NUE 

= K/ 
H=IPS 
H = 0 
= KZ7 
H=IRS 
= X I (K 
3 KRR 
(RRR2 
TlNUb 
= KR 
H=IRS 
(KRP, 
TO 10 

;Th) ••2 + YI (KiM)«»2 
I .Kl< 

:(Kt-h)-PSQ) 3,4,4 

H-Lh'̂ Ĥ 
KZ2,ldATa)=FWT(KRR,KZZ,LBATft)4WATtF(KTH) 
U 

210 
220 
230 
231 
2 32 
24 Q 
241 
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260 
270 
2P0 
290 
291 
310 
320 
330 

20 

),RRR(2b),Kh,K7,FWT(25.30,20), 
2 ) , V A R ( 2 5 . 3 0 ) , F W T A V E ( 2 5 , 3 Q ) , K Z 

SUBRPUTINb t^uRUN 
COMMPN/bXTf-A I/7ZZ(3 
|P,LBAT,LRATP,BrDIU( 
PO 20 1= I ,Hk 
PO 20 K= I ,KZ I 
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"Q 30 K=l .K/- I 640 
IF (FivTAV£{ I,K) ) 31*31,32 650 

31 VAR( I,H )=0 .'' 660 
'••0 TP 30 67 0 

32 ' 'AR( I , K j = | t L .O»^AR{ I , K ) / F w T A V E U , K ) 6P0 
3n C0^'TINl lb 690 

'TO /DC! I = |.Kn 
no 7nO K=l ,K7| 
IF (I-l ) 7r2,?n 1,702 

701 ^R=0.0 
GO TO /03 

70? '̂ R = RRH2( I- I ) 

703 ARPs3, 14159 •fHRH?(n-KP)*{ZZZ(K+l)-Z7Z(K)) 
70 0 FWTAVb(I,K)=t^^',TAVE(I,^)/AR« 

'<PPIivlT=l 691 
LPRIMT=4 692 

4U IF (KR-KPhIi\T) 99,41,41 /OO 
99 "'ETURN 701 
41 PRINT I 000, (i'CnIP( I ) , 1= I , I ?) 702 

I non f ORMAT (I h 1, 12Ae) /10 ,_, 
PRINT lOUI.LRATfl 720 GJ 

noi FORMAl (lh[,^4M FISblHi LUSTR IHUTI^N FOR THE LAST.15,9H MATCHES,) 730 
n02 F0PM41 ( I hn.29X, 37H'3lJrFR BPJNDAKY OF RADIAL INTERVAL, CM) 740 

PRINT 1002 750 
IF (Kh-LPRlAT) 43,42,4? /60 

4? LPPIM=LPRINT 770 
|',0T^444 7PQ 

43 LPRplsKK 790 
444 PRINT I 003, (F KP( I ) , i=KPr(lNT,LPRIN> h 0 0 
nU3 FORMAT (IH , ; x , 4F<:?.^) filO 

PRINT 1004 820 
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IT) B40 
PRINT I0U5 650 

005 FOPMAT (Ih ,I2M Lc3WbR 7, C« , 5 X , | 6HF 1SS I ON WT DP V,6X, I 6HF I SS ION W 860 
IT PbV,6x, K^hFISSIe^l ur D E V , 6 X , | 6 H F I S S I P N WT D E V ) b70 
no 44 K= I ,H^ I 8R0 
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Program POWPOW Listing 

PRPGRAM Pfll.P'̂ î  
CflMMflN/MA I N/R (?£,), Z(3|)f AR(25),AS(25).AC(25),P(25,30).r(2S), 
|p0W(:^D).IZI ,IZ?.R2(25),DR2(2f) 
HATA (X = 9.7^:^k;5), ( IXr2?) 
READ (50. I COU) H 
"EAD (50, I TOP) Z 
READ (50.ICOO)((P(I.J).J=|.iO).l=l,2'5) 
08 4 I=IX.ib 
AR(I)=v5,l4l59«(k(n+R(I-l))«(R(n-R(I-l))/6.0 
AS(I) = (s5.M|'S9*H(I)*»2/2.U)-X*SURTF(R( I ) ••2-X«*2>-'R< I) ••2*AS 1 NF"( X/ 
|R( I)) 
IF ( I-IX) 2,1,2 

I AS(I-I)=u.c 
? AC(I) = AR(I) + AS( I-I )-AS( I ) 
4 P(I)=AR(I)/An(I) 

ng 5 J=l.3C 
ng 5 I=ix,2b 

5 P( I,J)=P<I.w)«F( I) 
CgN2 = R(9) • V-K(6) **2 
CflMI =R(8) •*2-.H(7) ••2 
C8M = CeN' I +CeN? 
1)8 6 J=I.>JC 

6 P(9,J)=(P(S,j)»C0N2+P(8,Jj«CeNI)/CPN 
C8M2=R(7 ) ••2-R(6)**c 
C:flMI=K(6)»«2-h((5) **i. 
CQMsCflN|+Ge\2 
na 7 j= 1.3c 

7 P(8,J)=(P(7,j;*CnN?+P(6,J)*CPN|)/C8N 
CflN5 = R(5)*«2-.K(4) •*2 
C(3N4 = H(4)«'i;-R(i) ••2 
naN3=R(3)•*2-R(2)••2 
CgM2=R(2)**2-H(I)••2 
C0N|=R( I )**'c 
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lLfl8P=6 
Gfl T'̂  39 

56 IZ|=|4 
I Z 2 = I 9 
iLflep=7 
n,8 JPi 39 

57 IZI=20 
IZ?=?5 
iLflep=8 

ne T̂ i 39 
58 IZI=/ 

!Z2=I6 
iLPep=9 
r,Q xfl 39 

tJ9 IZI = I / 
IZ?=25 
ILP0P: I 0 
fla T'̂  39 

61 IZIs/ 
IZ?=25 
iL(°ieP= I I 
'i8 T̂ î 39 

61 C8MTINUE 
CAI L EXIT 
END 

SURRflUTINt PWIMTERI 
C a M M f i N / M A l N / p ( 2 5 ) , Z ( 3 l ) , A R { 2 5 ) . A S ( 2 5 ) , A C ( 2 5 ) , P ( 2 5 , 3 0 ) , F ( 2 5 ) , 

| P 8 U ( 3 0 ) . I Z I , I Z ? . R 2 ( ^ 5 ) , D R 2 { 2 5 ) 
PRINT I 0O0 .Z ( 171 ) , Z ( I Z 2 + I ) 

on P8RMAT ( I h I , 7 S N A P - T S F F I S S I O N D I S T R I B U T I P N PROGRAM P e w P 0 U 7 / / | H , 

I7RADIAL D I f T R l B U T I f i N F8R 2 I N TEKV AL7. F 8 . 3 , 3H T f i , F 8 . 3 / / I H , 
27eiiTER RADIL<^ flF M S S I O N WEIGHT7/ IH , 7 l N T E R V A L , CM7,6X, 
37pFRVeiUME7 ) 



PRINT lOUl ,(R(I),P8lN( n , Is7,25) 
I DO I F0RMAT ( IH ,F|3.3,FI 6.3) 

GLPP=0,0 
OS I 1=7,25 

1 GLnP = GLeP + FCW( I)*(R( I)''*2-fi<I-l)«»2> 
08 2 I=/,25 

2 POW(I)=HflW(I)/RL0P 
PRINT I 000.Z(17 I).Z( IZ2+ I ) 
PRINT 2000 

2000 FORMAT (IH .7 •NflKl*'AL I ZbD •••*••*•• •?) 
PRINT I 00 I , (R( I ).Pfl*N( I) , 1=7,25) 
RETURN 
END PRINTER I 

SUBROUTINE PRINTER2 
C0MM8N/MAIN/R(25),Z(3I).AR(2?).AS(25).AC(25),P<25,3O),P(25), 
|PaW(30),IZI, IZ2.R2(2'5),DR2(25) 
PRINT IOOO.R(IZ|-I).R(IZ2) 

(OOn FaPMAT(jHI.7SNAP-TSF FISSlRN DISTRIBUTISN PR6GRAM PeuP0W7//|H , 
|7AyiAL DlSTHlt^UTION FQR R I NTERV AL7 , F8 . 3, 3H T0,F8.3//|H , 
27LnwER Z 0F7,8X.7FlSSIflN WEIGHT7/IM ,7INTERVAL, CM7,6X. 
37PERVeLUME7) 
PRINT IOD|,(Z(I),Pnv«( I). I»li3Q) 
PRINT 1002,2(3!) 

I no I PBRMAT (IH ,F I3,3.EI6,3) 
I 002 FePMAT ( IH ,FI3,3) 

GLPP=0,0 
08 I 1=2,31 

I r5Lfip = GLaP*Few(I-| )«(Z(I)''Z(I''I)» 
ue 2 I=I,3C 

2 pew(i)=p0W{ n/GLOP 
PRINT I 000,R(IZI-I).R(1Z2) 
PRINT 2000 

2000 FBRMAT (IH ,7 NflRM AL IZED»» • ••• • •••?) 



PRINT 
PRINT 
HETURN 
f:ND PRINTEF2 

00! ,(7(I).P8W(I),Is|,30) 
002,Z(3l ) 

cx> 
H 
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APPENDIX K 

INPUT INSTRUCTIONS FOR PROGRAM AHALYSIS (OP FISSION 
DISTRIBUTION) AND FOR POWPOW; SNAP-TSF DATA 

FOR PROGRAM ANAI,YSIS 

1. Input Instructions - ANALYSIS 

Card 1. Format (12A6) 

a^ B C D I D ( I ) , 1 = 1 , 12: Se/enty-two alphanumeric . cha rac t e r s . 

Card 2 . Format ( 6 l l 2 ) 

The logical number assigned to the first collision tape. 

The highest logical number a collision tape may be 

assigned. 

The nimiber of ba tches ( g. 2 0 ) . 

The first HBAT batches will be omitted in the cal

culations of power distribution and reactivity. 

Number of radial boundaries, excluding the center, for 

inteivals defining the radial fission distribution 

(KR < 25). 

Number of dxial boundaries for intervals defining the 

axial fission distribution (KZ < Jl)• 

a. 

b. 

c. 

d. 

NHISTR 

NHISMX 

NITS: 

KBAT: 

e. KR: 

KZ: 

Card 3. Format (6E12.i4-) 

a. RRR(I), 1=1, KR: Radial boundaries, in cm, excluding the 

center, for intervals defining the radial fission 

distribution. 

Card k. Format (6E12.U) 

a. ZZZ(l), 1=1, KZ: Axial boundaries, in cm, for intervals defining 

the axial fission distribration (ZZZ(l-l) <ZZZ(l)). 

This program assumes that the 05R run, -which generated the collision 

tapes, uses specific values of NBIND and NC0LLS that were given in the 

05R input for the fission distribution (Appendix D). 

Non-standard tapes required: NHISTR through NHISMX. 



185 

2. Input Instructions - POWPOW 

Program P0WP0W is a special purpose program written to make modifica

tions in the fission distribution output from a particular ANALYSIS rvn. 

It ass-umes that there are 25 radial intervals and J>0 axial intervals for 

a total of 750 intervals defining the fission distribution. It makes the 

following calculations: 

a. multiplies the fission weight in each interval by the ratio 

of the radial ring area to the area of the core hexagon within 

that ring; 

b. combines radial intervals 8 and 9 into one interval and calls 

it interval 9j 

c. combines radial intervals 6 and 7 into one interval and calls it 

interval 8; 

d. combines radial intervals 1 through 5 into one interval and 

calls it interval 7. 

Items b, c, and d were req-uired because of poor statistics in the core 

center due to the smaller ring area resulting in fewer neutrons selected 

there. 

P0WP0W then proceeds to average the radial fission distribution over 

larger axial intervals and to average the axial fission distribution over 

larger radial intervals. The size of the larger intervals is built into 

the program. The resixLts are printed. 

For all cards: Format (6EI2.5); use as many cards as necessary. 

Card 1. R(I), 1=1, 25: the radial interval bo-undaries, in cm, excluding 

the center. 

Card 2. Z(l), 1=1, 51: the sixial interval boundaries, in cm. 

Card 5. ((P(l,j), J=l, 30), 1=1, 25): the fission distribution as 

printed from program ANALYSIS; axial values from 1 to 

30 are read for each radial interval. 



5. ANALYSIS (of Fission DistrilD-ution) Input 

SNAP -TSF FISSION 
1 

.45 
3, 15 
5.85 
R.55 

11.239 
-35.1 15 
.^28.888 
-22,666 
- 16,444 
-10,222 
-4,000 

niSTRIBUTIf^N TAPES 

-34 
-?; 
-21 
"15 
-9 

7 
,90 

3.60 
6.30 
9.00 

.073 
,85| 
,629 
.407 
. 185 

14 
1 .35 
4,05 
6,75 
9,45 

-33.036 
-26,814 
-20,552 
-14,370 
-8, 148 

X'»39|4,3699, 
5 

1 ,80 
4,50 
7.20 
9.90 

-3| ,999 
-25,777 
-19.555 
-13,333 
-7,111 

3854,3890,3597, 
25 

2.25 
4,95 
7.65 
10,35 

-30.962 
-24.740 
- 18.518 
-12,296 
-6.074 

3897'n9 
31 

2.70 
5.40 
e. 10 
10.80 

-29,925 
-23,703 
- 17,481 
-11,259 
-5,037 

10 
20 
31 
32 
33 
34 
35 
4| 
42 
43 
44 
45 
46 
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APPENDIX L 

irô UT INSTRUCTIOWS AMD PROGRAM LISTINGS FOR 
PROGRAMS BIASOR AND IMPORT 

1. Input Instructions - BIASOR 

BIAS0R calculates biased source distributions using adjoint S 

(ANISN) flux data. It assumes that the input adjoint fluxes and input 

power distributions are histograms. It assumes that the S intervals 
n 

are constant throughout the core. 

Card 1. Format (9A8) 

a. BCDID(I),1=1,9! 72 alphanumeric characters. 

Card 2. Format (̂ +112) 
a. INTSTRT: starting S interval index in the core 

n 
(INTSTRT < UO). 

b. INTEND: final S interval index in core 
n 

(INTSTRT < INTEND < kO) . 

c. IGPSTRT: startingS energy group index (lowest energy of 

interest) (IGPSTRT < 2?). 

d. IGPEND; final S energy group index (highest energy of 

interest) (IGPEND < 27). 
Card 3. Format (6E12.5) 

Note: One set of cards for each S interval, J=niTSTRT,INTEND 

a. FLUX(I,J),I=IGPSTRT,IGPEND: The adjoint S flux from the lowest 

energy group to the highest energy group of interest. 

Card k. Format {6E12.h) 

a. Z(J),J-INTSTRT,INTEND: the lower a x i a l boundary for each space 

i n t e r v a l . 

Card 5 . Format (6E12.5) 

a. P(J),J=INTSTRT,INTEND: the power distribution at each space 

interval. 



186 

Card 6. Format (6EI2.5) 

a. F(I),1=IGPSTRT,IGPEND: the fraction of the fission neutrons 

produced in energy group I. 

Card 7. Format (6EI2.5) 

a. E(I),I=IGPSTRT,IGPEND: the lower energy boundary, in MeV, for 

each energy group. 

2. Input Instructions - IMPORT 

This program calciolates the XNU's using adjoint S flux data. A 

region of constant cross section may be divided into several broad Z 

intervals containing two or more of the S inteirvals. The flux is then 
n 

input as a function of energy at each of these broad interval boundaries. 

Since the adjoint flux is an average value for the S interval, the broad 

Interval boundary should be a midpoint of a S interval. Either the total 

flux or the angular flvix. for any angular interval may be input. As many 

regions of constant cross section as desired may be input. The following 

card set is for a region of constant cross section. 

Card 1. Format (9A8) 

a. BCDID(I),1=1,9: 72 alphanumeric characters. 

Card 2. Format (3112) 

a. NEGP: number of energy groups to be processed (NEGP < 27) 

energy runs from low to high values. 

b. NINTZ: number of broad Z Intervals over which XNU is to be 

averaged (NINTZ < 10). 

c. NSTRTGP: starting energy group S index (NSTRTGP < 27). 

Card 3. Format (6EI2.5) 

a. Z(l),I=l,NINTZ+l: Z boundaries, in cm. of broad Z intervals; 

should be the midpoints of S intervals [Z(l) < Z(l+l)]. 

Card k. Format (6EI2.5) 

Note: One set of cards for each boundary of the broad Z intervals 

(I=1,NINTZ+1). 

a. PHI(N,l),N=l,NEGP: adjoint S flux for each energy group. 
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Card 5. Formax (bE12.5) 

a. CR0SSl,Nj,N=l,NEGP: total macroscopic cross section for eacn 

energy group. 



5 . Program BIASOR L i s t i n g 

PRPGRAM HIASnH 
C 8 M M f i N / F l R S T / f - L U X ( ? ? , 4 0 ) , 8 C D I D ( 9 ) , P ( 4 0 ) , F ( 2 7 ) , INTSTRT, INTEND, I GPST 

| « T , i n P f c N D , I F P w f ^ R , F L U X b ( 2 7 ) , Q E ( 2 7 ) , F L U X Z ( 4 0 ) , F L U X 7 Z ( 4 0 ) » Z ( 4 | ) , E ( 2 e ) 
OIMENSIQN N e ( 2 7 ) 

1 READ ( b O , I CDO) riCUlD 
inOO FORMAT ( 9 A f ) 

READ ( ^ J O . I C O I ) INTSTRT, INTRNC, IGPSTRT, IGPEND 
i n o i FflPMAT ( 6 1 1 2 ) 

^0 2 v l= INT?TRT, INTEND 
2 READ ( 5 0 , ICC?) (F LIJX ( I , j ) , l = l GPSTRT , I GPfcND ) 

I no? FQPMAT ( 6 E I 2 . b ) 
READ (50,|C02) (7(J),JriNTSTRT,INTEND) 

i READ (bO.ICO?) (PC J),J=lNTSTfiT,INTEND) 
4 READ (?50,IC0?) (F( I ) , I = IGPSTfiT, I G P F M D ) 

READ (^O.ICa?) (F(I), IsIGPSTRT,IGPFND) 
^ Da 6 I=IGPSTRT,IGPEND 

FL1IXF(I) = 0.0 
D0 7 J=INTSTRT, INTEND 

7 FLlixE(I)=FH,yfc(I)+P(.J)«FLUX(I,J^ 
<̂  nE(I)=FLUXE(I)»F( I) 

GLflP=0,0 
DO 8 I = IGPSTRT, IGPEND 

8 GLHP=GLeP*Cfcn) 
DO 9 I s I G P S T R T , I G P F M l 

9 n £ ( I ) = O f c ( I ) / G L f l P 
I 0 U8 I I J=lNTSThT,INTEND 

FLIIX7(J) = 0.0 
Dfl 12 IsIGFSTRT,IGPtND 

12 F L I I X Z ( J ) = F L I X Z ( J ) + F ( I ) » | - ' L U X ( N s ) ) 
I I F L | i x Z Z ( J > = F L t i X 7 ( J ) « P ( J ) 

GLfiP = Q,0 
DO \i JsINTSTRT,INTEND 

13 GLPP = GLPP + FLl lXZZ( J ) 



DO |4 JsINTSTRT,INTEND 
14 FLIIXZ2( J)=FLliX7Z( J)/GLflP 
lb PRINT 2000,faCDlD 

20U0 FORMAT (IHI,PA8) 
PRINT 20ni,(J,Z(J),F(J),FLUX2(J),FLUXZZ(J),J=lNT'^TRT,INTFND) 

2nai FORMAT (IHC,7bIASED POWER CISTRIHUTION CALTULATI"N7//|H ,2HSN,BX,5 
|MLflwFR,6X,/=hACTUAL,7X,'^HSpECTRUM,7X,ftHBlASFD/9H INTERVAL,iH Z, I OX 
2,5HPlWER,6y,«hAVFHAGFD,;X,'3HF0WER/7H NUMBER, 4X,bMHi°)UNDARY,3X, 
>i/DISTRIbUTICM ADJOINT FLUX D I STR I BUT IC3M7/( I 6 , I X . 2F I 2 . 6 , E I 5 , 4 . F I 3 
4.6)) 

20 PRINT 20U0,br;DlD 
PRINT 20 02,(I,F( I ),F (I),FLUXE(I),QF(I),I = inPSTPT,IGPFND) 

2002 FORMAT ( I hC , 7SflURCE FNFRGY SELECTIftN PARAMETER QF7//IH ,?HSN,8><. 
lbHL0W£R,6X,;HFISSI0N,6X,i3hPeWER (SPACE)/7H FNEKRY,4y,6HFNFRGY,bX, 
2ftHqflMRCb,7x,PhAVeRAGFD,7X,|0FNnKMALIZED/AH INDFX,5X,3HMEV,RX, 
3HH(FlSFSN),by,7ADjnlNr FLUX Qfc7/( 1 6, I X,2F I ?.6,P | 5,4,F9.4)) 
Da 21 I=IGFSTRT,IGPbND 
nE( p = I oooc .a«nE( i > 

21 ME( I )sQb(I) 
NGLQP=D 
DO 22 U I G F S T R T , IGPEND 

22 NGLeP=NGLeF+Nb(I) 
GLPP=NGLaP 
GLnP=GLOP/10000,0 
PRINT 20O3,C=LOP 

2003 FORMAT ( IHC,39X,5HT0TAL,F| 0.4) 
r,Q jn I 

END BIASOR 



k. Program IMPORT L i s t i n g 

PROGRAM IMFRRT 
DIMENSION F h I ( 2 7 , | | ) , Z ( | l ) , D E L Z ( I O ) , B C D I D ( 9 ) , U U A M ( 2 7 , | 0 ) , C R e S S ( 2 7 ) 

I , X M U ( 2 7 , I 0) 
I on READ ( b O , I COD) HCDID 

i n o n FORMAT (VA?) 
I no I FORMAT ( IH I , 9 A 8 ) 

READ ( 5 n , I C 0 2 ) NEGP,NINTZ,NSTRTGP 
I 002 F0RMAT(6I | 2 ) 

N I M T Z I = N I N T Z * I 
READ (50,|C03) (Z(I),1=1,NINTZI) 

I 003 FORMAT (6b12.b) 
DO I 1=1, NINTZI 

1 READ (50,IC03) (PHI(N,1),N=I,NEGP) 
DO 2 I=2,NINTZI 
OELZ(I-I)=Z(I)-Z(I-I) 
00 2 N=l ,NEGP 

2 nLAM(N,I-l)=ieGF(PHl(N,I)/PHI(N,I-|) )/DELZ(I'»I ) 
READ (bO,IC03) (CROSS(N),N=I,NEGP) 
DO 3 I=2,NINT2I 
DO 3 N= I ,NEGP 

3 vNLi(M, I- I ) = I:LAM(N, I- I )/cRaSS(N) 
DO 4 1=1,NINTZ 
PRINT IOOI,BnDID 
PRINT I 004,Z( I ),Z(1+I ) 

1004 FORMAT (lhC,2dX,7Z BoUNUARIbS7/F8 . 2, 4H TO ,Ffl.2/MX,2HGP,3X,5HCR0S 
IS,6X,6HLAHECA,3X,3HXNU) 
00 4 N= I ,NEGP 
N I rNSTRTGP*N'» I 
PRINT I005,NI,CRObS(N ),DLAH(N,I),XNU(N,D 

IDQ5 FORMAT (IH , I OX,I 2,F I I .6,2F8.4) 
4 CONTlNUfc 

GO T<°l 100 
END 
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APPENDIX M 

INPUT INSTRUCTIONS AND PROGRAM LISTING 
FOR PROGRAM SORSPREP 

!• Input Instructions 

S0RSPREP points and pimches input cards required by the 05R source 

routines when the biasing options are desired. On cards 2, 15, and 17 

described below, the values should be the same as those desired in the 

source routine input. If N00P = 2, source routine cards 1 through 5 will 

be punched. If N0PT = 2, source routine cards 6 through 8 will be 

punched (see Appendix F for source routine card descriptions). 

Card 1. Format (9A8) 

a. BCDID(I),I=1,9: 72 alphanumeric characters. 

Card 2. Format (5112) 

a. N00P: spatial bias control parameter; N00P = 1 specifies no 

spatial biasing, N00P = 2 specifies bias for both the 

axial and radial selection of source coordinates. 

b. N0R: nijmber of radial boundaries including the center at 

which the radial source distribution will be specified 

(N0R < 25). 

c. N0Z: number of axial boundaries at which the axial source 

distribution will be specified (N0Z < 50). 

Omit cards 5 through 12 if N00P = 1 

Card 5. Format (2112) 

a. KR: number of radial boundaries including the center defin

ing the radial biased source distribution histogram 

(KR < 51). 

b. KZ: number of axial boundaries defining the axial biased 

source distribution histogram (KZ < 51) • 

Note: input radial and axial biased distributions may have different 

interval specifications than the desired output distributions. 
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Card h. Format (6E12.5) 

a. RRB(K),K=1,KR: radial boundaries, in cm, for the radial biased 

source distribution histogram (including the smallest 

value). 

Card 5. Format (6E12.5) 

a. PR0BRB(K),K=1,KR-1: radial biased source distribution histogram. 

Card 6. Format (6E12.5) 

a. ZZZ(K),K=1,KZ: axial bô uxidaries, in cm, for the axial biased 

source distribution histogram. 

Card 7. Format (6E12.5) 

a. PR0BZB ( K ) , E = 1 , K Z I - 1 : a x i a l b i a s e d source d i s t r i b u t i o n h i s togram. 

Card 8. Format (2112) 

a. NR: number of radial boimdaries Including the center defining 

the actual radial source distribution (NR < 51)• 

b. NZ: number of axial boundaries defining the actual axial 

source distribution (NZ < 51)• 

Note: input actual radial and axial distributions are specified at the 

interval boundaries and are assumed to be linear over the interval; 

they may have different interval specifications than the input 

biased distributions and the desired output distributions. 

Card 9. Format (6E12.5) 

a. RACT(K),K=1,NR: radial boundaries, in cm, for the actual radial 

source distribution (including the smallest value). 

Card 10. Format (6E12.5) 

a. PR0BRA(K),K=1,NR: act-ual radial source distribution at each 

radial boundary; distribution is assumed to be linear 

between boundaries. 

Card 11. Format (6EI2.5) 

a. ZACT(K),K=1,NZ: axial boundaries, in cm, for the actual axial 

source distribution. 

^ 
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Card 12. Format (6EI2.5) 

a. PR0BZA,(K) ,Ki=l,NZ: actual axial source distribution at each axial 

boimdary; the distribution is assumed to be linear 

between boundaries. 

Card 15. Format (5112) 

a. N0PT: angular bias control parameter; 

N0PT=1, unbiased isotropic source; 

N0PT=2, biased isotropic source. 

b. N0ZE: number of axial boundaries for axial regions in which 

dlferent angular biasing will be applied (N0ZE < 9)• 

c. NANG: number of cosine values for boundary angles describing 

the biased angular distributions • 

Omit cards ik through I7 if N0PT = 1 

Card Ik. Format (112) 

a, KANG: number of cosine values to be read in for the angle 

boundaries defining the biased angular distribution 

(KANG < 51). 

Card 15. Format (6EI2.5) 

a. CMU(K),E=1,KANG: cosine value from -1.0 to +1.0 for the angle 

boundaries defining the biased angular distribution. 

Card 16. Format (6EI2.5) 

Note: One set of cards for each of the N0ZE-1 axial regions (see card 15) 

I=1,N0ZE-1. 

a. PR0BMU(I,K),E=1,KANG-1: biased source angiilar distribution 

histogram. 

Card 17. Format (6EI2.5) 

a. ZE(I),I=1,N0ZE: the axial boundaries, in cm, for regions in 

which different angular biasing will be applied 

|ZE(I-1) < ZKdij. 
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READ 
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^ PRbPARbS INPUT FOR THE B I A S I N G OPTI^ INS IN SUBROUTINE 

0 0 ) B C D I D 
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0 I ) NOCIP,Mf1R,N0Z 
I . ? , I 

0 I ) K R , K Z 

IC 
I C 
IC 

IC 
IC 
IC 
IC 

2) 
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.5) 
02) 
0?) 
0?) 
01 ) 

(RRH(K),K=I,KR) 

(PRflbRB(K),K5I ,KH I ) 
(ZZZ(K),K=I,KZ) 
(PRPH7B(K),K=I,KZI) 
NR,N/: 

0?)(HACT(K),K=I,NR) 
02)(PROBRA(K),K=|,NR) 
0?) (ZACTIK),K=I,NZ) 
0?) (PRaBZA(K>,K=I,NZ) 

CO I ) NnFT,NaZE,NANG 
I 

I ) 3,5,3 
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PRPBR( I )=Ph"eBKA( I ) 
PROBR(MaR)=PRePKA(NH) 
no 30 N=2,NeRi 
no 25 N|=2,^R 
IF (RRR(N)-WACT(NI )) 2.3,24,2'; 

23 PRPBR(N)=PPePKA(N|-l) + (pRflfiKA(N|)-PH08RA(NI-I >)•(RRR(N)'RACT(NI - I) 
I )/{R4CT(N I )-PACT(N I- I ) ) 
GO T'̂  30 

24 PRPBR(N)=PPePRA(N I ) 
r;0 Jf^ 3 0 

25 CONTINUE 
30 CONTINUE 

PUNCH 2000,N06P,NOR,^'0Z 
2non F0RMAT(3IIC) 

PUMCM 200 I , (RKR( J),vj= I ,r^0R) 
200 I FflRMAT(6F |C.4) 

PUNCH 2002,(PHOBR(J),JsI,MPR) 
2002 FeRMAT(6FIC.ft) 

PRINT 3000,bCDlU 
30Q0 FORMAT ( IH I ,9A8) 

PRINT 300 I,NOeP,NOR,MOZ 
3001 FORMAT ( IPC,31 I 0) 

PRINT 3002, (RKR( J), J= I ,l\OH) 
3002 POPMAT ( IHC,6F I 0.4/tAF In.4) ) 

PRINT 3003,(PROBR(J),J=I,NeR) 
3003 FORMAT ( IHC,6FI 0.6/(AF IQ.6 ) ) 

GLnp=0.0 
no I 06 K= I ,K7 I 

106 nL0P = GLeP + FRflbZB(K)*(ZZZ(K+l)-'ZZZ(K)) 
no 107 K= I ,K7I 
PRnB7b(K)=FRPlbZB(^)/GL'=lP 

107 C(K)=PR0BZE(K)«(ZZ7(K+|)-ZZZ(K)) 
FIMT = NeZ I 
FINT=I .0/FlNT 
7EF( I )=ZZZ( I ) 
K=l 
no |20 I=l,NOZI 

1 

• 



CPRIMb = pRefcZH(K)»(ZZZ(K+l)'.ZFE(I)) 
IF (CPRIME-F INT) I I 0, I P9, I 09 
7EF(I+l)=ZEFfI)+FINT/PR0BZF(K) 109 
GO TO 120 

I I n no I lb L=I,bn 
KAI sK + l 
IF (KAL-KZI) 199,199,I90 

I 90 KAI =KAL- I 
GO jn III 

199 npRIMb=CPRlMF+C(KAL) 
L = L 
IF (CPRlMb-F INT) M b , I I I , I I I 

I I I CPRIME = CPRlMF-r:(KAL^ 
I 12 7EF(I+l)=Z7Z(KAL) + (FlNT-CPRI^E)/PRe8ZB(KAL) 

K = KAU 
GO Jf) 120 

I |b roMTlNUb 
120 CONTINUE 

PROBZ( I )=PReHZA( I) 
PR'lB/(NOZ)=PRdHZAlNZ) ,_, 
no I ^0 N = 2,NnzI ^ 
no |2b NI=2,NZ 
IF <7bP(N)-ZACT(NI)) 123,124,125 

123 PR'='B7(^)=PPeHZA(N)r|) + (pRoBZA(NI)-PROBZA(NI-l))*(ZEE(N)-ZACT(NI-|) 
I )/(ZACT(N| )-7ACT(N |- I ) ) 
GO TO 130 

I 24 PRnB7(N)=pPrHZA(N I ) 
r,Q T« 130 

125 CONTINUE 
130 roMTlNUb 

HUNCH 20UI,(7bF(J),J=I,NRZ) 
PUNCH 2002,(PKOBZ(J),J= I ,MeZ) 
PRINT 3002,(7EF(J),J=I,NOZ) 
PRINT 3003, CPr<ObZ( J ) , J= I ,NeZ) 

150 IF (MQPT- I ) 151 ,4|J0» lb I 
151 JAMGI=NANG-I 

FINT=NANGI 



FINT=I.0/FINT 
00 30 0 M=I,NPZEI 
GLOP=0,0 
no 206 K= l ,KA isGI 

206 GLOP=GL0P+FhPBMU(M,K)« (CMU(K+ | ) -CMU(K) ) 
no 207 K = I , K A N G I 
PROBMU(M,K)=PRnUMU(M,K)/GLeP 

207 C ( K ) = P R e B M L ( M , K ) * ( C f ^ l ) ( K + l ) - C f U ( K ) ) 
ANG(M, I )=C^L, ( I ) 
K= I 
00 220 I = I .NA|\GI 
C p R I M E = P R e e M i ( M , K ) * ( C M U ( K + l ) - A N G ( M , n ) 
IF (CPRIME-FINT) 210,209,209 

209 ANG(M,I+I)=ANG(M,I)+FINT/PROEMU(M,K) 
GO TO 220 

21n no 215 L= I ,50 
KAL =K + L 
IF (KAL-KAKGI) 299,299,290 

290 KALsKAL-l 
GO TO 2 11 

299 CPRIHE = CPRIr'F + C(KAL) 
L = L 
IF (CPRIME-FINT) 2|b,2ll,211 

21 I CPRI^^b = CPRI^F-C(KAL) 
2|2 ANG(M,I+| ) = CMU(KAL) + (FINT-CPRIMfc)/PH0BMU(M,KAL) 

K = KAL 
GO Jf^ 220 

2|5 CONTlNUb 
220 CONTINUE 
30U CONTINUE 

PUNCH 20DD.NfiPT,NGZb,NANG 
PRINT 300 I ,NftPT,NOZb,NAi\|G 
PUNCH 200 I , (7fc( J) » J= I .^lOZE) 
PRINT 3002,(7E(J),J=I,NOZE) 
DO 30|M=l,Ne7£| 
N0NG=NANG/2 
no 302 N=l,KnNG 



STflR=AMG(M,K) 
MUT=NANG-N+I 
ANG(M,N)=ANG(M,NUT) 

30? ANG(M,NUT)=STaR 
PUNCH 2002,(ANG(M,N),N= 

301 PRINT 3003,(ANG(M,N),N= 
400 CONTINUE 

CAI L bXIT 
FNH 

,NANG) 
,NANG) 

VD 
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APPEKDIX W 

INPUT INSTRUCTIONS, FLOW DIAGRAM, AKD LISTINGS FOR PROGRAM 
SNARLS; LISTINGS FOR PROGRAM CKBOJRTP AM) SUBROUTINE 

SNEUT(X, Y, Z, A, B, C, W, E, NTAPE, NSKIP) 

1. Input Instructions for Program SNARLS 

The following SNARLS input instructions use nomenclature based on 

the following geometrical configuration. The reactor system is enclosed 

by a cylinder whose axis is the Z axis and by two planes parallel to the 

X,y plane. Since the Z direction r-uns from the top to the bottom of the 

reactor system, the "top" plane (located at or above the reactor system) 

is at a smaller Z location than the "bottom" plane (located at or below 

the reactor system). The "bottom" plane is at the reactor-shield inter

face. Neutrons leaking from one or two of these three leakage siorfaces 

may be used to prepare a leakage soixrce tape. 

SNARLS was written with the assumption that the 05R problem which 

prepared the collision tape would have data for NC0LL=^ and the following 

NBIND values (see reference 2 for variable definitions): 

111000111111110001000110100000000000. 

Card 1. Format (9A8) 

a. BCDID(I),I=1,9: 72 columns alphanumeric characters. 

Card 2. Format (6ll2) 

logical number, first 05R collision tape 

highest logical number for an 05R collision tape 

logical number intermediate source tape; if NS0R^O, 

there will be no source tape preparation. 

logical number, final source tape. 

omit first NBAT batches on the first 05R collision 

tape. 

number of batches to be processed from the 05R 

collision tapes including the first NBAT batches. 

a . 

b . 

c . 

d. 

e . 

f. 

NHISTR: 

NHISMX*: 

N S 0 R ^ : 

NS0R1**: 

NBAT: 

NITS: 

•̂ Collision tape logical numbers will be from NHISTR through NHISMX. 
**Logical numbers WS0R+1 and NS0Rlfl may also be used if reels on NS0R 
or NS0R1 are filled. 
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Card 3. Format (6ll2) 

a. 
b. 

c. 

NATS: 

NSTRT: 

IGRP: 

Card k. 

e. 

not used; leave blank 

not used; leave blank 

n-umber of energy groups for both angular flux results 

and weight standards input; IGRP < 10. 

first JTYPE to be considered for source tape 

preparation. 

second JTYPE to be considered for source tape 

preparation (JTYPE1 may equal JTYPE2). 

logical number, scratch tape. 

JTYPE LEAKAGE CRITERIA FOR SOURCE TAPE 

1 leakage from bottom plane, positive Z direction cosine 

2 leakage from cylinder, positive Z direction cosine 

3 leakage from cylinder, negative Z direction cosine 

k leakage from top plane, negative Z direction cosine 

Format (6ll2) 

d. JTYPEl: 

e. JTYPE2: 

f. NCRS: 

a. NFLUKZ: 

b. NFLUXR: 

c. NMUZ: 

d. NMUR; 

NPHIZ: 

f. NPHIR; 

number of axial intervals for calculation of 

angular leakage flux from the cylinder; if NFLUXZ=0, 

the calculation is omitted (NFLUXZ < 20). 

number of radial intervals for calculation of angular 

leakage flux from the bottom plane; if NFLUKR=0, the 

calculation is omitted (NFLUXR < 10). 

number of equal cosine of the polar angle intervals 

on 0. to 1.0 for calculation of angular leakage flux 

from the cylinder (polar direction is outward normal 

to cylinder (NMUZ < 5). 

same as NMUZ but for the bottom plane (polar direc

tion is Z direction) (NMUR < 5)-

number of equal azimuthal angle intervals on 0. to 

27t for calculation of the angular leakage flux from 

the cylinder (NPHIZ < 6). 

same as NPHIZ but for the bottom plane (NPHIR < 6). 

Card 5. Format (5E12.i+) 

a. ZT0P: not used, leave blank. 

b. ZB0T: not used, leave blank. 

c. ZT0PNEW: The top leakage plane, in cm, ZT0PNEW should be 

smaller than any Z in the reactor system. 
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d. ZB0TNEW: the bottom leakage plane, in cm, ZB0TNEW should be 

equal to or greater than the largest Z in the 

reactor system (ZB0TNEW > ZT0PNEW). 

e. RCYLIN: the radius, in cm, of the leakage cylinder with axis 

coinciding with Z axis. The reactor system should 

lie within this cylinder. 

Card 6. Format (6E12.1+) 

a. ERUS(l),I-l,IGRP: energy group bouadaries, in MeV, from high 

to low energy with the highest boiondary omitted; 

used to specify weight standards as well as tabulat

ing angular fltix results. 

Card 7. Format (6E12.i+) 

a. C0STHETA(I),I=1,IGRP: cosine of the angle 0 for which 7 > cos0 

(7 - Z direction cosine) neutrons are biased dif

ferently than 7 < cos© neutrons. If cos© = -1.0, 

there will be the same biasing for all 7's; 

cose defines two angular groups for each energy 

group at which different weight standards may be 

applied. 

Card 8. Format (6E12.i4-) 

a. WK(I),I=1,IGRP: Russian roulette weight standard factor by 

energy group applied to neutrons with 7 > COSTEIETA(I) ; 

when neutron weight, W, is less than WK(I)-^WBAR(I,JTYPE) 

(see cards ik and I6), the survival fraction is 

W/(WK(I)*WBAR(I,JTYPE)); surviving neutrons are 

given the weight, WK(I)*WBAR(I,JTYPE). 

Card 9. Format {6^,12.h) 

a. WKl(l),I=l,IGRP: Russian roulette weight standard factor by 

energy group applied to neutrons with 7 < COSTflETA(l) ; 

when neutron weight, W, is less than WKl(l)*WMAX(l, 

JTYPE) (see cards I5 and 17)^ the survival fraction 

is w/(WKl(l)-^WMAX(l,JTYPE)); surviving neutrons 

are given the weight WKl(l)-^WMAX(l, JTYPE) . 
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Card 10. Format (6E12.h) 

a. SWK(I),I=1,IGRP: Splitting weight standard factor by energy 

group 

1. for neutrons with 7 > GOSTHETA(I) and weight, W, 

greater than SWK(I)*'WBAR(I,JTYPE) (see cards ik 

and 16), the neutron is split 

w/(SWK(l)*WBAR(l,Ja7YPE))+l times; 

2. for 7 < COSTHETA(I) and weight, W, greater than 

SWK(I)*WMAX(I,JTYPE) (see cards I5 and I7), the neu

tron is split W/(SWK(I)*WMAX(I,JTYPE))+l times. 

Card 11. Format (6E12.i|-) 

Omit this card if IJFLUXZ=0 (on card k) 

a. ZZZ(N),N=1,NFLUXZ+1: the axial boundaries, in cm, for the 

calculation of angular leakage flux from the 

cylinder; ZZZ( l)= ZT0PNEWJ(ZZZ(NFLUXZ+1)=ZBOTNEW) . 

Card 12. Format i6'S12.k) 

Omit this card if NFLUXR^O (on card k) 

a. RRR(N),N=1,NFLUXR: the radial boundaries, in cm, zero center 

omitted for the calculation of angular leakage fl-ux 

from the bottom plane; RRR(NFLUXR)=RCYLIN. 

Omit the remaining cards if NS0R=O (on card 2) 

Card 13. Format (0l6,l8) 

a. RAND0M: the starting random number 

b. NREAD: must be 1 

Card ill-. Format (6^12.k) 

a. WBAR(I,JTYPEl), 1=1,IGRP: the optimum weight by energy group 

for important neutrons with 7 > COSTEETA(I); given 

for leakage criterion JTYPEl (on card 3)• 



20̂ 1-

Card 15. Format (6E12. 1|) 

a. WMAX(I,JTYPEl),1=1,IGRP: the optimum weight by energy group 

for important neutrons with y < C O S T H E T A ( I ) ; given 

for leakage criterion JTYPEl (on card 3 ) . 

Card 16. Format (6E12. i]-) 

a. WBAR(I,JTYPE2), 1=1, IGRP: same as card li| but for leakage 

criterion JTYPE2 (on card 3 ) . 

Card 17. Format (6E12.i4-) 

a. WMAX(I,JTYPE2),1=1,IGRP: same as card 15 but for leakage 

criterion JTYPE2 (on card 3 ) . 
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2. Flow Diagram for Program SNARI£ 

Program SMABIg, Page 1 

& 

PRINT 
ERROR 
MESSAGE 

TAPE 

ERROR 

WRITE 
INTERMEDIATE 
SOURCE TAPE 

WRITE 
ANGULAR FLUX 
SCRATCH TAPE 
AMD PRIMT 

AMGULAR FLUXES 

f START J 

INITIALIZE; 
READ DATA; 
REWIND TAPES. 

READ 
COLLISION 
TAPE. 

RECORD 
TIPE? 
(NTYPE) 

END OF 
BATCH 

WHITE 
AIJGULAR FLUX 
SCRATCH TAPE 
AMD PRINT 

AMGULAR FLUXES 

NORMAL 

RECORD 

V BATCH? J V_y 

YES 

REWIND TAPES 

READ ANGULAR FLUX 
SCRATCH TAPE; 
CALCULATE BATCH 

AVERAGES AND PERCENT 
STAMDARD DEVIATION 

AND PRINT. 

OBTAIU COORDINATES 
ON LEAKAGE SURFACE 
ATJD LEAKAGE SURFACE 

INDEX; 
(ESCAPES ONLY) 

OBTAIH ENERGY GROUP IMDEX; 
ACCUMULATE ESCAPE WEIGHT; 
ACCUMULATE ESCAPE NUMBER. 

STORE INTERMEDIATE 
SOURCE TAPE PARAMETERS; 

WRITE INTERMEDIATE 
SOURCE TAPE WHEN 

NECESSARY AMD INITIALIZE 
SOURCE TAPE PARAMETERS. 

OBTAIN ESCAPE POSITION 
AMD ANGLE INDICES; 
ACCUMULATE ESCAPE 

WEIGHT IM APPROPRIATE 
ANGULAR FLUX BIN. 

NO / END OF Yl^-yT^ 
V̂  RECORD? J ^-^ 
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Program SMARLS, Page 2 

READ ONE RECORD FROM 
INTERMEDIATE SOURCE 

TAPE. 

r FINAL \ 
"X^ RECORD? J 

YES 

WRITE FIMAL 
RECORD ON 
SOURCE TAPE; 
WRITE EOF AMD 

REWIND. 

1st ENTRY 
READ DATA. 

APPLY RUSSIAN 
ROULETTE OR 
SPLITTING TO 
THE NEUTRON 

STORE SOURCE TAPE 
PARAMETERS. 

PRINT SOURCE 
TAPE 

INFORMATION 

( END ) 

WRITE FIMAL 
SOURCE TAPE 

WHEN 
NECESSARY 

KO 
END OF 
RECORD? 

YES 
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" 0 T-1 25 
24 PRINT 1009 

1009 FORMAT ( I HO,3i X', /TOP Pf R F A C T P K CrvlbGATlVt G A H M A ) 7 ) 

25 PRINT 10 10 , ( 1 , 1 = 1 , I G N P ) 
| n | n FORMAr( |H , / n v F H G Y 7 / 7 I iMnEX7,4X, 1 3 , 9 1 Ml) 

PRINT l O M , f ^PSCAPb( I , J ) , IS I , IGRP) 
I O N FORMAT(M , / f b S C A P F / , 3 y , 1 7 , 9 1 I 0) 

'^RINT 1 0 1 2 , < A'^AR( I , J ) , 1= I , IFHP) 
| n | 2 F 0 P K A 1 ( | H ,7 o A H 7 , 4 X , n t I 0 , 2 ) 

IF ( J - l ) 4 L , ? o , 4 0 
26 «RINT 1013. f Cf'STHFl A( I ) , 1= I , IGHP) 

in|3 FflRMAT(iH ,/resrHtTA7, nf-1 0.2) 

PRINT 1014, f .NTRETA I ( I, J) , 1= I , IGRP) 
1014 F 0 R M A T ( M , / ^ T H E T A I / , I X , I O E I 0 , 2 ) 

t^RINT 1015 . < ; N T M F T A 2 M , J ) , 1 = I » IGRP) 

1015 r o P M A r ( M , / TMbTA27, I X, I OF I 0 . 2 ) 
PRINT I O I 6 , t f e S C A P E I ( I , J ) , I = l » n ^ R P ) 

| 0 | 6 F O P M A T ( M , / " t<^CAPE I 7 , 2 X . I 7 ,? I I IJ> 

PRINT 101 / , { ' bSCAPF^f I , J ) , 1 = 1 , IGRP) 
i n | 7 F 0 P M A T ( M , 7 - f c S C A P F 2 7 , 2 X , I 7 , S I I U) 

40 r o h ' T ' M ' b 
IF (M|-LuXZ-»KFLMXR) 3 2 , 3 2 , 3 1 

3 1 *iRITE (i\CR<: ) ZA^GFLUX 
1 RITE (NCRS 1 HANGFLOX 
FND F I L E KCR-^ 
^ACK^^PACE NL.'S 
no 6'^ 1 = 1 , I n 
'10 35 ^ = I , 2 0 
no 35 K = I , 3 J 
7 A h G F L u x { I , ^ , K ) = n . O 

35 t?A^'GFLUX( I , r \ , K ) s 0 . n 
6? CONTINUE 

.JbTUf'v 
FNP 'SCRAChIT 

060005 I 7 
06000518 
06000519 
0600^^ "520 
06000521 
06000522 
06D00523 
06000524 
06000525 
0600060 I 
06000602 
06000603 
06000604 
06000fi05 
06000^06 
0600C607 
0 6 ft 0 7 
06 607 
06 607 
06 607 
06000608 
06000609 
0600061 0 
06DOC6I I 
0600^612 
060006 I 3 
O 6 0 0 O 6 I 4 
06000615 
06000616 
0600061 7 
060006 I 8 
0600^6 I 9 
06000h20 
06000621 



20 
3n 

^U 
CO 
^'B 
CO 
FN 

!PH 
CO 
PA 
CO 
•'T 
CO 
-T 

! , D 
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N'GFLUX 

HETA I ( 
MM1i \ /C 
I ( 8 ) , S 
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( 7 I (K 

" I T I N U E 
LUXZ 

TP 30 
I U X Z I = 
? Q R T F ( 
TURK 
D PQS2 

NF- P 
A I N / 
S ,N| -
Eceiv 
•̂ MA I 

HIS I 
HlfiL 
( I C . 
bVF-K 
I C , 4 
PL I ' : 
1 2 ( c 
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2 , N F 
T h ) -

I , N f L 
PHA 
GL 

' S7 
f Fw, 
1 uVZ 
P / A L 
, I A ' ^ 
• , P 

2 0 , 3 
T h / i \ 

T / ^ C 
1 , 10 

I UXZ2 
7 Z 7 ( N ) ) 

B A T ' ' , L H A T C H , N T Y P E , N H I S T R , K ' H I 3 H X , N S 0 R , 

,NF L U X R I 

A I , B E T A | , C f U , C ; M U D , F N P h I R , F N p M I 7 , F N ' ^ U R , 
, I \ M U Z , N M L H , N P H I Z , N P H I K , P H I , 

, \i M F D ( o ) 

2 0 , 2 0 , I 0 

l = N H i \U 

N. 
X I ( n T h ) • • 2 + Y I ( K T H ) « « ? ) 

0/00 
0 70 0 
0/00 
0/00 
0700 
0/00 
0700 
0 700 
0700 
0700 
0/00 
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0 101 
f̂ 2 0 I 
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0 2 04 
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0 20 7 
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07000.50 I 
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ti 7 0 0 0 vi 0 4 
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C 0 M M f l N / S E C P K n / A L F ' H A l , B E T A | , C ^ ' U , C M u n , F N P H l R , F \ ' P H I 7 . F N v U R , 
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! ZBflTNEW MUST bP GREATER THAN ZTOPNEw. 
IF (IJK) 2, I ,2 

1 IkjKsl 

R C Y L I N 2 = R C Y L I N » » 2 

2 IF ( N O M I T - I Q ) 4,3,3 
3 P R I N T 1 0 0 0 , " O M I T 

1000 COPMAT ( |H| , i:»,7 NEUIPONS CPULD NOT BE7, 
17 TRACED j r THF SOURCE C Y L I N O E R / ) 

CALL EXIT 
4 IF ( Z I ( K T h ) - 7 b M T N E W ) 1 0 0 , 5 , 5 
5 IF ( G A M M A I ) (S,6,7 

6 N O M I T ; N O M n + l 
P R I N T l O U l , V I ( K T H ) , Y I ' K T H ) , Z I < K T H ) , A L P H A I I 

I B E T A I , G A M M A 1 , M 1 M I T 

1001 F 0 R M A T ( |H| .•;iJN'vUCCESSFiJL TRACE TO SOURCE,7, 
17 cnePDINATES AMD UlKECTieN COSINES ARE7/ 
26EI2,4/|H ,7fRfjeR NUMBE^'7,13) 
GO Tfl 900 

7 T=(Z I (KTH)-,^PCTNEW)/GAMMA I 
X = X ! (KTH)-ALPhAI•! 
YaYj(KTH)-EbTAl"T 
ZsZBflTNEW 
IF (X»«2*Y««2-RCYLIN2) 8,8,9 

fl JTYPEsi 
GO jn 800 

9 MPLACE=| 
n|=xl(KTH)«*?+YI(KTh)*»2-RCYLlN2 
GO TI 998 

901 CONTINUE 
IF (T I ) 10,10,6 

|0 IF (T2) 11,11,6 
I I GO Ji^ 999 

910 CONTUUb 
IF (Z-ZTflPNb'-J) 6, 12, |2 

12 JTYPE=2 

IF (Z-ZBOTNfc'-) 911,911,6 
9( I CONTINUE 
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f^fl jn (90 I . ^1 i : ,9n>5,9r*») ,NPLACb 
999 T I = M A X I F ( T I . T 2 > 

y s y I (KTN)*Aut 'MA I ' T I 
Y = Y I ( M H ) + P b T A I "T I 
7 = 7 I (KTH)+C4"(»'A I *J I 
r;g r i (9 I O. V ? 0 . 9 . 5 ' ] , < > 4 Q ) ,NPLACfc 
PNH TRACER 

I 4 0 0 C 7 G 5 
I 4 0 0 r /O^^ 
u n 0 u V 0 7 
i 4 o o r 7 n 8 
u n o r 7^9 
UOOP/ I Q 
u o o n ? I I 

Subroutine 05RTAPE can be found i n Appendix J, Par t 1. 

VJ1 



k. Program C3KS0UE.IP List ing 

CflMWi'v/N A I N c / J T Y ( 50 ) . X"i ( 50 ) , Y 0 ( bn ) I Zfl ( 50 ) , 
|ALP( '5D),HfcT( ' ' -05 , G A M ( 5 0 ) . S E N G « Q r i > 0 ) , . ^ A l T E R ( 5 0 ) ' L 8 A T E ' ? ( 5 0 ) 

r : o M M ' ^ i v / M A i N p / i , i N D e x ( 5 ' ] > 
^ I ^ 'bMSIeN fe('M,wl(9),N?<9),N|(9),N?(9) 
n A T A ( I J K = 0 ) . ' \ r N T = 0) 
CMUs,7 
^ ( I ) = , I 
F ( ? ) = 2 . Q 2 
F { : ^ ) = 3 . 6 8 
G ( 4 ) s 4 , b 

t ( 6 ) s 6 , /O 
F ( 7 ) = 6 , 18 
f- ( P ) = I 0 . 0 
f ^ ( 9 ) = | 2 . 2 

'-'Q 7U0 1 = 1,5 
i-1 ( n s 0 .0 
M 2 ( P 5 0 . U 
)̂ I ( I ) s D 

7 0(1 ^ . 2 ( P = ll 
I READ ib) JTY.Xn,Y8,Zf l ,ALP«eET»GAM,SE: f^GSQ, 

I "A ITERAt^AT t r J 
ng 2 1=1 .5C 
IF ( J T Y ( I ) ) . S 4 , 3 

3 <?EN'GSC( I ):S'c USQ( I ) / I . 9 I 322E* I B 
Hfj 7D I Ni= I , ^ 
IF (SbMGSC( I >-F(^J+I ' ) 7 3 2 , 7 0 2 . 7 0 1 

7UI ca^ lT IM l t : 

70? IF ( n A M ( I ) - C " L ) 7 0 4 , 7 0 3 , 7 Q 3 
703 ' . ! ( ( N ) s M { \ ) * " A ! T P R ( l > 

- i l (N)=^H ( i \ ) * I 

• • 



GO T" 'Ob 
704 N'2(N)»i''2(N) + . AiT E R d ) 

^l2(N)=^'2f ̂  )* I 
70b CaMJIMit 

2 INntrXC U S I + ' N T ^ T 
1 = 5 1 

4 1 = 1 - 1 
IF ( U K ) 6 ,b , f t 

5 I J K s l 
PRINT lono 

loan FOPMAK Im ,/Cbf-CKduI O F S G L R C E I A P F 7 
l . /PREPARfD cv PKnURAM S-JARLS.7) 

'̂  PRINT 100 1 
100 1 F f lPMAT< iHO, ; i t A K A G F 7 , | f l y , 7 C e C R n i N A T t ' 3 7 , i n x , 

I 7D IRFCTI1N C ' 'S I ' ^ES7 ,6X ,7ENFRGY7/2X , 
27IMDFX JTVf-P ^ATCH y 7 , ;X , | HY , 7X , I MZ , 7y , IHAuPt 
3 5 X , 3 N b E T , b X , ^ h n A H , i 5 x , 3 H M E V , 5 X , 6 r t W E I u H T ) 

| n o 2 F I ° | R M A T ( I H ,? T 6 , 3 F 8 . 3 , 3 F ^ . 4 , F F . 3 , F | ? . " ^ ) 
IF ( I ) 7 , i c : . / 

7 PRINT I 0 D 2 , n M D F X ( J ) , J T Y ( j ) , L R A T f c R ( J ) , X P ( J ) , r n ( J ) , 
| 7 0 ( J ) , A t P ( w ) , ' i t = T ( J ) , n A i 1 ( J ) , S F N G S Q ( J ) , W A I T H P ( J > , 
2 J s | , n 

IF ( 1 - 5 0 ) I 0 ' i , S , I 00 
8 •C^'T = I ^ D E X ( n 

G0 T"l I 
i o n PRINT I O n 3 , ( f ~ ( M ) , M = l , 9 ) , ( w l ( N ) , ' N = l , 9 ) , ( M ( M ) , . M = l , 9 ) , ( W 2 ( v ) , i \ 

I ( N ? ( M ) , N = I , 9 ) 
1003 FgPMAT («HI P, M F V , 9 F | D . 2 / 8 H yi \ , 9 e i O . ? / 8 H Nl , 9 1 1 0 / 

MH W2 ,>f"- I n , 2 / f t H M? , 9 1 1(1) 
CALL EXIT 
FNP 
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non 

I I 
l b 

IF (jrY( I ) ) 11,10, 
PRINT I OOO.'N'^KT 
P8RMAT ( Ih I , 7T'iO 
REWIND NTAFt 
GS If) lb 
IF ( . ) r Y ( N p b c + n ) 
PEWIMU KTAFi-
MG(=i =4 
''JTApE=0 
RETUPV 
HALL EXIT 
hND SN'FUT 

MA^Y ;?bCaRUS,7, 1 6 , / , ^ F h F SMiM^EH fl'vi Sf'URCF TAPK7) 

1 1 , 1 0 , 1 1 

33 
34 
35 
36 
37 
3S 
3 9 
40 
4 I 
42 
45 
46 

VJJ 
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APPENDIX 0 

SNARLS IIPUT DATA FOR THE SNAP-TSF REACTOR '. 

1. SWARIB Input Data for the Shield Source Tape Preparation , 

1 

SIMARLS FULL A n j e i ^ r S'̂ J P U S 30 P A T C H C S flF 800 NEUTS, SOURCE TAPE BIAS 
1 

n 

1 2 . 2 
3 , f t8 

. 7 

. 7 
, 3 3 3 
,3.^3 
, 3 3 3 
, 3 3 3 

3 . 0 
3 . 0 

1 1.239 
1 7 7 3 6 0 7 2 3 6 5 4 3 0 7 5 

. 7 « 9 - 4 
4 . 3 4 - 2 
2 , 7 7 - ^ 
1 . 5 2 - 1 

1 

2 

lO.O 
9. 02 

. 7 

. 7 
. 3 3 3 
,666 
.666 
. 3 3 3 

3 . 0 
3 , 0 

fcn.96 
1 

; ^ ^ 1 - 4 
( . 7 3 - 1 
. 9 ! 7 - 3 
^^. n 7 - 1 

3 
9 
1 

- 4 0 , 0 
e , | 8 

, 1 
. 7 
, 7 

. 3 3 3 
, 3 3 3 
, 3 3 3 
. 3 3 3 

3 , 0 
3 . 0 

fi, 15-4 
4 , 6 4 * 0 
2 , S 6 - 3 
16 .3+0 

5 
1 
4 

1 . 4 8 
6 . 7 0 

. 7 

. 3 3 3 

. 3 3 3 

3 . 0 

2 . 4 0 - 3 

« . 4 2 - 3 

0 
1 
1 

6 0 . 9 6 
5 , 4 9 

, 7 

, 3 3 3 

. 3 3 3 

3 , 0 

ft.63-3 

2 , 3 3 - 2 

50 
7 
1 

4 . 5 

. 7 

, 3 3 3 

, 3 3 3 

3 , 0 

1 , 7 i - 2 

6 , 0 0 - 2 

2 
3 
4 

5 
ft| 
6 2 
7! 
72 
fi| 
«2 
91 
92 

IQI 
102 
121 
13 
•41 
142 
151 
152 

I 

• • 



2. SNARIS Input Data for the Calculation of Angular Flux (SNAP-TSF Reactor Bottom) 

SNAPL'^ F U L L A n j p i ' r S'̂ i B U S ^a RAT(;Ht9 PF 80D N F U T S . ANG FLUX 
1 

0 

4.00 
. / 

,333 
.333 
3,0 

11.239 1 a 

3 

2 

2.00 
.7 

.6 66 

.333 
3,0 
,135 

0 
3 
1 

-40,0 
,4076 

,7 
,6Z6 
,333 
3,0 

0 
1 
5 

i .48 

.7 
.333 
,333 
3,0 

18 

0 
1 
1 

, 13b 

,7 
,6-^6 
,6:i6 

3.0 

60 
7 
1 

.7 
.333 
.̂ 3>J 

3,0 

7 
6 
4 
5 

71 
Rl 
91 

i 0 1 
1 21 

to 



5. SKAEIB Input Data for the Leakage Flux Radial Distribution (SHAP-TSF Reactor Bottcm) 
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APPENDIX P 

INPUT DATA FOR THE CORE-MAPPING PROBLEM 

1. Input Data for the Total Cross Section Tape Preparation 
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2. Input Data for the F Tape Preparation 

CODE 7 
F TAPE 

82 
4 0 00 
4000 
40 00 
40on 
4000 
40 0 0 
40 0(1 
4000 
1 |D0O 
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1 1 0 0 0 
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1 10 0 n 
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1 10 0 n 
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19 0 0 0 
l9non 
1 900D 
19 0 0 0 
19 0 0 0 
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10 16 
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5. STBATCH Input Data 

8 I r 0 0 0 
O.Q 0 ,0 1 4 3 , 4 8 0 .0 U.O 9 2 . 4 8 i n n i 
0,0 0,0 -1,0 ,99876 -71.0 ",Q 1^102 

124,4563 -45,5 0.0 80,2887 .5 ;]. 0 I C I 03 
-.86603 .99876 -122,9763 0.0 72.48 -7",«,r'87 10 104 

0.0 46.98 ,86603 0.0 -.5 .9'̂ '̂ 76 ininS 
5.923 0,0 143,48 5.923 0,0 92,48 iri06 

0,0 0,0 -1,0 .99876 I 1 .846 n.Q 10 107 
1 4 3 , 4 8 1 1 . 8 4 6 0 ,0 9 2 , 4 8 0 , 0 " . 0 i r i n a 

- 1 , 0 . 9 9 8 7 6 - 5 9 . 1 5 4 0 . 0 1 2 4 . 4 5 6 3 - 3 3 . 6 5 4 10 109 
0 , 0 8 0 . 2 8 8 7 . 5 0 .0 - . 8 6 6 0 3 . 9 9 H 7 6 lOMO 

8 2 . 8 4 6 0 . 0 1 2 4 . 4 5 6 3 5 7 . 3 4 6 0 . 0 Qr^.2-^87 I C M I 
- . 5 0 . 0 - . 8 6 6 0 3 , 9 9 8 7 6 | 3 4 , 8 2 2 3 C O i n i l 2 

7 2 . 4 8 9 0 , 6 5 4 7 0 .0 4 6 , 9 8 - . 8 6 6 0 3 0 .0 I C I I 3 
- , 5 , 9 9 8 7 6 in I 14 

12 10200 
, 5 1,0 1.5 2 . 0 2 . 5 3 .0 IC30I w 

3 , 5 4 , 0 5 . 0 6 . 0 10 ,0 I H . O 10 3 02 -J 
10 4 10 15 25 2 9 1 C 4 0 1 
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APPENDIK Q 

INPUT mSTRUCTIONS FOR ACTIFK AND ACTIFK 
USER SUBROUTIKE STBATCH 

1. Input Instructions - ACTIFK 

Card 1. Format (10A8) 

a. 80 alphanumeric characters. 

Card 2. Format (j6l6) 

a. RAND: Octal^ starting random number ending in 5 o^ 5. 

Card 3. Format (î -I5,2E10.5) 

number of neutrons per batch 

number of batches 

NSTRT*]WAE (see card 8 for WAR) 

power of two of highest supergroup energy contain

ing ET0P 

highest neutron energy^ in eV̂  must be less than or 

equal to ET0P on the cross-section tape 

lowest neutron energy^ in eV̂  must be greater than 

or equal to EB0T on the cross-section tape 

Card h. Format (2513) 

a. MTAPE: 

a. 

b. 

c. 

d. 

e. 

f. 

NSTRT: 

WITS: 

IffilW: 

HETAPE 

ET0P: 

EB0T: 

logical number^ cross-section tape; MTAPE = 0 

if none. 

logical number statistical tape (scratch tape); 

I3YTAPE = 0 if full analysis of statistics is not 

desired. 

logical number^ F tape; WFTAPEl = 0̂  if none, 

logical number, F tape copy; if no copy is to be 

used, NPIAPE2 r= EFTAPEl. 

number of media in the system; MEDIA < 8. 

f. LMAX(M),M=1,MEDIA: total number of scatterers per medium M; 

LMAX:(M) < 32. 

Omit Cards 3 a-nd 6 if MEDIA - 0; Cards 7 and 6 are repeated for each 

media, M=l,MEDIA. 

b. WYTAPE: 

c. EFTAPEl: 

d. NFTAPE2: 

e. MEDIA: 
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Card 5. Format (815) 

a. IiFl(lM,M),L[yi=l,LMAK(M) : The type of angular scattering dis

tribution for the LMth scatterer of medium M. The 

order of scatterers on this card must be the same as 

the order on the 05R systems data tape. 

LFl = 0, isotropic, 

LFl = -W, anisotropic, use the data for the Nth 

scatterer on the F tape, 

LFl - +N, treatment written by user in subroutine 

PMUELAS if elastic or subroutine PM15, if inelas

tic; use the data for the Nth scatterer on the 

F tape. 

Card 6. Format (7EIO.5) 

a. MASSES (IM, M), LM= 1, LMAX ( M) : the mass of the LMth scatterer in medium 

a. 

b. 

c. 

M; MASSES > 0, elastic; MASSES < 0, nonelastic. 

Card 7. Format (U15) 

MISTR: 

KHISMX: 

NWPC^L: 

d. NSGP: 

logical tape number of the first collision tape. 

logical tape number of the last collision tape; 

logical nimibers of collision tapes will assume 

values from MHISTR through WHISMX. 

number of collision parameters per neutron 

collision (NWPC0L < 36). 

number of supergroups on the total cross-section 

tape. 

Card 8. Format (I3,36ll) 

a. 'MAR: number of q-uantities to be calculated in the problem 

such as the number of detectors, bins, etc.; 

includes only those for which the full analysis of 

statistics is desired. 

b. ItBIED(l),I=:l, 36: collision parameter; IffiI]TO(l)=0 means that 

the Ith collision parameter is not on the collision 

tape; KBIND(I)=1 means that the Ith collision 

parameter is on the collision tape. 
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Omit Card ^ if IJEFTAFEl = 0 

Card 9. Format (1̂ 4-15) 

a. NANIS0EL: number of anisotropic scatterers on the F tape; 

NAiriS0EL < 20. 

b. NFC0F(L),D=1,NAIJIS0EL: number of Legendre coefficients for the 

Lth scatterer on the F tape. 

Omit Cards 10 and 11 vhen MTAPE = 0 

Card 10. Format (16) 

a. KX: number of distinct interval vidths; KX > 1; intervals o 

0 to 1.0 for the full analysis of statistics. 

Card 11. Format (5(l6,E12.6)) 

(I(N),W(N),W=I,KX) 

a. I(N): number of subintervals occurring successively with 

width W(N). 

b. W ( N ) : subinterval width 
KX 

\ i(w) W(N) = 1.0 

W=l 

KX 

I(N) < 100. 

W=l 

The geometry input is next; it is identical to that for 05R except that 

internal voids must be medium number 500 instead of 1000. 

2. Input Instructions - ACTIFK User Subroutine STBATCH 

This input is for the analysis of 05R collision tapes prepared for 

the SNAP-TSF core-mapping problem. The space-energy detector index is 

defined by the Card 5 instructions. 

This input follows the ACTIFK geometry input. 
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Card 1. Format (ll2) 

a. II0DET: the number of detector spatial locations (K0DET < 10) 

Card 2. Format (6E12.5) for I=1^N0DET 

detector X coordinate^ 

detector Y coordinate, 

detector Z coordinate, 

collimator cone vertex X coordinate, 

collimator cone vertex Y coordinate, 

collimator cone vertex Z coordinate, 

collimator cone axis direction cosine a,* 

collimator cone axis direction cosine p,* 

collimator cone axis direction cosine 7,* 

cosine of collimator cone half angle. 

Card 3 

a. HESPEC: number of energy group boundaries for all detectors; 

WESPEC < 20. 

Card h. Format (6EI2.5) 

a. ESPEC(l),I=1,WESPEC: energy group boundaries, in MeV, from low 

to high energy. 

Card 5. Format (6II2) 

a. NRSH: number of space-energy detectors for the full 

analysis of statistics (ERSH < 10). 

b . WRSHl(l),I=l,]ffiSH: the space-energy detector index for the f\ill 

analysis of statistics; the maximum value for 

ERSHl(l) is K0DET*(KESPEC-1); if II is the space 

detector index and JJ is the energy index, then 

NRSHl(l) = (WESPEC-l)*(lI-l)-hJJ. 

a . 

b . 

c . 

d . 

e . 

f. 

g . 

h . 

i . 

J -

3. 

X D ( I ) : 

Y D ( I ) : 

Z D ( I ) : 

X P T ( I ) 

YPT(I) 

ZPT(I) 

APT(I) 

BPT(I) 

CPT(I) 

CMU(l) 

Format (112) 

^Directions are from collimator cone vertex to the bottom of the reactor. 
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APPEEDIX R 

FLOW DIAGRAMS FOR ACTIFK USER SUBROUTIHES 

Subroutine STBATCH 

C START ) 

WO f FIRST \ 
V ENTRY? J 

YES 

READ AND PRINT 
INPUT SPECIFYING 

COLLIMATED DETECTORS 

CALL 
O^RSET 

RETURN 

INITIALIZE BATCH UNCOLLIDED 
AND TOTAL FLUX BINS; 
INITIALIZE ACCUMULATED 

BATCH TOTAL AND SQUARE OF 
BATCH TOTAL FLUX BINS; 
INITIALIZE BATCH COUNTER 
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Subroutine SDATA 

C START ) 

SUBTRACT 5 FROM 
MEDIUM INDEX 

ENERGY 
ABOVE 
CUTOFF? 

RETURN 

YES 

EXECUTE REMAINING DIAGRAM 
TO THE RETURN FOR EACH 

DETECTOR LOCATION. 

CALCULATE DIRECTION NUMBERS 
FROM COLLIMATOR CONE VERTEX 

TO SOURCE POINT 

CALCUIATE cose, WHERE 6 IS 
THE ANGLE BETWEEN ABOVE 
DIRECTION AND COLLIMATOR 

CONE AXIS. 

YES 

NO 
cose > 

COSINE OF 
COLLIMATOR CONE 
HALF ANGLE? 

YES 

CALCULATE DISTANCE 
FROM SOURCE POINT TO 
DETECTOR LOCATION 

CALL 
EUCLID 

CALCULATE CONTRIBUTION 
TO THE DETECTOR 

CALL 
SCORE 

RETURN 



T r — _^r*"i^ 1- -H' 

26h 

Subroutine SCORE (lDET,ID0S,C0NT,VA2) 

( START ) 

DETERMINE DETECTOR ENERGY INDEX; 
CALCULATE SPACE-ENERGY DETECTOR INDEX. 

FULL 
ANALYSIS OF 
STATISTICS? 

YES 

C 

CALCULATE NINO; 
ACCUMULATE CONTRIBUTION IN 

STORAG(NINC) 

NO 

UNCOLLIDED 
FLUX? > 

YES ACCUMULATE 
CONTRIBUTION IN 

UNCOLLIDED FLUX BIN 
NO 

ACCUMULATE 
CONTRIBUTION IN 
TOTAL FLUX BIN 

RETURN 
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Subroutine RELCOL, Page 1 

C START ) 

SUBTRACT 3 FROM 
MEDIUM INDEX 

c MEDIUM 
INDEX < 0? 

G> 

: > 
YES RETURN 

NO 

EXECUTE REMAINING DIAGRAM 
TO THE RETURN FOR EACH 
DETECTOR LOCATION. 

CALCULATE DIRECTION NUMBERS 
FROM COLLIMATOR CONE VERTEX 

TO COLLISION POINT 

CALCULATE COSe, WHERE 6 IS 
ANGLE BETWEEN ABOVE DIRECTION 
AND COLLIMATOR CONE AXIS 

0- JiQ_ 
cose > 
COSINE OF 

COLLIMATOR CONE 
HALF ANGLE? 

YES 
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S u b r o u t i n e RECOL, Page 2 

SuToroutlne RELCOL, Page 2 

© 
CALCULATE DIRECTIOH ITOMBERS 
EROM COLLISIOM POIHT TO 

DETECTOR LOCATION. 

CALCULATE COSLB, THE 
COSINE OP THE AHGLE BETWEEN 
THE ABOVE DIRECTION AMD THE 
HEUTRON DIRECTION BEFORE THE 

COLLISION. 

YES 
/ ^ N ^ NO r ooFiia > 0.0 \ ^ r HYDROGEN 

SCATTERDJG? 

YES 

c 

3 
NO 

ELASTIC 
SCATTERIHG O HO CALL 

NOHELAS 

YES 

CALL 
ELAS 

CALCULATE CONTRIBUTION 
TO THE DETECTOR 

CALL 
SCORE 

H RETURM I 

NEGATIVE 
SCATTER 

PROBABILITY? 
JESQ 

NO 

ENERGY 
ABOVE 

CUTOFF? 

NO •0 
YES 

CALL 
EUCLID 
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Subroutine NBATCH 

( START ) 

ACCUMULATE BATCH TOTAL FLUXES 
AND SQUARE OF BATCH TOTAL 

FLUXES; INCREMENT BATCH COUNTER. 

PRINT BATCH UNCOLLIDED FLUXES; 
PRINT BATCH TOTAL FLUXES 

INITIALIZE BATCH UNCOLLIDED 
AND TOTAL FLUX BINS. 

RETURN 
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Subroutine OUTPUT 

( START ) 

•J 

CALCUIATE BATCH AVERAGE FLUXES; 
CALCULATE PERCENT STANDARD DEVIATIONS 

•J 

PRINT BATCH AVERAGE FLUXES; 
PRINT PERCENT STANDARD DEVIATIONS 

J 
1 RETURN 1 
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Subroutine NONEIAS (C0SLB,VA2,FMU), Page 1 

( START ) 

MEDIUM Y_T 
NUMBER? Tb,^ 

^r© 
<D 

1.3>5 

GX SCATTERER >̂  1, -̂ ,5 
NUMBER? © 
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Subroutine NONEIAS(COSLB,VA2,FMU). Page 2 

(ly-c SCATTERER ^ 1 
NUMBER? J2~ •© 

r^ ^ SCATTERER Y..3.5„7.,9 jQ 
\jy ^ NUMBER? >---̂ -_̂  - L / ^^—^ 

50. 

©—C SCATTERER \ 1 ^ 
NUMBER 

© PRINT 
ERROR 
MESSAGE 

CALL 
EXIT 

20 
CALL 
INEIAS 

FOR SODIUM 
RETURN 

50 
CALL 
INEIAS 

FOR POTASSIUM 
RETURN 
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Subroutine NONEIAS (COS LB, VA2, FMU) , Page 3 

& 

CALL 
INEIAS 

FOR ̂ ^^U 
•• RETURN 

CALL 
INEIAS 
FOR IRON 

•• RETURN 

CALL 
INEIAS 

FOR CHROMIUM 
RETURN 

( ^ 
CALL 
INEIAS 

FOR NICKEL 
RETURN 

CALL 
BEN2N 

FOR BERYLLIUM 
RETURN 

CALL 
INEIAS 

FOR ZIRCONIUM 
RETURN 

91 90 
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c-_
l 

a
-« 

.—
. 

X
I 

•
^ 

n
 ^ 

x> 
s ^ 
.-̂

 
X

 

•«̂
 

_
1 

•D
 

::: <. 
^

.v 

X
 

^̂
 

a _
J 

t
: 

::::' * 
^^ 
0

0 

—
 <

o
 

^̂
 

at 

i :D
 

Q
-

•«
J 

i—
 

>-2 .k 

J
J 

a •4 
l-
X

 
i^ ^ 
1—

 

u
 L
U

 

«. 
1

-

<r 
^̂

 
LLJ 

•. 
a 5

3 
t

-
.iJ .k 

L
U

 
a <

r 
t

-O
J 

^ « 
^ 
.-̂

 
LL' 
?

 .. 
if) 
t-—

. 
J

^ .» 
h

-£. 

\-'Ji 

-^ 
V

 
u

 LI 

•Z
i 

•
^ 

.—
* 

L
T

 

< 
v 
^. 
IT

 
X

 
i C

I 

c: 

Z
 

- 
U

D
 

« 
O

. 
^ 

X
 

_" 
-

a
_ 

?
 

fN
i 

_
l 

Q
. 

C
D

 
IT

 
tJ 

i 
<

_
>

.
?

•
. 

^ 
- 

i
: 

« 
C

V
 

2 
E

. 
3

: 
« 

c
3 

e
n

 
X

 
O

C! 
a 

c 
Z

 
C

J 
LLI 

• 
^ 

e 

U
 

—
 

iJJ 
a 

- 
_

) 
:s 

_
i 

2
) 

s 
^ 

« 

%
 ^ '—

 
X

 
li. 

> 
^ 

;=" 
2 

ir 
- 

• 
—

 
o

c 
X

 
X

 
-

I 
z

. 
^ 

-» 
'Jl 

« ^ 
a 

a
: 

« 
2 

»
- 

X
 

« 
^

n
 

-J 
s

?
 

" 
t

- 
Q

C
 

X
 

•« 
fv

l 
2

X
2

. 

^ _! « 
<

t 
- 

X
 

—
 

O
- 

Z
3 

1-1 
_

• 
(/) 

J
J 

C
 

X
 

2
. 

c
r 

.e
; 

« 
C

O
 

•> 
Q

. 
S

 
LLi 

J
J 

* 
1

0 
C

- 
X

 
(T

 
<

I 
)—

 
E

3 
I- 

3C
 

-
-«_ 

•> 
J

J 
Z

 
>- 

Q
. 

« 
iO

 
>

-
C

V
 

<
r 

*—
 

O
J 

_
I 

T
 

a 
; 

-
< 

« 
i

j 
»- 

c 
^ 

li. 
j

;
- 

.i-
-C

 
U

J 
U

-
•> ^ 

O
 

—
 

2
2 

J
J 

« 
« 

C
I 

.
2

. 
<

l 
LLf 

J
L

. 

>
- 

C
 

_
) 

tj- 
t/3 

J
J 

2 
—

• 
Q

. 
* 

2 
t_> 

J
' 

<
r 

^ 
—

 
'

M
r

; 

Q
: 

-< 
> —̂

 
« 

V
-

,-v 

^ ^ 
i. 
^I-

C
O

 

>-2 «* ^^ 
•_ 

) 

II 
r~ 

^. 
a •—< 
^̂

 
_ .

1
-

»—
 

<
£ 

~ 
J

J 

•
^ 

•
-

-< 

M
 « 

—
 ^ 

—
 

"^ 
\-Ji 
:sL

 

*~* 
L

i. 

•-• 
^̂

 
U

. 

o
 

a r ^ 
O

J 
•—

 

< 3 ^ 
IV

 ^ 
>-%

 
X

 

O
J 

—
 

C
 .» 

J
. 

^ <t 

^ %
 

_
l 

_!-
J

J 
C

J 
2 .k 

J
_ 

n
 >-f-2 .« 

O
 

U
J 

X
 

2 ^ 
X

 ^ 
f-

^-;X
 

2 ^ 
X

 
I—

 
:/] 

»-̂
 

JL
 

^ -̂• 
r—

 
J

J 
tr. 

—
 

a
: 

II 
iT

i 
f- 

f 
C

T' 
t

r 
_

i 

•-. 
, 

L
i. 

<
t 

—
 

L
J 

<C
 

w
 

»—
 

Z
^ 

X
 >» 

^̂
 

.—
. 

^̂
 

t—
 

a 
-« ^ 
^~^ 
•

-
* 

(-a
. 

r«̂
 

«
t 

-̂
 

.—
. 

^̂
 

f—
 

a >-.. 
^̂

 ^̂
 

c 
—

 
L

U
 

^ 
i 

f-
'• 

O
L

 

« 
x

: 
X

 
« 

U
J 

-^ 

_) >—
 

•JJ 
~ 

_
l 

o
 

« 
IV

i 

a
. 

« 
a

: 
^ 

-j> 
—

. 

2 
*--

« 
1

3 
•

- 
>

-
3 

« 
t—

 
-^ 

—
I 

—
• 

C
 

w
 

« 
c

: 
C

 
X

 
_

i 
-

' 

a 
• 

^ —̂
 

•> 
li 

—
 

_
j 

—« tt.-
C

 
.e:. 

> 
• 

» 
O

 
^ 

d
" 

_
t 

—
 

r 

<: 

^^ 
t—

 
U

J 
C

Z
t 

r 2 .. 
—

 
II 

I—
t ^ 

-̂
 

»« 
'.̂

 
„ i-(
w

" 

^ 
*-* 
.—

• 
'^ 
t-Q

. 
3 

C
3 

U
 

* 
-<x 

Q
 

L
U

 
_

• 
0-

n
 

.̂%
 

-

~
o

 

-
V

 

-̂
 

'^ * 
C

M
 

—
 

J
J 

< •
^ 

"X
 

C
M

 

—
 

—
* 

».-—̂
 

<
f 

X
 

a 5
3 

li. 

C
D

 

t
r 

-<
i 

0
0 

L
U

 
t—

 
<

i: 
2 
.—

• 

t X
 

c T
D

 
L

-

M
 .« 

>-.. 
V

 

L
L

 
—

 
I 

1
- 

1
-

L
U

 
C

D
 

C
^ 

I 
O

 
1

^ 
2 

rc 
.. 

>v. 

—
 u'--

II 
.—

 

.—
 «. 

.« 
^ 

v. 
.—

• —
. 

^^ 
a 

C
O

 
fV

J 
uc 

« 
i

: 
'•> 

1
—

 

" 
o

 
•-' 

L
L

 
:r- 

t-
>

- 
'J 

^ 
"z; 

•
^ 

—
• 

.
1

-

-' 
c 

3 X
 

C
 

-̂
 ^ 

.1 

—
 

i." 
J 

J 
_

J 
>—

 
«

- 
t-' 

2 
X

 
« 

T
 

—
 

C
V. 

C
D

 
^ 

—
 »—

 
»

- 
•

« 

2 
X

 
-< 

Q
 

X
 

cr 
a 

u
 

C
D

 *" *̂ 
-̂

 
X

 

•n
 • 

U
-l • 

c
\. 

—
 

J
J -̂̂

 
*r> 

^ 
X

. 

—
 

*̂ 
•

^ 

3_ 

—
 

•
V

 

>/J 
.s 
•D

 
_

J 
_

J 
C

 
la

-

L
/1 

•a. 

U
J <: 

931 
2 ^ 
—

 
II 

«-* .. -̂» 
.—

• 
^̂

 
r

j 
X

 

u
 

. • 
_ *-. 
1

-

o
. 

o
 ^ 

^
v 

.-* 
•

w
 

1—
 

a 
x ^ 
.-̂

 
.—< 
^• 
1

-Q
-

-S
 

« 
.^ 
—

• 
.̂• 

f—
 

'? 

•v
l 

«
i 

'-̂
 

•—
• 

—
• 

1—
 

X
 

>-.* >̂ 
.—

t 

^ 1
—

 

c X
 -̂* %

 
tV

' 
C

D
 

—
 

»-2 

.—
' 

C
C

 
Q

 

* 
-C

 . 
r̂

 

L
i. 

o
 

C
/l 

3
1 

C
J 

Q
 

2 <; • 
0

0 

c •
J • 

cr 
.—

t 

c c/-. 

.—
• 

X
 •a. 

-U
 

^ o
 

o
 -. • 

l-J 
X

 

u
 

c 
c

: 

X
 

X
' 

H
-E
 

a > J
J 

I •iD
 

«. 
^. •I 
C

D
 

T
 —

 
^̂

 
P

—
 

<: 
•»~ 

X
 

1
- 

c
t 

L
U

 
D

 
C

 
L

i. 

C
D

 -c 

*̂
 

'^ 
*.* 
X

 
f

^ .« 
iT

 • 
l\l 

—
 

LLI 
•

*
^ 

••c •* 
X

 —
 

-̂
 

^ >̂
 

r^ 
J

J 

.;; 
<

T
 

.
X

. 

_
l 

<
t 

X
 

Li.' 
2 C

 

o
 

'v
. 

•c 

^^ 
C

J 
L

L
 

Q
. 

'X
 

1
1 

2 ^ 
—

 
II 

i—
• 

^ 
*-s 

—
 

*̂
 

C
J 

J
. 

i. 
I/: 
JL) 
•

w
 ^ 

C
_ 

1
) 

H
 

u
. 

J
.J 

2 ^ 
en

 
"Z

^ 

—
 

o
 

<
i 

L
U

 
•y 

-C
 

:> 
^ 2 %

 
>-d

 X
 

LL
 

2 
L

L
 

X
 

e
: 

.—
' 

X
 r?

 
t

-_
j 

•u
 

_
i 

X
 

•c 
a 
liL

. 

t/.. 
LL

 
_

3 

c *̂ 
C

J 
J

J 
u

. 
t/i 
LL) 
2 .. 
—

 
1) 

.—
t 

.. 
-*. 
^̂

 
^^ 
(^ 
J

J 
U

 
• n

 

_ -̂
 .V

 

_
l 

T
 

<
I 

> 
!

-
• 

L
U

 

a C
O

 

a 

C
D

 

—
 

t-2 

.—
* 

X
 

a 

<
• 

^̂
 

^
v 

!
0 • 

C
M

 

—
 

H
I 

G
L

 

«» 
X

 

—
 

S
M

^ 

V
 

•s
. 

f^ 
•

> 

LL
 

X
 .̂ 

IT
 

J
D

 
t—

' 

•^ 
-4 

a 2 ^ c n
 

>-cs 
X

 
U

J 
3 

L
L

 

c
r 

r
j 

(—
 

'J 
'1 
t—

 

L^ 
J 
r^ * 
L

-J 

i *̂' 
)1

—
 

<r 
X

 
a 0

3 
L.. 

O
 

u 



273 

C
D

C
D

C
^

«
C

D
C

:
:

C
D

C
D

C
D

C
D

C
D

C
r

C
D

C
D

C
D

C
:

:
C

D
 

T
r

i
r

>
c

r
s

o
c

c
»

c
r 

—
c

v
'

c
-

w
i

r
v

c
f

^
x

o
-

•^.' ~r. 
t<: 

!<: 
-n

 
-r' 

^ 
^ 

-^ 
-^ 

-^ 
'^ 

V
 

•=x 
'^ 

^ 

C
D

 
C

i 
C

D
 

C
D

 
—

 
C

V
 

fC
 

•<?
 

C
D

 
C_ 

C
* 

C
I! 

'
0

•
0

^
C

^
0

-
C

^
C

•
>

C
-

C
^

C
•

C
-

C
•

C
^

C
O

'
C

'
« 

•<T
 

»?^ 
<

r 
-sr 

2 

X
 

C
O

 
X

 

L
J 

—
. 

« 
X

 
-w

 
—

 
»—

 
C

J 
i» 

•X
 

L
U

 
^ 

cz 
a 

• 

5-X
 

J
J 

—
 

tr 
C

J 
X

 
L

L
 

~ 
X

 
^ 

-^ •» 

» 
X

 
X

* 
—

 
C

D
 

^
^ 

L
J 

r\J 
2 

—
 1^ 

\-<
/3 

X
 

li. 

X
 

LL! 
3 

X
 

>
-

C
O

 
C

L) 
X

 
X

 
2 

LLJ 

—
 

•• 
C

J 
X

 
—

 
1

-
•/J 

—
 

u
 

'O
 

3 

>\J 
2 

* 
.-D

 
II 

C
J 

X
 Q
. 

«
/

j 

X
 

2 
X

 
—

 a 
X

 
c 

_
«

X
 

«
»

c
:

>
C

3
—

» 
O

"
^ 

—
 

—
 

C
D

 
II 

•
»

-
• 

w
C

D
w

 
I

I
I

I
^

C
D

-
»

C
D

L
U 

—
 

•
—

'
^

"
i

i
x

*
:

:
; 

t—
 

t—
 

—
•

w
.

^
^

_
>

i
z

>
2 

•
<

t
»

-
«

*
^

c
j

-
^ 

—
 

—
>

_
;

i
i 

•—
 

i
.

2
X

-
0

—
 

X
X

~
-

i
.

.
>

—
 

H
-

C
t

^
C

L
—

 
^

X
X

C
^

-
t

?
 

!
C

X
C

l
=

0
_

J
_

l
<

«
2

3
D

t
3 

.
^

a 
u

.
—

 
c

3
j

.
u

^
~

L
i

.
c

-
" 

X
 ID

 
H

 
C

 
L

U
 

2 
tT

 
X

' 

a _
i 

1 

a C
O

 

* 
^^ 
X

 

%
^ 

X
 

t—
 

<i 
s •t 

^̂
 

X
 

s
.

^ 

N
. .t 

..... 
o

 
^^ 
>-%

 
,~^ 
O

L
 

^̂
 

X
 ^ 

^^. 
•X

i 

^̂
 

A
l 

—
 

O
 .1 

^. 
U

.1 
w

 

L
L

 
X

 

<: -' « 
.̂

 
^ ^ 
_; 
_

l 

(̂^ 
<

t 
C

J 
t- 

z 
=C

 
V

 
:^ 

H
 

X
 

-f. 

».. 
L

U
 

_
1 

2 
Q

. 
—

 
C

J 

»- 
^ 

J 
<r 

T
 

i: 
Q

: 
X

 
X

 
i. 

D
 

c 
L/- 

c
: 

^ 
^•^ 
n

 
^^ 
C

-i 
.

i
. 

z 2 ^ 
rf-
X

 
s

^ 

X
 

L
L

 
_

l 
'.i. I « 
.̂.̂ 
X

 
•

w
 

a 
X

 tr 
2 %

 
j

^ 

a ^^ 
1—

 
T

 

^ —
1 

<L> 

.. 
*—

 
X

 

.^ -Z; 
_

1 
C

J 
3 .. 
.-* 
X

 

.-̂
 

3 •i^j, 

:̂
 .« 

*.. 
X

I .̂' 
a , 
t i;; ^ 
«

v 

X
 .̂̂ 

—
 

.k 

^
s 

C
D

 

—
 

•.̂
 

1—
 

X
 <_ .k 

^̂
 

C
D

 

—
 

^̂
 

1—
 

X
 cr .̂ 
^^ 
o

 

—
 

w
 

1—
 

X
 

-e » 
.—

 
C

D
 

—
 

-̂
 

f-X
 r^ .. 

*
-

• 

C
D

 

—
 

.̂̂ 
t-X

 >
 .b 

*-* 
=) 
—

 
'

-
r 

H
 

J
. 

>
 X

 t I 
IT

 
L

J 
V

 
—

 
2 

O
t 

C
 

*
* 

X
 

i 
X

 
Z

3 
O

 
13. 

C
J 

ro
 

X
 <t 

r~
 

V
 2 •>

 
L

U
 

a «» 
1

-
X

 z ^ 
1—

 
3

2 
C

J 
L

U
 ^ 

fc—
 

3_ 
T

n 

X
 .̂ 

—
 

X
 

C
D

 
C

 
—

 
1—

 
-.^ 

X
 

1—
 

^ 
L

U
 

L
U

 
C

3 
X

 
•N

t 
< 

« 
•

-
^ 

X
 

C
D

 
Z

 

—
 .* 

*^ 
2 

L
- 

.
-

. 

X
 

J
. 

3 
2 

>- 
« 

« 
tr) 

^ 
1

—
 

C
I 

.—
 

—
 

J^ 
••^ 

« 

1
- 

1
-

X
 

X
 

c 
»—

 
X

 
^ 

". 
2 

.—
 

*v 
J 

cr 
-I 

X
 

_ 
.

' 
L

i: 
'•

^ 
^ 

t—
 

—
. 

X
 

u
-

3 
•< 

-•s 
^ 

"v 
•z. 

^ 
^ 

—
 

C
I 

w
 

Z
 

X
 

3
3 

i 
5

-
X

 
C

 
<

D
 

L
; 

U
 

C
J 

—
 

2 
.> 

C
 

« 
X

 
2 

r 
- 

• 
a 

.- 
iv

j 
_

i
Q

.
t

r
! 

IT
 

C
J 

?
 

C
J 

2 
« 

2 
« 

5 
« 

rv
j 

2 
a 

T
 

• 
C

3 
C

O
 

X
 

t/; 
X

 
c 

2 
C

J 
X

 
« 

2 
C

 
_

! 
-. 

2 
53 

X
 

• 
C

3 
—

 
L

U
 

a 
« 

_
i 

3 
_

I 
3

3 
^ 

2 
-a 

«
* 

.V
 

*
—

 

X
 

li. 
>

-
2 

2 
^ 

tr 
• 

• 
—

 
X

 
X

 
a^ 

•« 
-

^ 
j>- 

.n
 

~ 
.^ 

X
 

i 
• 

2 
1

- 
X

 
« 

'C
 

3
J 

'53 
—

 
f- 

X
 

I 
<

: 
1

^ 
i 

X
 

2 
» 

_
l 

•« 
<

t 
- 

X
 

—
 

X
 

3 
t_ 

_
) 

If. 
J

J 
O

 
X

 
X

 
X

 
2 

.» 
cr? 

* 
X

 
2 

L
U

 
X

 
-

t
o

 

a 
X

 
r 

<!: 
1—

 
a 

I- 
:^ 

« 
.i- 

^ 
J

J 
2 

1—
 

a 
« 

C
O

 
>

-
tV

 
<

£ 
1

-
j

. 
_

i 
3 

D
 

2 
• 

•a: 
» 

'3
; 

t- 
E

. 
'L

 
L

k
. 

^ 
.

^ 

.^ 
I/. 

X
 

» 
r33 

C
J 

—
 

2 
2 

..J 
» 

« 
a 

_
i 

X
 

<
t 

J
J 

X
I 

I
- 

c 
_ 

Li. 
to

 
L

U
 

*. 
^ 

a 
« 

2 
O

 
a 

<
t 

. 
—

 
C

V
 

"
^ x <r 

>
 

—
• 
^ 

r r--c .. 
>_ 
^ 0

0 

>-2 «
t 

*r-• -̂
 

X
 

1—
 

^ .̂ 
'.3 

... 
.:_ 
.̂

 II 
-̂

 
X

 
t—

 
j

i
: 

^ 
•

- 
Q

 

—̂
 

L
U

 
y" 

T
 

X
 

X
 

i 

-" 
X

 
1—

 
5C

 

-fc^ 
C

M
 

—
 

C
O

 
•1 

C
M

 

c X
 

ir 

c
^ 

rvj 

http://_iQ.tr


21[k 

C
D

 C
D

 C
D

 C
D

 C
D

 C
D

 C
D

 
C

 
—

 
C

\. 
^C

 
•«• 

IT
 

vC
 

C
D

 
C

D
 

C
D

 
C

D
 

r
3 

C
D

 
C

3 
>o r^ 

<r o 
c 

—
 CN. 

CM
 r\j 

rvi CM
 r

; 
''^ 

-c 

•* 
-"J- -a- •«• -̂

r -'»• <*• 
•^ 

•«• 
>» -ir 

T
 

•<»• -^ 

C
M

 
a V

) 

ro 
in 

rv 
IT

 
O

 

o
 

to 
V

 

X
' 

a.' 

a. 
u « Q

 
•-» rv. 
=s 

+
 

^s! 
^ 

* fc-* 
C

" 
^ 

•vl 1—
 

+ 
X

 
_

1 
L

. 
>

- 
•» 

« 
O

 
C

3 
> 

^ 
+ 

• 
'-

J 
—

 
>

 
«. 

f^ ^ 
tC

 .. 
a —

 

-* 
*-..̂

 
•

w
 

1 
C

\. 

:a 
a tn 
.-* 
IJL

. 

•-• 

X
 

1—
 

^ •^^ 
X

 II 
<

I 
X

 

X
 

1—
 

iC
 

<
t^ 

>-II 
<

t 

>-

1 
1—

 
•

*
: 

^̂
 

IN
J 

II 

<
 

IS. 

II 
.—

1 

C
^ 

—
 

(D
 

C
 

-s 
^ 

-s 
» 

^ 
_ 

1 
•—

*•-(,—
, 

,_L 
.i 

I—
 

(
-

(
-

.
»

-
• 

I 
_

_
_ 

X
X

X
L

i
.

3
3

i
.

3
>

J
J

^
—

 
—

 
X

>
-'~

v
.l—

 
X

S
. 

3
3

>
-l-K

—
 

<
<

< 
I 

I 
I 

j
:

^
L

J
2

u
x

x
x

>
-

r
v

! 
-

<
-

«
<

iC
7

iiC
3

»
-

'3
:

E
:

c
r 

• 
i 

• 
x

>
-

i
s

j
t

o
r

/
~

'
>

—
X

 
>

-
i

v
i

Q
o

a 
II 

II 
II 

II 
X

 
2 

II 
It 

11 X
 

>- 
1^ 

C
2

a
C

3
5

Q
U

L
i.a

3
ia

3
3

C
3 

II 
II 

II 
X

>
-

'
s

.
y

L
»

-
C

3
X

>
r

v
«

i
-

t
C

3 

c_ 
» c • 
L

L
 

* X + 
•

<
 

* «a 
II 

C
V

i 
=

1 
tr *̂

 
t\i 
1—

1 

en
 

w
 

X
 

1—
 

X
 

c to
 

II 
Q

 
f 

t
t 

X
 

•
« « 

C
V

 

o
 

X
 

CA) 

« 
3

) 
C

T
 

^ 
t-t 
IN

J 

.« 
ca 
>-.* 
r X

 .̂
 

<. 
rv

j 

« 
< 
>-m 
t > ^w-

.—
I 

»-• 
_

l 
C

J 

J
J 

_
1 

< 
c 

>-x 

o-
.^

N
 

—
 

•<r 

—
 * 

-Q
 

* C
D

 • 
T

 ^̂
 

>« 
'

• • 
—

 
II 

•«0 
JT

. 
I^ 

''̂
 

•r 
O

 
r̂

 
o

 • »-* 
II 

*-X
 

Q
 

»
-

i .—
 

.* 
C

V. 
Q

 
X

 
c/-.k 

u
 

^ 
•_) 
C

J 

-^ 
X

 _
l 

c-o
 

» <-• 
!S

 
X

 "Z
. 

w
 

X
 

X
 

X
 .J 

» -N 3 
f—

 
X

 

^̂
 

X
' 

(-<
l 

j
: 

II 
1—

 
2 C

 
C

J 

C
I 

II 
to

 
53 
a .--

«-, 
C

M
 

L
-

X
 

C
O

 

^ 
1

-.' 
:r 
o

 * 
.o

 
c ^ 
.-. * 
1-X

I 
3r 
*—

 
*--.
L

* 

X
 

c '_̂
 

C
/1 

_'. 
^ 
< 
u

 

X
 Z
2 

2 »-< 
1—

 

^ O
 

c-

-f 
<v 
3 
1

-
X

 J: 

C
3 

2 
L

L 

o
 O
J 

o
 2 1
3 

.—
• 

•-O
 .̂ 

3
D

 
L

L
 

C
D

 • 
II 

L
i. 

_
l 

ID
 

C
--

.a
-

_
l 

2 
L

l 
a: 

C
J 

z> 
1

- 
C

3 
O

J 
2 

ar 
X

I 

ro 



275 

C
D

C
D

C
D

C
D

 
—

 
C

M
in 

^
IT

" 
C

D
C

D
C

D
C

D
C

D
C

D
C

D
C

D
C

D
C

D
'a

C
D

C
D

C
D

C
^

C
D

C
D

I^
C

D
C

D
 

—
 

t
\

i
-

-
'

<
r

t
r

v
r

x
i

f 
i

r
>

r
r

-
.

!
r

O
'C

D
 

—
 

c
v

t
^

'
^

r
i

r
^

c
r

^
x

o
-

o 
—

 
c

v
^

^
•a

^
'J

^ 
C

JI 
u.i 

cz<
 C

D
 c::̂

 
L

. 
c 

t; 
L:: 

cc
 

C
J 

c^ 
C

.I —
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

—
 

iV
 

C
\J C

V
 C

V
 

rv. C
V

 

'^ 
ro 

—
 

•—
 

t 

a. 
u

-« 
1

^ 

•<
 

0
3 

L
L 

« 
^̂

 
C

D
 

O
' 

—
 

•
^ 

X
 

<
t 

>
 ^ 

-̂
 

c
r 

>
 

—
 

*^ 
—

 
X

 

—
 

_
i 

L
L 

.̂̂ ^ 
C

V
 

—
 

<
 

C
D

 
>

 
C

J-

•» —
 

1—
 

^
^ 

2 
X

 
IL 

_
J 

C
J 

_
» 

• 
u. 

•S
i 

-
C

 
'^ 

r-- 
C

I 
—

 
cy 

.» —
 

t~
 

-^ 
JJ 

X
 

C
 

3
3 

-
- 

_
J 

w
 

U
-

U
 

C
J 

ct 
i 

•U
 

_
l 

c 
^ 

'J 
_ 

5_ 
LU

 C
J 

2 
2 

•—
 3:? 

t—
 

^ 
^ 

2 

r 
r 

X
 

X
 

tr 
X

 
33 

D
 

c
r 

c
-

K
: 

^̂
 

C
D

 

—
 

•^ 
—

 
•

^ 

\r j
: 

.̂
 .* 

I to 
X

 <r 

^ 
--v 

c
; 

C
M

 

.—
 

C
J 

U
' 

X
 

l/J 

X
 .. 
—

 
C

J 
'X

 

a C
O

 
X

 
2 ^ 
C

J 

..̂, 
X

 ir L
I 

.3 

^ c X
 

a <
rt 

\ 2 r 5 
i C

 
e 

"C
 

-̂
 

—
 

.̂̂ 
J

-
<

l 

.1
-

«
J 

1
-

CA>
 

2 ir 
X

 
X

 
c c

; 

s/.̂
 

--^i 
r^ 

X
 

2 
« 

•a 
- 

X
 

'—
 

"I 
r* 

X
X

.
' 

2 
-

I 
X

 
« 

ST
 

O
 

X
 

C
J 

2 
C

L 
^ 

-
<

t 
• 

CM
 

1- 
C

i 
3: 

X
 

C
D

 
CO

 
2 

C
/̂

 
X

 
- 

2 
C

J 
1—

 
"» 

2 
3 

_
; 

^ 
O

C
X

 
L

U
 

O
 

" 
« 

a 
• 

l~ 
•5 

_
J 

"n 
3 

^ 
z; 

•* 
•. 

U
 

X
 

ii-
* 

£ 
T

' 
X

 
tr. 

-
!C

 
—

 
X

 
1

- 
X

 
-a 

X
I 

2 
>^ 

•» 
- 

2 
X

 
X

 
« 

C
 

t- 
X

 
<

r 
/) 

C
J 

1
- 

—
 

1
-

'X
 

X
 

<
I 

^ 
7- 

X
 

•» 
•>

 
_

l 
2 

-S
 

• 
-

. 
—

 
X

 
x 

c 
; 

2 
X

 
D

 
• 

i 
X

 
<

/; 
» C

D
 

h
- 

X
 

IT
 

—
. J

, 
« 

.3 
2

-
2 

•. 
«r 1—

 
y- 

\
- 

^ 
X

 
J

. 
•>

 
1—

 
.2 

1
-

C
O

 
-..J

I 
2 

C
V

 
<

! 
•V

 
X

 
_

l 
c

' 
D

 
r 

L
' 

3 
« 

_ 
I- 

r. 
3

- 
.i. 

.3? 
.^ 

-£ 
1

/ 
" 

« 
J 

c
r 

—
 

2 
<

t 
LU

 
« 

>s 
X

 
_

J 
.<^ 

<
t. 

X
 

9
-

1
-

5
3 

X
 

X
 

to 
S

 
i 

—
' 

S
3 

« 
2 

C
J 

J
- 

<
l 

—
 -v ^ 

5
3 

2 » 
r-g 
C

D
 

5 ^ 
2 
2 

X
 

03 
X

 IL 
2 ^ 
X

 

0
3 

•<
 

>—
 

>
 Z .1 

X
 

~' 
C

O
 

X
 

2 ^ 
r X
 •N

i 

^ .̂ 
3^ 

n
 

u
. 

X
 

2 %
 

X
 

C
O

 
r a .t 

J
J 

a 
>-K. 2 • 

_
] 

U
 :L 

X
 

C
J 

-r •» 
X

 
X

 _
J 

L
U

 

a 

*r. 

X
 <
 

>
 

.—
• 

.L 

c 
'--V

I 

2 « 
X

 

—
 

C
O

 

>-
2 w

 

•
-

^ 
O

 
X

l 

.^ >
 

i
^ 

Q
 

_
i 

{ 3L 
c

n ^ .̂̂ 
O

L 

'X
 

1—
 

<
r 

3
t ^ 

*.x 

X
 «... 

IV
 ^ 

.-. 
X

: 

^̂
 

>-.
i 

^
.t. 

X
 

«..* 
X

 %
 

*^ 
JO

 

^̂
 

C
M

 

—
 

C
O

 

• »̂ 
a

.1 

^̂
 

X
 2
: 

<
 2 « 

.-* 
X

 

^^ 
—

J 

_) 
33 
O

 
2 
>

L 

>-J-. 
.—

t 

_
l 

ri 
o ^ ^

i. 

e 2
: 

i D
 

C
J 

-O
 .. .̂. 

C
 

«̂
 

X
 

X
 

2 ^ 
*^ 
X

 
-L

.* 

X
 

X
 

_
l 

! , 
_

J « 
^ X

 .̂̂
 

a X
 ^ 2 « 
..* 
X

 

.—
. 

t—
 

3 
33 
-

I 

«-' .* -̂. 
X

 

...̂
 

"-* 
c J^ 

«. 
*^ 
X

 
•

w
 

3
3 

u
 r^ .* 

*̂
 

X
 .̂̂ 

a > 
a

.j 

—
 

•>
 

^̂
 

X
 

•^. 

^^ 
a *

.-
• 

s :::> 
C

M
 rc 

^. 
J

. 

1—
 

if 
w

. 

X
 

.£
. 

•<* 
2 11 
2 

^^3 

—
 

C
J 

Ll 
X

 C
f 

J
.. 

2 * 
—

 
II 

O
 

C
D

 

—
 

a
: 

3
3 

rr 

C
D

 

—
 

* 
—

 
—

 
^ 

—
 

—
 

.^ 
—

N
 

•t 

•^ 
L JJ 
X

 
C

O
 

X
 1 

r^ 
•a. 

^ «̂
 

l
l

. 

*̂
 -o 

X
 —> 

^ .̂̂ 
I—

 

^ c? 
C

3 

•C
 

—
 

tJ 
X

 
X

 
to 
L

U
 

ii •1 .rf̂ -+ 
^-^ 
—

 
1 

1—
 

X
 

C
3i 

.-. 
«

• 

« —
 

i_
^ 

X
 

a J
l 

X
 

^
i. 

II 
X

 
t^ 
X

 

*"• ^ I ĉ
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