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ABSTRACT 

A FORTRAN code is described which computes high energy 
events in thermal reactors having cylindrical ruel elements. 
The HEETR code is based on transmission and escape proba­
bilities. Code calculations are compared with experimental 
determinations or the ratio or 238U to 235U riSSions ror 
lattices or natural uranium tubes and rod clusters in D2 0. 
Good agreement is obtained ror lattices or single rods, but 
code calculations tend to exceed experimental values ror 
lattices of tubes and rod clusters. 
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CALCULATION OF HIGH ENERGY EVENTS 
IN THERMAL REACTORS 

II. A Computer Code- HEETR 

INTRODUCTION 

In an earlier report( 1
), a multigroup technique was described for 

calculating high energy events in thermal reactors having cylindrical 
fuel regions. The neutron current leaving a region was expressed in 
terms of the current entering the region by transmission probabilities 
and in terms of sources within the region by escape probabilities. 
Simplifying assumptions were made so that these probabilities could 
be readily calculated. Some simple applications of the technique 
were reported; extensive applications, however, require the use of a 
computer. A code has been written in FORTRAN II for performing these 
calculations on the IBM 704. 

SUMMARY 

The HEETR code for computing High Energy Events in Thermal Reactors 
is described and the FORTRAN listing is given. The basic assumptions 
used in the code are: 

• Scattering in the laboratory system is isotropic. 

• Distribution of secondary neutrons is uniform within each 
region. 

'e Distribution of currents at interfaces is uniform over the 
interface. 

• Number of neutrons passing through an interface per unit solid 
angle is proportional to the cosine of the angle that the 
direction of travel makes with the normal to the interface. 

• The reactor is infinite. 

The code has a number of options. It is not necessarily limited 
to the calculation of high energy events in thermal reactors, but may 
be used wherever the basic assumptions have sufficient validity, e.g. 
for fast reactors having cylindrical fuel elements. For each neutron 
energy group, the code computes disadvantage factors in each region 
of each different fuel cylinder. The spatially averaged flux integrated 
over energy and spatial averages of nuclear parameters are also calcu­
lated for each group. 
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The code was applied to lattices of tubes and rod clusters in D2 0, 
Which were studied experimentally in the Process Development Pile at 
the Savannah River Laboratory. Calculations of the ratio of 238U to 
235U fissions in these lattices were compared with the experimental 
values. With the cross sections, group structure, and thermal fission 
source distributions employed, the calculated values of this ratio 
generally exceeded the experimental values, For the experiments per­
formed with tubes, there appears .to be reason to ascribe at least some 
of the discrepancy to a lack of precision in the data, which in turn 
is attributable to low flux levels. In the case of rod clusters, the 
discrepancy is at least partly due to the fact that the basic assumptions 
used in the code are poorer than when cylindrical symmetry exists. For 
single rods, the calculations agree well with the experiments. 

A series of calculations for a uranium tube show that appreciable 
contributions to the ratio of 238U to 235U fissions arise from secondary 
neutrons that have been scattered by moderator and from neutrons passing 
through moderator from one tube to another or from one portion of the 
inner surface to another without having a collision in the moderator. 
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DISCUSSION 

Appro xi motions 

The assumptions on which the HEETR code is based are: 

(1) Secondary neutrons resulting from fissions and from neutrons 
being scattered are uniformly distributed throughout each region whether 
the region is a cylinder, an annulus, or surrounding space. When cylin­
drical symmetry exists within a fuel region, this approximation can be 
made as good as one wishes by taking a sufficiently large number of 
regions. 

(2) Scattering is isotropic in the laboratory frame of reference. 

(3) The current is uniformly distributed over each interface be­
tween regions. 

(4) At each interface the fraction of the neutrons per unit solid 
angle crossing in a direction making an angle e with respect to the 

cos e 
normal to the surface is • Attempting to improve the first approx-

7T 

imation by subdividing regions may make this approximation poorer. 

(5) The reactor consists of an infinite number of infinitely long 
cells. Where the leakage is small compared with the number of neutrons 
being removed from the energy range encompassed by the calculations, 
this approximation should be fairly good. Where leakage effects are 
important, axial leakage can be represented by fictitious absorption 
cross sections. Alternatively the reactor may be considered to consist 
of·a single infinitely long cell containing symmetrically different 
types of fuel cylinders depending on their locations within the cell, 
but the first approximation concerning the uniformity of the source 
distribution in the space surrounding the fuel cylinder may be fairly 
poor if this approach is used. Probably the best approach is to employ 
the spatially averaged nuclear parameters calculated for each group in 
an infinite reactor by the HEETR code in a multigroup code for a 
homogeneous reactor that includes leakage effects. 

Mathematical Basis 

Within each energy group and each region, the number of neutron 
interactions per unit time is computed as 

A;Q+r-.r+ 
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where Q is the number of secondary neutrons resulting from fission and 
from scattering events, J- is the total current of neutrons entering 
from adjacent regions, and J+ is the total current of neutrons leaving 
the region. At internal interfaces the boundary conditions are con­
tinuity of the inward and outward currents. At external boundaries 
either a cell boundary condition may be used where the inward current 
equals the outward current or the Dancoff( 2 ) approach may be used where 
cylinders interact through a surrounding medium. 

The mathematical development employed in the code is identical with 
that given in Reference (1) with the following exceptions. 

(1) Instead of attempting to set up and solve the matrix equations 
in the neutron currents, a group-by-group approach, standard in multi­
group problems, is used. All secondary neutrons entering a neutron 
energy group as the result of scattering events in higher energy groups 
and all neutrons resulting from fissions in whatever group they may 
occur are lumped together in the source terms Qk appearing, for example, 
in Equations 3-7( 1

). This amounts formally to setting ckj = 0 in these 
equations when j I k (since these ckj are now included in Qk), and 
results in an equation of identical form for each group. The calculation 
for each group may thus be treated as a one-group problem. The relative 
numbers of events in the various regions are calculated first for the 
group of highest energy from an assumed spatial distribution of source 
neutrons arising from fissions induced by neutrons of all energies 
including those encompassed by this group. 

The calculation then proceeds to the second highest group where 
the source distribution is composed of the neutrons arising from the 
same assumed spatial distribution of fission neutrons together with 
those scattered into the second group from the first group. The calcu­
lation is continued in this manner down through the' group of lowest 
energy where again the source neutrons are supplied by fission and by 
neutrons scattered from the higher energy groups. 

From the ratios of the fission cross sections to the total cross 
sections and from the relative numbers of neutron interactions calcu­
lated for each region and each group a spatial distribution of fission 
neutrons is calculated, which is combined with any other source that 
may be present (e.g., from thermal fission). The assumed source 
distribution is adjusted to agree with the calculated distribution, 
and the group-by-group calculation is repeated. Iteration is continued 
until the calculated distribution reproduces the assumed distribution 
satisfactorily. The total source of fission neutrons is normalized to 
unity within a cell at the start of each iteration. 
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(2) With the foregoing simplifications, for each group and for 
each annular region Equation 12( 1 ) becomes 

(1) 

The matrix L is 

-T (1-c(l-E ))-cE (1-T )) oo i o io 

-T (1-c(l-E ))-cE (1-T ) io o i oo 

and the matrix R is 

R 

The terms T00 , Tio• Toi• E0 , and Ei represent transmission and escape 
probabilities characteristic of the region and group, and c represents 
the number of secondary neutrons per interaction resulting from a 
scattering event that remain in the group. 

The S vector is 

The current vectors are 

J 
0 

' (::) 

and 

where J6 and J! represent the total currents integrated over the sur­
face (per unit axial length) leaving the outer and inner surfaces of 
the annulus, and J; and Ji represent the total currents entering these 
surfaces. 
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For a central cylindrical region 

which can be solved for the vector J 0 , giving 

E -T T (1-c)+cE 
0 00 oo o A 

J+ 1-T 1-T 
0 00 00 

1-E + 1-c+cE 
(2) 

0 
Q 

0 A 
1-T 1-T 

00 00 

Q is known from the assumed spatial distribution of fission 
neutrons and from the solutions obtained for higher energy groups; E0 , 

T00 , and c can be computed from the properties of the medium contained 
within the region; and A is unknown, When the boundary conditions are 
applied at interfaces, the currents at the outermost cylindrical sur­
face are expressed in terms of A of the innermost region and in terms 
of the sources in all regions. Application of the cell boundary 
condition then gives A in cell calculations, and an interaction cal­
culation relating the currents at the surfaces of each symmetrically 
different coaxial combination of regions gives A for the central 
cylinder of each combination when the cell boundary condition is not 
used. 

The latter calculation is performed by making use of the one-group 
version of Equation 19< 11 

(3) 

where ~ and J- are the vectors of the currents leaving and entering 
the outer surface of each symmetrically different cylinder, the elements 
of the matrices G and H are the elements Gkij and Hkij of Reference (1) 
with the group index k dropped, E is the vector of the escape proba­
bilities from the surrounding medium (e.g, moderator) into each 
symmetrically different cylinder, and Q is the number of source neutrons 
in the surrouding medium within a cell, Once A is found for each 
central cylinder, A for each annular region and for the surrounding 
medium is readily obtained from the sources within each region and fro~ 
the currents entering and leaving the region. The flux within a region 
is then simply the ratio of A to the total macroscopic cross section. 
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This method of calculation is satisfactory provided the trans­
mission probability for an annulus is not too small, as is generally 
the case for fast neutrons for which the code was originally intended. 
For completely black regions, modifications are easily made to permit 
the calculation to be carried out, and presumably similar modifications 
could be made for nearly black regions. Such modifications, however, 
are not presently incorporated in the code. 

(3) Simpler forms for the transmission probabilities T0 i and 
T00 are used: 

- Kis(ZR(-/l-a 2 u 2
- a~)) du 2 11 

7T -l 
( 4) 

T (a,ZR) =- Kis(2ZR~) du 4 f' oo 7T a 
(5) 

where L is the total (or the transport) cross section, R is the outer 
radius, and a is the ratio of the inner and outer radius. 

(4) The following form<sl is used for the Dancoff factor: 

1 
7T2 

[
1 
[' Kis(LR(-.1 (d/R)2-(u+vJ2-~-~))du 

~ ~ -/(d/R) 2-(u+v) 2 

where d is the axis-to-axis separation. 

Description of HEETR Code 

dv (6) 

The HEETR code listing is given in Appendix A. To permit a large 
number of groups and regions, the code is divided into two parts. In 
the first part, microscopic cross sections read from a library are 
combined with atomic densities to give macroscopic cross sections for 
each type of material and for each energy group. The fraction of the 
fission spectrum included in each group is also computed in this part 
by Subroutine FNSPM. This information together with general input data 
is put on a scratch tape and is called into the core after the second 
part of the code has been called into the core by Subroutine LTAPl. 
The solution to a problem is obtained in the second part of the code, 
which employs a number of subroutines. 
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In Subroutine TRP the transmission probabilities and the Dancoff 
factors, if required, for each region and group are computed and stored. 
This procedure is adopted because the computation of these probabilities 
is fairly time-consuming and they do not change from one iteration to 
another. The Dancoff factor is computed from Equation 6 by 16 point 
Gauss quadrature of each integral in the double integral, except when 
Z = 0 for which the analytic evaluation of the integral is employed. 
Several different schemes were tried for evaluating the Dancoff integral 
before finally concluding that the 16 point quadrature gives satisfactory 
results, which are in fairly good agreement with Reference (3). Esti­
mates are required for the fractions of neighboring cylinders "seen" 
when other cylinders intervene. For clusters such estimates are provided 
by extending the cluster conceptually and assuming that nearest neighbors, 
next nearest, etc. are "seen" completely until the sum of the fractions 
reaching these neighbor with Z = 0 equals unity. More distant neighbors 
are then assumed to be blocked from view. 

The probability of transmission from the inner to the outer surface 
of an annulus, T0 i, is computed directly from Equation 4 by 14 point 
Gauss quadrature except for small values of ZR for which the Kis 
function is approximated by its first few terms, which are then inte­
grated. More than 14 points were tried but were not found to give 
appreciably different results. The probability of transmission from 
the inner surface to the outer surface without passing through the 
inner surface, T00 , is computed from Equation 5 by computing the 
integral from -a to a again by 14 point Gauss quadrature and subtracting 
the result from the integral from -1 to 1, which is T00 for a cylinder 
{a= 0) and which has been integrated( 4 ) to give I 

T {O,ZR) 
00 

The Bessel functions are evaluated by subroutines obtained from 
Hanford. For small and large values of ZR, approximations1 4 l to 
Equation 7 are employed: 

T (O,ZR) = 1- ZR(2-ZR(~3 - ZR {log 2 + 5/4 -~-log ZR))) 
00 

T (O,ZR) 
00 

3 5 
16(ZR) 2 (l + 8(ZR) 2 ) 
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where ~ is Euler's constant. For the general case, where a > O, 
T00 (a,ZR) for ZR < 0.1 is integrated in the same manner as Toi by 
approximating the Kis function by its first few terms. Except where 
it is approximated by leading terms, the Kis function is computed from 
rational approximations<s>. 

The number of interactions A in each region and in each group for 
a particular specification of the spatial distribution of the fission 
source is computed in Subroutine SOLN. The solution of the simultaneous 
equations resulting when symmetrically different fuel regions are present 
is obtained with the New York University Subroutine LEQ. When Dancoff 
factors are used, Subroutine MOD is used to compute the elements of G, 
H, and E in Equation 3. Subroutine MATS computes the elements of L- 1 

and R in Equation l for each annular region, Subroutine JVECTR computes 
the terms in Equation 2 for the central cylinder, and by repeated 
application of boundary conditions relates the currents at the outer 
surface of the outermost annulus to the sources in all regions and to 
the interactions A in the central cylinder. Terms are saved so that 
when A is found for the cylinder, A is readily obtained for all regions 
by suitable multiplication. 

In the main program, the normalization of fission sources and the 
iteration to a converged spatial distribution of fissions are carried 
out. Average fluxes and over-all average nuclear parameters are 
computed. The various printing options are exercised in the main 
program. 

As presently dimensioned, each cylindrical element may consist of 
as many as 20 regions, the'elements may belong to as many as 10 symmetry 
classes, the number of different materials may be as many as 9, the 
n1.1mber of different isotopes and compounds of which the materials are 
composed may be as many as 25, and the number of energy groups may be 
as many as 20. Modifications in the dimensions are easily made. Thus, 
the number of groups can be increased at the expense, say, of the number 
of symmetry classes by a change in the DIMENSION statements in the 
programs and subroutines. 

The amount of machine time is clearly a function of the complexity 
of the problem. The seven double-tube cases in Table I, the four 7-rod 
clusters in Table IV, and the two 19-rod clusters in Table IV took 
about one hour of machine time with 15 energy groups. Where many complex 
problems are to be run, considerable savings in machine time can prob­
ably be made by employing polynominal approximations to the trans­
mission probabilities and Dancoff factor. 

- 13 -
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Five tape units are employed by the code. The first and second 
parts of the program are on Tape 1. Tape 5 is used for library data 
(microscopic cross sections and other nuclear parameters). Tape 8 is 
used for input data for running problems. Tape 2 is used for storing 
output from Part I. Tape 10 is used for storing output data computed 
by Part II. 

Appl icatian of Code to PDP Lattices 

The HEETR code computes spatial and energy averages of all nuclear 
parameters and hence furnishes information from which leakage can be 
computed as well as absorptions in the various materials present, About 
the only directly measurable parameter with which comparison can be 
made, however, is the ratio of 238U to 235U fissions in a thermal 
reactor. This ratio has been measured(e, 7 l for a number of natural 
uranium metal lattices of tubular elements and of rod clusters in a 
D2 0-moderated reactor. To check the code out and to provide some 
comparison with experiment, calculations were made by HEETR for these 
lattices to give not only this ratio, but also average values of 
all the nuclear parameters over the energy range lying above 2035 ev. 
The fast reactor cross sections compiled by Yiftah, Okrent, and 
Moldauer<el were used for the cladding and for the uranium isotopes 
except that v in the first four groups was reduced by 1.9% for 235U 
and by 3.0% for 236U in line with more recent data. 

Cross sections for D2 0 and H2 0 were computed by a zero-dimensional 
multigroup code employing a group lethargy width of 0.05. Appendix B 
(a complete sample printout for the first 19-rod cluster of Table IV) 
gives the cross sections with the lower value of v, The lower bound 
for the calculations was determined by the lower bound of the 15 group 
set of cross sections. The spatial distributions of fissions occurring 
below this energy were assumed to be those determined experimentally 
by thermal flux traverses. (e,e, 7 ) In the 15 group scheme fissions in 
238U are confined to the first four groups; 235U fissions of course 
occur in all groups. In the calculations, the actual physical inter­
faces were used and regions were not subdivided. For the clusters, 
estimates were made from scale drawings of the number of rods that a 
rod in one cluster could "see" in neighboring clusters. 

Calculations were first made for 12 lattices of single and double 
tubes studied experimentally(el, The description of the tubes and 
lattices will not be repeated here. The numbering of the lattices is 
the same as in the reference. Except where noted otherwise, all cal­
culations used the transport cross section both in fuel and moderator 
and Dancoff factors were used. The age ~ was calculated as 
~ = (l/3~trl/(~c+~f+~r-v~r). The thermal value taken for v was 2.42. 
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The results calculated for the tubes are given in Table I, together 
with the experimental values of o, the ratio of 238U to 235U fissions. 

TABLE I 

Average Nuclear Parameters above 2035 ev 
for Lattices of Natural Uranium Tubes(•) 

:!:tr :!: 6 
Tube Lattice c :!:f v T Calc. EX]2tl. 

Single 1 0.274 0.00140 0.00058 2.76 56.85 0.0547 0.044±0.007 
l(a) 0.274 0.00140 0.00058 2.76 56.85 0.0543 
1 (b) 0.274 0.00140 0.00057 2.76 56.83 0.0542 
l(c) 0.274 0.00140 0.00058 2.76 56.87 0.0553 

2 0.273 0.00127 0,00054 2.76 56.74 0.0508 0.033±0.007 

3 0.269 0.00109 0.00047 2.76 56.88 0,0435 0.026±0.005 

4 0.263 0.00053 0.00040 2.78 56.29 0.0375 0.025±0.005 

ll 0.279 0.00169 0.00069 2.76 57.04 0.0659 0.046±0.007 

Double 5 0.280 0.00177 0.00070 2.76 57.01 0.0665 0.061±0.008 

6 0.275 0.00142 0.00061 2.76 56.42 0.0579 0.046±0.008 

7 0.279 0.00177 0.00069 2.76 57.49 0.0665 0.064±0.010 

8 0.278 0.00156 0.00067 2.76 56.54 0.0643 0.046±0.008 

9 0.278 0.00159 0.00069 2. 76 56.56 0.0654 0.052±0.008 

10 0.266 0.00076 0.00059 2.77 56.43 0.0571 0.061±0.010 

12 0.279 0.00182 0.00079 2.76 59.06 0.0784 0.067±0.010 

(a) Includes contributions from 6 nearest neighbors only. 
(b) Cell boundary condition used rather than Dancoff factors. 
( c ) Cell boundary condition and total cross section in moderator rather 

than transport cross section. 

In Table II values of 6 are given for each tube in the double tube 
assemblies, although these individual ratios were not measured experi­
mentally. Except for lattice 10 the calculated values of the over-all 
ratio of 238U to 235U fissions lie above the experimental values, and 
only for lattices 5, 7 and 10 are the calculated results within the 
quoted range of experimental error (the result for lattice 12 is close). 
It hardly seems likely that much of the discrepancy can lie in reasonable 
errors in the nuclear parameters. Lattices 4 and 10 differed respec­
tively from lattices 3 and 9 only in the pitch, which was 14 inches for 
4 and 10 rather than 7 inches as for all other lattices. The trend in 
the experimental values for 9 and 10 is clearly in the wrong direction. 
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TABLE II 

Ratio of 236u to 235U Fissions 
in Each Tube of Double Tube Assemblies 

0 
Lattice Inner Tube Outer Tube Over-All 

5 0.0744 0.0635 0.0665 

6 0.0662 0.0532 0.0579 

7 0.0745 0.0615 0.0665 

8 0.0751 0.0569 0.0643 

9 0.0723 o.o6oo 0.0654 

10 0.0645 0.0515 0.0571 

12 0.1002 0.0667 0.0784 

On the basis of tube dimensions one would expect 6 for lattice 7 to be 
closer to o for lattice 8 and o for lattices 1 and 11 to differ more 
than was found experimentally. There thus appears some basis for 
assigning at least part of the discrepancy to a lack of precision in 
the experimental data, which in large part may be due to low flux 
levels (e). 

For lattice 1, variations in the options used in the code were 
tried. As Table I shows, for this lattice, the cell boundary condition 
gives a somewhat smaller o than is obtained with the use of Dancoff I 
factors, When Dancoff factors are used, contributions from tubes beyond 
the six nearest neighbors add very little. It makes little difference 
whether the total cross section or the transport cross section is used 
in the moderator, provided c is adjusted (as it is in the code) so that 
when the transport cross section is used the numbers of neutrons per 
interaction absorbed and transferred to lower energy groups are the 
same as when the total cross section is used. 

To investigate the origin of various contributions to o, some 
calculations were set up for a hypothetical lattice of natural uranium 
tubes with inner and outer radii of 4.0 and 4.5 em, These tubes are 
similar to those used in lattice 3, which had inner radii of 3,87 em 
and outer radii of 4.39 em. The moderator was taken to be pure D2 0. 
The cell radius was 9,5 em. A cell calculation was performed in which 
the transport cross section was used. Results of these calculations 
are given in Table III and show that appreciable contributions to o 
come from secondary neutrons that have had at least one interaction 
in the moderator and from neutrons passing through the moderator from 
one tube to another or from one portion of the inner surface of a tube 
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TABLE III 

Source of Contributions to 
6 in 8-cm ID, 9-cm OD Tube 

Situation Considered 

Tube immersed in moderator (as in Table I) 
Central moderator replaced by fictitious, 

purely absorbing medium with same ~T 

Same as immediately above but ~T increased 
by a factor of 10 

0.0409 

0.0359 

0.0319 

Same as first case except outer moderator 0.0355 
replaced by fictitious absorber with 
same ~ 

Both inner and outer moderator replaced by 0.0319 
fictitious absorber with same ~ 

No neutrons entering inner or 
outer surfaces of tube 

0.0283 

to another without having a collision. It was not possible to perform 
valid calculations when the cross section of the outer fictitious 
absorbing medium was increased by 10, because the blackness of the 
annulus made the calculations insensitive to the cell boundary condition. 
The last o in the table was obtained by a hand calculation using escape 
probabilities calculated for the tube. It should be noted that even 
this result is higher than one would expect from the experimental 
results. For this same tube a calculation was made in which the inner 
and ·outer moderator were subdivided into annuli l em thick. The 
central moderator cylinder had a diameter of 2 em. The value calculated 
for o was 0.405 compared with 0.409 when no subdivision was made. The 
respect~ve values of T were 55.93 and 55.91 cm2 • Subdivision of the 
moderator, in this case at least, thus has little effect. 

The next set of latticesC 7 l for which calculations were made 
consisted of l-inch-diameter natural uranium rods and clusters of these 
rods containing 3, 7, and 19 rods per cluster. The Dancoff factors 
were used in all cases. For the 7-rod clusters there were two symmetry 
types, and for the 19-rod clusters, four symmetry types. Results of 
the calculations are given in Table IV. The experimental data also 
include values of o for rods at each symmetrically different location 
within a cluster, These ratios are compared with the calculations in 
Table V. 
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TABLE IV 

Average Nuclear Parameters Above 2035 ev 
for Lattices of' Natural Uranium Rod ClustersC 7 l 

Rods/ 
:!:tr ;!; ;!;f' 

Average 6 
Cluster Pitch, in. c v T Calc. Exptl. 

1 7.00 0.263 0.00058 o. 00056 2.78 57.02 0.0544 0.053 
7.00(a) 0.263 0.00058 0.00056 2.78 57.02 0.0544 

8.08 0.262 0.00051 0.00055 2.78 57.01 0.0536 0.054 

9.33 0.261 0.00045 0.00054 2.78 57.01 0.0530 0.050 

12.12 0.260 0.00038 0.00053 2.79 57.01 0.0524 0.048 

3 7.00 0.272 0.00122 0.00074 2.77 57.70 0.0729 0.063 

14.00 0.262 0.00055 0.00067 2.78 57.58 0.0666 0.062 

7 12.12 0.269 0,00106 o.ooo86 2.78 58.33 0.0864 0.071 
I 

14.00 0,267 0.00089 0.00084 2.78 58.30 0.0851 0.067 ,. ,. ~~ 

18.52 0.264 0.00067 0.00083 2.79 58.29 0.0837 0.068 
18.52(b) 0.263 0.00062 0.00069 2.79 57.55 o.o689 0.057 

19 14.00 0.279 0.00180 0.00102 2. 77 59.18 0.1049 0.100 /:· 

18.52 0.271 0.00120 0.00098 2.78 58.97 0.1008 0.102 . ' 
(a) Calculation includes effect of' only the 6 nearest neighbors. 
(b) Triangular pitch of 2.inches in cluster. All other clusters had a 

1.5-inch pitch within the cluster. 

TABLE V 

Ratio of' 236U to 235U Fissions 
in Rods in Symmetrically Different Locations(a) 

o at Rod Location 
Rods/ 1 2 3 4 

Cluster Pitch, in. Calc. Exptl. Calc. Exptl. Calc. Exptl. Calc. Exptl. 

7 12.12 0.1260 0.105 0.0820 0.067 

14.00 0.1252 0.098 0.0807 0.063 

18.52 0.1234 0.098 0.0793 0.066 

18.52 0.0875 0.074 0.0667 0.055 

19 14.00 0.2360 0.179 0.1681 0.152 0.0939 0.097 0.0814 0.075 

18.52 0.2089 0.167 0.1622 0.142 0.0950 0.105 0.0755 0.076 

(a) Rod locations are numbered from center outward( 7 l, 
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Agreement with experiment in the case of the single rods is good. 
The disagreement in the case of the clusters can probably be explained 
at least partially on the basis of a decrease in the validity of the 
first and third approximations. The thermal fission source is actually 
higher toward the outside of the cluster and this should tend to enhance 
the current directed outward into the moderator at the expense of the 
current directed toward the center of the cluster. Errors in the 
estimates of numbers of neighboring rods "seen" may also contribute 
to the discrepancy. Homogenizing the cluster and treating it as a 
number of coaxial annuli, as Maerkl and Fowler( 1 o) do in a similar 
treatment of fast fissions, should improve the agreement between cal­
culation and experiment since they found very good agreement between 
calculations and experiments for the lattices they studied. 

Input to HEETR 

As many cards are used for library and for problem data as are 
required by the information being supplied. Each card is begun at 
the left. The cards must be read onto the library tape (5) and the 
input data tape (8). 

Library Data 

Format Data 

llfi5 NG, NM 

NG = No. of groups. NM = No. of isotopes or compounds. 

7Fl0.6 (ST(J,I),J=l,NG), (STR(J,I),J=l,NG), (SC(J,I),J=l,NG), 

7Fl0.6 

(SF(J,I),J=l,NG), (VNU(J,I),J=l,NG), (SIJ(J,I),J=l,NIJ), AWT(I) 

ST, STR, SC, and SF are the microscopic cross sections 
th th 

crt' crtr' crc, and crf for the I . isotope in the J group. 

VNU is the number of neutrons per fission v. SIJ is the 

microscopic cross section crKJ for transfer from group J to 

group K; the order of listing is a~~~ cr 21, cr 22, crsl' crs2, 

113"' • •• , 
11 (NG+l)(NG)" AWT is the atomic or molecular 

weight. The items are listed serially as indicated with 

no breaks; a new eard is started each time I advances. 

(EL(I), I=l, NG) 

EL is the lower bound of a group in Mev and is greatest for group 1. 

l2A6 (CC(I),I=l,NM) 

CC is a label of no more than 6 letters describing the 
th 

I isotope or material. 
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Problem Data 

Format Data 

14I5 NSC, (NR(I),I~l,NSC), (NWSC(I),I~l,NSC),NRT,NST,NSA,NSR,NCC,NP, (NOUT(I) 

I~l,5) 

NSC is the number of symmetrically different types of fuel cylin­

ders per cell. NR is the number of regions within each type. 

mrsc is the number of members ·of each type. NRT is the number 

of different materials. NST is the solution type. If O~NS~3 

the transport cross section is used in computing transmission and 

escape probabilities, and the number of secondaries remaining in 

a group i is given by c ~ (crtr-crt+crii)/crtr" If 4~NST~7 the total 

cross section is used, and c ~ cri1/crt. If NST~2,3,6,7 a cell 

boundary condition is used (available only if NSC~NWSC(NSC)=l; 

otherwise Dancoff factors are used. If NST is even, the fission 

source FS gives the actual distribution in the thermal group 

(NG+l); if NST is odd, FS is an estimate of the over-all source 

distribution resulting from fissions in all NG groups. In this 

case, either there is no thermal group or it is group NG. If 10 

is added to NST, the solution type is unchanged but the code 

computes the ratio of 236U to 235U fissions in each uranium 

region. If this option is selected, NST must be even, material 

number 2 must be uranium, and material number 3 must be 236U 

having the same atomic density as in the uranium. (No region will 

contain material number 3.) NSA is the number of different intra­

cell axis-to-axis spacings. NSR is the number of different inter­

cell axis-to-axis spacings. If NSC~NWSC(NSC)~l, NSR is taken 

to be 0, and NSA is taken to be the total number of different axis­

to-axis spacings to be considered and must be ~1. NCC is the 

negative of exponent of 10 used as a convergence criterion (NCC 

was 4 for the calculations made for Tables I-V). NP is the 

problem number. NOUT specifies printout option. If NOUT(l)FO, 

fission sources and disadvantage factors for each region and 

group are printed. If NOUT(2)Fo, axis-to-axis spacings, weights 

WTS, and weights in an infinite lattice WIL are printed. If 

NOUT(3)F0, all transmission probabilities and Dancoff f•ctors 

are printed. If NOUT(4)F0, macroscopic cross sections for each 

material are printed. If NOUT(5)F0, library is printed. 
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7Fl0.6 (COMP(J,I),J=l,NM+l) 

COMP(l,I) is the density of the rth material and COMP(J,I) for 

~J~NM+l is the weight fraction of each isotope in the library in 

the order listed appearing in the rth material. A new card is 

started each time I advances, Moderator must be material number 1. 

l4I5 (INT(J,I);J=l,NR(I)) 

7Fl0.6 (RAD(J,I),J=l,NR(I)) 

7Fl0.6 (FS(J,I),J=l,NR(I)) 

INT indicates the material of which the Jth region in the rth 

symmetry type is composed. RAD is the outer radius of the 

region. FS is the thermal fission source or the estimated source 

in the region depending on NST. INT, RAD, and FS each starts a 

new card. The cycle repeats each time I advances. There are 

NSC cycles. 

7Fl0.6 UATAS,FSM,RADC,VNUTH 

UATAS is the minimum axis-to-axis spacing in em. FSM is the 

fission source within a cell in the region surrounding the 

cylinders. RADC is the cell radius in em. VNUTH is the number 

of neutrons released per thermal fission. 

7Fl0.6 (ATAS(I),I=l,NSA), (ATAS(NSA+I),I=l,NSR) 

ATAS is the axis-to-axis spacing expressed as a multiple of UATAS. 

Those within a cell are listed first in increasing order followed 

by those involving more than one cell. 

24F3.2 (WIL(I),I=l,NSA) 

WIL is the number of elements at each intracell spacing in an 

infinite lattice formed by extending the cluster of elements 

within a cell. 

24F3.2 (WTS(K,I,J),K=l,NSA+NSR) 

WTS is the number of elements of symmetry type J transmitting 

neutrons to an element of symmetry type I separated from it by 

ATAS(K). A new card is started each time J advances and a new 

cycle (and card) is started each time I advances. 

14I5 NSC,(NR(I),I=l,NSC), etc. 

Cards for the next problem, which must use the same library. If 

NSC=O, NR(l) is interpreted as a series number for a group of 

problems, and tape l is rewound to be ready for another series 

using a different library. 
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Output from HEETR 

The regular output, which may be supplemented by any or all of the 
five options indicated by NOUT, consists first of the problem number, 
a description of the type of solution as indicated by NST, and the 
density and composition of each material in the cell. Thi~ information 
is followed by optional printouts of the library and the macroscopic 
cross sections of each material. Next the code prints for each group 
the lower energy bound, the fraction of the fission spectrum included, 
and the spatially averaged flux integral normalized to unity for the 
integral over the entire energy range encompassed by all the groups. 
These are followed by spatial averages of Zt, Ztr• Zc, Zf, VZf, and v 
for each group. Spatially averaged values of the macroscopic transfer 
cross section Lkj are listed next, Finally if there is a thermal group 
not encompassed by the code, values averaged over space and over all 
energies encompassed by the NG groups are listed for ~t, ~tr• 1/(1/Ztrl, 
~, Yf, v, vYf, and Yr where r denotes removal below the lower bound 
of the group of lowest energy; an age T is computed as T = (1/Ltrl/ 
(3Yc+3Yf+3Yr-3VYf); and the fraction of the source neut.rons arising 
from thermal fissions and the ratio of fast-to-thermal fissions are 
given. The ratio of 238U to 235U fissions in each symmetrically. 
different uranium region and the over-all ratio for the c.ell follow 
next if this option was selected. 

An optional printout then gives the outer radius, the volume 
fraction, the fission source, and the disadvantage factor in each 
group for the moderator surrounding the fuel cylinders and for each 
region of each symmetrically different fuel cylinder, The next 
optional printout gives axis-to-axis spacings and weights. The final 
optional printout gives Dancoff factors and transmission probabilities. 
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' -------

APPENDIX A - FORTRAN LISTING 

P~RT 1 ~EETR CDJE ~. K. CLAR< B211-1K 
301 FJRMA'T ( Hl5) 
302 FJRMAT17Fl0.5J 
303 FJRMM(//1/!l 
i04 FJRMATI24F3.2l 
305 F JUIA'T ( 1216) 
310 FJUIA•Tf 50XH~PRJBLE~ ~J~BERI5 J 
311 FJRMAT(lH065XlBHWEI~HT FRACTIJ~ OFJ 
312 FJRMATI30~ TYPE NJ. aE,SITY(G/CCJ ,2XA6,8(4XA6JJ 
313 FJRMAT(l8 1 Fl8.5 1 Fl3.6 1 3FlO.Sl 
314 FJRMATI46"1PRI~TOUT OF LIBRARY TAPE A~D FISSIJ~ SPECTRJ~) 
H5 FJRMMI98~1 GRJUP EU~Elfl FISSID~ SOJRCE SI>~A-T SI~U-

lTR SIGMA-C SI>MI-F ~J A6 1 Fl6.3) 
316 FJRMATil5 1 lPE14.4 1 0PFlZ.5 1 lPE15.3 1 3El2.31 JPF9.3) 
317 FJRMA•Til04~0 SIGMA-IJ fTRANSFE' TJ GRJUP I FRJ~ GUUP Jl, 

!ARRANGED AS 11 1 21 1 22, 31 1 32, 33, ••• 1 1NG•ll(~GJJ 
118 FJRMATflOXllFlJ.4) 
119 FJR~ATI74~1PRI~TDJT OF ~ACRJSCOPJC CRJSS SECTID~S A~D FJSSIJ~ s>:c 

lTRUM FOR EAC" TYPE) 
120 FJRMA~Ill2~1 GRJUP ELIME~l FISSIJ~ SJURCE SIGMA-T SIG~A 

1-TR SIGMA-C SI~~A-F NJSIGMA-F TYPE ~JMBoR Ill 
321 FJRMATII5 1 1PE14.4 1 0PF12.5 1 Fl5.7 1 4Fl2.7J 
122 FJRMA~Il20~liE!TR CJDE CJMPUTES EVE~TS I~ CYLI.JR 

l!CAL CELLS FRO~ ESCAPE AND TRANSMISSIJ~ PROBABILITIES l 
323 FJRMATf3lilE~D OF L~ST PRQBLE~ JF SERIES 12/:ttll 
124 FJ~~A•TI 123-iOSJJRCE SIJPPL! ED .FJR EAC-i UGIJ~ IS HLA Tl VE NJ~BE~ JF 

!NEUTRONS PRODUCED BY FISSIONS OCCURRING IN GROUP NG•l. J 
325 FORMAT!l20HOSOURCE SUPPLIED FOR EACH REGION IS ESTIMATE OF RELATIV 

lE NUMBER OF NEUTRONS PRODUCED BY FISSIONS OCCuRRING IN NG GROUPS.! 
326 FORMATI120HOTRANSMISSION AND ESCAPE PROBABILITIES ARE COMPUTED FRO 

1M T04AL CROSS SECTIONS. J 
327 FORMAT!l20HOTRANSMISSION AND ESCAPE PROBABILITIES ARE COMPUTED FRO 

1M TRANSPORT CROSS SECTIONS. l 
326 FORMATll20HODANCOFF FACTORS ARE EMPLOYED FOR INTERACTION BETWEEN E 

lLEMENTS IMMERSED IN MODERATOR. l 
329 FORMAT!l20HOTHE CELL APPROXIMATION IS MADE WITH ZERO CURRENT AT TH 

IE CELL BOUNDARY. l 
DIMENSION STI20,25J,STRI20,251 1 SC!20,25l 1 SF(20 1 251 1 VNUIZ0 1 25l 1 SIJI 

1230,25l,AWT!25l,COMP[26,10loEL!20J,SGMT!20 1 lOloSGMTR(20 1 lOJ 1 SGMC!2 
20,10~,SGMB(20,10),VSGMBI20,10),SGMIJI230,10),SPRM!20),NWSCllOJ 

DIMENSION NRtl0) 1 1NTf20 1 101 1 RADl20 1 10l 1 FS(20 1 10l 1 ATASI24l 1 WTSl24,1 
LO,LOL,Wilf24),CC!25l,NOUT15l 

NG=NO. OF GROUPS, NSC=NO. OF SYMMETRY CLASSES, NRlil=NO. OF 

REGIONS IN EACH CLASS, NRT=NO. OF DIFFERENT TYPES OF REGIONS IN 

CELL. NM=NO. OF MATERIALS FOR WHICH DATA ARE TO BE REA0 1 NWSClll= 

NO. OF UNITS WITHIN EACH SYMMETRY CLASS, ST!IoJl= SIGMA TOTAL OF 

MATERIAL J IN GROUP !. SIMILARLY STR, SC, SF, AND VNU REPRESENT 

SIGMA TRANSPORT, SIGMA CAPTURE, SIGMA FISSION, AND NU. SIJli 1 Jl 

REPRESENTS TRANSFER CROSS SECTIONS OF MATERIAL J ARRANGED IN THE 

ORDER 11, 2li 22 1 31 1 32 1 33, ••• 1 (NG+ll!NGJ. INT(J 1 IJ IS THE 
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REGION TYPE INDEX FOR SYMMETRY CLASS I. INT(J,Il ASSUMES A TYPE 

NO. FOR EACH REGION J. AWTIIl=ATOMIC WEIGHT OF MATERIAL I. 

COMPti,J)=OENSITY OF TYPE J FOLLOWED IN ORDER BY WEIGHT FRACTIONS 

OF VARIOUS MATERIALS I-1. RADII,Jl=OUTER RADIUS OF REGION I OF 

SYMMETRY CLASS J. ELIIl=LOWER BOUND OF GROUP I IN MEV. FSII,Jl= 

ESTIMATED OR ACTUAL FISSION SOURCE IN EACH REGION I OF EACH 

SYMMETRY CLASS J. NP=PROBLEM NO• NST=SOLUTION TYPEIIF NST IS EVEN, 

FS IS ACTUAL SOURCE IN NG+1 GROUP. IF ODD FS IS ESTIMATE. 0 THRU 3 

INDICATE TRANS. APPRDX.l. ATASlil=POSSIBLE AXIS TO AXIS SEPARATION 

VALUBS IN INCREASING ORDER. WTSII,J,Kl=NO. OF UNITS IN SYMMETRY 

CLASS K TRANSMITTING NEUTRONS TO UNIT OF SYMMETRY CLASS J AT A 

SEPARATION ATASlil. FSM=ACTUAL OR ESTIMATED FISSION SOURCE IN 

MODERATOR. 

INTRACELL SPACINGS MUST BE LISTED FIRST IN INCREASING ORDER FOL­

LOWED BY INTERCELL SPACINGS, EVEN IF SOME INTER ARE LESS 

UATA9=UNIT AXIS TO AXIS SEPARATION. RADC=RAOIUS OF CELL 

IF NST=2,3,6t0R 7,lAND IF NSC=NWSCINSCl=1) CODE USES CELL BOUNDARY 

IF RATIO OF U-238 TO U-23~ FISSIONS IS DESIRED, NST IS INCREASED 

BY 10. THE URANIUM MUST BE MATERIAL TYPE 2, AND MATERIAL TYPE 3 

MUST BE PURE U-238 HAVING THE SAME ATOMIC DENSITY AS IN MATERIAL 

TYPE 2. THIS OPTION IS AVAILABLE ONLY WHEN NST IS EVEN. 

NCC LS NEGATIVE EXPONENT OF 10 FOR CONVERGENCE CRITERION 

MODERATOR REGION IS ALWAYS TYPE I. NSA=NO. OF INTRA CELL SPACINGS. 

NSR=NO. OF INTERCELL SPACINGS 

NOUT SPECIFIES OUTPUT. IT CONSISTS OF 5 NUMBERS.IF FIFTH NUMBER IS 

NON-ZERO, LIBRARY TAPE IS PRINTED. IF FOURTH NUMBER IS NON-ZERO 

MACROSCOPIC SIGMAS FOR TYPES EMPLOYED ARE PRINTED. IF THIRD NUMBER 

IS NON-ZERO, TPOO, TPOI, AND DTP ARE PRINTED. IF SECOND NUMBER IS 

NON-ZERO, ATAS, WTS, AND WIL ARE PRINTED. IF FIRST NUMBER IS NON­

ZERO~ FISSION SOURCES AND DISADVANTAGE FACTORS ARE PRINTED. 
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NLI 8=;5 
NTI N=;8 
NTOUJ=10 
REWIND 2 
READ INPUT TAPE NLIB 1 301 1 NGtNM 
NIJ=;atNG+1l•(NG+211/2-1 
DO 2 1=1,NM 

2 READ INPUT TAPE NLI8t302 1 (ST(J,IJ,J=1,NGJ,(STR(J,II,J=1,NGI,ISCIJ, 
1II 1 J=;1,NGJ,ISF(J,IJ,J=ltNGltiVNU(J,II,J=1,NGI,ISIJ(J,IJ,J=1,NIJI 
2,AWTtll . 

READ INPUT TAPE NLIB 0 302, (EL(II,I=1,NGI 
READ INPUT TAPE NLIB,305,(CCIII,I=l,NMI 
REWIND NLIB 
READ INPUT TAPE NTIN,301,NSC,(NRII1,1=1,NSCI,(NWSC(IIt1=1,NSCI,NRT 
1oNST~NSA,NSRINCC,NP,(NOUT(li,I=1,5J 

IF ( N SC 121,211 22 
21 REWLNO 1 

WRITE OUTPUT TAPE NTOUT 1 323 1 NR(ll 
CALL RETURN 

22 WRitE OUTPUT TAPE NTOUT,322 
K=NMn 
DO 4 I=loNRT 

4 READ INPUT TAPE NTIN,302,(COMP(J,IJ,J=1,KJ 
00 3 1=1,NSC 
K=NR Ll l 
READ INPUT TAPE NTIN 7 301 0 (1NT(J 0 II,J=1oKI 
READ INPUT TAPE NTIN.302,(RAD(J,Il,J=l,Kl 

3 READ INPUT TAPE NTIN,302,(fS(J,IJ,J=1,KI 
READ INPUT TAPE NTINt302,UATAS,FSM,RADC,VNUTH 
NATAS=NSA+NSR 
READ INPUT TAPE NTIN 1 302 1 tATAStii 1 1=1,NATASJ 
READ INPUT TAPE NTIN 1 304,(WIL(II,I=loNSAJ 
00 5 l=l,NSC 
DO 5 J=1oNSC 

5 READ INPUT TAPE NTIN 1 304,(WTS(K,I 1 JltK=1oNATASI 
CALL EFM 
00 18 1=1,NAfAS 

18 ATASCI):UATAS•ATAS(II 
DO 14 1=1,NRT 
DO 1 J=1,NG 
SGMHJ oii=O. 
SGMTR(Joll=O. 
SGMCtJ.II=O. 
SGMBUJ, 11=0. 

7 VSGMB(J,JJ=O. 
00 8 J=l,NIJ 

8 SGMIJ(J,Il=Ol 
DO 14 J,1,NM 
IFICOMP(J+1,Ill14,14,10 

10 XN=COMP(1 0 li*COMP(J+1 0 1J•.6023/AWT(J} 
00 11 L=l,NG 
SGMTLL,ll=SGMT(Loll+XN•ST(L,JJ 
SGMTRILoll=SGMTRiloll+XN•STR(L,JI 
SGMClLoli=SGHC(L,II+XN•SC(L,JI 
SGMBtLoll=SGMB(L,ll+XN•SF(L,JI 

11 VSGMB(l,II=VSGMB(Loii+XN•SF(L,Jl•VNU(l,JI 
00 12 l=;1,NJa 

12 SGMIJILoll"SGMIJ(L,!l+XN•SIJILoJl 
14 CONTINUE 
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SM=O •. 
DO 17 i'l1,NG 
IFII..,1ll5o15116 

15 SPRM~i)=FNSPMIElllll 
GO TO 17 

16 SM=SM+SPRMII-1) 
SPRMCil,.FNSPMIELIIli~SM 

17 CONTINUE 
IFINST-10)101,100,100 

lOO MShNST 
NST=MST-10 

101 WRITE OUTPUT TAPE NTOUTo303 
WRITE OUTPUT TAPE NTOUT,310,NP 
IFIFLOATFINST/2l-FLOATFINSTl/2.+.1l23,23o24 

23 WRITE OUTPUT TAPE NTOUT,325 
GO TO 25 

24 WRIT8 OUTPUT TAPE NTOUT,324 
2.5 N=NS!f/4+ 1 

GO TO 126,271 oN 
26 WRITE OUTPUT TAPE NTOUT,327 

GO to 28 
27 WRITE OUTPUT TAPE NTOUT,326 
28 N=NSII"+1 

GO TO 129o29130o30,29o29,30o30loN 
29 WRITE OUTPUT TAPE NTOUTo328 

GO TO 42 
30 WRITE OUTPUT TAPE NTOUT,329 
42 WRITE OUTPUT TAPE NTOUT,303 

NST=MST 
IFINM-9)31,31,32 

31 N=NM 
GO 1'0 33 

32 N=9 
33 WRITE OUTPUT TAPE NTOUT,3ll 

WRITE OUTPUT TAPE NTOUT,312,1CCI!l,I=l,Nl 
DO 34 !'<1oNRT 

34 WRITE OUTPUT TAPE NTOUTo313oloCOMP11 0 Il,ICOMP(J+l,Il,J=l,Nl 
WRITE OUTPUT TAPE NTOUT,303 
IFINM-9X45,45,35 

35 IFINM-18)36,36 0 37 
36 N=NM ... 9 

GO TO 38 
37 N=9 
38 WRITE OUTPUT TAPE NTOUTo311 

WRITS OUTPUT TAPE NTOUT,312,1CCII+9l,I=1,Nl 
DO 39 l=l,NRT 

39 WRITS OUTPUT TAPE NTOUT,313 0 l,COMP11),1COMPIJ+lOl,J=1,Nl 
IFINM-18)45,45,40 

40 N=NM...,18 
WRITE OUTPUT TAPE NTOUT,303 
WRITE OUTPUT TAPE NTOUT,311 
WRITE OUTPUT TAPE NTOUT,312 0 ICCII+l8l,l=l,Nl 
DO 41 l=l,NRT 

41 WRITE OUTPUT TAPE NTOUT,313,I,COMPill,ICOMPIJ+l9),J=1,Nl 
45 IFINOUT15ll46,60,46 
46 WRITE OUTPUT TAPE NTOUTo314 

DO 48 1"1loNM 
WRITE OUTPUT TAPE NTOUT,.315,CCII),Ailf·ll.l 
DO 47 J=l,NG 
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47 WRITE OUTPUT TAPE NTOUT,316,JoELIJI,SPRMIJI,STIJolloSTRIJ,II,SCIJ, 
lii,SFIJ,IloVNUIJ,II 

WRITE OUTPUT TAPE NTOUT,317 
48 WRITE OUTPUT TAPE NTOUT,318,CSIJIII,II,II=l,NIJ) 
60 IFINOUTI4ll6l,80,61 
61 WRITE OUTPUT TAPE NTOUT,319 

00 63 I•l ,NRT 
WRITE OUTPUT TAPE NTOUT 1 320,1 
DO 62 J=l 1 NG 

62 WRITB OUTPUT TAPE NTOUT,32l,J,ELIJitSPRMIJl,SGMTCJ,Il,SGMTRCJ,II, 
1SGM06J,ll,SGMBIJ,II,~SGMBIJ,Il 

WRITE OUTPUT TAPE NTOUT,317 
63 WRITB OUTPUT TAPE NTOUT,318,CSGMIJIII 1 !),11=ltNIJJ 
80 WRITE TAPE 2, SGMT, SGHTR,.SGMC, SGM6, VSGMB, SGMI J, SPRM, NG, NSC, NR, NWSC, 

lNRT,NST,EL,INT,RAD,RADD,FS,FSM,ATAS,WTS,WIL,NSA,NSR,NOC,NOUT,VNUTH 
2,NTIN,NTOUT 

REWIND 2 
CALL LTAPl 
ENDca,o,o,o,ol 

FUNCTION FNSPM 
FUNCTION FNSP.MIAl 

H. K. CLARK 

COMPUTES FISSION SPECTRUM BY INTEGRATING F!EI FROM A TO INFINITY. 

FIEJ,.0.45270•EXPFI-E/0.9651•SINHFISQRTFI2.29•Ell 
Yl=l.Ol797•SQRTFIA1+.74328 
YZ=Yt-1.48656 
FNSPM=l.-.37953•CEXPFI-Yl••21-EXPFI-Y2••21l-.5•1ERRORFIYll+ERRORFI 

lY 2 l I 
RETURN 
ENDl2,o,o,o,el 

PART 2 HEETR CODE H. K. CLARK 8211-lK 
DIMENSION SGMTI20,10),SGMTRI20,lOI,SGMCI20,lOI,SGMBI20,10),VSGMBI2 

l0 1 10t,SGMIJI230,10) 1 $PRMI20),NRI10),1NTC20,101,RADI20,10) 1 ABTI20 1 1 
20,20t,FSC20,10l,AA119,10),AQ!l9,10),VAI2tl0),ATASI24),WTSI24tl0 
3,10l.WIL124liTPOII19,10,201 1 TPOOI20,10 1 20l 1 DTPI24 1 201 1 NWSCilOJ,ABM 
4120l.VQI2olOl,VI20,10),UFSI20,lOl,PFSI20,lOl,DFSI20 1 10l,NOUTI5), 
5PHII20),Eli20l,IHI20l,FDUI20,10l,FNU120,10l 1 DLTAI20,10loiSI7l, 

.6IR17I,OA17l 

ABTIL,J,KI=ABSORPTIONS IN REGION I, SYMMETRY CLASS J, AND GROUP K. 

ABMill=ABSORPTIONS IN MODERATOR IN GROUP I. 
~Ot FORMATI40Hl PRINTOUT OF AVERAGED CONSTANTS/////) 
102 FORMATI30HO MODERATOR CELL RADIUS=F8.4 1 13H VOL FRAOT=F7.5 

ltl9H THRML FISS SRCE=F7.5 1 14H LAST ITER=F7.5l 
303 FORMATI30HO MODERATOR CELL RADIUS=F8.4, 13H VOL FRADT=F7.5 

l 1 19H FINAL FJSS SRDE=F7.5 1 14H PREV ITER=F7.5) 
~04 FORM~Tl7HOCLASS Il 1 6H NO.=I2 1 7H REGNI3,7H TYPEI2,10H 

l=F8.4ol3H VOL FRACT=F7.5 1 19H THRML FISS SRCE=F7.5,13H 
2TER=F7.5l 

305 FORMATC7HOCLASS llo6H NO.=I2,7H 
l=FB.4.13H VOL FRACT=F7.5,19H 
2TER=F7.51 

106 FORMAT llOX7HGROUP 10110 l 

REGNI3,7H TYPEiz,lOH 
FINAL FISS SRCE=F7.5 1 13H 

RADIUS 
LAST I 

RADIUS 
PREV I 

)07 FORMATI120HOGROUP EL(MEVl SPECTRUM FLUX 
1 SIGMA-TR SIGMA~c SIGMA-F NU•SIGMA-F 

SIGMA-T 
NU 
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~08 FORMATII4 0 1PE15.3,0PF10.5 0 1PE13.4oOPFl0.4,Fl2.4,Fl3.5,Fl2.5,Fl3.5, 
tF15.4l -

~09 FORMATI104HO SIGMA-IJ !TRANSFER TO GROUP I FROM GROUP J), 
!ARRANGED AS llo 21, 22, 31o 32, 33o•••oiNG+lliNGll 

~10 FORMATI10XllF10.4) 
:ill FORMATI1H0//140X41HPARAMETERS AVERAGED OVER SPACE AND ENERGY//9H S 

1IGMA~T=F8.5,13H SIGMA-TR=F8.5,14H 1/ITRMFPl=F8.5,12H SIGM 
2A-C:F9.6,12H SIGHA-F:F9.6o7H NU=F7.4/6X11HNU•SIGMA-F=F9.6,18 
3H SIGHA-REMOVAL=F9.6 0 39H TAU ITRMFP/13•SIGMA-IC+F+R-NU•Flll= 
4F8.3/11X58HFRACTION CJF SOURCE NEUTRONS ARISING F.ROM THERMAL FISSIO 
5NS=F9.6/11X34HRATIO CJF FAST TO THERMAL FISSIONS=F8.5l 

il2 FORMATI41HlPRINTOUT UF DANCOFF FACTORS IN MODERATOR) 
113 FORMAT!12HO RADIU3=F7.4o29H AXIS-TO-AXIS SEPARATION=F7.4) 
Jl4 FORMATI5Xl5HDANCOFF FACTOR l0Fl0.5) 
~15 FORMATI39HlPRINTOUT OF TRANSMISSION PROBABILITIES) 
al6 FORMATI7HOCLASS ll,llH REGION 121 
il7 FORMAT(lOXlOHTPOI 10F10.5) 
318 FORMATI46HlPRINTOUT"OF AXIS-TO-AXIS SPACINGS ANO WEIGHTS) 
Jl9 FORMATI30HOAXIS-TO-AXIS SEPARATION 8Fll.4) 
:i20 FORMAITI81HOWtSII,J,Kl ARRANGED WITHIN ROWS BY I. ROW.S ADVANCE BY J 

lo AND GROUPS OF ROWS BY Kl 
321 FORMATI24F5.ll 
J22 FORMATI5Xl5HDISADVNTG FCTR lOFlO.Sl 
323 FORMATI30H NO. IN INF. REG. LATTICE 8Fll.4l 
324 FORMAT!lOXlOHTPOO lOFlO.Sl 
325 FORMAT! 1HO/I40X41HDLSADVANTAGE FACTORS AND VOLUME FRACTIONS) 
326 FORMAT(llX 41HOVERALL RATIO OF U-238 TO U-235 FISSIONS=F8.5l 
327 FORMATI21X 22HSYMMETRY CLASS, REGION 15 0 1Hol2o6117olHoi2ll 
128 FORMAT!21X 22H U-238/U-235 FISSIONS 7Fl0.5l 

REWIND 2 
READ TAPE 2o$GMT 0 SGMJR,SGMCoSGMB,VSGMBoSGMIJoSPRMoNGoNSC,NR,NWSCo 

lNRToNSToEL,INT,RAO,RAOC,FS,FSM,ATAS,WTS,WIL,NSA,NSR,NCC,NOUT,VNUTH 
2,NTJN,NTOUT 

REWIND 1 
IDA=O 
IFINST-10llll 0 ll0,110 

110 NShNST-10 
I DA=l 

111 CALL EFM 
CALL TRPINSTINSC,NR,INT 0 NGoNSA 0 NSRoWTS,W!LoATAS,~AD 0 RADC,SGMT, 

lSGMTR,TPOO,TPOI,DTP,Ll 
IFIL~2,2ol 

1 FSIL~ll:;FSM 
2 SUMA~O. 

00 31 I=l,NSC 
KK:NRIIJ 
DO 3l J=loKK 

31 SUMA~SUMA+FSCJ,Il•FLOATF(NWSCIIll 
IF!LI32o32,33 

32 SUMA;SUNA+FSM 
FSM=FSM/SUMA 

33 DO 34 !:;l,NSC 
KK=NRI I l 
DO 3ft J=l,KK 

34 FSIJ.IJ:FSIJill/SUMA 
!F!FLOATF!NST/2)-FLOATFINSTl/2.+.1)38,38,35 

35 DO 3b I=l,NSC 
KK=NRlll 
DO 36 J=l,KK 
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36 DFS!J,IJ=FS!J,Jl 
JFILJ:37,37,38 

37 DFSM,.FSM 
38 VM=O •. 

DO 7 l=l,NSC 
K=NRI:I) 
DO 7 J=l,K 
IF(J-<1)3,3,4 

3 V!l,Ll=IRAD(l,ll/RADCl••Z 
GO TO 5 

4 VIJ,LJ=IRADIJ,Il••Z-RAD!.J-l,Jl••Zl/RADC••Z 
5 I F I L );6 , 6, 7 
6 VM=VM+V!J,Il•FLOATF!NWSC!lll 
7 CONTINUE 

IF1Ll8,8,9 
8 VM=l •. -VM 
9 N=NS'T/4 

40 CALL SOLN(L,NG,NSC,NST,NSA,NSR,NR,INT,NWSC,SGMT,SGMTR,SGMIJ,FS,FSM 
l,SPRM,DTP,TPOD,TPOJ,RADoRADC,ABT,ABM,WTSl 

DO 12 l,l,NSC 
KK=NRI ll 
DO 12 J=l,KK 
JJ=INTIJ,JJ 
UFS(J,IJ=O. 
DO 12 K=1,NG 
IF!NHO, 10,11 

10 ABT(J,!,Kl=ABT(J,J,Kl/ISGMTR(K,JJJ•V!J,Ill 
GO TO 12 

11 ABT(J,I,KJ=ABTIJ,!,Kl/ISGMT(K,JJl•V!J,Ill 
12 UFS(J,ll=UFS!J,Jl+VSGMB!K,JJJ•ABT!J,l,Kl•V!J,Il 

IF!Lll3,13,17 
13 UFSM,Q. 

DO 16 l=l,NG 
JFINU4,14,15 

14 ABM!Ll=ABMII)/(SGMTRII,ll•VMJ 
GO TO 16 

15 ABMILJ=ABM!Il/!SGMT!I,1l•VM) 
16 UFSM=.UFSM+ABM!Il•VSGMBti,ll•VM 
17 IFIFLOATF!NST/21-FLOATF!NSTJ/2.+.1)51,51,18 
18 SUMA,O. 

DO 19 1=1,NSC 
KK=NR!ll 
DO 19 J=l,KK 
PFSIJ,JI=FS!J,Il-UFS!J,Il 

19 SUMA,.SUMA+PFS(J,IJ•FLOATF!NWSC!Jll 
IF!LJ:2o,2o,zt 

20 PFSM,.FSM-UFSM 
SUMA,SUMA+PFSM 
UFSM,.UFSM/SUMA 
PFSM,.PFSM/SUMA 

21 SUMC=.O. 
DO 22 1"1 ,NSC 
KK=NRIJ l 
DO 22 J=l,KK 
UFSIJ,Il=UFStJ,Il/SUMA 
PFSIJ.ll=PFS{J,IJ/SUMA 

22 SUMC,.SUMC+ABSF!DFSIJ,ll-PFS(J,Ill•FLOATFINWSCI!ll 
!FIL123,23,24 

23 SUMC=.SUMC+ABSFIOFSM-PFSMl 
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24 IF(SUMC-lO.••I-NCClJ60,&0,25 
25 SUMCo;O. 

DO 41 l"loNSC 
KK=NR (II 
DO 41 J=l,KK 
FS(Joll=DFS(Joll+UFS(J,Il 

41 SUMC=;SUMC+FSIJoll•FLOATFINWSCIIll 
lf(Ll42,42,43 

42 FSM,OFSM+UFSM 
SUMC;;SUMC+FSI'! 
FSM=FS~/SUMC 

43 DO 44 l=l,NSC 
KK=NR( I) 
DO 44 J=l,KK 

44 FS!Joll•FSIJill/SU~C 
GO TO 40 

51 SUMA=;Q. 
SUMC ,o. 
DO 52 l;;l,NSC 
KK=NR( I) 
DO 52 J:l,KK 

52 SUMA"SUMA+UFSIJoll•FLOATFINWSCIIll 
IF(LJ.53,53,54 

53 SUMA~SUMA+UFSM 
UFSM,UFSM/SUMA 
SUMC,ABSF(FSM-UFSMl 

54 DO 55 1•1, NSC 
KK=NR! Il 
DO 55 J'll,KK 
UFS(J 0 ll=UFSfJ,J l/SUMA 

55 SUMC,SUMC+ABSFIFS(J,Il-UFS(J,Ill•FLDATF(NWSC!Ill 
IFISUMC-lO.••!-NCCll60,6Q,56 

56 DO 57 ld,NSC 
KK=NR( I) 

DO 57 J=l,KK 
57 FSIJoll=UFS(J,Il 

IF!LI58,58,40 
58 F SM=UF SM 

GO TO 40 
60 00 63 l=l,NG 

PHI!Il=O. 
DO 61 J=l 0 NSC 
KK=NR(Jl 
DO 61 JJ=l,KK 

61 PH I ( I.l =PHI ( I I +AB Tl JJ, J, I l •V ( JJ, J l •FLOA TF ( NWS C ( J l l 
IF!Ll62o62,63 

62 PHI(Ll=PHI(II+ABM(Il•VM 
63 CONTINUE 

DO 66 hl,NG 
DO 64 J=l,NSC 
KK=NR!Jl 
DO 64 JJ=loKK 

64 ABT(JJ,J,Il=ABT!JJ,J,Jl/PHI!Il 
IF!Lt65,65 0 66 

65 ABM!Il•ABM!II/PHJ(J) 
66 CONT LNUE 

DO 69 hl,NG 
SGMTtl,lOl=O. 
SGMTR(J,lOl=O. 
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SGMCI·Io10l=O. 
SGMBI·I ,101=0. 
VSGMB( 1.101=0. 
DO 67 J=l,NSC 
F=FLOATFINWSCIJll 
KK=NRI J l 
DO 67 JJ=l,KK 
LL=INTIJJ,Jl 
SGMTti,10l=SGMTII 0 lOI+SGMTII,LLl•VIJJ,Jl•ARTIJJ,J,Il•F 
SGMTR(l,lOl=SGMTR(J,lOl+SGMTRII,Lll•VIJJ,Jl•ABT(JJ,J,Il•F 
SGMC(J,lOl=SGMCIIolOl+SGMCIJ,LLJ•VIJJ,Jl•ABTIJJ,J,Jl•F 
SGMBilolOl=SGMBIIolOJ+SGMBIIoLLl•VIJJ,Jl•ABT(JJ,J,Il•F 

67 VSGMBIIolOJ=VSGMB(I,lOl+VSGMBII,LLl•VIJJ,Jl•ABTIJJ,J,Il•F 
IF I l ).68, 68,69 

66 SGMT,I,lOl=SGMT(!,lOJ+SGMTIJ,ll•VM•ABMIIl 
SGMTR(J,lO)=SGMTRII,lOJ+SGMTR(J,ll•VM~ABMIIJ 
SGMCLI,lOl=SGMC(!,lOl+SGMCII,ll*VM•ABMill 
SGMBII,lOl=SGMB(I,lOl+SGMBII,ll•VM•ABMill 
VSGMB(I,lOl=VSGMBII,lOl+VSGMRII,1l•VM•ABMill 

69 CONTINUE 
N!Jo;.( 11\G+ll•tNG+Zl l/2-1 
K=NG+l 
DO 72 1,1,NG 
LL=( ll-ll•lll2+1 
DO 72 J=I,K 
Ll=ll+J-1 
SGMIJILL,lOl=O. 
DO 70 ll=l,NSC 
KK=NRI II) 
DO 70 JJ=l,KK 
MM=INTIJJ,Ill 

70 SGMIJILL,lOl=SGMIJILL,lO)+SGMIJILL,MMl•V(JJ,Ill•ABTIJJ,!J,Il•FLOAT 
1 F I NW SCI I I l l 

IF1Ll1l,71,72 
71 SGMlJILL,lOl=SGMIJILLolOl+SGMIJILL,ll•VM•AAMill 
72 CONTINUE 

SMP,O. 
SGT=O. 
SGTRo;C. 
SGC=O. 
SGB=O. 
I!SGB.,Q. 
SGJJo;O. 
PH= D. 
DO 73 Jo;!,NG 
PH=PH+PHII Il 
SGT:SGT~SGMTII,10l•PHII!l 
SGTR;SGTR+SGMTRII,10l•PHII!l 
SGC:SGC+SGMCPI,lOl•PHIIIl 
SMP=SMP+.PHIIIJ/SGMTRII,lOl 
SGB=SGB~SGMBII,10l•PH!Ill 
VSGB;VSGB+VSGMB(I,!Ol•PHII!l 
KK=tNG•ING+lll/2+1 

73 SGIJ:SGIJ+SGMIJIKK,lOl•PHllll 
PH=l./PH 
DO 74 !=loNG 

74 PHII1l=PH!(I)*PH 
SGT:SGT•PH 
SGTRo;SGTR•PH 
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SGC=SGC•PH 
SGB'ISGB*PH 
VSGB .. VSGB•PH 
SGIJ,.SGIJ•PH 
SMP'i1./ISMP•PH) 
KK=NG/11+1 
WRITE OUTPUT TAPE NTOUT,301 
WRITE OUTPUT TAPE NTOUT,307 
DO 75 !=loNG 

75 !HI ll=I 
DO 80 !=loNG 
VV=VSG~B(I,lOl/SGMB(I 0 10l 

80 WRITE OUTPUT TAPE NTOUT 1 308 1 11 ELIIloSPRMIIl,PHIIIl,SGMTIIo10) 1 

ISGMTR ( I 1 10 l , SGMC ( I 1 10 J 1 S GMB ( I, 10 l, VS GMB ( I, 10 l, VV 
WRITE CUTPUT TAPE NTOUT 1 309 
WRITE OUTPUT TAPE NTOUT,310,1SGMIJII,10l,I•1,N1Jl 
IF!FLOATFINST/2)-FLOATFINSTJ/2.+.1)87,87 1 81 

81 VV=VSGB/SGB 
FTNR'ill.-SUMAJ/SUMA 
FTFR,.FTNR•VNUTH/VV 
TAU•l./(3.•SMP•ISGC+SGB+SGIJ-VSGBll 
WRITE CUTPUT TAPE NTOUT,31loSGT,SGTR,SMP,SGC,SGB,VV,VSGB,SGIJoTAU, 

lSUMA ,FTFR 
IFIIDAJ126,126 1 112 

112 DO 113 l=l 0 NG 
IF(SGMB!I,3ll114 0 114 0 113 

113 CONTINUE 
114 NFG'II-1 

SA=O •. 
SB=O. 
SC=O~ 
DO 118 J=1,NSC 
NK=NR(JJ 
DO 118 K=1,NK 
IFIINTIKoJJ-2l118o115o118 

115 FDUIKoJl=O. 
FNU(K,Jl=O. 
DO 116 I=loNFG 

116 FDUIKoJl=FDUtK,Jl+SGMBI!o3l*ABT(K,J,IJ•PHI(I l 
FDUIK,Jl=FDUIK,JJ•V(K,Jl*FLOATFINWSCIJJI•(l.-SUMAI/VSGB 
DO 117 1=1,NG 

117 FNU(K,Jl=FNUtK 1 JJ+SGM811 1 2l•ABT(K 1 Joil•PHIIll 
FNUIK,Jl=FNU(K,JJ•V(K,Jl•FLOATFINWSCIJJl•ll.-SUMAl/VSGB 
X=DFS(K,JJ•FlOATFINWSCIJll•SUMA/VNUTH+FNU(K 1 Jl-FDUIK,Jl 
DLTA~K,Jl=FDU(K,Jl/X 
SA=SA+FOUIK 1 J) 
SB=SB+FNU(K 0 J) 
SC=SC+DPSIK,Jl•FLOATFINWSC!Jll•SUMA 

118 CONTINUE 
OELTA=SA/ISC/VNUTH+SB-SAl 
WRITE OUTPUT TAPE NTOUT,326 1 DELTA 
IL=O 
I=O 
IJ=l 
IK=1 

119 00 123 J=IJ,NSC 
NK=NR(Jl 
DO 122 K=IKoNK 
JFIINTIKoJl-2ll22ol20 1 122 

________ -------- ... HtL_ _ _ _ _ __ ~~ 
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120 1=1+1 
IF(I~7ll21,1Z4,124 

121 ISIIJ:J 
IRIIl.=K 
DAI I ).=Ol TAIK;Jl 

122 CONTINUE 
123 IK=l 

ll=l 
IFI I l 126, 126; 124 

124 WRITE OUTPUT TAPE NTOUT,327oiiSIJJJ,IRIJJJ,JJ=1,1l 
WRITE OUTPUT TAPE NTOUT,328,1DAIJJJ,JJ=l,Il 
IFIILJ125,125,126 

125 I :Q 

I J=J 
IK=K 
GO TO 119 

126 IFINOUTilllB2,93,82 
82 WRITE OUTPUT TAPE NTOUT,325 

IFILJ.83t83,85 
83 WRITE OUTPUT TAPE NTOUT,302,RADC,VM,DFSM,PFSM 

00 84 I=l,KK 
JJ=XMINOFINGilO•Il 
K=tO•I I-ll+l 
WRITE OUTPUT TAPE NTOUT,306,1!HIJJ,J=K,JJ) 

84 WRITE OUTPUT TAPE NTOUT,322,1ABMIJJ,J=K,JJJ 
85 DO 86 l:t,NSC 

LL:NR(Il 
DO 86 J,.1,ll 
MM:!NTI J ,I l 
WRITE OUTPUT TAPE NTOUT,304,J,NWSCIJ),J,MM,RAD(J,IJ,V(J,JJ,DFSIJ,I 

l),PFS!J,Jl 
DO 86 JJ=1,KK 
LM=XM!NOFINGilO•JJ) 
K=lO• I JJ-ll+l 
WRITE OUTPUT TAPE NTOUT,306,(JH!lll 1 JJ=K,LMl 

86 WRITE OUTPUT TAPE NTOUT,322 1 1ABTIJ 1 11 1IJ,Il=K 1 LMJ 
GO TO 93 

87 IFINOUTI1ll8B 1 93,8B 
88 IFILJ.89,89,91 
-89 WRITE OUTPUT TAPE NTOUT,303,RAOC,VM,UFSM,FSM 

00 90 J=l,KK 
JJ=XMJ~OFINGilO•ll 

K=lO•II-ll·f'l 
WRITE OUTPUT TAPE NTOUT,306,1JHIJJ,J=K,JJJ 

90 WRITE OUTPUT TAPE NTOUT,322tiABMIJJ,J=K,JJJ 
91 DO 92 !=1 1 NSC 

LL=NRIIJ 
DO 92 J=1,ll 
MM=lNTIJtll 
WRITE OUTPUT TAPE NTOUT,305,!,NWSCIIJ,J,MM,RADIJ,IJ,V(J,I),UFS(J,! 

l),FSIJ,Il 
00 92 JJ=l,KK 
LM=XMI~OFINGilO*JJJ 
K=lO• I JJ-ll+l 
WRITE OUTPUT TAPE NTOUT,306,11HII!J,II=K,LMl 

92 WRITE OUTPUT TAPE NTOUT,322,(ABT(J,I,IIJ,JI=K,LMJ 
93 NATAS=NSA+NSR 

JFINOUTI2ll94,98,94 
94 IFIL1994,994i98 
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994 WRITE OUTPUT TAPE NTOUT,318 
LM=INSA+NSRl/9+1 
DO 96 1=1 0 LM 
JJ=XMINOFINSA+NSR,S•Il 
LL=XMINOFINSA,B•Il 
K=8<0( 1-1 )+1 
WRITE CUTPUT TAPE NTOUT 0 319oiATAS(J),J=K,JJl 
IFINSA-Kl96,95,95 

95 WRITE OUTPUT TAPE NTOUT,323 0 (WILIJl,J=K,LLl 
96 CONT l.NUE 

WRITE CUTPUT TAPE NTOUT,320 
DO 97 K=1,NSC 
DO 97 J=1,NSC 

97 WRITE OUTPUT TAPE NTOUT,321 0 (WTSII,JoKloi=1,NATASl 
98 IFINOUTI3ll99,105,99 
99 IFILrl00,1001102 

100 WRITE OUTPUT TAPE NTOUT,312 
K=NR( ll 
R=RADIK,ll 
DO 101 LL=1,NATAS 
WRITE OUTPUT TAPE NTOUT,313,R,ATASILL) 
DO 101 l=loKK 
JJ=XMINOFINGi10•Il 
K=10•I I-ll+l 
WRITE OUTPUT TAPE NTOUT,306 0 (JHIJ),J=K,JJl 

101 WRITE OUTPUT TAPE NTOUT,314,(0TPILL,Jl,J=K,JJl 
102 WRITE OUTPUT TAPE NTOUT,315 

DO 104 I=l,NSC 
K=NR (!) 
DO 104 J=1,K 
WRITE CUTPUT TAPE NTOUT,316,I,J 
DO 104 JJ=1 ,KK 
LL=XMINOFINGI10•JJ) 
MM=lO•IJJ-11+1 
WRITE OUTPUT TAPE NTOUT,306,(1HILMJ,LM=MM,LL) 
IFIJ-11104 0 104,103 

103 WRITE OUTPUT TAPE NTOUT,317oiTPOI(J-1,I,LMl,LM=MM,Lll 
104 WRITE OUTPUT TAPE NTOUT,324,(TPOO(JoioLMloLM=MMolLl 
105 CALL LTAP1 

ENDI2,0,o,O,Ol 
SUBROUTINE TRPINST,NSCoNR,INT,NG,NSA,NSR,WTS,WIL,ATAS,RAD,RADCo 

1SGMT,SGMTR 0 TPOO,TPOI,DTP,KKl 
DIMENSION NRI10loiNTI20,10loWTSI24ol0olOloWILI24loATASI24l,RADI20, 
110l,SG~TI20 0 l0),SGMTRI20,10),TP01(19ol0 0 20l,TP00!20,10,20l,DTPI24, 
220) 

N=NSif/4 
KK=NST+l 
GO TO (31,3li32,32,31o31o32,32l,KK 

31 KK=O 
GO TO 25 

32 NR I ll.=NR ( ll +l 
KK=NRI ll 
RADIKK 0 1l=RADC 
INT(KK,ll=1 

25 DO 8 l=l,NSC 
M=NR!Il 
DO 8 J=l,M 
L=INTIJ,Il 
IFIJ~ll2,2,1 
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1 A=RADIJ-1,!1/RAD(J,!l 
2 DO 8 K=1 0 NG 

IF!N).3,3o4 
3 B=SG~TR(K,Ll•RAD!Joll 

GO TO 5 
4 B:SG~T(K,Ll•RAO(J,Il 
·5 IFIJ~ll6,b,7 
b TPOOtloloKl~tCYL!Bl 

GO TO 8 
7 TPOOtJ,I,Kl•TOO!A,Bl 

TPOLLJ-1,I,KI=TOI(A,Bl 
8 CONHNUE 

IFIKKl26,26,24 
26 M=NSA+NSR 

K=NR !.ll 
R=RAO( K, 11 

TO BE ABLE TO USE OANCOFF FACTOR ALL OUTERMOST RADII MUST BE EQUAL 
X=O. 
DO 16 I=1,NSJI 
A=R/ATAS!Il 
Y=OOFRtA,O.l•WILI!l 
X=X+Y 
!FtX~1.)10,10,9 

9 Y= 11.:- ( X-Yll!.Y 
10 00 15 L.;1,NG 

IF!Nlll,ll,l2 
11 B=SGMTR!L,1J•R 

GO TO 13 
12 B=SG~l(L,1l•R 
13 DTPILoLl=DCFR(A 1 Bl 

!FtX~1.)15,1!>,14 

14 OTPtL,Ll=OTPti,Ll•Y 
15 CONTINUE 

IFtx~1.ll6.16o17 
16 CONTINUE 

GO TO 20 
17 1Ftl•NSAll8o20,20 
18 J=Itl 

.DO 19 I=J,NSA 
DO 19 l'<loNG 

19 DTPII,ll=O. 
20'J=NSA+1 

IFIM-<Jl24 1 27127 
27 DO 23 I=;J 1 M 

A=R/AUS!Il 
DO 23 L:1,NG 
IFIN121o21o22 

21 B=SG~TRILo1l*R 
GO TO 23 

22 B=SG~T(L,l)•R 
23 OTPtt,Ll=DCFR(A,Bl 
24 RETURN 

ENDI2 0 0,1 0 0,0l 

FUNCTION TCYI£ 
FUNCTION TCYliBl 
IF ( 8 .... 5 • ) 1, 1 , 2 

l IFtB~.ll5,4,4 

--- --~--- - -

H. K. CLARK 
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4 TO=BLO!Bl 
Tl=B !.1 I B l 
UO=BJqQ(Bl 
U1=BK11Bl 
TCYL~1.-4.•B••2/3.•12.•tB•IU1•Tl+UO•TOl-1.l+Ul•Tl/B-UD•T1+U1•Tol 
GO TO 3 

5 TCYlo;l.-B•t2.-B•I2.6666667-B•t1.3659315-LOGFIBllll 
GO TO 3 

2 TCYL~3./(16a*B••2l•I1.+5./(8.•B••2ll 
3 RETURN 

ENDIZ,O,l,o,ol 

FUNCTION TOO H. K. CLARK 
FUNC1ION TODtA,Bl 
DIMENSION XITJ,HI7l 
X Ill~. 98628381 
XI 2L=.92843488 
XI 3)=.82720132 
X ( 41= .68729290 
X I 5 J,=. 51524864 
XI 61=.31911237 
XI 7l=.l08Q5495 
HI ll'0.035119460 
HI 2);=.080158087 
HI 3);=.12151857 
HI 4~=.15720317 

HI 5L=.16553840 
HI 6t=.205l9646 
HI 71.=.21526385 
SUM,Q. 
IFIB-0.112 9 214 

2 DO 3 1=1,7 
Y=B•Z.•SQRTF(l.-X(IJ••Zl 
Z=B•2.•SQRTFt1.-IA•XIlll••2l 

3 SUM=SUM+IY••3•1.324B7747•(1.+.02435B732•Y••2l-LOGFIYl•ll.+.025•Y•• 
12l/6.J-Z••3•t.32487747•11.+.024358732•Z••2l-LOGF1Zl•I1.+.025•Z••Zl 
2/6.l•Al•HIIJ 

TOO= -1.2732395•SUM 
C=SQRTF I l.-Au2l 
TERM~ A+B•t2.-1.2732395•1A•C+ATANFIA/C)))-4.•B••2•12.-3.•A+A••3l 

1/3. 
TERM~l.- TERM 
TDO=ifOO+TERM 
GO TO 5 

4 DO 1 I=lt7 
l SUM=SU~+BEKI3(2.•B•SQRifF(1.-IA•XIlll••2ll•HIIl 

TOO=ifCYL I 6 )-1 .2732395•A•SUM 
5 RETURN 

ENDI2,C,l,O,ll 

FUNCTION TO! H. K. CLARK 
FUNCTION TOI£A,6) 
DIMENSION Xl7loHI7l 
Xll)=;.98628381 
XI 21.=.92843488 
XI 31=.82720132 
X( 41=.68729290 
XI 5),=.51524864 
XI 81=.31911237 

A-14 



XI 7!.=.10805495 
Hlll,.035ll9460 
H( 2 ).=.080158087 
HI 31=.12151857 
HI 4 ),= .15720317 
HI 5).=.18553840 
HI 61:=.20519846 
HI H=.21526385 
TOI=O. 
IFIB~O.ll2,2;4 

2 DO 3 1=1,7 
Y=B•I•SQRTF(lo-IA•Xtlll••2l-A•SQRTFil.-XIIl••2ll 

3 TOI=TOI+Y••2•1.78539816-.32487747•Y•Il.+.024358732•Y••Zl+Y•LOGF!Yl 
l*ll.~.025•Y**Zl/6.l•Htll 
TOI:;TOI•l.27;2395 
C=SQIHF 11.-Auz l 
TERM~B•I.63661976•1C~ATANFIA/Cl/Al-Al 
TERM~!.- TERM 
TOI:;TOI+TERM 
GO TO 5 

4 DO 1 I=l,7 
1 TO!= TO I +HI I l * BEK 13 I B* ( SQRTF 11.- ( A• X I I l l **2 l- A• SQR TF ( 1.-X I I l ** 2 l l l 

TOI=TOI•l.2732395 
5 RETURN 

END(2,0,1,0,Il 

FUNCTION OCFRIR,SJ 
FUNCTION DCFRIR,S) 

H. K. CLARK 8211-lK 

COMPUTES DANCOFF FACTOR AS FUNCTION OF R=RADIUS/IAXIS-TO-AXJS SEP-

ARATIONl AND OF S=SIGMA•RAD!US 
RADF(U,Vl=SQRTFI1./R••2-IU+Vl••2l 
DANFtU,Vl=BEKI31S•tRADF(U,VJ-SQRTF11.-U••2J-SQRTFil.-V••ZJJJ/RADFI 

1U,Vl 
DIMENSION Al8l,H18l 
A Ill ,0.98940093 
Al2)=;0.94457502 
At3l'"0.86563l20 

.A 141 :;0. 75540441 
AI5J=;0.61787624 
.AI6l"i0.45B01678 
Al7l'"0.28160355 
A(8)'"0•09501251 
Hlll-;0.02715246 
H12l"l0.06225352 
Hl3)=;0.09515851 
Ht4l=;O.l2462897 
H(5)=;0.14959599 
Hl6l'"C.l6915652 
HI 7l =;0. 182 60342 
H(8)"i0.1B945061 
IFIS)4,5t4 

4 SUM=O. 
DO 3 1=1,8 
00 3 J=1.I 
IF!I-Jl2,2,t 

1 SUM=SU~+4.•Hfll•HIJJ•IDANFIAIIJ 1 A(JJJ+OANFIAIIJ,-AIJlll 
GO TO 3 
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2 SUM=SU~+2.•HIJJ••2•1DANFIAIJJ,A(Jll+DANFIAIJ),-AIJJJJ 
3 CONT lNUE 

DCFR;.10132118+SUM 
GO TO 8 

5 6=2.•R 
E=SQRTF(l.-B••Zl 
IFIEl.6,6,7 

6 DCFR;.18l69012 
GO TO 8 

7 C=ATANFIBIEJ 
DCFR;.31830988•1C-SINF(.5•CliCOSFI.5•Cll 

8 RETURN 
ENDIZ,O,l,Q,OJ 

FUNCTION BEK131Xl H. K. CLARK 8211-lK 
FUNCTICN BEKI31Xl 
IF I X-<. ll l , 2, 2 

l BEKI3=.7366554511.93793888+X•I1.1941916+X•I.58824515+X+I.57033719+ 
1X•I-l.5791166+X•4.292469lllll 

GO TO 9 
2 IFix~.4J3,4,4 
3 BEKI3=.5714977611.72767871+X•I.92546909+X+I.47415208+X•I.25082036+ 

1X•I-.025930075+X•.055707999lllll 
GO TO 9 

4 IFIX-<1.)5,6,6 
5 BEKI3=.3272473811.4l667409+X•I.52956551+X•I.27542730+X•I.l283775l+ 

lX•(.011919149+X+.Ol3920954lllll 
GO TO 9 

6 IFIX~2.5J7,8l8 

7 BEKI3=1.22159402+X•I-.09388379l+X+I.014738215-X+.00085765003lllll 
l.28267237+X•f.23563203+X•I.063402052+X•.Ol3600324lll 

GO TO 9 
8 Y=1.11X+3.25l 

8 EK 13= 1. 2684458 * SQRTF I Y l •E XPF I -X l I I 1. 0 120742 .. Y• I- • 000325432+Y•·( 
1-1.1646323+Y•Il.3873864-Y•4.4655208llll 

9 RETU~N 
ENOiz,c,1,o,oJ 

IOIOT BIO FUNCTION 

F UNC T I CN B I 0 I X l 

IF IX - 3.751 2, 2, 3 
2 z = tx 1 3.751••2 . 

810, 1.0 + z. 13.5156229 + z. (3.0899424 + z. (1.2067492 + 
l z. 10.2659732 + z. (0.0360768 + z. 0.0045813))))) 

GO TC 4 
3 Z = 3.75 I X 

BIO; IEXPFIXJ I SQRTFIXll * 1.39894228 + Z • (.013285917 + Z * 
l 1.002253187 + z. (-.001575649 + z. (.009162808 + z. 
2 1-.020577063 + z. (.026355372 + z. (-.016476329 + z. 
3 .003923767)))))))) 

4 RETURN 
END t2,0,0,0i11 

IDIOT 811 FUNCTION 
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FUNCJION 611 (XI 

IF IX - 3.751 2, 2, 3 
2 Z = IX I 3.751••2 

811 ~ 1.5 + Z * 1.87890594 + Z * 1.51498869 + Z * (.15084934 + 
1 Z * (.02658733 + Z * (.00301532 + Z * .00032411111111 *X 

GO TO 4 
3 Z = 3.75 I X 

811 ~ tEXPFIXI I SQRJFIXII * (.39894228 + Z • t-.039880242 + Z * 
1 (-.003620183 + z. (.001638014 + z * (-.01031555 + z * 
2 (.022829673 + z. (-.028953121 + z * (.017876535- z * 
3 .004200587111))) ll 

4 RETURN 
ENO t2,0oOoOill 

IDIOT BKO FUNCTION 

FUNCJI ON BKO t X l 

IF IX- 2.01 2, 2, 3 
2 Z = (X I 2.0)••2 

SERIES = -.57721566 + Z * 1.4227842 + Z * (.23069756 + l * 
1 (.0348859 + z * (.00262698 + z. (.0001075 + z. 
2 .00000741llll 

BKO , SERIES - LOGFIX I 2.01 • BIO!Xl 
GO TO 4 

3 Z = 2.C I X 
BKO ~ (1.2533141 + Z * (-.07832358 + Z * (.02189568 + Z * 

1 (-.01062446 + z * (.00587872 + z * (-.0025154 + z * 
2 .00053208llllll I (SQRTF(Xl • EXPF!XIl 

4 RETURN 
END t:2,o,o,oa 1 

IDIOT BK1 FUNCTION 

.FUNCTICN BK1 lXI 

IF IX - 2.01 2, 2, 3 
2 Z = LX I 2.01••2 

SERIES= 1.0 + Z * (.15443144 + Z • t-.67278579 + Z * 1-.18156697 
1 + z * (-.01919402 + l • (-.00110404- z •• 00004686lllll 

BK1 ~SERIES I X + LOGFIX I 2.01 • BlliXl 
GO TO 4 

3 Z = 2.0 I X 
BK1 ~ (1.2533141 + Z * (.23498619 + Z * (-.0365562 + Z • 

1 1.01504268 + z * (-.00780353 + z * (.00325614- z * 
2 .000682451 l Ill l I ISQRTF(Xl • EXPF(Xll 

4 RETURN 
END tz,o,O,Oill 

SUBROUTINE SOLN H. K. CLARK 
SUBROUTINE SOLN t l, NG, NSC, NST, NSA, NSR, NR, !NT, NWSC, SGMT, SGMTR, SGMI J, 

IFS,FSM,SPRM,DTP,TPOO,TPO!,RAD,RADC,ABT,ABM,WTSl 
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DIMENSION NRI10loiNTI20,10),NWSCI10loSGMTI20,10loSGMTRI20olOlo 
1SGMIJI230 0 10l,FSI20o10l,SPRMI20l,OTP124o20l,TPDOI20,10,20l, 
2TPOitl9rl0r20irRADI20rlOlrABTI20,10,20loABMI20l,AAI19,10l,AQI19,10 
3),VAt2,10loVQ(2,10l,AUXIlO,lOl,ANCilO,llrGilO,lOl,EQI10l,WTSI24o10 
4,101 

DO 16 IG=1oNG 
IFIU13rl3rl4 

13 CALL MOOIIG,NSC,NST,NSA,NSR,NR,NWSC,SGMT,SGMTR,SGMIJ,WTS,OTP,RAD, 
lRADC.ABM,SPRM,FSM,GrBQ,HllrCrQl 

14 DO 1 I SC=l ,NSC 
1 CALL JVECTRINR,INT,IG,ISC,NST,SGMT,SGMTR,SGMIJ,SPRM,FS,TPOO,TPOI, 

lRADrABTrAA,AQ,VA,VQl 
IFILU5,15,16 

15 DO 2 I=l,NSC 
DO 2 J=l,NSC 

2 AUXIL,JI=GIIIJl•VAil.Jl 
DO 3 I=l ,NSC 

3 AUX I (., II =AUX (I, I l +HI L•VA I 2, I l 
DO 4 I=l,NSC 
ANC(L,ll=O. 
DO 4 J=l,NSC 

4 ANCILoll=ANCIIrll+GilrJI•VQil,JI 
DO 5 l=l,NSC 

5 ANC I I., 11=-ANC I I 0 11-HI I•VQI 2, I J +EQI ll 
IFINSC-1)20,20,21 

21 LA=XLOCFIAUXIlrlll 
LB=XLOCFIANCI1,lll 
DUMMY=LEQFILA,LB,NSC,l,l0 0 10l 
GO TO 10 

20 ANCiloll=ANCilrll/AUXI1,1l 
GO TO 10 

16 ANCI1oll=IVQC2,1l-VQI1 0 1)l/IVAI1,1l-VA12r1ll 
10 DO 1 I=l,NSC 

K=NR I Il-l 
ABTilrlr!Gl=ANCII,ll 
IFIKl.7r7r6 

6 DO 9 J=1,K 
9 ABTIJ+lriolGl=AA(J,Il•ANCII,ll+AQ(J,!l 
1 CONTINUE 

IFIU17,17,18 
17 ABMIIGl=Q 

DO 8 I=1,NSC 
8 ABM ( J,G) "ABM I I G l +F LOA TF I NWSC I I l l *I ANC I I , 1 l *IV A ( lo ll-VA I z, I l l +VQ I 1o I 

ll-VQ (.2, I l l 
ABMILGl:ABMIIGl/11.-Cl 

18 CONTINUE 
RETURN 
ENDIZ,O,l,O,Il 
SUBROUTINE MODIIG,NSC,NST,NSA,NSR,NR,NWSC,SGMT,SGMTR,SGMIJ,WTS,DTP 

lrRAD.RADCrABMrSPRMrFSM,G,EQ,HII,C,Ql 
DIMENSION HIIOlrTSilOrlOl,SPRMIZOl 
DIMENSION NRilOJ,RADI20,10l,SGMTI20,10lrSGMTRI20,10l,SGMIJI230,101 

l,ABM,20l,NWSCI10l,WTSI24,10rl0l,OTPI24,20lr GllO,lO),EQilOl 
M= IIG•IIG+ll l /2 
K=NR Ill l 
R=RADI K,ll 
SUM,O. 
DO 1 1=1oNSC 

1 SUM=SU~+FLOAfFINWSCILll 
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V=RAOC••2-SUM•R••2 
N=NSiT/4 
IF ( N ).2 1 2, 3 

2 C=ISGMTRIIG,ll-SGMTIIG 1 ll+SGMIJIM 1 lll/SGMTRIIG 1 1l 
B=SGMTRIIG,1l•R 
GO TO 4 

3 C=SGMIJIM 1 1l/SGMTIIG,1l 
B=SGIH I I G,ll•R 

4 EF=.5•R**2/IB•Vl 
L=NSA+NSR 
DO 6 I=1,NSC 
DO 6 J~1,NSC 
TSI I~Jl=O. 
DO 6 K=1,L 
IFIWTSIK 1 1 1 J!)6,6 1 5 

5 TSII~Jl=TSIIIJl+WTS(K,I,Jl•DTPIK,IGl 
6 CONTINUE 

SUM,.O. 
DO 8 I=1 0 NSC 
HI I ),0. 
DO 7 J=1oNSC 

7 H(IJ,HIIl+TSti,Jl 
8 SUM=SUM+FLOATFINWSC1Ill•EF•I1.-H(l)l 

EE=1.-C*Il.-SUMJ 
H II =EE 
DO 10 l;l,NSC 

10 GII 1 1.)=-IEE•fS(I 1 Il+C•FLOATFINWSCIIll•EF•Il.-H(Ill••2l 
DO 12 1=1,NSC 
DO 12 J=1,NSC 
IFI I-Jll1,121ll 

11 Gl 11 Jl=-IEE•TSI I,Jl+C•FLOATFINWSCIJl l•EF•I t.-H( I l l•l 1.-HIJ) l l 
12 CONTINUE 

Q=SPRMI IGl•FSM 
K=IG-1 
IF(K).l7,17,13 

13 DO 16 1=1,K 
M=IIG•IIG+1ll/2-K-1+L 
IFIN)14 1 14,15 

14 Q=Q+AB~IIl•SGMIJIM,1l/SGMTRII,1l 
GO TO 16 

15 Q=Q+ABMIIJ•SGMIJIM,1l/SGMTII 1 1l 
16 CONTINUE 
1~ DO 18 I:1,NSC 
18 EQI!l=C<IEF•Il.-Hilll 

RETURN 
END(2,0,l,O,O) 

SUBROUTINE JVECTR H. K. CLARK 
SUBROUTINE JVECTRINR,INT 1 IG,ISC 1 NST,SGMT,SGMTR,SGMIJ,SPRM,FS,TPOO, 
1TPOI~RAD,ABTiAA,AQ 1 VA,VQl 

IG=GROUP INDEX, JSC=SYMMETRY CLASS INDEX,JVECTR=VA•ABSORPTlON IN 

REGION l + VQ. ABSORPTION IN REGION I=AA•ABSORPTION IN REGION 1+AQ 
DIMENSION TPOOI20,10,20),TPOI(l9,l0,20ltNRilO),!NTI20,10),AAI19tl0 

ll,AQ(19,10l,AUXI2l,SGMTI20,10loSGMTRI20,10),SGMIJI230,10l,SPRMI20) 
2oABTI2C,lOo20J,VA(2,10ltDMXI2t2l,SIMXI2,2l,FS120,lO),RADI20,10) 
3oi/QI2tl0l 

M=l IG• I IG+l l l/2 
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N=NST /4 
L=1NT! 1, !SCI 
IF IN 12,2, 3 

2 C=ISGMTRIIG,LI-SGMJ( IG,LI+SGMIJIM,LI I/SGMTRI1G,LI 
B=RADI1,JSCJ•SGMTRIIG,LI 
GO TO 4 

3 C=SGMIJIM,Ll/SGMTIIG,Ll 
B=RADI1,JSCI*SGMTIJG,Ll 

4 X=TPOOI1,ISC!IGl 
E=tl.-Xl /12.•Bl 
VAI1.ISCI=I(I.-CI•X+C•El/(1.-Xl 
VAI2.1SCl=t1.-C+C•Eltll.-Xl 
Q=SPRMIIGI•FSI1,1SCI 
K=IG-1 
IF I K t9, 9, 5 

5 DO 8 !=1,K 
M=IIG•IIG+1ll/2-K-1+1 
1FINl6,6,7 

6 Q=Q+ABTI1,1SC,Il•SGMIJIM,Ll/SGMTRII,Ll 
GO TO 8 

7 Q=Q+ABTI1,1SC,ll•SGMIJIM,Ll/SGMTII,Ll 
8 CONTINUE 
9 VQt1.1SCl=IE-Xl•Q/11.-Xl 

VQtZ.ISCl=IE-l.l•Q/11.-Xl 
MM=NRI1SCI-1 
IFIMMl26,26,1 

1 DO 25 1=1,MM 
CALL MATSI1NT,I+1,1SC,1G,NST,SGMT,SGMTR,SGMIJ,TPOO,TP01,RAD,DMX, 

1S1MX,.EO,EJ,Cl 
L=INTII+1,1SCJ 

10 AAti.ISCl=IVAI1,ISCl-VAI2,1SCll/11.-Cl 
AQ( 1.1 SC l= IVQ (1, 1 SCI-VQI 2, 1SC l )/I 1.-C l 
Q=SPRMI1Gl•F511+1,1SCl 
IF!K).15,15,ll 

ll DO 14 J=1,K 
M=I1G•I1G+1ll/2-K-1+J 
IF1Nll2d2,13 

12 Q=Q+ABTI1+1,1SC,Jl•SGM1JIM,Ll/SGMTR(J,Ll 
GO TO 14 

13 Q=Q+ABTII+1,ISC,Jl•SGM1JIM,Ll/SGMTIJ,Ll 
14 CONTlNUE 
15 DO 16 J=;1,2 

AUXIJl=O. 
DO 16 JJ=1 7 2 

16 AUXIJl=AUXIJl+DMX(J,JJl•VQ(JJ,ISCl 
AUXI1l=AUXI1)+Q•EO 
AUXl21=AUXl21+Q•EI 
DO 17 J=l,2 
VQIJ.1SC l=O. 
DO 17 JJ=1,2 

17 VQtJ.ISCI=VQtJ,ISCl+S1MXIJ,JJl*AUXIJJl 
DO 18 J= 1, 2 
AUXIJJ=O. 
DO 18 JJ=1,2 

18 AUXlJl=AUXIJl+DMX(J,JJl•VAIJJ,1SCl 
DO 19 J=1,2 
VAIJ.ISCJ=O. 
DO 19 JJ=1,2 

19 VAtJ.ISCl=VA(J,ISCl+SIMXIJ,JJl•AUXIJJl 
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AA!I.ISCJ=AA!I,ISCl+lVA!2,ISCl-VA!1,ISCll/l1.-Cl 
AQll.ISCJ=AQCI,ISCJ+lVQ(2,ISCJ-VQ!1,ISCJ~Ql/!1.-C) 

25 CONTINuE 
26 RETURN 

END!Z,O,t,O,Ol 

SUBROUTINE MATS H. K. CLARK 
SUBROUTINE MATS!INT,I,J,K,NST,SGMT,SGMTR,SGMIJ,TPOO,TPOI,RAO,DMX, 

lSIMX.EC,EI ,C) 

I,J,K ARE REG!ON,SYMMETRY CLASS AND GROUP INDICES. DMX IS RIGHT 

MATRLX. SIMX IS INVERSE OF LEFT MATRIX 
DIMENSION SGMTl20,10J,SGMTRl20,10),SGM!Jl230,lOl,TP00(20,10,20l, 

1TPOI(19,10,2Q),!NT(20tlO),DMXl2,Zl,SIMX(2,2J,RAD!20,10) 
M=lK•lK+ll l/2 
N=NST/4 
L=INT!!,J) 
A=RAD!l-1, J l /RAD (I, J l 

1 IF(NJ2,2,3 
2 C=!SGMTR(K,Ll-SGMT(K,Ll+SGMIJ!M,Ll l/SGMTR!K,Ll 

B=RAD!I,Jl•SGMTR!K,Ll 
GO TO 4 

3 C=SGMIJIM,LJ/SGMT!K,Ll 
B=RAD!!,Jl•SGMT!K,Ll 

4 X=TPOI(I-1,J,Kl 
Y=TPOO(!,J,Kl 
DEN=2.•B•tl.-A••2l 
G=A•X+Y 
EO=ll.-Gl/DEN 
El=!l.-XJ•A/DEN 
DMX ( lt 11 =X • ( 1.-C • ( 1. -E I l l +C•EO 
DMX!l,2l=O. 
DMX!Z,ll=C•EI•ll.-Xl 
OMX(2,2l=-!l.-C•l1.-EO-Elll 
S!MX!l,ll=-1./0MX!2,2l 
SIMX(2,2l=-1./!A•X•!l.-C•!l.-EO)l+C•EI•!l.-Yll 
SIMX(l,2l=!Y•l1.-C•ll.-E!l)+C*EO•fl.-A•Xll•SIMX!1,1l•SIMX!2,2) 
SIMXt2tll=O. 

21 RETURN 
END!2,C,l,O,OJ 
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APPENDIX B -SAMPLE PRINTOUT 

HHTR CODE COJ>!PUTES EVENTS IN CYLINDRICAL CHLS FROM ESCAPE .AND TRANSMISSION PROBABILITIES 

PROBLEM NUMBER 27 

SOURCE SUPPLIED FOR EACI- ~EGICN IS RELATIVE Nt.JMBER OF NEUTRONS PRODUCED BY FISSIONS OCCURRING HI GROUP NG+L, 

TRIINSJoiiSSIC~ AND ESCAPE PROBABILITIES ARE" COMPUTED FRCM TRANSPORT CROSS S£CTIONS. 

OANCOFF FAClCRS ARE EI'PLOYED fOR INTERACTION BET"-EEN ELEMENTS IMMERSED IN MCOERATCR, 

\<lEIGHT FRACTION OF 
TYPE "'· DENSITYtG/OCJ 02C 

1 1.10420 0,997600 
2 18,90QCO -o. 
3 1B.9GOCO -0. 
4 o.ccoso 1.000000 
5 2. 7CCCO -o. 

H20 u-235 
0.002400 -o. 

-o. o.ocnoo 
-o. -o. 
-0. -o. 
-D, -o. 

U-238 AL 
-o. -o. 

0.992900 -0. 
o.9929DO -a. 

-o. -o. 
-o. 1. oooooc 

PR!NTCUT CF LIBRARY TAPE AND FISSIOI\ SPfCTRUM 

GROUP EL!l"EVJ FISSION SCURCE SIG'-'A-T SJGMA-TR Sl GI'A-C SIGMA-F 

1 ),6i88E 00 C .l313A 5 ,0?7E 00 3.114f 00 9. 7071::-02 D. 
2 2.2313E 00 C.~l028 6 .103E 00 4. 365€ 00 0. D. 
3 1.3~34€ 00 C.<!H 19 7 ,650E co 6 ,155E 00 D. 0. 
4 8.2C85E-01 c.tao3s q .6 79F. DO 8.347E DO D. c. 
5 4.9187E-Ot C.11474 9,542E 00 7 .463E 00 0. 0. 

' 3,CI97E-Ot C.06474 1,266E Ol 1.041E 01 c. 0. 

7 1,ll316E-Ol c.0340l 1.021E 01 8 .635E 00 o. 0. 

8 l.l!C'lE-01 c. 01713 1 ,Q37E 01 8 .298E co o. 0. 
9 6. 7379E-02 c. 001:14 t 1 ,QSOE 01 a .t27E DO -o. 0. 

lC 4.CE68E-02 C.IJ0407 l.050E 01 8 .079E 00 -o. 0. 
ll 2.4788£-02 c .00195 l.OSOE 01 e.o7•H 00 -0. o. 
l2 l.504E-02 c.ooo93 1 .0'50E 01 a.079E 00 -o. o. 
l3 9.1188E-03 c. 00044 l.050E Ol 8 .079E DO -o. o. 
14 5.5308E-03 c. 0002\ 1,050E 01 8.079f DO -D. o. 
l5 2 .CH 7E-03 C.00015 l.050E 01 8,07\lE 00 -0. o. 

SlG"'J\-IJ (TRANSFER TO GROUP I FROM GRO\JI' J '• 
!IRKA!-!GEC '5 "' "· 22, "· 2. 3782 t. 5405 2. 6009 0.)754 I. 517 2 2. ')160 0.3979 

0.61116 1.1375 l. 607l 3.6158 c.04CC 0. '5206 Oo9477 
o.osu C,5902 1.1288 1. 5877 3,6377 3,'B)5 D. 
1. 6003 3.3041 4. 1688 o. c. D. o.csco 
4,4063 c. 0. o. c. o.OJ1l o.suH 
D. c. D. c. c. 0.0413 0.45CC 
o. c. o. o. c. '· 0.0319 

4.4436 D. D. o. c. c. o. 
lo4363 3.2554 4.4432 o. c. D. 0. 

0,0355 (,4580 c. 8711 1.4365 !.2557 4.4437 o. 
D. c. o. o. C.03S4 o. '•929 1.1291 

D. c. o. o. D. o. c. 
0.4932 }, J644 4,4286 

GRGUP ELH'FVJ FISSICN SCURCE SIGMJ\-f StGMA-TR S!GMA-C SIGMA-F 

1 3.f188E 00 c.uua 4,%0E 00 2.094E co 9.91~£-02 o. 
2 2.2~11E 00 C.21028 6, 319E 00 2.739~ 00 D. c. 
3 l.3~3'1E 00 C.23ll~ 8,633E 00 4 ,QI!3E 00 0. D, 

8o2C85E-Ol Col3035 1.20I'E Ol 1': .2 ISE co t.2CCE-oJ4 0. 

4.9187E-ot c.114h 1,4CH 01 ¢ ,Q22E 00 z~occE-C4 o. 
3.Ct'HE-Ol c. 061• 74 2.067E Ol l.C49E 01 2 .OOCE-04 0. 
1.8?16E-01 (,01401 2 ol'iOE Ol 9 ,853E 00 z.ocoE-04 0. 
1,11C9E-01 c .a 1111 l,566F Ol 1.098E Ol 2.2COE-04 0. 

9 6.7!79E-02 C.0084l 3.004E 01 t.nJE Cl 4 .oocF.-c4 0. 

lO 4.CC681:-C2 c.00407 3 ,4lOE Ol 1. 31':7E Cl 4 .400E-04 0. 

ll 2,4788E-02 c ,00195 3.775E 01 I o4 72E Ol 6.0CCE-C4 D. 

l2 1,5C34E-02 c.ooo93 3,959E 01 1. 551E 01 7,60CE-04 D. 

l3 <;1.1188~-01 c. 0004~ 4.122~ 01 lo6C5E Dl 9,30Cf-04 D. 

14 5.53CeE-03 c. 00021 4.243E 01 1.646~ 01 lo26CE-C3 o. 
l5 2.C347E-01 c.coo1s 4,340E 01 1,678E 01 t.a 30E-o3 o. 

SIGI'~-IJ ! TR/IKSFER rc GRCU" I FRCM GROUP 
J '· 

ARRANGI"C 's "· "· 22, "· 1. 8909 1. 4157 2.2525 0.6195 1.72l'i 3. 0428 0, 36S I 
c. 55<;13 1.1957 3.4595 4.9919 c .134 7 0.3397 ?. 7252 
0.2057 c. 4399 c. 'l'i56 2, C075 5.6190 6.6202 0.0496 
2,6672 6.3485 1. 5414 0. C301 C.0757 o. 1618 o. 3479 
8,4748 c. 0182 O.C45? 0, C9PI C.21IC c.4479 0.9812 

C.Olll C.027B 0.0595 c. 1zec c.2111 c. 5'151 1o22C7 
c ,00(,7 c. 01(.9 o.cHt o.o::rn C,164~ 0. 3610 0.74C4 

10.4788 c. 0041 0, C102 o. 0219 c .0471 0,0999 0-2189 
6 ,2,.91 l!.9823 1C.8204 0,0025 C.OC62 c.Ol33 o.ne6 
\.1032 2.1001 3.8206 6.7392 12.4902 11.0754 0.0024 
0. 1294 c. 2654 C.5437 1. 0750 2.0463 3. 7228 6.5667 

C.C035 c. 0075 o. 0162 0. C34'i C,0753 0.1545 o. 3164 
6.586~ 11.2109 25.5334 

B-1 

'" 020 
0. 
o. 
o. 
o. 
0. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 
o. 

"' 33,,, ,, {Nt;+tl lNG) 
o, 7316 ;>,0075 3.8013 
t. 4<'.>5(, 2.<.>340 5.8465 
o. 0.0508 0.6266 
o. ~5~6 1.0276 I. 5494 
(.1,91o13 1. 5020 3.2606 
O.'H38 1.4508 3.2577 
0.4502 o. 8817 1.4 369 
c. c. 0346 0,4600 
0. o. o. 
o. o. o. 
2.30130 4.6'H9 6. 0714 
c. c. o. 

" H70 
o. 
c. 
0. 
o. 
o. 
o. 
o. 
o. 
D. 
o. 
o. 
D. 
D. 
o. 
o. 

'\2. 13, ••• ,JNG+1l(NG) 
0~9221 2. ~51;) 4. 661'3 
1. 5591 3.'Jl41 r<.nl& 
0.124?. 0.2668 0.5736 
0.1385 1.6171 3. 31?3 
2.0127 4.1228 B. '1?3<'1 
2. 50')6 4,')444 I 0,7640 
\.5167 2. 9989 5.7086 
o.4491 o. 9\ <)<) 1. p 189 
C.0606 0.1328 0,27<!4 
0.0060 0.0129 0.0278 

11.3175 20.1432 17.8602 
0.6256 1.1909 2.1666 

20.000 

o. ]41 t 
o. 
1. lOl:ll 
3. 296'7 
4.440~ 
4.441d 
3. 75 ~~. 
o. 871 ~ 
o. 
o. 
o. 
o.ovD 

18 .0·)0 

O. 222 I 
o. 08 t 7 
1.<'176 
7. 6411 
), n:J4 
9.9e72 

11.24 )J 
3.4624 
o. 558~ 
0. OJ'J I 
0. 0014 
3. 8217 



GROUP El!I"EVl FISSION SOURCE SIGMA-T StGMA-TR SIGMA-C S IGMA-F '" U-235 2~5.000 

1 3o61ei!E 00 c.l3138 3 .SI!OE 00 3.8SOE 00 2.oooe-o2 1.210E 00 3.090 

2 2.2H3E 00 Co21021! 4.73QE 00 4 .730f 00 3.5ooe-o2 1.290E 00 2.190 

3 1.3~34E 00 0.23119 4of360E 00 4.860f 00 s.8ooe-o2 1o3lOE 00 2.620 

' 8.2C85E-Ol 0.18035 s.osoe 00 5 .osoe 00 t.l50E-01 1.270E '" 2.530 

5 4.971!7E-01 o. 11414 s.saoe 00 s.seoe 00 1.930E-Ol lo220E 00 z. 520 

6 l.Ol'HE-01 0. 06414 6.810E 00 6o810E 00 2 o40CE-Ol 1.290E 00 2.480 , 1.8316E-Ol 0.03401 e.s4oe 00 e.540E 00 Zo960E-Ol 1.420E 00 2o450 

' t.l109E-OI 0.01713 loOlOE 01 1.0 10E 01 3 .700€-t)l 1.6ZOE 00 2.440 

' 6. H19E-02 c.oos41 1.150E 01 1.150E 01 4.830E-Ol lo860E 00 z.4JO 

10 4.cease-oz c.oo4o7 lo260E 01 lo260f 01 6 .240E-Ol 2ol50E 00 2.430 

11 Z.lo?aBE-02 0.00195 l.lME 01 lo360f 01 8.oJoe-ot Zo510E 00 z.~ozo 

" lo5CHE-02 c.ooo93 1.430E 01 1.430E 01 l.003E 00 2.950E 00 2.420 
13 9~1188E-03 c.ooo44 1.510E 01 1.510E 01 1.2'o9E 00 )o'o9Qf 00 Zo'o2Q 

14 5.53C8E-Ol c.ooo21 1.870E 01 J.B70E b1 lo689f 00 4. 330E 00 2.420 

15 2~C~47E-Ol 0.00015 2.230E 01 2 .230E 01 2.092E 00 4.980€ 00 2.420 

SIG,.A-IJ !TRANSFER ro GROUP I fROM GROUP J), ARRANGEC " 11, 21, 22. "• 32. 33too • t !NG+1l CNGI 
0.6610 c.uoo 1.45'o0 0.3370 c.2otc 1.8570 0.5070 0.4210 0.3430 2.4090 0.4750 

0.5200 0.6110 0.~370 3.3960 c .301{1 0.4050 O.ZZ90 0.2920 0.4350 4. 7720 o. 25'10 

0.2300 c .1860 c.2110 O.l19C C.4060 6.4010 0, 0.1740 0.0800 0.2140 0.1050 

0.0130 C.3250 7. 1llo0 o. c. 0.1860 0.1.320 o. 0590 0.0220 0.0610 o. 3120 

8.8510 c. c. o. c. o.os3o 0.0070 o. 0200 0.0380 0.2460 9.6300 

c. c. o. o. c. o. 0 .C 1t0 0.0330 0.0400 0.1680 10.1510 

0. c. o. o. c. o. 0 .COlO o. 0090 0.0100 0.0210 0. l36D 

10.2130 c. o. o. c. o. o. o. 0.0040 0.0040 0.0070 

o. c. I340 10.2300 o. c. o. c. o. o. o. o. 
0. c. o. o. c. 1310 12.5te0 o. o. o. o. o. 
0. c. 0. o. c. o. o. o. 0.1630 15.1600 o. 
0. c. a. o. c. o. 0, o. o. o. o. 
0. c. 0. C680 

GROUP EU~EVI F ISS TCN SOURCE src .. ~-T SIGMA-Til. S I GMA-C 51G/"A-F '" U-238 238.00{J 

1 3.~198E 00 c. 13138 3o900E 00 3.900f 00 10.00C£-U3 6.09CE-01 3.100 
2 2.2313E 00 C.21028 4.630f co 4.630E 00 2.2oce-c2 S.BlOE-01 2. 780 
3 1. 3 !:34!:' 00 C.23119 4.870E 00 4.070E 00 5 .70CE-C2 ~.JOOE-01 2.600 

8.2C8SE-Ot C.18035 5.ClOE 00 5 .C' 10f 00 1.290-E-Cl 2.400E-02 2. 560 
4.9787E-Ol C.ll414 5. 59 0F 00 5.590~ 00 1.3'/CE-ol c. o. 
J,C197E-Ol C.06414 6.8AOF co 6. 9l'OE 00 1.Z7CE-Cl c. o. 
1.8~16E-Ol 0·03401 8 ,4eCE 00 9 .4SOE 00 1.61CE-Cl 0. o. 

' 1.11C9E-Ol C.01713 1.0 10E 01 1 .o 10~ 01 ZoZ70E-Ol o. o. 

' 6. 7~79E-02 c.ooa4t l,l50E 01 1,150E 01 2.90Cf.-Ol o. o. 
lC 4.G€68E-02 Co00407 1 .2soe " l.250E Ol 3 .70CE-Cl o. o. 
11 2.4198C-02 c.00195 1.360E 01 1.360( 01 4.500t:-r.l o. o. 
12 lo5C:HE-02 c.00093 lo430E " 1. 420E 01 5 .2CCF-C1 0. o. 
13 9.1l88E-J3 C.0004'1 l, 5COF. 01 1o 5COC 01 6.020~-01 0. o. 

" 5.5~C8E-J1 c. 00021 1. SlOE 01 1. 510£ 01 6.6COE-Cl c. o. 
15 2.C~47f-J3 c.ooo15 lo600E 01 1 .6Ct'E 01 9.300~-C1 0. o. 

SIE,..A-IJ CTR~NSFER TO GRCUP I FROM GROUP JJ, ARI{ANG[C " "• 21. 22. "• "· 33, ••• , !NG+ll tNG) ···i: 
o. 7740 C.1350 l,lo8 30 Oo4l50 C ol'J IG lo'l1t>O G ,¢"100 o. :;no o.7J<JO 1.0930 o. {,000 

0.6180 c. 8650 0.5950 4. 9210 C .3flCC 0.53CO 0. 21CC 0.2720 c.s3oo 6.2150 '). 3?70 

c. 3010 c. 0280 o.ca<Jo o. C.531!C 7. 71 ')0 0. 0.2270 0.0650 o.oceo 0. 
0. c.oooo 9.2990 o. c. o. 0. o. o. o. 0. 3 75U 

10.6700 c. o. o. c. o. o. o. 0.19\10 o.'o3ZO 11. ~740 

c. c. c. c. c. o. o. o. o.o6~oo 0.1510 12.9810 

o. c. 0. o. c. o. o. o. Q,0440 0.07¢0 0. 11>90 

13.6140 c. 0. c. c. o. o. o. o. "· o.ono 
o. Col660 14.2240 o. c. o. o. o. o. o. "· o. c. 0. o. c .1740 14.2660 o. o. o. o. 0. 

c. c. 0. o. c. o. o. o. 0.1740 15.0070 0. 
0. c. c. o. c. o. 0. o. o. o. o. 
o. c. o.c6JO 

GROUP El! "'EV I FISSION SCURCE SIG,.A-T SI.GM~-TR S I G,.A-C SIGMA-I' NU " 27.0?0 

1 3o6788E 00 C.l3138 t.3?Qf 00 l.37CE 00 2.630~-02 0. 0. 

2 2.2~l3E 00 c. 2102 ~ 1.6COE 00 1.6COE 00 3.000E-C4 o. o. 
3 1.3~3/of 00 c.23tt9 2.000E 00 2, OCCE " 4oOOOE-04 o. o. 
4 a.2ce5~-o1 C.l8035 2.4AOE 00 2 .4 OOf 00 4 .oooE-04 0. o. 
5 4.9187E-0l c.U474 2 .'HOE 00 2.nr.e 00 7.0CCE-04 o. o. 
6 3.0197E-Ol c.06'o74 3 .170E 00 3.l?OF 00 lol OOE-03 o. o. 
7 1.8116E-01 C.03401 3.82CE 00 3 .82CE 00 1. 700E-C3 0. o. 

' 1.llC9E-01 c.ot713 5.02CE 00 5 .o2oe 00 2.300E-03 0. 0. 

' 6. 7379E-02 c. 00841 5.980E 00 5 .980E 00 3 .oooe-o3 0. o. 
10 'o.OI!68E-02 0.00407 2 o7AOE 00 2.780f 00 0. 0. o. •'';. 
11 2 ,4788E-02 c.OOl95 6.340E 00 6.340f co 3 .90CE-03 0. o. 
12 t.S04E-02 c. 000?3 7.SOOE-01 7.5CCf-01 c. 0. o. 
13 9.ll88E-0~ C.00044 l.l30F 00 1.130E 00 o. o. o, 

" 5.53C8E-0) c. 00021 1 .510E 00 lo510E 00 9 .::> JOE-02 o. o. 
15 2.C347E-03 c.ooots 1.370E 00 1.370E 00 0. o. o. 

SIC~A-lJ !TRANSFER TO GROUP I fll.OM GROUP J ,, ARRANGED A5 11, 21, "' 31, "• 33.,,, 1 1NG+t)n1Gl 
o. 6917 0. 3050 1.0627 0.1590 c.36oo 1.5696 0.0950 0.0830 o. 3310 2.0916 o. 0510 '" o.o7lo c.o7BO o.3~60 2.!>653 C.0300 o. 0.0210 o. 0260 0.4040 2. 748'1 o. 012:! 

o.o23o c. 0. ClOO o. C.42CO 3.3343 o. o. o. 0.0040 0. 

c. c.4A40 4.3857 o. c. o. 0.0020 o. o. o. ::J. 632(1 ; 
5.2910 c. o. o. 0. o. o. o. o. c.6900 2. '•720 ' ·' 
c. c. c. o. c. o. c. o. 0. 0. ~OAO 5. 6l5l 
c. c. o. o. c. o. o. o. o. o. 0.1210 

0.~6'<0 c. c. o. c. c. 0. o. o. o. 0. 

0. c .0810 1.0090 o. c. o. o. o. o. c. o. 
o. c. o. o. c .1210 1.2567 o. o. o. o. o. 
c. c. c. o. c. o. 0. o. 0.1610 l. 3193 o. 
o. c. 0. o. c. o. 0. o. o. o. o. 
0. c. C.C507 

B-2 

/ 



P~INTCUT CF ~ACRCSCOPIC CI{OSS SECT!CNS ANC FISSIO~ SPECTRUM FOR EACH TYPE 

GRCUP Elli'EVl FISSION SOURCE SIG,..A-T SIGM,!.-TR S!GMA-C SlGMA-F NUSIGMA-F TYPE NUMCER ' I J.oeee 00 (.13138 0.1695390 Q,1C3'11H3 c.ooJ2290 o. o. 
2 2.2313E 00 C.2102A 0 .2030216 c .145(275 c. c. 0. 

' 1.3~3~E 00 Co23ll? 0.25~5317 C.2C4:512 c. c. 0. "" 
B.2C85E-Cl C.l8035 0.3221686 0 .277~413 o.oocoooo c. o. 
4.97e7E-01 c.t1414 0,3177691 0.248(908 o.oocoooo 0. o. 
3.Cl'17~-0i c.o6474 0.4?19599 c. 3462830 o.ococooo 0. o. 
l,E'?l6E-01 C.03401 0.3426852 0.21!7~188 o.oocooco 0. o. \' 

' 1.11C<JE-01 c. 01713 0.3461799 0.2762562 o.ooooooo c. c. 
9 6.737~E-02 c. 00841 0.3508175 0.2707080 o.oocoooo 0. o. 

IC 4.QS!'>8E-02 C.00407 0.3513424 O.H92241 o.occooco 0. o. 
II 2.4188[-02 C.001'15 0,3516211 Oo269H73 c.ocoooo1 0. o. 
12 l.SC34E-02 c. 00093 0.3518289 o.u9~e6e o.ocoooo1 c. o. 
13 9.1188E-03 C.00044 0.3519731 0.2694350 0, OOOCOC1 c" o. 
14 s.s~caE-03 c. 00021 ().3520809 C,2C94710 C. OOC0001 o. o. 
15 2.0~47E-03 c. 00015 0.3521671 c.269499a 0. 0000002 0. o. 

SJG~A-IJ !TRANSFfR TO GROUP I FROM GROUP J), ARRAt,GEC A5 "· "· "· "· "· 33,,, ,, ING+l) INGl 
c. 0791 C. OS 12 O.CB6S 0,0125 C.0505 0.0~10 O.Cl32 o.o244 o. 0668 o. 1265 ) • 01l't 
0.0227 0.0378 O.OR68 0,1204 C.COD o.o 173 0 .031~ 0.0488 0.0877 o. 1947 ·~. 000:l 
0.0017 c .01 .,6 C.C375 o. 05.?8 c .1212 0.1331 0.0000 o.oooo o.oo 17 o. 020!.1 ,), ()36'1 
0.0533 c .1102 c.1390 o.cooo c.oooc o.oouo 0.0017 0.0186 0.0342 0.0517 ~.1lllll 

0,1469 c. 0000 c.cooo o. coco c .oooc C.0013 o.o 171 o.o314 0.0502 0.1090 o. 14e 1 
c.oooo c.ocoo o.oooo o.coco c .coco o.oo 14 o.o 151 0.0305 0. 04!:16 0,1090 i). 14!!4 
o.oooo c.ocoo o. coco o. eeoc c .oooo o.oooo 0.0011 0.0151 0.0295 0.0482 O. IOB9 

0.1483 c.oooo o.oooo o. coco c .coco o.oooo o.ooco o.oooo o.0012 o. 01 'l4 ), 0297 
0.0482 c. 1091 c. 1484 o.coco C ,'COCO o.ooco o.ooco o.oooo {' .oooo o.oooo 0. 00)0 
o.oou C.0154 0.0292 0.04€3 0.1091 0.1484 o.ooco o.oooo o.oooo o.oooo 0, COOG 

o.oooo c.oooo c.coco o.ooct c .0014 c. 0167 0.0447 0.0776 o. 1574 0.2030 0, OOJ\i 
0. 0000 c. 0000 0,0000 o.coco c.oooo o.oono o.ooco 0,0001 0.0001 0.0007 a. oat~ 
C, Cl69 C, O'o63 0.}49.0: 

GROUP El ( "'EV) F!SSICN SCURC£ SIGI'/1-T SIGMA-TR Sl t;t'A-C SIGIU-F NUSIGMA-F TYP[ NUMBER ' I 3.neae 00 c.nua 0.1865'•59 0.11!65459 0.0004818 C.0293376 0.090942~ 

2 2.2~DE 00 C.21028 0.2215060 c .2215060 O.t:Cl0~68 C.026C354 0.077942<) 
1.3~34E 00 C.23ll'J 0.232'J4'J3 0 .2:!29483 0.002726'1 0.0708713 0.0542744 
8.2E85E-OI C.l803'i 0.23%726 0.2J9~7?6 0.0061658 0.0015765 0.0040229 
4.g7e7E-Ol c. 11474 0.2673888 0 .267}888 0.0066675 0,0()0419£> 0. 0010574 
3. c 1 <;?t:-01 Co06't74 0.3290141 Q,329C741 c ,{){)61138 c.coo4437 o.oo11Cc3 
1.8:!16~-01 C.03401 0.4056513 C.4C5~~33 0 ,00774 77 C.0004Bn4 0.0011965 
Ioli09E-01 c.onn Oo4fl31236 0.4831238 0.0109075 o.ooo5572 o.C013595 
6.7~79£-02 c. 001141 0,5SC0'H5 O.'i50C'l15 0.0139382 0.00063'l7 o.0015S45 

10 'o .C€6!JE-02 c.oC'•07 o,s<:l7<l599 0.597~59<) 0.0117860 c.oco73<J4 o.CJ!796f! 

II 2.4788E-02 C.00195 0.6505429 0 .65C51t2'l 0.0216467 o.ococ613 (),0020891 

12 1.5C34E-02 (.0"0093 0.6840268 o ,684C261! 0.02503'18 0.0010146 0.0024553 
13 9.lla8~-o3 C.000~4 0.7175'150 0.7175450 0,02':10186 0.0012003 0,0029047 

14 5.5~C8E-03 c. 00021 0.7235321 0.7235121 c.b.l\9244 o.cc14892 0.0036039 
15 2.CJ'o7E-0) C, COOt ':i 0,767";;114 Oo7675ll'o o.o~4oo:;3 0.0017127 0,004144? 

s ll::r-'.0-1 J ( TR.olf\SffR lG GRCUP I FROM Gl<OUP J ,, ARRANGFC AS llo "• "• "• "• 33,,, ,, (NG"~"il (NGJ 
0.0)70 c. 0064 0.0709 o. !.:203 0.0123 0.111!2 Q, 03C6 0,0263 0,0352 c. 18?7 0.02e.7 
0.0324 c. 0413 O, C2f!4 0.2349 C .ClC 1 0.0253 O, 01 C1 C.Ol30 0.0253 0,2968 f), 0156 
0.0144 c. 0014 0.0043 o.cocc 0,0257 0.3688 '· o.ol oe 0.0031 Q,C005 o. 0000 

c. 0000 c. 0286 0,4443 o. c. o. 0001 o.oooc o.oooo o. 0000 0.0000 o.otn 

0.5098 c. c. o. c. 0.0000 o.coco o. 0000 0.009~ 0.0206 o. 56 7? 

c. c. c. 0. c. c. o.ooco o.oooo o. 0031 0.0072 0.620J 
0. c. 0. o. c. o. c.ooco o. 0000 0,0021 0,0036 o. ooe 1 

0.6500 c. 0. o. c. o. c. c. o.oooo 0.0000 0. 0014 

c. c.oon 0. 6 790 o. c. c. 0. c. 0. c. c. 
o. c. c. o. c .00113 0.6818 o. o. 0. o. 0. 

o. c. c. c. c. c. 0. o. 0.0083 0,7179 0. 

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

o. c. Q,C030 

GROUP EL!~EVJ FISSION SOURCE SIGMA-T StGMA-TI~ SlG!o'A-C S fGio'A-F N\JSIG~/1-F TYPf NUMBfR ' 1 3.!'>788E oo C,13138 0.1852114 0.1852114 0,0004749 0.0289215 0.089~.566 

' 2. 2~ 13E 00 C.21028 0.219(1792 0.2191!792 0.0010448 (1,0275917 0.07670~1 

' t.3S3'tE 00 C,23119 0.2312768 (.2312768 0.002706? 0,0204207 0. 0530?39 

4 8.2C85E-Ot C.18035 0,2379255 0.2319255 0,0061262 0.001139€ 0,0029l7C 

5 4.9787E-01 c.tl414 0.2654697 0.2654697 0,0066011 c. 0. 
6 3.Cl97E-Ol (.06474 0,32673?0 0,3267320 o.oo60312 c. 0. 
1 1.8316E-01 C,034Cl 0.'1027162 0.4027162 0.0076459 0. 0. 
8 l,llO'lE-01 C.Ol113 0.~796501 0.4796501 0,0107803 0. 0. 
9 6o737<JE-02 c. 00fl41 0. 5461363 0.5461363 0.0137721 0. 0. 

10 4.C€68E-02 C.OO't07 0. 593626'1 C,593t26't 0.0115713 c. o. 
II 2.4788E-02 C .CIOl 95 0.6458655 0.6458655 ().0213705 o. o. 
12 l.SCHE-02 c.oooB 0.6791086 0.6791086 0.0246949 0. o. 
13 9~118SE-03 0,00044 0.7123517 0.712~517 0,0285890 0. 0. 
14 5.53C8E-03 C.00021 0.7171007 0.7171007 0.0313435 0. c. 
15 2.!!~47E-01 0~00015 Q.75'H14l8 o.1sqa418 0.04416511 0. o. 

SIG"'A-IJ (TRANSFER TC GRCUP I FROM GRO\JP J lo ARRANGEC A5 11. "• "• "· "· 33,.,.,!NG"~"1liNGJ 

0.0368 c. 0064 0, C704 0,0202 0.0122 0.1176 0.03C4 o. 0262 o. 0351 0.1 04'1 o, 028'> 

0.0322 C.0411 0,0283 0.2337 C ,Ol6C 0.0252 0.0100 o. 0129 0.0252 0.2952 0. 01'>~ 

0.0143 c.oou Q,C042 o. (,0255 0.3666 o. o.o108 o.oo31 c.ooo4 0. 

c. c. 0285 0. 4416 o. c. o. 0. o. c. o. o. 0175 

0.5067 c. o. o. c. o. o. o. o.oo95 0,0205 0, ~6) I 

o. c. o. o. c. o. o. c. 0.0030 0.0072 1), 616'> 

o. c. o. o. c. o. o. o. 0.0021 0.0036 ~.0000 

0.6465 c. c. o. c. 0. 0. o. o. o. o. ()0 1'• 

o. C.OOH 0.6755 o. c. o. 0. o. o. o. o. 
0. c. o. o. C.CC83 0.6775 o. c. 0. o. o. 
o. c. o. o. c. o. o. o. 0.0083 o. 7127 0. 

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

o. c. Q,C030 
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GROUP 
1 
2 
3 
4 
5 
6 
7 
8 

' 10 

" 12 
13 
14 
15 

GROUP 

10 

" 12 
13 
14 
15 

GROUP 
1 

4 
5 
6 
7 
8 

' 10 
11 
!2 
13 
14 
15 

fl (IIEV l FISSION SOURCE SIG!o!A-T SIGM~-TR SIGMA-C 
3.6188E CO C.l3138 0,0000767 o.ccoc469 o.ooooots 
2.2313E CO 0,21028 o.oooo919 0 ,QCOC657 0. 
1.3S34E 00 c. 23119 o.oooun o.ococ927 c. 
8.2C85E-Ol (,18035 0.0001457 Q,OC01257 0. 
4.9181E-01 C.l1474 0,0001437 O.OCOll2lt 0. 
3.0l<:l7E-Ol C,06474 O.OC01907 0.0001568 0. 
l.S~l6E-Ol c. 03401 o.ooot547 O.OCC1300 o. 
l,llC9E-Ol c.otnJ 0.0001561 o.oco1249 0. 
6 .7379E-02 c. 00841 0.0001580 0 ,CC01Z24 -c. 
4.0€68E-02 0,00407 0.0001581 0,0001216 -o. 
2o<lt788E-02 C.00195 o.ooo1S81 0 .000121b -0. 
1.5C34"1:-02 c.coo93 o.ooot581 0 .OC01216 -o. 
q,ll88E-03 c. (:10044 0.0001581 o .ceo 1216 -o. 
5,53C8E-03 0,00021 0.0001581 o.OC012l6 -o. 
2.0!471:-03 C,00015 o.ooot58t 0 .0001216 -o. 

SJG)OA-IJ !TRANSFER TO GRCUP 1 FROM G!lOUP J '. ARKANGEC AS llo 
0.0000 c .0000 c.cooo o. ecce c.coco o.oooo 
c.oooo c. 0000 0.0000 o.ooo1 c.oooo o.ooco 
o.coou c .oooo o.cooo o.ccco C.COCl 0.0001 
o.oocc c .oooo 0 .COOl o. c. o. 
c.ooo 1 c. c. o. c. o.ooco 
o. c. c. o. c. u.oooo 
c. c. 0. c. c. o. 
o.ooot c. 0. o. c. o. 
o.ccoo c.oooo 0.0001 c. c. o. 
o.oooo c.oooo o.oooo o.cocc c.oooc 0.0001 
c. c. c. o. c.cccc o.ocoo 
0. c. c. c. c. o. 
0.0000 c.oooo 0 .coo 1 

El! ,.EV l FISSION SOURCE SIGM,.-T SIGM~-TR SIGMfi-C 
~.678SE 00 C.lll38 O.OB251~1 0.0<!25151 0.0015840 
2.2~13E 00 0,21028 0,09636~0 c.C9626no 0.00001!11 
1 .. 3~34E 00 C,23ll9 0.1204600 0.1204600 0,0000241 
S.2C8SE-01 C.1803~ o.tor.93704 Ool49nc4 O.OOCOl4l 
4 .. 9797E-Ol C,ll4H 0.1788fl31 o.ul:'eaJt c.ooco4l2 
J.Cl'HE-01 C.0647lt o.t90'l2'lt c .. t909291 C.OOC0663 
t .. e~l6E-01 C,0340l 0.2300796 C.:DOC786 c.ooo1o24 
l.llC9E-Ol 0,01713 0.3023546 o.3C23546 O.OCOl3€5 
ll, B79E-02 0,00841 0 .. 3601754 0. 360 175<1, o.ooo1807 
4.0868E-02 C.OO<It07 0,167'1394 O.l6H3<14 0. 
2.4i88E-02 0,00195 Q,38185S2 0 .. 38185112 o.o002349 
1.5C34E-02 C.00091 0.0451725 0.0451725 0. 
9.11B6E-03 C,QQ04lt 0 .0611059? Oo0<o8C599 0' 
5.5308E-03 C,0002l 0.0909473 0.0909473 o.oosssn 
2.CJ47E-Ol c.ooots 0.0825151 o.or25J51 0. 

5 lt:fOA-IJ !TR ~NSFER TO GRGUP 1 FRCH GROUP J '. ARRANGCC ., llo 
O.OH 1 G .UL8lt O.OMO OoOO'JO c .0217 o.Oi<tS 
0.0043 0,0047 O.C208 O.l5<1t5 C,0018 o. 
0.0014 c. 0.0006 o. C,0253 O. 200S 
o. c. 0292 0.2642 o. c. o. 
0.3164 c. o. '· c. o. 
o. c. o. o. c. o. 
o. c. o. o. c. o. 
0.0403 c. o. o. c. o. 
o. C,0049 0.0608 o. c. o. 
0. c. c. o. c.oon 0.0757 
o. c. o. o. c. o. 
o. c. o. o. c. o. 
o. c. 0. 0031 

PRINTOUT CF AVERAGED CONSTANTS 

El tJoiEVJ SPECTRUM FLUX SIGMA-T SIGMA-TR 
3.~19E 00 0.13138 3.0391E-02 0.1691 0.1238 
2.2l1E 00 "0.21028 5.0951E-02 0.2020 0.1612 
l.~S3E 00 0.23119 5. 7033E-02 0.2413 0.2069 
9,zoae-o1 c .18035 6.l457E-02 0.2';1 13 0.2602 
<lt.979E-Cl 0.11474 7 .. 0444E-a2 0.2<191 0.2479 
3.C20E-Ol 0.06474 6.0976£-02 0.3';168 O.B69 
t.ene-ot O.C)l!Ol 6.8619£-02 0~3467 0.2';197 
1.111E-Ot O.Cl713 6.8738E-02 0.3583 0.2973 
6. B8E-02 o.coa<~tt 6,8106E-02 0.3672 0.2957 
4.C87E-02 0 .GO't07 6 .. 8892E-02 0.3b99 0.2<167 
2,'179E-02 C.00195 6. 7S07E-02 0.3755 0. 3015 
l.SCJE-02 c.coo93 6. 7126E-02 0 .. 3H7 0.3006 
9oll9E-0) o.coo44 6o6227E-02 0.3770 0.3025 
5.~31E-03 o.ooo21 6, 54';19£-02 0.3774 0 .. 3028 
2.C35E-03 o.coots t .. 2803E-Ol 0.3801 0.3052 

SIGMA-IJ ITRANSFI!R TO GROUP 1 FROM GROUP Jlo ARRANGED " llo 
0.0655 0,0374 0.0808 0.0143 0,0393 0 .. 1014 
0.0243 o.a373 o. 068<1, 0.1459 c,oo59 0.0186 
0.004<1 C,Ol39 0.0272 0.0389 0.1011 0,1637 
o-.0'122 C,0976 0.1728 o .. oooo c.oooo o.oooo 
0.1811 c.oooo o.oooo o.oooo c.oooo o.ooo9 

0.0000 c.oooo o. coco o.ooco c.aooo o.oo 11 
0.0000 o.oooo o. 0000 o.ooco c.ooco o .. oooo 

0.1889 c.oooo o.oooo o.ooco c.oooc o.oooo 
O.O<It.33 0.0987 0.1901 0.0000 c.oocc 0.0000 
o.ooll 0.0137 o. 0263 Q,Q<I,)<I, c.0992 0.1899 
o.oooo o.oooo o. 0000 0.0001 c.oo12 0.0150 
o.oooo c.aooo o.oooo 0.0000 c.oooo o. coco 
0.0153 C,0418 0.135-ilt 

B-4 

SIGMA-F NUSIGMA-F TYPF. NUMBER 4 
c. o. 
o. o. 
o. o. 
o. o. 
o. o. 
o. o. 
0. o. 
o. o. 
0. o. 
o. o. 
0. o. 
0. o. 
0. o. 
o. o. 
o. o. 

"· "· "· "• 33,,,.,(NG-+1JINGJ 
o.ooco a. oooo a. oooo o,ooo1 o. couo 
o.ooco o.oooo o. 0000 o.oou1 o. 
o. o. o.oooo o.oooc ('. 0000 
o.ooco o.oooo 0.0000 o.oooo o.oooo 
c.ooco o.oooo o.oooo 0.0000 o. 000 I 
o.ooco o.oooo 0.0000 0.0000 0. 0001 
o.occo 0,0000 o.oooo o.oooo 0. 0000 
o. o. o.oooo o.oooo c. 0000 
c. o. o. o. 0. 
o. o. o. o. o. 
o.oooc o.oooo o.ooc 1 0.0001 o. 
c. o. o. o. 0, OOQO 

SlGMA-F NUSIGMA-F TYPE NUMBER 5 
0. o. ;~ ·. o. o. 
o. o. 
o. o. 
c. o. 
o. o. 
o. o. 
o. o. 
o. o. 
o. o. 
o. o. 
c. o. 
o. o. 
o. o. 
0. o. 

"• "• "• "· 33,,,.,(NG+liCNGI 
o.oo57 o, 0050 0.01?9 O.l2t.O o,oo3l 
0.0013 0.0016 0.0243 0.1656 o.ooo7 
o. o. o. o.ooo2 '· o.ooo1 o. o. o. C. r)3,Jl 
o. o. o. 0.0416 0.1'189 
o. c. o. o.otao 0.338? 
o. c. o. o. o.o.r.14 
o. o. o. o. '. o. o. o. o. o. 
o. o. o. o. o. 
o. o. 0.0097 0.0795 0. 
o. o. o. 0. 0. 

SIGMA-C SlGMA-F NU•SIGMA-F NU 
0.00239 0.00791 0.02451 3.0'l9'J 
0.00027 0.00713 0.01983 2. 71!02 
0.00074 0.00562 0.01461 2.6004 
o.OOLb2 o .. 0004l o.ooto6 2.5517 
0.00152 0.00010 o.oo024 2,5200 
o. 00109 o. cooo8 o. 00020 ·z.4BOO 
0.00100 0.00006 0.00015 2.4500 
o.OOllA o .. 00006 0.00015 2.4400 
0.00127 o.ooooo o.ooo14 2.4300 
0 .. 00163 0.00007 0.00016 2.4300 
0.00183 0.00007 0.00018 ?.4200 
0.00213 o. 00009 o.ooon 2.4?00 
0.00237 0.00010 0.00024 2.4200 
0,00263 o .. ooo12 0.00029 2 .. 4200 
o.C0352 o.ooot3 0.0003? 2,4200 

"• "· "• "• 33,,,, 1 (NG+l)ING) 
0.0175 0.02'10 o. 0560 0.1405 0.0156 
O,Q2lt4 0.0373 0.0709 0.2106 0.0042 
o.oooo c. 0028 o.oo2o 0,0146 0.0271 
o.oo 12 0.0137 0.0271 0.0439 0.0985 
o.o1~5 0.0266 0.0'148 0.0996 0,1050 

0.0128 o. 0266 0.0436 o. 0980 0.1897 
o .. ooto o. 01.31 0.0265 0.0432 0.0??1 
o.occo c. 0000 0.0011 0.0138 0.0262 
o.ooco o.oooo o.oooo o.oooo o.oooo 
o.ooco o. 0000 0.0000 o.oooo 0.0000 
O,OltCl o. 0700 0.1430 0.2410 o.oooo 
o.ooco o. 0000 0.0001 o.ooo2 0.0014 

>" .• '\ 



PARAMETERS AVERAGED OVER SPACE AND ENERGV 

SIGMA-T= 0.3'1013 SIG/IA-TR,. 0.278ett li(TRMFPJ= 0,26575 SIGMA-C= 0,001796 SIGMA-F~ 0.001021 Nu"' 2.76'J5 
NU•SIG~II-F= 0,002827 SIGMA-REMOVAL"' 0.021204 TAU ITRMFP/13•SIGMA-(C+F+R-NU•flll"' 59.182 

F~ACTION OF SCU!tCE NEUTRONS ARISING FRCfo' T!1ERMAL FTSSICNS= 0.882071 
~.HID OF FAST TO THERMAL FISSIC~S• Oollt:82 
C\tERALL RATIO OF U-238 TO U-235 FISSICNS= 0.10'193 

SYf"f>'ETRV CLASS, REGION 1, 1 2 1 l 3 1 1 4 1 1 
U-238/U-235 FISSICNS 0.23597 0.16813 0.09391 0.08137 

CISAOVANTAGE FACTORS AND VOLUME FRACliONS 

MCOERATCR CELL RACLUS= 18.67Cl! , VOL FRACTs0.69555 THRML FISS 
5 

0.82121 
15 

SRCE"Oo lAST ITFR=Q, 
GRCUP 1 

DISAD,~NlG FCTR 0.165% 
GRCt;P 11 

OISAO.VNlG FCTR 1.00396 

0.78564 
12 

1. 00326 

' 0.767C9 

" 
1.0C131 

' c .77589 

" 
1.00861! 1.o 1167 

CUSS 1 NC.-; 1 
GRCUP 

DISAOVfllG FCTI{ 
GRCUP 

CISAOVNTG FClR 

REGN 1 
1 

TYPE 2 RACIUS"' 1o2675 VOl fRACT:C.CC'461 

ClASS 1 NC.= 1 
GRC\JP 

OISAOVI>.TG FCH 
GRCI.:P 

OISAD~IITG FCTR 

CtASS 1 NC.= l 
GRCL:P 

01 SAO';I\ lG FCTI< 
GRCl)P 

CISACVNlG FCTR 

CI:.ASS 2 tiC,"' 6 
GRCUP 

OISACVNTG FCTR 
GRCUP 

OISAC'oNlG FCH 

CLASS 2 tiC.= 6 
GRCUP 

Dl SAOVNTG FCTR 
GRCUP 

CISI\f::V~lG FCTR 

CLASS 2 1\(,., 6 
GRCUP 

OISACVNTG FCTR 
GRCUP 

()ISADVfllG FCTR 

REG I\ 

REG!\ 

REGN 

REG"-

KEGr. 

2. 63528 
11 

0.94 1t65 

1 
2.372D 

12 
0.95693 

' 2.475f) 

" 0.91454 

' TVPE 4 RAC 1\JS" t. 3C3C 
1 

2.60362 
11 

(),<)5593 

2 
2.]10(,7 

12 
0.1712'1 

2.3CH2 

" 0.9338( 

TVPE 5 ll:AI:IUS= lo3B43 
1 

2.56497 
11 

0.')5428 

2 
2.2911)1 

12 
O.<JB32 

' 2. 330'l4 

" o.<JBQ<J 

TVPE 2 RAfi\JS" 1,2(;75 
1 

2.91623 
ll 

0,95?35 
11' 13 

0,96\59 0.9201!6 

' 1 
TYPE '• ~ACIUS= 1 o3 C3C 

2,78297 

ll 
0.%266 

2,51187 
12 

Oo'l755C 

?.624~2 

ll 
Q,9'tOCC 

; TYPE 5 RAC!l!S= 1.38~3 
1 

2.72446 
ll 

0,<!&084 

, 
2.'tHP9 

12 
0,97745 

' 2.56776 
ll 

0.94017 

1 TVPE 2 RACIUS= 1.2675 

' 5 2o521C7 2.423C2 
l't 15 

0.89812 0.~6782 

1/0L FRAC T=O, C0026 

' 5 
2.3382C 2.2'1799 

1'- 15 
c.92038 o.e-nJ6 

VOL FRACT:Q,00063 

' 2.;:>0585 2.2C7!!3 
Lt. 15 

0.92032 0,1!9095 

VOL FRAC T=O. 00'•61 

' 2oH3't35 

" 0 .'IO't9f' 

2.5cl470 
15 

o.C7599 

V(1L FR~Cf:Q,L,0026 

' ' 2.'551!57 2.3't772 
14 l ':> 

c .9272(; O.'J0576 

VOL FRACT~O.C0r''6:) 

' 5 2.4'l752 2.29659 
14 t 5 

o.92n1 o.90736 

VOL FRACT"O.C046l 

' 5 

6 
0.81!437 

7 8 
0,94741 0.97407 

THRMl f!SS SRCE,0.01895 
6 7 8 

1.86422 1.39734 1.19262 

THRML f1SS SRCE=O, 

6 7 ' 
1.72326 1.340(>7 1.16593 

THRMl f!SS SRCE=r. 

6 7 ' 
1.69554 1.32134 1.15796 

TH~Ml F!SS SRC£.,0.03031 
6 7 8 

1,99427 1.4!:i489 1.222S8 

THRML FISS SRCf,u. 

' 7 ' 1.810il3 1 • .371142 1.111567 

TH~~L Fl~S SRCE=t:.. 

' , ' 1.77611 t.%110 1.17535 

THRMl FISS SRCl'..-G,06236 

6 7 ' 

ClASS 3 1\C,: 6 
GRCUP 

DISADVNlG FCTR 
Gr:tCUP 

OISAOVt>lG FCTR 

1 
3.24385 

11 
0,96984 

2 
.3.08175 

12 
o.n253 

' 3.26417 3.15390 2.66480 2.09494 1.4nll 1.2464T 

Ct.ASS 3 NC.:; 6 
GRCt:l' 

DISAO\'NTG FCTR 
GRCUP 

DISAOVt.TG FCTR 

CLASS 3 NC.:; 6 
GRCLP 

OISAC'oNlG FCTR 
GRCUP 

DlSADVNlG FCTR 

Ct.ASS 4 NC.:; 6 
GRCUP 

OlSADVNlG FCTR 

GRCUP 
Dt SAOVNTG FCTR 

REGN 

REGN 

CUSS 4 NO,: 6 REGN 
GRCUP 

DISAO'JNTG FCTR 
GRCUP 

0 t SAOVNTG FCTR 

ClASS 4 NC.-; 6 REGN 
GRCUP 

DISAO.VNlG FClR 
GRCUP 

OISAO'JNlG FCTR 

ll 
0.9.3865 

1 TYPE 4 RAC!US= lo3C3C 
1 

2,80564 
ll 

0.97765 

2.638<;19 
12 . 

0.98518 > 

' 2.75775 
ll 

0.95753 

' 1 
TVPE 5 RADIUS" 1·38~3 

2.68293 
ll 

0,91526 

2 
2.53705 

12 
0,98696 

3 
2 .6'1460 
ll 

0.95763 

1 TYPE 2 RAOJUS-= 1,2675 
1 3 

3.14919 3.03632 3.23056 

11 
0.97596 " 0.94649 

2 TYPE 4 RADIUS~ lo.3C3C 
1 

2,62090 
11 

0.98305 

' 2.49463 
12 

0.98895 

3 
2,64141 

ll 
0.96543 

3 TVPE 5 RACIUS= 1·3843 
[ 

2.41911 
11 

0.91:1000 

.. ~-

2 
2.38977 

12 
' 2.512t>l 

lJ 
o.~6S4e 

14 15 
0.92517 0.90081 

VOL FRACT:0,00026 

' , 
2.63727 2.27886 

14 15 
0.9'1767 O.'l.3131 

VOL FRACT=O.C0063 

' 5 2.53312 2.19994 
14 15 

0.94755 0.93296 

VOL FRACT=Q,OO't61 

' 3.1015.3 2.56610 

" 0.93438 
15 

0.91236 

VOL FRAC T=O. C0026 

' 5 2.52541 2.l't859 
14 15 

Q.957C't 0.9'>323 

VOl FRACT=0.00063 

' 5 :;:,41070 2,06254 
14 15 

0.956~0 O.'l44S9 

B-5 

THRML FISS SRC£,.0. 
6 7 8 

1,81387 1..371'15 1.18383 

THRMl F!SS SRCF:C. 
6 1 e 

1.75973 1.34651 1.16?36 

TH!l,..L FISS SRCC=0.07083 

6 7 ' 
2.0512(' 1.473?2 1.23553 

THRML f!SS SRCE,.O. 
6 7 

1.75032 1.33?15 1.16705 

THR"L ftSS SRCE=O. 
6 7 

1.69199 1 • .31140 1.15216 

.'• 

10 
0.91'167 

UST ITER=O.I'J1A94 

' 10 
1,00036 1.03752 

LAST ITER=O, 
9 

1.001!>00 

LAST tTER;O, 
9 1 c 

1,00319 1o03'166 

lAST ITER:0,03031 
9 10 

1.01756 1.04414 

lAST llER"O• 
9 10 

1,01903 1.0Hllf> 

LAST I TER=O. 
9 10 

t.Ol6C9 1.0J~:>' 

LAST l TER.,Q. 06736 
9 10 

1.0441>1 1.05042 

LAST tTER=O. 

' 10 
1.03484 1.04144 

lAST !Tn=O. 
9 10 

1.02')94 1.037~'1 

LAST ITFR,0.070(l4 
9 10 

1,0485? 1.0~1!77 

LAST ITERml'l, 

' 10 
1.03615 1.03833 

LAST IHR,O. 
9 1 u 

1.03061 1.0)456 



PRINTCt:T CF AXlS-fO-AXIS SPACINGS liND WEIGHTS 

/IXIS-Ifl-AXI.S St.PARATICN 
NO, Jr-. INF. REG. LATTICE 

3.8100 
6 .oooo 

t.5991 
6.cccc 

20.3200 22.4790 24.1300 25.0190 26.2382 27, B6 )A 

AXIS-TO-AXIS SEPARATION 27.9400 2e. 1020 29,7942 30.9118 

WTSIIoJ,K) 
0 0 c. 
t.a 0, 
c 0 1. a 
c 0 c. 
6 .a c. 
2 .c 2 .c 
2.c a. 
loC 2 o C 
a. 6 .a 
2. c o. 
c. 2 .o 
2 .c c. 
0. o. 
t.a 2.0 
2 .c c. 
0. o. 

~RRANGEO 

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

c 0 0. 
c 0 o. 
c ~ 0. 
c. 2. c 
c 0 o. 
c. c. 
c. 2 .o 
I. 0 0. 

WITI-IN ROWS BY 
a. o. o. 
c. o. o. 
c. o. o. 
c. o. o. 
c 0 o. o. 
c. o. o. 
a, a. 0.1 
c. o. o. 
c. o. 0. 
c. o. o. 1 
?..C 1.8 0. 
c. o. 2. 0 
c. o. o. 
c. o. c. 
c. o. 2.0 
c. 3.6 o. 

I, ROWS ADVANCE eY 
0. o. o. c. 
o. o. c. o. 
o. o. 0. o. 
o. a. a. c. 
c. o. 0 0 c. 
o. o. 0 0 o. 
o. o, o. a. 
o. c. 0 0 c. 
0. 0 0 0. c. 
0. c. o. o. 
o. o. o. o. 
1.4 o. 0 0 o. 
0. 0. c. c. 
0.2 0.1 o. o. 
1.4 a. o. c. 
o. 2.0 c. c. 

Jo ANO 
o. 
0. 
o. 
o. 
0. 
o. 
o. 
0. 
o. 
o. 
0; 
c. 
o. 
o. 
o. 
1 •• 

PRINTCUT CF OM.CCFF HCTORS li'i ~OC~RATOtl 

R.llDIUS= l.3S43 
GRCLP 

DAN((;fP FACTCR 
GRCl!P 

DHlCCFF FACTOR 

RACILS"' 1.3843 
G~Cl. P 

D!INCOFF FACTOR 
GRLL: P 

DIINCCFF FACTOR 

R!ICIVS"' 1.3843 
GRCLP 

DANCOFF FACHlf\ 
GRC\JP 

OA~COFF FACTOR 

RAOil!S= 1.3!:!43 
GRCL P 

OANCCFF FACTOR 
GRCt:P 

DANCOFF FACTCR 

F!~DIUS= l,JBH 
GRCLP 

DANCOFF FACTCR 
GRCllP 

DANCOFF FACfCR 

~ADIUS= \,3M3 
GRCUP 

DANCOFF FACTCR 
GRCtJP 

DANCOI'F FACTCR 

RACIIJS= 1,3843 
GRClJP 

DANCOFF FACTCR 
GRClJP 

OANCOFF FACTCR 

RAOllJS"' 1.3843 
GRCIJP 

DANCCFII FACTCR 
GRC\JP 

OANCOFF FACTCR 

RADIUS: t.38~1J 
GRCUP 

DANCOFF FACTCR 
GRClJP 

OANCOFf FACTCR 

R~DI\JS"' 1.38~3 
GRCUP 

DANCOH FACTOR 

GRCUP 
OANCOFF FACTOR 

RADIUS: 1,384~ 
GRCUP 

DANCOFF FACTOR 
GRCUP 

OANCOFF FACTO~ 

RAOil:S.o- 1.3843 
GRCUP 

DANCOFF FACTOR 
GRCUP 

DANCOFF FACTOR 

AXIS-T!J-AXIS Sff'M~ATIOI\= 3,81CC 
1 2 2 ' o.100<J6 o.o9381 o,Ce457 c. 07464 

11 12 D " 0.07568 0.07567 0.07567 c. 07566 

AXtS-TC-~XIS SEf'ARATIOI;= 6,59'11 
1 2 2 

0.02594 0.0?098 0.01557 C.C10'l7 
ll 12 13 14 

O.OllJl Q.Oil31 0.01131 (',01130 

AXIS-TO-AXIS SFPARATIOt.=70.37CC 
1 2 2 

C.O'Cf245 c,CC107 O.OC01J 
11 12 13 

0.00009 O.OC009 0.00009 

' 0, CCOCll 

" Q,OOOO'J 

AXIS-TC-AXIS SEPARAT!Oi'<..,22,479C 
1 2 2 

C,Q0173 O.Oa069 o.OC019 
ll 12 l) 

o.oooos 0.00005 o.ocoos 

' r. .ce004 

" O,COOC5 

AXtS-TO-AXIS SEP~RATION:2lo.l3CC 

1 ' 2 
OoOOlJJ 0,00049 0,00012 

11 12 13 
0.00003 Q,OC003 C.acoaJ 

' o.ooocz 

" 0,00003 

~XJ.S-TC-AXIS SEPARATIOt.=25.019C 
1 2 3 4 

a.oott6 o.o0041 o.acoto o.cccc2 
11 12 13 ll• 

c.oooo2 o.ocoo2 o.acoa2 o.cooo2 

AXLS-TG-AXlS SE'PARATIOt-<,.26.Bll2 
1 2 

Oo00096 0,00012 
11 12 

OoOOOOl 0,00001 

0,00007 

" o .ococt 

' 0.00001 

" o.ooca1 

AXLS-TO-AXJS SEPARATION=27,8ll38 

t ' 2 
Oo00075 0,00024 Q,OCOC5 

11 12 13 
0.00001 Q,QCOOI O,OC001 

0.000a1 

" o.cooct 

AXLS-TO-AXIS SEPARATION=27,940C 
r 2 3 

o.ooo74 o.ooo23 o.ooocs 
11 12 13 

o.oooot o.oaoot o.oooot 

' a.oooat 

" o.CCOOl 

AX 1 S-TO-AXIS S EP ARA T IOt-.=28, 7a2C 
1 2 J 4 

o.ooo67 0.00020 o.ocoo~t o.ooooo 

ll 
o.oooot 

12 
0.00001 

12 
o.oooot " o.oooot 

~XLS-TO-AXJS SEPARATION=29.7942 
1 2 3 4 

0.00057 0,00016 0.00003 o.ooooo 
It 12 13 14 

o.ooooo 0.00000 o.ooooo o.ooocc 

AXIS-TO-AX IS S EP ARAT HlN~Jo , 911 e 
l 2 3 4 

Q.00048 0.00013 0.00002 0.00000 
11 12 13 1ft 

o.ooooo o .ooooo o .oooca o .ooooG 

GROUPS OF ROWS BY K 

; ' O.C7B47 0.06647 

" O.C7566 

' o.o1z~s o.oo779 

" 0 .a 1130 

6 
o.COOI4 o.ocao2 

" 0 .COOO'~ 

; ' c.ccoo7 o.ococt 

" o.cuoos 

' O.COLHJ4 OoOOOCO 
l'i 

C.C:JO(') 

6 
o.c;"oc3 o.ocoao 

15 
O.OCOC2 

6 
o.cooc2 o.oocco 

" O.GOUCl 

6 
o.ooool o.oooao 

O.COOC1 

; 6 
o.oooo1 a.oooco 

15 
O.COOat 

; 6 
o.oooot o.ooooo 

15 
o.aooot 

0.00001 
15 

o.ooooo 

5 
0.00001 

15 
o.oooco 

6 
o.oooao 

6 
o.ococo 

B-6 

·::; 

'' 

7 B lC' 
Co07340 0,07480 0.07550 OoU756'1 

9 lG 
u.01036 0.01094 o.Oil21t o.Oll3l 

1 8 9 l c 
0,00007 O.OOOO!J 0.00009 0.0000') 

7 8 9 10 
o.oooo3 o.oooo4 o.oooc~ o.oooJ~ 

lC 
o.oooo2 o.ooooz o.oooo3 o.oooo1 

1 8 9 10 
o.oooo1 o.occoz o,oooo2 o.veoJ2 

7 ll 9 10 
o.oooo1 o.ooa01 o,oooo1 o.oooq 

9 10 
o.ooooo o.oooo1 o.oooo1 o.ooo.JI 

8 9 10 
O.OaOOO 0.00001 0,00001 0.000-11 

7 9 l 0 
0.00000 Oo00001 0.00001 O.OOOJ1 

7 
0.00000 

7 
o.ooaao 

' 9 o.ooaoo 0.00000 

' 9 0.00000 o.ocooo 

10 
0.00000 

10 
0.00000 



PRINTOUT " TRANS,.JSS!O/\ PROBABILITIES 

Cl:ASS 1 ~BGION 
GRCUP ' ' • ' 7 ' ' 10 
TPCO 0.63!J'H 0.56996 0.51493 0.56630 0.53230 0.46467 0.39463 0.33592 0.29333 0.26677 
GRCUP 11 12 13 " 15 
TPCC 0.24083 0.22587 0.212CO 0.20963 0.19318 

ClASS I PEG ION 
GRCUP I 2 ' • 6 7 • ' 10 
TPC I 1.00000 t.ococo 0.99999 0.99999 0.99999 0.99999 0.99999 0.99999 0.99999 0.99999 
TPCO 0.02129 0.02729 0.02129 0.02729 0.02129 0.02129 0.02729 0.02129 0.02729 0.02729 
GRCUP ll 12 13 " 15 
TPC I 0.99.99'1 0.'1'>999 0.99999 0,99999 0.'>9999 
TPCD 0.0212'1 0,02729 0.02729 0.02729 0.02729 

CLASS I fiEGI ON 
GRCIJP I ' 6 • ' 10 
TPCI 0.98834 0.91!640 0,96304 0.91903 0.97496 0.97331 0.96796 0.95819 0.95047 0.91654 
TPCC 0.05501 0,05442 0.05341 0.05224 0.05107 0.05060 0.04912 0.04652 0.04457 0.05152 
GRCl,;P ll " 13 " 15 
TPC I 0.94760 (].'>19358 0.9<;035 0.96716 0.98834 
TPCC 0.04387 0.05665 0.05564 0.05465 0,05501 

CLASS 2 PEG ION 
GRCUP I ' • ' 6 7 • ' 10 
TPCC o.6Je9t o.5899E 0.57493 0.56630 0.53230 (].46467 0.3"1463 0.:3.3592 0,29333 0.26617 
GRCUP ll l2 " " " TPCO C.24083 0.22587 0.212CC 0.20963 0.19318 

cuss ' ~EG ICII< 
GRCUP 2 ' 0 7 • ' I 0 
TPC I 1.00000 1.00000 0 .9<;9<;9 0.9'l999 (],9';1999 0.99999 0.99999 0.99999 0.99999 0.9999') 
TPCG 0.02729 0.02729 0.07.729 0.02729 0.02729 0.02729 0.02729 0.02729 0.027 29 0.02729 
G!ULP ll " " " " TPC I 0.99999 0.99999 0.999<;9 0. 999'09 0 .'09'099 
TPCC 0.02729 0.02729 0.02729 o.02729 O.C2729 

CLASS 2 ~EGlON 
GFICl.JP I ' ' 6 7 • 9 " TPC I 0,98834 Q,9A640 0.98304 0.97903 0.97496 O,<H331 0.96796 0.95019 0.95047 0.97654 
TPCC 0.05501 0.05442 0,05341 0.05224 O.C511H c.o5o6o 0.04912 0.04652 0.04457 0.05152 
GRCUP ll " " 14 15 
TPC I 0.94760 0.9?351! 0,99035 o.nnc. 0.981134 
TPCC 0.04387 0.05665 0.05564 0.05465 0.05501 

CLASS 3 ~EGlON 
GII.CUP I ' ' ' 6 7 8 ' 10 
TPCC 0.63891 0.5€998 Oo57493 0. 56630 0.53.?30 0.46467 0.39463 0.33592 0.29333 0.26677 
GRCUP ll " " " " TPCC 0.24083 0.225fl7 C.212CO 0.20963 0.19318 

CLASS ' REGION 
GRCUP I 2 • ' ' 10 
lPC I 1.00000 1. ocooo 0,99999 0.99999 o.•N9'l9 0,99999 0.99999 0.99999 0,99999 0.99919 
TPCO 0.02729 0.02729 0.02729 C.C2729 0.02729 0.02729 0.02729 0.02729 0.02729 0.0272') 
GRCUP ll " " " " TPC I 0.99999 0.99'l99 0.9'19'.l9 0.99999 0.99999 
TPCO 0.02729 0.02729 0.02729 0.02729 0.02729 

CLASS ' ~EGlON 

GRCl:P 10 
TPC I 0.98834 0.90640 0.91!304 0.979C3 0."17496 0.97311 0,96796 0.95819 0.95047 0. 97654 
TPCC 0.0'>501 0.05442 0.05341 0.05224 O.C51C7 c. 0506(.'1 0.04912 0.(.'14652 0,04457 0.0515? 
GFICUP ll " " " " TPCI 0,94760 0,99358 0.99035 0.98716 0 ,<;{!83'• 
TPCC (],04387 0,05665 O.C5'H:4 0.054~5 O,CSSCl 

cuss 4 REG ICN 
GRCUP I ' ' s ' ' 16 
TPCO 0.6Jfl91 0.58998 0. 5 7493 Oo5663C o.-53230 0.46'•87 0.39463 0.33592 0,29333 0.26677 
GRCl;P ll " " " IS 
TPCC 0.24083 0.22597 0.21200 0.20963 0.19318 

ClASS 4 REGICN 
GRCLP I ' 6 ' I 0 
TPC I 1.ooooo l.OCOOO 0.9S999 0.99999 Oo9'J'199 0.99999 0.99999 0.99999 0,9<)<)')') 0.99')'}) 

TPCC 0.02729 0.0212'1 0.02729 0.02729 0.02729 0.0277.9 0.02729 0.02129 0.02729 0.0272) 
GRCLP ll " " " IS 
TPC I 0,99999 0.99999 Oo99999 0.99999 0.'>19999 
TPCG 0.02729 0.02729 0.02729 0.02729 0,02729 

ClASS 4 REGION 
GRCl,;P I 2 ' 4 s ' 7 e ' 10 
TPC I C,98834 0.96640 0,98304 Oo979C3 0.97496 0.97331 0.96796 0,9::iEI19 0.95047 0. 976'>'• 
TPCC 0.05501 0.05442 0.05341 0.05224 0,05107 0.050~0 0 .0'•912 0. 04652 0.044':17 0, OSI JJ 
GRCt;P ll " " " 15 
fPC I 0.94760 0.99356 o.'l9C3S 0.9B7l6 0.98834 
TPCC 0.0'•387 0.05665 0.05564 0,05465 0.05501 

B-7 


