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ABSTRACT

A TORTRAN code 1g described which computes high energy
events in thermal reactors having cylindrical fuel elements.
The HEETR code 1s based on transmlission and escape proba-
bilities. Code calculations are compared with experimental
determinations of the ratic of 238U to 22%U fissions for
lattices of natural uranium tubes and rod clusters in D0,
Good agreement 1s obtalned for lattices of single rods, but
code caleulations tend to exceed experimental values for
lattices of tubes and rod clusters.
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CALCULATION OF HIGH ENERGY EVENTS
IN THERMAL REACTORS

ll. A Computer Code - HEETR

INTRODUCTION

In an earlier report‘l), a multigroup technigue wag 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 scurces within the region by escape probabilities.
Simplifying assumptions were made sc 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 glven. The basic assumptions
used in the code are:

e Scattering in the laboratory system is isctropic,

e Distribution cof secondary neutrons is uniform within each
region.

'@ Distribution of currents at interfaces i1g uniform over the
interface,

e Number of neutrons passing through an interface per unlt sclid
angle is proportional to the cosine of the angle that the
directicn of travel makes with the normal to the interface.

® The reactor 1ls infinite,

The code has a number of options. It 1s nct necessarily limited
to the calculation of high energy events in thermal reactors, but may
be used wherever the basic assumptlons have sufficient valldity, 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 c¢cylinder. The spatlally averaged flux integrated
over energy and spatlal averages of nuclear parameters are alsc calcu-
lated for each group.
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The code was applied to lattices of tubes and rod clusters in D0,
which were studied experimentally in the Process Development Pile at
the Savannah River Laboratory. Calculations of the ratio of *22U to
235y fissions in these lattices were compared with the experimental
values., With the cross sectlons, 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 preclision in the data, which in turn
is attributable to low flux levels., In the case of rod clusters, the
discrepancy 1sg at least partly due to the fact that the basic assumptions
used in the code are poorer than when cylindrical symmetry exists. TFor
Bingle rods, the calculations agree well with the experiments.

A serles of calculations for & uranium tube show that appreclable
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 cne tube to ancther or from one portion of the
inner surface to another without having a colllsion in the mederator.




DISCUSSION

Approximations
The assumptlons 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 regicn is a c¢cylinder, an annulus, or surrounding space. When cylin-
drical symmetry exists within a fuel region, thils approximaticn can be
made as good as one wishes by taking a sufficiently large number of
regions.

(2) Scattering 1s 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 & with respect to the
normal to the surface is EQ§~2. Attempting to improve the first approx-

imation by subdividing regions may make thls approximation poorer.

{(5) The reactor consists of an infinite number of infinitely long
cells. Where the leskage 1s 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 contalning 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.

Mothematical Basis

Within each energy group and each reglon, the number of neutron
interactions per unit time 1s computed as

A=@Q+J - JF
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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 Jt is the total current of neutrons leaving
the region. At Internal interfaces the boundary conditions are con-
tinuity of the inwerd and outward currents, At external boundarles
elther a cell houndary conditlon may be used where the inward current
equals the outward current or the Dancoff (2} approach may be used where
cylinders interact through & surrounding medium,

The mathematical development emplcyed I1n the code is identical with
that given in Reference (1) wilth 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 multl-
group problems, 18 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 Qi appearlng, for example,
1n Equations 3—7(1). This amounts formally to setting Cxj = 0 in these
equations when ] # k (since these ckx4 are now included in Q), 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 varlcus regions are calculated first for the
group of highest energy from an assumed spatial distribution of source
neutrong arlising from flsslons induced by neutrons of all energies

including those encompassed by this group.

The calculation then proceeds to the second hlghest group where |
the source distributlon 1is composed of the neutrons arlsing 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 fisslon and by
neutrons scattered from the higher energy groups.

From the ratios of the flsslon 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 fisslon
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., Tteration i1s continued
until the calculsasted distribution reproduces the assumed distribution
satisfactorily. The total source of fission neutrong 1s normaliilzed to
unlty within a cell at the start of each iteration. .




(2) With the foregoing simplifications, for each group and for
each annular region Equation 12 1) becomes

LI =RJ +8 _ (1}
The matyrix L is
l-c(l-Eo-Ei) -Too(l-c(l-Ei))—ch(l-Tio)
L L
0 —Tio(l-c(l—Eo))—cEi(l-Too)
and the matrix R is
Tci(l-c(l-Ei))+ch 0
R =
cEi(l-TOi) “(1"0(1"E0‘Ei))

The terms T,,, Tigs Tois Ep, and E4 represent transmission and escape
probabllities characterlstic of the region and group, and ¢ represents
the number of secondary neutrons per interaction resulting from a
gcattering event that remain 1n the group.

The S vector is

QE

S = °

QEi

The current vectors are

7 5
0 - 1 -+
J J
0 i

where Jg-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 Jj and J] represent the total currents entering these
surfaces,
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For a central cylindrical region

l—c(l—EO) -TOO—C(EO-TOO) JQ : QEO
1 -1 J; Q-(1l=c)A
which can be solved for the vector Jg, glving
EO~TOO Too(l—c)-i-cEO
J: l-TOO Q l-TOo A ‘
-7 1-m * 1-ctcE (2)
JO _ o] Q o] A
1=-T 1-T
oo co

Q 1s known from the assumed spatial distribution of fission
neutrons and from the solutions obtalned for higher energy groups; E,,
Toos 8nd ¢ can be computed from the properties of the medium contained
within the region; and A is unknown. When the boundary conditions are
applied at lnterfaces, the currents at the outermost cylindrical sur-
face are expressed 1in terms of A of the Innermost region and in terms
of the sources in all reglons., Application of the c¢ell boundary
conditlon then gives A in cell calculatlons, and an Interaction cal-
culaticn relating the currents at the surfaces of each symmetrically
different coaxlal combination of regions gives A for the central i
eylinder of each combination when the cell boundary condltion ls not
used,

The latter calculation is performed by making use of the one-group
version of Equation 192}

¢J" +HJI =EQ ' (3)

where J¥ and J- are the vectors of the currents leaving and entering
the outer surface of each symmetrlcally different cylinder, the elements
of the matrices G and H are the elements Gkyj and Hgijy of Reference (1)
with the group 1ndex k dropped, E 1ls the vector of the escape proba-
bilities from the surrounding medium (e.g. moderator) into each
symmetrically different cyllnder, and @ is the number of source neutrons
in the surrouding medium withln a cell, Once A ig found for each
central cylinder, A for each annular reglon and for the surroundilng
medium 1s readlly obtalned from the sources within each region and from,
the currents entering and leaving the reglon. The flux wilthin a reglon
1s then simply the ratio of A to the total macroscoplc ¢ross section.

- 10 -




This method of calculatlion ig sstisfactory provided the trans-
misslon probability for an annulus 1s not too small, as 1s generally
the case for fast neutrons for which the code wes originally intended.
For completely black reglons, modifications are easily made tc permit
the calculation teo be carried out, and presumably simllar modifications
could be made for nearly black regions. Such modificatlons, however,
are not presently incorporated in the code.

(3) Simpler forms for the transmission probabilities T,y and
Too are used:

Toi(a,ZR) = % _[11 Kis(ZRW1-aZu® - o+ 1-u®)) du (4)
Too(a,ZR) = % j: Kig(22R &/ 1-u®) du (5)

where X is the total (or the transport) cross section, R 1s the outer
radius, and o is the ratio of the Iinner and outer radius.

(4) The following form!®) is used for the Dancoff factor:

T ol - - ,
T, (R/4,5R) = -5 Kio (SR(V(3/R) 2= (u+v) 2~ ¥ i-uZ- ¥ I-vZ))du av (6)
. " '[l [ N (d/R)=-(u+v)=

where d is the axlg-to-axls separatlon.

_ Description of HEETR Code

A5

The HEETR code listlng is gilven 1n Appendix A, To permit a large
number of groups and reglions, the code is divided into two parts. 1In
the flrst part, microscople cross sectlions read from a library are
combined with atomlc 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 1s also computed in this part
by Subroutine FNSPM. This informatlon together with general input data
iz 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 LTAPI1,
The solution tc a problem is obtalned in the second part of the code,
which employs a number of subroutines,

- 11 -
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In Subroutine TRP the transmission probabllities and the Dancoff
factors, 1f required, for each region and group are computed and stcored.
This procedure is adopted because the computatlon of these probabllities
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 quadreture of each integral in the double integral, except when
Z = 0 for which the analytic evaluation of the integral is employed.
Several dlfferent schemes were tried for evaluatlng the Dancoff integral
before finally coneluding that the 16 point quadrature glves satisfactory
results, which are in fairly good agreement with Reference (3)}. Esti-
mates are required for the fractions of neighboring cylinders “seen"
when other cyllinders intervene. For clusters such estimaies are provided
by extending the cluster conceptually and assuming that nearegt neighbors,
next nearest, etc, are "secen" completely until the sum of the fractions
reaching these neighbor with 2 = 0 equals unity. More distant neighbors
are then assumed to be blocked from view.

The probabllity of transmlsslion from the inner to the outer surface
of an annulug, Ty, 1s computed directly from Equation 4 by 14 point
Gauss quadrature except for small values of ZR for which the Kij,
function 1s approximated by its first few terms, whlch are then inte-
grated. More than 1% points were tried but were not found to give
appreclably different results. The probability of transmission from
the inner surface to the outer surface without passing through the
inner surface, T,y 15 computed from Equation 5 by computing the
integral from -o to ¢ agaln by 1% polnt Gauss quadrature and subtracting
the result from the integral from -1 to 1, which 18 Tye for a cylinder
(@ = 0) and which has been integrated(4) to give J

0,%R) = 1 - H(ER)Z 25R [K;(SR)I, (3R) +,KO(ZR)IO(ZR)] -2

T 3

OO(

K, (ZR)I, (ZR)
ZR

+ - K_(ZR)I;(ZR) + K, (SR)I_(=R) (1)

The Bessel functions are evaluated by subroutines obtained from
Hanford. For small and large valueg of ZR, approximations(‘) to
Equation 7 are employed:

Too(o,zn) =1 =~ ER(E-ZR(% - 3R {(log 2 + 5/ - ¥ ~ log ZR)))

0 £ 3R < 0.1

T (0,ZR) = e (1 + ——ii-—) 3R 2 5
oo’ 16(=R)? 8(=R)2 7
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where ¥ is Euler's constant. For the general case, where a > O,
Too(@,ZR) for ZR < 0.1 is integrated in the same manner as Tyq by
approximating the Kis function by 1ts first few terms. Except where
it is approximeted by leading terms, the Kiz function is computed from
rational approximations(s’.

The number of interactions A in each reglion and in each group for
a particular specification of the spatial distribution of the flssion
source is computed in Subroutine SQOLN, The solution of the simultaneous
equations resulting when symmetrically different fuel reglons 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™t

and R in Equation 1 for each annular region., Subroutine JVECTR computes

the terms in Equation 2 for the central cylinder, and by repeated
appllcation of boundary conditlons relates the currents at the outer
surface of the ocutermost annulus to the sources in all reglons and to
the interactions A in the central cylinder. Terms are saved go that
when A 1s found for the cylinder, A 1s readily obtained for all reglons
by suitable multiplication.

Ir the main program, the normallzatlon of fisslon sources and the
iteration to a converged spatlal distributlion of flssions are carried
cut. Average rluxes and over-all average nuclear parameters are
computed. The various printing options are exercised in the main
program.

As presently dimensicned, each eylindrical 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
nymber of different i1sotcopes and compounds of which the materials are
composed may be a8 many as 25, and the number of energy groups may be
as many ag 20. Modifications in the dlmensions are easily made. Thus,
the number of groups can be increased .at the expense, say, of the number
of symmetry classes by & change 1n 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 doublewtube cases in Table I, the four T-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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Flve tape units are employed by the code. The flrst and second
parts of the program are on Tape 1, Tape 5 18 used for library datas
(microscopic cross sections and other nuclear parameters). Tape 8 1s
used for input data for running problems, - Tape 2 is used for storing
output from Part I. Tape 10 1s used for storing output data computed
by Part II.

Application of Code to PDP Lattices

The HEETR code computeg spatial and energy averages of all nuclear
parameters and hence furnishes information from which leakage can be
computed as well as sbsorptions 1n the various materials present, About
the only directly measurable parameter with which comparison can be
made, hcwever, is the ratio of 238U to 2°5y rissions in a thermal
reactor., This ratio has been measured(®:7! for a number of natural
uranium metal lattices of tubular elements and of rod clusters in =&
Dg0-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 sectlons complled by Yiftah, Okrent, and
Moldauer(®} were usged for the cladding and for the uranium isotopes
except that v in the first four groups was reduced by 1.9% for 235y
and by 3.0% for 229U in 1line with more recent data.

Creoss sections for D0 and HpO were computed by a zero~dimenslonal
multigroup code employing a group lethargy wldth of 0.05. Appendix B |
(a complete sample printout for the first 19-rod cluster of Table IV)
gives the cross sections wlth 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 spetial distributicons of fissions occurring
below this energy were assumed to be those determined experimentally
by thermal flux traverses.(®:227) 'In the 15 group scheme fissions in
288y are confined to the first four groups; 235U fissions of course
occur in all groups. In the calculations, the actual physicel Inter-
faces were used and regioneg were not subdlivided. 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 gtudied experimentally‘E). The descriptlon of the tubes and
lattices wlll not be repeated here. The numbering of the lattices 1s
the same a8 in the reference, Except where noted otherwise, all cal-
culations used the fransport cross section both in fuel and moderator .
and Dancoff factors were used. The age T was calculated as
T = (I/3%¢7 )/ (Zp+2s+5p-VEFr), 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 &, the ratio of 238U to 2%%U figsions.
TABLE I

Averasge Nuclear Parameters above 2035 ev
for Lattices of Natural Uranium Tubes'®

]

Tuke Lattice ztr ) Zc 2f v T Calc. Exptl.
Single 1 0.274 0.00140 0.00058 2,76 56.85 0,0547 0,044£0,007
108) 5274 0.00140 0.00058 2.76 56.85 0.0543
1®) o.omh 0.00140 0.00057 2.76 56.83 0.0542
148) oo 0.00140 0.00058 2.76 56.87 0.0553
2 0.273 0.00127 0.0005% 2,76 56.74% 0.0508 0.033%0.007
3 0.269 0.00109 ©,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
11 0.279 0.00169 0.00069 2.76 57.04 0.0659 0.046£0,007

Double 5 0,280 0,00177 0.0007C 2.76 57.01 0.0665 0.061+0,008
6 0.275 0.0014%2 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©0.0006¢ 2,76 56.56 0.065% 0.05240.008
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 conditlion and total cross sectlon in moderator rather
than transport cross section, )

In Table II values of & are glwven for each tube 1n the double tube
assemblies, although these individual ratics were not measured experi-
mentally. Except for lattlice 10 the calculated values of the over-all
ratio of 2°%U to 2%%y rissions lie above the experimental values, and
only for lattices 5, 7 and 10 are the calculated results wlithln the
quoted range of experimental error (the result for lattice 12 is close).
It hardly seems likely that much of the dilscrepancy 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 1s clearly in the wrong direction.

- 15 -
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TABLE TI

Ratio of 238U to 235U Fissions [
in Each Tube of Double Tubg Assemblles 3;

)
Lattice Inner Tube Outer Tube Over-All

5 0.0T744 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 0.0600 0.0654
10 0.0645 0,0515 0.0571
12 0,1002 0.0667 0.0784

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

For lattice 1, variations in the options used in the code were
trled. As Table I shows, for this lattlce, the cell boundary condition
gives a somewhat smaller & than is obtalned with the use of Dancoff
factors, When Dancoff factors are used, contributions from tubes beyond
the sl1x nearest nelghbors add very 1llttle. It makes little dilifference
whether the total cross section or the transport crosg section 1s used
in the moderator, provided ¢ is adJusted (as it 1s in the code) sco that
when the transport cross section i1s used the numbers of neutrons per
interaction abscrbed and transferred teo lower energy groups are the
same as when the total cross section 1s used,.

To Investigate the origin of varicus contributions to &, some
calculations were set up for a hypothetlcal lattice of natural uranium
tubes with inner and outer radii of 4.0 and 4.5 cm., These tubes are
similar to those used in lattice 3, which had inner radii of 3.87 cm
and outer radii of 4.39 cm. The moderator was taken to be pure Dg0,
The cell radlus was 9.5 cm. A cell calculation was performed In whlch
the transport cross section was used., Results of these calculatlons
are given in Table III and show that appreciable contributions to & 5
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 lnner surface of a tube

- 16 -
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TABLE III

.Source of Contributiocns to
& in 8-cm ID, 9-cm OD Tube

Situation Considered -]

Tube immersed in moderator (&s in Table I} 0.0409

Central moderator replaced by fictitilous, 0,0359
purely absorbing medium with same ZT

Same as immedlately above but zT increased 0,0319
by a factor of 10

Same as flrst case except ocuter moderator 0.0355
replaced by flctitious absorber with

same ZT

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

No neutrons entering inner or 0,0283
outer surfaces of tube

to another without having a collision. It was not possible tc perform
valid calculaticons when the cross section of the outer fictitious
abgorbing medium was increased by 10, because the blackness of the
annulus made the calculations lnsensitive to the cell boundary condition,
The last & in the table was obtalned by a hand calculation usging escape
probabilities calculated for the tube. It should be noted that even |
this result is higher than one would expect from the experimental
regults., For this same tube a calculation was made in which the inner
and outer moderator were subdivided into annull 1 cm thick. The

central moderator cylinder had a diameter of 2 cm. The value calculsated
for & was 0,405 compared with 0.409 when no subdivision was made. The
respective values of T were 55.93 and 55.91 cm®. Subdivision of the
moderator, in this case at least, thus has little effect.

The next set of lattices!”) 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 uged in all casges. For the 7-rod clusters there were two symmeiry
types, and for the 19-rod clusters, four symmetry types. Results of
the calculations are given in Table IV. The experlmental data alsoc
include values of & for rods at each symmetrically different location
within & cluster, These ratlos 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 Clusters!?

Rods/ 5 5 5 Average &
Cluster Pitch, in. tr c I v T Calc. Exptl.
1 7.00 0.263 0.00058 0.00056 2,78 57,02 0.0544 0.053 :
7.00(&} 0.263 0.00058 0.00056 2.78 57.02 0.054k ;
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 2
12,12 0.260 0.00038 0.00053 2,79 57.01 0,0524% 0.048 N
3 7.00 0.272 0.00122 0.00074 2.77 57.70 0.0729 0.063 E
14.00 0.262 0.00055 (.00067 2.78 57.58 0.0666 0.062 '
7 12,12 0.269 0,00106 0,00086 2,78 58.33 0.086% 0,071 ; 5
14,00 0.267 0.00089 0.00084% 2,78 58.30 0.0851 0.067 fegs
18.52 0.264 0.00067 0.00083 2.79 58.29 0,0837 0,068 E
18.52(b) 0.263 0.00062 0,00069 2,79 57.55 0.0689 0.057 s
19 14,00 0,279 0.00180 0,00102 -2.77 59.18 0,109 0,100 g4
18,52 0.271 0.00120 0.00098 2.78 BB.97 0.1008 0.102

(a) Caleulation includes effect of only the & nearest neighbors.
(p) Triangular piteh of 2 inches in cluster. All other clusters had a
1.5-inch pltch within the cluster, i

TABLE V

Ratio of 287 to #%°U Figsions ()
in Rods in Symmetrically Different Locatlons

5 at Rod Location
Rods/ 1 2 3 4
Cluster Pltch, in. Calc. Exptl. Calc. Exptl. Calc, Exptl. Cale, Exptl.

7 12,12 0.1260 ©,105 ©,0820 0,067
14.00 0.1252 ©,098 ©,0807 0.063
18.52 0.223% 0,098 00,0793 0.065
18.52 00,0875 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 locatlons are numbered from center outward!7!,
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Agreement wlth experiment in the case of the single rods 1s good.
The disagreement In the case of the clusters can probably be explalned
at least partially on the basis of s decrease in the validity of the
first and third epproximations. The thermal flsslon source is actually
higher toward the outslde of the cluster and thls should tend to enhance
the current dlrected outward into the moderator at the expense of the
current directed toward the center of the cluster. Errors in the
estimates of numbers of nelghboring rods "seen" may also contribute
to the discrepancy. Homogenizlng the cluster and treating 1t as a
number of coaxlal annull, &s Maerkl and Fowler(1°} do in a similar
treatment of fast flssions, should improve the agreement bhetween 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 1s begun at
the left, The cards must be read onto the library tape (5) and the
input data tape (8).

Library Data

Format Data

1415 NG, NM .
NG = No. of groups. NM = No. of lsctopes or compounds.
7F10.6  (ST(J,I),J=1,N&), (STR(J,I),J=1,Na), (sC(J,I),J=1,NG),

(SF(J,I),J=1,NG), (VW(J:I):J=I:NG)3 (SIJ(J!I)JJ=1JNIJ)J AWT(I)
8T, STR, SC, and SF are the microscopic cross sections

h
ct, ctr’ Gc’ and o, for the Ith isotope in the Jt group.

f
VNU is the number of neutrons per fission v, SIJ is the

microscoplc cross sectlon o for transfer from group J to

group K; the order of listigg 18 011, U215 U235 Cz1s Tazs
Tzms eens G(NG+1)(NG)' AWT is the atomic or molecular

welght. The items are listed serially as indicated with

no breaks; a new eard 1s started each time I advances.
7F10.6  (EL{I),I=1,NG)

BL 18 the lower bound of a group in Mev and is greatest for group 1.
12A6 (ce({1),I=1,NM)}

CC 1s & label of no more than 6 letters describing the

Ith isotope or meterlal,
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Problem Data

Format Data

1415 NsC, (NR(I},I=1,NSC}, (NWSC(I),I=1,NSC),NRT,NST, NSA,NSR,NCC, NP, (NOUT(I) ;
I=1,5) : :

NEC is the number of aymmetrically different types of fuel cylin- |
ders per cell., NR 1s the number of regions within each type.
NWSC is the number of members of each type. NRT 1s the number
of different materials. NST is the golution type. If OgKNSTL3
the transport cross sectlon 1s used In computing transmission and
escape probabllities, and the number of secondarlies remalning in
a group 1 is given by ¢ = (Utr-dt+cii)/ctr. If UNSTET the total
cross section is used, and ¢ = Uii/dt' If NST=2,3,6,7 a cell
boundary condition is used (available only if NSC=NWSC(NSC)=1;
otherwlge Dancoff factors are used. If NST is even, the fisgsion
source FS glves the actual distribution in the thermal group
(NG+1); 1if NST 18 odd, FS 1s an estimate of the over-all source
distribution resulting from flsslons in all KG groups., In this
case, either there 1s no thermal group or it 1s group NG. If 10
is added to NST, the solutlon type 1s unchanged but the code
computes the ratio of 238U to 2°5y 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 2387 f

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

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

cell axisg-to-axis spacings, NSR 1s the number of different inter-

cell axis-to-axis spacings, If NSC=NWSC(NSC)=1, NSR is taken

to be 0, and NSA is taken tc 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(1)#0,

fisslon sources and disadvantage factors for each region and

group are printed. If NOU‘I‘(Q);éO, axls-to-axis spacings, welghts

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

NOUT(3)#0, all transmission probabilitles and Dancoff factors

are printed. TIf NOUT{4)#0, macroscoplc cross sections for each

material are printed. If NOUT(5)#£0, library is printed.
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TF10.6  (COMP{(J,I),J=1, NM+1)
COMP(1,I) 18 the density of the I'D matertsl and COMP(J,I) for
2¢J¢NM+]1 18 the welight fraction of each isclope in the library in
the order llsted appearing in the I'P material. A new card is
started each time I advances., Moderator must be material number 1.

145  (INT(J,I),J=1,NR(I))

7F10.6 (RAD(J,I),J=1,NR(I))

TF10.6 (FS(J,I},T=1,NR{I))
INT indicates the material of which the Jth region in the Ith
symmetry type is composed, RAD is the outer radius of the
region. FS 18 the thermal fisslon scurce 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.

TF10.6 UATAS, FSM, RADC, VNUTH
UATAS is& the minimum axis-to-axis spacing in em., FSM is the
fisslion source within a cell in the region surrounding the
cylinders, RADC is the cell radius in e¢m. VNUTH 1s the number
of neutrong released per thermal fission.

7F10.6 (ATAS(I),I=1,NSA), (ATAS(NSA+I),I=1,NSR)
ATAS 1s the axlis-to-axls spacing expressed as a multiple of UATAS,
.Thoge within a cell are listed first in incresasing order followed
by those involving more than one cell, ' J

24F3.2 (WIL(I),I=1,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=1,NSA+NSR)
WTS is the number of elements of symmetry type J transmitting
neutrons to an element of symmetry type I separated from 1t by
ATAS(K)., A new card is started each time J advances and a new
cyele (and cerd) 1s started each time I advances,

1415 NSC, (NR(I),I=1,NSC), etc.
Cards for the next problem, which must use the same library, If
NSC=0, NR{1) is interpreted as a series number for a group of
problems, and tape 1 1s rewound to be ready for another series !

using a different library.
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Output from HEETR

The regular cutput, which may be supplemented by any or all of the
five options indicated by NOUT, consists first of the problem number,
a descriptlon of the type of solution as indicated by NST, and the-
denslty end composition of each material in the cell, This Information
1s followed by optional printouts of the 1library and the macroscopic
cross sectiong of each material. Next the code prints for each group
the lower energy bound, the fraction of the figslion spectrum ilncluded,
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 spatlal averages of Zi, Z4p, Zg, Zp, Vg, and v
for each group. Spatially averaged values of the macroscople transfer
cross section ij are listed next., Finally 1f there i1s a thermal group
not encompassed by the code, values averaged over space and over all
energles encompassed by the NG groups are listed for St, Ztp, L/ (T7Z¢7),
%s Zp, V, vIp, and T, where r denotes removal below the lower bound
of the group of lowest energy; an age T is computed as 7 = (I/Z¢n)/
(3Ze+3Zp+3Zp-3vEr); and the fraction of the source neutrons arising
from thermal fissions and the ratic of fast-to-thermsl filssions are
given, The ratioc of 238U to 2°5U fissions in each symmetrically
different uranium region and the over-all ratio for the cell follow
next if this option was selected,

An optional printout then glves the ocuter 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-axls spacings and welghts. The final
optional printout glves Dancoff factors and transmission probabllitles.
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APPENDIX A — FORTRAN LISTING

PART 1 4EETR COOE 4. Ko SLARK B211-1K
301 FIIMATILIAIS)
302 FOIMATI(TF10.5)
303 FOMATL(////77)
304 FOIMATI(Z24F3.2)
305 FIIMATI(12A5)
310 FIRMATIS0OX144PIIBLEM NJMBERIS)
311 FIAMAT(1HOSG5XLIBHWETIGHT FRACTION OF)
312 FIIMATI(304 TYPE NJ. DENSITYIG/LZ) »2XA6,B14%XA6))
313 FIIMAT{IB+FlB.5,F13.56,3F10.5]}
314 FIIMAT(46ALPRINTOUT DF LIBRARY FAPE AND FISSION SPEITRUM])

315 FIIMATI9841 GRIUP EL{MEV) FISSION SOJRCE SIGMA-T SI5uA-
1T SI1GMA-C SIGMA-F NJ A6,F16.3)

316 FOIAMAT{IS,1PEL%«%+0PF12.5,1PE15.3,3E12.3y0PF9.3)

317 EORMAT (10440 SISMA-TJ (TRANSFER TD GRIUP I FRIM GRIUP 4),

LAIIANGED AS 11, 21, 225 31l; 32, 33,...sIN3+#1)1ING))

318 FIIMATI(IOX11F13.%)

319 FIIMAT{T44LPRINTOJIT OF MAZRISCDPIC CRISS SECTIONS AND FISSION S§2:8
1TRUM FOR EACA TYPE)

320 FJamMAT{l12+41 5x0OUP ELIMEV) FISSTIIN SJURCE SIGMA-T SI>4A
1-T2 SIGMA-C SIGMA-F NUSIGMA-F TYPE NJUMBER I1)

321 FOIMATH{IS1PEL%a4y0PFY2454F154754F12,.7)

322 FIOIMATI(LZOH1AEETR CIDE CIMPUTES EVENTS IV CYLIWDR
1ICAL CELLS FRQOY ESCAPE AND TRANSMISSION PROBABILITIES )

323 FIIMATI{31HI1END DOF LAST PROBLEM JF SERIES I27./777)

324 FOIIMAT(L12240SIJRCE SUPPLIED FIR EACH REGION IS RELATIVE NJMRER IF
INEUTRONS PRODUCED BY FISSIONS OCCURRING IN GROUP NG+l. )

325 FORMAT(120HOSQURCE SUPPLIED FOR EACH REGION IS ESTIMATE OF RELATIVY
1E NUMBER OF NEUTRONS PRODUCED BY FISSIONS CCCURRING IN NG GROUPS.)

326 FORMAT{120HOTRANSMISSION AND ESCAPE PRUBABILITIES ARE COMPUTED FRO
1M TOXTAL CROSS SECTIONS.

327 FORMATI{120HOTRANSMISSION AND ESCAPE PROBABILITIES ARE COMPUTED FRO

1M TRANSPORT CROSS SECTIONS. - )
328 FORMAT{120HODANCOFF FACTORS ARE EMPLOYED FOR INTERACTION BETWEEN E
LLEMENTS IMMERSED IN MODERATOR. )
B29 FORMATI{120HO0THE CELL APPROXIMATION IS MADE WITH ZERD CURRENT AT TH
~LE CELL BOUNDARY. }

DIMENSIGN STI20,25),8TR(20,25),5C(20,25),5F(20,25), VNU(?O-ES);SIJ(
1230425) 4 AWT(25), COMP(Zég10),EL(20)gSGMT(ZO'IG)ySGMTR(ZO,lO).SGHC(Z
©20,10),SGMB(20,10)+VSGMB(20,10)+sSGMIJ{230,10) sSPRM{20),NWSC{10)
DIMENSTION NRC10},INT{20,1014RADI20,10),FS120410),ATAS{24)4WTS(2441
10+10)WILI24),CC125}4NOUTLS)
NG=NO. OF GRQUPS, NSC=NO. OF SYMMETRY CLASSES, NR{I)=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 READ, NWSC{I})=
NO. OF UNITS WITHIN EACH SYMMETRY CLASS, ST({1,J)= SIGMA TOTAL OF
MATERIAL J IN GROUP 1. SIMILARLY 5TR, SC, SF, AND VNU REPRESENT
SIGMA TRANSPORT, SIGMA CAPTURE, SIGMA FISSION, AND NU. S1JI(I,J)
REPRESENTS TRANSFER CROSS SECTIONS OF MATERIAL J ARRANGED IN THE

ORDER 11, 214 224 31, 32, 33,4442 (NG+1)}{NG). INT{J,I) IS THE

A-1
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REGION TYPE INDEX FOR SYMMETRY CLASS 1. INT(J,I) ASSUMES A TYPE

NO. FOR EACH REGION J. AWT{I)=ATOMIC WEIGHT OF MATERIAL I.

COMPLI,J)=DENSITY OF TYPE J FOLLOWED IN ORDER BY WEIGHT FRACTIQONS

OF VARIOUS MATERIALS I-1. RAD(1,J)=0UTER RADIUS OF REGION T OF
SYMMETRY CLASS J, EL{I)=LOWER BOUND OF GRﬁUP I IN MEV. FSlI,Jd)= L
ESTIMATED OR ACTUAL FISSION SOURCE IN EACH REGION I OF EACH ;
SYMMETRY CLASS J. NP=PROBLEM NO. NST=SOLUTION TYPE(IF NST IS EVEN, ;
FS IS ACTUAL SODURCE IN NG+1 GROUP. IF ODD FS IS ESTIMATE. O THRU 3

INDICATE TRANS. APPROX.). ATAS(I)=POSSIBLE AXIS TO AXIS SEPARATION

VALUBS IN INCREASING ORDER. WTS[I,J,K})=NG, OF UNITS IN SYMMETRY

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

SEPARATION ATAS(1}. FSM=ACTUAL OR ESTIMATED FISSION SQURCE N

MODERATOR.

INTRACELL SPACINGS MyYST BE LISTED FIRST IN INCREASING ORDER FOL-

LOWED BY INTERCELL SPACINGS, EVEN IF SOME INTER ARE LESS

UATAS=UNIT AXIS TO AXIS SEPARATION. RADC=RADIUS OF CELL

IF NST=24349630R T, (AND IF NSC=NWSCINSC)=1) CODE USES CELL BOUNDARY

IF RATIC OF y-238 TO U-235 FISSIONS IS DESIRED, NST IS INCREASED

BY 10. THE URANIUM MUSTlBE MATERIAL TYPE 2, AND MATERIAL TYPE 3 i

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

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

NCC LS NEGATIVE EXPONENT OF 10 FOR CONVERGENCE CRITERION

MODERATOR REGION IS ALWAYS TYPE 1., NSA=NO, OF INTRA CELL SPACINGS.

NSR=NQ. OF INTERCELL SPACINGS

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

NON—-ZERO, LIBRARY TAPE IS PRINTED. IF FOURTH NUMBER IS5 NON-ZERO

MACROSCOPIC SIGMAS FOR TYPES EMPLOYED ARE PRINTED. IF THIRD NUMBER

IS NON-ZERD, TPOQ, TPOI, AND DTP ARE PRINTED. IF SECOND NUMBER IS

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

ZERD, FISSION SOURCES AND DISADVANTAGE FACTORS ARE PRINTED.




NLIBsS

NTIN=S8

NTOUT=1Q

REWIND 2

READ INPUT TAPE NLIB,301 4NGsNM
NIJsSGING+1)=ING+2))/2-1

DO 2 I=1,NM

2 READ INPUT TAPE NLIBy302,(5T(Jdsl)sd=1sNG)o{STR{JyI)9J=1sNGI,{5C1J,

21

22

18

10

11

12
14

113,05 NG (SF(Js1)sd=1yNG)» (VNULJ 2T} J=1yNG}, (STJ(Iy1),43=1,NIJ)}
2ANTET) :

READ INPUT TAPE NLIB,302, {EL{1)sI=1+NG}
READ INPUT FAPE NLIB»305,(CC{I),I=1,NN)
REWIND NLIB

READ INPUT TAPE NTIN;301,NSC,{NR{I),I=1,NSC),{NWSC(T}sI=1,NSC)NRT
Lo NST NSA,NSRINCC NP, {NODUT(I},1~1,5)
IF{NSC)21,21422

REWLIND 1

WRITE CUTPUT TAPE NTOQUT,323,NR(1)

CALL RETURN

WRITE CUTPUT TAPE NTOUT,322

K=NM+1

D3 4 I=1.NRT

READ INPUT TAPE NTIN,302,{COMP(J,1)sJ=1,K)
DO 3 I=i+NSC

K=NRLI)

READ INPUT TAPE NTIN,301,{INT(J,1),0=1,K)
READ INPUT TAPE NTINyg302,(RAD{J,I)sJ=1¢K)
READ INPUY TAPE NTINs302,{FS(Jsl)sJ=14+K)
READ INPUT TAPE NTIN,302,UATAS,F5M,RADC, VNUTH
NATAS=NSA+NSR

READ INPUT TAPE NTIN,302,{ATAS(I),I=1,NATAS}
READ INPUT TAPE NTIN;304,{WIL{I},1=1,NSA)

DO 5 1=1,NSC

DO 5 J=14N5C

READ INPUT TAPE NTINs304, (WTS(K,I»Jd)sK=1,NATAS)
CALL EFM :

DO 18 I=1,NATAS

ATAS(I)=UATAS#ATASII])

DO 14 I=14NRT

DO 7 J=14NG

SGMT{4,1)=0.

SGMTFR(Js[)=0.

SGMC (Js1)=0.

SGMB U4, 1)=0.

VSGMBILJ, L[ }=0.

DO 8 J=1+NIJ

SGMIJ(Js11=0J

00 14 J=1,NM

IF{COMPLJ+1,1))14,414,10
XN=COMPL{1,11#COMP{J+1,1)«,6023/ANT{])

DO 11 L=1,NG

SGMTLL,I)=SOMT{L+1}+XN#ST(L,J)

SGMTRILs I )=SGMTR{L,I1+XN2STRIL,+J)

SGMC (L1 )=SGMC(L,I)+XN2SC(L,J)

SGMB UL, I}=SGMBIL, I)+XN=SF(L,J)

VSGMBIL, I)=VSGMBILsIJ+XN#SF(L,J)=VNUIL,J)

DO 12 Lsi.N1d
SGMIM{LyI)=SGMIJ (Lo T} +XN*SLI{L,d)

CONTINUE
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15
16
17
100

101

23

34
35
36
37
38
39

40

SM=0.
DO 17 Is1,NG
IFL{TI=1)15415416

SPRMUT )=FNSPM(EL{I))

60 Yo 17
SM=SM+SPRM{I-1)

SPRM I JSFNSPNIELIT))=SM

CONTINUE

IF(NST-10)102,100,100

MSTaNST
NST=M5T-10
WRITE OQUTPUT TAPE

NTOQUT,303

WRITE OUTPUT TAPE NTOUT,310,NP
IF{FLOATF(NST/2)-FLOATFINST)/2.+.1123423,24
WRITE OUTPUY TAPE NTOUT,325

GO TO 25

WRITE QUTPUT TAPE
N=NST/4+1

GO TO (26427) 4N
WRITE CUTPUT TAPE
GO T 28

WRITE GUTPUT TAPE
N=NST+1

NTOUT, 324

NTOUT,.327

NTOUT. 326

GO TO (29+429¢30430,29129:30+30)4N

WRITE CUTPUT TAPE
GO TG 42

WRITE CUTPUT TAPE
WRITE CUTPUT TAPE
NST=MST
IF{NM-9)31,31,32
N=NM

GO ¥0 33

N=9

WRITE CUTPUT TAPE
WRITE CUTPUT TAPE
DG 34 Is14NRT
WRITE CGUTPUT TAPE
WRITE CUTPUT TAPE
IFINM-9)45,45,35
IF(NM=18)36436,37
N=NM-9

GO TC 38

N=9

WRITE CGUTPUT TAPE
WRITE QUTPUT TAPE
DO 39 I=1,NRT
WRITE QUTPUT TAPE
IF{NM-18)45445,40
N=NM-18

WRITE CQUTPUT TAPE
WRITE CGUTPUT TAPE

WRITE QUTPUT TAPE

DO 41 I=14NRT
WRITE CUTPUT TAPE

NTQUT,328

NTOUT, 329
NTOUT, 303

NTOUT, 311
NTOUT, 312, ({CCLT3,1=1,N)}

NTOUTs313 19 COMPIL, 1), (COMP(I+1,1),d=1,N)
NTOUT, 303

NTOUT, 311 |
NTOUT, 312, (CCLI+9),I=1,N)

NTOUT,313,1,COMP(1},{COMP(J+10),J=1,N)
NTOUT, 303

NTOUT, 311

NTOUT,312,(CCII+18), I=1,N}

NTOUT,313,1,COMP(1), (COMP{J+19),J=1+N)

IF{NOUT(5))46+60,46

» WRITE CUTPUT TAPE

DO 48 I=1.NM
WRITE CUTPUT TAPE
DO 47 J=1.NG

NTOUT: 314

NTOUT,315,CC(I),AWTHE)
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47 WRITE CUTPUT TAPE NTQUT 3165 J+EL{J)+SPRMIJISSTLI I} +STREJ,I),5C1 0,
1I),8F1J,1),VNUIJ,I)

WRITE CUTPUT TAPE NTOUT.317 .

48 WRITE CUTPUT TAPE NTOUT:318,(SIJ{II,I),11=1,NIJ)

60 IFINOUT(4))61,80,61

61 WRITE QUTPUT TAPE NTOUT,319

DO 63 IslsNRT
WRITE QUTPUT TAPE NTQUT,320,1
DO 62 J=1,NG

62 WRITE QUTPUT TAPE NTOUT+321,JsELIJ)ySPRM{J ) SGMT{JeTI1sSGMTRIL Y, 1D,

ISGMCLJ,1),SGMBL S, 1), USGMBLY, 1)
WRITE CQUTPUT TAPE NTOUT,317

63 WRITE CUTPUT TAPE NTOUT,318,(SGMIJIII,1),1I=14NIJ)

80 WRITE TAPE 2+SGMT,SGMTR,SGMC s SGMB, VSGMB, SGMI J, SPRMy NG, NSC,NRyNWSC,
INRT 3 NSTHEL, INT,RAD,RADC,FS,FSM, ATAS s WTS,WILyNSA,NSR,NCC,NOUT,VNUTH
2y NYINSNTOUT

REWIND 2
CALL LTAP1
END{2+40+0+0,0)

FUNCTION FNSPM He K. CLARK
FUNCTION FNSEM{A)

COMPUTES FISSION SPECTRUM BY INTEGRATING F{E) FROM A TO INFINITY.

FIE)SOL452TOREXPF{-E/0.965)#SINHF(SQRTF{2.29+E))
Y1=1.01797#S5QRTF(A)+.74328

Y2=Y¥i-1.48656
FNSPM=1.—.37953 % (EXPF{~-Y1#22)-EXPF{-Y22#2))-.5»( ERRORF{Y1}+ERRORF{

¥Y2))

RETURN

END{2+040,0,0)

PART 2 HEETR CODE He K. CLARK 8211-1K

DIMENSION SGMT{20,10),56GMTRI20,10},5GMC(20,10),SGMB{20,10),VSGNB{2
1010k SGMIJI(230410)43PRM{20) yNR{10)4INT{20,10),RAD(20,10),ABT(20,1
205200 +FS{20,20) yAA()S10),AQ(19910) s VA(2,10)sATAS(24) 4 WTS{ 24,410
3910) »WIL(24)9TPCI(19410+20),TPO0{20410,20),DTP(24,20),NWSC(10),ABM
4120) 4VQ12,103},V{20,10),UFS5(20,10),PFS{20,10),DFS(20,10),NOUT(5)},
SPHI(Z20),EL{20)yIH(20),FDUL20,10) ,FNU(20,10),DLTA(20,10)415(73,

6IR{?),DA(T]
ABT(Ly+J,K)=ABSORPTIONS IN REGION 1, SYMMETRY CLASS J, AND GROUP K.

ABM{I)=ABSORPTIONS IN MODERATOR IN GROUP 1.

301 FORMAT{40H} PRINTOUT OF AVERAGED CONSTANTS/////)

302 FORMAT(30HO MODERATOR CELL RADIUS=F8.4 ,13H VOL FRACT=FT.5
14194 THRML FISS SRCE=FT7.5,14H LAST ITER=FT.5)

303 FORMAT(30HO MODERATOR CELL RADIUS=F8.4, 13H VOL FRACT=F7.5
1,19H FINAL FISS SRCE=FT.5,14H PREV ITER=F7.,5)

304 FORMAT{THOCLASS I1,6H NOQO.=12,7TH REGNI3yTH TYPEI2410H RADIUS
1=FB8.4y13H YOL FRALT=FT7.5,19H THRML FISS SRCE=F7.5,13H LAST 1
2TER=FT.5)

305 FORMAT({THOCLASS [l,6H4 NO.=12,TH REGNI3, 7TH TYPEIZ,10H RADIUS
1=F8.44+13H MOL FRACT=FT.5,19H FINAtL FISS SRCE=F7.5,13H PREV 1

2TER=FT7.5)
306 FORMAT{10XTHGROUP 10110}
307 FORMAT{120HOGROUP ELIMEV) SPECTRUM FLUX SIGMA-T
1 SIGMA-TR SIGMA=C SIGMA-F NU+SIGMA-F NU )

A=5

!
el S



308 FORMAT{I4,1PE15.3,0PF10.5,1PE13.4,0PF10,4,FL2.4,F13.5,F12.5,F13.5,
1F15.4)

309 FORMAT(104HO SIGMA-IJ (TRANSFER TO GROUP I FROM GROUP J),
TARRANGED AS Ely 21y 229 31y 224y 33seeas(NG+1IING))

‘310 FORMATI10X11F10.4) -

311 FORMAT{1HO///40X41HPARAMETERS AVERAGED OVER SPACE AND ENERGY//9H S
1IGMA~T=FB8.5,13H SIGMA-TR=FB .5, 14H 1/{TRMFP}=FB8.5,12H SIGM
2A-C=FR9.6,412H SIGMA-F=F3.6,TH NU=FT.4/6X11HNU*SIGMA~F=F9.6,18
3H SIGMA-REMOVAL=F9.6439H TAU (TRMFP/{3#SIGMA-{C+F+R-NUsF})}=
4FB8.3711X58HMFRACTION OF SOURCE NEUTRONS ARISING FROM THERMAL FISSIO
5N5=F9.6/11%34HRATIO OF FAST TO THERMAL FISSIONS=F8.5])

312 FORMAT(41HIPRINTOUT OF DANCOFF FACTORS IN MODERATOR)

313 FORMAT{12HO RADIUS=FT.4+29H AXIS-TO-AXIS SEPARATION=FT.4)

314 FORMATI{SXL5HDANCOFF FACTOR 10F10.3)

315 FORMAT(39HLPRINTOUT OF TRANSMISSION PROBABILITIES)

316 FORMAT(THOCLASS I1l,11H REGION 12)

317 FORMAT(1O0X10HTPOI 10F10.5)
318 FORMATI4AHIPRINTOUT 'OF AXIS—TO-AXIS SPACINGS AND WEIGHTS)
319 FORMAT(30HOAXIS-TO-AXIS SEPARATION BF11.4)

320 FORMAT{81HOWTS{1,J,K) ARRANGED WITHIN ROWS BY I. ROWS ADVANCE BY J
Iy AND GROUPS OF ROWS BY K)

321 FORMAT(24F5.1)

322 FORMAT({SX1SHDISADVNTG FCTR 10F10.5)

323 FDRMAT(30H ND. IN INF. REG. LATTICE BF1ll.4)

324 FORMAT(10X10HTPOO 10F10.5)

325 FORMAT( 1H0/Z40X41BDLSADVANTAGE FACTORS AND VOLUME FRACTIONS)

326 FORMAT(11X 4IHOVERALL RATIO OF y~-238 TO y~235 FISSIONS=F&,5]

327 FORMAT(21X 22ZHSYMMETRY CLASS, REGION 1551H, 12,6{17y1H,121})
328 FORMAT(21X 22H U-238/U-235 FISSIONS 7FL10.5)
REWIND 2 '

READ TAPE 2,3GMT,SGMIR,SGMLySGMBsVSGMBSGMIJ ¢ SPRMyNG s NSCoNRyNWSC,
INRToNST¢EL,IHNT,RAD,RADC, FSsFSMsATAS yWT S, WELy NSA,NSRHNCL, NOUT, VNUTH
2+ NTIN,NTOUT

REWIND 1

IDA=Q

IF{N5T-10)11%,110,110

110 NST=SNST-10
1DA=1
111 CALL EFM

CALL TRP{NSTiNSCsNRyINT,NGyNSAyNSRs+WTSWILyATASsRAD,RADC,SGMT,
1SGMTR, TPOO.TPOE,DTP,L) '

IF(LL242,1

I FSILsl)SFSM
2 SUMAsC.

DO 31 I=1,NSC

KK=NRI{1Y

DO 3 J=1,KK

31 SUMA=SUMA+FSEY, T)#FLOATF{NWSCI(I))

IF{L)32,32,33

32 SUMASSUMA+FSM
FSM=FSM/SUMA
33 DO 34 Is1,NSC
KK=NR{1)
DO 34 J=1,KK
34 FSUJ,I)=FSTJ:1)/7SUMNA
IF(FLOATF{NST/2)-FLOATF{NST}/2.+.1)38,38,35
35 DO 36 I=1,NSC
KK=NR{])
DO 36 J51,KK

A-6




36 DFS{J, IV=F514,1)
IF(LYE37437438
37 DFSM=FSM
38 VM=0.
DO 7 I=1+NSC
K=NR{1)
DO 7 J=1,K
IF{J-1)3,3.4
Vi1, L)I=(RAD{I,[)/RADC)==2
GO 70 § )
VIJy LI={RAD{ I, 1) ##2~-RAD(J=1,1)#42] /RADCH+2
IFIL)YO+6,7
VM=VYM+VIJ, T #FLOATF{NWSC(I)])}
CONT INUE
iF{L)8,8,9
VM=1l—VM
N=NST/4
CALL SOLN(LsNG,NSC,NST,NSA;NSR,NR, INT,NWNSC+SGMT, SGMTR s SGMIJ4F5,FSM
1, SPRM,DTP, TPOOD, TPOI4RADRADC,ABT,ABM,WTS)
DO 12 IslyNSC
KK=NRII)
DO 12 J=1,KK
JI=INT{J,1)
UFS5(J,1)=0.
D0 12 K=1,NG
IF{NLLO, 10,11
10 ABTIJ,I:K)I=ABT{J, I, K)/ZISGMTRIK,JJ)*V(J,1))
GD TD 12
11 ABT{ JelsK)=ABT(J, 14K}/ ISGMTI{K,33)2VII, 1))
12 UFSIJ s IY=UFS(Js T +VSGMBIK, JJI#ABT(J, I, K)#V{J,1)
1F{L}Y13,13,17
13 UFSM=s0.
00 16 I=14NG
IFINYL4414,15
14 ABM{L)=ABMII)/ISGMTRII,1)»VM}
GO TO 16
15 ABMIL)=ABMII)/{SGMT{I,1)#VM)
16 UFSMSUFSM+ABM{T)»VYSGMB(I,1)®VM
17 IF{(FLOATF(NST/2)-FLOATFINST}/2.+.1)51,51,18
18 SUMA=0.
" DO 19 I=1,NSC
KK=NR{1)
D0 19 J=1,KK
PES{Sy1)=FS{J,1)-UFS{J,1}
19 SUMASSUMA+PFS{J, 1) *FLOATF{NWSCI(I))
IF{L)X20+420421
20 PFSM=FSM-UFSHM
SUMASSUMA+PF3IM
UFSMSUFSM/SUMA
PESM=PFSM/SUMA
21 SUMC=0.
DO 22 Isl4NSC
KK=NR{1I)
DO 22 J=1,KK
UFST{Jy I)=UFSEJ,1)/73UNMA
PFS{da I)=PFS{Js1)/SUMA
22 SUMCSSUMC+ABSFIDFSI{J,I)-PFSIJ, 1) )=FLOATF{NWSCII))
[F{LYL23,23,24
23 SUMCsSSUMC+ABSF(DFSM-PFSM)
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24
25

41

42

43

44

51

52

53

54

55

56

57
58

60

61

62
63

64

&5
66

IF{SUMC~10.%2{-NCC))60,60,25
SUMCa0.

DO 41 IS14NSC

KK=NR{1}

DO 41 J=1,KK
FS(JaII=DFSTA, 1) +UFSTJ,I)
SUMCSSUMC+FS{J, I ) #FLOATFINWSC(I)})
IF{LI42+:42+43

FSMsDFSM+UFSM

SUMCaSUMC+FSM

FSM=FSK/SUMC

D0 44 1=1,.NSC

KK=NR(I}

DO 44 J=1,KK

FSUJLI1=FS{J, 1) /SUNC

GO TGO 40

SUMA=OQ.

SUMCs0.

00 52 Is1,NSC

KK=NR{1)

DO 52 Jsl,KK
SUMASSUMA+UFS I, 1) #FLOATFINWSCHI))
IF(L)53,53,54

SUMA=SUMA+UFSM

UFSNSUF3IM/SUNA
SUMCSABSF{FSM-UFSM)

DO 55 I=1,NSC

KK=NRI{T)

DO 55 J=1,KK

UFSTJ, I)=UFSTES, 1) /S5UMA
SUMC=SUMC+ABSFIFS{J, 11-UFS{J, [))#FLDATF(NWSC(I))
[F{SUMC~10,%8{=NCC)160,60,56

DO 57 Is1,NSC

KK=NRI11)

DO 57 J=1,KK

FS{Jds1)=UFSTd, 1)

IF(L)58,58,40 f
FSM=UFSM

GO TO 40

DO 63 I=1,NG

PHI{I1=0.

DO 61 J=1,NSC

KK=NR{J)

B0 61 JJI=1,KK
PHILL)=PHI{II+ABTIJ)sds 1) #V{3J4J)*#FLOATFINWSCUIDY)
IFIL)I62,62463
PHI(L)=PHI(TY+ABM{I)#VM

CONTINUE

DO 66 Is1,NG

DO 64 J=1,NSC

KK=NR[J}

20 64 JJ=1,KK

IF(LYL6E,65,66
ABM{I)=ABM{I)/PHIL]}

CONTLNUE

DO 69 I=s1,NG |
SGMTL1,10)=0.

SGMTR(I+10)=0.

S AR R



67

&8

69

70

71
T2

T3

T4

SGMC(I,10)=0.

SGMB(1,10)=0.

VSGMB(I,10}=0.

00 67 J=14N5C

F=FLOATF{NWSC(J)}

KE=NR{J)

DO 67 JJd=1,4KK

LL=INT(JJ,J} :
SGMTEI,10)=SGMT{I1101+SGMT(I,LL)*V!JJyJ)*ABT(JJ,J,I)iF
SOGMTRII,10)=SGMTRIIL10V+#SEGMTRIT,LLI*VIJJJInABT[JJed, 1) F
SGMC[I.10)=SGMC(Eg10)+SGMC(I:LL)*V(JJ:J)*ABT(JJ,J.I)*F
SGMB LI 10)=SGMBITI410)+SGMBITLL)}*V(JIyJ)=ABT(SJyJ, 1) =F
VSGMB(I;10)=VSGMB(Is10)+VSGMB(I'LL}*V(JJ,J)*ABTIJJ'J:I)*F
IF(L)68,68,69
SGMTLIL10)=5CGMT{1,101+SGMT(I,1}eVMaABMIT)
SGMTRII,10)=SGMTRIIL10)+SGMTR{I,1)*VM®ABMIT)

SGMC T 410)=SGMC{TI410)+SGMCIT,1)%yM*ABM{])
SGMB{I,10)=S55MB(I,10)+SGMB(I,1}sVMaABM{T)
VSGMB(I,10)=VSGMBI{Ll,10)+VSGMB{1,1)=VM*ABMII)

CONTINUE

NIJ={ING+1)#(NG+2))/2-1

K=NG+1

00 72 I=1,NG

Li={(I-1)%1)/2+]1

DO 72 J=1,K

Li=LL+J-1

SGMIJ{LL,10)=0.

DO 7€ II=1,NSC

KK=NR(II)

DO T8 JJ=14KK

MM=INT(JJ, 11}
SGMIJ(LL,10)=SGHIJ{LL110)+SGMIJ{LL.MH)*V(JJ,II)*ABT{JJ,II,I)*FLOAT
1FINWSCIITI))

IFELYTY, 70,72
SGMlJILL.10)=SGMIJILL|10)+SGMIJ(LL,1)*VM*A8M(I)
CONTINUE ’

SMP=(0.

SGT=0.

SGTR5C.

SGC=0.

SGB=0.

VSGB=0.

SGI1J=0.

PH=0.

DO 73 Is1,NG

PH=PH+PHII{I}

SGTSSGTESGMTII,10)=PHIII)

SGTRSSCTR+SGMTRIT 10 #PHITI}

SGCSSGU+SGMC eI 10)=PHI{I)

SMP=SMP£PHI{I)}/SGMTR({I,10)

SGB=SGBESGMB(I1,10}=PHI(I)

VSGB=VSGB+VSGMBII,10)#PHI(]I)

KK=(NG=ING+1))/2+1

SGIISSGIJ+SOGMIJ(KK10)=PHI(T)

PH=1./PH

DO T4 I=1:NG

PHI{I)=PHI(])=PH

SGT=SGT#*PH

SGTRSSCTR#PH
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SGC=SGC«PH
S5BsSGR#PH
VSGB=sVSGBR#PH
SGIJ=sSGIU*PH
SMP=s1./{SMP*PH)
KK=NG/11+1
WRITE CUTPUT TAPE NTOUT,301
WRITE CUTPUT TAPE NTOQUT,307
DO 75 I=1,NG
75 IH(1)=1
DO 80 I=1,NG
Vv=VSGMB{I,10)/S5GMB({1,10)
80 WRITE CUTPUT TAPE NTOUT,308,I1,EL{1),SPRMI{I)+PHIL{I),SEMT(1,10),
TSGMTRI{I,10),SGMCI{I410),5GMBl1410),VSGMBII,10),VV
WRITE CUTPUT TAPE NTOUT,309
WRITE GUTPUT TAPE NTOUTs310,(SGMIJ{I,10),1=L,N1J}
IFIFLOATF(NST/2)-FLOATF{NST)/2.+.1)87,87,81
81 VV=VSGB/S5GB
FTNRS(1.-SUMA)/SUMA
FTFREFTNR*VNUTH/ VY B
TAUSL/(3.2SMPu{ SGC+SGB+S5GIJ-VSGR) ) i
WRITE CUTPUT TAPE NTOUT,311,SGY,SGTR,SMP,SGC,S6GB,VV,VSGB,SGIJ, TAU, 2
1SUMA WFTFR P
IF{IDA)L26,1264112 g
112 DO 113 I=1,NG
IF(SGNB([,3))114,114,113 L
113 CONTINUE
114 NFGsI-1
SA_'-_G.: :
SB=0¢: ;.“,:1'
SC=0. #
DO 118 J=1,NSC 5t
NK=NR{J}
DO 118 K=1,NK
IF{INT(K,yJd)=2)118,1154118
115 FDU{KsJI1=0. '
FNU(K,J)=0. J
DO 116 I=1,NFG )
116 FOULKyJI=FDULKsJ)+SGMB(T 43 ) *ABTI(K,yJy I)#PHI(I) by
FOULK,JYSFDUIKs J)#VIK,J)*FLOATF{NWSC{J))#( 1. -SUMA)/VSGB :@
D0 117 I=1,NG '
117 FNULKJISFNULK, JI+SGMBIT 3 2)#ABTIK, J, [ ) #PHI{I) P
ENUIK, JYSFNUTKs JY#VIK,J) *FLOATFINWSCLJI) I »(1.-SUMA)/VSGB
X=DFSIK, J)SFLOATF{NWSC(J )} ) #SUMA/VNUTH+FNUIK, J)-FDU{K, J)
DLTALKJ)=FDU(K,J) /X%
SA=SA+FDUIK, S}
SB=SB+FNU{K, 3}
SC=SC+DPRSIK, J)FLOATFINWSC{J})*=SUMA
118 CONTINUE
DELTA=SA/(SC/VNUTH+SB-5A}
WRITE CUTPUT TAPE NTQUT,326,DELTA
IL=0
I1=0
{J=1
IK=1
119 DO 123 J=1J,RSC
NK=NR{J} \
DO 122 K=IK,NK ]
IF{INTIK,J}=2)122,120,122 i
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120 I=I+1
IF(I-TI 21,124,124
121 is{l)=J
IR{I =K
DA(I I=DLTA(K,J)
122 CONTINUE
123 IK=1
IL=1
IF{1}126,126;124
124 WRITE CUTPUT TAPE NTOUT,327,1I1S5(JJ),IR(JJ},J4=L,1)
WRITE CQUTPUT TAPE NTOUT.328,(DA{JJ),Ji=1,1]
IF{IL)Y125,125,126
125 I=0
fJd=J
IK=K
GO 70 119
126 IF{NOUT{1))82,93,82
B2 WRITE CUTPUT TAPE NTQUT, 325
IF(L)83,83,85
83 WRITE QUTPUT TAPE NTQUT,302,RADC,VM,DFSM,PFSM
DO 84 I=1,KK
JJ=XMINOF(NG410%1}
K=10%x(]-1)+1
WRITE CGUTPUT TAPE NTOUT, 306, (IH{J),J=K,JJ}
84 WRITE OQUTPUT TAPE NTOUT,322,{ABMIJ),J=K,JJ}
85 DO 86 I=1,NSC
LL=NR{])
DO 86 J=1,LL
MM=INT(J,1}
WRITE CUTPUT TAPE NTOUT,; 304, Iy NWSCII)sJyMMyRADIJy1)4VIJ,y112DFS(I,1
T)sPFSLJs 1)
CO 86 JJ=1,KK
LM=XMINOF{NG{10#JJ)
K=10=(JJ-1)+1
WRITE CUTPUT TAPE NTDBUT,:306, {IHIIL),1I=K,LM)
86 WRITE CUTPUT TAPE NTOUT,322,1ABT(J,1,11),11=KsLM) l
GO TO S$3
87 IF{NCUTI(1))88,93,88
88 IF(L)B9,89,9L
89 WRITE QUTPUT TAPEF NTOUT,303,RADC,VM,UFSM,FSM
DO 90 I=1,KK
JJ=XMINOF{NG4{10®1)
K=10#{I=-1)+1
WRITE QUTPUT TAPE NTOUT.306,{IH(J)4J=K,JJ}
90 WRITE CUTPUT TAPE NTQUT,322,(ABM({J]sJ=KyJd}
91 DO 92 I=1,NSC
LL=NRI{T)
DO 92 J=1,LL
MM=INT{J,1)
WRITE CUTPUT TAPE NTOUT 305, I+4NWSCII)yJeMMRADIJI) ¥ {Jy 1) UFS(Js1
1}+FStLJ.1)
D0 92 JJ=1,KK
LM=XMINOF{NG;10%JJ}
K=10={JJ-11+}
WRITE CUTPUT TAPE NTOUT» 306 LIHIII),11=K,LM)
92 WRITE CUTPUT TAPE NTQUT+322,{ABT{J,1,11),11=K,LM)
93 NATAS=NSA+NSR
IF{NCUT(2)194,98+94
94 IF{L}994,994;98
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994

95
96

97
98
99
100

101
102

103
104
105

31

32

25

WRITE OUTPUT TAPE NTGUT,318

LM=({NSA+NSR)/9+]1

DO 96 I=1,LM

JJI=XAMINOF{NSA+NSR,8#])

LL=XMINOF{NSA,B+1)

K=8#{I-1)+1

WRITE CUTPUT TAPE NTQUT 319 {ATAS(J}»J=K,JJ)

I1F {NSA-K)96,95,95

WRITE COUTPUT TAPE NTOUT,323,(WILLJ),J=K,LL)

CONT LNUE

WRITE CUTPUT TAPE NTQOUT,320

00 97 K=1,NSC

DO 97 J=1,N5€C -

WRITE OUTPUT TAPE NTOUT,321,(WTS{1,J:K),1=1,NATAS)

IF{NOUT{3)199,105,99

IF(1.)1C0,100,102

WRITE CUTPUT TAPE NTOUT,312

K=NR{1)

R=RAD{K,1]}

DO 101 LiL=1,NATAS

WRITE QUTPUT TAPE NTOUT.3L13,R,ATAS(LL)

DO 101 T=1,KK

JJ=XMINOF{NG+10=1)

K=1C0=(I-1)+1

WRITE CUTPUT TAPE NTOUT, 306, {IH{J),3=K,JJ)

WRITE CUTPUT TAPE NTOUT, 314, (DTP{LL,J),J=KsJJ}

WRITE CUTPUY TAPE NYQUT, 315
DO 104 I=1,NSC
K=NR{I}

DO 104 J=1,K

WRITE CUTPUT TAPE NTOUT,316:1sJ

DO k04 JJ=1,KK

LL=XMINCFING410%JJ)

MM=10%{JJ-1)+1

WRITE CUTPUY TAPE NTQUT, 306, {IH{LM),LM=MM,LL)

IF{3-11104,104,103 :

WRITE OUTPUT TAPE NTOUT317:{TPOI{J-1,s1,LM);LM=MM,iL)

WRITE OUYPUT TAPE NTQOUT, 324, (TPOOUJsI«LMILM=MM,LL)

CALL LTAPL

END(2,C+0,0.0)

SUBROUTINE TRPINSTyNSCsNRy INToNG,NSA,NSR,WTS,WIL,ATAS,RAD,RADC,
1SGMT +SGMTR,TPOO, TPOIL 4DTP,KK)

DIMENSION NRE1O) yINTH£20,10)sWTS(24,5,10,10),WIL{24),ATAS{24),RAD(20,
110),56MT(20,10),SGMTR(20,10),TPOI(19,10,20),TP00(120,10,20),DTP(24,
220 ’

N=NST/4

KK=NST+1

GO TO (31431432,32+31131432:32)+KK

KK=0

60 10 25

NR{1}=NR{1l}+l

KK=NR(1)

RAD{KK,1)=RADC

INT{KK,1])=1

DO 8 I=1,NSC

M=NR{1)

00 8 J=1,M

L=INTl{JsI}

IF(J-’I)-’?'Z".




26

10
11

12
i3

14
15

16
17
18

19

20°

27

21

22
23
24

4B

A=RAD{J—~1,I1)7RAD(J,I]}
DO 8 K=1,NG

IFINL3 3,44
B=SGMTR{K,LI4RAD(J,1}
GO 70 § '
B=SGMT{K,L)#RAD{ J,I)
IF‘J-‘I)&uby? )
TPOG¢1,I,K)=TICYL(B)
GO 70 8
TPOQ(JsI,+K)=T001A,8)
TPOI{J-1,1,K)=TOI(A,B)
CONTINUE
IF{KK)26,26,24
M=NSA+NSR

K=NR{1)

R=RAD{K,1)

TO BE ABLE TO USE DANCOFF FACTOR ALL OUTERMOST RADII MUST BE EQUAL
X=0.

DD 16 I=1,NSA
A=R/ATAS(I)
Y=DGFR{A,0.)aWIL(I)
X=X+Y
IF(X=1.310,10.9
Y={1lo={X=Y)}AY

DO 15 L=1,4NG
IFINX11,11,12
B=SGMTR{L,1)#R

GO TO 13
B=SGMT(L,1)#R
DTP{LsL)}=DCFR{A,B]
IF{X-1.115,15414
DTPULL,L)}=DTPEI,L) =Y
CONTINUE
IF(X-1.)16416417
CONTINUE

G0 TO 20
IF{1+NSA)1i8,20,20
J=1+1

.D0 19 I=J4N5A

DO 19 L=l,NG
BTP{I,L)=0.
J=NSA+1
IFiM~J)24,27427
DO 23 IsJ,M
A=R/ATASL])

DD 23 L=31,4NG
IF(NX21,21,22
B=SGMTRI{L,1}YeR
G0 TO 23
B=SGMT{L,1)=R
DTP{1,L)=DCFR{A,B)
RETURN
END{2+041,0,0)

FUNCTION TCYL H. K. CLARK
FUNCTION TCYL{B)

IF{B=5.1141,42

IF(B-a1}55444
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4 TO=BLO(B}
T1=RL1(8) L
UD=BKO{B) L
Ul=BK1(8)
TCYL=lam4o#BAR2/3.%(2.#(Ba (ULaTL4+UOsTO)—1, )+UL#T1/B-U0#T1+UL#TO)
60 0 3

5 TCYL=1.~B#(2.-B#(2.6666667-B*{1.3659315~LOGF(B))})
G0 TO 3

2 TCYL=3./{16.28222)a{1.45,/(8.%B#%2))

3 RETURN
END(2+051,0,0)

FUNCTION TOO Hes Ko CLARK
FUNCTICN TGOLA,B)
DIMENSION X{T7),HIT)
X(1)=.98628381
X{ 2)=.92843488
X{ 3)=.82720132
XU 4)=.68729290
X{ 5)=.51524864
X{ 6)=.31911237
X{ 71=.10805495
H{1)s.035119460
H{ 2)=.,080158087
H{ 3)=.12151857
H{ 4)=.15720317
H{ 51=.18553840
HU 6X=.20519846
H{ T71=.215256385
SUM=0.
IF{B~0.1)2,2{4
2 00 3 I=1,7
Y=B52.#5QRTFI1.-X(1)#x2)
2=D524#SQRTFULa—(AX{[)) #22)

3 SUMSSUM+{Ye»3+(,3248774T7#(1.+4.024358732sY 222 )~ LOGFIY)n{]1.4+.025%Y 2>
121763 -2%23%{,324877474(1.+.024358732#2%%2)~LOGF(2)*(1.+,025%.2%2)
2/6.)%A)*HII) |

T00= =-1.2732395*35UM
C=SQRTF(1l.-A#x2)
TERM=S A+B*(2.-1,2732395« (A#CH+ATANFLA/C) ) )4 nRBra2a({2 -3, sA+Asn3)
1/3.
TERM=S1.~TERM
TOC=TAO+TERM
GO ¥0 5
4 DO 1 I=1.7
1 SUM=SUMEBEKI3(2.*B#SQRTF[1.-(AsX{I))#=#2))+H{])
TOO=TCYL{B)-L1.2732395#A«5UM
5 RETURN
END{2+C91,041)

FUNCTICN TOI H. K« CLARK
FUNCTION TOIGA,B)

DIMENSION X(T7)1,H(T)
X{1)=.98628381

X{ 2)=.92843488

X{ 3)=.82720132

X{ 43=.68729290

XU 51=.51524864

X{ 61=.31911237

A-14




2

3

X{ 7)=.10805495
H{1)=.035119460
H{ 2)=.080158087
HU 3)=.12151857
HU 4)=.15720317
H{ 5)k=.18553840
H{ 6)=.20519844
H( T71=.21526385
Tal=0.
IFIB-0.1)2,274
bo 3 1=1,7
Y=B# (SQRTF({Le={AnX{IL)#22)-A#SQRTF{1.-X(1)*x2))
TOI=TOI+Y*#2#{.78539816—,3248774T#Y*{1.+.024358732#y#%2)+Y*L0OCGF(Y)
1#(lat.C252Y#02)/6.)8H{1)
TOI=TOI#1.273%2395
C=SQRTF{l.-A#x2)
TERM=B#{.636619T76%{CHATANFIA/C)/A)-A)
TERM=1.-TERM
TOI=TOI+TERM
GO 70 5
e 1 I=1,7
TOI=TOI+H{ 1) #BEKI3 (B {SQRTF(1.~(A*X (I} ) #e2}-A=SQRTF{1.-X{1)==2)))
TOI=70I#1.2732395
RETURN
END{2,Cy1,0,%)

FUNCTICN DCFRIR,S}. He. K. CLARK 8211-1K
FUNCTION DCFRIR+S}

COMPUTES DANCOFF FACTOR AS FUNCTION OF R=RADIUS/(AXIS-TO-AXIS 3£P-

ARATIONY AND OF S=SIGMA=RADIUS
RADF(U,V)=S5QRTF(1./Res2—(U+V)nx2}
DANF{U,V)=BEKI3{S*{RADF{U,V)-SQRTF([1,.-U**2)=SQRTF(Ll.~Vv&x2)})/RADF(
1U,V)

DIMENSION A(8),H(8)
A{1Y=0.98940093

Al2)s0.94457502

A{3)=30.865631220

Al4)Y50,.75540441

AlS)=s0.61T8T624

Al6)=0.45801678

A{T7)s50.28160355

A18)=50.09501251

H{1)=s0.,02715246

H{2)=0.06225352

H{3)s0.09515851

H{4)=50,12462897

H{5)})=s0.14959599

H(6)=0.16915652

H{T)=0.18260342

H{8)50.18945061

IF{S)4s5+e 4

SUM=0.

0o 3 1=1,8

PO 3 J=1,1

IF{I=J)24241

SUM=SUM+4 HHII)I*H{J)*(DANFIA{I),A{J) }+DANFIA(L}s=AT1J]}))
G0 1O 3




2 SUMSSUNE2.#H(J)# 225 (DANFIA(J) , A(J})+DANF(A(J)~ALI)))
3 CONTINUE
DCFR5.10132118#5UM
GO TO &
5 B=2.#R
E=SQRTF(1l.-B#»2)
IFLE)O+647
6 DCFRs.18169012
GO TO 8
T C=ATANF{B/E)
DCFR=.31830988#{C~SINF(.52C}/COSF(,5=C)}
8 RETURN
END(2,0+150,0)

FUNCTION BEKI3(X) He K. CLARK 8211-1K
FUNCTICN BEKI3({X)
IFtX~.1)1,2,2

1 BEKI3=.73665545/(.93793888+X*({1.1941916+Xe{,.58824515+X#(.57033719¢+
IXe(=1 5791166+ X24,.292469}))))
GO TO ¢

2 TF{X=at)314,4

3 BEKI13=.5T1497TTo/{.72T76T8TL+Xe(.92546909+X#{,4T7415208+X+{,25082036+
LX#(=o025930075+X=,055707999))11))
GG TC 9

4 JFI{X=1.)5:646

5 BEKI3=.32724738/({.4)466T409+X={ ,52956551+Xe(,27542730+X%{ 12837751+
1x*(0911919149+X*.013920954)J)))
GO TQ 9

6 IF[X=2.5)7,8,8

7 BEKI3=(.22159402+X#{-.093883791+X4(.014738215~X*#_00085765003})})/1
L.2B26T237T+X% (4235632034 X+{.063402052+X#,0136003241)1)
GO ¥O 9

8 Y=l./1X+3.25)
BEKI3=1,.26844582SQRTE(Y)REXPF{=X)/{1.0120T742+Y2(—,000325432+Y»{
1-1.1646323+Y%{1.3873864-Y*4,4655208)1}1})1)

2 RETURN :
END(2+Cy1,0,0)

IDI0T BIO FUNCTION
FUNCTICN BIO0 (X)

IF (X - 3.75) 2, 24 3
27 = (X / 3.75)1=2%2 |
BIO = 1.0 + Z = [3.5156229 + I = (3.0899424 + 7 » {1.206T492 +
1 2 % {0.,2659732 + I » {0.0360768 + 7 » 0.0045813))1))]}
GO TO 4
32 = 3.75 /7 X%
B10 s (EXPF{X) / SQRTF(X)) # (.39894228 + Z + {.013285917 + 1 =

1 (.002253187 + Z # (-.001575649 + 2 # {(.0091628B08 + Z #
2 (020577063 + Z » (.026355372 + 7 » {-.0164T76329 + L »
3 0039237671311 31 1)

4 RETURN

END £240,50,041)

IDIOT BI1 FUNCTION
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FUNCTICON BILl (X)

IF (X ~ 3.75) 2, 2, 3
22 = X 7 3.75)%#2
BIlL = (.5 + Z = {,87890594 + Z # [.51498869 + I » {.15084934 +
1 Z % (.02558733 + Z = (.00301532 + Z +# ,00032411))31))) = X
GO 7O 4
372 =23.75/ X
BIl = (EXPFUX) / SQRTFIX}) # (.39894228 + I « {(-,039880242 + 7 »

1 {(-.003620183 + Z » {.001638014 + £ » [-.01031555 + % =
2 (.022829673 + Z » (—-.028953121 + Z = (.017876535 - 1 »
3 .004200587)}3))1 1))

4 RETURN

END (2504040412

IDIGT BKO FUNCTION

FUNCTION BKO (X}

iF [X bl 2.0) 2' 2' 3
272 = (X / 2.0)==2

SERIES = —.57721566 + 1 » [.4227842 + I & [.23069756 + 1 +«
1 (.0348859 + 2 # {(.00262698 + 2 » (.0001075 + 7 =
2 .0000074).))))

BKO = SERIES - LGGF{X / 2.0} = BIO{X)

GO TO 4

32 =2.01/X
BKO =5 (142533141 + 2 & (-.07B32358 + 2 « (.02189568 + Z =
1 [~.01062446 + 2 » (00587872 + I & (~,0025154 + 7 #
2 .00053208))))1) /7 (SQRTIF(X) = EXPFI(X)}
4 RETURN
END {2+0,04041)

IDIOT BK1 FUNCTION
+FUNCTICN BK1 (X)

IF (X - 2.0} 2¢ 2+ 3
2 2 = (X7 2.00%42 : ‘ ‘
SERIES =5 1.0 + Z & {.15443144 + 1 « (-,67278579 + Z # (-.18156897
i + Z » {—.01919402 + Z & (-,00110404 - 2 = .00004686)1)1))
BK1 5 SERIES /7 X + LOGF{X / 2.0) = BIl{X)
GO TO 4
3 2 = 2.0/ X
BKL = (1.2533141 + 7 # {,.234985619 + 7 » {—-,03655462 + 7 =
1 [.01504268 + Z #* [—-.00780353 + Z » (.00325614 ~ Z =
2 «00068245)1)))) 7 {SQRTF{X) = EXPF{X))
4 RETURN
END (2,0,0,0801)

SUBROUTINE SOLN Ha K. CLARK
SUBROUTINE SOLNUL,NG,NSC,NST,NSA,NSR,NR, INT, NWSC, SGMT, SGMTR, SGM1J,
IFS4FSM,S5PRMyDTP, TPOO,TPO1 ,RADyRADC, ABT ;ABM,WTS)
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DIMENSION NRIE10),INTL20,10),NWSC{10),SGMT(20,10),SGMTR{2G,10),
1SGMIJ{230,10),FS{20510),SPRM(20),0TP{24,20),TPLD{20,10C,20),
2TP0IG19,10,20),RAD(20,10),ABT{20,10,20),ABM(20),AA(19,10),AQ(19,10
3),VAL2,20)sVQ(2,10) 4 AUX(10,10) ,ANC{10,1),6{10,10),EQUL10},WTS(24,10
4,10)

DO 18 IG=1+NG

IF(LY13,13,14

13 CALL MODUIG,NSC,NST,NSA.NSR,NR, NUSC:SG“T:SGMTR SGMIJ,WTS,DTP,RAD,
1RADC JABM , SPRM,FSM,G,EBQ,HIT+C+Q)

14 DO 1 I5C=1sNSC

1 CALL JVECTRINR,INT,IG,ISCyNSTSGMT,SGMTR,SGMIJ,SPRM,FS,TPOC, TPOI,
1RADABT4 AA,AQ, VA, VQ)

IF{L)15,15,16

15 DO 2 I=1,NSC
DO 2 J=1,NSC
2 AUXEL,J)=GLI§J3)#VA{1,4)
DO 3 I=1,NSC
3 AUXTILI)=AUXEI,I)+HIL*VA(2,1)
DO 4 I=1,NSC
ANC(L,1)=0.
DO 4 J=1,NSC
4 ANCUIs1)=ANCEI1)+G{1,J)2vQ{L1l,J)
DO 5 I[=1.NSC
5 ANCIIL,1)=—ANC(I,1)-HITI=VQ(2,I)+EQ(I}
IF{N5C-1)20,20,21
21 LA=XLOCR{AUX{1l,1))
LB=XLOCF(ANCE1,1))
DUMMY=LEQF (LAyLByNSCy1,10,10)
GO T0 10
20 ANCIL,1)=ANCi1,1)/AUX(1,1)
GO0 TC 10

16 ANCIL,1)={VQt2,1)-VQ{1l,1))/{VAIL,1)~VA(2,1))
10 DO 7 I=1,4N5C
K=NR{I)-1
ABT(LsT,16)=ANC{I,1)
IFIRKYT 746
0O 9 J=1,K
ABTUS+1, T+ IG)=AALIL I} #ANCII,1)+A00J, 1)
CONTINUE
IF{L)X1T7,17,18
17 ABM{IG)=Q

DO 8 I=1,NSC
8 ABM(LG)FABM{IG)+FLOATFINWSCII})#{ANC(I,1)#{VALL, )=-VALZ2,]))+VQ(1lsI

1)=-vQ(2,1))

ABMILG)I=ABM{IG)/{1.~C)

18 CONTINUE

RETURN
END{2,0,1,0,1)}

SUBROUTINE MGD'IG:NSC,NST,NSA.NSR'NR,NNSC'SG“T:SGMTR,SGMIJ1NTS,DTP
I,RAD,RADCfABNySPRMiFSMjG,EQ'HIlngQ)

DIMENSION HUEOQ)}»TS{10,10),SPRM(20)

DIMENSION NR{10)},RAD{20,10),SGMT(20,10}),SGMTR{20,10),5GMIJ(230,10)
1, ABML20) (NWSC{10) s WTS(24410410),DTP{24,20), G(10,10),EQ{10)

M={IG={IG+1)}/2

K=NR i1)

R=RAD(K,1)

SUM=0.

DO 1 I=14NSC

1 SUM=SUM+FLOATFINWSCI(L)}

e R
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10

11
12

13

14
15
16

18

V=RADC®*%2~-SUM=*R#»2

N=NST/4

IFIN)2,2,3
C={SGMTRIIG)E)-SGMTIIG,L)+SGMIJ(M,1})/SGMTR{IG,1)
B=SGMTR{IG,11#R

GD TO 4

C=SGMIJ{M,1)/S5GMTI(IG,1)
B=SGMT(IG,:1)#R

EF=.5#Ru%2/[B*V)

L=NSA+NSR -

DO & I=1,NSC

DO & J=1,NSC

TS{Ind)=0.

DO & K=1,%

IF{HTS{K,1431)6,6,5

TS{T o )=TSII 3 JIENTSIK, L, J}DTPIK,IG)
CONTINUE

SUM?O.

DO 8 I=1,NSC

H{I)=sC.

DO 7 J=1,NSC

H{T)=HIT)+TStI,Jd})
SUM=SUM*FLOATFINWSCII)})»EF={1.~-HI[I))
EE=] .—C¥{1.-SUM}

HII=EE

DO 10 1s1,NSC

GUIa L)=={(EE#TS{I , I )+CaFLOATFINWSC{I))}#EFe({loa=~H(I]})n=2)
D0 12 I=1,NSC

DO 12 J=1,NSC

IF(I=-d)11,12¢11
GlIsJ)==TEE*TSI{I,,J}+CoFLOATFINWSC(J))sEFa{l.-H{I})®{1.~H(J)})}
CONTINUE

Q=SPRM{IG)*FSM

K=1G-1

IFLK)ILT7,17,13

PO 16 I=1,K

M={IGe(IG+L1}/2-K=1+1

IFINYL4,14,15
Q=Q+ABM{I)*SGMIJ({M,1)/SGMTR{I,1)

GG TO 16

Q=C+ABMI{ 1) =SGMIJ{M,1)/SGMT(I,1)

CONT INLUE

DO 18 Is1,NSC

EQII)=CHEF%{I.-H{I))

RETURN

END{24+041,0,0)

SUBROUTINE JVECTR M. Ko CLARK
SUBROUTINE JYECTRINRGINT+IGe ISCeNSTySGMT,SGMTR,SGMIJ, SPRM, FS,TPDO,
1TPOIL wRAD ABT{ AA, AQ,VA,VQ)

IG=GROUP INDEXs TISC=SYMMETRY CLASS INDEX,JVECTR=VA#ABSORPTION IN

REGIGN 1 + VQ. ABSORPTION IN REGION I=AA®*ABSORPTION IN REGION 1+AQ
DIMENSION TPOO{20,10,20),TPOL(19+410+20)+NR{LO}4INTL20,10)4AA115+10
11,4Q119,10)4AUX{2),56MT{20,10),5GMTR(20,10),56GMI (230,10}, SPRM(20)
2eABT(2C+10+20) s VA(2:10)s0MX{2+2)+SIMXI2+2),F5(20,10),RAD({20,10)
3sVvQA12,10)

M={IG=(IG+1)}/2
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N=NST/4
L=INT(1,ISC)
IFIN}Z2:+243
2 C={SCMTR{IG, LI=SGMT{IG,LI+SGMIJ{M, L))/ SGMTRIIG,L)
B=RAD{1,ISCI#SGMTRIIG,L)
GO TO 4
3 C=S5GMIJ(M,L)/SGMT(IGsL) : y
B=RAD{1, ISC)2SGMT(IG,L) b
4 X=TPOO{l,ISC3IG) b
Ex{lea=X)/12.%8)
VA(LAISCI=((Ea=C)nX+C*E) 7 (1a—X)
VALZ2oISCY={14=C+CRE) AlLa~X)
Q=SPRM{IG)*#FSI{1,1SC)
K=1G-1
IF(K)9,9,5
5 DO 8 I=1,K
M=(1G%#(1G+1))/2-K-1+1
TIFIN)YGEL6,T
6 Q=Q+ABT(1,1SC, 1) %SGMIJIIM,LI/SGMTRUTWL)
GO0 FO 8
Q=0+ABT(1,I5C, 1) #SGMIJIM,L)/SGMTLI,L)
CONTINUE
VQULpISCI={E~X)%Q/ {1 .—X)
VA(2eISCI=(E-1.)2Q/(1--X)
MM=NR(ISC)-1
IFIMM)Z26,26,1
1 DD 25 Is1,MM
CALL MATSUINT.1#1,1SCsIGsNST4SGMT,SGMTR,SGMIJ, TPCC, TPGI,RADyDMX,
ISIMXEC,ELILC)
L=INT{I+1,ISC)
10 AA{ILISC)={VA{1,I5C)~VA(2,I5C)}/(1.=C)
AQLI,ISC)={VQALl,I5C)I~VQ{2,1I5C))/(1.~C}
Q=SPRM{IG)*FS(I+1,15C)
IFIKLLS5s15,11
11 DO 14 J=1,K
M={IG*{IG+1})/2-K-1+J
IF(N)12412,13 i
12 Q=Q+ABT{I+1,1SC,J)}#SGMIJ(M,L}/SGMTRIJ,L)
G0 TO l4
13 Q=Q+ABT(I+1,ISC,J)#SGMIJI(MyL)/SGMT(J,L)
14 CONTINUE
15 DO 16 Jsl,2
AUX(4)=0,
D0 16 JJ=1,2
16 AUXLJY=AUX(JI+DMX{JdydJ)#VQ{JJ, I1SC)
AUXTL)=AUX(L1}+Q=ED
AUX([2)=AUX{2)+Q=E]
DO 17 J=1,2
VQlJ.ISC)=D.
DO 17 JJ=1,2
17 VQUJRISCI=VQREI, ISCI+SIMX(J,JI) =AUX{JI)
DO 18 J=1,2
AUX(J) =0,
DO 18 JJ=1,2
18 AUX(JI=AUX(JII+DMX{J,JJ)aVA(II, ISC)
DO 19 J=1,2
VA{JpISC)=0.
DO 19 JJd=1,2
19 VA(JRISCI=VALJI,ISCI+SIMX(JsJd) #AUX(JD)

oo -y
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AALT»ISCI=AALT,ISCI+IVALZ,ISCI-VA(L,ISC))/(1.-C)
AQUI wISC)=AQUILISCI+HIVRIZ,ISCI-VRIL,ISCI+Q)/(1.~C)
25 CONTINLUE
26 RETURN
END(2+0y»1,0,0)

SUBROUTINE MATS He Ko+ CLARK
SUBROUTINE MATS{INTI sJs Ky NST,SGMT,SGMTR,SGMIJ,TPDO,TPOI4yRAD, DMX,
1SIMX+EC+EI,C})

1,J,K ARE REGION,SYMMETRY CLASS AND GROUP INDICES. DMX IS RIGHT

MATRIX. SIMX IS INVERSE OF LEFT MATRIX
DIMENSIGN SGMT(20,10),SGMTR(20,10),SGMIJ(230,10),TPOD(20,10,20),
1TPOIL1G,10,20)sINT{20,10),DMX12,2),SIMX{2,2),RAD{20,10)
M={K#(K+1})}/2
N=NST/4
L=INT(I,J)
A=RAD{I=1,J)/RAD(1,3}

I IFIN)2+243

2 C={SGMTRIK, L) —SOMT{K,L)+SGMIJIM, L] }/SGMTR{K, L)
B=RAD{I,J)#SGMTR(K,L)
GO YO 4

3 C=SOGMIJIM,L)/SGMTIK,L)
B=RAD{I,J)=SGMT{K,L)

4 X=TPOI(I-1,J,K)
Y=TPGOO{I +J,4K}
DEN=2-'B*(1--A**2)
G=A®X+Y
EQ={1.-G)}/DEN
El=(1.=-X)=A/DEN
DMX({1ls1)=X=2{l.~-C2(1.-EI))+C2ED
DMX(142}=0.
DMX{2,1}=CeEl={1l.-X)
OMX{292)=—({1.—-Cx(1.—EO-E1))
SIMXLLs1)==1,./DMX{2,2) ’ |
SIMX{242)==1./{AnXe ()., ~Co#{l.-EQ))2CoEl*{l.-Y]})
SIMALL2)=1Y2{1e—CH{Le—~EI})+CHEQ®(1.~AnX))nSIMX{1,1)n51MX(2,2)
SIMXL241)=0.

21 RETURN

END{2,0.+1,0,0)
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APPENDIX B — SAMPLE PRINTOUT

HEETR CODE COMPUTES EVENTS IN CYLINDRICAL CELLS FROM ESCAPE AND TRANSMISSICN PROBABILITIES

PROBLEM RUMBER 27
SOURCE SUPFLIED FOR EACH REGICN IS RELATIVE NUMBER OF NEUTRONS PRGDUCED BY FISSIUNS DCCURRING IN GROUP NG+1l.
TRANSMISSIChN AND E3CAPE PROBABILITIES ARE COMPUTED FRCM TRANSPORT CROSS SECTIONS.

DANCOFF FACTCRS ARE EMPLUYED FOR INTERACTION BETWEEN ELEMENTS IMMERSED [N MGDERATECR.

WEIGHT FRACTION OF

FYPE NOo DENSITY(G/OC) czC HZT u-235 U-238 AL
1 1.1¢420 0,997400 ©,002400 ~0. ~0. -0.
4 18.,300C0 ~G. “Qe 0.0C7100 0.9%2900 -0«
3 18.9G0cCC -0. -0. -0 0.9%2900 -0.
4 0.00050 1.000C000 -0. =0. -0. -0+
5 2.7CCCO =Q. -, =0. -C. 1.00000¢
PRINTCUF CF LIARARY TAPE AND FISSICN SPECTRUM ¥
GROUP ELINMEV) F15510N SGURCE SIGMA-T SIGHMA-TR SIGMA-C SIGMA-F NU D20 20.000
1 3.6788E CO C.L3138 5,097E 00 J.114¢ 00 9+ TOE-0Q2 Ca Q. X
2 2.2313E 00 C.ak028 6.103E 00 4.385€ 00 Q. . C. N
3 1.3534E 00 Ce23119 T.650E €0 6+155E QQ Ca Q. 0. .
4 8.2CR5E-0L C.18033% 9.6T9F CO 8.+347F CO C. [+ 0.
5 4.9787E-01 C.11474 9.542E 00 T.4638 00 . 0. Q.
6 3,C1976-01 C.064T4 1.266E 01 1.041E 41 t. 0. 0.
7 1.8316E-0% C.03401 1.027E Q1 B.435E QO Q. Q. 0.
8 1.11C9E~01 C.01713 1.037E ¢1  8.298E 0 O. Q. 0.
9 6. T379E-02 C.00841 1.050E €l 8.E27E £0 -0, Q. Qs
1¢ 4.CELRE-02 C.00407 1.050E 01 8.079E 0O -0 d. |+
11 2.4788E-02 C.o0195 1.0506 01 8.079€ &0 -0. Q. o. ;
12 1.5034E~02 C. 00093 1.050€ 01 $.079E 00 ~0. 0. 0. i
12 9.1188E-03 C. 30044 1.050€ 01 B.079E €O ~0. Q. 0. g
14 5.52086-03 £.00021 1.05CE 01 8.079F 00 ~C. . 0.
15 Z2.C347E-03 £.0001% i.050F 01 8.,079€ CC¢ -0« 0. Q.
SIGMA-1J (TRANSFER TO GROUP | FROM GROUP J1. ARRANGEL AS L1, 21y 224 31r 32y 33,404, INGH1)ING)
2.3782 145405 2.6009 0.3754 1.5172 2.7160 D.33719 0,73186 2.0075 3.8012 0.3431
0.6816 1.137% 2.6072 3.£158 C.04CC 0.3206 0a9477 L4654 2.0340 5. 8465 0.
0.0513 645902 1.1288 1,281¢ 3.6372 3.3355 C. U. 0.0508 086268 1.10872
1.6003 3.3041 41088 O. C. T 0.05C0 0.0586 1.0276 1, 5494 342967
444063 Ca Q. o, C. 0.0372 0.5118 0.%413 1.5026 3.,2608 4.4490
c. C. T. C. C. 0.0413 0.45C8 0.9138 1.+4508 3.2577 4utb6)
Q. C. . 0. C. Ou 0.0319 0.4502 0.8817 E.434% 3.2534
48436 C. C. Q. C. Q. Q. C. C.0346 0.,4600 D.8715
1.4363 3.255% 4.4432 0. C. c. a. a. 0. 0. 0.
0.3355 C.4580 0.8711 1+4365 3.2557 4.4437 O. . [ Q. 0.
C. C. G Q. C.0354 0.4929% 1.3291 2.3080 4.6919 b.0T1S Qs
[+ [ 0. Q. [ Q. Ca On [+ Qe 0.0393
' 0.4932 L3644 4.4286
GRCUP ELIMFEV] FLSSICN SCURCE SIGMA-T SIGMA-TR SIGMA-C SIGMA-F NU H20 15.020
1 3.6788E QO Toel3138 4.960E 00 2.094F 00 9.97LE~02 0. . 0.
2.2313E 00 €.21028 6.319E §0  2.73%E 00 C. 2. 0.
3 1.3534E Q0 C+23119 B+633E 00 4.C83E 00 [ Ce o,
4 8.2CB5E-GL Ca18035 1.208E€ 0©1 &.215€ Q0 1.20CE-04 G C. N
5 4.3787E-01 Coliale 1.4CLE ©1  6,022E 00  2.0CCE-C% 0. G,
& 3.C157€E-01 Ca064T4 2.067E 01 1.C49€ 01 2.0CCE-Ca Qe G «nh
1 1.8716E~01 C.03401 2.140E €1 3.853F 00. 2.0C0E-04 Q. 0. :
8 1.11C9E-Q1 C.01713 2.568F GL 1.058E Gl 2.2CUE-04 Q. 0. i
9 5.73796-02 (.00841 3.004E O1 1.233E €1 4,00CE-C4 0. G L
10 4.CEHQE-C2 C.00407 3,450 Cl 1.3&6TE C1 4.400E-04% 0. D . .
11 2.4788E-02 C,00195 3.725E€ Q1 1+472E 01 6.0CCE-Q% C. a. .
12 1.5C34E~02 C.00093 3.9%9¢ 01 1.551E O} T 60GE-04% C. C.
13 9.1188E-03 C.0004%4 4.122F 01 1+6C5E O} F.30CE-C4 C. Q.
14 5.5300E-03 C.00021 4.243E 01 1.646F 01 1.26CE-C2 Ce 0. i
15 2.C247E-0% C.00015 443405 01 1+678E 01 1.830E-03 Q. [+ .
SIGHA-T14 [TRANSFER TG GRCUP [ FRCM GROUP J), ARRANGEL A5 11y 21y 22, 31, 32, 33,044 ING+1)[NG) G
1.8309 1.4157 2.2525 0.46195 1.7234 3.Ch28 J.3681 G.9221 2459513 4, 6603 N.2221 !
0.5593 1.1957 3.4595 4,9939 C.1347 C.3322 7252 1.9591 3.92141 8.2726 0.0817
Q.2057 C.4399 C.,9456 2.601% 5.6190 b.56202 T.0496 0.124% 0.26068 0.5736 1.7176
2.6672 &, 3485 Te9%14 0.6301 €.0757 0.1618 0.3479 C.7385 1.6177 3.2i83 T.6431
8.4748 €.0182 0.C457% c,corel C,251C Cattd79 0.9812 2.0127 4,1228 B.973% . 3304
C.0111 C.0278 0.0595 c.l28C L2717 0.2951 1.22C7 2.5006 LXRLLE 10,2640 3.0872
€067 .01 9.02¢1 0.C776 £.18648 0.3610 0.74C4 1.5187 2.9%89 S« 7T0B& 1142433
1¢.4788 C.0041 9.Cl02 0.0219 C.0471 0.0999 0.2189 Qu4491 0.9199 1.2107% A.4624
§.2991 11.9823 1L.8204 c,C002s% C.CCaz C.C133 0.0286 C.0606 0.1328 0,2724 055870
1.1032 2,1Q01 3.8206 6.7392 12.49C2 11.0754 0.0024 0.0060 0.0129 0.0278 0.0571
0.1294% C. 2654 £.5437 1.C750 2.0463 3.7228 5.5687  11.3175  20.1432 £17.8602 0.0014
€.C035 C.0075 0.0152 0.C344 C,0753 G41545 0.21¢€4 0.6256 1.1903% 2.1666 3.8217
6.5865 11,2109 2545334

B-1




GROUP ELIMEYY FISSION SOURCE SIGMA-T SIGMA-TR SIGMA-C SIGMA-F N u-235 235.000
1 3.6TEEE 00 C.13138 3.88Q0E 00 3,880E 0O 2.000E-02 1.210¢8 00O 3.090
2 2.2313E 00 C.21028 4.7T30E 00 4.T30E DO 3.500E-02 1.290E 00 2.790
3 1.3%34E 00 G.23119 4«860E 00 4.860F 00 5.800FE-02 1.310E 00 2.620
4 §.2(85E=01 0.18035 5.,080E 00 5.080E 0O 1.150E~01 1.270E 04 2.530
§ 44978 TE=01 0.11474 5.5806 00 5.580£ 00 1 +930E-01 1.220EF 0 2.520
& 3.0197E-01 0.06474% 6.810E 00 ©+8L0E Q0 2.40QCE-0L 1,290E 00 2,480
T L.B314E-0L G.03401 B.540E 00 B.540€ 00 2+ 960E-QL l.420FE QQ Z+450
8 $.1109E-01 C.01713 1.0108 01 1.010E 01 3.TO0E=0] 1.420E €O 24440
9 6.7279E-02 C.00841 1.150€ 01 L.150E 01 4.830E-01 1.860E 0Q 2.430 o
10 4.C848E=02 C.00407 1,260E Q1 1.260% 01 &.240E=01 2.150€ 20 2.430 :
11 2.4788E-02 0.00195 1.3¢0F 01 1.360€ 01 8.030£-01 2.510E 00 2.420 [
12 1,5C34E-02 C.o0093 1.430F D1 1.430E 01 1.003E 00 2.950E 00 2,420
13 9<1188E-02 C. 00044 1.510E 01 1.510€ 01 1.249E (0 3.490E 00 Z.420 P
14 S9.5308E-02 C.o0021 1.870E 01 1.870E 01 1.689E 00 4.330E Q0 2.429Q [
15 2.C24TE=03 C.Q0015 2.220E ql 2+230€ 01 2.092E 00 4.,980€ 00 2.420

SIGMA-IJ (TRANSFER TQ GROUP I FROM GROUP J)y ARRANGEC AS 11, 2Ly 22, 31y 324 23r4..9(NG+1]) NG}
0.66L0 C.l100 1.4540 0.3370 c.201¢C 1.8570 0.5070 0.4210 0.3430 2.4090 0.4750

0.5200 C.6110 044370 343960 €.3010 0,4050 0,2290 0.2920 0.4350 4.7120 0.2590
0.2300 G.1860 C.2110 0.)19¢C C.4080 6.4010 0. 0.1740 0.0800 0.2140 0.10%0
0.0730 C+325C t. 7140 0. Ce 0.1860 0.1320 0.0590 0.0220 0.0610 0.3120
848570 [ e a. C. 0.0530 0.0070 0.0200 0.0380 0.2460 9.6300
Ca Cs 0. 0. Ce 0. 0.61£0 0.0330 0.0400 0.1680 1041510
0. C. 0. 0. C. G. o.c010 0.0090 0.0100 0.0210 0.1360
10,2130 C. 0. 0. Cx 0. 0 T 0.0040 0.0040 0.0070
Q. C.1340 10,2300 0. Ce 0. a. Q. 0. 0. 0.
g. C. 0. 04 C.131c 12.51¢€0 34 c. 0. 0. 0.
'R Ca C. o, [ 0. c. 0. 6.1630 15.1600 0.
d. C. C. 0. Ca [+ 0. 0. 0. 0. D
Q. C. 0.C680
GROUP  ELIMEV] FISSTCN SOURCE  SIGMA-T STGMA-TR SIGMA=C S1GMA-F NU u-238 238.000
1 3.6788E 00 c.13133 3,900 Q0  3.900F CO 10.000E-03  6.090E-01 3,100
2 2.2213€ 00 C.21028 4.630F G0 4.630E 00 2+200E-02 S.B10E-CL 2.780
3 1.3534€ 00 £.23119 4.870E o0 4.070¢F Q0 5.70CE-C2 4,300E-01 2.600
4 8.2C85E-0L C.18035 5.0106 00  5.010f 00  1.2906-ClL  2.400E-02 2,560
5 4.978TE=01 C 11474 5.590F 06 5.590F €0 1.390E-0k  C. Q. Lo
[ 3.C197E-01 C.0&474 6.8R0F 00  £.8RDE 00  l.27CE-Cl  C. 0 Lo
7 1.8214E-01 C«03401 38,4806 00  8.480FE 00  l.61CE-01 Q. 0. S
L 1.11C9E-01 C.01713 1.GLOE 0L  1.Q1CE €1 2,270E-01 O, 0. N
9 §47219E-02 C.00841 1.150E 01 1.150EF 01 Z2.90CE~01 0. G R
16 4.CE6BE=02 €.00407 1.250E 01  1.250€ 0l  3.700E-C1 O, c. 2
11 2.4798L-32 C.Q0195 1.360€ 01 1.360C 01 4,.500E=-C1 0, [+ N
12 1.5C24E-02 €. 00093 1.430E Cl 1.4206 01  5.2CQE-C1 O, 0.
13 9.1188E-23 {.00044 1.5C0F 01 1.3c0T 01 6.0205-01 0. .
14 5.53C8E=03 €.00021 1.5008 0L 1.510€ 01  &.6Q00E-CL  C, 0. '
15 2+C24TE-D3 C.00015 1.600E 01  1.6CCE Ol 9.300e-CL O, 0.
SIGMA-1J [TRANSFER TO GRCUP 1 FRQM GRUUP J1y ARRANGECS AS Lly 2ls 22, 31, 32s 233,...,{NG+1} NG}
0.7740 C.1350 1.4830 044250 CaZ3iy Z.4T00 0.64G60 045510 Q47330 2.8930 0.46000 .
0.56780 €. B650 0.5950 5.5210 c.3sce ©.53C0 0.21CC 0.2720 €. 5300 65.2150 2.2270 ,
C.3010 C.0280 0.0890 Qs ¢.5380 T.7150 D 0.2270Q 0.0650 0.0080 0. o
0. C.4000 9.2990 Q4 t. a. 0. 04 Oe 0. 6.3750 o
10.56700 €. G, Os Ce 0. Qs '3} 0.£990 0.4320 11.8740 :
L. ¢, Ga Q. C. G. 9 Q. 00,0648 0.0510 12.9810 f .
. . 0. Q. C. 0. 0. Ca 0.0840 0.0760 0.16%90 -
13,6140 [ 0. Q. C. 0. ' 0. 0. 0. 0.0290
0. C.1660  14.2240 0. C. 0, [\ 0. 0. 0. G
a. C. 0. 0. CalTa0 14,2660 0. 0. Ca Q0. 0.
C. c. 0. 0. . 0. 0. 0. . 0.1740  15.0070 Q.
0. C. : C. o, . 0. 0. 0. . 0. 0. C.
0. c. 0.0630
GROUP  ELINEV) FISS1ON SOURCE  SIGMA-T SIGMA-TR S1GMA-C SIGMA-F NU AL 27.020
1 I.6T8E CO C.13138 1.370¢ 00 1.370E 00 2.6308-02 O, 0. -
2 2.2213E 00 C.21029 1.6C0E 0G  1.6C0E 00  3.000E-C4  C. 0.
3 1.3534E 00 €.23119 2.000F Q0  2.0CCE 00 4.,000E-04 . 0. 0.
4 8,2085E~0L £.18039 2.4R0E 00 2.480€ 00 4,000E-04 Q. 0.
5 4,9787€-01 C.11474 2.970F Q0 2.0T7CE 00 7,0CCE-D4 0. 0.
] 3.0197€-01 C.064T4 3.170E Q0 3.170F €O 1,100€-03 O, .
7 1.8216E-01 C. 03401 3.8206 0O 3,820FE 00 1.700E~C3 O, 0. .
8 Lo 11C9E=0L C¢.01713 5.02GE 00  5.020E 00  2,300E~03 Q. 0. Do
9 8.T3T9E-D2 C.00841 S.980£ 00 5.980E 00 3.000£-03 0. s g
16 4.0868E=02 €. 00407 2.780€ 00 2.T80F 00 0. c. 0. o
il 24+4788BE-02 C.0018% &£.340E QO &.340F CQ 3.90CE~-03 0. 0. i
12 L.5C34E-02 €.00093 7.500E-01  -7.5CCE-01 Q. 0. 0.
13 9.1188E-01 €. 00044 1.130¢ 00 1.130F 00 0. 0. D ! ¥
14 5.53CBE=03 c.00021 1.510€ 00 1.510F 00  9.230E-02 ©, D [
15 2.0247&-03 C. Q0015 1.370€ QO 1.370E 00 0. o, 0. .

SIGNA-1J tTRANSFER TO GROUP 1 FROM GROUP J), ARRANGED A5 Lls 2Ly 224 31y 329 33seusyINGHL) NG e
0.69k7 J.3050 1,0627 D.1590 C+ 3600 1.5698 0.0950 0.0830 0.331¢C 2,0%16 D.0510 i

0,070 C.0T80 Ge3460 2.5653 c.03p0 C. 0.0210 0.0260 0.404¢ 2. 7489 0.0122
0.G230 C. 0.0100 Q. C.42C0 3.3343 O. 0. 0. 0.0040 0.

Ce Ca4840 4,3857 0. C. 0. 0.0020 0. 0. . 0.6320
5.2870 €. G, 0. C. Q. Ce O. 0. C. 6900 2.4720
Ge Ce Ge 0. Ce C. 0. O 0. 3.3080 5.6151
C. C. a. 0. €. Q. 0. 0. da 0. 0.7210
0.£5490 C. C. 0. Ca C. 0. 0. 0. 0. 0.

0. c.0810 1.0090 O Co Qs 0. Os T G G.

Q. Ca Ca 0. €.121¢ 1.2567 0. 0. G. [+2% 0.

C. L. C. 0. C. 0. 0. Ou 0.1€10 Le3193 2

0. L Q. 0. C. 0. Q. Qe 0. . o

{. C. €.C507




PRINTLCUT CF MACRCSCOPIC CROSS SECTECNS ANC FISSION SPECTRUM FOR EACH TYPE

GRCUP ELIMEV) FISSION SCURCE SI1GMA-T SIGHA-TR SLGMA-C S1GMA-F NUSIGMA-F TYPE NUMCER 1
1 J.L788E Q0 C.13138 0.1695390 C.LC34813 €.0032290 Q. 0.
2 2.22313E 00 c.z2lo8 0,2030216 C.1450275 C. C. a,
3 1.3E34E Q0 Ce23119 C.2545317 Cs2C4E512 C. Ga 0.
4 B.2CBSE-GL C.1803% 0.32Z1688 02774413 Q¢.0000000 C. Q.
5 4.3TETE-CL CallaTs 0,3177891 0.248C0%08 G¢.00C06C00 a. 0.
] 3.C19TE-QL C.06474 Q4219599 C.3462830 0.0Cgcaan Q. O.
7 1.8316E-Q1 C.03401 0.34256852 0.2872188 0.00000C0 0. G
8 1.11C9E-01Y C.01713 0.348617992 0.2762562 T.00000U0 Q. 0.
3 6.T375E-02 €.00841 0.3508175 0.2707C80Q 0.00G00G0 Q. 0.

10 4.0868E-02 C.00407 0.3513424 0.2692241 0.0CCeoCH Q. 0.
11 2.4788C-02 C.001%5 0.3516211 0.2693173 €.0C00001 a. 0.
12 1.6C34€~02 €.00093 0.3518289 C.2692868 0.,0090001 C. Q.
13 9.1188E«03 €.00044 0.3519731 C.2694350 0.06ceecL . 6. 0.
14 5.53C8E-03 C.00021 0.3520809 C.2£94710 g.04cocal 0. o.
15 2.0247E-03 C.goms 0.3521671 C.2694998 0.0000062 0. 0.

SIGMA-IJ [TRANSFER TO GROUP I FROM GRQUP J), ARRANGELD AS 11, 21, 22, 31, 32, 33,...e[NG+1}JING)
C.Q79% C.0%12 0.CcB65 0.C125 £.0505 0.03970 0.£132 0.0244 0.0668 0a1265 3.0114

0.0227 C.0378 0.0R6E Cul204 C.0013 0.0173 0.0315% 0.0488 Q.0877 01247 2.0009
C.0a17 C.o196 C.C375 0.C528 Cel212 0.1331 G.0000 00,0000 1.0017 0.0208 D.036%
£.0533 c.1102 C.1330 0.C000 C.000¢ 0.00U0 0.0017 0.0k86 0.0342 0.05t7 A.110n
Calugd €. 0000 c.CoCOo 0.coco c.000¢ c.0Q13 0.0171 0.031l4 0.0502 0.1090 D.14ul
C.0000 C.Qacoo0 0.0000 0.COC0 €.000¢0 G.0014 0.0151 0.0305 0.0486 0.1090 D 1484
¢.0000 C.OC0o0 C.COCO C.GOCT C.000C c.0000 0.0011 0.0151 0.0285 0.0482 0. 1069
Calafa C.0000 0.C000 Q.C0CO ¢.0000 Q. 0000 0.0Qco 0,0000 0.0012 0.0154 2.0292
2.0482 C.1091 Cul48% Q.COC¢ cJeoee 0.0CC0 2.00C0 0.0000 0.0000 0.0000 0.0037
0.0013 €.015% ¢.0292 C.04E3 C.1091 Nel484 0.00C0 0.00080 a.0000 c.oo00 n,0000
0.0000 C. (000 C.C000 0.00¢C1 C.0014 C.0ka? Q.0%47 G.0776 Q.1574 0.2G30 0. 0034
$.C00C C. 0000 2.0000 0. C0C0 €.0000 0.007) 0.00C0 0.0001 0.0001 0. 0007 0.001%
C.Cl6% CoT463 0.1492 B
GRCUP  EL{MEV} FISSICN SCURCE  STGMA-T SIGHA-TR STLMA-C SIGMA-F MUS TGMA—F TYPL NUMBER 2

1 3.ETEHE 00 C.13138 0.18065459 0.1865459 0.0004818  0.0293376  0.090942%

2 2.2212E QO c.z1008 0.2215060  0.2215060  0.0010568  C£.0280354  0.0779429

3 1.3534E 00 C.23117% 0.2327493  0,232%483 0.002726% 0.0208713  0.0542744

4 B.2C85E-01 C. 18015 0.2396726 0.2396726 0001658  C.0015765 00046229

5 4.STE7E-CL C.11474 D.2673088 G.2672888 0.0066675 C.0C04196 0.001057%4

& 3.C167E-C1 C.08474 0.3230741 Q.329CT41 Q.0061138 C.0004437 0.0011CC3

7 1.87148E-01 €.03401 0.4056573 C.4056533 0.00774TT 0.0004604 0.0011945%

L] I.1109E-G1 C.01712 0.4831238 0.4831238 0.,01C3075 0.0005572 0.0013595

9 £.T37GE-02 C.00R41 D.5500515 0.550CG15 0.0139382 C.0008397 0.0015545%

1¢ 4.C846RE-0Q2 C.O0C40T Q.597959% C.597559¢% 0.0L77880 C.0C0T7394 0.CoLT7948

11 2.4788E-02 C.N0195 0.6505429 0.6505429 C.0216467 0.,0008633 Q.,00208%91

12 1.5C34E-02 C.0093 0.E6840268 0.684C26R 0.0250393 ¢.0010148 0,0024553

13 9.1188E=03 C. 00044 0.7175450 0.7175450 0.02490186 €.0012003 0,0029047

14 5.5208E-03 C.00021 0.7235321 Q0.7235121 C.0319244 0.0014862 0,0038039

15 24034T7E-02 C.0C013 L.7675114 0.T86T5E14 0044006353 ¢.0017127 0,004L%449

SIGVA-IJ (TRANSFER TG GRCUP I FROM GROQUP J)y ARRANGFL AS 11y 21y 224 3Ly 329 32vweassiNGHLEING)
J.0270 C.Q064 0.0769 0.(203 £.0123 0.1182 0.C3C6 0. 0263 0,0352 0. 1857 0.0287

0.0324 C.0413 C.0284 0.2349 t.clel 02,0253 d4,01C1 C.0130 0.0253 0.2948 0.01546
0.0144 C.0014 0.0043 0.C0CC C.0257 O.35688 1. c,0l08 0.0031 0.0005 0.00a49 i
€.0000 €.0286 [PELLE] 0. C. 0. 0001 0.,0000 0.0000 0.0000 0.0000 B.0173
£.5098 <. Ce 0. C. 0.0000 0.COGCD 0.0000 0.0095 0.0206 0.5672
C. €. C. 0. C. C. 2.00C0 0.,0000 0.0031 D.0072 0.6203
3. C. 0. 0. C. Q. 2.00C0 0.0000 0.0021 0.003¢6 d3.0021
0.4500 Ce Q. 04 C. G 0a U. 0.0000 - 0.0000 0.0014
0. C.007% 0.6790 [N C. C. Q- a. a. 0. 2.
Q. Ce Ce 0. c.CC83 0.6918 0. Q. T Qe O
Q. Cs Ce Cs Co C. Q. Q. 0.00812 0.7179 0.
0. Ce Ce Qs Ce G 0. Q. O 0. O
' Q. Ce 0.0030
BROUP ELIMEVY FISSEGN SGURCE SIGKA-T SIGMA-TR SIGMA-C S5IGMA-F NUSIGHA-F TYPE NUMEFR 3

1 3.6788E 00 C.13128 0.1852114 D.1852t14 0.0CCa74% ¢.028%215% 0,0894586

2 2.2213E 00 C.21028 0.21968792 0.2198792 C.0ClC448 04.0275917 ~ 0.076705¢

3 1.3234E Q0 Ce23119 .0+2312768 Ca.23)}2788 0.002706% o.pz204207 0.053073%

4 8.2085£-01 C.18035 0.2379255 0.2379255 0,0061252 G.0011398 0.002917¢

3 4.974TE-0OL C.11474 0.2654697 Ce2654697 C.0086011 0. 0.

& 3.C197E-0F C.06474 0.3267320 0.3267320 C.00060312 C. 0.

T 1.8216£-01 C.034C1 0.4027162 0.4027162 0.0076459 0. Q.

] 1.1109E-01 c.o17132 0.4794501 0.4796501 0.01C76C3 0. Q.

g 6.T3ITSE-02 C.00841 0.5461363 C.5461363 0.0137721 0. Q.

10 4.CE68E-02 C.00407 0.59362064 C.5%382064 C.0175713 L 0.

1L 2.4T8BE-02 C.00195 0.6458655 Q.6458655 N.0ZL37C5 0. Q.

¥4 1.5C34E~02 €.00093 0.6791086 C.6791086 0.0246949 0. 0.

12 9.1188E-03 C. 00044 0.7123517 C.7122517 0.0285890 0. 0.

14 9.53CBE-03 C.09921 0.7171007 0.7171007 £.0313435 0. C.

15 2.0247E-03 C.00015 0.7598418 0.7598418 C.0441l658 0. 0.

SIGMA=1J {TRANSFER TC GRCUP I FROM GROUP J)y ARRANGEC AS 11, 21y 22y 31y 324 23r.sssiNGEHLIING)
0.C368 C. 0064 0.0704 0,0202 c.o122 C.1176 0.0304 6.0262 0.0351 0.1349 0,0289
g.0322 C.0411 0.0283 0.2337 c.oL8c 0.0252 C.01¢0 0.012% 0.0252 0.2952 0.0155

0.0143 C.0013 0.0042 Qe ;.0255 0.3666 0. 0.0108 0.0031 0.0004 Qs '
G €.028% Q.441é 9. C. 0. 0. 0. . 0. 0.017%
0.5067 C. Q. s €. 0. 0. Qs 0.0095 0.0205 0.5637
0. C. 0. 0. C. Qa 0. (B ¢.00130 0.0072 D.816%
0. Ca 0. 0. C. 0. 0. [ 0.0021 0.003& 0.00672
0.56455 C. 0. 0. C. 0. 0. 0. 0 0. 00014
0. C.0079 C.6755 0. C. 0. 0. 0. Q. 0. 0.

0. Ce Q. Ca £.coas 0.6775 Q. 0. a. Q. 9.

O« C. C. 0. c. 0. 0. 0. 0.0083 Q.7T127 0.

G C. 0. 0. C. C. 0. Q. Q. G. 0.

O. C. Q.C030




EROUP EL{MEV] FISSION SOURCE S1GMA=T SIGMA-TR SIGMA-C SIGMA-F NUSIGHA-F TYPE NUMBER 4

3.61788E OC C.13138 0.0000767 G.0C0C469 0.0000015% T G.
F 2.2213F 00 C.21028 5.0000919 0.0C0CA5T Q. C. 0.
3 1.3%34€ 00 C.23119 0.0C01152 g.0CocszT C. O. [\
& 8.2085E-01 €.180315 0.0001457 0.0C¢01257 Q. 0. C.
5 4.49747€-01 C.LL474 0.0001437 0.0C01124 0. T 0.
] 3.0197€-01 Cel6474 0.0001907 0.0001568 0. Q. . 0.
7 1.8316E-01 G.03401 C.0001547 ¢.0CC1300 O C. 0.
8 1.1109E6-01 L.01713 0.0001541 0.0001249 0. c. 0.
9 6.7379E=-02 C.00841 ©.0001580 0.0C01224 ~C. 0. Q.
10 4.0£68E-02 C. 00407 C.0C01551 0.0001216 ~0. C. 0.
11 2+4788E-02 C.00195 0.0001581 0.0001216 -0. 0. 0.
12 1.5C34£=02 £.00093 0.0001581 0.0C01216 =0C. 0. Q.
13 9,1188£-02 C.po004a4 0.0001581 g.ocel21e «0. Oa 0.
14 5.5708E-03 t.Q0021 0.0001581 0.0C01216 -0. 0. 0.
15 2.CI4TE-03 C.00015 0.0001541 0.0C01216 -C. Q. 0.

SIGMA-1) {TRANSFER TO GRCUP I FRCM GROUP Ji. ARRANGEC AS Lly 21p 22, 31, 324 335...3(NG+1}ING)
0.0000 C.0000 0.C000 0.00CC C.00C0 0.0000 0,00CY 0.0000 G. 0000 0.0001 0.0000
C.00C0 C,0000 0.00G0 0.400L L0000 £.0000 0,00C0 0.0000 0.0000 0.000l [

0.CcOo0u C,0000 G¢.C000 g.C0C0 C.0001 0.0001 0. 0, 0.0000 0.0000 0.0002
0.000¢ C.0000 0.0001 [ C. Q. 0.¢0C0 0.0000 0.0000 0. 0000 0.0000
c.0col C. [ C. Cs 0.0000 0.00c0 0.0000 C¢.0000 0.0000 0.0001
0. C, C. 0. C. U.0000 0.G0Co 0.0000 0.0000 0.0000 4.0001
C. <. a. C. C. 0. o.gcen 0,0000 0.0000 0.0000 0.0000
0,0001 [ 0. o. Ca 0. o, 0. ©.0000 0.0000 ©.0000
0.0000 €.0000 0.0001 [ C. 0. 0. 0. B. Qe G.
0.0000 C.0000 ¢.0000 o.cace C.00JC g.0001 0. Qu C. 0. [+
C. C. CTe 0. c.ooce 0.4000 0.0000 $.0000 0.0001 0.0001 T
0. C. Ca 0. €. 0. C. Q. 0. Do 0. 0000
0. go0cC £.0000 c.co0l
GROUP EL{MEY) FISSTON SOURCE SIGMA-T SICMA-TR SIGHA-C SIGMA-F RUSIGMA-F TYPE NUMBER 5
1 3.6788E 00 C.13138 0.08251%1 0.0225151 3.0015840 0. 0.
2 2.2213E 00 C.21028 0.0963680 c.ro62400 4.0460181 0. 0.
3 1.3%234E 0C C.23119 0.1204600 £.1204600 0.0000241 Q. G
4 8.2C85E-01 €.1803% 0.1493704 Q.1493TC4 0.0060241 a. Ca
5 4.9787E-QL Calb474 0.1788831 ¢.17p8831 2.0000422 [ G.
& 3.C197E-01 C.0&474 ©.1909291 C.190%29t C.0CC0663 Qe C.
7 1.8216E-01 C.03401 0.2300786 €.,230C7486 ¢.0001024 0. Ba
a 1.1IC9E~01 C.01713 0.3023546 0.3023546 0.0CO13€% 0. [+
¢ 8. 7379E-02 G,00841 0.3601754 0.36C1754 0.0c01807 Q. 0. : -
10 4.C868E-02 C.00407 0.18743294 0.1&74394 0. Q. 0. i ’
1L 2.4788E=02 C.00195 G.3818582 0.3B1E5R2 0.0002349 D 0.
12 1.5034E~02 £.00093 G.0451725 0.0451725 0. G. 0.
13 2.1180E-02 C.T0044 0.0680599 0.0680599 o4 [ 0.
L4 5.5308E=03 C.00021 0.0909473 0.0909473 0.00555%2 O, O
ts 2.C24TE-Q3 C.00015 0.0825151 o.ce25151 q. 0. G.
SIEGMA—1J [TRANSFER TO GRGUP I FRCM GROUP J)y ARRANGELD A5 Llsy 21y 224 31, 32y 3344a.e{NGH1}IING}
0.0417 0.U7134 0. G640 0.0796 C.0217 $.0945 G.005T 0., 0050 0.0199% 01260 0,C021
0.0043 C.o047 0.C208 0.1545 c.0018 Qs 0.0013 0.0016 0.0243 Q.1636 0.0007
0.00%4 C. G.0006 0. C.0253 0.2008 0. 0. [N 0.C002 0.
a. £.0292 0.2642 0. Ceo 0. 0.0001 Qs 0. 0. 0.M331
0.3184 C. C. G [ J. 0. U. 0. 0.0416 0.1489
0. [ c. 0. Cs 0. 0. Ue 0. Q.0186 0.3337 1
a. C. [V 0. C. J. 0. . Q. 0. 0.04%4
0.0402 C 0. 0. C Q. 0. 0. 0. Q. 0.
0. €.0049 0.0408 0. C. 0. 0. 0. 0. 0. V.
0. C. C. Q. C.0073 0.0757 . 0. 0. Q. 0.
Q. C. 0. 0. . 0. Q. 0. 0.0097 0.0795 0.
0. C. 0. 0. €. 0. 0. Q. J. 0. 0.
a. c. 0.0031
PRINTOUT COF AVERAGED CONSTANTS
. l
GROUP ELCMEV] SPECTRUM FLUX SIGMA=-T SIGMA-TR SIGNA-C S1GMA«F NUsSIGMA-F U :
1 3.679E 0O 0.13138 3.0391&-02 0.1691 0.1238 0.00239 0.00791 0.02451 3.0%99
2 2.231E 0O ©.21028 5.0951E-02 Q.2620 0.1612 0.00027 0.00713 0.01983 2.7802
) 1.253E 00 0.23119 5.7033£-02 0.2413 0.2049 0.00078 0.00562 0.01461 2.6004
4 4,208E-01 C.18035% 6.1457€E-02 C.2913 0.2662 0.00182 0.00041 0.00106 2.5517
] 4.9T7T9E=01 011474 T.04447-02 0.2991 0.2479 0.00152 0.0001C 0.00024 2.5200
6 3.C20E~01 0.06474 6.0975E-02 0.3368 0.3369 4.00109 Q. CONON8 0.00020 2.4800
T 1.832E-01 d.C3401 6.08619€-02 0:3467 0.2997 0.00L00 0.00006 0.00015% 2.4500
8 1.11iE-01 U.C1713 6.8738E=-02 0.3583 0.2973 Cc.00LLR 0.00008 0.00015 2.4400
9 &.73BE-02 0.€0841 &.8106E-02 0.35672 0.2957 J.00127 £.00006 0.00014 2.4300
10 4,C8T7E-02 0.00%07 6.88592E-02 C.3699 0.29487 0.00163 G.00007 0.000186 2.4300
it 2.4T9E-Q2 ¢.C0195 6. 750TE~02 0.375%5 0.3015 0.00183 c.ooo07? 0.00018 7.4200
12 1.5C3E-02 C.00093 6. T126E=02 0.3747 0.,3006 0.00212 0.00009 0.00021 Z.4200
13 9.119£=03 UaCOC4% 6+ 6227E-02 0.3770 G.3025 0.00237 c.00010C 0.00024 2.4200
14 «S31E-03 0.00021 6.3499E=0G2 0.37174 0.3028 0.002563 0.00012 0.00029 2.4200
15 2,035€-03 G.C00t5 1.2803E-01 0.3301 0.2052 c.00352 0.00013 0.00037 2.4200

SEGNA=1J {TRANSFER TO GROUP I FROM GROUP J)y ARRANGED AS 11y 21y 22, 31y 32¢ 334sa4s (NGT1)ING)
0.0655 0.0374 0.0808 0.0143 0.03%3 Q.1014 0.0175 0.0240 0.,0560 0. 5405 0.0156
0.0243 0.0373 0.0684 0. 1459 C,0059 0.0186 0.0244 0.0373 0.0709 0.2106 0.0042
0.0049 C.Q139 0.0212 G.038% C.1011 0. 1637 0.0000 0.0028 0.0020 0.0L46 0.0271
00422 C.0%976 0.1728 0.0000 €.0000 0.0000 9.0012 0.0137 0.0271 0.0439 0.0985

0.1811 C.0000 0.0600 0,0000 Ce00Q0 Q.0009 0.0L133 00266 0.0448 0.0996 0.1050
0.0600 a,q0480 0, 0000 o.g0c0 .0000 0.0011 0.0128 G.0264 0.0436 0.0980 0.1897
0.0000 0.0000 0. 8000 0.0000 €,0000 0.0000 9.0010 0.0131 0.0265 0.0432 0.0991

0.1889 C.0000 0.0000 0.00C0 €.0000 0. 0000 0.00¢0 0.0000 0.0011 0.0138 0.0262
0.0433 0.0%87 0.1901 0.C0C0 €.000C 0.0000 0.00¢0 0.0000 0.0000 0.0000 0.0000
0.0011 0.0137 Q0263 0.0434 Cc.0992 0.1899 9.00¢0 0, 0000 0.0000 0.0000 0.0000
0.00c0 0.0000 0.0009 g.¢o0l c.0012 0.0150 0.04¢C1 0.0700 0.1430 0.2410 0.0000
0.0000 C. 0000 4.0000 0.¢0C0 £.0000 0.00C0 0.00¢0 0.0000 0.0001 0.0002 0.0014

0.90153 C.0418 Q.1354
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PARAMETERS AVERAGED OVER SPACE AND ENERGY

S1GMA=-T= C.34013 SIGHA-TR= 0.27884 L/(TRMFP )= 0.26575 STGMA-C= 0,001796

FRACTION DF SCURCE NEYTRONS ARISING FRCH THERMAL FISSICNS= 0.8820771
AATI0 OF FAST TO THERMAL FISSICNS= 0411682
CvERALL RATIO OF U-238 TO U-235 FISSICNS= C.10493

SYMFEFRY CLASS, REGION Ly 1 2y 1 3 1 by

SIGMA-F= 0,001021 Ny= 2.7695
NU#SIGMA-F= 0,002827 SIGMA-REMOVAL= 0.021204 TaU [TRMFP/{34SIGMA—[C+F+R=NU=F)))= 59,182

¥ 1
U-238/U=-235 FISSIONS 0.23597 0.1é812 0.09391 0.08137

CISADVANTAGE FACTORS AND VOLUME FRACTICKS

MCDERATLR CELL RACLuS= lg.s7(8 VoL FRACTSG 89555 THRML FISS SRCE=0.
GRCUP 1 2 5 )

DISADYNTG FCTR 0.745%6 C.7B564 0. TETCQ C. 77589 0.82121 7.88437
GRCLFP 14 15

DISADVNTG FCTR 1.0039% 1.C0328 1.00731 1.00888 L.Q116&7

CEASS 1 NC.5 @ REGN 1 TYPE 2 RADIYS= l 2675 VoL FRACT=C.CCaél THRML
’ GRCLP 1 2 4 S &
DISADYNIG FCTH 2.63528 2.37223 2. 415E3 24327CT 2a42302 1.86422
RCuep 11 12 14 15
CISADVNIG FCTR 0.94465 0.95693 0. 9l454 0.89812 0.86T82

CLass 1 NC.u= 1 REGK 2 TYPE 4 RACIUS= 1.3C3C VOL FRACT=0.CO0Z6 THRML
1 2 3 4 5 [}

GRCLP 2
DISADVKTG FLER 2.603562 2.311047 2.3£T82 2.3382¢ Z.Z4799 1.72328
GRCUP 11 12 12 14

2 15
DESADYNTG FLTR C.75591 0.97129 0.9338C €.5203¢8 0.89736

CLass 1 Al.= L REGN 3 TYPE 5 RACIUS= 1.3843 VDL FRACT= 0 00063 THRML
1 2 3

GRCUF 5
DISADVKTG FCTR 2.56497 2.29181 2.33094 2. 2958 2. 20783 1.695%54
GRCUP 11 12 iz 14
CISACYNTG FCTR 0.95428 0.97222 0.923365 0.92032 0. FQBQS
CEASS 2 NC.= 6 REGN 1 TYPE 2 RACIUS= 1.2¢&75 VOL FRACT=0,00461 THRHL
GRLUP i 2 3 4 S &
DISALYNIG FCTR 2.91623 2.58790 Z2+83148 2.83435 2458470 1.99427
GRLCYP 11 12 12 14 15
DISADYVNTG FCTR Q.35235 0.,36139 0.9208¢ 0.90498 Q.07599
CLASS 2 NC.= ¢ REGN 2 TYPE 4 RACIUS= 1.3C3C VﬂL FRACT= 0 ©Qo2s THRHL
GRCUP L 4 3 L]
DISADYNTG FCTR 2,18297 2.53182 262472 2,5 5857 2. 34?7? l.81003
GRLLP 11 12 13 14 1%
CESACVNTCG FCTR 0.96266 0.9755¢ 0.940CC 0.9272¢ C.90574
CLASS 2 AC.= & REGAh 3 TYPE 5 RACIUS=  1.3843 VCGL FRACT=0,.00N43 THRKL
GRCUP 1 2 3 4 &
DISADVNTG FCTR 2.72446 2.49389 2.56776 2.49752 2295659 1.77611
GRCUP 1 12 13 14 Ls

DLSADYNTG FCTR 0.96084 0.97745 0.94017 0.92721 T.90736
CLASS 3 Al.=2 & REGN 1 TYPE 2 RACIUS= 1.2875 VUL FRACT= 0 G461 THRML
2 3 &

GRCUP 1

DISADYNTG FCTR 3.24385 3.00175 3.26417 3. 1539c Z. 66460 2.0949%
GRCUP 11 i2 13 14 15

GISACYNTG FCTR $.96984 0437253 0.93845 0.923517 0.90081

CASS 3 NC.s & REGN 2 TYPE 4 RACIUS= L.3C3¢C VOL FRACT= D 00026 THRML
GrCLP . 2 3 [

1
DISADNNTG FCTR 2.80564 2.63899 2.75175 2.6372? 2.27866 1.81387
GRCUP 11 12 13 14 15
* DISADVNTG FCTR 0.97745 0.98518 , Q,95753 D.54T4T 0.93131

CEASS 3 NC.5 & REGN 3 TYPE 5  RADIUS= 1l.3843  vOL FRACT= u ce0e3  THRML
GRCLP 1 2 3 4 &
DISACYNIG FCTR 2.68293 2.53705 2.6%4460 2.53312 2. 19?94 1.75973
GRCUP 11 12 13 14

DISADYNTIG FLTR 0.,97526 D.929696 Q.95783 0.94755 C. 93296
CEASS 4 NO.3 & REGN 1 TYPE 2 RACTIUS= 1.2675 VOL FRALT= 0.00461 THRML
GRCUP 1 2 3 4 &
DISADYNTG FCTR 3.14919 3.03632 3.23056 3.10153 2. 56610 2.0512¢
GRCUP 11 12 12 14 1s

DISADVNTG FLIR 0.97594 0.97661 0.%4649 0.9343538 0.91236
CLASS 4 NO.= & REGN 2 TYPE 4 RACIUS= 1.303C VoL FRACT=0.C0026 THRML
GRLUP 1 2 3 & 5 &
DESADNNTE FCTR 2,62090 2.49463 2.64141 2.52541 2.14859 1.75032
GRLUP Ll 12 12 1% 15
DISADYNTG FCTR £.9830% 0.98895 0.96543 0.957C4 0.94323

CLASS 4 NC.s5 6 REGN 3 TYPE 5 RACIUS= 1.38423 VOL FRACT=0.000563 THRML
1 5

GRCUP 2 3 4
DISADNNTG FCTR 2.47911 2.38977 2.512€1 2.4107C 2406254 1.569199%
GRCUP 11 12 12 14 15
BTSADVNTG FCTR 0.989068 Q.99071 Q.96348 0.95890 0.04489
B-5

LAST ITFR=¢.
7 8
0.94T41 0.97407

FI5S 3RCE=0.01895
a

T
b.39734 1.19282

FLSS SRCE-O:

L. JQGbT le 16593

FISS SRCE=C.
7 &
1.32734 1.1579%

F18$ SRCE=0.03031
7 g
1.4548% 1.22258

F155 SRCE=v,

T 8
L.37842 1.18587

F155 SRCE=¢,
T
1.36110 1.17535

Fi55 SRCE=G,062386
8

7
149751 L. 24647

F158 SRCE*O.
1. 37135 1. 15383

Fi35 SRCF=C.

7 g
1434651 1.16%3¢

FISS SRCC=0.070B3
7 f

l.47392 1.23553

FIS55 SRCE=D.

7 4
1.33915 1.16705

FISS SRCE=0.

T ]
1.31140 1.1521s

4 12
0.99610 0.93467

LAST 1TER=0:N15894

0
1.00036 1.03732

LAST 1TEH=Q,
2 10
1.00600 L.03693

LAST [TER=G.

1. 00379 1.03466

LAST [TER=0.73031
9 1o
1.01756 1.04414

LAST ITER=0.
9 lo
1.0t903 1.04106

LAST 1TER=0.
g 1o
1.016C% 1.038%7

LAST ITER=0Q.0&6723¢&

9
L.04461 1.03042

LAST ITER=D.
9 1o
1.03484 1.04144%

1ASY JTER=0.
S to
1.02994 1.037a

LAST ITFR=0.070R4
4 10

1.04852 1.04877

LAST I[TER=D,
9 10
1.0361% 1.03823

19
1.03081 1.03456

LAST I[YCR=0.
9

e




PRINTCUT CF AXIS-TO-AXIS SPACINGS AND WEIGHTS

AXIS—10-2%1S SEPARATICN 3.8100 £.5991 2043200 22,4790 24.1300 25.0190
NG. IN INF. REG. LATTICE 6.0000 8.CC00Q
AX15-TC-AX1S SEPARATICK 27.9400 28,7020 29,7942 30,9118
WTSII,d:%) ARRANGED WITHIN ROWS BY I. ROWS ADVANCE BY §, AND GROUPS OF RONS BY K
6. €. t. 0. 0. 0. 0. 0. 0. 0. £&. O
1.0 0. €. ¢ €. 0. 0. 0. ©. O. 0. G
c. 1.0 €. 0. ©. 0. 0. 0. 0. 0. 0. GC.
€. €. €. Q. €. G. C. 0. @ 0. C. Ox
6.0 o La Qs €y 0., 0. 0. 0. 0. C. 0.
2.0 2.¢ €. 0. €. 0. 0. C. du O. Qs D
2.6 0. €. 8. 0. 0. 041 O, G, 0. 0. O.
b€ 2.6 €. G €. 0. 0, 0. 0. 0. C. Ou
. 6.0 £+ 0. €. 0. O, C. Q¢ 0. C. O
z.C 0. € 0. Cv 0, 0.1 0. QG4 0. 0. O
c. 2 €. 0. 2.C 1.8 0. 0. 0. 0. 0, 4.
2.6 0. .. 2.0 C. 0. 2,0 i.4 0. 0. 0. 0.
0. 0. €. 0. C. 0. 0. 0. 0. Q. C. 0.
1.0 2.0 C. 0, C. ©. € 0.2 6.1 8. 0. O,
2.6 C. €. 2.0 Co 0. 2.6 le& 0. 0. G. 0.
€. 0. 1.C 0. C. 3.6 0. 0. 2.0 0. C. L4
PRINTCUT CF DANGCCFF FACTORS 1K MOCERATOR
RACIUS= 1.3843 AXIS-TC-AX1S SEPﬂRﬂTIUh- 3.810¢
GRCLP L 5 & 7 g
DANCGFF FACTCR 9.10096 0. oqaax 0. 05457 c. ovaea 0.CTB4T  C.06647  0.07340  C.07480
GRCUP 11 12 13 14 15
D&NGOFF FACTOR 0.07568  G.07567 0.07567 C,0756¢  0Q.CT366
RADILS= 1.3847 BXIS~TC~AXLS SEFARATION= §.5991
1 2 3 4 5 6 7 8
DANCOFF FACTOR 0.02594 0.02098  0.01557  C.C1087  0.01255  0.00779 0,0l036  0.01094
GRELP 11 12 12 14 15
DANCCFF FACTCR £.01131  0.01131  0.01131  0.01130  0.061130
RACIUS= 1.3843 AX1S-TO-AX1IS SFPARAT[Oh 20.37¢¢C
GRCUP 1 5 & 7 8
DANCOFF FACTOR 0.00245 0. CC!ﬂ? 0. ocavz .;coca 0.C0014  0.00002  0.00007  0.00008
GREY 11 12 13 14 15
DANGOFF FACTOR 0.0000%  0.0C009  0.0C009  0,0006%  0.CQU0%
RADIUST 1.3843 Axls -Te- AXIS SEPARAIIDN 22.479¢C
GRCLP b 6 7 8
DANCCFF FACTCR o. 00173 o.occsq a. 00019 o, cvnn4 £.00007  0.00001  0.00003  0.00004
: % 12 14 15
DANGOFF FACTCR 0.00005 0.06005 0. 00005 0,.00005  0.CUDOS
RADIUS= 1,3843 AXLS-TO-AX1S sspnkarlnm 24.130¢C
GRCLP 1 3 o & 7 8
DANCOFF FACTCR 0.00133 O, oooaq 0.00012 O, noucz 0. coucA 0.000C0  0.00002  0.00002
RCUP 11 12 13
DANCOFF EACTIR 0.00003  0.0C003  ©.0C003 o.ouuca ¢, Cﬂora
RABILS= 1.3843 AXLS-TC=AX1S SEPARATION=25.019C
GRCUP L 2 3 4 5 I 7 8
DANCOFF FACTCR 0.00116 0.0004L  0.00013 0.0CCC2  ©.COUC3  ©.00000  0.00001  0,00002
GRCUP 11 12 12 L4 15
DANCOFF FACTGR 0.00002 0.0C002 0.qc002 0.00002 o.0C002
RADILS= 1,.3843 ast TO-AXIS SEPARATION=26.2282
GRCLP 2 5 5 7 8
DANCOFF FACTCR . 0. 0009b 0.00032 0. 00007 0.00001  0.00002  0.000C0  ©0.00001  0.00091
GRCUP 11 1z 13 14 15
DANCOFF FACTCR 0.00001 ©0,00001 0.0COC1  0.50CQ1  0.00u01
RADIUS= 1.3843 AXLS-TO-AXIS SEPARATION=27.8628
. GRCUP 1 2 3 4 5 & 7 8
DANCCFR FACTCR 0,00075  0.0C0024  0.0C005  0.00001  0.00001  0.00000  0.00000  0.00001
GRCUP 11 12 13 14 15
DANCOFF FACTCR g.00001  0.0C001  0,0C00L  0.GCOCL 0,001
RADIUS= 1,3843 AXLS-TU-nXIS SEPARATIDN=2T,940C
ERCUP 5 6 7 8
DANCOFF FACTLR o. 00074 0.00023 0.000C5 0.00000 0.00001 ©,000C0 ©.00000  0.0000L
GRCUP 11 12 13 14 15
DANCGFF FACTCR 0.00001  0.00001  0.00001  0.00001  0.C0CC)
RADTIUS= 1.3843 nx:s TG—AXIS SEPARAT]UN 28.702¢
GROUP 5 3 7 8
DANCOFE PACTOR o. 00067 0. 00020 a. OODCﬁ 0. ooauo 0,00001  0.00000  0.00000  0.0000}
GRCYP 11 12 13 14 15
DANCOFF FACTOR 0.00c0L  0.00001  0.00001  0.00061  0,00001
RADIUS= 1.3843 Ast Tc-nxls SEPnRA?IDN 29.7942
GRCUP 5 -] 7 8
DANCOFF FACTOR o, 00057 0. 00015 0. ueoua a. oocoo 0.C0001  0.00000 0.00000  0.00C00
GRCUP 12 13 15
DANCOFF FACTOR 0.00000 0.00000 0.00000  0.0000C  0,00000
RADIUS= 1.3843 AX1S=TO=AX1S SEPARAT!UN:BU.?I]E
GRCUP I 3 5 ¢ 7 [
DANCOFF FACTOR 0.00048 0. 00013 0.0a002 9. ooooo 0.00001  £.000CO. 0.00000 ©.G0000
GRDYP L 2 13 13
DANCOFF FALTOR 0.00000 0.00000  0.0Q0C0 u.oooae 0.02000
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26,2382

9
0.01124

9
0.0G009

?
0.000C4

9
0.00003

9
0,00002

9
0.00001

9
0.0GCC]

?
¢.0o001

]
0.000C1

9
0.00600

g
0.00000

2T.803R

G

0.01132

1¢
0.00009

10
0.00025

1G
G.0000%3

19
0.00022

10
0.00051

10
0.000J1

14
0.00031

10
0.000J1

10
0.00039

10
0.00000




PRINTOUT OF TRANSMISSION PROBASILIVIES

CEASS

CLASS

CLASS

CLASS

CLASS

CLASS

CLASS

CEASS

CLASS

CLASS

CLASS

CLASS

T

1 REGION
GRCLP
TPCO
GRLUP
TRLC

REGICN
GRLUP
TPCl
TRCQ
GrCUP
TPCI
TPCO

—_

1 REGICON
GRCLUP
1PC1
TPCC
GRCUP
TPL1
TPCC

2 REGION
GRCUP
TPLC
GRCUP
TPLC

2 REGICH
Gacue
TPCL
TRLGC
GRCLE
TACI
TPLC

2 REGION
GRLUP
TRCI
TPCC
GRCUP
TPCI
TPCE

3 REGION
GRCUP
TPCo
GRCUP
TPCC

3 REGLON
GRCUP
TPCI
TPCO
GRCUF
TPLI
TRLO

REGION
GRCLP
TPCI
+ TPEC
GRLUP
TrCT
TPLG

w

REGICN
GRELR
TFCQ
GRLGP
TPCC

Y

% REGICN
GRCUP
TRCT
TPLC
GRCLP
TPLY
TPCC

4 REGION
GRLLP
TPCI
TPCC
GRCLP
TPCI
TPCC

VRS S

1

1
0.63891

11
0.24083

L
1.00000
Q.0272%

i1
0.9999%
q.0272%

1
0.98834
0.05501

11
0.94760
. 04387

1
0.63891

11
Ca24083

1
1.00000
0.02729

11
0.99939
0.02729

1
0,388
0.05501

il
0494760
0.04387

1
0.63891

11
0.24083

L
1.00020
0.02729

11
0.99999
0.02729

L
0.98034
0.05501

1t
G.24760
Q.04387

L
0.63891

11
0.24083

1
1.00000
04.02729

11
0.9999%
0.0272%

1
C.98834
0.05501

11
C.94760
0.04387

2
0.58998

12
T.22587

2
1.000C0
0.02729

12
0.39499
0,02729

2
0.98640
0.05442

12
0.99358
0.05665

2
0.5899¢

L2
2.22587

z
1.000C0
0.02725

12
0.99999
G.02729

2z
G.92640
0.05442
2.
0.3335¢8
0.056865

?
2+58998

12
0.22587

2
1.0L000
0.02729

12
0.99999
0.02729

2
0.90640
0.055442

12
0,99358
0.,05665

2
0.58998

12
0.22587

2
L.GCo00
0.02721

12
0.95999
0.02725%

2
0.98640
0.05442

12
0.99358
0.036545

3
0.574%3

13
0.212C0

3
0.99959
0.02729

13
0.999499
0.02729

3
0.98304
0.05341

13
0.9%035
0.05584

3
0.574%3

I3
G.212CC

3
0.95959
0.02729

13
0.5996%9
0.02729

3
G.583C4
0.0534t

13
0.,99035
0.055¢64

3
0.57493

13
¢.212C0

3
£.99993
0.02729

13
0.9%9%9
0.02729

2

0-95304
0.¢5341
12
0.95035
G.CO564

Q27493
13
0.212C0

3
0.9%5999
0.02729

13
0499999
0.02729

3
0.58304
0.05341

13
0.99035
0.05564

& k]
0.56630 0.53230
14 15
0.20963 0.19318
4 S
0.99999 0.99999
0.02729 0.02729
14 15
0.99999 0.99599
¢.02729 0.02729
4 5
0.979C3 0.97496
0.05224 Q403107
14 15
0.98718 0.98634
0.05465. 0.05501
4 3
0, 56630 0.53230
14 ]
0.209&3 0.19318
4 5
0.96998 0.99399
C.02729 0.C2729
b4 15
0.99999 0.99399
0.02729 0.C2729
4 5
0.979G3 0.97496
0.05224 0.05107
14 15
0.98714 0.98834
0.,05445 0.05501
4 5
0.50630 0.53230
14 15
0.20962 0.13318
4 5
0.99999 0.99399
C.C2729 0.02729
14 L5
0.99999 3.99999
0.0272¢ 0.C2729
4 5
0.979C3 G.9T496
0.0%224 0.C5L07
14 15
0.%8716 0.50834
0.054€5 G.C350L
“ 5
Ce50630C 0.53230
14 15
0.20963 0.139318
4 5
0.99999 V99999
0.02729 0.02729
14 135
0.9999% 0.+99999
0.02729  0.02929
4 5
0.979C3 097496
0.05224 0.05107
b4 1%
0.38716 0.93834
0.05465 0.05501
B-7

&
0.46487

[}
0.999%9
0.0272¢%

&
0.97331
0.05060

[
D.46487

2]
0.9999%
g.02729

&
0.,97331
C.05060

(-]
0.46487

L
J.99999
0.02729

&
0.97331
¢.05060

6
C.46487

é
0.99999
0.02729

£
0.97331
C.05060

7
0.39463

7
0.999%9
0,02729

7
0.96796
0.04912

7
0.3%463

7
0.99999
0.02729

7
0.96796
0.04912

7
04394063

7
0.99995
0.02729

7
0.9679¢
4.04912

7
$.394963

7
0.99999
0.02729

T
296796
0.04912

8
0.335%2

a
0.99999
0.02729

8
0.95819
D.04652

8
0.32592

a
0.99999
0.02729

a
0.95019
0.04652

8
0.33592

3
0.99999
0.02729

8
0.95819
0.04852

8
0.33592

8-
0.,99999
0.02729

14
0.93819
0.04652

9
¢.29333

9
0.99999
0.02729

9
Q.95047
Q404457

9
0,29333

9
0.99999
0.02729

3
0.95047
D.04457

9
0.29333

9
0.9999%
0.02729

9
095047

0.04457

?
0,29233

9
n,3997
0.02729

9
0.+35047
0.044457

|34
T.26677

10
0.99999
q.0272%

10
0.97654
Q.05152

10
Q.26077

10
0.99997
0.02729

| 2¢]
Q.37654
0.05152

10
0.266177

10
0.999712
0.0272%

10
0.97654
0.0%152

10
0.206T7

10
0.99%3)
0.02727

10
0.97654
0.0513%2




