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ABSTRACT

A general class of two-step alternating-direction semi-implicit
methods is proposed for the approximate solution of the semi-
discrete form of the space-dependent reactor kinetics equations.

An exponential transformation of the semi-discrete equations is
described which has been found to significantly reduce the truncation
error when several alternating-direction semi-implicit methods are
applied to the transformed equations. A subset of this class is shown
to be a consistent approximation to the differential equations and to
be numerically stable. Specific members of this subset are compared
in one- and two-dimensional numerical experiments. An "optimum"
method, termed the NSADE (Non-Symmetric Alternating-Direction
Explicit) method is extended to three-dimensional geometries.
Subsequent three-dimensional numerical experiments confirm the
truncation error, accuracy, and stability properties of this method.

Thesis Supervisor: Kent F. Hansen
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Chapter 1

INTRODUCTION

1.1 The Space-Dependent Reactor Kinetics Problem

In the past few years, much effort has been devoted to developing
methods for solving the time-dependent multigroup neutron diffusion
equations in one or more spatial dimensions. This work has been
motivated by at least three réasons. First, it is a mathematical cer-
tainty that the solution of these equations for any reactor subjected to
a perturbation, which is not homogeneous over the entire reactor, will
exhibit a spatially nonuniform behavior. Second, and more practically,
the present generation of 1000 Mw (e) and larger light water thermal
reactors are so large that they behave in a loosely-coupled manner
when subjected to localized perturbations. Finally, the inherently
more severe safety problems associated with large liquid-metal-
cooled fast breeder reactors must be analyzed as exactingly as possible.
Certainly, methods capable of treating space-time effects should be
available for use in this analysis.

The time constants associated with the various phenomena which
affect the neutron flux distribution in space span many orders of mag-
nitude. Those associated with the burnout of fissile isotopes, buildup
of most fission products, and the production of fissile isotopes from
fertile isotopes are on the order of weeks and months. Uneven vari-
ations in the xenon concentration in space and time can cause spatial

power oscillations, with time constants on the order of several hours.
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Sodium voiding, loss of coolant in water-cooled reactors, and rapid
control rod motions give rise to flux changes with associated time
constants on the order of tens of microseconds to a few seconds.

For the most part, those phenomena which occur on a time scale
of hours or longer are adequately treated by quasi-static techniques,
where the time dependence is treated by a series of static calculations.
Of concern for this thesis are methods for treating the more rapid
flux variations, where the transient of interest extends over a few
seconds at most. The time derivatives cannot be ignored for these
transients. These problems are also of the most concern from the
standpoint of accident analysis.

For the purposes of this thesis, it is assumed that the multigroup
form of the time-dependent diffusion equation is adequate to describe
the spatial and energy distribution of the neutron population in a
reactor. This is generally true for assemblies of the size of current
power reactors, particularly if more exacting methods have been
used to obtain the multigroup constants for the various material
compositions in the assembly. A more exact mathematical treatment,
such as using the time-dependent transport equation, is usually neces-
sary only for more exotic problems such as weapons calculations.

In addition, only the linear form of the multigroup equation is
treated in this thesis. Changes in material properties in time are not
coupled to local or assembly-wide flux variations. Perturbations are
intended to simulate external factors such as control rod motion.
Fortunately, for both the reactor designer and for those concerned

with methods development, most feedback mechanisms are relatively
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smooth functions of such factors as temperature and pressure. Since
the method developed in this thesis treats problems with time-varying
coefficients with no difficulty, it is believed that the method should
also treat probleins with additional variations in coefficients due to
nonlinear feedback effects.

As shown later in this thesis, the equations are finite-differenced
on a fixed spatial mesh before they are solved. When the fixed mesh
has been specified, an error has been incurred in computing the initial
spatial flux distribution and largest eigenvalue when these are com-
pared to the solution of the differential form of the equations. This
error is due to the finite mesh spacing. It will be carried on into later
time-dependent results obtained from the finite-differenced form of the
equations. However, discussions of truncation error in the numerical
results shown in this thesis do not refer to this error. Of concern
here is the error in the approximate solution when compared to the
exact solution of the differential-difference system of equations.

The remainder of this chapter presents the form of the space-
dependent reactor kinetics equations to be used hereafter. Several
methods previously employed to solve these equations are also
reviewed. In Chapter 2, a very general solution technique is derived
and shown to possess several desirable and mathematically necessary
properties. Four specific variants are considered in more detail for
comparative numerical testing. Finally, one of these methods is pro-
posed as being most suitable to three spatial dimensions. Chapter 3
begins with the results of the numerical comparisons of the four vari-

ants over a range of problems in one and two spatial dimensions.
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Numerical results for four problems in three dimensions, obtained
with the method proposed in Chapter 2, are presented to conclude the
chapter. Chapter 4 summarizes the conclusions which can be reached
concerning this method and includes a discussion of its advantages

and limitations.

1.2 The Space-Dependent Reactor Kinetics Equations

The diffusion approximation to the reactor kinetics equations may
be written as ‘follows:1

G

dé
1 - - - - - - -
V—g—gdt (£,1) = V. D (r, 0V, (r, 1) + ), 2 gt (T, 09 ,,(r, 1)
g'=1
I
+ ) fgici({:, t) (1<g<@)
i=1
(1.1)
dc, _ _ G _ _
o OO = NG D+ ) b D9E Y (LSS,
g'=1
where

g = index number of the energy group

[N
Il

index number of the delayed neutron precursor group

d)g = scalar neutron flux in energy group g ,(neutrons/cmzo sec)
C; = density of the th precursor (cm”>) .
Vg = speed of the neutrons in the gth group (cm/sec)

Dg = diffusion coefficient for neutrons in group g (cm)

Zgg’ = intergroup macroscopic transfer cross section from group

g’ to group g (cm_l), with the following structure:
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5 = 1-8)%. - - s )
gg " XgVgll B - 2, L sg'g

g'+g
Xg = the fission spectrum yield in group g
Vg = average number of neutrons per fission in group g
fg = macroscopic fission cross section in group g
ag = macroscopic absorption cross section in group g
ngg, = macroscopic scattering cross section from g’ to g
B = total fractional yield of delayed neutrons per
fission.
Zgg’ =xgvg2fg,(1~B) + ngg" g'+g.
fgi = )\ixgi = probability (sec™!) that the ;P precursor will
yield a neutron in group g, where )\i is the decay
constant and ;i the energy spectrum of neutrons
from the ith precursor
pig' = Bi Vg’ ng, = production factor (cm_l) for the ith pre-

cursor having fractional yield Bi by fissions

in group g'.

Boundary conditions for Eqgs. (1.1) will be of the homogeneous
Neumann or Dirichlet type. At internal interfaces, continuity of the
flux and normal component of the neutron current, n- D%q&, will be
required. An initial flux distribution in energy and space must be
specified.

Equations (1.1) may be compacted into the form,1

T E 0= ME VI, (1.2)
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by defining the matrices

[, 1)
¢2(r, t)
6(r, 1) =| ¢5(r, 1) (1.3a)
Cl(r, 1)
MCI(r,t)_
and
M(r,t) =
vi(V-DyV+Z,0)  vyTg, ViZ1g P vifir e vafyg
|
V2221 VZ(V-D2V+222) . V222G : V2f21 . v2f2I
|
S |
VaZG1 Va2 0 VglV'BgVtEga) | vaigr - - Valar
_______________________ _‘ — v—— w— —— — —— — —
Pig Pig PiG : M 0
0
' Y
P11 Pra Pie | T
(1.3b)

This form of the equations will be used later in discussing various

mathematical properties of solution techniques proposed in this thesis.
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1.3 The Spatially Discretized Equations

Equations (1.1) are continuous in both spatial and temporal
variables. In order to discretize the spatial variables, a three-
dimensional spatial mesh is superimposed upon the reactor of
interest. Equations (1.1) are then integrated over the volumes associ-
ated with each of the mesh points, using the box-integration technique.3
The resulting equations are referred to as the semi-discrete equations.

The semi-discrete forms of the reactor kinetics equations are
derived in detail in Appendix A. The resulting equations for the

neutron flux at all mesh points for group g, (//g, and the ith precursor

concentration at all mesh points, Ci’ can be written as

ay G I

—E8-DpDu - A

= Dl t > L ), F,C; (l<g<@ (1.4)
g'=1 i=1

and
dC, . ¢ .
ot - A6t Pigthg (<sis<D. (1.5)
g'=1

.Here, —Dg is a seven-stripe matrix representing the net neutron leakage
across the six sides of the mesh volume. All other square matrices
are diagonal. —ng' contains terms representing intergroup transfer
processes, and Egi represents the transfer of delayed neutrons into
group g due to decays in precursor group i. __/}i contains the precursor
decay constants, while Eig' represents the production of delayed pre-
cursor i due to fissions in group g’.

Equations (1.4) and (1.5) can be combined into the single matrix

equation,
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—

dy _ A=
W - AY. (1.6)

The matrix A is square and of order N * (G+I), where N is the number

of spatial mesh points. Here, § and A have been defined as

by
Uy
U= Ug (1.7)
¢,
Ve
¢
and
D, +T,, T Tie | Fi1 - By
|
Toq Dy +Ty, Toa | Foy - Forp
|
|
Taa Tao Da+Tng | Fe1 - - - Eqr
A=| "o T T T T TS T o T oo P T o m . (1.8)
Py Py Pia 1
| 0
|
Poy Posg Poa |
|
. | .
P P P -
! =12 ~I1G : ‘1\1_

-

For later reference, several matrices are defined here as follows:



17

(1.9¢)

L2l

= 2
(@)} (@)}
- -
[ —_
_ _ 5008 o |
-
ol < ST il _
[ . . Lo ol
ol [ . . o
| |
L - & O
| < ol ) B ST
L ________ A _
||||||||| _——————— |
G_ m m o |
ol <l arl ST _
| . . |
. . o_ . _
) C . _
’ i o |
=Y Do% 0_“ ol T.ﬂ =] =] " ol
_ _
— | _
o °l <l _ ol ol o |
[
] ]
A

ol

=1

=1

ol

ol

21

]

=1

G2 - o

Bl
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and

T =A - (D+L+U). (1.9d)

For any period of time, At, during which all terms in A are

constant, Eq. (1.6) has the solution

7(at) = e 2250 (1.10)

All solution techniques for the semi-discrete equations are approxi-

mations to Eq. (1.10).

1.4 A Review of Solution Techniques

Calculational methods used for solving the space-dependent

kinetics equation can be placed into two broad categories. The first
category can be generally classed as modal me’chods.4 More spe-
cifically, it can be broken into time synthesis and space-time synthe-
sis, both of which could be termed indirect solution techniques.
These methods make some assumption about the shape of the solution
over several subregions or the entire reactor. These assumptions
are forced into the final solution through a variety of techniques. The
second category could be termed direct techniques and consists of
methods whereby Eqgs. (1.1) are solved directly. Since these equations
can be solved analytically only for the most trivial of problems, these
direct techniques generally involve finite-differencing them and pro-
ceeding to solve some approximation to Eq. (1.6).

All of the indirect methods approach the problem by expanding the

solution as a linear combination of some set of functions:
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— b K — — —
Wr,t) = Z T, (r, 1) U (r) . (1.11)
k=1

The time synthesis methods use one or more Zk(F), each of which is
defined over the entire solution region. The Ik then become functions
only of time. The Jk(x_:) may consist of eigenmodes of one of several
static operators. Among those suggested are the Helmholtz eigen-
modes, the w-modes, and the )\—modes@4 None of these have been very
successfully applied to any general class of two- or three-dimensional
problems.

Alternatively, the (7/1{(?) may be the fundamental modes of a set of
operators, each describing the reactor in a different state. Most
naturally, these states are chosen to be static states of the reactor at
different times during the particular transient of interest.5 These
states can be computed by standard static methods. However, for
three-dimensional problems, even the best methods for computing the
Jk(F) are very time-consuming. It should be noted that the well-known

8 .
7, can be considered as

adiabatic method6 and quasi-static method
variants of time synthesis where only one trial function is used at a
time, but new trial functions are used every few time steps.,4

In space-time synthesis methods, the Jk(?) are chosen to represent
flux shapes over subregions of the reactor, where the subregion may be
a subvolume, plane, or subplane. For example, the so-called single-

9,10,11 divides a three-dimensional reactor

channel synthesis technique
into a number of axial zones and uses a set of two-dimensional flux
shapes for the Zk(;) within each zone. The sets may vary from zone

to zone, and are chosen to represent static conditions across planes
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perpendicular to the axis in the zones at various times in the transient.
Being only two-dimensional, they are relatively easy to compute.

Multi-channel synthesis technique s1 2,13

additionally partition the
planes perpendicular to the axis into zones and use sets of JK(F) which
are allowed to vary independently in these planar zones.

Once the expansion functions have been chosen, equations to be
solved for the expansion coefficients are generated using either a
variational principle encompassing the multigroup diffusion equations
or a weighted residual technique. The great advantage of these methods
is that the number of equations to be solved is generally small com-
pared to the number of points at which ¢ (T, t) will be known when the
expansion in Eq. (1.11) is carried out, even for three-dimensional
calculations. Using a space-time synthesis technique, flux solutions
at 105-106 mesh points over the period of interest in a transient can
be obtained in reasonable amounts of computer time.

These synthesis techniques are characterized by a lack of defini-
tive error bounds, however. There is little but intuition to indicate
when a set of trial functions will give good results for a particular
perturbation.

The direct finite difference techniques, in contrast, are character-
ized by fairly definitive error estimates. Because of this property,
they are extremely useful as numerical standards against which the
more approximate methods may be compared. As computational
capabilities increase, direct methods also become practical for routine

production calculations in one and two dimensions. If fine spatial

detail is not required, even three-dimensional direct methods become
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practical for some types of routine calculations.

14 )

In one spatial dimension, the GAKIN ™~ and WIGLE1 methods have
been incorporated successfully into codes after which they were named.
GAKIN solves Eq. (1.6) by splitting A and using the diagonal part of it
as an integrating factor to integrate the equation. The behavior of the
dependent variables, ¢, is approximated over each time step so that
the integrals can be evaluated.

The WIGLE method approximates the solution to Eq. (1.6) over a

series of time steps At by

—j+1

P = atga7IM 4 At-e) AT, (1.12)

where 0 is a diagonal matrix of coefficients, eii (0 < 0 < 1). The
Gii's are chosen to improve the accuracy of the approximation. Setting
8 = % I would yield the Crank-Nicholson approximation with its
favorable O(Atg) truncation error. Thus, relatively large time steps
can be taken, but the inversion of the matrix (I - At6 A) must be carried
out iteratively. This is equivalent to solving a fixed-source subcritical
reactor calculation at each time step.

In two dimensions, the WIGLE method has been extended into the

code TWIGL.'®

This code is limited to two neutron groups, but the
method could treat any number of groups. Practically, a difficulty
arises because even two-group, two-dimensional fixed-source calcu-
lations must be done by time-consuming iterative techniques. As more

groups are added, time requirements increase rapidly for these

iterations.
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The LUMAC!”

code extends the GAKIN method to two dimensions
by approximating the leakage in first one dimension and then the other
by a pointwise transverse buckling over two time steps. The matrices
to be inverted at each time step are of the same form as in one
dimension and are easily inverted.

Finally, the MITKIN?>2

method uses a particular alternating-
direction, semi-implicit splitting technique referred to as an
alternating-direction explicit me’thod,,18 In addition, an exponential
transformation is applied to Eq. (1.6), which greatly improves the
truncation error. This method is computationally very rapid since all
matrices to be inverted are triangular in form. Over a range of
problems, it has been shown to be more rapid than the LUMAC algo-
rithm. Increasing the number of mesh points or the number of energy
groups results in only a linear increase in computational time. It has
also been successfully extended to cylindrical (r-z) and hexagonal
geometries. 19

Motivation for extension of one of these or another method to treat
a general class of three-dimensional multigroup problems comes pri-
marily from the need for an accurate numerical standard against which
the more rapid synthesis techniques can be tested. In three dimensions,
the WIGLE method would be straightforward but extremely time-
consuming, due to the great increase in time necessary to perform the
three-dimensional, fixed-source-like calculations. Because of its
demonstrated superiority over the GAKIN method in two dimensions, the
alternating-direction semi-implicit method used in MITKIN is the most
promising technique for three dimensions. It is the purpose of this thesis
to investigate several variations of this method and extend the "optimum"

variation to three dimensions.



Chapter 2

ALTERNATING-DIRECTION SEMI-IMPLICIT TECHNIQUES

It is the purpose of this chapter to examine the theoretical foun-
dations of a class of semi-implicit approximations to the solution of
Eq. (1.6), given exactly by Eq. (1.10). Thus, approximations to the
operator exp(A At) are examined. Restricting consideration to two-
level (first order) approximations of the time derivative, the matrix
equivalents of the well-known Padé rational approximations20 are

1
5d

gives, respectively, the Padé (0, 1), (1,0), and (1, 1) approximations.

the most straightforward. Equation (1.12), with 8 set to 0, I, and

However, the (0, 1) approximation suffers from severe stability
restrictions,20 while the (1, 0) and (1, 1) approximations require in-
version of a matrix containing A. This becomes prohibitively time-
consuming in problems involving three spatial dimensions and several
neutron energy groups.

The class of semi-implicit techniques examined here circumvents
this difficulty by "splitting" A and inverting only a part of it at a time,
a part generally chosen to be easily inverted. The alternating-
direction implicit rnethod21 and alternating-direction explicit method18
are members of this class. Treating only a part of A implicitly neces-

sarily leads to more severe truncation error difficulties and the
requirement of much smaller time steps than for methods which invert
‘A in its entirety. Thus, application of several of these methods to the

direct solution of Eq. (1.6) has been found to be unsatisfactory,1’22’23
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After reviewing properties of the A matrix in section 2.1, an
exponential transformation to Eq. (1.6) is introduced in section 2.2.
This transformation has been found to significantly reduce the trun-
cation error when several of these "'splitting' methods are subse-

1,23 Section 2.3 presents

quently applied to the transformed equations.
a general two-step alternating-direction splitting method for appli-
cation to the transformed version of Eq. (1.6), and section 2.4 dis-
cusses mathematical properties of this method. Four specific

splittings of A are proposed for further examination in section 2.5.

Finally, one of these four is examined in section 2.6 for application

to three~-dimensional geometries.

2.1 The A Matrix

It is instructive to examine the A matrix in some detail. The mag-
nitudes of its elements vary over 6 to 8 orders of magnitude. The
decay constants N\ are on the order of unity, while velocities of order
105 to 109 multiply absorption and leakage coefficients which may be
as large as 10_1., Its eigenvalues likewise span several orders of mag-
nitude, from 10™ ! sec™! to -10° sec”!, giving rise to a property known
as "'stiffness' to the set of differential equations for reactivities less
than prompt critical.l Thus, any attempt to represent the derivative
in Eq. (1.6) by a finite difference approximation will require that rela-
tively small time steps be taken in order to follow the more rapidly

varying components of the solution. At the same time, the interesting

part of the transient may span a large number of these time steps.
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Additionally, A is a real, square irreducible matrix with non-
negative off-diagonal elements and negative diagonal elements. In
Chapter 8 of Varga,20 this is termed an "essentially positive'' matrix.
Varga's Theorem 8.1 states that exp(At) is positive for all t > 0. His
Theorem 8.2 further states that A has a real, simple eigenvalue, Wy
which is larger than the real part of any other eigenvalues, W, and
to which corresponds a positive eigenvector, go" If any element of A
increases algebraically, W, increases. Finally, his Theorem 8.3

states that the asymptotic behavior of exp(At) is given by
” exp(At) “ ~ K- exp(wot) (2.1)

as t - o, where K is some constant, independent of t. This also
assumes that A is constant. The solution vector i (t) in Eq. (1.10)
will always be non-negative for a non-negative initial condition ¥ (0}.
Thus, the desired solution x-/_;(t) is well-behaved and bounded, as
physically it must be.

The numerical property of consistency is discussed later in this
chapter. The discrete approximation to the V.DV operator contained

2

in A is consistent and accurate to order (Ax)% (Ay)” and (Az)z, the mesh

25

spacings in the three dimensions. Stated in another way, if 9 is a

genuine solution to Eq. (1.2), then
AB = MO + O(Ax"7) + O(Ay“) + O(Az“). (2.2)

It is also instructive to observe certain properties of D as defined
in Eq. (1.9a). Use of the box integration technique to discretize the
spatial variables assures that (-D) is symmetric and diagonally domi-

nant with positive diagonal entries and nonpositive off-diagonal entries.
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It is also irreducible. A sufficient condition for (-D) to be irreducibly
diagonally dominant is that homogeneous Dirichlet boundary conditions
be specified along at least one of the boundaries. If this is the case,

then D is negative definite.,3

2.2 The Exponential Transformation

It is desired to increase the size of the time step size while still
controlling truncation error when using alternating-direction splitting

1,23

methods. A change of variables has been suggested which achieves

this end. Let
o = 2 3, (2.3)

where Q is a diagonal matrix of free parameters, henceforth referred
to as frequencies. Since Q is diagonal, the exponential is easily com-
puted.

To obtain an equation for ;ﬁ, differentiate Eq. (2.3) to obtain

%— = th g—Q+ Qegt Z;g (2.4)
Substituting this into Eq. (1.6) yields

9 _ o2y g 2y, (2.5)

to be solved for 76

This change of variables has been motivated by the idea that since
the behavior of ¢ is basically exponential in nature, the function E;
should be relatively slowly-varying, providing that the Q are properly
chosen. Hence, the time derivétive in Eq. (2.5) should be approxi-

mated by a simple finite difference with less resultant truncation error
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than if the same finite difference were used to approximate the time

derivative in Eq. (1.6). Equation (2.5) has the same form as does

Eq. (1.6), so the same solution techniques are applicable to both.
The choice of Q is a delicate matter.1 That such an Q@ matrix

exists is seen by choosing Q so that

QUt) =Ay@). (2.6)
Then

dg

29 =0, (2.7)

dt |4y

so that in some interval about t', ¢ should be slowly varying. For
many problems, this interval is long compared to the time step sizes
necessary to control truncation error when solving the untransformed
equation.

Best results are obtainedl’23 when a new Q is chosen for each
time step, At. For the time step from t=NAt to t=(N+1)At, the vector
U([N+1] At) =<ZN+1 is not yet known. Using JN in Eq. (2.6) to compute
£ for this step has been found to be unstable. Providing Q does not
change very much for t < t' < t+At, it has been found that the Q values

to be used for the neutron groups at point j for this step may be

successfully approximated by

N
N\8rouwp g Vs
(Q )pomtj = At 111—1‘%’—-]—1\1_1 , 1<g<aG. (2.8)
Ve

All of the groups thus use the same frequency at a mesh point. The
group g to be used in Eq. (2.8) is the thermal group in thermal reactor

problems and a representative fast group in fast reactor problems.
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The procedure outlined here can equally well be viewed as an
extrapolation procedure. Based on past behaviof, the desired solution
z?; is extrapolated from time t to t+At. A relatively small correction
factor to this extrapolated behavior is then computed by some finite
difference technique. As long as the rate of change of zZ is smooth,
this extrapolation procedure should work well, thus allowing relatively
long time steps to be taken. On the other hand, sudden variations in
the rates of change of elements in A can cause relatively rapid changes
in the behavior of some components of ¢. When these rapid variations
occur, the extrapolation works less well. Smaller time steps must then

be taken in order to retain accuracy. This behavior is evidenced in the

numerical results shown in Chapter 3.

2.3 A General Two-Step Alternating-Direction Semi-Implicit Method

To apply the general class of alternating-direction splitting methods
to Eq. (2.5), the time derivative is replaced by two successive forward
differences over a time step, At(=2h). For notational purposes, let the
time step start at t=0 so that ¢(0) = $(0) = $°. For the two halves of

the time step, each of duration h, split A as follows:

A =é1 +A (2.9a)

2
and

A=A, +A,. (2.9b)

3 =4

By evaluating the two exponentials at t=h, the midpoint of the step,

the difference approximations to Eq. (2.5) become
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S -6(0) _ " Min - 09) P Gin) +e TA - v2) P F(0)

(2.10)

2

4’———9—(%);1 (h) . e_gh(_!_&4~ af) i #(2h) + e’gh(_!}3- v9) S é(h)

where o + v = 1.

The unknowns at t=h can be eliminated to yield
- _ =%h -1
§(2h) = e [I-h(A,- @] " [Hh(A ,- 7] -

(Ih(A,- e 2] LA -v2)] e 2 5(0) .

2hQ -

Since J(Zh) =e ¢ (2h), this can be written as

1

g(2n) =¢° =B hi°, (2.11)

where B is called the advancement matrix.1 It is given by
_ Sh -1
_B(g’ h) = e~ [_I_"h(é4' 0‘9)] [_I_+h(é3" 79)] :
-1 ©h
. [_I_—h(éz-ag)] [__I_+h(§1—'yg)] e= . (2.12)

Likewise, for any interval At,

ARSI

v @niN. | (2.13)

Equations (2.11) and (2.12) represent an arbitrary alternating-
direction semi-implicit method. Although it is termed a two-step
method because two successive finite differences are taken to advance
the solution over time At, it is essential to think of the two operators
which advance the solution over each half-step h as inseparable from
each other. Either used by itself is quite unstable. However, the

error modes most strongly excited by one operator are the ones most



30

strongly damped by the other operator. The solution is thus said to
be advanced over one step during time At, even though the entire

space and energy mesh has been swept twice.

2.4 Properties of the Generalized Method with Transformation

It is imperative to examine the approximation to the solution of
Eq. (1.6) given by Egs. (2.11) and.(2,12) with respect to several
important numerical properties. This examination has been carried
out in a complete and concise fashion in Ref. 1. It is repeated in this
thesis for the sake of completeness. The proofs of several theorems
and lemmas quoted here are given in Appendix B. The proofs for

consistency and stability follow particularly closely those of Ref. 1.

Property 1. Steady State Behavior

For the steady state case where élzo = 6,

—

¥ (2h) = B(O, 0y (0) = §_, (2.14)

which is the exact solution, independent of h. Thus, operation on a
(7;0 which represents a just-critical configuration by a B(0, h) formed
from an A containing the just-critical parameters will result in no
| change in 17;0.

This can be shown by writing Eq. (2.12) withQ = 0:

B(0, h) = (I-hA ) (1+hA ) (I-hA ) (1+ha ).
Using the splitting relations defined in Eqgs. (2.9), this becomes

B(0,h) = (I-hA ) [ I-h(A,,-A)|(1-hA ) [ I-h(a,-2)].

Since é@o = § ,
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Property 2. Temporal Truncation Error

This property is concerned with how well the advancement matrix
B(Q, h) approximates the exact discrete solution operator e2hé. For
sufficiently small values of h, the difference between the solution
computed using B(L, h) and that computed using e2hé over a time step
At varies approximately as a single power of h. As shown below, for
a perfectly symmetric splitting (¢ = v = 0.5, A=4,, Ay =45, B(@h
agrees with the expansion of ezh'A through terms of order hz.. For any
other splitting, the agreement is through terms of order h.

A Taylor series expansion of the exact operator yields

eZh8_ 1 ona +on2a? 4 ... | (2.15)

Expanding B(, h) likewise gives

B(2,h) = L+ 2hA + h7[(A-2)%+2(2A+A ©)

+(A,+A,-209)(A-0)-20°] + O(h?) | (2.16)

2

For the symmetric splitting given above,

B(2,h) = I+ 2hA + 2n%a2 + omd). (2.17)

For any other splitting, terms of order h2 remain in Eq. (2.16).

For the approximate solution method outlined here to be most use-
ful, the discrete solution JN should approach the exact solution 8 (NAt)
more and more closely as the spatial and temporal meshs are success-

ively decreased in size. Mathematically, this can be stated as requiring
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that discrete solutions converge to the solution of the differential
equations, Eq. (1.2). A theorem due to Lax26 enables this converg-
ence to be shown. His theorem states that given a properly posed
initial-value problem and a consistent finite-difference approximation,
stability is the necessary and sufficient condition for convergence.

It has been found most convenient1 to carry out proofs of

consistency and stability in a Hilbert space L Thus, vector

9
functions 5(}{, v, Zz,t) which are square integrable are to be considered.

On this space L2, the norm of a linear matrix operator M is given by

It is assumed that Eq. (1.2) with its associated boundary conditions

is a properly-posed initial value problem in the space L The con-

9
sistency and stability of the method proposed are proven here;

convergence is inferred from these.

Property 3. Consistency1

The domain of the linear operator M in Eq. (1.2) is the set of
functions 6 (r) which satisfy the appropriate boundary conditions and
for which V. DV@ exists in L2. Any function (7(1_:, t) which is in this

domain for all t in the interval 0<t< T and which satisfies Eq. (1.2)

in the sense that

“ 6(r,t+h) -6 (v, 1)

n —M§(F,t)|’~0as h—0, 0<t<T,

is called a genuine solution of the problem.
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Informally stated, the consistency condition requires that the
temporal finite differencing used to obtain Eq. (2.13) be an approxi-
mation to the time derivative of the genuine solution or, equivalently,
that

(B(,h)-1) _ _
—n 6 (r,t)
be an approximation to M§(?, t). How the discrete operator B operates
on the continuous functibn 6 must be specified. It is assumed that
B(R, h) picks out points from 6, and an interpolation rule is applied to
the result to make it continuous in space. This interpolation need not
be specified for the proofs contained in this thesis.

A more formal statement of the consistency condition is that if,

for every 6 in the class of genuine solutions whose initial elements

é‘(f:, 0) are dense in L2’ the condition26

holds, then the operator B(2,h) is a consistent approximation to the

— 0 as h— 0, 0<t< T,

[_B(Q, h) -1
2h

- 1\_/_1] B (r,1)

initial-value problem. With the definition of the derivative,

dd _ lim 0 (t+2h) - 6 (t)

dt = h—0 2h ’

the consistency condition may be modified to be

8 (t+2h) - B(2, h) § (t)
h

— 0 as h— 0, (2.18)

the form used in the proof of consistency.
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The proo’f1 begins by factoring B(2, h) as follows:

B(Q,h) = C,(Q, h) Col2,h). (2.19)
Here
_ &2h -1
Ci(@.h) = e [1-h(A, -] " [L+h(A -] (2.202)
and
Cy(82,h) = [I-h(A —aﬂ)]'1[1+h(A -79)]th (2.20b)
_2 no — _2 ue, = _1 el o

Lemma 1,1 stated here and proved in Appendix B, treats the con-

sistency of ¢, and C,.

LEMMA 1. The operators gl(g, h) and Qz(g, h) are consistent.

The only restriction which must be placed on the operator B(£, h) in
order to complete this proof is that as h is decreased, Ax, Ay, and Az
are decreased so that the ratios h/sz, h/Ayz, and h/Az2 are fixed,
real constants of any finite size. The need for this restriction is made
clear during the discussion concerning the stability of B(%,h).

Lemma 2,1 proved in Appendix B, is also necessary for the com-

pletion of the consistency proof.

LEMMA 2. If two operators are consistent, then their product is

consistent.

With these two lemmas, the consistency proof can be stated in

Theorem 1.1

THEOREM 1. The difference operator B(Q, h) given in Eq. (2.12)

is a consistent approximation.
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Lemma 1 has shown that gl(g, h) and gz(_q, h) are consistent. Since
their product equals B(2,h), Lemma 2 provides the proof to this

theorem.

Property 4. S’cability1
In Egs. (1.9), the matrix A has been split into four parts. Of

these four, D contains all of the terms which relate to the diffusion of
neutrons and, in addition, terms relating to precursor decay. In
three-dimensional geometries, the first G submatrices, -Qg’ on the
diagonal have seven nonzero stripes containing terms which are in-
versely proportional to the square of the mesh spacings Ax, Ay, and
Az. D is termed the principle part of A as it is the part of A which
determines the property of stability. This arises because of the
requirement that the ratios h/sz, h/Ayz, and h/Az2 be fixed, real
constants as h goes to zero. Subsequently, terms in the product hD
do not vanish as h goes to zero.

For convenience, the matrix E is defined as

E=E +E,=E;+E, =A-D. (2.21)

1 3 4

The matrices El’ Ky, §3, and E, are those parts of E associated with

él’ é2’ ég’ and é4, respectively. All terms in E are independent of

the mesh spacings.

Split D according to

D=D. +D,. (2.22)

Let D, be that part of D contained in A, and A, and D, be that part

1 4
which is contained in 1_\2 and é3' To complete the proof of stability,
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it is necessary to restrict the splitting of D such that

+ DY are negative definite. ! (2.23)

T
_Dl+[_) and _D2 D,

1
As will be seen later, this is not a serious limitation.
From the proof for consistency, it was required that the ratios
h/sz, h/Ayz, and h/Az2 be fixed, real constants. Here, those

constants are defined as

h/Ax® = o, (2.24a)
2

h/Ay =0, (2.24Db)
2

h/Az” = oq (2.24¢)

The proof for stability examines the case where both the spatial and
temporal meshes are taken to zero together. The class of problems
where the spatial mesh is fixed and only the temporal mesh is taken
to zero is unimportant, because almost any method is stable if h is
taken sufficiently small with a given spatial mesh. It is shown that
the difference approximation is stable under the conditions of Egs. (2.24)
with 015 Tgs and Oq arbitrary and thus is unconditionally s’cable.1

A third condition imposed upon the proof for stability is that all
elements in A and Q be held fixed in time. Thus, stability is shown
only for each period of time over which this is true. In the algorithm
finally used in numerical calculations in this thesis, 2 is changed with
each time step At. Additionally, elements of A may also vary each
step, such as during an insertion of reactivity. The much more diffi-
cult question of stability for this nonlinear procedure has not been

analytically examined yet. Experimentally, however, stability problems
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have not arisen over a series of sample problems in two- and three-
dimensional geometries.

With the difference equations written in the form of Eq. (2.13), a
sufficient condition for numerical stabili‘cyZ6 is that

“1_3(9, h)NHS K, K some constant,

0<h<rT, 0<2Nh<T. (2.25)

This implies that the computed solution will remain bounded as both
spatial and temporal meshes are decreased in size so that more and
more steps are required to reach a fixed total time T.

The proof of stability proceeds in several steps. A theorem due

to Kreiss and Strang26 motivates these steps.

THEOREM 2. If the difference system

oV - oy BN

is stable, and if Q(At) is a bounded family of operators, then the
difference system

=N+1

N - [can +atan TN

is stable.

It thus must first be shown that the operator B(R, h) can be

written as
B(2,h) = B'(h) + hQ(g, h) . (2.26)

If B’(h) can be shown to be stable and Q(2, h) bounded, then the stability
of B(2, h) is assured.
 With 91(9’ h) and _C_jz(g, h) defined as in Eqgs. (2.20), B(®, h) is again

factored as
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B(2 h) = C (2 hCy@.h).
The matrix C,(2,h) can be factored as
(@) = [L+h2+0(*)][L- h(1-hD, ) B, -e2)] -
(18D, 7 L+ h(DY+E ;-7 9]
= [L+hg+O(h*)] [ L+ h(1-hD,) {(E, - e +O(mH)].

- [1-hD, 1 [I+h(D +E,-79)].

Finally,

(@) = [1-hD, ] [L+hD,]+hQ (2, h) . (2.27)

Similarly, _(_jz(g, h) can be written as

Cy(@ 1) = [L-hD,] '[1+hD, ] + h@,(2, h) . (2.28)

Combining Eqgs. (2.27) and (2.28) gives

B(g,h) = [I-hD, " [I+hD, ] [I-hD, ] [ :+hD, ]+ hQ(g, b),  (2.29)

so that the matrix B'(h) in Eq. (2.26) is defined as

B'(h) = [LI-hD, | [I+hD, ][ -hD,] [ +hD, ]. (2.30)

Proving the boundedness in the various matrices in Q(§2, h) requires
careful analysis. This is because the number of mesh points and,
hence, the order of these matrices approach infinity as h is taken
towérd zero. Theorem 3,1 the proof of which is given in Appendix B,

resolves this issue.

THEOREM 3. A family of matrices Mn of varying dimension n

having at most £<n nonzero elements in each row or column, £ being
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constant for all n, has a uniform L2 bound if the individual elements

of the matrices 1\_/[n are uniformly bounded for all n.

All elements in E and, hence, in -El’ Ez, _E__I3, and E4 are independ-
ent of the mesh spacings. Thus they are uniformly bounded. The
number of nonzero elements in each row of E is less than or equal to
the number of prompt and delayed neutron groups. Thus, El’ EZ’ E,,
and E4 have uniform L2 bounds.

The matrix hD has at most seven nonzero elements in each row
(nine for a hexagonal-z mesh configuration). Providing the conditions
given in Eqgs. (2.24) are obeyed, the magnitudes of its elements are
fixed as h tends toward zero. Thus the L2 norm of hD is bounded for
all h. This also assures that (I_+h_Dl) and (I+hD,) are bounded.

The boundedness of (l—h_Dl)_1 and (I_—h_192)_1 is given by Theorem 4,

which is proved in Appendix B.

THEOREM 4. The matrices (I-hR) ™' and (L+hR)(I-hR) ! have L,

norms of less than unity provided that (_I-_HBT) is negative definite.

All matrices which form the matrix Q(2,h), as given in Eq. (2.29),
have been shown to be bounded. Thus Q(f,h) is bounded as h tends
toward zero. It remains only to show that B’(h) is stable. This can be
done by factoring it in the form:1

"(h) =
B'(h) =R R,Rg.
where _f_{l = (I_-h£)1)_1
_ -1
R, = (I+hD,)(I-hD,)

B’g = (L"h.]_)l)-
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By Theorem 4, |R,| <1 and |R R, [l <1. Writing [B/0)]Y in terms

of the above factorization,

R,R,R (N times).

N
' -
B™(h) =R,R,R3 R.R,Ry ... RRyR3

Thus,
IB™m < IR -IR - IR R - IR [RoR - - R R4,

Iz™ml < gl Iz

Again, El has a bounded norm by Theorem 4 and 53 has a bounded

I _B'N(h) | | is bounded

norm by Theorem 3, both for 0 <h < 7. Thus,
for 0 <h <7 and 0 < 2Nh < T and is stable. Finally, from this fact
and Theorem 2, B(R,h) is seen to be stable. Since no restrictions

have been placed on the size of o and og in Eqgs. (2.24), except

1’ 0_2)
that they be real and finite, this stability is unconditional.

Property 5. Asymptotic Behavior

Because of the form of the exponential transformation, the differ-
ence method proposed here can be forced to yield the correct asymp-
totic behavior. The asymptotic behavior of the exact solution is given

by Theorem 5,24 which is proved in Appendix B.

THEOREM 5. As t approaches infinity, the solution vector

(At)- Wot . .
= (//O approaches «a e €, where w, is the largest eigenvalue

J(t)=e

of A, go the corresponding eigenvector, and a = (17/.0, 30).

Theorem 6 2 gives the largest eigenvalue and corresponding eigen-
vector of B(, h) under the assumption that = woL It is also proved in

Appendix B.
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THEOREM 6. IfQ= W, I, the approximate solution operator
2w h
B(2,h) has as its largest eigenvalue e © , with corresponding

eigenvalue e , where Ae =w_e .
o =0 o o

If, at asymptotic times, the matrix Q@ were set equal to wol_, the action
of B(2, h) on the asymptotic solution would ultimately yield the exact

2hw
growth of e over the time step 2h.

2.5 Specific Splittings for Two Dimensions

Up to this point, the splitting of A into D ahd E and these into _I_)l
and ]_32 and El’ 22, _E_‘.3, and 34, respectively, has been very general,
Specific splittings must be indicated before proceeding to numerical
calculations. Any splitting proposed must obey Condition (2.23) in
addition to offering relative computational ease,

Four specific splittings are presented for study in this section.
Two of these have been extensively tested previous to this work, the
Non-Symmetric Alternating-Direction Explicit (hereafter referred to
as NSADE) method in Refs. 1 and 2 and the Symmetric Alternating-
Direction Implicit (SADI) method in Refs. 23 and 24. This testing was
carried out in two spatial dimensions. The NSADE method has been
shown to handle a wide variety of test problems successfully, while the
SADI method required unreasonably small time steps to treat a difficult
asymmetric problem. The four splittings proposed here for further two-
dimensional studies are motivated by a desire to understand what has

caused the difference in performance of these two methods and to arrive

at an "optimum'' splitting.
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The terminology used above deserves clarification. The
"'Symmetric' and ''"Non-Symmetric" have been prefixed to the names
originally given to these methods to indicate the placement of the
matrices.U and L in the two splittings of A. A method is termed
symmetric if the matrix L is treated implicitly over the first half-
step and U implicitly over the second half-step. If L is treated im-
plicitly over both half-steps, the method is called non-symmetric.
If the two-dimensional spatial mesh is swept solving for the new
fluxes point by point, the method is termed explicit. It is termed
implicit if a whole row or column of points is solved simultaneously

for new fluxes.

SADI Method. For this method, let

a=v=0.5
=1 -

él —5_’I_‘+_I_J+£)1—é4 (2.31)
=1 _

éz‘zI"'L"*'Pg"ég’

where _D1 is composed of the terms associated with diffusion in one
direction and one-half of each term in the submatrices éi . The
matrix _D2 is composed of the diffusion terms for the other direction
and the remaining half of each term in the éi . As discussed under
Property 2, this splitting agrees with the Taylor series expansion of

the exact solution operator through terms of order h2,



NSADI Method.

Here let

a=10, v=0,
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—
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+
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+£)1,
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(2.32)

where _D1 and _D2 are as defined above. By defining the truncation

error over one step as

T.E. = e2"2 _ B(g,n), (2.33)

the NSADI method has a truncation error of

T.E. = h2(T+L-U-2)(A-Q) + O(h°) .

SADE Method. Let

a=v=0.5,
A, =iT+U+D =4
Ay =3 I+U+D; =4y
! (2.34)
é2=§I+L‘+_Dg=é3’

where 91 contains the two stripes of D which lie above the diagonal
plus one-half of each term on the diagonal and D, contains the two
stripes below the diagonal plus the remainder of each diagonal term.
As with the SADI method, the truncation error for one time step is

of order h3.
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NSADE Method. Let

a=10, vy=0,

A, =U+D,
é2=I+L’+92 (2.35)
ég =U+ _Dz
Ay=T+L+Dy,
‘where D. and _Dz are as defined for the SADE method. Its truncation

1

error is the same as that given for the NSADI method.

It can be seen that all four methods just presented satisfy the
conditions for consistency and stability. The box integration technique
used to derive the five-point finite difference relations in two
dimensions guarantees that the diagonal term in each row of D is just
the negative of the sum of the other terms in that.row. Both implicit
and explicit splittings make the diagonal term in each row in both _D1
and D, the negative sum of the other two ferms in that row. Thus,

both 21 and _D2 are diagonally dominant. Since

T _ T
D, +D; =D, +D, =D

1

for both splittings and D is negative definite, the condition (2.23) is
satisfied.

All four methods offer relative computational ease. The matrices
to be inverted in the SADE and NSADE methods are always upper or
lower triangular or can be made so by rearranging the order of the un-

knowns. The first half-step is carried out by forward substitution,
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sweeping from one corner of the mesh to the diagonally-opposite
corner and from the highest energy group to the lowest. The second
half-step reverses the direction of the spatial sweep and also from
the lowest energy group to the highest in the case of the SADE method.

For the SADI and NSADI methods, the matrices to be inverted are
block lower or upper triangular, but the diagonal submatrices are tri-
diagonal. In sweeping from one corner of the mesh to the diagonally
opposite corner, entire lines of fluxes in one of the two directions
must be solved simultaneously by the rapid forward elimination, back-
ward substitution process. In working back across the mesh during
the second half-step, lines of fluxes in the second direction are solved
simultaneously. For the NSADI method, the groups are solved from
the highest to the lowest energy over both half-steps, while the order
is reversed for the second half-step of the SADI method.

This section is concluded with a discussion of the factors which
could cause these four methods to perform differently on actual
numerical experiments. The first difference apparent is the implicit
versus explicit spatial treatment. From experience gained in static
calculations, it is tempting to state that solving for an entire line of
fluxes simultaneously should result in less total error than solving
for the fluxes one by one. The analogy is not entirely appropriate, how-
ever, since the kinetics problem is an initial-value problem and not a
boundary-value problem. Considering the two sweeps of the mesh
together, new fluxes at each of the five points in two-dimensional
problems are given half of the weighting and old fluxes the other half

for both types of methods.
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There does appear to be a difference in the spatial distribution of
the errors for the two spatial treatments. No analytical examination
of error distribution and propagation has yet been completed. Quali-
tatively, however, experience seems to indicate that the implicit
treatment is somewhat more stable with respect to propagation of
errors.

For illustrative purposes, consider the first time step, At, in a
two group homogeneous problem, where the initial condition -(/70 is
taken to be exact. Let the perturbation be due to uniform step de-
creases in the absorption cross sections of both groups over the entire
system.

Both the implicit and explicit methods are inexact so that some
error is introduced into the new group one flux as it is calculated at
each mesh point over the first half-step. This error is distributed
differently for the two methods, however. In the implicit treatment,
each line of fluxes is computed simultaneously, using the old fluxes
on each side of it to compute the leakage in the direction perpendicular
to that line. Thus, the error in the growth is distributed along the
entire line. The new fluxes in other lines see none of the error intro-
duced in that line. At the end of the mesh sweep for group one, it is
easily shown that the error at each mesh point is proportional to the
initial flux value at that point for this model problem.

The group two fluxes at the end of the first half-step likewise
contain an error component which has the same spatial distribution as
the initial fundamental mode solution. Part of the error at each point

is due to error in the group one flux previously computed, and part is



47

due to inexact treatment of the growth of group two given the group
one flux.

At the end of the second half-step, additional errors have been
introduced into both group fluxes at each mesh point. However, the
errors still have a fundamental mode distribution for both groups.
No spatial flux tiltings have been introduced by the implicit spatial
treatment.

This is not the case with the explicit spatial treatment. As group
one fluxes are computed one by one over the first mesh sweep, the
error introduced at a point due to the inexact operator is carried on
across to the computation of all subsequent mesh points. At the end
of the first sweep for group one, the spatial distribution is tilted so
that the last point calculated has grown proportionately more than
any point previously computed.

If this were a one group problem, the tilting would be erased as
the sweep is reversed over the second half-step. In the two group
problem, however, the second group must first be calculated. The
second group now sees a tilted source and is tilted proportionately
worse at the end of the first mesh sweep.

This tilted second group is used in computing the source for the
reverse mesh sweep for group one. It is difficult to predict exactly
how the group one flux will be distributed at the end of the reverse
sweep since that depends on the reactor size and composition and the
magnitude of the initial perturbation. However, it would be strictly
fortuitous if the errors in the group one flux have a fundamental mode

distribution. The first mesh sweeps for the two groups have introduced
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higher error modes which tend to persist in the solution, although the
stability proof in section 2.4 gives assurance that they will not grow
without bound for the case of constant Q and reactor properties.

The really important question is to what degree does the intro-
duction of these higher error modes affect the solution of real problems.
In actual practice, it has been found that for realistic perturbations
and time step sizes, these higher modes do not severely affect the
solution. In addition, the exponential transformation tends to damp
out these higher modes, as is shown in the numerical results given in
Chapter 3.

There is one situation, however, in which this accumulation of
errors can severely hamper the explicit methods. If the initial con-
dition Jo used to start the transient differs sufficiently from the true
fundamental mode initial condition, the presence of these additional
errors can affect a sufficient accumulation of error to swamp the true
solution.

It should be noted that a fully explicit method cannot properly treat
the fluxes at an outer boundary where a zero current normal to that
boundary has been specified. This problem was noted in the initial
work done in extending the NSADE method to r-z geome‘cry,19 where
the z-axis is always a so-called symmetry boundary. It is easily
solved, however, by solving for new fluxes at each point on such a
boundary and the interior point closest to it simultaneously for which-
ever of the two half-steps originates from that boundary.

A second difference to be noted in the methods is the symmetric

versus non-symmetric sweeping of the energy groups. Favoring the
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symmetric methods is the fact that terms of order h2 in the truncation
error expression vanish for these splittings. On the other hand, most
thermal reactor models have group structures which are closely
coupled by down-scattering from each group to the next lowest, but
are only loosely coupled by the upward flow of neutrons. This is
because the higher energy groups have relatively small fission cross
sections, while the fission spectrum is nonzero only in the highest
groups. During a sweep of the energy mesh from the lowest energy
group to the highest group, a perturbation in the thermal group can
cause a change only in the high energy groups with nonzero fission
fractions during the remainder of that sweep. In a two group thermal
reactor problem, this effect should be minimal. With four or more
groups, this effect could become important. This effect should also be
minimized in a fast reactor problem, where the fission cross section
is fairly constant over most of the groups, and the fission spectrum is
nonzero over most of the groups.

The concept of truncation error accumulation is complicated by
the presence of the exponential transformation. It is generally stated
that the total error at time T=2Nh varies as a function of one order less
of h than does the local truncation error. The correct asymptotic
behavior resulting from the exponential transformation should tend to

lessen the severity of error accumulation, however.
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2.6 A Proposed Method for Three Dimensions: NSADE

It is the stated purpose of this thesis to develop an alternating-
direction semi-implicit method for solving the space-dependent
kinetics equations in three-dimensional geometries. The method so
proposed is the NSADE (Non-Symmetric Alternating-Direction Explicit)
method as outlined in section 2.5. The splitting of the A matrix for
three dimensions is identical to that presented in Eq. (2.35) for two
dimensions. However, _D1 now has three nonzero stripes above the
diagonal and _192 has three nonzero stripes below it. Because the L
matrix is treated implicitly over both half-steps, the groups are always
to be solved from the highest energy group to the lowest. The spatial
sweep starts in one corner of the three-dimensional mesh and works
toward the diagonally-opposite corner during the first half-step. It is
then exactly reversed for the second half-step.

This particular method has been chosen for three reasons.

Based on a number of test problems in one and two dimensions, it is
shown in Chapter 3 that the non-symmetric splittings perform far
more satisfactorily in thermal reactor problems. Secondly, the
NSADI and NSADE methods are shown to perform practically identi-
cally over a range of problems. Finally, in addition to being compu-
tationally slightly faster, the NSADE method is directly applicable to
three-dimensional geometries as a two-step method. Only two
dimensions could be treated implicitly if an implicit method as outlined
in section 2.5 were to be applied to three-dimensional geometries as a

two-step method.



Chapter 3

NUMERICAL RESULTS

Four different members of a general class of alternating-
direction semi-implicit methods for solution of the semi-discrete
reactor kinetics equations have been proposed in section 2.5 for
further study in one- and two-dimensional geometries. The results
of several numerical experiments, where these methods have been
used to solve reactor problems, are presented and compared in
section 3.1 of this chapter. In section 3.2, the behavior of the
NSADE method when solving a three-dimensional model problem is
compared to the exact solution of this problem. Finally, section 3.3
presents the results of a number of true space-dependent, three-

dimensional numerical experiments with the NSADE method.

3.1 One- and Two-Dimensional Studies

Two of the four specific methods that are presented in section 2.5
have been extensively tested previous to this thesis. The NSADE
method has been shown to perform satisfactorily over a range of

1,19 In contrast, the

problems in x-y, r-z, and hexagonal geometries.
SADI method has been shown to perform poorly in a space-dependent,
four group thermal reactor problem.23 The numerical experiments

presented in this section have been performed in an effort to explain

the difference in behavior of these two methods.



52

Four different test cases are examined in this section. They have
been chosen in an attempt to compare the methods over a W\ide range
of problem types. The first three cases are in one-dimensional slab
geometry, while the fourth is the two-dimensional rectangular multi-
region thermal reactor which the SADI method had difficulty in treating.

In order to solve the one-dimensional problems, the computational
subroutines of an existing one-dimensional code, GAKIN,14 were
replaced with a single subroutine which, depending on several input
parameters, treated problems with one of the four methods. Since
one-dimensional problems have diffusion on one direction only, the
diffusion terms in that direction were halved, with one-half of each
term in the matrix D being treated as diffusion in one dimension and
the other half as diffusion in a second dimension. For the two-
dimensional case, subroutines were added to the code MITKIN1 so that
it had multi-method capabilities.

Both because it is the primary purpose of this thesis to deal with
multi-dimensional geometries and because the one-dimensional
problems treated for this thesis are relatively simplistic, the three
one-dimensional problems are discussed here in a qualitative fashion
only. The numerical results are not presented in either tabular or
graphical form.

The first one-dimensional problem was a homogeneous thermal
slab reactor with four neutron groups and one precursor group. The
critical configuration was perturbed by a fifty-cent step insertion of
reactivity caused by uniformly decreasing the thermal group capture

cross section. Twenty-one mesh points were used to represent the
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146-cm slab. Because of the homogeneous composition, the initial
flux distribution in each group was cosinusoidal in shape. The exact
solution to the time-dependent problem was obtained using an eigen-
vector expansion technique2 and was available for comparison.

Using a time step, At, of .0005 sec, both the SADI and SADE
methods underestimated the solution throughout the transient. At
1.0 seconds into the transient, both solutions were about 15 % too low.
With At = .00025 sec, both methods gave considerably better results,
but were still about 1% low at 1.0 sec. Only when At was reduced to
.0001 sec did the SADI method give the correct result ( < .1% error)
throughout the transient. The SADE method was not used at this
small time step since it was expected that it would again behave simi-
larly to the SADI method.

In contrast, both the NSADE and NSADI methods gave good results
(< .1% error) for time steps as large as At=.001 sec out to about
0.2 sevc into the transient. At a‘round 0.2 sec, however, both methods
were overcome by stability problems for time steps of .001 and
.0005 sec. The instabilities seemed to result from the feedback of
accumulated errors through the frequencies. These instabilities first
appeared as a small ripple-like component superimposed on the true
solution, but soon grew to the point that negative fluxes resulted.

The characteristic which .separated the four methods into two
distinct classes is the property which has been termed symmetry.
The symmetric methods behaved in one fashion, while the non-

symmetric methods behaved in another and different fashion.
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These results shed light on several of the conjectures made in
section 2.5 about these methods. The group structure for this four
group problem was loosely-coupled by the upward flow of neutrons,
thus causing the symmetric methods to underpredict the growth of the
fluxes at time steps reasonable for this problem. This tendency to
underpredict can also be explained from an analytic point of view. In
the limit of large h, the advancement matrix goes to the identity
matrix for the symmetric methods. For any finite time step, the sym-
metric methods underpredict the growth over each time step. The
feedback effect introduced by the method used to compute the frequen-
cies may offset this to some extent, but the numerical experiment
cited here indicates that it does not offset it completely. Once a suf-
ficiently small time step is used, however, these methods converge
rapidly to the correct solution.

The non-symmetric methods, even though they have a local trun-
cation error of only order h2, followed the solution closely for much
large time steps. Physically, this smaller error at each step was
the result of sweeping down through the groups at both half steps,
taking advantage of the tightly-coupled downward flow of neutrons.
The instabilities observed prove that these methods can also become
unstable due to the feedback effect of the frequencies. Fortunately,
these instabilities have never been noted in problems in two or three
dimensions or in one-dimensional problems with a large number of
mesh points.

The second one-dimensional problem was a homogenized slab unit

cell, 10 cm in width, from a fast gas-cooled reactor with ten neutron



55

groups and four precursor groups. The initial flux distribution was
flat for all groups. The critical configuration was perturbed by a
step reduction in the capture cross sections in all groups.

Only the two implicit methods could be used to treat this problem
because the explicit options were not programmed to handle homo-
geneous Neumann boundary conditions. The SADI method followed the
transient accurately for as long as the solution was carried out,
although relatively small time steps had to be taken. Physically, this
problem was better suited to the symmetric techniques because the
fission cross section was fairly constant over most of the groups, and
the fission spectrum was nonzero over most of the groups. Thus, even
though there was no upscattering in this problem, a perturbation could
propagate in an upward sweep of the groups as well as in a downward
sweep.

The NSADI method followed the early part of the transient as well
as did the SADI method, using the same time step sizes. However, at
about .0005 seconds into the transient, instabilities again appeared
and soon swamped the true solution. A close examination reveals one
reason why these non-symmetric methods should be moré susceptible
to these feedback-induced instabilities. Unlike the symmetric methods,
the non-symmetric methods have advancement matrices which do not
reduce to the identity matrix in the limit of large time steps. Depend-
ing on the problem and the flux vector at a particular time, they can
underestimate or overestimate the flux at the end of the next time step.
Add to this the feedback effect of the method used to compute the

frequencies, and it becomes possible for these oscillations to grow
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large. Again it is stressed that these instabilities have been observed
only in one-dimensional problems with a relatively small number of
spatial mesh points.

The last one-dimensional problem used to compare these four
methods was a 240-cm, three-region thermal slab reactor with two
neutron groups and six precursor groups. An inner zone, 160 cm
thick, of relatively low enrichment, was surrounded on either side
with a 40-cm-thick slab of higher enrichment. Ninety-seven equally-
spaced mesh points were used. The critical configuration was per-
turbed by linearly decreasing the thermal capture cross section by
1% over 1.0 second in one of the two outer slabs.

The composition of this test problem was similar to a graphite
slab reactor, so that a relatively large time step, At, of .0025 second
was used. Both the NSADI and NSADE methods followed the transient
out to 1.0 second with little error and with no sign of any instabilities.
As in the first test case, the SADI and SADE methods initially under-
estimated the growth in the solution. However, they both improved
considerably by the end of the transient.

For two-group problems such as ihis, the two groups are tightly
coupled by both the upward and downward flow of neutrons. This
apparently minimized the difference in performance between the Sym-
metric and non-symmetric methods for this problem. Again, the
method used to sweep the spatial mesh made little difference in the
results. |

The final numerical experiment discussed in this section is a

highly-asymmetric, two-dimensional problem with four neutron groups



57

and one delayed precursor group. This problem has been discussed

1,23 but it is included here because it again

in two previous works,
demonstrates the validity of the arguments presented in section 2.5.

The geometry for this problem was identical to that of any plane
perpendicular to the z-axis taken between z mesh planes 8 and 17 of
Configuration 3, found in Appendix C. The material constants for the
four materials were also identical to those shown in Configuration 3,
except that the critical value of v for all groups was 1.450679 for the
two-dimensional problem. The critical configuration was perturbed
by linearly decreasing the group four capture cross section in
material 4 by 0.003 cm™! over 0.2 second. From that time, all
material properties were held fixed.

Tables 3.1, 3.2, 3.3, and 3.4 list the group one and group four
fluxes at two points in the reactor for various times in the transient.
The results for the SADI method have been taken from Ref. 24, while
the NSADE results represent improved results (more accurate initial
flux distribution) of those quoted in Ref. 1.

The NSADE and NSADI methods gave practically identical results
for the results shown, with At = .001 sec. Results using the NSADE
method and time steps of .0005 sec and .002 sec gave similar results
to those listed here, so it is assumed that the results for the two non-
symmetric methods represent converged solutions. In contrast, the
SADI method gave inconsistent results for time steps as small as
.00025 sec and was still nearly 6% in error at 0.3 sec into the transient

with a At = ,000125 sec.
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This problem represented a severe test of these methods because
of the large changes in the spatial shape and energy spectrum induced
by the perturbation. The results shown here again confirm that the
method used to sweep the spatial mesh makes little difference in the
final result. For thermal reactors, the critical factor is that the
groups be swept from high energy to low energy over both half steps.
The non-symmetric methods are thus preferred for any scheme which

is to have general applicability.

Table 3.1. Group 1 Fluxes at Point (3, 9)

Time NSADE NSADI SADI

(sec) [At=] .001 .001 .000125 .0005 .001
.0 4463 .4463 .4463 .4463 .4463
.05 4561 .4559 .4525 .4463 .4463
.10 .4670 .4669 .4781 .4464 .4463
.15 4796 .4795 .4985 —_— .4463
.20 .4943 .4944 .5064 .4624 .4463
.30 .4945 .4946 .5194 .4624 .4465

Table 3.2. Group 1 Fluxes at Point (12, 3)

Time NSADE NSADI SADI

(sec) | At=| .001 .001 .000125 .0005 .001
.0 .1341 .1341 .1341 .1341 .1341
.05 .1383 .1383 .1375 .1346 .1342
.10 .1431 .1430 .1473 .1371 .1346
.15 .1485 .1485 .1554 — .1359
.20 .1549 .1549 .1604 .1413 .1382
.30 .1549 .1550 .1640 .1489 .1438




Table 3.3. Group 4 Fluxes at Point (3, 9)
) Time NSADE NSADI SADI
(sec) | At=1} .001 .001 .000125 .0005 .001
.0 .0359 .0359 .0359 .0359 .0359
.05 .0367 .0367 .0364 .0359 .0359
.10 .0376 .0376 .0385 .0360 .0359
.15 .0386 .0386 .0401 — .0359
.20 .0398 .0398 .0408 .0361 .0359
.30 .0398 .0398 .0418 .0373 .0360
Table 3.4. Group 4 Fluxes at Point (12, 3)
Time NSADE NSADI SADI
(sec) | At= .001 .001 .000125 .0005 .001
.0 .9684 .9684 .9684 .9684 .9684
.05 1.0532 1.0528 1.0474 1.0255 1.0223
.10 1.1513 1.1510 1.1855 1.1006 1.0873
.15 1.2669 1.2668 1.3278 — 1.1614
.20 1.4051 1.4051 1.4565 1.2914 1.2498
.30 1.4060 1.4064 1.4920 1.3498 1.2889

3.2 Three-Dimensional Studies:

Homogeneous Problem

59

As stated in section 2.6, the NSADE method has been chosen as

the method to be extended to treat three-dimensional geometries.

Four numerical experiments have been designed to test this method.

The geometries and compositions for these experiments are presented

in Appendix C. The results from the first of these, the only homo-

geneous problem, are presented in this section. All of the numerical

results from three-dimensional experiments have been obtained from
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a computer code called 3DKIN, which is discussed in Appendices D
and E.

Again, it must be stressed that the truncation error discussed in
this chapter is the difference between the particular solution under
consideration and the exact solution of the semi-discrete equations.

In the case of the homogeneous problem, the exact solution can be
generated using an eigenvector expansion technique.2 The exact
solutions cannot be obtained for the other three-dimensional problems.
Thus it is assumed that if two successive solutions are generated, one
using a time step half of the size of that used to generate the other,
and are in good agreement, then the solution generated with the

smaller time step represents a '"converged' solution.

TEST CASE 1

Geometry and Composition: Configuration 1

Perturbation: Step change, AZa(group 2) =-.369 X 1074

This case is a bare, homogeneous cube, 200 cm on a side, with
two neutron groups and one precursor group. Ten mesh intervals
were used in each direction, and the boundary conditions were homo-
geneous Dirichlet on all six sides. The perturbation consisted of a
uniform step decrease in the thermal group absorption cross section
and had a reactivity worth of about 50 cents. Since the geometry is
symmetric about the mid-plane in the x-direction, only the right half
of the reactor was actually used in the 3DKIN computer runs. It was
determined that the half-core and full-core results compared through

six significant figures for two different time step sizes.
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The results of 3DKIN runs using four different time step sizes at
various times in the transient are shown in Table 3.5. The values

presented are the thermal group fluxes at the center point of the

reactor.

Table 3.5. Test Case 1 Results, Group Two Fluxes at Centerpoint

Time 3DKIN EXACT
(sec) | At=] .01 .005 .002 .001 ,

.0 .816 .816 .816 .816 .816
.05 .920 1.043 1.116 1.124 1.127
.10 1.151 1.361 1.403 1.406 1.407
.15 1.454 1.651 1.660 1.660 1.660
.20 1.782 1.904 1.892 1.890 1.890
.30 2.388 2.328 2.294 2.289 2.288
.40 2.840 2.671 2.628 2.622 2.620

Table 3.5 demonstrates the rapid convergence of the NSADE
method with the exponential transformation. With a time step of
.002 sec, the solution was only .3% in error at .4 second, during
which time the thermal flux had more than tripled. That this con-
vergence is approximately of order h2 is displayed in Fig. 3.1, where
the percentage truncation error is plotted as a function of h at 0.4
second into the transient.

The results that are tabulated in Table 3.5 are presented in
graphical form in Fig. 3.2 to illustrate an interesting characteristic of
this exponentially-transformed method. The semi-discrete equations
are a coupled set of first-order differential equations. As such, any

change in ¥ at time t depends only on the values of § and A at that time
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and not on the past history of the system. By adding the exponential
transformation and computing Q to be used at tN based on the change
in the solution between tN-l and tN’ the behavior of the solution at

tN has been coupled to its rate of change. The system now behaves

in the fashion of a second order system in that it builds up "'inertia"
during a transient. Figure 3.2 clearly displays the damped sinusoidal
oscillations superimposed on the true solution which are characteristic
of such a system. The amplitude of the "overshoot" is clearly a
function of h and decreases as order h2.

When material properties are constant or changing in a smooth
fashion, this "inertia" enables the time step to be increased without
affecting the accuracy seriously. However, when properties or their
rates of change are abruptly changed, such as at the end of a ramp
insertion of reactivity, time step sizes must be decreased in order to

1

overcome the "inertia."

3.3 Three-Dimensional Studies: Space-Dependent Problems

The three test cases presented in this section are all spatially-
dependent problems. Test Cases 2 and 3 are three-dimensional
versions of problems already used to test some or all of the methods
discussed in section 2.5. Test Case 4 is a new problem, designed with
the idea of simulating the withdrawal of a cluster of control rods from
two adjacent subassemblies in a medium-sized pressurized-water
power reactor. Taken together, these problems provide a stern test

of the general applicability of the NSADE method.
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TEST CASE 2

Geometry and Composition: Configuration 2
Perturbation: Ramp change, Aza (material 1, group 2) = -.0045(t/0.2) |
for 0 £ t < 0.2 sec
AZa(material 1, group 2) = -.0045
for t > 0.2 sec

The original two-dimensional version of this problem has been
used to test several two-dimensional solution methods.l’ 23,17, 15
The original plane was 160 cm square, with a central blanket area
surrounded by a highly~-enriched seed area. It was in turn surrounded
by another blanket region. In three dimensions, this configuration
was made 112 cm thick in the z-direction, and a blanket of 24 cm
thickness added to the top and bottom. Thus, the overall reactor is
cubical, 160 cm on a side. It has two neutron groups and one delayed
precursor group.

The four regions containing material 1, each 32 X 32 X 124 ¢m in
size, which were perturbed are located symmetrically with respect to
the central x-plane. Only the right half of the cube was considered,
with a homogeneous Neumann boundary condition imposed at the exposed
mid-plane to preserve symmetry. With 8.0-cm mesh spacings in each
direction, a total of 4841 mesh points were needed to represent the
half-reactor. The initial flux distribution and eigenvalue were com-
puted with the stéady state option of 3DKIN.

Test Case 2 was carried out to 0.3 second into the transient for

time step sizes of .001 sec and .002 sec. The results of the 3DKIN runs
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for these two time step sizes are presented in Tables 3.6, 3.7, and
3.8. The values tabulated are the thermal flux values. The z-planes
3 and 19 are 8 cm below and above the core, respectively, while
z-plane 11 is the central z-plane. Point (6, 6,z) is on the central
z-axis of one of the perturbed regions. Values at points (6, 16, z)
are ﬁot shown in these tables. However, they agreed with corre-
sponding values at points (6, 6, z) to better than 0.05% for every z

value, thus preserving symmetry.

Table 3.6. Test Case 2 Results, z-Plane 3

Time Point (1, 11, 3) Point (6, 6, 3)
(sec) | At=] .002 .001 .002 .001
.0 .347 . 347 .245 .245
.05 .392 .398 .280 .284
.10 .484 .483 .350 .349
.15 .610 .619 .446 .454
.20 .853 .867 .633 .643
.25 1.094 .994 .811 737
.30 .998 .991 .740 .735

Table 3.7 Test Case 2 Results, z-Plane 11

Time Point (1,11,11) Point (6, 6, 11)
(sec) | At=] .002 .001 .002 .001
70 1.279 1.279 422 422
.05 1.442 1.467 .487 .496
.10 1.784 1.780 .617 .616
.15 2.248 2.284 .796 .809
.20 3.149 3.197 1.144 1.162
.25 4.035 3.666 1.465 1.330
.30 3.679 3.655 1.334 1.326
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Table 3.8. Test Case 2 Results, z-Plane 19

Time Point(1,11,19) Point (6,6,19)
(sec) | At= .002 .001 .002 .001
.0 .347 .347 .245 .245
.05 .388 .395 .278 .283
.10 .480 479 .348 .348
.15 .605 .615 .444 .452
.20 .847 .860 .630 .640
.25 1.086 .987 .808 .734
.30 .991 .984 L7137 L7132

The results at a At of .001 indicate that the thermal flux grew by
factors of 2.86 and 3.16 at the reactor center and in the center of the
perturbed regions, respectively. The group one fluxes grew by prac-
tically equal amounts. Thus, spatial and energy spectral changes
were minimal, as would be expected for this symmetric problem.

From Tables 3.6 and 3.8, it is seen that differences of up to 1%
exist in the results at planes 3 and 19, when they should be equal.
After these runs were made, an error was discovered in 3DKIN which
caused several coefficients for points on z-plane 18 to be incérrectly
computed. This was the cause of the slight retardation in growth in
z-plane 19 flux values. With the error corrected, a later run was
carried out to .10 sec and gave results symmetric to 4 significant
figures in the z-direction. The runs shown here were not repeated

because of the cost of the 2-1/2 hours of computer time required to

do so.
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At At=.002 sec, the solution considerably overshot the true
solution during time 0.2 < t < 0.3 sec. To overcome this damped
oscillatory behavior when the run with At=.001 sec was made, the
time step was decreased to .0005 sec for .01 sec just as the ramp was
cut off. This was largely successful as the solution then overshot by
only a very small amount. Closer examination of the solution at
several times in the range 0.2 < t < 0.3 revealed that the peak of the
overshoot occurred at .25 sec and that the solution was growing
smoothly and asymptotically by t=0.3 sec. It is believed that the
solution shown here for At = .001 sec has converged to less than 1%
error at all times except perhaps at the peak of the overshoot. A run
made out to .10 sec with At = .0005 sec supported this statement for

that part of the transient.

TEST CASE 3

Geometry and Composition: Configuration 3
Perturbation: Ramp change, AZa(material 4, group 4) = -.0035(t/0.2)
for 0 =t < 0.2 sec
AY_ (material 4, group 4) = -.0035

for t = 0.2 sec

A's mentioned in section 3.1, this problem, with four neutron
groups and one precursor group, is a three-dimensional version of a
problem used to compare several methods in two dimensions. Specifi-
cally, the original 160 cm X 80 cm plane was made 120 cm thick in the

z-direction. However, the bottom 56 cm of the region with material 4
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was changed to material 3 (which was identical to material 4 before
the perturbation). Thus, only the top 64 cm was perturbed for this
transient.

This problem is asymmetric in all three dimensions so that the
full reactor with homogeneous Dirichlet boundary conditions had to be
considered. With 8.0-cm mesh spacings, a total of 3696 mesh points
were used.

Material 1 is a highly enriched material so that group one fluxes
were initially more than five times higher than group four fluxes in it.
On the other hand, materials 3 and 4 are strong moderators so that
the group four flux peaked in them. Given these spectral variations in
the initial condition, which was computed with 3DKIN, and the asym-
metric perturbation, it was expected that large spatial and energy
spectrum changes would result.

The results of runs made on 3DKIN out to 0.3 second with time
step sizes of .002 and .001 sec are shown in Tables 3.9 through 3.12.
Point (3, 9, z) is near the center of the highly-enriched core, while
point (12, 3, z) is in the center of the perturbed region for z > 56 cm.
z-plane 4 is the mid-plane of the unperturbed lower portion, while
z-plane 12 is near the center of the upper 64 cm region.

As expected, this transient resulted in rather severe spectral
changes. At point (3,9, 4), the group one and group four fluxes grew
by only 6%. Meanwhile, the group one and group four fluxes at point
(12, 3,12) grew by 11% and 45%, respectively. The solution overshot
slightly at the end of the ramp for At = .002 sec, but practically all

traces of overshoot were wiped out during the run with At = .001 sec.



Table 3.9. Test Case 3 Results, z-Plane 4, Group 1

Time Point (3, 9, 4) Point (12, 3, 4)
(sec) | At= .002 .001 .002 .001
.0 .1.402 1.402 .384 .384
.05 1.416 1.419 .389 .390
.10 1.439 1.438 .396 .396
.15 1.457 1.459 .402 .403
.20 1.487 1.484 411 .410
.25 1.487 1.484 411 411
.30 1.484 1.486 .410 .410

Table 3.10. Test Case 3 Results, z-Plane 4, Group 4

Time Point (3, 9, 4) Point (12, 3, 4)
(sec) | At= .002 .001 .002 .001
.0 112 112 2.742 2.742
.05 114 114 2.775 2.781
.10 .115 115 2.825 2.824
.15 L1177 117 2.867 2.872
.20 .119 .119 2.931 2.928
.25 .119 .119 2.935 2.930
.30 ‘ .119 .119 2.928 2.934

Table 3.11. Test Case 3 Results, z-Plane 12, Group 1

Time Point (3, 9, 12) Point(12, 3, 12)
(sec) | At=] .002 .001 .002 .001
.0 1.772 1.772 .486 .486
.05 1.791 1.795 .496 .497
.10 1.821 1.820 .510 .509
.15 1.845 1.848 .522 .523
.20 1.883 1.881 .539 .538
.25 1.885 1.881 .539 .538
.30 1.881 1.883 .538 .539
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Table 3.12. Test Case 3 Results, z-Plane 12, Group 4

Time Point (3, 9, 12) Point (12, 3, 12)

(sec) | At= .002 .001 .002 .001
.0 .142 .142 3.467 3.467
.05 .144 .144 3.755 3.764
.10 .146 .146 4.114 4.112
.15 .148 .148 4.510 4.521
.20 .151 .151 5.010 5.008
.25 .151 .151 5.026 5.012
.30 .151 .151 5.012 5.019

The results at the two time step sizes are in good agreement and are

thought to represent a good approximation to the exact solution.

TEST CASE 4

Geometry and Compositions: Configuration 4
Perturbation: Ramp changes, Aza(material 5, group 2) = -.004 (t/.08)
for 0 =< t=< 0.08 sec
Az, (material 5, group 2) = -.004
for t = 0.08 sec
AZa(material 6, group 2) =0
for 0 <t< 0.08 sec
. _ t-.08"
AT _(material 6, group 2) = -.004( —=5"
a .08
for 0.08 <t < 0.16 sec
AZa (material 6, group 2) = -.004

for t> 0.16 sec

(continued)
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A% (material 7, group 2) =0
for 0= t< 0.16 sec
AT (material 7, group 2)= -.004 (t-—16
a ’ p : 08
for 0.16 <t < 0.24 sec
AZa(material 7, group 2) = -.004

for t = 0.24 sec

This problem represents an attempt to simulate the withdrawal of
control rods from two adjacent subassemblies in a medium-sized
pressurized-water power reactor with two neutron groups and one
precursor group. The central core zone consists of 16 square sub-
assemblies, each 30 cm on a side, containing 2.8% enriched U235.

Four subassemblies of the same size, but containing 3.3% enriched
U235, are located along each side of the inner zone. The four 30-cm-
square corners plus a 20-cm-thick band around the entire reactor
consist of a water and steel reflector. The active core height is

240 cm, with a reflector of 30-cm thickness located above and below it.

The two subassemblies which were perturbed were adjacent to each
other with the x mid-plane passing between them. Thus, only the right
half of the reactor was considered for the computer calculations. A
spatial mesh with 13 X 25 X 20 mesh points was used. A homogeneous
Neumann boundary condition was imposed on the exposed mid-plane of
the reactor.

The rod withdrawal was simulated by linearly decreasing the

thermal absorption cross section over three successive time zones of

0.08 sec length. During the first zone, only the bottom third of the
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subassembly was perturbed. The middle and upper thirds followed
successively in the next two zones. With the full perturbation inserted,
the reactor had about fifty cents of excess reactivity.

The thermal group fluxes at three heights in the core, both in the
center of the perturbed subassembly and in the center of the sub-
assembly located symmetrically across the y mid-plane from it, are
tabulated in Tables 3.13 through 3.15. Runs were made on 3DKIN with
time steps of .002 and .001 sec. The results for At=.001 sec are also

plotted on Figs. 3.3 and 3.4.

Table 3.13. Test Case 4 Results, z-Plane 5

Time Point (1, 5, 5) Point (1, 21, 5)
(sec) |At=] .002 .001 .002 .001
.0 .291 .291 .291 .291
.04 .296 .299 .364 .369
.08 .313 .313 .492 .493
12 .330 .337 .556 .567
.16 .376 .381 .684 .694
.20 .439 .415 .803 .768
.24 .439 442 .819 .828
.28 466 456 .879 .857
.32 .463 457 .870 .859
.35 .453 .458 .850 .861




Table 3.14. Test Case 4 Results, z-plane 10

Time Point (1,5,10) Point (1,21, 10)

(sec) | At= .002 .001 .002 .001
.0 .547 .047 .547 .547
.04 .552 .559 .570 .57
.08 .581 .979 .625 .624
.12 .615 .625 .821 .838
.16 .696 .706 1.212 .236
.20 .816 L7173 1.473 .401
.24 .824 .828 1.544 .557
.28 .874 .855 1.660 .616
.32 .868 .857 1.642 .619
.35 .850 .859 1.604 .623

Table 3.15. Test Case 4 Results, z-Plane 16

Time Point (1,5, 16) Point (1, 21, 16)

(sec) | At=] .002 .001 .002 .001
.0 .291 .291 .291 .291
.04 .292 .297 .294 .298
.08 .306 .305 .309 .308
.12 .324 .328 .345 .349
.16 .365 .369 .416 .422
.20 .431 .407 .606 .581
.24 .438 .441 .806 .820
.28 .466 .456 .8717 .858
.32 .462 .457 .868 .858
.35 .453 .458 .851 .860
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As expected, this perturbation caused severe flux tilting in the
reactor. The flux at point (1, 21, 10) grew by a factor of 2.97 during
.35 sec, while the flux at point (1, 5, 10) grew by only a factor of 1.57.
Likewise, the flux in the upper portion of the core lagged that in the
lower third considerably early in the transient, but caught up nicely
within..10 sec after the perturbation had become symmetric in the
z~direction.

As in earlier cases, the solution at At = .002 behaved in a damped
oscillatory fashion at the end of the ramp, due to the frequency calcu-
lation. Again, these oscillations disappeared when At was halved to
.001 sec and halved again for .02 sec just after the end of the ramp.
Based on the smoothness of the solution with At = .001 sec and the
relatively good agreement of the two solutions except at the end of the
ramp, it is again believed that the solution obtained with At = .001 sec

is a good approximation to the exact solution.



Chapter 4

CONCLUSIONS AND RECOMMENDATIONS

To be a truly useful numerical technique, a proposed method
must treat difficult, practical problems successfully with reasonable
computational.costs, as well as possess desirable analytical proper-
ties. It has been concluded in section 2.4 that the NSADE method
satisfies certain analytical criteria necessary for success. This
chapter summarizes the practical experience gained from the several

numerical experiments presented in Chapter 3.

4.1 Characteristics of the Numerical Results

Several important characteristics are easily observed in the
numerical experiments. The property of truncation error behavior
for the NSADE method has been shown to be approximately of order
h2, as predicted by the theoretical analysis, for the one problem
where it could be accurately measured.

Closely related to truncation error is accuracy. Over several
test cases, the NSADE method has been seen to give acceptably
accurate solutions at reasonable time step sizes. It is unfortunate
that solutions with even smaller At's are not available for Test Cases
2, 3, and 4 to further verify the accuracy of the solutions shown. Given
the relatively slow computer available for numerical experiments for

this thesis, this was just too costly.
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It is granted that the time steps required by the NSADE method
are probably an order of magnitude smaller than those which would
be required for similar accuracy by a direct solution technique where
the A matrix is not split before inversion. However, it is difficult to
imagine any such method, which would necessarily require an itera-
tive technique to carry out the inversion process, requiring less than
an order of magnitude more computational effort per time step.

The time step size used by the NSADE method is limited by two
factors. These generally come inté play during different parts of a
transient. During that part of the transient where reactivity is being
inserted, usually by an externally-controlled factor such as control
rod motion, the time steps are initially limited by the rate of reac-
tivity insertion. This is necessary so that truncation error is con-
trolled while the frequencies used in the exponential transformation
are ''seeking'' the rates of flux change in the various regions of the
reactor. Once this has happened, the time steps can be gradually
increased in size with little effect on accuracy, so long as the rate of
reactivity change remains fairly constant.

During any part of the transient when the rate of reactivity change
is suddenly altered, the time steps must be decreased in size. This
is necessary if accuracy is to be retained while the frequencies again
"seek'' the new rates of flux change. This must be done to control the
damped oscillations that arise if a time step too large is used through
this part of the transient.

A rule of thumb which was first offered for the NSADE method in

two dimensionsl and which has been found to hold approximately for
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three dimensions relates the truncation error to the rate of solution
change over one time step. A 1% change in the solution over each
time step generally produces about 1% error in about 100 steps. For
a given problem, this implies that about 100 steps are required to
predict a doubling in the flux to 1% accuracy.

The numerical stability of the NSADE method has never been
found to be a limiting factor in two- and three-dimensional calcu-
lations. The oscillations which plague the solution during periods of
abrupt change in the rate of reactivity change affect the accuracy of
the solution temporarily. They quickly damp out, however, so that
the solution returns to the correct rate of change. This correct asymp-
totic behavior is a result of the exponential transformation. The time
step sizes to be used for a particular problem are thus primarily
limited by the accuracy desired in the solution.

One great advantage of the NSADE method is its computational
ease. All matrix inversions required by it are simple back-
substitutions. Because of this, computational times per time step for
a range of problems vary approximately linearly with the number of
mesh points and neutron groups. It has thus been found possible1 to

derive an expression of the form
Time/Step = aN(G+ 1),

which relates the time necessary to advance the solution over one time
step, At, to the number of unknowns in the problem. Here, N is the
number of mesh points in the problem, and G and I are the number of

neutron and precursor groups, respectively.
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Listed in Table 4.1 below are running times per step required by
3DKIN for four different problems. The computer used for these runs
was an IBM 360/65 running under dS/BGO—MVT. All unknowns were

stored in fast memory.

Table 4.1. Computational Times

Mesh Points Groups Precursors Seconds/Step
1331 2 1 3.09
3696 4 1 16.0
4851 2 1 13.3
6500 2 1 18.3

Since only problems with one precursor are available, a value of
B=0.3 will be used as determined in previous two-dimensional work.
From Table 4.1, two values of o are obtained:

3 for G = 2

R
Il

1.2 X 107

3

1.0X 10 ° forG=4.

Q
Il

As G increases, the work per group decreases in 3DKIN since only one

frequency is computed for all neutron groups at each mesh point.

4.2 Applicability of the NSADE Method

The numerical experiments presented in Chapter 3 offer strong
evidence that the NSADE method is capable of treating a general class
of transients in three spatial dimensions with reasonable time step

sizes. These include difficult sub-prompt critical transients which
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result in significant spatial flux tilting and energy spectrum changes.
It is obvious that it would not be feasible to solve problems of a
really practical size with the computer which was used for the numeri-
cal experiments for this thesis. Table 4.2 compares the floating-point
add time (for 64-bit words) of the IBM 360/65 to those of several of
the fastest computer systems currently in use or being installed. An
extrapolation from the relation developed in the last section for the
IBM 360/65 should be approximately correct if it is based on the infor-

mation in the table.

Table 4.2. Comparison of Computing Speeds

Computer Model Floating Point Add Time
(microseconds)
IBM 360/65 1.8
CDC 6600 0.4
IBM 370/195 0.11
CDC 7600 0.1
CDC STAR 0.02

It seems reasonable to expect that increases in computing speeds
over the IBM 360/65 by factors of at least 16, 18, and 50, respectively,
can be expected from the last three machines listed in Table 4.2. These
last three machines can be obtained with 5 X 105 words or more of either
fast core storage or slower extended core storage which, through clever
programming, slows down computing speed only slightly. Thus, a pro-

gram like 3DKIN could treat a problem with three neutron groups, one
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precursor group, and 5 X 104 or more spatial mesh points with all
unknowns stored in fast or extended core storage, provided an
excessive amount of geometrical detail were not specified for the
problem.

Consider, then, the time which would be required on a machine
which is 20 times faster than the IBM 360/65. Table 4.2 gives
assurance that such machines are being built. A reasonable estimate
for a problem with three neutron groups, one precursor group, and

5 X 104 mesh points on this machine would be

Il

time /step = (1.1 X 107°)(.05)(5 X 10%)(3+.3) sec

9.1 sec.

Two hours of computing time would traverse about 800 time steps,
enough to describe many interesting transients.

One goal set for the direct solution technique developed in this
thesis has been that it provide benchmark solutions for difficult,
practical problems. Solutions from the more rapid but more approxi-
mate synthesis techniques can then be compared against these. At
the same time, the cost of obtaining these benchmark solutions must
not be unduly great. The NSADE method appears to satisfy both of
these criteria.

More importantly, the NSADE method is a practical method for
the routine solution of several classes of problems, given that a very
fast computer is available. One such class includes survey calcu-
lations where fine spatial detail is not required. Since more effort is

required to prepare a problem for solution by a space-time synthesis



84

method than for solution by the NSADE method, the synthesis methods
lose much of their speed advantage when a number of different problems
are to be run during a survey.

Space-time synthesis methods also have difficulty in treating
problems where severe spatial flux tiltings and energy spectrum
changes result. Selection of trial functions for such problems requires
much insight and intuition. In contrast, the NSADE method requires
only an initial flux distribution to start such a problem. Little insight

is required as to how the solution will behave during the transient.

4.3 Limitations of the NSADE Method

The NSADE method is a more costly method than are space-time
synthesis methods for a number of problems of interest to reactor
designers. Once a reactor design has been finalized, there are a
number of operating transients which need to be analyzed with fine
spatial detail. Here, space-time synthesis methods are capable of
providing sufficiently accurate solutions at a significantly lower cost.

Another factor may limit the effectiveness of the NSADE method
on some current computing systems. Because this method tends to
accumulate errors during the first few steps of a transient, a very
accurate initial flux distribution and eigenvalue estimate must be used
to start the calculations. All initial conditions used in this thesis were
accurate to better than one part in 107 in the flux distribution and one
part in 108 in the eigenvalue. Not only is it costly to obtain such an
accurate initial condition, but it also is necessary to be able to carry

10 or more significant digits in all calculations. It would be difficult
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to utilize this method on any computing system which did not have
floating-point capabilities which carry at least 10 significant decimal

digits.

4.4 Recommendations for Further Work

The NSADE method can be easily extended to r-6-z cylindrical
geometry and to hexagonal-z geometry. Such extension would greatly
increase the utility of the method in treating problems associated with
several types of reactors.

It has been mentioned that it is possible to increase the time step
size during certain parts of a transient, while it is necessary to
decrease it during other parts if accuracy is to remain fairly constant
throughout the transient. Algorithms which would automate this time
step size variation should be investigated. It is probable that the rate
of change of the frequencies, @, would provide an indication of when
the time step size should be changed.

A final recommendation concerns the selection of the frequencies.
There may well be algorithms which would select frequencies which
would allow even larger time steps to be taken. This area of investi-

gation deserves a great deal of attention.
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Appendix A
THE SEMI-DISCRETE FORM OF THE

SPACE-DEPENDENT REACTOR KINETICS EQUATIONS

The differential form of the space-dependent reactor kinetics
equations has been given in Eqgs. (1.1). These equations are repeated

here for the sake of clarity.

LA EY G . .
V_g gdt - V'Dg(r’ t) Vd’g(r’t) + Z Zgg,(r,t) d)gr(r, 1)
g'=1
I
+ ) fgiCi(r, t) (1<g<Q)
i=1
(1.1)
dci(}‘, t) - G ~ -
___d_t__ = —)\1 Ci(r, t) + Z plgy(?_a t) d)g'(r: t)
g'=1

All of the symbols used here have been defined in section 1.2.

The discretization is carried out here in rectangular Cartesian
coordinates. The region of interest is a rectangular parallelepiped.
The origin of coordinates is placed in the lower front left corner of
the parallelepiped, as shown in Fig. A.1.

The three-dimensional mesh is created by passing a series of
planes, each of which is perpendicular to one of the three axes,
entirely through the parallelepiped. The points of intersection of
these planes, which lie within or on the boundaries of the parallele-

piped, form the mesh. It is assumed that six of the planes are
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X

Fig. A.1. Coordinate System

coincident with the six faces so that planes of mesh points lie on the
six faces. If a total of L, J, and K planes are passed perpendicular
to the x-, y-, and z-axis, respectively, there are a total of LXJXK
points in the mesh within or on the boundaries of the parallelepiped.
Figures A.2a and A.2b depict, respectively, planes perpendicular

to the z-axis and y-axis which pass through mesh point (1, j, k).

1-1 1 1+1 1-1 1 1+1
j+1 k+1
/[\_l_ 2,6 1,5 4\_'_ 8,7 5,6
h i h .
y Ir- : z :_ i
| ! ! !
L : ) 1 i g
N\ B ! _ 1 |
v h Lo |-__1 Z\ hz Lo -
\J/y 3,7 4,8 U 4, 1,2
" i-1 " k-1
<h_ h, — K—h. —>¢ h.
X X | X
X X
Fig. A.2a. Plane Perpendicular Fig. A.2b. Plane Perpendicular

to z-Axis at (1, j, k) to y-Axis at (1, j, k)
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The broken lines lie exactly halfway between the solid mesh lines.
The eight octants which touch on point (1, j, k) are numbered as shown
above. Octants 1, 2, 3, and 4 lie below the z-plane passing through
point (1, j, k), while octants 5, 6, 7, and 8 lie above it.

The discrete equations for point (i, j, k) are obtained by integrating
+1nl/2,

Eqgs. (1.1) over the volume contained within x, - h;{/z < x<x

1 1
- + - + .
Y- hy/2 <y< yj+hy/2, and z, - hz/2 <z < Zk+hz/2' It is assumed

that the material within each octant is homogeneous. In the derivation
that follows, superscripts on material constdants denote the octants in

which the materials lie.

+
z, +h_/[2 +h /2
V_lgff 5 -Z dz f f 1 dX ¢g(X:Y»Z,t)=
g zk-hz/2 -h_ / x,~h
+ + +
z, +h_/2 y.+th_/2 x.+h_/2
fk_z dsz_y yfl_x dx X
z, ~h /2 yj—hy/2 xl—hx/2
G
vV.D (x YsZ, t)th (x,y,2,t) + 2 Xy, 2,00 _J(x,y,2,1) +
g=1 88 g
I
21 Gy, (1<g<a). (A.1)
With the following definitions,
d)g,l i,k V1 ik f f f‘i’ (x,y,2) dx dy dz (A.2a)
Ci1, ik V, .. f f fC (x,y,2) dx dy dz (A.2b)

l,j,k
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_1 *on”
ik —8(h +h> h+hy> (hz+hz) (A.2¢)
and
1 1 -t -2 3 4
T o=z !hh’h st ,+nThhTsf ,+hThThTs® AhThThTs
gg', 1,5,k 8{xyzgg xyz"gg xyz"gg "xyz"gg

+ o+ + 5 + +.6 7 +.8
hn'h’ s +hhh2 +hhh2 +hihht s ]
X'y z"gg' yz"gg' "xyz"gg “xvyz"gg

(A.2d)

where the integrals are taken over the limits shown in Eq. (A.1), Eq.(A.1)

becomes
Y% d¢ - ~
];,g-]"k g’l J’ Z__ { dsmng(X,y; Z)V¢g(X:y: Z)} +

G

L Zgg’,l,j,k‘l’g',l,j,k ¥

g'=1
I

Vigk b fgiCin gk (4-9)
i=1

In Eq. (A.3), the volume integral for the diffusion terms has been
changed to a surface integral, using Gauss' theorem. The summation
over m indicates that the integral has been broken into integrals over
the six faces of the volume. For illustrative purposes, consider the

face which is perpendicular to the x-axis at x=x +h;/2. The surface

1
integral for this face is given by

+
z+h,_ /2 y+h /2

B dz dy{ D (X,y,z)§¢) (x,y,z)-r_f ,
fz-hz/2 f h /2 1P g x} x=x,+h /2

where n_ is a unit vector in the positive x-direction.
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In order to carry out this integration, the current normal to the

face is approximated by a simple finite difference:

é R
= . = - )1+1’ J’ k g’ 1’ J, k
Vng(X, y,2) n = -2 ¥ ) (A.4)
X

With this approximation, the surface integral representing leakage

across the face at x=x1+h;:/2 becomes

z+h /2 y+h /2 R R
f dz f dy{Dg(x, y,Z)V¢g(X, y.z)-n_} + =
z-h_ /2 x=x.+h_/2
Z . 1 "x
1 5 8 4, - -
- . pintn” D°n h D°h h D*h’h
d)g: 1+1’J:k d)g: 1JJ’k . g + g + g + g y z
+ 4 4 4 4
h
X
= Rg, 1+%,J, k(¢g, 1+1’ j, k—d)g, 1, j, k) ’ (A.5)
where Rg, 1_%’ ik has been defined as
1 1.4 -, 5 + 8 - +, 4
R . =——th+th+th+th A.6a
g.1+3. 4.k 4h+( gyz gy gyz gyz ( )
X
By defining five more leakage coefficients as
R ., <D2h h™+D h+h +D7h'h++D3h‘h‘), (A.6b)
g, 1-3.5.k z gyz gyz gzvy
+ 4+, 6, -+, 2 - -
Ry 1 jal (D h h +D hth+DghXhZ+DghXhz), (A.6c)
R .., =-X (D h'h+D%hth +D7h“h++D3h‘h‘>, (A.6d)
gLz k  4- z g X gxz gxz
1 8 + - T - 6, - 4+, 5 + +
R ., . =—th+th+th+th) A6
g. 1,3, k+3 4h+< gxy g gxy gxy (8.6e)
Z
1 4 4 - 3 - 2, -+, 1 + +
R, . =—th+th+th+th> A.6f
g, 1.3, k-3 4h-< gxy g gxy gXy (8.6
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Eq. (A.3) can be written in its final form as

Vg lik_, ) 1

at V1,5, Rt 1k, 100,510, 1,000

Ro1-1,3,k%,1-1, 5, k%, 1,4, K TR, 1, 41, k(%g 1,541,k "

[0} )+ R

. . +
g, 1,ik g,1,j-3.k (‘bg,la 1,k d’g,l J,k)

Bo 1,3, k4291, 5, k1%, 1,3, K TR, 1,5, k-20g,1, 5, k-1 "
g J s 8 J g J g J 2 8

G
%e1,1,K T L Zgg',l,j,k(bg’,l,j,k]Jr
g'=1

I
Y £4iCi 15 k([ - (1<g<@q). (A.7)

Furthermore, by defining the (LJK) X (LJK) square matrices

Tygr diag{vgzgg,’ Lik/Vis, e (A.8a)

diag{v (A.8b)

B .
—g1 ggl

and _[_)g such that

—

— 1 -
DY _=v_ col —.k[Rg,1+%,j,k("’g,1+1,J,k %g,1,5,%

+
g 8 g Vl,J,

Rg, 1-1,5,k (d’g,l 1,j,k d’g,l I,k )+Rg, 1, j+3, (¢ 1+, k™

9,15, K T Re 1, 5-1, k9,1, -1,k %, 1, 5,60

R 1y kt10g 1 5 k17 %, 1, 5,1

R 11, k-30%,1, 5, k-17%, 1,3, % >} , (A.8¢)

the equations for all mesh points can be combined into the single



96

matrix equation

T
Togr Vgt Z (1<g<aq. (1.4)
1

Gt~ Dg¥et

r Q@

g

Here, the vectors ag and éi are formed by ordering the group g fluxes
and delayed precursor group i concentrations, respectively, in a con-
sistent manner.

The discrete equation for the ith delayed precursor concentration

at point (1, j, k) is derived in an analogous fashion. It is given by

dC; 1 ik 1 G
at = MG kT L Pigr 1 k%1 k
1)J:k g'=1
(1<i<I), (A.9)
where
P —B—hhhlz +hhhv22 +hhhu33+
ig,1,j,k 8 | 'x'yz'g “fg’ g'"ig' vz Vgl Yig!
4 _4 + + 4+ 5 _5 + 6 6
hxhyhz Vg,zfg,+hxhyhz g,zfg,+h h' Pz Vgt Tegr
+ 77 + 8 .8
hxhyhz VorZggrthy o h v g,zfg,]. (A.10)
By defining the (LJK) by (LJK) matrices
A =T (A.11a)
and
Pigr = dlag{Plg, L, K/ V1, i, ny | (A.11Db)

Eq. (A.9) for all mesh points can be written in matrix form as

dC, -
= - 4G

—

1 Eig’wg' . (1.5)

T Q

g
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Appendix B
THEOREMS

Several theorems and lemmas were offered without proof in

Chapter 2. They are restated and proved here.
LEMMA 1.:l The operators Ql(g, h) and QZ(Q, h) are consistent.

Proof. The consistency condition requires that

B(t+h) - C (2, h) B(1)
h

— 0 as h— 0. (B.1)

An identical condition must hold for Qz(g, h). Only QI'(—Q’ h) will be

treated here. The proof for 22(9, h) is identical.

The numerator in Eq. (B.1) can be written in the form
B(t+h) - C.6(1) = - h(D,+E —aQ)]
X{[1I-n(D,+E,- a2)] e g (1+h)
2T Ty ak
- [I_+h(_Dg+_E_:3" Y]}6 ().
. ©h = . ) . .
Expanding €= and 6 (t+h) in a Taylor's series gives
= - €h -1
6 (t+h) - C,6(t) = e~ [I-h(D+E - a9)]
X {n 2810 dg 464 _1aB (1) + O} .

It has been stated in section 2.1 that

MB (t) = AB (1) + O(Ax%) + O(Ay?) + O(Az?) .
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Therefore,

6 (t+h) - C 6 (1)
h

gh -1
e [L-h(D +E,-a Q)]

X {O(h) + o(ax?) +O(ay?) +O(Az 2)} ,

(B.2)
6 (t+h) - C. 6 (1)
=1 Qh
n < [I-n(D +E4—a9)]
X || oth) + 0(ax?) +0(ay?) + O(az 2|
Theorem 3, proved later in this Appendix gives assurance that
” e~ [I h(D +E4— aQ) || is bounded for the L2 norm provided the

ratios h/Ax , h/Ay , and h/Az are fixed, real constants of any

finite size. Calling this bound K allows Eq. (B.2) to be written as

6 (t+h) - C,(2,0) B (1)
UL

for the L2 norm. Thus, gl(_sg, h) satisfies the consistency condition.
LEMMA 2.1 If two operators are consistent, then their product
is consistent.

Proof. Let ¢, and g2 be two consistent operators, i.e.,

B (t+h) - c,

h

“—>Oas h— 0

8 (t+2h) - C. 6 (t+h)
h

“—>0ash——>0.

Since _(_31 is consistent, it has a bounded norm so that
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Ic

| ” 6 (t+h) - C,8 (1
1

5 ”—»Oash—+0.

The definition of a norm provides that “g_)ZHS Hg“ H)—EH . Therefore,

lc 8t -c cft)] — 0 as h— 0.

Using the triangle inequality, “}_f+ 5;“ < ||§“ + “37 , this becomes

” 6 (t+2h) - C,0 (t+h) € 8(t+h) - C C,8 (1)

o + 0 “—»Oash—>0

or

“ 6 (t+2h) - C, C,0 (1)

h 'l—»Oas h— 0, (B.3)

which is the consistency requirement for the product.

THEOREM 3.1 A family of matrices 1\_/[n of varying dimension n
having at most £<n nonzero elements in each row or column, £ being
constant for all n, has a uniform L2 bound if the individual elements

of the matrices 1\_/[n are uniformly bounded for all n.

Proof. Let c > 0 be a bound on the absolute value of the individual

n
elements, m.

, of the matrices M_. Then
i,k =n

for all n. However, by definition,
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2
2
I 112 =

sup 3

n
Z Jk *K
||xu2~1 =1 k=1

The Cauchy-Schwarz inequality gives

b f2< s 3 {[z [ 5 o k]}
xliy=1 J=1
n n
<  sup Z ct Z |m§lkx§
ixlly=1 j=1 k=1

n n N
< sup c4 Z ka| z lmj,k
ixh,=1 k=1 =1

or

(B.4)
and the theorem is proved.

THEOREM 4.! The matrices (I-hR)™! and (I+hR)(I-hR)™! have
L, norms of less than unity provided that (R +ET) is negative definite

Proof. By definition,

12 V- e-nr) 7
(1 - hR) |I2 = max —5—
v Vv
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Let U = (I-hR)™1¥. Then

“ 1) ula
(I-hR)" “ max — —
- 2y §Ta-mrDa-nru

i

—~T —
u u
max — — . (B.5)
@ @i[1-n(RT+R)+h’RTR |5

If (BT+B) is negative definite, the denominator of Eq. (B.5) is positive

and larger than the numerator. Therefore,

H(I_- hB)'ln <1.

2

Likewise, for the product (I+hR)I-hR) ', the L, norm is defined

as

— -1 -1 =

|2 vIa-nrT) @+ nRT) (I +nRIC - nRY LT

”(I_+ hR)(I-hR) H = max
2 v

_.T —
v v
With u defined as before, this becomes

2 aTa+nrD@+mR) &
max
2§ @l(-hRINI-hR)G

H(.I_+ hR)(1- hR)™! H

ET[I_+ h(5T+5) +h25TB Ju
= max — — (B.6)
& o [I-nRT+R)+n’RTR D

Again, if (_RTJI—_E_{) is negative definite, the denominator of Eq. (B.6) is

larger than the numerator so that

“(yh_R)(I_- hR) ™} “ <1.
2
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24

THEOREM 5. As t approaches infinity, the solution vector

w t

—_

—&(t)=eét$ approaches cae ° e , Where w_is the largest eigenvalue
o o o} g g

of A, go the corresponding eigenvector, and o = (ZO, 30).

Proof. Write (Zo as a linear combination of EO and \7, where (?;, go) =0,
that is, (ZO= a€0+ 3\7. Now,
S Ty ig(E Dy T
ale ,e.) +Ble ,v) (e, v.)
or

—_—

a = (é‘o,w

)3

o
if (go’ go) is normalized to unity.
Write ('/7(t) as

U(t) = eét(a€O+Bx7)

w t
= ae © eO+Beétv

wtr N
= ae ° [e0+(B/a)e—Btv} , (B.7)

where

B=A-w 1.
— — o—-

Note that the largest eigenvalue of B is 0, and all the others are given
by )‘i =W Wy and have real parts less than zero.

Now, put Bin Jordan form:

' —
18}

|lo

(B.8)

e
I
14!
oy
14!
I
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where each of the blocks on the diagonal is of the form

3= . (B.9)

ii is a p; by P, matrix, P; being less than or equal to the multiplicity
of the ith eigenvalue, and the )\i‘s are arranged in order of non- |
increasing real part. il is a 1X1 matrix since the largest eigenvalue
of B is simple.

Now

Bt— _ sSt'yst

e= 'V =e v
- @+sgn s + (1/20) s gt 2s+. .
= §—1 gt Sv = §-1 Lt a, (B.10)
where a = _S_;; But
p——l —
cdat L
Jt _
e=" = st . (B.11)
e
0

—

Since A and B share the same eigenvectors, o is the eigenvector

of B corresponding to eigenvalue 0, and the transformation S also puts

A into Jordan form. That is,

J's -sA, sly'se

=Ae =we, J'Se =w Se ,
o =70 00 =="o0 o~ 0
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where
_wo -
0
14
. I
J'= ; (B.12)
!
I3
0
L °J
Thus
- 'l ""T -
-
1 eO
0 X
Se =| 0 and § = X ,
— 0 .
— : _J - -
so that
(T3] [ o]
o)
X X
_S_\—; = X =] x
L J |

The first element of §x_; is zero since EO is orthogonal to v.
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Now
— 1 I (‘ 0 n
Jz‘t — —
e= a
e‘lt Sv = 2
- 33t a
3
0 .
L N

= . (B.13)

n
Hence, ”§_16J—t§§;|| < ||§_1 I Z I edit Il 5:1 |, which approaches

i=2

n Pil  {Re(\.)
-1 - t i
“_S_ “ ;2“ ai” (_p_i_l_) €

as t approaches infinity, using Lemma 8.1 from Ref. 20. Since Re()\i)
is less than zero, all i > 1, this norm goes to zero for large t. Hence,
”(B/a) eBt\-;“ approaches zero ak t approaches infinity, and the vector
€O+ (B/a) B3 approaches go’ completing the proof.

THEOREM 6.2 IfQ= wOI, the approximate solution operator

2w _h
B(Q, h) has as its largest eigenvalue e © with corresponding eigen-

value e , where Ae = e .
o’ =70 wo 0



Proof. Letting Q= wOI,

Blw I, h)e

But

woh -1
e % [L-h(a mau D] [L+h(Ag-aw D]

w h

-1 o —
X[I- h([_&z-awol_)] [I_+h(é1-'yw0£)]e e, -

[L+h(Az-yo D]e = [I-h(A,-aw D]e_

and

[I_+h(_A1—'ywo£)]go =[I- h(éz‘awol)]go .

Therefore,

Blw I, h)e

or

Blw, I, hle

I

1l

e ° [I-h(A,-aw D] [L+h(Az-vw_D)]

w h

X [L-h(Ay-aw DI [L-h(A,-aw D]e © &,

woh -1 Yy
e~ [L-h(A-a w1 [I- hAy-a w D]e

h

e
(o)

106

(B.14)
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Appendix C

TEST PROBLEM DATA

The reactor parameters for the four configurations used in

Chapter 3 for three-dimensional experiments are presented in this

appendix. The symbols used in this appendix are defined as follows:

AX

mesh spacing (cm) in x-direction
mesh spacing (cm) in y-direction
mesh spacing (cm) in z-direction
decay constant (sec—l) of ith precursor
delay fraction of ith precursor

fraction of decays of ith precursor which yield neutrons

in group g

velocity of gth neutron group (cm/sec)

prompt fission spectrum component for group g
. . -1

macroscopic transport cross section (cm )

1/(32tr) = diffusion coefficient (cm)

macroscopic absorption cross section (cm_l)

macroscopic fission cross section (cm—l)

average number of neutrons per fission

= macroscopic scattering cross section from group J to

group J+1 (cm™).

Unless otherwise noted, all boundary conditions are homogeneous

Dirichlet.



108

Configuration 1

Number of neutron groups = 2

Number of precursor groups =1

Geometry: Homogeneous cube, 200 cm on a side

Ax = Ay = Az = 20 cm

Precursor Constants:

)\i = .08, Bi = .0064, X11 = 1.0, X91 = 0.0

Material Properties:
Group 1 Group 2
v 3.0 X 10" 2.2 X 10°
X 1.0 0.0
tr .2468 .3084

z .001382 .0054869

1% 2.41 2.41

Ze .000242 .00408

ZJ—>J+1 .0023 0.0
Initial Conditions:

Spatial shape: cosine

.895285417

Critical keff:

Configuration 2

Number of neutron groups = 2

Number of precursor groups = 1



8.0 cm

109

160 cm (z-direction)

Geometry:
Ax = Ay = Az =
height =
21
18
2 1
14
w0
g 3 2 3
.8 o
Q
2
Q 8
g A
™
L 2 1
4
l |
! [
1 ) |
1 4 8
X mesh points
Fig. C.la. x-y Plane for

24 € <€ 136 cm

11

y mesh points

21

18

14

DVé = 0

|
|
|
|
]

1 4 8 11
x mesh points

Fig. C.1b. x-y Plane for
0<sz<24, 136<z2<160 cm

The numbers in the various regions indicate the material number

in that region. Only the right half of this reactor is shown since the

left half is symmetrical to it.



Precursor Constants:

)\1 = .08, Bl = .,0075, X171 = 1.0, X9y = 0.0
Group 1 Group 2
v 1.0 X 107 2.0 X 10°
X 1.0 0.0
Material Properties:
Material 1
Group 1 Group 2
¢ .238095 .833333
r
z .01 .15
a
v 2.40 2.40
Zf .0035 .10
ZJ—>J+1 .01 0.0
(Same as Material 1)
Material 3
Group 1 Group 2
Zt .25461 .666667
r "
z .008 .05
a
v 2.40 2.40
Zf .0015 .03
ZJ—»J(I-I .01 0.0
Initial Condition:
Critical keff: 1.06432742

110
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Configuration 3

Number of neutron groups = 4

Number of precursor groups =1

Geometry:
Ax = Ay = Az = 8.0 cm
height = 120 cm (z-direction)
11
a 1 1 2
5
)
a,
<
¢ 5
£
>
2 m 3
1
1 10 14 21

Fig. C.2. x-y Plane for 0 < z < 120 cm

m=3 for 0<2z < 56 cm

m=4 for 56<z <120 cm

Precursor Constants:

A\, =.08, By =.0064, x;;=0.0, xy; =10, xz =0.0,
Xq1 = 0.0
Group 1 Group 2 Group 3 Group 4
v 100 X 10% 1.0 X 108 5.0 X 10° 2.0 X 10°

X 0.755 0.245 0.0 0.0
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Material Properties:

Material 1
Group 1 Group 2 Group 3 Group 4
tr .120 .310 .520 2.050
Za .00266 .00297 .0359 .655
v 1.60 1.60 1.60 1.60
Zf .00136 .00197 .0262 .540
ZJ—>J+1 .0586 .0828 .0850 0.0
Material 2
Group 1 Group 2 Group 3 Group 4
tr .100 .240 .400 1.600
Za .00135 .00140 .0176 .332
v 1.60 1.60 1.60 1.60
Zf .0007 .0009 .0131 274
ZJ—»J-I—I .0586 .0828 .0850 0.0
Material 3
Group 1 Group 2 Group 3 Group 4
tr .080 .160 .310 1.270
Za .00077 .00072 .00051 .012
v 0.0 0.0 0.0 0.0
Zf 0.0 _ 0.0 0.0 0.0
ZJ_)J+1 .0570 .0822 .0847 0.0
Material 4

(Same as Material 3)

Initial Condition:

Critical ke 1.06601870

ff°
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Configuration 4

Number of neutron groups = 2

Number of precursor groups = 1

Geometry:

Height = 300 cm (z-direction)

Ax = 10.0cm, 0 € x< 20 ecm, 50 € x < 170 cm, 200 < x < 220 cm
Ax =T7.5cm, 20< x< 50cm, 170 < x < 200 cm
Ay =7.5cm, 0 <y < 30 cm
Ay = 10.0 cm, 30 € y < 110 cm
Az =15.0cm, 0<z < 30cm, 270 <z < 300 cm
Az = 16.0 cm, 30 <z < 270 cm y (cm)
0 30 60 90 110 o 0 30 60 90 110
25 ] I T 1T 25 ] ] t
] I ! ! I |
23 --—4 1438 F 23 -
[N}
m 1 3 4 4 4
19 -—4 4 2} 19 -
—i
)] [0}
- +
= g
5 ~ | 8°
a, i g Q. il
= § 2 2 1 3 R § 4 4 4 3
)]
) M Q
£ g5
L L
7 148k 7 -
1 1 3 4 4 4
--4d Jdo _
3 l l QL 3 |
\ 1 | ! ! |
1 \ ] ] 4 oL 1 | | |
1 5 8 11 13 1 5 8 11 13
X mesh points x mesh points
Fig. C.3a. x-y Plane for Fig. C.3b. x-y Plane for
30z < 270 cm 0<z<30cm, 270<z<300cm

5 for 30<z < 110 cm
m =6, for 110 <z < 190 cm
7, for 190 < z < 270 cm



Precursor Constants:

xl = .08, Bl = .0064, X1 = 1.0,
Group 1
v 1.0 X 108
X 1.0
Material Properties:

Material
Group 1

ir .2246
Za .0094 34

v 2.571
Zf .002437

zJ—»J+1 .01872

Material
Group 1

ir .2264
) .009223

a ‘

v 2.584

Zf .002236
.01893

X91 = 0.0

Group 2
4.4 % 10°

0.0

1

Group 2
.8375

.07345
2.441
.05112

0.0

2

Group 2
.8445

.06737
2.442
.04557

0.0

114



Initial Condition:

Critical keff :

Material 3

Group 1
L1971

.0001984
0.0
0.0

.03010

Material 4

Group 1
.1487

.0003288
0.0
0.0

.01798

Material 5

(Same as Material 1)

Material 6

(Same as Material 1)

Material 7

(Same as Material 1)

1.28041608

Group 2
.8685

.007207
0.0
0.0

0.0

Group 2
.5490

.004677
0.0
0.0

0.0

115
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Appendix D

THE COMPUTER PROGRAM 3DKIN

The computer program used to conduct the three-dimensional
numerical experiments for this thesis has been named 3DKIN. It is
written entirely in Fortran IV for IBM System 360 computers. It
can be easily converted to run on any computer with a Fortran IV
compiler, however.

The program 3DKIN is described in the several sections of this
appendix. It is intended that the description given here be adequate
for this appendix to serve as a user's manual for the code. A more
detailed description would be nécessary for anyone wishing to make
modifications to the code, however.

Section D.1 discusses the methods used to obtain an initial steady
state solution for a problem. Section D.2 then describes the organi-
zation of that part of the code used in a subsequent time-dependent
calculation. The overlay structure used to reduce core storage re-
quirements and the input/output devices necessary to run 3DKIN are
presented in section D.3. A detailed description of the input infor-
mation for 3DKIN follows in section D.4. Section D.5 lists the card

images of the input data for 3DKIN for a sample problem.

D.1 Description of the Steady State Section

Several comments of a general nature concerning 3DKIN should be
made before proceeding to the algorithms used to obtain the initial

critical flux distribution and keff' The first concerns the overall
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organization of the code. It has been written in a modular fashion,
where each subroutine or set of subroutines performs one task or
several closely-related tasks. This facilitates the division of the code
into segments for subsequent use of the overlay feature of OS/360. It
also allows additional code options such as new geometries to be added
to the code without severely altering existing subroutines.

The second comment concerns the use of directly-addressable
core storage for the storage of program variables. The variable
dimensioning feature of Fortran IV is used throughout the code. In
fhe MAIN routine, a vector named A is placed in the labeled common
area ARAY and given a length which corresponds to the total core area
which the user desires to allot to program variable storage. Based on
input parameters which describe the size of the problem to be considered,
a subroutine called MEMORY computes a series of pointer variables.
Each pointer variable indicates a location in A where the first member
of a program array will be located. The remaining members of that
array are then stéred in successive locations in A.

The obvious advantage of this technique is that each program array
is dimensioned to exactly the size necessary for each particular
problem. Core storage is thus used very efficiently. In addition, the
total amount of core storage allotted to program varlable storage can

be changed merely by recomp111ng the short MAIN routlne after changmg .
two statements.
For both the steady state and time-dependent parts of the code, the

total core storage necessary to store program variables for each

problem is computed. If this amount exceeds the amount allocated to
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the vector A in MAIN, another attempt is automatically made to allot
storage for program variables. This time, however, the flux and
fission source vectors are stored on input/output devices for the steady
state section, as are the fluxes and precursor concentrations for the
time-dependent section. This greatly reduces the amount of core
storage required and allows very large problems to be run.

The remainder of this section describes the program flow in the
steady state section. The program entry point is in the MAIN routine.
The MAIN routine zeroes out the entire A array and reads in the title
card and second card for a particular problem. The second card con-
tains the parameters which completely define the amount of storage
required for that problem. Subroutine MEMORY is called to allocate
storage for program variables and to determine whether or not
input/output devices are required to store several large arrays. If
these input/output devices are required, MAIN opens the datasets on
these devices. Program control is then passed to subroutine CALLER,
which calls the subroutines which control the various first overlay
level segments.

Subroutine INPUT is called first to read in the remaining input
data for the problem. Subroutine IOEDIT prints out an edited version
of the problem description. The flux vector needed to start the itera-
tive solution process is read in either from cards or from a dataset
on an input/output device or is generated as a cosine in each dimension.
Subroutine FLUXIN performs whichever of these options is requested.

The iterative solution process is controlled by subroutine SSTATE.

To detail the form of this iterative process, several equations need to
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be restated. The time-dependent equation for the group g flux at all

points has been given in Eq. (1.4) as

dlz G I
o - -
—gdt Dy, + > Tl + ) EgiC - (1.4)
g'=1 i=1

To obtain the initial condition, the time derivative is set to zero.

Further, given the definitions of Xg and x . in section 1.2, a weighted

gi
prompt fission spectrum, Xg'g’ can be defined as

I
r = -
Xy = (=B X + ), BiXy; - (D.1)
i=1
If x'g replaces Xg in Eq. (1.4), the precursor concentration term in it

can also be ignored for the steady state calculation.

Several additional matrices need to be defined. Let

Togr = xgy'l(xé_lfgﬁﬁgg,), g'#+g (D.2a)
-1

Too =¥,V (X F - D.2b

Tog ~ ¥l OgEgE) (D-2b)

D, = ng‘l Dy, (D.2¢)

Here, Kg = ng_ and V is the diagonal matrix of volumes associated

with each mesh point. Eg' is a diagonal matrix containing the v _, 3

g' g’

term for each mesh volume. The matrix —ng' is also diagonal and
describes the scattering from group g’ to g in each mesh volume.
Finally, zg contains the absorption and out-scattering terms for
group g at each mesh volume.

The form of Eq. (1.4) to be solved for the initial condition becomes
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. R ., G x' G ,
vV (D'-% +v V° R 4 ,+—b F ,b,)=0,
A (_g —g)wg‘ Xg_ ( Z _ggr‘f/gr keff Z _g,wg,)
g'#g g'=1
(1<sg<Qq). (D.3)

In 3DKIN, only downscattering is allowed so that ng, =0 for g’ > g.

Equation (D.3) can be reduced to

4

g-1 G
— — X —
(-D'+3 ) _= R_,§_,+—5 F ,0,. (D.4)
—g ~g'"g L gg""g" K ¢ ,Z= g’

In 3DKIN, Eq. (D.4) is solved by a two-level iterative process.
This is the standard inner iteration-outer iteration method.27 Let the
inner iteration index be m and the outer iteration index be £. The

inner iterations involve solving the equation

g-1 r

- - Xy

(-Di+z )by = Y Ryiyt + &5 (D.5)
r=1 Y

for each group, starting with g=1. Here, §2, the fission source vector,

and 0,2 have been obtained from

07 = —— , (D.6)

£ < 0, (1 S .

P a 7 - 7

S ) F b, . ), E .. (D.7)
g:‘.

Here, u is an input fission source overrelaxation parameter bounded
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by 1 < u < 2. The outer iteration consists of the computation of a’e and
an$§ , used to start a new set of inner iterations.

The inner iterations in 3DKIN are carried out by a one-line
successive overrelaxation method. Lines of fluxes in the x-direction
are overrelaxed successively across each z-plane of mesh points,
starting with the bottom z-plane. An optimum overrelaxation parame-
ter is computed for each group, using a method prescribed in Ref. 27,
The iterative process continues on a particular group until convergence

is obtained for that group, where convergence is defined as

m m-1
90,1,k ~ %21k
max < € (D.8)
1,j,k o 2" :
g:l)j:k

The parameter € is input by the user, as is a parameter mo o If the
condition (D.8) is not satisfied for m < m . the iterative process is
stopped for that group automatically for that outer iteration.

As can be seen from Eq. (D.6), the L1 norm is used as an indi-
cation of the total solution change during an outer iteration. In an
attempt to speed convergence of the outer iterations, the fission
source vector, §£, is overrelaxed in a rather crude fashion. The
entire iterative process is com}ﬂeted after the ﬁth outer iteration if

condition (D.8) has been satisfied for all groups during that outer iter-

ation and if

|1.0 - o | < € - (D.9)
At this point, keff is computed from
2.
_ n
K pp = ;I;I—l o . (D.10)
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Before starting the iterative process just described, subroutine
SSTATE calls subroutine SETUP1 to compute the necessary coef-
ficients. SETUP1 uses subroutine COEF1 to do this.

SSTATE also calls subroutine ORPEST to compute the groupwise
optimum overrelaxation parameters. SSTATE computes the fission
and scattering source for each group during an outer iteration. Sub-
routine INNERO or INNERI1 is called to carry out the actual inner iter-
ations for the groups. INNERO is used if all program variables are
stored in core, while INNER1 is used if the flux and fission source
vectors are stored on input/output devices. SSTATE completes the
outer iteration by computing a new estimate of 0 and overrelaxing the
fission source vector. It also tests for convergence of the outer iter-
ations. Subroutine SSTOUT prints out a one-line summary of each
outer iteration and saves the converged fluxes if requested.

Two additional features of the steady state section of 3DKIN are
worthy of note, although they are invisible to the user of 3DKIN. The
first is an additional technique used to accelerate convergence of the
inner iterations. Before the inner iterations are started for group g

during outer iteration £+ 1, the quantities

g’ g+1 L Xy g
\ —_— + N —_
= R +£§
“1 L Teglyr T
g'=1 1

and

Q
1l

Y, *ﬁ‘
N (AiA

are computed. The vector Zgﬁ is multiplied by the ratio (afl/az), and
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the result is used as an initial guess for the inner iterations for groupg.
This has the effect of scaling the initial guess so that the neutron
balance is satisfied in an integral sense when the inner iterations are
started. This so-called group rebalancing is carried out by subroutines
GRBALO and GRBALI1, which are called by INNERO and INNER1,
respectively.

The second feature is the manner in which the coefficients for
Egs. (D.4) are stored in 3DKIN for the x-y-z geometry option. The
manner in which planes are passed through the parallelepiped of
interest to create the three-dimensional fine mesh has been presented
in Appendix A. The only restriction placed on these planes at that
time was that every boundary of a homogeneous material region must
lie on a fine-mesh plane.

In 3DKIN, an additional restriction is introduced. Each of the
fine-mesh planes which has a homogeneous material region boundary
coincident on any part of it becomes a coarse-mesh plane. Between
two successive coarse-mesh planes in a particular direction, all fine-
mesh planes parallel to these coarse-mesh planes must be equidistant.

The reactor of interest is thus divided into a three-dimensional
array of rectangular parallelepipeds by the coarse-mesh planes.
These rectangular parallelepipeds are hereafter referred to as
material regions. Within a given material region, only one material is
present. Additionally, fine-mesh spacings are constant across that
material region for each of the three directions.

Each material region has a total of 26 faces, edges, and.corners

associated with it. Thus, regardless of how many fine-mesh points lie
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within or on its boundaries, only 27 sets of coefficients need to be com-
puted and stored. The extra set is for all of the fine-mesh points which
lie within the boundaries of the material region.

Because of the manner in which faces, edges, and corners are
shared by more than one material region, however, an average of only
8 sets need to be associated with each material region. This assumes
that the right, upper, and back outer boundaries of the parallelepiped
as shown in Fig. A.1 have homogeneous Dirichlet boundary conditions.

In 3DKIN, a so-called problem region number is assigned to each
set of coefficients. A three-dimensional array, called a problem
region map, is created, with one entry per fine-mesh point. In this
problem region map, all fine-mesh points which have the same set of
coefficients are assigned the same unique problem region number.
Coefficients are computed and stored by problem region number, and
the problem region map is used to obtain the proper set of coefficients
to be used at a particular fine-mesh point.

The advantages of this method are two-fold. No coefficients ever
have to be recomputed during the entire steady state calculation, and
each fine-mesh point has a set of coefficients correct for it. At the
same time, the amount of storage necessary to contain the coefficients
is reduced drastically over that required if a set of coefficients were

computed and stored for each fine-mesh point.
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D.2 Description of Time-Dependent Section

The program flow for the time-dependent section of 3DKIN is
much less complicated than that for the steady state section. This is
primarily due to the simplicity of the NSADE algorithm. When the
initial condition has been computed, SSTATE returns program control
to CALLER. CALLER calls subroutine FLUXTR, which writes the
converged fluxes out on an input/output device. CALLER then calls
subroutine TIMDEP, which controls the remainder of the time-
dependent section.

Subroutine TIMDEP first redefines several coefficients in each
problem region. It then calls subroutine DELAYS, which reads the
fluxes back in from the input/output device and computes the corre-
sponding pointwise initial precursor concentrations. After zeroing
out the frequency array and dividing the various VZp values by the
critical value of keff’ the main time-dependent loop in TIMDEP is
entered.

Within this main loop, time is divided into a series of time zones.
Within each time zone, a number of materials are allowed to have
properties which undergo a step change at the beginning of the time
zone and/or a ramp change throughout the time zone. Subroutine
TIMINP reads in the data describing each of these time zones.

Within each time zone, subroutine CHANGE is called whenever
necessary to recompute coefficients which vary with time. The coef-
ficients are recomputed consistent with the problem region concept.
Coefficients are recomputed only for those problem regions which have

time-varying properties.
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For the case where all problem variables are stored in core, the
initial egzh transformation and forward sweep of the spatial mesh for
all groups is performed in subroutine STEPAO for each time step.
Subroutine STEPBO performs the reverse sweep and the second eﬂh
transformation for each time step. Subroutine FREQO computes the
frequencies for the next time step according to Eq. (2.8). For the case
where the fluxes and precursor concentrations are stored on
input/output devices, subroutines STEPA1l, STEPB1, and FREQI1
perform the same functions as their similarly-named counterparts.

At regular intervals, the fluxes at a number of specified test
points are printed out. At the end of each time zone, the entire flux

and precursor vector can be printed out if requested. These printouts

are obtained from the subroutine TIMOUT.

D.3 Overlay Structure and Input/Output Devices for 3DKIN

Two levels of overlay are used in 3DKIN. There are a total of 11

segments. The overlay structure is shown in Fig. D.1.

MAIN
MEMORY
CALLER
ETIME
Overlay level 1 | | —m -
INPUT SSTATE FLUXTR TIMDEP
IOEDIT ORPEST TIMINP
FLUXIN SSTOUT TIMOUT
DSIMQ
TALTER
CHANGE

Overlay level 2 ,
I ! I |
SETUP1 INNERO INNER1 DELAYS STEPAO STEPAI
COEF1 GRBALO GRBALI1 STEPBO STEPB!
FREQO FREQI1

Fig. D.1. Overlay Structure for 3DKIN
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Card input to 3DKIN is read in on symbolic device 5, while output
to the printer is on device 6. If the option where the fluxes are
punched onto cards is requested, the card punch is specified as device 7.

Up to seven sequential datasets on different symbolic devices may
be required by 3DKIN. These datasets may each be placed on a separate
magnetic tape drive, or they may be placed on one or more disk drives.
The disk drives are preferéble because their use generally results in
faster execution times.

If the option is requested where steady state fluxes are to be
stored on an input/output device between runs, this dataset is placed
on symbolic device 8. Additionally, symbolic devices 11 and 12 are
required for every run in which a time-dependent calculation is to be
made. These datasets are used for scratch purposes only.

If the problem is large enough to require that several program
vectors be stored on input/output devices, symbolic devices 11 and 12
are required during the steady state calculation as well. The fluxes
for each group are spooled back and forth from one to the other during
the inner iterations for that group.

In addition, four more symbolic devices are required for scratch
purposes for these large problems. During the steady state calculation,
old and new fission source vectors alternate on devices 1 and 2. During
the time-dependent calculation, the flux for the group used in the
frequency calculation is saved from one time step to the next, alternately,
on these two devices. Devices 3 and 4 alternate in storing the complete
flux vector (and precursors as well during the time-dependent calcu-

lation) for both sections of the code. All of these seven datasets are



written with unformatted write statements.

usage of these datasets.

Table D.1. Input/Output Symbolic Devices
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Table D.1 summarizes the

' Logical Record Length Number of Records

vumber | Sty | Bmer o | Seadv | B | vsed
1 L*J L*J K K IOPT =1
2 L*J L*xJ K K IOPT=1
3 L*J L * J * (G+I) K*G K IOPT=1
4 L*J L * J * (G+I) K*G K I0PT=1

When

8 L*J Lx*xJ K*G K* G fluxes
saved

11 Lx*J L*J K K*G Always
12 Lx*xJ Lx*xJ K K*G Always

The variables L, J, and K are the number of fine-mesh x-planes,

y-planes, and z-planes, respectively.

In order to minimize execution

time, symbolic devices 1, 3, and 11 should be placed on different disk

drives from symbolic devices 2, 4, and 12, respectively.

D.4 Description of Input for 3DKIN

The only geometry currently available in 3DKIN is x-y-z rectangu-

lar geometry, as shown in Fig. A.1. For both steady state and time-

dependent sections, the right, back, and top faces of the rectangular

parallelepiped must have homogeneous Dirichlet boundary conditions.
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In the steady state section, the left, front, and bottom faces may each
have homogeneous Dirichlet or Neumann boundary conditions specified,
independent of what condition is specified for the other two faces. In
the time-dependent section, however, the bottom face must always
have the homogeneous Dirichlet condition. If only one face is to have

a homogeneous Neumann condition, it must be the left face. If quarter-
core symmetry is desired, both left and front faces are specified to
have a homogeneous Neumann boundary condition.

At the time that the input description of a problem is formulated,
an estimate of the amount of core required for program variable
storage can be made. Equation (D.11) gives the total number of double
precision (64-bit) words required on an IBM System 360 computer in
the vector A for each problem. The variables in the equation are

defined in the input description.

Min. length of A = NNG * [3+(4+NDNSCT)*NMAT+NDG]+ 2 * NDG
+IM+JM+ KM + 3 * (IRM+JRM+KRM+1) /2
+8*IRM*JRM* KRM * [6*NNG+HNNG-1)

* NDNSCT+1 ]+ (IRM*JRM*KRM+3) /4

% J V[
+ (IM*JM KM+3)/4+Vcore . (D.11)

For the steady state section,

= 3*IM+5*¥NNG+IM>*JM*KM +
core

(1-IOPT) * [IM*J M*KM*(NNG+2)+5] +

IOPT * (5*IM*JM+5) .
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For the time-dependent section,

Vcore = IM * JM * KM + (1-IOPT) * [IM*J M*KM*(NNG+NDG+1)+5] +

IOP T * [IM*J M*(3*NNG+3*NDG+2)+2] .

Setting IOPT = 0 gives the minimum length of A required if all vari-
ables are to be stored in core. Likewise, setting IOPT = 1 gives the
core storage requirement for the option where several vectors are
stored on input/output devices.

Using the Fortran H compiler with optimization level 2 and the
level 18.6 version of OS-MVT for the IBM 360/65, a total of 77,500
bytes are required to store 3DKIN in core, exclusive of the number
of bytes allocated to the vector A. In addition, when the code is
actually executed, some additional core is needed for input/output
device buffers. With 46,000 8-byte words allocated to A and with
about 12,000 bytes allocated to buffers, 3DKIN requires 458,000 bytes
of core. A load module of this size was necessary to run Test Case 4
in Chapter 3.

What follows is a card-by-card description of the input for 3DKIN.

Card Type 1 FORMAT (20A4)

Columns 1-80: (ITITLE(I),I=1,20). This is the alphanumeric

problem title.

Card Type 2 FORMAT (2014)

Columns 1-4: NNG. This is the number of prompt neutron groups.

Columns 5-8: NDG. This is the number of precursor groups.
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Columns 9-12: NTG. This is the number of the group to be used

in the frequency calculation for the time-dependent section.

Columns 13-16: NDNSCT. This is the maximum number of down-

scatter groups for any of the neutron groups. No upscattering is
allowed in 3DKIN.

Columns 17-20: NMAT. The code expects to read in a total of

NMAT macroscopic cross-section sets. These sets are numbered
consecutively, from 1 to NMAT.

Columns 21-24, 25-28, 29-32: IM,JM,KM. These variables give,

respectively, the number of fine-mesh x-planes, y-planes, and z-
planes. The outer boundary planes are included.

Columns 33-36, 37-40, 41-44: IRM,JRM, KRM. These variables

indicate the number of coarse-mesh zones in the x-, y-, and z-

direction, respectively.

Columns 45-48, 49-52, 53-56: NXTP, NYTP,NZTP. These are

the number of x, y, and z points, respectively, that are to be used in
printing out fluxes during the time-dependent calculation. Every
IPRSTP steps, a total of NXTP*NYTP*NZTP points will have their
flux values printed out.

Columns 57-60: NSTEAD. If NSTEAD = 0, only a time-dependent

calculation will be performed. The input fluxes will be taken as the
initial condition. If NSTEAD = 1, a steady state calculation will first
be performed. If the solution converges within NOIT outer iterations,
a time-dependent calculation will follow. If NSTEAD = 2, only a steady

state calculation will be performed.
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Columns 61-64: IFLIN. If IFLIN = 0, the initial flux will be gener-

ated by 3DKIN as a cosine in each direction for each group. If
IFLIN = 1, the initial fluxes are to be input on cards. If IFLIN = 2,
the initial fluxes are to be read in as a sequential dataset from device 8.

Columns 65-68: IFLOUT. This variable applies only to the output

of fluxes at the end of a steady state calculation. If IFLOUT = 0, no
fluxes will be output. If IFLOUT = 1, the fluxes will be printed out. If
IFLOUT = 2, the fluxes will be printed and also punched onto cards in
a 5D16.10 format. If IFLOUT = 3, the fluxes will be printed and also
written on device 8 as a sequential dataset. If IFLOUT = 4, the fluxes
are only written on device 8.

Columns 69-72: IGEOM. This is the geometry indicator. At

present, IGEOM =1 gives x-y-z geometry, the only option available.

Columns 73-76: IETIME. If IETIME > 0, the outer iteration com-

pleted after accumulated computing time exceeds IETIME will be the
last. The fluxes at that point are output as indicated by IFLOUT, and

the program stops. If IETIME = 0, it is ignored.

Card Type 3 FORMAT (E16.10,4X, 3E10.4, 314)

Columns 1-16: EFFK. This is the initial estimate of keff . If it is

not in the range .1<k_..<10.0, it is set to 1.0.

eff

Columns 21-30: ORFP. This is the parameter used to overrelax

the fission source vector, as in Eq. (D.7). It should be in the range
1.0 ORFP <= 2.0.

Columns 31-40: EPS1. This is the eigenvalue convergence parame-

ter, €., from Eq. (D.9).

1}
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Columns 41-50: EPS2. This is the flux convergence parameter,

€9 from Egq. (D.8).

Columns 41-44: NOIT. This is the maximum number of outer

iterations allowed in the steady state section. If convergence has not
been obtained after NOIT outer iterations, the eigenvalue estimate is
printed, the fluxes at that time are output as indicated, and the
program is stopped. Provided the fluxes have been saved on cards or
on device 8, the latest keff can be input to a new run with these fluxes
and the calculation restarted.

Columns 45-48: NIIT. This is the maximum number of inner

iterations per group per outer iteration.

Columns 49-52: NPIT. If the flux and fission source vectors are

stored on input/output devices (IOPT=1), then the fluxes for a group
are recomputed across each plane a total of NPIT times before going

to the next plane during the inner iterations.

Card Type 3' FORMAT (8E10.4)

Use as many cards as are necessary.

Columns 1-10, 11-20, ... : (OMEG(NG), NG=1, NNG). These are

estimates of the overrelaxation parameters for the inner iterations.
If any OMEG(NG) is in the range .95 < OMEG(NG) < 1.05, all of them
will be computed by 3DKIN to be the optimum values. Once the opti-
mum values are known, they can be input and the calculation thus

avoided.
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Card Type 4 FORMAT (15, 5(I15,E£10.4)/5(I5, £10.4))

One set of these cards is needed for each of the three directions.

First set —

Columns 1-5: NLBC. This is the boundary condition at x=0.

NLBC =0 indicates a zero flux (homogeneous Dirichlet) condition,
while NLBC =1 indicates a zero current (homogeneous Neumann)
condition.

Columns 6-10,11-20; 21-25,26-35; ... : (IBP(IR),HX(IR),IR=1,IRM).

IBP(IR) is the right x fine~mesh plane number for the IRth X coarse-
mesh region. HX(IR) is the total x-width for that region in centimeters.
Additional cards may be used for these pairs of boundary planes and

widths. If the last card has five pairs on it, a blank card must follow it.

Second set —

Columns 1-5: NFBC. This is the boundary condition at y=0. For

the steady state section, it can be either 0 (zero flux) or 1 (zero current).
It can be 1 only if NLBC =1-for the tirne-dependent section.

Columns 6-10,11-20; 21-25,26-35; ... : (JBP(JR),HY(JR),JR=1,

JRM). These are the pairs of back fine-mesh y-planes and total y-

widths for the y coarse-mesh zones.

Third set —

Columns 1-5;: NBBC. This is the boundary condition at z=0.

Either a 0 or a 1 can be used for a steady state calculation, but only a
zero flux boundary condition is allowed here for the time-dependent
calculation.

Columns 6-10,11-20; 21-25,26-35; ... : (KBP(KR), HZ(KR),

KR=1,KRM). These are the pairs of upper fine-mesh z-planes

and total z-widths for the z coarse~-mesh zones.
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Card Type 5 FORMAT (2014)

Use as many cards as necessary.

Columns 1-4,5-8, ... : (IXTP(I), I=1, NXTP), (IYTP(I),I=1, NYTP),

(IZTP(I),I=1,1ZTP). These are the points at which fluxes will be

printed out every IPRSTP steps during the time-dependent calculation.

Card Type 6 FORMAT (2014)

One set of cards is required for each coarse-mesh z-region. Use
as many cards as necessary for each set, with 20 values on each card.

Columns 1-4,5-8,...: (MMAP(R,JR,KR),IR=1,IRM),JR=1,JRM).

These are the material numbers assigned to each material region in

the KRth coarse-mesh z-region.

Card Type 7 FORMAT (6E12.6)

Columns 1-12,13-24, ..., : (V(NG), NG=1,NNG). These are the

group velocities in cm/sec.

Card Type 8 FORMAT (6E12.6)

Columns 1-12,13-24, ... : (XI(NG), NG=1,NNG). This is the

prompt fission spectrum.

A set of NNG card type 9's and as many card type 10's as are
necessary is input as a package for each material NM, 1<NM < NMAT.
The sets start with material 1 and proceed consecutively to material

NMAT.

Card Type 9 FORMAT (4E12.6)

Columns 1-12; XNU(NM, NG). This is v for group NG.
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Columns 13-24: SIGF(NM,NG). This is Z, for group NG in em™ L.

f

Columns 25-36: SIGR(NM,NG). This is z for group NG in cm_l.

Columns 37-48: SIGT(NM,NG). This is Z,_for group NG in cm™ .

In each set, the NNG card type 9's are arranged consecutively

from group 1 to group NNG.

Card Type 10 FORMAT (6E12.6)

Columns 1-12,13-24, ... : ((SIGS(NM, NG, NDN), NDN=1, NDNSCT),

NG=1,NGX). This is Zq for g'=NG+1 to g’ =NG+NDNSCT for each

!

group g=NG. NGX = NNG-1, so no values are read in for group NNG.

Card Type 11 FORMAT (6E12.6)

One or more card type 11 is required for each precursor group.
Begin on a new card for each precursor group.

Columns 1-12: ALAM(ND). This is the N\ for precursor group ND

. -1
in sec .

Columns 13-24: BETA(ND). This is 8 for each precursor

group ND.

Columns 25-36, 37-48, ... : (XIP(NG,ND),NG=1,NNG). This is

Xgi for all groups g, 1< g<NNG, for precursor group ND.

Card Type 12 FORMAT (5E16.10)

These cards are needed only if IFLIN=1. There are a total of
NNG * KM sets of card type 12's required then. Each set begins on a
new card and contains the fluxes for one z-plane and one group. The
sets are arranged from plane 1 to plane KM for each group, with

those for group 1 coming first.
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Columns 1-16,17-32, ...: ((PSI(NG,1,J,K),I=1,IM),J=1,JM).

These are the fluxes at all points on z-plane KR for group NG.

For a time-dependent calculation, a set of one card type 13,
NNG *ISTPCH card type 14's, and NNG * ILINCH card type 15's are

needed for each time zone.

Card Type 13 FORMAT (615, 3E12.5)

Columns 1-5: LASZON. If >0, this is the time zone number. If

LASZON =0, this is the last time zone for this problem.

Columns 6-10: ISTPCH. If ISTPCH =0, no step change in any
material properties will occur at the beginning of this time zone. If
ISTPCH > 0, then a total of ISTPCH materials have one or more
properties which undergo step changes at the beginning of this time zone.

Columns 11-15: ILINCH. ILINCH indicates the total number of

materials in which one or more properties will vary as a linear
function of time over this time zone.

Columns 16-20: IPRSTP. During the time-dependent calculation,

the fluxes at NXTP*NYTP * NZTP points are printed out every

IPRSTPth step.

Columns 21-25; ICHHT. This variable is not used at present.

Columns 26-30: IFLOUT. If IFLOUT =0, fluxes at only the test

points are printed out at the end of this time zone. If IFLOUT =1, the
entire flux and precursor vector is printed out at the end of this time
zone.

Columns 31-42: HMIN. The value of h (=At/2) to be used through-

out this time zone is given here in sec.
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Columns 43-54: HMAX. This variable is not used at present.

Columns 55-66: TEND. This is the time at the end of this time

zone in sec. It should be an integer multiple of At.

Card Type 14 FORMAT (I5, 5X, 5E12.5)

For each material which has a property undergoing a step change,
the NNG card type 14's are ordered by group, from group 1 to group
NNG. There is a total of NGG * ISTPCH card type 14's in a time zone
set.

Columns 1-5; MNSCH(I). This is the material number for which

this change takes place.

Columns 11-22: DELSFS(MN,NG). This is the step change in

SIGF(MN, NG) for this time zone.

Columns 23-34: DELSRS(MN, NG). This is the step change in

SIGR(MN, NG) for this time zone.

Columns 35-46: DELSTS(MN, NG). This is the step change in

SIGT(MN, NG) for this time zone.

Columns 47-58: DELS1S(MN, NG). This'is the step change in

SIGS(MN, NG, 1) for this time zone.

Columns 59-70: DELS2S(MN, NG). This is the step change in

SIGS(MN, NG, 2) for this time zone. It is necessary only if NDNSCT = 2.

The MN above corresponds to the value of MNSCH(I) for this card.
At the present time, this option is limited to problems having 4 groups
or less. Also, the maximum number of materials which can be changed
in each time zone is five. However, both of these limitations can be

changed by altering several COMMON statements in the code.
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Card Type 15 FORMAT (15, 5X, 5E12.5)

For each material which has a property undergoing a linear vari-
ation, the NNG card type 15's are ordered by group, from group 1 to
group NNG. There are a total of NNG * ILINCH card type 15's in a
time zone set.

Columns 1-5;: MNLCH(I). This is the material number for which

this change takes place.

Columns 11-22: DELSFL(MN, NG). This is the total amount by

which SIGF(MN, NG) is to vary over this time zone.

Columns 23-34: DELSRL(MN, NG). This is the total amount by

which SIGR(MN, NG) is to vary over this time zone.

Columns 35-46: DELSTL(MN, NG). This is the total amount by

which SIGT(MN, NG) is to vary over this time zone.

Columns-47-58: DELS1L(MN, NG). This is the total amount by

which SIGS(MN, NG, 1) is to vary dver this time zone.

Columns 59-70: DELS2L(MN, NG). This is the total amount by

which SIGS(MN, NG, 2) is to vary over this time zone. It is required

only if NONSCT = 2.

The MN above corresponds to the value of MNLCH(I) for this card.
The limitations concerning number of groups and number of materials

apply to card type 15 as they do to card type 14.

Card Type 16 FORMAT (14)

Columns 1-4: If the number 9999 is placed in these 4 columns,

this problem is the last problem in this computer run. If any sequence

of numbers other than 9999 is placed here, another problem may be
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placed immediately after this card. Each problem must have a com-

plete set of input data.

D.5 Input for Sample Problem

On the pages that follow, the data for running a problem on 3DKIN
are presented in card image format. This sample problem is actually
the data for Test Case 2. For the steady state calculation, the initial
flux guess is generated by 3DKIN. A total of 120 outer iterations are
allowed. The time-dependent calculationsis set to run out to .3 second:
with a At of .001 second. This problem requires about two hours of

running time on an IBM 360/65.



FIRST THREE LINES NOT 3DKIN INPUT
RIGHT DIGIT OF EACH NUMBER IS OVER COLUMN

1 10 20 30 40N 50 60 ¢ 8

THESIS CASE 3: 3-D VERSION OF TWIGLE PROBLEM WITH HALF CORE SYMMETRY

2 1 2 1 3 11 21 21 3 5 3 3 5 3 1 ¢ 3 1 0
1.n 1.40000 201.00000-(3:91.000¢0D-08 200 10 1
1.0 1.0

1 42,4000D Ol 83,20C0D C1 112.4000D ¢l

0 42.40000 C1 83.20000 C1 144.8000D C1 183.200C0D C1 212.4000D C1

0 42.4000D 01 181.1200D0 C2 212.40000 01

1 6 9 3 6 11 16 19 3 11 19

3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
3 3 3 2 1 3 3 2 3 2 1 3 3 3 3
3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

1.000000D0 072.000000D ©5

1.0 G.n

2.4000000 003.500000D-031.000000D-022.380952D-01
2.400000D0 001.000000D-011.5000000-018.333333D-01
1.000600D0-020.0

2.4000000 003.500000D-031.000GC0D-022.380952D-01
2.400000D0 001.000000D-011.5000000-018.333333D-01
1.0000000-020.0

2.400000D 001.500000D-038.000000D-032.564103D-01
2.400000D 003.000040D-025.0000000-026.666667D-01
1.0000000-020.0
8.000000D-027.5000000-031.000000D 000.0

1 0 1 10 0 15.0C0030D-045,000000D0-042.000000D-0C1

1 0.00000D 00 0.00000D OC 0.00000D 00 0.C0000D 0O C.CCO0OCD OC

1 0.00000D 00-0.00450D 00 0.00000D 00 0.000N0D 00 C.OCCCID €U

2 0 0 10 0 02.500000D-042.500000D0-042.1000000-01

0 0 0 10 0 15.000000D-045.0000000-043.000000D-01
9999

4
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Appendix E
SOURCE LISTING OF 3DKIN



PO TOINIOOODINNOO O

kkkkkkkkkk STATUS JF 3DKIN AS OF JuLY 28, 1971

Ak kkkkk kkkk
ALL FEATURES JOF 3DKIN AS DESCRIBED IN APPENDIX D HAVE BEEN
TESTED AND AE WORKING EXCEPT FOR THE FILLOWING ITEMS:

l. THERE IS A BUG SOMEWHERE IN THE STEADY STATE SECTION FOR
THE DPTION WHERE FLJUX AND FISSION SNJURCE VECTORS ARE
STNOREN ON INPUT/OUTPUT DEVICES (10°PT=1).,

2. THE SUBROUTINES FOR THE TIME-DEPENDENT SECTION WHICH
PERFDORM THE FORWARD AND BACKXWARD SWEEP AND CALCULATE
NEW FREQUENCTIES WHEN I0OPT=1 (STEPAL,STEPBl,FREQLl) HAVE
NOT BEEN THIROUGHLY TESTED AND ARE NOT INCLUDED IN THIS
LISTING.

3. THE QUARTER~CORE SYMMETRY OPTION (NLBC=1,NFBC=1) FOR THE
TIME-DEPENDENT SECTION HAS A BUG IN IT,

VARIABLE DIMENSIONING IS USED THROUGHOUT 3DKIN. SPACE FOR ALL
ARRAYS IS ALLOCATED IN THE VEZTOR A IN LABELLED COMMON ARAY. A
NUMBER OF POINTERS ARE COMPUTED TN SUBRIUTINE MEMIRY WHICH INDICATE
THE LOCATIONS IN A WHERE EACH OF THE FIRST ELEMENTS OF THE ARRAYS
ARE STORED. THE POINTERS ARF NAMED SO THAT EACH CONSISTS OF THE
LETTER L PREFIXED TD THE ARRAY NAME, -

MAIN PROGRAM FOR 3DKIN .
IMPLICIT REAL%8 (A-H,0-7)
INTEGER®2 MMAP,NPRMP
COMMON/INTS /IASIZE yNNGyNDGyNTOG o NMAT 3 TMy JMy KMy TRMy JRMy KRMyNL BCy
INFBC o NBBCyNDNSCTyNPRGTIOPT ¢NTGyNXTP s NYTP yNZTP,IXTP{S),IYTP(5),
21ZTP(S5) s NSTEADyIFLIN, IGEOMy I FTITLE(20),NDIT,NIIT,NPIT4,10PSI, 10DUMP,
3IDFNy IOFO I OPNyIDPO, ITEMP,ITEMPY ,TTEMP2, ITEMP3,ITEMPA, I TEMPS,
GNTITLTETIMZ, IFLOUTs I MXy JMXy XMX,y IOSC1,T10SC2,NGX
COMMON/POINT/LV4LXT o LXIMyLXNU9LSIGF,LSIGRHLSIGT4LSIGS,LALAM, LBETA,
ILXTP L Xy LYy LZyLHXyLHY,LHZ,LIBP,L JBP,LKBP,LDD1,LDD2,LDD3,LDD%,LDDS,
20UDD6,LDD74LVO, LMMAP; LNPRMP,LPST,LP1,LP2,LP3, LFRO,LFRN,LFO,LFN,LSRC
AgLWAJLGAJLSOUNyLOMEG o LXFISS y LXINSCoLXREMyLXLEK,LTOT,LPSO,LW,LPO,LW

0000010
0000020
0000030
0000040
0000050
0000060
0000070
0000080
0000090
0000100
0000110
0000120
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c

99

100

READ CARD 1

READ(5,1000)(TTITLE(I),I=1,20)

1000 FORMAT(20A%)

WRITE(6,10L0)CITITLE(T),1I=1,20)

1010 FORMAT(1H1,10X,20A4%)

READ CARD 2

READ(59102) INNGoNIGy NTGy NDNSCT 4 NMAT , TMy JMe KM,y IRMy JRM KM JNXTP,NY TP

14NZTP,NSTEAD,IFLIN, IFLOUT, IGEOM, IETIME

1020 FORMAT(2014)

WRITE(S5,1030INNGoNDG 9y NTGoNDNSCT o NMAT o IM, JM, XM, TR M, JRM, KRM,NX TP,
1NYTP,H7TP'NSTEAD,IFL!N'IFLBUT’IGEDH,!ETIME

1030 FORMAT(11X,2014)

NPRG=8%] RM&k JRMEKRM

NT3G=NNG#NDG

41
CO%M“NIFLDTE/EFFK,JPFP,EPSI,EPSZ,TFNP,TEHPI,TEMPZ,TEMPBpTEMP4’
JTEMPS,TEMPS y XFISST, XFISSO,AL AMN, ALAMD, TIME, FLXCIN, BETAT
COMMON/ARAY/A(46000)

CALL ETIME

TASTI2E=46000

PD 100 I=1, 1ASIZE

A(1)=0.0D0O

CONTINUE
I0PS1=8

10DUMP=10

INDFN=1
10F0=2
10PN=2
10PN =4
10SC1=11
10SC2=12

IMX=IM=1
IMX= M-1
KMX=KM=-]

NGX=NNG-1
TIME=1,.0D+10

0000121
0000120
0000140
0000150
0000160
0000170
0000180
0000190
0000200
0000210
0000220
0000230
0000240
0000250
0000260
0000270
0000280
0000290
0000300
0000310
0000320
0000330
0000340
0000350
0000360
0000370
0000380
0000390
0000400
0000410
0000420
0000430
0000440
0000450
0000451

0000460
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110

1040

1050
999

IF(IETIMENELO)TIME=TETIME
TMEM=1

CALL MEMORY ( IMEM)

IF(IMEM.FQ.5) GO TO 999
IFUINPTL.EQ.D) GN TI 110

REWIND IODFN

REWIND INFD

REWIND 10PN

REWIND 10P0

RFWIND I0SCY

REWIND 10SC2

CALL CALLER

READ(5,1040) INDIZ

ITEMP4=9999

FORMAT(14)

IF(INDIC.NE.ITEMP4)GO TO 99
IF(INDIC.EQ. ITEMP4IWRITE(6,1050)
FORMAT(1HO,10X,*LAST CASE COMPLETED?')
sTOoP

END

0000470
0000480
0000490
0000500
0000510
0000520
0000530
0000540
0000550
0000560
0000570
0000580
0000590
0000600
0000610
0000620
0000620
0000640
0000650
0000660
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SUBROUTINE MEMNRY(TIMEM)
IMPLICTIT REAL%*8 (A-H,N-17)
INTEGER %2 MMAP,NPRMP

MEMQOO0010
MEMO00020 -
MEM0O0030

COMMON/POINT /LY LXT o LXIMyLXNUsLSIGF,LSIGR,LS IGT,LSIGS,LALAM, LBETA,MEMOO040
TLXIP LXo LYy LZ9yLHXyLHY,LHZ,LIBP,L JBP,LKBP,LDD),LDD2,L.DD3,LDD%,LDDS,MEM00050
2LDD69LDDT 9L VO, LMMAP , LNPRMP,LOST,LP1,LP2,LP3,LFRO,LFRN,LFO,LFN,LSRCMEMO0060
3oLWAGLGAJLSOLNyLOMEG yLXFISSy LXINSCyLXREMyLXLEK,LTOT,LPSO,4LW,LPO, LWMEMOOOT70

4) MEMO0071
COMMON/ INTG/ TASTZE s NNGyNDGy NTOGy NMAT 4, TM, JMy KM, IRM, JRM, KRM,NL BC, MEM00080
INFBCyNB3C o NDNSCTyNPRGIOPTHNTGyNXTP,NYTP 4NZTP,IXTP(5),IYTP(5), MEMO00090
2TITP(5) s NSTFADy IFLIN, IGEOMy ITITLE(20),NIITyNIIT,NPIT,I3P SI,IODUMP,MEMOO] 00
AIDOFN,TIFO,IDPN,TOPD, ITEMP,ITEMPL,ITEMP2, ITEMP3,ITEMP S, ITEMPS, MEMOO110
ANTIT,IETIME, IFLOUT, I MXyJMX,KMX,10SC1,T0SC2,NGX MEM00120
COMMON/FLOTE/EFFK, ORFP,EPS1, EPS2,TEMP,TEMP1, TEMP2, TEMP3, TEMD 4, MEMO00130
LTYEMPS, TEMPS 4 XFTISSTy XFISSN,AL AMN, ALAMO, TI ME,F LXCON, BETAT MEM00140
GD TD(100,200), TMEM MEMO00150
10PT=0 MEMO0160
Lv=1 MEMO00170
LXI=LV+NNG MEM00180
LXIM=L XT+NNG MEMO00190
LXNU=LXIM+NG MEM00200
LSIGF=LXNU+NMAT®NNS MEMO00210
LSIGR=LSIGF+NMAT%NNG MEMO00220
LSIGT=LS IGR+NMATENNG MEM00230
LSIGS=LSIGT +NMATENNG MEM00240
LALAM=LSTGS+NMATANNG*NDNSCT MEM00250
LRETA=LALAM+NDG MEM00260
LXIP=LBE TA+NDG MEMO0O0270
LX=L XTI P+NNG*NDG MEM00280
LY=LX+1IM MEM00290
LZ=LY+JM MEM00300
LHX=LZ+KM MEMO00310
LHY=LHX+ IRY MEMO00320
LHZ=LHY+ JRM MEM00330
LIBP=LHZ +KRM MEM00340
LJBP=LIRP+(IRM+1L)/2 MEM00350
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LKBP=L JRP+{JRM+1)/2
LDD1=LKBP+(KRM+1)/2
LDD2=LDDY +NPRG®NNG
LOD3=LDD2+\NPRG*NN3
LDD4=L DI 3+NPRG*®NNS
LDDS=LDD4+NPRGANNG
LDD6=L DD S+NPRG*NNG
LOD7=LDD64NPRG*NNG
LVO=LDD7 +NPRGENGXE®NDNSCT
LMMAP=L VO+NPRG
LNPRMP=| MMAP +{ IRMXJRMAKRM+3) /4

z NOW COMPUTE THOSE POINTERS WHICH MAY VARY WITH I0PT

110

120

130

LPSI=LNPRMP 4+ (IMRIMEXM+3) /4
LPI=LPST+(1L-IDPT)RIME JMEKMENNG+IOPT
LP2=LPLleIMEIMEIOPT+(1-I0PT)
LP3=LP24+IMEJMEIDPT+(1-10PT)
LFRO=LPI+IME MxI0PT+(1~-10PT)
LFRN=LFRO+{ 1-T10PT )& I MRJMEKM+ I DOPT
LFO=LFRN+ {1 =IDPT)RIMA JMEKM+1OPT
LEN=LFO+ IMIMXIDPT+ (1-10PT)
LSRC=L FN+IMEJMEINPT+{1-10DPT)
IHA=LSRC+IME JMEKM

LGA=LWA+IM

LSOLN=LGA+IM

LOMEG=LSOLN+1IM

LXFISS=LOMEG#NNG
LXINSC=L XFI SS+NNG
LXREM=L X INSC +NNG
LXLEK=LXREM+NNG

LTDT=LXL EX+NNG
IF(TIASIZE~-LTOT)120,140,140
10PT=10PT+1

IFLINPT.GT.1)G0 TO 130

GO 70 110

IMEM=5

WRITE(641000)IASTIZELLTOY

MEMO00360
MEMO00370
MEM0O0380
MEMO00390
MEMO0400
MEMO0410
MEMO0420
MEMO0430
MEMO00431
MEMO0440
MEMO00450
MEMO0460
MEMO0470
MEMO00480
MEM00490
MEMO0500
MEMO0510
MEM00520
MEM00530
MEM00540
MEMO0550
MEMO00560
MEM00570
MEMO00580
MEM00590
MEMO00600
MEM00610
MEM00620
MEM00630
MEM00640
MEMO00650
MEMO00660
MEM00670
MEMO00680
MEMO00690
MEMO0700
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100D FORMAT(1H ,10X,1642X, *WORDS ALLDTT“D,
1 CAPACITY EXCEEDED!')

140

101D FORMAT(IH ,10X,16,2X, 'WORDS ALLOTTED,®42X,15,42Xy *WORDS USED®)

BPANCH TD HERE TO CIMPUTE DIMENSION PIINTERS THAT CHANGF FOR

GO TO 300
WRITE(6,1010)IASIZE,LTOT

G2 T0 300

KINETICS CALCULATION

200

210

220

230
300

LPI=LPST+(1~-INPT)RIMXIMRKMENTOG+ INPT
LP2=1P1+IM& JMENTOGEIQOPT+(1-10PT)
LP3=LP2+IME IMENTOGXINPT+(1-10PT)
LPSO=L PR+ IR JMENTAGXINPT+(1-12PT)
LW=LPSO+(1~-TOPT )k TMXx MK M+TIPT
LPO=L W+IMEJMEKM

LWI=LPO+ IMEIMXIOPT+(1-I0PT)
LTDT=LWl+IME MINPTS (1-10PT)
IFCIASIZE-LTNT)210,230,230
INPT=1NPT+!

IF(INPT.GT.1)GD T) 220

GN TO 230

TMEM=5

WRITE(691000)IASIZE,LTOT

GN TN 300
WRITE(6,1010)IASIZE,LTOT

RETURN

£ND

12X916492Xy *WORDS NEEDED,COREMEMO0710D

MEMO0720
MEMO0730
MEM00740
MEMOD750
MEMO0T60
MEMOOTTO
MEMOOT780
MEMOO790
MEMOO0BO0O
MEMO0810
MEM00820
MEMO00830
MEMOD840
MEMOO0O8SO
ME4 86

MEMO0870
MEM0O0880
MEM0O0890
MEM00900
MEMO00910
MEMO00920
MEMO00930
MEM00940
MEMO0950
MEMO00960
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SUBROUTINE CALLER CALOOO10
IMPLICTIT REAL%8 (A-H,0-7) CALO0020
INTEGER%2 MMAP ,NPRMP CALOOD30
COMMON/PDINT/LVoULXT o LXIMyLXNU, LS IGFyLSIGR,LSIGT,LSIGS,L ALAM,LBETA,CALOO0D04D
ILXTIP L Xo LYy LZyLHXyLHY,LHZ,LIBP,L UBP,LKBP,LDD1,1DD2,LDD3,LDD4,LDDS5,CALODOS0
2LND06,LDDT7 4L VO LMMAP, LNPRMP,_ PSTLP1,LP2,LP3,LFRO,LFRNyLFOWLFN,LSRCLCALOOODSO
SeLWAJLGA JLSOLNGLOMEG o LXFISSy LXINSCoLXREMGLXLEK,LTOT,LPSO LW, LPDy LWCALOOOT70O
41 CALOO00T7}
COMMON/INTG/ IASYIZESNNGyNDGo,NTDGy NMAT , IM, JM, KM, IR M, JRMy, KRM,NLBC, CALO0080
INFBC yNBBC o NDONSC T NPRGIIDPT  NTGoNXTP NYTPNZTP,LIXTP(S ), IYTP(5), CALO0090
2UZTP(S) 4 NSTEAD, IFLIN,IGEOM, ITITLE(20) ,NDOIT,NIIT,NPIT,12PSI,IO0ODUMP,CALDO100

3I0FN,10F0,10PN, YOPD, ITEMP,ITEMPL ,ITEMP2, ITEMP3,ITEMP 4, ITEMPS, CALOO110
GNTIT IETIMZ, IFLOUT, I MXa IJMX KMX,TOSC1,I0SC24NGX CALOO120
COMMON/FLDTE/EFFKyORFPyEPS]1, EPS2,TEMP, TEMP1, TEMP2,TEMP3, TEMP 4, CALOO130
LTEMPS, TEMPS5, XFISST, XFISSO,ALAMN, ALAMD, TIME,FLXCONyBETAT CALOO140
COMMON/ARAY/A(1) ' CALO0150
CALL INPUT FOR REMAINDER OF INPUT DATA CaLO00160
CALL INPUT(AILVIZAILXT)oA(LXNU)yA(LSIGF};A(LSIGR) ,A(LSIGT), CALOO170
TA(LSIGS) , ALLALAM),ALLBFTA), A(LXIP),A(LXYsA(LY)A(LZ)yACLLHX)y CALO0180
2A(LHY)sA(LHZ ), A(LIBP),A(LJUBP) A(LKBP),A(LMMAP)},A(LOMEG) ,NNGyNDG, CALOO190
ANDNSCT o NMAT , IM,y JMy KMy IRM, JRMy KRM) CALOD200
CALL EDIT TO PRINT JUT EDITED VERSION- OF PROBLEM DESCRIPTION CALO0210
CALL YOEDITCA(LVIAULXT) A(LXNU)YA(LSIGF)A(LSIGR)A(LSIGT), CALO00220
TACLSIGS) o A(LALAM) ,ACLBETA) A(LXTPY,AILX) JACLY),ACLZ) ,A(LHX), CALO00230
2A(LHY) JA(LHZ ), A(LIBP ), A(LJIBP)A(LKBP )y A{LMMAP),A(LOMEG) y NNGyNDGy, CALO00240
3NDNSCToNMATy IM, JMy KMy IRMy JRMy KRM) CALOD250
CALL FLUXIN TO INPUT INITIAL FLUX GUESS CALO0260
CALL FLUXINCACLPST) ,A(LPY) o NNG,IM, IM,KM) cALO0270
CALL SSTATE TD COMPUTE CNDEFFICIENTS, SET UP PROBLEM REGIJONS, AND CAL00280
COMPUTE STEADY STATF FLUXES(IF REQUESTED) CALO0290
CALL SSTATE(A(LV),AILXID, ACLXIM) A(LXNU)A(LSIGF),AILSIGR), CALO00300
1A(LSIGT)sALLSIGS)yA(LALAM),A(LBETA) JA{LXIPY,AILXD),A(LY) s A(LZ), CALOO0310
2ATLHX) yA(LHY ), A(LHZ ), A(LIBP),A(LJBP),A(LKBP), A(LDD1),A(LDD2}, CALO0320

3A(LDD3), A(LDD&),ALLDD5) yA(LDD6) y A(LLDD7) 4 A(LVD),A(LMMAP) 3 A(LNPRMP),CALO0330
GA(LPSI)y A(LP1)4A(LP2),A(LP3),A(LFRO),A(LFRN) yA(LFO),'A(LFN),A(LSRC)CALO0340
SyA(LWA) 4A(LGA) JA(LSOLN) yA(LOMEG) ;A(LXFISS), A(LXINSC)sA(LXREM)yA(LXCALOO350
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ELEK) y NNGy NDGyNDNSC Ty UMAT, I M, J¥,KM, TRM, JRM, KPM, NPRG ,N5X) CALOO0360

IF(ITEMP . NELLICY TO 200 CAL00O370
IF(MNSTEAD. £0.2)1G2 T2 200 CALnO380
WRITE(6,1000) CALO00390
1000 FZRMAT (1H1 4///+10X,*PROCEEDING INTO TIME-NEPENDENT CALCULATION') CALO0400
CALL FLUXTR 70 WRITE FLUXES CUT ON I0SC1 FOR PASSAGE TD TIMDEP CALO0410
CALL FLUXTR(A(LPST )oA(LPZ) JNNGy IM, JM,KM) CALO0420
CALL MEMORY TO 2ERUILD STORAGE FOR TIME-DEPENDENT CALCULATION CALOO0430
IMEM=2 CALOO440
CALL MEMIPY(TMEM) . CALO0450
IF(IMEM,EQ.S)SD T2 200 CAL00460
CALL TIMDEP 7O PERFJIRM TIME-DEPENDENT CALCULATION CALO0470
CALL TIMIEP(A(LY) o ALLXT) o A(LXIM),A(LXNU),A(LSIGF),A{LSIGR), CAL 00480
TACLSTIGT) o ACLSTGS) ) A(LALAM) bA(LBETA) JACLXIP ), A(LX),A(LY)yA(L7), A{LHCALOO490
2X) o ACLHY), A(LHZ) A(LIRP), A{LJBP),A (LKBP),A(LDD1),A(LDD2),A(LDD3), CALOOSO0
3ACLDDY ), ALLDDS) ,ALLDD6)ACLDDT ) JA(LVO) yA(LMMAP ), A(LNPRMP), A{LPSI) CALDOO510
L9A(LPL )4 A(LP2) 4 A(LP3)y A(LPSD)y A(LW ) A(LPD) , A(LW1) o NNG,NDG, NTOG, CAL00520
SNONSCT JMMA T, 1M, M, KM, I RMy JRM, KRM, NPRG, NGX) CAL00530
NTW RETURN TO MATM CALOO0540
200 RETURN CALOO550
END - CALO0560
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SUBROUTINE ETIME

IMPLICIT REAL%8 (A-H,N-7)
INTEGER TNIW,TSTART,TREL,TI3
CALL TIMING(TSTART,TIN)
RETURN

ENTRY ETIMEF(TI)

CALL TIMINS (TNOW,TIOD)
TREL=TNOIW-TSTART
IF{TRFL.LT.0)TREL=TREL48640000
TI=TREL/6000.

RETURN

END

ETI00010
ETY100020
ETI00030
ETI00040
ET100050
ETI00060
ETI00070
ET100080
ETI00090
ETI00100
ETY00110
FTT00120
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SUBROUTINE INPUTIV, XTI XNUySIGFySIGRySTGT»SIGSyALAM,BETA, XIP,X,Y,2Z,INPOOO10
IHX 3 HYy HZ 4 I3P 4 JBP yXK3P s MMAP ,DMEGyNNGV ¢ NDGV yNDNSCVy NMATV, I MV, JMV,KMV,INP0O00D20

2IRMV,JRMV,KRMV) INPOOO30
IMPLICZIT REAL*B (A~-H,0-7) TNP0O0O0O40O
INTEGER%2 MMAP,NPRMP INPOOOS50
COMMON/ INTS/ TASTZE,NNGyNDGy NTOGy NMAT , I M,y UM, X M, IRM, JRMy KR My NL BC INPOO100O

INFBC yNBSCoyNDNSCTyNPRGyIIPTHNTGyNXTPyNYTP yNIT P, IXTP(S5),1YTP(5), INPOOL1O
21ZTP(S) 4y NSTFADy IFLIN,, IGEOMy ITITLE(20),NOIT,NIIT,NPIT,123PSI,I10DUMP, INPOD120
3I0OFN,IQFN,IDPN,IOP]), ITEMP,ITEMPL,ITEMP2, ITEMP3,ITEMP 4, ITEMPS, INPOO130
GNTIT,TETIME TFLOUT o TMXy JMXyKMX,y IDSC1,INSC24NGX INPOD140
COMMON/FLOTE/EFFKy DRFPyEPS1y EPS2,TEMP, TEMP1, TEMP2, TEMP3, TEMP &, INPOO150
1TEMPS, TEMPS , XFISST, XFISSN,ALAMN, ALAMD, TIME,FLXCON, BETAY INPOOL160
DIMENS ION VINNGV )+ X1 (NNGV)y XNUINMATV NNGV) 3 SIGF({NMATV,NNGV), INPOO170
YSIGRINMATV,NNGV),SIGT(NMATV,NNGV ), SIGS (NMATV yNNGV,NONSCV ), AL AMI(NDGINPOOL180

2V) s BETAUNDGV ) XIPINNGVINDGV) o XIIMV) s YUIMV),Z (KMV) ,HX{IRMV), INPOO190

AHY (JRMV) yHZ (KRMV ), IBP(IRMV ), JBP{ JRMV ), KRPIKIMV) ) MMAP(TRMV, JRMV, INP0O0200
4KRMV), OMEGINNGV) INPOO210

Dl 100 1=1,5 INP0D220
XTP(1)}=0 INP0O0230
IYTP(I)=0 INP00240O
127P(13=0 INP00250

100 CONTINUE INP00260

Z READ IN REVMAINDER OF TIME-INDEPENDENT INFDRHATION INP0OO270
C ONLY FFFK IS USED IF NSTEAD=0 INPOD280
r READ CARD 3 INP0O0290
READ{541000)EFFK, ORFP,EPSlyEPSZ,NDIT'NIITyNPIT INPOO300

1000 FORMAT(D16.1044Xy3D010.49316%) " INPOD310
WRITE(6,1010)EFFKyIRFPyEPSL,EPS2,NOIT,NTIT,NPIT INPOO320

1010 FORMAT(11X,D16.10,4X,3010.4,314) INPOO330
READ(S,1001 ) IDMEGING ) 4NG=1,NNG) - ~ INPOD340

1001 FORMAT(8E10,4) INPOO350
WRITE(6,1002 ){OMEGINGIyNG=14NNG)} * INPOD360

1002 FORMAT(11Xy8F10.%,/(10X,8E1).4)) INPOO370
c READ CARDS & INPOO380
105 READ(5,1020)NLBC,(TBP{IR)yHX{IR),IR=1,IRM) " ; INPOO0390
1020 FORMAT(IS5,5(15,E10.4)1/5(154FE10.4)) INP0O0400
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WRITE(691030INLBC,y {IBP(IR)y4X(IR), IR=], IRM)

1030 FORMAT(L11Xy 15+45(15,FE10.4)/(10Xy5(15,E10.4)))
READ(54102) INFBCy (JBP(JR I HY(JR) yJR=1, JRM)
WRITE(691030)INFBC, (JBP(JR)4HY(JR),IJR=1, JRM)
READ(5,1020 INBBC, {KBP(KR)s4Z(KR) yXR=1,KRM)
WRITE(6,91030)INBBC, (KBP{KR)yHZ(KR),<R=1,KRM)

SENERATE MESH SPACINGS AND MESH PLANE DISTANCES FROM ORIGIN

1S=1
1SS=2
DD 120 IR=1,IRM
HX(IR)=HX(IR)I/(IBP(IR)-IS)
IS=IBP(IR)
DD 110 I=1SS,IS

110 X{I)=X(I-1)+HX(IR)

120 ISS=IRP(IR)+1
1S=1
18§=2
D3 140 JR=1,JRM
HY(JR)=HY(JR )/ (IRP( JR)=-TS)
I1S=JB8P(JR)
DO 130 J=1SS,IS

130 Y(J)=Y(J=1)+HY{JR)

140 ISS=JBP(JR)+1
IS=1
ISS=2
D3 160 CR=1,KRM
HZ(KR)=HZ((R’/(KBP(KR)-!S)
IS=KBP(KXR)
DO 150 K=ISS,IS

150 Z(K)=2(K-1) +HZ(KR)

160 ISS=KBP(KR)+1

READ TEST POINTS FOR KINETICS CALCULATIONS CARD 5

INPOO410
INPO0420
INPOO430
INPOO440O
INPOO&50
INPOO460O
INPOO4T0
INPOD48B0O
INPO0490
INPOO500
INPOOS10"
INPODS 20
INPOO530
INPOO540
INPOOS 50
INPOO560
INPOOS70
INPOOS 80
INPOOS90
INPOO600
INPOO6YO
INP00620
INPOO630
INP0O0640
INPOO650
INPOO660
INPOOSTO
INPOO68O
INPOO590
INPOO700
INPOOT10
INPOOT20

READ(5,1040) (IXTP(I D sI=1 NXTP),{IVYTPII),I=1yNYTP),(IZTP(1),1=1,NZTINPOOT30

1P)

INPOO740

WRITE(691050)CIXTP(I JoI=1yNXTP), (IYTP(I) Il NYTP),;{'12TP (1), I=1,NZ2INPOOT7SO

17P)

INPOOT60
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READ IN MATERIAL REGION MAP TARDS 6

170
1040
1059

DD 170 KR=1,KRM

READ(S, 1040 ) (({MMAP{ TRyJRyKR) 3 IR=1,IRM) yJR=1, JRM) '
WRITE{S551050)( (MMAP({ IRyJRyKR)yIR=1,IRM), JR=1,JRM)
CONTINUE

FORMAT(2014)

FORMAT (11X, 2014)

READ VELOCITIES CARD 7

1060
1070

READ(5,!060)(V(NGlyNG=lvNNGI
WRITE(6,10T0V(VING) ¢ NG=1,NNG)
FORMAT(6E12. 6}

FORMAT (11X, 6F12.6/(10Xy6E12.6))

READ FISSION SPECTRUM CARD 8

READ(5,1060) (XTING) ¢4 NG=1,NN3) -
WRITE(6,10T0)IXTING) yNG=14NNG) °

READ MATERIAL PROPERTIES

DD 190 NM=1,NMAT

READ CARD 9

1893

DD 180 NG=1,NNG
READ (5,1 06D ) XNUINM NG )ySIGFI{NMyNG) s STIGRINM,NG)sSIGTINM,NG) -

WRITE(S5, 1070 IXNUINM, NG) y SIS (NMyNG)y SIGR (NM, NG), STGT (NM, NG)

READ CARD 10

190

READ(5,1060) ({{SIGS{NM,NG,NONSC) s NDNSC=1,NDONSCT ), NG=L 4NNG}
HRITE(69107O)((SIG9(NN’NGQNDNSCI:NDNS»*I,NDVSCT),NG=1,NNGl.
CONTINUE

READ PRECURSIR DATA CARD 11

200

DO 200 ND=1,NDG
READ(5,1060)ALAMIND ) yBETAIND) y(XIPINGyND)IyNS=LyNNG) '
WRITE(6,10TO)ALAMIND),BETA(ND),(XIP{NG,ND), VG=1,NNG)
CONTINUE

RETURN

END

INPOOT70
INPOOT80
INPOO790
INPOOBOO
INPOOB 1O
INPO0B20
INP00830
INP0O840
INPOOB S0
INP 00860
INPOOBTO
INPOOBSBO
INP00B90O
TNPOO900
INPOO910
INP00920
INPO0930
INP00940
INP009S0
INP00960
INPOO9TO
INPO0980
INP00990
INPO1000
INPOLO10
INPO1020
INP01030
INP01040
INPO1050
INPO1060
INPO1070
INPOL080
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SUBROUTINE IDEDIT(Vy XIyXNUySIGFy SIGRySIGT,SIGS,ALAM,BETA,XIP,X,Y,2INPOOO10
LyHXyHY s HZ s T BPy JBPoXBPMMAPy NTMEG 9 NNGV s NDGV s NDNSCV ¢ NMATV, I MV, J MV, KMVINPOO0 20

29IRMV, JRMV, KRMV) INPOOO30
TMPLICIT REAL*8 (A-H,0-7) INPOOO4O
INTEGER®*2 MMAP,NPRMP INPOOOS50
COMMON/ INTG/ IASTZE9NNGyNDGy NTOGy NMAT 4 IMy JMy KMy IRM, JRM, KRM,NL BC, INPOO100O
INFBC o NBBCyNDNSCT o NPRGyIODPT J NTGyNXTPyNYTP G NZTP,IXTP(S5),1YTP(5), INPOOL110
21ZTP(5) s NSTEADy IFLIN, IGEDMy ITITLE(20)y NOYT NIIT,NPIT,I3PSI,10DUMP,INPOOL20
2INFN,T3F0, 10PNy IDP], ITEMP, ITEMPL,ITEMP2, ITEMP3,ITEMP4, I TEMPS, INPOOL130
GNTYT TETIME IFLDUT o T MXs JMXyKMX, 10SC1,10SC24NGX INPOOL1 40
COMMON/FLOTE/EFFKyJRFPyEPS1,EPS2,TEMP,TEMPY, TEMP2, TEMP3, TEMP 4, INPOOYS50
JTEMPS, TEMPS  XFISST,, XFISSO,AL AMN, ALAMO, T IME,FLXCIN, BETAT INPOO160
DIMENSION VINNGV), XTI (NNGV) s XNUINMATV ,NNGV) s STGF{NMATV,NNGV), INPOO170
1SIGR(NMATVyNNGV )y SIGTINMATV, NNGV ), STGS INMATV yNNGV ¢NDNSZV ), AL AM(NDGINPOOL RO

2V) s BETAUNDSV )y XTP{NNGVyNDGV) ¢ XI{TMVI YU IMV) o7 (KMV )y HX(IRMV), INPOO190

BHY (JRMV) yHZ (KRMV), IRP{IRMV) 3 JBP( JRMV ) s KBP(KRMV) y MMAP (IRMV, JRMV, INPODO20D
4XKRMV) , OMEGI NNGV) INPOO210
WRITE(6,1000)(ITITLE(TI),1=1,20) INPO0220

1000 FORMAT(1H1,10X,*3DXIN RUN FIR',2X,20A%) ° INPOD230
" WILL ADD REST OF EDIVING ROUTINE LATER INPOO240
RETURN ) INP0OO250

END - - INP00260
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SUBROJTINE FLUXINCPST,PLyNN3V,IMV,JMV,KMV)

IMPLITIT REAL%8 (A-H,0-7)
INTEGER%2 MMAP ,NPRMP

COMMON/INTG/ TASTZEoNNGyNDGy NTOGy NMAT 5, TM, JM, XM, IR M, JIM,CRM,NLBC,
INFBC ¢ NBBC yNDNSCTyNPRGyIOPT 4 NTGyNXTPyNYTP 4NZTP,IXTP(S5),TIVYTP(5),
21ZTPU(5) yNSTEADy IFLIN, IGEPM, ITITLE(20),NIIT,NTIT,NPIT,TI3P ST, 10DUMP,FLUOD100
2I0FN,IJ3F0,TNPN,INPI, ITEMP,ITEMPL,ITEMP2, ITEMP3,ITEMP 4, ITEMPS,
ANTITHIETIME, IFLOUT,y I MX,JMX o KMX, INSCL,I0SC2,NGX

COMMON/FLOTE/EFFK,DRFP,EPSL, EPS2,TEMP,TEMPY, TEMP2, TEMP3, TEUYD 4,
LTEMPS, TEMPS s XFISSTy XFISSO,ALAMN, ALAMO, TI ME,FLXCIN, BETAT

DIMENSIOIN PST(NNGV, IMV,JMV, KMV}, P1(TIMV, JMV)

ITEMP=TFLIN+)
(TEMPI=10PT+1
P1=3,14159265358979D0
TWN=2,0D0

GO TN(100,300,400), I TEMP

: BRANCH HERE FOR SINE FLUX GUESS

100

110
120

130
140

150
150

DO 200 NG=1,NNG

DO 200 K=1,KM
IF(NBBC.EQ.1)GD TN 110
TEMP1=DSIN((K=-1)%PI/ (KM-1)}
GD TO 120
TEMP1=DTOS((K-1)%PI/ (TWO*({KM~-1)))
IF(K.EQ.XM) TEMP1=0,0D0

DY 199 J=1,JM
IF(NFBC.FQ.1)G0 TO 130
TEMP2=DSIN((J-121%P1/ (UM-1))
GN 70 140 :

TEMP2=DCOS((J-1)*PI/ (TWD%(JM-1)1})

IF(JEQ.JM)TEMP2=0,0D0

D) 180 I=1,1IM

IF(NLBC.EQ.1)GD T3 150
TEMP3=DSIN( (1-1)%PI/ (IM-1)})

GO TO 160 ,
TEMP3=DCOS(( I-1)%PI/ (TWO*(IM-1}))
IF(I.EQ. IM) TEMP3=0,0D0

FLUODO10
FLUO00020
FLUODO30
FLUO0O080
FLUODO90

FLUOO110
FLUOO120
FLUOO130
FLUOO) &40
FLUOO150
FLUOOL160
FLUOOL1 70
FLUO00180
FLUOOL190
FLUOD200
FLUOO210
FLUO00?220
FLUOO0230
FLUODZ240
FLU00250
FLU00260
FLUO0270
FLUOD0280
FLU00290
FLUO0300
FLUO0310
FLU00320
FLUOD330
FLUOO340
FLU00350
FLUOD360
FLUO0370
FLUO0380
FLUO00390
FLUOO400
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170
180
190

200

L)

300

310

215

320

3264
325
330
340
1000

IFCITEMP1.20.,2)GD T9Q 170

PSTUING I 4yJe K)=TEMPLI%TEMP2XTEMP3
GO TO 180
PY(TyJ)=TEMPI*TEMP2%TEMP3
CINTIVUE

CONT INUE

IFCTTEMPL.EQ.1)GD TO 200
WRITE(TIOPN) P1

CONTINUE

GO TN 999

BRANCH HERE FOR FLUXES INPUT IN CARDS

DO 340 NG=1,NNG

DY 340 K=1,KM

GN T0(310,320),ITEMP]

READ(S,100)) ({PSTINGosT4JeK),T=1,y IM},J=1, M)
IFIKLT.KM)GO TO 330

DO 315 J=1,JM

DO 315 I=1,1M

PSI(NG,1,9JyKM)})=0,0D0

GO 70 330

READ(5, lOOD)((Pl(IfJ’QI=1vIW"J="J",
IFIK.LT.KMIGD TO 325

ND 324 J=1,4M

DY 324 I=1,1IM

P1(T1,0)=0.0D0

WRITE{ IDPN)PL

CONTINUE

CINTINUE

FORMAT(5D15.10)

GD TN 999

z BRANCH HERE FOR FLUXES INPUT NN TAPE

400

410

DD 440 NG=1,4NNG

DO 440 K=1,KM

G3 TNU&410,420),1TEMP]
READ(IIPSI) L(PSTINGy T9JeK)yI=1yIM)yJi=1,0M)
IF(K.LT.KMIGO TO 430

FLUOO410
FLUOD0420
FLUOO430
FLUO00440
FLUOO4S50
FLUOO0460
FLUOO4TO
FLUOD&80
FLUOO490
FLUO0500
FLUOO510
FLUOOS520
FLUOOS30
FLUOO540
FLUO00550
FLUDOS60
FLUOOS70
FLUOOS80
FLUDOO0590
FLUO0600
FLUOOS10
FLUDO0620
FLU00630
FLUDODO640
FLUDO06SO
FLUOD660
FLUOOS70
FLUOD680
FLUOO0690
FLUOOTOO
FLUOO710
FLUOOT20
FLUOO730
FLUODT740
FLUOO750
FLUOOT60

PAGE 157



415

420

424
425
430
440
999

DO 415 J=1,JM

DI 415 I=1,1M
PSTIING,yT¢JdyKM)=0,000
GD TN 430
READ(IJIPSIIP1
IF(KLT.KMIGO TN 425
N 426 J=1,JM

D] 424 I=1,1IM
P1{T1,J)=0.0D0
WRITE(IOPN)IP1

CONT INUE

CONTINUE
IFCITEMP1.EQ.2)REWNIND I0PN
RETURN

END

FLUOO770
FLUOO780
FLUOOT790
FLUO0O0BOO
FLUOOS10
FLUOO0820
FLU00830
FLUOO0B40
FLUO0850
FLUO0860
FLUOOBTO
FLUOO880O
FLUO0890
FLU00900
FLUO0910
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SUBROJTINE SSTATE(V o XTIy XIMyXNUySIGFySIGR ¢SIGTySIGS,ALAM,BETA,XIP4XSST00010
14Y5244X,HYyHZ,IBP,JBPKBRP,DD1,DD2,0D3,DD4,0D%,DD6,DD7, VD ,MMAP,NPRMSST 00020
2P43PS1,P1yP2yP3,FRIyFRNyFDoFN,SRCyWA,GAySOLNy OMES 4 XFISSy X INSC s XREM,SSTO00030
IXLFEK yNNGVyNDGV o NDNSCV sNMATV, TMV, JMV, KMV, IRMV , JRMV ¢ KRMY{, NPRGY ¢NGXV)}SSTO0040

IMPLICIY REAL®*8 (A-H,0-7) $ST00050
INTEGER®2 MMAP,NPRMP SST00060
COMMON/ INTS5/ IASIZEoNNGyNDGy NTOGy NMAT y TMy JMy X My IRMy JRMy KRMyNL BC $STOO0110
INFBL JNBRC NDNSCTyNPRGyIOPTHNTGyNXTPyNYTP 4 NIT P, IXTP(5),IYTP(S), $ST00120
212TP(S) 4 NSTEAD, IFLINGIGEOM, ITITLF(20),NOIT,NIIT,NPIT,IOPST,I0ODUMP,SST00130
AINFNLINFO,IOPN,I3P], ITEMP,ITEMPY LITEMP2, ITEMP3,ITEMP &, I TEMPS, SST00140
GNTITHTETIME, TFLOUT s TMX,JMX,KMX,I0OSCL,INSC24NGX ‘ SST00150
COMMON/FLOTE/EFFKyIRFP,EPSY, EPS2,TEMP,TEMP1, TEMP2, TEMP3, TEMP 4, SSTO0160
1TEMPS,TEMPS , XFISST, XFISSO,ALAMN, ALAMO, TIME,FLXCON,BETAT SST00170
DIMENS IOIN V(NNGV)yXT (NNGV) X TM(NNGV) 4 XNU (NMATV4,NNGV) , $S7T00180

 YSIGF(NMATV,NNGV),SIGRINMATV,NNGV )y STGT(NMATV ,NNGV) ySIGSINMATV,NNGVSSTO00190
2 yNDNSZV) sALAMINDGV) s BETA(NDSV) 4 X IPUNNGV, NDGV ) 4 X{TMV) ,Y(IMV), Z(KMV)ISST00200
FyHX{IRMV ) o HY (JRMV ) s HZ (KRMV ), TBP L IRMV )y JBP(JIMV), KBP(KRMV),DD1(NPRGSST00210
4V4NNGV) 4 DD2 ENPRGV, NNGV) 4 DD3 (I NPRGY, NNGV ) o DD&{ NPRGV, NNGV) 4 DD5{NPRGV,SST00220
SNNGV )9 DD6INPRGVyNN5V ) ,DDTINORGV 4 NGXV ¢ NDNSCV) s MMAP ( IR MV, JRMV, KRMV ),SST00230
AENPRMP( TMV, JMV, KMV ), PSTINNGV,y IMV, JMV4 KMV ) ,P1( TMV, JMV) ,P2{ IMV, JMV), SST00240
TPI(IMV,JMV) , FRO(TTIMV ) JMV KMV ) y FRN(TMV 9 JMV o KMV ) o FOL ITMV,, JMV 3, FN(IMV,JSST00250
BMV )y SRCOIMV,y JMV,KMV) ;WAL TIMV) sGAL TMV) 4 SOCLNITMV) ;OMEGINNGV )4 XFISS{NNSST00260

9GV) ¢ XINSCINNGV) 4 XREMINNGV) s XLEK( NNGV), VO (NPRGV) $SST00270
WRITE(691000)(ITITLE(T),1=1,20) $S7T00280

1000 FORMAT(1H1,10X,*SSTATE ENTERED FOR',2X,20A%) " $S700290
z CALL SETUP1 TO COMPUTE PROBLEM REGION NJIMBERS, GENERATE NPRMP(I,J,K)SST00300
c AND COMPUTE COEFFICIENTS $S$T700310

CALL SETUPL (VXTI oXNUySIGF,SIGRySIGTySIGS 9XyY 9ZyHXyHY,HZ, IBP, JBP, SST00320
1ksp,D>1,0DD2,0D03,0D%, DD5,DD5, D07, Vﬁ,MHAP.NPRHP;NNG'NDGoNDNSCT,NNAT,SSTOO3QO

2IMy JMy KM, TRM, JRM, KRMy NPRGy NG X) SST00340

c SWITCH FLUX TAPE DESIGNATTIONS SST00350
ITEMP=1]PD SST00360
10P0=10PN SST00370
IOPN=1TEMP » SST00380
ITEMP=4 { SST00390
ONE=1.0D0 $§700392
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BN

85

90

95 CALL JRPEST(XyYyZy4X,HY,HZ,0D1,0N2,0D3,0D4,0D5,MMAP, NPRMP,PS I,

¢
99

100

HALF=0.5D0

BETAT=0, 000

D3 80 ND=1,NDG
BETAT=BETAT+BETA(ND)

DD 85 NG=1,NNG

XIMING )=XI{NG)*(1.3DO-BETAT)/EFFK
IFUNSTEAD.EQ.0) G3 YO 540

DO 90 NG=1,NNG
TF{OMESING) . 1LT..95.DR.OMEG(NG).GT.1.05)G0 T) 90
G3 7O 95

CONTINUE

GD TO 99

1P1, P2, P34 FRNOyFRNyFI 9 FNeSRCy WA, GA 3SOLNyOMEGy XFISSy XINSCy XREM,
2XLEK yNNGyNMAT, IM, JM, KM, I RM, JRM, KRM, NPRG}
OMPUTE PIINT FISSION SOURCE
DO 140 NG=1,NNG
XFISSI{NG)=0,000
VOLB=0ONE
VOLF=0ONE
VOLL=DNE
TF(NB3C.EQ.1)VOLB=HALF
DD 140 K=1,KM
TF{K.5T. 1IVDLB=0ONE
IFI(NFBC.EQ.1)VOLF=HALF
IF(IOPT.EQ.0) GO TJ 100
READ (IDPOIP2
IF(K.EQ.XKM) GD Y0 140
DI 130 J=1,JMX
IF(J.6T.1)VOLF=0ONE
VOLC=VOLF*vVOLB
IF{NLBC.EQ.1)VOLL=HALF
DO 130 I=1,IMX
IF(1.5T.1)VOLL=0ONE
VOLD=VOLL*VOLC
NPR=NPRMP(I 4 JyK)

SST00393
SST00394
SSY00395
$ST00396
SST00400
SST00410
$5T00420
$ST00430
SST00440
SST00450
$ST00460
SST00470
$ST00480
SST00490
SST00500
SST00510
$ST00520
$ST00530
SST00531
$ST00532
$SST00533
$ST00534
SST00540
SST00541
SST00542
SST00550
SST00560
SST00570
$ST00580
$ST00581
$ST700582
$ST00583
$ST00590
$S$T00591
$ST00592
SST00600
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IFUIOPT.EQ.1) GO T) 110 SST00610

FRO(T,JyK)=FRO(T¢JyK)+DD6INPR,NG)*PST(NG 144 4K) $$T00620
XFISSING)=XFISSIN5) +DD6(NPR,NG)I*PST (NG ¢J,K)%VILD $ST00630

G0 TO 120 SST00640

S IF FISSION SJURCE ON 1/0, STIRE TEMPORARILY IN SRC(I,J,K) SST00650
110 SRC(I4JyK)=SRCET4JyK)4DDEINPR,NGI*P2(T,) SST00660
XFISS(NG)=XFISS(NG) +DD6(NPR,NG)*P2(1,J)*VOLD SST00670

120 CONTINUE SST00680
130 CONTINUE SST00690
140 CONTINUE SST00700
XF1SST=0.0D0 SST00710
TEMP=0.0D0 $SST00720
TF(EFFK.LTe0eloOR.ZFFK.5T.10.0) EFFK=1.0D0 $SST00730
ALAMN=0ONE $ST00740
DD 150 NG=1,NNG SST00750
150 TEMP=TEMP+XFISSI(N3) SST00760
DY 163 NG=1,NNG SST00770
TEMP2=0.0D0 SSTO0772

D3 155 \ND=1,NDG SST00773

155 TEMP2=TEMP2+XIP (NG, ND)*BETA(ND)/EFFK SSTO0775
XTM{N3)=XT(NG) *(1.0D0~BETAT) /EFFK SST00780
XFISSING)=(XIM(NG)+TEMP2)*TEMP SST00790

160 XFISST=XFISST+XFISS(NG) $ST00800
IF(I0PT.EQ.0) GO TO 180 SST00810

D3 170 K=1,KM $SST00820

170 WRITE (IOFD) ((SRCUT ¢ JoK) o1=1,1M),J=1,4M) $ST00830
REWIND I0F) SST00840
REWIND 10P? SST00850

S OUTER ITERATION LODP STARTS HERE $ST00860
180 NIITT=0 $$T00870
190 CONTINUE $SST00880
NTIT=0 SST00890
NG=1 $ST00900
FLXCON=9.0D0 SST00910

200 CONTINUE $ST00920
£ IERY SOURCE AND ADD IN FISSIIN SOURCE $ST00930
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(@)

(%]

TEMP=0.0D0
DY 205 ND=1,NDG
205 TEMPsTEMP4XIPI{NG,ND)*BETA(ND)/EFFK
DI 240 K=),KM
IF(INPT.EQ.D0) GO TO 210
READ(IOFO) FO
IF{K.EQ.KM) GO TO 240
210 DY 230 J=1,JIMX
DY 230 T=1,1MX
SRC(I1,J,K)=0,0D0
IF(I0PT.FQ.0) GO T2 220
SRCATy Iy K)=SRE(T,Jy K)HIXIMING)+TEMP)RFOLT,J)
Gd JIn 230 :
220 SRCUTyJyKI=SRE(T,J,KI+IXIMING)+TEMP)XFRN(T,J,K)
IFING.FQ.1)FRNI(T,J,K)=0.0D0
230 CONTINUE
240 CONTINUF
IF(IDPT.EQ.1) REWIND I0FO
ADD IN SCATTERING SDURCES
ITEMPL=NG-NONSCT
TFCITEMP1.GE.1) GY TO 250
ITEMPYL=1
250 ITEMP2=NG~-1
IFC{ITEMP2.LE .NDNSCTIGO TO 250
TTEMP2=NDNSCT
260 IF(TTEMP1,.GE.NG) 50 TO 310
SCATTERING SJURCE TO GROUP NG FROM GROUP ITEMP1
270 DD 300 K=1,KM
IF(INPT.EQ.1) READ(IOPN)P2
IF{K.EQ.KMIGD TN 300
Ny 290 J=1,JMX
DO 29D I=1, IMX
NPR=NPRMP(I , J,K)
IF(INPT.EQ.1) GD TJ 280
SRC( Ty JeK)=SRC(I5J9sKI4DDTINPR,ITEMP1,ITEMP2) *PST( ITEMPL, I,4,K)
GO 10 290

$5S700931
SST00932
$ST00933
SST00940
$ST00950
$ST00960
$$T00970
SST00980
$ST00990
SSTO1000
$STO1010
$ST01020
$ST01030
$ST01040
$ST01.050
SST01060
SSTO1070
SST01080
$ST01090
ssTol100
SSTO1110
$STO01120
§ST01130
SSTO1140
SSTO1150
SSTO1160
$STO1170
§$S7T01180
§STO1190
SST01200
$STO01210
$SST01220
§STol1230
$ST01240
$ST01250
SS§ST01260
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SRC{Y14JsK)=SRCUI,J,K)+DDT(NPRyITEMP1,ITEMP2) %P2( 1, J) $SSTO01270
CONTINUE $SST01280
CONT INUE SST01290
ITEMP1L=ITEVP1+]1 SST01300
ITEMP2=1TEMP2~-1 SSTO01310
IFCITEMPY.LT.NG)IGD T0O 270 SSTO1320
STURCFE NN4 CALCULATED 1/) DEVICE I0PD READY TO READ IN FIRST PLANE SSTO1330
FNR GROJYP NG IF IDPT=1 SST01340
TEMP=0,0D0 SSTO1350
VOLB=JNE $ST0135)
VOLF=INE §ST01352
VOLL=0ONE SSTO1353
TF(NB3C.EQ. 1)VOLA=HALF SSTO1354
DD 320 K=1,KMX SSTO1360
TF(K.GT.1)VDLB=DONF $STO01361
IF(NF3C,EQ. 1 )VOLF=HALF SST01362
DY 323 J=1,J0MX SSTO1370
IF(J.5T.11VOLF=0NE SSTO1371
VILC=VOLB*VOLF SST01372
IF(NLBC.EQ.1)VOLL=HALF $ST01373
D3 320 I=1,1MX SST01380
TF(I.GT.1)VOLL=0NE §ST01381
TEMP=TEMP+SRC(T,J,K) *VOLC*VOLL SSTO1390
CONTINUE S$SST01400
XINSCING )=TEMP-XFISS (NG) $STO01410
NOW PERFORM INNER ITERATIONS FOR GROUP NG $STO01420
ITEMPS=1 SSTO1430
IF(NDITT .GT s 0. AND.FLCONDLT.1.0D~5) ITEMP5=5 $SST01435
IF(I0PT.EQ. 1) GO TO 330 SSTO1440

CALL INNERO(XyYyZyHXoHY,HZ,DD1,0D2,0D3,DD490D59MMAP,NPRMP,PSI4Pl, SSTO1450
1P24P3,FNySRE yHAyGAoSOLNyOMEG ¢ XFISSy X INSC ¢ XREMy XLEK yNNGy NMAT, IM, SST01460

2JM KMy IRMy JRMy KRMy NPRGyNG) SSTO01470
IF(TEVP3 ,GT .FLXCONYFLXCON=TEMP3 SST01480
GO TO 400 SST01490

332 CALL'INVER[(X'Yolvﬂx9HYoHlvDDI,DDZvDDBqDD4.)DS,NMAPJNPRHP,PSIgPl, $STO01500
1P24P33F)3SACyWAyGAy SOLNy OMEG s XFTSSy X INSC 9y XREMy XLEK 9NNGy NMAT, IM, $STO01510
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2IMo KMy TRMy JRM, KRMy NPRGyNG)
IFLTEMPI . GT.FLXCON)IFLXCON=TEMP3
REWIND IDSC1
DN 34" ITEMDP4=) ,NDNSCT
DD 340 K=1,KM
RACKSPACE 10PN
340 CONTINUE
INPN HAS NOW BFEEN PISITIONED TO COMPUTE SCATTERING SOURCE FOR NEXT
5ROJP, IJSCU CAN BE USED TJ JBTAIN FLUXES FDOR COMPUTING FN
DD 380 K=1,KM
READ(IDSC1IP2
IF{K.EQ.KMIGO TO 38D
IFING.GT. 1160 TO 360
DY 35S0 J=1,JMX
DN 350 T=1, TMX
NPR=NPRMP(T,J,K)}
350 SRCU1,JsK)=DDSINPR,NG)I*P21I4J)
S~ 63 TN 380
360 READ(TOFNIFN
DO 370 J=1,IMX
DO 370 I=1,1IMX
NPR=NPRMPI{I ,J,K)}
370 SRC(I,J!K)*FN(IvJ)*DDé(NPRvVG)*PZ(lrJ’
380 CONTINUE
IFING.GT.L)REWIND T10OFN
DD 390 K=1,KM
HRITE(TUFN)((SRC(YvJoK)'!SIQIH)’Jﬂleﬂ’
390 CONTINUE
REWIND 10SC1Y
REWIND IOFN
GO TO 6420
400 DO 410 K=1,KMX
DD 410 J=1,JMX
DO 41D I=1, IMX
NPR=NPRMP (]I, J,K} "
410 FRN(I,J9K)=FRN(1,JyK)+DDOINPR NGI*PSIINGsI¢J+K)

$STOl520
$SSTO01530
SSTO01540
$ST01550
$SSTO1560
$ST01570
$5T01580
$ST01590
SSTO1500
SST01610
SST01620
SST01630
SST01640
§SS701650
$ST01660
SSTO01670
$STO1680
$STO1690
$ST01700
SSTO1710
$STO01720
$ST01730
SST01740
§ST01750
SSTO1L760
SsTo1770
$SSTO1780
SSTO1790
$ST01800
$SSTO1810
$STO1820
$5T01830
SS701840
$ST01850
§ST01860
$s701870
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(e N

430

440

450

NG=NG+1
IFING.LE.NNG) GO T2 200

NOW ONE OQUTER ITERATION HAS BEEN CONPLETED
NEW FISSION SOURCE IS STORED IN SRC IF 10PT=1

FLCONI=FLXCON
XFISSN=XFISST

TEMP5=0.0D0

TEMP6=0,0D?

VOLB=INE

VOLF=0ONE

VOLL=NNE

IF(NR3C.EQ. 1)VOLB=HALF
IF(IOPT.FQ.1) GO TD 450

DO 430 K=1,KMX
IFIK.GT.1)VOLB=0ONF
IF(NFBC.FQ.1 )VOLF=HALF

DY 430 J=1,JMX
IF(J.GT.Y)VOLF=DNE
VOLC=VOLR*VOLF
TF(NL3C.EQ.1)VOLL=4ALF

03 430 I=1, IMX
IF(1.56T.1)VOLL=0ONE
VOLD=VOLC*VOLL

TEMPS=TEMPS +FRN{1,J,K)*V0OLD
FRN( T, JyK)=FRO(IyJoeK)+ORFPR( FRN( T4y JyK)=FRO(T,45,K)})
TEMPSE=TEMPL +FRN(T,J,K)%*V0OL)D
TEMP=TEMPS/ TEMPS

D) 440 K=1,KMX

DN 440 J=],I9MX

DT 440 T1=),1MX
FRO(T9JeK)=TEMPEFRN (I 9JyK)
GO TD 490

D] 460 K=1, KMX
IF(K.GT.1)VOLB=0ONE
TF(NFBC.FEQ.1 )JVOLF=HALF
READ(IOFD) FO

$ST01880
SSTO1890
$STO1900
SSTO01910
$ST01920
$ST01930
SST01940
§ST01950
SST01951
§$5ST01952
$ST01953
SSTO1954
$ST01960
SSTO1970
SST01971
SST01972
$ST01980
$ST01981
$ST01982
§$ST01983
SST01990
$ST01991
S$ST01992
$ST02000
$§T02010
$ST02020
$ST02030
$$702040
$ST02050
SST02060
SST02070
$$702080
$ST02090
$ST020091
$ST02092
$§T02100
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460

470

480

490

4905

510

DO 460 J=1,JMX
IF(J.6T.1)VOLF=0ONE
VOLC=VOLB*VNLF

IF(NL3C.EQ. L)VOLL=YALF

NI 460 I=1,IMX
IF{T1.GT.1VOLL=DNE
VOLD=VOLC*VOLL
TEMPS=TEMPS+SRC(1,J,K)%VOLD
SRCUTyJyX)=FO{ T4, JI+DRFPX(SRE(T,J,K)I=-FI(T,J))
TEMP6=TEMPE+SRC(T,J,K}*VOLD
TEMP=TEMPS/TEMPS

DD 480 K=1,KMX

D3 470 J=1,JIMX

DD 470 1I=1,1IMX
EN(T4,J)=SRC{ Ty JyK)IRTEMP
WRITEUIOFN)FN

CONTINUE

REWIND IOF]

RFWIND IOFN

REWIND 10PQ

REWIND 10PN

XFISST=9,.000

DO S00 NG=1,NNG

TEMP1=0,.0D0

DD 495 ND=1,NDG

TEMP 1=TEMPL4BETAIND) *XIP(NG,ND)/EFFK
XEISSING)={ X IMING)+TEMPLI*TEMPS
XFISST=XFISST+XFISS (NG)
ALAMO=ALAMN

ALAMN=XFISST/XFISS?

N0 510 NG=1,NNG

XFISSING )=XFISSING) /ALAMN
XIMING)=XIM(NG)/ALAMN
XFISST=XFISST/ALAUMN

CONVERGENCE TFSTS

NGOTD=1

$ST02110
$ST02111
$ST02112
SST02113
$S§Y02120
$ST102121
$SS§T02122
$§702130
$ST02140
$ST02150
$ST02160
$ST02170
$S702180
$$ST02190
$$702200
$ST02210
$§T02220
§§ST02230
$ST02240
$ST02250
$ST02260
$§T02270
§$5S702280
$ST02281
$ST02282
§§702283
$ST702290
$S702300
$ST02310
$S7T02320
$5T02330
$ST023640
$ST02350
§$$702360
S§T02370
SST02380
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€

I LICEI (DY

NOITT=NJITT+}
IF(TETIVE.EQ.0)GD TO 520
CALL ETIMEF(TEMP)
IF{TEMP.GT, TIME)NGIT D=2
520 IFINOITT.GE.NDITINS0TN=3

IF(DABS(1.)D0-ALAMN) LEL,EPS1 . AND.FLXCIN.LE,EPS2)NGNTN=¢

COMPUTE NEW X-EFFECTIVE
EFFK=0.0D0
TEMP=0),0D0
DY 530 NG=1,NNG
EFFK=EFFK+XTIM(NG)

530 TEMP=TEMP+XI (NG)

EFFX={ TEMP/EFFK)*(1,. 0D0N-BETAT)

SWITCH 1/) DEVICES
ITEMPYL=1 0PN
INPN=I3PN
I2PN=1TEMPL
ITEMPYL =1 OFN
IDFN=IJFQ
IDFN=1TEMPY

TF 12PT=1, LATEST FLUXES ON IJPO AND LATEST FISSION SOURCE ON I0FD

CALL STEADY STATE ITERATION PRINT MONTTOR
CALL SSTOUT(PST P2 ,NNG,IM,IM,KMy NGOTO,NOITT)
IF NGOTI=1, LONP YO 190 TO BEGIN ANDTHER OUTER ITERATION
IF NGOT)I=2, YAVE EXCEEDED RUNNING TIME
IF NGOY)=3, 4AVE REACHEN MAX. NO., OF DUTER ITERATIONS
IF NGOTJ=6, HAVE ACHIEVED CONVERGENCE, CAN GO ON TO TIME-DEP
ITEMP=N50OT?
GD TO (190,540,45409540) 4NGOTO
540 CONTINUE
RETURN
END

CaALC.

$ST02390
$ST02400
SST02410
$ST02420
$5702430
SST02440
$S7T02450
$$T02460
SST02470
S$SST02480
$ST02490
$ST02500
SST02510
$ST02520
§ST02530
SST02540
S§T02550
SST02560
$ST02570
S§702580
$ST02590
$§ST02500
SST02610
$ST02620
$ST02630
SST02640
SST02650
$ST02660
$SY02670
$ST02580
$ST02690
$ST02700
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SAVE NITY AND NPIT
ITEMPI=NTIT
ITEMP2=NPIT

INITIALTZE SRC

N3 10D K=1,KM

N 100 J=1,JM

D) 100 I=1,1IM

100 SRCUI,JyK)=0.0D0

N3 260 NG=1,NNG

STORE INITIAL FLUXES FOR GRDOJP NG
IF(INPT,EQ.1)GD T 120
DY 110 K=1,KM

DI Y10 J=1,JM

DY 110 I=1,1IM
FRI(19J4K)=PST(NGyI,4J.K)
GO 7O 140

110

SUBROJTINE DORPEST(XyYeZyHXyH4YyHZDD14DD2+4DD3,DD%,0DD5 4yMUAP,NPRMP,
1PSTyPLP2,P34FRNyFRNyFOs FN9SRCyWAyGAsSOLNyDIMEG)XFISS, XINSCyXREM,
2XLEK yNNSV o NMATV, [MV, JMV, KMV, IRMV , JRMV y KRMV, NPRGV )

IMPLICIT REAL%*8 (A-H,N-7)

INTEGER®2 MMAP,NPRMP

COMMON/INTS/TASIZE g NNGyNDGoNTOG) NMAT oI M, JM, KMy IRMy JRMy KRMyNLBCy
INFRCyNBBC NDNSCT NPRGyIDPTHNTGyNXTO o NYTP 4NZTP, IXTP{5),IYTP(S),

ORPOOO10
ORP0O00O20
DRP0O0030
ORPODO4&O
JRPO0OOS50
JRPO0O100
ORPOO110

2I2TP(S) «NSTFAD,IFLIN,IGEOM,ITITLE(20),NDIT4NITIT,NPIT,1JP ST, I0DUMP,DRPOOL20

2I0FN, IDFD,INPN, TIP3, ITEMP,ITEMPY ,ITEMP2, ITEMP3,]I TEMP4, I TEMPS,

ONTITHTETIME, IFLOUT, TMX,IMX,y XMX, INSCY1,T0SC2,NGX

COMMON/FLOYE/EFFK, JRFP,EPS1,EPS2,TEMP,TEMPL, TEMP2, TEMP3, TEMP4,
1TEMPS, TEMPS , XFISSTy XFISSD,AL AMN, ALAMDy TIME, =L XCIN, BETAT
DIMENSTIIN XU IMV),Y(JMV) ,Z(KMV) ,HXIIRMV ), HY (JRMV) ,HZ(KRMV ),
TDDLANPRGZV,NNGV) 9 DI2 (NPRGV,NNGV) s DDI{NPRGVyNNGV) s DD&4INPRGV,NNGV),
P?DDS(NPRGVyNNGV ) 4 MMAP ( IRMV, JRMV, KRMV ) JNPRMP (I MV, JMV,KMV]),
v IMV o JMVoKMV ) yPLITMY UMV )4 P2LTMV 4 JMV ), P3{TMV,JHuV),
GFRO(TIMVy JMV o KMV )Y, FRN L IMVy JMV o KMV ), FQUIMVY 3 JMV ) 4 FN( T MV, MV Y,

3PST(NNSY

ORPOD130
JRPO0L4O
ORPOO150
JRPOO160
JRPOO170
JRPO0O1 80
ORPO0O1 S0
JRP0O0200
DRP0OO210

5SACCIMV,y MV, KMV ) s WA(TMV) ,GA{ IMV) ,SOILN(IMV), IMEGINNGV )y XFISSINNGV),3RP00220
AXINSCINNGV) s XREMINNGV) o XLEK(NNGY)

ITEMPS =5

IN FRD IF 13PT=0

JRP00230
DRP0O0240
DRPO0O250
ORPO0260
DRPOD27T0
JRPO0280
DRP0O0290
DRPO0O300
NRPOO310
ORP0O0320
ORP0O0330
NRPDOO340
0RP00350
JRP0O0O360
ARPOO370
JRP0O0O380
ORP00390
DRPO0400
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120 REWIND 1I0SC!

DN 130 K=1,KM

READ(IDPO)P2

WRITE(INSCl)P2

130 CONTINUE
NJIW INITIALIZE SOME PARAMETYERS
140 NPIT=1

NITT=5

NMEGBI=0.020

OMEGRL=0,.020

1ICT=0

ALAMFS=0.0D0

150 CONTINUE

IF{TIOPT.EQ.1)60 T2 170

DY 16D XK=1,KM

DY 1AD J=1,JM

D2 160 1=1,1IM

160 FRN(T,JyK)}=PSTING,I4J,K)

CALL INNEFRD(XyYyZyHXyHY,HZ,0D1,DD2,DD3,DD4,0D5,4MAP, NPRMP,PS I,
1PY s P24 P34y Fy SRCy WA GAZSOLNy IMEG ) XFTISSy XTINSCy XREMy XLEKy NNGy NMAT,
2IMy My KM, IRM,JRM,KRM,NPRG4NG)

GJ TO 180

173 CALL !NNER[(X'Y'ZQHXQHVQH195039DDZ,DD3,DD4')Dg,ﬁﬂAP,NPRMP,?SI,
1P1,P2,P3,FY,SRC,WA,GA QDLM’DMFG,X;ISS XINSCy XREM ¢ XLEKJNN Gy NMAT,
2IMy My KM, IRM,JRM KM ¢ NPRGyNG )

180 NIT1T=1

ICT=1I2T+1

IFLICT.LF.L)GD T2 150

COMPUTE { AMBDA (M)

TEMPS=0.0D0

TEMP6=0,0D)

IFLINDPT.EQ.1)G0 TN 200

DD 190 K=1,KM

D) 128D J=1,UM _

PO 190 I=1,1IM {

TEMPS=TEMPE +PST (NS, I yJgK)RPSTI(NG,T4J,4K)

ORPOO410
DRPO0420
JRPO0430
DRPO0O&40
JRPOO450
NRPOO4 6D
DRPOO&70
IRPO0&BO
NRPDO0O%490
JRPOOS00
JRPOO510
NRPOOS20
JRPO0O530
DRPO0OS540
DRPOOS550
JRPOO560
DRPOOSTO
IR PO0OS80
JRPO0O590

_DRPOD6DOD

ORPOO610
DRPO0620
JRPO0630
JRPO0O64D
ORPOO650
ORPO0O660D
JRPOOSTO
NRPOO68BO
IRPO0OS90
NRPOOTOO
ORPOOT1O
ARPOO720
NRPOO730
QRPOOT4O0
ARPOO750
IRPODTH0
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190

7200

2'0
220
2392

TEMPA=TEMPS+PST (NG 1 ¢ JsK)%FIN(T, J,K)
CONTINUFE

52 TD 230

RFWIND INSC2

REWIND INSZ1

DY 220 K=1yKMX

READ(IDSCY)P?

REANDITASC2)PY

NN 210 J=1,JM

DN 219 I=2,1IM
TEMPS=TEMP5+P2(T4J)%P2(T,J)
TEMPA=TEMPS+PI(T,J)*P2(T,J)
CONTINUE

ALAMES=TEM25/TEMPS
TEMP&L=DARS(1 .,0D0-? ,0DN/TEUPS)
TEMP1=DARS(1.0D0-1.0D0/TFEMPL)
ALAMFS=DABS(1,0D0-ALAMES)
OMEGBU=2.000/(' .ODJI+DSQRT(TEMPS&) )
NMEGBL=2.000/(1.,0)0+DSORTITEMPL1) )
OMEGM=2,0D2/ (' .ODD+DSORT(ALAMES))
IF{DA3S( OMEGBU-DMESRL)LE.((2.0D0-0OMFGM) /1.001))6GD TO 240
IFCICT.LT.15)G0 T3 150 '

NOW STORE NMEGM AS DMEG(NG)

240

NMEG (NG ) =OMEGM

STORE INITTIAL FLUXES BACK INT) PSI IF 12PT=0

259

260

1032

IF(IOPT.EQ.YIGO T2 260

DY 250 K=1,KM

DD 250 J=1,JM

DN 2850 T=1,1IM

PSI(NG,I'J.KHFRD( 1 ’J’K)
FRO(1,J,K)=0.,0D00

CONTINUE

IF(IOPT.EQ.) JREWIND 1I0PD
WRITE(641000)(NMEGING),NG=1,NNG)

FORMAT ( LHOy LOX, *IPTIMUM NME3AS NOW COMPUTED!//(10X,6EL5.8))

NIIT=ITEMPIL

JRPOOTTO
IRP0O0780
IRPOOTI0
QRPNO’OD
IRPO0810
DRPOOR2D
J2P00830
JRPOO8RLO
ORPOORSO
IRPOO8BED
2PO08BTO
ORPONSBO
MRPO0O8S0D
NRPOO900
JRPODOJ1 O
ORPO0920
2/P0ONI30
TRPO0940
JRPO09S50
ORPO0O960
NRPOO970
NRPOO9BO
ORPO0O990
QRPO1000
DRPO1010
QRPOY020
JRPO1D30
ORPOLO4&D
JRPO1050
NRPOY OGO
JRPO1070
JRPOL1080
NRPO10°0
JRPO1100
JRPO1110
ORPO1120
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NPIT=TTEMP? DRPO1130
RETURN JRPO114O
END 2RPOYLYSO
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SUBROJTINE SSTOUT(PSTIP2,NNGV,IMV, JMV,KMY,N5NTO,NOITT) SST00010
IMPLITIT REAL®8 (A-H,0-7) S$ST00020
INTEGER*®2 MMAP,NPRMP SST00030
COMMON/INTS/ TASTZESNNGyNDGy NTOS5y NMAT I M, JM,K My IR My JRMy CRMyNLBC, SST007280
INFBCyNBBCoyNDNSCTyNPRGTOPT 4NTGyNXTP, NYTP ,NZT P, IXTP(5),1YTP(5), $S7T00090
212TP(S)yNSTEAD,IFLIN,IG E”leTITLF(70).N3IT,NIIV,NPIT,IJPSIvIODUH99$ST00100

310FN, IJFD, 10PN, 17PT, ITEMP, ITEMPY ,ITEMD 2, ITEMP3, I TFMP4, I TEMPS, SST00110
ANTTT,TETIME, IFLOUT, I MXyJMX,KMX, TOSCL,I1NSC2,NGX $ST00120
COMMON/FLOTE/EFFK, JRFP,EPSL,EPS2,,TEMP,TEMPL, TEMP2, TEMP3, TEMP &, SST00130
zrsnps,tsnps.xsrssr,xstsso,aLann,ALAnn,TtnE,FLxCJN,sFrAT SST00140
NDIMENSTIN PSTINNGV, I MV, JMV,KMV),P2(IMV, JMV) » SST00150
TEMPY=DABS(1 ,0D0-AL AMD/ALAMN) SST00160

CALL STIMES (TEMP) A SSTO0170
IF(NOITT.GT.1)G0 T2 100 SST00180
WRITE(6,10'0) SST00190

1010 FORMAT(1HO,//,53X, "NUTER ITERATION SUMMARY?, /) SST00200
WRITE(6,1020) SST00210

1020 FORMAT(1H ,11Xy*0JTER IT,.7,5X, *NO. DOF INNFR!,6X,'TOTAL Z0OMP.*,7X, SST00220
TIREL. FLUX? y9X,'LAMBDA' , 27X, 'ESTIMATED ") SST00230
WRITE(6,1030) SST00240

1039 FORMAT(YH ,12X, "NJMBER? ,OX, *TTERATIONS 'y 7X,* TIME(MIN.) ', 6X, ' CONVESSTO00250
IRGENCE? , Xy ' CONVERSENCE® 48X, ' LAMBDA® 49Xy *'K-E FFECTIVE$,7) $SST00260

100 WRITE(Hy10640INDITT,NTIT,TEU? ,FLXCON, TEMP1,AL AMN, EFFK $$ST00270
1040 FORMAT(1H 413X,14413Xs18,11X,FB.3,6X,3D17.9,1X,F16.12) $ST00280
TFINGITI.EQ.1)G0 TI 220 SST00290
WRITE(6,1050) SST00300

1050 FORMAT(1HO,10X,*STEADY STATE ITFRATIONS TERMINATED®) SST00310
IFINGITI EQ.2)WRITE( 6,1060) SST00320

1060 FORMAT(1H ,15X,"INSUFFICIENT TIME REMAINING FOR Anoraez ITERATIIN'SST00330
1) SST00340
IFINGITD.EQ.3IWRITE(6,1070) SST00350

1070 FORMATELH ,15X,*MAXTMUM NUM3ER OF ODUTER ITERATIINS EXCEEDED!) SST00360
IFINGITI.EQ.4)WRITE( 6,1080) $ST00370

1080 FORMAT(LH 415X, *CONVERGENCE HAS BEEN ACHIEVED') SST00380
IF IFLOUT = 0, RETURN { $ST00390
IF(IFLIUT.EQ.O0)GD TN 220 SST00400
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o IF TFLOUY = 1, 25 DR 3, PRINT FLUXES

1099

1100

1110

110
1120

1130

120

IF(TFLOUT.ED.&)GN TO 180
WRITE(/, 1090 TITITLE(T),1I=1,20)
FOIRMAT(1HY, /7 //74,30X, *FINAL FLUXES FOR THE RUN ',20A%)
JME= M

IF{JM.5T.5)) JME=50

ITEMP2=50/JME

JMS=1

D3 170 NG=1,4NNG

DY 160 K=1,KM
TF(KeS5TeledRNGGTL,1IWRITE(5,1100)
FOIRMAT(1H1,7/)

WRITFE{6,1110 ING,K

FORMAT(1HOy LOX,*FLUXES FOR SROUP ',12,* , PLANE '12)
IF(INPT,.EQ.Y IREAD(INPN)P2

JMs=1

JUME= M

IF(IM.GT .50) IME=50

ITEMP2=R0/JME

TTFMPS=] TEMD2

DD 140 1=1,1M,10

18S=1

IE=149

TF{TE.GT, M) IE=TM
IF((I=-1)/71D. LT ITEMPSIGN T 110
WRITFE(6,1100)
TTEMPS=ITEMPS+S0/ITEMP2

WRITE(S,y 1120 ITEMP3 ,ITEMP3=1S,TE)
FORMAT (1 HOy3Xe*'d /7 1942X417,9112)
NN 130 I TEMP3I=JMS, IME
J=IME+]1-1TEMP]

IF(INPT . FQ.1)G0 1O 120

WRITE(BH, 113000 (PSTINGyITJdeK)y11=IS,1F)
FORMAT({1H ,2X,12,6%X,1P10D12.5)

GO TO 130

WRITE( 6y 1130005 (P2{TT14J),11=1S,IF)

SSTO00410
SST00420
SST00430
SST00440
SST00450
SST00460
SST00470
SST00480
SST00490
SST00500
SST00510
SST00520
SST00530
$SST00540
SST00550
SST00560
SST00570
$SST00580
SSTO0590
SSTD00S91
SST00600
SST00610
$SST00620
SST00630
SST00640
SST00650
SST00660
SST00670
SST00680
SST00690
SST00700
SSTOO710
SST00720
SSTO0730
$SST00740
SST00750
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130

1140
150

160
170

180

190

200
210

220

CONTINUE

IF(JME.GE.JM)GD TO 140
JMS=JME+]

JME=JgMS+49
T1E(JIME.GTIM)IME=JM
WRITE(6,1100)

G0 TO 110

CONT INUE
IF(IFLOUT.NEL.2)GD TO 160
TF(IOPT.EQ.Y)IGD T 150
WRITE(7,1160)C(PSTUNG,TIyJyK)yI=1,1IM) s nl,JIM)
FORMAT(5D16.10)

GO TO 180
WRITE(7,1140)((P2(T4J)yt=1,IM)sd=1,JM)
CONT INUE

CONT INUE

IF(IOPT.EQ. 1)REWIND T10POD
IF(IFLOUT.LT.3)GD TD 220
REWIND I0OPSI

DY 210 \NG=1,NNG

DY 200 K=1,KM
IF(IDPT.EQ.1)50 TD 190
WRITE(IIPSI ) LIPSTING, I'J,K)vtslqlﬂ)ydal'JM)‘
G0 TO 290

READ(I0PO)IP2
WRITE(IDPST ) P2

CONT INUE

CONTINUE
IF(IDPT.EQ.1)REWIND TOPD
REWIND 10PST

RETURN

END

SST00760
SSTOOT70
$ST00780
$STD0790
$ST00800
$ST00810
$ST00820
SST00830
$ST00840
$ST00850
$ST00860
SSTO00870
$SY00880
$S700890
$SST00900
§$ST00910
$ST00920
SST00930
SST00940
SST00950
SST00960
$ST00970
$ST00980
$STY00990
$SST01000
SSTO01010
$§7T01020
$ST01030
SSTO1040
$STO1050
SST01.060
$ST01070
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SUBRDUTINE SETUPL(V ¢ XT9XNUySIGFy SIGRySIGTeSIGSyX 9YeZeHXyHY,HZ,IBP,SETO0010
1J8P,K%P,DOL,DD2,DD3, D04, DD5,DD6,DOD7 4V, MMAP, NPRMP, NNGV, NDGVy NONSCVSET00020

2 yNMATV , T MV, JMV, KMV, T RMV, JRMY s KRMVyNPRGVy NGXV ) SET00030
IMPLITIT REAL*8 (A-H,N-7) SET00040
INTEGER®2 MMAP,NPRMP SET00050
COMMON/INTS/IASIZFEZNNGyNDGyNTOGy NMAT 3 IM, JMeK My IRM, JRMy KR My NL BC, SET00100

INFBC yNBBCyNDNSCT4NPRGIDPT  NTGyNXTPyNYTP NZTPLIXTP(S5),IYTP(S), SETOO0L10

212TP(5) 4y NSTEAD,IFLIN,IGEOM,ITITLE(20),NDIT,NIIT,NPIT,IDPSI,10DDUMP,SETO0120

II0OFNLIDFOL,INPN,I0PD, ITEMP,ITEMPL,ITEMP2, ITEMP3, ITEMP4, ITEMPS, SET00130

GNTIT,TEYIME, IFLOUT, I MXyIJMXyKMXy TNSCL,I0SC2,NGX SETO00140
COMMON/FLOTE/EFFK, JRFPyEPS1,EPS2,TEMP,TEMPY, TEMP2, TEMP3 , TEMP 4, SETO00150

1TEMPS, TEMPS ¢ XFISST,y XFISSN, AL AMN, ALAMN, TIME,FLXCIN,BETAT SETO00160
DIMENSIIN VINNGV) o XT (NNGV) s XNU(NMATV,NNGV)}, SETO0170

YSIGF(NMATV,NNGV),SIGR(NMATV ,NNGV )y STGT(NMATVyNNGV) +SIGS{NMATV,NNGVSETO0180

2 9yNONSTV) 4y XL TMV) ,Y{JMV), 2 (KMV),VO(NPRGV), SETOO0L90

3HXCIRMV) g HY( JRMV) 3 HZ (KRMV) y IBP( TRMV ) 4 JBP (JRMV) KBP (KRMV) 4DD1 (NPRGVSET00200
& ¢NNGV) 4 ID2(NPRGV,NNGV ), DD3(NPRGV 4NNGV) , DD&INPRGVy NNGV), DDS(NPRGV ,NSET00210
SN3V) D)5 (NPRGVoNNGV ) DDT (NPRGV ¢ NGXVyNDNSCV)y MMAP ( IRMV, JRMV,KRMY), SET00220

SNPRMP(IMV,JMV,KMV) SET00230
NIMENSIIN 4D (6),MN(8) SET00240
D3 102 NM=1,NMAT SET00250
DY 107 \NG=1,NNG ‘ SEY00260
DO 101 NDN=1 ,NDNSCT SET00270
STGR(NMyNG) =SIGR(NU,y NG)+ST5S (NM,y NG, NDN) SET00280
CONT INUE SET00290
CONTINUE SET00300

TART WITH NESTED DD LOOPS JVIR MATERIAL REGIINS SETO00310
ITEMPL=1 SET00320
DO 560 XR=1,KRM SET00330
ITEMP2=1 ' SET00340
DO 550 JR=1,JRM SET00350
ITEMP3=] SET00360
DO 54D IR=1l, IRM SET00370

OMOGENEOUS REGION SET00380
NPR=4XTRMEJRME( 22 R=-1)42%12U* (2% JR-]1 )+ 2% IR SET00390
KF=KBP(KR)-1 SET00400
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110

120

KS=KBP{(R~-1)+]
IFIKR,EQ.1)KS=2
JE=JBPUJUR)-1
JS=JBP(JR=-1)+]1
{E=IRP(IR)-1
I1S=IBP(IR-1 14}
IF{IR.FJ.1)15=2
ITEMPS=)
NPRP=NPR

G) TN 500
HD(1)=HZ (KR)
HD(2)=HD(1)
HD(3)=HY (JR)
HD(&)=HD(3)
HD(5)=HX(IR)
HD{A6)¥=HD(S5)

DN 120 ITEMP4=1,8

MN(ITEMP4)=MMAP{ IR, JR,yKR]}

CONT INUE
GO TQ 530

c LOWER LEFT EDGE

130

140

NPRP=NPR~-4% ] RM%x JRM~1
1S=1S~1

1E=1S

KS=KS-1

KE=KS

ITEMP5=2

GO 70 500

HD(1)=HZ (KR)

HD(2)=HZ (KR~1)
IF(KR.EQ. 1) HD(2)=HD (1)
HNES)=HX(I)
HD(6)=HX(IR-1)
IF(IR.EQ.1IHDI6)=HD(5)
MN(1)=MMAP( IR, JRy,K~1)

SET00410
SET00420
SETO00430
SET00440
SET00450
SET00460
SET00470
SET00480
SETO00490
SET00500
SETO00510
SET00520
SET00530
SETO00540
SET00550
SETO00560
SET00570
SET00580
SET00590
SET00600
SET00610
SET00620
SET00630
SET00640
SET00650
SET00660
SET00665
SET00670
SET00680
SET00690
SET00700
SETO00710
SET00720
SETYO0730
SET00740
SET00750
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IF(KR.EQIIMNI{1)=MN(5)
MN(&)=MN(1)

MN{ 6)=MMAP( TR-1,JR,yKR)
IF(TR.EQ.IIMN(6)=UN(5)
MN{T7)=MN(6)
MN(2)=MMAP{TR~-1,JRyKR-1)
IF{KR.FO.YIMN(2)=MN(6)
TFUTIR.EQLLIMNI2)=MN(1)
MN(3)=MN(2)

G3 70O 530

- LEFT SIDE

150

160

NPRP=NPR-1
KE=KRP{KR)}-1
KS=KS+1
ITEMP5=3

G0 YD 500
HD(2)=HD(1)
MN(4&)=MN(8)
MN(1)=MNI(S5)
MN{2)=MN(6)
MNIU3)=MNIT)
GO YO 530

” LEFT FRONT EDGE
170 NPRP=NPR-2kIRM-1

JS=J4S-1

JE=JS

ITEMPS=4

GO TO S00
MN({B8)=MMAP({ IRy JR=1,KR)
IF(JR.EQ.LIMNIB)=MN(S5)
MN{&)=MN(8B)
MN(7)=MMAP{ IR-1,JR-1,KR)
IF(TR.EDL1IIMN(T)=MN(8)
IF(JR.EQ.LIMNI(T)I=MN(S6)
MN(3)=MNI(T)
HD(&)=HY(JR-1)

SETO00760
SET00770
SET00780
SET00790
SEY00800
SET00810
SET00820
SET00830
SET00840
SET00850
SET00860
SET00870
SET00880
SET00890
SET00900
SETO00910
SET00920
SET00930
SET00940
SET00950
SET00960
SET00970
SET00980
SET00990
SETO1000
SETO01010
SETO1020
SET01030
SETOL040
SETO01050
SET01060
SETO01070
SETO01080
SETO01090
SETO1100
SETO1110
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IF(JR,EQLLIHD(4)=HD( 3)
GO TO 530

: LOWER FRONT EDGE

190

200

KS=KS~-1

KE=KS

IS=1S+1

1€=IBP(IR)-)
NPRP=NPR=4% I RM* JRM~2 ®TRM
ITEMPS5=5

G0 1O 500

HD(2)=HZ (KR~-1)
IFIKR.EQ.YIHD(2)=HDI( )
HD{6)=HD(5)

MN{6)=MN(5)

MN{1 )=MMAP( IRy, JRyKR~1)
IF(KR.EQ.1IMN(]1}=MN(5)
MN(2)=MN(1)

MN(T7)=MNI(B)
MN{4)=MMAP(TIRyJR-1,KR-1)
IFIKR.EQ.IIMNIS)=UN(8)
TFUIJRLED.IIMNI&)=MN(])
MN(3)=MN(4)

G2 70 530

< LOWER FRONT LEFT CORNER

210

220

NPRP=\NPR~4X [ RM% JRM=2 X IRM~1
IS=1S-1

TE=1S

ITEMPS=6

GO TN S00

HD(6)=HX({I~1)
IF(IR.EQ.1IHD(6)=HD(5)
MN(6)=MMAP({ TR=-1,JR,y KR)
IFCTIR.EQ.LIMNI6)=MN(5)
MN(2)=MMAP{ TR-1,JRyKR-1)
IF(TRLEQ.LIMNIZ2)=MNI 1)
IF(KR.EQ.1IMN{(2)=uN(6)

SETO1120
SETO01130
SETO1140
SETO1150
SEYO1160
SETO1170
SETO01180
SETO01190
SET01200
SET01210
SET01220
SETO0123D
SET01240
SET01260
SETO01270
SETOL1280
SETO01290
SETO1300
SETO1310
SETO1320
SETO1330
SET01340
SET01350
SETO01360
SETO01370
SET01380
SETO01390
SET01400
SETO1410
SETO01420
SFT01430
SET01440
SET01450
SET01460
SET01470
SETO01480

PAGE 178



~

i

o«

MN(7)=MMAP(IR-1,J-1,KR}"
IF{IR,EJ.IIMN(T)I=MN(B)
TF{JR.EQ.LIIMNITI=MN(6)
MN(3)=MYAP({ IR~1yJR~-1yKR~1)
IFCIRLEQLIIMNI3)=MNT &)
IF(JRLEQ LI MNI3)=MN( 2)
IFIXKR.EQ.IIMNI3)=MN(T)

GN T0 530

FRONT SIDE

230

240

NPRP=NPR~2%IRM
IS=1S+¢1
IE=IBP(IR)-]
KS=KS+1
KE=KBP(KR)-1
ITEMPS=7

GO TO 500
HD(2)=HD(1) -
HD(6)=HD(S5)
MN{ 4)=MN(B)
MN(T)I=MN(8)
MNU3 )=MN(8)
MNI{6)=MN(5)
MN(11=MNI5)
MN(2)=MN(5)
Gl YO 530

BOTTOM SIDE
250 NPRP=NPR-4%1RM% JRM

260

KS=KS-1

KE=KS

JS=JS+1

JE=JBP(JR)-1

ITEMPS=8

GO TN 500
HD(2)=HZ (KR -1}
IF(KR.EQ.1)HD(2)=HD( 1)
HD(&)=HD(3)

SETO01490
SEYO01500
SETO01510
SETO01520
SET01530
SETO1540
SET01550
SETOL1560
SET01570
SETO1580
SETO01590
SET01600
SETO01610
SET01620
SETO01630
SETOL640
SET01650
SETO1L660
SETOL1670
SET01680
SET01690
SETO1700
SETO1710
SETO1720
SETO01730
SETO01740
SET01750
SET01760
SETO1770
SET01780
SET01790
SETOL800
SET01805
SETO1810
SETO01820
SETO01830
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500

510
520

MN(8)=MN(S5)
MN{T7)=MN(6)

MN{ 3 )=MMAP(IR,JRyKR~-1)
IF(KR.EQ.1IMN(1)=MN(S5)
MN(2)=MN(1)
MN(3)=MN(1])
MN(4)=MN(1)

G0 79 530

D3 520 X=KS,KE

D0 523 J=JS,JE

D0 510 I=IS,IE
NPRMP(T,J,K)=NPRP

CONT INUE

CONTINUE

GO TO (1104140,160,18042009022092404260), ITEMPS

SETO01840
SETO01850
SETO1860
SETO01870
SETO01880
SET01890
SET01900
SETOLl910
SET01920
SET01930
SETO1940
SETO01950
SET01960
SETO01970
SETO01980

530 CALL CDEF1(XNU,SIGFySIGR,SIGT,S1GS,0D1,DD2,D0D3,DD4%4DD5,DD64DD7yV0,SET01990

LNNG ¢ NDNSC T, NMAT ) NPRG ¢HD y MNoNPRP, NGX)
G) 1O (1304150,170,190,2104230,2504540), ITEMPS

540 CONTINUE

550
560

CONT INUE
CONT INUE
RETURN
END

SET02000
SET02010
SET02020
SET02030
SET02040
SET02050
SET02060
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SUBROUTINE COEF1(XNU,SIGF,SIGR,SIGT,S1GS,DD1,DD2,DD3,DD%,DD5, COEODO10

1D0D64DDT79»VOy NNGVoNDNSCVyNMATV ¢ NPRGY o HDy MN s NPRP 4y NGXV) COEOO0020
IMPLITIT REAL%8 (A-H,0-2) COE00030
INTEGER®2 MMAP,NPRMP CDEOO0040

COMMON/INTS/TASIZE ) NNGyNDGyNTOGy NMAT , TM, JMy K My IRM, JRMy KRMyNLBCy COE00090
INFBCyNBBCyNDNSCTyNPRGIIPTyNTGyNXTPoNYTP 4NZTP,IXTP(5),1YTP(S), COEOO0100
21ZTP(5) s NSTEADy IFLINo IGEOMy ITITLE(2D) 4 NI IT,NIIT,NPIT,10P S1,10DUMP,COED0110

310FN,INFO,IDPNy IOPD, ITEMP,ITEMPL ,ITEMP2, ITEMP3,ITEMP4,ITEMPS, COE00120
GNTTT,IETIME, IFLOUTy IMX,IJMXyKMX, TOSC1,T10SC2yNGX COEO00130
COMMON/FLOTE/EFFK,DRFPyEPSL1, EPS2,TEMP, TEMPY, TEMP2, TEMP3, TEMP 4, COE00140
LTEMPS, TEMPS 4 XFISSTy XFISSO,ALAMN, ALAMDy TIME,FLXCON,BETAT » COEOD0150
DIMENSTION XNUINMATV o NNGV)SIGF(NMATV NNGV),SIGRINMATV,NNGV), SIGTI{NCOEOD150
1MATVNNSV),y SIGSINMATV ,NNGV,NDONSCV)» DODL (NPRGV yNNGV } 4 C3E00170
2DD2(NPRGVyNNGV)+DD3 (NPRGV,NNGV) y DD&INPRGV,NNGV), DDSI{NPRGV,NNGV), COFEO00180
3DD6(NPRGV¢NNGV) 4DD7 { NPRGV,NSXV,NDNSCV) ,VO(NPRGYV) COEO00190
DIMENSIIN HD(6),MN(B) CAF00200
LOQOP NVER ALL GRDUPS CDEODO210
TEMP=1,2001 COE00220
TEMP1=8,0D0 CDEO0D230
NPR=NPRP CDOE00240
VOINPR) = ((4D(I)+HD(23!‘(HD(3)0HD(6)l*(HD(S)*HD(S))l/TE!Pl C3E00241
D3 110 NG=1,NNG CDE00250

DDI(NPRcNG)=(|HD(3)*HO(2)ISIGT(NN(1)9"6))*(HD(3)*HD(1)ISIGT(MN(5),C9E00260
NG i)*(HD(#!*HD(Z)/SIGT(MN(%),NG))+(HD(4)*HD(li/SIGT(NN(B’.NG))!I(HCDEOOZ?O
2D0(S5) *TFuP) CNE00280

DD2(NPRyNG)=((HD(S5)*HD(2)/SIGTIMNI1) 4NG) J+(4D(6) *HD(2)/SIGT(MN(2),C0E00290
ING) )#(HD(6) *HD(1)/SIGT(MN(6) ;NG) I+(HD(S5)*HD( 1) /SIGTIMN(S5),NG)))/ (HCOEOD300
2D(3 ) %TEMP) CDEO0310

DD3INPRyNG) = ((HD{&)*HD(S5)/SIGTIMN(T)IyNG) )+{HD{&)*HD(5)/S IGT(MN(8),CIE00320
ING) I+(HD(3) *HD(5) /STGTIMNIS) yNG) )+(HD(3) *HD( 6) /SIGTIMNIS)I¢4NG)) )/ (HCOEDD330
2D(1 ) %TEMP) COE00340

DD& (NPRyNG) =DD1{NPR, NG)#DD2(NPRy NG) #DD3(NPRyNG)+ ((HD(3)%HD(2)/SIGTCDEDD0350
LIMN(2)yNG)) # (HD( &) *HD(2)/SISTIMNI3) yNG) ¥+ (HD(4)*HD(1)/STIGT(UNI(T) yNCOEOD360
2G) )+ (HDI(3)*HD(1)/SIGTIMNI6) yNG) ) )/(HDIS)XTEMP) +( (HD( 6)&HD(2) /SIGT(CDEOO0370
3MN(3),NG) I+ (HD(5)*4D(2) /SISTIMN( &) sNG) )+ (HD({S)*4D(1Y /SIGT(MN(8),NGCOE00380
YY)+ (HD(S)*HD(1)/SIGT (MNIT)I4NG)) ) /UHD(A)*TEMD ) +{(HD(5)%HD(3)/SIGT(MCOE00390
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SNIL)oNG) D+{HDI3)*HD(6)/SIGTIMNI2),NG) I+ (HD( &) *HD(6)/STST(MN(3) yNGICDEDD40D
6)+(HD(4) *HD(5) /SIGT(MN(4),NG)) )/ (HD(2) *TEMP) CDE00410
DDS5 (NPRyNG) =DD&(NPRyNG)+(HD{S)*HD(3) *HD( 2)*SIGRIMN(L I 4NG)+HD (6) *HDCOE00420
1(3)*HD(2 ) #S IGRIMN(2) yNG) +HD(6) *HD( &) *HD( 2) %S IGR(MN(3)4NG }+HD (5) *HDCDE 00430
2(5)%#HD(2)*SIGR(MN(4) yNG)+HD(SI*HD(3) *HD( 1) *S IGR(MN(5) 4NG )+HD (6) *HDCOE00440
3(3)%HD() ) *S IGRIMN(6) yNG) +HD{ 6)*HD( &) *HD( 1) %S IGRIMN (7 ) 4NG )+HD (5) *HDCOE 00450
4(4)*HD(1 ) %S IGR(MNI(B ) ,NG))/TEMP] COEQ0460
DDEINPRy NG) = {HD(S)*HD(3) *HD( 2) %S IGF(MN(1 ) 4NG ) *XNUIMN{1) 4 NG) +HD(6 )} *COE004TO
THD(3)*HD (2) *SIGF(MN( 2 )y NG) *XNU(MN(2) 4NG) +HD( 6) *HD( 4) *4D ( 2) *S IGF ({ MNCOE 00480
2(3) yN3)EXNUTMN(3) NG )+HD(5)*HD( 4 )xHD (2)*SIGF (MN( 4 ) JNG) ®XNU(MN(4) ;NCIE00490
3G)4+HDIS5) *HD (3} %HD(1 ) *SIGFIMN(5) , NG) *XNUI MN(5) 4N5) +HD (6) *HD(3 ) *HD (1COE0D500
HIXSTGFIMN(S) JNG) XXNUIMNI{6) 4 NG) +HDI6) *HD( &) *4D( 1) %STIGF(UN(7),NG) = XNCOEOO510
SU(MNIT)oNG) +HD(5)*HD(4)*HD( L ) *SIGF{MN(8) ,NG) *XNUI(MNI(8),NG))/TEMP1 CNE00520

IFING.EQ.NNG)GDO TO 110 , C0E00521

DO 100 NDN=1 ,NDNSCT CDEO00530

NDDTINPRy NGy NDN)=(HD{ S5)*HD(3) *HD( 2) *SIGS{MN(1 ) y NGy NDN)+HD (6) *HD(3 ) *COEO00540
1HD(2)®STIGS{MN(2) yNGy NDN) #HD(6) XHD( 4) *HD{ 2} %S IGS(MN{3 ) ,NG yNDN ) +HD { SCOE00550
21*HD (&) &HD{ 2)%STGSIMN(4) NG NDN) #HD(5) #HD(3) #HD( 1 ) #S IGS { MN(5),NG ,NCOE0OO560
ADNY+HD (5 ) 2HD (3 ) #HD( 1 I *STIGS(MN(6) NG, NDN) +HD ( 6)*4D( &) *HD( 1) %S IGS{ MNCOEDOS5T0

&(7) yN5,NDN) +HD (5 ) ®HD (4) *HD{1 ) *SIGS (MN(8) yNGy NDN) )} /TEMPY COE00580
100 CONTINUE COE00590
110 CONTINUE : CDE00600

RETURN COEO00610
END COE00620
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SUBROUT INE INNERO(X.Y.ZyHX,HY,HZ'DDI,DDZngB,DDﬁ,DDS,MHAP,NPRHP, INNODOO10

1PST4PY4P2,P34FOySRCyWAyGAySOLNyOMEG, XFISS,XINSCy XREM, XLEK, INNO0020
2NNGV s NMATVy TMV 4 JMV, KMV, IRMY, JRMV ,KRMV, NPRGV, NG) INNOOO030
IMPLICIT REAL%8 (A-H,0-7) INNOOO4&O
INTEGER®2 MMAP ,NPRMP INNOOOSO
COMMDN/INTS/ TASIZE9NNGyNDGoNTOG o NMAT o TM,y JMy KMy IRMy JRMy KRMyNL BC, INNOO100
INFBC NBICyNDNSCToNPRGIOPT o NTG,NXTPyNYTP yNZTP,IXTP(S5),IYTP(5), INNOO110
21ZTP(5) s NSTEADo IFLINIGEOM, I TITLE(20) 4yNOIT,NIIT,NPIT,IJPSI, 10DUMP,INNOOL20
3I0FN, IDFO,IDPN,IOP), ITEMP,ITEMPL,ITEMP2, ITEMP3,I TEMP &, I TEMPS, TNNOO130
GNTIT,IETIME, IFLOUTy I MX,IMX,KMX, I0SC1,10SC2,NGX INNOO140
COMMON/FLOTE/EFFK,ORFP,EPS]1,y EPS2,TEMP, TEMPL, TEMP2, TEMP3 , TEMP 4, INNOO150
1TEMPS,TEMPS , XFISSTo XFISSN, AL AMN, AL AMD, TIME,FLXCIN,BETAT INNOO160
DIMENSTION XCIMV) Y IMV),Z(KMV),HX{IRMV ), HY{JRMV) ,HZ(KRUV ), INNOO170
1DD1 INPRSGV4NNGV)¢DD2 (NPRGV,NNGV) 4 DD3(NPRGV,NNGV) 4 DD&(NPRGV,NNGV), INNOD180O
2DDS(NPRGVoNNGV) ¢ MMAP { TRMV , JRMV o KRMV ) jNPRMP (T MV, JMV,KMV), INNOO190
3PSTUNNGY ¢ IMV oJMVo KMV ) yPLUTMV, JMV ), P2ITIMV,JMV )4 P3(IMV, MV ), INNOO200
GSRCUTIMV, JMV KMV ) o WA{ IMV) 4, GA(IMV) 4SOLN{TMV),IMEGINNGV), XFISSINNGV),INNOO210
SXINSCUNNGV) ¢ XREMINNGV ), XLEK{NNGV) INNO0220
IF{ITEMPS.EQ.51G0 TD 90 INN0O230
CALL GRBAL)I(DD1,DD2,DD2,DD%,yDD5y NPRMP,PST,PL,P2,P3,XFISSyXINSCy, INNOO240
L1XREM s XLEK9NNGy IMy IMy KMy NPRS 4 NG) INNO0250
90 NIT=0 : INNO00260
Z START WITH BOTTOM PLANE INN00270
100 CONTINUE » INNO0280
XNLBC=NLBC INNOO290
TEMP1=0.0D0 INNO0300
TEMP4=]1,.0D+50 : INNOO310
K=1 INN0O0320
IF(NB3C.EQ.0)GD TO 200 INNOO330
J=1 ' INNO00340
IF(NFBC.EQ.0)GO TO 140 INNOO350
NPR=NPRMP(1ly1,1) INNO0360
WA(1)==2,0D0*DDYI{NPRyNG)*XNLBC/DD5(NPR4NG) INNOO0370
GA{YL)=C(SRT(1,JyK}+2.,0D0O*(DD2(NPR,NGI®*PSI(NG,1,2, 1)0003(NPRgNGl*PS!VNOO380
1T(NGos191l42)) )%XNLBC) /DD5(NPRLNG) * INNO0390
DO 110 1=2, IMX INNOO40O

PAGE 183



NPR=NPRMP(I,1,1)

NPRX=NPRMP({I-1,1,1)

TEMP=1.0D0/ (DD5(NPRy NG)+DDY {NPRX 4NG) *4A( I-1))
WA{T)==-DD1{NPR,NG)®XTEMP

INNOO410
INNOO420
TINNOO&30
TNN00440

110 GA(TI=(SRCU14JyK)42.0D0%(DD2I{NPRyNGI*PST (NGy 42,1 )4DD3{NPR,NG)%P SIINNOO450

1(NGyTy1,2)) +DDL{NPRX,NG)*GA(I~1) )*TEMP
SOLN(IM}=0.0D0
DN 120 II=1, IMX

120

125

130
140

1+19J41,1 )42 ,0D0%DD3 (NPR NG)®PSTING,1,J42))%XNLBC)/DDS(NPR,NG)
DO 150 I=2, IMX

NPR=NPRMP(T1,J,1)

NPRX=NPRMP(TI-1,J,1)

NPRY=NPRMP(T ,J=1,1)

TEMP=]1 ,0D0/ (DDS{NPR,NG)+DD1{NPRX +NG)XWA(I-1)) "
WA(I)=-DD1(NPR,NG)*TEMP

I=1M-11¢

SOLN(T)=GAl I )-WA(T)%*SOLN(T+1)

DD 130 I=1,1IM

TEMP2=zPSTI(NG,I41,1)

PSIING 142y 1)=TEMP2+OMEG (NS ) #(SOLN(I)=TEMP2)
IF(PSIING,1,41,1).67.0.0D0)530 TN 125

PS1 (NS,I,!’.' 1 ’=0.000

GO 70 130

TEMP3=TEMP2/PSTING,1,1,1)
IF{TEMPL LT ., TEMP3)TEMP1=TEMP3
IF{TEUP4 ,GT . TEMP3)TEMP4L=TEMP 3

CONTINUE

D3 180 J=2, JMX

NPR'NPR"P(! [ J,l )

NPRY=NPRIMP(1,J0-1,1)
WA(1)==2,0D0%DD1{(NPR,NG) 2XN_LBC/DDS(NPR,NG)

INN00460
INNOO470
INNOO480
INNO0490
INNOO500
INNOOS510
INND00520
INN0O0S530
INN0OO0540
INNO0S550
INNO0560
INNOOS5T0
INNOO0580
INNO0590
INNO0600
INNOO6190
INN00620
INNOO0630
INNO0640

GAlL)=((SRC(1,J,K)+DD2(NPRYyNG)®PST(NGy1 ¢J=11)+DD2(NPRyNG)=PST(NGINNOOE50

INNOD660
INNOO670
INNO0680
INNO00690
TNNOO700
TNNOOT10
INNOO720

150 GA(T)=(SRCUT¢Jy1)+DD2(NPRYyNG)*PST(NGyI,4J~1,1)#DD2(NPR,NG)2PSI{NG,INNOOT730

11,J#1,1)42.0D0%DD3(NPR,NG)I*PSTING,14J,42) #DD1 (NPRX

2P

SOLN(IM)=0.0D0

vNﬁ’*GA(I-lI)‘TEMINNOD?#O

INNOO750
INNOO760
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(3}

160

165

170
180

199

DD 160 I1=1,1IMX

I=IM-1T1
SOLNIT)=GA( I )-WALT)*SOLN(I+1)

DY 170 I=1,1IM

TEMP2=PSTING,I1,J41)

PSIENG I 4Jy1 )=TEMP2 +OMEG (NG ) % (SOLN(TI)-TEMP2)
IF(PSTINGI4yJs1}.6T.0.0D0)50 TN 165
PSTIINGsT4+Jy1)=0.0D0

G0 TO 170

TEMP3=TEMP2/PSIING,1,4J,1)
IF(TEMPL LT, . TEMP3)TEMPLI=TEMP3
IF(TEMPS4 ,GT . TEMP3)TEMP4=TEMP3
CONTINUE

CONTINUE

D) 190 1=1,1IM

PSIING,1,4JMy1)=0.000

NOW COMPUTE FOR THE REST OF THE PLANES

200

D) 200 K=2, KMX

IF(NFBC.EQ.D) GO TO 240

J=1

NPR=NPRMP(1,1,K)

NPRZ=NPRMP(1 ,] ,K~1)
ﬁA(1,3"0090*0011N?R'NG’*XNLBC/DDS(NPkiNG)

INNOOT70
INNOO780
TNNOO790
INNOOBOO
INNOOB10O
INNOO820
INNOO830
INNO0840O
INNOO850
INNOO860
INNOO870
INNOOBS8O
INNOOB890
INNO0900
INNOO910
INN00920
TINNO0O0930
INNOO940
INNO0950
INNOO960
INNO0970
INNOO980
INNO0990

GA{1)=((SRC(1,14K)+2.0D0%DD2{NPRNGI*PST(NGy1y29K)¢DD3(NPR,NG)®PSTINNO100OO

1(NGy 1,1y K+1) #DD3(NPRZ,NG)#PST (NG 415 19K~1))1*XNLBC)/DDSINPRyNG)

D0 210 I=2, IMX
NPR=NPRMP(1,41,K)
NPRX=NPRMP(TI-=1,14,K} "
NPRZ=NPRMP(T,]1,K~-1)

TEMP=1 ,0D0/ {DD5 (NPR, NG) +DD1 { NPRX NG} *WA( I-1) ) .

WA(I)=-DD1{ NPRyNG)}*TEMP

INNO1010
INNO1020
INNO1030
INNOL104&0D -
INNO10SO
INNO1060
INNO1070

210 GA(I)=(SRC(TY414K)+2.0D0%DD2(NPRyNG)*PSI(NGy 42,K)+DD3(NPR,NG)*PST{INNO108O

SOLN(IM)=0.0D0
DO 220 TI=l, IMX

INGeT4lyK+1) +DD3I(NPRZ JNG)*PSI (NGy I914K~1)+DDL (NPRXy NG)*GA(I-1))2TEMINNOLOSO
2P

INNO1100
TINNO1110
INNO1120
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220

225

230
260

I=IM-11

SOLN(T)=GA(T)-WA(TI)®SOLN(TI+1)

DN 233 1=1,1IM

TEMP2=PSTING+I,1,K)
PSTUINGyI4)yK)=TEMP2+OMEGING) *{SOLN{T)=TEMP2)
IF(PST(NG,141,K}).GT,.0.0D0)GD TO 225
PSI{NG,yI419yK)=0.0N0

GD 70O 230

TEMP3=TEMP2/PSIING,1,41,K)
IF(TEUPL LT . TEMP3)TEMPL=TEMP3
IF{TEMP4 ,GT .TEMP3) TEMP4=TEMP 3

CONTINUE

DN 280 J=2, JMX

NPR=NPRMP{l, JyK)

NPRY=NPRMP( 1 J=1,K)

NPRZ=NPRMP(] 4JeK-1)
WA(1)==2,0J0%DD1(NPR,NG)*XNLBC/DD5 (NPRyNG)

INNO1130
INNOL1140
INNO1150
TNNOL160
INNO1170
INNO118O
INNO1190
INNO1200
INNO1210
INNO1220
INNO1230
TNNO1240
INNO1250
INNO01260
INNO1270
INNO1280
INNO1290

GA(1)=(USRC(1yJyK)+DD2(INPRyNG)*PSTINGy 1y J+1,K)+DD2(NPRY,NG)*PSI( NGINNOL30O
Volod=1»X)+DD3IINPRyNG )*PST(NG 1y JyK+1)+DDIINPRZ,NG)*PSTIENGy)yJyK=~1)INNOL1310O

2)*XNL%C)/DDS(NPR9VG)

DY 250 I=2, IMX
NPR=NPRMP(T 4 J,K)
NPRX=NPRMPI{I~-1,yJ,K) "
NPRY=NPRMP{ I ,4J=1,K)
NPRZ=NPRMP( T 4JyK~1)

TEMP=1, ODO/(DDSQNPR’NG)*DDI(NPRX;NG’*“A(I‘l)l

WA{TI)==DD1(NPR,NG)XTEMP

INNO1320
INNO1330
INNO1340
INNO1350
INNO1360
INNO1370
INNO1380
INNO01390

250 GA(TI)=(SRCUI¢JyK)#DD2INPRyNS)I*PST(NGyI9J+1,K)+DD2INPRY,NG)®PSI (NG, INNOL140O

260

SOLN(IM)=0,000

D) 26) 11=1, IMX

IsIM-11

SOLN(II=GA(T }-WALT)%SOLN(T+1)
D0 270 I=1,1IM
TEMP2=PST(NG+14JsK)

II,J-ng)+DD3(NPR,NG)#PS!(Va’IqJ'Kfl’4DD3lNPRZ,Na)*PSI(NG'IvJQK-ll’lNNO!#lD
2DD1 (NPRX NG ) *GA( 1-1) ) *TEMP

INNOl420
INNO1430
INNO1 440
INNO1450
TNNO1460
INNO1470
INNO1480
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(e B ]

PSTUNS,19JyK)=TEMP2+OMEGINS) *(SOLN(T)~-TEMP2)
IF(PSTIING,I4JyK).6GT.0.,0D0)3) T 265
PSSt {N3,1 2J9K)=0.0D0
G TO 270

265 TEMP3=TEMP2/PSIING,I4JyK)
IF(TEMPL LY. TEMP3)TFEMP1=TEMP3
IFUTEYPS, .GT ,TEMP3)TEMP4=TEMP 3

270 CONTINUE

280 CONTINUE
D) 290 1=1,1IM

290 PSI(NG,T,JM,K)=0.000

300 CONTINUE

COMPLETE MESH NOW SWEPT
NOW COMPUTE LARGEST RESTIDUAL

TEMP2=DABS( 1.0D0-TEMP1)
TEMP32DARS(1 .0D0-TEMP4)
IF(TEMP2~-TEMP3)320,320,310

310 TEMP3=TEMP2

320 NTIT=NTIT+1
NIT=NIT+1
IFI(NIT.GE.NIITIGD TO 1330
IFUTEMP3 ,GT.EPS2)50 TO 100

330 CONTINUE
RETURN
END

INNO1490
INNO1500
INNO1510
INNO1520
INNO1530
INNO1540
INNO1550
INNO1560
INNO1570
INNO1580
INNO1590
INNO1600
INNO1610
INNO1620
INNO1630
INNO1640
INNO1650
INNO1660
INNO16T0
INNO1680
INNO1690
INNO1700
INNO1710
INNO1720
INNOL730
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SUBROUTINE GRBALO(DOD1,DD2,DD3,DD4yDD5yNPRMP,PSI4P1,P2,P3,XFISS, GRBO0OO10O

LXINSCy XREMy XLEK ¢NNGV 9 IMV 4 JMV 4 KMV s NPRGV y NG ) GRB00020
IMPLICIT REAL*8 (A-H,0-2) GRB0O0030
INTEGER®2 MMAP ,NPRMP GRB0O004O

COMMDN/INTS/TASIZEJNNGyNDGyNTOGy NMAT s I M, JMy KMy IRMy JRM; KRM,NLBC, GRBO0090
INFBCyNBBCoNDNSCTyNPRGsIOPTyNTGyNXT2 4, NYTP (NZTP,IXTP(S),IVTP(5), GRBO0100
21ZTP(5) 4 NSTEAD, IFLIN, IGEOMoITITLE(20),NOIT,NIIT,NPIT,13PSI,10DUMP,GRB0O0110

3I0FNGIIFO, 10PNy I0P0, ITEMP,ITEMPL ,ITEMP2, ITEMP3,I TEMP4,I TEMPS, GRB00120
GNTIY,TETIME, IFLOUT, I MX,JMX,KMX, J1OSC1,I0SC2,NGX GRBROO130
COMMON/FLOTE/EFFKy JRFP,EPSLyEPS2 ,TEMP,TEMPL, TEMP2,TEMP3, TEMP 4, GRBO0140
YTEMPS, TEMPS 4 XFISSTy XFISSO,AL AMNy ALAMD, TIME,FLXCIN,BETAT . GRBOO150

DIMENSION DDI{NPR3V,NNGV)4DD2(NPRGV,NNGV ),DD3(NPRGY, NNGV ),DD4(NPRGGRBOO140
1VoNNGV) 4 DDS INPRGV, NNGV) s NPRMP(IMV, JMV, KMV) ,PSTINNGV, IMV, JMV,KMV) , GRBOO170

2PLUTMY JMV) 4 P2LTMV, JMV) 4 PI(IMV, JMV) s XFISSINNGV ), XINSCINNGYV), GRB0OO180
3XREM(NNG V) XLEKINNGYV) GRBOO190
XREM(NG)=0.0D0 GRB00200
XLEK(NG) =0, 000 GRB00210
ONE=1,0D0 GRB800211
HALF=0.50D0 GRBO0212
VOLB=JNE GRBO0O213
VOLF=)NE GRBO0214&
VOLL=0ONE - GRBO0215
IFI(NB3C.EQ. 1)VOLB=HALF GRBOO216
DO 230 K=1,KMX GRBD0220
IF(K.GT.1)VOLB=ONE GRB00221
IF(K.EQ. 1.AND.NBBC,EQ.0) ‘GO TD 230 GRB00230
IF(K.NEL.2)G0 TO 120 GRB00240
100 IF{NBBC.EQ.1)GD T2 120 GRB00250
COMPUTE LEAKAGE FOR BOTTOM PLANE GRB0O0260
IF(NFBC.EQ.1 )VOLF=HALF GRB00261
DI 110 J=1,JMX GRB00270
IF(J.GT.1IVOLF=0ONE GRBO0271
IF(NLBC.EQ.1 JVOLL=HALF GRBO0O272
DD 110 I=1, IMX GRB00280
IF(1.GT.1)VOLL=0ONE 4 GRB00281
NPR=NPRMP (1,4 J,1) GRB00290
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()

XLEKING)=XLEKI(NGI+DD3I(NPRyNGIZPST(NG,14J,2)®VOLF*VOLL
110 CONTINUE
COMPUTE FRONT LEAKAGE
120 IF(NFBC.EQ.1) GO T2 140
IFINLBC.EQ.]1 )VOLL=HALF
DD 130 I=1, IMX
IF{Y1.6T.1)VDLL=0ONE
NPR=NPRMP(TI ,1,K)
130 XLEKING) =XLEK(NGI+DD2(NPRyNG)IEPSI(NGyI42,K)RVYNLLAVOLS
COMPUTE LEFT LEAKAGFE
140 IF(NLBC.FQ.1) GO T3 160
IFINFBC,.EQ.1)VOLF=HALF
DY 150 J=1, MX
IF(J.GT,1)VOLF=0ONE
NPR=NPRMP(1,.J,K)
150 XLEX(NG)=XLEK(NG)+DD1(NPRyN3)IXPST(NG,2,J+K)®VOLF*VOLB
COMPUTE RIGHT LEAKAGE
160 TF(NFBC.EQ.1)VOLF=HALF
DI 170 J=1, JMX
IF(J.GT.1)VDOLF=0ONE
NPR=NPRMP(IMX,J,K)
170 XLEK(NG)=XLEK(NG)+DD1 (NPRyNG)I®PSI(NG, IMX,J,K)%VILF*YOLB
COMPUTE BACK LEAKAGE
IFINLBC.EQ.1)VOLL=HALF
DD 187 I=1, IMX
IF(1.5T7.1)VDOLL=DONE
NPR=NPRMP([ 4 JMX,K)
180 XLFKING)=XLEKING)+DD2(NPRy,NG)I*PST(NG,14JMX,K )*VILL*VOLB
. IF(NFBC.EQ.Y )VOLF=HALF
DD 200 J=1,J0MX
IF(J.6T.1)VOLF=0ONE
VOLC=VDLB*VDLF
IF(NLBC.EQ.1 )VOLL=HALF
D3 190 I=1, IMX
IF(T.6T.1)VOLL=0DONE
VOLD=VOLL#*VDLL

GRB0O0O300
GRBOO310
GRB00320
GRB00330
GRB00331
GRBO0340
GRBO0341
GRB00350
GRB00360
GRBO0370
GRB00380
GRBO0O381
GRB00390
GRBO0391
GRB00400
GRBO0410
GRB00420
GRBO0O&21
GRBO0%420
GRB0O0431
GRRBRO0440
GRBO0450
GRBO00460
GRRO0O461
GRBOO4T0
GRBOO471
GRBO0&8O
GRB0O0490
GRBO0491
GRBO0500
GRB0O0S01
GRB0OO502
GRB0O0503
GRB800510
GRBOOS511
GRBOOS12
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(@]

200

212
220
230

240
250

NPR=NPRMP (I 4 J,yK)
190 XREM{NG)=XREM(ING)+(DDS(NPRyNG)=DD&{NPR,NG))%*PST(NG,I,J,K )*VOLD

CONT INUE

IF{K.LT.KMX)
COMPUTE TP LEAKAGE

IF(NF3C.F0Q.1 )VOLF=HALF

DD 220 J=1,J0MX

IF{J.6T.1)VDLF=0ONE

IF(NLBC.EQ.) )VOLL=HALF

DO 210 T=1,1MX

IF(1.6T.1)VOLL=DNE

NPR=NPRMP{T 4 J,KMX)
XLEKINGY=XLEKING)+DD3(NPR N3I®PST(NGsI sJ o KMX)XVILLRVOLF

CONT INUE
CONTINUE

TEMP=(XFISSING)+XINSCING))/(XLEK(NG)+
DO 25D K=1,KMX

DD 250 J=1,JM

DD 240 I=1,1IM

PSTINGyT ¢ Jo K)=TEMPRPST(NG,I4JsK)"

CONTINUE

XREM(NG)=TEMP*XREMI{NG)
XLEK{NG)=TEMP&XLEK(NG)

RETURN
END

GO 1O 230

XREMING))

GRB0O0520
GRBOO530
GRB0O0540
GRB00550
GRB0O0560
GRBOOS61
GRB0O0OS70
GRBOOS71
GRBOO572
GRB0O0S580
GRBO0O581
GRBOO590
GRROO600
GRBOO610
GRB00620
GRROOK30
GRBO0O640O
GRB0O0650
GRBOO660
5R800670
GRB0O0O680
GRBO0690
GRBOO700
GRBOOT10
GRB0O0O720
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SUBROUTINE INNERL(X,yYysZyHXsHYyHZ+DD14DD2,0D3,004,DD5,MMAP,NPRMP, INNOOO10O

1PST4P14P24P34FO4SRCyWA,GA,SOLN,OMEG, XFISSyXINSCy XREM(XLEKs, INNODO20
2NNGV ¢yNMATV,y I MV, JMV, KMV, IRMV, JRMV ¢KRMY 4, NPRGV,y NG ) INNOOO30
IMPLICIT REAL*8 (A-H,0D-2) INNO0O4O
INTEGER®2 MMAP,NPRMP INNOO0OS50

COMMON/ INTS/ TASIZF s NNGyNDGoNTOGy) NMAT g I My JMy KM, IRMy JRMy KRMyNL BC INNOO100
INFBCyNB3CyNDNSCTyNPRGyIOPT ¢ NTGoNXTP,NYTP,NZT P, IXTP(5),IYTP(S), INNOO110
21ZTP(5) ¢ NSTEAD, IFLIN,IGEOM, ITITLE(20) 4y NOIT,NIIT,NPIT,10PSI,10DUMP,INNODL 20

3IDFNLIOFN,T0PNy I0P)y ITEMPLITEMPY ,ITEMP2, ITEMP3, I TEMP &, I TEMPS, INNOO130
GNTIT,TETIME, IFLOUT o T MX, JMX,KMX, IOSCL,I0SC2,NGX INNOO140
COMMON/FLOTE/EFFXy JRFP,EPS1,EPS2,TEMP,TEMP], TEMP2, TEMP3, TEMP &, INNOO150
1TEMPS, TEMPS 4 XFISSTy XFISSO, AL AMN, ALAMD, TIME,FLXCON, BETAT INNO0O160
DIMENSIIN XUIMV) V(I IMV)2Z{KMV) yHXIIRMV), HY{JRMV) ;HZ(KRMV ), INNOO170
1DD1(NPRSV,NNGV) s DD2{ NPRGVy NNGV )3 DD3(NPRGVyNNGV) s DDA(NPRGV,NNGV), TNNOO180O
2DDS{NPRGVyNNGV) s MMAP { IRMV, JRMV,KRMV ) JNPRMP (I MV, J MV ,KMV), INNOO190
BPSTUNNGY TNV IMV, KMV ) yPIIIMV . JMV )2 P2{IMV,JMV),P3(TIMV,IMV), INNO0200
GSRCL TV JMV 4 KMV ) s WAL TMV) 3 GACTMV) 4 SOLNC IMV),IMEGINNGV) 4 XF ISS{NNGV)  INNOD210
SXINSCINNGV) 4 XREMINNG V), XLEK({NNGV) INNOO220
IFULITEMPS.EQ.5)GD TO 90 INNOD0230
CALL GRBALL(DD1,DD2,DD3yDD&yDDSy NPRMP,PS1,P1,P2,P3,XFISS,XINSC, INN00240
IXREMyXLEKoNNGy IM,JMy KMyNPRG 4 NG) INNOO250
90 NIT=0 : INN00260
XNLBC=NLBC INNO0O270

: START WITH B3TTOM PLANE A TNNOO280
100 CONTINUE ’ INNOO290
REWIND T1O0OSC1 INNO0300
REWIND 10SC2 INNOO310
TEMP1=0.0D0 INNOO320
TEMP4=1.0D0+50 INNOO330
K=] INNO0340
READ(IDSC1)P1 INNOO350
READ(IOSC1)P2 INNO0360
IFINBBC.EQ.0)GO YO 200 INNOO370

DO 185 NP=Ll,NPIY INNOO380
IFINP.LT.NPITIGO T3 105 INNO00390
TEMP1=0,.0D0 INNOO4OO
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105

~1)%XNLBC) /7DDS (NPR,NG)

D0 110 I=2,IMX

NPR=NPRMP(I,1,1)

NPRX=NPRMP(I1-1,41,1)

TEMP=1.0D0/( DDS (NPRy NG) +DD1 {NPRX JNG) 2WA( I~-1))

WA(I)=-DD1{NPR,NG)*TEMP

113 GA(T)=(SRC{T41,1)42.0D0%(DD2(NPR,NGI*P1(1,2)+DD3.(NPR,NG)*P2(1,1))
1+DD1 INPRXyNG ) %GA( -1 ) )*TEMP

SOLN{IM) =0, 0D0

D) 120 II=1,IMX

120

125

130
140

TEMP4=1,0D+50

J=1

IFINFBC.EQ.0)GD 1) 140
NPR=NPRMP({1,1,1)
WA(1)=-2,0D0%DDL(NPRyNG)*XNLBC/DDS{NPR,NG)

INNOO410
INNOO0420
TNNOO430
INNOO&4O
INNOO450

GA(1)=((SRC(1,J,K)+2,0DO%(DD2(NPRyNG)®P1(1,2)¢DD3(NPR,NG)I*P2(1,1))INNOO46KO

I=IM-11

SOLN(I)=GAl T )-WA(T)*SOLN(I+1)

DD 13D I=1,1IM

- TEMP2=P1 (1,1}
Pl(Iyl)=TE!P2¥0HEG(NG)*(SDLN(I)*TEHPZ)
IF{P1(I,1).GT.0,0D0)GO TO 125
P1({I41)=0.0D0

G) YO 130

TEMP3=TEMP2/P1(1,1)
IF(TEMPL.LT. TEMP3)TEMPL1=TEMP3
IF(TEMP4.GT. TEMP3)TFMP4=TEHP3

CONTINUE

DD 180 J=2,JMX

NPR=NPRMP(1,4Jy1)

NPRY=NPRMP{1,J-1,1})

WA(1)=-2,000%DD1(NPRyNG)*XN_LBC/DDS(NPRNG)
GA(1)=({SRC{1yJs1)+DD2(NPRY,NG)*#PY1{1,5=1)+DD2(NPR,NGI®*PL(1,J¢1)¢
12, 0DO*DD3(NPRyNGI*P2(1,J))2XNLBC)/DDS{NPRyNG) .
DD 150 I=2, IMX

NPR=NPRMP(I,J,1)

t

INNOO4TO
INNOO&80O
INNOO490
INNOO500
INNOOS510
INNOO0S520
INNOO530
INNOO540
INNOOS50
INNOO0560
INNOO570
INNOOS580
INNOO0590
INNO0600
INNOOS10
INNO0620
INNO0630
INNOO640
INNO0650
INNO0660
INNOOS70
INNO0680
INNOO0690
INNOO700
INNOOT10
INNOO720
INNOO730
INNOO740
INNOO750
INNOO760
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L9

NPRX=NPRMP(I-14Js1) TNNOO770

NPRY=NPIMP( T 4J~1,1) INNOOTBO
TEMP=1.0D0/ ( DD5(NPR, NG) +DD1 ( NPRX ,NG I $WA( I-1) ) INNOO790
WA(T)==DD1{NPR,NG)*TEMP INNOD80O

159 GA({I)=(SRC(1,4,1)4DD2(NPRY,NG)*P1(I,4=~1)+DD2 (NPRyNG)*P1(T,J#1)+  INNOOB10O
12.0D0%DD3INPRyNG) #P2 ( 1, J)+DD1{NPRX NG} *GA(T~1) ) *TEMP INNO0820
SOLN(TM)=0.0DO INNO0830

D) 160 TT=1,IMX INNO084D
I=IM-T1 INNOD850

160 SOLN(I)=GA(T)-WA(T)I®SOLN(I+1) TNNOO860
DY 170 I=1,1M INNOOB70
TEMP2=P] (1, J) INNOO88O
PLIT,J)=TEMP2+0OMEG (NG )*( SOLN(I)-TEMP2) - INNO0890
IF(P1(1,J).GT.0.0D2)G0O TO 155 INNO090O
P1(1,J)20.0D0 TNNOO910

< GI TO 170 INN00920
165 TEMP3=TEMP2/P1(1,J) INN00930
IF(TEMP1.LT.TEMP3)TEMPL=TEMP3 INN00940
IF(TE4PG ,GT , TEMP3) TEMP4A=TEMP 3 INNO09S0

170 CONTINUE INNO0960
180 CONTINUE INNO0970
185 CONT INUE : INN00980
TEMPS=TE MPL INN00990
TEMP6=TEMP4 | INNO1000

190 P1(1,JM)=0.000 INNO1010
NOW COMPUTE FOR THE REST OF THE PLANES - INNO01020
200 DO 310 K=2, KMX INNO1030
READ(1DSC1)P3 | INNO1040

D) 295 NP=1,NPIT INNO10%0
IF(NP.LT.NPIT)GD TD 205 ’ TNNO1060
TEMP120.000 INNO10T0
TEMP4=1,0D+50 INNO1080

205 J=1 INNO1090
IF(NFBC.EQ.0) GO TO 240 ‘ INNO1100
NPR=NPRMP(1,1,K) INNO1110
NPR7=NPRMP(1,1,K-1) TNNOL120
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220

225

230
240

WA({1)=-2.0D0*DD1{NPR,NG) *XN_BC/DD5(NPR4NG)
GA(1)=((SRCU1y14K)+2,.0D0%DD2 (NPRNG)*P2(1,2) +OD3(NPR,NG)*P3(1,1)+
1DD3(NPRZ4NG)*P1(1,1) )%XNLAC) /DDS(NPR,NG)

DO 210 1=2,IMX

NPR=NPRUMP (I ,1,K)

NPRX=NPRMP(T=191,K)

NPRZ=NPRMP(T,41,K-1)

TEMP=1.0D0/ {DDS(NPRy NG) +DDL (NPRX JNGI%WA{ I-1))
WA{I)=-~DD1{NPR,NG)*TEMP
210 GAU(I)=(SRC{I419K)4+2. ODO*DDZINPR'No)*PZ(I¢2)+DD3(NPR'NG)*P3(1'1)G
1DD3U(NPR7Z4NG)I#*P1(I,1) 4+DD1(NPIX NG )IRGA(I=-1) )%XTEMP

SOLN(IM)=0,.0D0

D3 220 I1I=1,IMX

IsIM-11

SOLN(T)=GA{ T )-WA(I)®=SOLN(I+1)

DD 230 I=]1,IM

TEMP2=P2(1,1)
P2(T+1)=TEMP2+40OMEGING )*({ SOLN(T)}~TEMP2)
IF(P2({1,1).GT.0.0D0)GO TO 225
P2({1,41)=0.0D0

GD T0 230

TEMP3=TEMP2/P2(1,1)
IF(TEMPL LT, TEMP3)TEMPL=TEMP3
IFITFUPSL .GT . TEMP3)TEMP4=TEMP 3

CONTINUE

NI 280 J=2, JMX

NPR=NPRMP {15 J,K)

NPRY=\PRMP(1 ,J=-1,K)

NPRZ=NPRMP(1,J,yK~-1)"

WA(1)=-2,0DO*DD1(NPRyNG) *XNLBC/DDS(NPRyNG)

GA(L)=((SRC{1yJyK)+DD2INPR NG)I%P2(1,J+1) +DD2INPRYNG)®P2(1l,J=1)+¢
1DD3(NPRyNG) #P3(1,J)+DD3(NPRZ NG)I*P1(1,J) IXXNLBC) 7/DDSINPR¢NG)

DO 250 I=2, IMX

NPR=NPRMP(] 4 JyK)

NPRX=NPRMP{T=1,J,K)

NPRY=NPRMP( Y 'J"l 'K’

INNO1130
INNO1140
INNO1150
TNNO1160
INNOL170
INNO1180
INNO1190
INNO1200
INNO1210
INNO1220
INNO1230
TNNO1240
INNO1250
1NNO1260
INNO1270
INNO1280
INN01290
INNO1300
INNO1310
INNO1320
TNNO1330
INNO1340
INNO1350
INNO1360
TNNO1370
TNNO1380
INN01390
INNO16400
INNO16810
INNO1420
INNO1430
INNO1 440
TNNO1450
INNO1460
INNO1470
INNOL1480
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(4]

250 GA(TI)={SRCII,JosK)4DD2(NPR,NG)*P2(T,J+1)+DD2(NPRY,NG) *#P2{ I3J=1)+
1DD3(NPRy NG) #P3( 141 +DD3 (NPRZ ,NG) #P1 (1, J) +DD). (NPRX, NG ) #GA (I~1 ) ) 2T EMINNO1530 -
2p

260

265
270
280

290
295

NPRZ=NPRMP(I 4JyK~-1)

TEMP=1.0D0/(DDS{NPRy NG} +DD1{NPRX yNG)*WA( I-1))

WA(TI)==DD1{NPRyNG)*TEMP

SOLN(TM)=0.000

D) 260 II=1, IMX

I=IM-11
SOUN(I)=GA{ T )-WA(T}%SOLN(TI+1)
D3 270 1=1,1M

TEMP2=pP2(1,4)
P2{14J)=TEMP2+¢0OMEGING)*(SOLN(TI)=-TEMP2)
IF{P2(14J).GT.0.0D0)IGO TO 255
P2(1,J320.0D0

GO TO 270
TEMP3=TEMP2/P2(1,J)
IF(TEMPLl.LT.TEMP3)TEMPL=TEMP 3
IF(TEMP4 .GT ,TEMP3)TEMP4A=TEMP 3
CONTINUE

CONT INUE

DD 29) I=1,1IM

P2(14JM) =0, 000

CONTINUE

TEST MIN AND MAX FLUX RATIO FOR THIS PLANE

305
310

IF(TEMPL .GT . TEMPS)TEMPS=TEMP
IF{TEMPSG LT .TEMPG)TEMP6=TEMPS
WRITE(IOSC2)P1

DO 305 J=1,JM

DD 305 I=1,IM

PL{T4J}=2P2(1,J)
P2(14J)=2P3(1,4J)

CONTINUE

COMPLETE MESH NOW SWEPT

WRITE(I2SC2)P1
WRITE(IOJSC2)P2

INNO1490
INNO1500
INNO1510
INNO1520

INNO1540
INNO1550
INNO1560
TNNO1570
INNO1580
INNO1590
INNO1600
INNO1610
INNO1620
INNO1630
INNO1640
INNO1650
INNO1660
INNO1670
INNO1680
TNN01690
INNO1700
INNO1710
INNO1720
INNOL730
INNO1740
INNO1750
INNOLTS0
INNOL770
INNO1780
INNO1790
INNO1800
INNO1810
INNO1820
INNO1830
INNO1840

PAGE 195



(48]
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SWITCH DATASET DESIGNATIONS
ITEMP4=10SC2
10SC2=10SC1
10SC1=TTEMP&
NOW COMPUTE LARGEST RESIDUAL
TEMP1=TEMPS
TEMP4=TEMPS
TEMP2=DABS(1 .0DO-TEMP1)
TEMP3=DABS(1.0D0-TEMP4)
IF(TEWP2~-TEMP3)330,330,320
320 TEMP3=TEMP2
330 NTIT=NTIT+l
NIT=NIT+1
IFINIT.SE.NTIT)GD TO 340
IF(TEMP3.GT L,EPS2)GO TO 100
INNFR ITERATIDON CONVERGES, WRITE FLUXES ON YOPN
340 CONTINUE
REWIND 10SC1
IFUITEMP5.EQ.5)G0 TO 360
D) 350 K=1,KM
READ(IDSC1)P2
WRITE(TDPN)P2
350 CONTINUE
360 RETURN
END

INNO1850
INNO1860
INNO1870
INNO1880
TNNO1890
INNO1900
INNO1910
INNO1920
INNO1930
INNO1940
INNO1950
INNO01960
INNO1970
INNO1980
INNO01990
INNO2000
INN02010
INNO2020
INNO2030
INNO2040
INNO2050
INNO02060
INNO20T0
INNO2080
INNO2090
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SUBROUTINE GRBAL1(DD1,DD2,DD3,DD4yDDSy NPRMP, PSI,P1,P2,P3,XFISS, GRB0O0OO10

L1XINSCy XXEMy XLEK ¢ NNG V5 IMV 4 JMV 4 KMV ¢ NPRGV 4 NG) GRB00020
IMPLICIT REAL*8 (A-H,0-2) GRB00030
INTEGER®2 MMAP ,NPRMP GRB0O0040

COMMON/TINTG/ TASTZE ¢ NNGyNDGs NTOGy NMAT oI M,y JM, K My TRMy JRM, KRM,NL BC, GRB0O0090
1NFBC NBRCyNDNSCToNPRGyIOPTyNTGoNXTPyNYTP (NZTP, IXTP(5),1YTP(5), GRB0O0O100
2TITP(5) ¢ NSTEADy IFLIN, IGEDOM, T TITLE(20)sNOIT,NIIT,NPIT,I3PSI, I0ODUMP,GRBOOL10D

2IIFN, IDFO, 10PN, IDPD, ITEMP,ITEMP1,ITEMP2, ITEMP3,I TEMPA, I TEMPS, GRB00120
ANTIT,IETIME, IFLOUTy TMX,JMXoKMX, TOSC1,10SC2,NGX GRBOO130
COMMON/FLOTE/EFFK,ORFP,EPS1,EPS2,TEMP,TEMP1, TEMP2 , TEMP3 , TEMP 4, GRB00140
1TEMPS,TEMPS 4 XFISST, XFISSO, AL AMN, ALAMO, TIME,FLXCON,BETAT : GRBO0O150

DIMENSIIN JD1(NPR5V,NNGV),DI2{NPRGV,NNGV )+DD3(NPRGVy NNGV ), DD&(NPRGGRBO0O160
1VyNNGV ), DD5 (NPRGVy NNGV) ¢ NPRMP( IMV, JMV, KMV) , P ST (NNGV, IMV, JMV, KMV) , GRBOO170

2P1UIMV, UMV) 3 P2(IMV, JMV),P3(IMV, JMV), XFISSINNGV ), XINSCINNGV), GRBOO180
3XREM(NNGV) s XLEKINNGV) GR800190
XREM(NG)=0,0D0 GRB0O0200
XLEK({NG)=0,0D0 GRB00210
REWIND IODSC) GRB00220
REWIND I0SC2 GRB00230
ONE=1.000 GRB0O0231
HALF=0.5D0 GRB0O0232
VOLB=DNE ; GRBO00233
VOLF=0NE GRB800234&
VOLL=0NE . GRB00235
IFINB3C,. EQ.1)VOLB=HALF GRB00236
mM 230 K=1,KMX GRB00240
READ(IOPO)P2 GRB00250
WRITE(13SC2)P2 : GR800250
IF(K.GT.)1)VOLB=ONE GRBOD261
TF(K.EQ.1.AND.NBBC.EQ.0) GO TO 230 ‘ GRBO0270
IF(K.NE.2)GO TO 120 GRB00280
100 IF(NBBC.EQ.11GD T2 120 GRB00290
C COMPUTE LEAKAGE FOR BOTTOM PLANE GRB00300
IF(NFBC.EQ.1 )VOLF=HALF , ( GR800301
D0 110 J=1,JMX GRBOO310
IF(J5T. 1)VOLF=ONE GRBO0O311
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IF(NLBC.EQ.1}VOLL=HALF
D3 110 I=1, IMX
IF(I.GT.1)}VOLL=0ONE
NPR=NPRMP(I yJo1)
XLEK("G‘=XLEK(NG)*QD3(NPR1N3'*PZ(IvJ’*VGLF*VGLL
110 CONTINUE
COMPUTE FRONT LEAKAGE
120 IF(NFBC.EQ.1) GO 7D 140
IF(NLBC.EQ.1 )VOLL=HALF
N0 130 I=1,1IMX
IF(1.67.,1)VOLL=0ONE
NPR=NPRVMP(T 41,K)
130 XLEKING)=XLEK(NG)+DD2(NPRyN3)I%P2(1,2)%VILL*VOLR .
COMPUTE LEFT LEAKAGE
140 IF(NLBC.EQ.1) GD TD 160
IFINFBC.EQ.1 )VOLF=HALF
DD 150 J=1, JMX
IF(J5T.1)VOLF=DONE
NPR=NPRMP (1, JyK)
150 XLEK(NG)=XLEK(NGI+DD1(NPR,N5)%P2(2,J)2VOLF*VOLSB
COMPUTE RIGHY LEAKAGE
160 IF{NFBC.FQ.1 )VOLF=HALF
D) 170 J=1, IJMX
IF(J.6T.1)VOLF=DNE
NPR=NPRMP(IMX, JoK)
170 XLEK(VG’*XLEK(NG‘*DDI(NPR,"u’*PZ(I”!,J"VULF‘VULB
COMPUTE BACK L FAKAGE
IF{NLBC.EQ.1)}VOLL=HALF
D) 180 I=1, IMX
IF{1.6T.1)VOLL=ONE
NPR=NPRMP (I 4 MX,K) :
180 XLEK(NG)=XLEKI{NG)+DD2{(NPRyNGI®P2(I,IMX)®VOLL*VOLB
[F(NFBC.EQ.I’VULF‘HALF
DI 200 J=1,JMX
IF(J.GT.1)1VOLF=DONE
VOLC=VOLBXVOLF

GRB00312
GRB00320
GRB00321
GRBO0330
GRBO0340
GRB00350
GRB0O0360
GRB00370
GRBOO371
GRB00380
GRB0O381
GRBO0390
GRB00400
GRB0O0410
GRB00420
GRB004&21
GRBOO430
GRB8004&31
GRB0OD440
GRB0O0450
GRBO0460
GRB0O0461
GRBOO4TO
GRB0O0471
GRBO0O48O
GRB00490
GRB00500
GRBOOSOL
GRBOO510
GRBOOS11
GRB00520
GRBO0530
GRB00531
GRB00540
GRBO0O541
GRBO0O0542
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130
200

IFINLBC.EQ.1)VOLL=HALF
D7 190 I=1, IMX
IF(I.GT.1)VOLL=0ONE
VOLD=VOLL*VOLC
NPR=NPRMP(I 4 JyK)

XREMING) =XREMING) +{DDSINPRyNG)~=DD4{NPR,NG))*P2{1,J)*VDLD

CONTINUE
IF(K.LT.KMX) GO TO 230

COMPUTE TIP LEAKAGE

210
220
230

250

260

IF(NF3C.EQ.1)VOLF=HALF
DY 220 J=1,JMX
1F(J.GT.1)VOLF=0ONE
TF(NLBC.FEQ.1 )VOLL=HALF
DO 210 I=1, IMX
IF(1.57.1)VOLL=0ONE
NPR=NPRMP(T 4 JyKMX)

XLEK(NG) =XLEKING)+DD3 (NPR,NGI*P2 (1, J)*VILLRVOLF

CONTINUE

CONTINUE

READ(IOPD)P2

WRITE(IJISC2)P2

REWIND I0SC2 )
TEMP=( XFISSING) +XINSCING) ) /( XLEK (NG) #XREM(NG)}) -
D7 260 K=1,KM

READ(IDSC2)P2

DN 250 J=1,JM

DO 250 I=1,1IM

P2(14J}2TEMPRP2(1,J)

WRITE(IJSCL)P2

"CONT INUE

XREM(NG) =TEMP®XREMING)
XLEK(NG)=TEMPAXLEK(NG)
RETURN

END

GRBOO543
GRBOO550
GRBOO551
GRB0OO552
GRB0O0S560
GRBOOS570
GRBO0O580
GRBOO590
GRBO0600O
GRB00601
GRB00610
GRBOO610
GRBO0612
GRB00620
GRB0O0621
GRB00630
5RB00640
GRRO0D650
5RB00660
GRBOO6TO
GRB00680
GRBO0690
GRBODO700
GRBOO710
GRB00720
GRBOD730
GRBOO740
GRBOO750
GRBOO760
GRBOOTTO
GRBOO780
GRBOO790
GRB0O080OO
GRBO0810
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230

240
250

SUBRDUTINE FLUXTR(PST 4P2,NNGV,IMV,JMV,KMV)

IMPLICIY REAL*8 (A~-H,0-1)
INTEGER®2 MMAP,NPRMP

COMMON/INTS/TASTZEoNNGyNDGyNTOGs» NMAT o I My JM, KM, TRMy JRMy KRMyNL BC,
INFBCyNBBC o NDNSCT,NPRGyIOPT NTGyNXTP o NYTP yNZTP,IXTP(5),IYTP(S),

FLUO0O10
FLUOD020
FLUOO0O030
FLUO00%0
FLUODOS50

212TP(5) 4 NSTEAD, IFLIN, IGEOM, TTITLE(20),NOIT,NIIT,NPIT,13P SI, 10DUMP,FLUDO060

3TIFN, IDFO, 10PN, I0PD, ITEMP,ITEMPY ,ITEMP2, ITEMP3,I TEMP 4, I TEMPS,

GNTIT,TET IME, IFLOUT, IMXyJMXyKMXy TOSC1o10SC2,NGX -
COMMON/FLOTE/EFFK,JRFP,EPS1l, EPS2,TEMP, TEMPL, TEMP 2, TEMP3, TEVMP 4,

TTEMPS, TEMPS ¢ XFISSTy XFISSO,AL AMN, ALAMD, TIME,FLXCIN, BETAT
DIMENSION PST(NNGV,IMV,JMV,KMV),P2(TIMV, JMV)

WILL USE 10SC1 TO RUILD FLUXES FOR TRANSMITTAL TO TIMDEP

REWIND I0SC1
IF{IOPT.EQ.?)GD TO 200
DY 100 K=1,KM

D3 103 NG=1,NNG

WRITE(IJISCL) ((PSTING¢T9J9K)yI=1,1IM),u=1,IM)

CONTINUE

REWIND I0SC1

GO TDO 300

CONTINUE

K=0

K=K +1

ITEMP2=K~-1
IF(ITEMP2,EQ.0)GO TO 230
D) 220 ITEUP=1,1TEMP2
READ(IOPD)

COINTINUE

Do 250 !TEﬂP*IoNNG
READ(INPD)P2
WRITE(IDSCL)P2

IF(ITEMP.EQ.NNG)IGO TO 250

D] 240 ITEMP3=1,KMX
READ{IDPO)

CONTINUE

CONTINUE

FLUOOO70
FLUO0OO080
FLUOO130
FLUOD140
FLUOO1S50
FLUO0160
FLUOOLIT7O
FLuoo180
FLUO00190
FLUO00200
FLUOO210
FLU00220
FLU00230
FLUOD240
FLUOD250
FLUDD260
FLU00270
FLUOO280
FLUOO290
FLUO00300
FLUO00310
FLUOD320
FLUOO330
FLUOO340
FLU00350
FLUOO0360
FLUOO3T0
FLUOD380
FLU00390
FLUOO&00
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REWIND 10POD FLUOO410

IF{K.LT.KM)GO TO 210 FLUOO420
REWIND 10SC1 FLUOO&30
300 RETURN FLUOO440
END FLUOO450
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SUBROJTINE TIMDEP(V s XI¢XI¥yXNUySIGFySIGRSIGT,SIGSsALAM,BETA,XIP, TIMOOO10
1XsYsZyHXHY, HZ, 18P, JBP,XBP,DD1,DND2, DD3, DD4,DD5,0D6,DD7, VO, MMAP,NPRTI MOD0O20
2MP 4 PST 4P 19yP24P34PSOy WoPOsWL ¢ NNGV yNDGV ¢ NTOGVy NDNSCV 4 NMATV o TMV 4 JMV , KT I MO0030

3MVy IRMVy JRMV JKRMV,NPRGV,NGXV) TIM00040
IMPLICIT REAL*8 (A-H,0-2) TIM00050
INTEGFER®2 MMAP ,NPRMP TIM00060
COMMON/ INTG/ IASTIZ7EoNNGyNDGyNTOGy NMAT 5 T My JMy XM, TR My JRMy KR My NL BC , YIM0o0070
INFBCyNB3C,NDNSCT4NPRGIOPT 4yNTGyNXTP,NYTP,NZTP,IXTP(5),1YTP(5), TIM00080
21ZTP(5) ¢ NSTEADs IFLIN, IGEOMyITITLE(20),NOIT,NITIT,NPIT,I2PSI,10DUMP,TTIM00090
ATOFN,IDFO, 10PN, 10PD, ITEMP, ITEMPL,ITEMP2, ITEMP3,ITEMP &, I TEMPS, TIM00100
4NT!TyIETIHF9IFLOUTvIHX'JMX’KHXoIGSCIv!OSCZ’VGX TIMOO1l10
COMMON/FLOTE/EFFX,JRFP,EPS1, EPS2,TEMP,TEMP1, TEMP2, TEMP3, TEHP#, TIMOO160
LTEMPS, TEMP6,XF!SST,XFISSOoALAHN,ALAHO'T!HE,FLXCDN,BETAT TImMoO0l70
CGHNDN/TIHINT/LASZ)N,XSTPCH.ILINCH;!PRSTP,MMSCH(S),MNLCH(S); TIMOO180
1ISTEP, ICHHT TIMO00190
COMMON/TIMFLO/TyHT yHMIN,HMAX , TSTART, TENDyDELSFS(5v4)'DELSR515'4,, T1M00200
10ELSTS(594) s DELS1S(594)4DELS2S{5,4) s DELSFL{5,4),DELSRLES ,4), TIM00210
2DELSTL(S+4) yDELSLL(5,44) ¢DELS2L(5,4) TIM00220
DIMENSION VINNGV)¢XT (NNGV) s XIMINNGV) o XNU(NMATV,NNGV) ; TIM00230

1SIGF(NMATV,NNGV ) SIGRINMATV, NNGV ), STGT (NMATV ¢NNGV ) ,SIGS{NMATV,NNGVTIM00240
2yNDNSCV) ;ALAMINDGV) » BETA(NDGV) X IPINNSV, NDGV ) o X{ I MV) ;¥Y( JMV), Z(KMV)TIMO0250
39HXUTIMY )y HY (JRMV ), HZ IKRMV ) 5 IBP( IRMV ), JBP{JRMV),KBP{KRMV),DD1(NPRGTIM00260
4VyNNGV) 4 DD2 { NPRGV4 NNGV) 4 DD3( NPRGV, NNGY } , DD&( NPRGV, NNGV) ; DD5( NPRGV, TIM00270
5NNGV!,D)6(NPPGV,NNGV),DDT(NPRGV,NGXV,VDNSCV),HHAP(IRMV,JRHV,KRHV!,TINOOZSD

ENPRMP(IMV, JMVaKMV) y PSTINTOGV,y IMV ,JMV KMV ),PLINTIGV,IMV, MV}, TIM00290
7P2(NT3GV.IHV'JHV!§P3(NTOGVvIHV,JHV)vPsolIHV:JHV’KHV)iﬂ(!HVyJHV,KHVTlHOO3OO
8)y POLIMV oy JUV ), WI(IMV,JMVY,VD(NPRGV) TIM00310
IF(TIOPT.EQ.0) GO TD 100 TimM00320
REWIND I0PD TIM00330
REWIND 10PN ‘ YIMO0340
REWIND IOF) TIM00350
REWIND 10OFN TIM00360
100 DN 105 NPR=1,NPRG TIMO0365
D7 105 NG=1,NNG . TIM00370
DD4 (NPRy NG) =0.5D0*DD4(NPRYNG) TIMO00375
DDS5 (NPRy NG) =DD5 (NPR o NG) =DD& ( NPRy NG) -XIMING) *DD6{ NPRy NG) TIM00380
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1S )

105 CONTINUE

TIM00390

CALL DELAYS TO COMPUTE INITYIAL DELAYED NEWTRON PRECURSOR DENSITIES TIMO0400

AND READ FLUXES FROM I0SC1

TIM00410

CALL DELAYS{ALAM,BETA,XIP,DD6,VO,NPRMP,PSI,P2,PS0,PNyNNG4ND5,NTOG,TIMOO%20

LNMAT, I My JMy KMy NPRS)
DN 123 ND=1,NDG
DO 11D NG=1,NNG
110 XTP{NG,ND)=XIPING,ND )}*AL AM(ND)
120 ALAM(ND)=ALAM(ND}/2.0D0
ZERD FREQUENTY VECTOR
D) 130 X=1,KM
D2 130 J=1,4M™
DI 130 I=1,1IM
130 W(T1,J,X)=0.000
TSTART=0,030
ISTEP=0
START LJOP HERE OVER TIME ZONES BY CALLING TIMINP
200 CALL TIVINP
NFLAGY1=1
IF(ISTPZH.GT JO)CALL CHANGE(XIMyXNUySIGFy SIGRySIGToSIGSy HXyHY oHZ,

TIM00430
TIM0043)
TIM00432
TIM00433
TIM00434
TIM00440
TIMO0450
TIM0O0460
TIM00470
TIM00480
TI1M00490
TIM00500
TIM00510
TIM00520
TIMO00530
TIM00540

118pP,43P,XBP,DD1,DD2, DD3,DD4 4 DDSy DD6 s DDT y MMAP ¢ NNG ¢ NDNSCT o NMAT , IM, JMT IMO0550

2 9KM| IR "' JRH' KR"' NPRG'NFL AG!.’ NGX)
T=TSTART
HT=HMIN
NFLAG2=1
IF(ISTEP . EQ.O)CALL TIMOUT(PSTI 4P2,WyWloNTOGyIMyIMy KM, NFLAG2)
210 IF({IOPT.EQ.1)G0 T3 230

TIM00560
TIMOOS570
TIM00580
TIMO0590
TIM00600
TIMO0610

CALL STEPAD(V,XIM,ALAM,BETA,XIPyX,Y,yZyHXyHY,HZ,0D1,DD2,D03,DD4,DD5TIM00620
lyDDﬁqDDT,VD,NPRHP.PSI1U,Nﬂ5,NDG,NTOG,NDNSCT.IH,JM.KM,IRH'JRN,KRH, TIM00630

2NPRGyNGX)

TIMOO640

CALL STEPBO(V,XIMsALAM,BETA, XIP,X, Y.Z,HX.HY,HZ,DDI;DDZ,DD3'DDQ'DD5TIﬂ00650
140D64DDT9VIs NPRMP,PST sWoNNGy NDGy NTOGyNDNSCTy IMy My KM, IRM 3 JRMKRM, T IMOO660

2NPRG ¢NGX)

CALL FREQO(PSIyPSDyWyNTOGyIM,IM,KM)
D3 220 K=1,KM

DD 220 J=1l,JM

TIMOO6TO
TIM0O0680
TIM00690
TIMO00700
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220

230
230

250

270

280

DD 220 I=1,1M
PSO{T,JyK)=PSTINTGyI 4J,K)

GO 70O 250
CONT INUE

CALL STEPAL(VyXIMoALAMyBETAy XIPyXy¥yZyHXHY,HZ,DD1,0D2,0DD3,0DD4,

1NDS,DD6,DD7y, NPRMP,P14P2,P3,WoPOsWLyNNGyNDGyNTDGy NONSCTy I My JM9KM,
21RM, JRMy KRM 4 NPRG )

CALL STEPBLIVyXIM,ALAMBETAy XIPsXoYyZyHXyHY,HZ,0D1,0D029D03,DD4,

1DD5,DD8,DDT s NPRMP, P13 P24 P33yl o POy WLy NNGyNDGyNTOGy NONSCTy T My M, KM,
2TIRM,y JRMy KRM 4 NPRG )

CALL FREQL(P2yPDyWy WL NTOGyIM9IM,KM)

T=T+2.0D0%4T

ISTEP=ISTEP+1

NFLAGL1=2
NFLAG2=)

IFCTLINCH.GT,OJCALL CHANGE(XIMyXNUySIGFoSIGRySIGTySIGSy HXyHY gHZ,
1718P, JBP,KBP, DD1,DD2, D039y DD% s DDSy DO59DD Ty MMAP ¢ NNG 9 NONSCT o NMAT 4 I M, JMTIMO0860
29KMy 1AMy, JRM, KRM,NPRG o NFLAG]Y y NGX)
IF(DABS{T-TEND).LT.1.0D~-10INFLAG2=1

IFINFLAG2 .£0.1 .0R. MODIISTEP, IPRSTP)<EQ.O0ICALL TIMOUT(PSI ,P2,WyW1,
INTOG,IM, JMy KM, NFLAG2)

IFCICHHT .EQ.1)CALL TALTER

CALL ETIMEF(TEMP])

IF{TEMP.LT.TIME)}GO YO 270

NFLAG2=2
LASZON=1

CALL TIMDUT(PSI P2,W,WNLoyNTDO5,IMyJIMyKMyNFLAG2)

GO TO 280

IFINFLAG2.EQ.0)GD TO 210

TYSTART=T

IF(LASZON.GT.0)GO TO 200
IF(IOPT.EQ.0)GO T3 300
REWIND IDFJ]

REWIND IOFN

REWIND 10P2

REWIND TOPN

TIMOO0T10
TIMOOT720
TIM00730
*ETENPE*
TIMOO0T740
TIMO0750
TIMOOT760
TIMOO7TO
TiMo0780
TIM00790
TIM00800
TIMOO810
TIM00820
TIMO00830
TIMO00840
TIM00850

TIM00870
T1IM00880
TIM00890
TIM00900
TIM00910
TIM00920
T1M00930
TIMO00940
TIM00950
TIMO00960
TIM00970
Timo00980
TIM00990
TIMO01000
TIMO1010
TIMO1020
TIMOL030
TIMO1040
TIM01050
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REWIND I0SC1

REWIND 10SC2
300 RETURN

END

TIMO1060
TIMO1070
TIM01080
TIM01090
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SUBRNOUTINE TIMINP TIMO00010
IMPLIZIT REAL#*8B (A-H,0-7) TIM00020
INTEGRER®2 MMAP,NPRMP TIM00030
COMMON/INTS/ TAST2ZE ¢NNGyNDGoNTOGy NMAT y I My JMyKMy TRMy JRMy KRMy NL BCy YIM00040
INFBCyNBRC NDNSCToNPRGyIOPT 4 NTGoNXTP o NYTP {NZTPLIXTP(5),IYTP(5), TIM00050
212TP(5) yNSTEAD, IFLIN, IGEOM, ITITLE(20),NDIT,NIIT,NPIT,12P SI, 10DUMP,TIMO0060
3I0FN,IDFO,TINPN,I0P], ITEMP,ITEMPL ,ITEMP2, ITEMP3,ITEMP4,I TEMPS5, TIMO00TO
GNTIT,TETIME, IFLOUT, IMXe IJMXyKMXy TOSC1,I0SC2,NGX TIM00080
COMMON/FLOYE/EFFK,0RFP,EPSL, EPS2,TEMP,TEMPLl, TEMP2,TEMP3, TEMP &, TIMO00130
1TEMPS, TEMPA , XFISST, XFISSO,ALAMN, ALAMO, TIME,FLXCON,BETAT TIMOO140
COMMON/TIMINT/LASZON, ISTPCH, ILINCH, IPRSTP,MNSCH(5) yMNLZH(5), TIMO00150
LISTEP, ICHHT TIMO0160
COMMON/TIMELO/TyHT HMINyHMAX , TSTART» TEND yDEL SFS{ 54 4) yDEL SRS{ 544), TIMOOL170
IDELSTS(5+4) yDELS1S(5,4)4DELS2S(5,64) 4DELSFL(544),DELSRL(5,4), TimMO00180
2DELSTL(S594) 9 DELSIL(5,4) yDELS2L(5,4) T1IM00190
READ IN FIRST TIME ZONE DESCRIPTION CARD (CARD TYPE 13) T1M00200
100 READ(5,100))LASZON,ISTPCHyILINCHIPRSTP, ICHH4T, IFLOUT yHYINy HMAX, TENTIMO0210
1D TiM00211
1000 FORMAT(615,3D12.5) TIM00220
TF{ISTEP .GT.O)WRITE(6,1010) TIM00230
1010 FORMAT(1H1,//) TIM00240
TF(LASZIN.GT.01GO TO 110 TIM00250
LTMZON=LTMLON+1 TIM00260

GO 7O 120 TIM00270

110 LTMZON=LASZON TIM00280
120 WRITE(641020 )LTMZION TIM00290
1020 FORMAT(1HO,//,15X, *EDITED INPUT FOR TIME Z0ONE®*,13,//) TIM00300
WRITE(591030)LASZON, ISTPCHyILINCH,IPRSTP,ICHHT, IFLOUTvHHINyHMAX,TET!MOOBIO

IND TIMO0311

IF ISTPZH GT Oy READ IN STEP CHANGE INFDRHATION TIM00320
IF(ISTPCH.EQL.O0IGD TO 140 TIM00330

D3 133 MN=1,ISTPCH TIMO0340

DO 130 NG=1,NNG TIM00350
READ{5,1 040 )MNSCHI{UN),DELSFS{YN,NG)sDELSRS{UMN,NG), DELSTS(NN'NG)' TIM00360
1DELSISIMN,NG),DELS2S (MN,NG) TIM00370

WRITE(6y 1050 IMNSCHIMN)yDELSFSI{MN 4NG) yDELSRS{ MNyNG) ,DELSTS(MN,NG)» TIMOO380
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IDELS1S(MN,NG),DELS2S {MN,yNG) TIMO0390

130 CONTINUE TIM00400
1030 FORMAT(11X,615,3D12,.5) ' TIMOO410
1040 FORMAT(1IS5,5X,5D12.5) TIM0O0420
1050 FORMAT(11X,15,5X,5D12.5) TIM00430
140 IF(ILINCH.EQ.0)GO TO 140 TIMO0440
D] 150 MN=1,ILINCH TIM0O0450

DD 150 NG=1,NNG TIM00460

READ (541040 ) MNLCH(MN ) yDELSFL {MNyNG) yDELSRL(MN,NG) ; DELSTL (MNy,NG)y TIMOO470
IDELSIL(MN,NG),DELS2L (MN,NG) TIM00480
WRITE(641050 )MNLCH{MN)yDELSFLIMNJNG) ¢DELSRLIMN,NG) DELSTL(MN,NG), TIMO0490
IDELS1L(MN,NG),DELS2L (MN,NG) TIM00500

150 CONTINUE : TIMO0510
NOW PRINT OUY EDITED INFORMATION TIM00520
160 WRTTE(6,1060 )HMIN, 4MAX, TEND TIM00530
1060 FORMAT(1HOy 10Xy *MIN. TIME STEP(SEC)= *,D12.6,° MAX. TIME STEP(SECTIMOOS540
)= *,D12.6,"' ZIONE END TIME(SEC)= *,D12.6) TIM00550
IF({ISTPCH.EQ.0)GO TD 180 TIM00560
WRITE(64107T0)ISTPCH TIMOOS5T0

1070 FORMAT(1HO,10X,*STEP CHANGES IN®,I12,° MATERIALS IN THIS TIME ZONE TIMOOS580
1Y) TIMO0590
WRITE(6,1080) ) TIM00600

1080 FORMAT(1HOy55X, *TOTAL CHANSE (IN CM=1) IN CROSS-SECTIONS*,/11X, TIM00610
1'MATERTAL®y %Xy *GROUP ' 4 TOXy *SCATTERING® 4/ 435X, *FISSION', 10X, - TIM00620
2°ABSORPTION® 48X, " TRANSPORT? 410X *G TO G+1°,10Xs°G TD G+2%%/) TIMO00630

DD 170 MN=1,ISTPCH TIMO0640

DO 170 NG=1,NNG TIM00650
WRITE( 64 1090 IMNSTHIMN) NGy DELSFS (MNyNG) DELSRS(MNyNG),DELSTS (MN, NGTIM00660
1)yDELSLS{MN,NG),DELS2S{MNyNG) TIMO06TO

170 CONTINUE TIMO00680
1090 FORMAT(1H 514X, 12¢7Xy1292X95(4XyD14.7)) TIM00690
180 TF(ILINCH.EQ.0)GO TO 200 TIM00700
WRITE(S5,1100)TLINCH - TIMO0T10

1100 FORMAT (1HO,10X,*RAMP CHANGES IN *,12,' MATERIALS IN THIS TIME 20NETIMOO720
1) TIMO00730
WRITE(641080) TIMOOT40
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DO 190 MN=1,ILINCH TIMO0750

DO 192 N6=1,NNG TIM00760
WRITE( 6, 1090 JMNLCHIMN) yNGyDELSFL (MN9NG )y DELSRLIMNyNG ), DELSTL (MN, NGTIMOO770

1)y DELSIL (MN,NG)¢DELS2LIMN,NG) TIMO0780

190 CONTINUE TIMOO790
200 WRITF{6,1110) TIM00800
1110 FORMAT(1HO,//+10Xs "BEGIN TIME-DEPENDENT CALCULATION FOR THIS ZONE'TIMOO810
1) _ TIM00820
RETURN T1IM00830

END TIM00840
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SUBRDUTINE TALTER TALO0010
IMPLICIT REAL%®8 (A-H,0D-7) TALO0020
INTEGER®2 MMAP,NPRMP TALO0O030
COMMON/ INTS/IASIZESNNGyNDGyNTOGy NMAT o T M, JM KM, IRM, JRMyKRMyNLBCy TALODO&D
INFBRC yNBBCyNDNSCTyNPRGyIOPT o NTGyNXTP,NYTP ,NZTP, IXTP(S),IYTP(S), TALO00OS0
2I2TP(5) s NSTEAD, IFLIN, IGEOM, ITITLE(20),NDOIT,NIET,NPIT,19PSI, I0DUMP, TALOOOGD
310FN, I0F0.10PN,I3PD, ITEMP,ITEMPL,ITEMP2, ITEMP3, I TEMP4, I TEMPS, TALOOOTO
ANTITHIET IME ) IFLOUT o T MXyJMXyKMX, T0SCL,10SC2,NGX TALO0080
COMMON/FLOTE/EFFK,yORFP,EPSL,EPS2 ,TEMP,TEMP1, TEMP2, TEMP3, TEHP&, TALOO130
1TEMPS, TEMPS, XFISSTy XFISSO,A_ AMN, ALAMO, TI ME,FLXC3IN, BETAT TALOO140
COMMON/TIMINT/LASZON, ISTPCH, ILINCH, IPRSTP,MNSCH(5) ,MNLCH(S), TALOOLS50
1ISTEP, IZHHT TALOO160
COMMON/T IMFLO/ToHT g HMIN,HMAX » TSTARTy TEND yDEL SFS(.5,4) yDELSRS(S5,4), TALOOLTO
LDELSTS(5,4) yDELS1S(5,4) ,DELS2S(5+4) yDELSFL(5 y4)sDELSRL5 349, TALOO180
2DELSTL(594) 4 DELSIL(S,4),DELS2L(5,4) TALOO190
THE FOLLOWINS LNGIC ASSURES THAT HT IS AN INTEGER MULTIPLE OF TIME TALO0200
IZ0ONE LENGTH TALOD210
TEMPS=(TEND-TSTART)/ (2,0DO%*HT) TALO0220
ITEMPS5=TEMPS TAL00230
TEMP6= ITEMPS TALO024&0
IF((TEMPS-TEMPS ) LT.1.00-11)G0 TO 110 TALO0250
1000 FORMAT(1HO, 15X,? *x&«xINPUT 4AMIN (=HT) IS NOT AN INTEGER MULTIPLE OTALO0260
1F TIME Z0ONE LENGTH&®®&%%0) TALOO270
HT=( TEND-TSTART~2,0DO0*HT ) /{TEMP6~1.0D0) TALO00280
WRITE(6,1000) TALO0290
WRITE(6,1010 IHT TALOO300
1010 FORMAT(1H ,15X,*HT HAS BEEN CHANGED TO *,D20.13,' SECONDS AND WILLTALOO310
1 BE HELD FIXED AT THAT VALUE?') TAL00320D
110 ICHHT=0 TALO0330
RETURN TALOO340
END TALOO350
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SUBROUTINE DSIMQ(A,B,N,KS)

THIS SUBRIUTINE HAS BEEN TAKEN FRDOM THE IBM SCIENTIFIC
SUBROUTINE PACKAGE AND CONVERTED TO DJUBLE PRECISION

20
30

35

40

IMPLIZIT REAL*8 (A-H,D-2)
DIMENSIIN A(1),B(1)

FORWARD SOLUTION

TOL=0.0
KS=0

JJ==N

DD 65 J=1,N
JY=J+1
JI=JJ+N+1
BIGA=0
1IT=44-0

DO 30 I=J,N

SEARCH FOR MAXIMUM COEFFICIENT IN COLUMN

1J=1T+1

IF(DABS(BIGA)-DABS(A{(IJ))) 20,30,30-
BIGA=A(IJ)

IMAX=1

CONTINUE

TEST FOR PIVOT LESS THAN TOLERANCE (SINGULAR MATRIX)

IF(DABS(BIGA)-TOL) 35,35,40
KS=1
RETURN

INTERCHANGE ROWS IF NECESSARY

I1=J#N%(J=2) !
IT=IMAX=-J

S100010
$100020
S100030
S$100040
S100050
S100060
s100070
S 100080
S100090
$100100
$100110
$100120
$100130
ST00140
ST100150
$100160
ST00170
S100180
S100190
$100200
$100210
$100220
$100230
$100240
$100250
$100260
$100270
S100280
$100290
S$100300
$100310
S100320
$100330
S 100340
$100350
$100360
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s el

OO0

50

55

60
65

70

DD 50 K=J,N
Il=T1+N
12=11+17
SAVE=A(Il)
A(T1i=A012)
A(12)=SAVE

DIVIDE EQUATION BY LEADING COEFFICIENT

A(T1)=A(T11)/BIGA
SAVE=B ( IMAX)
B{IMAX)=8B(J)
B(J)I=SAVE/BIGA

ELIMINATE NEXT VARIABLE

IF{J=-N) 55,70,55

1QS=N%(J=-1)

DD 65 IX=JY,N

IXJ=1QS+1IX

IT=J-1X

D3 60 JX=JY,N

IXIX=N%{ JX=-1D+1IX

JIX=IXIX+IT
ACIXIX)=ALIXIXI=-(ACTXJII*ALIIXY)
BITX)=B(IX)=(BlJII*A(IXI))

BATK SOLUTION

NY=N~-1
1T=N*N

ND 80 J=1l,NY
IA=1IT-J
IB=N~J

IC=N

DN 80 K=1l,J

S100370
$100380
S100390
S100400
S100410
S100420
$100430
S100440
S100450
S100460
S100470
$100480
$100490
S100500
S100510
$100520
$100530
S100540
S100550
ST100560
S$100570
$100580
$100590
$ 100600
$100610
$100620
$100630
S100640
$100650
$100660
S100670
$100680
$100690
ST100700
S100710
$100720
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B(IB)=B(IB)-A(TA)*B(IC} : S100730

IA=TA-N S100740
80 I1C=I1C-1 S1007S50
RETURN S100760
END SI00770
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SUBROUTINE TIMOUTIPST P2,Wsd1,NTOGV, IMV, JMV, KMV, NFLAG2)
IMPLICIT REAL*8 (A~H,0-7)

INTEGER®#2 MMAP,NPRMP
COMMDN/INTS/TASTZE G NNGyNDGoNTOGy NMAT o TMy JMyK My IRMy JRM, KRM,y NL BC,
INFBCyNBBCyNDNSCToNPRGsIOPT JNTGyNXTP o NYTP,NZTP,IXTP(5)sIYTP(5),

TIMO0010
TIM00020
TIM00030
TIMO004&0
TIMO0050

2127P(5) yNSTEAD, IFLIN, IGEOM, ITITLE(20)yNOIT,NIIT,NPIT,ID3P SI, I10ODUMP,TIMO0060

3I0FN,IJFO,I0PN, I0OPO, ITEMP,ITEMPL1,ITEMP2, ITEMP3,ITEMP4, ITEMPS,
GNTITL,IETIME, IFLOUTy TMXyJMXyKMX, IDSC1,10SC2,NGX
COMMON/FLOTE/EFFK,ORFP,EPS1,EPS2,TEMP,TEMPL, TEMP 2, TEMP3, TEMP &,
1TEMPS,TEMPS o XFISST, XFISSDyAL AMN, ALAMO, TI ME,FLXCON,yBETAY

COMMON/T IMINT/LASZON, ISTPCH, TLINCH, IPRSTPyMNSCHIS5) sMNLCH(S),
1ISTEP, ICHHY
COMMON/TIMFLO/ToHT sHMIN,HMAX 3 TSTART s TEND yDEL SFS{ S 4) yDEL SRS( 544},
IDELSTS{594) ¢ DELS1S(5,4),DELS2S(5,4),DELSFL(5,4), DELSRL(5,4),
2DELSTL(S5+4) 4 DELSLILUS 44)4DELS2L(5,4)

TIMOOO0TO
TIM00080
TIMOO130
TIMO0140
TIMO0150
TIMO0160
TIM00170
TIimM00180
TIMO0190

DIMENS ION PSTUINTOGY s IMV, MV, KMV ) yP2INTOGVe IMVIMV ) yW{TMV yJMV KMV ),TIM00200

IWL(TMV, JMV) -
CALL ETIMEF(TEMP) -
WRITE(641000)
1000 FORMAT(1H1,//})
IF(ISTEP.GT.0)GO YO 100
WRITE(6,1010)(ITIVLE(I),I=1,20)" -
1010 FORMAT(1H ,10X,*INITIAL FLUXES FOR THE PROBLEM *,20A4)"
ISSAVE=ISTEP
100 WRITE(6, 1020)ISTEP, T oHT, TEMP
1020 FORMAT ({LHOy5Xy *STEP NUMBER®,T14,2X,* TRANSIENT TIME(SEC)=#?® ,1PD14.7
192Xy?1/2 TIME STEP(SEC)= ',1PD14.792Xy *ELAPSED CPU TIME(MIN)=?,
20PF10.4) :
IF(ISTEP.EQ.0)GD TO 230
WRITE OUT FREQUENCIES AT TESY POINTS
WRITE(651030)
1030 FORMAT(1HO, /15X, *FREQUENCIES AT TEST POINTS*,/) "
DO 130 K=1,N2TP
IF(K.GT.1)60 7O 110
WRITE(691040)IXTP(T },I=1,NXTP) - {
1040 FORMAT(LH 924Xy"J / 1%,7Xs5(13,15X))

TIMO00210
TIM00220
TIM00230
TIM00240
TIM00250
TIM00260
TIM0O0270
TIM00280
TIM00290
TIM00300
TIMO00310
TIM00320
TI1M00330
TIM00340
TIM00350
TIM00360
TIM00370
TIM00380
TIM00390
TIM0O0400
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110
1050

120
1060
130

WRITE(6,1050)I2TP(K)

FORMAT (1HOy 12X, *PLANE ',12)

DD 120 JJ=1,NYTP

J=NYTP+1-JJ
HRITE(S,IO&D!IYTP(J),(H(IXT’(I’;IYTP'J)oIZTP(K))91319NXTP)
CONTINUE

FORMAT(LH ,22X,13,2X,5(4X,1PD14.7))

CONTINUE

IF(IFLOUT 5T <0.AND.NFLAG2.5T.0)G0 TO 220

L GO HERE FOR WRITING OUT FLUXES AT TEST POINTS ONLY

1070

IF((NZTPRINYTP42)).GT.26)WRITE(6,1000)
WRITE(6,41070)

FORMAT (1HOy /915Xy *FLUXES AT TEST POINTS',/)
LINECT=(NZTPX(NYTP+2))+14
IFCINZTP®(NYTP#+2)).GT.26)LINECT=10

c IF IDPT=1,ASSUME NEW FLUXES ON I0OPO AND THAT I0OPD IS REWODUND

140

150
160
170

1080
1090

KS=1

DD 210 K=1,NZTP

IF{K.GT.1)GD TO 140

WRITE(6, 1060 IXTP(I ) 1=l ,NXTP)

IF(INPT.EQ.0)GO TN 170

KD=127P(K}~-KS

IF(KD.EQ.0)GO 7O 160

DO 157 ITVEMP3=),KD

READ(IOPD) -

CONTINUE

READ(IODPD)P2

DO 200 NG=1,NNG

ND=NG=NNG

IFING.LE.NNGIWRITE(6,1080)IZ2TP(K),NG

TF(NG.GT .NNGIWRITE(6,1090)I2TPI{K),ND
FORMAT(1HOy 12X, "PLANE %,12,* , NEUTRON GROUP *,12)
FORMAT(1HO» 12X 'PLANE *,12,' 4, PRECJRSOR GRIUP *,12)"
D3 190 JJI=1,NYTP

JENYTP+1-3J ‘
IF(INPT.EQ.0)GD TO 180 .

TIMO00410
TIM0O0420
TIM00430
TIM0O0440
TIM00450
TIMO04&60
TIM00470
TIM00480
TIM00490
TIMO0500
TIM0O0510
TIM00520
TIMO0530
TIM00540
TIMO00550
TIM00560
TIMO0570
TIMO00580
TIM00590
TIMO0600
TIM00610
TIM00620
T1M00630
TIM00640
TIMO00650
TIM00660
TIMO0670
TIM00680
TIM00690
TIMO00700
TIM00710
TIM00720
TIMO00730
TIMO0740
TIMO0750
TIMO0760
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180
190

200
210

8R
220

1100

230

1110

1120
1130

WRITE(6,1060)IYTP(I) , (P2IN3, IXTP(I},IYTP(J)) ;I=1,NXTP)

GO TN 190
WRITE(6,1050)TYTPLI) o (PSTINSyIXTPII)4IVTP(IISTZTPIK) ), I=1,NXTP)
CONTINUE

LINECTY=LINEC T#NYTP+2
IF((LINECT#NYTP*2).LE.60)G67 TO 200
WRITE(6,1000)

WRITE(6,1070)

WRITE(65,1060)(IXTP(I),I=]1,NXTP)

LINECT=7

CONT INUE

KS=12TP(K)

CONTINUE

GO TN 230

ANCH HERE FOR COMPLETE FLUX DUMP

WRITE(6,1000)

WRITE(6,1100)CITITLE(I)41=1,20)
FORMAT (LHO, 10X, "FLUXES FOR THE PROBLEM?, 20A%)
DD 280 K=1,KM

IF(IDPT, EQ.1 JREAD(IOPDIP2

D3 280 NG=1,NT0G

ND=NG-NNG -

IF(K.GT. 1 ORNG.GT. 1 INRITE(S5,1110) °
FORMAT(1H1, /)

IFING.LE NNG)INRITE(6,1120)%, NG
IF(NG.GT<NNGIWRITE(6,1130)K,ND

FORMAT (1HO, 10Xy *"NEUTRON FLUXES FOR PLANE ",12,°¢
FORMAT (1H0, 10X, *PRECURSOR CONC.
JuS=1

JME=JM

IF(IM.GT 500 JME=50
ITEMP2=50/JME

ITEMP4=TTEMP?2

DD 270 1=1,1M,10

1S=1 ¢
1E=149

* GROUP ',IZ) )

FOR PLANE *,12,* , GROUP *,12)

TIMOO770
TIMOO780
TIMOOT90
TIM00800
TIMOOB10
T1M00820
TIM00830
TIMO0840
TIM00850
TIM00860
TIMOD870
TIM00880
TIM00890
TIM00900
TIMO0910
T1M00920
TIM00930
TIM00940
TIM00950
TIM00960
TINOD9T0
TIM00980
TIM00990
TIMO01000
TIMO1010
TIMO01020
TIMO1030
TIMO01040
TIMO1050
TIMO1060
TIMOLOTO
T1MO1080
TIM01090
TIMO1100
TIMO1110
TIMO1120
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240
1140

1150

1160

250
260

270
?2R0

IFUIE.GT.IM) IE=IM
IF(ITI-1)710.LT.ITEMP4)GD TI 240
WRITF(6,1110)

ITEMPL=TTEMP4+ITEMP?2
WRITE(6,11460)( ITEMP3,ITEMP3=1S,1E)
FIRMAT (1 HOy3X9*"J / T%92Xs17,9112)
WRITE{6,1150)

FIRMAT(1H ,3X)

ND 260 ITEMP3=JMS,JME
J=JME+1-1TEMP3

IF(IOPT.FQ.11G0 T2 250
WRITE(6,1150)J3 (PSTENGyI1T19JsK},11=1S,1E)
FORMAT(1H ,2X,12+6X,1P10012.5)

GO TO 260

WRITE(6,1150)J9(P2ING,II4J),11=1S,1E)

CONT INUE

IF(JME.GE.JM)GOD TO 270

JMS=JME+1

JME=JMS+49
IFCIME.GTIMIIME=UM
WRITE(6,1110)

GO TN 240
CONTINUE
CONT INUFE

CALL ETIMEF(TEMP)
WRITE(6, 1180 )TEMP

TIMO1130
TIMO1140
TIMO1150
TIMO1160
TIMOL170
TIMO01180
TIMO1190
TIMO01200
TIMO1210
TIM01220
TIM01230
TIMO12640
TIM01250
TIMO1260
TIMO1270
T1M01280
TIM01290
TIM01300
TIMO1310
TIMO1320
TIMO1330
TIMO1340
TIMO01350
TIMO1360
TIMO1370
TIMO1380

1180 FIRMAT(1HO, 10X,y *FLUX PRINTOUT COMPLETED, ELAPSED TIME(MIN) = °*,F10TIMO1390

290

l.4) :
IFINFLAG2.EQ.2)WRITE (65,1170} "
1170 FORMAT({1H1,10X,*'HAVE USED ALLOTTED CPU TIME*)

CONTINUE

IF(IOPT.EQ.1)REWIND I0PO

RETURN
END

TIMO1400
TIMO1410
TIM01420
TIMO1430
TIMO1440
TIMO01450
TIMO01460
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110
120
130

[T ¥ SRS

SUBROUTINE CHANGE(XIM,XNU,SIGF,SIGR,SIGT 4SIGS,HX,HYyHZ, IBP, JBPyKBPSETO0010

1 ,001,DD24DD34DD%4yDDS4DD6+sDDT7 ¢ MMAP,NNGV ¢ NDNSC Vo NMATV, IMV, JMV, KMV,
2IRMY 4 JRMV¢KRMV g NPRGV ¢ NFLAGL y NGXV)

IMPLICIT REAL*8 (A-H,0-1)
INTEGFR®2 MMAP,NPRMP

COMMON/INTG/ TASTZEoNNGyNDGy NTOGy NMAT 4 T My JMyK M, IRM, JRM, KRM,NL BC,
INFBCyNBBCyNDNSCToNPRGIOPTyNTGyNXTP o NY TP ,NZT P, IXTP(5),IYTP(5),
2TITP(5) s NSTEADy IFLIN, IGEOMy ITITLE(20)yNOIT,NIIT,NPIT,IDPSI,10DUMP,SET00080
310FN,I3FO,IOPN,10PD, ITEMP,ITEMPL,ITEMP2, ITEMP3, ITEMP &, ITEMPS,
ANTITLIETIME,,IFLOUT, I MXyJMXyKMX,I0SC1,10SC2,NGX

COMMON/FLOTE/EFFKyORFP,EPS1, EPS2 ,TEMP,TEMPL,) TEMP 2, TEMP3, TEMP 4,
LTEMPS, TEMPS y XFISSTy XFISSOoAL AMN o ALAMO, TIME,FLXCON, BETAT

CIMMON/TIMINT/LASZON o ISTPCH, ILINCHy IPRSTPyMNSCH(S) ¢MNLCH(5),

1ISTEP, ICHHT

COMMON/TIMFLO/ToHTyHMINoHMAX  TSTARTy TEND 9 DEL SFS(594) yDELSRS(S,4),
IDELSTS(5+6) s DELS1S(S¢4)yDELS25(5+4)sDELSFLIS5,4),DELSRL(5,4),
2DELSTL(594) yDELS1L(5,4) 4DELS2L(5,4)

DIMENS ION X IMUNN5V) » XNUINMATV,NNGV] s SIGF (NMATV,NNGV) , SIGRI{NMATY,
INNGV )y SIGTINMATV,NNGV)ySIGSINMATV,NNGV sNDNSCV) 4HX ( IRMV ), HY (JRMV ),
2HZ(XRMV ), IBP (IRMV), JBP{JRMV) 4 KBP (KRMV) 4 DD1(NPRGV 4 NNGV) s DD2(NPRGV
3NNGV) s DD3 (NPRGV,NNGV ) ,DD&(NPRGV, NNGV ), DDSI{NPRGV, NNGV ), DDEINPRGV,
4NNGV ) 4 DD7INPRGVoN3SXV yNDNSCV) s MMAP({ IRMV y JRMVy KRMYV )

DIMENSION HD(6),MN(B)
TEMP=1.2D1

TEMP1=8,0D0
TRST ALTER CROSS SECTIONS
TFINFLAG1.EQ.2)GD TD 110
ITEMP1=ISTPCH
TEMP2=1.0D0

GD 7O 120

ITEMPL=IL INCH

TEMP2=2, ODO*HT/{TEND-=TSTART)
D3 600 ITEMP2=1,ITEMP]
IF(NFLAG].2Q.2)G0 T0O 150
NM=MNSCH(ITEMP2)
MM=ITEMP2

SET00020
SET00030
SET00040
SET00050
SET00060
SET00070

SET00090
SET00100
SET00150
SET00160
SET00170
SETO00180
SET00190
SET00200
SET00210
SET00220
SET00230
SET00240
SET00250
SET00260
SET00270
SET00280
SET00290
SET00300
SETO00310
SET00320
SET00330
SET00340
SET00350
SET00360
SET00370
SET00380
SET00390
SET00395
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OO

()

D7 140 NG=1,NNG
SIGF{NMyNG)=SIGF(NM, NG)+DELSFS(MM,NG)
SIGR(NMyNG) =SIGR{NM NG)+DELSRS{MM,NG)+DELSLS (MMy NG)+DELS 2S(MM,NG)
SIGT(NMyNG)=SIGT(NM, NG)+DELSTS(MM,NG)
SIGS(NMyNGy1 })=SIGS(NMyNG,1)+DELS1S(MM,NG)
IFINDNSCT.LT.2)GD TO 140
SIGS(NMy NGy 2 )=SIGS(NMyNG,2) #DELS 2S(MM,NG)
140 CONTINUE
GO0 YO 170
150 NM=MNLCH(ITEMP2)
MM=TTEMP2
DD 160 NG=1,NNG
SIGF{NMyNG) =SIGF(NM,NG)+ TEMP2%DELSFL (MM, NG) :
S!GR(VH.NG)*SIGR(NQ,NG)&TE‘PZ*(DELSRL(HHoNG)+DELSIL("H'NGI)
SIGTINMyNG) =SIGT(NM, NG) +TEMP2%DELSTL (MM, NG)
SIGS(NMyNGs1 )=SIGSINMNGy1) +TEMP2%DELS1L (MM, NG)
IFINDNSCT.LT,2)G0 TO 160
SIGR{NMyNG)=SIGRINMyNG) +TEMP2XDELS2L (MM, NG) :
SIGS (NMy NGy 2 )=SIGSI{NMyNG,2) ¢ TEMP 2%DELS 2L (MM, NG)
160 CONTINUE

SET00400
SET00410
SET00420
SET00430
SET00440
SET00450
SET00460
SET00470
SET00480
SET00490
SET00495
SET00500
SET00510
SET00520
SET00530
SET00540
SET00550
SET00560
SET00570
SET00580

LOOP DVER MATERIAL REGIDONS, CHANGING COEFFICIENTS WHENEVER HHAP(!k,JSETOOS9OC

RyKR) =NM
170 DI 550 KR=1,KRM

DO 540 JR=1, JRM
DD 530 IR=1,IRM
IF{MMAP( IRy JRyKR) ,NE_NM)GD TO 530

HOMOGENEODOUS REGION
NPR=LHETIMEJRME( 24X R~ 1 )4 2% IRM% (2% JR~]1)+2% IR
ITEMPS=]
NPRP=NPR
HD(1)=HZ (KR)
HD(2)=HD(1) -
HD{3)=HY(JR)
HD{&)=HD(3) ‘
HD(S)=HX ( IR) |
HD(6)=HDI(5)

SET00600
SET00610
SET00620
SET00630
SET00640
SET00650
SET00660
SET006T0
SET00680
SET00690
SET00700
SET00710
SET00720
SET00730
SETO0T40
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(@]

<

180

DD 180 ITEMP4=1,8

MN{ITEMP4)=MMAP(IR, JRyKR)

CONTINUE
GD YO S00

LOWER LEFT EDGE

200

NPRP=NPR~4*% ] RM*JRM-1
ITEMPS=2

HD(1)=HZ (KR )
HD{2)=HZ(KR~1)
IF(KR.EN.1) HD(2)=HD(1)
HD{S)=HX(IR) .
HD(6)¥=HX{1IR~-1)
IF(IR.EQ.IIHDI6)=HD(S)
MN(1)=MMAP(IRyJRyKR~1)
TF{KR.EQ.1IMN(1)=MN(5)
MN(4)=MN(1)
MN(6)=MMAP({ TR-14JRyKR)
IFCIRLEQ.1IMN{6)=MN(5)
MN(T)=MNI(6)

MN{2)=MMAP{ IR=-1,JR,KR=-1)

IF(KR.EQ.1JMN(2)=MN(6)}
IFCIRJEQLIIMN{2)=MN(])
MN(3)=MN(2)

GO TO 500

LEFT SIDE

210

NPRP=NPR -1
ITEMP5=3
HD(2)=HD(1)
MN(4)=MN(8)
MN{1)=MN(5)
MN(2)=MN(6) °
MN{3)=MN(T)
G0 TO 500

LEFT FRONT EDGE

220

NPRP=NPR=~2¢ [ RM~1
ITEMPS=6

S Gk e s es e sl il 0 REIS SRR vz cEEsammiidl B BEg Balimoin SIMNEES L 2l a o LlRE

SET00750
SET00760
SET00770
SET00780
SET00790
SET00800
SET00810
SET00820
SET00830
SET00840
SET00850
SET00860
SET00870
SET00880
SET00890
SET00900
SET00910
SET00920
SET00930
SET00940

SET00950
SET00960
SET00970
SET00980
SET00990
SET01000
SET01010
SET01020
SET01030
SET01040
SETO01050
SET01060
SET01070
SET01080
SET01090
SETO01100
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MN(8)=MMAP[{ IRy JR~-1,KR)
IF{JR.EQ.1IMN(B)=MN(S)
MN(4)=MN(8)
MN{7)=MMAP(IR=-1,JR=-1,KR)
IF(IR.EQLIIMNITI=MN(B)
TIFIJR.EQ.LIMNI TI=MN(6)
MN(3)=MN(T)
HD(&)=HY(JR-1)
IF{JR.FQ.1IHDI4)=HD(3)
GO TO 500

> LOWER FRONT EDGE

230

NPRP=NPR=4% [ RMX JRM-2 % IRM
ITEMPS5=5

HD{ 2)=HZ (KR ~1)
TF(KR.EQ.1)HD(2)=HD(1)
HD(6)=HD(5)
MN(6)=MN(5)
MN{1)=MMAP(IR,JRyKR=-1)
TFIKR.EQe 1) MN(1)=MN(5)
MN(2)=MN{(1)

MN(T)=MN(8)
MN{4)=MMAP( TRy JR=1,KR~-1)
IF{KR.EQ.1) MN(&)=MN(8)
IF(JR.EQ.1IMN{4)=MN(1)
MN(3)=MN(4)

GO T0O 550

o LOWER FRONT LEFT CORNER

240

NPRP=NPR-4% I RMEJRM=-2 % IRM~1
ITEMPS=5

HO( 6 )=HX(IR~1)

IFCIR.EQ.Y) HDI6)=HD(5)

MN{ 6)=MMAP{IR~1,JR,KR)
IF(TIR.EQ.LIMNIG6)=MN(5)
MN(2)=MMAP(TIR-1,JRy KR-1)
IF{IR.EQ. LI MN(2)=MN(1)
IF(KR.EQ1IMNI2)=MN(6)

SETO1110
SETO1120
SETO1130
SET01140
SETO1150
SETO01160
SETO1170
SETO1180
SETO01190
SET01.200
SET01210
SET01220
SEYOL230
SET01240
SETY01250
SET01260
SETO1270
SET01280
SET01290
SET01300
SETO1310
SET01320
SETO01330
SETO01340
SETO1350
SETO01360
SETO1370
SETO1380
SETO1390
SET01400
SETO1410
SETO01420
SETO01430
SET01440
SETO01450
SET01460
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MN(T7)=MMAP{ IR-14yJR-1,KR) . SETO01470
IF(IR.EQ.1)MN{T7)=MN(8) SETO01480
IFUJR.FQ.L)MNIT)=MN(6) SET01490
MN{3)=MMAP(IR-1,JR~-1,KR-1) " SETO01500
IFCIRLEQ.II MN(3)=MN(4) SETO1S10
IF(JR.EQLIIMN(3)I=MN( 2) SET01520
IF(KR.EQ.1YMN(3)=MN(T) SET01530

GO 1D 500 SETO01540
FRONT SIDE SETO01550
250 NPRP=NPR-2%IRM SETO01560
ITEMPS5=Y SFTO1570
HD(2)=HD(1) SET01580
HD(6)=HD(5) SET01590
MN(&)=MN(8) SET01600
MNITI=MN( 1) SETO1610
MN(3)=MN(8) SETO01620
MN(6)=MN(5) SETOL1630
MN(1)=MN(5) SETO1640
MN(2)=MN(5) SET01650

GO TO0 500 SETO1660
BOTTOM SIDE SETO01670
260 NPRP=NPR-4®IRM%JRM SETO01680
ITEMPS5=8 SET01690
HD(2)=HZ (KR~1) SET01700
IF{KR.EQ«1)HN(2)=HD(1) SETO1710
HD(&)=HD(3) : SETO1720
MN(8)=MN(5) SET01730
MN(7)=MN(6) SETO01740
MN(1)=MMAP({ IR, JRyKR-1) SETO1750
IF{IKR.EQ.1IMN(1)=MN(S) SETO01760
MN(2)=MN(1) SETOL770
MN{3)=MN(1) " SET01780
MN(&)=MN(1) SETOL790

G3 TO 500 ‘ SET01800

c BOTTOM RIGHT EDGE (9) SETO1810
270 IF(IRL.EQ.IRM)IGOD TO 360 SETO01820
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(%]

FRONT

NPRP=NPR=-4& T RM* JRM+1
ITEMP5=9

HD{S5)=HX(IR+1)
MN{S)=MMAP({ TR+l ,JR,KR)
MN(8)=MN(5)
MN{1)=MMAP{TIR+]1,JRyKR-1)
IF(KR.EQ. 1Y MN(1)=MN(5)
MN(4)=MN(1)

GO 10 500

ITEMP5=10

IF{JR.EQ.1)G0 TO 285
HD{&)=HY{JR~-1)

MN( 7)=MMAP( IRy JR-14KR)
MN(2)=MMAP{ IR, JR-],KR~1)
MN(8)=MMAP( IR+1,JR~1,KR)
MN({4)=MMAP({ TR+1,JR~-]1yKR=-1)
IF(KR.NE.1)GO TO 285
MN{3)=MN(T7) :

MN(&)=MN(8)

285 G0N TO 500
FRONT RIGHAT EDGE
290 NPRP=NPR=-2%IRM+1

HD{2)=HD(1) °
ITEMPS=]1
IF{KR.EQ.1)G0 TO 295
MN(4)=MNI(8) '
MN(3)=MN(T)
MN(1)=MN(5)
MN(2)=MN(6) ¢

295 GO YO 500
FRONT TOP RIGHT CORNER (12}
300 IF(KR.EQ.KRM)GO YO 320

NPRP=NPR+4* TRMEJRM-2 X JRM+]
ITEMPS=12

BITTYOM RIGHT CORNER (10)
280 NPRP=NPR=4%]RMXJRM=-2%IRM+]

SETOL830
SET01840
SET01850
SETO1860
SET01870
SET01880
SET01890
SET01900
SETOL910
SETO01920
SET01930
SET01940
SET01950
SET01960
SET01970
SET01980
SETO01990
SET02000
SET02010
SET02020
SET02030
SET02040
SET02050
SET02060
SET02070
SET02080
SET02090
SET02100
SET02110
SET02120
SET02130
SET02140
SET02150
SET02160
SET02170
SET02180
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c

305

HD(1)=HZ(KR+1)
MN(6)=MMAP{ IRy JRyKR+1)

MN(5)=MVAP{ TR+]1,JRy KR+1)
MN(B)=MMAP(IR+1,JR-1,KR+1)
MN(T7)=MMAP( IR, JR-1,KR#1)})

IF(JR.NE.1)GO TD 305
MN(B)=MN(S)
MN(TI=MN(6)

GO 710 500

TOP RIGHT EDGE (13)

310

315

NPRP=NPR+4&TRM*X JRM+]1
ITEMPS=13
IF{JR.EQ.1)G0 TO 315
HD{4)=HD(3)
MN(T7)=MN(6)
MN(B)=MN(S) -
MN(&)=MN(1)
MN(3)=MN(2)

GO 7O 500

RIGHT SIDE (14)
320 NPRP=NPR+1

325

BACK BOTTOM RIGHT CORNER (15)

330

ITEMPS=14
IF(KR.NE.KIMIGO TO 325
IF(JR.EQ.1)G0 TO 325
HD(4)=HD(3)
MN(&)=MN(1)
MN{3)=MN(2)
MN(B)=MNI(4&)
MN(S5)=MN(1)
MN(T7)=MN(3)
MN(6)=MN(2)
HD(1)=HD(2)

GD YO 500

IF(JR.EQ.JRM)GD T 420

NPRP=NPR-4* I RM¥* JRM+2*IRM+1

SETO02190
SET02200
SEY02210
SET02220
SET02230
SET02240
SET02250
SET02260
SET02270
SET02280
SET02290
SET02300
SETO02310
SET02320
SET02330
SET02340
SEY02350
SET02360
SEY02370
SET02380
SET02390
SET02400
SET02410
SET02420
SET02630
SET02440
SET02450
SET02460
SET02470
SET02475
SET02480
SET02490
SEY02500
SET02510
SET02520
SET02530
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(4]

335

ITEMPS5=15

HD(3)=HY(J+1)
MN(S)=MMAP( IR+1, JR#+1,KR)
MN(&6)=MMAP( TR, JR+1,KR)
MN(2)=MN(6)

MN{1)=MN(S)
IF(KR.EQ.1)GO TN 335
HD(2)=HZ (KR=-1)
MN{2)=MMAP({ IR, JR+]1,KR-1)
MN(L1)=MMAP{IR#+1,JR+1,KR-1)
MN{3)=MMAP( IR, JRyKR~1)
MN(&)=MMAP{ IR+]1,,JRyKR~1)
G) 10 500

BACK RIGHT EDGE (16)
340 NPRP=NPR+2%IRM+1

345

ITEMPS5=16
IF(KR.EQ.1)G0 TN 345
HD(2)=4HZ(KR)
MN(1)=MN(5)
MN(2)=MN(6) -
MN(33}=MN(T)
MN(4)=MN(8) °

GO 10 500

BACK TOP RIGHT CORNER (17)

350

IF{KR.EQ.KRM)GO TO 370
NPRP=NPR+4&TRMEJRM+ 2% IRM+1
ITEMPS=17

HD(1)=HZ (KR +1)

MN(S5)=MMAP{ IR+1,JR#]1 ,KR+1) -

MN(6)=MMAP( TRy JR#1,KR+1)
MN(T7)=MMAP({ IRy JRyKR#+1)
MN(8)=MMAP(IR+1,JRyKR4+1)
GO TN 500

BACK TOP EDGE (18)

360

IF(JR.EQ.JRMIGD TD 420
IF(KR.EQ.KRM)GO TO 370

SET02540
SET02550
SET02560
SET02570
SET02580
SET02590
SET02600
SET02610
SET02620
SET02630
SET02640
SET02650
SET02660
SET02670
SET02680
SET02690
SET02700
SET02710
SET02720
SET02730
SET02740
SET02750
SET02760
SETO02770
SET02775
SET02780
SET02790
SET02800
SET02810
SET02820
SET02830
SET02840
SET02850
SET02860
SET02865
SETO02870
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365

NPRP=NPR+4X: I RMEJRM+2%IRM
ITEMPS5=18
IF(IRNE.IRMIGD TO 365
HD{1)=HZ (KR+1)

HD(2)=HZ (KR
HD(3)=HY(JR+1)
MN(2)=MMAP{ IRy JR+1,KR)
MN(3)=MMAP({ IR, JR,yK)
MN(6)=MMAP( IR, JR+1,KR+1)
MN(T7)=MMAPLIR,JR,yKR+1)
MN(1)=MN(2)

MN(&4)=MN(3)

MN(S5)=MN(6)

MN(8)=MN(T)
HD(S)=HD(6) °

GO TO 500

c BACK SIDE (19)
370 NPRP=NPR#+2Z*IRM

375

ITEMPS=19
IF(IR.NE,IIM AND . KR NE.KRM)GO TO 375
MN(2)=MMAP( IR, JR+1,KR)
MN(3)=MMAP{ IRy JRyKR)
HD(2)=HD(1)
HD(3)=HY{JR+1)
HD(S)=HD(6) :
MN(&)=MN(3)
MN(1)=MN(2)

HD(1)=HZ (KR)
MN(S5)=MN(1)
MN(6)=MN(2)
MNC(T)=MN(3) :
MN(B)=MN(4)

GO YO 500

o BACK BOTTOM EDGE (20)

380

NPRP=NPR-4% I RMEJRM+2 % IRM
ITEMPS5=20

SET02875
SET02880
SET02890
SET02900
SET02910
SET02920
SET02930
SET02940
SET02950
SET02960
SET02970
SET02980
SET02990
SET03000
SETO03010
SET03020
SET03030
SET03040
SET03050
SET03060
SET03062
SET03064&
SET03066
SET03068
SET03070
SET03080
SET03090
SET03100
SETO03110
SETO03120
SET03130
SET03140
SET03150
SET03160
SET03170
SET03180
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IF(KR.EQ.1)G0 YO 385

SET03190

HD{2)=HZ (KR~-1) SET03200
MN{1)=MMAP( IR, JR#1,KR-1) SET03210
MN(2)=MN(1) SET03220
MN(3)=MMAP( TR, JR,KR=1) SET03230

MN (6 )=MN(3) SET03240

385 GO TO 500 SET03250
C  BACK BOTTOM LEFT CORNER (21) SET03260
390 NPRP=NPR-4%IRM# JRM+2 & IRM-1 SET03270
ITEMPS=2] SET03280
IF(IR,EQ.11GO TO 395 SET03290
HD(6)=HX( TR=1) SEY03300
MN(6)=MMAP( TR=1, JR+1,KR) - SET03310
MN(7)=MMAP( IR=1,JR,KR) SET03320
MN(3)=MN(T) SET03330
MN(2)=MN(6) - SET03340
IF(KR.EQ.1)G0 TD 39% SET03350
MN{3)=MMAP( TR-1,JR,KR=1) SET03360
MN{2)=MMAP{ TR=1,JR+1 ,KR-1) ' SET03370

395 GO TO 500 SET03380
C  BACK LEFT EDGE (22) SET03390
400 NPRP=NPR+2%#1RM-1 : SET03400
ITEMPS=22 SET03410
IF(KR.EQ.1)GO TO 405 SET03420
MN(1)=MN(5) | SET03430
MN(2)=MN (6) . SET03440
MN(3)=MN(T) - | SET03450
MN(4)=MN(B) SET03460
HD(2)=HD(1) - A SET03470

405 GO TO 530 - SET03480
C  BACK TOP LEFT CORNER (23) SET03490
410 IF(KR.EQ.KRMIGO TI 530 SET03500
NPRP=NPR4+&%# RM% JRM+2 % IRM-1 | SET03510
ITEMPS=23 SET03520

HD (1 )=HZ (KR+1) SET03530
MN{5)=MMAP( TR, JR+1,KR+1) SET03540
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415

MN(8)=MMAP{ IR, JRyKR+1)
MNI6)=MN(5)

MN(T7)=MN(8)

IF(TR.EQ.1)GD TO 415
MN(6)=MMAP({IR-1,JR+1 ,KR+1)
MN{T)=MMAP({ IR-1 ,JRy KR#+1}
GO TO S00

c TOP LEFT EDGE (2&)

420

S

425

IF(KR.EQ.KRM)GO T3 530
NPRP=NPR+4% I RMX JRM~1
ITEMPS=24&
IF{IR.NE.IRM.AND.JR.NE.JRM)})GO TO 425
HD{1)=HZ(KR+1)
HD(2)=HZ tKR) -
HD(S)=HX(IR) -
MN(B8)=MMAP{ IRy JRyKR+1)
MN(4)=MMAP( IR, JRyXR)
MN(T7)=MN(8)} -
MN(3)=MN(4)
IF(IR.EQ.1)G0 TD 425
HD(6)=HX(IR~1)
MN(T7)=MMAP( IR-1,JRy KR+1)
MN(3)=MMAP( IR~-1,JR,KR)
HO(3)=HD( &)
MN(13=MN(4)
MN(2)=MN(3)
MN(S)=MN(8)
MN{6)=MN(T)

GO YO 500

c FRONT TJIP LEFY CORNER

430

NPRP=NPR+4&IRME JRM=-2 % IRM-1
ITEMPS=25

IF{JR.EQ.1)G0 YD &35
HD(4)=HY(JR~1)

MN(&)=MMAP( IR, JR-1,KR)
MN(B8)=MMAP( IR, JR-1,KR*1)

SET03550
SET03560
SET03570
SET03580
SET03590
SET03600
SET03610
SET03620
SET03630
SET03635
SET03640
SET03650
SET03660
SET03665
SET03670
SET03680
SET03690
SET03700
SET03705
SET03710
SET03720
SET03730
SET03740
SET03750
SET03760
SET03770
SET03780
SET03790
SET03800
SET03810
SET03820
SET03830
SETO03840
SET03850
SET03860
SET03870
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(@)

<

MN{3)=MN(4)
MN(T)=MN(8)
IF{IR.EQ.1)G0O TO 435
MN(3)=MMAPC TR-1,JR-1 ,KR)
MN(7)=MMAP{TR=1,JR=1 yKR*+1)
435 GO TO 590
TOP FRONT EDGE
440 NPRP=\PR+4#1RM*JRM-2 *IRM
ITEMPS=26
IFLTR.EQ.1)GO TO 445
HD (6 )=HD(5)
MN{2)=MN(1}
MN(3)=MN(4)
MN(6)=MN(S) -
 MN(7)=MN(8)
445 GY TO 500
TOP SIDE (27)
450 NPRP=NPR+4%]RM®JRM
ITEMPS=27
IF(JR.EQ.1) GO0 TO 455
HD(4)=HD( 3)
MNC&)=MN (1)
MN(3)=MN(2)
MN( T )=MN( 6)
MN(B)=MN{5) -
455 GO TO 500
BRANCH HERE TO COMPUTE CDEFFIZIENTS
500 NRP=NPRP
TEMP 3=1.0D0
D0 520 NG=1,NNG

SET03880
SET0389%90
SET03900
SET03910
SET03920
SET03930
S€T03940
SET03950
SET03960
SET03970
SETO03980
SET03990
SET04000
SETO04010
SET04020
SET04030
SET04040
SET04050
SET04060
SET04070
SET04080
SET04090
SET04100
SETO04110
SET04120
SET04130
SETO04140
SETO04150
SET04160
SET04170

DDO1 (NRP, NG!‘l(HD(B!#HD(Z)IS!GT(HN(ll'NG’lO(HD(3)‘HD(I)ISIGT(HN(SDQSET04180
ING) ) +(HD(4) *HD(2) /SIGTIMN(4) NG} )+ (HD( &) *HD( 1) /SIGT(MNIBI,NG)))* SETO04190

2(TEMP3/{HD(S )*TEMP) )

SET04200

DOZ(NRP,NB)*((HD(S!'HD(Z)/SIGT(HN(l)oNG,lf(HD(6)QHO(2)ISIGT(MN(Z)QSETOGZIO
ING) ) #(HD(6) #HD(1)/STGTIMNI6) sNG) J+(HD(S) ®HD( 1) /SIGTUMNIS)yNG)))® SET04220

2(TEMP3/(HDI(3 )*TEMP))

SET08230
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DD3 (NRP 4 NG) = ({HD{&) #HD(5) /SIGT(MN(T)4NG) )+(4D(4) *HD(5) /S IGTIMN(8),SET04240
ING) Y+ (HD(3) *HD(5) /STGTIMN(5) yNG) )+ (HDI3)#HD(6) /SIGT(MN(6),NG)))* SET04250
2(TEMP3/(HD(1 }*TEMP) ) SET04260

DD&{NRP,NG) 2DD] (NRP o NG)+DD2{NRP 4y NG) +DD3({NRP, NG) ¢ ( ( (HD(3) *HD( 2) /S IGSET04270
1TOMN(2)o NG) ) #(HD( &) *=HDI(2) /SIGTIMNI3) NG} ) +(41D(4) *HD(1)/SIGT(MN(T7)4SET04280
2NGYI#(HD(3)®HD{1)/STGTIMN(6) sNG) )} /(HDIG)IRTEMPI+( (HD(6) *HD(2) /SIGTSET04290
3(MN(3) NG+ (HD(S)®HD(2) /SIGTIMN(4)sNG)) +(HD(S)*HD(L1)/STGT(MN(8) ;NSETO04300
4G) )+ (HD(G)®HD(1)/SIGTIMNITI¢NG)IIIZ(HD(4) *TEMP) +( (HDI{S5) *HD(3) FSIGTI(SETO4310
SMN(1),NG) I+ (HD(3)*HD (6)/STIGTIMN( 2) yNG) )+ (HD( 4)*HD(6) /SIGTIMN(3) yNGSET04320
6))4(HD( &) 24D (5) /SIGTIMN(4&) 4NG) ) ) /(HD(2)*TEMP ) J*TEMP3 SET04330

DD4& (NP, NG)20.5D0%DD4& (NRPyNG} : SET04340

DDS {NRP, NG) =DD4& (NRP 4 NG) + (HD( 5} *HD(3) *HD( 2) ¢S IGR{MN(1 ) ,NG )+HD (6 ) *HDSET04350
1(3)%HD(2 )RS TGRIMN{2) ¢NG)+HD( 6) *HOD( &) *HD( 2) %S TGRIMN(3 ) yNG)*HD(5)*HDSETO04360
2(6)%HD(2)*S IGRIMN(4) oNG) +HD(S)*HD(3) *HD{ 1 1%S IGRIMN(5) NG )+HD (6) #*HDSETO04370
3(3)%HD( 1) #SIGR(MN(5) yNG) #HD( 6)*HD( &) *HD( 1) «S IGRIMN(T7 ), NG )+HD (S5)*HDSET04380
£(6)%HD(L I *SIGRIMN(8) 4,NG) J*(TEMP3 /TEMP1) SET064390

DDS (NRP,NG) 2 (HD(5) *$HD(3) *HD( 2)2S IGFIMN{1 )y NG ) *XNU(MN(1) NG} +HD(6)*SET04400
LHD(3 ) %HD (2) #SIGFIMN( 2) yNG) *XNUIMN( 2) NG ) #HD( 6) 4D (&) *HD( 2)*S IGF{ MNSET04410
203),NGIXXNJIMN(3) 4 NG ) +HD(S5) *HD( 4 )%HD(2) «SIGF (MN( 4) JNGI EXNUIMN(4) ¢NSET04420
2G)+HD(5) *HD( 3) XHD( L ) *SIGF(MN(5) 4 NG} *XNUIMN(5),NG) +HD(6) *HD(3 ) *HD(1SETO04430
4)%XSTIGFIMNIS ) JNG)IEXNU(MNI6) sNG) $HD(6) *HO( 4)#4D(L)I*SIGF(MN(7) s NG) S XNSETO04440
SU(MN(T) s NG) +HD (5 ) *HD (&) ®*HD(1 ) *SIGF(MN(8) 4NG) *XNU(MN(B) s NG} ) ¢ (TEMP3SET04450

6/TEMPL) SET04460
DDS (NRP 4 NG)=DDS (NRP y NG)=XIMING) *DD6 (NRP4 NG) - SET064470
IF(NG. EQ.NNGIGD TO 520 SETO4471
D] 510 NDN=1,NDNSCT SET04480

DD7 (NRP, NGy NON)=(HD (S )*HD(3) *HD( 2) *SIGS{ MN(1 ) yNG,NDN)+4HD (6) *HD(3 ) *SETO04490
1HD (21 *STGSIMN(2) ;NG , NDN) #HD( SV XHD( &) *HD( 2)%S IGSIMN(3) ¢ NG yNON ) +HD(5SET 04500
2)%HD (&) 2HDI 2 )%STGSIMN(4) yNG,NDN) #HD( 5) ¢HD(3) *HD(1 ) *SIGS (MN(5) NG 4NSETO04510
3ON) +HD(S ) ®HD (3 ) &HD( 1 I ASIGS(MNI6) NGy NIN) +HD( 6) #HD (4) *HD { 1) #S IGS{ MNSET04520
4(7) 3NGy NDN) ¢HD(S5) &HD(4) *HD( 1) *STGSI{MN(8) yNGy NDN} ) * (TEMP3 /TEMP1) SET04530

510 CONTINUE SET04540
520 CONTINUE SET04550
GO TD (200,210,220923002409250,2604270,2809290930043109320,330,340SET04560

193504360,370+3809390,400,410,420,430,440,450,530),ITEMPS SET04570
530 CONTINUE : SET04580
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540
550
600

CONTINUE
CONT INUE
CONT INUE
RETURN
END

SET04590
SET04600
SET04610
SET04620
SET04620
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100
110

120

SUBROUTINE DELAYS(ALAM,BETA,XIP,DD59VDyNPRMP,PSI,P2, PS], PO,NNGV,NDDELOOO10

1GVyNTOSV ¢y NMATV, TMV, J MV, KMV, NPRGV ) DELO0020
IMPLICIT REAL*8 (A-H,0-7) DELO00030
INTEGER®2 MMAP ,NPRMP DELO0DO&O

COMMNDN/INTG/ TASTZF ¢y NNGyNDGyNTOGy NMAT o TMy JMy My IRM, JRM, KRMyNLBC, DELO00S0
INFBCyNBACoNDNSCTyNPRGyIOPTyNTGoyNXTPy NYTP yNZTP, IXTP(S5)IYTP(5), DELO0060
212TP(5)yNSTEADy IFLIN, IGEOMy ITITLE(20)y NIITyNIIT,NPIT,IJPSI, 1 ODUMP,DELOOOTO

310FN,I1JFO,INPN,IOPD, ITEMP,ITEMPLl,ITEMP2, ITEMP3,ITEMP 4,y ITEMPS, DEL 00080
GNTITLIETIME, IFLOUTy IMXeJIMXyKMX,TOSCY,I0SC2,NGX DELO0090
COMMON/FLOT E/EFFK,DORFPyEPS], EPS2,TEMP,TEMPLl,y TEMP2, TEMP3, TEMP 4, DELOO140
LTEMPS, TEMPS o XFTSSTy XFISSOoAL AMN, ALAMO, TIME,FLXCON,BETAT DELOO150
COMMON/TIMINT/LASZON,, ISTPCH,y ILINCHe IPRSTP,MNSCH(5) yMNLCH(5), DELOO160
1ISTEP, ICHHY DELOOL7O
COMMDN/TIMFLO/T,HT, HMIN, HMAX, TSTART.TEND,DELSFS(57#)oDELSRS(5v4), DELOO180
1IDELSTS(5+94) 9 DELS1IS(544)yDELS25(594) ¢DELSFL(S5,4)yDELSRL(5,4), DELO0190
2DELSTL(594) yDELSLIL(544) yDELS2L(5,4) DELO00200
DIMENSION AL AMINDGV) sBETA(NDGV)» XIP{NNGVsND5V)DD6INPRGV yNNGV), DEL00210
INPRMP{IMV,JMV,KMV) ; PSTINTOGY sIMV 4 JMV KMV ), P2 (NTIGV,TMV, JMV]), DELOOD0220
2PSOU TV, JMV 4 KMV) 4 PO( IMV, JMV) 4 VOINPRGV) DELO0230
IF(INPT.EQ.))GO0 TD 200 DELO00240
DO 180 K=1,KM DELO0250
DD 110 NG=1,NNG DEL00260
READ(IDSCI)ClPSI(NGoIchK)oI!lo!M)vJ=lpJM) DEL00270
IFING.NE.NTGIGD TD 110 _ DELO0280
M 100 J=1,JM DEL00290
DO 100 I=1,1IM DELOO300
PSO{T9JeKI=PSIINTG,14J9K) DELOO310
CONT INUE DELO00320
NDL=NNG+1 DELO0330
DY 170 J=1,JM DELOD340
DO 170 I=1,1IM DELO0350
IF(K.EQ.KM) GO TO 150 DELO0360
NPR=NPRMP (1,4 JyK) DELOO370
TEMP=0,.0D0 DELO0O380
DD 120 NG=1,NNG DELO00390
TEMP=TEMPH#DD6INPRyNG JAPST(NG,yI4J4K) DELO00400
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130
140

150
150
170
180

TEMP=TEMP/( EFFK*VO(NPR))

DO 140 NG=NDL,NTDG

ND=NG-NNG
IF(J.EQ.JM.OR.T.,EQ.IMIGD TI 130
PSTI(NS,y14JyK)=BETAUNDI®TEMP/ALAM(ND)
G3 TO 140

PSI(NG,I,JyK)=0.0D0

CONTINUE

GO T 170

DO 160 NG=NDL,NTOG
PSI(NGyI4JsKM)=0.0D0

CONT INUF

CONTINUE

GO TO 300

_BRANCH HERE IF 10PT=1

200

210

220

230
240

DD 280 K=1,KM

D0 210 NG=14NNG

READ(IOSCYI) ((P2INGyI9J)eI=1,1IM),J=1,JM)
CONTINUE
WRITE(IDFO) L(P2INTGy I9J)yI=lyIM)yJ=1,0M)
NDL =NNG+1

00 270 J=1,JM

DO 270 I=1,1IM

IFIK.EQ.KM)GD TOD 250

NPR=NPRMP(I,4JyK)

TEMP=0.0D0

DN 220 NG=1,NNG
TEMP=TEMP+DDOINPRyNG)I2P2{NGyI4J) /(EFFKEVO(NPR)}
DN 240 NG=NDL,NTOG

ND=NG-NNG

IF(T .EQ. IM,DR.J,EQ.JM)}GO T3 230

P2ING, T4 J)=BETA(ND)®XTEMP/ALAMIND)

GO 10O 240

P2(NGy 14 J)=0.000

CONTINUE

GD T 270

DELO0405
DELOO410
DELO00420
DELO0430
DEL 00440
DELO00450
DEL00460
DELOO4TO
DELOO&8B0
DEL 00490
DELOO500
DELOOS10
DELO00520
DELO00S530
DELO0540
DEL00550
DELO0560
DELOO570
DELOO580
DELOO590
DEL 00600
DELO0610
DEL00620
DELO0630
DELO00640
DELO0650
DEL 00660
DELOO6TO
DELO0680O
DEL00690
DELOOT00
DELOO710
DELOOT20
DELOO730
DELOOT40
DELOOTS0
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250
260
270

280

300

DO 260 NG=NDL,NTOG
P2(NGy1,4J)=0.0D0
CONT INUE
WRITE(IOPO)P2
CONTINUE

REWIND 10P)

REWIND I0FO

REWIND 1I0SC1
RETURN

END

DELOO760
DELOOTT7O
DELOOT80
DELOO790
DEL 00800
DELOO810O
DEL00820
DELO0830
DELO00840
DEL0O08SO
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(8

SUBROUTINE STEPAO(VXIMyALAMYBETAyXIPyXyYeZyHXyHYoHZ,DD1,0D2,0D3, STEOOO10
1DD4,DD5yDD5 ¢y DDT7 9 VOy NPRMP 4, PST ¢ Wy NNGV 9y NDGV ¢y NTIGV 9 NDNSCV,IMV, JMV,KMV,STE00020

2IRMV o JRMV 4 KRMV 9 NPRGV s NGXV) STEO00030
- IMPLICIT REAL*8 (A-H,0-7) STEO0040
INTEGER®2 MMAP ,NPRMP STE00050

COMMON/INT3/TASIZENNGyNDGyNTOGy NMAT T My JMy KMy IRMy JRMy KRMyNL BC» STEO0060
INFBC,NBBCyNDNSCT o NPRGyIOPT o NTGyNXTPyNYTP 4 NZTP, IXTP(5),IYTP(S), STEO0070
21ZTP(5) 4 NSTEADL IFLIN,IGEOM,ITITLE(20),NDIT,NIIT,NPIT,I0P ST, ]10DUMP,STEODOBO

310FN, IOFOI0PN,IOP]y ITEMPLITEMPL,L,ITEMP2, ITEMP3,ITEMP4,ITEMPS5, STEQ0090
GNTIT,TEVTIME, IFLOUT 9 I MXyJMX4KMX, I0SC1,I0SC2yNGX STEOO100
COMMON/FLOTE/EFFKyORFPyEPSL1yEPS2TEMP,TEMPL, TEMP2, TEMP3, TEMP A, STEOD150
1TEMPS, TEMPS s XFISST, XFISSO,AL AMN, ALAMOy TIME,FLXCON, BETAT STEOO0160
COMMON/TIMINT/LASZON o ISTPCHy ILINCH, IPRSTP,MNSCH(5) yMNLCH(5), STEOOL70
1ISTEP, ICHHY STE00180
COMMON/TIMFLO/ToHT s HMIN, HMAX » TSTART, TEND yDEL SFS( 5,4) yDELSRS(5,4) y STEOQO190
1DELSTS(594) DELSLS(5,4) 4DELS2S(5+4)+DELSFL(594)+DELSRL(5,44), STE00200
. 2DELSTL(S594) s DELSIL(S+4)+DELS2L(54+4) STE00210

DIMENS ION VUNNGV ), XTI MINNGV), ALAMINDGV) +BETA(NDGV ) o XIP(NNGV,NDGV) y STEO00220
IXCIMVISYUJIMV),ZIXKMV) JHX(IRMY ) ,HY (JRMV) yHZ(KRMV )}, DD1{NPRGV,NNGV)}, STE00230
2DD2 (NPRGVyNNGV) sDD3 {NPRGVyNNGV )y DD&(NPRGV,NNGV) 4 DDSINPRGV,NNGV)y» STE00240

3DN6 (NPRGV,NNGV) ,DDT {NPRGV,NGXV, NONSCV) ,NPRMP (IMV, JMV ,KM¥V }, STE00250
4PSTINTOGV,IMV, JMVyKMV) oW (IMV, IMV KMV ), VO(NPRGV) STE00260
DIMENSION CC(4,4),DD(4) STE00270
FIRST TRANSFORM ALL POINTS STE00280
DD 110 K=2,KMX ‘ STE00290

N0 110 J=1, JMX STE00300

D3 110 I=1, IMX STEO00310
TEMP1=DEXPIW(I 4 JsK) %XHT) STE00320

DO 100 NG=1 ,NNG STE00330

100 PSIINGy oIy K)=TEMPLEPSTIING I yJeK) : STE00340
110 CONTINUE STF00350
NOW SET STARTING I,J,AND K INDICES ASSUMING NI SYMMETRY BOUNDARIES STE00360
1S=2 STE00370
JS=2 , STE00380
KS=2 ‘ STE00390
HINV=1,0D0/HT STE00400
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500 DI B850 K=KS, KMX

IF(NFBC.EQ.0)GD TO 660

DD 620 \NG=1,NNG

TEMP=1,.0D0/{ VING)*HT)

DD S50 J=1,2

D3 550 I=1,2

NPR=NPRMP(T4.4,K)

11=2%(J=-1)+1

DD(T1)=0.000

DO 52) NGP=1,NTOG

IFI{NGP.GT.NNG)GDO T3 510

IF(NGP.EQ.NGIGD T2 520

DO(TIN=DD(III+XTIMING ) *DODS(NPR,NGPI*PST(NGPyI¢JyK)

GO YO 520
510 ND=NGP-NNG

DD{II}=DOCII)+XIPINGyNDIXPST(NGP414J+K)®VDINPR)
520 CONTINUE

DO 530 NDN=1,NDNSCY

ITEMPL=NG-NDN

IFCITEMP1.LE.O0)GD TO 530

DD(IX)=DD(II)+DDT(NPR, ITEMPlyﬂDN)*PSI(ITEHP!vIonK’
530 CONTINUE

PTEM=TEMP®VO(NPR) -

STEO02370
STEO02380
STEO02390
STE02400
STE02410
STED02420
STEO02430
STED2440
STE02450
STE02460
STEO02470
STED02480
STE02490
STE02500
STE02510
STEO2520
STED2530
STE02540
STE02550
STE02560
STE02570
STE02580
STEO2581

DD(TI}=DDCIY )+ {PTEM=DD& (NPRyNG) ) *PST (NGy I4JyK) +ODL(NPRyNG)I*P SI(NG,STE02590
LI+l 0y K) #DD2INPRyNS) *PST (NS4 T 9 J¢1,K)+DO3(NPRyNG) *PSI(NGy I9JsK+1l)+ STEO02600

2DD3(NPRMP{I ¢ JyK=1)yNGI®PSI(NGy1y JyK=-1) "
DO 540 I TEUP2=1,4
540 CC(IT,ITEMP2)=0,0D0
CC(II'!I’='TEHP+H(I'J9K)/V(NG’,’VD(NPR’§DDS(NPRvNG’
550 CONTINUE
NPR=NPRMP(1,1,K}
CC(1,2)2-DD] (NPR,NG}
CCU1,3)==-DD2(NPR,NG) .
CC(2446)==DD2 (NPRMP(2,1,K)yNG) "
CC(3,58)2=DD1(NPRMP(1,2,K),NG)
CCl2,1)=CC(1,2)

STEO02610
STE02620
STE02630
STE02640
STED02650
STE02660
STE02670
STE02680
STE02690
STE02700
STEQ2710
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CC(3,1)=CC(1,3) .
CCl442)=CCl2464)
CCl4,3)=CC(2,4)
CALL DSIMQ T) SDLVE SYSTEM
NEQ=4&
CALL DSIMQICC,DDyNEQyISING) :
N0 560 J=1,2
DD 560 1=1,2
IT=2%(J=-1)+1 - -
560 PST(NGyI4JoK)=DD(II)
DD 520 I=3, IMX
D) 570 1i=1,4
570 DD{11)=0.0D0
NPRY=NPRMP(1,41,K) -
D0 610 J=1,2
NPR=NPRMP(I 4 JsK)
DD 590 NGP=1,NTOG
IF{NGP .GT.NNGIGO TO 580
IF{NGP.EQ.NG)G0 T3 590
DD(J¥=DD(J) +XIMING ) *DDEINPR,NGP} #PST(NGP ¢14J9K) -
GO TO 590
580 ND=NGP-NNG
0D(J)I=DD(J) +XIPINGyND)*PST(NGP4+I4J4K)EVOINPR)
590 CONTINUE :
DD 600 NDN=1,NDNSCT
ITEMPL=NG-NDN
IF(ITEMP1.LE.0IGO TO 600
DD(J)I=DD(J)+DDTI(NPR, ITEMPL,NDON)®PSTI(ITEMPL o1 yJyK)
600 CONTINUE
PTEM=TEMP*VO(NPR) '

STE02720
STED2730
STEQ2740
STE02750
STE02760
STEO02770
STE02780
STEO2790
STE02800
STE02810
STE02820
STEO02830
STEO2840

STE02850

STE02860
STE02870
STE02880
STE02890 .
STE02900
STE02910
STEO02920
STEO02930
STE02940
STE02950
STE02960
STE02970
STE02980
STE02990
STE03000
STEO03001

DD(J)=DD{J)#+(PTEM=DDLINPRyNG) ) %XPST{NGy I4JyK) #+DDL (NPRyNG) #PSI (NG, I+STE03010
119JeKIEDD2(NPRyNG)*PSIINGy [ 9 J+1,K)4DOLINPRMP (TI-19J¢K)yNG)I*PSIING,+ISTE03020
2=19JsK)+DDIINPRyNG)®PSTIINGT yJyK+1)+DDI(NPRMP(I4J9K~-1),NG)*PSI(NG,STEO03030

31yJ9K-1) "
610 DD(J+2)=(TEMP+W(I,4JyK)/VING))IRVO(NPR)I+DDSINPR,NG)
TEMPS=D)(3)*DD( 4)=( DD2(NPRY, NG ) *%2,000)

STE03040
STEO3031
STE03060
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620

630

PSTUINS,T,1,K)={DD(1)%DD(4)¢ID(2)*DD2(NPRY,N3))/TEMPS
PSTIENSyT1,2,K)=(DD(2)%DD(3)4DD(1)#DD2(NPRY,NG))/TEMPS5

CONTINUE

D0 650 J=1,2

DD 650 I=], IMX
NPR=NPRMP (I 4 JyK)
DD 640 ND=1,NDG
NG=ND+NNG
TEMP1=0,.0D)

NN 630 NGP=1,NNG

TEMP1=TEMPL+BETA(ND) #DD5 (NPRy NGP J*PST(NGPe Ly JoK)

TEMP1=TEMP1/ (EFFK*VO(NPR))

STEO3070
STE03080
STE03090
STEO03100
STEO3110
STEOD3120
STEO03130
STF03140
STEO03150
STE03160
STEO03170
STEO3180

640 PSTINS,T4JyK)=((HINV=ALAMIND))I*PST(NGy 19 JeK)+TEUP1)/ (HINV+ALAM(ND)STEO3190

650

660

670

680

690

1)

CONTINUE
Js=3

D3 840 J=JS, IMX

IF(NLBC.EQ.0)GD TO 760
D3 720 NG=1,NNG
TEMP=1,.000/( VING)*HT)
DO 670 11I=1,4%
DD(I1)=0.0D00
NPRX=NPRMP{1 ,J,4K)

DO 710 I=1,2
NPR=NPRMP(T,J,K)

DN 690 NGP=1,NTDG
IFINGP.GT.NNGIGO TO 680
IF(NGP.EQ.NG)GD TD 690

DD(TI)=DD(I)+XIMING) %XDDS5 (NPRyNGP) #PSTINGPsI4J+K)

GO T0O 690

ND=NGP-=NNG

DO(I)=DD(I)+XIPINGy NDI*PST(NGP,I,4JsKI*VOINPR) :
CONTINUE

DO 700 NDN=1,NDNSCT

ITEMP1 =NG-NDN

IF(ITEMP1.LE.O0)GD YO 700

STE03200
STEO03210
STE03220
STEO03230
STE03240
STE03250
STE03260
STE03270
STEO03280
STED03290
STE03300
STEO3310
STE03320
STE03330
STE03340
STE03350
STE03360
STED3370
STEO3380
STE03390
STEO03400
STEO03410
STE03420
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DD(Il=33(!)0007(NPR,ITEHPL,NDN)‘?S!(ITEﬂPl,!,J.K)
700 CONTINUE
PTEM=TEMP2VO (NPR)

STEO03430
STE03440
STEO03441

OD(I)=DD(I)#(PTEM=DIDA(NPRyNG) I *PSIINGyI¢JsK) +DDLINPR,NG)*PSI (NG I+STE03450
119J9K)+DD2(NPRyNGI*PSTING, T4 J+1, K)I¢DD2(NPRMP {I4J=+19K}yNG)*PSI(NG,ISTE03460
29J=14KY+DD3 (NPRyNG)%*PSIINGy Iy JoK+1)+DD3(NPRMP(1yJyK~-1),NGI®PSIING STEO34T0

3919d9K-1) "
T10 DD(I+2)={TEMP+H(I4JsK)I/VING)IRXVO(NPR)+DDSINPRYNG)
TEMPS=DD(3)%DD(4)=(DD1INPRX, NG)**2,0D0)
PST(NGsl 9J9K)=(OD() ) 2DD{4)+DD(2)2DD1 (NPRX,N5) ) /TEMPS
PSI(NGs29JeK)={DD(2)2DD(3)£DD(1)XDD1INPRXyNG))/TEMPS
720 CONTINUE
DR 750 1=1,2
NPR=NPRMP (]I, oK)
DO 740 \ND=1,NDG
NG=ND+NNG
~ TEMP120,00D00
DO 730 NGP=] ,NNG
730 TEMP1=TEMPL +BETAIND) *DD6 (NPRyNGP }#PSTINGP41,4J4K)
TEMP L= TEMPL/ (EFFKXVD (NPR})

STEO03480
STEO03490
STE03500 °
STEO3510
STE03520
STE03530
STE03540
STEO03550

STE03560

STEO03570
STE03580
STE03590
STE03600
STEO3610

740 PST(NGsT ¢JpK)={ (HINV=ALAMIND) }&PST{NGy Iy JyK) ¢TEMP1)/ (HINVEAL AM{ND)ISTED3620

1)

750 CONTINUE

15=3

760 DO 830 I=IS, IMX
NPR=NPRMP(I ¢ JyK)
NPRX=NPRMP{I-1yJ¢K) "
NPRY=NPRMP(T yJ=-1,K) '
NPRZ=NPRMP( 1 ¢JyK~-1)"

DO 800 NG=1,NNG

TEMP=1,0D0/( VINGI®HT ) :

TEMP1=0.0D0

DD 780 NGP=1,NTOG

IF(NGP .GT.NNGIGO YO 770

IF(NGP.EQ.NG)IGO TO 780
TEMPL=TEMPL+XIM(ING) *DD6 (NPRy NGP ) #*PST (NGP 91 ¢J 9K}

STE03630
STE03640
STEO03650
STE03660
STEO3670
STE03680
STE03690
STE03700
STEO3T10
STE03720
STE03730
STE03740
STEO03750
STYEO3760
STEO03770
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770

780

790

GO YO 780

ND=NGP-~NNG
TEMPL=TEMPL +XIPINGyND)*PSI(NGPy14J+X)®VO(NPR)

CONTINUE

DO 790 NDN=1,NDNSCT

ITEMP1=NG-NDN

IF(ITEMPL.LE.O0)GD YO 790

TEMP1L=TEMPL +DD7(NPR, ITEMP1,NON)*PSI(ITEMP1,1,J,K) '

CONTINUE

PTEM=TEMP%*VO(NPR)

STEO03780
STE03790
STEO03800
STEO3810
STE03820
STE03830
STEO3840
STE03850
STEO03860
STEO03861

PSTINGyFoJeK)I=((PTEM=DDG(NPRyNG) )*PST(NGsI4JsKI+DDIINPR, NG)*PSIUNGSTEO3R270

Lelohy 33X )#DDLINPRXy NGIE®PST(NGyI=1,JyK)+DD2(NPR,NG)I®PSI(NG,1yJ+1,KISTEO3880
24DD2(NPRYJNGI®PSTING 9 19J~1 oy K)+DDIINPRyNGI*PSTENS 1 4J,K¢+1 }+DDI(NPRZISTEO3890
2 NG)*PST NG, Ty JyK=1) +TEMPL) 7 LITEMP#W(14J4sK)/VING) ) SVO(NPR)+DDS(NPRSTEO03900

4,NG) ) STE03901
800 CONTINUE STE03910
DO R20 ND=1,NDG STE03920
NG=ND+NNG STF03930
TEMP1=0,0D) STE03940

DD 810 NGP=1,NNG STE03950

810 TEMP1=TSMPL+BETA(ND) #DD6(NPR,NGP)#PSTINGPy Ty JsK) - STE02960
TEMP1=TEMP1 / (EFFKVO (NPR)) STE03970

820 PSTUN3,T,J,K)=( (HINV=ALAM(ND) }#PST NGy T4 JyK)+TEMPL)/ (HINV+AL AM(ND)STE03980
1) STE03990
830 CONT INUE STE04000
840 CONTINUE STE04010
850 CONTINUE STE04020
RETURN STE04030

END STE04040
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SUBROUTINE STEPBO(V ) XIMy)ALAM,BETAyXIPyXyYyZyHX,HY,HZ,DI1,0D2,DD3y STEOO010
1DD4,DD5,DD69DDT 9 VOy NPRMP 4PST oWy NNGV s NDGV ¢y NTOGV 4, NDNSCV, IMV,IMV,KMV,STE00020

2IRMV,y JRMV4KRMY 4 NPRGV yNGXV) STE00030
IMPLICIY REAL®*8 (A-H,0-7) STE00040
INTEGER®*2 MMAP,NPRMP STE00050

COMMON/ INTS/ TASIZEyNNGyNDGy NTOGy NMAT 9 I My JMyK My IRMy JRMyKRM,NL BC, STEOD060
INFBC yNBBCyNDNSCTyNPRGyIOPT4NTGy NXTP, NYTP ,NZTP, IXTP(5),IVYTP(5), STEOO00TO
21ZTP(5)yNSTEADy IFLIN) IGEOMy ITITLE(20)9yNOITyNIEF,NPIT,13P SI, 10DUMP,STEOO0B0

3INFN,IDFO0,I0OPN, I0P0, ITEMP,ITEMPL,ITEMP2, ITEMP3,ITEMP4, I TEMPS, STEO00090
GNTIT,TEVIME, TFLOUT T MXyIMXoKMX,y TOSCL,T0SC2,NGX STEOO0100
COMMON/FLOTE/EFFK,JRFP,EPS1,EPS2,TEMP,TEMP1y TEMP2, TEMP3, TEMP 4, STEO0150
1TEMPS, TEMPS y XFISSTy XFISSO,AL AMN, ALAMD, TIME, FLXCON, BETAT STEOO0160
COMMON/TIMINT/LASZONISTPLHy ILINCH, IPRSTPyMNSCH(S5) ¢MNLCHI(5), STEOO170
1ISTEP, ICHHT STEOO180
COMMDN/TIMELO/ToHT HMIN, HMAX , TSTART y TEND ¢ DELSFS( Sy 4) sDELSRS(5,4); STE0D190
1DELSTS(594) ¢y DELSLSU5¢4) sDELS2S{5+4) sDELSFL{S ,4),DELSRL(5,4), STE00200
2DELSTLUS5¢4) yDELSIL(S 94) ¢y DELS2L(5,%) STE00210

DIMENSTIN VINNGY) 4 XIMINNGV), ALAMINDGV) B ETA(NDGY ) s XIPINNGV4NDGV) s STE00220
IXCIMY) s YIIMV ) ZIXMV ) yHXCIRMV ) 4 HY (JRMV) s HZ(KRMV )y DD1(NPRGV,NNGV)s STE00230
2DD2 {NPRGVyNNGV) ¢DD3 { NPRGV4NNGV )y DD4& (NPRGV,NNGV ), DDS(NPRGV,NNGV), STE00240

3DD6UNPRSVINNGY) o DDTUNPRGVINSXVoNDNSCV) s NPRMP (IMV 3 JMV KMV ), STE00250
SPSTINTOGY s IMVy JMV, KMV ) W {IMV, JMV KMV ), VOINPRGV) - STE00260
KE=sKMX-1 STE00270
JEsJMNX=-] STE00290
IFINFBCL.EQ. 1 JJE=JMX -2 ‘ STEO0300
HINV=1,0D0/HTY STEO00310
IE=IMX~1 STE00320
DO 340 XK=1,KE - STE00330
K=KM=-KK STE00340
N0 220 JJ=1,JE ' STEO0350 .
J=JM-JJ STE00360
DO 210 Ii=1,1E STE0D370
I=IM=-11 STE00380
NPR=NPRMP (I 4 JyK) ‘ STE00390 .
NPRX=NPRMP(I-1,J4K) : STEOD400
NPRY=aNPRMP( I 4J-1,K) STEOO410
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110

120
130

140

NPRZ=NPRMP(I ,JyK~1}

DO 160 NG=1,NNG

TEMP=1.0D0/( VING)*HT ) -

TEMP1=0.0D0

DD 130 \NGP=1,NTOG

IF(NGP .GT.NNGIGD TO 120

IF(NGP.EQ.NG)GOD 7O 130

TEMP1=TEMPL +XIMING ) *DD6(NPRy NGP) ¢PST INGP 414J oK)

GO 70 130

ND=NGP-NNG
TEMPL=TEMP] +XIPINGyND)*PSIINGPy14J4K)&VO(NPR)

CONTINUE

DO 140 NDN=1,NDNSCT

ITEMP1=NG-NDN

IF(ITEMPL1.LE.O)JGD TO 140

TEMP1=TEMPL +ODTINPR y ITEMPL,NDN)S®PST (ITEMPL,I ,J4K)
CONT INUE
PTEM=TEMPEVO(NPR) -
IF(1.,EQ.1)60 TOD 150
TEMP2=PST (NG I ¢JyK):

STEO00420
STE00430
STEOD440
STEO00450
STEOD0460
STE00470
STE00480
STEO00490
STE00500
STEOO0S510
STE00520
STE00530
STED00540
STE00550
STE00560
STEO00570
STEO00580
STEO00581
STE00590
STEQ0600

PSI(N:;IvJ,K!*((PTEH-Dbﬁ(NPR,NG’)QTEMPZ*DOI(NPRoNG"PSI&NGQI*!,JiKSTEOOGIO‘

I=1

NPR=NPRMP (1 5 JoK})

GO 70 110

11+¢DD1INPRXy NG) #PSTINGyI=1,J,K)+DD2(NPRyNG)#P ST ING+I5J¢L; K)+DD2(NPRSTE00620
ZY.NG)‘PSI(ﬁG,!'J~19K)4DDS(NPR,N81*PSI(NGq19J6K01)*DDS(NPRZ,NG)*PSISTEOObBO'
3UNGy Iy Jy K=L I ¢TEMPL) / ((TEMP+H (I ¢ J+K)/VING))2VO(NPR) 4DDS(NPRyNG)) :
IF(1.6T.2)G0 70 160

IF(NL3C.EQ.0)G0 TN 160

STEOCO0640
STEO00650
STE00660
STE00670
STE00680
STE00690

150 PSI(Naol'JoK)*((PTEH—DDQ(NPR,NG')*PSI(NGol-JéKlGDDI(NPQoNG)'CPSI(NSTEOO?OO

I=2

1G929 JoeK) #TEMP2)+DD2 (NPR, NG !‘PSI‘NGyng#lpKl+DDZ(NPRﬂP(l'J-l'Kl.NGISTEOO710
2%PST(NGy19J=+19K)4DD3ENPRyNG) #PST (NGy Yy JyK+1) ¢DD3 (NPRMP(1 yJ¢K-1)4NGSTE0QD720
3)¢PS!(N691'JyK-1)+YFHP1)/((TEHP’H(IvJvK)/V(ﬂG)l‘VO(NPR)*DDS(NPR'NGSTE00730
4))
NPR=NPRMP (2,4 JyK) |

STE00731
STE00740
STE00750
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160

170

180

CONT INUE

DO 200 NO=1,NDG
NG=ND+NNG
TEMP1=0,.0D2

DN 180 NGP=1 ,NNG

TEMP1=TEMPL+BETA(ND ) #DDS(NPR yNGP )#PSTINGP,I4 JyK) °
TEMP1=TEMPL/ (EFFK*VO(NPR))

STEO00760
STEQO0770
STEOO780
STEOO790
STE00800
STE00810
STE00820

PSTUNSyT¢JyK)=( {HINV=ALAMIND )} )®PSI (NG, 1,J,K) +TEMP1 )/ (HINV+AL AM(ND)ISTE00830

v STE00840
IF(1.EQ.1)GD YO 190 STE00850
IF(1.6GT.2)50 TO 200 STEQ0B860
IF(NLBC.EQ.0)GO TD 200 STE00870
I=1 STEO00880
NPR=NPRMP (1, JyK) STE00890

. GD 70 170 STE00900
190 I=2 STEO00910
NPR=NPRMP(2 4 JyK) STE00920

200 CONTINUE STE00930
210 CONTINUE STEQ00940
220 CONTINUE STEO00950
IF(NFBC.EQ.0)GO TO 340 STE00960

DO 300 NG=1,NNG STE00970
TEMP=1.0DO/ {VING)*HT) STE00980

DO 290 II=1,1E STEO00990

230 TEMP2=PSI(NGsI41,K) " STEO01000
DO 270 JJ=1,2 STEOl010
J=3-JJ STEO1020
NPR=NPRMP(I,J9K) STE01030
NPRX=NPIMP(I~-1,J,K) STEO01040
NPRY=NPRMP({1,1,K) STEO1050
NPRZ=NPRMP(I ,44K~1) STE01060
TEMP1=0.0D0 STEO1070

D3 250 \NGP=1,NTOG STEO1080
IF(NGP.GT.NNGIGO TO 240 ( STEO01090
TFINGP NENG)TEMPL=TEMP14DD6(NPR yNGP)EPST(NGPoI9JsK) - STEO1100
IF(NGP ., EQ.NNG)TEMP1=TEMP12XIM(NG) STEO1110
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GO TD 250 | STEO1120

2640 ND=NGP-NNG STEO1130
TEMPL=TEMPL+XIP(NG,NDI*PSI(NGP,I4J,K)®VOINPR) ' STEO1140
250 CONTINUE STEO1150
TEMP3=PST (NG ¢I42,K) " : STEOL160
PTEM=TEMPRVOI(NPR) ' STEO1161
IF{1.EQ.1)G0 YO 260 STEO1170

PSItNa.I;JvKi*((PTEM-DD#(VPR’NG))*PSI(NGvIoJiK)+DDl(NPR,NG)*PSI(NGSTEO!IBO
19741305 CI+DDIINPRX, NGI*PSI{ NG, I=19JyK)+DD2(NPR,NG)*PST(NGyIyJ+1,KISTEOL190
24DD2 (NPRY NG )*XTEMP2 +OD3 (NPRyNG) *PST(NGy» I yJ9yX+1)+DD3(NPRZ(NG) *PSI INSTEQL200

3G9 9y JeK=1)+TEMPL)/({ TEMP4NIT 4 J,K)/VING) ) *VOINPR) +DD5 (NPR¢NG) ) . STYE01210
TEMP2=TFEMP3 STEO1220
GO YO 270 STE01230

260 PSI(NoyI'J.K!‘((PTEH—DD#(VPRoNG))*PSI(NGvIvJoK)*DDl(NPR'NG)‘(TEMPﬁsTEOIZ$O
14PST(NGy29J9K) I4DD2 (NPRyNGI*PSTIING,y 1y J#1,K)+DD2(NPRY,N5) *TEMP2+ STEO1250
2DD3(NPRyNG) *PST NGy 1 9 JsK+1)+DD3( NPRZ,NG) *PST (NG 19 JyK-1) #TEMPL)/ STEOL260

3((TEMP+H (1, JyK)/VING ) IXVO(NPR) +DDS(NPR,NG)) STEO1270
TEMP4=TE MP5 STE01280
TEMP2=TEMP3 STEOD1290
270 CONTINUE STEO01300
IF(1.EQ.2)50 TO 280 STEO1310
IF(1.NE.3)60 TO 290 - STEO1320
TEMP&=PSTING ¢242,K) STEO1330
TEMPS=PST (NG 9241¢K) - STEO1340
GO TO 290 ‘ STE01350
280 I=1 STEO1360
G3 TO 230 STE01370
290 CONTINUE : STEO1380
300 CONTINUE STEO01390
D) 330 Il=1,IMX : STE01400
I=IM-TT1 STEO1410
DO 330 JJ=1,2 STEO1420
J=3=JJ STEO1430
NPR=NPRMP (I 4 J,K) , STEO1440
DO 320 ND=1,NDG . ‘ STEO01450
NG=ND#NNG STEO1460
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(9

TEMP1=0.0D0
DO 310 NGP=1,NNG

310 TEMP1=TEMPL4BETAIND)*DODS (NPRyNGP I®PSTINGP Iy JyK) :
TEMP1=TEMP1 / (EFFK*VO(NPR))

STEO1470
STEO1480
STEO01490
STEO1500

320 PSIUNG T 9 JyK)=((HINV=ALAM(ND) Y%*PST(NGy Iy JyX) ¢TEMPL)/ (HINV#ALAM{ND)ISTEOD1510

1)

330 CONTINUE
340 CONTINUE :
NOW CARY OUT EXPIWx4) TRANSFIRMATION
350 DO 370 K=2,KMX
DO 370 J=1,.JMX
D0 370 I=1,1IMX
TEMP1I=DEXP{W(TI4J,yK}*HT)
DD 360 NG=1,NNG
360 PSIINGyTyJyK)=TEMPL2PSTINS,I4J4K)
370 CONTINUE
RETURN

END

STEO1520
STEO1530
STEO1540
STEO1550
STEO1560
STEO1570
STEO1580
STEO1590
STEO01600
STEO1610
STEOL620
STEO01630
STEO01640

PAGE 244



SUBROJTINE FREQO(PSI ¢PSOsWeNTOGV oIMV 4, JMV,KMV) FREQOO10
IMPLICIV REAL*8 (A-H,0-2) FREO00D020
INTEGER®2 MMAP,NPRMP FRED0030
COMMON/ INTS/TASTZE,NNGyNDGoNTOGy NMAT o T My JMy K My IRM, JRMy KR My NL BC y FREODD40
INFBC yNBBCyNDNSCTyNPRGIOPTyNTGyNXTPyNYTP4NZTP, IXTP(S),IYTP(S5), FREO00050
2IZTP(S) o NSTEAD,IFLIN, IGEOM,ITITLE(20)4NOIT,NIIT,NPIT,I0OPSI,I0ODUMP,FREQDO60

3I0FN,IOFD,INPNy IOPD, ITEMPL,ITEMPY LITEMP2, ITEMP3,ITEMP4,I TEMPS, FREQOOTO
GNTIT,TETIME s TFLOUT, I MXy JMXyKMX, I10SC1,10SC2,NGX FREOO0O80O
COMMON/FLOTE/EFFK 9y IRFPyEPS1,EPS2,TEMP,TEMP1, TEMP2, TEMP3, TEMP4, FREOO130
1TEMPS, TEMPS o XFISST o XFISSO, AL AMN, ALAMD, TIME,FLXCIN,BETAT FREOOL 40
COMMON/TIMINT/LASZIONSISTPCHy ILINCH, IPRSTPyMNSCHI{S) sMNLCH(5)}, - FREOO150
1ISTEP, ICHHT FREOO160
COMMON/TIMFLO/ToHT oHMIN,HMAX , FTSTART, TEND ,DELSFS(5,4) ,DELSRS(5,%4), FREDO170
1IDELSTS(5,6) sDELSIS(S,4),DELS2S(S5+4)sDELSFLIS ¢4)sDELSRL(5,4), FREOO180
2DELSTL(S5,4) ;DELS1IL{S %) 4DELS2L(S5,4) FREOO190
DIMENSTIIN PSTINTOGV,IMV, JMV,KMV) 4PSOTIMV o JMV KMV ) 4 W TMV, JMV,KMV) FRBE00200
TEMPS=1.,0D0/(2.0D0%HT) - FREOD210

£ COMPUTE FREQUENCIES FRE00220
DY 120 K=2, KMX FREOD0230

DD 120 J=1,JMX FRE00240

DD 120 I=1, IMX FREOD250
IF(PSI(I ¢JyK)LT.1.0D0-30)50 1O 110 ° FREQ00260
TEMP4=PSTINTGy14J,K)/PSO(T,J4K) FRE00270
IF(DARS(1.0D0~-TEMPS4) ,LT,1.0D=-08)G0O TO 110 FRE00280
W{TeJeXK)=TEMPSRDL OS5 ( TEMPS) FRE00290

GD TN 120 ) FREO00300

110 wW{l,J94K)=0,000 FREOO310
120 CONTINUE ' FREOD032)D
RETURN FRE00330

END ' FREOD340
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