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EQUIPOISE - AN IBM-704 CODE FOR THE SOLUTION OF TWO-GROUP, TWO-DIMENSIONAL,
NEUTRON DIFFUSION EQUATIONS IN CYLINDRICAL GEOMETRY

M. L. Tobias T. B. Fowler

ABSTRACT

An IBM-704 code for the solution of two-group, two-dimensiona! neutron diffusion
equations in cylindrical geometry has been constructed using FORTRAN, In its present
form, the code can treat problems involving a maximum of 625 mesh points (including
boundary points). The machine required must be at least 8K with one drum unit and
seven tape units. The iterative procedure used is simpler than any currently in use.
The “extrapolated Liebmann process’’ is used to speed convergence. Machine running
times and required number of iterations have been comparable with and often less than
those required by similar programs. A typical 200-point case converged in 4]/2 min and
required 50 sweeps through the mesh. Running times are roughly proportional to the
number of mesh points,

No proofs are presented to guarantee that this program will converge in all cases
which meet the input number requirements. However, no difficulties have yet been
experienced in realistic problems, and a special example which combined an extremely
bad initial flux guess with awkward material location converged in a reasonable time

(23 min).

INTRODUCTION

EQUIPOISE, the program described in this report, is a two-group, two-dimensional, neutron
diffusion equation code for cylindrical geometry, designed to meet the need for using such a
code as a subroutine. While other two-dimensional codes exist (CURE, PDQ), it was impractical
to attempt to make them into subroutines primarily because the extremely detailed knowledge of
the programs which is required is available conveniently only to the original programmers. In
the process of constructing a new two-dimensional code, a somewhat novel and elementary
approach was used. Given the five-point-difference equation analogous to the two-group diffusion
equations, the eigenvalue (the number by which v, the number of neutrons per fission, must be
multiplied to have a critical condition) is computed by substituting a flux guess into the equa-
tions, adding them up and solving for the eigenvalue. By so doing, the eigenvalue will be the
ratio of neutron absorptions plus leakages to neutrons produced. For any reasonable flux guess,
the eigenvalue is roughly approximated by this procedure, but even very bad initial guesses are
rapidly corrected in the succeeding iterative process. (It has been a common experience to find
that the critical eigenvalue is computed much sooner than the correct flux distribution.) Using
the eigenvalue just computed, all points in the mesh are swept to compute fast and thermal
fluxes by the ‘‘extrapolated Liebmann method’’' (overrelaxation). Having a new set of fast and
thermal fluxes allows the calculation of a new eigenvalue, and the whole process is repeated
until either the fluxes or the maximum and minimum point eigenvalues have converged within

some preset limit.



An alternative procedure which has been employed is to set the eigenvalue at unity (or any
other nonzero number) and compute the fluxes in the above manner until the ratio of successive
flux values is everywhere the same. In a given case, the flux distributions obtained by the two
methods are the same only if the fixed eigenvalue is the same as the calculated eigenvalue. In
both procedures, it is necessary to normalize the fluxes to prevent them from going out of
machine range. In the present program this has been done by setting the thermal flux at an
arbitrary internal point equal to 100,

The distribution of materials and the mesh spacing may be completely arbitrary, so long as
a right cylindrical region is completely filled. Three types of boundary conditions are possible:
zero flux, zero current, and constant flux. At present, these boundary conditions must apply to
a whole edge of a mesh. That is, one might specify the top and bottom surfaces of the cylinder
to have zero flux and the curved surface to have zero current, but it is not now possibie to say
that the upper half of the curved surface is at zero flux while the lower half is insulated. If a
constant-flux boundary condition is used, the fixed eigenvalue iteration procedure must be used,

and no interior normalization point should be specified.

DESCRIPTION OF THE COMPUTATIONAL METHOD
Basic Difference Equations

The simple five-point-difference equations used to describe neutron diffusion have been
discussed in other reports (I, 2); a derivation of these may be found in Appendix D. The two-
group equations become, at each point:
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(All symbols are defined in the Notation section.)
Given any set of positive fluxes and zero flux or zero current boundary conditions we may
compute an estimate of A by simply adding up all the equations for the internal points and

solving for . What we have then is, in reality:

neutrons leaked plus neutrons absorbed

1
neutrons produced

so that A may be looked upon as the inverse of a static multiplication constant. This value of A

is inserted into all the equations. For calculation purposes, Eqs. (1) and (2) are rewritten as




follows:
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The superscript ¢ denotes the iteration at which the value of the flux was computed. Note
that the most recently computed values of fluxes are always used since one proceeds through
the mesh from left to right in each row and from top to bottom as each row is completed. Further-
more, only positive fluxes can be calculated if a positive flux guess is used initially. When a
complete new set of fluxes has been obtained, a new A may be calculated and the process re-
peated until it converges. (The trivial solution of all fluxes equal to zero is avoided by

normalizing the fluxes to a particular value at any interval point.)

The calculational method just described is modified in certain important ways to speed
convergence, but it is the basis of the EQUIPOISE program. We have no proof that this procedure
is always convergent, but the following observations may be made in order to help explain the
success which has been obtained with it. First, there is only one value of A which will yield
all positive fluxes, namely, the smallest positive value. It is impossible to generate either a
negative A or a negative flux in the computation, so that if convergence occurs, it can only be
on the one positive set of fluxes and the one positive eigenvalue. Second, the flux distributions
and the eigenvalue are relatively insensitive to each other so that a poor initial flux guess

yields a ‘‘respectable’’ eigenvalue estimate, and an eigenvalue considerably in error does not
have a grave effect on the fluxes. Third, the coefficient associated with the flux at a point is
necessarily larger than those of the surrounding points, so that the matrix of the coefficients is

highly diagonal.

A Simple lllustration

To illustrate just what the above statements mean in actual computations, consider the
following example which represents a certain one-dimensional reactor with two mesh points in
two groups. The reactor is insulated on one face and the flux is zero at the other. At the first

mesh point there is no slowing down, and at the second there are no fissions:
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For iteration purposes, these equations become:
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Table 1 shows the effects of the process upon a fantastic initial guess. The successive

iterations are normalized to CDS('I) =1,

Table 1. Results of lterative Process Applied to a Simple Example

lteration Results

Variable Initial Guess Exact Answer
1 2 3
Ue) 1050 0.182 2.56 7.60 132
®(2) 0 0.165 2.33 6.9 120
D) 1 1 1 1 1
D (2) 10100 0.91 0.93 0.95 2
A 2 % 1076 0.0022 0.003 0,0048 0.0504

The ‘‘Extrapolated Liebmann Method"’

The calculation procedure can be accelerated by the use of the ‘‘extrapolated Liebmann

(overrelaxation) process’’ (3):
oL, = (1= p) oty plal ), (14)

where 3 is a number between 1 and 2 and (DILN represents the values calculated by the ordinary
Liebmann process, the iterative procedure just described. Table 2 shows the result of using

B = 1.1 upon the above equations.




Table 2. Result of Use of Extrapolated Liebmann Process in the Simple Example

lteration Results

Variable Initial Guess Exact Answer
1 2 3 6
® (1) 10%9 0.182 3.64 14.6 109 132
d (2) 0 0.182 3,59 13.6 99 120
® (1) 1 1 1 1 1 1
®(2) 10100 0.82 0.80 0.90 1.78 2
A 2x 1096 0.002 0.0035 0.0075 0.042 0.0504

The problem of finding an optimum value for 8 is solved in the PDQ code (1) by determining
the largest eigenvalue of a certain matrix. In the present code, an empirical formula (originally

regarded as a temporary measure) has proved extremely successful:

B=2-\/:7{<—$>2+<2°405>2}]/2 , (15)

n

where m is the number of intervals in the axial direction and 7 is the number of intervals in the
radial direction. The number of axial intervals is doubled in the formula if one of the axial
boundaries is a symmetry boundary. If the value of 3 selected is underestimated, the process
will converge in a sluggish fashion. If it is too large, the values will oscillate too much or even
produce negative fluxes. Negative fluxes are not permitted to occur in the code. If 3 =1 they
cannot occur, for if the initial guess consists of positive fluxes, all succeeding estimates of
the fluxes and the eigenvalue will be positive. |f a negative flux should be calculated for a
B > 1, it is destroyed and a new value is generated based upon a new 3 halfway between 1 and
the original estimate. If necessary, the process is repeated until the flux at the point is positive.
This lower value of 3 is used for all succeeding points in that group. Some iterations later, the
original higher value of 3 is restored in the hope that it will not again cause negative fluxes. f
it does not, it is retained. More specifically, the calculations are grouped in sets of ten sweeps
through the fast and thermal group, and at the start of each of these sets, 3 is set at its original

value.

Convergence Criteria

A problem is not considered converged until both of the following convergence criteria are

satisfied:
/\max - A’I'T‘Iln
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Satisfaction of inequality (16) ensures that there is a satisfactory neutron balance every-
where in fuel-containing regions; (17) requires that all fluxes be converged. Frequently (16)
is satisfied before (17) and in such a case a more rapid iterative procedure is employed. The
basic iterative process involves a sweep through the fast group followed by a sweep through
the slow group and a recalculation of A, When A is changing less than 1% from one iteration to
the next, it is recalculated only at every tenth iteration. In the 8K machine used in the present
program, each sweep through a group requires the use of magnetic-drum storage. Once inequality
(16) is satisfied, it is possible to achieve a considerable saving of time in satisfying inequality
(17) by repeating the sweep through a given group five times before moving to the other group.
During the sweep through one group the fluxes of the other group are held constant. After a
total of 15 sweeps through each group (i.e., five through group 1, five through group 2, five
through group 1, etc.) the eigenvalue is recalculated. The problem is usually completed at this

point.

EXPERIENCE WITH THE PROGRAM

The present code has been compared with PDQ-2 and CURE for speed and accuracy on two-
group problems. EQUIPOISE has several features in common with both codes: the Laplacian
operator is the same as CURE's, while the placement of symmetry boundaries is that of PDQ.
It is unquestionably much simpler in principle and in internal details than either. What is quite
surprising is that, more often than not, a given degree of convergence is reached in fewer mesh
sweeps than required by PDQ-2. (This might invariably be the case if the value of 3 were
selected by the accurate method employed in PDQ rather than by an empirical estimate.) Total
machine time is also frequently less, despite the fact that PDQ requires less use of magnetic
drum storage per iteration. A typical comparison of PDQ-2 and EQUIPOISE is shown in Fig. 1.
(The reactor is that of the sample problem in Appendix B.) It is not known whether such a
favorable comparison would hold if the method were applied to three or four groups; time did not
permit extending the method to more groups or other geometries, although the latter modification
would be a relatively minor matter. No attempt was made to allow for meshes larger than 25 x 25,
as the need for treating larger problems did not match the difficulty of accommodating an 8K
machine program to such tasks.

No comparison with CURE on speed was possible since the convergence criterion in CURE
is entirely different from that used in EQUIPOISE. Flux distributions and multiplication con-
stants were in agreement, however,

Problems which take long to converge on PDQ-2 are equally hard to solve with EQUIPOISE.
Figure 2 shows a comparison of the convergence rates obtained on a ‘‘hard’’ case in which point
values of the eigenvalue were oversensitive to small flux variations so that the eigenvalue
converged more slowly than the flux distribution. It is seen that the convergence of EQUIPOISE
toward the answer is more regular than observed on PDQ-2. (The number of mesh sweeps for

PDQ-2 was calculated as half the sum of the fast and slow group sweeps.) A considerable
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improvement in the convergence rate of EQUIPOISE was obtained in this case when the values

for 8 computed by PDQ-2 were used instead of the empirical value. The dashed curve of Fig. 2
shows the effect of using improved 3 values. The sharp peak noted at 160 iterations is known
to be the result of a machine error, recovery from which appears to be quite rapid. (Note: the
two values of B were inserted using binary patches for this case only. Normally only one value
can be used.)

A special case was devised to test the code under the extreme conditions of poor geometry

and a bad initial flux guess. Figure 3 shows the design of the reactor. The only connection
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meters. (A) Lightly loaded fuel region, (B) wall impervious to neutrons,

(C) heavily loaded fuel region, (D) moderator.



between fuel regions A and C is a roundabout path through moderating region D. The fast and
slow fluxes were zero at the outside surface of the cylinder. A 280-point mesh was used with
an 8-cm vertical increment and a 4-cm radial increment. The fast and slow fluxes were assumed
zero everywhere initially except in the lightly loaded region A where a thermal flux of 100 was
used as an initial guess. The problem converged in about 230 iterations (deviation of point
eigenvalues from the average eigenvalue <0.1%) with fluxes of the order of 108 appearing in
region C, which had ten times the fuel concentration of region A. The initial eigenvalue estimate
was about 12, and the final value was about 0.57.

Various devices were used in the hope of accelerating convergence, but without noticeable
improvement. The Aitken 82 process (4) was the principal one of these and was employed using
the values obtained in the last three iterations of each group of 10 mesh sweeps. Application
of the 62 process was made only at those points where the extrapolated value of the flux was
either greater than ]/2 the last flux obtained or less than twice that value. Further, the absolute
value of the difference in the last two of the three fluxes used was required to be less than that
between the first two. Despite these restrictions, the use of the 82 process seemed to retard
convergence. The values at some points would be improved, while at others the extrapolated
fluxes would be worse. Changes in the application of the Aitken 82 process, such as using
a wider spread between the fluxes used or extrapolating only when all points satisfied the
restrictions simultaneously were likewise of no value. Without a doubt, the extrapolated Liebmann
method, unadorned by complicating devices, has been the most reliable and rapidly convergent
of the methods tried in this program.

An occasional case may be observed in which it is found impossible to attain the desired
degree of convergence. Initially, the problem may be converging quite rapidly, when suddenly
the deviations in lambda and the fluxes, as calculated by formulas (16) and (17), stop decreasing
and oscillate over a narrow range indefinitely. Examination of those few cases in which this
behavior appeared indicated that some improvement could be obtained by reducing the over-
relaxation coefficient to unity. The source of this phenomenon appears to lie in the loss of
significant figures as convergence is approached. To avoid excessive running time, it is advis-
able to use no more than 300 iterations on any problem. It is also helpful to plot the on-line
convergence edits on semilogarithmic paper while the problem is running. Any significant
changes in convergence rate are almost immediately apparent on the graph.

A further caution which should be noted is that the code should not be used for one-dimen-
sional problems, that is, those which involve uniform regions with two opposing boundaries
insulated. Such problems converge very slowly in the present form of the code.

In this program, as in any other finite-difference calculation, care should be exercised in
the assignment of mesh spacings, although no specific advice can be given on this matter. It
is of interest to note that in a case in which the fluxes are supposed to be symmetrical about
the midplane, the results will not be symmetrical if the mesh spacing is distorted. On the other
hand, if the mesh spacing for such a case is symmetric, the fluxes at corresponding points will
agree almost exactly. The entire matter of proper mesh spacing is still under study, with par-

ticular reference to adjoining regions of widely different properties.
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NOTATION

AR A
WA ARYE
<ARL>< AR,
R —
2 J

AZ
4
+ QVE/F —2

Same as Ag but with vZfS (k =1, 2, 3, or 4) substituted for vZfF

Same as A but with (pZF)k substituted for VZ?’F

Same as A but with [(1 - p) EF]k substituted for vEfF

The corresponding thermal group forms of Ay Ay Ay, and A, with slow

group diffusion constants used instead of fast

Same as Ag but with Zf_ substituted for vZfF

Fast and thermal diffusion coefficients, cm, for the kth quadrant surrounding

a mesh point (see Fig. D.1, Appendix D)
Denote the Ith row and the Jth column of the mesh

The number of axial and radial divisions in the mesh




1,]

AZ

EL

LN

L,R,T,B

UN'!

N

(DF' (DS

A A

max

k
sk,

12

1

k
20s

min’

The fraction of neutrons removed from the fast group which are absorbed

(resonance escape probability)

Distance radially from axis of symmetry and radial mesh increment, respec-

tively, em
Number of an iteration (sweep through the fast and thermal group equations)
Volume of a quadrant around point I,] (see Appendix D)
Total power generated by a reactor, Mw
Axial mesh increment, cm

Subscript denoting a flux calculated using extrapolated Liebmann method

(overrelaxation)
Subscript denoting a flux calculated using ordinary Liebmann method
Subscript denoting left, right, top, and bottom, respectively

Extrapolated Liebmann coefficient (called BETAF and BETAS in EQUIPOISE
output)

Convergence criterion (called EPI in EQUIPOISE output)

Unnormalized and normalized values of flux; normalized fluxes in the code
are fluxes relative to a thermal flux of 100 at an arbitrary point in the

reactor; the location of the normalization point is an input item
Fast group and thermal group neutron fluxes

A is the value by which all the VE/,S must be multiplied so that the differ-
ence equations balance; at any iteration, there will be a mesh point at
which the value of A required for a balance is largest, and one where the

value is smallest; these A's are AL

ax Ond A_. . respectively; A is the

value obtained by adding up all the equations and solving by A Xis called
NUCRITICAL in the output, because if E/ is used as input instead of

VE/, X would be the value of v required to make the reactor critical
The number of fission neutrons produced per megawatt second

The ratio of the unnormalized flux at iteration ¢t to the normalized flux at

iteration £ — 1 at a mesh point
The number of neutrons produced per fission

The macroscopic cross section for removing neutrons from the fast group by

absorption or slowing down, em™'; & refers to the quadrant around point

1,] (see Appendix D)

Macroscopic fission cross sections in the kth quadrant around point (1,]) for

fast and slow groups, respectively, em™!

Thermal-group macroscopic absorption cross section, em™!




Appendix A
STRUCTURE OF THE EQUIPOISE CODE

General. — EQUIPOISE was programmed in FORTRAN-1I language in subroutine form utilizing
PF PROG and PROG (5), two routines which permit FORTRAN-II type subroutines to be called
from tape as needed. The standard FORTRAN BSS loader is replaced by PF PROG, and PROG
is included as a subroutine in the main code or calling program. At execution time, a subroutine

is called into the fast memory by the calling program by two call statements:

CALL PROG(I) , CALL NAME ,

where | is the serial number of the subroutine NAME that is stored on the master program tape.
This permits alterations to the code to be made easily by adding or removing subroutines and
altering the calling program.

For an 8K machine, EQUIPOISE requires approximately 5800 number storage cells in the fast
memory, out of the 7000 available (PF PROG requires 1000 cells), hence approximately 1200
fast memory cells are available for the main code plus any one subroutine.

Subroutines, — The complete program consists of the main code and 18 main subroutines.
These are listed below in the order in which they are loaded on the master program tape. The
serial number of each subroutine is one less than the number given, since the main code is not

considered a subprogram.

1. Main code Calling program

2. Subroutine FLUX Does the flux iteration calculation

3. Subroutine EXTR Does the convergence calculation

4. Subroutine MONTOR  Prints on line iteration number, convergence, and eigenvalue

estimates as the calculation progresses

5. Subroutine CONSTI

6. Subroutine CONST2

7. Subroutine CONST3 The five group constants calculation subroutines

8. Subroutine CONST4

9. Subroutine CONSTS5

10. Subroutine OUT2 Calculates total absorptions, productions, and leakages, and
flux ratio

11. Subroutine OUT22 Calculates final eigenvalue, and region absorptions and
productions

12. Subroutine OUT3 Writes flux distribution on output tape 9

13. Subroutine OUT33 Writes total absorptions, production, and leakages; region
absorption and production on output tape 9

14. Subroutine INPUT Reads input from cards

15. Subroutine OUT1 Writes output tape 9 and prints initial conditions

16. Subroutine BETTA Calculates extrapolated Liebmann coefficients

17. Subroutine SOUR Calculates source

18. Subroutine OUT4 Writes source on output tape 9

19. Subroutine RESTRT Restarts calculation in case of machine error

13



Two SAP type subroutines were programmed in order to do logical sums of the group con-
stants that are stored on drums in order to check for drum errors. They are designated SUBINN
which sums the constants before they are written on drums, and SUBOUT which sums the con-
stants after they are read from drums. SUBINN appears in subroutines CONST3 and CONSTS.
SUBOQUT appears in subroutines FLUX, EXTR, and OUT2.

Appendix B
INPUT PREPARATION, SAMPLE PROBLEM, AND OUTPUT

Number Formats. — The input for EQUIPOISE requires both integers and decimal numbers.
Integers are written without a decimal point and occupy the extreme right-hand columns of the
field. The left-hand column of the field is reserved for the sign; however, it may be left blank
if the sign is positive, and zeros may be represented by blanks. For example, the permissible
formats for the integer 4 in a field of three crel + IO 14 |, [ + I ] 4 I, l I |4 l

Decimal numbers may be written with or without a decimal point. If the decimal point is not

written it is assumed to be between the first two columns of the field, and the last two columns
of the field contain the sign of the power of ten and the power of ten. The sign of the number
occupies the first column; however, it may be left blank if positive. If the decimal point is
written, the power of ten may or may not be written. |f the power of ten is not needed, the last
two columns may contain data. Also if the number is positive the first column may contain data.
Zeros may be represented by blanks. For example, permissible formats for the number 0.00333

in a field of seven are

Lelslsisfof-J2], [ [sfsfs] [-[2f,
[ [sf.]3]s]-]a],  [o].lofo]3[s[3].
The number 432 in a field of six could be written
[_l4fsf2]-]s], [ Jafs]2].]o],
(alsl Jofe ), fafsfo[.[ ] ].

If a number, integer, or decimal is zero, the entire field may be left blank.

Input Data Cards. — Figure B.2 shows an input data form. There are four types of data cards
required for input to EQUIPOISE: (1) title card, (2) control card, (3) mesh-specification cards,
(4) region-specification cards.

Title Card, -~ The first column of the title card is left blank. Columns 2 through 72 may
contain any desired information and is printed at the top of each page of output.

Control Card, — The first eleven numbers on the control card are integers, and the last
eight numbers are decimal numbers.

Columns 1-3, IMAX S 25: Total number of rows. The rows in the mesh are numbered from

top to bottom beginning with 1.
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Columns 4-6, JMAX S 25: Total number of columns. The columns in the mesh are numbered
from left to right beginning with 1. A symmetry boundary is assumed to exist midway between
columns 1 and 2.

Columns 7-9, NORI: Row coordinate of the normalization point. All fast and slow fluxes
are divided by the slow flux at the normalization point and multiplied by 100. If a constant flux
not equal to zero is specified along a boundary (see below), the slow-flux value along this
boundary must be specified as 100, and the normalization point must be on this boundary.

Columns 10-12, NORJ: Column coordinate of the normalization point.

Columns 13-14, F.l.: Previous-flux indicator. If this number is + 1, the flux distribution
from the preceding case is used as the initial flux for the present case regardless of the initial
flux values on the region specification cards (see below). Restrictions are that the present case
must have the same number of rows and columns and the same boundary conditions as the pre-
ceding case. If this number is O, the initial flux is taken from the region-specification cards.

Columns 15=16, S.l.: Source indicator. If this number is + 1, the source,

VE/F(I)F + VE/S(I)Sk ,

is computed for output at each mesh point, where £ = 1, 2, 3, 4. 1f S.I. is 0, the source calcu-
lation is skipped.

Columns 1718, C.I.: Convergence indicator. |f this number is + 1, the problem converges on
NUCRITICAL (X) only; if O, the problem converges on both NUCRITICAL and the flux.

Columns 19-20, L.I.: NUCRITICAL indicator. If this number is + 1, NUCRITICAL is held
constant at 1.0 and the problem is solved for the flux only. If this number is 0, NUCRITICAL is
not held constant.

Columns 21-22, T.l.: Top-boundary indicator. The top, right, and bottom boundaries may
be either constant-flux boundaries or symmetry boundaries. If this number is +1, a symmetry
boundary is assumed to exist midway between rows one and two. If T.l. is 0, row one is assumed
to be a constant-flux boundary.

Columns 23-24, R.l.: Right-boundary indicator. If this number is + 1, a symmetry boundary
is assumed to exist midway between columns JMAX-1 and JMAX; if 0, column JMAX is assumed
to be a constant-flux boundary.

Columns 25-26, B.l.: Bottom-boundary indicator. If this number is + 1, a symmetry boundary
is assumed to exist midway between rows IMAX-1 and IMAX; if O, row IMAX is assumed to be a
constant-flux boundary.

Columns 27-32, <I)£: Value of constant fast flux along row one. If T.). (columns 21-22)
is + 1, this number may be ignored.

Columns 33-38, (I)gz Value of constant slow flux along row one. If T.l. is +1, ignore this
number.

Columns 39-44, (I)I:_: Value of constant fast flux along column JMAX. If R.l. is +1, ignore
this number.

Columns 45-50, (I)';: Value of constant slow flux along column JMAX, If R.l. is +1, ignore

this number.




Columns 51-56, (IJE.: Value of constant fast flux along row IMAX. If B.l. is +1, ignore this
number.

Columns 57-62, d)?: Value of constant slow flux along row IMAX. |f B.l. is +1, ignore this
number.

Columns 63~68, €: Convergence criterion. If C.l. is + 1, the calculation stops when

A - A
max min

< €

A

if C.l. is 0, the calculation stops when the above condition is met as well as the flux con-

vergence:

P~ Nmax < € &
where p = <I>’UN/<D5V"]. If L.I. {(columns 19-20) is + 1, the calculation stops when

pmax _Pmin

< € .
1
/2(pmax * Pmin)

Columns 69-72, 3: Extrapolated Liebmann coefficient. If this number is 0, 8 is computed
by the code as described previously. |f this number is not 0, the code uses the value of B
specified.

Mesh Specification Cards., ~ Described below are the two types of cards required to specify
the mesh: (1) cards giving the AZ’s and row numbers, and (2) cards giving the AR’s and column
numbers, in that order. The AZ's and AR’s are decimal numbers, and the row numbers and
column numbers are integers.

1. In columns 1-6 and 7-9, 10-15 and 16-18, etc., supply a value of AZ and the row
number up to which this AZ applies, going from top to bottom of the mesh. Use as many cards
as are needed, with each card, except possibly the last, being completely filled through column
72. The last number on these cards is equal to IMAX.

2. In columns 1-6 and 7-9, 10-15 and 16~18, etc., supply a value of AR and the column
number up to which this AR applies, going from left to right of the mesh. Use as many cards as
are needed. The last number on these cards is equal to JMAX.

Region-Specification Cards. -~ The regions are specified as rectangles with each card com-
pletely specifying one region, for as many regions as are needed to cover the mesh. The region-
specification cards may be in any order. The first four numbers of each card are integers, and

the last nine numbers of each card are decimal numbers.

Columns 1-3, ROWI Upper-row number of the region
Columns 4-6, ROW2 Bottom-row number of the region
Columns 7-9, COL1 Left-column number of the region
Columns 10-12, COL2 Right-column number of the region
Columns 13-19, D Diffusion coefficient of fast group




Columns 20-26, D Diffusion coefficient of slow group

Columns 27-33, I Macroscopic removal cross section of fast group

Columns 34--40, ES Macroscopic absorption cross section of slow group
Columns 41-47, VZIF Nu times macroscopic fission cross section of fast group
Columns 48-54, VE/S Nu times macroscopic fission cross section of slow group
Columns 55-60, p Resonance escape probability

Columns 61-66, D, Initial flux guess for fast group; may be zero

Columns 67-72, U Initial flux guess for slow group; may be zero, except for

region in which the normalization point appears

Deck Makeup. — EQUIPOISE will run as many cases as desired, with no stops between
cases, simply by stacking the input data decks; however, a blank card must follow the last data
card of each case. Four blank cards should follow the last input deck.

Sample Problem. ~ Figure B.1 shows the diagram of the reactor. In addition to the usual
axis of symmetry between columns 1 and 2, there is a symmetry boundary condition between
rows 14 and 15. Along row 1 and column 15 the fluxes are zero. The reactor is broken up into
7 regions. The properties of the regions are cited in Table B.1.

The initial flux guess was zero for the fast flux, 100 for the thermal flux in regions 1, 2, and

4, 50 in regions 3 and 7, 75 in region 5, and 150 in region 6. Figure B.2 is a standard EQUIPOISE

UNCLASSIFIED
ORNL-LR-DWG. 51547

112 3 4 5 6 7 8 9 10 i1 12 13 14 15
! T T ]
1 (]
2+ I |
! !
3 } }
Py ; !© AZ=11.430
f t =11,
o I ®o [ @& | |o
5 1 ¥
] l l
6 i }
1 ]
7 T i y
'
8 i
)
ol }
[
i0 ]
L ® ' AZ=2.857
L
'
o ; @
! 1
13 i
|
14} {
- - | + AZ=5.715
15 1 )
+13.5te AR=1.750le— AR= 3.0——7%*3’5-—4— AR=7.5 —»

Fig. B.1. Diagram of Reactor in Sample Problem. All distances in centimeters.

Page 17, Fig. B.1. All values shown for AR and AZ are between individual rows or columns.
For example, where AZ is shown as 11.430, this should be understood as 11.430 cm
between rows 1 and 2, rows 2 and 3, etc., up to row 7. The spacing then changes so 17
that the distance between row 7 and row 8 is 2.857 cm.




Table B.1. Properties of Materials in Sample Reactor Problem

Region D 3 v 2

F D¢ 2p s P /s 4
1,23 1.408 0.1703 0.04515 0.01755 0 0 0.988
4,5 0.6591 0.4576 0.009634 0.001818 0 0 0.9909
6 1.523 0.3251 0.0271 0.1487 0.00832 0.2709 0.8018
7 0.6591 0.4576 0.009634 0.003818 0 0 0.9909

input form filled out according to the description given in the previous paragraphs. Figures B.3
and B.4 are the on-line and off-line outputs, respectively.
Output. — The on-line output consists of the items shown below.
. Case number.
. Number of rows.
. Number of columns.

. Number of regions.

b b W N -~

. Boundary conditions for top (T), right (R), and bottom (B) boundaries, respectively (zero
for zero flux, 1 for zero current).

6. The coordinates of the normalization point.

7. The convergence criterion (EPI).

8. The mesh specification (increment sizes), DELZ referring to the axial mesh spacing and
DELR to the radial mesh spacing.

9. The region specifications, giving the upper, lower, left, and right edges in succession
of each region, together with the input nuclear properties and the initial flux guess.

10. The values of the extrapolated Liebmann coefficient 8 used in the calculation, BETAF
being the value used in the fast group and BETAS the value for the thermal group. (In the
present code, these are identical.)

11. Convergence levels at every tenth iteration and the eigenvalue estimate at that point.

These are expressed in the following forms:

)\mox - )\min
CONVR(NUCRIT) = ——M8M8M —— ,
A
(I)t
N
CONVR(FLUX) = ™ 1 ’
(I)t-l
N max

where the superscript ¢ refers to the iteration number.
NUCRITICAL, the estimate at this point of the value by which the input value of v, the

number of neutrons produced per fission, must be multiplied to make the reactor critical.

18
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KEY PUNCHING INSTRUCTIONS:

Punch only those cards which have
data in columns 73 - 80,

EQUIPOISE INPUT FORM

REQUEST NO. {803 A0

l REAL TEST CASE (CURE) - 73] HRE [i:
IMAX IMAX NORI NORJ F.L. ! S.LiCl.|L.L{T.LJ]R.I.| B. I @; “ @: » @? ; (IJR; . @E . @BS . o /B N w“
L T8l T8l [ 2L L LT L L T T T T T T T T T Rl [T [T T
IR 17 2Ll [7a] BLTs] [06] 11T L T T T L T T T L T T T T B
T T O L T O T T O O IO
BLBEL 11T F7BL] [T BLo ] [l L6l i PLBl T 16 11T T L T T T4
T O O T T O O L T T T
T L T T B e | oL oo To@Bl e, enmsal [T T T T T Ceee | [T [T Fee e [T TTTE
(T T2l 18l 1 18] Til. Jalois] | [ol.Tr [7loBlol-oials1 5 - ol 7iel| T T T T 111111 11| Jekkl | T 1 [ ee o [[TTT[[6
[T [ T2/ T | T418] [7].J4/08] | Jol. "[7Ior3[ol. JoRls[1}s] |- lolt 7lsls| [T 1| [T 11T [ [-e8e | T T 6oL 1[I
T T8 [1[0] ol es[sli] (o las7le] Blelal-E] iz [ 1111|1111 .eeos 11 [ ool T I
[TV 17| Tvo| 1117 Tol-lelsls]t Tol. [5[7[e| Blefalal-T2. rieltle-lz| [ [ 11T T 11111 -880m 1T 7L [T 111 s
17 1118 18] [ 8] Ti[5[23] | 0. [525/7 g Ozl | ol. 1 Jael7| . 32573, - [efrols] | 8ev’s 111 Iv5i0L.{ T 11 1o
| [7[ [4Is] [1]1] [1[5] |oi.]els|olt] [of.la[5]7[6| [ol6[3[4]-[2| [3[8]t[8[-Te[ [ [ [ [ [[ [T T[] [].leleole [TTTT Islol.lof [TTTTT

Fig. B.2. Standard EQUIPOISE Input Form. Data refers to sample problem.

Page 19, Fig. B.2. On card 2, F.|. should be zero (or blank) and S.!. should be +1.

On card 8, row 2 should read 15.

ERRRTH
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REAL TEST CASE

REACTOR SPECIFICATIONS

I(ROWS)=15

JICOLM)=15

MESH SPECIFICATIONS

I DELZ
1 114430
J DELR
1 34500

7

2

24857

1+750

REGION SPECIFICATIONS

REG Il
1 1
2 1
3 1
4 1
5 1
6 7
7 7

12
15

J2
5
9

15

10

11
9

15

(CURE)

14 56715

5 34000

D1
1l.408E 00
1+408E 00
1+408E 00
6¢591E=01
6¢591E~01
1.523E 0O
64591E-01

NOeREGe= 7 BNDeCONDs(TsRsB)=0s0s1 TI(NORM)=1l4

15

9 0a635 11 74500 15

D2 SIG1 51G2

NUSF1

14703E-01 44515E~-02 1e755E~02 Oo
1e703E-01 44515E=02 1755E-02 O
1¢703E~-01 4e515E=02 1e755E=02 Oo
4¢5T6E-01 96634E=-03 14818E-03 Os
44576E-01 94634E=03 14818E~03 Oe
34251E~01 24710E=02 14487E-01 84320E-03
4e5T6E~01 94634E-03 34818E-03 0o

Fig. B.3. On-Line Output.

Sample problem.

NUSF2

Oe
2¢709E-01
O

RES«ESCAPE
94880E-01
9+880E-01
94880E-01
9¢909E=-01
94909E~01
8.018E~-01
9+909€E~01

JINORM)= 2 EPI=104000E=04

PHI1

PHIZ
1.000E
1.000E
54000E
1.,000E
T¢500E
14500E
5+000E




BETAF = 14660E 00 BETAS = 14660E 00

ITERATION NOe 10 CONVRINUCRIT)= 94067E-02 CONUR(FLUX)= 14805E 00 NU CRITICAL= 8+675E-01

ITERATION NOe 20 CONVRINUCRIT)= 24373E-02 CONURI(FLUX)= 34457E-01 NU CRITICAL= B8.223E-01

ITERATION NOe 30 CONVRINUCRIT)= 34312E~03 CONUR(FLUX)= 24333E-01 NU CRITICAL= 84195E-01

ITERATION NOe 40 CONVR(NUCRIT)= 34098E-04 CONUR(FLUX)= 34253E~02 NU CRITICAL= 8,181E=~-01

ITERATION NOe 43 CONVRINUCRIT)= 34936E-05 CONVR(FLUX)= 94233E-04 NU CRITICAL= Be18260E-01 FLUX RATIO= 1.00001E 00

END OF CASE

N
—

Fig. B.3 (continued).
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REAL TEST CASE

REACTOR SPECIFICATIONS

I (ROWS) =15

MESH

I
1

J
L

JICOLM) =15

SPECIFICATIONS

DELZ
114430

DELR
34500

7

2

24857

14750

REGION SPECIFICATIONS

REG
1

~N oUW

I

NN R e

I2
15

7

7
15
15
15
15

J1
1
5

11
9

10
5

11

J2
5
9

15

10

11
9

15

(CURE)

NOeREGe= 7 BND«CONDs(TsRsB)=0s0s1 I(NORM)=14 J(NORM)= 2
14 5715 15
5 34000 9 06635 11 74500 15
Dl D2 SIG1 SIG2 NUSF1 NUSF2
1l.4068E 00 1e703E=-01 4e515E~-02 1.755E=02 0. Oe
lo408E 00 14,703E-01 4e515E=~02 1a755E=02 0. Oe
1+408E 00 14703E~01 44515E=02 147552=02 O, O
6e591E~01 &44576E=01 94634E-03 1e818E=02 0. Oe
6e591E=0]1 44576E=01 9¢634E=03 14818E-03 0. O
16523E 00 34251E=01 Z24710E=02 14487E~01 8.320E-03 2,709E-01
6e591E=~0]1 4e¢576E=01 9e634E~03 34818E-03 U Oe

Fig. B.4. Off-Line Output. Sample probiem.

RES«ESCAPE
9.880E-01
94880E~01
94880E-01
9¢909E~01
9¢909E-01
8e4018E~01
9e909E~01

EPI=104000E-04

PHI1

PHIZ
1+000E
1.000E
5.000E
1.000E
7.500E
1.500E
5¢000E
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REAL TEST CASE

ITERATION NO.

FAST FLUX(1sJ)

10

11

12

13

14

15

1

O.

2e493E=03
l1.663E~02
1,081E=01
6+919E~01
4e217E 00
24198E 01
2+4928E 01
34612E 01
44206E 01
44703E 01
5097t 01
5¢384E 01
54558E 01

5¢558E 01

43 CONVR(NUCRIT)= 3,936E-05

O.

2¢493E-03
l.663E=02
1.081E=-01
6¢919E-01
4e217E 00
2+198E 01
2928E 01
3e612E 01
4e206E 01
44703E 01
5.097E 01
5¢384E 01
5¢558E 01

5558E 01

(CURE)

O

2¢471E=03
1,650E=02
1,074E=01
64912E-01
4e277E 00
24327E 01
34157E 01
3+903E 01
4e544E 01
5.078E 01
5¢503E 01
5.812E 01
6+000E 01

6+000E 01

Oe

24436E=03
1,627E-02
1.062E~01
6e887E~01
46360k 00
2e545E 01
34567E 01
4¢417E 01
5¢135E 01
5¢735E 01
6+213E 01
6s562E 01
6e774E 01

6e7T74E 01

Oe

2e387E=03
14595E=02
1.044E~01
6e829E-01
4.437E 00
2+852E 01
44215E 01
54198E O1
6+027E 01
6sT26E 01
7+285E 01
Te694E 01
Te942E 01

Te942E 01

CONVRIFLUX})= 6.976E=04

O.

24271E=03
1,517E=02
9.970E=02
6.609E=01
4.450E 00
3.094E 01
4e584E 01
5.637E 01
6.529E 01
7+285E 01
7T.892E 01
84335E 01
Be604E 01

84604E 01

Fig. B.4 (continued).

Oe

2¢119E-03
le411E=~02
94268E-02
6e¢172E-01
4s216E 00
34003E 01
4e4TOE 01
545318 01
6e423E 01
Te174E 01
Te774E O1
8e¢212E 01
Be479E 01

8e479E 01

NU CRITICAL= 8.18260E=01

Oe

14937E~03
14282E=-02
8e355E~02
54523E~01
347508 0O
24683E 01
4e123E 01
5¢156E 01
6+015E 01
6+730E 01
74298E 01
T«712E 01
Te963E 01

Te963E 01

FLUX RATIO= 1.00001E 0OC
9 10

Ose O

le734E~03 14634E-03
1e135E=02 1,064E-02
Te296E~02 64784E=02
4eT724E-01 44340E-01
34100 00 24782t 00
2e124E 0L 14782E 01
3¢518E 01 34057E 01
4e496E 01 36985E 01
54282E 01 44715E 01
50924E 01 56302E 01
6e430E 01 54762E 01
6e7972 0L 6.093E 01
7+019E 01 64293E 01
Te019E 01 6.,293E 01



ve

FAST FLUX(IsJ)

10

11

12

13

14

15

REAL TEST CASE

11

O

1e525E-03
94866E~03
64235E-02
34933E=01
24452E 00
le444E O1
2¢645E 01
3e522E O1
44200E 01
44738E O1
5¢154E Ol
5e453E 01
5¢634E Ol

5e634E O1

(CURE)
12 13

O Oe

94115E=04 4,4,68TE=04
5¢576E~03 2.706E~03
3e255E=02 1e462E=02
1e833E-01 7+456E=02
G+668E=01 3.482E~01
4e447E 00 le41l2E 00
Te942E 00 24531E 00
1,095 01 34535E 00
le344E 01 44399E 00
l.545E 01 54110E 00
1l.699E 01 54663E 00
1.808E 01 64059E 00
1l.873E 01 642%96E 00
le873E Ol 64296E 00

Fig. B.4 (continued).

14

Oe

1.870E~04
1,033E~03
5¢270E~03
24510E~02
1.086E~01
4e142E=01
Tet67E=01
14.050E 00
14315E 00
1,537E 00
le711E 0O
1l.837E 00
ls912E 00

le912E 00

O

O«

O

O

O

O

O

O

Oe

O

O

O

O«

O

15



REAL

TEST CASE

SLCH FLUX(Isd)

1
1 Os
2 9elb4lE-
3 6.026E~

4 3eBl2E~-

5 20294E

o 1.22CE
7 4.705E
8 5e628E

9 5+ 034E

10 Te612E

11 8o4T5E

1z 9e175E

13 9.588z

15 10.000C

Ce

(CURE)

03 9Y9el41E-03

02 64026E-02

0l 2e8l2E=01

00 2.294E
01 1l.2¢<0E
01l 44705E
01l 5.6¢8E

0l be634E

0l 7.012E
0l Be.475E
0l 9.175E

0l 9:688E

01 10.000E

01 10.0CCGE

00
01
01
01
01
01
01
01
01
01l

01

(O

9.067E=

03

5.978E=02

SeToLE=

24281E

l.211E

Sa916E

Te697E

84332E

Ba798E

0l

G0

0l

01

01

01

0l

01

4

O

Se945E~

03

54897E~02

3+T736E~-

2e256E
Lel94E
44019E
4.130E
4a09bE

5e358E

Te030E

01
00
01
01
o1
01l
01
01
01
01
01

01

0.

0e 7T7TT7TE~03

56 TSLE~

02

3.667E£-01

24219E
l.167€
3.096E
1.901E
l.944E
2.182E
Zel22E
2:621E
ZaT767E
24856E

2.856E

[oe]

01

01

01

0l

01

01

01

01

01

01

O
©e2551E=03
5.515E=02

2.457E~01

1.028E 01
1.1328 01
le2b4E Q1
1.356E 01
le432E 01
l+473E 01

l.478E 01

Fig. B.4 (continued).

O

Te9luE-

03

5177E-02

S3al6TE=-

l«971E

1.033E

01

00

Ccl

o

00

00

01

01

01

01

01

Oe

Tel426E-03

1.301E 01

1,201k 01

O

7e¢057E~-03

LoalLB5E-

02

ZeT14E-01

le549E

la379C
13582
leto7E
1e598E
le716E
1le307E
lego3k

1:863&

00

co

01

01l

01

0l

01

01

10

O

66995E~03

4 e439E-

ZebB1lE-

1l.,608E
1.592E
la711Z
1.858E
1.992E
2e096C
2¢160%

28 160E

02
01

00

01
01
01l
0l
01

01

01
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SLOW

10

11

12

13

14

15

REAL TEST CASE

FLUX{IsJ)

11

O

6e840E~03
44336E-02
2.€15E-01
l.486E 00
Te260E 00
2.089E 01
1,787 01
ls782E 01
1.,909E 01
240688 01
2.216E 01
24330E 01
24401E 01

2+401E 01

12

Oe

34529E~03
24141E~02
l.225E~01
64605E=01
34181E 00
le228E Ol
1.379E Ol
le547E O1
l.720E 01
1.382E Ol
2.020E 01
2¢124E Ol
2¢188E 01

2.188E 01

(CURE)

13

O

l.752E~03
1,008E~C2
54409E=02
24730E=01
1e4272E 0O
5.682€ 00
To,124E 00
8e450E 00
9e648E 00
l.069E 0Ol
l.153E 0Ol
le216E Ol
le254E 01

les254E Ol

Fig. B.4 (continued).

14
0

6+930E~04
348256-03
14952E~02
9e376E=02
44287E-01
2.114E 00
2.799E 00
34417E 00
34962E 00
4e424E 00
44796E 00
5.,069E 00
5s234E 00

54234E 00

O

O



LL

TOTAL
TOTAL
TOTAL
TOTAL
TOoTAL
TOTAL
TOTAL
TOTAL
TOTAL

TOTAL

REAL TEST C
FAST GROUP
SLOW GROUP
FAST GROUP
SLOW GROUP
FAST GROUP
SLOW GROUP
FAST GROUP
SLOW GROUP
FAST GROUP

SLOW GROUP

ASE (CURE)
PRODUCTION
PRODUCT ION
ABSORPTION
ABSORPTION

TOP LEAKAGE

TOP
RIT
RIT
BOT

BOT

REGION ABSORPTIONS

REGION
1

~NoOUv VN

FAST ABS
le18164E
lell745E
T465647E
9.05816E
8.27883E
Te66451E
1.03981E

ORP
02
02
Ql
00
00
03
02

LEAKAGE

LEAKAGE

LEAKAGE =

LEAKAGE =

LEAKAGE =

1418723E 04
8441700E 04
8409230E 03
6sT6266E 04
6495255E~-01
3463933E=01
ls04521E 03
1482243E 03
Os

Os

SLOW ABSORP

4e59540E
4e¢57029E
6483291E
8e79487E
9e82207E
4462018E
523999E

Fig. B.4 (continued).
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REAL TEST CASE
SQURCE(I»J)
1

1 Oe O,

O O

2 O Os

Oe Qe

3 Oe. 0.

O O

4 o. o.

0. O

5 Co O.

O O

6 Coe 0.

O. OO

7 O 0.

O. Ou

8 O 0.

O O

9 Co O

O-. O.

10 O O

O O

11 O 0o

Oe O.

12 Ce Oe

Oe O

13 O« 0.

Oﬂ OI

la O. O

Ce O.

(CURE)

O

O.
0.

O,
O

O
O'

O
Oo

Oe
OU

Qe
Oe

o
OQ

Oe
O

Oe
O.

Oe

O
O.

Oe
o

Oe
Oe

De
Oe

Qs
(028

O.
Qe

Oe
Qe

O«

0.
O

Os
Ose

O.
Oo

O

O
Oe

OI
Os

O
O

O
o.

Oe
O

O.
O

Fig. B.4 (continued).

O
O.

O.
O.

O.
O

Ol
O

Oe
O

O
O.

Oe
O.

O
Oe

O
O«

O
O.
O.
Oe

O.
O

Oe
Oe

O«
O

O
O.

O
O

O
Oe

O
O

Oe
Oe

O
O

Os
Oe

O
Oe

O
Os

O
Oe

Oe

Os
Os

O
Oe

Oe
Qe

Os
Oe

O
Oe

O
Os

O
Os

Os
O

O

O
Oe

O
O

Oe
O

Oe
O

Oe
O

Oe
Os

O.
Oa

O
Oe

O
Qe

Os
Os

Oe
Os

O
O

O.
O

Oe
Os

Oe
O

O
Oe

Os
O

Oe
O

O
O

Os
Qs

Oe
O

Oe
O

o
o)

O
Oe

O
O

O
Oe

O

Beb24E
5.5008
55002

54698E
54698E

6eltlbE
Oe4tl4E

7e120E
7T4120E

Tea705E
7+705E

8¢136E
8e136E

84390E
8e398E

Q0

00
Cco

co
00

co
00

00
00

GO
03

00

00
00



REAL TEST CASE (CURE}

SOURCE(IsJ)

15 C. O Qe O O Ce O Oe O 8e398E 00
Oe Q. Ce Oe Q. O Qo Qe Oa o

Fig. B.4 (continued).




0¢

REAL TEST CASE

SQURCE(TsJ)

10

11

L2

13

14

(O3
Oe

O.
6s879E

3e421E
3e421lE

3e254L
3e254L

4.573E
4s573E

44720
4e72CE

00

00
00

00
00

00
00

00
00

00
00

00
00

00
00

0.
Ol

Oe
Oe

Qe

O'
O«

O
0.

3e254E
3e254E
3e012E
3.612E
44003E
44003E
4e331E
44331E

44573E
4s573E

4e120E
44720L

{CURE)

00
00
00
00
00
6o
0C

co
00

00
00

oe
00

o]¢;
00

O
O

O
O«

OC
O

O
6+300E

3.050E
2.050E
ze877E
2877E
54152E
3.192E

34536E
32538E

00

00
00

co
00

00
00

00
00

00
00

00
00

00
00

Ol
Oe

o
O

O
Oe

Qs
O.

O.
0.

O
Oo»

Ol
6+300E

3.050E
3.050E

2.877¢E
2:877E

m m

152
0192

W W

3.538E
3.538E
3.828E
34828E

4.042E
4.042E

4e173E
4¢173E

(o] 0]

0o
(o] 0]

00
00

co
00

00
00

00
00

00
00

o0
00

Oe
O.

Oe
O

Oo
Oe

O
Oe

O
Oe

Oe
Oe

O
5811E

3.000E
34000E

2e897E
2e¢897E
3e2l4E
3.214E
3e555E
3+555E
3e843¢
3e843E

44057E
4.057E

44187E
4.187E

00

00
Cco

00
00

00
00

00
00

00
e

00
00

00
00

O
O.

Os
O

Oe
O

Os
Qe

O
Qs

3+555E
3+555E

34843E
3+843E

4.057E
4.057E

4e187E
4.187E

Fig. B.4 (continued).

00

00
00

co
00

00
00

00
00

00
00

00
00

00
00

Oo
Qe

Qe
O

Os
O

Oe
Os

Os
Os

O
Qs

Oo
Se659E

44028E
44028E

4.052E
4¢052E

o4 l4E
Get14E

4e823E
4e823E

54 185E
5¢185E

54460E
54608

54630E
54630E

00

Go
00

Go
00
0c
00

00
0o

o0
00

00
090

00
oc

O
Oe

Oe
Oe

O
Qe

Os
O

O
Qe

Os
Oe

Oe
O

Oe
Oe

Oe
O

Oe
Oe

O

Qe
Oe

Oe
Oe

Oa
O

Oe
Oe

Oe
Oe

O
Oe

or
O

Oa
O

Qs
Qo

10

O»
Os

Oe
O

Oe
O

O
Oe

O
Os

Oe

O
O

O

o}
Oa

O
Qo

Os
Os

Oe
O

Qs
O



REAL TEST CASE (CURE)

SOURCE(IsJ)

15

6

44720E 00 44720E 0O
Ol o.

7 8

4¢173E 00 4.173E 00 44187E 00 44187E 00
O Oe Oe O

Fig. B.4 (continued).

9

52630E 00 O
Qe Ce

O
Qs

10

O
Qe



[43

REAL TEST CASE

SOURCE (I J)

w

10

11

i2

13

14

Ce
O.

Q.
(O

(O
Qe

Oo
O

O
Oos

O
OO

Qo
O

O.
Qe

O.
O

Co
O.

Coe
O

11

Qo
Qe

O
Oe

Oe

O.
O.

O.
Oe

Oo
Oa

O

O.
Oo

O.
Coe

O.
O

O.
Oe

Qe
Oe

Os
Os

O

(CURE)

O
O.

O
O

Oa

Oe
O

O!
O

o.
O

Oe
Os

Oa

0.
Ce

O
Q.

O

O
O

Oe
O

[*}
O

12

O
O

O«
ol

o.
Ce

Oe
O

Q.
0.

O.
O

O
0.

OO
O»

0.
Os

OO
O

O
Oe

O
o.

O.
Qe

O.
Qe

O.
Q.

O
O

O.
O

O
O

O
Ce

13

Ol
O.

Oe
Oe

O
O'

O
Oe

O
Qe

O.
O

O.
O

O
Oo

O.
O‘

Oe
O

O.
Oe

Oa
Os

Oa
Os

Oe
Oe

Fig. B.4 (continued).

Oe
Oe

O
(o

Oe
Oe

Oe

O
Oe

ol

O
O

Oe
o

O
Qe

Os
Qe

O
Oe

Oe

Oe
o'

Oe
O

14

Oe
Coe

Oe

Oe
Qe

Qe

O
Oe

O
Oe

Qo

Oe
O

O
Qe

Os
Oe

Oe
Oe

Oe

Oe
Os

Os
Co

o.
Qe

O
Qe

Oe
Qs

Oa
O

O
Qe

Oe
Oe

o.
Oe

Os
Os

Qs

Oe
O

O
Qe

Qo
Qe

Qe
0o

Cs
Ce

15

Qe
OI

O

Oe
O

O
O

O
Qe

O
Oe

O
Qe

Oa
Qs

Q.
Qe

Co
Os

Qe
O.

0



%

REAL TEST
SQURCE(I»J)
11

15 O O

CASE (CURE)

C. Qe Ce O
U' O. u. Ol

Fig. B.4 (continued).

14

O
Qs

Qe
Qa

15

Q.
Qe



On the last iteration of the case the following item is also printed:

FLUX RATIO, the ratio of absorptions calculated on the basis of unnormalized fluxes for
the last iteration to the absorptions calculated on the basis of the normalized fluxes for the
previous iteration.

The off-line edit contains items 1 through 9 above, as well as the following information:

12. The flux values at every point normalized to a value of 100 at the normalization point.

13. A neutron balance list calculated from the printed-out fluxes:

i} Total fast-group leakage through the bottom boundary,

(@) Total fast-group productions,

() Total slow-group productions,

{c} Total fast-group absorptions,

(d) Total slow-group absorptions,

(e) Total fast-group leakage through the top boundary,

{f) Total slow-group leakage through the top boundary,

(g) Total fast-group leakage through the right-hand boundary,
(h) Total slow-group leakage through the right-hand boundary,
2

(

7} Total slow-group leakage through the bottom boundary.

[The product of the eigenvalue (NUCRITICAL) by the sum of items (a) and (b) is equal to
the sum of items (c) through (j).1

14. A summary of the fast and slow absorptions by region, calculated from the printed-out
fluxes.

15, The source density at each quadrant of each mesh point based on the printed fluxes.

The expressions used to compute these items of output are given in Appendix D.
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Appendix C
MACHINE OPERATING INSTRUCTIONS

Master Tape Preparation., — Proceed as follows:

Dial a blank tape to logical one.

il. Ready program deck in card reader — press ‘‘Clear’’ and then ‘‘Load Cards."’
ftl. Normal stop HPR, 13, 0.

IV. Rewind logical one.

Running the Program. — Proceed as follows:

. Tape selection:

1. Master program tape Tape 1
2. Blank Tape 2
3. Blank Tape 3
4. Blank Tape 4
5. Blank Tape 5
6. Blank Tape 6
7. BCD output Tape 9

Ready input data cards in card reader — press ‘‘Clear’’ and then ‘‘Load Tape.”

l1l. Normal stop HPR, 77777, O,

Iv.

Print tape 9 under program control, one file. Note: tape 9 is not rewound after the machine
stop just mentioned.
Programmed Stops. — There are three programmed stops, other than the normal stops produced

FORTRAN. These stops are recognized by examining the storage register.

HPR, 77777, 0: normal end of calculation stop.

HPR, 11111, 0: drum error in convergence calculation — press ‘‘Start’’; the effect of this
error will be temporary.

HPR, 22222, 0: drum error in flux calculation or in output calculation ~ press ‘‘Start’’ to
restart the calculation at, at most, ten iterations back.

Assume machine error for any stops other than those listed above, or FORTRAN programmed
stops. Rewind all tapes, and do a manual transfer to octal location 116; this will restart the

calculation no more than ten iterations back.

Removing a Problem. — If sense-switch six is put in the down position at any time during

the running of a case, the code will proceed as if the convergence has been satisfied and will

write the output and stop, or it will go to the next problem, as the case may be.

Tape and Drum Usage. — The following list gives the tape unit number and its use by
EQUIPOISE.
1. Tape 1 Master program tape
2. Tape 2 Binary tape for storage of the region specification input numbers
3. Tape 3 Constants storage
4. Tape 4 Constants storage
5. Tape 5 Used for storing the fast and slow fluxes at iteration 1




6. Tape 6 Used for storing the fast and slow fluxes at iteration z —2 during
the calculation; at the end of a calculation, the final fast- and
slow-flux distributions are written on this tape in binary form

7. Tape 9 BCD output tape

The two drum units are used for storing fast- and slow-group constants. During the main flux

iteration calculation no tapes are used; all constants being read from drums.
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Appendix D
DERIVATION OF VARIOUS EQUATIONS USED IN THE PROGRAM

The Five-Point Difference Equations in R-Z (Cylindrical) Geometry. — In Fig. D.1, the mesh
points extend radially along the I axis and axially along the | axis. Consider the area repre-
sented by the dotted lines as denoting a cross section through a volume of revolution whose
edges lie halfway between mesh points; i.e., the radius of the left-hand surface is at

R, - (ARL/Q), that of the right-hand surface is at R, + (ARR/2), etc. The physical reactor is

UNCLASSIFIED
ORNL-LR-DWG 51315

T I-1, v
(A | Lo | I
-0h, | b AR, ba | |
I,/ | | 1,/ +4 ! !
2% | | 2

i I+, J

Fig. D.1. Diagram Used for the Five-Point Difference Equations.

approximated as a set of difference-equation balances which say that when the computations
have converged, the rate at which neutrons diffuse into each such volume plus the rate at which
neutrons are produced in each volume must equal the rate at which they are absorbed in each
volume. Since the input data is only a guess at the critical condition, a balance is obtained by
multiplying the input value of VE/ at every point by the eigenvalue A. Lambda may be regarded
as the ratio of the value of v which would make the reactor critical to the physical value of
v used. Assume, as shown in the right-hand diagram of Fig. D.1 that four materials meet at
point I,] and that the distances to adjacent points are all different. The balance for the fast

group is:
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The thermal-group equation need not be written out because it is very similar to the fast-group

equation. In the diffusion terms, D . is replaced by D and the fast fluxes by thermal fluxes. In
the absorption term, the EF'S are replaced by Es's and (I)F(I,]) by CIJS(I,]). The source term on
the right-hand side has no A in it and is otherwise identical to the fast absorption term except
that the EF'S are each multiplied by p, the resonance escape probability for the material in
question. The equations may be simplified by combining the coefficients of the ®(I,]) terms as
well as by canceling the 27,

Formulas for Certain Items of the Output List. — The neutron balance items are obtained by
simple addition of all the pertinent terms in the equations. Thus there is no discrepancy (other
than that occasioned by roundoffs and the lack of perfect convergence) between the difference
equations and the integral terms which are printed.

(a) Total fast-group production —

4
k k

where V% is the volume of each subsection of the volume, e.g., V? would be

1] ]
AZg\ (AR, ARL>

27 5 T R] - —4—-—

Summation over I extends from the mesh points on the second row to those on the next to the last
row. Summation over | extends from the second column to the next to the last column. Summation
will therefore be from axis of symmetry to zero flux boundary or axis of symmetry. In any case,
the reactor volume will be covered insofar as it is specified by the input. (It is to be remembered
that at zero-flux boundaries there will be no contribution to either productions or absorptions.)
The formulas for total slow-group productions and for slow-group absorptions are quite similar
to the one just given.

(b} Fast group absorption ~

4
_ k k
>I:3: 2z (1= 2 ]* @ ) vE

(c) Leakage through various boundaries — Leakages are also calculated as sums of terms in
the difference equation. Thus, leakage across a top boundary is computed by summing leakage
terms along that boundary. There ®(I,]) would be always zero and ®(I — 1,]) would be dropped.

Only terms from the second row would contribute:

E ARp\ AR [9(2,])] AR\ AR (2, )]
D2277 R]+

D,2z\ R, ~ '
4)72 Taz, "TT\YUT T4 )T Taz
J=2 B

where the sum extends to the next to the last column in the mesh.
Conversion of Fluxes as Printed OQut to Fluxes ot a Given Power. — Let the total reactor
power be W megawatts. Let yu be the number of fission neutrons produced per megawatt-second.

Then Wy is the total number of fission neutrons produced per second at power W. Then any
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flux in the reactor may be computed by multiplying the printed-out flux by Wp and dividing by
the sum of the fast- and slow-neutron productions. |t must be noted that W is the power de-
veloped in the part of the reactor considered in the calculation. Thus in the sample problem
let the total power at which fluxes are desired be 100 Mw. At I =4, | = 4, the fast flux printed
out is 0.1062. The total production printed out is 9.60423 x 104 neutrons/sec. The flux at the

point is therefore

1(0.1062) (100)
9.60423 x 10*

x ),

The factor ]/2 accounts for the fact that only half the reactor was considered in the calculation.
Assuming for the purpose of illustration that there are 3.38 x 10'¢ fissions/Mw-sec and that
there are 2.5 neutrons per fission, the value of u is 2.5 x 3.38 x 108 neutrons/Mw-sec. The

fast flux is then
2.5x 3.38 x 1016 x 0.1062 x 100
2 x 9.60423 x 104

®(4,4) = 4.67x10'2 .

100 Mw =

(Note also that the eigenvalue was about 0.82, so that the reactor is far from critical.)
Power Density at Any Point, — The fission power density may be simply calculated from the
source printout. Thus, at 100 Mw, the power density in the lower left quadrant adjacent to mesh

point [ =7, ] = 9, where there are 5.659 neutrons produced per cubic centimeter per second, is

5.659% 100 Mw kw
— 2950

9-60423 X ]04 X 2 cm3 Iifer
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Appendix E
FORTRAN LIST OF THE CODE

CODE EQUIPOISE MAIN CODE = 100

DIMENSION A1(25925)sA2(25+25)3A3(25+25)sA4(25925)
1A5(25925) sA6(25925)9A7(25975)3B1(25s25)+B2(25425)
P2B3(25925)sB4 (25925} sBr(25425)98B6(25+25)
3PHIF1(25425) sPHIF2(25425) sPHIF3(25925) sPHIFFEX (25425}
4PHIS1(25+25) sPHIS2(25,25) 3PHIS3( 25425 ) sPHISEX(25925)
SDELR(25) sDELZ(25)sR{28)sJCLI25)sFLR(?25}sIRO(25)
6ELZ(25)sHOL(12)sNCC(1N)

COMMON A1sA2 sA39ALsAS ,A69B19B29B34B4sBB5sBEsVERGL sVERGF sHOL sNCCo
1A7 9PHIF]1 sPHIF24sPHIF34pHIFEXsPHIS1 sPHIS2sPHIS3 s
PPHISEXsDELRsDELZ sRs IMAX s JMAX sNORT sNORJsNREGyNDELRsMDELZ »
MK sLADs ITOP S IRITy IBOT ,PHIT1sPHIT2sPHIR1yPHIR2sPHIB1sPHIBZ2
LEPT 4 BETASJCLIELRsIROsFLZ s IROL1$IR02sJCLLSJCL29D14D245SIG]
5SI1G2 s SFNUL s STNU2 s PROB 4 PHIK1sPHIK2 s ITs IRy IBsITCsIBCSLIMISLIM2
GELIMITsLIMID o LIMUL sLIMU2 s TEMPL1 s TEMP2 3 TEMP3 3 TEMPL s TEMP5
7TEMPE& s TEMPT7 s TEMP8 s IENNsNIToXLAMDASNCELLsBETABLy SUMNT »
BSUMN2 s TLO s JLO s IHI s JHI JVERG4PHINORSKEXT1sKEXT2 sBETAR2 s
OXMULT s ABF s ARS4STL s SBL 4SRL sPRODF s PRODSsFTLsFBLsFRL

EQUIVALENCE (A1(1)sB1(1)sPHIF2(1))s(A2(1)sB2(1)sPHIF3(1)])>
1(A3{1)sR3(T)ePHIFEX(1Y) s (AG(1)sR4(1)sPHIS2(1) )
21A5{1)sR5(1)sPHIS3(11)s(A6(1)sBE(1)sPHISEX(1) )
3(PHIF1(1)sDFLR(1))s (PHIF1{26)sDELZ(1))s(PHIF1(51)sR{1))>
LIPHIF1(T76)»JCLI1) ) s (PHIF1(101)eIRO(1))s(PHIF1(126)sELRI1) )
5(PHIF1(151),CELZ (1))

SENSE LIGHT 0

CALL PRDOG(13)

CALL INPUT

IF(IEND)131+1015101

CALL PROG(14)

CALL 0UT1

CALL PROG(4)

CALL CONSTI1

CALL PROG(5)

CALL COMNST?

CALL PROG(6)

CALL CONST3

CALL PROGI(T7)

CALL CONST4

CALL PROG(8)}

CALL COMNSTS

CALL PROGI{15)

CALL BETTA

CALL PROGI(1)

CALL FLUX

IF{SENSE LIGHT 111134116

PAUSE 22227

CALL PROG(1%2)

CALL RESTRT

GO TO 112

CALL PROG(2)

CALL EXTR

IF(SENSE LIGHT 211204118

CALL PROG(3)

CALL MONTOR

GO TO 112

CALL PROG(9)

18030101
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030401
18030403
18030405
18030407
18030409

18030417
18030419
18030421
18030423
18030501
18030503
18030505
18030507
18030523
18030525
18030601
18030603
18030605
18030607
18030609
18030611
18030613
18030615
18030617
18030619
18030621
18030623
18030625
18030701



121
122
123
124
125
126

127
128

129

130
131

CALL QUT2
IF({SENSE LIGHT 1)122,124
PAUSE 22222
CALL PROG(1R)
CALL RESTRT

GO TO 112

CALL PROG(10)
CALL 0OUT22
CALL PROG(11}
CALL 0OUT3

CALL PROG(12}
CALL 0UT33
IF(JLOY13051204+128
CALL PROG(16)
CALL SOUR

CALL PROGI(17)
CALL 0UT4

GO TO 100

END FILE 9
STOP 77777
END{0O31s050s1)

42

18030703
18030705
18030707
18030709
18030711
18030713
18030715
18030717
18030719
18030721
18030723
18030725
18039910
18030803
18030805
18030807
18030809
18030811
18030815
18030817
18030819




CFLUX

1000

1001
1002
1003
1004

1005
1006

1007

1008
1009

suUB EQUIPOISE FLU¥ SUB ~ 1000

SUBROUTINE FLUX

DIMENSION A1(25925)9A2(25925)9A3(25925)9A4(25325)
1A5(25925)sA6(25425)0A7(25425)9B1(25+s25)sB2(25925) s
2B3(25925)sB4(25425)sBr{25425)sB6(25s25)
3PHIF1(25425)sPHIF2(25425) sPHIF3(25425)4sPHIFEX (254925}
4PHIS1(25925)sPHIS2(25425) sPHIS3(25425 )JsPHISEX(25425)
SDELR(25) sDELZ(25) sR(258) 9 JCLI25)sELR(25)9IRO(25)
6ELZ(25)sHHOL(12)sNCC(1n)

COMMON A19sA29A39A4 A5 ,A69B19B29sB33B4sB59B6sVERGL s VERGF ¢HOL sNCC s
1A79PHIF19PHIF2sPHIF3sPHIFEXsPHIS1 ¢PHIS2sPHIS3,
2PHISEXsDELRSDELZ sRs IMAX s JMAX sNORT sNORJsNREG ¢ NDELR sNDELZ o
BMK s LADs ITOPSIRITH IBOT 4PHIT1sPHIT23sPHIR1IsPHIR2sPHIBLsPHIB2,
LEPTsBETASJCLSIELRSIROsFLZs IROL1sIRO29JCL1sJCL23sD19sD23SIG]1
5S51G2 sSFNUL s SFNU2 s PROR 4PHIK]1 sPHIKZ29ITsIRsIBSsITCsIBCsLIMIZLIMD,
6LIMITsLIMI2sLIMUL 9LIMY29TEMPL s TEMP2 s TEMP3 s TEMP4 s TEMPS s
TTEMPG s TEMP 7o TEMPB8s IENNsNIT s XLAMDASNCELL sBETAR] 9 SUMN1
8SUMN2s ILND s JLO s IHT s JHI yVERG4PHINORsKEXT19KEXT2 sBETAB2,

OXMULT s ABF 9 ABS sSTL s SBL 4 SRL sPRODF s PRODSsFTLsFBLsFRL

EQUIVALENCE (A1(1)sB1(1)sPHIF2(1))s(A2(1)sB2(1)sPHIF3(1})y
1(A3(1)9B3(1)sPHIFEX(1Y) s (A4(1)sB4(1)sPHIS2(1) )
2(A5(1)sB5{1)sPHIS3(1))s(AB6(1)sBE(1)sPHISEX(1) )
3(PHIF1(1)sDELR(1))s (PHIF1(26)sDELZ{1Y)s(PHIF1(51)sR{1))s
4(PHIF1(76)sJCLI1)) s (PHIF1(101)9IRO(1)) s (PHIF1(126)sFLR(1)
5(PHIF1({151),ELZ(1})

BETF = RITABR1

BETS = BETAB2

1LO 0

NDO 1

NX XX

NXX

NX = O

DO 1054 L = 1410

IF{LAD)1002,1002s1020

TF(NXXXXX)1IN03s1003s1N012

IF(NX)10045100491009

ASSIGN 1009 TO NADRE1

GO TO 1006

ASSIGN 1027 TO NADRE1

DO 1007 M = 143

READ DRUMY 3,0000+B1

READ DRUM 3,0680sRB2

READ DRUM 3413704B3

READ DRUM 4400009B4

READ DRUM 4,0680+B5

READ DRUM 4,1370sB6

CALL SUBOUT({SUMN2s+NCELLs3750)

IF(SENSE LIGHT 1)1007,1008

CONT INUE

SENSE LIGHT 1

GO TO 1055

GO TO NADRE1s(1009s1027)

ABF = 040

ABS = 040

SLEK = 0.0

DO 1010 I = 24LIM1

X =0
0

X

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030401
18030403
18030405
18030407
18030409
18030411
18030413
18030501
18030503
18030505
18030507
18030509
18030511
18030513
18030515
18030517
18030519
18030521
18030523
18030525
18030601
18030603
18030605
18030607
18030609
18030611
18030613
18030615
18030617
18030619
18030701




DO 1010 J = 2,LIM2 18030703 N

ABF = ABF+PHIF1(T9J)#(AT{I,J)=B5(19J)) 18030705
ABS = ABSH+PHIS1(TsJ)%R6(1sJ) 18030707
SLEK = SLEK4PHIS1(T 9 J)¥(B1(TsJ1+B2(TsJ}+B3(1sJ)+ 18030709
1B4 (T eJ))=(PHIS1(I-19J)¥B1 ({19 J)+PHIS1I(I+19J)}*¥B2(TsJ)+ 18030711
2PHIS1(TsJ+1)%B3(1sJ)+PHISI(I s J=1)%B4(T1sJ)) 18030713
1010 CONTINUE 18030715
1011 ASSIGN 1016 TO NADREZ2 18030717
GO TO 1013 18030719
1012 ASSIGN 1022 TO NADRE2 18030721
1013 DO 1014 M = 1,3 18030801
READ DRUM 1,0000sA1 18030803
READ DRUM 1,06809A2 18030805
READ DRUY 1451370,A3 18030807 e
READ DRUM 2,0000sA4 18030809
| READ DRUM 24,06803A5 18030811
| READ DRUM 2,1370sA6 18030813
CALL SUROUT(SUMN14NCELLs3750) 18030815 °
IF{SENSE LIGHT 1)1014,1015 18030817
1014 CONTINUE 18030819
SENSE LIGHT 1 18030821
GO TO 1055 18030823
1015 GO TO NADRE2,(101651022) 18030901
1016 PRODF = 040 18030903
PRODS = 0.0 18030905
FLEK = 0.0 18030907
DO 1017 1 = 2sLIMI1 18030909
DO 1017 J = 2,LIM2 18030911
PRODF = PRODF+PHIF1(I,J)%A6(1sJ) 18030913
PRODS = PRODS+PHIS1(I,J)*¥A5(1,sJ) 18030915
FLEK = FLEK4PHIF1{IsJy%(AY1(TsJ)+A2(IsJ)+A3(1sJ)+ 18030917
1A4 (T s J})=(PHIF1(I~=19J)*A1(IsJ)+PHIFL(I+1sJ)*A2(T1sJ)+ 18030919
PPHIFI(IsJ+11¥A3 (1o J)+PHIF1(TsJ=1)%¥A4(TsJ)) 18030921
1017 CONTINUE 18030923
XYZ222Z = (ABF+ABS+SLEK+FLEK)/{PRODF+PRODS) 18031001
XYYZ2Z = ABSF(XLAMDA/XYZZZ7<140) 18031003
IF({XYYZZ22-0,001)10185101851019 18031005
1018 NXXXXX =1 18031007
IF({VERGL-EPI)100510051019 18039920
100 NDO = 5 18039922
NX = 7 18031012
1019 XLAMDA = XYZZ2Z7ZZ 18031013
GO TO 1022 18031014
1020 XLAMDA = 1.0 18031015
GO TO 1012 18031025 -
1022 DO 1026 M = 1,4NDO 18031101
DO 1025 T = 24LIM] 18031103
DO 1025 J = 2sLIM2 18031105
XYZ = (PHIF1(I=19J)%A1(TsJ)+PHIF1(I+1sJ}*A2(1sJ)+ 18031107 -
1PHIF1(IsJ+1)¥A3 (1o J)+PHIF1(IsJ=1)*A4(TsJ}+XLAMDA* 18031109
2(PHISI(T s JY*AS (T JY+PHIFLI(IsJ)¥ABITsJ)))/ 18031111
3{AL(TaJY+A2(T oY +A3{T 4 ) +AL(TeJ)+AT(IsJ)) 18031113
1023 XYZZ = (1+0=-BETF}*PHIF1(I+sJ)+BETF*XYZ 18031115
IF(XYZZ)1024510254102%8 18031117
1024 BETF = (BETF+140)/240 18031119
GO TO 1023 18031121

44




1025 PHIF1(1IsJ} = XYZ2
1026 CONTINUE
GO TO 1005
1027 DO 1031 M = 14NDO
DO 1030 I = 2,LIM1
DO 1030 J = 2,LIM2
XYZ = (PHIS1{I=19J)¥B1(19J)+PHIS1(I+1sJ)%*B2(1sJ)+
1PHISTI(1sJ+1)%B3(1sJ)+PHISI(IsJ=1)%B4(1sJ)+PHIFI(I1sJ)®B5(14J))/
2(B1(TsJ)+B2(19J)+B3(14J)+B4{IsJ)14B6(14sJ))
1028 XYZZ = (1.0-BETS)#PHIG1(1sJ)+BETS%XYZ
IF(XYZZ)1029+1030+103n
1029 BETS = (BETS+140)/240
GO TO 1028
1030 PHIS1(IsJd)} = XYZ2Z
1031 CONTINUE
NIT = NIT+1
NX = NX+1
1032 1F({10-NX)195041950s1023
1033 X = 10060/PHIS1I{NORI4NORJ)
DO 1972 1 = 2,LIM1
DO 1972 J = 2,LIM2
PHIF1(TsJ} = PHIF1(IsJ)*X
1972 PHIS1(IsJ) = PHIS1(IsJ)*X
1950 DO 1952 1 = 1,IMAX
PHIF1(Isl) = PHIF1(I,s2)
PHIS1(TI41) = PHIS1(I,sp)
IF{IR)1951,41952,1952
1951 PHIF1(IsJMAX) = PHIF1(IsLIM2)
PHIS1(TsJMAX) = PHIS1(IsLIM2)
1952 CONT INUE
1960 DO 1964 J = 1sJMAX
IF(IT)19614196241962
1961 PHIF1(1lsJ) = PHIF1(2sJ)
PHIS1(1sJ) = PHIS1(24sJ)
1962 IF(IB)Y19634196441964
1963 PHIF1{IMAXsJ) = PHIF1(LIM1,J)
PHISI{IMAXsJ) = PHISI(LIM1,4J)
1964 CONTINUE
GOt
16=-CALL _RROECH&—
Gttt Ol
1049 IF(NX-8)1053+10504+105n
1050 NXX = NXX+1
IFINXX=2)105151052+10%85
1051 WRITE TAPE &s ((PHIF1{IsJ)sI=19IMAX)sJ=19sJIMAX)
WRITE TAPE 6 ((PHIS1(1sJ) sI=1sIMAX)sJ=1sIMAX)
REWIND 6
GO TO 1053
1052 WRITE TAPES, ((PHIF1(I,J)sI=19IMAX)sJ=14JIMAX)
WRITE TAPESs{(PHISI(I4J)sI=1sIMAX}sJ=14yJIMAX)
REWIND 5
1053 CONT INUE
1054 CONT INUE
1055 RETURN

END(Os1s0s0s1)

18031123
18031124

18031125
18031201
18031203
18031205
18031207
18031209
18031211
18031213
18031215
18031217
18031219
18031221
18031223
18031301
18031303
18031305
18031307
18039905
18039907
18039909
18039911
18039901
18039903
18039905
18039907
18039909
18039910
18039911
18039913
18039914
18039916
18039917
18039919
18039921
18039922

18039924 4030y,

+EOS0TR-
+8030TTS
rEe20e s
33T
18031303
18031317
18031307
18031309
18031311
18031312
18031313
18031315
18031317
18031319
18031321
18031323
18031325
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CEXTR

3000
3014

3015

3016
3017
3018
3019
3020

80

81
82

303

304

suB EQUIPOISE EXTrR SUB - 3000

SUBRQUTINE EXTR

DIMENSTION A1(25925)sA2(25325)9A3(25925}9A4(25925])
1A5(25925)sA6(25925)9A7(25925)9B1(25525)9R2(25925)
2B3(25925)sB4(25525)sBr(25525)sB6(259251) s
3PHIF1(25+25)sPHIF2(25,25) sPHIF3(25425) sPHIFEX (25925}
4LPHIS1(25425)sPHIS2(254251sPHIS3(25+25 )} 9sPHISEX{(25425) s
SDELR(25)sDELZ(25)sR(258)sJCLI25)sELR(25)sIRO(25}),
6ELZ(25) 9HOL(12)sNCC(1n)

COMMON A1sA2sA35AL A5 JA69B1sB2sB39B49B53B6sVERGLIVERGFsHOLsNCC
1A7sPHIF1sPHIF2sPHIF39sPHIFEXsPHIS19sPHIS2sPHIS3,
P2PHISEXsDELRsDELZ sRsIMAX s IMAX sNORT sNORJ s NREG4NDELRyNDELZ s
AMK s LAD s ITOPSIRIT s IBOT yPHIT1sPHIT2sPHIR1sPHIR2 yPHIB1yPHIB2
4LEPT+sBETASJCLIELRSIROsFLZy IRO1sIR0O2sJCL1sJCL2sD19D295SIG1
5S1G2 sSFNUL sSFNU2 s PROB 4PHIK1sPHIK?2 s ITyIRsIBsITCsIBCsLIMIsLIM2
GELIMITsLIMI24LIMILsLIM 29 TEMPLsTEMP2 s TEMP3 s TEMP4 s TEMP5
TTEMPE s TEMP TS TEMP8 s TEND NI Ty XLAMDASNCELL sBETABL 9 SUMNT »
8SUMN2 9 ILOsJLOSTHI s JHI yVERGsPHINORSKEXT1sKEXT2sBETARZ
9XMUL TsARFsARSsSTL s SRL 4 SRL sPRODF s PRODS sFTLsFRLsFRL

EQUIVALENCE (A1(1)sB1(1)sPHIF2(1))s(A2{1)sB2(1)sPHIF3(1))»
1(A301)YeB3(1)sPHIFEX(1))s (A4(1)sB4l1)sPHIS2(1) )
2(A5(1)sR5(1)sPHIS3(1))s(A6(1)sRE(1)sPHISEX(1) )
3(PHIF1(1)sDELR(1))s (PHIF1(26)sDELZI1)) s (PHIF1(51)sR(1))>
LIPHIF1(76)sJCLI1Y)Ys(PHIF1{101)sIRO(1})s(PHIF1(126)sELR{1} )
S{PHIF1(151),ELZ(1))

PHINOR = PHISI1(NORIsNNRJ)

READ TAPE S5s((PHIF2({I4J)sl = 1sIMAX)}sJ = 1sJIMAX)
READ TAPE S5, ((PHIS2(I,4J)s]l = 1sIMAX)ss = 19JIMAX)
REWIND 5

XRMAX = 0.0

XRMIN = 1000040

DO 3020 1 = 2,LIMI

DO 3019 J = 24sLIM2

XRCAL1 = PHIF1(IsJ}/PHIF2(1,J)

XRCAL2 = PHIS1{IsJ}/PHIS2(IsJ}

XRMAX1 = MAX1F(XRCAL1,XRCAL2)

XRMIN1 = MIN1F (XRCAL1,XRCAL2)}

IF {XRMAX1-XRMAX)301752016+3016
XRMAX = XRMAX1

IF (XRMIN1-XRMIN)3018+230184+3019
XRMIN = XRMIN1

CONT INUE

CONT INUE

XNOOO1 = ABSF(XRMAX=1,0}
XNOOO?2 = ABSF(XRMIN-1,0)
IF{LAD)80,80s81

VERGF = MAX1F (XNOOO1,xNOOO2)
GO TO 82
VERGF = (XRMAX=XRMIN) /(0a«5%({XRMAX+XRMIN))

X = 100+0/PHINOR

DO 303 I = 2sLIM1

DO 303 J = 2sLIM2
PHIF1(I,5J} PHIF1({Is0) %X
PHIS1(IsJ) PHISI(I,sJ)%*X
IF{LAD) 2950429504304
VERGL = 0.0

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030401
18030403
18030405
18030407
18030409
18030411
18030413
18030415
18030417
18030419
18030421
18030423
18030501
18030503
18030505
18030507
18030509
18030511
18039913
18039914
18039915
18039916
18039917
18039918
18039919
18030515
18030517
18030519
18030521
18030523
18030524




GO TO 99

2950 DO 2952 I = 1,IMAX
PHIF1(Is1) = PHIF1(I,s2)
PHIS1(Is1) = PHIS1{Is2}

IF(IR}2951+295242952
2951 PHIF1(IsJMAX) PHIF1(IsLIM2)
PHIS1(1sJMAX) PHIS1(IsLIM2)
2952 CONTINUE
2960 DO 2964 J = 1sJMAX
IF(IT)2961+2962+2962
2961 PHIF1(1lsJ) = PHIF1(2sJ)
PHIS1(1sJ) = PHIS1(24)
2962 IF(IB)296345296442964
2963 PHIF1(IMAX,J) PHIF1(LIM1,J)
PHIS1(IMAXsJ) PHIS1(LIM1,J)
2964 CONTINUE
3004 DO 3005 M = 143
READ DRUM 140000sA1
READ DRUM 1,0680sA2
READ DRUM 1,1370,A3
READ DRUM 2,0000sA4
READ DRUM 2,06803A5
READ DRUM 241370s5A6
CALL SUBOUT(SUMNI1sNCELLs3750)
IF(SENSE LIGHT 1)3005,3006
3005 CONTINUE
PAUSE 11111
3006 XLMAX = 040
XLMIN = 1000
3007 DO 3013 I = 2,LIM1
DO 3012 J = 2sLIM2
DEN = PHIF1(IsJ)¥A6(14J)+PHISI{(IaJ)*AS(1sJ})
IF(DEN)3008+3012+3008
3008 XLC = (PHIF1(IoJ)*¥(AL(ToJ}+A2(TsJ)+AB(TsJ)+AL(TsJ)+AT(IsJ}))
1=(PHIF1(I=19J)*A1(TeJ)y+PHIF1(I+1sJ)}*A2(TsJ)+PHIFL1{IsJ+1)*
2A3 (T s J)+PHIF1 (I 9sJ=1)%pa4(T1sJ)))/DEN
IF{XLC=XLMAX)3010+3000+3009
3009 XLMAX = XLC
3010 IF(XLC-XLMIN}3011430114+3012
3011 XLMIN = XLC
3012 CONTINUE
3013 CONTINUE
VERGL = (XLMAX-XLMIN)/XLAMDA
99 IF(LAD)100,100+90
90 VERG = VERGF
GO TO 102
100 IF(IHI)30224+30224101
101 VERG = VERGL
GO TO 102
3022 VERG = MAXI1F(VERGL sVERGF)
102 IF(VERG~EPI)30474+3047,3021
3021 IF(SENSE SWITCH 6)3047+1920
1920 IF(SENSE SWITCH 3)302%91950

ihon

non

3025 READ TAPE 53 ((PHIF2(I4J)s1 = 1sIMAX)sJ = 1sJMAX)
READ TAPE 55 ((PHISZ2(I,J)s1 = 1sIMAX)sJ = 19JIMAX)
READ TAPZ 65 ((PHIF3(I4J)sl = 1sIMAX)sJ = 1sJIMAX)

18039910
18030601
18030603
18030605
18030607
18030609
18030611
18030613
18030615
18030617
18030619
18030620
18030621
18030623
18030624
18030625
18030701
18030703
18030705
18030707
18030709
18030711
18030713
18030715
18030717
18030719
18030721
18030801
18030803
18030806
18030807
18030809
18030811
18030813
18030815
18030817
18030819
18030821
18030901
18030903
18030905
18030907
18030909
18039921
18039922
18039923
18039913
18039915
18039917
18039919
18039921
18030915
18039925
18031001
18031003
18031005



3026

3027
3028

3029
3030

3031
3032

3033
3034

3035
3036

3037
3038

3039
3040
3041
3042

3043

3047
1950

1951

1952
1960

1961

1962
1963

READ TAPE 6, ((PHIS3(I,4J)s1 = 15IMAX)sJ = 1sJMAX)
REWIND 5

REWIND 6

KEXT1 = O

KEXT2 = 2

DO 3041 I = 2sLIM1
DO 3040 J = 24LIM2

IF(I=NOR1)3N28+43027s3n28
IF(J=-NORJ}30284+303243n28

XXDN = 240%PHIS2(1sJ)=PHIS3(IsJ)~PHIS1(1sJ)
XXTN = ABSF(PHIS1(IsJ)y=PHIS2(1sJ) )=~
1ABSF(PHIS2(1sJ)=PHIS3(TsJ))

XXEN = 240%PHIS1(1IsJ)

XXFN = 0¢5%PHIS1(19J)
IF(XXDN)30299303243020
IF{XXTN)3030+303093037

PHISEX(TsJ) = PHISI(I4J)+{PHIS1I{IsJ)=PHIS2(1sJ))#%2/XXDN
IF(PHISEX{I4J)=XXEN)3n3143031,3032
IF(PHISEX(IsJ)=XXFN)3Nn3243033453033
PHISEX(1sJ) = PHIS1(1,J)

GO TO 3034

KEXT2 = KEXT2+1

XXDN = 24 0%PHIF2(TsJ)=PHIF3(1sJ})~PHIF1(IsJ)
XXTN = ABSF(PHIF1({IsJ)y=PHIF2{TsJ) )=
1ABSF(PHIF2(14J)=PHIF3(14J}}

XXEN = 240%PHIF1(IsJ)

XXFEN = 0«S5*¥PHIF1(14J)
IF(XXDN)30355303843035
IF{(XXTN)303653036+3038

PHIFEX(TsJ) = PHIFI{I yJY+(PHIF1(1sJ)=PHIF2(1sJ))¥%2/XXDN
IF(PHIFEX({T9J)=XXEN}3Nn3745303753038
IF(PHIFEX(I4J)=XXFN}3n384530394+3039

PHIFEX(IsJ) = PHIF1(I,4J)
GO TO 3040

KEXT1 = KEXT1+1

CONT INUE

CONT INUE

DO 3043 1 = 24LIMI1

DO 3043 J = 24LIM2

PHIF1(I4J) = PHIFEX(I4J)
PHIS1(1,J) = PHISEX(I,J)

GO TO 1950

SENSE LIGHT 2

DO 1952 1 = 1,IMAX

PHIF1(Is1) = PHIF1(I42)
PHIS1(1s1) = PHIS1(Is2)
IF({IR)195151952+1952
PHIF1(IsJMAX) = PHIF1(IsLIM2)
PHIS1(I,JMAX} = PHIS1(IsLIM2})
CONT INUE

DO 1964 J = 1sJMAX
IF(IT)1961+196241962
PHIF1(1sJ) = PHIF1(2yJ)
PHIS1(1sJ) = PHIS1(24])
IF{IR)1963,106441964
PHIF1(IMAXsJ) = PHIF1(LIM1,4J)

48

18031007
18031008
18031009
18031010
18031011
18031013
18031015
18031017
18031019
18031101
18031103
18031104
18031105
18031106
18031107
18031109
18031111
18031113
18031115
18031117
18031119
18031121
18031201
18031202
18031203
18031204
18031205
18031207
18031209
18031211
18031213
18031215
18031217
18031219
18031221
18031301
18031303
18039901
18039903
18031309
18031311
18039909
18031401
18039901
18039903
18039905
18039907
18039909
18039910
18039911
18039913
18039914
18039916
18039917
18039919
18039921




PHIS1(IMAXsJ)
1964 CONT INUE
3048 RETURN
END(O»1s0s0,51)

PHIS1(LIM1,J)

18039922
18039924
18031403
18031405

49



CMONT SUR EQUIPOISE MONTOR SUB = 4000 18030101

SUBROUTINE MONTOR 18030102
DIMENSTION A1{(25425)3sA2(25925)9A3(25525) A4 {25425) 18030105
1A5(25925)sA6(25525)5A7(25525)9R1(25925)sB2(254925) 18030107
2B3(25925)9B4(25925) 9B (25525)9B6(25425) s 18030109
3PHIF1(25+25)sPHIF2(25425) sPHIF3(25+25) sPHIFEX(25925) 18030111
4PHIS1(25425)sPHIS2(25,425) sPHIS3(25425 ) 9PHISEX(25425) 18030113
SDELR(25),DELZ(25) sR(25) s JCLI25)sELRI25)sIR0O(25) 18030115
6ELZ{25)9HOL(12) s NCCI(1N) 18039901
COMMON A1 9A29A335A49A5 4A69P19sB2sP39B44B5sB63VERGLIVERGFsHOLSNCC 180329903

1A7 sPHIF1sPHIF2sPHIF3sDHIFEXsPHIS1 sPHIS2sPHIS3 18030203
2PHISEXsDELRsDELZ sR o IMAX s JMAX sNORT sMORJISNREGoNDELRSNDELZ o 18030205
3MKsLAD s ITOPyIRIT IBOT 4PHIT19PHIT2yPHIR1sPHIR29PHIBL1sPHIB2 18030207
4EPT9BETASJCLIELRsTRO9FLZs IRO19IRO25JCL1sJCL2sD1sD2sSIGLy 18030209
551G2sSFNUL s SFNU2 s PROB 4PHIK]1 sPHIK?2 9 ITs IRsIBsITCs IBCoLIMIsLIM? 18030211
6LIMITsLIMI2gLIMITSLIMU2sTEMPLSTEMP2 4 TEMP3 3 TEMPLy TEMPS, 18030213
TTEMPE s TEMPT7 s TEMPB o IENNsNIT o XLAMDA SJNCELL sBETART s SUMNI 18030215
8SUMN2 s TLOs JLO s IHI s JHI yVERGsPHINORSKEXT1sKEXT2 +sBETAB? » 18030217
IXMULTsABFsABSsSTLsSEL 3 SRLsPRODF sPRODSsFTLeFBLsFRL 18030219
EQUIVALENCE (A1(1)sR1({1)sPHIF2(1))s(A2(1)sR2(1)YsPHIF3(1) ) 18030301
10A3(1)sB3{1)sPHIFEXIL1Y) s {A4(1)eB4(1)sPHIS2(1) ) 18030303
2(A5(1)sR5(1)sPHIS3(T1)s(AG6(1)sRE(1)sPHISEX(1) ), 18030305
3(PHIF1(1)sDELRIT1))Ys (PHIFL1{26)sDFLZ{1)) s (PHIF1(51)sR{1))s 18030307
4(PHIF1(76)sJCLI1)) s (PHIF1(101)sIRO(1))s(PHIF1(126)sFELR(1} ) 18030309
S5(PHIF1{151)sELZ2(1)) 18039905
4000 PRINT 40931sNITsVERGLVERGF 9 XLAMDA 18039901
4001 FORMAT(14HOITERATION NCeTI4416H CONVRINUCRIT)=1PE1043 18030403
114H CONVR(FLUX)=E10e2s14H NU CRITICAL=E1043//////) 18039910
4009 RETURN 18030513
ENC(Os1s0s041) 18030515
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CCON1

300
301
302
303

304
305

306
307
308

309
310

311
312
313

314
315

316

sus EQUIPOISE CONST1 SUB = 300

SUBROUTINE CONST1

DIMENSION A1(25325)3A2(25+25)3A3(25+25)3sA4(25925),
1A5(25925)sA6(25525)9sA7(25575)9B1(25+25)sB2 (25425
2B3(25525)9B4{25925)4BRr{25425}9B6(25425)
3PHIF1(25425)9PHIF2(25,25) sPHIF3(25925) sPHIFEX (25425}
4PHIS1(25925)9PHIS2(25,25)sPHIS3(25425 )sPHISEX(25425)
S5DELR(25)sDELZ(25) 4R (25) 9 JCL(25)sFLR(25)sIR0O(25)
6ELZ(25)sHOL(12)sNCC(1N)

COMMON A13A23A335ALsA54,A63R19B24B34B4sB5sR63VERGL s VERGF sHOL ¢NCC s
1A79PHIF1sPHIF2sPHIF3s0HIFEXsPHIS1sPHIS2sPHIS3
2PHISEXSsDELRSDELZsR o IMAX s JMAX sNORT sNORJ 4sNREG9sNDELRSNDELZ s
3MK9LADs ITOPSIRIT s IBOT 4yPHIT1sPHIT2yPHIR1sPHIR2sPHIB14PHIB2,
4EPISsBETAS JCLSELRsIROsFLZsIRO1sIR029JCL1sJCL29D1sD2+SIG1
551G29SFNUL1sSFNU2 s PROB 4PHIK1sPHIK 291 TsTRsIBsITCsIBCILIMIsLIMD,
6LIMIL1sLIMI23LIMUL4LIMY29aTEMPL9TEMP23TEMP3 3 TEMP4L s TEMPS
TTEMP6sTEMP7sTEMP8 s TENDoNT T9XLAMDASNCELL sBETARL s SUMN1
BSUMN2 s ILOs JLO s THI s JHI yVERGsPHINORsKEXT1sKEXT2 sBETAB2
IXMULTsABFsABS s STL 9 SBL ,SRL sPRODF 3 PRODSsFTLsFBLFRL

EQUIVALENCE (A1(1)sB1(1)sPHIF2(1))s(A2(1)VsB2(1)sPHIF3(1)},
1(A3(01)9B3 (1) sPHIFEX{1Y) s (A4(1)sR4(1)sPHIS2(1) )
20A5(1)sB5(1)sPHIS3(1)1s(AB(1)sR6(1)sPHISEX (1))
3(PHIF1(1)sDELR(1))s (PHIF1(26)sDFLZ(1) )9 (PHIF1(51)sR(1)}s
GIPHIF1(76)sJCLI1) ) s (PRIFL1(101)sTRO(1))s(PHIF1(126)9ELR(1) )
S5(PHIF1(151)4ELZ(1))

IF(ITOP)3014301s304

FREQUENCY 300(0s1091)

IF(PHIT2)302+302+303

FREQUENCY 301(0s10s1)

IT =0

GO TO 305

IT =1

GO TO 305

IT = -1

IF(IRIT)30653064+309

FREQUENCY 305(0+1091)

IF(PHIR2)3075307,+308

FREQUENCY 306(0510s1)

IR = 0

GO TO 310

IR =1

GO TO 310

IR = =1

IF(IBOT)131143114314

FREQUENCY 310(0s151)

IF(PHIB2)3124+3124313

FREQUENCY 311(0+10s1)

IB = 0

GO TO 315

IB = 1

GO TO 315

I8 = ~1

IF(IRIT)31743174316

FREQUENCY 315(0s10s1)

ITC = +1

IBC = +1

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030401
18030403
18039901
18030407
18030409
18030411
18030413
18030415
18030417
18030501
18030503
18039903
18030507
18030509
18030511
18030513
18030515
18030517
18030601
18030603
18039905
18030607
18030609
18030611
18030613
18030615
18030617
18030701
18030703
18030705
18030707



GO TO 323

317 IF(ITOP)319,319,318

FREQUENCY 317(0s10s1)

318 ITC = =1

GO TO 320

319 ITC = O
320 IF(IB0T)322,3224321

321

322

FREQUENCY 320{0s191)

I1BC = ~1
GO TO 329
IBC = 0O

329 DO 330 L = 1.NDELR

JDX1 = JCL(L)
JDX2 = JCL(L+1)-1
DO 330 M = JDX1,JDX2

330 DELR(M) = ELR(L)

331

DO 333 L = 1sNDELZ
JDX1 = IRO(L}
JDX2 = IRO(L+1)-1

332 DO 333 M = JDX1,,JDX2
333 DELZ(M) = ELZ(L)
341 R(2) = DELR(1)/2.0

DO 342 J = 3sJMAX

342 R(J) = R{J=-1V+DELR(J=1)

343 AT(1sJ)

DO 343 1 = 14IMAX
DO 343 J = 1sJMAX
Al(1,sJ)
A2(14J)
A3(1sJ)
AG{TsJ)
AS(TJ)
A6(T sJ)

s & & s
HS,OOOJDDO0OOO

X noidon oy

LIM1 = 1T
LIM2 = JMA

344 DO 351 L = 1sNREG

READ TAPE 23IR019IR02,JCL1sJCL2sD1sD2sSIG1
151G2 s SFNU1 s SFNU2 9 PROB ,PHIK1sPHIK2

345 IF(IR02-1R01-11)350+35n4346

FREQUENCY 345{(0s1410)

346 IF(JCL2=-UCL1~1)350+35n+347

FREQUENCY 346{0s1410)

347 LIMI1 = IRO1+1
LIMI2 = IRO2~-1
LIMJ1 = JCL1+1
LIMJ2 = JCL2-1

348 DO 349 T = LIMI1oLIMI?

DO 349 J = LIMJ1,LIMI?

TEMP1 = 2,0%R({J)
TEMP2 = TEMP1+DELR({J}) /240
TEMP3 = TEMP1-DELR(J=-1)/240
TEMP4 = TEMP2*DELRI(J)*#DELZ(I1~1)/4.0
TEMPS = TEMP3#DELR(J-1}*¥DELZ(I-1)/44C
TEMPE = TEMP3¥DELR(J~1)%¥DELZ(I)/440
TEMPT7 = TEMP2*DELR(J)}*DELZ(T)/440
TEMPY = R{JV+DELR(J)/240

52

18030709
18030711
18030713
18030715
18030717
18030719
18030801
18030803
18030805
18030807
18030809
18030907
18030909
18030911
18030913
18030915
18031003
18031005
18031007
18031009
18031011
18039901
18031111
18031113
18031115
18031117
18031119
18031120
18031121
18031122
18031123
18031124
18031125
18031201
18031203
18031205
18031207
18031209
18031211
18031213
18031215
18031217
18031219
18031221
18031223
18031225
18031301
18031303
18031305
18031307
18031309
18031311
18031313
18031315
18031317
18039903




349
350
351

352

TEMP10 = R({J)=DELR(J=1)/240

Al({Tsd) = DI¥(TEMP2¥DFLR(J)Y/ (2. 0%¥DELZ(T~1))
1+TEMP3*DELR(J=1)/(2.,0%DELZ(I~1)))

A2(T1sJ) = DI*¥(TEMP3#DFLR(J=1)/(20%DELZ(T)}
1+TEMP2¥DCELR(J) /{24 0%¥DFLZ{TI)))

A3(IsJ) = DI*¥(TEMPO*DFLZ({1~-1)/DELR(J)
1+TEMPOXDELZ(T1)/DELR(JY)

A4({1sJ) = DI*(TEMP1O*NELZ(I-1)/DELR(J~1)

1+TEMP10%#DELZ(1)/DELR(J=11})
TEMP8 = TEMP4+TEMPS5+TFMPE&+TEMP7
A5(TsJ) SFNU2*TEMPS

A6(TsJ) SFNU1#TEMPS

A7T(T sJ) SIG1*#TEMPS

CONT INUE

CONT INUE

REWIND 2

RETURN

END(0s13s0s051)

H o u

18039905
18031319
18031321
18031323
18031325
18039907
18039909
18039911
18039913
18031409
18031411
18031413
18031415
18031417
18031419
18031421
18031423
18031425



CCONZ

400

401
402
490

403

404
405

406

SUB FQUIPOISE CON<T?2 SUB = 400

SUBROQUTINE CONST?2

DIMENSION A1(25325)9A2(25e25)3A3(2525) A4 (25925
1A5(25325)sA6(25925) 3A7(25+25)sB1(25425)sB2(25+25)
2B3(25425)sB4{25425)sBr(25425)sB6(25+25) s
3PHIF1(25425) sPHIF2 (25,25} sPHIF3(25425) sPHIFFX(25+25)
4PHIS1(25325)sPHIS2(25425) sPHIS3(25425 ) sPHISEX(25425)
SDELR(25) sDELZ(25) sR(25) s JCL(25)sFLR(25)sIRO(25)
6ELZ(25)sHOL(12)sNCC(1n)

COMMON A1 sA2 A3 4AL A5 ,A6sR19BR29B3sB4sBS5sB6 s VERGL 9 VERGF sHOL 9NCC s
1A73yPHIF14PHIF2sPHIF3,PHIFEXsPHIS14sPHIS2sPHIS3
P2PHISEXsDELRSDELZ sRs IMAX s JMAX sNORT sNORJ $NREGsNDELRsNDELZ s
AMK g LAD S ITOPGIRITSIROT yPHIT1sPHIT29sPHIR1sPHIR? sPHIRLsPHIRB? »
LEPTWRETASJCLSFLRsTIROsFLZ s IROL1sIRO2¢JCLLIsJCL2sD1sD2sSIG]
55162 sSFNUT ¢ SFNU2 s PROR yPHIK1 sPHIK2 s ITs IRsIBsITCsIBCsLIMLIsLIMZ
GLIMITsLIMIZ2ZeLIMIT oLIMY2 s TEMPLsTEMPZ2 s TEMP3 s TEMP4 3 TEMPS
TTEMPE s TEMAPT7 s TEMPB s IENDsNIT 4 XLAMDASNCELLSBETABL19SUMNI
BSUMN2s TLOsJLO s IHI s JHI yVERGsPHINORSKEXT1 sKEXT2 ¢BETABZ s
IXMULT s ABF s ABSsSTL s SRL 4SRL sPRODF s PRODSsFTL s FRLsFRL

EQUIVALENCE (A1{1)sR1(1)sPHIF2(1))s(A2(1)sB2(1)sPHIF3(1))s
1(A3(1)sR3(1YsPHIFEX{1)) s (A4(1)sB4(1)sPHIS2(1) )
2(A5(1)sB5(1)sPHIS3{1))s(A6(1)sR6(1)sPHISEX(1) )
3(PHIF1(1)sDELR(1))s (PHIF1(?6)sDELZ{1))s(PHTFI(51)YsR(1))
4(PHIF1(76)sJCL(1) Y s (PRIF1(101)sIRO(1)}s(PHIF1(126)sFELR(1))
S{PHIF1(151)sELZ (1))

DO 428 L = 14NREG

READ TAPE 243IR014IR02,JCL1,JCL2,sD1sD2,
1SI1G19STG29SFNUL 9 SFNU2 ,PROBSPHIK1 ¢PHIK?2

LIMI1 = IRO1+1
LIMI2 = TRO2~1
LIMJ1 = JCL1+1
LIMJ2 = JCL2-1

[F(IR0O1-1)402+402+490
IF(ITOP)Y43904,490+411
IF(LIMI2-LIMIL1}405+4024403
FREQUENCY 401(0s1s2)
FREQUENCY 402(0s10s1)

DO 404 J = LIMJISLIMI?

TEMP1 = 2,0%R(J)

TEMP2 = TEMPI+DELR(J) /20

TEMP3 = TEMP1-DELR(J=1)/240

TEMP6 = TEMP3*DELR{J=1)%DELZ(IRO1)/440
TEMPT7 = TEMP2¥DELR({J)#DELZ(IRO1) /440
TEMP8 = TEMP&6+TEMPT

TEMP9 = R(J)+DELR(J} /2.0

TEMP10 = R{JY=-DELR(J=1)/2en

A2{1RO1sJ) = DI®¥(TEMP2*DELR{J=1)/(2.,0%DELZ(IRO1Y})
1+TEMP2%DELR(J)/(240%DFLZ( IRO1)))

A3(TIRO1sJ) A3(IRO1sJ)+DIX*TEMPOXDELZ (IRO1)/DELR{J)

A4(IROL1sJ) = A4(IRO1sY)I+D1I*#TEMPLIO*¥DELZ(IROL)/DELR({J=~1})
AS{IRO1sJ) = AS5{IRO1sJ)+SFNU2HTEMPS

A6{IRO1sJ) = AG6(IRO1,J)I+SFNUI*¥TEMPS

A7(IRO1sJ) = A7T(IRO14J)+SIGI*TEMPS

IF{JCL1I-1)408,+408+406
FREQUENCY 4n5(0s142)
TEMP2 = 240%R{JCLLI+DFLR(JCLL) /240

54

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030401
18030403
18030405
18030407
18030409
18030411
18030413
18030414
18030415
18030416
18030417
18030418
18030419
18030421
18030423
18030425
18030501
18030503
18030504
18039901
18039903
18030505
18030507
18039905
18039907
18030513
18030515
18030517
18030519
18030521
18030601




TEMPO RIJCLI}+DELR(JCL1) /240

TEMP7 TEMP2*¥DELR(JCL1)*DFLZ{IRO1) /440

A2{IRO1,JCL1)

A3{IRO1sJCL1}
407 AS(IRO1,JCL1)

i n

SFNU2#TEMP7+A5(1R0O1+JCL1}
A6(IRO1,sJCLI} A6(IR0D1 s JCLL1)+SFNULI*TEMP7
A7T{IRO1,sJCL1) AT{IRO1sJCL1)+SIGLI*TEMP7

408 IF(UMAX-JCL2)40994095410
FREQUENCY 408(0s145)

409 IF(IRIT)I4105410s411
FREQUENCY 409(0+10s1)

410 TEMP3 = 2,0%R(JCL2)~DFLR(JCL2=1)/2.0
TEMP10 = R{JCL2)-DELR(JCL2~1)/240
TEMPE = TEMP3#DELR(JCL2=~1)#DELZ{IRO1) /440

oo

A2 (IRO19JCL2) = A2(IRNALsJCL2)+D1I*TEMP3*
1IDELR(JCL2=1)/(2.0%¥DEL7(1RO1))
A4(IRO19JCL2) = A4(IRN14JCL2}+D1*TEMP10O*

1DELZ(IRO1}/DELR{JCL2~1)
AS{IRO1sJCL2) AS{IR0O1sJCL2 )+SFNU2*TEMP6
A6{IRO1sJCL2) A6({IRN1sJCL2 ) +SFNU1%*TEMPS
A7(IRO1,JCL2) A7T({IRO1sJCL2)+SIG1I*TEMPS
411 IF(IMAX=TR021412441245491
FREQUENCY 411(0s1s2)
412 TF(IBOT)491,4914421
491 TF(LIMJ2=LIMJIL1)41544134413
FREQUENCY 412(0s141)
413 DO 414 J = LIMJ1.LIMU?

o n

TEMP1 = 2.0%R({J)

TEMP2 = TEMP1+DELR(J)}) /2.0

TEMP3 = TEMP1-DELR(J~1)/2.0

TEMP4 = TEMP2*DELR{J)*DELZ(IR02=1)/44,0
TEMP5 = TEMP3*DELR(J~1)¥DELZ(IR02~1)/440
TEMP9 = R(J}+DELR{J} /2.0

TEMP10 = R(J)-DELR(J=11/240
TEMP8 = TEMP4+TEMPS5

A1(IR0O2sJ} = DI*(TEMPO*DELR(J}/(240%DELZ(IRO2~1}))+

1TEMP3#*DELR(J=1)/(2.0*PELZ (IRO2-1)}))

A3({IR02+J) = A3(IRO029J)+D1%#TEMPO*DELZ (IRO2~1)/DELR(J)
A4(TRO29J)=A4(TIRO29J)4+D1*TEMPIO*DELZ(IRO2=1)/DELR(J=~1)

A5 (IR0O2sJ) AS(IROZs J)+SFNUZ¥TEMPS8
A6(TRO24J) A6 (IRO2sJ)+SFNUI*TEMPS

414 AT(IRO2sJ) AT{IR02sJ})+SIGI*TEMPS8

415 TF(JCL1-1)41844184416
FREQUENCY 415(051+2)

416 TEMP2 20%¥R{JCL1)+DFLR(JCLLI /240
TEMPO9 R(JCLLI)+DELR(JCL1) /240
TEMP4 TEMP2*DELR(JCLLI*¥DELZ(IRO2-1)/4,0
AL(IRO2sJCLI) = AL(IRQZ2sJCLL)+DI*TEMP2%*

1DELR(JCLL)/(240%DELZ{ [RO2~1))
A3(IR0O2sJCL1}Y = A3(IRN2sJCLI)+DIXTEMPO*
IDELZ(IRQ2-1)/DELR(JCLT)

417 A5(1R025JCL1) = AS(IRN2sJCLI)I+SFNU2*TEMP4
A6(IR0O2,JCLL) A6(TIRN29JCLII+SFNUI*TEMP4
AT(IRO2,JCLY) ATIIRO2sJCLI)+SIGI*#TEMP4

418 IF(JUMAX~JCL2)41954194420
FREQUENCY 418(0s1,.5)

i

thouo

18039909
18030603

A2(IRN1sJCLL)+D1*TEMP2#¥DELR(JCL1)/(240%DELZ(IRO111}18030605
A3(IRN1sJCLI)+D1*TEMPO*DELZ(IRO1}/DELR(JCLT)

18039911
18030609
18030611
18030613
18030615
18030617
18030619
18030621
18030701
18039913
18030703
18030705
18030707
18039915
18030711
18030713
18030715
18030717
18030719
18030721
18030723
18030724
18030725
18030801
18030803
18030805
18030807
18030809
18030811
18039919
18039921
18030813
18030815
18030817
18039923

18030823
18030824
18030825
18030901
18030903
18030905
18039901
18030907
18030909
18030911
18039903
18030915
18030917
18030919
18030921
18030923
18030925

55




419

420

421

422
492

423
424

425
493

426

427
428

429

IF(IRIT)4204+4205421

FREQUENCY 419(0s10s1)

TEMP3 = 2,0%R(JCL2)=-DFLR({JCL2=1)/2.0

TEMP10 = R{JCL2)-DELR(JCL2=11)/240

TEMP5 = TEMP3%*DELR{JCL2=1)*DELZ(IR02~1)/440

A1(IR0OZ2,JCL2) = AL(IRN24JCL2}+D1*TEMP3%
1DELR{(JCL2~1)/(2.0%DEL7Z(IRO2=1))
A4({TRO2,JCL2) = A4(IRO2sJCL2)I+DI*TEMPLO*

1DELZ {IR0O2-1)/DELR(JCL?2=1)

A5 (IRO2,JCL2) AS5(IRN2sJCL2)+SFNU2*TEMPS
A6({IR0O2,JCL2} AGTIRN29yJCL2)+SFNULI*TEMPS
AT (IR0O2sJCL2) AT({IRN2sJCL2)+SIG1*TEMP5S
IF(JCL1=-1Y42444244422

FREQUENCY 421(0s142)
IF(LIMI2=LIMIL1)42454904492

DO 423 1 = LIMI1,LIMI?

nonou

TEMP2 = 2,0%R({JCLL)4DFLR{JCLL)/2.0
TEMP4 = TEMP2*DELR(JCLLII*DELZ(I~1)/44.0
TEMP7 = TEMP2*DELR(IJCL1)*¥DELZ(T1) /440
TEMP8 = TEMP4+TEMPY

TEMP9 = R({JCL1)+DELR(JCL1) /240

AL(TsJCL1) = AL(T,JCL1)+D1*TEMP2*
IDELR(JCLLY/ (2. 0%DELZ(1~-1))

A2(T9JCL1) = A2(T+JCLY)+D1*TEMP2¥DELR(JCLYI)/(240%DELZ (1))
A3(T1sJCL1) = DI*#TEMPO*(DELZ(I~1)/DELR(JCL1)4+DELZ(T)/DELR(JCLL)}
AS5(T4JCLYY = AS(TsJCL1)+SFNUZHTEMPS

A6(TsJCL1) = A6(T4JCLY)+SFNULIX*TEMPS

AT(T4JCL1Y) = A7(I14JCL1)+SIG1*TEMPS

IF(UMAX=JCL2)42594259493
FREQUENCY 424(0+1+2)
IF(IRIT)49344934428
IF(LIMI2=LIMI1)42844264426
FREQUENCY 425(0s1041)

DO 427 1 = LIMI1,LIMI?

TEMP3 = 2.0%R(JCL2)=DFLR{JCL2=1)/240
TEMP5 = TEMP3#DELR(JCL2=1)#DELZ(I=1)/440
TEMP6 = TEMP3*DELR(JCL2-1)#DELZ(1)/440
TEMP8 = TEMP5+TEMP6

TEMP10 = R(JCL2)=DELR(JCL2=1)/240
A1(TsJCL2) = AL(IsJCLP)+D1#TEMP3 %
1DELR(JCL2-1)/(240%DELZ(I=1))

A2(19JCL2) = A2(TIsJCLP)+D1*TEMP3*
1DELR(JCL2=-1)/(2+0%DELZ(I))

A4{TsJCL2) = DI*TEMPIn*(DELZ(I-1)/DELR({JCL2~-1)+
1DELZ (1) /DELR({JCL2~-1))

AS(1eJCL2) = AS(T4JCLP)I+SFNU2*TEMPS
AG(TsJCL2) = AB6(T1sJCLP)+SFNULI*TEMPS
AT(T4JCL2) = AT(T4JCLP)+SIG1*TEMPS

CONT INVUE

REWIND 2

RETURN

END{0Ds1s05051)

56

18031001
18031003
18031005
18039905
18031007
18031009
18031011
18039907
18031015
18031017
18031019
18031021
18031101
18031103
18031104
18031105
18031107
18031109
18031111
18031113
18039909
18031115
18031117
18031119
18039911
18031123
18031124
18031125
18031201
18031203
18031205
18031206
18031207
18031209
18031211
18031212
18031213
18031214
18039913
18031215
18031217
18031219
18031220
18039915
18031222
18031223
18031224
18031225
18031301
18031303
18031305
18031307




CCON3 suB
SUBROUTINE CONST3
DIMENSION A1(25525)sAD (25

1A5(25925)9A6(25925)9A7(25,
2B3(25925)sB4(25425) 9B (25,
3PHIF1(25+25) sPHIF2(25,25) sPHIF3(25425) 4PHIFEX(25925)

4PHIS1(25925)sPHIS2(25,25)sPHIS3(25425

EQUIPOISE CON&T3 SUB =~ 500

25)9A3(25925)9A4(25425)
?25)19B1(25425)9B2(259251)
?5)9sB6(25425)

) o PHISEX(25425)

SDELR(25)sDELZ(25)sR(28)sJCLI25)sELR(25),TRO(25)

6ELZ(25)sHOL{12)sNCC(1N)

COMMON A1 9A23sA39AL A5 A69B1+B29sB34B44B5sB6sVERGL s VERGF sHOL sNCCs
1A7 sPHIF1sPHIF2sPHIF33DPHIFEXsPHIS1 sPHIS29sPHIS3,
2PHISEXsDELRsDELZ sRs IMAX s JMAX sNORT sNORJSNREGSNDELRGNDELZ »

3MKsLADs ITOPSIRITs IBOT ,PHIT

1sPHIT29sPHIR1sPHIR2 4yPHIB1sPHIBZ2

LEPTsBETASJCLSELRSIROsFLZs IRO19IRO29JCL1 s JCL29D1sD2+sSICGL,

551G2 s SFNU1 s SFNU2 s PROB ,PHIK

1sPHIK2sIToIRsIBsITCsIBCsLIMISLIM2,

ELIMILTsLIMIZoLIMITI$LIMY2 s TEMPL1SsTEMP2 s TEMP3 3 TEMPL 3 TEMPS

TTEMPE s TEMPT7 s TEMP8 s TENDSNIT

s XLAMDA JNCELL sBETABL1 9 SUMN1

8SUMN2 s ILOsJLO s THI » JHT ,VERGsPHINORsKEXT1sKEXT2 4BETAB2,
OXMUL T s ARF43ARS s STL 9 SBL 4 SRL sPRODF s PRODSsFTL s FRLyFRL

EQUIVALENCE

(A1(1)sB1(1)sPHIF2(1))s(A2(1)sB2(1)sPHIF3(1) )

1(A3(1)sB3(1)sPHIFEX{1)) s (A4(1)sB4(1)sPHIS2{1) )

2{A5(1)sB5(1)sPHIS3(1))s(A6
3(PHIF1(1)sDELR({I)Ys (PHIF1
4(PHIF1(76)sJCL(1) ) s (PHIFL(
5(PHIF1(151),ELZ(1))

500 WRITE TAPE 3+ ((AT7(IsJ)ysl =
WRITE TAPE 3s(R({J)sJ =
WRITE TAPE 3,5 (DELR(J) 4J
WRITE TAPE 3s(DELZ{I),I
REWIND 3
WRITE TAPE
WRITE TAPE
WRITE TAPE
WRITE TAPE
WRITE TAPE 44A5
WRITE TAPE 44A6
NCELL = XLOCF(A1(1s1}))

44 A1
49 A2
44A3
49 AL

(1)YsB6{1)sPHISEX(1) )
(P6)YsDELZI1IYY o (PHIFI(B51)sR(1))
101)sIRO(1)) o (PHIF1(126)sELR(1) )

15 IMAX)sJ = 14JMAX)

2 s JMAXY)

1sLIM2)
1sLIM1)

CALL SUBINN(SUMN1sNCELLs3750)

WRITE
WRITE
WRITE
WRITF
WRITE
WRITE
DO 508 I =
DO 508 J =
B1(IsJ)
B2(1,J)
B3(IsJ)
Ba(lsJ)
BS5{1sJ)
Be(lsJ)
DO 516 L = 1sNREG

READ TAPE 2,IR01,1R02,JCL1
1S1G2,SFNU1 +SFNU2 s PROB 4PHIK
510 IF(IR02-1RC1-1)5154518,511

DRUM
DRUM
DRUM

1s0000,A1
1+0680sA2
191370,A3
2:00004A4
' 2306R04A5
1 2+13704A6
1s IMAX

1 s JMAX

507

[oNeoNeNuNoNe]
DO OO0

(LS B S T I |

508 .
509

s JCL2sD19D29SIG1 s
1sPHIK?

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030405
18030407
18030409
18030411
18030413

18030603
18030605
18030701
18030703
18030705
18030707
18030709
18030711
18030801
18030803
18030805
18030807
18030809
18030811
18030813
18030815
18030901
18030903
18030905
18030907



511

512

513

514
515
516

517

FREQUENCY 510(0s1510)
IF{JCL2~-UCL1-1)515+5154512
FREQUENCY 511(0s1510)

LIMI1 = IRO1+1
LIMI2 = IRO2-1
LIMJ1 = UCL1+1
LIMJ2 = JCL2-1
DO 514 1 = LIMI1,LIMI?

DO 514 J = LIMJ1,LIMJY?

TEMP1 = 2.0%R(J)

TEMP2 = TEMP1+DELR{J) /240

TEMP3 = TEMP1-DELR(J-1)/2.0

TEMP4 = TEMP2#DELR(J)*DELZ(I-1)/440
TEMPS = TEMP3*DELR{J-1)¥DELZ(I=1)/440
TEMPE = TEMP3*DELR(J-1)*¥DELZ({I)/44.0
TEMP? = TEMP2*DELR({J)*DELZ(I)/440
TEMPO = R{J)+DELR(J) /240

TEMP10 = R(JI-DELRI(J=1)/240

B1(I1sJ) = D2*(TEMP2*¥DFLR(J)/{2.0%¥DELZ(1~-1))
1+TEMP3¥DELR(J=1)/{2.,0#DELZ(I=1)))

B2(1sJ) = D2*¥{(TEMP3XDFLR(J=1)/(2.0%¥DELZ(I))
1+TEMP2#DELR (J)/(240%¥DFLZ( 1))

B3{1sJ) = D2¥(TEMPO#*DFLZ({1~1)/DELR(U}
1+TEMPO*DELZ (T} /DELR(JY)

B4(lsJ) = D2H¥(TEMP1O¥NDELZ (1-1)/DELR(J=-1)
1+TEMP10O#DELZ(1)/DELR{J~1))

TEMP8 = TEMP4+TEMPS5+TFMP6+TEMPY

BS(1sJ) PROB*SIG1*¥TFMP8

B6(1sJ) SIG2*TEMPS8

CONT INUE

CONT INUE

REWIND 2

RETURN

END(Os1s0s0,1)

58

18030909
18030911
18030913
18030915
18030917
18030919
18030921
18031001
18031003
18031005
18031007
18031009
18031011
18031013
18031015
18031017
18039901
18039903
18031019
18031021
18031023
18031025
18039905
18039907
18039909
18039911
18031109
18031111
18031113
18031115
18031117
18031119
18031121
18031123




CCON4

600

601
602
690

603

604
605

606

suB EQUIPOISE CONST4 SUB = 600

SUBROUTINE CONST4

DIMENSION A1(25425)9A2(25975)3A3(25425)sAL(25425)
1A5(25925)9A6(25525)3sA7(25925)sB1(25s25)4B2(25+25)
2B3(25825)sB4(25925)sB8(25425)3sB6(25425)
3PHIF1(25925)sPHIF2(25,25) sPHIF3(25425) 4PHIFEX{254+25) »
4PHIS1(25925)9sPHIS2(25,425) sPHIS3(25425 J43PHISEX{25525),
SDELRI{25)sDELZ(25) sR(28) s JCLI25)sFLRI25)4IR0O(25)»
6ELZ(25) sHOL(12)sNCC(1Nn)

COMMON A14A23A34AL A5 ,A65B13B23B34B44854B69sVERGL sVERGFsHOL $NCCs
1A7sPHIF1sPHIF2 ¢PHIF33pHIFEXsPHIS1 sPHIS2,PHIS3,
2PHISEXsDELRIDELZ sRsIMAX s JMAX sNORT sNORJ sMREGsNDELR s NDELZ »
BMKsLAD s ITOPIRITs IBOT 4PHIT19PHIT2sPHIR1sPHIR? sPHIR1 sPHIR? »
LEPTsBETAsJCLSELRsTROSFLZsIRO1sIRO2sJCLIsJCL2sD1sD2+SIGT
551G2sSFNU1 s SFNU2 sPROB ,PHIKT sPHIK2 s ITsIRsIBsITCsIBCsLIMI oL IM2 s
6LIMITsLIMI2 oL IMUT sLIMU29sTEMPL s TEMP2 3o TEMP3 9 TEMPL s TEMPS ,
TTEMPE s TEMPT s TEMPB s IENNDSNIT ¢ XLAMDA SNCFLL s BETART s SUMNT »
BSUMNZ s TLOsJLO s THI s JHI yVERGsPHINORSKEXT1sKEXT2 sBFTARD o
OXMULT s ARF s ARS sSTL 9SRL s SRL sPRODF s PRODSsFTL s FRL sFRL

EQUIVALENCE {(A1(1)sB1(1)sPHIF2(1))s(A2(1)sR2(1)sPHIF3(1)),
T(A3(1)sBR3(1)sPHIFEXIT1)) s (A4(1)sB4(1)sPHIS2(1) s
2(AS(1)9B5{1)sPHIS3 (1)1 (A6(1)sBEI1)sPHISEX(1) )
3IPHIF1(1)sDELR{1)Ys (PHIF1(26)sDFLZ(1))s(PHIF1{51)sR(1)}>
4EPHIF1(76)sJCLI1} ) s (PHIF1(101)sIRO(1)}s(PHIF1(126)sFELR(1) s
5(PHIF1(151)sELZ(1))

DO 628 L = 1,NREG

READ TAPE 23IR0O1sTR0O2,4,JCL14JCL29D14D2+sSIG1,
1S1G2sSFNU1,SFNU2 sPROB,PHIK] sPHIK?2

LIMI1 = IRO1+1
LIMI2 = IR0O2-1
LIMJ1 = JCL1+1
LIMJ2 = JCL2~-1

IF(IRO1=1)602,602+690
IF{ITOP)5904690+611
IF(LIMJ2-LIMJ1)605+603+6073
FREQUENCY 601(0s1+2)
FREQUENCY 602(0s10s1)

DO 604 J = LIMJ1sLIMIp

TEMP1 = 240%R(J)

TEMP2 = TEMP1+DELR(J) /240

TEMP3 = TEMPI-DELRI(J=1)/240

TEMP6 = TEMP3*DELR{J~1)*DELZ(IR01) /440
TEMP7 = TEMP2*DELR(JY*DFLZ(IRO1) /440
TEMP8 = TEMP6+TEMPY

TEMPS = R{JI+DELR(J) /2.0

TEMP10 = R(JJ)-DELR(J=1}/240

B2(IRO1sJ) = D2*(TEMPa¥DELRIJ=1)/{2.0%DELZ(IRO1))
1+TEMP2H*DELRIJY) /(24 0%DFLZ (I IRO1) YY)

B3(IRO1sJ) = B3(IR0O1sJ)+D2%TEMPO%*DELZ(IRO1)}/DELR{J)
B4(IRO1sJ) = B4{IRO1yJ)+D2*%¥TEMPIO*DELZ(IRO1)/DELR(J=1)
B5(IR0O1sJ) = B5(IRO1sJ)+PROB*SIGI*TEMPS

B6(IRO1sJ) = BEIIRO1sJI+SIG2*TEMPS

IF(JCL1~-1)608+6084606

FREQUENCY 6N5(0s1+2)

TEMP?2 2e0%RIEJCLII+DFLR(JCLLI/ 240
TEMP? TEMP2#DELR(JCLII*DELZ{IRO1) /440

1 n

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030401
18030403
18030405
18030407
18030409
18030411
18030413
18030414
18030415
18030416
18030417
18030418
18030419
18030421
18030423
18030425
18030501
18030503
18030505
18039901
18039903
18030507
18030509
18039905
18039907
18030515
18030517
18030519
18030521
18030601
18030603



TEMP9 = R{JCLI)+DELR(JCLL1) /20 18039909 .

B2{IRO1,JCL1) = B2(IRN1sJCL1)+D2*TEMP2* 18030605
1DELR(JCL1)/(2,0%DELZ{ TRO1)) 18030607
B3({IR01sJCL1) = B3(IRN1sJCL1)+D2*TEMP9*DELZ (TRO1)/DELR(JCLL) 18039911
607 B5(IRO1sJCL1) = B5(TRO1+JCL1)+PROB¥SIG1*TEMP7Y 18030611
B6(IRO1sJCL1) = B6(IRN1sJCLL)+SIG2*TEMPY 18030613
608 IF({JIMAX=-JCL2)609+609+610 18030615
FREQUENCY 608(0s145) 18030617
609 IF(IRIT}A10+6104+611 18030619
FREQUENCY 609(0s10s1} 18030621
610 TEMP3 = 2,0%R(JCL2)-DFLR(JCL2=1)}/240 18030701
TEMP& = TEMP3%#DELR(JCL2=-1)%DELZ(IRO1) /440 18030703
TEMP10 = R{JCL2})-DELR(JCL2-1)/240 18039913
B2(I1RO1sJCL2) = B2(IRN1sJCL2)+D2*TEMP3* 18030705 .
1DELR(JCL2~1)/(2+,0%#DELZ{IRO1)) 18030707
B4(IRO1sJCL2)Y = B4{IRQ14JCL2)+D2*TEMP1O* 18039915
1DELZ (IRO1) /DELR(JCL2~1) 18030711
B5(IR0O15JCL2) = B5(IRN1sJCL2)+PROB*SIGI*TEMP6 18030713 -
B6(IRO1sJCL2) = B6({IRN1sJCL2)+SIG2*¥TEMPE 18030715
611 IF(IMAX=TIR0O2)612+6124£91 18030717
FREQUENCY 611(0s142) 18030719
612 IF(IBOT)59146914621 18030721
691 IF(LIMJ2~-LIMJI1)61596134613 18030723
FREQUENCY 612(09151) 18030725
613 DO 614 J = LIMJIsLIMI2 18030801
TEMP1 = 240%R(J) 18030803
TEMP2 = TEMP1+DELRI(J) /240 18030805
TEMP3 = TEMP1-DELR(J=11/2.0 18030807
TEMP4 = TEMP2*DELR(J)*DELZ(TR0O2=1)/440 18030809
TEMP5 = TEMP3¥DELR(J=1)%DELZ(IR0O2~1}/440 18030811
TEMP8 = TEMP4+TEMPS5 18030813
TEMPS = R({J)V+DELR(J} /2.0 18039917
TEMP10 = R(J)=DELRI({J=11/240 18039919
B1{IRO2sJ) = D2*(TEMP*DELR(J)}/{240*%DELZ(IRO2=11}}+ 18030815
1TEMP3*DELR(J-1)/(2+0%nNELZ (IRO2=1}))) 18030817
B3(IR02sJ) = B3(IR0O24J)+D2#TEMPO*DELZ({IRO2-11}/DELR(J) 18039921
B4(IRO2sJ) = B4(IR02sJ)+D2#TEMP10*¥DELZ(IRO2~1)/DELR{J-1) 18039923
B5(IR02sJ) = B5(IR02sJ)+PROB*#SIGI*TEMPS 18030823
614 B6(IR02sJ) = R6(IRO2yJ)+SIG2H*TEMPS 18030825
615 IF(JCL1-1)618,6184616 18030901
FREQUENCY 615(0s1+2) 18030903
616 TEMP2 = 2.0*R({JCL1)+DFLR(JCL1)/2.0 18030905
TEMP4 = TEMP2*DELRI(JCLL1I*DFLZ(IR0O2~1)/440 18030907
TEMPY = R{JCL1)+DELR(JCL1) /240 18039901
BI(IR0O2sJCL1) = BLIIRO2sJCLY)+D2*¥TEMP2* 18030909 -
1DELR(JCLI)/(240%DELZ(RO2~1)) 18030911
B3(IR02sJCL1) = B3(IRN2sJCL1)+D2*TEMPO* 18039903
1DELZ (TRO2-1)/DELR(JCLY) 18030915
617 B5(I1R02,JCL1I) = R5(IRN24sJCL1)+PROB*SIGI*TEMP4 18030917 -
B6(IR02sJCL1) = B6(IRO2sJCLL1)+SIG2*¥TEMPS 18030919
618 IF(JMAX=JCL2)619+6194520 18030921
FREQUENCY 618(0s145) 18030923
619 IF(IRIT)62046205621 18031001
FREQUENCY 619(051051) 18031003
620 TEMP3 = 2.,0%R(JCL2)-DFLR(JCL2=1}/240 18031005
TEMP5 = TEMP3#DELR(JCIL2=-1)*DELZ(IR02=1)/440 18031007

60




621

622
692

623
624

625
693

626

627
628

629

TEMP10 = R{JCL2)-DELR(JCL2=-1)/240

B1({IRO2sJCL2) = BI{IRN2sJCL2)+D2*¥TEMP3H*
1DELR(JCL2-1)/(2.0%DEL7 (IRO2=1)}

B4(IR0O29JCL2) = B4(IRN2sJCL2)+D2*TEMP1O*
1DELZ(IRO2-1)/DELR(JCL2~1)

B5({IRO2sJCL2) = B3(IRN24JCL2)+PROB*¥SIGL*TEMP5S
B6(IRO2sJCL2) = B&(IRN2+sJCL2)+STIG2*TEMPS

IF(JCL1=1)62446244622
FREQUENCY 621(0s152)

IF(LIMI2=LIMI1}62456974+692

DO 623 1 = LIMI1,LIMI?

TEMP2 = 2,0%¥R{JCL1)}4DFLR(JCLII/2.40
TEMP4 = TEMP2*#DELR{JCLII®¥DELZ(I=1)/440
TEMP7 = TEMP2¥DELR(JCLL1I*DELZ{T1)}/440
TEMP8 = TEMP4+TEMP7

TEMP9 = R(JCL1)+DELR{JCL1} /240
B1(IsJCL1) = BLl{IsJCL1)+D2*TEMP2*

1DELR(JCL1I/(2.0%DELZ(T~1))

B2(1sJCL1) = B2(I1sJCLY)Y+D2%*TEMP2¥DELR(JCLL)/(240%DELZ(T))
B3(1sJCL1) = D2%TEMPO%#(DELZ(I-1)/DELR(JCL1)?-DELZ(I)/DELR(JCLL))
B5(I1sJCL1) = B5{I1sJCL1)+PROB*SIGI*TEMPS

B6(TsJCL1) = B6{IsJCL1I+SIG2*TEMPS

IF{IMAX=JCL2)625+6255493
FREQUENCY 624(09152)
IF(IRIT)6934+6939628
IF({LIMI2=-LIMI1}628562,5626
FREQUENCY 625(0510s1)

DO 627 1 = LIMI1sLIMI?

TEMP3 = 2,0%R{JCL2)~-DFLR(JCL2~1)/240
TEMP5 = TEMP3#DELR(JCL2=1)*DELZ(I=1)/440
TEMP& = TEMP3®DELR{JCL2-1)*DELZ(1)/440
TEMP8 = TEMPS+TEMP6

TEMP10 = R{JCL2)=DELR(JCL2=1)/240

B1(I1sJCL2) = BLl{I4JCLP)+D2%TEMP3*
1DELR(JCL2-1)/(2.0%¥DEL7(TI=1})

B2{1sJCL2) = B2(1sJCLP)+D2*TEMP3*
1DELR(JCL2-1) /(2. 0%DELZ(I))

B4(1sJCL2) = D2*TEMP1o*(DELZ(I~1)/DELR{JCL2=1)+
1DELZ(T)/DELR(JCL2-1))

B5(1sJCL2) = B5(I1sJCL)P)}+PROB*SIGI*TEMPS
B6(I1sJCL2) = B6(I1sJCLP)+SIG2H*TEMPS

CONT INUE

REWIND 2

RETURN

END{(0921s0s051)

18039905
18031009
18031011
18039907
18031015
18031017
18031019
18031101
18031103
18031105
18031107
18031109
18031111
18031113
18031114
18039909
18031116
18031118
18031120
18039911
18031123
18031125
18031201
18031202
18031203
18031204
18031205
18031206
18031208
18031210
18031212
18031214
18039913
18031216
18031218
18031220
18031221
18039915
18031223
18031224
16031225
18031301
18031303
18031305
18031307

61



CCONS

706

707

708
709

710
711
712

713

62

SUB EQUIPOISE CON&T5 SUR = 700

SUBROUTINE CONSTS

DIMENSION A1(25425)10A2({25925)9A3(25425)9A4(25925)
TA5(25925) A6 (25s25) sA7{25925)sB1(259725)sR2(25425)
?2B3(25925)sB4(25s25)sBe(25425)9RB6(25925)

APHIF1(25425) sPHIF2(25,25) sPHIF3(25425) yPHIFEX({25425)
4PHIS1(254925)sPHIS2(25,25) sPHIS3({25425 }sPHISEX(25425)
SDELR(25) ¢DELZ(25) sR{268) s JCLI25)sELR(25)9IRO(25)
6ELZ(25)sHOL{12)sNCC(1N)

COMMON A1£2 A3 3AL A5 ,A69B1:B2+sB343B44B54R6sVERGL sVERGF sHOL yNCCs
1AT7sPHIF14PHIF2sPHIF33pHIFEXsPHIS1 sPHIS2sPHIS3,
2PHISEXsDELRSDELZ sRsIMAX s JIMAX sNORT sNORJSNREGsNDELRoNDELZ
AMK s LAD s ITOP s IRIT S IB0T (PHIT1sPHIT23PHIR1ISPHIR24PHIB1sPHIR2,
GEPIsRETASJCLSIELRSIRO3FLZ 9 IRO1sIRO29JCLYI 9 JCL29D19D29SIG1
5SIG2 s SFNU1 9 SFNU2 s PROB ,PHIK]1 sPHIK? s ITs IRsIBs ITCs IBCsLIMISLIM2
GLIMILISLIMIZ2ZLIMILSLIMJ2sTEMPL1sTEMP2 3 TEMP3 3 TEMP43TEMPS,
TTEMPE s TEMPT7 . TEMP8 s TENN NI T o XLAMDASNCELLSRETABL s SUMN1 »
8SUMN2 s ILOsJLOsIHI 9 JHI ,VERGsPHINOR sKEXT1 sKEXT2 9BETAR2 »
OXMULT s ABF s ABSsSTL s SBL 4 SRL sPRODF s PRODSsFTLsFBLsFRL

EQUIVALENCE (A1(1)9B1(1)YsPHIF2(1)Y)s(A2(1)sB2(1)sPHIF3(1))
1(A3(1)sB3(1)sPHIFEX(1))s{A4(1)sB4(1)sPHIS2(1) )
2(A5(1)sR5{(1)sPHIS3{1))s{AE(1)sRE(1)sPHISEX (1))
3(PHIF1(1)sDFELR(1))s (PHIF1(26)sDELZ{1))s(PHIF1(51)sR(1)
GIPHIF1(76)sJCLIT)Y) o (PHIF1(101)sIRO(1Y)s(PHIF1(126)sELR(
S(PHIF1(151),ELZ(1))

WRITE TAPE 4,81

WRITE TAPE 44R2

WRITFE TAPE 4,RB3

WRITE TAPE 4484

WRITE TAPE 4,485

WRITE TAPE 44B6

CALL SUBINN{SUMN2 sNCELLs3750)

WRITE DRUM 3,0000+8B1

WRITE DRUM 340680,82

WRITE DRUM 3,13704+B3

WRITE DRUM 440000484

WRITE DRUM 4,+,0680485

WRITE DRUM 44+13704+B6

REWIND 4

IF{JHI)T7075707s800

DO 709 L = 1+MREG

READ TAPE 2,1R015IR02,JCL1,JCL2sD1sD2sSIG1
1S1G2+SFNU1 sSFNU2 sPROB,PHIK1sPHIK?2

DO 708 I = IR0O1,IRO2

DO 708 J = JCL1sJCL2

Y
1))

PHIF1(IsJ) = PHIKI1
PHIS1(IsJ) = PHIK?
CONT INUE
REWIND 2

DO 716 J = 2sLIM2
IF(IT)IT71247134714
FREQUENCY 711(1+342)

PHIF1(1sJ) = PHIF1(2s)
PHIS1(1sJ) = PHIS1(2sJ)
GO TO 715

PHIF1(1sJ) = 040

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905

18030604
18030701
18030703
18030705
18030707
18030709
18030711
18030725
18039901
18030801
18030803
18030805
18030807
18030809
18030811
18030813
18030815
18030817
18030819
18030821
18030823
18030825
18030901
18030903
18030905




PHIS1(1sJ) = 040 18030907
GO TO 715 18030909
714 PHIF1{1sJ) = PHITI1 18030911
PHIS1(1sJ) = PHIT2 18030913
715 CONTINUE 18030915
716 CONTINUE 18030917
717 DO 723 1 = 2,LIM] 18031001
718 IF(IR)719572045721 18031003
FREQUENCY 718(1s3,2) 18031004
719 PHIF1(IsJMAX) = PHIF1(1sLIM2) 18031005
PHIS1(IsJMAX) = PHIS1(IsLIM2) 18031007
GO TO 722 18031009
720 PHIF1(IsJMAX) = 0.0 18031011
PHIS1(IsJMAX) = 0.0 18031013
GO TO 722 18031015
721 PHIF1(IsJMAX) = PHIR1 18031017
PHIS1({TIsJMAX) = PHIR2 18031019
722 CONTINUE 18031021
723 CONTINUE 18031023
724 DO 730 J = 25LIM2 18031101
725 IF(IB)726+727,728 18031103
FREQUENCY 725(3+241) 18031105
726 PHIF1(IMAXsJ) = PHIF1({LIM1,J)} 18031107
PHISI(IMAX,J) = PHISI(LIM1,J) 18031109
GO TO 729 18031111
727 PHIF1(IMAX,J) = 0.0 18031113
PHIS1(IMAXsJ) = 0.0 18031115
GO TO 729 18031117
728 PHIF1(IMAX,J) = PHIB1 18031119
PHIS1(IMAX,J) = PHIB2 18031121
729 CONTINUE 18031123
730 CONTINUE 18031125
731 DO 732 1 = 1sIMAX 18031201
PHIF1(Is1) = PHIF1(Is?) 18031203
732 PHIS1(1s1) = PHIS1(Is?) 18031205
733 IF(1TC)T734+7354736 18031207
FREQUENCY 733(1+10s1) 18031209
734 PHIF1(1sJMAX) = PHIF1(2sJMAX) 18031211
PHIS1(1,JMAX) = PHIS1(2,sJMAX) 18031213
GO TO 737 18031215
735 PHIF1({19sJMAX) = (PHIF7(1sLIM2)+PHIF1(2sJMAX)}/240 18031217
PHIS1(1sJUMAX) = (PHIS1(1sLIM2)+PHIS1{2sJIMAX))} /240 18031219
GO TO 737 18031221
736 PHIF1{1sJMAX) = PHIF1(1sLIM2) 18031223
PHIS1{(1,JMAX) = PHIS1(1sLIM2) 18031225
737 IF(IBC)YT7385739+740 18031301
FREQUENCY 737(35142) 18031303
738 PHIF1{IMAXyJMAX) = PHIF1(LIM1sJMAX) 18031305
PHIS1(IMAXsJMAX) = PHIS1(LIM1sJIMAX) 18031307
GO TO 741 18031309
739 PHIF1(IMAXsJMAX) = (PHIF1(LIM1sJMAX)+PHIF1 (IMAXsLIM2))/240 18031311
PHIS1(IMAXsJMAX) = (PHIS1(LIMIsJUMAX)+PHISI(IMAXsLIM2))/240 18031313
GO TO 741 18031315
740 PHIF1{IMAXyJMAX) = PHTIF1(IMAXsLIM2) 18031317
PHIS1(IMAXsJIMAX) = PHTIS1(IMAXsLIM2) 18031319
GO TO 741 18039903

63




800

741

64

READ TAPE 6o {(PHIF1({1,J)sI1=19sIMAX)sJ=19sJMAX)
READ TAPE £ ( (PHISI(1,4,J)sI=19sIMAX)sJ=14sJMAX)
REWIND 6

RETURN

END{O91s0s0s1)

18039905
18039907
18039909
18031322
18031323




CoUT?2

900

S01

902

903

904

s08

SUB EQUIPOISE OUT» SUB - 900

SUBROUTINE 0OUT2

DIMENSION A1(25925)9A2(25925)3A3(25525)9A4(25+25)
1A5(25925)sA6(25925)9A7(25925)9B1(25+25)sR2(25925)
2B3(25925)sB4(25525) sB5(25425)3sB6 (25425
3PHIF1(25425)sPHIF2(25,25) sPHIF3(25+25)¢sPHIFEX(25425)
4PHIS1(25925)sPHIS2(25,25) 9PHIS3(25425 ) sPHISEX(25925) s
SDELR(25)YsDELZ(25) sR(25) 9 JCLI25)9sFLR(25)sIR0O(25)
6ELZ(25)sHOL(12)sNCC(1n)

COMMON AT1sA29A33A4sA5 4A69R19PR24B34B44B54B6sVERGLSVERGFSHOLSNCC
1A7sPHIF19PHIF24PHIF39pHIFEXsPHIS1sPHIS2yPHIS3,
2PHISEXsDELRsDELZsRsIMAX s IMAXSNORT sNORJSNREGINDELRsNDFELZ s
BMKsLAD s ITOPSIRITSs IBOT yPHIT1sPHIT24PHIR14PHIR24PHIBL14PHIB2,
4EPTsBETASJCLSELRSIROsFLZyTRO1sIR0O25JCLLISJCL2sD1sD2+SIGLy
55162 sSFNUTsSFNU2 s PROB 4PHIK1 sPHIK2sITsIRsIBsITCsIBCsLIMIsLIM?,
ELIMITSsLIMI2sLIMITSLIMY2 9 TEMPLSsTEMP2 3 TEMP3 3 TEMP4L 3 TEMPS,
TTEMPEsTEMAP 7 s TEMPB8 s TENNSNI T o XLAMDASNCELL sBETABY 9 SUMNT
BSUMN2 s TLOsJLO s IHI s JHI \VERGsPHINORSKEXT1sKEXT2 sBETAB2
OXMULT s ARFsABSsSTL s SBL 4, SRL s PRODF 3 PRODSsFTL s FBLFRL

EQUIVALENCE (A1(11sBI(1)sPHIF2{1))s(A2(1)9B2(1)sPHIF3(1))>
1CA3(1)YsR3(1)sPHIFEX(13) s (A4(1)sB4{1)sPHIS2(1) )
2{A501)sB5(1)sPHIS3(1) s (A6(1)sBEI1)sPHISEX (1))
3{PHTF1(1)sDELRI1)Y)s (DHIF1(26)sDFLZ(1}) s (PHIF1{5T1)sR(1})>»
G(PHIF1(76)sJCLI1)Y ) s (PHIFTI{101)sIRO(1))s(PHIF1(126}9ELR(1) )
S5{PHIF1(151)sELZ(1))

DO 901 M = 143

READ DRUM 3,0000,81

READ DRUM 3,0680482

READ DRUM 341370,B83

READ DRUM 44000084

READ DRUM 4,06804+B5

READ DRUM 441370486

CALL SUROUTI(SUMN2,,NCELLs3750)

IF(SENSE LIGHT 1)901s002

CONT INUE

SENSE LIGHT 1

GO TO 952

READ TAPE 5S4 ((PHIF2(1,4J)s1

READ TAPE 53 {(PHIS2(1,4J)s1

REWIND 5

X = 10040/PHIS1(NORIHZNORJ)

TEMP1 0.0

TEMP2 0.0

TEMP3 0.0

TEMP4 0«0

DO 904 I = 245LIM1

DO 904 J = 2sLIM2

1sIMAX)Y s
1sIMAX ) sJ

19 JMAX)
1 JMAX)

non
nou

nonou

TEMP1 = TEMPI+PHIFI({I,J)*¥AT7(IsJ}
TEMP2 = TEMP2+PHISI(I,J)*B6(IsJ)
TEMP3 = TEMP3+PHIF2(1,J)*A7(1sJ)
TEMP4 = TEMP4+PHIS2(1,J)*¥B6(1sJ)
PHIF1(IsJ) = PHIF1(IsJ)*X
PHIS1(IsJ) = PHISI(IsJ)¥*X

XMULT = (TEMP1+TEMP2) /(TEMP3+TEMP4)

DO 911 I = 1sIMAX
PHIF1(Is1) = PHIF1(I,s?)

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
180303073
18030305
18030307
18030309
18039905
18030401
18030403
18030405
18030407
18030409
18030411
18030413
18030416
18030421
18030423
18030424
18030425
18030501
18030503
18030505
18030507
18030509
18030511
18030513
18030515
18030517
18030519
18039901
18030523
18039905
18030601
18030603
18020605
18030607
18030701
18030703



PHIS1{Is1) = PHIS1{Is?)
IF{IR)90959105910
909 PHIF1(IsJMAX) = PHIF1(IsLIM2)
PHIS1(TsJMAX) = PHIS1(IsLIM2)
910 CONTINUE
911 CONTINUE
912 DO 917 J = 1sJMAX
IF(IT}91359145914
913 PHIF1(1sJ) = PHIF1(2sJ)
PHIS1(1sJ) = PHIS1(2sJ)
914 IF(IB)91559164+916
915 PHIF1(IMAXsJ) = PHIF1(LIM14J)
PHIS1(IMAXsJ) = PHIS1(LIM1,sJ)
916 CONTINUE
917 CONTINUE
918 DO 919 M = 133
READ DRUM 1,0000sA1
READ DRUM 1,0680sA2
READ DRUM 141370,A3
READ DRUM 2,0000sA4
READ DRUM 2,0680sA5
READ DRUM 2,41370,A6
CALL SURDUT(SUMN1sNCELL3750)
IF{SENSE LIGHT 1)919s020
919 CONTINUE
SENSE LIGHT 1
GO TO 952
920 FTL = 049

PRODS
921 DO 931 J 2 s JMAX
922 IF(1T)92449234923
923 FTL = FTL4(PHIF1(2¢J)~PHIF1(1sJ))®A2(1+J)%3,1415927
924 IF(IR)9264+9254925
92% FBL = FBL+(PHIF1{(LIM1, ,J)=PHIF1(IMAXsJ})}*A1(IMAXsJ)

1%#3,1415927
926 DO 931 I = 1sIMAX

IF(J=~JUMAX 192949274929
927 IF({IR)Y9304+928,+928
928 FRL = FRL+(PHIF1(IsLIM2)=PHIF1(TIsJ))*A4(TsJ)

1#3,1415927
929 PRODF = PRODF+PHIF1(I,J)*A6(1sJ)%*¥341415927

PRODS = PRODS+PHISI{(I4J)*AS(1eJ)*3,41415927
930 CONTINUE
931 CONTINUE
932 DO 933 M = 1,43

READ DRUM 3,0000sB1

READ DRUM 3,06804+B2

READ DRUM 3,13704+83

READ DRUM 4,0000,sB4

READ DRUM 4,06804+B5

READ DRUM 4,13704sB6

CALL SUBOQUT{SUMNZ2 ¢NCELLs3750)

IF{SENSE LIGHT 1)9334034

66

18030705
18030707
18030709
18030711
18030713
18030715
18030801
18030803
18030805
18030807
18030809
18030811
18030813
18030815
18030817
18030901
18030903
18030905
18030907
18030909
18030911
18030913
18030916
18031001
18031003
18031005
18031007
18039907
18031014
18031016
18031018
18031020
18031101
180321103
18039909
18031107
18031109
18039911
18031111
18031113
18031115
18031117
18039913
18039915
18039917
18031123
18031125
18031201
18031203
18031205
18031207
18031209
18031211
18031213
18031216
18031301




933 CONTINUE
SENSE LIGHT 1

GO TO 952
934 ABF = 0.0
ABS = 040
STL = 0.0
SBL = 0.0
SRL = 040

941 DO 951 J = 2sJMAX
942 IF(IT)94449434943
943 STL = STLH{PHIS1(2sJ)=PHIS1(1sJ))%B2({19J)%3,1415927
944 TF(IB)94649454945
945 SBL = SBL+(PHISI(LIM1,J)=PHIS1{IMAXsJ))*B1(IMAXsJ)
1%341415927
946 DO 951 I = 1,IMAX
IF(J=JMAX) 94949474949
947 IF(IR)I50+9484948
948 SRL = SRL+(PHISI(IsLIM2)=PHIS1(1sJ))*B4(IsJ)
1#%341415927
949 ABF = ABF+PHIF1(IsJ)#(AT(I1sJ)=B5(1sJ))1%341415927
ABS = ABS+PHISI(IsJ)*R6(T9J)%341415927
950 CONTINUE
951 CONTINUE
952 RETURN
END{Os150s0,51}

18031303
18031305
18031307
18031309
18031311
18031313
18031315
18031317
18031401
18031403
18039919
18031407
18031409
18039921
18031411
18031413
18031415
18031417
18039923
18039924
18039925
18031423
18031425
18031501
18031503



CouUT225UB

SUBROUTINE 0OUT22

DIMENSION A1(25425)9A2(25+25)9A3(25+25) A4 {25925}
1A5{25325)sA6(25425)sA7(25925)9B1(25+25)9B2(25925)
2B3(25925)9B4(25925)9B5(25+25)9B6(25925)
3PHIF1(25925)sPHIF2(25,25) sPHIF3(25925)+sPHIFEX(25925)
4PHIS1(25925)9sPHIS2(25,25) sPHIS3(25425 ) sPHISEX(25925)
SDELR(25)sDELZ(25)sR(25)sJCL(25)9ELR({25)sIRO(25)
6ELZ(25)sHOL(12)9NCC(1n) sRGFA(625)9RGSA(625)

COMMON A19A23A3 AL 3A5 ,A69B19B2+sB39B43sB5+B6sVERGL 9VERGF4HOL sNCCy
1A7sPHIF1sPHIF23PHIF33pPHIFEXsPHIS1sPHIS2»PHIS3,
2PHISEXsDELRSDELZ sRsIMAX s IMAX 9NORT s NORJ 9yNREGyNDELR4NDELZ
3MK s LAD s ITOP3 IRIT s IBOT,PHIT1sPHIT23PHIR1yPHIR24PHIB14PHIB2,
LEPT+BETASJCLIELRSIRO$FLZ 9y IRO1sIR029JCLL1 9 JCL29D15D2+S1G1
551G2 s SFNU1 9SFNU2 s PROB4PHIK1sPHIK2 s ITeIRsIBsITCyIBCHLIML 4L IM2,
6LIMITsLIMI24LIMILGLIMY2 o TEMPL19sTEMP2,,TEMP3, TEMPL 3 TEMPS
TTEMP6 s TEMPT7 3 TEMP8 3 TENDaNIT ¢ XLAMDASNCELL sBETABL s SUMNI »
8SUMN2 s ILOsJLO s IHT s JHI yVERGsPHINORSKEXT1sKEXT24sBETABZ
OXMULTsABF 4 ABSsSTL 9 SBL  SRL sPRODF s PRODSsFTL4FBLsFRLYRGFASRGSA

FQUIVALENCE (A1(1)9B1(1)sPHIF2(1))s(A2(1)sB2(1)sPHIF3(1))>
1(A3(1)»B3(1)sPHIFEX(1))s(AL(1)sB4&(1)sPHIS2(1)9sRGSA(1)))
2(A5{1)sB5(1)sPHIS3(1) 4RGFA(L1))s{A6(1)sBE(1)sPHISEX (1)),
3(PHIF1(1)sDELR{1))s (PHIF1(26)sDELZ(1))s(PHIF1(51)sR(1))}
LIPHIF1(76)sJCL{1Y)s(PHIFY1(101)sIRO(1))s(PHIF1(126)sELR(1))
S(PHIF1(151)sELZ (1))

200 READ TAPE 34 ((AT(IsJ) 1 = 15IMAX)sd = 1sJIMAX)

201
203

READ TAPE 34(Bl(1sJ)sJ = 2sJMAX)

READ TAPE 3,(B2(1sJ)sy = 14LIM2)

READ TAPE 34(B3(Iy1)s1 = 14LIMI1)

REWIND 3

DO 234 M = 14NREG

RGSA(M) = 0.0

RGFA(M) = 0.0

READ TAPE 24I1R0O1,IR02,JCL14JCL2sD1sD29SIG1+51G2
1SFNU1 9 SFNU2 ¢PROByPHIK1PHIK2

LIMI1 = IRO1l+1
LIMI2 = IRO2-1
LIMJLl = JCL1+1
LiMd2 = yClLz-1

IF{IRO2-IR01~-1)20592059201
IF(JCL2-JCL1-1)205+2055203
DO 204 1 = LIMI1sLIMI?
DO 204 J = LIMJ1,,LIMJI2

TEMPL = (240%B1l{1sJ)+R2(14J)/240)/440
TEAP2 = (2.,0%¥B1l(1sJ)=R2(1sJ-1)/240)/440
TEMP3 = TEMP1%*B2(1sJ)%B3(I=191)+

1TEMP2¥B2(1sJ-1)%¥B3(I1~191)}+TEMP2%B2(1,J~1)*
2B3 (19 1)+TEMPL¥B2(1sJ)%B3(1,s1)
RGSA(M) = RGSA(M)+PHISLI(IsJ)*SIG2*TEMP3

204 RGFA(M) = RGFA(M)+PHIF1(T1sJ)%(1e¢0=~PROB)®*SIG1*TEMP3

205

IF(LIMJ2-LIMJ1)21342045206

206 DO 212 J = LIMJ1,sLIMID

TEMP1 (240%B1l(19J)=R2(19J=1)/240)/440
TEMP2 (240%B1(19J)+R2(129J4)/2e0)/440
IF(IRO1I~-1)2074+207+208

68

18031025
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18039903
18030301
18039905
18039907
18030307
18030309
18039905
18039901
18030303
18030305
18030307
18030309
18030311
18039901
18039903
18030317
18030319
18030320
18030322
18030324
18030325
18030401
18030403
18030409
18030411
18030413
18030415
18030417
18030419
18030421
18039905
18039907
18030501
18030503
18030505
18030507
18030509




207 IF({ITOP)20842085209 18030511

208 TEMP3 = TEMP1#B2({1sJ=1)%¥B3(IR0O1s1)+ 18030513
1ITEMP2%B2(14+J)%*B3(IR01,1) 18030515
RGSA(M) = RGSA(M)+PHISI(IRO1 »J)})*SIG2*TEMP3 18039909
RGFA(M) = RGFA(M)I+PHIF1I{IR0O1sJ}*(1e0~PROB)*SIGI*TEMP3 18039911
209 IF(IMAX=IR02)210+210s211 18030601
210 IF(IBOT)211+2114212 18030603
211 TEMP3 = TEMP2%B2(1sJ)%#B3(IR02~1,1)+ 18030607
ITEMPLI#B2(14yJ-1)%#B3(IRN2~141) 18030609
RGSA(M) = RGSA(M)+PHIS1(IRO29J)*SIG2*TEMP3 18039913
RCEFA(MY) = RGFA(M)+PHIF1{IR02sJ}*(140-PROB)*SIGI*TEMP?3 18039915
212 CONTINUE 18030615
213 IF(LIMI2-LIMI1)22092104214 18030701
214 DO 219 1 = LIMI1sLIMI? 18030703
IF({JCL1=-1)21642164215 18030705
215 TEMPL = (240%B1(14JCL1)+B2(1sJCL1)}/240)%(B2(19JCLL)* 18030707
1B2(I=151)/4.0+B2(1+JCL1)*¥B3(Is1)/440) 18030709
RGSA(M) = RGSA{M)+PHISI({I 4JCLLI*STIG2#TEMP] 18039917
RGFA(M) = RGFA(M)I+PHIF1I(TsJCL1)*(140~PROB)*SIGI*TEMP1 18039919
216 IF(JUMAX~JCL2)21742179218 18030715
217 IF({IRIT)I218,2184219 18030717
218 TEMPL = (240N#¥B1(1sJCLP)=B2(1sJCL2~-1)/240)%(B2(1yJCL2=1)% 18030719
1B3(1=191)/440+B2{1sJCL2=1)3%#BR3(Ts1)/440) 18030721
RGSA(M) = RGSA(M)+PHIS1(14JCL2)*SIG2*TEMP1 18039921
RGFA(M) = RGFA(M)+PHIF1 (I sJCL2)*(1,0-PROB}*SIGLI*#TEMP] 18039923
219 CONTINUE 18030801
220 TEMP1 = (240%B1(14JCL1)I+B2(1sJCLL1)/240)%(B2(14JCL1)* 18030803
1B3(IR02~=141)/440) 18030805
TEMP2 = (2,0%B1(1sJCLP)-B2(1sJCL2-1)/240)%(B2{1sJCL2-1)* 18030807
1B3(IR02~141})/440) 18030809
TEMP3 = (240%B1{14JCLP)I=B2(1sJCL2=1)/240)%(B2(1yJCL2-1)% 18030811
183 (IR01s1)/440) 18030813
TEAP4 = (240%R1(14JCLT)+B2(19JCLL1)/240)*¥(R2(1sJCLL)* 18030815
1B3(IR01s1)/440) 18030817
221 TF(JCL1-1122742274222 18030901
222 TIF(IR01~1122342234224 18030903
223 IF (ITOP) 22442244300
224 RGSA(M) = RGSA(M)+PHIGI(IRO1sJCLL)*SIG2*TEMPL 18039901
RGFA(M) = RGFA(M)+PHIF1(IRO1sJCLI)*(1ea0-PROB)*SIGI*TEMP4 18039903
300 IF (IMAX=IR0OZ) 2253225,226
225 IF(IBOT)22642264227 18030911
226 RCGSA(M) = RGSA(M)+PHIC1(IR02sJCL1)*SIG2*TEMP] 18039905
RGFA(M) = RGFA(M)I+PHIF1(IR02sJCL1}¥*(140-PROB)*SIGI*TEMP1 18039907

227 IF (UMAX=JCL2) 228+2224400
228 IF (IRIT) 400,400,233

400 IF (IRO1-1) 229422942720
229 IF(ITOP)2304230s401

230 RGSA(M) = RGSA(M)+PHIc1(IRO1sJCL2)*SIG2*TEMP3 18039909
RGFA(M) = RGFA(M}+PHIF1(IR0O14JCL2)%(1+40~PROB)*SIGI*TEMP3 18039911

401 IF (IMAX-TRO2) 23142314232

231 IF(IBOT)2324232,5233 18031011

232 RGSA(M) = RGSA(M)+PHISI(IRO2sJCL2)*SIG2¥TEMP? 18039913
RGFA(M) = RGFA(M)+PHIF1(IR02sJCL2)%¥(140-PROB)*SIGI*TEMP?2 18039915

233 CONTINUE 18031017

234 CCNTINUE 18031019




1000
1001

1002

REWIND 2
IF{LAD)100Ns1000s1001

XLAMDA = (ABF+ABS+FTL+STL+FRL+SBL+FRL+SRL)/(PRODF+PRODS)

DC 1002 M = 14NREG

RG3A{M) = RGSA(M)%341415927
RGFA (M) RGFA(M)*3,1415927
WRITE TAPE 6+ ((PHIF1(T1sJ) sl
WRITE TAPE 6s ((PHISI(TsJ) sl
REWIND 6

RETURN

END(Os1s0s041)

70

1sIMAX) s J
1s IMAX ) s J

1s JMAX)
1 JMAX)

18031021
18032902
180399032
18039905
18039917
18039919
18039911
18039913
18039915
18031023
18031024




CcouT3

900

998

999
904

905
906

909

911
912

913

902

901

914
916

SUR EQUIPOISE 0OUT2 SUB - 960-9000

SUBROUTINE QUT3

DIMENSTON A1(25525)5A2(25925)3A3(25925) AL (25925,
1A5(25925)3A6(25525)9A7(25925)sB1(25+25)sB2(25525) s
2B3(25525)sB4(25925) 3R (25925)3R6(255251 s
3PHIF1(25525) sPHIF2(25,25) sPHIF3(25525) sPHIFEX(25+25) »
4PHIS1(25525)sPHIS2(25425) sPHIS3 (25525 }sPHISEX(25425) s
S5DELR(25) »DELZ(25) sR(258) sJCL(25)sELR{25)9IRO(25) s
6ELZ(25)sHOL(12)sNCC(1n)

COMMON A15A235A35A4sA5 4A6sR1sB2sRB3sB4sB5sB6sVERGL s VERGF sHOL sNCC s
1A7sPHIF1sPHIF2 sPHIF3sPHIFEXsPHIST sPHIS2sPHISS s
2PHISEXsDELRsDELZ sR s IMAX s JMAX sNORT s NORJ sNREG s NDELR s NDELZ s
3MKsLADs ITOPsIRIT s IBOT 4PHIT1sPHIT2 yPHIR1 sPHIR2 sPHIB1 sPHIB? s
4EPTsBETAsJCLSELRsIROSFLZs IROLsTRO2sJCLI s JCL2sD15D2sS1GT s
55162 3SFNU1 3 SFNU2 s PROB4PHIK1 sPHIK2 s ITsIRsIBsITCs IRCsL IM1sLIM? s
6LIMITsLIMI2SLIMILsLIMI2 s TEMPL s TEMP2 s TEMP3 s TEMP4 s TEMPS
TTEMPG s TEMPT7 s TEMP8 s TENPsNIT s XLAMDA sNCELL sRETART s SUMNT »
8SUMN2s TLOsJLOsIHT s JHI 4 VERGsPHINOR sKEXT1sKEXT2 sBETAB? »
9XMUL T ARF 3 ABSsSTL s SBL 4 SRL sPRODF s PRODS s FTL s FBL s FRL

EQUIVALENCE (A1(1)sB1(1)sPHIF2(1))s(A2(1)sB2(1)sPHIF3(1))>s
1(A3(1)9B3(1)sPHIFEX(1))s{A4(1)sB4I1)sPHIS2(1) s
2(A5(1)9R5(1)sPHIS3(1))s(A6(1)sB6(1)sPHISEX(1)])s
3(PHIF1{1)sDELR(1))s (PHIF1(26)sDELZ(1))s(PHIF1(51)sR(1))s
4(PHIF1(76)sJCLI1))s(PHIF1(101)sIRO(1))s(PHIF1(126)sFLRI1) ]
5(PHIF1(151)sELZ(1))

PRINT 9000

PRINT 9001sNITsVERGL s \VERGF yXLAMDA s XMULT

PRINT 9012

WRITE OUTPUT TAPE 9,9n07

WRITE OUTPUT TAPE 959n08s (HOLIT)s1 = 1412)

WRITE OUTPUT TAPE 959n01sNITsVERGL sVERGF s XLAMDA » XMUL T

NOOO =

NOOOOO =

DO 999 1 = 1,IMAX

DO 999 J = 1,JMAX

A6(TsJ) = PHIF1(14J)

NOOC = JMAX

MOO = 0

IF(NOOO) 90659065909

WRITE OUTPUT TAPE 9,9n03

GO TO 911

WRITE OUTPUT TAPF 9,9n05

[F(NOOC=10)912+912+911

LOO = MOO+1

MOO = JMAX

SENSE LIGHT 1

GO0 TO 902

LOO = MOO+1

MOO = MOO+10

NOOC = NOOC-10

DO 901 J = LOOsMOO

NCC(J) = J

WRITE OUTPUT TAPE 9590133 (NCC(J)»J=L0O0sMOO)

DO 916 I = 1sIMAX

WRITE OUTPUT TAPE 999n04sTs(A6(T9J) s =L00sMOO)

IF (SENSE LIGHT 1)929,018

o
H o

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18039904
18030403
18030405
18030407
18030408
18030409
18030414
18030416
18030417
18030419
18030421
18030423
18030425
18030501
18030503
18030505
18030507
18030509
18030511
18030513
18030515
18030517
18030519
18030521
18030523
18030601
18030603
18030605
18030607
18030609
18030613



918

920
929
932

933

9000
9012
9001

9013
9004
9003
9005
9006
9007
9008

939

WRITE OUTPUT TAPE 9,9n07

WRITE OUTPUT TAPE 9+9n08s (HOL(T)sI = 1+12)
GO TO 905

IF(NOOO00D)}93945932,4939

WRITE OUTPUT TAPE 9s9n07

WRITE OUTPUT TAPE 9s9n0N8s (HOL(I1)sI=1412)
NOOOOO =

—

NOOO = 1

DO 933 T = 1sIMAX

DO 933 J = 1sJMAX
A6({TlsJ) = PHISI(T4J)
GO TO 904

FORMAT(1HO////7)
FORMAT(12HOEND OF CASF/////7)

FORMAT(14HOTITERATION NMOsT14416H CONVR(NUCRIT}=1PE10as3
114H CONVR(FLUX)=E10e3s14H NU CRITICAL=E12455
213H FLUX RATIO=E1245)

FORMAT(1HOI104+9111)
FORMAT(1HOI291PF124330E11472)
FORMAT(16HO FAST FLUX(IsJ))
FORMAT (16HO SLOW FLUX(IsJ))
FORMAT(1HO)

FORMATI{1HI)

FORMAT(12A6)

RETURN

END(O»1s0s091)

72

18030617
18030618
18030619
18030701
18030703
18030705

18030717
18030719
18030721
18030723
18030725
18039903
18030805
18039905
18030809
18030811
18030813
18030815
18030817
18030819
18030821
18030823
18030825
18031107
18031109




CoUT33sUB EQUIPOISE 0OUT33 SUB =~ 900~9000

900

936
938

9007
9006
9008

SUSROUTINE 0UT33

DIMENSION A1(25925)9A0(25925)3A3(25925)3A4 (25925
1A5{25925)3A6(25925)9AT7(25925)eB1(259251982(25425)
2B3({25925) sB4(25925)9B5({25425)9sB6(25925)
3PHIF1(25425)sPHIF2(25,25) yPHIF3(25425) sPHIFEX(25525)
4PHIS1(25425)sPHIS2(25,25) sPHIS3(25425 ) 4PHISEX(25425)
S5DELR(25)¢DELZ(25)sR(25) ¢ JCL(25)sELR(25)sIR0O(25),
GELZ(25)sHOL(12)sNCC(IN)sRGFA(625)IRGSA(625)

COMMON A19A29A33ALyA5 yA64B1+B2sB39B44B54B6sVERGLsVERGFsHOL ¢NCC
1AT9PHIF14PHIF24PHIF33pHIFEXsPHIS19PHIS24PHIS3,
2PHISEXsDELRSDELZ yRs IMAX s JMAX sNORT s NORJSNREGeNDELRyNDELZ s
MK 4LAD S ITOP4IRIT4IBOT ,PHIT1sPHIT2 yPHIRY14PHIR24PHIB1,,PHIB2,
LEPT9yBETAs JCLIELRYyIRO9FLZs IRO19IR0O29JCL19JCL2sD14D2+SIGLy
551G2 ¢ SFNU1sSFNU2 sPROB 4PHIK19PHIK23ITs IRy IByITCsIBCHLIMI4LIM2,
6LIMILYLIMIZ2 G LIMULGLIMU2 9 TEMP1oTEMP2 43 TEMP3 3 TEMP4L4 3 TEMPS,
TTEMPE s TEMPT7 o TEMPB s IENDsNT T4 XLAMDASNCELL sBETAB1 s SUMNL
BSUMN2 s ILO9 JLO s THI ¢ JHI yVERG4PHINORSYKEXT1sKEXT2 +BETAB2
OXMULT s ABF 9 ABSsSTL s SBL 4 SRL yPRODF 9PRODSsFTLsFBLsFRLsRGFASRGSA

EQUIVALENCE {A1(1)sB1(1)sPHIF2(1))e(A2(1)sB2(1)sPHIF3(1)})>
1(A3(1)YeB3(1)sPHIFEX(1))a(A4(1)sB4(1)sPHIS2{1}sRGSA{1) ),
2(A5(1)eB5({1)sPHIS3({1)4RGFA(L1})s{A6(1)sB6E(1)sPHISEX (1)),
3(PHIF1{(1)sDELR{1Y)y (PHIF1(26)sDELZ(1))}s(PHIF1(51)sR(1})>
G(PHIFL1{76)sJCL(1))s(PHIF1(101)sIRO(1})s(PHIF1(126)sELR(1)},
S{PHIF1(151)sELZ(1}))

WRITE OUTPUT TAPE 999007

WRITE OUTPUT TAPE 999006 (HOL(T)sI = 1,412)

WRITE OUTPUT TAPE 999008+ PRODF sPRODS,
1ABFsABSyFTL,STLsFRLISRLFRL9SBL

WRITE QUTPUT TAPE 949009

DO 938 M = 13NREG

WRITE OUTPUT TAPE 9+s9n10sMsRGFA{M) 4sRGSA(M)

WRITE OQUTPUT TAPE 94+9n07

FORMAT(1H1)

FORMAT(12A6)

FORMAT(33HO TOTAL FAST GROUP PRODUCTION = 1PE12.5/ °
133H0 TOTAL SLOW GROUP PRODUCTION = 1PE1245/
233H0 TOTAL FAST GROUP ABSORPTION = 1PE12.5/
333H0 TOTAL SLOW GROUP ABSORPTION = 1PE12.5/
433H0 TOTAL FAST GROUP TOP LEAKAGE = 1PE1245/
53340 TOTAL SLOW GROUP TOP LEAKAGE = 1PE12.5/
633H0 TOTAL FAST GROUP RIT LEAKAGE = 1PE1245/
733H0 TOTAL SLOW GROUP RIT LEAKAGE = 1PE1245/
833H0 TOTAL FAST GROUP BOT LEAKAGE = 1PE12+5/

933H0 TOTAL SLOW GROUP BOT LEAKAGE 1PE1245///)

9009 FORMAT(20HO REGION ABSORPTIONS/
136H0 REGION FAST ARSORP SLOW ABSORP)
9010 FORMATI(3H I3y4H 1PE12,542H 1PE12.5)
RETURN

END(Os190s0s1)

18030401
18030402
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030203
18030207
18030209
18030211
18030213
18030215
18030217
18039903
18030301
18039905
18039907
18030307
18030309
18039905
18030403
18030404
18030405
18030407
18030409
18030417
18039901
18030420
18030422
18030424
18030501
18030503
18030505
18030507
18030509
18030511
18030513
18030515
18030517
18030519
18030521
18030523
18030524
18030525
18030526

73



CINPT

200

201

202

203

204

205

206

207

74

SUR FQUIPOISE INPHT SUR = 200=2000

SURROUTINE INPUT

DIMENSION A1(252519A2{25425)sA3(25425)9A4(25425)
1AS(25025)9A6(25925)sA7(25s25)sB1(25925)19sR2(25425)
P2R3(25425) sB4(25425)sBe(25925)sB6(25975)
APHIF1{(25925)sPHIF?2(25,4,25) sPHIF3{25425)sPHIFEX{25425)
4PHIS1(25425)sPHIS2(25,25) sPHISR (25425 ) sPHISEX(25425)
S5DELR(25) ¢DELZ(25)sR{28) s JCLI25YsFELR{25)sIRO(25)
6ELZ(25) sHOL({12) sNCC(10n)

COMMON A1 A2 A3 A4 9A54,A69RB19R2:B834B44B5+R69VERGLSVERGFsHOL ¢NCCy
1AT7 sPHIF1sPHIF2sPHIF3sDHIFEXsPHIS]1 4PHIS29PHISR
2PHISEXSDELRSDELZsRs IMAX s JMAX sNORT sNORJsNREGsNDELRsNDELZ s
AMK s LAD s ITOPSIRITsIBOT 4 PHIT1sPHIT29sPHIR1sPHIR2 sPHIR1$PHIR2,
LEPTsRETASJCLSsFLR$TRO$ELZs IRO19IR0O29JCLYsJCL2sD1sD2+S1G1
5S51G2 9SFNUY 9SFNU2 sPROB 4PHIK1sPHIK?2 s IT9sIRsIBsITCHyIBCsLIMI L IMD,
ELIMIToLIMIZ29LIMUT sLIMJ2¢TEMPLsTEMP2 4 TEMP3 4 TEMP4 3 TEMPS
TTEMPEL s TEMPT7 s TEMPR 3 IENNsNI T o XLAMDASNCELLsBETART s SUMN1 »

B8SUMN2 s TLOsJLO s THT s JHI 4 VERGsPHINOR sKEXT1 s KEXT2 sBETAR2
OXMULT s ABF 9 ARS s STL s SRL 4 SRL sPRODF s PRODS s FTLsFRL 9FRL

EQUIVALENCE (A1(1)sB1(1)sPHIF2(1))s{A2(1)sB2{1)sPHIF3(1))s
1(A3(1)sR3(1)sPHIFEX(1)) o (AL(1)sB4{1)sPHIS2(1) )
2(A5(1)sB5(1)sPHIS3(1))1s(AE(1)eBEI1)sPHISEX(1) )
3(PHIF1(1)sDELR{1))s (PHIF1(26)sDELZ(1)})s{(PHIF1{51)sR{1))>
4(PHIF1(76)9JCL{1) ) s (PUTIF1{(101)sIRO(1) s (PHIF1({126)9ELR{1) )
S5{PHIF1(151)sELZ(1))

READ 2000s(HOL{I})sI = 1412)

READ 20014 IMAX s IMAXSNNART s NORJ s JHI s JLO S IHI 9 LADSITOP
1IRITSIRBOTsPHIT1sPHIT2 ,PHIR1sPHIRZ2sPHIRI
2PHIB2+EPISBETA

VERG = 10040

IF(IMAX)I201452014202

s
9

IEND = -1
GO TO 212
IEND = +1
NDELZ = 0
IRO(1) =1
NQ1 =1

NQ2 = 8

READ2002s ((ELZ{I)sIRO(I+1))sI=NQ1sNQ2)
DO 204 K = NQ1sNQ2

IRQO = IRO(K+1)

IF(IMAX-TRQO) 20552055204

NDELZ = NDELZ+1

NO1 = NQ2+1

NQ2 = NQ1+7

GO TO 203

NDELZ = NDELZ+1

NDELR = ©

JCL(1) =1

NQl = 1

NQ2 = 8

READ2002s ({ELR(J) sJCL(J+1))sJ=NQ1sNQ2)
DO 207 K = NQ1sNQ2

JCaL = JCL(K+1)

IF{JMAX=JCQL) 20892084207

NDELR = NDELR+1

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18035903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18039901
18039912
18030405
18030407
18039906
18030409
18030411
18030413
18030415
18030417
18030419

18030507
18030509
18030511
18030513

18030515
18030517
18030519
18030521

18030607
18030609
18030611
18030613




208

209 READ 20035TRO1sTRO2sJCL19JCLZ23D1sD2sSIGL1sSIG2

210

211

2000
2001
2002
2003

212

NQl = NQ2+1
NQ2 = NQ1+7

GO TO 206
NDELR = NDELR+1
NREG = 0

1SFNU1 9 SFNU2 sPROB s PHIK19PHIK?2
IF{IRO1)211+211210
NREG = NREG+1

WRITE TAPE 291R0O1sIR029JCL19JCL2sD19D24S1G1y

151G2 s SFNU1 ¢ SFNU2 sPROB 4PHIK1 s PHIK?
GO TO 209

REWIND 2

NIT = 0

FORMATI(12A6)
FORMAT(41343712sTE6e3sF441)
FORMAT{8(E6.3s13))
FORMAT(41396E7e493E6673)

RETURN

END(Os1+s0s041)

18030615

18030619
18030621
18030623
18030701
18030703
18030705
18030707
18030709
18030711
18030721
18039903
18039914
18030807
18030809
18030813
18030525

75




COUT1

800

sur EQUIPOISE OUT1 SUR - 800-8000

SUBROUTINE 0UT1

DIMENSION Al1(25525)3sA2(25925)9A3(25+25)9A4(25425)
1AS5(25925)sA6(25925)9A7(25925)9B1(25925)sR2(25425)
2R3(25925)sB4{(25925)9sR5(25925)19B6(25425)
3PHIF1(25425)sPHIF2(25425) sPHIF3(25425) s PHIFEX(25425)
4PHIS1(25425)sPHIS2(25425) sPHIS3 (25425 ) sPHISEX(25525)
S5DELR{25)sDELZ(25) sR(28)9sJCL(25)sELR(25)sIRO{25)
6ELZ(25) sHOL(12)sNCC(1n)

COMMON A1sA2+sA39A49A5,A69B19B2sB3sB4sB5+4B6sVERGLsVERGFsHOL sNCC s
1A7sPHIF19PHIF2 ¢sPHIF3sPHIFEXsPHIS19PHIS2sPHIS3,
2PHISEXsDELRsDELZsR s IMAX s JMAXSNORT sNORJsNREGsNDELRSNDELZ »
3MKsLADs ITOPs IRIT S IBOT yPHIT1sPHIT2sPHIR19PHIRZ2sPHIR14PHIR2
LEPTsBETASJCLIELRIIROSFLZ9IROL19IRO29JCLI 9 JCL29D1sD2+SIGT,
551G29SFNUT s SFNU2 ¢PROB 4PHIK1sPHIK2 s ITs IRsIBsITCeIRCsLIMIHZLIM?,
6LIMITsLIMI2sLIMIULSLIMY2 s TEMPLsTEMP2yTEMP3 s TEMP4 s TEMPS
TTEMPE s TEMPT7 s TEMPR s IFNNoNTT 9 XLAMDASNCELL 9RETART s SUMNI
8SUMN2 s TLO s JLO 9 IHI s JHI yVERG sPHINORsKEXT1 oKEXT2 +BFTARBZ »

OXMULT s ABFsARSsSTL sSBL ySRL sPRODF s PRODSsFTLsFRLsFRL

EQUIVALENCE (A1(1)sB1(1)sPHIF2{1))s(A2(1)sB2{1)sPHIF3(1))>
1(A3(1)9B3 (1) sPHIFEX (1)) 9 (A4(1)sB4(1)sPHIS2(1) )y
2{A5(1)sB5(1)sPHIS3(1))s(A6{1)sB6(1)9sPHISEX(1) )
3(PHIF1(1)sDELR{1))s (PHIF1(26)sDELZ({1)}s(PHIFLI{51)sR{1)),
GIPHIF1(76)eJCLI1) )Y s (PHIFTI(101)sIRO(1Y)s(PHIF1(126)9ELR(1) )
S5(PHIF1(151)4ELZ(1))

WRITE OUTPUT TAPE 9,8n0N

WRITE OQUTPUT TAPE 9+8n01s (HOL{T)sI = 14512}

PRINT 8000

PRINT 8001»(HOL{I)sI = 1s12)

WRITE OUTPUT TAPE 94+8nr02

PRINT 8002

WRITE OUTPUT TAPE 9,80039s IMAXs JMAXINREGsITOP
1IRIT+IBOTINORI9NORJIHEPI

WRITE OUTPUT TAPE 948004

WRITE OUTPUT TAPE 9+8n05sIRO(1)s ({ELZ(TI)sTRO(I+1))sI=1sNDFLZ)

WRITE OUTPUT TAPE 948n06

WRITE QUTPUT TAPE 9+8n05sJCLI1) s ({ELR(J)sJCL{J+1))oJ=1sNDELR}

WRITE OUTPUT TAPE 9,8n07

801 PRINT 80035 IMAXs JMAXSNREGITOPsIRITsIBOTINORT sNORUSEPT
PRINT 8004
PRINT 80035sIRO(1)s ((ELZ{T)sIRO(T+1))sI = 1sNDELZ)
PRINT 8006
PRINT B8005sJCLI1) s {{ELR(J)»JCLIJ+1))osJ = 1sNDELR)
PRINT 8007

802 DO 804 L = 1s.NREG
READ TAPE 24IR0O1sIR02,JCL1sJCL2+sD1sD2451G1sS1G2y
1SFNU19SFNU24PROBsPHIKTsPHIK?2
WRITE OUTPUT TAPE 9s8n08sLsIRO1sIR02sJCLIJCL2sD1,4D2s
1STIG1sSIG2sSFNULsSFNU2 4PROByPHIKI ¢PHIK?2

803 PRINT 80083sLsIR01sIR0O?sJCLIJCL2sD14D2+SIG19SIG2,
1SFNU1 9SFNU24PROB9PHIK14PHIK?2

804 CONTINUE
REWIND 2

805 PRINT 8000

8000 FORMAT(1H1)

8001 FORMAT(12A6)

76

18030101
18030102
18030105
18030107
18020109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18020209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030401
18030403
18030405
18030407
18030409
18030411
18030413
18030415
18030417
18030419
18030420
18030421
18030423
18030503
18030505
18030507
18030509
18030511
18030513
18030601
18030603
18030605
18039907
18030609
18039909
18030615
18030617
18030619
18030623
18030701
18030703




8002 FORMAT(1H )

8003 FORMAT(23HOREACTOR SPFCIFICATIONS/11HO I(ROWS)=12,
110H J{COLM)=12+10H MNOLREGe=I2919H BNDsCONDs(TsRsB)=I1}
21HsT191Hs»I1s10H T(NORM)I=T12,10H J(NORM}=12,6H EPI=1PE10.3//)

8004 FORMAT(20HOMESH SPECIFICATIONS/12HO I DELZ)

8005 FORMATI(1H I45s10(FT7e3s74))

8006 FORMAT(12HO J DELR)

8007 FORMAT(1HO/22H REGION SPECIFICATIONS/8HO REG

162HI1 12 J1 J2 D1 D2 SIcl SI1G2
246HNUSF1 NUSF2 RES .ESCAPE PHI1 PHI 2}

8008 FORMAT({1H I4s155314s1PpTE114392E1043)

806 RETURN

END(O91s0s0s1)

18030705
18030707
18030709
18030711
18030713
18030715
18030717
18030719
18030721
18030723
18030725
18030716
18030718

77




CBETA

6000

5001
1950

1951

1952
1960

1961

1962
1963

1964

6002

78

SuR ENUIPOISE RETTA SUR =~ 6000

SUBROUTINE BETTA

DIMENSION Al1(25925)3A2(25925)sA3(25525) sA4 (25525},
1A5(25925)9A6(25925)9A7(25925)sB1(25525)9B2(25925)
2B31(25925)sR4{25325)sBR(25425)sRA6(25425) s
BPHIF1(25525)sPHIF2(25,25) sPHIF3(25525)sPHIFEX(25425)
4PHIS1(25925)sPHIS2(25425) sPHIS3( 25925 ) sPHISEX{25+25)
SDELR{25)sDELZ(25)sR(2Rr)sJCLI25)sFLR(25)sIR0O(25)
6ELZ(25)sHOL{12)sNCC(1N)

COMMON A1 +A29A33A4 9A5 yA63B13P24sR234B443B54B6sVERGL sVERGF sHOL sNCCs
1A7sPHIF1sPHIF2sPHIF33DHIFEXsPHIST 4PHIS23sPHIS3
2PHISEXsDELRsDELZ sRoIMAX s JMAX sNORT s NORJsNREGsNDELRyNDELZ s
AMKsLADS ITOPSIRIT» IBOT yPHITI sPHIT?2 3PHIR1IsPHIR?2 sPHIR1IsPHIR? s
4EPTsRETASJCLIELRSIRO9FLZ 9y IRO1I9IRO24JCLIsJCL2+D14D2sSIG1
5SI1G29SFNUT s SFNU2 sPROB 4PHIKT sPHIK?2 s ITsIRsIBsITCsIBCSLIMIsLIMD
GLIMITSLIMI2sLIMIL oLIMJ2 s TEMPLsTEMP2 s TEMP3 9 TEMP4 s TEMPS
TTEMPEsTEAP 7o TEMPB s TENMsNTIT ¢ XLAMDASNCELLsBETART s SUMNT »
BSUMN2 s ILDsJLO s IHT s JHI yVERGsPHINOR SKEXT1sKEXT2 4BFTAR?
OXMULT s ARF s ABSsSTILL s SRL ySRL sPRODF sPRODSsFTL 9 FRL $FRL

EQUIVALENCE (AT (1) sRI(1)sPHIF2(1))e(A2(1)sR2{1)sPHIF3(1) )
1(A301)sBR3(1)YsPHIFEX(1)) s (A4(1)sR4(1)sPHIS2(1) s
2{AS5(1)sB5(1)sPHISA{1) Y9 {AA{1)sBAT)sPHISFX(1) )
B3(PHIF1(1)sDFLR{1))s (PHIFY1(26)sDFLZ{1)) s (PHIF1{(51)9R(11))s
GIPHIF1(76)9JCLI1) Y s (PUIFT1(101)sIRO(1))s(PHIFI(126)sFLR(1) )
S{PHIF1(151),FELZ (1))

X = 10040/PHIS1(NORISNORJ)

VERG = 120.0

VERGL 100.0

VERGF 10040

XLAMDA = 0.0

DO 6001 1 = 2,LIMI1

Hon

DO 6001 J 29LIM2

PHIF1(IsJ) = PHIFI1({14J)%*X
PHISI(IsJ) = PHISI(IsJ)*X

DO 1952 1 = 14IMAX

PHIF1(Ts1) = PHIF1(Is2)
PHISI(Is1) = PHIS1(Is2)
IF(IR)1951,195241952
PHIF1(IsJMAX) = PHIFI(IsLIM2)
PHIS1(T9JUMAX) = PHIS1(TsL1IM2)
CONT INUE

DO 1964 J = 1sJMAX
IF(IT)19615196241962
PHIF1(1sJ) = PHIF1(24J)
PHIS1(1sJ) = PHIS1(2,)
IF(IB)19635196451964
PHIF1(IMAXsJ) = PHIFI{LIM]4J)
PHIS1{IMAXsJ) = PHISI(LIM1,4J)
CONT INUE
IF{BETA=2,0)6015,6015,6002

READ TAPE 55 ((PHIF2(I4J)s1 = 19IMAX)sJ = 1sJMAX)
READ TAPE 55 ((PHIS2{I4J)sl = 19IMAX)sJ = 1sJMAX)
REWIND 5

READ TAPE 65 ((PHIF3{I,J)s1 = 1sIMAX)sd = 15JMAX)
READ TAPE 65 ((PHIS3(I4J)s] = 1sIMAX)sd = 1sJMAX)

REWIND 6

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030401
18039901
18039903
18039905
18039907
18030403
18030405
18030407
18030409
18039901
18039903
18029905
18039907
18039909
18039910
18039911
18039913
18039914
18039916
18039917
18039919
180399721
18039922
18039924
18030411
18030413
18030415
18030417
18030419
18030421
18030423




TEMP1
TEMP?2
TEMP3
TEMP4
6003 DO 601 2sLIM1
DO 6012 2L IM2
TEMPCY = ABSF(PHIF1(I,J)=PHIF2(1sJ))
6004 IF{TEMPC1-TEMP1)6006s400556005
6005 TEMP1 = TEMPC1
6006 TEMPC2 = ABSF(PHIF2(1,J)=PHIF3({I4J})
IF{TEMPC2-TEMP2) 600834007 46007
6007 TEMP2 = TEMPC2
6008 TEMPC3 = ABSFI(PHIS1{I,J)~PHIS2(14sJ))
IF(TEMPC3-TEMP3)601054009 56009
6009 TEMP3 = TEMPC3
6010 TEMPC4 = ABSF(PHIS2(1,4J)=PHIS3(IsJ})
IF(TEMPC4-TEMP4)601254501146011
6011 TEMP4 = TEMPC4
6012 CONTINUE
6013 CONTINUE
BETAB1 = 2.0-2.0%SQRTF(140=-SQRTF(TEMP1/TEMP2)}
BETAB2 = 2.0~2.0%SQRTF(1+0=~SQRTF(TEMP3/TEMP4))
GO TO 6021
6015 IF(BETAY6020360169602N
6016 IF(IB)601751005100
100 IF(IT)6017+6018+6018
6017 XQQ = 2«0%FLOATF (LIMI)
GO TO 6019
6018 XQQ = FLOATF(LIM1)
6019 XPP = FLOATF(LIM2)
BETABL = 2.0-14414214%#SQRTF((34141593/XPP) #x2
1+(24405/XQQ) #%2)
BETAB2 = BETABI1
GO TO 6021
6020 BETAB1 = BETA
BETAB2 = BETA
6021 PRINT 6022+RETAR1sBETAR2
6022 FORMAT{10HO BETAF = 1PE1043s13H BETAS = E1043//7777)
6023 IF(BETAB1-2.0)6024+602446025
6024 TF(BETAB1-1.0)602546026+6026
6025 BETAB]1 = 1.0
6026 IF(BETAB2-2.0)6027+6027+6028
6027 IF(BETAB2-1.0)6028+6029+6029
6028 BETAB2 = 1,0
6029 RETURN
END(Os1s0Ds0s1)

[SV I B (I T ¢

e ReNoXe]

18030501
18030503
18030505
18030507
18030509
18030511
18030513
18030515
18030517
18030519
18030521
18030524
18030601
18030603
18030605
18030607
18030609
18030611
18030613
18030615
18030617
18030619
18030621
18030701
18039901
18039903
18030705
18030706
18030707
18030709
18030711
18030713
18030715
18030717
18030801
18030803
18030805
18039907
18030809
18030811
18030813
18030815
18030817
18030819
18030821
18030823
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CSOUR

100

101
102

sSUB EQUIPOISE SOUR SUB - 100

SUBROUTINE SOUR

DIMENSION A1(25925)9A2(25+25)3A3(25925)sA4(25925)
1A5(25325)sA6(25925)3A7{25925)9B1(25925)9B2(25925)
2B3(254925)sB4(25925)sBr(25425)3B6(25925)
BPHIF1(25425)9sPHIF21(25,25) sPHIF3(25+25) sPHIFEX (25925}
4PHIS1(25525)sPHIS2(25,4725) sPHIS3 (25425 JsPHISEX{(254925)
SDELR(25) sDELZ(25)sR(22) s JCL(25)sELR{25)sIRO(25) )
6ELZ(25) sHOL(12)aNCC(1Nn)

COMMON A19A23A39A4 A5 ,AAsB1sR29B3+B49B5sBE6sVERGL s VERGF sHOL ¢NCCo
1A79PHIF1sPHIF2sPHIF34pPHIFFEXsPHISTsPHIS2sPHIS3
2PHISEXsDELRsDFLZ sRs IMAX s JMAX sNORT sNORJ9sNREG s NDELR$NDELZ »
AMK s LAD s ITOPSsIRITsIROT 4PHIT1sPHIT2 sPHIR1sPHIR2sPHIR1sPHIB2
LEPTsBETAsJCLSELRsIROsFLZy IRO1sIRO29JCL19JCL29D19D2sSIGLy
551G2 sSFNU1 s SFNU2 sPROB yPHIK1sPHIK2 s ITsIRsIBITCyIBRCsLIMISLIM2
GLIMIToLTIAIZ2sLIMIYLSLIMU2sTEMPLSsTEMP2sTEMP3 3 TEMP4 3 TEMPS
TTEMPE s TEMPT7 s TEMPB8 s TENNsMNTI T o XLAMDA sNCELL sBETART s SUMNL »
8SUMN2sTLOsJLOsTHI s JHI yVERGsPHINORSKEXT1sKEXT2+sBETAB2
OXMULTs ABFsABSsSTLsSRL 43SRL 9PRODF 9sPRODSSFTLsFBL$FRL

EQUIVALENCE (A1(2)sBRYI(1)sPHIF2(1))s(A2(1)sBR2{1)sPHIF3(1) )
1(A3(1)sB3{1)sPHIFEX{1))s(A4(1)sB4{1)sPHIS2(1))s
2(A5(1)YsR5(1)sPHIS3(1) s (A6(1)sBE{1)sPHISEX(1))
3(PHIF1(1)sDELR(1))s (PHIF1(26)sDELZ(1))s(PHIFI(51)sR({1)}o
4(PHIF1(76)sJCL{1)) s (PHIF1(101)aIRO{1))s(PHIF1(126)9ELR(1) )
S5{PHIF1(151)4ELZ(1))

DO 101 1 = 1,IMAX
DO 101 J = 1,JMAX
Al(T+J) = 0.0
A2(I4J) = 0.0
A3(I14J) = 0.0
A4{IsJ) = 0.0

DO 110 M = 1sNREG
READ TAPE 24sIRO1sIR02,JCL14JCL2sD19D29SIG1sSIG2,
1SFNU1 s SEFNU2 sPROBsPHIK1sPHIK?2

LIMI1 = IRO1+1
LIMI2 = IRO2~-1
LIMJ1l = JCL1+1
LIMJ2 = JCL2-1

IF(IRO2~IR01-1)1069106+103

103 IF(JCL2-JCL1-1)106510689104
104 DO 105 I = LIMI1sLIMI?
DO 105 J = LIMJ1sLIMJ?
AliIsJ) = SFNUI#PHIF1(IsJ)+SFNU2*PHISI(IsJ)
A2(1sJ) = Al(IsJ}
A3(Tsd) = Al(14J)
105 A4(TsJ) = AL1(IsJ)
106 IF(LIMJ2-LIMJ1)111+1075107
107 DO 108 J = LIMJ1sLIMJ?D
A3{TRO1sJ) = SFNUI*PHIF1(IRO1sJ)+SFNU2*¥PHIS1(IRO14J)
A4 (IRO1sJ) = A3(IRO14J)
AL{IRO29J) = SFNUL*¥PHIF1(IR02sJ})+SFNU2¥PHIS1(IRO2sJ}
108 A2(IR02sJ) = AL1(IRO2,J)
111 IF({LIMI2-LIMI1)113,112,112
112 DO 109 I = LIMI1l,LIMI?
A1(TI4JCL1) = SFNUL*¥PHIF1(I,JCL1)+SFNU2*PHIS1(14JCL1)
A4{T,4JCL1) = AL(I,JCL1)
80

18030401
18030403
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030405
18030407
18030409
18030411
18030413
18030415
18030417
18030419
18030421
18030423
18030425
18030501
18030503
18030505
18030507
18030509
18030511
18039901
18030515
18030517
18030519
18030601
18030603
18030605
18030607
18030609
18030611
18030612
18030613
18030615
18030617




109
113

110

A2{TsJCL2) = SFNUIH#PHIF1(14JCL2)+SFNU2*¥PHIS1({1sJCL2) 18030619
A3{IsJCL2) = A2(1,sJCLD) 18030621
A4(IRO1sJCL1) = SFNUI#PHIF1(IRO1sJCL1)+SFNU2Z¥PHISI{(IRO1+JCL1) 18030701
A3(IRO15JCL2) = SFNU1%PHIF1(IRO1sJCL2)+SFNU2*¥PHIS1(IRO1sJCL2) 18030703
A1({IRO2sJCL1) = SFNU1%#PHIF1(IR02sJCL1)+SFNUZ2*PHIS1(IR02sJCLY) 18030705
A2({1R0O2yJCL2) = SFNUI#PHIF1(IR0O2sJCL2)+SFNU2*¥PHIS1(IR0O2sJCL2) 18030707
REWIND 2 18030709
RETURN 18030711
END(091505051) 18030713
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CoUT4

100
101

905

102

103

107

104

105

82

SUR EQUIPOISE 0OUT4 SUR~100-1000

SUBROUTINE OUT4

DIMENSION A1(25425)9A0(25+25)15A3(25925)3sA4(25525)
1A5(25925)9A6(25925)9A7(2592519B1(25+25)sB2(25925)
2B3(25525)9B4(25925)9B5(2592519B6(259251)
3PHIF1(25525)sPHIF2(25425) sPHIF3{25425) sPHIFEX(25925)
GPHIS1(25925)sPHIS2(25425) sPHIS3(25425 )sPHISEX(25925)
SDELR{25)sDELZ{25)sR(258) s JCLI25)sFELR(25)9IRO(25)
6ELZ(25)siHOL(12) sNCC(1n)

COMMON A1sA23A3sAL A5 4A69R13B2sB3+sB4sB5+sB6sVERGLIVERGFSHOLSNCCo
1AT79sPHIF1sPHIF2sPHIF3sPHIFEXsPHIS1sPHIS2sPHIS3,
2PHISEXsDELRSDELZ9R 9 IMAX 9 JMAX sNORT sNORJ $NREG sNDELR ¢NDELZ »
3MKsLADs ITOPs IRIT s IBOT 4PHIT1sPHIT2 sPHIR1$PHIRZ2sPHIR1sPHIB2
GEPT sBETASJCLIELRSIROsEFLZs IRO19IR0O2sJCL1sJCL29D1sD2+sSIG1
551G2 9SFNUL s SFNU2 s PROBRGPHIK1sPHIK2sITsIRsIBsITCsIRCsLIMIsLIM2,
GLIMITOLIMIZHZLIMITISLIMU29sTEMPL9TEMP2 3 TEMP3 3 TEMP4 3 TEMPS
TTEMP6 s TEMPT7 s TEMPB s TENDsNTIT 9 XLAMDASNCELLsBETABL s SUMNI
BSUMN2 s TLD s JLOs IHI s JHT yVERG9PHINOR ¢KEXT1sKEXT2 sBETAB2 »
IXMULT s ABFsABSsSTL s SBL 4 SRLsPRODF s PRODSsFTLsFRBLSFRL

EQUIVALENCE {(A1{1)sB1(1)sPHIF2(1))s(A2(1)sB2{1)sPHIF3(1) )
1(A301)9B3(1)sPHIFEX({1)) s (A4(1)sB4(1)sPHIS2(1)))
2(A5(1)sB5(1)sPHISZ(1))s(A6(1)sR6(1)sPHISEX(1) )
3(PHIF1(1)sDELR(1))s (PHIF1(26)sDELZ{1)Ys(PHIF1(51)sR(1}))s
LIPHIF1(76)sJCL{1)Y) s (PHIFI(101)sIRO(1))s(PHIF1(126)sELR(1})
S5(PHIF1(151)sELZ{1})

WRITE OUTPUT TAPE 9s1n00s (HOL(I)s1=1412)
NOOC = JMAX

MOOC = 0

NOOR = IMAX

MOOR = O

WRITE QUTPUT TAPE 9s1n01
IF(NOOC-5)102+102+103
LOOC = MOOC+1

MOOC = JMAX

SEMSE LIGHT 1

GO TO 107

LOOC = MOOC+1
MOOC = MOOC+5
NOOC = NOOC-5

IF(NOOR=14)1045104,510%
LOOR = MOOR+1

MOOR =-IMAX

SENSE LIGHT 2

GO TO 106

LOOR = MOOR+1

MOOR = MOOR+14

NOOR = NOOR-14

DO 120 J = LOOCsMOOC
NCC(J) = J

WRITE OUTPUT TAPE 951n02s (NCC(J}sJ=LOOCsMOOC)

DO 109 I = LOORsMOOR

WRITE OUTPUT TAPE 9s1n03sTs({(A2(1sJ)sA1(TsJ))sJ=LOOCsMOOC)
WRITE OUTPUT TAPE 9s1n04s ((A3({TeJ)sA4{1sJ))sJ=LOOCsMOOC)
[F(SENSE LIGHT 23110112

IF(SENSE LIGHT 13113111

WRITE OUTPUT TAPE 951nN5

18030401
18030403
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030405
18030411
18030413
18030415
18030417
18030419
18030501
18030503
18030505
18030507
18030509
18030511
18030513
18030515
18030517
18030519
18030521
18030523
18030525
18030601
18030603
18030605
18030607
18030609
18030611
18030613
18030615

18030619
18030621
18030623




112

1000
1001
1002
1003
1004
1005

113

WRITE OUTPUT TAPE 941000 (HOL(1)9I=1,12) 18030625
GO TO 905 18030701
WRITE OUTPUT TAPE 9451005 18030703
WRITE OUTPUT TAPE 9s1n00s (HOL(I)sI=1412) 18030705
WRITE OUTPUT TAPE 9,4,1n01 18030707
GO TO 107 18030709
FORMAT(12A6) 18030801
FORMAT(12HOSOURCE (I J}y) 18030803
FORMAT(1HO115s4122) 1803080°%
FORMAT{1HO1295(1PE12429E1043)) 18030807
FORMAT {3H S{1IPE1243,E1043}} 18030809
FORMAT(1H1) 18030811
RETURN 18030813
END(Os1s0s0s1) 18030815
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CREST

5000

84

SUR EQUIPOISE RESTRT SUB - 5000

SUBROUTINE RESTRT

DIMENSION A1(25925)9A2(25425)9A3(25425)9sA4(25+425)
1A5(25425) sA6(25425)sA7(25925)sB1(25925)sB2(254925)
2B31(254925)sE4(25925)sBr{254925)4B6(25425)
BPHIF1(25425)sPHIF2(25,25) sPHIF3(25+25) sPHIFEX{254+25)
GPHIS1(25525)sPHIS2(25,25) 9PHIS3(25425 ) sPHISEX(25425)
SDELR{25) sDELZ(25) sR(258) s JCLI25)sELR(?25)sIRO(25)
6ELZ(25)sHOL{12)sNCC(1n)

COMMON AT sA29sA3 4 AL A5 ,A64R14sB29sR3 B4 sR54B6 3VERGL sVERGF sHOL ¢NCCy
1A7 sPHIF14PHIF2 3PHIF33pHIFEXsPHIS1 4PHIS2 3yPHIS3,
2PHISEXsDELRSDELZ sRs IMAX s IMAX sNORT sNORJsNREGINDELRyNDELZ
AMK sLAD S ITOF s IRIT S IBOT ,PHIT1sPHIT2sPHIR1sPHIRZ2 yPHIB1sPHIB2
GLEPTsBETAsJCLSELRSIROSFLZy IROL9IRO29JCLYI s JCL29D19D29sSIGL
55162 s SFNU1 sSFNU2 s PROB yPHIK1 sPHIK2 s 1Ty IR IBsITCyIBCyLIMIHLIM2,
GELIMIYISsLIMIZoLIMILSLIMU2sTEMPLSTEMP2sTEMP3 3 TEMP4L s TEMPS
TTEMPE s TEMPT7 3 TEMPB s TENNsNIT ¢ XLAMDA ZJNCELL 3BETAB1 9 SUMN1
BSUMN2 s TLOsJLO s THI s JHT ,2VERGsPHINORSKEXT14KEXT2+sBETAB2
OXMULT s ABF 4 ABSsSTL s SBL 4,SRL s PRODF s PRODSsFTLsFBLsFRL

EQUIVALENCE (A1(1)sB1(1)sPHIF2(1))s(A2(1)sRBR2(1)}sPHIF3(1) )y
T1(A3{1)YsR3(1)sPHIFEX(1))s(AG(1)sB4(1)sPHIS2(1))>
2(AS(1)sR5(1)sPHISA(1) Vs (AG(1)sRE(LI)SPHISEX(1) )
3(PHIF1(1)sCELR(1))s (PHIF1(26)sDFLZ{1)})s(PHIF1(51)sR{1)
G(PHIF1(76)sJCLIT1Y)Ys(PHIF1(101)sIRO(1}}s(PHIF1(126)sELR(
5(PHIF1{151)yELZ(1})

READ TAPE S5 ((PHIF1(I,J)s1

READ TAPE 54 ((PHISI(I,J)s1

REWIND 5

READ TAPE 4,4,A1

READ TAPE 4,A2

READ TAPE 4,4A3

READ TAPE 4,A4

READ TAPE 4,A5

READ TAPE 4,A6

WRITE DRUM 1,0000sA1

WRITE DRUM 1+0680,A2

WRITE DRUM 141370sA3

WRITE DRUM 2+0000+A4

WRITE DRUM 2,06804A5
WRITE DRUM 2+1370sA6

READ TAPE 4,B1

READ TAPE 4,4R2

READ TAPE 4,B3

READ TAPE 4,B4

READ TAPE 4,85

READ TAPE &4,B6

WRITE DRUM 3,0000,B1

WRITE DRUM 3+0680,82

WRITE DRUM 3451370,8B2

WRITE DRUM &44+00N09sB4

WRITE DRUM 4,0680sB5

WRITE DRUM 4+1370s8B6

REWIND &

RETURN

END{O9s1s040,51)

Vs

1))
1sIMAX) o J
1sIMAX) sJ

14 JMAX)
1+ JMAX)

18030101
18030102
18030105
18030107
18030109
18030111
18030113
18030115
18039901
18039903
18030203
18030205
18030207
18030209
18030211
18030213
18030215
18030217
18030219
18030301
18030303
18030305
18030307
18030309
18039905
18030401
18030403
18030405

18030501
18030503
18030505
18030507
18030509
18030511

18030601
18030603
18030605
18030607
18030609
18030611
18030612
18030613
18030615



SUBINN

SUM

Al

ONE

REM
FUL
MZE
PZFE
P7E
P7ZE
BCD
PZE
ORG
REL
HTR
HTR
HTR
SXD
SXD
SXD
CLA
STA
CLA
STA
CLA
ARS
STA
ADD
STA
CLA
STA
CLA
SUR
STD
LXD
CAL
ACL
TXI
TXL
SLw
LXD
LXD
LXD
TRA
0cT
END

0s0s4
Q
ONE+2

1SUBINN
SUM
0

SUM~=3,1
SUM=2,?2
SUM=14¢4
1s4
Al+3
294

*+1

0

18

Al

ONE
Al=-1
394

¥+1

0

ONE+1
Al+2
ONE+1,1
0s1

0s1
*+191y1
Als1,0
0
SUM=3,1
SUM=2 42
SUM=14¢4
Lyl
1,1000000
0

PROGRAM CARD

9L

9R

8L

B8R NO. OF LAST COMMON
7L NAME OF ROUTINE

TR

GET LOC OF SUMN 1
GET LOC OF LOC1

GET LOC 1
SHIFT TO ADDRESS

GET LOC OF INTEGER

GET INTEGER

CALCULATE CHECK SUM

STORE CHECK SUM

RETURN

CELL

85



SUBOUT

SUM

Al

RETURN

ONE

86

REM
FUL
MZE
PZE
PZE
PZE
BCD
PZE
ORG
REL
HTR
HTR
HTR
SXD
SxD
SxD
CLA
STA
CLA
STA
CLA
ARS
STA
ADD
STA
CLA
STA
CLA
SuUB
STD
LXD
CAL
ACL
TXI
TXL
SLW
CLA
sSuUB
TZE
SLN
LXD
LXD
LXD
TRA
ocCT
END

Os09&
0
ONE+4

1SUBOUT
SUM
0

SUM=3,1
SUM=2 42
SUM=1 44
194
Al+4
29t

41

0

18

Al

ONE
Al-1
394

*41

0

ONE+1
Al+2
ONE+1,41
Os1

Os1
¥+19191
Als1,0
ONE+3

0

ONE+3
RETURN
1
SUM=3,1
SUM<2 42
SUM=144
Lyl
1,1000000
0

PROGRAM CARD

9L

9R

8L

8R NOs OF LAST COMMON CELL
7L NAME OF ROUTINE

7R

GET LOC OF SUMN 1
GET LOC OF LoOC1

GET LOC 1
SHIFT TO ADDRESS

GET LOC OF INTEGER

GET INTEGER

CALCULATE CHECK SUM

RETURN
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