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2DB USER'S MANUAL

W. W. Little, Jr. and R. W. Hardie

ABSTRACT

2DB is a two-dimensional (X-Y, R-Z, R-8), multigroup diffusion code
for use in fast reactor criticality and burnup analysis. The code can be

used to:

Compute kegs and perform criticality searches on buckling,
time absorption (o), reactor composition, and reactor

dimensions by means of either a flux or an adjoint model
Compute material burnup.

A11 programming is in FORTRAN-IV. Since variable dimensioning is
employed, no simple restrictions on problem complexity can be stated.
However, in a 65K memory, the current version is nominally restricted to
50 energy groups. Running time (for a keff calculation) on a UNIVAC 1108

is about 1 minute for a 30 x 30 mesh problem using 4 energy groups.
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2DB USER'S MANUAL

W. W. Little, Jr. and R. W. Hardie

I. INTRODUCTION

A number of significant additions and alterations have been made in
the 2DB diffusion-burnup code since it was first pub]ished.(]’z) This report
gives a complete description of the code including all modifications. A
description of the mathematical model is given in the body of the report; a
sample problem, input instructions, and a FORTRAN-IV source deck listing are
included in the appendices.

2DB is designed explicitly for use in fast reactor analysis. Eigen-
values are computed by standard source-iteration techniques. Group
rebalancing and successive over-relaxation with line inversion are used to
accelerate convergence. Adjoint solutions are obtained by inverting the
input data and redefining the source terms.

Variable dimensioning is used to make maximum use of the available
fast memory. Since only one energy group is in the fast memory at any
given time, the storage -requirements are .insensitive to the number of energy
groups.

Criticality searches can be performed on buckling, time absorption,
material concentrations, and region dimensions. Alpha and keff can be used
as parametric eigenvalues. Criticality searches can be performed during

burnup to compensate for fuel depletion.
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The format of the input data (e.g., cross sections, flux dumps,
geometry and composition specifications) is compatible with the Los Alamos

3) and 20F, %) and the

one and two-dimensional transport codes DTF-IV(
Battelle-Northwest perturbation code PERT-IV.(S) A11 four codes use the
same input module. The logical flow of 2DB is patterned after the 2DF

code. In fact, many subroutines of these two codes are almost identical.
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II. FORMULATION OF DIFFERENCE EQUATIONS

Neutron Balance Equations

The multigroup diffusion equations can be written in the form

0, v2 g - z; 0g + Sy =0, g =1, oo (2.1)
where
X N g-1
Sq = F;g} gzz] (vzg) . + gZ=1 2(979) 4. (2.2)
and:
N = number of energy groups,
g = energy group index,
¢g = flux in group g,
Sg = source in group g,
Dg = diffusion constant for group g (= 1/3 z;r),
(uzf)g = fission source cross section for group g,
z(g*»g) = group transfer cross section from g~ to g,
zg = removal cross section for group g
N
=g+ 1 xleg))],
g =g+l
Xg = fission source fraction in group g,
keff = effective multiplication constant.

The only major choice in setting up the difference equations is the

placing of the mesh point relative to the mesh boundaries (i.e., on the mesh
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boundary or in the interior of the mesh). We have chosen to place the mesh
point in the center of the homogeneous mesh interval (see Figure 2.1).
This choice Teads to a more clean-cut calculation and interpretation of all
reaction rates.

The spatial difference equations are obtained by integrating Equa-
tions (2.1) and (2.2) over the volume associated with each mesh point. For

the (i,j) mesh point shown in Figure 2.1, the radial integration would be

SR. SR,
from (Ri - —El) to (Ri +-—§l), and the axial integration would be from
T o 2,

The leakage terms are obtained by first transforming the volume integral

over the Laplacian to a surface integral using Green's theorem,

2 —

sDvéedV = /DVe . dA. (2.3)

The flux gradients at the mesh boundary are obtained by interpolating the two
contiguous flux values. Thus, volume integration of Equation (2.1) for mesh
point o (see Figure 2.1) Teads to the expression

4 D A

k"'k r -
) —EE—'(¢k'¢o) = ZodoVy + SV, = 0, (2.4)

where, for simplicity, the group indices have been omitted, and:

zg = removal cross section associated with mesh point o,
S0 = source rate associated with mesh point o,
V0 = volume associated with mesh point o,

flux associated with mesh point k,

<
~
u
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Ek = distance between mesh point k and mesh point o,
Ak = area of boundary between mesh point k and mesh
point o,
Dk = effective diffusion constant between mesh point k
and mesh point o _ Do Dk(cSRo + éRk) ) (2.5)
D, 6Rk + Dk SR, ) :

Finally, Equation (2.4) can be recast into a form more convenient for

performing flux iterations. That is,
4
Solo * kz] Créx
o, = s (2.6)
0 C5
where
D, A
- _kk e
Ck = 0y k=1, ... 4 (2.7)
and

4
+ inininnin
| [
1 0
‘?———‘ 57 0 | o | 02
J
L | |
2, L
3

t

Fig. 2.1. Mesh Description
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Discussion of Boundary Conditions

Three boundary conditions are available in 2DB: §$ =0, ¢ = 0, and
periodic. These are described below using a slight modification to the

nomenclature developed in the foregoing sections.

Zero Flux Gradient

Consider the left hand boundary of the one-dimensional reactor shown in
Fig. 2.2. Let us now imagine that a pseudo mesh interval, interval o; has
been added on the left hand side of the boundary with the same composition
and thickness of interval 1. Clearly, then, if §$ = 0 at the boundary,
¢ = ¢7- Therefore, since (¢0-¢]) vanishes, the coefficient of 707> Cy
(see Eq. (2.4)), is immaterial--hence C; can be set equal to zero. The

calculation is performed assuming that ¢0 does not exist and C1 = 0.
Zero Flux

Again, imagine that a pseudo mesh interval with the same composition as
interval IM has been added to the right hand side of the right boundary. Now,
since oy # 0 and Orme] = 0, the coefficient of (¢IM'¢IM+1) in Eq. (2.4)

cannot be disregarded. In fact, from Eq. (2.7), it is clear that

C, = Dy A

.5 dRIM + .71 Xy

where \_  1is assumed to equal ]/Ztr°

tr
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Note, as in the 5? = 0 case, that there is no contribution of the
pseudo flux in Eq. (2.6). For a zero flux gradient, Cy = 05 whereas for a

zero flux, ¢K = 0.

Periodie Flux

Periodic boundary conditions are available for the top and bottom

boundaries. In this option,

% = ®M
o1 = O1mey
and
C (1-1M) = D Ax
5(5R1 + 5R1g)

It should be stressed that the pseudo mesh intervals discussed above
are not in any way a part of the code. They are mentioned here only for

heuristic purposes.

l Boundaries

' <«

I

-6~ |e—

| \e\ |
| \\\e\\\

! e !
!
| \\ |
o |11 ... i o \ |
a,cSPO.u.(- cSR]’e ‘{GRIM e 1.42 >‘tr‘ F

Fig. 2.2. Schematic Diagram of 1-D Reactor
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IT1I. SOLUTION OF DIFFERENCE EQUATIONS

The eigenvalue and flux profiles are computed by standard source-
iteration techniques, i.e., by using an initial fission source distribution,
the flux profiles in each group are sequentially computed beginning in the top
(highest energy) group. After the new fluxes in all groups have been calcu-
lated, a new fission source distribution is computed from the new flux
profiles. The multiplication ratio, A, is then obtained by simply taking the
ratio of the new fission source rate to the old (previous iteration) fission
source rate. The above sequence of events is called an outer iteration.

Before each new outer iteration, the fission spectrum is multiplied
by 1/x, so that A approaches unity as the iteration proceeds. The effective
multiplication constant is simply the product of the successive i's. Con-
vergence is assumed when [1-A| < ¢, where ¢ is an input parameter.

Fission source over-relaxation is employed in 2DB to accelerate conver-
gence. The procedure is as follows: After the new fission source rate
profile, F¥+1, is calculated, a second "new" value, F§+1, is computed by
magnifying the difference between the new fission source rate and the old

fission source rate. Thus,

A A R (A (3.1)
where g“ is the fission source over-relaxation factor. F§+] is then

normalized to give the same total source as F¥+].

The group-fluxes are computed using successive line over-relaxation (SLOR).

That is, the fluxes on each vertipa] (or horizontal) 1ine are simultaneously
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computed (by the familiar Crout reduction technique) and then over-relaxed

using the algorithm

vt1

VT = 6w sVt ~ (3.2)

where 8 is the over-relaxation factor. In R-6 problems or problems involving
periodic boundary conditions, direct inversion is performed on vertical lines
beginning at the left boundary and proceeding by column to the right boundary.
In all other situations, direct inversion is used along the dimension with
the most mesh points. One mesh sweep is defined as one inner jteration.

The flux over-relaxation factor, g8, is an input parameter. The code
automatically reduces g-1 by a factor of 1.1 when the neutron balance is
within a factor of 10 of the fission source error criterion. The fission
source over-relaxation factor, g~, is computed internally from the ad hoc
expression

g- = 1.0 + .6(s-1) . (3.3)

As in the original version of 2DB, the flux in each group is norma-
1ized (by balancing the total source and loss rate) immediately before each
group-flux calculation. Thus, a one-region problem with zero-gradient
boundary conditions would be solved exactly in one outer iteration.

Parenthetically, it should be mentioned that an alternating direction
SLOR scheme (using line inversion for rows and then columns in alternation)
has been tried, but is not included in the current version of 2DB since

no gain in convergence rate was realized.
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IV. SEARCH OPTIONS

The 2DB code computes implicit eigenvalue searches on time absorption,
material composition, zone thickness, and material buckling. In contrast
to a keff calculation, the fission spectrum is not multiplied by 1/x after
each outer iteration. Instead, after a converged X has been obtained
(|Av+] - 2Y| < e°) by a sequence of outer iterations, the desired parameter
is perturbed to make A approach unity. That is, first a converged A is cal-
culated for the initial system. The system is then altered by the amount
specified in the input (the eigenvalue modifier) and a second converged A
is calculated. Subsequent parameter changes are determined using either

linear or parabolic interpolation procedures. The iteration is continued

until |1-a] < e.

Time Absorption (o calculation)

For simplicity, let us consider the one-group, time dependent diffusion

equation

%’%%Lr&zl'= Dv2e(F,t) - za¢(F,t) + vzf¢(F,t) . (4.1)

If we now assume that

o(F,t) = ¢(Fe (4.2)
we can obviously rewrite Equation (4.1) in the form
Dv2o(F) - (z, + &) o(F) + vice(F) = 0 . (4.3)

In a time absorption calculation, the parameter o, as defined and

used in Equations (4.2) and (4.3).is computed as the eigenvalue. Note that
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a/v is effectively an absorption cross section--hence the name "time

absorption."

Material Concentration (C calculation)

2DB can perform an extremely flexible and comprehenéive criticality
search on material composition. Any number of materials can simultaneously
be added, depleted, or interchanged in any number of zones.,

The format for specifying concentration searches can best be described
by a simple example. Let us suppose that a zone mixture, say Mix 10, is to
be composed of Materials 2 and 4. Let us further assume that Material 2,
with an initial density of 0.02, shall be varied to obtain criticality, and
Material 4 shall have a fixed density of 0.04 (atoms/barn-cm).

The I0, I1, and I2 vectors would then be set up as shown in the

following tabulation.

Mix Number (I0) Material Number (I1) Density (I2)
10 0 0
10 2 0.02
10 10 0
10 4 0.04

The first row (10,0,0) instructs the code to clear a storage area
for Mix 10. The second row (10,2,0.02) causes Material 2 to be added to
Mix 10 with a density of 0.02. The third row (10,10,0) causes the current
contents of Mix 10 to be multiplied by the eigenvalue. Finally, the last
row (10,4,0.04) instructs the code to add Material 4 to Mix 10 with a

density of 0.04,
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A11 of the foregoing can be summarized by the expression

I = 0.02 o, EV + 0.04 o, (4.4)
where:
I = macroscopic cross section for Mix 10,
g, = microscopic cross section for Material 2,
o, = microscopic cross section for Material 4,
EV = eigenvalue.

Zone Dimensions (& calculation)

2DB searches on reactor dimensions by varying the dimensions of each
axial and radial mesh interval. Each mesh width, 6r1, is computed from the

expression

sr = dr; [1 4+ (mesh modifier‘)1 EV] , (4.5)

where Gr; is the initial mesh spacing and EV is the eigenvalue. Different

mesh modifiers can be specified for each axial and radial mesh interval.

Buckling (B2 calculation)

In a buckling search, the quantity DiBZ, where Di is the zone dependent
diffusion constant for group i, is added to the ith group absorption cross
section. The in-group scattering cross section, o;g, is reduced by the
same amount so that the calculated total cross section remains equal to the

input total cross section. The buckling is then computed as the eigenvalue.
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V. BURNUP_MODEL

The basic burnup equation for each zone has the form

M L SN+ kK T Gdand g TN (5.1)
Jj m
where:
N' = density of nuclide i,
x = decay constant for nuclide i,
o, = spectrum averaged absorption cross section for
nuclide i,
= spectrum averaged fission cross section for
nuclide i,
o. = spectrum averaged capture cross section for
nuclide i,
¢ = total flux.
The last two sum terms in Equation (5.1) allow provision for two capture and
seven fission sources. The latter option, for example, could be used to
compute the fission product buildup.
Each input time step is arbitrarily subdivided into 10 smaller time
steps. Equation (5.1) is then solved as a march-out problem using the sub-

divided time intervals. If we rewrite Equation (5.1) in the form

= f(N,t) , (5.2)

[aRja R
=

the particular march-out algorithm used can be written as
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=y

%o, st
J+1 - NJ + 2 (¥J + ¥J+-|) (5.3)

where J is the index on time and &t is the fine-step time interval.
Observe that Equation (5.3) is implicit in the sense that NJ+1 must be
known in order to compute ?J+], One must therefore iterate on N at each

time point. This procedure Teads to the algorithm

su+1

N =N’J+g—t(?d+?‘) ), (5.4)

J+1

where v is the iteration index.

Remarks on Burnup Equations

The zone averaged flux and cross sections appearing in Equation (5.1)
are computed before each input time step. The total reactor power (from
the burnable isotopes) and flux profile (relative zone fluxes) are held
constant during the fine-step march-out described by Equation (5.4).

It should be clear from the mathematical model presented that relatively
short time steps should be employed if rapid variations in isotopic concen-
tration or flux profiles are anticipated. Such conditions, however, are

rarely encountered in fast reactor design calculations.
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VI. REMARKS ON CODE OPERATION

1. Since the input data is inverted for adjoint calculations, all
group indicies in the output of adjoint cases are inverted. Furthermore,
the balance tables in adjoint calculations do not have a direct physical

interpretation.

2. The material inventory tables are inapplicable for a mixture speci-

fication more complex than a mix in a mix (e.g., a mix in a mix in a mix).

3. An isotope cannot be mentioned more than once in the same mix in
burnup calculations. If mentioned more than once in other calculations, the

printed inventory will be incorrect.

4, Although the new eigenvalue and material densities are computed and
printed after the last time step, the zone averaged cross sections and re-
action rates are not. These can be easily obtained, however, by simply
taking 1 extra burnup step of miniscule length. Similarly, the zone averaged
cross sections and reaction rates can be obtained in non-burnup runs by

simply calling for 1 (dummy) burnup step of miniscule Tength.

5. A flux dump is given only when:
1) A dump is called for, and
2) The burnup time is zero.
Thus, if a dump is called for in a burnup calculation, only one dump (the

initial flux) is given.
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6. Tight mesh spacing in the dimension perpendicular to line inversion
can cause excessive running time. Thus, if tight mesh spacing is used, it
should be along the dimension containing the mest mesh intervals. For the
same reason, the "dummy" dimension in one-dimensional problems should con-

tain large mesh intervals.



—
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VII. REPRESENTATIVE RUNNING TIMES ON A UNIVAC 1108

2DB running times for problems involving typical fast reactor compo-
sitions are shown in Table 7.1. ATl problems are run using an initial flat

flux and a kege convergence criterion of 1072,

Table 7.1

Representative Running Times for kees Calculations

No. of Mesh Approx. Time
Case Geometry Groups Size (minutes)
1 R-Z 2 20 x 20 0.2
2 R-6 4 20 x 30 0.7
3 X-Y 5 40 x 40 2.3
4 R-Z 20 20 x 20 3.0
5 R-2 20 33 x 29 6.1
6 R-Z 26 24 x 18 4.1
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APPENDIX A
SIMPLIFIED LOGICAL FLOW DIAGRAM

A brief description of the function of each subroutine is given below;

the calling sequences of all principal subroutines are shown in Figure A.1.

AVERAG Calculates zone averaged fluxes and cross sections.
- CALC Program management.
CLEAR Clears storage area for dimensioned variables.
) CNNP Performs convergence tests; estimates new eigenvalue.
: ERRO2 Prints and evaluates anomalous conditions.
- FISCAL Computes group sums; normalizes flux and fission rate.
- GRAM Calculates and prints reactor inventory.
IFLUXN Normalizes group fluxes before each group-flux
- calculation.
INCL Tabulation of all elements in COMMON storage.
- INIT Calculates miscellaneous parameters (e.g., cross section mixes,
. adjoint reversals, geometric parameters).
INNER Performs inner iteration by column.
INNERT Calculates coefficients for use during inner iterations.

INNER2 Performs iteration by row.

INNERP Performs inner iteration for problems with periodic boundary
conditions.
INP Reads and prints input data; sets core storage requirements.
« INPB Reads and prints input data for burnup.
MAPR Prints core map.
MARCH Computes variation in reactor composition for a specified
time step.




OUTER
PRT
REAGZ
REAIZ
5860
5862
S8830
S8847
S8850

A-2

Controls program during outer iterations.

Prints two-dimensional vectors.

Generalized input routine for floating point variables.
Generalized input routine for integer variables.

Reads input cross sections from cards.

Reads input flux dumps from cards.

Monitor print.

Computes and prints total neutron balance.

Final print.

BNWL-831
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A-3

Fig. A.1.

2DB Calling Sequence

TP ERROZ
_J 5860
MAPR $862 REAG?
REAIL2 | REAG?
Bl
\
ERROZ
FISCAL
58830 INNERT
INNERP TFLUXN
OUTER
INNER | IFLUXN |
INNER2 IFLUXN ]
—_FISCAL | — CcLEAR |
CNNP
— Erro2 ]
s8850  [_58830 | s847 | | prT |
L
— eram | CLEAR |
AVERAG
MARCH

BNWL-831
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APPENDIX B
INPUT INSTRUCTIONS

The following pages describe the input data for 2DB. Most input is
read in via generalized input subroutines. The format for data read in
through the generalized input subroutines must adhere to the following
form: A1l cards must contain six data fields of 12 columns each. The Tast
nine columns of each field contain the data associated with the particular
field; columns 2-3 contain an integer, N, from 0 to 99. The first column

of each field must contain:

0 - no effect (N=0),
1 - repeat associated entry N times,
2 - do N Tinear interpolations between associated data entry
and succeeding data entry,
3 - terminate reading of this array with previous data entry.
Variable Columns  Format Description

CARD 1 (To run a series of cases, repeat from this card)
ID (11) 1-66 11A6 Identification card.

MAXT 67-72 16 Maximum running time (minutes).
If zero, not used.

CARD 2
A02 1-6 I6 Problem type:
= 0, regular calculation,
= 1, adjoint calculation.
104 7-12 16 Eigenvalue type:

= T keffs
2, time absorption (a),
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Variable Columns Format Description

4, zone thickness
5, buckling (B%).

3, concentration (C)
(s

)s

S02 13-18 I6 Parametric eigenvalue type:
= 0, none,
=1, keffs
=2, a.
IGM 19-24 I6 Number of energy groups
(1 < N 5 50).
NXCM 25-30 I6 Number of downscattering terms.
MCR 31-36 I6 Number of materials (cross sections)
from cards.
MTP 37-42 I6 Number of materials from tape.
MO7 43-48 I6 Initial flux guess:
= (0, none,

1, X(R)xX(Z) from cards,
2, X(R,Z,E) from cards,
3, X(R,Z,E) from tape.

D05 49-54 I6 Maximum number of outer iterations.
Representative value % 50.

GO7 55-60 I6 Maximum number of inner iterations per group.
Representative value % 10.

S04 61-66 I6 Maximum number of inner iterations per group
while |1-1|>10e. Representative value ¥ 6.

NPUN 67-72 16 Flux dump option: .
0, no punch,

1, punch flux dump,

2, punch flux and 12 card,

3, write flux on tape,

4, write flux on tape and punch I2.




B-3 BNWL-831

Variable Columns Format Description
CARD 3
IGE 1-6 I6 Geometry specification:

= 0, X-Y,

=1, R-Z,

= 2, R-6.
IM 7-12 16 Number of radial intervals (z 3).
JM 13-18 16 Number of axial intervals (z 3).
IZM 19-24 I6 Number of material zones.
MT 25-30 I6 Total number of materials, including mixes.
MO1 31-36 I6 Number of mixture specifications.
BO1 37-42 I6 Left boundary condition:

= 0, vacuum,

= 1, reflective.

B02 43-48 I6 Right boundary condition.
BO3 49-54 I6 Top boundary condition:
= 0, vacuum,

1, reflective,

2, periodic.

BO4 55-60 I6 Bottom boundary condition.

1Z 61-66 16 Number of radial zones (& option only).
JZ 67-72 16 Number of axial zones (& option only).
CARD 4

EV 1-12 E12 Initial eigenvalue guess. (Used only in

search calculations.)

EVM 13-24 E12 Initial eigenvalue modifier. This value
should decrease reactivity--i.e., EV + EVM
should produce a lower reactivity than EV.
Since EVM is completely problem dependent,



Variable  Columns Format
S03 25-36 E12
BUCK 37-48 E12
LAL 49-60 E12
LAH 61-72 E12

B-4 BNWL-831

Description

no representative values can be given.
However, this parameter is rather important,
so some thought should be given to esti-
mating a reasonable value. (Used only in
search calculations.)

Parametric eigenvalue (see third word on
Card 2).

Buck1ing (cm-z)a Caution--search (and burnup)
calculations that include a buckling term
cannot be performed using input cross
sections (mixes) directly in zones. Further-
more, a given input mix cannot be used
directly in two or more zones in Keff or
search problems that have a buckling term.
These problems can be avoided by mixing with
a density of 1.0. If searching on buckling,
BUCK should be zero.

Lower Timit on |x-1|, where A-1 is, in essence,
the predicted change in the current re-
activity. After LAL is reached, the eigen-
value sTope is no longer altered. LAL is
used only in search calculations. Recommended
value % .005.

Upper limit on |x-1|. If |x-1] is greater
than LAH, LAH rather than |x-1| is used
in predicting the new eigenvalue. LAH is
used only in search calculations. Recommended
value % .5.



Variable  Columns Format
CARD 5

EPS 1-12 E12
EPSA 13-24 E12
GO6 25-36 E12
POD 37-48 E12
ORF 49-60 E12
SO1 61-72 E12
CARD 6

HOLN(MCR) 1-6 A6
ATW(MCR) 7-12 E6

B-5 BNWL-831

Description

Convergence criterion on the total fission
source rate. The maximum error in keff
is actually about 3xEPS.

Parametric eigenvalue convergence cri-
terion. The eigenvalue is recalculated
when |Av+]—xv| is less than EPSA. EPSA
is only used in search calculations.
Recommended value ~ TOxEPS.

Flux convergence test (if zero, no test).
That is,

+
Max( 6" =61 /6").

Parameter oscillation damper. Ratio of the
computed eigenvalue change to the pre-
dicted eigenvalue change. POD can be
used to accelerate convergence or damp
out oscillations. (Used only in search
calculations.)

Over-relaxation factor. If instabilities
arise, reduce ORF. Recommended value
~ 1.6.

If X is negative, the total power is
normalized to |X| Mwt using the con-
version factor of 215 Mev/fission. If
positive, X=total source/keff.

Identification card for first isotope.

Name.

Atomic weight of first isotope (a.m.u.).



B-6 BNWL-831

Variable Columns  Format Description
ALAM(MCR)  13-18 E6 Decay constant for first isotope (days']).
This value is only used in burnup cal-
culations.
AA(9) 19-72 9A6 Miscellaneous additional identification.
CARD 7
C(ITL,IGM, 1-12 E12 Cross section data for first group of
MCR) first isotope. oc (barns).
C(ITL,IGM, 13-24 E12 0y
MCR)
C(ITL,IGM, 25-36 E12 VO
MCR)
C(ITL,IGM, 37-48 E12 Tty
MCR)
C(ITL,IGM, 49-60 E12 o(g~>qg)
MCR)
C(ITL,IGM, 61-72 E12 a(g-1-g).
MCR)
CARD 8
C(ITL,IGM, 1-12 E12 a(g-2+g).
MCR)
C(ITL,IGM, 13-24 E12 o(g-3+g).
MCR)

Repeat above sequence for all groups and
all isotopes. Data for each new energy
group must begin on a new card. The code
checks the input data to insure that

Oty = 0y ¥ ) o (g»g7).
g
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Variable

Columns

Format

B-7 BNWL-831

Description

CARD 9 (Optional, required if MO7=1)

RF(IM)
RF(IM)

1-12

13-24

E12(GI*)

E12(GI)

Initial flux guess for first radial interval.

Initial flux guess for second radial interval.
This flux profile is used for all energy
groups.

CARD 9' (Optional, required if M07=1)

ZF(JM)
ZF (M)

1-12
13-24

E12(GI)
E12(GI)

Initial flux guess for first axial interval.

Initial flux guess for second axial interval.
This flux profile is used for all energy

groups.

CARD 9" (Optional, required if M07=2)

NO ( IMJM)

NO(IMJIM)

CARD 10
RO(IM+1)
RO(IM+1)

CARD 11

Z0(JdM+1)

1-12

13-24

E12

E12

E12(GI)
E12(GI)

E12(GI)

* Generalized input format.

Initial flux guess for first mesh point in
first group.

Initial flux guess for second mesh point in
first group. Continue for all mesh points
and all energy groups.

Radial position of first mesh boundary (0.0).

Radial position of second mesh boundary (cm).

Axial position of first mesh boundary (0.0).
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Variable Columns Format Description

Z0(JM+1) 13-24 E12(GI) Axial position of second mesh boundary.
Dimensions should be in cm for R-Z and
X-Y calculations, and in fractions of a
circle for R-g calculations (e.g., 0.5
for 1800).

CARD 12
MO( IMJIM) 1-12 I12(GI)  Zone number for first mesh interval.

M0 (IMJIM) 13-24 [12(GI) Zone number for second mesh interval. Mesh
intervals are sequence numbered beginning
at the Tower left and then proceeding
through each row in order.

CARD 13

M2 (IZM) 1-12 [12(GI) Material number for first zone.

M2 (1ZM) 13-24 I112(GI) Material number for second zone.

CARD 14

K7(IGM) 1-12 E12(GI) Fission fraction (spectrum) in first energy
group.

K7(IGM) 13-24 E12(GI) Fission fraction in second energy group.

CARD 15

V7(IGM) 1-12 E12(GI) Neutron velocity for first energy group
(cm/sec).

V7 (IGM) 13-24 E12(GI) Neutron velocity for second energy group.
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Variable Columns Format Description

CARD 16 (Optional, required if MO1>0)
10(M01) 1-12 I12(GI) Material number of Mix 1.

10(MO1) N-N+12 I112(GI) Material number of Mix 2.

CARD 17 (Optional, required if M01>0)

I11(M01) 1-12 I12(GI) O (to clear storage area for Mix 1).
I1(MOT1) 13-24 I12(GI) Number of first material in Mix 1.
I1(MOT1) 25-36 I112(GI) Number of second material in Mix 1.

I1(M01) N-N+12 I12(GI) 0 (to clear storage area for Mix 2).

I1(MO1) N+13
-N+24  112(GI) Number of first material in Mix 2.

CARD 18 (Optional, required if MO1-0)
12(M01) 1-12 E12(GI) 0

I2(MOT) 13-24 E12(GI) Concentration of first material in Mix 1
(atoms/barn-cm).

12(M01) 25-36 E12(GI) Concentration of second material in Mix 1.

CARD 19 (Optional, required if 104=4)

R2(IM) 1-12 I12(GI) Dimensional search zone number for first

radial interval.



CARD 20 (Optional, required if

CARD 21 (Optional, required if

CARD 22 (Optional, required if

CARD 23 (Burnup Control Card)

B-10 BNWL-831

Description

Dimensional search zone number for second
radial interval.

104=4)

Dimensional modifier for first (dimensional
search) radial zone.

Dimensional modifier for second radial zone.

104=4)

Dimensional search zone number for first
axial interval.

Dimensional search zone number for second
axial interval.

104=4)
Dimensional modifier for first axial zone.

Dimensional modifier for second axial zone.

Burnup control:
= 0, end of problem, read input data
for next case,
= N, read burnup parameters for N
isotopes and take time step of DELT,
< 0, take time step of DELT.
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Variable  Columns Format Description

NPRT 7-12 16 Print control:
0, partial print,

1, full print.
DELT 13-24 E12 Length of time step (days).

CARD 24 (Optional, required if NCON > 0)

MATN(NCON)  1-6 I6 This card contains all burnup parameters
for the first burnable isotope. Material
sequence number of first burnable isotope.

NBR(NCON) 7-12 16 Control for breeding ratio calculation:
= 0, no effect,
= 1, fertile isotope,
= 2, fissile isotope.
LD(NCON) 13-18 16 = 0, no decay source,
= N, decay source from burnable isotope N.

LCN(NCON,2) 19-24 16 = 0, no capture source,
N, capture source from burnable isotope N.

See Eq. (5.1).

LCN(NCON,2) 25-30 16 = 0, no capture source,
= N, capture source from burnable isotope N.

LFN(NCON,7) 31-36 16 = 0, no fission source,
= N, fission source from burnable isotope N.
See Eq. (5.1).

LFN(NCON,7) 37-48 16 = 0, no fission source,
= N, fission source from burnable isotope N.

(Repeat CARD 24 for all burnable isotopes. Repeat from CARD 23 for
additional time steps.)
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APPENDIX C
STORAGE REQUIREMENTS

The variable dimensioned arrays require N storage locations where
N = MAX(N],NZ)

N. =5+ 10 x IM x JM

1
+ 7 x IM
+ 5 x JdM
+ 4 x MOl
+ 3 x (IGM + IZM)
+ ML x (15 + 4 x IZM)
+ MT x ITL
+ 2 X MAX{IM,JdM)
+1Z+J7+IM+ JIM (if s calculation)

N, = MT x ITL x (IGM + 1) + 3 x ML

2
and:

IM

number of radial intervals

JM number of axial intervals

IGM

number of energy groups

IZM

number of material zones

MO1

number of mixture specifications

ML

number of materials from cards or tape

ITL

length of cross section table (NXCM+5)

MT total number of materials, including mixes

WA

number of radial zone modifiers
JZ = number of axial zone modifiers.,

For virtually all practical problems, N] > N2 and thus N = N1o







BNWL-831

APPENDIX D
SAMPLE PROBLEM

The following pages show the input data and computer output for a

2-group, 2-region, 2-step burnup problem in R-Z geometry.
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SUe
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NXCM
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MTI
MO 7
vos
G607
S04
NPUI

16U
I
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MU 1
13Ul
Ble
vud
(MR

JZ

v
EVin
509

HUCr
LAL
LAH

EPS
EPSA
Gou
POw
ORF
501

LAST

4052

PO * * 2 N8 * * *

2 U b SAMPLE CASE

U/1ZREGULAR CALCULATION/ADJOIMT CALCULATIOIN:

EIGENVALUE TYPE (1/2/3/4/5=KEFF/ALPHA/CONCENTRATION/DELTA/BUCKLING)

PARAMETRIC EIGEMVALUE TYPE  (0/1/2=HONE/KEFF/ALPHA)
NUMBER OF GROUPS

NUMBER OF DUWNSCATTERING TERMS

NUMBER OF MATERIALS FROM CARDS

NUMBER OF MATERIALS FRUM TAPE

FLUX GUESS (0/1/2/3=NONE/X(R)*X{Z)/X(ReZ+E}/X(RrZ+E) FROM TAPE)

OUTER ITERATION MAX

INNER ITERATION MAX PER GROUP

Il MAX PER GROUP FOR 1 - LAMBDA GREATFER THAN 10*EPS
FLUX DUMP (0/1/2/3/4=NONE/CARDS/CARDS+I12/TAPE/TAPE+12)

GEOMETRY (0/1/2=X=Y/R=Z/R=THETA)

NUMBER OF RADIAL IWNTERVALS

NUMBER OF AXIAL INTERVALS

NUMBER OF MATERTAL ZONES

TOTAL NUMBER OF MATERIALS INCLUDING MIXES

NUMBER OF MIXTURE SPECIFICATIONS

LEFT BOUNDARY COUDITION (0/1=VACUUM/REFLECTIVE)

RIGHT BOUNUARY CONUDITION  (0/1=VACUUM/REFLECTIVE)

TOP BOUNDARY CONDITION  (0/1/2=VACUUM/REFLECTIVE/PERIODIC)
BOTTOM BOUNDARY COMDITION (Q/1/2=VACHWUM/REFLECTIVE /PERIODIC)
RADIAL ZONES (DELTA-OPTIEN ONLY)

AXIAL ZONES (DELTA=-OFTION QNLY)

FIRST EIGENVALUE GUESS
EL1GENVALUE MODIFIER
PARAMETRIC EIGENVALUE
GUCKLING (CM=2)

LAMBDA LOWER

LAMBDA UPPER

EL1GENVALUE CONVERGENCE CRITERIA

PARAMETER CONVERGENCE CRITERIA

INNER ITERATION TEST (1F ZERO» NO TEST)
PARAMETER OSCILLATION UAMPER

OVER=RELAXATION FACTOR

NLGATIVE/POSITIVESPOWER (MWT)/NEUTRO' SOURCE RATE

COO=NOC =D

—
OO MO0 (W

0.0000
0.0000
0.0000
0.0000
1.0000-03
5.0000-01

1.,0000-05
1.,0000~03
0.0000
1.0000+00
1.4000+00
=1.0000+02
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2 1 b SDAMPLE CASE

e

TriE FOLLOWING NUCLIDES

[5y N

&

OL o ~NT U

[VERY2

FU23Y9
ru24u
PU241

[ASEACILCIRAVIE VI VIV I VIO I\ V)

ARE FROM CARDS

GROUPS
GROUKS
GROUFS
GROUFS
GROUPS
GROUPS
GROUPS
GROUPS
GROUFS
GROUFS

CORE
CORE
CORE
CORE
CORE
CORE
CORE
CORE
REFLECTOR
REFLECTOR

LS
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MESH BOUNLARIES

Ky
-.0000U
JSedltue
W 7cU0U+UL
rAT)
-,0000U
20231+ u2
600002

21
+32308+01
«32538+02

21
29251401
«32154+02

LOU615+01
L 38769402

.O8462+U1
«35077+02

ZUNE NUMBERS 8Y MESH INTERVAL

MQ

-

RO A N NI RO I e b b b e et Bt e et e e B b b e pet e b b e e e b e

400

PR NS I PO N IS = s e bt bt b e ot et s s ot bt ot ot ps ot b b bt b b b = s

TN AO NI M N N0 AD N et bt bt ot ot et et ot b b b fb bd b b b pd pt et b et b b et s s

(RO/Z0=RADIAL POINTS/AXIAL POINTS)

«96923+01
42000402

HE£T692401
«3n000+02

MV NVNNTN =N DN N=RD =D RN =)0 -

.12923402
46286402

«11692+02
42286+02

MDDV ENDE RN NN ENENDRENDENNEND NN -

Ldolbu+02
«50571+02

014b13+02
46571402

[LSILS LS VIV VI VI VI VI SR P VI S VI SR VI VR S VI L VI VI S VI

«19385+02
«S4357+02

«17538+402
«50857+02

NRNRNNONKN NN =N = RN == NN =N = DR =R = =N -

«22615+02
« 59143402

20462402
55143402

PN NN =N = N R = RN =N =N =N =N RN =N -

«25846+02
63429402

223385402
«59429+02

LVIGVIL VIS S GV VI S\ VIl VI VI VI VI I VI SV R L VI VI

.29077+02
67714402

.26308+02
63714402

NV NN RN =N NN =N =N -
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P 2 2 2 2 2 2 2 2
WMATE LAL WUMBERS BY ZONE
Mg 2
11 12
FISSION SFECTRUM
K7 2
.968700=U0  .13000-01
NEUTHON VELOCITY
v 2
70309409 (11636409
MIXTURE SFECIFICATIONS (I10/11/12=MIX NUMBER/MAT, MUMBER FOR “IX/MATERIAL DENSITY)
iy 13
1 11 11 11 11 11 11 11 11
12 12 12
il 13
U 1 2 3 4 5 6 7 8
9 2 10
ie 13 .
.00000 .80000~-02  .16000-02  ,10000-03 .0000Q .00000 +20000-01 .60000-02  .13900-01  ,00000
L40000-V1  ,00090 ,62000-02
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U U SAMPLE CASE

1212121212121212121212121212121212121212
1212121212121212121212121212121212121212
12121£12121212121212121212121212321212312
1212121212121212121212121212121212121212
1212121212121212121212121212121212121212
121212)1212121212121212121212121212121212
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MAXTURE WUMBER

11
11
11
11
11
11
11
11

MIX CUMMAND

ORNCOoOOx NTUFLNRO

=

LN0N D A YS

MATERIAL ATOMIC DENSITY

« 00000000
«79999999-02
«16000000-02
+99999999~-04
.00000000
00000000
«20000000-01
+«59999999-~02
+13000000-01
«00000000
«40000000-01
«+00000000
«61999999-02
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CROGH=SECTLION £DIT

GrOUY
MAT
MAT
MAT
MAT
MAT
AAT
MAT
MAT
MAT
MAT 10
MaT 11
MAT 12
GROUP
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT 10
MAT 11
MAT 12

N0 U+0GNRH

CaTNOU FOGMN-

1

CROSS=SECTIONS

«100+00 «233-00
«172401 .185+01
«697-00 2 973=-00
«174+401 .189+01
<000 .180-0C
«000 «834=05
«000 «713=03
«000 «9592-02
«372=-01 .190~-00
«000 «671=02
«303-02 «500=02
«149=-02 «762-02
CROSS=SECTIONS

.000 «932=-00
«228+01 324401
«205=01 .158+01
«251401 +288+01
«000 »45C-00
«000 JU457~-10
+000 WU423-02
«000 «215-01
«000 J405=00
<000 .120-01
«306=02 »991-02
«000 .163=01

«281-00
+912401
«210+01
«928+01
.000
.000
.000
«000
«105+0¢C
+000
«106-01
422=-02

000
«650+01
«078=01
744401
000
«000
000
.000
«000
«000
«104-01
«000

=

634401
«669+N1
«654+01
« 745401
«107402
264401
«309+0N1
«256+01
«695+n1
«265+01
«167-00
»294-00

«132+402
« 139402
«1394+402
«119+402
142402
449401
«498+01
482401
0122402
«450+01
»311=-00
«516=-00

-

s

«601+01
477401
«549401
«543+401
«104+402
«245+01
«300+01
e292+01
0 665+01
«260+01
«156~00
«282=00

«126+02
«107+02
«124+402
«901+01
138402
«449+01
498401
«480+01
«118+02
449401
«301=-00
«500~-00

«000
«000
2060
«000
«00V
.000
<000
000
«000
<000
«000
000

+976-01
«790-01
«749~-01
«126=00
0121400
0188-00
+890-01
«342=-01
«112+400
«450-01
«566=02
477=02

e

)

FIEe]

6-0

LEB-TMNE



TiME

(Mlhules)

U4
U6
.08
10
12
o1y
«16
X
«2U
21
22
23

QUTER
ITERATIONS

—

O LN UTSFWN—C

1, 1T,
PER LCOP

0
20
20
20
20
20
20
18
14

9

y

2

EIGENVALUE
SLOPE

.G0o0oo000
00000000
00000600
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
.00000000
«00000000
.00000000

£ IGENVALUE

.000u0000

.610880867=00
.90818238=-00
+96537480~00
«97870443-00
.98406757=00
«38584873=00
.98642320-00
+98660496=00
+98666241-00
.98668050~00
«98668909~00

LAMBDA

00000000

.61088087-00
«14866767401
.10629746+401
.10138077+01
«10054798+01
.10018100+01
.10005827+01
.10001842+01
.10000582+01
.10000183+01
«10000087+01
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F1NAL NLUTRON BALANCE TABLE

GROUP  FISSION SOUKRCE  IN=SUCATTER  GUT=SCATTER  ABSORPTION Le Lo Re Lo T. L. B. L, TOTAL LEAKAGE
1 8,410+18 20749411 3.845418 4,204+18 0000 2507417 1.104+17 0,000 J.611+17
P 1,108+17 3.8405+18 2.443413 3.858+18 0,000 64780416 2.993+16 0,000 9.774+16
Ky 3,521+18 B.845418 3.,845+18 8+062+18 0.000 3.185+17 1.,403+17 0,000 4.588+17

LL-0

L€8 -7IMNG



WAL L

-.,0000

33,2300

6.4l

9.,64923
12,9231
lo.1538
19,3846
22.6154
25.8u462
29,0769
32,3077
35,5385
38,7692
42.0000
4o,2857
50,5714
54,8571
59,1429
03.42806
67.7143
72,0000

AVG RADIIT

leclb4

440462

40709
11,3077
J4,.5385
17.7692
21,0000
24,2308
27.4615
30,6923
33,9231
37.1538
40.2846
44,1429
48,4286
52.7143
57,0000
61.2857
65.5714
69.8571

3.2306

AXI1

=-.000n

249231

5.8460

B8+.7092
11.6923
1“-6151;
17.536y
20.4615
23,3846
26.3077
29,2308
3241538
35.0769
38.0000
42.2857
46.571u
904857}
95.1429
$9.428¢
63.7143
68,0009

AVG AXII

1.4615
4,3840
7.3077
10,2308
13,1538
16,0769
19,0000
21,9231
24,8462
27,7692
30,6923
33,6154
36,5385
40,1429
4y 4280
48,7143
53,0000
57.2857
61.5714
65,8571
2.9231

¢L-a
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L
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1
«HU69163+106
«4040915+16
e 9846244 )6
«3900705+16
789773416
«I0526U45+16
¢ V490335416
«33504050+16
«3095164+16
02565312+ 16
«2016188+16
«2349746+10
«2068096+16
«1539297+16
«1026636+106
«0b1U289+15
«HU462819+15
«2842037+15
« 1684115415
«8004918+14

o
«3570009+16
«9545166+16
«3495663+16
«S421861+410
003524303+ 1¢
e9203712+16
+3060985+16
+2897195+16
«2713588+16
+2511578+16
«2292745+16
«2058831+16
o 1l811732¢+16
e1548137+16
«8988042+15
¢2960381+15
«9905109+15
«2486766+15
e l473691+15
« /005408+14

11
02591567+ 16
«2374619+10
e 2541259+16
2291457410

FLUX FOR

GROUP |

2
«4034900416
« 4000885416
¢ 3951059416
« 3867833+16
« 3757818+16
«3621824+16
« 3460859+16
«3276119+16
«3068989+16
«2841033+16
«2593993+16
«2329788+16
«2050512+16
«1526191+16
«1017875+16
«6752049415
CUU24586+415
2817662415
« 1669664+15
« 7936224414

7
¢3379307+16
«3355768+16
+« 3308861416
«3238930+16
«31U46486+16
«3032213+416
« 2896961416
« 2741749416
«2567764+16
«2370359416
«2169049+16
« 1947513416
«1713577+416
01274879416
+BU97683+15
«96343554+15
¢ 3691404415
«2350881+15
+1393366+15
«662U438+14

12
«2104060+10
«20893504+16
22059890+16
.2016%184+16

i

3
«3966767+16
+3939217+16
«38B4517+16
.3802471+16
.3604281+16
. 3560545416
. 3402254+16
. 3220587+16
.,3016910+16
«2792763+16
.25498665+16
.2290106+%16
,2015551+16
.1500131+16
.1000455+16
,6636243+15
L4348569+15
.2769206+15
.1640942+15
< 7799711414

8

.3163166+16
»3141107+16
.3097148+16
.3031608+16
. 2944965+16
.2837856+16
2711074416
.2565576+16
L2Ug2u76+16
.,2223055+16
.2028757+16
.1821195+16
.1602132+16
.1191621+16
.7939970+15
«5263677+15
+3448759+15
.2196877+15
.1302491+15
.6193963+14

13
.1807818+16
«1795124+16
.1769821+16
.1732074+16

R
s

4
» 38656U41+16
»3838780+16
. 3785254+16
«3705458+16
+3599977+16
«3469592+16
¢3315269+16
+31358163+16
«2939607+16
«2721111+416
» 2484356416
«2231194+16
«1963643+16
«1461U433+16
«9745842+15
JOUBH2U2+15
+4235678+15
+2697263+15
.1598311+15
«7597140+14

9
.2924368+16
«2903947+16
.2863251+16
«2802572+16
02722347+16
«2623161+16
«2505741+16
«2370967+16
»2219569+16
«20536U40+16
«1873644+16
.1681424+16
.1478701+16
«1099251+16
¢7320607+15
+4852464+15
«3180237+15
.2026938+15
.1202465+15
«5720948+14

14
+1304137+16
«1294967+16
«1276086+16
.1249410+16

5
«3732818+16
«3706864+16
«3655145+16
«3578041+16
«3476120+16
«3350135+16
¢ 3201023+16
3029902416
«2838067+16
«2626984+16
02398290+16
«2153782+16
+1895425+16
«1410566+16
«9405681+15
«6238075+15
+4087265+15
«2602722+15
«1542316+15
«7331174+14

10
«2665990+16
«2647346+16
+2610190+16
«2554784+16
.2481520+16
«2390923+16
«2283646+16
«2160476+16
«2022343+16
+1870329+16
+1705695+16
«1529911+16
e 1344679+16
«9986202+15
«6645248+15
+4405277+15
2889482415
«1843721+15
+1094995+15
«521383u4+14

15
«8UT72327+15
«8412638+15
+8293632+15
«8116045+15

+«1461538+401
4384615401
« 7307692401
«1023077+402
1315385402
«1607692+02
«1900000+02
«2192308+02
«2UBUE615+02
«2776923+402
«3069231+402
+«3361538+402
« 3653846402
«4014286+02
4442857402
«UB871429+402
+5300000+402
«5728571+402
«6157143402
«6585714402

+1461538401
+4384615+01
« 7307692401
«1023077+402
+1315385+02
«1607692+02
+1900000+02
22192308402
2484615402
+2776923402
+3069231402
+3361538402
+ 3653846402
S4014286402
4442857402
4871429402
+5300000+02
.5728571+402
+6157143402
+6585714+402

«1461538+01
«4384615+01
«7307692+01
«1023077+402

£l-a
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13
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17
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19

LCENOC U £ LN

sfcedblistio
Sl 1794 1
LUy TT1241¢
« 1956399+ 10
eld]l20U3+10
elo75584+16
e l02713%+106
elS6dbU 710
1201522+10
«0903588+15
«2918987+15
«e9927362+15
«2580994+15
«lo50515+15
e IB21575+14
482750414

lo
«O4B9778+15
«2451038+15
«2573801+15
«D585U42+41%
«2105969+15
«4916999+15%
« 4092751415
¢ H434530+415
4143841415
P J022466+15
e 472749415
«2098324+15
+2705857+15
e d215570+15
680044415
«1230986+15
WB712147+14
$J884193+14
e 3637364+14
1774135414

e 195798 4416
« 188017341
« 1801071410
1703243410
«1593346+16
«iU4721314106
« 1340479416
« 1199492416
10507444106
o 7743040415
«91460704+15
« 3425505+15
«2260689+15
1451464415
«BE6UH62T + 14
e4139006+14

17
¢« 3520153415
«3495289+15
e 3UYH723415
« 3371774415
e 3273922415
«3152814+15
« 3009269415
« 2844311415
«2659231+15
«2U55719+15
«2236109+15
2003798415
«17635849+15
« 1467022415
«1138388+15
«B520266+14
«0142307+14
«4209321+14
«2629415+14
«1290656+14

,1602131+16
«16020313+10
«15470G15+106
LIU62688+16
L 13678632+16
.1262975+16
.11u8657+16
.1025452+16
.8942024+15
HUR2£32+15
L4331807+15
»2910301+15
.1936756+15
.1251755+15
,7508507+14
. 3597844+14

18
.2194873+15
2 2179369+15
«2148467+15
,2102382+15
,2041440+15
.1966092+15
,1876925+15
,1774703+15
. 1660415+15
.1535368+15
L1401316+15
.1260621+15
.1116397+15
,9389603+14
. 7398577414
.5626668+14
115224414
2853756+14
.1798306+14
.8874032+13

01213311416
«1168009+16
«1115567416
JLObUUTLIHLIE
«9856003+15
e 8091567+15
8201013415
0 7327225+15
«0294213+15
LU4T785253+15
«3359434+15
«2317765+15
«1568836+15
+1025849+15
«6202090+14
«2985685+14

19
«1272705+15
«1263719+15
«1245814+15
«1219123+15
.1183852+15
.1140287+15
«1088812+15
+1029926+15
«9642813+14
«8927268+14
«8163624+14
« 7365888+14
«6551224+14
«5550051+14
JUU19255+14
+3398198+14
«2511104+14
«1756547+14
«1114155+14
«5520743+13

«7880951+15
L, 7589729+15
¢ 7244002+15
6845536415
«6396087+15
«5897171+15
.5349802+15
J4754536+15
J4113417415
« 3283442415
«2411961+415
+1718706+15
«1190220+15
« 7908984+14
.4833889+14
«2341908+14

20
¢5911147+14
«5869440+14
«DT8634T7+1 4
«5662521+14
+5498975+14
¢5297130+14
+5058888+14
JU4786The+14
JUUB3OUO+L U
J4154631+14
«3804086+14
e 3438790+ 4
. 3066387+14
«2608807+14
«2089989+1 4
«1617624+14
e1202779+14
«8458362+13
«5386764+13
0 2675962+13

«1315385+02
«1607692+02
«1900000+02
«2192308+02
2484615402
2776923402
«3069231+402
«3361538+02
+ 3653846402
«4014286+02
4442857402
4871429402
«5300000+02
«5728571+402
«6157143+402
«6585714+402

«1461538+01
«4384615+401
«7307692+01
«1023077+02
«1315385+402
«1607692402
«1900000+02
¢2192308+02
2484615402
«2776923+02
«3069231+02
«3361538+02
3653846402
4014286402
4442857402
4871429402
«5300000+402
«5728571+402
«6157143+402
«6585714+02

vl-0
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17

1

v 1905568+16
«1692239+16
«1b65667+10
«ls20022+106
«1775555+16
« l70b592+16
«lo3lb24+1e
«1542800+10
«1442908+10
«1332353+16
«1211634+10
«1081201+16
e 4164124415
«0858081+15
4499177415
s CILOHI4+15
«1909742+15
«1200954+15
«D934911414
«2€963801+14
6
«1lo69780+16
«1658074+16
«lo34738+16
«1599921+16
«1553844+16
« 1496796 +16
ll429124¢+10
«1351229+16
e l263548+16
«1166539+16
«lUp0657+16
«J463164+15
C8238482+15
«L0QUSH9+15
¢ 2935563+15
«2076767+15
«1069996+15
«1050230+15
«QUBDI25H+14
«2592500+14
11
«1106565+10
«1U98763+16
«l083200+10
«1059990+16

FLUX FOR GROUP 2

2
+1889423+16
«1870265+16
«1849654+16
«1810539+16
«175385068+16
«1694086+16
«1617661+16
« 1529678416
«1430623+16
«1320996+16
«1201294+16
«1071966+16
9333036415
«6799583+15
f44606003+15
2921110415
+1893320+15
«1190619+15
0875221414
«2938293+14

7
+1579387+16
«1568305+16
«1546212+16
«1513249+16
«1469625+16
«1415613+16
«1351543+16
1277794416
«1194785+16
«1102955+16
«1002743+16
«8945540+15
« 7787137415
«2671139+15
«3718959+15
e 2434772415
1578035415
09925353414
«5733153+14
2450879414

12
«9667500+15
«9599254+15
e IUE3174415
«9260073+15

3
.1857291+16
. 1844294416
.1818383+16
.1779725+16
«1728565+16
1665221 +16
.1590077+16
.1503571+16
.1406181+16
.1298403+16
,1180725+16
«1053592+16
.0173516+15
. 6682612+15
L,4383870+15
.2870780+15
.1860660+15
.1170071+15
SB7560L71+14
.2887600+14

8
1476675416
.1466303+16
.1445624+16
L1414770+16
,1373937+16
.1323377+16
«1263399+16
.1194361+16
.1116654+16
.,1030696+16
«9369097+15
.8356908+15
. 7273660+15
«5296144+15
«3472506+15
02273194415
+»1473560+15
.9271205+14
.5357211+14
.2290793+14

13
.8207621+15
.8148027+15
L,8033980+15
»7861359+15

4
»1809561+16
¢17908692+16
«1771036+16
«1733956+16
«1684089+16
«1622347+16
+1549105+16
«1464792+16
«1369875+16
+1264641+16
«1150170+16
«1026296+16
«8935633+15
+0509121+15
4269658+15
«2796000+15
«1812145+15
«1139556+15
«6580431+14
«2812364+14

9
«1362802+16
«1353218+16
«1334118+16
.1305600+16
«1267864+16
«1221136+16
»1165700+16
«1101881+16
«1030045+16
«9505814+15
«8638925+15
e 7703672415
«6703426+15
«4879216+15
«3198000+15
«2093786+15
+1357877+15
«8549075+14
«H4OL3269+14
W21148516+14

14
«95789679+15
«5T48729+15
«5667068+15
«5545163+15

5
«1746807+16
«1734571416
«1710176+16
«1673781+16
«1625615+16
«1565980+16
«1495239+16
.1413808+16
01322141416
«1220713+16
«1109990+16
+9903984+15
«8622757+15
«6280905+15
«4119863+15
+2697625+15
« 1748341415
.1099444+15
«6349019+14
«2713557+14

10
«1239006+16
+1230281+16
«1212886+16
+1186929+16
+1152570+16
«1110017+16
.1059523+16
«1001383+16
2 9359247+15
+8635028+15
« 7844916415
«6992716+15
«6082045+15
4423839415
«2898451+15
«1898524+15
»1232558+15
«7770288+14
«4498394+14
«1926086+14

15
«3701431+15
«3675217+15
«3622939+15
« 3544892415

+1461538+01
«4384615+401
«7307692+01
«1023077+402
«1315385+02
+1607692+02
«1900000+02
02192308+02
2484615402
«2776923402
+3069231+02
«3361538+02
+3653846+02
$4014286+02
«4442857+02
4871429402
«5300000+02
«5728571+02
«6157143+02
«6585714+02

«1461538+01
«4384615+01
«7307692+01
«1023077+02
«1315385+02
«1607692+02
»1900000+02
+2192308+02
«2484615+02
22776923402
3069231402
«3361538+02
+3653846+02
J4014286+402
«4442857402
4871429402
«5300000+02
+5728571+02
+6157143+02
«+6585714+02

+1461538+01
+4384615+01
«7307692+01
«1023077+02

SL-a

LEG~IMNE
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(&)

a

11
12
13
14
15
lo
17
18
19

CONCU FUNF

N et b et o e =t et e s
SLCOTNOCOUVFLUN O

e 1029255416
eI 1R24415
e F459930+15
e 0939412415
0 3353100¢15
« 704065415
2 0YGHH12+15
«0231314+15
«2415109+15
e VY32565+15
0257594 3+15
«1089748+15
»1099575+15
«0948Y9956+14
«4031256+14
«1728395+14

1o
22368710415
«2351917+15
e2318430+15
2268441415
«2202235+15
«2120182+15
e 2022733+15
el91UG1T7+15
e 1783856415
1043811415
«1491332+15
«13528106+15
e 1157224+15
e JU4U2986+14
«/131991+14
¢2200570+14
¢ 2660556+ 14
«2U439332+14
w1lU4T77377414
«OLUT8590+13

« 399114 5415
«3657930+15
3262288415
. 7800323+15
« 7292330414
0722735415
«0100090+15
WOU27253¢15
«4708042+15
«3405071+15
:2232660+15
1470579415
«9615495+14
«6103114414
«3552377+14
«1520222+14

17
«1502699+15
«1492042+15
e 1470794415
«1439084+15
«1397109+15
«1345133+15
«1283491+15
«1212610+15
«1135032+15
1045484415
«3509864+14
«3510436+14
«7479017+14
«6207238+14
«4799504+14
+3578983+14
«25672503+14
«17435650+14
+1062823+14
4689624413

7632753415
L7340434+15
.7012906+15
.66248637+15
.6186954+15
.5700907+15
.5168104+15
,4589646+15
+.3966979+15
.2832551+15
.1871791+15
.1245936+15
.8221165+14
.5255111+14
«3074105+14
.1324639+14

18
.9251919+14
.9186331+14
.9055587+14
.5860559+14
.8602°584+14
.8283500+14
.7905735+14
JTUT2UDYy 1Y
.6987613+14
.HU57361+14
.5888615+14
.5291774+14
L46B0307+14
.3928806+14
« 3087466414
2 2340U62+14
,1703891+14
«1171067+14
.7200478+13
.3193954+13

«5383694+15
e5163526+15
«49456060+15
J4671154+15
«4300976+15
240157214315
¢ 3634966+15
«3215660+15
«2747681+15
«2073095+15
21443362415
.9883984+14
«6640696+14
«4297186+14
«2534205+14
«1097054+14

19
.5223892+14
«5166890+14
«5113149+14
«5003200+14
«4857869+14
«4678307+14
L4U66056+14
JU4223146+14
«3952244+14
«3656854+14
«3341546+14
«3012176+14
«2675940+14
«2263030+14
«1797464+14
013778u43+14
«1013492+14
+7026007+13
JU4348049+13
«1936704+13

+ 3441506415
« 3313325415
+3160985+15
+2985170+15
.2786552+15
+2565725+15
e2323147+15
+2059279+15
«1775620+15
«1410213+15
+1029791+15
o 7295741414
.5020501+14
«3303494+14
+1969889+14
+8581436+13

20
«2174141+14
22158754+ 14
»2128095+14
.2082397+14
«2022025+14
.1947488+14
»1859475+14
«1758892+14
.1646925+14
«1525107+14
+1395394+14
«1260211+14
«1122428+14
29532303+13
+7616895+13
«5876143+13
24348493413
«3030299+13
+1883051+13
«8414951+12

+1315385+02
1607692402
+1900000+02
»2192308+02
« 2484615402
02776923402
«3069231+402
+3361538+02
« 3653846402
24014286402
4442857402
2UB871429402
«5300000+02
05728571402
«6157143402
+6585714+402

«1461538+01
«4384615401
« 7307692401
«1023077+02
+1315385+02
1607692402
«1900000+02
«2192308+p02
« 2484615402
«2776923+02
+»3069231+02
«3361538+02
«3653846+02
«4014286+02
SUUy2857402
«4871429+402
+5300000+02
«5728571+02
«6157143402
»6585714402

9glL-a

L€8-1MNd



LT

CENOC E W

e
EGNE-C

-
o

[ S
Nelle LN o)

[
fe)

NCWE LD

T b bt = = s = b= b b
CLOCNOUFWNDRLS T

1
« 29747 32+106
e 29331544 jb
« 2850291 +16
«DT726727+416
«0565328+16
+0361236+106
»0121859+16
«4840850+10
«¥538091+16
«+197664+16
e IB27822+16
« 4309474106
¢« J009508+16
0 2225105+16
«L476553+16
e 9756704415
20372561415
2 4042991+15
e 2377606+15
«1096872+15

(o]
« 2239789+ 16
e2203240+10
»213U401+10
«2U21782+16
40378148+1c
«4700508+16
«4490109+16
4248424416
«3977135+106
«Jo78117+16
e 3353402+16
«30051485+10
«2035580+1¢c
+1948192+10
«1292360+16
«BO37148415
+2575106+15
e ID36996+15
2UHL224+415
«95979083+14

11

TOTAL FLUX

2
5924323416
«2883090+16
+ 58009134156
«2673372+16
«5516326+16
«5315910+16
«H078520+16
«4805798+16
«4499011+10
4162029416
e 3795287+16
«3401753+16
«2983876+16
«2200129+16
1463935416
«3673160+15
6317904415
«4008281+15
«2357187+15
«1087452+15

7
«4958094+16
«4924073+16
«4855073+16
«4752179+16
s461olli+le
HU4y7826+16
J4248504+16
«4019544+16
«3762950+16
3479314416
«3171793+16
«2842067+16
L 2492291416
«1841993+106
.1221664+16
«8069126+15
«D269439+15
W 3343417+15
«1966082+15
«9075317+14

12

o

3
.5824059+16
.5783b11+16
,5702700+16
,5582197+16
.5422846+10
.5225766+16
L, 4992331+16
L4724158+16
LU4423090+16
,4001165+16
. 3730590+16
., 33430698+16
,2932903+16
.2168392+16
.1438842+16
.9507023+15
.6209230+15
+3939277+15
.2316599+15
«1068731+15

a

LU4029841+16
L4607409+16
4542772416
L H4u6378+16
L4318902+16
JU4161232%16
s 3974474+16
.3759936+16
.3519130+16
.3253751+16
2965667416
.2656686+16
.2329498+16
.1721236+16
.1141228+16
,7536871+15
J4922318+15
.3123998+15
.1838212+15
L8484756+ 14

13

5o~

i
«H675202+16
«H635672+16
«9556091+16
«HU39413+16
«5284066+16
+9091939+16
+4864375+16
4602955416
«4309482+16
« 3985952+16
«3634526+16
«3257489+16
«2857206+16
«2112345+16
«1401570+16
«9260242+15
«6047824+15
« 3836819415
22256354+15
«1040950+15

9
«4287170+16
4257165416
«4197361+16
4108172416
«3990212+16
«3844297+16
«3671441+16
«3472848+16
«3249914+16
« 3004221416
«2737536+16
«2451791+16
«2149044+16
«1587172+16
«1051861+16
«6946250+15
«4538114+15
«2881846+15
«1696792+15
« 7835764414

14

5
5479626+16
«5441434+106
+5365321+16
+5251822+16
«5101735+16
«4916115+16
«4696262+16
JUUU3TI1416
«4160208+16
«3847697+16
«3508279+16
«3144181+16
«2757701+16
«2038657+16
«1352554+16
«8935700+15
+5835606+15
+3702166+15
22177218415
«1004473+415

10
«3904996+16
+ 3877627+16
+3823076+16
« 3741713416
« 3634090416
+3500940+16
«3343169+16
«3161859+16
»2958268+16
«2733832+16
+2490187+16
02229182416
«1952884+16
«1441004+16
«9543700+15
«6303800+15
4122039415
«2620750+15
»1544834+15
«7139920+14

15

«1461538+01
«4384615+401
7307692401
«1023077+402
«1315385+02
«1607692+02
«1900000+02
02192308402
e 2484615402
2776923402
03069231402
«3361538+402
+ 3653846402
«4014286+02
JU442857402
«U4B71429+02
«5300000+02
«5728571+02
6157143402
«6585714402

«1461538+401
4384615401
« 7307692401
1023077402
«1315385+02
«1607692+02
«1900000+02
2192308402
« 2484615402
«2776923+402
«3069231+402
«3361538+02
+ 3653846402
0401“286+02
24442857402
4871429402
«5300000+02
+5728571+02
6157143402
«6585714+402

L1-a

LE3-TIMNE



W 8979334106
e I4T7 5382416
¢ 424445410
35514474+ 16
e IeHU87 3410
«J135362+16
2993705+ 16
«28350840+16
2l 7353+16
« 2445991 +16
e 2220096+16
«1991679+16
«1743033+16
«1283615+16
«8494930+415
2617110415
«3660569+15
«2345H415+15
«13605283+15
«bl11145+414

16
« (858487415
e 1502955+ 15
¢« /692231+15
« 1520983+15
« 1308203+1%
e /037181415
0715484415
«0344948+15
«D327096+15

¢ 2460278415

4964061+15
H420433415
«3063082+15
«3159869+15
e 2393743+15
« 1751043415
«1237270+15
8335526+14
0118474141y
e€421994+1y

«3070810+106
« 3049229416
«3006208+16
«294202H416
«2857097+16
«2751966+16
«2627299+16
«2483875+16
«2322579+416
« 2144405416
+1950488+16
1742217416
«1521548+16
«1114861+16
«7378730+15
«4896084+15
¢3222239+15
«2061775415
«1221700+415
«5665828+14

17
«5022852+15
« 4987331415
«4916516+15
«+810858+15
4671032415
« 4497947415
4292760415
« 4056920415
«3792263+15
«3501203+15
«3187095+15
«2854841+15
«2511751+15
«2088246+15
«1618339+15
«1209925+15
«+8709810+14
«H952971+14
« 3692233414
«17596018+14

.2028L80+16
.2r:10087+10
.2573219+16
,2518210+16
2445406+16
.2355257+16
.22u8306+16
.2125171+16
+1986527+16
+1833065+16
«1665467+16
L1484417+16
.1290900+16
.9314782+15
.6203598+15
4156236+15
.2758872+15
«1777266+15
.1058261+15
4922u84+14

18
+3120065+15
+3098002+15
. 3054026+15
.2988438+15
«2901699+15
,2794442+415
. 2667499+15
.2521948+15
.2359196+15
.2181104+15
.1990178+15
«1789799+15
.1584428+15
.1331841+15
.1048604+15
. 7967130+14
.5819115+14
4024623414
,2518354+14
.1206859+14

»1883105+16
. 1869b6U40+16
» 1843393+ 16
.1803926+16
+1751680+16
.1686962+16
«1610133+16
+1521587+16
«1421698+16
+»1310729+16
.1188598+16
«1054289+16
«3041894+15
«6858348+15
+4802796+15
+3306163+15
+2232905+15
«1455567+15
«8736295+14
«4082738+14

19
«1795094+15
«1762408+15
«1757129+15
«1719443+15
+1669638+15
+«1608118+15
«1535417+15
«1452240+15
+1359506+15
.1258412+15
«1150517+15
«1037806+15
«9227164+14
«7813081+14
«0216719+14
«4770041+14
«3524596+14
«2459148+14
«1548960+14
«7457447+13

21217376416
.1208785+16
«1191657+16
+1166094+16
«1132246416
.1090305+16
.1040499+16
.9830706+15
.9182639+15
+B462896+15
. 7672948+15
.6813815+15
+5889037+15
+4693654+15
«3441752+15
.2448280+15
+1692270+15
«1121248+15
«6803778+14
«3200051+14

20
.8085288+14
+8028195+14
. 7914442414
»TTHU919+14
«7521000+14
«T24U618+14
«6918363+14
.6545638+14
.6130865+14
«5679739+14
+5199481+14
+J4699002+14
.4188815+14
. 3562037+14
+2851678+14
02205238+14
«1637628+14
.1148866+14
+ 7269815413
« 3517457413

«1461538+01
4384615401
« 7307692401
+1023077+02
1315385402
1607692402
»1900000+02
2192308402
2484615402
02776923402
+3069231+02
+3361538+02
+3653846+02
+4014286+02
4442857402
J4871U429+02
«5300000+02
«5728571+02
« 6157143402
«6585714+02

+1461538+01
«4384615+401
¢« 7307692401
+1023077+02
«1315385+02
«1607692+02
«1900000+02
¢2192308+02
« 2484615402
«2776923402
3069231402
+3361538+02
«3653846+02
«4014286+402
JUu42857+402
4871429402
+«5300000+02
+5728571+402
«6157143+402
«6585714+02

8L-a

LE8-THNE



[

COC~NC U FEFLNE

-
.

POWER DENSITY

1
e 1450928-09
» 1434826=-00
¢ 133U390-00
«/176150=00
+0971391-00
+0718146=00
s0H18170=-00
e0073553=-00
e 2680634-00
«2260027=00
«4796552-09
«4299193-00
«3771033=-00
0 7392919=-01
e J264189=01
»2492052=-01
«2288360-01
«1457286=01
«B035490-02
fH4104611-02

6
«0065960=00
+0520160-00
«OU28883~-09
00292772=-00
$0112782=09
«0690178-00
'« 2026522-00
¢2323659-00
«4983697-00
eH4o(8982=00
«4202060-090
«3760632-02
¢ 33502485=-00
091272401
fHO0BT19=01
+3056252-01
+2002388-01
e l275117=01
¢ /556516=02
+2092101-02

11
«4O83169=00
fH552406=00

on

2
«7423760=-0C
«7372090=0C
e 7269114=00
« 7115555-0¢C
+0912493=0C
«661347=00
«0363867=0C
«6022110~0C
«5638415=0¢C
+5215373-0C
+4755783-00
«4262610=-0C
«3738919=0C
«7825714=01
«3219268-01
«3462189-01
«2268756=-01
«1444788-01
«8561391-02
4069383 =02

7
$65215713-0C
+65170329=-0C
+0083864=(C
«5954926-0C
«D784418-0C
»5573036=00
«0323762-00
«5030845=-0C
C4T14T797=0C
«4359861=0C
+ 397448/=00
+ 3561278=00
0 3122934=0C
s6537083-01
«H43572R2-01
«2339075=-01
»1892809=01
«1205441-01
s T144042~02
¢ 3390755=02

12
« 3BUTYNI=0C
. 5820867-0C

(MWT/LITER)

L

Ll 1)

3
,7298118=00
.7247307-00
L7146042=00
,6995037=00
.6795352=00
654838700
.6255863-00
.5919607=-00
.5542526-00
.9126573=00
467471200
.4189562-00
.3675047=00
.7692089-01
,5129947-01
.3402808=01
,2229778=01
,1419941=01
.8414115=02
.3999389-02

8

,5814149=00
.5773508=00
,5692510-00
,5571719=-00
,5411977-00
,5214399-00
. 4980368=00
LA4711526-00
2440976300
4077204=00
.3716189-00
.3329230-00
,2918945-00
,6110172-01
L.4071508=01
.2699009=-01
,1748390=01
,1126473-01
667866702
.3176024=02

13
,3293705=-00
. 3270932=00

4
«7111583-00
«7002048=00
«0963326=00
«0816113=-00
«6621445=090
«0380686-00
«6095519=90
«5767926=-00
«5400163=00
S4994731-00
«4554335=00
«4081837-00
«3580195=00
s 7493663-01
«4997290-01
«3314612-01
«2171891-01
«1383052-01
«8195518=-02
+3895519-02

9
«5372205=-00
«H334605=-00
+5259665=-00
«5147901-00
«5000084=-00
SU4817237=-00
«4600628=00
+4351767=00
«4072402=-00
«3764515=-00
+3430316-00
«3072227=00
«2692622-00
«5636531-01
e 3753723=-01
«2488155-01
«1630702=-01
«1039335-01
«6105773=02
«2933480=02

14
«0687109-p1
L0640088=-01

5
.6866504=00
«6818646=00
,6723267-0U
.6581039=00
639296 3-00
«6160359=00
«5884856=00
+5568375=00
+5213107-00
«4821483=-00
«4396136-00
«3939852-00
«3455509=-00
.7232835=01
.4822868-01
+3198643=-01
»2095791=-01
.1334575=01
«7908399-02
+3759141-02

10
.4893285-00
.4858989=00
«4790631-00
.4688675=00
.4553813-00
«4386961-00
,4189257=-00
«3962055=-00
«3706930~-00
. 3425682=00
«3120358=00
«2793275=-00
2 2447018=-00
«5120537=-01
«3407425=01
.2258855=01
.1481614=-01
.9453884=02
+5614708-02
«2673452=02

15
+J4344280-01
«4313674=p1

+1461538+01
4384615401
7307692401
1023077402
1315385402
1607692402
1900000402
2192308402
2484615402
«2776923402
3069231402
3361538402
+ 3653846402
(4014286+02
«4442857+02
4871429402
5300000402
5728571402
+6157143402
6585714402

+1461538+01
s 4384615401
7307692401
+1023077+402
+1315385+402
+1607692+02
+1900000+02
2192308402
«2484615402
2776923402
«3069231402
«3361538+402
+ 3653846402
4014286402
J4U442857402
4871429402
«5300000+02
5728571402
«6157143402
«6585714+402

«1461538+01
«4384615+401

6L-0

LEY=TTMNE



«H291083-00
«4199610-00
«FUTBH94=00
«3928835-090
«+3751325=00
«3547238-00
«3317934-00
«J064977=00
+2790170-00
+2495656=00
«2184057-00
«4065414=01
+3035027-01
«2013799=01
«1323433-01
+8463201-02
e0036122-02
«2401132=-02

16
«2814945-01
«2795081-01
«2755476-01
+2696376=-01
«2018143-01
«2521246-01
°«2406260-01
«2273855=01
«<124801-01
»1960012-01
«1780691-01
«1588702-01
«1387459=-01
«1136058-01
«8617177-02
«0512020-02
«H467251-02
+3017186-02
«1865099-02
+9097074-03

« 376095H8=-00
« 3686532=0C
«3580111-0C
P SUUB3TI=0C
«5292155=00
«3112432=00
+2910312-0C
«2687041=-0C
«2444040=00
«2183043-00
«1900214-00
«3970087-01
«2638705=-01
«1756466-01
»1159194=01
s 744254402
444288402
+»2122629=-02

17
«1804998=01
.1792249-1
«1766833=01
«1728915-01
«1678740-01
«1616641=-01
+1543036-01
«1458452=01
«1363550-01
«1259197=01
»1146590-01
»1027470=01
«044334-02
«7524882-02
«9837213-02
«4368862-02
+3149536-02
«2158376=02
«1348262-02
.06617982-03

.3224334-00
.3155405=00
.3064178=00
.2951217=00
,2817200=00
.2662906=00
,2489174=00
.2296875-00
,2086860=00
.1859985-00
.1617484=00
,3323837-01
,2221182-01
.1492289-01
.9930932-02
L6418511-02
.3850671-02
,1844835-02

18
.11256446-01
L1117496-01
.1101651-01
.1078020-01
+1046771-01
.1008135-01
,9624143-02
.9099987-02
.8513963=02
.7872772-02
.7185407-02
L6463976=02
,5724450-02
L4814624=02
,3793703-02
.2885137-02
.2110127-02
.1463295=02
.9221015-03
.4550567=03

«+6546349-01
+ol06t88=-01
,6221386-01
¢5992174=901
«5720195=-01
«5406919-01
«D053776-(j1
«4661803=01
24230799-01
+3757116-01
«3227428-01
«24530692-01
«1722588-01
«1188460-01
.8044381-02
¢5260153-02
+»3160191-02
«1530943-02

19
«6525936=02
«64T79862=02
«6388051-02
«6251189-02
«6070331-02
«5846949=02
«5583004=-02
«5281060-02
«4944460=-02
«4577556-02
.4185989=02
«3776942-02
«3359213=02
«2845851-02
+2266022-02
«174246U4=02
»1287597-02
+«9006892-03
«5712956-03
«2830823=03

<4252653=01
.4161593=-91
. 4041045=-01
.3891718-01
. 3714443-01
+3510125=01
+3279665=-01
.3023840-p1
L, 2743171-01
2437941-91
+2109201-01
.1683621=01
+1236760-01
.8812856~02
+6102987=02
J4055420=02
. 2478631=-02
.1200839=02

20
+3031007=02
.3009621-02
+2967014=02
+2903521-02
«2819661=02
«2716163=-02
«2594002-02
. 2454458=02
.2299190=02
«2130334=-02
+1950588=02
.1763278=02
«1572324=02
.1337695-02
.1071665=-02
829454803
616738103
«4337120-03
02762124=03
«1372130-03

«7307692+401
«1023077402
«1315385402
«1607692402
«1900000+02
02192308402
2484615402
02776923402
3069231402
«3361538402
«3653846402
4014286402
4442857402
4871429402
+«5300000402
«5728571+02
«6157143402
«6585714402

1461538401
«4384615+401
«7307692+01
«1023077+402
«1315385+02
+1607692+02
+1900000+02
«2192308+402
2484615402
12776923402
13069231402
+3361538+02
+ 3653846402
4014286402
4442857402
4871429402
«5300000+02
«5728571+402
«6157143402

6585714402

0¢-a

LEB-TTMNE



WENCCEFELLN-

"

1
20515359+14
cBZ2H0U0T74+14
0181851 +14
0051289414
DOLTBOE3TH1 4
«DoES104+14y
WD412177+14
e2121607+14
« 4795384+ 1Yy
dHU35T712+414
«HULUIT7B+1Y
«3625707+14
«3180517+14
«DUBB269+13
«4527355+13
«2070594+13
«l881115+413
«1197942+1%
e FU98B83+12
e O374137+12

o

P OL3IBTET+1Y
e 2498149+ 14
WDH21183+14
eD506412+14
e D1bhUblUYy+ ]y
fH9603U6+ 14
fHT744537+14
SH489275+14
4202641414
«IBHOT1T7+14
» 54 3658+14
e 2175748+14
«2785351+14
e 2082507413
e I758532+19
0 2012348+13
«logb03y+13
«lOUB191413
«0Z211722+12
0 2952833+12
11

e J0Y63B1+14
e J07U439+ 1y
ed61872T+14
e ID41590+14

FISSIOH

SOURCL RATE

2
e 5260073414
«H2165054 14
0129074+ 14
«0000193414
«9828971+14
«H6172034 14
«5360381+14
«5078227+14
4754722414
«4398050H+14
«4010598+14
. 3594855+14
e 51535428+ 14
«0U4330244+13
42904279413
v 2846045413
« 1864990413
«1187667+13
«7037770+12
«33u5182+12

b

W 5239750414
«H203176414
«9130268+14
«35021546+14
UBTTTT2414
«469995R8+14
JHUBIIS2+ 14
SU24T7H434+114
¢3975901+14
¢ 3676051+14
«3351755+14
« 3003419414
«2633927+14
e 5373716413
«3581842+¢13
«2374925+13
«1555956+13
«3909148+12
« 5873147412
«2792251+12

12
« 3245143+ 4
03222537 ¢14
«3170875+14
«3109051+14

3
L6154128+14
L6111283+14
L6025896+14
.5898568+14
L5730195+14
.5521956+14
.5275308+14
L4991961+14
LU4673863+14
L4323170+14
.3942230+14
.3533505+14
.3099559+14
L6323177+13
L4217003+13
,2797251+13
L1832957+13
.1157243+15
.6916703+12
.32R7640+12

8

.4902659+14
L4B68L90+14
L4800290+14
L460B437+14
L4563740+14
J4397142+14
,4199809+14
.3973129+14
.37168698+14
L 3438312+14
.3133950+14
.2807738+14
L2U61894+14
.5022779+13
3346760413
.2216681+13
1453679413
.9260008+12
.5490099+12
.2610802+12

13
L2777974+14
L2T5BU30+14
2719468+ 14
,2661334+14

e
I

N
«5996838+14
«H955069+14
«H871826+14
«O747696+14
«5H583552+14
«D380547+14
«D140102+14
LU863690+14
«4553617+14
«U4211997+14
«3840719+14
o 3U42405+14
«3019563+14
«6160062+13
«4107953+13
«2724731+13
«1785373+13
«1136918+13
«6737008+12
«3202254+12

9
+4530235+14
«4498530+14
JUU35338+14
«4341095+14
U4216452+14
4062273414
« 3879628+14
«3669793+14
¢ 34342434+14
«3174654+14
+2892896+14
«2591017+14
«2271199+14
JU633428+13
+«3085693+13
+2045351+13
«1340495+13
«8543701+12
«5068482+12
2411423412

14
«OUOT(UL1+13
«OU58386+.13
«5381331+13
«5266361+13

5
«5790185+14
«D749831+14
«5669406+14
«5549479+14
«5390893+14
«5194764+14
+JU4062467+14
4695624+ 14
«4396085+14
«4065906+14
«3707314+14
¢ 3322668+14
«2914406+14
+«5945651+13
+ 3964571413
+2629399+13
«1722815+13
«1097068+13
«6500984+12
«3090146+12

10
4126449414
«4097529+14
+4039886+14
«3953912+14
«3840191+14
« 3699496+ 14
«3532788+14
«33U41212+14
¢3126095+14
«2888962+14
« 2631542414
«2355795+14
«2063912+14
«4209261+13
«2801023+13
+1856858+13
+1217939+13
«7771424+12
4615487+12
«2197670+12

15
«3571152+13
+3545993+13
+«3495831+13
« 3420976413

+1461538+01
(4384615401
+ 7307692401
+1023077+02
+1315385+02
«1607692402
+1900000+02
+2192308+02
$2484615+02
«2776923402
3069231402
+3361538+02
« 3653846402
L4014286+02
S4442857+402
L4B71429402
+5300000+02
.5728571402
+6157143+02
+6585714+402

«1461538+01
«4384615+01
«7307692+01
+1023077+02
«1315385+402
1607692402
+1900000+02
«2192308+02
2484615402
2776923402
3069231402
3361538402
«3653846+02
«4014286+02
S4442857+02
S4871429+02
+5300000+02
+5728571+02
«6157143+02
46585714402

«1461538+01
«4384615+01
« 7307692401
+1023077+402

12-a

LE8~TMNG



e 4 39DU1+14
e 9313256+14
e 316,5572+14
«2991479+14
«2798129+14
«2D64841+14
«2353141+14
«210U4BU2+ 1y
elbl2l04+1y
« 3752030413
«2494898+13
«16b5413+13
«1087908+13
«0957045+12
«H4139868+12
«1973814+12

1o
02313984+13
« 2297055413
0 2265099+13
«2216516+13
02152205+13
e 2072553413
«1378031+13
«1869168+13
e 1l746660+13
«1011199+413
«l463790+13
«1305969+13
01140539413
«F938794+12
. 1083618+12
«2188698+12
W I072233+412
2480230412
«1533175+12
«f4T78100+11

«3019305+14
¢ 2908211414
« 2776474414
0 2624918+14
«2454UBO+ 14
02266213414
«2061317+14
«1841265+14
«1608129+14
¢ 3263962413
2169107413
S1U44387A413
9528973412
6118028412
¢ 365220u+12
S 1744874412

17
1483772413
1473291413
1452399413
«1ll421225413
e 1379983413
1328935413
. 1268430+13
¢«1198899+413
+1120886+413
«1035104+413
. 9425366+12
« 344015+ 12
« 7434755412
«0185713+412
«4798390+12
«3591354+12
«2589027+12
« 1774259412
«1108317+12
«O440202+11

«2HAR4396+14
L2489128+14
,2376104+14
.£245980+14
.2099468+14
L1937301+14
.1760201+14
«1568594+14
.1364425+14
,2732310+13
.1825889+13
. 1226713413
.8163569+12
.5276237+12
«31l6ub91+12
.1516517+12

18
,9251563+12
,9186212+12
.9065958+12
.8861705+12
.8604831+12
H2R7229+12
. 7911385+12
.7480510+12
.6998777+12
6471696412
,5906657+12
.95313616+12
.4705699+12
.3957790+12
+31189557+12
.2371683+12
.1734598+12
.1202880+12
L, 7579997+11
3740721411

«5114199+413
J4925779+13
4702203413
JHU4L6T78413
J4154381+13
.3832166+13
e S4T77865+13
«3085481+13
.2653059+13
.2017021+13
«1416027+13
.9769551+12
.6612758+12
4324026412
2614226412
1258487412

19
«5364549+12
«53260675+12
¢5251203+12
¢513860697+12
«4990026+12
+4806398+12
«4589425+12
JU4341217+412
JU4064519+12
«3762912+12
«3441030+12
. 3104778+12
02761391412
«2339389+12
+1862750+12
«1432366+12
«10%58449+12
«7403980+11
+4696251+11
02327032+11

3321882413
3199130413
« 3053403413
«2885446+13
«2696000+13
«2485703+13
«2254982+13
.2004073+13
«1733836+413
«1383995+13
«1016659+13
s 7244472412
«5016865+12
«3333694+12
«2037519+12
«9871304+11

20
«2491592+12
«2474012+412
«2438988+12
«2386794+12
«2317858+12
02232779412
«2132358+12
«2017648+12
«1890013+12
«1751207+12
«1603449+12
S 1UUOUTY 412
1292503412
«1099630+12
«8809u446+11
«6818395+11
«5069793+11
+ 3565256411
02270556411
«1127929+11

«1315385+02
«1607692+402
«1900000+402
«2192308+02
«24BU615+402
02776923402
«3069231+02
«3361538+02
+3653846+02
JU401U286+402
4442857402
4871429402
«5300000402
«5728571402
«6157143402
«6585714+402

«1461538+01
«4384615+401
«7307692+401
«1023077+02
«1315385+02
«1607692+402
«1900000+402
«2192308+02
«24BU615+02
02776923402
«3069231+02
¢3361538+02
«3653846+02
«4014286+402
4442857402
4871429402
«5300000+02
+5728571+02
«6157143402
«6585714+02

22-a

LE8-ING



e

ATex AL AVEHNTORY

-

CLOL ~NOCU F UGN

2 i U ULAMPLE CASE

MATERIAL

ued8
PLESY
Pu240
pPuc4l
FI5 PR
c

Na
Fe
u238
Ft

ATOMIC WTe.

2384050
239,050
240,050
241,060
1.000
12,011
22,990
55,847
238,050
55.847

(KILOGRAMS) FOR EACH ZO'L

ZONE 1
210,59 LITERS
6,659+02
1.,337+02
8,393+00

0,000
3,000
8,399+01
4.823+01
2,538+02
0.000
0,000

ZONE 2

506,86 LITERS

0.000
0,000
0,000
0,000
0,000
0.000
0,000
0,000
1.418+04
S.186+02

£€¢-a

LEB-TTMNE




BURriiLP DAt

BURNABLE MATLERIAL NAME LAMBDA NFR * * * * * * SQURCE ISOToPE FOR * * * * * *
1S01uPE NO. (DAYS=1) LDECAY CAPTURE FISSION

[i0 o

1 1 u23t 00N 1 ] 0 o0 o 0 0 0 0 o0 O
e 2 PU239 L0N0 2 G 1 & 0 0 0 0 0 0 O
3 3 PU24C +000 1 o 2 0 o 0 0o 0 0 ¢ O
Y g PU24 1 .780-07 2 0 3 ¢ 0o 0 0 ¢ 0 0 O
5 5 FIS PR .000 0 0 0 0 1 2 3 4 6 0 0
o 9 U238 . 000 1 0 0o ¢ o 0 o 0 0 o0 O

vZ-a

)
=

=
=

1

e
w
=




o

BURiRbBLE
I50T0PE
8O

T F e

[

MATERTAL

NU o

VA FE LN

Z 01t

NAME

U238
PyU23a
PU240
PU241
FIS PR
u238

e
P

FLUX = 3.32823+15

ATCM
DENSITY

8,000-03
1.600~03
1.000-04
0,000
0,000
0.000

FISSIOi
RATL

3,838417
2ae 135+16
3:387#10
04000
0.000
0.000

L
(L]

VOLUME =

ABSORPTION
RATE

1.837+18
2.567+18
8e177+106
0.000
0.000
0.000

o

2.1059+02 LITERS

SIGMA
FISSION

6.844~-02
1.901+00
4.831=-01
1.981+00
0,000

2,545=-02

SIGMA
ABSORPTION

3.276=01
2.289+00
1.166+00
2.,203+00
2.658=01
2.575=01

§2-0

LEG-TIMNG



BuhiiabLE MATERIAL
150i0PE MO
NU o
1 1
2 2
b 3
4 4
o} 5
b 9

BRELLDING RATIO

1.7918

Z O E

HAME

U238
PU2359
PU240
Pu241
FIS PR
U238

2

FLUX = 3.7838+14

ATOM
DEMSITY

0,000
0,000
0.000
0.000
0.000
4,000-02

FISSIul!
RATE

2.000
0,000
0,000
04000
04000
3.530+17

VOLUME =

ARSORPTION

RATE

0.000
0.000
0.000
0.000
0.000
3.u52+18

8,9686+02 LITERS

SIGMA
FISSION

6499402
1,893+00
4,932-01
1.970+00
0.000

2.600-02

SIGMA
ABSORPTION

3.,231=01
2.268+00
1,157+400
2.188+00
2.617-01
2.543-01

92-a

LE8-TINNE



[

» OENT U E W

.-
“
o

Y

e
.
-
B

T1ME = 50,0000AYS
SIXTURE NUMBER MIX COMJAAND MATERIAL ATOMIC DENSITY
11 0 .00000000
i1 1 +79622954~02
11 2 «15773B43-02
11 3 .10713267-03
11 4 «10051069-05
11 ) .52081054-04
11 6 .20000000-01
11 ? +59999999-02
11 ) .13000000-01
12 0 +00000000
12 g9 .39983329-01
12 2 «14939144=-04
12 190 «61999999-02

L.

L2-Q

LE3~-TTMNG



TiME
(MINUTES)

«J0
«3d
35
30
«37
98

OQUTER
ITERATIONS

UEOLGLN—C

I
PER LLCOP

[\S ]
MNWwNN D

EIGEMVALUE
4LOPE

.00000000
.00000000
,00000000
,00000000
,00000000
.0000000D

EIGEHNVALUE

.98668909-00
»98061302=00
+»98037536=-00
«98030929=00
.98028586=00
.98027837=00

LAMBDA

.00000000

.98081361-00
+99955316=00
«99993258=00
+99997609-00
+99999233=00

82-0

LE8-TIMNY



[N
s

MATERLTAL LHRVENTORY

-

COE N0 U FLL N

s

2 L B bahPLE CASL

MATERILIAL

Ue 8
PL2 59
pPu24l
PU241
Fis Pi
C

NAs

ATOMIC WT.

238,050
259,050
240,050
241,069
1.000
12,011
22.990
55.847
236,050
55,847

(KILOGRAMS)

ZONE 1

210.59 LITERS

6.627+02
1.318+02
8.,992+00
8.471-02
1.821-02
8,399+01
4,823+01
2,538+02
t.000

2,000

o
b
[
ot
s

FOR EACH 20HE

ZONE 2
804,85 LITERS
0,000
5.318+00
0.000
0,000
0.000
0.000
0,000
0,000
1,417+404
5.156+02

L.

[

62-0

LEB-TMNd



JURALLE
1SOTOPE
{10«

T U &£ &N

MATERLAL
NG o

OO E N -

Z O MF

{JAME

yeis
PU239
PU240
PU241
FIS PR
U238

1

FLUX = 3.3479+15

ATOM
DENSITY

76942-03
1.577-03
1.071=04
1.705-06
5.208-05
0,000

FI1SSI0n
RATE

3.837+17
2,115+18
S.n44+)6
l.404+15
0.500
0.000

VOLUME =

ABSORPTION
RATE

1.840+18
2.547+18
8.815+16
1.562+15
9.767+15
0.000

2.1059+402 LITERS

SIGMA
FISSION

6.835=02
1.902+00
4,825=01
1.,982+00
0.000

205‘4 1'02

SIGMA
ABSORPTION

3.,278-01
2,290+00
1.167+00
2.204+400
2.660=01
2+.577=01

0¢-a

LEB=TmiG



4 i P |
Bl MATERLIAL
1s0TukE NG

NO o
1 1
2 2
Sl 3
q q
) 5
o 9

BREEUVING RATIOG = 1,811y

Z UMNE

NAME

U238
PUy239
PU240
PU2%41
FIS PR
U234

2

o
o

g,

FLUA = 3.3247+14

ATOM
DENMSITY

0,000
1,094=05
c.0n0
0,000
0.000
3.798=02

F1SSION
RATL

3,000
Fer99+15
0.000
0.000
0.000
3.570+17

VOLUME = 8,9686+02 LITERS

ABSORPTION
RATE

0.000
le162+106
0.000
0.000
0.000
J3.486+108

SIGMA
FISSION

7.000=-02
1.893+00
4.936=01
1.969+400
0.000

2.603=02

SIGMA
ABSORPTION

3.229-01
2.267+00
1.157+00
2.187+00
2.615-01
2.542=01

Le-a

LES=Tmivg



e
PN OYCNTONE N -~

T 1 ¥yt = 100,000 D AYS

MEXTURL HUMRBER MIX COMMAND MATERIAL ATOMIC DENSITY

11 8 00000000

11 1 «79245276-02
11 2 «15552556~02
11 3 «11407688-03
11 4 «20546357~05
11 5 «10367878=03
11 6 «20000000-01
11 7 «59999999-02
11 8 «13000000-01
12 0 «00000000

12 9 +39966496=01
12 2 «29965160-04
12 10 «61999999=-02

2e-a

LEB-TIMNG



W
o
.
Ay
.
.ﬂ\'
*
.

T1ME QUTER irg 1T, EIGENVALUE E1GENVALUE LAMBDA
(miivUies) ITLRATIONS PER LCOP SLOPE
.39 0 0 .06000000 .,98027837-00 .00000000
41 1 26 00000000 .97454549-00 . 97454548=-00
o 44 2 24 .00000000 9740680300 .99951005-00
45 3 ¢ ,00000000 «87399943-00 «99992955=00
JHO 4 3 ,00000000 «97397433-00 +99997424-00
47 o] 2 . 00000000 «9736,561-00 .99999122=00

£e-a

LE8-THNE




2 L U SadPLE CASE

MATERTAL LLGVEHTORY (KILOGKRAMS) FOR EaCH ZONL

MATERIAL ATOMIC WT. ZONE 1 20NE 2
210,59 LITERS 896.86 LITERS
1 uyZs8 238,050 6,596+02 0,000
2 PU239 239,050 1.300+02 1.067+01
3 PU24U 240,050 9.575+00 0.000
4 pu24l 241,060 - 1,732=01 0.000
5 Fis Pk 1.000 3.625=02 0.000
o C 12,011 8,399+01 0.000
7 HA 224990 4.,823+01 0.000
v Ft 55.847 2.538+02 0,000
9 U8 238,050 0.000 1,417+04
10 Ft 25,847 0.000 5.156%02

ve-a

LEB-"IMNE
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APPENDIX E

FORTRAN-IV SOURCE DECK LISTING




=IL PDP INCL

ABC*

b

L)

U wnN - (Yo RNe - IES Ee ANV A BN o R CURN AN B g

[0 AN BN SRRV O o

1
2

1

FCOPY
COMMON

COMMON

COMMON

INTEGER

REAL

END

NINP
CNT»
E3(51)»
EC1»
GBAR>
IT»
1ZPs
LCo»
PBAR
TEMP1>»
ID(11)
MCR»
IGE>»
BGO2
503
POD s
LATW»
LAl
LK6 s
LR3s
LZ1s
LMASS s
LAXS»
AD2 s
cVTos
R2»
[2»
LAPP

NOUT »
CVTy
E4(51)
EG2
GLH»
IMJIMs
JPs
ML »
SBARs
TEMP2s
MAXTy
MTP s
IMs
BC3»
BUCK s
ORF»
LHOLN
LFOs
LK7»
LR4 s
LZ2»
LMATN s
LFXSs
3071
D05
Z2
I3,
LAR

NCR1»
DAY
E5(51)»
EO03
IGEP>
1P
KC7»
NCON s
SK7»
TEMP 3
AO2>»
MO7s
JM>»
RO4
LAL>»
501
LALAMY
LF2s
LMO»
LRS
LZ3s
LNBR
LMASSPS
RO2
GO7>s

Kés
NO»s

E-1

NFLUX1»
DELT»
E6(51)
EQ»
IGP»
ITEMP
KPAGE »
NGOTO»
TCes
TEMP4
104
DOs
1ZM>s
12
LAH»

LCO»
LIO»
LM2s
LS2s
LZ4s
LLD>
LCXR»
BO3»
P02

K7s
N2

NSCRAT
EO(51)
E7(51)»
EVP»
IGVys
ITEMP1>»
LAP»
NPRTy
T7>»

Tl
S02s
GO7»
MTs

JZs
EPS»

LNO»
LIl
LRO»
LVC»
LZ5
LLCN»
LCXTy
BO4»
S02

LAH»
MASS»

ALA>
E1(51)
E8(51)

EVPP

IHS

ITEMP2
LAPP
ORFP>»

T11o

TSD>

I1GM>

S04 s

MO1»

EVs
EPSA»

LN2ys
LIZ2»
LRI
LV7y
LCXS»
LLFNo»
LHA
BO7»
S04

LAL>
MASSP

BO7»
E2{51)»
E9(51)

FEF»

IHT »

ITL

LAR

P02

TEMP»
Vil
NXCM
NPUN

BO1s

EVM>»

GO6»

LAOS
LI3»
LR2s
LZGC
LVOL »
LPHIBY
LPA
CNT
TO6»

LAP

BN Y001

208
2DbB
2DbB
2D8B
208
2D0B
2DbB
2bB
2DbB
208
208
2DB
208
2DhB
2DB
2DB
208
208
2DB
2DB
208
208
2bB
2B
2DB
2D8B
208
208
2DB
208

0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
06013
0014
0015
0016
0017
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
00630
0031
0032
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CALC

INP

ERRO2

5860

0862

REAG2

REAT2

MAPR

INIT

CLEAR

FISCAL

s383U

OUTER

INNER

INNER1

INNER2

E-2

CALCsCALC

DESCRIPTION OF SUBROUTINES * % % % *

MAIN PROGRAM--SETS UP TAPE UNITS AND CALLS INPs INIT»
FISCAL» 58830s ERRQO2s OUTERs CNNP»s» SB850s GRAM»
INPBs AVERAGs AND MARCH.

SUBROUTINE TO CONTROL THE READING AND PRINTING OF ALL
INPUT DATA» COMPUTE VARIABLE DIMENSION POINTERS AND
PROGRAM CONSTANTSe. INP IS CALLED BY CALC AND CALLS
Sgells 58629 REAG2» REAI2s MAPRs AND ERRO2s

ERRO2 1§ USED TO PRINT AN ERROR MESSAGE. IT IS CALLED
BY CALC»s INPs» REAIZ2» REAG2s INITs AND CNNP.

SUBROUTINE TO READ CROSS SECTIONS FROM CARDSs PERFORM
ADJOINT REVERSALS IF REQUIREDs AND WRITE CROSS SECTION
TAPE. 35860 IS CALLED RY INP.

5862 READS INPUT FLUXES AND PREPARES A FLUX TAPEe. IT
CALLED BY INP AND CALLS REAG2.

BNWL-831

2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
208

IS 2DB

2DB
2DB

SUBROUTINE TO READ FLOATING POINT DATA., REAG2 IS CALLED 2DB

BY INP AND S862 AND CALLS ERRO2e.

2DB
208

SUBROUTINE TO READ INTEGER DATA. REAI2 IS CALLED BY INP 2DB

AND CALLS ERROZ.

SUBROUTINE TO PRODUCE A PICTURE BY ZONE AND
MATERIAL. MAPR 1S CALLED BY INP.

INIT PERFORMS ADJOINT REVERSALS(S8G6)s MIXES CROSS

SECTIONS(S807)s MODIFIES GEOMETRY(S810)s AND CALCULATES

AREAS AND VOLUMES(S811)s AND FISSION NEUTRONS(S821).
INIT IS CALLED BY CALC AND CALLS CLEAR AND ERROZ2.

CLEAR SETS AN ARRAY OF A SPECIFIED LENGTH TO A GIVEN
CONSTANT, THE SUBROUTINE 1S CALLED BY INIT AND GRAM.

CALCULATES FISSION SUME(SB22) AND PERFORMS
NORMALIZATION(S823)s FISCAL IS CALLED BY CALC.

Sge3uv IS THE MONITOR PRINT SUBROUTINE=-—-PRINTS TIME»

EIGENVALUEY LAMBDAs ETCe AFTER £EACHA OUTER ITERATICN.
IT IS CALLED BY CALC AND S8850.

PERFORMS A COMPLETE OUTER ITERATIONe CALLS INNER1»
INNERs AND INNERP. OUTER IS CALLED BY CALCes

CALCULATES THE FLUX IN SPECIFIED GROUP. IT 1S CALLED
BY OUTER AND CALLS IFLUXN.

CALCULATES COEFFICIENTS FOR THE FLUX EQUATIONe. INNER1
IS CALLED BY OUTER.

CALCULATES THE FLUX IN SPECIFIED GROUP. IT IS CALLED
BY OUTER AND CALLS IFLUXN.

208
208
208
208
2DB
20B
208
208B
2DB
208
208
208
208
2DB
208
208
208
<DB
2DB
2DB
2DB
2bhB
2DB
208
2DB
208
2DB
208
208B
208
2D8B
2D0B

0033
0034
0035
0036
0037
0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0059
0060
0061
0062
0063
0064
0065
0066
0067
0068
0069
0070
0071
0072
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084
0085
0086
0087
0088
0089
0090
0091
0092
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INNERP

[FLUXN

CNNP

58850

58847

PRT

GRAM

INPB

AVERAG

MARCH

NINP
NOUT
NCR1
NFLUX 1
NSCRAT
ALA
807
CNT
CcvT
DAY
DELT
EOLIGP)
E1(IGP)
E2{IGP)
E3(IGP)
E4{IGP)
E5(IGP)
E6(IGP)
E7(IGP)
ES(IGP)
ES(IGP)

IT

AND

BY

AND 58847,

58850,

CALLS CLEAR.

SECTIONS)»

: E-3 BNWL-831
CALCULATES THE FLUX IN SPECIFIED GROUP FOR PERIODIC Be Co42DB
IS CALLED BY OUTER AND CALLS IFLUXN. 2D8
2DB
SUBROUTINE TO NORMALIZE THE FLUXES BEFORE EACH 2DB
GROUP FLUX CALCULATIONe. IT IS CALLED BY INNERs INNER2» 2DB
INNERP ‘ 208
208
PERFORMS CONVERGENCE TESTS(S851) AND COMPUTES A NEW 208
EIGENVALUE FOR SEARCH OPTIONS(S852)s CNNP IS CALLED 2DbB
CALC AND CALLS ERRO2 AND CLEAR. 2DB
2DB
FINAL PRINT SUBROUTINE-—-PRINTS THE MONITOR LINE» 20B
GROUP FLUXESs TOTAL FLUX» POWER DENSITYs AND FISSION 2DbB
SQURCE RATE. IT IS CALLED BY CALC AND CALLS PRT» 5S8830» 2DB
2DB
208
SUBROUTINE TO COMPUTE AND PRINT GROUP TOTALS, S8847 1S 2pB
CALLED BY 58850. 208
2DB
SUBROUTINE TO PRINT ANY IM*¥JM ARRAY. IT IS CALLED BY 2DB
208
208
CALCULATES AND PRINTS THE MASS OF EACH MATERIAL IN EACH 2D8
ZONE AND THE ZONE VOLUMEe. IT IS CALLED BY CALC AND 2D0B
2DbB
2DB
SUBROUTINE TO READ AND PRINT THE INPUT BURNUP DATAe IT 2DB
IS CALLED BY CALC. 2DB
2D0B
AVERAG CALCULATES ZONE AVERAGED FLUXESs FISSION CROSS 2DB
ABSORPTION CROSS SECTIONSs AND BREEDING RATIO. 2DB
THE SUBROUTINE IS CALLED BY CALCe. 2DbB
2DB
SUBROUTINE TO CALCULATE THE TIME DEPENDENT 1SOTOPIC 208
CONCENTRATIONSe MARCH IS CALLED bY CALC. 2D8B
2DB
INTERNAL VARIABLES ¥ # % % 2D8B
2DB
INPUT TAPE 2D0B
OUTPUT TAPE 208
CROSS SECTION TAPE 208
FLUX TAPE 2DB
SCRATCH TAPE 208
LAMBDA 208
USED FOR INTERNAL COMPUTATION IN FISCAL AND INIT 2DB
CONVERGENCE TRIGGER FOR LAMBDA 208
CONVERGENCE TRIGGER 208
BURNUP TIME IN DAYS 2D8B
LENGTH OF TIME STEP (DAYS) 208
FISSION RATE 2DB
FISSION SOURCE 20B
IN-SCATTER 2DB
OQUT-SCATTER 2DB
ABSORPTIONS 208
LEFT LEAKAGE 208
RIGHT LEAKAGE 2DB
TOP LEAKAGE 2D0B
BOTTOM LEAKAGE 2DB
TOTAL LEAKAGE 2DB

0093
0094

0095
0096
0097
0098
0099
0100
0101
0102
0103
0l04
0105
0106
0107
0108
0109
0110
0111
0112
0113
0114
0115
0l1lé6
0117
0118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
0136
0137
0138
0139
0140
0141
0142
0143
0144
0145
0146
0147
0148
0149
0150
0151
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E01
EOQ2
EO03
EQ
EVP
EVPP
FEF
GBAR
GLH
IGEP
IGP
16V
IHS
IHT
Il
IMIM
Ip
ITEMP
I[TEMP1
ITEMP?2
ITL
[ZP
JP
Ko7
KPAGE
LAP
LAPP
LAR
LC

ML
MNCON

NGOTO
NPRT
CRFP
PO2
PBEAR
SBAR
SK7
T06
T7
T11
TEMP
TEMP1
TEMP?2
TEMP3
TEMP&4
TI
TSp
V11

E I

ID(11)
MAXT
AD2
104

502

TEMPORARY
TEMPORARY
TEMPORARY

TEMPORARY FOR S852

PREVIOUS EIGENVALUE
EIGENVALUE FOR TWO ITERATIONS BACK

ENERGY RELEASED PER FISSION
GROUP INDICATOR FOR TAPE MOTION IN 5824
MAXIMUM TIME

IGE + 1
IGM + 1

E-4

(CNNP)

(=215 MEV)
(OUTER)

IN SECONDS

GROUP INDICATOR FOR INNER AND OUTER
POSITION OF SIGMA SELF SCATTER
POSITION OF SIGMA TRANSPORT

INNER
IM#® UM
IM + 1
TEMPORARY
TEMPORARY
TEMPORARY

ITERATION COUNT FOR A SINGLE GROUP

CROSS SECTION TABLE LENGTH

IZM + 1
JM o+

TEMPORARY STORAGE FOR GO7
PAGE COUNTER FOR MONITOR PRINT
PREVIOUS EIGENVALUE

LAMBDA FOR
LAMBDA FOR
LAMBDA FOR
LOOP COUNT
MCR + MTP

NZG/ZERO/POS=TAKE TIME STEP OF DELT/END OF PROBLEM/

TWO

ITERATIONS BACK

PREVIOUS ITERATION

(TOTAL 11

IN A SINGLE OUTER ITERATION)

TAKE TIME STEP OF DELT AND READ BURNUP DATA

TEMPORARY

0/1=PARTIAL PRINT/FULL PRINT
LAMBDA LESS THAN 10*EPS

ORF FOR 1
OUTER
TEMPORARY
TEMPORARY

ITERATION COUNT

SUM OF K7 OVER ALL GROUPS
0/1=NOT DELTA/DELTA CALCULATION
ALPHA/VELOCITY

PREVIOUS FISSION TOTAL

TEMPORARY
TEMPORARY
TEMPORARY
TEMPORARY
TEMPORARY
TIME

(MW=SEC}/{FISSIONS)
TOTAL SOURCE FOR THE GROUP

INPUT VARIABLES

IDENTIFICATION CARD
MAXIMUM TIME IN MINUTES
0/1=FLUX CALCULATION/ADJOINT CALCULATION

EIGENVALUE

TYPE

DELTA/BUCKLING)

PARAMETRIC EIGENVALUE TYPE

{CARDS 1-5)

* X O ® X #

(0/1/2=NONE/KEFF/ALPHA)

BNWL-831

2DB
2DB
208
2DB
2D8
208
2D8B
2DB
2DB
2DB
2DB
2DB
2bB
2DB
2DB
2bB
2DbB
2DB
2bB
2DB
2Db8B
b8
2DB
208
208
2DB
2DB
2DB
2DB
2DB
2DB
208
2DB
2DB
208
2DB
2DB
208
2DB
208
208
208
2DB
2bB
208
2DB
208
20B
2DB
2DB
2DB
2DB
208
2DB
208
2DB

(1/72/3/74/5=KEFF/ALPHA/CONCENTRATION/2DB

2DB
2DB

015.
0152
0154
0155
015¢
0157
0158
0159
0160
0l61
0162
0163
0164
0165
0166
0167
0168
0169
0170
0171
0172
0173
0174
0175
0176
0177
0178
0179
0180
0181
0182
0183
0184
0185
0186
0187
0188
0189
0l9C
0191
0192
0193
0194
0195
0196
0197
0198
0199
0200
0201
0202
0203
0204
0205
0206
0207
0208
0209
0210
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[GM
NXCM
MCR
MTP
MO7

005
GO7
S04
NPUN

IGE
IM
JM
1ZM
MT
MO1
B01
Bo2
803
B804
1z
JZ
EV
EVM
S03
BLCK
LAL
LAH
EPS
EPSA
GOo6
POD
ORF
S01

R

ATW(ML)
HOLN (ML)
ALAMIML)
COCITLIMT)
NO(IMs M)
N2 (IMsJM)
AOLIP)
A1(IM)
FO(IMs M)
FolIMs M)
10(m01)
11(mMC1)
I12(M01)
13(MO1)
K& (IGM)
K7UIGM)
MO (T4 UM)
M2{1ZM)
RO(IP)
R1(IP)
R2(IM}

E-5 BNWL-831

NUMBER OF GROUPS 2DB
NUMBER OF DOWNSCATTERING TERMS 2DB
NUMBER OF MATERIALS FROM CARDS 2DB
NUMBER OF MATERIALS FROM TAPE 2DB
FLUX GUESS 0/1/2/3=NONE/X(RY#X(Z)/X(RsZsE)/X(R9Zs€) 2DB
FROM TAPE 2DB
QUTER ITERATION MAX ) 2DB
INNER ITERATION MAX PER GROUP 2DB
I1 MAX PER GROUP FOR 1 - LAMBDA GREATER THAN 10%EPS 2DB
FLUX DUMP 0/1/2/3/4=NONE/CARDS/CARDS+12/TAPE/ 2DB
TAPE+12 2DB
GEOMETRY (0/1/2=X=~Y/R~Z/R-THETA) 2DB
NUMBER OF RADIAL INTERVALS 2DB
NUMBER OF AXIAL INTERVALS 2DB
NUMBER OF MATERIAL ZONES 2DB
TOTAL NUMBER OF MATERIALS INCLUDING MIXES 20B
NUMBER OF MIXTURE SPECIFICATIONS 20B
LEFT BOUNDARY CONDITION (0/1=VACUUM/REFLECTIVE) 2DB
RIGHT BOUNDARY CONDITION (0/1=VACUUM/REFLECTIVE) 2DB
ToP BOUNDARY CONDITION (0/1/2=VAC/REFL/PERIODIC)2DB
BOTTOM BOUNDARY CONDITION (0/1/2=VAC/REFL/PERIODIC)2DB
RADIAL ZONES (DELTA-OPTION ONLY) 208
AXIAL ZONES (DELTA-OPTION ONLY) 2DB
FIRST EIGENVALUE GUESS 2DB
EIGENVALUE MODIFIER 2DB
PARAMETRIC EIGENVALUE 2DB
BUCKLING 2DB
LAMBDA LOWER 2DB
LAMBDA UPPER 2DB
EIGENVALUE CONVERGENCE CRITERIA 208
POINTWISE CONVERGENCE CRITERIA 208
INNER ITERATION TEST (IF ZEROs NO TEST) 2D8B
PARAMETER OSCILLATION DAMPER 2DB
OVER-RELAXATION FACTOR 2DB
NEG/POS=POWER (MWT)/NEUTRON SOURCE RATE 2DB
208B

SURSCRIPTED VARIABLES * ¥ % % % 2DB
2DB

MATERIAL ATOMIC WEIGHT 208
MATERIAL NAME 2DB
DECAY CONSTANT (DAYS-1) 2DB
CROSS SECTION ARRAY FOR CURRENT GROUP 2DB
TOTAL FLUX (OLD) 2DB
TOTAL FLUX (NEW) 2DB
RADIAL AREA ELEMENT 2DB
AXIAL AREA ELEMENT 2DB
FIS5IONS  (OLD) 2DB
FISSIONS (NFW) 2DB
MIX NUMBER 2DB
MATERIAL NUMBER FOR MIX 2DB
MATERIAL DENSITY 20B
MATERIAL DENSITIES FOR GRAM CALCULATION 2DB
FISSION SPECTRUM (EFFECTIVE) 2DpB
FISSION SPECTRUM (INPUT) 2DB
ZONE NUMPERS 2DB
MATERIAL NUMBERS BY ZONE 208
INITIAL RADII 2DB
CURRENT RADII 20B
RADIAL ZONE NUMBERS (DELTA CALCULATION ONLY) 2DB

0211
0212

0213
0214
0215
0216
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229
0230
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269



E-6 BNWL-831
C R3({12) RADIAL ZONE MODIFIERS (DELTA CALCULATION ONLY) 2DB 0270
C R4{IM) AVERAGE RADII 2DB 0271
C R5(IM) DELTA-R 2DB 0272
C S2(IMsJIM) FIXED SOURCE 2DB 0273
C 0(IMsIM) VOLUME ELEMENTS 2DB 0274
C V7(IGM) NEUTRON VELOCITIES 2DB 0275
C ZO(JP) INITIAL AXII 2DB 0276
C Z1(JP) CURRENT AXI1 20B 0277
C Z2(JM) AXTAL ZONE NUMBERS (DELTA CALCULATION ONLY) 2DB 0278
C 23(J2) AXIAL ZONE MODIFIERS (DELTA CALCULATION ONLY) 2DB 0279
C 24 (M) AVERAGE AX11 . 2DB 0280
C 25 (UM} DELTA-Z 2DB 0281
C CXS{IMsJIMs3) CONSTANTS INVOLVING CROSS SECTIONS FOR FLUX CALC. 2DB 0282
C VOL ( 1ZM) ZONE VOLUME (LITERS) 2DB 0283
C MASS{MLs IZM) MATERIAL INVENTORY IN EACH ZONE 2DB 0284
C MATN (ML) MATERIAL NUMBER FCR BURNABLE ISOTOPES 2DB 0285
C NSR (ML} 0/1/2=NO EFFECT/FERTILE/FISSILE ISOTOPE 2DB 0286
C LD (ML) SQURCE ISOTOPE FOR DECAY 2DB 0287
C LCN{ML2) SOURCE ISOTOPES FOR CAPTURE 2DB 0288
C LFN(ML»7) SQURCE ISOTOPES FOR FISSION 2DB 0289
C PHIR(IZM) ZONE AVERAGED FLUX 2DB 0290
C AXS (ML 21 ZM) SPECTRUM AVERAGED ARSORPTION CROSS SECTION 2DB 0291
< FXS(MLTZM) SPFCTRUM AVERAGED FISSION CROSS SECTIONM 2nR 0292
C MASSPIMLs1ZM) MATERIAL INVENTORY IN EACH ZONE (PREVICUS) 2DB 0293
C CXR{JM) CONSTANTS FCR RIGHT BOUNDARY 2DB 0294
C CXT(IM) CONSTANTS FOR TOP BCUNDARY 2DB €295
C HA(IM OR JNM) TEMP STORAGE FOR LINE INVERSIGON 2DE 0296
C PA(IM OR JM) TEMP STCRAGE FOR LINE INVERSION 2D% 0297
C 2DB 0298
INCLUDE ABC 2DB 0299
COMMON A(25vluv) 2DB 0300
DIMENSICN JLPTAZ(21) 2DB 0201
CALL SETCR(39525uUUs52000sJLPTAB) 2DB 0302
CALL SETDRU4957700Us 52000 JLPTAR(R)) 20B 0203
CALL SETDR{882900U0Us5000C0s JLPTAR(15)) 2DB 0304
1 CONTINUE 2DB 0205
REWIND 3 2DB 0306
REWIND 4 2DB 5307
REWIND 8 208 0308
CALL ETIME 208 0305
CALL INP 2DB 0310
102 CALL INITI{A{LKG)s A{LKT7)s» A(LIO)s A{LI1}s A(LI2)s A{LMGC), A{LM2), 2DR 0311
1 ACLNO)Ys A(LRO)s A(LR1)s A(LR2)» A{LR3)s A{LR&)S A(LR5)9 20B 0312
2 ALLZO)s ALLZI)» ALLZ2)s A(LZ3)s Al{LZ4)s ALLZS)s A(LAO)s 2DR 0313
3 AlLALYs ACLFO)s ALLCO)s ALLVO) 1T IMs A(lV7)! 2DR 0314
4 JMs MT) ZDB 0215
CALL FISCAL (A(LNU)SA(LFO) sA(LVO) sA(LCO) sA(LKE) 2DB 0316
2 ALLMO)Y sALLM2)sITLMT) 2DR 0317
C CALL MONITOR PRINT ZDB 0318
101 CALL S8&3t 2DB 0319
GO TO (1CYs 156 106 1C7)s NGOTO 2NR 0320
106 CALL ERRO2(6H#MONPR»10691) 2DB 0321
C PERFORM AN QUTER ITERATION 2D2 0322
1G7 CALL OUTER( A(LAD)s A(LAL)»s A(LCO)s A(LFO)s A(LLKE)S 2DB 0323
ALLMO) s A{LM2)s A(LNO)s A(LND)> 2DB 0324
ACLS2)s A(LVO)s A(LVT7)s A(LZS5), 2DB 0325

{LF2)» ITLs MTs ALLCXS)s IM¥s JMs AlLRS)s A{LR4) s 2DB 0326
Al{LZ4)Y s ACLCXR)s ALLCXT)» A{LHA}s A{LPA})) 208 0327
C PERFORM FISSION CALCULATION 20B 0328

PN
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CALL FISCAL (A(LNU)SALLFO) sA(LVE) »A(LCOY) sAlLKE) o 2DB 0329

2 ACLMC) sAILM2)sITLIMT) 2DB 0330

C PERFORM CONVERGENCE AND NEW PARAMETER CALCULATIONS 2DR 0331

CALL CNNP (A(LF2)s A(LKS)) 2DB 0332

GO TO (100, 101s 102)s NGOTO 2DB 0333

C 100/101/152=FINAL PRINT/MONITOR PRINT/SEARCH CALCULATION 2DB 0334

100U CALL SBB5UIA(LF2)9sA(LN2)YsA(LRI)sA(LZ1)sA{LRG)SA(LZL) 2DB 0335

1 IMs UM ACLN2 Y9 ALLCO) sALLNO) s ALLMO)»A(LM2) sA(LFO)sITLIMT) 2DB 0336

* CALL GRAMIAILMASS)s A(LVOL)Ys A(LATW)s A(LHOLN)s IMy JM» 2DB 0337
1 ALLMC)s ALLM2)s A(LVO)s A(LIOC)s A(LI1)s A(LI2)s ML 2DB 0338

2 A{LI3)) 2DB €339

i CALL INPBIA(LMATN) sA(LNBR)sA{LLD) sA(LLCN) sA(LLFN)sA(LALAM), 2DB 0343
) 1 ATLHOLN) sML2A(LI2)) 2DB 0341
IF{NCON) 17Gs1,170 2DB 0342

170 CALL AVERAG(A(LPHIS) sA(LAXS) sA(LFXS) sA(LMATN) sA(LMASS) s ALLATW) » 2DB 0243

a 1 A(LVOL) sA(LCO) sA(LN2)YsA(LMO)»A(LVOIsA(LHOLN) »ML>ITLy 2DB 0344
- 2 ALNBR)) 203 0345
CALL MARCH(A(LPHIB) sA(LMATN) sA(LFXS) sA(LAXS) sA(LVOL) sA(LMASS) s 20B 0346

1 A(LMASSP) s ACLALAM) s ACLLD) s A(LLCN) s ACLLFN) sML» 2DB 0347

, 2 ALLIO)sA(LIT)sA(LI2)YsA(LM2])) 2DR 0348
GO TO 102 2DB 0349

END 20E 0350

e

ied

(22
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-ITC FOR INPsINP 2DB 0351
SUBROUTINE INP 2DB 0352
INCLUDE ABC 2DB 0353
COMMON A(25000) 2DB 0354

C THIS SUBROUTINE CONTROLS THE READING OF ALL INPUT DATA 2DB 0355
NCR1 = 3 2DB 0356
NSCRAT = &4 2DB 0357

NINP = 5 2DB 0358

NOUT = 6 2DB 0359
NFLUX1 = 8 2DB 0360

WRITE (NOUT»s5) 2DB 0361

5 FORMAT (1H1) 2DB 0362
WRITE(NOUT,s 10) 2DB 0363

10 FORMAT(42Xs35H * % % * 2 DB * %% /77 ) 2DB 0364
READANINP»20) (ID{I)sI=1s11)s MAXT 2DB 0365

20 FORMAT{11A6+16) 2DB 0366
WRITE(NOUT»30) (ID(I)sI=1s11)s MAXT 2DB 0367

30 FORMAT(1UXs1H s11A6916/) 2DB 0368
READ (NINPs4U) AO2s 104s SO2s IGMs NXCMs MCRs MTPs MO075s D05 2DR 0369

1 n07s SUgs NPUN»> IGEs IMs JUMs IZMs MTs M01s RO1s RO2s RO3s BO4s 20B 0370

2 12s J2 2DB 0371

40 FORMAT(1216) 2DB 0372
WRITE (NOUT»60) AO2s 1045 S02s IGMs NXCMs MCR 2DB 0373

60 FORMAT( 2DB 0374
1924 AOQ?2 0/1=REGULAR CALCULATION/ADJOINT CALCULATION 2DB 0375

2 19/ 2DB 0376

392H 104 EIGENVALUE TYPE (1/2/3/4/5=KEFF/ALPHA/CONCENTRATIO2DR 0377
4N/DELTA/BUCKLING) 19/ 2DB 0378

592H sS02 PARAMETRIC EIGENVALUE TYPE (0/1/2=NONE/KEFF/ALPHA)2DB 0379

6 19/ 2p3 0280

792H 1GM NUMBER OF GROUPS 2DB 0381

8 19/ 2DB 0382

992H NXCM NUMBER OF DOWNSCATTERING TERMS 2DB ©383

1 19/ 2DB 0384

292H MCR NUMBER OF MATERIALS FROM CARDS 2DB 0385

3 19) 2DB 0386
WelTFINNUTs70) mTps MO7s NOss GC7s S04s NPUN 20OR N2RT

70 FORMAT ( 2DR 0388
192H MTP NUMBZR OF MATERIALS FROM TAPE 20B 02865

2 19/ 2DB 0390

399 H 07 FLUX GUESS (0/1/2/3=NONE/X(RY%X(Z)/X{RsyZsE)/X(RsZsEP2DR 0391

41 FROM TAPE) 19/ 2DB 0392

592H DL5 OUTER ITERATION MAX 2DB 0393

6 19/ 2DB 035%

T792H GU7 INNER ITERATION MAX PER GROUP 2DB 0395

8 19/ 2DR 0396

99 2H S04 11 MAX PER GROUP FOR 1 - LAM3DA GREATER THAN 10¥EPS2DB 0397

1 19/ 2DR 0398

292H NPUN FLUX DUMP (0/1/2/3/4=NONE/CARDS/CARDS+12/TAPE/TAPE+2CR 0399

312) 197) 2DB 0400
WRITE(NQUT 80 IGEs IMy JUMs I1ZMs MTs MC1 2DR 0401

80 FORMAT( 2DB 0402
192H IGE GEOMETRY (0/1/2=X~Y/R-Z/R-THETA) 208 0403

2 19/ 2DB 0404

392H IM NUMBER OF RADIAL INTERVALS 2DB (405

4 16/ 2DB 0406

592H IM NUMBER OF AXIAL INTERVALS 2DB 0407

6 19/ 2DB 0408

792H IZM NUMBER OF MATERIAL ZONES 2DB 0409
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220
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24U
25v
26w

E-9 BNWL-831

8 16/ 2DB
99 2H MT TOTAL NUMBER OF MATERIALS INCLUDING MIXES 2DB
1 19/ 2DB
292H MO 1 NUMBER OF MIXTURE SPECIFICATIONS 2DB
3 19) 2DB
WRITE(NOQUTsQU) BO01s BO2s BRO3s BO4s 1Zs JZ 2DB
FORMAT( 2DB
192H BU1 LEFT BOUNDARY CONDITION (0/1=VACUUM/REFLECTIVE) 2DB
2 19/ 2hB
392H BO?2 RIGHT ROUNDARY CONDITION (C/1=VACUUM/REFLECTIVE) 2DB
4 19/ 2DB
592H BU3 TOP BOUNDARY CONDITION (0/1/2=VACUUM/REFLECTIVE2DB
6/PERIQODIC) 19/ 208
792H BO4 BOTTOM ROUNDARY CONDITION (0/1/2=VACUUM/REFLECTIVEZDB
8/PERIODIC) 19/ 2DB
992H 12 RADIAL ZONES (DELTA-OPTION ONLY) 208
1 19/ 2DB
292H JZ AXTAL ZONES (DELTA-OPTION ONLY) 2DB
3 197) 2DB
READ {NINPs1UC) FEVs EVMs S03s BUCKs» LAL» LAHs EPSs FPSAs GO6s 2DR
1 POD» ORF» SO1 2DB
FORMAT(6E1246) 2DB
WRITEINOUT11Q0) EVs EVM» S03s BUCKs LALs LAH 2NR
FORMAT ( 2DB
191H EV FIRST EIGENVALUE GUESS 2DB
2 1PE10.4/ 2na
391H EVM EIGENVALUE MCDIFIER 2DB
2 1PE10s4/ 2DB
591H S03 PARAMETRIC EIGENVALUE 208
2 1PE10e4/ 2DB
791H BUCK BUCKLING (CM-2) 2DB
2 1PE10.4/ 2DB
991H LAL LAMBDA LOWER 2DB
2 1PE1C &4/ 2DB
291H LAH LAMBDA UPPER 2DB
2 1PE1Ce4/) 2DB
WRITE(NOUT»120) EP>s EPSAs GO6&s PODs CRF» SO1 2DB
FORMAT ( 2DB
191H EPS EIGENVALUS CONVERGENCE CRITERIA 2DB
2 1PE10 .4/ 2DB
391H EPSA PARAMETER CONVERGENCE CRITERIA 2DB
2 1PE1Ue4/ 2DB
591H GO6 INNER ITERATION TEST (1F ZEROs NO TEST) 2DR
2 1PE1C.4/ 2DR
791H POD PARAMETER OSCILLATICN DAMPER 2DE
2 1PE10Q.4/ 2ne
991H ORF OVER-RELAXATION FACTOR 2DB
2 1PE10.4/- 2DB
291H 501 NEGATIVE/POSITIVE=POWER (MWT)/NEUTRON SOURCE RATE 2DB
2 1PE1Ga4/} 2DB
IF(1Z + JZ) 23Us 21Us 230 2nB
IF(104 - &) 230y 220 230 2DB
CALL ERRO2 (6H*#%104322051) 2DB
CONT INUE 2DR
IF(502) 240y 26Cs 240 2DB
IF(503) 260s 2505 260 2DB
CALL ERRQ? (eH%*¥¥%#502425091) 2DB
CONT INUE 2D8

FEF = 215.0

208

0410
0411

0412
0413
0414
0415
0416
0417
0418
0419
0420
0421
0422
0423
0424
0425
0426
0427
0428
0429
0430
0431
0432
04373
0434
04135
0436
0437
0438
C439
0440
0441
0442
0443
0444
0445
0446
0447
C448
0449
0450
0451
0452
0453
C4h4
0458
0456
0457
0458
0459
0460
0461
Cue2
04e3
0464
0465
0466
0467
0463



300
310

311
312
3132
314

TSD = FEF#1.602%10,%#%(-19)
GLH = MAXT#60

KPAGE = 100

IHS = 5

ITL = NXCM + 5

IHT = 4

I1ZP = IZM + 1

Ip = IM + 1

JP = UM + 1

ML = MCR + MTP
IGP = IGM + 1

IGEP = IGE + 1
[MIM = [M¥JIM
EC = oV

LAP = 40
LAPP = L0
LAR = 0,0
DAY = UaC
ALA = L0

LCc = 0O

PO2 = U

CvT = v

CNT = L

NCON = G
NPRT = 1

T06 = U

IF(104~4) 31U0s 300, 310
TOo6 = 1

CONT INUE

[F(VMOT = 13) 212, 211s 311
REWIND 14

IF(NPUN = 3) 314 313s 313

REWIND 16
K07 = GO7
G607 = S04

ORFP = #G#(QORF = 1.0) + 10
COMPUTE DIMENSION POINTERS
LATW = 1

LHOLN = LATW + ML

LALAM = LHOLN + ML

LCO = LALAM + M|

LNG = LCO + ITL*MT
LN2 = LNU + IMJM
LAU = LN2 + IMUIM
LAl = LACG + [P

LFO = LAl + I

LF2 = LFO + 1IMUM
LIO = LF2 + IMUM
LTIl = LIO + MO:
LI2 = LI + ™MO1
LI3 = LI2 + MOl
LK& = LI3 + MOl
LK7 = LK6 + ICGM
LMO = LK7 + IGM
LM2 = LMO + IMJIM
LRO = LM2 + I2ZWV™
L?1 = LRO + 1IP

LR2 = LR1 + 1IP

LR3 = LR2 + Tug*IV

BNWL-831

2DB
2D8B
2DB
20B
2DB
2DB
2DB
208
2DbB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
208
2DB
2D8B
208
2DB
2DR
2DB
208
2DR
2DB
2DB
2DB
2DB
2DR
2nB
2DB
20B
20B
208
208
DR
20
208
2nB
2DR
200
208
208
2D8B
20E
208
203
208
208
2DB
208
2DR
20B
2DR
2DB
2DB
208
20t

0469
0470
0471
0472
0473
0474
0475
0476
0477
0478
0479
0480
0481
0482
0483
0484
0485
0486
0487
0488
0489
0490
0491
0452
0493
0494
0495
0496
0497
N498
0499
0500
0501
0502
0502
0504
0595
I505
0507
0508
0509
0510
0511
0512
0513
0814
0515
051&
ns517
0518
0519
0520
06521
0522
0523
0524
0525
052¢
0527



shaat

ety

340

350

36V

LR4 = LR3 + TO6*IZ
LR5 = LR4 + IM

LS2 = LRS + IM

Lv0 = LS2 + IMUM
LV7 = LVO + IMUM
LZO = LV7 + ICM
L21 = LZO + P

LZ2 = LZ1 + JUP

LZ3 = LZ2 + JM%xTO6
LZ4 = LZ3 + JZ*T06
LZ5 = LZ4 + UM

LCXS = LZ5 + UM

LVOL = LCXS + IMUM#3

LMASS = LVOL + IZM

LMATN = LMASS + ML*1ZM

LNBR = LMATN + ML

LLD = LNBR + ML

LLCN = LLD + tL

LLFN = LLCN + ML*¥2

LPHIB = LLFN 4+ ML*7

LAXS = LPHIB + IZM

LFXS = LAXS + ML*IZM

LMASSP = LFXS + ML*IZM

LCXR = LMASSP + ML*IZM

LCXT LCXR + UM

LHA = LCXT 4+ IM

LPA = LHA + MAXC({IMyJM)

LAST = LPA + MAXG(IMyJM)

ITEMP = 1 + 3#ML + IGP#ITL*MT
IF(LAST = ITEMP) 31643184318
LAST = ITEMP

WRITE (NOUTs32C) LAST

FORMAT(S5H LASTsI16)

READ CROSS SECTIONS AND WRITE CROSS SECTIOM TAPE
CALL S86O0(AILNO)sALLCU)Y s ITLsIGMsMTsAILATW) sA (LHOLN) sA{LALAM))
DO 325 I=LCOs LAST

AlTy = 40

READ FLUXES AND WRITE FLUX TAPE
CALL S862(A(LNO)Yy A(LRO)s A(LZC))
WRITE(NOUT$330)

FORMAT{51HOMESH BOUNDARIES (RO/Z0=RADIAL PUINTS/AXIAL POINTS))
READ RADIAL INTERVALS

CALL REAG2(é&H ROsA(LRO) 9 IP)
READ AXIAL INTERVALS
CALL REAG2(eH ZOsA(LZO) s UP)

READ ZONE NUMBERS

WRITE(NOUTs34C)

FORMAT{3UHUZONE NUMBERS BY MESH INTERVAL)
CALL REAIZ2 (6H MU ATLMU) 9 IMUM)
READ MATERTAL NUMBERS
WRITE(NQOUT350)

FORMAT{25HUMATERIAL NUMBERS BY ZONE)
CALL REAIZ2(6H M2sA(LM2)s1ZM)

READ FISSION FRACTIONS
WRITE(NOLTs36V)

FORMAT(17HUF ISSION SPECTRUM)

CALL REAG2(eH KT7sA(LKT)Y»IGM)

READ VELCCITIES

WRITE(NCUT$370)
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208
2DB
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2nR
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208
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208
208
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0537
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0541
0542
0543
0544
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0546
0547
0548
0549
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0556
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0560
0561
0562
0563
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0583
0584
0585
G586
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FORMAT (1 7THONEUTRON VELOCITY) 2DB 0587
CALL REAG2(6&H VIsAILVT)91GM) 2DB 0588
IF(MO1) 4UQ0s 400, 380 2DB 0589
WRITE {NOUT»390) 2DB 0590
FORMAT(82HOMIXTURE SPECIFICATIONS (10/11/12=MIX NUMBER/MAT, NUMBER2DB 0591
1 FOR MIX/MATERIAL DENSITY)) 2DB 0592
CALL REAI2{6&H I0sA{LI0) MO} 2DR 0593
CALL REAIZ2(6H I1sA(LI1)IMO1) 2DB 0594
CALL REAG2{6H 12sA(LTI2)sMO1) 2DB 0595
CONTINUE 2DB 0596
CHECK FOR DELTA CALCULATION 2DB 0597
IF(104 - 4) 4405 410y 440 2DB 0598
WRITE (NOUT»220) 2DB 0599
FORMAT(85HUDELTA OPTION DATA (R2/22/R3/Z3=RADIAL/AXIAL ZONE NOS42DB 0600
1/RADIAL/AXIAL ZONE MODIFIERS)) 2DB 0601
CALL REAIZ(6F R2sA(LR2) 9 IM) 2DB 0602
CALL REAG2(&H R3»A{LR3) 212} 2DB 0603
CALL REAI2(6H 2298(LZ2) 2 JIM) 2DR 060G
CALL REAG2(6H 239A(L23)9J2) 2DB 0605
CONTINUVE 208 0606
END OF INPUT DATA ZDB 0607
CALL MAPR{A(LMC) 9A(LM2)sIMsIM9A(LCO)) 2DB 0508
IF(LAST=-25000) 470y 4705 450 2NE 0609
WRITE (NOUT»460) 208 0610
FORMAT (26H PROGRAM CAPACITY EXCEEDED) 2DB 061l
STOP DB 0612
RETURN 2DB 0613
END 2DB 0614
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b

COMMON
WRITE

FORMATI(2H #/9H ERROR INsA693H AT»16/2H */2H ¥)

Go TO
STOP
RETURN
END

ERRO2ERRO2
SUBROUTINE ERRO2(

NINP
(NOUT 1)

(394) 91

sNOUT

E-T3

HOLs JSUBRs I}

sNCR1  sNFLUX1sNSCRAT
HOL » JSUBR

2DB
2DB
2DB
2DB
2bB
2DB
208
2DB
2DB

BNWL-831

0615
0616
0617
0618
0619
0620
0621
0622
0623
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~1TC FOR 586055860 2DB 0624
SUBROUTINE $860 (CoCOsJITLsJGMs JMT s ATWsHOLNIALAM) 2DB 0625
INCLUDE ABC 2DB 0626
DIMENSION C{JTLsJGMeUMT) s CO(JUTL»JUMT Yy ATW(1)s HOLN(1)s ALAMI(1) 2DB 0627
DIMENSION AA(9) 2DB 0628

C THIS SUBROUTINE READS CROSS SECTIONS FROM CARDSs PERFORMS 2DB 0629

C ADJOINT REVERSALS IF REQUIREDs AND WRITES CROSS SECTION TAPE 2DB 0630
WRITE (NOUTs5) (ID(I)s I=1s11} 2DB 0631

5 FORMAT{1Hl1s11A6s///) 2DB 0632
IF(MCR) 160 160 10 2DB 0633

10 WRITE (NOUTs 20 ) 2DB 0634

20 FORMAT (38H THE FOLLOWING NUCLIDES ARE FROM CARDS/) 2DB 0635
DO 50 I=1sMCR : 2DB 0636
READ (NINPs 30) HOLNI(I)s ATW(I)s ALAM(I}s (AA(J)s J=119) 2DB 0637
ALAM(I) = ALAMII)/(244%36G0,) 2DB 0638

30 FORMAT(A6s 2E642s 9A6) 2DB 0639
WRITE{NOUTs 40) I HOLN(I)s (AA(J)s J=199) 2DB 0640

40 FORMAT(I3s 6Xs Abs 6Xs SA6) 2DB 0641
DO 50 11G=1sIGM 2DB 0642

50 READ(NINPs 60) (C(LsIIGsI)sL=1sITL) 2DB 0643

60 FORMAT(6E1245) 2DB 0644

C CHECK ON CROSS SECTION CONSISTENCY AND ORDER 2DB 0645
ITEMP = C 2DB 0646
DO 140 J=1sMCR 208 0647
DO 140 I=1,1GM 2DRB 0648
G = Cl2s1sJ) + C(5s1s0) 2DB 0649
DO 110 K = 1s NXCM 2DB 0650
KK = 1 + K 2DB 0651
M= 5 + K 2DB 0652
IF(KK = IGM) 100, 100s 110 2DB 0653

100 G = G + CIMsKKsJ) 2DB 0654

110 CONTINUE 2DB 0655
IF(ABS((G = Cl4s190))/C asT9d)) = 401) 1359 120s 120 2DB 0656

120 ITEMP = 1 2DB 0657

130 FORMAT(1H /s16H CHECK MATERIAL I2s5Xs 7H GROUP 12) 2DB N658

135 IF(ABS((G = ClasIsJy)/Claslsd))y = ,0001) 1405 1285 138 2DR 0659

138 WRITE(NOUTs130) J» 1 2DB 0660

140 CONTINUE 2D8 0661
IF (ITEMP) 169516C»150 2DB 0662

150 CALL EXIT 2DB 0663

160 CONTINUE 20B 0664

C 160 CALL RECS2 2DB 0665

C A02=0/1=FLUX CALCULATION/ADJOINT CALCULATION 2DB 0666
IF(AD2Y 17Us 280s 170 2DB 0667

170 DO 190 1IG=1sIGM 20B 0668
IGBAR=IGM-11G+1 2DB 0669
DO 180 M=1sMT 2DB 0670
DO 180 L = 1sIHS 2DB 0671
TEMP=C(L»I1I1G M) 20B 0672
ClLsIIGIM)=CI(LsIGRAR M) 2DB 0673

180 CiLsIGBARSM)=TEMP 2DB 0674
IF (IGBAR - II1G -1) 200s 200s 190 2DB 0675

190 CONTINUE 2DB 0676

200 CONTINUE 2DB 0677
KK = ITL = IHS 2DB 0678
IF (KK) 280s 280, 210 2DB 0679

210 CONTINUE 2DB 0680
40 240 M = 1MT 2DB 0681
DO 240 1IG = 1sIGM 2DB 0682
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220

230

240

286

290
300

IGBAR = IGM ~ 11G + 1

DO 240 L = 1sKK

IF (L - 11G) 220y 2405 240

I = L + IHS

ITEMP = IGBAR + L

IF (1I1IG - ITEMP) 230s 230y 240
TEMP = C(Is 11Gs M}

C{IyIIGsM) = CUI2ITEMPsM)
C(Is]ITEMPsM) = TEMP

CONTINVE

WRITE CROSS SECTION TAPE

DO 300 1I1G=1sIGM

DO 290 M=1MT

DO 290 L=1sITL

COLL aM)Y=ClLsI1GM)

WRITE {(NCR1) (CCO(LIM)sL=1sITL)aM=1sMT)
REWIND NCR1

RETURN

END

BNWL-831
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2DB
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2p8
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20B
20B
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2DR
208
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0685
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0699
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50

59

60
62
63

64

69

70
100

12¢
200
10u0

1010
1020

OUBROUTINE S862(NOsRFsZF)

INCLUDE ABC

DIMENSION NO(1)s RF(1)s ZFI(1)

THIS SUBROUTINE READS THE INPUT FLUXES AND PREPARES A FLUX TAPE
WRITE(NQOUTs5) )

FORMAT (1H1)

M07=0/1/2/3=N0O FLUX INPUT/X(R)*X(Z)/X(RsZsE)/TAPE
KK = MO7 + 1

DO 1000 111G = 19 IGM

GO To (509 g0y 70s 120)s KK

DO 59 I=1y IM

DO 59 J = 1% UM

ITEMP = (J = 1)%IM + I
NO(ITEMP) = 1,0
GO TO 200

IF(IIG = 1) 62 629 64
WRITE(NOUT+63)
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208
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
208
20B
2DB
2bB

FORMAT{55H0FLUX GUESS (RF/ZF=TOTAL RADIAL FLUX/TOTAL AXIAL FLUX))2DB

CALL REAG2I(6&H RFsRFsIM)

CALL REAG2I(6H ZF92F 9 JIM)

DO 69 I = 1 IM

DO 69 J = 13 UM

ITEMP = (J - 1)¥IM + I

NO(ITEMP) = RF(I)*ZF(J)

GO TO 200 .
READ (NINPs1uO) (NO(I)s I=1s IMJIM)
FORMAC(6E12.6)

GO TO 200

9rAD(14) (NU(I)s I=
WRITE(NFLUX1) (NOI
CONTINUE

IF(MC7 - 3) 10205,101051020
REWIND lé4

REWIND NFLUX1

RETURN

END

IMJUM)

1l
I)s I=1s IMUM)

2DB
2Db8B
2DB
208
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DR
2DB
2DB
2D8B
2DB
208
2DBE
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FOR REAG2sREAG2

SUBROUTINE REAG2 (HOLLSARRAYsNCOUNT)
DIMENSION ARRAY{1)sV(12)sK(12)sIN(12)
COMMON NINP sNCUT sNCR1 sNFLUX1 sNSCRAT
JFLAG=0

J=1

IF(JFLAG)I2U»4U»20

DO 30 JJd=14+6
K{JJd)=K{JJ+6)
IN(JJI=INCII+6)
VIJJ)y=VIJJ+6)

JFLAG=0

GO TO 60

SEAD (NINPs5UL)
FORMATI(6(I19129EQ4t))
DO 140 I=196

L=K({I})+1

GO TO (70s8U910L0»150)sL
NO MODIFICATION
ARRAY (J)y=V (I}

J=J+1

GO TO 140

REPEAT

L=IN(T)

DO 90 M=1sL

ARRAY (J)=VI(I)

J=J+1

CONTINUVE

GO TO 140
INTERPOLATFE

IF{1=-6) 120511091190
READ (NINP»s50)
JFLAG=1

L=IN(TI)+1
DEL=(V{I+1}y=-VI(I1))/FLOAT (L)
DO 130 M=1sl

ARRAY (J)=V (T )+DEL¥FLOAT (M-1)
J=Jd+1

CONT INUVE

CONTINUE

GO TO 10

TERMINATE

J=J-1

(K{TYsIN(T)sVET) 212196)

(KOJIY o INTIIY sV JJ) 9 dd=T512)

WRITE (NOUT»16U) HOLL s J s ( ARRAY(I)sI=1sJ)

IF(J ~-NCOUNT)17G»18Us170
FORMAT(6XsA6916/(10E1245))
CALL ERROZ( 6&H%*REAGs»170s1)
RETURN

END
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2DR
2DB
2DB
2DB
2DB
2DB
208
208
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2D8
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2DB
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2D8
208
20B
2hR
?2NR
?DRB
20P
208
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2DB
2C8
2DR
2DB

0739
0740
0741
0742
0743
0744
0745
0746
0747
0748
0749
0750
0751
0752
0753
0754
0755
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0757
0758
0759
0760
0761
0762
0763
0764
0765
0766
0767
0768
0769
0770
0771
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0775
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FOR REAI2sREAI2

SUBROUTINE REAI2(HOLLsIARRAYsSNCOUNT)
DIMENSION TARRAY(1)9IVI6)sK(6)9sINIS)
COMMON NINP sNOUT sNCR1 sNFLUX1 sNSCRAT
J=1

READ (NINPs2U) (KETYsINCIY»IVITYyel=196)
FORMAT(6(11912519))

DO 701=146

L=K(I)+1

GO TO (30940560480 )L

NO MODIFICATION

TARRAY(J)=1IVI(I)

1=J+1

Go TO0 70

REPEAT

3=INI(I)

DO 50 M=1sL

IARRAY(JUY=1IVI(I)

J=J+1

CONTINUE

Go 1O 70

INTERPOLATE

CALL ERRO2(&H REAI$6Gs1)

CONTINUE

GO TO 10

TERMINATE

J=J-1

WRITE (NOUT»90C) HOLL »J 2 (TARRAY(T)sI=1sJ)

IFly ~—NCOUNT)10C»110»100
FORMAT(6XsAE»16/(10112))
CALL ERRO2{ 6H**REAI »100,1)
RETURN

END
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20

30
40

50
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70

SUBROUTINE MAPR (MOsM2y JIMsJIMs K)

INCLUDE ABC

DIMENSION MU{JIMsJUM)s M2(1)s KI(1)

PRODUCE A PICTURE PRINT BY ZONE AND MATERTAL
WRITE(NOUTs10) (ID(I)s I=1911)
FORMAT(1H1911A6///)
DO 30 JJ=1sJM
J=IM~-JJ+1

WRITE (NOUT»40C)
FORMAT( B5H 95512)
WRITE {NOUTs50)
FORMAT{2H A/2H X/2H 1/2H A/2H L//8H RADIAL)
WRITE (NOUTs1U) (ID(I)s I = 19 11)

DO 70 JJ=1sJVM
J=IM=-JJ+1

DO 60 L=1s1IM
N=MO(L»J)
K{L)=TABS {M2(N))
WRITE (NOUT»40)
WRITE(NOUTs50)
RETURN

END

(MO(TsJ)sI=191M)

(K{LYoL=1sIM)
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2DB
2DB
2DB
208
2DB
208
2DB
208
208
208
208
2DbB
208
2bB
208
2DB
2DB
2DB
208
2DB
208
2DB
2DB

0821
0822
0823
0824
0825
0826
0827
0828
0829
0830
0831
0832
0833
0834
0835
0836
0837
0838
0839
0840
0841
0842
0843



-ITC FOR INITSINIT
SUBROUTINE INIT (Kes K7» 109 119 129 M
1 R3s R4 R5s 20y 21y 2
2 FOs CO» VOs» JTLJIM>
INCLUDE ABC
DIMENSION K6(1)s K7(1)s 10{1)s T1{(11}>
1 R2(1)s R3(1)s R&{1)s R5(1)s
2 Z3(1)s 2401y 25(1)s AO{71)
3 VU(JIM2JUM) s MO{1)s M2(1)
IF (P0O2) 2Us 10y 20
10 WRITE (NOUT»15) DAY
15 FORMAT(1H1s30Xs11H T I M E =F843=8H D
20 CONTINUE
C ADJOINT REVERSALS
IF{AC2) 255 454 25
25 IF(PO2) 455 30y 45
30 IF{NCON) 45y 35, 45
35 I11G=1
IGBAR=IGM
40 TEMP=K7(11G)
K7{I11G)I=K7(IGBAR)
K7({IGBAR)=TEMP
TEMP=VT7(IIG)
VI(ITIIG)Y=V7(IGRAR)
V7{IGRAR)=TEMP
I1G=11G+1
IGBAR=IGBAR-1
IFIIIG-IGBAR) 40s 455 45
45 CONT INVE
C
C MIX CROSS-SECTIONS
BO07=1
IF(POZ2) 5uUs 559 50
50 IF(104-3) 185 859 185
55 IF(MO1) 70s 709 60
60 WRITE{(NQUTs 65 ) (Je T0(J)s TI1(J)s I2
65 FORMAT(1HU»3Xs 16H MIXTURE NUMRER »18H
124H MATERTAL ATOMIC DENSITY//(14s1Xs18
70 IF(NPRT) 85 B85, 75
75 WRITE (NOUT»80 )
8C FORMAT(/19H1CROSS-SECTION EDIT)
8% REWIND NCR1
0O 180 11G=1+1GM
READ (NCR1) ({CYlTsd)sI=1sITL)sJ=1>»
IFtmMG1)y 90s 1455 90
90 DO 140 M=1sMU1
IFLIC(M)=MT) 100, 10Us 95
95 CALL ERRQZ2(6H*%¥INIT99591)
10U IF(I1¢(M)=-MT) 105, 105s 95
105 N=I0(M)
L=I11(M)
EO1=12(M)
IF(L) 125 125, 110
11V IF(EC1) 125 115s 125
115 IF {(N-L) 125s 120, 125
12v EO1 = EV
L =90
12% DO 140 I=1sITL
IF (L) 13us 1359 139

E-20

Os M2s NO»
2y 23y 24y
VT7sJIMy UMTH

RO» R1» R?
25 AO» Al

12(1y)>
20(1)»
A1(1)»
NO(1)s

RO(1)s R1(1)>
Z21(1)s 22(1})
COCJUTLYIMT ) »
FO{1)s VT7I(1)

A Y S///7)

(J)s J = 1s MO1)
MIX COMMAND
»8Xs1838XsE20,8))

MT)

BHYL-R31

2DB
208
2DB
208
2bB
2DB
Z2DB
2DB
20B
2DB
208
2DB
2DbB
2DB
208B
2DbB
2DB
2DB
20B
2DB
2DB
2DbB
2DB
208
2DB
208
2DB
2DB
208
2bB
2DB
2DB
208
208
2D8B
208
208
2DB
208
208
2DR
2be
2DR
208
208
208
2D8
208
208
2C8
208
208
Zha
208
208
208
208
2DB
208

0844
0845
0846
0847
0848
0849
0850
0851
0852
0853
0854
0855
0856
0857
0858
0859
0860
0861
0862
0863
0864
0865
0866
0867
0868
0869
0870
0871
0872
0873
0874
0875
C876
0877
0878
0879
0880
0881l
0882
r883
o884
G885
0886
0887
0888
0889
0890
0891
0892
0893
0894
0895
0896
0857
0898
0899
0900
0901
0502



R

130

135
140
145
15U
155
160

165
170
175
180G

185
19¢
20U
205
210
215

22V

225

230
235

24U

245

25V
255
26UV
265

270
275

28V

E-21

CO{I»N)=CO(TsN)+CU(TIsL)*EQ]

GO TO 140

CO{IsN)=CU(IsN)¥EQ]

CONTINUE

IF(PO2) 1755 18C» 175

IFI(NPRT) 175 175> 155

WRITE (NOUTs162 ) 116

FORMAT{(7H GROUP 135s15H CROSS-SECTIONS)
DO 165 N=1sMT

WRITE (NOUTs17C )

FORMAT(4H MATsI135(10E11e3))
WRITE (NSCRAT) ((CO(TsJ)sI=10ITL)»Jd=1eMT)
CONTINUE

REWIND NCR1

REWIND NSCRAT

SWITCH TAPE DESIGNATIONS

ITEMP=NSCRAT

NSCRAT=NCR1

NCR1=ITEMP

IF(104~-5) 190s 208, 190

IF(BUCK) 2LUs 245 200

TEMP = BUCK

GO TO 220

IF(PO2) 210 210 215
BUCK = Q.

TEMP = EV = BUCK

BUCK = EV

0o 240 I11G=1s1GM
READ (NCR1) ((CO(TsJ)s I=1sITL)sJ=1sMT)
DO 235 MTZ = 1sMT
DO 230 KZ=1s1ZM

IF(M2(KZ) = MTZ) 239s 2255 220

TEMP1 = TEMP/(34%¥CU(4sMTZ))

CO(2sMT2Z) = CO(2sMTZ) + TEMP1

CO(5sMTZ) = CcO(59MT2) - TEMP1

GO TO 235

CONTINUE

CONTINVE

WRITE(NSCRAT) ((cU(Isy)s I=191TL)sJ=2sMT)
CONTINUE

REWIND NCR1

REWIND NSCRAT

SWITCH TAPE DESIGNATIONS
ITEMP = NSCRAT

NSCRAT = NCR1

NCR1 = ITEMP

CONTINUE

MODIFY GEOMETRY
1IF(pP02)270s 250s 270
IF{NCON) 275s 2555 375
DO 260 I=1»1P
R1(1)=RO(1}

DO 265 J=1sJP
21(Jy=201(J)

IF(104-4) 305 275s 305
DO 280 I=1s1IM

K=R2{1)
R1(I+1)=R1(I)+(RO(I+1)=-RO(T))*(1.0+ EV¥R3(K))

No{CO(TIoN)sI=15ITL)
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2DB
2DB

2DB
2DB
2D0B
208
2DB
2DB
208
208
208
20B
2CB
2DB
208B
208
208
2D8B
2DB
2DB
2DB
2DB
2DB
2DB
208
2DB
208
2DB
2D8
2D8B
2DB
208
208
2DB
2DR
2DRB
208
2DR
2DB
208
208
2DR
2DR
203
20B
208
2DB
2DB
208
2DR
2DR
2DR
208
208
208
208
2DB
208
208

0903
0904

0905
0906
0907
0908
0909
0910
0911
0912
0913
0914
0915
0916
0917
0918
091¢%
0920
0921
0922
0923
0924
0925
0926
0927
0928
0929
0930
0931
€932
0933
0934
0935
09135
0937
0938
0939
0940
0941
0942
09413
0944
0945
0946
947
0948
N949
0950
0951
0952
0953
0954
0955
0956
0957
0958
0959
0960
0961



285
290

300
305

310
315

32v
325

330

335

349

345

350
355

360

365
376G
375

380
385

395
400
405

DO 285 J=1sJM
K=221(J)

210 J+11=21(J)+(20(J+1)=-20(J))*(1,0+ FV*Z3(K})

IF{IGE=~2) 3Us5s 290 305
IF(ABS (Z1(JP)~140)-140E-04}
CALL ERROZ(6H*®INIT»300,1)
CONTINUE

AREAS AND VOLUMES
P12=6.28318

IF(PO2) 310s 315y 310
IF(I04 - &) 375s 3159 375
CONTINUE

DO 345 I=1s1IM
R4(T1)=(R1(I+1)+R1(1))*0.5
R5(11=R1(1+1)-R1(1)

IF( R5(1) ) 320y 320y 325
CALL ERRO2 (5H%R5(1)32051)
CONTINUE

GO TO (33093359340)sIGEP
AQ(I)=140

AO(IP)=1,u

A1(1)=R5{1)

GO TO 345

AQ(T)=PI2#R1(1)
AO(IP)=PI2¥R1(IP}
A1(1)=PI2%R5(I1)*R4 (1)

GO TO 345

AO(1)=PI2*%R1(1)
AO(IP)=PI2#R1(IP)
A1(I)=R5(1)

CONTINUE

DO 370 J=1sJM
Z400)={Z210J+1)+4211J))*0.5
Z5(J)=21(J+1)~21(J)
IF{Z5(J)) 3509 350s 355
CALL ERRO2 (6H%#25(J)935091)
CONTINVE

DO 370 1I=1s1IM

GO TO ( 360s 365y 365)s1GEP
VO(I»J)=RS(1)%25(J)

GO TO 370

VOiT»J)=PI2¥R5(1)%*2Z5(J)*R4(1])

CONTINUE
CONT INVE

MATERIAL ADDRESSES
IF(PO2) 4us5s 3855 405
SKT7=0a

CO 400 IIG=1+1GM
IF(S02-1) 395s 39Us 395
KelI11G)=K7(I11G)/S03

GO TO 400
Ke(IIG)=K7(1IG)
SK7=SK7+K7(11G)
CONTINUE

FISSION NEUTRONS
T11=E1(IGP)
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300
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208
2Db8
208
2DB
208
2Db8B
2b8B
208
2DbB
208
2D8B
2DB
2Db8B
2DB
2DB
2DB
208
208
2D8B
2D8B
2DB
2b8B
2DB
2DB
2DbB
208
2DbB
20B
208
20B
2DB
2DB
2D8B
208
208
208
208
208
208
208
2DB
208
208
208
208
2DB
208
208
2DB
208
2DB
208
2DB
208
2DbB
208
2D0B
2DbB
2DB

0962
0963
0964
0965
0966
0967
0968
0969
0970
0971
0972
0973
0974
0975
0976
0977
0978
0979
0980
0981
0982
0983
0984
0985
0986
0987
0988
0989
0990
0991
0992
0993
0994
0995
0996
0997
0998
0999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1¢18
1019
1020
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g

i

Skt

410
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CALL CLEAR(U.GsFOs IMUM)
DO 425 TIG=19IGM

EO(IIG) = LV
READ (NFLUX1) (NO(T)sI=1sIMIM)
READ (NCR1) ((CO(T9J)sI=1a1TL)Y»J=1sMT)

DO 425 J = 1s JM

DO 425 K = 19 IM

I = K + (J=1)%1IM

ITEMP=MO(I)

ITEMP=M2 (ITEMP)

EO(IIG) = EV(IIG) + VO(KsJI¥NO(I)#CO(1sITEMP)
IF(AO2) 4159 420s 415
FOUI)=FU{I)+KT(IIG)*NULI)

GO TO 425
FO{1)=FC(I)+CO(IHT-1ITEMP)%NC(T)
CONTINUVE

REWIND NFLUX1

REWIND NCR1

RETURN

END
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2DB
208
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208
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2DB
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1022
1023
1024
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1027
1028
1029
1030
1031
1032
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1034
1035
1036
1037
1038
1039
1040



-IT FOR CLEARSCLEAR
SUBROUTINE CLEAR (XsYsN)
DIMENSION Y (1)

DO 1 I=1sN

1 Y{Iy=X
RETURN
END

E-24
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2DB
2b8B
2DB
2DB
2DB
2DB
2DbB

1041
1042
1043
1044
1045
1046
1047
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-ITC FOR FISCALsFISCAL

124
13v

140

150
16w

17
1806
190

200
230

SUBROUTINE FISCAL (NOs FOs VOs CU» K69 MOs» M2y JTLeJMT)
INCLUDE ABC

DIMENSION NCU(1)s FO(1)s VO(1)s cO(UTLsUMT)sKke(1)s MOL1)s M2(1)
LAR = ALA

F1SSION SUMS

IF(RO7) 90,590,710

IF(AOQ2) 209 4Cy 20

DO 30 11G=1sIGM

READ (NCR1) ((CO(TIsJysI=1sITL)sJ=19sMT)
E1(11G)=0.

D0 30 I=1,IMJM

ITEMP=MO (1)

ITEMP=M2 (I TEVP)
E1{IIG)=E1(I1IG)+CUO(IHT~1sITEMP)*FO(I)#VOI(1)
REWIND NCR1

GO TO 70

Eol'—'oo

DC 50 I=1sIMUM

EO1=EQ1+VU(I)*FO(I)

DC 60 11G=1sI1GHM

E1(IIG)=K6(1IG)*EQ]

E1(IGP)=C.

EQ(IGP)=U.

DO 80 11G=1sIGM

EO(IGP)=EUIIGP}+EC(IIG)
E1(IGP)=EL({IGPI+EL(IIG)

IF(RCT)Y 14Us 9Cs 140

ALA = E1(IGP)/T11

TEMP=1.0/ALA

IF(104-1) 140y 10Cs 140

DO 118 11G=1s1GM

E1(IIG)=EL(IIG)*TEMP

KELTIG)=K6(IIG)*¥TEMP

E1(IGP)=EL(IGP)%TEMP

IF(A02) 120s 14Us 120

DO 130 I=1sIMJM

FOUI)=FUlI)*TEMP

CONTINUVE

NORMALIZATION

B07=0

IF(S01) 16Uy 230, 170

EO1 8 ABS{SV1I)/(EULIGP)*TSD)
GO TO 18¢C

E01=5C1/E1(IGP)

DO 160 IIG=1»sICP
EI(IIG)I=ECLI*ELI(IIG)
DO 208 I=1sIMJIM
FOUT)BEVI#FLI(T)
RETURN

END

2D0B
2DB
2DB
2DB
208
2DB
2DhB
2Dh8
2DB
208
208
208
208
2D0B
208
2DB
2DB
208
208
2DB
20B
208
208
208B
2DB
2DB
208
2DB
2DB
2DB
208
20B
208
208
208
2D0B
208
20B
208
2DB
2DB
208
208
208
208
208
20B
2D8B
2DB
2DB
208
2bB
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1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
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~ITC FOR 58830,58830

Cc MP

l1eu
21v
213

215

22C
225
234

430
630

SUBROUTINE S$8830

INCLUDE ABC

83C MONITOR PRINT

CALL ETIMEF(TI)

Tl = T1/6U,

-PAGE = KPAGE + 1

IF(KPAGE - 40} 220s 160s 160

KPAGE = O

WRITE (NOUTs 213)

FORMAT (105H1 TIME QUTE=- INe 1T
1UE EIGENVALUE LAMBDA )
WRITE{NOUTs 215)

FORMAOQO(105H (MINUTES) ITERATIONS PER LOOP
1 /)
WRITE {NOUTs 225) Tls PO2s LCs EQs EVs ALA
FORMAT(4Xy F6e2s 10Xs T4y 11Xs 14y 6Xs E15e8s E15e80
P02=P0O2+1

LC=0
IF(P02-D0U5)430+4309330
NGOTO = 1

GO TO 630

NGOTO = 4

RETURN

END

BilWL-831

2DB
208
208
2DB
208
208
2D8B
2DB
2DbB
2Db8

EIGENVALZ2DB

£15.8)

SLOPE

2D8B
2D0B
2DB
208
2DB
2D8B
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB

1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124




-1TC FOR OUTERSOUTER

79
80

90

10u
110

115
12+

25v

SUBROUTINE OUTER( AU» Als cO»
529 VOs V7o

JIMs JJMs RS
DIMENSION AC(1)s Al(1)s FOL1)>

NOCI1ys N2(1)o

VE(1)s VT7(1)e Z81(1)
CXS{JIMeJJiha3) sy R5(1)
INTEGER GBARs P3ARs SBAR

INCLUDE ABC

IGv=1

SOURCE CALCULATION
CONTINUVE
9EAD(NCR1)

DO 20 I=1sIMJM
52([):U.
IF(AO2) 6Js 40 60

D0 50 I=1sIMUM
S201)892(1)1+Ke{IGVY*FO(T)
Go TO &0

DO 70 I=191MJIM
ITEMP1=MO(1)
ITEMP1=M2(ITEMP1)

S201)=v2 1) +CU(IHT~1>ITEMPL)*FO( )

GEAR=IGV+IHS=ITL

IF(G21R=-1) 9us 100, 10V
GEAR=1

PBAR = IHS + IGV - 1

IF(PBAR = ITL) 11551159110
PBAR = 1TL

IF(GBAR =~ IGV) 120y 140y 140
READ (NSCRAT) {N2(I)sl=1sIMJIM)
40 130 I=1sIMUM

ITEMP1=MC(I)
ITEMP1=M2(ITEMPL}
ITEMP=ITEMP1
12P=+U{PBARSITEMP)
S2(1)=02(1)+N2(I)*TEMP

GO TO 150

READ (NFLUX1) (N2(I)sI=1sIMIM)
GRAR=GBAR+1

~-BAR=PBAR-1

IF{GBAR - IGV) 12Us 140s 160
+F(IGVY =~ IGM)  18Us 170 180
REWIND NCR1

V]_l:O.

DO 19C¢  I=1s1MJM
S201)=92(1y%VC(])
Y11=Vv11+S2(1)

E2(IGV) = V11 - E1(IGV)
S0URCE~ALPHA

IF(104 = 2) 210Cs 24¢s 210

IFIS0 - 2 230s 220y 230
T7 = GU3/V7LIGV)

GO TO 250

T7 = 0.0

Go TO 27¢

17 = EV/VTULIGV)
DO 260 K = 1s IZM

COCJUTLsUMT)»

((COLTIsM)9sI=1sI1TL)sM=19MT)

2D8B
2DB
2DB
20B
2hB
2DB

PA(1)s2DB

2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
208
2DB
2DB
2DB
2DB
208
2DB
2DB
2DB
2DB
2DB
2DB
2DB
2DB
208
208
2DB
2DB
2DB
2D0B
2DB
208
2D8
208
2DB
2DB
208
208
208
20B
208
208
2DB
2DB
208
2DB
208
208
2DB
208
2DB
2DB
208
2DB
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1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137

1138
1139
1140

1141

1142
1143

1144
1145
1146
1147
1148
1149
1150
1151
1152
1153
1154

1155

1156
1157
1158
1159
1160
1161
1162
1163
1164
1165
1166
1167
1168
1169
1179
1171
1172
1173
1174
1175
1176
1177
1178
1179
1180
1181
1182
1183




260
270

280

29V

300

310
320
33V

420
430
44

450U
46V

470

48L

49U
500

[T
-
C

1

1

1

1
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ITEMP1 = M2(K

)

CO(IHS» ITEMP1) = CO(IHSSITEMP1) =~ T7 583
CONTINUVE 2DB
GROUP FLUX CALCULATION 2DB
11=0 2DB
+F(V1 ) 290» 370, 290 208
CALL INNER1{MUs M2» CXS» VOs cOs AOs Zss R5s R4 Z4s Als IM» JMs 2DB

ITLs CXRsCXT) 2DB
IF (+03 - 1) 310, 310» 30C 2DB
CALL INNERP(NOs N2s CXSs S2s MOs M2s VOs COs IMs UMs ITLs CXRsCXT+2DB

HAs PA) 2DB
GO TO 350 2DB
IF (IGE - 2) 320 330, 320 2DB
+F (IM = JUM) 320, 330, 340 2hB
CALL INNER(NUs N2s CXS» S2s MOs M2s VOs» COs IMs» UMy ITLs CXRs CXT92DB

HAs PA) 208
GO TO 350 2D8B
CALLINNFR2(NUs NP> CXSs Sps MO M2s VO CO» IMs UM> 1TLY CXRs CXTs2DR

HAs PA) 2DB
DO 360 K = 1sIZM 2DB
ITEMP1 = M2 (K) 2DB
CO(IHSSITEMPL) = CYlIHSHSITEMPL) + T7 2DB
GO TO 390 2D8
DO 380 I=1sIMJM 2DB
N2(1)=v. 208
NO(T)=U, 208
CONTINUE 2DB
WRITE (NSCRAT) (N2{I1)sI=1sIMIM) 2DB
SBAR=ITL~IHS 2DB
IF(S3AR)Y 440y 440y 420 2DB
DO 430 15=135BAR 2DB
BACKSPACE NSCRAT 20B
CONTINUVE 2DB
IF(V11) 450 500 45U 2pB
IF(AT ) 46U 4805 460 208
EO(IGV)=U,ev 2DB
DO 470 I=1sIMUM 208
ITEMP1=Mu(]) 208
[TEMP =M2(ITEMPL) 208
FOLIGV)=EV(IGY) + CU(1lsITEMP1)%N2(1)*V0(1) 2D8
Foll)=F2(1)1+K6(IGVI®NZ2(T) 208
Gn Te 304 2DR
FOLIGV)=C,v 2DR
DO 490  I=1sIMJM 208
PTEMP1=MOL] ) 208
ITEMP1=M2 (I TEMP1) 2DB
EO(IGV)=Ew(IGV) + CULLs ITEMPL)*N2 (1) *V0O (1) 2DB
Fo(1)=F2 (1 )14+CGITIHT=1+iTEMPL)I%N2(1) 2DB
CONT INUE 208
IGV=1IGV+1] 208
[FLIGV=IGM) 1U» 1us 510 208
111 = E1(IGP) 2DB
SWITCH TAPE DESIGNATIONS 2DB
REWIND NCR1 2DB
JEWIND NSCRAT 2DB
REWIND NFLUX1 2DB
ITEMP = NSCRAT 2DB
NSCRAV = NFLUX1 208
NFLUX1 = ITEMP 208
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61y
6520

b4l

OVER-RELAX FISSION SOURCE

ORFF = loU + ob*(ORF - l.o)
EOZ = OU

IF(AO ) 52Us580+520
E1(IGP) = LU

FOR ADJOINT CALCULATIONS

D0 522 I=1sIMJIM

$2(1) = FO({I) + ORFF*(F2(I)
DO 540 111G = 19IGM
READ(=CR1) ((CUO(IsJ)s I=19ITL)>
F1(1IG) = WU

DO 530 I=1sIMJM

ITEMP = MU(T)

ITEMP = M2(I1TEMP)

+1(1+G)

EO02 = EV

E1(I1GP) = EL1(IGP) + EL(IIG)
TEMPL = E1(IGP)/EC2

DO 55C I=1sIMJIM

FO(1) = TEMP1%*S2(1)

REWIND NCR1

GO TO 62U

EOl = (-’ou

DO 590 I=1sIMJM

FO1 = EuUl + VU(I)*F2(1)
Fo(l) = Fw(l) + ORFF*(F2(I)
FU2 = EG2 + VC(I)*F2(1)
TEMP1 = EC1/EC2

DO 600 I=1s1IMJIM

FO(1) = TEMP1xF2(1)

20 61C 1IG = 1s1GM

E1(IIG) = K6(IIG)I*ECL
E1(IGP) = 0.0

EQ(IGP) = 0.0

DO 640 I1IG = 1sIGM

EOLIGP) = EG(IGP) + EO(IIG)
F1(IGP) = E1(IGP) + EL(IIG)
9ETURN

END

= E1(11G) + CO(IHT=1»ITEMP)*F2(1)*V0
2 + COCIHT~1sITEMP)#S2(1)#VO

s2(I)
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STORES ORFED F2(1)

J=1sMT)

BNIL-831

2DB
2DB

2DB
2DB
2DB
2DB
2D8B
2DB
2DB
2DB
2DB
2DbB
2DB
2DB
2D8B
2DbB
2DB
208
2DB
2D8B
2DB
2D8B
208B
2DbB
2DB
2DB
2DbB
2DB
208
2D8B
2DB
2DB
2DB
208
2DB
208
20B
208
2DB
2DB

1243
1244

1245
1246
1247
1248
1249
1250
1251
1252
1253
1254
1255
1256
1257
1258
1259
1260
1261
1262
1263
1264
1265
1266
1267
1268
1269
1270
1271
1272
1273
1274
1275
1276
1277
1278
1279
1280
1281
1282



=30 BNWL-831

~ITC FOR INNER1sINNER1 2DB
SUBRGEUUINE INNER1{(MOs M2s CXSs VOs COs AO» Z5s RSBy Rbs Z4s Als 2DR

2 JIMesJIMsJTLICXRCXT) 2DB
DIMENSION MC(1)s M2(1)sCXSOJIMIUUM3)sVOL{1)s CO(UTLST ) 2DB

1 AC(1)s 25(1)s RB{1}s R4(1)s 24(1)s AL1(1)sCXRI(1)s CXT(1)2DB
INCLUDE ABC ‘ 2DB

C THIS SUBROUTINE CALCULATES COEFFICIENTS FOR THE FLUX EQUATION 2DB
P12 = 6+28318 2DB

DC 45 KJ = 1y JM 2DB

DO 45 KI = 1s IM 2DB

30 TO (10s1vs 5)s IGEP 2DB

g TEMP = PI2%#(Z24(KJ) - 24(KJ=1))*R4(KI) 2DB
GO TO 15 2DB

10 TEMP = Z4(KJ) - Z4(KJ-1) 2DB
15 I = KI + (KJ=1)%IM 2DB
ITEMP = MU 2DB

ITEMP = M2(ITEMP) 2DB
CXS(KIsKJ93) = VO(I)*(CO(IHTS»ITEMP) - CO(IHS»ITEMP)) 2DB

IF(I - 1) 45945918 2DB

18 ITEMP1 = MO{I-1) 2DB
ITEMPL1 = M2(ITEMP1) 2DB

IF (ITEMP ~ ITEMP1) 255201925 2DR

pU CXOUI 2K U211 =A0tKT 1%#I5(KU)/ (3 ¥COLTHT ITEMP) * (R4 (KT ) -R4(K1=1))) »DR
GO TO 39 2DB

b CXSURTIKI21) = A0k #Zaln )y # (RS (KI-11+RE (KT} )/ (IR4(KT)~RP4{KI=1))*2NR
1 (3% (RE(KI=1)*¥CCUIHTSITEMPL) + RBIKI)*CCUIHTSITEMP) ) )) 2DB

3¢ IF(I ~ IM) 45945532 2DB
32 ITEMP3 = MO(I - IM) 2DB
ITEMP3 = M2(ITEMP3) 2DB

IF (ITEWP - ITEMP3) 40935540 2D8B

3t CXS({=19KJs2) = AL(KI)/(34*¥CO(IHT»ITEMP)*TEI4P) 2DB
G0 TO 45 2DB

44 CXSIKIIKJII2) = ALIKIN*¥(Z5(KJ-1) + Z5(KJ))/(TEMP* 2DB
1 (2,%(25(KJ=1)#CCOCIHTSITEMP3) + Z5(KJ)®CO(IHTSITEMP) YY) 208

45 CONTINUE 2DB
DO 200 KJ = 1s UM 2DB

DO 200 KI = 1, IM 2DB

G2 TC (55+55950), IGEP 2DB

Y TEMP = JB¥PI2#25(KJ)*R4(KI) 2DE
GO TO 60 20B

55 TEMP = o5%#25(KJ) 208
6U I = k1 + (KJ=1)%IM 20E
ITEMP = Mol 208

ITEMP = M2 (ITEMP) 2DE

TEMPY = CAS(KI+1sKJs1) 2DB

VEMPD = £AS{KIskJ+192) 2DR

IF(kJ - 1) 695652100 2DB

6F IF(806 - 1) 2095970 2DB
7 6o T¢ gus  B8Us 75}y IGEP 2DR
7E TEMP3 = PI2¥RGIKIY*o 858 (Z5(KJ) + 25U} 206
GO TO 85 208

Xy TEMP3 = o5%(2S5(KJ) + Z5(JM)) 2DB
&5 ITEMP? = 1 + IM¥(JUM - 1) 2DB
ITEMP3 = MU(ITEMPR) 2DB
ITEMP2 = M2(ITEMP3) 208
CXSIKIKJI92) = AL(KII*¥(Z5(JN) + Z5(KJ))/ITEMP3* 2DB

1 (2e%{Z50JM)*CO(IHT 9 ITEMP3) + Z5(KJ)¥CO(IHTHITEMP) )] 20B

GO TO 125 2DB

Gy CASIKIIKJII2) = AL(KI)/{3,%CO00InTsITENP)* L TEMP +e71/ DB
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1 COUIHTSITEMP)))

GO TO 125

CXS{KIKII2) = o0

GO TO 125

IF (KJ = JM) 12591055105
IF (BG3 ~ 1) 11551205110

TEMP = CXS(KIsls2)
CXT(KI) = TEMP2
GO TO 125
TEMP?2 = ALIKI)/(34%COUIHTsITEMP)Y*( TEMP . +471/
1 CO(IHTSITEMP)))
CXT{KI) = TEMP2
GO TO 125
TEMP2 = 40

CXT(KI}) = TEMPZ2
IF (KI = 1) 1301309145
IF(BO1) 13591355140

CXS(KIIKJI91) = AOIKI I*#Z5(KJ)/(3*#CO(IHT»ITEMP)*
1 (¢5*%R5(KI) + «71/CUlIHTHYITEMP)))

GO TO 165

CXSIKIIKIP1) = O

GO TO 165

IF (KI = IM) 16591505150

IF(BO2) 15591555160

TEMP1 = AUCKI+1)¥2Z5(KJ) /(3 *¥CO(IHTHITEMP) *
1 (o5%¥R5{KI) + «71/CO(IHTSITEMP)))

CAR(KJ) = TEMP1

GO TO 165

TEMP1 = oV

CXR(KJ) = TEMP1

CXS{KIIKJI3) = CXSIKIsKJI93) + CXSIKIWKJI»1) + CXS(KIsKJ92)
1 + TEMP1 + TEMP2

CONT9NUE

RETURN

END
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-ITC FOR INNERsINNER 2DB
SUBROUTINE INNER(NO» N2s CXS» S29 MO M2s VOs COs»JIMsJUMs JTL > 2D8B

1 CXRsCXTs HAs PA) 2DB
INCLUDE ABC 2DB
DIMENSION NO(1y» N2{1)sCXSUJUIM2JUM»3)952(1)s MO(1)s M2(1)>» 2DB

1 VU(1)s COLJTLs1)s CXR{1)s CXT(1)s HA(1)s PA(1) 2D8B

CALL IFLUXN (N2s CUs VOs CXSs» MOs M2s ITLs IMs JUMs CXRs» CXT) 2DB

2 DO 4 I=1» IMUM 2DB
4 NO(I) = N2(I) 2DB
C BEGIN FLUX CALCULATION 2DB
IKB = IM - 1 2DB

JKB = UM - 1 2DB

C FLUX CALCULATION USING SOR WITH LINE INVERSION 2DB
C 2DB
C CALCULATION OF LEFT BOUNDARY FLUX 2DB
KI =1 2DB

KJ = 1 2DB

I = KI + (KJ - 1}*%IM 2D8B
HA(KJ)= CXS{KIsKJI+192)/CXS{KI*KJI»3) 2DB
PAIKJIY= 1S5201) + CXS(KI+1sKJ»1)*N2(I+1))/CXS{KIsKJI»3) 2DB

DO 5 KJ = 29JKB 2DB

I = KI + {KJ = 1)*IM 208
HA(KJ) = CXS(KIsKJI+192)/(CXSIKIIKI3 )= CXSIKIsKJIs2)*¥HA{KI=1)) 2DB

5 PALKY) = [S201) + CXSIKI+19KJs1)%N2(T+1) + CXS(KIsKJs2)%PA(KJI-1))/2DR
1 (CXS({KIsKJI93) = CXSIKIsKJI92)*¥HA(KJI-1)) 2DB

Kd = JM 2DB

I = KI + (KJ — 1)*IM 2DB

N2ET) = (S201) + CXS{KI+19KJs1)%¥N2(I+1) + CXS(KIsKJ»2)*PA(KJ~-1))/2DB

1 (CXS({KIsKJ93) - CXS{KIsKJ92)*HA(KU-1)) 2DB

DO 10 KJJ = 2sJi 2DB

KJd = UM - KJJ + 1 2DB

I = KI + (KJ = 1)%1M 2DB

10 N2(1) = PA(KJ) + HA(KJ) % N2(I+IM) 2D8B
DO 15 KJ = 1sJM 2DB

[ = KI + (KJ - 1)%IM 2D8B

15 N2(I) = NU(I) + ORF*IN2(I) - NO(I)) 2DB
C PRINCIPAL FLUX LOOP 2DB
DO 40 KI = 2s1IKB 2DB

Kd = 1 2DB

I = KI + (KJ = 1)%*IM 2DB
HA(KJ Y= CXSIKIsKJI+192)/CXSIKI»KJI»3) 2DB
PalKJ)= (52(1) + CXS(KIsKJ»1)*N2(1=-1) + CXS(KI+19KJs1)%N2(I+1))/ 2DB

1 CXS(KIsKJ»3) 2DB

DO 25 KJ = 29JKB 2DB

I = KI + (KJ = 1)#IM 2DB
HACKJ) = CXS{KIsKJ+192)/(CXSIKIKII3)— CXSIKIsKI»2)*HAIKI=-1)) 2DB

25 PA(KJ) = (5S2101) + CXSIKI»KJ»1)¥N2(1-1) + CXS(KI+1sKJs1}%¥N2(I+1) + 2DB
1 CXSIKIsKJI92)%PAIKI=1))/{CXSIKIsKI3) — CXS(KIsKJ»2)*HAIKI=1)) 2DB

KJ = JM ZDB

I = KI + (KJ = 1)%IM ~2DB

N2CT) = (52(1) + CXS(KIsKJ»1)*¥N2(I-1) + CXS(KI+1sKJs1)%N2{I+1) + 2DB

1 CXSUKIsKJI»2)¥PA(KJI=1) )/ (CXSIKIKI»3) — CXS(KIsKJI»2)*HA(KI=1)) 2DB

DO 30 KJJ = 2sJM 20B

K = UM ~ KJJ + 1 208

I = KI + (KJ - 1)%IM 2DB

30 N2(T) = PA(KJ) + HA(KJ) # N2(I+IM) 2DB
DO 35 KJ = 1sJM 2DB

I = KI + (KJd - 1)%#IM 208

35 N2(I) = NU(CI) + ORF*{N2(I) — NO(I}) 2DB
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CONT INUE

CALCULATION OF RIGHT BOUNDARY FLUX

KI = IM

Kd = 1

I = KI + (KJ = 1)%IM

HA(KJ)= CXS(KIsKJ+192)/CXSIKI9KJI93)

PAlKJY= (52(1) + CXS(KIsKJI91)*¥N2([=1))/CXS(KIsKJI93)
DO 45 KJ = 2sJKB

I = KI + (KJ - 1)%1IM

HA(KJ) = CXS(KIsKJ+192)/{CXS{KIsKJI93 )~ CXSIKI»KJI»2}*¥HA(KI=-1))
PAlKY) = (S201) + CXS{KIsKJs1)#N2(I-1) + CXS(KIsKJ92)*PA(KI=1)})/
1 (CXS(KIsKJ93) — CXS(KIsKJs2)*¥HA(KI-1))

KJ = JM

I = KI + (KJ = 1)*IM

N2(T) = (S2(1) + CXS(KIsKJs1)#N2(I=-1) + CXS(KIsKJ92)%¥PA(KJ~1))/
1 (CXS{KIsKJs3) — CXSIKIsKJ»2)®¥HA(KI~1))

DO 50 KJJ = 29JM

Kd = JM = KJJ + 1

1 = KI + (KJ - 1)%IM

N2(1) = PA(KJ) + HA(KJ)Y * N2(I+IM)

DO 55 KJ = lsJM

I = KI + (KJ - 1)%IM

N2(I1) = NU(l) + ORF¥*(N2(I) = NO(I))

EO1 = O

DO 90 I=1» IMUM

ITEMP1 = MO(1I)

ITEMP = M2(ITEMP1)

EQO1 = EC1 + ABS(N2(I) = NO(I))*VO(I)*¥CO(IHT~1sITEMP)
CONTINUE

INNER ITERATION CONTROL

LC = LC + 1

I1T = 11 + 1

IF (I1 - GO7) 533 1033, 1033

IF (FLOAT(IGM)*EC1 — EPS*E1(IGP)) 633963392

IF(G06) 733 1033 733

TEMPl = .C

DO 932 I=1,IMJM

TEMP2=ABS (1.U=-NC(I)/N2(I})
IF(TE4P1-TEMP2)83319339933

TEMP1=TEMPZ

CONT INUE

IF (TEMP1 - GU6&) 1U33s 1033, 2

CONTINUE

RETURN

END
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-ITC FOR INNERZ2»INNER2

2D
SUBROUTINEINNER2 (NUs N2s CXSs S2s MOs M2s VOs COsJIMsJUMs JUTL> ng

1 CXRsCXTs HAs PA) 208
INCLUDE ABC 2DB
DIMENSION NO(1)s N2{1)9CXS{JIM9sJIM»3)9S52(1)s MO(1)s M2{1)> 2DB

1 VU(1)s CS(JTL91)s CXR(1)s CXTHi1)s HAlL)s PALL) 2DB

CALL IFLUXN {N2s CUs VOs CXSs MOUs M2» ITL»s IMs JMs CXRs CXT) 2DB

2 DO 4 I=1ys IMJIM 2DB
4 NO(I) = N2(I) 2DB
C BEGIN FLUX CALCULATION 2DB
IKB = IM - 1 208

JKB = UM -1 2DB

C FLUX CALCULATION USING SOR WITH LINE INVERSION 208
C 2DB
C CALCULATION OF BOTTOM BOUNDARY FLUX 2DB
KI = 1 2DB

K = 1 2DB

I = KI + (KJ - 1)%IM 2DB

HA(KI )= CXS{KI+1sKJs1)/CXS(KIsKJI93) 2DB
PA(KI)= (S2(1) + CXSIKIsKJ+1922)*N2(T+IM))/CXSIKIsKJI»3) 2DB

DO 5 KI = 2+1IKB 2DB

I = KI + (KJ - 1)*¥IM 2DB
HA(KI) = CXS({KI+19KJ91)/(CXS(KIsKI»3)— CXSIKIsKJIs1)*¥HA(KI=1}) 2DB

5 PAlKI) = (S201) + CXS(KIsKJ+192)*¥N2(I+IM)+ CXS(KTsKJ21)*¥PA(KI-1))/2DB
1 (CXSIKIskJr3) = CXS(KIsKJsl}*HA(KI-1)) 2DB

KI = IM 2DB

I = KI + (KJ - 1)#1IM 2DB

N2 D) = (S201) + CXSIKIsKJ+192)#N2(T+IMI+ CXSIKIsKJ»1)*PAIKI-1))/2DB

1 (CXS{KIsKJIs3) — CXSIKIsKJIs1)#HA(KI-1)) 2DB

DO 10 KII = 2s1IM 2DB

KT = IM — KIT + 1 2DB

I = KI + (KJ - 1)#Im 2DB

10 N2(I) = PA(KI) + HA(KI) * N2(I+1) 2DB
DC 15 KI = 1sIM 208

I = KI + (KJ - 1)%IM 2DB

15 N2(T) = NU(I) + ORF®(N2(I) = NO(I)) 2DB
C PRINCIPAL FLUX LOOP 2DB
DO 4C KJ = 25JKB 2DB

KI = 1 2DB

I = KI + (KJ - 1)%IM 2DB
HA(KI)= CXS{KI+19KJ91)/CXS(KI9KJI»3) 2DB
PalKI)= (S2(1) + CXS(KIsKJ»2)#N2{T-1M)+ CXS(KIsKJI+192)¥N2(I+IM))/ 2DEB

1 CX3(KIsKJIs3} 2bB

DO 25 KI = 231KB 2DB

I = KI + (KJ = 1)*IM 2DB
HACKT) = CXS(KI+19KJs1)/(CXSIKI9KI93)— CXS{KIsKJs1)¥HAIKI=1)) 2PB

25 Palkl)y = (S201) + CXS(KIskJ»2)#N2(1=IM)+ CXS{KIsKJI+152)%N2{I+IM)+ 2DR
1 CXS(KI»KJs1)*PA(IKI=1))/ECXS(KI»KJs3) — CXS(KT9KJIs1)*¥HAIKI=1)) 2DB

KI = IM 2DB

I = XI + (KJ - 1)*IM 208

N2(T) = (S2(1) + CXS(KIsKJ»2)%N2(I=IM)+ CXS(KIaKJI+192)¥N2(I+IM)+ 2DB

1 CKS(KIsKJIs1)*¥PAIKI=-1))/(CXS(KIIKI»3) — CXS(KIsKJ91)*¥HAIKI-1)) 2DB

DO 30 KII = 2sIM 2DB

KI = IM - KIT + 1 2DB

I = =1 + {(KJ - 1)#IM 2DB

3V N2(I) = PA(KI) 4 HA{KI) % N2(I+1) 2DB
DC 35 KI = 1sIM 2DB

I = K1 + (KJ — 1)#IM 2DB

35 N2{T1) = NO(I) + ORF*(N2(I) = NO(I)) 2DR
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CONTINUE

CALCULATION OF TOP BOUNDARY FLUX

KJ JM

K1 1

I = KI + (KJ = 1)#IM

HALKI )= CXSIKI+19KJ21)/CXS{KIsKJI923}

PAIKI) = (S2(1) + CXS(KIsKJIs2)¥N2(I=IM))/CXS{KIsKJI»3)
DO 45 KI = 251K3

I = KI + (KJ — 1)%IM

Hon

HA(KI) = CXS{KI+19KJs1l)/ICXS(KIsKJIs3)= CXSIKIsKJIp1)¥HA(KI=1))
PALKTY = {S201) + CXS{KIsKJs2)*N2(I-IM)+ CXS(KIsKJI»1)*PA(KI~1))/
1 (CXS(KIsKJI93) = CXSIKIsKJIs1}*HA(KI-1))

KI = IM

I = KI + (KJ - 1)#IH

N2(1) = (S2(01) 4+ CXS{KIsKJ»2)¥N2{I~IM)+ CXS(KIsKJIs1)#PA(KI=1))/
1 {CXSIKIsKJs3) = CXS(KIsKJ»1)*HAIKI-1))

DO 50 KIT = 2s1IM

KI = IM - KIT + 1

I = KI + (KJ = 1)*IM

N2(T) = PA(KI) + HAIKI} # N2(I+1)
DO 55 KI = 1sIM

I = KI + (KJ = 1)*IM

N2(I) = NU(I) + ORF*(N2{I) - NO(I))
EO1 = .0

DO 90 I=1» IMIM

ITEMP1 = MO(I)

ITEMP = M2(ITEMPL)

EOL = EU1 + ABS(N2(1) = NO(I))*VO(I)*CO(IHT=1sITEMP)
CONTINUE

INNER ITERATION CONTROL

LC = LC + 1

IT =11 + 1

IF (IT - GO7) 533, 1033, 1033
IF (FLOAT(IGM)*ECL - EPS*EL1(IGP)) 633»633+2
IF(GO6) 733 1033, 733

TEMP1 = U

DO 923 [=1s1MIM

TEMP2=ABS {1,U=NO(T)/N2(1))
[IF(TEMPL1-TEMP2)8334933,933
TEMP1=TEMP2

CONT INVE

IF (TEMP1 - GU6) 1033y 1033y 2
CONTINUE

RETURN

END
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~ITC FOR INNERPsINNERP 2DB 1589
SUBROUTINE INNERP(NOs N2» CXS» S29 MOs M2s VO» COsJIMsUIMs JTL s 2DB 1590
1

CXR»CXTs HAy» PA) 2DB 1591

INCLUDE ABC 2DB 1592
DIMENSION NO{1)s N2(1)sCXS{JIMyJJIM93)sS52(1)s MO(1)s M2(1)» 2DB 1593

1 VG(1)s CUIJTLL)s CXRE1)s CXT(1)s HA(1)s PA(1) 2DB 1594

C THIS SUBROUTINE CALCULATES THE FLUX FOR PERIODIC Be Ce 2DB 1595
CALL IFLUXN (N2s CCs VOs CXSs MOs» M2s ITLs IMs JMs CXRs CXT) 2DB 1596

2 DO & I=1s IMJUM 2DB 1597
4 NO(I) = N2(T) 2DB 1598
C BEGIN FLUX CALCULATION 2DB 1599
IkB = IM - 1 2DB 1600

JKB = UM -1 2DB 1601

C FLUX CALCULATION USING SOR WITH LINE INVERSION 2DB 1602
C 2DB 1603
C CALCULATION OF LEFT BOUNDARY FLUX 2DB 1604
KI = 1 2DB 1605

Ky = 1 2DB 1606

I = KI + (KJ = 1)*IM 2DB 1607

N2(T) = CXS(KI»192)/CXSIKIIKJI3) 2DB 1608
HALKJ) = CXSIKIsKJ+192)/CXS{KIsKJI»3) 2DB 1609

TEMPL = N2(1) 2DB 1610

TEMP = HA(1) 2DR 1611
PaAlKJ)= (S2(1) + CXSIKI+1sKJIs1)%¥N2(T+1))/CXS({KIsKJI»2) 2DB 1612

TEMP2 = PA(KJ} : 2DB 1613

DO 5 KJ = 2sJKB 2DB 1614

I = KI + (KJ = 1)¥IM 2DB 1615
HALKY) = CXSIKIsKJ+192)/(CXSIKIsKI93)— CXSIKIsKJI9s2)*¥HA(KI~1)) 2DB 1616

N2(1) = CXSIKIsKJI»2) #* N2(I-IM)/ 2DB 1617
(CXSIKIsKJIs3 )= CASIKIsKIs2)¥HA(KI~1)) 2DB 1618

TEMPL1 = TENMP1 + TEMP®N2(1) 2DB 1619
PalkJ) = (5201) + CXSIKI+19KJs1)#N2{I+1) + CXS(KTsKJIs2)#PA(KJI-1))/2NB 1620

1 (CXSIKIsKJs3) — CXSIKIsKJI»2)*¥HA(KJI~1)) 2DB 1621
TEMP2 = TEMPZ + TEMP*PA(KJ) 2DB 1622

5 TEMP = TEMPXHA(KJ) 2DB 1623
KJ = JM 2DB 1624

I = KI + (KJ = 1)%1IM 2DB 1625

TEMP1 =(TEMP1 + TEMP)¥CXS(KI»192) + CXS{KIsKJs2)#N2(I~1M) 2DB 1626

N2(T) = (S2(1) + CXS(KI+1sKJo1)*N2{I+1) + CXS(KIsKJs2)*¥PA(KJ-1) 2DB 1627

1 + CXS(KIsls2)®*TEMP2 )/ 2DB 1628

1 (CAS{KI®KJI»3) — CXSIKIsKJIs2)#HAIKI=1) — TFEMPI) 2DB 1629

00 10 KJJd = 2sJM 2DB 1630

KJ = JM — KJJ + 1 2DB 1631

I = KI + (KJ - 1)%IM 2DB 1632

KIT = (JM=1)%IM + KI 2DE 1633

10 N2{1) = PAIKJ) + HA(KJ) * N2(I+IM) + N2(I) * N2(KII) 2DB 1634
DO 15 KJ = 13JM 2DB 1635

I = KI + (KJ = 1)%IM 2DB 1636

15 N2{I) = Nul(I) + ORF*(N2(I) - NCG(I)) 2DB 1637
C PRINCIPAL FLUX LOOP 2DB 1638
DO 40 KI = 2sI1KB 2DB 1639

K = 1 2DB 1640

I = KI + (KJ = 1)1%IM 2DB 1641

HA(KJ )= CARSIKIsKJ+192)/CXS(KIsKJs13) 2DB 1642

N2{T) = CXS{KIs192)/CXS{KIsKIs3) 2DB 1643

TEMP1 = N2(I) 2DB 1644

TEMP = HA(1) 2DB 1645
PalkJy= (S0 01) + CXSUKIsKJI»1I¥N2(I=1) + CXS{KI+1sKJ21)*¥N2(I+1))/ 2DB 1646

1 CXS(KIsKJ23) 2DB 1647
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TEMP2 = PA(KJ) 2DB 1648
DO 25 KJ = 29JKB 2DB 1649
I = KI + (KJ = 1)%*IM 2DB 1650
HA(KJ) = CXSIKIsKJ+192)/(CXSIKIIKI3)~ CXSIKIsKJIs2)*¥HA(KI=1)) 2DB 1651
N2(D) = CXS(KIsKJ»2) * N2(I-IM)/ 20B 1652

1 (CXS{KIsKJI93)= CXSIKIsKJ92)*HAIKI=1)) 2DB 1653
TEMP1 = TEMP1 + TEMP®*N2(T) 2DB 1654
PAIKJ) = (S2(1) + CXS(KIsKJUs1)¥N2(I=~1) + CXS(KI+1sKJs1)*N2(I+1) + 2DB 1655

1 CXSUKI*KJ»2)*PA(KJ=1) )/ (CXSIKIIKI23) ~ CXSIKIsKJI»2)*¥HAIKI-1)) 2DB 1656
TEMP2 = TEMP2 + TEMP¥PA(KJ) 2DB 1657
TEMP = TEMP¥HA(KJ) 208 1658
KJd = JM 2DB 1659
I = KI + (KJ = 1)%IM 2DB 1660
TEMP1 =(TEMP1 + TEMP)®CXS(KIs192) + CXS{KIWKJI»2)%N2(I=IM) 2DB 1661
N2(T) = (S201) + CXS({KIsKJs1)%N2(I=~1) + CXS{KI+19KJs1)%N2(I+1) + 2DB 1662

1 CXS(KIs1s2)*TEMP2 + 2DB 1663

1 CXSUKISKJI»2)*PAIKI=1) )/ ICXSIKIKI3) — CXSIKIsKJI»2)*¥HA(KI-1) - 2DB 1664

2 TEMP1) 2DB 1665
DO 30 KJJ = 23JM 2DB 1666
Kd = JM = KJJ + 1 2DB 1667
I = KI + (KJ = 1)%IM 2DB 1668
KII = (JUM=1)%IM + KI 2DB 1669
N2(T) = PALKJ) + HA(KJ) % N2(I+IM) + N2(I) * N2(KII) 2DB 1670
DO 35 KJ = 1sJM 2DB 1671
I = KI +# (KJ = 1)#IM 2DB 1672
N2(1) = NO(I) + ORF®*(N2(I) = NO(I)) 2DB 1673
CONTINUE 2DB 1674
CALCULATION OF RIGHT BOUNDARY FLUX 2DB 1675
KI = IM 2DB 1676
KJd = 1 2DB 1677
I = KI + (KJ = 1)*IM 2DB 1678
HA(CJ)= CAS(KIsKJ+192)/CXSIKIsKJI»3) 2DB 1679
N2(1) = CXS(KIs192)/CXS({KIsKJI®3) 2DB 1680
TEMP1 = N2(1) 2DB 1681
TEMP = HA(1) 2DB 1682
PAlCU)= (5201) + CXO(KIsKJs1)*N2(I~1))/CXS{KIsKI»3) 2DB 1683
TEMP2 = PAIKJ) 2DB 1684
L0 45 KJ = 23JKB 2DB 1685
I = KI + (KJ = 1)%1# 2DB 1686
FAK DY = CXOSUKIIKJI+192)/ (CXSIKTIsKI23)— CXSIKTIKI»2) #HAIKI=1)) 2DB 1687
K2{T) = CXSUKIsKJ»2) ¥ N2{I-IM)/ 2DB 1688

1 (CXSIKIsKJ93 )~ CXS(KTIsKJ»2)*¥HA(KI=1)) 2DR 1689
TEMP1 = TE~P1 + TEMP#N2(1) 2DB 1690
PALKY) = (S2(1) + CASIKIsKJU»1)I%¥N2(I=1) + CXS(KIsKJ»2)*#PA(KI=-11)/ 2DB 1691

1 {£XSIKIsKJe3) ~ CXSIKIsKJ»2)#HAIKI=T1)) 2DB 1662
Tempz = TEVP2 + TEMPX¥PA(KJI) 2DB 1693
TEMP = TEMPHHA(IKJ) 2DB 1694
KJ o= JN 2DB 1695
I = I + (KJ - 1)*Iid 2DB 1696
TEMPL =(TEMPL + TEMP)I®CXS{KIs192) + CXS(KIsKJs2)%¥N2(I-1M) 2DB 1697
M2(1) = (S2(1) + CXS(KIsKJ»1)%¥NZ2{I=1) + CXS(KIsKJs2)¥PA(KI~1) 2DB 1698

1+ CXS({KIsls2)*TEMP2)/ 2DB 1699

1 (eXS(KIsxds3) = CXS(KIsKJs2)¥HA(KI=-1) - TEMP1) 2DB 1700
DO 50 KJJ = 2sJ0 208 1701
Kd = JM - ¥JJ + 1 2DB 1702
I = KI + {KJ ~ 1)%IM 2DB 1703
KIT = (Jv=1)*Iv + K1 2DBE 1704
N2 (1) = PALKJ) + HA(KJ) * N2(I+IM) + N2(I) % N2(KII) 2DB 1705
DO 55 KJ = 19JM 2DB 1706



E-38 BNWL-831

[ = KI + (KJ - *IM
55 N2(I) = NO(I) +16RF*(N2(I) - NO(I)) 58% %;8;
C CALCULATION OF ERROR CRITERION 2DB 1709
EO1l = «C 2DB 1710
DO 9C 1I=1s IMJUM 2D8 1711
ITEMP1 = MO(T1) 2DB 1712
ITEMP = M2(ITEMP1) 2DB 1713
EO1l = EO1 + ABS(N2(I) = NO(1))*VO(1)*CO(IHT=-12ITEMP) i 2DB 1714
90 CONTINUE 2DB 1715
C 2DB 1716
C INNER ITERATION CONTROL 2DB 1717
1332 LC = LC + 1 2DB 1718
IT = I1 + 1 2bB 1719
IF (ITI - GO07) 533y 1033y 1033 2DB 1720
533 IF (FLOAT(IGM)*¥EUG]1l - EPS*¥E1(IGP)) 633963342 2DB 1721
633 IF(G06) 733y 1033y 733 2DbB 1722
733 TEMP1 = U 2bB 1723
DO 933 I=1sIMUM 2DB 1724
TeEMD2=ARS (1,0-NO(TYy/N2(T))Y 2DB 1725
IF(TEMP1-TEMP2)8339933+933 2DB 1726
833 TEMP1=TEMP?2 : 2DB 1727
933 CONT INUE 20B 1728
IF (TEMP1 - GO6) 1033s 1033, 2 2DB 1729
1633 COMTINUE 20B 1730
RETURN 2DB 1732

END 2DbB 1733

Ty
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-I1TC FOR IFLUXNsIFLUXN 2DB 1734
SURROQUTINE IFLUXN (N2s COs» VOs CXSs MOs M2 JUTLsJIMsJUMy CXRs CXT)2DB 1735
INCLUDE ABC 2DB 1736
DIMENSION N2(1)s CO(JTLs1)s VOI1)}sCXSIJIM»JINM3)sMO(1) s M2(1)s 2DB 1737

1 CXR(1)s CXT(1} 2DB 1738

C THIS SUBRCQUTINE NORMALIZES FLUXES BEFORE EACH INNER ITERATION 2DB 1739

C ABSCRPTION AND OUT-SCATTER 2DB 1740
E2(IGV) = 0a.C 2DB 1741
E4lIGV) = 0,0 2DB 1742
DO 10 I=1s IMIM 2DB 1743
Temp = VO(IYy%N2(T) 2NB 1744
ITEMP = Mul(]) 2DB 1745
ITEMP = M2(ITEMP) 2DB 1746
F3(1GV) = F30I1GV) + (COl4s ITEMP) - cO{BsITEMP) ) #TFMP 2DB 1747

10 E4(IGV) = E4(IGV) + CO(2sITEMP)*TEMP 2DB 1748
E3(IGV)Y = E3(IGV) - E&4(IGV) 2DB 1749

C LEFT LEAKAGE 2DB 1750
1IF(rC1)  230» 20 40 . 2DB 1751

20 ES(IGV) = U0 2DB 1752
DO 3C KJ = 1y UM 2DB 1752
I = (KJ = 1)%IM + 1 2DB 1754

ag ER{IGV) = E5S5(IGV) + CXS{1eKJs1)*N2(1) 2DB 1755
GO TO &0 2DB 1756

4C ES(IGV) = L0 20B 1757

C RIGHT LEAKAGE 2DB 1758

50 1F(BC2) 6Cs 60s 80 2DB 1759

60 EGLIGV) = 040 2DB 1760
DO 70 KJ = 1y UM 2DB 1761
I = KJU*IM 2DB 1762

70 E61IGV) = EA(IGV) + CXRIKJ)I*N2(T) 2DB 1763
GO TO 90 2DB 1764

80 EALTGV) = 0.0 2DB 1765

C TOP LEAKAGE 2DB 1766

50 IF(3C3=1) 12u» 14U 100 - 2DB 1767

10U E7(1GV) =.0 2DB 1768
DO 1106 KI = 1ol 208 1769
I = Imdm — 1M + KI : 2DB 177C

11¢ E7(IGV) = E7(IGY) + CXS{KIsls2)*¥(N2(I) ~ N2(KI)) 2DB 1771
EE(IGV) = = ET(IGV) DB 1772
GO TO 19" ZDE 1773

124 E7(IGV) = Ded 20B 1774
DO 130 KI = 1 IM 2DE 1775
I = IMJM = Iw + KI 2D¢ 1776

130 E7(IGV) = FTLICVY + CXTI(WI)%*N2(1) 2ne 1777
GC TO 1&u 208 1778

160 E7(IGV) = vaeu 203 1779

C BOTTON LEACAGE 20B 1780

15« IF(RCay  1levs 160 180 208 1781

16w FRIIGV) = Ueu 2nE 1782
DO 170 KI = 1s ¥ 2D 1763

17v ES{IGV) = E8(IGV) + CXS{KIs1s2)*N2(KI) 2DR 1784
GO TO 190 2DB 1785

18u FRIIGV) = (.0 2D2 1786

19% FaligVy = FsligY) + EelIcY) + F7(16V) + Eg{T2V) DR 1787
Temp = (E1(IGV) + E2(IGV)II/(E3(IGY)Y + Fa4lICV) + £olIGVy) 2DB 1788
DO 200 [ = 1 IMJIM 201 178%

20« M2OT) = TEMPHN2{T) 2N0E 1790
E3(IGV) = TEMP*E3(IGV) 208 1791
FLlIGV) = TEMP®E4{IGV) ?DB 1792



E5S(IGV)
E6(IGV)
E7(IGV)
EB(IGV)
EQ(IGV)
RETURN
END

"woun o nn

TEMP*ES(IGV)
TEMP*E6(IGV)

TEMP*ET(IGV)
TEMP*EB(IGV)
TEMP*EQ(IGV)
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208
208

2D8
2D8B
208
208
2Db

1793
1794

1795
1796
1797
1798
1799




=ITC FOR CNNP3CNNP

10
15

20

109

105
110
115

12C

170

SUBROUTINE CNNP (F21K6)
DIMENSION F2(1)s K6(1)
INCLUDE ABC

CONVERGENCE TESTS

IF(MAXT) 25 25 10

CALL ETIMEF(TEMP)

IF(TEMP — GLH) 253 15 15
NGOTO = 1

WRITE (NOUT20)

FORMAT(52H1 * * RUNNING TIME EXCEEDED--FORCED CONVERGENCE

GO TO 135

CONT INUE

EO1=1.0-ALA

IF(ABS (FL1)=10,0%EPS) 40
G07=K07

6RF = ORFP

CONTINUE

EO02=ARBS(EU1)

IF(EL(IGP)) 55y 130y 55

IF (E02 - EPS) 60s 60y 70
CvT=1

CALL CLEAR (Ues0ys F2y IMUIM)
GO0 TO 105

EV=EV+POD¥EQ*EC]

GO TO 170

FINAL PRINT

NGOTO=1

IF (104 ~ 1) 95y 95s 80
EV:OOO

Do 1090 I=1,1IGM
EV=EV+K6E(])

EV=SK7/EV

GO TO 135

IF(CVT-1) 110s 90y 110
IF(104=1) 115 120s 14C
MONITOR PRINT

NGOTO=2

GO TO 135

Ev=0,

DO 125 I=1sIGM

EV=EV+K& (1)

EV=SKT7/EV

GO TO 11%

CALL ERROZ{(&H¥*#CNNPs130s1)
RETURN

CONTINUE

CALCULATE NEW PARAMETERS FOR SEARCH CALCULATIONS

EQ03=ABS (ALA=LAR)

IF (LAPP) 270,y 150s 270

IF {(LAP) 230, 155s 230

IF (EQ) 2U0s 160, 200

IF (EQ3-EPSA) 175s 175 165
MONITOR °PRINT,

NGOTO0=2

RETURN

FINAL PRINT EXIT.

NGOTO=1

40

45

2DB
208
208
208
208
2DB
2DB
2DB
208
208

* %//)2DB

208
2DB
2D8
2D8B
20B
2D0B
2D0B
2D8B
2DB
208
2DB
208
208
2DB
208
208
2DB
2Db8B
2D8
208
2DbB
208
208
2DE
2DB
2D8B
208
2DB
2DR
2DB
208
2DbB
208
2DB
208
2D6
2DB
2DB
208
2DR
208
2DR
208
2DB
2D0B
208
2DR
208
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1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825
1826
1827
1828
1829
1830
1831
1832
1833
1834
1835
1836
1837
1838
1839
1840
1241
1842
1843
1844
1845
1846
1847
1648
1849
1850
1881
1852
1853
1854
1855
1856
1857
1858



175

18UV

185

225

230
235
24V
245
254
255
26U

265

27w

275

28y
285

E-42

RETURN

LAP=ALA

EVP=EV

IF (E01) 18551855180

EV=EV=EVM

GO TO 190

EV=EV+EVM

IF (104=2) 195s 165s 195

MIX X=SECS,

NGOTO=3

RETURN

IF (¢vT) 170Us 2055170
EV=EV+POD*EQ*EQ1

IF ({LAPP=140)/(LAP-1.0)) 215s 190s 190
TEMP1=AMIN1 (EVPsEVPP)

IF (EV-TEMP1) 2205 225 225
EV=(EVPP+EVP) /2,

GO TO 190

TEMP1=AMAX1 (EVPsEVPP)

IF (EV-TEMP1) 190s 220s 220

IF (503-~EPSA) 235s 235 165
EQ=(EVP-EV)/ (LAP=-ALA)

IF (CNT) 26Us 2453 260

IF (EQ2-LAL)Y 2655 265 250

IF (EO02-LAH) 260s 260, 255
FOL=SIGN (LAH»EOL)

LAPP=LAP

LAP=ALA

FVPP=FVP

EVP=EV

+0 TO 205

CNT=1

LAP=0,0

LAPP=0,0

GO TO 205

IF (EC3-EPSA) 275 275> 165
CALCULATE QUADRATIC COEFFICIENTS.
TEMP 1=+VP-EV

TeMp2=EVPP-EV

TEMP3=EVPP-EVP

TEMP4=TEMP1* (EVP+EV)
TEMPS=-TEMP2#* (EV+EVPP)
TEMP&=TEMP 3% (EVPP+EVP)
DENOM=TEMP2*¥TEMP 2# TEMP 1

EQA=( (LAPP=1,0)#TEMP1*EVPXEYV~(LAP-1,0)*TEMP2
1¥EVH*EVPP+(ALA=1.0) ¥ TEMP3#EVPP*EVP ) /DENDM
EQR=-(LAPP*TEMP4+LAP*TEMPS+ALA*TEMPE ) /DENOM
EQC=(LAPP*TEMPL-LAP*TEMP2+ALA*TEMP3) /DENOM
DISCR=EQB*ECB—-4, % EQA*EQC

IF (DISCR) 2355 280, 280

IF (EC2-LAL) 265s 265s 285
TEMP1=EQC+EQGC

TEMP=SQRT (DISCR)
EQ=1+0/(EQR+FV*TEMPL)

LAPP=LAP

LAP=ALA

EVPP=EVP

EVP=EV

EV1=(TEMP-EQB)/TEMP1

BNWL-831

2DB
2DB

2D8B
208
208
208
208
208
208
208
2D3
2DB
208
208
2D8B
2DB
208
2D8B
2D8B
2DRB
208
208
208
2DhB
208
2ne
208
208
2DF
2DB
208
2DR
2n3
208
208
2DB
2DB
208

1859
1860

1861
1862
1863
1864
1865
186¢
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
189°C
1891
1862
1893
1894
1895
1896
1897
1898
1899
1900
1901
1507
1903
1504
1905
1906
19C7
1908
1909
1919
1911
1612
1913
1914
1915
19158
1917

ARY



2

290

295

EV2==(TEMP+EQB)/TEMP1
EVA=ABS (EV-EV1)

EVB=ABS (EV-EV2)

IF (EVA-EVB} 290» 290s 295
EV=EV1

Go 1O 210

EV=EV2

Go TO 210

END
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2DB
2DB

208
2DB
2DB
2DB
2DbB
208
2DB

1918
1919
1920
1921
1922
1623
1924
1925
1926
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-ITC FOR 588504958850 2D0B

927
SUBROUTINE $8850(F2sN2sR13Z19R49Z49 JIMs JUMIFN2» 2DB %928

1 COsNOYMOIM2sFOs JTL s UMT) 2DB 1929
INCLUDE ABC 2DB 1930
DIMENSION F2(JIMsJJIM)s N2(JIMsJJUM)s R1(1)s Z1(1)s R4(1)s Z4(1)s 2DB 1931

1 FLUX{6)s FN2(1}s COCJTLsUMT)s NO(JIMsJUM)s MO(JIMsJINM)s 2DR 1932

2 M2(1)s FOUJIMs JUM) 2DB 1933

C FP 5850 FINAL PRINT 2DE 1924
ICARD = 1 2DB 1935

CALL 58830 2DB 1936
IF(NPRT) 280y 280y 10 : 2DB 1937

10 CALL S8847 2DB 1938
1=1P 2DB 1939
IF{IP-JP) 3VUs 30y 20 2D0B 1940

20 J=Jp 2DB 1941
20 WRITF (NOUTs 40 ) (1sR1(1)9Ra(T)9Z1(1)92Z4(T)ys1=1J) 2DR 1942
40 FORMAT ( 84H1 RADI1 AVG RADII 2DB 1943
1 AXTI AVG AXI1//(1494F20,4)) 2DB 1944
J=J+1 2DB 1945
IF{IP-JP) 50s 90s 70 2DB 1946

50 WRITE (NOUTs 60 ) (I19Z21(1)sZ24(1)s1=JsJP) 2DB 1947
6U FORMAT(1494UXs2F20,4) 2DB 1948
Go To 90 20B 1949

70 WRITE (NOUTs 80 ) (I1sR1(I)sRa(I)sI=JsIP) 2DB 1950
80 FORMAT(1492F20,.4) 2DRB 1951
90 CONT INUE 2DB 1952
DO 100 I=1s IM 2DB 1953

DO 100 J=1s UM 2DB 1954
NO(IsJ) = 0a0 2DB 1955

100 F2(l9J) = 047 2DR 1956
Do 2 O 11G=1s IGM 2DB 1957

WRITE (NOUT»110) 116G 2DB 1958

11U FORM+T{1Hl1s 20Xs14HFLUX FOR GROUP»13) 2DR 1959
READ (NFLUX1)(IN2(IsJ)sl=19IM)sJd=1sJM) 2DB 1960

READ (NCR1){(CU(ITIsJd)s I1 = 1s ITL)s J = 1s MT) 2DB 1961

DO 12C I=1s IM 2DR 1962

Do 120 J=1s M 2DR 1963
NO(TeJ) = NU(Isd) + N2(IsJ) 20F 1964

ITEMP = MU(IsJ) 7D8 1965

[TEMP = M2(ITEMP) DB 1966

120 Fol7sJ) = F20(19J) + CO(LsITEMPI®*N2(19J)*1000,%TS0 2D 1967
IF (NPUN) 210, 210 130 20B 1968

C PUNCH FLUXES 2LE 1965
130 IF (DAY) 210s 140, 210 20B 1970
140 GO TO ( 15us 15Us 200s 200 )s NPUN e 1971
15V DO 180 I=1sIMJUMs6 208 1972
DO 160 J=1s6 20E 1973

160 FLUX(J) = G, 2DR 1974
[T = MINO(I+5,IMJM) ZDBR 1975

JI =1 DR 1976

DO 170 J=1s11] 2DB 1977
FLUX(JT) = FN2(J) 2DB 1978

170 JiI = Jl + 1 2DR 1979
PUNCH 190 s (FLUX(J)»sJ=196)91CARD 2DB 1980

180 ICARD = ICARD + 1 2DR 1981
19U FORMAT (1P6E12+696HFLUX» I4) 2DB 1982
GO TO 21v 2DR 1983

20U WRITE(16) ((N2(Tsd)s I=19IM)s J=19JM) 2DR 1984

21V CALL PRT(IMsJUMaN29Z43MOUT) 2D0B 1985




o

22V
230

24U

250

260
270

28¢C

E-45

CONT INVE
WRITE (NOUT,s 230 )

FORMAT(1H1//s 19Xs11H TOTAL FLUX//)

CALL PRT(IMsJIMsNOsZ4sNOUT)

WRITE(NOUTs 240 ) _
FORMAT(1H1//s 19Xs 26HPOWER DENSITY (MWT/LITER))
CALL PRT{(IMsJMsF2sZ24sNOUT)

WRITE (NOUT»s 250)
FORMAT(1H1920Xs19HFISSION SOURCE RATE)
CALL PRT(IMsJMsFUsZ4sNOUT)

IFINPUN - 3) 27Cs 260 2560

PUT AN END OF FILE AND REWIND 16

3ALL NTRAN(16+9s11)

REWIND NCR1

REWIND NFLUX1

RETURN

END
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~-1TC FOR 5884758847 2DB
SUBROUTINE 58847 2DB
INCLUDE ABC 208
E2(1GP) = .0 20B
E3(IGP) = LU 2DB
E4(IGP) = LU 2DB
Es{IGP) = O 2DB
E6IIGP) = LU 2DB
E7(IGP) = .G 2DB
EB(IGP) = LU 2DB
EQ{IGP) = .0 2DB

DO 10 1T = 1s51IGM 2DB
E2{IGP) = EZ2(IGP) + E2(1I} 2DB
E3{IGP) = E3(IGP) + E3(I) 2DB
E4(IGP) = E4(IGP) + E&4(1) 2DB
ES(IGP) = ES(ICP) + ES(I) 2DB
E6(IGP) = E6(IGP) + E6(1) 2DB
E7(IGP) = F7(IGP) + E7(I1) 2DB
EB(IGP) = FEIIGP) + EB(I) 2DB

10 EQ(IGP) = EQ(IGP) + E9(I)} 208
WRITE (NOUTs20) 2DR

20 FORMAT (1H1» 28H FINAL NEUTRON BALANCE TABLE/// 2DB
159H GROUP FI1SSION SOURCE IN-SCATTER OUT-SCATTER ARSORPTIONs1Xs2DB

265H Le Le Re Lo Te Le Be Lo TOTAL LEAXAZDE
3GE//) 2DB

DO 30 I = 1»IGM 208

25 FORMAT (16s 1P9E1343) 208
30 WRITE (NOUT$25) TsEL1(I)sE2(I)2ER(T)sE4(T)sFS{T)sFAIT)sET(T), 2DR
1 EB(I)ES(I) 2DB
WRITE (NOUT»35) 208

35 FORMAT (1H ) 2DB
I = IGM + 1 2DB
WRITE(NOUTs25) IsE1LT)sE2(T)9FE3 (1 ysF4 TV sEE{T)sEGIT)sFT(I) 208

1 E8(1)EQ(T) 2DB
RETURN 2DB

END 2DB
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-I1T FOR PRTsPRT

1C

30

40

SUBROUTINE PRT (JIMsJJUMs N2s Z4s NOUT)
DIMENSION N2{JIMsJJIM)s Z4(1)

REAL N2

IM = JIM

JM = JUM

DO 50 1I=19IMs5

I1=1

12=1+4

IF(12~IM) 20y 20s 10

I12=1IM

WRITE ( NOUT 30 ) [ JJsJJ=I1s12)
FORMAT( 5120)

DO 50 JJ=1sIM

J=JJ

FORMATI(I5sE154735E20,7)

WRITE(NOUT»430 ) Js (N2(IKsJ)sK=11s12)924(J)
RETURN

END
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-ITC FOR GRAM»GRAM
SUBROUTINF GRAM(MASSs VOLs ATWs HOLNsJIMsJUMs MOs> M2s VO

1 10y I1s 129JMLy 13)
INCLUDE ABC

DIMENSION MASS(JMLs1)s VOL(1)s ATW(1)s HOLN(1)s MO(JIMyJIM)

1 M2(1)s VO(JIMeJIM) s T0(1)ys I1(1)s T12(1)s I3(1)

C THIS SUBROUTINE CALCULATES THE MASS OF THE VARIOUS MATERIALS
WRITE(NOUT»10) (ID(I)s I=1911)

10 FORMAT{1Hl1911A6///)
WRITE (NOUT» 20)

20 FORMAT(45H MATERIAL INVENTORY (KILOGRAMS} FOR EACH ZONE / )

CALL CLEAR(V,UsVOL»I1ZM)
ITEMP = ML*1ZM

CALL CLEAR(O,0sMASSsITEMP)
DO 30 J = 1% UM

DO 30 I = 1s IM

K = MO(TIsJ)
30 VOL(K) = VOLI(K) + VO(Is J}*,001
DO 39 M=1sMC1
93(M) = 12(M)
IF(T0(M) = T1(M)) 39+35»39
35 IF(12(M)) 39,3639
36 DO 38 MM=1sM
IF(10(M) = TU(MM)) 38937938
37 I13(MM) = 12(MM)%EV
38 CONT INUE
39 CONTINUE
DO 190 N =1»s IZM
NN = M2(N)
DO 190 M = 1sMO1
IF(I0(M) — NN) 19Us 40, 190
40 L = I1(M)
IF(L - ML) 170s 170, 50
50 NNAA = L

IF(L = IUu(M)) 1305190 1390
130 DO 160 MAA = 1s MO1
IF(10(MAA) = NNAA) 160s 140 160
144 L = 11(MAA)
IF(L)Y 16Vs 160 150
15U FO1 = I3(MAA)Y®*I3 (M)
MASS{LIN) = ((EC1*¥ATW(L)*VOLI(N))/46023) + MASS(LN)
16U CONTINUE
GO TC 196
17V IF(L) 19Us 190, 180
180 EO01 = 13(M)
MASS(LON) = ((EO1*ATWIL)*VOLI(N))/,6022) + MASS(LN)
190 CONT INUE
DATA ZONE/6H ZONE /
DO 260 L = 1s IZM» 5
LL = L + &4
IFlLL - IZM) 210 21Cs 200
200 LL = IZM

21C WRITE(NOUTs22U) ({ZONEs K)s K=Lo LL)
220 FORMAT (//26H MATERTIAL ATOMIC WwT, s3Xs S(A612912X))
WRITE (NOUT»234) (VOL(K)» X = Ls LL)

230 FORMAT(28Xs S5(F8e29 7H LITERS» 5X))

DO 240 K = 1s ML
IRV WRITE(NOUT»250) Ko HOLN(K)» ATW(K)s (MASS(Ks T)s I = Ls LL)
250 FORMAT( I3s1Xs A6 F1343s 1X» 1PE1343s 1P4E20Q,.3)
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IF(LL -
260 CONTINUVE
270 RETURN

END

L2

IZmM)

260

270,

270
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~ITC FOR INPB»s INPR

10

15

17
18
20
30
40
60

70

g0

90

19

1

3

W N

5

1

1

SUBROUTINE INPB(MATNsNBRsLDsLCNsLFNyALAMIHOLNsJIML»12)

INCLUDE ABC

DIMENSION MATN(1)s NBR(1)s LD(1)sLCNIJML 1) sLFN(JMLs1} s ALAM(1)
HOLNI(L1)s 12(1)

THIS SUBROUTINE RFADS AND PRINTS THE RURNUP DATA

READ(NINPs1U) ITEMPs NPRTs DELT

FORMAT (2169 F12,0)

DAY = DAY + DELT
cvT = 0

CNT = O

P02 = U

ALA = G,0

LAP = U.O

LAPP = Oev

LAR = U,0

KPAGE = 1U0

IF(ITEMP) 160y 15 20

NCON = ITEMP

KK = NPUN + 1

GO TO (19us 1G6Cs 179 1909 17} KK
PUNCH 18s (I12(I)s I=15M01)
FORMAT(6(3XsE9.4))

GO TO 19Vv

NCON = ITEMP

DO 40 N = 19 NCON

FORMAT(1216)

REAND (NINP323V)  MATNIN)sNBRIN)SLDIN) s (LCNINIK)sK=192) 9 {LFNINsK)
K=197)

WRITE (NOUT»£0C)

FORMAT (12H1RURNUP DATA///)

WRITE (NOUT »77)

FORMAT(130H BURNARLKE MATERIAL NAME LAMBDA
NBR #* L . * ¥  SOJRCE TSCTCPE FOR ® *
* * /
13UH ISOTOPRPE NO o DAYS-1)
DECAY CAPTURE Fl
ION /9H NO « )

DO 9C N=1s NCON
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208
201
532D
2008

20K

FORMAT(3Xs I3» 12Xs I3s 10Xs Abs 8Xs E£8.3s 19915Xs 13s 13Xs 213, 2DBR

16Xs 713)
ITEMP = MATN(N)
ALAMITEMPY = 24 ,%#3600,*ALAMITTEMP)
WRITE (NOUT 80} Ns MATN{N)s HOLN(ITEMP )]s ALAM(ITEMP),s MNEL({N)s
LpiN)» (LCNINIK) 9X=192)s (LFN(NsK)sK=137)
ALAMITTEMP)Y = ALAMIITEMP)/(3600.%24,)
RETURN
END
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“r

20
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-=ITC FOR AVERAGsAVERAG
SUBROUTINE AVFRAG(PHIBSAXSsFXSsMATNIMASSesATWsSVOL »COsN29sMO5VO>s

10

10u

110

120

130¢

140

16U
20y

350

1 HOLNs JML» JTLs NBR)
DIMFNSION PHIR(1}s AXS{JUML1)» FXS(UML»>1y» MATN{1)>
1 ATW(1)s VOL(1)s CcO(JTLs1)s N2(1)s MO(1)>»
)

2 s NBRI(1

INCLUDE ABC

MASS(UML 1) »
VO(1)s HOLNI

THIS SUBROUTINE CALCULATES ZONE AVERAGED FLUXESs FISSION CROSS

SECTIONSs AND ABSORPTION CROSS SECTIONS.
RL = 0.0 ’
RC = 0.0

Do 10 KZ=1912M

PHIR(KZ) = 0,0

DO 10 KN =1sNCON

AXS(kNKZYy = 0,0

FXS(kNsKkZ) = 0,0

LN = MATN(KN)

MASS (LNsKZ) = (MASS(LNsKZ)*,6023)/(ATW(LN)*VCL(KZ))
DO 100 11G=1sIGM

READ(NCR1) ({CO(IIsJd)s I1=15ITL)sJ=1sMT)

READ (NFLUX1) (N2(1)s I=1sIMIM)

DO 100 I=1>IMJIM

KZ = MU(I)

PHIRIKZ) = PHIB{KZ) + N2(Iy#VO(I)

DO 100 KN=1sNCON

LN = MATNI(KN)

AXSIKNIKZ) = AXSIKNsKZ) + CO(2sLN)#N2(T)*VO(T])
FXS{KNKZ) = FXS(KNsKZ) + CO(1sLN)®N2(T)*#VO(])
po 200 xZ=1>12M

TEMP3 = PHIBI(KZ)

PHIB(KZ) = PHIB(KZ)/(VOL(KZ)*1000,)
WRITE(NQUT»11U) KZs PHIBIKZ})s VOLIKZ)

FORMAT(1H1930X9s9H Z O N E »I39s7Xs»7TH FLUX =21PF10.497Xs9H VOLUME

1 1PE10«4s7H LITERS/)
WRITE(NOUT»120)

FORMAT(115H BURNABLE MATERIAL NAME ATOM

1 FISSION ABSORPTION SIGMA STGMA /

2 1154 ISOTOPE NOe DENSITY
3 RATE RATE FISSION ABSORPTION/

4 H NOe /)

DO 20C  KN=1sNCON

LN = MATN(KN)

TEMP1 = AXS(KNsKZ)#MASS(LNIKZ)

TeEMP2 = FXS(KNIKZ)#¥MASS(LNsKZ)
AXS(KNIKZ) = AXSIKNIKL)/TEMP2
FXS(KN*KZ) = FXS{KNsKZ)/TEMP3
FORMAT(4X9T13911Xs13910XsA592X31P5F1543)

WRITE (NOUTs1120) KNs LNs HOLN(LN)e« MASSILNSKZ)s TEMP2s TEMP1>

1 FXS(KNsKZ)s» AXS{KNIKZ)
ITEMP = NBRI(KN)

IF{1ITEMP - 1) 200s 140> 160
RC = RC + TEMP1 - TEMP?

6n To 200

RL = RL + TEMP1

CONTINVE

TEMP = RC/RL

WRITE(NOUT»350) TEMP
FORMAT(1H ///18H BREEDING RATIO =F7.4)
REWIND NCR1
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REWIND NFLUX1
RETURN
END
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-ITC FOR MARCHsMARCH

20
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34
36

106
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12v
200
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52V

SUBROUTINE MARCH(PHIBSMATNsFXSsAXSsVOL sMASSsMASSPsALAMsLDILCNY

1 LFNsJML»IO0sI1s129M2)

DIMENSION PHIB(1)s MATN(1)s FXS{UML1)sAXS(UML1)sVOL (1)
1 MASS(JUML 1) sMASSP(JUML 1) sALAM(I1)s LD{1)s LCN(UMLs1)>
2 LEN(JML1)»T0(1)s T201)s I12(1)s M2(1)

INCLUDE ABC

2DB
2DB
2DB
2D8
2DB
2DB
2DB

THIS SUBROUTINE COMPUTES THE TIME DEPENDENT ISOTOPIC CONCENTRATIONZ2DB

TEMP = DELT #* 24, * 3600, / 10,
TEMPl = 40

DO 5 KZ = 191ZM

PHIB(KZ) = PHIB(KZ) * 10,%%(-24)
DO 5 KN = 1»NCON

LN = MATN(KN)

TEMP1 = TEMP1 + FXS(KNsKZ)*#PHIB(KZ)*¥MASS{LNIKZ)*#VOL (KZ)
DO 200 KT = 1,10

TEMP3 = L0

N 20 KZ = 1912M

DO 20 KN = 1sNCON

LN = MATN(KN)

MASSP(LNsKZ) = MASS(LNsKZ)

DO 100 KZ = 1s1ZM

DO 50 KKK = 195

DO 50 KN = 1sNCON

LN = MATNI(KN)

TEMP2=-(MASS(LN9KZ)+MASSP(LN0KZ))*(ALAM(LN)+AXS(KN9KZ)*PHIR(KZ))

IF (LD(KN)) 30, 30y 28

KK = LDUKN)

KK = MATNIKK)

Tempo = TEMPY + ALAMIKK)%#(MASS{KKIKZ) + MASSPIKK,KZ))
DO 32 K = 192

KK = LCN(KNsK)

KL = MATN(KK)

IF (KK) 32932531

TEMDZF: TEMP? + (AX§(KK,KZ) — FXS(kgovZyy#PHIR(KZ)®
1 (MASS(KL KLY + MASSP (KL KZY)
CONTINVE

DO 36 K = 197

KK = LFN(KNsK)

KL = MATN(KK)

IF (KK) 36936934

Temps = TEMP2 4+ EXS(KKeKZ)Y#DHTR{KZ)y* (MASS (KL oK Z)y+MASSD KL sKZ))
CONTINUE

MASSILNaKZ) = MASSP(LNsKZ) + o5¥TEMP¥*TEMP2

DO 100 KN = 1sNCON

LN = MATN(KN)

TEMP3 = TEMP3 + FXS(KNsKZ)*PHIB{KZ)*MASS(LNsKZ)*VOL(KZ)
IF(TEMP3) 200»200s110C

DO 120 KZ = 1sIZM

PHIR(KZ)Y = PHIB(KZ) * TEMP1/TEMP3

CONTINUE
DO &800 KZ = 1s1ZM
PHIB(KZ) = PHIB(KZ)*104%%(24)

DO 540 KZ=1s12M

DO 540 M=1sM01

IF(10(My - M2(kZ)y) 540952095840
DO 530 KN=1sNCON

LN = MATN{KN)

IF(LN = I1{(M)) 53055255530
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I2(M) = MASSI{LNsKZ)
CONT I NUE

CONTINVE

RETURN

END
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