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II. FORMULATION OF DIFFERENCE EQUATIONS -

Neutron Balance Equations

The multigroup diffusion equations can be written in the form

2 r
"Z +S = 0, = ],2, LR IGM 2-]
%7 % " g %" g I - (2.1)
where
2 S ) S i) (2.2)
S = Vi .0 . F I{g™>g) ¢ _. .
g keff g =1 flg” 79 g =1 g
and:
IGM = 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),
(vzf)g = fission source cross section for group g,
n(g-+g) = group transfer cross section from g~ to g,
zg = removal cross section for group g
IGM
[=z, *+ z(g»g7)1,
g-=gtl
Xg = fission source fraction in group g,
keff = effective multiplication constant.

To obtain the spatial difference equations, the mesh point is placed
in the center of the associated mesh volume and Equations (2.1) and (2.2)
are integrated over this volume. Thus, for the (i,j,k) mesh point at position
. . R 6' -

SXs

Y.
xi + 'El" the Y integration from Yj - _El' to Y, + =%, and the Z

integration from Zk -

-

J

§ Y.

J

62k 8

and Z = Zk, the X integration would be from Xi - —Qi- to

- to Zk +-77- . In Figure 2.1, 0 represents y
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the (i,j.k) mesh point, 1 the (i-1,3,k,) mesh point, 2 the (i+1,3,k)
mesh point, 3 the (i,j-1,k) mesh point, etc.

The leakage terms are obtained by first transforming the volume integral
over the Laplacian to a surface integral using Green's theorem,

JovPeav = fois - @ . (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) leads to the expression

DA

6
k'k : r -
QZ% o (0p=0g) = ZgogVy + SV, = 0 (2.4)

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

zg = removal cross section associated with mesh point o,
So = source rate associated with mesh point o,
o " volume associated with mesh point o,
o = flux associated with mesh point k,
8 = 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
D, Dk(dRo + 5Rk)
D0 st + Dk SR

(2.5)
0

Finally, Equation (2.4) can be recast into a form more convenient for
performing flux iterations. That is,

6
Solo * éé% Crok

s 2.6
¢ (2.6)

where

S|
>
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Vacuum

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 ¢y # 0 and ¢ppq = 0, the coefficient of (¢IM'¢IM+]) in Eq. (2.4)
cannot be disregarded. In fact, from Eq. (2.7), it is clear that

- Dy Ay
k = 05 Ry, ¥ 07T i,

where Ay 18 assumed to equal ]/Etr'

Note, as in the §$ = 0 case, that there is no contribution of the pseudo
flux in Eq. (2.6). For a zero flux gradient, Ck = 0; whereas for a zero flux,
¢y = 0.

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.

Discussion of Triangular-Z Mesh Option

Since most fast reactors are composed of hexagonal subassemblies, a
triangular-Z mesh option is available in 3DB. Hexagons are formed by appro-
priate grouping of six triangular mesh intervals.

In the triangular-Z mesh option, the (i,j) coordinate grid is composed
of a rectangular array of triangles. As in the other geometry options, the
mesh points are placed in the center of each mesh volume. See Figure 2.3
for a simple 3 x 4 mesh example in an arbitrary Z plane. In contrast to the
other geometry options, however, the mesh boundaries must be equally spaced.
In fact, the X; and Yj mesh boundaries must be computed by the expressions

..\ FTF .

X: = (i-1) —— , i=1, ..., IMH] (2.9)
i N3

vyo= () E%E , §=1, ..., JMH] (2.10)

where FTF is the flat-to-flat hexagon width.
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X 4(=0) X

FIGURE 2.3. Triangular Mesh Example (3 x 4) in an Arbitrary Z Plane.

The user is cautioned against using reflective left and right
boundaries since this implies no surface leakage from each mesh interval
on the left and right border.
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ITI. 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. Within each group, the flux profiles are sequentially
calculated for each X-Y plane, beginning with the bottom (K=1) plane. One
mesh sweep through an X-Y plane is defined as an inner iteration, and a sweep
through all X-Y planes is termed a Z iteration. The number of inner iterations
(in a given plane) per Z iteration and the number of Z iterations is controlled
via input parameters. After the new fluxes in all groups have been calculated,
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 ) approaches unity as the iteration proceeds. The effective
multiplication constant is simply the product of the successive r's. Con-
vergence is assumed when |1-A| < e, where ¢ is an input parameter.

Fission source over-relaxation is employed in 3DB to accelerate conver-
gence. The procedure is as follows: After the new fission source rate
profile, F¥+], is calculated, a second "new" value, F;+', is computed by
magnifying the difference between the new fission source rate and the old

fission source rate. Thus,

A (S A TN (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 within each X-Y plane are computed using successive
1ine over-relaxation (SLOR). That is, the fluxes in either the X or Y
direction are simultaneously computed (by the familiar Crout reduction
technique) and then over-relaxed using the algorithm
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vt]

T = g+ (VoY)

, (3.2)
where g is the over-relaxation factor. In R-8-Z problems, it is recommended
that direct inversion be performed along the Y (i.e., 6) direction. In tri-
angular-Z problems, the inversion direction must be along the X direction.
In all other situations, direct inversion should be along the dimension with
the most mesh points.

An alternating direction SLOR scheme (using line inversion in the X
direction and then in the Y direction in alternation) is included as an
option to enhance convergence for problems involving tight mesh spacing in
both dimensions. |

The flux over-relaxation factor, 8, is an input parameter. The fission
source over-relaxation factor, 8-, is computed internally from the ad hoc
expression

B- = 1.0 + 0.6(8-1)

The global flux in each group is normalized (by balancing the total
source and loss rate) immediately before each group-flux calculation.
Also, the flux in each X-Y plane is rebalanced before the first inner
iteration for the plane.
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IV. SEARCH OPTIONS

The 3DB code computes implicit eigenvalue searches on time zbsorption,
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+] - AV[ < €”) by a sequence of outer iterations, the desired parameter
is perturbed to make ) approach unity. That is, first a converged x» is cal-
culated for the initial system. The system is then altercd by the amcunt
specified in the input (the eigenvalue modifier) and 2 second cenverged »
is calculated. Subsequent parameter changes are determined using either
linear or parabolic interpolation procedures. The itera*tion is continued
until |1-2] < e .

Time Absorption (o calculation)

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

1 ao(r,t 2 o o
i = Dv%(F,t) - 1 alr.t) + vige(s,t) (4.7)

If we now assume that
s(Frt) = o(Fe®t | (5.2

we can obviously rewrite Equation (4.1) in the form

2

$(F) - (2, +5) o(F) + vige(P) = 0 . (0.2

Dv

In a time absorption calculation, the parameter «, as defined and
used in Equations (4.2) and (4.3), is comouted as the eizenvalue. Note
that a/v is effectively an absorption cross section--herze the name "time
absorption”.
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Material Concentration (C calculation)

3DB can perform a flexible and comprehensive 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 two materials mixed at full density, Materials 8 and 9. Let us
further assume that Materials 8 and 9 are to be simultaneously interchanged
such that they occupy a fixed volume fraction, 8, of the zone mixture. The
I0, IT, and I2 vectors could then be set up as shown in the following tabu-
lation.

Mix Number (I0) Material Number (I1) Material Density (I2)

10 0 0
10 8 1.0
10 9 -1.0
10 10 0
10 8 o - 1.0
10 9 B -a+ 1.0

The first row (10,0,0) instructs the code to clear the storage area
for Mix 10. The second row (10,8,1.0) and third row (10,9,-1.0) cause
Material 8 and Material 9 to be added to Mix 10 with densities of 1.0 and
-1.0, respectively. The fourth row (10,10,0) causes the current contents
of Mix 10 to be multiplied by the eigenvalue. Finally, rows five (10,8,
o - 1.0) and six (10,9,8 - o + 1.0) instruct the code to add Materials 8
and 9 to Mix 10 with densities of a - 1.0 and 8 - a + 1.0, respectively.

A11 of the foregoing can be summarized by the expression

2o T 1.0:2g-EV - 1.0-29-Ev + (o - 1.0)28

+(8 - a+1.0)zg (4.4)
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where
10 T macroscopic cross section for Mix 10,
Ig = full density cross section for Material 8,
Ig = full density cross section for Material 9,
EV = eigenvalue.

Note that for an initial eigenvalue guess of 1.0, Equation (4.4) reduces
to £y = aZg + (g - a)Zg. Therefore, o and B - a are simply the initial
volume fractions of Materials 8 and 9, respectively.

Zone Dimensions (§ calculation)

3DB searches on reactor dimensions by varying the dimensions of each
mesh interval in the X, Y, and Z direction. Each mesh width, 6Xi, is com-
puted from the expression

6X; = 6X? [1 + (mesh modifier)i EV] , (4.5)

where 6X? is the initial mesh spacing’and EV is the eigenvalue. Different
mesh modifiers can be specified for each mesh interval in each spatial
direction.

Buckling (B2 calculation)

In a buckling search, the quantity Dinz, where y is the zone dependent
buckling modifier, 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

N LA LR ARG (Rl ML S =i (5.1)
J m ‘
X where:
i NT = density of nuclide i,
Avo= decay constant for nuclide i,
» 5; = spectrum averaged absorption cross section for nuclide i,
E} = spectrum averaged fission cross section for nuclide i,
6; = 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 '

d}‘j _ > >
T = fine) | (5.2)

the particular march-out algorithm used can be written as

- -> _—> st 2 -
' Njpgp = Nyt —7-(fJ + fJ+]) (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 KJ+] must be
> >
known in order to compute fJ+]. One must therefore iterate on N at each
time point. This procedure leads to the algorithm
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>u+1] z

_ ¥ st v
N T Nt Bt fag) (5.4)
where v is the jteration 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. SOURCE OPTION

3DB will compute the effective multiplication constant and flux pro-
files resulting from an arbitrary (in space and energy) extraneous source
distribution. The following suggestions will assist the user in running
source problems:

1. A source problem is meaningless (and will not converge) if k > 1.0.

2. Convergence can be accelerated by giving the code an estimate of k
(Card 4, Word 1).

3. At least a trace of fission multiplication must be present in the
system (i.e., k > 0).

4. A good estimate of the initial total neutron production rate (Card 5,
Word 6) will enhance convergence. This value can be estimated using
the simple expression

N = ﬁ , . (6.])

where:

total neutron production rate from fission,

total neutron source rate from extraneous source,
multiplication constant.

~ Un =
"
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VII. 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 zero 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 zero length.

5. 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 most mesh intervals.
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APPENDIX A

SIMPLIFIED LOGICAL FLOW DIAGRAM

A simplified logical flow chart for 3DB is given on the following page.
With the exception of four minor subroutines -- CLEAR (sets an array equal
to a specified constant), ERRO2 (prints error messages), SWITCH (switches
tape designations) and DRUMR (reads and writes data from/to drum) -- all
subroutines and their functions are shown in the flow diagram.



CALC
CONTROLS THE OPERATION

o 308

™
CONTROLS READING AND
PRINTING OF ALL INPUT
DATA AND COMPLTES

RECS
READS CROSS SECTION
DATA AND PERFORMS
ADJOINT REVERSALS.

BNWL-1264

REAGZ

READS  LDATING POINT
DATA N GENERALIZED
FORMAT

INNERL
CALCULATES FLUX
COBFF ICIENTS FOR
X-Y-2 AND R- 0-Z
GEOMETRIES

INNERT

CALCULATES FLUX
COEFF 1CIENTS FOR
HEX-Z GEOMETRIES

SHUFF LE LOOP

IFLUXN

NORMALIZES THE
FLUXES BY X-Y
PIANE

IFUDXN

NORMALIZES THE
FLUXES BY X-Y
PLANE

COMPUTESFISSION
SUMS, A, AND PERFDRMS
NORMALIZATION

DIMENSION PRINTERS ¥ REQUIRED.
INTL FXINP
PERFORMS ADJOINT READS INPUTF
REVERSALS AND MIXES oo o
CROSS SECTIONS AN
Nz RAg
MODIF ES GEOMETRY READS FLOATING POINT
AND CALCULATES AREA DATA IN GENERALIZED
AND VOLUMES FORMAT
N REAIZ
COMPUTES THEF 1SS 10N READS INTEGER DATA
SOURCE IN GENERALIZED FORMAT
FASCAL MAPR
PRODUTES A PICTURE
COMPUTES F 1SSION PRINT BY ZONE AND
SUMS, X, AND PERFORMS MATERIAL FOR EACH
NORMALIZATION MATERIAL LAYER
MONPR BALAN
" C
PRINTS (TERATION NUMBER, ANGEFoR SoreD
EIGENVALUE, 3, £1C GROUP
OUTER INNER
CALCUIATES THEFLUX IN
CONTROLS PROGRAM SPECIFED GROUP AND
DURING EACH QUTER PUANE USING COLUMN
g VERATION LINE INVERS IO
™ a FISCAL INNER?

CALCULATES THEFLUX IN
SPECF IED GROUP AND
PLANE USING ROW
INVERS|ON

CNNP
PERF ORMS CONVERGENCE
TESTS AND COMP UTES A
NEW EIGPNVALUEFOR
SEARCH OPTIONS

IFUXN

NORMA LIZES THE
FLUXES BY X-Y
PLANE

MONPR

PRINTS ITERATION
NUMBER, £1GENVALUE,
A ETC.

FINPR
PRINTS GROUP F LUXES,
TOTALF LUX, AND POWER
DENSITIES AND COMPUTES
AND PRINTS REACTION RATES.

NBAL

CGMPUTES AND PRINTS
BALANCE TABLES

CRAM

CALCULATES AND PRINTS
MATERIAL INVENTORES
BY ZONE

PRI

PRINTS TWO-DIME NSIORAL
ARRAYS

INPB

READS AND PRINTS THE
INPUT BURNUP DATA

AVERAG

CALCULATES Z0NE
AVERAGED F LUXES AND
CROSS SECTIONS

MARCH

CALCULATES THE TIME
OEPENDENT 1SOTOPIC
CONCENTRATIONS

SHIE

SHLFF LIS MIXTURES




APPENDIX B

INPUT INSTRUCTIONS




B-1 BNWL-1264

APPENDIX B
INPUT INSTRUCTIONS

The following pages describe the input data for 3DB. 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: Al1 cards must contain six data fields of 12 columns each, either
6(I11,12,19) for integer data or 6(I1,12,E9.4) for floating point data. The
last nine columns of each field contain the data, D, associated with the
particular field (see exception below); 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,

4 - repeat previous D data entries N times (if D is a floating
point number, code converts to an integer),

5 - ignore this data field,

6 - fill the remaining locations of this array with associated
data entry.

Variable Columns Description

CARD 1: FORMAT (11A6,16)

To run a series of cases, repeat from this card.

ID(11) 1-66 Identification card.
MAXT 67-72 Maximum running time (minutes). Not used if zero.

CARD 2: FORMAT (1216)

AQ2 1-6 Problem Type:
= 0, regular calculation,
1, adjoint calculation.
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Variable Columns Description

104 7-12 Eigenvalue Type:

0, source (S),

» Keff .

, time absorption (a
concentration (C),

zone thickness (&)

buckling (BZ).

)

nononnn
g wWwnN —

v v v

S02 13-18 Parametric Eigenvalue Type:
0, none,

1, Kosgs
2, a?ff

IGM 19-24 Number of energy groups (< 50).
NXCM 25-30 Number of downscattering terms.
IHT 31-36 Position of transport cross section in cross

section table (=4 if the fission cross section
is the first entry).

MO7 37-42 Input flux guess:
= 0, none,
=1, ¢(x)*s(y)*¢(z) from cards,
= 2, ¢(x,y,z) from cards,
= 3, ¢(E,x,y,z) from cards,
= 4, ¢(x,y,z) from tape (logical unit 14),
= 5, ¢(E,x,y,z) from tape (logical unit 14),
= 6, ¢(E,x,y) from tape (logical unit 14) *¢(z)
from cards.
MO8 43-48 External source--same options as MO7. If source
is from tape, the logical unit is 10.
D05 49-54 Maximum number of outer iterations.
107 55-60 Maximum number of Z iterations per group.

Recommended value % 5.

GO7 61-66 Maximum number of inner (X-Y) iterations per Z
iteration. Recommended value % 2.

S04 67-72 X-Y inversion direction:

0, code chooses,

1, alternate every Z iteration,

2, X direction,

3, Y direction.

nononun<<
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Variable Columns Description
CARD 3: FORMAT (1216)
IGE 1-6 Geometry:
= 0, X-Y-Z,
=1, R-0-1Z,
= 2, TRIANGULAR-Z.
I1ZM 7-12 Number of material zones.
NLAY 13-18 Number of material layers.
MT 19-24 Total number of materials, including mixes.
MO1 25-30 Number of mixture specifications.
MCR 31-36 Number of input cross section materials:
= negative, |MCR| materials from tape (logical
unit 15),
= positive, MCR materials from cards.
IM 37-42 Number ¢f intervals in the X direction.
JM 43-48 Number of intervals in the Y direction.
KM 49-54 Number of intervals in the Z direction.
1Z 55-60 Number of zones in the X direction (6 option
only).
JZ 61—66 Number of zona= in the VY direction (6§ option
only).
KZ 67-72 Number of zones in the Z direction (6 option
only).
CARD 4: FORMAT (916)
BO1 1-6 Left boundary concition:
= 0, vacuum,
= 1, reflective.
BO2 7-12 Right boundary condition.
BO3 13-18 Back bourndary conditicn.
BO4 19-24 Front boundary condition.
BOS 25-30 Top boundary condition.




Variable

Columns
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Description

BO6
NACT
NPRT

NPUN

CARD 5:

31-36
37-42
43-48

49-54

FORMAT (6E12.6)

EV

EVM

S03
BUCK

LAL

25-36
37-48

49-60

Bottom boundary condition.
Number of activity traverses.

Print option:
= 0, mini print -- deletes fluxes, power densities,
cross sections, balance tables,
= 1, maxi print -- prints items specified on print
modifier cards 34-37.

Flux output option:

0, none,

1, ¢(x,y,2) to cards,

2, ¢(E,x,y,z) to cards,

o(x,y,z) to tape (logical unit 16),
¢(E,x,y,z) to tape (logical unit 16).

nuw u unu

3,
4,

Initial eigenvalue guess. (Used only in search
calculations.)

Initial eigenvalue modifier. This value should
decrease reactivity -- i.e., EV + EVM should
produce a lower keff than EV. Since EV and EVM

are completely problem dependent, no representative
values can be given. However, this parameter is
rather important, so some thought should be given
to estimating a reasonable value. (Used only in
search calculations.)

Parametric eigenvalue (see third word on Card 2).

Buckling (cm'z). Caution -- search (and burnup)
calculations that include a buckling term cannot
be performed using input cross sections (mixes)
directly in zones. Furthermore, 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 |A-1|, where A-1 is, in essence,
the predicted change in the current reactivity.
After LAL is reached, the eigenvalue slope is no
longer altered. LAL is used only in search cal-
culations. Recommended value % 0.005.
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Variable Columns Description

LAH 61-72 Upper 1imit on |x-1|. If |Ax-1] is greater than
LAH, LAH rather than |A-1| is used in predicting
the new eigenvalue. LAH 1s used only in search
calculations. Recommended value % 0.5.

CARD 6: FORMAT (6E12.6)

EPS 1-12 Convergence criterion on the total fission source
rate.
EPSA 13-24 Parametric eigenvalue convergence criterion. The
v+]

eigenvalue is recalculated when [A”7'-2"| is less
than EPSA, where v is the outer iteration index.
EPSA is only used in search calculations.
Recommended value % TOxEPS.

GO6 25-36 Inner (X-Y) iteration convergence criterion. That
is, Max(]¢V+]-¢V]/¢V) where v is the inner iteration
index. If zero, EPS is used. Recommended value
~ TOxEPS.

EPSZ2 37-48 Z iteration convergence criterion. That is,
Max(|¢V+]—¢V1/¢V) where v is the Z iteration
index. If zero, EPS is used. Recommended value
~ 10xEPS.

ORF 49-60 Over-relaxation factor. If instabilities arise,

reduce ORF. Recommended value =/ 1.5.
S01 61-72 If X negative, the total power is normalized to

|X| Mwt using the conversion factor of 215 MeV/
fission. If positive, X=total source/keff.

CARD 7: FORMAT (A6,2E6.2,9A6)

HOLN(MCR) 1-6 Identification card for first isotope. Name
ATW(MCR) 7-12 Atomic weight of first isotope (a.m.u.).
ALAM(MCR) 13-18 Decay constant for first isotope (days_]). This

value is only used in burnup calculations.

AA(9) 19-72 Miscellaneous additional identificaticn.
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Description

_Variab]e Columns

CARD 8: FORMAT (6E12.5)

Optional -- required if MCR>0.

( )
C(ITL,IGM,MCR) oy
C(ITL,IGM,MCR) vog.
C(ITL,IGM,MCR) Ty
C(ITL,IGM,MCR) s(g+g).
C(ITL,IGM,MCR) s(g-1+g).

Continue through o(g-NXCM>g). Repeat
Card 7 for |MCR| materials.

CARD 9: FORMAT [6(I1,12,E9.4)]*

Optional -- required if M07=1.
RF(IM). 1-12 Flux guess
RF(IM) 13-24 Flux guess

CARD 9': FORMAT [6(I1,12,E9.4)]

Optional -- required if MO7=1.
ZF(JM) 1-12 Flux guess
ZF(JM) 13-24 Flux guess

CARD 9": FORMAT [6(I11,12,E9.4)]

Optional -- required if MO7=I.
HF (KM) 1-12 Flux guess
HF (KM) 13-24 Flux guess

Generalized input format (see page B-1).

of(barns) -- for first group of first material.

through group IGM. Repeat from

for

for

for

for

for

for

first interval in X direction.

second interval in X direction.

first interval in Y direction.

second interval in Y direction.

first interval in Z direction.

second interval in Z direction.
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Variable Columns Description

CARD 10: FORMAT (6E12.6)

Optional -- required if MO7=2.

NO(IM,JdM) 1-12 Flux guess for first mesh interval in first X-Y
plane.

NO(IM,JdM) 13-24 Flux guess for second mesh interval in first X-Y
plane.

Repeat above card for all X-Y planes, each plane starting on a new card.

CARD 11: FORMAT (6E12.6)

Optional -- required if MO7=3.

NO(IM,dM) 1-12 Flux guess for first mesh interval in first X-Y
plane for first energy group.

NO(IM,dM) 13-24 Flux guess for second mesh interval in first X-Y
plane for first energy group.

Repeat above card for all X-Y planes and then repeat for all energy groups,

each plane and group starting on a new card.

CARD 12: FORMAT [6(I1,I2,E9.4)]

Optional -- required if MO7=6.
HF (KM) 1-12 Flux shape factor for first X-Y plane.
HF (KM) 13-24 Flux shape factor for second X-Y plane.

If I04=1 (source calculation), the external source may be read in using
the same format as the flux guess (i.e., if M08=1, submit cards analogous
to 9, 9', and 9"; if M08=2, submit card analogous to 10; if M08=3, submit
card analogous to 11; and if M08=3, submit card analogous to 12).

CARD 13: FORMAT [6(I1,12,E9.4)]

XO(IM+1) 1-12 Position of first mesh boundary in X direction (cm).

X0(IM+1) 13-24 Position of second mesh boundary in X direction.
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Variable Columns Description

CARD 14: FORMAT [6(I1,12,E9.4)]

YO(JM+1) 1-12 Position of first mesh boundary in Y direction (cm
for X-Y-Z and triangular geometry and fractions of
a circle for R-6-Z geometry).

YO(JM+1) 13-24 Position of second mesh boundary in Y direction.

CARD 15: FORMAT [6(I1,12,E9.4)]

ZO(KM+1) 1-12 Position of first mesh boundary in Z direction (cm).

Z0(KM+1) 13-24 Position of second mesh boundary in Z direction.

CARD 16: FORMAT [6(11,12,19)]

LYN(KM) 1-12 Material layer number of first X-Y plane.

LYN(KM) 13-24 Material layer number of second X-Y plane. Layer
numbers must be in ascending order (e.g.,
1-1-1-2-2-3-3-3, not 1-1-1-2-2-1-1-1, even though
1aye; 3 may have the same material specifications
as 1).

CARD 17: FORMAT [6(I1,12,19)]

MO(IM,JM) 1-12 Zone number for first mesh interval for first
material layer.

MO(IM,JM) 13-24 Zone number for second mesh interval for first
material Tlayer.

CARD 17': FORMAT [6(I11,12,19)]

MO(IM,JdM) 1-12 Zone number for first mesh interval for second
material layer.

MO (IM,JM) 13-24 Zone number for second mesh interval for second
‘ material layer.

Repeat above for all material layers.
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Variable Columns Description
CARD 18: FORMAT [6(11,12,19)]
M2(IZM) 1-12 Material number for first zone.
M2(IZM) 13-24 Material number for second zone.
CARD 19: FORMAT [6(I1,I12,E9.4)]

Optional -- required if BUCK#O or i1f I04=5.

Buckling modifier for first zone.

Buckling modifier for second zone.

Fission fraction (spectrum) in first energy group.

Fission fraction in second energy group.

Neutron velocity for first energy group (cm/sec).

Neutron velocity for second energy group.

GAM(1ZM) 1-12
GAM(IZM) 13-24
. CARD 20: FORMAT [6(I1,12,E9.4)]
K7 (1GM) 1-12
K7 (1GM) 13-24
CARD 21: FORMAT [6(I1,12,E9.4)]
V7(1GM) 1-12
V7 (1GM) 13-24
CARD 22: FORMAT [6(I1,12,19)]

Optional -- required if M0I1>0.

I0(MO01)
I0(MO1)
I0(MO1)
I0(MO1)

1-12
13-24

N-(N+12)

Material number of Mix 1.

Material number of Mix 1.

Material number of Mix 2.

(N+13)-(N+24) Material number of Mix 2.
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Variable Columns ' Description

CARD 23: FORMAT [6(I1,12,19)]

. 11(MO1) 1-12 0 (to clear storage area for Mix 1).
I1(MO1) 13-24 Number of first material in Mix 1.
I11(MO1) 25-36 Number of second material in Mix 1.
I1(MOT) N-(N+12) 0 (to clear storage area for Mix 2).
I1(MO1) (N+13)-(N+24) Number of first material in Mix 2.

CARD 24: FORMAT [6(I1,12,E9.4))

Opttonal -- required if M01>0.

12(MO1) 1-12 0.

12(MO1) 13-24 Concentration of first material in Mix 1
(atoms/barn-cm).

12(MO1) 25-36 Concentration of second material in Mix 1.

12(M0OT) N-(N+12) 0.

12(M01) (N+13)-(N+24) Concentration of first material in Mix 2.

CARD 25: FORMAT [6(11,12,19)]

Optional -- required if I04=4.

I1X2(IM) 1-12 Dimensional search (& calculation) zone number
for first X interval.

IX2(IM) 13-24 Dimensional search zone number for second X
interval. )

CARD 26: FORMAT [6(I1,12,E9.4)]

Optional -- required if I04=4.

X3(1Z) 1-12 Modifier for first dimensional search zone in X
direction.
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Variable Columns Description
X3(12) 13-24 Modifier for second dimensional search zone in X
direction.
CARD 27: FORMAT [6(I1,12,19)]

Optional -- required if I04=4.

IY2(JM)

IY2(JM)

Dimensional search zone number for first Y inter-
val.

Dimensional search zone number for second Y
interval.

CARD 28: FORMAT [6(I1,12,E9.4)]

Optional -~ required if I04=4.

Y3(JZ)

Y3(JZ)

Modifier for first dimensional search zone in Y
direction.

Modifier for second dimensional search zone in Y
direction.

CARD 29: FORMAT [6(11,12,19)]

Optional -- required if I04=4.

1Z2(KM)

1Z22(KM)

CARD 30:

Dimensional search zone number for first Z
interval.

Dimensional search zone number for second Z
interval.

FORMAT [6(I1,12,E9.4)]

Optional -- required tf I04=4.

23(KZ)

Z3(KZ)

Modifier for first dimensional search zone in
Z direction.

Modifier for second dimensional search zone in
Z direction.




B-12 BNWL-1264

Variable Columns Description

CARD 31: FORMAT [6(I1,12,19)]

Optional -- required if NACT>0.
MA(NACT) 1-12 Material number for first activity traverse.

MA(NACT) 13-24 Material number for second activity traverse.

CARD 32: FORMAT [6(I1,12,19)]

Optional -- required if NACT>O.
NX(NACT) 1-12 Cross section position for first activity traverse.

NA(NACT) 13-24 Cross section position for second activity traverse.

CARD 33: FORMAT [6(I1,12,19)]

Optional -- required if NACT>O.

KMODR (NACT) 1-12 Activity print modifiers for first X-Y plane
(0/1 = no print/print).

KMODR(NACT) 13-24 Activity print modifiers for second X-Y plane.

CARD 34: FORMAT [6(11,12,19)]

Optional -- required if NPRT=1.
1GMOD (1GM) 1-12 Group flux print modifiers for first group.
IGMOD(IGM) 13-24 Group flux print modifiers for second group.

CARD 35: FORMAT [6(I1,12,19)]

Optional -- required if NPRT=I.
KMODG (KM) 1-12 Group flux print modifiers for first X-Y plane.

KMODG (KM) 13-24 Group flux print modifiers for second X-Y plane.
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Variable Columns Description

CARD 36: FORMAT [6(I1,12,19)]

Optional -- required if NPRI=I.
KMODF (KM) 1-12 Total flux print modifiers for first X-Y plane.
KMODF (kM) 13-24 Total flux print modifiers for second X-Y plane.

CARD 37: FORMAT [6(11,12,19)]

Optional -- required if NPRI=I.
KMODP (KM) 1-12 Power print modifiers for first X-Y plane.
KMODP (KM) "13-24 Power print modifiers for second X-Y plane.

CARD 38: FORMAT (416,E12,6)

Burnup control card.

NCON 1-6 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.

NPRT 7-12 Print option:
= 0, mini print,
= 1, maxi print.

NPUN 13-18 Flux dump option:

0, none,

1, ¢(x,y,2z) to cards,

2, ¢(E,x,y,z) to cards,

3, ¢(x,y,z) to tape (logical unit 16),

4, ¢(E,X,y»,z) to tape (logical unit 16).

ITEMP] 19-24 = 0, no effect,
= 1, punch material densities (I2 array) for
previous time step--will function with
NCON=0.
DELT 25-36 Length of time step (days). If zero, code pro-

ceeds to next case. If negative, code shuffles
mixture. :
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Description

CARD 39: FORMAT (1216)

Optional -- required if NCON>0.

MATN(NCON)

NBR(NCON)

LD(NCON)

LCN(NCON,2)

LCN(NCON, 2)

LFN(NCON,7)

LFN(NCON,7)

1-6

7-12

13-18

19-24

25-30

31-36

37-48

This card contains all burnup parameters for the
first burnable isotope. Material sequence number
of first burnable isotope.

Control for breeding ratio calculation:
= 0, no effect,

1, fertile isotope,

2, fissile isotope.

0, no decay source,
N, decay source from burnable isotope N.

0, no capture source,
N, capture source from burnable isotope N.
See Eq. (5.1).

nn

ihn
=Z O =0
- -

no capture source,
capture source from burnable isotope N.

w w

no fission source,

fission source from burnable isotope N.
See Eq. (5.1).

, no fission source,
, fission source from burnable isotope N.

i n
=Z O

Repeat above card for all burnable isotopes. Repeat from CARD 38 for
additional time steps.

CARD 40: FORMAT (316)

Optional -- required if DELT<0.

ITEMP

ITEMP1

1-6

This card replaces the densities of materials

in any mixture in the I0 table by the densities
of the same materials in another mixture in this
table.

0, end of shuffling data,

1, this card contains shuffling data.

Mixture number to be replaced.
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Variable Columns Description

ITEMP2 13-18 Mixture number replacing ITEMP1. The materials
to be replaced must be common to both mixtures.

Repeat above card for all mixtures to be shuffled, then submit card with
0 in column 6 indicating the end of shuffling data.
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APPENDIX C
STORAGE REQUIREMENTS

3DB uses variable dimensioning by storing the subscripted variables

in one array, A(22000). The variable dimensioned arrays require N storage
locations (N<22000), where:
N = MAX(N],NZ)
Ny =18 + 16 x IM x M

+ 8 x IM
5 x JM
6 x KM
4 x (MO1 + IZM)
14 x IGM
MT x ITL
2 x NACT
IMCR| x (15 + 4 x IZM)
NPRT x (3 x KM + IGM)
2 x MAX(IM,JM)
IZ+JZ+KZ+IM+JIM+ KM [IF (I04) = 4]

1

+ + + + + + + + + +

and

N2 = MT x ITL x (IGM + 1) + 3 x ML.

For most problems, N] > Ny, and thus, N = N].

3DB also requires 11 peripheral storage units. A list of these storage
units is given in Table C-1, along with the number of words in each unit,
and a brief description of the data stored. Since the code was written for
a UNIVAC é]OB, unbuffered drums (4.24 x 1073 sec average access time and
4.2 x 10°

minor coding changes are required to use €ither tape or disc storage.

sec/word transfer rate) are used for storage; however, only
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TABLE C-1. Description of Peripheral Storage Units
Logical
Unit Description of
Number Name Length Data Stored
1 NSURCE 215,000 External Source
2 NSCRAT 215,000 Scratch Unit
3 NFLUX1 215,000 Fluxes
4 NCXS 215,000 Flux Constants
17 NFO 45,000 Fission Source (Previous Iteration)
18 NMO 45,000 Zone Numbers by Mesh Interval
19 NF2 45,000 Fission Source
20 NS2 45,000 Group Source
21 NCR1 45,000 Cross Sections
22 NDUM 45,000 Scratch Unit
23 NTEMP 45,000 Scratch Unit

" For the data to fit on drum, the following requirements must be met.

IM x JM x KM x IGM < 215,000
5x IMx M x KM + IM + JM < 215,000

IM x JM x KM =45,000

ITL x MT x IGM = 45,000.
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APPENDIX D
SAMPLE PROBLEM

The following pages show the input data and computer output for a
simplified 2-group, 2-zone, 1-step burnup problem in X-Y-Z geometry (see
Figure D-1). To reduce running time, the number of mesh intervals in
each direction is 10. Atom densities at t = 0.0 days are given in
Table D-1.

TABLE D-1. Atom Densities (atoms—barn_z—cm_z)
for 3DB Sample Problem

Material Zone 1 (Core) Zone 2 (Blanket)
y238 0.0080 0.0400
py233 0.0016 0.0
p, 240 0.000] 0.0
py2t! 0.0 0.0

Fission Products 0.0 0.0
c 0.0200 0.0
Na 0.0060 0.0

" Fe 0.0130 0.0062
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FIGURE D-1. Diagram of 3DB Sample Problem.
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3DB SAMPLE CASE

0 1
0 2
1 0
0.0
«00001

U238 238.05
«100100+00
. 000GL0U

PU239 239,05
2172436401
0228419401

PU240 240.05
+697066-00
.205185-01

PU241 2414067,
.173712401
$250848+01

FIS PR 1.00
.000000
»

C 12.011
+ 000000
. 000000

NA 22495C
L0C0000
L000U00

FE 554847
L0LCUN0
L 00000

o N PN N TN

—

(1UX10X10s 2 ZONEs 2 GROUP)

0 2 1 4 1 0
2 12 13 10 10 10
0 1 0 1 1 1
OQO 0.0 0.0
0.0 «0001 +0001 .
0.0 2 GROUPS CORE

«232887-00 ,281437-00 4633569401

¢532188-00 ,LU00000
0.0 2 GROUPS

«131583+402
CORE

e1B4872401 4511503401 4669364401
2324006401 4649503401 ,139176+02

0.0 2 GROUPS

CORE

«973045-00 4210364401 4654004401
¢1584564+C1 4577565-01 4139455402

80-8 2 GROUPS

CORE

«1891574C1 ,528272+01 e 745286401
«287570+01 4744300401 ,118888+02

U0 2 GROUPS
«180334-00 LCC0000
«450420-00  ,000000

V.0 2 GROUPS
«33362C0-05 L5Q0000
¢456935-10 4000009

UeU 2 GROUPS
«712006=-02  L,000000
$423424-02 L,000000

0.0 2 GROUPS
«591775-02  ,000000
«215431~-01 4000000

GeyV 2 GROUPS

CORE
«106936+02
«142171+402

CORE
«263926+01
« 448553401

CORE
«309019+01
« 498455401

CORE
«255761+01
«482144401

BLANKET

«189516-0U  41U537B+0U e594904+01

< 40050200  ,000000
el 2 GROUPS
W6TLET4-C2 +UN0000
212026501 «000000

«0232

«0272

«023

23
24 5
103
122
«0133

O P ww

122090402
BLANKET

«265143+401

«4439904+01

40.0 70«03
4040 70.03
40.0 70403

10110 24

20 5
10 0

0
040
1.5
«600524+401

«126261+402

e 476589401
«106775+02

¢549212+401
e123609+402

¢543496+01
«901306+01

«103924+02
«137666+02

«245083+401
« 448553401

«300053+01
«498031+01

251745401
e 479990401

e 664718401
«118045+402

«259971+401
e 448701401

3 103

10 i0
5 0
0 0
0.0
-100.
«000000
«975608-01
«000000
¢790403-01
«000000
«748743-01
«000000
«126336-00
+000000
«120810+00
«000000
«188417-00
«000000
«889546~01
+000000
¢342399~01
«000000
«112345+00
«000000
«450092-01
RF
ZF
HF
X0
YO0
Z0
LYN
MO
MO
M2
K7

€-a

v9¢1-"TMNG
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dQOW
4QOW
plefel b
QOW91
HAOWA
XN
VW
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2l
11
11
11
ol
LA
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Coooo0ooO

0 0 0 0 0 0 0 0
9 Vi € Z T 0 0 0
0 o] 0 0 0 0 € 0
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0 0 0 0 0 9 T 0
0 o] o] 0 0 0 0 0
0°0% 0 0
€0 7 11 0
€0
€0
o00%w0o* 0 oelo* 0900°
o° 1000° 9100° 0800°
] 0 8 L
Y € Z 1
€2l
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0

T 6
0 S
Z Y
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4 4
T T
0 9
11
11
€0
€0

11

el
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nQ2
104
502
1GM
AXCM
IHT
407

3B SAMPLE CAGE (10X10+10, 7 70ME, 2 GROLP)

0/1=REGUL R CALCULATION/ADUD:: T cALCULATION

10

ELIGENVALUE TYPE  (0/1/2/ 3/ 6/5=50RCE/KEFE/ 1 LPHA/CONCENTRATION/UELTA/BUCKLING)

PARAMETRIC EIGEMVALUE TYPE  (r/1/2=0M00:/KEFF/ALPHA)

NUMBER OF GROUFPS

NUMABER OF DOSNSCATTERING TERMYG

POSITLON oF SIGWA TRANSPCRT 11 €SS SECTIUN TARBLE

FLUX GUESS (0/1/2/3/7475/76=5801 £/PHT(X)Y#PHT (V) *PHI(L) /PHI (X2 Y 2)/
PHICE» Xo Y2} FROM CARDS/OHI (0, Y»Z)/PHI(EsX»YsZ) FROM TAPE/
PHICE» X»Y) FOM TAPE£PHT(Z) FROM CARDS)

EXTERNAL SCOURCE GUESS (SaME ¢opPTIGMNS AS MOT7)

SAXIMUM ROMBER OF OyTER TTERATIONS

MAXIMUM Nit#QER oF 2 ITERTIM 5 PER GROUP

MAXIHMUM NUMBER OF Inbkji (XY) ITEZATIONS PEx 2 ITERATIOMN

XY INVERSION DIRECTION (6/1/2/%=C0DE CHONSES/ALTERNATE/X/Y)

GEOMETRY (0/1/22X=Y=2/R=THETA=2/TRIANGLLAR=Z)

NUABER OF MATEKIAL Z0NES

HUMBER OF MATEKIAL LAYERS

TOTAL HUMGER OF MATERIALLS I'icl UDING MIXES

HUYEER OF MIxTURE SPECIFICATINS

RUMLER OF THEUT CROSS SE-TION MATERIALS (NEG/POSZFROM TAPE/CAKLS)
WUMEER OF INTERVALS IN TabE X mIFECTION

HUMBER QF [HITEKVALS IN Tobk Y nIRECTION

rUMEER OF INTERVALS IN Tuk Z 0 IFECTION

PUABLR OF 2005 IN THE X DIPFCTION (NDELTA OPTION OfiLY)
HUARER OF 20 ES It THE v BDIREcTIoN (DELTA CPTION OLLY)
HUMBER OF Z20{ES IN THE 7 DICFCTTOMN (DELTA OPTIOMN ONLY)

LLFT BOGHDARY CONDITIN : (/1 =vaCUut/REFLECTIVER)
RIGHT  FOUNDARY COANTITLIN, (n/3zvCUiM/=EFLECTIVE)
AACK FCUHDARY CONNTTING sz1zvVaACLL/KEFLE CTIVE)
FRONY LOURCARY CONDTTIN (0,/1=VACUtM/KEFLECTIVE)
ToP POUHDARY CONDITIN. (a/1=VaCui/KEFLECTIVE)
JGTTOM GOLNULRY CONGITIOn (o zvaCUUM/EFLe CTIVE)Y
NUGABER OF ACTIVITY TRAVERSLS

PRINT OPTIOH (u/zlz Tl aX1)

FLUX QUTPUT oPTION (0/71/2/2/70=0.0 E/FHI(Xe Y2 2)/PHIEsXe Y, Z) Tu CARDS/

PUHICXK» Yo Z) /Pl (e Xy eZ) TO To00)

FEN D

n
oUUnc o

5-a

¥92L-MNG



EV
EVi4
503

SUCK
LAL
LAt

£PS
tPSA
606
cPS2
ORF
s01

LaST

2243

FIRST EIGENVALUE GUESS 0.;000

EIGENVALUE MCDIFIER 0.0000
PARAMETRIC EIGE.iVALUE N0.0000
BUCKLING (CM=2) 0.0000
LA“EDA LCWER 0.0000
LABDA UPPER 0.0000
EIGENVALUE CONViRGE ICE CnITZi1OM 1.0000-~05
PARAMETER COi VERGE ICE CRITERIN 0.0000
INHER (XY) ITERATION CQtvERGF: CE CRITEKINY, (IF 0, USE trS) 1.0000=-04
2 ITERATION CONVERGENCT cRITreIo (IF e USE EPS) 1.0000-04
OVEK=RELAXATION FACTNR 1.05000+00
HESATIVE/POSTTIVE=POSER (MUT)/0F0TRONH SONPCE RATE -1..000+02

9-a

P92 L-TMNG
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APPENDIX [

SOURCE DECK LISTING




-IL PDP INCL

ABC#*

~NOWVMEWLWN = NHOYOO OIS LN -

N0 WUPEWN -

N =

FCOPY
COMMON

COMMON

COMMON

INTEGER

REAL
END

E-1

NINPy NOUTs NSORCE»
NMO » NF2» NS2»
BO7» CNT» CVTy

E2(51)s E3(51)s E4(51)>»
E9(51)9E10(51)9E11(51)>
EVP» EVPP,y FEF»
IGVy THA» IHF»
ITEMPy ITEMPls ITEMP2
KPs KPAGE» LAP»

ML » NCONs NGOTO»
PBAR» SBAR» SK7»
TEMPls TEMP2, TEMP3,
ID(11)» MAXT AO2»
IHT MO7, MO8
IGE» I1ZM» NLAY
JM, KMy 12
BO3, BO4, BO5s
NP1l NP2 NP3,
LAL LAH» EPS»

S0l

LATWs LHOLNs LALAM,
LAl LFO» LF2s
LKé» LK7» LMO»
LX3 LX&4 LX5»
LYl LIY2s LY3»

LMASSs LMATN, LNBRs
LAXSs LFXSs LMASSP,
LGAMs LZOy LZ1s

LDUM1ly LIDUM1ls LDUM2,

LIGMODs LKMODGs LKMODP,
AO2» BO1l»s BO02»
CVTs D05 GO7s
BO5, BO6
LAH» LAL» LAPS

NSCRAT
NCR1»
DAY
E5(51)
EO1s
GBARS
IHS
ITLy
LAPP,
NINIT
T06»
TEMP&,
104,
D05
MT»

JZs
BO6
EVs
EPSA»

LCO»
LIO»
LM2)»
LS2s
LY4>s
LLDs
LCXRy
L1Z2
LIDUM2,
LKMODF »
BO3»
P02

LAPPy

NFLUX1»
NDUM,
DELT»

E6(51)

EO02s
GLH»
11
ITLMT,
LARS
ORFP»
LA
Tl
502,
107
MO1ls
KZs
NACT
EVMs
GO06»

LNO»
LIl
LXO»
LVO,
LYS»
LLCN»
LCXTy
LZ3»
LLYN,
LKMODR »
BO4,
502

LAR

NCXS»
NTEMP»
EO(51)
E7(51)
E03y
IGEP»
IMJM
12Ps
LCs
POD
T1lly
TSD»
IGM»
GO7»
MCR
BO1ls
NPRT»
503
EPS2»

LN2»
LI2»
LX1s
LVTs
LCXSy
LLFN»
LHA»
LZ4>
LA2s
LMA»
BO7»
S04»

NFO»
ALA»
E1{51)»
EB(51)
EQ»
IGP
1Py

JP
LLCy
P02
TEMP
V1l
NXCM»
504
IMs
BO2»s
NPUN »
BUCK »
ORF »

LAO»
LI3,
LIX2»
LYOs
LVOL »
LPHIB»
LPA,
LZ5»
LEE »
LNX
CNT»
TO6»

BNWL-1264

3p8
308
aps
aps
aps
3pB
3DB
3DB
3D8
D8
308
3p8
3DB
3DB
3pB
3DB
3DpB
3D0B
3D8B
3pB
3D0B
3DB
308
3DB
308
308
3DB
aDB
308
30B
3pB
308
3DB
308
308
3pB
308

0001
0002
0003
0004
0005
0006
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
0031
0032
0033
0034
0035
0036
0037
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* *F % * *

CALC

INP

ERRO2
SWITCH
DRUMR

RECS

FXINP

REAG2
REAI2

MAPR

INIT1
INIT2
INIT3

CLEAR

FISCAL

MONPR

OUTER
BALANC

INNER1

INNERT

INNER

INNER2

IFLUXN

CALCH»CALC

E-2 BNWL-1264

DESCRIPTION OF SUBROUTINES * #* # » *

CONTROLS THE OPERATION OF THE CODE.

CONTROLS THE READING AND PRINTING OF ALL INPUT DATA
AND COMPUTES THE VARIABLE DIMENSION POINTERS.

PRINTS ERROR MESSAGES.

SWITCHS DRUM DESIGNATIONS.

READS/WRITES DATA FROM/TO DRUM,

READS CROSS SECTIONS FROM CARDSs PERFORMS ADJOINT
REVERSALS IF REQUIREDs AND WRITES CROSS SECTIONS
TO DRUM.

READS INPUT FLUXES AND EXTe SOURCE (IF ANY) AND
WRITES THE DATA TO DRUM.

READS FLOATING POINT DATA IN GENERALIZED FORMAT.
READS INTEGER DATA IN GENERALIZED FORMAT.

PRODUCES A PICTURE BY ZONE AND MATERIAL FOR EACH
MATERIAL LAYER.

308
3pB
308
3apB
3D0B
308
308
3D8
aps
308
3DB
3DB
308
3DB
3DB
308
3D8
3D8B
3D0B
3p8B
308
3DB
3DB
308
3D8B
3D8B
3D8
308
308

PERFORMS ADJOINT REVERSALS AND MIXES CROSS SECTIONS.3DB

MODIFIES GEOMETRY AND CALCULATES AREAS AND VOLUMES.
COMPUTES THE FISSION SOURCE.

SETS AN ARRAY OF A GIVEN LENGTH EQUAL TO A GIVEN
CONSTANT.

COMPUTES FISSION SUMS AND PERFORMS NORMALIZATION.

MONITOR PRINT--PRINTS ITERATION NUMBERs EIGENVALUES
LAMBDAs ETCe AFTER EACH OUTER ITERATION.

CONTROLS PROGRAM DURING EACH OUTER ITERATION.
DOES A GLOBAL BALANCE FOR SPECIFIED GROUP.

CALCULATES COEFFICIENTS FOR THE FLUX EQUATION FOR
X-Y-Z AND R-THETA-Z GEOMETRIES.

CALCULATES COEFFICIENTS FOR THE FLUX EQUATION FOR
HEX-Z GEOMETRY.

CALCULATES THE FLUX IN SPECIFIED GROUP AND PLANE
USING COLUMN LINE INVERSION.

CALCULATES THE FLUX IN SPECIFIED GROUP AND PLANE
USING ROW LINE INVERSION.

NORMALIZES THE FLUXES BY X—-Y PLANE.

3ps
308
308
308
DB
3pB
30B
3pB
3bB
308
3pB
3DB
3DB
30B
308
3DB
3DB
30B
3DB
308
3DB
3DB
3D8B
3p8
3DB
3D8
3D8B
3DB
3D0B
3pB

0038
0039
0040
0041
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053
0054
0055
0056
0057
0058
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
0093
0094
0095
0096
0097
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CNNP

FINPR

NBAL
PRT

GRAM
INPB

AVERAG

MARCH

SHUF

* % ¥ X X*

NINP
NOUT
NSORCE
NSCRAT
NFLUX1
NCXS
NFO

NMO

NF2

NS2
NCR1
NDUM
NTEMP
ALA

B0O7

CNT

T

DAY
DELT
EQO(IGP)
E1(IGP)
E2(IGP)
E3(IGP)
E4(IGP)
ES(IGP)
E6(IGP)
E7(IGP)
E8(IGP)
ES(IGP)
E10(IGP)
E11(IGP)
E0l

E02

E03

E-3 BNWL-1264

PERFORMS CONVERGENCE TESTS AND COMPUTES A NEW
EIGENVALUE FOR SEARCH OPTIONS.

FINAL PRINT--PRINTS GROUP FLUXESs TOTAL FLUXs AND
POWER DENSITIES AND COMPUTES AND PRINTS REACTION
RATESe

COMPUTES AND PRINTS BALANCE TABLES.

PRINTS ANY (IMsJM) ARRAY.

CALCULATES AND PRINTS MATERIAL INVENTORIES BY ZONE.
READS AND PRINTS THE INPUT BURNUP DATA.

CALCULATES ZONE AVERAGED FLUXESs FISSION CROSS

SECTIONSs ABSORPTION CROSS SECTIONSs AND THE
BREEDING RATIO.

308
3DB
3p8B
3DB
308
308
3D8
308
308
3bB
3DB
308
3DB
308
308
308
3DB
3pB
308
3DB

CALCULATES THE TIME DEPEND. ISOTOPIC CONCENTRATIONS.3DB

SHUFFLES MIXTURES.

INTERNAL VARIABLES * * * % %

INPUT UNIT

OUTPUT UNIT

EXTERNAL SOURCE DRUM UNIT

SCRATCH DRUM UNIT FOR LARGE DATA BLOCKS
FLUX DRUM UNIT

FLUX CONSTANTS DRUM UNIT

OLD FISSION SOURCE DRUM UNIT

ZONE NUMBERS BY MESH INTERVAL DRUM UNIT
NEW FISSION SOURCE DRUM UNIT

GROUP SOURCE DRUM UNIT

CROSS SECTION DRUM UNIT

SCRATCH DRUM UNIT FOR SMALL DATA BLOCKS

SCRATCH DRUM UNIT FOR SMALL DATA BLOCKS

LAMBDA

USED, FOR INTERNAL COMPUTATION IN FISCAL AND INIT
CONVERGENCE TRIGGER FOR LAMBDA

CONVERGENCE TRIGGER

BURNUP TIME IN DAYS

LENGTH (DAYS) OF TIME STEP--1F NEGs SHUFFLE MIXES
FISSION RATE

FISSION SOURCE

IN-SCATTER (AND EXTRANEOUS SOURCE)

OUT-SCATTER

ABSORPTIONS

LEFT LEAKAGE
RIGHT LEAKAGE

BACK LEAKAGE
FRONT LEAKAGE
TOTAL LEAKAGE
TOP LEAKAGE
BOTTOM LEAKAGE
TEMPORARY
TEMPORARY
TEMPORARY

308
308
3pB
3oB
3pB
3DB
3D8
3DB
308
308
308
308
3DB
3DB
308
308
308
3p8B
308
308
308
308
308
3DB
308
308
308
308
3D8
3D8
3D8B
308
3DB
3DB
308
3p8B
308
3DB
308

0098
0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
0111
0l12
0113
0114
0115
0116
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
0152
0153
0154
0155
0156
0157



e aNelaNaNeXaNaXaNatakaXaXakaXaXaXaXataXaXa¥aXa¥aXataXa¥a¥aXaXaXaNaXaXaaXaNaXaXaXaNaXaNakalaNaNaRaNaNaNalaNaNaNaNaNalal

E-4 BNWL-1264

EQ TEMPORARY FOR CNNP 3DB 0158
EVP PREVIOUS EIGENVALUE 3DB 0159
EVPP EIGENVALUE FOR TWO ITERATIONS BACK 3DB 0160
FEF ENERGY RELEASED PER FISSION (=215 MEV) 3DB o0lél
GBAR GROUP INDICATOR FOR TAPE MOTION IN OUTER 3DB 0162
GLH MAXIMUM TIME IN SECONDS 3DB 0163
IGEP IGE + 1 3DB 0164
1GP IGM + 1 3DB 0165
16V GROUP INDICATOR FOR INNER AND OUTER 3DB 0166
IHA POSITION OF ABSORPTION CROSS SECTION 3DB 0167
1HF POSITION OF FISSION CROSS SECTION 3DB 0168
IHS POSITION OF SIGMA SELF SCATTER 3DB 0169
11 INNER ITERATION COUNT FOR A SINGLE GROUP 3DB 0170
IMJUM IM* UM 3DB 0171
IP IM + 1 3DB 0172
ITEMP TEMPORARY 3DB 0173
I1TEMP1 TEMPORARY 3DB 0174
ITEMP2 TEMPORARY 3DB 0175
ITL CROSS SECTION TABLE LENGTH 3DB 0176
ITLMT ITL*MT 3DB 0177
1zp IZM + 1 3DB 0178
JP JM o+ ] 30B 0179
KP KM + 1 3DB 0180
KPAGE PAGE COUNTER FOR MONITOR PRINT 308 0181
LAP LAMBDA FOR PREVIOUS EIGENVALUE 3DpB 0182
LAPP LAMBDA FOR TWO ITERATIONS BACK 3DB 0183
LAR LAMBDA FOR PREVIOUS ITERATION 3D8 0184
LC LOOP COUNT (TOTAL II IN A SINGLE OUTER ITERATION) 3DB 0185
Lec Z ITERATION LOOP COUNT 3DB 0186
ML ABSOLUTE VALUE OF MCR 3DB 0187
NCON NEG/ZERO/POS=TAKE TIME STEP OF DELT/END OF PROBLEM/ 3DB 0188
TAKE TIME STEP OF DELT AND READ BURNUP DATA 3DB 0189

NGOTO TEMPORARY 3DB 0190
NINIT TEMPORARY 3pB 0191
ORFP ORF FOR 1 - LAMBDA LESS THAN 10%*EPS 30B 0192
PoOD PARAMETER OSCILLATION DAMPER (= 1e0) 3D0B 0193
Po2 OUTER ITERATION COUNT 3DB 0194
PBAR TEMPORARY 3DB 0195
SBAR TEMPORARY 308 0196
SK7 SUM OF K7 OVER ALL GROUPS 30B 0197
T06 0/1=NOT DELTA/DELTA CALCULATION 3DB 0198
T7 ALPHA/VELOCITY 3DB 0199
T11 PREVIOUS FISSION TOTAL 308 0200
TEMP TEMPORARY 3DB 0201
TEMP1 TEMPORARY 3DB 0202
TEMP2 TEMPORARY 3D0B 0203
TEMP3 TEMPORARY 3DB 0204
TEMP4 TEMPORARY 3DB 0205
TI TIME 3DB 0206
TSD (MW=-SEC)/(FISSIONS) 3DB 0207
Vil TOTAL SOURCE FOR THE GROUP 3DB 0208
3D8 0209

* % » % % [NPUT VARIABLES (CARDS 1-5) * * % % # 3DB 0210
308 0211

ID(11) IDENTIFICATION CARD 308 0212
MAXT MAX TIME (MINUTES) 3DB 0213
A02 0/1=REGULAR/ADJOINT CALCULATION 308 0214
104 EIGENVALUE TYPE (0/1/2/3/4/5=SOURCE/ALPHA/ 3DB 0215
CONCENTRATION/DELTA/BUCKLING) 3DB 0216

S02 PARAMETRIC EIGENVALUE TYPE (0/1/2=NONE/KEFF/ALPHA) 3DB 0217
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I1GM
NXCM
IHT
MO7

Mo8
Do5
107
Go7

S04

IGE
I1ZM
NLAY

MO1
MCR

M
JM
KM
12
Jz
KZ
Bol
BO2
B03
BO4
B0OS
BO6
NACT
NPRT
NPUN

NP1
NP2
NP3
EV

EVM
S03
BUCK
LAL
L AH
EPS
EPSA
Goé

EPS2
ORF

S01

* ¥ % X X

ATW(ML)
HOLN (ML)
ALAM(ML)
CO(ITLIMT)

E-5

NUMBER OF GROUPS
NUMBER OF DOWNSCATTERING TERMS

BNWL~1264

308
3D8B

POSITION OF SIGMA TRANSPORT IN CROSS SECTION TABLE 3DB
FLUX GUESS (0/1/2/3/4/5/6=NONE/PHI(X)*PMHI(Y)*PHI(Z)/3DB

PHI(XsYsZ)/PHI(E»XsYsZ) FROM CARDS/PHI(XsYsZ)/
PHI(E9XsYsZ) FROM TAPE/PHI(EsXsY) FROM TAPE®PHI
FROM CARDS)

EXTERNAL SOURCE (SAME OPTIONS AS MO7)

MAXIMUM NUMBER OF OUTER ITERATIONS

MAXIMUM NUMBER OF Z ITERATIONS PER GROUP
MAXIMUM NUMBER OF INNER (XY) ITERATIONS PER Z
ITERATION

XY INVERSION DIRECTION (0/1/2/3=CODE CHOOSES/
ALTERNATE/X/Y)

GEOMETRY (0/1/2=X-Y-=Z/R~THETA-Z/TRIANGULAR=~Z)
NUMBER OF MATERIAL ZONES

NUMBER OF MATERIAL LAYERS

TOTAL NUMBER OF MATERIALS INCLUDING MIXES
NUMBER OF MIXTURE SPECIFICATIONS

NUMBER OF INPUT CROSS SECTION MATERIALS (NEG/
POS=FROM TAPE/CARDS)

NUMBER OF INTERVALS IN THE X DIRECTION

NUMBER IF INTERVALS IN THE Y DIRECTION

NUMBER OF INTERVALS IN THE Z DIRECTION

NUMBER OF ZONES IN THE X DIRECTION (DELTA OPT.
NUMBER OF ZONES IN THE Y DIRECTION (DELTA OPTe
NUMBER OF ZONES IN THE 2z DIRECTION (DELTA OPT.
LEFT BOUNDARY CONDITION (0/1=VACUUM/REFLECTI
RIGHT BOUNDARY CONDITION (0/1=VACUUM/REFLECTI
BACK BOUNDARY CONDITION (0/1=VACUUM/REFLECTI
FRONT BOUNDARY CONDITION (0/1=VACUUM/REFLECTI
TOP BOUNDARY CONDITION (0/1=VACUUM/REFLECTI
BOTTOM BOUNDARY CONDITION (0/1=VACUUM/REFLECTI
NUMBER OF ACTIVITY TRAVERSES

PRINT OPTION (0/1=MINI/MAXI)

FLUX OUTPUT OPTION (0/1/2/3/4=NONE/PHI(XsYsZ)/
PHI(EsXsYsZ) TO CARDS/PHI(XsYsZ)/PHI(EsXsYsZ)
10 TAPE)

RESERVED FOR FUTURE USE

RESERVED FOR FUTURE USE

RESERVED FOR FUTURE USE

FIRST EIGENVALUE GUESS

EIGENVALUE MODIFIER

PARAMETRIC EIGENVALUE

BUCKLING

LAMBDA LOWER

LAMBDA UPPER

EIGENVALUE CONVERGENCE CRITERION

PARAMETER CONVERGENCE CRITERION

INNER (XY) ITERATION CONVERGENCE CRITERION

2 ITERATION CONVERGENCE CRITERION
OVER~RELAXATION FACTOR

NEG/POS=POWER (MWT)/NEUTRON SOURCE RATE

SUBSCRIPTED VARIABLES * * * % *

MATERIAL ATOMIC WEIGHT

MATERIAL NAME

DECAY CONSTANT (DAYS-1)

CROSS SECTION ARRAY FOR CURRENT GROUP

308
(Z) 308
308
308
3D8
3p8
308
308
308
308B
308
308
30B
3DB
308
3D0B
3DB
308
308
308
ONLY)3D8B
ONLY)3DB
ONLY)3DB
VE) 3D8B
VE) 308
VE) 3DB
VE) 3D8B
VE) 3D8&
VE) 308
3D8
308
308
308
3DB
3pB
308
3nB
3DpB
308
308
308
308
3Db8
308
3D8B
308

3p08
308

DB
308
3D0B
3DB
308
308
3D0B
308

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
0270
0271
0272
0273
0274
0275
0276
0277
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NO(IMsIM)
N2(IMsJIM)
AO(IP)
AL(IM)
FO(IMyJIM)
F2(IMsJIM)
I0(M01)
I1(M01)
12(M01)
13(M01)

K6 (IGM)
K7(IGM)
MO(IMsIM)
M2(1ZM)
X0(IP)
X1(IP}
IX2(IM)
X3(12)
X4{IM)
XS(IM)
S2(IMsJIM)
VO(IMsIM)
VT(IGM)
YO(JP)
Y1(JP)
1Y2(IM)
Y3(J42)

Y4 (IM)
Y5(JM)
CXS(IMsIMs5)
VOL (IZM)
MASS (ML IZM)
MATN (ML)

NBR (ML)
LD(ML)
LCN(ML»2)
LFN(MLs7)
PHIB(IZM)
AXS (ML IZM)
FXS(ML»1ZM)
MASSP (ML s12ZM)
CXR(JM)
CXT(IM)
HA{IM OR JM)
PA(IM OR JM)
GAM(12ZM)
ZO(KP)
Z1(KP)
1Z2(KM)
Z3(KZ)
Z4(KM)
Z5(KM)
DUM1 ( IMyUM)
IDUM1(IMsJIM)
DUM2 (IMy UM)
IDUM2 (IMyJM)
LYN(KM)
A2(IM)
EE(11+1IGP)
IGMOD ( IGM)

E-6 BNWL-1264

TOTAL FLUX (OLD)
TCTAL FLUX (NEW)
AREA ELEMENT IN X D
AREA ELEMENT IN Y D
FISSIONS (OLD)
FISSIONS (NEW)
MIX NUMBER
MATERIAL NUMBER FOR MIX

MATERIAL DENSITY

MATERIAL DENSITIES FOR GRAM CALCULATION

FISSION SPECTRUM (EFFECTIVE)

FISSION SPECTRUM (INPUT)

ZONE NUMBERS

MATERIAL NUMBERS BY ZONE

INITIAL POINTS ALONG X AXIS

CURRENT POINTS ALONG X AXIS

X ZONE NUMBERS (DELTA CALCULATION ONLY)

X ZONE MODIFIERS (DELTA CALCULATION ONLY)
AVERAGE X

DELTA X

SOURCE

VOLUME ELEMENTS FOR XY PLANE

NEUTRON VELOCITIES

INITIAL POINTS ALONG Y AXIS

CURRENT POINTS ALONG Y AXIS

Y ZONE NUMBERS (DELTA CALCULATION ONLY)

Y ZONE MODIFIERS (DELTA CALCULATION ONLY)
AVERAGE Y

DELTA Y

CONSTANTS INVOLVING CROSS SECTIONS FOR FLUX CALCe
ZONE VOLUME (LITERS)

MATERIAL INVENTORY IN EACH ZONE

MATERIAL NUMBER FOR BURNABLE ISOTOPES

0/1/2=NO EFFECT/FERTILE/FISSILE ISOTOPE

SOURCE ISOTOPE FOR DECAY

SOURCE ISOTOPES FOR CAPTURE

SOURCE ISOTOPES FOR FISSION

ZONE AVERAGED FLUX

SPECTRUM AVERAGED ABSORPTION CROSS SECTION
SPECTRUM AVERAGED FISSION CROSS SECTION

MATERIAL INVENTORY IN EACH ZONE (PREVIOUS)
CONSTANTS FOR RIGHT BOUNDARY

CORSTANTS FOR BACK BOUNDARY

TEMP STORAGE FOR LINE INVERSION

TEMP STORAGE FOR LINE INVERSION

BUCKLING COEFFICIENTS

INITIAL POINTS ALONG Z AXIS

CURRENT POINTS ALONG Z AXIS

Z ZONE NUMBERS (DELTA CALCULATION ONLY)

2 ZONE MODIFIERS (DELTA CALCULATION ONLY)
AVERAGE Z

DELTA Z

DUMMY ARRAY

DUMMY ARRAY

DUMMY ARRAY

DUMMY ARRAY

LAYER NUMBER BY XY PLANE

AREA ELEMENT IN Z DIRECTION

SAME AS E1(IGP) TO E11(IGP) SUMMED OVER ALL PLANES
GROUP FLUX PRINT MODIFIERS BY GROUP

308
30B
3DB
308
3D8B
308
308
3D0B
308
3p8
3p8
3pB
3D8B
3DB
3DB
308
3D8B
3DB
3DB
3DB
3D8
308
3p8
308
308
308
3D8B
3D8
308
3D8
308
3p8
308
3D8
308
3DB
3DB
3DB
3DB
3pB
308
308
3DB
308
30B
308
3pB
3D08B
3DB
308
DB
3DB
3D8
3pB
3DB
308
3D8
308
308
3DB

0278
0279
0280
0281
0282
0283
0284
0285
0286
0287
0288
0289
0290
0291
0292
0293
0294
0295
0296
0297
0298
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
0309
0310
0311
0312
0313
0314
0315
0316
0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
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NONNNON

100
200

300

500

C

C
600

700

1
1
2
3

1

S W=

1

1
2
3
1

1

1

KMODG
KMODP
KMODF
KMODR
MA(NA
NX(NA

INCLU

E-7
(KM) GROUP PRINT MODIFIERS BY XY PLANE

(KM) POWER PRINT MODIFIERS

(KM} TOTAL FLUX PRINT MODIFIERS

(KM} REACTION RATE PRINT MODIFIERS

cT MATERTAL FOR REACTION RATE TRAVERSES

CTi CROSS SECTION POSITION FOR REACTION RATE TRAVERSES
DE ABC

COMMON A(22000)

SET U
DIMEN
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

CALL

CALL

CALL

CALL
GO 7O

CALL OUTER(A(LAO)sA(LAL) sA(LCO)sA(LFO)»A(LKE)»A(LMO)»A(LM2)
ACLNO) s A(LNZ) s A(LSZ2)»A(LVO) sA(LVT)sA(LYS)sA(LF2)
ITLIMTsACLCXS) 9 IMsUMeA(LX5) s A(LXG) s A(LY4)9A(LCXR)

P DRUM UNITS
SION JLPTAB(T7)

SETDR( 1» 1350005215000,JLPTAB)

SETDR( 2s 3500005215000+ JLPTAB(8}))
SETDR( 3y 5650009215000, JLPTAB(15]))
SETDR( 4»s 780000,215000,JLPTAB(22))

SETDR(17» 995000,
SETDR(1851040000,
SETDR(19+1085000,
SETDR(20+1130000,
SETDR(21+1175000,
SETDR(2251220000,
SETDR(2351265000,
INP

INITLOACLKT) sALLVT)sA(LIO) s A(LII)sA(LI2)sA(LCO)>ITLIAILM2)

A(LGAM})

INIT2(A(LXO) s A(LX1) sA(LIX2) 9o AILX3)9A(LX4) s A(LXS5)9A(LYO)»
ACLY1) s A(LIY2)9A(LY3)sA(LY4)sA(LYS5)sA(LZO)sA(LZ1)>
A(LIZ2)sA(LZ2)2A(LZ4)sA(LZ5)sA(LAD)»A(LAL)»A(LA2)Y

A(LVO),sIM)

INIT3(A(LKS) s A(LKT) sA(LCO) 9 ITLsA(LNO)»IMsA(LFO)9A(LLYN)}

45000, JLPTAB(29))
450004+JLPTAB(36))
45000+, JLPTAB(43))
45000,JLPTAB(50))
45000, JLPTAB(57))
45000, JLPTAB(64))
45000, JJLPTAB(71))

A(LMO)sA(LM2)sA(LVO)»A(LZS))

FISCAL(A(LNO) »A(LFO)»sA(LVO)»A(LCO)sA(LKE)sA(LMO)»A(LM2))

1 ITLsMT»A(LLYN)sA(LZ5))
CALL MONITOR PRINT

MONPR

(60055009500+500)s NGOTO
PERFORM AN OUTER ITERATION

BNWL-1264

308
3DB
308
3p8
308
308
308
3DB
308
308
3apB
3D8B
3DB
3D8
308
3p8
308
308
3D8
3pB
308
308
308
3pB
3pB
o8
308
30B
3DB
3DB
3DB
3D8B
3DB
308
308
3DB
3D8B
3DB
3D8B
3pB

A(LCXT) sA(LHA) sA(LPA) sA(LLYN)9sA(LZ5)sA(LEE)sA(LIDUM1)s 3DB

A(LIDUMZ2) sA(LDUML) sA(LDUM2) sA(LA2)sA(LZ4))

PERFORM FISSION CALCULATION

CALL FISCAL{A(LNO)»A(LFO)sA(LVO)sA(LCO)»A(LKE)9A(LMO)»A(LM2)

PERFORM CONVERGENCE AND NEwW PARAMETER CALCULATIONS

ITLsMTsA(LLYN) »A(LZ5))

CALL CNNP(A(LF2)sA(LKSE))
(60053005200)s NGOTO

GO TO

600/300/200=FINAL PRINT/MONITOR PRINT/SEARCH CALCULATION
CALL FINPR(A(LX1)sA(LX4)sA(LYL)sA(LY4)sA(LZ1)9A(LZ4)sA(LCO) Y
ITLsACLN2) s IMyA(LLYN) sA(LMO)sA(LF2) sA(LNO)»A(LM2])

CALL GRAM(A(LMASS)sA(LVOL) sA(LATW) sA(LHOLN) s IMsJIMsA(LMO)sA(LM2)
A(LVO)sA(LIO) s A(LIL) sA(LI2)sMLIA(LI3)SsA(LZ5)sA(LLYN))
CALL INPB{A(LMATN) sA(LNBR)sA(LLD)sA(LLCN)sA(LLFN)sA(LALAM)

IF (NC
CALL

ans
3D8
308
3p8
3pB
3DB
3pB
308
3pe
308

A(LIGMOD) sA(LKMODG) s A{LKMODF) s A(LKMODP) s ATLMA) s A(LNX)» 3DB
A(LS2)sA(LKMODR) sA(LEE))

A(LHOLN) sMLsA(LI2))

ON) 700,100,700

AVERAG(A(LPHIB) sA(LAXS)sA{LFXS)sA(LMATN) sA(LMASS) s A(LATW)
A(LVOL)sA(LCO)sA(LN2)sA(LMO) sA(LVO) s A(LHOLN) sMLsITL »

308
308
308
3D0B
308
308
3p8
3DB

0338
0339
0340
0341
0342
0343
0344
0345
0346
0347
0348
0349
0350
0351
0352
0353
0354
0355
0356
0357
0358
0359
0360
0361
0362
0363
0364
0365
0366
0367
0368
0369
0370
0371
0372
0373
0374
0375
0376
0377
0378
0379
06380
0381
0382
0383
0384
0385
0386
0387
0388
0389
0390
0391
0392
0393
0394
0395
0396
0397



E-8

2 A(LNBR) sA(LZ5)sA(LLYN))
IF (DELT) 900,100,800
800 CALL MARCH(A(LPHIB)sA(LMATN) sA(LFXS) sA(LAXS)»A(LVOL)sA(LMASS)»

1 A(LMASSP) sA(LALAM) sA{LLD) s A{LLCN) s A(LLFN) oML
2 A(LIO)sA(LI1)sA(LI2)»A(LM2))
GO TO 200
900 CALL SHUF(A(LIO)sA(LI1)sA(LI2))
GO TO 200

END
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3D8
3DB
3DB
308
)
3D8B
3DB
308
3D8B

0398
0399
0400
0401
06402
0403
0404
0405
0406

L]
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10

20
30

60

70

SUBROUTINE INP
INCLUDE ABC
COMMON A(22000)

E-9 BNWL-1264

3pe
308
3D8
308

THIS SUBROUTINE CONTROLS THE READING AND PRINTING OF INITIAL DATA 3DB
CALL ETIME 3DB
NINP = 5 3DpB
NOUT = 6 3DB
NSORCE = 1 3pB
NSCRAT = 2 3DB
NFLUX1 = 3 3DB
NCXS = &4 308
NFO = 17 308
NMO = 18 3DB
NF2 = 19 308
NS2 = 20 3DB
NCR1 = 21 3pB
NDUM = 22 3DB
NTEMP = 23 3D8B
REWIND NSORCE 3DB
REWIND NSCRAT 3DB
REWIND NFLUX1 3DB
REWIND NCXS 3DB
REWIND NFO 3DB
REWIND NMO 3DB
REWIND NF2 3DB
REWIND NS2 308
REWIND NCR1 3DB
REWIND NDUM apB
REWIND NTEMP 3DB
WRITE(NOUT» 10) 3D8B
FORMAT(1H1+42X935H * * * % 3D8B * ok X ///) 308
READ{NINP»20) (ID(I)s I=1911)s MAXTs AO2s I04s S02s IGMs NXCM» 3DB
1 IHTs MO7s MO8s DO5s 1079 GO7s» SO4s IGEs IZM» 3DB
2 NLAYs MTs MOls MCRs IMy JMs KMy 129 JZs KZ» 3DB
3 BOls BO2s BO3s BO4s BOS, BO6s NACTTs NPRTs NPUN» 3DB
4 NP1s NP2s NP3s EVs EVMs SO3s BUCKs LAL» LAHs EPSs 3DB
5 EPSAs GO6s EPS2s ORFs SO1 3DB
FORMAT(11A616/1216/1216/1216/6E12.6/6E1246) 308
WRITE(NOUT30) (ID(I)sI=1s11)s MAXT 308
FORMAT(/10X911A6+16/) 3DB
WRITE (NOUT+60) AO2, 104y SO2s IGMs NXCMs IHT 3DB
FORMAT ( 3DB
192H AQ2 0/1=REGULAR CALCULATION/ADJOINT CALCULATION 308
2 19/ 3DB
392H 104 EIGENVALUE TYPE (0/1/2/3/4/5=SOURCE/KEFF/ALPHA/CON3DB
4CENTRATION/DELTA/BUCKLING) 19/ 0B
592H 502 PARAMETRIC EIGENVALUE TYPE (0/1/2=NONE/KEFF/ALPHA)3DB
6 19/ 3DB
T792H IGM NUMBER OF GROUPS 3DB
8 19/ 3DB
992H NXCM NUMBER OF DOWNSCATTERING TERMS 3DB
1 197 308
292H IHT POSITION OF SIGMA TRANSPORT IN CROSS SECTION TABLE 3DB
3 19) 308
WRITE(NOUTs70) MO7s MOB8s DOS5s I07s GOT7s SO4 3ipB
FORMAT ( 3DB
192H MO7 FLUX GUESS (0/1/2/3/4/5/6=NONE/PHI(X)®#PHI(Y)*PHI(Z)3DB
2/PHI(XsYsZ)/ / 3DB

392H

PHI(EsXsYsZ) FROM CARDS/PHI(XsYsZ)/PHI(EsXsYsZ) FRO3DB

0407
0408
0409
0410
0411
0612
0413
0414
0415
0416
0417
0418
0419
0420
0421
0422
0423
0424
0425
0426
0427
0428
0429
0430
0431
0432
0433
0434
0435
0436
0437
0438
0439
0440
0441
0442
0443
0444
0445
0446
0447
0448
0449
0450
0451
0452
0453
0454
0455
0456
0457
0458
0459
0460
0461
0462
0463
0464
0465
0466



80

90

95

100

4M TAPE/
592H

6

592H MO8
6

792H  DOS
8

9924 107
1

292H GO7
3TION

492H  SO4
5ATE/X/Y)
WRITE(NOUT»80)
FORMAT {(
192H  IGE
2

292H  1ZM

4

592H NLAY
6

792H MT
8

992H MOl
1

292H  MCR

30M TAPE/CARDS)
WRITE (NOUT»90)

FORMAT (
192H IM
2
392H JM
4
592H KM
6
792H 1z
8LY)
992H JZ
1LY)
292H Kz
3LY)

WRITE(NOUT»95)

FORMAT(
192H BO1
2
392H BO2
4
592H BO3
6
T792H BO4
8
992H BO5
1
292H BO6
3

WRITE(NOUT,100)

FORMAT(
192H NACT
2
T792H NPRT

E-T10

/
PHI(EsXsY) FROM TAPE¥PHI(Z) FROM CARDS)

19/

EXTERNAL SOURCE GUESS (SAME OPTIONS AS MO7)

19/
MAXIMUM NUMBER OF OUTER ITERATIONS

19/

MAXIMUM NUMBER OF Z ITERATIONS PER GROUP

19/

3DB
3D8
308
3DB
3D8
3pB
308
3bB

3DB

XY INVERSION DIRECTION (0/1/2/3=CODE CHOOSES/ALTERN3DB

197)

IGEs IZM» NLAYs MTs MOls» MCR

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

19/

NUMBER OF MATERIAL ZONES
19/

NUMBER OF MATERIAL LAYERS
197

TOTAL NUMBER OF MATERIALS INCLUDING MIXES

19/

NUMBER OF MIXTURE SPECIFICATIONS

197

308
3DB
3DB
3DB
30B
3DB
308
308
3D8
3D8B
308
3pB
308

NUMBER OF INPUT CROSS SECTION MATERIALS (NEG/POS=FR3DB

19)
IMy UMs KMy 12y JZ» K2Z

NUMBER OF INTERVALS IN THE X DIRECTION

19/

NUMBER OF INTERVALS IN THE Y DIRECTION

19/

NUMBER OF INTERVALS IN THE Z DIRECTION

19/

NUMBER OF ZONES IN THE x DIRECTION

19/

NUMBER OF ZONES IN THE Y DIRECTION

19/

3D8
3DB
308
3bB
3D8B
308
3DB
3bB
3D8

(DELTA OPTION ON3DB

3DB

(DELTA OPTION ON3DB

3D0B

NUMBER OF ZONES IN THE Z DIRECTION (DELTA OPTION ON3DB

197)

BOls BO2s BO3» BO4» BOS» BO6

LEFT BOUNDARY CONDITION

RIGHT BOUNDARigéONDITION

BACK BOUNDARigéONDITION

FRONT BOUNDAR#géONDITION

TOP BOUNDAR&géONDITION

BOTTOM BOUNDARigéONDITION
NACTs NPRT, ;3&N

(0/1=VACUUM/REFLECTIVE)
(0/1=VACUUM/REFLECTIVE)
(0/1=VACUUM/REFLECTIVE)
(0/1=VACUUM/REFLECTIVE)
(0/1=VACUUM/REFLECTIVE)

(0/1=VACUUM/REFLECTIVE)

NUMBER OF ACTIVITY TRAVERSES

19/

PRINT OPTION (0/1=MINI/MAXL)

3D0B
3pB
308
3D8
3DB
3DB
30B
3DB
ape
308
308
3DB
308
3DB
3D8
3DB
3DB
3DB
3DB
3DB

BNWL-1264

0467
0468

0469
0470
0471
0472
0473
0474

19/ 3DB 0475
MAXIMUM NUMBER OF INNER (XY) ITERATIONS PER Z ITERA3DB

0476
0477
0478
0479
0480
0481
0482
0483
0484
0485
0486
0487
0488
0489
0490
0491
0492
0493
0494
0495
0496
0497
0498
0499
0500
0501
0502
0503
0504
0505
0506
0507
0508
0509
0510
0511
0512
0513
0514
0515
0516
0517
0518
0519
0520
0521
0522
0523
0524
0525
0526



110

120

130
140
150
160
170
180
190
200
210
220
230
240
250
260

270
280

290
295

E-11

6 19/ 3DB
392H NPUN FLUX OUTPUT OPTION (0/1/2/3/4=NONE/PHI(XsY¥sZ)/PHI(E3DB
4sX»Ys2) TO CARDS/ / 308
592H PHI (XsYsZ)/PHI (E+X»Ys2) TO TAPE) 308
8 19/) 3DB
WRITE(NOUT»110) EVs EVM, S03s BUCKs LALs LAH 3D8
FORMAT (1H1/// 3DB
191H  EV FIRST EIGENVALUE GUESS 308
2 1PEL0.4/ 30B
391H  EVM EIGENVALUE MODIFIER 3DB
2 1PE1044/ 3DB
591H  S03 PARAMETRIC EIGENVALUE 308
2 1PE10.4/ 308
791H  BUCK BUCKLING (CM-2) 308
2 1PE10e4/ 3DB
991H  LAL LAMBDA LOWER 3D8B
2 1PE1044/ 308
291H  LAH LAMBDA UPPER 3DB
2 1PE1044/) 308
WRITE(NOUT»120)  EPS»s EPSAs GO6s EPS2sORF» SO1 308
FORMAT( 308
191H  EPS EIGENVALUE CONVERGENCE CRITERION 308
2 1PE10.4/ 3DB
391H EPSA PARAMETER CONVERGENCE CRITERION 308
2 1PE1044/ 308
591H  GO6 INNER (XY) ITERATION CONVERGENCE CRITERION (IF 0s U3DB
2SE EPS) 1PE10.4/ 308
791H  EPS2 Z ITERATION CONVERGENCE CRITERION (IF 0s USE EPS) 3DB
2 1PE1044/ 308
991H  ORF OVER-RELAXATION FACTOR 3DB
2 1PE1044/ 308
291H  S01 NEGATIVE/POSITIVE=POWER (MWT)/NEUTRON SOURCE RATE 3DB
2 1PE10.4/) 308
CHECK ON DRUM SIZE 308
IF (IM¥JMAKM - 45000) 140+ 130s 130 308
CALL ERRO2(6H  INP»130s1) 3DB
IF(IMXJM¥KM*IGM - 215000) 160s 150s 150 308
CALL ERRO2(6H  INP»150s1) 3DB
IF (IM*JM¥KM*5+IM+JM - 215000) 180s 170s 170 308
CALL ERRO2(6H  INP+170s1) 308
IF(ITL*MT®IGM ~ 45000) 2005 190s 190 308
CALL ERRO2(6H  INP»190s1) 3DB
IF(1Z + JZ + KZ) 230, 210, 230 308
IF(104 - 4) 230, 220, 230 3DB
CALL ERRO2 (6H  INPs22051) 308
IF(S02) 2405 260s 240 308
IF(S03) 260, 250, 260 308
CALL ERRO2 (6H INP+250,1) 308
FEF = 21540 3DB
IF(GO6) 27052705280 308
606 = EPS 308
IF(EPS2) 29052904295 308
EPS2 = EPS 3p8B
TSD = FEF¥1.602%#10.#%(=19) 308
GLH = MAXT#60 308
POD = 1.0 3DB
KPAGE = 100 308
IHS = IHT + 1 308
ITL = IHS + NXCM 3b8
IHA = IHT - 2 308
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0527
0528
0529
0530
0531
0532
0533
0534
0535
0536
0537
0538
0539
0540
0541
0542
0543
0544
0545
0546
0547
0548
0549
0550
0551
0552
0553
0554
0555
0556
0557
0558
0559
0560
0561
0562
0563
0564
0565
0566
0567
0568
0569
0570
0571
0572
0573
0574
0575
0576
0577
0578
0579
0580
0581
0582
0583
0584
0585
0586



300
310

IHF = IHT - 3
IZP = IZM + 1
IP = IM + 1
JP = UM + ]
KP = KM + 1

ML = I1ABS(MCR)
IGP = IGM + 1
IGEP = IGE + 1
IMUM = IM¥JM
ITLMT = ITL*MT

EQ = o0
LAP = o0
LAPP = o0
LAR = 0.0
DAY = 0,0
ALA = o0
LC =0
LeCc = 0
P02 = 0
CvT = 0
CNT = O
NCON = O
T06 = 0
IF(104-4) 310, 300, 310
T06 = 1

ORFP =10%(ORF - 1e0) + 140
COMPUTE DIMENSION POINTERS
LATW = 1

LHOLN = LATW + ML

LALAM = LHOLN + ML

LCO = LALAM + ML
LNO = LCO + ITL#*MT
LNZ2 = LNO + IMUM
LAO = LN2 + IMUM
LAl = LAO + IP
LFO = LAl + IM
LF2 = LFO + IMJUM
LIO = LF2 + IMUM
LI1 = LIO + MOl
LI2 = LI1 + MOl
LI3 = LIZ2 + MO1
LK6 = LI3 + MOl
LK7 = LK6 + IGM
LMO = LK7 + IGM
LM2 = LMO + IMUM
LXO = LM2 + IIM
LX1 = LX0 + IP

LIX2 = LX1 + IP

LX3 = LIX2 + TO6*IM
LX4 = LX3 + TO6%*]I2
LX5 = LX4 + IM

LS2 = LX5 + IM

LVO = LS2 + IMUM
LVT = LVO + IMUM
LYO = LVT7 + IGM

LYl = LYO + UP

LIY2 = LYl + JUP

LY3 = LIY2 + UM%TO06
LY4 = LY3 + JZ*T06
LYS = LY4 + UM

308
3DB
3DB
3DB
3DB
30B
3DB
3pB
3DB
3DB
3DB
3DB
3DB
3D8
3D8B
308B
3DB
3DB
308
3DB
308
3D8B
308
3DB
3D8B
3DB
3DB
3pB
3D0B
308
3DB
3DB
3DB
3DB
3DB
308
3Db8
308
3DB
308
308
308
3DB
308
3DB
3DB
3D8
308
3D0B
3DB
3DB
308
3D8B
3DB
308
3DB
3DB
3DB
3D8
3DB
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0587
0588
0589
0590
0591
0592
0593
0594
0595
0596
0597
0598
0599
0600
0601
0602
0603
0604
0605
0606
0607
0608
0609
0610
0611
0612
0613
0614
0615
0616
0617
0618
0619
0620
0621
0622
0623
0624
0625
0626
0627
0628
0629
0630
0631
0632
0633
0634
0635
0636
0637
0638
0639
0640
0641
0642
0643
0644
0645
0646



320

325

326
328
330

335

LCXS LYS + UM

LvOL LCXS + IMJUM#¥5
LMASS = LVOL + IZIM
LMATN = LMASS + ML¥*IZM
LNBR = LMATN + ML

LLD = LNBR + ML

LLCN = LLD + ML

LLFN = LLCN + ML*2
LPHIB = LLFN + ML*7
LAXS = LPHIB + IZM

LFXS = LAXS + ML*IZM
LMASSP = LFXS + ML¥*IZM
LCXR = LMASSP + ML*IZM
LCXT = LCXR + UM

LHA = LCXT + IM

LPA = LHA + MAXO(IMyJUM)
LGAM = LPA + MAXO(IMyJUM)
LZO = LGAM + IZM

LZ1 = LZO + KP

LIZ2 = LZ1 + KP

LZ3 = LIZ2 + TO6*KM
LZ4 = LZ3 + TO6%KZ
LZ5 = LZ4 + KM

LDUM1 = LZ5 + KM
LIDUM1 = LDUM1 + IMJUM
LDUM2 = LIDUM1 + IMJM
LIDUMZ2 = LDUM2 + IMJM
LLYN = LIDUMZ + IMUM
LA2 LLYN + KM

LEE = LA2 + IM

LIGMOD = LEE + 11%*IGP

[

LKMODG = LIGMOD + IGM*NPRT
LKMODP = LKMODG + KM*NPRT
LKMODF = LKMODP + KM¥NPRT
LKMODR = LKMODF + KM¥*NPRT
LMA = LKMODR + KM

LNX = LMA + NACT

LAST = LNX + NACT

ITEMP = 1 + 3%ML + IGP*ITL*MT

LAST = MAXO(LASTSITEMP)

WRITE(NOUT»320) LAST

FORMAT(SH LASTs16)

READ CROSS SECTIONS AND WRITE CROSS SECTION TAPE

CALL RECS(A(LNO)sA(LCO)sITLsIGMIMTA(LATW)sA(LHOLN)sA(LALAM))

DO 325 I=LCOs LAST

All) = 0

READ FLUXES AND WRITE FLUX TAPE

CALL FXINP(A(LNO)»A(LXO)s A(LYO)9»A(LZO)sA(LN2)sIM»0)
READ EXTERNAL SOURCE

IF (104) 328+326+328

CALL FXINP(A(LNO)sA(LXO)s A(LYO)sA(LZO)sA(LN2)3sIMs1)
WRITE(NOUTs330)

FORMAT (40H1MESH BOUNDARIES (X0/Y0/Z0=X/Y/Z POINTS))
CALL REAG2(6H X09A(LXO)sIP)

CALL REAG2(6H YOsA(LYO)sJP)

CALL REAG2(éH ZO0yA(LZO) sKP)

WRITE (NOUT+335)

FORMAT(26HOLAYER NUMBERS BY XY PLANE)

CALL REAI2(6H LYNsA(LLYN) sKM)

DO 345 N=1sNLAY
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3D0B
308
308
3DB
308
3DB
3D8B
3p8
3DB
3D8B
308
30B
3DB
3DB
3p8
3DB
308
3D8B
308
308
308
3DB
3DB
3DB
3D8B
3D0B
3DB
308
3DB
3DB
3D8
3DB
3DB
3DB
3DB
3DB
3DB
308
3DB
308
308
308
2DB
208
208
2DB
3D0B
308
3Db8B
3DB
308
308
308
308
308
3D0B
3DB
3DB
308
3DB

0647
0648
0649
0650
0651
0652
0653
0654
0655
0656
0657
0658
0659
0660
0661
0662
0663
0664
0665
0666
0667
0668
0669
0670
0671
0672
0673
0674
0675
0676
0677
0678
0679
0680
0681
0682
0683
0684
0685
0686
0687
0688
0689
0690
0691
0692
0693
0694
0695
0696
0697
0698
0699
0700
0701
0702
0703
0704
0705
0706



340

345

350

351
352
354
358
360
370

380
390

400

410
420

440
450
460

470

475

480

490
500

510

520

E-14

WRITE(NOUT»340) N

FORMAT(40HOZONE NUMBERS BY MESH INTERVAL FOR LAYERI3)
CALL REAI2(6H MOsA(LMO) » IMIM)
CALL DRUMR(NMOsA(LMO}sIMIM,y1)

REWIND NMO

WRITE {NOUT,»350)

FORMAT(25HOMATERIAL NUMBERS BY ZONE)
CALL REAT2(6H M25sA(LM2),1ZM)
IF(104 - 5) 351+352,351

IF(BUCK) 352, 358y 352

WRITE (NOUT»354)

FORMAT (30HOBUCKLING COEFFICIENTS BY ZONE)
CALL REAG2(6H GAMsA(LGAM) s 1ZM)
WRITE (NOUT,»360)

FORMAT(17HOFISSION SPECTRUM)

CALL REAG2(6H K7sA{LK7)sIGM)
WRITE(NOUY»370)

FORMAT{ 17THONEUTRON VELOCITY)

CALL REAG2(6H VTsA(LVT)sIGM)
IF(MO1) 400y 400, 380

WRITE (NOUT»390)

FORMAT(82HOMIXTURE SPECIFICATIONS (I0/11/12=MIX NUMBER/MAT,

1 FOR MIX/MATERIAL DENSITY))

CALL REAIZ2(6H I0sA(LIO)}#MO1)
CALL REAI2(6H I1:A(LIL1)9MO1)
CALL REAG2(6H 12,A(LTI2)9sM01)
CONTINLE

CHECK FOR DELTA CALCULATION
IF(I04 = 4) 440, 64104 440

WRTITE (NOUT»420)
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308
3DB
3DB
3DB
3DbB
3DB
3DB
3D8B
3DB
3DB
3D0B
3p8B
3DB
308
3DB
308
308
3DB
308
3DB
3DB

NUMBER3DB

3DB
3D8
3DB
3Dp8B
3DB
308
3DB
3DB

FORMAT(B81HODELTA OPTION DATA (IX2/1Y2/1Z22/X3/Y3/23=X/Y/Z ZONE NUMB3DB

1LERS/X/Y/Z ZONE MODIFIERS))
CALL REAIZ(6H IX2sA(LIX2)sIM)

CALL REAGZ(6H X39A(LX3)s12)
CALL REAT2(6H IY29A(LIY2)sIM)
CALL REAG2(6H Y3sA(LY3)JZ)

CALL REAI2(6H 1Z29A(LIZ2)9KM)

CALL REAG2({6&H Z3sA(LZ3}+K2Z)

IF(NACT) 480y 48C> 450

WRITE (NOUT»460)

FORMAT {40HOMATERTAL NUMBERS FOR ACTIVITY TRAVERSES)
CALL REAIZ2(&H MAsA(LMA) sNACT)

WRITE(NQUT»470)

FORMAT (46HOCRNSS SECTION POSITION FOR ACTIVITY TRAVERSES)

CALL REAT2(€éH NX9sA(LNX) sNACT)

WRITE (NOUTs475)

FORMAT(42HOREACTION RATE PRINT MODIFIERS BY XY PLANE)
CALL REAI2{6H KMODRsA(LKMODR)sKM)

IF(NPRT) 520, 520, 490

WRITE (NOUT»500)

FORMAT(30H0FLUX PRINT MODIFIERS BY GROUP)

CALL REAiI2(6H IGMODsA{LIGMOD) »IGM)

WRITE(NOUT»510)

3DB
3DB
3DB
308
3DB
3DB
3DB
3DB
3p8
3D0B
308
3DB
30B
3DB
3D8B
3DB
3DB
3DB
308
3DB
3DB
3DB

FUGRMAT(76HOPRINT MODIFIERS BY XY PLANE (KMODG/KMODF/KMODP=GROUP FL3DB

1UX/TOTAL FLUX/POWER}))

CALL REAI2!{6H KMODGsA(LKMODG) sKM)

CALL REAI2(6H KMODFsA(LKMODF) skKM)

CALL REAI2(6H KMODPsA (LKMODP) sKM)

CALL MAPR(A(LMO)sA(LM2)sIMsIMsA(LFO) »A(LLYN))
IF{LAST-22000) 570s 570y 560

3bB
3DB
3DB
3DB
30B
3D8

0707
0708
0709
0710
0711
0712
0713
0714
0715
0716
0717
0718
6719
0720
0721
0722
0723
0724
0725
0726
0727
0728
0729
0730
0731
0732
0733
0734
0735
0736
0737
0738
0739
0740
0741
0742
0743
0744
0745
0746
0747
0748
0749
0750
0751
0752
0753
0754
0755
0756
0757
0758
0759
0760
0761
0762
0763
0764
0765
0766



560
570

CALL ERRO2(6H
RETURN
END

INP9560s1)

BNWL-1264

3DB 0767
3DB 0768
3DB 0769
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~IT FRS5 ERRO2sERRO2
SUBROUTINE ERRO2( HOLsJSUBRs1)
COMMON NINPs NOUTs NSORCEs NSCRATs NFLUX1»
WRITE (NOUTs1) HOL » JSUBR

FORMAT(2H #/9H ERROR INs»A693H AT»16/2H */2H *)
GO TO (3s4)1

sToP

RETURN

END

NCXSs

NFO

BNWL-1264

3DB
308
DB
308
308
3DB
3D8
3DB
3DB

0770
0771
0772
0773
0774
0775
0776
0777
0778

»
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-IT FRS SWITCHsSWITCH

C

SUBROUTINE SWITCH(ITEMPl,I1TEMP2)

THIS SUBROUTINE SWITCHS TAPE DESIGNATIONS
ITEMP3 = ITEMP1

ITEMP1 = ITEMP2

ITEMP2 = ITEMP3

RETURN

END

-IT FRs DRUMR s DRUMR

[aXaXaNaXa)

SUBROUTINE DRUMR(NUNITsN29sIMJIMsK)

THIS SUBROUTINE READS DATA FROM DRUM OR WRITES DATA TO DRUM
CALL DRUMR(NFLUX1sN2sIMUMy2) REPLACES THE FOLLOWING STATEMENT
READ(NFLUX1) (N2(I1)ys I=19IMJIM)

CALL DRUMR(NFLUX1sN2sIMJUMy1) REPLACES THE FOLLOWING STATEMENT
WRITE(NFLUX1) (N2(I)s I=19IMJIM)

ITEMPY = IMJIM

CALL NTRAN(NUNITsKsITEMP99N2sL)

IF(L+1) 20 10, 30

CALL ERRO2(6H DRUMR»20s51)

RETURN

END

BNWL-1264

308
308
308

0779
0780
0781

3DB 0782
308 0783
3DB 0784
3DB 0785

3DB 0786

308
3DB
308
3D8
308
3DB
3D8
3oB
308

3DB
308
3DB

0787
0788
0789
0790
0791
0792
0793
0794
0795
0796
0797
0798
0799
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~ITC FR5 RECSRECS

30
35

40
45
50
55
60

70
90

100
110

120
130
135
138
140
150

160
170

180

190
200

210

SUBROUTINE RECS (CsCO9sJTL9JGMyIMT sATWsHOLNIALAM)
INCLUDE ABC

DIMENSION C(JTL9JGMy»UMT)s CO(JTLJIMT )y ATW(1)s HOLN(1)»s» ALAM(1)

DIMENSION AA(9)

THIS SUBROUTINE READS CROSS SECTIONS» PERFORMS ADJOINT
REVERSALS IF REQUIREDs AND WRITES CROSS SECTION TAPE
WRITE(NOUT»5) (ID(I)s I=1911)

FORMAT (1H1911A69///)

WRITE (NOUTs 20 )

3D0B
308
3DB
3DB
308
3D08B
3DB
3pB
3DB
3D8

FORMAT (55H CROSS SECTIONS ARE READ-IN FOR THE FOLLOWING MATERIALS3DB

1/)

DO 50 I=1,ML

READ (NINPs 30) HOLN(I)y ATW(I)s ALAM(I)s (AA(J)s J=1,9)
ALAM( 1) = ALAM(1)/(24¢%36004)

FORMAT(A6s 2E642s 9A6)

IF(MCR) 35535540

READ(15) ((C(LsIIGsI)s L=19ITL)s I11G=19IGM)
GO TO 50

DO 45 11G=1sI1GM

READ(NINPs60) (C(L2IIGsI)s L=1sITL)
WRITE(NOUTs 55) Iy HOLN(I)s (AA(J)y J=159)
FORMAT(I3s 6Xs Abs 6Xs 9A6)

FORMAT(6E1245)

CHECK ON CROSS SECTION CONSISTENCY AND ORDER

ITEMP = O
IF(MCR) 70970590
REWIND 15

DO 140 J=1sML

DO 140 I=1,IGM

G = C(IHAsIsJ) + ClIHSsIyJ)
DO 110 K = 1y NXCM

Kk = 1 + K

M = IHS + K

IF(KK ~ IGM) 100s 100y 110
G = G + C(MsKKsJ)

CONT INUE
IF(ABS{(G = C(IHTsI9J) )/C(IHTsI9J)) - +01) 135+ 120s 120
ITEMP = 1

FORMAT{1H /s16H CHECK MATERIAL 1245Xs 7H GROUP I2)
IF(ABS((G = C(IHTsIsJ ))/C(IHTsIsJ)) - 40001) 140, 138y 138
WRITE(NOUT»130) Js I

CONTINUE

IF (ITEMP) 16051605150

CALL EXIT

A02=0/1=FLUX CALCULATION/ADJOINT CALCULATION
IF(A02) 1704 280s 170

DO 190 I1IG=1yIGM

IGBAR=IGM-11G+1

DO 180 M=1sMT

DO 180 L = 1sIHS

TEMP=C(LsIIGsM)

C(LsIIGsM)=C(L9sIGBARM)

C(LsIGBARIM)=TEMP

IF (IGBAR - 1IG -1) 200s 200s 190

CONTINUE

CONTINUE

KK = ITL = IHS

IF (KK) 280, 280y 210

CONTINVE

3DB
3DB
308
3DB
308
3DB
3DB
308
3pB
3DB
3DB
308
3DB
3D0B
3DB
3DB
3D8
3DB
3DB
3DB
3DB
308
3DB
308
3DB
3DB
3DB
3DB
3DB
3D8B
3DB
308
3DB
308
3D8B
3DB
3DB
308
3DB
3DB
3D0B
3DB
3DB
308
3DB
3DB
308
3DB
308

BNWL-1264

0800
0801
0802
0803
0804
0805
0806
0807
0808
0809
0810
0811
0812
0813
0814
0815
0816
0817
0818
0819
0820
0821
0822
0823
0824
0825
0826
0827
0828
0829
0830
0831
0832
0833
0834
0835
0836
0837
0838
0839
0840
0841
0842
0843
0844
0845
0846
0847
0848
0849
0850
0851
0852
0853
0854
0855
0856
0857
0858
0859



220
230

240
C
280

290
300

DO 240 M = 1,MT

DO 240 1IIG = 1+IGM

IGBAR = IGM -~ 11G + 1

DO 240 L = 1sKK

IF (L = 1IG) 220y 240s 240
I =L + IHS

ITEMP = IGBAR + L

IF (11G - ITEMP) 230, 230s 240
TEMP = C(Is IIGy M)
C(IsTIGsM) = C(IZITEMPsM)
C(I+sITEMPsM) = TEMP
CONTINUE

WRITE CROSS SECTION TAPE
DO 300 IIG=1sIGM

DO 290 M=1sMT

DO 290 L=1,ITL
CO(LoM)I=C(L2IIGHM)

CALL DRUMR(NCR1sCOsITLMTy1)
REWIND NCR1

RETURN

END

E-19
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3DB
3DB
3D8
aps
308
308
3pB
308
308
3D8B
3DpB
3DB
3DpB
3DB
3D8
3DB
DB
308
3pB
3DB
3DB

0860
0861
0862
0863
0864
0865
0866
0867
0868
0869
0870
0871
0872
0873
0874
0875
0876
0877
0878
0879
0880



~ITC FR5 FXINPsFXINP
SUBROUTINE FXINP(NOsRFsZFoHF osN2sJIMy ITEMP)

50

70

80

100

200
210
215
218
220

228
230
235

240

300
310
315
320

330

350
360

DIMENSION NO(JIMs1)s RF(1)s ZF(1)s HF(1)s N2(JIMsl)

REAL NOs» N2
INCLUDE ABC

THIS SUBROUTINE READS INPUT FLUXES

SOURCE (IF(ITEMPI=1)
IF(ITEMP) S0, 50, 70
ITEMP1 = MO7 + 1

NI = 14

GO TO 80

ITEMP1 = M08 + 1

CALL SWITCH(NSORCEsNFLUX1)
NI = 10

DO 800 11G=1,IGM

DO 800 KK=1sKM

E-20

GO TO (100520093005315+30093309350)»

DO 150 KJ=1sIM

DO 150 Ki=1yiM
NO(KTsKJ) = 1,0

GO TO 800

IF(116=1) 210s 210 240
IF(KK=1) 215s 215s 240
IF(ITEMP) 218, 218y 228
WRITE(NOUT,»220)

FORMAT (53HOFLUX GUESS (RF/ZF/HF=X PROFILE/Y PROFILE/Z PROFILE))

GO TO 235
WRITE (NOUT»230)

(IF(ITEMP)=0)

ITEMP1

AND THE EXTERNAL

308
3DbB
308
3DB
3pB
3D0B
308
3DB
3D8B
308
3DB
3DB
3DB
3DB
3D8B
3DB
3DpB
3p8B
3DB
3nB
3bB
308
3DB
3DB
3DB
3DB
3DB
3D8B

FORMAT(55H0SOURCE GUESS (RF/ZF/HF=X PROFILE/Y PROFILE/Z PROFILE))3DB

CALL REAG2(é&H RFsRFsIM}
CALL REAGZ2(6H ZFsZF 9 UM)
CALL REAG2(6H HF sHF 9 KM)

DO 250 KJ=1»JM
DO 250 KI=1sIM

NC(KIsKJ) = RF(KI)*ZF{KJ)*HF (KK)

GO TO 800
IF(ITG-1) 310, 310, 1100
IF(ITEMP1-3) 315, 315, 330

READ(NINP9320) ((NO(IsJd)s I=19IM)s Jz1rIM)
FORMAT(6E12.6)

GO 70 800

READ (NI} ({NO(TIsJ)s I=1sIM)y J=19IM)

GO TO 800

IFiKK=1) 36093609390

READ(NI} (IN2(IsJ)y I=1sIM)y J=1,yUM)

IF{1IG-1) 36553655390
IF(ITEMP) 36853684378
WRITE(NOUT»370)

FORMAT (15H0Z FLUX PROFILE)
GO TO 385

WRITE (NOUT+380)

FORMAT(17H0OZ SOURCE PROFILE)
CALL REAG2(6H HF sHF s KM)
DO 400 KJ=19»JM

DO 400 KI=1sIM

NO(KIsKJ) = N2(KIsKJ)*HF (KK}
CALL DRUMR(NFLUX19NO»IMIM»1)
GO TO 1400

DO 1200 11G=1,IGM
REWIND NFLUX1

308
3bB
3DB
308
3DB
3DB
3DB
308
3DB
3DB
3DB
308
3DB

308
3DB
3bB
3DB
3D8
3DB
3DB
3DB
3DB

BNWL-1264

0881
0882
0883
0884
0885
0886
0887
0888
0889
0890
0891
0892
0893
0894
0895
0896
0897
0898
0899
0900
0901
0902
0903
0904
0905
0906
0907
0908
0909
0910
0911
0912
0913
0914
0915
0916
0917
0918
0919
0920
0921
0522
0923
0924
0925
0926
0927
0928
0929
0930
0931
0932
0933
0934
0935
0936
0937
0938
0939
0940



1200

1400

1420
1450
1460
1500

DO 1200 KK=1sKM

CALL DRUMR(NFLUX1sNOsIMJIMs2)
CALL DRUMR(NSCRATsNO»IMIMs1)
CALL SWITCH(NFLUX1s NSCRAT}
REWIND NSCRAT

REWIND NFLUX1

IF(ITEMP) 1450, 1450 1420
CALL SWITCH(NSORCEsNFLUX1)

IF(ITEMP1 - 4) 1500,150051460

REWIND NI
RETURN
END

BNWL-1264

3DB
3DB
3DB
3DB
308
3DB
3DB
3DB
308
3DB
3DB
308

0941
0942
0943
0944
0945
0946
0947
0948
0949
0950
0951
0952

-
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-1T FR5 REAG2+REAG2 3DB 0953
SUBROUTINE REAG2(HOLLsARRAYsNCOUNT) 3DB 0954
DIMENSION ARRAY(1)sV(12)sK(12)sIN(12) 3DB 0955
COMMON NINP NOUTs NSORCEs NSCRATs NFLUX1» NCXS» NFO 3DB 0956
JFLAG=0 3DB 0957
J=1 3DB 0958

10 IF(JFLAG) 209405920 3DB 0959

20 DO 30 JJ=146 3DB 0960
K(JJ)=K(JJ+6) 3DB 0961
IN(JJ)=IN(JJI+6) 3DB 0962

30 VI(JJ)=VIJJI+6) 3DB 0963
JFLAG=0 3DB 0964
GO TO 60 3DB 0965

40 READ (NINP50) (KCI) o INCI)oV(I)sI=1s6) 3DB 0966

50 FORMAT(6(I119129E9e4)) 3DB 0967

60 DO 140 I=1s6 3DB 0968
L=K(1)+1 3DB 0969
GO TO (705805100515091325140562) L 3DB 0970

C FILL 3DB 0971

62 JJu=J 3DB 0972
DO 65 M=JJsNCOUNT 3DB 0973
ARRAY (J) = VI(I) 3DB 0974

65 J=J+1 3DB 0975
GO TO 150 3DB 0976

C NO MODIFICATION 3DB 0977

70 ARRAY (J)=Vv (1) 3DbB 0978
J=J+1 3D0B 0979
GO TO 140 3DB 0980

C REPEAT 3DB 0981

80 L=IN(T) 3DB 0982
DO 90 M=1,L 3DB 0983
ARRAY (J)=V(I) 3DB 0984
J=J+1 3DB 0985

90 CONTINUE 3DB 0986
GO TO 140 3DB 0987

C INTEFRPOLATE 3DB 0988

100 IF(1-6) 12051105110 3DB 0989

110 READ (NINP,s50) (K(JJI) o IN(II) oV I(JU) 9JI=T912) 3DB 0990
JFLAG=1 3DB 0991

120 L=IN(I)+1 3DB 0992
DEL=(V(I+1)=-V(I))/FLOAT (L) 3DB 0993
DO 130 M=1,L 3DB 0994
ARRAY (J)=V(1)+DEL®FLOAT (M-1) 3DB 0995
J=J+1 3DB 0996

130 CONTINUE 3DB 0997
GO TO 140 3DB 0998

C CYCLE 3DB 0999

132 L=IN(T) 3DB 1000
N=INT(.00001+VI(I)) 3pB 1001
DO 135 LL=1sL 3DB 1002
DO 135 NN=1sN 3DB 1003
ARRAY (J) = ARRAY(J-N) 3D0B 1004

135 J=J+1 3DB 1005

140 CONTINUE 3DB 1006
GO TO 10 3DB 1007/

C TERMINATE 3DB 1008

150 J=J-1 3DB 1009
WRITE (NOUT»160) HOLL »J s ( ARRAY(I)sI=19J) 308 1010
IF(J ~NCOUNT)170,180+170 308 1011

160 FORMAT(6X9A6916/(10E1245)) 30B 1012
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170 CALL ERRO2( 6H*%REAG»170s1)
180 RETURN
END

3DB 1013
3DB 1014
3DB 1015



-1T FR5 REAI2sREAI2

E-24

SUBROUTINE REAI2(HOLLsIARRAYsNCOUNT)
K(12)s IN(12)

DIMENSION [TARRAY(1l)s IV(12}),

COMMON NINP NOUTs NSORCEs NSCRATs NFLUX1» NCXS»
JFLAG = 0
J=1
1 IF(JFLAG) 291092
2 DO 4 JJ=146
K(JJ) = K(JJ+6)
IN(JJ) = IN(JJI+6)
4 IV(JJ) = IVIJJ+6)
JFLAG = 0
GO 10 21
10 READ(NINP»20) (K(I)sINCI)»IV(I)sI=196)
20 FORMAT(6(11s12519))
21 DO 70 I=1+6
L=K(T)+1
GO TO (30940952480562970422)s L
C FILL
22 Ju=J
DO 25 M=JJsNCOUNT
IARRAY(J) = IV{I}
25 J=J+1
GO TO 80
C NO MODIFICATION
30 TIARRAY(J)=IVI(I)
J=J+1
GO T0 70
C REPEAT

40 L=IN(T)
DO 50 M=1sL
TARRAY(J)=1IVI(I)

J=J+1
50 CONTINUE
GO TO 70
C INTERPOLATE
52 IF(1~-6) 54953453
53 READ(NINPs20)
JFLAG = 1
54 L = IN(I) + 1
IDEL = (IV(I+1) - IV(I))/L
DO 56 M=1,L
IARRAY(J) = IV{I) + IDEL*(M-1)
56 J=J + 1
GO TO 70
C CYCLE
62 L = IN(I)
N = IV
DO 65 LL=1»sL
DO 65 NN=1»sN
IARRAY(J) = TARRAY(J-N)
65 J=J+1
70 CONTINUE
GO 10 1
C TERMINATE
80 J=J-1
WRITE (NOUT»90) HOLL 9 J
IF(J —NCOUNT)100+1105100
90 FORMAT(6X9A6916/7(10112))

100 CALL ERRO2( 6H**REAI,100,1)
110 RETURN
END

(K{M) 9 IN(M) 9 IV(M) sM=196)

s (IARRAY(I)sI=1sJ)

NFO
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3bB
3DB
0B
3DB
3DB
3DB
3p8B
3DB
3DB
3DB
308
3DB
308
308
3DB
3DB
3D0B
3DB
308
308
308
3DB
3DB
308
3DB
3DB
3DB
3DB
3DB
3DB
3D8B
3D8
3D8
3DB
3DB
3D8
308
308
30B
3DB
3DB
3DB
308
308
3D8B
3DB
3DB
3DB
3D8B
3DB
3D8B
3D0B
308
3D8
3DB
308
3D8B
3D8B
308
3DB
3DB
308

1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
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

.



3

E-25

=I1TC FR5 MAPRsMAPR

10
15
16
17

18
20

30
40

50

55

60

200

SUBROUTINE MAPR(MO M2, JIMsJIMIKsLYN)

DIMENSION MO(JIMsJUM)y M2(1)y K(1)s LYN(1)

INCLUDE ABC

PRODUCE A PICTURE PRINT BY ZONE AND MATERIAL

ITEMP2 = 0

DO 200 NN=1sNLAY

ITEMP1 = ITEMP2 + 1

DO 10 KK=1sKM

IF(LYN(KK) =NN) 10,1045

ITEMP2 = KK -1

GO TO 15

CONTINUE

ITEMP2 = KM

DO 16 I=ITEMP1,ITEMP2

K(Iy =1

CALL DRUMR(NMOsMOs» IMUMs2)

WRITE(NOUT»17) NNy (K(I)s I=ITEMP1sITEMP2)
FORMAT(6HILAYERsI3514H FOR XY PLANESs 2514 (3014))
WRITE(NOUT,18)

FORMAT(//29H ZONE NUMBER BY MESH INTERVAL///)

DO 30 JJ=1sIM
J=UM=-JJ+1

WRITE (NOUT»40)
FORMAT( 5SH $5512)
WRITE (NOUT»50)
FORMAT(2H Y/2H /2H A/2H X/2H 1/2H S//8H X AXIS)
WRITE(NOUT55)

(MO(IeJd)sI=1sIM)

FORMAT(1H1s//33H MATERIAL NUMBER BY MESH INTERVAL///)

DO 70 JJ=1ysJIM

J=IM=-JJ+1

DO 60 L=1sIM

N=MO(LsJ)

K(L)=TABS (M2(N))

WRITE (NOUT»40) (K(L)sL=1sIM}
WRITE(NOUT,»50)

REWIND NMO

RETURN

END

BNWL-1264

308
3D0B
308
3DB
308
3D0B
30B
3D8
3D8B
3DB
308
3DB
308
3DB
3DB
3D8B
3DB
3DB
308
308
3D0B
3D8
308
3D8B
DB

20K
208

3DB

308
3DB
3pB
308

1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
10993
1100
iiol
1102
1103
1104
1105
1106
1107
1108
11729
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10
15
20
25
35

40

90

95
100
105

110
115
120

125
130

SUBROUTINE INIT1(K7sV79109119129COsJTL sM2sGAM)
INCLUDE ABC

DIMENSION K7(1)s V7(1)s I0(1)s I1(1)s I2(1)s CO(JTLs1)s» M2(1)s

1 GAM(1)

REAL 12 K7
IF (P02) 20s 10, 20
WRITE (NOUT»15) DAY
FORMAT(1H1+30Xs11H T I M E =FB843s8H D A Y S///)
CONTINUE

ADJOINT REVERSALS
IF(AD2) 25s 45s 25
IF(PO2) 45, 30y 45
IF(NCON) 4535 35, 45
116=1

1GBAR=1GM

TEMP=KT7(11G)
K7(116)=K7( IGBAR)
K7(1GBAR)=TEMP
TEMP=VT7(11G)
V7(11G)=V7(IGBAR)
VT(IGBAR)=TEMP
116=116G+1

1GBAR=1GBAR-1
IF(11G-1GBAR) 40s 45, 45
CONTINUE

MIX CROSS-SECTIONS

BO7=1

IF(P02) 50, 55, 50

GO TO (245524548552455185), 104
IF(M01) T70s 70y 60

WRITE(NOUTs 65 ) (Js ICUJ)s I1(J)s I2(J)s J = 1, MO1)
FORMAT(1HO,3X, 16H MIXTURE NUMBER »18H  MIX COMMAND
124H MATERIAL ATOMIC DENSITY//(1591Xs1898Xs1898X9E20.8))
IF (NPRT) 85,85, 75

WRITE (NOUT»80 )

FORMAT (/19H1CROSS-SECTION EDIT)
REWIND NCR1

DO 180 11G=1sIGM

ITLMT = ITL*MT

CALL DRUMR(NCR1sCOsITLMT2)
IF{M01) 90y 1454 90

DO 140 M=1sMO1

IF(I0O(M)-MT) 100, 1CO0s 95

CALL ERRO2(6H**INIT»9541)
IF(I1(M)-MT) 105 1059 95
N=I0(M)

L=11(M)

EQL=12(M)

IF(L) 125, 125, 110

IF{EOL1) 125, 115, 125

IF (N-L) 125, 120, 125

EQLl = EV

L =0

DO 140 I=1,ITL

IF (L) 130, 135, 130
CO(IsN)=CO(IsN)+CO(IsL)I*EQ]

GO TO 140

CO(TsNI=CO(TsN)I*EOL

3DB
3p8B
3pB
3p8
3DB
3DB
3DB
3D0B
308
308
308
3bB
3DB
308
308
3D0B
308
3DB
3DB
3DB
3DB
3D0B
30B
3D8B
308
308
3DB
308
3DB
308
308
3D08B
3D8
3DB
3pB
308
308
308
3DbB
308
308
308
3DB
3D0B
308
3DB
3DB
3D0B
3DB
308
3DB
3DB
3DB
308
3DB
3DB
3D8B
308
3DB
3D8B

BNWL-1264

1117
1118
1119
1120
1121
1122
1123
1124
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
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1155
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140
145
150
155
156
160

161
163
164
165
170
175
180

185
190
200
205
210
215

220

225

230
235

240

245

CONTINUVE

IF(PO2) 175 150, 175

IF(NPRT) 17591759155

IF(IHT=4) 161y 1569 161

WRITE (NOUT»160 ) 1IIG
FORMAT(6HOGROUP»13»s B84H SIGF SIGA
1 GXG G-1XG G=-2XG ¢ o o)
GO TO 164

WRITE(NOUT,»163) 111G

FORMAT (6HOGROUP s 13)

DO 165 N=1sMT

WRITE (NOUT»170 ) Ns (COCTIoN) 9 I=1sITL)
FORMAT(4H MAT»I35s10E1145/(7Xs10E11e5))
CALL DRUMR(NDUMsCOsITLMTy1)

CONTINUE

REWIND NCR1

REWIND NDUM

CALL SWITCH(NDUMsNCR1)

IF(104=-5) 190y 205, 190

IF(BUCK) 200, 2455 200

TEMP = BUCK

GO TO 220

IF(PO2) 210y 210y 215

BUCK = Oe

TEMP = EV - BUCK

BUCK = EV

DO 240 I11G=1,1IGM

CALL DRUMR(NCR1sCOsITLMTy2)

DO 235 MTZ = 1eMT

DO 230 KZ=1,1ZM

IF(M2(KZ) = MTZ) 230, 225, 230

TEMP1 = (TEMP*GAM(KZ))/(3.%CO(IHTIMTZ))
CO(IHAWMTZ) = CO(IHASMTZ) + TEMP1
CO(IHSsMTZ) = CO(IHSsMTZ) - TEMP1

GO TO 235

CONTINUE

CONTINUE

CALL DRUMR(NDUMsCOsITLMT»1)

CONTINUE

REWIND NCR1

REWIND NDUM

CALL SWITCH(NDUMsNCR1)

CONTINVE

RETURN

END

NUS IGF
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SIGTR
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3pB
3DB
308
3DB
308
ipB
3DB
3pB
3DB
3D0B
308
apB
3pB
3DB
3D8B
DB
30B
3DB
3DB
308
308
3DB
3DB
3pB
3bB
3pB
kD]
3D8B
3D8
3D8
apB
3D8B
D8
D8
3D8B
308
3pB
308
3DB
3DB
3D8B
3D8B
3DB
3DB
3DB
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1181
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1183
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1187
1188
1189
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1207
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1219
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~ITC FR5 INIT2sINIT2 ape
SUBROUTINE INIT2(XO0eX19IX29X39X49X89Y0sY19IY25Y3sYasYS532Z0821s1428 200
1 239249255A09A19A25V0sJIM)
INCLUDE ABC
DIMENSION XO0(1)s XL1(1)sIX2(1)s X3(1)s X&4(1)s X5(1)s YO(1)>»
1 Y1(1)sIY2(1)s Y3(1)s Y&4(1l)s Y5(1)s 20(1)s 2Z1(1)>
2 122(1)s 23(1)s 24(1)s 25(1)s AO(L1)s AL1(1)s A2(1)s
3 VO{JIMy1)
[« MODIFY GEOMETRY
IF(P02)270, 2505 270
250 IF(NCON) 375, 255» 375
255 DO 260 I=1sIP
260 X1(1)=X0(1)
DO 265 J=1,JP
265 Yi(Ji=Y0(J)
DO 268 K=1y9KP
268 Z1(Ky) = Z0(K)
270 1IF(104-4) 305, 275s 305
275 DO 280 I=1y1IM
K = Ix2(I)
280 X1(I+1)=X1(I)+(XO(I+1)=-XO(I))*(1s0+ EV%X3(K))
DO 285 J=19JM
K = 1Y2())
285 Y1(J+1)=Y1(J)+(YO(U+1)~-YO(J))%(1s0+ EV*Y3(K))
DO 288 K=19KM
KK = IZ2(K)
288 Z1(K+1) = Z1(K) + (ZO(K+1)=ZO0(K))*(1e0O + EV*Z3(KK))}
IF{I1GE-2) 305, 290y 305
290 IF(ABS (Y1(JP)-1,0)~1.CE-04) 305, 305, 300
300 CALL ERRO2(EH*%¥INIT»300,1)
305 CONTINUE
C CALCULATE AREAS AND VOLUMES.
PI2=6.28318
IF(PO2) 3105 315y 310
310 IF(104 = &) 375, 315, 375
315 CONTINUE
DO 345 I=1yIM
X4{I)=t(X1(I+1)+X1(I))*0e5
X5(1)=X1(I+1)-X1(I)
IF( X5(I) ) 320s 320y 325
320 CALL ERROZ2 (6H%X5(1)9320,1)
325 CONT INUE
GO TO (330, 3405342)s IGEP
C X-Y=-Z 3
330 AD(11=1.0 s
ADLIP}=1,.0
Al(I)y=X5(1)
A2(1) = X5(1)
GO TO 345
C R-THETA=Z
340 AO(1)=PI12%X1(1)
AODLiP)=PI2%X1(IP)
AT{T)y=X8({T1)
A2(1y = PI2*X5(1)%*X4(1

NS ENENE SN
N RN
-~ DA KT S

bt ek o et e
¥
no
o

GO TO 345

C HE X--Z

342 AO(I) = 24%X5(1)
AO(IP) = 24%X5(1)
A1(1) = 2e%X5(1)
A2(T) = X5(1)




345

350
355

360

365
370

372
373
375
380

CONTINUVE

DO 370 J=leJM
Yu(J)y=(Y1(J+1)+Y1(J) ) %045
Y5(J)=Y1(J+1)=-Y1(J)

IFtyY5(J)) 350, 350y 355

CALL ERRO2 (6H*Y5(J)9350s1)
CONTINUE

DO 370 1I=1»sIM

GO TO (360, 3659360)s 1GEP
VO(l1sJ)=X5(T)%Y5(J)

GO TO 370
VO(IoJ)=PI2%XS(I)%YS5(J)*X4(]1)
CONTINUE

DO 373 K=1sKM

24(K) = (Z1(K+1) + Z21(K))*0e5
Z5(K) = Z1(K+1l) - Z1(K)
IF(Z5(K)) 372+ 372y 373

CALL ERRO2(6H*Z5(K)937291)
CONTINUE

CONTINUE

RETURN

END
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3DB
3p8
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308
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3DB
3DB
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30B
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SUBROUTINE INIT3(K69KT9CO9sJTLINO9sJIMoFOsLYNIMOIM2sV092Z5)
INCLUDE ABC

BNWL-12€4

308
308
308

DIMINZTON  ¥6(1l)s K7(1)s CO(JTLs1)s NO(JIMs1)s FO(JIMs1)s LYN(1): 2DB

~

1 MOiJiMs1)s M2(1)s VO(JIMs1l)y 25(1)
REAL Ké s K7 NO
C MATERIAL ADDRESSES
IF(PO2) 405s 385, 405
385 SK7=0.
DO 400 115=1+1IGM
IFLS02-1) 395s 390 395
390 K6(i1G)=K7(11G)sS03
GO TO 400
3958 KE!TIGY=XTIT1G)
40U SK7=5KT7+KT7i11G)

C FISSTON MYUIRONS
40 R G N N 1L
~osGh 0 11G=191IGM

EQ(IiG) = .0
CALL DRUMR{NCR1sCOs»ITLMT,»2)
, DO 480 K=1sKM
Cait. DRUMR(NFLUX1sNO9IMIM,2)
LF(I1G ~ 1) 418s 418y 415
415 CALL DRUMRINFOsFOs IMUMy2)
Co TO 419
418 Cril CLEAR(Oe09F0y IMUM)
412 1€(p - 1) 4&28s 428y 420
420 IFCLYNGK) = LYN(K = 1)) 428s 430s 428
428 Cail DRUMRINMO¢MOs IMIM52)
430 DD 46 J=15JM
~546N =lelm
{TEMP = MO(T4.)
= M2{1TEMP)
Goos ECITIG) + VO(TsJ)®ZS(KI*¥NO(T9J)*CO(IHF>ITEMD)
435¢ 440y 435

43¢ Y= FCUTaJ) + KT(IIG)*NO(IsJ)
L4
Gai FOvledr = FC{T:J) + COCIHT=1oITEMP)*NO(I,sJ)

4690 CONTINUE
agt CALL DRUMK{NDUMsFOsIMJIMy 1}
Tril SWITUHINDUMGNFO!

- N

2DR
LB
308
308
308
3DB
3D8
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1307
1308
1309
131¢C
1311
i312
1313
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SUBROUTINE CLEAR {XsYsN)
DIMENSION Y(1)
DO 1 I=1sN

1 Y(I)=X
RETURN
END
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3DB
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1354
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10
20

24
26
28

30

35

40

50
60

70

80
90

100

110

130
135

140
150
160

SUBROUTINE FISCAL{NOsFOsVOsCOsKEIMOIM25JTLIIMTLYNZ5)

INCLUDE ABC

DIMENSION NO(1)s FO(1)s VO(1)s CO(JTLsJIMT)sK6(1)s MOL1)s M2(1)>

LYN(1)s Z5(1)
REAL Ké NO
LAR = ALA
FISSION SUMS
IF{BO7) 90s90,10
IF{A02) 20y 40, 20
DO 35 T1IG=1sIGM
CALL DRUMR(NCR1sCOsITLMTs2)
E1(11G)=0.
DO 30 KK=1sKM
IF(KK=1) 26s 269 24
IF(LYN(KK) — LYN(KK=1)) 26y 28, 26
CALL DRUMR (NMOsMOs IMUM,2)
CALL DRUMR(NFOsFOy IMUMs2)
DO 30 1I=1sIMUM
ITEMP=MO(1I)
I TEMP=M2 (ITEMP)
E1(IIG)=EL1(TIG)I+CO(IHT-1sITEMP)*FO(I)*VO(I)*Z5(KK)
REWIND NMO
REWIND NFO
REWIND NCR1
GO TO 70
E01=0.
DO 50 KK=1sKM
CALL DRUMR(NFOQOsFQyIMJIMs2)
DO 50 I=1sI1MUM
EQ1=EO1+VO(I)*FO(I)*Z5(KK)
DO 60 I11G=1sIGM
EI(IIG)=K6(IIG)*EOL

REWIND NFO
E1(IGP)=0.
EO(IGP)=0.

DO 80 1IG=1s1GM
EQ(IGP)=EOQO(IGP)+EO(IIG)
E1(IGP)=E1(IGP)+E1(I11G)
IF(BO7) 140, 90, 140
ALA = E1(IGP}/T11
TEMP=1+0/ALA

IF(104-1) 230y 100y 140
DO 110 TIIG=1sIGM
E1(IIG)=E1(IIG)*TEMP
K6{IIG)=K6(T11G)*TEMP
E1(IGP)=E1(IGP)*TEMP
IF{AQ2) 120s 140y 120

DO 135 KK=1sKM

CALL DRUMR(NFOsFOsIMIMy2)
DO 130 I=1sIMIM

FO(I) = FO(I)}*TEMP

CALL DRUMR(NDUMsFOsIMUMy1)
CALL SWITCH(NDUMsNFO)
REWIND NDUM

REWIND NFO

NORMALIZATION

BO7=0

IF(S01) 160y 230, 170
E01 = ABS(SO1}/(EQ(IGP)*TSD)
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3bB
3D0B
3DB
30B
3D0B
308
3DB
3DB
3DB
3DB
308
3DB
3DB
308
3DB
308
3DB
308
3DB
3D8
308
3DbB
3DB
308
3D0B
3D8B
308
308
308
308
3D8
3DB

BNWL-1264

1359
1360
1361
1362
1363
1364
1365
1366
1367
1368
1369
1370
1371
1372
1373
1374
1375
1376
1377
1378
1379
1380
1381
1382
1383
1384
1385
1386
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1391
1392
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170
180
190

195
200

230

GO TO 180

E01=S01/E1(IGP)

DO 190 IIG=1sIGP
E1(IIG)=EO1*E1(IIG)

DO 200 KK=1sKM

CALL DRUMR(NFOsFOy IMIMy2)
DO 195 1I=1sIMUM

FO(I) = EOL1*FO(I)

CALL DRUMR(NDUMsFO9IMIMy1)
CALL SWITCH(NDUMsNFO)
REWIND NDUM

REWIND NFO

RETURN

END
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160
210
213

220
225
230

330

430
630

E-34 BNWL-1264
FR5 MONPRsMONPR 3DB 1433
SUBROUTINE MONPR 3DB 1434
INCLUDE ABC 3DB 1435
830 MONITOR PRINT 3DB 1436
CALL ETIMEF(TI) 3DB 1437
TI = TI/60. 3DB 1438
KPAGE = KPAGE + 1 3DB 1439
IF(KPAGE ~ 40) 220ys 160y 160 3DB 1440
KPAGE = O 3DB 1441
WRITE(NOUTs 213) 3D0B 1442
FORMAT(104H1 TIME OUTER Z ITe PER INe ITe P3DB 1443
1ER EIGENVALUE EIGENVALUE LAMBDA / 3DB 1444
2 104H (MINUTES) ITERATIONS OUT, ITs OUTe ITe3DB 1445
3 SLOPE /) 3DB 1446
WRITE(NOUT» 225) TIs PO2s LLCy LC» EQs EVs ALA 3DB 1447
FORMAT(4Xs F6e2s 10Xs I4s 11Xs l4» I59 6X9 E15e89 E15.89E1548)3DB 1448
P02=P02+1 3DB 1449
LC=0 3DB 1450
LeC = 0 3DB 1451
IF(P02-D05)430+430+330 3DB 1452
NGOTO = 1 3DB 1453
GO TO 630 3DB 1454
NGOTO = &4 3DB 1455
RETURN 3DB 1456
END 3D8B

1457
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~ITC FR5 OUTER»OUTER

@ o &

12
15
30
40
50
60

70
75

80

90
100

110
115
120

124
126
128

130
135

1
2

wm SO

SUBROUTINE OUTER(AOAL19COsFOsK6E9sMOIM2sNOIN29S29VOsVTsYSsF29JTL
JMT sCXS9sJIMeJIM9IX59X49Y49CXRoCXTosHAIPASILYN®Z5

EEs IDUM1s IDUM2yDUM]1 »DUM2sA2+24)
DIMENSION AO(1l)s Al(1l)s FO(1l)s K6(1)s MO(1l)s M2{1)s
NO(1)s N2(1), S2(1)s
VO(1)s V7(1)s Y5(1)s F2(1)s CO(JITLIIMT) >
CXS(JIMaJIMs5) s XS5(1)s X4(1)>
LYN({1)s 25(1)s EE(1191)s IDUM1I(1)>»
DUM2(1)s A2(1)s Z4t(1l)
REAL K6 NO» N2
INTEGER GBAR»s PBARs SBAR
INCLUDE ABC
IGV=1

SOURCE CALCULATION

CALL DRUMR(NCR1sCOsITLMT»2)
DO 75 KK=1sKM

IF(KK=1) 61654

IF(LYN(KK) = LYN(KK-1)) 69896
CALL DRUMR(NMOsMOs IMUMs2)
CALL DRUMR(NFOsFOsIMIM,y2)

IF (104) 15912915

CALL DRUMR{NSORCE#»S52+IMIMs2)
GO TO 30

DO 20 I=1yIMJIM

S2(1)=0,

IF(A02) 60s 40y 60

DO 50 I=1sIMUM
S2(13=S2(1)+K6(IGVI*FO(I)

GO TO 75
Do 70 I=19IMUM
ITEMP1=MO(T)

1 TEMP1=M2{ITEMP1)
S2(1)=S2(1)+CO(IHT-1»ITEMP1)*FO(TI)
CALL DRUMR(NS2+529IMJUMs1)

REWIND NMO

REWIND NFO

REWIND NS2

GBAR=IGV+IHS-ITL

IF(GBAR-1) 90» 100y 100

GBAR=1

PBAR = THS + IGV - 1

IF(PBAR - ITL) 115511545110

PBAR = ITL

IF(GBAR ~ IGV) 120, 160, 160

DO 135 KK=1sKM

IF(KK=-1}) 126+1269124
IF(LYN(KK)=LYN(KK=1)) 12651285126
CALL DRUMR(NMOsMO» IMIMy2)

CALL DRUMRI(NS2+S2sI1MUMy2)

CALL DRUMR(NSCRATsN29sIMIM»2)

DO 130 I=1sIMUM

ITEMP1l=MC(I}

ITEMP1=M2(ITEMP1)

S2(I) = S2(1) + N2(I)*CO(PBARSITEMP])
CALL DRUMR(NDUM»S25sIMIMs 1)

CALL SWITCH(NDUMsNS2)

REWIND NMO

REWIND NS52

REWIND NDUM
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1480
1481
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1483
1484
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1486
1487
1488
1489
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1491
16492
1493
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1495
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1514
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170
180

190
195

200
210
220

240
250

260
270

274

278

283

284
285

286
287
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GBAR=GBAR+1

PBAR=PBAR-1

IF(GBAR - IGV) 120, 160y 160
IF(IGV - IGM) 180, 170, 180
REWIND NCR1

V11=0.

DO 195 KK=19KM

CALL DRUMRI(NS23s529IMJIMs2)

DO 190 I=1sIMUM

S2(1) = S2(1)*VO(I1)*Z5(KK)
V11l = V11 + s2l(1l

CALL DRUMR(NDUMsS2sIMUM,1)
CALL SWITCH(NDUMsNS2)

REWIND NDUM

REWIND NS2

E2(IGV) = V11 - E1(IGV)
SOURCE-ALPHA

IF(104 = 2) 210y 240, 210
IF(S02 -~ 2) 230, 220 230
T7 = SO03/VTLIGV)

GO TO 250

T7 = 0.0

GO 70 270

T7 = EV/VTLIGV)

DO 260 K = 1y IZM

ITEMP1 = M2(K)

CO(IHSy ITEMP1) = CO(IHS,ITEMP1l) - T7
CONTINUE

GROUP FLUX CALCULATION

DO 274 KK=1sKM

CALL DRUMRI{NFLUX1sN2sIMJIMs2)
CALL DRUMR(NDUMsNZ s IMIMy 1)
REWIND NDUM

CALL BALANC(EEsN29IDUM2sDUM29sDUM1 9 IDUML1sMOSLYNSCXS9CXRsCXT»CO>
VOsM29 IMaIMeZ59ITL 9AOIYS 9X59Xb oYL 9 AL9A29Z4y 1)

NINIT = 0

NINIT = NINIT + 1

LLC = LLC + 1

FDIFF = 40

CALL CLEAR(C.0sN2» IMIM)

CALL DRUMR (NMO > IDUM2 s IMJM»2)
CALL DRUMR (NDUMsDUM2»IMJIM»2)
DO 400 KK=1sKM

DO 283 I=1sIMJUM

DUM1(TI) = N2(1)
N2(I) = DuM2(1I)
IDUM1(I) = MO(I)
MO(I) = IDUM2(1)

CALL DRUMR(NS295291MUMy2)
IF(KK=KM) 284,+286+286

CALL DRUMR{NDUMsDUMZ s IMIMs2)
IF(LYN(KK) = LYN(KK+1}) 28592874285
CALL DRUMR {NMOs IDUM2+IMIM, 2}
GO 7O 287

CALL CLEAR(U4CsDUM29 IMIM)
I11=0

ITEMPY = IM*JM%5

CALL DRUMR(NCXSsCXSsITEMPS 2]}
CALL DRUMR{NCXSsCXTsIMs2)
CALL DRUMR(NCXSsCXRsJMs2)
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1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559
1560
1561
1562
1563
1564
1565
1566
1567
1568
1569
1570
1571
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1573
1574
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1577
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298

310
322
325
330

34V

392
393
400

404
415

418

430

458
459
460
468
470

475

480
485
490

1

1
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VIl = 0 3DB 1578
DO 298 KJ=1lsJM 3DB 1579
DO 298 KI=1sIM 3DB 1580
I = KI + (KJ=1)*IM 3DB 1581
V11 = VI1 + 52{(1) 3DB 1582
S2(1) = S2(I1) + CXS(KIsKJs4)*DUMLI(I) + CXS(KIsKJs5)*DUM2(I) 3DB 1583
FO(I) = N2(I) 3DB 1584
ITEMP2 = S04 + 1 3DB 1585
GO TO (310+322,340,330), ITEMP2 3DB 1586
IF(IGE = 1) 325,330,325 3DB 1587
IF (P02 - 2 * (P02/2)) 3305330340 308 1588
IF (IM = JM) 33053304340 3DB 1589
CALL INNER(NOs N2s CXS» S2» MOs M2, VO, COs IM» JMs ITLs CXRs CXT»3DB 1590

HA» PAsKKsDUML»DUM2525) 3DB 1591
GO TO 350 3DB 1592
CALLINNERZ [NUs N2s CXSs S2s MO» M2s VOs COs IMs JM» ITLs CXRs CXTs3DB 1593

HAs PAsKK»sDUM1,DUM2+25) 3DB 1594
DO 393 1=1»sIMJUM 3DB 1595
TEMP2 = ABS(1e0 - FO(L)}/N2(I)) 3DB 1596
IF(FDIFF ~ TEMP2) 39253934393 3DB 1597
FDIFF = TEMP2 3DB 1598
CONTINUE 3DB 1599
CALL DRUMR(NTEMP,N25sIMJMy1) 3DB 1600
REWIND NS2 3DB 1601
REWIND NMO 30B 1602
REWIND NCXS 3DB 1603
REWIND NDUM 3DB 1604
REWIND NTEMP 3DB 1605
CALL SWITCH(NTEMPsNDUM) 3DB 1606
IF(NINIT - I107) 404+415,415 3DB 1607
IF(FDIFF ~ EPS2) 4155415278 3DB 1608
DO 418 KK=1sKM 3DB 1609
CALL DRUMR{NDUMsN2sIMIM,2]) 3DB 1610
CALL DRUMR(NSCRATsN2sIMJIMs1) 3DB 1611
REWIND NDUM 3DB 1612
DO 430 K = 1s1ZM 3DB 1613
ITEMP1 = M2{K) 3DB 1614
CO(IHSH»ITEMPL) = CO(IHSSITEMP1) + T7 308 1615
EO(IGV) = 40 3DB 1616
DO 490 KK=1sKM 3DB 1617
CALL DRUMR(NDUMsN2 s IMIMy2) 3DB 1618
IFCIGV=1) 457,457+458 3DB 1619
CALL CLEAR(U4OsF2s IMIM) 30B 1620
60 TO 459 308 1621
CALL DRUMR(NFZsF2s1MJUMs2) 3DB 1622
IF(KK=1) 468+4685460 3DB 1623
IF(LYN(KK) = LYN(KK=1)} 468+470,468 3DB 1624
CALL DRUMR (NMO MOy IMIM,2) 3DB 1625
DO 485 I=13IMJIM 3DB 1626
ITEMP = MO(1) 3DB 1627
ITEMP = M2(ITEMP) 3DB 1628
EO(IGV) = EV(IGV) + CO(IHFsITEMP)*N2(1)*VO(1)%*Z5(KK) 3DB 1629
IF(AD2) 475,480,475 3DB 1630
F2(1) = F2(1) + K6UIGVI*N2(1) 3D8 1631
GO TO 485 3DB 1632
F2(1) = F2(1) + COUIHT=1»ITEMP)#N2(I) 30B 1633
CONTINUE 3DB 1634
CALL DRUMR(NTEMPsF2sIMJIMy1) 3DB 1635
REWIND NMO 3DB 1636
REWIND NF2 DB 1637



497
498
500

510

512

514

520

522
525

526
527
528

540

550
555

REWIND NDUM

REWIND NTEMP

CALL SWITCH(NF2sNTEMP)
REWIND NSCRAT

SBAR = IGV =~ (ITL-IHS)
IF(SBAR) 500s 5004 497

DO 498 1S=1,SBAR

DO 498 KK=1sKM

SKIP ONE RECORD

CALL NTRAN(NSCRAT»69IMIM)
IGv = IGV + 1

IF(IGV = IGM) 2424510
T11 = E1(IGP)

REWIND NCR1

REWIND NSCRAT

REWIND NFLUX1

CALL SWITCH(NSCRATsNFLUX1)
IF (104) 51495129514
REWIND NSORCE

OVER-RELAX FISSION SOURCE
ORFF = 140 + ¢6*{ORF = 1,0)

EOZ = o0
IF(A02) 52055804520
E1(IGP) = o0

FOR ADJOINT CALCULATIONs S2(1) STORES ORFED F2(1I)
DO 525 KK=1sKM

CALL DRUMR(NFOsFQs IMIMy2)

CALL DRUMRI(NF23sF2sIMIM2)

PO 522 TI=15IMIM

$2(1) = FO(I) + ORFF*(F2(I) - FO(I))
CALL DRUMRINS2s525IMJUMs1)

REWIND NS2

REWIND NF2

REWIND NFO

CO 540 1IIG = 1,IGM

CALL DRUMR(NCR1sCOsITLMT,2)
EI(IIG) = o0

DO 530 KK=14KM

IF(KK-1) 5274527+526
IF(LYN(KK) = LYN(KK=1)) 527+9528+527
CALL DRUMR(NMOsMOs IMUM2)
CALL DRUMR(NF2sF2sIMIM»2)
CALL DRUMR(NS2sS2yIMJUM,2)
DO 530 I=1,IMUM

ITEMP = MO(1I)

ITEMP = M2(ITEMP)

E1(IIG) = E1(IIG) + CO(IHT=1ITEMP)I®F2(1)*VO(I)*25(KK)
E02 = EO2 + CO{IHT=~1oITEMP)®S2(1)*VO(1)*Z5(KK)
REWIND NMO

REWIND NF2

REWIND NS2

E1(IGP) = E1(IGP) + EIL(IIG)

TEMP1 = E1(IGP)/EO2

DO 555 KK=1sKM

CALL DRUMRI(NS2+529IMIMs2)
DO 550 I=1»IMUM

FO(l) = TEMP1*S2(1)

CALL DRUMRI(NFOsFOs IMUMy1)
REWIND NFO

REWIND NS2
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1649
1650
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1656
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1662
1663
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1666
1667
1668
1669
1670
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1672
1673
1674
1675
1676
1677
1678
1679
1680
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1682
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1684
1685
1686
1687
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1689
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580

590
595

600
605

610
611
612

613

614
615

616
620

640
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REWIND NCR1

GO TO 620

E0l = 0.0

DO 595 KK=z1sKM

CALL DRUMR(NFOsFOs IMUMy2)

CALL DRUMR(NF23F2sIMIMs2)

DO 590 I=1sIMUM

E0l = EO1 + VO(I)*F2(1)*Z5(KK)
F2(1) = FO(I) + ORFF®#(F2(I) = FO(I))
EQ2 = EO02 + VO(I)*F2(1)*25(KK)
CALL DRUMR(NDUMsF29IMIM,s1)
CALL SWITCH(NDUMsNF2)

REWIND NFO

REWIND NF2

REWIND NDUM

TEMP1 = EO1/E02

DO 605 KK=1sKM

CALL DRUMR(NF2yF2s IMUMy2)

DO 600 I=1sIMJIM

Fo(l) = TEMPL1*F2(I)

CALL DRUMR{NFOsFOs» IMJIMs1)
REWIND NFO

REWIND NF2

DO 610 1IG = 1,IGM

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

IF(I04) 62096119620

ACCELERATION FOR EXTRANEOUS SOURCE PROBLEMS

TEMP1 = (140 - EV*T11/E01)/(1.0 - EV)
IF (T11/E01 - 4017 62096209612

IF (T11/E01 - 1le/{EV + .0001)) 61346134620

DO 615 KK=1sKM

CALL DRUMR(NFOsFOs IMUMy2)
DO 614 I=1sIMUM

FO(I) = TEMPL*FO(1)

CALL DRUMR(NDUMsFOsIMIMy1)
CALL SWITCH(NDUMsNFO)
REWIND NDUM

REWIND NFO

DO 616 11G = 1+IGM

EO(I1G) = TEMP1*EO(IIG)
E1{I11G) = TEMP1*E1(I11G)
E1(IGP) = 0.0

EQLIGP) = 0.0

DO 640 T1IG = 1,IGM

EOCIGP) = EO(IGP) + EO(IIG)
E1(IGP) = E1(IGP) + EX(I1IG)
RETURN

END
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-ITC FR5 BALANCs»BALANC

10
20

30
40

50

60
70
75
80

90

100

140
150
160
17v

200

SUBROUTINE BALANC(EE sN29IDUM2 9sDUM29sDUM1» IDUM1sMOsLYNsCXSsCXRsCXT
1 CO9VOIM29JIMIJIMIZ5sJTL9AQIYS9X59XbsYb9sALl9A29Z
2 IFLAG)

INCLUDE ABC

DIMENSION EE(1191)sN2(1)y DUM2(1)
1 MO(1)s LYN(1)s CXS(JIMsJIMs1)>
2 CO(JTLs1)s VO(1)y M2(1)>
3 X4(1)s Ya(l)s Al(1)>

REAL N2

THIS SUBROUTINE REBALANCES THE FLUX FOR GROUP IGV OVER THE WHOLE

REACTOR

DO 20 LL=3»11

EE(LLSIGV) = &0

CALL CLEAR(O4OsN2s IMUM)

CALL DRUMR(NMO, IDUM2yIMIMs2)

CALL DRUMR(NDUMSDUM2 9 IMIM»2)

DO 200 KK=1sKM

DO 30 I=1sIMUM

DUM1(I) = N2(I)

N2(1) = DUM2(1I)

IDUM1(I) = MO(I)

MO(I) = IDUM2(TI)

IF(KK=KM) 40960940

CALL DRUMR(NDUMSDUM25>IMUMs2)

IF(LYN(KK) = LYN(KK+1)) 50970950

CALL DRUMR(NMO,IDUM25sIMUMy2)

GO 1O 70

CALL CLEAR(O«OsDUM2yIMUM)

IF(IFLAG - 1) 7545755100

IF(IGE=1) 80480+90

CALL INNER1(MOs M2s CXSs VOs COs AOs Y5s X5 X&»
1 ITLs CXR9CXTsIDUM1 s IDUM29A29Z49259KK)

GO 7O 100

CALL INNERT(MO»

IDUM2(1)» DUM1(1)s IDUM1(1)»
CXRE1)s CXT(1)»
Z5(1)9 AO(1)s Y5(1)>

A2(1)s 241(1)

X5(1)»

Y4y Als IMs UM,

M2s CXSs VOs COs AOs YS5s X5 Xbo
1 ITLsy CXR9CXToIDUM1s IDUM29sA2924sZ59KK)
[TEMP9 = [IM¥JM*5

CALL DRUMR(NCXSsCXSsITEMPYsIFLAG)

CALL DRUMRI(NCXSsCXTs»IMsIFLAG)

CALL DRUMRI(NCXSsCXRoeJIMs IFLAG)

CALL IFLUXN(N2sCOsVO9sCXSIMOIM29ITLIMsIMICXRICXT 9KK9sDUM19DUM2925
1 1)

Y4s Als IMy UM,

IF(KK=1) 14051405150

EE(11,1GV) = E11(IGV)

IF(KK-KM) 17051605160

EE(105IGV) = E10(IGV)

EE(3,IGV) = EE(3,1GV) + E3(IGV)

EE(4,1GV) = EE(4,IGV) + E4(IGV)

EE(551GV) = EE(5,1GV) + E5(IGV)

EE(651GV) = EE(6+1GV) + E6(IGV)

EE(751GV) = EE(7+IGV) + ET(IGV)

EE(8s1GV) = EE(B,IGV) + E8(IGV)

EE(9,1GV) = EE(9,1GV) + E9(IGV)

CONT INUE

REWIND NMO

REWIND NDUM

REWIND NCXS

TEMP = (E1(IGV) + E2(IGV))/(EE(39IGV) + EE(45IGV) + EE(55IGV) +
1 EE(621GV) + EE(7s1GV) + EE(8sIGV) + EE(1091GV) +EE(11s1GV
DO 210 LL=3s11
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3DB
s 3DB
493DB
3D8B
308
308
3DB
3DB
3DB
3DB
3DB
3DB
3DB
308
3DB
308
3DB
3N8
3D0B
30B
308
ang
DR
3DB
308
308
3pe
308
3DB
3pe
308
20k
3DB
10R
inBs
3DB
3DB
3DB
3pe
308
s 3DB
3DE
08
5DB
eV
258
208
ok 1
3be .97
3DB Y798
308 17°9
3u0 LECQ
378 1801
508 1802
ANB 1873
3DR T804
3DE 1805
30B 1806
))3D0B 1807
3pB 1808

1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
.781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1798

26



210

220
230

EE(LLsIGV) = TEMP*EE(LLsIGV)
DO 230 KK=1sKM

CALL DRUMR({NDUMsNZ s IMJIMs2)
DO 220 I=1sIMJUM

N2(I) = TEMP*N2(1)

CALL DRUMR(NTEMP4N2sIMIM,1)
REWIND NDUM

REWIND NTEMP

CALL SWITCH(NDUMsNTEMP)
RETURN

END

E-41
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3D0B
30B
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3p8
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1817
1818
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-ITC FR5 INNER1lsINNER1 3DB 1820
SUBROUTINE INNER1{(MOs M2s CXSs VOs COs AO9s YS59s X59 X&s Y49 Al 3DB 1821

2 JIMsJUMyJTL9CXRsCXT o IDUML 9 IDUM29A2924 9259KK) 3DB 1822
DIMENSION MO(1)s M2({1)9CXS(JIMsJIMs5)sVO(1)s CO(JTL1)> 3DB 1823

1 AO(1)s Y5(1)9 X5(1)s Xa4(1l)s Y&(l)s AL1(1)9CXR(1)s CXT(1)3DB 1824

2 s IDUM1(1)s IDUM2(1)s A2(1)s 24(1)s 25(1) 3DB 1825
INCLUDE ABC 3DB 1826

C THIS SUBROUTINE CALCULATES COEFFICIENTS FOR THE FLUX EQUATION 3DB 1827
PI2 = 6.28318 3DB 1828

DO 55 KJ = 19 UM 3bB 1829

DO 55 KI = 1y IM 3DB 1830

GO TO | 10y 5)y IGEP 30B 1831

5 TEMP = PI2¥(Y4(KJ) = Y&(KJ-=1))¥X4(KI) 3DB 1832
GO TO 15 3DB 1833

10 TEMP = Y&4(KJ) = Y4(KJI-1) 3DB 1834
15 I = KI + (KJ=-1)*IM 3DB 1835
ITEMP = MO(TI) 3DB 1836

ITEMP = M2(ITEMP) 3D8 1837
CXS(KIsKJ93) = VOUI)®(CO(IHT+ITEMP) - CO(IHS+»ITEMP))%725(KK) 3DB 1838

IF(I = 1) 45945,18 3D0B 1839

18 ITEMP1 = MO(I-1) 3DB 1840
ITEMP1 = M2(1ITEMP1) 3DB 1841

IF (ITEMP -~ ITEMPl) 25920425 3DB 1842

20 CXS(KIsKJI»1)=A0(KI)*YS(KJI)*Z5(KK)/(3e*¥CO(IHT2ITEMP)*(X4(KI)- 3DB 1843
1 X4 (KI-1))) 3DB 1844

GO TO 30 3DB 1845

25 CXS{KIosKJ91l) = AO(KIIHYS(KJI)*Z5(KK)I*¥(XS(KI=1)+X5(KIY)/{(X4(KI)~ 3DB 1846
1 X4 (KI=1))%# (3% (X5(KI-1)®CO(IHTSITEMP1) + X5(KI)* 3DB 1847

2 CO(IHTSITEMP)))) 3DB 1848

30 IF(I = IM) 45,45532 3DB 1849
32 ITEMP3 = MO{(I - IM) 3DB 1850
ITEMP3 = M2(ITEMP3) 30B 1851

IF (ITEMP - ITEMP3) 40935940 30B 1852

35 CXS(KIoKJ92) = ALIKII*Z5(KK)/(3e*CO(IHTH»ITEMP)*TEMP) 3DB 1853
GO TO 45 30B 1854

40 CXS(KI9sKJI92) = ALIKII®RZS5(KK)*(Y5(KJ=1) + YS5(KJ))/(TEMP* 3DB 1855
1 (3e%(YS5(KJ=1)*CO(IHT2ITEMP3) + YS(KJ)*¥CO(IHTLITEMP)))) 3DB 1856

45 IF(KK=1) 49949546 3DB 1857
46 ITEMP3 = IDUMIL(I) 3DB 1858
ITEMP3 = M2(ITEMP3) 3DB 1859
IF(ITEMP - ITEMP3) 48947448 3DB 1860

47 CXS(KIsKJIs4) = A2(KI)*YS5(KJ)/(3e*CO(IHT2ITEMP)*(Z4(KK) =24(KK-1)))3DB 1861
GO TO 49 3DB 1862

48 CXS(KIsKJIs4) = A2(KI)*YS5(KJ)*#(Z5(KK-1) + 2Z5(KK))/((Z4(KK) = 3DB 1863
1 ZGIKK=1))*(3.%(Z5(KK=1)*CO(IHTSsITEMP3) + Z5(KK)* 3DB 1864

2 CO(IHTSITEMP)))) 3DB 1865

49 IF(KK—=KM) 50955955 3DB 1866
50 ITEMP3 = IDUM2(I) IDB 1867
ITEMP3 = M2(ITEMP3) 3DB 1868
IF(ITEMP - ITEMP3) 52951952 308 1869

51 CXS(KIsKJ95) = A2(KI)*Y5(KJ)/(3+%CO(IHT»ITEMP)*(Z4(KK+1) -24(KK)))3DB 1870
GO TO 55 308 1871

52 CXS(KIsKJI95) = A2(KI)*YS5(KJ)*(Z5(KK+1) + Z5(KK))/((Z4(KK+1) - 3DB 1872
1 24{KK))*#(3.%(2Z5(KK+1)*CO(IHT»ITEMP3) + Z5(KK)* 3DB 1873

2 CO(IHTSITEMP))) ) 3NB 1874

55 CONTINUE 3DB 1875
DO 200 KJ = 19 UM 3pB 1876

DO 200 KI = 1, IM 30B 1877

GO TO (58Bs56)s IGEP 3DB 1878

56 TEMP = (5#PI2%Y5(KJ) *¥X4(KI) 3DB 1879



58
60

65
90

95

100
105
115

120

125
130
135

140

145
150
155

160

165
170
175

180
182
184

185

190
195

200

1

1

1

1

1
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GO TO 60
TEMP = o+5%Y5(KJ)

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

ITEMP = MO(I)

ITEMP = M2(ITEMP)
TEMP1 = CXS(KI+1sKJsl)
TEMP2 = CXS(KIsKJI+192)
IF(KJ = 1) 659659100

IF(BO4 = 1) 90995995

CXS(KIsKJ92) = AL(KI)*ZS5(KK)/(3e*CO(IHTHITEMP)*(TEMP + 471/
1 CO(IHTSITEMP)))

GO TO 125

CXS(KI#KJ92) = o0

GO TO 125

IF (KJ = JM) 12551055105
IF (BO3 = 1) 11551204120

TEMP2 = AL(KI)*Z5(KK)/(3*CO(IHTsITEMP)*(TEMP + 71/
1 CO(IHTSITEMP))Y)

CXT(KI) = TEMP2

GO TO 125
TEMP2 = .0
CXT(KI) = TEMP2

IF (KI = 1) 13051304145
IF(BO1) 135,135,140

CXS(KIsKJ91l) = AO(KI)I*YS(KJI)*ZS(KK)/(3,*CO(IHT»ITEMP)*
(+5%X5(KI) + «71/CO(IHTSITEMP)))

GO TO 165

CXS{KIsKJIs1l) = o0

GO TO 165

IF (KI = IM) 16551505150
IF(B0O2) 15541555160

TEMP1 = AO(KI+1)*Y5(KJ)*Z5(KK)/(3e*CO(IHTsITEMP)*

(«5%*X5(KI) + «71/CO(IHTSITEMP)))
CXR(KJ) = TEMP1

GO TO 165
TEMP1 = o0
CXR(KJ) = TEMP1

IF(KK-1) 17051705182
IF(BO6) 17591755180

CXS(KIsKJs4) = A2(KI)I*Y5(KJ)/(3e*CO(IHTHITEMP)*(45%25(KK) + 71/

CO(IHTSITEMP)))
GO TO 195
CXS(KIsKJsg4) = o0
IF(KK-KM) 1955184184
IF(BO5) 18591859190

CXS(KI9sKJI95) = A2(KI)*Y5(KJ)/(34*CO(IHToITEMP)*(45%Z5(KK)
COUIHTSITEMP)))

GO TO 195

CXS(KIsKJs»5) = <0

CXS(KIsKJs3) = CXS(KIsKJI»3) + CXS(KIsKJsl) + CXS(KIsKJIs2)
+ TEMP1 + TEMP2 + CXS(KIsKJs&4) + CXS(KIsKJ95)

CONTINUE

RETURN

END

+ o071/
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-ITC FR5 INNERTsINNERT 3DB 1934
SUBROUTINE INNERT(MOs M2s CXSs VOs CO» AOs Y55 X5s X&s Yés Als 3DB 1935

2 JIMsJUMsJITL sCXRsCXT 9 IDUML» IDUM29A292Z4 925 9KK) 3DB 1936
DIMENSION MO(1)s M2(1)sCXS(JIMsJJIMs5),VO(1)s CO(JTLs1) 3DB 1937

1 AO(1)s Y5(1)s X5(1)s X&(1)s Y&(1)s AL(1)sCXR(1)s CXT(1)3DB 1938

2 s IDUML1(1)s IDUM2(1)s A2(1)s Z&4(1)s 25(1) 3DB 1939
INCLUDE ABC 3DB 1940

C THIS SUBROUTINE CALCULATES COEFFICIENTS FOR TRIANGULAR GEOMETRY  3DB 1941
DO 55 KJ = 1s JM 3DB 1942

DO 55 KI = 1, IM 3DB 1943

TEMP = KI = 2% (KI/2) = (KJ — 2% (KJ/2)) 3DB 1944

TEMP = ABS(TEMP) 3DB 1945

I = KI + (KJ=1) *IM 3DB 1946

ITEMP = MO(1) 3DB 1947

ITEMP = M2(ITEMP) 3DB 1948
CXS(KIsKJs3) = VO(I)*(CO(THT»ITEMP) - CO(IHSsITEMP))*25(KK) 3DB 1949

IF(I - 1) 45, 45, 18 3DB 1950

18 ITEMP1 = MO(I-1) 3DB 1951
ITEMP1 = M2(ITEMP1) 3DB 1952
IF(ITEMP - ITEMP1) 25s 20s 25 3DB 1953

20 CXS(KIsKJs1) = AO(KI)*Z5(KK)/(2e*CO(THTsITEMP)*Y5(1)) 3DB 1954
GO TO 30 3DB 1955

25 CXS(KIsKJs1l) = AO(KI)#Z5(KK)/((COUIHTsITEMP1) + CO(IHTsITEMP)) 3DB 1956
1 ®Y5(1)) 3DB 1957

30 IF(I = IM) 45, 45, 32 3DB 1958
32 ITEMP3 = MO(I - IM) 3DB 1959
ITEMP3 = M2(ITEMP3) 3DB 1960
IF(ITEMP — ITEMP3) 40s 35, 40 3DB 1961

35 CXS(KIsKJs2) = AL(KI)*Z5(KK)*TEMP/(2+*CO(IHTsITEMP)*YS5(1)) 3DB 1962
GO TO 45 3DB 1963

40 CXS(KIsKJs2) = AL(KI)*Z5(KK)*TEMP/((CO(IHTsITEMP3) + CO(IHTsITEMP)3DB 1964
1 )*Y5(1)) 3DB 1965

45 IF(KK=1) 49549446 3DB 1966
46 ITEMP3 = IDUMI(I) 3DB 1967
ITEMP3 = M2(ITEMP3) 3DB 1968
IF(ITEMP — ITEMP3) 48,4748 3DB 1969

47 CXS(KIsKJss) = A2(KI)I*Y5(KJ)/(3e%CO(IHTsITEMP)#(Z24(KK) =Z4(KK=1)))3DB 1970
GO TO 49 3DB 1971

48 CXS(KIsKJr4) = A2(KI)®Y5(KJ)*(25(KK=1) + Z5(KK))/((Z4(KK) - 3DB 1972
1 Z4(KK=1))#(3,%(25(KK-1)*CO(IHT,ITEMP3) + 25(KK)*  3DB 1973

2 CO(IHTSITEMP)))) 3DB 1974

49 IF(KK-KM) 50555555 3DB 1975
50 ITEMP3 = IDUM2(1) 3DB 1976
ITEMP3 = M2 (ITEMP3) 3DB 1977
IF(ITEMP - ITEMP3) 52551552 3DB 1978

51 CXS(KIsKJs5) = A2(KII*Y5(KJ)/(3e*CO(IHT»ITEMP)*(Z4 (KK+1) =24(KK)))3DB 1979
GO TO 55 3DB 1980

52 CXS(KIsKJs5) = A2(KI)#Y5(KJ)*(Z5(KK+1) + 25(KK))/((Z4(KK+1) - 3DB 1981
1 Z4(KK))*(34%(Z5(KK+1)*CO(IHTSITEMP3) + Z5(KK)* 3DB 1982

2 CO(IHT»ITEMP)))) 3DB 1983

55 CONTINUE 3DB 1984
DO 200 KJ = 1, JM 3DB 1985

DO 200 KI = 1, IM 3DB 1986

TEMP = KI - 2%#(KI/2) - (KJ-2%(KJ/2)) 3DB 1987

TEMP = ABS(TEMP) 3DB 1988

I = KI + (KJ-1)%IM 3DB 1989

ITEMP = MO(1) 3DB 1990

ITEMP = M2(ITEMP) 3DB 1991

TEMP1 = CXS(KI+1sKJs1) 3DB 1992

TEMP2 = CXS(KIsKJ+1s2) 3DB 1993

e



+

65
90

95

100
105
115

125
130
135

140

145
150
155

160

165
170
175

180
182
184
185

190
195

200

E-45

IF(KJ-1) 659 659 100
IF(BO4~-1) 90, 95» 95

CXS(KIsKJI»2) = ALIKII*ZS5(KK)*TEMP/(34%CO(IHTsITEMP)I*(YS5(1)/3e

1 + «71/CO(IHTLITEMP)))
GO TO 125

CXS(KIsKJI92) = &0

GO TO 125

IF(KJ = JUM) 125, 1059 105

IF(BO3 -~ 1) 115, 120, 120

TEMP = KI = 2%(KI/2) = (KJ + 1= 2%((KJ+1)/2))
TEMP = ABS(TEMP)

TEMP2 = AL(KI)*ZS5(KK)*TEMP/(3e*CO(IHTsITEMP)%(Y5(1)/3e + o71/
1 CO(IHTH»ITEMP)))

CXT(KI) = TEMP2

GO TO 125

TEMP2 = o0

CXT(KI) = TEMP2

IF(KI=-1) 130s 130 145

IF(BO1) 135s 135s 140

CXS(KIsKJI»1) = AO(KI)I*Z5(KK)/(3e*CO(IHTsITEMP)®(YS5(1)/3
1 + o«71/CO(IHTSITEMP)))

GO TO 165

CXS(KIsKJsl) = o0

GO TO 165

IF(KI ~ IM) 165 150, 150

IF(B0O2) 155 1555 160

TEMP1 = AO(KI+1)*Z5(KK)/(3e*CO(IHTSITEMP)*(Y5(1)/3¢ + o71/
1 CO(IHTSITEMP)))

CXR(KJ) = TEMP1
GO 70 165
TEMP1 = 0
CXR(KJ) = TEMP1

IF(KK=1) 17051705182

IF(BO&6) 1755175,180

CXS(KIsKJs4) = A2(KII®YS(KJI)/(3e*CO(IHTSITEMP) *( ,5%Z5(KK) + 71/
1 CO(IHTSITEMP)))

GO TO 195

CXS(KIsKJIs4) = o0

IF(KK=KM) 19551845184

IF(BO5) 18551855190

CXS(KIsKJ95) = A2(KII*¥YS5(KJ)/(3e*CO(IHTSITEMP)*(45%Z5(KK) + 71/
1 CO(IHTSITEMP)))

GO 70 195

CXS(KIsKJs5) 0

CXS{KIKJI»3) CXSIKIIKJI93) + CXS(KI9»KJI91l) + CXS(KIsKJI»2)
1 + TEMP1 + TEMP2 + CXS(KIsKJs4) + CXS(KIsKJs5)

CONTINUE

RETURN

END
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-ITC FR5 INNERsINNER 3DB
SUBROUTINE INNER(NOs N2s CXSs S29 MOs M2y VOs COsJIMsJJIMy JUTL> 3DB

1 CXR9CXTs HAs PA»KKsDUM1sDUM2+25) 3DB
INCLUDE ABC 3DB
DIMENSION NO(1)s N2(1)sCXS(JIMIJIM95)9S52(1)s MO(1)s M2(1) 3DB

1 VO(1)s CO(JTLP1l)s CXR(1)s CXT(1)s HA(1)s PA(1) 3DB

2 » DUM1(1)» DUM2(1)s 25(1) 3DB

REAL NO» N2 3DB

CALL IFLUXN (N2s COs VOs CXSs MOs M2s ITLs IMs JMs» CXRs CXTs 3DB

1 KKsDUM1sDUM2+925+2) 3DB

2 DO 4 I=1y IMUM 3DB
4 NO(I) = N2(1) 3DB
C BEGIN FLUX CALCULATION 3DB
IKB = IM - 1 3pB

JKB = JM - 3D8B

C FLUX CALCULATION USING SOR WITH LINE INVERSION 3D8B
C 3DB
C CALCULATION OF LEFT BOUNDARY FLUX 3DB
KI = 1 3DB

KJ =1 3DB

I = KI + (KJ = 1)%IM 3DB
HA(KJ)= CXS(KIsKJI+192)/CXS(KI9sKJI»3) 308
PA(KJ)= (S2(1) + CXS(KI+1sKJs1)%EN2(I+1))/CXS(KIsKJI»3) 3DB

DO 5 KJ = 29JKB 3D8B

I = KI +# (KJ = 1)*%IM 3DB
HA(KJ) = CXS(KIsKJI+192)/(CXS(KI9sKJI93)= CXS(KI9KJI92)*HA(KI=1)) 3D8B

5 PA(KJ) = (S2(I) + CXS(KI+19KJ91)%N2(I+1) + CXS(KIsKJI9»2)®PA(KJ-1))/3DB
1 (CXS(KIsKJI93) = CXS(KIsKJI92)*¥HA(KI-1)) 3D8

KJ = UM 3DB

I = KI + (KJ - 1)*IM 308

N2(T1) = (S2(I) + CXS(KI+19sKJs1)®N2(I+1) + CXS(KIsKJI92)*PA(KJI-1))/3DB

1 (CXS(KIsKJI93) = CXS(KIsKJI»2)*HA(KJI-1)) 3DB

DO 10 KJJ = 2+IM 3DB

KJd = UM = KJJ + 1 DB

I = KI + (KJ = 1)%IM 3DB

10 N2(I) = PA(KJ) + HA(KJ) * N2(I+IM) 3DB
DO 15 KJ = 1sUM 3DB

I = KI +# (KJ = 1)%IM 3DB

15 N2(I) = NO(I) + ORF*(N2(I) - NO(I)) 3DB
C PRINCIPAL FLUX LOOP 3DB
DO 40 KI = 2,IKB 3DB

KJ = 1 308

I = KI + (KJ = 1)%IM 3DB
HA(KJ)= CXS(KIsKJ+192)/CXS(KI9sKJI93) 3DB
PA(KJ)= (S2(1) + CXS(KIsKJ91)#*N2(I-1) + CXS(KI+19KJs1)%N2(I+1))/ 3DB

1 CXS(KIsKJI93) 3D0B

DO 25 KJ = 29JKB 3DB

I = KI + (KJ = 1)¥IM 308
HA(KJ) = CXS(KIosKJI+192)/(CXS(KIsKJI93)= CXS(KIsKJI»2)%*HA(KI-1)) 3DB

25 PA(KJ) = (S2(1) + CXS(KIsKJ91)%N2(I-1) + CXS(KI+19sKJ91)%N2(I+1) + 3DB
1 CXS(KIsKJI92)*¥PA(KJI=1))/(CXS(KI9sKJI93) = CXS(KIsKJ92)*¥HA(KJI~1)) 3DB

KJd = UM 3DB

I = KI + (KJ = 1)%IM 3DB

N2(I) = (S2(1) + CXS(KIsKJs1)%®N2(I=-1) + CXS(KI+19KJs1)%N2(1+1) + 3DB

1 CXS(KIsKJI92)*¥PA(KJI-1))/(CXS(KI9sKJI#3) = CXS(KIsKJIs2)*#HA(KJI-1)) 3DB

DO 30 KJJ = 29JM 3DB

KJd = UM - KJJ + 1 3DB

I = KI + (KJ - 1)%IM 3DB

30 N2(1) = PA(KJ) + HA(KJ) * N2(I+IM) 3DB
DO 35 KJ = 19JM 3DB
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I = KI + (KJ = 1)*[M

N2(I) = NO(I) + ORF®(N2(I) — NO(I})
CONTINUE

CALCULATION OF RIGHT BOUNDARY FLUX
KI = IM

Ky = 1

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

HA(KJ )= CXS{KIoKJI+192)/CXSIKI9KJI»3)

PA(KJ)= (S2(1) + CXS(KIsKJIs1)¥N2(I-1))/CXS(KIsKJIs3)
DO 45 KJ = 29JKB

I = KI + (KJ = 1)%IM

HA(KJ) = CXSIKIsKJ+192)/(CXS(KIsKJI93)— CXSIKI9KJI»2)*¥HA(KI=1))
PA(KJ)Y = (S2(1) + CXS{KIsKJp1I%N2(I-1) + CXS(KIsKJI92)*PA(KI=-1))/
1 (CXS{KIsKJ93) ~ CXS{KIsKJIs2)¥HA(KI-1))

KJd = IM

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

N2(I) = (S2(1) + CXS(KIsKJ»1)¥N2(1-1) + CXS(KIsKJ»2)¥PA(KJI=1))/
1 (CXS(KIsKJ93) — CXS(KIsKJI92)*¥HA(KJI-1})

DO 50 KJJ = 29sJM

KJ = UM - KJJ + 1

I = KI + (KJ - 1)*IM

N2(T1) = PA(KJ) + HA(KJ) * N2(I+IM)
DO 55 KJ = 1sJM

I = KI + (KJ = 1)%IM

N2(I) = NO(I) + ORF®{(N2(1) - NO(I))
TEMP1 = 0

DO 90 I = 19IMUM

TEMP2 = ABS (1.0 = NO(I)/N2(1))

IF (TEMP1 - TEMP2) 80+90,90
TEMP1 = TEMP2
CONTINUE

INNER ITERATION CONTROL

LC = LC + 1

IT = 11 + 1

IF (Il ~ GO7) 533, 1033, 1033
IF(TEMP1 — G06}) 10335103352
RETURN

END
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=ITC FR5 INNERZ2»sINNER2 3DB 2142
SUBROUTINEINNER2(NOs» N2s» CXSs S29 MOs M2y VOs CO9JIMsJIMy JTLS 3DB 2143

1 CXRsCXTs HA9 PASKKIDUM19DUM2+925) 3DB 2144
INCLUDE ABC 3DB 2145
DIMENSION NO(1)s N2(1)9sCXS(JIM9JIM95)9S2(1)s MO(1)s M2(1)> 3DB 2146

1 VO(1)s CO(JTLs1)s CXR(1)s CXT(1)s HA(1l)s PA(1) 3DB 2147

2 s DUM1(1)s DUM2(1)s Z5(1) 3DB 2148

REAL NO» N2 3DB 2149

CALL IFLUXN (N2s COs VOy CXSs MOy M2y ITLs IMs UMs CXRs CXTo 3DB 2150

1 KK sDUM1 sDUM2+2542) 3DB 2151

2 DO 4 I=1s IMUM 3DB 2152
4 NO(I) = N2(1) 3DB 2153
C BEGIN FLUX CALCULATION 3DB 2154
IKB = IM -1 3DB 2155

JKB = UM - 1 3DB 2156

C FLUX CALCULATION USING SOR WITH LINE INVERSION 3DB 2157
C ' 3DB 2158
C CALCULATION OF BOTTOM BOUNDARY FLUX 3DB 2159
KI = 1 3DB 2160

KJ =1 3DB 2161

I = KI + (KJ = 1)%IM 3DB 2162
HA(KI)= CXS(KI+1sKJ9»1)/CXS(KIsKJI»3) 3DB 2163
PA(KI)= (S2(I) + CXS(KIoKJ+192)#N2(I+IM))/CXS(KI9KJI93) 3DB 2164

DO 5 KI = 2»IKB 3DB 2165

I = KI + (KJ = 1)%IM 3D0B 2166
HA(KI) = CXS(KI+19KJ91)/(CXS(KIsKJI9»3)— CXS(KIsKJI91)*¥HA(KI-1)) 3DB 2167

5 PA(KI) = (S2(1) + CXS(KIsKJI+192)%¥N2(I4+IM)+ CXS{KIsKJIs1)*PA(KI-1))/3DB 2168
1 (CXS(KIsKJI93) = CXS(KIsKJsl)*HA(KI~-1)) 3DB 2169

KI = IM 3DB 2170

I = KI + (KJ = 1)%IM 3DB 2171

N2(I) = (S2(1) + CXS(KIsKJ+192)%#¥N2(I4+IM)+ CXS(KI»KJs1)#PA(KI-1))/3DB 2172

1 (CXS(KIsKJ93) = CXS(KIsKJs1l)*HA(KI-1)) 3DB 2173

DC 10 KII = 24IM 3DB 2174

KI = IM - KII + 1 3DB 2175

I = KI + (KJ = 1)%IM 3DB 2176

10 N2(1I) = PA(KI) + HA(KI) # N2(I+1) 3DB 2177
DO 15 KI = 19IM 3DB 2178

I = KI + (KJ = 1)#%]IM 3DB 2179

15 N2(I) = NO(I) + ORF¥(N2(I) - NO(I)) 3DB 2180
C PRINCIPAL FLUX LOOP 3pB 2181
DO 40 KJ = 29JKB 3DB 2182

KI =1 3DB 2183

I = KI + (KJ = 1)*%IM 3DB 2184
HA(KI)= CXS(KI+19sKJs1l)/CXS(KIsKJI»3) 3DB 2185
PA(KI)= (S2(I) + CXS(KIsKJI9»2)#N2(I-IM)+ CXS(KIsKJ+192)%N2(I+IM))/ 3DB 2186

1 CXS(KIsKJ»3) 3DB 2187

DO 25 KI = 241IKB 3DB 2188

I = KI + (KJ = 1)%*%IM 3DB 2189
HA(KI) = CXS(KI+19KJ91)/(CXS(KIsKJI93)— CXS(KIsKJIs1)*¥HA(KI~-1)) 3DB 2190

25 PA(KI) = (S2(I) + CXS(KIsKJ92)%¥N2(I-IM)+ CXS(KIsKJI+192)%*¥N2(I+IM)+ 3DB 2191
1 CXS(KI»KJI91)¥PA(KI=1))/(CXS(KIoKJI93) = CXS(KIsKJIs1)*HA(KI=1)) 30B 2192

KI = IM 3DB 2193

I = KI + (KJ = 1)%IM 3DB 2194

N2(T1) = (S2(1) + CXS(KIsKJ92)¥N2(I-IM)+ CXS(KIsKJ+192)*¥N2(I+IM)+ 3DB 2195

1 CXS(KIsKJI9»1)#PA(KI=1))/(CXS(KIsKJI93) = CXS(KIsKJs1)*HA(KI=-1)) 3DB 2196

DO 30 KII = 249IM 3DB 2197

KI = IM - KII + 1 3DB 2198

I = KI + (KJ = 1)%IM 3DB 2199

30 N2(I) = PA(KI) + HA(KI) * N2(I+1) 3DB 2200

DO 35 KI = 1yIM 3DB 2201
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I = KI + (KJ = 1)*IM

N2(I) = NO(I) + ORF*®(N2(I) — NO(I))
CONTINUE

CALCULATION OF TOP BOUNDARY FLUX

KJ = UM

KI =1

I = KI + (KJ = 1)#IM

HALKI )= CXS{KI+1sKJs1)/CXS(KI9sKJ93)

PA(KLI) = (S2(1) + CXS(KIsKJI»2)%¥N2(I-IM))/CXSIKIsKJI»3)
DO 45 KI = 2+1KB

I = KI +# (KJ - 1)*IM

HA(KTI) = CXS{KI+19KJs1)/(CXS(KIsKJI9»3)— CXS(KIsKJs1)*¥HA(KI=1})
PAIKI) = (S2(1) + CXS(KIsKJ»2)¥N2(I-IM)+ CXS({KIsKJs1)*¥PA(KI-1)}/
1 (CXS{KI»KJIs3) = CXS{KIsKJsl)}*HA(KI=1))

KI = IM

I = KI + (KJ = 1)*IM

NZ2{I) = (S2(1) + CXS(KIsKJe2)%¥N2(I-IM)+ CXS(KIsKJs1)*PA(KI-1})}/
1 (CXS(KIsKJs3) = CXS(KIsKJsl)*HA(KI-1))

DO 50 KII = 2,41IM

KI = IM = KIT + 1

I = KI + (KJ — 1)%IM

N2{I}) = PA{KI) + HAIKI) # N2(I+1)

DO 55 KI = 1,41IM
I = KI + (KJ = 1)%]IM

N2(I) = NO(I) + ORF*(N2(I) - NO(I))
TEMP1 = L0

DO 90 I = 1sIMIM

TEMP2 = ABS (1.0 ~ NO(I)/N2(1))

IF (TEMP1 - TEMP2) 80+90,90
TEMP1 = TEMP2
CONTINUE

INNER ITERATION CONTROL

LC = LC + 1

IT = 11 + 1

IF (I1 - GO7) 533, 1033, 1033
IF(TEMP1 - GO6) 1033,1033,2
RETURN

END
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SUBROUTINE IF

INCLUDE ABC

DIMENSION N2(1)s CO(JTLs1)o

CXR
REAL

THIS SUBROUTINE NORMALIZES FLUXES BEFORE EACH INNER ITERATION

ABSORPTION AN

LUXN (N2 CO»

E-50

VOs CXSe MOs M2

KK sDUM1sDUM2+Z5s IFLAG)

(1) CXT(1)»
N2

D OUT-SCATTER

VO(1)sCXSIJIM9JUMIS)sMO(1)s M2(1)>
DUM1(1)s DUM2(1)>»

+ CO(IHASITEMP)*TEMP

E3(IGV) = 04,0

E4(IGV) = 0.0

DO 10 I=1, IMUM

TEMP = VO(I)*N2(I)#*#Z5(KK)

ITEMP = MO(TI)

ITEMP = M2(ITEMP)

E3(IGV) = E3(IGV) + (CO(IHTSITEMP)
) *TEMP

Ea(IGV) = E4(IGV)

LEFT LEAKAGE

IF(BO1) 20s 20, 40

E5(IGV) = 0.0

DO 30 KJ = 19 UM

I = (KJ - 1)%IM + 1

E5(IGV) = ES(IGV) + CXS{1sKJs1)¥N2(1)

GO TO 50

E5(IGV) = .0

RIGHT LEAKAGE

IF(BO2) 60s 60y 80

E6(IGV) = 0.0

DO 70 KJ = 1y UM

I = KJ*IM

E6(IGV) = E6(IGV) + CXR(KJ)*N2(1)}

GO TO 90

E6(IGV) = 0.0

BACK LEAKAGE
IF(B0O3-1) 12

E7(IGV) = 0.0
DO 130 KI =
I = IMUM = IM
E7(IGV) = ET(
GO TO 150
E7(IGV) = 0.0
FRONT LEAKAGE
IF(BO4) 160,
EB(IGV) = 0.0
DO 170 KI =1
EB(IGV) = ES8I
GO TO 190
E8(IGV) = 0.0
TOP AND BOTTO
E10(IGV) = 0.
E11(IGV) = Qo
DO 195 KJ=1»
DO 195 KI=1»
I = KI + (KJ=-
E10(IGV) = El
E11(IGV) = E1
E9(IGV) = ESI
ELll

IF(IFLAG-1)

Oy 140y 140

1y IM
+ Kl
1Gv)

160s 180
s IM
1GV)

M LEAKAGE
0
0
IM
M
1)*IM
0(1IGV)
1(IGv)
IGV)
(IGV)
22042204198

+ E6(IGV)

+ CXT(KI)*N2(1)

+ CXS(KI»1s2)%¥N2(KI)

+ CXS(KIsKJsS)®{N2(I)
+ CXSUKI9sKJs&4)®*(N2(I)=-DUML(I))
+ E10(1IGV)

+ E7(IGV)

- CO(IHSSsITEMP)

251(1)

= DUM2(T1)}))

+ E8(IGV)

+

3D8

JTLsJIMsJIMs CXRs CXTs3DB

3DB
3DB
308
3DB
3D8
3DB
3DB
3DB
3DB
3D8B
308
3DbB
3DB

- CO(IHASITEMP)3DB

3DB
3DB
3DB
3DB
3DbB
3DB
3DB
308
308
3DB
3DB
3DB
3DB
30B
3DB
3D0B
3DB
3D8B
30B
308
3DB
308
308
3DB
3DB
3DB
3DB
3D0B
3DB
3DB
3DbB
3D8B
3DB
3DB
3DB
3DB
3DB
3DB
3DB
3p8
3D8B
3DB
3DB
3DB
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2241
2242
2243
2244
2245
2246
2247
2248
2249
2250
2251
2252
2253
2254
2255
2256
2257
2258
2259
2260
2261
2262
2263
2264
2265
2266
2267
2268
2269
2270
2271
2272
2273
2274
2275
2276
2277
2278
2279
2280
2281
2282
2283
2284
2285
2286
2287
2288
2289
2290
2291
2292
2293
2294
2295
2296
2297
2298
2299
2300
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198 TEMP = V11/(E3(IGV) + E4(IGV) + E9(IGV)) 308 2301

- DO 200 I = 1» IMJUM 3DB 2302
200 N2(I) = TEMP®N2(I) 3DB 2303

E3(IGV) = TEMP*E3(IGV) 3DB 2304

E4(IGV) = TEMPX*E4(IGV) 3DB 2305

- ES(IGV) = TEMP*ES(IGV) 3DB 2306
E6(IGV) = TEMP¥E6(IGV) 3DB 2307

. E7(IGV) = TEMP*ET(IGV) 3DB 2308
EB(IGV) = TEMP*EB(IGV) 30B 2309

E9(IGV) = TEMP*E9S(IGV) 3DB 2310

. E10(IGV) = TEMP*E10(IGV) 3D8 2311
E11(IGV) = TEMP®E11(IGV) 3DB 2312

. 220 RETURN 3DB 2313

END 3DB 2314
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-ITC FR5 CNNPsCNNP

10
15
20

25
30

40
45

50
55
60
70

75

80

95

100

105
110

115
120
125
130
135
140
145
150
155
160

165

SUBROUTINE CNNP (F2sK6)
DIMENSION F2(1)s K6(1)
REAL Ké

INCLUDE ABC

CONVERGENCE TESTS

IF(MAXT) 25, 25, 10

CALL ETIMEF(TEMP)

IF(TEMP - GLH) 25s 15, 15
NGOTO = 1

WRITE (NOUT,20)

FORMAT(53H1 * * RUNNING TIME EXCEEDED--FORCED CONVERGENCE

GO TO 135

CONTINUE

E0l=1.0-ALA

IF(ABS (E01)-10,0%EPS) 40y 40y 45
ORF = ORFP

CONTINUE

E02=ABS(EC])

IF(E1(IGP)) 55 130y 55

IF (E02 - EPS) 60s 60y 70
CvT=1

DO 75 KK=1sKM

CALL CLEAR(O,04F2s IMJIM)
CALL DRUMR(NF29sF29IMIMy1)
REWIND NF2

GO TO 105

EV=EV+POD*EQ*EOQ1

GO TO 170

FINAL PRINT

NGOTO=1

IF (104 - 1) 135, 95, 80
EV=0.0

DO 100 I=15IGM
EV=EV+K6 (1)

EV=SKT/EV

GO TO 135

IF(CVT=1) 110s 90y 110
IF(104-1) 115 120y 140
MONITOR PRINT

NGOTO=2

GO TO 135

EV=0,.

DO 125 I1=1s1IGM

EV=EV+K6 (1)

EV=SKT/EV

GO TO 115

CALL ERRO2(&6H**CNNP»130,1)
RETURN

CONTINUE

CALCULATE NEW PARAMETERS FOR SEARCH CALCULATIONS
E03=ABS (ALA-LAR)

IF (LAPP) 270, 150, 270

IF (LAP) 230, 155, 230

IF (EQ) 200y 160, 200

IF (EO3-EPSA) 175, 175, 165

MONITOR PRINT.

NGOTO=2

RETURN
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3DB
3DB
3DB
308
3DB
3DB
3DB
3D8
3DB
3DB
3DB

* %//)3DB

3DB
308
3DB
3DB
3DB
308
3DB
3DbB
3DB
3DB
3DB
3DB
3DB
30B
3D0B
3DB
3DB
3DB
D8
3pe
3D8B
3D8B
3DB
308B
3DB
3DB
3DB
3DB
3DB
apB
308
308
3DB
308
3DB
3DB
3DB
308
3DB
3D8B
3D8B
3DB
3DB
3DB
308
308
3DB
3DB

2315
2316
2317
2318
2319
2320
2321
2322
2323
2324
2325
2326
2327
2328
2329
2330
2331
2332
2333
2334
2335
2336
2337
2338
2339
2340
2341
2342
2343
2344
2345
2346
2347
2348
2349
2350
2351
2352
2353
2354
2355
2356
2357
2258
2359
2360
2361
2362
2363
23264
2365
2366
2367
2368
2369
2370
2371
2372
2373
2374



.o

170

175

180

185
190

195

200
205
210
215

220

225

230
235
240
245
250
255
260

265

270

275

280
285

FINAL PRINT EXIT.

NGOTO=1

RETURN

LAP=ALA

EVP=EV

IF (EO1) 18541854180
Ev=EV~EVM

GO TO 190

EV=EV+EVM

IF (104~2) 195, 165y 195
MIX X-SECSe

NGOTO=3

RETURN

IF (CVT) 170, 205,170
Ev=EV+POD*EQ*EQ]

IF ((LAPP-140)/(LAP-1.0)) 2155 190, 190
TEMP1=AMIN1 (EVPEVPP)

IF (EV-TEMPLl) 220y 225, 225
EV=(EVPP+EVP) /2.

GO TO 190

TEMP1=AMAX1 (EVPsEVPP)

IF (EV-TEMP1) 190y 220, 220
IF (EO3-EPSA) 235, 235, 165
EQ=(EVP-EV)/(LAP=-ALA)

IF (CNT) 260y 245, 260

IF (EO2-LAL} 265 265, 250
IF (EO02-LAH) 260, 260y 255
E01=SIGN (LAHLEQ1)

LAPP=LAP

LAP=ALA

EvPP=EVP

EvP=EV

GO TO 205

CNT=1

LAP=0,0

LAPP=0.0

GO TO 205

IF (EO3-EPSA) 275s 2759 165
CALCULATE QUADRATIC COEFFICIENTS,
TEMP1=EVP-EV

TEMP2=EVPP-EV

TEMP3=EVPP-EVP

TEMP4=TEMP1* (EVP+EV)
TEMPS5=~TEMP2% (EV+EVPP)
TEMP6=TEMP3* (EVPP+EVP)
DENOM=TEMP3*TEMP2*TEMP1

EQA={ (LAPP~1,0)*TEMPI*EVP¥*EV—(LAP-140)*TEMP2

1¥EVXEVPP+(ALA=-1.0) ¥*TEMP3*EVPP*EVP) /DENOM

EQB=~(LAPP*TEMP4 +_LAP*TEMPS5+ALA*XTEMP6) /DENOM
EQC=({LAPP*TEMP1-LAP*TEMP2+ALA*TEMP3) /DENOM

DISCR=EQB¥EQB-4 4 0% EQA*EQC
IF (DISCR) 235, 280, 280
IF (E02-LAL) 265» 2655 285
TEMP1=EQC+EQC

TEMP=SQRT (DISCR)

EQ=1.0/ (EQB+EV*TEMP1)
LAPP=LAP

LAP=ALA

EVPP=EVP

EVP=EV
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290

295

EV1=(TEMP-EQGB)/TEMP1
Ev2==({TEMP+EQB)/TEMP1
EVA=ABS (EV-EV1)

EVB=ABS (EV-EV2)

IF (EVA-EVB) 290, 290, 295
Ev=EV1

GO TO 210

EV=EV2

GO TO 210

END

BNWL-1264

3DB
3DB
3DB
3DB
3DB
308
308
3DB
3bB
308

2435
2436
2437
2438
2439
26440
26441
26442
2443
2444
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-ITC FR5 FINPRsFINPR 3DB 2445
SUBROUTINE FINPRUX1sX49Y19V49Z19269CO»JTLaN2»JIMILYNIMOsF29sNOsM2s 3DB 2446
1 1GMOD s KMODG » KMODF » KMODP sMA s NX 3 S2 9y KMODRYEE ) 3DB 2447

DIMENSION X1(1}s X&(1)s Y1(1)s Yal1l)s Z1(1)s Z4(1)s CO(JTL91)> 3DB 2448

1 N2(JIMsl)s LYN({1)s MO(JIMs1)» NO(JIMs1)s M2(1)s IGMOD(1)s 3DB 2449

2 KMODG(1)s KMODF(1)s KMODP(1)s MA(1)s NX(1)s S2(JIMy1)>s 3DB 2450

3 KMODR{1)s F2(JIMs1}s EE(11s1) 30B 2451

REAL NQs N2 3DB 2452
INCLUDE ABC 3DB 2453

C FINAL PRINT 3DB 2454
ICARD = 1 3DB 2455

CALL MONPR 3DB 2456
IF(NPRT) 90,590,110 3DB 2457

10 CALL NBAL(EE) 3DB 2458
J = MINO(CIP,yuUP) 3DB 2459
WRITE(NOUT»40) (Is X1(I)s X4(I)s YI(I)s Y&(1)s Z1(1)s Z4(1)e1=1+J)3DB 2460

40 FORMAT (123H1 X AVGe X 3DB 2461
1 Y AVGe Y Z AVGe3DB 2462

2 Z//(1456F2044)) 3DB 2463
J=J ¢+ 1 3DB 2464

IF(J - 1 = KP) 45982982 3DB 2465

45 IF(IP = JP) 50946970 3DB 2466
50 K = MAXO(JPsKP) 3DB 2467
GO TO 52 3DB 2468

46 K = KP 3DB 2469
52 WRITE(NCUTs60) (T YL{I)s Y4(I)s Z1(I)s Z4&(l)» I1=JsK) 3DB 2470
60 FORMAT{14540Xs4F2044) 3DB 2471
GO TO 90 3DB 2472

70 K = MAXO(IP,sKP) 308 2473
WRITE(NOUTS80) {IsX1(I)s X&{1)s Z1(1)s Z4l(I)s 1=JsK) 3D8 2474

80 FORMAT(1492F2044940X92F2044) 3DB 2475
GO TO 90 3DB 2476

82 IF(IP = JP) 853590,87 3DB 2477
85 WRITE(NOUT»86) (Is YL(I)s Y&(1)s I=J,JUP) 3DB 2478
86 FORMAT(14540X%42F2044) 3DB 2479
GO 70 90 3DB 2480

87 WRITE(NOUT»88) (1sX1(I)s X&4(I)y I=JsIP) 308 2481
88 FORMAT(1492F20s4) 30B 2482
90 IF(NPUN) 92992,93 3DB 2483
92 IF(NPRT) 2805280593 3DB 2484
93 DO 228 I1IG=14+1GM 3DB 2485
CALL DRUMR(NCR1sCOsITLMTs2) 3DB 2486

DO 225 K=19KM 3DB 2487

CALL DRUMR{NFLUX1sN2sIMIM,s2) 30B 2488

94 IF(K =~ 1) 97597,95 30B 2489
95 TF{LYN(K) ~ LYN(K=1)) 97998497 3DB 2490
97 CALL DRUMR(NMO+MOs IMUMy2) 3pB 2491
98 IF(IIG-1) 10041004110 3DB 2492
100 CALL CLEAR(O0.0sF2y IMUM) 3DB 2493
CALL CLEAR(O.0O3sNCy IMUM) 3DB 2494

GO TO 120 3DB 2495

110 CALL. DRUMRI(NFZ3F2s IMUMs2) 3DB 2496
CALL DRUMR(NDUMSNOsIMIMy2) 3DB 2497

120 DO 125 J=1sJM 3DB 2498
DO 125 f[=1sIM 308 2499

ITEMP = MO(IsJ) 3p8 2500

ITEMP = M2{ITEMP) 3DB 2501
NO(IsJ) = NOUIsJ) + N2(IsJ) 3DB 2502

125 F2(19J) = F2(IsJ) + CO(IHFS»ITEMP)*N2(1+J)*1000.*TSD 3DB 2503

CALL DRUMR(NFOsF29 IMUMy1) 3DB 2504



211
212

214
216

217
218
219
220

222
225

228

230
231
232

233

234

236

237
238

240
242

243

245
248
250

255
256

CALL DRUMR(NS23sNOs IMUMs1)
IF(NPRT) 2175217+211

IF(IGMOD(IIG)) 21792179212

IF(KMODG(K)) 21792175214
WRITE(NOUT»216) 116G

FORMAT (1H1920Xs14HFLUX FOR GROUPsI3//)

CALL PRT(IMsJIMeN2s Y4 9sNOUT 9K 924)

IF(NPUN) 22592255218

GO TO (225921992259222)9 NPUN
PUNCH 220y ((N2(IsJ)s I=1sIM),

FORMAT(1P6E12.6)
GO TO 225

WRITE(16) ((N2(IsJ)s I=19IM)>

CONTINUE

CALL SWITCH(NS2sNDUM)
CALL SWITCH(NFOsNF2)
REWIND NMO

REWIND NS2

REWIND NDUM

REWIND NFO

REWIND NF2

CONTINUE

REWIND NCR1

REWIND NFLUX1

TEMP = 0.0

DO 242 K=1sKM

CALL DRUMR(NDUMsNOsIMIM,2)
IF(NPRT) 233,233,230
IF(KMODF (K)) 233,233,231
WRITE(NOUT»232)

FORMAT(1H1,20Xs11H TOTAL FLUX//)

CALL PRT(IM»sJMsNOs» Y4 9sNOUTsKsZ4)

DO 236 J=1sJM
DO 236 I=1sIM

IFI(NO(IsJ) - TEMP) 23692369234

TEMP = NO(IsJ)

ITEMP1 I

ITEMP2 J

ITEMP3 K

CONTINUE

IF(NPUN) 24292429237

GO TO (238,524292409242)s NPUN

PUNCH 220, (INO(IsJ)s I=19IM)y
GO TO 242

WRITE(16) (INO(Toed)s I=191IM),
CONTINUE

REWIND NDUM

J=1eJM)

J=19JM)

J=1yJM)

J=1sJIM)

WRITE (NOUT»243) TEMPSITEMP1yITEMP2,ITEMP3
FORMAT(7/ 22H MAXIMUM TOTAL FLUX

5Hy K =13)
IF(NPUN=3) 24842459245

PUT AN END OF FILE MARK AND REWIND 16

CALL NTRAN(1699911)
IF(NPRT) 28092809250
TEMP = 0.0

DO 260 K=1sKM

CALL DRUMR(NF25F2sIMIMy2)
IF (KMODP (K)) 26052609255
WRITE(NOUT256)

FORMAT( 1H15,20Xs27H POWER DENSITY

(MWT/LITER))

E12797H AT 1
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CALL PRT(IMsJUMsF2sY4sNOUTsKsZ4) 3DB 2565

DO 259 J=1sJM 3DB 2566

DO 259 I=1sIM 3DB 2567
IF(F2(1sJ) — TEMP) 25949259,257 3DB 2568

257 TEMP = F2(1+J) 3DB 2569
ITEMPL = 1 3DB 2570
ITEMP2 = J 3DB 2571
ITEMP3 = K ’ 3DB 2572

259 CONTINUE 3DB 2573
260 CONTINUE 3DB 2574
REWIND NF2 3DB 2575
WRITE(NOUTs270) TEMPSsITEMP1,ITEMP2, ITEMP3 3DB 2576

270 FORMAT(//25H MAXIMUM POWER DENSITY = E1247¢7H AT 1 =I3,5Hs J =13, 3DB 2577
1 5Hs K =13} 3DB 2578

280 IF(NACT) 550,5550,290 3DB 2579
290 DO 500 N=1sNACT 3DB 2580
MMA = MA(N) 3D0B 2581

NNX = NX(N) 3DB 2582

TEMP = 0,0 3DB 2583

DO 400 I1IG=1,IGM 3DB 2584

CALL DRUMR(NCR1sCOSITLMT,2) 3DB 2585

DO 380 K=1sKM 3DB 2586

CALL DRUMR(NFLUX1sNOyIMJIMs2) 3DB 2587
IF(I1G~-1) 300+300,320 3DB 2588

300 CALL CLEAR(U40»S29IMIM) 3DB 2589
GO TO 330 3DB 2590

320 CALL DRUMR(NS235529 IMJIMs2) 3DB 2591
330 DO 370 J=1sJM 3DB 2592
DO 370 I=1sIM 30B 2593

370 S2(IsJ) = S2(IsJ) + COCNNXIMMA)IXNO(TI ) 3DB 2594
IF(11G~IGM) 380,371,371 3DB 2595

371 DO 373 JU=1sJUM 3pB 2596
DO 373 I=19IM 3DB 2597
IF(S2(IsJ) - TEMP) 373,373,372 3DB 2598

372 TEMP = S2(1.J) 3DB 2599
ITEMP1 = 1 3DB 2600
ITEMP2 = J 3DB 2601
ITEMP3 = K : 30B 2602

373 CONTINUE 3DB 2603
IF(KMODR(K)) 380+380+374 3DB 2604

374 WRITE(NOUT»376) NsMMAINNX 3DB 2605
376 FORMAT(9HIACTIVITY I3s5Xs 9H MATERIAL 1325X923H CROSS SECTION POSI3DB 2606
1TION 13/} 30B 2607

CALL PRT{IMs»JIM3S2sY49NOUT9KsZ4) 3DB 2608

380 CALL DRUMR(NDUMsS2sIMJIMy1) 3DB 2609
CALL SWITCH{NDUMINS52) 3DB 2610
REWIND NDUM 3DB 2611

400 REWIND NS2 3DB 2612
WRITE (NOUT»420) TEMPSITEMP1sITEMP2,ITEMP3 30B 2613

420 FORMAT(// 20H MAXIMUM ACTIVITY = E1247»7H AT I =1355H» =13, 3DB 2614
1 5Hy X =13) 3DbB 2615
REWIND NFLUX1 3DB 2616

500 REWIND NCR1 3DB 2617
550 RETURN 30B 2618

END 3DB 2619
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-ITC FR5 NBALsNBAL 3DB 2620
SUBROUTINE NBAL(EE) 3DB 2621
DIMENSION EE(11s1) 3DB 2622
INCLUDE ABC 3DB 2623

DO 5 LL=1»11 3DB 2624

5 EE(LLsIGP) = 40 3DB 2625
DO 10 IIG=1sIGM 3DB 2626
EE(1+I1IG) = EI(IIG) 3DB 2627
EE(2s11G) = E2(II1G) 3DB 2628
EE(9s11IG) = EE(5,11G) + EE(6s11G) + EE(Ts1IG) + EE(8s11G) 3DB 2629

1 + EE(1091IG)+EE(11+11G) 3DB 2630

DO 10 LL=1,11 3DB 2631

10 EE(LLSIGP) = EE(LLSIGP) + EE(LL,IIG) 3DB 2632
WRITE(NOUT,20) 3DB 2633

20 FORMAT(1H1 28H FINAL NEUTRON BALANCE TABLE/// 3DB 2634
1130H GROUP FISSION IN out ABSORPTION LEFT3DB 2635

2 RIGHT BACK FRONT TOP BOTTOM TOTAL3DB 2636

3/ 3DB 2637
4130H SOURCE SCATTER SCATTER LEAKAG3DB 2638

SE LEAKAGE LEAKAGE LEAKAGE LEAKAGE LEAKAGE LEAKAG3DB 2639

6E /) 3DB 2640

DO 30 T11G=1+IGM 3DB 2641

25 FORMAT(14+95Xs1P11E11,3) 3D0B 2642
30 WRITE(NOUT»25) IIGs (EE(LLsTIG)s LL=2+8)» (EE(LL9IIG)s LL=10s11)+3DB 2643
1 EE(9s11G) 3DB 2644
WRITE (NOUTs35) 3DB 2645

35 FORMAT (1H ) 3DB 2646
116G = IGP 3DB 2647
WRITE(NOUT»25) IIGs (EE(LLsIIG)s LL=198)s (EE(LLIIG)» LL=10911)s3DB 2648

1 EE(9+11G) 3DB 2649
RETURN 3DB 2650

END 3DB 2651
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=IT FR5 PRTs»PRT 3DB 2652
SUBROUTINE PRT (JIMsJJUMs N2s Yés NOUT»KKsZ4) 3DB 2653
DIMENSION N2(JIMsJJM)y Y&4(1l)s Z4(1) 3DB 2654
REAL N2 3DB 2655
WRITE(NOUTs5) KK» Z4&(KK) 3DB 2656

5 FORMAT(4H K =13+4X9s9H HEIGHT =E10.4) 3DB 2657
IM = JIM 3DB 2658
JM = JIM 3DB 2659
DO 50 1I=1sIMy5 . 3DB 2660
I1=1 3DB 2661
12=1+4 3DB 2662
1IF(12-IM) 20, 20, 10 3D0B 2663

10 12=1M 3DB 2664

20 WRITE ( NOUT»30 )} ( JJeJJU=11,12) 3DB 2665

30 FORMAT( 5120) 3DB 2666
DO 50 JJ=1ssJM 3DB 2667
J=JJ 3DB 2668

40 FORMAT(I5+sE156795E20.7) 3DB 2669

50 WRITE(NOUTs40 ) Js(N2(KsJ)sK=I1912)9Y4(J) 308 2670
RETURN 3DB 2671

END 3DB 2672
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-1TC FR5 GRAMsGRAM 3DB 2673
SUBROUTINE GRAM{MASSsy VOLs ATWs HOLNsJIMsJIMs MOs» M2y VO 3DB 2674

1 109 Ils I2sJMLs I39255LYN) 3DB 2675
INCLUDE ABC 3DB 2676
DIMENSION MASS(JMLs1)s VOL(1)s ATW(1)}s HOLN(1)s MO(JIMyJUM)» 3pB 2677

1 M2(1)s VOULJIMsJIM) s T0(1)s T1(1)s I2(1)s I3(1) 3DB 2678

2 s Z5(1)s LYN(D) 3DB 2679

REAL 12 13, MASS 3DB 2680

C THIS SUBROUTINE CALCULATES THE MASS OF THE VARIOUS MATERIALS 3DB 2681
WRITE(NOUT»10) (ID(I)s I=1911) 3DB 2682

10 FORMAT(1H1»11A6///) 3DB 2683
WRITE (NOUTs 20) 3DB 2684

20 FORMAT(45H MATERIAL INVENTORY (KILOGRAMS) FOR EACH ZONE / ) 3DB 2685
CALL CLEAR(O40svOLsIZM) 3DB 2686

ITEMP = ML*IZM 3DB 2687

CALL CLEAR(Q+09sMASSH»ITEMP) - 3DB 2683

DO 30 KK=1KM 3DB 268Y
IF(KK=1) 289281424 IDB 2690

24 IFILYN(KK) — LYN(KK=1)) 28s29+28 3DB 2691
28 CALL DRUMR (NMOyMUs IMUMy2) 3D0B 2692
29 DO 30 J = 1s JM 3DB 2693
DO 30 I = 1y IM ANR 2694

K = MO(IsJ) 3DB 2695

30 VOL(K) = VOL(K) + VO(Iys J)*%,001%2Z5(KK) 3DB 2696
REWIND NMO 3DB 2607

DO 39 M=1,M01 3DB 2698

I13(M) = 12(M) DR 2699
IF(I0O(M) = 11(M)) 39935539 3DR 2700

35 IF(I2(M)) 39936939 3DR 2701
36 DO 38 MM=1sM INR 2702
IF(I0(M) ~ TO0(MM)} 38937,38 3DR 2707

37 I3(MM) = [2(MM)*EV DB 2704
38 CONTINUE "OR 2705
39 CONTINUE 2R 2TNE
DO 190 N =1y IZM anR 2707

NN = M2(N) 30B 2708

DO 190 M = 1,M01 3DB 2709
IF(I0(M) - NN} 190y 40, 190 3DR 2710

40 L = 11(M) 3DR 2711
IF(L - ML) 170y 170y 50 3DB 2712

50 NNAA = L 3DB 2713
IF{L - I0(M)) 130,190y 130 3DB 2714

130 DO 160 MAA = 1, MO1 3DB 2715
IF(I0O(MAA) — NNAA) 160y 140y 160 3DE 271c¢

140 L = I11{MAA) 308 2717
IF(L)Y 160y 160s 150 3DB 2718

150 EOL = I3(MAA)*13(M! 3DB 2749
MASSILN) = ((EO1*ATW(L)*VOL(N))/.6023) + MASS(LsN) DB 272C

160 CONTINUE ADE 2721
GO TO 190 aDR T2

170 IF(LY 190s 190, 180 3DB 2723
180 EQ1l = I13(M) apf 277264
MASS(LON) = ((EO1*ATWI(L)*VOLIN))/46023) + MASS(LN) ADR 272¢

190 CONTINUE apB 2726
DATA ZONE/6H ZONE / IR 270

DO 260 L = 1s 1ZMs 5 (oL oo

LL =L + 4 sDR 2729

IF(LL - I1ZM) 210, 210, 200 2pE 273C

200 LL = IZM 308 2731

210 WRITE(NOUT»220) ({ZONEs» K)s K=Ls LL) DB 2732

1



220
230

240
250

260
270
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FORMAT(//26H MATERTAL ATOMIC WTe s3Xs 5(A6912912X))
WRITE(NOUT»230) (VOL(K)s» K = L» LL)

FORMAT(25Xs 5(EB43» TH LITERSs 5X))

DO 240 K = 1y ML

WRITE(NOUT$250) K»s HOLN(K)s ATW(K)» (MASS(Ks I)s I = Ls LL)
FORMAT( 13s1Xs A6s F1343s 1Xs 1PE13.3s 1P4E20,3)

IF(LL - IZM) 260, 270, 270

CONTINUE

RETURN

END
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-ITC FR5 INPBsINPB

10

12
14

15
20
30
40
60

70

80

190
200
210
230

3DB

SUBROUTINE INPB(MATNsNBRsLDSLCNsLFNsALAMIHOLNs IML »12) 3DB

INCLUDE ABC 3DB

DIMENSION MATN(Y)s NBR(1)s LD(1)sLCN{IMLWL)sLFN(JIMLs1)s ALAM(1)» 3DB

1 HOLN(1)y I2(1) 3DB
REAL I2 3DB

THIS SUBROUTINE READS AND PRINTS THE BURNUP DATA 3pB

READ(NINP,10) ITEMP, NPRTy NPUNs ITEMPl,s DELT 308

FORMAT(416s E1240) 3DB

IF(DELT) 14914912 3D0B

DAY = DAY + DELT 3DB

cvi = 0 308

CNT = O 3DB

P02 = 0 308

ALA = 0,0 3DB

LAP = U0 308

LAPP = 0.0 3p8

LAR = 0,0 308

EQ = 0.0 3DB

KPAGE = 100 308

IF(ITEMP) 190y 15» 20 3DB

NCON = ITEMP 3DB

GO TO 190 3DB

NCON = ITEMP 3DB

DO 40 N = 1s NCON 3DB

FORMAT(1216) 3DB

READ(NINP»30U) MATNIN)sNBR(IN) sLD(N) s (LCNIN#K)9K=192) 9 (LFN(NsK)» 3DB

1 K=1,7) 308
WRITE (NOUT»60) DB

FORMAT(12H1BURNUP DATA///) 3IDR

WRITE (NOUT+70) aDB

FORMAT (130H BURNABLE MATERTAL NAME L AMBDA 3DB

1 NBR *# % ¥ ¥ % ¥ SOURCE ISOTOPF FOR * * % %3nR
2 * = / 2DB
3 130H ISOTOPE NO. (DAYS-1) 2DB
4 DECAY CAPTURE F1SS3D8
SION /9H NO., ) 3DB
DO 90 N=1ls NCON 308

FORMAT(3Xs I3 12Xs I3y 10Xs A6y 8Xs F8e3» I9915Xs 13y 13Xs 213y 3DB

1 10Xy 713) 3D8B
ITEMP = MATN(N) 3DB

ALAM{ITEMP) = 24,%3600,%ALAM(ITEMP) 3DB

WRITE (NOUT»80) Ns MATN(N)s HOLN(ITEMP)y ALAMITITEMP), NRR(N}» 3NR

ILD(N)» (LCNINsK) sK=192)9 (LFN(NsK)9sK=1s7) ADE
ALAM(ITEMP) = ALAMI{ITEMP)/(3600e%24,) 3b8

IF(ITEMPL) 23052305200 206

PUNCH 210y (12(I)s 1=1eMO1)} 3DB

FORMAT(6(3XsE9e4)) 308

RETURN 2DB

END 3DB
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~ITC FR5 AVERAGYAVERAG 30B 2793
SUBROUTINE AVERAG(PHIBYAXSsFXSIMATNsMASSsATWsVOLsCO9sN29sMOsVOs 3DB 2794
1 HOLNy JML,y JTLs NBRy25sLYN) DB 2795
DIMENSION PHIB(1)s AXS{JMLs1)s FXS(JIMLs1)s MATN(1)9s MASS(JUMLs1)» 3DB 2796
1 ATW(1)s VOL(1)s CO(JTLs1)s N2(1)s MO(1)s VO(1)s HOLN{1}3DB 2797
2 s NBR(1)s Z5(1)s LYN(1) 3DB 2798
REAL N2y MASS 3DB 2799
INCLUDE ABC 3DB 2800
THIS SUBROUTINE CALCULATES ZONE AVERAGED FLUXESs FISSION CROSS 3DB 2801
SECTIONSs AND ABSORPTION CROSS SECTIONS. 3DB 2802
RL = 060 3DB 2803
RC = 060 3DB 2804
DO 10 KZ=1,IZM 3DB 2805
PHIB{¥Z) = 0.0 3DB 2806
DO 10 KN =19NCON 3DB 2807
AXS(KNIKZ) = 060 3DB 2808
FXS{KNsKZ) = 06,0 3DB 2809
LN = MATN(KN) 3DB 2810
MASS(LNsKZ) = (MASSILNIKZ)*¥,6023)/7/(ATWILN)*VOL(KZ)) 3DB 2811
DO 105 11G=1s1IGM 3DB 2812
CALL DRUMRI(NCR1sCOsITLMT2) 3DB 2813
DO 100 KK=1sKM 3DB 2814
IF(KK-1) 30930520 3apB 2815
IF(LYN(KK} = LYN(KK=1}) 30940930 3apB 2816
CALL DRUMR(NMOyMOy IMUM,2) 2pB 2817
CALL DRUMR{NFLUX1sN2yIMIM,2) 3DB 2818
DO 100 I=1»IMUM 3DB 2819
KZ = MO(1}) 3DB 2820
PHIB(KZ) = PHIB(KZ) + N2(1)*vO(])%25(KK) 3DB 2821
DO 100 KN=1sNCON 3DB 2822
LN = MATN{KN) 3DB 2823
AXS{KNsKZ) = AXS(KNsKZ) + CO(IHASLN)*N2(I)¥VO(1)%Z5(KK) 3DB 2824
FXSIKNKZ) = FAS(KNIKZ) + COCIHFoLN)®N2(I)*VO(I)*Z5(KK) 3DB 2825
REWIND NMO 3DB 2826
DO 250 KZ=1sI1ZM 3DB 2827
TEMP3 = PHIBI(KZ) 3DB 2828
PHIB(KZ) = PHIB(KZ)/{VOL(KZ)}*1000,) 3DB 2829
WRITE(NOUTS110) KZ 3DB 2830
FORMAT(1H1s45Xs9H Z O N E #13/) 3DB 2831
WRITE(NOUT»120) 3DB 2832
FORMAT{115H BURNABLE MATERIAL NAME ATOM 3DB 2833
1 FISSION ABSORPTION SIGMA SIGMA / 3DB 2834
2 115H I1SOTOPE NOe« DENSITY 3DB 2835
3 RATE RATE FISSION ABSORPTION/ 3DB 2836
&4 TH NOe /) 3DB 2837
TEMP4 = 0.0 3DB 2838
DO 200 KN=1sNCON 3DB 2839
LN = MATN(KN) 3DB 2840
TEMP1 = AXS{KNsKZ)*MASS{LNKZ) 3DB 2841
TEMP2 = FXS(KNsKZ)*MASS{LNsKZ) 3DB 2842
TEMP4 = TEMP4 + TEMP2 3DB 2843
AXS(KNsKZ) = AXS(KNsKZ)/TEMP3 3DB 2844
FXS{KNs+KZ) = FXS(KNsKZ)/TEMP3 3DB 2845
FORMAT(4XsI3s11Xs13910X9A692X91P5E1543) 3DB 2846
WRITE(NOUT»130) KNs LNs HOLN(LN)»s» MASS(LNIKZ)s TEMP2, TEMPI1s 3DB 2847
1 FXS{KNsKZ)s AXS(KNsKZ) 3DB 2848
ITEMP = NBRI(KN) 3DB 2849
IF(ITEMP - 1) 200s 1409 160 3DB 2850
RC = RC + TEMP1l - TEMP2 3DB 2851
GO TO 200 3DB 2852



210

250

350

E-64

RL = RL_+ TEMP1

CONTINUE

TEMP4 = TEMP4*TSD

WRITE(NOUT»210) PHIB(KZ)sTEMP4sVOLI(KZ)

FORMAT(//24H ZONE FLUX{N/CM+2%*SEC) =1PElle4/
24H ZONE POWER(MW) =1PElls4/
24H ZONE VOLUME(LITERS) =1PE1lle4)

N -

CONTINUE

TEMP = RC/RL

WRITE(NOUT»350) TEMP

FORMAT( /24H BREEDING RATIO =F8e4 )
REWIND NCR1

REWIND NFLUX1

RETURN

END
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=I1TC FR5 MARCHsMARCH

20

28
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31

32

34
36

50
100

110
120
200

500

520

SUBROUTINE MARCH(PHIBsMATNsFXS9sAXSsVOL sMASSsMASSPsALAMsLDLCN>

1 LFNsJIML 910911 912sM2)
DIMENSION PHIB(1)s MATN(1)s FXS{JML91)sAXS(JIML1)sVOL(1)s

1 MASS(JIML 1) yMASSP(JML 1) s ALAM(1)y LD(1)s LCN(UMLs1)s
2 LEN(JMLs1)9I0(1)s T1(2)s I2(1)s M2(1)
REAL 12y MASSs MASSP

INCLUDE ABC

3DB
3DB

3p8B
3DB
3DB
3DbB
3DB
3D8B

THIS SUBROUTINE COMPUTES THE TIME DEPENDENT ISOTOPIC CONCENTRATION3DB

TEMP = DELT % 244 * 3600s / 10.

TEMP1 = 0
DO 5 KZ = 1s1ZM
PHIB(KZ) = PHIB(KZ) * 104%%(-24)

DO 5 KN = 1sNCON

LN = MATNI(KN)

TEMP1 = TEMP1l + FXS{KNsKZ)*PHIB(KZ)*MASS(LN»KZ)*VOLI(KZ)
DO 200 KT = 1510

TEMP3 = L0

DO 20 KZ = 1s1ZM

DO 20 KN = 1sNCON

LN = MATN(KN)

MASSP(LNsKZ) = MASS(LN»KZ)
DO 100 KZ = 1s12ZM

DO 20 KKK = 195

DO 50 KN = 1sNCON

LN = MATN{KN)

TEMP2=—{MASSU{LNKZ ) +MASSP(LNKZ) ) * (ALAMILN}+AXS{KNIKZ ) #PHIB(KZ))

IF (LD(KN)) 30s 30y 28

KK = LD(KN)

KK = MATN(KK)

TEMP2 = TEMP2 + ALAM(KK)*(MASS{KKsKZ) + MASSP(KKsKZ))
DO 32 K = 192

KK = LCN({KNsK)

KL = MATN(KK)

IF (KK} 32932531

TEMP2 = TEMP2 + (AXS(KKsKZ) = FXS(KK#KZ))*PHIB(KZ)*
1 (MASS(KLsKZ) + MASSP(KLsKZ))
CONTINUE

DO 36 K = 1,7

KK = LFN(KN»K)

KL = MATN(KK}

IF (KK) 36936434

TEMP2 = TEMPZ + FXS(KKsKZ)¥PHIB(KZ)* (MASS(KL+KZ)+MASSP(KLKZ})
CONTINUE

MASS{LNsKZ) = MASSP(LNsKZ) + «5*¥TEMPX*TEMP?2

DO 100 KN = 1sNCON

LN = MATNI(KN)

TEMP3 = TEMP3 + FXS(KNsKZ)*PHIB(KZ)*MASS(LNsKZ)*VOL(KZ)
IF(TEMP3) 200,200,110

DO 120 KZ = 1s1ZM

PHIB(KZ) = PHIBI(KZ) * TEMP1/TEMP3
CONT INUE

DO 500 KZ = 1sIZM

PHIB(KZ) = PHIB(KZ)*10s%%(24)

DO 540 Z=1s1ZM

DO 540 M=19MO1

IF(10(M) - M2(KZ)) 54095209540
DO 530 KN=1sNCON

LN = MATN(KN)

IF(LN ~ 11(M}) 53055259530
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540

12(M) = MASS(LN»sKZ)
CONTINUE

CONTINUE

RETURN

END
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~ITC FR5 SHUF s SHUF 3DpB 2933
SUBROUTINE SHUF(IO0sIls12) 3DB 2934
INCLUDE ABC 308 2935
DIMENSION 10(1)s I1(1)s 12(1) 3DB 2936
REAL 12 3DB 2937

C THIS SUBROUTINE SHUFFLES MIXTURES. 3pB 2938
DELT = 0 30B 2939
WRITE(NOUTs10) DAY 3DB 2940

10 FORMAT(1H1510Xs51H M I X TURE S SHUFFLED AT T 1 ME3B 29l

1 =4FB8e398H D A Y S///) 308 2942
I =0 3DB 2943

15 I =1+1 3DB 2944
READ(NINP»20) ITEMP,ITEMP1sITEMP2 3DB 2945

20 FORMAT(316) 30B 2946
IF(ITEMP) 254100925 3DB 2947

25 WRITE(NOUT»30) IsITEMPlsITEMP2 3DB 2948

30 FORMAT(16s 6Xs 4H MIXs16+s19H 1S REPLACED BY MIXs 16 ) 3DB 2949
DO 90 I1I=1,M01 3DB 2950
IF(ITEMP2 ~ T0(II)) 90+40,90 3DB 2951

40 DO 70 JJ=1sMO1 3DB 2952
IF(ITEMP1 = I0(JJ)) T0+50970 3DB 2953

50 IF(IL(IIY) = 11(JJ)) T0+60,570 3DB 2954

60 I2(44) = 12(11) 3DB 2955
GO TO 90 3DB 2956

70 CONTINUE 3DB 2957

90 CONTINUE 3DB 2958
GO TO 15 3pB 2959

100 RETURN 3DB 2960

END 3DB 2961
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