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IN REPLY
REFER TO:

UNIVERSITY OF CALIFORNIA
LOS ALAMOS SCIENTIFIC LABORATORY
(ConTrACT W-7405-£NG-36)

P. O. Box 1663
Los Alamos, New Mexico 87544

TO: Holders of Report LA-4231

SUPPLEMENT

This supplement to LA-4231, "PHENIX, a Two-Dimensional Diffusion-

Burnup-Refueling Code,"

consists of two additions to the original ver-
sion of the code given in Table I, pp. 9 to 15. These are (1) the
capability of performing a series of burnup intervals in one run, and
(2) a provision for a buckling correction to be used in X~Y and R-6
calculations. Each addition is discussed briefly below.

The capability of performing a series of burnup intervals allows
an entire fuel-cycle analysis to be performed in one run. Thus, if
the clean reactor configuration and the appropriate refueling fractions
are specified, the equilibrium fuel-cycle parameters can be calculated
in a single run. Data dump capabilities are also provided so that the
problem can be restarted after any number of burnup intervals. This
multi-interval modification requires only two additional input control
words, but reduces the maximum allowable storage in the A Common Block

from 30,00010 to 27,000, . words.

10
The buckling correction option is made available by use of the

newly added control word BUCK (on control Card 8). If BUCK is input

as 0.0 (or left blank), no buckling correction is made. If BUCK > 0.0,

and the geometry is X-Y or R~0, BUCK is used in one of two ways:

AN EQUAL OPPORTUNITY EMPLOYER
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a. If 0.0 < BUCK < 1,0, BUCK is used directly as B2
bl

g,I° the same

for all groups g and regions I.

b. If BUCK > 1.0, it is assumed to be the buckling height of the
reactor and the buckling for each group g, and region I is
computed as

32 = 3.1416

81 | guck + 2(?.71 Ag’I)
tr

to give the group/region-dependent buckling.

In both cases, the buckling correction consists of adding the quantity
Dg I B I to the macroscopic absorption cross section in each region I
1] ’
for each group g. (This quantity is also subtracted from the macroscopic
self-scatter cross section to maintain the correct total cross section.)
I
D _ i . g8t |
o1 s computed as 1.0/ 3 rr

New Input Format

This section specifies the new input required for the additions to
the code discussed previously. All references to card numbers are to the

original version of the code (Table I).

Card 5 (Now becomes 916 format)

IBUMAX Columns 49~54 The number of burnup intervals
to be performed during this
run,

Card 8 (Now becomes 3E12.4 format)

DAYST Columns 13-24 The time in the fuel-cycle
analysis when this run begins.
BUCK Column 25-36 Buckling, CM % (if BUCK < 1.0),

or buckling height, CM (if BUCK

> 1.0)., If a buckling correction
is not desired, BUCK should be
set = 0,




If a multiple burnup interval run is being made, i.e., IBUMAX > 1,
then before the criticality calculation for the second and any subsequent
burnup intervals, new values of the parameters PV, EV, and EVM are read
in. This allows changes to be made in the search parameters as the fuel-
cycle analysis proceeds to equilibrium. The format for this card is 3El12.4,
and for the second burnup interval, this card should follow Card 36, the
last refueling data card. A blank card can be inserted if only straight
keff calculations are being performed, i.e., IEVT = 1, There is no addi-
tional refueling input required for a multiple-burnup-interval run.

The input sequence for such a run is illustrated by an example:
EXAMPLE: A depletion problem is to be run for three burnup intervals,

with one burnup time step per interval (NBSTP = 1) of length
100 days. The calculational sequence is that outlined in
Part C, p. 21 of the report, i.e., Search—Burnup—keff af ter
burnup-Refuel.

The card input format for this run is as follows:

1. Cards 1 through 36 as described in Table I of the report; this takes
care of the entire input for the first burnup interval,

. A PV, EV, EVM card (a new input card) for burnup interval 2.
. An NCON, DELT card (Card 26) with NCON < 0 and DELT = 100,
An NCON, DELT card (Card 26) with NCON < 0 and DELT = O.

A PV, EV, EVM card (a new input card) for burnup interval 3.
Repeat Items 3 and 4 from above, i.e., Card 26.
FINISH card (Card 37).

~N oy LW
L]

This procedure is repeated for up to IBUMAX burnup intervals.,

A revised listing of the code is available from the Argonne Code
Center, in which all changes or additions to the original version of the
source deck are noted with a letter next to the card index number in

Columns 73-80,
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PHENIX, A TWO-DIMENSIONAL DIFFUSION-BURNUP~REFUELING CODE

by

R. Dougias O'bell and

e TGe ke 4 v e te o x

Thomas J. Hirons

ABSTRACT

BRI : - At J o

PHENIX is a two—dimensional multigroup, diffusion—burnup—refueling

code for use with fast reactors.

he code is designed primarily for fuel-

‘cycle analysis of fast reactors and can be used to calculate the detailed
burnup and refueling history of fast breeder reactor concepts having any
generalized fractional-batch reloading scheme. Either ordinary kgeg calcu-
lations or searches on material concentrations or on region dimensions

can be performed at gny time during the burnup history, using’the standard
source iteration technique. The refueling option of the code accounts

for the spatial flux shifts over the reactor lifetime in the calculation

of fuel discharge. All programming is in FORTRAN-IV, and the storage re-
quirements are designed so that the code fits in a 64k memory of a CDC-6600

computer.

b P P T ERTTE R

PN R Y )

I. INTRODUCTION  r=~i ve-s -foens fr g0 mesne 3o mncs
This report describes the two-dimensional
diffusion~burnup-refueling code, PHENIX The math—
ematical models are described in Sec. II and ‘users'
information is given in Sec. III. A basic code
flow chart, the source-deck listing; and a sampie
problem are presented in Appendices A through C,
respectively. T e R
PHENIX is of specific value for analyzing the
burnup and refueling history of fast breeder reac-
tors. Much of PHENIX is based on 2DB, a Battelle-

1
Northwest - Laboratory code. ; .
. E

Eigenvalues are4computed by-gource—iteration
overrelaxation, an& f1551on—source overrelaxation
used to accelerate convergence. 'Variable olmen—
81oning is used to make maximum use of the fast
memory available in thé computers In addition, e
only one energy group 1s treated‘at any given time,
so that the scorage Teguirements. are relatively
insensitive to the number of energy groups being
treated. ; ’ . ;

The code searches pn maferial corcentrations ;
and region dihensions to acnieyeLé désired value R
of keff' Concentration searches can also be per—;

. : ot
formed during the burnup, if desired, to account

for fuel depletion. Following burnup, any or all..,

R e BN o R I R B T L A L ™ T “

regions of the reactor can be refueled using any ~
desired refueling fraction. The refiieling option
accounts for the spatial flux shifts over the .
reactor lifetime.

The format of the input data blocks (e.g.,
microscopic crogs sections, geometry specifications,
and material compositions).is, for the most part,
similar to .the Los Alamos Sn codesz’3 DTF-1IV and .
2DF, as well as to 2DB. ,
II. PRQGRAM DESCRIPTION

A. TFormulation and Solution of Difference
Eguations .
1. Neutron Balance Eguations The time-
VoS0 P Tl R e 3TnTt sy feaw

independent multlgroup diffu31on equations can be

FEET YR

written
KN i Btaw Faathcuvuaee e re e - S rarmans
¢ S ¢ + 8 =0 ', ! )
K fg =L Ty T Uy
e ey ee Ploie ety e s s o e amaie e
Where ... ... jpiv ey rnee s vme ey e s ese pelE

@
I

= the number of energy groups,

toa 8 =,enepgy group index (g = 1 denotes . .
highest energy group),

ol e mer Jfean i a aa Adear: L aarens e eE Siieeis awes
¢ = group flux,
e 88 W Y. . Tiep V.
D = diffu51on coefficient ( A/3),
o Bl sosser nue seveeen usy 8 s et




L = removal cross section,

G

2+
g

I(g >~g") ,
g'=g+l

L~ = absorption cross section,

£(g »+ g') = down-scatter cross section from
group g to g’',

S = neutron source rate.

The neutron source term, Sg’ for group g con-
sists of two terms, a fission source term and an

inscatter source term from higher energy groups,

G -1
Eg :E : f
sg keff (v )g' ¢g| + I(g"+g) ¢g" .
g'=1 g'=1
(2)
where
XS = fission fraction,
k = effective multiplication factor,

eff
(vZf) ¢ = fission source rate from neutrons in
& group g.

Equation 1 can be recast into a set of spatial-
ly coupled difference equations suitable for itera-
tive solution by digital computer. These differ-
ence equations are formed by overlaying a mesh
grid on the reactor to produce a grid of incre-
mental mesh subvolumes. The mesh spacing is the
same for all energy groups. Associated with each
mesh subvolume is a mesh point at which the dif-
fusion equation is to be discretely evaluated. In
this code, the mesh point is located at the geo-
metric center of its mesh subvolume (instead of at
the intersection of mesh grid lines). In this
manner, each mesh point has associated with it the
mesh subvolume established by the mesh grid.

The spatial difference equations for each mesh
point are formed by integrating Eqs. 1 and 2 over
the mesh subvolume associated with the mesh point.
The group flux at each mesh point is assumed to be
the average group flux in the associated mesh sub-
volume, and the group constants at each mesh point
If we con-

sider the (i,3j) mesh point shown in Fig. 1, the

are constant over its mesh subvolume.

integration of the removal and source terms of Eq.
1 yields

r r
z i dv = (Z v .
SRR NCIY (g 9, V) 4 3)

i,]

and
S (4 V =
s g(1a1) v = (5, V), o, %)
i,]

where Vi 3 is the mesh subvolume associated with

the (i,j)th mesh point. In performing the sub-
volume integration on the leakage term, Dg Vz ¢8,

we can apply Green's theorem:

fnv2¢dv='{1>v$-dK . (5)

\'

The flux gradient at the mesh boundary is approxi-
mated, in the usual manner, by the forward (or
backward) difference technique. Applying Eq. 5,
together with Eqs. 3 and 4, to the diffusion equa-
tion at point (i,j) yields the basic difference

equation (dropping the group index for simplicity):

A/B)y gy gy g = & ) + MDY, 44y

T,y 7 ) MDY g (05 7 8y

Sy r
RGN O M I - R S

FSW, =0, (6)
MATERIAL | MATERIAL
l—3R; —] REGION REGION
M My
MATERIAL | MATERIAL
[ REGION REGION
L+ M, M,
—_——r az; [ L) [
1 I v i 1+1,]
4 .
! 1L, j-1
ﬁL ¥‘=4J-|"4
]
__JL R, %

Fig. 1. Mesh grid and mesh point configuration.




where, referring to Fig. 1,

£ = distance between mesh point (i,3) and the
adjacent mesh point indicated by the sub-
scripts in Eq. 6, e.g., Zi,i—l =R - R .,

A = area of common boundary between mesh sub-
volume (i,j) and the subvolume indicated
by the subscripts in Eq. 6,

o
[

effective diffusion coefficient between
mesh point (i,j) and the mesh point indi-
cated by the subscripts in Eq. 6, e.g.,
between points (1,j) and (1-1,j),

(6R, + &R, )

+ D j SRi

= = Disj Di_l’j
Dy SRy F 0y,

D

chosen to ensure continuity of current between
mesh subvolumes.
If the point (i,j) does not lie on an exterior

boundary, Eq. 6 can be rearranged into the form

4

E 1,1
(Sv)i,j + Ck ¢k
8y 5= £l : &)

i,]

where
¢k = the flux at one of the four mesh points
adjacent to the point (i,j),

ci’J = DA/L , (8)
4

r,.=@ v, +tYy ¢ 9

i,] i,j k °
k=1

It should be remembered that an equation of
the form of Eq. 7 exists for each group g at every
interior mesh point. Thus, there 1s a system of
equations of the form of Eq. 7 that is amenable to
iterative solution.

2. Boundary Conditions. Two boundary condi-

tions are available for use in PHENIX, zero flux
gradient and flux vanishing. These are shown
graphically in Fig. 2.

1f we consider the zero flux gradient condition
and refer to the left boundary of the model shown
in Fig. 2, we see that we can place, in principle,
an effective mesh interval, e.g., interval 0, out-
side the left boundary. Since zero flux gradient
at the left boundary implies symmetry, the pseudo

mesh interval is the mirror image of interval 1.

fs———— REACTOR BOUNDARIES ———— |

- -0—-1 —¢

-
o
+

~
(o] ] 2 s 1 oo IMm \o

] r—‘o——o{
tr
3R, 8R|—| 8Ry), ] O.7IN

Fig. 2. One-dimensional schematic diagram of reactor
boundary conditions.

[
1
i

For difference Eq. 6 applied at the point with
i = 1, the first term represents the left leakage
from the mesh subvolume on the left boundary. Be-
cause of symmetry, however, there is no net leakage
and the first term of Eq. 6 must vanish. This is
accomplished in the code by setting the coefficient
BA/L equal to zero. (The setting of the flux dif-
ference ¢O,j - ¢l,j = 0 is not possible in the code
because ¢0,j does not exist.) In the simplified
form of Eq. 7, therefore, a zero flux gradient
boundary condition is treated by setting the appro-
priate Ck = 0.

To consider the basic handling of the flux van-
ishing boundary condition, refer to the right reac-
tor boundary in Fig. 2. Let the right-most mesh
subvolume in the reactor be called the (IM,j)th.

The flux vanishing condition requires that we effec-
tively place an additional mesh point (IM + 1,j) a
distance of 0.71 A'F to the right of the reactor
boundary and require that the flux ¢IM+1,j at that
point be zero. From the second term of Eq. 6 (with
i = IM), the flux difference is merely —¢1M,j’ and,
further, the distance £ between the IMth and (IM+l)st
mesh interval is 0.5 GRIM + 0.71 A;r. In the simpli-
fied form of Eq. 7, then, the flux vanishing condi-
tion is treated by eliminating the zero flux term
in the four-term sum of the numerator and by setting
the appropriate Ck in the denominator equal to

DA

0.5 6R + 0.71 A*F
3. Method of Solution. The group flux dis-

tributions and the eigenvalue are computed by the
source~iteration technique. This technique con-
sists of the following process: A guess is made of
the initial flux distribution for all groups, and

an initial fission source distribution, FSD is

0’



calculated. For group 1, the source term (Slv)i’j
is computed for each mesh point, and a set of
coupled, inhomogeneous algebraic equations of the
form of Eq. 7 is produced. The set of equations
is solved iteratively by systematically proceeding
through the mesh. Each use of the entire set of
equations is called an inner iteration (or mesh
sweep). Several inner iteratioms are usually per-
formed until the flux distribution (for group 1)
that conforms to the initial source distribution is

found. Once this is done, FSD, is used to calcu-

late the fission source for grgup 2, and the group
1 fluxes just calculated are used to calculate the
inscatter source for group 2. These two terms are
combined to produce the source term (SZV)i,j for
group 2. The group 2 equations are then itera-
tively solved for the group 2 fluxes that conform
to the source distribution. This sequence 1s re-
peated through all groups. The determination of
all group flux distributions that result from the
initial fission source distribution, FSDO, consti-
tutes an outer tteration.

After an outer iteration, a new fission source
distribution (FSD) is computed from the new flux
distributions. The multiplication ratio, A, is
then obtained as the ratio of the new total fission
source rate to the previous total fission source
rate where the total fission source rate is merely
the volume-weighted sum of the fission source
distributions.

Before beginning a new outer iteration, the FSD
is effectively multiplied by 1/A (in the code the
figsion fractions Xg are multiplied by 1/X) in
order to maintain the steady-state condition that
total reactor neutron production equals total
reactor neutron losses.

With the new FSD, a second outer iteration is
performed to give a second set of group fluxes and
a second value of A. From these, another FSD is
computed and another outer iteration performed. As
this procedure continues, the value of A approaches
unity, and the problem is converged when ll - AI <
EPS, where EPS is the eigenvalue convergence cri-
terion, an input parameter. The value of keff for
the reactor is simply the product of the successive

A's.

Several features are incorporated in PHENIX to
accelerate the convergence. These are line inver-
sion with successive line overrelaxation, fission
source overrelaxation, and group rebalancing.

The iterative technique is improved by the use

of line inversion with successive line overrelaxa-

“tion. In this method, the entire set of equations

of the form of Eq. 7 for a row or column are solved
simultaneously, ylelding the group fluxes a row or
a column at a time. The fluxes are then overre-

laxed using the extrapolated Liebmann scheme,

¢V = ¢V + owr - (¢§j1 - ¢") : (10)
where
¢V = the group flux calculated in the vth inner
iteration,

¢::1 = the group flux just calculated in the

(v#l) inner iteration before overrelaxation,

ORF = overrelaxation factor,
vl

]

¢

overrelaxed group flux.

The overrelaxation factor is an input parameter
that is somewhat problem dependent. An ORF of 1
produces no overrelaxation, an ORF < 1 constitutes
underrelaxation. For most problems, an ORF of 1.5
or 1.6 is best.

The line inversion can be performed by rows
(radially), by columns (axially), or by alternating
the direction from one mesh sweep to the mnext.

On the basis of experiments with different core
geometries and different combinations of boundary
conditions, the code will determine the best direc-
tion by considering the boundary conditions together
with the average axial and radial mesh spacing.
Specifically, in R-6 geometry, inversion is done
axially; for problems with an even number of reflec-
tive boundary conditions, inversion is done in the
direction of least average mesh spacing; and for
problems with an odd number of reflective boundary
conditions, the mesh 1s swept in alternating
directions.

Fission~-source overrelaxation is also used to
accelerate convergence. The extrapolated Liebmann
method is applied to the FSD by comparing the FSD
from the outer iteration just completed with the
FSD from the previous outer iteration. Specifically,

FsD™*! = Fsp® + ORFF - (angzl - rso“) , QA




where the notation is similar to that used in Eq.
10. The fission source overrelaxation factor ORFF

is computed internally as
ORFF = 1.0 + 0.6 - (ORF - 1). (12)

Group rebalancing is also used to improve the
convergence rate. In group rebalancing, the flux
in each group is normalized by balancing the total
reactor loss rate for the group with total reactor
source for the group. The latter quantity is
merely the sum of (ng)i,j over all mesh points.
This rebalancing is performed immediately before
the series of inner iterations for the group is
begun. With group rebalancing, a one-region reac-
tor problem with zero flux gradient boundary con-

ditions would be solved in one outer iteration.

B. Search Options

1. General Operation of the Search Routine.

It is possible in PHENIX to adjust material concen-
tration or reactor dimensions to achieve a desired
value of k

(The desired value of ke is input

eff” ff
as PV, and the code is also instructed to use this
value by setting the input quantity, IPVT, to 2.)

Regardless of the parameter being adjusted, the
search is conducted by performing a sequence of
keff—type calculations, each for a different value
of the desired parameter, to find the value of the
desired parameter which makes A (described in Sec.
A.3) equal to unity.

For the initial system, the sequence of outer
iterations continues until two successive values of
A differ by less than the parametric eigenvalue
convergence criterion EPSA. After the first con-
verged A is obtained, the initial value of the
eigenvalue* (the ineyt quantity EV) is altered by
the eigenvalue modifier EVM, an input number. If
A > 1, the new eigenvalue is equal to EV + EVM; if
A < 1, the new value is EV - EVM. With a new

elgenvalue and hence a new value of the parameter

*It should be noted that the term eigenvalue as-
sumes a different meaning in the search mode than
in the ordinary kegf calculation described in Sec.
A.3. 1In the latter calculation, eigenvalue simply
refers to the product of the A's, so that the
eigenvalue approaches kefg as A approaches unity.
In the search calculation, however, eigenvalue is
a quantity that is used directly to alter the
parameter being searched on.

being searched on, a second converged value of )
is computed. Basically, then, after two values of
A (or keff) are obtained for two different system
parameter values, the program attempts to fit a
curve through the most recent values of A to extrap-
olate or interpolate to a value of unity. Depend-
ing on the amount of information available and the
magnitude of ]1 - Al, this curve fit proceeds in
different ways. A parabolic curve fit cannot be
made until three converged values of A are avail-
able and is not attempted, even then, unless
|l - A| is between input limits XLAL and XLAH. If
the parabolic fit is tried and the roots are imagi-
nary, the root closest to the previous EV is used
as the new value of EV. Once a bracket is obtained
(change of sign of A - 1), the fit procedure is not
allowed to move out of the range of this bracket.
Should the parabolic fit select an eigenvalue out-
side the bracket region, this value is rejected,
and the new value is taken as the average of the
two previous values.

Whenever the parabolic fit is not used, a linear
fit is incorporated from which the new eigenvalue
is

EV = EV + POD *« EQ * (1 - A)

new old ’ (13)

where POD is an input parameter oscillation damper
designed to restrict the amount of change in the
eigenvalue, and EQ is a measure of the slope of the
curve. When |l - A| > XLAH, (1 - X) in Eq. 13 is
replaced by XLAH with the sign of (1 - \) to pre-
vent too large a change in EV. After |l - X] < XLAL,
the value of EQ is fixed and kept constant to prevent
numerical difficulty in approximating the derivative
when A is close to unity.

Because parametric search problems involve a
series of keff calculations, it is to the user's
advantage to study his particular problem in order
to optimize his calculations and to assure himself
that a solution is possible. Ideally, the user will
have some reasonable estimate of the critical param-
eter before beginning the search calculation.

2. Material Concentration Search. The general

search procedure just described can be applied to
the problem of selectively determining material
concentrations (atom densities) to produce the de-

. The concentration search can

ired k
sired value of eff



be performed on any of the materials in any or all

of the reactor zones. The eigenvalue EV is applied

to the input atom density for a particular material
in a given zone to yield an adjusted material atom

density

Ni = Ni

i
input (1.0 + BV - I47) . (14)

The superscript i denotes both the material and the
reactor zone, and I4 is an input quantity, the

search material modifier. The use of material modi-

fiers permits a high degree of flexibility in the

gearch. All materials whose modifiers are zero

are unaltered by the search. On the other hand, if

a particular region contains, for example, 235U and

238U, the proper enrichment can be determined by
giving 2350 and 238y modifiers that differ in sign.

235

In this manner, when the U concentration is in-

creased, the 238

U concentration will be decreased.
In a similar manner, control rods with fueled fol-
lowers can be properly treated in the search.

3. Dimensional Search (Delta Calculation). In

applying the search option to the reactor dimen-
sions, the reactor zone boundaries are selectively
modified. Because each radial and axial zone is
subdivided into its particular radial and axial
mesh, the dimension changes are determined by ad-
justing the mesh widths 6 and 823 for the ith ra-

dial and jth axial zone by means of the algorithms
sct = 8rp1 + w3t EW) (15)

and

3

6zl = 523(1 +z33 cEW) . (16)

In Eqs. 15 and 16, the subscript O refers to
the initfal (input) widths. R3i is an input quan-
tity, the mesh modifier for the ith radial zonme,
while z3j, also an input quantity, is the mesh modi-
fier for the jth axial zone. If one of the R3 or
23 values is zero, the associated mesh width is un-
changed, whereas if all the mesh modifiers are
unity, all reactor dimensions are uniformly expand-
ed or contracted. The proper selection of the mesh
modifiers can produce a wide variety of dimensional
change combinations. For example, an interface be-
tween two zones can be moved while the rest of the

system is left unchanged.

C. Burnup Method

Burnup is performed by PHENIX using the point
burnup equation applied separately to each burnable
isotope in each zone. The point burnup equation

can be written

Ny _ _
AN o, N e AN
+Z(°°»J Nj ¢) +Z(Uf»“’ N, ¢) s
3 » (17)
where

Ni = atom density of burnable nuclide i,
Ai = decay constant for nuclide i,

3 = zone- and group-averaged absorption cross
section for nuclide 1,

. = zone- and group-averaged fission cross
section for nuclide 1,

I3 = zone- and group-averaged capture cross
section for nuclide i,

¢ = zone-averaged total flux for the zone.

The last two sums in Eq. 17 provide for two cap-
ture and seven fission sources of Ni’ respectively.
The fission sources are necessary if fission prod-
uct buildup is to be considered.

The burnup time is an input quantity, DELT, and
is arbitrarily subdivided into ten smaller substeps.
The point burnup equation is then solved iterative-
ly as a marchout problem using the substeps. The
zone—-averaged fluxes and cross sections used in
Eq. 17 are computed before each burnup time. The
total reactor power from the burnable isotopes, and
the relative flux distributions (both spectral and
spatial), are assumed congtant throughout the bum-
up calculation. The iterative marchout algorithm
is best seen if Eq. 17 is rewritten in the form

N
3—‘: = 8d,e) . (18)

The basic marchout difference equation is then
> -+ ot [

N(t,) = N(t + 258+ 8

(e)) = N(e, ) 2(1—1 j) , (19

where j 1s the index on time (j = 1, 2, ..., 10),
Equation 19

is transcendental in that ﬁ(cj) must be known in

and §t is the length of the substep.

order for E to be known. The code, therefore,

-
iterates on the N at each substep, using the



iteration algorithm,

>\ > ﬁ > *>y-1
N (t:j) = N(tj_l) + 2 (Gj—l + Gj ) , (20)

where vV is the iteration index. Because the length
of the substep is usually short, only a few itera-
tions are necessary. Rather than complicate the
marchout procedure with convergence tests on the
ﬁv(tj), therefore, the code automatically performs
five iterations at each substep. Because of this,
together with the assumption that relative flux
profiles are unchanged during burnup, relatively
short substeps should be employed if rapid burnup
is expected or if large spatial or spectral flux
shifts are anticipated.

D. The Refueling Option

1. The Refueling Method. Since the burnup

analysis of large fast reactors is frequently per-
formed in conjunction with fuel-cycle analyses
(especially for fast breeder reactors), a flexible
and comprehensive refueling option has been in-
cluded in PHENIX. For total reactor refueling fol-
lowing a specified length of burnup, the refueling
problem is simple. For mixed-batch fractional re-
fueling, however, the problem is considerably more
difficult. For example, if one-fourth of the core
fuel is to be discharged and replaced with clean
fuel at the end of each burnup interval (the total
time a reactor is operated between refuelings), it
is necessary to distinguish this fuel fraction from
that which remains in the reactor. 1In this type

of refueling scheme, the core fuel at the end of

a burnup interval consists of four distinct consti~
tuents: fuel that has resided in the reactor for
four successive burnup intervals and is ready to

be discharged, fuel gthat has burned for three burn-
up intervals, fuel that has burned for two burnup
intervals, and fuel that has been burned for one
interval. (In this example, we assume that the
reactor has been operated for a time equal to at
least four burnup intervals.)

Since PHENIX deals with homogenized atom densi-
ties, the analysis could, of course, be done by
explicitly tagging the elements (or isotopes) of
each constituent. For example, for the fractional
refueling described above, the core could be as-
signed four separate 239Pu constituents, each char-

acterized by an atom density and each corresponding

to one of the resident constituents of the core.
The sum of these constituent atom densities would
be the total 239Pu atom density in the core. Note
that. although this method is conceptually straight-
forward, it poses a severe bookkeeping problem. The
code will treat each tagged constituent isotope or
element separately and will require both a cross-
section table and an atom density specification for
each. This considerably increases the required
input data and storage requirements for the code.

An alternative to the explicit tagging method
that eliminates this bookkeeping problem has been
employed in PHENIX. The method used in PHENIX re-
quires that all fuel discharged from a given zone
begin its life as clean fuel with the same relativg
isotopic content, i.e., the isotopic content of the
fuel charge is invariant from one burnup interval
to the next for a given zone.

The method of calculation is best described by
an example. Suppose that the i burnup interval
has just been completed and that the discharge from
a given region is to be computed. Let the refuel-
ing fraction for this region be 1/4 and assume that
i > 4. Thus, the fuel to be discharged consists of
the constituent fuel that has been burned over the
four burnup intervals (1 - 3) through i. Using the
clean fuel charge atom densities for the region,
the basic burnup equation, Eq. 17, is applied using
the zone-averaged total flux and zone- and group-
averaged cross sections for the region during the
(1-3) burnup interval. The resulting atom densi-
ties are then used as input to burnup over the
(i-2) burnup interval using the average flux and
cross sections for that burnup interval. This pro-
cedure is continued through the i burnup interval.
The atom densities determined in this manner are
those that resulted from the successive burnup of
clean fuel over the last four burnup intervals.
Because the charge for the (i-3) burnup interval
was only one-fourth of the clean fuel atom density,
the discharge atom densities are merely one-fourth
of the atom densities obtained by successive burnup.

With the discharge thus determined for the i
burnup interval, the homogenized initial atom densi-
ties for the (i+l) burnup interval can be directly
computed. This is possible since the burnup por-

tion of PHENIX has calculated the homogenized atom




densities, Ni’ at the end of the i burnup interval,
as well as the discharge, b,, following the i burn-

up interval, and the charge, Co, for all burnup in-

tervals is known. The homogenized input atom densi-

ty for the (i+l) burnup interval, No

141° for the
particular zone and isotope is then
0
Ni+1 - Ni - D1 + Co . (21)

Note that the successive burnup calculations
account for both the spectral and spatial flux
shifts from one burnup interval to the next.

2. Specific Features of the Refueling Option.

The refueling option is designed for use in the de-
tailed analysis of a reactor over its operational
lifetime, with refueling occurring periodically.
Accordingly, the analysis must begin with the ini-
tial burnup interval and proceed through successive
burnup intervals in order. Information such as
zone-averaged total fluxes and zone- and group-
averaged cross sections from previous burnup inter-
vals must be supplied as input for the refueling
subroutines. Either a card or a tape dump can be
used for input. Because of the cumulative require-
ments for data as the burnup analysis progresses,
it is recommended that magnetic tape be used for
data storage for the refueling.

Refueling can be performed using any refueling
fraction and with any frequency, with each zone
being treated independently. For example, zone 1
can have two-thirds of its fuel replaced every
third refueling, while zone 2 can have one-half of
its fuel replaced at each refueling.

After the detailed refueling (zone by zone) has
been computed, any combination of zones can be col-
lapsed one or more times, if desired, to provide
mass summary subtotals for the burnable isotopes.
This 1is useful, for example, for collapsing a many-
region fast breeder reactor into the three basic
regions of core, radial blanket, and axial blanket.
A further option provides for the charge-discharge
masses for the first NECOP (see Input Instructions)
collapses to be punched on cards. These punched
data can be used as input for economic analysis,

{f desired.

III. USERS' INFORMATION

A. Input Instructions

This section describes the input format and
deck setup for PHENIX., Several of the data blocks
(RO, z0, MO, K7, 10, I1, I2, R2, R3, Z2, 23, and

I4) are read by the two generalized input subrou-

_ tines, REARL (for floating point data), or REAFXP

(for fixed point data). These routines streamline
the input block and allow for the ganging of input
in the case of repeated identical entries. When
REARL and REAFXP are used, all cards contain six
data fields of 12 columns each. The last nine col-
umns of each field contain the data associated with
the particular field; columns 2-3 contain an inte-
ger N from O to 99. The first column of each field
must contain
0 or blank - no effect (N.~ 0),
1 - repeat associated entry N times,

2 - do N linear interpolations between
associlated data entry and succeed-
ing data entry,

3 - terminate reading of this array
with previous data entry.

The data blocks mentioned above (except K7) contain
information concerning the materials and geometric
composition of the reactor and can be conveniently
calculated and punched by a data preparation code4
such as DPC. This sequence of data blocks is also
compatible as input to the transport theory codes

DTF~-IV and 2DF which were developed at LASL.

An additional subroutine, TRIG, is used in PHENIX

to read trigger data for burnup and refueling prob-
lems. This routine uses a dense format, 2413 per
card, which is useful in condensing the size of

the input deck for a large number of mixture
specifications.

The input blocks required when the refueling
option is used are all read by the subroutine INPR.
This isolation of the refueling input streamlines
the flow of the code and helps to conserve storage
requirements. The input card format is given in
Table I.
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Variable Columns

Card 1 (12A6 format)

ID(12) 1-72

TABLE L

INPUT CARD FORMAT FOR PHENIX

Description

To run a series of problems, repeat data input starting
with this card.

Identification Card 1

Card 2 (11A6, F6.1 format)

ID(11) 1-66
TMAX 67-72

Card 3 (1216 format)

1GE 1-6
IZM 7-12
IBL 13-18
IBR 19-24
IBT 25-30
1BB 31-36
IEVT 37-42
IPVT 43-438
™ 49-54
M 55-60
1z 61-66
Jz 67-72

Card 4 (1216 format)

M 1-6

ML 7-12
ICST 13~18
IHT 19~-24
IHS 25~-30
ITL 31~-36
IXSEC 37-42
MOl 43-48
OITM 49-54
IITM 55-60

Identification Card 2

Maximum running time in minutes; this allows a final dump
to be obtained if convergence is forced; if zero, not used.

Geometry specification
=0, X-Y

1, R-2

2, R-6

L]

Number of material zones

Left boundary condition
0, vacuum
1, reflective

non

Right boundary condition (same conditions as for IBL)
Top boundary condition (same conditions as for IBL)
Bottom boundary condition (same conditions as for IBL)

Eigenvalue type

1, kegf

2, concentration search

3, dimensional (delta) search

Parametric value type

1, none

2 ’ keff

Number of radial mesh intervals (>3)

Number of axial mesh intervals (>3)
Number of radial zomes (delta option only)

Number of axial zones (delta option only)

Number of energy groups (<50)
Number of input materials

Cross-section type. For a detailed discussion of these
types, see Cards 10 and 11.

1, Type 1

2, Type 2

0 n

Position of sigma total in cross-section table
Position of sigma self-scatter in cross-section table
Cross-section table length

Read cross sections
0, from cards
1, from tape

nou

Total number of mixture specifications (see cards 17-19Y)
Maximum number of outer iterations allowed

Maximum number of inner iterations per group per outer
iteration. Recommended value is 5.
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Variable

Columns

TABLE I (continued)

Description

Card 4 (1216 format) continued

MSHSWP

ISTART

61-66

67-72

Card 5 (816 format)

IREF

NBSTP
IFS

NPOIS
MWDT

IPFLX

IPRIN

IDMTPS

Card 6 (6E12.4 format)

1-6

7-12
13-18

19-24
25-30

31-36

37-42

43-48

EPS

SRCRT
POWR

ORF

FLXTST

PV

1-12

13-24
25-36

37-48

49-60

61-72

Direction of line inversion in solution for the group fluxes
= 1, alternating direction

2, radial

3, axial

4, code decides

Initial flux guess

0, none (code assumes a flat flux in all groups)

1, ¢(r)*¢(z) from cards (same for all groups)

2, ¢(r,z,E) from cards

3, ¢(r’st) from tape

4, ¢$(r)*¢(z), sinusolds (calculated by code, same for
all groups)

Burnup-refuel control parameter
= 0, no burnup
= 1, burnup only
= 2, burnup and refuel

Number of burnup time steps in a burnup imterval

Perform a concentration search after the final burnup time step
= 0, no
= 1, yes

Material number of control poison

Calculate burnup in MW4/T
= 0, no
= 1, yes (used only in burnup calculations) Must be set
= 1 then.

Control for punching flux dump

0, no punching

1, punch fluxes before burnup
2, punch fluxes after burnup

Print control
= 1, full print always
= 2, full print for DAY = 0 only
= 3, partial print always (In a partial print, the cross
sections, group fluxes, and fission source rate are
omitted.)

Prepare data dump tape
= 0, no
= 1, yes

Eigenvalue convergence criterion, i.e., criterion applied to
the total fission source rate. Typical value is 10~5 to 10-6
for straight k,¢f calculations and 10-4 for search calculations.

Neutron source rate for normalization (not used if POWR is used)

Reactor power in MWT for normalization (must be set to zero if
SRCRT is used)

Overrelaxation factor used in inner iteration flux calculation.
The optimum value of this parameter is somewhat problem dependent,
but a value of 1.4 to 1.6 is satisfactory for most cases.

Inner iteration flux test
= EP, check convergence of all fluxes using the criterion EP
= 0,,code uses EPS as convergence criterion for all fluxes

Desired parametric value (used only for search problems, l.e.,
IPVT = 2 )
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TABLE I (continued)

Variable Columns Description

Card 7 (6E12.4 format)

EPSA 1-12 Parametric value convergence criterion (used only in search
calculations). Recommended value is =10 EPS.

EV 13-24 Initial eigenvalue guess (used only in search calculations)

EVM 25~36 Initial eigenvalue modifier (search only). This value should

decrease reactivity; i.e., EV + EVM should produce a lower
reactivity than EV. This parameter is extremely problem

dependent.

EV2 37-48 Eigenvalue guess for second and succeeding searches

XLAL 49-60 Lower limit on |\ -~ 1|. Recommended value is =0.001 (search
only).

XLAH 61-72 Upper limit on |A - 1|. Recommended value 1s =0.5 (search
only).

Card 8 (E12.4 format)

POD 1-12 Parameter oscillation damper. Ratio of the computed eigenvalue

change to the predicted eigenvalue change. It can be used to
accelerate convergence or damp out oscillations. The appropriate
value is problem dependent but should be near 1.0. (A POD of
exactly 1.0 produces no damping.)

Card 9 (A6, 2E6.2 format) (used only if IXSEC = Q)

HOLN (ML) 1-6 Identification (name) of first material
ATW(ML) 7-12 Atomic weight of first material
ALAM(ML) 13-18 Decay constant for first material in days_l. Used only in

burnup calculations.

Card 10 (6E12.5 format) (used only if IXSEC = 0) (Begins cross-section data for first group
for first material.)

C(1,IGM,ML) 1-12 o,
C(2,IGM,ML) 13-24
C(3,IGM,ML) 25-36 OS

total
C(4,IGM,ML) 37-48 ca
C(5,IGM,ML) 49-60 vof
Cc(6,IGM,ML) 61-72 otr (= Ototal)
Card 11 (6E12.5 format)
c(7,IGM,ML) 1-12 cs(g + g), self-scatter
C(8,IGM,ML) 13-24 os(g -1-+g)
C(9,IGM,ML) 25-36 cs(g -2+9)

Continue for the remaining downscatter terms, and then repeat for the remaining groups for material 1.

Then repeat Cards 9 through 11 for all groups in all remaining materials.

The format given above is for the Type 2 cross sections (ICST = 2), which is the punched output format
2
for the MC code.5 In this format, the data for each material are punched continuously, i.e., no new card

is started for each group. Also, Oc and ostotal are not used, and these positions in the table length (1
and 3) are deleted by the code.

In the Type 1 cross section format, Gc and 0gg do not appear, and all other cross sections are

total
appropriately adjusted in the table length. In addition, the data for each new energy group must begin on

a new card,

11




TABLE I (continued)

For both cross-section types, the code checks the input data to ensure that 6, =0, + o(g + g")
r z :

within a8 certain error criterion. g

If IXSEC = 1, all data on Cards 9 through 11 will be on tape, and thege cards will be omitted. Note

that, if the cross-section data are on tape, the order in which the materials are read and numbered must be

congistent with the material numbering in the Il block (see Card 18).

12

Variable Columns Description

Card 12a (6E12.6 format) (used only if ISTART = 1)

RF (IM) 1-12 Initial flux guess for first radial interval
RF (IM) 13-24 Initial flux gueas for second radial interval

Continue for all radial intervals. This flux profile is used for all energy groups.

Card 12b (6E12.6 format) (used only if ISTART = 1)
ZF (M) 1-12 Initial flux guess for first axial interval
ZF (JM) 13-24 Initial flux guess for second axial interval

Continue for all axial intervals. This flux profile is used for all energy groups.

Card 12c (6E12.6 format) (used only if ISTART = 2)
NO(IMIM) 1-12 Initial flux guess for first mesh point in first group

NO(IMIM) 13-24 Initial flux guess for second mesh point in first group
Continue for all mesh points and all energy groups.

Card 13 [6(I1,I2,E9) format]
RO(IM+1) 1-12 Radial position of first mesh boundary (0.0)
RO(IM+1) 13-24 Radial position of second mesh boundary (cm)

Continue for IM+l radial boundary positions.

Card 14 [6(11,12,E9) format
ZO(JM+1) 1-12 Axial position of first mesh boundary (0.0)
ZO(JIM+1) 13-24 Axlal position of second megh boundary (cm)

Continue for JM+l axial boundary positions. For an R-8 calculation, the 8 increments
should be in fractions of 360°, e.g., 180° = 0.5.

Card 15 [6(T11,12,19) format]

MO (IMJIM) 1-12 Zone (mix) number for first mesh interval

MO(IMIM) 13-24 Zone (mix) number for second mesh interval

Continue for all mesh intervals. The mesh intervals are numbered beginning at the lower
left and then proceeding through each row in order.

Card 16 [6(I1,I2,E9) format]

K7(1GM) 1-12 Fission fraction (spectrum) for first energy group
K7 (IGM) 13-24 Fission fraction for second emnergy group

Continue for all energy groups.

Card 17 [6(11,12,19) format]

I0(Mo1) 1-12 Material number assigned to Zome (mix) 1

Repeat same entry for a total of N + 1 times where N is the number of materials in Mix 1.
Then repeat the same procedure for all remaining zones (mixes).

-
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TABLE I (continued)

Variable Columns Description
Card 18 [6(I1,12,19) format]
I1(MO1) 1-12 = 0 (to trigger storage area for Mix 1)
I1(MO01) 13-24 Number of first material in Mix 1
I1(MOl) 25-36 Number of second material in Mix 1
Continue for all materials in Mix 1. Then repeat the same procedure for all remaining
mixes.
Card 19 [6(I1,I2,E9) format]
12 (MO01) 1-12 =0
I12(MO1) 13-24 Concentration of first material in Mix 1 (atoms/b—cm)
I12(MO01) 25-36 Concentration of second material in Mix 1
Continue for all materials in Mix 1. Then repeat the same procedure for all remaining
mixes. Note that the length of the 10, 11, and I2 blocks is the same (= MOl).
Card 20 [6(I1,12,19) format] (used only if IEVT = 3)
R2(IM) 1-12 Dimensional search zone number for first radial interval
R2(IM) 13-24 Dimensional search zone number for second radial interval
Continue for all radial mesh intervals.
Card 21 [6(T11,1I2,E9) format] (used only if IEVT = 3)
R3(12) 1-12 Dimensional modifier for first radial zone
R3(12) 13-24 Dimensional modifier for second radial zone
Continue for all radial zones.
Card 22 [6(11,12,19) format] (used only if IEVT = 3)
Z2(JM) 1-12 Dimensional search zone number for first axial interval
Z2(JM) 13-24 Dimensional search zone number for second axial interval
Continue for all axial mesh intervals.
Card 23 [6(31,12,E9) format] (used only if IEVT = 3)
23(Jz) 1-12 Dimensional modifier for first axial zone
23(J2) 13-24 Dimensional modifier for second axial zone
Continue for all axial zones.
Card 24 [6(11,12,E9) format] (used only if IEVT = 2)
14(MO1) 1-12 Search material modifier for first position in the MOl block
14(MO1) 13-24 Search material modifier for second position in the MOl block
Continue for all positions in the MOl block.
Card 25 (24I3 format) (used only if MWDT = 1)
NTRIG(MOL1) 1-3 Trigger for total fuel mass calculation for first position in
MOl block
= 0, not a fuel isotope
= 1, a fuel isotope
NTRIG(MO1) 4-6 Same conditions as above for the second position in MOl block
Continue for all positions in the MOl block.

13




TABLE I (continued)

Variable Columns Description
Card 26 (16,E12.0 format) (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
DELT 7-18 Length of time step in daye

Card 27 (1216 format) (used only if NCON > 0), This card contains all burnup parameters
for the first burnable isotope.

MATN (NCON) 1-6 Material sequence number (Il number) of first burnable isotope

NBR(NCON) 7-12 Control for breeding ratio calculation
= 0, no effect
1, fertile isotope
2, fissile isotope
LD (NCON) 13-18 = 0, no decay source
= N, decay source from burnable isotope N
LCN(NCON,2) 19-24 = 0, no capture source
= N, capture source from burnable isotope N

LCN(NCON, 2) 25-30 =

no capture source
capture source from burnable isotope N

0
N
LFN(NCON,7) 31-36 = 0, no fission source
N, fission source from burnable isotope N
0
N

LFN(NCON,7) 37-42

, no fission source
, fission source from burnable isotope N

Continue for other five possible fission sources. Repeat Card 27 for all burnable iso-
topes. Then repeat Card 26 for additional time steps. For these additional time steps,
NCON should be <0. After all time steps have been calculated, a final Card 26 should
be used with NCON < 0 and DELT = 0. This allows the final values of the zone-averaged
total fluxes and cross sections and the final breeding ratio to be calculated and
printed before the problem is ended.

Note: This section begins the input for the refueling option of the code. All succeed-
ing data (except for the final Card 37) should be input only if IREF = 2.

Card 28 (6I6 format)

KNT 1-6 The burnup interval just completed in the fuel-cycle history
NREG 7-12 The maximum number of regions requiring refueling during the
burnup history
NREPO 13-18 Refuel control rods during refueling
= 0, no
=1, yes
KLAPS 19-24 Region collapse option

= 0, no collapse
= N, number of collapses to be performed

INTMAX 25-30 Maximum number of burnup intervals to be analyzed in the total
fuel-cycle history

NECOP 31-36 Punch option for input to economics code
= 0, no punched output :
= N, data from the first N collapses will be punched

-~



TABLE I (continued)

Variable Columns Description

Card 29 (16,F12.5,16 format)

K(NREG) 1-6 Zone number of first region to be refueled

XO(NREG) 7-18 Fraction of fuel in Zone K which is to be replaced

NFRE (NREG) 19-24 Number of burnup intervals between refueling for Zone K, i.e., the

refueling frequency

Repeat Card 29 for NREG zomes that are to be refueled.

Card 30 (2413 format)

TRG (NCON) 1-3 Trigger to refuel first burnable isotope
= 0, no
= 1, yes
TRG(NCON) 3-6 Same conditions for second burnable isotope

Continue for all burnable isotopes.

Card 31 (6F12.7 format) [omit if using tape dump (IDMTPS = 1) and KNT > 1]

HNO (MO1) 1-12 Clean atom demsity (no burnup) of material in the first position
of the MOl block )

HNO(MO1) 13-24 Same conditions for material in the second position of the MOl
block )

Continue for all positions in the MOl block. (Note: The HNO block i{s identical to the I2 block
at the reactor beginning-of-life.)

Card 32 (6E12.5 format) [omit if using tape dump (IDMTPS = 1)]

PHI(1ZM,KLNT) 1-12 Zone-averaged total flux used to burn the constituent material
in REFUEL for the first zone in the first burnup interval

PHI(IZM,KLNT) 13-24 Same conditions for second zone in the first burnup interval

Continue for all zones in the first burnup interval. Then repeat Card 32 for all burnup intervals
up to KLNT.

Card 33 (6E12.5 format) [omit if using tape dump (IDMTPS = 1)1

ABXS (NCON, IZM ,KLNT) 1-12 Zone-group-averaged absorption cross section used to burn the
constituent material in REFUEL for the first burnable isotope
in the first zone in the first burnup interval

ABXS (NCON, IZM,KLNT) 13-24 Same conditions for second burnable isotope in the first zone
in the first burnup interval

Continue for all burnable isotopes in the first zome. Then repeat Card 33 for all zones in the
first burnup interval. Then repeat this entire sequence for all burnup intervals up to KLNT.

Card 34 (6E12.5 format) [omit 1f using tape dump (IDMTPS = 1)]

FIXS(NCON,IZM,KLNT) 1-12 Zone-group-averaged fission cross section used to burn the con-
stituent material in REFUEL for the first burnable isotope in
the first zone in the first burnup interval

Continue same format as with the ABXS values (Card 33).

Card 35 (16 format) (omit if KLAPS = 0)

KZNS (KLAPS) 1-6 The number of regions involved in the first collapse

Card 36 (2413 format) (omit if KLAPS = 0)

IZON(KLAPS,KZNS(1)) 1-3 Region number of the first region in the first collapse
IZON(KLAPS,KZNS(1)) 3-6 Region number of the second region in the first collapse

Continue for KZNS(1l) regions in the first collapse. Then repeat Cards 35 and 36 for KLAPS collapses.

Card 37 (A6 format)

6H FINISH 1-6 Card to terminate the entire run. This is the final data card for
all problems and is used only once, even if a series of problems
are rum.




B. Output Information

In this section, a brief description of the com-
plete PHENIX printed output is given. The only por-
tions of this output list which are not always .
given are the cross sections, group fluxes, and
fission-source rate, which may be deleted by use of
the IPRIN control word. All output arrays are
clearly defined by headings that designate the par-
ticular quantity or variable. For a description
of quantities that can be output on cards or tape,
refer to the Input Instructions (Sec. A).

1. Problem Identification and Input Control

Words: The information on Cards 1-8, along with a
description of each parameter, is listed in tabular
form.

2. Variable Storage Requirements: The amount

of storage required to store the data arrays in the
A Common Block is printed as the variable LAST.
This is followed by the amount of temporary storage
required to rearrange the microscopic cross sec-
tions and write this disk file. If either of these
values exceeds the maximum allowable storage

(presently 30,0001 words), the problem will abort.

0
3. Input Materials: The input materials

(total of ML) are listed by number and name.

4. Microscopic Cross—Section Check: All micro-

scopic cross sections (see Input Instructions) are
checked for consistency by the code, and those
found to be in error by >1.0% or >0.0l% are flagged,
and the corresponding material and group numbers
are printed.

5. Flux Guess: If fluxes of the form ¢ = ¢(r)
* $(z) are input using cards or the subroutine
SINUS (ISTART = 1 or 4), the respective radial and
axial profiles are printed. When the sinusoidal
guess is used, the flux profiles are printed after
the radial and axial mesh blocks, since these r and
z values are needed to generate the sinusoid. When
fluxes of the form ¢(r,z,E) are input (ISTART = 2
or 3), these values are not printed in order to
conserve space.

6. Mesh Boundaries: The RO and Z0O mesh boun-

dary blocks are printed directly from the input.
7. Zone Numbers by Mesh Point: The MO block

(zone numbers by mesh point) is printed directly

from the input.
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8. Material Numbers by Zone (Mix Number):

These values (M2 block) are calculated by assigning
zone 1 material number ML + 1, zone 2 material
number ML + 2, etc., and are used as indices for
the macroscopic cross sections for each zone. The

total cross-section array for any group (micro-

_ scopic + macroscopic) then has dimensions (ITL,MT)

where MT = ML + IZM.
9. Fission Spectrum: The K7 block (fission

fractions) are printed directly from the input.
10. Mixture Specifications: The I10/11/12

blocks (mix number/material number for mix/material
atom density) are printed directly from the input.
11. Picture Plot of Reactor: The subroutine

MAPR prints a picture plot of the reactor, mesh
point by mesh point. This plot appears twice, the
first time by zone number (MO number), and the
second time by material number (M2 number). After
the second plot, the direction of line inversion to
be used in the solution of the flux equations is
printed. This is particularly useful if the code
has selected this option, since the picture of the
reactor is available on the same page.

12. Mixture Specificationg: The IO/11/12

blocks are printed in tabular form, along with the
NTRIG block (trigger for MWd/T calculation if

MWDT = 1). The time (in days) for the burnup inter-
val is printed at the beginning of this output
block, and this value is incremented by the time
step DELT as the specified burnup steps are per-
formed. This output of the mixture specifications
is particularly useful for times other than zero,
since the change in atom density of the burnable
isotopes from their previous values can be observed.

13. Cross-Section Edit: A complete listing by

group of both the microscopic and macroscopic cross
sections is given. The first ML materials are the
microscopic values, while the remaining IZM are the
macroscopic. In the printing of the table length,
position 1 is ¢ e 4 1is

ctr(- °tocal); 5 is g(g + g), self-scatter; and 6

£ 2 is 9,3 3 is vwo

and all succeeding positions contain the inscatter
cross sections, e.g., o(g - 1 + g), o(g - 2 + g),

etc. The entire cross-section edit may be omitted,
depending on the value of IPRIN (see Card 5 in the

Input Instructions).

-a
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14, Eigenvalue Print: After each outer itera-

tion, the running time, outer iteration number,
inner iteration total for that outer iteration,
eigenvalue slope, eigenvalue, and )\ are printed.
The eigenvalue slope has meaning only in a search
calculation and will be printed as zero in a regu-

lar ke calculation (IEVT = 1).

££
15. Searched Atom Densities: In a concentra-

tion search (IEVT = 2), the atom densities that
have been changed to produce the desired parametric
eigenvalue are printed by zone and material number.

16. Final Neutron Balance Table: The final

values of fission rate, inscatter and outscatter,
absorption, and leakage are printed for each group,
along with the sum over all groups. For the sum
over groups, inscatter should equal outscatter, and
absorption plus total leakage should equal fission
source.

17. Mesh Coordinates and Spacing: The mesh

boundaries (RO and ZO blocks) are printed along
with the actual coordinates of the mesh points (R4
and Z4 blocks). Note that R4(I) = [RO(I + 1)

+ RO(I)]/2, same for Z4. This output block is
printed only the first time through the code, i.e.,
for DAY = 0.

18. Group Fluxes. The final normalized group

fluxes are printed for each mesh point with the
entire axial profile appearing in column form for
each radial mesh point. The vertical mesh coordi-
nates (Z4 block) are also included at the right-
hand side of the page after every fifth radial flux
value. The entire group flux output may be omitted,
depending on the value of IPRIN (see Card S in the
Input Instructions).

19. Total Flux: The sum of the group fluxes

at each mesh point is printed in the same format
used for the group fluxes. This output block is
printed after each criticality calculation.

20. Power Density: The normalized power den-

sity (M&t/ﬂ) at each mesh point is printed, again
using the group-flux format. These values are cal-
culated by summing the product, ¢ * Zf, at each
mesh point over all groups. This output block is
printed after each criticality calculation.

21, Power Fraction: The fraction of the total

power produced by each zone is listed. This calcu-

lation is performed only if the normalization is

made on thermal power rather than neutron source
rate.

22, Fuel Burnup: In burnup calculations, the

fuel burnup for each zone in MWd/T, along with the
total zone fuel mass, is printed following each
burnup step. The calculation is performed using
the fuel mass at the beginning of the burnup step
along with a linearly averaged power fraction.

23. Fission Source Rate: The normalized fis-

sion meutron source rate (n/cm3—sec) at each mesh
point is printed, again using the group-flux format.
These values are calculated by summing the product,
¢ * vZf, at each mesh point over all groups. This
output block may be omitted, depending on the value
of IPRIN (see Card 5 in the Input Instructions).

24. Material Inventory: For each zone, the

volume and mass of each material in the zone (in kg)
are printed. This output block is printed after
each criticality calculation.

25. Burnup Parameters: For burnup calcula-

tions, the names and material numbers of each of
the burnable isotopes are printed, along with all
the information contained on Card 27 in the Input
Instructions.

26. Burnup Edit: For each region in the reac-

tor, the zone-averaged total flux and zone volume
are printed, along with the following quantities
for each burnable isotope: atom density, total
fission and absorption rates, and the zone-spectrum-
averaged fission and absorption microscopic cross
sections used in the actual burnup. At the end of
the burnup edit, the contribution to the breeding
ratio from each zone is given along with the total
breeding ratio for the reactor. In this code,
breeding ratio is an instantaneous quantity and is
defined as the sum over all fertile isotopes of ab-
sorption minus fission divided by the sum over all
fissile isotopes of absorption. Both sums are, of
course, taken over the entire reactor.

NOTE: ALL SUBSEQUENT OUTPUT BLOCKS ARE OBTAINED
ONLY IF THE REFUELING OPTION OF THE CODE IS USED
(IREF = 2).

27. Zone-Averaged Total Fluxes: For each zone,

the zone-averaged total flux from the previous burn-
up interval to be used in the flux shift correction
for calculating discharge is printed. These values
are based on a linear average of the fluxes at the
beginning and end of the burnup steps in the pre-

vious burnup interval,
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28. REFUEL Input Control Words: The control

parameters for REFUEL (see Card 28 in the Input
Instructions) are printed in tabular form along
with the length of the previous burnup interval.
The amount of storage for REFUEL required for the
various data arrays in the A Common Block is also

printed as LAST (not to exceed 30,000 as men-—

10
In the A Common Block for

tioned previously).
REFUEL, all quantities contained previously in A
which are not needed in REFUEL are destroyed, and
the storage space is used for the new variables
that are introduced in REFUEL (see statement INP 53
in Appendix B).

29. Clean Fuel Atom Densities: The clean atom

density (beginning of burnup life) for each posi-
tion in the MOl block is printed, along with the
corresponding I0 and Il numbers.

30. Refueling Fractions and Frequencies: For

each region to be refueled after the particular
burnup interval, the refueling fraction and fre-
quency are printed. A list of the burnable iso-

topes to be refueled in these regions is also given,

31. Microscopic Absorption Cross Sections:

For each burnable isotope in each reactor zone, the
zone- and group-averaged microscopic absorption
cross section used to burn materials in REFUEL is
printed for the two previous burnup intervals, i.e.,
for KLNT and KNT burnup intervals.

32. Microscopic Fission Cross Sections: Same

as output block number 31, except absorption is
replaced by fission.

33. Zone-Averaged Total Fluxes: For each zone,

the zone-averaged total fluxes from previous burnup
intervals (up to a maximum of 8) used in burning
materials in REFUEL are printed. The final column
of fluxes (for burnup interval KNT) is identical to
that given in output block number 27.

34. Burnable Isotopes in Each Zone: All burn-

able isotopes in all regions are listed according
to their positions in the MOl block.

35, Zone Summary of Charge and Discharge: For

each zone and for all materials in that zone, the
following quantities are printed.

a. Discharge atom density and mass (in kg)
from burnup interval KNT,

b. Charge atom density and mass (in kg) for
burnup interval INT(= KNT + 1),

c. Initial composition (atom density and mass)
for burnup interval INT.
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36. Refueled Atom Densities: The input atom

densities, after refueling, for the next burnup
interval INT are printed in order of their appear- *
ance in the MOl block. These are the same atom

densities (given in a different format) as those

. v
listed in Part c of the previous output block.

37. Region Collapge Data: For each of the
region collapses performed (total of KLAPS), the
regions involved in the given collapse are listed
along with the total volume of these regions. Then,
for each burnable isotope, the following collapsed
masses (in kg) are printed.

a. Composition at end of burnup interval KNT,

b. Discharge from burnup interval KNT,

Charge for burnup interval INT,

d. Composition for beginning of burnup

interval INT.

38. Total Reactor Summary: For each material
in the reactor (total of ML), the following masses
(in kg) are printed.

a. Total reactor discharge from burnup

interval KNT,

b. Total reactor charge for burnup interval

INT,
c. Total mass in reactor at beginning of
burnup interval INT.
C. Data Storage Requirements

The variable dimensioned arrays used in the
code require LMX storage locations where

LMX = MAX(L1,L2,L3),
and

Ll = storage required for criticality and burn-

up (if desired) calculations,

L2 = temporary storage required for cross-

section rearrangement,

L3 = storage required if the refueling option

of the code is used.

Storage locations L1 and L2 are required for all
problems, whereas L3 is needed only for refueling.
If any of these three parameters exceeds the
30,00010 word maximum, the problem will abort. In
terms of input quantities, the three storage param-
eters are defined as follows. =

Ll = 5 + ITL*MT + 2*%IGM + &4*MO1 + S5*%JM + 7%IM

+ 7%IZM + 10*IMIM + 15%ML + 6*IZM*ML =

+ 2%MAX (IM,JM)

if delta search calculationm,

+ (IM + JM + IZ + Jz)




if concentration search calculation,
+ (MOl)
if burnup (MWd/T) calculation,

+ (MOl + 3*1zM).

L2

3*ML + ITLAMT*(IGM + 1).

L3

NREG + KLAPS + IMJM + ITL*MT + 5*#MOl + 16*ML
+ NCON*(1 + 2*NECOP) + IZM*[5 + INTMAX
+ KLAPS * 2%ML, + NCON*(4 + 2*%INTMAX)].

For nearly all practical problems, L1 is great-
er than both L2 and L3. L2 may be unusually large
if a fine energy group structure with a large table
length is used.

Note that the 30,00010 word maximum mentioned
above can easily be raised or lowered by changing
that number on the following cards of the source
deck:

1. MAIN 421
2. INP 33

3. " 35
4, " 93
5. " 412

(see Appendix B).

D. Representative Running Times on the CDC-6600
Computer
PHENIX running times for ke

£f calculations for
various fast reactor compositions are shown in
Table II. The running times listed are actual exe-

cution times and do not include system-dependent

TABLE II
RUNNING TIMES FOR keff CALCULATIONS
No. of

Reflective No. of Execution
Boundary No. of Mesh Time
Geometry Conditions Groups Points (min)
R-2Z 1 2 306 0.10
R-Z 1 8 1462 1.42
R-2 1 16 1462 3.10
R-Z 2 8 900 0.64
R~Z 2 8 1224 1.33
X~Y 0 8 1064 0.57
R-6 3 8 600 0.58

operation times, such as compiling time. All prob-
lems listed in Table II used the sinusoidal flux

guess (ISTART = 4) and an eigenvalue convergence

criterion, EPS, of 10_5.
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APPENDIX A

LOGICAL FLOW OF PHENIX

The basic logical flow of PHENIX is shown by
Fig. A.1l. The subroutine blocks referred to in the
figure are listed below with a brief description of
each subroutine. Additional information concerning
the logical flow is included.

Subroutine Block 1

INP Controls the reading and printing of in-
put data and computes variable dimension
pointers and various program constants.

ERRO2 Prints an error message.

XSECT Reads cross sections from cards or tape
and writes the cross-section file,NCR1.

INPFLX Reads input fluxes (if any) and writes
the flux file, NFLUXI.

SINUS Calculates sinusoidal flux guess both
radially and axially, for any combina-
tion of vacuum and reflective boundary
conditions, and writes the flux file,
NFLUX1.

REARL Reads real (floating-point) data.

REAFXP Reads fixed-point (integer) data.

TRIG Reads trigger data used in burnup and
refueling calculations.

MAPR Produces picture plot of reactor by zone

and material.
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BEGIN Subroutine Block 2

INIT Mixes cross sections, modifies geometry
(if delta search), calculates mesh areas .
READ INITIAL and volumes, and calculates initial fis-

INPU,T DATA sion distributions.
(subroutine block 1)
@ ERRO2 Prints an error message. )
je— FISCAL Calculates fission sums and performs
lization.
GENERATE MACROSCOPIC normatization
CROSS SECTIONS AND Subroutine Block 3
GEOMETRICAL PARAMETERS AND
PERFORM NORMALIZATIONS EVPRT Prints and monitors the eigenvalue calcu~
{subroutine block 2) lation. It prints time, eigenvalue,
lambda, etc., after each outer iteration.
@ OUTER Performs and controls a complete outer
iteration.

PERFORM OUTER ITERATION
(subroutine block 3) ICOEF Calculates the coefficients for the

pointwise flux equations.
INNER Calculates the fluxes in a specified
group using line inversion.
CONVERGENCE TESTS
(subroutine block 4) REBAL Performs group rebalancing and flux nor-
e ————— - malization before each group calculation.
! Flux Converged? +—/\——NO—
|___...._r_ - Subroutine Block 4
YES CONVRG Performs convergence tests and computes
r———Ye o, new eigenvalue in search problems.
1 Search (if any) | N
Complete? [ NO ERRO2 Prints an error message.
YES Subroutine Block 5
- SUMMRY Prints the final totals, including group
fluxes, total flux, power density, power
fraction, and fission source rate. Also
calculates and prints burnup rates (MWd/T)
PRINT RESULTS in burnup calculations.
(subroutine block 5) GRPTQT Computes and prints group totals.
@ PRT Prints any IM*JM array.
y
BURNUP EVPRT See Subroutine Block 3.
(subroutine block 6) ERRO2 Prints an error message.
o ————-
1 Burnup Sequenc?I ! GRAM Calculates and prints the mass of each
Completed? [ NO material in each zomne, and the zone
.___.l.___ volume.
YES
Note: If no burnup is to be performed, the program
@ terminates at this point (C on Fig. A.l).
Subroutine Block 6
REFUEL .
(subroutine block 7) INPB Reads and prints the input burnup data.
AVERAG Calculates the zone-averaged total fluxes,
zone- and group-averaged fission and A
absorption cross sections, and breeding
END ratio.

Fig. A.l1. Simplified logical flow chart for PHENIX.
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EIGTRG Controls the flow of the eigenvalue type

in search calculations.

MARCH Calculates the time-dependent isotopic

concentrations, i.e., performs the
burnup.

With regard to the flow of the code in burnup

calculations, it should be noted that the flow is

controlled by both the initial type of calculation

(keff’ concentration search, or delta search) and

the number of burnup steps to be performed.

a.

If the initial type of calculation is keff
(IEVT = 1), the code returns to point A after
each and every burnup step and does a "keff
after burnup" calculation.

If the initial type of calculation is a delta
search (IEVT = 3), only the initial calculation
is a delta search. Following completion of the
initial search, the code becomes a keff-type
and all subsequent operations are performed as

such.

If the initial type of calculation is a concen-
tration search (IEVT = 2), the code flows as

"search—burnup—kef after burnup." This cycle

1s repeated for eaih burnup step. Following
completion of the last such sequence, the code
proceeds directly to refueling (if desired) or
performs a final search before refueling. 1If
the concentration searches have been on the
control poison, the final search can be of
value in determining whether or not enough poi-

son remains to ensure the desired degree of

criticality at the end of the burnup interval.

Note: 1I1f no refueling is to be performed, the pro-

gram terminates at this point (D in Fig. A.1).

Subroutine Block 7

REFUEL Calculates atom densities of constituents

with greatest burnup, to compute the ac-
tual discharge, the charge, and the ini-
tial composition for the next burnup
interval.

INPR Reads, writes, and punches data to be

used in REFUEL.

TRIG Reads trigger data used in burnup and

refueling calculations.
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PROGE VI PUEHIX (IMPLT o T PE} = INPL)
INCRYw ISCitAT s TAPK4=NSCRAT, AT

APPENDIX B

FORTRAN LISTING OF SOURCE DECK

PTAPC11, [APCLI24PUNCE)

LERE B

PHENT Y

NP

FRIOP

XSECT

TNPEL X

SIHUS

RE ARL

RFAF YR

TRIG

MAPR

INIT

FISCAL

FVPRT

ouTep

@

BESCRIPTION OF SURROUTINLS & # & & @

"MATHM PHUGRAM = SETS LP TAPE UNITTS AND DISK FILES AND
CALLS THE FOLLOWING SURROUT{NESe. INPsINIT9FISCALJEVPRT,
LRI0240UTER s COMYRG s SUMMRY ¢ GRAI 4 [MPR ¢ AVERAG 2 1GTHG s MARCH

HSUBROUTLINE TO CONTPOL THE READING AND PRINTING OF InPing
DATA, COMPUTE VARIABLE DIMENSTION PAINTERS AND vapR1ous
PROGRAM CCNSTANTS. INP IS CaLLFU RY PHENLX AND CALLS
xshrr,lnPFLx REARL yREAFXP s MAPR yERRO2 s TRLt2 4 AND REFUEL .

SURRONTINE 10 PRINT AN FRRUR MESSAGE. IT IS CALLED BY
PHEMTX 9 INP 9REARL s REAFXP« INITeCONVRGe AND SUMMRY.

SHUAROUTINE 10 REAU CROSS Se.CTTons FROM CARDS NR TAPES
AND WPI'E TRE CROSS SECTION FIiE NCRle IT IS CALLED
ny 1P,

SUBROUTINE T0 READ INPUT FLUXES AND WRITE THE FLUX FILF
HFLUAL. IT 1S CALLED By 10k,

SUBKOUTINE TO CALCULATE SINUSQIUAL FLUX INPUT GUESS RANOTH
RADTALLY AMO AXIALLYs FOR ANY COHMBINATION OF  VACUUM AND
QEFLECTIVE HBOUNDARY CONNITIONIS, TT IS CALLED RY ItP.

SURROUTINE TO READ FLUATIHG POINT DATA, [T IS CALLED Ry
INF At CALLS ERRO2,

HATN
HAIN
AT
11AT1
HATH
AL
HATM
MATH
MATH
HATN
HMATN
HATHM
MATN
MATH
HATHN
HATW
HATH
MATW
HATH
HMAIN
HATY
MATH
HAIN
MATN
HATN
HATH
NATN
AN
HATN
NAIN
HATN
MAIN

SUBROUTINE 10 READ INTEGER DATA. T IS CALLED kY INP AMDHAIN

CALLS EKRRC2.

SUBROUTINE TO READ TRIGGER HATA USED IN HURNUP AND
RCFUELING CALCULATIONS, IT 13 CALLED BY INP AND IMNPR.

HATN
HAIN
HAIN
HAIN
HATN

SUBROUTINE 10 PRODUCE A PICTURE pL0T BY ZONFE ANU MATERTAIMAIN

IT IS YALLED Ry INP,

SURRQUTINE TO MIX CRCSS SLCTIONSe MODIFY GEOMETRY.
CALCULATE MESH AREAS A VOLUMES. AND CALCULATF INITVIAL
PI;SION UISTRIBUTIOHS- 1T IT CALLED BY PHENIX AND CALLS
LeRO2

SUBROUTINE 10 CALCULATE FISSION SUMS AND PERFORM
NORMALI/ATION. 1T IS CALLrU Hy PHENT X

SUBROUTINE TO PRINT AND MUNITOR THE EIGEWVALUE
CALCULAITICN. IT PRINTS TIMEY EIGENVALUEs LAMRDAs ETC.
AFTER kACH OUTER ITERATION. IT IS CALLED BY PHEMIA AMD
JuwnRY.

SURROIITINE TO PERFORM AND COMTRUL A COMPLETE QUTER
ITERATIUN, IT IS CALLEN BY PHEWIX AND CALLS TCUEF+»
AND” THNER,

HAIN
HMAIN
HAIN
MAIN
NAIN
HAIN
MAIN
HAIN
HMAIN
HATN
MATIN
MAIN
HMAIN
MAIN
HATN
HATN
HMATN
AN
HAIN

VXNV S W N~
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1COEF

INMER

REBa|.

CONVYRG

SUMHRY

GRPTOT

PRT

GRAN

INPH

AVERAG

£IGTRG

MARCH

REFUFL

INPR

@ 8 oo

NELT
EPS
EPSA
EV
EVH

SUBROUTINE T0 CALCULATE COEFFICIENTS FOR THE FLUX
EQUATIUN. 1T IS CALLED RY OUTER.

SUBROUTINE TO CALCULATE THE FLUXES IN A SPECIFIED GROUP
gSéNb LINE INVERSION. 1T IS CALLED BY QUTER AND CALLS
RERAL o

SURROUTLINE Tn PERFORM GROUP RERALANCING AND Fiua
NORMALI/ATION BEFORE LACH GROUP FLUX CALCULATION, IT 1S
CALLED ®Y INNER,

SURROUTINE TO PERFORM CONVRG TESTS AND COMPUTE NCW EIGVAL

IN SRCH PROBLEMS.IT IS CALLED RY PHENIX aND CALLS ERROZ.

SUBROUTINE TO PRINT THE FINaL TOTALSe INCLUDING GROUP
FLUKES+TOTAL FLux.PouEP DENSITYsPOWER FRACTIONs AND

* 15SI0ON SCURCE RATE. ALSO CALCULATES AND PRINTS MWO/T
BURNUP KATES IN BURNUP CALCULATIONS. IT IS CALLED BY
PHENIX ANE CALLS EVPRT,PRTy GRPTOT, AND ERROZ,

SUBROUTINE TN COMPUTE AMD PRINT GROUP TOTALS. IT 1S
CALLED BY SUMMRY.

SUBROUTINE 70 PRINT ANY IM#it ARRAY, IT IS CALLED
ny SUMMNY.

SUBPOUTINE TO CALCULATF AND PRINT THE MASS OF EACH
‘ATERIAl IN EACH lONEoAHD THE ZONE VOLUME, IT IS CALLED
By P 1E'N1Xo

SURROUTINE TO READ AND PRINT THE INPUT BURNUP DATA.
17 Is CaLLEL BY PHENIX,

SUBROUTINE TN CALCULATE ZONE=AVERAGED TOTAL FLUXESZOMF=

MAIN
HAIN

MAIN
1A IN
HATIN
MATIN
HATIN
HMATIN
MATN
HAIN
HAIN
HATN
HMAIN
MAIN
HAIN
MAIN
HATIN
HMAIN
HAIN
MAIN
MAIN
HATIHN
HMAIN
MHATHN
MAIN
HATIN
HMAIN
HMAIN
HMAIN
AN
HATIM
HATN
HATN
MAIN

AMD GROUP=AVERAGED FI%SION Al AHSORPTION CROSS SECTINNS.MALIN

AND RRELUING RATIO. I‘ IS CALLFY BY PHENTX,

SUBROUTINE TO CONTROL THE FILOW OF THE ETGENVALUE TYPE
T SEARUH CALCULATIONS, IT 1S CALLED BY PHENIX.

SURROUTANE T0 CALCULATE THE TIME~DEPENDENT ISOTOPIC
FONCENTHATIONS. IT 1S CALLED RY PHENIX,

SURROUTLNE TO CALCULATE ATOM DENSITIES OF CONSTITUENTS
WITH GR&ATEST RURNUPs TO CoMPUITE. THE ACTUAL DTSCHARGE,
THE CHAﬂGE. AND THFE INITIAL LUMPOJITION FOR THFE MEKXT
ﬂURNUP INTERVAL, IT I5 CALLFEO BY INP AND CALLS INPR.

SUAROUTINE TO READs WKITEs AUD PUNCH DATA TO BE USEL In
REFOEL.  IT 1S CALLED BY REFUFL AMD CALLS TRIG.

INPUT CCNTROL WORDS # # & « &

LENGTH OF BURNUP TIME STEP (DAYS)
EIGENVALUE CONVENGENCL CPIFEPION

HAIN
HMAIN
MAIN
HATN
HAIN
MATM
MATN
MATM
HAIN
HMAIN
HAIN
HAIN
HATIN
HATN
HATN
NATN
HAIN
HAIN
HAIN
NATN

PARANETRIC EIGENVALUE CONVERGENCE CRITERION (SEARCH)INAIN

INITIAL EIGENVALUE GDESS (SFARCH OMNLY)
EIUERVALUE MODIFIER (SEARCH ONLY)

“AIN
NATN

107
108
109
110
11
112
113
114
115
116
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Eva
FLXTSY

TRA
IRL
18R
a7
1CHY
i)
10MTPS
IEMT
IFS
16L
1G6M
S
IHY
T
I3
THTHAY
IPFILX

1PATIN

1PVT
TREF

[sranT

1Tl
1XSFC
1z
1Zh
Jn

Jz
KLAPS

KHT
MY,
HMSHSW

mynT
MOl
NASTP
NCON

NECOP

NPOTS
NREG
NREPO
0ITH
ORF
POD
POWR
PV
SRCRT
THLX

CIGENVALUE GUESS #OR THE PNy AND ALL OTHFR SEARCHFS HATN

INNER ITERATIONM

lo/ep = TEST
RO ICM BOUNDARY
LeF T BOUNDARY
NRILHTY BOUNDARY
TOP BOUMDARY

CHUSS SECTION TYPE
IDENTIFICATION (Cot
PREPARE DATA DUMP TAPE
(1727 3=nFFF /CONCENTRATION/LELTA)
PEHFCRM FINAL SFARCH (0/1
XeY/H=2/R«THETA)

ELLEAVALUE TYPE

GEUMETRY (0/1/2
HUMBER OF GROUPS

PULITION DF SIGMA SELF=SCATTER IN X=SECT TABLE
PUSITION OF SIGPA-TOTAL IN CROSS SECTION TARLE

HAX NO« OF INHER JTERATLIONS PER GRP PER oUITR ITFR.
HUNUBER OF RADIAL MISH THTERVALS

MAXe MO, OF BURNUP INTERVALS TO BE ANALYZED
(@/172=N0/FLUX BEFORE BURNUP/FLDY

PUNCF F.UX DuHP
AFTER BURNUP)

PRINT CONTROL (172/3=FULL PRINT ALWAYS/FULL PRINT
OALY FOR DAY=0,/PARTIAL PRINT ALWAYS)

PARAVETRIC EIGEhVAlug TYPE

BUKNLP/REFUEL CONTROL
HLRNUP AND REFUFL)

(0/1/2/3/4=HONE/CARDS/CARDS/ TAPE/
SINUSOINy 1=X(RI®X(Z)y 2=X{ReZek)s
FROM TAPEs 4=X(R)#X(Z),5INMUSOIDS)

CRUSS SECTION TABLE LENGTH

RLAD CROSS SECTIONS FROM TaPE (0/1

MOGe CF RADIAL ZCMES (UELTA OPTION ONLY)

HUMBER OF MATERIAL ZONES

HUMBER OF AXIAL MESH INTERVALS

MO. CF AXIAL ZONLS

REGICN COLLAPSE DPTION IN REFUEL

INPUT FLUX GUESS

CCLLAPSES

BUNNLP INTERVAL BEING AlALYZED

HUMBER OF INPUT MATER[ALS

CUNIROL FOR LINE IMVERSION DIRECTION (1/2/3/4
OIR/RAD/ZAXIAL/LET Catlf UECTDE)

CALCLLATE BURMUP TH MwD/T

TQ.AL NUMBER OF

WITr EPS/TEST WITH FP)

CoNDIIION (0/1=VACUUM/REFLECTIVE)
(0/1=VACUUM/REFLECTIVE)
(0/1=VACUUM/REFLECTIVE)
(0/1=VACHUM/REFLECTIVE)
(1/P=TYPEI/TYPER)

1=724CAHD 19 COL 1=6K¢CARU 2)

[ t172 = NONE/KEFF)
(0/1/2=80 BURNUP/BURNIIP ONLY/

3=X{(RyZ+F)

(DELTA OPTION ONLY)
{0=NO/N=NOU,

(/1 = NO/YES)

NIXTURE SPECIFICATIONS

Hi). CF BURNUP TIME sftps IN THE BURNUP INTERVAL

MLG/ZERND/POSaTAKL TIME STEY OF DELT/EMD nF PROSLEM/
TAKE TIME STEP OF OELT AnD READ BURNUP DATA

PUILOF OPTION FOR CHARGE/DISCHARGE NATA
FIRST NECOP COLLAPSES wWllLL BE PUNCHED)

MATERIAL MO« OF CONYRUL POISON

NUO. CF REGIONS{ZOMES)

REFUEL CONTROL. POISON NURING REFUELING

MAX NOe. OF OUTER ITERATIONS ALLOWED

OVER~RE|LAXATION FACTOR

PARAVETER OSCILLATION DAMPER

RtACTOR POWER (MWT)

(NDATA FrOM

REQUIRING REFUELING
(0/1=NO/YES)

(SEARCH OMLY)

HAIMN
HATN
HAIN
HATIN
HAIN
ITATIN
HAIN
HAIN
HAIN
HATN
MAIN
MATIN
MATIN
HAIN
HAIN
HAIN
HATN
HAIN
MATN
HAIN
HAIN
HATN
HAIN
HALIN
HAIN
HATN
HATN
HAIN
HAIN
HAIN
HATIN
AT
HAIN
HATN
HATN
HATIN
MATH
HAIN
HAIN
HATN
HAIN
HATH
NATHN
HAIN
HATHW
HAIN
HAIN
HAIN
NATH
HAIN
NHATN
HATN
HATIN
MATN

DESIRED VALUE OF PARAMETRIC EIGENVALUE (SEARCH OMLY)HAIN

MEUTRON SOURCE RATE
Max ALLOWARLE RUNNING TIME IN MINUTHS

HATHN
NATIN

17
118
119
120
121

122
123
124
125
126
127
128
129
130
131

132
133
134
135
136
137
138
139
140
141

142
143
144
145
146
147
148
149
150
151

152
153
156
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
179
171
172
173
174




nnnonnnnnnnnnnnnnnnnnnnnnnannnnnnnnnnnnnnnnnnnnnnnnnOnnnnn

XLAH
XLAL

L LR B I

NIMP
NOUT
NCR1
NFL UX1
NSCRAT
1SCRAT
NDUMP
NMICR
ALA
Ro7
CNT
cvY
DAY
EPF
Eo0l
E02
EQ3

EQ

EVP
EVPP
GRAR
IBPTR S

IRUR
1GEP
I1GP
TGV
11
TMUM
T
1P
ITEMS
ITENP
ITEHPL
ITENPR
1ZP
JP
KLMT
Ko7
KPAGE
LAP
LAPP
LAFK
I.C

MT
NCOEF

NGO
NGOTO
NSWEED
PQ2
PBAR
SBAR

LAMBCA«1 UPPER LIMIT (SEARCH ONLY)
LAMBCA=] LOWER LIMIT (SEARCH ONLY)

INTERNAL VARIABLES & # # ¢ o

INFUT TAPE (DISK FILE)

QUTPLY TAPE (DISK FILL)

CROSS SECTION TAPE (DISK FILE)

FLUX TAPE (DISK FILE)

SCRATCH TAPE (DISK FILE)

DISK FILE FOR FLUX COEFF, AND TEMPORARY FLUX DuMp

TAPE FOR INPUT AND OUTRUT FLUXES AND ATOM DENSITIES

MILRCSCOPIC CROSS SECTION TaPE
LAMBCA
USLD FOR INTERMAL COMPUTATION IN FISCAL AND INIT
CONVERGENGE TRIGGER FOR | AMBDA
CONVERGENCE TRIGGER
RURNLP TIME IM DAYS
{Mu=SEC) /(FISSION) (BASEL ON 218 MEV/FISSION)
TEMPCRARY
TEHPCRARY
TEMPCRARY
TEMPCRARY FOR CONVRG
PREVIOUS EIGENVALUL
EIGENVALUE FOR TWQ ITERATIUNS BACK
GROUF INNDICATOR FOR TAPE MUTION IN OUTER
TEMPCRARY TRIGGER FOR DETERMINING WHETHER AM
NCON=DELT CARU IS TO RE KEAD
RUMNING COUNT OF THE NUMHER OF BURNUP STEPS
10t + ]
1Gi1 « 1
GROUP INDICATOR FOR INNER AN OUTER
INNER ITERATION COUMT FOR A SINGLE GROUP
IM«JN
HOe OF NEXT BURNUP INTERVAL (= KNT+1) (IN REFUEL)
IM ¢ 1
TEMPCRARY
TEMPCRARY
TENPCRARY
TEMPCRARY
14t ¢ )
JM e

HAIN
MATIN

MAIN
MAIN
HAIN
HAIN
HMAIN
MAIN
MAIN
MAIN
HAIN
MATIN
MATN
MAIN
HAIN
MAIN
MAIN
MAIN
HAIN
HAIN
HAIN
HAIN
MAIN
MAIN
HATIN
MAIN
HAIN
MAIN
MATIM
MATN
MAIN
MAIN
HAIN
MAIN
HAIN
MAIN
HAIN
MATH
MATIN
MAIN
MAIN
HAIN

HOe CF PREVIOUS HURNUP INTEPVAL (sKNT=1) (IN ReFUEL)MAIN

TERPCRARY

PaGE COUNTER FOR MONITOR PRINT

LAMBOA FOR PREVIUUS EIGENVALUE

LAMBCA FOR TWO ITERATIOHS BACK

LAMBCA FOR PREVIOUS ITERATION

LOUP COUNT (TOTAL II 11 A SINGLE OUTER ITERATIOM)
TU]AL NUMBER OF MATERIALS ITHCLUDING MIXES (MLeIZM)
TRIGGER FOR A MEW GALCULATION OF FLUX

CCEFFICIENTS, (SEARCH ONLY)

TEMPCRARY FOR FLOW OF EIGENVALUE TYPE

TEMPCRARY

INIERNAL CONTROL FOR DIRECTION OF LINE IMVERSIOM
OUTER ITERATIOM CounT

TEMPCRARY

TEMPCRARY

NAIN
MAIN
MAIN
MAIN
MAIN
HAIN
HAIN
HAIN
MAIN
MAIN
MAIN
MATM
MAIN
MAIN
HAIN

175
176

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
20R
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

25



26

nﬂnnnnnnnnnnnnnnnnnnnf‘unnnnnf\ﬁnnﬁnnnnnnnnnnnnnnnnnnnnnnnnnn

SK7 SuM CF K7 OVER ALL GROUPS MAIN
TN 0/1=N0T DELTA/DELTA CALCULATION MAIN
11 PRLVIOUS FISSION TOTAL HATIN
TEMF TERPCRARY MATH
TEMT TEMPCRARY MAIN
TEMP TEMPCRARY MAIN
TEMP] TEMPCRARY MAIN
TEMP2 THMPCRARY ) HAIN
TEMP3 TEMPCRARY NHAIN
TEMP4 TEMPCRARY MATM
T TIME HMAIN
Vil TOTAL SOURCE FOR THE GROLP HAIN
MAIN

v v & @ SURSCRIPTED VARIARLES *® & & & & HATH
HAIN

ABXS L 'CONs TAMy THIMAX) MAIN
ZORE= GROUP=AVG ARSORPTION X=SECT USED Ta BURN HTL.S HATN

IN REFUEL MATN

ALAM L) NPLCAY CONSTANT  (DAYS=1) tHHATN
ATW (riL) HATERTAL ATOMIC WEIGHT HAIN
AXS (Lo I71) SPECTRUM AVERAGE! ABSORPTIOM CROSS SECTINN HAIN
Ay(lP) RaAUlAL AREA ELEMENT HAIN
Al (IM) AXL1AL AREA ELEMENT HATIN
RRENDRT L 12°) CONIRIBUTION TO HREEDING RATIO FROM ZONE IZM MAIN
RURPUP (T4'1) AVERAGL BURNUP RATE IN MWD/T FOR ZONE IZM HATH
CGUILF.OP6TICON) NAIN
CHAKGE MASSFS TO RFE PUNCHFD (1IN REFJEL) HATN

CHEPBF (ML) TUVAL CHARGE MASSES FuR EACH MATERIAL (In REFUEL) MATIN
CHMITZ *oNCHOH)  CHARGE ATOM DEMSITIES (In REFUEL) HAIN
CHP (141 enCOM) TEMPCRARY ATOM CEHSTITY STORAGE (IN REFUEL) HAIN
CulITLeMT) CRUSS SECTION ARRAY FOR CURFENT GROUP MAIN
CXk(J ") CONSTANTS FOR RIGHT BOUMDARY 1HAIN
CXS (I 1edVe3) CURSTANTS INVOLVING CROSS SECTIUNS FOR FLUX CALC. HATN
CXT(I'N) CUNSTANTS FOR TOP HOUNDARY HAIN
NG (HECCP#TICON) HAIN
N1SCFARGE MASSES TN HE PUNCHED (IN REFUEL) HAIN

DISCHU (ML) TOIAL DISCHARGE MASSES FOR FACH MTL MATIN
NNITZIGNCOMY  DISOFAKRGE ATUM CEHSITIES (1M REFUEL) MAIN
E0(16Y) FISSION RATE HATIN
F1le16h) FISSION SOURCE HAIN
e2(100) IN=SCATTER HATIN
3168 OUT=SCATTER HAIN
E4(16P) ABSORPTIONS 1HAIN
FS(16n) LEFT LEAKAGE MAIN
E6LIGP) RIGAT LEAKAGE HAIN
ET7(IGP) Tubk LEAKAGE HAIM
ERLIGH) BOITCM LEAKAGE HAIN
EQ(I5/) TUIAL LEAKAGE HAIN
FIXS(ICONSTZMy INTMAX) HATN
ZUME= GROUP=AVG FISSION X=SECT USED TO BURN MILS MAIN

In REFUFL HAIN

FUTOT (T4M) TUILAL FUEL MASS Il TONS FOR ZONE IZM NAIN
FXS (ML, 1Y) SPECTRQM AVERAGED FISSIOM CROSS SECTIOM MAIN
FolItnegmM) F15510NS  (OLD) HAIM
F2(IMe M) FISSIONS (NEW) BMAIN
HA(IM OR QH{ TPNPCRARY STORAGP FOR LIME TNVERSION NMATIN
HNC (MI1) CLEAN (NO BURNUP) ATOM DENSITIES OF MTLS IN EACH MIXMAIN
HI(Mel) INTTIAL ATOM DENSITY OF CALH MTL IN EACH MIX FOR MA TN

233
236
235
236
237
238
239
240
241

242
243
244
245
246
247
248
249
250
251
252
253
256
255
256
257
258
259
260
261

262
263
264
265
266
267
268
269
270
271
272
273
276
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
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INPUT TO NEXT BURNUP (12 BLOCK FOR NEXT INTERVAL)MAIN

HOLN (L) MATER]AL NAME~
120N (KLARSy 14M) HAIN
ACIVAL REGION NUMBERS OF REGIONS TO BE COLLAPSED M MAIN
EACH COLLAPSE (IN REFUEL) MAIN
101101} MIX ANUMRER MATN
11{Mn1} MATERIAL NUMBER FOR MIX MAIN
12t0l) MATERTIAL DENSITY MAIN
13¢Hel) MAIERTAL DENSITIES FOx GRAM CALCULATION MAIN
14 (o) SLARCH MATERIAL MOPIFIER (CONC SEARCH ONLY) MAIN
K6 LIG™) FISSION SPECTRUM (EFFtCYIVE) MAIN
KT (1GH) F1SSTON SPECTRUM  (INPUT) HAIN
KZNS (KLAPS) Mue CF REGIONS TU BE COLLAPSED IN EACH COLLAPSE IN HMATN
"REFUEL HAIN
LCN(ML ¢ 2) SGURCE I1SOTOPES FOR CaPTURE HAIN
LD (ML) SOURCE ISOTOPE FOR nEca¥ HATIN
LEN (ML, T) SULHCE I1SOTOPES FOR FISSION HATN
MASS('ILs14M)  MATERIAL INVENTORY IN EACH ZONE HAIN
MASSP (ML 1ZM) MATERIAL INVENTORY IN EACH ZONE (PREVIOUS) HAIN
MATN( L) MATERIAL NUMBER FOR BURHABLE ISOTOPES MATN
MO(TIMe M) ZURE NUMRERS MATH
M2LTL) MATERIAL NUMBFRS AY LUNE HAIN
MBIFLG (T2t NCON) MAIN
VALUES IN M0l ARRAY THAT ARE BURNABRLE ISOTOPES MAIM
{IN REFUEL) MAIN
NBF (ML) 0/1/72=N0 EFFECT/FERTILE/FISSILE ISOTOPE HAIN
NFRE(TZM) HUe CF BURNUP IATERVALS HETWEEN REFUELING FPOR EACH HAIN
TREGION TO BE REFUELED HATN
NTRIG(MEY) TRLIGEGER FOR TOTAL FUEL MASS CALCULATION MATN
NO (IMe M) TUlAL FLUX (OLD) MAIN
N2 (IMyJM) TOTAL FLUX  (NEW) HATN
BA(IM OR JM)  TEMPCRARY STORAGE FOR LINE INVERSION HATN
PFRAC(IZM) FRACTION OF TOTAL POWER PRODUCED BRY ZONE I1ZM MAIN
PFPREV (1) PR&VIOUS PowER FRACTION FOR ZONE IZM HA TN
PHI (IMTMAX s 1ZM) MAIN
ZUNE= AVG TOTAL FLUX USED TO BURN THE CONSTITUENT MAIN
MTLS IN REFUFL HAIN
PHIR(1ZM) ZUNE AVERAGED FLUX NAIN
RO (IP) INTTIAL RADIL MAIN
R1(1P) CURRENT RANILI HATN
R2(IM) RAUIAL "ZONE NUMBERS (DEL.TA CALCULATION ONLY) MAIN
R3I(1L) RAUTAL Z20NE MOODIFIERS (DELTA CALCULATION ONLY) HATM
RGUIM) AVERAGE RADII HATN
RS (1) DELTA=R HAIN
S2 (1Me. M) FIXEC SOURCE MATN
TRG (NCON) TRIGEGER TO REFUEL FACH BURNABLE ISOTOPE(p/1=NUO/YES) HAIM
vOL (1Z2M) ZUNE VOLUME (LITERS) NATN
Vo (IMeJM) VULUVE ELEMENTS MAIN
X1z REFUELING FRACTIOM FOx REGIONS TO BE REFUELED MAIM
2010P) INIVIAL AXI1 MAIN
Z1(JP) CURRENT AXII HAIN
Z2(UM) AXLAL ZONE NUMBERS (DELTA CALCULATION ONLY) MAIN
235 AXLAL ZONE MODIFIERS (UELTA CALCULATION ONLY) HATH
24 (JM) AVERAGE AXII HAIN
75 (JM) DEL.TA=¢ HAIN
HAIN
# ¢ & o « INPUI UATA BLOCKS % & # & « MATH
MAIN

291
292
293
294
29S
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
e
313
314
315
316
Nz
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
3490
341
342
343
344
345
346
347
348

27
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DATA

UATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA

LaTA

DATA

Data

DATA

DATA

Davta

RLACK

1

(OMIT IF

BLOCK
{{oL]

RL 'CK
BLYICK
nLCcK
RILOCK
nLYCK
L CK

pLOCK

BLICK 10

2

17

3
4
-

)

)

>

1

49

(OMIT IF

RLOCK 11
(OMIT IF

RLCR 12

(omMIT IF

RLYCK 13

ton1T IF

RLICK 14

(OMIT IF

BLOCK 15

(OMLT IF

@ B B

conMo’!

1
?
3

conmMo'l

U & Wy —

SN -

1Al

HINP,
NI TCR,
E1 (51,
E&8(S1)

1
1

£Q,
GV,
2P,
LCy

SBAB'
TEMP3,
COMMON TD(23)

IAR

e
ML o
12y

1UNTPS,

CcOoMMOTI

1

EPS,

2

CHUSS SECTION DATA
IASEC = 1) -

INFUT FLUX GUESS DATA
ISTAKT = g OR 4)

RAUIAL MESH BOUNDARIES (PO BLOCK)

AAUAL MESH BOUNDARILS (Zo BLOCK)

ZUNE NUMRERS A1 EACH MESH POINT (MO BLOCK)
F1SSION FRACTION FOR EACH GROUP (K7 BLOCK)
MIXTLRE NUMBERS (10 BLOCK)

MATERIALS IN EACH HTX (11 HLOCK)

ATUM DENSITIES OF “ATERIALS IN EACH MTX (12 RLOCK)

ZUKE NUMBERS FOR RADIAL INTERVALS (k2 BLOCK)

IEVT4NEW3)

PALIAL DIMENSIONAL MOUIFIERS (R3 BLOCK)
TEVT.MNE3)

ZULE NUMBERS FOR AXIAL THTERVALS (Z2 BLOCK)

1EYVTNEL3)

AXTAL DIMENSIONAL MODIFIFRS (23 BLOCK)
TEVTaNE ¢ 3)

SLARCH MATERIAL MOPIFIERS, (14 BLOCK)
IEVT NE L 2)

TRIGEER FOR MTLS THAT ARE FUEL (NTRIG BLOCK)

MHUT = 0)
N PHCGRAM & & & & @
NCUT, NCRls HFLUXT 9 NSCRATy ISCRATs NDUMP
ALA, BOT7 CNTo CvTe DAYy E0(51) s
E2(81)e E3(51)s E4(51)9 F5(51)9 E6(S51)s ET(51)
LY (S1) e EGYs EQ2s Ep3
EVPy  EVPP, EPFe  GBARy  IGEP, 1GP
11, IMJM ¢ P ITEMPs TTEMPle 1TFMPZ2s
JPy K07y KPAGEY LAP LAPP, LAR«
MNGOTO, ORFP s P02y PBAR
SK7e T06 Tivs TEMPs TEMPly TEMP2
IEVP4G o .Ilo Vil MXCM
“TvaKy 1GE» 1ZMy My JM IBL
“IRT, 18R, IGMy  TEVT, IPVTs ISTAKTY
MT MOls  ICST» IHT IHS ITL
Jly OITMe 11Tty MWDTe IPFLXy LIPRIN
IREFs IXSECs MPOISs NCONM
SRCRT POWR ORFy FLXTST PV f.PSA
© BV, XLAL» XLAH POD DELT, 1FSy

MAIN
HATHN
MAIN
MATN
MAIN
MAIN
HAIN
HAIN
MATN
HATIN
HATN
HAIN
HMAIN
NMATH
HAIN
MATNM
MAIN
MAIN
IATH
MAIM
HATHN
MAIN
HATIM
HAIN
HAIN
MATIN
HAIN
HAIN
HATIN
MAIN
NAIN
MATH
MAIN
HATN
HATN
MAIN
MATH
AT
MAIN
MATN
HATN
HAIN
HAIN
MAIN
MAIN
MATN
HMAIN
HATN
HAIN
HAIN
HHAIN
MAIN
MAIN
HATH
HATIN
MAIN
MAIN
MAIN

349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
a7l
372
373
374
375
376
377
37a
379
380
Ial
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
40%
405
406
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commanr “UATW: LMELRS LabKAT UGy TORIBS: NCDRD. MSWERS,  MAIN 488

? Likip, LVOLs LNO e LAXX, LFXXe LMATN, LLD, MAIN 409

3 LLCNy LLFN, LH2e LAY Lals LFO, LF2 MAIN 410

4 L13, LK6y LKT, LMO LM2e LRO, LR1s MAIN 411

5 LR2, LR3I, LR& ¢ LRSs LS2s LVO, LZ0s MAIN 412

6 Ll 122, LZ3s Li4e LZS» LCXSy LMASS» MAIN 413

7 LNBRy LPrI8, LAXS» LFXSs LMASSP, LCXRe LCKTy» MAIN 414

] LHA, LPAy LPFRACs LNTRIGs LPFPRVs LRURUP, LFUTOT, MAIN 415

Q LHRDRT, LPHIPP,  L14 MAIN 416
INTEGCR  BOT, CNT CVTe P02y T06) R2y 2 HAIN 417
INTEGER "IIM MAIN 418

REAL 12y 13, Kb K7y LAP» LAPP, LARS HATH 419

Mo,y N2+  MASSs UASSPy 14 MAIN 420

COMMO'I A(30000) HAIN 421
DAY=0. HAIN 422
CONTINUE MAIN 423

REV TN 3 MAIN 4264
REWIWY & MHAIN 425
REWIND & MAIN 426
REWIND & MAIN 427

CALL Twp HAIN 428

‘o CALL INUT(A(LKE)* A(LKT7)y A(LTIu)s A(LI1)s ACLI2)s ALLMA) s A(LMP)s NAIN 429
) ALLNOYY A(LRO)y ACLRIY Y A(LR2)y A(LR3)s A(LR4) s A(LRS)s MAIN 430

2 ACLZOYY A(LZY)y A(LZL2Ys A(LZ3)s A(LZ4)s A(LZS)e ALLAGYs MAIN 431

3 ACLAT)Y s A(LFO)y ACLCO) s A(LV() ITLe ) MATN 432

4 JMIMT LA LLNTRIG) 2A (L T4)) HAIN 433
CALL FISCAL (A(LMO)sA(LFO) 9A(LVU) +A(LCN) JA(LK6E) HAIN 434

2 A{LROY oA(LM2) 9 ITLWMT) MAIN 435
CALL MONITOR PRINT IHAIN 436

20 CALL EVPR? MAIN 437
GO TN (50s 30+ 30y 40)s NGOTO HAIN 438

30 CALL CRHO2(6HEMONPR, 3041) MAIN 439
PERFORM Al OUTER ITERATION MAIN 440

a0 CALL OUTERC A(Lal) s A(LAL)s A(LCOYY A{LFU)y A(LKO)Y, HAIN 441
1 ALLMQ) s A(LM2)y A(LMO)Y A(LNZ)s A(LS2)y ACLVD)sA(LZS) JMAIN 442

? A(LFez)y ITL, MT’ A{LCXS)e IMe UMy A(LRS)s A(LR4) MATIN 443

3 A(LLL)y A(LCXRIy ALLCXT)s A(LHAYy A(LPA)) NAIN 444
PERFORM FTISSIUN CALCULATION HAIN 445

CALL. FISCAL (A(LNO) yA(LFO} sA(LVD) 4A(LCO) 4A(LK6E) o HAIN 446
ALLMO) s A(LM2) 9 TTL4NT) NAIN 447

PERFORI CNVERGENCE AND NEW PARANETER CALCULATIONS HMAIN 448

CALL CONVRG TA(LFZ), ALLK6)) HAIN 449

GO TN (5092041021 NGOTO HAIN 459
s8g/20/10=F [NAL PHINT/MONITOR PRINT/SEARCH CALCULATION HAIN 451

50 CALL SUMMRY (A(LF2)y AILN2)y ACLR1)y A(LZY)y ALLRGYy A(LZ&) HAIN 452
1 IHoJM.u(LNZ)oA(LCO)-A(LNO).A(Lmo).A(Lua).A(Lrn),ITL.MT. HATN 453

2 ACLVO) yA(LFUTOT) o ACLTIO) s ALLIL) yA(LTI2) sA(LPFHAC) y HAIN 4564

3 ACLEFPRVI $A(LBURLE) sA (L 14) ) HAIN 455
CALL SRAMIA(LMASDL)Yy A(LVOLY)y  A(LATW) s A(LHOLN) 4 IMy JM, HATN 456

1 ACLMO) s A(LM2)y ACLVD) s ALLIC)s A(LIT)y ALLIZ)s ML, MAIN 457
A(LI3)sA({LFUTOT) sA(LNTRIG) sA{L4)) HAIN 458

CALL INPB(ALLMATNY g ACLNBRY s A(LLD) sA(LLCN) yA(LLFN) ¢ A (LALAM) MAIN 459

) ALLHOLMN) oML A (L 12)) HAIN 460

IF fNCON) 6041560 MAIN 461

60 CALL AVERAGTA(LPHIB) oA (LAXS) 2A{LFXS) «A(LMATN) sA (LMASS) gA (LATW), MAIN 462
1 ALLVOLY g ALLCO) o ALLEZ) yALLII0) s A(LVO) A(LHOLNY oML TTLy HAIN 463

? A(LNBER) y A(LAXX) e A(LFXX)sA(LBRDRT)) MAIN 464
CALL EIGTRG(IEVTeKO79sIBURIEVIEV2INGOIEQsIPVT) MAIN 465

IF (NGOsEQ.1) GO TO 65 MAIN 466
IF(DELT}) 1001+10 MAIN 447

65 IF(DELY) 709170 MAIN 468
70  CALL MARCH{A(LPHIB) ¢A(LMATN} sA(LFXS)sA(LAXS) sA(LVOL) +A(LMASS) MAIN 469
1 A(LMASSP) s A(LALAM) yACLLD) 9 ACLLCN) yALLLFN) yML MAIN 470
A(LIOY oA(LI1) 9A(LI2) 9A(LM2) sA(LPHIP)Y 9A(LPHIPP) +1ZM) MAIN 471

6o To 10 MAIN 472

END MAIN 473



30

10

SUHBROJTINE TP
COHMN FINP. NCUT» NCRle NFLUX19 NSCRAT»s ISCRATs NDUMP,

1 NMICR, ALA, BO7 CNTy CVTs DAYe EU(51) e
? E1(S1)y E2(E1)y E3(S1)s E4(S51)s E5(S1)y E6(S1)y ET(S51)
3 E8{S1)y EY(EY), EOls o2 £03

COMMD" £y EVPy  EVPP EPFe  GRAR, 1GEP, 16P,
1 IGVy 11y IMUM, IPs  I[TEMPy ITEMP1ls ITEMP2
? 128, JPy K07 KPAGEY LAP s LAPP, LARY
3 l.Cs» HGOTOs  ORFP. Pe2y  PBAR,
4 SBAR. SK7, T06s T1vy TEMPs TEMPly TEMP2,
5 TEMP3,  TEMNP4, Tl Vils  HXCM

cotmMol Tut2d), TvAX, 1GE 1/t My JM, 8Ly
1 IBR, 18Ty IRy Lostas 1EVT IPVTy ISTARTS
> MLy MT, MO1 1CSTy IHT IHS, TTLy
3 12, Jéy OITMy T1TMs MWNTs IPFLXs IPRINY
4 INMTPS, IREFs IXSECs !NPOISs NCON

CNHMN | [PSs SRCRTe  POWRY ORFy FLXTSTe PVy  FPSA
1 £V, EVM, XLAL>» XLAH» POD DELTe IFSs
? ARSTP, 1BUR, EV2 NGOs TURTRGe NCOEFs NSWEEP

colnord  LATWe  LHCLN, LALAt, LCoy L10s LIly Li2,
» LPHIP, LVOLs L0 LAXX, LFXXe LMATN, LID,
3 LLCN, LLFNy L2 LAgs LAle LFOy LF2s
4 L3, LKé,y LK7s LMDy LM2y LRO, LRl
g LR2, LR3, LR4s LRS LS2s LVOs LZ0s
f L4l LZ2s LZ3s Liso LZS» LCXSs LUASS,
7 LMBRy  L.PFIBy  LAXSs  LFXSy {MASSPs  LCXRe  LCXT»
f ILHA, LPAy LPFRACs LNTRIGs LPFPRVy [BURUPs LFUTOT,
9 LKRORTy  LPFIPP, Li«

INTEGER  H0?, CNTy CVTs Po2s Tg6. R24 £2

INTEGIR OITM

REAL 12, 13, K64 nT LAPs  LAPP, LARY
) NO o N2+ MASSs HMASSPY 14

cotiMny a(300600)
FQUIVALENCE (A9 INTT) s (4,AA)
DIME'ISTOR INTT(30000)+AA{30090)
THIS SUMKOUTINE CUNTROLS THE READING OF ALL INPUT DATA
NCR] = 3
NSCRAT = &
ISCRAT=S
NItP=1n
NOUT=")
NFLUX] = 8
NDUMP = 11
NMICR = 12
PRINT 5
FORMAT (1H1)
IF(NDAYEQ.0.) GU [C 45
IF (IVEFLAES2) GO TO 45
READ tIHINPsTG)  KNT, NREGs HREPOs KLAPSs TNTMAX, NECOP
FORMAT {616)

INT = KNTe#Y'
KLHT = KNT=1
LXu=L 17

LNFRE = LXQ ¢ I/M

LTRG = LNFRE ¢ L4M
LHNQ = LTRG *+ HCON
LPHI = LHIl0 ¢ ML

LARXS = LPHI ¢+ T/ZM#INTMAX

INP

OO ~NUH WN—




» .

-~

24

25
30

35
40

45

S50

EL)

L)
9517

60

63

LNZN
LDN =
LcH =
LCNP
LHMNI
LhG =
LCG =
LNIS=
LCHG
LHBT
LAST

= LABXS & WCCN®1Z

= LFIXS « NCCN#® e INTHAX
2 Dkans hLAPSI?M“INTMAX
2 LIZON + KLAPS#

LNZII + NREG setzm

LON + IZM#NCCN

= LCN + [ZM@NCON

= LCHP « T/M®ACON
LHNI & Mgl
LUG ¢ NECUP#NCON

LCG ¢ NECOP$NCON

Lols « nL

LC'G + ML

LNBI + 1ZM#ACON

PRINT 15¢ KNTINT

FORMA
)

PRINT

FORMA
180H

A
280H
A
380H

A

4RoH

A

580H

A

&80H

A

R6OH
PRINT
FORMA
IF (L
sSTOP
DO 490
A(D
CALL

rTASWNY ~

CONTTi
PRINT
FORMA

READ(

FORMA
IF (1D
READ (
FORNA
IF (ID

conT!

PRINT
FORMA
PRINT

l HH / XebzH # & & & o PEFUE T RNUP NTERVALS,

IZ?;/KNI’ NHEGy HREPOs KLAPSs INTMAX. NECOP
KNT BURNUF INTERVAL JUST CUMPLETED
HREG NO, OF REGIONS REUUIRING REFagCING
JREPO REFUEL CONTROL RODS DURTNG RégﬁsLING {0/1=NO/YES)
KLAPS  REGLUN COLLAPSE GPTION (O=N0I§/N=N0.0F COLLAPSES)
INTMAX  MAXe NOs OF BURNUP INTEHVALSI$6 BE ANALYZED |
JECOP  PUNCH OPTION FOR INPUT TO ecgsgnxcs CODE

12/

(DATA FROM

25, LAST FIRST NECOP COLLAPSES WILL BE PUNCHED) )
T (////SXoIH LAST = 16) |
AgT - 30000) 25935430

I1=LH2sLAST
2 9.
REF UE
A(Lmr;r;Tlesﬁge'NREPO'NPOIS’KLAPS'l”TMAXoNFCOP
\(LKLNQ).A(L1202’° A(LHNG) 9 A(LPHT) e« A(LABXS) A ALLXD) o
TOMTPS "A(LLIY) L.IZM'“OI.ML‘UAY'IGM’IMJMOIST;RT(hZéXS)
HLAXX]) A‘LFXi).(k{ﬁairﬁ;iniC AN ALLNO) 5 & (LVOL)
A(LLFMY s A(1LHCLN) ' ALAMY s ACLLDY s Al '
ACLATWY 4 AL LLCN)Y o
A(LH”I), ACLDG) » ; s A LNZH). A(LDN)
(LCG)» A(LNIS v A(LCN)+ ALLCHP)
IUE )9 A(LCHG) s A(LCNP *
rso Yo A(LNRT))
(30Xe40H 2 & & @
e & : PHENI
1TNPeS5) (T1H(I)eI= X e ® o o
{ (1246) *1=1412) 777)
1) EN.6HF INISH) 32
0956
ITNP357)  (LD(I) 4121342309 TMA
{ (11AAsF6,1) A
13) .CQ.6HF IN
WE RS ISk) 320460
r63
(/SRe29H CARLCS 1 AND
65 (ID(I)eIE]423), TﬁAx(In AND TMAX) /)

INP
INP
INP
NP
NP
NP
INP
NP
INP
INP
INP
1HP
INP
NP
e
INP
INP
INP
MNP
INP
NP
NP
INP
P
NP
INP
NP
NP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
NP
INP
INP
NP
INP
INP
NP
INP
INP
INP
NP
INP
NP
NP
INP
P
NP

59

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

79
80
81
82
83
84

86
a7
88
89
90
91
92
93
96
95
96

98

99
lo00
101
102
103
l1o4
105
106
107
108
109
110
111
112
113
114
115
116

31




3}

70

T¢

4

KO

M

g0

95

32

FORNAT (10%912A6710X311A6/10Xy Bl  TMAX = F6,19 SH MIN. //)

REaD (MINPy 70) LGE¢IZMeIBLIBRGTBT 2 IBHGIEVToIPVTeIMeIMe12odl
TG LyMLeICST o [HT oINS e ITLy IXSECIMO1 40T TM I TMIMSHSWP ¢ TSTART s

IRFF A NHSTP IFSSNPOTS yMWOT s IPFLY e IPRIN IDMTPS,
FP3gSHCRTsPOWHICRF o FLXTSTHPV,
FPIASEVIEVMLV2 o XLAL ¢ XLAK,PUD

FORNAT (1216 / 1216 7/ Bl6 / 6E12.4 / 6E}2.4 / EY12.4)

PRINT 72 .

FORMAT (/5X9126H CARD 3 DATA 1216 FORMAT /)

PRINT 78 IGE, I1iMy IBL,y I8Py IRTe IRG

FORMAT

1R0H  IGE GEOMLIRY (0/1/2 = X=Y/R=Z/R=THETA)

A Ite/

2RoH  IzZM NUMHELR OF MATERIAL ZONES (REGLONS)

S W -

A 112/

3804  IBL LEFT BCUNDARY CONDITINN (v/1SVACUUM/REFLECTIVE)
A 112/

4RoH  InR RIGHT BOUNNARY CONDITION (SAME AS IBL)

A 112/

seoH  IBT TOP HOUNDARY CONDITION (SAME AS IBL)

A 1127

ARUNH IR HOTTOM ROUNDARY COND, (SAME AS IBL)
A 112)

PRIMNY 80« TEVT, 1PVTs IMy JMHe 1Ze JZ

FORMAT (

1801 lgve EIGENVALUE TYPE (1/2/3=KEFF/CONC/DELTA)

A Ilavs
28pH  Ipvr PARAMETRIC EIGEHVALUL TYPE (1/2=NUNE/REFF)

A 112/

38peH  IM NUHBLR OF RADIAL MESH INTERVALS

A 112/

4ROH UM RUMBBLR OF AXTAL MESH INTERVALS

A 112/

s80H 17 N0, UF RADIAL ZONES (DELTA OPTION ONLY)

A 112/

a80H )2 N0, UF AXIAL ZOMES (DELTA OPTION ONLY)
na2

A

PRINT 85
FORMAT (/5Xe26H CARD & DATA 1216 FORMAT /)
PRINT 9uvs IGMe ML ICST, IHTs IHSe ITL

FORMAT (

1804 lgn NUMHLR OF GROUPS

A 112/

PRQH 1L NUMBER OF INPUT MATERIALS

A 112/

3R0H ICST  CROSS SECTION TYPE (1/2=TYPEL/TYPE2)
A 112/

aROH  Inif POSITICN OF SIGMA TOTAL IN x~SECT TABLE

A 112/
el IHS POSITICN OF SIGMA SELF=SCATTtR IN X=SECT TARLE
A Ii2/7

a8pH ITL CROSS SECTION TABLE LENGTH

A T na)

PRINT 95y IXSECs MQls OITMs IITMy MSHSWPs ISTART

FORMAT

1804  IXSEC REAU X=SECTS FROM TAPE (9/1=ND/YES)

A 112/

280H  inl TOTAL. NOe OF MIXTURE SPECIFICATIONS

INP
e
I
INP
P
INP
1P
INP
NP
P
INP
THP
INP
INP
INP
Inp
INP
NP
NP
1MP
INge
INP
P
INP
(P
NP
NP
INP
np
NP
e
TNP
INP
(HP
NP
INP
INP
NP
1HP
e
thp
NP
NP
INP
INP
NP
e
me
INP
NP
INP
P
INP
Y
NP
NP
me
e

117
118

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
161
142
163
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174



100
105

115

120

125

A 112/ INP
380H OITM  MAX WO, OF QUTER ITERATIONS ALLOWED NP
A 112/ INP
4RQH  117TM MAX WU, OF INNER 1TERATIONS ALLOWED PER OUTER 1TER, INP
A 112/ [NP
580H ISHSWP LINE INVERSION DIRECTION (1/2/3/43A| T DIR/RAU/AX/CODE INP
ADECINES 112/ (NP
680H ISTART FLUX GUESS (0/1/2/3/4=NONE/CARDS/CARDS/TAPE/SINUSOIN) INP
A 112) INP
PRINT 10u P
FORMAT (/5Xs26H CARD S DATA 816 FORMAT /) INP
PRINT 105+ IREFs NEBSTP, IFSs NPOISs M¥DT INP
FORMAT ¢ NP
1804 IREF  BURNUP/REFUEL CONTROL (0/1/2=HO BURNUP/BURNUP ONLY/HURINP
ANUP Al REFUEL) 112/ INP
2R0H IRSTP "NUMBER OF RURNUP TIME STEPS 1N A BURNUP INTERVAL INP
A 2/ INP
3BoH IFs PERFORM FINAL SFEARCH (0/1 = NO/YES) INP
A 12/ INP
480H NPOIS MATERIAL NO, OF CONTROL PUISON INP
A 112/ INP
580H 'JOT  CALCULATE RURNUP IN MWL/T (0/1=NO/YES) NP
A I112) INP
PRINT 107y IPFLXe IPHIN, IDHMTPS INP
FORMAT ( INP
1804  IPFLX PUMCH FLUX DUMP (0/1/2=NO/FLUX BEFORE BURNUP/FLUX AFTFINP
AR HURIIUP) 112/ INP
280H IPRIIN  PRINT CONTROL (1/2/3=FULL PRINT/FULL PRINT FOR DAY=Q ONINP
ALY/PARTTAL PRINT) 112/ INp
38¢0H TOMTPS PREPAKE UATA DUMP TAPE (0/1=nNO/YES) INP
A 112) NP
PRINT 110 INP
FORHNAT (/5X+28H CARD 6 DATA  6E12.4 FORMAT /) INP
PRINT 115» EPS, SRCRTe POWRs CRFe FLXTSTs PV INP
FORMAT ( NP
180H £pS EIGENVALUE CONVERGENCE CRITERION INP
A 1PE12+4/ - INP
780H SRCRT  MEUTHUN SOURCE RATE (FUR MNORMALIZATION) INP
A 1PE12.4/ INP
3801 PowrR  REACTOR POWER TMWT) (FOR (IORMALIZATION) INP
A 1PE12+4/ INP
4804  ORF OVERRELAXATION FACTOR INP
A 1PE1264/ NP
s80H FLXTST INNER ITERATION FLUX TEST (0/EP=zEPS/EP FOR TEST) INP
A 1PEY244/ NP
eBpH Py NDESTREC VALUE OF PARAMLTRIC EIGENVALUE (SEARCH ONLY) INP
A 1PE12:4) NP
PRINT 120 INP
FORMAT (/9X928H CARD 7 DATA 6E12.4 FORMAT /) INP
PRINT 125+ EPSAs EVy EVMy EV2e XLAL» XLAH INP
FORMAT ( ’ ' NP
1804 EpPS4  PARAMETRIC EIGNVALUE CUNVERGENCE CRITERION(SEARCH ONLYIMP
A 1PE12+4/ IMP
28pH Ty INITIAL EIGENVALUFE GUESS (SEARCH ONLY) NP
A 1PE12+4/ IMP
380l  EvM EIGENVALUE MODIFIER (SEARCH ONLY) P
A 1PE12.4/ INP
4RoH  Fv2 EIGEMVALUE GUESS FOR 2NU AND ALL OTHER SEARCHES TNP

175
176

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220

. e21

222
223
224
225
226
227
228
229
230
231
232

33



34

130

1395

1458

195

16y

A

SROH  XLAL
A 1PE12+4/
680H (LAK

A 1PE12+4)
PRINT 13& -
FORMAT (/5Xe2BH CARD B DATA
PRINT 13%s POD ’

FORMAT (

180H Pah

A 1PE12.4/7)
NXCH = TTL = THS - ’

1IF (PlwK. .8 ) GO TO 145
SRERT = poul

COMTT.ME ’

FPF = D15%.41.602910.%%(=19)
THAY, = TMAXe8y, ’

KPAGE = &
IZh = T4v ¢ 1
Ip = 14+ 1
JP = M ¢ 1
1GP = tuom ¢ 1
1IGEP = [u™ + 1
Tdl = IMeUM
MT=ML + T4H
£} = o0

LAP = L0
LAPP = L1
LAR = Ge0
ALA = 0

¢ =

Pn2 = o

cv*® = ¢

cHT = ¢

NCON = 0

Tge = ¢
I1BUR=

IF (FLATST EAQ.0s; FLXTST = KPS
TENE= U -

IF (1NVT.LQ.2) 1EMF= 1,
Ko7=ItvT o

IF ([FVILNE.3) G0 TO 155
To06 = 1

COMTI ME

IF(ISTART-NE.3) GO TO 165
REVIMY NRDMP

COUTT MIE ’

coMPUTE NIMENSIUN FOINTERS
LATY = 1

LHOLN = LATW « .

LALAM = LHOLM + ML

LCH = LALAM + M|
LIO = 1.Cu + ITL#MT
LI1 = LIu + MOl

LI? = LIl + MO]
LPHIP = L12 + Myi
LPHIPP = LPHIP + IZM
LVOL = LPUIPP + 14V

\PE12e4/
LAMBUA=1 LOWERLINMIT (SEAKCH ONLY)

LAMHUA=1 UPPERLIMIT (SEARCH NNLY)

C12.4 FORMAT /)

PARANMETER NSCILILATION DaMPER (SFARCH ONLY)

INP
NP
INP
THP
e
INP
INP
NP
INP
INP
INP
NP
[NP
NP
INP
INP
P

233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
27
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290



ey

C

175

189

190

LNO = LVOL & IZM

LAXX
LFXX
LMATH =

LN + IMJM
LAXX + ML®IZM
LFXX ¢ ML®IZM

LLD = LMATN + ML
LLEN = LLD + My
LLFH = (LGN + ML#2

LN2 = LLFMl + MLe?
LAD = N2 ¢ IMJM
LAl = LA0 + IP

LFO = LAl + IM

LF2 = LFO « IMJM
LI3 = LF2 « INMuMm
L1« = L13 « MQ1
LK6 = LI4 ¢ MOI4TENF
LK7 = LKe + IGH 7
LMQ = LK7 + IGM
LM2 = LMO + INUM
LRU = LH2 + IZM
LRY = LRo « [P
LR2 = LRl + IP

LR3 = LR2 + lieTye
LR4 = LR3I ¢ 1ZeTij6
LRS = (R4 + IM
LS2 = LRS + IM

LVD = LS? + IMJH
LZO = | VO + IMUM
LZY = LZ0 + JP

LZ2 = LLY + 0P

LZ3 = L22 « IM&#Tyé
LZ4 = [LZ3 + JZulde
LZ25 = L24 + UM
LCXS = LZ5 + Jn
LMASS = LCXS + IMJpa3

LNBR = LMASS ¢ ML®IZM

LPHIR =

LIIBR « ML~

LAXS = LPHIB « IzZM
LFXS = LAXS ¢ ML®#1I2M

LMASSP =

LFXS « M #12M

LCXR = LMASSP « ML&TZN
LCXT = LCXR + UM

IHA = LCXT + In
LPA=L 1A + MAXQ(IMegM)

LPFRAC
LNTRI®
LPFPRY
LBURUP
LFUTOT
LRRORT

LPA + MAXQ (IMgJM)
LPEBAC * IZMm

LNTRIG + MOLle#MwDT
LPFPRY + IZMeMwDT
LBURUP « IZMeMWDT
LFOTOT « 1ZMoaMunt

LAST = LHHDRT « 14

ITEMP =

1 + 39ML ¢ IGPRITLH#MT

PRIMT 180 \S.AST s ITEMP
FORMAT (/2XsSHLASTZ16/ 92Xy SCHTEMPORARY STO) F
AN AR et »5¢ RAGE FNOR CROSS SFKCTIOH REINP
IF(LAST = ITEMP) 18541904150
65 LAST=lTEMP ‘

CONTIHIUE

READ CROSS SECTIOUNS AND WRITE CROSS SECTION TAPE

NP
INP
INP
1P
INP
INP
INP
INP
INP
INP
INP
INP
MNP
INP
INP
NP
NP
P
INP
INP
INP
INP
NP
INP
INP
NP
INP
INP
INP
INP
INP
NP
INP
TNP
INP
INP
iNP
NP
INP
INP
INP
INP
NP
me
INP
NP
INP
INP
[NP
tp
1HpP
INP

INP
INP
NP
INP
NP

291
292
293
294
295
296
297
298
299
300
301
302
303
306
305
306
307
308
309
310
an
N2
313
314
ns
316
317
318
319
320
321
322
323
326
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348

35



tys

149
200

2iu
o

215

221
2?2

225

230
240

36

C XSECT( A(LNu) oA ITLeIGMIMT G A(LAT HO
ongqs falco :L TA LCO)»ITL G ’ (LATW) 9 ACLHOLN) o A(LALAM))
Al(l)=ma,

READ FLUXES AND WRITE FLUX TAPE

IF (15TART,EN.4) GC 1O 199

CALL INFFLXT(TAILNOY Y A(LRO)s A(LZO))

BRINT 200

FORMAT (S1HOMESH BOUNDARIES (P0/70=RADIAL POINTS/AXIAL POINTS))
READ RADIAL IMTERVALS

CALL EARL (6H RQsA (LRO) 9 IP)

READ Axlal INTERVALS

CALL REAKL (6H LOWALLZO) o JP)

IF (ISTART.NEJ4) GO YO 210

DETERIINE sIﬂUSUIUAL FLUX GUESS AND PREPARE FLUX TAPE

CALL SINUSCACLNU)Y A (LRO) 9ACLRL) yA(LLO) 3 AL1L21) e IPysJP TR ¢ IBRIIRT,
1 IBB'IQM)

CONTI'IUE

READ Z0ONE HUMBERS

PRINT 219%

FORMAT (301i0ZONE NUMBERS RY MESH INTERVAL)
CALL PEAFXP(6H MOSALLMO) » IMUM)Y

SET MATERIAL NUMBERS FOR REGIONS

PRINT 220

FORMAT (2SHOMATERIAL NUMBERS RY Z0OME)
LM3=LN2 « 124 = 1

K=s)

D0 221 TzaLM24i M3

THTT(I)=K « ML

KzK & )

PRINT 222+ 1My (INTT(I)oI=LMZ29L113)
FORMAT (10Xe2HM2e16/(10112))

READ F1ISSTON FRAL1IONS :

PRINT 225
FORMAT (17HOF ISSIUN SPECTRUM)
CALL REARL(bH K79A{LK7) s 1GM)

IF (M01) 25012507230
PRINT 240

INP
INP
MNP
IMP
P
Inp
INP
INP
INP
NP
INP
INP
INP
INP
INP
TNP
NP
™R
INP
INP
INP
INP
INP
NP
INP
NP
inNP
NP
INP
wp
IMP
NP
NP
INP
INP
INP
NP

FORMAT (A2HOMIXTURE SPECIFICATIONS (l¢/11/12=MIX NUMRER/MAT. NUMBERINP

1 FOR MIx/MATERIALTCENSITY))

CALL REAFXP {6H 10s A(LIO)Ys MOY)
CALL PEAFXP (6H 1, AGLILY s MOL)
CALL REARL  (6H 12y A(LI2)s MOY)
GO TO 25%

CALL F.RROZ2(6H#¢ INP¢250¢1)

CHECK FOR DELTA CALCULATION

IF (IEVTWNES3) GU To 280

PRINT 278

INP
NP
INP
INP
INP
INP
INP
TNP
THNP

FORMAT (85SHODELTA OPTION DATA (R2/Z2/R3/Z3xRADTAL/AXIAL ZONE NOS.INP

1/RADIAL/ARIAL ZOWE MODIFIERS))
CALL REAFXPI6H  "R2y A(LR2)» I
CALL REARL {6H R3JA(LR3) +12)
CALL REAF Xp164 22y A(LZ2)y JM)
CALL REARL {6H L34A(LZ3) vJ2)
CHECK FOR SEARCH CALCULATION
IF(IEVTWNEL2) GO TC 285

CALL REARL (6H TayA(LIg)sMO1)
CHECK FOR BURNUP CALCULATION

IF (MUDT.EQeD) GU TO 290

INP
THe
TNP
INP
HP
INP
INP
INP
INP
NP

349
350
51
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
37
312
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406



» e

-~

290

300
3l
329
330

[aNaKal

340

3%n
360
30

kLY
35

350
3%

400
«0S

alQ
415
4z0

in
19

READ IN THME NTRIU ARRAY
CALL TRIG(A(LNTRIG)4MQ1)

END OF INPUT DAIA

CALL MAPRUA(LMO) 9A(LM2) s IMoJMsA(LCO))
TF (LAST = 30000) 330s 3305300

PRINT 310

FORMAT (261 PROGRAM CAPACITY EXCEEDEL)
STOP

CONTINUE

NETERMINE DIRECTION OF LINE INVERSION

IF (IGE.FR.2) GO IC 370

GO TO (3504 360s 370+ 340) MSHSWP
IRSUM = IBL + IBK + IBT « IRB

1F (IBSUM.EQ.1) GO TO 350

RM = AA(LRLI = 1)

M = AA(LLY = 1)

TF ({RMe it/ (24816)) = 1,) 36093709374
NSVEEP = 0

GO TN 380

NSWEES = =1

GO TO 380

NSWEED = 1

PRINT 385

FORMAT(////5%s 1ZH & & & & & & /)
ITEMP = NSWEEP « 2

GO TO (39u+400e410) ITEMP

PRINT 395

FORMAT (SX+384 DIRECTION OF LINE INVERSION

GO TO 420
PRINT 405

FORMAT (SX+52HDTRECTION OF LINE THVEKSION

G0 TO 420
PRINT 415

FORMAT (5Xs 36K DIRECTION OF LINE INVERSION

RETUR'I
END

SUBRO''TINE ERRO2( +OL+JSUBRI?
COMMO!I HIRP  4NOLT  <NCRI1

PRINT 5 » HOL, JSLBR

FORMAT (2H #/9H ERRCR INyA6+3H AT16/2H #/2H #)

GO TO (10+015) I
sTOP

RETUR:I

EHD

sNFLIX1 ¢ NSCRAT

e
INP

INP
IMP
INP
e
INP
INP
NP
INP
INP
NP
INP
INP
INP
INP
T™e
INP
TNP
INP
INP
INP
NP
INP
NP
INP
NP
IHP
INP
INP
INP
INP
INP

ALTERNATING DIRECTION ) INP

INP
NP
e
INP
INP

ERRO2
ERRO?

ERROZ
ERRO?2
FRRO2
ERRO?2
IZRRO2
FRRO2

407
408
409
410
411
412
413
“4
415
416
©7
418
419
420
421
422
423
4264
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
464
445

O ~NIU S WN--
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24

2%

30
35

70
150

SURROVTING XSECT (Cy _COe JTILs JG'y JMT, ATW, HOLNs ALAM)
COHMOU  FIINPY T NCUTe  NCRls MFLUX14 NSCRATe JSCRAT,
1 NI1TCR, ALA, 807 Cuty CVTa DAY,
? £1(51)y E2(S1)s £3(51)s E4(S1)e ESLS1)s E6(S51)0
3 EB(S1Ys E9IEL), ENls Cu2 £03

CONHO Lhy EVPy  EVPPs EPFs  GBARe  1GFPa
1 1GV, 11y IMJM, [Ps  1TEMPs ITEMP1s
? 1/P, JPy KN7+ KPAGES LAP S LAPP,
3 L.Cs  WGCTOy  ORFP, Ph2s  PBARW
4 SRAR SK7, TObs T1ls  TEMPs TEMP1,
& TLHP3,  1ENMP4, TIe Vils  HXCM

conMo | Tnt2dr.  Tvax, I6Cy [2My IMs JHy
1 IRR, IRT, IB8 LMy TEVTe 1PV,
» (1Y MTy MOl 1CST IHT s IHS,
3 14, JZy  OITMy  JITMy  HWDTe IPFLX,
A HIITPS, IREFs IXSECs NPOiISe WCON

CONMOY) EPSs SRCRT, POURY ORFs FLXTST PV,
) Fv, EViey XLAL» XLAHY PONs DELTe
? NHSTRy  1RUR, EV2e WOy THRTRGe NCOEF,

LHTEGSR  RET, CNT» CVTs rn2s T06) R24

THTEGIR 91TM

REA, 12, 13, Kés S A) LAPsy  LAPP,

N0y N2y MAGSe MASSPY 14

1
DINENSTON ClJUTLoJGN9UMT)y CO(JTLoJMT) s ATW(Y1)Ys HOLN(1), ALAM(])

NIDLIMP §
E0(S1) e
ET7(51)

1GPs
TTEMP2
LARY

TEMP2

IBL e
ISTART
ITL
IPRINe

PS4
IFSe

NSWEEP
22

LARY

ASEC
XSEC
XSEC
XSEC
XSEC
ASEC
ASEC
ASEC
XSEC
ASEC
ASEC
ASEC
ASEC
ASEC
ASEC
XSEC
XSEC
XSEC
ASEC
XSEC
XSEC
XSFEC
XSEC
XSEC
XSEC

THIS SURKDOUTING READS CROSS SECTIONS FROM CARDS 0K TAPE AND WRITESXSEC

CRNSS SECTION TAPE (DISK FILE)

PRIMT 59 (IN(1)91=1423)

FORNAT (141+12A67/11A6///)

TFLIXSECLIIN1) REWIND NMICR

no 152 I=1,RL

IF(IX5EC.5Q.1) GU T0 158

READ CIINP1G) HULNCT) yATW(I) sALAMLT)
FORNAT(ABI2E642)

GO T 20

READ (HMICR) HOLNCI) gATW(T) sALAM(T)
READ(HMTICR) ((CU.oTIGeT) oL =1elTL) o [16G2141GM)
ALAM(T)=alAM{T)/{244.%3600.)

PRINT 25+ leHOLNI(I)

FORMAT(I396XeA6)

IF (IXSEC.EQ.1) GO TO 156

PETERVINE TYPE OF XSECT CARDS+1CST=1/2=TYPE]/TYPE2
IF (I1CST.E0. 2) GO TO Tp

DO 30 11G=151GM

READ CITNP935) (C(LoTIGsI)sL=10ITLY

FORMAT (6E12.49)

GO TO 150

READ (' IIWP935) (CCALsITGI) oL=1eITL) o 11G=141IGM)
CONTI'RIE

IF(TXSEC.I-Qe1) REWIND NMICR

IF (ICST.FQ.1) wU TO 190

SECTIAN TD DELETE POSITIONS ONE ANO THREE FROM CROSS SECTIONS

Tl = 1ML - 2
INDL = 0

DO 18" Mzl lL

NO 184 J=1ly1I6M
DO 170 1 = 1y ITL

XSEC
XSEC
XSEC
XSEC
XSEC
XSE.C
XSEC
ASEC
XSEC
XSF.C
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
ASF.C
XSEC
XSEC
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(X4

1€0

180

190

220

240
250
260
265

2170
2k0

IF (I «GFe 2 ) GO TO

L =12 17%INDL 160
TEMPX = C ( Lo Je¢ V)
C(Ile Jo M) = IgPPX

GO TO 170

IF ¢ I «GT.ITL) GO TO 170
L=1s+¢2 +IHDL

TEMPX = C ( Ly Jy V)

C (Is Jsy M) = IEVPX
CONTI'IUE

INDL = INDL ¢ 2

CONTINUE

IHS = IHS = 2

THT = IHT = 2

CONTINUE

CHECK ON CROSS SECTION CONSISTENCY ANU ORDER
TEMP1=1.0

TEMP2=0.01

NO 260 J=leML

LO 26" I=1s1GM

G = C (IHT=2¢ I4J ) * C ( IHSe 1y J)
DO 219 K = 1y NXCM

KK = I ¢ K

M = [HS + K

IF(KK = IGM) 206 200s 210
G =G ¢ C{MyKKyJ}

CONTIMNUE

TF ( ABS((G=C(IH 9T ¢J))/CUIHT»E4J))=,01) 24042200220

PRINT 265» J3I,TEMPY
GO TO 260

TF (ABS((G=C{IHTyI4J))/C(IHT2I9J))=40001) 26052509250

PRINT 265y JOI,TEMPZ
CONTIHUE

XSEC 59
XSEC 60
XSEC 61
XSEC 62
XSEC 63
ASEC 64
XSEC 65
XSEC 66
XSEC 67
XSEC 68
XSEC 69
XSEC 70
XSEC 71
XSEC T2
XSEC 73
XSEC 74
XSEC 75
XSEC 76
XSEC 77
XKSEC 78
XSEC 79
XSEC 80
XSEC 81
XSEC 82
XSEC 83
XSEC 84
XSEC 85
XSEC 86
XSEC 87
XSeEC 88
XSEC 89
XSEC 90
XSEC 91

FORMAT (1M /e16H CHECK MATERIAL 1295k 7H GROUP 12+2X+36HCROSS SECTXSEC 92

210M IMRALANCE IN EXCESS OFsFS.2,8H PERCENT)
WRITE CROSS™SECTION TAPE

NO 280 I1G=191GM

NO 277 M=1eMT

DO 27v  L=1s1TL

Co(LeMy=ClLolIGyM)

WRITE (NCR1) ((COLIM) yL=1 0 ITL) sM=14MT)
REWINI NCR) '

RETURHN

END

XSEC 93
XSEC 94
XSEC 95
XSEC 96
XSEC 97
XSEC 98
ASEC 99
XSEC 100
ASEC 101
XSEC 102

39
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it
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90

100
1in
120

SUBROYJTINEG INPFLX (NOy RF )
NCUT,

coMMNIL  ATHIP,
1 NITCR, ALA, BO7s CNTy
? E1(51)y £2(S1)y E3(S1)s E4(51)
3 Ed(S1)y EY(E]), EQ)e Eu2y
connn'y EQy EVP, EVPP. EPF s
1 IQV’ 11, IMJUM e 1P,
? 14Ps JPy K0Te KPAGE s
3 L.Csy NGCTO, ORFPy P02y
4 SHAR, SK7, 1069 Tivs
5 TLMPS, TENP‘| TI. Vl]'
cotmn’t 101231, T TvAX, 1GE Léva
1 IHBQ IBI' IHB IuMoe
? MLy MT, MOl ICSTy
3 12, JLy 0ITM, 11TM,
4 TIFITPS, IREFs IXSFCe HPULS
COMHO'I EPSy SRCRTs  POWRe ORF »
1 £V, EVMy  XLALs  XLAH»
? NHSIP, IrUR, EV2e NGO o
HTEGER  BO7, CNT, CVT, PO2y

INTEGIR  N1TM
REAL 124 13, KOs K7
NGy N2+ MASS, HMASSP Y

1
NDIMOCNSTON  HO{1) e RF (1), ZF (1)

THTS SUBROUTINE HEADS INPUT FLUXES ANL PREPARES FLUX TAPE (VISK)

PRINT 5
FORNAT (111)

ZF
NCR1s NFLUX1e NSCRAT

CVTs
£5(51)
Eo3
GBAR
TTEMP o
LAP
PBAR
TEMP»
HXCM
My
IEVT.
IHT»
HWDT e
NCON
FLXTSTe
PnD
TURTRG
Tob6s

LLAP
14

ISCRAT,
DAY
E6(51)

IGERP
ITEMP1,
LAPP

TEMPY,

JMy
IPVT,
THS
IPFLLXy

PV
NELT
NCOEF »
R2»

LAPP

ISTART = 4/1/2/3/4=2NQ FLUX/CARUS/CAKDS/TAPE/SINUSOID

KK = IsTart +

no 12 116 = 1« IGM

GO TN (10930+8091009120}) KK
DO 20 I=1l, IM o

NO 20 J = 1l UM

ITEHP = (1 = 1)9IM ¢ 1
NO(ITEMP) = 1,40

GO TO 110

IF(ILs = 1) 40940460

PRINT S0

NDUMP o
EQ(S1)y
E7(S51)

{GH
T1FEMP2 e
LAR

TEMP2y

THL »
ISTART,
1Tl
IPRINS

FPSAe

1FSy
NSWEEP
l44

LAR

IHPF
iNPFt

INPFL
TMRFL
THNPFL
INPFL
INPFL
INBFL
INPFL
INPFL
INPFL
IMNPFL
INPFL
INPFL
INPFL
IMPFL
THPFL
THPFL
YMPFL
INPFL
INPFL
INPF(,
INPFL
THNPFL
IMPFL
IMPFL
INPFL
IMPFLL
INPFL
INPFL
IHNPFL
IHPFL
INPFL
INPFL
THNPFL
THPFL
THPFL
THPFL

FORMAT (S5HOFLUX GUESS (RF/ZF=T0TAL RADIAL FLUX/TOTAL AXIAL FLUX))INPFL

READ (1J11iP+50) (RF (1) 91=1,1M)

READ (1THP990)  (LF (J) s J=19JIM)
PRINT 529 IHy (RF(I)sI=1,41IM)
FORMAT (AX93H RF21€/(10E12.5))
PRINT Saa JMe (ZF (J) 9dzleJM)
FORHAT (6Xy3H ZFslé/(lOElZiS))

NO 70 J = 19 IM

NO 70 J = 1 UM

ITENP = (J « 1)alM & Y

NQLITIMP) = RF (1) #2F (W)

GO TO 11¢

READ(.IINP9() (NO(I)e I=1y IMgM)
FORMAT (6E£1246)

GO T 110

READ (MODUMP) (NOLI) s I=1,IMIM)
WRITD INFLYX1)  (NO(I)y I=ls IMJD)
COMNTINUE '

REWINID NFLUX1

REWIND NOVMP

RETURN
EMD

IMPFL
INPFL
INPFL
HPFL
THPFL
INPFL
THPFL
TNPFL
INPFL
TNPFL
INPFL
INPFL

INPFL ¢

INPFL
INPFL
INPFL
INPFL
INPFL
INPFL

INPFL
INPFL
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10

11

20

21

30

31

40
41

S0

60

ql

70

7

b0

31
90
91
oo
101
102

103

104

105

SUBLROUTINE SINUS(NQ4RO 141PsJPs B4IGM SINU
2onRa! NIHP.NOU‘SI"N 850 gll:.l 1213 IPeJUPs IBLAIBReIBT41BB4 I1GM) SINUE
REAL 'ip SINUS
DIMENSION NOCL)e RO(1)e RI()YeZO(1)s Z1(1) SINUS
RADIAL SINUSOID CALCULATION SINUS
KRAD = 2¢#IBL + IHR + SINUS
MIM = IP=1 SINUS
GO TO (10920930+40)s KRAD SINUS
RTOT = S5, + RO(IF| «RO(1) ¢ B. SINUS
DO 11 I=leMIM b SINUS
RI(I) = ((RO(I) ¢ RO(I+1))®0.S + S.)«3,14159/RTOT SINUS
R1(I) = SINIRI(I)) SINUS
GO TO 50 SINUS
RTOT = 5. ¢ RO(IF) = RO(1) SINUS
DO 21 1=1eMIM SINUS
R1(I) = ((RO(I)eRO(TI+1)) %05 * 5.0)43,14159/(2,04RTOT) SINUS
R1(I) = SINIRI(I)} T SINUS
GO TO 50 SINUS
RTOT = 5.0 ¢ RO(IP)=RQ (1) SINUS
NO 31 I=19MIM SINUS
R1(I) = ((RO(I)+KU(I+1))®045)%3,14159/(2.04RTOT) SINUS
R1(I)= COS(RI(1))’ SINUS
G0 TO 50 SINUS
DO 41 I=)1eMIM SINUS
R1{1) = 1.0 SINUS
AXIAL SINOSOID CALCULATION SINUS
KVERT = 2¢1RB + IBT + 1 SINUS
MJM = gpP=l SINUS
GO TO (60970+80+90)y KVERT SINUS
ZTOT = 5.0 ¢ Z0(uP) = 20(1) + 5,0 SINUS
DO 61 J=19MJM SINUS
Z1(J) = ((ZOLJ)*£0(J*1))#0s5 ¢ 5,0)%3214159/2T0T sInus
21t = SINGZ1 (D SINUS
GO TO 100 SINUS
ZTOT = 5,0 + Zg(JP) =20(1) SINUS
NO 71 J=19MJIM SINUS
Z10J) = (4Z208J) * Z0(J*1)1%0.5 ¢ 5.0)%3,16159/(2,0%27T0T) SINUS
Z1(Jd) = STN(Z1(J)) SINUS
GO TO 100 SINUS
ZT0T = 5.0 ¢ Zg(JP) = Zp(1) SINUS
nO 81 Js1eHJIM SINUS
21(Y) = ((ZDLU)*£0(Js1)) 205 I1%3.164159/(2,042TOT) SINUS
21N = cos(2reny’ SINUS
60 10 100 SINUS
00 91 J = 1sMuM SINUS
Z1(J) = t.0 SINUS
PRINT 101 SINUS
FORMAT (SSHOFLUX GLESS (RF/ZF=TOTAL RADIAL FLUX/TOTAL AXIAL FLUX)SINUS
1) SINUS
PRINT 162 MIMe ( RY(I) eI=)1oMIM) SINUS
FORMAT (6Xs3H RF9I€/(10E1245)) SINUS
PRINT 163 MIMe (21 (JY v J=1,MuM) SINUS
FORMAT (6Xy3H ZFs16/(10E1245)) SINUS
DO 104 I=1.R1n SINUS
N0 134 J=1yMJM SINUS
ITEMP = (J=17#MIM o I SINUS
NO(ITOMP) = RL(I}®Z1(J) SINUS
MIMUM = MINM#M M SINUS
5 11=1sIGH SINUS
Bgl}g(wgﬁuill (Nu (1) s I=14MIMUM) SINUS
REWIND NFLUXI STHUS
RETUR:! SINUS
END SINUS

V0~ U & W N
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10
20

3o

4t

90

10

MO

Yy
oo
tio

le0

130
140
190
léo

110
140

SURROYTING REARL (FOLL sARRAYShCOUNT)
DIHENSTONT ARRAY (1) 4V (12) 4K (12)3IFI(12)
COMMO'T  UTAP  yNOUT  oNCRI  #NFLUXLJHSCHAT
JFLAL=Q

J=1

IF(JFLAG)20o40929

D0 30 JJ=146
K(JJ) =K (JJe6)

TN =INEII+6)
vIJI =V Igdes)

JFLAG=Y

GO TO 60

READ (HINP,50)

FORMAT (6(1191246944))
No 144 I=lso

L=K(I)+i

GO TO (T0e80910velSQ) 4L
NO MODIFICATION
ARRAY L) =V(T)

J=Jdel

GO To 140

REPFAT
L=ty

DO 9y M=)l
ARRAY (J) =V (1)

J=de+l

CONTIIUE

GO TO 14n
INTERPOLATE

IF(1=%) 120s110¢11l@
READ (NINP4GD)
JFLAGS]

L=It(l) el
DEL=(JV(I+1)=V(I))/FLOAT (L)
DO 134 M=1,L

ARRAY () =V (1) +DEL®FLOAT (M=1)
J=J+l

COMTI IUF
CONT I it
GO YO 110

TERMTNATE

=)=
PRINT 16Q¢ HOLL s J
FORMAT(6X9A69 167/ (1CEL1245))
IFLJ =NCOUNTI1Tu91805170
CALL. ERROZ2{ 6HUREARL17041)
RETUR!
EHD

(K(IY o INCL) oV L) 0 I=i40)

(K(JI) o INCYI) 0V (JJ) 9 JU=Te12)

s { APRAY(1)el=1eJ)

REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
RCAR
RCAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
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30

40

S0

a0
1

=14

4q
100
i1

SURROUTINL REAFXP (HQLLy ITARRAY, NCOUNT)
OINMENSION" IARRAY (1) g IV(6) 4K (6) ¥ IN(6)

COMMOM  HINP  #NOUT sNCR1  sNFLUX14NSCRAT
J=1

READ (HHINP#20)
FORMAT (6(I1e12,19))
DO 701=146
L=K(I)+1

GO TO (30940960480 )L

NO MODIFICATION

TARRAY (J)=19(1)

J=Je}

GO TO 70

REPEAT

L=IN(D)

DO 5¢ M=1sL

TARRAY (J)=IV(I)

J=.e]

CONTI JUE

GO TO 70

INTERPOLATE

CALL ERRO2 (BH#REAFX460041)
CONTIHIVE

GO TO 10

TERMIIIATE

J=d=1

PRINT 90 HOLL s J
IF(J  =NCOUNT)10.49110+100
FORMAT (6XeAB916/7110112))

CALL ERROZ (T6H#REAFXs10041)
RETUR!

END

(K(I) o INCI) o IVIT) 9 I=106)

s (TARRAY (1) s 1=l )

SUBROUTINE TRIG (NCUM,MM)
COMMON ~ ~NTNP,HUUT

DIMENSION  HDUM (1)

READ( IINPs10) (HDUM(L) 4 I=1yMHM)
FORMAT (2413}

RETUR:1

END

PEAF
REAF

REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF

1RIG
TRIG
TRIG
TRIG
TRIG
TRIG
TRIG
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SUBROMT NG HAPR (MgyM2,
NCU

JIMyJUM, K)

COoMnoil ~ NINP, Te NCRle NFLUK1s NSCRATS
1 NHICR, ALA, B07 CNT» CvTe
2 E1(S51)s E2(E1)y E3(51)s E4(S1)e ES(S1)

Es(S51)y E9(E1) s E0Ys €02y £03

CotMoN EQ, EVPy  EVPP, EFFs  GBARS
) 1GV, 11, IMJUM, IPs  ITEMP,
) 1ZP, JPy KN7e KPAGE LAP,
3 LCsy NGCTOy  ORFP. P02y  PBAR,
o SRAR, SK7, T06+ Ti1ls  TEMP,
5 TEMP3,  TENP4, TI Viltse  MNXCM

connon 10123y, "Tvax, IGE LiMy My
1 IfR, IBT, IRA, [uMs  TEVT,
2 MUy MT, MOT1e ICST IHT
3 12, J&y  01TMy I1TMs  MWDT,
4 LOMTRS, IFEFs T[IXSEC» MNPUISs NCON

conno’t CPSes  SRCRTy  POWR, ORFs FLXTST
] EVs EVM, XLAL XLAHY POD e
? NBSTP,  1HUR, EV2, NGO THRTRG

INTEGER BG7, CNTy CVTe Pp2y Toh

INTEGER  NITH

REAL 12, 13, Ké» K79 LAP
1 O N2,y MASSs HASSPs 14

DIMENSION MD(UIMeJdM)y M2(1)y K(1)
PROD'ILE A PICTURE FRINT BY ZORNE ANU MATERIA(

PRINT 10

SOISSR

1=14+23)

FORMAT (141912A6711A6/7/)

DO 20 JJ=

NENIILRNESY
PRINT 30
FORMAT ( SH
PRINT 4

19JM

(MO (T9)

15512)

,1'=l'IM)

FORMAT (2H A/2H X/2F 1/2H A/2H L//81  RADILAL)
(I0(T)2121423)

PRINT 10+
Nno 60 JJ=1
JxJti=Jjel
DO 5w L=l
Nz=Mo (Le )
K (l.)=TARS
PRINT 30
PRINT 40
RETUR.!

END

s JM
oIt

(M2 {N))

(KLY ol=10 IM)

ISCRAT
DAY
E6(S1)

I1GEP
ITEMP1
t APPy

TeMP1y

JMe
IPVTy
I1HS)
IPFLXy

PV
DELT,
NCOEF o
R2s

LAPP,

NDUMP o
EO(Sl)s
ET(S1)

TGP
ITEMPZ
LLARY

TEMPZ

IBLs
ISTART
ity
1PRINY

FPSAY

IFSs
NSWEERP
L2

LAR S

HAPR
HAPR

MAPR
MAPR
HAPR
MAPR
HAPR
HAPR
HAPR
MAPR
HAPR
HAPR
HAPR
HAPR
"“APR
HAPR
HAPR
MAPR
HMAPR
HAPR
HAPR
HAPR
HAPR
NAPR
HAPR
MHAPR
"AAPR
MAPR
HAPR
HMAPR
HAPR
HMAPR
HMAPR
IHAPR
MAPR
1HAPR
HAPR
NAPR
HAPR
HAPR
HAPR
MAPR
HAPR
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35

40

49

S0
5%

h0

6%

70

SUBROJTINE INIT (K s Tls 129 HQy | 0y R » R2» INIT
1 JTING INIT (K€ Kie 823 15 2% 73 50 0; 203 RS A% INIT
2 FOe CGs VOo JTL JIM! JIMe UMT, NTRIGy 14) INIT

coMMON NINP,  NCUT,  NCR1e NFLUX1s NSCRATe ISCRATs NDUMP INIT
) NMICR, ALA, BO7e CNTs CVTs DAYs ED(S1)» INTT
2 E1(517e EQ(S1)y E3(51) E4(51)s ES(51)e E6(S51)e ET(S1) INIT
3 EQ(51)y EI(E]1), E01s E02+ €03 INIT

COMMOi1 EQ, EVPy  EVPP, EPFs  GBAR, 1GEP, 16Ps INIT
) 1GVv, I1,  IMJUM, 1Py ITEHMPs ITEMPls TTEMPZ. INIT
2 12P, JPy K07+ KPAGEs LAPy  LAPP, LAK INIT
3 LCs NGCTO,  ORIPy PY2s  PBARs INIT
4% SBAR, SK7, T06» Tl TEMPs TEMPly TEMP2y TNIT
5 TEMP3, TEMP4, Tl Vile  HXCM INIT

cOMMNIl 10T23)y  TTMANX, 1GEs 12My IMe JMy IBL o INIT
) 18Ry  TIBT, IRB. IuMs  TEVTe  IPVTs ISTART, INIT
? MLy MT, MOls  ICSTe IHT. 1HS 1TL INITY
3 14 J¢s  OITHMy  IITMs  HWDOTe IPFLXs IPRINS INIT
4 IONTPSy  IREFs IXSECs NPUISs NCON INIT

COMMON EPSs SRCRTs  POWRs URFs FLXTSTe PVs  EPSAs INTY
1 EV, EVMy  XLALs  XLAH» PODs  DELTs 1FS, INIT
2 NBSTPy  IBUR, EV2s HGOs IWMRTRGe NCOEFs NSWEEP INIT

INTEGER  BOT7, CNT, €VT, P02 Y06 R2s L2 INITY

INTEGER OITH ) ’ INIT

REAL 12, 13, K6+ K7+ LAPs»  LAPPy LAR} INIT
) NO N2y  MASS, 'ASSP. 14 INET

DIMENSION K6(1)s K7(1), I0(1)s I1(1)s 12(1)s RO(1)s RYCIiDy INIT
1 R2(1)» R3(1)y R4(1}s RS{1)s Z0(1)s Z1t1)y 22(1), INIT
2 23(1)9 24(1)y 25(1)s AD(1)s AL(1)y COUJTLIIMT), INIT
3 VO(JIMeJUM)y MOC(1)e M2(1)s NUULl)e FO(l)y INIT
4 NTRIGEL) » 1411 INIT

IF(POS) 1545415 INIT

PRINT 10 DAY INIT

FORMAT (1H1930Xs11H T I M E =FB,3484 D A4 Y 5///) INIT

Bo7=1 THNIT

PRINT ATOM NENSITIES IF P02=0 INIT

IF{P02) 65920465 INIT

IF (MUPTLENG1) GO TC 35 INTT

PRINT 25 (Je InCU)s INCAYe TI2(J) » J=1leMgl) INIT

FORMAT(1HG 93X 16K VIXTURE NUMBER +18H MIX COMMAND +24H MATERIINIT
2AL ATOMIC DENSITY//(1451Xs18+8%,1R48XsFE20.8)) INIT

GO TO 45 INTT

PRTILIT 4Uy tde TOtUYe IM(J)e 12(J)y HTRIG(JI) s J=1eMOL) INIT

FORMAT (1HO+3Xy 10H MIXTURE NUMBER #18H  #IX COMMAND ’ INIT
2241 MATERIAL ATOMIC DENSITYs12H NTRIG//(T4s1Xe18,8Ks 134 BXKJERTNIT
30.0849X416)) INIT

IF (IPRINLEQ.3) 6U TO 70 INITY

IF (DAY NE.0L) GO TC 69 INIT

PRINT 55 INIT

FORMAT (/19H1ICROSS=SECTION EDIT) INIT

G0 TO 7Ty ) . INIT

IF(IPRIN.EG.1) GO TO 50 INIT

GO TO 70 INTY

IF(IEVT.NEL2) GO TC 175 INITY

CALCULATE MACROSCOPIC CROSS SECTIONS INIT

REWIND NCHI INIT

DO 177 LTI6G=1+1GH INIT

READ (NCHI) ((CQUIsd) o TI=191TL) eJ=1omMT) INTT

DO 120 M=1l.M0) INIT
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46

15
Ho
HYS

105
(|

115
Leo

125
L3n
135

40
145

=0

165
170

[WA-]

Len
1)
190
1995
290

205

(IofM) = HMT) Bae80975
lL ERROZ(éna INIT¢7541)
IF(IllM) =MT) 85478475
N=I0 (M)
L=I1(")
TENMP=u,
IF(IEVT.ENe2) TEMP=I4 (M)
E0l = [2uMm#{1, ¢ EVeTEMP)
DO 124 1=l.ITL
TIF(L) 11091154119
CO(Io:)=CLUTIN}*CO(TsLI#ED]
GO TO 120
CO(Iai)=CI(IIN)*EDL
CONTLIIUE
IF(PN2) 16512541068
IF(IPRIN,FO.3) GO TO 165
IF(DAY,NE-NC) GO TC 150
PRINT 135+ TIG
FORMAT (71 GROUP 13415H CROSS=-SECTIONS)
DO 1460 N=1¢MT
PRINT 14%e Ry (CO(IoN)9I=1eITL)
FORMAT (4K MAT, I13+810E11, N
GO TO 165
IFCIPRINGLO.1) GU TO 130
WRITE (NSCRAT) C(CO(TsJ) o I=10ITL) 9 J=14MT)
CONTINUE '
REMIND nC”N
REWIND tSCRAT
SWITCH TAPE UDESIGNATIONS
I TEMP=HSCRAT
NSCRAT=NCH]
NCR1=ITEMP
CONTINUE
NCOEF =1
MODIFY GEOMETRY
IF(P02) 200+1804200
IF(HCINY 30051859300
DO 199 T=1,1P
RI(II=RO(T)
NO 195 J=1,JP
21(J)=2u )
IFIEVT.NEZ.3) GO T¢ 230
nNo 205 I=1,1n -
k=R2(T)
R1{I+1)=P1(1)+(RA(T+1)=RO(I)I*(1.0% EVH#RI(K))
DO 21 J=ledM
K=L2 1))
210+ 1) =21 () ¢ (LU tJel)=Z0 ()" (1.0% EVEZ3{K))
IF(IGE = 2) 230921%,230
IF(AHRD (21 (JP)elqa0) =1, OE-04)23ﬂ.230q320
CALL ERROZ (6Ha INIT.ZZOol)
CONTT IUE
CALLCULATE AREAS ANC VOLUMES
PI2=6:28318
TF{Py2) 23592409238
IF{IEVTWNEL3) Gu TC 300
no 27 1=1,1n
R4&(TI=(R1I*1)+R1(I)I®0,5

INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INTT
INTT
INIT
INIT
INIT
INIT
INIT
INIT
INTT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INTT
INIT
INIT
INIT
INIT
INTT
INIT
INIT
INTT
INIT
INTT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIY
INIT
INIT
INIT
INTT
INIT
INIT

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
a8

90
91
92
93

95
96
97
98

100
191
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

-




245
250
255

26S

210

215
r4-1]

2u%
290

295
300

3n5

310
320
330

35a

360

RS(I)=R1(I+1)=R1(])

IF( RS{I) ) 24592484250
CALL ERRO2(6H® INIT9264541)
GO TOU (255+2604205) o 1GEP
Ap(I)=1.

Ap(IP) =1,

AL (I)=RS(I)

60 TO 27¢

ap(1I=pL2*R1 (1)
AQ(IP)=PI24¥R1(IP)

AL (T)=PI2#RE (1) *Hae (1)

GO TO 279

AD (1) =PI2*R1(])

AQ(IP) =PIZ2#RL(IP)

AL (1) =RS(I)

CONTINUE

DO 295 J=lyJM
2404)3(210U*1)+210J))%0,5
25(J)=Z1(J+1)=21 ()

IF( Z5(J) ) 27542754280
CALL ERRQ2(6H® INIT427541)
NO 295 I=1,1IM

GO TO (285+2904290) 9 1GEP
VO Ty )=RS (11425

GO YO 295
VOLIsJ)=PI2®RS (1) #25(J)oR4 (1)
CONTINUE

CONTINUE

CHIZCK PARAMETRIC EIGENVALUE
TF(P02) 33033054330 ~ B
SK7=C.

NO 320 11G=1+1GM
IF(IPVTL.EN,1) Gu TC 310
K6(I15)=Kk7(11G) 7PV

GO T 320

K& (110)=KT (11G)
SK7=SK7eKT(I16)

COMNTI'IUE

CAL.CULATE INITIaL (OR NEW) FISSION NEUTRON SOURCES

T11=E1 (IGP)

DO 35n I=leIMUM

FO(I)=0

D0 362 I1G=1+IGM

EQ(IIG) = 0

REAND (NFLUXY) (NO(T) o I=19IMyM)

READ (HCRY) (LCOtTad) o121 101 9 =T MT)
no 360 J=1eJM

DO 36i K=1yIM

I =K+ (Jol)olM

ITEMP=MG (1)

ITEnP=M2 (1 TEMP)

EQ(IIG6) = EO(ITIG) + VOUIKeJI®NOCIISCO(1yITEMP)
FO(I)=FO(I) ¢ Cyi3,ITEMP)®#NO (D)

CONTI'WE ' '

REWTHD NFLUX1

REMINO NCR1

RETUR'!

END

INIT
INIT
INIT
INIT
INTT
INIT
INIT
INIT
IMIT
INIY
INIT
INITY
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIY
INITY
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INTY
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INTT

117
ns
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
1490
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

174
175

47



48
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[aNalg]

10

20

30

L31)

“0
60

m

90

ino
tio
120

130
140

SUBROQ'ITINE F1SCal  (NQe FOs V0o
NINP, NCUT

cammon P . NCR1+
1 N"ISR' AL A, BO7
) E1(510y E2(S1)y E3(51)0
EB(51)y LY9(EL), EQLe
colron EQ, EVP, EVPPe
1 16V, II' IMJUM,
2 12P, JP K07
3 LEy NGCTO, ORFP
4 SBAR, SK?7, T06s
5 TI.MP3s  1ENP4, Tl
coMMOa TuT23),  TivaX, 1GE,
1 1BR, IBT, IBR.
? MLy MTy MDD
3 14y J2y  OITM,
4 IDHTPS, IREFs IXSFCo
COMMON EPSy OHRCRT,  POHR,
1 EVy EVM, XLAL s
? NHSTP, IRUR, EV2s
INTEGER  RO7, CNT, CVTe
INTEGTR  OITM
REAL 12, 13, Kés
)| N § N2,y MASS
NDIMENSTION  NA(1) s FOC1)e VO(1)

LAR = ALA
FISSION StHS

IF(RD7,EQ.0) GD TU 40
Enl=0-.

NO 12 I=1,IMJM
Fol=Feleva(DI#Fg ()

DO 20 IIG=1s1GM
E1(I16G)=K6(116) *EQL
Eo(160)=0.

E1(IGM) =q.

no 3¢ 116=1+IGM
EQ({IGPY=EN(IGP)+LO(I1G)
E1(IG7)=E1(IGP) +EL{IIG)
IF(RATY 7Cy 409 70

ALA = EL(IGP)/TLL
TEMP=1,0/ALA

IF (IEVT=1) 7045us70
DO 6n 116G=1s1IGM
EY(ITS)=E1(1IG)«I1ENP
K6 (116)=K6(1IG)wTENMP
E1(IGP) =E1 (IGP) # [ENP
CONTINHUE

NORMAL.1ZATION

HOT=0

IF (POWR) 1404100490
E0l = SRCRTZ(EQUIGP)#EPF)
GO TO 119

E0l = SRCRT/E1(IGP)
Do 12¢ 116G=1516P
EY(ILIG)=E01*EI(IIG)
nNo 130 I=1sIMJM
FOlI)=E01®FD(])
RETUR"

EMD

CO’ Kf),
HELUXY »

CNTo
E4tS1)
Ey2e
EPFy
1Py
KPAGE ¢
P02
Tl
Vil
14My
I1GMy
1CSTy
111My
HPOIS
ORF »
XLANY
HNGO
Po2y

KT
HASSPy

COCJITLGIMT) 4K6 (1) e MO(1) s M2(1)

MOy M2
NSCRAT
CVTe
E9(51)
£03
GBAR
{TEMP
LAP
PBARY
TEMP
1IXCM
IMe
TEVTs
IHT »
HWOT
NCON
FLATST
POD
THRTRG
Tobo

LAP
14

JTL o JMT)
ISCRATs NDUMP,
DAYy EO(SI) e
F6(51)e ET(S1) s
IGF.Py 1GP
ITEMPls I1TEMP2
LAPP, ILAR
TEMPLly TEMPZs
Jtae IBL
IPVTs ISTART,
IHSy ITL
IPFLXy IPRIM
PVe F.PSA
DELT IFSe
NCOEFy NSWEEP
R2 s le
LAPP, LAk,

F1sC
FIscC

FIsc
FISC
FISC
rIsc
FIscC
FISC
FIsC
risc
FIscC
FISC
FISC
FIsC
F1sc
FIsC
FIsC
FISC
Flsc
FIscC
rIsc
FISC
FIsc
F1sC
FIsC
FISC
FISC
i1sC
FIsc
FISC
F1ISC
FISC
FISsC
FIsC
FIsC
FISC
FIscC
FIsc
FIsC
FIsc
FIsc
FISC
FISC
FIsC
FIscC
FIsC
FIsC
FISC
FISC
FISC
FIsC
FISsC
FISC
FIsc
FISC
FISC
FIsc
FISC
FISC
FISC
FIsC
FIsc
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1a

20

30

&0
90

21)]

0
80

SUBRO'TINE EVPRT
cOoMMO'! MINP, NCUT, NCR1s NFLUK1» NSCRATe 1SCRAT,

1 NHMICR. ALA, BT CNT» CVTs DAY,
2 E1(S1)s E2(E1)y E3(51)e E4(51)9 ES(S1)e E6(S51)s
ER(S1)4 EYISY), £01s E02s €03
COMMO'! EQy EVPy  EVPP, EPFs  GBARs LGEP»
1 16V, 11y IMJH IPsy ITEMPs ITEMP1e
? 12P, JPy K0T+ KPAGES LAPs  LAPPs

3 LCs NGCTOy  OKRFPs P02y  PBAR,
4 SRAR, SK7, 706+ Tive TEMPs TEMP1l,
5 TECHMP3y  TEMP4, TTIe Vils  HNXCM

COMMON TUT23),  “TMAX, 1GE» LM IMs M,
1 IBR, IBT, {3]: 1) loMsy  IEVTe  IPVT,
? MLy M1, MOls  ICST» IHT IHS
3 144 JZy  0ITM, IITMs  HWDTe IPFLXy
4 TDNTPSy  IREFy IXSECe NPUISs NCON

COMHOLI EPSy SRCRTy  POWR, ORFs FLXTSTs PV
1 gy. EVM, XLAL XLAH POD DELT
2 NBSTPy  IRUR, EV2s N6Os IHRTRGe NCOEF,

INTEGER BO7, CNT CVT» PG2s Tobs R29

INTEGER 01TM

REAL 12, I3, K6+ K7 LAPs  LAPP,
1 O N2s  MASSs MASSPy 14

MOMITOR PRINT

CALL SECONDITI)

11 = Ti/60,

KPAGE ‘= KPAGE + 1 .
TF (KPAGE = 40) «Us10910

KPAGE=p

PRINT 20

FORMAT (1(¢5H1 fIVE OUTER INg 1T
1UE ETGENVALUE LAMBDA )
PRINT 30

FORMAT (105H (MINLTES) ITERATIONS PER LOOP

3 /)
PRINT Sus T1eP02e LCeEQLEVs AlA

FORMAT (4X9F6.3510X9T4911X01496X3E15.89E15,8,E15,8)
po2=Pi2 « 1

LC=0

IF (P2 = OITM) 7470960

NGOTO=)

GO TO B8n

NGNTO=4

RETUR

END

EVPRT
NDUMP ¢ EVPRT

E0(S1)s EVPRT
ET(51) 0 EVPRT

FVPRY

1GPy EVPRT
ITEMP2 EVPRT
LARY EVPRT
EVPRT

TEMP2 CVPRT
EVPRT

THL» EVPRT
ISTARY » EVPRT
ITLs EVPRT
IPRIN EVPRY
CVPRT

EPSA EVPRY
IFSe EVPRT
NSWEEP FEVPRT
I 44 EVPRT
EVPRT

LARY EVPRT
EVPRT

CVPRT

EVPRT

EVPRT

EVPRT

EVPRT

EVPRT

EVPRT
EIGENVALLEVPRT
EVPRT

EVPRT

SLOPE EVPRT
EVPRT

CVPRTY

EVPRT

CVPRT

EVPRT

EVPRT

EVPRT

EVPRT

EVPRT

EVPRT

EVPRT
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50

tn

20

40
%0

60
4]
HQ

L 1]

100
110

120
130
140

CXTy HAy PA)

NDUMP o
E0{51)
E7(51)

I1GP
ITEMPZ2
LARY

TEMP2

THL e
ISTARY
ITL
IPRINS

EPSAs
I1F Sy
NSWEEP
L2

LAR

OUTER
OUTER

OUTER
NUTER
OUTER
OUTER
OUTER
OUTER
NUTER
OUTER
OUTER
OUTER
OUTER
NUTER
OUTER
OUTER
OUTER
NUTER
ODUTER
OUTER
NUTER
ODUTER
NUTER
NUTER
NDUTER
NUTER

HA())y PAL(]1)+OUTER

MITER
ODUTER

O] F K N

‘SU”RO Tint OQUTER( Ag Al' C 2, 0;2.b09¥8: MSQY'Ov QE:
? JIMy JJMo RSs R&s Z4e CXRy

COMMOil HITINP, NCUTs  NCR1s HFLUX1s NSCRATs ISCRAT.
1 NITICR, ALA, HO7 CNT» CVTe DAY
2 E1(51fs E2(S1)e E3(S1)s L4t51)e ES(51)s E6(5))
3 E8(S1)y EY(E]1), EO0ly £02» £03

cohmnh EqQy EVPy  EVPP» EPFy  GBARs IGEPy
\ IGvV, 11, TMJM, 1Py  ITEMPs ITEMP1,
? 1Z2Py JPy KN7s KPAGE LAPs  LAPP,
3 LCy NGCTO, ORFP, PO2s PBARY
4 SRAR, SK7+ T06s Tl TEMPs TEMP1s
s TLMP3,  TENP4, “TIs Vils  HXCM

conMmil 10123)y  “TMAX, IGE 14My IMs JMe
1 IBRy " IBT, IBBy IGMs  IEVTs  TPVT,
> MLy MT, MOl ICSTy IHT THS»
3 124 J2y OITM, 1ITMy HWDTse IPFLXy
4 IDMTPS, IREFs IXSECe MNPUISs NCON

COMMOI| EPS, SRCRTy  POWRe ORFs FLXTSTs PVy
] EV EVM, XLAL XLAHY PODs DEL.Ty
? NASTP, IRUR, EV2s NGOs JBRTRGs NCODEF,
INTEGLR BOT, CNT, CVTs 202y Tobe R2y
INTRGRR  0ITn

REAL. 12, 13, K6 KT LAPy  LAPPy
1 10y N2y  MASSy 'MASSPy 14
DINENSTON  A2(1) ¢ AL(1)y FOU(1)s K6(1)s MU(1)s M2(1)9NO(1)9NZ(1),
> VO(1)e VT(Y1),y Z5(1) s F2(1)s COCJITLOIMT)
3 CX§(JIM-JJMo3)o RS(1)e R&ll)re 26(1)s CXR(1)s CXT(1)eS2(1IOUTER
INTEGER GBAR, P3IARy SHAR

TGV=1

READ (HicR1} ((CO(TaM) 9 I=10ITL) oM=1011T)

CALCULATION OF FISSION SOURCE FOR GROUP 6V AT EACH MESH POINT

N0 20 T=1eIMUM
S2(I)=K6 (IGV )“FU(I)

OUTER
NUTER
OUTER
NUTER

CALCULATINN OF LN=SCATTERING SOURCE FOR GROUP IGV AT EACH MESH PT,QUTER

GBAR=IGV ¢ IHS=~ 1TL

IF(GHAR = 1) 40+50,50

GBAR=1

PBAR = IHS ¢ IGV = 1

IF(PRAR = ITL) 70970460

PBAR = ITL :

IF (GBAR = IGV) BNe100s100
READ (NSCRAT) (NZ2(1)eT=1,IMIM)
DO 90 I=1leIfdH

ITEMP=MO (D)

ITHMP=M2 (ITEMP)

TEHP=CQ (PHARITEMP)
S2(1)as2(T) +N2 (1) *TEMP

GO TO 110

READ (NFL'X1) (NZ2(T)e1%14IMIM)
GBAR=(BAR*1

PBAR={RBAR=]

IF(GRAR = IGV) 8i11100+120
IF(IGY = IGM) 14091305140
REWIMD NCR1

V1il=0.

CALCULATION OF TUTAL SOURCE FOR GROUP 1GV
NO 157 I=lyIHJM

OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
NUTER
OUTER
OUTER
NOUTER
OUTER
OUTER
DUTER
OUTER
NUTER
OUTER
NUTER
NUTER
OUTER
OUTER
QOUTER
DUTER
OUTER

CO~N NS N~



SZ(!)=SZ(I)“V0(I) OUTER S9

150 VIl=ViieS2(D OUTER 60
IF(IGV,Ed.1) ‘GO 10 160 OUTER 61
E2(IGV) ="VI1 « El(16W) OUTER 62
GO TO 17¢ OUTER 63

160 E2(1)=q. OUTER 64

170 CONTIMNUE OUTER 65
GROUP FLUX CALCULATION OUTER 66
11=0 - OUTER 67
1F(PO2,NE-1) GO TO 200 OUTER 68

190 CALL ICOEF (MOyM2+CXSaV09CO1A0IL59R59REG s Z44A1 s IMy UMy ITL4CXRyCXT) OUTER 69
GO TO 220 OUTER TO

200 IF(IEVT.EQ.1) GO 1C 210 OUTER 71
IF (NCOEFJL.Q.1) GU'TO 19¢ OUTER 72

210 READ (ISCRAT) (((CXS(KIoKJoKF) sKIaleTM) 4K=]9JIM) oKF=143) OUTER 73
READ (ISCRATY (CARIKJI)Y sKI=LsJIM)y (CRTAKI) sKIzlo M) ODUTER 74

220 CALL INNER(NO,H2sCXS9S2oMOsM2eVQeCOsIMyMaITLICXReCXToHAIPA) OUTER 75

240 WRITE (NSCRAT) (N2(1)yI=1eIl0M) OUTER 76
REPOSITION FLUX FILE FOR NEXT INSCATTERING CALCULATION(IF NEEDED) OUTER 77
SBAR=ITL=IHS’ OUTER 78
IF (SBAR) 260+26U+250 OUTER 79

250 DO 255 IS=1»SBAR OUTER 80

245 BACKSPACE NSCRAT OUTER 81}

260 CONTI'IUE OUTER 82
CALCULATE NEW FISSION SOURCES OUTER 83
En(IGV)=0. OUTER 84
DO 270 I=T,IMUM NUTER 85
ITEMP=M0(]) DUTER 86
1TEMP=M2 (1 TEMP) OUTER 87
EQ(IGV)=ED(IGV) o CO(I+ITEMP)#N2(T)#VO(]) JUTER 88

2t0 F2(1)=F2(I1) « Co(3+1TEMP)#N2{(I) OUTER 89
IGV=1fivel OUTER 9¢C
IF(IGV = IGM) 1us10+280 OUTER 91

260 T1) = EJ (LGP} DUTER 92
SWITCH TAPE DESIGNATIONS OUTER 93
REWIND ISCRAT OUTER 94
NCOEF =¢ OUTER 95
REWIND NCR1 OUTER 96
REWIND NSCRAT OUTER 97
REWIND NFLUXI . NUTER 98
TTEMP = NSCRAT OUTER 99
NSCRAT = NFLUX) OUTER100
NFLUXT = ITEMP OUTER1N]
OVER=RELAX FISSIUN SOURCE OUTER102
ORFF= 1e + <68 (0HFel,) OUTER103
E0)=0. OUTER104
E02=0. OUTER105
DO 29C I=1,sIMUM OUTER106
Eol=Erl+Vvi(IIeF2(I) QUTER107
F2LIISFO(I) «ORFFe(F2(1)=FO(I)) OUTER108

290 EQ02=Eu2+Vu (1) #F2(1) OUTER109
TEMP1=F01/E02 OUTERYIYO
no 304 I=1lslnun OUTER1IY]

300 Foll)=TEMPI¥F2(D) NUTER112
CALCULATE HEW GRUUF FISSION SOURCES NUTERI13
DO 310 IIf6=Ys16M DUTER114

310 E1(I1u)=K6(I11G) L0l OUTERINS
EQlILPy=n. OUTER116
E1{IGPy=n. OUTERL) 7
DN 325 1I%=1+1GM OUTER118
Eo(IGP)-EO(IGP)orO(IIG) OUTER1I9

320 E1{IGM)=El(IGP)+fi(1I16) NUTER129
RETUR’I OUTER121

£ND NUTERL122
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[aNeNaEsNa¥el [a]

10
15

2¢

30

3%
40

45

SUHROITING TCOEF l%o. M2, CXSy
?

Moy dUMe JTLsC
connoil  HINP,  NCUT,  NCRI1,
1 N”ISR, ALA. 8070
2 £1(51)s E2(S1)y E3(51)s
3 ER(S1)y E9(E1), E0Lls
cotiatl EQy EVPy EVPP,
1 16v, 11, IMUM,
? Ilpg JP K07
3 L¢s wuCTO, ORI"P s
4 SAAR, SK7, T06s
5 TLMP3,  TENP4, “TIo
COMMOIL TN {23 TMAX, 1GE
1 IRR, 187, 188
? MLy MT, MO
3 14, Jio 0ITM»
4 1NNTPS, IREF, IXSECs
comio’) EPSy aRCRTy  PONRS
| EVy EVM, XLAL »
2 MISTPs  IBUR, EV2,

INTEGER  BQ7, CNT, CVTy

TNTEGER  OTTM

REAL 12, 13, Kés
tio, N2y MASS,

VOs Cne AUe 29
XReCXT)

HFLUAYT s NSCRAT
CNT CvT
E4(51)s EH(S])
£02+ €03
LPFy t3BAR
IPs 1[EMP
KPAULE ¢ LAP

Pu2s PBAR

Tive TEMP
Vils  [IXEM
1ZMy M
LoMy 1EVT
ICST IHT

1M HWNT
MPOISs NCON
URFs FLXTST
XLAH POD
NGOy IHRTRG
P02 Toé

K7 LAP
HASSP 14

s RSe R4y
s JSCRAT,
’ DAY
s E6(S51)y
’ IGER
s ITEMP1,
0 LAPP,
’

e TEMPl,
’ JH
. 1PVT,
" THS,
s  TPFLXs
’ PVs
’ DELT,
s NCOEFSs
’ R2y
. LAPP,

Zay Al

NDUMP o
Eu(Sl)y
ET(S1)

16P e
TTEHMP2,
LAR,

TEMPZo

THL «
ISTART «
TTLo
IPRINe

t'PSA
1F Sy
NSWEEP
22

LARY

1 .
DIHFNQION MO(1)e M2(1) 4CXS(JIMaUIMa3) 4 v0 1)y COLJITL 1)

1

AD(1)s Z5()),y RS(1)

Y N&llys 24(1),

AT(1)eCXR(1 )y

TiIQ SUHROUTINE CALCULATES COEFFICIENTS FOR THE FLUX EQUATION

PIQ = 602“313

FIRST MASTER LOOFY CALCULATES THE FOLLOWING QUANTTTIES

1. REMOVAL X-StCT(I)GVO(Il

FOR ALL MHESH PO

INTS

2+ CAS(KIsKJ91) FOR ALL HNESH POINTS EXCEPT Kl=l
3. CXSIKIsKJIs2) FOR ALL HESH POINTS FXCEPT Ky=}

N0 60 KJ=ledH

NN 60 Kislselm

GO TO (10+1¢s S)s IGEP

TEHP = PI2¥{L4(KJ) = Z4(KJ=1))
GO TO 15

TENP = 264 (KJ) = 24(KJ=1)

T 2 KI + (KI=1)u(M

ITENP Ma(1)

1TEMP M2 (TTEMP)

CXS{KIyKJ3) Vn(I)*(Co(4oITFMP
TF(KI = 1) 35,3552¢

ITEMPL = 1ioll=1)

ITENP1 = N2(ITENMP)

IF (ITEMP = ITEMP1) 30925430
cxS(hlyrys1)=A0 (KT ) #Z5(KII /L
GO TO 35

nn

R4 (K1)

1 = Co(Sy11EMP)

AHCO0ts  JITEMP)® (RO (KT)=Ra(K1=1)))

)

1COEF
1COEF

ICOEF
1COEF
ICOEF
ICOEF
[COEF
{COEF
[COEF
[CHEF
[CUEF
{COEF
1COEF
1COEF
ICOEF
[CUEF
ICOEF
{COEF
1COEF
ICOEF
ICOEF
I1COEF
ICOEF
ICOEF
ICNEF

CXT (1) TCUEF

I1COEF
ICLEF
1COEF
[COEF
ICVEF
ICHEF
[COEF
[COEF
{COEF
1COEF
ICOEF
ICOEF
[COEF
1COEF
1COEF
IZOEF
1COEF
ICOEF
ICHEF
ICOEF
ICOEF
ICOEF
ICOEF
ICOEF

CXS(KIgkJol) = ANIKII#ZE5(KJ) @ (RE(KI=T)+RE(KI) I/ ((R4(KI)=R4(KI=11)#ICOEF

(3.,#(RS(KI=1)®#Cyla 4 ITEMPI)
TFIKJ « 1) 60560340
ITEMP3 = Ng{l =" IM)
ITEMP3 = M2 (ITEMP3)
IF (ITEMP = ITEMP3) 50445450
CXS{KIyKJI92) = ALIKI)/{3,4#CO(6
GO TO 60

¢ RSIKI)I@CO (4

+ITEMP) 8 TEMP)

2+ ITEMP))))

ICOEF
ICoEF
ICOEF
I1COEF
ICOEF
ICOEF
ICOEF

OCO~NN & WN-—



[aNa¥aXal

SN

A

65

10
7%

80

85

tio

L1115

120

140
145

150

160
1€5

115
180

190

CXS(KI4KJs2) = (K
1 (3,%(25(KJ<1)eCu (4
CONTIHUE

MP#
v ITEMP) )

SECOND MA?TEB LOOP CALCULATES FLUX COEFFICIENTS ALL AROUND THE
REACTOR PERIMETERsAND SUMS THE COEFFICIENTS AT EACH MESH POINT,

DO 19C KJUslesUM

NO 190 KI=19iM

GO TO (70170165) » 1GEP
TEMP = 5#P128725(KJ)#R4 (K1)
GO TO 7S ’ ’
TEMP = .5%Z5(KJ)

1 = KI ¢+ (KJel)®IM

ITEMP = Me(D)

ITEMP = M2{1TEMP)
TEMP1 = CXS(KI+14Kyol)
TEMP2 = CXS(KILK J+1,2)

CHECK FOR BOTTOM ROW CALCULATION

1IFIKJ = 1) BdyBysllp

IF (IBA,EQ.)1) "GO [0 85

CXS(KIaKJ22) = ALIKT)/(3,#C0O(4 HITEMP)#( TEMP soTl/
1 Cn(s  SITEMP))) T

GO TO 140

CXS(KI,KJ92)=0,

GO TO 140

CHECK FOR TOP RUw CALCULATION

IF(KJ = J11) 140411S4115

TF{IBT,EG.1) GO TO 120

TENP2 = AVAKII/Z(3.%C0(6  SITEMP)#( TEMP *eT1/
1 Cols SITEMP)))

CXT(KT) = TEMP?2

GO TN 140

TEMP2=0.

CXT(KIV=0.

CHECK FOR LEFT HANC COLUMN CALCULATION

IF(KL = 1) 16541454160

IF(IBLL.ER-1) GO TO 150

CXS(KIyKJIe1) = AGIKT )eZ5(KI)I/(3.%Col4 <ITEMP)@
1 («5#RS(KI) '+ ,71/7C0(4 HITEMP)))

GO T 18¢ )

CXS(KT4KJel) =0,

GO TOH 180

CHECK FOR RIGHT HAND COLUMN CALCULATIOM

IF(KI = IM) 180s165,165

IF{IBRLEA«1) GO TO 17§

TEMPY = AYIKTI*1)8Z25(KJ)/(3.,2Cols LITEMP) @
1 (SRS (KI) + ,77/C0(4 HITEMP)))

CXR(KJ) = TEMP) T

GO TN 189

TENP1=G.

CXR{K.J)=p.

CXS(KIsKJ93} = CAS(KIsKJe3) ¢ CXSI(KIsKJel) & CXS(KIoKJye2)
1+ TEMPL ¢ TEMpZ ’

COMTINUE

WRITE(ISCRAT) (((CXS(KIoKJsKF) sKI=19TH) gR.J=] ¢ JM) gkF=193)
WRITC(ISCRATY (CXR(KJ) oKJ=10UM)y (CXTUKI) oKE=] s IM)
RETUR!I

END

ICOEF 59
1COEF 60

1COEF 61
I1COEF 62
{COEF 63
ICOEF 64
1COEF 65
ICOEF 66
1COEF 67
ICOEF 68
ICOEF 69
ICOEF 70
1COEF T1
ICOEF 72
ICOEF 73
ICOEF 74
ICOEF 75
ICOEF 76
I1COEF 77
1COEF 78
ICOEF 79
ICOEF 80
ICOEF 81
ICOEF 82
ICOEF A3
ICOEF 84
1CoEF 85
1COEF 86
{COEF 87
ICOEF 88
[COEF 89
1COEF 90
ICNEF 91
1COEF 92
1CNEF 93
ICOEF 94
I[COEF 95
ICOCF 96
1CNEF 97
ICOEF 98
ICOEF 99
ICOEF100
1COEF101
ICOEF102
1COEF103
ICOEF104
ICOEF10S
ICOEF106
1COEF1la7
TCOEF108
ICOEF109
TCOEF110
ICOEFI11
ICOEF112
ICOEF113
ICOEF114
ICOEF115
ICOEF116
1COEF117

53
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anNnn

SUBROYTINE INNER(N

CXTy HAy PA
COHMN"! HINP NCUT. NCR1 e NFLUXlo
] NIICR, ALA, BOTs CNTs
) E1{(S51)s E2(E1)y E3(S51)s E4(D1)
3 E8(S51)y EY(EL), E0Ls Eu2s
COMMNI EQ, EVP, EVPP, EPFy
1 16V, Iy IMJM 1P
? 12F, JPy K07y KPAGES
3 .Cy NGCTO,  ORFPy P02y
4 SHAR, SK7, T06+4 Tl
5 TEMP3,  TEMP4, Tl Vil
coOMHMNt TLT23)y  TrAX, IGE» IZMs
1 IAR, IRT, 1088 oMo
? ML,y Mt MDY ICSTy
3 12, Jéo OITM 11TM
4 11MTPS, IREFs IXSECs 'NPOISy
COHMO EPSs  SRCRTs  POWRS ORFy
1 EVy EVMy XLAL» XLAH¢y
NISTPs  IBUR, EV2s NGO »
WTFGER  BO7, CNTy Cvt. Po2s
INTRGER  OITM
REAL 12, 13, K6 K79
NG» N2s MASSe MASSPs

NSCRATs
CvTe
E5(S51)
Eo3
GGBAR
1TEMP,
LAP»
PBARY
TEMP
NXCM
My
TEVTy
IHT
HWD)Ts
NCON
FLATSTy
POD»
IBRTRG
T06¢

LAP»
14

ISCRAT,
DAY
E6(51)

IGEP,
ITEMP1,
LAPP

TEMP1

JMe
IPVT,
IHS,
TPFLXs

PV,
DELT
NCOEF o
R2y

LAPP

. Nz, CXSy 529 Mg M2s VOs COoJIMeJIMy JTL

NDUMP o
EV(S1)
E7(S1)»

1G6Py
TITEMP2
LAH

TEMPZ2

IBL
ISTART)
ITLe
IPRINS

EPSA

IFSe
NSVWEEP
L2

LARs

1
PINENSION  MOCLYs N2(1) oCXSCIIMaUIMeI) 4S2{1)y MO(L1)s MR (1),

1
CALL REBAL

1

1

IKB = IM =1
JKB = gm = 1
IF (NSWEE)

ND(I) = wW2(I

N2y COo VO, CXSy Mns M2,

S5¢ 59 205
Nno 1n IsleINUN

)

ITLy IMy

FLUX CALCYLATION USING SOR WITH LINE IMVERSION

CALCULATION OF nOTTOM BOUNDARY §LUX

Kl = 1
KJd = 1

I = KI ¢ (KJ = 1)%IM
HA(KI) = CXSTKI#19KJy1)/CXS(KIsKJ93)
PA(KI)= (S2(I) + CXS(KI,KJ*1e2)at2{1eIN))/CXSIKT9KIs3)

DO 15 KI = 2y1KH

1 = KI + (KJ = 1)*IM
HAGKI) = CXS(KI+lsKJs1)/(CXS(KIsKJr3)= CXS(KIsKJy1)#HA(KI=1))

PALKI) = (82
(CX3 (KoK
KI = In

(1
v3)

VA(1)s COCJTLs1)y CXR(1)s CXT(1)y HA(1)y PA(Y)
JMs CXRy

CXT)

INNER
TNNER
INNER
INNER
TNNER
INNER
INNER
TNNER
INNER
INNER
ITMHER
INNER
IMNHER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
TMNER
IMNNER
INNER
THNER
TNNER
INNER
INNER
INNER
INNER
INNER
IMNIER
INNER
INNER
INNER
INNER
INNER
INNER
TNNER
TNHER
INNER
INNER

+ CXS(KIoKJ+192)¥H2(T+IM) ¢ CXS(KToKJo1)#PA(KI~1))/INNER
= CXS(KIsKJo1)®HA(KI=1))

I = KI ¢ (KJ = 1)*IM

N2{I) = (S2
(CXS (KT 9K

DO 20 KII = 24IM

(n
+3)

INMNER
INNER
INNER

* CXS(KIoKJ*192) *N2(T+IM) ¢ CXS(KIeKJs1)#PA(KI=1))/INNER
= CXS(KIsKJ91I®*HA(K]I=1))

KI = It = KII + 1
I = KI + (KJ = 1)%IM
I) » HA(KI) # N2(I+))

N2(I) = PA(K
D0 25 KI = 1

s IM

I = KI ¢« (KJ = 1)1%IM
) o+ URFe(N2(I) =~ AO(D)}
PRINCIPAL FLUX LUOP

N2(T) = NO(i

DO 45 KJ =

2eJUKH

INNER
TNNER
TNNER
TNNER
TNHER
INNER
INNER
THNER
INNER
INNER

OO~V & WN—

PP PP PP P PP OULNWWWWWWWWNNNRNN NN NN =t s ot ot ot ot
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30

35

40

50

99

60

onn

14

4§
9n

92

1

PA(KI) = (S2(I) + CXSUIKI¢KJ92)#N2 (1=IM) e CXG(KI,KJe142)¥N2(IoIM)s
1 CXS(?Iquoll“PA(KI-l))/(CXS(KI.KJoB) = CAS(KIsKJs1)#HA(KI=1))

KI = IM

I = KI « (KJ = 1)¢IM

N2LI) = {S2(T1) * CXS(KIZKJ92)*MN2(I=IM}s CXS(KLoKJe192)8ND2(I4IM)+

1 CXS(KIsKJa1) #PA(KI=1)) / (CAS(KI,KJ93) = CAS(KIoKJo1)PHA(K]=1))
NO 35 KII

1

1

Kl = 1
I =KL « (K= 1)OIM
HA(KI)= CXSTKIe1eKyy1)/CXS(KIsKJe3)

PALKI)= (S52{1) & CXS(KI4KJ92)¥N2(I=IM)e CXS(KIoKJ*192)8N2(1+IM))/

CXS(KIsKJ93)

DO 30 K
1 = K1
HA(KTI)

I

*

= 2v1KH
(KJ = 1)®IM
CXS(KI®19KJ91) /(CXSIKI 4 KJ93) = CXS(KIoKJo1)#HA(KI=]))

= 24IM

K1 = IM = KII + 1

I = KU + (KJ = 1)®IM

N2(1) = PA(KI) + HA(KI) # N2(I+))
NO 40 KI = 191N

I = KI ¢ (KJ « 1)0]M

N2(1) = NO(I) & ORFe(N2(I) = NQ(I))
CONTINIUE ’
CALCULATION OF TuM BOUNDARY FLUX
KJ = JM

Kl = 1

] = KL «

(KJ = 11#]M

HA(KI)= CXSTKI#19KJy1)/7CXS(KIeK]s3)

PAIKIY =
00 50 KI
I = KI «
HAIKI) =

PA(KI) = 1S2(1) « CXS(KIsKJ92) N2 (1=1M)s CXS(KI|KJIp1)#PA(KI=1))/

(S2(1) ¢ CXS(KIsKJ92)AN2(I=1M))/CXS (KT KJsI)

= 2+1KH

(KJ = 1)eIM

CXSIKI+1loKJ91) /(CXS(KI KJ93) = CASI{KIoKJoel)#HA(KI=]1})

(CXS(KIesKJe3) = CXS(KIoKJy1)¥HA(K]I=1))

KL = IM
I = KI » (KJ - l)fIM
N2(I) = (S2(I) * CXS(KIsKJ92)*N2(I=IM)s CXS(KI4KJel)#PA(KI=1))/

(CX3(KI9KJ13) = CXS(KT4KJIs1) ¥HAIKTI=1))
DO 55 KII = 241M
Kl = IM = KIT + 1

7 = KI +

(KJ = 11¢1M

INNER
INNER
INNER
INMNER
INNER
INNER
INNER
INNER
IMNNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INMER
INNER
TNNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER
INNER

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
9
95
96
97
98

N2(1) = PA(RI) « HA(KYI) & N2(1+1)
NO 60 KI = 1yIM

I = KI ¢« (KJ = 1)%]IM

N2(D) = NO(I) « ORFe(N2(I) = NO(I))

INNER ITERATION CONTKOL

LC = LC + 1

11 =11 » 1

IF(IT = IITM) 8U»Y5,95
TEHMP1=G.

DO 90 I=leIHMIM

TEMP2=ARS {1.0=N:;(1)/N2(1))
TF(TEP1-TEMP2) 45490490
TEMP1=TEMP2

CONT1iIUE

IF(TE 1Py = FLXTS!) 95495,92
TF (NSWEEP) "5, 2u5. 205

INNER 99
INNER100O
INNER1D1Y
INNER1O2
INNER103
INNERY D4
TNNER10S
INNER106
IHNERYINT
INNER108
INNER109
(MNERIYO
TNNER1Y1
INNER112
TMNER1Y3
INNER114
INNER11S
INNER116

55



95 CONTIIUE {MMERINT
RETUR:! :

INNER]11YS8

205 DO 210 1=19IMUM INNER119
210 NO(1) = N2(T) INNER120
C FLUX CALCULATION USING SOR WITH LINE IIJVERSION INNER12]
C TNNER122
C CALCULATLON OF LLFT BOUNDARY FLUX INNER123
KI = 1 ’ THNER]124

KJ = . INNER125

I = KI ¢ (KJ = 1)¢1M THMNER126
HACK.J) = CXSTKIZK J91,42)/CXS(KTeK.Js3) INNERY27
PALK.JY = (S2(1) & CXSIKIeloKJa1)aN2(Ie1}))/0XS(KIgKIy3 IMNER128

DO 219 KJI=2sJKH ) ’ TNNER]129

1 = KI & (KJd = 1)41M TNNER130
HACKJ) = CXSIKIeKkJe1e2) /{CXSIKIZKI13) = CAS(KIeKJ92) #HA(KI=1]) INNERL 31

215 PALKJ) = {S2(I) + CXS(KT+1oKJr1)#N2(I+1) + CXSIKIeKJ92)#PA{KJ=1)) /INNERL132
1 'CX(KTeKJe3) = CXS(KIsKJs2) ¥HA(RJ~1)) INNER133

KJ = M INNERY 34

I = KI « (KJ = 1)¥INM INNER135
N2(I) = (S2(1) + CXS(KIe1sKJIel2#N2{T%1) + CXS(KIIKJI92)#PA(KI=1))/THNERL36

1 (EXS(KIsKJI93) = CXSUKIZKJI92) *HA(KI=1)) [NNERY 37

NO 220 RJJZ24JIM THNER138

Kd = JM = KJJ « 1 INNER139

T = KL & (KJ = 11#]N TNNER140

220 N2(1) = PA(KJ) « HA(KY) & N2(T+1M) [MNER141
DO 225 K = 14JdM I1NER142

T =KD ¢ (KJ = 1)®IM TNNER143

225 N2(TY = 02(D) & URF#(N2(DY - NQ(T)) INHERL 44
c PRINCIPAL FLUX LUOF ' TMNER145
DO 245 KI = 2,1nB INNER146

KJ = 1 IMNER1647

1 2 Rl & (KJ = 1)%IM INNERL 4B
HA(KJY = CASTKIZhJ*142) /CXSIKI9KJ93) TMNERY49
PALKIIE (52(1) « CXSU{KI,KJe1)#N2(I=1) & CAS(KI®1sKJp1)#N2{I*1))/ TINNER1SO

1 CASIKIsKJe3) INNER15]

DO 230 KJ = 2,JnB INNER1S2

1 = KU ¢ (KJ = 11%]IM INNER1S3
HA(KI) = CXS(KIWKJ4192) /7 ICASIKIGKI93) = CASIKIsKI0 Q) #HA(KI=1)) TNNER154

250 PAKD) = TSZ(I) + CXS(KIyKJs1IEN2(I=1) & CXS(KIeloeKJel)®#N2({1+1) + THNERISS
} CXS(KItKJ92)#PA (K =1)) /(CRSIKI4KJI93) = CXS(KIeKJ92) #HAKJ=1)) INER156

KJ = IM INMERIST

I = KD & (KJ = 11%IM INNER1S8
N2(T) = (S2(I) * CXS(KTsKJo1)#N2(T=1) & CXS(KI#leKJe))UN2(I+]1) & TMNNENR1SY

1 CXS(KIsRJ92I4PA(KG=1) )/ (CXS(KT4KJI93) = CXS{KI9KJI92) #HA (KJ=1)) INHER160

DO P35 KJJ = 2e4JdM INNER161

Kd = M = KJJ ¢ 2 INNER162

I = KI ¢« {KJ = 1)%IM (MMER163

235 N2(I) = PA(RY) « HA(KJY @ N2(I+1m) THNER164
NO 249 KJ = 1yJM THNER165

T = KI ¢ (KJ = 1)%[M [MNER166

2e0 N2(D) = NO(I) & OHFe(N2(I) = NO(I)) TNNER167
245 CONTI'UE THNER168
C CALCULATION OF RIGHT BOUNDARY F| X INNER169
KI = IM TNMNER1T70

Kd = 1 THNERYTY

1 = KL ¢ (KJ = 11%1IM TNNER172
HA(KI) s CXSIKI,KJI¥1421/CXS(KI K0 1HNERY73
PA(KJI)= (S2(I) * CXS(KI,KJs1)4N2(I=1))/CASIKIIKJs3) TNNER1 T4

56




250

255

260

2¥0

25
290

2%2
295

1

]

DO 255 KJ= 29JKH

I = KI ¢« (KJ = 1)*IM

HA(KJY) = CXS(KToKJo142) /7(CXS(KIJKJ93)= CXSIKIoKJ92) #HA (KJ=1))

PA(KJ) = (S2(1) & CXS(KI4KJ91)¥N2(I=1) o CXS(KI,KJye2)4PA(KI=1))/
(CX3(K1oKJ93) = CXS(KIeKJ92) ¥HA(KU=1))

kd = JM
1 = KI « (KJ = 1)%1IM
N2(1) = (S2(I) ¢ 'CXS(KI,KJe1)®N2(I=1) « CXS(KI,KJe2)#PAIKI=1))/

(CXS(KIsKJs3) = CXS(KIeKJI92)¥HA(KJI=I}))
NO 255 KJJ = 24.uM ) ’
KJ = M« KJJ ¢ 1
I = KI ¢ (KJ = 1)®IM
N2(1) = PA(KJ) & HA(KJ) & N2(I+1M)
DO 269 KJ = 1,JM
I = KI & (KJ = 1)®%IM
N2(T) = NG(I) + OKF#(N2(I) = NO(I))

INMER ITERATION CONTROL

LC = LC + 1

I = 11 « 1

IF{II « IITHM) 28uy 2959295
YE”P1=OO

DO 297 I=19IMUM

TEMP2=ABS (1.0=Np(1)/N2(1))
IF(TEPL=-TEMP2) 28%, 290, 290
TEMPL=TEMP2

CONTIIUE

IF(TEMP) = FLXTS!) 2954+ 295, 292
IF (MSWEEP) By S¢ 205
CONTI.IUE

RETUR!|

END

INNER175
INNERL1 76
INNER1T77
INNER178
INNER179
INNER180O
INNER181
INNER182
INNER183
INNER184
INNER185
TNNER186
TNNER187
INMER188
INNER189
TNNER190O
INNER1S1
INNER192
INNER193
INNER194
INNER195S
INNER196
INNER197
INNER198
INNER199
INNERZ200
TMNER20)
INNER202
INNER203
INNER204
INNER20S
INNERZ206
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SUBROYUTING REBAL  (N2s COs VOs CXS» MO,
NCUT ¢ NCR1»

CONMN'Y ~ NINP, NFLUX1
1 NHMICR, ALA, BO7 CNT
2 E1(S1)s E2(S1)y E3(51)s E4(S51)
3 EB(S1)e EY(E]Y), EOYs Eov2y

caMHot £Qy EVPy  EVPP. EPF
1 1Gv, 11, MM, 1P
? 12, JPy KO0T7s KPAGE+
3 LCsy NGCTOy  ORFP. Pu2ys
4 SBAR, SK7» 106 Ty
5 TCHP3,  TENMP&, “TIe Vit

coMMO 1 10233,  “Trax, IGE IZMy
1 THR, IBT, 1BB. 16Me
? MLy MT MOl 1CSTy
3 14, Jlo 0ITM, I1TMy
4 10MTPS,  IREF, IXSECs MPOIS)

CNMHOY EPSy  SRCRTy  POWRY ORF s

) EV, EVM, XLAL YLANHY
NISTP, IRUR, EV2, NGO»

THTEGER  BO7. CNT, CVT, Pu2y

INTEGER  O1ITH ) ’

REAL f2, 13, K6 K79

1
DIMENSTION  N2(1)2 COCJTLe1) e VO{1) sCXS(JUIMeJUIMe3) eMO (1) e M2(1)

1

H N2 MASSs HASSPy

CXR(1)s CXT(1)

THIS SUHROUTINE WORMALIZES FLUXES BEFORE EACH GROUP CALCULATION

CALCULATE ABSORPIICN AND OUT-SCATTER
E3{IGV)=0.

E4(IGV)=0.

DO 19 I=1y IMUM

TEHP = VO(I)*N2 ()

ITENP = Mo (1)

TTENP = M2(ITEMP)

M2e JTL

NSCRAT
CvTs
ES(51)
EQ3
GRAR
[TEMP,
LAPY
PBARY
TEMP
NXCM
IMse
1IEVT,
IHT
1HWNDTe
NCON
FLXTSTs
PODs
IBRTRGy
To6

LAPy
14

E3(IGV) = E3TIGV) + (CO(4+ITEMP) = CnlS,ITEMP)

E4(TGY) = E4(IGV) ¢ CO(2,ITEMP)aTEMP
CALCULATE LEFT LEAKAGE )
ES(IGV)=0e

TF(IBL) 15915,42%

N 23 KJ=ledh

T = (Ky = 1J#IM «

ES(TGY) = ES(IGV) ¢ CXS(1eKJpllen2(l)
CALCULATE RIGHT LEAKAGE o
E6(IGV)=0-

IF(TH) 303040

00 35 KJ=lyJM

1 = KJalM

E6(IGV) = E6LIGV) ¢ CXR(KJ)#N2(I)
CALCULATE TOP LEAKAGE

ET{1GV)=0.

TF(IRT) 45445455

NO 50 KI=lsIM

I = J"JM = IM « K]

E7{IGV) = ET(IGV) ¢ CXT(KI)®N2(})
CALCULATE BOTTOM LEAKAGE
EB(IGV)=0.

IF(IBB) 6604970

NO 65 KixlyIM

ES(IGY) = EB(IGV) ¢ CXS(KIsls2)e#N2(KI)

ogIMoJJMo CXRy CXT)REBA
ISCRATs NDUMP, REBA

DAYs E0(S1)y
E6(51)e ET(S1)

I1GEPs 1GP
ITEMPLs ITEMP2.
LAPP, LARY

TEMPls TEMPZ2y

JM I8l
IPVTs 1START
IHS s ITLe

IPFL.Xs IPRINY

PV EPSAs

DELT, 1FSe
NCOEF ¢+ NSWEEP
R2+ 22

LAPPy LARY

REBA
REBA
REBA
REBA
REBA
REBA
RERA
REBA
REBA
REBA
REBA
REBA
REBA
RERA
REBA
RERA
RERA
REBA
REBA
RERA
REBA
REBA
REBA
REBA
REBA
REBA
RERA
REBA
REBA
RERA
REBA

= CO(2,ITEMP)) *TEMPREBA

REBA
RERA
REBA
REBA
RERA
RERA
REBA
REBA
REBA
REBA
RERA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
RERA
REBA
REBA
REBA
REBA
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70

7%

(1GV) = ES(IGV) ¢+ E6
n»'np = (E1(IGVY + E2(]1
DO 75 I=19s1MJM
N2(1) = TEMPHN2(ID)
E3(IGV) = TEMP»&J(IGV)
E4(IGV) = TEMP#E4(IGV)
ES(IGV) = TEMP#ES(IGV)
E6(IGV) = TEMP#EG(IGV)
ET(IGV) = TEMP#E7(16GV)
EB(IGV) = TEMP#LB(IGV)
E9(1GV) = TEMP#t9Y(1IGV)
RETUR:!

END

)
¢ E9(IGV))

REBA
REBA

REBA
REBA
REBA
REBA
REBA
RERA
REBA
REBA
REBA
REBA
REBA

59
60
61
62
63
64
65
66
67
68
69
70
71

59
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80

SUBROUT [NF, convuu(sz.xs) CONV
cCOoUMO't  AIR NCR1s NFLUX1s NSCRATs ISCRATe NDUMP. CONV
1 N”ISR' ALA’ BOT CNTs CVTy DAYs EO(S1) e CONV
2 E£1451)4 E2(81)y E3(S1)e E4(S51)s ES(S5]1)s E6(51)4 ET(51)s CONV
3 EB(51)s E9(S1), E0Ys Ev2s Eo3 cony
COMMON Ety EVPy  EVPP. EPFs  GBARy  IGEPs 1GPy CONV
1 16V, 11, IMJIM, {Psy ITEMPy ITEMPls ITEMP29 CONV
2 12P, JPy KO7s KPAULES LAPS LAPPs LARY CONV
3 LEy NGCTO, ORFP. P02y  PBARy CONV
4 SBAR, SK7s 106, Tils  TEMPe TEMPly TEMP2, CONV
5 TEMP3,  1EMPU4, TI, Vilse  NXCM CONV
coMponi 10123 TTMAX, IGEs 1iMe My JMy 1BLs CONV
1 IHR, 18T, IBB, TuMy TEVT, 1PVTs ISTART, CONV
? MLy MT, MO1s ICSTe IHT 1HS)» ITLy CONV
3 I, Jés  OITMy IITMy  MWDTe IPFLXs IPRINS CONV
4 IDHTPS, IREFy IXSECe MNPOISe NCON cony
CoHMON EPSs  SRCRT,  POWR, ORFy FLXTST, PVy  EPSAs CONV
1 EV, EVMy  XLALe  YLAH9 PODs  UELT IFSy CONV
2 NASTP, IRUR, EV2e NGOs IBRTRGy NCOEFe+ NSWEEP CONV
INTEGER  BOT, CNT, CVTs Po2s T06 R2 22 CONV
INTEGER OITM CONV
REAL 12, 13, Kés K79 LAP LAPP, LARs CONV
1 NO» N2y MASSes MASSPs 14 CONV
DIMENSTION F211)s KE(1) CONV
CHECK TIME LIMIT CONV
IF (TMAX) 259254171 conv
CALL SECONDUTEMPS CONV
IF(TENP « TMAX) 25415415 CONV
NGNTO=] CONV
PRINT 20 CONV
FORMAT(S3H1 # & RUNNING TIME EXCEEVEU=-FORCED CONVERGENCE # #//)CONV
RETURI CONV
CHECK ETGENVALUE CCNVERGENCE CONV
Eolsle =~ ALA CONV
E02=ARS(E0]) cOoNV
IF(E1(IGP)) 30532435 CONV
CALL ERRO2(6HCONVRG930¢1) conv
IF(EN2 = EPS) 4us40445 CONV
CVT=z1 CONV
1F(PD2,LE.3) CVT=0 CONV
INITIALlar FISSION NEUTRON SOURCE RATES FOR NEXT ITERATIOM CONV
DO 50 I=lsIfun CONV
F2(1)=g. CONV
IF (CVTNE.1) GO 10 B9 CONV
FINAL EIGENVALUE "CALCULATION CONV
NGOTO=1 CONV
IF(IEVTGNCe1) GO TC 75 ~ONV
EV=Q, CONnV
DO 60 1=19IGH CONV
EV=EV + K6(I) CONV
EVaSKT/EV CONV
RETURN CONYV
EVZEV+PNNPEQYEQ] CONV
GO TO 65 CONV
EIGENVALUE CALCULATION IF NOT CONVERGED CONV
IF(IEVT.NE.T) Gu TO 85 CONV
NGOTO=2 CONV
GO TO 55 CONV

VO ~NOU W N




88
95
105
115

125

145

150
155
160
170
175
185
190

195
210

215

22%
230
235
240

245

250

260

CHECK FOR CALCULATION OF NEW EV IN SE
£€03=AHS (ALA={ AR

IF{LAPP) 250.95.350

IF(LAP) 17091054170

IF(EQ) 22541159228

IF(E03 =~ EPSA) 14591454125

RETURN TO MAIN PHOGRAM WITH EV STILL
NGOTO=2 . '
RETURH

FIRST CHANGE IM EV. IT 1S NOW SET To
RETURNS TO INIT FOR RECALCULATION OF
LAP=ALA

EVP=EV

IF(EQL) 15591559150

EV2fV - EVM

G0 TO 160

EV=EV + EVM

NGOTO=3

RETURII

SECOND CHANGE IN EVe(IF E03.LESEPSA),
IF(C03 ~ £PSA) 175,1754125
EQ=(EVP=EV) 7 (LAP=ALA)

IF(CNT) 2109185+21¢

IF(E02 = XLAL) 2155215451990

IF(EQ2 = XLAH) 21042109195

EQl1=SIGN (XLAn,tﬁl)

LAPP=LAP

LAP=ALA

EVPP=EVYP

EVP=EV

GO TO 225

CNT=1

LAP=0.

LAPP=G,

Ev= FV*POD”EO“EOI

IF ((LAPP=1.0)/(LAP=1,0)) 235+169+160
TEMP1=AMIIN TEVP9EVRP)

IF (EV-TENPL) 240924%,245
EV=(EVPPRVPY /2, "

GO TO 160

TEHP1=AMAX] (EVPeEVPP)

JF (EV-TEMPL) 16092404240

THIRD(AND SUCCEEDING) CHANGE IN EV(IF
BY LAPP GT, ©

IF(E03 = EPSA) 25042604125

CALCULATE QUADRATIC COEFFICIENTS.
TEMP1=FVP=EV

TEMP2=EVPP-EV

TEHP3=EVPP-EVp

TEMP4=TEMP1# (EVP+EV)

TEMPS==TENP2# (EV+EVPP)

TEMPA=TEMP 3% (EVPPSEYP)
DENOM=TEMPI4TEMP2#TEMP]
EQA=((LAPP=1.0)# TENPLSEVP#EV=(LAP=1.10

ARCH PROBLEM(IEVT=2 OR 3J)

EV ¢ OR = EVM, PROGRAM
X-SECT OR ZONE THICKNESSES

TRIGGERED BY LAP GT, 0

E03.LE.EPSA), TRIGGERED

JHTEMP2

1SEVAEVPPe (ALA=]1 . )T TEMP3#EVPP#EYP) Z/DENOM
EQBz- (LAPP#TEMPa+LAPSTEMPS+ALARTENP6) ZDENOM
Eoc-(LAPP*TEﬂn1-|AP«TEMpz.ALAnrrmp3)/DENOM

DISCR= EQH*CQH°4.I”EQA“EQC

CONV
CONV

CONV
CONV
CONV
CONV

= 7O THE PREVIOUS(SAME) VALUECONV

CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONYV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
cOnv
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
LONV
CONV
CONV
CONV

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
15
116

61



62

2n
P41

2%n

309

IF(DISCR) 17542 49272

4
TF(EN2 =~ XLAL) 215+215+280

TEMP1=EUC+EQC
TEMP2SQRT (DIscr)

EQ=] N/ (ENR*EVETiLMP])
LAPP=LAP

LAP=ALA

EVPP=ZVP

EVP=EY

EV1=(TEMP=-F.QB) /TEMP]
FV2==(TEMP+EQR) 7TENMP]
EVA=AlS (EVeEV])
EvAzAYS (LV=EV2)

IF (EVA=-EVBR) 29042904300
EV=FV1 ’

GY TO 230

EV=CV2

G0 TO 230

END

CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
cony
CONV
cony
CONV
CONV
conyv
CONV
cnny
CONV

n7
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
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SUBROUTINE SUMMRY (F2eN24R19Z1sR4eZ&s . IMy
COsHOWMO M2y F O JTL 9 UMT 9 VO, F
PFRACsPFPREV +BURNUP 1 14)

COMMON  NINPy  NCUTy  NCR1s NFLUXY9

NHMICR, ALAy BOT CNT»

E1(51)s E2Q(E1)y E3(51)s E4(S1)»

E8(S1)s LY(EY), EO0ly E02y

coMMON EQy EVP, EVPP, EPFy

16V, Il IMUM, 1Py

126, JPy K07+ KPAGEs

LCy NGOTOy,  ORFP, Po2s

SRAR, SK7, T069 Tl

TEMP3.  TEMP4, Tl Vil

coMmon 1pi23r, twvax, IGE s 1My

IBR, "IBT, IRBY 1GMy

ML, MT, M01s  ICSTs

12, Jly OITMs 11TMy

T0NTPS, IREFy IXSECs HNPOISH

COMMOI EPSs SHCRTys  POWRS OKF 9

£V, EVi, XLAL» XLAH

> NHSTP, IBUR, EV2, NGO

INTEGER  RO7. CNT, Cvr, PO2s
INTEGER 017N i

REAL {2, 13, K6+ KT

1

2
DIMENSION

10

1 FROM THE CONC SLARCH Y0 GIVE A PARAMETRIC VALUE OF PV=

20

30
50

60

68

)]

2
FINAL PRINT

NOy N2y MASSs [1ASSPy

14
DIMENSION F2(JIMeJUM) N2 (JIMeJgM) s R1I(1)y Z1(1)y R&G(1)e Z4(1),
FLUX(6) 9 FN2(1)» CO(JTL'JMT)’ NO(JIMoJJM) 9y MO (JIMeJIMY o

M2(1) s FO(JIMyIIM)
PEPREV (1) sBURNUP (1) s T4 (1)
1CARD=]

PRINT FINAL EIGENVALUE AND OTHER FINAL OUTER ITERATION PARAMETERS

CALL EVPRT

PRINT ATORM DENSITIES FROM SEARCH CALCULATION

IFCIEVTWNEL2Y Gu'TC 60
PRINT 104 PV

JJUM,

TOTQIO 11,12
NSCRATs ISCRAT,
CVTe DAYy
ES(S1)e E6(S1)

Eo3
GBAR» IGEP
ITEMPy ITEMPL,
LAP» LAPP,

PBARY
TEMPy, TEMP1,

NXCM
1M, JHy
IEVT, IPVT,
INT, IHS,
MWNTe IPFLX,

NCON

FLXTST, PVy
PODy NDELT
IBRTRGy MCOEF,
T0o6 R2
LAP LAPP ¢

NDUMP
E0(S1)»
ET(51)

1GP
ITEMP2,
LARY

TEMP2

I8L
ISTART,
ITLo
IPRIN

CPSAy

1FSe
NSWEEP
L2

LARS

VO(JIMegJM) oFUTOT (1) 3 T0(1)9T1(1)4,1I2()) «PFRACI(]),

(IF 1EVT=2)

SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY

FORMAT (1H1//742X«1Q0HTHESE ARE THE DESIRED ATOM DENSITIES OBTAINENSMRY
F9e6//7/) SHURY

DO 397 M=1+MQ1

IF (I14(M)-EQ.0,) GC TO 30
TEMF = IETH)z(I.u ¢ EVOI4(M))
K = I0{M) = M_ ~

PRINT 20+ Ko IV (M) TEMF

SMRY
SMRY
SMRY
SMRY
SMRY

FORMAT (10Xs THREGLON=12+5Xs IHMATERIAL=12+5X¢ 1 SHMATL ATOM DENS=F]g+7SMRY

)

COHTYIIVUE

CONTI:1UE

PRIMT FINAL GROUM TOTALS
CALL -RPTIOT

IF (DAY ,NE.Ns) GO TC 105

PRINT MES' INTEWVALS AND COORDINATES
J=1p

IF(IP « J) 70470065
J=p )
PRINT B0 (I.Rl(l).Ra(l),71(1),1«(1).1=1.J)
FORMAT( 84H1 plt
AXI1 AVG Axxl//(xa.«kzo.a))

AVG RADII!

SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SHRY
SMRY

WE~NOU S W N
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64

HS
90

95

100
105

ten

1¢5$
t3n
140

(1]
Lo

1&0

200

2e0

230

245
255

2uq

290

JeJ o« ]
IF(IP ~ JPP) H5,41.15995

PRINT Q04 (1e21{1) 0241011012,
FORHAT (T4 440X e2F2004)

GO TO 105 )

PRINT 100 (TeRYI(I) 2RO LI 4 I=U,1P)
FORMAT (1492F 20,4}

COnTI It

INTITIALLLE TOTAL FLUX AND POWER DENSITY ARRAYS

o 11 I=1,1u
no 11 J=lv§“
NG (T |)=0_-_
F2({ls l}=n.

MASTE? LOSP FOP OQUTPUTTING OF FLUXES

NO 35¢ 1I6=le1GH

READ (NFL”XI)((Nd(I,J)qI:loIM)tJ=leM)
READCICRIILLCO(ETsL) s TT = 3y ITL)s J
CALCULATE TOTAL FLLLX AND POWER DFHSITY

no 123 I=1,14

NO 122 J=)edM

NEiTy )) = n6<1.J) * N2{LsJ)
ITEMP = M1({14J)

ITEMP = M2 (ITEHP)

F2lile 3= F2(Ta0) ¢ COL,ITEMPY#N2(T ) #1000, #EPF

PRINT GROVP FLUXLS (IF DESIRER)
IF(IPRINGIN.3) 6l TO 169
TF{NDAY.NE.D:) GO TC 140

PRINT 1305116

FORMAT (1H1e 20X9e14FFLUX FOR GROUP,12)

CALL PRY(IMeJifyNLe26)
GN TO 160
IF(IPRINGTQ.1) 65U TO 125

(PRINT/TAPE/PUNCH OPTIUNS)

SMRY
SHRY
SMRY
SMRY
SMRY
SHMRY
SMRY
SMRY
SMRY
SHRY
SMRY
SMRY
SMRY
SHRY
SMRY
SHMRY
SMRY
SMRY
SHMRY
SHMRY
SMRY
SHRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SHMRY
SMRY
SMRY

WRITF. rLuXcS Ot TAPE(FOR IREF=4 OR 1)+0R DISK(FOR IRFF=2) s TF NESRNSMAY

IFCINITPS) 230+2305170
TF{NAYNE.0.) GO TC 200
IF(IRECF. Ni.O) 6o Tc 230

wRITE(NDU“P) ((N?(I,J)-I:lolM)oJ 19dM)

GO Tn 230
IF(IRCF.EQ.I) GO 1C 180
IF(IRCFLEN.0Y Gu Tc 220

WRITC(ISCRAT) (UIN2(TeJ)oIxleIM)od=leuM)

GO TO 230

CALL ERROZ2(6HSUMMRY 422041)
PUNCH FLUXES (1F DESIRED)
TF{IPFLXLFQ.0) GYU TO 359
IFINDAY.NE.OsJ GO TC 245
IF(IPFLXLENST) 6G0TTO 255
GO TO 350

IF(IPFLXGMEL2) GO TO 359
N0 300 T=leIHJMsb

N0 28y J=l,.6

FLUX () = Qs

11 = HINO(1e5,IMUM)

JI =1

0O 29) Jslall

FLUX(JT) = Fr2(W)

J1 = J1 + 1

PUNCH 3109 (FLUXtJU) yJ=1,6) s ICARD

SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SHRY
SMRY
SHRY
SMRY
SHRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SHRY

59
6n
61
62
63
64
65
66
67
68
69
70
7
72
73
T4
75
76
17
78
79
80
81
82
83
84
85
86
-4
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
1o
111
112
113
Na
115
116



ino
KRN
3%0

355

360

365

30

315

340
389

ann

405

%15

425
430

460
470
475

aBQ

CL1)

490
200

ICARD = 1CARD o |}
FORHAT(IPGEIZ 60 4HFLUX s 14)
CONTINUE
PRINT TOTAL FLUX AND POWER DEANSITY
PRINT 385
FORMAT (1H1//4 194s11k TOTAL FLUX//)
CALL ”RT(IMvJMoNdea)
PRTNT 360
FORMAT (1H1//s 19Xy 26HPOWER DENSITY (MWT/LITER))
CALL PRT(IMsJMaFL924)
CALCULATE AND PRINT REGIONAL POWER FRACTIONS
1F(POWRLLEL0.) GO TO 475
nO 365 1=1,1Z4
PFRAC(I)=C.
DO 37y I=1,IM
DO 370 J=leJdM
ITEHP=MD (10 J)
TTEMP=N2(ITEMP) = ML
PFRACIITENP) SPFRAC(ITEMP) + F2(Ie ) ¥V0(1eJ)u,001
PRIMT 375

FORHAT(‘HIo///luloBQHPOWER PRODUCTION FRACTION FOR EACH ZONE/Z//)

DO 383 t1=1,12M

PFRAC(1)=PFRAC(I}/POWR

PRINT 385, lePFHaC(D)

FORMAT (/2UX92HI=T292%y 6HPFRAC=F9.6)

CALCULATE AND PRINT QURNUP RATES FOR EACH ZONE
IF(MWDTLEND) GO TO 475

IF(DAY EQ.Gs) GO TC 460

1FLIURTRGLED.0) GO TO 460

PRINT 400

SMRY
SMRY
5MRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
5MRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY

FORMAT(1H1///10A983HTHESE ARE THE AVERAGE BURNUP RATESs IN MWD/TONMSMRY

2+FOR EACH lONE 0J§F THE PREVIOUS CYLLE///)
PRINT 40%es DELT

FORHAT(//IOXvSHDtLT FBe2,7H VBAYS//777)

DO 425 1=1.14M

IF(FUTNT (1) +EQqe0e) GO TO 415

RURNUP (1)= TPFRAULT) o PFPREV (1)) #POWREDELT/(244FUTOT(T))

ARHME T=BURNUP (1) ¥1,10

GO TO 425 -

RURNUP (1) =0,

BRNNLT=0D.

PRINT 430 LeFUTOT(I) »BURNUP (1) ¢BRNMET

SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY

FORMAT (/5X92HI=1294Xs241FUEL MASS IN SHORT TONS=F7,314X929HAVG, BUSHRY
2RNUP TN MAD/SHORI TON=F9,2¢5Xe30HAVG, RURNUP IN MWD/METRIC TOM=F9,$MRY

3?7}

DO 479 1I=141I7ZM
PFPPLV(II)-PFRAC(IX)

IF (TPRINJENS +3) GO TO S00
IF{DAY (NE - =C- %) GO TC 490
PRINT 485
FORMAT(1H1420Xs19HF ISSTON SOUKCE RATE)
CALL PRY (IMyJIMyFue24)

GO TO 500 )
IF(IPAINLEQ.1) GO TO 489
REMTIND NCR1

REVWTHD NFLUX1

REWIND NOUMP

RETUR !

END

SHMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
5MRY
SMRY

17
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
164
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

175

65



66

[ K{}

an

2%
30

3%

SURRNITING GREPTO| GRPTY
COMitO'l  FIIAP,  "NCUT, NCR1s NFLUX19 NSCRATe ISCRATy NDUMPy GRPT
1 NITICR, ALA, B80T CNT CVTe DAYs EO(S1) GRPT
2 £1(51)y ER2(E1)y E3(S1)s E4(51)s ES(S1)s E6(51)e E7(51) GRPT
) E8L51)s EY(S1), EOle to2y E03 GRPT
COHMO™ Efy EVPy  EVPP, EPFe  GBARe  IGEP, 1GPy GRPT
1 IGV, 11, IMJM, 1Py LTEMPs ITEMPly ITEMP2) GRPT
? 12e, JPy K0T+ KPAGE S LaPy  LAPP, LARs GRPT
3 Fg, NGCTO, OKFP o Py2s PBARY GRPT
4 SBAR, K74 T06 Ti TEMPy TEMPly TEMP2e GRPT
5 TEMP3,  EMP4, Ty Vils  NXCM GRPT
COMMO 1 IDT23) s TNMAX, IGE IZMs IMe JM 1BLs GRPT
1 IRR, 18Ty IRR. TuMy TEVTs IPVTs ISTART. GRPT
> Mo MT, MO1 1CSTy IHTe IHS 1L GRPT
3 17, Jls 0ITM, 11TMy MWATe IPFLXs IPRINy GRPT
4 IDMTPS, IREFs IXSECs HNPOLSs NCON GRPT
conMa | EPSy  YRCRTy  POUR. ORFs FLATST PV EPSAs GRPT
1 AN EVM, XLAL ¢ XLAHYy POD DEL Ty IFSe GRPT
2 nHStTe, 1BUR, EV2) HNGOs IBRTRGs NCOEFs NSWEEP GRPT
IMTEGER B07, CNT, CvT, P02y T06s R2v 2 GRPT
INTEGER NITH GRPT
REAL 12y 13, K6 KT9 LAP LAPP LAR GRPT
1 No, N2y  MASSe HMASSP 16 GRPT
F2UIG7) = 40 GRPT
E3(I6P) = 40 GRPT
F4lluP) = .0 GRPT
ESIIGN) = N GRPT
F6lIu) = o0 GRPT
ETLIGPY = o GRPT
FAIIHY) = o) GRPT
FOLIG) = L0 GRPT
no 1y 1 = TeicGu GRPT
F2i16P) = F2(IGP) + E2(I) GRPT
E3(I6P) = E3(IGPR) + E3(]) GRPT
E4{IGP) = E4(IGP) + E4L]) GRPT
ES(IGP) = ES(IGR) + ES() GRPT
E6(TIGP) = E6(IGH) ¢ E6(I) GRPT
ETLIGP) = ET(IGR) + ET(I) GRPT
EB8(I6P) = EB(IGP) + EBL(]) GRPT
FOLIGP?) = E9UIGR) + E9LD) GRPT
PRIMNT 20 GPPT
FORMAT (11 28H FINAL NEUTRON BALANCE TARLE/// GRPT
1594 510uP  FISSIUN SOURCE IN=SCATTER OUT=SCATTER ABSORPTION,1X4GRPT
265H Le L_-_ He Le T: Le Be Lo TOTAL LEAKASRPT
2GE//) : GRPT
N0 30 I = 1sIGH GRPT
FORMAT (1hy 1P9EL13,3) GRPT
PRTHT 2%+ TET (D) 9E2(I) 4E3(T) sb4 (1) 9ES(IIWEB(T) 9ET(I) GRPTY
1 EB(D) LEY(T) GRPT
PRINT 35 GRPT
FORMAT (1tH )} GRPT
I = I8M + 1 ARPT
PRINT 2% TsE1(I) 9E2(D) sE3 (1) sE4 (T) sES(I) sEG(T)9ET (L) GRPT
1 EB(D 4E9D) GRPT
RETUR™ 3RPT
END GRPT

VDNV S W
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3n

40
w0

SUBRNDJTIRE PRT (JINMgJIMy N2 L4)
DIMENSTIONTHZTIIMeIIMY sy 26 (1)

REAL 12

IM = JIM

JHo= UM

NO 5 [=T,1M,8

I1=1

T2=I¢4

IF(12=IM) 20+ 2ue 10
12=1M

PRINT 309
FORMAT( SI20)
PO 53 JJ=1yJH

( JJedu=11,12)

J=.JJ

FORMAT ([S59E15,795£20.7)

PRINT 40y Jr (N2 (KeJ) sK=11412) 926 ()
RETUR !

ENMD

PRT
PRT
PRT
PRY
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT

—
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-t ot ot b b b
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30

40

50

00
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£ 8N

1
?

1

1

SUBROYT LKL QB?M(MASSo VOLs  ATWy HOLNSJIMoJ My
2

0s 11y 12y JMLy [34FUTOT, NTRIGs 14)

cCOMHHO | HTINHE, NCUT, NCR1e NFLUX1

NITCR, ALAS HOT7 CNT

L1(S1Ts ER(E1)y E3(S1)s E4(S1)e

E8{51)y £9(E]1), Edly Eu2s

COMHO"! Edsy ~ EVPy  EVPP, LPFy

1Gv, 11, IMJUMS 1Py

1ZP, JPy K07+ KPAGES

LCs NGCTO.  ORFP, PO2+

SBAR, SK7, T06. Tivy

TLMP3,  TEMP4, Tl Vit

comMinn 23, TVAX, 1GEs IZMo

1RR, *IBTo INR. 1My

ML MT MDY 1CSTy

14, Jiy OITH, TITMe

[NNTPS, IREFy IXSECe NPOISe

coMMn-l EPSs SKCRIy  POWR, UKF»

EV, EVM, XLAL XLaHsy

NHSTPe  IBUK. EV2, NGOy

IMNTEOGER HO?’ CHMTo CVTs Py2s
INTEGER QITM

RE.AL, 12, 13, K6 K7e

N N2 MASSs TIASSPY

MOe M2e VU

NSCRATe ISCRATe NDUMPs
CVTs DAYy EO(S])
ES{S1)e E6(5]1)e ET7(S1) e

En3
GBAR IGEP, TGP
ITEMPs ITEMPle TTEMP2e
LaPy LAPP« LARSs

PBAR
TEMPy TEMPLls TEMP?s

NXCM
Mo JMe IBL
1EVT, IPVTs ISTARTI .
IHT THS» ITL
MWNTs IPFLXe IPRINe

NCON

FLATST PV EPSAY
PON Yy DELT IFS
IHRTRGe NCOEFs NSVWEEP
Tob6 R24 L2
LAPs LAPP, LARSs

14

DINENSTON HASS (UML) e VOL (1) e ATW (1) s HOLN(1)s MOLJIMgJIM) s
M2(1) s VO(JIMyJIMYy 1010y T1(l)y T12(1)e

FUTOT (4) oNTRIG(1) 914 {1)

I3(1)

? g !
THIS SUBROUTINE CALCULATES THE MASS OF THE VARIOUS MATERIALS

IF (MW)ITLEND) GO TC 6

No 5 'i=ieIZM

FUTOT O =%

CONTIUE

PRIMT 106y (IN{(I)vI=1923)
FORHMAT (1Hly 12a0/1146///)
PRINT 20

FORMAT (4SH MATERIAL INVENTURY (KILOGRAMS) FoR EACH ZONE 7/ )

DO 25 I=1e1ZNM

voL{I) = J.0

DO 30 Isleitl

N0 35 J=lsI2ZM

MASS(I'J) = 0e0

NO 40 J = 19 UM

DN 4p 1 = 19 IM

K = M{(1y.h)

VOL(K) = VOL(K) + vo(Is Jy¥%,001
DO Sy Ma]l M0}

13(H) = 12(M)

IF (IFVT,NE.2) GU To 50

I3(M) = I2(M)4 (10 + EVelaith)
CONTI'IUE

DO 92 N =1y IZM

NN = "12(N)

DO 9 M = leol

IF(I0(M) = NN)  Y0,60490

L= 11(M)
IF (L) S0+90+80
E0l = I3(M}

MASS(LyN} = ((EQL*ATW(L)#VOL(N))/,6023)

+ MASS(LeN)

GRAM
GRAM

GRAM
GRAM
GRAM
GRAM
GRAM
HRAM
GRAM
GRAM
URAM
NRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRANM
GRAM
GRAM
GRAM
HRAM
3RAM
GRAM
13PAM
GRAM
GRAM
3RAM
GRAM
GRAM
GRAM
GRAM
GRPAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAI4
GRAM
GRAM
5RAM
GRAM

VE~NOJ & W N~



90

1€0
110

IF (M'NTL,FQ.0)

st TO 90

IFANTRIG (N SEQ.U) €0 TO 90
FUTOT (N) =FUTOT(N) + MASS(Lst)#6,0011

CONTT UE

NATA 7QnE /61 JUNE /

DO 16 L = 1o
L = L+ &
TF(LL - t4M)
LL = Iz™m
PRINT 120
FORMAT (//726H
PRINT 130

PRINT 1500
FORHMAT ( [3414,
TF(LL = L2t
CONTI WE
RETUR:" |

END

141y §
1ee 1109 100

({ZONE,y K)y K={ e LL)
MATERIAL ATOMIC WT.

(VOL(K)' K‘: L. LL)
FORMAT (25Xy S(EB«3y 7TH LITERSs SX))
DO 14° K = 19 ML

Ky HOLN(K) o
ABy F1l343s 1Xo
1609 170+ 170

23Xy S(A6,I2+12X))

ATWIK) 9 (MASSIKe 1)

lpr.1303i

]P’0E20.3)

1

= Lo

LL)

GRAM
GRAM

GRAM
GRAM
GRAM
GRAM
GRAM
HRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GGRAM
GRAM
GRAM
GRAM
GRAM
GRAM
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OODOONDANDOOHNOON

13
14

SUHRO ITInL INPS(HATNONBR LUoLCNcLFN’ALAM’HOLN'JM%oI
NCUT, Rle NFLUX1y NSCRAT

COHMOY  FIIN
1 NHIQR. ALA,
2 E1(sl)y E2(S1) s E3L
3 E3(S1), EY(S1),
COMMNIY £y EVPy, E
1 16V, Il I
? 14P, JPy
3 LCy WHGCTUs O
4 BAR, SK7y
5 TLHP3, TEMP4,
comMn 1 123y Tivax,
1 THR, IBT,
? MLy MT,
k} 12 RYAY 0
4 TOHTPS, IREFy IX
connn | EPSy  SRCRT, P
1 £V, EVN, X
? NASTR, IBUR,
IMTRGER B0, CNTy
IHNTEGER OTTH
RE AL 12, 13,

1
DIMENSION  MATM(L)Yy ABR(1)» Ln(l)oLLN(JML'l)oLFN(JML,l). ALAM{1)

1

CARD BLOCK 2

REPEAT ARNVE

NG N2 M

HOLN{1)s 12(1)

# ¢ & ¢ o BURNUF CATA # & & # &

MATNy NBR, L
(OMIT IF {ICONGLE.0)

B80T CNTs
S1)s E4(S51)
EO0le Eu2e
vrp,y EPFy
MM 1Py
KO0Te KPAGES
RF P PQ2y
T06 Tlie
‘Tl Vit
IGE [ZMe
10B» ToMe
M1 ICSTs
I1TM. 11T™My
SECsy 1IPULS
OWR OKRF o
LAL . XLAHS
EV2, NGO s
CVTs P2y
Kée KT

ASSs HASSPY

Us LCHy

LFnN

RAT
CVTy DAY
ES(51)y E6(51)
Ep3
GBARY IGEP,
ITEMPy ITFMPl,
LAP LAPP

PBARY
TEMPs TEMPl,
HXCM
IMy JH
[EVT, IPVT,
IHT IHS,
MWNTy IPFLX.
NCON
FLXTST PV

PODs DELTS
IBRTRGes MCOEF
T06 0 R2,

LAP LAPP
14

CARD 1 MCUNs DELT (BURNUP CONTROL WORDS)

(NCON CARUS)

FINAL CARU TH BURNUP DATA DECK SHOULU HE A CARD 1

THIS SURROUTINE HEADS AND PRIKTS THE HBURNUP DATA

IF(PDAY .EG-0.) GO TC S

IF (KO 7 ¢NE - 2) GO TO 5
IF(IE/TNL.2) GO TC 12

READ(HINP-IO) L1ERPGDELT
FORMAT (169E12.0)

DAY=hAY + DELT

IRRTR =1

IBUR=IRUR ¢ 1

GO TN 14

IRRTRA=0
IF(IBJRNEJNASTKY GO TO 14
IF(IFS) 1391316 )

READ ("VINP+10) TTEMPLDELT

cvVT=0

CNT

Po2

ALA

LAP

NDUMP ¢
E0(S1)
ET(51)

1GP
ITEMP2,
LARY

TEMP2y

THL
1STAKRT
ITL
IPRINS

EPSA

IFSe
NSWEEP
2

LAKY

CARDS FCR MULTIPLE BURNUP STEPS AS PER INSTRUCTIONS

INPH
INPB

1NPB
IMPR
INPB
TNPR
INPR
INPR
TMNPB
INPR
1HPH
1NPR
INPR
IMPR
NP8
1NPR
1MPR
IMPB
IMNPR
INPR
1IMPR
INPB
IMPB
IMNPR
IMPR
INPR
1MPR
INPB
INPB
LT
IMPB
1MPR
INPR
inPB
1MPR
INPB
IMPB
INPB
1NPB
TMPH
1MPR
1NPB
INPR
INPR
INPR
INPR
INPR
1MPR
1NPR
INPR
INPB
IMPR
INPR
INPR
1HPR
nes
1nP8
INPB

VPN U S W=



1
20
3y
40
AN

70

H0

1
tno

1

1

1

KPAGE=50 1HPR
1F (141TRG.F0.0) bV TO 190 INPB
IFCITEMP) 10041%920 INPR
NCOM = [TEHMP INPR
GO T 100 1NPR
NCON = [TELMP INPR
DO 45 N = 19 MNCON 1HPR
FORMAT (1216) 1npPR
RCADC IINP 93G)  MaTR (N) oNRR O oL (M) o (LON (oK) oKz=102) o (LEN{MoK) 4 INPB
K=1¢7) 1NPR
PRINT 60 INPR
FORPHMAT (12HYBURNUY CATAZ//7) INPR
PRINT 70 ’ 1MPR
FORMAT (1301 BURNAHBLE MATERIAL NAME LLAMBDA {NPR
IBR # # w» # B & SOURCE 1SOTOPE FOR # & & sINPR

» a / I1MPR
137°H  ISOIOPE NO. (DAYS=1) IHPR

DECAY CAPTURE F1SSINPR

101 /GH NC,e ) INPR
DO 9, N=le NCON INPR
ITEMP = MATNI(M) INPR
ALAM(TTEMP) = 24,%3600.%ALAN (I TENP) ItPR
PRINT 80, "Ny MATN(N) s ROLM(ITEMP) s ALAMIITEMP) s NHR (N} s INPR
D) . (LCH{NWK) 9K=192) s (LFN(H4K) ¢Kz]147) INPR
FORNAT (3Xs 13, 12Xy 13e 10Xe Aby TXy EG,3, 19 15Xy 13, 13Xy 213+ INPR
10Xs 713) NP
ALAMITTEMP) = ALAM(ITEMP)/(360%,%24.) 1HPR
RETUR' INPR
£nD MPg
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[aKa¥ala)

10

20

SURRONTINE AVFRAU(PHIB.AXSQFXSvHATNoMASS'ATw voL.co.N?.Mu.vo' AVER

1 HGLNy JMLy JTLy HHRe AXXy FXXsARFDRT) AVER
coMM I TIINP,  NCUTs  NCRI1» uFLUAxo NSCRATs ISCRATy  NDUMP. AVER

1 NITCR, ALA, B07. CuTy CvTs DAYe EulSl)e AVER
? E1(51)y E2(S1)y E3(S51)e E4(5119 ES(S1)s E6(512s ETI{SL) AVER
3 E8(51)y LYLEL) E0L» Luas £03 AVER
connn | Ey EVPy  EVPP. EPFy  GHAR, IGEP, 1GP AVER

1 1Gv, 11y IMUM Py TTEMPs ITEMPly ITEMP2 AVER
2 Izpo JP KQT KPAUE o LAP, LAPP, LAR AVER
3 LCy WGCTO, ORFP PO2y PBAK AVER
4 SHAR, SK74 1069 Tlls  TEMPy THEMPlse TEMPZ, AVER
5 TEHP3,  [ENMP4, Tl Vile  LXCM AVCR
COMMO.I TDT23)y  "TNVAX, IGE 1My IHs Jity 1oLy AVER

1 16R, I8, I8 loMe  TEVTs  IPVTs ISTART, AVER
? Ly Mt, Mole  ICSTo IHT . IH3, ITL AVER
3 124 L OITM, IITM’ HWNT . IPFLXs 1PRINY AVFR
4 InNTPSe  IREFy IXSEC» HPO[Ss KNCOH AVER
COMMN'] Ef%s  SRCRT,y  POWRS URFs FLXTSTy PVy  EPSAs AVER

1 £V, EVM, XLAL XLaHe POD DELT, TF Sy AVER
? NHSTP,  L1BUR, EV2. Hu0s [BRTRGe HCOEFs NSWEEP AVER
INTFGER  BO7, CNT, CVT. Po2e To6 R2» e AVER

IHTEGER OLITH AVER

REAL 124 13y Kés K7 LAPe  LAPP, LAH) AVER

1 Py N2s  MASSe HASSP 14 AVER

1
?

DIMENSION PHIB(1) s AXS(JMLe1)s FXS(JML.1) s MATN(1),
ATWI1) e VOL (1) COITLILY s N2(1)y MO(1),
oHNARELY s AXX{JUML9 1Y s FXX(JMLI1)» BREDRT(1)

THIS SUHROUTIME CALCULATES ZONE AVERAULD FLUXES, F1
SECTINNSs ARD AHSORPTION CROSS’ sfeT toils,

PRTNT S
FORMAT (1K1}
RL = ‘:oo
"C = WU
NQ 10 Ke=1eIZN
PHIR(KZ) = 0.0
NO Y4 KN =14HCON
AAG(K'I4KL) 0e0
FXS(K IgRKL) Oev
Lt = IATNLKN)
ASS (LKLY = (MASS(LNIKZ)#,6CG23) /(ATU (LN)@yOL(K2Z))
nn 29 116214 I1GM
READ(NICRLY  ((CUlIToeuds TIS1eTTI)9d=19HT)
QEAD CIFLUXT)  (H2(1) ¢ T=1eIMuM]
Do 20 I=19IMJH
K2 = ‘ig(I)
PHIB(KZ) = PHIR(KZ) + N2(D)#vo(I)
no 20 Kzl 9y NCON
LN = “ATN KN
AXS{K 14K£) = AXS(KNgKZ) + CO(2oLM)#N2{TY#Y0 (1)
FXS(K' IgKL) = FXS(KN9KZ) « CO(LoL M) #N2(T)*V0(])
NO 80  KZ=1+12M
RREPRT (KL) =0,
TEHP3 = PRIBTKZ)
PHIB(KZ) = PHIB(KZ)/ (VOL(KZ)Y#1900)
PRINT 30 K2y PHIB(KZ) s VOLI(KZ)
FORMAT(/////430Xe9F £ 0 N E #13,7Xs7H FLUX =¢1PE1D

MASS (JMLs1)s AVER
VO(1)e HOLM(IYAVER
AVFR
AVER
SSINN CROSS AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVIR
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER

o &aTXs9H VOLUME AVER
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4n

45

sa

60

10
Ho

9o
ina

2nag

l-olPFlg.aq7H LITERS/)

PRINT 40

FORMAT (115H HBURNAHLE MATERTAL NAME ATOM

1 FISSION ABSORPTION SIGMA SIGMA /

2 115H  ISOI0PE MO, NENSITY
k] NATE RATE FISSION ABSORPTINN/
4 TH NUW /)

Nno 890 K=l s HCON™

LN = 1TATN (KN}

TEMPL = AXS(KN¢KZ) #MASS (LNeK2)
TEHP2 = FXSIKM¢KL)#MASS (LNsK2)
AXS(Kilghs) = AXS(KN,KZ)/TEMP3
FXSUX 1yhd) = FXSIKN4KZ) /TEMP3
IF (I3RFKG,EQ.Q) GC TO 45
IF (DELTWIEZDS) AXX(KNeKZ)
IF (DELTWIC-Ge) FXX(KMsKZ)

AXS(KNyRZ) /NRSTP ¢ AXX(KNyKZ)
FXQ(KNqKL)/NHSTP + FAX(KNgKZ)

CONTT.IUE
FORMAT (4X913911Xs13910XeA692Xe1P5SELS,3)
PRINT S0, Khy LNy HOLN(LN) 9 MASS(LWIKZ)s TFEMPZ2s TEMP1

Y FXS(KHeKZLY s AXS(KNyKZ)
ITEMP = NHRI(KW)
IF(ITIMP = 1) 8us 609 70
RC = JC + TE'W1 = TEMP2
BREDRT (K2 =BREDRI (KZ) + TEMP) = TEMP2
GO TO 80
RL = 2 « TEMP)
CONTI WE
NO 96 Kz = 1414HM
BRFNRT (n2) =BREDKI (KZ) /R
PRINT 100 Kl HHELRT (K2)
FORMAT (30X ¢ IHKZ= lZoZX;llHBRFDRT(KZ)-F7 4)
TEMP = HC/RL
PRINT 110y IgnP
FORMAT (1H ///18H BREEDING RATIO =t7,.4)
REWIND NCRY ’ i
REWIN NFLUXL
RETURM '
£.1D

URROUT InE EIGTRGITEVT URGEV 24NGN
SJB; TI ..1)1£03 15106K07'IR sEVIEV2INGNIEQe IPVT)

IF(K07 Nf ?) G0 10 200
IEVT=D
Fv=tv2
1PVT="
NGO=2
RETUR
TEVT=1
IPVT=1
EV=0.
FEQ=Ne
NGO=1
RETHIR
EnD

AVER
AVER

AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVFR
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER

E1oTs
uTR
FIGTR
CIGTR
EIGTR
FIGTR
FISTR
FIGTR
FIGTR
FIGTR
FIGTR
FIGTR
CIGTR
EIGTR
LIGTR

%59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
17

79
80
a1
a2
83
84
8%
86
87
a8
a9
90
91
92
33
94
95
96

OVOR~NOC A& W~
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aXale)

10

20

30

0

SUBROYT INE MAREH(PFIB’MATNvFXSvAXSoVOL,MA?p&MASSpoALAM sLUSLCNy
1

i
?

NP W~

PR

)

1

1
?

Flis MLeTIDsI1e129M24PHIP,PH 1 JIM)
COMMOY 'ITHP, NCUTy NCR1s MHFLUX1y NSCRATs ISCRATs NDUMPS
NMICR, ALA, BT CNT» CyT, DAYe EU(S1)
E1(S1Ts F2(S1)s E3(51)9 E4(51)s ES(S1)e E6(51)s ET(S51)
FHIS1), E(E]1), E01, Eu2s €03
cotipiod Ety EVP, EVPPs LPF oy GBAR IGEP IGP e
1Gv, 11, IMJH, IPy ITEMP, ITEMP1, ITEMPZ2,
12P, JPy K07+ KPAGES LAP» LAPP LAR
LCy NGCTO, ORFP P2 PBAR)
SHAR, SK7+ T06 Tlte TEMPe  TEMPLls T{MP2e
(EMP3y,  (EMP4, Tl Vil HIXCM
coMMnu INt23Y,  TvAX, I1GF.» 1My Tty M 8L
18R, IBT, IRA, IuMe TEVT. IPVTs ISTARTS
ML, MTs MO1Y e ICSTy IHT. IHS» ITLs
12, Jiy OITM, T1TM, MWDT e IPFLX IPRINy
INMTES, IREFs IXSECe NPOISe NCON
COHHOQII £PS, SRCRT, PONR OKRFs FLXTST, PV, EPSAs
£V, EVM, XLAL » XLAH PQb VELTY 1F Sy
niStTP, TBUR, CV2, NuOs IBRTRGe MNCDEFs NSYWEEP
INTFGER  RO7, CNT, CVT, Py2y To6s R2s 12
THTEGRR OITM
REAL 12, 13, Kée K7 LAP LAPP, LARY
N N2y MASSe HASSPs 14

PDIMENSION  PHIR(L)y MATN(L) s FXSEIMLIL) 2ALS(JML,1) 9 VOL (1)
FMASS (JML ¢ 1) «MASSP (UMLs1) s ALAM(1), LD()1)s LCN(JHMLO])
LEIICIML1) o 10 (1) 9 I1C1) 9 12(1) ¢M2(1) sPHIP (1) 4PHIPP (1)

AR
AR

HAR
MAR
MAR
HAR
HHAR
AR
HMAR
MAR
HAR
HMAR
HAR
MAR
MAR
MAR
AR
HAR
MAR
HMAR
MAR
AR
HAR
HAR
AAR
HAR
HAR
MAR

THIS SUBROUTINE COMPUTES THE TIME UERENDENT ISOTOPIC CONCEMIRATTONMAR

TEMP = DELT # 244 & 3600s /7 10s

TEHMPY = o

00 5 RZ = 12120

PHIPP(KZ) = PHIB(KZ)

PHIR(KZY = PHIR(KZ) % 1Q0,#%(=24)

DO S KM = 1+NCON

L = HATN (KM

TEMPY = TFHPI *« FXS (KN KZ)“PHIU(KZ)“MAQS(LN.Kl)“VOL(KZ)
DO 12& KT = 1910

TEMP3 = o

DO 10 KZ = 1912ZM

NO 10 KN 3= 1sNCUN

LN = AN (KN)

MASSP (LNeKZ) = MASS (LNsK2Z)

N0 91 Kz = 1414M

DO 89 KKK = 1le5

NO 83 KN 3 19NCON

LI = AT (KN)
TEMpz:-(MAS§(LN,NL)oMASSP(LN.Kl))“(ALAM(LN)oAxS(KNoKZ)vaIB(Kz))
IF (LOY(KN)) 30, 30y 20

KK = LD(K!)

KK = "TATN(KK)

TENP2 = TEMP2 ¢ ALAM(KK) # (MASS(KKeKZ) + MASSP(KKskZ))
DO 50 K 2 112

KK = LCN{KMNsK)

KL = HATN{KK)

IF (KK) S0s 50 %0

TEMP2 = TEMP2 « (AXS(KKyKZ) = FXS(KK(KZ))4PHIB(KZ)#

AR
HAR
HAR
1AAR
NAR
HAR
11AR
AR
HAR
MAR
MAR
MAR
MAR
MAR
HAR
MAR
HAR
HAR
MAR
AR
AR
1AR
"AAR
AR
AR
MAR
HAR
HAR
MAR
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e
70

9o
100
Lo
teq

130

Lao

14S

150
1en
165

LT
140
200

1 (HMASS(KLIKZ) ¢ MASSP (KL KZ))

CONTIMIUE o

NO 70 K = 197

KK = LFN{KNyK)

KL = MATw(KK)

IF (KKY 709 704 60

TEHP2 = TFMQZ + FXS(RKaKZ)#PHIH(KZ) @ (HASS (KL aKZ) ¢MASSP (KL WKL)
CONTIHUE

MASS(LNeKZ) = MASSP (LNeKZ) ¢ S¢TEMP#TEMP2
NO 99 KN = 141CON

LN = ATN(KN)

TEMP3 = TyMP3 ¢ PXS(KMNeKZ)¥PHIB (KZ) *MASS(ILNyKZ) #VOL (KZ)
IF(TE 'P3Y 1204, 120y 100

DO 11 Kg = 1leIzM

PHIB(KZ) = PHIRIRZ) # TEMP1/TOCMP3

COMT L UF

NO 13 Kz = 1e1/it

PHIR(KZ) = PHIR(RZ)#10.0e(24)

IF (IREF.NE 21 GO IC 168

IF (INURLLT.NRSTP) GO TO 145

PRINT 140 ’

HAR
AR

MAR
AR
MAR
HAR
AR
MAR
HAR
HAR
HAR
HAR
MAR
HAR
MAR
MAR
t4AR
MAR
MAR
MAR
YAR

FORNAT (1H1///+8X+10SH THESE ARE THE ZUMNE=AVERAGED TOTAL FLUXES TO MAR

2RE USED I THE FLUX SHIFT CORRECTION FOR SUBROUTINE REFUEL
NO 15° KL=191ZN

PHIP(KZ) =(PHIPP(KZ) & PHIB(K/Z})®.5/NHSTP & PHIP(KZ)
IF (INURLLTZNRSTP) GO TO 159

PRINT 160y KZy PHIP(KZ)

CONTTHIIE

FORMAT (20Xe7H LUNE =¢I1244X011H AVO FLUK =91PE1Q0.6/)
DO 20, K/Zs1y91ZM

no 207 M=19H()

IFiTa(M) = M2(K/Z)) 200, 170e 200

no 19 Ki=1 s NCUN

Lil = MATN (KD

IF(LI = 1111y 190y 1Bgs 190

1201 = »ASSILNIRZ)

conT L WE

CONTI:IE

RETUR

FHD

///)MAR

MAR
AR
MAR
HAR
MAR
HAR
HMAR
HAR
MAR
HMAR
HAR
HAR
AR
HAR
AR
AR
MAR
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SUBRO'ITINL REFUEL ( KNT.NREG nanq NPOIS,KIApScINTMAX'NECUP.XG REF
1 FRES TRGy HNQy PHIy ABXS’ FIXSs RZNSy TZONe 1Zite M01s MLe  REF
? DAY 1M, 1MIV, ISTART.HCON TNMTPS, 104 Ils 129 PHIPs PSI REF
3 Vy AXSs FXSe MATMy ALAHy LDy LCNs LFNy HOLNs ATWs NZMHy DNy REF
4 TH 9 CHPy HHIs UGe CGy» DISCHGY CHARGEy COMPOe NBIFLOG) REF

DIMENSION X0(1)s NFRE(1)y TRG(L1)s HNn())s PHICINTMAXsIZM), REF
1 ARXS(MCONy TZMy INTMAX) » FIXS(NCONSTZMyINTHMAX) » KZNS(1) REF
? TZONCKDAPS S LEMYy T0(1)y T1(1)s 12(1). PHIP(1)s PSI(1)evil), REF
3 AXS LY IZM) s FXS(MLyIZM) s MATH(1)y ALAM(I), 1.D(1)y LCN(ML4?) 4REF
4 LENCLS7) s HOLNCLIYy ATH(L)y NZICL)y DN(IZMyNCOM) o NEF
5 CHUTZMIICONY ¢ CAP{TZMeNCON) ¢ ANT (1) s DG(NECOP 4NCON) » REF
Ps LGINI.COPYNCONY 9 DISCHG (1) s CHARGE (114 COMPO(1), REF
7 INIFLGLIZMeNCEN) REF

COMMOI tTNPs  NOUT, NGR1s AFLUX1s MSCRATe ISCRATs NDUMP REF

INTFGER TRG REF

npEAL I2 REF

REF

CARD HLOCK 1 KyX0(K) ¢ NFRE(K) A=1,NREG IreFl2ebe16 REF
REF

CARD HLocr 2 TRG (N) A=14NCON (1 CARD) 2413  REF
REF

CARD “Locr 3 HANO (1) 1=1,M01 6F12.7  REF
(oulr IF USING TAPE NDUMP AND KHT 6T, 1) REF
REF

CARD 3LOCK 4 PRI(ToJ) I=19T4M J=joKLNT 6E12.5  REF
(oMIT IF USIMG TAPE NDUMP) REF
REF

CARD 3LOCK S ABXS(T4JeK) I=14NCON J=14I2M KeloKLNT  6F12.5 REF
(0ATT IF USING TAPE NDUMP) REF

) REF

CARD LOCK 6 FIXS(I9JsK) I=1+HCUM J=191ZM K=)9KLNT  6E12+5  REF
(oMIT IF USING TAPE NDUMP) REF
REF

CAPD BLOCK 7 KZNS (1) (KLAPS PAIRS OF CARDS) 16 REF
1ZON(T4J) JE1 4 KINS (1) 2413  RLF

REF

REF

READ Tl THE IMPUT CATA REF
REF

THT = KNT ¢ ] EF

KLNT = KNT = ) REF

CALL INPH (KNT, NREGs KLAPSe THTHMAXs X0 'HFREe TRGe HMOs PHIs REF
) ABXS, F1lXSy KIZNSy 120N, TZM, Mply MLy DAY, IGMy [MJIM, REF
2 ISTARTs NCON, IDMTPS, 10y 11, [2, PHIPs PSI, AXSs FXSs REF
3 MATMNs HCLNs MZMNs NRIFLG ) REF

QEF
MAIN LOO® (CALC OF ATCM DENS OF CONSTITUENTS HAVING THE MOST RURNUP  REF
REF

DAYP = DAY#24,430004/10, REF

00 505 N=1,NREG REF

KZ = “1ZNCH) REF

X = KIT/NFRE(KZ) REF

IF (X:EQels0.0R.X0(KZ)4EQsle0) GO TO 485 REF

DIFF = 1,0 =" xeXalKk2) REF

IF(AHS(DIFF) LE.«005) DIFF=0,0 REF

IF (DIFF) 375,373,390 REF

315 KK=) REF
380 DIFF = DIFF + X0(K2) REF

— mh wh ol e ok ) ol = cad
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3KS

3490

3$5
400

409
al0

ns
420

425

430

43S

440

445

490
455

460
4ty
410

415

4ny)

IF (ASSIDIFF) oL Eee00S) DIFF=0.0
DIFP = AHS(NIFF ="X0(KZ)) o
IF (D1FP.LE..005) CIFF = XO0(KZ)

1F (DIFF.AT.0.) GO TO 385
KK = KK ¢ NFRE(KZ)

G0 TO 38y

ISTRT = KK

COCF = DLIFF

niFp X0 (KZ) - COEF
GO To 395
ISTRT = 1

COEF = X0(KZ)

NIFP = Xp(KZ) - COEF

ITENS = ISTR!

DN 415 I=1,1CoM

11 = 'IRIFLGIKZ,, 1)

IF (I1) 415440359410

CH(KZs1) = 0.

GO TO 415

CNIKZe1) = HNp(ID)

CONTIMUE

PHY = PHI(ITEMS,KZ)#lQ,#¢(=24)

DO 47 Ki=1lslp

N0 425 KN=19NCON

CrHP (K14KN) = CM{KLyKN)

D0 469 KKK=145

NO 46.) KN=14NCON

IF (HHIFLGIKZWKNI oEQef) GO TN 460

Ll = TATWIKN)

TEMPR=w (CH(KZaKIN) ¢CNP (KZoKN) ) # (ALAM( N) ¢ ABXS (RN 4K 2y ITEMS) #PHY)
IF (LI(KN)) 4359435,430

KK = LD(K'}}

KLH = MATH(KK)

TEMP2 = 1EHMP2 + ALAMUIKLN) #(CN(KZsKK) +CHP(KZ 4KK) )
NO 445 k=1,2

KK = LCMN{KN¢K)

IF(KK) 445964454440

TEMP2 =TENP2 + (ABXS(KK(KZsTTEMS) =F IXS (KK KZo1TEMS) ) #PHY® (CNIKZ,
TKKD & CNP(KZ9KK) )

COMT [HUE

DO 455 K=1,7

KK = LFH{KMK)

IF{KK) 4554455,450

TEMP2 = TEMP2 ¢ FIXS(KKyKZsITEMS) #PHY# (CN(KZyKK) ¢CNP(KZeKK))
CONTT IUE

CNIKZsKNY = CNPI{hZsKN) ¢ 0oS#NDAYPRTEMP?2

COMTI WUE

CONTI 1B

CONTI WE

ITEMS = ITCHS « 1

IF (UTENMS.GT.KNT) €0 TO 475

GO TO 42¢

DO 48 KN=]9NCON

OM(KZeFMY = Dil{RZIsKN) ¢ CM(KZoKN)#COEF
IF (T7G(KD) «EQet) CNIKZyKNI =N,
conTI e

IF(NIFPLLf ats) GU TO 505

COEF = pIFpP

REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
RFF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
nEF

109
110
111
112
113
114
15
116

77




78

445

440
445
00
505

2l

aNalaNa]

“ls

nen

2és

930

535

w4

niFp =

ISTRT = IJTRT + NFRE(KZ)
GO TO 395

N0 S0 KN=1sNCON

11 = HBIFLLGIKZ yKN)

IF (I1) 49094904498
ON(KZsKN) = (o

GO YO S0

DHIKZeKN) = X0 (KL #I2(1])
IF (THRGIK') «EQeu) CNIKZ9KN) = 3,
CONTTI HUE

CONTT. Uk

NO 51 Kz=1s1ZM

N0 510 N=1,NCON

CN(K/.’IJ) = 0:

CALCULATE AND PUNCF THE INPUT ATOM DENSITIES (12 RLOCK) FOR NEXT

RURNU" INTERVAL ANC PRINT REGION=RY-REGION SUMMARY

PRINT 515

REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
RFF

FOPHNAT (1H1e710X+77H REGION DISCHARGE AN CHARGE AND INITIAL COMPOREF

1SITINL FOR HEXT HBURNUP INTERVAL /7)
|8 GE
PRINT 520 TIK4V(IIK)

FORMAT (//3Xs7H HEGION I399H VOLUME= 1PE10,4¢7H LITERS /)

PRINT 5259 KNToINTyINT

FORMAT {(7X429H ELEVENT UISCHARGL FROM HBI 13+9X.
1RY 13'8Aq?3H IHITIAL COMPOSITION BI 13)

PRINT 530

14H CHARGE FOR

REF
REF
REF
REF
REF
REF
REF
REF

FORMAT (16Xe10H ATOM DENS,S5Xe9H MASS(KG) ¢5X910H ATOM DENSs5X99H MASREF

1S(KG) s5X+26H ATUM CENS MASS (K1§) /)
N0 56! [=1,Mn]

HNI(D) = 12(1)

IF (11(1).EQ.0) GO TO S0

IF (T1(1)-EQTNPUIS.ANDNREPDGFU,1) HNI(I) = HNO(I)
IK = To(17 ="up

TWFLAS = T1(D)

COEF = ATW(IIFLAG)#V(IK) /06023
IF(IK.EW IIK) GO 1C 535

1K = IIk « 1

PRINT 520 TIKyV(I1K)

PRINT 525sKNT4INTyINT

PRINT 530

DIS = Qo

CHG = (.

NO 545 N=14NREG

KZ = ‘iZN(y T

IF (KZ,LT.1K)} GU IC 545

IF (KLLGTLIKY Go T¢ ss0

DO 54 L=T4NCON

1F (MATN(L)-NE L[1IFLAG) GO TO S40
IF (TRG(LY.EQ.0) GC TO 550

DIS = DNI(KZSLY

CHG = X0 (KZ)4HNg(I)

CH(KZsL) = CHG

HNI(I) = HMITI) » CHG = DIS

GO TO 550

CONTI'IUE

REF
REF
REF
REF
NEF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
RCF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF

117
118

119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
1595
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174




54%  CONTI/IUE REF 175
550  TEMD = DIS*COEF REF 176
TEMC = CHG#COEF REF 177

TEMP = nNI(I)#COEF REF 178

PRINT 555 11FLAGICISeTEMDsCHGsTEMCoHN]T (1) o TEMP REF 179

$55 FORMAT(10Xy1294X9F100795X91PE10,454X90PF1)4T794Xy1PELINGG 15X REF 180
1 IPFIT o TeSXIIPE10,4) REF 181

560  CONTIVUE REF 182
d REF 183
¢ 72 BLOCK FOR NEA[ RURNUP INTERVAL REF 184
C ‘ REF 185
PUNCH S659¢ INT,LAY REF 186

56%  FORMAT (2Xe16H L2 RLOCK FOR BIsI13410H DF LENGTH oF6a195H DAYS ) REF 187
PUNCH 5709 (HNI(I)e1=19M01) REF 188

5/9 FORMAT (6F12.7) REF 189
PRINT §75¢ INT REF 190

575 FORMAT (11119/10Xs52H INPUT ATOM NENSITIES (12 BLOCK) FNR BURNUP INREF 191
1TERVAL  13//) REF 192

NO 58J I=1,M01 REF 193

KHO PRINT SHSelel1Q(I)oI1¢1) 4yHNILD) REF 194
BHS  FORMAT (SXe2HI= g 1343Xe3HTO=e 1293Xe3HINTT 4 I34,3X¢THI2 (1) =,F10.7) REF 195
C REF 196
c REGIO-1 COLLAPSING (VOLUME AVERAGEN) REF 197
C REF 198
1F (KLAPS) 665,665,590 REF 199

Sy0  PRINT 595 REF 200
945 FORMAT (1H1+10Xe87+ REGION CULLAPSEU INFORMATION FOR ELEMENTS Tao RREF 201
VE REFJELEDN /) REF 202

DO 66° 1=14KLAPS REF 2903

TOTV = 0. REF 2064

KK = KZns{(I) REF 205

DO 60 R=1,y4KK REF 206

KZ = 1ZOM(I4K) REF 207

600 TOTV = TOTV ¢ V(KRZ) REF 208
PRINT 605 Ty (IZ0N (14K} 9oK=1,4KK) REF 209

505 FORMAT (//5X920H REGION COLI.APSE MUe 13,134 FROM REGIONS 2413) REF 210
PRINT 410 TOTV ' REF 211

6ln  FORHAT (/ 8BXe211 VCL AFTER COLLAPSE = 1PE10.4+8H LITERS /) REF 212
PRINT 615 REF 213

15 FORMAT (10Xs BaM ELEMENT COMPOSITION AT EnD NISCHARGE FrOH  REF 214
1 CHARME FOR INITIAL COMPOSITION REF 215
PRINT 620y KNTy KNTy INT, IMT REF 216

h20 FORMAT(22Xs TH OF BI 41245Hy KGes Bry 4H BI 412,5Hs KG,s5Xe4H R1 +REF 217
1 1245y KG, ¢5X48H FOR Bl 12451, KG. /) REF 218

DO 64 N=14NCON REF 219

DIS = 0. REF 226

CHG = 0. REF 221

TENF = v, REF 222

TEMI = 0. REF 223

LN = “ATNCH) REF 224

NG 629 K=1l,KK REF 225

KZ = IZ20N(T1¢K) NEF 226

NIS = NIS « DNIKZSN}®Y(KZ)/TOTV REF 227

CHG = CHG & CHIKZINY#VIKZY/TOTY REF 228

I1 = HRIFLGIKZ4N) REF 229

IF (TI) 2546254024 REF 230

HhRe  TEMI = TEND ¢ HNL(ITI#V(KZY/TOQTY REF 231
TEMF = TFEMF o I2011)#VIK2Z)/TOTV REF 232

79



80

nes

6H3e

[aNaXaXaXe]

35
vun
645
hS0
h5S
bAY

hhS

higQ

OO

IS

nan

L

690

h45

700
oS

1

1
2

CONTT IUE

TEMF = TENF*TOTV®ATW(LNY /6023
NIS = NIS*TOTVeaTW(LNY/,6023
CHG = CHG#TOTVeATW (LN /,6023
TENT = TENT#TOTVATWILN) /,6023

PRINT 630» LNy TEMF, DIS, CHGy TCHI
FORMAT (13XeI299XKs1PE1044e11Xel1Pl10e496X01PELGe4s Xy 1PELULS)

PREPARE AlD PUNCH CHARGE AND DISCHARGE. MASSES FOR FURTHEK
ECONOIICS ANALYSIS (IF DESIRED), FIRST NECOP COLLAPSES wiILL

RE PUI'CHE".

IF (1.GTLHECOP) 60 TO 635
NG(I,y N = nNIs

CGiTytl) = CHG

CONTI'IE

CONTI IUE

IF (1.GT.HECOP) GO TO 660
PUMCH 665 TeKNT

FORMAT (2X95H CULLAPSE 12+18H UISCHARGE FROM BI 13)
PUNCH 654y TNGLI*N) ¢N=14NCOH)

FORMAT t6F12.44)
PUNCH 65%s s INT

FORHAT (2X99H CULLAPSE 12144 QHARGE For BI I3)
PUNCH 650 (CGLLIvN) gN=]1yNCOH)

CONTHUE
CONTIVIUE

IF (NCCOP.LE.KLAPS) GO TO 675

PRINT 670

REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF

FORMAT (1H194HH # # & NECOP IS GREATER THAN KLAPS = ERROR # @ #/,/)REF

MASS SUMMARY FOR ENTIRE REACTCR

NO A8 K=1leML
COMPOiK) = 0.
DISCHG(K) Ue
CHARGL (K) e
DO 685 1=1+M01
IK = Tg(I) - Mp
K = T1(l}

coMpoiry = COMPO(K) ¢ HNI(L)#VITIK)#*ATW(K) /46023

NO 69> Ke=lylzn

DO 69" N=10N§OH

Lt = SATNIN)

COEF= V(KZ)#ATWILN) /46023

CHARGE (LN) = CHARGE (LN) + CH(KZ,N)#*COEF
DISCHG(LN) = DISCHG(LN) + DHI(KZ,4t1)¥COEF

PRINT 69S+KNTeItilsINT

FORNAT (1H1 +3%91RH CISCHARGE FHON Bl 13,16Hy CHARWE FOR HI 139
298 AND INITIAL COMPOS, FOR HI 13414H IN KILLOGRAMS //)

DO 700 I=1leML

PRINT 705s IyHOLN(I)4DISCHG(I)sCHARGE(T) +COMPO(T)
FORMAT (SXs8H ELEMENT 1392X9A9+3Xs18H TOTAL DISCHARGE = 1PElleé.

3X¢15H 10TAlL CHARGE
1PE11.4/)

RETURM

END

1PE11.4¢3X924H TOTAL MASS IN REACTOR =

REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF

233
234
235
236
237
238
239
240
2641
242
243
244
245
246
247

24BA

2488
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
266
265
266
267
268
269
270
271
272
273
274
275
276
277
218
279
280
281
282
283
284
285
286
287
288
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SURROUTINE“INPR (KATe+ NREGe KLAPS,

XSy FLIXSy KZNSe 1ZON,
ISTAR" NCONy IDMTPS,

10,

3 MATMs HCLNs NZNs NBIFLG )

NIAENSION  X0{1) v NFRE(1)s TRG(1)s HNO(1)s PHI(INTMAXyIZM)
ARXS (CNCON TZMy INTMAX) o FIXS(NCONSTZMe INTMAX) s KZNS (1)
IZON(KLAPS,iZM)y Tp(1)s I1(1)%
AXS (v IZMY e FXSIMLoIZM) s MATN(1)y HOLN(Y)y NZN(1),

NBIFLG(IZM4NCCN)

COMMD'I  NINPs  NUUT, NCRls NFLUXIL,

INTEGEZR TRG
RFAL I2

11s 12, PHIPy PS1, AXSe

T2(1) s PHIP(1)y PST(1)y

MSCRATs ISCRATy NOUMP

FXS»

THIS SUBRNUTINE READSy PRINTS ANN PUNCHES INPUT DATA FNR REFUEL

INT= <NT + 1

KLNT = KNT = 1|

FORNAT (16,F12,551¢)

IN =

N0 15 I=19NREG

READ (NINP4S) Ke X0(K), NFRE(K)
KNF = NFRLAK)

IF (Mnn(KHTyKNF).NE.U) GO TO 10
IM = IN « 1 ’ ’
MZHLT ) = K

GO T 15

XQ(K) = ys

CONTI UL

NREG = IN

CALL TRIG (TRGWNCUN)

FORMAT (2413)

TF (I5TART.E9.3) GC 10 30

READ (NINF 3257  (HAQ(J),y JS1,4M01)
FORMAT {6f 12.7) '
GO TU 40 -

CONTI ILE

DO 35 IIG=1e1GM

READ (MNOUMP)

READC IDUNMT) © (HNN (YY) 9 J=14MO1)
CONTI IME

IF (KLHT.FQ.0) 6Y TO 65

IF (104TP5.00,1) 6¢ TO 85

00 45 T=1sKLNT

READ (ITNP o SG) (PHL{Tgd) e =112V}
FORMAT (6E12.5)

GO TO &%

NO 69 I=19INTHAX

READ (MOUMIP)  (PHI(TeJY,y J=1e14H)
CONTI WE

PO 7C J=1s1d0

PHI(K ITed) = PHIP L)

IF (IPHTPS,EQ.1) GC T0 100
PUIICH 754 KRNI

FORMAT (2X95H PHI(  1243H4J))
PUNCH S0 (PHI(KNToJ)oJ 1e1ZM)
IF (KLNT, Fo.ﬁ) GO TO0 129

N0 #5 K=19KLNT

no gn J=1e14M

INTMAXs X0s» NFREs_ TRGs nNo.PuI.zupR
I4My"M01y ML DAYy IGMe IMJIMs

IN

INPR
INPR
INPR
INPR
TMPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
{NPQ
INPR
INPR
INPR
INPR
INPR
IMPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
IMNPR
INPR
IMPR
INPR
IMPR
INPR
INPR
INPR
INPR
TNPR
INPR
INPR
THPR
INPR
INPR
IMPR
THPR
{NPR
THPR
IMNPR
INPR
TMNPR
INPR
TNPR
INPR
IMPR
IMPR

VBNV & WN—
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82

1]
HS

9o
L L]

100
105

115
ten

125
130
i35
tag
La%
150

155

[aNaNal

L60

165

1ro

175

§.11]

(aNaXa]

185
194

195
200

REAN (MINP459)
CONTTUUE

NO 95 K=]9KLNT
DO 9C J=1e1ZM
READ (MInP4S0)
CONTI.E

GO T9 120

IF (KL IT<ENGN)
NO 11 K=1,4INT
NO 11 J=l,y1l4M
READ (HDUME)
DO 115 k=1, INT
DO 115 J=l41ZM
READ  (NOUP)
PO 13° J=lelgM
DO 123 [=1,HCO
ARXS (T JeKNTT
FIXS(IyJoKUTY
CONTI IUE

1IF (IONTRSEN,
PUMNGCH 13Ss RNT
FORMAT (2K 1 0OH
00 14° J=lel204
PUIICH Sus {(ABX
PUICH 14%s KNT
FORMAT (2x910H
NO 15 J=lelizn
punicH sos (FIX
GO To 18¢
CONT U IIE

WRITE INFORMAT

REWTIND NI)IMP
DO 164 I=l,lGM
REAN (ISCRAT)
WRITE (NDUNP) (
WRITE (NOUMP)
No 165 I=1,INT
WRITF (OUIIP)
DO 17 . K=l,INT
DO 17 J3VeT2ZM
WRITE (NOU'IP)

(ABXS(I4J9K)y I=14NCON)

(FIXS(TgJeK)y Iz]eHCON)
GO IC 120
MR

(AHXS (1eJdgK) e T=19NCON)
MAX

(FIXS(IedyK) e I=1enCON)
H

= AXS(Iyd)

= FXS(14J)

1) GC 10 15%

ABAS(TeJs  I2e2F) )
STyl gKNT) 4121 ,l'\SON)
FIAS({IeJds 12s2F) )

S(Is eKNT) »I=1sNCOM)
10N CN TAPE (hHOUMP) IF DESIRED

(POTLJ) sd=14 IMUM)
PSLIYY odx] 4 IMUM)

(ENQ (1) 9 I=1eHp 1)
HAK
(PHLILT o) 9J=1s12M)
MAX

(ABXS (I eJoeK) o I=) ¢NCON)

NO 175 Kz1l,INTMAX

NO 175 J=1s14M
WRITE (tlLUMP)
REWIND NpuHP
CONTI.ME ;

COMPLFTE READI

IF (KLAPS) 200
NO 195 I=1sKLA
READ (-1INP#190)
FORMAT (16)

KK = KZNS(D)
READ (NINP220)
CONTI'IUE

(FiXS({TeJeK) ezl eNCON)

NG OF INPUT DATA
12104185

ps”
KZNS (1)

(LZCN{T 0 J) sJ=19KK)

INPR
INPR

TMNPR
TNPR
IMPR
[HPR
IMNPR
INPR
TNPR
INPR
INPR
INPR
IMPR
INPR
{NPR
THPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
[NPR
TNPR
[tIPR
TNPR
INPR
TNPR
INPR
INPR
INPR
INPR
INPR
INPR
PR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
IMNPR
INPR
INPR
INPR
TNPR
INPR
ITMNPR
INPR
INPR
INPR
INPR
INPR
IMNPR

S9
60
61
62
63
64
65
66
67
68
69
70
71
72
73
T4
75
76
17
78
79
80
81
/2
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
91
99
l1g0
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116



(ol alel

210
4%

2¢90
225

215

240
245

255
2600

265

215
10
2rs

90

245
300

08

30
315

INPR
PRIMT THE INPUT UATA IMNPR

’ INPR
PRINT 210s DAY INPR
FORMAT (////10Xy20H LENGTH OF BURNUP INTERVAL+F6,1e6H DAYS) INPR
PRINT 215 ' INPR
FORMAT (1'119//1Y4933R CLEAN FUEL ATOM DENSITIES,HNO(I) ///) INPR
DO 227 I=1lsM01 INPR
ORINT 225y Iy [3(I3s T1(D)s HMp(I) INPR
FORMAT (SX92HI=9139SH 1p=eI2454 1I1=412416H CLEAN DENSITY=F10,7) INPR
PRIMT 23us KNT INPR
FORMAT ()11+4/10Xe35H REFUELTNG NATA FOR HIRNUP INTERVAL 13//7) INPR
PRINT 235 INPR
FORMAT (15X 38H KEGION  REFUELIMG MO«OF INTERVALS /o 1NPR
) 24Xs  31H FRACTIONS RETWELH REFUELINGS /) INPR
DO 242 1=1,NREG 1NPR
K = 1425 (1) IMPR
PRINT 245e Ko X0(K}y NFRF(K) INPR
FORNMAT (18X91244K9FG,5,12X912) IMNPR
PRINT 250 ) INPR
FORMAT (///15Xe6%H ELEMENTS (DUR!ABLE ISOTOPES) Tu BE REFUELED TN INPR
Y THE ABOVE REGIONYD /) INPR
NO 26 nN=1,.0ICoN (MPR
IF (TG () WEQ,0) 66 TO 260 INPR
LH = HATNND INPR
PRINT 255+ LNeHULN(LN) INPR
FORMAT (2rXs9H ELEVENT 51293XeA09) INPR
CONTI'HUE TNPR
PRINT 265 INPR
FORHNAT (141s/710X989H ZONEs GROUP AVERAGEU ABRSORPTION X~SECTIONS FOINPR
1R BUR'IAGBLE ISOTOPESy ABXS(leJdeK) KSKLHTWKUT ///) TNPR
N = KLNT b [MNPR
TF (KLHT.PQ.0) =1 TNPR
NN o= ¥NT INPR
DO 289 K=ityMNN INPR
PRINT 270 K TMPR
FORMAT {/74Xy19H BURNUP INTERVAL K= 13) IMPR
NO 27% J=le1214 ‘ IMPR
PRINT B0y Je (ABXS(LedyK) 9 I=1eHCON) INPR
FORNAT (6Xy 8H REVICN «12/4(10F12.4)) INPR
COMTI HIE ' INPR
PRTNT 290 INPR
FORMAT (1H1e//104983K ZOMEs GHOUP AVERAGED FISSION X=SECT FOR RIRMINPR
1ARLE TSOTOPES, FIXS(IedgK) e K=K NTokNT ///) PR
N = kiLHT i INPR
TF (KLHTL.IN.0) W=l INPR
Mt o= KOT TMPR
NO 30 K=lglNh TMNPR
PRINT 270s K TMPR
PRINT 28Cs Jo (FLIXS(19JeK) s IS1aNCON) INPR
CONTIME INPR
PRINT 305 INPR
FORMAT (1'14710K95GH AVG FLUX USED IN PREVIQUS EIGHT RURNUP 1NTERVINPR
VALSy PHldTe ) /77) INPR
NN = KT = 7 INPR
IF (141} 31543159320 INPR
NI = f1p]+) INPR

17
118
119
120
121
122
123
124
125
126
127
128
129
130
13
132
133
134
135
136
137
138
139
140
161
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

83




84

320
3¢S

430
435

aXaXs)

lan
345
390

%5

360
365

GO _TO 31 NPR
PRINT 325y (JyJ=NNyKNT) {NPR
FORMAT (10X98(6H PFI(y12,6H¢Jd) Y/ TNPR

NO 330 J=lylZM IMNPR

PRINT 33Se Jy (PHI(T0J) ¢ I=NIHaKNT) 1HPR

FORMAT (2Xe2HU=91294X¢B(E124502X)) INPR

INPR

TAG THE RURNABLE 1SOTOPES Itl THE M0l ARRAY INPR

INPR

N0 35 I=l.HMu}] INPR

IK = Igtl) - L IMPR

11FLAas = 11 INPR

NO 345 k=1yNREG TMPR

KZ = HIN(K) THPR

1F (Kl.l.i:IK). GO TC 345 INPR

IF (kZ.6TSIK] Go Tc 350 INPR

PO 342 n=Y+MNCON INPR

LN = MATN(MD IHPR

IF (L1.NESIIFLAG) GO TO 340 THPR

NRIFLA(RZeM) = | -IHPR

CONTTI Ik ItPR

conTlliue e

CONTTIVE THPR

PRIMT 355 INPR

FORMAT (1H14//1GX94SH 1 VALUES 1M 101 ARRAY THAT AWRE HURNARLE ISaTOINPR

1PES /1) THNPR
N 37. K=14NREG 1MPR

XZ = JIN(K) TMPR

O 364 N=1yNCON INPR

PRINT 365y MNBIFLGIKZeN) yKZoteMATH(N) INPR

FORMAT (5X92H1z41343X99H REGION = 1243X,134 BURN 1S0 N0« 1243X, INPR

1 l2n FLEMENT NCo I2) IHPR
CONTI It 1PR

RETUR ) IMPR

EHD . INPR

175
176

177
178
179
180
18}
182
183
184
185
186
187
188
189
190
191
192
193
194
195
195
197
198
199
200
201
202
203
204
205
206
297
208
209



APPENDIX C

SAMPLE PROBLEM

In this section, the printed PHENIX output is shown for a Search + Burnup - keff

(2 groups, 4 regions).

v o &« # PHENIX & & » ¢

CARDS 1 AND 2 (10 AND TMaX)

PHENIXY EXAMPLE / 2 GROUP 7 ARGONNE CODE CNTR SAMPLE REACTOR
St ARCH=BUR' '=KEFF =REFULL
tMAX = =", HIN:

CAFD 3 Data 1216 FORMAT

1GF GEUNETRY (n/1/2 = X=Y/R=Z/R=THETA)

1ZM NLMBER NF MATERIAL Z0MES(REGIONS)

8L LE# | HOUNDARY CONDITION (0/1=VACUUM/REFLECTIVE)
IBR RIGHT ROUNDAQY CONDITIUN (SAME AS IAL)

187 TCH ROUNDARY CONDITIOM (SAME AS IBL)

1B8H RC11IOM ROUNDARY COND., (SAVME AS IBL)

1EVT ETUENVALUE TYPE (1/273=KEFF/CONC/DELTA)

IPVY PARAMETRIC EIGENVALUE TYPE (1/2=NONE/KEFF)

M NUMHER OF RADIAL MESH UNTERVALS
JM NLMsER OF AXTAL MRE3H INIERVALS
12 NCe OF RADIAL ZOMES (DELTA OPTION ONLY)
JZ NC. OF AXIAL 20MES (DELTA OPTION OMLY)

CARD 4 DavaA 1216 FORMAT

1GM NUMHER OF GROUPS

ML MUMBER OF INPUT HATERIALS

1csy CRUSS SECTIO ! TYPE 11/2=TYPE1/TYPE2)

THT PCSITION OF SIGMA TOTAL IN X=SECT TARLE

IHS PCSITION OF SIGMA SELF=SCATTER IN A=SECT TARLF

ITL CRUSS SECTIO!! TABLE LENGTF

IXSEC RE&U X=-SECTS FROM TAPE (0/1=NO/YES)

MO1 TCTaL NO. OF MIXTURE SPLCIFICATIONS

0ITM  MAX NO, OF OUTER ITERATIUNS ALLOWED

IITH  MAx NO, OF T.NER ITERATIUNS ALLOWED PER OUTER ITER,
MSHSWP LINE INVERSING NIRECTIVUN (1/2/3/4=ALT DIR/RAD/AX/CODE DECINES
ISTAnT FLUA GUESS (:/1/2/374=NUNE/CARDS/CARDS/TAPE/SINUSOID)

CARD 5 DATA 316 FORMAT

IREF BURNUP/REFIIEL,. COUTROL (u/1/2=N0 BURNUP/BURNUP 0N Y/BURNUP AND REFUEL)

NBSTP  HLmMeER OF BURNUP TIME erps IN A HHRAUP INIERVAL

IFS PERFORM FIHAL SEARCH (01 = NO/YES)

NPOIs  MALERIAL Hoe OF COMTROL PCISON

MWNT CALLULATE puPnup INT MwU/T (0/1=NO/YES)

IPFLX  PUNCH FLUX DUNP (8/1/22N0/FLUX BEFORE BURHUP/FLUX AFTER RURNUP)

IPRIN PRLINT CONTROL (1/2/3=FULI. PRINT/FULL PHINT FOR pAY=(g ONLY/PARTTAL PRINT)

IDMTPS PRERFARE DATA DUMP TAPE (0/1=NO/YES)
CAKD & DATA 6512.4 FORMAT
EPS EIGENVALUL CONVERGENCE LRITERIOM

SRCRT NEUIRON SNURCE RATE (FOR NORMALIZATION)
POWR  REALTOR POWER (MWT) (FOR NORMALIZATION)

ORF OVERRELAXATION FACTOR ,
FLXTST TAwER TTERATION FLOX TEST (O0/EP=EPS/EP FOR TEST)
PV NESIRED VALUF OF PARAHETHIC EIGENVALUE (SpARGH oHLY)

+ Refuel calculation

——
QOXT~NNNOOOOr &~

—

QW
s OC OO ~NOEINON

—

—
OND—OO~N

1«0000E~04
Ve
3.0000E+02
1+5000E+00
ite

1.0000E+00

85



cakl) 7 DATA 6l.1Z2.4 FORMAT

EPSA  PANaAMETRIC EIGNVALVE CUNVERGENCE CRITERINN(SEARCH ONLY
EV INIV1AL EIGE'IVALUE GUESS (SEARCH OHLYT

EVH EIGENVALUE nIPTFIFR (SEARCH ONLY)

EVy ETGENVALUL )ESS FOR 2til) AND ALL OTHER SEARCHES

XLaL LAaMBIA=1 LOWEp LINMIT (SLARCH ONLY)

XLAH  LAmpbA«) UPPTR LIMIT (SEARCH ONLY)

CAKD M DATA 1244 FORMAT

PON PAKAMETER OSCILLATION UAMFER (SEARCH ONLY)

LAST= 4073
TEHMPQRARY STORAGE FOR CROSS StLUTION REARRAMGEMFrIT= 367

86

1+0000E-03
-140000E-01
~1«0000E=01
Ve
50000E-03
S+0000E~01

1.0000E+00



(8

PHEMIX EXAMKLE / 2 G20UP /7 ARGUNNE CNHDE CNTR SAMPLE REAUTOR
SEARCR=RURN=KEFF=REF!ICL )

MESH pOULNCARIES (Ry/. 0=HADTAL PUINTS/AXIAL POINTS)

+13333E+02
-80000f+02

+80000L*0)
.55000E+02

RADTAL FLUX/TOTAL AXIAL

<9T420E400
<42331E+00

<50000L¢GO
81915k +n¢

S e P P e PN SN

1 I¥UN
2 CHUM
3 NICK
4 N&
S Pua
6 Fun
7 L238
8 Cxy
9 Fru
10 P=ln
R 18
Oe o666NHTE+ ]
s66667E¢02 J73333E¢02
) Zn 19
Oe «4N0NOCF*01}
«4S0QNEeQ02 +S00N0E*02
FLUX GUESS (RF/7ZF=TTAL
RF 17
¢998GBE+( 0  L,99C69E*Qn
«STEERE+CN  +5OQNOE*DD
2F 18
0241Q2E+(0 «3IT4O1E+QO
¢96593E+in  L9n6I1EYND
ZONF. NUMRERS HY MESH INTERVAL
VO 306
2 2
2 ¥4
2 2
4 4
2 2
I ?
2 2l
? 2
[ 4
1 )
4 4
i 1
1 1
1 4
1 3
4 4
1 ]
\ )}
1 1

«2N000F 2
«8600NE+G2

«12000E462
«60000E+C2

<94964F 400
<36TTRE+00

e H1566F+0¢
«T1934E4%0

S rt i et B i = PPN EN

2266678402
<92000k+02

+16000€+02
+640C0E+02

Frux)

291721E+00
+26980E+00

2 71934L400
+61566E+00

D e bt et et Bt s BN BERNNNN SN

+33333€+02
+98000E+02

«20000f+02
«68000FE+02

+87718E+00
+19007E+00

«81915E+00
«50000E+00

S P P P~ NSV NNNN SN

«40Go0Een?
+10400Een3

+25000E¢02
«72000E+02

«82930E+00
«10906E+00

«90631E+00
«37461E+00

it Pt et bt e Pt e e NI SN PFNIN SN

«4666TE+N2
¢11000€+03

«30000E+02
«T6000E+02

«T7S571E+00

+96593E+00
«24192E+00

_ s P rs s e s P B NPENPNNNIN

.53333b+02

«35000k+02
«B0000OE+Q2

«71511E+00

«99619E 400

—_—— D DN e s S S NNTIENNMIN

«60000E*02

«40000E+02

+64858E+ 00

«99619E+00

—— P Pt B = NNNSNSNN



88

| 1 1 1 1 i 1 1 1 4
4 4 4 4 1 1 1 1 1 1
1 1 1 1 1 1 4 4 4 4
4 3 3 3 3 3 3 3 3 3
3 3 3 4 4 4 4 4 3 3
3 3 3 3 3 3 3 3 3 3
s 4 4 4 4 3 3 3 3 3
3 3 3 3 3 3 3 4 4 &
4 4 3 3 3 3 3 3 3 3
3 3 3 3 4 4 4 4 4 3
3 3 3 3 3 3 3 3 3 3
3 4 4 4 4 4
MATERTAL MUMBERS BY 20ONE
ve 4
11 12 13 14
FISSION SPECTRumM
K7 2
+99234E400 +T76570E=p2
MIXTURE SPECIFICATIONS (In/11/123M1X NUMBER/MAT. NUMBER FOR MIX/MATERIAL DENSITY)
10 36
11l 11 11 11 11 11 11 11 1! 11
11 12 12 12 12 1?2 12 12 12 12
12 13 13 13 13 13 13 13 13 13
13 14 14 14 14 16
11 36
0 “ 1 ? 3 5 6 7 9 8
10 0 4 1 2 3 5 6 7 9
f 0 4 1 2 3 5 6 7 9
] 0 1 2 3 4
12 36
O e12733E=01  L1N033E~C1 L,25797E=02 +16131E=02 +2]1241k~02 ,30220E~N3 ,293STE=02 0. +10730E-01
«S50000E-03 o, ¢12733L~01 ,L10033E~01  +25797E~02 +16131E«p2 0, 0. «53735k=p2 0.
210730E-0) 0, «12733E~01 L10033E~01  +25797t~02 «16131FE~p2 0. 0, «53735%k~02 0,
+10720E-Q1 0. +81738F=02 .21016E=32 13142602 ,19220E~()
13 36
Qe O Te Oe Oe Qe Oe Ne [ ('S
«10000E+01 0. Og Ne 0: 0! Ne Qe 0. Q-
o. Qe LY [V 0o [/ 0. Je O 0'

Oe 0. 0. 0. 0. 0o



™ > XD

=RFFUEL

- & 2.
< *

N e R R WKV W
NN NN R) bt ot o bt it e 1 ) D (D L L)
RV IV I VY I R I R N W W R W W)
NS N NN o o ot ot st e e W W W W
NNV N ot e ot e e e ) )W W W
VNN~ = e e s W W W W W
I NI DI T o 2t gt ot ot 2t vt 0t 0 0D LS Wl )
PIN N NI e s e 1 1 e o () () G ) )
PO N NN 2 e bt pet et et s e () L) WD WD
0N N AL A ot o ot e o s 1 G G L W
TN NG N N et e vt ot st s e =2 Ly %) LD WD W
NN TN P et st et et e e = () L) WD W
O e N o o A W Y
F Y N A AN N Y I N

N A W N A A Y W P
R R R I IR P R K R P R
sEPPEPPPEPEPESNPEEPEES

RADTIAL

™ > re X >

121313L313131313131213131414141414
1212121313131313131313131414141414
1213131313131313131231313141%141414
1312134313131313131313131414141414
13121313131317313131313131414141414
111110 00003111111131111114141414104
11111000 3010111111111111414141414
T11101 80V 1991311712211111141414)414
T11007E10 v 1211111111i011414141414
11100101 13100141111021414141414
T11100401111111011111111414141414
111110 0039111131114)11111414141414
TILLR1000 11100 1111111111416e141414
1212121212121212121212121414141414
121212121212121212121212141414146414
12121212121212121212121214141414146
12121212121212121212121214141414146
12121212121721212121212121414141414

RADT AL

PR IR

DIRECTION OF LINN INVERSION = ALTERNATING NIRECTION

£ R 80P / ARGOUNE CODE CNTR SAMPLE REACTOR
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O O~No- NS W

I'TME = 0.000UAYS

MIXTURE NUMBER MIX COMMAND MATERTAL ATOMIC DENSTTY NTRIG
1 0 0 0
1) 4 «12733000E-01 0
1 1 «1803300nk=01 0
1 2 «2579700nE=02 n
n 3 «16131050E~p2 0
1 ) «21241000E=-02 1
n 6 «30220000E-03 ]
1} 7 .2735700nE-02 ]
1 9 0. 0
11 8 «137300unkt=01 n
1 10 «5300000nk-03 0
12 0 0. 0
1 4 «127330UnE=-01 0
e i «10033000E-01 0
12 2 «25797000k=02 n
12 3 »16131000E=p2 0
1 5 0. 1
12 6 0, 1
12 7 «53735004F=02 1
e 9 0. 0
12 8 «10730000E=01 0
13 o 0. 0
14 4 «12733000E=-01 0
13 i «1003300rE=01 0
13 2 +25797004E-02 0
13 3 «1613100aE=02 0
13 5 0. 1
143 ) 0. 1
13 7 «5373500nE~02 ]
13 9 D, 0
13 8 +1073000nE=-01 0
14 0 0. o
14 1 «8173800nkt=02 0
14 2 22101600nE~p2 0
14 3 «13142000E-02 0
14 4 +1922000nE-01 0




CR
GROUP

MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT

14

GRQUP

MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT

—
DN D ND NS LN

—
—

s s
S wng

05S5-SECTIUN

1 C~oss éerIows

Ne QQ73£-02
00 0410()[-."02
e .?X7F-()1
Oe .ﬂO?F 03
ol6NE+NY -176'001
«4Y92E+00 <6797.400
«hS3E=n] 2177 +0D
Qe 0117r )2
Qe n300r‘01
Oe :143f001
«373E=-n2 -529? =02
e 391E-03 .12 28l =02
e391E«n3 .]Zar -02
Ne .919r 04
2 Cw0Ss=SECTIONS
Oe 13lOE 01
Oe 1603“'01
Qe 220001
Ne 171F.=02
WPRPEen} 4270401
W904E=]) .111'.01
e LNNE=49 .aHZrooﬁ
Oe Ne
Ne <499L=0n2
O .Sﬁuloﬁl
«602E=n2  <13al-41
«H3ITE-S2 «3015-02
«537E=%2 .3,17 02
Co '““?'-03

Us

)»

Ue

0-
24T73E+01
«1€1E+01
I183E+00

ve

0.

ve
«110E-01
.986E-03
-9865-03

Use

Us

ve

Us

Vs
<B11E+n
:2605¢00

U:

<173E-01

.2675001
L235g+01
0336E001
<301E+0!
0735E001
CT56E+01
-74“F‘Gl
<305E+01
<30CE+01
.369E001
<15S1E+0D
<149F+00
.l“gE‘OO
.8915—01

+541E+0]
.454E‘01
.1‘85002
-555E‘01
<164F (2
.155E602
0117E*03
-345F001
027"F*01
«658E+01
C2T6E+00
.26£E*00
“PGPE+00

:1915400

«261E+01
«?33E¢01
0326E001
.291E00l
«55TE+D!L
«6H(CESO]
+T7T10E«0D)
0291E001
0.
«222E+01
«142E+00
«144E«00
ol““E‘OO
.HbSE-Ol

«537E+01
WG44RESD]
.15“5002
«85%E+01
«121E+02
01“4E‘02
112E402
«34BE+01
0269E001
«108E+Q1
«262E4+00
«299E+00
«259F+ 00
olblE’OU

+590E«01
«201E=01
«708E~01
+«972E-0}
«436E=01
«817E=01
119+ 00
«131E+00
0.
c351£‘01
«404E~-02
«404F=0¢
«2409E-02

91



CINCUITWR—~S

— et et et
Wh—

ETGENVALUL
SLUPE

=.10153142L+02
-.10153142L4+02
~.10153142E+02
-.191531421+402
~.10153142L+02

EIGENVALUE

~+10000000E+N0
~+10000000E+n0
=+10000000F+00
=+10000N00E+ND
~«10000000E+H0
=+10000000E+09
=¢10000000E+10
~+20000000E+00
~¢20000N00E+00
+46149150E=01
+46149150E-01
+66932114F =01
069774137E-01
«T7C511256E=01

ILAMBDA

0e
«9R0GTST2E+00
«1000%8%2E«01
«10067641E+01
«10105221E+01
«10125627E+01
«10137181F+01}
«1n0143945F+01
«1023715SE+01
«10242436E¢0)
«1N019617E+D1)
«1002)469E+01
e 11002799E+0)
«1000)726E+01

THESE ARE (HE DESTRED aTOM DENSITIES OBTAINED FRUM THE CONC SEARCH Tn GIVE A PARAMETRIC
VAL'IE OF PVx 14009000
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FECION= 1

MATERIAL=1Q

MATL ATOM UENS=

« 0005353
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FItAL NEUIHON RALAMNCE TARLE

GROUP

-
—~Oo VTN SHWN -

e e ol ol ol
VT~ W

FISSION SOURCYH  11=SCATTLR

7e235F«19 e
1.4%56FK«+17 9.128§‘]H

2.554E419  9.328E418

RahI1

Be U0

(6567
13.3333
20,000
26,6667
33.3333
40,090
4k, 6047
53,3333
6040500
66,6267
73,3333
804000
86,0 00
92,000
98.0'!00
104,000
11040000

OUT=SCATTER

9.32R8E+18
3,ATTE+LS

9.331€+18

AVG RADII

3,3333
10,0000
16,6667
23,3333
30,0000
36,6666
43,3333
50,0000
56,6666
63,3334
70,9000
76,6666
83,0000
R9,0000
95,0000

1n1,0000
107,0000
6,6667

ARSORP T LOF) Le Lo

2.395C+ 11 R
62991018 0.

16396419 R

AXI1

01,0000

44,0000

8,0000
12,0000
16,0000
20,0000
25,0000
30,0000
35,0000
40,0000
45,0000
50,0000
55,0000
60,0000
64,0000
08,0000
72,0000
76,0000
80,0000

Ry L

1.56nE+18
6.056E+17

2,166E+18

AVG AXII

2,0000

6,0000
10,0020
14,0090
18,0000
22,5000
27,5090
32,5090
37,5000
42,5090
47,5000
52,5000
57,5000
62,0010
66,0000
70,0010
74,0000
78,0000

4,0000

Te Lo

2+531KE+18
9.617H+17

3,492F+ 18

He L

2+531F+18
9.617E+17

3.,493E+]18

TOTAL LEAKAGE

6.621E°18
2.529E+18

9.150E>18
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[
o OO NGCU W -

P S el
o~NONHsWN

DTNV S WN W

-
-0

Pt Gt Pt Bt Bt Bt et
D~NOWN S W

1
«5422699E+15
«88QYSTARE1S
e1266603F+16
«1700074E+16
02204448E+]16
«2879612E+16
«346035R8E+16
«3816439E+16
«4(0nT76TVE*10
«405750nE+16
2 3856524E+16
«3460495E+16
«2879783E+16
«22N4638E+16
«17100266E+16
«1266786E+16
«8861134E¢15
«5423971C+15

6
«4290574E+15
«TCOYSUGE«S
«1002046E¢16
«1344912E+16
«1763859E+16
«2271936F¢16
«2737176E¢16
«3050297E¢16
«3209169E+16
«3209153F¢16
«3C9N248E¢16
«2737199E+16
«2271861F+1p
«1743786E¢16
e134484RE+16
«1001994E+16
«7C0%037E«15
«4290313E¢15

FLUX FOR GHUUF 1

.53»]4‘7&‘]5
T873u018E15
T1248069E+16
S1675188E+16
T21721€1E+16
-28374z4E416
-34UV6=05016
<3799915E+16
<3997992E+16
T399H014E4+16
T3799981E+16
T34y978TES 16
12837559E+16
.21723¢3E+16
$1679326E416
12482028 +16
<8731082E+15
+5344386E+15

7
+3872552E+15
J63202¢1E+15
29042931E+15
.1213620E+16
+1573536E¢16
S2055391E+16
“2469586E+16
27o1914E+16
L2899142E+16
.2899125E+16
27o18e4E+16
S2469510E+16
$2055304E+16
.15/i4=2E¢16
11214544E+16
+9042262E+15
6329680E+15
$3872202E+15

3
«5186429E+])5
JHBaTitp3eels
«1211374E 016
210259276416
«2108277E+]6
127539665016
«3309341L+16
«36H8193L+16
388,333 ¢16
«38Hn344ce s
«308H135t+16
«3309394t+16
2754035 +156
.210834RF 4154
«162%995L+16
«1211443k+16
.R“73917L015
5186954k ¢ 18

8
«3409968L+15
5569584615
« 7959027k +15
.1068001t+16
«138449R8kL e 16
J180H2T1E+16
«2172277E+16
24202560416
«254h015L¢16
«2954899YE + 16
«2427209F 16
.2172205k+16
+1HBOKBIARF 418
.1384419FR )6
«106/1929F +16
7954900018
«5569084E+15
«3409604L+15

4
+4954960E+18
«80951R3E+15
«1167295E+14h
«155333¢k+14
«2014145E+)6
«2631006L*16
«31615A1L+14
«3523379E+14
«3707000E+16
e 370699V 106
«3523378k+16
«3161561E*16
«2631011k+16
«20164151L+16
«1553341F«16
«11573n9E+16
«8095241L+15
«4985137C+15

9

«2914909E+15
s 4758867T7E+15
«6T796402E¢15
«9113475E+15
«1180821E+16
«1541714E+16
«1851216L+16
«2061821E+16
«21685550+16
«216B542E+16
«20617TR2E*16
«185}115bE+16
e1541646E«16
«1180750E«16
«9112R80E+"15
« 6795873k 15
«4TSB236E¢15
«2714583E+15

)
4654120t +15
LTH03IB0RM 415
10870065416
J1458979F + 16
J1891792E+16
2471185Es16
02969473E+16
+3309760F+16
«34B1RATF+16
J34B1ATTE 416
.3309231k«16
2969431k +16
$24T1141E+16
.1891749E+16
. 1458941F 416
.1086980E+¢16
.7603335t+15
«4654133E+15

10
.2403153E+15
.3917398E+15
+5584299E+15
JT6T4164FE 415
.9669209E+15
.1261632E+16
.1512359E+16
.1682993E+16
+1769368E+16
.1769358F+16
.1682964E+16
«1512314F¢16
,1260081E+16
.966872TF+15
«T473726F ¢15
.5583901E+15
+3917176F+15
«2602H97E+15

+2G00000E V]
+0000000t.4u1
+1000000E¢02
+1400000E+02
«1800000E+02
+2250000E¢02
«2750000E+02
«3250000E402
+3750000E+(2
«4250000E+02
+4750000E+02
+2250000E+02
+9750000£ 02
+0200000E+02
+6600000E402
«7000000E+02
«1400000t+02
« 1800000E+02

+2000000E40l
«6000000E+V]
+1000000E+02
«1400000E+v2
31800000&‘92
+2250000£+02
«2750000E %02
+3250000E+02
«3750000E¢02
+4250000E+02
«4750000E+02
+5250000E+02
+5750000E+02
«62000008 02
+6600000E402
+7000000E*U2
« 7400000E+02
+T800000E+02



S6

DENTNE W

il
e 189KS04E+"S
«3079044F+15
24263536F 15
«S58NT214F+15
«T4T4B51F 15
«971248nE+S
«11b0HE3E 16
L1289 T74Ee 14
«1354024E+%6
«13564018F+16
«12HY155E+16
.1160854F«16
«9712147E+15
«T479537F«15
«58nk%23F+15
+4263260E«15
«3J07H834E+15
«1898322E+15

16
«5258367F¢ 14
«T2371027E+14
«9471599E+14
«11525HQE+ 158
.1348148E015
«1%4943QE ¢+ 15
«1733808E+15
«186%216E+15
«1933562F+15
«1933562F+15
«1869216E4'5
«1733806E+15
«15649434E+15
«1368148E¢15
«1192590nE+15
«9471638E¢1¢
<7371V 75F+14
«H258287F ¢ 4

12
« 1440463615

S2299314E415

31916Z3E¢15
.4114467E015
:32u3364E015
L6758482E415
27994417615
.ARB8J31312Es15

T9255255E415

S9255217€ 15
18841202E+15
T79942S7E+15
Z6754250E+15

5285178E+15
Z41/49283E+15
-3191435E+15
T2295174E+15
21646324E415

17
+32049€6E+14
<45005379E+14
S5R448GTE 14
«TOHZ2611E+14
TA243679E+14
.943”4‘75014
.10580165015

J1128820E+15

Z11b6702E015

T1154704E15
T112HB27E+15
T1052030E+15
«9430613E+14

<8248B88E+14
2Th8ABZ6E+14
.5849111E+14

C4Bh5677E+14

S3205239E+14

13
. 1235482t +15
17922346415
, 2392149 +15
«302R066L+15
«3689741E415
J4431508E +15
5120T57E+15
«5607680E+15
.G858509L+15
.5854579k +15
25607623t +15
«51206721+15
«4%431400k+15
,306Q6285015
« 3027748415
«2392026E+15
«1792148r 415
«1235369E+15

«2000000E+ 0]
«6)00000r+01
«1009000E+02
14000005 +02
«1800000E+02
+2250000E+02
«275u000E+02
«3250000E+02
«3750000E+02
4250000402
+4750000E4+02
.5850000t002
«S575n000E+02
«+6200000€+0?
660000002
+7000000k +02
W TEUNOPPE 02
<7B00000E«02

14
«9950273L*14
«1414399E+15
«1851507E+15
«2299418E+15
«2745923E+15
+3223943E415
3670673k +15
+39902A6E+15
e 4156344E415
«4156334E+15
«399¢258E+15
«3670629E+15
«3223884E+15
«2745861E+15
«229935%2E+15
«1851436E+15
«1414353F+15
«9949530E+14

15
«7500337E+14
.1056494F‘13
«1366983E+15
<16T646TE+14
<1976484E+15
«2290915E+15
.2580254E 15
.2787960E+15
«2896103E¢15
.2896100E+15
2787953E+15
«2580241E+]5
+2289994E+15
«1976465E+15
.1676446§015
«1366959E+15
+1056489E+15
.7500008E+14

«2000000E+ul
«2000000E+01
+1000000E+02
+1400000E *02
«1800000E+U2
+2250000E+02
«2750000E+02
+3250000E+02
+3750000E+02
0“2500005‘02
«+T750000E 02
«5250000E 02
«5T750000E 02
+6200000E+02
«6600000E+02
«1000000E*02
«7400000E+02
+ 1800000E+02
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«246843RE+15
«441¢055E+15
«6123979E+15
«T495488E+15
«B3T4072E+1S
«B8E74062E+15
«9090511E¢15
«8E71585E+15
+9B6N101E*1S
«9860130E+15
«3E77661E+15
«9090632€+15
«RET4237E+15
«8374329E+15
«T495834E+15
«h124373E+15
«4412424E+15
2 240ET39E+15

6
«1996833E+15
«349134pE+15
+4893712E+15
«5935697E+15
«6€3452pE+15
067\"11725015
«T19E401E+15S
«TEH2183E+15
« 7805 776F+15
LTENSTSGE+1H
TEB2T04E 1S
«T19L274E L5
«6T91010E+1S
+6E343¢3E+15
«5939457E+15
«4P93497E+'5
¢3497142E+15
«1596718E+15

FlLUx FOR GRUUP 2

2
126 32449E 415
S434/687€+15
$6034580E+15
.7385985E015
<8251638E¢15
TB44H626FE 415
<H9574¢1E 415
29431364E¢15

S9714TZ2E+15
<9715748E+15

:9437426E+15
.89575€67E+15
+8448789E+15
.8251884E+15
$7386235E415
.6034835E+15

©4347866E+15
$243£043FE15

7
«1T76Y6E5E+15
<316£615E+15
S4388681E+15
T536Y797E+15
S5996841E+15
26136945E+15
L6503395E+15
T6B4YSE4ES1S

ST050434E418

. 705.4C8E+15

<6R49475E+15
+65032E1E+15
<6136T€0E~15

$5990601E+15
-530“518E015
T43854G4E+1S
.310241]1E+15

S1764520E 415

3
e23H1227L +15
4220350t ¢15
545 7768E+15
27169467 +15
«BU09594L+15
«8209631k+15
«BbY4371ke1g
+9169065L+15
+943r1R4E+15%
«9431199E +15
«916)1193L+15
JBbG4422L 15
«B204719E+15
«8019693k <15
«4221398r s+ 15
«2361304k+15

8
«1504184E+15
2795093k +15
.3877881F 15
«4T743473L4+15
«52955R0k+15
«5416876L+15
«ST3TR2TE 15
60416475615
6217749k <15
«6217723E+15
«60413R0E +15
«5737584k >15
«541Hh097E+15
«5296354£ 418
"?7‘03235t015
«3877664c+15
e2794912L+15
«196406TL+15

3
«27256411L+18
.4032963L4+15
«58G7577E+15
+»ARS08B0L+15
«T653414E¢15
«TR356A3E+15
«8307133t+15
«8751873E+15
«9009842L+15
«9nNYBA2E*15
«B75)1858E+15
«8307113E¢15
- TR3%650E+15
«7T653378L+15
+6R50T93k+15
«5597522E+15
«4032889E+15
+2256395E+15

9
«1346758E+1R
«240605VE*15
«3336R898L+15
«4Q79760F+15
«4551988E+15
0 4652694E+15
«4924T21L¢+15
«51827420+15
«5332632t.+15
«53320p8E+15
«51826h6L+15
«4924601E%15
«4652540E15
«4851799€+15
«4nT9566E+15
3336722 +15
2 P405910E+15
«1346663L+15

r.'
«2120098E+15
«3789972L+15
«526014BE+15
+6437594F+15
«7191368E+15
.7362114E4+15
«7804567E+15
.8222025E+15
.8664180E+15%
«B46416TE+15
«8221971E¢15
W THO4483FE 415
«1362011FE 15
«7191220F 15
«6437421E+15
«5259988E+15
»3789816E+18
«2120418k 1Y

19
«1125029E415
«200HO86E+1Y
22784433F 415
e 3401472E+15
»3792708E+15
.3872685F«15
+4094986£+15
«4306390E+15
«4429237E 415
< 44292170 +15
«4306327E+15
< 4094188E+15
¢ 3872H61L+15
«3792%61E¢15
«3401725F+15
2784301k +15
+20083B7E£+15

«1124961E+15

+2000000E*U]
+2000000E*U]
+1000000E+02
+1400000E02
+1800000E+02
+2250000E+02
«2750000£+02
+3250000E 02
+3750000E¢02
.42500°0t‘02
+4750000£402
+9250000£¢u2
+5750000E 02
+6200000E+02
+6600000E+02
«7000000E+02
«7600000E+02

« 1800000t +02

+2000000L U1
«2000000E+01
+1000000E+02
.1400000E¢02
+1800000E*V2
+2250000E+02
+2750000E402
+3250000E +U2
«3750000E402
«4250000E02
+4750000E+02
«5250000£ 402
+5750000E 02
«5200000E+02
+6600000E+02
«/000000L U2
+ 140000002
«1800000E+02
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1)
«FCH3261F¢ls
«1€194061F+15
« 224184 1F+ S
«2137334E415
3051 75nE+15
«3116836F+15
«3299501T7E+1S
«3463n6N0E+15
«3%6026nE+15
«35h02458F +15
«3463015E+]15
e 32Y494RE+ 15
«311€7409FE+15
«3C51646E¢15
«273723aF+15
0 2241T49F+15
+1€194ynE+1S
«INH2812E+14

16
«2430454E+14
+399000RE+14
«5440027E¢14
«679537nE+)4
o75146178F+ 4
«G0PSSTTF+ 4
«9G72524E+34
«10h01564F +15
«1094127E¢15
«1094127€+15
«1CH1563E+15
«9972503E+14
«907955nE¢14
e 7514656E+24
«6795362F ¢ 14
154“00356"14
«3990057E+14
« 243045 1F )6

12
< T094349E 14
«12943%3E+15
<17208S4E¢15
«2113782€415
<237 .826E+15
SP449BETE 1S
*26u54STES ]S
-2741493E 415
281 /858E«)5
T2B17HETE+15
27414€63Ee15
+2609411E+15
+2449809E 15
:237n759€‘15
$2113715F+15
«1728831E+15
-1253313E+15
+T09B0Z8E+14

17
+1292396E+16
<212i:998E+14
-2892276E+14
23594004E+14
T42191464Ee 14
:48[2987E‘14
+53243€60E+14
:5672042E¢14
5Ra80T8E<14
+584H084E+14
<5677 059F+14
$5324381E+14
24813009E+14
<42151€5E¢14
+3594036E14
<2892324E+14
+2121071E+ 14
T1292459E+14

13
5917706k 414
JIR1AbLGE + 14
213346516415
«1646142E415
1891937415
«2096299tL+15
22741791t 415
24025370415
24090141 +18
240900 TE+15
2402517 <15
12274761k 15
«2096262L+15
«1891894¢ 415
«1646101t+15
<1338A12E 15
+9816413t+14
«5917462E+14

«20un000L~01
«6000000t+01
«100a0000t+02
01400000E+02
«180n0COQL+02
02250000902
27500008 +02
«3259000E402
«3750000t+0?
4 T50000E402
«52500008+02
«S5750000k+02
«6200000€+02
«660Nn0P0E+02
+7000000F«02
«T4YniNOE+02
«TBLINROL«02

14
06764549414
«+TA3I3N34E 14
«19665p5E+15
«1317973€+15
«1532023L415
«1729339L+15
«1895THOE+ 15
«20N9T7RTE+1S
«2068118E415
«20681]14F+ 1Y%
«20N977TE+)5
«18957S50E+15
«1729319E+15
«1532011E+15
«1317951E+185
« 1 06A48DE 415
. 7832937k +14
«4764393E+14

15
«35890u38E+14
« 5893587 +14
«80291138E+14
«9954639c.+14
«116340]1E415
«1322641F +18
«1457602E415
«1549281E+15
«1595788E415
<1595 7RTE+15
2 1549278E+15
«1485759T7E+ 18
«1322634E4+15
«1163393E+15
+9954563E+14
«8029782F.+14
«5893596E+14
«35895T6E +14

+2000000E+01
+6000000E+0]
+1000000E+02
+1400000E4+0G2
+1800000E+02
+2250000E+02
+2750000E4+02
+3250000E+02
+3750000E+02
+4250000E+02
+4750000E+02
+5250000£+02
«5750000E+02
+6200000E+02
+0600000E+02
+7000000E+02
«7400000E+02
+T800000E 02



86

OVONOUVH WN -

ot
-0

St Gt Gt foah gt Pt Pt
DNV WN

ODODNIPUSH WV

1
+TE31136E+15
«1327163E¢16
«1879001F+16
«24644%623E+16
«3041852F¢16
«3737018E+16
«4369409E¢]6
+48184197E+)6
«504348)1E+)6
«5043513E¢16
«481429nE+36
+436955RF+16
«373%206E+16
«304206RE+16
«2444YB49E+16
«1879223E¢16
«1327356E+16
«T892709F+15

6
«62474yT7EC)S
«1CH0685E+]6
«1487418E+16
«193b881F+16
«240171311E+16
«2957053E¢1h
«3457016E+16
«38pBSTIE+16
¢ 3G8974RE+16
«39HYT29E+16
«380¥S1AE+16
+3496936E+16
«2956962E+16
«2401216E+16
«1938792E¢)6
«14H7343E¢)6
«109N61RE+16
«6261031E+)5

TOTAL FLUX

2
-1307770E016
S1851527E«16
-2413787&016
-29’73255016
364228 TE«16
-43053965016
T4743682E 416
.49o95665016
.49695895016
v4T43724E416
s4309514E¢16
-366?4’BE¢16
$2997489E+16
<2413980E«16
©1891685E+16
-1307898E016
.77710305015

7
.56»(2075015
+948B816E+15
.13&31615‘16
-17bl599E016
.2173220E.16
2 266Y90E5E+16
33119926k «16
-3430871E¢16
<36v01858+16
T36y0165E+16
-34368115016
.3119835E+16
T26nH9B0E~16
Z2173112E+16

:1730497E*l6

T13%3074E416
Z94utiE1lels
256%)731E+15

3
« 7547655k +15
+1269375L«16
«1797151€+16
«2342873E+16
«2909236E+16
+3574029E€+16
«4178778E+16
«4604110E+16
«48273352E+1¢
.4823364t016
4bp4145ke1p
06178837E«16
«3574107E+16
«2909317E+16
«2342951E+16
e 1797229t +16
«1209632E¢16
«754825RE 15

8
04974152k +15
+8364077E+15
«118375]t+16
e1542348L+16
«1914056F+16
«2349958¢c ¢ 16
«:2766060L+16
¢3024404k 416
«316779¢L+16
231677171E+16
«3024348L+16
2745974416
«23491358E+ 16
e1562252¢c+15
«1183bA6L <16
-e3b’3qﬁﬁt*15
49136715

4
o« 7211372E+15
01212815k +16
«171705°2k*16
«27238419E+16
«2779486E+16
«364145T2E+16
«39922T74E+16
+439856TE+16
«46N0TYRLE*16
«460T9B4E* 1A
+4398563E+16
«3992273E+16
+34145T76L¢15
«277948BE+16
«2238B420E+16
«1717061C+16
0e1212813F¢14
«7211532E+15

9
«H426166TE+1S
«T164T2TE+15
e1013330t*16
«1319324F.¢16
«1636020E+16
£ 2006984L 416
«23436R8E+1h
«2580096L+16
«2701R159E+16
«2701803E*16
«2580049E+16
02343617416
«20N6Q0UE*YA
»1635936L+16
+ 1319245k +16
«1013260L*16
«T1664146L+15
«4PH124b6k ¥ 15

5
«6TT74618E+15
«1139358E+)6
«1613021E+16
+2102738E+16
«2610929E+16
+3207397E+16
+3749930E+16
«4131462E416
+4328105E¢16
+43268094E+16
«4131429E+16
«3T749880E+16
+3207342E+16
«2610871E+16
+2102683E+16
+1612978E+16
,1139315E¢16
W6774451E+15

10
+3528183E+15
«5926384E415
«B368732E+15
«1087604F +16
«1346192L+16
+1648301E+16
«19213K87F+16
«2113A32E+16
.2212292F 416
«22122R0E+16
«2113596E416
«1921803F ¢ 16
«164823TE+16
+1346129T416
<1087545E+16
.B368202F 415
«5925963E +15
+3527HSTE 15

«2000000E~vl
+6000000E+D]
«1000000E402
+1400000E+02
+1800000E+02
+2250000E+02
«2750000€¢02
«3250000E+02
+3750000E+02
+4250000E+02
04750000E'02
+5250000E+02
+5750000E+02
+6200000E+02
+6600000E+02
«7000000E+02

+7400000E+02
.7eoooooao02

+2000000E+0]
+6000000E+01
+1000000£+062
+1400000E+02
+1800000E+02
+2250000E+02
+2750000E+02
+3250000E+02
«3750000E+ 02
+4250000E+02
«4750000E+02
+5250000E+02
+5750000E+02
+6200000F+02
+6600000E+02
+7000000E+v2
+7400000E+02
78000008402
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s
— S O NIULSWN -

et bt e et g
DN W

VI VNN —

i

12
13
14
15
16
17
18

n
«280€8B3nE+])5
e 4EILEQSF ¢ 15
«HENSITTE ]S
+884454RE+ 1S
«1092760E+16
«12H82932F ¢} 6
«149N384F+)6
«163548nE+16
«17111050E«16
«1710042F¢ 10
«1635456E+16
«14Y0349E+16
.128289nE+16
«)1302718E+16
«3S64153E+15
«6ENSQUGE]S
W4EVR234E+1S
«280€603F+15

16
«TERBBITES14
«113€103Ee1:
«1491163E+15
e 1B2E12AE+]5
«213%9616E¢15
e 2451996E¢+15
«2731060E+15
«29267H0F+)S
«3C27689E+15
«3027688E¢)5
«2926779E+ 15
«2731056E¢15
«24%1989F+15
«2139614E+15
. 1828127F¢15
e1491167E+15
«1136123F 15
«TEBHT3ARF+14

.?1502975»15
T354H6ETE+15
£492u517E+15
6288249415
<7656 1E9E«15
.02u6349E015
$1059987E+16
«1157280E+16
S12v7315E+16
1207310E+16
T11512€6E+16
J105Y9€TE+16
T92uvHUS9E+15

27659926E+15
Th287999E+15
+492y2€66E+15

<3548487E+15

2150127€415

1
:45573625olz
668637 TE14
.8731173E014
c10676€1E15
-12«03825015
21425144E415
S15H84482E+15
S1690024F+15
<1753509€+15
S1793512E415
216900336415
+15044€8E+15
T14251€2E4)5
21240405E¢15
S10h{6EBRES]S
<AT731435E«14
«6686748E 14
$45576G8E+14

13
+1827253k+15
f2773903C‘15
+37338p0r+15
461420REe )
558167815
«65278nTL ¢ 15
«71395%48E+15
«80L0217L41Y
«832H213E+15
«832R186F +15
-ROIolQlt*l%
«7398433L«15
165276626415
«5981575E«15
4617404GQE « 15
+373n638k¢15
«2773790E+15
«1827118E«15

2000000t +0)
«6000000E+07
«1000000F«02
.!“UOOOOF*O’
.1800000t00?
«2250000E+02
«2750000E+02
3259900t +02
«3750000E+02
24250000t +02
'475“OOOL‘02
«525nN0nE+02
«5750000F«02
«6200000K 02
«6000000L+02
«TOUN000BE+02
¢ 7400000402
«TBUHVO0c+02

14
«14T14R2E 15
«2197T02E¢15
«2018012L+15
«3617392L+15
«46277956E 415
«49532R82FE+15
«5566439t+15
«6000073E+1S
«6224462E+15
«6224448E+15
«6000035E+15
«5566379L+15
»495320CE*15
«4277872E415
«3617303kL+15
«2917921E+15
«219764Tk+15
«1471392E4+15

15
«1108997€+]15
. 1645853E+15
+2169967E+15
+2671931E 415
+3139885E 415
«3612656f£+15
<4037856E+14
,4337241E+15
+4491891E+15
44918RTE+18
«4337231E+16
+4037438E+15
+3612028E+15
+3139458E+15
«2671902E+15
«2169937E+15
+1645849E+15
.1108958E+15

2€000000E+V]}
«6000000E+01
«1000000E¢02
+1400000E+02
+1800000E°02
«2250000E402
+2750000E+0G2
«3250000E+V2
+3750000E+02
.4250000E002
+4750000E ¢ 02
.5250000E+02
+5750000E 02
«6200000E+02
+6600000E¢02

«1000000E+ 02
.!400000E002
«7800000E+02
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O ~NOAHWN -~

Pt Pt Pt ot
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——
o~

POWER DENSITY

1
«6E51828E=02
«1070634E=0})
+1530339E=]
2 2095406BE=01
«2€63460E=01
«5476929E+00
«6329843F 00
«6939530E+00
e 7256304E+00
2 7125634 TE+CO
«69396SSE+00N
«633N044F 40D
«B54717188FE+00
«2663691E=(]
«2054300E=-01
0153056OE”01
«1C70622E~(1
«6593365E=(:2

6
«S5183970E=(?
«846Y04RE=-C?
21210698E=(]
«1624953E=(1
«210€970E=11
24334346F 400
«SQ0ES6QE+CD
«5490409E+CO
«5T40698E 00
«5740674E+00
«5490336€+400
.5008456F ¢0(0
«4334217E+GO
.2106882F=0)
e 16264873F=C)
e1210632E=C1
2 B4AQELTRE=(?
«S5183654F (2

2
«6456086E=02
010347EIE~0]
-15079465-01
2024001E~01
$2624454E-01
.S396727E¢00
o6231120E000
.683/8‘16ﬁoo
S71499¢€6E 400
S719¢000E+00
<6837948E+00
.6231280E+00

<539€934E 00
£2624626E-01

.20&41678-01
-1505106h-01
+1054909€=01

26457209E=02

7
<+46/b905E=02

27643461E-02
21092588E~01
T146€323E=01
:]QU’IEZE'OI
23912816E+00
2452, 734E400
.495510G9E«0q

-518(7132000
<5180 685E+00
<495%5026E+00
L4520 60TE+0Q

23912666E+0ng
21961 081E-01

21466231E=01

=1092510£-01
27642794E~02
T467r4E3E-02

(MWT/LITER)

3
«6206361L=-02
«1023776t =01
«1463609€ =01

.1964482E-01
+2547268E=01
.5238095E+00
«6053719E¢n
«6636730E+00
«6939628t+0¢
6939645400
«6636T77L 00
«6053798E+00
«5238203k+00
+2547354E=01
<1904564£-01
<1463693E-0]
+1023838L=0)
«6266996E-02

a
«4120001k=02
<6729298E~02
090l7003t'02
«1293383E-01
.16727B?t—01
«34460666400
«3980094k+00
«4301538L+09
045596055000
« 4559579 +0¢
24361459E4+0¢0
«3979973E «00
«3445923F 49
«10726R6E=-01
«1290296L=0)
«9616248L-02
+6T2HOS5RE=02
41199611 =02

4
+«5986696E~02
«97ROT7TABE~(Q?
«1398270E-01
e 1876 T73E=01
«2433536t=01
«5004468EL+00
«578359K8F+00
263401502E+00
«6629R23E+00
«6629823E+00
+634049TE*00
» 5783594 400N
«50044T2E+ (0
«2433543E=-0)
+1R76782t=01
2 1398287E=01
«97R(GBS54E=02
+5986909E~02

[+

»3521859L=02
«5749542k =02
«8211568E=02
«110J111£-01
0 1426695L=01
0 2945204E+00
«33990R9E* 00
«3723073k+00
«3891235E+00
«3R91213E+00
«3723007L+00
. 339H9RBE+ 0
«29450RSE+n0
«1426616E-01
«1101039E-01
8210929 =07
’5749009E-0?
352 14K6E=02

5
05623214E=02
.9186152E=02
+1313346E=01
J1762172F =01
«2285706E=01
«4T0097SE+ Q0
.5432649F+00
+5955601F + 00
«622726TE+00

,6227252E+00
.5955553Eooo
+<5432578L4+00
.4700H°7E¢00
. 2285654E~01
1762726E~01
«1313314F~01
«9186523E~02
.5623108E~02

10
«2903545E=02
+4733090E=02
.6747078E~0?
«9030456£-02
«1168256E=01
«2422919E+ 0y
.2791781E+00
.3054764E+ 00
.3191171E«0y
.3191154E+00
«3054713E¢0p
2791706k 400
.262282BE+00
.1168198(=01
«9029927E~02
674659602
24732700E-02
»2903235€-02

«2000000E*U1
«6000000E+01
.1000000E002
.1400000E002
.18000005*02
«2250000F 02
.27500005002
.32500005*02
.3750000E002
4250000E°92
.4750000E092
«5250000E¢02
«5750000E+02
62000005002
.66000005‘02
.10000006002
«7400000E 02
«7800000E+02

+2000000E~U]
«9000000E+01
+1000000E+02
+1400000E+0U2
«1800000E402
«2250000E+02
.2750000E+02
.3250000E002
+3750000E+02
«4250000E+02
«4T50000E~02
«9250000£+02
+5750000E 402
«6200000E+02
«5600000E+U2

«71000000E+02
.1400000E°02

«1800000E+02
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—
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——
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Pt ot Bt Gt Pt Pt Pt
D~ WN

11
e 2293816E=(2
3720V 1VE=G2?
«52172123E-02
«T01840GE=(2
09 3Z2493E=(?
«1893958F+(0
«2174446F (0
e 23140STF+0Q
«2471502F«(0
247149 Rk &0 ¢
«2374023E+00
«2174398F e (10
«1893897E+(N
«9032V15F =02
«701€056E=02
«5271790E=02
«3719917E=02
0 2293598E=(2
16
0.
O
0.
O
Ne

slelelototiejoelainsiojeloejolels juje o

12
2174 1649E=02
277328 0E=-02
+3856191E~-92
50+3686E=02
S63¥E8STE=N2
.1316230E000
.1567225E+00
21702920t 00
S17713214E+09
1773207E+00
s1Tue900E«00
«1567165E+0¢
21376163k +Q9
26385672E=02
-50“?4646 -02
-3855965E-02
S2773082E~02
J17414g1E=02

17

0.
o.
O.
0.
Ce
0.
0'
0.
O

0

o.
0.
0o
0.
0e
0.
0o

Qe

«200n000E+ DY
«600n000E+0]
+1000000E+02
«1400000E+02
«1800000F+02
«225p000£ 402
.2750000?002
«3250000€ 02
«3750000E+02
«42500006 402
&TH5nN00R«02
«5250000£402
5750000k 402
<6206:000L+02
«6601000E+02
«7000nV00E+ 02
TG00t 02
<T7BUNNQGE+Q2

POUWER PRODUCTION FRACTIUN FOR EACH ZUNE

PFRACZ 4976125
PERACE 4011973
PFRAC=  ,011973

PFRAC= v.000000

Ne
Ne
Ne
0.
Qe
Oe
0.
U
0.
0.
0.
0o
Oe
0.
Do
0.
0.
0.

14

Oe
Oe
Do
o.
0.
0.
0.
0.
L

0.
Ce
G.
0.
Co
0.
0.

15

«2000000E+U1
«6000000E+U]
.1000000E+02
+1400000E402
+1800000E402
+2250000E+02
«2750000E+02
«3250000E+02
+3750000E+02
«4250000E+02
+4750000E+02
+5250000E+02
+5750000E*u2
¢6200000E+02
+6600000E+02
«7000000E+02
«7400000E+02
+7800000E+02



20T

ODRNON W

VO~NOWNE W

Pt ot Gt ot
Wh=~o

1
«5346153E+12
+8736486E+12
«1248T716E+13
+1€7¢061E+13
«2173304E+13
«4664301E+14
e5395914E*14
«5917814E¢14
«61HEBOEE+14
«61HBB3G9E+1 4
«5917907E«14
+5396071E+14
14665101E+14
«2173458F«13
e1676217E+13
«1264H88B66E+]3
«8735765€¢12
«5367214E¢12

6
0422954E+12
«650978BE«12
«9877908E¢12
«1325776E+13
¢1719044E+13
«3€91335E+14
42A9142E+14
«4€H1566E¢14
+489566RE+14
«4895649E¢]14
o 46B1511E+14
«4269059€¢ 14
«3€Y123RE+14
«1T1EIBIE+]
«1225718E+13
«G871440E+12
«690%9372E+12
«4229305E4+12

F1SSION SQURCE RATE
- 2

.526/9‘85012
+B6U664BES12
2123¢4230E+13
$1651510E+13
$2141456E413
“4596586E414
.53168325914
<5831057E+14
T6098092E+14
.5831124E+14
53106956E+14
$4596716E+14
c2141571E+13
T1651621E¢13
$1231538E+13
<B607514E012
25268727E+12

7
«3817358E+12
<6236025E+12
~89140z8E+12
+1196317E+13
-1551098E413
T3332206E+14
.3853176E«14
.422~9eoE¢14
441/941E414
S4417920E+14
“4P2498G9E ¢ 14
.38530&1&.14
<3332094E4+14
21551026E«13
T1190251€+13
.8913469E+12
T6239545E¢12
<3B1/049E¢12

3
5113047k +12
+8353499k+12
«1194231t+13

21602916E+13 °

«2078439K+13
«446137TE+14
«5160414E+14
«56596465E4+14
5918586t +14
.5é1859qe.14
<56595n3E+¢14
«516r4T6E14
«44b1460E¢14
«2078495F«13
«1602969E+13
.1194287&013
«8353%06E+12
«5113473E+12
8
«3301274E+12
+549n040E+12
.7845943t012
«1052744E¢13
1364714413
.29345605014
«3392196k+14
<371R665E+14
<3888085E+14
<3888065E+«14
«3718607E+14
©3392105t+14
.2934453E+14
«1364646t+13
<1052681€+13
. 7845398E«12
«S54895R2E ¢ 12
+3360955¢+12

4
«4RBGT3IYL*)?
«7T980445E+12
«1140R92E+13
«1531316E+413
«1985594£+13
v 4262300E+14
«4930047E+14
«5606T43E+14
¢56542406E+14
+5654245E414
e5406740E¢14
«4930045E+14
«4262304E+14
«1985596E+13
+1531318E+13
«1140901E+13
« 7980471 *12
+4RAGATIE*12

9
«2873209E¢12
«4690589E+12
«6699148BL+12
«8983027TE*12
«1163913E+13
«2507839%9E+14
+2896785E%)4
e3174064E*14
«3317898BE+)14
2«3317881E+14
«3174015E%14
«2R96TN9E+14
w2507748E+14
«11603R58BE+13
«B982519E+12
«6698693L+12
«4690211E+1?
«28T2925E+1?

5
45880428412
o 7495642E+12
«1071572E+13
01438261E+13
«1864926E+13
«4003706E+14
«4630766E+¢14
05078389§‘1‘
«5310784F+14
«5310772E+14
.5078355E+14
+4630713E¢14
«4003647E+14
.1864388E+13
«1438226E+13
«1071547€+13
«7495392E+12
+4587952E+12

10
2368715F+12
«3861249E+12
+5504248E+12
+7366986E+12
+9530489E+12
02062806E+14
. 2378875E4 14
«2603927E+14
«2720588E+14
2T20%75E«14
«2603889C+14
«2378916E+14
. 2062736E+14
«9530086E+12
+7366615F+12
+5503910E+12
«3860978BE+12
+2368496E+12

+2000000E«01
+6000000E¢01
+1000000E+02
«1400000E+02
+1800000E+02
«2250000E¢02
+2750000E 02
+3250000E¢02
+3750000E+02
+4250000E+02
«4750000E 02
+5250000E 02
«5750000E¢02
+0200000E+02
+6600000E+02
«[000000E« 02
«7400000€+02
«7800000E+02

+2000000E+01

+»6000000E*C]

«1000000E+02
+1400000E+02
.1800000E 02
+2250000E¢02
«2750000E+02
+3250000E+02
23750000E¢ 02
«4250000E+02
«4T750000E*02
+5250000E¢062
«5750000E02
<6200000E+02
+6600000E+02

«1000000E+02
.l~00000E002

«7800000E 402
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11
«18171752E«12
«303483QE+])2
2430N8H4FE+])?
«57238u5E+12
o T36H417E+)2
«1€611927E+)4
e 185221 0E+14
«2022984E+) 4
«2111428F¢)4
«2111410F«)4
«2022957E+14
«1852170E+)¢
«1€61187RE+14
«7368158F+]2
«5T723561E+12
«420U653E+]2
+3034669F+12
«1871101E+])2

16

0e
O
0.
O
0.

0.
0.
Ne
0'
0o
0.
0.
0e
0o
o.
0.
0.
Ne

OO OOV ODOLODT OO DD

lolo (oo jejo oo jejeleja jejale o e le

12
214256E6E+12
.2262310E+12
+314572%E 12
<411w4ZQES]2
252u9268E+12
s117¢246E414
©1335669E+«14
T144Y636E+14
159967 7E+14
<1539671E+14
$1449619€+14
21333643414
S117u214E+14
<5209150E+12
4114271E+12
31405738 +12
S2202159E+12
+1429553E+12

17

«200n0o0E«0Y
600N 000F+0]
«1069300€+02
«14000N00E «02
«18U0000E+02
+2250000E+02
+2750000E+02
+3250000k+02
37500006402
«4253000E+02
4750000k +02
+5250000£+02
«5750000k¢0?
26200000£402
+660nNQDE+02
« 7000000402
« 7400000402
«TBUONYDE +02

O
0.
0.
0.
[+ 29
O
Ne.
0.
Q.
0.
0.
0.
0.

Ne
Oe
0o
O

14

0.
0.
0.
0.

O
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

15

+2000000E+V1
+6000000E+01
+1000000E+02
+1400000£+02
«1800000E+02
+2250000€ +02
+2750000E 02
+3250000E+02
+3750000€402
«4250000E+02
+4750000£ 02
+5250000E¢02
+5750000E 402
+6200000E+02
+0600000E+02
+7000000E+02
«7400000E02
+7800000E+02



%01

?SQEP / ARGOLNE CODE CNTR SA'IPLL RFACTOR

MATERIAL INVENTORY (KILOGRAMS) FUR EACH ZONE

MATERIAL  ATOMIC HT. ZUNE 1 L0NE 2 20NE 3 Z0NE 4
+B04E+p3 LITERS +402E+03 LITFRS .602E+03 LITERS «143E+04 LITERS

1 IRON 55,850 7.482E402 3.741E+02 3.7641F+02 1.086£+03
2 CROV 52.010 1.792E+02 8,958E¢01 8,958E+01 24600E+02
3 NICK 58,710 1,265E+02 6,323E+01 6.323E+01 14835E+02
4 Na 22.990 3,909E+02 1.954E¢02 1.954E402 14051E+03
S PUA 230'130 6:7825002 Qe Co i}

6 PUB 240.130 9,690E+01 0, 0, 0.

7 U238 238,129 5,334E402 B,543E+02 B,543F 02 e

8 Oxy 16,000 2.292E+02 1,146E402 1.146E402 O

9 FPR 119,060 0. 0. 0. 0
10 B-10 10,010 7.154E+00 0. Ne 0e

BURNUP CATA

BURNABLE MATERIAL NAVE LAMBDA NBR # e & # @ « SOURCE ISOTOPE FOR
I1S0TOPE NO. (UAYS=1) DECAY CAPTURC
NO.
1 5 rua 0. 2 0 30
2 6 PUR 0. 1 0 1 0
3 7 u238 0. 1 ) 0 0
4 9 FPR 0. 0 0 0 0
5 10 He=10 0. 0 0 0 0
FiSSION

OO0
OO oo
o000
OO0



SCT

BURMARLE
1SOTCPE
HO |

D WA >

BURMARLE
ISOTOPE
1o,

TS W NS -

BURMARLE
ISuTePER
tO,

o S W N~

L 0N
MATERT AL WANME
10
5 FUA
6 rug
7 1238
9 FPR
1% =10
L O N
MATERIAL HANME
110,
S FUA
6 rue
7 ueaas
Q9 FPR
10 H=10
L QN
MATERIAL NAVE
MO«
15} FUA
¢ PUp
7 U238
9 PR
1n H=10

-

FLUX

ATOH
BENSITY

2e124E=¢3
3.022k=né
25936t=03
Qe

5¢353L=pé

FLUX

ATOM
DENSITY

e373E=r3

oouno
lejo o je e

FLUX

ATO™
oEnSITY

o ie je

373t~¢3

D2D2HDO O

e,

=2.,5091E+15

F1SSION
RATE

7.9495+18
2.481F 17
3.050F+17
De
0.

=1.0700E+15

FISSION
RATE

O
0o
10436217
O
Oe

21.0700E+15
FISSION
RATE
O
0o
14043E+17

0o
De

VOLUMF, =8,0425E+02 LITCRS

ABSORPTTION
RATE

Y,740E+18
4., T01E+17
1.,615E+18
Uo

2.471E+18

SIGMA
FISSION

1.855E+00
4.0085'01
Sel49E=n2
0.
0.

VOLUMF =4,0212E+02 LITERS

ABSOPPTION
RATE

0.
0.
bt906E‘17
0.
0.

SIGMA
FISSIUN

1,97SE+00
3.676E=01
44510E~02
0.
0.

VUOLUME =4.0212E+02 LITERS

ABSORPTION
RATE

0,
0.
6.905E+17
O
0.

SIGMA
FISSION

1.975E+00
3,676E=01
6.5l0E'02
O
0.

SIGMA
AR5ORPTION

2,272E400
7,709E=01
2,727E=01
2,3676%00
2.288E+00

SIGMA
ABSORPTION

2,521E+00
8,136E=01
2,987E=01
2,0T4E+00
2,68TE+00

SIGMA
ABSOKP TION

2,521€+00
8,136E=01
2,987€=01
2,NT4E+00
2,687TE+00



901

BURNABLE MATERTAL
ISOTOPE NO .
NO,
1 5
2 6
3 7
4 9
g 19

BREELCING RATIO = 2777

THEESE ARE THE LO'IE-AVERAGED TOTAL

LONE
LONE
LONE

LONE

b{]

£ ON

NANE

PUA
PUR
uz23s
FPR
B8=-10
Ké= 1
Ké= 2
Ke= 3
KL= 4

AVG
AVG
AVG

AVG

£ 4 FLIX =3.14B2E+14
ATOM FISSTON

DFAISLTY RATE
0: O
e Oe
0. o.
0% 0,
0: Qe

RREDRT (KLT=  +1573

BREDRT (K2)= <0602
BREDRT (KZ)= <0402
BREDRT (KZ1= 020000

FLUX =2.554715
FLUX =1.1895E+15
FLUX =1.uB94E415

FLUX =3.2054E¢14

VOLUME =1.4326E+03 LITFRS

ABSOPPTION
PATE

0.
O

0o
o.

0.

SIGMA
FISSION

24015E400
34545E=01
602985'02
O

0.

S16MA
ABSORP TION

2,603E+00
8,278E=01
3,073E=01
1,9T7TE*00
2,R19E+00

FLUXES TO BF USEp IN THE FLUX SHIFT CORRECTION FOR SUHROUTINE REFUEL



Pt Pt pt Pt et P Sk b et Yt
VNN WO ODONOUVTH W -~

NN NN NN
cUpPrLN~O

"

-

)}

)]
[+

[WRF R,V
- O

W Wi W
NS WN

P I ME =100.000 0UAYS

MIXTURE NUMRER MLY% COMMANU MATERIAL ATOMIC DENSITY NTRIG
11 D 0. o
'y 4 «12733009L=01 0
1 1 «19033c00E=p1 0
1 2 «25797000E=02 0
i8] 3 «16131004L =02 o
1 5 «2034295nE-n2 1
18] 6 «3160R8654t=n3 1
11 7 «29181180E=02 1
11 9 «RABAT2L22E =04 0
" 8 «127300060E-01 0
1t 17 +5289464278-03 0
12 ] Oe 0
1¢ 4 «12733000t.=01 0
le 1 «1093300nE=pt 0
12 2 «2579700nten2 0
1é 3 «16131000E-0¢ 0
e 5 +12632449t =04 1
12 6 e32460269E=y7 1
12 7 53584436t =02 1
12 S «23686870E=0% 0
e 8 «1673000n0t-01 9
13 n 4 n
13 4 «1273360nf~01 0
13 1 «12033000k-n1 n
13 2 «25797001E=02 0
13 3 «16131000k =02 0
¥ 5 «12632003E~04 1
13 6 «3245799RE-07 1
13 7 253584441L =02 1
13 9 «23685917L=05 0
13 f »10730000F 01 0
ta J 0. 0
14 1 »81733U04ut~02 0
14 2 e2inl6turfF-p2 ]
14 3 013162000nE=02 0
14 4 «19220007E«p1 0



80T

TIME OUTER
(MINUTES) ITERATIONS
«590 0
598 1
604 2
606 3
«609 4

FINAL NEUTHON RALANCE TABLE

INe IT, EIGENVALUR
PER”L.OOP SCOPF.
0 L%
‘0 9.
10 L
2 O,
2 B

GROUP F1SSION SOURCE 11=5CATTER  OUT-SCATTER ABSORPTION

1 2e624E+19 VIS
2 2.025F+17  9.590E+18

3 2.644E+19 9.590E )8

9.590E¢18  9.8y7E+14
3.876E+15  T.155E+18

9.594E+18 1+696F+19

EIGENVALUF

O
¢96601428E+00
096583630E+00
¢96584509E+00
«96584194E+0N0D

L. La

0.

0.

LAMBDA

(U
«96601428E+00
«999R15T6E+00
<10000091E¢p1
+999996T6E ¢ 00

1.606E+18 2.618E¢18 2.h1BE+1H 6,84cEs]g
64314E¢17 1.001F«18 1,001g+18 24634E+]8

2.238E+18 3.619E+18 3.619E+18 9,470E+18



60T

VTNV & W=

1
«81H8213E+15
e 12370544E4+26
e 1548429k 410
«283%244F+ 16
«3151687F+16
«38HBSBOF ¢ 1 H
«4S1B396F + 16
«4GT14843FE+ 164
«520%940E+16
052058686016
«4974618F¢16
«4S17989F +16
«386BpHGE1H
«31591156F+16
«2SIMTIPES LA
«1948N1T7E+4
e127624 F 456
«81H32613F«15

[
«647691nF e+’ 5
«1CBY26AF +16
w1541 70nE+L6
«2008972F ¢16
«24493226E %16
¢ 3059952E+ 16
«3ST352RE+16
+«3934220F ¢ 1
«412N018E+ 164
«411998AF+16
«3944148E+16
«3573349F« G
«3099726E+16
s 24929H4E+ 15
«2008T23E+16
«1541521E+16
«108Y14AFE+16
«hATR211E 1S

TOTAL FLUX

4
-BLr0504RE+15

T13%0341E¢16

©1919832f +16
S25U1971E«l6
T31uh4Z1Es1e
.381x790E¢16
T4452047E416
S49u1T84E+16
.5133428E+16
“5133355E+16
<40U15€8E+16
<4451685E4+16
+3811307E+16
T319"912E+16
-25u;462E016
.1919440E016
<1350054E+16
<8003225E+15

7
«5849076E+15
<983u648E 15
L1392¢68F +16
-1R[J782E016
.2?50058E016
<2701811E+16
33224906E+16
©3553060E+16
.37115675016
+371/555E+1¢6
2355005 1E+16
L322+767E+16
J27Hb{bEBE+16
<225915q1E 16
+1014616E+16
S139iY€6E+16
368835943E+15
«584870BE+15

3
STULThbAE S
«13163u2t+14
« 18632826 +16
«242B261L 416
3013917416
3699451t )6
4321815k +16
41572786 +16
«4982088L+16
«4982020E+16
4TnT079E+16
«4326453E+16
+36949007k +16
«3013453€E4+16
«2427797E4) 6
.1“529 ‘orelp
«131A134k+16
7825856k ¢ 15

8
«5156391k+15
«8671141E 15
«1226865c+16
«159YR008E«16
.1982260t+16
e2431609E 414
«283849]1E+16
«31240ATE 416
.327]1‘04&016
«32T1146E+416
«31240R8k 16
2H3H46TE 16
26315426416
1982181k +16
+139791hc+16
«1226814k 416
36709010415
«51561311k+15

4
«T4677849E415
«1257600E+16
«17RVOS3E+16
«2319769€+16
«2879219E+16
«3534062E+16
«4127593E+16
«45644501E+16
«4759241E+16
«4T591R3E+16
4544332k +16
«412728lE*16
«3533678BE*16
«287H818L+16
23193668 +16
«1779748E+16
«1267381kE+16
«T4T6508E 415

9
«4417905¢+15
e T427492E+15
«10502R8L+)6
«1367019E+36
«1A94454E 16
«2076926E+16
02422858E¢16
«26654T6FE+16
«2790348BE+16
«2790361E*16
«2665509E+16
0 242286TE+15
«2076921E+16
«1694437E+16
«1366992E+16
«1050286E+16
«T427607TE+1S
«4418036E+15

5
«7024168F+15
,1181305F+16
,1672035E+16
.2178940F+16
o 2704344E¢16
«3319301E¢16
«38T76652E+16
«4268131E+16
W 4469T7T4E416
24469730E416
+4268C02E+16
+3BT6402E+16
+3318993E+15
«2704C19E+16
.2178610E 416
+1671789E+16
+1181132E+16
.T023136£+15

10
+3657736E+15
«6144224F415
+B6T4902E¢15
.1127087E+16
.1394539E+16
«1706160E+16
.1987346E+16
«2184256E+16
.2285525E+16
«2285544E+106
+2184307E+16
,1987387Es16
«1706192E+16
.1394562E+16
«1127100E+16
«86T5175E+15
+6144550F+15
.3657991F¢15

+2¢00000E+v]
+6000000E+01
+1000000€+02
«1400000E+02
+1800000E+02
+2250000E+02
«2750000E+02
+3250000E+ 02
+3750000E+02
4250000 +02
«4750000E¢02
+5250000E+02
+5750000E¢02
+6200000E+02
+6600000E+02
+71000000E+02

«7400000E+02
.7aoooooE°02

+2000000E+01
+6000000E+01
«1000000E+062
«1400000E+02
+1800000E+02
«2250000E¢02
+2750000E+02
+3250000E+02
+3750000€+02
«4250000E+02
«4750000E+02
«9250000E+02
.57sooooE002
+6200000E+02
+6600000E+02
. 1000000E+(2
.IaoooooEoOz
. 7800000E+02




0TT

VO~NOU & W -

11
«P9049918E+15
«4B8T1504E+15
«68417889E+¢15
«8856571E+15
e 109090SE+16
«1328564E+16
«1542025F +16
«1691166E+16
+1TATTY4E+16
«17617812F¢16
«1691218E+16
«1542076E¢16
«12328610E+16
«1090945E+ 106
+B8E8S6861E+15
«684H261E¢15
«4871896E¢15
«2910213E+15

16
«71953542E+14
«117967RE+15
«1543374E+15
«1892284E+15
e 2214756E¢15
«25380B1E+15
«2826829E¢15
«3029288E+15
23133667E+15
¢3133692E+15
«3029352€+15
«28260909E+15
0253U148E+1S
«2214818F¢15
«1892344E¢15
«1543456E¢15
«1175770E+15
e 79%4364E¢14

12
+22348€3E+15
“3678T30E+15
$510)9€6E+15
<6518637€+15
.7930222E015
“9542666E+15
0109,787E016
T1198028E+16
S12495€4E416
-12~95775016
©11980€8E+¢16
21097830k +16
s9543100E+15
.7930619E+15
<6518922E+15
.51013092015
.3679067E+15
+2239136E¢15

17
.4711a=15.14
26913446E+14
2903/884E14
T1104480E+15
$12849379E+15
014(‘0272E+15
T1638998E«15
+1754339E015
$181376¢5E¢15
.1814780E+15
$1754376E+15
+1639045€+15
T14743Q7E15
+12HY4Q9E+15
T11u4513Ee15
29038337E+14
+6910021E14
<4T1¢321E014

13
1892340415
«287375)1L+15
+3Ho05616K+15
«48436401L+15
«5T83866E+15
«6764438E+15
«7662109c+15
« 8297317 +15
.8625828E+15
.8625921t015
sB297579E+15
C7662421E+15
«6764723E+15
«5784124E+15
04843634FK 15
«3865R881r+15
«2B74020t+15
<1892598E4+15

«2000000£+0]
+6000000E«0]
«1000000E+02
«1400000E+02
«1800000E+02
«2250000E+02
.?750000t002
«3250000E+02
03?50900E*02
04250000402
4750000k +02
+5250000E+02
«5750000E +02
«6200000E+02
6600000 +02
«7001000E+02
«T40ND00E +02
«7800000E«02

14
v1523244E¢15
«27758993E4+15
«3022331E+15
«3746983E+15
«4431303E+15
«5130747L+15
«5769292F+15
«6213766E+15
«6445786F+15
«6645849E+15
«6213938E+15
«5765502E415
+5130939E+15
04431482E4+15
«3747151E+15
«3022527E+15
«2276098E*15
«1523425k+15

15
«1147588E+15
+1703805F«15
$2246TT1E15
«2766718t+1%
0 3251343E+15
+3740841E+15
+4180886FE¢15
2 4490H03FE¢15
«4650573E¢1H
1 4650614F+15
«4490709E15
+4181019C«15
e 3740960E¢15
e 3251456E4+15
«2766824E¢15
.2246902€+15
+1703949E+15
«1147714E415

+2000000E+01

«9000000E+01
.10000005’02
+1400000E+02
.1800000E+02
«2250000E+02
«2750000E+02
+3250000E+02
+3750000E+02
+4250000E+02
+4750000E+02
+5250000E+02
«5750000E+02
+6200000E+02
+6600000E+02

«1000000E+02
.laooooozooz
«1800000€E+02



111

VDN UT &N -

PNIER NDENSITY

1
«7411974F=02
2 1224986F =)
2e1747578E =]
e2334n85E«01
« 3008 75GF =011
«54H3631E+nQ
«6310000F¢00
«6G13727E+00
«7221031E+00
e 71226931F +1)0)
«6913414E00
«6309436E+00
«5462327F«00
¢300S5223F=01
«2333551E=01
17411 74F =0
«1224692E-01
w7470042E-02

6
05909067E“0?
«9EH1492E=N2
«13R81981€E=-n1
«184571RE=0)1
«2376792E=01
«4322194E+00
«4691051E+00
«5468099E+ 0
BTIB6TIE+ND
e5719631E+00
«S46T19R1E+ NN
«45908y3E+00
«43218B7TE*YQ
e 23/7/6546E=)
2 1B49464F=01
«1381802E=01
«9686290E=~02
«59NE3T3IE=02

«7302145E-02
=1209Y€6E~01
©1721900E~01
<2297792E-01

*2901601€~01

+5383433E+0p
+62173€0E+00
-6812211E«0p
<712 ;912E+00

271278128 +09

+6811911E+00
+621n818E+00
$5382757E+00
<29b1086E-01
$2299279E~01
1721516E=01
s1208707E=01
073003“0E-02

-53333265-02
.874!189E-02
-124’173E-01
.16bab’7E -0]
-21#*621E -01
.39u16‘7E'00
24549 T17E+0p
.49347¢8E400
-5151915E000
.515/917E*00
<4934712E+00
450496 TE+00

+394i455E+00

021“““605-01

116693€5E=01

<124 /0€0E=01
28742495E-02
+53329€5E =02

(MAT/LITER)
2

3
« 7144972002
+1171385E=01
«1671113t~0]
«2231962F=0]
2 2874257E=01
52248215400
60341356400
«6611426E+00
«6911018E+Q0
«6913923c+00
¢6611148E+0p
+6033635E+00
«5224201E+00
«28737856-01
«2231492E-01
.1670765E=01
.117\1355-01
«71433786 =02

R
«H#696T769E-02
«7698535E~02
«1097917E~01
0 1405876E~01
«1887167c=01
«34362R3E+09
«3966074C+00
43437505400
«4539T04E+00
.4539706F000

+#343750L+00
.3966014t000
03‘36187t000
«188TIBRE~Q]
«1465781E-01
«1097865E~01
«7698301E=02
0 4696Tn1E=Q2

4
«6R25285E=(2
«1118975¢t =01
«1596343E-01
«2132093E=-0)1
«2745649E=01
¢4991330E4+00
«5764380E+00
«6315799%E+9p
«660196BE+00
«6601887E+np0
«6315562E+00
«5763948E¢00
«4990792E+00
«2745240E=01
«2131684E=0]1
«1696042E~01
«1118762E=01
«6R23955E=02

9
«4016100E~02
2657997 TE=02
«9378096E-02
¢1251306E=01
«1610059E~01
¢2937163E+00
«3387552E+00
«37086415E+00
«38T4B34E+Q0
+3874851E+00
«3708459E+00
«3387564E%00
«2937152E+00
«1610041E=01
«1251275€E~01
«9378060E=02
6580097E=02
«4016245€=02

5
+6410210E=02
«1050923E=~01
+14992647€-01
«2002392E-01
«2578606E~01
46R81R3E+00
+5414088E+00
«5931862E+00
+6200573E+00
26200512E+00
+5931682E+00
.5413743E+00
<4687751E+00
«2578275E-01
+2002056E=01
«1499004E-01
+1050754E=01
,6409184E-02

10
+3312926E-02
+5420507E=02
«7711491E=02
+1027037E=-01
+1319410E-01
02416902E400
«2783130E+00
+3043728E+00
«3178804E+00
+3178830E+00
+3043797E+00
.2783187E+00
2 2416944E+00
«1319432E-01
,1027047E=01
oT711760E~02
+5420845E=02
+3313202E-02

«2000000E+01
+6000000E+01
+1000000E+02
+1400000E+02
.1800000E+02
«2250000E+02
+2750000E+02
«3250000E+02
+3750000E+02
+4250000E+02
«4750000E+02
«5250000E+02
+5750000E+02
+6200000E+02
+6600000E+02
+1000000E+02
+7400000E+02
+7800000E+02

+2000000E+01
«6000000E+01
«1000000E+02
+1400000E+02
+1800000E+02
02250000E02
«2750000E02
+3250000€E+02
+3750000E+02
+4250000E+02
+4750000E+02
+5250000€ +02
«5750000E+02
«6200000E*02
+6600000E+02
«1000000E+02
+7400000E+02
» 1800000E+02



(A9

OV O~NUN S WN -

VDO P W=

V=t Pt et Pt Pt
SPWN=-O

Pt God Dot fas
®~NO WU,

11
2 2€194T76E=02
0 42694B4E~02
«6034392E=-02
«7992830E~02
«1021864E=0]
+«1890052E+00
«216HB6TE+0O
02366901E+00
«2469460E+00
«2469486E+0(Q
02366971E+00
«2168937E«00
«1890115E+00
«1021904E=0]
e 7993109E=-02
06034768E=02
«4265892E=02
e2619799E~02
16
Oe
Oe
Oe
0o
e
Oe
119
Oe
0e
O
0o
Oe
0.
Oe
0o
Oe
0.
Oe

COoOCODUITOOOOOOCOOOO0OO0
.

12
+1996846E=02
+3184187E-02
<4423BE5E-02
+5703869E=02
27253191E=02
<1374107E«00
Z1564407E+00
016993‘9E0°o
<1769207E+00
217692258400
116994(3E+00
+1564467E+00
<13741€5E400
+7253606E~02
+5764173E~02
<4424231E-02
©3184554E-02
+1997150E=02

17

leloefe jo lole o (o (e ja (o (o]e (e jels]|e

13

+2000000E+01
+6000000E+0)
«1000000E+02
«1400000E+02
«1800000E+02
«2250000E+02
+2750000E402
03250000E002
«3759000E+02
.42500005002
.47500005.02
05250000E602

«5750000E«02
«6200n000E+02
+6600000E+02
«7000000E402
«T7400000E+02
«7800000€E+02

POMER PRODPUCTION FRACTIUN FOR EACH ZUNE

PFRAC= 4972777
PFRAC= 013610
PFRAC=  +013609

PFRAC= 04000000

O
Oe
0e
O
Oe
Oe
0.
0,
O
0o
0e
Qo
O«
O
0.
0e
Oe
0

14

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0
0.
0.
0.
0.
0.
0.
0.

15

+2000000E+01
«5000000E¢01
«1000000E¢02
+1400000E+02
+1800000E+02
+2250000€+02
+2750000E+02
+3250000E402
+3750000E¢02
+4250000E+02
«4750000E ¢ 02
«5250000E ¢02
«5750000E+02
16200000E+02
+6600000E+02
«7000000E+02
+ 1400000E +02
. 7800000E+02
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THESE ARE THE aVERAGE HMURNUP RATES+IN MWO/TONsFOR EACH ZONE OVER THE PREVIOUS CYCLE

CELT= 100,00 DAYS

FUEL MASS
FUEL MASS
FUEL MASS

FUEL MASS

IN SHORT
IN SHORT
IN SHORT

IN SHORT

l,tL

TONS= 1,879
TONS=  ,940
10NS=  ,940
TONS= 0,000

AVG, BURNIP IN MWI/SHORT TON= 15554442

AVG. BURNUP IN MWD/SHORT TON= 408,37

AVGe BURNUP IN MWD/SHORT TON= 408435

AVGe BURNUP IN MWD/SHORT TON= 0400

ROUP / ARGUHNE CODE CNTR SAMPLE REACTOR

MATERIAL INVENTORY (KJLOGRAM3) FOR EACH ZONE

-
OCOVX~NOUNWN -

MATERIAL ATOMIC /T,

IRON
CROV
NICK
NA
PUA
PLB
U238
oxy
FPR
He10

55,851
52,010
58,710
22,99
239,130
2404130
238,121
16,0060
119,079

ZONE 1
-BU4E«0d LITERS
"7.482E402
1.792E«02
1,205E¢02
3,9¢)E+02
6,490k 02
1,01et+g2
9,2738E+02
2.292E 402
1.404E+01
b;nuJﬁooo

ZUNE 2
+4J2E+03 LITERS
3.741E402
B.95RE+01
6.323E401
1.95“§*02
2.017E+00
5,294E=03
8.519€492
1,146Ee02
1,8828=01

Oa

ZONE 3

+402F«03 LITERS

3.741E+02
8,958E+01
6,323F+01
1,954F+02
2.n17€+00
S,204E=03
8.5819E402
1.146E¢02
1.8R2E~01
O

AVG, BURNUP IN MWD/METRIC TON= 17109,87
AVGe BURNUP IN MWD/METRIC TONZ 449,21
AVG. BURNUP IN MWD/METRIC TUNS 449,18

AVG, BURNUP IN MWD/METRJC TONa 0400

ZONE &
«143E¢04 LITERS
1.086E+03
24600E¢02
1.835E+02
1.051E+03
[+
0e
(11
0.
De
0o



1t

BURNARLE
ISOTOPE
10,

NS W

BURNABLE
ISOTQPE
10,

S W N~

BURNARLE
ISOTOPE
MO,

3,00 NN VIR

L ONE

MATERTAL NAVE
NO,

PUA
PUB
U238
FPR
H=10

OV~

L UN

MATERIAL NANE
MO

PUA
PUR
t23g
FPR
H=10

o O~NoOUn

L ON

MATERTAL NAVE
HO

rFuUA
rye
uz2238
tPR
8=10

20o~NoWm

1 FLux

ATOM
DEHNSITY

2.034E=p3
3716)1E~04
239&8?-03
8+86TE=()5
5:089€-04

2 FLUX

ATOM
DENSITY

1.263E-n5
32246E=y8
52.358E-03
22369E~-nb
0.

3 FLUX

ATNM
DENSITY

1:263?‘)5
3 0246_6-()8
5235RE-13
2:369§’06
O.

=2.,5938E+15

FISSION
RavE

7.894F«18
2.6T0E«17
3.116E+17
0.
0.

=21.,1089E¢15

FISSION
RATE

lell4E16
54306E¢12
1.074E+17
Oe
0o

=],1088E+15

FISSION
RATE

1e114F 16
Se306F+12
1.074E17
Oe
Ne

VOLUMF =8,0425E+02 LITERS

ABSORPTION
RATE

9.694E+18
5.097E‘17
l.667E+18
4¢353Ee17
ZQQQQE‘IB

SIGMA
FISSION

1.860E¢00
4o 049E-D]
S«119E=02
0.
Qe

VOLUME =440212E+02 LITERS

AdSORPTION
RATE

l1.473E+16
1.179E+13
T.151E¢17
2,183E+15
0.

SIGMA
FISSION

1.978E¢00
3.666E~01
4.4°5E’02
Oe
O

VOLUME =4.0212E402 LITERS

ABSORPTTON
RATE

1.423E¢16
1,179E+13
7.151E17
2,183E+15
0.

SIGMA
FISSION

1.978E+00
3,666E~01
444QS5E=-n2
Oe
0

SIuMA
ARSORPTION

2,284E+00
7,730E=01
2,739E=01
2,353€400
2,307€400

SIGMA
ARSORPTION

2,527E+00
8,146E=01
2,993E~-01
2,06TE*00
2,696E¢00

SIGMA
ARSORPTION

2,527E+00
8,146E-01
2,993E=01
2,067E+00
2,A96E%00



STT

LOUNE 4 FLUX =3.2600E+14 VULUMFE =1.4326E+03 LITERS
BURMARLE MATERTAL HAME ATOM FISSION ABSORPTTON SIGMA SIGMA
I1SOTCPE MO DEMSITY RATE RATE FISSION ABSORPTION
no,

1 5 FUA 0. 0 0o 2.019E+00 2,612E+00
2 6 rUB 0, 0. 0. 3,532E-01 8,292E-0]
3 7 238 0 Oe [+ 18 4,277E=02 3.0825'01
4 9 FPR OE 118 0. De 1096._,E’oo
€ 16 H=10 0 0 0, 0. 2,833E+00

KZ7 1 BREDRTIKZI= 1644

K= 2 BREDRT(KZ)= .0k25

KZ= 3 BREDRT(KZY= <0625

K{= 4 PRREDRT(KZ)= 0.0000

BREELCING RATIO = .2894



v o4 e 8w JFFUEL BETWEEN BURNUP INTERVALS 1 AND 2 & & & « @

KNY RURNUP THTE VAL JUST COMPLETED
NRF NJe OF REGINHNS REQUIR(ING REFUELING
NRE.Be FEFUEL CONT 0L RODS DURING REFUELING (0/1=NU/Yi=5)
KLaPS RECION COLLAPSE OPTION (p=NO ,/ N=NO.OF COLLAPSES)
INTHAX  Mare NN, DF HURIUP IHTLRVALS TO BE AMALYZED
NECOF PunCH 0PTIOL FOR InpuT’ 1C ECONDMICS CODE

{uafa #RON FIRST NECOP CCLLAPSES MILL BE FiNCHEDN)

LAST = 990

LENGTH OF JURNUP INMTERVAL 10040 DAYS

CLEAN FUFL ATOM DENSITIESsHMQ(I)

I= 1 1e=)1 I1= CLEAN DENSITY= 0.0000000
1= 2 10=)1 I1= ci.EAN DENSITY= L0127330
I= 3 lo=1 113 CLEAN UENSITY= 20100330
I= 4 lo=t 11= CLEAN LENSITY= .0025797
1= 5 lo=y}1 I1= CLEAN DENSITY=  .0016131
I= 6 lo=11 1I1= cLEAl NDENSITY= 70021241
I= 7 1e=11 1Il= CLEAM DENSITY: 0003022
I= 8 o= I1= CLEAN DENSITY= $0029357
I= 9 1lg=11 I1= CLEAN UENSITY= 050006000
I= 10 (0= I1= CLEAM DEANSITYz .0107300
I= 11 lo=11 I1=10 CLEAN DENSITY= 0005000
I= 12 l1oe=y2 I1= CLEAMN DENSITY= 05000C000
Iz 13 le=12 1I11= CLEAN DENSITY= <D127330

—
H

CLEAN DENSITY= 50100330
CLEAN LENSITY= 0025797

14 10=12 T1=
15 (0=12 I1=

—
"

PUN~IOIETONCINWN~ PO XTONTITOWNFSODEIOI~NTINWN -~ O

I= 16 I[8=y2 Ii= CLEAN LENSITY= 50016131
I= 17 lo=y2 11= cLEAN VENSITY= 0.0000000
I= 18 1o0=12 Ii= CLEAN LENSITY= 0.0007000
I= 19 lo=y2 11= CLEAN DENSITY= 0053738
I= 20 10592 I1= CLEAN DENSITY= 0200000G0
1= 21 la=12 1I1= CLEAN DENSITY= S0107300
1= 22 lo=13 1= CLEAM DENSITY= 050000000
I= 23 19=13 I1= CLEAN DENSITY= 50127330
1= 24 (n=13 1I1= cl.Ean DENSITY= 01004330
I= 25 10=13 11< CLEAM VENSITY= 0025797
I= 26 10=33 I1= CLEAN DENSITY= L0016131
I= 27 to=13 1I1= CLEAN DEASITY= 050000000
I= 28 10=:13 11= CLEAN DENSITY= 0.0000000
I= 29 lo=\3 11= cLEAn UENSITY=s 50053735
I= 30 10513 1I1= CLEAN VENSITY= 050001000
I= 31 le=y3 1I1= CLEAN DENSITY= 20107300
I= 32 lo=14 Iis= CLEAN DENSITY=z 0<0000000
I= 23 lg=14 1I1= CLEAN DEASITY= 350081738
1= 3¢ lo=x4 11= CLEAN UVENSITY= 0021016
I= 35 =4 I1= CLEAN UENSITYz 0013142
I= 36 tg=14 11= CLEAN DENSITY= 70192200

116

b IR N N B
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REFUELING DATA FOR RURNUP INTERVAL 1

REGIN'  REFUELINIG
FRACTIUNS

1 +5000u

2 23000y

3 +50000

ELEMENTS (RQRNAHLE

I OVALUES T

REGION
RFGINON
REGINtY
REGION
RFEGION
REGIOH}
REGION
RFGIOMH
REGINY
REGTON
RFGION
REGTON
REGTION
RFGIOMN
REGINN

AVG FLUX UDED In PREVIOUS EIGHT BURNUP INTEPVALS, PHI(TeW)

[T T T T T TN T S T IO T { O L I T 11}

ELEMINT
cremind
CLEMENT
CLEMLNT

DN WU

Mol ARRAY

RUpy
BURN
AURN
HSURN
BURN
HURN
HYURN
BURt)
RYRN
BURN
RPN
RURN
HURN
BURN
BURN

W Wl WM N NN = e =

FHI( 10J) PHI(
«25847F 414
«10RGSE+]
«1yRG4L+ 1A
032054(2+15

Mo, OF IRIERVALS
RETWEEN REFUHELINGS

ISOTOPES)

PUA
pUR
U238
FPR

1
1
1

TO RE REFUFLED IN THE ABOVE REGINNS

TEAT ARE BURNARLE ISOTOPES

1so
1so
150
Iso
1so
1so
1so
1s0
iso
Ig0
1s0
Iso
IS0
Iso
1s0

NGO,
NO,
NO,
NO,

ADWN~ AL WN~U SWN -

EL_FMENTY
ELEMENT
ELENENT
ELEMENT
ELEMENT
ELEMENTY
ELFMENT
ELEMENT
ELEMERNT
ELEMENT
ELFMENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT

MO
NQ o
MO
HO e
NO«10
MNOe S
10 6
tI0e T
Qe 9
N0
MNe S
tHDe 6
Hoe 7
MOe O
1010

O3>

117



8TT

AUNE, GROUP AVLRAGED AHSOKPTION X=SLCTI0NS Fon HURNABLE ISOTOPESs ARXS(TeJeK) K=KLUTeeNT

BURANUP INTFRVAL rn= )

REGIon

e2272E+0) «TT09E+ U «2T7271.400 0236TF+M « 2288t +01]
REGIOUN 2 : :

e2521E4G1  GRIZ6E+p0  s2987L+C0  L2074E+01 2667 +0]
REGIun 3 " :

«2521E+01 «R13KE+(0 +2987L+C0 JP20T4E+ U] PH6BTE+Q]
REGIUN ¢ - -

02603E+01} «827RE+00 +3073E+C0O WJ1977C+u] e 2N19E+0]

LUNE, GROUP AVLPAGED FISSION X=SFCT FOR BURNAHLE ISOTOPESy FIXS(LeJeK) e K=KLNTeKNT

BURNUP INTERVAL K= 1

REGIUN

«1865E+01  ,4068E+NU  .5149L=C) 0, 0,
REGION 2

¢1975E+0) «3676E*00 =4510E=01 0. 0.
REGIUN 3

¢1975E€¢01  ,3676E*nu  :4510E-Cl 0. Ue
REGION 4

e 2015E+G L «3545E+00 +4298L=C1 0, 0.



61T

REGINI NMISCHARGE AMD CHARGE AMD INIVIAL COMPUSITION FOR MEXT BURNIP INTEKRVAL

REGION )

ELEMFNT

CDPDIO NN WN—

—

REGION 2

ELEMENT

NONTNWN -

RFGION 3

ELEMENT

SN U N —

D W

VOLUME=8,0425F+02 LITERS

DISCHARGE FROM gl 1

ATOM DENS

N DUOCQOG
0.0000000
0,0000000
N, 00000UU
«0010171
.N001580
. 0016591
20000443
0.,0000000
0.,000000v

MASS (KG)
r\'.
e
0,
U,
3.2478F+02
5.,0676E+01
4,6392E+0¢2
7.045GE+00
U
0,

VOLUME=64,0212F+02 LLITERS

DISCHARGE FROM BRI 1

ATO: DENS

0,0000000
0. 000000D
0. C00000
Ut,0000000
0000063
20000000
(026792
L0600012
0.0000000

MASS (KG)

N,
v,
Ve
U,
1,00R4E+00
£,6020E=~03
4,2594E+02
9,4n96E=02
9

VOLUME=4.0212F+02 LITEFS

NTSCHARGF FRUM gl 1

ATONM LIS

0,u000000
D, fiugogue
0., 0JUCC00
0. 6000000
L0000063
DU
G267
L0000012
f.uuvo0ue

MAGS (KG)

(I'
‘JO
O,
Ve
1,0084E+0¢C
2.6n1CE=03
442594E+02
9,6092E-02
the

CHARGE FOR BI 2

ATOM DENS

Ve0000000
UeGGOOG0V
0.0000000
040000000
«0016621
«0001511
+0014678
U.0000000

Ue0000000

0e.0000000

CHARGE
ATOM DENS

Ve00OGODOY
QQOUOGOU‘.‘
UeG00OO0O0LOD
9.0000000
QOOUUOUUU
0.0000000

s 00206HBY
U«00000U0
G.0000000

CHARGE
ATOM DENS

teu000000C
BelCUCOOV
Ue000COCU
UelOCCOOU
UsC00C00N
t.v0C0000

026868
UeCOOOQUU
Ve00GOOVY

MASS(KG)

0,
0,
0,
0,
3,3912E+02
44B449E+0]
4,6AT2E+02
0,
0,
0,

FOR BI 2

MASS (KG)

4,2T14E+02
0,
O

FOR RI 2

MASS (KG)

0.
0.
4,2714E4C2
0,
0,

INITIAL COMPOSITION Bl 2

ATOM DENS

«012733C
«0160330
« 0025797
0016131
0020792
»,0003091
0029269
«0000443
0107300
«0005000

MASS (KG)

3.9088E+02
T 4822807
1,7916k+02
1s2646E+02
6,6391E+02
9.9125€+01
9,3064E¢02
7¢0450E4+00
2.2924E¢02
6,6B831E+00

INITIAL COMPOSITION RBI 2

ATOM DENS

40127330
«0100330
« 0025797
«0016131
«0000063
«0000000
« 0053660
«0000012
«0107300

MASS (KG)

1.95644E¢02
3.,7411E9p2
8.9578E+01
643230E+01)
1,0084E+00
2,6020€E-n3
8,5308BE+07
9.4096E-n2
1.1462E+n2

IMITIAL COMPQSITION BI 2

ATOM DENS

.0127330
«0100330C
« 0025797
.0016131
« 0000063
«0060000
«005306V
0000012
0107300

MASS (KG)

1.9544E+02
3.7411E+02
Re9578E+n1
643230E+01
140084E+00
2.6019E-93
Be5308E+02
9,4092E=-n2
1e1462E+02



0zt

REGTCHN 4  yOLUNE=1.43270E403 LITERS
ELEMENT NI-~CHAGE FRUM BT 1 CHARGF tyR BRI 2
ATOM NENS MASS (KG) ATOM uRIIS MASS (KG) alnM DFUS
t Ne0C,UONS Ue T.0000e000 Oe 081738
? 0.00vp00¢ 0a £.000up00 0o .0021016
3 00000000 Je 3.0000n000 Ne «0g13142
4 OUOOSUOOG 0: 0.0000000 Ne «N192200

St bt St =t e =€ S S 0@ O b= bmd Dd ot b Bf rf Dt Bt Bt 0=d Sl =l D g Pt ol = ol d Pt 4 Nt 4

[T LTI { I L (O TN O ¥ O T ¢ D DO A (O T DN (O (2 (A T IR LI LI (I IO

—
~ O VOENOTUSFWN -

Pt Pt Pt Pt e Bt Pt Bt
VDO ~NOUVISWN

NN
o

22

INPUT ATOM DENSITIES (12

Io=11
Ip=11
Io=11
Ig=11
Ip=11
lo=11
Io=11
Io=11
Ig=11
Io=11
In=11
1p=12
l1o=12
In=12
Io=12
lo=12
In=12
Io=12
Ia=12
Iez12
Ip=12
In=13
Ip=13
ln=13
Io=13
In=13
ip=13
In=13
Ir=z13
Jo=13
Ic=13
lo=16
Io=14
Ip=16
Ig=16
ic=14

I1=
Il=
1l=
Il=
1=
Il=
11=
I1l=
li=
Il=
I1= 1
11=
I1=
Il=
I1=
11=
11=
I1=
Il=
li=
I1=
I1=
Il=
I1=
1=
I1=
Il=
Il=
11=
I11=
Il=
Il=
Il=
Il=
I1l=
I1=

PN = OB ONTPTONWNPFPOREINCANWNREIODDONITARW NSO

12(1)
12(1)
I2(1)
12(1)
12(1)
12(1)
12(1)
12(I
12(1)
12(1y
12(1)
12(1)
12(1)
12(1)
12(1)
12(1)
12(1)
12(1)
12(1)
12(1)
12(1)
12(1)
12(1n
12(1)
12y
1201
12t1)
I12¢1)
11y
121
12(1)
12(1)
12(1)
12(1)
121y
12(1)y

BLOCK) FOR BURNUP INTERVAL 2

LTI I LT (O T LI (N £ T T ¢ O ¢ T T T T T I 1D O O T I L [ LU LI T LI (I 1}

0,0000000
$0127330
,0100330
«0025797
20016131
+002079¢2
« 0003091
«002726Y
e G0004s3
«0107300
< 0005000
40000000
¢0187330
,0100330
00025797
+0016331
S 0000GE3
$ 000UV 00
¢ 0053660
$00U0G)2
.C107300
0.00v0000
WU127530
06100330
s 0025797
Joulol3i
$LODULED
00006000
L 0053660
.Joovuele
«0107300
0,0000000
.0081738
.0021l016
0001-’16(.
W 019cecl

o

INJTIAL CONPASITION RT 2

MASS (RG)

1,0858E403
2.5998E+02

1.8352E+02
150510E+03
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REGTON COLLAPSED THFURMATION FOIRY CLEMENTS TO HE REFUELED

FEGICN COLLAPSE HNO,
VCL AFTER COLLAPSE =8,y"*2SE+(2

cLEMENT

D O~NIT U

DISCHA4RGE FROM
ELEMEMT 1
ELEMENT P
ELEMENT 3
ELEMENT &
ELEMENT 5
ELEMENT &
ELEMENT 7
ELEMENT  #
ELEMENT 3
FLEMENMT o

TOMBNSITION AT END
OF BI 1. ne!'

R

IRON
CROM
MICh
MA
PUA
PUHK
1234
0Xy
FPR

fA-19

4.0336E+90
1aD4NRE=})2
127938F 413
3.7638E=11
0.

1y HARGE FOR HI

1 FRUM KEGIONS

2

NDISCIHARGE FRoM

<

3

LITERS

BRI 1y Kii,
2+01AHE+DQ
2.2039E~03
BI51R9 + 92
1:3R19t-01
0.

AND INITIaL CoMPOS, FOR BI

TOTAL
forat
ToTaL
TOTAL
ToTaL
roTaL
TOTAL
ToTaL
TOTAL
TOTAL

& -]

DISCHAKGLE = Q.
DISCHARCGE = Ce
DISCHAKGE = 0.
NISCHARGE = 0.
DISCHARGE = 3,26R0E+(2
DISCHAKRGE = S.06K81E+C1
DISCHAPCE = 1.3158E+(¢3
DISCHARGE = Q.
DISCHARGE = 7.233cE+G0
DISCHARGE = G

# & PHENTIR

&

CHARGE FOR
Bl 2, KG,

0
0.
Be542BE+0?
0.
0o

TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TnTAL
ToTaL
TnTAL
TOTAL
TOTAL

L4 4*

®

CHARGF
CHAROGE
CHAROGF
CHARGF
CHARGE
CHARGF
CHARGLE
CHARGE
CHARGF

CHARUGLE

INITIAL COMPOSITION

2

For RT

2+.016RE+00
50?"305'03
1e7962E+03
1813195 =01
0.

IN KILOGRAMS

O
Oe
O
0.
343912E+02
4.,8464%9 «p]
1,3210E+03
0o
(1)

0

2y KGo

TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
ToTaL
TOTAL
TOTAL
TOTAL

TOTAL

MASS
MASS
MASS
MASS
4ASS
MASS
MASS
MASS
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