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IN REPLY
REFER TO:

UNIVERSITY OF CALIFORNIA
LOS ALAMOS SCIENTIFIC LABORATORY
(ConTrACT W-7405-ENG-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-0
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 30,000 to 27,000l words.

10 0
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:
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ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



a. If 0.0 < BUCK < 1,0, BUCK is used directly as Bg 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

a2 - 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 is computed as 1,0/ 3582% |
g,L P / tr

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 3E12.4,
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 < O 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 W
)

This procedure is repeated for up to IBUMAX burnup intervals.

A revised listing of the code is awvailable 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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R. Douglas 0’Dell and Thomas J. Hirons ' °*
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ABSTRACT

- st YR

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

code for use with fast redctors.

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 kg,¢f 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

-~

Y B TP

computer, . n s - P
I. INTRODUCTION B I T L A SRR LA L L L

This report describes the two-dimensional
diffusion-burnup-refueling code, PHENIX The math—
ematical models are described in Sec. II, and ‘users’
A basic code

the source-deck listing, and a sample

information is given in Sec. III.
flow chart,
problem are presented in Appendices A through C,
respectively. LT . T
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 AE

Eigenvalues are4computed by-gource—iteration
techniques, with group’ rebalancing, succespive line
overrelaxation, and fission—sourée overrelaxation
used to accelerate conVergence. 'Variable dimen—
31oning is used to make maximum use of the fast
memory available in the computers In addition,
only one energy group 1s treated,at any g;ven time
so that the storage requirements. are relatively
insensitive to the number of energy groups being
treated. ) ’ . ;

The code searches pn maferial corcentrations
and region dihensions to acnieygL§ désired value °|
of keff' Concentration searches can also be per—;
formed during the burnup, if desired, to account’

for fuel depletion.

OISt PRI NS iy Sttt & “

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

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

II. PROGRAM DESCRIPTION

codes

A. Formulation and Solution of Difference .
Eguations .
1. Neutron Balance Eguations. The time-
AN = e e Tl e e 3(TDTt as y | eaw

independent multigroup diffu31on equations can be

FYTEN EYTRY

S Cg LN, ey

R I I L LT R S I R Y S N
) : the number of .energy groups, o

- ez 8 7,energy group index (g = 1 denotes . .
highest energy group),

PRI [T R TRY I, FVSCT R e r e Pgeis e

¢ = group flux,
DS - 3 ST e lEaeN e : . 1.
D = diffusion coefficient ( X /3),

. Bl SorveT LURE reVLiy uuy |

Following burnup, any or all...




£ = removal cross section,

g
G
-)::+ E I(g > g")
g'=g+l
Z: = absorption cross section,

Z(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
§ = VI + (g +
g keff ( )gl ¢g' (g 8) ¢g" s
g'=1 g=l
(2)
where
Xg = 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. 1In
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
are constant over its mesh subvolume. If we con-
sider the (i,3j) mesh point shown in Fig. 1, the
integration of the removal and source terms of Eq.

1 yields

¢ (1,3) dv = (&F
_[: RN N M &)
1,3
and
S (1 =
foosup ey 0
1,3
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 V2 ¢g'

we can apply Green’s theorem:
fDV2¢dV’fDV$°dK . (5
\ A

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) ylelds the basic difference

equation (dropping the group index for simplicity):

(BA/£>i,i_l CHRI R TR (Bk/z>i,i+l

) + (DA/)

ST IR R W 3,371 g 50 7 4,y

g r
+OMD, ) Oy g =0y ) = ET W),
+ (sv)i,j =0 , (&)
MATERIAL | MATERIAL
l—3R| —] REGION REGION
My My
MATERIAL | MATERIAL
. REGION REGION
lyjel M, M,
—_——— azi ] ° ]
1 l (-] L Lol
Y4 )
! I,j-1
ﬁL ¥"1lu|-|"4
__JL R, %

Fig. 1. Mesh grid and mesh point configuration.




where, referring to Fig. 1,

£ = distance between mesh point (i,j) and the
adjacent mesh point indicated by the sub-
scripts in Eq. 6, e.g., ti,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,

ol
"

effective diffusion coefficient between
mesh point (i,3j) and the mesh point indi-
cated by the subscripts in Eq. 6, e.g.,
between points (i,j) and (i-1,3),

o (SR + 6Ry )

SRi

i Pi,

D=
D, | SR, + Dy 5

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

(sv)i 3 + E ci'j ¢k

ko1
%3 I, ; n

where
¢k = the flux at one of the four mesh points
adjacent to the point (i,j),
1,5 . 5
c’” = DAL, (8)
4
r, .= (@, _+ c (9)
1,3 i,] 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 is 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.

If 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 O, 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.

J~——— REACTOR BOUNDARIES ———— |

1
I °
| o~1-0-t-~e-|
| el
[ WY
l ~o
I Tel
0 I 2 | M \\0
-] r—‘o——o{
tr
3R, 8n,1 8Ry,, | 0712}

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

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
DA/L equal to zero. (The setting of the flux dif-

ference % = 0 is not possible in the code

37 %
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 C, - 0.

To consider the basic handling of the flux van-
ighing 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 AT to the right of the reactor

boundary and require that the flux ¢ at that

M+, 3
point be zero. From the second term of Eq. 6 (with
i = IM), the flux difference is merely —¢IM,j' and,
further, the distance £ between the IMth and (IM+l)st
mesh interval is 0.5 8R;, +0.71 xgr. 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
{s 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 tteration (or mesh
sweep). Several inner iterations are usually per-
formed until the flux distribution (for group 1)
that conforms to the initial source distribution is
found. Once this is done, FSDo is used to calcu-
late the fission source for group 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 is 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 iteration.

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
gource 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
fission 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 [1 -2 <
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, yielding the group fluxes a row or
a column at a time., The fluxes are then overre-

laxed using the extrapolated Liebmann scheme,

¢V = ¢V + ORF - (451‘::1 - ¢") , (10)
where
¢v : the group flux calculated in the yth inner
iteration,
vl
¢br = the group flux just calculated in the

(v+l) inner iteration before overrelaxation,
ORF = overrelaxation factor,

¢v+l = 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 next.

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 is 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™*! = FSD® + ORFF - (angtl - rsn“) , (1)




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
(The desired value of ke

value of k 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 inppt 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

eigenvalue 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 keff calculation described in Sec.
A.3. In the latter calculation, eigenvalue simply
refers to the product of the A’s, so that the
eigenvalue approaches keff 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 Il - AI, 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
Il - Ai 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

new olqg F POD * EQ - (1 - ), (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 Jl - AI > XLAH, (1 - )) in Eq. 13 is
replaced by XLAH with the sign of (1 - A) to pre-
vent too large a change in EV. After |1 - A| < 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-

sired value of ke The concentration search can

££ °



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
i{nput * (L.O+ EV - 147) . (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
search. 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

235y and 238y modifiers that differ in sign.
235

giving

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.
subdivided into its particular radial and axial

Because each radial and axial zone is

mesh, the dimension changes are determined by ad-
justing the mesh widths 8! and 623 for the ith ra-
dial and jth axial zone by means of the algorithms

6cl - 5ré(l +r3t - EW) (15)

and

3

6zl = 5:3(1 +233 - EV) . (16)

In Eqs. 15 and 16, the subscript O refers to
the initial (input) widths. r3! 1s an input quan-
tity, the mesh modifier for the ith radial zone,
while Z3j, also an input quantity, is the mesh modi-
fier for the jth axial zone. If one of the R3 or
Z3 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

an, _ _
T M N e, N e AN
+Z(cc,j Nj ¢) +Z(cf'm Nm ¢) s
3 n (17)
where

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

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

o = zone~ and group-averaged fission cross
section for nuclide I,

g ~ 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 constant throughout the burm-
up calculation. The iterative marchout algorithm
is best seen if Eq. 17 is rewritten in the form

an

ac - G(N,t) . (18)

The basic marchout difference equation is then

- - St [

N(t,) = (e + 258+ 8 19
RIER (CHRY z(j_l j) , (19

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

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

and 8t is the length of the substep.

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

>
iterates on the N at each substep, using the



iteration algorithm,

+>V - 8t [ *v-1
Nt ) N(t:j_l) + = (Gj_l + Gy ) , (20)

where V 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. In 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 ghat 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 (i - 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+l1) 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, Di' 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

N =N, -~ D, +C

i+1 i i (VI (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 is 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,

if desired.

III. USERS’ INFORMATION
A. Input Instructions

This section describes the input format and
deck setup for PHENIX. Several of the data blocks
(RO, ZO, MO, K7, 10, Il, I2, R2, R3, Z2, Z3, and

I14) 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
associated 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.

Table I.

The input card format is given in




TABLE 1

INPUT CARD FORMAT FOR PHENIX

Variable Columns . . Description

Card 1 (12A6 format) To run a serles of problems, repeat data input starting
with this card.

ID(12) 1-72 Identification Card 1

Card 2 (11A6, F6.1 format)
ID(11) 1-66 Identification Card 2

TMAX 67-72 Maximum running time in minutes; this allows a final dump
to be obtained if convergence is forced; 1if zero, not used.

Card 3 (1216 format)

IGE 1-6 Geometry specification
=0, X-Y
a1, R-Z
= 2, R-8
IZM 7-12 Number of material zones
IBL 13-18 Left boundary condition

= 0, vacuum
= 1, reflective

IBR 19-24 Right boundary condition (same conditions as for IBL)
IBT 25-30 Top boundary condition (same conditions as for IBL)
IBB 31-36 Bottom boundary condition (same conditions as for IBL)
IEVT 37-42 Eigenvalue type

=1, kegf

2, concentration search
3, dimensional (delta) search

IPVT 43-48 Parametric value type
= 1, none
= 2, keff
IM 49-54 Number of radial mesh intervals (>3)
JM 55~60 Number of axial mesh intervals (>3)
1z 61-66 Number of radial zones (delta option only)

Jz 67-72 Number of axial zones (delta option only)

Card 4 (1216 format)

IGM 1-6 Number of energy groups (<50)
ML 7-12 Number of input materials
ICST 13-18 Cross-section type. For a detailed discussion of these
types, see Cards 10 and 11.
= 1, Type 1
=~ 2, Type 2
IHT 19-24 Position of sigma total in cross-section table
IHS 25-30 Position of sigma self-scatter in cross-section table
ITL 31-36 Cross~section table length
IXSEC 37-42 Read cross sections

0, from cards
1, from tape

MOl 43-48 Total number of mixture specifications (see cards 17-19)
OITM 49-54 Maximum number of outer iterations allowed
IIT™M 55-60 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 (6El12.4 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
axial
4, code decides

[ I T}
w
«

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,z,E) from tape

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

LI I |

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

Number of burnup time steps in a burnup interval
Perform a concentration search after the final burnup time step

= 0, no
= 1, yes

Material number of control poison

Calculate burnup in MWd/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 = O 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 10-3 to 10-6
for straight kogg 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, i.e.,
IPVT = 2 )




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 |A -~ 1|. Recommended value is <0.001 (search
only).

XLAH 61-72 Upper limit on IA - ll. Recommended value is ~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 = 0)

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.)

Cc(1,IGM,ML) 1-12 Uc
c(2,1GM,ML) 13-24
C(3,IGM,ML) 25-36 Us

total
C(4,IGM,ML) 37-48 o,
C(5,I1GM,ML) 49-60 VO
C(6,IGM,ML) 61-72 Our (= ct:ot:al)
Card 11 (6E12.5 format)
Cc(7,I1GM,ML) 1-12 cs(g + g), self-scatter
c(8,IGM,ML) 1324 o (g -1~ ¢g)
C(9,1IGM,ML) 25-36  o_(g - 2+ g)

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, cc and cstotal 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, cc and cstotal do not appear, and all other cross sections are

appropriately adjusted in the table length. 1In 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 0., =0, + o(g + g")
r z :

within a 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

consistent 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 guess 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 (JM) 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 12¢ (6El12.6 format) (used only if ISTART = 2)

NO (IMJM) 1-12 Initial flux guess for first mesh point in first group
NO(IMJIM) 13-24 Initial flux guess for second mesh point in first group

Continue for all mesh points and all energy groups.

Card 13 [6(I1,12,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(JIM+1) 1-12 Axial position of first mesh boundary (0.0)
ZO(IM+1) 13-24 Axial position of second megh boundary (cm)

Continue for JM+l axial boundary positions. Por an R-8 calculation, the 6 increments
should be in fractioms of 360°, e.g., 180° = 0.5.

Card 15 [6(11,12,19) format]

MO (IMJIM) 1-12 Zone (mix) number for first mesh interval
MO(IMJIM) 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(I1,12,E9) format]

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

Continue for all energy groups.

Card 17 [6(T1,12,19) format]

I0(MOl1) 1-12 Material number assigned to Zone (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).

.~




TABLE I (continued)

Variable Columns Description
Card 18 [6(11,12,19) format]

I1(MO1) 1-12 = 0 (to trigger storage area for Mix 1)
I1(MO1) 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(I11,12,E9) format]

I2(M01) 1-12 =0
I2(MO1) 13-24 Concentration of first material in Mix 1 (atoms/b-cm)
I12(MOl) 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, Il, and I2 blocks is the same (= MOl).

Card 20 [6(I11,12,19) 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(11,12,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)

22 (JM) 1-12 Dimensional search zone number for first axial interval

22 (JM) 13-24 Dimensional search zone number for second axial interval
Continue for all axial mesh intervals.

Card 23 [6(11,12,E9) format] (used only if IEVT = 3)

23(Jz) 1-12 Dimensional modifier for first axial zone
23(J32) 13-24 Dimensional modifier for second axial zone

Continue for all axial zones.

Card 24 [6(11,I2,E9) format] (used only if IEVT = 2)

14(MO01) 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 (2413 format) (used only if MWDT = 1)

NTRIG(MO1) 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 (I6,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 : no decay source

decay source from burnable isotope N

LCN(NCON,2) 19-24 = no capture source

capture source from burnable isotope N

LCN(NCON, 2) 25-30 : no capture source

capture source from burnable isotope N

LFN(NCON,7) 31-36 no fission source

fission source from burnable isotope N

LFN(NCON,7) 37-42

ZO0O Z0 20O Z20 =ZO

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 = O. 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 (616 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 zones 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 density (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 is identical to the I2 block
at the reactor beginning-of-life.)

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

PHI (IZM,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 zone. 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 if 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 run,




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 30,000lo words), the problem will abort.
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 >0.01% 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 I0/I1/I2

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 Specifications: The I0/11/12

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 sgpecifications
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,

£ 4 is

ctr(- ctotal); 5 is o(g + g), self-scatter; and 6

position 1 is cf; 2 is a,s 3 is w
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).




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).

f

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.
The final

values of fission rate, inscatter and outscatter,

16. Final Neutron Balance Table:

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 Z&4 blocks). Note that R4(I) = [RO(I + 1)

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

This output block is

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 5 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 (Mﬁt/l) 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 neutron 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.

All burn-
able isotopes in all regions are listed according

to their positions in the MOl block.

34, Burnable Isotopes in Each Zone:

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),

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

37. Region Collapse 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,

c. 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

L1 = 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
30,000lo 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*MOl + S5%JM + 7*IM
+ 7*IZM + 10%IMJIM + 15%ML + 6*IZM*ML
+ 2*MAX (IM,JM)

if delta search calculation,

+ (IM + JM + 1Z + JZ)




if concentration search calculation,
+ (MO1)
if burnup (MWd/T) calculation,

+ (MOl + 3*IZM).

L2 = 3*ML + ITL*MT*(IGM + 1).

L3 = NREG + KLAPS + IMJM + ITL*MT + 5*MOl + 16#ML
+ NCON*(1 + 2%*NECOP) + IZM*[5 + INTMAX
+ KLAPS * 2%MI, + 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 30,000lo 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-Z 1 2 306 0.10
R-Z 1 8 1462 1,42
R-~Z 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.

REFERENCES

1. W. W. Little, Jr.,and R. W. Hardie, "2DB User’s
Manual," BNWL-831 Rev. 1, Battelle Northwest
Laboratory (1969).

2, K. D, Lathrop, "DTF-IV, A FORTRAN-IV Program
for Solving the Multigroup Transport Equation
with Anisotropic Scattering,' LA-3373, Los
Alamos Scientific Laboratory (1965).

3. Unpublished data. 2DF, A Two-Dimensional
Transport Theory Code from the Los Alamos
Scientific Laboratory.

4, W. H. Hannum and B. M, Carmichael, "DPC, A Two-
Dimensional Data Preparation Code,'' LA-3427-MS,
Los Alamos Scientific Laboratory (1966).

5. B. J. Toppel, A. L. Rago, and D, M. 0’'Shea,
“Mc2, A Code to Calculate Multigroup Cross
Sections,' ANL-7318, Argonne National
Laboratory (1967).

APPENDIX A

LOGICAL FLOW OF PHENIX

The basic logical flow of PHENIX is shown by
Fig. A.l. 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), calculateg mesh areas
READ INITIAL ( ’ o
INPUT DATA and volumes, and calculates initial fis

g sion distributions.
(subroutine block 1)

ERRO2 Prints an error message. .

@ jc— FISCAL

Calculates fission sums and performs

GENERATE MACROSCOPIC normalization.
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-
o ————— - malization before each group calculation.
I Flux Converged? +—/N———NO—
Subroutine Block 4

T

YES CONVRG Performs convergence tests and computes
F———Ye . new eigenvalue in search problems.
I 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)
in burnup calculations.

PRINT RESULTS

(subroutine block 5) GRPTOT 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,
Fo——————
t Burnup Smuenc?, ! GRAM Calculates and prints the mass of each
Completed? [ NO material in each zone, and the zone
- -YI:S- -= volume.
Note: If no burnup is to be performed, the program
@ terminates at this point (C on Fig. A.l).
Subroutine Block 6
REFUEL e
(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.

b. 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—ke after burnup.' This cycle

is repeated for ezzh burnup step. Following
completion of the last such sequence, the code
proceeds directly to refueling (if desired) or
performs a final search before refueling. ILf
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: If 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.

21




22

[aEa¥akaNalaNalaNeRa¥aRaYala¥aNaXakakaRaXaaXalnEaXaXa¥aRalaXaXaXalakaiaXaka e ke ¥akalaEkakakaaRalaNa ke o Ra Rl

PROGE S PHENTIX (IMPL

]Nch o 15Ci¢
2TAPCI1, 1A

@ g oo

PHEIT X

1HP

FRRNP

XSFCT

TNPE(_X

SIS

RE ARL

RFAE XS

TRIG

MAPIR

TNIT

FTSCAL

FVPRT

ouTLzp

APPENDIX B

FORTRAN LISTING OF SOURCE DECK

T.TAPE]O= PUT » TAPE9=OUTPUT yNCK1
AT»TAPE4= nsanrE}scn YL ATERF LR TARE ALY,

PLL24PUNCH)
DESCRIPTION OF SURROUTINES & % & b @

‘ATl PHUGRAM = SETS LI TAKFE IITTS AND DISK FILES AN
CAL.LS THE FOLLOWING SURROUITNESes INPoINIToF ISCALGEVPRTY
IRPOz.uuTER.COMvRG.SUHMDchRAM.1HPR.AVFRAG.IIGTRG.MARCH.

HSUGROUTINE TO CONTPOL TIIFE READING AND PRINTING (F 1uPuT
NATA, COMPUTE VARIABLE UIIMENSION PNINTERS AHD vaPIOUS
PROGRAM CCNSTANTS. IfP IS CaLLFUL RY PHEN1X ANND CALLS
XSEGTy INPFLX s REARL s REAF XP s MAPR 4 EIRRNZ29 TRIAND REFIIEL

SURROOTINE TO PRINT AN ITRRUR MF>SAGE. IT IS CALLED BY
I'HMEMIX 9 INP 9 REARL 9 REAFXP o IN1 TeCONVRGe AND SUIMMRY .

SUBROUTINE TO READ CROSS SeCTIon$ FROM CARDS oR TAPES
AN WPI'E TRE CROSS SECTINDN FIIE NCR1e IT IS CALLED
ny Ine,

SUBROUTINE TO READ IMNPHT FLUXES ANND WRITFE THE FLUX FILF
HFLUAY. IT IS CALLED Hy I*IP,

SUBROUTINE TO CALCULATE SINHISOIJUAL FLUX INPUT GUESS A0NTH
ADTALLY AMD AXIALLYs FOR ANY COYBINATION OF  VACUUM ANU
NEFLECTVE BOUNOARY CONOITLONS, TT IS CALLFD RY IMP,

SUHROUTINE TO READ FLUATIVIG PDINT NATA, IT IS CALLED ny
Inf Auw CALLS ERROZ2.

HATN
HATN

HATHW
AT
HATH
AT
HATM
HATII
MATH
HATH
HAIN
HATH
HMATIN
AT
HATH
HATN
MATH
MATNW
HATH
“HATIY
HAT'I
“HAIN
HATN
HATH|
HAIN
HATH
HATM
MATLH
HATN
HATHN
HATN
HMATE|

SUBROUTINE TO READ INTENER DATA. 1T IS CALLED wY INP AMDHAIN

CCALLS £HRC2.

SUBROUT!NE TO READ THIGGER IATA 1ISED 1IN HURNUP AND
REFUELTGG CALCULATIONS, IT 135 CALLED 8Y INP AND IMPR.

HMATN
MATIN
HAIN
UAIN
HATIN

SUBROUTINE TO PRODUCE A PICTHPRE 1'LOT BY ZONFE ANU MATERTAILMAIN

IT IS LALLED Ry INP,

SUIIROUTINE TO MIX CRCSS SLCTIONSe MODIFY GEOMFTRY,
CALCULAIE MESH AREAS AN VOLIINFS, AND CALCULATF INI11TAL
PI;SION UISTRIBUTIONSs IT IT CALLED BY PHENIX AND CALLS
LpROp,

SUBROUTINE TO CALCULALIE FISSION SUMS AN PERFNHRM
HnRMALI/ATION. IT IS LALLFU HY PHEMTI X

HUBROUTINE TO PRINT AMD MUNITOR THE EIGENVALIIE
CALCHLATICN. IT PRINTS TIMEs ELSENVALUEs LAMRDA, ETC.
AFTER EnCk OUTER ITERATTON. I7 IS CALLEIt BY PHEFTA AMP
J“1”RY.

SUNRONITINE TO PERFORM AMID COMTROL A COMPLETE oUTER
ITERATIUN. "IT IS GALLEN BY PHENIX AND CALLS TCHEF»
AND ™ IMNER,

MAIN
"AIN
HAIN
MAIN
HAIN
HAIN
MAIN
HAIN
HAIN
HAIN
MR IN
MAIN
HMAIN
MAIN
HATN
HAIN
MAIN
HATN
HAIN

VTNV & WN—

[
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1COEF

INMER

REBu#I.

CONYRIS

SUMIRY

GRPTOQT

PRT

GRAM

INPB

AVERAG

FEIGTRG

MARCII

REFULL

INPR

L R IR R

NELT
EPS
EPSA
EV
EVH

SURRQUTINE TO CALCULATFE CDEFFICIFNTS FOR THL FLUX MAIN
EQUATIUN. IT IS CALLED BY OUTER. HAIN
HATIN

SUBROUTINE TO CALCULATE THE FLUXES IN A SPECIFIED GRNDIIP MAIN
IISING LINE INVERSYOH. IT IS CAlLLIED BY OUTER AND CALLS HAIN
REBAL, MAIN
HAIN

SIFIROUTLNE TN PERFORM GROUP RERBALANCING AND FLUA HAIN
HORMALTIZATION BEFORE EACH GROUP FLUX CALCUCATINDN, IT IS MAIN
CALLED Y INNER. MAIN
’ HAIN

SUBROUTINE TO PERFORM CONVRG TESTS AND CUMPUTE NEW EIGVA(HMAIN

IN SRCH PROBLEMS.IT IS CALLED RY PHENIX AND CALLS ERR0O2. MAIN
MATN

SUBROUTINE TO PRINT THE FINAL TOTALSs INCLUUING GROUP MATN
FLUXESsTOTAL FLUX+POWEI? DENSITYsPOWER FRACTIONs ANU HAIN
* ISSION SCURCE RATE, ALSO CALCULATES AND PRINTS MWD/T HATN
RURNUP KATES IN BURNUP CALCULATIONS. IT TS CALLED 8Y HATIN
PHEHIX ANEC CALLS EVPRI.PRT. GRPTNT, AND ERROZ, AN
MATHN

SUBROUTINE TO COMPUTE AMD PRINT GROUP TOTA(LS. IT 1S MAIN
CALLED HBY SUMMRY. HATH
‘ ' ' HATIN
SURROUTINE To PRINT AHY If® 1 ARRAY. IT IS CALLED HATH
Y SuMMhY, ~ ' MATN
o HAIN
UBROUTINE TO CALCULATE. AND PRINT THE MASS OF EACH HAIN
IATERTAL, IN EACH ZONEsAND THE ZUIIE VOLUME, IT IS CALLERD HAIN
BY PHFNLX, MAIN
HAIN

SUBROUTINE TO READ AND PRINT THE IHPUT WIIRNUP DATA. HATM
1T IS CALLED RY PHENIX, HATH

HATN
SUBROUTINE TN CALCULATE ZUNE-~AVERAGED TOTAL FLUXESeZNMF- MAIN
AMD GRNUP=AVFERAGED FISSION Al AHSORPTION CROSS SECTINNSMAIN

AID RRELDING RATIO. I1 TS CALLFU BY PHENIX. HAIN

HAIN
SDRROUTINE TO CONTROL TIHE FrLOW UF THE EIBENVALUE TYPE MATIM
Tt SEARCH CALCULATIONS, Il IS CALLED BY PHENIX. 1HATN

HAIN
‘URROUTANE TO CALCULATE THE TTME~DEPENDENT ISOTOPIC MATM
CONCENTHAYIONS, IT7IS CALLER AY PHENIX, HAIN

HAIM

SURROUTLINE TO CALCULATE ATOM LENSITIES OF CONSTITUENTS  HAIN
WITH GREATEST RURNUPs TO CUMIMIITE. THE ACTUAL DTSCIIARGE s HAIN
THE CHARGE, AND THF. INITIAL CuMPISITION FOR THE HEKT HAIN
AURNUP INTERVAL, IT I3 CALLFO Y INP AND CALLS 1HPR. HAIN
HAIN

SURBROUTINE TO READs WRITEs Al PUHNCH DATA TO RE USEL IM  HAIN
RFFUEL. IT IS CALLED BY REFUFL nnn CALLS TRIG. MATIN
HATK

INPUT CCNTROL WORIS # # & & # HAIN

) HAIN

LENGTII OF BURNUP TIME STEP (DAYS) HATIN
EIGENVALUE CONVERGEWCE CP1TERION HATIN
PARAVETRIC EIGENVAILUE CONVERGENCE CRITERION (SEARCH)IIAIN
INITIAL EIGENVALUE GOESS (SFARCH OFILY) WA IN
ELGEAVALUE MODIFIFR (SEARCH ONLY) HATH
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EVe
FLXTSY

TR
IRL
181
18T
TCHT
1hip3)
IOMTHA
IEMT
IFS
1GE
T1GH
IS
InY
11T
I
THTHAY
IPFLX

IPAIN

1PVT
TREF

I1STANT

ITL
I1XSFC
12
)P4
Jel

JZ
KLAPS

KHT
ML
HSHSW!

uyhT
MO
NRSTE
NCHII

NECOP

NPOTS
NREG
NREPO
01Tt
ORF
POD
POWR
PV
SRCRT
THAX

EVOGENVALUE GUESS #1NR THE. 2NI) AND ALL OTHFR SEARCHFS “AIN
INNER ITFRATION F[ DX TEST AlM
to/kP = TEST WITil EPS/TEST WITH FP) HAIN

RO ICM BOUMDARY COIDITINUN (0/1=VACIIUM/RFFLECTIVF) HATIN

LEFT  BOUNDARY CounITIOH (p/1=VACUUM/REFLECTIVE)  HAIN
RIUT  BOUNDARY CONDITTIUN (1/1=VACUDM/REFLECTIVE) IHAIN
TH BOUMDARY ConnlITi0n (n/1=VACYUM/REFLECTIVE)  JIAIN
CRUSS SECTION TYPL (1/2=TY¥E1/TYPE2) HAIN
IDENTIFICATION (CUL 1-724CARD 19 COL 1-66/+CARU 2) HAIN
I'REPARE DATA DUNMIP TAPE (/1 = NO/YES) HAIN
EVOENVALUE TYPE (1/2/3=RfFF/CONCENTRATION/LELTA) 1HATN
PENRFCRM FINAL SEARCH (0/1 = NO/YES) MAIN
GEUMETRY (0/1/2 = X=Y/H-=7/R-TIIETA) HAIN
IIUNBER OF GROUPS HAIN
PUSTTION OF SIGMA SELF-5CAITER IN X-SECT TABLE MAIN
PUSITION OF SIGMA-TOTAL IN (:ROSS SECTION TAINLE HAIN
HIAX NOs OF INHER ITERATIONS PER GRP PER nn IR ITFR. MAIN
IIJUBER OF RADIAL MSH THTERVALS HATHM
HARs MO, OF BURNUP INTERVALS TO BE ANALYZEU DAIN
PUNCF F(UX DUMP (@/1/2=MO/FLUX BEFORE BURNUP/FLIY MATN

AFTER BURNIIP) HAIN
PRINT CONTROL (1/2/3=FULL PRINT ALWAYS/FILL PRINT  HAIM

ONLY FOR DAY=0,/PARTIAL. PRINT ALWAYS) HATN
PARAVETRIC EIGENVALUE TYPE (1/2 = NONE/KEFF) HAIN
BUKNLP/REFUEL CONTROL (6/1/2=n0 BURNUP/RURNIIP OlILY/ HAIN

HURNHP AND REFUFL) HAIN

INPUT FLUX GUESS (9/1/2/3/4=MONE/CARDS/CARLS/TAPE/ HMAIN

SIMUSOINy 1=X (I ®X(L)y 23X (ReZebk) s 3=X(RedsE) MATH

FROM TAPEs 4=X (1) ¥X(2),SINUSOIDS) (IAIN
CROUSS SECTION TABLE LENGTH MAIN
READ CROSS SECTIONS FROM TAPE (071 = NO/YES) IHAIN
NO,_ CF RADIAL ZCNES (UELTA OPTION ONLY) HMAIN
HUMABER OF MATFRRIAL ZUNES HAIN
HUMBER OF AXIAL MESH INTERVALS 1A IH
e CF AXIAL ZOKLS (OELTA OPTION ONLY) HATN
NEBICN COILAPSE DPTION IN REFIIEL (0=NO/N=NU, OF HATN

CCLLAPSES HATII
BURNLP INTERVAL BEING AIIALYZED HaIh
HUMBER OF INPUT MATERIALS HAIN
CUNIROL FOR LIME TIHVERSIGN DIRECTION (1/2/3/4 = AT HAIN

OIR/RAD/AXIAL/LET Colif uECIDE) HAIN
CALCLLATE BURNUP IH MaD/T (/1 = NO/YES) HAIN
TOIAL NUMBER OF HIXTURE SPECIFICATIONS HATIN
HiJe CF BURNUP TIME SItPS InN THE BIIRNUP INTERVAL MATI
MLG/ZERO/POS=TAKL TIME STEY OF DELT/EMD OF PPROSLFH/ HAIN

TAKE TIME STEP DF DEL.T AnND READ HURMUP DATA HATN
PULQOF OPTION FOR CHARGE/DISCHARGE NATA (NATA FrOu DATIN

FIRST NECOP COLLAPSES wlLL RE PIINCHED) MAIN
MATERIAL MO. OF CONTRUL POISON HAIN
MO« CF REGIONS (ZONES) REQUIRING REFIELING HATH
RELFUEL CONTROL. POISON DURING REFUELING (0/1=NO/YFS) HAIN
MAX NO. OF OUTER ITERATIONS ALLOWED NAIN
OVER=RELLAXATION FACTOR HATIN
PARAVEYER OSCILLATION DAMPER (SEARCH OMLY) HAIN
REACTOR POWER (MWT) MAIN
DESIRED VALUE OF PARAMETRIC EIGENVALUE (SEARCH MHLY)MAIN
MEUTRON SOURCE RATE HAIN
MaX ALLOWABLE RUNHIMNG [IME IN MINUTHS HATN

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
155
156
157
158
159
160
161

162
163
164
165
166
167
168
169
179
171
172
173
174
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XLAI
XLAL

L I

NIHP
NODT
NCR1
NFLLXT
NSCRAT
ISCRAT
NDUMP
NMICR
ALA
BO7
CNT
cvT
DAY
EPF
Eo01
Eo2
Eo03

EQ

EVF
EVPP
GRAR
I1BPTRS

IRLIR
TGEP
1GP
1GV
I1
THMUM
InT
1P
ITEMS
ITENP
ITEHP1
ITEHP2
1ZP
JP
KLMT
Ko7
KPAGE
LAP
LAPP
LAK
I.C

MT
MCOEF

NGO
NGOTO
NSWFE!
P02
PBAR
SBAP

LAMBCA-1 UPPER LIMIT (SEARCH ONLY)
LAMBCA=) LOWER LINIT (SEARCH ONLY)

INTERNAL VARIABLES # « @ ¢ «

INFUT TAPE (DISK FILE)

ONTPLT TAPE (DISK FILE)

CROSS SECTION TAPE (DISK FILE)

FLUX TAPE (DISK I'ILE)

SCRATCH TAPE (DISK FILE)

DISK FILE FOR FLUX COLFF, AIID TEMPORARY FLUX DuMP

TAPE FOR INPUT AND OUTRUT FLUXES AND ATOM DLCNSITIES

MILRCSCOPIC CROSS SECTION TAPE
LAMBCA
USLD FOR INTERNAL COMPUTATION IN FISCAL AND INIT
CUNVERGENGE TRIGGER FOR L AMHBDA
CONVERGENCE TRIGGER
RURNLP TIME IM DAYS
(Hu=SEC) / (FISSION) (BASEI) ON 215 MEV/FISSION)
TEMPCRARY
TEHPCRARY
TEMPCRARY
TEMPCRARY FOR CONVRG
PREVIOUS EIGENVALUE
EIGENVALUF FOR TWO ITERATIUMS BACK
GruOF INDICATOR FOR TAPE MUTION IN NUTER
TEMPCRARY TRIGGER FOR DETERMINING WHETHER All
NCON-DELT CARU IS Tn RE HEAD
RUMNING COUNT OF TIHE NUMRER OF BURNUP STEPS
Lt + 1
1Gi1 + 1
GROUP INDICATOR FOR INNER AMD OUTER
INNER ITERATIOM COUMT FOR A SINGLE GROUP
IMeJV
I)e OF NFEXT BURNUJP INTERVAL (= KNTe1) (IN RFEFUEL)
IM e 1
TEMPCRARY
TEMPCRARY
TENMPCRARY
TEMPCRARY
14 « ]
JAM e

IHHAIN
MATIN

HAIN
MAIN
MAIN
IHATIN
MAIN
MAIN
MAIN
HAIN
HAIN
MAIN
HATIN
MAIN
HATN
MAIN
MAIN
HATHN
HAIN
HAIN
HATIN
HAIN
HAIN
HAIN
HAIN
MAIN
HAIN
MAIN
MATM
MAIN
MAIN
MAIN
HAIN
HAIN
MAIN
MAIN
HAIN
MATH
MATN
MAIN
HATN
HAIN

M)e CF PREVIOUS HURNUP INTEPVAL (=KNTe1l) (IN REFUEL)MAIN

TERPCRARY
PAGE COUNTEP FOR MONITOR PRINT
LAMBOA FNR PREVIOUS E1GEHVALUE
LAMBCA FOR TWO ITERATIOHS B3ACK
LAMRCA FOR PREVIOUS ITERATION
LOUP COUNT (TOTAL II 111 A SINGLE OUTER ITERATIOM)
TOYAL NUMBER OF MATEK1ALS IHCLODING MIXES (HLeIZ)
TRIGEGER FOR A MEW CALCILATION OF FLLIX
CCEFFICIENTS. (SEARCH ONLY)
TEMPCRARY FOR FLOW OF EIGENVALUE TYPE
TEMPCRARY
INIERNAL CONTROL FOR DIRECTION OF LINE INVERS1OM
OUTER ITERATION CounT
TEMPCRARY
TEMPCRARY

MAIN
HAIN
HAIN
HAIN
HATIN
HAIN
HAIN
HATIN
MATN
MATM
PAIN
MATH
MAIN
MATIN
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
208
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
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SK7
Ta¢
Til
TEMFE
TENI
TEMP
TEMPY
TEMP2
TEMP3
TEMPS
T
Vil

SLUM CF K7 OVER ALL GROUPS
0/1=NOT DELTA/NELTA CALCULATION
PREVIOUS FISSION THTAL
TEFPCRARY

TEMPCRARY

TEMPCRARY

TEMPCRARY

THMPCRARY

TEMPCRARY

TEMPCRARY

TIME

THIAL SOURCE FOR TIHE GRONIP

L T S §UnSCRIPTED VARIARL§5 9 I N

ABXS( 'CONe TZMy THIMAX)

ALAHIC L)

ATW (L)

AXS (ML I/t
antIP)

Al (ImM)

RREDRT IT1Z°1)
CUINTIVANS WAR)]

CG (L .OP e ICON)

CHAPGE (ML)
CMTZ "amC D
CHP (1 ianCor)
CO(ITL.MT)‘
CXF I 1)
CXS(I1eJve3)
cCXT(I'N

NG HECOP$HICON)

DISCrHi (ML)
N (TL 1y NCOD
EQ(IGY)
F1In)
E2(1060)
e3(Int)

E4 (Tl
FS(11ih)
E6(11517)
ET7(I6P)
ER(IGH)
EQ(I4PM)

ZUNE= GROUP-AVG AII50RPTION X-SECT USED To BURN HTLS

IN REFUEL
DLLCAY CONSTANT  (DAYS-1)
HaTERIAL ATOMIC WEIGHT
SPECTRUM AVERAGEI! ABSURPTINH CROSS SECTINN
RAllIAL AREA FLEMENT
AX1AL AREA ELEMENT
CONIRIBUTION TO AREEDING RATIO FROM ZONF IZM
AVERAGL RURNUP RATE IN MWD/T FOR ZONE IZM

CHARGE MASSFS TO RF PUNCHFI: (IN REF'IEL)

TUIAL CHARGE MASSES FUR f£ACH MATERTAL (It RFFUEL)

CHARGE ATOM DEMSITIES (I REFLEL)
TEMPCRARY ATOM BENSITY STORAGE (IN REFUEL)
CRUSS SFECTION AHRAY FOR CURFENT GROUP
CONSTANTS FOR RIGHT BODMUARY

CUNSTANTS INVOLVING CROSS SECTIUNS FOR FLUX CALC.

CUNSTANTS FOR TOP HOUNDARY

N1SCHARGE MASSES TN HE PPIINCHFD (IN REFUEL)
TUIAL DISCHARGE MASSES FOR FACH MTL
DISOFARGE ATUM CEHSITIES (IM REFUEL)
FISSION RATE

F1SSION SOURCE

IN=SCATTER

OUT-SCATTER

ABSORPTIONS

LEFT LEAKAGE

RIGRT LEAKAGE

TuF LEAKAGE

A1 TCM LEAKAGE

TUTAL LEAKAGE

FIXS('CUNOILM.INIMAX)

FUTOT(14M)
FXS (ML, 12/
FO(TMyIM)
F2(IMJM)
HALIM OR JID
HNC (M)

HUT (M)

ZhME= GROUP-AVG FISSION X=SECT USED TO BURN MILS
IN REFUFL

TUIAL FUEL MASS IN TONS FOR ZONE [2ZM

SPECTRUM AVERAGFI FISSIOM CPOSS SECTIOM

F1I5510NS  (OLD)

FISSIONS (NEW)

TEMPCRARY STORAGE FOR LIME JHVERSION

MAIN
MAIN
VJIAIN
HATH
MAIN
MAIN
MAIN
HAIN
HAIN
MAIM
HAIN
HMAIN
MAIN
MATHK
HAIN
MAIN
HATN
MAIN
HATN
HAIN
HAIN
HAIN
HAIN
DAIN
HATH
HMAIN
HIATHN
MATM
HAIN
MAIN
HATIM
HAIN
HATN
HAIN
HAIN
ItAIN
MATH
MAIN
HATIN
HAIN
HATN
MAIN
IHATN
MAIN
HAIN
MAIM
HAINM
MAIN
HATIN
MAIN
HAIN
HAIN
HAIN
HATM
HATHM
HAIN

CLEAN (MO BURNUP)} ATOM UENSITIES OF MTLS IN EACH MIXMHAIN

InITIAL ATOM DENSITY OF EALH MTL IN EACH MIX FOR

MATIH

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
271

272
273
274
275
276
277
278
279
280
28l
282
283
284
285
286
287
288
289
290
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HOLN (ML)

INPUT TO NEXT BURNUP (12 BLOCK FOR NEXT INTERVAL)MAIN

MATERTAL NAME-

120N (KLARS s 12M)

10(H01)
11(M01)
12(Mel)
130101
14 (M)
K6 (1G*)
K7 (IGH)
KZNS (KLAP'S)

LCN(MLs2)
LD (ML)
LFNM (ML T)

ACYUAL REGION NUMBERS OF REGIONS TO BE COLLAPSED M
EACH COLLAPSE (IN REFUEL)

MIX™ NUMRER

MATERIAL NUMBER FOR MIX

HAYERIAL DEMSITY

MAIERTAL DENSITIES FOx GRAM CALCULATION

SEARCH MATERIAL MODIFIER (CONC SEARCH ONLY)

FISSION SPECTRUM (EFFECTIVE)

F1SSTON SPECTRUV  (TIHRUT)

tiie CF REGIONS TO BF COLLAPSEND IN EACH COLLAPSE IN
“REFUEL

SUURCE ISOTOPES FOR CAPTURE

SOURCE ISOTOPF FOR NECAY

SUURCE ISOTOPES FOR FISSION

MASS('ILsIZM) MaTERIAL INVENTORY IN EACH ZONE
MASSP (ML TZM) HATERTAL INVEMTORY IN EACH ZONE (PREVIOUS)

MATN( 1L)
MO (IMe M)
M2(1Z2'1)

MaTERTAL NUMBER FOR BuRtlaABLE [SOTOPES
ZUNE NUMBERS
MATERIAL NUMBFRS RY ZUNE

NBIFLG (1219 HNCON)

NBFE (ML)
NFRE (TZM)

NTRIG (tHu1)
NO (IMs JM)
N2 (It1e M)

VALUES IN M0l ARRAY THAT ARE BURNABLE ISOTOPES
(IN REFUEL)

0/1/2=N0 EFFECT/FERTILE/FISSIIFE ISOTOPE

MUs CF BURNUP INTERVALS IETWEEN REFUELING +OR EACH
"REGION TO RE REFUELED

TRIGGER FOR TOTAL FUEL MASS CALCULATIOM

TUJAL FLUX (oL

THTAL FLIX  (NEW)

PACIM OR JM)  TERPCRARY STORAGE FOR LINE INVERSION

PFRAC(1ZM)
PFPREV(IZN)

FIACTION OF TOTAL POWER PRODUCED BRY ZONE IZM
PREVIOUS POWER FHACTION FUR ZONE IZM

PHI (IMTMAXe IZM)

PHIB(1ZM)
RO(IP)
R1(IP)

R2 (IM)
R3(IZ)

R4 (IM)

RS (114}
S2(IMe. M)
TRG (NCON)
vOL (1ZM)
vo (IMeJM)
Xa(1z'1)
20 (0P)
21(JP)

Z2 (UM)
2344

24 (JM)

75 (M)

UL B B4

ZUNE= AVG TOTAL F(.UX USED TO BURN THE CONSTITUENT
MTLS IN REFUFL

ZUNE AVERAGED FLUX

INITIAL RADII
CURRENT RANII

RAUTAL ZONE NUMBERS (DELTA CALCULATION ONLY)
RAULAL ZONE MODIFIFR§ (DELTA CALCULATION DHLY)
AVERAGE RADII
NELTA-R
FIXEC SOURCE
TRIGCER TO REFUEL FACH BURNABLE ISOTOPE (0/1=HO/YES)
ZUNE VOLUME (LITERS)
VULUVE FLEMENTS
REFUELIMNG FRACTION FOX REGIOGNS TO BE REFIELED
INITIAL AXII
CURRENT AXII
AXLAL ZONE NUMBERS (DELTA CALCULATION ONLY)
ARLAL LONE MODIFIERS (UELTA CALCULATION ONLY)
AVERAGE AXII
DEL.TA-¢

INPUI UATA BLOCKS # @ # & ¢

AIM
HAIN
MAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
MAIN
HAIN
MAIN
MAIN
HAIHN
MAIN
MAIN
MAIN
HAIN
HATN
MATH
HAIN
HAIN
MA L
HAIN
HAIN
HAIN
HATIM
MATN
MAIN
IHAIN
HAIN
MAIN
CIATH
MAIN
MAIN
HAIN
HATIM
MAIN
HAIN
MAIN
HATIM
HATIHN
HAIN
MAIN
HATIM
HATIN
MAIN
MAIM
MAIN
MAIN
MAIN
MATIN
HAIN
MAIN
HAIN
MATIN
MAIN

291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348

27
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DATA ALCK )
(OMIT IF
UATA BL'ICK 2
(OMIT IF
UDATA BL)CK 3
DATA BLMICK 4
DATA BLYCK S
DATA BLDCK 6
DATA BL''CK 7
DATA LIL 'CK ®
DATA HILOCK 9
UATA BLICK 1n
((MIT IF
VATA 1iLCK 11
(OMIT IF
DATA RL™CK 12
(OMIT IF
NATA BLYCK I3
tou1T IF
DATA BLCK 14
(OMIT TF
DATA BLCK 15
(OM1T IF
e ¢ on o» & )AL
cothig’! HINP,
1 N'IICR.
? E1(57),
3 E&(S1),
COMMO'l £Q,
1 I§Vv
? 1ZP,
3 LCy
4 SBAR,
5 1EMP3,
COMMO'l TU(23)
1 IRRQ
? MLy
3 IL.
4 1UMTPS,
COMHOI EPS,
1 EVy

CRUSS SECTION DATA
[ASEC = 1) T

INPUT FLUX GUFSS DATA
ISTAKT = g OR 4)

RAUIAL MFSH BOUNDARIES (PO HLOCK)

AAUAL MESII BOIINUARILS (Zo BLOCK)

ZNHE NUMBERS A1 EACH MESH POINT (Mo BLOCK)
F1SSION FRACTION FOR EACH GROUP (K7 BLOCK)
MIXTURE NUMBERS (I8 BLOCK)

MATERIALS IN EACH HTX (I1 MLOCK)

ATUM DENSITIES OF ATERIALS IN EACH MTX (12 BLOCK)

Z'IsE NUMBERS FOR RANTAL INTERVALS (K2 BLOCK)

IEVT(NE,3)

PAILIAL DIMENSIONAL (1OLDIFIERS (R3 BRLOCK)
IEVT.NE.3)

ZuhE NUMBERS FOR AXIAL IHTERVALS (Z2 BLOCK)

IEVT,NE.3)

AXIAL OIMENSIONAL NMOLIFIFRS (Z3 BLOCK)
IEVT.NE. 3)

SLARCH MATERIAL MONIFIERS, (14 BLOCK)
IEVT,NE.2)

TRIGGER FOR MTLS THAT ARE FUEL (NTR1G EILOCK)

MWDT = 0)
H PRCGRAM & & & & @
NCUT, NCRls HFLUX19 NSGRATs ISCRATy NIMIMPe
ALA, BO7 CNT» CVTe DAYs E0(51)

E2(81)s E3(51)s E4(51)s F5(51)s E6(S1)s ET(S1)
L9 (S1) EGls Eg2y Eo3
EVPs  EVPP, EPFs  GBARy  IGEP, 1GPy
Il IMJM, IPsy 1TEMPs ITEMPle 1TFEMPZs
JPy KO7s KPAGES LAP, LAPP, LARY
NGOTOy  ORFP, P02+ PBAR»
SK7+ T06y Tl TEMPs TEMPls TEMP2s
1ENPG, Tl Vils  HXCM
IVAX, IGE» 1Moy IMe JMo IBL
IBT, IBR, 1GMe TEVT, IPVT, ISTAKTY
MT, MOl ICSTs IHT IHS ITL
Jes OITMs 11TH, MWDTs IPFLXs LIPRINs
IREF, IXSECs MNPOISs NCOH
SRCRT, POWR » OKFe FLXTSTs PVy EPSAY
©EVMy, XLAL» XLAH PODs  NELT IFSs

MATM
MATH
HAIN
MAIN
MAIN
MAIN
HAIN
HMAIN
HATN
HATIHN
HAIN
HAIN
MAIN
HATH
BATM
MATN
HATN
HMAIN
1TATM
MATIM
HATI
MAIN
HAIM
MATIHN
HAIN
MAIN
HAIN
HATN
HAIN
MAIN
HAIN
HATH
HAIN
IHATIM
HAIN
HATIN
MAIHN
HATM
MAIN
HATM
HAIN
HAIN
HAIN
MAIN
HMAIN
HAIN
HMAIN
HAIW
HMAIN
HMAIN
HAIN
MAIN
MAIN
HMAT(
HMAIN
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
an
372
373
376
378
376
377
378
379
380
38l
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
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Yo

20
30

40

50

60

65
70

NIISTP,
LATW,

LPHIp,

LLCN,

L3,

LRe,

LLl,

LNBR,

L1A,

LBRDRT,
INTEGCR BOT,
INTEGER NITM
REAL 12,
Noy

COMMO'I A(30060)
DAY=0. '

coMMOl

ODPNIPUSH WYV NV

COHTIIUE

REWINY 3

REVIN 4

REVWIMD &

REMIND &

cALL Tup

CALL INTIT(A(LK®G)
1 A(LND)
? A(LZ0)
3 A(LAYL)
4

IRUR

LHGLNS  LACARS
LVQL LMO e
LLFN, LH2e
LK6, LKT»
LR3, LR&y
LZ2s LZ3s

LPrI8, LAXS»

LPA, LPFRACGS
LPFIPPy  LI&

CMTy CVTs
13, Kés
N2+ MASS,

NGOy
LCQe
LAXX,
LAy
LMQ
LRSe
L4
LFXSe
LNTRIG

Py2s

K79
HASSP

* A(LK7)y A(LIU)s A(LIN

* A(LPO)s A(LRI

* A(LZ1)y A(LL2)
* A(LFO)y A(LCO)Y
JIeMT oA (LNTRIG) vA(LI4))

Yo ALLR2)»
A(LL3)
A(LVO) o

IRTRGY NCO%F' NSWEEP
’ LIl LI

LT0 29
LFXXs LMATN, LLD,
LAl LFO» LF2s
LM2 . LRO, LRl
LS2» LVO, LZOo
LZS» LCXSs LMASS»

LMASSP LCXRy LCXTys

LPFPRVs LBURUP,y LFUTOT,
T06s R2y 22
LAPs LAPP, LARY

14

Yo A(LI2)e A(LMpn)s A(LMP)

A(LR3)
A(LL4)
ITL

CALL FISCAL (A(LYO0) 4A(LFO) +A(LVO) 4A(LCA) JA(LKE)

A(LHO)

2
CALL 'ONITOR PRI
CALL tvpRT

NT

GO TP (50s 30+ 3Cs 40) s NGOTO
CALL Enna2 (6H8HONPR, 3041)

PERFNRM At OUTER

ITERATION

sA(LM2) o ITLT)

CALI. "UTER( A(LAUM) s A(LAL)s A(LCD)e A(LFO)s A(LK6),

N —

PERFORM FISSION

CALL FISCAL (A(LNO)4A(LFO)
A(LMOY

A(LF

'Z). ITL. MT! A(

CALCULATION

sA(LVO)
PA(LM2) 9 TTLyHT)

LCXS),y 1

WA (LCO)

Me JMy

sA(LKE)

PERFNIY CHHVERGEMCE AND NEW PARAIIETER CALCULATIONS
CALL CONVRG TA(LFZ2)y A(LK6))

GO TN (50+20010)

» ANGOTO

s0/20/71usFIBAL IPKINT/MONITOR PRINT/SEARCH CALCULATIOHN

A(LR4)s ALILRS)
A(LZS)s A(LAQ)S
TMs

ACLMOY s A(LM2)y A(LMOYs ACLNZ)y A(LS2) s ACLVO)2A(LZS),
T A(LRS)
A(LZL)y A(LCXRIy A(LCXT)s A(LHA)s A(LPA)

A(LR4)»

CALL “UMMRY (A(LF2),y A(LN2)y A(LRY) s A(LZY), A(LRG) s A(LL4G) S

1 THoJdMea (LN2) s A(LCO) 9A(LNO) 9A(LMO) g A(LM2) sA(LFO) o TTLOMT
2 A(LVO) yA(LFUTOTY oA (LIO)Y 9A(LY1) 4A(LI2) »A(LPFRAC)

k| ACLEFEPRVY oA (LBIIRLEP) sA(LT4))

TCALL GRAM(A(LMASS) s A(LVOL) S
» A(LM2)y A(LVDY,

1 ACLMO)

A(LATw) »

ALIC)

ACLHOLNY 3 TMy UM,

A(LI3) sA(LFUTOT) sAILNTRIV)Y «A(LLa))
CALL IMPB(A(LMATN) g A(LHBR) o A(LLD) oA(LLCN) 9 A(LLFN) 9A(LALAM)
| A (LHOLM)Y yML oA (LI2))

IF(NCHD) 604919

6y

A(LIl)

A(LI?) s MLy

CALL AVERAGTA(LI'HIB) »A(LAXS) oA (LFXS) «A(LMATN) oA (LMASS) JA(LATW)
1 ACLYOL) ¢ACLLCOY s AILH2) A LLIIO) s ACLVO) gA(LHOLNY oML TTL,
A(LUITRY y ACLAXX) s A(LFXX)9A(LHRDRT))

CALL EIBTRG(IEVTsKOT7s IBURIEVIEV2eNGOIEQIPVT)

IF (NGO.EQ.1) GO
IF(DELT) 10+1.10
IF(DELT) 70+1+70

TO 65

CALL MARCH (A (LPHIB) ¢A(LMATN) s ACLFXS) A (LAXS) 9A(LVOL) 4A (LMASS1,
1 A(LMASSP) s A(LALAM) yA(LLD) 9 ACLLCN) s A(LLFN) ¢ML
ACLIO0) sA(LI2)+A(LI2) vA(LM2) sA(LPHIP) sA(LPHIPP) »IZM)

60 To 10
END

HATN
HAIN

MAIN
HAIN
HATIN
MAIN
MAIN
HMAIHN
MAIN
MAIN
MAIN
MAIN
HATH
MAIN
MAIN
HAIN
MAIN
HAIN
IHAIN
MAIN
MATIN
HAIN
HAIN
MATHN
MATN
MATN
MAIN
MAIN
MAIN
HATIN
MATHN
HAINW
HAIN
MATIN
HMAIN
MAIN
MATIN
HAIN
HAIN
MAIN
IHAIN
HMAIN
HAIN
HAIN
MAIN
HATIN
HATIN
MAIN
HATN
IHATHN
HAIN
HATIN
MATN
HAIN
HAIN
HAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

407
408

409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
459
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473

29



30

Jo

SUBRO ITINF TP
coHHN | FIMNP

1 NHMICR,
? E1(S1),
kY £E8(51),
COHMD't £y
IGY,

Ill’.

l.(_:v

SBAR,

TEMIP3,

colmo’l 1pt2dy,
1812,
ML

14,
INNTPS,
EPS,
Ev,
NSTP,
hA!Nv
LPHIP,
LLCNy
L3,
L2,
Ll
LHIIR,
LﬁAv
LHR“RT.
TNTEGER  H0?,
INTEGEER  OITH
REAL i2,
NO»

J & AN -

FWEVES

cotMN |

N e

“connnl

VENDIDPAS LNV

COlIMO't A (30000)

NCUT,
ALAS
EZ(S1)
E9(S1)
EVPy
Il
JP s
HGOTO,
SK7,
[EVMP4y
Tvax,
18T
MT,
Jly
IREF »
SRCRT
EVM,
IBUR,
LHCLN,
LVOL »
LLFNy
LK6 s
LR3,
LZ2»
[.PFIBy
LPA,
LPHIPPy
CNTy

13,
N2y

NCR1s NFLUXTs NSCRAT

BO7o
E3(51)
EO01o
EVPR,
IMJUMy
K07y
ORFPy
T0G6
Tl
1GE
118
MOl
OITM
IXSEC
POWR
XLAL
gEV2e
LALAM,
LLINO»
LN2»
LK7»
LR&4
LZ3.
LAXS»
LPFRAC
LI4
CVTs

1NG-X)
MASS

FQUIVALENCE (AoINTT) s (A4AA)

DIME ISTOR

CNT»
E4(51)
Eo2y
EPFO
IPs
KPAGE s
ro2e
Ti1,
Vi)
I[H.
Ttstae
ICST
TITM,
HPOIS
NRF »
XLAH»
NGO
LCnoe
LAXX,
LAns
LMO
LRSs
L4y
LF XS
LHTRIGs

P02y

N7
MASSP

INTT130000)9AA{300%0)

CvTe
ES(51)
Fo3
LBAR
LTEMP,
LAPS
PBARY
TEMP
MXCM
™
IFEVT,
IHT.
MWNDT
NCON
FLXTSTs
POU
IBRTRG
LIOs
LFXXs
LAl
LM2
LS2s
LZS»
LMASSP,y
LPFPRV,

To6

LAP»
14

ISCRATs NDUMP,
DAYs EU(S51)
F6(51)y E7(51)

IGEI?, IGPy
ITEMPly ITEMP2s

LAPP, LARS
TEMP1, TEMP2s
JH, IBL
IPVTy ISTART,
IHS, TTLo
IPFLX IPRINY

PV FPSA
NELT, IFSe
NCOLF s NSWEEP

LIl LI2»
LMATN, LLDy
LFO» LF2s
LRO LR1,
LVOs (4
LCXSes LHASS»
LCXRy LCXTs
LBURUP, LFUITOT,
R2. 42
LAPP, LAR

THIS SUHKNITINE GUNTROLS THE READING DF ALLL INPUT DATA

NCRY = 3
NS(RAT = 4
ISCRAT=5
NIHP=DDn
NOUT=?
NFLUXY = H
NDUMP = 11
NMICR = 12
PRINT §
FORMAT (1H1)

IF(DAY.EQ.0.) G IC 45

IF (IVEF.fIEC2) 6O TO 45

READ (HINPoT0)
FORMAT (616)
INT = KNT+1
KLHT = KNT-1

KNT, NREGs IIREPOs KLAPS, INTMAX, NECOP

LX0=L 12

LNFRE = LX0 * I/M
LTRG = LNFRE + 1/M
LHIIQ = LTRG + HEYN
LPHI = LHtIQ <+ MQ1

LAHXS = LPHI + I/ZM#INTMAX

INP
INP

INP
e
INP
MNP
INP
INP
INP
INP
INP
INP
INP
NP
NP
P
INP
INP
{NP
INP
INP
INP
P
NP
INP
INP
INP
INP
INP
NP
e
e
P
INP
NP
TNP
e

Ihp
e
IMP
T™P
INP
IMP
INP
NP
INP
INP
INP
NP
IMP
IMP
e
INP
e
(NP
INP
INP

VEO~NoU & WN—




» .

15

20

25
30

35
40

45
%0
o5

L)
9517

60

63

LFIXS
LKZNS

LIZON

LABXS o WCCNHIZMOINTMAX
LFIXS + NCCN®#IZM#INTHAX
LKZNS + KLAPS '

LNZN = LIZOH o KLAPS®#IZM
LNZ!l + NREG

LDON « IZM#NCCN
LCNP = LCM ¢ IZM®NCON
LHNI = LCHP + TZM#N\CON
LHNI * Mgl

LUG « NECOP#NCON
LNTS= LGG « MECOP¥NCON

LDM =
LCH =

LNDG =
LCG =

LCIG
LHHT
LAST

LOIS « 1L
LC'1G + ML
LNHT « IZM#NCON

PRIMT 15¢ KNT4INT '

FORMAT(1H1+/710X942H # # @« # ® REFUEL BETWEEN BURNUP INTERVALSs

1

FORNA
180!

A

280H

A

3801

A

480H

A

58011

A

&«80!!

A

R60H
FORMA

sSTOP

I344H ANDy13410h & & # 0 ©//7/)
PRTNT 209 KNTy NMEG, HREPOs KLAPS, INTMAX. NECOP

Y24
KNT

ARE O

JIREPD
KLAPS
It IMAX

JIECOS

BURNUF INTERVAL JUST CUMPLETED
127
No: OF RFEGIONS REUUIRING RFFUELING
12/

REFUEL CONTROL RODS DURING RCFUELING (0/1=NO/YES)

12/

REGLUN COLLAPSF. OPTION (0=NO / N=NQ.OF COLLAPSkS)
1

12/

MAXe NOo OF BURNUP INTERVALS To BE ANALYZED
12/

PUNGH OPTION FOR INPUT 10 ECONOMICS CODE
12/

T (//7/5%,TH LAST = 16)
IF (LAST - 3n000) 35+35,30

DO 40 I=LHN2sLAST

AT

CALL PEFUEL (KMToNREGsNREPOsNPOISoKLAPS, INTMAXINECOPs A(LX0O] s
N(LNFRE)s A(LTRG) s A(LIINOY s ACLPHI) s A(LABXS)s A(LFIXS))
A(LKZNS) g A(LIZON) 9 1ZMo1101 ML yUAY s TGMy IMIMs ISTART 4 NCON o
TOMTPSe A(LIU)y ACLIN)s ALLTI2) e A(LPHIPYs A(LNO}s A(LVOL),
A(LAXXYs AILFXX)s A(LMATA) 3 A(LALAM)s A(LLDYs A(LLCN),
A(LLFH) s AGHCIN) e A(LATW) 4 ACLNZH)Y« A(LDN)s A(LCN)Ys A(LCMP),

rTANH WV~

CONTI
PRINT

= '].

(DATA FROM FIRST NFECOP COLLAPSES WILL BE PUNCHED)
PRINT 25+ LAST .

)

A(LH'IIYs ACLDG)s A(LCG)s A(LNIS)s ACLCHG)s A(LCNP)s A(LNHI))

{IVE
50

FORMAT (30Xe40H # & & &# PHENTIX a ® 8w 27/
READ (:1IrP955) (ID(I)sI=1412)

FORMA

T (12A0)

RN LEQ6IF INISH) 320956

READ ( 1TNP+57)

FORMA

CONTI
PRINT

(LD(I) 412139230 THAX

T (11A6sF6,1)
IF(INT13) .CA.6HFINISH) 320460

UF T
63

FORMAT (/5~A929H CAKRCS 1 AND 2 (I AND TMAX) /)
PRINT 65 (IH(I)vI=1023). THAX

INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
IMP
INP
INP
MNP
IMP
NP
INP
INP
NP
INP
L[
INP
)
ItP
INP
INP
MNP
IMP
INP
INP
INP
INP
IMP
NP
INP
INP
INP
INP
[ NP
NP
INP
IMP
INP
)
MNP
INP
INP
1HP
INP
INP
IMP
NP
)
NP
IMP
INP
1P
INP

109
110
111
112
113
114
115
116

31




32

)}

70

4

Ko

M

30

95

FORMAT (20%Xe12A6/10X411A6/10Xy Bt TMAX = F6,19 SH MINs //)
READ (MIN?s 70) 1GE9IZMy IBLoIBRGTBT o IBHIEVToIPVT e IMeJMe 120Ul
1 16 "ML ICSTo [HT o INSeITLe IXSECIMOL4DITMaIITMIMSHSWI? 9 TSTART s
2 IRFFINISTPIFSINPOIS MWD T, IPFLX e IPRIN IDMTPS,

3 FPae5RCRT s POWHICRF sFLXTSToPV,
4 FPHASEVEVMILV24 XLAL ¢ XLAIT,PUD

FORNAT (1216 /7 121€ 7 816 / 6E12.4 7/ 6E1244 / E12.4)

PRINT 72

FORIAT 1/5X+26H CARD 3 DATA 1216 FORMAT /)
PRINT 7S, IQ_EQ 1.My 18BL, ISP, 1T, IRE

FORMAT (

18pH  IGF GEOMElFY (07172 = X=Y/R=7/R-[HETA)

A 112/

SAgll I7M NUMHLR OF MATERIAL ZONES (REGLONS)

A 1127

3R¢Il Tl LEFT BCUNDARY CONDITIN( (v/1=VACUUM/REFLECTIVE)
A 112/

4RoIt  Inn RIGHT BOUNNARY CONUITION (SAME AS IBL)
A 1127

s8¢l IBT TOP HHUNUDARY CONDITION (SAMF AS IBL)
A

ARUH Iy BOTTOM BOUNDARY COND. (SAME AS THL)
A 112}

PRINT 80 TEVT, 1PVTe IMy JMs [Zy JZ

FORMAT (

18011 lgvT  FEIGENVALUF TYPE (1/2/3=KEFF/CONC/DELTA)

A 1127

28yl Ipvi PARAMETRIC EIGENVALUL TYPEt (1/2=NONE/WEFF)
A 112/

aspll IM NUItHLR OF RADIAL MESH INTERVALS

A 112/

4B .M NUMBLR OF AXTAL MESH INTERVALS

A 112/

&80l 12 NO. DF RADIAL ZOHES (DELTA OPTION ONLY)
a 1127

&80l )2 NO. UF AXIAL ZOHES (DELTA OPTION ONLY)
A 112)

PRINT 85

FORMAT (/5Xe26I1 CARD 4 DATA 1216 FORMAT /)
PRINI 90y IGM, MLs ICST, IHT, IHS, 1IL

FORHNAT (
180 lgn NUMHER OF GROUPS
A 112/
PR0H L NUNBER OF INPUT MATERIALS
A 112/
3RgH  I¢ST CROSS SECTION TYPE (1/2STYPEL/TYPE2)
A 1127
4RpIL Iyl POSITICN OF SIGMA TOTAL IW Xx-SECT TABLE
A 112/
8ol Ins POSITICN OF SIGMA SELF-SCATTtR IN X-SECT TARLE
A 1127
680t ITL CROSS SECTION TARLE LENGTH

A 112)
PRINT 954 IXSECe MOls OITMs IITMs MSHSWPs ISTART
FORMAT (
18011 IXSEG REAU X=SECTS FROM TAPE (9/1=NO/YES)
A 1127
280 gl TOTALL NOs OF MIXTURE SPECIFICATIONS

INP
ItP
™MP
INP
e
INP
e
INP
IMP
IMp
INP
THP
INP
INP
INP
INP
INP
INP
INP
e
INPD
INP
P
NP
Ihp
tHpP
INP
INP
INP
INP
THP
INP
INP
INP
INP
INP
INP
IMP
e
me
IMp
NP
INP
INP
INP
Ine
IMpP
NP
TNP
NP
INP
e
INP
INP
IMP
e
e
INP

n7
118

119
120
121
122
123
126
125
126
127
128
129
130
131
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



190

105

107

115

120

125

A
380H NITM
A
4ROl I1TM

A 1127
580l ISHSWP LIME INVERSION DIRECTION (1/2/3/4sALT DIR/RAU/AX/CODE

ADEGINES

6801 ISTART FLUX GUESS (0/1/2/3/4=MONE/CARDS/CARNS/TAPE/SINUSOIN)

A
PRINT 100t
FORMAT (/5X
PRINT 105
FORMAT
18011  IREF
ANUP Al REF
280H IRSTP

A
380H IFS

A
480H IPOLS
A
580H 'WLT
A

PRINT 107y
FORMAT (
180+ 1PFLX
AR BHRIIYP)
280H IPRIN
ALY/PANTTAL
380H THMTPS

A
PRINT 110
FORMAT (/SX
PRTNT 1159
FORMAT (
180H EPS

A

280H SRCRT

A
3801 I’OWR
A

480t "RF

A
5801l FLXTST
A
680H Pv

A

PRINT 120
FORMAT (/5X
PRINT 1259
FORMAT (
1801  EPSA

A
2R0H v

A

380l EvM

A
480t Fv2

112/
MAX WO. OF OUTER ITERATIONS ALLOWED
112/
MAX NU. OF INNER ITERATIONS ALLOWED PER OUTER ITER,
112/
Ii2)

1261 CARD S DATA 816 FORMAT /)
IREFs NBSTPy IFSs NPOISs HWDT

INP
NP
INP
INP
INP
INP
INP
INP
INP
NP
INP
INP
INP

BURNUP/REFUEL CONTROL (0/1/2=H0 BURNUP/BURNUP ONLY/RIIRINP

UEL) Tia/
NUMBER OF RURNUP TIME STEPS 1N A BURNIIP INTERVAL
Ii2/

PERFURM FINAL SFARCH (0/1 = NO/YES)

112/

MATERIAL MO, OF CONTROL PUISON
112/

CALCULATE RURNUP IN MWO/T (0/1=NO/YES)
112)

IPFLXe IPRIN, IDHTPS

INP
INP
INP
INP
INP
IMP
INP
ImMP
INP
INP
INP

PUMGH FLUX DUMP (0/1/2=NO/FLUX BEFORE BURNUP/FLUX AFTFTNP

112/
PRINT CONTROL (1/2/3=FULL PRINT/FULL PRINT FOR DAY=0 ONINP

PRINT) 112/
PREPAKE UATA DUMP TAPE (0/1=nNO/YES)
112)

+28H CARD 6 DATA  6F12.4 FORMAT /)
EPSs SRCRTy POWRs CRFs FLXTSTs PV

EIGENVALUE CONVERGEMCE CRITERION
1PE12+4/ i

MEUTHUN SOURCE RATE (FUR MORMALIZATION)
1PE12+4/

REACTOR POWER THWT) (FOR {ORMALIZATION)
1PE12.4/

OVERRELAXATIONTFACTOR
1PF12+4/

INMER ITERATION FLUX TEST (0/FP=EPS/EP FOR TEST)
1PE12.4/

DESIREC VALUE OF PARAMLTRIC ETIGENVALUE (SEARCH ONLY)
1PE12.4)

92811 CARD 7 DATA  6E12+4 FORMAT /)
EPSAs EVy EVMy EV2s XLADs XLAH

INP

INP
INP
INP
INP
INP
INP
IHp
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
THP
INP
INP
INP
TMP

PARAMETRIC EIGNVALIIE CUNVERGENCE CRITERION(SEARCH ONLYIHIP

1PE12+4/
INITIAL EIGENVALIE GIHESS (SEAHCH UNLY)
1PF.12+4/
EIGENVALUE MODIFIER (SEARCH DNLY)
1PE12.4/

EIGEMVALUE GUESS FNOR 2NU AMO ALL OTHER SEARCHES

IMP
INP
NP
e
INP
INP

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
17
218
219
220

. 221

222
223
224
225
226
227
228
229
230
231
232

33



34

L30

135

(']

%5

LR

A
1PE12+4/
580N YLAL  LAHBUA=1 LOWERTLIMIT (SEARCH ONLY)

A
1PE12+4/
) s
280' (LAMK LAMHUA=] UPPER LIPMIT (SEARC OMLY)
PRINT 13 1PE1Z.4)
FORHNAT (/5Xe28I1 CAFR
PRINT 1354 POD N 8 DATA ElQe4 FORMAT /)
FORIIAT | '
1801t "ob PARAMETER
] NSCILILATION DNauPER
A \PE1 25477 (SFARCH ONLY)

HxXen o= TTL =~ 108

IF 1P ureN-0 ) GO

SRCRT = 110owf TO 145
COMTT.HIE '

FPF = D1%.¢1.602910.,%4%(~
TIHAY = rmﬂxoéo.e 0,90(-19)

KPAGE = 5@

12 = T4V < 1

IP = I% + 1

JP = .M o+ 1

I6P = Toum 1

16Ep = Il +

TJdiy = 1MegH

MT=HML o TZH

£ = o

LAl = .p

LAPP = olt

LAR = Ge0

ALA = 40

LC =

P2 = n

CV*® = ¢

cCT = O

HEO = o

Toe = ¢

IBUR=

IF (FLATST.EN.QW7 = I
e g TelfeQos FLXTST = f£PS
IF (TEVT.LA.2) [EMF= 1
?07=ILVT Tt )
F (IFV1IIE«3) 150

Too = 1 . TO 155
CONTI NIE

IF(ISTART.NEW3) G

REWIM RBTMPT ) 60 TO 165
CONTI'INE '

COHPUTE DIMENSIUI
A ENSIUN FOINTERS
LHOLN = LATW « ML

LALAM = LUOLM « ML

LCH = LALAN « 1L

LIN = ((Cu * ITL#MT

LIl LI + MOl

LI? = LIl + MOl

LPHIP = LI2 *+ Moi

LPHIP® = LPHIP « IZM

LVOL = LPUIPP + 1Z¥

INP
IMp
INP
TNP
WP
INP
INP
IMP
INP
INP
INP
TNP
NP
NP
IMP
INP
INP

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
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290



C

175

180

190

LNO = LVOL + IZM

LAXX = LN ¢ IMJM
LFXX = LAXX ¢ ML®IZM
LMATHN = LFXX ¢ ML#IZM

LLD = LMATN « L
LLCN = LLD ML
LLFt 3 LLCH + ML#2

LN2 = LLF( & ML #7?
LAD = LN2 « IMUM
LAY = LAQ < IP

LFO = LAl + IM

LF2 = LFO « IMyM
LI3 = LF?2 « IMym
LI4 = L13 « Mo}
LK6 = L14 * MQ14TENF
LK7 = LKe + IeH 7
LMQ = LK7 « IGM
LM2 = LMD + IigM
LRO = LM2 + 1ZM
LRl = LRo « IP

LR2 = LRI « IP

LR3 = LR2 + I1«Ty6
LR4 = LR3 + IZ#1(6
LRS = LR&4 « IM ~°
LS2 = LRS + IM

LVO = LS? ¢ IMUM
LZO = [LVO + IMM
LZ1 = LZ0 + UP

LZ2 = LZ1 + JP

LZ3 = L22 + JMaTy6
LZ4 = LL3 + JZ#Tide
L25 = L26 * M

LCXS = LI5S + UM

LMASS =

LCXS « 1MJUN®3

LNBR = LMASS + ML#IZM

LPIHIIR = LIRR « ML’
LAXS = LPHIB + IZM
LFXS = LAXS « pML#I2H

LMASSP =

LFXS « ML®IZNH

LCXR = LMASSP « ML®#IZ4
LCXT = LCXR™4 UM

ILHA = LCXT < In
LPA=L 1A + HAXQ(IMeM)

LPFRAC = LPA + HMaAXQ (IMeJM)
LNTRIO = LPFRAC + IZM

LPFPRV = LNTRIG + MOlsMwDT
LBURUP = LPFPRY + IZM#MWDT
LFUTOT = LBIDRUP « IzZM#MwDT
LBRORT = LFJTOT « 1zZMaMupnt

LAST = LHRDRT o 12V

ITEHP =

1« 34ML « IGP#ITL®#MT

PRTHT 180+ LASTsITEMP

INP
INP
INP
1MP
INP
INP
INP
INP
INP
INP
INP
NP
IMP
INP
INP
MP
IMP
NP
NP
INP
INP
NP
IMP
e
INP
INP
1MP
INP
INP
INP
INP
P
INP
INP
INP
IMP
NP
L)
NP
INP
INP
1Hp
P
tp
INP
IMP
INP
INP
INP
P
1P
NP

FORMAT (/2X+sSHLAS)=16/42X+5CHITEMPORARY STNRAGE FOR CROSS SFCTINM REINP

2ARRANGEMENT=416)

IF(LAST - ITEMP) 185,190,150
l&S  LAST=UTEMP ‘

CONTI/IVE

READ TROSS5 SECTIUNS AND WRITE CROSS SECTINN TAPE

INP
INP
{Mp
INP
THP

291
292
293
2964
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
32
313
314
315
316
37
318
319
320
321
322
323
324
325
326
327
328
329
330
33
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348

35



148

149
200

2la

215

231
240

36

CALL XSECT( A(LNu) oA(LCO) OITL!IGM MToA(LATW) o A(LHOLN) s A(LALAM))
195 I8LCO,
A(I)lll

READ FLUXES AND WRITE FLUX TAPE

IF (ISTAHT_EQ 4) 6C 10 199

BRINT 200

FORMAT (S1HIOMESIH{ BOUNOARIES (P0/7Z0=RABIAL POINTS/AXIAL POLNTS))
READ RADIAL IMTERVALS

CAlLL “EARL (6H RQ+A(LRQ) »IP)

READ AXIAL INTERVALS

CALL REAKL (6H L0 A(LZO) o JI”)

IF (ISTART.NEJ4) GO TD 210

DETERIINE sIﬂOsuIDAL FLUX GUESS AN PRFEPARE FLUX TAPE

CALL SINUSTAILND) »A(LRO) yA(LRLI) $A(LLD) yA(LZ1) 9 IPsJP TR 9 IBRSIRT,

1 188, 1GM)
CONTI'ILIE
READ ZONE MUMBERS
PRINT 215

FORMAT (30110LONE NUVMBERS BY MESH IMTERVAL)
CALL PEAFXP(6H MOsA(LMO) o IMJIM)
SET MATERIAL NUMHERS FOR REGIONS
PRINT 220

FORMAT (25110MATERTAL NUMBERS RY ZOME)

LM3sLM2 « 12M - 1

Kzl

DO 221 I=xLU29 M3

THTT(I)=K « ML

KK < 1

PRINT 2229 I1ZMy (INTT(I),I=LM29sLH13)

FORMAT(loXcZHHZvI6/(10112))

READ FISSTOM FRAUTIONS :

PRINT 225

FORMAT (17t10F ISSIUN SPECTRUM)

CA(.L REARL (6H K74A(LKT7) +» IGM)
IF(M01) 25092509230

PRINT 240

1NP
INP
INP
IMpP
IHp
IHp
NP
INP
INP
TMP
INP
INP
INP
INP
INP
TNP
P
™P
INP
INP
INP
INP
INP
INP
INP
NP
inp
1P
INP
P
InMp
INP
1P
INP
INP
INP
e

FORMAT (R2HOMIXTUHE SPFCIFICATIONS (I¢/11/12=MIX N(MRER/MAT. N'MRERINP

1 FOR MIX/HATERIAL DENSITY))

CALL REAFXP™ (6H 10s ACLIO)s MOY?
CAL.L NEAFXP (6H 11, ACLIVY Y MO1)
CALL REARL (6H 12y A(LI2)s MOYL)
GO TO 25%

CALL FRRO2(6H#¢ INP+25041)

CHECK FOR DELTA CALCULATION

IF (IEVT.HES3) U To 280

PRINT 270

INP
MP
INP
INP
INP
INP
TNP
TNP
up

FORMAT (8SHODELTA OPTION DATA (R2/22/R3/Z3=RADIAL/AXIAL ZONE NOS,THP

1/RAPTAL/ZAXIAL ZONE MODIFIERS))
CALL REAFXPléH  “R2y A(LR2)s It
CALL REARL (6H R3I4A (LR3I +12)
CALL EAFXpP{6H 22y A(LZ2)s IM)
CALL REARL (6H L34A(LZ3) 1 J2)
CHF.CK FOR SEARCH CALCULATIOf
IF(IEVT.NE.2) GO TC 285

CALL REARL (6H TayA(LI&) stiO1)
CHECK FOR BURN(IP CALCULATIOHN

IF (MUDT.EQ.0) Gt TO 299

INP
THP
TNP
INP
INP
Ite
INP
INP
IMP
IMP

349
350
351
352
353
3564
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
37
372
373
376
375
376
377
378
379
380
gl
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



-~

290

3ae
310
320
330

laNaNe)

3au

350
360
30

kLY
3e5

350
3%5

400
4«08

alq
415
4z0

10
19

READ In TUE NTRIG ARRAY
CALL TRIG(A(LNTRIG)¢MO1)

END OF INPUT DALA

CALL “MAPR(A(LMQ) 1A (LM2) o IMs JMsA(LCO))
IF (LAST - 30000) 330+ 330300

PRINT ‘310

FORMAT (2611 PROGRAM CAPACITY FXCEEDEL)
STOP

CONTIMNUE

NETERINE DIRECTION OF LINE INVERS1ON

IF (ISE.FN,2) Gu TC 370

GO TN (3504 360s 370+ 340) MSHOWD
IBSUM = IBL + IHR + IBT « IRB

IF (IBSUM.EQ.1) GO TO 350

AM = AA(LMAL = 1)

M = AA(LLY - 1)

TF (13pegi/ (Zneim) ) = 1,) 30093704374
NSWEEP = 0

GO TO 380

NSWEEI' = -1

GO TO 380

NSWEE!' = 1

PRINT 385

FORMAT (//7//5%s 12H & & & & & & /)
ITEMP = NSWEEP « 2 '

GO TO (391+4004#10) 1TEMP

PRINT 395 '

FORMAT (5X+3R4 DIRECTION OF LINE INVERSION

GO TO 420
PRINT 405

FORMAT (Sx952HDIRECTION OF LIRE T(IVERSION

GO TO 420
PRINT 415

FORMAT (5Xs 3611 DIRECTION OF LINE INVERSION

RETUR'I
END

SUBRO''TINLC ERRO2! FOL+JSUBRsI)
COMMOYI NIRP  oNOLT  ¢NCR1

PRINT 5 o HOL, JSLBR

FORMAT(2H #79t ERRCR INyA6+3H ATe16/2H /2H #)

GO TD (10915) 1
sTOP

RETUR:I

END

s NFLIIX1 g MSCRAT

1Hp
INP
IMpP
1MP
INP
IMP
1MP
np
IMNP
INP
1hp
1MP
INP
INP
INP
INP
THP
INP
™p
IMP
INP
INP
THP
INP
INP
INP
NP
IHP
1MP
INP
INP
IHp
INP

ALTERNATING DIRECTION ) INP

INP
IMP
NP
INP
INP

ERRO2
ERRO2

ERR()2
ERRO2
FRRO2
ERRO2
IZRRO2
F.RRO2

407
498
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
426
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
4644
445

W ~NIU & WN-—
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laXaKakal

30
35

70
I%0

SUIIRD'ITING XSECT (Cy COs JTLy JGMe JIMI. ATW, HOLNs ALAM)
coHuntl  fIIMPy - NCUTs  NCR1s MFLUX1s NSCRATs ISCRATs  NDUMP,
1 NWISQ. ALA, BOT CuTe CVTs DAYs EU(S1)y
? £1(51)y E2(S1)s E3(51)s E4(S1)s FS(51)s E6(51)s ET7(51)
3 EB(S1)y E9(E1) E0Lls Eu?s £03

COHMON £y EVPy  EVPPs EPFsy  GBARS IGFP, 1GPs
1 16V, I1s  IMJMy 1Py ITEMPs ITEMPLls TTEMP2:
? 14P, JP, K07y KPAULES LAPs  LAPP, LARY
3 .C» NGCTOy  ORFPy ’n2s  IPBAR,
4 AR SK7, TOb Tils  TEMPs TEMP1, [LMP2y
s TINP3y  1ENP4, TI. Vile  HXCM

coumMo 1l i  Trvax, 1GCy L4My IMy JH IbLy
1 IRR, IRT, IRRY 1GMy IEVTs  IPVTs 1START,
» LY ™ MT, MND1 e ICS T InuT, 111S, ITL
k! 144 Ny 0ITMy TITMy HWNTy  IPFLXe 1PRINY
4 [IeTPS, IREFs IXSFEGe HNPOLISe NGCON

COrtM | EPSy  SRCRTy  POIIRY UFs FLXTST, PVs  EPSas
) FV, EVMy XLAL XLaH POD. HELT, IFSe
? NHSTP,  TRUR, EV2. NLOs THRTRGs NCOEFs NSWEEP
INTEGSIR  RET, CNT, CVT. P02 T06, R2s L2
THTEG' R N1TM

REA(, 12, 13, K6 nTe LAPs  LAPP, LARY

N0y N2y MASSe  MASLPe 14

1
DINENHTUN CUJTLaJGN gUMT)y COCJTLOIMI) s ATW(]1)s HOLN(1)y ALAM(1)

ASEC
XSF.C
XSEC
ASF.C
XSEC
ASEC
ASEC
XSEC
XSEC
ASEC
ASEC
ASEC
ASEC
ASEC
ASEC
XSEC
XSEC
XSEC
ASEC
XSFECG
XSEC
XSF.C
XSEC
XSEC
XSEC

TIIS SHUROUTINE READS CROSS SFECTIONS FROM CARDS 0K TAPE AND WRITESXSEC

CRNSS SECTION TaP® (DISK FILE)

PRIMT S (IN(I)91=1423)

FORNAT 1)41912A6/11A6/77)

IFCIXBECLLN.1) REWIMND NMICR

ny 5. I=1,AL

IF(IXSEC.5Qs1) Gt TO 15

READ ((ITNP91G) 1IVLN(TI)Y g ATW (D) oALAM(T)

FORIIAT (A6+2E6.2)

GO Yn 20

READ (MMICI) HOLWAT) yATW(I) s ALAM(D)
READ('MTICRY ((CULoTIGyI)oL=1aITL) o IIG31,1GM)
ALAI(I)=aLAM(I)/ 124,%3600.)

PRIMT 25« IsHOLNI(I)

FORMAT (13+6X0A6)

IF(IXSEC.EN1) GO TO 150

PETCRIINE TYPE OF XSECT CARNSs1CST=1/2=TYI'E1/TYPE2
IF (ICST.EQ. 2) 6O TO 7o

PO 30 IIG=1vlIGH

READ ('IINP#35) (C(LeIIGsI)sL=IsITL)

FORMAT (6E12+9)

GO TO 150

READ ('1INP935) (LC(LoIIG,I)oL=1eITL) s11G=141IGM)
CONTI WE

IF(TXTEC.).Qe1) REWIND NMICR

IF (ICST.EN.1)Y 6U TO 199

SECTINN TO DELETE POSITIONS ONE AND THREE FROM CROSS SECTIONS

ITL = IfL =~ 2
IHhL = 0

DO 181 M=l,liL

NO 18+ J=lyI6M

DO 170 1 = 1y ITL

XSEC
XSEC
XSEC
XSEC
XSEC
XSE.C
XSEC
ASF.C
XSEC
XSF.C
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSF.C
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
ASF.C
XSEC
XSEC

OVO~NOU &S WwN—



10

180

190

200
2lo
220
240
250

260
265

270
L 4]

IF (I «GF. 2 ) GO TO 160

L =1 173INDL

TEMPX = C ( Ly Jo V)

C ( Iy Jy M) = TEVMPX

GO TO 170 ' -

IF ( T «GT.ITL) GO TO 170
L=1+2 +IHDL

TEMPX = C ( Ly Jsy ¥ )

C (Is Jo M) = IEVPX
COMTI'IUE

INDL = INDL + 2

COMTI{UE

IHS = IHS - 2

IHT = IHT - 2

COHTINUE

CHECK ON CROSS SECTION CONSISTENCY AND ORDER
TEMP1=1.0

TEMP2=0.01

nno 261 J=l+ML

DO 26" T1=1+1GM

G = C (IHT=2y I4J ) « C ( INSe Is J)
DO 219 K = 1y NXCWV

KK = 1 ¢ K -

M = [HS « K

IF(KK ~ IGM) 20l1is 200 210
G = G + CIMyKKyI}

CONTIMUE

TF ( ABS((G-C(IHIsI4J})/C(IHT»I,0))=,01) 24042204220

PRINT 265y Jy14TEMPY®
GO TH 260

TF (ABS((G-C(IHTsI14J))}/C(IHTa19J))=20001) 26092509250

PRIMT 2659 JvI.TEMPz
CONTINUE

FORMAT (1K /91611 CHECK MATERIAL 12+5Xs 7H GROUP 1292X+36HCROSS SECTXSEC

2I0M IHRALANCE IN EXCESS OFvFS 2+8H PERCENT)
WRITE CROSS™SECTION TAPE

NO 2811 116=1+1GM

00 277 MS1eMT

00 27¢ L=1s1ITL

CO(Lo')y=SCILeIIGyM)

WRITE (NCR1) ((CO(LOM) sL=1sITL) sM=14MT)
REWIND NCR1

RETURHN

END

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 72
XSEC 73
XSEC 74
XSEC 75
XSEC 76
XSEC 77
ASEC 78
XSEC 79
XSEC 80
XSFC 81
XSFEC 82
XSEC 83
XSEC 84
XSEC 85
XSEC 86
XSEC 87
XSEC 88
XSEC 89
XSEC 90
XSEC 91

92
XSEC 93
XSEC 94
XSEC 9%
XSEC 96
XSEC 97
XSEC 98
ASEC 99
XSEC 100
ASEC 101
XSFC 102

39




40

10

206

ia

a0

=2
L
~0
e

10
9

104
114
2@

SUIIRODTING INPFLA (NQ, RFy ZF)
’

COMMOLE ~ FITIP, NCUT, NCR1
1 NITGR, ALA, BOT CNTo
? E1(51)s E2(S1)y E3(51)e E4(S1)o
3 Ed(51)y E9(S1), EO1s ko2
cOotiHN't El). EVP EVPP E_':PF!
1 1GV, 11, IM.IMy 1Py
? 1P, JPy K07+ HKPAGE
3 l.LCy NGCTO, ORFPy P02y
4 SBAR, SK7, T06 Ti1,
5 TILMP3, TENPS4, TI» Vi)
conMnt TnT23), " TvAX, IGEs |¥2°0
1 IBR, 18T, 188, ToMy
) ML, MT, MOl ICSTH
3 IL. JL. 0ITM, IITM!
4 THTPS, IREFs IXSFCs tPULSY
COMIO'I EPSy SRCRT, POWRY DRF »
1 £V EVMy  XLALs  XLAH»
? N“SIP. IRUR, EV2s NGO o
THTEGER  BO07, CNT, CVT, P02
INTEGT'R NITH
REAL 12, 13, Koo K79
1o, N2, MASSs HASSPY

1
NIMCNSTON  1I0C(1) e RF (1), ZF (1)

THIS SUHRDUTIME HEADS INPUT FLUXES ANl PREPARES FLUX TAPE (UISK)

PRINT 5
FORIAT (111)

NFLIXY s NSCRAT

CvTe
ES(51)
Eo3
HGBARY
TTEMP »
LAPs
PBARY
TEMP
HXCM
My
IEVT
I+ITe
1HWDTe
NCOM
FLXTST
P00
I8RTRGy
T06

LAP»
14

ISCRAT,
DAY
E6151)

IGEP
ITEMPL,
LAPP,

TEMP1,

JMy
IPVT,
IHS
IPFC Xy

PV
OELTy
NCOF.F o
R2s

LAPP s

ISTART = 0/1/2/3/4=N0 FLIX/CARUS/CARNS/TAPE/SINUSOID

KK = Istanrt «

no 12) I1G = 1« IGM

GO TO (1193098091004120) KK
o 20 I=sly I '

N0 20 . = ls JM

ITEHP = (1 = 1)#IM o 1

NO fITEMP) = 1.0

GO TH 110

IF(IIs = 1) 40940460

PRINT 5S¢

NDUMP §
Er(slye
Fr(51)

IGP
I1EMP2
LAKS

TEMP2

I8Ls
ISTART,
ITL»
IPRINY

EPSA-.

IFSs
NSWEEP
L2

LARS

IHPF
iNPFt

1'IPFL
THPFL
THPFL
INPFL
INPFL
1HPFL
IMPFL
TMPFL
INPFL
TMPFL
IMPFL
THPFL
INPFL
IHPFL
HIPFL
THPFL
TMPFL
INPFL
INPFL
INPFL
INPFL
THPFL
IMPFL
IMPFL
INPFL
IMPFL
TMPFL
INPFL
THPFL
TMPFL
IMPFL
TMPFL
THPFL
INPFL
THPFL
INPFL

FORMAT (SSHOFLUX GUESS (RF/ZF=TQTAL RADIAL FLUX/TOTAL AX1AL FLUX))INPFL

READ (CITHP 990) (RF(T)eI=]4IM)
READ CITHPGNY  (LF (J) e =1 o JM)
PRINT S2¢ Ils (RI'(I)eI=1,4IM)
FORMAT (AXe31l RF91€/(10E12.5))
PRINT So6y JMe (ZF (J) 9d=14JM)
FORNAT 16Xe3H ZFs1€/(10E1245))

DO 70 T = 1 IM

DO 70 J = le UM

ITEHP = (J - 1)eIM « Y

No (ITEMP) = RF(I)®ZF(J)

GO TO 110

REAM(.[INPsS (1) (NO(I)s I=1s IMyM)
FORMAT(6E1246)

GO T 110 ~

READ (MDUMP) (NO LIy I=1,IMJIM)
WRITEC (HFLYX1)Y  (NO(I) s I=1s IMJD
COMTLIIE ’

REVIND NFLUX1

REWIND ND'IMP

RETUR"

B

INPFL
IMPFL
IMPFL
THPFL
"MPFL
IMPFL
THPFL
IMPFL
INPFL
THPFL
INPFL
INPFL
TNPFL
TMIPFL
INPFL
IMPFL
INPFL
TNPFL
IHPFL

INPFL
INPFL
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10

11

20

21

30

31

4
41

1]

60

a1

n

A

b0

81
90
Eh|
100
101
102

103

104

105

1)

SUBRO'TINE SINUS(NQeR 1 T M SIN
c8ﬁ50wrﬁxnp ﬁou?.N &1?&?1'19'1 s IPeJP+IBLe«IBRyIBT4IBByIGM) SINgg
REAL !lo SINUS
DIMENSTION NO(1)s RO(1)s RI())eZo(1)s Z1(1) SINUS
RADIAL SINUSOID CALCULATION SINUS
KRAD = 2+#1BL + 18R + ) SINUS
MIM = IP-1 SINUS
GO TO (10920930440} KRAD SINUS
RTOT = 5, + RO(IP) -Ro(1) + S, SINUS
DO 11 I=1eMIM - SINUS
RI(I) = ((RO(I) ¢ RO(I+1))%0.% « 5.)#3,14159/RTOT SINUS
R1(I) = SINIRI(I)) SINUS
GO TO 50 SINUS
RTOT = 5. ¢ RO(IP) - RO(1) SIHUS
NO 21 I=1+MIM SINUS
R1(I) = ((RO(I)*RO(I+1)) #0.5 ¢ 5.0)%#3,14159/(2,0%RTOT) SINUS
RI(I) = SINIR1I(I)} SINUS
GO TO 50 SINUS
RTOT = S.0 * RO(1P)I-RQ(1) SINUS
NO 31 I=1sMIM SINUS
RI(I) = ((RO(I)eKO(I+1))#0.5)%3,14159/(2.0#RTOT) SINUS
R1(I}= COS(RI(I))’ SINUS
GO TO S0 SINUS
DO 41 I=19MIM SINUS
RI(I) = 10 SINUS
AXIAL SINISDID CALCULATION SI1HUS
KVERT = 2#1RB « IBT + 1 SINUS
MJM = JgPe=1l SINUS
GO TO (60970980+90)9 KVERT SIMUS
ZTOT = 5.0 * Zo(uP) - Zo(1) « 5,0 SINUS
DO 61 J=1eMJIM SINUS
Z1(J) = ((Z0(J)*40(J*1))#0e5 ¢ 5.00%3.14159/ZT0T SIhus
2100 = SINUZL(D S SIHUS
GO TO 100 SINUS
ZTOT = 5.0 + Zo(JP) -Z0(1) SINUS
NO 71 J=1sMJIM SINUS
Z1(J) = ((Z20(J) < 20(J+1))%0.5 ¢ 5:0)%3,16159/(2.042T0T) SINUS
211 = STHL1(d)) SINUS
GO TO 100 SINUS
ZTOT = S.0 ¢ Zg(J4P) - Zg(1) SINUS
nO 81 J=1eMJM SINUS
Z1() = ((ZO(D)*£0(Je1))#0.5 I ®3.16159/(2,02ZTOT) SINUS
21N = CcoStLrtny’ SINUS
GO T0O 100 STNUS
00 91 J = 19MUM SINUS
Z1(Jd) = 1.0 SINUS
PRINIT 101 S1uUsS
FORMAT (SSHOFLUX GLESS (RF/ZF3TOTAL KAUIAL FLUX/TOTAL AXIAL FLIIX)SINUS
SINUS
PRINT 162 » MIMe ( RI(I) o151 4MIM) SINUS
FORMAT (6Xs3H PFeI€&/(10E12.5)) SIMUS
PRINT 1G3» MOMe (21 (JT 9 d=1,4119M) SINUS
FOPMAT (6Xe3H ZFe16/(10E1245)) SINUS
DO 104 I=1,MR1uM SINUS
NO 1946 J=14MJUM SINUS
ITFMP = (J=17#MIM « | SINUS
NO (ITEMP) = RI(I}*Z1(J) SINUS
MIMJM = MIM#MJM SINUS
5 s IGH SINUS
Bgl%g(NEE”}I) (Nu(T) o I=1 gMIMUM) SINUS
REWIND NFLUX1 SIHUS
RETUR:I SINUS
END SINUS

41
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in
20

30

4|

vn
100
o

120

[30
140
190
V€O

110
YHo

SUHNRO'ITINL REARL (FOLL9ARRAYhCOIINT|
DIHENTIONT ARRAY (1) 4V (12) 4K (12)F1FI(I2)
cotmnl HIAR  oNOUT  oNCR1  oHFLUX1 o HSCHAT
JFLAL=0
J=l

IF(JFLAG)ZGO#O.ZQ
00 30 JJ=146
K(JJ)=SK (JJ+6)
TGEN=IN(II*6)
V(J) =V (JJe6)

JFLAG=Q
GO Tn 60

READ (HINP,4S0)
FORMAT(6(119124£944))
NO 144 I=l.t_§

L=K (1)1

GO TN (70+81'y10ue1S0) 4L
N0 HODTFEICATION
ARRAY (J1=V (D)

J=Jel

GO TN 140

REPEAT

L=Tuth

DO Qy M=)l
ARRAY (J)Y =V (1)

J=Jdel
COMTI':UE

GO TO 14n
IMTER!OLATE

IF(I-%) 120+1109+110
READ (NINI'950)
JFLAG=]

LTIty »1
DEL=(J(I+1)=V(I))/FLOAT (L)
DO 131 u=1,L
ARRAY(J):V(I{ODEEﬁFLOAT (M-1)
J=del

CONTI IUF
COHTI'NIE
GO TO 1u

TERMINIATE

=)=1

PRINT 1609 HOLL sJ
FORMAT (6XeAGe 16/ 110E12.5))
IFtJ =NCYINT)Y 17691809170
CALL ERRO2( BH®REARL+170+1)
RETURY
FID

(K(I)!IN(I)OV(]]!I=|0b)

(K(JIY 9 INCJIY oV (JI) 0dJaTe12)

+( APRAY(I)oI=1e)

REAR
REAR

REAR
REAR
REAR
RF.AR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
PEAR
RFE.AR
REAR
REAR
REAR
RFE.AR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
PEAR
RECAR
REAR
REAR
REAR
REAR
REAR
RFEAR
REAR
REAR
REAR
REAR
REAR
RFEAR
REAR
REAR
REAR
REAR
REAR

VI~NOOU & WN-—
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10
20

41

14}

40
100
o

s+ IARRAY, NCOUNT)
6) ¢sK(6) S IN(H)
NCR1 oNFLUX1HNSCRAT

DIMENSION TARRAY (1)1
COMMO? HINP  sNOUT
J=1

READ (HINP+20) (KIDY s INCI) 9 IVIT)aI=196)
FORMAT (6 (I1+12,19))

00 70I=146

L=K(I)+1

GO TO (30940960980 )L

NO MOUIFICATION

LARRAY (N =1V(D)

NENFY]

GO TO 70

REPLAT

L=IntD

DO 5¢ M=1sL

IARRAY (JY=IVI(I)

J=ided

CONTI {UE

GO TO 70

INTERPOLATE

CALL ERROZ(6IMREAFX46001)

COMTIHIUE

GO TO 10

TERMIIIATE

J=.1=1

PRINT 90 HOLL+J s (TARRAY (I} 9 I=3194)
TF(J =NCOUNT)I 1091100100

FORMAT (6X9A6v16/110112))

cALL CRROZ2( 6H®REAFX+100+1)

RETUR'I

END

SUBROMTINL REAFXP (HOb%
J

SUBROUTINE TRIG (NCUM¢MM)

COMMO"{ “NTINP 4 tNUUT

DIMENSION  WDUM (D)

READ( ITNP910) (1HDUM (1) 4 I=1yMHM)
FORMAT (2413}

RETUR:t

END

PEAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
RE AF
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

VD ~NOOU & W
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)n

20

40

20
Al

SHBRO'IT [F

cololl n
1 Nt
2 el

Es(
colMOlI
1
7
3
4 S
5 T

comtio:r ol
1
7
3
4 In"

connot
1
? NI

INTEGER

INTEGER 0

REAL

1

HAPR (MQyM2y JIMyJJUM, K] .
IMPy  NCUTs  NCRls WFLUK1s NSCRATS
ICR, ALA, BOT CNT CvTs
S1)s E2(81)s E3(S1)s F4(S1)e ES151)
S1)s EY(S1), E0l, €02y Eo3
Efy EVPy  EVPPy EPFe  hHARY
1GV, I, IMJMy IPy  ITEMP,
12P, JP K07s KPAGES LAP
LCsy NGCTO, ORFPy P2y PBARSs
RAR, SK7, T06. Tile  TEMPs
MP3, TENP4, Tl Vite  MXCM
23y, Tvax, IGE s L£My My
IfIR, IRT, IRRy LMo IEVT,
ML, MT, MO1oe ICSTe INT,
1Z, J&y  OITMy IITMs  MWNT,

TPS, IREFy IXSECe 'IPUISe NCON

CPSs SRCRTy  POWRY

0

RFe FLATST,

EVy EVM, XLAL XLAH POD
sTp, 1HUR, EV2, NGO IHRTRG
807, CNT, CvT, P02 Tohs
1™

iza, 13, Ké K7 LAP

10, N2y  MASSs I1ASSP, 14

DIMENSTION MOIJIMeJIM)y M2(1)y K(1)
PRODIIE A PICTURE FRINT BY ZORNE AN WMATFRIAL

PRTHT 109

(ID(IY, I=1423)

FORMAT (1t11912A6711A6/77)

no 23 JJs
Jasdii= 1J+1
PPINT 30+
FORHAT( SH
PRIMT 4y

19JdM

(MO(Tog)gl=)oeIM)

*+5512)

FORMAT (2 A/214 X/2+ 1/2H A/2H L//8H

PRINT 104
DO 60 JJ=1
NENIENNES]
DO 5 L=1
N=MHg (Lo J)
K (L)=TARS
PRINT 30
PRTUT 4n
RETUR.I

EMD

(TUC(I)21=1423)
o JM
oI M
(M2 (N))
(KLY oL=1oIM)

RAOTAL)

ISCRAT,
DAY
E6(51)

IGEP
ITeMPL
| APPy

TeMPly

JM
IPVTy
IHS,
IPFLXy

PV
IMELTy
HICOEF »

be
[ ]

LAPP,

NDIIMP
Fh(S51)e
ET(S1)

TGP
ITEMP2e
LARY

TEMPZy

THL
ISTART
IIlLy
1PRINe

FPSAy
IF S
NSWELP
L2

LAKS

HAPR
HAPIR

MAPR
MAI'R
MAPR
MAPR
1HIAPR
HAPR
HAPR
MAI'R
HAPR
HAPR
HAPR
HAPR
AAPR
MAPR
HAPR
MAPR
HAPR
HAPR
HAPR
IHAPR
HAPR
IHAPR
MAPR
HAPR
YAPR
MAPR
HAPR
HAPR
HAPR
HMAPR
HAPR
HAPR
MAPR
I1HAPR
MAPR
1HAPR
MAPR
HAPR
1HAPR
HAPR
HAPR

VOE~NCUHSWN~—



35

40

45

90

h0

6%

70

SUBROYJTINE INIT IK6. K79 Igo Il1s 129 HOs 14124 NO, 20 Ris R29
1 - R 4

R3y Réy . lp. Zle 229 234 24,
FOoe CQs VOo» JTLe JIMy JUMy UMT, NTRIGe 14&)

COMMOII HINP,  NCUT,  NCRls NFLUX1s NSCRATs ISCRAT,
1 NMICR, ALAs B07 CNT» CVTs DAY
2 E1(517s EQ(S11y E3(51)9 E4(S51)s ES(51)s E6(51)s
3 E8(51), E9(EL), EOl, E02s E03

COMMO EQ, EVP,  EVPP, EPFs»  GBARy  IGEP,
1 IGV, 198 IMJUM, IPy ITEHMPy ITEMPl,
2 12P, JPy K07y KPAGE» LAPs  LAPP,
3 LEy HNGCTO,  ORf Py PY2s  PBAR,

4 SRAR, SK7, T06, Tl TEMPs TEMP1.
5 TEMP3, 1EMNP4, TIs Vils  UXCM

coMMnil 1D123), " TMaX, 1GE» TLMs IMs JMy
1 IBR,  "IBT, 11 IuMs  IEVTe  [PVT,
? MLy MT,y MOls  ICST THT, IHS)»
3 1y Jés  OITHy  IITMe  HMWDTe IPFLXy
4 IbMTPSy  IREFy IXSECe NPOUISs NCON

COMMON EPSs SRCRT,  POWR, URFs FLXTSTs PV,
1 EVe EVM, XLAL XLAH» PODY DELTs
2 MBSTP,  IBUR, EV2, G0y IRMRTRGe NCOEF»

INTEGER  BO7, CNT, CVTy P02y T069 R2+s

INTEGER OITM i

REAL 12, 13, K6+ K7 LAPs  LAPPs

1 NO» N2 MASS,y HASSP 14
DIMFENSION K6(1)v KT(1), I0(1)es I1(1)s 12(1)y RO(1)s R1

VO(JIMyUJIM) s MO(1)s M2(1)s NU(1)s FQll)y
NTRIB(1) o I4(1)
TF(P02) 1545915
PRINT 10+ DAY
FORMAT(1H1930Xs11H T I M E =FB,3484 D A Y 5///)
Bo7=1
PRINT ATOM DENSITIES IF P02=0
IF (Pp2) 65420465
IF (MUDT,EN.1) GO TC 35
PRINT 259 (Js INCIYe T1Cd1e I2(J) v JU=1eMpl)
FORMAT(1HGs3Xe16H VIXTURE NUMEER +18H  MIX COMMAND
PAL ATOMIC DENSITY//(1491Xs1848X,IRsBX1E20.8))
GO TO 45

sWwn -

AO0s Al

NDUMP »
E0(51)
E7(S51)

IGP
1TEMP2
LARY

TEMPZ2o

IBL
ISTART
ITL
IPRINY

EPSAY

1FSy
NSWEFEP
L2

LARY

(1)

RZ(I)! R3(1)y R&C(1)s RS(1)e Z0(1)e Z1(1)e Z2(1),
Z3(11' Z4(1)y 250109 AO(1)s AL(1)y CO(JTLIJIMT),

INIT
INIT

INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
THIT
INIT
INIT
INIT
INIT
INIT
INIT
INTT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
IMNIT
TNIT
INIT
INIT
INIT
INIT

924H MATERIINIT

PRINT 4Uy (Je I0(J)s I1(Jdye 12(J)y NTRIG(J)s Js1eMO1)

FORMAT (1HO 93X, 16H MIXTURE NUMBER s1Rtl MIXx COMMAND
224!1 MATERIAL ATOMIC DENSITYs120
30.309x016))

IF (IPRIN,EI}«3) 6U TO ToO

IF (DAY NE«0.) GO TC 69
PRINT 55

FORMAT (/19H1CROSS~SECTION EDIT)

GO TO 74 :

IF (IPRIN.El}s1) GO TO 50

GO TO 70

IF(IEVT.NE..2) GO TC 175

CALCULATE MACROSCOPIC CROSS SECTIONS

REWIND NCH1

DO 17% 1I6G=1+1GH

READ (NCR1) ((CO(Tod) s I=1aITLY 9J=10nT)
DO 120 M=1.MD}

INIT
INIT
INIT
INIT

NTRIG//(T4s1XoIB¢BXeIdeBRLERIMIT

INIT
INIT
INIT
INIT
INIT
INIT
INIT
INTY
INIT
IMIT
INIT
IMIT
INITY
INIT

O ®~N oUW N

45



46

75
HO
HY

105
1o

115
Leo
125
L3n
135

Yan
145

20
165
170

115

1&0
185
190

155
290

205

215
220
230

235
240

IF(In(M) — HT) HdoB0975
CALLL FRRO2(6R# INRIT47541)

IF(I1 (M) =MT) 85178,75

L=I1("

TFIiP=u,

IF(IFVT.EN.2) TEMP=I4 (M)

E0L = I21M#(1, + EV#TEMP)

NO 12w 1=1,1TL

IF(L) 1100115,119
CO(Loin=CLUIaN)*CO(TIsLI#ED]L

GO TO 120

CO(Iin=CI(IaN)“EOL

CONTI:F

IF(1’92) 16541259168
IFIIPRIN,FQ.3) G TD 165

TF (DAY ,NE-NT) GO TC 150

PRINT 135y TIG

FORMAT (74 GROUP 13415H CROSS~SECTIONS)
DO 163 N=1MT

PRINT 145+ RNy (LO(IsN)¢I=1s1TL)
FORMAT (4K MATsI13+(10E11,.3))

GO TO 16%

IF(IPRINGIOQ.1)Y G TO 13¢

WRITE (NSCRAT) ((COCI o) o I=1oITL) 0 J=1oMT)
CONTINUFE ’

REMWINIC NCPY

REWIND (SCRAT

SWITC:! TAl'E DESIGNATIONS
ITEMP=NSCRAT

NSGRAT=NCIL

NCl1=1TEMI

COHTItIUE

NCOEF =)

MOI'IFY GEOMETRY

IF(P02) 2009180+200

TF (HCN) 30051859300

DO 199 I=1,1IP

RI(I)=RN(T)

NO 195 J=1,JP

21 (J)Y=2u(J)

1FIIEVT.NLG3) Gu TC 230

no 205 r:i.IM

k=R2(T)

RI(I+1)=P1(I) ¢ (RI(Te1)=RO(III*(1,0* FEVOR3(K))
DO 21 J=lyJM

K=Z2 (.})
Z1(Jely=21 (N (LY tJel)=Z0 (I #(1,0% EV#Z3(K))
IF(IGE - 2) 23092184230

IF(AIIS (Z1(JP)=140)~-1,0E~04)230,2304220
CALL ERRO2 (6H# INIT'ZZOvl) ’
CONTI IUE

CALCULATE AREAS ANC VOLUMES
PI1226.28318 '
TF(Pg2) 23592409235
IF(IEVT.NEL3) GU TC 300

no 27 Is1s1H
R4(II=(RI(I*1)«R1(I))I%0,5

INIT
INIT
IMIT
INIT
INIT
INIT
IMIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
IHIT
INIT
INIT
INIT
INIT
INIT
INIT
TNIT
IMIT
INIT
INIT
INIT
INIT
INIT
INTT
INIT
INIT
IHIT
INIT
IMIT
INIT
INIT
INIT
INIT
INTT
INIT
INIT
INIT
IHIT
INTT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT




245
250
255

265

210

215
r4-R\]

245
290

295
3nn

3ns

310
320
330

35a

360

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

TF( RS(I) ) 2454248,250
CALL CRRO2(6H® INIT4245,1)
GO TU (255+260,205) o IGEP
AQ(I)=1.

Ap(IP)=1,

A1 (1)=RS(I)

60 TO 27¢

AQ(I)=PI2*R1(I)
AO(IP)=PIZ2#R1(IPI

AL (I)=PI2%R5 (1) #Re (1)

GO TO 27y

AQ (1)=PI2#R1(I)

AQ (IP)=PI2#R1 (1P
AL(D)I=RS (D)

CONTINUE

DO 295 J=leJM
246(J)3(L1(J*1)e21CJ)) w0, 5
25(J)=Z1 (\e1)=Z1 (D)

IF( 25(J) ) 27542754280
CALL ERRO2 (6H# INIT4275,1)
NO 295 I=1,1IM

GD TO (285+290,2%0) s IGEP
VO (IsJ)=RS (1) #Z5()

GO TO 295
VO(IsJ)=PI2#RS (1) #25(J)#R4 (1)
CONTI'UE

CONTINUE

ClIECK PARAMETRIC EIGENVALUE
TF(P02) 3309305,330 ~ B
SK7=O:

NO 320 11G=1+1GM
IF(IPVT.EN.1) Gu TC 310
K6(II5)=KT(11G) 71V

GO TH 320

K6 (IIM)=KT(IIG)
SK7=SK7eKT(11G)

COMTI'INE

CALCULATE INITIAL (OR NEW) FISSION NEUTRDN SOURCES

Ti1=E) (IGP)

NO 350 I=lyIMUM
FO(I)30

00 363 IIG=1sIGM
EQ(IIGY = o0
READ (NFL!'IX1)
READ (NCRY)
NO 361 JzleJdH
DO 361 K=l,1M
I = K + (J=1)&8IM

ITEMP=MG ()

ITENP=M2 (T TEMP)

EQ(IIG) = EO(IIG) + VO(KeJI®NO(II®CO(lyITEMP)
FO(II=FO(I) + Cy(3,ITEMPY#NO(I)

COMTI'IUE

REWTHD NFLItX]

RENINN NCH]

RETUR'I

END

(NO(L)sI=10IMgM)
((CO(Lad) 9 I=lellL) o= 0MT)

INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
IMIT
IMIT
IMIT
INIT
INIT
IMIT
INIT
INIT
INIT
INIT
INTT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
IMIT
INIT
INIT
INIT
INIT
IMIT
IMNIT
INIT
INIT
INIT
INIT
INIT
INIT
IMIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
IMIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
IHNIT
INIT
THIT

117
118

119
120
121
122
123
126
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
149
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

1764
175
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laNaNe)

[aXaXa]

10

30

%)

]|
60

70

90

ino
110
120

130
140

UL & Wiy — W\ -

S W -

AV

SUINRQ'ITINL FISCALNC(?OO FOs VOs CO»

K6y MOy M2y

NCR1e HFLUX1e NSCRATS

cOnMMot nIn

N“ICR! ALA, 807
E31(510y E2(S1)y E3(51)
E&(Sl{v LY(E1), EO0V
conmn't Edy EVPy  EVPP,
15V, 11, IMJUM,
12p, JP, K07
L&y NGCTO,  ORFPs
SRAR, SK7, T06
TUHP3, IENP4, TIs
como.l 10123)y Trax, IGE»
IBR, 18T, 1IR3,
ML, MTy MO1oe
14y J2y  0ITM,
INUTPS, IREFs IXSFCo
COMHO! EPS, OSRCRT, POWR
EVy EVM, XLAL»
NISTP,  IBUR, EV2s
INTEGER  BO7, CNT, CVTs

INTEGER  OLTM
REAL 12 13, Kéo
Ny N2y MASS

DIMEASION  NAC(1) Y FOU(L1)y VO(L)

LAR = ALA
FISSIN SIMS

IF (10T EQ.0) GO TD 40
Enl=0e

00 13 I=1sIMUM
Fol=zFuleva (D) epo (D)

DO 20 IIG=31+1IGM
E1(IIn)=k6 (116G *EOL
EO(IGH) =0,

E1(IGM) =0.

no 3¢ T18=1.16M
EQO(IGP)=EN(IGP) «LO(11G)
E1(I67)=E1 (1GP) «E1(11G)
IF(RN7) T7Cs 404 70

ALA = EX(IGPI/TIL
TEIP=1.0/ALA

IF (IEVT=1) 70,%us70
UO 60 IIG=1+1GM~
E1(IIS)=EY(IIG)®#IENMP
K6(IIM) =K6(T11G)»ENMP
E1(IGP)=E1(IGP)# EMP
CONTI!NIE

NORMAL. TZATION

B07=0

IF (POWR) 1404100990
E0l = SRCRT?(EO(IGP)“EPF)
GO TO 11

Enl = SKHCRT/E1(IGP)
DO 12C IIG=1sIGP
E1(IIH)=E0L1*E1(IIG)
DO 13n I=14IMJM
Fo(I)=EO01®FU(I)
RETUR’I

EMD

CNTo
E4(S1)
Ey2e
EPFy
IPs
KPAGE »
Pp2s
Tiie
Vi
1ZMy
1M
ICSTe
I11Me
HIPNISe
ORF »
XLAN
NGO »
P02y

K7
HASSP»

COCJTLoUMT) yKBE(1)e MOC(]) e M2(1)

CvTe
EF5(51)
Eo3
GBAR
1TEMP
LAPS
PBARY
TEMP
HXCM
IMy
IEVT,
IHT
HWDTe
NCON
FLATST
POD
IBRTRG
Tobs

LAPs
14

)
DAY
F6(51)

JTLeJMT)
ISCRAT

IGFP,
ITEMP1,
LAPP,

TEMP

JdM e
IPVT,
IHS
TPFLXs

PV,
DELTe
MCOEF »
R2 s

LAPP

NDIMP o
E0(S11
E7(51)

IGP
ITEMP2
ILARY

TEMP2 e

IBL
ISTART
ITLe
IPR1tM

F.PSA

IFSe
NSWEEP
I44

LAk

FISC
FISC

FISC
FISC
FISC
rIsc
FI1SC
FIsc
FISC
FIsc
FIsC
FISC
FI1SC
FIsC
I"ISC
FISC
F1IscC
FISC
FIsc
FISC
fISC
FISC
FIsc
F1SC
FISC
I"ISC
ISC
FISC
I"ISC
FISC
FISC
FIsC
FISC
FISC
FISC
FISC
FISC
FISC
FIsc
rF1Isc
FISC
FISC
FISC
FISsC
FISC
FIsC
FISC
FISC
FISC
FISC
FISC
FISC
FISsC
FI3C
FISC
FISC
FISC
FIsC

FISC
FISC

FISC
FISC

-
CSOVONOVNH WN—~
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20

30

&0
90

h

10
4o

SUBRO'ITINE EVPRT
COHMO’I HINP, NCUT, NCR1s NFLUX19 NSCRATs ISCRAT,

1 N1ICR, ALA, BO7» CNT CvTs DAY,
2 EJ(51)s E2(SI)y E3(51)9 E4(51)s ES(51)9 E6(51)s
EQ(51)y EYI(E]), £01s E029 Eo3
COMMO'I Eds EVPy,  EVPP, EPFs  GBAR» IGEP
1 IGV, IIs  IMJH 1Py ITEMPs ITEMPLs
? 1ZF, JPy KO7s KPAGES LAPs  LAPPs

3 LCy HNGCTOy  ORFPs P02+  PBAR,
4 SRAR. SK7, T06) Tils  TEMPy TEMPl,
5 TENP3,  TEMP4, Tl Vils  HXCM

COMMON Tu(23)y  "TMAX, IGE» 14M IMs JM,
1 18R, 18T, IBB 16My IEVT, I1PVT,
? ML, MT MOl ICSTy IHT IHS»
3 Iy Jiy  OITMs  IITMs  HMWDTs IPFLXs
4 IDNTPS,  IREFy IXSECs (IPOISsy NGON

coMitol! EPS, SRCRT,  POWR, OHFs FLXTST, PV,
1 Eve ~ EVMy,  XLALs  XLAH» PONDs  DELT,
2 NIISTPy  IBUR, EV2s NGOs IWRTRGs MCOEF

INTEGER  BO7, CNT, CVTs PO2 To6 R2+4

TNTEGER OITH

REAL 12, 13, Kés K7 LAP LAPR
1 HOy N2+ MASSe HASSPe 14

MOMNITOR PRINT

CALL SECOMDI(TI)

11 = TI/b(‘-o

KPAGE ‘= KPAGE « 1 -
IF (KPAGE - 40) «Js10910

KPAGE=(

PRINT 20

FORMAT (1¢5I11 FINVE ODUTER IN, 1T,
TUE EIGENVALDE LAMRDA )
PRINT 30

FORMAT (1051 (MINLTES) ITERATIUNS PER LOOP

1 /)
PRINT 509 TIePn2s LCIEAQLEVs ALA

FORMAT (4X9F643910X9164911X91696X,E15.H9E15.8,F15.8)
PO2=PN2 < 1

LC=0

IF (P2 = OITH) T7-1470460

NGOTO=1

GO TO 8u

NGNTO=q

RETURA

EMD

EVPRT
NDUMP s EVPRT
E0(51) EVPRT
E7(51) EVPRT
FVPRT

IGPs EVPRT
ITFMP2 EVPRT
LAR EVPRT
EVPRT

TEMP2, EVPRT
EVPRT

IBLs EVPRT
ISTARY EVPRT
ITLs EVPRT
IPRINS LVPRT
CVPRT

EPSAs EVPRT
IFSs EVPRT
NSWEEP FVPRT
iz EVBRT
EVPRT

LARS EVPRT
EVPRT

FVPRT

FVPRT

EVPRT

EVPRT

EVPRT

EVPRT

EVPRT
ETGFMVALEVPRT
EVPRT

EVPRT

SLOPE EVPRT
EVPRT

CVPRT

EVPRT

CVPRT

EVPRT

EVPRT

FVPRT

EVPRT

EVPRT

EVPRT

EVPRT

CONOUH WN—
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50

40
S0

60
70
HO

90

100
110

120
130
140

BROMT (N OUTER( A A c Fos Kby MO
SUBRO'IT (N OUTE Sg: Vlv '2%, pohee *

(1)e M2(1)4NO(1)YsN2(1),
HA(1) e PA(1)+0OUTER
CxT(1)9S2(1YNUTER

M2y NOy N2»
.

1 0¢ 2 JTLs JMTs CXS»
> JIMs JJUMs RSe R&s Z4s CXRe CXTy tA,
colpnil HINP, NCUT, NCR1s HFL!IX19 NSCRATs ISCRAT
1 NHICH, ALA, BO7» CNT CvTy DAY+
2 E1(515s E2(S1)s E3(51)s C4(51) ES(51) E6(51)
3 EB(51), EY(S1), EOle E02s Eo03

cotitni EQ, EVPy  EVPP, EPFs  1iBARs 1GEP
| 1Gv, 11, IMJM, IPsy ITEMPs ITEMP1,
) 17P, JPy KNT7s KPAGES LAPs  LAPP,
3 LCy NGCTOy  ORFPy Py2sy  I’BAR,
4 SRAR, SK7» T06 Tils  TEMPs TEMPI,
5 TLHP3y TENP4, TIs Vils  HXGM

coltmml InT23)s  “Trvax, IGE» 1ZMe My My
1 IQR. 18T, 188 IGMy IEVT, TPVT,
P MLy MT, MOl ICST IHT IHS
3 14, JZy  OITM, I1TMy  HMWDTe IPFLX,
4 1NUTPS, 1REFs IXSFCs HPUISs NCON

COHMOS I EPS, SRCRT,  POWR: OHFs FLXTSTs PV
1 EV, EVM, XLALes  XLAH» PODy  DELT
? NISTP, IRUR, EV2, NGOs IBRTRGs NCDEF,
INTEGER  RO7, CNTs CVT, 1’02 To6 R2+s
INTFRGRR  DITH

REAL, 12, 13, K6 KTo LAPS LAPP
1 Oy N2+ MASSy HMASSP 14
DIHEHNSTON  A2(1)e AL(1)y FO(1)9e K6(1)s MU
? VO(T)e VT(1)y Z85(1)s F201)s CULJTLIJIMT)

CXS(JIMeJIMs3)y RS(1)e R4C1)e 24(1)s CXR(1)s

INTESER ~ 7 GHARs PBAR, SHAR

I14V=1

READ (licn) ((CO(TgM)oIS1aITL) $M=191IT)

PA)

NDUMP »
E0(51)
E7(51)

I1GPs
ITEMPZ .
LARYS

TEMP2+

THL
ISTARL
ITLs
IPRINY

EPSAY

IFSs
NSWEEP
Le

LARYs

CALCILATINN DF FLSSION SOURCE FnR GROUP 16V AT EACH MESH POINT

NO 20 I=1sIMJM
S2(1)=K6 (IGVI#Fy (1)

NUTER
OUTER

OUTER
NUTER
DUTER
OUTER
OUTER
OUTER
NUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
QUTER
OUTER
NITER
OUTER
OUTER
NUTER
NUTER

NUTER
OUTER
OUTER
OUTER
OUTER
OUTER

CALCULATIM NF LN-SCATTERING SOIIRCE FOR GROUP IGV AT EACH MESH pT,QUTER

GBAR=IGVeIHNS-ITL

IF(GHAR ~ 1) 40950450

GBAR=1

PBAR = IHS ¢ IGV - 1

IF(PRAR = ITL) 70+70460

PBAR = ITL ’

IF (GHAR ~ IGV) 80+100+100
READ (NSCRATY (NZ2(I)elay, IMIM)
DN 90 Is1sIfdn

ITEMP=HO ()

ITEHP=H2 (ITEMP)

TEMP=CQ (PIIARY ITEMP)
S2(1)=3S2(1)*N2(1) #TEMP

GO Ty 110

READ (NFLDX1) (N2(I}el=1,IMJK)
GHAR=BAR*1

PBARa!'RAR-1

IF{GBAR - IGV) 8il+100+120
IF(IGY - IGM) 14041304140
REWIMD NCR1

Vii=0.

CALCHCATION OF TNTAL SOURCE FOR GRUUP GV
NO 159 I=lsIMJUM

OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
NUTER
NUTER
OUTER
OUTER
OUTER
OUTER
NUTER
OUTER
OUTFR
OUTER
OUTER
NITER
OUTER
OUTER
OUTER
DUTER
NUTER

VOE~NOU & WN—



SZ(I)’SZ(I)“VO(I) OUTER 59

150 Vil=ViiesS2(ID) OUTER 60
IF(IGY,EQds1) GO TO 160 OUTER 61
E2(IGV) = VI1 - C1(IGW OUTER 62
GO TO 170 OUTER 63

160 E2(1)=0. OUTER 64

170 CONTI!IUE OUTER 65
GROUP FLUX CALCULATION OUTER 66
11=0 R OUTER 67
IF (PO?.NE-1) GO TO 200 OUTER 68

190 CALL ICOEF (MOsM24CXS9V04COsA09L59RS1HS s 249A] s IMg UM ITL4CXRICXT) OUTER 69
GO TO 220 ) OUTER 70

200 IF(TIEVT.EN.1) GO TC 210 OUTER 71
IF (NCOEF.I.Q. 1) U TO 19¢ OUTER 72

210 READ (ISCRAT) (((CXS(KI4KJoKF)sKI=19sIM1 4K.J=]4JM) 4KF=193) OUTER 73
READ (ISCRATY (CAR(KJY sKJS1edM)y (CXTUKT) oKIzls M) NUTER 74

2720 CALL I“NEp(FJOOHLOCXS!SZOMOOMP'VOQCOOIM!JM!ITL!CXR!CXTQHA!PA) OUTER 75

2640 WRITE (uszAT) (H2(1) s 1= 1o I11UM) OUTER 76
REPOSITION FLUX FILE FOR NEXT IHSCATTERING CALCULATION(IF NEEDEN) OUTER 77
SBAR=ITL-INS OUTER 78
IF (SBAR) 260+26us2S0 OUTER 79

250 DO 255 IS=1+SBAR OUTER 80

255 BACKSPACE NSCRAT OUTER 81

260 CONTI'IUE OUTER 82
CALCIILATE NEW FISSION SOURCES OUTER 83
En(IGV)=0. OUTER 84
00 270 I=TeInun NUTER 85
ITEMP=MO () OUTER 86
1TEMP=M2 (I TEMP) OUTER 87
EQ(IGV)=ED(IGV) ¢ CO(1+ITEMPI#N2(1)®#VO(]) DUTER 88

210 F2(I)=F2(1) + Co(3+1TEMP)#N2(I]) OUTER 89
IGV=1five] OUTER 9¢
IF(IGY - IGM) 10+10,280 OUTER 91

280 T11 = E3(IGP) OUTER 92
SWITC!t TAPE BESIGNATIONS OUTER 93
REWINY ISCRAT OUTER 94
NCOEF =g OUTER 95
REWIND NCKY OUTFR 96
REYIND NSCRAT OUTER 97
REWIND HFLUXI i OUTER 98
ITEMP = NSCRAT OUTER 99
NSCRAT = HFLOX) OUTER100
NFLUX1 = ITEMP OUTER1N1
OVER-RELAX FISSIUN SOURCE OUTER102
ORFF= 1o ¢ c6®#(UNF=1,) NUTER103
E0)=0-. OUTER104
E£02=0, OUTER105
00 29C I=1yIMJM OUTER106
Fol=Ecievi(I)erF2(1) OUTER107
F2II)SFO(I)SORFFe(F2(1)-FO (1)) NITER108

290 E02=En2+Vu(D)#F2(D) OUTER109
TEMP1=F01/F02 OUTERYYO
No 304 I=1,sltdn MITERLT

300 Fo(I)=TEMPLI#*F2(I) OUTER112
CALCULATE IIEW GRDUF FISSION SOURGES OUTER113
DO 310 IIn=1+1GH NUTER114

310 EL(IIG)=K6(IIG) =01 NUTERL1S

Eo(ILP)=n. OUTER116
E1(IGP)y=0. UUTER11/
DN 325 IIN=14+1IGM OUTER118
E0(IGP)=EC(IGP) «k0(11G) OUTERY19

320 EL(IGM=EL(IGPY«+fl(116) NUTER129
RETUR'I OUTER121

END ONTER122
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tn
15

SUBROITING ICOEF (No. M2, CXSy

V0o L?v AQs 250

JIMeJIMe JTL o CXRWCXT

?

COMHNOII  1ITMP, NCUT, NCR1y
1 NIICR, ALA, 807
? £1(51)s E2(S1)y E3(51)
3 ER(S1)y L9(S1), E01»

COHHON Ely EVP, EVPP
i 16V, Il IMUM,
? 12p, JPy K0T+
3 LCsy HuCTO, ORI'Py
4 SRAR, SK7» T06
5 TLMP3,  TEMPG, “TI

cormnll 1nt23y, TVAX, IGE»
1 IRR, IBT, IBH»
? HL. MT' MOl
3 T, Jly OITMy
4 LINITPS, IREF, IXSECo»

cotnit EPSy  3RCRTy  PONRY
3 EV, EVM, XLAL s
? NISTPy  IBUR, EV29s

INTEGER  RQ7, ¥) CVT,

THTEGLR NITM

REAL 12, I3, Kés

tin, N2 MASS

HELUATs NSCRAT

CNT CVTs
E4(S1)s ES(51)
€02 E03
gPF! 15BAR
IPe  1(EMP,
KPAUE » LAP

P02y PBARY
BRI TEMP

Vile 11XCM
1My IM,
16My IEVT,
ICST IHT,

I1Limy HWN T,
MPUISe  N(ON
URFs FLXTSTe

XLAHY POD
NGOs IHRTRGs
Po2s To6s

K7 LAP

HASSP s 14

RSs R4,

ISCRAT
DAY
E6(51)

IGEP
ITEMPL,
LAPP,

TEMP 1,

JHe
1PVT,
THS
IPFLXs

PV
UELT,
NCOEF o
R2+s

LAPP,

Zay Al

NILIMP o
E0(S1)
E7(S1)»

1GPe
ITENPZ,
LARY

TEMPCy

IBL
ISTART »
ITL
IPRINY

I'PSA

IFSy
NSWEEP
L2

LARY

1 .

nIHFNiION MAC1)s M2(1) 4 CXSUJIMGIIMe3) 4 VD (1) e CO(JTL)
AO(LYs Z5(3)y RS(1)9 M4(1)s 24(1),

TII§ SUHRNNTINE CALCULATES COEFFICIENTS FOR THE FLUX EQUATION

PI2 = 6.28314

AL (T)sCXRI(1)

FIRST MASTER LOOP CALCULATES THE FOLLOWING QIANTTTIES
1. REMOVAL X~-SECT(I)éevo(T1) FOR ALL ESII POINTS
2. CAS(FIsKJe1) FOR ALL HESH POINTS EXCEPT Kl=1
3. CxS(KIsKJs2) FOR ALL MHESH POINTS FXCEPT K=l

NO 60 KJ=leJH
N0 60 KIsleiM
GO TO (10910 S)s IGEP

TEMP = PI281L24(KJ) = Z4(KJ-1))*R4 (K1)

GO T 15

TEHP = 44 (KJ) - L4 (KJ-1)
I = KI + (KJ=1)#(M

ITRUP = Moty

ITEMP = M2(ITEMP)

CXS(KIsKJ93)EVN (1) #(CO 4y ITEMP)

TF(KI - 1) 35,35,20
ITEMPY = 110TI-1)

ITEIPL = H2(ITEHP1)

IF (ITEMP « ITEMP1) 30+25¢30

CxS(hiyhJo1)=A0 (KT ) #25(KJ)/ (3, 4CO (4

GO TO 35

- Co(S+1TEMP))

s ITEHP) # (R4 (K1) =Ra4(KI~-1)))

ICOEF
1COEF

1COEF
TCOEF
I1COEF
ICOEF
ICOEF
ICOEF
1CUEF
ICNEF
ICUEF
1COEF
1COEF
1COEF
ICOEF
{CUEF
I1COEF
ICOEF
ICOEF
ICOEF
ICOEF
ICUEF
ICOEF
ICOEF
1CNEF

CXT (1) ICUEF

I1COEF
ICHEF
1COFF
I1COEF
1CUEF
1CNEF
ICOEF
1COEF
ICOFF
1COEF
1COEF
I1COEF
T1COEF
ICOEF
1COEF
IZOEF
1COEF
ICUEF
ICOEF
ICOEF
ICLEF
I1COEF
ICOEF
I1COEF

CXS(KIoKJ91) = AN(KII#ZG(KJ) #(RS(KI=1)+RS(KI))/( (R4 (KI)~R4(KI~1))#ICOEF

1 (3,#(RS(KI-1)aCul4 SITEMPL) + RS(KI)®CO(4

IF(KJ = 1) 60,60340

ITEMP3 = Ng{I ~"1IM)

ITFMP3 = U2 (ITEMP3)

IF (ITEMP -~ ITEMI’3) 50445450
CXS(KIsKJe2) = AL(KI)/(3,%CO0(4
GO TN 60

s ITEMP) #TEMP)

+ITEMP))))

ICUEF
I1COEF
ICOEF
1COEF
ICOEF
ICOEF
ICOEF

VE~NON &S WN-—
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90

[11]

65

70

80

85

120

140
145

150

160
1€5

115
180

l90

K

CXS(KI 4 KJe2) (KJy)
J= J)#Cy

1 (3.#(251KJ=1) eCy,
CONTIUE )

L5 (TEMP#
(K 4 SITEMPY)))

) o /
¢ 25 (

SECOND MASTER LODP CALCULATES FLUX COEFFIGIENTS ALL AROUND THF
REACTOR PERIMETER9AND SUMS THE COEFFICIENTS AT EACH MESH POINT,

DO 19C KJ=le.M

DO 19¢ KI=1siM

GO TO (70+70+65) s IGEP
TEMP 3 ,5#P12675(KJ)#R4 (KD)
GO TO 75 ' ’
TEMP = .5#Z5(KJ)

I = KI ¢ (KJ=1)#IM

ITEMP = M (D)

ITEMP = M2(ITEMP)
TEWP1 = CXS(KI+14Kgy1)
TEMP2 = CXS(KI,|K,)*1,2)

CHECK FOR BOTTOM ROW CA{ CULATION

IF(KJ - 1) BD,8ys110

IF(IB3.EQs1) GO [0 85

CXS(KIyKJ92) = AT(KI)I/(3.,#C0(46 SITEMP)#( TEMP +. 71/
1 Ch(4  SITEMPY)) o

GO TO 140

CXS(KI4KJe2) =0,

GO TO 140

CIIECK FOR TOP RUw CALCULATION

TF(KJ = ) 14041154115

TF(IBT.EQ«1) GO 10 120

TENP2 = aAV(KI)/(3.%C0(4 ITEMP)®( TEMP +. 71/

1 CO(s ITEMPY))

CXT(KT) = TEWP2

GO TO 140

TENP2=(.,

CXT(KI)=p-

CIECK FOR LEFT HANC COLUMN CALCULATIOM

IF(KI - 1) 14541454160 T

IF(IBL.ER-1) GO TO 1Sp

CXS(KI,KJel) = AQIKI ) eZ5(KJI/(3.%Cnls JITEMP)®
1 (5#R5(KI) ¢ ,71/C0(4 LITEMPI))

GO TM 180 : ’

CXS(KI,KJs1)=0.

GO TO 180

CHECK FOR RIGHT HAND COLUMN CALCULATIOM

IF(KI - IM) 18¢+16%,165

IF(IBREQ.1) GO TO 17§

TEMP = AQIKI*1)8Z5(KJ)/ (3.#Cnls L ITEMP)#
1 («5#RG(KI) * ,77/C0(4 HITEMP)))

CXR(K1H = TEMPY o ’

GO TN 180

TEMP1=G.

CXR(K.) =0,

CXS(KIyKJI93) = CAS(KIsKJ93) ¢+ CXS(KIGKJyl) o CXS(KIgKJy2)
1+ TEMP1 + TEMBZ ’

CONTINUE

WRITE (ISCRAT) ([ICXS(KIGKJsKF) sKISIoTH) K21 9JM) gkF=193)
WRITC(ISCRATY (CXR(KJ) sKJ=19.IM) g (CXT(KI) yKIz1e M)
RETUR!I

END

ICOEF S9
TCOEF 60
ICOEF 61
ICOEF 62
ICOEF 63
ICOEF 64
ICOEF 65
ICOEF 66
ICOEF 67
ICHEF 68
ICOEF 69
ICOEF 70
ICOEF 71
ICOEF 72
ICOEF 73
ICOEF 74
ICOEF 75
ICDEF 76
ICOEF 77
ICOEF 78
ICOEF 79
ICOEF 80
ICOEF 81
ICOEF 82
ICOEF 83
ICOEF 84
1CNEF 85
ICOEF 86
ICOEF 87
ICOEF 88
ICOEF 89
ICOEF 90
ICOEF 91
ICOFF 92
ICNEF 93
ICOEF 94
ICOEF 95
ICOEF 96
ICNEF 97
ICOEF 98
ICOEF 99
ICOEF100
ICOEFlol
ICOEF102
ICOEF103
ICOEF194
ICOEF105
ICOEF106
ICOEF1a7
TCOEF108
ICDEF 109
TCOEF110
ICOEF11
ICUEF112
ICOEF113
{COEF114
1COEF115
ICOEF116
1COEF117

53
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SUHROUTINE INNER
1

(Ngo N2y CXSy
X

COMMO'l  HINP, "NCUTs  NCRLs IFLUX1s NSCRATS
1 NITCR, ALAs BO7 CHT CvTy
2 E1(51)s E2(S1)9 E3(51)9 E4(S1)s ES(S1)
3 F8(51)s FY(S1), EOLls Ev2s Eo3

cOoltMOi EQ, EVP, EVPP, EPFy GBAR
1 16V, I1s  IMJMy 1Py 1TEMP,
? 12P, JP K07y KPAGES LAP
3 L.Cy NGCTOy  ORFP, P02y  PBAR»
4 SRAR, SK74 T06 Tiie  TEMP,
5 TLMP3, TEMP4, TIs Vils  HXCM

coMintt 10123y, TrAX, IGE IZMy My
1 IBR, IAT, 1889 TGM 1EVTs
? MLy M1, MO1le ICSTy IHT,
3 12, Jls OITMy IITMs MW T
4 IMTPSy,  IREFs IXSECs HPOISs NCON

COMMD 4 EPSs  SHCRTs  POWR, ORFe FLATST,
1 FVy EVM, XLAL s XLAHS POD»
? NISTPs  IRUR, EV2s NGGOs IBRTRGY

INTFSER  FI07, CNT, Cvry P02y To6

INTERER OITM

REAL 12, 13, K6 KT+ LAPs

NGy N2,y MASSs MASSPs 14

ISCRAT,
DAY,
E6(51)

IGEP,
ITEMPL,
LAPP

TEMP1,

JMs
IPVT,
IHS
IPFLX»

PV,
NDELT
NCOEF »
R2+s

LAPP

S29 M0y M2s VO COsJIMedIMe JTLo
sCXTy HAs PAY"

NDUMP »
E0(S51)
E7(51)»

I1GPy
ITEMP2
LARY

TEMP2s

IBL»
ISTART
ITLs
1PRINy

EPSA

IFSy
NSWEEP
L2

LARY

1 !

NINENSTION  FMOCLY s N2(1) 9CXS(JIMyJIMeI) 4S2(1) e MO(1) s M2(1),
1 VA(1)s COJTLe1)s CXRI1)s CXT(1)y HA(1)s PALY)
CALL REBAL (N2s CO0e VOy CXSe Mns M2, ITLs IMs JMs CXR, CXT)

IKI = M =1
JKB = g1 - 1

IF (WSWEEP) 59 5
PO 10 I=1eIMJN
NO(I) = nN2(I)

+ 205

FLIX SALC'ILATION USING SOR WITH LINE IMVERSION

CALCULATION OF wOTTOM BOUNDARY LDX

KI = 1
KJ = 1
1 = KI « (KJ -1

YEIM

HA(I) = CXSTKI+1eKJg1)/7CXS(KIsKJe3)
PA(KI)= (S2(I) & CXS(KIyKJe192)a#H2{1e1M))/CXS(KI9KIs3)

DO 15 KI = 24¢1KH
I = KI ¢ (KJ =}

YHIM

HAGKI) = CXS(KI+loKJs1)/ (CXSIKI4KJ93)~ CXS(KIsKJIs1)#HA(KI=1))

PA(KI) = 1S2(1)

KI = Tt
I = KI « (KJ -1

INNER
TNNER

INNER
INMER
INNER
INNER
IMHER
INHER
INHER
IHNNER
IMUER
INNER
IHHER
INNER
INNER
INNER
INNER
IHNER
IMNER
INNER
IHNER
INNER
IMNER
IMNER
IMNER
THNER
THNNER
INNER
INNER
INNER
INNER
INNER
IMNER
INNER
INHNER
INNER
INNER
INNER
IMNER
INNER
THNER
INHER
INNER

* CXS(KIoKJe192)#H2(I+IM} ¢ CXS(KIsKJs1)#PA(KI-1))/INMER
1 (CX3(KIsKJ93) ~ CXS(KIsKJIe1)#HA(KI-1))

YRIM

IHMER
INNER
INNER

N2(I) = (S2(I) * CXS(KI,KJ*19s2)*N2(I+IM)+ CXS(KIsKJs1)#PA(KI=]))/INNER
1 (CXS(KIsKJ93) = CXS(KI4KJe1)#HA(KI-1))

DO 20 KII = 241IM
KI = IM -~ KIT »
I = KL « (KJ -1

1
YHIM

N2(I) = PA(KI) « HA(KI) » N2(Ie+1)

DO 25 K1 = 1+IM
I = KI « (KJ -1

YRIM

N1 = No(D) o ORFw (N2 (1) = N (IN)
PRINCIPAL FLUX LUOP

D0 45 KJ = 29JKH

INNER
THINER
INNER
INNER
INNER
INNER
INNER
IMNER
INNER
INNER

O~y WN—



30

35

40

50

95

60

[aKaNs]

8a

49
9n

92

1

1

1

KI = 1

I = KI

+ (KJ - 1)01IM

HA(KI)= CXSTKI+14KJy1)/CXS(KIvKJs3)

PAIKI)= (S2(1) + C
CXS (KT oKJs3)

DO 30 KI = 2+1KB

I = KT
HA(KT)
PA(KI)

+ (KJ - 1)*]IM

= CXS(KI*19KJe1)/(CXS(KI4KJe3) = CXS(KIsKJe1) #HA (KI-1))
= (S2(I) * CXS(KIWKJs2)*H2(I-TM)s CXS(KI,KJel92)¥N2(IeIM)
1 CXS(KIsKJo1)#PA(KIw1)) /(CXS(KI4K.J93) = CAS(KIsKJo1)#HA(KI=1))

KI = IM

I = KI
N2 (1)

+ (KJ =~ 1)%IM

= (S2(I) * CXS(KI4KJI92)#N2(I-TH)e CXS(KI,KJe192)#N2(TeIM)
1 CXS(KIsKus1)#PA(KI=1))/(CXS(KI4KJ93) = CAS(KIsKJs1)#HA(KI=1))

N0 35 KII = 2,IM
KI = IM = KII « 1

I = KT
N2 (1)

+ (KJ - 1I*IM

= PA(KI) « HA(KI) & N2(I+1)

N0 40 KI = 1.1IH

I = KI ¢ (KJ -~ 1)%]IM

N2(I) = NO(I)} « DHFe(N2 (1) - NO(D))
CONTI*IYE ) ‘
CALCNLATINN OF TuP BOUNDARY FLUX
KJd = JM

KI = 1

I = KI ¢« (KJ - 1)%1IM

HA(KI)= CXSTKI«19KJe1)/CXS(KI oK J»3)

PA(KI)

= (S2(I) ¢ CXS(KIyKJ92)®N2(I=1M))/CXS(KI KJs3)

DO 50 KI = 2+1KH

I = KI

HAIKI) = CXS(KI+19KJ91) / (CXS(KI4KJe3)= CXS(K1sKJe1)#HA(KI~1))
= 1S2(1) * CXS(KIsKJ92)¥N2(I-IM)e CXS(KI,KJs1)®#PA(KI-1))/

PA(KI)

(CXS(KIsKJ93) = CXS(KI KJIy1)#HA(KI=1))
KI = IM ’
I = KI ¢ (KJ = 1)#]M

N2 (1)

+ (KJ =~ 1)%INM

= (S2(I) + CXS(KI4KJ92) *N2(I-TM)e CXS(KIoKJs1)#PA(KI-1))/
(CX5(KIeKJ93) = CXSIKIoKJe1)*HA(KI-1))

DO 55 KII = 241IM
KI = IM - KIT « 1

I = KI
N2 (1)

+ (KJ - 1)8IuM

= PA(RI) « HA(KI) # N2(I+])

NO 60 KI = 1,4,IM

I = KI
N2(1)

+ (KJ -~ 1)%IM

= NO(D) o ORFe(N2(I) - NO(I))

INMFR ITERATION CONTROL

LC = L
= 1

Il =

cC +1

I «1

IF(IT - IITM) BU+9S,95
TEHP1=G .

D0 90

I=191MJIM

TENHP2=ABS (1+0-Nu(I)/N2(1))
TF(TEAP1=-TEMP2)45,504+90
TEMP1=TEMP2

CONTIIIUE

IF(TE P = FLXTS!) 95,495,92
IF (NSWEEP) S» 205, 205

XS(KIoKJ92) #N2 (I1~IM)e CXS(KIsKJ+192)#N2(I+IM))/

INNER
INNER
INNER
INNER
INNER
INNER
IMNER
INNER
INNER
INNER
INNER
INNER
INNER
TNNER
ITHNER
INNER
INNER
TNNER
THNER
INNER
INNER
INNER
INNER
INNER
THNER
INNER
INNER
INNER
INNER
INNER
INKER
INNER
INNER
IMNER
INNER
IHNER
THNER
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
8l
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

INHER10O
INNER1Q1
INNER102
INNFR103
INNER1 04
TNNER10S
INNER106
IHINER1N7
INNER108
INNER109
THNER110
TMNER111
INNERL12
TMNER113
INNER114
INNERL15
INNER116

55



99 CONTI"UE
RETUR: |
205 nNn 210 I=1eIMJM

210 No(I) = N2(D)

C FLUX GALCULATION USING SOR WITH ILINE ILIIVERSION
C
d CALCULAILION OF LLFT BOUNDARY FLUX

KI = 1

Kd = L

I = KI « (KJ - 11*IM

HA(K.)) = CXSTKI oK )41,42)/CXS(KIeK.J93)

PA(K.)) = [SR(1) + CXS(KI+14KJe1)4N2(141))/0XSIKLgKJy3

N0 219 K.=2yJKB ) ’

I = KI ¢+ (KJ =~ 1)4IM

HA(KJ) = CXSIKYIsKJ+192) /7 (CXS(KIZKJI93) = CAS(KIIKJ92)#IIA(KI=1))

THHER1Y7
INNER118

INNER119
IMNER120
IMNER121
TMNER122
INNER123
I1INER124
THNER125
INNER126
IMNER127
IMNER128
INNER129
INNER130
INHNER1 31

215 PA(KJ) = 1S2(1) + CXS(KI+1eKJe1)#N21I*1) + CXS(KIeKJ92) #PA(KJ=1))/INNER]32

1 CX3(KIeKJ93) ~ CXS(KIsKJe2)®HA(RU-1))
KJ = IM
I = KU ¢ (KJ - 1)*IM

INNER133
INNFR134
INNER135

N21I) = (S2(I) + CXS(KIelsKJol)®#MN2(T*1) o CXS(KIsKJ92) #PA(KJI=1)) /THNFR136

1 (CXS(KIsKJ93) = CXS(KI4KJ92) *HA(KI=-1)
NO 22) K.IJ=24JM
KJ = IM - K:jJ e 1
T 2 KI & (KJ = 1)#IM
220 N2(I) = PA(KJ) + HA(KJ) &« N2(IelM)
NO 225 KJ = 14JM
T = KI ¢+ (KJ = 1)*IM

225 N2(I) = t2(11 « URFe(N2(I) - NO(I))
c PRINCIPAL FLUX LUUF '

NO 245 KI = 241hB

KJd = 1

1 = Al ¢ (KJ = 1)#IM
HA(KJY = CASTKIZhJ*142)/CXS(KI9KI93)
PA(KI = (52(1) « CXS(KI4KJe1)#¥N2(I~1) + CAS(KI*19KJy1)#N2(I*1))/
1 CAS(KIsKJI93I)
DO 231 KJ = 2,JnB
1 = kI (KJ = 11%#IM
HA (KJ) CXS(KIoKJe192) /(CXSIKI4KJ93) =~ CASIKI K J92) #HA(KJ=1))
230  PA(K.) 1S2(1) + CXS(KIZKJo1I#N2(I=1) o CXS(KIeloKJsl)#N2(1e1) o

nne

1 CXS(KIsKI92) #PAIK =1)) /(CXS(KI4KJ93) = CXS(KIvkJe2) *HA(KJI=1))

Kd = M

I » KL « (KJ - 1)#*IM

N2(I) = (S2(1) ¢ CXS(KIsKJe1I®N2(I=1) & CXS(KI+1oKJel)}#N2(I¢1) <

1 CXS(KIsRJe2)#PA(KS~1)) /(CXS(KI4KJ93) = CXS(KIeKJ92) #HA(KI=~1))
DO 235 KJJ = 24JM
Kd = 1M« KJJ « 2
I = KI « (KJ -~ 1)®IM
235 N2(I) = PA(RY) o Ha(KJ) # N2(I<Ith)
DO 24" KJ = 14JM
1 = KL « (KJd - 11%IM

Zalt N2(I) = NOC(I) « ORF#(N2(D) - NO(D))
245 CONTI'IUE
C CALCULATINN OF RIGFT BOUNDARY FLIIX
KI = IM
Kd = 1

I = KU o (KJ = 1)#]M
HA(KJ) = CXSTKIZKJ#142) /CXSIKIvKJsI)
PAIKII= (S2UI) + CXS(KI,KJe1)#N2(I=1))/CAS(KIsKJs3)
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[MUERY 37
THINER138
INNER139
INMER140
IMMER141
THNER142
INJER143
IMIHFERY 44
TMHER145S
INNER146
IMNER147
INNER148
IMHERL49
TNUER1SO
INNER1S51
INNER152
INNER153
THNER154
INNFR1SS
INIER156
INHER1S7
INHER158
IMNERLSY
IHHIER160
INNER161
INNER162
TMMER163
INNER164
INNER165S
IMNER166
INNER167
INNER168
INNER169
INMER170
IMNER171
THNER172
1MUERLIT3
TNNER1 T4




25

255

260

2%0

2ks
2%0

2%2
295

DO 254 KJ= 29 JK

1 = KI « (KJ - 1)~1M

HA(KJ) = CXS(KI.KJole)/(CXS(KI KJ93)= CXS(KIsKJs2)#HA(KJI-1))
PALKJY = (S2(1) + CXS(KIsKJy 1)8N2(1-1) o CXS(KI,KJy2)#PA(KI-1))/
1 (CX3(KI1+KJe3) - CXS(KI'KJ'Z)“HA(KJ in

Kd = JIM
I =KL o (KJ - 1)%]M
N2(I) = (S2(I) + CXS(KI4KJs1)*H2(I=1) & CXS(KI,KJe2)#PA(KI=1))/

1 (CXS(KIsKJ93) = CXS(KI¢KJe2) $HA(KJ=1))
NO 255 KJJ = 24JM

Kd = I =« KJJ « 1

I = KI ¢ (KJ = 1)#IM

N2(I) = PA(KJ) + HA(KY) & N2(I+1H)

DO 267 KJ = 14JM

I = KI ¢ (KJ -~ 1)®IM

N2(I) = NG(I) o OHFe(N2(I) - NO(D))

INNFR ITERATION CONTROL

LC = LC + 1

Il = 11 « 1

IF{II - IITH) 28us 2954295
TEHP1=0. )

DO 293 I=1leIMUM

TEHP2=ARS (1.0-Np(I}/N2(I))
IF (TE'P1-TEMP2) 288, 299, 290
TEMP1=TEMP2

CONTI!IF.

IF(TEYP1 - FLXTS!) 295, 295, 292
IF (MSWEEP) "By 3 205
CONTI. WK

RETUR'I

EnD

INNER17S
INNER176
INNER177
INNER178
INNER179
INNER180
INNER181
INNER182
INNER183
INNER184
INNER185
INNER186
INNER187
INMER188
I1INER189
INNER190
INNER1S1
IMNER192
INNER193
IMNFER194
INNER195
INNER196
INNER197
INNER198
INNER199
INNER200
IMNER201
INNERZ202
INNER203
IMNER204
IMNER205
INNER206

57
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10

15
20
2s
30
35
4n
45
S0
5%

60
A5

SUBROMTING REHAL  (N2y COs VOs CXSe MOy M2y JTL

COIIMD'l ~ NIKP, NCUT NCR1s HFLUX14 NSCRATs
)| NMICR, ALA, B07, CNT» CVTe
2 EI(S1)s E2(S1)y E3(51)s E4(51)s ES5(S1)
3 E¥(51)y E9(S1), EOls to2 Eo03

COMHOII EQy EVPy  EVPP, EPFs  GBARs
1 IGV. II. IMJUM, 1P ITEMP!
) 12P, JPy KO7s KPAGEs LAP
3 L(_:. N(’CTO. ORFP! PUZ' PBAR Y
4 SBAR, SK7, T06, Tile TEMP
5 TENP3y  TEMP4, Tl ViTs  NXCM

COHMO | TLT23Y, TvaX, 16E. 1My IMy
1 IR, IBT, IBB, IGMe IEVT,
2 MLy HT, MOl ICSTy IHT,
3 12, Jéy  OITHM 11TMy HWP T,
4 1017PS, IREF, IXSECs MPOISs NCON

COMHNDY EPSs  SRCRT, POWRY ORFs FLXTST,
] £V, EVM, XLAL ¥LAH PODY
2 wiSTP, IRUR, EV2, HGOs IBRTRGS

THTEGER BOT, CNT, CvT, P2y Tob6s

INTEGER  OITH ) ’

REAL i2, I3, K6y KT LAP

1
DINEN'STON  N2(1)Ye COCJTLe1) e VO(1) 9CXS(JIHeJIMe3) eMO(1) s M2(1),

1

b N2+ MASSe HASSP

CXR(IYs CXT(1)

THIS SUHROUTINE NORMALIZES FLUXES BEFORE EACH GROUP CALCULATION

CALCUILATE ABSORPIICN AND OUT-SCATTER
E3(IGV)=0.

E4(IGV)=0.

00 19 1=l IMUM

TEHP = VOolI)I#N2 (1)

TTEHP = MO (1)

ITEMP = M2(ITEMP)

14

E3(IGV) = E3TIGY)  (CO(4sITEMP) = Cn(S,ITEMP)

E4(IGV) = E4(IGV) ¢ CO(24ITEMP)sTEMP
CALCULATE LEFT LEAKAGE i

ES(IGV) =0,

IF(IBL) 15415425

Nn 25 Ki=ledH

I = (KJd - 1T#IM « 1

ES(IGV) = ES(IGV) ¢ CXS(1sKJe1)#N2(I)
CALCULATE RIGHT LEAKAGE o
E6(IGVI=0.

IF(THIL) 30430440

D0 35 KJz1leJM

I = KJalM

E6(IGV) = E6(IGV) « CXR(KJI#N2(])
CALCULATE TOP LEAKAGE

E7(IGV)=0.

IF(IRT) 45,45,55%

NO 50 KI=1yIM

I = I''JM = TM « KI

ET(IGV) = ET(IGV) + CXT(KI)#N2(T)
CALCULATE BOTTOM LEAKAGE
EB(IGV)=0s

IF(13B) 6Ce60470

NO 65 Ki=lsIM

EB(IGV) = EB(IGV) ¢ CXS(KIelp2)#N2(KT)

'gIM'JJMv CXRs CXT)RERA
ISCRATy NDUMP, REBA

DAYs EOVU(51)
E6(51)s E7(51)

IGEP IGP»
ITEMPly ITEMP2e
LAPP, LARY

TEMP1ys TEMP2

JMs IBL
IPVTy ISTART
IHS ITL»
IPFL.Xe IPRINe
PV EPSA
DELT, IFSy
NCOEF s+ NSWEEP
R29 L2
LAPP LARY

REBA
REBA
REBA
REIBA
REBA
REBA
REBA
REBA
REBA
REBA
RERBA
REBA
REBA
REBA
REBA
RERA
REBA
REBA
REBA
RERBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
RERA
REBA

~ CO(2+ITEMP) ) *TFHPREBA

REBA
RERA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
RERA
REBA
REBA
REBA
REBA
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70

75

ES(IGV)
TEMP =

+
(E1(IGV ) * E2

ES(IGV) Eé
(1

DO 75 I= leMJM
TEMP“N“(I)

N2 (1) =
E3(IGV)
E4(IGV)
ES(IGV)
E6 (I1GV)
E7(IGV)
E8(IGV)
EQ(IGV)
RETUR:I
END

nauanunn

TEMP“&J(IGV)
TEMP®E4 (T1GV)
TEMPHES (IGV)
TEMPHE6 (IGV)
TEMP&E 7 (1GV)
TEMP#EB(IGV)
TEMP#EY (IGV)

E9(IGV))

REBA
REBA

RERA
RERBA
REBA
REBA
REBA
RERA
RERA
REBA
REBA
REBA
REBA

59
60
61
62
63
64
65
66
67
68
69
70
71

59



60

10

20

25

30
RA-]
40

45
%0

55
L1}

L)
1%

80

SUBROUT [NF. COHVRh(F20K6) CONV

COHMO'I ~ AIR NCR1ls NFLUX1s NSCRATs ISCRATs NDUMP9 CONV

| N”IERQ ALA! BO7, CNT» CVTs DAYs FO(S51) CONV
2 E1(51)« E2(S1)y E3(Si)s E4(S51)s ES(51)s E6(51)s ET(51) CONV
3 EB(S1Yy EG(S1), EO01s Ev2s £03 CONV
coMMoNl En, EVP, EVPP, EPFs  GBARsy  IGEP, IGP conv

1 16V, I1s  IMJMy IPy  ITEMPy ITEMPls ITEMP2, CONV
2 12P, JPy K07+ KPAGE» LAP» LAPPs LAR» CONV
3 LE, NGCTO, ORFP, P02y  PBAR, CONV
4 SHAR, SK7» Toe, T11s  TEMPs TEMPls TEMP2, CONV
5 TEHP3, 1ENMP4, TIs Vils  NXCM CONV
comMot InT23)s  “TMaX, IGEs LM IMy JMy I8L CONV

1 18R, 18T, IBR, IGMy TEVT IPVT,y ISTART, CONV
? ML,y MY, MOl ICST» IHT» IHS, ITLs CONV
3 [y Jéy  OITMy  IITMy  HMWDTs IPFLXs IPRINs CONV
4 IDHTPS, IREFy IXSFECe MPOISs NCON conv
colMoN EPS, 3RCRTy  POWRs ORFs FLXTST, PVy  EPSAs CONV

1 £V, EVMy  XLALe  YLAHs PODs  NELT IFSy CONV
NASTP,  IRUR, EV2, GOy TBRTRGs NCOEFs NSWEEP CONV

INTEGER  BO7, CNT, CVT, P02+ T06 R2 z2 CONV

INTEGER OITM ' CONV

REAL 12, 13, K6 ¢ K7 LAP LAPP, LARSs conv

)| No» N2y MASSes MASSP9 14 CONV
DIMENSION F2l1)s KE(1) CONV

CHECK TiMt LIMIT CONV

IF (TMAX) 25925,11 couv

CALL SECOMUITEMPT CONV

IF(TE"P ~ THAX) 25415415 CONV

NGNTO=] CONV

PRINT 2u CONV

FORMAT (53H] # # RUNNING TIME EXCEEUED=-FORCED CONVERGENCE # #//)CONV

RETUR:I CONV

CHIECK EIGENVALOE CCNVERGENCE CONV

E0l=l. - ALA CONV

E02=ARS(E01) CONV

IF (F1(1GP)) 30,39+35 CONV

CALL ERRO2(6HCONVRG,3091) conv

IF(EN2 -~ EPS) 4U+40,45 CONV

cvT=1 ) CONV

IF (PO2,LE+3) CVT=0 conv

INITIALILF FISSION NEUTRON SOURCFE RATES FOR NEXT ITERATIOHN CONV

DO 50 I=ls1IFJM CONV

F2(1)=0. CONV

IF(CVT.NE.1) 650 [0 80 CONV

FINAL EIGENVALUE "CALCULATION ONV

NGOTO=1 CONV

IF(IEVT.NE.1) GO TC 75 CONV

EV=0. CONV

DO 60 I=1+IGH CONV

EVIEV + K6(I) CONV

EVaSK7/EV CONV

RETURN CONV

EVZEV*POD*EQ#EQ] CoNV

GO TO 65 CONV

EIGENVALUE CALCULATION IF NOT COHVERGED CONV

IF(IEVT.NEL.T) G To 85 CONV

NGOT0=2 CONV

GO TO §5 CONV
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88
95
105
115

125

145

150
195
160
170
175
185
190

195
210

215

225
230
235
240

245

250

260

CHECK FOR CALCULATION OF NEW EV IN SEARCH PROBLEM(IEVT=2 OR 3)
€03=ABS (ALA-LAR

IF (LAPP) 250.95.350
IF(LAP) 170+105s170
IF(ER) 22541159228
IF(E03 - EPSA) 149,145,125

CONV
CONV

CONV
CONV
CONV
CONV

RETURN TO MAIN PHOGRAM WITH EV STILL = TO THE PREVIOUS (SAME) VALUECONV

NGOTO=2

RETURH

FIRST CHANGE IN EV., IT IS NOW SET Tuo Ev ¢+ OR = EVM, PROGRAM
RETURMS TO INIT FOR RECALCULATION OF R-SECT OR ZONE THICKNESSES
LAR=ALA

EVP=EV

IF(E0L) 155+155+150

EV2EV - EVM

GO TO 160

EVSEV « EVM

NGOTO=3

RETUR!I

SECOND CHANGE IN EV.(IF E03.LE-EPSA). TRIGGERED BY LAP GT, 0
IF(E03 - F£PSA) 178, i75.125
EQ=(EVP-EV) 7 (LAP-ALA)

IF(CNT) 2102185+210

IF(E02 = XLAL) 21542154190

IF(E02 ~ XLAH) 21092109195

EOL=SIGN (XLAi,E01)

LAPP=LAP )

LAP=ALA

EVPP=EVP

EVP=EV

GO TO 225

CNT=1

LAP=0:

LAPP=G,

EV=FEV+PUD*EQ®EQ]

IF ((LAPP=1.0)/(LAP=1,0)) 235+169+160
TEMP1=AMIIN TEVPLVPP)

IF (EV-TE'P1) 240+24%,245

FV’(EVPPoFVP)/Z.

GO TO 160

TEHMP1=ANAX] (EVPILVPP)

IF (EV-TEMP1) 16392404240

THIRD (AND SUCCEEOING) CHANGE IN EV(IF E03.LE.EPSA), TRIGGERED
BY LAPP GT. ©

IF(E03 - EPSA) 265042604125

CALCULATE QUADRATIC COEFFICIENTS.
TEMP1=FVP-EV

TEMP2=EVPP-EV

TEMP3=EVPP-EVP

TEMP4STEMP 18 (EVPEV)

TEMPS=-TENP24 (FV+EVPP)

TEMPA=TEMP3® (EVPPSEYP)
DENOM=TEMP34TEMP2#TENP]

EQA=( (LAPP=1.9)# [EFP1#EVP*EV~(LAP-1,9) #TEMP2
1 #EV#EVPPe (ALA=} .Ji«TEMP3«EVPPﬂtvP)/UENOM
EQH:-(LAPP“TEHP»OLAP“TEMPS'ALA“TEHP6)/hENOM
EQC=(LAPPSTERP |~ LAP# TEMP2+ALA# TEIP3) JDENUM
DIACR= EQHGEQH a.l“EQAagqc

CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONY
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
comv
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
GONV
CONV
CONV
COMV

116

61



62

20
2ue

2%0

3u0

IF(DISCR) 17Ss2 4'27g

7
IF(EN2 - XLAL) 215,215,280

TEMP1=CUC+EQC
TEMP=SQRT (Dlscr)
EQ31.0/ (ENR*EVHTi:MP)
LAPP=LAP ' "
LAPsALA

EVPP=FyP

EVP=EV

EV1=(TEMP-FQI) /TEMPY
FV2s~(TEMP+ENR) 7 1EMP]
EVA=AlS (EV-EV1)
EVB=AlS (CV-EV2)

IF (EVA-EVB) 290+290+300
EV=FV1 *

GO TO 23n

EV=LV2

GO TO 230

EMD

CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
conv
CONV
CONV
CoMv
CONV
Coyv
CONV

118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135



- SUBROUTINE SUMMRY (F2eN24R19Z19R49Z40 JIMeJIMyFN2, SMRY
COsHOGMOYM24FOsJTLyUMToVO,FUTOT 10,1112y SMRY
PFKACPFPREV¢BURNUP14) SMRY

conMMon  WINP,  NCUTy  NCR1s NFLUX1s NSCRATy [SCRAT, NDUMPs SMRY

* . 1 NUICR, ALAs BT CNTs CvTs DAYs EO(S1)9 SMRY

2 E1151Js E2(S1)y E3(S1)s E4(S1)s ES(51)e E6(51)s ET(51) SMRY

3 E8(51)y E9(E1), EO01 E02 E03 SMRY
coMMOU EQ, EVPy  EVPP, EPFs  GBAR» IGEP IGP, SMRY

1 14V, IIy  IMJM, IPs  ITEMPs ITEMPly ITEMP29 SMRY

2 IZP, JP, K07+ KPAGE» LAPs  LAPP, LARY SMRY

3 LCy NGOTO,  ORFP, P02+  PBAR9 SMRY

4 SRAR, SK7, T06+ TiTe  TEMPs TEMP1l, TEMP2, SMRY

5 TEMP3.  TENP4, TIs Vils  HNXCM SMRY
coMMotl IpT23),  "Trvax, IGF» 1ZzMy IM, JMy IHL SMRY

1 IBR, IBT, IRB IGMsy  TEVTs  IPVTy ISTART, SMRY

? ML o MT, MOl ICSTy I+iTy IHS, ITL SMRY

3 12y Jls OITMy 11TMy MWDTe IPFLXsy IPRINs SMRY

4 INUTPS, 1REFs IXSECs HPOISe NCON SMRY
COHMOII EPS, SHCRTy  POWR, OKFs FLXTST, PVs  EPSAs SMRY

1 £V, EVMy  XLALs»  XLAH» PODs  PELT, IFS» SMRY

? NHSTP,  IBUR, EV2s 1160y IBRTRGe MCOEFs NSWEEP SMRY
INTEGER  RO7, CNT, CvT, P02y To6 R2 42 SMRY
IMTEGER OITH ) SMRY

REAL {2, 13, Ké K7 LAPs  LAPI%, LARY SMRY

NO N2y  MASSs [1ASSPs 14 SMRY

DINENSTON F2UJIMedUMYy N2(JIMeJUM) s R1(1)s Z21(1}s R&(1}s Z4(1)y  SMRY

1 FLUX(6) s FN2(1)s CO(JTLoJIMT) 9 NO(JIMeJIM) g MQ(JIMeJJIM) s SMRY

2 M2T1) s FO(JIMyIIM) SMRY
NIMEMSION VO (JIMegJM) sFUTOT (1) 3 10(1) 911 (1) 412(1) +PFRACI(]), SMRY
PEPREV (1) sBURNUP (1) 514 (1) . SMRY

C FINAL PRINT SMRY
ICARII=Y SMRY

C PRINT FINAL EIGENVALUE AND OTMER FINAL OITER ITERATION PARAMETERS SMRY
CALL EVPRT SMRY

C PRINT ATOM DENSITIES FROM SFEARCH CALCULATION (IF IEVT=p) SMRY
IF LIEVT.NE .27 GO 'TC 60 SMRY
PRINT 10+ PV SMRY

10 FORMAT(1H1///+2X+100HTHESE ARF TME DESIRED ATOM DENSITIES OBTAINEDNSMRY
1 FROM THE CONC SLARCH TO GIVE A PARAMETRIC VALUE OF PVz F9e.6///) SHRY

DO 35 M31+MO1 SMRY

IF (I4(™M)-EQ.0,) GC TO 30 SMRY

TEMF = IZTH)“(l.u + EV#I4(M)) SMRY

K = I0(M) - "ML 77 SMRY
PRINT 20+ K I1(M)y TEMF SMRY

20 FORMAT (10Xs THREGLON=I12+45XeQIIMATERIAL=12¢5Xs15SHMATL ATOM DENS=F]0.75MRY
1) SMRY

30 COMTYIUE SMRY
50 CONTINUE SMRY
C PRIMT FINAL GROUI* TOTALS SMRY
60  CALL RPTIDT SMRY
IF (DAY ,NE-0.) GO TC 105 SMRY

C PRINT MESTT TMTERVALS AND COORDINATES SMRY
J=1p SMRY
IF(IP ~ JP) T047U1€5 SMRY

68 J=.p ) SHMRY
70 PRINT 80 (IsRI(II sRG(I) 9Z1 (1) 424 (1) 41319} SMRY
80 FORMAT( 8411 Rapl1 AVG RADII SHRY
1 AXTI AVG AXII//(1444F20,4)) SMRY

OVET~NOWU & W N—

63




64

1)
90

95

100
105

[en

1¢S5
130
14n

Le&n
Ln

1&0

210

220

230

245
255

20

290

Je.) 1
IF(IP -~ JI') 85,1.15495

PRTNT 90+ (I+Z21(1)e264(1)eT2da.0p)
FORMAL (1440X42F2044)

GO TO 105 )

PRINT 100y (ToRI(I) o RG (1) g I=U, 1)
FORMAT (14+2F20,4)

ConTI Uk

INITIALICE TOTAL FLUX AND POWER DENSITY ARRAYS
0o 117 I=leIH

NO 11! JzleJM

N(I(I' |)=0;

F2(l, |)=')3_

MASTE? LOYP FOP NUTPUTTIMG NF FLUXES (PRIMT/TAPE/PUMCH OPTIUNS)
NO 350 1INi=1s1GH

READ (NFLUXL) ((N2(TgJd)eI=1eIM) e =] edM)

READ (ICRIY (LCO(TITochs T1 = 1o ITLYe J'= 1y HT)
CALCULATE TOTAL rLLX AND POWFR OFHSITY

Nno0 123 I=l,I4 ’

NO 12) J=leJM

NeiTe 1) 3 HO(IGJ) « N2(T,D)

ITEHP = M1 {14 J)

ITENP = M2 (LTENP)

F2(Is = F2(Te0) ¢ CO14ITEMPY#H2(T4J) #1010, #EPF
PRINUT GROIP FLUXES (IF OFSIRER)

IF(IPRINGQ.3) i TO 160 o

TF(NDAYNE.0s} GO TC 140

PRINT 13ns1105

FORHAT (1Hls 20Xe14FFLUX FOR GROUIP,12)

CALL PRT(IMeJMyNLeZ4

GO TO 160

IF(IPAIN,CQ.1) 150 TO 125

HMRY
SHRY
SMRY
SMRY
SMRY
3MRY
SMRY
SMRY
IMRY
SMRY
SMRY
SMRY
SMRY
Sty
SMRY
SHRY
SMRY
SMRY
SMRY
StIRY
SMRY
SHRY
SMRY
SMRY
SHRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SHMRY

WRITF. FLDXES OM TAPE(FOR IRFEF=4 OR 1)90R DISK(FOR IRFF=2),1F DESRNSMAY

IFCIIVITPS) 23042300170
TF(DAY.NE-0s) GO TC 200
TF(IRCFoNELBY Go TC 230

WRITE (NDUNPY  ((N2UT4J) o I=19IM) eJ=10JM)
GO TN 230

IF(IRCFLEOL1) GU 1C 180
IF(IRCF.EN.0) g0 Tc 220
WRITC(ISCRATY (IN2(T1sd)yI210IM)4d=1yedM)
60 T 230

CALL tRROZ(6HSUMMRY 422041)

PUNCH FLUXES (IF UESIRED)
IF{IPFLX.ITM:0) GU TO 35¢
IF(DAY.NEL0sS GO TC 245
IF(IPFLXLENST) 607 TO 255

GO Tn 3%0

IF(IPFLXGHIE.2) GI) TO 359

NO 300 I=lsIHUMsb

NO 28y Jele6

FLUX(J) = Q4

I1 = "IMO (LSS, IMJIM)

JI =1

V0 29) Jsl,II

FLIX(JI) = Fr2 (D)

JI = JI « 1

PUNICH 3109 (FLUX1J)9J=146) ¢ ICARD

SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SHRY
SMRY
SHRY
SMRY
SHRY
SMRY
SMRY
SHMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SHRY

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
115
116



Joo
3o
390

355

360

365

310

KEA]

34
3vS

400

405

%15

425
430

460
410
475

1))

4H5

490
=00

ICARD = ICARD + 1 SMRY
FoRHAT(1P6E12 , 69 4HFLUX s 14) SMRY
CONTINUF 5MRY
PRINT TOTAL FLUKX AND POWER DENSITY SMRY
PRINT 355 SMRY
FORMAT(1H1//s 19411k TOTAL FLUX//) SMRY
CALL “RT(INOJHoquza) SMRY
PRTHNT 360 SMRY
FORMAT (1H1//+ 19Xy 26HPOWER DENSITY (MWT/LITER)) SMRY
CALL PRT(IMeJMyF2924) SMRY
CALCULATE AND PHINT REGIONAL POWER FRACTIONS SMRY
IF(POARLLE.O) G TO 475 SMRY
NO 365 1=1+1ZK SMRY
PFRAC(I)=". SMRY
DO 374 I=1l,IM SMRY
D0 371 J=lsJM SMRY
ITEMP=MY (19 D) SMRY
ITLMP=H2 (ITEMP) =~ ML SMRY
PFRACCITENP) SPFRAC(ITEMP) + F2(I+))#VO(IeJ)#,001 SMRY
PRINT 375 SMRY
FORMAT (1H14///1uXs39RPOWER PRODUCTION FRACTION FOR EACH ZONE///)  SMRY
DO 3RJ L=le12M SMRY
PFRAC (1) =PFRAC (1) /FOWR SMRY
PRINT 385s lePFuAC(I) SMRY
FORMAT (/2UX92HI=T242X+6HPFRAC=F9,6) SMRY
CALGULATE ANU PRINT HURHUP RATES FUOR EAct ZONE SMRY
IF (MWNTLENLD) GU TO 475 SMRY
IF (DAY EG.Ge) Gu Tc 460 SMRY
IF (TBNTRG-ER.0) LD TO 460 SMRY
PRINT 400 SMRY
FORMAT (1H19///10X+83HTHESE ARE THE AVERAGE BURNUP RATESsIN MWD/TOMSMRY
2+FOR EACH ZONE OVER THE PREVIOUS CYCLE///) SMRY
PRIMT 405 DELT SMRY
FORMAT(//loXoSHntLT F8,2¢7H 1tAYSZ/777) HMRY
00 425 I=1,1ZM SMRY
IF(FUTOT(I) «EQ.0e) GO TO 415 SMRY
RURNUP (1)= TPFRAUIT) * PFPREV(I))#PuwReNELT/ (2, «#FUTOT(T)) SMRY
RRHHNET=HURNUP (1)%1,10 SMRY
GO TN 425 SMRY
RURNUP (1) =0, SMRY
BRNIN.T=0. SMRY
PRIMT 430« IeFUTOT (1) + BURNUP (1) 4 BRNMET SMRY

FORHAT(/SX.ZHI:IZOGX;EQHFUgL MASS IN 5+[ORT TONS=F7.3+4X929HAVG, BIISMRY
2RuUP Tl MWD(SHORL TON=FQ,2+5Xe30l1AVIi, RURNUP IN MWD/METRIC TOM=F9,S5MRY

3?) SHRY
DO 479 II=)elIZM SHRY
PFPREV (11)=FFRACIIT) SMRY
IF(TPRIN.EAL3) GD TO 500 SMRY
IF (DAY, ME-CS) GO TC 490 SMRY
PRINT 485 SMRY
FORMAT (1H1+20Xe 19HF ISSION SOUKCE RATE) SMRY
CALL PRT(IMeJMeFuZ4) SMRY
GO T 500 ) SHMRY
IF(IPRIM.ITN.1) U TO 48 SMRY
REVIHO NCR SMRY
REUYTIGN NFLUX1 SMRY
REWIND NODMP SMRY
RETUR | SMRY
EhiD SMRY

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
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

175
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la

an

25
30

L)

SUBROITING GRPTO | GRPT
COMNOL FITAP, - “NCUTs  NCR1s NFLUX1s NSCRATs ISCRATs NDUMP, GRPT
1 NUICR, ALAS 807 CNT CVTs DAYs E0(S51) GRPT
? E1(51)y E2(S1)y E3(51)s F4(51) ES(51)s E6(51)s ET(51)» GRIT
k) F8(S1)y EW(E1), EO01 o2y E03 SRPT
CoHMn™ Efdy EVPy  EVI'Ps EPFe  GBARs  IGEPS 1GP GRPT
1 TGV, Il IMJM, 1Py ITEMPs ITEMPls ITEMP2 GRPT
? 12p, JPy K07+ KPAGE s LAPy  LAPP, LARs GRPT
3 LCy NGCTO, OKRF Py Pn2e PBAR GRPT
4 SBAR, SK7s T069 Ti1s  TEMPs TEMPls TEMP2s BRPT
8 TI.MP3, ILVMP4, TIs Vils  NXCM GRPT
counb 1 Int23),  TTvAX, IGEs 14Mo My JM, I8Ly GRPT
1 1GIER IBT, IGLD TeMe  TEVTy  IPVTs ISTARTH RPT
? MLy MT MOl ICSTy IHT IHS ITL GRPT
3 1/, Jes 0ITM, I1T™, HWNTs IPFLXy IPRINy GRPT
4 INITPSy  1REFs IXSECs HPOLSs NCON tRPT
conmn EPSy 4HRCRT, POURY DRFs FLATST PVe EPSAe GRPT
1 LV, EVM, XLAL» XLAHY POD» DELT IF Sy GRPT
2 nHSTP,  TBUR, EV2s Hisl)e IBRTRGe NCOEFs NSWEEP GRPT
IMTFGER  BOT, CNT, Cvt, P02y T06 R2 22 GRPT
INTEGLR NITnH GRPT
REAL 12 13, K6 K7 LAP LAPP LARY RPT
1 No, N2y  MASSs tASSPY 14 GRPT
F2IIG™) = 40 15RPT
E3(I6P) = .0 GRPT
FalDify = 40 GRPT
ES(IGM) = N HRPT
Follny)y = o0 GRPT
ETCIGP) = o0 GRPT
FAIHsM) = o GRPT
EQLIG)y = o0 GRPT
no 1y 1 = TeIGN GRPT
F23I5P) = F2lIGP) « E2(I) GRPT
F3(Iul'y = E3(IGR) + E3(I1) GRPT
E4(TGP) = E4(IGP) « E4(I) GRPT
ES(IGP?)y = ES(IGP) « ES(I) GRPT
E6(IGP) = E6(IGH) + E6(D) GRPT
ET(I5Py = ET(IGP) + ET(D) GRPT
FRIIGP) = FEBUIGP) « ES(I) GRPT
FOIIG") = E9(IGR) + ES(I) GRPT
PRINT 20 GPPT
FORHAT (1'1s 28H FINAL NFUTRON BALANCE TARLE/// GRPT
15911 sRoUP  FISSIUN SOURCE IN-SCATTER OUT-SCATTER ABSORPTION,1X,GRPT
265H Le Ls He Lo Te Le Be Lo TOTAL LEAKAGRPT
3GE//) GRPT
N0 30 I = 1s1IGNH GRPT
FORHAT (Ihy 1P9EL13,3) GRPT
PRINT 25 TeEL (D) sE2(I) 9E3(I) sb4 (1) sES(I) 9E6 (L) sET (1) GRPT
1 EB(DLE9(D) GRPT
PRINT 35 GRPT
FORMAT (IH ) GRPT
I = I5M « 1 5RPT
PRIMT 259 IsE1(I)sE2(I) 4E3 (I 0EG (1) sES(I)E6 (1) sET7 (1), GRPT
1 EB(D),E9(D) GRPT
RETIR GRPT
END GRPT
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31

40
LY}

SUBRNITIN. PRT ()IV
DIMENSTONTHZ L ITMeJY
REAL I2

IM = IIM

JH = 1M

NN S [=1,I1,8
IRED

T2=1+4

IF(I2~IM) 209 2us 10

12=1M1

PRINT 31 ( JdedJd=11,412)

FORMAT( S120)

N0 S JJ=1eJM

J=.JJ

FORMAT (IS9E15.795E20.7)

PRINT 40y Je (M2 (KyJ)eK=11,412)924()
RETUR |

Fe

JJIM
Y

k<]

PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
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30

40

50

?O

40

AW~ W\ -

L BV

N —

1

1
?

SUBRNYT (K. RAM(MASSs VOLe ATW, tINLNsJIMeJIMe MO
T 10w Ile 12, JMLe I34FUTOT, NTRIGy 14)

colMn t 1L, NCUT, NCR1e HNFL!X1»

NITUIR, ALA, BO7 CNTe

L1(517s 1L2(51)y E3(S51)s E4(S1)s

E8(S51)e EY(E]L), EdQly Eg2y

corMn'l Edy EVPy  EVPP, LPFy

16V, Il IMJMy 1P

1P, JPy K07e KPAGES

Lc. NGCTO,  ORFPy P02y

QRAQO SK7, T06G T|1!

TI.MP3, TENP4, Tl Vil

coMHOtE TNI23) TMAX, IGF » 1Mo

IRIR, TI8T, I0R. I6My

ML MI. M1 1CSTy

\ S Jl OIIMO TITM,

IITIPS, IREF IXSF.Ce (POTSy

UGG EPSs  SHCRLs  POWRY UKF»

EVy EVi, XLAL» KLAH

NISTP. IBUK, EV2y NGO »

INTELTR  BOT, CMTy CVT, PO2s
INTELER OITM

REAL. 12, 13, K6y KTy

Hay N2 o MASSes ASSPY

DIMENSTON IFASS(JMLe1) e VOL (1) ATH (1)

FUTOT (1) oNTRIG (1) 914 1)

M2y VOO

NSCRATs ISCRATs NDUMP
CvTe DAYs FO(S51)y
ES(S51)e E6(S51)e E7(S1)

En3
1BAR IGED, IGP
LTEMPs ITEMPle TTEMP?
LAP» LAPP LARY

PRAR.
TEMPy TEMPls TEMP?

NXCM
IMe JH e IBL»

IFEVT, IPVTy ISTARI
IHT IHS ITL
MWNTs IPFLXe IPRIN

NCON
FLXTST, PVy EPSA
PO NELT, IFSe
IBRTRGs NCOEFs NSHWEEP
To6s R2+ L2
LAPs LAPP, LARY

14

HULN (1) s MOC(JIMeJUM) »
M2(1)s VO(JIMaIUM)y TO(1)s T1l1rse T2(1)0

I3(1)

TS 3UBROUTINFE CALCULATES THE MASS DF THE VARIOUS MATERIALS

IF (MEITLEN.D) GO TC 6

NO 5 ‘i=ieIZN

FUTOT (1Y =%e.

CONTIIE

PRIMT 10y (IN(I)91=2123)
FORMAT (1l11y 12460/11A6//7/)
PRINT 20

FORMAT (451 MATERIAL INVENTURY (KILUGRAMS) FoR EACH ZNNE / )

NO 25 I=1+17H

VoL (I) = J.0

DO 30 IslsliL

NO 35 JmlelzM

MASS(I4.0) = 0.0

NO 40 J = 19 UM

DN 4n I = 1 IM

K = Mi(Le)

VOL (K} = VOL(K) + vo(ls J)#,001
NO S M=1l,MOY

I301) = 12(M)

IF (ITVTHE«2) GO TO 50

I3(M) = T2(M)# (10 & EVeI4 (D)

COHTI'IVUE
DO 9v N =1le IZM
NN = '12(N)

DO 9+ M 3 1sM0O1
IF(I0(H) = NN)  Y0.60490

L = 11(M)
IF (L) 90+90+80
Eol = I31th

MASS(LyN) = ((EQLl#ATW(L)®VOL(N))/,6023)

+ MASS(LN)

GRAM
GRAM

ORAM
GRAM
HRAM
GRAN
1"RAM
BRAM
GRAM
GRAM
GRAM
SRAM
GRAM
GRAM
GRAM
1HRAM
GRAM
GRAM
GRAM
GRAM
GRAM
RAM
GRAM
GRAM
5RAM
BRAM
GRAM
BRAM
15RAM
GRAY
GRAM
GRAM
GRAM
GRAM
GRAM
GPAM
GRAM
GRAHM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRA4
GRAM
3RAM
HRAM
GRAM

-
- VO®~NOU & WN—

-

-t — —
VoOI$~NOUSWN

AV
-_-0

22

[AVIQV ) V]
U s w

N
o

WwWwhhNNN
- OV~

LWwwwwww
NS wWN

S e W
-3 0

P
FIREY

&
ouw

&8
o ®~

Uy
oNswWwN—O

[$,08)]
@~



90

1€0
170

IF (MUNT.FQeM)
IF (NTUIG (M) SEQ

Gt TO 90
«J¥) €0 7O 90

FUTOT (N) =FUTOT(N) « MASS(Let)#6,0011

CONTT IUE

NATA 700 /64
No 162 L = 1o
LL = I. « &«
TFULL - t4m)
LL = IzZM™

PRINT 21ty

FORHATY (//26H
PRINT 130

JUNE /
14Me 5

1ue 110y 100
((ZONEy K)o

MATERIAL  ATO
(VOL(K)y K =

K=Le LL)
vIc NI.
Ly LL)

FORHAT(2SXy 5(EBe3y TH LITERSs SX))

NO 14° K = 1o
PRIHT 1500
FORMAT( 13414,
IFILL - T2
COHT 1 ILIE '
RETURI

END

ML

Ko HOLN(K)
Aty F13.3s 1X»
160 170+ 170

23Xy 5(AbyI2012X))

ATWIK) » (MASS(Ks D)o

lpr.13o3'

1P4E20.3)

1

Le

LL?

GRAM
GRAM

GRAM
RAM
GRAM
GRAM
1'RAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM

69




70

akaNalaNaXaRaNalaNalaNaNel

13
14

SUBRO 'TInE IHPB(nATN.NHR LD.LCN.LFH.ALAMoHOLNoJM 112)

connou FIIN NCUT, NCR1s WFLUXYs NSCRATs ISCRATs NDULMP»
1 NHIQR. ALA, BO7» CNT» CvTy DAYs EO(S51) ¢
2 £1(51)s E2(S1)9 E3(S51) E4151)s ES(51)s E6(S51) E7(S51)0
3 L3(51)s EY(S1), E0Ls Eu2s E03

coMmMnt £l EVPs  EVPP, EPFs  GBARs IGEP, IGPs
1 IGV, I, IM.JM, 1Py ITEMPy ITFMPly ITFMP2,
? 1ZP, JPy K07s KPAGES LAPs LAPP, LARY
q LCy NGCTO, ORFP, P02y PHARY
4 SRAR, SK7+ T06, Tlle  TEMPs TEMPls TEMP2s
5 TLIIP3, TEMP4, Tl V1l HXCM

cornn | 10123y, T TvAX, IGEs Lzme My Jily IHLs
1 113R, IBT, 1RB Tumy [EVT, IPVTs ISTAKIL
? MLy MTy MOl 1C>Ty IHT IHS» ITL»
E 1, Jly 0l TMe I11TMe MWNTs IPFLXe IPRINs
4 IDHTPS, IREFy IXSCCe tIPNISs NAON

colttin | EPSsy SRCRT, POWR» ORFs FLXTST, PV, EPSA,
1 LV, EVMy XLAL» XLAH» POD DELT, 1FSy
? NISTP, IBUR, EV2s NGO+ IBRTRGs HMCOEFs NSWEEP
[MTEGTR BOT7, CNTy CVTo Py2e T06 R2s L2
INTEGIIR OTTH

REAL 12, 13, K6y KT LAP LAPI?, LAKY
1 N N2s  MASSs 1ASSPs 14

DINECHSTION  MATM(IYy NBR(1) 9 LD(1).LLN(JML.1).LFN(JML.l). ALAM(1)»
1 0L e I2(1)

# ¢ & & &« BHRHUP CATA # & & ¢ &

CARD 1 HCUNs DELT (BURNUP CUNTROL WORDS)
CaRD BLNCK D NATNy NBRy LDs LCtie LFW (NCON CARNS)

(OMIT IF ICDNJLE.0)
REPEAT AROVE CARDS FCR MULTIPLE UURNIIP STEPS AS PER INSTRUCTIONS
FINAC CARO Il BIIRNUP DATA DECK SHOULU HE A CARD 1

TUHtS :HHR”UTINE READS AND PRIhIs THE HILIRNIP DATA
IF(NAY  EG-0e) GO TC S

IF (K¢ 7 NE - 2) GO TO S

IF(IE/TWNC.2) GO TC 12

READ (MINPs10Y T1EAP,DELT

FORHMAT (l69E12.0)

DAY=DAY o DELT

IRRTR =1

IBURSTIBHR ¢+ 1

GO TO 14

IBRRTRS=Y

IF (INJR.NELNRSTR) GO TO 14

IF(IFS) 13413414

READ ('IINP910) ITEMP4DELT

cVT=n

CHNT
PO2
ALA .
LAP .
LAPP = 0
LAR = Qel

LOOOoO

G
0
o)
1}

INPR
InP8

1MP8
IMPR
IMPR
IHNPR
INPR
INPR
MPB
INPR
1Py
IMPR
INPR
I1HPB
INPB
INPR
IMPR
IMPB
IMPR
INPB
IMNPB
INPB
IMPB
IMPR
I1MPR
INPR
I1HPR
IMPB
INPR
IHPB
IMNP8
NP
MPR
tMeg
TMPB
TINPB
I1MPB
THPB
1NPB
MPH
IMPR
I11PR
INPR
IHPR
INPBR
IHPR
INPR
I1MPR
IMPR
INPR
IMPRH
IMPR
IMPR
INPR
IHPR
11PB
INPR
INPB
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30
Y]
A0

70

B0

90
Lap

1

& Wy -

5

1

1

KPAGE =50 I1IPA
IF (I41TRG.F0.0) LU TO 190 NP8
[FUITEUP) 100415920 IMPR
NCOH = TTLuP mep
GO T 100 IHIPR
NCON = TTLMP IMPR
DO 40 N = 1o MGON 1498
FORHAT (1216) INPR
READ ( ITNP93G)  Malbt. (N) 9NRRUHY oL (M) o (LON (oK) sK=192) 9 (LEN(HIK) , INPB
K=197) INPR
PRINT 60 1hPR
FOPMAT (121N BLURIUP CATAZ//) INPR
PRTHT 71 i 1HPR
FORMAT (137t BURNAMBLE HATERIAL NAME LAMBNA INPH
"IHR # # @ # 3 o SOURLE ISOTOPE FDR & ¢ & &lHPR

L / 1HPR
1371 ISUGIOPE NO. (DAYS=1) T1HPR

NECAY CAPTURF. FISSI'IPR

10N /9t NC. ) INPS
PO 96  NW=ly NCON I1MPR
TTIEME = MATN(M) INPR
ALAM(TTEME) = 24.#3600,+ALAN(ITEIP) 1hpA
PRINT 80+ "Ny MATN(N) o ROLMCLIEMP) s ALAM(ITEMP) s NHR(N) s InNPR
L)Y e (LCH(HK) 9K=192)y (LFN(H14K) yK=197) IHPR
FORMAT(3Xe I3, 12Xs I3y 10Xe A6, TX, £E9,39s 199 15Xs I3, 13Xe 2I3s INPR
10Xy 713y NP3
ALAM(TTEMP) = ALAM(ITEHMP)/(3601,.%24,) IHPR
RETIHR' ' 1HPR
[ R4 }] 1MPy
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SUBROUTINI AVFRAu(PHIu.Axs.rxs.nnrn.MAss.Arw.voL.co.N?.Mo.vo. AVER

1 HCLAy JMLe JTLy tiIHRe AXXy FXXeBRFEDRT) AVER
COMMO 1 NINP,  NCUTs  NCR1s HFLUAlv NSCRATs ISCRATy NDUMP AVFR

1 NUICR, ALA, BO7. CuTy CvTs DAYe Eu(S51)s AVER
? E1(51)y E21S1)y E3(51)e E4(51)s E5(51)s E6(S51)s ET(S1)s AVER
3 E8(51)y EI(E1), E0l Lu2e Fo3 AVER
COMMO | Frhy EVPy  EVPPs EPFs  GHAR, 1GEP, 1GPy AVER

T 1Gv, Il IMJMs IPs  TIEMP, ITEMPl, ITEMP2s AVER
2 1zv, JPy K07y KPAGES LAPs  LAPP, LARY AVER
3 LCy NWGCTO, ORFP» Py2y PBAKRYy AVER
4 SHAR, SK7, T06+ Tiye  TEMPs TFMP1y TEHMPZ AVLR
5 TEMP3,  1ENMP4, “TI Vivs  HIXCM AVER
conan.1 101231, TVAX, IGE 1ZMy IM, JH, Tols AVER

1 1812, I81, 168y LuMs TEVTs  IPVTs ISTART, AVER
? ) M1, MOls  ICSTe IHT, IH3, ITLs AVER
3 17, J OITM» I11TMe HWNTy  IPFLXe 1PRINS AVFR
4 INITPS, IFEFy IXSFECe HPN[Ss NCOW AVER
COMMN'I EM5y SRCRTy  POWRY OHFs FLXTST, PVe  EPSA AVER

1 'V, EVM, XLAL XLAaHy POD NELT, IF Sy AVER
2 NISTP,  1BUR, EV2s NuOs IBRTRGy HCOFF,s NSWEEP AVER
INTFGER  ROT, CNT, CVTy Pu2s T06+ R29 L2 AVER

INTELER OITH AVER

REAL 12, 13, K6 K7 LAP LAPP, LARY AVFER

1 Ni) o NEs MASSes MADSP 14 AVER
OIMENSTON PHIR(L)Y s AXS(JUML91)s FXS(JML,1)e MATN(11s MASS(JUMLs1), AVER

1 ATW (1) VOL(1)s CO(JTLe1)y M2(1)y MOC1)s VOCI}s HOLH(1)AVER
? sHBR(1) e AXX(JMLs1) s FXX(JML91) e BREDRT (1) AVFER
AVER

TIIS SUHRDUTIME CALCULATES ZONE AVERAGED FLIJXES, FISSION CROSS AVER

SECTINNSs ARND AHSORPTION CROSS SECT10FS, AVER

AVER

PRTNT & AVER

FORMAT (1H1) AVER

RL = a0 AVER

HC = ~.U AVER

NO 11 KRe=1eIZH AVER

PHIR(KZ) = 0.0 AVER

NO 15 KN =1THCON AVER

ALG (K 14KL) = 0.0 AVFR

FXS(K I4K2) = gay AVER

Lh = IATNLKIY AVER

MASS (LHeKZL) = (MASS (LNeKZ)#.6623) /7 (ATW (LN| #yOL(KZ)) AVER

nn 20 IIG=1,16M AVER

READ('ICRYY  ((CU(ITouds II319TTI)ed=1eHT) AVER

QEAD (CHFLUXTY (201 I=ieIMUM) AVER

Do 20 I=1sIMu AVER

K2 = ‘lo(D) AVER

PHIB(KZ) = PHIR(KZ) « N2(I)#V0(I) AVER

N0 20  Ku=14NCUN ' AVER

LN = “ATN(KH) NVER

AXS(K 14KZ) = AXS(KN4KZ) + CO(2eLMI*N2(T)#70(]) AVER

FXSIK T4KL) = FXS(KNGKZ) « COCLoLIN*N2(T)#vO0(I) AVER

00 80  KL=141ZM AVER

RRENRT (KZ) =0, AVER

TEMP3 = PIIBTKZ) AVER

PHIR(KZ) = PHIB(KZ)/ (VOL (KZ)#1900.) AVER

PRINT 309 K2y PHIB(KZ) s vOL(KZ) AVER

FORMAT(///7//+30%s9F £ 0 N E +I3,7Xs7H FLUX =+1PE1D.

497X9911 VOLUHME AVER
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40

4S

S50

60

70
Mo

9o
1no

100

129 1PE1Ge4eTH LITERS/)

PRINT 40
FORMAT (115H BURNABLE MATERIAL NAME ATOM
1 rISSION ABSORPTION SIGMA SIGMA 7/
2 115H IS0 10PE MO, NENSTTY
3 “ATE RATE FISSION ABSORPTINON/
" H NU./)

NnO 8¢ K'l=letiCUNT
LN = TATN(KN)

TEMPY = AXS(KNyKZ)#MASS(LNIK2)
TEHMPR = FXS(KHyKL) #MASS (LNsK2Z)
AXS (KitgKZ) = AXS(KN4KZ)/TEMP3
FX5(K Igr£) = FXSIKNGKZ) /TEMP3
IF (I:IRTKG.ENL ) GC TO 45
IF (DLL:e'E+De) AXX(KN9KZ)
IF (NiLT,. ”C h.) FXX(KNeKZ)

AXS(KNyKL) /NRSTP ¢ AXX(KNyKZ)
FXS(KNeKZ) /NBSTP ¢ FXX(KNyKZ)

CONTI.ILE
FOPMAT (4XoI3911Xe123410X9A692X91PSELS,3)
PRIMT S0 KNy LNy HOLN(L.N)9s MASS(LiJsKZ)s TEMP2y TEMP1,

1 FXS(RHsKZLY s AXS (KN ¢KZ)
ITEMP = NIR(KW)
IFCITIiMP = 1)  8tis 60y 70
KC = «C + TE'IP] = TEMP2
BREORT (K£) =BREDR! IKZ) « TEMP] -~ TEMP2
GO T RO
RL = A & TEMM
COHTI WE
NO 996G K& = loIsM
BREDRT (n2)=BREDK] (KZ) /RL
PRINT 1009s KZe HIRERRT(KZ)
FORMAT (30X 3HKZ= 1202X011H8RFDRT(KZ)-F7 &)
TEMP? = RC/RL
PRINT 11ns TEMD
FORMAT (111 /771811 BREEDING RATIO =F7,4)
REWINY nCRY ' ’
REWIND NFLUX1
RETUR! ’
€.1D

SUB?O”TINI g;G;gh(IE¥T0K070IRURQFVvtVZoNGUoEDoIPVT)

IF(Kn7, Nh_?) 60 TO 200
IEVTYaT
FEv=ITv2
IPVT="
NGO=2
RETIIRt
IFVT=1
IPVT=!
EV=0.
FEQ=Ne
NGO=1
RETHR!
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
AVFER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER

E{GTR
OBTR
EIGTR
CIGTR
EIGTR
FIGTR
FISTR
FIGTR
FIGTR
FIGTR
FTHTR
FIGTR
FIGTR
EIHTR
FIGTR

59
60
61
62
63
64
65
66
67
68
69
70
71
72

74
75
76
77

79
80
A1
A2
83
84
85
86
87
a8
89
90
91
92
93
94
95
96

OVO~NO NS WN—

73



74

[aKale)

20

30

00

SUNRNDNT D HAREH (Pr18 oMATNoFXSvAXSOVOLoMi\%P&MASSPoALAMoLUoLCNO
1

1
?

NP WwN—

&S o -

) -

1

1
?

Frio oML 109 I10I29M24PHIP 4P v JIM)
COMMO  'ITNP,  NCUTy  NCR1s HFLUXYs NSCRATs ISCRATs NDIIMP
NHMICR, AA, BOT, CNT» CyTy DAYy E0(51)
E1(51Js E2(S1)y E3(51)s E4(51)s F5(51)s E6(51)s ET(51)0
FrtS1), E9(S1), EOls Eu2s Eo3
CONMNG E'ly EVP, EVPP, EPF s GRARY IGEP» 1GPy
16v, I1, IMJM, IPy  ITEMPy ITEMPl, ITEMPZ,
14P, JPy K07+ KPAGES LAP LAPI LAR
LCy NGCTO, ORFP P2y PRARY
SRAR, SK7+ T069 Ti1s  TEMPs TEMPLs TEMP2s
1:4P3y  1EMP4, TIs Vi HXCM
colMnn Ini23y, TrvAX, 1GE 14My G JMy IBL
18R, 18T, IBR I6My IEVT, IPVTs ISTARTS
MLy MT MOl e ICSTy IHT, IHS ITLy
12, Ji, OITM, 11TM, MWDTs IPFLXs IPRIN
10MTPS, 1REFy IXSECs NPO1Ss NCON
COMMOII EPSy  SRCRly  POWR OKFs FLXTST, PV, E£PSa,
£V, EVM, XLAL » XLAH PO » UVELT, IFSy
niSIP, IBUR, CV2, NGO IBT;Ge  HCOEFs NSWEEP
INTFEGER - ROT, CNT, CVTy 102y T06, R2 42
THNTEGSR OITM
REAL 12. 13, Féos K79 LAP, LAPP, LAR
[Ny N2+ MASSe IASSPY 14

DIMENSION  PUIR(LYy MATN(1) s FXS(JIML41)eAAS(JML411,4VOL (1)
MASS (JML 1) «MASSP (UM 91) sALAM(1)y LD(1)s LCN(JHL91)
LHI(JHLol).Io(l)vIl(l)oIZ(I)oM’(l)vPHIP(UvPHlPP 1)

HAR
AR

MAR
AR
MAR
HAR
tIAR
HAR
MAR
MAR
HAR
HMAR
HAR
HAR
MAR
MAR
HAR
HAR
MAR
MAR
MAR
HAR
MAR
AR
AAR
MAR
AR
MAR

THIS SUBRDDTINF COVMPUTES THE TIME ULEPEHDENT ISOTOPIC CONCEMIRATTONIAR

TEMP = DELT # 24, # 3600. 7/ 10¢

TENPY = 0

00 5 RZ = 1120

PHIPP(KZ) = PIITIH(KZ)

PHIB(KZ) = PHIR(KZ) # 1g,.#%(-24)

DO 5 Ki| = 19NCON

Lt = HATN(KM)

TEMPY = TrH"l - l-XS(Kl‘IvKZ)“I’HIB(KZ)“MAGS(LN KZ)#VOL (KZ)
DO 12+ AT = 1410

TEUP3 = o

DO 10 KZ = 1+12ZM

DO 10 K = 19NCUN

LN = 'AfN(KN)

MASSP (LNsKZ) "= MASS (LNeKZ)

NO 90 Kz = 1e14M

U0 89 KKK = 145

NO 83 KN = 1sNCUN

LI = “1ATH (KN

TEMP27~ (MASS (LH4KZ) «MASSP (LIN9KZ) ) # CALAM(LI) «AXS (KN9KZ) #PHIB(KZ))
IF (LY(KN)) 304 30+ 20

KK = LD(K!)

KK = "TATN (KK)

TEMP2 = TLMP2 + ALAM(KK)# (MASS (KKsKZ) « MASSP(KKkZ))
DO 51 K = 142

KK = LCN(KNsK)

KL = HATN(KK)

IF (KK) S50s 509 40

TEMP2 = TEMP2 + (AXS(KKyKZ) - FXS(KKsKZ))4PHIB(KZ)*

AR
HAR
HAR
AR
HAR
HAR
MAR
AR
HAR
MAR
MAR
MAR
MAR
MAR
HAR
MAR
HAR
HAR
AR
AR
HAR
i1AR
‘AAR
AR
{IAR
AR
HMAR
HAR
MAR
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-0

el
70

90

ino
1en
lea

130

140

145

150
1en
165

170

LuQ
(90
210

1 (HASH(KLeKZ) « MASSP (KL KZ))

CONTI'IIE o

NO 70 K = 197

KK = LFN(KNyK)

kL = MATN (KK)

IF (KK) 7de 704 10

TEHP2 = TUMP2 o FXS(KKKZ)APIIH(KZ)* (HASS(KLIKZ) +MASSP (KL +KZ))
CONTIVUE

MASS(LNeKZ) = HASSP (LNeKZ) + SeTEMP#TEMP2
NO 98 KN = 1,41ICON

LH = "TATNIKM)

TEMP3 = TLMP3 o | XS(KMeKZ) #PHIB (KZ) #MASS(LNyKZ) #VUL (KZ)
IF(TE P31 120, 120y 100

0O 11¢ Kz = 1eIsM

PHIH(KZ) = PHIRIKZ) # TEMP1/TCMP3

CONTIIUF

N0 13: Kz s lelsit

PITR(KZ) = PHIR(KZ)#l0,40(24)

IF (IREF 0l 42} GU IC 165

IF (I'R.LT.NRSTPT GO TO 145

PRINT 141 ’

HAR
HMAR

MAR
HAR
MAR
HAR
HAR
MAR
AR
HAR
1IAR
AR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
“AR

FARMAT (1H1//7+8X9105H THESE ARE THE ZONE-AVERAGED TOTAL FLUXES TO MAR

2RE USED Ift YHE Fr.Ux SHIFT CORRECTION FOR SUBROUTINE REFUEL
DO 157 KZ=1e12ZN

PHIP(KZ)Y =(PHIUP(KZ) « PHIB(K/) )%, 5/NHSTP « PHIP(KZ)
IF (IMUR,LT.NRSTP) GO TO 150

PRINT 160y KZy PHIP(KZ)

CONTUNIE

FORHAT (24XeTH ZIINE =+1244Xs11H AVG FLUA =91PE1Q.4/)
NO 20. K/Zs1leIZM

hn 20°  M=1ehi0]

IF(Ta ) = NM2(KZP)Y 2004 170s 200

Nno 19 KH=1 oMCUN

Lil = ITATNUKHD

IF{L - 11(10)  190s 180, 190

T2(HM) = MASS(LNKZ)

CONTI INE

CONTIMIE

RETIIN ¢

F b

/777 )YMAR

AR
HAR
MAR
AR
MAR
AR
AR
HAR
MAR
HAR
AR
HAR
AR
HAR
AR
AR
MAR
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I ATINL REFUEL, HREPD Ny K M g
1RO RS TRE N Y T RN PR IRES TR NS AP TR EN TS NEGLR  RSe ,  BEF
? DAYs IGHMy THIVISTARTIICON,TOMTPS, 10y Ile 124 PIIPe 9SIs REF
3 Vo AXSs FXSs MATMe ALAMs LDe LCNe LFNy HOLNs ATWe NZHy DN, REF
4 Zh s CNPy HMNIs DGs CGe DISCHGY CHARGEs COMPOe NBIFLG) REF

DIMENSTON X0(1)y NFRE(1)y TRG(L)s HNA(1)s PHICINTMAXsIZM) RFF
1 ARXS(MCONy ITZMy INTMAX) 9 FIXSINCONSIZMy INTMAX) ¢ KINS(1) o REF
? IZON(KCAPSIZMY s To(1)s INC1)s I2(1)s PHIP(1)y PST(1)sv(1), REF
3 AXSUHLeIZMY » FXS(MLoIZHY s HATH(1)y ALAM(1)y 1.D(1)y LCN(ML+2) 4REF
4 LENI"LeT)y MOLN(L)y ATW(1)s NZW(1)y DN(TIZMyNCOM) s nEF
5 CHUI/ZHMelICON) o CAP(IZMotICONT[ s ANT (1) NG (NECOP4NCON) » REF
3 LG (KI.COP4HCONY s DISCHG(1)s CHARGE(1)y COMPO(1), REF
7 INTFLG(IZMyNCCN) REF

COMMMIt  HIMPs  IDUT,  NCR1s hKFL'X1s PMSCRATe ISCRATs NDIMP REF

INTELER TRG REF

REAL I2 REF

REF

CARD IILOCK 1 Ko X0 (K)y NFRE (K) A=1,NREG IneF12e5916 REF
REF

CARD '3LOCK 2 TRG(N) N=19NCON (1 CARD) 2413 REF
REF

CARD ILOCK 3 HNO (1) I=1+001 6F12.7 REF
(touIT IF USING TAPE NpDUMP AND KNT 6T, 1) RFF
REF

CARND J3LOCK 4 PRI (IsJ) I1=1914M J=]eKLNT 6E1Z2.5 REF
(oMIT IF USING TAPE NDUMP) REF
REF

CARD 3LOCK 5 ABXS(IsJeK) I=14NCON J=)4sIZM K=14KLNT  6F12.5 REF
(0HTT [F DSING TAPE NDUMP) REF
REF

CARD ‘ILDCK 6 FIXS(IoJdeK) I=19fICOM J=191ZM K=1sKLNT  6E12.5  REF
(OMIT IF USIHG TAPE NDUMP) REF
REF

cAnRD BLOCK 7 KZNS (1) (KLAPS PAIRS OF CARDS) Te REF
1ZON(1,44) JE14KLINS (1) 24T3  RLF

REF

REF

REAQ In T'IE IMPUT CATA REF
REF

THT = KNT « 1 IEF

KLNT = KNT = REF

CALL INPR (KHNTy NREGs KLAPSs THTHAXs X0s IIFREs TRGs HMOs PHIe REF
1 ARXSy F1XSy KZNSy IZON, IZMs MQOLls ML DAY, IGMy IMJIM, REF
2 ISTAR!Is NCON, IDMTPS, 109y Ily 12, PHIPs PSI, AXSs FXSe REF
q HATHs HOLNs MZHs» NRIFLG ) REF

REF
MAIN 1.00% (CALC OF ATCM DFNS OF COHSTITUENTS HAVING THE MOST HURMUP REF
REF

DAYP =3 DAY#24,%3000./10. NEF

DO 505 N=14NREG ~°° REF

KZ = 1ZN (1) REF

X = KIT/NFRE (K2 REF

IF (XeEQ@el.0:0R.X0(KZ).EG.1.0) GO TO 48§ REF

DIFF = 1.0 ="xelolk2y =~ ~ ~ REF

IF(ABS(DIFF) .LE++00S) DIFF=0.0 REF

IF (DIFFY 315,373,390 REF

315 KK=1 REF
Jug  DIFF = UIFF « Xy(K2) RFEF

VODZ~NOOU & WN—



3KS

390

355
400
405
410

4198
420

475

435

440

445

490
455

CY-14)
4€S
410

4175

an)

IF _(ASS(DIFI) o LEes005) DIFF=0,0
NIFP = aHS(NIFF ="X0(KZ)) o
IF (nIFPLLFE.«005) CIFF = X0(KZ)
IF (DIFF.5T,0.) GO TO 385

KK = KK ¢ NFRE(KZ)

GO TO 38y

ISTRT = KK

COEF = NIFF

DIFP = X0 (KZ) - COEF
GO TO 395

ISTRT = 1

COEF = x0(KZ)

NIFP = x0(KZ) - COEF

ITENS = ISTR! )

NN 415 I=1,0CoM

I1 = 'IBTFLGIKZ,4T)

IF (I1) 47594054410

CHi(K/ZeI) = 0

GO T 415

CNIKZs1) = 1MNO(ID)

CONTIHUE

PHY = PHICITEMG,K2)#10,%¢ (=24)

DO 47 KT=1lelp

NO 42% KN=1+MCON

CrIP (K2 9KN) = CM(KZ9KN)

DO 46% KKK=145

NO 46.) KN=1+0LCON

IF (HHIFL”(KZvKN):EQQO) GO Tn 460

Lt = 1ATHN (KN}
TEMP25~(CHIKZyIKN) *CNP (KZ gKN) ) # (ALAM(LN) «AHXS (KNyKZ s ITEMS) #PHY)
IF (LI(KN)) 435943%5,430

KK = LD(K'D

KLI = MA[Y(KK)

TEMP2 = 1EHP2 o ALAM(KLN)# (CN(KZsKK)+ClHIPIKZ4KKY )
DO 445 k=1,2

KK = LCH(KNyK)

IF {KK) 46544454440

TEMP2 =TEIP2 + (ABXS(KK KZs ITEMS) =F IXS (KK 4KZs 1TEMS) ) #PHY# (CN(KZ,
1KK? ¢ CNP(KZsKK))

COMTIHINE

0U 455 K217

KK = LFri(KMeK)

TF3KK) 45544955,450

TEMPZ = TUMP2 ¢ FIXS(KK¢KZeITEMS) #PHY® (CN(KZ1KK) ¢CNP (KZoKK))
CONTI IUE

CHIKZ9KN) = CNP(NZIKN) o 0oS#NDAYP#TEMP2
CONTT WJE

COHTI NIE

COHTI IUE

ITEMS = ITEMS + 1

IF (TTENS.GT.KHNT) GO TO 475

GO TN 42¢

00 48« KNS19NCON

DHIKZe¥M) = Dil(KIeKN) ¢ CMIKZyKN)#CUEF
IF (T?GIK'D «EQ.y) CMIKZyKN)=0,

CONTIE

TIF(DIFPLLT aue) GU TO 508§

GOFF = pIFi =

REF

REF
REF
RF.F
REF
REF
REF
REF
REF
REF
REF
RFF
REF
RFEF
REF
REF
REF
RFF
REF
RF.F
REF
REF
REF
REF
REF
RF.F
REF
REF
REF
REF
HEF
REF
NEF
REF
REF
REF
REF
RFEF
REF
IEF

109
110
111
12
133
114
115
116

77
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IIFP = 0. REF 117

ISTRT = IJTRT + WFRE(KZ) : REF 118
GO TO 395 REF 119

485 N0 507 KN=1+MCON REF 120
I1 = 'IBLFLGIKZ 4 KN REF 121

IF (I1) 49094994498 REF 122

440  ON(KZeKN) = (o REF 123
GO TO S0( ) . REF 124

445  DHIKZyKN) = XO0(KZ) #I2(I1) REF 125
IF (TG(K') sEQ.0) CNIKZ4KN) = 92, REF 126

%00 CONTIINE REF 127
WhS  CONTT.HIE REF 128
NO S1lic K£=1eI1Z4 REF 129

PO S1+ N=1,NCON REF 130

S0 CHIKZsil) = 0s REF 131
REF 132

CAL.CIILATE AND PUNCE THE INPHT ATOH DENSITIES (I2 HLOCK) FOR NEXT REF 133
ARURNU™ INTERVAL ANC PRINT REGION-RY-RFE.GION SUMMARY REF 134

REF 135

PRINT 515 RFF 136

915 FORPHAT (1'119/710Xe77H REGION OISCHARGE ANU CHAKRGE AND INIITIAL COMPOREF 137
1SITION FOI HEXT $URNUP INTERVAL  //) REF 138
ISER! REF 139
PRINT 520 TIKyVI(IIK) REF 140

520 FORMAT (//3Xe711 RECGION 13491 VOLUME= 1PL10.4s7H LITERS /) PEF 141
PRINT 525¢ KNToINTHINT REF 142

92% FORMAT (7X429t ELEVENT UISCHARGE FROM HI I399Xs 14H CHARGE. FOR REF 143
1RT I3+RA«?311 IMITIAL COMPOSITION BI 13) REF 144
PRINT 53¢ REF 145

%30 FORMAT (16X910H ATOM DFNS,5Xs9H HMASS(KG) 45Xs10H ATOM LENS+SXe9H MASREF 146
1S(KG) 95442411 ATUM CENS MASS (K13) /) REF 147

00 56 (=zleMO} REF 148
HYI(I) = I2(D) REF 149

IF (I11(1).EQ.0) GO TO Se0 REF 150

IF (I11(¢1)-FQINPUISLANDNREPOLFR,1) HANI(I) = HNO(D) REF 151

IK = Tg(I¥ ="mL REF 152
11FLAS = T1(I) REF 153

COCF = ATW(IIFLAG)#V(IK)/.6023 REF 154
IF(IK.ENL,IIK) GU TC 535 REF 155

IIK = IIk « 1 REF 156
PRINT 5209 IIK4VI(IIK) REF 157
PRTHT 525+KNT 4 INToINT REF 158
PRINT S3u REF 159

935 DIS = 0. REF 160
ClG = Qe REF 161

N0 S4% H=14NREG NEF 162

KZ = ’IZN (1) REF 163

IF (Ki.LToIK) GO TC 545 REF 164

IF (KZ.GTL.IK) GO T¢ 550 REF 165

DO 54 L=T.NCOM REF 166

IF (MATN(L) NE,I1FLAG) GO TO 549 REF 167

IF (TRG(L). Eo 0) GC TO 550 REF 168

DIS = DN(KZ3LY REF 169

CHG = X0 (KZ)#Hlg (1) REF 170
CH(KZsL) = CHG REF 171
HNI(I) = 1M1{I1 + CHG - DIS REF 172

GO TO 5%0 ) REF 173

%640 COMTI'IUE REF 174




S48
%50

565

519

hYA-)

KHO
LHY

[aNaNal

90
w45

600
NS
6l0

515

h20

624

1

1

1

T

CONTIIUE REF
TEMD = DIS®#COEF REF
TEMC = CHt#COEF REF
TEMP = ANI(I)#chEF REF
PRINT 55S5¢ IIFLAGILISyTEMDsCHGTEMCoHHT (1) 4 TEMP REF
FORMAT[10X9I1204X0F104795X01PE10.494Xs0PF1).794X,1PE1046495X, REF
YPF1CeTeSX91PE10,.4) REF
COUTIHUE REF
REF

12 BLYCK I'OR MEAT RURNUP INTERVAL REF
REF

PUNCH S65s INT.LAY REF
FORMAT (2Xe16M 12 RLOCK FOR HIsI3+s104 OF LENGTH #F6.195H DAYS ) REF
PUNCH 570 (HNI(I)sI=19M01) REF
FORMAT (61'12.7) REF
PRINT 5749 IHT REF
FORMAT (1M19/710X95211 INPUT ATOM LENSITIES (12 BLOCK) FAR BURNIIP INREF
TERVAL I3//) i REF
No S8J I=1.H01 REF
PRIMT S5HSeTelC(I)eT11 (1) 4IINTI(T) REF
FORMAT (5% 92HI=91393Xe3HIQ=01243Xe3MI1741343%X97THI2(1) =4F10.7) REF
REF

REGIN-I COLLAPSING (VOLIUME AVERAGEN) REF
REF

IF (KLAPS) 66546654590 REF
PRINT 595 REF

FORMAT (1111910Xs57+ REGLON COLLAPSEU INFORMATION FOR ELEMENTS T0 RREF

FE REF IELED /) REF
DO 66 1=14KLAPS REF
TOTV = N REF
KK = KzZns(D) REF
DO 604 K=l KK REF
K2 = Iz0oM(IeK) REF
TOTV = TOTV & VI(KZ) REF
PRINT 6059 Is (IZON(I4K)9K=14KK) HEF
FORMAT (//5Xe20H REGION COLLAPSE MO. I3,13H FROM REGIONS 2413) REF
PRIMT 41ns TOTV ' REF
FORMAT (/ 8Xe2111 VCL AFTER GOLLAPSL = 1PE10.,498H LITERS /) REF
PRINT 615 REF
FORMAT (18X Barl ELEMENT  COMPOSITION AT END NISCHARGE FKOH  REF
CHARNE FNR INITIAL COMPOSI[IHN ) REF

PRINT 6209 KNTy KNTy INT, INT REF
FORMAT122Xs 711 UF BI +I1245He KGo9 8BXxy 4H BI 912,5Hy KG,95Xe4H R1 HREF
I2+5Hy KG, 95Xe8H FOR BI 512451y KGe /) REF

DO 64 H=14NCO REF
DIS = Ne REF
CHG = ne REF
TEWF = v, REF
TEMI = 0, REF
LM o= AN REF
NN 625 K=l4KK REF
KZ = TZON(TeK) nEF
NIS = DIS & NH(KZINYRV(KZY/TOTV REF
CHB = CHG + CHU(KZsN)I4VIKZ)/TOTV REF
11 = 'IFLGIKZ 40) REF
IF (TI) 62546254624 NEF
TEMI = TeND « HOL(IT)#V(KZ)/TQTyY RFF
TENMF = TEIF « I2(11)#v(KZ)Y/TOTV REF

175
176
177
178
179
186
181
182
183
184
185
186
187
188
189
192
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
221
222
223
224
225
226
227
228
229
230
231
232
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T3]

6H30

laNaXaNakal

35
bun
645
h9(
h55
GLT)

hhS

hiQ

[aXaKal

h1S

a0

hHS

690

6495

7oo
105

1

1
2

CONTT IUE
TEYF TEMF#TOTV#ATW (LN) /46023

NIS = NIS#TOTVeATW (LMY /,6023

CHG = CHG#TOTV#ATW(LN) /,6023

TEMI = [EMIFTOTVSATWILN) /.6123

PRINT 630s LN, TEMF, DIS, Clllss TEHI

FORMAT (13Xe12,9X91PE10.4911Xs1PII10496X91PEIOebs X9 1PELULS)

PREPARE allD PUNCH CHARGE AND DISCHARGE. MASSES FOR FURTHEK
ECONOITCS ANALYSUS (IF DESIRED)., FIRST NECOP COLLAPSES wILL
AE PU ICHE",

IF (I«GTLUECOP) 150 TO 635

NG(IsN) = OIS

CG{Tyty = CHbL

CONTI'IE

colTl IVE

IF (I.GT.UECOP) GO TO 660

PUMCH 66459 TeKNT

FORHMAT (2X+9H CULLAPSE 12+18H OISCHARSE FROM BI 13)
PUNCH 655y (NG (I eN) yA=14NCOH)

FORMAT (6F12.4)

PUNCI 655919 INT

FORMAT (2Xs9H CULLAPSE 12144 CHARGE FOR BI 13)
PUNCII 650y (CG(I9N) ¢N=1¢NCOH)

CONTIHUE

CONTI:IUE

IF (NTCOP.LE.KLAPS) GO TO 675

PRINT 670

REF
REF

REF
RFF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
NEF
REF
REF
PEF
REF
RFF
REF
REF
REF
QEF
REF
REF
REF
REF

FORMAT (1H1+4814 # # & NECOP IS GREAIER THAN KLAPS - ERROR # # #///)REF

MASS SUMMARY FOR ENTIRE REACTCR

PO ARt K=14ML

COMPO(K) = 0.
DISCHS (K) = U,
CHARGLC (K) = 0,

DO 685 I=1+M01

IK = Ig(l) =~ ML

K = I1(D

COMPO (K1 = COMPU(K) o HNI(I)®#V(IK)®ATW(K)/.6023

N0 69 KZz1le12H

N0 69~ N=1,NCOH

Lt = -TATNIN)

COLF= V(KZ)#ATW(LN)/.6023

CHARGE (LN) = CHARGE (LH) o CII(KZ4N)#COEF

NISCHG(LNY = DISCHE(LN) + DN(KZ,11) #COEF

PRINT 695¢KNTo Il s INT

FORIIAT (1H1+3%s 1Rt CISCHARGE FROM Bl I3,16Hy CHARGE FOR HI 13
2911 AND INITIAL COMPOS. FOR HI 13,14H IN KILOGRAMS //)

NO 70v I=1.ML

PRINT 70%¢ I+HOLN(I)+DISCHG(I) s CHARLE (1) +COMPO(T)

FORMAT (5X+8H ELEMENT I3,2X9A9+3Xe181 TOTAL DISCHARGE = 1PEll.4,
3X+1511" TOTAL CHARGE = 1PE11.493Xs24H TOTAL MASS IN REACTOR =
1PEV11.47)

RETIIR'I

END

REF
REF
NEF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
RF.F
REF
REF
REF
REF
REF
REF
REF
QREF
REF
REF
REF
REF
REF

233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248A
2488
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288



[aKale)

Ln
1S

25

30

35

40

4%
S0
95
60
by

]

5

1
?

1
2
3
4

SUHRO”TIN%

BXSy F1XS, KZNSes IZON,

ISTARLs NCON, IDMTPS, I10s I1s 12, PHIPs PSI, AXSs FXSs

%NPR (KANTs NREGs KLAPS, INTMAXe XOo

1{My 101y ML

MATMs HCLNs NZNs NBIFLG )

DIMENSINN  X0{1)e NFRE(1)s TRG(1)s HNOC(1)e PHICINTMAXeIZM),
ABXS (HCONy TZMy INTMAX) o FIXS(MCUNSTZMo INTMAX) » KZNS (1),
[ZON(KLAPS,14M)s T0(I0s T1(1)s T2(1)s PHIP(1}y PSI(1),
AXSCILoIZMY s FXS(MLoTZMY e HATM(1)y HOLN(1)y NZN(1),

BIFLG(IZM4NCCN)

COMMO'I NINPs  NUUTy NCR1s NFLIIX1y MSCRATS

INTEGER TRG
RFAL I2

THIS SUBRMWITINE READSs PRINTS AMN PUNCHES INPUT DATA FNR REFUEL

TNT= <NT + 1

KLNT = KNT -

FORNAT (I6,F12,501¢)

™™ = @

00 15 I=1+HREG

READ (MINF'45)  Ke X0(K)s NFRF(K)
KNF = HFRL (K)

IF (MOD(K'IToKHF) «NEL0) GO TO 10
IM = IH « 1 ) ’ '
MZH(T ) = K

GO T 1%

X0(K) = g

COMTI Ik

NREG = 1IN

CALL TRIG (TRG4NCUN)

FORMAT (2413)

TF (I5TART.E49.3) GC T0 3¢

READ (NINF'925)  (HNO(J),y J=1,M01)
FORMAT (6! 12.7)

GO TO &0

CONTT INE

NO 35 IIG=1s10M

READ (rlsy1P)

READ C INURMECY © (1IND (J)  9J=14MO1)
CONTI INE

IF (KLal«tQ.t) 659 TO 65

IF (InMTP5,.ED,1) 6C TO s5

00 45 I=1sKINT

READ CITNPS0) (PHL(T4J) 0J=101ZM)
FORHAT (6L12.5)

GO TO 6%

NO 6% I=1¢INTHAX

READ (HOWIP)  (PHI(Ted)y J=1s TZH)
CONTI WIE

PO 7C J=1e 1201

PHI(K ITeJd] = PHIP ()

IF (IPNIPS,LU.1) 6C TO 100
pultCtt 75y KRT™

FORMAT (2X9SH PHI( 1293HyJ))
PUNCH S0 9 LPHI(KNT9J)eJd=19e12M)
IF (KLHT.LQ«%) 6D TO 12q ’
NO BS K=1eKLNT

0n gn J=1e12n4

NFRE
DAY,

ISCRAT,

TRG»
IGM,

HNQ o PHI o [HPR
NPR

IMJIMe

NDIMP

I

INPR
INPR
INPR
INPR
IMPR
INPR
IMPR
IMPR
1MPRY
IMPR
INPR
INPR
INPR
INPR
THPR
INPQ
INPR
INIR
iNPR
INPR
INPR
IMPR
IMPR
INPR
INPR
INPR
INPR
INI'R
IMPR
I1NPR
INPR
IMPR
INPR
IMPR
INPR
IMPR
INPR
INPR
TNPR
INPR
INPR
1HPR
INPR
1HPR
IMPR
IHPR
IMPR
THPR
IMPR
INPR
IMNPR
INPR
INPR
INPR
TMPR
IMPR

——
= DOONOUV &S WN-—

-t -ttt ——
Cx~NwNoVsEwnN

NN
-

22

WwhNoNNNDNDN
- QO VO ~NIUVSW

WWWwWwww
~NoNSswnN

ww
O X

&>
—

81




[a¥aNal

Ho READ (HINI'950)  (ABXS(I4JeK)y Ia14NCOM) INPR 59

K5 CONTUINIIE INPR 60
NO 95 K=[s+KLNT IMPR 61

DO 9¢ J=1s1401 INPR 62

90 READ (NINPWS0)  (FIXS(IeJeK)y I=1,NCOH) IMPR 63
9% CONTI.MIE PR 64
GO T 12¢ IMPR 65

Inn TF(KL ITCEN.N) GO IC 120 INPR 66
105 DO 11 Ks1eINTHAR IMPR 67
N0 11- J=slye14M INPR 68

1Ie READ (HDUMPY  (AHXS (19JeK) o I=1+HCON) INPR 69
DO 115 k=l, INTMAX INPR 70

NO 115 J=141/M INPR 71

115 READ (NDWW)Y  (FLXS(IeJdeK) e I=19NCON) INPR 72
len DO 13" J=l,1ZM INPR 73
DO 125 T=1,HCON INPR 74

ARXS (TodsKNTT = AXS (L4 ) IMPR 75

125 FIXS(I4JoKNTY = 1RS(140y INPR 76
130 CONTI IUE INPR 77
IF (INITPS,EN,1) GC TO 155 INPR 78
PUMCHI 135s RHIT INPR 79

135 FORMAT(2X91Mt AHXS(Iede 12+2+) ) INPR 80
D0 145 J=le1214 ' INPR 81

160  PIHICH Sus (ABXS(IwgyKMT) o I=14KCOMHY I1IIPR 82
PUIICIL 14Ss KNT INPR 83

145 FORMAT(2X910H FISS(IeJe 1292F) ) INPR 84
00 15 J=lelZN INPR 85

150 PUIICH She (FIXS(LogokKNT) 9o I=1oNCOIN ItIPR 86
GO Tn 18B¢ INPR 87

195 COUTY'NIE INPR 88
INPR 89

WRITE INFORMATION CN TAPE (HDUMP) IF DESIRED INPR 90

INPR 91

RENTND NIIIHD INPR 92

DO 16% I=1,1GM INPR 93

REAND (ISCRAT) (PST(J)yJ=14IMUM) INPR 94

let  WRITE (NOUMPY (PSI(J) eJ=]e IMIM) INPR 95
WRITE (NOUMP)Y  (HINQ (1) o I=19Hp1) INPR 96

00 165 I=1, INTHAX INPR 97

165 WRITF(HOUIPY  (PHI(TsJ) gJdxleI2M) INPR 98
D0 17 K=1l4INTHAX INPR 99

DO 171 Jale14H IMPR 100

1/n  WRITE(NUU'IP)  (ABXS(IeJyK)eI=19NCON) IMPR 101
NO 175 K=1y INTMAX INPR 102

NO 179 Jale1ZM INPR 103

175 WRITEUIOUNP)  (FiXS(1eJyK) e I=19¢CON) IMPR 104
RENTHD NDDUP INPR 195

{80 CONTI.NIE | INPR 106
INPR 107

COMPLFTE REAOIHG OF INMPUT DATA INPR 108

IMPR 109

IF (KLAPS) 20042109185 IMPR 110

185 DO 195 I=1.KLAPS INPR 111
READ (-IINP9190) KZINS (1) INPR 112

190 FORMAT (16) INPR 113
KK = KZNSI(I) INPR 114

195 READ(HINP920)  (LZCN(IeJ) s J=19KK) INPR 115

200 COMTITIVE INPR 116



[aNala]

255
200

265

215
K0
ans

90

245
100

015

30
315

IMPR

PRIHT THE INPUT UATA IMPR
’ IMPR

PRINT 210s DAY TNPR
FORMAT (////10Xs20H LENGTH OF BURNIP INTERVALsF6,196H DAYS) INPR
PRINT 215 ' INPR
FORIAT (1'119//19yX933k CLEAN FUEL ATOM DENSITIES,HNO(I) ///) INPR
00 227 I=1sM0} INPR
ORINT 225s I, I3(I)e TI1(l)y NHNOLI) INPR
FORMAT(SXe2HI=y 1398 I0=9I2451 11=412416H CLEAW DENSITY=F10,7) IMPR
PRINT 23us KNT INPR
FORHMA™ (11119/10X+35H REFUELING NATA FOR BIIRNUP INTERVAL 13///) {NPR
PRINT 235 INPR
FORMAT 115X 38H REGION REFNELIMNG MO«OF INTERVALS /o IHPR
1 244y 3111 FRACTIONS  RETWEEM REFUELINGS /) IMPR
DO 24 I=14MREG IHPR
K = t/25(1) IMPR
PRINT 245« Ky XO(K)s NFRF (K) INPR
FORMAT (18Xe12496X0FG5,5,12Xs12) IMPR
PRINT 250 ’ TNPR
FORHAT (///15Xyb%1 ELEMEMTS (HBURIIABLE ISOTOPES) Tu BE REFUELED IN INPR
1THE A3OVE PEGIONY /) INPR
PO 2?6+ N=l1.0icoH TMPR
IF (TR (W) .EQ,0) 66 TO 260 INPR
Lt = AATN(E) INPR
PPINT 255+ LNGHUUN(LN) INPR
FORMAT (20 X994 ELENENT 41293X0A0Q) INPR
CONTI'IJE INPR
PRINT 265 IMPR
FORHAT (1:119/710X98BSH ZONEs GROVP AVERAGFU ARSORPTION X-SECTIONS FOINPR
1R HURIAGLT TSOTUPES, ABXS(IeJdeK) KSKL!ITWKNT ///) INPR
N = KLNT - INPR
TF (KLHTLT0O.0) WN=1 TMPR
NH = *nT INPR
DO 284 K=ilsMN INPR
PRINT 709 K TMPR
FORMAT (/4Xs19H HURNUP INTERVAL K= 13) IMPR
NO 27% J=ls120 ' IMPR
PRINT 72809 Je (MBXS(I4JeK)eI=191ICON) IMPR
FURMAT (6Xxs BH REUICN 412/ (10F12.4)) INPR
COHTI NIE ' INPR
PRTNT 290 INPR
FORMAT (11119/7/194283K ZOMEs GHRUIIP AVERAGEN FISSION X-SECT FOR RIIRMINPR
TARLE ISUTUPESy FIXS(IeJeK) s KaKLHTKNT  ///) THPR
N kLT INPR
TF (KLHT.CN.0) N=1 IMPR
MH = KiIT IMPR
NO 30 K=lghN INPR
PRINT 270 K THPR
DO 295 J=lelsM INPR
PRINT 28Gs Js (FLXS(I4JgK)eI=19NCON) INPR
CONTI IME IMPR
PRINT 305 INPR
FORMAT (1'119/10X95GH AVG FLUX USED IN I'REVIQUS EIBHT RURNIP 1HTERVINPR
1ALSy PUT(Te)  //7) IHPR
NN = KIIT = 7 INPR
IF (11 31543154320 IMPR
N = ‘lHe) 1MPR

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
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

83




84

sen
3¢5

330
435

[aXaXal

Jan
345
450

%5

360
3k5

GO _Tn 3} {NWR

PRINT 325 (JyJ=NNGKNT) HPR
FORMAT (10X9e8(611 PHI(s1246HeJ} ¥/) TMPR
NO 337 Jzals14M IMPR
PRTNT 33%s Je (PHI(IeJ) s I=NIIGKNT) INPR
FORMAT (2%X9211J=912,4X98(E12:512X)) IMPR
INPR

TAG THE R'IRNABLE ISOTOPES IH THF M31 ARRAY INPR
INPR

NO 35 Izlyhlul IMPR
IK = Tg!1)Y - HL IMPR
11°LAs = Tt INPR
NO 345 k=T4WNREG THPR
KZ = tzn(K) PR
IF (KZ,Li«IK) GO TC 345 INPR
IF (K2 0T.TK) 6o TC 350 TNPR
DO 344 n=lsMCOMN INPR
LN = "TATN(HD) 10PR
IF (L{.NF-I1FLAG) GO TO 340 IHPR
NRITLA(KZotl) = ) -IHPR
CONTI IlIE IHPR
cCONT U NIE THPR
COMTT:IVE INPR
PRTMT 35% INPR
FORMAT(1H1e//16X94SH I VALUFES Tt HMO1 ARRAY THAT ARE BURNARLE ISnTOINPR
1PES 7/} THER
NO 37. k=14NREG INPR
KZ = 1ZN(K) TMPR
)0 36i. N=1,NCOII 1hPR
PRINT 365 NBIFLGIKZANY ¢KZsllsMATII(N) IMPR
FORHMAT (5X42HI=413,3X,9H REGION = 1243X,13t BURN 1SO N0. 1I2+3X. INPR
1 1201 ULEMEMT NC. 12) INPR
CONTI'ME IHPR
RETUR | IMPR
EHD . IMPR

175
176

177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
19%
197
1948
199
200
201
202
203
204
205
206
297
208
209



In this section, the printed PHENIX output is shown for a Search -+ Burnup + k

APPENDIX C

SAMPLE PROBLEM

eff

(2 groups, 4 regions).

v @@ @ PIHFNTIX & # @ o

CARDS 1 AND 2 (I} AND TMAX)

FrieNIx EXAMPLE /7 2 GROUP s ARGONNE CUDFE CNTR SAMPLE REACTOR
btARcH-BUR”-KEFF-REFUEL
IMAX = ="t UIM.

CAFD 3 Dara 1216 FORMAT

1GF
12h
18L
BN
IBT
181
1EVT
1PVT
M
JM
12
JZ

GEUNETRY (n/1/2 = X=Y/R-L/R-THETA)

NLMBER NF MATERIAL ZOMES (REGIONS)

LEF I HBOUNDARY CO'IDITION (071=VACUUM/REFLECITVF)
RIGRT ROUNDAVY CONDITION (SAMFE AS IRL)

TCrY BOUNDARY CONDNITIOM (SAME AS IBL)
RCIIOM ROUNDARY CONU, (SAVME AS IBL)
EInENVALUE TYPE (1/273=KEFF/CONC/DELTA)
PARSMETRIC EIGENVALUE TYPE (1/2=NOHE/KEFF)
NUMHER OF RANTAL MESH INTERVALS

NLMBER OF AXTAL 'FESH INTERVALS

NCe OF RADIAL ZOMES (DELTA OPTION ONLY)
NCe DF AXIAL £Z0HES (DELTA OPTION OMLY)

CARD & DATA 1216 FORMAT

I1GH

ML
ICST
T
IHS
ITL
IXSEC
MO
OITM
IITH
MSHSwP
ISTAnT

NLMHER OF GROUPS

MUMHER OF INPUT HATERIALS

CFUSS SECTIO | TYPE T1/2=TYPEL/TYPER)

PCSITION OF SIGMA TOTAL IN X-SECT TARLE

PCSITLION OF SIGMA SELF=SCATTER IN X-SEQT TAWLF
CRUSS SECTION TAIILE LENLTE

RE&U X=SECTS FROI TAPE (0/1=NO/YES)

TCTaL NO. OF M1XTURE SPLLCIFICATIONS

MAX NO, OF OUTER TTERATIONS ALLOWED

MAR NO, OF I.IMER ITERATIONS ALLOWED PER OIIER ITER,
LINE INVERSIM NIRECTIUN (1/2/3/4=ALT NIR/RaN/AX/CODE DECIDES

FLI#A GUESS (+:/1/2/3/4=MUNE/CAROS/CARNS/TAPE/SINUSOID)

CARD S5 UATA 416 FORMAT

IREF
NBSTP
IFS
NPOIS
MWNT
IPFLX
IPRIN
IOMTPS

ILKAUP /REFHEL COMTROL (4/1/2=N0 BURNLP/BURNIP OWLY/RIJKNUP AND REFUEL)
HLmMeER OF BURMLP TIME STEFS IN A HLIRNUP TH[ERVAL

PERFORM FTNAL SEARCH (071 = NO/YES)

HMATERIAL 0. OF COATROL PCISON

CALLULATE BY»HMUP IM MWu/T (0/1=NO/YES)

PUMLH FLUX UMP 18/1/72=N0/FLUX BEFORE H'RHUP/FLUX AFTER BURNUP)

PRIAT CONTROL (1/2/3=FULL. PRINT/FULL PRINT FOR pAY=0 ONLY/PARTTAL PRINT)
PREFARE DATA OUMP TAPE 10/1=NO/YES)

CAKD h VATA  6512.4 FORMAT

EPS
SRCRT
POWR
ORF
FLXTST
PV

EIGENVALUE COMVENGENCE CRITERION

NEUIRON SOHRCE RATE (FUK NORMALIZATIOH)

REACTOR PUNE! (MWT) (FUH NORMALIZATION)
OVERRELAXATIN FACIOR .

INwER TTERATION FLOX TEST (0/EP=EPS/EP FOR TEST)
NESIRED VALNIF UF PARAMETRIC EIGENVALUL (SEARCII OnLY)

+ Refuel calculation

—
OCOXNNNO OO &=

—

o w
SPNNOCO®NONON

-

—
oOND—OO™N

1.0000F-04
e

3.1000E+02
1.5000E+00

1.0000E+00

85



cakl) 7 DATA  6l12.4 FORMAT

EPSA PAKAMETRIC EIGNUALIIE CIMIVERGENCE CRITERINN(SEARCH ONLY 1+0000E-03
EV INL4 1AL, EIGE'IVALIIE GUESS (SEARCH OHLY) -1.0000E-01
EVH EIGENVALUE 1OPTFIFR (SEARCH ONLY) ~1.0000E-01
EVP EINENVALUE 6-)ESS FOR 2H) AND ALL DTHER SEARCIES e

XLAL  L&MsbA-] LOWEP LINIT (SLARCH ONLY) 5+0000E-03
XLAH  LAmA<l UPPTR LIMIT (sfARCH ONLY) S+.0000E-01

CAKD ® DATA "12.4 FORMAT
POND PAKAMETER OSCILLATION UAMFER (SEARGCH OMLY) 1.0000E+00

LASTz 4073
TEHMPQRARY STORAGE FOR CROSS StCTION REARRAMCEIFrIT= 367

86
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PHEMIX EXAMPLE / 2 GP0UP / ARGUNNE CODE CNTR SaMPLE REACTOR
SEARCR=HURN=KEFFeREF. L '

MESH pOULNCARIES (Rg/Z 0=KAOTAL PUINTS/ZAXIAL PCINTS)

13333k 402
<8000k +02

+80000£+01
«55000E+02

RANIAL FLUX/TOTAL AXIAL

«97420F+00
42331t %00

«50000L+G0
+81915ke 0y

1 IROUN
2 CHUM
3 NICK
4 NA
5 Pisa
6 Fun
7 L238
8 CXxy
9 Fru
10 Pejn
Fe 18
Oe 66607401
«6666TE+02 .T73333E¢402
20 19
0o «4NQNOCF %0}
045000E002 QSOOOOE‘OZ
FLUX GHESS (RF/ZF=TITAL
RF 17
0998G6E+ (0 499069E¢QU
«B5T66RESLN  «500NHE*DV
Z2F 18
0¢26192E4(30 +37461E400
¢96593E+ih  «9n631E*ND
ZONF. AUIMBERS HY MESH INMTERVAL
MO 306
2 2
2 2
2 2
4 4
2 2
I ?
2 2l
? 2
[ 4
1 )
4 4
1 1
1 1
) 4
1 3
[ 4
1 1
1 1
1 !

Bt P P e A NNNNDSNNEN

«2N000F i 2
«860DNE*G2

«12000F¢52
«60000E+C2

«94964E+ 10
34TT2E+00

«61566E+00
«71934E+50

$-rs ot it Pt et s PN NSNS

¢2h667 402
c920puk+02

+16000€+02
<640C0E~02

FLux)

291721E+00
<26980E+00

< 719345400
261566400

St et et B e S NSV SN

333336402
<98000E+n2

«20000F+02
«68000F+02

«87718E+00
0190076‘00

«81915F+00
«50000E+Q0

Bt Pt st P et Pt s = NP NN SN

«40G00E 602
«10400Een3

«25000E+02
«72000E+02

«82939E+00
«10906E+00

<90631E+00
«37461E+00

E et ot pet et et P e = NN ENENONVESN

«4666TE+N2
«11000E+03

«30000E+02
.76000E+02

«77571E«00

«96593E+00
«24192E+00

-t Pt e et P = S = NSNS NVNNN

«53333t+p2

«35000t+02
«80000E402

«T1511E%00

99619t +00

—_ e S S = NN ENNNNN

«60000E +02

+40000E+02

+64858E*00

«99619E+00

et P rt P rt pt i = B = NNV SNV ENVN
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S W W W Wwr

13

PLUWWW LWL WP

14

PWHE WW S WS W e

MIXTURE SPECIFICATIONS (Ia/I1/12=M1K NUMBER/MAT. NUMBFR FOR

1 1
a4 4
1 1
4 3
3 3
3 3
o 4
3 3
4 4
3 3
3 3
3 4
MATERIAL NUMBERS BY Z0NE
ve 4
11 12
FISSION SPECTRUM
K7 2
¢99234E+00 76570E=02
10 36
11 11
11 12
12 13
13 14
11 36
0 [
10 0
a 0
] 0
12 36
0o «12733E=p1
«50000E-03 9,
«10730E-01 0.
0107305‘01 o.
) Ia 36
[ Ne
«10000E«01 0,
00 Ne
0 Ne

11

12

13

14

1

4

4

1

«10033E=¢1

«12733t=01

«12733E-q1

.81738k=02
L
D.
2,
ne

1

12

13

14

2

1

1

2

$25797€=02

.10033E2]

«10033E=21

«21016E=32
0.
Ne
Ue
e

11

12

13

14

3

2

2

3

s16131E=02

025797E=02

225797t ~02

213142602
Qe
0e
Ue
0.

S WP MWW S W

WH WWWW & WS re

MIX/MATERIAL NENSITY)

11

17

13

14

5

3

3

4

e21241k=02

¢1613)E=p2

«16131F =02

¢19220E=01
Qe
0¢
[/
Qe

11

13

o

¢30220E-n3
0o
(U

O
1t
0.

1

1

4

3

4

3

3

4

3

4

3

11

12

13

7

6

6

«29357E=-02
0.
0.
Ne
Q.
Je

1

1

&

3

3

3

3

4

3

4

3

1

12

13

9

7

7
0o

5373502

53735802
0.
0.
0.

4

1

4

3

3

3

3

&

3

3

3

11

12

13

8

9

9

«10730E=01
0.
0,
0.
0.
0.



PHEMIX EXAMPLE /s 2 GROUP / ARGUDUNE CODE CNTR SAMPLE REACTO
SEANCF-FUFN-KEFF-RFHHEL € E 1R SA = REA R

5 -

NN AN N et st ot ot ot s ot bt () W WMD)
VIS IS I I Y N NI W I W (YR V]
NI AN N D) s ot gt ot ot ot ot s (o) () ) (W M)
AN AN N e et ot ot s e W WW W W
NNV =t et et st — 2 W WWWW
NN~ -ttt st e~ WWW W W
PIDNI NI PITD — bttt gt s o e 0 00 (S W W)
PIPNI NI NI N et o et s et o () L) W W WD
PINR N VN e s ot et et e e ) W W W W
N R I VI X N I "R L L R
NN NI D) ot ot s gt et e e ) ) W W W
NN TU NI N = et et et et e e = () W) W W
SEL L EITEEEETE
s ESEEELESPELIE S S

LR R R IR R I R R R R I P IR
PR R R R R R R A R R
LR R R R R R I R I O

x>

RANTIAL

1213131313131313131213131412141414
1212121313131315131313131414161414
1213131313131313131213:31414141414
1212121313131313131313131414141414
121212131313131313131313141+1641416
TVILIVI I H111011111111111414141414
TIVITLITN 1113111110 1111141%141414
TRLRILLIVI111311011111111414141414
1T 111111 L11111111111414141414
TIIT1T01T 110131 1101 111141+4141416
IV 11110 11111111414141414
INITLINNI DI I 11211414141416
MLV EITIIIILIL111)11111416141414
1212121212121212121212121414141414
121212121212121212121212141%141414
1212121212121212121212121414141414
1212121212121212121212121414141414
1212121212121212121212121414141414

CP»rrXx>

RADTAL

FTSRE - JENE - ST T B3

DIRECTION ofF LIAMN INYERSION = ALTERNATING OIRECTION




OVO~NoUN&HWwN -

90

MIXTURE

11
1)
L1
1
1n
1n
0
n

NUMBER

MIX COMMAND

PWN OO NPTV LN=&EDDONITUNWN-PFCSCOTONOIWN =D

1 »E

0.000 U A Y S

MATEPTAL ATUMIC DENSITY

().
«12733000E~01
«1403300nk-01
.16131050E-02
«2124100nE-02
«31220000E-03
«213570n0E~02

o.
<12730000k-01
«53000000E~03

o.
«1273300nE~01
.10033000E-01
«2579700nE~02
«16131000E-02

0.

o.
«8373500uF.~02

0.
.1073000nt-p1

o.
.12733000E-01
.1003300rE-01
02579700602
+1613100aE-02

o.

o.
«5373500uE-02
By
«1073000nE~01
o.
.8173800nt-02
.21016000E~02
.1314200;)E-02
119220000f.-01

IHTRIG

D000 O0ODOD =~ ~HOOOODDD~~HDODDD2002D20—~—D0D0090D2




CROSS~SECTIUN Eoét
1 CxOSS=SI.CTIONS

GROUP
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT 1n
MAT 14
MAT 12
MAT 12
MAT 14
GROUP
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT
MAT

DD~ WA -

—
DN VD AND LN -

—
-

—
&S Wi

0. 4730"-02
Geo e 44GM~02
Co «217E£-01
0. .ﬂ07r 03
«160E+n1 .174"001
c452E«00 6795400
eh%3E~-n1 .217r000
O 1177 =-n2
0. <3000 01
O 3143f001
«JI13E~-n2 .529r -02
«391E-03 «1280-02
«391E=-n3 .IZHF -0Z
0o -919r 04
2 Cw0Ss-SEcTIonS
Oe «310L-01
e «603E~01
Ve .zznf-nl
Ne .17]7 -2
W PRPEen] .427[001
Y04k ~01 1110
« |00E=49 +4H2Fe00
O .
Ne .409!-02
Oe .Sﬁuloﬁl
«HlI2FE=n2 -13&F-)1
«H37E-52 31 =02
«537E-%2 .3;]r -f2
Ce 50“2[ n;

0.

0.

e

0.
T473E01
e1S1E+01
<183E+00

<811Ee01
:2605000
U:
O,

Ul
0.

-173E ~-01

e o

1eje 4~}

<267TE+p1
<235E+0]
«336E+01
03015001
.7355001
o75bE001
T T44F 401
-305E001
.300E001
:369{:001
Q‘SIE‘OO
T149F«00
<149g+00
.ﬂqlE -0l

«541E+01
.4545001
-1‘8E0"2
.555E001
olﬁ‘F‘O?
<155E+02
oll7E‘0£
.345[»‘001
027"F‘ol

<658E+01

:27&;.00

.2635000
0?6?E000

:1915.00

«261E+01
«?33E+01
«326E+01
«291E«01
«5STE+01
«6HCE«01
«T)YOE«D]
«291Ee01
o.
«222E+01
«142E+00
«144E+00
«144E+00
«RO5E-01

«537F«+01
«44fIE«0]
+«15RE«02
«595E«01
«121E+02
«144E+02
«112E+02
«34BE+01
.?.69E00]
« 11HBE«01
«202F«00
«259F+00
«259F+00
olU‘EOOO

B
0.
0.
0.
0.
0.
0.
Ne
0.
[tIY
0.
Q.
0.
0.

«590E~01
«201E-01
«708E-01
«972E-~03
«434E-01
«B17E~01
«119E+00
«131E+00
(‘o
«351E-01
«388F-02
«404E~02
«404F-02
«249E-02
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EIGENVALUL
SLUPE

oOC T
o o o o

Ve
u,
",
A".
~e10153142M+02
~.10153142L+02
~s101931L42E+07
~.191531421402
=, 10193142 <02

EIGENVALIE

~+10000000E+00
~<10000000E+00
~+10000000F+00
~<10000000E+00
~210000000E+90
~<10000000F+00
~+10000000E+n0
~+20000000E+00
-<20000N00E+00
<46149150E-01
146149150E-01
«66932114F-01
+69774132E-91
+7C511256E-01

I.LAMIIDA

0.
«ORO57572E+00
«10600%892E+01
«10067641FE+01
«10105221E+01
«10125627E+01
«10137181F+01
«10143945E+01
«10237155E+01
«10242436E+901
«10011617E+01
«1002)469E+01
«11002799E+01
«1000)726E+01

THESE ARE IHE DESTRFED aTOM DENSITIES OBTAINEU FROM THE CONC SEARCM To GIVE A PARAMETRIC
VAL'IE. OF PVx 1.000000
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FECION= )

MATERIAL=1g

MATL ATO' UENS=

« 0005353



€6

FIOAL NEL IHON RALAMSE TAHLE

GROUP FISSION SOIRCH  [M=SCATTLR
1 7¢535£419 fe
2 1.956F+17 9,12BEe 14
3 ?.554F+19 9.,328C418
Ra
1 Ve 0HO0
2 046567
3 13.3333
4 20,000
5 2646667
6 33,3333
T 4040400
8 4h ,6947
9 53,3333
10 6040300
11 60,6967
12 73,3333
13 8949000
14 86.0 00
15 92,0 00
16 98,0100
17 10440100
18 11040200
19

DUTeSCATTER  ARSORPT LOL Lo Lo

9.328E*18 23940+ 10 0.

3.,677E+1S 69910 +14 0,

S.331E+18 1.639Ce 1% 0,
AVG RADII AXI1
3.3333 0.0000
10,0000 4,0000
16,6667 8.,0000
23,3333 12,0000
30,0000 16,0000
36,6666 20,0000
43,3333 25,0000
50,0000 30,0000
56,6666 35,0000
63,3334 40,0000
70,9000 45,0000
76,6666 50,0000
83,0000 55,0000
39,0000 60,0000
95,0000 h4,0000
191,0000 08,0000
107,0000 72,0000
6.6667 76,0000
80,0000

R, L.

1.560E+ 18
6.056E417

2,166E+18

AVG AXII

2.0000

6,0000
10,0020
14,0090
18,0000
22,5010
27,5090
32.5090
37,5000
42,5010
47,5000
52,5000
57.5000
62,0010
66,0040
70,0010
74,0040
78,0000

4,0000

Te Lo He Lo ToTAaL LEAKAGE
2¢531E+18 2¢531g+18 6.62LE*18
9,617E+17 9,617TE+17 2.529E‘18
3¢492FE+18 3.493g+18 Q.IbQE‘lB



%6

OO NV & W —

—
O DDNOUNIH WN—

—
—

et gt Pt Gt s et
DN WN

1
«5422699E+15
«B88SYSTARE+1S
«1266603E+16
«1700074E+16
«2204445E+16
«2879612E+16
«346035R8E+16
«3895439E+16
«409T4T1E*16
«4(057500E+16
«3856524E¢16
«34H0495E+16
«28TYTBIE+T6
«2204635E+16
«17D0266E+16
«126678B6E+16
«8861134E+15
«5423971C+15

6
«4290574F +15
«TCOYS509E+1S
«1002046E+16
«1344912E+16
«1743859E+16
«2271936F+16
«2737176E+16
«3050297E+ 16
«3209169E+16
«3209153F+16
«3CHN248E+16
«27371¢9E+16
«22171861E+16
«174378B6E+16
e134484hE+16
«1001994E+16
«7C0Y037E+15
«4290313E+15

FLIX FOR GROUF 1

2534.3487E+15
T873n018E+15
-1”%3069F016
«1675188E«16
T21721€1E+16
«28374z4E416
-36090=05016
<3799915E+16
:399/9925016
«399H014E+ 16
23799981E+15
*34yS7157Es16
<2837559E+1¢6
-21!#303E016
-1675326E016
-12“8202E016
<8731082E+15

7
+3872552E+15
-03£°C015015
:90‘029115015
«1213620E+16
-1573b’6€016
.2055391E016
2469586E+16
s2791914E 016
.28951“2E016
<28Y5125E+16
-275186450l6
-2469510E¢16
-2055304E016
.15/!6‘2E016
T1213%44k416
T9042262E+15
26329650€+15

<3872202E+15

3
847340315
«1211374E+16
210259276 +16
«2104277c 16
«275396AF 416
.3309341L+16
«3688103L+16
«388(,333% 416
«388n344Ce 16
«3bHKR]I 3Rt 14
«3309394t.+16
2754035416
«210R34RF+14
«162%995L+16
«1211443t4+16
«R4T3917Le15
5186954k 418

L]
3409968t +15
L55695H4E 415
« 7959627k +15
.1068001t+16
«138449RLe1¢
«1808271c+1¢6
«2172277E+16
«2420.256Le16
02546015416
«294899YKE 416
«2421209F 4 16
2172205k +15
+1HOKB1IARF+16
e 1384419k <16
«1067929E +16
«T9549200C«15
«5569054E +15
«3%99604L.15

4
«4954960E+15
+8095183L+15
«1157295L+1n
«1553334tE 4145
«2014145E+164
«2631006L+16
«3161561L+ 14
«3523379E+14
«3707000E+16
«3706999L+16
«3523378Ek+16
«3161561E+16
2631011416
«2014151L*14
«15R3341F+1h
«11573nYE+16
«80n95241L+15
«4955137E 15

9
2914909t +15
«4T75887TTE+15
«6796402E+]15
«9113475E+15
«11H80821E+16
«1541714E+16
«1851216L+16
«2061821E+16
«216H555C+16
«2168B542E+16
«2061TR2E+16
«185)156E+16
«154)646E+16
«1180750E+16
«9112880E+15
«6795R73L+15
«4T758236E+15
«2914583E+15

5
«4654120L +15
« 7603608415
«1087006E+16
«1458979F + 16
«1891792E+16
.24T1185E+16
«2969473E 16
3309760t +16
«34810RTF+16
«34B1ATTE +16
«3309231k«16
. 2963431t 416
.24T1141E+16
.1891749E4+16
+1458041F 416
+10867R0E+16
7603335k +15
«4654233E 415

10
«2403153E+15
¢3917398£+15
5584299 +15
«74T74164FE 415
«9669209F+15
«1261432E+16
«1512359E+16
.1682993E4+16
«1769368E+16
.1769358F +16
«1682764E4+16
«1512314F+16
«1260981E+16
. 9668B727F. +15
« 74737260 +15
.5583901FE+15
«3917)76FE415
«2402H97F +15

«2G300000E+01
«0000000t.+V1
+1000000E+02
«1400000E+02
«1800000E 02
«2250000E+02
+2150000E ¢ 02
«3250000E+02
«3750000E+(2
+4250000E+02
«4750000E¢02
«23250000E¢02
«9750000E+02
«6200000E+02
+6600000E+02
«7000000E+02
« 1600000t *02
.laoooooEouz

«2000000E+v1
«6000000E+V1
+1000000L 402
«1400000E+02
918000006‘92
¢2250000E+02
2750000k 402
«3250000E+02
«3750000E+02
«4250000E+02
«4750000E+02
«5250000E+02
«5750000E+02
«6200000E+02
+6600000E+02
«1000000E+v2
«7400000E+02
«TH00000E+02



<6

VX NT NS WY

kB |
«189FS4E+’S
«3079044F ¢35
«4263536F ¢ 5
« TG4 12BS1Ee1S
«9T71248nE 1S
e1100HHB3ESTE
«12HY1T74E*14
«1354024E+°6
«1354018F 16
«12HY158E+16
«1161n854F+16
«9712147E+ 5
«7475537F+15
«58n£923F 15
«4263260E+15
«307u4834E+15
«1898327E+15

16
«525H362E¢ 14
«T72371027E+ 4
«9471599E+14
«11525H9E+15
«134814R8E+15
«1S49430E+15
«1733808E+15
«1865216E+15
«1933562F +15
«1933562F+15
«1865216E+'5
«1733804E+15
«1549434E+15
«1348148E+15
«1192590E+15
«9471638E+14
«T7311175F+14
«52HH287FE ¢4

12
+14404€3E 15
«22'19314E 015
©319i6Z23E+15

“41744€7E 415

252853€4E 415
L675U482E 415
Z7994417E+15
-A831312E+15
2925H255E+15
+7255217E+15
=8831202€+15
< 799425 7E+15
S6754250E+15
25285178E+15
.*1I~283Eo15
2319 1435E415
T2295174E415

21446324E+15

17
+32049¢€6F+14
.65bJ379E016
TSR44BSTE+14
+7082611E+14
TA2413679E+ 14
<94384STE+ 14
<1092016€ 15

©112i8820E +15
«1164702E+15
.llbd706E015
<112H827E+15
*1052030E+15
¢943u613E+14
«B248888E+14
S7GUABZ6ES14
«5845111E+14
450467 TES14
S3205239E+14

13
«1235482t 415
1792234t 415
«2392149L ¢ 15
«302R066L+15
«368Y741E+15
4431508k +15
«512aTSTE+15
«561n7680E41S
.SU58509L 415
5858579k +15
5607623t 415
«51206721Le15
«4431400k 015
«3089628E+15
«3027748k+15
2392026415
e1792148r 15
«1235369E+15

«200)000E+0]
«610)000F+0]
«100n000E+02
«140n000~+02
«180n000E+02
«2250000E 402
«2751900E 402
«3250000E+02
«3750000E+02
«4254000c 402
«4750000E+02
«5250000L402
S5T50000Es02
«6200000E4+0?
«660)000Fk+02
« 7000000t +02
«Téyunipgken2
«TBONODOE 02

14
«9950273E*14
«1414399E+15
«1851507E+15
02299418E+15
«2745923E+15
«37223943E+15
«3670673E*15
«39902R6E+15
«4156344E+15
«4156334E+15
¢3999258E+15
«3670629E+15
«3223884E+15
«2745861E+15
«2299352E+15
«1751436E+15
¢1414353F+15
«9949530kE+14

15
.7500337E+14
.1056494F+15
.1366983E+15
J167646TE+15
.1976484E+15
«2290015E+15
.2580254E+15
.2787960E+15
.2896103E+15
.2896100E+15
.2787953E4+15
.2580241E+15
.2289994E+15
.1976465E+15
.1676446E4+15
«1366959E+15
«1056489E+15
+7500008E+14

«2000000E+U1
+2000000E+01
<1000000E+02

1400000E092
<1800000E +92
+2250000E+02
«2750000E+02
+3250000E+02
«3750000E+02
«4250000E+02
+4750000E +02
+5250000E+02
«5750000E+02
+6200000E 02
«6600000E+02
+71000000E+02
«7400000E+02
+7800000E+02
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«246843RE+15
«441¢055E+15
«6123979E+15
«7495488E+15
«B374072E+15
«85740672E+15
«9090511E+15
«9ST7TI585E+15
«986N101E+15
«98601390E+15
«9E77661E+15
«9090632E+15
«RS74237E+)5
«R374329E+15
e T495834E+15
«6124373E+15
«4412424E+15
«24ntT39E+15

6
«1996833E+15
e349134nE+15
+4E893712E+15
«5934697E+15
«6€634520E+15
«6TY1172E+15
«T19k4Q1E*15
«7EH2183E+15
«780%776F+15
«TENETS4E+15
«7E82T04E+15
«T13E274E+:5
«6791010E+15
«66343)3E+15
«5939457E+15
«4F93497E4°5
«349T147E+15
«1G96T7T18E+)5

(1.ux FOR GROUP 2

2
22432449E+15
©434/6ETE+15
+60345808 415
<73¥5Y85E+15
.82516238E+15
T844H626E 415
«89574¢€1€+15
+9431364E+15
«9714722E+15
$9715748E+15
+9437426E+15
.894575€7E+15
<B448T789E+15
.8251884E+15
$7386235E415
«6034835E+15
T4347856E+15
“2432043F .15

7
«1764655E+15
«316¢615E+15
<43886E1E+15
«5369797E+15
$5996841E+15
<6136945E+15
«6503395€+15
<68495€4E+15
<T050434E415
. 705.4C8E 15
<6R49475E+15
.6503251E+15
©6136TEQES15
+59906(1E+15
«5309538E+15
L4385444E+15
+310de11E+15
.)76''520E+ 15

3
2361227k <15
«4221r350L415
545 7768E+15
« 7169467+ 15
«8009594t+15
«8209631k+15
<8594371k+15
«9163065L+15
«943r184E«15
<9431199k+15
«916,)093k+15
«B694422L 415
«8204T19E+15
8079693k «15
71695626415
.5857856E+15
«4221398F+15
«2361304k.+15

8
«1564184E+15
«2795093r¢15
.3877881F+15
«47434T73L 415
«52955R0k+15
541687615
«5737827L+15
«6041475E+15
«6217749L <15
«6237723E+15
«60413R89F+15
«5737588t +15
5410097 +15
5296354t 15
474 3235E415
0357766“t015
27949121415
159640671 +15

3
2256411k 41R
«4032963L+15
«5597577E+15
«hR50850kL+15
«7653414E*]5
«7R356A3E+15
«8307133k+15
«8751873E+15
«9009B42L+15
«9009842E+15
+875185HE+15
.8307113E+15
«TR3IBOKPE* 1S
«T653378C+15
«68R(0793k+15
«5597572L+15
«4032889E+15
«2256395E 415

9
«1346758E+15
«24060350F+15
«3336R898L+15
«4QT797A0F+ 15
«4551988E+15
«4652694E4+15
«4924721L+15
«51R2742L+15
«5332632t.415
«5332008E*15
«5182666L+15
«4924601E*15
«4652540E+15
«4551799E+15
«4n795606E+15
«3336722L+15
«2405910E+15
«13406663L+15

r.‘
«2120498E+15
.3789372L+15
«5260148E+15
«6437594F +15
«7191368E+15
.7362114E 015
.7804567E+15
.B222125E+15
8464180415
«B46416TES]1S
.8221971E+15
«TH04483FE+15
«7362011FE+15
«7191220F+15
6437421415
+5259988E+15
«3789816E+15
2120418k +1%

10
«1125029E+15
«200H986E+1%
«2784433F+15
«3401972F+15
«3792708E+15
.3872085F015
.4094986£4+15
+4306390E+15
«4429237E+15
«4429217E 15
«4306327E4+15
4094188 +1Y
«3872161E+15
«3792%61E+15
«3601725F+1)5
2784301k s15
«20083875+415
«1124961E4+15

+2000000E U1
+n000000E+01
«1000000E+02
«1400000E+02
«1800000E+02
+2250000€+02
+2750000£402
+3250000E+02
+3750000E+02
«4250000E 402
«4750000E 02
+9250000E 402
+5750000E+02
«6200000E+u2
+6600000E +02
«7000000E+02
«1600000E+02
. 7800000t +02

+2000000L+U1
«©000000E401
«1000000E+02
«1400000E¢U2
«1800000E+02
«2250000E+02
+2750000E 402
«3250000E+02
«3750000E+02
+4250000E02
+4750000E 02
+5250000E + U2
«5750000E+02
+5200000E 02
+6600000E+02
« 1000000k +v2
« 1400000k 02
. 1800000E+02



Lo

et et et s
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DDNSOIHWN -
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«9CH3261F+ 14
«1€19461E+15
«2241841F 5
e2T37334E+15
«3CS1750E+'5
«311€6834F+15
«32Y5101T7E+:S
«3463n60F+15
«3C60260E+"5
«35A0245F+15
«3463n15E+]15
«329494RE+ 15
«311€749F+15
«3051646E4)5
«2737230aF 4«15
«2241749F+15
«1€1949nE+15
s9NBZ2BI12E+) 4

16
e2430454E+) 4
+3990008E+14
«5440027E+ 14
«675537nE+) 4
«751461KF+ 4
«90P55T77E+ 4
«9G72524E+74
«10h1564F ¢35
«1094127E+15
«1094127E+)5
«s10Hh1S63E+]S
«9972503E+14
«9079550E* 14
«T7514656E+24
«6755362F+14
«5440038E+14
«3990057E+ 4
«2430451F+)0

12
2 TH9E8349E 14
«125.4353E+15
s2113782E415
2237 .826E+15
CP4498€TE+ 15
+26u54STE+15
«27414G3E+15
.281/858E+15
<281 /HETES15
“27414€3E415
:2602411E+15
«2449809L+15
«2374759E+15
22113715F415
21720831E+15
:1254313E+15
«T09b0Z8E+14

17
+1292396E+14
«212i-998E+14
«2892276E+14
2359¢004E+14
T4219144Ee 14
«4BI29ETE+14
«53243¢€0E+14
t56720642E+14
+584H8078E~14
<584H084E 14
+567/0S9F+14
153243816414
+4813009E+14
«42191€5E+14
+3594036E+14
<28Y2324E+14
22121071814
$1292459E 14

13
«5917706r¢14
9B1hbGGE ¢4
«13383651k+15
e1646142L 415
«1891937c 15
« 2096299t 415
«2274191 1415
«2402537h4)5
«2409h140,¢15
«24090)TE 1y
«2402517E+15
22274761k +15
2096262415
«1891804/ 415
01646101k +15
«133H612Lk+15
9816413k +14
¢5917462E 14

«20U0000c40]
«6000000L+0]
«1000000L+0?
«1400000E+02
«180n000k+n2
«2250000r +02
«275n000t+02
«3750000c+02
«425C0NF«0P
«4T50300c+02
«5250000¢+02
5750000k 402
«6200000E+02
«6600000F +02
«7000000F. 402
«T409)00C 402
«T8BUANNOLe02

14
4764549414
«TR33934E 14
«1966505E 415
«1317973E+15
«15320233L+15
.1729339E+15
«1895766E+15
«2009787E+15
«20hH118E 15
«21168114F +14
«2009777E+15
«1895750¢€+15
«1729319E+15
«1532n11E*15
«1317951L+18%
«1066485E 415
« 7832937k +14
«4764393E+14

15
«35890u38E+14
«5893587F 414
.8029138E+1¢4
«9954639C.414
«1163401E+15
«1322641F +15
«1457602E4+15
«1549281E+15
«1595788E4+15
«15957RTE#15
«1549278E+15
«1457597E+15
«1322634E4+15
«1163393E+15
«9954563E+14
«8029782E+14
+5893596E4+14
« 3589576 +14

+2000000E+U1
+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
«7000000E+02
«7400000E+02
«7800000E+02
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VO~NOUN & WN -

DD~V & W

Yttt st
WN) -

e
ouns

Yt gt
o~

1
«7891136E+15
«1327163E+16
«1879001F+16
«246%9623E+16
«3041852€+16
«3737018E+16
«4369409E+16
«4818197E+16
«5043481E+16
«5043513E+16
«4814290E+16
«4369558F+16
«373%206E+16
«3042068RE+16
«24449849E+)6
«1879223E+16
«1327356E+16
«T892709F+15

6
«624174yTE+15
«1CH0685E+16
«1487418E+16
«193b8B1F+16
«240171311E+16
«2957/053E+14A
«3451016E+16
.380b571E+156
«3989746E+16
«39HYT29E+16
«380¥518E+16
«3456936E¢16
«2996962E+16
«2401216E*16
«1938792K )6
«14HT1343E+16
«109161R8E+16
«6247031E+)5

TOTAL FLUX

2
.77!59055.15
<1307770E+16
$1851527E+16
+2413787€+16
<2997325E+16
364228 7E+16
<4308396E+16
<4743652E 16
<496%564E+16
<496Y589F +16
$4743724E 16
T4309514E416
<3682438E+16
T2997489E 416
22413950k +16
©1821685E+16
+13y7898E+16
<77771030E+15

7
«5642207E+15

©948B816E+15

<13431€1E+16
.175(599E016
-2173220E016
.26b“0€5E016
-31199565016
.3430871E016
-3600185&016
<36p01€E5E+16
©3436811E+16

311983516

260198 0E+16
$2173112E+16
1 T2U4GTE+16
<1343074E+16
<94btlE1l 15
156%)731E415

3
«7547655L <15
«1269375L+16
«1797151E+16
«2342873c+16
«2909236E+16
«3574029E+1¢
«4178778E+16
+4604)110E+16
.48£335?E016
.4823366t016

4604145k 416
«4178837E+16
«3574107E+16
.2909317E+16
«2342951E+1¢
1797229416
«1209632E416
«7548258E+15

8
4974152k 15
«8364077E+15
<1183751E+16
1542348k +16
«1914N56F 416
«2349958¢c 416
+2746060r.+16
«3024404k 416
«3167790F+16
«3167771L 16
3024348416
2745974k 416
¢2349B54Ev 16
«19139%41 ¢ 16
«1542252¢c+14
«11830bK6L 16
«83539AL+15
069,307|t'15

4
«7211372E+15
»1212815L+16
«1717052E+16
«2238419E+16
«2779486E+16
«3414572E*16
«3992274E4+16
«4398567E+16
«460T984E*16
«46N0T984E* 16
«4398563E+16
«3992273E+16
¢3414576L+16
«277948HBE*16
«2238420E+16
«1717061E*16
«1212813F+164
«7211532E+15

9
«4261667E+15
«T164727E+15
«1013330L+16
«1319324F 416
«1636020L+16
«2006984E+16
«2343688BE+14
«25R0096L+16
«2701R19E+16
2701803k %15
2580049416
2343617416
«200690VE*16
«1635936L+16
«1319245k+16
«1013260E+16
« 7164146415
«4P61246k+15

S
«6774618E+15
«1139358E+16
.1613021E+14
.2102738E+16
«2610929E+16
+3207397F+16
«3749930E+16
.4131462E+16
«4328105E+16
J4328094E416
«4131429E416
.3749880E+16
+3207342E+16
«2610871E+15
«2102b83E416
«1612978E+16
«1139315F+16
«6774451E+15

10
«3528183E+15
«5926384E+15
.B368732E+15
«1087604F ¢16
«1346192C+16
+1648301E+1h
«1921357F+16
«2113632E+16
«2212292E+16
«22122R0E+16
.2113596E+16
01921303E‘16
«1648237E+16
.13461291+16
010875“5g‘lb
«8368202F+15
«59254963E+15
¢ 3527157+ 15

«2000000E+U1
«6000000E+01
«1000000E+02
+1400000E4+02
«1800000E+02
+2250000E+02
«2750000E+02
«3250000E+02
+3750000E+02
«4250000E+02
«4750000E¢02
+5250000E+02
«5750000E+02
«6200000E+02
+6600000E+02
070000005‘02
+7400000E+02
+7H00000E+02

«2000000E+01
<6000000E+01
«1000000E 02
«1400000E+02
.1800000E+02
+2250000E+02
+2750000E +02
«3250000E+02
«3750000E+02
«4250000E¢02
+4750000E402
+5250000E4+02
«2750000E+02
«6200000F+02
«6600000E+02
«7000000E+02
«7400000E (2
«7800000L +42
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-
— G O NIU S W N —

b Gt et st Pt s
O~N>TUNsWN

VIINT NS WN -

n
«280€EB30E+)S
«4EIESGF 415
«6ENE37/7Fe]1S
.85““5“8E‘15
«1(92760E+16
«12HZz932F+ )6
«149n384F+16
«163948nF+) 6
«1711050E*16
«1710042F*10
«)EI9456E+16
«1490349E+16
«12H28Y0nE*16
«)052T1RE+16
«RS44153E+)5
«6ENBUUIES]S
«4€98234E15
«280EH03F 1S

16
«TERBBITES1G
«113€103E+1:
«1491163E+15
«182E12hF+15
«213%9616E¢15
«2451996E+15
«2731060E+1S
«292678qF+15
«3027689E+15
«30276HRE+)S
«2926779E+15
«2731056E+15
«2491989F+15
«2139614E+15
«1828127F+15
«1491167E+)5
«1136123F 15
«TEBUT3RF+14

12
+215b297E+15
.?5~ﬁ667E015
«492u517E+15
:6288249t015

’650169t015
L9208349E+15
-lobU9E7E016
L115/280E+16
<12y7315E+16

t12¢7310E416

<115/266E+16
<10599€7E+16

<92vHUG9E+15
< 7655936E+15

<6287999E+15
.60&02665015
<3548487E415

t2150127€415

17
+45573€2E+14
+66863T7TE+14
BT3/173E+14
.1061661E015
<1240382E+15
+1425144E4+15
<15H44452E+15
<1690024F 415
217535¢9E+15
T1753512E+15
«1690033E415
+15044€8E+15
14251628415
-124b605E015
-10&/686E015
<R737435E+14
<665€T48E+ 14
©4557658E+14

13
«1827253k+15
«2773903c+15
«3732800r+15
«467420RE15
«S581NhT8Fe 15
6527807415
«7395%48E+15
«801n217ke15
«832H213E+15
«832R186F +15
«801914]1rn+15
«7395433E 415
,65&7062c015
«5981525¢€+15
46141149t ¢ 15
«3730638k+15
«2773790cE+15
«1827115E+15

2000700t +01
.6000000t001
.1000000F002
e1490000k+02
.1800000t00?
«225n0000E+02
2750000k 02
«3259900L 402
«3750000E+02
«4259000k+02
«475G000E02
«5250000E+ 02
«5750000F+ 02
«6200000K+02
«6600U0NL+02
<T0ppU00E ¢ 02
« 7400000 *02
«7Bupuy0c+02

14
«14T14R2E*15
«2197702E+15
«?2918012E+15
«3617392L+15
«4p77956E+15
+4953282F+15
«5566439t.+15
«6000NT73E*1S
«6226462E+15
«6224448E 415
«6000035E+15
«5566379L+15
«4953202E+15
«4277872E+15
«3617303k+15
«2917921E+15
2197647k +15
«1471392E+15

15
«1108997€415
21645953E 415
«2169967E+15
«2671931E415
+3139885E414
«3612656F+15
<4037856E415
«4337241E+15
«4491891E+15
C44918RTEL1Y
.4337231[1+15
«4037438F 415
+3612028E+15
+3139458E+15
«2671902E+15
.2169937E+15
«1645849E 415
«1108958E+15

«€000000E+v1
<6000000E+01
«1000000E+02
+1400000E+02
«1800000E 02
«2250000E+02
«2750000E 02
«3250000E+02
«3750000E+02
+4250000E+02
+4750000E+02
<5250000E+02
+5750000E+02
«6200000E402
«0600000E+02
«1000000E+02
«1400000E+02
«7800000E+02



10T

VDdI~NUNHWN-

—t ot et b Gt et Gt
CUNHWN=CS OO0 NSUTHWN -

——
D~

POWER DENSITY

1
«6EH1828E=02
«1070434E-01
«1S30339E=p1
«205406RE=01
«5476929E+00
«6329843F+00
«6939530E+00
« 7256304E+00
«71256347E+GO
«6939655E+00
«833N044F 00
«54TT1188E+0D
«2663691E=0C1
«2054300E=01
¢1530S6nE=0]
«1C70622E=-01
«6S93365E (.2

6
.5183970E=(?
«B4BYQLRE=C2
«1210695E<(1
.1624953F=(1
«2106970E=01
.4336346F+00
«500E569E+(0
«5490409EF+C0
«5740698F+00
«5740674E+00
«5490336E+00
+5008456E+0C
«4334217E+G0
.2106B82F=0]
.16234873E=C1
.1210632E<C1
B4RE4GTAE=0?
51836547 «(2

2
«6456086E~02
<1056781E~01
+15u7946E=01
<2024001E=01
2624454k =01
<5396727E+00
.623’120E000
0683’8¢1E‘00
<71499¢6E+00
07131‘0005000
+6837948E+00
6237280E+00
<539€934E409
2624626E-01
<20241€67E-01
<15¢bl06E=01
“1054909E=01
$6457209E=02

7
«4618905E=02
cT6434€1E-02
$1092588E <01
c140€3Z3E=01
<19ulle2E-01
.391&816E000
452, 734E+09
<4955109E+00
.51nt713€ooo
+4995026E+00
<45¢(607E+00
-391:666E000
<1941 081E-01
2146€231E=01
+1p492510E-01
076“5 796&‘02
c467r483E<02

(MWT/LITER)

3
+6206361L =02
<1023776E=01

1403609k =01
.1966482t-01
«2547268E=0]
.5238095E+00
«6053719E+09
.6636730E+00
<6939628E4+00
«6939645L 400
«6636777E+00
«6053798EL+00
«5238203L+00
«2547354tE=0]
<1964564£ 01
«1463693E-0]
+1023838L 01
+6266996E=02

8
«4120001E-02
16729298L~02
«9617003c=02
«12914383€-01
01672782t=01
«3446066c.400
«398n094L 400
«4301538L+09
«4599579L400
«4361459E+ 09
«3979973E (0
«3445923F + 09
«10726R6L=01
¢1290296L =01
«9616245L =02
«6T2H65RE=02
4119561102

4
«5986696E=¢2
«97ROTASE=Q?
«1398270E=01
«1876T73E=01
«2433536E=01
«5004468L+00
«5783598F+00
«6340502E+00
«6629823E+00
«6629823E+00
«6340497TE+00
«5783594K+00
«5N044T2E+00
«2433543E=01
«1R76782k=01
«1396287¢E=01
«97R(854E=n2
«5986909E =02

[}

«3521859L =02
«5749542k=n?
«821)568L=n2
«110J111E-01
e1426695L=01
029452064400
«33990R9E+00
«3723073k+ 00
«3891235€E+00
«3891213E+00
«3723007ken0
<339HYARBE+ N
«29450R5E+00
«14206106E=0]
«1101039E=0])
«8210929k =02
«5749009E=02
« 3521 4K6E=02

5
«5623214E<02
918615202
.1313346E<p1
J1762772F=01
«2285706E-01
«4T00975E4+00
+5432649F4+00
«5955601F+00

«6227267E+00
6227?52tooo
«5955%53E+00
«5432578E+00
.a7oon°7e.on
«2285654E=01
1762726F<01
«1313314F=p1
«9186523E-02
.5623108E=02

16
+2903545E=02
.4733090E-02
«674778E<02
«9030456E=02
.1168256E<01
«2422919E400
.2791781E+00
«3054764E40n
.3101171E0y
«3191154F+00
«3054713E409
«2791704E 400
.2422H28E 400
«1168198r<p1
«9029927€-02
67646%96F <02
.4732700E=92
+2903235Een?

«2000000E+01
+6000000E+01
«1000000E+U2
«1400000E+02
+1800000E+02
«2250000F.+02
«2750000E+02
+3250000E+02
«3750000E+02
+4250000E+02
+4750000E+02
«5250000E+02
«5750000E+02
«6200000E+02
+6600000E+02
.IooooooEooz
+7400000E+ U2
.raoooooEooz

«2000000E+U1
«0000000E+01
+1000000E+02
«1400000E+02
«1800000E+02
«2250000E+02
.2750000E+02
«$250000E+02
«3750000E 02
«4250000E+02
«4750000E+02
«9250000E402
«5750000E+02
.6200000E+02
«6600000E+02

. 1000000E+02
.Iqoooooﬁouz

. T800000E+02



T01

NVITINOV S W~

1o
11
17
13
14
15
16
17

—
3D O NTTUNSWN -

et et et et et et
DN WN

1
«2293816E=(2
L3720V 1 Fein?
«52172123E=02
«701640U9F=(2
91 32493E (2
«1893958F +(,0
«2174446F*(0
«2314057F 010
«2471502F+00
2471491k 40¢
«2374023E+00
«2114395F (10
«1893H897E+CH
«9032115F«02
«T01€056E=02
«5271790E=02
«3719917E=02
«2293595E-02

16

0.
O
0.
0.
0.

o

12
174 1640E<02
2713250 =02
23856191E=¢2
«5043686E=02
«63858S7E=n2
+1376230E+0¢
21567225E+00
<17062920E+00
«1773214E+09
«1713207E+0¢
+17u02Y%00E+00
+1567165E+0¢
+13761G3t+00
<6385672E=02
:50“3“64?‘02
238559¢5E=02
«2773082E=02
T1747481E-02

17

13
0.
Qe
0.
0.
Ce
0.
0.
0.
0.
n.

Qe

Ne
0
0.
Qe
o.
De

Qe

«2000000E+ Y
«6000000E+01]
«1000000E+02
«1400000E+02
«1800000F+02
+2250000L +02
«2750000E 402
+3259000E¢02
«3750000E+02
«4250000E+02
«4T750000F 402
«525)000E 402
«5750000L+92
+6200000E+02
«600000E+02
«TU0RVO0E 02
«7491:000E«02
<T780NVOGE+02

PUWER PRODUCTION FRACTIUN FOR EACH ZUME

PFRAC: 4976125
PEHAC= 4011973
PFRAC= 4011973

PFRAC= 0.000000

14

0.
0.
0.
0.
0.
0.
0.

Oe
e

0.
Ce
O
0.
Ce
0.
0.

15

+2000000E+V]
«6000000E+U1
«1000000E+02
+1400000E+02
«1800000E+02
+2250000E+02
«2750000E 02
+3250000E+02
«3750000E+02
+4250000E+02
«4750000E+02
+5250000E+02
«5750000E 402
+6200000E+02
+6600000E+02
«1000000E+02
«7400000E +02
+7800000E+02



0T

OVO~NOU W

—
S Do~ NEWN -

s o
N

1
«5346153E+12
«8734486E+12
«1248716E+13
«1€7€061E+13
«2173304E+13
«46649(01E+14
«5399914E+14
«59178614E+14
«6188806E+14
«61HBB3GE+14
«5917907E+14
«5396071E+14
«4665101E+14
«2173458E+13
«1676217E+13
«1264H8866E+13
«B8735765E+12
«5347214E+12

6
«4229541E+12
«6909788E+12
«9877908E+12
«132577¢E+123
«1719044E+13
«3€91335E+14
42h9142E414
«4EH1565E+14
«489566RF+14
«48956409E+14
«4681511E+14
«4269059E+14
«3€9123RE+14
«171H981E+13
«1325718E+13
«987144nE+12
«6909372E+12
«4229305E+12

FISSION SQURCE RATE
2

+526/9S8E+12
<8606648E+12
$123¢430E+13
-1651510E‘13
<2141456E+13
<45965S6E+14
+5316832E+14
<S5R31067E+14
60980¢e6E+14
<6098092E+14
.58311234E+14
-531°9=6E.14
4596716E+14
<2141571E+13
T1651621E+13
.1231538E+13
<B607514Ee12
<5268727E+12

7
«38173%8E+12
62360258412
.89140z8k+12
©1196317E+13
©1591098E+13
$33322¢06E+14
<3853176E+14
<42249€0E+14
441/941E+14
<4417920E+14
< 42248G9E 414
<38530€1E+14
©3332094E+14
.1591026E+13
T119L251E+13
<89134¢€9E+12
<6235545E+12
+3817049Es12

3
«5113047L412
8353499k +12
«1194231k+13

£1602916E413 °

«2078439K+13
4461377E+14
«5160414E+14
«5659465E+14
.5918586E+14
+5918599E+14
05659503E014
«516n476E+14
4461460414
«2078495F+13

«1602969E+13
.1196287&013
.8353%06E+12
.51134736012

.33b1£76t012
«5490040E+12
.7845943E+12
«1052744E+13
o1364714k413
.29345605.14
3392196k 14
.371R665E+14
«3B8HBORSE+]4
<3888065E+14
«3718607E+14
©3392105k+14
«2934453E+14
‘13046461413
<1U52681E+13
. 7845398412
.5489582c+172
«336n955cE+12

4
«4RBGTIY9L+12
«7980445E+12
«1140892E+13
«1531316E+13
«1985594E+13
«4262300E+14
«4930047E*14
«5406743E+14
«5654246E+14
«5654245E+14
«5406740E414
«4930045E+14
«4262304E%14
«19R5596E+13
«15313)8E+13
«1140901E+13
«7980471E*12
«4RRGARTIE+12

9
«2873209E+12
«4690589E+12
«6699148k+12
«8983027E+12
«1163913E+13
«2507839E+14
«2896785E+14
«3174064E%14
«3317R98BE+ 14
«3317881E+14
¢3174015E+14
«2896709E+14
«2507748BE+14
«1163858E+13
«8982519E+12
«6698693L+12
«4690211E+1?
«2RT2925E+1?

5
4588042E 412
.7495642E4+12
01071572E+13
.1438261E+13
+1864926E+13
.4003706E+14
.4630766E+14
«5078389E+14
¢5310784F+14
«5310772E+14
«5078355E+14
W4630713E 14
400364TE+14
.1864888E+13
.1438226E+13
.1071547E+13
.7495392E412
.4587952E+12

10
+2368715F+12
«3861249E+12
+5504248E+12
«7366986E+12
.9530489E+12
«2062R06E+14
.2378H75E+14
«2603927E+14
«2720588E4+14
«2720575E+14
«2603889C+14
.2378816E4+14
«2062736E4+14
+9530086E+12
«7366615F+12
«5503910E+12
+3860978E+12
+2368696E+12

«20300000E+01
«6000000E+01
«1000000E+02
«1400000E+ (2
<1800000E+02
«2250000E+02
«2750000E+02
<3250000E+02
+3750000E ¢ 2
«4250000E+02
«4750000E+02
+5250000E+02
«5750000E+02
«5200000E+02
«0600000E+02
«1000000E+02
074000008‘02
«7800000E+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
«7000000E+02
«1400000E +02
«1800000E+02



€07

VNIV S W N

11
«1871752E+12
.3034839E+)2
«4300884F 12
«5T7238BUSE+12
«T36H41T7E+)2
«1611927E+14
«1852210E+14
«2022984E+) 4
«2111428F ¢4
«2111410E«14
«2022957€E+14
«1892170E+14
«161187RE+}4
«T7368158F+)2
«S5T23561E+12
«4300653E+]2
«3034669E+12
«1871101E+)2

16

0.
0.
0.

0.
0.

0.
0.
Ne
o.
Ne
04
n.
o.
e
o.

0.

0.
04

OO OOV ODOCLODE OO DS

12
214256€6E+12
222672310E 412
.31457¢9E012
-“11““¢05012
<52uY268E+12
117:c246E+14
-13J4669E016
1469636L+14
.1599677E016
.1500671&.14
-16496195016
T1333643E 414
S117u214E+14
«52091S0E+12
e4114271E+12
23149573E+12
22202169E+12
«1425553E+12

17

Ue
0e
0.
Oo
De
0.
0.
0.
0.
0.
0.
0.
n.
0.
0.
0.
0.
o.

20000000}
«6000000kE+0]
«1061)00E+02
.140n000£002
«1800000E+02
«225n000E+02
oZ?SﬂOOOEOOZ
¢3250000kL +02
3750000t002
+4253000E402
ga7bﬂc00t002
.5250000t002
«5750000k 602
-6200000t002
+6600000NE+02
«7000000e+02
« 740000t +02
«7BUNYDOES02

0.
0.

0.
0.
0.
0o
0.
0.
0.
0.
0.
Ne
0.
Ne
0e
0.
0.

14

0.
n.
0.
0.

0
o.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.

15

¢2000000E+01
«6000000E+01
«1000000E+02
«1400000£+02
«1800000E+02
«2250000€ +02
«2750000E¢02
«3250000E+02
«3750000E+02
«4250000E+02
«4750000E+02
+5250000E 02
¢5750000E +02
«6200000E+02
+6600000E+02
«7000000E+02
<7400000E+02
«7800000E+02



%01

/ 2 G0UP / ARGUNWNE CODE CNTR 5SA'WLL RFACTOR
FF=REFUEL

MATERIAL INVENTORY (KILOGRAMS) FUR EACH ZOUE

MATERIAL  ATOMIC MT. ZUNE 1 LONE 2 Z0NE 3 Z0nE 4
+804E+03 LITERS +402E+03 LITERS «402E+03 LITFRS +143E+06 LITERS
1 IRON 55,850 T4482E402 3,741E+02 3.741F02 14086E+03
2 CROW 52,010 1,792E+02 8,958E+01 8,958E+01 24600E+02
3 NICK 58,71¢p 1,265E+02 6,323E401 6.323E401 14835E402
4 Na 22,990 3,909E+02 1,954E4+02 1.954E402 1.051E+03
5 PUA 239,130 6,782E+02 0, 0, 0.
6 PUB 240,130 9,690E+01 0, 0. 0o
7 u238 238,129 $,334k402 B.543E402 8.543E+02 0o
8 Oxy 16.000 2,292E+02 1.146E+02 1,1646E£402 0.
10 B-10 1h.0l0 T+154E+00 0. 0e 0e

BURNUP CATA

BURNABLE MATERIAL NAVE LAMBUA NBR @ ® « # @ e SOURCE ISOTOPEt FOR
I1SOTQPE HO. (aYs=1) DECAY CAPTURE
NO .«
1 5 rUA 0, 2 0 3 0
2 ) PuR 0. 1 0 1 o
3 7 u23s 0. 1 ) 0 o
4 9 FPR 0. 0 0 0 o
5 10 He10 0. 0 0 0 0
F1SSION

O OO0
OO OO
CWSO OO
-R-N-N-N-)
[-N-N-N-N-)
[-N-N-N-N-]
[-N-N-N-N-]



SCT

BURMARLE
ISOTCPE
10,

& W N

BURMARLE
ISuTePE
10,

NS WA -

BURMARLE
ISuTePr
H0,

TS W -~

L UM
MATCRT AL WANE
1O
5 FUA
6 rug
7 1238
9 FPR
14 13210
L ON
MATERT AL HAVE
HO.
5 PUA
6 rue
7 U238
9 tPR
10 Hel0
L O N
MATERI AL NANE
0.
5 FUA
3 FUP
7 1238
Pl FPR
10 He10

taa }

FLuUX

ATOMHM
DENS1TY

2+124E=43
3.022kh=04
2593hk=03
0.

5¢353L=n4

FLUX

ATOM
ofEnsivy

e ]e )&

w
~
[ )

g-nj

oS WLWo O

FLuX

ATOM
ODEMSITY

373k=¢3

DD O

=2,5091E+15

FISSION
RATE

7¢949£418
244R81F+17
3.050F+17
De
0.

=1.0700E+15

FISSION
RATE

0
0e
1.043E+17
0.
0.

=1,0700E+15

FISSION
RATE

De
0.
1¢043E+17
0o
De

VOLUMF, =840425E402 LITCRS

ABSORPTTION
RATE

9.740E018
4.T01E+17
1.615E+18
0.

2e47)Es18

SIGMA
F1SSION

1.855E+00
44.008E=01
5.149E=02
0.
0.

VOLIME =4,0212E+02 LITERS

ABSOPPTION
RATE

0.
n.
6,906E+17
0.
0.

SIGMA
FISSIUN

1.975E+00
3.676F=01
44510E=02
0.
0.

VOLUME =4.0212E402 LITERS

ABSORPTION
RATE

0.
0.
6.905E+17
Oe
Ue

SIGMA
FISSION

1.975E+00
3.676E=01
4.510E=02
0.
0.

S T6MA
AR30RPTION

2,272E+00
7,709E=01
2,727E=01
2,367£+00
2.288E+00

SIGMA
ABSORPTION

2,521E+00
8,136E=01
2,987E=01
2,074E+00
2,687E+00

SIGMA
ARSORPTION

2,521E+00
B,136E-01
2,987e-01
2,N74E+00
2,687E+00



90T

BURNABLE MATERIAL
ISOTQOPE NO.
NO o
1 5
2 6
3 7
4 9
< 10

BREELING RATIO = .2777

THESE ARE THE LO'IE-AVERAGED TOTAL

ZONE
LONE
LONE

LONE

Z ON

NANE

PUA
pug
u238
FPR
B=10
KZs 1
Kés 2
KeE 3
Ké= 4

AVG
AVG
AVG

AVG

£ 4 FLIIX =3,1482E+14
ATOM FISSTON
DETISITY RATE
0. 0.
e [+ 1%
0. 0
0. 0.
0. 0.
BREDRT(KZ)= <1573

BREDRT (KLY = 50602
BREDRT (KLI= <0402
BREDRI(KZ{: 00000

FLIX =2.5547E+15
FLUX =1.1'895E¢15
FLUX =1.uB94E+15

FLUX =3,2054E¢14

VOLUME =1.4326E+403 LITFRS

ABSOPPTTONM
PATE

0.

Oe
0.

0.

SIGMA
FISSION

2,015E400
3.545E=01
4,298E=02
0.

0

SI0MA
ABSORPTION

2,603E+00
8,2THE=01
3,073E=01
1.977E+00
2.R19E+00

FLUXES Tu BF uSEp IN THE FLuX SHIFT CORRECTION FOR SUHROUTINFE REFUEL



Oo~NONH WN -

I ME = 100,000 D AYS

MIXTURE NIUMRFR MLY% COMHAND MATERIAL ATOMTC BEUSITY NTRIG
i n n. 0
11 4 «1273300L~-01 0
H 1 «1903300aE-q) 0
Hl 2 «2579700nk-02 0
N 3 «1613100¢L-02 0
1N 5 «20134295npE-02 1
1 6 «3146086541-03 1
11 7 «29181180E=-02 1
11 9 «ABAT2622F-04 0
n A 117301006 -01 0
) 19 .51894427E-03 0
1c i Ne 0
1¢ 4 «1273300nt.~01 0
le 1 «100330GnE~01 0
12 2 «25797000E-02 0
12 3 .161310unE-02 0
12 5 «12632449t~00 1
12 6 «32460269t-07 1
12 7 «535%4436L~02 1
12 9 02368687 nE-05 0
4 8 «16730000t-01 0
13 n N 0
13 4 «1273300n€-0f 0
13 1 <111033000k-01 n
13 2 +2579700nE~02 0
13 3 «16131000t-0¢ 0
13 S «12632003E~04 1
14 6 «3245799KE-07 1
13 7 «51684401L~02 1
13 9 .23685917C-05 0
13 f »10730000F-01 n
e J 0. 0
|4 | «8273300nuL-n2 0
la 2 «2lni6LurfF-02 0
14 3 «13142000E~02 0
14 4 «1922000~E-p1 0



80T

TIME OYTER 1

(MINOTES) ITERATIONS PE
«590 (]
598 1
604 2
606 3
+«609 4

FINAL AFUTHON RALANCE TABLE

GROUP  FISS1ON SOURCE I7=SCATTER OUT-SCATTER

1 2.624E419 0.
2 24025F+17  9.590E+18

3 Z.644E %19 9.590E+14

9.590E+18
3.876E+15

9.594E+18

ABSORPTION

9.8yTE+1:
7.155€+18

1:696F.+19

EIGENVALNF

0
¢96601428E+00
<96583630E+00
<96584509F.+00
«96584194E+00

0.

0,

LAMBDA

0.
«96601428E+00
«999R1576E +00
<10000091E+01
<999996T6E +00

RO Lo To Le BO_ Le ]OTAL LEAKAGE

l.606E+18 2.618E+18 2.618E+18 6.,842E+18
6.314E417 1.001F+18 1.001E+18 2.634E+18

2.238E+18 3.619E+18 3.61YE+18 9,4ToE*18



60T

VTNV S W

—
(RS

— et et =t et et s
TN WN

CTNONP W~

1
«A18-213F+.5
«1376544E026
¢ 154H429L¢10
«253Y%244F ¢ 16
«3151687F+16
«38HHSHOF & 1 6
«4S 1h39R/F+ 156
245 14843E+ 1A
«52u%940E+16
«520YB6RFE #1164
«4974618F 16
«4S |1 1989F+16
«386BOBOES L6
«31591156F¢16
«2SIBTIPES A
«1948N1TE+R
«1376241F ¢35
«81H3263F +15

(3
«64T7691nF+'.5
«1CBY268F+.6
«154170nE+ 6
«2008972F+16
«249322AE¢ 26
«3059957E4+16
«3573528E+16
«3934229F « 16
«4120015E+16
«411998AF+ 16
«3944148E+16
«35173349F4%0
«3099726E*16
e 24Y29H4E+1H
«2008T23E+16
«1541521E+16
«108Y14AF+16
hG1R211E 015

TOTAL FLUX

2
+B¢69048E+]g
.13%0341E+16
21919832f+16
.25ULYT1E+16
<31ub4z1E+16
:381x790E016
«445204TE+16
<6901 T84E+16
<5133428E+16
«51333E5E+16
C40i15€6BE+16
<4451655E+16
+3811307E16
+31y*912E+16
25u14€2E+16
<1919440E+16
V13%60%4E+16
<8003225E+15

7
«5B4Y076E+15
.983n648E015
<1392¢58F+16
1R13TE2E+16
2250058k +16
<2701811E+16
$32249(C6E16
«3553050E+16
37L75€7E+16
371 /555E+16
«35510S1E+16
322+757E+16
<276 (6€8E+16
«2251501E+16
<181.4616E+16
2139:986E+16
.98339635015
«58413T70BE+15

3
cTULTS6AL G5
e13163u2L 416
18632825416
« 2428261t +16
«3U139]17te1g
«369945]1k s16
«4321815k+16
4757278k +16
«498¢20R8E+16
4982020416
471570795416
04321453E416
36949007k 16
«3013453E+16
«2427797E+16
«1852926c416
«131A134c+16
+ 7825856t ¢15

8
«5156391tk+15
«8671141c+15
«1226865t4+16
«1598005E+16
1982260416
«2431699+14p
2838491416
¢31240ATE+16
«3271144c 416
«3271146E+16
«31240R8ke16
«2HB3R44TES16
;2631562c016
«19H42181E 416
«13979%1hLel6
«122Aa814kL s 16
36709011 ¢15
«5156311k 15

4
«74T77849E+15
«1257600E*16
«17R0053E+16
«2319769F.+16
«2879219E+16
«3534062E+16
«4127593E+16
«4544501lL %16
«4759241E+16
«4T591R3E+16
045443328416
«4127281E*16
«3533678BE*14
«2R7H818k+16
«2319366E*16
«1779748E*16
«1757381E+14
« T476508E+15

9
«4417905F +15
e 7427492FE*15
«10502R8L+16
«1367019E+16
«1A94454E+15
«20T76926LE+16
«2422858E+16
e 2654 T6E+16
«2790348E+16
«2790361FE*16
«2665509E+16
«242286TE+15H
«2nT6921E+16
«1694437E+16
«1366992E*16
«105u286E+16
«7427607E+15
«4418036E+15

5
+T024168F+15
«1181305E416
«1672035E+16
«2178940F ¢ 15
«2704344Es 10
«3319301E+16
«IBT6652E+16
J4268131F416
«44697T4E+16
$6469730E+16
«4268C02E4+16
«3876402E+16
«3318993E+1s
«2704019E+16
2178610E 416
+1671789E+16
«1181132E+16
«7023136£+15

10
«3657736FE+15
16144224E415
«8674902E415%
.1127087E+16
+1394539E416
«1706160E+16
+1987346E+16
+2184256E+16
+2285525E+16
+2285544E+16
«2184307E+16
.1987387€4+16
«1706192E416
«1394562E4+16
«1127100F+16
+8675175€4+15
+6144550F +15
«3657991F+15

«2C00000E+V]
«6000000E+01
«1000000E+02
«1400000E+02
<1800000E+02
+2250000E 402
«2750000E 02
«3250000E+02
+3750000E+02
<4250000€+ 02
«4750000E¢02
+5250000€+ 02
+5750000E+(2
.6200000E+02
«6600000E+02
«71000000E+02
«7400000E+02
+7800000E+02

«2000000E+U1
+6000000E+01
«1000000E+02
«1400000E+02
«1800000E+02
.2250000E+02
«2750000E+02
«3250000E ¢ 02
+3750000E+02
«4250000E¢02
«4750000E+02
«5250000E+02
.5750000E002
«6200000E+02
«6600000E+062
«1000000E+02
.74000005‘02
.7800000E+02




o1t

VO~NOUN & WA -

——
—O VDNV S WN—

et et et b =t et
o~NONSHWN

11
«2909915E+15
«4871504F+15
«6847889E+15
«88565T1E+15
«1090905FE+16
«1328564E+16
«1542025F+16
«1€91166E+16
«1767T94E416
«1767812F+16
«1691218F+16
«1542076F+16
«132¥610E+16
«1090945E+16
«8E56861E+15
«684E261E415
«4871896E+15
«2910213E+15

16
«7953542E414
«1175678E+15
«1543374E+15
«1892284E+15
«2214756E+15
+2538081E+15
«2826829E+15
+3029288E+15
«3133667E+15
«3133692E+15
¢3029352E+15
«2826909E+15
«2S34148E+15
02214818F+15
.1992364E015
«1543456E+15
«1175770E+15
«7954364F+14

12
«22348E3E+15
«3678TI0E+15
<510)9€6E+15
<6518637E+15
£7930222E+15
< 9542666E+15
<1097787E+16
<11983028E+16
12445648416
<1249577E+16
T11980€8E+16
<1097830E+16
s9543100£+15
<7930619E4+15
«6518932E+15
.5101309E+15

<3679067E+15

«2239136E415

17
«47118S1E+14
<6913446E¢14
0903’884E01“
.110%“80E015
<1289379E«15
.14!&272E015
<1638998E+15
+1754339E415
+18137¢5E+15
.1813780E+15
.17543765.15
+1639045E4+15
<14743Q7E+15
<12H9409E+15
<1104513Ee15
9038337814
6910021E+14
247123218416

13
«1892340L+15
2873751k 15
«38b5616K+15
«4843401kLe15
«5783866E+15
«6764438E+15
«7662109c+15
«82Y7317t+15
«862582RE+15
.8625921¢c+15
.B297579E+15
<7662421E+15
«6764723c 15
«5784124E +15
«4843634E415
+386588114+15
2874020k 415
<18925948E+15

.2000000*001
06000000ﬁ001
«1000000F+02
<1400000E+02
«1800000L+02
.2250000F002
?750000t002
«3250000E +02
«3750000E+02
4250000402
«4750000L+02
«5250000E+02
+5750000z ¢02
«6200000E 402
«6600000c+02
7000000E+02
«7400000K+02
«T7800000E«02

14
«1523244E+15
«2775993E+15
«3022331E+15
«3746983L+15
«4431303E+15
«5130747E+15
«5765292E+15
«6213766E+15
+6445786F+15
«6445849E+15
«6213938E+15
.5765502E+15
«5130939E+15
«4431482€+15
«3747151E+15
«3022527L+15
«2276098L+15
«1523425L+15

15
«1147588E 415
<1703505F +15
«22467T1E+15
J2766718E4+15
.3251343E+15
.3740841E+15
.4180886E+15
«4490603E+15
«4650573E+15
«4650614F +15
+4490709E+15
.4181019C+15
«3740960E+15
.3251456E+15
«2766824E+15
22469026415
«1703949E+15
W1147714E415

«2000000E+01

«0000000E+01
.1ooooooE002
«1400000E+02
«1800000E+02
«2250000E+02
«2750000E+02
+3250000E+02
«3750000E+02
«4250000E+02
.47500005002
05250000E‘02
«5750000E+02
«6200000E+02
«6600000E+02

«1000000E+02
.1400000E°02
«1800000E+02



11T

VDNV S W~
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—O VONC &S WN -~

Yt bt ot et Pt Gt Gt
o~ WN

POICK DENSTITY

1
e 74171974F =12
«127249H6F=0]
«174757RE=0]
«2334n85E=n]
«3008759F =0
«5463631E+00
«6310000F+00
«6G13727E+00
«7221031E400
«7226931F ¢1)n
«6913414E+00
«6309436E+00
«5462927FE+00
«3009223F=01
«2333551E=01
«1747174F=n]
«1224692E=N1
«T470042E=02

4
«55NYN6TE=0)2
«9EBT1492E=N?
«1381981E=n1
«1845718E=01
«2276792E=11]
«4372194E+00
«451051E+00
«5468099E+0)0
«BT1B6T1E+NN
«S57T19631E+00
«S461981E+N0
«49908y3E+n0
«43218B7T7E+y0
«2316544E=01
01849464E=01
«1381802E=01
«9686290E=y2
«S908373E=02

2
¢ 7302145E=02
:120“?86?'01
«1721900E=01
222973792E=01
22901601E=01
«5383433E40p
.621’360E000
«6812211E«0p
<712 912E+0p
.71£)812Eono
<6811911E+00
«621n818E+00
«5382787E+00
<2901086E=01
<2299279E=0]
«1721516E=01
s1208707E=01)
.73ooaaoE -02

7
#5333326E=02
.874!189E-02
<1247173E=01
+1669537E=0]
-21#“6215-01
.39016=7Eooo
<4541717E+0Q
<49347¢a€+00
<5157935E+00
-515/917E000
.693#712E000
+45045€7E+00
+39,14S5E+00

c21444€0E=01
+16693€5E=01

212470€0E=01
«8742495E-02
+53329€5E-02

(MWT/LITER)

3
« 7144972 =02
0117138"—"‘-01
«167)1113k-0]
«2231962F=01
«2874257E <01
«5224821t 400
«6034135c400
,6611“265000
«6911018K+00
069159232 +00
06611148E000
«6033635E4+00
05224201E000
!2@73785t-01
02231492E-0]
«1670765¢c=01
.11711355-01
«7143378k=02

A
«h696769E=02
«7698535E~02
«1097917E=01
«1465876E~01
«1887167c=01
«34362R3E40¢
«3966074E+00

«4343750E+00
«4539704E400
+453970kE+00

«#343750L400
«3966014E+00
«3436187L +00
«1887085E-01
«1465781E=01
ol 097865('-"01
«76983p1E 02
«4696701E~02

4
«6R25285F =02
«1118975k=01
«1596343E=0)
«2132093K=01
2745649t =01
«4991330E+00
«5764380E+00
«6315799E+09
«6601968E+00
«6601887E+n0
«6315562E+00
«5763948E+00
«4990792E+00
02745240L=01
«2131684E=01
«1596042E=01
«1118762E=01
«6R23955E-02

9
«4016100E~02
«6579977E=02
«9378096E=02
«1251306E-01
+1610059€=01
«2937163E+00
«3387552E+00
«3708415E+00
«3R74834E+00
«3874851E+00
«3708459E+00
«3387564E+00
«2937152E+00
«1610041E=01
«1251275E=0]
+9378060E=0?
«6580097E=02
«4016245E=02

5
«6410210E=02
«1050923E-01
0 1699247E=01
«2002392E-01
«2578606E=01
+46BB1R3E+00
+5414088E+00
+5931862E+00
«6200573E400
«6200512E+00
+5931682E+00
+O413743E+00
«4687751E+00
+2578275E-01
+2002056E=01
«1499004E=01
«1050754E=01
«6409184E=02

10
«3312926E=02
«5420507E=02
«7711491E=02
«1027037E=01
«1319410E-01
«2416902E4+00
«2783130E4+00
«3043728F+00
«3178804E400
«3178830E+00
«3043797E4+00
«2783187E+00
«2416944E 400
«1319432E=-01
«1027047E=01
«7711760E=02
«5420845E =02
«3313202E=02

«2000000E+01
«6000000E+01
+1000000E+02
«1400000E+02
«1800000E+02
«2250000E+02
«2750000E+02
+3250000E+02
«3750000E+02
042500005‘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
+2250000E+02
«2750000E+02
«3250000E+02
«3750000E+02
+4250000E+02
+4750000E+02
«5250000E+02
«5750000E+02
«6200000E+02

6600000E002
«7000000E+02
«1400000E+02

+7800000E+02
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11
«2619476E=~02
«4269484E=-02
«6034392E-02
«7992830E=02
«1021864E-01
«1890052E+00
«216HB6TE* 00
«2366901E+00
0 2469460E+00
«2469486E+00
«2366971E+00
«2168937E+00
«1890115E+00
«1021904E=01
«7993109E=~02
«6034768E=~02
0 4265892E=(2
«2619799E=02

16

0.
0.
0.
0.
Ne
0.
0.
0.
0.
0.
0.

OO ODUITOOODUOOOOOOOO
.

12
2199684 6E=02
23184187E=02
“haP3Be5E=02
.57o3869€-02
<7253191E=02
s1374107E+00
-1504407E000
+1699349E4+00
-17b9207Eooo
.170“2258000
-1699403E000
.15604675000
<13741€5E+00
.7253606E =02
<5704173E=02
“4424231E-02
©3184554E-02
<1997180E-02

17

13

+2000000E+01
0600000°E0°1
«1000000E+02
+1400000E+02
«1800000E+02
+2250000E+02

«2750000E402
«3250000E+02
+3759000E+02
.4250000E002
<4750000E+02
«5250000E+02

«5750000E+02
+6200000E+02
+6600000E+02
+7000900E+02
«7400000E+02
<7800000€E+02

POWER PRODUCTIAON FRACTIUN FOR EACH LONE

PFRACE 4972777
PFRACS 4013610
PFRAC= 4013609

PFRAC= 04000000

0.
0.
O
0.
0.
0.

0.
0.
0.
0.
o.
0.
O
0.
0.
D
O

14

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

15

«2000000E+0U1
«5000000E+01
«1000000E+02
<1400000E 02
«1800000E+02
+2250000E+02
«2750000E¢02
+3250000E+02
+3750000E+02
«#250000E¢02
$4750000E+02
«5250000E+02
«5750000E+02
4620000002
+6600000E+02
«7000000E+02
«1400000E+02
«7800000E +02



1T

THESE ARE THE AVERAGE BURNUP RATES+IN MWU/TONFOR EACH ZONE OVER THE PREVIOUS CYCLE

CELT=
FUEL
FUEL
FUEL
FUEL

ENIX EXA
ARCH=RUR

100,00 DAYS

MASS
MASS
MASS

MASS

IN SHORT
IN SHORT
IN SHORT

IN SHORT

polaV

FEFYEL

TONS= 1,879
(ONS= 940
1ONS= L9640

TORS= 0,000

AVG, BURNIIP IN MWI/SHORT TONs 15554442

AVGe BURNIIP IN MWO/SHORT TON= 408437

AVGe BURNUP IN MWO/SHORT TONs 408435

AVGe BURNUP IN MWD/SHORT TON= 0400

GRNUP / ARGUANE CODE CNTR SAMPLE REACTOR

MATERIAL INVENTORY (KILOGRAMS) OR EACH ZONE

—

OWVONOUV&HWN -

MATERTAL

IRON
CROV
NICK
NA
PLA
PLR
uz38e
oxy
FPR
He10

ATOMIC T,

55,851
52,010
58,719
27.99;
239,13n
240,13y
238,121
160,060
119.679
10.010

JUNE 1
«BUO4E«04 LITERS
"T.482E402
1.793E+02
1€2b5§002
3290)?002
64,490k +02
1,01«f+92
9,274E+02
2.29dE+02
1.409E+01
6.AusE+00

LZUNE 2

«402E*03 LTTERS

3.741E402
8.958E 401
6.323E+0)
1.954E402
2.017E400
5.,204E<03
8,919€402
1.146E402
1.882E«01
Ve

ZONE 3
«402F+03 LITERS
3.741E402
8,958E4+01
64323E+01
1.954F+02
2.017E+00
5,204E-03
8.,519E+02
1.146E+02
1.882E=01

0.

AVG, BURNUP IN MWD/METRIC TONs 17109,87

AVG. BURNUP IN MWD/METRIC TON=z
AVG, BURNUP IN MWD/METRIC TON=

AVG, BURNUP IN MWD/METRIC TON3

ZONE &
«143E+04 LITERS
1.086E+03
2.600E+02
1.835E+02
1.051E+03
O
0e
O
e
LD
0.

449.21
469,18

000



211

BURNABLE
ISOTQPE
110,

e wn -

BURNABLE
ISOTQPE

BURNABLE
I1SOTOPE
MO

o Bl N

MATERIAL
NO.

oV~

MATERTAL
NO L)

oo~

MATERIAL
1o

20V~ WU

L ONE

RANE

PUA
PUB
U238
FPR
Helg

L UNE

NAVE

PUA
PUR
ti23g
FPR
Help

£ UNE

NANE

FUA
rye
u238
PR
B8=10

1 FLaX

ATOM
DENSITY

24034E<p3
37161E-04
2:918E-03
B8.867E«)5
55089€=04

2 FLX

ATOM
DENSITY

1:263@-"5
3.246E=98
5.358E=n3
22369§-n6
0.

3 FLuX

ATNM
DEMSLTY

1.263t=15
3.2“6?'08
§.358E=n3
2:369?-06
0.

=2.5938E+15

FISSION
RaTE

7.894F+18
2.670E+17
3.116E+17
Oe
0.

=1.1089E+15

FISSION
RATE

1.114[016
Se306E412
1.074E#])7
0e
0.

=1.,1088E+15

FISSION
RATE

1.1165‘16
Se306F 12
1.074E+17
Oe
Ne

VOLOMF S840425E+02 LITERS

ABSORPTION
RATE

9.694E+18
5.097E+17
l.667E+18
‘.353E017
2.““9E018

SIGMA
FISSION

1.860E+00
4,049E-01
5.119E=02
0
0

VOLIIME =440212E+02 LITERS

AdSORPTION
RATE

1.4273E+16
1.179E+13
T.151E+17
2.183E+15
0.

SIGMA
F1SSION

1.978E+00
34666E=01
4,495E=02
0o
0.

VOLUME =4.0212E+02 LITERS

ABSORPTTON
RATE

1.623E‘16
1,179E+13
7.151E17
2.103E+15
0.

SIGMA
FISSION

1,978E+00
3,666E=¢1
4 ,495E=02
0.
0.

SIuMA
ARSORPTION

2,284E+00
7,730E-01
2,739E~-01
2,353E400
2,307E+00

SIGMA
ARSORPTLON

2,527E+00
8,146E=-01
2,793E-01
2,067E400
2,696E+00

SIGMA
ABSORPTION

2,527E+00
8,146E=01
2,993E=01
2,067E+00
2,696E400



STT

L 0O NE 4 FLUX =3.2600E+14 VOLUIMFE =1,4326E+03 LITERS
BURMARLE MATERTAL HAME ATOM FISSION ABSORPTTON SIGMA SIGMA
ISOTCPE MO DEMSITY RATE RATE FISSIOH ABSORPIION
MO,

1 5 FUA 0. 0o Ve 2.019E+00 2,612E+00
2 6 rYUp 0. 0. 0. 3.532E-01 8,292E-01
3 7 ”238 0. 0 O 6.277E-02 3.082E-01
4 9 FPR 0% 0o 0. 0o 1,967E+00
5 10 li=10 0. 0o 0o 0o 2,833E+00

KZ7 1 8REDRT(KZI= 41644

KL= 2 BREDRT(KZ)= <0625

K£= 3 BREDRPIKZY= <0625

KZ= 4 BREDRT(KZ)Y= 020000

8RFEECING RATID = .2R94



KNT
NRFf 6

NRF.I°¢

KLAPS

It
NECO

116

<

AX
[

LAST

—
O OINIIAS WN —

-—
LV

13
14
15
16
17
18
19
20
21
22
23
4
Z5
26
a7
28
29
20
3
32

34
35
36

# ¢ 8 o o IFFUEL BETWEEN BURNUP INTERVALS 1 ANQ

PURNUP THTE"VAL JOST CoOMPLETED

Ne OF REGTIMS REQALIR(NG REFUELING

REFHEL CUNT 0L ROD% NORING REFUELING (0/1=NO/YES)
RFECION COLLAPSE OPTION (0=N0 , N=NOOF COLLAPSES)
Maxe NO. OF RURIUP THTLRVALS TO BL AMALYZED
PinCH aPTION FOR IMPUTTTC ECONOMICS CODF

litala ¢RON FIRST NECOP CCLLAPSES VILL HE PHNCHE()

= 99606

LENGTH OF SURNNP IMTERVAL 100.0 ULAYS

CLEAN FIIFL ATOM DENSITIESsIINg(I)

10=11 113 0 CLEAM UENSITY= 0.0000000
t0=11  I1= & CLEAN DENSITY= 50127330
to=y1 I1= 1 CLEAn UENSITY= 0100330
10211 I11= 2 CLEAN LERSITY= $0025797
to=11 Ii= 3 CLEAN DENSITY= 50016131
10=11 I1= 5 CLEAN DENSITY= 10021241
16511 I1= & CLEAN LENSITY= 0003022
to=11 1I1= 7 CLEAN ULENSITY= 760029357
10=11 I1= 9 CLEAN DENSITY= 0.000G000
10=11 I1= 8 CLEAN DENSITY= 50107300
10211 I1=10 CLEAN DENSITY= 20005000
10=12 11= 0 CLEAH DENSITY= 050000000
lo=12 1I1= 4 CLEAM DENSITY= (0127330
10=12 T1= 1 CLEAN DENSITY= 350100330
t9=12 I1= 2 CLEAN BENSITY= 0025797
10=12 [1= 3 CLFAN UDENSITY= <0016131
tn=12 11= 5 CcLEan LENSITY= 050000000
10=12 11= 6 CLEAN UVENSITY= 035000000
1n=12 11= 7 CGLEAN LDENSITY= 0053735
10=12 11= 9 CcLEAN DENSITY= 0500000C0
11=12 11= 8 CLEAn DEASITY= 30107300
10=13 I1= 0 CLEAM NENSITY= 050000000
In=13 11= 4 cLEAn DENSITY= 50127330
10=13 11= 1 CcLEAN NDEASITY= .0100330
tu=13 11= 2 CLEAM UENSITY= 10025797
10=13 1I1= 3 CLEAN DENSITY= 0016131
16213 11= 5 CLEAN DERSITY= 0.,0000000
10213 I1= 6 CLEAN DENSITY= 0.0000000
10213 11= 7 CLEAH DENSITY= <0053735
10213 I1= 9 CLEAN BENSITY= 050000000
10213 I1= 8 CLEAH DENSITY= .0107300
lo=14 I1= 0 CLEAN OENSITY=z 050000000
to=34 I1= 1 CLEAM HENSITY= Co0081738
lto=y14  I1= 2 CLEAN UENSITY=  .0021016
tn=14 11= 3 CcLEAN UVENSITY=z 50013142
10=14 11= 4 CLEAN DENSITYs 0192200

2 # & & a4

D et e )



I=

I=
I=

1=

I=

& WN -

HEFUELIMNG DATA FOR RURNLP INTERVAL 1

REGIN!I REFUFLIIG
FRACTIONS

1 250001

2 +5000v

3 «5000n

ELEMENITS IRYRNABLE

1 VALUES T

REGION
RFGINON
REGIOH
REGIOH
REGION
REGIOI
REGINN
RFGIO
REGINY
REGINY
RFGION
REGING
RFEtLTOMN
RFI3IOM
RFGINM

AvG FLUX U5ED It PREVIOLS EIGUHT NJRNUP INTEPVALS, PHI(TeJ)

ELEMINT
rLemint
CLEMENT
CLEMINT

SN U

Mol ARRAY

BUPY
BURN
BURN
HSURN
RURN
HURN
'1JRN
BUR®
RIIRN
BURH
RUPN
RURN
BURN
HURN
BIRN

W WWwWwhMN NN N e e

FHI( 19J) PH1 (
025547 +1A
«10RGSCe1 "
«1URG4t e 15
«320540«15

MO.OF INTERVALS
RETWEE( REFIELINGS

ISOTOPES)

PUA
PUR
uz23s
FPR

1

1
1

T0 RE ReFUFLEL IN THE ABOVE REGIOMS

THAT ARE HURNARLE ISOTOPES

180
Iso
I1so
Iso
Iso
1s0
Iso
150
Iso
I1s0
Iso
IS0
I1so
1s0
Is0

MO,
MO,
NO,
NO,
MO,
HO .
to,
NO,
1o,
NO,
Ho,
NO o
to,
MO,
Ho,

N2 WN=—NEWNN~U &S WN -

E(FYENT
ELEMENT
ELEMEMT
ELFMENT
ELEMENT
ELEMENT
FLFMENT
ELFEMENT
EI.EMENT
ELE4ENT
ELFHMENT
ELEMENT
ELEMENT
ELEMENT
ELEMENT

MO
MO o
NO o
oY
NOe
D e
e
e
HO .
Do
MO
[ [a 2
tHO e
MO e
ilNe10

—
Vo O~NO N

.-
OW~NIPU0 O~

117



8TT

LUNE. GRODY AVLRAGED ABSORPTION X=SLCTI(14S F0n HURNABLE 1SOTOMESs ARXS (TeJsK) K=KLITersT

BURNUP INTFRVAL r.= )

REGION 4

«2272E4+01 «TTN9E*NU 227271400 2367F .P288¢E +0]
REGINN 2 : .

«2521E+(1 JAI36E*uyU  +2987L4CO 2074E+N01 C260TE 401
REGIun 3 :

«2521E+01 «813KE+(0 2987400 «20T4E*v1 PHBTE+Q]
REGIUN ¢ - -

22603E401  LH27AE+00  3073E4CO0  L1977Eeul  +2319€e0]

LUNE. GROUP AVEPAGED FISSION X<SECT FNR BORMARLE ISOTOPESS FIXS(IeJeK) e K=KLNT9KNT

BURNUP INTERVAL K= 1

REGIUN

«1885E401 «4068E+N0 «5149L=C1 0, 0,
REGION >

«1975E+01 «3676E*00 +45]10E=01 0, 0.
REGION 3

«1975E+(1 «3676E%n0U «4510E=GC1 0, Ue
REGION 4

«2015E+(] «3545E+00 +4294L.=C1 0, 0.



61T

REGIOH DISCHARGE AMD CHARGE &ML IN1DYIAL COMPUSITION FOR MEXT BURNaP INTERVAL

REGION )

ELEMFNT

CDPDONTTUVWN — &

—

REGION 2

ELEMENT

NDONCAWN =—-p

RFGION 3

ELEMENT

I NN =

D W

VOLOME=8.0425F+02 LITERS

NDISCHARGE FRUM BRI 1

ATOM DEMS

N QLOCOUES
Ve 00L00DUY
0,0000000
0,00000u0
«0010171
0001580
« 0014591
«0NN0443
0.0000000
0,000000v

MASS(KG)

r\'.
l).
0.
0.
3.72478F+02
5.0676E+01
446392E402
T045GE*00
0.
04

VOLUME=6.0212F+02 LITERS

NISCIHARGE FROM RI 1

ATO LENS

n.0000009
g, 0000000
0.nC00O00
U,0000000
«0000063
«000CV00
(026792
0600012
0,0000000

MASS (KG)

¢,
0,
0.
0.
1.0084E+00
£,6020E=03
4,2594E+02
9,4096E=02
Al

VOLMME=4,0217F 02 LITEFS

NISCHARGF FRUM I ]

ATON LIS

01,n000000
Netlubiogue
0,0J0C00¢0
L. 000B0QLD
S NONC63
S UONAUN
JNGP26T 32
.0000012
N.0uLBONL

MASS (KG)

n.
'Jo
(U
Uo
l.0nBaE*0C
2.,6019E=03
4.2594E402
9,4092E=02

CHARGE FOR BI 2

ATOM DENS

Ve00000C0
L.CGUO0OOV
0.000000n0
UeGO0ODOY

«0016621

«0001511

«0014678
Ved000000
0ev000000
040000000

CHAHRGE
ATOM DENS

Ve00GO0OOY
0.000GouD
Ue000000C
tevo0co00
be00UCOLUY
0.0000000

«0026H6H
Ue0000000
G.0000000

MASS (KG)

0,
Go
U
U,
3.3912€E+02
4,B449E+0)
4,66T2E+02
0,
0.
0,

FOR 81 2

MASS (KG)

CHARGE FOX RYI 2

ATOM DENS

tev00000C
He.0C0CO0V
Le000COULU
GeOUOOOO
OeCO0GCONOO
Ceu0COOVU

«L02685k8
UeCOUOQUU
VeliUGCOOV

MASS (KG)

0.
0.
0.
o,
0.
0.
4,2714E%C2
o,
0,

INITIAL COMPOSITION BI 2

ATOM DENS

«N12733C
«0160330
«0025797
0016131
«0020792
0003091
«0029269
«0000443
0107300
«0005000

MASS (KG)

3.9088E+02
7.4822840°2
1.7916k 02
1,2646E+02
6.6391E+02
9.9125E+01
9,3064E+02
T+.0450E+00
2.2924E402
b,6831E+00

INITIAL COMPOSITION HI 2

ATOM DENS

0127330
«010033¢
«0025797
«0016131
«0000063
«0000000
« 0053660
«000001e
0107300

MASS (KG)

1.9544E+02
3.7411E+02
8.9578E+n1
643230E+01
1,0084E+00
2.,6020E=n3
8,5308E+02
9.4096E=02
1,1462€+02

IMITIAL COMPQSITION 81 2

ATOM OENS

.0127330
«0100330
«0025797
.0016131
«0000063
«00C0000
0053660
0000012
«N10730L

MASS (KG1

1.9544E402
3.7411E+02
R,9578E+n1
643230E+0]
1.0084E+00
2.6019€=-93
B.5308BE+0n>?
9,4N92E=02
1.1462E+07



0zT

REGTCH 4 yOLUNE=1.4320E403 LITERS

ELEMENT NISCHA!GE FRUM BI 1 CHARGF PR RI 2 INITIAL COMPASITION RI 2
ATOM DENS MASS (KR) ATOM vEns MASS (KG) alnr OFAS MASS (RO)

1 0e0CHYONS Ve ~d0@0icto Oe «)0R1738 1. 085RE+(Q3

? 0.00ry00t 0. £.0000000 0 «0021016 2,5998E+02

3 0.0000009 Se J.00C0000 0. «0N013142 1.8352€+02

4 0.005000% 0° £.0000000 0e «0192200 150510E+03

INPUT ATOM DEMSITIES (I2 8LOCK) FOR BURNUP INTERVAL 2

1= 1 Io=11 I1= o 12(I) = 0,0000000
1= 2 Ie=11 I11= ¢4 12(1) = 0127330
1= 3 10=11 11= 1 12(]) = .0100339
1= 4 10=11 I1l1= 2 12(1) = 0025797
I= 5 Ig=11 11= 3 12(1) = 40016131
= 6 Io=11 I1= 5§ I12(1) = 0020792
= 7 I0=11 I1= & 12(1) = «0003091
1= 8 Io=11 I11= 7 12(1) = «002926%
1= 9 Ig=11 I1= o I12(1) = «G000443
=10 I0=11 Il= & 12(1) = .0107300
s 11 In=11 I1= 1¢ 12(1) = 0005000
= 12 Ir=12 I1= »r 12(1) = 0,0000000
1= 13 Ip=12 I1= 4 12(7) = 01&£7330
= 14 In=12 I1= 1 12(1) = .0100330
1= 15 In=12 I11= 2 I12(1) = 40025797
I= 16 Ip=12 I11= 3 12(1) = +0016])31
1= 17 In=12 I1= 5 I12(1) = «0000G63
= 18 Ip=12 I11= 6 12(I) = e0Q0ULO0
1= 19 In=12 11= 7 I2(1) = 005366V
= 20 In=12 I11= 9 I2(1) = «000UG]E
=21 Ip=12 Il= & 12(I) = «Cl07300
1= 22 Ie=13 Il1= o I2(1) = O.u00OLOO
= 23 1y=13 I11= 4 I12(1) = 44127530
1= 24 In=13 I1= ) I2(1) = +Gl0US30
I= 25 I0=13 I11= 2 I12(1) = 40085797
1= 26 In=13 I1= 3 12(1) = 0016131
1= 27 ip=13 I1= ¢ 12(1) =  <00V0LEY
1= 28 In=13 I11= ¢ 12(1) = 0000000
= 29 Ir=13 I1= 7 12(1) = 6053660
= 30 Tn=13 I11= 9 12(1) = 000UL)E
=31 Ig=13 I1= 8 I2(I) = 0107300
1= 32 10=16 Il1= ¢ 12(1) = 0,000006CV
I= 33  Iosle Il= 1 12(1) = 0081738
= 34 Iop=14 Il= 2 12(1) = 0021916
1= 35 Ig=14 I1= 3 I12(1) = +601314c
1= 36 ic=14 11= 4 12(1) = .019cect



1T

HEGTOH COLLAPSED THFORMATIOM FOM! CLEMENTS T 1E REFNELED

FEGICN COLLAPSE Nu.
VCL AFTER COLLAMSE =844"2SE+02

tLEMENT

D O~NIT T

DISCH4RGE
ELEMEMT )
ELEMENT >
ELEMENT 3
ELEMENT &
ELEMENT 5
ELEMENT &
ELEMENT 7
ELEMENT  #
ELEMENT 9
FLEMEMT 1o

FROM

ToMPNSITION AT END

R

IROM
CROM
MICK
MA
PUA
PUK
1234
0Xy
FIR

R-1¢

4.0336E+0
l+D4rRES})2
1-7938F 3
3.7638E=11
0.

1y CHARGF FOR #I

1 FRiIM KEGIONS

<

n 3
LITERS
DISCIIARLE F o4
BRI 1s K&,
2+01AHE+l1Q
8e2039E<N3
AT51R9E + 92
l:.‘)ﬂ]‘)t—(l]
0.

AND INIT1aL CoMmMPOS, FOR BI

ToTAL
rovat
TOTAL
TOTAL
TOTAL
roTaL
TovaL
ToTAL
TOTAL
TOTAL

& -]

DISCHAKULE = Qe
DISCHARLE = Coe
DISCHAKGE = 0.
NISCHARGE = Q.
DISCHARGE = 3.26Kh0k*(2
DISCHAKRGE = 5.06K1E«C]
DISCHAPGE = 1.3]158E+(3
NISCHARGE = 0.
DISCHARGE = T.233cE+c0
DISCHARGE = (o

¢ @ PHENTIR

&

CHARGE FOR
BRI 2y KG,

0.
0.
8e542BE+07?
0.
0.

TOTAL
ToTAL
TOTAL
TOTAL
TOTAL
TnTAL
ToTAL
TNTAL
ToTAL
TOTAL

&% -]

CHARGF
CHARGE
CHARGF
CHARGF
CHARGE
CHAROLF
CHARGE
CHARGE
CHARGF

CHARGE

INITIAL COMPOSITION

2

FoR RT

Pe0168E+00
S5e2?039E=03
1.7162E+03
1.81319E=01
0.

IN KILOGRAMS

0.
0.
0.
0.
3.3912E+pc
4.8449E+0]
1,3210E+03
0y
0.

0.

2y KGo

TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL
TOTAL

TOTAL

MASS
MASS
MASS
MASS
HASS
MASS
MASS
MASS
MASS

MASS

IN
In
In
In
IN
IN
IN

INn

IN

REACTOK
KEACTOK
KEACTUK
KEACTOR
REACTOK
REACTOK
KREACTOR
KEACTOK
KEACTOR

HEACTOH

2,5822E+03
6.1829E+02
443643E%02
1.,8327E+03
6.6592E+02
9,9130E+01
2,6368E+03
4,5849E+02
742332E400

6.0831E400



