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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.
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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 30,0000 to 27,000~" words.
The buckling correction option is made available by use of the

newly added control word BUCK (on control Card 8). If BUCK is input
as 0.0 (or left blank), no buckling correction is made. If BUCK > 0.0,

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

AN EQUAL OPPORTUNITY EMPLOYER



for each group g.

the code discussed previously.

a. If 0.0 < BUCK < 1.0, BUCK is

for all groups g and regions

b. If BUCK > 1.0, it is assumed
reactor and the buckling for

computed as

3.1416
BUCK + 270.71

2
used directly as B T, the same

to be the buckling height of the

each group g, and region I is

to give the group/region-dependent buckling.

In both cases, the buckling correction consists of adding the quantity

B T to the macroscopic absorption cross section in each region I

g.I

P X
—is computed as 1.0/ SE6
I tr

New Input Format

(This quantity is also subtracted from the macroscopic

self-scatter cross section to maintain the correct total cross section.)

This section specifies the new input required for the additions to

original version of the code (Table I).

Card 5 (Now becomes 916 format)

IBUMAX Columns 49-54

Card 8 (Now becomes 3E12.4 format)

DAYST Columns 13-24

BUCK Column 25-36

All references to card numbers are to the

The number of burnup intervals
to be performed during this
run.

The time in the fuel-cycle
analysis when this run begins.
Buckling, CM 2 (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 3El2.

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
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-k** after
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 firstburnup interval.

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

4, An NCON, DELT card (Card 26) with NCON< 0 and DELT

0.
5. A PV, EV, EVM card (a new input card) for burnup interval 3.
6. Repeat Items 3 and 4 from above, i.e.. Card 26
7. FINISH card (Card 37).

This procedure is repeated for up to IBUMAX burnup intervals.

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

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

R. Douglas O'Dell and Thomas J. Hirons

ABSTRACT

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

code for use with fast reactors.

The 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 kejf calcu-

lations or searches on material concentrations or on region dimensions
can be performed at any time during the burnup history, using the standard

source iteration technique.

The refueling option of the code accounts

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

of fuel discharge.

All programming is in FORTRAN-IV, and the storage re-

quirements are designed so that the code fits in a 64k memory of a CDC-6600

computer.

I INTRODUCTION

This report describes the two-dimensional
diffusion-burnup-refueling code, PHENIX. The math-
ematical models are described in Sec. II, and users'
information is given in Sec. III. A basic code
flow chart, the source-deck 1listing, and a sample
problem are presented in Appendices A through C,
respectively.

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-
Northwest Laboratory code.'*"

Eigenvalues are computed by source-iteration
techniques, with group rebalancing, successive line
overrelaxation, and fission-source overrelaxation
used to accelerate convergence. Variable dimen-
sioning is used to make maximum use of the fast
memory available in the computer. In addition,
only one energy group is treated at any given time,
so that the storage requirements are relatively
insensitive to the number of energy groups being
treated.

The code searches on material concentrations
and region dimensions to achieve a desired value
of kett Concentration searches can also be per-

formed during the burnup, if desired, to account

for fuel depletion. Following burnup, any or all

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 cross sections, geometry specifications,
and material compositions) is, for the most part,
similar to the Los Alamos Sn codesz’3 DTF-IV and
2DF, as well as to 2DB.

II. PROGRAM DESCRIPTION

A. Formulation and Solution of Difference
Equations
1. Neutron Balance Equations. The time-

independent multigroup diffusion equations can be

written
D V2 —<£x®» + S =0 '
g g g g g
g =1, G (1)
where
G = the number of energy groups,
g = energy group index (g = 1 denotes
highest energy group),
¢ = group flux,
g cr
D = diffusion coefficient ( = | /3),
g g



I = removal cross section,

9
G
2 18" 8
= Zg + y
g'=g+l
la = absorption cross section,
g
£ (g g') = down-scatter cross section from
group g to g',
S = neutron source rate,
g9

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

inscatter source term from higher energy groups,

s g) *g

where
= fission fraction,
= effective multiplication factor,

fission source rate from neutrons in

group g.

(vEf)

g g

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

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

integration of the removal and source terms of Eq.

1 yields

X AVbdi-A o,

i.g

and

X S (1,3) av = (S V). . )
1.3

where * is the mesh subvolume associated with
the (i,Jj)th mesh point. In performing the sub-
volume integration on the leakage term, Dg * 4 >

we can apply Green's theorem:

av (5)

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

tion at point (i,j) yields the basic difference

equation (dropping the group index for simplicity)

"r1-1,] - *1,1> + < «>!,1+1

<*1+1,J - h.) 7+ <N «>],]1-1 <*1,1-1 - »!,]>

+ <Mrt)JjJg+l (*1-:|+1 - 4°~) - <E' * V)M
+ <sv>, , =0 , (6)
-LtJ
MATERIAL ~ MATERIAL
— IR i-——- REGION REGION
M3 M4
MATERIAL  MATERIAL
REGION REGION
ii+i M, M2

i'i.J |.j I+u

Fig. 1. Mesh grid and mesh point configuration.



where, referring to Fig. 1,

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

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

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

V1.i (5Ri + 5Ri-1)
i= —*+

6R _ + D, . 6R.
1,1 i-1 i-1,1 i

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

A
where
(9)* = the flux at one of the four mesh points
adjacent to the point (i,3]),

cf£’'j = DA/E (8)
4

r. = (2r V). ~7 ¢ . (9)

i1 1,1 / " 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 0, out-
side the left boundary. Since zero flux gradient

at the left boundary implies symmetry, the pseudo

mesh interval is the mirror image of interval 1.

eeeees REACTOR BOUNDARIES ---wemeoremeee -

I o—
‘ N
|
0 2 i Mmoo
P
“Ro “R| grim 071X

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

ference —(l = 0 is not possible in the code
~ 1>J

>J
because (g * does not exist.)

In the simplified
form of Eq. 7, therefore, a zero flux gradient
boundary condition is treated by setting the appro-
priate - 0.

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

The flux vanishing condition requires that we effec-
tively place an additional mesh point (IM + 1,3j) a

distance of 0.71 \tI to the right of the reactor

boundary and requige that the flux j at that

point be zero. From the second term of Eq. 6 (with

i = IM) , the flux difference is merely -d)TM ) and,

further, the distance | between the IMth anc’iJ (IM+1) st

mesh interval is 0.5 GR%?[ + 0.71 A:f In the simpli-

fled 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 in the denominator equal to
DA

0.5 6R + 0.71 Atr

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, FSDQ, is



calculated. For group 1, the source term (S.V)

is computed for each mesh point, and a set of Y
coupled, inhomogeneous algebraic equations of the
form of Eq. 7 is produced. The set of equations
is solved iteratively by systematically proceeding
through the mesh. Each use of the entire set of
equations is called an inner iteration (or mesh
sweep) . Several inner 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, FSDg 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)->- for
The group 2 equations are then ;t;ra—

group 2.
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, FSDQ, 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, is
then obtained as the ratio of the new total fission
source rate to the previous total fission source
rate where the total fission source rate is merely
the volume-weighted sum of the fission source
distributions

Before beginning a new outer iteration, the FSD
is effectively multiplied by 1/X (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 X. From these, another FSD is
computed and another outer iteration performed. As
this procedure continues, the value of X approaches
unity, and the problem is converged when |1 - X| <
EPS, where EPS is the eigenvalue convergence cri-
terion, an input parameter. The value of for

the reactor is simply the product of the successive

X'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
The fluxes are then overre-

a column at a time.

laxed using the extrapolated Liebmann scheme,

,V+1
+ ORF (10)
where
GV = the group flux calculated in the vth inner
iteration,
v+l ) )
<Pkr = the group flux just calculated in the
(v+l) inner iteration before overrelaxation,
ORF = overrelaxation factor,
(fi*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-0 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,

FSDn+l = FSD" + ORFF ¢+ IFSD”1 - FSDn] , (11)



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 (S V).

g i.J
This rebalancing is performed immediately before

over all mesh points,

the series of inner iterations for the group is
begun. With group rebalancing, a one-region reac-
tor problem with zero flux gradient boundary con-
ditions would be solved in one outer iteration.
B. Search Options

1. General Operation of the Search Routine.
It is possible in PHENIX to adjust material concen-
tration or reactor dimensions to achieve a desired

value of k (The desired value of k £4 is input
e e

££
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
k~*~-type calculations, each for a different value
of the desired parameter, to find the value of the
desired parameter which makes X (described in Sec.
A.3) equal to unity.

For the initial system, the sequence of outer
iterations continues until two successive values of
X differ by less than the parametric eigenvalue
convergence criterion EPSA. After the first con-
verged X is obtained, the initial wvalue of the
eigenvalue* (the inp*it quantity EV) is altered by
the eigenvalue modifier EVM, an input number. If
X > 1, the new eigenvalue is equal to EV + EVM; if
X < 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 X's, so that the
eigenvalue approaches kgfj as X 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 X
is computed. Basically, then, after two values of

X (or are obtained for two different system
parameter values, the program attempts to fit a
curve through the most recent values of X to extrap-
olate or interpolate to a value of unity. Depend-
ing on the amount of information available and the

magnitude of |1 - X|, this curve fit proceeds in

different ways. A parabolic curve fit cannot be
made until three converged values of X are avail-
able and is not attempted, even then, unless
|1 - X| 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 X - 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 wvalue 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 o1q * POD ' EQ ¢ (1 -X (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 |1 - X| > XLAH, (1 - X) in Eq. 13 is
replaced by XLAH with the sign of (1 - X) to pre-
vent too large a change in EV. After |1 - X| < XLAL,
the value of EQ is fixed and kept constant to prevent
numerical difficulty in approximating the derivative
when X 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 k
e

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

Nl = N1
input

(1.0 + EV + I41) (14)
The superscript i denotes both the material and the
reactor zone, and 14 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

5
a particular region contains, for example, U and

238
U, the proper enrichment can be determined by

235

2
giving U and 38 U modifiers that differ in sign.

In this manner, when the 235U concentration is in-

238
creased, the U

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

3. Dimensional Search (Delta Calculation). In
applying the search option to the reactor dimen-
sions, the reactor zone boundaries are selectively
modified. Because each radial and axial =zone is
subdivided into its particular radial and axial
mesh, the dimension changes are determined by ad-

justing the mesh widths §r'*' and Sz"' for the ith ra-

dial and jth axial zone by means of the algorithms

= N B
Srl = Sr~(1 + R31 EV) (15)

and

Sz~ = Szjkl + Z3* + EV) . (16)

In Egs. 15 and 16, the subscript 0 refers to
the initial (input) widths. RS$'*' is an input quan-
tity, the mesh modifier for the ith radial =zone,
while Z3%, 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

dNA
-Xi Ni - ®a,i Ni * + Xk \
dt
+ N )0
c,d J
m
] (17)
where
N. = atom density of burnable nuclide i,
= decay constant for nuclide i,
[¢] . = zone- and group-averaged absorption cross
a' section for nuclidei,
A = zone- and group-averaged fission cross
! section for nuclide i,
O . = zone- and group-averaged capture cross

! section for nuclidei,

il = zone-averaged total flux for the 2zone.

The last two sums in Eq. 17 provide for two cap-
ture and seven fission sources of N*, 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 burn-
up calculation. The iterative marchout algorithm
is best seen if Eq. 17 is rewritten in the form

dN

dt G(N,t) (18)

The basic marchout difference equation is then

N(tj) = NU~) +~ (c. 1+ G.) f (19)

where j is the index on time (j =1, 2...... 10),
and 6t is the length of the substep. Equation 19
is transcendental in that N(t.) must be known in

The code, therefore,

order for G. to be known.
5 %

iterates on the N at each substep, using the



iteration algorithm.

NV (tj) = N(t + Gj_1| , (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
NV (t*.), 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 phat 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-
9Pu constituents, each char-

signed four separate

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 Pu 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 relative
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
(i-3) burnup interval. The resulting atom densi-
ties are then used as input to burnup over the
(i-2) burnup interval using the average flux and
cross sections for that burnup interval. This pro-
cedure is continued through the i burnup interval.
The atom densities determined in this manner are
those that resulted from the successive burnup of
clean fuel over the last four burnup intervals.
Because the charge for the (i-3) burnup interval
was only one-fourth of the clean fuel atom density,
the discharge atom densities are merely one-fourth
of the atom densities obtained by successive burnup.

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

This is possible since the burnup por-

tion of PHENIX has calculated the homogenized atom



densities, N*, at the end of the i burnup interval,
as well as the discharge, D*, following the i burn-
up interval, and the charge, CQ, for all burnup in-,
tervals is known. The homogenized input atom densi-
ty for the (i+l) burnup interval, for the

particular zone and isotope is then

N =N, Dy +cC (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 2zone) 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, 2O, MO, K7, 10, II, 12, R2, R3, z2, 23, and
14) are read by the two generalized input subrou-
tines, REAR! (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
REAR! 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 0 to 99. The first column of each field
must contain

0 or blank - no effect (N*= 0),

1l - 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. The input card format is given in

Table I.



TABLE I
INPUT CARD FORMAT FOR PHENIX

Variable Columns Description

Card 1 (1226 format) To run a series 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; if zero, not used

Card 3 (1216 format)

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

0, wvacuum
= 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> ~eff

= 2, concentration search
3, dimensional (delta) search

IPVT 43-48 Parametric wvalue type
= 1, none
= 2, keff
IM 49-54 Number of radial mesh intervals (>3)
JM 55-60 Number of axial mesh intervals (>3)
Iz 61-66 Number of radial zones (delta option only)
Jz 67-72 Number of axial zones (delta option only)

Card 4 (1216 format)

ICM 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

MO1 43-48 Total number of mixture specifications (see cards 17-19)
OITM 49-59 Maximum number of outer iterations allowed
IITM 55-60 Maximum number of inner iterations per group per outer

iteration. Recommended value is 5.



TABLE I (continued)

Variable Columns Description

Card 4 (1216 format) continued

MSHSWP 61-66 Direction of line inversion in solution for the group fluxes
= 1, alternating direction
* 2, radial
= 3, axial
= 4, code decides

ISTART 67-72 Initial flux guess
= 0, none (code assumes a flat flux in all groups)

= 1, <f>(r)*ij>(z) from cards (same for all groups)
= 2, ~(r.zZ3jE) from cards
= 3, (f(t,z,E) from tape
= 4, <j>(r)*<f>(z), sinusoids (calculated by code, same for
all groups)
Card 5 (816 format)
TREE 1-6 Burnup-refuel control parameter

= 0, no burnup
1, burnup only

2, burnup and refuel

NBSTP 7-12 Number of burnup time steps in a burnup interval
IPS 13-18 Perform a concentration search after the final burnup time step
= 0, no
= 1, yes
NPOIS 19-24 Material number of control poison
MWDT 25-30 Calculate burnup in MW4/T
= 0, no
- 1, yes (used only in burnup calculations) Must be set
= 1 then.

IPFLX 31-36 Control for punching flux dump
= 0, no punching
= 1, punch fluxes before burnup
= 2, punch fluxes after burnup

IPRIN 37-42 Print control
1, full print always
2, full print for DAY = 0 only

= 3, partial print always (In a partial print, the cross
sections, group fluxes, and fission source rate are
omitted.)
IDMTPS 43-48 Prepare data dump tape
= 0, no
=1, yes
Card 6 (6El12 .4 format)
EPS 1-12 Eigenvalue convergence criterion, i.e., criterion applied to
the total fission source rate. Typical value is 10~5 to 10-6

for straight keff calculations and 10-* for search calculations.
SRCRT 13-24 Neutron source rate for normalization (not used if POWR is used)

POWR 25-36 Reactor power in MWT for normalization (must be set to zero if
SRCRT is used)

ORF 37-48 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.

FLXTST 49-60 Inner iteration flux test
EP, check convergence of all fluxes using the criterion EP
= Opcode uses EPS as convergence criterion for all fluxes

PV 61-72 Desired parametric value (used only for search problems, i.e.,
IPVT = 2 )



TABLE I (continued)

Variable Columns Description

Card 7 (6El1l2.4 format)

EPSA

EV

EVM

EV2

XLAL

XLAH

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

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

25-36 Initial eigenvalue modifier (search only). This wvalue should
decrease reactivity; i.e., EV + EVM should produce a lower
reactivity than EV. This parameter is extremely problem
dependent.

37-48 Eigenvalue guess for second and succeeding searches

49-60 Lower limit on [X - 1l|. Recommended value is -0.001 (search
only).

61-72 Upper limit on |X - 1]. Recommended value is =0.5 (search
only).

Card 8 (El12.4 format)

POD

Card 9 (A6, 2E6,

HOLN (ML)
ATW (ML)

ALAM (ML)

Card 10 (6El12.5

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.)

.2 format) (used only if IXSEC = 0)

1-6 Identification (name) of first material
7-12 Atomic weight of first material
13-18 Decay constant for first material in days Used only in

burnup calculations.

format) (used only if IXSEC = 0) (Begins cross-section data for first group

for first material.)

C(1,IGM,ML)
C(2,IGM,ML)

C(3,IGM.ML)

C(A,IGM.ML)
C(5,IGM,ML)

C(6,IGM.ML)

Card 11 (6E12.5
C(7,IGM.ML)
C(8,IGM.ML)

C(9,IGM.ML)

1-12 a
c
13-24 af
25-36 a
Stotal
37-48 a
a
49-60 vef
61-72 atr (= atotal)
format)
1-12 °s(g " g) > self-scatter
13-24 as(g - 1 1 g)
25-36 O (g - 2n g)

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

Then repeat Cards 9 through
The format given above

2 5
for the MC code. In this

is started for each group.

11 for all groups in all remaining materials.
is for the Type 2 cross sections (ICST = 2), which is the punched output format
format, the data for each material are punched continuously, i.e

., no new card

Also, and Os” * *~ 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, 0 and a do not appear, and all other cross sections are

c “total

appropriately adjusted in the table 1length. In addition, the data for each new energy group must begin on

a new card.

11



TABLE I (continued)

For both cross-section types, the code checks the input data to ensure that =a + a(g g')
within a certain error criterion. g'

If IXSEC = 1, all data on Cards 9 through 11 will be on tape, and these 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 II block (see Card 18).

Variable Columns Description

Card 12a (6El12.6 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 12c (6El12.6 format) (used only if ISTART = 2)
NO (IMJM) 1-12 Initial flux guess for first mesh point in firstgroup

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

Continue for all mesh points and all energy groups.

Card 13 (6(11.12,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+1l radial boundary positions.

Card 14 r6(I1.I2,E9) format)

Z0 (JM+1) 1-12 Axial position of first mesh boundary (0.0)
Z0 (JM+1) 13-24 Axial position of second mesh boundary (cm)
Continue for JM+1l axial boundary positions. For an R-0 calculation, the 0 increments

should be in fractions of 360°, e.g., 180° = 0.5.

Card 15 [6(11.12,19) format!

MO (IMJM) 1-12 Zone (mix) number for first mesh interval
MO (IMJM) 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(11,12,E9) format)
K7 (IGM) 1-12 Fission fraction (spectrum) for first energy group

K7 (IGM) 13-24 Fission fraction for second energy group

Continue for all energy groups.

Card 17 [6(11.12.19) format]

I0(MO01) 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).

12



TABLE I (continued)

Variable Columns Description

Card 18 [6(11.12.19) format!

Il (MOl) 1-12 = 0 (to trigger storage area for Mix 1)

11 (MO1) 13-24 Number of first material in Mix 1

Il (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 £f6(Il1,I2,E9) format!

12 (M01) 1-12 =0

I2(MO01) 13-24 Concentration of first material in Mix 1 (atoms/b-cm)

I2(MO01) 25-36 Concentration of second material in Mix 1

Continue for all materials in Mix 1. Then repeat the same procedure for all remaining
mixes. Note that the length of the 10, II, and 12 blocks is the same (= MO1l).

Card 20 f£f6(I1,I2.19) format! (used only if IEVT = 3)
R2 (IM) 1-12 Dimensional search zone number for first radial interval

R2 (IM) 13-24 Dimensional search 2zone number for second radial interval

Continue for all radial mesh intervals.

Card 21 [6(11,12,E9) format) (used only if IEVT = 3)
R3(IZ) 1-12 Dimensional modifier for first radial zone

R3(IZ) 13-24 Dimensional modifier for second radial zone

Continue for all radial zones.

Card 22 [6(11,12,19) format! (used only if IEVT = 3)
Z2 (JM) 1-12 Dimensional search zone number for first axial interval

Z2 (JM) 13-24 Dimensional search 2zone number for second axial interval

Continue for all axial mesh intervals.

Card 23 £f6(I1,I2,E9) format) (used only if IEVT = 3)
23 (JZ) 1-12 Dimensional modifier for first axial zone

23 (JZ) 13-24 Dimensional modifier for second axial zone

Continue for all axial zones.

Card 24 [6(11,12,E9) format! (used only if IEVT = 2)
I4(M01) 1-12 Search material modifier for first position in the MOlblock

I4(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 (MO1l) 1-3 Trigger for total fuel mass calculation for first position in
MOl block
= 0, not a fuel isotope
= 1, a fuel isotope

NTRIG (MO1l) 4-6 Same conditions as above for the second position in MOl block

Continue for all positions in the MOl block.



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 days

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

MAIN (NCON) 1-6 Material sequence number (11 number) of first burnable isotope

NBR (NCON) 7-12 Control for breeding ratio calculation
= 0, no effect
* 1, fertile isotope
= 2, fissile isotope

LD (NCON) 13-18 0, no decay source
= N, decay source from burnable isotope N
LCN (NCON, 2) 19-24 = 0, no capture source
= N, capture source from burnable isotope N
LCN (NCON, 2) 25-30 = 0, no capture source
= N, capture source from burnable isotope N
LFN (NCON,7) 31-36 = 0, no fission source
= N, fission source from burnable isotope N
LFN (NCON, 7) 37-42 = 0, no fission source
= N, fission source from burnable isotope N
Continue for other five possible fission sources. Repeat Card 27 for all burnable iso-
topes. Then repeat Card 26 for additional time steps. For these additional time steps,

NCON should be <0. After all time steps have been calculated, a final Card 26 should
be used with NCON < 0 and DELT = 0. This allows the final values of the zone-averaged
total fluxes and cross sections and the final breeding ratio to be calculated and
printed before the problem is ended.

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

Card 28 (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 (I6,F12.5.I6 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 (6Fl12.7 format) [omit if using tape dump (IDMTPS = 1) and KNT > 11

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

HNO (MO1) 13-24 Same conditions for material in the secondposition of the MO1
block
Continue for all positions in the MOl block. (Note: The HNO block is identical to the 12 block

at the reactor beginning-of-life.)

Card 32 (6El1l2.5 format) [omit if using tape dump (IDMTPS = 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 2zone 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)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 wvalues (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(l) 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 wvariable. 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 30,00010 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 (| = <J)(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 ZO 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 IO0/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/I1/I2
blocks are printed in tabular form, along with the
NTRIG block (trigger for MWA/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 wvalue is incremented by the time
step DELT as the specified burnup steps are per-
formed. This output of the mixture specifications
is particularly useful for times other than zero,
since the change in atom density of the burnable
isotopes from their previous values can be observed.

13. Cross-Section Edit: A complete listing by
group of both the microscopic and macroscopic cross
sections is given. The first ML materials are the
microscopic values, while the remaining IZM are the
macroscopic. In the printing of the table length,
position 1 is agi_%Eé? a ; 3 is vaf; 4 is

atr(= 5 is d(g. g). self-scatter; and 6
and all succeeding positions contain the inscatter
cross sections, e.g., a(g - 1 g), a(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 X are printed.
The eigenvalue slope has meaning only in a search
calculation and will be printed as zero in a regu-
lar keff calculation (IEVT = 1).

15. Searched Atom Densities: In a concentra-
tion search (IEVT = 2), the atom densities that
have been changed to produce the desired parametric
eigenvalue are printed by zone and material number.

16. Final Neutron Balance Table: The final
values of fission rate, inscatter and outscatter,
absorption, and leakage are printed for each group,
along with the sum over all groups. For the sum
over groups, inscatter should equal outscatter, and
absorption plus total leakage should equal fission
source

17. Mesh Coordinates and Spacing: The mesh
boundaries (RO and ZO blocks) are printed along
with the actual coordinates of the mesh points (R4
and Z4 blocks). Note that R4(I) = [RO(I + 1)
+ RO(I)]/2, same for 2z4. This output block is
printed only the first time through the code, i.e.,
for DAY = 0.

18. Group Fluxes. The final normalized group
fluxes are printed for each mesh point with the
entire axial profile appearing in column form for
each radial mesh point. The vertical mesh coordi-
nates (24 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 (MWt/£) at each mesh point is printed, again
using the group-flux format. These values are cal-
culated by summing the product, ¢ * 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/cm -sec) at each mesh
point is printed, again using the group-flux format.
These values are calculated by summing the product,
¢ * wvzj, at each mesh point over all groups. This
output block may be omitted, depending on the wvalue
of IPRIN (see Card 5 in the Input Instructions).

24. Material Inventory: For each zone, the
volume and mass of each material in the 2zone (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 Edifr: 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-
tioned previously) In the A Common Block for
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 MO0l block is printed, along with the
corresponding 10 and II numbers.

30. Refueling Fractions and Frequencies: For
each region to be refueled after the particular
burnup interval, the refueling fraction and fre-
quency are printed. A list of the burnable iso-
topes to be refueled in these regions is also given.

31. Microscopic Absorption Cross Sections:

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

32. Microscopic Fission Cross Sections: Same
as output block number 31, except absorption is
replaced by fission.

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

34. Burnable Isotopes in Each Zone: All burn-
able isotopes in all regions are listed according
to their positions in the MOl block.

35. Zone Summary of Charge and Discharge: For
each zone and for all materials in that zone, the

following quantities are printed.

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

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

c. Initial composition (atom density and mass)

for burnup interval INT.
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36. Refueled Atom Densities: The input atom
densities, after refueling, for the next burnup
interval INT are printed in order of their appear-
ance in the MOl block. These are the same atom
densities (given in a different format) as those
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
IMX = MAX(L1l,L2,L3),

and

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

LI = 5 + ITL*MT + 2*IGM + 4*MOl + 5*JM + 7*IM
+ 7*IZM + 10*IMJM + 15*ML + 6*IZM*ML
+ 2*MAX (IM,JM)

if delta search calculation,

+ (IM + JM + IZ + J2)



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

+ (MOl + 3*IzM).

12 = 3*ML + ITL*MT*(IGM + 1).

13 = NREG + KI1APS + IMJM + ITL1*MT + 5*MO1 + 16*Ml
+ NCON* (1 + 2*NECOP) + IZM*[5 + INTMAX
+ K1APS * 2*M1 + NCON* (4 + 2*INTMAX)J.

For nearly all practical problems, 11 is great-
er than both 12 and 13. 12 may be unusually large
if a fine energy group structure with a large table

length is used.
Note that the 30,000 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 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-G 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
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APPENDIX A

LOGICAL FLOW OF PHENIX

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

the logical flow is included.

Subroutine Block 1

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

ERRO2 Prints an error message.

XSECT Reads cross sections from cards or tape
and writes the cross-section file.NCR1l.

INPFLX Reads input fluxes (if any) and writes
the flux file, NFLUX1.

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

READ INITIAL
INPUT DATA
(subroutine block 1)

GENERATE MACROSCOPIC
CROSS SECTIONS AND
GEOMETRICAL PARAMETERS AND
PERFORM NORMALIZATIONS
(subroutine block 2)

PERFORM OUTER ITERATION
(subroutine block 3)

CONVERGENCE TESTS
(subroutine block 4)

| Flux Converged? NO—
I r

I Search (if any)
Complete?

1 Ilhvrﬁv J

PRINT RESULTS
(subroutine block 5)

BURNUP
(subroutine block 6)

i Burnup Sequence |
I Completed? f

REFUEL
(subroutine block 7)

END

Fig. A.1l. Simplified logical flow chart for PHENIX.
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Subroutine Block 2

IN1T Mixes cross sections, modifies geometry
(if delta search), calculates mesh areas
and volumes, and calculates initial fis-

sion distributions.

ERRO2 Prints an error message.

FISCAL Calculates fission sums and performs

normalization

Subroutine Block 3

EVPRT Prints and monitors the eigenvalue calcu-
lation. It prints time, eigenvalue,
lambda, etc., after each outer iteration.

OUTER Performs and controls a complete outer
iteration

ICOEF Calculates the coefficients for the
pointwise flux equations.

INNER Calculates the fluxes in a specified
group using line inversion.

REBAL Performs group rebalancing and flux nor-

malization before each group calculation.

Subroutine Block 4

CONVRG Performs convergence tests and computes
new eigenvalue in search problems.
ERRO2 Prints an error message.

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.

GRPTOT Computes and prints group totals.

PRT Prints any IM*JM array.

EVPRT See Subroutine Block 3.

ERRO2 Prints an error message.

GRAM Calculates and prints the mass of each

material in each zone, and the zone

volume.

Note: If no burnup is to be performed, the program
terminates at this point (C on Fig. A.1l).

Subroutine Block 6

INPB Reads and prints the input burnup data.

AVERAG Calculates the zone-averaged total fluxes,
zone- and group-averaged fission and
absorption cross sections, and breeding

ratio.



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
(IEVT = 1), the code returns to point A after
each and every burnup step and does a "kefj

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 k**-type

and all subsequent operations are performed as

such.

c. If the initial type of calculation is a concen-
tration search (IEVT = 2), the code flows as
"search-burnup-k*j after burnup." This cycle

is repeated for each burnup step. Following
completion of the last such sequence, the code
proceeds directly to refueling (if desired) or
performs a final search before refueling. If
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.1l).

Subroutine Block 7

REFUEL Calculates atom densities of constituents

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

INPR Reads, writes, and punches data to be
used in REFUEL.

TRIG Reads trigger data used in burnup and
refueling calculations.
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APPENDIX B

FORTRAN LISTING OF SOURCE DECK

PR VAT AP S PP A RBESE S NTRa R TRABE I YT o M

pTASTI |, I APE 12«PUNCI-) MAIN
MAIM

DESCRIPTION OF SURROUTINtS * » » « » MAIN

MAIN

PHENIX MAIM PKOGFAP - SETS DP TAPE UNITS AND DISK FILES AND MAIN

INP

FRRO?

XSECT

INPFLX

SINUS

REAML

PFAFYP

TRIG

MAPI?

TNIT

FISCAL

FVPRT

OUTER

CALLS THL FOLLOWING SURROUTINES.. INP.INIT.FISCA|,tVPRT. MAIN
LRRO2,(JMTERtCONVRG*SUMMRY*GRAM,INPR*AVERAG,EIGTHG*MARCH. MAIN

MAIN
SUBROUTINE TO CONTROL THE READING AND PRINTING OF INPUT MAIN

DATA, COMPUTE VARIABLE DIMENSION POINTERS AND VARIOUS MAIN
PROGRAM CONSTANTS. INP IS CALLEU RY PHENIX AND CALLS MAIN
XSECT,INPFLX,REARL.REAFXP.MAPR,ERR02.TRIG,AND REFUEL. MAIN

MAIN
SUBROUTINE TOPRINT AN ERROR MESSAGE. IT IS CALLED RY MAIN
PHENIX.INP,HEARL.REAEXp.INIT.CONVRG, AND SUMMRY. Mﬁ}g
SUBROUTINE TO REAO CROSS SECTIONS From CAROS OR TAPE. MAIM
AND WPHE THE CROSS SECTION FILE NCRI1. IT IS CALLED MAIN
BY INP."" ’ ’ " MAIM

MAIN
SUBROUTINE TO READ INPUT FLUXES AND WRITE THE FLHXFILE MAIN
HFLUXI. IT IS CALLED BY IMP. MAIN

MAIN
SUBROUTINE 10 CALCULATE SINUSOIDAL FLUX INPUT GUESS ROTH MAIN
RADIALLY AND AXIALLY."FOR ANY COMBINATION OF VACUUM AND MAIN
REFLECTIVE BOUNDARY CONDITIONS. tT IS CALLED BY INR. Mﬁ%}]
suvsrouTine 10 READ FLOATING POINT DATA. IT ISCALLED BY MAIN
IMF AMD CALLS ERRO02, MAIN

MAIN
SUBROUTINE TO READ INTEGER DATA. IT IS CALLED HY INP ANDMAIN
CALLS tRRC2. MAIN

MAIN
SUBROUTINE TO READ TRIGGER DATA USED IN BURNUP AND MAIN
REFUELING CALCULATIONS. IT TS CALLED BY INP AND INRR. MAIN

MAIN
SUBROUTINE TO PRODUCE A PICTURE PLOT BY /ONE AND MA TERIALMAIN
IT IS CALLED By INP. MAIN

MAIN
SUBROUTINE TO MIX CROSS SECTIONS, MODIFY GEOMETRY, MAIN

CALCULATE MESH AREAS AND VOLUMES, AND CALCULATE INITIAL MAIN

FISSION DISTRIBUTIONS, IT IT CALLED BY PHENIXAND CALLS MAIN
I:RRO2. A . MAIN

MAIN
SUBROUTINE TO CALCULATE FISSION SUMS AND PERFORM MAIN
NORMALIZATION. IT IS CALLED BY PHFNIX. MAIN

MAIN
SUBROUTINE TO PRINT AND MONT TOR THE EIGENVALUE MAIN

CALCULAIICN* IT PRINTS TIME* EIGENVALUE, LAMBDA, ETC. MAIN

AFTER EACH OUTER ITERATTON. IT IS CALLED BY PHENIX AND MAIN
SUMMRY. MAIN

MAIN
SUBROUTINE TO PERFORM AND CONTROL A COMPLETE OUTER MAIN
ITERATION. IT IS CALLED By PHENIX AND CALLSICOEF. MAIN
AND'INNER. MAIN

MAIN
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Icor.r

TNMfR

REBM.

CON'Rt;

SUMMRY

GRPTOT

PRT

GRAM

INPI1

AVERAG

EIGTRG

MARCH

REFUEL

TNPR

» 0 0 « »

DELT
EPS

EPSA
EV

EVM

SUBROUTINE _ TO ,CALCULATE EFTICI MAIN
EQUATION. ITolg C/C\ELED H%OOUTE(I:{.ENTS FOR THE FLUX MAIN

MAIN
SUBROUTINE TO CALCULATE THE TLUXES IN A SPECIFIED GROUP MAIN
USING LINE INVERSION, IT IS CALLED BY OUTER AND CALLS MAIN
REBAL. MAIN

MAIN
SUBROUTINE TO PERFORM GROUP REBALANCING AND FLU¥* MAIN
NORMALISATION BEFORE EACH GROUP FLUX CALCULATION, IT IS MAIN
CALLED BY INNER. l\l\ﬁ%

SUBROUTINE TO PERFORM CONVRG TESTS AND COMPUTE NEW tIGVALMAIN
IN SRCM PROBLEMS.IT IS CALLED HY PHENIX AND CALLS ERRO?. MAIN

MAIN

SUBROUTINE TO PRINT THE FINfIL TOTALS. INCLUDING GROUP MAIN
FLUXES.TOTAL FLUX.POWER DENSITY.POWER FRACTION, ANU MAIN
FISSION SOURCE RATE. ALSO'CALCULATES AND PRINTS MWO/T MAIN
BURNUP HATES IN BURNUP CALCULATIONS. IT IS CALLED BY MAIN
PHENIX ANC CALLS EVPRT,PRT, GRPTOT, AND ERRO?, l\l\j[lﬁg
SUBROUTINE TO COMPUTE AND PRINT GROUP TOTALS. IT IS MAIN
CALLED BY SUMMRY. MAIN
MAIN

SUBROUTINE TO PRINT ANY IM*JM AKRAY. IT IS CALLED MAIN
BY SUMMRY, MAIN
MAIN

SUBROUTINE TO CALCULATE AND PRINT THE MASS OF EACH MAIN
MATERIAL IN EACH ZONE«AND THE ZONE VOLUME. IT IS CALLED MAIN
BY ‘PHENIX. MAIN
MAIN

SUBROUTINE TO READ AND PRINT THE INPUT BURNUP DATA. MAIN
TT is CALLED BY PHENIX. MQIII\I\/{

SUBROUTINE TD CALCULATE ZONE-AVERAGED TOTAL FLUXES.ZONE- MAIN
AND GROUP-AVERAGED FISSION AND ABSORPTION CROSS SEClInwS .MAIN

ADD HRELUING RATIO, II IS CALLED BY PHENIX. MAIN
MAIN

SUBROUTINE TO CONTROL THE FtOW or THE EIGENVALUE TYPE MAIN
IN SEARCH CALCULATIONS. IT TS CALLED By PHENIX. MAIN
MAIN

SUBROUTINE TO CALCULATE THt TIME-DEPENDENT ISOTOPIC MAIN
CONCENTRATIONS. IT IS CALLED BY PHENIX. MAIN
MAIN

SUBROUTINE TO CALCULATE AtoM DENSITIES oF CONSTITUENTS MAIN
WITH GREATEST BURNUP.'TO COMPUTE THE ACTUAL DISCHARGE, MAIN
THE CHARGE, AND THE INITIAL COMPOSITION FOR THE NEXT MAIN
OURNUP INTERVAL, 1T IS CALLED BY INP AND CALLS INPR. MAIN
MAIN

SUBROUTINE TO READ, WRITE* AND PUNCH DATA TO BE USED IN MAIN
REFUEL- IT IS CALLED BY REFUEL AND CALLS TRIG. MAIN
MAIN

INPUT CCNTROL WORDS * » * 0 MAIN
MAIN

LENGTH OF BURNUP TIME STEP (DAYS) MAIN
EIGENVALUE CONVERGENCE CPI TERION MAIN

PARAMETRIC EIGENVALUE CONVERGENCE CRITERION tStAPCHIMAIN
INITIAL EIGENVALUE GUESS (SEARCH ONLY) MAIN

EIGENVALUE MODIFIER (SFLARCH ONLY) MAIN

59
60
61
62

64
65

67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
1119
110
111
112
113
114
115
116
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EIGENVALUE GUESS FOR THE ?Nli AND ALL OTHER SEARCupS
INNER ITERATION FLUX TEST

U/EP = TEST WITH LPo/TtST »ITH PPi

RO I ICM BOUNDARY CONDIHON (0/1 =VACUUM/RPPLECT | VP)

LEf- ¢ BOUNDARY CONDII zon (p/1 =VACUUM/REFLECTIVE)

RIGHT BOUNDARY CONDITION (()/I=VACUUM/REPLECTIVE)

TOP BOUNDARY comprziom (O/1=VAcTUM/RPFLKCTIVE)

CROSS SECTION TYPE (1/P=TYPpl/TYPEP)

ION NT IFICATION (COL 1-72,CARD 1, COL 1-6A«CARU 2)

PREPARE DATA DUMP TAPE (0/1 = NO/YES)

EIGENVALUE TYPE (i/2/3 =NFFF/CONCENTRATI ON/DELTA)

PERFCRM FINAL SEARCH ir/1 = NO/YES)

GEOMETRY (0/1/2 = X-Y/W-7/K~THETA)

NUMHER OF GROUPS

POSITION OF SIGMA SELE-SCATTER IN X-SECT TABLE

POSITION OF SIGMA-TOTAL IN CROSS SECTION TABLE

MAX NO. OF INNER ITERATIONS PER GRP PER OUTER ITER.

UUIHER'OF RADIAL MESH INTERVALS

MAX. NO, OF BURNUP INTERVALS TO BE ANALYZED

PUNGP FLUX DUMP (p/1/2=NO/ELUX BEFORE BUPNUP/ELUX
AFTER BURNUP)

PRINT CONTROL (I/2/3=HJLL PRINT ALWAYS/FULL PRINT
ONLY FOR UAY=>)./PARTIAL PRINT ALWAYS

PARAMETRIC EIGENVALUE TYPE !1/2 = NONE/KEF N)

BUHNLP/REFUEL CONTROL (6/1/2=NO BURNUP/HURNUP ONLY/
BLRNUP AND REFUEL)

INPUT FLUX GUESS (0/1/2?2/3/A=NONE/CARDS/CARDS/IAPp/
SINUSOID, ]=X(R)°X(/:), 2=XR,Z*t), 3=X(R,,E)
FROM TAPE. 4=X(R)*X<2),SINUSOIDS]

CROSS SECTION TABLE LENGTH

READ CROSS SECTIONS FROM TAPE (0/1 = NO/YES)

NO. CF RADIAL ZONES (UELTA OPTION ONLY)

NUMBER OF MATERIAL ZONES

NUMBER OF AXIAL MESH INTERVALS

NO. CF AXIAL ZONES (UELTA OPTION ONLY)

REGION COLLAPSE OPTION IN REFUEL (0=NO/N=NO. OF
COLLAPSES

BURNER INTERVAL BEING ANALYZED

NUMBER OF INPUT MATERIALS

CONTROL FOR LIME INVERSION DIRECTION (1/p/3/4 = AT
UIR/RAD/AXIAL/LET Coi'F DECIDE)

CALCLLATE BURNUP IN M«D/T (0/1 = NO/YES)

TOIAL NUMBER OF MIXTURE SPECIF I CATIONS

NO." CF BURNUP TIME STEPS IN THE BURNUP INTERVAL

NLG/ZERO/POS=TAKL TIME STEP Or DELT/ENO OF PROBLEM/
TAKE TIME STEP oF DELT AND READ BURNUP DATA

PUDGE OPTION FOP CHARGE/DISCHARGE DATA (DATA FROM
FIRST NFCOP COLLAPSES WILL BE PUNCHED)

MATERIAL NO. OF CONTROL POISON

NO. CF REGIONSIZONFS) REQUIRING REFUELING

REFUEL CONTROL POISON DURING REFUELING <0/1=NO/YES>

MAX NO. OF OUTER ITERATIONS ALLOWED

OVER-RELAXATION FACTOR

PARAMETER OSCILLATION DAMPER (SEARCH ONLY)

REMCTOR POWER (MWT)

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

DESIRED VALUE OF PARAMETRIC EIGENVALUE (SEARCH ONLY ) MAIN

NEUTRON SOURCE RATE
MAX-ALLOWABLE RUNNING TIME IN MINUTES

MAIN
MAIN

117
11 B
119
120
121
122
123
12<
12S
126
127
128
129
130
131
132
133
134
13S
136
137
138
139
140
141
142
143
144
148
1 46
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



-100000000000000000000000000T1 or>

10000000,

S10000.-100 .

-10 .

00000000001

XLAH
XLAL

¥ 0 « 0 «

Nilfip
NOUT
NCRI
NFIUX1
NSCRAT
ISCRAT
NRUMR
NHICR
ALA
Ry7
CNT
CVT
RAY
EPF
EOIl
EG?
FQ3

EQ

EVP
EVPP
GRAR
IBPTR

IBUR
IGLP
IGP
IGV

1I
TMJH
HIT

1P

I TENS
TTEMP
I TEMPI
[ TEMPI?
1ZP
JP
KLMT
K07
KPAGE
LAP
LAPP

L AP
1-C

MT
NCOEF

NGO
NGOTO
MSVF.EP
PO?
PRAR
SOAP

LAMBCA-1 UPPER LIMIT (SEARCH ONLY
LAMBDA”’) LOWER LIMIT (SEARCH ONLY

INTERNAL VARIABLES * * » *

INPUT TAPE (OISK FILE)

OUTPUT TAPE (RISK EIU)

CROSS SECTION TAPE (DISK FILE)

FLUX TAPE (DISK FILE)

SCRATCH TAPE (DISK FILE)

DISK FILE FOR rrLux COEFF. AND TEMPORARY FLUX DUMP

TAPE fFUR INPUT AND OUTPUT FLUXES AND AtomM DENSITIES

MICROSCOPIC CROSS SECTION TAPE

LAMBDA

USLD FOR INTERNAL COMPUTATION IN FISCAL AND INIT

CONVERGENCE TRIGGER FOR LAMBDA

CONVERGENCE TRIGGER

RUHNLP TIME IN DAYS

(MU*“SEC)/(FISSION) (BASEU ON 2T5 MEV/FISSION)

TEMPORARY

TEMPORARY

TEMPORARY

TEMPORARY FOR CONyRG

PREVIOUS EIGENVALUE

EIGENVALUE FOR TWO ITERATIONS BACK

GROUP INOICATOR FOR TAPE MOTION IN OUTER

TEMPORARY TRIGGER FOR DETERMINING WHETHER AN
NCON-DELT CARU IS TO RE READ

RUNNING COUNT"OF THE NUMBER OF BURNUP STEPS

IGE ¢ |

IGM ¢ |

GROUP INDICATOR FOR INNER AND OUTER

INNER ITERATION couNT FOR A SINGLE GROUP

IM«IM

NO. CF NEXT BURNUP INTERVAL (= KNT*1) (IN REFUEL)

IM"* |

TEMPORARY

TEMPORARY

TEMPORARY

TEMPORARY

UN ¢ 1

M ¢ |

MAIN
MAIN

MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIM
MAIN
MAIM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

NO. CF PREVIOUS BURNUP INTERVAL (=KNT-1) (IN REFUEL)MAIN

TEMPORARY

PAGE COUNTER FOR MONITOR PRINT

LAMBDA FOR PREVIOUS EIGENVALUE

LAMBDA FOR TWO ITERATIONS BACK

LAMBDA FOR PREVIOUS ITERATION

LOUP COUNT (TOTAL II IN A SINGLE OUTER ITERATION)

TOTAL NUMBER Or MATERIALS INCLUDING MIXES (ML*1ZM)

TRIGGER FOR A NEW CALCULATION OK FLUX
CCEFFICIENTS.(SEARCH ONLY)

TEMPORARY FOR rLow OF EIGENVALUE TYPE

TEMPORARY

INIERNAL CONTROL FOR DIRECTION OF LINE INVERSION

OUTER ITERATION COUNT

TEMPORARY

TEMPORARY

MAIN
MAIN
MAIN
MAIN
MAIN
MAIM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

175
176

177
178
179
180
181
182
183
18A
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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OO0 OO OO OO OO OO0 FOORF OO OO OO OO OO0 00000000000 sEFOOOC OO0

K7

ot
Til
TOT
TEf'T
TEMP
TEMPI
TEMPS
TEMP 3
TEMP'*
TI
VI

SUE CF K7 OVER ALL GROUPS
0/)=NOT OELTA/OELTA CALCULATION
PREVIOUS FISSION TOTAL
TEME'CRARY

TEMPORARY

TE.MPCRARY

TEIMPCRARY

TEMPORARY

TEMPORARY

TEMPORARY

TIME

TO 1AL SOURCE FOR THE GROUP

¢« ¥ *  SUAISCK IPTED VARIABLES @& » « ' H

ABXS( TOKtI/M,

ALAMCIL)
AT (H )
AXS(ML,I/M)

Am(IP
4 1<Ll‘ﬁT
BREDPT fI/M)

mjRMO!’ | I/M)
EG (MF’LoH , 11COi})

CHAPGE(ML)

CM (I/ SMC'TM)
CMP! I/.h*NCOIV)
CU(ITL.MT)
CXR(J 1)

cxs (ru jvo)
CXT(IM)

no (MECPP * [ICOI))

UISCHvi (ML)

DNI/M,NCOM)
EO (IG™)
FIIGP)
ES(IGP)
3 (I'P)
E4 §1G15)
ES(IGP)
E6 (IGP)
E7(IGP)
ER}EIG?
E9 (IGP
E iXSt'ICONf1ZM, .

EUTPT(I/M)
EXS (MLt I/M)
EO(IM.JM)
FSdM* M)
HA(IM OR IM)
HNC (M )

HMI (M,;])

INIMA X

ZONE- GROUP-AVG ABSORPTION X-SECT USED TO HORN MTIS

IN REFUEL
PELAY CONSTANT  (DAYS-1)
MATERIAL ATOMIC WEIGHT
SPECTRUM AVERAGE!! ABSORPTION CROSS SECTION
RACIAL AREA ELEMENT
AXIAL  AREA ELEMENT
CON |RIHUTION TO UREEL'INU RATIO EROM ZONE IZM
AVERAGE BURNUP RATE IN MWO/T EOR ZONE IZM

CMAHCE MASSES TO RE. PUNCMFU UN REFUEL)

TUIAL CHARGE MASSES FuR EACH MATERIAL (IN REFUEL)
CHARGE ATOM DENSITIES (IN REFUEL)

TEMPORARY ATOM DENSITY STORAGE (IN REFUEL)

CROSS SECTION ARRAY TOR CURRENT GROUP

CONSTANTS FOR RIGHT BOUNDARY

CONSTANTS INVOLVING CROSS SECTIONS TOR FLUX CALC.
CONSTANTS FOR TOP BOUNDARY

DISCHARGE MASSES TO BE PUNCHF.D (IN REFUEL)

TUIAL DISCHARGE MASSES EOR EACH MIL

DISCHARGE ATOM DENSITIES (IN REEUEL)

FISSION RATE

FISSION SOURCE

IN-SCATTF.R

OUT-SCATTER

ABSORPTIONS

LEU LEAKAGE

RIGHT LEAKAGE

TuH LEAKAGE

BO!TCM LEAKAGE

TUIAL LEAKAGE

INTMAX)

ZONE- GROUP-AVG FISSION X-'iECT USED TO BURN MILS
IN REFUEL

TUIAL FUEL MASS IN TONS FOR ZONE IZu

SPECTRUM AVERAGED FISSION UPOsS SECTION

FISSIONS  (OLD)

FISSIONS (NEW)

TEMPORARY STORAGE FOR LINE INVERSION

MAIN
MAIN
MAIM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN

CLEAN (NO BURNUP) ATOM DENSITIES OF MILS IN EACH MIXMAIN

INITTIAL ATOM DENSITY OF EACH MIL IN EACH MIX FOR

MAIN

233
234

235
236
237
238
239
240
241

242
243
244
245
246
247
24B
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



0000000000000000000000000000000000000000000000000000000060°0

INPUT TO NEXT BURNUP (Ii; BLOCK FOR NEXT INTERVAL)MA IN 291

HOLNC'L) MATERIAL NAME' MAIN 292
IZON(KLAPS,UM) MAIN 293
ACIUAL REGION NUMBERS OF REGIONS TO BE COLLAPSED IN MAIN 294

'EACH COLLAPSE (IN REFUEL) MAIN 295

10(MO1) MIX'NUMRER MAIN 296
11(Mol) MATERIAL NUMBER FQR Mix MA IN 297
12 (Mr. 1) MATERIAL DENSITY MAIN 298
T3MC') MAIEPIAL DENSITIES FOR GrRAM CALCULATION MA IN 299
14 M) SEARCH MATERIAL MODIFIER (CONC SEARCH ONLY) MAIN 300
K6 (IGM) FISSION SPECTRUM  (EFFE'CTIVE) MAIN 301
KT(IGM) FISSION SPECTRUM  (INRUT) MA IN 302
KZNS(KLAPS) NO. CF REGIONS TO BE COLLARSEO IN EACH COLLAPSE IN MAIN 303
""REFUEL MAIN 304

ICN (MLt2) SGURCE ISOTOPES FOR CAPTURE MA IN 305
LD(ML) SOURCEISOTOPE FOR OECAY MAIN 306
LFN(ML« 7) SOURCE ISOTOPES FQR FISSION MAIN 307
MASS(ML»1ZM) MATERIAL INVENTORY IN EACH ZONE MAIN 308
MASSP(MLttZM) MATERIAL INVENTORY IN EACH ZONE (PREVIOUS) MAIN 309
MATNML) MATLRIAL NUMHER FOP BURNABLE ISOTOPES MAIN 310
MO (IM » IM) ZONE NUMBERS MAIN 311
M2(1z ') MATERIAL NUMBFRS BY ZUNL MAIN 312
MBIFLCI ( ZM.NCON) MA IN 3T3
VALUES IN MOI ARRAY THAT ARE BURNABLE ISOTOPES MAIN 314

(IN REFUEL) MA IN 315

NUF(ML) OC1/2=NO EFFECT/FE.PTILE/EISSILE I1SOTOPE MAIN 316
NFF.E(tZM) NO. cr BURNUP INTERVALS BETWEEN HEEUELINC, FOR EACH MA IN 317
"REGION TO BE REFUELED MAIN 318

NTPIG(MOI) TRIGGER FOR TOTAL FUEL MASS CALCULATION MAIN 319
NO (IM1JM) TUIAL FLUX (OLD) MAIN 320
N2(Tu«dM) TUIAL FLUX (MEW) MAIN 321
RAIIH OR JM) TE"RCRARY STORAGE FOR LINE INVERSION "AIN 322
PFRAC(IZM) FRACTION OF TOTAL POWER PRODUCED RY ZONE IZM MAIN 323
PFRREV ( 1Z') PREVIOUS POWER FRACTION FOR ZONE IZM MA IN 324
PHI <T'ITMAX, IZ.M) MA IN 325
ZONE- AVG TOTAL FUIX USED TO BURN THE CONSTITUENT MA IN 326

MTLS IN REFUEL MA IN 327

PHIB(I1ZM) ZONE AVERAGED FLUX MAIN 328
ROdP) INITIAL RADII MAIN 329
R1 (IP) CURRENT RADII MAIN 330
R2 <IM) RAUIALZDNE NUMHtRS (DELTA CALCULATION ONLY) MA IN 331
R3(1/> RAUIAL ZONE MODIFIERS (DELTA CALCULATION ONLY) MA IN 332
Ha(IM) AVERAGE RADII MAIN 333
R5(IM) DELTA-R MA IN 334
S2(IMt JM) FIXED SOURCE MAIN 335
TRG(NCON) TRIGGER TO REFUEL EACH BURNABLE ISOT OPE(Q/)=NOZYFS) MAIN 336
VOL(IZM) ZONE VOLUME (LITERS) MAIN 337
VO(IM * IM) VOLUME ELEMENTS MAIN 338
XodZl) REFUELING FRACTION FOR REGIONS TO BE REFUELED MAIN 339
ZO(JP) INITIAL AXII MAIN 340
Z1 (JP) CURRENT AXII MAIN 341
ZH(IM) AXIAL ZONE NUMBERS (DELTA CALCULATION ONLY) MAIN 342
Z3(17) AXIAL ZONE MODIFIERS (DELTA CALCULATION ONLY) MA IN 343
Z4(JM) AVI RAGE AXII MA IN 344
Z5(IM) DELTA-Z MA IN 345
MA IN 346

INPUI DATA BLOCKS * * * 5 * MAIN 347

MA IN 348

27
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DATA

Filiut 1

"

HATA BL'"CK

UATA
OATA
DATA
OAT A
DATA
DATA
DA TA

DATA

DATA

OA-A

DATA

DATA

OATA

COMMON

2

COMMON

DN BN -

COMMON 10(23),
IRR

NN —

COMMON

1

OMIT I
PL 'CK 3
LL"CK 4
BLOCK ¢
BLOCK
BLnCK ’
BL *CK *
BLOCK

BL'CK 10
(OMIT IF

BL'OCK 11
(OMIT ' IF

BL"CK 12
(OMIT IF

BL °CK 13
(OMIT IF

BLOCK 14
(OMIT TF

BLOCK 15

(omrr IF

O *

MINR,
NMICR,
El (51),
E&(51),
Ed,
ISV,
1/P,
LC,
SBAR,
TEMP3,

il

ML,
1/,
1ijMTPS,
EPS,
EV,

%IEIéESé EE%TION DATA

INFUT FLUX GUESS BATA

ISIAFT = 0 OH 4)

RAUIAL MESH BOUM’ARILS (PO BLOCK)
AXUAL MESH BOUNOARILS (7.0 BLOCK)
ZONt NUMBERS AT LACH MESH HOINT (MO BLOCK)
FISSION FRACTION FOR EACH CROUP (K7 BLOCK)
MIXTLRE NUMBERS (10 BLOCK)

MATERIALS IN EACH MTx (II BLOCK,

ATOM DENSITIES OF MAILRIALS IN EACH MIX n? BLOCK)

ZONE NUMBERS FOR RADIAL INTERVALS (w? BLOCK)
IEVT.NE.3)

RAUIAL DIMENSIONAL MODIFIERS <R3 BLOCK)
IEVT.NE.3)

ZOGE NUMBERS FOR AXIAL INTF.RVALS (Z2 BLOCK)
IEVT.NE.3)

AXIAL DIMENSIONAL MOUIFIFRS (Z3 BLOCK)
IEVT.NE.3)

SEARCH MATERIAL MODIFIERS _ITA BLOCK]
IEVT.NE,2)

TRIGGER FOR MTLS THAT ARE FUEL (NTRIG BLOCK)

MWDT = 0)

MAIM PROGRAM

LR}

ot

NCUT , NCRI, MFLUX1, NScrRAT, ISCRAT, NOUMP,
AL*, 807» CNT, CVT, DAY, EO(51),
E2 §51;, E3151), E4(51), E5(51), E6(51), F ?éSl) ,
E9 (51), EO01 , EC2, EQ3
EVP,  EVPP, ERF,  OBAR, IGER, IGP,
11, IMIM, " 1P, 1TEMP, 1TEMPL, | TF.MP2,
JP, K07, KPAOF, LAP, LAPP, LAR,
NGCTO, OHFP, P02, PBAR,
SK7 , T06, Til, TEMP, TEMPI, TEMP2,
| EPP4, TI, Vi1,  NXCM
iPAX, IGE, IZM, M, M, IBL,
“IBT, IBB, IGM, IEVT, IPVT, ISTART,
MT , MOI , ICST, IHT, IMS, I TL*
J/, OITM, IITM, MWOT, IPFLX, IPRIN,
IREF, IXSEC, MROIS, NCON
SHORT, POWR, ORE, FLXTST, PV, FPSA,
EVM, XLAL, XLAH, POD, BELT, IF S,

MAIN
MAIN
MAIN
MAIN
MA IN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIM
MAIN
MAIN
MAIM
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
MAIN
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
371

372
373
374
375
376
377
378
379
380
381

382
383
384
385
386
387
38H
389
390
391

392
393
394
395
396
397
398
399
400
401

402
403
40"
405
406



1

JP

bn

8P

65
70

? NHSTP, . 40
COMMON  LATW, Lé?:& LAEX]& Iﬁ](%) ) IbRTLI}g« NCBIE F ; Ns“iElt%, MAR 46
? LPHIP, LVOL LNO « LAXX, LEXX, LMAIN, LLD, MAIN 4q9
3 LLCN,  LLEN, LN2, LAO , LAIL . LEO, LE2, MAIN 4?0
4 LI 3, LKe , LK7. LM(), LM2* LRO, LRI. MAIN 411
5 LR2, LR3, LR4, LRS, LS2, LVO, L/0, MAIN 412
6 LZ1, LZ2, LZ3, LZz4. LZ5, LCXS, LMASS, MAIN 413
7 LNBR, LPs8IB, LAXS, LEXS* LMASSP, LCXR, LCXT, MAIN 414
8 LHA, LPA, LPERAC, LNTHIG, LREPRV, URURUP, LFUTOT, MAIN 415
Q L8RORT, LPPIRP, L14 MAIN 416
INTEGER ~ HO7, CNT, CVT, Po2) Tos, R2, 72 MAIN 417
INTEGER  OITM MAIM 418
REAL 12, 13, Ke, K7+ LAP, LAPP, LAR, MAIN 4)9
1 NO, N2 MASS, 11ASSP, 14 MAIN 420
COMMOT AOO00O00) MAIN 421
OAY=n' MAIN 422
CONTIHuF MAIN 423
PEV.'TNI' 3 MAIN 424
REWin' MAIN 425
REWIND S MAIN 426
REWIND 8 MAIN 427
CALL 1mP MAIN 428
CALL INIT(A(LKe) A(LK7), aczu A(LH) =a(xi2), A(LMQ) A(LM?) MAIN 429
A(LNO) A (LRO), a(mwz) A(LR2) A(LH3)1 A(LRA)» A<LRS) MAIN 430

AELZO| A(LZ1), A(LZ2) A(LZ3) =awza), A(LZS5) ALAO) MAIN 431

A(LA])  A(LEO), A(LCO) a(wvoy ITL. ™. MAIN 432
JH.MT.A(LNTRIG)«A(LIA)I MAIN 433

CALL CISCAL (A(LNO),A(LEO) »A(LVo) iAU.CP) ,A(LKe) MAIN 434
A(LNO)  »A(LM2)»ITL +HT) MAIN 435

CALL IGNITOR PRINT MAIN 436
CALL EVPRT MAIN 437
GO TO (501 30, 3C, AO), NGOTO MAIN 438
CALL rr!P()2 (6H*MONPR, 30,1) MAIN 439
PEPEORM AN OUTER ITERATION MAIN 440
CALL OUTER( A(L.A(!), A(LAl), A(LCO)* A(LEO), A(LKe), MAIN 441
) A(LMO), A (LM2) , A (LNO), A(( N2), A(LS2), A(LVo),A (LZ5) MAIN 442
? A(LEc), ITL, MT, A(LCXS), IM, JM, A(LR5), A(LRA), MAIN 443
3 A(LZA), A(LCXR), A(LCXT), A(LMA), A(LPA)) MAIN 444
PERFORM FISSION CALCULATION MAIN 445
CAU FISCAL (A<LNO A(LEO% A(LVOI _A(LCO) .A(LKe) , MAIN 446
? A(LNO) LA(LM2).T TL, 1 IT) MAIN 447
PERFORM CONVERGENCE ANO NEW PARAMETER CALCULATIONS MAIN 448
CALL CONVRG (A (LT2), A(LKe)) MAIN 449
GO TO (50,20,10)> NGOTO MAIN 450
50/20/10=RINAL PRINT/HONITOR PRINT/SEARCH CALCULATION MAIN 45)
CALL SUMMRY (A(LE2), A(LN2), A(LRI), A(LZ’), A(LRA), A(LZ4), MAIN 452
IM, JM,M (LN2) ,A (LCO) , A (LNO) , A (LM()) , A (LM2) ,A (LEO) , ITL *MT, MAIN 453

gLv?P) LFUTOT%A LIO) A(Lll) A(LI2), A(LPERAC) MAIN 454

RV),A(LBURLP) 1A ) MAIN 455

CALL ORAM (AILMASS) , A(LVOL), A ATw) A (LHOLN) , IM, M, MAIN 456
A(LMO)* A(LM2), A(LVO), A(LIP), A(LIl), A(LIZ). ML, MAIN 457

A(LI3) ,A(LEUTOT) , A (LNTRTb) ,A(LIA) ) MAIN 458

CALL INPH (A (LMATN) , A (LNBR) , A (LLn) ,A (LLCN) , A (LLEN) . A (LALAM) , MAIN 459
A(LHOLN),ML,A(L12)) MAIN 460

IE'NCGN) 60,1,60 MAIM 461
CALL AVERAG(A(LPHIB LA(LAXS),AILFXS),A(LMATN),A(LMASS),A(LATW) , MAIN 462
] A(LVOL),A(LC0O> «A(LN2),A(L'TO),A(LVO),A(LHOLN),ML* ITL, MAIN 463
? A(LNHH), A(LAXX), A(LEXX).A(LHRORT)) MAIN 464
CALL EIGTRG(IEVT,K07,1BUR,EV*EV2INGO,EQ,IPVT) MAIN 465
IF(NGO.EQ.I) GO TO 65 MAIN 466
IE(DELT) 10 1 ,10 MAIN 467
IE (DELT 70 MAIN 46«
CALL M RCHiA(LPHlB) A(LMATN),A(LEXS),A(LAXS),A(LVOL),A(LMASS) . MAIN 469
1 A(LMASSP)_A(LALAM),A(LLD) ,A(LLCN),A(LLEN),ML» MAIN 470
A(LIO),A(LI1),A(LI2),A(LM2),A(LPHIP),A(LPHIPP).IZM) MAIN 471

GO TO 10 MAIN 472
END MAIN 473

29
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1K

SUMREI TAE  IMP
MMn 17 niMP,  NCUT,  NCRI, NFLUXI, NSCRAT, ISCRAT, NDUMP,

NHICP, ALA, B07, CNT* CVT, DAY, EO (51)
El15])« EZ (Si), E3(51), E4(51), ES(51). FG(51), E7(51)*
_ E«(ST), 19(5 1), EOT , Eo2* E03
cof'Mo'i r.o. EVP, EVPP, LPF, GHAR, IGEP, IGP,
_ IGV, 11, IMIM, “IP, (TEMP, ITEMP1, [TCMP2,
5 1ZP, JP, K07, KPACJE, LAP, LAPP, LAH,
LC, NGCTO, OHFP) Po2*  PBAR.
@ SBAH, SK7, TOG, I, TEMP, TEMPI, TEMP2,
g TEMPS, TENP4, TI, VI, NXCM
COMMOT Iul23), ENAX, IGE, 1ZM, M, M, IBL,
IBP, 'IBT, IBB, IGM, IEVT, IPVT, ISTART,
ML, Mt , MO, ICST, IHT, IHS, TIL.
1Z, JZ,  OITM, T1ITM, MWDT, IPFLX, IPRIN,
IIJMTPS, IREF, IXSEC, NPOIS, NCON
COMMO | CPS, SHCRT, POWR, OKF, FLXTST, PV, FPSA,
| fv, EVM, XLAL, XLAH, POD, MEET, IPS.
2 _ NHSTP, 1PUH, EV2« NGO, IBRTRG, NCOEF. NSWEtP
COMMOIJ  LATW, pHCLN, LALAM, LCo* LIO, LI, L1Z.
5 LEHID, LVOL, INO, Laxsx, LFXX, LMAIN, LLD,
0 LLCM, LLEN, LN2, LAO LAI, LEO, LF2.
LI 3, LKe , LK7, LMO, LM2. LRO, LRI .
LP2, LR3, LR4, LH5* LS2, LVO, LZO,
LZ1, LZ2, LZ3, LZ4, LZ5, LCXS, LMASS,

LNBR, [I.PPIH, LAXS, LF XS, LMASSP, LCXR, LCXT ,
LHA, LPA, LPERAC, LNTHIG, LPT PRV, LBURUP, LFUTOT,
LHROHT, LPhIPP, Li4

INTEGER BO?, CNT, CVT, Po2) TQgG, R2. 72

INTEGER OI1TM

REAL Is, 13, KG, T, LAP, LAPP, LAR,
NO, N2, MASS, MASSP, 14

COMMOT a (30000
EQUIVALENCE (A,INTT), |4, A
DIME' ISIOM  INTT<30000) ,AA(30000)
THIS SUHKOUTINE CONTROLS THE REAMI(JO Or ALL INPUT DATA

NCRI = 3
MSCRAT - A
ISCRAT=S
MINRslo
NOUT=:
NFLUTI - 9
NDUMP - 11
NMICR - 12
PRINT 5
FORMAT (1H1)

IF(DAY.EQ-O.) GO (C 45

IF (IREE.NE72) GO°TO 45

HEAD (NINPflO) KNT, NREG, NREPO, KLAPS, INTMAX,K NEcoP
FORMAT (6 16)

INT - KNT *1

KLNT - KMT-1

LXO=L 12

LNFRE = LX0 * IZM
LTRG = LNFRE ¢ [IZM
LHNO = LTRG .+ (ICON
LPHI = LHHO + MI)

LABXS - LRHI + IZM*INTMAX

INP
INP

INP
INP
INP
IMP
INP
INP
INP
INP
INP
INP
INP
IMP
IMP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
IMP
INP
INP
INP
IMP
INP
INP
INP
IMP
IMP
INP
INP
INP
INP
INP
INP
INP
INP
INP
IMP
INP
INP
INP
INP
INP
[NP

O a9 LN L N—



43
HO
H3

3ft
57

60
63

LFIXS = LABXS ¢ HCCN*IZM*INTMAX INP
LKZNS = IFIXS ¢ NCCN*IZM#INTMAX INP
LIZON = LKZNS ¢ KLAPS INP
LM/N = LI/ON ¢ KLAPS#iZM INP
LDN = LNZN ¢ NREG INP
LCN = LON + [ZM#NCCN INP
LCNP = LCN ¢ I[ZM#NCON INP
LHNI = LCNP * [ZM#NCON INP
LOO = LHNI + MOQI INP
LCO = LUG * NEC(jP*NCON INP
Lnis= LOG ¢ MECOP"NCON INP
LCMG = LUIS ¢ ML INP
LMBI = LCMG ¢ ML INP
LAST = LNBI + IZM#NCON INP
PRINT 15. KNT,INI INP
FORMAT (1H1 .//10X.42H # * # # « RFFULL BETWEEN BURNUP INTERVALS. INP
1 134M AND,13.10ft « # « # =*////) INP
PRTNT 20. KNT, NMEG, NREPO, KLAPS, INTMAX. NECOP INP
FORMAT 1// INP
18QB KNT BURNUP INTERVAL JUST COMPLETED IMP
A 12/ INP
Z80H NREG NO. OF REGIONS RF.UUIRING REFUELING %};
12/
380B  IREPO REEUEL CONTROL ROUS OUKTNG REFUELING (0/1=NO/YE5) INP
A 12/ INP
43QN  KLAPS REGION COLLAPSE OPTION (0=NO / N*NO.OF COLLAPSES) INP
A 12/ INP
880B IjIMAX MAX. NO. or BURNUP INTERVALS To BE ANALYZED IMP
A 12/ INP
ftSOH NECOP PUNCH OPTION FOR INPUT TO ECONOMICS CODE INP
A 12/ INP
B60B (DATA FROM FIRST NECOP COLLAPSES WILL BE PUNCHED) INP
PRTNT 25, LAST INP
FORMAT (////5X,7H LAST = 16) INP
IF (LAST ~ 30000) 35,35,30 INP
STOP INP
00 40 I=LN2, LAST INP
A - ). TNP
CALL REFUEL (KNT,NREG,NREPO,NPOIS, KLAPS,INTMAXNECOP, A(LX0>( I NP
1 A (LNFRE), A(LTRG), A(LHNO), A(LPHI), A(LAHXS), A(LFIXS), INP
? A(LKZNS),A(LIZON),IZM,MOI,ML,UAY.IGM,IMIM,ISTART .NCON. INP
3 IDMTPS, A(LIO), A(LIl>, A(LI?)« A(LPHIP), A(LNO), A(LVUL), INP
4 A(LAXX) » AUFXX), A(LMATN), A(LALAM), A(LLO A(LLCN), INP
5 <\(LLFN>» AILHCLN). A (LATW), A(LN”*ri)+ A(LUN), A (LCM)+ A<LCMP),IHP
ft AELH 'l t A<LDG). A(LCG), A(th)» A(UCHG)* A(LCNP), A(LNHI)) IMP
CONTINUE INP
PRINT 50 INP
FORMA T (3<>X,40H PHENiIX » # o» * /) INP
READ M1UP ,55) (It) (1) ,1=1,12) INP
FORMAT (12Ae) INP
IF (10*1) .LQ.bHFIRISH) 320,56 INP
READHINP.S?) (U)(I),1=13,23), TMAA INP
FORMAT (LlAe6.Fecl) IMP
IF (10(13) .EO.e6HFINISh) 320,60 INP
COMTI IMF (NP
PRItJT 63 INP
FORMAT(/5X,29H CARDS | AND 2 (JO AND TMAX)/) IMP
PRTNT 63, (ID{>,1=1,23), TMAX INP

59

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

82
83
84
85
86
87
88
89
90
91

92
93
94
95
96
97

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116

31



32

FORMAT(la* , 12A6/10X_HAG6/10X, 84 TMAX = F6.1, 5H MIN. //?
RCun (NIf.R, 70) USE:IZM,IBL:[RR,TBT,IHH,IEVT,IPVT,IM,JM, 2,7,

|

?
|
A

Ilj 1MLy ICST,IHT,IhS,ITL,IXStC,Me61,01TM,;TM.MSHSWP,1START,
IRFFINM GfP,IFS NPOIS, MWDT,IPFLX,IPRIN,IDMTPS,
rP3*SRCRT,POWH»CRF FLXTST.PV,

rP*a«Ev EVM,LV2 XLAL,XLAH,POD

FORMAT (1216 / 1216 / Rle / 6E12.4 / 6E12.4 / E12.4)
PRTMT 72

FORMAT </5X»26H CARD 3 DATA 1216 FORMAT /)
PRINT 76, IGE, IZM, IRL, IBP, IHT, IBB

FORMAT |

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

2RoH IZM  NUMBER OF W TERIAL ZONES(REGIONS)

I;ROH THL LEFT BOUNI;,&I%S/( CONDITION < 0/1 =VACUUM/RF FLECT I vr.)
ZR()R IHR RIGHT BOLI\}I%/%Y CONDITION (SAME AS IBD

ARCH  Thr TOP BOUNDzi}%\?/CONDITION (SAME AS IBL)

A6R(JH HH BOTTOM BOI}NIS/(RY CONn. (SAME As IBL)

A 111\%[)
PRTNT 80, IEVT, IPVT, IM, IM, 1Z, JZ

FORMAT |

IRQH IE.VT EIGENVALUE TYPE (1/2/3=KF.Er/CONC/D£LTA)
A 112/

280H  Ipvr PARAMETRIC EIGENVALUE TYPE (1/2=NONE/KEFE)
A 112/

28nH IM NUMBER OF RADIAL MESH INTERVALS

A 112/

48eM M NUMBER OF AXIAL MESH INTERVALS

A 112/

S80H 1Z NO. OF RADIAL ZONES (DELTA OPTION ONLY)
A 112/

680H )Z NO, UF AXIAL ZONES (DELTA OPTION ONLY)
A 112)

PRINT 85

FORMAT (/5X.26H CARD 4 DATA 1216 FORMAT /)
PRINT ro, IGM, ML, ICST, IHT, IHR, ITL

FORMAT (

1SQH  IGM NUMBER OF GROUPS

A 112/

28JH 'L NUMBER OF INPUT MATERIALS

a 112/

RftOH ICS1 CROSS SECTION TYPE (1/2=TYPE1/TYPE2)

a 112/

4871 IHT POSITION OF SIGMA TOTAL IN X-SEcT TABLE
A 112/

S8oM  IMS POSITION OF SIGMA SELF-SCATTER IN X-SECT TABLE
A 112/

680H ITL CROSS SECTION TABLE LENGTH

a 112

PRINT RS» IXSEC, Moi, OI%M, IITM. MSHSWP, ISTART
FORMAT

ISOM Ixsec REAU X-SECTS FROM TAPE ( )/1=NO/YES>

A
?80H

112/
ttjl TOTAL NO. OF MIXTURE. SPECIFICATIONS

INP
INP
INP
INP
INP
[NP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
IMP
INP
IMP
INP
INP
INP
IMP

INP
[NP
INP
INP
IMP
INP
INP
INP
INP
[NP
INP
INP
INP
INP
INP
IMP
INP
INP
INP
INP
INP
INP
IMP
INP
INP
INP
INP
INP
INP
INP
IMP
INP
INP
INP

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



100

105

107

110

15

)20

125

1)1 ™

XRQH ™ MAX NO. OF INNER ITERATIONS ALLOWED PER OUTER HER. INP

112/ INP
SAOH ''SHSWP LINE INVERSION DIRECTION (1/2/3/4=ALT DIR/PAO/AX/CODE INP
AOQECIIIF.S 112/ INP
6800 ISTAKT FLUX OLESS (o/i/a/a/AsNONF/cARns/CAROs/TAPE/siNusoiD) INP
A 112) INP
PRINT 100 INP
FORIIAT (/5X .26M CARD 5 DATA 816 EoRMAl /) INP
PRINT 105* IREF. NBSTP. IFS, NPOIS. MRITT INP
FORMAT <« INP
i 8QM  IRFI- OURNOP/REFUEL CONTROL (<>/1/2=N0O BURNUR/RURNUP ONLY/HURINP
ANUP AND RTFUEL) 112/ INP
?80H NHSTP NUMBER OF RURNUP TIMF STEIPS IN A BURNUP INTERVAL INP
A 112/ INP
380H IPS PERFORM FINAL SEARCH (0/1 = NO/YES) INP
A 112/ INP
490H NPOIS MATERIAL NO. OF CONTROL POISON IMP
A 112/ INP
?SOH "'WDT CALCULATE BURNUP IN MWO/T (0/1=NO/YES> %};

112
PRINT 107t IPFLX. IPRIN,) IDMTPS INP
FORMAT ( INP
1ROM IpFi X PUNCH FLUX DUMP (0/1/2=NO/FLUX BEFORE BURNUP/FLUX AFTETNP
AR fillRNUP) 112/ INP
280H IPRIN PRINT CONTROL(1/2/3=FULL PRINT/EULL PRINT FOR DAY=0 ONINP
ALY/PARTIAL PRINT) 112/ INP
380H TDMTPS PRERMRE DATA DUMP TAPE (O/T=NO/YES) INP
A 112) TNP
PRINT 110 INP
FORMAT (/5X 2RH CAPD ft DATA ftE12.4 FORMAT /) INP
PRINT 115. EPS, SHCRT, POWR, ORF» fLXTST. PV INP
FORMAT ( INP
IRQH EPS EIGENVALUE CONVERGENCE CRITERION TNP
A 1PE12.A/ INP
?80H SRCPT NEUTRON SOURCE'RATt (FOR NORMALIZATION) INP
A 1PE12.4/ ' INP
38QH POWR REACTOP POWER TMWT) (FOR NORMALIZATION) INP
A 1PE12.4/ IMP
480M MRF OVERRLLAXAT!ON_FACTDR INP
A 1PR12.4/ INP
RsoM FLXTST INNER ITERATION FLUX TEST (O/ER=EPS/EP FOR TEST) INP
A 1PE12.4/ INP
feROM  nV DESIRED VALUE OF PARAMETRIC EIGENVALUE (SEARCH ONLY) INP
A 1PE12.4) INP
PRINT 120 INP
FORMAT (/5X 28H LARD 7 DATA 6E12.4 FORMAT /) IMP
PRINT 125. EPSA. EV, EVM, EV2. XLAL, XLAH INP
FORMAT ( TNP
IRON  FPSA PARAMETRIC eienvarme CONVERGENCE CRTTERION(SEARCH ONLYINP
A 1PE12.A/ IMP
?ROM FV INITIAL EIGENVALUE GUESS (SEARCH ONLY) TNP
A 1PE12.9/ INP
3gom FwM EIGENVALUE MODIETFR (SEARCH ONLY) INP
A 1PE12.A/ INP
4ROM FvH EIGENVALUE GUESS FOR 2NO AMD ALL OTHER SEARCHES TNP

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

33



130
135

1<)

155

155

A 1PE12.4/
RBOH 'LAI- LAMHUA-1 LOWFR LIP1T (StARCH ONLY)
A 1PE12.4/
680H <L Ah LAHHDA-1 uUPPER LIf'1i1 (SEARCH ONLY)
A 1PE12.4)
PR"'IT ]3i;
FORMAT (/5X.2QH CAPD R DATA FI ?.4 FOWMAT /)
PRINT 135* POD
FORMAT|
isph 700 PARAMETER OSCILLATION DAMPER (SEARCH ONLY]
A IPEI2+'+//)

NXCM h T:n - Ills

TF I1PIWK.FO.O0 | DO TO 145
SRCPT = POW?

CONTINUE

FPE = ;;15.*U602¢10.ttiM-19)
TMAX ” T.'AX"Su.

KPAfiE = 5

IZP = TZw ¢ |
1P = IM * 1
Jp = JH * 1
IGP - IOF + 1

TGFP - I«rn *
MJ!1 = IM'fiM
MT=ML * 1AM

F3 o=

LAP = 0

LAPP = I

1ap = (%0

ALA = ,0

LC =

POLl = 0

Cvr = 0

CNT = ¢

NCON = 0

TOP - |

IBUR=

IF (FLXTST.F/J.o, | FLXTST = EPS
TEUE= j.

IF (ILVT.LQ.2) 3J"EMFs 1.
KO'T=TLVT

IF (trvl.NE.3) tjuU TO 155
TOP = 1

CONTI' INF

IF | ISIAHT-NE.3) GO TO 165
REWIN” NDOMP"

CONTTI Hit.

COMPUTE DIMENSION POINTERS
LATW = 1

LHOLN = LATW . HI.

LALAM = LHOLN + ML
LCD = LALAM ¢ ML
LID = LCD ¢ ITL*MT
LIT = LID + MOl

LI? = 1.1! ¢ MOl
LPHIP = LI2 + MUi
LPHIP” = LPHIP * IZM
LVOL = LP UPP ¢ IIZIM

TNP
INP

INP
INP
INP
INP
IMP
INP
INP
INP
TNP
INP
TNP
INP
INP
INP
TNP
INP
INP
INP
INP
INP
TNP
INP
INP
INP
INP
INP
IMP
INP
TNP
INP
INP
TNP
INP
IMP
TNP
INP
TNP
INP
INP
TNP
INP
INP
TNP
TNP
INP
INP
INP
TNP
INP
INP
TNP
INP
TNP
INP
INP
TNP

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
2173
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290



C

= LVOL ¢ IZM
LFXX

LNO
LAXX = LNC + IMIM
= LAXX ¢ HL*IZM

LMATN = LFXX ¢ ML*IZM

LLt) = LMATN ¢ ML
LLCN 3 LLO ¢ M

LLFN = LLCN + ML*2

LN2 = LLFN ¢ ML*7
LAO = LN2 ¢ IMIM
LAI = LAO ¢ IP
LEO = LAl ¢+ IM

LF2 = LFo ¢ IMIM
LIB = LF? IMIM
L4 = L13 ¢ Mol
LKe = L14 ¢ MQI*1 EMF
LK7 = LKb * IGM
IMO = LK7 ¢ IGM
LM2 = IMO ¢ IMIM
LRO = LM2 ¥ IzZMm
LRI = LRO ¢ IP
LR2 = LRI ¢ IP

LR3 s LR2 ¢ IM*Toeé
LR4 = L[R3 ¢ 1Z*1lle
LRS = LR* 1 IM

LS2 = LRS M
LVO = LS? © IMIM
LZO = lvo ¢ IMIM
LZ1 s LZO ¢ JP
LZ2 = L7Z1 ¢ JP

LzZ3 = LZ2 * IM*T!le
LZ4 = 1LZ3 ¢ JZ*T o6
LZ5 = LZ4 ¢ M
LCXS = LZ5 ¢« M
LMASS = LCXS ¢ IMIM3

LNBR = LMASS ¢ ML*IZm
LPHIH = LNRR ¢ ML'
LAXS - LPHIB ¢ IZM
LFXS = LAXS * ML*IZM
LMASSP = LFXS ¢ ML*IZM
LCXR = LMASSP ¢ ML*IZM

LCXT = LCXR'1 M

I.HA = LCXT * IM

LPA=L [A +MAXO(IMrjM)
LPFRAC = LPA + MoXfI(IM»JM)

LNTRI'S = LPFRAC*
LPFPRV = LNTRIG *
LBURUP = LPFPRV *
LFUTOT = LBURUP *
LBRDRT = I-FUTOT ¢

IZM

MO1*MwnT
[ZM«MWOT
IZM*MWDT
IZM*MWDt

LAST = LHRDRT ¢+ IZM

1IV5 ITEMP = | ¢ 3*ML ¢ IGP*ITL*HT

PRTAIT 1BO* LAST* ITEMP
IB0 FORMAT(/2X,SHLAS'=16/.2X*SOHTFMPORARY STORAGE FOR CROSS SECTION REINP

?7ARRANOEMEUT=*16)"
IF §LAST - I TEMP)
IBS LAST=tTEMP
IR0 CONTINUE

RE*-D CROSS SECTIONS AND WRITE CROSS SECTION TAPE

ie5*IRo« 10

INP
INP

INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
TNP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
TNP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP
INP

INP
INP
INP
INP
TNP

291
292
293
294
295
296
297
29B
299
300
301
302
303
304
305
306
307
30%
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

35



36

89
20f1

c>0

<P<?
sib

2l

A

A /n

?*0

~«5

CALL XCLCt | A(LN..)»A(LCO)«ITL*iR"t"T,A (LATW)iA (LHOLN)* A (LALAM)|
DO 1')5 1sLCO* LAST

A () =1,

READ FLUXES AND WRITE FLUX TAPL

TF (ISTAHT.EO.A) uc TO 199

CALL INHFLX" ("A(LNO)* A(LRO)* A(L"0))

PRINT HOO

FORMA! (51UOMF.SH HOLNOARIES (RO/ZC=HAUl AL POINTS/AXIAL POINTS))
HEAD RADIAL INTERVALS

CALL REARL(6H RC*A (LRO)* IP
READ AXIAL INTERVALS
CALL !EARL (6H 20 *A (LZO)* UP)

IF (ISTART.NE.4) UC TO 210
DETER!], INE"S1FJOSUIDAL FLUX GUESS AMU RREPAIIE FLUX TAPE

CALL SINUS (A (LNU) *A (LRO) .A (LRI> *A (LZa] ,A<I.Z1) *IP* JP. IRL* If,P' IRT.
1 IRU.IGM)

CONTI'IUE

READ ZONE NUMBERS

PRINT 21b

FORMA T (3 ONO ZONE flUNBERS HY MESH INTERVAL)
CAtL REAEXP (6H MO*A (LMO) *IMJM)
SE” MATERIAL NUMIREPS FOR REGIONS
PRINT 220

FORMAT (25HOMATERIAL NUMBERS BY ZONE)
IMS=1,)2 ' IZM - I

K="

DO 221 I=LM2*LM3

INTT(I)=K ¢ ML

Ksk * |

PRINT 222* 1IZM, (INTT (I) ,I=LM2*L"3)
FORMAT (10X, 2HM2* 725-(10112))

READ FISSION FRAUI IONS

PRINT 225

FORMAT (17HOFISSIUN SPECTRUM)

CALI. REARUDbH K7,A (LK7) .IGM)

IF (MOl) 2(J0*250*230

PRINT 240

INP
TNP

INP
IMP
INP
INP
INP
TNP
TNP
TNP
TNP
INP
INP
INP

(MP
TNP
INP
TNP
INP
IMP
INP
INP
INP
TNP
INP
INP

[NP
IMP
IMP
TNP
IMP
TNP
TNP
INP
INP
INP
INP

FORMAT (H2HCMIXTUHE SPECIFICATIONS (lcZz1ll/I2=MIX NUMBER/MAT. NUMBERINR

FOR MIX/MATERIAL CENSITY))

CALL U'EAFXP'(6H 10* A(LIO). MOl)
CALL REAFXP (6H 11, A (LID* MOD
CALL RpARL (6H 12, A(LI2)* MOD
GO TO 2bb

CALL ERRO2 (6H*« INF,250,1)
CHECK FOR DELTA CALCULATION
IF (ILVT .ME+3) GO TO 280
PRTNT 270

FORMAT (BSMOHELTA OPTION DATA (R?/2?/P3/Z3=RADI At/AXD\L ZONE NOS

1/RADIAL/AXIAL ZONE MODIFIERS))

CALL REAEXP (6H "pa* A(LR2), IM)
CALL RpAHL (6H H3,A(LR3) *I7)
CALL RFAFXP (6H 22. A(Lz2), JM)
CALL REARL(6H 23,A(Lz3)*JZ)

CHECK FOR SEARCH CALCULATION
IF (IEVT.NE.2) Go 1C 285

CALL RF.ARL1bH U.A (LI4) »MO1L
CHECK FOR nORNUP CALCULATION
IF (MJOl.LQ.0) (JU'TO 290

TNP
TNP
INP
TNP
INP
INP
TNP
TNP
TNP

. INP

TNP
TNP
TNP
INP
TNP
INP
INP
TNP
INP
TNP

349
350
351

352
353
354
355
356
357
358
359
36C
361

362
363
364
365
366
367
368
369
370
371

372
373
374
375
376
377
378

379
330
381

382
383
384
385
336
387
388
389
390
391

392
393
394
395
3%
397
398
399
400
AOL
402
403
40A
405
406



=0 0

2So

30P
310
320
330

3'Mi

3b0
360

310
360
365

38 ()
385

400
405

410
415

4<;n

10
b

REAtl IfJ THE NTRIU ARRAY INP
CALL TRIG 'A(LNTHIG),MO01) INP
END OF INRUT DAI A IMP
INP
CALL "TARR(A(LMO) »A(LM2) , IM* JM. A (LCO) ) INP
IF (LAST - 30000) 330* 330*300 INP
PRINT 310 INP
FORMAT(26H PROGRAM CAPACITY EXCEEDED) INP
STOP INP
CONTINUE INP
INP
OETERNINE DIRECT (ON OF LINE INVERSION INP
INP
IF (IOE.FO.2) GO 1C 370 INP
GO TO (350, 360* 370* 3*0) MSHSWP INP
IRSUM = IUL » IRR ¢ IBT * IRR INP
IF (IRSUM.EQ.I) GO TO 350 TNP
RM = AA(LRI - 1) INP
M = AA(LM - n TNP
IF ( (RM*J'i/ (ZM*IM) ) - 1.) 3E,0.370%37A INP
NSWEEP = 0 INP
GO TO 380 INP
NSWEEP = -1 INP
GO TO 380 INP
NSWEC' = | TNP
PRINT 38b INP
FORMAT(////5X, 12H 444*40/) INP
ITEMP = NSWEEP ¢ 2 INP
GO TO (3Rv).400*410) ITEMP INP
PRTNT 3Rb INP
FORMAT (SX.3RH UIiRECTION OF LINE INVERSION = RADIAL ) INP
GO T0O~420 INP
PRTNT 405 INP
FORMAT(5A.52HDIHLCTION OF LINE INVERSION = ALTERNATING DIRECTION > INP
GO TO 420 INP
PRINT 41b INP
FORMAT (5X, 36H DIRECTION OF LINE INVERSION = AXIAL ) INP
RETURN INP
END INP
SUBROUTINE ERROR | POL.JSUBR* I) ERR
COMMON MINP  NOLT *NCRlI  _NpLUX1,NSCRAT ERR8%
PRINT 5 ¢« ROL* JSLBR ERROR
FORMA T(2H "/9H ERHCR IN.A6.3H AT*le/"H o/2H *) ERROR
GO TO* (10*15) 1 ERROR
STOP ERROR
RETURN ERRO2
END ERROR

407
408

409
410
411
412
413
414
415
41b
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

W I LN =

37



38

loXel

231

25

10
IS

To
ISO

I'TIME . T < JTL. JGM, IMT
COMRO TME; RBECT 7 €O ATW, HOILN.  ALAM|

NCRI, " MELUXD *N ISCRAT, ' NDUMP,
IIIMIIC)R ALA, BO7, 4 (CrJ S CVT. DAY, EO (51) «
? El (5 EHSl,E351.E 5i,ESSl.F651.E751,
3 ‘ EHgSI ), E9((5 13, (EO%, Eo?, (EO3) e b
COMMO' | EM, EVP, EVPP, Et'P. GHAR. IGEP. IGP,
1 IGV, 11, IMIM, “IP.  1TEmMp. ITEMPI, I11EMP2.
2 up,  JP. K07, KPADF, LAP.  LAPP, LAR.
3 LC* i0OCTO,  OHFP. P02,  (‘BAR,
4 SRAR, SK7, TODb, Til . TEMP, TEMPI, TEMP2,
E TI MP3, | EHP4, TI, vn , NXCM
COMMO | !lI(23).  TMAX, IGE, /M, M, M, IBL,
i IRR, "IHT, IBB, IGM, IEVT. IPVT, ISTART,
ML, MT, MO, ICST, IMT, IHS, 1IL,
3 U, JZ, OITM, JITM,  MWDT. IPFLX, IPRIN,
4 IDMTPS, IPEF . IXSEC, npois, NCON
. COMMO EPS, SHCRT.  POWR. OMP, FLXTST. PV,  EPSA.
i PV, EVM, XLAL, XL AH) POD. MELT. IES,
| i NHSTP. IPUH , EV2. NGO, 1HRTRG, NCOEE, NSWEEP
IMTEfi:n  Bo7, CNT, CVT. P()2, Toe, R2. 72
TMTEG':R OITM
HEAL 12, 13, K6» K7, LAP. LAPP, LAR.
1 MO, N2 MASS. MASSP. 14
prvemMt 11 ON C(JTL ,JGM,JMT) , (O 1or=.,IMT) | A:w (11. HOLM(l), ALAM()

XSEC
XSEC

XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC

T.nn IHkKOUTINE HEADS CROSS SFCT1ONb FroM CARDS ox TAPE AMD WRITESXSEC

CROSS SECTION TAPE (DISK FILE)

PRINT 5. 310(1) 1=1,23
FORMAT (111,12A6211A6///)

TF!1 XSEC 110 1) REWIND NMICR

DO 15.

TE(IXSEC EQ ) GO TO 15

HEAD(MINRi10) HOLN(I),ATW(I),ALAM(I)
FORMAT(AH.2E6.2)

GO TO 20

READ( IMICR) HOLM(I) ,ATW(I) ,ALAM()
READ(NMICR) ( (C(L.1IG.I),L=1.ITL).IIG=1,IGM)
ALAH(D= <<LAM(%\?/&24 .«3600.)

PRINT 25. I_,HO

FORMAT(I3>>6X A6>

IF (IX3EC.EQ.1) GO TO 150

DETERMINE"T?PE 01 XSECT CARDS.ICST=1/2=TYPEi/TYPE2
IF (ICST.EO. 2) GO TO 7o

DO 30 I1IG=I1TIGM

PEAD(IINP, 35) (c(L,I1G,I),L=1,1TL)

FORMAT (6E12.13)

GO TO 150

READ(MINP,35) ( (C(L, IIG, I),L=1.ITL), 11G=1,I0M)
CONTT’iUE

IF (TXSEC.f-O. 1) REWIND NMICR

IF (ICST.r)71) co TO 190

SECTION TG DELETE POSITIONS ONL AND THREE FROM CROSS SECTIONS

ITL = ITL - 2
INDL = 0

DO 18* M=1,ML

DO 181 J=1,I0M

DO 170 1=1, ITL

XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC

NO® 9N LB LwWN—



K-0

170

190

200
~10

740

?h()
Hc5

270
2tO

IF_(/1,.GE. 2 ) GO TO 160
L =1 + 1"4IND
TEMPX = C < L. J« ~ )

C ( I* J* M) = TEfPX

GO TO 170

IF (I .GT.ITL) GO TO 170
L=1%*2 +MUL

TEMPX = C ( L, J» )

C ( I« J* M ) s IEHPX
CONTINUE

INOL = INOL ¢ 2

CONTINUE
HS = IHS -
IHT = IHT -
CONTINUE
CHECK ON CROSS SECTION CONSISTENCY AND OKOER
TEMPI=1 +

[N} )

TEMP2=0.01
DO 26-* J=1+ML
DO 26'. [1=1«IGM

G=C (IHT-2* 1.J ) ¢« C ( IMS* 1. J)
00 211 K = 1, NXCM

KKk = 1 ¢ K

M= IMS * K

IF (xkk - IGM) 20(¢;* 200* 210

c = ¢c ¢ CM*KRK*J)

CONTINUE

A8S<<G-C HT*I J)>/C(AHT*1.J>>-.01) 240%220.220

TF
PRINT 265* J'il, TEM
GO TO 260

TF  (aps (<G- CEIHT I*J>)/C(AHT,I*J))-.00P1> 260%250.250

PRINT 265. J.I*{E

CONTINUE

XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC

XSEC

FORMAT(IH /.16H CHECK MATERIAL 12.5x, 7H GROUP I2.2X,36HCROSS SFCTXSEC

210N IMBALANCE IN EXCESS OF.F5.2,BH PERCENT)
WRITE CROSS'SECTION TAPE

no 2811 IIGsSLIGM

no 270 MalMT

DO 27w L=I*ITL

CO<L.M>=C(L.I!G,M)

WRITE (NCRI) ( (CO(L.M)*L=1*ITL)*M=1,MT)
REWIND NCRI

RETURN

END

XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC

59
60

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102

39



40

20

id
*.r

sn

£'0

ho
90

Joo
1 1l
120

sunnouTiNi: IMPEL* <NO, RE, ZE
NCRI".

COMMOI MINP, NCUT, NFLII*! »
i NMICR, ALA, B07, CNT,
2 El 51%, E2(51), E3(51), E4(51),

Eh(51), 19(51)+ EO1. E02»

COMMO! EO, EVP, EVPP. KPE ,
| IGV, 11, IMIM, 1P,
9 1ZP, JP. K07, KPAGE
3 LC, NGCTO, OHFP. P02,
A SOAR, SK7, T06+ Til ,
5 TEMP3, TENPA, 'T1. VI).

COMMO  10123), TEA*, IGE. 1IZM,
| IRR, "IBT, IBB. IGM,
2 ML, MT, MOl>  ICST,
3 17, JZ, OITM, [ITM,
A TDMTPS, IREF, IXSEC. MPUIS,

COMMO' EPS, 5RCRT. POWR, ORF
| EV, EVM, XLAL, XLAH,
2 NHSTP,  IBUR, EV2, NGO,

INTEGER BO07, CNT, CVT, P02,

INTEGER OITM

REAL 12, 13, K6»

o NO,
niMENSION MO(1)» PE (1), ZE (1)

THIS sUHROUTIME READS INPUT FLUXES AND

PRINT 5

r Wr.MM NI A

K7,
M2, MASS,  MASSP,

NSCRAT. ISCRAT,
CVT, OAT,

E5(51), E6I51).
Eo3

GBAR. IGEP.
| TEMP. I TEMPI,
LAP. LAPP.
PBAR.
TEMP. TEMPI,
NXCM
M, M,
IEVT. IPVT,
IHT. IHS,
MWOT.  IPFLX,
NCON
FLXTST. PV,

POD. OELT,
IbRTRG, NCOEF,

Toe, R2,
LAP. LAPP.
14

PREPARES FLUX TAPE (DISK)

[STA9T = i3/ 272/3/=*=N0 10)X/CARUS/CAHOS/T A'E/SINUSOIJ n

KK = IsTaoT * 1

oo 12; I1IG = 1. IGN

co TO (1o»30*80*100»120) KK
00 20 1=1f IM

oo 20 J = 1* M

ITEMP = (J - DoIM ¢ I
NQ'ITDIP) = 1.0

GO TO 110

mul - i) ~0*00*60
PRINT 50

NDUMP.
FO(S1).
FM51>

IGP.
I1EMP2,
LAR,

TEMP2,

IHL.
ISTART,

ITL,
IPRIN,

EPSA*

IFS.
NSWEtP
72

LAR,

IMPEL
IMPEL

IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
INPFL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
INPFL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
INPFL
IMPEL
IMPEL
INPFL
IMPEL
IMPEL
INPFL
IMPEL
IMPEL

FORMAT(55J0rLUX GUESS ~ {RE/ZE=TOTAL RADIAL FLUX/TOTAL AXIAL FLUX))INPFL

REAn( I1}P«90) (HE (T) *I=1, IM)
REAO( 1INP »90) (ND«JI=1,IM)

PRINT 52¢ IMy (HE(D),J=1.IM)
FORMAT (hX,3M RF* 16/(10E12+5))
PRINT 5A, JM. (ZF (D)»J=1,JM7
FORMAT (6X.3H ZF.16/(10E12.5))
00 70 I = 1. IM

no 70 J = 1» M

I TEMP = (J - 1*IM ¢ &
No(ITFMP) = RF(I)*ZF(J)

GO TO 110

READ(JINP.90)  (NO(I). 1=1. IMIM)
FORMAT(6E12.6)

GO TO 110 "

READ (NOUMP) (MO(I), 1=1,IMIM)
WRITE (NFLUXI)  (NO(I), 1=1, IMIM)
CONTINUE

REWIND NFLUXI

REWIND NOUMP

RETURN
END

IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
INPFL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL
IMPEL

IMPEL
IMPEL

DO 01N N B~ Lbo—



10

11

20

21

30

31

40
41

60

hi

’n

71

no

HI

HO

HI
100
101

102

103

104

105

SUhRO'ITINt SI1INUStNo, RO»R1t2p»21,IP.JP»IBL.IBRiIBT, IBBtIGM)

COMMOU NinPVNOUTiNCR1, NFLUX1

REAL no

DIMENSION NOd), RO(1). Rim»20 (1) . 21(1)

rabprarn sinusorp CALCULATION

KRAD = 2<*IF3L + 1HR ¢

MIM = IP-1

GO TO (10*20%*30%40)+ KRAD

RTOT = 5. ¢ RO(IRi -Roll) 4 5.

DO 11 1=1 ¢HIM

RKI) = ( (RO (I] ¢ Po (1*1) | *0.5 ¢ B.I~S.~IBP/HTOT
Rl (I) = SIN(RL(I)

GO TO 50

RTOT = 5. + ROUP) - ROU)

DO 21 1=1.MIM

RKT) = ( (RO<I)*RO(I*1) | *0.5 + 5.0><»3.14159/ (2.0*RTOT)
RKI) = SINtR1 (1)1

GO TO 50

RTOT = 5.0 ¢ RO (1P)—H0 <1)

DO 31 1=1.MIM

RKTI) = ( (RO<I) *POCK1 ) )*0.5) *3.14159/ (2.P*RTOT)
RKI)= COS (Rl (I) |

GO TO 50

DO 41 1=1.HIM

RKI) = 1-0

AXIAL SINUSOID CALCULATION

KVERT = 2*!RB ¢ 1BT ¢ 1

MJM = JP-1

GO TO (50%*70.00.90). KVEIRT

zror = 5.0 ¢+ zZourP) - zZo(D ¢ 5.0

DO 61 J=1*MJIM

ZKJ) = [ (2C (J) *20 (J*1) | *0.5 4 5.0) *3.14159/ZTOT
ZKJ) = SIN(21 (J) |

GO TO 100

zror = 5.0 + zo(up) -zo(1)

no 71 J=l*MJIM

ZKJ) = K2Z6(J) * 2Z0(J*1))*0.5 * 5.(i)*3.14179/ (2. ()*2TOT)
ZKJ) = SINIZ1 (J)

GO TO 100

zTOT = 5.I) ¢ zZoup) - zfl (1>

DO 81 J=1.MJM

ZKJ) = | (20(J) *20(J*1) 1*0.5 ) *3.1A159/(2.0%ZI0OT)
ZKJ) = COS (21 (J) )

GO TO 100

DO 91 j = 1.MJIM

ZKJ) = KO

PRINT 101"

FORMAT (5SHOFLUX GUESS  (RF/ZF=TOTAL RADIAL FLUX/TOTAL AXIAL FLUX)
|

PRINT 102 . MIM,( rKT) .1=1.HIM)

rorMaT (6X.3H r7.16/(10r12.5))

PRINT 103. ' MvM. (ZKJT.J=1 ,MJM)

rorvMaT (6X.3H ZP.16/(lor12.5))
DO 10~ 1=1.P1M
DO 104 Jsl1l.MJM

1teMp = (0-1)*MIM ¢ I

NO (ITLMP) = RKI) *z1 (J)

MIMJIM = MIM*MJM

DO 105 11=1.IGM

WRITE (NTL'1X1) (Null) .1l=1.MIMJM)
REWIND NFLUXI

RETUR |

END

SINUS
SINUS

SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
SINUS
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42

30

<
50

hr

VO

HO

120

SDFIPO"TIM: REARL U-OLLIARRAY.ECOMNTI
DIHCN™!ON" ARRAY U) tV(12) ,K(12) ¢IU2)
COM{VVI IIINP NOLT NCR1 .NFLUXI1 NSCRAT
}FIiAG=0

IF (JFUALti) 20*40,20

DO 30 JJ=1,6
KIH=KJ3*6)

IN (.1.1) =IN t JJ*6)
VUDH=VJI*6)

JFLAD=0

GO TO 60

READ (MINR,50)
FORMAT(6(11,12,tR.4)
DO 14, 1=1.,6

L=K(T)*1

GO TO gn,BO,IOW"ﬂSO) *L
NO MODIF I CAT 1011"
ARRAY(J)=V(3)

J=J*1

GO TO 140

REPEAT

L=IM(!)

oo N w=

ARRAY (3)=V (1)

J=J+I

COMT T-lJE

GO TO 140
INTERPOLATE

IF (I 6) 120%110*110
READ™ (NINP*50)
JFLAG=1

L=1tl EI) *]

OEl= (7(I*D)-Y (1) /FLOAT (L)

DO 130 m=1,L

ARRAY(J)=V(I)¢DEL*FLOAT (M-])

J=J*1

CONTI (UK

CONTINUt

GO TO 10

TERMINATE

J=J-1

PRINT 160* HOLE *J *( ARRAY (J).1=1.,J)
FORMAT(6X*A6,16/(ICE12.5))

IF (J -NCOIINT) 170.180,170

CALL. ERRO2 ( 6H**HfARL*170.1>

RETURN

END

) (K@D,IND,V(1),I=|.b)

(KAD,INODH*VAT) ,JJ=7.12)

REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
PEAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR

DO = = e i i
SO NTNNPARWO— OO N LWbo—

NSNS N SN SR SN S
AN kWi

W NN N
[=>ENSINSIEN |

[VSRUSRUSRUSHUSRUSRUS RUS RO
Nele oREN No RO, RN SNNUSY O Ry
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Jo

*0
X

<+0

~0
ho

|

StJHPO'iTIf'ir._ MAPR (M

COHMOU  niMP,  "NCUT,  ~“NCRI, NFLUXI, NSCRAT,
NMICR ALA, HOT CNT, CVT,
El (51)¢ E2(51), E3(51). E4(Bl, F5(5)).
Eh(61), ES(51)., EO], E02, Eo3
COHMOI EU, EVP, EVPP, LPF, GBAR,
I1GV, 1I, IMIM, IP, [TEMP.
1ZP, P, K07, KPAQE, LAP,
LC, NCiCTO, OREP, P02, PBAR,
SOAR, SK7, T06, Til, TEMP,
TPMP3, TLMP4, TT, vn,  NXCM
COHMO: 11)123), 'TMAX, IGF, 1AM, ™,
IHR, IBT, IHR, IGM, TEVT,
ML, Ml, MoOi, icsr, IHT,
ii. JA ¢ OITM, 1 IT™m, MWOT,
IOMTP5,  IPEP, IXSEC, NPOIS, NCON
COHMO' CPS, 6RCRT, POWR, ORF, FLXTST,
EV, EVM, XLAL, XLAH, Pol),
NMSTP. [T HUP, EV2, NGO, THRTRG,
INTCGf R HOT, CNT, CVT, P02, TQ6,
TNTCOCP  HITM
REAL 12, 13, K6, K7« LAP,
N 0« N2, MASS, MASSP, 14
DIMENO ION MO(JIM «JIM) , M2 (1) . Ml
PROO'ICE A PICTURE PRINT BY ZONE ANO MATERIAL
PRTAIT 10* (IP(I) ) 1=1,23
FORMA  (1Ml1- 12AR/11A6//
po 20 JJ=1,IM
JsIM-JJ*|
PPIfIT 30, MO(L.J) ,1=1, M)
FORMAT( 5M *6512)
PRINT 40

CM2, JIMJIM, K

FORMAT <2H A2U X/2P 1/2H A/2H L//3M RADIAL)

PRINT 10,
oo 60 JI=1,JM
J=IM-1J*1

DO 5 L=1.M
N=M0O (L, J!

K 11.)
PRINT 3o,
PRINT 40
RETUR
ENP

(I»<I) ,1=1,23)

=IAHS (M2 av) )

(K (L) ,L=1, IM)

ISCRAT,
DAY,
E6(51),

IGEP,
I TEMPI

| APP,
TIMP1 ,

M,
[PVT,
IMS,
IPPLX,

PV,
PELT,

NCOEE,
R2,

LAPP,

NDUMP,
Ell (51) ,
E7(ShH*

IGP,
ITLMP2,
LAR,
TEMP2,

IBL,
ISTART ,

IfL,

IPRIN,

FP-SA,

Ir S«
NSWEEP
42

LAR,

MAPR
MAPR

MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
MAPR
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1b

18

Jb
40
4b

b0
bb

b0
bb

U)

1SUHRO‘lTlNr. INIT 11’;%, *7, 10. 11. 12, MO. M2. NO. RO. RI, %f INIT

R4, R5, 20, ZI. 22. 23. 24, 25. AQ, INTT

? FO- CO, VO. JTL, JIM, JIM, JMT, NTRIG, 14) INIT
coMmMoN ~ NINP,  NCUT, ~ NCR1. NFLUX], NSCRAT, ISCRAT, NDUMP, INIT
| NMICR, ALA, RO7. CNT, CVT, DAY, EO(S1ly INIT
? EI1(511, E2(51), E3(51), E4(51), E5(5D, E6(5D . E7(51). INIT
E8151), E9(=l), EOI. E02, Eo3 INIT

COMMON EO, EVP, EVPP. EPF.  GBAR, IGEP, IGP, INIT
I IGV, 11, IMIM, ‘IP. [ITEHP, ITEMP1. TTEMP2. INIT
? uUP, JP, *07. KPAGE. LAP. LAPP, LAR, INIT
3 Lc, NGCTO,  OREP, P02. PBAR, INIT
4 SRAR, SK7, TO6, Til . TEMP. TEMPI, TEMP2. TNIT
5 TEMP3, IEPP4, TL VII»  NXCM INIT
COMMON ID(23), -TFAX, 1GE. 12m. IM. M, IHL, INIT
| IBR, IBT, IRB, IOM, IEVT, [PVT. ISTART. INIT
? ML, M, Mol, ICST. IHT. IMS, ITL. INIT
3 u, J2,  OITM, HIM.  MWAIT, IPFLX, IPRIN. INIT
4 IDMTPS,  IREE, IXSEC, NPOIS. NCON INIT
COMMON EPS, SKCRT, POWR, ORF. FLXTST. PV, EPSA, INIT
| EV, EVM,  XLAL. XLAH. POD, BELT. IFS, INIT
? NHSTP, IBUR, EV2, NGO. IHRTRG. NCOEF, NSWEEP INIT
INTEGER  HO7, CNI, CVT. PO2. TQ6. R2. 22 INIT
INTEGER  OITM INIT
REAL 12, 13, K6, K7» LAP. LAPP. LAR, INIT
| NO, N2, MASS, MASSP. 14 INIT
OIMENSION K6 (1), K7U), 10(1)+ 11(1). 12(1), Rod). PI (1) . INIT
I R2(1>* R3(1), R4(1)* R5(1). 20(1). Zld) 22(1), INIT
? 23(1) * 24(1), Z5(1)* A0(1) . Aid). Co(JTL»IMT). INIT
3 VO(JIM,JIM), MO(1)» M2(1). NO(1)* Eod) . INIT
4 NTRIG(I) , 14(1) INI 1
IE (P0<?) 1b,5,15 INIT
PRINT 10. DAY INIT
FORMAT(IHL,3CX ,11H TIME =E8,3.BH D A Y S//Z) INIT
B07=1 TNIT
PRINT ATOM DENSITIES IF P02=0 INIT
IF(P02) 65,20, 65 TNIT
IF (MWOT.EN.I) 00 TC 35 INIT
PRINT 25. d. 10(D). 11J) . 12() . J=1.MQl) INIT
FORMAT(1HO,3X, IbH FIXTURE NUMBER ,16H =~ MIX COMMAND ,24H MATERIINIT
PAL ATOMIC DENSITT//(14.1X,IR,0X, IR.8X. E20.8)) INIT
GO TO 45 INIT
PRTIT 40, J, 10UJt IK))* 17(J), NTRIG(J) J—1 ,MO 1) INIT
FORMAT <1HO0,3X, 1yH MIXTURE NUMBER «1RU  MIX COMM INIT
224H MATERIAL ATOMIC DENSITY.12M NrKlG//(U«lX I8, 8X.1d.RX .E2TNIT
30.n,9X,16) | INIT
IF (IPRIN.E0.3) GO TO 70 INIT
IF (DAY .NE*0 .] GO JC 60 INIT
PRINT 55 INIT
FORMAT(/19HICRObb-SECTION EDIT) INIT
GO TO 7u INIT
IF(IPRIN.EO.I) GO TO 50 INI!
GO TO 70 INIT
IF [IE'IT-ML.,2| GO TC 175 INIT
CALCULATE MACRObCOFIC CROSS SECTIONS INIT
REWIND NCPI INIT
DO 170 110=1,IGH INIT
READ {NCR 1] ((Co(1,)),I=1.1TL),J=1, MT| INIT

DO 120 M=1,M01 INIT
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HO

bb

115
(<:0

1<?5
1 jn
us

1 <>
us

ISO
UsS

110

ISO
IH5
uo

uUs
300

»? |5

Il

=218
20
2J0

2 15

2s0

IF (Ip (M) - MT) «.l»eo*75
CAl.L Ff<RO2(6H* IMIT, 75»1)
IF (11 (M] -MT) 8S»75,75

N=10 (M)

L=11¢

TFMP=u.

IF (IFVT.F'1.2) TtMFsI4 (M)
EOlL = I2(M)<Ml. ¢ EV«TEMP)

no 120 1=1,rilL

IF (L) 110,115,111
CcCO(I,i)=CC. (I,N)*CO(I,L)*EOL
GO TO 120
CO<I»>'1)=CO<I*N)wKO1l
COMTTI'IUE

IF (PO?) 105,125»1G5

IF (IPHIN.FQ* 3) GO TO 165
IF <nAY,NE'.0") GO TC 150

PRINT 135T TIG

FORMAT (78 GROUP I3,15H CROSS—SECTIONS)

DO 140 N=1,MT

PRINT US, N, (00(1,N),1=1,ITL)
FORMATION MAT,IJ, (10E11.3))

GO TO 165

IF (!P!,IN, (.0+ 1) GO TO 130

WRITE (NSCRAT) ( (CO (1,I),1=1,ITL), J=1,m7)
CONTINUE

REWIND NCR1

REWIND NSCRAT

SWITCH TarPE DESIGNATIONS

I TKMP=NSCRAT

NSCRATSNCRTI*

NCR1=iTEMP
CONTINUE
NCOEE=1
MOI'IEY GEOMETRY

17 (Po2) 200~180, 200

IF (NCON) 300%185,300

1)0 190 1=1,IP

R1 (I)=R1) (t)

no 195 J=1,JP

z1 <J)=ZoU> ‘

IF CIEVT.NF.3) GU TC 230

no 205 1=1, IM

K=R2 (T)

R1 (1*1) =R1 (I) + (RO (I*1)-RO (11 )& <1.0* EV«tR3(K) )
0o 210 g=1.0M

K=2Z2U)
Z1(J*1)=ilt (J) * (Z0 (W*¥1) —Z0 (W) )<>(1.0* EO»z3 (K|
IF (IGF - 2) '230%215,230

t1#(AUG (£\ (JP)-1.0)-1,0E-0A1230,230,220
CALL ErRRO2 (6H* IRIT,220,1)
CONTINUE

CALCNLATE AREAS AND VOLUMES
P12=6.28318

TF(PO02) 235,240*235

IF (zevr.nE.3) eu TC 300

no 270 1=1,1IM

r4(z)= (u1 (1*1)eH1(1))*0.5

INIT
INIT

INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INTT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT

59

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116



<f<»s

P55

?.bP

pus

ZIS

P«5

?s0
PS5
jnn

jn5
310

32n
330

[epXep]

350

350

RS(I)EfU (I*1>-FU 5?

IF( R5(I) ) 245*245,250
CALL ERHO2(6H* IINIT,245,1)
GO TO (255,260,2t’5) , IGEP
AO0(D=1.

AO(IP>=1.

A1(D=R5(T)

GO TO 270

A6<D)=PI2*R1 (1)
AO(IP)=PI2»R1(IP)
Al(D=PI2»R5(1)»H4(D)

GO TO 270"

A0 (D=PI2<RI SI
AO(IP)=PI2«R1(IP)
AL(D=R5() *

CONTMYJE

00 295 J=1,M

ZA(J>=</] U*D) *21 (J) ) <*0.5
ZStJINZ1 (-)¢ 1) -Z1 U)

IF ( Z5(J) ) 275%275,280
CALL ERRO2I6H* INIT,275,1)
00 295 1=1.Im

GO TO (285,290,290) * IGEP
VO(I *J)=R5(1)«ZS <J§

GO TO 295
VO(I*)=PI2<R5(1)*Z5(J)*R4(I)
CONTINUE

CONTINUE

CHECK PARAMETRIC EIGENVALUE
IF(Po2) 330,305,330

SK7=0"

no 320 110=1*IGM

IF APVT.EG.1) GU TC 310
K6(IIG)=K7(11G)/PV

GO TO 320

Ko6(11G)=K7(11G)
SK7=SK7*K7(IIH)

CONTINUE

CALCULATE INITIAL (OR NEW) FISSION NEUTRON SOURCES

T11=E1(IGP)

no 35") I=1,1 MM

FO(I)=C:

DO 360 IIG=1,10M

F0<110) = .0

REAn (NFLUXI) (NO(I),1=1,IMIM)

READ (NCR!) (1CO(1,.J),1=1,ML).U=1,MT)
00 36!' J=1,JM

DO 360 K=1, Im

t =K+ (J-D*IM

ITEMP=MO ( 1)

ITEMP=M2(T TEMP)

EO0 (11G) = EOdIG) ¢+ VO (K,J) *NO (I) »C0 (1, I TEMP)
FO()=FO0(1) ¢ Co(3,ITEMP)*NO(D

CONTINUE

REWIND NFLUXI

REWIND NCHI

RETURN

END

INIT
INIT

INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT

INIT
INIT

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
17b
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[eNel

io

‘ed

sn

hC

40

mo
110
i?n

130

2

WS Lo —

B o —

|
2

|

éE)JHPg)'lTUV%H§§C«L N CISIEIO*

NMICR, ALA,

EI<5li, 12 (51),

EH(51>, L9(=l),

COMMON EU, EVP,

IGV, 11,

ISP, JP,

LC, NGCTO,

SRAR, SK7,

TO1P3, IEPP4,

COMMO.| iut23), TPAX,

IBR, IBT,

ML, MT,

IS, J2,

TIIMTPS, IREE,

COMMON EPS, SHCRT,

EV, EVM,

NHS'tP, IBUR,

INTEGE n ROT, CNT
INTEGFR  OITM

REAL 12, 13,

NO, N2.

DIMET’ION Nod) * rod) .

LAP = ALA
FISSION St'MS

IF (f")7.Ea-0) GO TO 40
FI)1=0"

DO 10 [=1*IMIM
FOI=Ei'*V»> (1) *F(J T)
DO 20 110=1*IGM

El (IICi)= K6(IlG)wE01
EO(TO

El (1 % =0T

no 30 110=1 *IGM

EOfIGP)=EOUGP)*LO(IIG)

El (IHr’)=El (IGP) *1:1(110)
IF (P07) 70% 40* 70

ALA = Bl (IGP)/TU
TEHP=1.0/AL

IF (IEVT-1) 70,5u*70
DO 60 1 10=1*IGM

El (110)=E1(TIG)*IEMP
K6 <110)=K6(11G)* fEFP

El (10P)=E | (IGP)**I£)/p
COIITI Hit

NORMALISATION

HO7=0
IF (POWH) 140,100*90

F%\)IER | 1o fj IQIE)UX{(O

B0O7«
E3(51),
EOI,
EVPP,
IMJM,
K07,
ORFP,
TOG,
'T1,
IGE,
IRB,
MO 1,
OITM,
ixsrc*
POWR,
XLAL*
EV2,
CVT*

K6+
MASS*
VOoID *

EOl = SRCIU/(EO(IGP)*EPF)

GO TO Ho
EOl = SHCRT/EI(IGP)
DO 120 IIO=r,IGP
El (II0)*E01 *El(IIG)
DO 1 31=I*IMJM
FO(D)= E01<>F0(I)
RETIR'I

END

CNT ¢
E4(51).
Eu2:
ERF *
Pt
KPAGE*
POP*
Til .
vn *
I1SM,
1GM *
ICST.
I TM*
NPOIS*
OHF *
XL Art *
NGO*
Po2*

K7t
MASSP*
CO(JTL

MQ, M2«
NSCRAT,
CVT,
S (51) ,
Eo3
GBAR,
I TEMP,
LAP.
PBAR,
TEMP,
MXCM
M,
IEVT,
IHT.
MWOT,
NCON
FLXTST,
POD,
IHRTRG,
TQ6,

LAP.
14
JMT) ,K6

JTL*JMT)

ISCRAT, NDUMP,
DAY, 0 (51)~*
Fo6(51), 7(51)*
IGEP, IGP,
ITEMP1, ITEMP2*
LAPP. LAR.
TEMPI, TFMP2,
JM, IHL*
IpvT. ISTART,
IMS, I TL*
IPFLX, IPRIN.
PV, F.PSA,
BELT, IFS.
NCOEF, NSWEEP

R2, S2
LAPP, EAR,
(1), MOd>», M2d)

FISC
FISC

FISC
FISC
FISC
FISC
FISC
FISC
FISC
rise
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
FISC
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30

<40
N0

M1

to

HO

COMHO! NINP, CUT,
| NMICR, ALA,
? E] (51)» E2I51),

ES (51), ER (51).

COMMO | EQ, EVP,
| IGV lit
B UP, UP,
3 LC, NGCTO,
4 SOAR, SK7,
5 TEMP3, TEMP4,

common ][] (23) , TMAX.
| IBR, '1BT,
? ML, MT ,
3 U, Jit
4 IQMTPS, IREF,

COMMON EPS, SRCRT,
| Ev, EVM,
? NHSTP, IBUR,

INTEGER 007, CNT,

INTEGER OITM

REATL 12, 13t
| NO, N2.

MONITOR PRINT

CALL SECOND(T)

T = TU(.

KPAGE = KPAGE * |

IE (KPAGE - 40) -eutlOtlO

KPAGE=()

PRINT 20

FORMAT (K'SHI TIME
1UE EIGENVALUE

PRINT 30

FORMAT (KISH (MINLTES)

sunRo'iTiNr._ EVPRT

I

PRINT 50, TLP02, LCtE
FORMAT(4 X,F6°3 tIOX, 14, HXtI4,6A |E15.HtE)5,8,F15 .8)

PO?=RO2 + I
LC-0
IF (Po2
NGOTO=1
GO TO so
NGOTO=4
PETUR
END

- OITM)

71,70t60

NCRI . NELUXIt NSCRAT, ISCRAT,
B07, CNT t CVT, DAY,
E3 (51), E4(51), E5(5D, E6(51),
EOl, E02t Eo3
EVPP, LPFt  GBAR, IGEP,
IMIM, >IPt ITEMP, [TEMPI,
K07, KPAbEt LAP, LAPP,
ORFP, P02t  PBAR.
T06* til . TEMP, TEMPI,
‘Tit vn, NXCM
IGEt I2M. M, M,
IP.Bt 1GMt IEVT, IPVT,
MOt ICSTt IHT. IMS,
OoiTumt I1TM, MWOT, IPFLX,
IXSECt NPOISt woown
POWR, ORFt FLXTST, PV,
XLAL,  XLAH, POD, BELT,
EV2. NGOt IHRTRG, NCOEF,
CVTt PQ21 TQ6, R2,
K6, K7, LAP, LAPP,
MASS, MASSP, 14
OUTER IN . IT.
LAMBDA ]
ITERATIONS PER LOOP
/
LEV, AlLA )

NDUMP,
EO(51),
E7(51)

IGP,
ITEMP2.
LAR,

TEMP2,

IHL,
ISTARI,
ITL,
IPRIN,

EPSA,

ITS.
NSWEEP
A2

LAR,

EVPRT
EVPRT

EVPRT
EVPRT
FVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
FVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT

EIGEUVALEVPRT

SLOPE

EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT
EVPRT

DO = e m  —
SOOI NRARWN — OO oo-a W A Lo
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(eI ReoXQ V)]
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2(<

40
SO

60

70
HO

90

loo
no

120
140

SUMRO'if1lM OUTFH1 AQt Al , CQ,

1 s2. Vo, 25,
2 JIM* JJM, RS,
cnitHOi HINP, NCUT , NCR1,
| NMICR, ALA, HO7,
> E1(51) , E2(51)« E3(51)F*
1 EH (51) , t'M51> , EO1,
CoMMOt 1 EO, EVP, EVPP,

GV, 1I, IMJM,
2 up, Je, K07 *
1 Lc, NGCTO, OREP,
4 SRAR, SK7, TO6
[ TEMP3, 1 ERP4, TI ,
comMMou 11)123) TPAX, IGE,
1 IfiR, IBT, IBR,
2 ML, MT , MO,
3 12, J2, OITM,
4 10MTPS, IREF , IXSEC,
COMMO ! ! EPS, SRCRT , POWR,
1 EV, EVM, XLAL,
P NHSTP, IRUH, EV2,
IMTEUCR RO7, CNT , cvT,
iNironR OltM
REAL 12, 13, K6>»
1 pro, N2, MASS,
DIMFUS ION AO (1) «+ Aaid), FO (1] +
? vVOo(l)y v7d>, 25(1) ,
CXS (JIM «JJM, 3), R5 (1] »
INTEGER " GBAR, PBAR, SBAR
I1GV=1

READ!NCR 1)

00 20 1=1, IMJIM

S2<I)=K6 (IGV) "*FU(TI)

IN-SCATTERING SOURCE FOR GROUP

CALCULATION' OF
GBAR=IGV*IHS—-ITL

IF(GBAR - 1) 40%*50,50

GBAP=1

PBAR = IMS ¢ IGV - 1

IF (PBAR - ITL) 70,70,60

PBAR = ITL

IF (GBAR - 1IGV) H(),100,100
REAP (NSCRAT) (N2 (I),1=1, IMJM)
DO 90 1=1,IMJM

I TEMP=MO (I

iTr:tiP=M2 (ITEMP|

TEMP=Co (PBAR, ITEMP)

S2 (I)=S2(T) *N2 (I)<*TEMR

GO TO 110
READ (NFLUX1)
GBAR=OBAR* 1
PBAR=PRAR-1

IF (GBAR - 1IGV)
IF | IGV - 1IGM)

REWIND NCRI
vii=0+

(N2 <I)*Is1l, IMJM)

80,100,120

140,130,140

"0, N6,

FP,
R4,
NFLI) X1

CNT
EA (bn
EO2
EPF

- IP
'

KPAGE
PO?
Til
vn
12M
IGM
ICST

I1TM,

NPOIS
ORF
XLAH
NGO
POP

K7
MASSP
K6 (1)
r? (n
RAd)

CALCULATION OF TOTAL SOURCE FOR GROUP

00 150

1=1, IMJIM

MO, M2, No, N2,

JTL, JMT, cXs,

24, CXR, CXT, HA,

> NSCRAT, ISCRAT,

, cvT, DAY,

+ ES(51), E6(51) ,

, EO03

, GBaR, IGEP,
ITEMP. ITEMPI1,

, LAP, LAPP,

, PBAR,

, TEMP, TEMPT .

, MXCM

, M, JM,

, IEVT, IPVT,

, IHT, IMSs,
MWOT . IPFLX,

,  NCON

, FLXTST, PV,

, POD. OEl.T,

,  IHRTRG, NCOEF,

B Tof>» R2,

, LAP, LAPP,

. 14

, MO(1),

» CO (JTL, JMT),

, 24(1), CXR(1),

¢ ICC <I«M),1=1,1TL),M=1 ,MT)
CALCULATION OF FISSION SOURCE PoR GROUP

PA)

NDUMP,
EO (51),
E7(51),

1GP,
ITFMP2 .
LAR,

TEMP2 .

IHL,
ISTART ,

ITL*
IPRIN,

EPSA,
IFS,
NSWEEP

22

LAR.

M2 (1) ,NO (1) ,N2(1),
HAQ))

IGV AT gacH MESH POINT

IGvV

OUTER
OUTER

OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER

PA (D .OUTER
CXT (1) «S2 (1) OUTER

OUTER
OUTER
OUTER
OUTER
OUTER
OUTER

IGV AT EACH MESH PT.OUTER

OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
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ISO

160
I/0

ISO
~00
710

2?20
2<t0

250
2S5
260

2/0

260

250

ion

110

320

FRAVTRRA o)
IF(IRV.EO.l) GO TO 16Q
E2 (10') =~Vil - El (IGV)
GO TO 170

E2 (1)=0"

CONTINUE

GROUP FLUX CALCULATION

11 0
£ 0? NE-1
ALL

TO
ICOEE( 0 M2»CXS*VO*COtAO*AS«RS»HA 2% ALIM,JMLITL.CXR,CXT)

GO TO 220
IF(IEVT.EU.1) GO TC 210
IF(NCOEF.LQ.t) GO'TO 199

REAR (ISCRAT) (((CXS(KILKJ.KF).KI=1.IM),K.)=1,]M),KF=1,3)
READ (ISCRAT) (CXR(KI)»KI=1»JP)* (CXT(KD»KI=1*IM)
CALL INNER(R6,t12*CXS*S2,M0tM2.V0.C'6. IM,JM,ITL«CXR.CXT,HA*PA)

WRITE (NSCRAT) (C12 (I)*1=1*IMJP)

REROSITION FLUX ) ILE FOR NEXT INSCATTERING CALCULATION(IF NEEDED)

SHAR=ITL-IHS

IF(SUAR) 2601260250

DO 255 IS=1*SBAH

BACKSPACE NSCRAT

CONTINUE

CALCULATE NEW FISSION SOURCES
EO(GV)=0"

DO 270 1=1*IMIM

ITEMP=M0 (T

I TEMP=M2(ITEMP)

EO (IGV) =E0 (IGV) ¢ CO(1*ITEMP)<*N2(I)«VO(l)

F2 (D=F2(1) ¢ CQ(3*I TEMP)*N2(1I)
IGVrl'ivl

IF (IGV - IGH) 1J*1C*2B0
TIT = E)IGP)

SWITCH TAPE'DESIGNATIONS
REWIND ISCRAT

NCOEF=0

REWIND NCRI

REWIND NSCRAT

REWINO NFLUXI

TTEMP = NSCRAT

NSCRAT = NFLUXI

NFLUXI = ITEMP
OVEP-RELAX FISSION SOURCE
ORFF= 1. + .6MOMEF-1.)

FOI=0+

E02=0

DO 29c 1= 1* IMIM
EO 1=Et' 1 ¢ V0 (I) «F2 (1)

F2 I —FO(1)#ORFF"(F2(1)-FO(I
E0§ =E'; Z*Vl))(l)*F (() (D-FOM)
TEMP 1=E01/E02

D0 301=1*IMM
Foil)=TEMPI*E2(I>

CALCULATE NEW GROUP FISSION SOURCES
00 310 IIG=I,IGM
EI(IIG)=K6(I1G)*L01

EO (IGP)=0 -

El | IGP)=0-

DO 320 1lp=1,IGM
E0<IGP)=E0(IGP)*LO(IIG)

El (IGP) =El (IGP) *f.i (I IG)

RETURN

END

OUTER

59

OUTER 60

OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
OUTER
MUTER
OUTER
OUTER
OUTER
OUTER
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84
85
86
87
88
89
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91
92
93
94
95
96
97
98
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OUTERIOO
OUTERIOL
OUTER102
OUTERIO03
OUTERI04
OUTERIOS
OUTER 10G
OUTER107
OUTERI08
OUTERIOR
OUTERI10
OUTERIII
OUTERII12
OUTERII3
OUTER 114
OUTERII1S
OUTERI16
QUTERI1:
OUTERIIg
OUTERII9
OUTER120
OUTERI121
OUTER122
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SUBRO'iTINE ICOEE (MO* M2, CXS 1¥ AO, ZS* R5, R4, 4, Al ICOEF
IM,JJM ,JTL,CXR,CX ) ICOEF

COMMON  NIMP,  NCUT, NCRI. NFLUXI* NSCRAT, ISCRAT, NOMMP, ICOEF
| NMICR, ALA. B07 « CNT, CVT, pay, EO(61)* ICOEF
2 El (51), E2 (51)* E3(51) E4 (61), E5(51>* EG(51)* E7 (SD* ICOEF
E8 (51), LP(51), E02* Eo3 ICOEF

COMMON Ed, EVP, EVPP LPF*  GBAR! IGEP. IGP. ICOEF

| IGV, II, IMIM; <IP* | TEMP. ITEMPI, ITEMP2* ICOEF
2 2P, JP, K07, KPAuE* LAP. LAPP, LAW, [CoEF
3 LC. NGCTO*  ORFP, P02* PBAR! ICOEF
‘ SRAR, SK7, 106, Til . TEMP* TFMP1, TEMP2* ICOEF
s TEMP3, rempa, TI* vn,  MXCM ICOEF
common  10(23), 1MAX, IGE* 1ZM, M, M, IHL. ICOEF
I IfiR, IBT, IBB. 1GM, IEVT, IPVT, ISTART, ICOEF
D) ML, Mf MO | * ICS1 , HT, IHS, ITL, ICOEF
3 U, JZ, OITM, BT MWOT, IPFLX, IPRIN, ICOEF
h I0OTPS, IPEF, IXSEC* NPOIS, NCON ICOEF
COMMON EPS, oHCRT, POWR, OHF * FLXTST, PV,  EPSA* ICOEF
| FV, EVM,  XLAL, xLamH, POD,  MELT, IFS. ICOEF
2 MISTP, IBUR, EV2, NGO. IHRTRG, NCOEF, wsweere ICOEF
INTEGER  RO7, CNT, CVT* PO2* To6* R2, z2 ICOEF
INTEGER  OITM ICOEF
REAL 12, 13, K6, K7* LAP, | APP, LAR, ICOEF
] 1)0, N2, MASS*  MASSP* 14 ICOEF
ommens [ON Mo (1), M2 (1l, CXSUIf ,aam,3) ,vo (I, (%UTL* 1), ICOEF
| a0« Z5(I1, RS (n+* palll, Z4w1 CXR(1), CXT (1)ICOEF
THIS SUBHAUTINE CALCULATES COEFFICIENTS FOR THE FLUX EOUATION ICOEF
Pin = f,.nR3H ICOEF
ICOEF

FIRST MASTER rLoop CALCULATES THE FOLLOWING QUANTITIES ICOEF
1. REMOVAL X-SECT(I)»VO(I) FOR ALL MESH POINTS ICOEF

2. CXS(K11KJ»i7 FOR ALL MESH POINTS EXCEPT KI=| ICOEF

3. CXS(KI«KJ*2) FOR ALL MESH POINTS EXCEPT KJ=] ICOEF
ICOEF

00 60 KJ=1»IM ICOEF
00 60 Kl=7«iM ICOEF
00 TO (10*10* 5)» IGEP ICOEF
TEMP = Pin*(ZA(KJ) - ZMKIJ-1) >*RA(K1) ICOEF
GO TO IS ICOEF
TEMP 4 (KI-1) ICOEF
[ = KI ¢ (KU- 1)»(M ICOEF
ITEMP = KO(1) ICOEF
ITEMP = M2(1 TEMP% ICOEF
CXS(KI ,KJ*3) =Vf) (I) « (CO (4. ITEMP) - C()(S* T1EMP) ) ICOEE
IE(KI - 1) 3s,35.2¢c ICOEF
ITEMPI = Mo(I-1) ICOEE
ITEMPI = M2(ITEMP 1) ICOEF
IE (ITEMP - ITEMPI1) 30%25%30 ICOEE
CXS(K!,KJ,1)=A0KI = >*Z5(KI)/(3,*C0(4 ,ITEMP>*(R4(KI)-R4<KI-1))) ICOEF
GO TO 35 ICOEE
CXS(KLKJ*1> = AO(KID*Z5(KJ)*(H5(KI-1)#R5(K1))/((R4(KI)-R4(KI-1i)»ICOEE
1 3. *(R5(KI-n*C0(4 “*ITEMP1) + R5<KI)<iCO(4 ~.ITEMP)))) ICOEF
IF IKJ - D 60,6Uidc ICOEE
ITEMP3 = doll -IM) ICOEF
ITF.MP3 = M2 (ITEMP3) ICOEF
IF (I’EMP - ITEMP3) 50%45%50 ICOEF
CXr>(Ki,KJ*2) = Al (KI)/ (3.4C0 (4 *1TEMP) « TEMP) ICOEF

GO TO 60

ICOEF

W ooJo L= LN
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65

70
75

RO

HS
C

MO
115

120

140
145

ISO

160
165

175
160
140

CXSKLKD2) = Al (KI)*%ZS(KJ 1), 3 2o () ) /| Tmues
CONTS 5(KJ-1)*C..(4 *ITEMP3) * Z5(K )*CO( .HEMP))))

SECOND MASTER LOOP CALCULATES FL"X COEFFICIENTS ALL AROUND THE
REACTOR PERIMETER.ANO SUMS THE COEFFICIENTS AT EACH MFSH POINT

DO IRC KJ=1.]M
DO 190 KI=1.IM

00 TO (70.70.65) . IGEP
TEMP = .5*Pt2*75(K*)*R4<KI)
GO TO 75

TEMP = .5%*25(KJ)

I = Kl ¢ (KJ-1)*IM

ITEMP = MO (I)

ITEMP = M2 (ITEMP)
TEMPI = CXS(KIL1,K,V,1)
TEMP2 = CXS(KLKJ*T,2)

CHECK FOR BOTTOM ROW CALCULATION
IF (KJ- 1) 80,8(1,110

IF (INH.EU. 1) GO ro 85

CXS&KI Kljrng/[ Al (KI)/(3,*CO(4 ,ITEMP)*( TEMP * 71/

GO TO 140*
CXS(KI ,KJ.2)=0.
GO TO 140

CHECK FOR TOP ROW CALCULATION

IF (KJ - M) 14C.115.115

TFtIBT.EO.l) GO TO 120

TEMP2 = AUKT)/ (3,«Co (4 ,ITLMP) *( TEMP * 71/
I CO(4 .ITEMP)))

CXT(KI) ="TEMP2

GO TO 140

TEMP2=0*

CXT(KI)=0-

CHECK FOR LEFT Hanp COLUMN CALCULATION

IF (KI - D 145,145.160

IF(IHL.EG.1) GO TO 150

CXS(KLKj71) = AO(KI )*Z5(KJ)/(3.“Co(4 _HEMP)*
| (.54Rs(KTI) ¢ ,71/CO(4 ITEMP)))

GO TO 180

CXS(K!,KJ,1)=o,

GO TO 180

CHECK FOR RIGHT HAND COLUMN CALCULATION

IF (KI - IM) 180,165,165

IF (IBH,EM. 1) GO TO 125

TEMPI ' % I*1)*Z5(KJ)/(3,oCn(4  ,ITEMP)*
I ((BASIKI) + .7f/C0 (4~ ,ITEMP)))

CXR(KJ) = TEMPI

GO TO 180

TEMPI=0 *

CXP(KJ)=0 "

CXS(KI,Kf'73) = CXS(KLKJ3) ¢ CXS(KLKj,]) * CXS(KI,KJ,2)
1 ¢ TEMPI * TEMP2

CONTINUE

WRITE(ISCRAT)  ((!CXS(KLKI»KF)»KI=1_1IM),KJ=1,JM),KF=1,3)
WRITE(ISCRAT) (CXR(KJ),KJ=1.JP). (CXI <KI>KI=1 M
RETUR |

END
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84
85
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ICOEF100
ICOEF101
1COEF102
[COEF103
ICOEF134
ICOEF105
ICOEF 106
ICOEF107
TCOEF108
ICOEF109
TCOEF110
ICOEF111
ICOEF11 2
ICOEF 113
fCOEF | 14
ICOEF1 15
ICOEF116
1COEF117
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40
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b0

bb

bfi

m0 >

MO

Mb
HO

02

1

1

1

KI = 1

I = KI ¢ (KI - D*IM

HA!KI)= CXS(KI*1l,I<J,1)/CXS(KI.KJ,3)

PA(KI)= (S2(I) ¢ CXS(KI,KJ.2)4N2(I-IM)¢ CXS(KIiKJ*1f2)*N2(I4IM))/
CXStKI*KJ»3)

DO 30 KI = 2* IKH

I Kt * (KJ - I)*IM

HA(KI) = CXS(KI*1.KJ»l)/(CXS(KI,KJ«3)- CXS(Kl.Kj,n*HA (K1-1>
PA(KI) = 1S2 (I ¢ CXS(KI,KJ,2)*ri2 (I-1M)+ CXS (KI,KJ*1,2)*N2 (I4IM)+
CXS(KI,KJ.1)*PA(KI-1))/(CXS(KI,KJ*3) - CXStKI.KJ.1)*HA(KI-1))
KI = IM

I = KI ¢ (KJ - 1)*IM

N2(I> = (52(1) 4 'CXS(KI,KJ,2)*N2(I-IM)+ CXS(KI,KJ*1,2)*N2 (I*IM)*
CXStKI,KJ.1) *PA(KI-1))/(CXS(Kf,KJ.3) - CXS(KI,KJ.1l)*HA(KI-1>

DO 35 K11 = 2,1M

KI = IM - KII ¢ 1|

I = KI ¢ (KJ - 1>o1mM

N2 (I] = PA(KI) * HA (KI|] * N2 [I4l)
00 40 KI = 1.IM

1 = KI ¢ (KJ - 1)*IM

N2(I) = N3 () ¢ OHF*(fJ2 (I) - ND (I))

CONTINUE

CALCULATION OF TOP BOUNDARY FLUX

KJ = JM

KI = 1

I = KI (KJ - 1]*IM

HA(KI)= CXSTKI®i.Kj,!)/CXS(KI.Kj.3)

PA(KI) = (S2 (I] ¢ CXStKI,KJ,2)¢(N2(I-IM) )/CXS(KI,KJ,3)

DO 50 KI = 2.IKU
I = KI * (KJ - 1)*IM

HA(KI) = CXS (KI#I»kJ, 1)/ (CXS(KLEKJ,j)- CXS(KI»KJ,1)*HA(KI-1))

PA(KI| = 152(1) ¢ CXS(KI,KJ,2)*N2(I-IM)* CXS(KI,KJ,1l)«PA(KI-1))/
(CXS (KI,KJ,3> - CXS(KI,KJ,1l)*HA(KI-1)|

KI = TM

I = KI ¢« (K - 1J4IM

N2(I) = (52(1) * CXS(Kt,KJ,2)"N2(I-1M)* CXStKI,KJ,1)4Pa (KI-1))/
(CXS (KI »KJ,3) - CXS(KI,KJ,1)4HA(KI-1))

DO 55 KI1 ='2.IM

KI = IM - KII ¢ 1!

T = KI ¢ (KJ - 1)4IM

N2 (I} = PA(KI) * riA(KI) « N2 (I 1)
DO 60 KI = 1.IM

I = KI * (KJ - 1)41M

N2(I) = NO(!) ¢ OHF*(N2(I] - NO (I))

INNFR ITERATION CONTROL

LC LC ¢ 1

II II ¢ 1

IF (I1 - IITM RO,05»55
TEMPI=0.

DO <50 I=1,1 MM

TEMP?=AHS (I+0-N;i (I) /M2 (I)|
TF (TE 1P1-TEMP2)H5, S0»90
TEMPI=TEMP2

CONTINUE

IF (TF 1Pl - FLXTSI | 95,<55,92
IF (NSWEEP)’5, 2f.b, 205

INNER 59
INNER 60

INNER 61
INNER 62
INNER 63
INNER 64
INNER 65
INNER 66
INNER 67
INNER 68
INNER 69
INNER 70
INNER 71
INNER 72
INNER 73
INNER 74
INNER 75
INNER 76
INNER 77
INNER 78
INNER 79
INNER 80
INNER 81
INNER 82
INNER 83
INNER 84
INNER 85
INNER 86
INNER 87
INNER 88
INNER 89
INNER 90
INNER 91
INNER 92
INNER 93
INNER 94
INNER 95
INNER 96
INNER 97
INNER 98
INNER 99
INNER 100
INNER101
INNER102
TNNER103
INNER104
INNER105
INNER106
INNER107
INNER108
INNER1O9
INNER110
INNER11I
INNER112
INNER113
INNER114
INNER115
INNER116

55
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0

~05

~in

215

220

225

2J0

2J5

240
2A5

|

|

|

|

CONTI' HJt INNERI17
RETURN INNERI18
no ?1J I=1.1MIM INNERI19
Mo (TI) = M2(T) INNER120
FLUX CALCNLATION USING SOR WITH LINE ItIVERSIDN INNER121
INNER 122

CALCNIATION OF Lt-M HOUNDAHY FLUX INNER123
KI = | INNER 124
KJ = | INNER125
I = KI (KJ - D*IM INNERI26
HA(KJ)= CXStKI ,K J*1,2)/CXS(KI.Kj,3) INNER 127
RAtKJg: (s2U) ¢ CXS(KI*1,KJ,1)»N2(1*1))/CXS(K1,KJ,3) INNERI28
no 215 KJ=2,JKH INNER129
[ = KI (KJ - 1)<IM INNERI30
HA(KJ) = CXStKI,KJ*1*2>/<CXS(KI,KJ»3)- CAS<KI»KIJ,2)*HA(KI-])> INNER131
PA(K]) = (S2U) + CXS(KI*1LKJ1*N21I*1) ¢ CXS(KI.KJ,2)*RA(KJ-1))/INNERI32
'CX i(KI,KJ,3) ” CXStKI,KI,2)*HA(KIJ-1)) INNER133
Kl = M " INNER134
I nKI ¢ (KI - )*XIM INNERI35
N2(D) = tS2(I) * 'CXS(KI*1,KJ,1)«N2(I*1) * CXS<KI,KJ,=2)A(Kj-1)>/INNERI36
(CXS(KIL,KJ,3) - CXStKI,KJ,2)"HAIKJ-1) INNERI37
no 22) xJI=2«JM TNNER138
K = om - KJJ ¢ 1 INNERI39
T = KI * (KI - 1)*IM INNERI140
n2(1) = ra(KJ) + HAKI) » N2 I*1m) INNERI41
no 225 s ='1,JM INNERI42
T =Kl ¢ (KI - 1)*IM INNER143
N2(I) = K'(I) ¢ UHF*(N2(I) - KO(T)) INNER 144
PRINCIPAL FLUX LUUF INNER 145
HO 245 KI = 2,1KB INNER146
KJ = 1| INNER 147
I = hi ¢+ (KI - D*IM INNER148
HA(KJ)= CXStKI,KJ*i,2)/cxS(KI,KJ,3) INNER149
PA(KJ)= (S2(Q) « CXS(KLKJ,D«Np(I-1) * cXS(KI*1»kJ,1)»N2(I*1))/ INNERIS50
CXStKI,KJ»3) INNERI51
00 23:i KJ = 2,JKB INNERI52
| = KT * (KI - 1)M INNER153
HA(KJ) = CXS(KI,KJ*1,2)/(CXS(KI,KJ,3)- CAS(KIKJ,2)*HA(KJ-1>) INNERI54
PAK]) = 1S2(I) * CXS(KILKIJDtN2(-1) ¢ CXS(KIe1,KJ, 1)«N2(1*1) INNERI55
CXS(KI,KJ,2)*PA(KJ-1) )/(CXS(KI,KJ,3) - CXS((KI,KJ,2)<HA (KJ-1)) INNER156
KJ = JM INNER157
I n KI ¢ (KI - 1)#M INNER158
N2 (@) = (52(1) * CXS(KI,KJ,1)<oN2(1-1) ¢ CXS(KI#l . KJ.1)*N2(I+1) INNER159
CXS(KILKJ,2)*RA(K,J-1) )/(CXS(K1,KJ,3) - CXS(KI,KJ,2)«MAKI-1)) INNER160
no 235 KJJ = 2,M INNERI61
KI = M - KIJT ¢ | INNERI62
I = KI ¢« (KI - D\IM INNERI63
N2(I) = PA(Rj) ¢+ riA(KJ) * N2II+IM) INNERI64
no 24y KJ = 1,M INNERI65
I =Kl ¢ (KI - 1D*IM INNER166
N2!1) = NO(!) ¢ OHF#N2() - N~ID) INNER167
CONTI IUE INNER168
CALCULATION OF RIGHT BOUNDARY FL'IX INNERI69
KI = M TNNER170
KJ =1 TNNERI71
I = KI ¢+ (KI - 1)*IM INNERI72
HA (KJ)= CXS(KI,KJ+1,2)/CXSIKI,KJ,3) INNER173
PA(K))= (S2(I) * CXStKI,KJ,1)*N2(I-1))/CXS(KI1,KJ,3) INNERI174
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C
C

10

Ib
20
2b
30
3b
40
4b
b0
bb

60
6b

SU ROUTINE. REHAL (N2,

COMMON  ninp N((JUT, CONC%? IQIFLSUXBIAO N%’IczRAJTL JIM JJM BUM’P

| NMICR, ALA, B07, CNT, CvT, DAY EO(51),

2 El (51), E2(51), E3 (51), E4(bl), E5(5D, E6(51). E7(51),
E8(51), EV(ED), EOL E02, Eo3

COMMON EU, EVP, EVPP, EPF,  GBAR, IGEP, IGP.

| IGV, I, IMIM. ~IP, ITEMP, ITEMP1, 1TEMP?,

2 1ZP, JP, K07, KPAGE, LAP, LAPP, LAP,

3 LC, NGCTO, ORFP, P02y PBAR,

4 SBAR, SK7, 706, Til , TEMP. TEMPI, TEMP2,

S TCMP3, TEPP4, "T1, ~n, NXCM

COMMO | 10(23), "fMAX, IGE. IZm, IM. M, IBL,

. IBR, IBT, IBB, lem, IEVT, IPVT, ISTART,

2 ML, MT, MOI, ICST, [HT, IHS, TTL.

3 1Z, Jz, OITM, 11 TM, MWOT, IPFLX, IPRIN,

1 IDHTHS, IREE, IXSEC. NPOIS* wcown

common EPS, bKCRT, POWR, ORF, FLXTST, PV, EPSA,

1 EV, EVP, XLAL, XLAH, POD,  PELT, IFS.

2 MISTP, IBUR, EV2. NIiO, IHRTRG, NCOEF, NSWEEP

[1JTEG-R  BO7, CNT, CVT, P02, TQ6, R2, 72

INTEGER OITM

REAL 12. 13, K6, K7, LAP LAPP, LAR,

Mi), N2, MASS, MASSP,

1n1MfN'1ION N2 Igl ) coun. D* VO(l) »CXS(JIM»JJM 3) sMO(1) = M2¢1).

(D, CXTA
THIS SUHHMUTIfJE NORMALIZES PLUXESBEFORE EACH GROUP CALCULATION
CALCULATE AfISORRIICN AND OUT- SCATTER
E3EIGV =0.
E4(I0V)=o.
00 10 I=r* IMIM
TEMP = VO<I>*N2U>
ITEHP = MO (1)
ITEMP = M2(ITEMP)

CXT)REBA
REBA

REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
RERA
REBA

E3& G>) = E3(IGV) ¢ (CO { ) ITEMP) - Co<S*ITEMP) - CQ(2.1TEMP))«’TFMP1§REE£

EA(IGV) = EAdGV) ¢(CO <2,ITEMP) »TEMP
CALCULATE LEFT LEAKAGE "
E5dG'/)=n.

TF(IBL) IS,IS,2b

00 23 K.I=1 »]M

T = (KJ - I)*XIM * |

ES{IGwv) = ES(IGV) +CXS(1,xJ.1)*N2 (1)
CALCULATE RIGHT LEAKAGE

E6(IGV)=0;j. ' «“

IF(IBR) 30,30,4u

DO 3b KJ=1,JM

I = KJ*IM "'

E6(IGV) = E6(GV) ¢ CXR(KNH*N2(I)
CALCULATE TOP LEAKAGE

E7 (IGV)=o.

TFng) 45.,4S,5S

00 SO KlI=1.IM

1 = naom - IM o KI

E7 (IGV) = E7 (AIGV@ CXT (KI><*N2<T)
CALCULATE BOTTOM LEAKAGE
E8(IGV)=o0" "

IF (IBB) 60,60,70

00 65 KI=inIM

E8(IGV) = E8(GV) #CXS(KI»1»2)*N2(KI)

REBA
REBA
REBA
REBA
REBA
RERA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA
REBA

0 <occ->ja'ai”uiro™ 0 sOGD-"aSLn-"uw>r\j—
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60

10

40

4b
SO

bb
bfl

bb

7b

HO

|

EHI\%R(? 'TIN%‘FPCQOHVHIITQEZ«K@ NCR1, NFLUXI

NMICR, ALA, t)07« CNT

EI<51), E2 (5 1; E3151), E4(51)

E8(51), E9 <S1) , EO], EU2

COMMON EO, EVP, EVPP, EPF

1GV, 11, IMIM, " IP

17ZP, JP, K07« KPAGE

LC, NGCTO, ORFP, P02

SOAR, SK7, TO6, Til

TEMP 3, IEFP4, TI, Vil

COMMON ID(23), 'TRAX, IGE, IZM

IHR, IBT , IBB, I1GM

ML, Ml, MOT, ICST

17, JZ, OITM, II™

IDMTPS, IREF , IXSEC, NPOIS

COMMON EPS, GWCRT, POWR, ORE

Ev, EVM, XLAL* XLAH

NHSTP, IRUR, EV2. NGO

INTEGER BO7, CNT, CVT, P02
INTEGER OITM

WEAL 12, 13, K6, K7

No, N2, MASS, MASSP

DIMENSION rail) * N6 (1)
CHUCK TIMK LIMIT

IF {TMAX) 25*25»IT

CALL SECOND(TEMMI
ir(TF:iP - TMAX) 25,15,15
NGOTO=1

PRINT 20

rForMAT(53H]l « * WINNING TIME EXCEEDED—FORCED

RETURN

CHECK EIGENVALUE CCNVERGENCE
EOl=1« - *LA

EO2=ABS (EO1)

IF(El1(IGP)) 30,30*35

CALL ERRO2 (6HCONVKG,30*1)
IF(E02 - EPS) A0.40.45

CVT=1

IF (Pn2,LE.3) CVT=0

NSCRAT,
CVT,
E5(51>,
E03
GBAR,
ITEMP,
LAP,
PBAR
TEMP.
NXCM
M
IEVT,
IHT,
MWOT,
NCON
FLXTST,
POD.
I BRTRG,
TQ6 ,

LAP.
14

ISCRAT, NDUMP,
DAY, FO(51),
E6(51), E7(51)>
IGEP. IGP,
I TEMPI, ITEMP2.
LAPP. LAR,
TEMPI, TEMP2.
M, IBL>
1PVI, ISTART,
IMS ITL,
IPFLX, IPRIN,
PV, EPSA,
MELT IFS,
NCOEF, NSWEEP
R2, 12
LAPP, LAR,
CONVERGENCE

INnITIALIAF FisstoN NEUTRON source raTreEs FOR NEXT ITERATION

DO 50 1=1*IMJM

F2(I)=0-°

IFICVT.NE.D GO ro so

FINAL EIGENVALUE"CALCULATION
NGOTO=I

IF(IEVT.NE.1) co JC 75

EV=0.

DO 60 1=1,IGM

EV=EV ¢ K6 (I)

EV=SK7/EV

RETURN

EVSEVAPOOMEQ" EO1l

GO TO 65

EIGENVALUE CALCULATION IF NOT CONVERGED
IF(IEVT.NE.I) GO TC 85
NGOT0=2

Go TO 55

CONV
CONV

CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
Cotv
CONV
CONV
CONV
CONV

« 4//JCONV

CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV

— O OO0 NN B bo—



c
85
>15

105
115

125

I<t5

150
155

leo

170

| 1s

185

180
185
210

215

225
2J0
235
2<t0

2<t5

[epXep]

250
280

CHECK FOR CALCULM)TION OF NEW FV IN SEARCH PROBLEM(EVT»2 OR 3)

E03=AHS (ALA-LAH
IFILAfR) 250.95*250
IF(LAP) 170.105.170
IF (E0) 225.115.225
IF (E03 - EPSA) I'.b.I"B.ISS

RETURN TO MAIN PROGRAM WITH EV STILL = TO THE PREVIOUS(SAMPE

NGOTO0=2
RETURN

FIRST CHANGE IN LV. IT IS NOW SET To EV ¢ OR - EVM. PROGRAM
RETURNS TO INIT FOR RECALCULATION OF X-SECT OR ZONE THICKNESSES

1 AP=ALA

EVP=EV

IF (EOl) 155.155. 150
ev-rv - EVM

GO TO 180

EV=EV ¢+ EVM
NGOTO=3

RETURN
SECOND CHANGE IN EV. (IF EO03.LE-EPSA). TRIGGERED BY LAP GT. 0

IF(E03 - EPSA) 175,175.125
% (EVP-EV / LAP-ALA)
IF(CNT) 21 85*210

IF(E02 - XLAL) 215,215.190
IF&EO? - XLAH) 210.210.195
FOI=SIGN (XLAH,EOI)
LAPP=LAP

LAP=ALA

EVPP=EVP

EVP=EV

GO TO 225

CNT=1

LAP=0.

LAPP=O0.

EV=EV+POD»EQ*E0l

IF ((LAPP-1.O)/(LAP-1,0)) 235,180,180
TEMPI=AMINITEVP,EVPP)

IF (EV-TEMP 1l 2%0»245,245
EV=(EVpP*rvP)/2.

GO TO 180
TEMP1=AMAX1(EVP,EVPP)

IF (EV-TEMPIT 180.240,240

THIRD(AND SUCCEEDING) CHANGE IN EV({E EO3.LE.EPSA). TRIGGERED

BY LAPP GT. 0
IE (CO3 - CPSA) 280,260,125

CALCULATE QUADRATIC COEFFICIENTS.
TEMPI =F.VP-E

TEHP2=EVPP-EV

TEMP3=EVPP-EVP

TEMP4=TEMP1*(EVP*EV)

TEMP5=-TEMP2*(EV*EVPP)
TEMP6=TEMP3*(EVPP+EVP)
DENOM=TEMP3<TEMP2*TEMP1

EQA= ( (LAPP-1"0) (EMPI*EVP*EV- (LAP-1 .a) *TEMP2
I#EV*EVPP*(ALA-1.0)«TEMP3»EVPP«EVP)/UENOM
EQD=- (LAPP*TEMP' *LAP«TEMP5*ALAiiTEUP6) /DENOM
EQC= (LAPPI*TEMPI - AP*TEMP2* ALA* TEMP3) /DENOM
DISCR=EUB*EQH-A.J*EQA»EQC

CONV
CONV

CONV
CONV
CONV
CONV

VALUECONV

CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
CONV

CONV 1

CONV
CONV
CONV
CONV
CONV
CONV
CONV
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SUBROUTINE §1‘Jg/[MRY(F2.N2 R1.Z1.H4 Z4»€']1M JIM»EFN2 t SMRY

? 0 ,NO,MO,M2,FO,JTL ,JMT,VO FUTOT.10.11,12, SMRY
PFRAC.PFPREV.BURNUP.14) SMRY

COMMON NINP, NCUT , NCR1. NFLUXI, NSCRAT, ISCRAT, NDUMP, SMRY
1 NMICR, ALA, BO7» CNT, CVT. DAY, EO (51)» SMRY
? EI(51i, E2(51), E3(51). EMSI1), E5(5D . E6(51), E7(51y SMRY
3 £8(5 18), E9 (51), EOL, E02, E03 SMRY
COMMON EO, EVP, EVPP, EPF, GBAR» IGEP, 1GP, SMRY
1 Ifiv, 1I. IMJM. ' IP. ITEMP. ITEMPI, ITEMP2, SMRY
2 12P. JP, K07, KPAGE, LAP.  LAPP, LAR, SMRY
3 Lc, NGCTO,  ORFP, P02*  PBAR. SMRY
4 SPAR, SK7, T06, Til , TEMP, TEMPI, TEMP2, SMRY
5 TEMP3, TEMP4, '"T1, vn , NXCM SMRY
COMMON TUI23), TMAX, IGF, 1ZM)» M, M, IHL, SMRY

1 1BR, IBT , IRB, Iem, IEVT, IPVT, ISTART. SMRY
2 ML, M, MOT, ICST. IHT, IHS, ITL, SMRY
3 12, J2, OITM. IIT™. MWOT, IPFLX, IPRIN. SMRY
4 IDMTPS, IREF, IXSEC, NPOIS. NOON SMRY
COMMON EPS, SHCRI, POWR, OHF. FLXTST, PV, EPSA, SMRY

1 ev. EVM, XLAL. XLAH. POD. OELT, IFS. SMRY
? NHSTP, IBUR, EV2, NGO. IHRTRG, NCOEF, NSWEEP SMRY
INTEGER nci7. CNT, CVT. PO2. To6. R2, Z2 SMRY
INTEGER  OITM SMRY
REAL 12, 13. Keé. K7. LAP. LAPP. LAR, SMRY
NO, N2, MASS, MASSP. 14 SMRY

DIMENSION F2(JIM,JIM), N2(JIM,JIM), Ml (1), 71(1), R4(l). Z4(l>,  SMRY
FLUX(6), EN2(1), COUTLJIMT), NO(JIM,JIM), MOGJIM.JIM), SMRY

M2 (1), FO(JIM,JJM) SMRY
DIMENSION VO (JIM,.WJH) , FUTOT(1) ,10(1). 11<1),12(1).PFRAC (1) , SMRY

PFPREV(1),RURNUP(1), 14(1 SMRY
FINAL PRINT SMRY
IcARD=I SMRY
PRINT FINAL EIGENVALUE AND OTHER FINAL OUTER ITERATION PARAMETERS SMRY
CALL EVAHT SMRY
PRINT ATOM DENSITIES FKOM SEARCH CALCULATION (IF IEVT=?) SMRY
IF (IEVT.NF.2) GO TC 60 SMRY
PRINT 10.'PV SMRY

FORMAT(IHI///,2X,JICOHTHESE ARE THE DESIRED ATOM DENSITIES OHTAINEDSMRY
FROM THE CONC SEARCH TO GIVE A PARAMETRIC VALUE OF PV= F9.b///> SMRY

DO 3"/ M=1_,MO1 SMRY
IF (14(M)-EO.O.) GC TO 30 SMRY
TEME = I2TM)5(1.0 ¢ EV*I4(M)) SMRY
K=1M™ - ML " SMRY
PRINT 20« K. II (m), TEME SMRY
FORMAT(10X,7HRLGiUN=I2,5X.9HMATERIAL=12,SX.ISHMATL ATOM DENS=Flo.7SMRY

¥ * SMRY
CONTINUE SMRY
CONTINUE SMRY
PRINT FINAL GROUP TOTALS SMRY
CALL -RPTOT SMRY
IF (DAY.NE.n.) GO TC 105 SMRY
PRINT MESM INTERVALS AND COORDINATES SMRY
J=IP SMRY
IFITP - JP) 7n.70.65 SMRY
J=JP SMRY
PRINT 80, (I»R1(DH»R4(D).71(D),Z24(1),1=1,)) SMRY
FORMAT( R4H1 RAOI11 AVG RADII SMRY

AXII AVG AX11//(14,4(20.4)) SMRY

DO i i e
SOOI N AW O VoW AW o—

[\ RSN S}
W —

[\SR SN NN )
~NaNWn b

63



64

fib

VS
100
ins

110

UI)

un

10

<Uo
fuo

2%45
255

2)10

2vo

{F'VIIIg l JP) HS,i.ibdJS

PPTHiT 904 (MZ1 (X)) +Z4 (1) 41=J4 ar
FOPIIAf (I<4 440X,2F.;0.4>

GO TO 105

PRINT UM)4 U4« (D 4(14(1) .1=1,1P)
FORMAT iI**4?F?0.4)

CONTILJt

INTTI -LUP TOTAL FLUX AND POWER DENSITY ARRAYS
DO 11 1=1419

no 11 J=l4J1

NO (L4 ()=0-

F2 114 ()=.)-

MASTER LOOP FOP OUTPUTTING OF FLUXES (FWINT/TAPE/PUNCH OPTIONS)
no Os; II(>=14IGM

READ (NFL'IXD)((N2(1,J)41=141M)4j=14;M)

REAP( (OR)) (IPO (IT4w>4 TI = 14 ITL)4 J = 1, MI)
CALCULATE TOTAL pLLX AND POWER DENSITY

no 1Z) 1=14In

no 12J J=14IM

noild J) = NO(14J) + N2(14))

ITEMP = mn 114])

ITEMP = M2 (I TEMP)

F2 114 3= F2(1,J) + en < 4ITEHP) *112 (1 4 JUIOOO.OEPF
pprnt GROUP FLUXES (IF pesiren

IF (IPPIN.I 0.3) GU TO leQ

IE (DAY .NE-Uw GU TC 140

print 13041TO

FORMAT (xn1, 20X414PELUX FOR GROUP,12)

CALL “RT (M4 IMan2424

GO TO 160

IE IPRIN.ro.1) GO TO 125

SMRY
SMRY

SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY

wRITP FLUXES OM TAPE (EOR IREEsO OR 1)4nR DISK(FOR IREF=2) 4 TF OESROSMRY

IF | TO (TPS) 23042304170

IF (DAy.nm*0.) GO Tc 200

IF (TREF.NE.O) GO TC 230

WRITE(NDUMP) ((N2(T,J)41=14IM)4J=14JM)
GO TO 230

IF(IRLF.EU.l) GO IC 1BO

IFOREF.FO.O) GO TC 220

WRITE(ISCRAT) ((N2(14j),I=141M),J=1,JM)
GO TO 230

CALL ERR02(6M5UMMHY,220,1)

PUNCH FLUXES (IF DESIRED)

IF (rprex.E(KO) GO TO 35¢

IF(DAY.Nt.oi) GO TC 245

IF (JRF'LX.S-OTIl) GO TO 255

GO TO 350

IF (IRFLX.riE.2) GO TO 350

00 301 1=14IMIM,u

00 2B) J=146
FLUX(J) = O.

II = 'TiNO (I *5:1MOM
JI = |

DO 20y g=Iall
FLUX(JI) = FM2(J)
JI = Ji ¢ x=

PUNCH 3104 (FLux 1j) ,0=1,6) ,iCARO

SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY



3(10

3(10

JbO
C

355

3fr0

3fes

370
3/5

3nn
3B5

<00

405

415

4*5
430

4/5 (L
4/0
475

4«0
4M5

450
n>00

[CARD = ICARO ¢ i

FORMAT(1R5EI2.6.4HFLUX*14)

COMTIOUE

PRINT TOTAL FLUX ANO POWER DENSITY

PRINT 355

FORMAT—— 1 RX,1IH TOTAL FLUX//)

CALL RRT (IM* JM,N,/»24>

PRINT 3t0

FORMAT(HI//. 14X, 26HPOWER DENSITY (MWT/LITER))
CALL fRT <IM, IM,F«i*Z4>

CALCULATE AND PRINT REGIONAL POWER FRACTIONS

IF (PO./R.LE.O.) (j(I TO 475

DO 365 T=i,lZM

PFRAC(D)=C.

DO 37] 1=1,M

DO 370 J=1,JM

ITCMPzMO% 1.J)

ITEMP=M2 (ITEMP) - ML

PFRAC(ITEMP)=PFHAC(ITEMP) ¢+ F2 (I,L))*VO(1,J)*.001
PRINT 3/5

FORMAT(IHL,///1UX,39HPOWER PRODUCTION FRACTION FOR EACH ZONE///)

DO 380 1=1,17M

PFRAC(I)=PFRAC(T)/POWR

PRINT 385, 1,PFRAC(I)

FORMAT(/*rX 2HI=T2,2X,6HPFRAC=F9.6>

CALCULATE AND PRINT HURNUP RAILS FOR EACH ZONE
IF (MWDT.ELO) GO TC 475

IF (DAY.E0.0.) 1) IC 460

IF(IURTRGTEO. 0) GO TO 460

PRINT 400*

SMRY
SMRY

SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY

FORMAT(IHI,///]OX,e3RTHESE ARE THE AVERAGE BURNIP RATES,IN MWD/TONSMRY

2,FOR EACH ZONE OVER THE PREVIOUS CYCLE///)
PRINT 405, bELT
FORMAT(//10X,5HOELT=FR.2,7H  DAYS////)
00 425 1=1,1ZM

IF (FUIOT(I).EO.0.) GO TO 415

RURNUP(I)=_TPFRAL(I) ¢ PFPRFV(I))4PDWRADELT/ (2.*EDTOT (I))

RRNMET=HURNUP (I)*1 .10

GO TO “425

RURNUP(11=0.

RRNMETSO.

PRINT 430. I.LFUTOTd) ,RURNUP(I) .BRNMET

SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY

FORMAT(/5X,2HI=12,4X,24UFUEL MASS IN SHORT TONS=F7.3.,4X_,2RHAVG. RDSMRY
?RNUP INn MWD/SHOHJ. TON=F9.2,5X, 30MAVG. RURNUP IN MWD/METR1C TOM=F9.SMRY

32

D%) 470 11=1,IZM
PFPREV(II)=PF RAC(II)

IE (TPRIN.EO”3) GO TO 500
IF (DAY.NE-O.) GO TC 490
PRINT 485’
FORMAT(1H1,2f1X,19HFISSTON SOURCE RATE)
CALL PRT(IM,IM_FV»Z4)

GO TO 500

IF(IPRIN.EQ.1) GO TO 48q
REWIND NCRI”

REWIND NFLUXI

REWIND NDUMP

RETUR |

END

SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY
SMRY

SMRY

117
118

119
120
121
122
123
12A
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
153
159
160
161

162
163
164
165
166
167
168
169
170
171

172
173
174

175



66

2b
30

3b

SUBROUTINE GHPTOI

COMMON
1
?

3
CcoMMON

(R N

COMMO
[}

4
COMMO |

2
INTEGER
INTEGER

REAL

F2 >IG°)
F3 I TOP)
r4 ' TOR
s (IGP)
F6<IGP)
F1!1IGP)
FBIIGP)
F9 | IGP)
00 11)1
m2!16P)
F3 (I<OP)
F4 (IGP)
E5 (1cP)
F.6 (IGP)
7 (16p)
E8 (IGP)

F 9 (IGP)
PRIMT 2
FORMAT

1S9H TROUP

MINP, NCUT, NCR1,
NMICR, ALA, BO 7«
El (51), E2 (51), E3(51)»
EH (51). E9 (5 1), B0 1«
EQ, EVP, EVPP,
IGV, IT, IMJIM,
uP, Jp, KO7 *
LC, NGCTO, ORFP,
SRAR, SK7, TOS6,
TEMP3, IEMP4, TI,
10(23) , (MAX, IGE"
IBfi, IB T, IBB.
ML, M1, MOl ,
I/, J/ ., OITM,
IPMTPS, IREF, I XSEC,
EPS, SHCRT, POUR,
EV, EVM, XLAL»
NHSTP. I EUR, EV2)
BO 7, CNT » CVvVT,
0lTM
12, 13, K6&)
NO, N2, MASS,
= .0
= .0
= .0
= .0
= .0
= .0
= .0
= .0
= 1 *16M
= B2 (1GR ¢ 211
= E3(IGP) ¢ w3 (I
= 4a(tee) ¢ £4 (I)
= ms5(1ep) ¢ ms(1)
= m6(1GP) ¢ E6(I
= E7acp) ¢ =7 (I
= rgf1(1cp) ¢ ms(I)
= E9(1GgP) ¢ EO(I
0

(1M1t 2BH FINAL NEUTRON BALANCE TABLE///
FISSION SOURCE

NFLUXI.
CNT,

E4 (51),
EO2»
EPF,

" Ipx
KPAGE*
P02,
Til,
V11l *
I/M,
IGM,
icsr,
n TM,
£1POiS*
ORE*
XLAH,
NGO*
PO2*

KT*
MA3SP*

NSCRAT,
CVT*
ES5 (5D .
EO03
GBAR *
ITEMP*
LAP*
PBAR.
TEMP .
MXCM
M,
TEvVT *
THT.
MWo T«
NCON
FLXTST.
Pou.
I8RTRG.
TQ6 *

LAP.

14

ISCRAT,
DAY .
E6 (51>*

IGEP«
I TEMPT,
LAPP,

TEMPT,

JM,
IPVT,
IMS,

IPFLX,
PV,

MELT,
NCOEF,

LAPP,

GRPT
NDUMP, GRPT

EO0 (51) . GRPT
E7 (51) , GRPT
GRPT

IGP, GRPT
I1EMP2, GRPT
LAR. GRPT
GRPT

IEMP2, GRPT
GRPT

I8L, GRPT

I STAHI, GRPT
ITL, GRPT

I PR IN, GRPT
GRPT

EPSA, GRPT
IF sS. GRPT
NSWEEP GRPT
7z GRPT

GRPT

LAR, GRPT
GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

GRPT

3PPT
ORPT

IN-SCATTER OUT-SCATTER ABSORPTION, 1X,BRPT

?265H L. H L. 8. L. TOTAL LEAKAGRPT
3GE//> GRPT
no 30 i = 1*IGM GRPT
FORMAT (16, 1P9Ei3.3) GRPT
PRINT 25, I.,E1 (D) ,E2(I),E3 (L) .L4 (1) E5(D),E6(1) ,E7( 1), GRPT
I E8(I),E9 () GRPT
PRINT 35 GRPT
FORMAT (IM ) GRPT
[ = ISM ¢ 1' GRPT
PRIMT 25, L.EI(I),E2(D),E3(1) ,E4(I) ,ES(D»E6(T) ,F7(1), GRPT
I EB(),E9(D) GRPT
RETURN GRPT
END GRPT

© 0 -0y U= w N



SUfWO'TIM: PUT N2t
nIMINSION-N2 tJIM . JJM) I Z4(1)

HEAL I?

M = )M

M = 1M

no s i=i»TM,5

11 =1

I12=TIeA

IF(12-1M 204 2u. 10

12=1M

PRIMT 3n, ( J3*JI=11»12)

FORMAT( SI20)

no si JgJg=1I*oM

J=JJ
FORMAT(I5«E15.7*St20.7)

PRIMT 40* I»M2(K,J)*K=11,12)

RETIIR |
FNO

RT
RT

PRT
PPT
PRT
PRT
PRT
PRT
PRT
PRT
PRT
PPT
PRT
PRT
PRT
PRT
PRT
PRT



68

C

T

10
2r.
2S

30

40

SO

S0
70
MO

SURRO JT IM- GRAMIMASS* VOL T\ZY II}{(} JIM JJM M?* M2. VO,
10¢ 11, 3, , 14)
COMMO | NJNR. NCUT, NCR] NELUXI NSCRAT, ISCRAT. NDUMP,
NMICR. ALA, HO7, CNT, CVT, DAY, FO(5)),
E1(511, =2 (51), E3(51)* E4(51), E5(51>, E6(51). E7(51),
E8(51), 99(51)* EOl , 1.02, E03
COMMON EG, EVH, EVPP, LPF, GHAR, [ GEP, 1GP,
1GV, 11, IMIM, IP, ITEMP, ITEMPI, [ TEMP?,
17P, JR* K07, KPAGF: , LAP* LAPP. LAR,
LC. NGCTO, ORFP. P02« P8AP*
58 AR, sk, TO06. 111, TEMP. TEMPI. TEMP?,
TEMP3, 1EMP4, I, Vil , MXCM
COMMON 11y (23) TRAX, IGF. * [ zm, M, M, THL
IftR, IUT . inn. IcmM, 1IEVT, IPVT, ISTAR!.
ML, ML, MOT, TCST, IHT. IHS, in*
U, JZ, OITM, 1 ITM, mwor, IPELX, 1PPIN,
iOMTRS, IPEF, IXSEC, MPOIS, NCON
COMMON EPS, SRCRI, POWR, ORE, rrxTsT. PV, EPSA,
EV, EVM, XLa1., XLAH, POD, MELT, 1IS,
MiStP, IEUR, EV2, NGO, IMRTRG, NCOEF. NSWEEP
INTEGER RO7, CM1, CVT. P02y Toe, R2, z?
INTE(>CR OITM
REAI 12, 13, K. 57, LAP, LAPP, LR,
NJ, N2, MASS, MASSP, 14
n iMENS ION MASS (JML»T). VOL (1)« ATs (1), munn (11, MO(JIM,JJM) ,
| M2 (1) » lodl- 11(1;* 12(1). 13(1).
? riJTOT (1) NTRIG (1) »IA d)

THIS SUHH'MIfINE CALCULATESTHE MASS ()E THE VARIOUS MATERIALS

IE MW)T.EYn) GO IC 6

D0 5 UslIZM

FUTOT (N) —=

CONTINUE

PRIMT 10, (H)(1)*1*1,23)
FORMAT (IMI* 12A0/11A6/7/"
PRIMT 20

FORMAT (4SH MATERIAL INVENTORY (KILOGRAMS) FOR EACH ZONE / >

00 25 1=1*IZM
VoL () = 0,0

5 90 1=ran
oo 3C J=1*IZM
MASS(I,J) o, o
DO 40

DO 40 I = 1* IM

K = M;(1,3)

VOL(K) = VOLK) ¢ VOd, J). 001
no SO M=)MCl

13M) = 12(M)

IF (irvT.NE.2) GO TO 50

13(H) = 12(M)*(1 .0 ¢ EV*I4(M))
CONTINUE "

00 9V N =1, IZM

NN = "2 (N)

00 R> M = 1.,M01

IF A0O(M) - NN) MO.SO.RO

L = 11(M

IF (D 90%90,80

EOl = I3(M)

MASS(LN) = ( (EOI*ATML)*VOL<M )/.GU23)

* MASS<L*N)

GRAM
GRAM

GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
t.PAM
GRAM
GRAM
GRAM
GRAM
GRAM
SRAM
GRAM
GRAM
GRAM
GRAM
GRAM
SRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM

0 a0 L w N

©



90

no
120

lin

1I'*0
no

no
[ >0

IF (M'-'Dl.r.Q.n)
IF (NT'iIG (01) 7EQ.J) GO TO 90

FUTOT (N) =FUTOT(N)

bU TO 90

¢+ MASS(@»N)*0, 0011

CONTI IDE

OATA /,ONF/6H ~ONE /

00 16. L - I7ZMt 5

IL = E ¢ ¢4

IFUL - /M) 110. 110* 100

LL = IZM

PRINT 120% ((ZONE, K), K=[_* LL)
FORMAT (//?6H MATERIAL ATOMIC WT.
PRINT 130* (VOL(K), K= L, LL)
FORMAT (25X, 5 (FB:3* 7H LITERS* SX))
DO 14' K = 1. ML"

PRINT ISO* K, HOL.N(K)* ATw(K),
FORMAT ( I3.1X, Ab, F13.3* IX. ipr.13.3*
IF (LL - IzZM) no* no* 170

CONTI HIE

RETIIR

END

,3&, 5(ab,I2,]12%) )

(MASSIK. 1I)*
1PAE20.3)

I

L*

LL)

(iRAM
(TRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRAM

59
60
61
62
63
6A
65
66
67
68
69
70
71
72
73
74
75
76
77
78

69



0O OO0 OO0

88 ORI O RN GENAANKREY YRRy, wouwe,  INBR

NMICR ALA, BO7. CNT, CVT, DAY, EO (51)* INPB

? LI(5D), E2(5 1)« E3(S1) c4(51), E5(51), E6(51), E7(51). INPB
3 Lu<51), tMED , EOI . EU2, EO03 INPB
COMMO r.0, EVP, EVRP, LPE, GBAR.  TGER. IGP, INPB

I IGV, II. MM, “IP, ITEMP, ITFMPI, ITEMP2, INPB
9 1/P. JP, K07, KPAGE* LAP.  LAPP, LAR, INPB
3 LC, NGCTO, ORFP, RO2, PBAR. INPB
4 SOAR, SK7, TOG6, Til, TEMP, TEMPI, TEMP2, INPB
S TLMP3, rtppA, TL VI,  MXCM INPB
COMMO | 111(23), TPAX, IGE, I AM, M, M, IHL, INPB
1 IMR, "IBT, inn. IGM, IEVT, IPVT, ISTAKI, INPB
? ML, M, MOI.  ICGT, IHT, IBS, ITL, INPB
T 1/., JA,  OITM. {ITM,  MWOT. IPFLX. IPRIN, INPB
i IDMTPS,  IPEF, IXSEC* UPOIS, NCON INPB
COMMO EP3, SRCRI, POWR. OWE, FLXTST, PV,  EPSA, INPB
I LV, EVP.  XLAL*  XLAH, POD,  UELT, TES, INPB
9 LMSTP.  ICUR, EV?, NGO, IHRTRG, NCOEF, NSWEEP INPB
riTD.~R B0 7, CNT, CVT. P02, Tofe. R2, L2, INPB
IR OITM INPB

HEAL 12, 13, KB. LAP.  LAPP. LAH, INPB
i NO. N2,  MASS, lASSP 14 INPB
mMEMSlON MATM(l), NBR(l), LD(1)*LCN(JML, 1),LEN(UJML.I) , ALAM(1) , INPB
I MOLIJth)* 12(1) INPB
INPB

ff # 0 * « BORfJUH CATA v # # B o INPB
INPB

CARD 1 (ICON, DELT (BURNUR CONTROL WORDS) INPB
INPB

CARO BLOCK 2 MATN, NOR, LL> LCM, LEN (NCON CAROS) INPB
(OMTT IE NCON.LE.O) INPB

INPB

REPEAT AROVf CAROS ECR MULTIPLE HURNUP STEPS AS PER INSTRUCTIONS INpB
INPB

EINAL CARO t!l BURNUP DATA DECK SHOULD HE A CARD | [NPB
INPB

IMIS SIMPOUTINE HtADS AND PRIMS THt BIIRNUP DATA INPB
IE (OAV.EO- 0%) GO TC 5 INPB
IE (Kf 7Nt -2) " GO ro 5 INPB
IFIIE/T.M..2) GO TC 12 INPB
BEAD | 11NP*103 HEMP,DELT INPB
tAT (161 El12+C) INPB
OAVSOAY ¢ OFLT INPB
IRRTR =1 INPB
IBUR=IRUR ¢ | INPB
00 TO 14 INPB
IRRTR 3=0 INPB
IF (IROR.KENRSTP) CO TO 14 INPB
IE<IFS) 13,13, 14 INPB
HEAD OINP* in) ITLMF.DELT INPB
cV’=0 INPB
CNT = INPB
P02 = | INPB
ALA = 0% INPB
LAP = (*0 INPB
LAPP = 0.1 INPB

LAR = 0*0 INPB

——
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Ib
0
30

40

hO

MO

90
10(1

Kf>AGr. =50 INPB
IF (IH'ITHGF.G'0) I'0 TO iQO INPB
INPB

NCON = in MP INPB
GO TO ion' INPB
NCON = in.MP INPB
DO 40 N = 1* NCON INPB
FORMA I (1216) INPB
READ| (INR»30) MrtlT <M «NR«UI) *11) (M) , (LCNUJ.K) *¢Ks| .2) t (1.eN (M»K) , INPB

I K=\?) INPB
PRINT 60 INPB
FORMAT (12H1RNRNUH FATA///) INPB
PRINT 70 INPB
FORMAT(130H RURNAHLE MATERIAL NAME DA INPB

| | « » 4 « 3 « SOURCE ISOTOPL FOR 41NPB
p « 4 / INPB
3 1308 1SolOPE NO. -1 INPB
4 DECAY CAPTURE FTSSINPR
FT ON /9H NC. | INPB
no 00 N=1. NCON INPB
ITEMP = MATN (N) INPB
ALAM (ITKMD) = 24.%*3600.ttALAM (I TEMP) INPB
PRINT 30%* "N, PATN(N)* HOLN(IIEMP)* ALAM(ITFMP)* NHR(N)* INPB
H.D(N) * (LCN(N.K),K=1*2). (LFN(N,K),K=1,7) INPB
FORMAT (3X, 13* lix, 13, 10X, Ae, 7X* EG.3* 19. 15x%x, 13, 13X( 213+ 1neB

! 10X, 713) INPB
ALAM (ITEMP) = ALAM<ITEMP)/(360';,*?4.) INPB
RETIIR] INPB
END INPB

S9
60
61

62
63
64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
79
80
81

82
83
84
85
86
87

71
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SOHNOZ ITINC

AVEPMI (PHIP» AXS\LOXS\NALNxMISSx FTPxVYOT*xE0xNZ\ MO\ VYO x

HECTX ¢ dME. LTE . TTHHx AXX. € XXy HPPOII)
€0000 NI NO. rmour . NEPT » NPHUAI = NSOPAT. TSOPATI. NIMTMP -
NTTTSTT. AEN HOY - ENT EY T+ OA¥Y- €0 (S .
ET(SI) « €2Z(€T>. €H(SI) e €F(SX) . g5 (sST) + €6(SI) e €Y(SX]
es8(sx) . €9(SD- £0X . €02 €03
£oono 1 €0, EVP | EYPD - EWE =« WHAG 16€EP . IOH\
T6VY ITe TMIMe P ICENPx ITIMPI . ITEMHZ=x
IZP\ ap. IXOY W, pAaUd, EAPx XAPP\ € AIN ¢
€€ WTIOTON OHLP « WO Z\ PHAP\
SHARW SIXV. TO6. TTT » TEMP N-Upxe TEHPZ\
TT-HPH .\ LempI, TTw Yils TIXOM
aoumom TO (2d) TMAX « T6€E€x TLM\ M IUe T8EC
aa, T8T- Inn. TUMy TEYT » IPY T, TSTIWX x
o€ MT | MOT -+ TEBTH INT . XWI I TE
TLx ILe OHM\ TTTMy HWNOT « THEOX = TPLAN
TO TP Se IPEE « IXSEOQ. NPO LS « NOON
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€V EYM XENE + XTxAH « POO- 0EET X Sx
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OTHENS TON PHXO(X |+ AXS [IME 4 ¥) x OXSAME  T] 4 NIIIN X/ MASS AME. X1 «
AXM(T) x WOTA). E0(ITE\T)\ NZ (X MOA). ¥volx  MOUWIT)

NOA (1

v LXX(LNEWX)

8XX (IMET) x

oPE0dT (1)

[HIS ‘OJHWIMUI INE (AEOUEATES ZONE AVIGAOINO furxgs, ¢[ssiom eposs

SSOIMNS, ANN AHSO9PIION OHOSS S€ETIOMSk
PPTTI3IT S

POINAI(XHX )

re = 1 +()

PE = A0

no Xo WL=T\TZ20T

PINIP(XZ) = 0LO

00 XY HN =I.WO(IN

MXSTIX 1, %L) = 0x0

eX50X svl) = Osu

uo = 1 N0§w)

MASS (TIN, XL) = (8MSS(ENLIXZ)?,60TD/(AII(EN) «VOUX7Z) )
00 20 1LO=L, IUM

qeAp (" TATN) ((MOITIT, )\ U=3, TTU,I=T, 00
AEAQINLWAY), (NZ(D « I=1,1mnaf*)

00 7> 1=}, IMau

¥z = o)

PHIH(3XZ) = PHT 0 (IXL) « Nz [ I) o¥YOo (I)

00 zZn )XL3=I\ NA (O

EN = TAIWOXO)

AXS (< JxuL) =
€ XS (IX'3I>XL ) =

AXS UX(X ) XZ)
€XS 0XE xIXZ)

do (T

VLT #NZ (T)

vne (IxL)

00 80 KL=3I.TITZM

HAENAT (TXL) ==

TENPHE = JdWTHOXZ)

PHIANXZ) = PHIP(IXL)/(VOUIXL)N)OD=)
PAILFI  HO. TXLx  PUTH (IXZ) .
€0aANIIT (/////*3F.)X\9H L 0 N ¢

WIHLTXWTH

TTTIX

€0 (Z\ EN) «NZ (I)<VY0 (I)
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40

46

60

10
80

90
100

100

200

1

= ow o

=11PR1G*4 «7H LITKHS/)

PRINT 40
FORMAT (1) 5H HURNAHIE MATERIAL NAME ATOM
FISSION A8SORPTION SIGMA SIGMA /
11SH 1SO!OPE TO. DENSITY
RATE ! RATE FISSION ABSORPTION/
TH" NO./)
00 80 KN=1 * NCON~
IN = 'ATN (KN)

TEMPI = AXS(KN,K/.> *I1ASS (LN«K2)
TEMP? = FXS(KN,K/.)«MASS (LN.KZ>

AXS(K'I,N2) = AXS IKN ,KZ)/JEMP3

FXS(Ki,K/.1 = FXS(KN,KZz)/TEMP3

IF (I 'R rwG.E0.0) «C TO 45

IF (OLLT.NE'.0.) AXX(KN»KZ) = AXs (KW»KZ) /NRSTP ¢ A XX (KN,KZ
IF (MELT.MC~0.) IXX(KNfKZ) = FXs(KN,K2)/NHSTP ¢ FXX(KN.KZ
CONTI U)E

FORMAT (4X.I3»UX.I3« 10X.A6»2X.1P5E16.3)

PRIMT 50, KN, I.M, HOLNU.NI), MoSS(LN,KZ), TEMP2, TEMPI,

FX5(KN,KZ)» AXS (KN,KZ
ITEMP = NRR (KN)

IF (ITEMP - 1) bo, 60, 70

PC = MC ¢ TEMPT - TEMP2
BREORT (kKz) SBREDHMKZ) + TEMP] - TEMP?
GO TO 80

RL = ML ¢ TEMPI

CONTINUE

00 90 Kz = 1,IzZM

BREORT (K =) =nRrnHrx (KZI/RL

PRINT'TOO* KZ. BRtCRT (KZ)

FORMAT (30X, 3HKZ=1i2, 2X, 1iHBREDRT<KZ> =F7.4>
TEMP = KC/RL

PRINT 110, TEMP

FORMAT(1H ///18M BREEDING RATIO =E'.4)
REWIND NCR1

REWIN!' NELUX1

RETURN

END

SUBROUTINE EICiTMO (IevT, KO7, IfHJR, EV, t v2, NGO, FO, 1pVvT)
IFKIE 'T.NE.1) GO TC 100

IF(k07.NE'2) 00 TO 200
IEVT=2
FV=EV2
IPVT=N
NGO=2
RETURN
IEVT=1
IPVT=
Fv=o0.
F1=0.
NGO=1
RETIIR'
END

AVER
AVER

AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER

EIGTR
EIGTR

EIGTR
EIGTR
F IGTR
EIGTR
EIGTR
EIGTR
EIGTR
EIGTR
EIGTR
EIGTR
EIGTR
EIGTR
EIGTR
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74

20

30

40

SUHROHTLM". MARCH iPh IB, MATN.FXS, % }—/Hf’
LEMtwML, 10,11*12% PHIPP,J/M)
COMMON oiri NCUT, NCRl NELUXI NSCRAT, ISCRAT,
NMICR; A(A HO7 * ONT, CVT, DAT,
o EI1(51), E2(51). E3(51). E415-1), Fb(51). E6(51).
= EH(51), t9(51), EOI * L02, Eo3
COMMO, | E'l, EVP, EVPP, LPK, OBAR , 1 GEP*
| IGV, 11, IMIM + 'IP, ITEMP, ITEMP 1,
uP, JP, K07, KPAbE* LAP,  LAPP.
LC, NGCTO, OHKP, POP* PBAR,
< SHAH, SK7, T06* 111 * TEIMP, TEMPI,
= f("MP3 (EMPA, TI, V11 * [IXCM
COMMOO 1I) (23) TMAX, 10K, I AN, M, M,
| IM , IBT, IBB, tem, IEVT. IPVT,
2 ML, MT , MO1 * ICST, IHT. IBS,
=, U, JA, OITM, IITM, MWOT, IPFLX,
IDMTPS, IPEE, [IXSEC, NPOIS* NCON
COMMOI kps, SHCRI, POWR, ORE, FLXTST, PV,
EV, EVM, XLAL* XLAH, POD, UELT,
NHStP, ieuH, EV2 nuo! IHRTRG, NCOEF,
IMTr.OF-R ~ ROT, CNI1, CVT. P2t To6 R2,
iuTr(irR OITM
REAL 12, 13, K6 | k7T, LAP, LAPP,
M, N2, MASS, MASSP, 14
niMen" [ON RMIn<t), MATNID, FXSUML.D A <S( JML,1 |, VOL (1
MASS(JML, 1) .massp (amr.1) ,ALAM
LENUML, 1), 10 (1) *11'1) «12 (1)

THIS SUtIHONTINF UUVPUTFEFS THT T IMf.

TEMP = MELT 4 24,

TEMPI = .
DO 5 x/_ = I*TIM

PHIPP (KZ) = PillIB(K2)
PMIB(KZ! = PMIR(KZ) *

DO 5 KM = 1iNCON
IN = MATN(KN)

TEMPI = TEMPI ¢ EXS(KM.KZ)“PMIB(KZ)»MASS(LN.KZ)»VOL(KZ)

« 3600. / 10.

DO 120 KT~= 1,10

TEMPJ =

DO 10 KZ = 1,1ZIM

DO 10 KN = lNCUN

IN = IAIN (KN

MASSP(LN.KZ) '= MASS(LN.KZ)
oo 0! K. =1,IZM

DO GO KKK = 1.5

DO 80 KN = LNCUN

LN = MATMKN)

TEHP?=-(MASS(LN,KZ).MASSP(LN.KZ))» <ALAH(LN)*AXS(KN,KZ)OPHIB(KZ))
30, 20

IE (Ll &N ) 3(1,
KK = LD (KN)
= MAIN(KK)

10-(-24)

TEMP2 = TEMP2 * ALAM (KK)*»(MASS (KK,KZ )

DO 50 K =~1%2
KK = LCN(KN.K)
KL = IATN(KK)

IF (KK) so0, 50. 40

TEMP2 = TEMP2 +

(ax$S (KK,KZ)

MASS.MASSP,ALAM , LU,LCN,

NDUMP,
EU(51)*
E7<51) ¢

IGP,
ITEMP2,

LAP,
TEMP2.

ITHL.

ISTARI,
ITL*

IPRIN,

EPSA,
IFS,

NSWEEP
L2,

LAP,

1), LD (1, LCN(JML* J)

2(i), PHIP(1), PHIPP(1)

* MASSP <KK .k Z) )

- EXS<KK,KZ>> <PHIH (KZ) *

MAR

MAR
MAR
MAR
MAR
MAR
MAR
MAR

ULPtMOtMT ISOTOPIC CONCEN> HATIONt1AP

MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAH
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
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20

HI
70
HO

‘70
| no

1ln

110

140
145

150
tfco

165
iin

| MO
tso
A(10

| (MAS” (KL.K£) ¢ MASSP(KL.KZ))
CONTINUE

00 70 K = 1*7
KK = LFNIKN.K)
KL = MATN(KK)
> (KK) 70* 7Q, 00

TCMP2 = TEMP? + 1-XS (KK.KZ) t:PMIH (KZ) " (MASS (KL*¥K2)+MASSP (KL.KA) )

CONTINUE

MASS (LN«KZ) = MASSP(LN*KZ) ¢ .SOTEMpttTEMP?
RO 9!) KN = 1,1ICON

UN = rvamn (KM)

TEMP3 = TLMP3 * 1XS(KN*KZ)#PHIU(KZ)*MASS (LN.KZ) *VOL (KZ)
IF (TE 1P3)  120* 120. 100

DO 110 KA = 1*1ZM

PHTtI (KZ) - PHIRtKZ) 0 TEMPI/TEMp3

CONTI KIJF

00 13" xA = 1,1/M

PMIn(KZ) = PHin<KZ)*lo.**(24)

IF (IPFF.NF.2) GO IC 165

IF (IMIH.Ct .NRSTP, GO TO 145

PRINT 14(1

MAR
MAR

MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR

FORMAT (1H1///,ax,105H THESE A«E THE ZONE-AVERAGEO TOTAL FLUXES TO MAR

?HE usEn IN THE FIL.UX SHIFT CORRECTION FOR SUBROUTINE REFUEL
no is:- KA=i*izn
PMIP&KZ = PHIPH&)K7) ¢+ PHIH(KZ))0.5/NHSTR ¢+ PHIP(KZ)

IF (IPUR.LTINRSTP) GO To 150
PRINT 160* "KZ,'PHIP (xz)
CONTINUE

FORMAT (3 ;X*7H ZONE =*IP,4X,11H avo FLUX =*1PtlO*4/)
DO 20; K/=1*IZM

no 20 M=1*Mo1

IFiTMM) - M2 (KZM 200, 170* 200
HO 19 KN=1*NCUN

LU = TATK (Kfi)

IF (LU - II (U!') 190, 180* 1c0
T2U1) = MASS(LN,KZ)

CONTINUE

CONTINUE

RETIIR !

END

///IMAR

MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR
MAR

59
60
61

62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
17
78
79
80
81

82
83
84
85
86
87
88
89
90
91

R2

94
95
96
97
98

75
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MMTN T.000 (0AT.G OC 3J3TOM OENS Of OO.SIITOEiTTS HAVINe THe Mmost WOHWNGB

‘318
AOO

SUHPCP{E%E WENIEE | XETYNPEGYNHEPO LTI OTSFXEAPSY INTMALYNEOOPYAOY
II'HEY TP6Y HNO PHI AOASj; PTIXSy XZN6j 1ZONi IZHY MOT, MI

DAV 60V 1OOP,. ISTAPHNOAVIFIEPS, 10y IIv 1cy PENPY Pelv

1
z
q Yy AXSY (XS, PAINY ACAIlY €0y ¢ONy ¢HIF HOONY ATIWF N/NYV ONY
A

ON § ENPY WNIY 06, d6v NISOH6Y OWAW6EF OOMPO NHIf£6)
0IHCNT10€ A0(DY Nrpg (X)) TPLCOT ONO (%)t PHI ( INIHAAY /M) ¢
AHXS(NOON,L IZMPIEI2AK)E  [TASINOON, [ LAYINIMAK Y XINS(DY

IZON (XAAPS,1LP) v 10(X) ¢ 1%(X)+ 12(1) ¢ PHIPA), PSI
\ o1

AY L [ IT I ZIWY\ Cva/unt /114 nOWANIT [T A AT AT
OCN(DIPMAPY WOON (TI) ¥ ATH (X) ¥ NL.F(I)» ON(ILMFNOON) ¥
ON (I LAVWOON) ¢ O€EP (IZMPWOON) ¥ WNTI (I )¢ 1)6 (NEOOP INOOI,

06 (€ECOOPYWOON) 7 OISOHAO) . OHAH6E (1) 7 dOHPO (T ) ¥
10 1€ 1,6 ( 1784 sNOON)

OOHMO!l  WINP WOUTF WAPXP U-UTX]p NSOOATp  TSO»ATH
IAIfOfH D6

PeEAag |2

OAHO HODOL Y XPAO(X)Y NIHE (XI X=X tNHE6

0APO 91.OO! T PG (N) €=YtNOON (I OA®O)

OAHO 0I00A W6 0(1) [=X 40}

q
(OHI' If OSINO TIAPE NIDUMP AT XWI 61s 1)

OATIO iMOOX, pn (Iv1L) =EXLILM I=IPXINT
(ONII If USINO PE NOUMP)

OAOB JIUOX S ARXSUHIFX) I=XpNOON I=IH1ZM K=I{XI
(OWIT 1€ TISTNO T«pPE NOTIMP)

OAPN OI00X 6 €IXSU,X, X} T=I[.WNOON I=I,ITM X=}.XI
(ONTY T0 USINO TLPE NOUMP)

OAPO U[QOX 7 XLNSA) (XIAPS HMIHS Of OAPOS)
ILON(I.T) =X, XLNS()
WEAN IW TQE TICLIPTIT (AJA

INT = OCONT ¢ X
= XWHT - 1

(D py(r)e

X7 | AK|

NT3ITIMP

NnZxs. 16

CLTE

6EXC+T

6ETC+S

6€TICeS

6EXCeS

16
cLT T

AAIL INHH (XNI. WHE6, I<IAPSY IBIOAK, £0, HIPE: [N6% HNO' PHT

MA'IN, HOIN, NZN, NPIf€0 )

OAXP = OMX,H.,2230312d0, /IO

00 Z(IS N=I.NHE6

Az = 1ZN(W)

{ = « [IZ{,PPP 0vZ)

If (X#€ds'%O0.0P*A0(AL)%£0Ix0) 60 0
OoIpf = X&) - XO.OlNZ)

If (AHSAHIN LE--008) BIfL=0x

ir (QNTLrN d7S.HTS.2390

to1le = utll 4 xoTxZ)

TMIMG

Aks, CAgy

Tier
per
PEC
WEL
PIf
pLre

per
PEL

Pec

qer
agg
qce
agg
agsg
agg
qce
agg
ace
agg
qce
qce
age
qce
qcr
ace
qec
ace
agg
qgg
qce
HEE
agsg
ace
qce
qer
qec
agr
qce
o3¢0
TED
ezer
ace
qer
peC
qer
9€r
HEC

oer
perc
per
qce
qer
per
qer
per
per
qee



jS5
V*OO
<15
411

415
420

475

435

440
445

450
455

450
4ts

470

475

IF_(A-iSdJim .Lt. 005) DIFF=0.1)
niFp = AHS (DIFF = XO(K/.))

IF (DtFF.LF. .00%) TIFF = XO0(K/1
IF (OIFF.OTly.) (50 TO 385

KK = Kk ¢ MFREK))

GO TO 380

rsTrT = KK

COCF - DIFF

OIFP = XO(K/1 - COEF

GO TO 375

TSTRT = 1

COCF - AOIKi?)

OIFP = XOtKZ)' - COEF

ITEMS = ISTRI

00 41S I=1t0COfl

IT = OUFLG(KZ,))

IF (II) 405.405*410

M (K/«I) = 0.

GO TO 41b
CM(K/#T) = HNo(II)
COfITHUE

PHY = PHI(ITEMS,KZ)*lo.**(-24)

00 47 KT=1*%10

00 425 KN=1,MCON

CMP (K..KN) = CM(KZKN)

00 465 KKK=1,s

00 46.) KN=1,NCON

IF MIFLE %(z JKN) *EQ«0) GO TO 460
TEHP2—-(CM(KZ KNi*CNP(KZ,KN))=(ALAN (.N) « AHXS (KN,KZ , 1 TEMS)*PHy)
IF (UIKN)I; 435%435,430

KLM = MAPIfKK)

TEMP2 = |EOF2 * ALAM(KLN)*<CN (KZKK)*CHP(KZKK) )
00 445 K=1e2

KK = LCN(KN,K)

IFIKK) 445,445,440

TEMP2 =TEMP2 * SAtixs (KK,KZ* ITEMS)-E 1xS (KK ,KZ, 1 Tens) ) «PHY* (CN (KZ,

IKK) * CNP(KZ.KK)

CONTINUE

00 455 K=1,7

KK = LFUKM.K)

IF (KK) 455,455,450

TE7P2 = TFMP2 ¢ F1XS(KK,KZ*ITEMS)*PMY *(CN(KZ*KK)¢CNP(KZ.KK))
CONTI HIE

CN(kz*&kN) = CNPUVZKM + 0.5*0AYP*TtMP2
CONTINUE

CONTI Kt

CONTINUE

ITEMS = 1TEMS * |

IF (I1EMS.'GI KMT) CO TO 475

GO TO 420'

00 481 KN=1,NCON

ON (kz*KN) = pm (xz+&N) + CN (xz «Kf]) *C()EF
IF ITNG(KM).EQ.O0) CN(KZ,KN)=0.
CONTINUE

IF PLFP.Lr .0.) eo TO 505

COEF = olFP

PEF
REF

REF
REF
REF
REF
REF
REF
REE
REF
REF
REF
REE
REF
REF
REE
REE
REF
REF
REE
REF
REF
REF
REF
REE
REE
REF
REF
REE
REF
REE
PEE
REF
REE
REF
PFF
REF
RFF

REF
REF
REF
REF
RFF
REF
REF
REF
REF
REF
REF
REF
REF

REF
REF
RFF

REF
REF

59
60
61
62

64
65
66
67
68

70
71

72
73
74
75
76
77
78
79
80
81

82

84
85
86
87
88
89
90
91

93
94
95

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116



78

0000

vsn
AN
Soo

bus

510

u)<?n

*38

*330

S35

s<t(l

e = 0. REF
ISTRT = I3TRT ¢ NFRE(KZ) REF
no TO 375 REF
no 50 ) KN=1*NCON REF
TI = !JHIM.(itKZ*KN) REF
TF (II) 4c0»"fQ0»<*95 REF
ON(KZ*KN) = C. REF
GO TO 50t REF
OMIKZ.KN) = XO(KZ)«I2(II) REF
IF (T (KN).FQ.0) CN(KZ*KN) = 0. RFF
CONTINUE REF
CONTINUE REF
no si 1 *z=1*1zH REF
no 51-' N=1*NCON REF
CN(KZ»N) " 0or REF

REF
CALCULATE AND PUNCH THE INPUT ATOM DENSITIES H? HLOCK) EOR NEXT REF
BUPNU(Q INTERVAL «NC PRINT REGION-RY-HEGION SUMMARY REF

REF
PRINT 515 RFF
FORMAT 11*11 #/! 0X«77H REGION T)ISCNARuE ANU CHANGE AND INIfTIAL COMPOREF
15ITIOL ror NEXT HURNUP INTERVAL /) REF
[ IK=1 REF
PRINT 5?0* IIKtV(IIK) REF
FORMAT (//3X,7H REGION 13.RH VOLUMEr 1PE10.4.7H LITERS /) REF
PRINT 5R5* KNT.INT.INT REF
FORMAT (7X.29M ELEMENT DISCHARGE FROM HI 13.9X« 14H CHARGE FOR REF
1HI 13.HX.23H INITIAL COMPOSITION BI 13) REF
PRINT 530 RFF
FORMAT (16X.10H ATOM OF.NS.5X.9H MASS (KU),5X,10H ATOM DENS.5X.9H MASREF
I1S(Kfi)»5X»24H ATOM CENS MASS(KG) /) REF
DO 56 ) 1=1.M01 REF
HU1¢1) = 12(1) REF
IF (11(1).EQ.O) co TO 560 REF
IF (JI(I).EQ.NPUIS.AND.NREPO.FO.I) HNI(I) = HNO(T) REF
IK = lotl) - ML REF
UFLA'T = 11 (I) REF
COEF = ATW(ITFLAG)«V(IK)/.6023 REF
IFIK.EO.IIK) GU TC 535 REF
[IK =TIK + 1 REF
PRINT 520» IIK.V(IIK) REF
PRINT 525.KNT.INT.INT REF
PRINT 53(1 REF
nis = o. REF
CHG = o0* REF
no 545 N=1.NREG REF
KZ = NZN(N) REF
IF (KZ.LT.IK) GO TC 545 REF
IF (KZ.GT.IK) GO TC 550 REF
DO 541 L=T.NCON REF
IF (MATN(L) .EIE.IIFLAG) GO TO 540 REF
IF (TRG(L).EO.O) GC TO 550 REF
DIS = ON(KZ.L) REF
CHG = XO(KZ)«HNO (1) REF
CN(KZ.L) = CHG REF
HNI(I) = HNI(I) » CHG - DIS REF
GO TO 550 REF
CONTI IUE REF

11
11

119
120
121

122
123
124
125
126
127
123
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



‘5HS

S55
b60

46S
30
u3/5

SHn

335

3(10
305
3in
315

320

3A<*

CONTI 1Uf

Mfl = 01 SyCOEF
TEMC = CH(*50EE
TEMP = HMI(!)*COEF

PRINT 555. UFLrtO.CIS.TEMD.CHC.TEMC.rtNI (1),TFMP
FORMA! (10X,I12.4A.F10.7.5X.1RE10.4,4X,OPE10.7.<*X,1PE10.4.5X,

1 opFir.7,5X.1IPE10,4)

CONTINUE

12 BLOCK FOR MEM PURNUP INTERVAL

PUNCH SES5. INT.UAY

FORMAT (2X»16H 12 PLOCK FOR RI1.I3.10H OF LENGTH .F6.1.5H DATS

PUNCH 570. (HNI(I),I=i,Mol)
FORMAT (3F12.7)
PRINT 575. INT

REF
REF
REF
REF
REF
REF
REF
REF-
REF
REF
REF
REF
REF
REF
REF
REF

FORMAT (1 Hi,/10X.52H INPUT ATOM DENSITIES (12 BLOCK) FOR RURNUP INREF

ITERVAL  13//)
DO 53) 1=1»M01
RINT 5BS,I»10(D_*

1) HNICY)
FORMATEX AR P X AUNIY 3 x srm=,13,3x,7H12(n  =.10.7)

REGIO | COLLAPSING (VOLUME AVERAGED)

IF (KLAPS) 365,335,590
PRINT 5RS5

REF
RFF
REF
RFF
RFF
REF
REF
REF
REF

FORMAT (1H1,10X»57P REGION COLLAPSED INFORMATION FOR ELEMENTS TO HREF

IE REF JELFD /)
no 63 ' 1=1,KLAPS
TOTV = f).
KK = KZHS()
DO so K=1,KK
K/ - IZON(L.K)
TOTV = TOTv « v (x2)
PRINT 60b. I. (:/ON( LK) K-1*KK)

FORMAT (//5X.20H REGION COLLAPSE NO. I3.13H FROM REGIONS 243>

PRINT 610. TOTV

FORMAT (; nX,21M VCL AFTER COLLARSL

PRINT 615

PRINT 620. KNT, KNT, INT. IMT

rORMAr (22, 7TH ogr =1 ,12,5H, KG.,
I12.5H, KG. .5X,PH FOR BI .12,sm, KG.

DO 64 N=1,NCON

DIS = 0.
CHG = =n.
TEMF = o.
TEMI = O.
LN = MAIN (M)

DO 625 K=1_KK

KZ = I1ZON(L K)

DIS = DIS + IN(K/N)<*V<KZ)/TOTV
CHG = CHO * CN(KZ.N)«V(KZ)/tOTV
r1 = 'I)IF e (KZ,N)

IF (r1) 625,625,324

TEMI = te 5 + HNI <H)*V§(Z )/TOTV
TEMF = IFME + 12 (II)»V(KZ)/TOTV

1PF.10.4.8H LITERS /)

FORMAT (irx. 84H ELEMENT = COMPOSITION A( END DISCHARGE FROM

CHARGE' FUR INITIAL COMPOSITION
KG..5X4H =r:

REF
REF
REF
REF
REF
REF-
REF
REF

175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196

198
199
200
201
202
203
204
205
206
207
2C«
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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<)3r

000<cc°

*35
040

*<<5
*55
n* (i
>1*S

*/\0

o

*£5

nel

sk §

*/\0

*55

200
fnb

|
?

COtJ TI Hit REE

= TEMt*TOTV*ATW(LN)/.60?3 REF
015 = 015»0TV«ATV« (LN1/.6023 REE
ClIG = CH«-»fOTV«*AtW (LN)/.6023 REF
TEMI = 1tr'ISTOTV«ATW (LN)/.6023 REF
PRINT 630! LN, TLMF, DIS, CHG, TC U REE
FORMAT (1 3X,12,9X,1PE10.4,11X,lpn0.4,6X,lPE1(i.A,5X,1PE10.4) REF-

REF
PREPARE ADD PUNCH CHARGE AND PISCHAHGt MASSES tOP FURTHE* REE
ECONOMICS ANALYSIS (IF DESIRED) . T IHST NECOP COLLAPSES WILL REE
RE PU 'CHE!I'. REE

REE
IF (I.GT.NECOP) GO TO 635 REF
00(1,1) = nls REF
CG!'I, I) = CHG REE
CONTINUE REE
CONTI IUE REF
IF (I.GLNECOP) GO TO *60 REE
PUNCH 645* ILKNT REE
FORMAT (pX, OH COLLAPSE 12,18H DISCHARGE FROM Hi 13) REF
PUNCH 650, (OG(L«N),N=1,NCON) REE
FORMAT (6F12.4) REF
PUNCH 655,1,INT REE
FORMAT (2X,9H COLLAPSE 12.14H CHARGE FOR HI 13) REE
PUNCH 650» (CG(I *N),N=1_,NCOH) REE
CONTINUE REF-
CONTINUE REF
IE (NECOP.LE.KLAPS) GO TO 675 REF
PRINT 670~ REE
FORMATUHI,4HH A A * NECOP IS GREATER THAN KLAPS - ERROR * A A///)REE

REF
MASS SUMMARY EOR ENTIRE REACTOR REF

REF
DO 68' K=1 ML REE
COMPO! K& . REE
OISCHG(K) = 11. REF
CHARGE (K) = (). REF
DO 685 [=1,M01 REF-
K = IftU) " M REF
K = 11(1) REF
COMPO(K) = COMPO(K) ¢ HNI(D*VIK)«ATW(K)/.6023 REF
DO 69 KX=r,IZH REF
DO 69" N=1,NCON REF
LN = MATMN)- RFF"
COEE= V(K/.)XATW(LN)/.6023 REF
CHARGE (LN) = CHARGE (LN) ¢ CU (K/.,N) ACOEE REF
DISCH i(LN) = OISCHG(LN) ¢ ON(K/,I1) ACOEF REF
PRINT 695.KNT,INT,INT REF

FORMATUHIL,3X,18H DISCHARGE FROM BI 13,16H, CHARGE FOR HI 13* REF
29H AND INITIAL COMPOS. FOR HI T3,]4H IN KILOGRAMS //) REF
DO 70/ 1=1ML REF
PRINT 705, "I,HOLN(I),DISCHG(I),CHARGE(I).COMPO(I) REF
FORMAT (5X,8H ELEMENT 13,2X,A9.,3X,18H TOTAL DISCHARGE = IPEIl. 4, REF
3X.ISH TOTAL CHARGE = 1PE11.4.3X.24H TOTAL MASS IN REACTOR = REF
IPEIL.A/) REF-
RETURN REF
END REF

233
234

235
236
237
239
239
240
241
242
243
244
245
246
247

248A

248B
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
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SS

SUHROUTINE; INPR (KNT* NREG* KLAPS
! AHXS« nxs, KZNSt IZON, 1ZM.MOI* ML* DAY,

ISTARIi NCONt IOMTPS, I0» Il,
S MAIN* HCLN, NZNi NBIFLG |

DIMENSION ~ X0(1>» NFHE(l)* TRG<l), HNO(l), PHI(INTMAX,IZM) ,
ARXS(NCON,IZM,INTMAX)* FIXSINCONt{IZH, INTMAX)* KZNS(1),

?

|
?
3
4

IZOMKLAPS.iZN) , lo(1)* IKI!'* T2(l),

INTMAX. X0* NFRE*

TR HN
IGM G > IMJ

12, PHIP, PSI, " AXS*

PHIP(1),

PSI(1).

AXS(ML,IZH)t FXS(ML,IZM), MATN(), HOLN(1)* NZN(),

MBIFLGtIZH,NCCN)

COMMOlI MNP* NOUT, NCRI* NFL"X1*

INTEGER TRG
REAL 12

NSCRAT*

ISCRAT,

NDUMP

LPHI .
FXS*

THIS SUBROUTINE HEADS, PRINTS AND PUNCHES INPUT DATA FOR REEUEL

TNT= KMT * |

KLNT = KNT - |

FORMAT (16,F12,t,* 16)

I =

DO IS I-1*NREG

READ (NINP,S) x* xO(K), NFRE(K)
kNF = fJFRC(K)

IF  (MOp(KUT*KNF)*NE, 0 GO TO 10
IN = IN ¢ |

NZiitri) = K

GO TO is

XO0iK) =

CONTI Hit

NREG = IN

CALL IMG (TRG.NCON)

FORMAT (24131

TF 11 START,EQ.3) GC TO 30

READ (NINP,2S; (HNOJ), J=1,M01)
FORMAT (bf12.7)

GO TO 40

CONTI HIE

DO 35 I16=1*IGM

READ (NDUMP)

READ| IDUMP) (MNo(J) ,J-1M01>
CONTI IUE

IF (KLNT.ro.0) eu TO 65

IF (IDMTPS.Co.I) GC TO 55

00 45 1=1*KLNT

READ ('IINP. 50 (PHI (I,)),J=1,1ZM)
FORMAT [(6L12.

GO TO 6S

DO 6n 1=1*INTMAX

READ (NDUMP)  (Piild.J)), J=1,12M)
CONTINUE

DO 7¢ J=I,IZM

PHIK IT+J) = PHIp(,,)

IF (TDMIPS.EO.} GC TO 100
PUHCH 75, KfoT
FORMATQ2X*5H"PHI  12,3H.,J))
PUNCH 50 - (PHI(KNT JI) J=1+1ZP)
TF (KLNT.ro.4) 30

DO 115 x=| ,KCNT

DO 00 J=1>>IZM

INPR
INPR

INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR

D— S OCoco-aN W B wbho—
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VO

100
105

1 <25
180
1 Js
140
LV5
150

155

leo

165

im

125

150

1*5
VU

1v5
£100

READ (f£11MSRO) 1ABXS , I=1,f"CON)
conn. HJE

DO 05 K=1*KLM

00 9C J=1*1IzZM

REAO (MIni’*50] (F-ixs (I,J*k1, |=1<neon)
CONTI,HIE

GO TO 120

IF (kL 1T.E0.0) GO IC 120

no 11> K=1,1 MMAX'

no 11 ' J=1 ,1ZM

PEAO (NDUMP) (AMXS (1, J,K), 1=1, NCON)

00 11G *=1, IMMAX

DO 115 J=1,IXM

PEAfi (NUUMP) (F1XS(I,J,K),1=1.NCON)

no 13' J=1,1ZIM

no 123 1=1,neon

AMXG(I,J.KNT) = AXS (I,J)
FIXS( I,J.Knf] = 1XS[I,J
CONTI IUE

IF (xpmTPs,E(0.1) GC TO 155

PUNCH 135, RM

FORMAT(2X,l on AHX5(I,J, 12,2P) |
00 T4, J=1.TZM

PUNCH 5u, (AHX5(I,'J,KMT) ,1=1,NCON)
PUNCH 145, KNT

FORMAT (2X,10H FIX5(I,Jd, 12,2P) |
no is J=1,1zM

PUNCH 50, (FIXS<itw,KNT),1=1,NCON)
GO To 180

COIITI'11IE

WRITE INFORMATION CN TAPE (N1)LMp) IF DESIRED

PEWINO NO'IMP

DO 1611 1=1,tGM

READ (ISCRAT) (RSI(J) ,J=1,IMJIM)
WRITE (NDU;IP) (PSI (,) ,J=1, IMJM)
WRITE (N')UMP) (HNO (1) ,1=1,Mol)
00 165 1=1,INTMaX

WRITE (NDUMP) (er1 (1,3),J=1,1/M)

DO 17, K=1, IMMAA

00 171 J=1 ,12M

WRITE (NDUMP) (AbXS (I, J,K) ,1=1,MCON)
DO 175 K=1, INTMAX

00 175 J=1,12zM

WRITE (NDUMP) (FiXS (I, J,K),1=1,NCON)
REWIND NDUMf'

CONTI, HIE

COMPLETE READING OF INPUT DATA

IF (KLAPS) 200,200,185

DO 105 1=1,KLAPS

RF.AD MINP, 190) K/NS (1I)

FORMAT (I 6)

KK = KZNS(I)

READ(NINP,20) (I/CN(I.J),Jd=1»KK
CONTINUE

115
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INPR 117

PRIMT THf irjPUT DATA INPR 11H
INPR 119

PRINT 210» DAY INPR 120

~1l) FORMAT(////10X,20H LENGTH OF PURNUP INTERVAL»F6.I.6H OATS) INPR 121
PRINT 215 INPR 122

/IS FORMAT <1M1,//1UX,33H CLEAN FUEL ATOM OEMSITIES,HNQ(L) ///) INPR 123
00 22) I=11MO! INPR 124

//0  ORINT 22S» 1, ia(IDt 11(I1)t HMOU) INPR 125
/25  FORMAT(SX*2HI=,UtSH lo=»I/*EH 11=,12.]6H CLEAN DENSITY=F10.7) INPR 126
PRINT 23(1«  KNT INPR 127

/JO  FORMAT (]JHI«/1 OXi35H REFUELING OATA FOR HURNUP INTERVAL 13///) INPR 128
PRINT 23S INPR 129

/JS FORMAT U'JX.IBH REGION REFURLING NO.OF INTERVALS /, INPR 130
1 /AX, 31M FRACTIONS BETWEEN HEEUELINOS /) INPR 131

no 2A: 1=1,NREG INPR 132

K = N/N(I) INPR 133

/<¥) PRINT 2*5* K, XO(K), MERE (K) INPR 134
2<t5 FORMAT(18X,12,4X,F9.5,12XtI2i INPR 135
PRINT'250 INPR 136

/sn EORMAT (///ISX.RSH ELEMENTS (PURNAHLE ISOTOPES) TO HE REFUELED IN INPR 137
| THE AMOVE REGIONS /) INPR 138

00 26 | N=1,coi) [NPR 139

IF (TR( (w .EO0.0) GC TO 260 INPR 140

LN = UaTN(N) INPR 141
PRINT 255, LN.HOLNILN)[ INPR 142

2S5 FORMAT (2rX,RH ELEMENT ,12,3X.A9) INPR 143
/faO  CONTINUE INPR 144
PRINT 265 INPR 145

/SS  FORMAT (1 U,/10X,8SH ZONE, GROUP AVcRAGED ABSORPTION X-SECTIONS EnINPR 146
IR fIURNArLE ISOTOPES, ABXS(I,J»K) K=KLNT,KNT ///) INPR 147

N = KINT [NPR 148

TF (KLNI'O-O) N=I INPR 149

NN = KNT INPR 150

00 285 ~=I"NN INPR 151
PRINT 270, K INPR 152

/In FORMAT (MX, IRH HURNUP INTERVAL K= 13) INPR 153
00 275 J=1,IZM INPR 154

/'S PRINT 280, J, (MMXS (I ,JfK)*1=1,NCON| INPR 155
/so FnRMAT(6X, 8H RL6ICN .12/,UO0F12.4)) INPR 156
/«5 CONTI'HIE INPR 157
PRINT 2T0 INPR 158

2SO0  FORMAT (IM) .//11UX,83H ZONE, GROUP AVERAGED FISSION X-SFC1 FOR RIIRNINPR 159
| ABLE ISOTHRES, FIXS(I,J,K), K=KLNT XNt ///) INPR 160

N = KLNT INPR 161

TF (KLNT.EO.O) N=l INPR 162

NN = KtU INPR 163

00 30" K=N,NN INPR 164
PRINT 270* K INPR 165

00 295 J=1,IZM INPR 166

/SS PRINT 280, J, (F1XS(I1.J,K),1=1NCON) INPR 167
100 CONTINUE INPR 168
PRDIJT 305 INPR 169

ins FORMAT (IMI,/1rX,55H AVG FLUX USEO IN PREVIOUS EIGHT RURNUP IUTFRVIMPR 170
[ALS, PHI(L ) ///) INPR 171

NIl = Ktll -7 INPR 172

JI0O IF (NI) 315.315,320 INPR 173

Jis NN = Nfiti INPR 174
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yin

330
335

[epXepTap]

340
345
350

355

360
365

3/n

|

GO TO 310
PRIMT 3*5* <J J=NN,KNT)
FORMAT (IPX,8(611 PHI ( - )

no 33' J=l*1rs
PRIMT 338» J* (PHI(I,J).I*NNKNT)
FORMAT (2X,2HJ=,12.4X,8(E12.5t2X))

TAG THE HURNARLK ISOTOPES IN THE MOl ARRAV

00 38" I=1.Mill

IK = ion) - M

un.A> = 11 (O)

no 348 K=1,NREG

KZ = 1iZM(K)

IF (K/.Li.IK) GO TC 348
IF (K/.GTTIK) GO TC 350
00 3437 N=T.MCON

LN = MAINM)

IF (L 1.ME<11ELAG) CO TO 340
NRIFL'T (KzTN) "= 1

CONTI OIE

CONTINUE

CONTINUE

PRINT 355

INPR
INPR

INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR

FORMAT(IH1.//10X.4SH 1 VALUES Ifl MOl ArrRav THAT APE BURNABLE ISOTOINPR
IPES //)

nn 37.. K=1.NREG

KZ = 1ZN(K)

U0 36 NsLNCON

PRINT 365. NBIFLG(KZ*N)_KZ_.N_PATM(N)

FORMAT (6X,2HI=,U.aX.RH REGION = 12 3X.13H BURN

12M ELEMENT NC. 12)
CONTINUE

REtUR |
END

ISO NO.

12.3X%,

INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR
INPR

175
176
177
178
179
180
181

182
183
184
135
186
187
188
180
190
191

192
193
194
195
196
197
198
199
200
201

202
203
204
205
206
2f)7
208
209



APPENDIX C
SAMPLE PROBLEM

In this section, the printed PHENIX output is shown for a Search -1 Burnup W 1" Refuel calculation

(2 groups, 4 regions).

CAPOS | AND . (I AND TMAX)

put-Nix ExamMpLE / 2 Group ,/ ARGONNF COnE cnte sampLE HEACTOR
st apcH-niJdR' 1-KEFF-HEFUtL

I MAX = - '.0 MIN.
carD 3 DATA 1PIb FORMAT
IGF GEUME1PY (n/1/2 = X-Y/K—-Z/R—-THETA) 1
IZM NLMttER OF MATERIAL ZONES (REGIONS) A
IHL LEF | HOUNDARX CONDITION (0/1=VACUUM/REFLECTIVE]| 1
I HR RIGHT BOUNDARY CONDITION (SAME AS IHL) 0
IHT TCR HOUNDARY CONDITION (SAME AS IHL) ' 0
I HR RC1IOM HOUNDARY CONI). (SAME AS 1IBL) o
IEVT EIGENVALUE TYPE (]/2/3=NEFE/CONC/DELTA) 8
IPVT PAHAMETPIC EIGENVALUE TTPE (1/2=NONF./EEFE| o
<
M NLMHER OE RADIAL MESH INTERVALS l.—
IM N1IMHEH OF AXIAL MESH INIERVALS 1<O
Iz NC. OF RADIAL ZONES (DELTA OPTION ONLY) o
o
Jz NC. OF AXIAL ZONES (DELTA OPTION ONLY) o
cARD 4 Dara 1216 FORMAT
IGM NLMHER OF GROUPS —
—
ML NLMHER OF INPUT MATERIALS 14
ICST CROSS SECTION TYF'E*! 1/2=TYPE 1/TYPEZ2) 8
I
IHT POSITION OF SIGMA TOTAL IN X-SECT TARI-E -
iHs PCS IT TON OpP SIGMA SELF—SCATTER IN X—sECT TAKLE ;S
]
ITL CROSS SECTION 1 asrLe"LENDTt a
o
IXSEC READ X—-SECTS FROM TaPE !0/1=NO/YES5) o
MOT TOTAL NO. OF MIXTURE SPECIFICATIONS 3%
OITM MAX NO. OF OUTER*ITERATIONS ALLOWED 108
11 T™ MAX NO. OF INNER ITERATIONS ALLOWED PER OUTER HER. f
MSHSWP LINE INVERSION DIRECTION (1/2/3/4=ALT*RIR/HAO/AX/COOE DECIDES /'\
A
ISTART FLU* GUESS (.;/1/2/3/4=NUNE/CARDS/CARDS/TAPE/SINUSOID) h
CARD S DATA <16 FORMAT
I REFF HLHNUP/REEUEl. CONTROL (.,/]/2=NO BURNCP/BURNIJP ONI.Y/RUHNUP AND REFUEL) o
NHSTP NLMHER OF HURNUP TIME StEPS IN A HURNUP INTERVAL ’f
IFS PERFORM FINAL SEARCH (0/i = NO/YES) =t
o
NPOIS MAIltRIf1lL NO. OF CONTROL POISON 1o
MWDT CALCULATE RIJPNUP'IN MWD/T (()/1=NO/YES) |
A
IPFLX PUNCH rFLUX DUMP 10/1/2=NO/FLUX BEFORE RURNUP/FLUX AFTER HURNUP) 8
IPRIN PPINT CONTROLUZZ2/3=FULi. PRINT/FULL PRINT FOR QAY=0o ONLY/PARTTAL PRINT) -
[
IDMTPS PPt PARE OATA DUMP TaAPE (0/1=NO/YES) o
cARD b DATA bril.2.4 FORMAT
EPS EIGENVALUE CDMVtRGENCE CRITERION 1.0000E—-04
SRCRT NEUIRON SOURCE RATE (FOR NORMALIZATION) 0.
POWR REACTOR POWER (MWT) (FOR NORMALIZATION) 3.0()00E*02
ORF OVEHRELAXAT I''N FACTOR 1 .5000E+00
FLXTST INNER ITERATION FLUX TEST (O/EP=EPR/FP FOR TEST) 0.
PV OES1REO VALUE OF PARAMETRIC EIGENVALUE (SEARCHONLY) 1.0000E*00

85



canI.) / DATA hi.ia.A FORMAT

EPSA  PARAMETRIC EIGNYALIE COfJVERGENCE CRITERION (SEARCH ONET
EV IMI1AL EIGENVALUE GUESS (SEARCH ONLY!

EVH  EIGINVfILUr. mptF IER" (SEARCH ONLY)

EVP EIHENVALUE (rIESS FOR - vo AND ALL OTHER SEARCHES

XLAL LAHRIA-l LOJEP LIMIt (SEARCH ONLY)

XLAH  LAMHIJA-l lippen LIMIT (SEARCH ONLY)

CAHO M OATA r.12 . A FORMAT

POO PARAMETER OSCILLATION UAMPER (SEARCH ONLY)

LAST= ACT3
TEMPORARY storacE E 'P C'foss SLCTION REARRANGEMENT= 3G7

86

.OO0OOE-03
.noooE-oi
.0000E-01

.O000E-03
.ocoonE-oi

* OOOOE*OD



GO

PHENIX EXAMPLE /

SEARCH-HUPM-KtrE-PEF'-'EL

1 IRON
2 CHUM
3 MCK
4 NA
5 Pua
6 Puh
7 L238
8 Cx*
9 FrH
10 P-10

CV’OUP / ARGONNE CODE CNTI?

bAMPLE RfACTOR

MESH ROLNCAHIES (RO/-'0=H4I>IAL PUIMS/AXIAL PCIUTS)

RO
.66667E*02

2n

0.
*450Q0E *02

FLUX G"E5S (
|

RF

,9989 6F *C0

- 5766PF. 4 ()
ZF

24192E+CO0
*96593E *£0

ZONE
NO
2

— R e = e B BN R RN

10
+66667C+01
-73333E*02

19

4000CE*01
.SOOPOE*n?

RF/ZE=T )TAL RADIAL FLUX/TOTAL AXIAL
7

99¢c69E*00

*SOOROE+(10
18

.37461E+00
*RoBOIE+O0O

306

— s B B RN NN RN

. 13333L*C2
. BilOOOE* 02

. 800dOt*01
*5S001)E* {12

-9742UE«0 0
.423311. *00

.5000UL*CO
.R191St*C0

NUMBERS HY MESH INTERVAL

Nl Ll e N S Y S I I Y

*20000E*C2
« 86000E*f)2

* 120 00E *02
.60000E*r.2

.94964E*1'0
-34772E+00

-61566E* dO
.71934E *00

N e ey W I T T N C I

.2A667F+0?
*9200ut+0?

«16000E+02
£64()COE + 02

FLUX)

.91721F+00
.26980E+00

* 71934+ +o0
.61S66t+00

N el S NS N I N O Y N O Y

*33333E* c2
*98000E*0?

+ 20000F.*02
+68000F* 02

*87718E* 00
#19007E+00

.819isr.*no

*50000E+00

B =R NN N BN

N N

.40r,00E¢n2
.1 <)4ooE*!)3

.25000E+02
+ 72000E* 92

-.B2989E+00

.10906E*00

.90631E*00
374f)]E+00

S QU QS N S O N O I I N O

.46667E* (2
,11000E#03

.30000E*02
,76000E*02

.77571E+00

.96593E* 00
24192E+00

Y G \GU NI SR N I Y O O X

.53333Eeg2

.3SO00b*02
.80000E*02

.71s811t*00

.99619t 400

Fa2 2NN LEDNNDNDDN

R N N

-60000E+02

.40 000E«U2

-64858E* 00

*99619E *00

A2 Ao N a2 A NN AN AN



00
00

. ] |
u 4 4
| | |
4 3 3
a 3 3
;) 3 3
4 4 4
3 3 3
4 4 3
3 3 3
3 3 3
3 4 4
MATERIAL NUMBERS HY 20NE
M2 4
Il 12 13
FISSION SPECTRUM
K7 2

,99234E*C0  .76570E -02

BN L L B LD L — s —

14

Lo LWL RUW AU — — —

PG LD LI LI s U — —

GO L L LWL W s — —

MIXTURE SPECIFICATIONS 110/11/12=MX NUMBER/MAT. NUMBER FOR MIX/MATERIAL DENSITY)

in 36
11 11 11
11 12 12
12 13 13
3 14 14
11 36
0 4 |
10 0 4
8 0 4
8 C 1
12 36
0* «12733E-01 .10033E-CI
#500COE-C3 0. .12733t-Cl
«loT30E-Cl O. .12733E-01
0. .81738E-02

.1CT30E-01
14 36

(:)t Ao
. 10000E*0! 0
0»

0.

L1,

EEEP

cooo

[6)
12
13
14

2
l
|
2

.25797E-02
.10033E-Cl1
.10033E-01
.21016E-J2

11
12
13
14

LN MW

+161311-02
-2S7Q7E-02
728797t-02
« 13142E-02

|
|
|
|

B o™ B —

*21241E%02
*16131E-02
.16131F-02
+ 19220E-0!

0.
).
)o
)

ooo

11
12
13

W 2oy

. 30220E- "3

ee

SEIS

| |
| |
4 4
3 3
4 3
3 3
3 3
4 4
3 3
4 4
3 3
11 n
12 12
13 13
7 9
6 7
6 7

.29357E-02 0.
*5373SL-02
.O3T3SE-02

0.

0.

0.

LoD Lo B LI LD LI LI s —

11
12
13

O \© oo

.m730E-01

ee

eee



PHEM1X EXAMPLE / 2 GROUP / ARGOUNF CODE CNTR SAMPLE REACTOR
SEARCH-*PUPMI- KEFF-RFFHEL

-0 W

<=

POPD PO PO — e e e e W) L0 WO W
PR R — — — e — — . L LW W W
BOBO PO PO P — — o — e — 00 U LD L
POMO RO N PO — — — — — — 02 L2 L L W
N DO — — — — — — — U2 Lo L LW
DO PO G O — = e G0 L LD WD W
[ R O R O O B S i e R T T ]
BOBO DO DORD m— e 0 LD WD WD WD
PO PO PO PO B — i — — e U0 LD L0 LD W
PO RO PO RO RO — e 0 LD L2 U LD
PO TR — — — — 0 L2 LD W
B e o e ok o T S SN S S S S S S S
OO O NS SO O SO O NS N N

B A N A S S S R e N A A R X
B I e i s ol S S~ A S S S S S o
B R R i s Sl S S S S e S S S S =

PO PO BRI DD — e e G2

= o =

RADIAL

131313m3131 3] 3U1313131A 1**1%1414
1313131313131313131313131414141414
131313 131 31 31 31 31313131314 1%*14 1414
131313131313131313131313141%* 141414
131313131313131313131313141in141414
11111 1 DAl 111 111 14111 11111414141414
111111 1111111111 Ul U1l 11414141414
111111111 11 G4 111111111414141414
1111111111111111111111111414141414
1111 mullllnllll nn 111414141414
1111111111111111111111111414141414
nminmiiiniin IHiu4i4i4i4i4
1111111111111111111111111414141414
1212131<!112121312121<312121414141414
1212121212121212121212121414141414
121212!1212121212121212121414141414
1212121212121212121212121414141414
1212121212121212121212121414141414

= o — <

RADIAL

tf o ¢ b #

DIRECTION OF INVCSION = ALTERNATING OIRECTION



O 0 —J0y DN WA —

90

MI XT1IPK

11
1)
11
1!

NUMBER

MIX COMMAND

=W N - OO a0NWN RS0 0OJ0 NTWN >0 O W0 UNWN = o

I * E

0.0no DAYS

MATEIMAL ATOMIC ntUSITT

o.
.1273300nE-ol
«1003300(1E-01
.2579700i)E-02
.1613) 000E-02
.2124100(16-02
.302200096-03
.29357000"-02
o.
*+107300001--0l1
.530000046-03
o.
.127330006-01
.100330006-01
.257970006-02
.161310006-02
o.
o.
.537350006-02
[V
.107300006-01
o.
.127330006-01
.1003300r6-0l
.2579700)6-02
.161310096-02
o.
o.
.53735001)6-02
o.
.107300006-01
o.
.81738001)6-02
,2101600i'6-02
.131420006-02
.192200006-01
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FINAL LELIMON HAL.ANCE TABLE

GROUP

l

3

—_
SOOI T DN AW —

FISSION SOURCE IU-SCATTLR

2.535F* 19 N¥
1.4B6F*17 9.328E41H

?.S54F*19 9.328L+1H

RA'TL ]

0.0-UJ0
6.6667
13.3333
20.0.00
26.6667
33.3333
40.0 00
46.6b67
53.3333
60.0 00
66.6167
73.3333
80.0 '00
86.0 00
92.0 1)
90.0 '00
104.0 '00
110.0.00

OLT-SCATTEB  ArtSOBPTlnrj L.

'S.ISfIE+1fl
j.677E*15 6.991E.*1B

9.331E*1B ]1.b49E*1") 0.

Lo

AVG RADII AXII
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
70.0000 45.0000
76.6666 50.0000
83.0000 55.0000
89.0000 60.0000
95.0000 64.0000
101.0000 b&8.0000
107.0000 72.0000
6.6667 76.0000

80.0000

0. L

1«56nE* 10
b.rS6E+\7

2.166E*1f

AVO AXII

2.0n0o0

6.0000
10.0000
14.00 )0
18.000C
22.5000
P7.5000
32.5000
37.5000
A2.5000
47.5000
52.5000
57.5000
62.0000
66.0000
70.0000
74.0000
78.0000

4.0000

T. L

?.531E*1B
9.617E+17

3.492f:*1H

Be L

ANFJ1IE*1«
9.B1 TE* 17

3.493E+1H

TOTAL LEAKAGE

6.621E*18
2.529E+18

9« 1S E*18



1
*5422699E+15
.88595 7RE*15
+ 12666036*16
.17000746+]it
22044456*16
28 79b126* 16
34603586*16
30864396416
40574716 1ft
-405'50n6*1ft
.30565246*16
34604956*16
20747836*16
22046356*16
170(12666*16
.12667866*16
.80611346+15
.54239716*15

0
42905746*15
.70095096*15
.10020466*16
.13449126*16
.17438596*16
227\9366+ 16
273 7171t6*1b
.3C9029?76*16
.32041696*16
.32041536*16
.30502486*16
.27371096+16
.22778616*16
.174378£t6*16
.13448466*16
. 100 19946*16
.70040376*15
.42903136*15

f1 JA FOH GHUUF |

.53434576+15
‘B73'i018£*15
+ 12480696*16
716751086*16
721721616%16
283 1424E* 16
734096506*16
737999156+16
:3997992¢*16
739980146*16
737999ei E*Ift
734'j9257E*16
ASIMSGE + 1ft
721723036* 16
716753266*16
+12482026*16
87310026+15
753443066+13

(

.38725526*15
763282016+15
79042931E+ 15
7121J6206+16
.15735366*16
720553916*16
724695P6E+16
727519146*16
728951426*16
728451255*%16
727518646*16
724645106*16
720553046*16
715 F34526+ 16
.12135446*16
790422926*15
763256506*15
738722026*15

3
51864296 ¢ 15
.84 714036+ 15
21211 3746 * 1ft
.16259276+ | ft
.2108277b* 1b
27539666+ 16
.33093416* 1ft
+3888103L¢ 1ft
.388(13336 * 1t
.388(,3446 ¢ 1ft
36881356 1 1t
.33093946* 1ft
27540356+ 1ft
.21083486* 1ft
.16259656* 1ft
.1211443b* 1ft
8473917t + 15
51869546 * 15

fi
.3409968b* 15
.5569584b* 15
.79596276* 15
.10680016%* 16
*13844-986 ¢ 1t
.18082716+ 16
21722776%* 16
.242r,256b+ 16
.25460156* 11t
25459946+ 1t
24242096+ 1t
.21722056%* 1ft
. 18081RR6 t 16
. 13844146* 1t
.1 Oft 792964 11t
.79590006* 15
.55690546* 15
. 3*%39604L* 15

«4Q5V;)ftUt *15

.8,1951R3L*15
11577295t % [ ft

.1553334K*1 ft
+2014145t* | ft
2631 00t>f1*1ft
31 ft 15 IK*1ft
357337 E+ 1 ft
.BTOFOODE-+Ift
370b"9VE.*1 ft
.352337BK*| ft
.3161561K»16
263101 K *16
.20IM51t*1ft
1553341F+1ft
.1157309K*16
,8095241L*15
.4055137E*18

,2914009K*15
4758677E*15
-ft79ft402E#15
9113475b*15
1180 821Esl ft
c1541714¢* | f
.18512165*16
.2081821E*Ift
2168555E*16
21685425 | fi
2061 7R2E*1ft
.185)156E*!
s 1541ftAfte* 1 6
1180 75bF * 16
.91 12880K*15
6795873K*15
.4758236E*15
2914583Ke15

4654120K*15
.76030085*15
.1007006K* 1ft
.1458979K * | ft
.1891F92K*1ft
247 1185K*1ft
22969473E * | ft
33092601 *16
.34819877*16
,3401477%1ft
.33092311*16
.29694311 *16
2471 141F *1ft
,1891749K*16
.1458-<41F*1ft
.108ft IROC*1ft
.76033351*15
4654 '335*15

10
.2403153E* 15
.3917398K *15
-5584299E + 15
, 74741645*15
Oftft9209E*15
.1261032E*1ft
+ 1512359F * It
.1682993E+ 16
. 17693 ft8K *1ft
.1769358F*1ft
. Ift82964f* 16
.15123145*16
,1260Q8 1 E*1ft
,9668 727!" ¢ 15
74737261*15
558390 IE*15
.39171765*15
.2402897F+15

.2000000t*Ul
.600000 OK*61
.1000000E¢02
. 1400000K*U2
. 1800000K-*02
.2250000E*02
.2 750000E*02
.3250 0 O0E* 02
.3750000E*C2
.'62500008*02
,4750000t*62
.3250000E*02
.5750000E*02
.6200000E*U2
.0ftOO000E*02
-7000000E*u2
. 74000006*02
-7800000E*u2

*2000000E*ol
.faO0O0000E*ul
.10000006*02
.14000006*02
-1800000£*U2
.22500006*02
.27500006*02
.32500006*02
.37500006*02
.42500006*02
.47500006*02
.52500006*02
.57500006*02
.62000006*02
.66000006*02
. 70000006*02
. 74000006*02
. 78000006*02
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.24684386*15
.441£0556*15
.612397gE *15
.74954886*15
.83 740 7?E+ 15

. 85 7<to6?E* 15

.9090511E+15
.95775856*15
.98601016*15
.90601306*15
.95 77661 6*15
.90906326*15
.85 74237E*15
.83 743296*15
.74938346*15

6124373E+15

.4412424E+15
.24ne 739E + 15

6

.19388336+15
.349734nE*15
.40337126*15
.59396976*15
.66345206*15
.67411726+15
.71984016*15
.75827836*15
.70087766*15
.70057546*15
.75827046+15
.71962746*15
.67910106*15
.66343036*15
.55344376*15
.40334926*"'5
.34971426*15

.19-»67186*15

UX FDH GHUUP 2

.24324496%15
.434/6876%15
T60345006+15
.73839856%15
1828>16386*15
.844H6?6E*15
.89574616*15
794373646+15
797137226*15
797157486%15
.943/4266%15
789373676*15
;84487e9£%15
782318546+15
.73862356%15
760348356*15
7434 78966%15
.24326436%15

T
.17696556+15
731626156%15
743886816%15
753697976+15
759968416+15
761369456*15
.65033956*15
768495646+15
770504346*15
7705,4086*15
.68494756%15
.65uJ2516%15
761367606*15
75991, 6016 + 15
.53095386*15
743884446*15
.31624116*15
7)7695296+15

3

.2361 2276 + I3
.422r 3500 * I§
.58577686+ [S
.71694676+ 1§
.80095946 + I§
.820 06316+ is
.86943716* is
.916)0656* IS
.94301846* ig
.943-11996* jg
+91 60936+ 15
.86944226 * 1§
.820-77196 ¢ 15
.80996936* IS
.71695626* 15
.58578566+ 15
.422"'3980 + 15
.2361 3046+ 1S

8

.1 3041846 * | g
.27950936* 1g
.3877£t816* Tg
.47434736%* 15
.52955806+ is
.54168766+ 15
.57378276+ 15
.60414756* 15
.62177496* 3
.62177236+ 15
.60413896 + 15
.57376086 +| g
.54160976* 15
.52953546.* IS
.<*74 32356+ 15
.38776646+ 15
.27949)26* I8
.13640676+ 15

4
.2?56%1 H.*15
.4032'?63t*15
.5897577t*15
158506501 *15
+765341<*E*15
.78356635*15
.63071336*1S
.67516736*15
.900"6426*15
.90098426*15
.87518566*15
.83071136*15
.78356506*15
.76533766+15
.68507936*15
.559 75226+ 15
.40328896*15
.22563936+15

0
.13467566*15
.24060506*15
.33368966*15
.~0797606+15
.45519866+15
.46526946*15
.49207216*15
.51827426*15
.53326326*15
.53326066*15
.51 8<r6666+* 15
.49206016*15
.46525406*15
.45517996*15
.40795666*15
.33367226*15
.24059105*15
.13466636+15

5
.21200986*15
,37899726*15
.52601486*15
.64375946+15
.71913686*15
.73621146+15
.78045676*15
.82220255*15
.84641805*15
.84641675*15
.82219715+15
.78040836*15

.73620116* 15

.71912206+15
.64374216*15
.52599885*15
.37898166*15
.21200186*15

10

.11230296*15

.20089866*13
.27844336*15
.34018726*15
.37927086*15
.38726856*15
.40949866*15
.43063906*15
.44292376+15
.44292175*15
.43063275*15
.40948885*15
.38723616*15
.37925615*15
.34017256+15
.2784 1016*15
.20033875*15
.11249616*15

-20000006*01
.30000006%01
.10000006*02
.14000006*02
-18000006*02
.22500006*02
.27500006*02
.32500006*02
.37500006*62
.42500006*62
.47500006*02
.32500006*62
.37500006*62
.62000006*02
.66000006*62
.70000006*02
. 174000006%*62
. 78000006*02

-20000006*01
-00000006+01
. 10000006*02
.14000005%02
.18000006+62
.22500006*02
.27500006*02
.32500006*62
.37500006*02
.42500006*02
.47500006*62
.52500006*62
.37500006%*02
.32000006*62
.66000006*02
.70000006*02
. 74000006*62
. ~80000 06*62
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1
.76911366*15
.13271636*16
.16790016*16
.24496236*16
.30418526*16
.37370186*16
.43694096*16
46141976*16
.50434816*16
.50435136*16
.48142906*16
43695586*16
.37372066*16
.30420686*16
.24498496*16
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PHENIX EXAMPLE / 2 (3POUP / ARGUNNE CODE CNTR JA’IRLL REALTOR
SEARCh-RUPN-KEFF-PEr'IEL

MATERIAL INVENTORY (KILOGRAMS) M)p EACH ZOME

MATERIAL ATOMIC 'IT. ZONE | ZONE 2 ZONE 3 ZONE 4
.804E*0J' n.1TERS 402E*03 LITERS A402E*03 LITERS . 143E*0A LITERS

1 IRON 55.850 7.482E*02 3.741E*0? 3.741E*02 | ,086E*03
2 CROP 52.010 i.792E*02 S.958E*01 8.958E*01 2.600E*02
3 NICK 58.710 1.2bbE*02 6.323E*01 h.323E* 01 1.835E*02
4 NA 22.990 3.909E*02 1,9b4E*02 1.9S4E*U2 1.051E*03
5  PUA 239.130 6. 7H2E*02 0. o 0.

¢ PUB 240.130 9.690E+01 0. ) 0.

7 U238 238.120 9.334E402 8.543E*02 8.543E*02 0.

s OXY 16. oo 2.292E*02 1.14f>t*02 1.146E* 02 0.

s FpR 119.000 0. 0. 0. 0.
10 B-10 10.010 7.15-4E+00 0. 0. 0.

BURNUP DATA

BURNABLE MATERIAL NAME LAMBDA N8R 0 ¢ SOUPCE ISOTOPE pOR
ISOTOPE NO. (UAYS—I DECAY CAPTURE
NC.
| 5 HUA 0. 2 0 3.0
2 6 PUP 0. | 0 I 0
3 7 U238 0. | 0 0 0
4 Q FPR o3 0 0 0 0
5 10 8-10 0. 0 0 0 0
FISSION

O—OoOo O
Shho oo
SwWo oo
(e e =)
SoooOoOo
SoOoDo O
SO OO



A0 ME | FLUX 5091E¢ 1§ VOLUME =8.042SE* 02 LITrRS

BURMARLE MATERIAL NA"E ATOM FISSION ABSORPTION SIGMA SIGMA
ISOTOPE no. UFMSITV RATE RATE FISSION ABSORPTION
no.
| 5 HUA ?21?AE--3 7.949EMB 9.740F*1B 1+8S5E * 00 Z.272E*00
9 6 HUR 3 O22F-1>4 2.481F*17 4.70IE* 17 4 .0b8E-0I 7. 709E-01
3 1 023R ?710361.-;,3 3.050E*IT 1.615E*18 5.149E-02 Z.727E-01
A 0 k PR 0." 0. 0. 0. 7,36 71600
c | 0-10 5.3S3E-,>4 0. 2.471E*18 0. 2.288E*00
ZONE 2 ELUX n700t*is VOLUME =4. 0212E+02 LITERS
BURNABLE MATERIAL 1JAPE ATOM FISSION ABSORPTION SIGMA SIGMA
IS%TOOPE MO. ur.nsilTv RATE RATE FISSION ABSORPTION
| S PUA 0. 0. 0. 1 .975E+00 2.521E*00
2 6 PUR nl 0. n. 3.676E-01 H.I36E-01
3 7 U23B 507.3t-r3 1.043E+17 6.906E*17 4.510E-02 2.087E-01
4 0 EPR 0.’ 0. 0. 0. 2.074E*00
¢ 10 M-10 0: 0. 0. 0. 2.687E* 00
ZONE 3 E LUX 1,700t *15 VOLUME =4.0212E*02 LITERS
HURMABLE MATERIAL NAPE ATOM FISSION ABSORPTION SIGMA SIGMA
ISOTOPE NO. OEOSITY RATE RATE FISSION ABSORPTION
no.
| S HUA ce 0. 0. 1.975E*00 2.521E*00
2 f, PUP ol 0. 0. 3.676E-01 8.136E-01
3 7 0238 E.'373L-r 3 1.043E*17 6.905E+17 4.510E-02 2.087E-01
4 9 (PR n, 0. 0. 0. 2.074E+00
¢ 10 H-10 0° 0. 0. 0. 2.687t*00



BURNABLE MATERIAL
ISOTOPE NO.
NO.
| 5
2 6
3 7
A 9
c 10

BREEDING HAITIO = <2777

. 0N

Kil

NAME

RUA

RUE
238
P

H-%O

Y.L- 3

KZ

TEtSE ARE THE ZO'JE-AVEKrtbED

/ONE
/ONE
/ONE
/ONE

AVG
AVG
AVG
AVG

E A FLUX

ATOM
OE'ISITY

0 .

r.7

0.

07
RREORT (K/ITs .1573
RREORt (KM 's  + 0602

RREDRt (K= .060?
RREORt(KA1= O»0000

TOTAL ELUXES To HF!

ELUX =2.bjA7t *1 b
FLUX =1.18q5E*1b
ELUX =!+JROAE*1b

FLUX =3.205AL*iA

JAH2E.14

coooe

FISSJON
RATE

VOLUME =1.A3?6E*03 LITERS

ABSORPTION SIGMA
PATE FISSION
0. 2.015E*00
0. 3.545E-0!
0. A.298E-02
0. 0.
0. 0.

oIbMA
ARSOHR no

2,60JE* 00
8.27BE-01

J.073E-01
1.97 7E* 00

2,R19L*00

USED IN THE ELUX SHIFT CORRECTION EOR SUHROUTINE REEUEL



O o1\ W B Lo —

MIXTURH. MUMRO!

T R e
LU L WL W Lo

L

MIX COMMAND

::s O I ONU W N e s O

—W O T 0w =

B — Wl W I NI W N — s

RE

= 100;000 DAYS

MATERIAL ATOMIC DENSITY

0.

+1273300,)E-0 1
.100330 0f3E-o !

.25797()01)L-02
.161310001—02
.Pn34295pE-02
.31 60H6041i-03
.29'"R1I6G4E-02
.R8672622E-04

1173000aL-01
.53894427~-03

. 1273300'<E-01
.1 003300'iE-O1
.257970pnfc-02
16131 O(I(.E-02
.126324491.-04
+32460269E-0T
.53554436E-02

.2368667"L-05

.107300POE-01

0.

0

. 1273300"',F.-0 !

.10033000E-01
.2579700")E-02

.16131onoF-02
.12632003E-04
.3245799uP:-07
. 53SR44*.1 E-02
.2368591 7t_-05
.10730000E-01

P 173300111—02
.2lo01600rT-02

.13142000E—07?
.192200(1'-E-ol

NTRId

e et @eee -~ —m=mo@eDp @B ———eo@o oo o —m——oOo @ o O B3

107



801

TIME
(MINUTES)

.590
.598
.604
.606
.609

Lo — O

FINAL NECIHON BALANCE TARLE

GROUP  FISSION SOURCE IU-SCAT TKH

| 2.624E*19 0.
2 2.025F *17 9+590E+18

3 ?.644E*1q 9.590F*]8

OUTEK
ITERATIONS ME

b e

OUT-SCATTER

9.590E*ie
3.876E*15

9.594E*18

DO O o
o No0o

AHSORPT

9.8UTE*
7I55E*

1.696E +

EIOLNVALUF

0 (I
*9660142RE#00
.96S83630E*00
.96584509E*00
.96584196E * 00

ee

LAMBDA
.96601428E"00
999R1576E*00
.10000091E*01
.0t)999676E*00
R. L
.606F *18 2.
.3UE*17 I
.23RE*18 3.

.ocoir*is

2.618E*18

1,001E*18

618E*18

3.619E*18

619E*18

TOTAL LEAKAGE

6.842E*1i8
2,634E*18

9.47bE*18



— e e
OO NPEPWNDTO oo ™TMaWnh~wbo—

1
.31852136+15
13 T7*54<006 1106
.\ 9'*H4296 + 1U
.25392446*16
31516876*16
.356858964 6
.45 183966*16
.49748436*16
.52049406*16
.52048686*16
,49746186*16
45179896*16
.38680866*16
31511566*16
.2538717E*16
.19480176*16
.13762416*16
.81832636*15

.64 769InF*'.5
.10842686*16
.1541700F*'6
.20089726*16
.24932266*16
.3054957E*16
.35735286*16

.39342297*16

41200156*16
41149866+16
.39.141456*16

.35733496*16

.30597266*16
.24929846*16
.20087236*16
.15415216*16
.10841466*16
.64 7621 16 *15

r'1TAL FLUX

2
.80650486*15
.13603416*16
719148326*16
*25ui971E*16
*'31 U542 1E* 16
.38117506*16
744520476*16
749ui7846*16
751334286*16
751333556*16
49015686*16
. 44516556 *16
738113076+16
31049126 *16
.250:3*%626*16
.19144406*16
713600546+16
780832256*15

7
.58490766*15
798.3>1648E*15
.13920986*16
.18137626*16
722509586*16
7276 1.8116*16
372*%+9¢66*16
7355:10906*16
37175676*16
737175=56*16
.35500516+1b
7322+7976 *16
727616686*16
722b)5gi6*16
*10136166*16
7139;9¢6E*16
798359436*15
758487086*15

3
.78274646+15
I131h342t*16
.18632826+16
272826 It +16
.30139176+16
.35994516*16
.432 ;181 56+ 16
47572786 *16
.49620886*16
.49820206*16
47570796*16
432-4536+16
.38990076*16
.30134536*16
24277976*16
.18629256*16
.13161346*16
.78258566+15

0
51563916. *15
88711416+15
.12268656+16
-15980056*16
-19822606+16
24316096*16
28384916*16
31240876*16
32711446+16
32711466*16
31240886 *16
. 283844- 76*16
24315426*16
719821816 + 16
159 79i6r.+ 16
. 12268146+ 16
8b7:90]6*15
51563116+15

4
747 M49F *1=i
. 175 760 OE.*16
*17R00B3K+16
2319769F+16
.7879219&*16
.35340626*16
41275936*16
.45445016*16
47592416*16
47591836*16
-454<*3326*16
41272816*16
.35336786*16
.28788186*16
.23193666*16
.17797486*16
.12573816*16
.74765086*15

9
. 441 7906>6 ¢ 15
.74274926*15
.10602386*16
.13670196*16
.16944546*16
.20769266*16
.24228586*16
.26654766*16
.27903486*16
.27903616*16
.26655096+16
.24228676*16
.20769216+16
.16944376*16
.13669926*16
+ 10802866416
.74276076*15
.44180366*15

5
.70241686*15
.11813056*16
.16720356*16
.21789406*16
.27043446*16
.33191016*16
.38766526*16
42681316*16
.44697746*16
.44697306*16
.42680026*16
.38764026*16
.33189936*16
.27040196*16
.21786106*16
.16717896*16
.11811326*16
.70231366*15

10
,36577366*15
.61442246*15
.86749026*15
.11270876*16
.13945396*16
.17061606*16
.19873466*16
.21842566*16
.22855256*16
.22855446*16
.21843076*16
,19873876*16
.17061926*16
.13945626*16
.11271006*16
.86751756*15
.61445506 *15
.36579916*15

*2(; 00000E +u!
-60000006*01
-10000006+02
.14000006*02
-18000006*02
.22500006*02
.27500006*02
.32500006*02
.37500006*62
.42500006*02
.47500006*02
.52500006*02
.57500006*02
-62000006*02
-66000006*02
- f0000006*02
. 74000006*62
.78000006*02

-20000006*01
«60000006*61
«10000006*02
.14000006*62
« 18000006*62
.22560006*62
.27500006*62
.32500006*62
.37500006*62
.42500006*02
.47500006*62
.52500006+02
.57500006*02
«62000006*02
«66000006*62
. 70000006*62
. 74000006*62
. 78000006*02



—
S OO0 a N B~ b —

e e
OINERWNO—O NI\ N AL b —

1l
*2909915E*15
A871504E*15
168 4 /8HIE>\5
.885657IE*15
-10909058+16
1326564E+16
.15420258+16
1691 1668+16
_1767794E+16
1767817E+16
.16912188+16
.15420768+16
13266108+16
.10909488+16
.88568618+15
68462618+15
48718968+15
29102138+15

16
79535428+14
11756788+15
.15433748+15
-18922848+15
22147565+15
25380818+15
28268298+15
30292888+15
31336678+15
31336928+15
.30293528+15
28269Q9E+15
2538148E+15
22148188+15
18923448+15
15434568+15
1175770E+15
79543648 +14

12
*2234863E+15
T367«73 0E+15
*510 )966E + 15
*65186378+15
T7936222E+15
:9542666E+15
7109 1787E#16
~119602 8E+ 16
.12495648+16
712495778+16
711980688+16
.10978308+16
+ 954310 0£415
779306198+15
76518932E + 15
751013098+15
736790678+15
722351368+15

17
471 18518+ 14
76919446E*14
790378848*14
711044e0E+15
712893798+15
71474272E+15
716369988+15
717543398 *15
718137658+15
+ 1813780E + 15
7175*376E + 15
716.39Q45E + 15
714 743078*15
712894098+15
*11U95138+15
790363378+14
769100218+14
747123218+14

13
.18923608+15
.267375)8+15
.36056168+15
.48434018+15
.57836668 +15
.6 1b4438<i+ 15
+76621 09r.+ 15
.82973176+15
.86258286+15
.86259216+15
.82975798+15
.76624218+15
.67647238+15
.57841248+15
.46436348+15
*366568)6 1 15
.2674020t +15
.18925988+15

.20000006+01
.b000000t+01
.10000008+02
+ 1*+00000E + 02
. 18000008 +02
.22500008+02
.27500008+02
.325(10008 + 02
.37500008+02
.425(10008 + 02
.4750f>008 +02
.52500008+02
.57500008+02
.02000008+02
.660(10008 +02
.70000008+02
.74000006*0?
.78000008+02

.1S23244£
+277S393E
3027331t
.374b))83t
4431303£
513074 i't
5765297£
6713766t
- 6445786E
«644b04"t
.6713938E
.57b5507E
51 30039F.
.4431482E
3747151t
3022527t
2276098b
11523495t

15

.11475888*15
.17036056+15
.22467716+15
.27667188+15
.32513436+15
.37406416+15
.41808866+15
.44906036+15
.46505736+15
.46506146*15
.44907096+15
41810196+15
.37409606+15
.32514566+15
.27668246+15
.22469028+15
.17039498+15
.11477148+15

.20000008+01
.90000008*01
-10000008+02
. 14000008*132
. 16000008 + 02
.22500008*02
.27500008+02
.3250000E+U2
.3750000E+02
.4250000E+02

.4750000E+02
.5250000E+U2
.57500008+02
.52000008+02

.66000008+02

. [0000008 +02

4000008+02

A8000008+02



—
O oo oL bW —

=)

12
13
14
15
16
17
18

O o1\ U B Lo —

10
11
12
13
14
15
16
17
18

po gew [>CNSITY

|
.74 719 76F-,)2
. 1224986E-01
. 17475 7TRE-11
.23 34n85E-01
.30 06 759F-) |
.54h3631E*00
.63100006*00
.69137276*00
.72270316*00
.72269316*00
.69134146*00
.63094366*00
.54629276*00
,30052236-01
.2333551E-01
.17471746-01
.1224692E-01
.74 7004?E-02

6
.5909067E-02
96M7497E-02
.1381981E-01
.18457186-01
.23767926-01
.4322194E*00
49wlo51E*00
.54680996*00
.57156716*00
.57156316*00
.5467981E*1!n
.499(|8U36*00
.43218776*00
.23 765466-01
.18434646-01
.13818026-01
.96862906-02
.59083736-02

.73821456-02
71209*866-01
*17219c06-01
7229 77926-01
.2901601E-01
753834336*00
.621 736 OE * 00
.68122116*00
7712 .9126*00
7712"ai2E*Oo
7681 19116 +00
762198186*00
753«'2757E*00
.29610866-01
722992796-01
717215166-01
7121)67 CTE-01
.7360340E-02

7

*53333266-02
7874.11896-02
7124'1736-01
.166'1537E-01
721446216-01
*39m65 76*00
450'“7176*00
.49347686*00
7515/9356*00
.51579176*00
749347126*00
745045676*00
739714556*00
. 214446 OE-01
716633656-01
712470606-01
787424956-02
753329656-02

(MWI/LITER)
2

3
.T1449726-02
.117138S6-0!
.1671113t-01

.22319626-01
.28742576-01
.52248215*00
.60341355*00
.66114266*00
.69110186*00
.6910723E *00
.66111486*00
.60336356*00
.52242016*00
.28737855-01
.22314926-01
.16707656-01
.11711356-01
.71433786-02

8

.46967696-02
.76985356-02
.10979176-01
.14358766-01
.18871676-01
.34362836*00
.39660745*00
.7%3437506*00
.45397045*00
.45397066+00
."*3437506+ 00
.39660145+00
.34361876 *00
.18870856-01
.14357816-01
.10978656-01
. 76983016-02
.46967016-02

4
.6A2b2n5K-0?
.111H97SK-01
.1S96343t-m
.2132003K-01
.2745649t-01
.4991330K*00
.5764380K*00
.6315799£*00
.6601968E+00
.6601887E*00
.6315562F * 00
.5763948E *00
*4990792E*00
.27452406-01
.21316R4E-01
.1596042E-01
.1118762E-01
.6R23955E-02

9
.~016100E-07
.6579977E-02
.9378096E-02
.1251306E-01
.1610059E-01
.2937163E*00
.338 7552E*00
.3706415E*00
*3874834E+00
*+3874851E*00
.3706459E* 00
.3387564E*00
.2937152E*00
,1610041E"01
.1251275E-01
.9378060E-02
.6580097E-02
.4016245E-02

5
,64102107-02
. 1050923E-01
.1499247E-01
.2002392E-01
.2578606E-01
.4688183E¢00
.541408BE* 00
.5931862E *00
.6200573E * 00
,6200512E * 00
,5931682E*00
.5413743E*00
.4687751E*00
,2578275E-01
.2002056E-01
.1499004E-01
.1050754E-01
. 64Q9184E-02

10
.3312926E-02
,5420507E-02
.7711491E-02
. 10270 37E-01

, 1319410E-01

,2416902E*00
.2783130E*00
,3Q43728E * 00
.3178804E*00
, 3178R30E*00
,3043797E*00
,2783187E*00
,2416944E*00
.1319432E-01
.1027 347E-01
.7711760E-02
.5420B45E-02
.3313202E-02

,2000000E*01
.6000000E*O1

. i000000E*02
.1400000E*02
. 1bOOOOOE* 02
.2250000E*02
.2750000E*02
. J250000E*02
,3750 000E* 02
.42500007*02
.4750000E*02
.b250000E*62
.5750000E*02
,6200000E402
+ 6600000E* 02
.7000000E*02
. 7400000E*02
. 7800000E* 02

«2000000E*01
, 6000000E*61

. 1 OOOOO0OE*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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TMtSE ARE HE AVERAGE HUPNUP RATESIN MWO/TON.EOR EACH //ONE OVER THE PREVIOUS CYCLE

CEL T=

FUEL
FUEL
FUEL

FUEL

100.00 HAYS

MASS IN SHORT
HASS IN SHORT
MASS IN SHORT

MASS IN SHORT

IOKS= 1.879 AVG.
IUNS= .940 AVG.
IOFS= .940 AVG.
TONS= 0.000 AVG.

PHENIX EXAMPLE / 7 GROUP / ARGOHNE COOE CNTR
SEARCH-HUPN-KEFF-REF'IEL

MATERIAL

—_

(=N e e R N O S

MATERIAL

IRON
CRrROP
NICK
NA
PLA
PUB
Up 38
0XyY
FpR
H-10

ATOMIC 'T.

55.85,,
52.01d

58.710
22.9"0

239.13)
240.130
238.1-")
1G.000
119.C"0
lo.nlo

InvenTOorRY (KILOGRAMS) Top EACH ZONE

ZONE |

_804E*0-1 L1TERS
7 .482E402
1.792E.02
1.295£%02
3.90 >E*02
H. 490E¢02
1,0 1*E+ 02
9. p7tiE +02
2.292L.02
1.409E + 01
6.8 0-35 *00

BURNMP IN MWO/SHORT
HURNIIP IN MWO/SHORT
BURNUP IN MWO/SHORT
BURNDP IN MWO/SHORT

SAMPLE REACTOR

ZONE 2
402E*03"LT TERS
3.741E.02
8.9bflE*ol
6.323E*01
1.95»E.02
2.017E400
5.204E-03
8.519E*02
1.146E.02
1.H82E-0!

0.

TON= 15554.42
TON=  408.37
TON=  408.35
TONs 0.00

ZONE 3
402E*03 LITERS
3.741E+02
8.958E *01
6.323E.01
1.954F.02
2.017E*00
5.204E-03
8.519E* 02
1.146E*02
| .aR2E-01

0.

AVG. BURNUP IN MWD/METRIC
AVG. BURNUP IN MwWO/METRIC
AVG. BURNUP IN MWU/METRIC
AVG. BURNUP IN MWD/METRIC

ZONE 4

* 143E*04 LITERS
1.086E*03
2.600E.02
1.835E*02
1.05 IE+03

eooo oo

TONS
TON*
TON=
TON3

17109.87
449.21

449.18
0.00
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BUHMAPLE Ml Tf.fil AL
ISOTCPE MO.
MO.
| S
37 6
; !
C 1C

BHFEPING KAIIO

04
MAKE

E A f-UJX =3.2600E*! A VOLUME =1.A326E*03 LITERS
ATOM FISSION ABSORPTION SIGMA
OEMr>nr PATE RATE FISSION
ne o. o. 2.019E+00
ol o. o. 3.532E-01
0. o. o. A.277E-02
0j o. o. 0.
. o. o. 0.

0
BREDRT(K2T= . 1644
BREORf(K2)=+ 0625
BREDRt <K2> =+ 0625
BREDRt(K2)= 0.01)00

SIGMA
ABSORPTION

2.612E*00
B.292E-01
3.082E-01
1.967E*00
2,B33t*00



0 & « « » 'TFUEL HETtrEN HURNUP INTERVALb | AUl) 2 * « * “

KUT PUHNUP IITE °VAL JUST COMPLETED
NRro MJ. OF Rrfii'NS REQUIRING REFUELING
NREPC REFUEL CONTROL RODS DURING REFUELING (0/i=MU/yts)
KLAPS REGION! COLLAPSE OPTION (0=NO / N=NO.Or COLLAPSES)
INIMAX  ma~». NO. OF HURNUP*INTERVALS TO BE ANALYSED
NECOP PuNncH OPTION FOR INPUT TC ECONOMICS CODE

1UATA FROM FIRST NECOP COLLAPSES WILL HE PUNCHED)

LAST = 0QG

LENGTH or iURNUP INTERVAL 100.0 DAVS

CLEAN FUEL ATOM DENSITIES.HNO(I)

1= 1 10=11 11= 0 CLEAN DENSITY: 0.0006000
1= 2?2 10=11 11= 4 CLEAN DENSITY: .0127330
1= 3 10=11 11= 1 CLEAN DENSITY: 0100330
1= 5 10=11 11= 2 CLEAN DENSITY: 70025797
1= 5 10=11 11= 3 CLEAN DENSITY: 70016131
1= 6 10=11 11= 5 CLEAN DENSITY: 70021241
1= 7 10=11 11= 6 CLEAN DENSITY: 79003022
1= 0 q9=11 11= 7 CLEAN DENSITY: 700293S7
1= q 10=11 11= 9 CLEAN DENSITY: 0i000u000
1= lo 10=11 11= = CLEAN DENSITY: .0107300
1= 11 10=11 11=10 CLEAN DENSITY: _.ooo0e00c
1= 12 10=12 11= 0o CLEAN DENSITY: 0.noOCOOO
1= 13 10=12 11= 4 CLEAN DENSITY: .0127330
1= H 10=1? 11= 1 CLEAN DENSITY: 70100330
I= 15 10=12 11= 2 CLEAN DENSITY: 7(1025797
I= 16 10=12 11= 3 CLEAN DENSITY: 70016131
I= 17 10=12 11= s CcLEaMm DENSITY: 0i0000000
[= 18 10=1? 11= 6 CLEAN DENSITY: 0.000f000
1= 10 10=1? 11= 7 CLEAN DENSITY: 70053735
1= 20 10=12 11= 9 CLEAN DENSITY: 0.00000G0
I= 21 11=12 11= 8 CLEAN DENSITY: 70107300
1= 22 10=13 11= 0 CLEAN DENSITY: 0.0000000
I= 23 10=13 11= 4 CLEAN DENSITY: 70127330
|= 24 10=13 !|= | CLEAN DENSITY: 70100330
[= 25 10=13 11= 2 CLEAN DENSITY: .0025797
= 26 10=13 11= 3 CLEAN DENSITY: 70016131
1= 27 10=13 (1= s CLEAN DENSITY: 0.0000000
= 28 10=13 11= b CLEAN DENSITY: 0.0000000
1= 29 10=13 11= 7 CLEAN DENSITY: .0053735
1= 30 10=13 11= 9 CLEAN DENSITY: 070000000
= 31 10=13 11= 8 CLEAN DENSITY: .0107300
= 32 10=14 11= 0 CLEAN DENSITY: 070006000
I= 33 10=14 11= | CLEAN DENSITY: 7o00el/m
1= 34 G 11= 2 CLEAN DENSITY: 7002)016
I= 35 10=14 11= 3 CLEAN DENSITY: .001314?
1= 36 10=14 11= 4 CLEAN DENSITY: 70192200

Bo— = . —



Kt-FUFLINC’

DATA row RUHNIP INTERVAL 1

REGION REFUELING NO.OF INTERVALS
FRACTIONS RETWEEIl REFUELINGS
| .5000U |
? Tsoov. |
3 rsooon |

ELEMENTS (IUJRNAHLL ISOTOPES) TO RE KtFUFLEI) IN THE AMOVE REGIONS

| VALUES 1 <
A REGION
7 REGION
8 REGION
0 REGION
11 REGION
17 REGION
18 REGION
10 REGION
0 REGION
0 REGION
27 REGION
28 REGION
29 REGION
30 REGION
n REGION

ELEMENT
ELEMENT
ELEMENT
ELEMENT

o o N

MO1 ARRAY

BURN
BURN
BURN
BURN
BURN
BURN
BURN
BURN
BURN
BURN
BURN
BURN
BURN
BURN
BURN

LI LD WAL LI N N NN N e e e e

PUA
PUP
U238
FPR

IEAT ARE BURNApLE ISOTOPES

ISO NO. | ELEMENT NoO. 5
ISO NO. 2 ELEMENT NO. 6
ISO NO. 3 ELEMENT NO. 7
ISO MO. 4 ELEMENT no. 9
ISO NO. 5 ELEMENT NO. IC
ISO NO. | ELEMENT NO. 5
ISO NO. 2 ELEMENT NO. 6
iso NO. 3 ELEMENT HO. 7
ISO NO. 4 ELEMENT NO. 9
ISO NO. 5 F.LEMENT MO. 10
ISO NO. | ELEMENT MO. S
ISO NO. : ELEMENT MO* ¢
ISO NO. 3 ELEMENT MO. 7
ISO NO. 4 ELEMENT MO. 9
ISO NO. S ELEMENT ;in.i0

AVG FLUX UoEO IN PREVIOLS EIGHT PURNyR INTERVALS, PHI(T,J))

t-HI( 1.J) PHI |

=GN —

*25S47E*| A
.10B95C+n
+1Vv894E.| 2
.32054E* 16

117



8TT

/(JNE, Gtn|in Av'.nAiEn AHSOHPTION X-SECTTOIMS :OK HUKNABLE ij(mn->rs« ARxsn*j,K) K=KLIii*p1ji

bLHMjP INIrRVAL «x.r

HEGII"
«7272E401
PEGIUA
e <I5TME+C 1
PEG IoN
¢ ?25?21E40 i
REGION
*2:603E 40 |

ZUNE, 13POUP AvrPAGED FISSION X-SF.CT pop bUtIMAHLE ISOTOPESt FI"S(I*.1»K)« K=KLNT.KNT

l
-7709E*0U

JR1'36t*00

3
,R136E*00
4
827ftEA )0

HURMJP INTERVAL K=

REGION
« 18ESE * 0
REGION
- 1925E#01
REGION
. 1975E*0)
REGION
*201SE*0 |

1.4GGOE+OO
? 3676E+00
3.36V6E* Ow
4}354SE*00

1

|

*2727t-*00
29071 *CO0
+2987E#C0
.3073E+CO

*G149L-Cl
.4510i1-01
*4510E-C1
4298L-Cl1

© o o 0o

.2367E¢ >!
*2074E¢"1

.2074E*"1
. 1977E ¢ i

°c o o 0o

.2288i- *01
2G1, 7t *01
.26B7t *01
+2>19t¢ 01



srciion pPisSCcHARGE AMP CHARGE

RpG IOM

ELEMENT

OO L Do

Iu

REGION

ELEMENT

500 —1 O WD L) B —

REGION

ELEMENT

OO —ION WD N

VOLIJME =e .OA?BEF*0? LITERS

DISCHARGE FROM Bl |

ATOM DENS

n.0000000
0.0000000
0.0000030
n,000couu
.0010171
.0001580
*U01A591
.0000443
0.0000000
0.0000000

MASS(KG)

cee=n

3.2478F+02
5.0676E+01
9.6392E*02
7.1450E*00
0.
0.

vnLUME=4.021? E402 LITERS

DISCHARGE FROM RI |

ATOM DENS

0.0000000
0.0000000
0.0000000
0.0 000000
.0000063
.0000000
.0026792
.0000012
0.0000000

MASS(KG)

° o0

1.0084F*00
2,6020E-03
4.2594E+02
9.4n96E-02

VOLUME=4.027?% +02 LITERS

DISCHARGE FROM RI |

ATOM DENIS

0.0000000
0.0000000
0.(1000C00
0.1.000000
.0000063
.000 000u
.002679?
.0000012
0.00000 o

MASS(KG)

coo

1.0084E*00
2.6n19E-03
42594 E +02
9.4092E-0?
0.

&RU Tm™'IaL cn”"RubiTION FOR NEXT BURNUP

CHARGE EOR HI 2

ATOM DENS

0.0000000

0.C000000
0.u000000
0.0000000
.0010621
.0001511
.0014678
0.20C0000
0.0000000
0.0000000

CHARGE
ATOM DENS

0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000

.G026H66
0.0000000
0.0000000

CHARGE
4)TOM DENS

o.uo00000fl
0.u000000

1.0000000
0.0000000
0.C000000
0.U000000

.0026868
0.C00000U
0.000€000

MASS(KGJ

SEEL

-3.3912E *02
4 BA4RE+01
4.6677E*C2
0.

0.
0.

FOR Bl ?

MASS(KG)

o0

coroo0]

2714 *02

EOR HI 2

MASS(KG)

2714E+C2

coro00000

INTEFRVATLS

INITIAL COMPOSITION Bl 2

ATOM DENS

.0127330
.0100330
.0025797
.0016131
.0020792
.0003091
.0029269
-00004A3
.0107300
.0005000

MASS(KG)

3.9088E*02
7.4822E*0?
1.7916E*02
1.2646E*02
6.6391E*02
9.9125E*01
9.3064E*02
7.0450E*00
2.2924E402
6.6831E*00

INITIAL COMPOSITION Bl 2

ATOM DENS

.0127330
.0100330
.0025797
.0016131
.0000063
.0000000
.0053660
,0000012
.0107300

MASS(KG)

1.9544E *02
3.7411E*02
8.9578E+0 |
6.3230E*01
1.0084E+00
2.6020E*03
8.5308E+02
9.4096E-02
1.1462E402

INITIAL COMPOSITION HI 2

ATOM DENS

.0127330
.0100330
.0025797
.0016131
.0000063
.0000000
.0053660
.0000012
.0107300

MASS(KG)

1.9544E+0?

3.7411E+0?
8.9578E+0Il
b.3230E*0 |
1.0084E+00O
2.6019E-03
8,5308E+02
9.4092E-n2
1. 1462E+02



(014

RteTCrj < vVvOLHH!:=1.4J?(>E*C3 LITbRS

ELF Mfc NT ni SCHANTH. FROM e1 | CMARbr FI!R HI 2 INITIAL COMPOSITION HI 2
ATOM DEND MASS(KO) ATOM ufeMS MASS (KG! AIOM OEMS MASS(KG)

| n.00'000 Ve 0.0000fPO o. .003173fi 1.0OHSHE#0 3

? 0.00'0001 0¥ C.0000000 0. .0021016 2.5R93E*02

3 0.000N000 0o 3.0000n00 0. .0013142 1.83S2L.<02

4 0.00'0000 0 0.0000Cdo 0. .01 Q27200 1 .OS10E*03

INPUT ATOM DENSITIES <12 BLOCK) FOR bURNUP INTERVAL ?

|= | jo=n 11= 0 12 (I) = 0.0000000
= 2 Ip=11 1= 4 12(I) = .0127330
- 3 10=11 H= | 12() = -0100330
1= 4 10=11 - 2 11y = -0025797
1= 35 10=11 =3 12(1) = .0016131
I= 6 [0=11 1= = 12(1) = .0020792
1= 7 10=11 11= 6 12(J) = .0003091
= B Ic=11 1= 7 12(; = »00292b9
1= 9 10=11 1= 0Q 12(I) = .00004A3
1= 10 10=11 11= » 12(1) = .0107300
- 11 1(=1 11- 10 12(1) = .0005000
- 12 10-12 11- r 12(I) = 0.00GOUOO
1- 13 10=12 11= 4 12(1) = .0127330
1= 14 In=12 1= 1 12(I) = .0100330
1= 15 10=12 1= 2 I12(1) = .0025797
[= 16 10=12 1= 3 12(1) = .0016)31
I= 17 10=12 1= 5 1251; = .0000063
= 18 10:12 11: 6 I2£I) = . 000O0OuUO0O
1= 19  To=12 - 7 12,1, = ,0053660
1= 20 IP=12 1= o 12(1) = .o00000)2
- 21 10-12  11-= & 12(1) - .0107300
|- 22 Ir-i3 1= o 12«1, = 0,0000000
- 23 I[e=13 11- 4 12(1) = ,0127530
- 24 [o=13 1= 1 12(1) = ,c100530
I- 25 10-13 =2 2.1, = .0025797
- 26 lo=13 -3 12(1) = .0016131
|- 27 10-13 - 12(1) = .0000060
1- 28 10=13 - 5 12(1, = .0000000
=29 To=13 1l= 7 12(1) = .0063660
= 30 10=13 -9 12,1 = .0000012
1= 31 10=13 =38 12(1) = .0107300
1: 32 10:14 11: T 12‘11\ = O .COO0O000O0
- 33 10-14 1= 121, = .0081730
- 34 [c=14 -2 12(1) = .0021016
1- 35 10-14 1= 3 12(1) - .0013142
I- 36 [(=14 1= 4 12(1) = .0192200
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