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P. O. kX 1663
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s IN REPLY

REFER TO:

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. !3to 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-fl

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

‘rem 30’00010 ‘0 27’00010 ‘orals”
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-e, BUCK is used in one of two ways:

AN EQUAL OPPORTUNITY EMPLOYER

ABOUT THIS REPORT
This official electronic version was created by scanningthe best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.For additional information or comments, contact: Library Without Walls Project Los Alamos National Laboratory Research LibraryLos Alamos, NM 87544 Phone: (505)667-4448 E-mail: lwwp@lanl.gov
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a. If 0.0 < BUCK < 1.0, BUCK is used directly as Bz the same
g,I’

for all groups g and regions I.

b. If BUCK > 1.0, it is assumed to be the buckling height of the

reactor and the buckling for each group g, and region I is

computed as

to give the group/region-dependent

In both cases, the buckling correction
~

buckling.

consists of adding the quantity

D
L

to the macroscopic absorption cross section in each region I
g,I ‘g,I

for each group g. (This quantity is also subtracted from the macroscopic

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

D is computed as 1.0/ 3Zg’1 .
g,I tr

New Input Format

This section specifies the new input required for

the code discussed previously. All references to card

original version of the code (Table I).

Card 5 (Now becomes 916 format)

IBUMAX Columns 49-54

the additions to

numbers are to the

Card 8 (Now becomes 3E12.4 format)

DAYST columns 13-24

BUCK Column 25-36

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

The time in the fuel-cycle
analysis when this run begins.

‘2 (if BUCK< 1.0),Buckling, CM
or buckling height, CM (if BUCK
> 1.0). If a buckling correction
is not desired, BUCK should be
set = O.
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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 IT?,EV, and EVM are read

in. This allows changes to be made in the search parameters as the fuel-

cycle analysis proceeds to equilibrium. The format for this card is 3E12.4,

and for the second burnup interval, this card should follow Card 36, the

last refueling data card. A blank card can be inserted if only straight

keff calculations are being performed, i.e., IEVT = 1. There is no addi-

tional refueling input required for a multiple-burnup-interval run.

The input sequence for such a run is illustrated by an example:

EXAMPLE : A depletion problem is to be run for three burnup intervals,

with one burnup time step per interval (NBSTP = 1) of length

100 days. The calculational sequence is that outlined in

Part C, p. 21 of the report, i.e., Search-Burnup-keff 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 first burnup interval.

2. A W, 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 = O.

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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I. INTRODUCTION

--- -x
.

by ,,,..,,.>--- .... , ... ,.,,.,. . .

R. Douglas O’Dell and Thomas J. Hirons ‘ “ ‘“ ‘“
........ . . . ..

ABSTRACT
. . . / -.. -1,,,.

., -7,: .:

PHENIX is a two-dimens. onal
.,. . ‘.,,,,,--<,,,.,;,,,, m:.ltigrOupJ diffu~~i.iri-bhrbup~”refuelfng“

code for use with fast reactora. ~he code is designed primarily for fuel-
“’cycleanalysis of fast reactors and can be used to calculate the detailed

burnup and refueling hiptory of..f~s~t.breeder reactor concepts having any

generalized fractional-batch reloading scheme. Either ordinary keff calcu-
lations or searches on material concentrations or on region dimensions

can bq perforped 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. ...‘..- . ...!!..! ... .......

-,. . .,. .. . . . .. . . . . . . . . . . . . . . . .,,.

.. . .. . .. , -,, .,-.” ,., . . . . . ...0.. .

. . . . . . . . . ,, .!,,.....f.- ~!-.,.-.C:I. .F” -:

This repoi!t “describes the two-dtiensitmal

diffuaion-burnup-refueling code, PRENIX. The math-
,..., ..

ematical models are describ~d in Sec. “II, and ‘users’

information is given in Sec. III. A basic code

flow chart, the source-deck listing; &d 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 ”Laboraeory code.
1

,; ~--- “i—+
,Eigenvalu~s &e computed by ?ource-ite’ration

techniques, with group~~ebalanci’ug, succeapive line

overrelaxa.tion, i&a’.~l~siOnvsOur e overre.l&atiOn
1 .-

..
used to accelerate convergeric”e. Variable ‘dimen-

sioning-ik--u–s~~”fik~-rnaximum +se of-the-fast

memory available in th~ computer: In additio~, . ___
.,

only one energy gr’~dp is t;e.atedjat ‘a’iyg~v~n time,

-T, ,, --T,.,,,, = :,,.-,,,,,,.. ,,, , ..-,,,.=+

regions of the re,ac,torcan 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 cro,9s sections, geometry specifications,

and mate~ial compositions) IS, for the most part,

2,3
similar to ,the Los A~amos Sn codes DTF-IV and

2DF, as well as to 2DB.

II. PRQGRAM DESCRIPTION !.,

A. Formulation and Solution of Difference ..... ... .
Equations

!G, ..., ,, -,, !,,.,,. ,.,:, -:?.-..
1.’- ““”Neutron Balance Equations’. The time–
.. .e-.... .,..., !,-.0-+‘4 W:..’ d,. .,fl0..,,.,!*.W

independent multigroup diffusion equations can be
. ... . ... .. . ,,..,.0! ...$,..,. .. , >.$.

written
.,,,, ‘ ,:.,, }2:!.,.!.4.. .. ,...,,- ,:. ,-,L.-.. .

Dg V* ~g’:- ~; @g+ Sg ~=”&”.’,” “’-” “ “’”’. ‘“-”
.. ... . ...- ?.,~ -,J!: .-....!-.\.,-.,,...1,. i,:‘.,:.-.,J.

ao that the-s,torage”-re~uirements are relatively where
i ,.,,*... ● , ,..,. ; ...... ‘,,.-, :., ,. , .,.U..: .,.’.

insensitive t! the number of energy groups being G.= ~he.,nuwber o~ e9ergy-grO,yPs, ., .,

treated.
. .

i i . ;,,?g,=,,,e~?~gygrOup index (g = 1 denote& ,,. ,.

The code >earches ”@n–fia~e-ria).corl.cefitrationsj highest energy group),
..ra,... -J ,’...,,:-.,$s,>.1”+., . ,> a.... ---....... --,.

and region d~ensions to achiev,~,~ d&.ired value ,. .,,,?g;’;roup flux,
.,1 .;?:,- ““tr 1.

of keff. Coricentration searches can also be per-
D .= d~ffusio~co;fficient ( = ,ig/3);’
..’g:L,-;: :;.:..< ,,,i.,Ktf.r,, .J:,Jr ;. ,’ ... ...:,

formed during the burnup, if desired, to acco&t-

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



E; = removal cross section,

G

-z a+ E ,z(g+ g’) ,
~

g’=g+l

E: = absorption cross section,

.z(g + g’j = down-scatter cross section from
group g to g’,

s = neutron source rate.
g

The neutron source term, Sg, for group g con-

sists of two terms, a fission source term and an

inscatter source term from higher energy groups,

S=3L’z
-1

(Vxf)g,$g, +g keff z E(g’’+g) ($
g“ ‘

gt=l g =1

(2)

where

~= fisslo n fraction,

k = effective multiplication factor,
eff

(Vxf)g@g=fission source rate from neutrons in
group g.

Equation 1 can be recast into a set of spatial-

ly coupled difference equations suitable for itera-

tive solution by digital computer. These differ-

ence equations are formed by overlaying a mesh

grid on the reactor to produce a grid of incre-

mental mesh subvolumes. The mesh spacing is the

same for all energy groups. Associated with each

mesh subvolume is a mesh point at which the dif-

fusion equation is to be discretely evaluated. In

this code, the mesh point is located at the geo-

metric center of its mesh subvolume (instead of at

the intersection of mesh grid lines). In this

manner, each mesh point has associated with it the

mesh subvolume established by the mesh grid.

The spatial difference equations for each mesh

point are formed by integrating Eqs. 1 and 2 over

the mesh subvolume associated with the mesh point.

The group flux at each mesh point is assumed to be

the average group flux in the associated mesh sub-

volume, and the group constants at each mesh point

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

. .

.-

and

.f
‘id

‘here‘ijj

(4)Sg(i, j) dV = (Sg V)
i,j ‘

ia the mesh aubvolume associated with

the (i,j)th mesh point. In performing the sub-

volume integration on the leakage term, Dg V2 4gs

we can apply Green’s theorem:

(5)

The flux gradient at the mesh boundary is approxi-

mated, in the usual manner, by the forward (or

backward) difference technique. Applying Eq. 5,

together with Eqs. 3 and 4, to the diffusion equa-

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

equation (dropping the group index for simplicity):

+ (S”)i,j- 0 ‘

—8Rl —

T—.r82;

1
z]

I —

1-7,]

1,;+1

I:j

1,;-1

(6)

14ATERIAL MATERIAL
REGION REGION

M3 M4

MAA?lW&L M:::;;L

Ml M2

I+;,j

L l-.%.,+
‘,+

Fig. 1. Mesh grid and mesh point configuration.

.
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.



where, referring to Fig. 1,
> REACTOR BOUNDARIES —1

L= distance between mesh point (i,j) and the
adjacent mesh point indicated by the sub-

scripts in Eq. 6, e.g., ~i i_l = Ri - Ri ~,
#

A = area of common boundary between mesh sub-

volume (i,j) and the aubvolume indicated

by the subscripts in Eq. 6,

~ = 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-l,j),

Di Di_l . (6Ri + 6R1-1)

E=

‘i,j 6Ri-1 + ‘i-l,j 6Ri ‘

chosen to ensure continuity of current between

mesh subvolumes.

If the point (i,j) does not lie on an exterior

boundary, Eq. 6 can be rearranged into the form

4

x

~i~j

‘Sv)i, j + k ‘k
k=l

‘i,j =
, (7)

‘Lj

where

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

i,j
Ck

=iiA/~ ,

4

r
i,j z

= (Zr V)i,j + Ck .

k=l

(8)

(9)

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 forfiof 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 flw.z grdient condition

and refer to the left boundary of the model shown

in Fig. 2, we see that we can place, in principle,

an effective mesh interval, e.g., interval O, out-

side the left boundary. Since zero flux gradient

at the left boundary implies symmetry, the pseudo

mesh interval is the mirror image of interval 1.

#
I

I
I o-- “-@-- --g_ .*-
I -0-. -
I -0.
1 ‘ ●.

I o I 2 ... I ... IM \-

-1
8RIM 0.71A’:

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

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

ference ‘Jo$j - ‘1>~
= O is not possible in the code

because $O)j
does not exist.) In the simplified

form of Eq. 7, therefore, a zero flux gradient

boundary condition is treated by setting the appro-

priate Ck = O.

To consider the basic handling of the f.kcvc#-
ishing boundary condition, refer to the right reac–

tor boundary in Fig. 2. Let the right–most mesh

subvolume in the reactor be called the (IM,j)th.

The flux vanishing condition requires that we effec-

tively place an additional mesh point (IM + l,j) a

distance of 0.71 Air to the right of the reactor

boundary and require that the flux @
IM+l ,j

at that

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

i = IM), the flux difference is merely -$
IM,j’ and’

further, the distance ~ between the IMth and (IM+l)st

mesh interval is 0.5 dRIM + 0.71 ktr. In the simpli-
g

fied form Of Eq. 7, then, the flux vanishing condi-

tion ia treated by eliminating the zero flux term

in the four-term sum of the numerator and by setting

the appropriate Ck in the denomimtor 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, FSDo, is

3



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

is computed for each mesh point, and a set of

coupled, fnhomogeneous 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, FSDO is used to calcu-

late the fission source for group 2, and the group

1 fluxes just calculated are used to calculate the

inscatter source for group 2. These two terms are

combined to produce the source term (S V)2 i,j ‘or

group 2. The group 2 equations are then itera-

tively solved for the group 2 fluxes that conform

to the source distribution. This sequence is re-

peated through all groups. The determination of

all group flux distributions that result from the

initial fission source distribution, FSDO, consti-

tutes an outer iteration.

After an outer iteration, a new fission source

distribution (FSD) is computed from the new flux

distributions. The multiplication ratio, A, is

then obtained as the ratio of the new total fission

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 1/1 (in the code the

fission fractions Xg are multiplied by 1/1) in

order to maintain the steady-state condition that

total reactor neutron production equals total

reactor neutron leases.

With the new FSD, a second outer iteration is

performed to give a second set of group fluxes and

a second value of A. From these, another FSD is

computed and another outer iteration performed. As

this procedure cOntinues, the value of A approaches

unity, and the problem is converged when 11 - Al <

EPS, where EPS is the eigenvalue convergence cri-

terion, an input parameter. The value of keff for

the reactor is simply the product of the successive

A’s.

Several features are incorporated in PHENIX to

accelerate the convergence. These are line inver-

sion with successive line overrelaxation, fission

source overrelaxation, and group rebalancing.

The iterative technique ia improved by the uae

of line inversion with successive line overrelaxa-

tion. In this method, the entire set of equations

of the form of ~. 7 for a row or column are solved

simultaneously, yielding the group fluxes a row or

a column at a time. The fluxes are then overre-

laxed using the extrapolated Liebmann scheme,

4
VI-1

= @v+ORF
“ (’~ - ‘v) B

(lo)

where

@v = the group flux calculated in the vth inner
iteration,

~:1 . the group flux just calculated in the
(vI-l) inner iteration before overrelaxation,

iIRF = overrelaxation factor,

$
vi-l

= overrelaxed group flux.

The overrelaxation factor is an input parameter

that is somewhat problem dependent. AnoRFofl

produces no overrelaxation, an ORF < 1 conatitutea

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 basia of experiments with different core

geometries and different combinations of boundary

conditions, the code will determine the beat direc-

tion by considering the boundary conditions together

with the average axial and radial mesh spacing.

Specifically, in R-O 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. ‘I%e 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 = FSDn + OItFF .
(

F5Dn+l
br )

- FSDn , (11)

-.

. .

4



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 (SgV). over all mesh points.
1$~

This rebalancing is performed innnediately before

the series of inner iterations for tbe 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 keff is input
eff”

as PV, and the code is also instructed to use this

value by setting tbe 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
eff

of the desired parameter, to find the value of the

desired parameter which makes A (described in Sec.

A.3) equal to unity.

For the initial system, the sequence of outer

iterations continues until two successive values of

~ differ by less than the parametric eigenvalue

convergence criterion EPSA. After the first con-

verged A is obtained, the initial value of the

eigenvalue* (the inp~t quantity EV) is altered by

the eigenvalue modifier EVM, an input number. If

A > 1, the new eigenvalue is equal to EV + EVM; if

~ < 1, the new value is EV - ?N14. With a new

eigenvalue and hence a new value of the parameter

*It should be noted that the term eiqenva2ue aa-
sumes a different meaning in the search mode than
in the ordinary keff calculation described in Sec.
A.3. In the latter calculation, eige?zvahe simply
refers to the product of the X’s, so that the
eigenva2ue approaches keff as X approaches unity.

In the search calculation, however, eigenvatue 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 valuea of

A (or keff) are obtained for two different system

parameter values, the program attempts to fit a

curve through the most recent values of k to extrap-

olate or interpolate to a value of unity. Depend-

ing on the amount of information available and the

magnitude of 11 – Al, this curve fit proceeds in

different ways. A parabolic curve fit cannot be

made until three converged values of A are avail–

able and ia not attempted, even then, unless

[1 - Al ia 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 s bracket is obtained

(change of sign of A - 1), the fit procedure is not

allowed to move out of the range of this bracket.

Should the parabolic fit select an eigenvalue out–

aide the bracket region, this value is rejected,

and the new value is taken as the average of the

two previous values.

Whenever the parabolic fit ia not used, a linear

fit is incorporated from which the new eigenvalue

is

EVnew = EVold +POD. EQ. (1–A), (13)

where POD ia 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 - 11 > XLAH, (1 - a) in Eq. 13 is

replaced by XLAH with the sign of (1 - 1) to pre-

vent too large a change in EV. After 11 - XI < XLAL,

the value of EQ is fixed and kept constant to prevent

numerical difficulty in approximating the derivative

when k is close to unity.

Because parametric search problems involve a

series of k calculations, it is to the usertseff
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 The concentration search can
eff “
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be performed on any of the materiala in any or all

of the reactor zones. The eigenvalue EV is applied

to the input atom density for a particular material

in a given zone to yield an adjusted material atom

density

Ni - Ni
input

o (1.0 +EV - 14i) . (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
235

a particular region contains, for example, U and

238
U, the proper enrichment can be determined by

giving 235U and 238U modifiers that differ in sign.

235
In this manner, when the U 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 6ri and ~zj for the ith ra-

dial and jth axial zone by means of the algorithms

&ri = 6r~(l + R3i “ EV) (15)

and

~zj - 62:(1 + z3j “ EV) . (16)

In Eqs. 15 and 16, the subscript O refers to

the initial (input) widths. R3i is an input quan-

tity, the mesh modifier for the ith radial zone,

jwhile 23 , also an input quantity, is the mesh modi-

fier for the jth axial zone. If one of the R3 or

23 values is zero, the associated mesh width is un-

changed, whereas if all the mesh modifiers are

unity, all reactor dimensions are uniformly expand-

ed or contracted. The proper selection of the mesh

modifiers can produce a wide variety of dimensional

change combinations. For example,

tween two zonea can be moved while

system is left unchanged.

6

an interface be-

the rest of the

c. Burnup Method

Burnup is performed by PRENIX using the point

burnup equation applied separately to each burnable

isotope in each zone. The point burnup equation

can be written

dN, — —

$ =‘ai ‘i - ‘a,i NL~+AkNk

where

—
‘f,i =

z=C,i

j m (17)

atom density of burnable nuclide i,

decay constant for nuclide i,

zone- and group-averaged
section for nuclide i,

zone- and group-avera ed
section for nuclide z

zone- and group-averaged
section for nuclide i,

zone-averaged total flux

absorption croaa

fission cross

capture cross

for the zone.

The last two sums in Eq. 17 provide for two cap-

ture and seven fission sources of Ni, respectively.

The fission sources are necessary if fission prod-

uct buildup is to be considered.

The burnup time is an input quantity, DELT, and

is arbitrarily subdivided into ten smaller substepa.

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 ia rewritten in the form

&
dt

= t(i, t) . (18)

The basic marchout difference equation ia then

i$(tj)
= %1 ) ‘$($-l‘3)

where j is the index on time (j = 1,

$ (19)

2, .... lo),

Equation 19

be known in

therefore,

and 6t is the length of the substep.

is transcendental in that fi(tj) must

order for~j to be known. The code,

Iterates on the ~ at each substep, using the



iteration algorithm, to one of the resident constituents of the core.

.

(ii”(tj)= i(tj_l) +% t -w- 1

)
j_l + Gj , (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

-w
N (tj), therefore, the code automatically performs

five iterations at each substep. Because of this,

together with the assumption that relative flux

profiles are unchanged during burnup, relatively

short substeps should be employed if rapid bumup

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 fractioml 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 bumup interval (the total

time a reactor is operated between refueling), 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 bumup intervals and is ready to

be discharged, fuel pat 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 bumup intervals.)

Since PHENIX deals with homogenized atom densi-

ties, the analysia 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-
239

signed four separate Pu constituents, each char-

acterized by an atom density and each corresponding

The sum of these constituent atom densities would

be the total 23’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 bumup intervals (i - 3) through i. Using the

clean fuel charge atom densities for the region,

the bssic bumup 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) bumup 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 fa 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 dfacharge thus determined for the i

bumup 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 haa calculated the homogenized atom

7



densities, Ni, at the end of the i burnup interval,

as well as the discharge, Di, following the i burn-

UP interval, and the charge, CO> for all burnup in-,

tervals is known. The homogenized input atom densi-

ty for the (i+l) burnup interval, N~+l, for the

particular zone and isotope is then

o
‘i+l-Ni-Di+co”

(21)

Note that the successive burnup calculations

account for both the spectral and spatial flux

shifts from one burnup interval to the next.

2. Specific Featurea of the Refueling Option.

The refueling option is designed for use in the de-

tailed snalysis 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 aa

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 =ch zone

being treated independently. For example, zone 1

can have two-thirds of its fuel replaced every

third refueling, while zone 2 can have one-half of

its fuel replaced at each refueling.

After the detailed refueling (zone by zone) has

been computed, any combination of zones can be col-

lapsed one or more times, if desired, to provide

mass summary subtotals for the burnable isotopes.

This is useful, for example, for collapsing a many-

region fast breeder reactor into the three basic

regions of core, radial blanket, and axial blanket.

A further option provides for the charge-discharge

masses for the first NECOP (see Input Instructions)

collapses to be punched on cards. These punched

data can be used as input for economic analysis,

if desired.

III. USERS’ INFORMATION

A. Input Instructions

This section describes the input format and

deck setup for PHENIX. Several of the data blocks

(RO, ZO, MO, K7, IO, 11, 12, R2, R3, Z2, Z3, and

14) are read by the two generalized input subrou-

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

(for fixed point data). These routines streamline

the input block and allow for the ganging of input

in the case of repeated identical entries. When

REARL and REAFXP are used , all cards contain six

data fields of 12 columns each. The laat nine col-

umns of each field contain the data associated with

the particular field; columns 2-3 contain an inte-

ger N from O to 99. The first column of each field

must contain

O or blank - no effect (N> O),

1 - repeat associated entry N times,

2- do N linear inteqpolationa 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 alao

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, Z413 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 ia used are all read by the subroutine INPR,

This isolation of the refueling input streamlines

the flow of the code and helps to conserve storage

requirements. The input card format is given in

Table I.
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TABLE I

INPUT CARD FORMAT FOR PHENIX

Variable columns Description

Card 1 (12A6 formet~ 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 formama

ID(ll) 1-66

TMAx 67-72

Card 3 (1216 format)

I.GE 1-6

IZM 7-12

IBL 13-18

IBR 19-24

IBT 25-30

IBB 31-36

IEVT 37-42

IPVT 43-48

IM 49-54

m 55-60

Iz 61-66

JZ 67-72

Card L (1216 format)

ICM 1-6

ML 7-12

lCST 13-18

IHT

IHS

ITL

IXSEC

MO1

OITM

IITM

19-24

25-30

31-36

37-42

43-k8

49-54

55-60

Identification Card 2

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

Geometry specification
= o, x-Y
= 1, R-Z
= 2, R-13

Number of material zones

Left boundary condition
= O, vacuum
= 1, reflective

Right boundary condition (same conditions as for IBL)

Top boundary condition (same conditions as for IBL)

Bottom boundary condition (same conditions as for IBL)

Eigenvalue type
= 1, keff
= 2, concentration search
= 3, dimensional (delta) search

Parametric value type
= 1, none
= 2, keff

Number of radial mesh intervals (23)

Number of axial mesh intervals (23)

Number of radial zonea (delta option only)

Number of axial zones (delta option only)

Number of energy groups (~50)

Number of input materials

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

= 1, Type 1
= 2, Type 2

Position of sigma total in cross-section table

Position of sigma self-scatter in cross-section table

Cross-section table length

Read cross sections
= O, from cards
= 1, from tape

Total number of mixture specifications (see cards 17-19)

Maximum number of outer iterations allowed

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

9



TABLE I (continued)

Variable columns Description

Card 4 (1216 format) continued

MSHSWP 61-66

67-72ISTART

Card 5 (816 format)

IREF 1-6

NBSTP

IFS

NPOI.S

MWDT

IPFLX

IPRIN

7-12

13-18

19-24

25-30

31-36

37-42

IDMTPS 43-48

Card 6 (6E12.4 format)

EPs 1-12

SRCRT 13-24

POWR 25-36

ORF 37-48

FLXTST 49-60

Pv 61-72

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

Initial flux guess
= O, none (code aesumea a flat flux in all groups)
= 1, +(r)*~(z)’ from carda (same for all groups)
= 2, @(r, z,E) from cards
= 3, ~(r,z,E) from tape
= 4, ~(r)*~(z), sinusoids (calculated by code, same for

all groups)

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

Number of burnup time steps in a burnup interval

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

Material number of control poison

Calculate burnup in MWd/T
= O, no

1, yes (used only in burnup calculations) Must be eet
= 1 then.

Control for punching flux dump
= O, no punching
= 1, punch fluxes before burnup
= 2, punch fluxes after burnup

Print control
= 1, full print always
= 2, full print for DAY = O only
= 3, partial print alwaya (In a partial print, the crose

sections> group fl~es~ and fission source rate are
omitted. )

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

Eigenvalue convergence criterion, i.e., criterion applzed to
the total fission source rate. Typical value is 10-5 to 1o-6

for straight keff calculations and 10-4 for search calculations.

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

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

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

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

Desired parametric value (ueed only for search problems, i.e.,
IPVT = 2 )

. .

.*
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Variable columns

Card 7 (6E12.4 format)

EPSA 1-12

EV 13-24

EVM 25-36

EV2 37-48

XLAL 49-60

XIAH 61-72

Card 8 (E12.4 format)

POD 1-12

TABLE I (continued)

Description

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

Initial eigenvalue guess (used only in search calculations)

Initial eigenvalue modifier (search only). This value should

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

Eigenvalue guess for second and succeeding searches

Lower limit on IL - 11. Recommended value is =0.001 (search
only) .

Upper limit on 1A - 11. Recommended value is =0.5 (search

only) .

Parameter oscillation damper. Ratio of the computed eigenvalue

change to the predicted eigenvalue change. It can be used to

accelerate convergence or damp out oscillations. The appropriate

value is problem dependent but should be near 1.0. (A POD of

exactly 1.0 produces no damping.)

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

HOLN(ML) 1-6 Identification (name) of first material

ATW(ML) 7-12 Atomic weight of first material

ALAM(ML) 13-18
-1

Decay constant for first material in days . Used only in

burnup calculations.

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

for first material.)

C(l,IGM,ML) 1-12 Crc

C(2,1GM,ML) 13-24
‘f

C(3,1GM,KL) 25-36 u
‘total

C(4,1GM,ML) 37-48 aa

C(5,1GM,ML) 49-60
‘f

C(6,1GM,ML) 61-72 atr (= atotal)

Card 11 (6E12.5 format)

C(7,1GM,ML) 1-12 as(g + g), self-scatter

C(8,1GM,ML) 13-24 u~(g - 1 + g)

C(9,1GM,ML) 25-36 Us(&? - 2 + g)

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

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

The format given above is for the Type 2 cross sections (ICST = 2), which is the punched output format

for the MC2 mde.s In this format, the data for each material are punched continuously, i.e., no new card

is started for each group. Also, ac and a
‘total

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, Uc and a
‘total

do not appear, and all other cross sections are

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

a new card.
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TA8LE I (continued)

For both cross-section types, the

within a certain error criterion.

If IXSEC = 1, all data on Cards 9

that, if the cross-section dats are on

consistent with the material numbering

Variable columns

code checks the input data to ensure that u = c +
tr

z

U(8
a

6

through 11 will be on tape, and these cards will be omitted.

tape, the order in which the materisls are read and numbered

in the 11 block (see Card 18).

Deacriptlon

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

RF(IM) 1-12 Initial flux guess for first radial interval

RF (IM) 13-24 Initial flux guess for second radial interval

Continue for all radial intervals. This flux profile ia 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. ‘lhis flux profile is used for all energy groupa.

Card 12c (6E12.6 format) (used only if ISTART = 2}

NO (IMJM) 1-12 Initial flux guees for first mesh point in firat group

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+l) 1-12 Radial position of first mesh boundary (0.0)

RO (IM+l) 13-24 Radial position of second mesh boundary (cm)

Continue for T.M+l radial boundary positions.

Card 14 [6(11,12,E9) formatl

Zo(JM+l) 1-12 Axial position of first mesh boundary (0.0)

ZO(JM+l) 13-24 Axial position of second mesh boundary (cm)

Continue for JM+l axial boundary positions. For an R-O calculation, the 9 increments
should be in fractions of 360”, e.g., 180° = 0.5.

Card 15 [6(11,12,19) formatl

Mo(IM.JM) 1-12 Zone (mix) number for first mesh interval

MO(LMJM) 13-24 Zone (mix) number for eecond 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]

IO(MO1) 1-12 Material number aasigned 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).

+ s’)

Note

must be
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TABLE I (continued)

Variable columns Description

Card 18 [6(11,12,19) formatl

I1(MO1) 1-12 = O (to trigger storage area for Mix 1)

I1(MO1) 13-24 Number of first material in 14ix 1

I1(MO1) 25-36 Number of second material in Mix 1

Continue for all materials in Mix 1. Then repeat the same procedure for all remaining
mixes.

Card 19 [6(11,12, E9) format]

12 (MO1) 1-12 = o

12(M01) 13-24 Concentration of first material in Mix 1 (atoms/b-cm)

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

Continue for all materials in Mix 1. Then repeat the same procedure for all remaining
mtxes. Note that the length of the IO, 11, and 12 blocks is the same (= MO1).

Card 20 [6(11,12,19) formatl (used only if IEVT = 3)

lL2(IM) 1-12 Dimensional search zone number for first radial interval

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

Continue for all radial mesh intervals.

Card 21 [6(11,12,E9) format] (used only if IEVT = 3)

R3(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) formatl (used only if IEVT = 3)

Z2 (m) 1-12 Dimensional search zone number for first axial interval

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

Continue for all axial mesh intervals.

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

Z3 (JZ) 1-12 Dimensional modifier for first axial zone

Z3(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)

14(M01) 1-12 Search material modifier for first position in the MO1 block

14(M01) 13-24 Search material modifier for second position in the MO1 block

Continue for al-1 positions in the MO1 block.

Card 25 (2413 format) (used only if MWDT = 1)

NTRIG(MO1) 1-3 Trigger for total fuel mass calculation for first position in
MO1 block

= O, not a fuel isotope
= 1, a fuel isotope

NTRIG(MO1) 4-6 Same conditions as above for the second position in MO1 block

Continue for all. positions in the MO1 block.
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TABLE I (continued)

columnsVariable _ Description

Card 26 (16,E12.O format) (bumup control card)

NCON 1-6 Burnup control
= O, end of problem, read input data for next case
= N, read burnup parameters for N iaotopea and take time

step of DELT
~ O, take time ‘step of DELT

DELT 7-18 Length of time step in days

Card 27 (1216 format) (used only if NCON > O). l%is card contains all burnup parameters
for the first burnable isotope.

NATN(NCON) 1-6 Material sequence number (11 number) of firat burnable isotope

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

LD (NCON) 13-18 = O, no decay source
= N, decay source from burnable isotope N

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

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

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

LFN(NCON,7) 37-42 = O, 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 ~ O and DELT = O. This allows the final values of the zone-averaged

total fluxes and cross sections and the final breeding ratio to be calculated and
printed before the problem is ended.

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

Card 28 (616 format)

KNT 1-6 The burnup interval -Just completed in the fuel-cycle history

NRSG 7-12 The maximum number of regions requiring refueling during the
burnup history

NREPO 13-18 Refuel control roda during refueling
= O, no
= 1, yes

KLAFs 19-24 Region collapse option
= O, 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
= O, no punched output
= N, data from the first N collapses will be punched

. .

.*

-.

. .
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TASLS I (continued)

Variable columns Description

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

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

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

NFRS(NRSG) 19-24 Number of burnup intervals between refueling for ZonelK, i.e., the
refueling frequency

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

Card 30 (2413 format) t

TRG(NCON) 1-3 Trigger to refuel first burnable isotope
= O, no
= 1, yes

TRG(NCON) 3-6 Same conditions for second burnable isotope

Continue for all burnable isotopes.

Card 31 (6F12.7 format) [omit if using tape dump (IDMTPS = 1) and KNT > 11

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

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

Continue for all positions in the MO1 block. (Note: The HNO block is identical to the 12 block
at the reactor beginning-of-life.)

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

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

PHI(IZM,KLNT) 1.3-24 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 usin~ tape dump (IDMTPS = 1)1

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

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

Continue for all burnable isotopes in the first zone. Then repeat Card 33 for all zones in the
first bumup 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, I~,KLNT) 1-12 Zone-group-averaged fission
stituent material in REFUEL
the first zone in the first

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

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

cross section used to bum the con-
for the first burnable isotope in
bumup interval

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

Card 36 (2413 format) (omit if KLAPS = O)-

IZON(KLAPS,KZNS(l) ) 1-3

IZON(KIAPS,KZNS (l)) 3-6

Continue for KZNS(l) regions in

Card 37 (A6 format)

6H FINISH 1-6

Region number of the first region in the first collapse

Region number of the second region in the first collapse

the first collapse. Then repeat Cards 35 and 36 for

Card to terminate the entire run. This ie the final
all problems and is used only once, even if a series
are run.

KIAPS collapses.

~ card for
of problems
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B. Output Information

In this section, a brief description of the com-

plete PHENIX printed output Is given. The only por-

tions of this output list which are not always

given are the cross sections, group fluxes, and

fission-source rate, which may be deleted by use of

the IPRIN control word. All output arrays are

clearly defined by headings that designate the par-

ticular quantity or variable. For a description

of quantities that can be output on cards or tape,

refer to the Input Instructions (Sec. A).

1. Problem Identification and Input Control

Words: The information on Cards 1-8, along with a

description of each parameter, is listed in tabular

form.

2. Variable Storage Requirements: The amount

of storage required to store the data arrays in the

A Common Block ia printed es the variable MST.

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

valuea 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 @ = o(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 ItO 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.

8. Naterial 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 dimensi.ona (ITL,MT)

where MT = ML + 1224.

9. Fission Spectrum: The K7 block (fission

fractions) are printed directly from the input.

10. Mixture Specifications: The 10/11/12

blocks (mix number/material number for mix/material

atom density) are printed directly from the input.

11. Picture Plot of Reactor: The subroutine

MAPR prints a picture plot of the reactor, mesh

point by mesh point. This plot appears twice, the

firat 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 equationa is

printed. This ia 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 10/11/12

blocks are printed in tabular form, along with the

NTRIG block (trigger for MWd/T calculation if

MWDT= l). The time (in daye) for the burnup inter-

val is printed at the beginning of this output

block, and this value is incremented by the time

step DELT as the specified burnup steps are per-

formed. l%is 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

aectiona 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 Uf; 2 is ua; 3 is Wf; 4 ia

Cltr(= c1total); 5 is u(g + g), self-scatter; and 6

and all succeeding positions contain the inscatter

cross sections, e.g. , u(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).

-.
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14. Eigenvalue Print: After each outer itera-

tion, the running time, outer iteration number,

inner iteration total for that outer iteration,

eigenvalue slope, eigenvalue, and A 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 outacatter, 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 24. This output block iS

printed only the first time through the code, i.e.,

for DAY = O.

18. Group Fluxes. The final normalized group

fluxes are printed for each mesh point with the

entire axial profile appearing in column form for

each radial mesh point. The vertical mesh coordi-

nates (Z4 block) are also included at the right-

hand side of the page after every fifth radial flux

value. ‘l’heentire group flux output may be omitted,

depending on the value of IPRIN (see Card 5 in the

Input Instructions).

19. Total Flux: The aum 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/1) at each mesh point is printed, again

using the group-flux format. These values sre cal-

culated by summing the product, o * ~f, 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 ia

made on thermal power rather than neutron source

rate.

22. Fuel Burnup: In burnup calculations, the

fuel burnup for each zone in MWd/T, along with the

total zone fuel mass, is printed following each

burnup step. The calculation is performed using

the fuel mass at the beginning of the burnup step

along with a linearly averaged power fraction.

23. Fission Source Rate: The normalized fis–

sion neutron source rate (n/cm3–see) at each mesh

point is printed, again using the group-flux format.

These values are calculated by summing the product,

@ * Vzf, at each mesh point over all groups. This

output block may be omitted, depending on the value

of IPRIN (see Card 5 in the Input Instructions).

24. Material Inventory: For each zone, the

volume and mass of each material in the zone (in kg)

are printed. This output block is printed after

each criticality calculation.

25. Burnup Parameters: For burnup calcula-

tions, the names and material numbers of each of

the burnable isotopes are printed, along with all

the information contained on Card 27 in the Input

Instructions.

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

tor, the zone–averaged total flux and zone volume

are printed, along with the following quantities

for each burnable isotope: atom density, total

fission and absorption rates, and the zone-spectrum-

averaged fission and absorption microscopic cross

sections used in the actual burnup. At the end’of

the burnup edit, the contribution to the breeding

ratio from each zone is given along with the total

breeding ratio for the reactor. In this code,

breeding ratio is an instantaneous quantity and is

defined as the sum over all fertile isotopes of ab–

sorption minus fission divided by the sum over all

fissile isotopes of absorption. Both sums are, of

course, taken over the entire reactor.

NOTE : ALL SUBSEQUENT OUTPUT BLOCKS ARE OBTAINED
ONLY IF THE REFUELING OPTION OF THE CODE IS USED
(nEF= 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 arraya in the A Common Block is also

printed as LAST (not to exceed 30,00010 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 MO1 block is printed, along with the

corresponding 10 and 11 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 iao–

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 RRFUEL 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) ia 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 MO1 block.

35. Zone Summary of Charge and Discharge: For

each zone and for all materiala 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 masa (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 MO1 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

regfona 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. Compoai.tion at end of burnup interval KNT,

b. Discharge from burnup interval KNT,

c. Charge for burnup interval INT,

d. Composition for beginning of bumup
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 bumup
interval KNT,

b. Total reactor charge for burnup interval
INT ,

c. Total mass in reactor at begfming of
burnup interval INT.

c. Data Storage Requirements

The variable dimensioned arrays used in the

code require IJfK storage locations where

M = MAX(L1,L2,L3),

and

L1 - storage required for criticality and burn-

UP (if desired) calculations,

L2 = temporary storage required for cross-
aection rearrangement,

L3 = storage required if the refueling option
of the code is used.

Storage locationa L1 and L2 are required for all

problems, whereas L3 is needed only for refueling.

If any of these three parameters exceeds the

30’00010
word maximum, the problem will abort. In

terms of input quantities, the three storage param-

eters are defined as follows.

L1 = 5 + ITL*MT + 2*ICM + 4*M01 + 5*JM + 7*IM

+ 7*IZM + lI)*~JM

+ 2*MAZ(IM,JM)

if delta search calculation,

+(IM+JM+IZ+

+ 15*ML + 6*IZM*ML

JZ)

. .

.6
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4.

if

if

L2

L3

er

if

concentration search calculation,

+ (MO1)

burnup (MWd/T) calculation,

+ (MO1 + 3*HM).

. 3*~ +

= NREG +

+

+

ITL*MT*(ICM+ 1).

KLAPS + IMJM+ ITL*MT + 5*M01 + 16*ML

NCON*(l + Z*NECOP) + IZM*[5 + INTMAX

KLAPS * 2*ML +NcON*(4 + 2*IN’fMAx)].

For nearly all practical problems, L1 is great-

than both L2 and L3. L2 may be unusually large

a fine energy group structure with a large table

length is used.

‘ote ‘hat ‘he 3°’0%0
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 keff calculations for

various fast reactor compositions are shown in

Table 11. The running times listed are actual exe-

cution times and do not include syatem-dependent

TABLE 11

RUNNING TIMES FOR keff CALCULATIONS

No. of
Reflective No. of Execution

Boundary No. of Mesh Time

Geometry Conditions Points@QIZ%— (rein)

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-8 3 8 600 0.58

operation times, such as compiling time. AL1 prob-

lems listed in Table 11 used the sinusoidal flux

guess (ISTART = 4) and an eigenvalue convergence
-5

criterion, EPS, of 10 .
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APPENDIX A

LOGICAL FLOW OF PHENIX

The basic Logical flow of PHENIX is shown by INPFLX

Fig. Al. The subroutine blocks referred to in the

figure are listed below with a brief description of Sinus

each subroutine. Additional information concerning

the logical flow is included.

Subroutine Block 1

INP Controls the reading and printing of in-
REARL

put data and computes variable dimension REAFXP
pointers and various program constants.

ERR02 Prints an error message.
TRIG

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

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

Calculates sinusoidal flux guess both
radially and axially, for any combina-
tion of vacuum and re~lective boundary
conditions, and writes the flux file,
NFLUXl .

Reads real (floating-point) data.

Reads fixed-point (integer) data.

Reads trigger data used in burnup and
refueling calculations.

Produces picture plot of reactor by zone
and material.
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BEGIN

dREAD INITIAL
INPUT DATA

lsubroutine block 1)

oA

GENERATE MACROSCOPIC
CROSS SECHONS AND

GEOMETRICAL PARAMETERS AND
PERFORM NORMALIZATIONS

(subroutine block 2)
I

6M—————

?

CONVERGENCE TESTS
(subroutine block 4)

------ -_ 1
~Fhrx Converged?
L

NO-
---- -_

-rJ
YES

&------- -.

1-i Search (ifany) i
I Complete? ,

NO—

L ----- _-r

I PRINT RESULTS
(subroutine block 5) I

s_!4-
BURNUP

(subroutine block 6)

r ----- --

1-

1
I BurnupSequence I

NO
L - ??pw_ J

YES

d=oD

REFUEL

(subroutine block 7)

END

Subroutine Block 2

INIT Mixes cross sections, modifies geometry
(if delta search) , calculates mesh areas
and volumes, and calculates initial fiss-
ion distributions.

ERR02 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 specffied
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.

ERR02 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

PRT Prints any IM*JM array.

EVPRT See Subroutine Block 3.

ERR02 Prints an error message.

GRAM Calculates and prints the

totals.

mass of each

material in each zone, and the zone
volume .

Note: If no burnup is to be perfotnred, the program
terminates at this point (C on Fig. Al).

Subroutine Block 6

INPB Reads and prints the input bumup data.

AVERAG Calculates the zone-averaged total fluxes,
zone- and group-averaged Fission and
absorption cross sections, and breeding
ratio.

.

. .

..

Fig. A.L. Simplified logical flow chart for PHENIX.
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EIGTRG

NARCH

With

Controls the flow of the eigenvalue type
in search calculations.

Calculates the time-dependent isotopic
concentrations, i.e., performs the
bumup.

regard to the flow of the code in bumup

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 bumup steps to be performed.

a. If the initial type of calculation is keff

(IEVT = 1), the code returns to point A after

each and every bumup step and does a “keff

after burnup” calculation.

b. If the initial type of calculation is a delta

search (IEVT = 3), only the initial calculation

is a delta search. Following completion of the

initial search, the code becomes a keff-type

and all subsequent operations are performed as

such .

c. If the initial

tration search

type of calculation is a concen-

(IEVT = 2), the code flows as

“search-burnup-keff 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. Al).

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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AFPENDIX B

FORTRAN LISTING OF SOURCE DECK

c
~
c
c
c
c
c
c
c
c
c
c
c
c
~
~
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
~
c
c
c
c
c

:
c
c
c
c
c
c
c
c
c

;
c
c
c
c
c

PROCI}?:!l PI!EIJIX (INPLT.TAPE O=IhPIJT*OUTf’UTtTApEQ=OUTPllT*NC141 Q1APF3= IfAIN
\INcRl, l:;Ci4AT, ?APF:4=hSCRAT9 s$\?AT,T;,}>~~=I~~\~AT9r~FL(Jxl ,TAp~~=)j~LIJxl, IIAIN $

?TAf’rll,lQf’Ci2sPllNCb) IIALIJ 3

iiAII.~
lIAIN pt{utiGAv - sETS UP Tr#L UlIIT5 ANLJ nISK FILES ANI) :fllIN
CA1.Ls THL FoLLowIfiG S~JRW)tlrTNE5.. 1Np91NIT9F~SCAL,LVPRTQ M~Irl

[el?\?02Q(jIIlER.CO)JVRG.SUt4~IPYSbRAI!q iblP~9AV~RAG9f:IGTRG.MARCtia MAIN
tiAIIJ

!11J(3RoLIT1NE To cot4TpOL Tll~ RF:A~INfj ANJO pRIt.JTINJG (JF IrJPll~ IIAI14
I)ATA9 Lol.4pLJT~ v4RIh[]LL llIN~r.JS1ON poINTERs AtJJl vaPIOUS liAIbJ
l’i?dtiRAfi CCNSTANTS. IF.~ IS CALLFU Fly PHENIX Aldn CALLS f4AIiJ
XS~cT, IrJPFLX,REAR~,RE~FXP*MA+}?,Li?ROZ, TRIo,AFID REFIILL. tlAI!J.

IIAIIJ
‘;Uf41iOljTINE 10 PRINT AtJ r.Rf41JR I.i~>sAGE. IT IS CALLCn BY IIAIN
l’IIE~iIX*INpOREARL,NCAFXp~ IoJITQCoNVRG~ AND SUMMRY. tiAIrJ

6
7
8
9

10

11
12
13
14
15
16
17

MAIN 18
‘i(lFJW31.lTINE 10 REAIJ cPOSS SLcTJolJs FROM CARDS OR TAPE* ttAIN 19
hlw WPIIL TI-E CRoss S~CTI(lN ~ILE NCRIS IT IS CALLEI)
IIY Irlp---

‘~AIfd 20
‘fAI’l 21

‘>Uf+WJ[!TiNE To
IIFLUAI. IT [s

‘lAIIJ .22
REAu IfI.PIJT ~LIJXES ANI) WRITE TtiE, FLIIX FILF IIAIN 23
CALLED tj’{ I’IP. t4AIrJ 24

IIAIN 25
CALCULA1t: ‘31NIJS01LJAL FLUX rNPUT GUESS mnTH l!AIrI 26

}?Ar)ILLLy ~FIO-AXlALLYQ FOR ANY C~!WINATIorJ OF VACllUM AN(I l~AIN 27
l?cFLEcTIVE IjOIJN[)Af?Y C(~tll~ITIO,lS. TT IS CAI.LF.1) F4Y INP. ;4A~tJ

}IAIIJ
SlJ[lf4(JLlTlNE TO REAO FLUATIilb Pl>IN”r nATA. IT IS CALLEO f~Y IIAIN
IrlF AIIIJ CJ?ILLS ERR02. IIATN

ttAItJ
‘i(ll!F413UTINE TO REAfl Ih]F.(;EH OATA.
CALLS ~tWC2:

IT IS cALLEfl hY INp 4rtW!AIN
llAIN
!4A[N

SIM3J?CJUT!NE To REAfI TNIG6El+ l)ATA (ISED IN t+URtJUP AN13 l+AIN
RCFIJELIr{G CiLCULATIOtk>O II lb C~l.LED BY INP ANrl ItlP~. tlAIN

llAIN
‘+IHHOUTINE 10 pR(_jI)(Jc~ A PICl(]~E PLOT By 10N~ ANIJ &!ATE[<IA1.!lAIrd

IT IS ~;tLLEU By INP. ~lAIN
I{AIN

5tJt\t401!TiNE To ~~IX C}?(!sS SLCTIONSq MCIOIFY GEOM.ET14YQ MAIN
CA1.CUL/irL MESH AREAS AIW VOLUllESQ ANO CALCULATF INI1lAL MAIN
FI’55101J UIslRIBtJTiONSR I? IT CALLED BY PHEtJIx ANfl CALLS rlAIN
l:r?G?fi2. HAIN-.

SJB14011T1NE 10 CALCULATE FISSION SUMS ANO PERFORM
lJORfiALIZATION. IT IS cALL~lJ ~Y }]}IEPJIX.

tlAIN
llAIN
MAIN
ffAIN

SURROIJTINE 10 PRINT ANo IWITOR THE EIGENVALIIE ro{ I N
CALCIJLnl ICN. IT Pf?Ir!Ts fIME* El(jENVALUE! LAMRDA* ETC. MAIN
AFfER t-.AcI- fiuTER ITERhTIoIi. IT IS CALLEl~ fiY PHFFIIA ANr) IIAIN
Sll:~~lRy. MAIN

ltA[rJ
‘;Uf\KOllTINE TO PERFOF4P ArlD CONTROL A COMPLETE (IUTcR IIAIN
I?E~ATIIJN. IT IS CAL1.En HY t~HEWIX ANI) CALLS IC11EF9 f4AIN
AtJfi INNER ilAIIJ.*

IIAIN

28
29

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
5%
53
54
55
56
57
58

-.

*-
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:
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c
c
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c
c
c
c
c
c
c
c

:
c
c
c
c

:
c
c
~

c

:
c
c
c
c
c
c
c
c
c
c

:
c

Tcocf

I NFlf_.R

REBi\l.

cON\/R(j

SUN14RY

GRPT(JT

PRT

GRAI{

INPI1

AVERAG

EIG7RG

MARCII

REFIICL

1NPR

SUBROUTINE 10 cALCULATE COEFFICIENTS FoR THE FLIJX
~(lQATIuN~ XT Is cALLf_Ll RY Olj~Ff.?o

HAIN
tlAX$J
MAIN

SUflROUTINE To cALCIJLATE TtiL tLU/(ES IN A SPECIFIED GNl~~lP MAIN
lJSIfiGLINE INVERSION .-IT IS CAI.LKO BY OIJTER ANII CALLS I!AIN
RERAL* MAIN

I!AIN
S(IRI+OUTINE TO PEf?FORP GROUP ttF.RALANCINCj AND FLUA 14AIrJ
tJORfiALIzATION BEFORE EACH GR(I(IP FLIJX CALCULATION. IT IS MAIN
CAiLED HY IhNERO - tlAIN. .

IIAIN
SUl]Roi_JTINE To pERFolwJ coNVKti TESTS AND c[)MpUTE NcW LIGvAI.IIAIN
IN SRctl PR08LEMs.IT IS CA4LE13 ay PHENIX AND CALLS ERRop. MAIN

MAIN
SUBROUTINE TO PRINT THC FINAL TOTALS, lNCLUl)ItJG GROUP 14AIN
FLUXESQTCJTAL FL(JX9pOtiCl? CJCNSrTY,POWER FRAcTIONQ ANU NAIN
FISSION scuRcE RATCO hLSO-CAL’CIJLATES ANn pRINTs MwD/T 14AIN
Hu~fiUp HATES IN BORNUP Calculations. IT 1s CALLED BY tlAIN
P}{EfiIJ( ANc CALLS EVPRT9PR19 (kPTOT9 AND ERR02. liAIN-.

MAItJ
SUBROUTINE TO COMPUTE ANO PRI~lT GRoUP TOTA1.Se IT 7S MAIN
CAL~EO tJY SIJHMRYO IIAIIJ

MAIN
WJBRO(JTINE T() pRINT AtJy IM*,Jil AHRAy. IT IS CALLED /lAItJ
I!Y suMr4MY: - MAIN..

IIAIN
5URf?0uTINE TO CALCULA~E ANu PRTNT TIIE MASS OF EACH IIAIN
:{ATERIAI. IN-EACH ZONEQA!ID Tti~ zOiJE VOLIJME, IT IS cALLFn HAIN
f3Y-piF,NAJt~ MAIN

llAItd
SIIBRO(ITINE T() REAO AND PRINT THE ItJPtJT HIJRNIJP DATA. IIAIN
IT f.s C~LLEU RY PH~NIX. tlAIrJ

ttAIN
SIIDROUTINE Trj CALCULATE ZONE-AVERAGED TOTAI. FL(lXES?L~~NF- IIAIN
AtIL) GROUP-AVERAGEfj FI%sION AII[) AHSORPTIOPJ CROsS SECTIOIJS,MAIN
AlID RRE@ING RATIO. 1! IS CALLF~) HY PHENIXO IIAIN

MAIN
‘ilJRROuTINE TO cONTRCJL T}iE FLOW of THE EI(iEtJVALUE TYJ>E MAIN
llJ SEA14tiH chLcuLA~IOhS. IT 1S cALLEU BY PHENIx. liATN

flAIN
‘iURROUTINE To CALCULA~C THE TIME-DEPENDENT ISOTOPIC 14ATN
CONCENT1/AfICJNSo It”IS CALI+O RY PHENIX. IIAIN-“

14AIN
!XhlKOUTLNE To CALCIILATE ATUM [JENSITIES Of CONSTITIJENTS It A I N
WITH GI+.ATE$T RuRNUP*-TO CUMPllTt. TtiE AcTUAL 0TSCtlARbE9 tiAIN
TtlF-CHA~GE9 AND THE INITIAL ~(JMP\3S1TION FOR THE ~1~~1 HAIN
R[!Rrqup IbJTERVAL. IT 15 CALLE() BY ItJP ANn CALLS I!JPH. !lAXN

liAIt4
3tJRH0uTINE To REA09 WKITE9 AIJ[) PutJcH OATA To RE USE(J ItJ ;lAIN
l?EF~JEL.’ IT”IS CALLED By HEFuEL ANI_J CALLS TRIG. 14AJN

IIAIN
* on 4} * INP(JT CCN!ROL WORDs ** ,} * * IIAIN

f.lAIN
f)ELT LENGTH OF BURt4UP TIME STE.P (DAYS) liAIN
EPS El~~hVALtJE CONVE~GENCE @’IICf?ION IIAIN
EPSA PAIJAPETRIc EIGENVALUE COllvtR(i~NCE CRITERION (StARcd)llAIN
EV INI~IAL EIGENvALUE GoE$S (SKARCH OFJLY) dAIN
Evtf EIL+I,VALUE 140DIF1ER (SEARCH OIJLY) llAItJ

59
60
61
62
63
64
65
66
67
68
69

;;
72
73
74
75
76
77
78
79
BO
81
B2
83
B4
85
R6
87
88
89
90
91
92
93
94
95
96
97
98
99

100
lr)l
10Z
103
104
105
11)6
107
108
109
110
111
112
113
114
115
116

. .
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c
c

E’J2
FLXTS~

TRR
IRL
Iur?
If)T

lC!iT
1[)(?31
IL)llTPn
lE\lT
IFS
I GE
1Gtl
I}!(;
1)+?’
1171’
Ill
[?JTIIA$.
IPFLX

IPQIrJ

lPVT
TRf:r-

lsYA}?T

111.
Ixw,c
12
Izll
J?!
JZ
t(LAPS

KIIT
NL
Ms}ls’.ff’

t.4;/[)T
Nol
NnST:]
Ncol I

NP(lIS
NI?EG
NREPO
(JIrtl
oRF
Pr)P
P(3NR
Pv
SRCRT
TMLX

Cl\ YEhVALIJE GUESS F(M? THE i’Nl) ANI) ALL OTHER SEAi4CtiF% IIAI14 117
IIU!ER ITERATION FI.lJX TEST tlAIF] ~18

70/EP = TEST lfITt{ LPS/TLST WITH FP) I.IAIN 119
BOtiCM”BfJUNDAr?Y ~oiJOIIION (0/l=VACUUM/REFLtCTIVC) }iA1tJ l~o
LE~~ BOUNDARY $(lrlPIllON (0/l=VAcLJUM/HEFLtCTIVE) ltAIN 121
RI1,HT B(JuNDARY COtll)ll[Ull (0/I=VAcLJIJM/14EFLLCTlVE) ltAIN 122
T(Jt’ BCJIJNDARY Co!lnITI(UI ([)/l=VAclJIJM/RFFLtCTIVE) IIAIN 123
Ct4USS SECTION TY~E (1/7=TY~’El/TYPE2) IIAIN 124
Il)tNTIFICATIOll (~ol. l-72QCdRD 1, cOL l-6fjQCARU 2) flAIN 12S
i’14~.PARE nATA DUWP TAPE (0/1 = NO/YES) HAIN 126

EIwLhVALIJE lYPE (1/2/3=KFFF/cf)NCENTKATICJN/UEL 1A) IIAIN 127
PEHFCRM FINAL SF.Al?Ct{ (0/1 = NCJ/YES) 14AIN 128
GLIJMETRy (0/1/2 = X-Y/~-7/R..TtlETA) MAIN 129
lJIJtlHER OF GRO~lPS IIAI?J 130
PUbITION OF SI(WA SEL}-SCArTER IN X-SECT TAFJLE IIAIN 131
PIJil~ION OF SIGPA-TOTAL IN [:RoSS SECTION TAflLE IIAIN 132
IIIIX ho. OF INtlCP ITENAT1(JNS PER GRP PER OIJrCR ITER. IiAIN 133
IJIJIIEJER-OF RADIAL MESH INTE14VALS liAIN 134
IIAXO NO. oF 131114hUP Ir/rEttVALS TO BE ~NALYZEIJ IIAIN 13S
PUN~E FLUX DUtiP [@/1/2=!10/FLUX BEFORE HLU?NLJP/FLl)X MAIN 136

AFTER BURNIJP) tlAIN 137
PRINT CONTROL (1/2/3=FllLL PRINT ALWAYS/FIJLL PRINT IIAIN 13R

LJhLY FOR DAY=~le/PARTiAL PRINT A1-vJA”fS) lfAIN 139
PAt4APETRIc EIGEKVALU~ TYPE (1/2 = NCJNE/KEFF) I.IAIN ~4@
BUl(NLP/REFUEL cONTROL (0/1/~=f40 fluRNuP/H(JRNllP OIJ[.Y/ HAIN 141

HLRNIJP ANU REFuF.L) IIAIN 142
INP~T FLUX GUESS (0/1/2/3/*=tlONE/CAROS/CARl)S/ TAPE/ 14AI!J 143

SINUSOIDS ]=X(f?)~X(Z), 2=x(I?*zQE)0 3=X(R9Z,E) t!AIIJ 144
FFOM TAPEQ 4=X(l?)~X(2),SINll1501DS) tlAIN 145

CR(JSS SECTION TAIJLC LLN1;TH lIAIN 146
READ CROSS SECTIOtJS FROM TAPE (0/1 = ?V)/YEs) IIAIN 147
FJ6. CF RAoIA~ ZCNES (UELTA OPTION ONLY) 14AIN 148
lJ(Ji~HER OF MATERIAL ZONES /tAIIJ 149

!lUMeER OF AXiAL llF.sH lN~E14vALS I!AIN 150
tll)o CF AXIAL i!ot.LS (uELTA OPTION 014L’f) llAIN 151
l?EdICN COLLAPW. @TION IN 14EFlJEL (o=No/rJ=Nu. OF tfA[lJ 152

CCLLAPSES-
BUIINLP INTERVAL tJEI!l(j AIJALYZEO

tlAIIJ 153
flAIiJ 154

tJU~l~ER CJF”INPIIT r~ATERiALS- I!AIN 155
CUIJ!FOL FOR LINC Itlv~R%IoN DIRECTION (1/p/3/4 = AI.T IIAIN 156

OIR/RAO/AXIAL/LCT col~f lJCctoE) ltAtN 157
CAL~LLATE BLJHtJLJp IIJ ‘lwD/T (!I/1 = NO/YES) !!AIN 158
TLJ~AL NIJMBER OF :lIXTuRE SPECIFICATIONS IIAIIJ 159
Ill). CF 13URNUP TIt4E S~LPS IN TIIE 131JRNUP INTERVAL llAItJ 160
NL~/ZEIio/PoS=7AK~ TIMt STEP OF DELT/EPK) nF PROBLF.w I!AIN 161

TAKE TIME STEP (JF IJE1.T A)in READ HURtJUP bATA MAIIJ 162
PUIS~F OPTION FOR C}iAH6E/LIIbCHARGE nATA (nATA FttOtA t!AIl~ 163

FIRST NEcOP COLLA~SES wILL BE pllNcHEO) flAIN 164
M4T~l?IAL NO: OF ~OMTt+(JL PoISON IIAIN 165
IJU. CF REGIONS(ZONES) RE(JLJIRING l?EFllELING IIAIIJ 166
RLFUEL CONTROL POISOl~ DI+?IW REFUELING (0/l=NCJ/YFS) IIAIN 167
I.IAX NOe OF OUTEH ITEtjArI,ONs ALLOWED llAItJ 168
OVE.R-R~LAXATION FACTOR IIAIIJ 169
PAfiAPE~ER oSCILLATION DAMPtLR (SEARCH ONLY) IIAIN 170
RJy+CTo6 PowER (NWT) MAIIJ 171
nF.bIGEo VALUE OF FARAME~RIC F.IGENVALUE (sEARcH llNLy)lJAIN 172
NW~GON SOURCE RATE MAIN 173
NAX ALLOWARLE RUNtJI!Jti rINE IN MINUTt:S IIAIN 174

. .
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c

XLAH LAMBCA-1 uPPER LIMIT (SLARCt{ oNLY)
XLAL

IIAIN 175
LAMBCA-] LOWER LIHIT (S~.ARCt{ ONLY) MAIrJ 176

l~AIN 177
***** INTERNAL VARIABLEs * * * * * MAIN 178

NItlP
NO(IT
NcRI
NFL 11X1
NSCRAT
ISCRA~
NDU!lP
Nti ICff
ALA
B(J7
ctJT
CVT
DAY
EPF
Eol
E02
E03
EQ
EVP
EVPP
G13AR
If3PT}/’;

IB~lR
T(XP
I GP
TGV
II
I MJM
INT
1P
ITEMS
TTEtlP
ITEIIP1
ITFtlP2
Izp
JP
KLNT
K07
KPAGE
LAP
LApP
L AR
Lc
MT
NcOEF

NG(_l
NGOTO
Nsk’~El>
P02
PBAE
SBAP

NAIN 179
INPUT TAPE (DISK FILE) !!AIN 180
OUTPuT”TAPE (DISK FILE) HAIN 181
cN6SS SECTION TAPE (UISh FILE) NAIN 182
FLUX TAPE (DISK III-E) MAIN 183
SCHATCti TAPE ([)ISK FILE) IIAIN 184
Dl,sK FILE FfiR FLUX cow~. AtJO TEMPORARY FLUX OUMP IIAIN 185
TAPE F(IR INPUT AND OUTP(JT FLUXES AN1) ATOM DENSITIES NAIN 186
Ml~~CSCOPiC CFtOS5 SECTION TIp~- ““
LAMHCA
USLIJ FOR INTERNAL COMPU~ATION IN FISCAL AND INIT
CUkVERGENCE ~RIGGER ~OR LAMf4DA
cot,VERGENcE 7RIGtiER
RURNLP TIME Ihl OAYS
(Mh-sEc)/(FIsS:(JtJ) (BAsEIJ ON 2]5 MEV/FISSION)
TENPCRARY
TEt~pCRARY
TLhPCRARY
TtOl~CRARY FOR C(ltdvRG
PR~VIOIJS EIGENVALUC
EIbEhVALtJI! FOR T~~O ITERATIUrlS BACK
Gt{(lOF INnlcATOR FOR ~APE MtJTIoN IN OuTIIR
Ttli~CRARY TRIGGEI? FOR l)~TERNINING WIIETtiER AFJ

NCCJN-DELT CARU IS TG nE HEAD
F?UNNING COUNT-OF TliE NIJMHEK OF HURNIJP STEPS
Ibt + 1
IGi3 ● 1
cjWJUp INr31cATOR ~oR INNER AI-II) oUTER
Ir4NER ITERATION COUNT FOR A SINGLE GROUP
IN*JN
!lO: OF NEXT HURNl~P INTE1?VAL (= KNT+I) (IN REFUEL)
IM+ 1 “
TEMVCRARY
TEMGCRARY
TENPCRARY
TEt+~CRARY
I.01 ● 1
.jM + 1

I!AI!4 187
MAIFJ 188
tlAIN 189
MAIN 190
MAIN 191
IIAIN 192
IIAIN 193
t~AIN 194
tlAIN 195
tlAIN 196
tlAIN 197
tlAIN 198
IIAIN 199
MAIN 2o0
tlAIN 201
MAIN 202
NAIPI 203
!!AIN 204
MAIN 205
MAIN 206
tlAIN 207
tlAIIJ 20R
t!AIN 209
MAIN 21O
}IAIN 211
NAIrJ 212
MAIN 213
MAIN 214
tlAIN 215
liAIN 216

Floe CF PREvIOUS MURtJIJP I,NTEPVAL (=KNT-1) (IN RkFllEL)tlAIN 217
TEfiPCRARY flAIN 218
PA~E COIJNTEI? FOR H(3tJITOH PRINT tlAIN 219
LAM~OA FnR PI?~VIUUS ~lG[:NVALUE
LANHCA FOR Two I~E[lAIIoNs HACK

MAIN 220
MAIN 221

LAMt3CA FOR pRCv10U5 ITEI?ATION tlAIN 222
L(JIIP COUNT (TOTAL 11 IIJ A SINGLE OUTER ITERATInFl) IIAIN 223
TO~~L NUMBER @F MATERIA~S lrlCLIJDING MIXES (tlL*IZtl) rlAIN 224
TR1tiGER FOR A NEi~ CALCIJLATION OF FLUX tlAIN 225

CCEFFIcIENTSe (SEARCH “ONLY) NAIN 226
TERPCRAf?Y FOR FLOW OF EIGENVALUE TYPE MAIN 227
TtiP~CRARY }\AIN 228

INIEGNAL cONTROL FOR I.)IRECTION OF LINE IrJvERsloN tlAI?J 229
oU~ER ITERAT~ON COI.BIT NAIN 230
Tt;P~CRARY MAIN 231
TERPcRARy tlAIN 232

. .

. .
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:
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c
c
c
c
c
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c
c

S~JP CF K7 OVER ALL G}{(JIII’S
r)/l=Nol nELTA/lTELTA CALCULATION
PNLVIOIJS FISSION TOTAL
Tt:~PcRARY
TEPPCRARY
TLMPcRARY
TEMPCRARY
TFtuPCRARY
TEFPCRARY
TEt+~cRARY
TIPE
T(JJ.AL SOURCE FOP TliE tiROllP

**{>** SUBSCRIPTED VARIARL~.S *****

A13XS( !cOhSIZMSIIJ~MAX)
zUAE- GROUP-AVG AI{’SCJHPTION X-SECT

t4AI~ 233

PIAIN 234
IIAIN 235
tlAIN 236
MAIN 237
t-4AIN 238
MAIN 239
tlAIN 240
ttAIN 241
MAIN 242
MAIN 243
IIAIN 244
MAIN 245
tiAI1.J 246
tlAIN 247
tlAIN 248

USED To H(lf?N IITLS IIATN 249
1A REFUEL

ALAtl(”lL) PLLAY CONSTANT ([>AYS-1)
ATk(FiL) tIItTEpIAL ATOMIC WEIGtiT
*xs(;.iL,I/11) SIJ~~TRUM AVERAGEII AEls(JQPTI~)tJ cROSS SECTIfJN
AIJ(IP) RAiJIJ)L AREA ELEPEtlT
Ai(IM] AXIAL- AREA EL.EPtPIT
HI?EnHT!I/”1) cohlRI13UTIoN TO t)RECtJIN(i l?ATIfI FROM ZONt_ ILtl
I’41JRIILI{’( 1 /’1) AVERAGE RuRNIJP RATE Iri Mw.)/l FOR zONE IZM
CG(t;f”’.0P*:lC~;4) -

cllARCE MAssF,S TO f7E PUrJc}!FIJ (IN REF!JEL)
C}{iPGC(PL) TIIIAL CHARGE MASSES FUR f:ACtl MATERIAL (IIJ RFFUF:L)
Crl[xz ‘,NC;’11) clfARGE ATOM”LIENS’ITIES (1!] HEFIIEL)
c’lF(ILt”t*NcOK!) TE.MPCRARY ATOII l;~tlSIJY STORIGE (IN HEFUEL)
CU(ITLqMT), cHL’SS SECTION ARRAY FOR CUW’ENT GROUP
CXG(.J 1) CONSTANTS FOR I?I(iHT HOIJNDARY
cXS(I”l,J~~3), cUIYSTAIYTS INVOLVItlG $RO:S SECTIONS FOR FLUX CALC.
cXT(I’1) c(JNSTAtXTS FOR TOP ROUNUARY

L)ISC!l(i(ML) TU!AL llIscHARGE MASSES POR F.AcH MTL
n:J(Iz’19Ncf~li) I)ISOI-AFGE ATU\l D~.IISITIEs (1N REFUEL)
FO(IC>L’) FISSION RATE
Fi III;f~) FIS$IOh SO\lRCE
w(Ibr’) IN-SCATTER
E3(I{It’) CJUT-SChTTER
E4(Itif’) Ati50RPlIONS
F%(IIir>) LE~T LEAKAGE
E6[I(j~’) RIGFIT LEAKAGE
E7(I(iP) TuP LEAKAGE -
ER(IGt’) moj!CM LEAKAGE
E9(I!;P) TIJIAL LEAKAGE
FIXS(’IC(lNS TLM*IN7MAX) -

ZIJ~’k- GROUP-AVG
IN REFUEL

FISSION X-SECT USED TO HIJRN M~L%

FUTOT(ILM) TuIAL FUEL MASS 11/ T0N5 FOR ZCJNE IZM
FxS(t4L,IZf’1) SP~CTR~ti AVERAGFI) FISSION LPOsS SECTION
Fo(INsJM) Fl~SIOhS (OLD)
F2(14Q.JM) FISSIONS (NEW)

tlAIN 250
?IATN 251
IIAIN 252
tlAIN 253
tlAIN 254
IIAIN 255
tlAIN 256
l{AItJ 257
?lAIN 258
tlAIN 259
IIAIN 260
tlAIN 261
ttAIN 262
IIAIN 263
ltAIN 264
tlAIN 265
tlAIN 266
liAIN 267
liAIN 268
HAI!{ 269
tIAIFJ 27o
IIAI?J 271
HAIN 272
IIAIN 273
tlAIN 274
tlAIN 275
HAIN 276
tlAIFl 277
tlAIbJ 278
IIAIN 279
I!AIN 2Bo
IIAItJ 281
ltAIN 282
tlAIN 283
IIAIN 284
IIAIN 285
IIAIN 286
I*AIP4 287
IIAIN 288Hi(~M ii Jtf) TKP~CRARY ST6RAGt. FOR LINE ~NVERSION

HN@(Mll) “ CLEAN (hJO HURNUp), AToM uENsITIES OF MTLS IN EACH NIXt!AIN 289
H:JI(Mc,l) ItJIIIAL ATOM DEhSITY OF CA(.H MTL IN EACH MIX FOR MAItJ 290
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c

INPUT To NEXT H~JRNuP (12 RLOCK FOR NEXT INTERvAL)NAIN 291
HOL!J(’lL) MATERIAL NAME- t4AItj 292
IZON(KLAPs,xfM) MAIN 293

ACIUAL REGION NUMBERS OF RF.GIONS TO BE coLLAPSEn IN MAIN 294
‘EACh COLLAPSE (IN RE~UFL)

Jo(t!ol) MIJt-hUMRER
I1(MO1) MATERIAL NUMBEf? foR MIx
12(!1(:1) t!AT~FIAL [)ENSITY
T3(IIQI) tlAl&41AL DcN~ITI~s FOR gRAM CALCULATION
14(rf[ll) St~~CH MATERIAL M@l~IFIEt~ (CONC SEARCH ONLY)
h6[IG’i) FISSION SPECTRUP (EFFE~TIVE)
K7(IGrf) r15SION SPEc~RUtJ (IIJPU~)
l(zNs(KLAP’;) flu. CF REGIONS TU Rll COLLAPSED IN EACH COLLAPSE IN

‘REFUEL

LcN(~L92) S(JuRCE ISOTOPES FOR CAP~lJRE
LD (ML) s(JURcE ISoTOPF FOR DECAY,

LFN[~tL,7) StJ~l+cE ISOTOP~.S ~Ol? FISSION
MASS(’1L91LM) NA~~PIAL INVENTORY IN EACH ZONE
MASSP(tlL.TZN) MAIEGIAL INVkNTO~Y IN EACH ZONE (PREVIOUS)
MATN( U.) MM~@IAL NUME3f.R FOP HuRNAuLE ISOTOPES
Mo(IMQJM) ZIJN~ NUMRERS
M,2(IZ’1) NATEGIAL NIJMBFRS nY LUN~
bJFiIFLG(IL’l*rJ~ON) -

VALUES IN Mol AR~AY ~tiAI ARE BURNARLE ISOTOPES
(IN REFtJEL)

t.Jl_l~.(ML) 1)/1/2=h0 EFFECT/~ERTI,LE/FI!3SILE ISOTOPE
NFEE(IZM) tiUe CF BIJRNUP’Ih~ERVALS IIEIWEEN HEFUELING FOR EACH

‘REGIoN TO FE REFU~LEU
NTfiIti(t!Ol) TRIGGEN FOR TOTAL rU~L ~lAsS CALCULATION
NoIIM*JM) TujAL” FLUX (OLD)
N2(1M?JM) TIJIAL FL{JX ( NF.k i
PA(IN OR JN), TLfiPcR4RY sTOf!AGE FfJR LINE I!JvERSION
PFRAC(IZM) FHACTION OF-~bThC pOWER PRODUCEO FIY ZONE IZN
PFPREV(I1’1) PR~vIOIJS P(’)W~R FfiACTION F(JK ZONE IZM
PHI (I)lTM/aX*IZN)

ZONE- AVG TO~AL !I-11% USED TO BURN THE CONSTITUF.N1
~TLs IN REFUEL

PI{ID(IZM) ZONE AVERAGEti FLuX
RO(YP) INITIAL RADI1
K1(IP) CUI?REN1 RADII
R2(IM) RAIJIAL-ZONE NlN48~RS
R.3(IZ)

(OELTA CALCULATION ONLY)
RAUI#L ZOtjE MorJIF,I~I+ (OELTA CALCULATION (IMLY)

~4(Ir4) AvERAGE RADII
R5(IM) WLTA-R
S.2(IM*.IM) rIX~C SOIIRCE

MAIN Z93
MAIN 296
MAIN 297
MAIN 298
MAIN 299
MAIN 300
FAAIN 30~

IIAIN 302
MAIN 303
IIAIN 304
r\AItJ 30s
tlAIN 306
MAIN 307
tlAIN 308
HAIN 309
MAIN 31o
MAIrl 311
tlAIN 312
HAIN 313
t4AItJ 314
tlAIN 315
)lAIN 316
tlAIN 317
IIAIN 318
NAIN 319
14A1N 320
r!AIN 321
PIAIN 322
MAIN 323
IIAIN 324
}IAIN 325
MAIN 326
IIAIN 327
IIAIN 328
MAIN 329
flAItJ 330
MAIN 331
MAIN 3.32
tlAItJ 333
MAIN 334
NAIN 335

TRG(tJCON) TRl~J3ER TO REFUEL EACH tNJRNABLE ISOTOPE(o/l=rJO/yES) t~AIN 336
vOL(IZI1) ZUklE VOLIJME (LITER5) IIAI!J 337
VO(IM*JM)
XO(IZ’1)
ZO(JP)
Z1(JP)
22 (JM)
Z3(J,Z)
Z4(Jtf)
75 (JM)

*****

vtjLuPE ~LEMENTS -
REFUELItJG FRACTION FOR l?EGIONS To BE REFIJELED
Il~IIIAL AXII
CUR~ENT AXII
AXIAL 20NE NUMBEES (IJELTA CALCULATIOtJ ONLY)
AA}AL LONE MODIrIERS (UELTA CALCULATION ONLY)
AV~R#GE AXII
DEL TA-L

MAIN 338
MAII’J 339
t!AIN 340
NAIN 341
tlAIN 342
f!AltJ 343
HAIN 344
tlAIN 345
r.!AIN 346
\!AIl~ 347
FIAIN 348

. .

-.
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

:
c
c
L-
C
c
c
c
c
c
c
c
c
r
c
c

UATA [lL’)Ch I
(oMIT IF.

IJATA flL’~CK 2
(OMIT IF--

IIATA llL~CK 3

UATA IJL(’ICK 4

I)ATA II L’lCK >

I)ATA nl.~~CK (>

I)ATA [lL1~CK 7

l)Al A IIL ~CK 9

OATA llL~CF ‘j

UAIA RL’ICK 10
(OMIT TF

DATA fiL’lCK 11
(OMI~ IF

L)AIA PL’)CK 12
(OMIT IF

IIATA IIL’M:K 13
(0141T IF

UATA nL’~cri 14
(nMIT IF

L)ATA pL’~CK ]5
(oMIT IF

CUOSS SECTION DA~A
IAS~C = 1)

INPUT FLUX Gu~S: DATA
ISIAFT = o OR 4)

RAIJIAL MEsH BOUhDAl?I~S (PCI F,lLoCK)

AAUAL MEs}{ 13011h’l)ARI~.S (ZO BLoCK)

Z(JNL NUMRERS Al ~ACH MESH ~oINT (MO BLOCK)

F1S510N FRACTION F(W LA~H GF<OUP (K7 BLOCK)

MIXTLRE NUM13~RS (IC HLO;K)

tlAl~GIALS IN EACH IIlx (11 t4LOCK),..

NAIN 349
HAIIJ 350
tlAIN 351
tlAIN 352
tlAIN 353
MAIN 354
I!AIN 355
tfAIN 356
IIAI)J 357
t!AIN 358
tlAIN 359
t!AIN 360
tlAIN 361
IIAI!I 362
I{AIN 363

NA[N 364
IIAIIJ 36S
MAIN 366

AI(IM DENSITIES 0!. !tA~LRI.ALS IN EActl MTR (12 RLOCK) I!AIPI 367

Z(II+E NUMf3ERS roR RAIIIAL INIFRvALS (H7 BLOCK)
IEV7:NE*3)

(?AIJIAL 131MENSIOKAL t4(hJIFIERS (R.3 RLOCK)
IEvT:NE03)

7.1JIIE NIJMf’3ERS F(IR AXIAL IfITI+/vALs (22 H1.OCK)
IE’17:NE.31

AXIAL UIME)JSIOt~AL llOuIFIKRs (Z3 SLoCK)
IEVTONEo3)

THIGEER FOR MTLS THAI ARE FUEL (NTRIG OLOCK)
MWUT = r))

***** IIAIPJ PRCGRAM *4$*6*

Cr-)tlllo” I llINP, NCUT * NCRI* IIFL(JX1$ NSCRAT* ISCRATS N[)lJMP~

1 Nl!Ic~, ALA, H(I7* $NT* CVTO DAYs Eu(51)*
? El(!5~)? E2(51)s E3(5j)* E4(51)! E5(51)! E6(51)* E7(51)s
3 F.8(51)9 ~~(sl)o EcI1, EOZS Ec13

COIIFIO’ I E~* Ev@, EVpF * @F, (iBAR* I GEP * 16P,

1 l~v9 11s IMJM , 1P9 ITEMP, lTEMPl~ 1TCMP2,

? IZP9 JP ~ K07* KPAGF. s LAP. LAPp* LAR,

3 LC9 NGOTO s OHFP v PI)29 PRAR ,
4 !%AR, SK7q T06, 1119 TEMP, TEMP1 * 1E:MP2*

5 lEMy39 &P49 ~19 VII* FJXcM
COtlMO]J 1[)123)~ lPAX* 1GE9 IZM, IM~ JN * IBLQ

1 IRti, IR!t IftR, ltiM* IEvTs IPVT* ISTAKT~
? !~i, MT , MO1* ICST9 IHT, IHS9 ITLs

3 IL* JL v OITMS IITMs t4WnT * IPFLX~
4 IutlT~SJ IREFs IXsECs

lPRIN*
Np(lIs* NCOIJ

Cotlt.fn:l E$~q SRCRT o Pow?, oiiF* FLxTsT, Pv!
1 ~v, Evh,

f:PSA *
XLAL, XLAH * PoD* [)ELTt IFS,

HAIV 368
tIAIIJ 36Q
MAIN 370
IIAIN 371
tlAIN 372
IIAIN 373
!IAIN 374
IIAIN 37S
I!AIIJ 376
JIAIN 377
I!AIN 378

IIAIN 379
llAI!d 3&10
tlAIN 381
IIAI!J 382
flAIIJ 383
MAIN 384
MAIIJ 385
llAItl 386
tiAIN 387
lIAIN 38Ff
IIAIN 389
I!AIN 390
tlAIN 391
flAIN 392
IIAIN 393
HAIN 394
IIAIN 395
I!AIN 3Q6
HAIN 397
MAIN 398
llAIN 399
MAIN 400
NAIN 401
tlAIrJ 402
IIAIN 403
MAIN 404
MAIN 405
MAIN 406

. .

. .
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? NIISTP,
COMMOII LATW,

? Lf’Hf P, LVOL9 LNO ● LAXX9 LFXXO LMATN* LLD*
LLFNs L!J2 * LAO, LAlo LFO~ LF29

LK69 LK7 , LMO* LM2n LRO* LRi,
LR39 LR49 LR5 ? LS2* LVO~ LzO,

LZ2, LZ3* LL4* LZ59 LCXS9 LMASS*
LPI.lB, LAXS, LKXS$ LMASsP, LcXR, LcXT,

LPAs LPFRAC~ Ll~TNI(i* LPFPRVO LRURUp, LFUT0T9
LHFIpp, L14

CNT , CVT* ~02* TI)69 R2* 22

13, Kb, K7 v LAP* LAPP* LA14s
N2 * MASS, IIASSP9 14

lfAItJ 407
MAIN 408
MAIN 409
MAIN 410
tlAIN 411
NAIN 412
MAIN 413
llAIti 414
MAIN 415
MAIN 416
IIAIN 417
MAIN 418
IIAIN 419
MAIN 420
tlAIN 421
ltAIN 422
MA[N 423
MAIN 424
IIAIN 425
MAI14 426
NAIN 427
liAIN 428CALL IIJP

) 1! CALL xNIT(A(LK6)* A(LK7)s A(LIu)! A(LI1)c A[L12). A(LMiJ)* A(LM?)* rlAIN 429
1 A(LtJo)* P(Ll?o)9 A(LR~), A(LR2), A(LR3)0 A(LR6), A(LR5)s MAIN 430

c
2()

30
c

4(1

c

c

c
5rT

60

65
70

? A(LZO)! A(LZ1), A(LZ2)~ A(LL3)s A(LZ4io A(LZ5)* A(LA(J)* l~AIN 431
3 A(LAI)* A(LFfr)o A(LCO)? A(LVO)* ITL, TM, MAIN 432.
4 Jll*tiT~A(LN~RIG) ,A(L14)) MAIN 433

CA1.L rISCAL (A(LMO)*A(LfO) sA(LVO) ,A(l.Cfl) .A(LK6) s MAIN 434
2 A(LI-lO) sA(LMZ)91TLOIIT)

cALL “iONIToR PRINT
NAIN 435
tlAIN 436

cALL t:vPR? MAIN 437
GO T() (50~ ~0, ~~~ 40)s NGOTO rlA~li 438
CALL c(!H(J2(~g*MU/~pE* 3091) NAIN 439
PERF02N Ari OUTER IIERATIOtJ ~~AIIJ 440
cALL ‘~ilTEil[ A(LA!))* A(LA1)9 A(~ci))* A(LFo)* AtLK6)* MAIN 441

1 A(Lr40), A(LM2)S A(LPJo)~ A(LN?), A(Ls2), A(LVO)*A(LZ5),MA1N 442
? A(@c)O ITL, MT9 A(LCXS), IM. JM, A(LLJ5)~ A(LR4), MAIN 443
3 A(L.LA), A(LCXRj) A(LCXT), AILtlA)~ A(LPA)) IIAIN 444

PERfOllM FTSSI(J?J ~ALCULATION IIAIN 445
C411. FISCAL (A(L~iO)*A(LFO} ~A(LVO) !A(LCO) sA(LK6) s NAIN 446

? A(L~lO) tA(LM2)1TTL,)lT) IIAIN 447
PERFl)12r.1 Cr~t{VERGENcE AND NEW PARAllE~LR CALCULATIONS MAIN 448
cALL ~ONVl?G” ~A(L}2)t A(LK6)) IIAIN 449
GO TO (5rl*20*lo)~ hGOTO flAIN 459
qo/~~/lr!=FI~lAL }’ifIhT/MONITOR PlfItJT/SEARCti CALCULATIOFI IIAIN 451
CA1.L ‘jiJMM~iY (A(LF2)* A(LN2)~ A(LQI)T A(LL!.)$ A(LR6)* A[Lz4)* t~AIN 452

Itf,Jt4,A (LN2)~A (Lc(J)*A(LN0 ),A(L14(J) jA(LM2)9A(LFfI), ITL,MT, IIAIN 4S3
; A(LUO),A (LFUT(jT),A(LIO) ,A(L1l),A (L12),A(LPFNAC) ~ tiAIN 454
3 A(L}’fPRV) ~A(LBtlRLt’),A (L1411 rlAIN 455

CALL I’;NA~(A(LMASS)* A(LVOL)* A(LATw), A(LHoLN), IM, JM, l~AIN 456
1 A(LMo)$ A(LM2), A(LV~)* A(LIC)* A(LIl)* A[L17)! ~4Lt IIAIN 457
? A(L13)>A (LFUTOT) ~A(Li~TRIb) sA(L14)) IIAIIJ 458

CALL ItlpH(A (LMATN)9A(LtJBR)9A (LL1~)*A (LLCN),A(LLFN)* A(LALAM)s MAIN 459
1 AtLHoLN) sML9AfL12))

IF!NC’~lJ)
IIAIN 460

6rr9136u f!AIpJ 461
CALL ~~VERAG(A (L~’H1@)9A(LAXS) *A (LFXs)*A (LMATN)~A(LMASS) ,A(LATW), MAItJ 462

1 A(LV(\L),A (Lco),A(Ll12) 9A[LI\o),A (Lvo),A(LH(\LN) 9MI-*lTL, !lAIN 463
7 A(Lf/tlR), A(LAXX)t ~(LFxA) $A(L1.4RORT)) MAIN 464

CALL EIGTRi3(IEVTrK07~16UR~EVJEv2SNG09EQ0 IPVT) MAIN 465
IF(NGOOEQol) GO TO 65 MAIN 466

IF(DELT) 10?1J1O MAIN 467

IF(DELT) 70s1$70 MAIN 468

CALL MARCH(A (LPHIB)OA(LMATN) *A(LFXS) *A(LAXS)*A(LVOL1 sA(LMASS), MAIN 469

1 A(LMASSP) OA(LALAM)SA(LLDI sA(LLCNl *A(LLFNl~MLO MAIN 470

2 A(LIO)OA (L1l)SA (L12)$A(LM2) ,A(LPHIP) tA(LpHIPP)sIZM) MAIW 471

Go To 10 MAIFJ 472

END MAIN 473
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1 NtIICfi9 CILAV B07* CNT* CVTS DAY, Eu(51)*
? E.l(5i)* E2(51)! E3(51)9 E4(51)s E’3(51)~ E6(51)s E7(51)~
3 E8(5119 F9(51)9 EO1* C02* Efj3

Cotf).lo” 1 Cd$ EVPS EVPP* @Fo (>flARs lGEP* Itiv*
1 I~V, 119 IMJN* 1P, ITEMPs ITEMPIs ITEMP2*
? 1ZP9 JP * K07* KPA[zE * LAP* LAPP* LAU,
3 Lc, liGOTO s ORFP, P02* PBAR*
4 S[3A~, SK7g T06, 111* TEMP , TEMPI* TEMP2*
5 TF”t4P59 1EPP4, TI. Vii* tJXcM

COI{MO”I 111~2~)9 !PAX, IGE? Izrl, IM9 Jtts 18(-*
1 [HR* IE3T* IHI?? 1(>{49 IEvTs IPVT$ ISTART*
? ML, Ml? MO1* IC5T~ IHT, IHS, ITL,
3 IL* JL9 01TN9 11TM9 MWI_)Tv IpFLX, IPRIN*
4 :I]IITPS, IFEF, IXSEC* flpclIs9 NCON

Cotttvy I r~s, Sl+cRT~ POWR* l)NF~ FLXTSTO
Ev,

PV* EPSAV
1 EVti, XLAL * XLAH~ POD , I)EI-T, IFS*
? Ktls?P, l@URS EV2* Ntio~ IURTRGS

Collllofl LA~W,
NCOtXS NSWEEP

LHCLNt LALAIIc LCO v LIOC L119 L12*
? LP}{IP* LVOLJ 1.140* LAxA, LFXX1 LMATN, L1.1),
3 LLCN* LLFN ! L112 , LAI)* LAlc Lt-O~ LF2*
4 L~3, LK6* LK7 * LMf)* LM2 Q LR09 LR1,
5 L~2, LR39 LR4* LR5S Ls2, LV09 LLO,
6 LZ19 LZ2* LZ3* LL4* LZ5V LCXS9 L11ASS9
7 LNf)R , I.IJEIH, LAXSV LFxss LMASsp, LCXR9 LcXT ,
R LHA, LPAQ LPFRAC* LIJT~IG* LPFPI?VS LBIIRIIPc LFllTOT~
9 LhR[)~T, LPt-IPP~ L14
TNIXGEK ml?, CNTJ CVT* ~ol?! T06, R?*
IIJTE(;cR OITM
REAL 12, 139 K6 t n79 LAP, LAPP 9

1 Not N2* MASS * IIASSP 9 14
COIIMO’I A(300~0)
EQlJIV4LEN~E (AtINTT)s(A,AA)

DIME”lSIO~ INTT(~tIoOO),AA {30090)
c THIS blJMkf)ll~INE (;UNTROLS TI-IE R~Al)IfJb OF ALL INPUT OATA

NCP1 = 3
NS(:RAT = 4
15CRAT=5
NItlP=ln
NOIJT= J
NFLUX1 = ~~
NlltlMP = 11
NMIcR = 12
pR~l~T 5

% FOIVIA1(llil)
IF(13Ay.EQ.O.) G(J IC 45
IF (11’CFofiEz~) 60 TO 45
READ (tlINt’9yO) KNT, NREG* llRE~o, KLApS, lNTMAX, NECOP

)0 FORMAT (616!
INT = KNT+l
KLtlT = KtxT-1
LXU=L12 -
LNFRE = LXIJ ● I/M
LTRG = LNFRE + ~,4M
LHIJO = LTfiG-+ IIC(IN
LPt{I = LHIIO ● MUl
LAHXS = LPHI + 14M*INTMAX

L2

LAR!

I NP
INP
I NP
I tJP
INP
lrlP
XNP
lNP
INP
INP
INP
I NP
IMP
INP
TNP
INP
INP
IFJP
I NP
INP
114P
lNp

TNP
INP
1NP
INP
INP
114P
IrJp
yrJP
I!IP
IPIP
INJJ
INP
I NP
ltlrJ
iNP
IPIP
IIJP
I NP
TrlP
Irw
xrip
I NP
TrJP
I rJp
IrJP
I NP
I NP
IMP
INP
INP
I NP
I rJp
(NP
INP
[!JP

i
3
4
5
6
7

:
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

I

-.

. .
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LFIXS = LAt3XS ● liCCN~IZMoINTMAX
LKZ?JS = LFIXS + !4CcNaIzM@INTMAX
LI?ON = LKZNS + li~~ps

LN7N = LIZOrJ + KLApsw1zM
LDM = LNLII + NREti
LCtJ = Ll)h + IZll~NCcN
LCtJP = LCN + IZM~NcOh
LHFJI = LctlP + IztA~Kcor.J
LD(_i = LHNI ● Mol
~cG = LUG ● NECUP%CON
LOTS= LCG + NECOP~t/CON
Lc}{G = LIIIS + tlL
LIJIIT = LC’46 + ML
LAsT = LNBI ● ILN~hco)i
PRItJT 15! KN~*INl

15 FOR1.lAT(lHl*(/loX~4~H M * @ O +$ REFUEL BETWEEN 13uRNlJp INTERvALS,
1 13,4H AND,13*loh o w o’+} o////)

PRItlT ZO~ KNTq Nt{EC9 tiREPOS KLAPS~ IN~MAks NECOP
20 FORMAT (// - -

180~1 KNT BUW4UF INTERVAL JUST CUMPLETED
A 12/
28(IH :JREh N98 OF REGIONS RCUUIRING REFUELING
A 12/
3801{ “IREP() REFUEL cONTRoL ROl)s [)UHIIIG RCFuELING (0/l=NC)/yES)
A 12/
480H KLAPS k’REtilUK COLLAPSE OPTION (O=NO / N=No.OF COLLAPSi 5)
A 12/
5801! ItJIMAX MAX: ho. OF BURNL’P INTERVALS To BE ANALYZEO :
A I 2/
680H 4J~coP PUNCH oPTIoN FOR IFJPUT TO ECONOMICS CODE
A 12/
R60}{ (DATA FROM FIRST NECOP COLLAPSES WILL BE PUNcHEl))

PRINT 25s LAST
?3 FORNAT (///(5X9”Tli LAST = 16)

IF (L~sT - 3ol)(Ji)) 35,3s930
30 sT(lP
35 00 40 I=LP12!LAST
40 A(I) = o*

INP
INP
INP
I bJP
IFJP
IfJP
INP
I NP
INP
INP
I NP
I NP
I NP
TNP
I tlP
INP
lNP
INP
IrJP
lNP
TNP
TNP
I PIP
IrJP
IPJP
INP
IMP
[NP
INP
INP
INP

) INP
I FIP
I bJP
[NP
INP
INP
INP

CAI.L REFUEL (KPJTsNfiE6 sNREP0*NP01S*KLA~S, lt4TMAxJNEcop* A(LXO)C [NP
1 A(LNFRC)! A(LTRG)o A(LHNO)$* A(LPHI)* A(LABxS)* A(LFIXS)T xr~p
? A(LKZNS). ,A(LIZOh), IZMqllOl .ML9UAYS IGM, I!!JMSISTARTSNCON?
3

I NP
IL)MTPS* ,4(LIU)9 A(L11)9 A(L12),0 A(LPHIP)s A(LNO)9 A(LVOL), I PIP

4 A(LAXX)? A(Lfxx)o A(LMATN).o A(LALAM)~ A(LLD)c A(LLCN)* INP
5 A(LLFhJ).$ A(I.HcLN). A(LATW) , A(LNZII) * A(LIIN) , A(LcN) Q A(LC}IP) ,INP
6 A(LH~lI).* A(LDG)~ A(LCG)9 ~(Ll)IS)! A(LCHG)* 4(LCNP), A(LNHT)) IhJP

45 Cf)tJTI~lUE I NP
PRINT 5(J

so
I NP

FoRt4AT(39X,4f)H * s w + PHCN I X o ~ o * ///) I rJp
READ((IINP,55), (Ilj(I)*I=I,lZ) I rw

35 FORMAT (12A6) TNP
IF (Jllll) o~Q.6tlFllYl,SH) 320s56
READ( IINP95?),

INP
hb ([D(I),I=13*23)* TMAA
s?

I NP
FoRtlA~ (11Afi9F6.1) INP
IF (In(13) 1C\j~6tiFJ,NISh) 320s60

61J
It’JP

COIJTI IUE [w
PRIIJT 63

b3
IPJP

FoRllAT(/5XszgH CARCS 1 ANI) 2 (If) ANI) TMAX)/) Trip
PRIIJT 65, (III(I) *I=1s23)9 THAX TNP

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
86
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
lrJ8
109
110
Ill
112
113
114
115
116
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HIT

H5

90

FORflAT(lox*12A6/lox,llA6/lox9 Mtl TMAX = 1-6010 5H MIN. //)
RCun OIINJ’S 70) ltiE, IZM,IBLsIRll, THT?In}l, IEVT, IPvT, I)4,J}I,lZ,JZ$

1 Iti l,~lL, IC$TS[}iT~ IhSSITL~IXS~C,t!bl ,tlITM, lITM*MSlisW12, 1START s
? IRrF’,hl{5YP, IFSiNPOIS,MWUT ,If3FLX, IPRIt4, [DMTPs,
3 F}~’;,sHCRf iPoWlt$CRF OFLX~s~tpv ,

4 [“p’;A,E’J*~VM,LV2sxLAl.,xLhiisplJD
FOr?tlAT (1216 / 1216 / 816 / 6E1?.4 / 6ElZ.4 / E12.4)
PR7tlT 72
FORIIA! (/5X$26}l CAGD 3 OATA 1216 FnRMAT /)
PRTPIT 75* I~~s I~Ms IflL9 IHP* XRTQ IM
FoRtiA~ (

1 Roll IGE ~Eo(~~~Ey [o/1/~ = x-y/li-Z/R-rHETA)

A 112/
7fl(-lli I~N NuMtl~R OF MATERIAL znNgs(REGloNs)
A 112/
3RQII I })L LEFT 13CU19DARY COIJI)lTIO!I (U/l=VAC~JUM/REFLECTIVE)
A 112/
4R1311 I }])1 RIGHT gobNTJARY CONl~ITION (sAME AS IRL)
4 112/
58CII IHT -Top HOLNUARY CotJllI~ION (sAME AS If3L)
A 112/
6R(Jli II?IJ HOTIOM ROUtJnARY CONnc (bAMb AS IHL)
Ii 112)

PRItJT 80, T~VTQ IPVT, IM, Jlt6 12, J.4
FoNt4AT (

1801{ ICvl EIGENVALUE TYPE (1/2/3=KcFF/CONC/DELTA)
A 112/
78fJll IPvr - .PARAMETRIc EIGE1/VALuc TYPL (1/2=NL)NE/KErF)
4 112/
?tlpti I M NIJI!I+L14 OF RAOIAL PES}I INT~RVA1-S,.
P 112/ -
bli~ti .Jq NUtttjl.R o~ AxIAL Mc>t{ INTERVAL’;,.
n 112/
%801i IZ. ho. UF RADIAL ZONES (DELTA OPTION ONLY)
A 112/
680t{ JZ NO, (JF AXIAL ZOIIES (DELTA OPTION ONLY)
A 112)

PRIIJT 85
FoRltA~ (/5X,26ti $AFiD 4 DATA 1216 FnRNAr /)
PRIIJT ‘4U, I~N* ML9 IcSTJ IHTs IHS* lTL
FOf{tlA7 (

1801{ tGt4 NUt!tiLR OF GRoUPS
A- 112/ -
P8L)~{ {L NWtj~R oF INPUT MA~ERIALS
4 112/ -
~R(lH IcST ~F40SS SECTION ~yP~ (1/.?=TyPE1/TYPE2)
h 112/
ARo}I It{l - ,,PosITIcN OF sIGHA !oTAL IN X-SECT TABLE

A 112/
%80~1 Ills .pOSITICN OF sIGMA >ELF-scATTtR IN x-sEcT TARLE
A 112/
690ti CROSS SECTION TARL~. LENbTtiITL -
A - 112)

PRINT 95s I;5EC* MOlg OITMQ II~M9 tWiSWPq ISTAf4T
FoRtlAT (

Iaf)li IxsEg fiEAu X-sEcTs FROM TAPE (,]/l=No/YES)
4 112/
?B13H !01 ~OTA1- NO. OF MIXTUt~E SPticIFICATIr)NS

[NP
ltJP
! rlrJ
lNP
ItIP
[ NP
If/p
I NP
lNP
I !IP
INP
T!JP
I NP
INP
lNP
[ NP
INP
INP
I NP
I PIP
I NP
lNP
Irw
rPJP
[ rlp
[ hJP
I?JP
INP
INP
1rJP
ltJP
TNP
ItJP
[ tJP
I FJP
I tJP
INP
INP
I IJP
rtlP
[PJP
IrJP
i rJP
INP
[NP
I PJP
IPJP
111P
1NP
tNP
INP
ItlP
INP
INP
1NP
IFIP
IIJP
1tJP

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
15s
156
157
158
159
16P
161
162
163
164
165
166
167
168
169
170
171
172
173
174

8.

--

-.

. .
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● ✎

1(JO

Los

1(J7

110

115

120

125

A
MAX NO. Oll~&ER I~ERATIoNs ALLoWED

INP 175
3811H Il~Tv

A
IFJP 176

112/ -
480}{ 111P

TNP 177
MAx N(J. oF INNER I~ERATIolls ALLoWED PER OUTER ITER. INP 178

A 112/ -
58t_)H

INP 179
‘lstIsWP LINE IhvERsIoN DIREcTION (1/2/3/411ALT DIR/RAIJ/AX/CODE lNP 180

AI)ECII)ES
—

112/ - [rJP
690H Is’(ART FLUX GLESS (0/1/2/3/4=NoNE/cARns/cAR71s/TAPE/sINUsOIn) INP
A 112) INP

PRINT IOU IPJP
FOR14A~ (/~%*2611 CAGD 5 DATA 816 FfJR~lAl /) INP
PRINT 105o IREFt N@sTPs IFSS hPoIS~ MtiJl)T INP
FoRtlAl ( IrJP

180H IREF f3URNlJP/REFUEL CCJNT~OL ((1/1/~=tJo BURNUP/13tJRNUP oNLY/HIJRINP
ANUp A:H) RCF~JEL) ‘112/ INP
?Rljti !Jf\STP
A
s80H IFS
A
h80H l{poI!j
A
580H IIH[)T
A

PRIIJT 107*
FORMAT (

180ti tPFLX
AR l\llR?KJP)
?8fJH IPKItl

‘fiUII!jtN OF RURNUr T1)Ic STEPs 11~ A BURNUp INTERVAL INP
112/ lNP

PEpFUHtJ FINAL SEAR~H (0/1 = NO/yES) INP

112/ -
MATERIAL NO.

INP
OF CONTROL PUISON I NP

112/ INP
~ALCULAT~ 14[JRN1JP IN t!WD/T (0/l=NO/YES) lNP

112) INP
IPFLxQ IP141N, IDt{TP~ XNP

I rJP
PUN(;H FLUX DUMP (0/1/2=N0/FLux BEFORE BURNUp/FLUX AFTr~Fjb

112/ INP
PRINT CONTROL(l/2/3=FULL PRINT/FULL PRINT FOR DAY=o ONINP

iLy;pA~?TIAL pfiINTT 1127 - “ I NP
381JH T[)MTPS PREPHRE DATA DUMP ~APE (0/l=NO/YES) lNP
A 112) I NP

PRItJT 1~0 INP
FoRl!AT (/5X,2RH CAGr) 6 DATA 6E12.4 FORMAT /) INP

180H
A
z80H
A
~aotl
A
4flrJH
A
S80}{
n
6812~~
A

~p$ EIGENVALLJE CONVERG~NCE LJ?I,TERION INP
lPE1204/ INP

SRCi.IT NEUTRUh SOURcE-RATt (FUR NORMALIZATION] INP
lPEl2.4/-- lNP

Pn#R REACTOG PoWER Iflwl), (FOR ,IORMALIZATION) INP
lPE1204/ I NP

ORF OVEWLAXATIfJN-FAc~nH lIJP
lPE12.4/ TNP

FLXTST ItjNEN ITERATIOfi’FLIJx T~ST (0/EIJ=EPS/EfJ FOR TEST) INP
lPE12.4/ I NP

PV r)ESIWC VALUE ~F PARAMt_TRIC EIGENVALUE (SEARCH ONLY) I NP
1PE12c4) ‘“ ItJP ,

PRI?JT 120 lNP
FCJRtIAT (/5Xt28ti CAPD 7 OATA 6E1224 FjoRt4AT /) IPJP
PRItlT 125s EPSA9 ~Vo EVM9 EV20 X1.A\~ XLAH I NP
FON!AT ( - T NP

18f)~l F:PSL Parametric EIGNVAI.IJE cUNvERGEltcE cRITERION(SEARCti oNLYItJP-.
A-
2r30H Cv

lPE12.4/ - -
INITIAL EIGENVaLIJE GIJESS (SE~llCH ONLY)

b lPE1’2.4/
EIGEFJVALUE MoO~FIF.R (S~Ai+~H ONLY)38011 LVM -

A lPE12.4/

I NP
INP
I NP
rtlP
INP

Aian}l FV2 EIGENvAIUE GuE~S FOR 21J0 AN(I ALI (ITHER SEARCHES TNP

181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
2(J1
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232

.-

.,
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A \PE12.4/
58(’)}{ KLAL LAt!t$lJA-1 LOWF,R-LINIT (sEARCti ~~NLY)
A lPE1204/
b~o~l (LAM LAtitilJA-1 UPPER-LIt’IT (sEANC~! r~NLy)
h IPE1224)

PRIIJT ]3i:
FOilt(AT (/r>X*281i CAFD R DATA C12~4 FO~MAT /)
PRlllT 13’5! POD
FoRtlAT(

I>ql)lacl~~ PARAMETEi+ nscILLATIOFl I)AMPER (SF.A14CH ONLYI
A lPE12~4//)

!JX{:I1 = llL - 111S

IF ~p)\wJ:,j~~) ) Go TO 145
SRCR1 =
cOh!TIOlllE “
FPF = Z15.~}1.602{}lQo*~~ (-19)
TIIAX = T.vfix060.
KpA(;E = 5;;
I Zl) = TLW + 1

1P =1-1+1

JP x .Itl ● 1
IGP =. I(,P ● 1
IGKP = I~r + ~

T?{JII = l@~Jt!
MT=NL + Iftl
E,] = .0
LAP = .1)
LAPP = ●(I
LAR = G.(I
ALA = .0
LC=:
P92 = n
Cv” = o
c!]? = c
NcntJ = o
TGt, = o
It\UR= ‘
IF (rLATS~:~?.O:; FLxTsT = l:Ps
Trf!F”= U,
Ir (lI:vT.L.Q:2) ~~MF= 1.
KI)7=ILV1
lF ([~’vl.’lEs3) Gt] TO 155
To() = 1
cO!ITI’!IJE
IF(ISTANT1NE23) GO TO 165
REWIrl!~ IJ[:!)MP
cOIJT1’lllE
cot!puTE llIttENSIiJli Ff)ItJTERS
LAT~J = ~ -
LHOL(J = LATW ● Ml.
LALA~ = LIIOLN + ML

LCII = LALAli”’+ Ill.
LIO = LCU + ITL*MT
LI1 = L[(J + MO]
LIP = 1.11 + Mo1
LPHIP = L12 + ~ll)i
LP}{IPb = LPtjIP ● IZM
LVf)L = LPIIIPP + lLP

IFJP
1NP
1NP
l!IP
1NP
( 14P
I rlP
INP
I NP
ItJP
TNP
INP
I tJP
INP
I rJP
IrJP
TtJP
rNP
I NP
I tJP
INP
IIJP
1pJp
I NP
xrJp
ItJP
Tr~p
It/P
INP
INP
INP
INP
I NP
t NP
I!JP
INP
I NP
I NP
lNP
I NP
TNtJ
lNP
TNP
INP
TNP
TNP
lNP
It/p
INP
INP
INP
INP
TrJp
[ hJP
[FJP
I t’JP
INP
INP

233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
::;

262
263
264
265
266
267
268
269
270
271
272
273
276
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290

.-

.“
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LNO~Axx==LVOL + IZM
LN(! + IMJM

LFXX = LAXX + l~L*IzM
LMATrJ = LFXX + ML~Izt4
LL[) = LMATN’ + ML
LLCN = LLli + ML
LLFti = LL!N + ML+2
LN2 = LLFrJ + ML~~
LAo = LN2 + IMJM
LAI = LAO + 1P
LFO = LA1 + IM
LF2 = LFO + I!4JM
L13 = LF? + I14JM
L14 = L13 ● MO1
LK6 = L14 ● MI)]*T-:VF

LK7 = LKb + IGt!
LMO = LK7 + IGM
LMZ = LMO + IlfJM
LRu = LI+2 + [ztl
LR] = LRfl + 1P
LR2 = LR1 + 1P
LR3 = LR2 + Ili@Tu6
LRf, = LR3 + IZ@~~6
LR5 = LN4 + IM
LS2 = LR5 + IN
LVII = LS? + It-lJM
LZ() = LVO + ItiJt4
LZ1 = L.?O + JP
LZ2 = LL1 + jP
LZ3 = LL2 + ~MeT96
LZ4 = LL3 + J2~~~6
LZ5 = L24 + 3M
LCXS = LL5 ~ JIJ
LMASs = Lcxs ● lMJp*3
LNliR = LtJ&S~ + ML~IzM
LPttIf\ = Lll13R + ML”
LAXS = LPHI~ + IZM
LFXS = LAXS + )lLsIz)i
LMASSp = LFXS + ML~IZH
LCXR = LVASSP + MLslz)q
LcXT = LCXR-~ JM
I.HA = LCX~ + Ill
LPA=L<A + I!AXO(IM*GM)
LPFRAC = LPA + 14iiXO(IM,JM)

LPFRAC . IZMLI’JTRIfi = ,--

LPFPRv = LNT~IG + POl~MMDT
LBIJRup = LPfPRV + IzMoMwn?
LFIJTOT = LBijtiup A 12MoMw01
L13RORT = LFO~OT ● XZM~MWDY
LAST = LH({13~~ + IZP

175 ITEIIP = 1 +-~*t~L + IGfJ~lTL~tfT
PRT!IT 180* LASTSITEMP

150 FORMA~[/2x~5HLAS:l.=16/~2XS5CtiTEMPORARY STl)RAGE FoR CROSS
?ARRArJGEMEflT=916)

IF(LAST - II~tlP) 1859190t190
l&5 LAST=tTEMP
]YfJ COIJTI;JUE

c REJiD ~ROS5 S~CTI(~NS AND WRITE $RVS: S~CT[llN TAPE

lNP 291
INP 292
INP 293
INP 294
INP 295
INP 296
INP 297
INP 298
INP 299
IN? 300
INP 301
IPJP 302
IMP 303
IrJp 304
INP 305
INP 306
INP 307
IriP 308
lNP 309
INP 310
lrJP 311
lNP 312
INP 313
I)JP 314
INP 315
INP 316
INIJ 317
TNP 318
INP 319
INP 320
IIJP 321
INP 322
INP 323
lNP 324
INP 325
lNP 326
ItJP 327
IPJP 328
ItJP 329
INP 33o
INP 331
I?JP 332
lPIP 333
111P 334
INP 335
INP 336
I!JP 337
INP 338
I~JP 339
ItJP 340
I~JP 341
?NP 342

SECTIOII REINP 343
INP 344
INP 345
tNP 346
INp 347

I~Jp 348

35



CALL xSECT( A(LNtI) QA(LCO) tITL~IGM*MT~A (LATW)*A (LtlnLli) QA(LALAM))
00 195 I#L~Os LAST

195 A(I]80.
c REAP FLUXCS 4H0 WHITE FLUX TAP~

IF (I$TAH!:~~J24) 6C fO 199
CALL ItJPF1.X ( AILNO)O A(LRO)? A(LZO))

199 PRINT 200’”
-.

2(JII FoRtlA~(51}loM~SH HOLNOARIES (PO/ZO=RAl]IAL POINTS/AXIAL POIIJTS))
c READ ~~A1)IAL INTERVALS

CALL :ZEARL(5~ Ro94[LRo)sIP)
c READ AXIAL lNTERUALS

CALL ,~EAHL(~~ L09A(LZO)9JP)
IF (I~TAR~oNEs4) 60 TO 210

c DETERllIr4E S~fiOSUIllAL FLUX G(JESS AND PRCrJAnE FLUX TAPE
CALL sINU5iA (LNU)*A(LRO)9A (LRl). sA(LLI)), ~A(l.ZI)CIP* JP*JHI., If31?$IRT,

1 IBfj,l.GMI
21(J “cONTI’JUE ““

c READ ZONE IIQMBERS

I NP
INP
INP
IMP
IrlP
IIJP
IbJP
?NP
INP
TNP
INP
INP
IrJP
I NP
I NP
1NP
I NP
TNP

PRINT 21!Y - INP
215 FO}V$AI(311110+ONE tJUPB~RS BY MESH INIEI+VAL) I NP

CALL ~>EAFxP(6H PosA(LMo)?IF’jM)
SET NATIINIAL NllMU~RS FOR REGIONS

INP
c INP

PRItlT 22(I INP
220 FO\?tlA? (251jO~iATER1AL NUMBERs HY ZONK) INP

Lt43=Lt~2 ● IZN - 1 INP
K=) xriP
00 z21 I=LM2*LM3 INP
lIJTT(I)=K + ML Ir]p

221 K=K ● 1 INP
PRINT Z22Q IZM* (It$TT( I) QI=LM2*Lff3) tllP

0??2 FOf?MAT(10x*2HM2Q16/(i(l!12) ) IMP
c REAn Fxss”ioft FRA\~IOtYS I NP

PRIrJT 225 I rJP
?25 FOfftfA? (17110FISSIUN SPECTRUM) INP

CAI.L HEANL(6H K7tA(LK7) ~IGtJ) ItJP
IF(t~Ol) 2~o~~50TZ30 INP

23[1 PRINT 240 1rJP
24(I FORMA~(fJ2t10MIXTlJN~ SPECIFICATIONS (lc/11/12=MIX NllMRER/MAT. NIJ)!RERINP

I FOR MIX/rlA~~RIAL CENSITY)) INP
CALL IZEAFXP (6H 109 A(Lio)9 Nol) INP
CALL (?EAFKP (61i Ii, A(LII), MO1), lNP
CALL IWANL (6H 120 A(L12)* MOI) YNP
GO TO 255” INP

.25o CALL CRR02(6yW INP0250JI) I NP
c CHECK FoR ~~~~A CALCULATION TNP

,255 IF (ILVTOIJE:~) W 10 28o TNP
PRTNT 27(I 1rw

z)O FORtfA?(85}jonfjLTA OPTION DATA (R2/ZZ/R3/z3=RAl)IAL/AXIAL ZOhJt_ NoSoItJP
I/RAF)IAL/A%IAL ZOti~”MO[)IFIERS)) TNP

cA1.L ~EAFXPt6H R2s A[Ll?2)r IN) 7NP
CALL QEARL(6~ R39A(LR3)QIZ) TrJp

CALL QEAFXp76~ 220 A(LZ2)~ JM) INP
CALL RCARL(6fi L39A(LZ3)9JZ) ~rdp

c CHECK FOR S~ARCH $ALCULATIOIJ INP
?E!o IF(IF.vTsNE.2) GO TC 285 I rw

CALL REARC(6H 14TAtL14)oNol). INP
c Ct{ECK FOR”B~@NUP CALCULATION I FJP

i!bs IF (MW)TOEQ:OJ G[l TO 290 Trip

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
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
41)3
404
405
406

.“

.“

. .

. .
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c

c
c

290

300
310
320
33rJ

c
c
c

3bfl

360

3S(J
395

400
405

410
415
420

READ 1!1 TI{E NTRIti ARRAY
cALt. ~RIGIA(LNTKIG) ?MoI)
FNI) OF INpU~ DA~A

CALL ‘fAPR(A (LMo)sA (LM2)sIMoJM~A (LCOI)
IF(LA:T - 30000) 3309 330s300
PRINT 310
Fol?MA~(261{ ~ROGRAM CAPACITY EX~EED~U)
STOP
COtJTI!lUE

IrJP 407
INP 408
INP 409
ItlP 410
INP 411
lNP 412
INP 413
IF4P 414
I?lP 415
INP 416
IIJP 417

nETER’1114E OIREcTIUN OF LINE INVENSLUN [NP
I NP

IF (If;E.F[~02), G(J TC 37o lNP
GO TO (3500 360Q 5700 340) MSH>Wf’ INP
IRSUM = I13L ● 11]1{ + IBT + IRB

lF ‘l:]~~:&sl) Go To 3s0

I NP

RM=I
T?IP

- 1) I NIJ
ZH = AA(Lfl - 1) TPIP
lF l[:~14*Jl!/(Lli~I~”l)) - 1,) 360*370*370 INP
NSWEE~’ = O INP
GO TfI 3130 INP
NsWEE!’ = ‘1 TrlP
GO TO 3f311 I hJP
NsWEEt’ ❑ 1 1NP
pR~{.{T 385 [NP
FoRrlAl(////5K* lZH * * * * y * /)
lTI.YIP =

INP
NSMEEP ● 2 I ?JP

G(’) TO (3Q0,7+00~+LO) ITEMP I NP
PRIIIT 395 INP
FoRNAT (5:s38!1 DIREcTION OF LItiE INVERSIOrJ = RADIAL ) INP
GO TO-420 - IFJP
PRT!JT 405 INP
ForltlA~(sxs52HDIR~~T ION OF LIrig IrVJ~KbION = ALTERNATING DIRECTION )INP
GO TO 420 - .INP
PRItJT 415 I rJP
FORMAT (5X3 36}{ I)IGECTION OF LINE INVEt?SI~~N = AxIAL )
RETllR’i

lrJfJ
I NP

END TNP

418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
4.34
435
436
437
438
439
440
441
442
443
444
445

ERR02 1
CRI?02 2
ERR02 3
ERR02 4
ERR02 5
ERR02 6
f:RRo2 7
KRR02 8
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q!IrIRf~I!TIt~E XSFCT (c. Cn. JTL. Jcirl. JMr* AT4J. HOI N. ALAMl...----
Cntltio!i”- fiINP; -” N~ljT:--

. .
Ncn19 fiFLUiI i’NSCRiTq-y5CRAT ~ NINIMP?

1 rv’llcrt, ALA, tJo7* CIJT! CVTO DAY! E(J(51)c
? Ll(5i)s 1:?(51)9 E3(51)9 E4(51)* E5(51), F6(51), E7(51)s
? E8(%11s L9(51)s Er)l$ fu?, E03

C1-lrlrlooI C(J, EVP~ EVPP * l#F * G13ARq lGEPQ IGP,
1 Ifii, II! IMJM, ~P, lTEMP~ ITl_MP19 J1EMP2c
? lZP, JP v K(J7* KPAbE * LAP* LAPPo l_Ar?9
7 Lc, I*GCT09 onrP* P02* f’tlAR~
6 ‘;RAh, 5K7q TOb! TII* TEMP ~ TEW1, r~MlJ2*
5 T1-tlt73,IEWP49 TX. Vll! IJXCM

C(-JIIFIOI 11.)(2~). ~VAX, [GE* ILwl IM, .Jli , IbL*
1 IPU, IHT~ IflH9 I(JM* IEvT~ IPVT, ISTAR19
2 t~i, MT9 Ml)lc Icsr, It{T, 1}{SS lrL,
? IL* JLv OI~M* JITMs tMwf)Tc IPF[.X, IPr71rd*
4 ] (1’ITPS, IFEF , IXSEC$ /lPJ)iSt l.J~rmJ

C(-ll!tltl; l F_Ps, SRCR1, P(JwR * LJt{F$ FL:(TsT, Pv? EPsIi *
1 F-v, Evt.’, XLAL, KLAH* POD. [IELT, IFS*
7 NI{STIJ9 XPUH9 EV20 NW)! IHRTRG, NCOEFS NSWELP

I:JTEG:R R67, CNT, CVTQ Pr)2! T06* R2* 12
TllT~G1:ll OITM
REAI. 129 13t Kti * h79 LAP* LAPP, LARv

1 1409 N2w MASS* ‘IASSP 9 14

XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
AsF-c
LSEC
ASEC
ASEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC

1
.2
3
4
5
6
7

:
10
11
12
13
14
15
16
17
18
19
20
21
22
23

OIIIEIJ’>ION C(J7L,JGPsJMT)s CO(J~LSJMT)? ArW(l)* HOLN(l)S ALAM(1) XSEC 24
XSEC 25

T,!15 Cllt\H’)UTINC HEADS CROSS SF.CTI(JIJS ~RI.IM CAROS OR TAPE AtlD wRITESXSEC 26
cRl)ss st.C~16N TAPE (OISK FILE)

PRiFIT 5, (In(I) *l=ls23)
FORtlAT (1’ll*12A6/llA6///)
IF(IX’~FC.1:0.1) R~wINU NMICR
no ~5J I=lsnL
JF(IK5CC.~0.1) G(J T(’) 15
14EAD(:IINP*I;) HOLN(I) *ATW(I)*ALAl~(I )
FOR11AT(Ah92~6.2)
60 T{) 20

READ(llNICl~) HOLIJiI) ~ATW(I)~ALPM(I )
READ(!ltllC~~) ((c (l-t IIGoI),L=l*IIL) qII(;=l, lGM)
ALAtl(I)=ALAF!(I)/(240*3600c )
PRIFI1 .?5* I*HOLN(I)”
FORIIAT(1396X*A6)
IF(lX~ECO~-Q.1) G(I TO 1S0
DETER IINE TYPE OF XSECT CA~[JS!lCST=l/%=TYPEl/TYPE2
IF (ICSTot:Q. 2) (10 TO 70
00 30 IIG=l~IGtl
READ(’lINfJ$35) (C(L*IIG91) 9L=I!ITL)
FoRHAT(6E12:s)
GO TO 150
READ(’IINP*3S) ((C (L* IIGTI)*L=l*ITL) .lIG=lsIGM)
cOtlTI’llJE
IF(TX3Eca!-QRl) R~-wINU NMIcR
IF (ICST.CQ.1) @ To 190
sEcTInrJ TO fiELET~ PosITIoNs ori~ AN() TIIREE FROM cf~oss SECTIONS
IT1.= ITL ‘~
IN[)L = 0
00 ]131 M=l~liL
DO 18.) J=l~I,GN
DO 17(1 I = 1, ITI.

XSEC
XSEC
XSEC
XSEC
XSEC
XSF.C
XSEC
XSEC
XSEC
XSEC
XSEC
Xscc
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
S2
53
S4
55
56
57
58

38



I*fl

170

1$40

190
c

200
.?10

220

?4~
2s0
260
265

c

27o
2eo

IF ( I .GE. 2 ) tiO TO 16(I
L = I + I-+INDL
TEtlPX = C (“Lo JO P )
C ( I* J? M ), = ~~PPi
GO TO 170
IF ( I •G~s1,~L) GO TO 170
L =1+2 ●It!LJ~
TEtlPX =C ( L* J9 P )
C ( I, J, M ) = l&PX
CONTI’IUE
INOL = INDL ● ~
cONTIi~UE
ItiS = IHS - 2
IHT = IPIT - 2
COtlTIIJUE
CHECK ON ~R~~S St..lION CONSIS~~NCY AN[) OROER
TEMPl=I.o
TE!!P2=(l.ol
r)O 263 J=19ML
DO 26/! I=I*IGM
G= C (Iti~-2t I,J ) + C ( 1}{Ss I* J)
DO 210 K = 19 NXCV
KK = I+K
M = Ills + K
IF(KK - IQM) 20{;0 2009 210
G = G + C(MiKK,J)
COIJTI~llJE
IF ( (M3S((G-~(IHl~ItJ))/C(IHT ~19J)),-oOl) 240s2200i?20
PRJ!IT ~65~ ~!IoT~MPl
GO TO 260
IF (ARS((~-~(IHTSIOJ),)/C(IHT. I~J))-~oo@l) 260,250,2s0
PRINT 265! JsI?TEMP2
CONTIIJUE - “
FORMAT(1H /~16H CHECK MATERIAL 1295x* 71i GRoUP 12?2X,36HCROSS

?IO~J Il~RALAtJ~E IN ~kCESS 0F*~5.2?8t{ PERCENT)
WRITE cRosS SECTION TAPE -
II() 28iI IIG=l;IGM’ -
00 27’) M=lsMT
DO 27u L=],I~L

co (L*r~)=c(L911G9M)
WRITE (NC}~l)e ((CO (LOM)9L=1*ITL) 9M=19MT)
REWIIJI) NCR1
RETIJRN
EIID

XSEC 59
XSEC 60
XSEC 61
XSEC 62
XSEC 63
KSEC 64
XSEC 65
xSEC 66
XSEC 67
XSEC 68
XSEC 69
XSEC 70
XSEC 71
XSEC 72
XSEC 73
XSEC 74
XSEC 75
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC

SECTXSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC
XSEC

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
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c

c’

10

?(J

3(r
&c
%11

%2

54
60

7C

JY0
9(1

1 rq”lIcFi* bLA, I’107* C14T v CVTS DAY, E(l(%l),
? El(5i)? Ei?(511s E3(51)9 E4(51)9 E5(51)9 E6151)9 Fl(51)*

3 E8(51).* E’)(51)0 EO1* ~tiz, E03
Cofltlo’ I E(J, EVP9 EVPP, EIJF , G13AR0 I GEP * [GP,

1 I~V, II, IMJM, ‘1P, lTEMP* ITEMP1* 11CMP2’!
? IZP, JP , K070 KPAbF q LAP, LAPP~ LAU*

3 l.c? NtiCTO, OUFP* Po2* Pt3ARo
4 sl]A179 SK7v ~069 1119 TEMp , TEMP19 TEMP2,

5 TI.MP39 TLtJP4, TIs V1]Q IJXCM
Cntfhln’1 Iolzq),, ~PAX, I(;E , lLM* ~t49 JM , ltiL,

1 IHR, IilT* IufJ* IGM, IEvTo IPVT* ISTARTS
? ML, MT9 M@19 IC5T9 It{T* IHSS ITL*
7 14, JL g OITM* IITM~ IIWDT* IPFI.X*

lI)”ITPSS IFEF,
IPRIN!

4 IXSF.C* IIPUIS* NCON
Crltlllo’1 EPS9 SRCRT , POWR* OI?F* FLXTSTO Pv? EPSA*

1 f~, EV~? XLAL ? XL4HV Pm* nELTs IFS*
? rd\s~P* II?UR9 EV2 v N(Yo9 IuRTI?GQ NCOEFJ NSWELP

[llTfG~I{ [107, CN?9 ~\lT, P()~* T(J69 R2v L?
ItJTEGr’R ‘~I~ti
REAL 12, 139 KG 9 K7v LAP~

!/09
LAPP. LAI+,

1 N2 e MASS* NASS.P * 14
r) Itlr NsIoN Ilf)(l). FiF(l), ZF(l)

:[j~:~ :
IIJPFL 3
!FIPFL 4
lNPFL 5
ItiPFL 6
INPFL 7
ltJPFL 8
I)JPFL 9
INPFL 10
INPFL II
:)IPFL 12
lNPFL 13
:rlPFL 14
INP}”L 15
IPIPFL 16
IIJPFL 17
TrlPFL 19
TNPFL 19
INPFL 20
JNPFL 21
!NPFL 22
INPFL 23
!NPFL 24

TiJ~ sutiRW~INE RgADS-INPU~ FLUXES AN1) PREPARES FLUX TAPE (UISK)
PRTtJT 5

INPFL 25
IIIPFL 26

FOPIIAT(I141) I}JPFL 27
ISTAI?T = IJ/1/2/3/+=NO FLllX/CARLJS/CAW)S/TAPE/SINUSOID
KU = IsTAQT + I
1)0 12) II(; = 1. IGt.!
GO To (10*30*80*100! 120) KK
Do 2’0 1=19 It4
no 20 J = 1* JM
ITF.tlp = (J - l)wIM + I
No(ITEtfP) = 1.o
GO Tl) 110 -
IF(II, - 1) 40v40q6Jl
PR].t{T 50
FORI!AT(551{OFL11X (iUESS (RF/ZF=TOT4L
RZAP(oJIi#,9fi) (riF(I);I=lsIM) -
REAn(f!It1PS9fJ)’ (ZI (J)* J=lTJM)
PRItlT 52, Itl$ (RF(1) s1=191M)
FORMAT (6%*311 RF’s16/(IOE12.5))
PRItlT”54, Jfii(ZF(j)~J=lsJM~
FoRllAT (6XS3H ZFSi6/(10E12~5))
no 70 J = 1* TM
DO 70 J = 1? JM
ITEI{P = (.J - 1)*IM + x
NO(ITCNP) = ~F(I)@ZF(J)
GO TO 110
READ(.IINP*90) (No(I)o 1=19 ItlJtl)
FORtlAT(6E12:6)

INPFL 28
:tlPFL 29
ItJPFL 30
:tlPFL 31
ItlPFL 32
IhJPFL 33
INPFL 34
I!JPFL 35
IIJPFL 36
ltJPFL 37
ItJPFL

RAIJIAL FLIJX/TOTAL AXIAL FLllx))INpFL
INPFL
INPFL
INPFL
TFIPFL
‘tlPFL
IFJPFL
:tlPFL
ItJF’FL
lNPFL
rtJPf L
I NPFL
IfJP~L
INPFL

38
39
40
41
42
43
44
45
46
47
48
49

;!
52

Go TO 110 ‘- !NPFE 53
Irlil READ (NIIUIIP), (t4011)~ I=l~IMJM) ItJPFL 54
11(1 (NO(I)J I=ls IP~lt) ItlPFL 55wRITC[rJFL’JXl), .
12(1 COFJTIIJIJF INPFL 56

REk!I)dl~ NFLIJX1
REwINn N[)llM~

?NPFL 57
IFJPFL 58

RETURrl
ErJrl

INPFL 59
INPFL 60

40
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c

10

11

20

21

30

31

4 fl
41

c
50

60

61

?0

71

bO

*I

90
91
100
101

1(,2

103

A(,4

105

REAL flo
DIMENSION NO(I), RO(l)S Rl(l,)?zo(l)$ Ll(l)
RADIAL SIrJUSOID CALCULATION
KRAD = 2*If3C + lBR + ]
MIM = IP-1
GO TO (10*24J!3oQ4O)O KRAD
RTOT = 5. + @o(IP~ -Ro(l) + 5.
00 11 I=19tlI~
R1(I) = ((RO(I) ● GoII*l))*O.~ + 5:)*~.14159/R1OT
RI(I) = s1t4(Rl(I))
;:.;O 50

= 50 + fjo(IP) - Ro(l)
D(I 21 I=19MIM
RI(I) = ((RO(I)*HO(I*I)) *0:5 ● 5.0)*3.14159/(2.0°RTOT)
R1(I) = sI!/(f41(I))
GO TO 50
RTOT = 5.@ ● R()(lP)-R()(l)
DO 31 I=l*MIM
R1(I) = ((Rfl(I) +i4q(I+l))*o:5) *3. 1415~f(2.o*RToT)
RI(I)= C(’)S(~l (I))
Go TO !jO -
00 41 I=l~MIM
RI(I) = 1.44
AXIAL SIN~SnlD CALCULATION
KVERT = 20!RR •“”I~T + 1

MJH = JP.1
GO TO (fiO*70*f30*90)V KVERT
21(JT = 5.0 * z(l(JP) - ZO(l), ● 5oo
DO 61 J=19~4j~l
Z1(J) = ((ZO(J) +L4J(J*1))*O:5 ● 5.0)*3:14159/ZT(IT
21(J) = SIN(f_l(J)~,
GO TO 100
ZTOT = 5.0 + zo(Jp) -zo(l)
no 71 J=1*N4M
21(J) = ((ZO(J) ● ZO(J+l)):O.5 ● 52U):3.14159/(2.0*ZTOT)
21(J) = SIIJ(Z1 (J),)
GO TO 100
ZTOT = ~.o + Z()(JP) - Zo(l),
no 81 J=I*MyM
21(J) = ((ZO(J) *lq(J*l))*o:5 ):3.14159/(?.O*ZTUT)
21(J)= COs(<l[J))
~f) To lo(j
@O 91 J = l*MJ!l
Zl(J) = i:n
PRIIJT 101

SINUS
SINUS $
SINUS 3
SINUs 4
SINUS 5
SINUS 6
SINUS 7
SIrJUS 8
SINUS 9
SINUS 10
SINUS 11
SINUS 12
SINUS 13
SIIdUS ]4
SINIJS 15
SINUs 16
SINUS 17
SINUS 18
SINUs 19
SINUS 20
SINUS 21
SINUS 22
SINUS 23
SINUS 24
SINUS 25
SI14US 26
SINIJs 27
SINIJS 28
SINUS 29
SIldlJs 30
SINUS 31
SItIUS 32
SIldUS 33
sIrJus 34
SI;JUS 35
SI14US 36
SINUS 37
SI!JUS 38
SINUS 39
SINUS 40
SINUS 41
slpJus 42
SINUS 43
$~lqlJs 44

SINUS 45
SINUs 46
SIIJUS 47

FORNA~ (55HOFLI)X 6LESS (RF/ZF=TflTAL RADIAL FLU)(/TOTAL AXIAL FLIIX)SINU< 48
~)

PR7NT 102 * MIM*( Rl(I)tI=l*MIM)
FORMA! (6XQ:H l?F?16/(10E12.5))
PR1,!IT 103s MJM*(zI (J~*J=l,MJM)
FOPMAT (6X*3H ZF,16/(]OE12~5))
DO 104 I=1oRIM
no lo~ J=lsMJM
ITFMP = (J-ljwIP ● I
No(ITCMP) = fil(I):Zl (J)
MIhlJM = vIM*MJM

00 ]05 II=lsIGII
WRITE(NFL{lx~) (N1J(1)*1=19M1MJP)
RE\JIldl~ NFLUXi
RET(IR’I

SINUS 49
SINUS 50
SINUS 51
SINIJS 52
SINUS 53
SINuS 54
SINUS 55
SINIJS 56
SINUS 57
SINUS 58
SINIIS 59
SINUS 60
SINUS 61
SINUS 62

Eih SINUS 63
. .

41



JFLAb=o
J=]
IF(JFLAti)2G*4092~
no 3il .JJ=1*6
K(JJ)=K(JJ*6)
IIJ(.lJ)=IN(Jj+6)
V(JJ)=V(JJ*6)
JFLAG=o “
GO T(> (]0
READ (rlIh~s50) (K(I), IIJ(I),V(l), I=l,b)
FoJlkiAT(6(Ils12sLy:4))
no 14:i I=IQ?
L=K(I)+l
GO T[~ (70Q8(!t10y*150)9L
NO tll)!~IFI~A~IOll
Al?RAY(J)=v(I)
J=J+l
GCI T() 140
REPEAT
L=TI{(?)
Do QO M=],L
ARRAY(J)=v(I)
J=J+l
col!T[’WL
GO TO 140
INTcR!’OLA~E
IF(I-’J) 1209110Qilo
MEAD (NItd’9!50) (K (JJ)*IN (JJ)*V(:J)?JJ=7? 12)
JFLAG=l
L=~~l(I)+~

DEL=(J(I+l)-V(I))/FLOAT (L)
D() 13.) M=l*L
ARRAy(J) =v(’1).*13E::FLOAT (M-l)
J=J+I
cotlTI IUF
cOtlT1’ltlk
GO TO 1{]
TERHI!IATE
J=.]-l
PRI!4T 160* HOLL9J *( APRAY(I)QI=lQJ)
FORtlA?16X,A6t16/(10E12.5) )
TF!J -Ivcrl~1t4T) 17u91809170
CALL KRR02( &H*NgARL917fi91),
RET(lKrl
F,!4[I

REAR
PfAR
REAR
HEAR
REAR
REAR
REAR
REAR
REAR
PEAR
REAR
RCAR
REAR
f?EAR
PEAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
I?EAR
REAR
r?EAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
REAR
NEAR
REhR

A
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

.

.
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●
✎

✍✍
10
20

c
30

c
*o

c
ho
t (1

c
Mfl

90
100
110

SUBRWTINL REAFW (HOLL, IARRAYS NCLNJNT)
@I!lENSION- IARRAY(l)91V (6) 9K(6)*I?J(A)
cot4Mo~J r/x@ 9NOL’T 9NCf?l 0NFLUX1*F4SCMAT
J=l
READ(HINP*20) (K(I) 9114 (I) *IV(I),91=I*6)
FoRMAT(6(Il *i2919))
DO 701=1Q6
L=K(I)+l
GO TO (30940$60s80 )?L
NO HOl~IFIcATIOtJ
IAW?Ay(J)=Iv(I)
J=.1+1
GO TO 70
REPEAT
L=IN(t)
DO 50 M=l*L
IARRAy(Jl=Iv(I)
J=.]+]
CONTIJUE
GO TO 70
IIJTEKpoLA~E
CALL ERH~2(~}j*RE~FX*60*l)
cO!ITI:ILJE
GO TO 10
TER!4111ATE
J=<l-l
PRIrdT 90* HOLL*J *( IARRAY(I)91=1*J)
IF(J :NC()(]liT) lO,I!llO?100
FORHAT(6X*A~~16/110112))
CALL ~RR02( 6H*REAFX91OOO1)
RETUN!l
E!JP

Subroutine TKIG (NCUM*MM)
COMMO’J -NTNP,rwuT
131Nfld510N idnutl(j)
READ(IINP910), (li[)UP(I) 9 I=l~Pl+)

10 FOR!lAT(2413j.
RETUR:l
E!40

REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
REAF
RF.AF
REAF
REAF
REAF
l?EAF

3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
]9
2(I
21
22
23
24
25
26
27
28
29
30
31
32

TI?IG
TRIG :
TRIG 3
TRIG 4
TQIG 5
TRIG 6
TRIG 7

43



c

10

20
.10

*rl

ha
ho

S\ll~l(tJ ‘1 1(*I. !l~tFK \m(Jr~Z$ J1~9Jdm$ R]
COIIIIOIJ tJINP, NCUT * NCRIQ 14FLUX19 ldSCRAT* IS CRAT, NOIIMP?

1 NIIICR, ALA* H979 CNTQ CVT9 DAY, Eo (51)9
2 E](5i),, E2(E1),9 E3(51)9 E4(51)! E5(51)9 E6(51), E7(51)*
3 Eb(51)9 ty(51), E()]* E02*

COI!F1OII Ed,
1 IGV9
? I~p,
3 LtQ
a SRA~9
5 TCM~3,

C(-)litlo:l 11112:).9

1 If{R*
? ~~i,
3 129
4 1[)’~TPSS

COIUIO’J CPs,
1 gv?
? NMs~P,

INTc(,:.R rio7*
lNTCI;F:P nITM
REAL !2,

1 IJO,

EVPf.Jv
IMJM,

K4)7Q
ORFP *

106.9
Tl!

IGEQ
IRB,
Mel,

OItM~
Ixsgc*

PdwR *
XLAL *

~v2*
CVTQ

K6 *
MASS*

~PFs
1P*

KPAGE 9
P()~9
~ll?
VII*
ILI”49
l@l*

rcsrt
11TM9

)IIWIS*
OUF *

XLAII*
NtiO*
P029

K7,
liASSP*

E03
[$t4ARQ IGEP9 IbP,

lTEMP, IT}.MplQ ITEMP2Q
LAP9

Pi4fiRq
TEMP *
NXCM

TM,
IEvT~

It{T,
MwnT s

NCON
FLXTSTC

POD*
THRTRG,

T06,

LAP,
14

‘fjl/l~N~I(N/ hiOlJIr4.JJM), M2[1)? K(1)
PRI)DII’:lE A PICT(JKt. FFiINT FJY ZONE ANU 14ATFRIAL
PRIIIT 10, (~D(I)* I=
FORNAT (l}!l!12Ab/IIA(

9JM[)0 20 JJ=
J=JM- IJ+l
Pi?IIIT 30~
FoRNAT( 511
PRItJT-41J
FoRHAT(2H i

s5512

/211 x/2P

*23) -
///)

(M0[ISJ)91=191M

./2H A/~H L//8~ RAl).,
PRINT-l(I, (I[)(I)$1=1!23)
[)0 60 JJ=l~~M
J=.JII-JJ*l
DO S,) L=IsIH
N=Mo(L,Jl
K(L)=IAMS (M.2(N))
PRItJT 30, (KIL)*L=IsIM)
PRIIJT 40
RETlJf4,1
ENP

AL)

I APPv LAN,

T1MP19 TEMPZ$

JM , [ML,
IPV”r9 ISTARTQ

It{s* IIL*
IfJFLX~ lPRIN$

PV9 CPSA$
l)ELT, IFS*

!jcoEF, NSWELP
R2 g L2

LAP}> s LAH,

tlAPR
MAPR ;
MAPR 3
MAPR 4
tlAPR 5
MAPR 6
IIAPR 7
NAfJR 8
liAPf4 9
MAPR 10
14APR 11
!lAPR 12
}lAPR 13
IIAPR 14
‘iAPR IS
I!APR 16
rlp#R 17
~tAPR 18
I\ApR 19

l!ApR 20
IIAPR 21
llApR 22
l~A~’R 23
IIAPR 24
IIAPR 25
ltAPR 26
‘4APR 27
flAPR 28
?IAPR 29
IIAPR 30
ffAPR 31
HAPR 32
f~APR 33
IIAPR 34
llAPR 35
IIAPR 36
HAPR 37
IIAPR 38
14APR 39
IIAPR 40
IIAPR 41
FIAPR 42
liAPR 43

. .

-,



,

‘“

. .

2 Fo$ co? VO, JTLs ~IMQ JJMs JMTo NTRIG~ 14)
COMMOIJ t41NP9 NCUT* NCR1O NFLUXIS NSCRAT9 ISCRATO ND(JMP 9

NMICR, PI.As i31!7* CNT p CVT * DAY? Eo(51)*
: El(5~[, L2(51), E3(51)$ E4(51)9 E5(51)9 E6(51)0 E7(51)9
3 E8(51?9 ~~(51Js EOI* go2* Et33

cotlMof/ EQ9 EVP9 EVPP , ~PF 9 GBhR g I GEP s 16P*
1 I~VO 119 lM+Mq IP9 ITE14P0 ITEMP1o ITEMp2t
2 I&9 JP v K07Q KPAGE s LAP? LAPP* LAU*
3 L~ , r4GCT0 * ORfP P Poz, P13AR$
4 5RAlje SK7t T06w ~11* TEMP q

TENp39
TEMP1 ~ TCMP2V

5 lEPP&, TIs V119 NXCM
COt\MOil IO_(23)* ‘?PAX, ;::: ILMv lM, JM ~ IBL?

1 Ibf4, 18?9 ;,ti14s
?

IEvT,
ML,

IPVT, ISTARTC
NT? Polv ICSTQ IHTQ Iwo ITL,

3 tz, JLg OITll~ I11M9 MWDT~ IPF1.XO
4 IDllT~S,

IPRINs
lfiEF~ IXS~CS NPOISO NcoN

COMMOIJ EPS, SRCRT , POtiRS UHF, FLXTsT, Pv @ fPSA,
I EV* EVM? XLAL v XLAH * PoD q DELTt IFS~
2 M@P, If3uRc EV29 IJGo, IHf/TRG, NCOEF9 NSWEEP

INTEGER B07* CVTSCN~S P02* T06* R2 + Q
INTEGER ~rTfi
REAL 12, 13s K6* K70 LAP, LAPP* LARt

1 tie, N2 w MASS% f14ssP s 14
DIMFNSION K6(I)* K7(I), 10(1)! 11(1)s 12(1)s Ro(I)$ RI(l)s

1 ti2(I)0 R3(1), I?4(1)9 f?5(l)9 ~n(l), Zl(l)t 22(1)s

2 z3(1)t z4(1), zS(1)9 Ao(l)O A1(1)9 CO(JTLQJMT)9

3 VO(JIMQJJM), MO(l)O rf2(l)* Ntf(l)o Fo(l)~
4 NTRI~i(l)” O 14(i)

JF(PO~) 1535*15
5 PRINT 10~ DAY
10 FoRkIA~(lHIs~OXSllfl T I M E =F8,3*13H 1) A Y s///)
15 807=1

c PRINT AT(Il~ ~~NSITIES IF P02=0
IF(p@2) 65,20,65

?0 IF(lW~TQE’~.1). G(1 TC 35
PRINT 250 (~w Io(J)* 11(J)* 12(J) 9 J=1oMo1)

INIT
INIT
IbJIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
INIT
TFJIT
INIT
ItJIT
INIT
INIT
INIT
rNIT
INIT
INIT
INIT
INIT
INIT
INIT
IrJIT
INIT
INIT
INIT
INIT
INXT
INIT
INIT
IPJIT
TNIT
INIT
INIT
INIT

3

:
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

INIT 38
25 FORHA~(lHC*~X,lbH W[XTUR& NUMBER ,ldH- M[x cOMi4iUD $24H .MATERIINIT 39

?AL ATOMIC l~ENSIT’f//(149lX9Ia98x9 IR98x*E20.8)) INIT 40.—
GO TO 45 - ““ INIT 41

35 PR?I.IT 4uq lJt Io(J)* 11(~), 12(4)9 IITRIG(J)9 .J=l,MOI) INIT 42
40 FORMA?(1HOQ3x9 lbil MIXTuRE NUMUER ,lRtl tfIx COMMAND

224}! MATEfJIA~ ATOM1,C lJENsITY~121.i
INIT 43

NIRIG//(i4JlX,1R,RX,l:O RX,Ii21NIT 44
3tIo~Q9xs16)) IPIIT 45

45 - IF(IPtfIN.@:3) (W To 70
IF(l)AY.FJE.O.), G(1 ~C 60

so PRINT 55 - -
55 FORMA~(/19HlgROS+-SECTION ~DIT).

GO TO 70
.

60 IF(IP~INo:{J:l) W TO 50
GO TO 70

fa5 IF(IEvT.N~.:2), GO ~c 175
c CALCuLATE t~@105COPIC CROSS SE$TI(31iS

70 REWIND NCf~l
[Jo 17~ 11fi=1*1G14
REAll (FJCHI) ((C(J(19J),I=191TL) *J=19NT)
DO 12J M=lsMol ‘

INIT
INIT
INIT
INXT
INIT
INIT
IrJIT
INIT
INIT
INIT
I~JIT
INIT
INIT

46
47
48
49
50
51
52
53
54
55
56
57
58
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?5
HO
Hb

105

110

115
1.?0

125

13n
135

140
145

l~(j

lb5
llrJ

c

lts

c

l&rr
~H5
1%0

155
290

?1)5

.?10

%15
%20
230

c

?35
.?40

IF(I(! (N) - 141) M{1Q@o,75
CAI.L ERR(12(6R* IN IT*75s I)
IF(IIIM) -MI). 85*?5~75
N= Io(l~)

IF(IEvT.F.’~.2) TEr4~=14(M)
Eo1 = 12[11)*(1. ● EV*TEMP)
DO 12,! l=I,X’TL
IF(L) 110,1’1’3911;1

CO (I,:I)=C3(I!N):~Ol
COIJTI:IUE
TF(P!)?) 1(,5*125*165
IF(lpl~IN.~G.3) tit) TO 165
lF(DAYoNE:O:) GO ?C 150
PRItlT 135* TiG
FORMAT(ft{ GROUP 1301511 cROSS-S~CTIl~NS)
DO 14~ N=19fiT
PRI14T 145, if, (C(J(19N), I=1*ITL)
FoRr1AT(4t-I NA~91.3s{10E1103)),
GO T() 165
IF(IP!~INo!.021) G(J TO 130
wRITE (NS~RA~) ((CO (I,J)*I=1*ITL)9J=1 *MT)
corJTIrJIJE
REWIIJI1 Iycl?l
REhIrdn NS!RAT
SWITC!{ TAI’E iiEs16NATIoNs
lTEt4P=tJSCRA~
NSCRAT=NCI:l
NcRl=trE&’f’
cotlTI!4UE
Nc(_)F-f=l
MODIFY bkWl~~RY
IF(P02) ?c09180sZO0
TF(tlc’~N) 3o0918593ao
DO 190 J=l*Ip
R1(I)=RO(l)
no 195 J=l?Q~
ZI(J)=ZU(J)
IF:IKvT.d~.3) Go ~C 23o
Do 205 [=l!ll~
K=R2(T)
R1(I+l) =P1(I)+(I{13(I+1 )-Ro(I))*(l.0* EV*R3(K))
00 211. J=lQjM -
K=Z2(.J)
zl(J+l) =fl(~),+(ZO(J+l )-Zo(J))Q(leO* Ev~Z3(K))
IF(IGE - 2) 230*i?l!3J230
IF(AHr (Ll(~P1-l.O) -l,OE-04),23~,2301 220
CALL ERR02(6H0 INIT922091)
COhlTI IUE ‘-
CAI.CIJLATE AREAS ANC VOLUMES
PIZ=6:28318--
TF(PG2) 235*2409Z35
lF(IEvT.h~~3) GU ?C 300
T)O 27:, l=l!~li
R4(I)=(R1( I*l)+R1(I) )*0.5

IFJIT
INIT
INIT
lNIT
INIT
INIT
INIT
INIT
INIT
[NIT
INIT
[NIT

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

INIT 71
INIT 72
INIT 73
TNIT 74
INIT 75
IhJIT 76
INIT 77
INIT 78
INIT 79
INIT 80
INIT 81
?NIT 82
INIT 83
lNIT 84
INIT f45
INIT 86
INIT 87
INIT 88
INIT 89
INIT 90
INIT 91
It41T 92
INIT 93
ItJIT 94
IFJIT 95
INIT 96
INIT 97
INIT 98
ItiIT 99
INIT 100
INIT 10I
INIT 102
INIT 103
ItJIT 104
INIT 105
INIT 106
I)JIT 107
INIT 108
INIT 109
INIT 110
INIT 111
INIT 112
INIT 113
INIT 114
INIT 115
INIT 116

..

--

. .

. .
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R5(I)=R1( I+l)-R1 (I)
IF( R5(I) ) 245~24502511

INIT 117
INIT 118. . 245

250
255

26(I

215
280

.?85

?Yo
295
3on

c

jn5

310
‘32(1
330

c
c

-350

CALL ~RH02(~~* 1~1T924501)
::(TY ;:S5S260SV15) 9 IGEP

=

Ao(IP)=lo
Al(I)=f?5(I)

Ao(XP)=P12*Rl(IPJ
A1(I)=P12:R!5 (I):N4(I)
GO TO 270
AO(I)=P12+R1 (I)
Ao(IP)=P12*~l(IPl
A1(I)=R5(I)
CONTIIIUE
L)O 295 J=l*~M
Z4(J)=(ZI (J+l)+Z1(J)) *0.5
Z5(J)=Z1(.)+1),-Z1 (4)
IF( Z~(J) ) 275,27.5,280
CALL ~RR02(6H~ INIT027591)
no 295 I=l,IM
GO TO (2859290,2YO) 9 IGEP
VO(19J) =R5(1).*ZS(J)
GO TO 295
VO(ISJ) =P12~R5(I)~Z5(J) ~R4(I)
COtJTI’~ilE
cONTIllUE
Ctii:CK PA~fiME-~RIC liIG~NVALU~
TF(P02) 33093059330
!5t(7=@ .
no 32j iIti=lQIGM
IF(IpvT.E~*l) W ?C 310
K6(II’;)=K7(11G)/Pv
GO TO 320
K6(IIG)=K7(11G)
SK7=SK7*K7($IG)
CO!ITI’IUE

CA1.CIJLATE INITIAL (OR NEW) FISSION t’JEuTRfJld SOURCES
Tll=El (Itip)
Do 350 I=191MJM
Fo(I)=o,
00 36? IIG=l,IGM
Eo(II~;) = .0
REAfl (NFLIIX)), (NO(I) OI=191MJM)
HEAD (lJCRI) (tC0f19J) 91=191~L)9.J=19h\T )
I)() 36(’ J=l*J!~
@O 361; K=lsIM
I = K + (~-’l)*IM
ITrMP=NG(I)
ITfHP=M2(IT~MP)
Eo(IIG) = EO(IIG) + VO(K,Jl ~NO(I)*CO(l SITCMP)
Fo(I)=Fo (I) ● CO(391TEMP)qNO(1)
COIITI’KIE
REliT!/[) NFL(IX1
REllIrd~~ tJCtil
RETllR’/
ENl)

INIT 119
INIT 120
!NIT 121
INIT 122
INIT 123
INIT 124
INIT 125
INIT 126
INIT 127
INIT 128
INIT 129
INIT 130
INIT 131
INIT 132
INIT 133
INIT 134
INIT 135
INIT 136
INIT 137
INIT 138
I)JIT 139
INIT 140
INIT 141
INIT 142
IPJIT 143
lNIT 144
INIT 145
IFJIT 146
INIT 147
IPJIT 148
INIT 149
INIT 150
INIT 151
INIT 152
INIT 153
INIT 154
INIT 155
INIT 156
INIT 157
INIT 158
INIT 159
INIT 160
INIT 161
INIT 162
INIT 163
INIT 164
INIT 165
INIT 166
INIT 167
INIT 168
INIT 169
INIT 170
INIT 171
INIT 172
If~IT 173
INIT 174
IPIIT 175

. .

. .
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c
c
c

10

20

30

*o

%0

ho

7n
c
c
c

‘+0

Iflrl
110
1?0

130
140

SUt!R{J’11 lr!~ t L> CAL (No9 P()? VVQ bo$ RO, MIJ, MdQ JIL, ,JFITJ
CC)14MOrl JII1!P, NCU1 * NCIIIQ IIFLUX1, NSCRAT9 ISCRAr* NDIIMP*

1 Nll ICfi, PLA, B07* CNT* CVTS DAY9 EIJ (51)9
? F- 1(51),* E2(51)9 E3(51)* E4(51)9 E%(51)9 F,6(51)Q E7(51)*
3 Et4(51),9 LY(51)9 EOI, EiJ2. E03

Cr-1tllio’1 E[J9 EVP9 EVPPC ~PFs Gf3AR~ IGEP* 16P*
I~V, 119 IMJM* 1P! ITEMPs ITEMPIs 1TEMP2Q

; 12P, JP , K07, KpAbE*
~$, r4GCT0,

LAP* LAPP* I-AR *
3 ORFP * P(JZ$ l~BARs
4 sn~n, SK7, ~069 111* TEqP , TFMPl~ TEMP2,
5 Tl:llP3s ‘1EPP4 , T19 Vll! rlxcM

colftlo~l 11.)723),9 ~PAX, IGE! ILM* IM9 JM * IBL,
1 IbR$ 10?9 IDfl* I(IM! IIEvTo IPVT, ISTART9
? ML v MT* Mo~* ICST* IHTs 1HS9 IfL*
3 IL, JZ v OITM* IITM, llWI.)T* IPFLX*
4 I\)HTPSs IXSCC*

lPRIrJ,
IGEFs ?IPI)ISQ I*CON

Crjrltlrlll o?, W4CRT , POkR* OKF* FLXTSTS pv, F.PSA *
1 pvs EVM* XLAL ● XLAH, POD* I)E1.Ts IFS*
? Nl\sfP9 IPURQ EV2* t4tiOQ TRI?TRGQ PJCoEF, NSWEEP

I?ITEGER R079 CNT* CVTQ P(J79 T06* R2, i?
Ir/TctirR (11~~
REAL 12, 13~ K6 * K79 LAP. LAPP, LAM,

1 tdo* N2* MASS* !1ASSP9 14
r)It4cr{”;r(lN Nb(l), FO[l), vo(l), CO (JTLQJMT),K6(I)9 MO(I)S *12(1)
LAR = ALA

FISSI’)PJ Sllr~~

IF([I07.EO:O) Go IO 40
Enl=o=,
Do 1’3 I=l~I14JM
Fol=E(’l*v~) (I),+~f”u (I)
Do 20 IIG=191r3M
El (II{;)=Kf)(l,IG) ~EOl
Eo(Ir;r’)=o.
E1(IGJ’)=0:
no 34J I16=1sIGM
EO(IGp) =EC(IGP)*LO(IIG)
El (I@’)=E l(~GP)*i?l(IIG)
IF(P07) ~CV 409 70
ALA = El(IG~)/Tll”
TEliP=l.O/ALA
IF (IEVT-1) 7095~!70
Uo 6n Il(j=l!IGM
El (I I’~)=El(IIG)*l EfJP
K6(IIfi) =K6(IIG)*tEPP
El(I(;p)=El(lGP)’~j.~NP
COIJTI~l(lL

NORNALIZATION-.

14(-17alJ
IF (P~WR) 140r10iJs90
E(ll = SKcRT7(E0 (1bP)~EPF)
GO TO 110
EoI = SRC~T/~l(XtiP)
DO 12C IIf;=ltIG~
E1(II(;) =E014}E1(IIG)
no 1311 I=l*It~JM
FO(I)=EOl~F~(I)
RETIIR’I

t-ISC
FISC
FISC
FISC
FISC
rIsc
TISC
FIsC
FISC
rIsc
FISC
FISC
FISC
i-I$c
FISC
FISC
FISC
FISC
TISC
F15C
rISC
FISC
FISC
FISC
FISC
f-lsc
I-ISC
f-lsc
I“ISC
FISC
Fxsc
FISC
FIsC
FIsC
FIsC
FISC
FISC
FISC
FIsC
FISC
rIsC
FIsC
FISC
FISC
FIsC
FISC
rIsC
FISC
FISC
FISC
t-I S.C
FISC
F-lSC
r15c
FISC
FISC
FISC
FIsC
FISC
FISC
FIsC

3
4
5
6
7
8
9

10
11
1?
13
14
15
16
17
lR
19
20
21
22
23
24
25
26
27
28
29
311
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
5R
59
60
61

FISC 62
. .

*.
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c

10

20

30

40
$)0

ho

to
t!0

SUfW?O’ITIN; l~#:RT
Cotwo’1 NcUT9 NCR1, NFLUA1* NSCRATO ISCRAT9 NDUMP*

1 N’IICK, ALA, 8079 cNT9 CVTQ DAY? EO(51)*
2 El(5~)s E2(51)9 E3(51)s E4(51)Q E5(51)9 E6(51)0 E7(51)*
3 E8(51), LQ (51),$ gol~ E02* E03

coMMO’/ gy, EVP* EVPPS ~PF9 GRhR* IGEP, IGP9
1 IQV* 110 IMJIIQ IP9
7 IiP,

ITEMPs ITEMP19 ITF.MP2$
JP , K(17* KPAbE 9 LAP* LAPP,

3 Lg,
LAR,

!JGCTO 9 oHFP* IJ029
4

PBARt
SRAR, SK7e ~06Q ~11, TEMP * TEMP19 TEMP2V

5 TttlP3, TEPP49 TI* Vll? tJXcM
COMMO:d Iu123), ‘~NAX, 16E* ILM, IM, JM *

IBQ,
IBLQ

1 IB?9 InBs lLYM, IEVT*
? ML,

IPVTO ISTARIS
MT v MO1* IC5T, IHT,

IL,
IHSQ

3 Ji!v
ITL*

OITM* IfTM, !IWDT Q IPFLX*
‘4

IPRIN,
TDIITPS, IREF, IXS~CQ !lPCJiS* NCON

cOMMOII E?S, S14Cf?T, POUR* OHFS FLX”TSTC
Ev, EV@,

pvt
1 XLALQ

EPSA,
XLAIIS POD* I)ELT v IFS*

? Nl\s~PQ IEUR, ~v29 Nbot IHf?TRG*
INTEG~R

tJcoEF* NSWEEP
[107, CN! Q CVT, p(J29 T06* R2 * L2!

lNTEGER OITF!
REAL 72, 139 K69 K7# LAP, LAPP* LAN*

1 i~o, N2 Q MASS* ffAsbps 14
MOtlIToR PRIldt
CALL sECON~D(~I)
TX = T1/b~O
KPAGC “= Kf~~~ + 1
IF(KPAGE - flO) *~*10010
KPAGE=o
PRIrlT 20

:;;;{ ;

EVPRT 3
EVPRT 4
FVPRT 5
EVPRT 6
EVPRT 7
EVPRT 8
EVPRT 9
CVPRT 10
EVPRT 11
EVPRT 12
fVPRT 13
EVPRT 14
EVPRT 15
EVPRT 16
CVPRT 17
EVPRT 18
EVPRT 19
EVPRT 20
EVPRT 21
EVPRT 22
EVPRT 23
EVPRT 24
EVPRT 25
EVPRT 26
EVPRT 27
EVPRT 28
EVPRT 29
EVPRT 30

FORMAT(1Q5H1 f IPE oUTER IN. IT.
1UE EI(;EliVALIJ~

EItiE~lVALEVPRT 31
LAMRDA - )

PRTIIT 30
EVPRT 32
EVPRT 33

FORHAT(105II (MINLTES) ITERATIoNS PER LOOP SLOPE EVPRT 34
1

.-
/)

PR1.1.JT 5u, TI*P02Q LC,Efi!,EV, AI.A
FOllFfA~(4X$F~23910xq149 11x* 14*6X*E15.H*E15.8,E15.8)
F’02=P02 + 1.
LC=I)
IF(PU2 - oI~N) 7.)970?60
NGOTO=l
G() TO 80
NGnT()=+
RETIIR>{
EN[l

EVPRT 35
CVPRT 36
EVPRT 37
F-VPRT 38
EVPRT 39
EVPRT 40
EVPRT 41
EVPRT 42
EVPRT 43
EVPRT 44
IIVPRT 45

.-

.-
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c

20
c

40
%0

60
ro
no

%0

100
110

120
130
140

c

sul]ROllTIN~. OUTER( A Q A19 C 9 FOO K6Q MO* M2? NOS N2s
1 ~s * VO* %, F?, JTL, w4T, CJ(S,
7 JIMS JJM* R59 R4* ’249 CXR* CXT9 ~iA, PA)..

cntwoi I llIr4Pf kCIJ~ ~ NCR1! fJFL~JXIS NSCI?ATS ISCRATQ NI-)UMP*

1 N(IICR9 bLA9 H07* CNT9 CVTS DAY9 Eo(51)9
2 El(51\,9 E2(51),Q E3{51)? E4(51)Q E5(51)c E6(51.), E7(51)9
3 E8(5:~): L’1(51)9 E019 EOP* E03

Cotlt!lltl EVP~ EfJPP p ~PF * f;BARs IGEP* 16P!

1 I:v, 119 IMJM, 1P* lTENpO 1TEMP19 ITcNP29

? IZP! JP 9 K079 KPA6E* LAP* LAPP* LAN,
3 Lc, NGCTO, onf-P, PIJ2* f>BAR ~
4 SRAR* SK79 T06? 1119 TEMP * TEMP1* lct4P.2*
5 “7L14P3* 1ENP49 TIQ VII* IIXCM

cof\MOI{ 111’i29)Q “~PAX, IGEQ ILMv IM9 JFl, TtlL,

1 IR1t, IB?, IRfJ, ItiM, IEvT, lPVTQ ISTAR1*
? t!i, MT9 MO1* ICST, IHT, IHS, ITL,

3 IL, J~~ OITM, IITM* HWDT* IPFLX,
4

IPRIN*
IDMTPS9 lFEF * IXS~CO tjPUIS9 NCOW

EPS*cnt.irto~l “-- SRCRTo POWR* ORF$ FLXTSTQ PV9
1 Ev, EvM, XLAL ,

EPSAS
XLAH9 Pr-llJQ DELT9 IFS*

? ld{s~~, If?URS gv2* NGOS ItiRTRG9 lJCoEFs NSWcEP
ItlTEtiCR no79 CNTj CVT9 f’oz! T06* R29 L2
TPITEGCR (~Itll
REAL 12, 139 K69 K79 LAPS LAPP9 LAR,

1 1409 N2 * MASS* ?lASSP ! 14

(JIJTER
OUTER ~
OUTER 3
OUTER 4
oUTER 5
OUTER 6
nUTER 7
OUTER 8
OUTER 9
OIJTEI? 10
OUTER 11
OUTER 12
OUTER 13
n(lTER 14
OUTER ;5
n\JTER 16
OUTER 17
f)(JTER 18
OIJTER 19
OiJTER 20
Ol_lTER 21
I)IJTER 22
OIJTER 23
fllJTER 24
OUTER 25

OIllctJ\IOh A$(I)* A1(l)Q FO(l)* K6(1)9 MU(1)9 M2(11sNO(1)!N2 (1)* nuTER 26

? Vh(I)* V7(I)0 25(1)s r?(l)? CO(JTLSJMT)S HA(])~ PA(l),nUTER 27

3 CX’S(JIN.JJM93)Q R5[1)* 1{4(1)9 z4(1)s CXR(l), CXT(l)*S2(l)~uTER 28
IrJTEGER - GBMR9 P[lAR, SHAR n(JTER 29

IGV=l f)UTER 30
in REAl)(llCl~l] ((CO ([ SM)SI=10 ITL),M=l *IIT ) OUTER 31

cA1.CULATI[~N OF FISSION SOU~CE FOR GROUP IGV AT EACH MESH PoINT nUTER 32

DO 20 1=1*IM2M OUTER 33
S2(I)=K6( IGV),*FU(I) OUTER 34
CALCULATIWJ OF },N-SCATTERING SWRC~ FOR GRO(IP IGV AT EACH MESH PT.oUTEI? 35
GFJAR=IGV+IH:-lTL OUTER 36
IF(GHAR - 1). 40959$50
GRAI?=l

OUTER 37
OUTER 38

P13AR = IHs + IGV - 1 OIJTER 39

IF(PH4f/ - I~L) 7us70!60 OUTER 40
PBAR = ITL OIJTER 41

IF(Gf{AR - IGV) til)oloO,loO I)UTER 42
READ (NSCfJA?). (NZ(I)OI=l*IMJM) OtJTER 43
DO 90 I=lQI~Jll oIJTER 44
ITf3tP=l10(I) OUTER 45
ITI:t4P=t42(ITyP) OUTER 46
TEHP=CO(Pl~Afj* ITEMP) nuTER 47

s2(I)=s2(T )+N2(I):TE~P OUTER 48
GO TO 110 OIJTER 49

READ (!/FLllXl), (iw?(I)JI=ltIMJt4) OUTER 50
GHAR=~iBAR*l OUTER 51
PBAR=~’DAtt-l OUTER 52
IF(Gf3AR - IGv) 8q~1000120 OIITER 53
IF(IGv - IGfi) l*~t130s140 OIJTER 54

REMINIJ NCfil OUTER 55
Vll=o: OUTER 56
CALCIJLATIWJ OF TtJ~AL SOURCE FOR GROUP IGV OUTER 57
Do 15~ I=191HJM OUTER 58

..

.-

. .
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●
✎

“.

. .

. .

150

160
170

c

190

200

210

2%(J

S2(I)=S2(I)*VO(I)
vll=vll+sz(r]
IF(16VoEQ~l). ”GO ~0 160
E2(IGV) = Vll - K1(IGv)
GO To 170
E2(1)=0.
cONTI)IUE
GROUP FLUx CALCULATION
II=o

IF(Po?eNE.1), GO TO 200
CALL IcoEr(M09t!2*CxsSvo$Co$Ao 9z59R59R4914QA191M,JM91 TLQCXRSCXT)
GO TO 220
IF(lEvT.E(~ll), G() ~C 210
IF(tJCOEF.r.(3.1) GO TO 190
READ (ISCilA~). (( (CXS(K19KJSKF) *KI=1S1M) 9K.J=1!JM)9KF=1?3)
READ (ISCRAT) (CX~(KJ)tK~=lS.JV),~ ($XT(KI)9KI=1?IM)
CALL ItjNEp(fifi9tj~*cxs9s20\!09i~~Qvo9c00 lM,JM.ITL,CXRQCXT9HA9PA)

OUTER 59
OUTER 60
OUTER 61
OUTER 62
OUTER 63
OUTER 64
OUTER 65
OUTER 66
oUTER 67
OUTER 68
OUTER 69
OUTER 70
OUTER 71
OUTER 72
OUTER 73
[)UTER 74
OUTER 75
OUTER 76?40 WRITE (fdS~RA~) ((i2(I) SI=liIl!JV), ”

c REPoSITIOtl ~+llx f“ILE FOR NEXT INSCATT~RING CAt-CULATIOtd(IF NEEDED) ouTER T7
Sl)AR=ITL-Ilis OUTER 78

250
255
2b0

c

.?80
c

c

29(I

..?(ln
c

310

320

IF(SIJAR) 26~s26u*250
00 255 IS=1,S13AR
BACKSPACE N~~RAT
cONTI’JUE
CALC~lLATE N~w FISSION SOIJRCES
Eo(XGv)=O.
00 270 I=i*If4Jtl
ITEMP=No(l)
ITEMP=M2(ITEMP)
E@(IGv)=EO(IGV) ● CO (l~ITEMP) *N2(I)*VO(I)
F2(I)=F2(1,) * CO (3,1TEMP)~N2(I),
IGV=Ifiv+l
IF(IGv - IGM) lg910,2t30
Tn. = E] (IGP)
SWITCt~ TAPE- fiESIUNATIONS
REWIN!I IStRAT
NcOEF=O - “-
REkJIN[) NCR1
REWINO NSCRAT
REWItJn tJF~UXi
IT[:NP = N~CRAT
NsCRAT = llF~~Xl
NFLIIX1 = IT~~lP
OVER-RELAx ~ISSION SOURCE
ORFF= I. + ~6*(OMF”-1.)
EO]=Ot
Eo?=o.
DO 29t I=l~lMJM
EO1=Evl+VO (I)+F2(I)
F2(I)=Fo(1)~~%/FFo(F2(I )-Fo(I))
E02=EI}2*VJ( I)*FZ(I)
TEMFl=cO1/fI02
no 3L!’J I=l;I~lJM
Fo(I)=TLMpl\~2(I)
CALCIJLATE IIEW GNllUF FISSION SOURCE>
DO 310 II~i=~!IGtf
El (IItl)=K6( IIG)~t.ol
Eo(I1,P)=o- “
E1(I(J’)=0.
DO 32:; IIG=l~IGM
EO(IGP) =EO(,IGP)*~O(IIG)
El (IG~)=El (,ItiP)*Ci(IIG)
RCTUR’I
FNn

C)UTEI? 79
OuTER 80
OUTER 81
OUTER 82
OUTER 83
OUTER 84
01.)TER 85
olJTER 86
OUTER 87
OUTER 88
OUTER 89
OUTER 9C
OIJTER 91
ilUTER 92
OUTER 93
OUTER 94
OUTER 95
OUTEI? 96
OUTER 97
OUTER 98
OUTER 99
OUTER1OO
OUTER1O1
OUTER1O2
O(JTEN1O3
OUTEQ1O4
OUTER1OS
OUTER1O6
ouTERlo7
I)LJTER1c18
OUTER1O9
O(JTERIIO
l>~lTERll 1
rMJTERl12
n(JTERl13
0UTER114
0UTEI?115
ouTERl16
(JUTERII J
(MJTER118
0(JTER119
rJlJTER120
0UTER121
011TER12%

51



SUl\ROIITIN~ I~OEF (Vo S M20 CXSq V09 ~~J9 41J, Z59 R5, R49 Z** Al!
? JIM* JJM*JTLs CXF?i CxT)

Cotltlo:l flINP, NCu T , NCR]~ IJFLUA1, NSCRAT* ISCRAT* NI)IIMP!
1 hll ICti, ALA, tlo7Q CNT* CVT* DAY9 E(I(51)*
? E1(51).! E2(51)~ E3(51)9 E4(51), E5(S1)* E6151)* E7(51)Q
-4 EH(51),9 Lq(51)9 EIIIQ go2*

Cntll!()!l
E03

E(), EVPS EVPP v CPF q IN3AR* I GEP ~ IGP*
1 I~v, 11s It4JM, ‘1P, lrEMP~ ITEMP1, ITEM~2*
? I<&s JP v K079 KPAuEQ LAP , LAPP, LA14,

3 Lg* NGCTO* 0RI-P9 P(J~*
4 SflA149

I’13AR*
SK79 T06q rll* TEMP * TEMP1*

5
TEMP2*

1~.ll~a, ‘TEPP49 ?1, VII* IIXCM
C(YIW)IJ 11)[23)~ !PAX, I(3E, 1.zt-49 IM, Jt19 ltJL,

1 IRR9 181$ 113139 lbt.4* IEVTS IPVT* ISTART,
7 ML, Ml? Mo1* ICST, IHT, IHS9 ITL9
3 TZ, Ji* OITM~ I[IM9 l~Wf)TS IPFLX, lp~~~,

4 li]’lTPSs IFtEF, IXSEC* rlpul~, N(:ON
Cott)ll-)’) E~5v sHcRT, POidR ● ~lNF, FLkTsT9 Pv * [:PsA$

1 Ev! EVM9 XLAL v XLAtiS POD v LIELT9 IFS*
? hllS~P9 I@UR, EV2S N(w9 IHRTRGQ NCOEFS NSWEEp

I14TEtiCII R67* CkJTs CVT* PI)?, T(I69 R2v 8!2
ThJ?cGLR (lITM
REAL 12, 13? K69 R79 LAPs

IJO,
LAPP9 LARq

1 N29 MASS* llAsSP9 14

ICOEF 1
ICOEF 2
ICOEF 3
lCOEF 4
ICOEF 5
ICOEF 6
[C(IEF 7
ICOEF 8
[CtIEF 9
ICOEF 10
[C(JEF 11
ICOEF 12
ICOEF 13
ICOEF 14
ICOEF 15
[CUEF 16
ICOEF 17
lCOEF 18
lCOEF 19
ICOEF 20
ICOEF ?1
ICOEF ?2
IC(.)EF 23
ICOEF 24

nItlcN510h hti(l)s p2(l),Cxs (JIl~SJJM*3),Svl) (1)s CO(JTL*l)* ICfJEF 25
1 AO(I)$ Z5(I)$ R5(1)? Q4(1)9 74(1), AI(l) QCXR(l)~ CXT(l)[C(JEF 26

T!{IS SUHRnlJTINE CALCULATES COEFFICIENTS FOR THE FLUX EQUATION IC1.JEF 27
P12 = 6.2e3id ICOEF %

ICOEF 29
FIltST MAS~E~ LOOK CALCULATES TME F(~LLOWIN(; QIIANTITIES ICOEF 30

1. REM~lVAL X-S~CT(I)i$VO(Il iOR ALL liESl{ POINTS ICOEF 31
20 cAS(F.ISKJSI) FOR ALL IIESH I’OINTS EXCEpT KI=l Icl)EF 32

3. cXs[KI~KJ!Z) FoR ALL liEsH pOINl> EXCEPT KJ=l ICOEF 33
ICOEF 34

no 60 KJ=19J14
00 6~ KI=l*~M

[COEF 35

G(I TO (1OQ1U* S)! IGEP

TCoEF 36

ICOEF 37
TEIIP = P12~(Z4(KJ) - Z4(KJ-l))~R4(Kl)
GO TO 15

ICOEF 38
(COEF 39

TcflP = Z4(K.J) - z4(KJ-1) lCOEF 40
I = KI + (K;:l)*[M ICOEF 41
ITF.tllJ = t4(l(I),
ITENF =

IC~lEF 42
M2[1~ENP) ICOEF 43

CXS(KI*KJ*3).=V0 (I)*(CO (4QITEMP), - CO(5911Et+P))
IF(KI -

ICUEF 44
1). 35935920 [cr)Ef 45

ITEMPl = lfO~I-1) ICOEF 46
ITCIIP1 = l~2(1TEl~~1) lCOEF 47
IF (ITEMP - ITEMP1) 30S25s30 ICOEF 48
CXS(ht*KJ*l ),=AO(KI )*z5(KJ)/(3,4~c(4(4
GO TO 35

,ITE}lP) ~(R4(KI)-R4 (K1-1))) ICOEF 49
IcOEF 50

cXS(KISKJ*l). = AO(KI)~Z5(KJ) *(R5(K1-1 )+R5(K[))/((R4(KI)-R4(Kl-l ))wICOEF 51
1 (3.* (R5(KI-1)*CJ(4

TF(KJ -
~ITEMpl) + 175(KI),*cfJ(4 91TEMP) ))) ICOEF 52

1) 6fl~60i40
ITEliP3 = flol~ --IM)

ICfJEF 53

ITF3tP3 = lt?(ITEMP3)
ICOEF 54
ICOEF 55

IF (I~EMP - [TEMP3) 50945950 ICOEF 56
CXs(KIsKJ~2). = Al(KI),/(3,*C0(4 QI?EMP)+$TE.MP) ICOEF 57
GO TO 60 ICOEF 58

.
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✎

“.

5fl

f!fl
c

:
c

65

70
75

c

80

85

c
110
115

120

c
140
145

150

c
lbo
le5

1!5

180

190

CXS(KISKJ*2) = A1(KI)*(z5(KJ-1) ● LS(KJ))/(TEMPe
1 (3.* (z5(KJ=l)*c\,(4 tITEMP3) ~ Z5(KJ),*CU(4

cONTI;IUE
. sITEMP) )))

ICOEF 59
ICOEF 60
ICOEF 61
ICOEF 62

SECOND MASTER L(JOP CALCULATES FLIIX COEFFICIENTS ALL ARoUND THE ICOEF 63
REACTOR P~R~METER*AND S(IMS THE cOEFFI~IENTS AT EACH MEsH POINT. ICOEF 64

Do 19C KJ=19.JM
ICOEF 65

I’)(T 1~(1 KI=l~~M
GO TO (70970*65) t IGEP
TEI!P = .5~PI,2~75 (KJ)~R4(KI)
GO TO 75
TEMP = .5*250(J)
1 = KI . (KJ-l)*lM
ITLMP = MP(~)
1TEMP = N2(11EMP)
TEliPl = C%S(~I+I,KU91)
TEMP% = CXS(K19K.J+l,~)

CHECK FOR Ro~~OM HOW CALCULATION
IF(KJ - 1) bo,ao!llo
IF(IU~.E(J;l ), ’GO”JO 85
cxs(KIoKJs2) = A1(KI)/(30*CO(4

1 CO(4
tI~EMP)*( TEMP

qI~EM~)))
GO To 14o
CXS(KI;KJ*2).=0.
GO TO 140
CHECK FOR T~P R(JN CALCULATION
IF(KJ - .lf~) 1409115?115
TF(I}IT.EQ21). GO TO 120
TlEltP2 = AT(KI)/(30*co(4 ?I~kMP)*( TEMfJ

1 CO(4 ,I~EMP)))
cxT(Kl) = T~MP2
GO TO 140
TEMP2=0.
CXT(KI)=O:
CHECK FOR L~~T HANC COLUMN ~ALCiJLA~ION
IF(KI - I), 145sl+5,160
IF(Il~L.EQLl). GO TO 150
cXS(KI~KJ*l) = Ao(KI )*z5(KJ)/(3.:co(4

I (.5*Rs(KI) ‘+
QITEMP)~

.71/co(4 ,I~EMP),))
GO T(> 180
CXS(K19KJ91)=0.
GO T~~ 180 “
cHf_.CK FOR RIGHT HAND COLUMN CALCIJLATT(JN
IF(KI - 1!4) lt3~Q1650165

lCO<F 66
ICOEF 67
ICOEF 68
ICOEF 69
ICOEF 70
ICOEF 71
ICOEF 72
ICOEF 73
ICOEF 74
ICOEF 75
ICOEF 76
ICOEF 77
ICOEF 78
ICOEF 79

+.71/ ICOEF 80
ICOEF 81
ICOEF 82
ICOEF 83
ICOEF 84
TCOEF 85
ICOEF 86
[COEF 87

+.71/ ICOEF 88
(COEF 89
ICOEF 90
ICnEF 91
ICOEF 92
ICOEF 93
ICOEF 94
ICOEF 95
ICOIZF 96
ICOEF 97
ICOEF 9R
ICOEF 99
ICOEF1OO
ICOEF1O1
ICOEF1O2
IC{)EF103
IC(-JEF1O4
ICOEF1O5
ICOEF1O6
IcoEFli17
TCOEF1OR
ICOEF1O9

IF(ItJ’~sEQ~l) GO TO 175
TEMP 1 = A!JtKI+l)*z5(KJ)/(3,:co (4

1 (.5*P5(KI) +
QITEMP)*

.“/l/c13[4 tIIEMP),))
CXR(KJ) = T~MPl
60 TO 180
TEtiPl=G.
cXR(K.1)=0.
CXS(K19KJ;3), = CAS(KItKJ03) + CXS(KI,KJQ1) + CX.5(KI*KJ,2)

1 + TEMIJ~ + TEWZ
cotJTIllU~ -
wRITIZ(ISCRAT), (( !CXS(K19KJ!KF) 9KI=19 T!!) 9K.J=]QJM),KF=193)
WRITE(ISCRA~), (CXR(KJ) OKJ=l~JV),s (CX1(KI).KI=l*IM)
RE7uR: I

1COEF11O
ICOEF1ll
1COEF112
ICOEF113
[COEF114
ICOEF115
ICOEF116
1COEF117

. .

. .
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Cotwlo’1 lJItJP, ““NCIJTS - NCR19 llFLuX19 NSCRAT* ISCRAT,
1

NDUMPO
~tlxc~, bLAv no7* C!dT * CVTQ DAYQ E(J(51),

2 El(5i~9 E2(51)$ E3(51)9 E4(51)9 E5(51)9 E6(51)9 E7(51)9
3 EH(51)9 E~J(51)* EO1* Eu29 E03

cotwfn:4 Eti, EVIJ, EVPP, @F* IiRAR* IGF.Ps IGP,

1 16V, 11s IMJM, 1P* iTEMPo ITEMP1o ITEMPZO
? 12P, JP , K079 KPA(JE v

Lg,
LAP * LAPP * LAUQ

3 NticTO , oR~Ps ~o?*
4

PBAR v
51\ARQ SK79 ~060 ~lls TEt.lP * TEMP19 TEMP29

5 TI.MP3 , TEPP49 11s Vll$ IJXCM
cotltlfI~J lb(z~)s 1PAX9 IGE~ fLM* IM* JM * IBL,

1 I(3R9 IRTO IIIB ~ llw* TEvTs IPVTS ISTAHT*
? Mis Mt* Mr319 ICST9 lHTS IHS~ ITL*
3 11, Jig OITM, IIrM~ tlW[)T9 IpFLXS lPRIN,
4 Il;’lT~S, IGEF ? I XSf:C , IIPOIS* NCON

COHMO J EPS, SRc RT , POwR, 014F9 FLXTSTS pv,

1 Ev,
EPSAQ

EVMS XLAL , XLAHS PODS nELT * IFS,

? rws~lJs IPUR3 EV29 Nf;o$ IljRTRG,
IflTFGEP Brr7* CN~ s

NCOEFQ NSWELP
~VTQ .P()~* Trj6? R29 L?

INTE(;SR (~ITM
REAL 12, 130 K60 r(79 LAP, LAPP* LAU,

1 N(j, N2 P MASS, MASSP~ 14
(~ItlEIJSIOh hO(l)! N2(l)9CXS (JIM9JJN~3)QS2 (1)9 Mo(1)* M?(l)?

1 Vn(I)s CO(JTL91)S CXR(1),9 ~XT(l)Q HA(l)s PA(1)
CALL ‘~EBAL “ifj29 $0* V09 CXS9 Mr), M2, ITL, IMs JM, CXR, CXT)
IKII =IM-1
JKH = .JM - 1
IF (NSWEF.}’) 5* 5, 21)5

9 rjo 10 1=191MJ11
in No(I) = N2(1)

c FLIIX ~ALcllLA~ION UsING soR WITH LINE XplVENSION
c
c CALCilLAT1(~ll OF rI(l~TOK! BOUNDARY FLIJX

KI=I
KJ=l
I = KI + (KJ - I)*IM
HA(KI]= CXSiKI+lS~JOl)/CXS(KI 9KJ!3)
PA(KI)= (S?(1) + CXS(KIOKJ+192).*N2~I* Ill) )!CXS(KI*KJ93)
1>0 15 KI = 2~IKh
I = t(I + (KJ - I)*IM
HA(KI) = CXS(KI+liKJ91)/(CXS(K IoKJQ3)- CXS(KI$KJ91 )*HA(KI-1))

15 PA(KI) = (S~(I) + CXS(KIQKJ+192)~lJ2(I+IM) + cXS(KISKJ91)*PA(KI-1))/IN!lER 44
1 (cx5(r(19K~93) - CXS(KISKJQl) ~HA(KI-1)) I)4FjER 45

KI = Ill INNER 46

INNER 1
TNNER 2
INNER 3
INNER 4
INNER 5
INNER 6
INtJER 7
IN14ER 8
INr4ER 9
IttNER 10
ItJIJER 11
INIIER 12
I?JIJER 13.
INNER 14
INNER 15
IFJNER 16
INNER 17
[PJNER 18
INIJER 19
INNER 20
IFJNER 21
INtdER 22
IPINER 23
INNER 24
INNER 25
INNER 26
TNNER 27
INNE14 28
INNER 29
INNER 30
INNER 31
INNER 32
IrJIJER 33
INNER 34
IrJtJER 35
INNER 36
INNER 37
INNER 38
INNER 39
TNNEI? 40
IrJtJEl? 41
INIJER 42
INNER 43

I = KI . (t(J - 1)*IM INrJER 47
N2(1) = (S~(I) ●’CXS(KI,KJ+1S2) :N2(I+IM) + cXS(KI,KJ~l)*PA(KI-]))/INNER 48

1 (CX5(K19K4*3) - CXS(K19KJ*I ):HA(KI-1)) INNER 49
DO 20 KTJ = 2*IM IrJrJEf? 50
KI = Iri - KII + 1 INNER 51
I = KI + (K! - 1)*IM INNER 52

i?rr N2(I) = PA(KI) ● I{A(KI) * N2(I+1) TNtJER 53
00 25 KI = 1*IM INNER 54
I z I(I + (KJ - 1)*IM INNER 55

25 N2(I) = NP(~,). + odF*(N2[I) - AQ(I)). ItJNER 56
c PRINCIPAL’F~uX LUOP

00 45 KJ = 29JKi3
IN!JER 57
INNER 58
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KI=l
I = I(I + (KJ - 1)*IM

INNER 59
IPJNER 60. .

“.

-40

3s

40
45

c

5n

35

60
c
c
c

80

85
~n

92

HA(KI)= CXS~KI*lC~J91)/CXS(KI,KJo3)
PA(KI),=

INNER 61
(S2(1) + CXS(KI,KJ92) @N2(IA1hI)+ CXS(KIOKJ+l o2)*N2(I+IM)) / INNER 62

1 C.XS(KI*KJ93) INNER 63
Do 311 KI = 291KB
I = K1 ● (KJ - 1)*IM
HA(KI) = CXS(KI*liKJ$I)/(CXS(KI 9KJ93)- CXS(KIOKJ*l )+$HA(KI-1))
PA(KI), = 1s2(1) * CXS(KIQKJ*2) :I12(I-IM)* CXS(KI,KJ+1*2) *N2(I+IM) ●

I CXS(KIQK~* l),OPA(KI-1)) /(CX!3(K10K.)93) - CkS(K19KJ~l)~HA (KI=l))
KI = IM
I = KI + (KJ - 1)*IM
N2(I) = (S2[1) ●“CXS(K19KJ92) *N2(I-1~1) + CXS(K19KJ+192) @N2(I+IM) +

ln;x~~K~;~.Jgl~~~fl~KI-l)) /(CxS(ti~,KJt3) - CXS(KI$KJ,l)*HA (KI-1))

KI = IN - KII”; 1
1 = KI + (K4 - 1)*IM
N2(I) = PA(KI) + HA(KI) @ N2(I+1)
DO 40 KI = l*lI?
I = KI + (KJ - 1)*IM
N2(I) = N9(~). ● I)NF*(IJ2(I) - Nq(I))
cOf~TI!lUE
CALCIILATIf)N OF ~lJP BOUNDARY FLUX
KJ = JM
Kx=l
I = I([ + (KJ - 1)*IM
HA(KI),= CXS~KI*L!l(J,l)/cxS(KIQK.J*3),
PA(KI) = (s2(1) ● cxs(KIoK~?2):N2tI-Ir.4))/cxs (KI$KJ93)
00 50 KI = 291KU
I = KI t (KJ - ~)01~4
HA;KI) = CXS(KI+liKJ,l)/(CXS(K 19KJs3)- CXS(KXOKJO 1)*HA(KI-11)
PA(KI) = ~S~(I) ● CXS(KI!KJ92) ~N2(I-Itl)* CXS(K19KJ~l)~PA(KI-1))/

1 (cxS(K19K~93) - CXS(KI,KJ~l) ~HA(KI-1))
KI = It.4
I = KI ● (KJ - 1)*1M
N2(I) = (S2(1) ●“C)(s(K19KJ92) {\N%(I-IM) + CXS(KI,KJO1)*PA (KI-l)) /

I (cx3(KI*K~,3) - CXS(KI*KJ~l) ~liA(KI-1))
00 55 KII = 2,1M
KI = IM - KII + 1
1 = K1 + (Kj - 1)*1M
N2(I) = PA(kI) ● liP(KI) * N2(I+1)
DO 60 KI = 1s1?4
I = KI + (KJ - 1)*IM
r’J2(I) = NO(I), + okF~(N2(1) - NO(I))

LC = Lc+l
11 = 11+1
IF(I[ - IITM), 8~sy5J95
TENP1=c.
[)0 90 I=lsIMJM
TCt{Pz=At3S {liO-Nti(l)/N2(I))
lF(TCIP1-~EM~2) ti59goS~0
TEMpl=TEMP2
CONTI;IUII
IF(TE~Pl - ~LXTS~) 95,95*92
lF [r4~WEE~’) 5S 2145, 205

INNER 64
INNER 65
INNER 66
INNER 67
INNER 68
INNER 69
INNER 70
TNNER 71
INNER 72
IF~NEI? 73
INNER 74
IfJNER 75
[!JNER 76
INNER 77
INNER 78
INNER 79
INNER 80
INNER 81
INNER 82
I~JNER 83
INNER 84
INNER 85
INNER 86
INNER 87
INNER 88
INNER 89
INNER 90
INNER 91
INNER 92
INNER 93
I~JNER 94
ItJNER 95
INNER 96
INNER 97
INNER 98
INNER 99
IN1JER1oo
INNER101
1NNER102
1NNER103
1NNER104
TNNEI?1(15
INNER106
IIINER11)7
INNEFI108
INNER109
[PINERIIO
lNNER1ll
INNER1lZ
INNER113
INNER114
INNER115
INNER116

. .

-a

55



95

?05
?ln

c
c
c

215

22n

.425
c

250

?35

240
245

c

(m~’jw fNNERl17
IFJNEI?l 18

I){) PI! !=ls IMJM [tJPiERl 19
No(I) = N2 (’1) 1NNER120
I=LIIX CALcllL.AtIoN USItIG SOR WITH I.INE IllvERSInN IrlNER121

lruoER122
CALClJL4rl{~rl oF L\Fl HOUNDARY FLuX INNlZR123
KI=~ TIINER124
I(J=1

= KI ● (KJ - 1]*IM
I!1NER125

I IrlplEI?126
HA(K.J)= CxSiKI,KJJ1,2)/cxs(KI 9K.J,3) IN!4ER127
P4(KJ)= (s?(1) + CX5(KI+1*KJ91 ),*)N2(I+1)) /cx5(Kl,KJ,3)
no ?]5

IFINER128
K\l=2$JKtJ 1NNER129

I = I(I ● (K.J - I)*IM TNNER130
HA (KJ) = CXS(KIsKJ+l~2)/(CXS(KI ?KJ*’3)- CAS(K19KJq2) *li4(KJ-1) 1
PA(KJ) =

IN~lEF?131
‘iS2(I) + cxS(KI+l,KJ,l )*N2(I+I) + cXS(KI.KJ,2)*PA(K.J-1))/INNER132

1 ‘cxi[KI*K4Q3) - CX5(K19KJ92) :HA(AJ-1))
KJ = IN

INNEN133
INNER134

I = KI + (KJ - 1)*IM 1NNER135
N2(I) = (S2(1) +“cxSIKI*IsKJS l)*h12(l+l ) + CXS(KISKJ92)*P4(KJ-1))/11J14ER136

1 (cX$(K19KJ93) - CX5(KIsKJ~2) ~HA(KJ-1))
no 22)

[rJfJE}~137
K.JJ=2*JM ltlNER138

KJ = .IM - KJJ + 1
1 = K! ● (K~”- 1),~11.\

1NNER139
INNER140

N2(I) = PA(K~) ● HA(KJ) * N2(T*IM) IFJNER141
no 225 KJ = 19JM
T = K[ + (K? - 1)*IM

111’4E2142
~f414E~143

N2(I) = F.,?(II + utiF*(N2(I) - h~(l)l
PI?ltlCIPAL f“~~X LUuF

INIIER144

00 245 KI = 2*lhB
TNIJER145
INNER146

KJ=l IrlrJER147
I =hI + (KJ - 1)*IM INNER1413
HA(KJ]= C~S~K19KJ$l*2)/CXS(KI 9KJ93), IN)IER149
PA(KJ)= (S2(1) ● CXS(K19KJ*1) *N2(I-1) ● CXS(KI*19KJ*1) *N2(I*1)) / INIJIZR150

1 CXS(KI,KJ,3)
D() 23:} KJ = 29JRS

INNER151

= KT ● lKJ - 1)*IM
INNER152

I INNER153
HA(KJ) = CX$(KI,K~+102)/(CXS(KlQK,JS3) - CAS[K19KJ9?) *HA(KJ-1)) ltJt4ER154
PA (KJ) = lS~(I) * CX5(KI,KJ, l){\N2(I-1) + CXs(K1+l,KJ,l) *N2( 1*1) + It/NER155

lK~xj(~~*K:)*2),*pA~Kti-1)) /(C~5(K19KJ93) - CXS(KI,KJ,2) *HA(KJ-1)) IN-JER156
IFJ11ER157

I = KI + (Kg - I)*IM INFJER1S8
N2(I) = (s2(1) ● CXS(KI,KJ91 )*PJ2(I-11, + CXS(KI+l QKJQ))~N2(I+l) ● Itl’JEli159

1 CXS(KI!K.j*2)*PA(KJ-1)1/ (CXS(Kr,KJ*3) - CXS(K19KJ,2) *HA(KJ-1))
KJJ = 2,JM

ItlrlER160
00 235 IIJNER161
KJ = IM - KJ.J + 1 ItJNER162
I = KI + (KJ - 1)*IM INNEQ163
N2(I) = PA(Rq) ● FiA(KJ) * N2(I*IM) IIJ14ER164
DO 244> KJ = 19JM
I

TtNdE1/165
= KI + (KJ - 1)*IM [NNER166

N.2(1) = NO(~). + 014F*(N2(I) - h~(I)),
CO!ITIIUE

1NNER167
II04ER168

CALCtJLATIf)N OF RIGFT 130UNDARY ~LIJX INNE13169
KI = 1!! INNER170
KJzI 1NNER171
I z KI + (KJ - 1)*IM I141JEN172
HA(KJ)= Cx5{K19KJ+’192)/CXS(K19KJQ3) ltlrJER173
PA(KJ]= (s2(1) * CXS(KI,KJ91)0N2(I-1))/CAS [KI~KJ*3) TIOJER174
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* .

“.

255

?60
c
c

;0 251; KJ= 29JKb
= KI ● (KJ - i)WI~~

tiA(KJ) = CXS(KI. Kj+lo2) /( CXS(KISKJt3) - CXS(K19KJ? 2)*}{ A(KJ-1))
PA(KJ) = “iS~(I) ● CXS(KI,KJil) ~N2(1,-1) ● CXS(KI,KJ92)*PA[KJ-1))/

1 (CXS(K19K493) - CXS[KIOKJ*2):HA(KJ-1))
KJ = JN
I = KI + (KJ - l)*IM
N.?(I) = (S2(1) +’cxS(KI,KJ91)*N2( 1-1) ● CXS(KI,KJW2) *PA(KJ-1)) /

1 (CXS(KI*K;,3) - CXS(KI,KJ~2) ~HA(KJ-1))
DO 255 KJJ = 2,Jt4
KJ = IH -“”KJJ + I
I = KI + (Kj-- l)~x),f
N2(1) = PA(KJ) + HA(KJ) * N2(I+IM)
:0 260 KJ =-l,JM

= KI + (KJ - 1)*IM
N2(I) = NO(I), + 0KF*(N2(1) - hq(I))

INNER IIE1<A~ION [:ohTROL
LC =Lc+l
11 = 11+]
IF(II - IITM), 28u9 295,295
TEt!Pl=oo
Do ~Q:) I=191MJM
TEttP2=AHs (l:o-No(I)/N2(I))
IF(TEIP1-~Et4P2) ?859 2909 i90
TEt4Pl=TE:r4~’2
COF~TI:JOE
IF(TE’~Pl - FLXTSI) 295, 295s 292

IF (NsWEE~’) -S, 5;’205
CCItJTIUJF.
RETUR, I
~tJ[)

1NNER175
INNER176
INNER177
INNER178
INNER179
INNER180
INNER181
INNER182
INNER183
INNER184
1NNER185
INNER186
1NNER187
INNER188
IIJNER189
INNER190
It4NER191
ItlNER192
INNER193
INNtiR194
1NNER195
INNER196
INNER197
INNER198
1NNER199
INNER200
1NNER201
INNER202
INNER203
INNER204
1NNER205
INNER206

. .



c
c

10
c

15

?0
c

25

3(1

35
c

40

45

5rl
c

55

60
65

cgllblr)”~ lJIr?P, NGIJ1 t N:RIJ IJFLUA1O NSCRATS ~ScRATS ND1JMP9
1 ~t~l~~v bLA, B07* CNT* CVTS DAY* E6(51)9
2 EI(51)s E2(51), E3(51)9 E4(51)9 E5(51)$ E6(51), E7(51)9
3 E13(51)Q ~y(51)0 EO1* EOZ’9 E03

cot~tloll ~ti, EVPQ EVPP, ~PF, rjRAR ~ IGEP, IGPQ
1 IGv, 11, IMJM, 1P* ITEMP9 ITEMP19 ITCI!P?O
? 12P* JP * K079 KPAGE9

Lc,
LAP* LAPPs LAR9

3 NGcTot ORFP , P(J~* PBAR9
4 5BA~, SK79 ~069 T119 TEMP+ TEMPIc TEMP2?
5 Tcll~39 ~EPP49 TI, VII* NXCM

CONMOI 1[)123)9 ?PAX9 I~Es ILMv IMv JM ~
rRfi9

IBL,
1 IEJ!o Ini4Q ItiM* IEVTO IPVT9 lSTANTQ
? ML, MT, MO1* [~sT, IHTs lHSO ITLc
3 IL, JL v OITM, IIIM, 14WI)TS [PF1.Xs
4

IPRIN,
iD’lTPsQ IGEF, IXS~C* ~lP(JIs9 NCON

COMrl(\’/ rPs* sRCRT Q POWR* ONF, FLXTsT,
gv,

pv, EpSA,
1 EVP? XLAL v Y,LAHS POD* I.JELT* IFS,

? Nl\STP, Il?un, EV2, NG09 IBRTRG?
TIIYCG:R }107, CNT v ~VT,

NCOEF, NSWEEP
P(J29

INTEGER
Tcr69 R2Q L2

OITtt
REAL 12, 139 K6* K79

tin,
LAP* LAPPo LAR!

1 N2 * MASS, HASSP!
l)It~CN’iION

14
t42(l)9 Co(JTL91)9 VO(l)*CX$ (JIH9JJM,3). MO (1)9 M2(1)Q

1 CXR(I)S CXT(I)
THIS 5U}wOUTttlE 140RMALIZES rLUXES HkFORE EAcH GROUP CALCULATIOfl
CALCIJLATE A850RP!ICN AND OUT-S&ATTgR
E3(16V)=O:
E4(IGV)=O:
Do 19 1=1~ IMJM
TEIIP = VO(I)*N2(I)
TTt_.tlP = Mi)(IJ’

REBA
REBA
f?Ef3A
QE}]A

REF3A
QE8A
REHA
REt3A
RENA

REEiA
QEGA
REBA
RERA
RERA
REHA
REt3A
J?EBA
RE33A
REEiA
REBA
REflA
I?EBA
REDA
HERA
1?EF3A
REBA
REuA
RERA

TTUIIP = M2(IlFw)
E3(IGJ)

REBA
= E3~IGv) ● (co[491TEPP) - Cf)(591TE~P) - CO(2. ITMIP))*TEllPREBA

E4(tGv) = E4(IGV) + cl)[2*I~gMP).@TEw RE8A
CAI.C’JLATE L:~T L~AKAGE
E5(IGd)=ne

RERA
RERA

TF(I13L) 1~*15925 REf3A
130 23 K.l=]*J!~
I

REtl A
= (KJ - ljal~l ● 1

E5(TGV)
REf3A

= ES(IGV) + CXS(1sKJ~l)W2(I) REBA
CAI.CIILATE RI,WT L~4KAGE REBA
E6(IGV)=O: REBA
IF(Tt+il) 30s3rJ94u RE13A
on 35 KJ=l~JM REFJA
I = KJ*IM - REBA
E6(IGv) = E~(IGv) + CXR(KJ),yN2 (I) REBA
CALCULATE Toy L~AKAGlj REBA
E7{IGv)=0. RE13A
IF(InT) 45*45955
DO 50 KI=l,IM

REBA
RfUA

I = I!IJM - ~M + hI
E7(IGV)

REt3A
= E’T(IGV) + CXT(KI)~N2(I) REBA

CALCULATE R6TTOM LEAKAGE RE13A
E8(IGv)=0: ‘-- REBA
IF(IHH) 6C960S70 REBA
00 65 KI=i?X,f~ REBA
E8(IGV) = C8(IGU) + CXS(KI~lS2),*N2(KI) REBA

3
4 I
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
2fJ
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

●
✎

<,

. .

58



. .

“.

70 ~~j,#G~) = E5(IGV) ● E6(IGV) ● E7(TGV) ● E8(IGv)
(E1(I,GV) ● E2(I(3v)),/(E311GV), + E4(1Gv) + E9[1Gv))

D6 75 I=l,IMJM
75 N2(I) = T~MP~Nz(I)

E3(IGv) = TcMp*Ej(IGv)
E4(IGV) = T~Mp*E+(IGv)
E5(IGV) = TENP*ES(IGV)
E6(IGV) = TEMP@E6(IGV)
E7(IGV) = TCMP*E?(IGV)
E8(IGv) = T~MP*L8(IGV)
E9(IGV) = T~MP*~Y(IGv)
RETuR:l

EN(1

I?EBA
REBA
REHA
REBA
REBA
REBA
REBA
REBA
Rti3A
REBA
REBA
REBA
REBA

59
60
61
62
63
64

::
67
68
69
70
71

. .

.,

59



c

10

15

t?n

c
25

.30
35
40

c
45
50

c

55

60

65
?5

c
80

E03
GBAR*

ITEMP9
LAP*

PBAR*
TE14P ,
NXCM

IMo
IEvTQ

IHT,
MWOTo

Ncor.J
FLXTSTS

POD*
I13RTRG9

TI)6*

ISCRAT,
DAY~

E6(51)c

IGEPQ
ITEMP1,

LAPPs

TEMP1 s

JM *
IPvr,

IH59
1PFLX9

Pvp
I)ELT!

NCOEFQ
R2 *

FJOLJMP*
EO(51)Q
E7(51)*

IGP9
ITEMP2*

LARQ

Itils
ISTART~

1119
IPRIN9

EPsA*
IFSS

NSWEEP
22

REAL 729 13Q K6 v K?* LAP c LAPP9
1 NO*

LAR!
N2 q MASSq MASSP* 14

DItKrJSION F211), K6(1)
CHECK TIM~ LIMIT
IF(TMAXJ 25!25911
CALL scCOrJl)(~E!iPT
IF(TEl~P - TIIAX) 25s15915
NGOTO=l
PRIFIT 20

RUNNING TIME ExCE~lJE~--F(lRCEO cONVERGENCEFORMAT:S3H1 y * ~
RETUH:l
CHCcK EIbf.NVAL\lE CONVERGENCE-..
Eo1=Ic - ALA
E02=Ah(EOl)
IF(E1(IGP)) 30940*35
CALL ERR02(6HcoI~~RG~30~I)

EPS) 41J*40,45IF(E02 - - - -
cVT=l
IF(P02.LE.3) CVT=O
INtTIALIZ~ ~ISSIO~ NEUTRON Sou~CE RAT~S FOR NEXT ITERATION
00 50 I=lsIMj14
F2(I)=0.
IF(cV~oNE.1). (;O IO BO
FxfJAL EIGFIJVALLIE ~ALCuLATION
NGoTO=l - ‘“
IF(IEvTotv~:l). G(J ~C 75

CONV
CONV
CONV
CONV
CONV
COtJV
CONV
CONV
CONV
CONV
COFJV
CONV
CONV
CONV
CONV
CONV
CONV
CONV
cow
CoNv
cow
cow
CONV
CONV
CONV
Coliv
CoNV
CoNV
CONV
CONV

* +$//)coNlJ

CONV
CONV
CoNV
CoNV
CoNv
CONV
CONV
CONV
CoNV
CoNv
CONV
CoNV
CONV
~o~v

CoNV
CONV

EvE().
DO 60 I=lcIGl~

coNV
CONV

EV=fV + K6(f),
Ev=sK7/Ev

CONV
CoNV

RETURN CoNV
EvzEv+pf)~*ECJ:Eol CONV
GO TO 65 - CONV
EIGENVALUE CALCULATION IF NOT CO~JV~RG~CJ
IF(IEvToN~:~J, G() ~0 85

CoNV
CONV

NGOTO=2 CONV

3
4
5
6
7
8
9

10

u
13
14
15
16
17
18

;:
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
&B
49
50
51
52
53
54
55
56
’57
58GO TO 55 cONV

60



c
85

95
105
115

c
125

c
c

145

1s0

155
160

c
170
1?5

155
190
195
210

215

.225
230
235

240

245

c
c

250
c

260

CHECK FOR CALCULA~ION OF NEW ~V IN SEARCH PRO13LEM(IEVT=2 OR 3)
E03=AIIS (ALA-LAN)

CONV 59
CONV 60

If(LAPP) 250s95$250 CONV 61
IF(LAp) 17091o59I7o CONV 62
lF(EQ) 225*115?225
1F(E03

CONV 63
- EP.S~) 1~501459125 CONV 64

RETUR14 T(l-M~IN P~OCRAM wITH EV STILL = TO THE PREVIOUS(SAME) VALUECONV 65
NGOTO=2
RETUI?!l

CONV 66

FIRST cHA!JGE IN tV. IT Is NOW SET To EV ● OR - EVM. PROGRAM
RETIJRrls 10 INIT FOR REcALCULATx,ON OF x-sEcT OR zONE THICKFJESSES
LAP=ALA
ISVP.EV
IF(Eo1) 1559155*150
EvsEV - EVM

GO TO 160
EV=EV + Evil
W.30TO=3
RETUR(I
SECONI) CHAN~E IN EV,(IF E032LE~EpSA). TRIGGEREO BY LAP GTo O

CpSii) l“t5*i75v125IF(C03 - - --
EO=(EvP-Ev)/(LAP&ALA)
IF(CN~) 21’0i185~210
IF(E02 - XLAL) 215~215s190
IF(EO? - XLAH) 210,210,1g5
EoI=SIGN (xL~lf~E~l)
LAPP=LAP
LAP=ALA
EVPP=EVP
EVP=Ev
GO TO 225
CNT=l
LAP=(I1
LApP=fi.
EV=EV+POD~E~~EOl
IF ((LAPP-l.n)/(LAP-loo)) 235$16!39160
TE14pl=AMIrllT~VP9~vpP)
IF (EV-TEIIP1), 2+~s24$0245
FV=(EVPP*~V~),/2:
GO TO 160
TEllpl=AMAxl (~VP*~Vpp)
JF (E\/-TEllPl) 16d9240,240
THTR[~(AND Su~CEEl>ING) CHANGE IN EV(lF E03,LE~EPsA). TRIGGERED
BY LA~’P GT. u
IF(E03 - ~P~A) ZfiU,260,125
CALCIJLATE Q~AORAT!C COEFFICIEk~S:
lEMP1=EVP-EV .
TEt4p2=EvPP-Ev
TEMP3=EVPP-i?VP
TE!4P4=TEMPl~ (EvP*Ev)
T!514P5=-TE’lP2~(EV+~VPp)
TIZMP6=TEMP3* (EVPP*EVP)
0ErJO~l=TEMp3:~EFtP2:?EPPl
EQA=((Lflpp-l .O)*rEPPl*EvP*EV- (LAP-100)~~TEMP2

I*EV+$EVPP+(AL~-1 .Ij~*TEM~3*E~PP*~vP) /LENOM
EQll=- (LAPl:+YEf.tP4+LAp3TEMp5+ALfi*TEFfP6) /[JENOM
EQc=(LAPPflT:RpI -I.Ap~1EMP2+ALA*~E:4p3) /~ENOM
DIGcR=EtJH:~oH-4: 4:EQA*EQc

CONV 67
CONV 68
CONV 69
CONV 70
CONV 71
CONV 72
CONV 73
CONV 74
CONV 75
CONV 76
CONV 77
CONV 78
CONV 79
CONV 80
CONV 81
CONV 82
CONV 83
CONV 84
CoNv 85

CONV 86
CONV 87
CONV 88
CONV 89
CoNV 90
CONV 91
CONV 92
CONV 93
CONV 94
CONV 95
CONv 96
::;; 97

98
CONV 99
CONV 100
CONV 101
CONV 102
CONV 103
CONV 106
CONV 105
CONV 106
CONV 107
CONV 108
CONV 109
CONV 110
CONV 111
~(_)r.Jv 112
CONV 113
CONV 114
CoNV 115
CONV 116

61



IF ID IsCl+) 175*27019270
2rn IF(E02 - XLAL) Zt5~215c280
?&o TEt4Pl=cQC+E(~C

TE1.lp=SQRT _(D~SCR)
EQ=]. n/( Efl R+ EV*~~MPl)
LAPP=L&P
LAP=ALA
EVPF=~VP
EVP=EV
EVl=(TCMP-~fJfl)/~~:MPI
Fv~=-(TEMp+~[j~)/!~ppl

EVA=A’~S (~V-~Vl)
EVII=A’~S (~V-:V2)
IF (EVA-EVB) 21?uQ290?300

2%0 EV=CV~
G{) TCI 231)

3(10 EV=CV2
GO TO 230
F ND

CONV 117
CONV 118
CONV 119
CONV 120
CONV 121
CONV 122
CONV 123
CONV 124
CONV 125
CONV 126
CONV 127
COW 12B
COIJV 129
CONV 130
CONV 131
COilV 132
CONV 133
cf)r~v 134
CONV 135

..

.-

. .

. .
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c

c

c

Ill

20

30
50

c
60

c

65
7(I
80

SUUROUTIN~ ~~MMRY(F29N2,Rl tzlsR+9z4~JIM9JJMSFN29
2 C091iOSMOOM29FOOJTL*JMl!V09FUTOT~ 10911012~
3 PFNAC9PFPREVOBURNUP914)

co14MOl~ fiINP, NCUT9 NCR1* 14FLUX1J NSCRATO ISCRAT* NDlJMP9
1 N?lIcfi9 nLi19 B(I79 CNT9 Cvl$
2

DAY~ Eo(51)*
El[5~~,9 EZ(51)9 E3(5~)9 E4(51)9 E5(51)$ E6(51)9 E7(51),

3 E8(5~l): L9(51)9 Eol~ E(I29 E03
COMM(-)14 EvP9 E~PP v ~PF t GBARo I GEP *

I~V,
IGPo

1 119 IM+M, 1P? ITEMP* ITEMP1* ITEMP?9
2 12$, JP * KJ)7* KPAGE9 LAPQ LAPp v

Lc,
LAR*

3 N(50T0, oRFP + Po~*
sR~~*

PBAR$
4 SK7, 106q ?119 TEMP s TEMP1o 7EMP29
5 TCMP3. TEPP4* TIo VII* IJXCM

coMMO1/ 11112~), “7PAX, IGE, ILM* IM, Jt4 ,
10R9

IBL*
“IB~s I13B, ItiM* IEvT, IPVTO ISTAKT9

; i4t, M! @ Mole ICST9 It{T~ IHSO ITL*
3 IL! JLt OITMQ IITM* MWf)T* I~FLx9
4 lD!lTPS, 1GEF9 IXS~C,

IPRINo
FJPOIS* NCON

EPS,Cotftforl ‘-” SMc RT , POWR* ORFS FLXTST9
Ev,

PV* CPSA,
1 Evfi, XLALO XLA4 * POD* I)ELT s IFS*
? NtE.~PQ I,EUR, gvz, )IGO! It4RTRG9 NCOEF9 NSwEEP

IllTE(iER l-lo?, CNT9 CVT, P02* T068
INTEtiER OITtl

R20 L2

SMI?Y 1
SMRY 2
SMRY 3
SMR’i 4
SMRY 5
SMRY 6
SMRY 7
5MRY 8
SMRY ~
SMRY 10
SMRY 11
sMRy 12
SMRY 13
5MRY 14
SMRY 15
SMRY 16
WRY 17
5t!RY 18
St4RY 19
SMRY 2(I
SMRY 21
SMRY 22
SMKY 23
SMRY 24
!3MRY 25
5F4RY 26

REAL 12, 139 K6 * K7s LAP v LAPI>. LARo
1 NO, N2 , MASS* IIASSPS 14

DIllENsION F2iJIM*JJM)* N2(JIMoJJM)9 Rl(l)s ~1(1)~ R4(1)9 z4(1)9
1 FLUX(b),~ FN2(1)* ’CO(JTL,JMT),* NO(JIMOJJM)9 Mo(JIM*JJM)$ SMRY 27

2 M2(1)9 Fo[JIM~JJt4i SMRY 28
l_)IMCN~ION VO(JIM~IJJP) 9FUTOT(l).sI 0(1) sII(1)912(I)*PFRAC (1)9 SMRY

2 ~~PREV(i),RUR!dUp (l) *14(l) sMRy
FINAL PRIIIT
IcARI]=l

SMRY
St-4RY

PR1!JT FINAL ~IGENVALIJE APJ13OTt!~R FI,NAL OUTER ITERATION PARAMETERS SMRY
CALL EVPRT SMRY
PRINT ATOfi ~~NSITIES Fl?oM SEAR~H CALCULATION (IF IEVT=Z) SMRY
IF(IEvT.N~:2), G()’~C 60
PRI!JT 10, PV

SMRY
SMRY

FORIIAT(lH1///s2X,1001iTHESE ARE TliE I)ESI!?EII ATOM DENSITIES oBTAINEDSMRY
1 FROM-THE CONC S$ARCH TO GIVE 4 PA14AM~TRIC vALUE OF PV= F9.b///) 5MR%

DO 3!3 M=l*MOl- SMRY
IF (14(M) .E~.00) GO 10 30 SMHY
TEMF = 127!),:~12u + ~vo14(M))
K = IO(M)

SMRY
SMRY

PRItJT 20, K* II(M)o TEMF SMRY
FORl!A~(10x*7flREG+,Uh=12*5X9911MA~ERIAL=I,29 5XO15HMATL ATOM DENS=F]o.7StlRY

1) !jMRY
COIITIIIUE
CONTIltUE

St-4RY
SMRY

PRINT FINAL GROUP TOTALS WIRY
CALL .iRPTOT SMRY
IF(~~Ay.NE:02) GO TC 105 !;MRY
PRI!JT MES’I lNTCI{VALS AND COO$NIItJAT~S
J=IP

SMRY
S14RY

IF(IP - Jt’) 70s70065 SMRY
J=.JP
PRIIJT 809 (19Rl(I) *R4(1)9Z~~;~iZ4 (I),I=lsJ)
FORHAT( f141il AVG RADII

AXII1“, AVG AXII//(I4*4F2O.4))
. .

WRY
SM2Y
SMRY
SMRY

:9
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

63

. .



65
90

95
100
105

c

110
c

c

1411
c

les
1s0

1411
c

lefl
110

lbo

200

.?.?0
c

?3(3

2?45
255

i?e (1

i?90

PR1)JT QO, (I*Z1(I) ?Z4(I)*T=J,.J}J)
FOIUIA~( 16*40x*2Ft?0.4)
GO Tn 105
PRI!JT ]00$ [T9R1(I) *}?4(I)?I=J,111)
FOI?NAT( 14??F?I).4)
col,TI’11.JL
IFIITIJLIzI: ~OTAL FLIIX AND POW:14 l)EldSI~Y 414RAYS
[10 11’ I=i,IM”
no II ‘ J=ls<)~
Nb(I. 1)=01
F’2(I*J)=I).
M4STE’{ LOfiP FOP OUTPUTTING nF I-LIJXE5 (lYRlblT/TAPE/PUhlCtl OPTIUNS)

Do :15: lIG=l*I(N
RcAl\ (t4~I_llxl) ((Nd(I,J) sI=l~IM)*.J=l 9JM)
READ ({cRl). ([to(II!J)q II = ], ITL)! J = 1, MT)
CALCULATE TOTAL kl.Lx AND POWER IKNSITY
no 12.1 IxlgIH
DO 120 J=IQJM
NI?(I*I) = t/b(I.J) + N2(I,J)
ITF.HP = F9(I,J)

1TCtlP = r47(ITFJ!P)
F2(I, J)= 12(f,J) ● CU(191T~M1’) ~tJ2119J),~~ll)00 ,QEPF
PQ?)IT G140~lP FLIIXCS (IF DESIf?~r~
IF(IPRINOl”O:~) ~>1) TO 160
lF(rJAf.NE:U.) GU ~C 140
PRIIJT ]3091TG
FOR!lAT(lJ- 11*20X914PFLUX FOR GR011~*12)
CALL “RT(1M*~M!Ni!QZ41
Gn 10 160

!;MI?Y
‘VIRY
SMRY
SMRY
sNriY
5)4RY
st4QY
!jMr.?y
5MRY
‘WRY
sr4Ry
stfRY
SMRY
‘st14Y
WRY
sNr4Y
W’4RY
SMRY
SMRY
5tiRY
5MRY
WRY
sMr4Y
SMRY
sMf4Y
!31RY
SMQY
stfl?y
st4r4Y
s If Ry
sMRY

IF(IP:?lN.rO.1) (jU To 125
WR[TE FLIJxf~ otl TAPE(FOR IREF=:; OR 1)*oR
IF(Il~’lTPS) 230s230s170
lF(l_)Ay.NE.0:), G(J ~C 200
lF(IRCF.N~eO), (3J ~C 230
wRITE(Nl)u~tF’), ((N2[19~) QIX191M)SJ=19 JM),
G(I Trl 23o
IF(IREF.EO.1) GU lC 180
IF(IJ4cr.E’)on) GO ~C 220
wRITC(ISCHA~l, ((N~(I~J) sI=l, IP),*.J=l~JM)
GO 10 230
CALL tiRR02(~H5Ut4MRY9220sl)
PIJ)Jcll FLUXES (IF DESIRED)
lF(IPFLX.~”(J20) G(J TO 3!i0
IF llhIy.NE.02\, (if) ~C 245
IFIIr’FLX.~021) (jO TO 255
60 TO 3S0
lF(IPFLX.rlE.2) G(J TO 35o
00 30Q !=19~tlJM90
DO 28!) J=lsh
FLIIX(J) = 02
11 = ftItJo(I*5QIMJM)
JI=l
DO ?9) J=I,II
FLIJX(JI) = ~N2(J)
JI = JI + 1
PUtlC}j 311J, (FLUX 1J)SJ=l?6)~ICAl?D

sr4RY
DIsK(FoR [REF=2),IF nEsRDSMdf

‘3MRY
swii
SNRY
SMI?Y
~k!~y
SMRY
5t4r?Y
3$lRy
St{!ty
SMUY
St.iuy
sMRY
stlr?Y
s,wy
SMr4Y
S14RY
WRY
st4RY
m4riY
SMRY
SMRY
SMRY
shl~y
Shll+y
‘itfRY

%
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82

::
85
86
8?
88
89
90
91
92
93
%4
95
96
97
98
99

100
101
102
1(I3
104
105
106
107
108
109
110
111
112
113
114
115
116

.-

-.
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.

“,

300
310
350

c

355

360

c

365

3to

..4t5

3M0

385
c

400

405

415

425
430

4b(l
470
475

It&f)
t$t!5

490
500

IcARD = ICAI?D 6 i SMRY 117
FORtlAT (lP6E12*604HFLlJx* 14) SMI?Y 118
COIJTI~lUE ““ 5MRY 119
PRII{T TOTAL FLLIX AND POWER DENSITY WIRY 120
PRII{T 355 SMRY 121
FoRMAT(]H1//$ l~A911H ToTAL FLllx//) SMRY 122
CALL fiRT(1M;JM*N,J9z4) SMRY 123
PRTt4T 360 SMRY 124
FoRIIAT(lH1//* lq%? 26HPOWER lXrtSITy (MwT/LITER)) SMRY 125
CALL ~’}/T.(IM9Yt!,Fd~z4) sMRy 126
cALCIJLATE AND PNINT REGIONAL POWER FRAcTIONS !3MRY 127
IF(PnJR.L~.o.) G() 10 475 st4RY 128
DO 36SI 1=1,~~1~ SMRY 129
PFRAC(I),=C. SMRY 130
DO 37J I=liIM SMRY 131
DO 37(! J=ls$I SMRY 132
ITCHP=MO(I,J). SMRY 133
TTEMP=I12(IT~l+P) - PL sMRy 134
PF[~AC( ITEllP;=PFNl\C(I TEMP) + F2(19.J),”Vo (I$J)*.001 SMRY 135
PRINT 3“{5 SMI?Y 136
FORllAT(]Hl*(//l~%?3gh1~OwER PRCll)llCTION FRACTION FOR EAcH ZONE///) SMRY 137
Do 38J 1=191ZM SMRY 138
PFRAc(I)=PF~AC(I)/FOWR SMRY 139
PRI!IT 385! X,PrtUIC(I) SMRY 140
FORttA~(/2KX92H1=T2s~X t6HPFRAC=Fg.6) SMRY 141
CALCULATE AN[) PRINT tlUR)41JP RATEs F(JR ~:ACt{ ZONE SMRY 142
IF(Mdl)ToE’1.(1), G(J IO 475 sMR’f 143
IF(nAy.EQIG.), G(J TC 460 SMRY 144
IF (I[l~~TRG.Efi20) bo TO 46o SMRY 145
PRI14T 400- “ WRY 146
FOR!lA~(ltil,///]0X*e3JiTHEsE ARE T}{E AVERAGE BURNIJP RATE5~IF4 MWD/TON5MRY 147

29FrIR EACH Z~NE U’JEfi THE PR~VIOUs cYcL~///) SMRY 148
PqItlT 405* DELT SMRY 149
FORtlAT(//lOxi5H():LT=F8.2,7ti llAYs////) !;t41?y 150
DO 425 I=l~IZM SMRY 151
IF (FUTf)T(I)2~OOiJ.) G(Y T(’) 415 SMRY 152

lPrP.AL(I) ● PFPREv(I))*P[lw~*DILT/(2.*FuToT (1))RIJRfU)P(l)= - :: !5MRY 153
RR)lflCT=l\U}/N~~ (1)<:1 .10
GO T()-4.25 -

SMr?Y 154
!3MRY 155

RuR:l(ji~(I)=O. SMRY 156
BRNI!I:!=oo - WRY 157
PRIFJT 4309 ltFUTOT(I) ,fluHNuP(I) ,HNNMCT SMRY ]58
FOIOIAT(/5x92HI=1294Xi2411FUEL MASS IN 5~10KT TONS=F7.3,4X929HAVG. BIIS14HY )59

pRNUF IIJ WAD{stlOR! TOh=Fg02i5X!3011AV(i. RuKIJUP IN MwD/14ETRIc TON=F9.sMRY 160
3?) !HIRY 161

DO 47/ II=!.~IzM StlRY 162
PFPREV( II)=~FRAC(II) SMRY 163
IF(Tp’~IN.~023) G() TO 500 SMRY 164
IF(DAy.~JEGC:) GO ~C 490 SMI?Y 165
PRINT 4FJ5 SMRY 166
FORNAT(1H1920X, 1’3HFISSION SOURCE t?ATE), SMRY 167
CALL ;’RT(1!4sJM9F09Z41 SMRY 168
GO T() 500
IF(IP.~IN.lU21) GO To 480

stlR’f 169
SMRY 170

REWIr{ll NC~ll SMRY 171
REUIIII) NFLUX1 St4RY 172
REWIN[) NI)OMP 5MRY 173
RETUR I - SMRY 174

. .

. .

Etlf) SMRY 175
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S! Jl\12f)’lTIl,; l:::T() I
~olillo”l” ‘“NCU19 NCR1, NFLUX1* NSCRATO I’3CRAT9 NC)(lMP~
1 N:l ICR* ALA9 1307* CN1 * CVT* DAYs Eo (51)*
i? El[SI)! L2(51)s E3(51)9 E4(51)t E5(51)9 E6(51)0 E7(51)9
3 Etl(sl)* t’J(51)! E019 t:lJ2, E(I3

cOliMf)’1 E(J9 EvP9 EVPIJ * @F, tiR4R9 I13EP9 ItilJs

1 Ifi V, II, IMJM, 1P* ITEMPo ITEMP19 11EMP29
7 12P, JP9 K079 KPAbE * LAP? l_APP9 LAR,

3 LC, NGC1O ~ o14rP * PIJ29 PBAR*
4 !iRAn, SK79 T06* ~L19 TEMP v TEMP19 TEMP2C
5 T[.M~3, ltPp4, TI~ Vii* NXCM

Cotttlo I [D123)* ‘~,PAx, 16E* ILM* IM, JM * ItIL,

1 Ibft, I131s IRR, ItiMY IEVT9 IPVT9 ISTART*
? Ml.. MT* Mel, ICST9 IHT, IHS, ITLs
3 Iz, JL9 OITM, IITM$ liwoT , IPFLXo IPR1N9
4 I[)~lTP%, IEEFQ IXSCC, ?JP01S9 NCON

C(llftm I EPS, SI’lcf ’?l* PO\lR * 0RF9 FLATsT, Pv? EpsA ,

1 iv, Evti, XLALt XLAti9 Pf-lu 9 I)ELT* IFS,
7 NHStP, IEUR9 EV2 , tJtios 18RTRG9 NcoEF9 NSWEEP

IrlTFGL[7 B67, CNTQ ~VT, P(-12*
IIITEGCR

TI)69 R29 L2
nITt!

REAL 129 139 K69 K79 L4P,
t’Jlj,

LAPP, LAR9
1 N2 * MASS, !IASSP9 14

F2:IGO) = .0
E3(IGP) = :0
Et+(I(,~] = :0

E5[Itip) = ~~
F6(Ili~’) = ●0
F.7(IGP) = .h
FN(IJi~’) = .1’)
F9:IGI’) = .0
nn 10 I = liIGN
E.2:IGP) = E2(IGIJ) + E~(I)
F3(IU,P) = E3(IGP) + E3(I)
E4(?GP) = E4(IGP) + E4[I)
E5(IG1’) = E$(IGP) + E5(I)
E6(IGP) = E6(IGP) + E6(I)
E7(I(i~’) = E?(IGIJ) + ~7(1)
E8(IG~) = E8(IGP) + E8(I)

I (1 F9(IG1>) = E9(IGP) + E9(I)

GRPT
6RPT
GRPT
GRPT
~jRPT
GRPT
GRPT
(JRPT
(iRPT
(;RPT
GRPT
6RPT
GRPT
GRPT
GRPT
\;RPT
GRPT
GRPT
GRPT
GRPT
GRPT
GRP T
~;RPT
13RPT
GRPT
GRPT
{;RPT
GPPT
IGRPT
(iRPT
6RPT
GRPT
GRPT
GRPT
GRPT
GRPT
GRPT
GRPT
GRPT
GRPT

PRItlT 20 - GPPT
~n FORHAT (1~11, z8H FINAL NFUTROl\ 13ALANCE TARLE/// 5RPT

15914 GIIOUP FISSIUN SOURcE ‘IN-SCAT~ER. OLJT-sCATTER AEIsORPTIOtJ, IX,GRPT
?65}4 L. L; tie L. - T: L: B. L.
?GE//l

TOTAL LEAKA1;RPT
GRPT

DO 30 I = lsIGli
25 FORHAT (1~$ 1P9E1303)
.3(1 PRlljT 259 ~*~i(I) 9E2(I),E3(I),L4( I) *E5(I)oE6(I) ~E7(I),

1 En(I),E9(T).
PRItlT 35

3% FORIIAT (Ill )
I =13M+1’
PRINT 2s, Is~l(I)sE2(I)sE3(I)~E4 (I) sE5(I)sE6(I )~E7(l)s

1 EO(I),E9(I)
RETIJI+”I “
END

GRPT
GRPT
GNPT
6RPT
GRPT
6RPT
GRPT
GRp T
\iRPT
GRPT
GRPT

4
5
6
7
B
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
?5
26
27
28
29
30
31
32
33
34
35
36
37
38
39
4@
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56



●
✎

‘ .

SIJRRO’JTI141: PKT (J IMOJJM, N20 /!4)
DIMC!4SION-l lzl.lIt4, JJM)o z4(l)
REAL l?
IM = JIM
.JfI = JJM
Dfl 5’ 1=1911495
11=1
T2=I+4
IF(12-IM) 299 2U* 10

Ail 12=IM
20 PRill T 31)9 ( JJ,JJ=11,12)
3 II FORMAT( 5120)

nO 5.) .JJ=l JJH
J=JJ

4(1 Fnl/HAT([59C1507$S~2007)
90 PRI14T “4(1* J9(N~(K,J) ~K=Il,12),9Z4(J )

RETIJH I
E’rm

PRT
PRT i
PRT 3
PRT 4
(,RT 5
PRT 6
PRT 7
PRT 8
PRT 9
PRT 1(J
PRT 11
PRT 12
PRT 13
PRT 14
PRT 15
PRT 16
pRT 17

IJRT 18

. .

. .
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1- NllIct/$ 6LA* H07* CNT* CVT, - DAY* t?6(51)9
? \.~(51\, [:2(51), E3(5~)$ E4(51)* E5(51)Q E6(51)9 E7(51)~
3 EH(511, L’)(51)s EOl, L’(.)?* E(I3

EVP,
11,
J? 9

NtiCTO ,
SK79

1EPP4,
?PAX,

11.ITs
MT,
Ji*

IGEF9
5kCRr*

Ev~,
IEUh,

Ctll *

139
N2 v

EVPP,
IMJt4,

Kl)79
ORFP,

106.
T19

16E,
11-lt-!.
MPlq

OITM.
IXS~CQ

POWR9
XLA1.Q

~tJF*
I.P 9

KPAbE9
P(J.2,
111$
V119
ILM9
I@.19

ICST9
TITM*

IIPOIS*
OKF 9

XLAd~

t;~AR *
lTEMP?

L4P9
PBfiRe
TE14Pv
NXCM

IM,
IIZVT,

1}{19
MWrJT9

Nco~
FLXTST,

POD *

IGEP*
ITLMP19

LAPP*

TLMPt,

Jli,
IPVT,

IHS,
IPFLX,

PV9
I)ELT,

ItiP*
TEMP?*

LAR,

rEr4tJ?*

ItiL,
STARI Q

TTL?
lPRIN,

ZPSA,
IFS*

EV2* NM), lHI?TRG. hJCoEF9 NSWEEP
CVT , Po2~ T06s R29 L2

K6 * K7* LAPV LAPP9 LAR,
MASS* llASsP9 T4

nI)i[~~J”;ION I!ASS(JMLS1)Q voL(l)Q AT\l(l)9 i40LN~l)9 HO(.IIM9JJM)$

1 t12(l), VO(JIM,JJM)9 lo(l), 11(1)9 12(1). 13(1)9
? l_lJTOT (l) *NlRIG(l)t14il )

TI{?S 3UhR@ttJE CALctiLATES THF. MASS OF: Ttiti: vARIf)US MATE141ALS
IF(M#~ToE’lQn) W lC 6

.

~fl 5 ‘;=itIZr4 -
FUTOT(!J)=’:0
CO14?I!JIJE
PRI~lT 10, (11)(1) ~1=1923)
FORtiAT (1111$ 12Ati/llA6///)
PRTrlT”20
FOrtt4AT(45ti MATERIAL INVENTU14Y (KIL(~ti14At4S) FoR EACH ZONE /
DO 25”I=1,1ZII”
VOL(l) = JoG
DO 3(J I=l,IIL
no 3:! J=1s12M
MASS(IS.J) = 0.0
r)o ~o J = 1s JM
on 411 I = lS IM
K = Mi (19.))
Vol.(K) = VOL(K) + VO(IS J)~~OOl
I-1o St) M=] ,Mol
13(N) = 12(M~,
IF (IFvT.rlC:2) GU TO 50
13(M) = 12(14)*(1:0 + EV*14(!I))
CC)l{lI’iUE
DO 92 N =1? IZM
NN = ‘f2(N)
00 q! M a l,f.lo~
IF(Ic(N) - Nt~) ‘40960,qo

L = 11(M)
IF (L) 90990980
Eol = 13(~tl
MASS(L~N) = ((E(Jl~ATW(L)*VOL[h).)/ ,~j(J23) + M4SS(LSN)

)

GRAM 1
GRAY 2
IiRAP4 3
GR4M 4
GR4M 5
GRAM 6
GRAM 7
l;RAM 8
GRAM 9
GRAt4 10
tiRAM 11
GRAM 12
GR4M 13
GRAM ]4
GRAM 15
f;RAM 16
\;14AM 17
GRAM 18
GRAM 19
GRAM 20
6RAt4 21
GRAM 22
[iRAM 23
GRAt4 24
GRAW 25
I;PAM 2b
GUAM 27
I;PAM 28
GRAM 29
GFAM 30
!iRAM 31
GRAM 32
GRAM 33
GRAt4 34
GRAM 35
GPAti 36
GRAt4 37
GRAN 38
GR4M 39
GRAM 40
GRAY 41
GR4t4 42
GR4M 43
GRAM 44
GRAt4 45
GRAM 46
GRAM 47
GRAt4 48
GRAM 49
GRAM 50
GRAM 51
GRAM 52
GRAM 53
GRAi4 54
GRAt4 55
GRAM 56
GRAM 57
GR4M 58

.

.’

.

.
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. .

. ,
90

100
110
120

16(-I
I ?0

IF (M!’’l)r. f_Q.0) till TO 90
IF(tJT!~l G(n) :EQ. d) GO TO 90
Fl)To T(N) =FU~OT (N) + MASs(L911)*fi OOo11
c(ltJTl JUC -
nATA /orlE/61i l(INE /
00 16!: L = i, IL14, 5

LL = [.+4

IF(LL - lZM) II(J* 1109 100
LL = IZM
PRIIJT 12(1* ((20NE, K)! I(=Lo LL)
FoRflAT(//?6H MATERIAL ATOF’IC W1. ,3/., s(A6,12*12X))
PNIIIT “1300 ivoL(K), K-= L9 LL)
FOR!lAT(25x* 5(F,8.39 7H LITERS? 5X))
[)0 14’ h = 1* ML”-
PRT~JT 150~ K, HOI.N(K), ATwIK)9 (NASS(K9 l)? I = L, LL)
FORHAT( [3t1As Ab? F13.3? lXQ iPC13.3! 1P4E20.3)
lFfLL”- Iz?fl) lbfl* 170. 170
CCNITIUIE
RET(IH’I
END

tiRAM
GRAM
~R~~
GRAM
GPAM
GRAM
GRAM
GRAM
GRAM
GRAM
GRA4
GRAN
GRAM
GRAM
GRAM
6RAM
GRAM
GRAM
GRAM
GRAM

%
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
‘(6
77
78

. .

. .
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c
c
c
c
c
c
c
c
c
c
c
c
c

s
Lo

12

13
14

1- NIIICR, 13LLi; i307* ‘CNT! CVT* -
?

DAY~ EO (51)9
CI(51),? E2(51)s E3(51)9 E4(51)t Eb(51)* E6(51)$ E7(51)9

3 ELI(51)9 k’~t51)9 EO1O ~-u29 E03
cOflMflll cd! EVP9 EVPP9 :PF 9 GtlARQ 1GEP9 ItifJ,

1 I~V, 11, IM.JM, 1P9 iTEMP, ITFMP1* ITF.MP2!
? I.?P, JP , K07c KPAGE 9 LAP* LAPP* LAR*
3 LC, N6CT(l , ORrPO po29

4
PHAR*

:)I{AR9 SK79 T069 ~119 TEMP * TkMPlt
5

TF.NP29
T1.lip~, TEPP49 TIc Vll! IIXCM

Cotltinl 11)723)! ‘~tJAX, 16E, ILF4* IM9 Jt4 g Tt4L*
1 IfIii, IBT, IilB, IW.4*

ML*
IEVT, IPVTS ISTAR19

? MT* M919 IC>TS IHT9 IHS9 ITL,
? IL, JL* OITM* IITM* MWnT v IPFLX, IPI?IN*
4 lL))ITPS, 1FEF9 Ixscc, IJP(IIS, NCON

Colitlo I EPS, SRCR19 POWR* OKF, FLxT5T, PV*
1

~v, EPSA*
EvW, XLAL e XLAHS POO* I]ELT * IFS*

? hlls~p, IPIJR, EV29 NGO? ItiRTRG* PICoEF, NSWEEP
I’ITC(;ER HO?* CNTS CVT* v~?, 1069 R29 L2
I:JT[bLR 01T14

INPtl
IrJPB
[NPt3
I rJPR
IrlPR
INPH
INPR
INPR
1NPt3
INP14
[IIPH
TNPB
I NPR
INPFt
IrJPfl
ItJPR
IrJPR
IFJP8
IfJPf4
xrlp~
TNPfl
INPt3REAL 12* 139 K60 n79

Nil,
LAP * LAPP, LAlis

1 N2 * MASS* slt4ssP* 14 INPfj 23
DItiEllqIt)N IIATN( l), hBR(l)9 Lll(l)9L(,N (JML,l).LFN(JML9 1), ALAM(1)* INP13 24

1NP13 25

3
4
5
6
7

:
10
11
12
13
14
15
16
17
18
19
20
21
22

1 }ll)LN(l)9 12(1)

***** RIJRtl(JP CATA *****

CAR() 1 IJCUN9 UELT (t3UllNuP C(hNT~OL !ioRITS)

CARb nLl~CK i? 11ATN9 hBR9 LIJo L~N! LFN (NCCJN CARUS)
(orix~ IF fICOr40LEoo)

REPEAT AFIOVK CARDS FCR MULTIPLE UURNIIP STEPS 4s PER INSTRUCTIONS--

FINAL CARD 11/ 1311RNIJP DATA DECK SHOULD tl~ A CARL) 1

Tl{Is >LIHN(NJTIFJE U~AD5 AND PRIt.~s Ttit HI.IRI.JI)P l.IATA
IF(nAy.E(~l@~), Go ~C 5
IF(h,C7.NE12). GO ICI 5
IF(IE/TO).l..2) GO Tc 12
READ(llIrJPiiO)’ I~EfiP,DELT
FORNAT(169E12.0)
oAY=lJ~Y + [)ELT
IF4RTR;=l
I[]UR=IFIIJR + 1
GO TO 14
IBRTNG=O
lr(I1l’JRoN~.otiBSTP) GO TO 14
IF(IFs) 139~3*1+
READ(’IINP*1O), 1~~-MP*UELT
Cv T=Q
CtJT = G
PO% = c1
ALA = o.G
LAP = O.IJ
LAPP = 0..1
LAR = o.1)

INPf4 26
ItlPFl 27
1NP13 28
INPtl 29
INPB 30
INPB 31
INP13 32
fNPt3 33
[NPFJ 34
IPJPFJ 35
INPB 36
INPB 37
ltJPf3 38
lNPB 39
1NP14 40
Irlpt3 41
lNPR 42
INPH 43
[rlp~ 44
INPF4 4S
IfW13 46
ItdPR 47
ItlPa 48
INPR 49
lNPR 50
lNPFJ 51
INPR 52
INPH 53
lNPR 54
Ir4P13 55
11/PF_4 56
ItlPR 57
INPFI 58

..

.-

-.

. .
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. .

. .

KPA(iF.=SO
IF(I~{:jTHG2F.(1:0) ~lU T(J 100
IF(ITc.MP) 100,1s,2o
NClltJ = ITII-IP
GO Tll 100-
NCON = IT~NP
no 4fi N - 1* tJC(IN
FoRtlAT(i216)
RCA()( IINP,3G) t4..ilt. (N),NRR(tl

1 K=~,7)
PRItlT 60

IIIPR 59
I!IPB 60
INPR 61
lNPR 62
ItlPt3 63
IFIPR 64
IrJ1’n 65
IrJpR 66

~LI)(N)~(LcN N*K)sK=1*2)!(LFN (PI*K), INPB 67
IPJP8 68

FOPt.lAT~l~l{l ill.lR)]UP CA?A///]
IrlPR 69
IF~pR 7q
IrwR 71

NAMEFIURNAHI-E fiATLRIAL
****a&’ SOIIRLE ISOTrJPt.

IS(JI,OPE No.
nECAY CAPTURE

LAMtinA [rJP8
FOR * * * *I!JPR

ItlPR
([)AY5-1) :rlPq

FISSI!JPR
INPFI
INPH
INPH
ItlPn

72
73
74
7s
76
77
78
79
R()

5101’4 /9}{ NC. )
Do 9C 14=]9 “14CON
ITEMP = MATN(N)
ALAII([TEVP) = i*.*36110e*ALAH (IlE:lP)
PRTtlT 80, ‘N? WATN(N)* boLtl(IlCMP)9 ALAM(ITf.MP)? NHR(N)$ IIiP13 ~i

lLD(fJ) * (L~r~(t~,K),K=192), (LFN(t1,K),K=l,7) Irjpn 82
FORtlAT(3X9 13* 12X* 130 10X9 A6* 7X9 LQ.3* 19, 15X! 13, 13X9 213, INP8 83

1 lox! 713)
ALAM([TEMP)

ltlP}l 84
= ALAM(ITEL4P)/(3609.*24. ) I!JPR 85

IO(J RcTIJl?~i lt~on R6. ....?.. .
ItlPH 87

. .

. .
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SU1lROllT’INf_. AVE}?Au (P HIl\*Ax S*r XS*tlATpl *hl ASS* ATti 0V0LCC09td7, MUsVO*
1 HCLN, JML? JTL9’IIHR9 AXX! FXX9BREDRT)

CO14FV)I II INP* NCUT9 NCR1, flFLIJAl, NSCRAT, ISCRAT* NnuMP ~
1 p,flxc}l, bLAt io7. !NTS CVT, DAY* Eu(S1)*
7 EI(51)9 E2(51)! E3(51)Q E4(S1)? E5(51)9 E6(51), E7(51)t
3 LH(SI), ~’J(51)$ EO1* LU.29 E03

Coflllnl F.’)* EVP* EVPP, @F, G}lAR ~ IGEP* IGP*
1 Ii’iv* 11s IMJM, 1P? lf’EMP, ITEMP1* ITEMP2,
2 IzP9 JP v K079 KPAtiE * LAP9 LAPP * LAH,
3 L~* NtiCTO , ORFP, ~(J%7 PBAR 9
4 SHAR9 SK79 T06~ TIIS TEMP * TI’MP19 TEMPc’,
‘i T~tl~39 f,EPP49 TIs Vi]* lJXcM

TtJAX,CO!!140. I IU (23), - 16E, lLM* [M, J14 , ItILs

1 1[1}/. lBT* I~FJS IbM* IEv T, IPVT* ISTART,
? lt~, M~v MOIC I~ST* It-fTc IH3, ITL,
3 1/., .JZ9 OITM* IITMs l~wf)T s IPFLX, lPRIN*
4 II)lITPS, lGEF~ IXSEC9 !lP~)ls* NC(JI4

COMMO’I CPG9 SRCRT , P(IWR , ~lNFs FLXTSTg PV9 EP5A*
1 6V, EVM, XLAL v XLAH* Poll, l)ELT~ IFS,
2 NI!5TP* leuRQ EV20 14u09 [MRTRG, NCOEF9 NSUEkP

IIJTFGCH nii7* CNl~ ~VTQ PrJ~* T06* R29 Lz
I:IWbiR 01Tf4’
f?EAL 12q 139 K6* K79 LAP. LAPPQ LAI+v

1 No, Ni?* MASS* :!A>SP 9 T4

AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
iVER
AVCR
AVER
AVER
AVER
AVER
AVER
AVER
AVER
AVER
4VER
AVER
AVER
AVER
AvF.r?
AVER

f)ItlF.lJsI(~I\ Pt-l~r4(l)9 AX<(JML91)9 f’_xS(JMLQl)* MATN(l)s MAsS(JML~l)s AVER
1 ATw(I)s VIYL(I)s CO(JTL91), NZ(I), MO(1), VCJ(l), HOLtl(l).iVER
7 ~f4fitt(I)9 AXX(JML91)9 FxX(JML*l)* BREDRT(l) AVER

AVER
T}IIs Slj}it.rf)UTINE Calculates zoNE AULKAQUI) FLljXES9 FISSION cR4JSS ;AVcR
SECTI’)fdS9 Afif~ At4WGPlIOt4 Cf40SS-SEC~[I)14S. AVER

AVER
PRT14T 5 AVER
Fc)RNAT(lMI) AVER
RL = /.0 !VER
Uc = “.(J AVER
no 10 KL=l SIZII AVER
P}lIf-4(Kz) = 0:0 AVER
00 l[j KIN =l~lJC(Jli AVER
AA5(K’I*KL). = OgfJ AVF.R
FX’5(K I,K4) = O.U AVER
LrI = IATN(KN) AVER
MASS(LrJ~KL) = (t4ASS(LN$f(Z)*.6G23)/(ATWl (LNI*vOL(KZ))
no ?1)

AVER
IIti=lsI(iM AVCR

REAf)(’lCRl) ((cU(119J)9 11=191~L)9J=1)tlT) AVER
QEA~(’fFLUXl) (fi~(I)Q I=1*I14JP), AVER
[.)0 21) I=l;IMJIf AVER
Kz = ‘10(1) AVER
PHIH(KZ) = p441f4(KL) ● N2[1):v0 (I) AVER
I-Jr) 20 KflaIl!NCON AVER
LN = .lATN(Kr~) ~\VER
AXS(KI*KZ). =“AxS(KhsKZ) + CO (2SLOJ) ~N2(I)*’10(1) AVER
FXS(K”19KL) = FXS(KhoKZ) + CO (l ?Lll)~N2(I)*VO(I) AVER
00 80 KL=l~IZM AVER
RREPR~(KL):=O. AVER
TEtip3 = Pt!IBTKZ) AVER
PHIB(Kz) = ~HIB(KL)/(VOL(KZ)*lOOOo 1 AVER
PRIIJT 309 KZ! PHI[l(KZ) O”VnL(KZ), AVER
FfJRtlAT(////~~3oXt9F Z O hJ E 91397X*7H FLUX =*lPE1004t7X~9t{ VOL~lVE AVER

4
5
6
7
fJ
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
4a
49
50
51
52
53
54
55
56
57
58

-.

..



.

. .

.,

l=oIPEIG.4$7f~ LI~~RS/)
PRIFJT 40

4n FORMAT(l15H HURNfitiLE MATF.RIAL NAME ATOM
1 FISSION

AVEti ii
ABSORPTION SI(iMA SIGMA / AVER 62

2 115H ISO),OPE No, DENSITY AVER 63
3 l!ATE RATE FISSION ARSORPTIf)N/
4 7!{-’ NU./)

no fjo K’l=l*t4c(J14-
LN = lATN(K~j)
TE1’lP~ = AXS(KN!KZ)* MASS(LN$KZ)
TEtiP2 = FxS(KNsKZ)*M ASS(LNsKZ)
AXs(K:l,KL) = Axs(Kh9Kz)/TEMP3
FX5(K /*k4.) = Fxs(KN9Kz)/TEMP3
IF (I\Rr~G.Ed.o) tiC 10 45
IF (IICL;.IIE20:) AXX(KN*KZ) = hXs(Kl~,KZ)/FJRSTP ● AXX(KN,KZ)
IF (l)ELT.llE:(;~) }XX(Ktl~KZ) = FXS(Ke4*KZ)/NHSTP + FXX(KN,KZ)

45 COl~TI. JIJE

SLJfiRO’JTIN1: EIGTI{~> tIEvT*K07*IP1JRsEV *LV2,N@~9EO*IPvT)
IF(lE”’T.N~..l) G(J ~C 100
IF(K(,7.NL:2), [;fI TO 200
IEV7=:’
EV=EV2
IPVT=?
N@.2
RF.T(JR!

1(-IO IEVT=l
[PVT=!
Fv=oo
F 2=0.

?n(l Nciq=l
F?ETllt/’!
ErJf)

AVER 64
AVER (Y5
AVcr? 66
AVER 67
AVER 68
AVER 69
AVER 70
AVER 71
AVER 72
AVER 73
AVER 74
AVER 75
AVER 76
AVER 77
J\/ER 7H

AVER 79
&Vf:R 80
AVER 81
AVER R2
AVER 83
AVER 84
AVER 85
AVER 86
AVER 87
AVER R8
AVER R9
AVER 90
AVER 91
AVER 92
AVER 93
AVER 94
4VEQ g5
AVER 96

EI(;TR 3
$:I(;TN 4
EI(iTR 5
rIGTR b
F.IGTR 7
FI(;TR 8
FIfiTR 9
F_IGTR lo
l’T~iTR 11
EI[;TF{ 12
:-I,;TR 13

E.I~iTR 14
EIGTR 15

73



sUllRolJT!h~ MARct4(PbIB9MATNoFXS 9AxS*VOLsMA S MASSp*ALAM*LIJoLcN*
1 ?LFl~9uMLoIOOIl *12*M~*PHIP9pM P~oJZM)

Colwlrl’1 IIIIJP* NC1JT9 - “NCRIS NFLtJXl* NbCRAT9 ISCRAT* ND(IMP!

1 fYt61Cfi, PLA9 Hn7* CNT9 C!JT * DAY* Eu(511~
? E~(5if* E2(51)9 E3(51)9 E4(51)9 E5(51)s E6(51)! E7(51)9

3 FH(51)* k’~t51)9 EO1, gu2* E03
Cnll/ll J!l El), EVP, EVPP* ~PF q GF4AR* IGE}>, IGPQ

1 IGV, 11! IMJN, 1P* 1TEMP9 ITEMPls ITEM~2*
? 12P, JP , K079 tiPAbE* LAP, LAPP o LARt

3 LC* NGCT(J, c)Rf-P* P(Jp* pRAR,

4 !iH”i~, SK79 T06* rll. TF:MP. TEMP1,
5

TEMP2c
r[:llP3* [EvP49 TIs Vii* I lx(y4

CCJMMOIJ II)”(23), ?PAX, I(%! ILM* IM9 JM * IHI-9
1 101}, If3T9 IUR* IbM~ IEvTo IPVTS ISTAR19
? ML* MI* MO1, ICST, IHTQ IHSO IILs
7 I.z, JL* OITM, IITM* Mwr)T 9 IpFLX,

111’fT~S*
IPRINs

.4 lGEF e IXSECt IdPOIs* NCON
Clyiri(ll I EPS, SHCR1 , POi’4R, 014F, FLXTST9 fJv *

1 t’.v, EVMO XLAL *
[:PSAS

XLAtI* P(II)* lIELTs IFS!
? r@sTP9 1euH9 CV%9 Nur)* It\:?T;?G9 tlCOEFS NSdE~P

It/TcGEf? Rii7* CN1 ~ CVT, P02* T06* R29 L?
TflTE(jER OIlli
REAL 12. 139 K6 Q K79 LAP* LAPP* LAHv

1 14:), N2 , MASS* tlASSP* 14
‘i31tlEN’jIl)hP\fIn(L), P~TN(l), FXS(.JML, l),A,4S(JMLsl 19VoL(l)9

1 fiASS(JML91) cMASSp(JML9 l) *ALAM(l), LD(1)9 LCN(JflLDl)~ MAH
? LFll(.Jt4L, l) *Io(l)?Il (l), 12(l),M,Z (l) 9PHIP(l)~PHIpp (1) !IAR

MAR

MAR
‘4AR
tlAR
!4AQ
MAR
IfAll
ltAf?
IIAN
MAR
MAR
:!Af/
MAR
IIAR
14AR
NAR
‘4A}?
MAR
lfAR
MAR
VAN
14AR
IIAR
lfAR
MAR
,4AR

TEIIP = I)ELT * 2+. * 36000 / 10:
TE:IP1 = .?
P(J 5 KZ = l*IZ!!
PHIPP(K/) = P}{Itj(Kz)

P}{Ifl(KZ~ = PHIfi(KZ) * loo**(-24)
D(J 5 KF] = I;NCON
LIJ ; flATN(KN)
TENP1 = 1~1.1~1 ● FxS(KN~KZ)~PtiI~ (KZ)*MAS~ (LN,KZ)*VOL(KZ)
00 12; AT = 191(J
T~f4P3= .J
00 10 KL = lsIZM
1)0 lr? Ktd = 19NCUN
LtJ = lAfN(KN)
MASsP(LN,Kz), ‘= MASS(LNSKZ)
no 9fl KL = l*IZM
[)0 00 KKK = 1~5
DO f3J KN = l*NCUN
LIJ = “!ATt,(KN)
TE[4PP=- fMAS~(LllsKL) +MASSP (L149KZ) )*(ALA*l(Lld)*AXS (KN~KZ)*pHIfI(KZ) )
IF (L)(KN)) 309 30s 20
KK = L[)(Ktl)
KK = ‘lATN(KK)
TEHP2 = T~tl~2 + ALAM[KK) *(MASS(KK9KL) + MASSP(KK,tiZ)l
DO 5U K = 1s2
KK = LcN(Krt$K)
KL x IIATN(KK)
IF (KK) 509 509 40
TEMP2 = T~tlp2 + (AXS(KK9KZ), - FxS(KK,KZ) )++PHIH(KZ)*

IiAU
:fAM
(c4AK
IIAR
MAR
14AR
14AR
IIAR
MAR
MAR
MAR
NAN
MAR
IIAR
MAR
I!AR
f-iAR
!4AR
i.lAR
14AR
i4AR
‘{AI?
MAR
:fAR
MAR
fiAR
IIAR
MAR

;
3
4
5
6
7
8
9

10
11
12
13
14
15
lb
17
18
19
20
.21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
4fl
49
50
51
52
53
54
55
56
57
58

..

..

-.

,.
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.

. .

>0

t. (1
70
Hfl

v (1

Illfr
1111
120

13n

140

145

1’JO
ten
165

1/0

IE(?
1%0

1 (IIASC(KL$KZ) +
CONTI~lllE

rqASSp(KL*KZ))

MA5S(LN~KZ) = t!ASSP(LN*KZ) + .5{~TEMP*~EMP2
00 9!1 Kri = l, IIcON
r_tJ = ‘lATN(KN)
TENP3 = TL!1P3 ● tXS(KNcKz) *P1-41U(KZ)*MASS (LN,KZ)*VUL(KZ)
IF(TE1P3) i.20, L20, 100
DO 11,1 KL = l*IZM
P}{IR(Kz) = PHIn\KZ) * TEMpl/TCMp3
COIJTI’NJF
lln 13, K/ = lsIZil
Pt{[n(Kz) = PHID(KZ)*lO.** (24)
IF(IRcFoIJL.~[ G(I !C 165
IF (Ililllf.LT:NRSTP) GO TO 145
PR?t.JT 14(1

!4AI?
MAR
IIAR
tlAR
l.iAR
tlAn
14AR
MAR
llAR
llAi?
tlAR
IIAR
!4AR
t!AR
MAR
iMAR
MAM
14AR
MAR
MAR
‘4AR

F3R11A1(lH1///98X9lO5M THESE ARE THE .?~ltlE-AVERAGEil TOTAL FL[JXLS TO 14AR
ZHC USED If! !W FI.UX SHIFT CORRECTION FOR SUBROUTINE REF(IEL ///) ‘4AR

no 15:: KL=l*Iztl MAR
P!{!P(KZ) =(FH1pP(K7) + pHIf3(Kl))~.5/NHSTP + PH1PtK7) :4AR
IF (IIWHoLT~riRSr~) GO TO 150 MAR
PRIIIT 160? KZ, -IJIIIP(KZ) IIAu
COIITIIIIIE
FORriA~ (2.)X*7H zUNE =~12,4x*llF~ AVb FLUA =91PE1004/)
Do 20/ KZ=l?TZM
nf) 20, v=l*fl@l
IF(T;’~’1) - MZ(KL)) 200$ 170, ZOLI
1)0 10 ~f]=l,pjculq

L(I = llAT~ (Ktl)
IF(LI: - 11(11)) 1909 180, 1’)0
T2(t!) = VASS(l-lJ,hZ)
COIJT[ IIJE “
COtJTI’lllE
RET{IP I
f.rjr)

59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
$32
83
84
85
86
87
88
89
91J
91
~.?
93
94
95
96
97
98

. .

.,
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c
c

:
c
c

:
c
c
c
c

:
c
c

:
c
c
c

:

:
c

SIJ!lROol TINt. REFULI. ( KNT, NREG tlHLPCl hlPo IS, Kl APSCINTMAX tNEC(JP, A6*
1

1/ F
E~lFREi TRG9 tiNos PH19 AfiXS”S F~XSo KZN~* IZON9 IZtlq M(I1* ML* R F

? I)AY, I~i4, I?!JP, ISTART*llCOrJ, TDMTP>, 10, IIQ 12* PliIPT PS19

3 d,
REF

AXSi FXS9 PATNs ALAt19 LDs LCN* LFN* HOLNq ATWS NZtl* [~N9 REF
4 Cl/ 9 Cld~* titiIs (IGo cG1 I’)I:CI{GS CflARbE, COMPOO NllIFLb) RfF

1)I11E14310K XO(l)* NFRE(l), TRG(1)9 ~iNn(l)* PHI (INTt.4Axo17Ml. REF
1

.
>ll]XS(tlC01191ZM* IhTMAx) i FIXS(NCON91 ZM*INTMAX) * KZNS(1)9 REF

? Iz(IN(K[APS91LP)9 Io(l)9 11(1), 12(1), Pt41P(l), PSI(l) QIJ(l), REF
3 Axs(tlLi[ZIi)s FXS(ML91Ztl)9 tlAT(i(ll, ALAM(I), I.D(l), LCN(ML*?),REF
4 LFN(~~L97)9 HC)LN(I), AT14(1).s N~,4(l), [)N(IZM~NCON)O nEF
5 C:I(IZNS1/C@N) s chP(IZt4$ttC()?J) * ~NI(ll * l)G(NEcnpoNCON) ~
6 ~G(hL-Cop$tJCON)~ DISCHG(l), CHANGE(I). cOMPo(l),
7 ‘l}lIf”r.G (IZM,ltCcN)

coH~nll tJ7Np* I@UT , NcRl , t\~Lllx] , NSCRATO ISCRAT, N131JMP
Itl Tr\,El{ TllG-
ULAL 12

CARD t{LOCK 1 K~XO (K), NF14E (K) K=l,NHEG 160F1205,16

CARD ‘+[.OCK 2 ~FiG(N)

CARD ‘lLOCti 3 tlhO(I)
(offIT 1~ ~51tlti TAPE NDUMP

cAI?() ;ILOCK 4 pkI(IsJ)
(Ol+lT IF ~SI)l(i TAPE NDUMP

cARD :]LOCK 5 A@XS(I,J~K
(O:IIT IF ~sING TAPE NDIJMP

h=l~rJCON (1 CARD) 2413

1=1?1101 6F12.7
Ahl) Ktl T (;~. 1)

I=191LM :=l*KLNr 6E12.5

I=I*NCON J=l,IzM K=l,KLNT 6E1?.5

CARD i\LOCK 6 FIXS(19J*K) I=l,tJCON J=isIZM K=I*KLNT 6E1205
(OMIT IF ~:Illti ~APE N~UMP)

CAIUI tjLOCK 7 KZNS(I) (KLAPS PAIRS OF UARoS) 16
IZON(ISJ) J=l,KLNs(I) 24T3

REA[) 1({ r’tE IMP~Jl CATA

T14T = KNI ● ]
KLldT = KNT - ]
CALL 1:/PH-(K!JT9 N}~EG$ KLAPSt IIJTliAXs XL), IIFREc TilG, Ht/0$ PHI*

1 ARXS, F1,XS, K~Ns, IZON, ILM. }!01, ML, r)AY, IGM, IMJM9

2 ISTA}{!* NCON, IDMTP:9 IOJ 1]9 [2, PHIP, PSI, AXS! FXS,
3 tlATrJ, HOLtN9 NZti~ NnIFLO )

MAIN l.oo~ (CAL: or A~CM DENs OF COFJSTIrU~llTS HAVING THF t40ST IIURhJUp

@AYP = C)Ay4t~4.+$3?o~f/lo.
00 Li05 N=l*NUEG
Kz = ‘IZN(14)
x = K’iT/NFR~(Kz]

IF(At45(DIrr) .LE.*005) DIFF=O.fl
IF (I)IFF) 3?5?375;390

375 KK=l
3b0 DIFF = UIFF + xIJIKz)

I?EF
REF
REF
REF
REF
NFF
REF
REF
REF
REF
RKF
HEF
RF.F
REF
RCF
REF
RfF
QEF
REF
REF
ME.F
l/EF
REF
!.?f:F
RLF
REF
QEF
14EF
i?EF
7EF
QEF
QEF
REF
QEF
REF
QEF
REF
REF
REF
REF
REF
f{EF
REF
REF
I?EF
REF
REF
QEF

;
3
4
5
6
7
a
9

10
11
12
13
14
15
16
17
18
19
2Q
21
22
23
24
2s
26
27
28
29
30
31
32
33
34
35
36
37
38
39
4C
41
42
43
44
4s
46
47
48
49
50
51
52
53
54
55
56
57
58

..

..

-.
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.

‘
“

31$5

3s5
400

4(15

+11)
415
420

+?5

430

435

IF (A1iS([IIF~ ). LEO O005) DIFF=fI~\l
nIFP = AH S(DIFF =-XO(KZ))
IF (ll~FP.LE:2005) CIFF = XO(K/),
IF (DIFF.GT.U.) (% TO 385
KK = KK + NF~E(KL)
Go T(J 380 ‘“
ISTRT = ttK
COEF = l)IFF
I)IFP = XIJ(KZ) - COEF
GO TO 395 ‘“
ISTf?T = 1
COEF z XO(KZ)
DIrP = Xo(K2) - COEF
ITCIIS = IsTt~l
nn 415 I=19ri&m
II = llflIFLG(~ZSI)
IF (II) 4’~5~4050*10
ctl(KzQI) = 02
GO T() 415
ctd(K/.*I) = tiNo(I1)
cOfJTIr!UE -
pbly = pHI(ITEM$,Kz) *lo.**(-24)
Do 47: KT=l;i@
DO 425 KN=l?NCON
CrJP(K,?9KN) = CN(KL,KN)
00 465 KK~=195
nO 46.1 KN=lsp#cOf4
IF (lJt~IFLfi (KL,KN12EQ:o) GO ?0 460
Lf{ = lATr4(KN)
TEtfPz=- (Cfl(KZ!l(Id) *CNP(KZ9KN))* (ALAf~(LN) +AliXS(hN9KZ91TEMS) *PHY)
IF (LI’’(KN)) 43594359430
KK = LI)(K’1)
KLli = tIAfll(KK)
TEMp2 = lf.l!FZ + ALAM(KLN) *(CN(KZ,KK)+CIIP (KZ,KK))
no 445 K=I*.?
KK = Lct4(KN9K)
IF!KK) 44S,445?**0

REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
I?EF
f?EF
REF
REF
REF
REF
REF
REF
REF
REF
REF
REF
f?EF
REF
REF
REF
REF
RFF
REF
WF
REF
i/EF
RF.F
REF
REF

440 T~tlp2 =TE11P2 + (AbXS(KK9KZ91TEMS) -FI Xs(Kh,KZ, lTEklS))*PHY@ (cN(KZ, REF
IKK! + CNP(K7.9KK)) WF

445

450
455

4brl
4e5
47~

475

4no

COPIT[,JIJE
rjo 455 K=1*7
KK = LFIJ(KFI,K)
IF;KK) 455,$55,450
TENpZ = TCM~2 + FIXS(KK9KZ91TEMS)*PHY~ (CN(KZ*KK) +CNP(KZ,KK))
COtJTI IUE ““
C)J(KL?KN) = CNP(t\Z9Kh) + o.5*DAyP*1Et.IP2

REF
REF
REF
RE.F
L?EF
REF
REF
NEF
REF
I?EF
F?EF
I}EF
I?EF
REF
f?EF

I?EF
flEF
t?EF
!!EF

59
60
61
62
63
64
65
66
67
69
69
7C
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

-.
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r)IFfI = (1.
ISTRT = I’iTRT + IiFFiE(KZ)
Go To 395 ‘-

485 nO 50’) KN=l?NCON
II = !IIIIFI.G(KZ,K14)
IF (II) 4Qf194~!39495

4*O ON(KL?KN) = C:
GO TO 50(1

495 nti(KZ?KN) = KO(KL)*12(II)
IF (T’~G(K’l)~~Qou) “CN(KZoKN) = ?.

%00 cOtlTI I(JE
505 C(JliTl,Ulk

FJO 51,, K.z=l*IZM
no Sl: N=19NgoN

519 cr4(KL,i{) = O:
c

REF
REF
REF
REF
3EF
l?EF
REF
REF
REF
RFF
REF
REF
REF
REF
REF
I?EF

c CAI.CIILATF A14n pulick THE INpllT ATOM fIErISIIIES (I2 tlLocK) FOR NfIxT REF
c RURtJIJn Ih~ERvA1. ANC PRINT REGION-Ry-IJEGION sUMMAf?Y RfF
c REF

PRINT 515 NFF
515 FOPIIAT (ltlll/loX+77H REGION [)ISctiAlibE ANIJ ct{ARGE AND INIrIAL COk!PnllEF

ISITIO~I FOl~ rJ~XT tjUFNIJP INTERVAL //)
IIK=I

REF
fiEF

PRIIIT 5?09 IIKsV(IIK) REF
320 FOf?14Ar (//3x$7ll IUiCION 13*9}1 vol.lJrlli= lPtlo04?7H LITERS /) f?EF

PRItlT-5?5$ kNT,IN~~IhT REF
>ZS FORM4T (7X,29tl ELEMENT fJISCHARG~ F~~OM HI 13s9XQ 14H CHARGE FOR !?EF

IRI 13;W4*?3tfl IHITIAL COMPOSITIOtJ BI 13) I?EF
PRIIIT 530 REF

$53(-J FoRtlAT(16XS10Fl ATOP UENS,5X99P I4ASS(KG),5A,1OH ATOM [)ENS,5X99H MASREF

1S(RG)*5X*Z4~f ATuM CEhS MASs(K(i) /) f?EF
00 56! I=19Kfnl F.?EF
14rJ: (I) = 12(1) REF
IF (11(I) 2EQsO) ~o To 56o REF
IF (11 [[ ).E~:f4PuJs~AhD~NREPOcE~J. 1) HNI_(I) = HNO(I) f?EF
IK = !o(I~ - ML REF
IIFLA’; = II(I) QEF
COflF = ATN(IIFLA(i)*l/(IK)/.6O23 f?EF
IF(IK:uJ.IIK) GO !C 535 - REF
IIK = IIK + 1 f4EF
PR:IJT 52f)~ IIK9V(IIK) f?EF
PRItJT 525,KN~,1rJT*1NT REF
PR:tlT !530 I?EF

535 D15 = o. f?EF
C}{li = (-l. REF
no 545 N=1QN14EG f?EF

KZ = ~l~N({J) - RF.F
IF {K~.LT2TK) GO ~C 545 WF
IF (KL.~T:IK) GO ]C 550 REF
00 54.1 L=lQrtcoN
IF (~ATN(L) .RE.IIFLAG) GO TO 54n

REF
REF

IF (TRG(L):~QoO) GC TO 550 REF
DIS = DN(KZ9L~ REF
CHG = XO(KZ)*HIJO(I) REF
ctJ(KZ$L) = tHG REF
HNI(l) = }WII(I) + CHG - DIS REF
Go Tn 550 REF

54fi cONTI’IUE llEF

117
118
119
120
1.21
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



. .

. .

colJTI’lU~
TEI1[I = I) IS*COEF
TEfic = CH(i4$I?flEF
TEI!P = I+NI(I)*COEF
PRIIJT 555s IIFLA~$CIS~TEMD*CHG*TEMC*HIJI (l)sTEMP
FOl?l!AT (10X~}294A,F 10.7C5XSl~E10.4~4XS 0PFlL)07s4XSlpE10.4t5XS

1 ;pF~r.7,5X?ipElh.6)

COflTIIJIJii

12 13L{)cK f@~ NEA~ f?URNUP INTERVAL

PLJPJCH 565s INT,lJfiY
FORNA~ (2x,16t{ 12 PLOCK FOR HIs13*10t+ OF LENGTH 0F6.1s5H DAYS )
PU~JCt{ 570s (~rJI(i),I=l.Mel)
FoRMAT (6F12.7)

REF
MEF
REF
I?EF

I?EF
REF
REF
REF
NEF
REF
REF
REF
REF

)77
178
179
180
181
182
1B3
lfj4

185
186
1R7
188
189

PI?INT-575Q IfiT REF 190
FORMAT (]1~1*/lf)XS52i{ IrJPuT AT(lM OE(sSI?IES (I2 BLOCK) FoR FIURN(IP IfJREF 191

I lERVA~ 13//) REF 192
I_Itl 58J I=ls~ltil
PR1?IT 585~191c (I) sII(I),I{NI( I)
Fo1?t4AT (5X,2HI=913*3X,3HIo=s 12,3X*3t+ll=* 13,3%,7HI?( 1) =,F1o.7)

RZGIO.I Collapsing (vOLIJME AVEI.?AGEI))

IF (KLAPS) ~65,bb5c5Q0
PRTIJT 5~5
FORMAT (IIll$10xsS7b REGION CUL;APS~LJ INFORMATION FOR ELEMErJTS To

IE RCFJELEl~ /)
00 66,9 I=l,KLAPs
TOTV = I).
I(K = K~I~s(I)

I)(7 613.~ K=lsKK

Kz = IzL)N(I~K)
TOTV = TOTV + V(K.?)
PRIIJT b(lbi 1$ (1LUh(1$K)9K=1,KK)
FORMAT (//5~?2otl HEGION cOLLAP>E ~lc~~ 13,13H FROM REGIONS 2413)
PRIHT Llf)? TOTV
F@RllAl (/ n~!%l!{ VCL AFTER COL&APs~ = ]PE1o.4,8H LITERS /)
PRIrIT 615
FOR!IAT (lrxt D41i ELEMENT COVPOSI~I(W AT E!JD l)IsCliARtiE FliOl~

I ct{ARF~E F(~R IIYITIAL c~MPnSllIOtJ )
PRI/lT 62(I* KNTs KNTo INT* INT ““
I=ORIIA1LZ2XT 7~{ ob EI !12,5H9 KG.> 8A, 4ti BI ?12,5H* KG.*5Kv4H RI

1 12$51i, KG. ~5x,8H FOR RI ~12q5ti, KG. /)
00 64” r~=l ,NCO!I
Dss = ,1. -
cH(; = n.
TEIIF = u.
TEMI = 0.
l-pJ = ‘t Arh(il)
00 6Z5 K=lJKK
KL = IzIJN(I?K)
01S = DIS ● l)N(KZSN)~V(KZ)/TOTV
Ctll; = cw + CrJ(KZsh)*v(KZ)/tOTv
11 = !/f]IpL(j(iiz,r4)
IF (II) 625~~25~~24
TEHI = lt!lI + HPJl(II)*V(KZ)/T(lTV
TEHF = TE’W ● Iz(lI)*v(Kz)/ToTV

HEF 193
REF 194
REF 195
RF F 196
REF 197
REF 198
REF 199
REF 200

f+f?EF 201
i?EF 202
REF 203
REF 204
REF 205
REF 206
REF 207
REF 208
&?EF 209
REF 210
REF 211
REF 212
RCF 213
REF 214
I?EF 215
REF 216

,REF’ 217
}?EF 218
REF 219
l?EF 220
REF 2?1
RtZF 222
REF 223
REF 224
!IEF 225
PEF 226
REF 227
REF 228
REF 229
I?EF 230
2FF 231
})EF 232

. .
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625

1>3(1
c
c
c
c
c

635
OQO

b~s

h%n

bbs

nfYl)
bf15

hto

:
c

615

mall

61!5

690

f)’is

?(J(I
ttls

$~CI:;I lUE
= TE!IF*To TV* ATw(LN)/.6O73

nIS = 1>1Wf6TV*ATh (LbJ)/.6(l23
ctjG = CHt;~$~OTV*A lk(LN)>~60Z3
TEIII = lErlI{!~OTV*ATW(LN)/.6n23
PRINT 630! L.Ns T~MF9 DIS*-ctlG? TC’41
FORMA! (13x* 12,YXtlPEloo4sllx. 1PI:I0.4S6X, 1PE1OO,4,+X, lPEIu.4)

PRCPA’~E AIJD f~IJt]cH CHARGE ANn DISCHARG~. MASSES *OR FURTI{EK
EcONO’lICS ANALYS[S (IF DESIREO),. FIRST NEcop coLLApsEs WILL

RE PU”lcttE’~.

IF (1.GT.lIEcoP) ~jO TO 635
11G(I*7) = nls
CG!IS!I) = Cfi6
co)lTI’l[JE
CotlTI I(JE
IF (I:Gr.rJC$~P) GO TO 660
IW?lct{645! IsKNT
FORMAT (Z~~b}i CULLAPSE Izs1(3H L~ISCtlARW FROM 131 13)
wmi 65(J* ll)G(19N) 9h=l$NC0tl)
FORMA! (6F12.4)
Pl)Ncli 65s919rfJT
FoRtlA~ (ZXt9ti cULLAPSE I~,14H ~}~AR(iE FOR uI 13)
PUIJC,! 650s (CG[f$N) JN=l~14COtl)
cof{TI:JIJE -
COIJTI,JUE
IF (rJ~cOP2L~:KLAPs) GO TO 675
PRINT 670

PF.F 233
REF 234
REF 235
RCF 236
I<EF 237
REF 238
(?EF 239
REF 240
REF 241
REF 242
REF 243
RF_F 244
REF ,245
REF 246
I?EF 247
F?F.F 248A
I?EF 2488
REF 249
I?EF 250
REF 251
f?FF 252
RFF 253
l~fF 254
REF 255
REF 256
llEF 257
REF 258
~/EF 259
REF 260

FORMAI(IH194HII * ~ * NEcoP IS GREA!ER THAN KLAPS - ERRr’IR * * *///)REF 261
REF 262

MASS 51JMMAR: FoR ENTIRE REACTOR REF 263
(?EF 264

DO 681 K=l,ML REF 265
CfIt!PO(K) = O. NEF 266
llISCti!i(K) = ii. REF 267
CHAR[jC(K) = (). REf 268
DCI 685 l=l*t401 REF 269
IK = Io(I) - HL REF 27o
K = 11(1) REF 271
cof4po(K) = COttpo(K) + HNI(I)+V(IK)~ATW(K)/.6O23 REF 272
DO 6<3? KL=l;IZl\ REF 273
DO 69” N=ltN~OIJ l/EF 274
LtJ = .lATk(t4) REF 275
COCF= V(KL)~ATW(L.N)/:6023 REF 276
CHARGE(LN) = C}IANGE(L14) + Cll(KLjl~)*COEF
D15cti~;(Lh),

REF 277
= DISCtiC(LN) + lYi(K~~ll)~COEF I?EF 278

PRINT 695,KNT,IU(*1NT REr 279
FoRHAT(1HIQ3X91HN CISCHARGE FR()!I BI 13*lbH~

1 291{
CHARbE FOR HI 139 REF 28o

At~D INITIAL COMPOS2 FOR HI 13914H IN KILOGRAMS //) REF 281
no 701’ 1=1*ML REF 282
PRIt~T 7059 1’it{oLr4( I) ~DISCHG (I)*CliAl{bE (I)*COMPO(I) REF 283
FORIIAT (5X,8H ELEMENT 1392XtA993X,18M TOTAL DISCHARGE = lPEII.4, REF 284

1 3X*15H”~OTA[: CHARGE = lPEllz4*3XV24t+ ToTAL MASS I)J REACTfiR = REF 285
? lPE1l.4/) [{EF 2t36

RETUR’~
END

I?EF 287
REF 288

..

..

-.

. .
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SURROIJTINC INPR (KNT9 NREG$ KLApS9 lNTMAX, X09 NFRE$ TRGt }{NOOP!{IQ~~~:
1 nl]XSq }1XS9 KZNS9 IZON9 IZM9-)4019 ML9 OAY$ IGM9 IMJM*
7 ISTAR19 NCoN9 IDMTP~9 10, 11, 12, PHIP, PSI, Axs, FXS9 INPR
.3 14ATN, ~cLkO NzN, l~BIFLG ) INPi?

l)Ill~N~Il)N XOil)* NFRE(I)9 TRG”(1)9 HNO(l), PH1(INTMAx912M)9
1 l\l)XS(tdCo14, 1ZM,INTMAx) *“ FIXs(NCONi IZll~INTMAX) Q KZNS(l)S
% IzON(K~APS,lZb)9 Io(1), 11(1); T2(1), PHIP(l)o PST(1)!
3 AXS(’lL;IZN)* FxSIML,I~tl)~ 11ATN(1)9 t40LN(l), NZN(1)9
4 “UjIFLG(IZ}!9NCcN)

CO14M0’I NIFJP* NUUT* NCR1 9 NFLIIX1, NSCRATO ISCRAT~ NDIJMP
INTEGER TRG-
RFAL 12

Tlils S(NjR(Nl~I1.lE l<~PDS, PRINTS AN1l Pd14CtiES IPJPUT OATA FoR REFUEL

IF (N(lD(KilTsKNF),RNE.o) GO TO 10
IN = !r.1 + 1
NLII(I J) = K
GO T’) 15
x(l(K) = o:
CO!ITI I(lt
NRE6 = IN
CALL TI?IG (~RG,NCUh)
FORMA~ (241:J)
TF (l JTART.E!~.3) GC To 30-...
REA1) (NIN~’?25) (HNo(J)9 J=l,F’01)
FORN4? (bf 12.7)
GO T{~ 4(I -
CONT1 IIJE
00 35 IIG=l$I(,M
READ (!I[]U’IP)
REAn( Il)(lPr’) (IINo(J) ,J=l,MO1)
CO!JTI lllE
IF (KL1/~.~(J.P) ~i[J TO 65
IF (Il~~lTPSo~O.]) GC 10 55
0(3 45 I=l,K!NT
REAn(’111dP*50), (Pt{)(I,J) QJ=191ZP)
FO!?IIAT (6t.1~25)
GO TO (>5
DO 6$ I=l,Iri~14AX
REAn (Nl)u~lP) (PflI(19J), J=191ZN)
COt/TI I(IL
no 7C J=l~ILtl
PI{I(KIT,J), = PtlIP(:)
IF (Il~lllp!i.CQRl) bC 10 100
P(JIICH 75s Kfir
FORMAT(ZX*5H-PH1( 12,3H,J)I
PUNc)i 51! , (PHI (KNT9J)tJ=liIZP)
IF (KLIJT.CQ:n) (io TO”12~
00 05 K=lsKLtJT
on no J=l$I~M

INPu
INPR

3
4
5
6
7
8
9

10
11
12
13
14

INPR 15
INP!? 16
l~JPR 17
[NPR 18
IrJPR 19
INPR 20
ihJP~ 21
IfJPR 2?
INPR 23
ItlPR 24
INPR 25
INPR 26
ItJPR 27
I?JPR 28
INPR 29
INPR 30
IFJPR 31
IriPR 32
INPR 33
INPR 34
INPR 3s
INPR 36
INPR 37
INPR 38
IP~PR 39
INPR 4(I
TNPR 41
IPJPR 42
INPF? 43
ItlPR 44
INPR 45
ItlPil 46
[FIP2 47
IIIPR 48
INPQ 49
ItJPR 50
INPR 51
ItdPQ 52
lNPR 53
INPR 54
lrJPR 55
INP2 56
INPR 57
ItlPR 58
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/$0
85

1 II0
105

11P

115
120

125
130

140

L*5

155

c
c
c

Ibfl

165

110

lb(J
c
c
c

lMS

19(J

1Y5
/tlfl

REAn (tl Iht’9S!)) (A@XS(I, J9K)s 1=1, NCON)
COt4TIillJE
DO Q5 K=]s KLNT
Do 9C J=191ZM
PzAn (NIN~’s~fJ) (F Ixs(19J9K)9 I=19NCof4)
cOtJTIOIllE
G(l T!) 12(I
lF(KLJT.E’100), G() IC 120
DO 11) K=191NT1.lAA
nO I]; J=l JILi4
PEA17 (tll)UllP) (AHXS(l oJSK)SI=lSt4CON)
1)0 11’. fi=])fNTMAX
DO 11% J=lsIZN
RCA~~ (NUU’~P) (F}xS(I*J*K)*I=l~14Cnr~)
no :3’ J=lQIZM
00 12’+ 1=19tJCOll
A}IXS(I*JQl~llT~ = AXS(19J)
FIXS(I,J,Kll~)’ = tXS(19J)
C(lNTI IUE
IF (II~IIT~soE’~.1) GC 10 155
PUNC}I 135$ Rrit
F(-JR)IAT(2X!]01! AHXS(19J* 12s2b), )
00 14’> J=1Q?2M
P(JllcH 5u* (AtlXS( l*ld~KFIT) *I=l~f\$Otl)
P(Jllcti 14q! K14T
FoRMA1(2x?1OH FIA~(I~Js 12t2P), )
00 15’ J=lttiti
PIJIJcll g(Js (FIXS(i tJoKNT)sI=l ShcOll)
GO T{) 180
CnllTl”lllE

WRITE INFnRMATItJN CN TAPE (!JOUl~P) IF DESIREO

REWINl~ Nlliltip
Do 16~i 1=1916!4
REAn (ISC~~A~), (P~I(J),J=l, IMJP),
wRITE(rJDulW) (PS1(J)9J=191MJM)
wRITE (N!l~J’@) (I{N(J( 1)91=1*I101).
no 165 I=19~NTttAX
WRITE(lil)U:lF’) (PH1[19J) 9J=1?IZ14)
D!) 17, K=l~~p~TNA~
no 17’1 J=19TZII
WRITE(tJllU1lP) (ABXS(I OJ9K)*I=19NCON)
f)o 175 K=19~NTM~~X
no 175 J=191LM
wRITE(IIIIUIIP) (Fi,%S(I OJ9K)91=l*PiCON)
RcliIrJll NoIJf.lP
COrlTI, UIE “

CotlPLrTC REAOIrlG UF If4P(JT OATA

IF (KLAPS) 200s21JOOlf35
no 1’15 I=I$KLAPS
R~,\P(41NPrl!JO) KLNS(I)
FORMAT (16)
KK = F.ZNS(I)
REAn(llINP*26). (IZcN(~9J)*J=19KK)
crJNTI”4UE

INPR 59
INPR 60
lFIPR 61
TNPR 62
INPR 63
lFIPH 64
INPR 65
INPR 66
lNPI? 67
INPR 68
IFJPR 69
INPR 70
INPR 71
INPR 72
IrJPR 73
TtJIJR 74
INPR 75
INPI? 76
INPR 77
INPR 78
INPR 79
IF4PR 80
INPR 81
IrlPR 82
INPI? 83
INPR 84
INPR 85
ItlPR 86
lr4pN 87
lNPR 88
I?IPR 89
INPR 90
[NPR 91
INPR q2
INPR 93
INPR 94
INPR 95
IFIPR 96
INPR 97
INPR 9FJ
INPR 99
IFJPR loO
Irlm 101
INPR 102
INPR 103
INPR 104
INPt? 1(J5
INPR 106
ItJPR 107
INPR lo8
INPR 109
INPR 110
lNPI? 111
INPR 112
IPJPR ]13
INPR 114
INPR 115
INPl? 116

-.
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.
: PRINT TtiE IIJPIJT IJATA

INPR 117
IF]PR 118

“.

c INPR 119
PRIld T ZLIJ* OAY [NPf? 12(J

210 F(_)Rh!AT(////l~x*2uH LENGTH OF EURNIJP INTENVALSF6.I*6H DAYS) INPR 121
PRIt~T Z15 INPR 122

>15 FORIIAT (11~1*//IuX933h CLEAN Fb~L AT(JM 13EWITIES*HNO(I) ///)
00 22;) 1=1!1401 -

INPR 123

~20
INPR 124

DRII!T 22SS I, 10(1)$ 11(I)* HNO(l) INPR 125
?25 FORtiAT (5X~2HI=,I~9sti lo=*12t5fi 11=91,2916H CLEAN DENsITY=F1o.7) IFIPR 126

PRIIIT’z.3(1, “KNT INPR 127
?jo FOR}IA- (11119/loX,35H REFuELTNG DATA FOR t511RNUP INTERVAL 13///) INPR 128

PRItIT z35
?35 FOR14A1 (l~X,38t{ R~GION

INPR 129
REF\JELXNG NOOOF INTERVALS /0 ItJPR 130

1 %4X* 311{ F14AcT[oNs fiETWECtl REF-UELINGS /) IrlpR 131
on z4:! I=l,NREG
K

ItlPR 132
= IJZ”,J(I) IFIPR 133

/40 PRItdT 245. K, xlJ(K)9 NFR~[K), INPR 134
?45 f9i?!lAT (18x*12,4x9F9~59 12X*12) INPR 135

PR1rlT-Z5(l INPR 136
2’30 FORtlA7 (///l5b!b)tltl ELEtlEhJTS (CIUR!IABLE ISOTOPES) To HE REFUELF.[) ItJ INPR 137

ITHE AiJOVE i?EGION> /) IPiPR 138
00 76’ N=l*f’J~Oll [NPR 139
IF (T’~tith),eEd~O) GC TO 260 INPR 140
LtJ = !lATN(N~ TNPR 141
PP:I.JT 2559 LNcHIJ1.N(LN) INPR 142

?55 FOR~IAT (2rX’9911 LLEVENT .12?3XQA9) INPR 143
zb(l COIJTI;J{JE INPR 144

PRIIJT Z(J5
?65

lNPR 145
FoRtlA? (1’il$/loX38SJH ZfJNE9 GROUP AvEi?A(jEU ABSORPTION X-SECT[nNS FoINPf? 146

lR B(JR’lAdLr ISOTOPES* ABXS(IOJ,K) K=KL!IT,K{JT ///) IFJPR 147
KLtdT

.
r~ = tru’R 148
lF (KLtll.l~):U) N=l

= ‘rIT
IPIPR 149

NPJ
00 ?85 K=il*~lt4

INPR 150

PRIFJT 770s K
INPR 151
lPJPR 152

//0 FORMAT(/4x*1°H t~lJRhUP INTEHVAL K= 1.3), lNPR 153
no z73 J=IQI.M INPR 154

2t5 PHIIJT Z80T Js (JttjXS (IqJ.K) *I=l$lJCOrJ) IhJPR 155
7P(J FOR11AT(6A* HH RLblCN .12/Q(l(JF1204)) INPI? 156
/55 COPITI:I{IE [NPR 157

PR?IJT :91J INPR 158
~vq FORtlAr [IlilQ//IrJAs@3FI Z(JNES GROllf’ AVEHAGE[) FISSION X-SECI FUR RIIRNINPR 159

1A13L[ 1slTflP~5, F[XS(19J,K)9 K=KL.rlTsKlqT ///) [p/PR 160
rd = KL!IT I,JpR 16]

TF (KLtlT.l:QIO) N=l IPJPR 162
NtJ = K(IT
Do 30’

I~lPl? 163
K= II. IJ?J I*IPR 164

PRIb/T 2709 K
00 295 J=l,IZV

ItlPR 165
IFJPR 166

?~s PRltJT 280s ~Q (F1,XS( I$J,K).1=1.NC014) INPR 167
“3(IU COIJTI” IIIE

PRi!JT 305
INPR 168

1[15
IFJPR 169

FOI?HAT (1’11,/10A95SH AVG FL(JX USEn IN f~l?tVIOUS EIGHT RIJRN(JP lIITERVINPR 170
IALS. m{l{r *J) ///) IIJPR 171

N)J = Krjl - 7 INPR 172
310 IF (:JI) 315*315,3Z0 INPR 173
515 Nt[ = ‘Itl+] INPR 174

. .
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3211
:$25

.+30
:435

c
c
c

.{4 fl
345
.350

355

:360
:4e!j

31tl

GO T(l 31
-$PRItlr 3d , (J*J=NN9KNT)

\/jNg :;~

FORMA?(1 OX?8(6II PFI(91~96H*J) )/) INPR 177
PO 3341 J=ls1.4M INPR 178
PRT!IT 3359 J, (P}iI(19J) 91=N119Kt4T) IIIPR 179
FORMAT (z<,~tiJ=* 1294X*8(E12.592X) ) INPt7 180

TAG T~iE HIJRNARLE

1)0 35: 1=1*(1(11
IK = lG(t) - ML
llFLA~; = 1](1)
f)O 345 K=lsN~EG
KZ = IIZN(K)
TF (KZ.l.i:IK), (N)
IF (K/.GT:IK) 60
DO 34.J N=l,FICOtl
LN = !~ATh(!l)

TNPR l~i
ISOTOPEs It] TW. Mill ARRA’f INPR 182

JNPR 183
INPR 184
I}]PR 185
INPR 186
IFJPR 187
ltlPR 188

]C 345 iNPR lBQ
!C 35(J INPR 190

INIJR 191
IrlPR 192

IF (LJ.!E:Il~LAti) CO To 340 IrJPi? 193
NRIrLG(KL9tl) = 1 .IIIPR 194
cOt4TI IIIL IflPl? 195
cotlTI’llJE lrlP!? 194
cONT1,IUE IIIPR 197
PRTNT 355 INPR 198
FoF/MAT(lHl,{/lGX94SH I VAL(JES Irl 1101 ARRA’f THAT AME HURNA17LE IsnTnItWR 199

IPES //) IIJPR 200
r-Jrl 3788 K=l,NREG IIIPR 201
Uz = ,IZN(I’.) :NPR 202
DO 36,, N=lsNQ3fl [rlPR 203
PRJ.NT 365! rlBIFLti (KZ*N)9KZ9119VATtl (N) INPl? 204
FoRMAT (5X92~I=91,393x99H R~610rJ = 12~3X*13t{ BURN lS~ No. 12*3x. INPR ZOS

1 12H r.L:NEblT NC. 12) I~JPR 206
cOtJTI. HJE I~JPl? 2137
~~T\]K I INPR ~08
E IJH IFJPR 209

.
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APPENDIX C

SAMPLE PROBLEM

In this section, the printed PHENIX output is shown for a Search + Burnup + k + Refuel calculation
eff

(2 groups, 4 regions).

w *** PIIF.N I X * * * *

cAfi13~ I ANn 2 (IIJ AN() TMAX)

F?(hNIx EXAM~’LE / 2 GRO~JP / ARGONNr COCJE CNTR SAMPLE REAcTOR
StARCH-RUR’l-KEFF-liEFU~L

IMAx = -“. O II IN.

CAFII .3 I)ATA 1216 f“ol?~44T

IGF
IZt!
IHL
I [If?
If.lT
IIJI+
IEvT
IPVT
IM
JM
IZ
JZ

GE~JIwETPY (0/1/2 = X-Y/}{-L/R-THETA)
NJLMUER OF llA~ERIAL ZONES(GEGIONS)
LE*I H(IJN1lARY COIJDITIOII (0/l=VACUUtl/R~FLECT1vE)
RI[;*T RO(lPdDA(~Y COtJ~~TIUti (SAME AS IRL),
TCP HOljNt3ARY coNl)I~IoN (SAME As IL3L)
BCIIIJM RfJIJIIDIRY CONl). (SAPE AS IfjL)
FIbtNVALUH TyPE “~lj2~3=hLFF/CoNC/o~LTA)
PPtiOMETRIC EICENVALUE TYPE (1/2=NOtlc/KEFF)
NLM~ER OF RAr)IAL ‘M~~H Ii~IERVALS
NLMHEH OF AxIAL MF..$H INIEliVALS
NC. OF RA1)IAL LOrJES (r)EL~A OPTION ONLY)
NC. OF AXIAL ZOIIES (nEL!Jl OPTIoN ONLY)

CAGO 4 I.)ATA 1216 FO!?MAT

IGM NLMMER OF GROUPS
ML FILMHER OF IN~’UT :lA~~RIA1.S
ICST CG(JSs sEcTIOl TYPE (]/2=~yPEl/TYpE2)
ItlT PCslTION or CIGMA TOTAL IN X-SECT- TARl.E
IHS PCS111ON or 31(iYA :~LF-~CfiT?ER IN X-s~cT TAHL,E
ITL CK(J5s SEcTIO’1 lAIIL: LEN{~lF
IXSEC REhIJ X-SECTS FROI1 TAPE [0/l=N13/YES)
MoI TCrOL NO. OF t41X~u~E SPI:LIFICATION$
OITM MAX No. 01- 0’.JTER ITERATIONS ALLowEl)
IITM MbA N(). OF I.lfJEH I~~RATIUAS ALLOWED PER O~JTER IrER.
MSHStYP LINt lNVCllSI~lJ ljIRliiTIUf4 (1/2/3/4=ALT-l)IR/RAl)/AX/CODE DECIDES
ISTAC/T l_L!JA GuESS ((;/1/2/~/4=N~JNE/CAROS/CARflS/TAPE/SINUW_JIl))

CAhrJ 5 IJATA 316 FfIl+PIAT

IREF
NtJSTP
IFS
NP(IIs
MWRT
IPfLx
If’l+Ih
IotiTpS

RLwNUP/REf_llE(. C(~lJTR~L (d/1/2=N0 BURIJL~/!NJNNIJ~ ONLY/131JNNUP Aldf) RF-FUEL)
rJLm@ER OF BIJQti(JP TIWE Sf~FS IN A HURhtJP I~dlEHVAL
PERFORM F7!/AL SEARCH (0/1 = IdO/yES)
t!lltl?IAL 110. OF cO!JTROL ~CISON
COLLULATE DIJ1’t.lUP-Ii~-14illl/l (o/l=rJO/YES),
PUNCH FLIIX tl’JtIP !c/1/2=N0/FLUX BEFORE H’JR:JIJ~/FLIJX AFTER liURtJUP)
P~lhT cOtdT170L(l/2/3=FULl. PRINT/FULL P~~I14T FOR llAY=o ot.JLY/PAt?TTAL PH[NT)
PFEPfiRE OATA l)IJMP IAPE (0/l=NCI/YES)

cAKrl h OATA 6[.12.4 FORMUi..

EPS EI~+kNVALLJH C~~Ntik~~GENCE LKITERIO!J
SRCF?T NEuIR(JN SnllRCc HATE (FOR NORMALIZATIOIJ)
Powli RE4CTOR P()\JEl? (MUTj (FON NONMALIZA~IOrJ)
ORF (lVE.hf?ELAXATI(~lJ ~flCIOR
FLXTST ThNE.R ITERATION FLUX TE!il (0/EP=EP!i/EP FOR TEST)
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EV INIIIAI., EIG1l’lVAL~JE ~UCSS (SEARcH OIILYI
EV}! EItitNVhLUE rl~PIFIF.1~ (SL~KCH ONLY)
EV2 EIl,ENVAL(J~ (,.ICSS FOR ~till AND ALL oTHE.R SEARCtiF:S
XLAL LbMhllA-1 Lo141:P LItlI~ (SLAFCh ONLY),
XLAti LAr.wjllA-l [IPPLR LI!{I~ (s~.ARcH ONLY)

cAkn H DATA ‘-12.4 ~:ORMUT

Pun PARAMETER oSCILLATION UAMFER (sEAl?CH Ot~LY)
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PHENIx EXAMPLE / 2 GROtJIJ / ARGO1/NE COnE CNTR :AMPLL REACTOR
SEAl~CE-F!UFN-KEFF-RFF~lEL

~ : ~ 3 3 3 3 3 3 3 3 34;+ 4 4 4

3 2 2 3 3 3 3 33 33 34~b 4 4 4
3 3 3 3 3 3 33 3 3 3 34/$ 4 4 4
3 2 2 3 3 33 3 3 3 3 3444 4 4
~ ~ ~ 3 3 3 :1 3 3 3 3 3444 4 4

1 11 1 1 1 1 1 1 I 1144444
1 11 1 1 1 1 1 1 1 1 14+444
1 11 I I 1 1 11 1 1 144444
1 1 1 1 1 1 11 11 1 144444
1 11 I 1 1 1 11 I 1 144444
1 1 1 1 1 1 1 1 1 1 1 144444
1 1 1 1 1 1 11 11 1 144444
1 1 1 1 1 1 1 1 1 1 1 144444
??2222222222 44444
2 2 2 .2 2 222 72 2 2444 4 4
2 2 2 2 2 222 2 i? 2 24* 4 4 4
2 2 2 2 2 222 2? 22444 4 4
2 i? ? 2 2 ??2 222244444
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13131~1313131313] 3:31313141*141414
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111111111111111111111111 1414141414
1111111111111 !11M111111141’*141414
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23
24
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34
35
36
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CROSS-SE:T~~NS~D T
GROUP .-1UCTIONS

. .

. .

MAT I

MAT z
MAT 3

NAT 4

MAT s
MAT c
MAT 7

MAT e
MAT q
MAT in
MAT II
MAT lZ
MAT I:

MAT 14
GROUP
MAT I
MAT z
MAT 3
MAT 4
MAT Y
MAT ~
MAT 7
MAT P
MAT q
MAT 10

MAT 1]
MAT 12
MAT 13

MAT 14

n. ●473r-o%

G. .44clt-02
1-1. ~217E-f)l

n. ~rlrJ7E-03

.lbO~+O1 ~174f:+i)l

.492E*f)0 ~67Y~.+oO

.fIE3E-nl ~217r+oo

0. ~117~-1)2

0. *-3oor+ol

o* ~143c+ol

..{?3E-~2 ~529~-02

.351E-(!3 :128~-02
●351E-r13 :Iztir.-oz

.91YF-04
~“ChOSs-SEcTiONs-

0. ~310f_-111

() ● :4r13t-ol

0. ~zzo[.-ill

n. ~171~-U2
.2*2E+m ~427f:+Gl
.Y04E-01 ~lllt:+ol

. lIIoE-49 ~4M2r+oo

o* r .

n. ;/+99f.-l?2

0. .550[.+61

.f)f12F.-n2 ..l.hw-!ll

.S37E-52 ~311F-(12

.537E-52 ~311~.-fi2

f?. .442f.-il3.- -

u:
IJ ..
II .. .
0-

;473E+oI

:151E+01
:le3E*oll
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IJ:

.lloE-01
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.972E-01
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,47’5
.4e4
.450
.4s5
.501
.507

.513
.52o
,5.28
,525

.543

.550

.559

,567

u
1
2
3
4
5
b
7
H
9

11)

11
12
13

LAMtiDA

“
.,. -e100o0OOOE*OO Oe
h: -;loooo OOOE+OO ●~r10%7572E*o0
IJ. -.1OOOOOOOE+OO .IOOo:>f3’3i?E*ol
il. -:1OOOOOOOE*OO .Io069641E*OI
‘J. -OIOIJOOOOOE*OO .101n5221E+01
1!. -;1OOOOIIOOE+OO .I0125627E+01
il. -o1oOOO(IOOE*OO ●Io1.771OIE*O1
;, -;20000000E+o0 .li3143945E*ol
~: -.2@OOOIIOOE*O0 .102.39155E+o1
-.llJ15’j142t-+fJ2 ;46149150E-01 .1024;?436E+O~
‘,lolS3142L+02 ●4~149150E-01 .1ooI’J617E+o1
‘.101%3142E*O2 ●66932114F-01 ●1oO2)469E*O1
‘.I015314ZL+02 .6977413X-01 .19tJ0279’2E+ol
-.10153142L+O2 ;7c511256E-nl .lr300.)776E+Ol

THESE ARE IHE L)ESIREI) A~OM DEN>ITI~S OBTAINFU FROM ~liE CfINC SEARCH Tn GIVE A PARAMETRIC
VALIIF- OF PV= 1~000000

FEGION= 1 MATERIAL=lIJ MATL A~Otl ULNS=.. .0005353
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KIJT PuI.ItNuP ItlTC’?VAL JQST COMPLETED
NR[ b K(J. OF RKGI’~)JS REQUIRING RErlJELIN(i

NRF.Pc FEFIJEL c[)NT ?OL ROD> lYJi41hG REFUELING (0/l=hJu/Yk!j)
KL4P5 fi~bIoN coLLl}>SE”(lP~IoN (o=fk(l / N=fJO.OF COLLAPSI.3)

I[jrt4px PAA. NO. nF IWR:lU~ :IITI.RVALS To HE ~!JALYLLl)
NEcOF PIlhcH IIPTIo’1 FoR INP(J1””lC ECf)r.JOMIcS CrIIY

(lJOr4 FROII FIRS! rgcw CCLLAPSES ilILL f?E P(J~CH&{)l

~ACT = 9~lJ

LkNGTH OF !uNNIJP IbJTLi{VPL 100.O DAYS

CLEAN FIIEL AT(llf l)~14SI-f\Es,tiFlo (I)

1= 1
1= 2
1= 3
14=

I= 5
16=

1= 7
1= 0
1= 9
1= 10
lx 11
1= 12
1= 17
1= 14
1= 15
Ix 16
1= 17
1= 1$3

I= 19
I= 20
1= 21

I= 22
I= 23
1= 24

I= .25
I= 26
1= 27
1= 28
I= 29
I= 30
I= 31
I= 32
1= 33
1= 34
1= 35
1= 36

1(-)=11
10=]1
11)=~1

10=1 1
[~all

10=1 1
[()=11
L()=ll

lo=~l
[o=l~
10=11
10=12
l(JX1.3
10=12

10=12
Il)xlz

llla~~
j~=l~

10=12

10=12
[1=12

10=13
1{1=13
lflr13

10=13
10=13
10=13
1~B13
10X13

10=13
lo=~3
lflx14

[{)=]4
l(la14

lfl=~4
1(J=14

II= ()

11= *
Ila I

11= 2
11= 3
11= 5
II= b
11= 7
11= 9
11= 8
11=10
11= O
11= 4

11= 1
11= 2
11= ‘3
11= 5
11x 6

11= 7
11= 9
11= 8
11= O
11= 4
11= 1
11= 2
11= 3
11= 5
11= b
11= 7
11= 9
11= 8
11= 0
11= 1
11= 2
II= 3

11=4

CL~AtJ IIENSITY= 0.0000000

CLEA}l ll~NSITY= ;0127330
C{;~ArJ l@sITY= ;olo~330
CLEAfI IJLNSITY= ~O0257Q7
Ci:~AtJ OENSITY= .0016131
C~~AfJ l)~ASITY= :00?1241
CL~AN t)@sITY= ;noo~l122
CLEArJ lILNSITY= .0029357
Cg~Afi IJEKSITY= O~OOOCOOO
CLEAN I)EI$SITYX ●010?300
CLgAN ll@SITY= ;i)oosooo
CLEAPI IIENSITY= O~OOOCOOO
C~FAN DENSITY= .012~330
C~~AN ll~NSITY= ~oloo330
CL~ArJ l@SITY= :U02~7Q7
CLEAti IJLNSITY= .0016131
CLEAN UEASITY= 0:0000000
C[~Atl @MITY= O:dOObOOO
CL,EAN lJ~hSITY= ;905373s
C~~AN ll~NSITY= O;OOOf?OCO
C~~Afi l]~hSITY= ~0LO?30U
CLEAN IJENSITY= 0~~000000
C~~AtJ l)fhSITY= ~O12?330
cL~Ar/ I)ENSITY= .ol@~330
CLEAN UEhSITY= ~oo25797
C\~AN l)~NsITY= :0019131
CLEAN I)EASITY= 0:0000000
C~~AfJ ll@SITY= O:OOOiOOO
cLEArl IJLNSITY= .0053735
c~gAIJ iJghs17y= 0;000{)000

CLEAII lIENSITY= .0107300
cLgAN llEhsITy= o;ooouooo
C~EAN I)EASITY= ~ooal”rm
Cl_~AfJ D~NsITY= .0021016
CI.EAN llEhsITY= ~0013142
c~~Arl DENSITY= .019?200

1
3
1
1
1
0

-.

. .

116



b!kFUFL1F16 UATA FON nUHNl,P INTERVAL 1
●

✎

s“

● A

I= 6
1= 7
18
1: Q

I= 11
1= 17
I= 18
1= 19
1= 20
1= o
I= ?7
1= 28
I= ?9
I= 20
1= 0

REGIf)?l ~{EFUF.LIlsG FJo.OF IN~EWALS
FRACTIONS RETuEEII R~FllELIrJ(;S

1 .50(Jl)lJ i

2 ;500tJi 1

3 :5000il 1

E~F3fE;lTS (il~RNAHL~ ISOTOPES) IO nc REF\lFLE() IN THE AHOVE REG1nNs

I VAt.UES I I MO1 ARRAY IFAT 4RE HIJRNAPLE IsOTW%

REGIFI:4 = 1
i4FGION = 1
REGIOtJ = 1
NEGICltJ = 1

RFGIOIJ = 1
RFGIOI1 = 2
HFGIOI+ = 2
~F1310rl = z

R~GxfMJ = z
R~G~nrj = 2
RFGInN = 3
R~(; [(lrJ = 3
RE(, IWI = 3
RF(SIOtJ = 3
RF(; IW = 3

W[?fd 1s0 No. 1
IJUR14 I~rJ N(), ~

NJRN 1s0 K/n. 3
YURN ISo NO. 4

WJRFJ 1S0 NO. 5
~l~JRN ISO tK)O 1
‘liJRN Iso tJO. ~

RUWI 1s0 No. 3
F{ljR~ I~o tlo, 4

HUF?rd ISO NO. 5

Rllf?rd 1s0 tll-). 1
RURtJ 1S0 NC). Z
H(JRN 1S0 /100 3
HORN Iso Nl10 4
RIJRN ISo tllle 5

hvG FLUX u>~rl Irl PREVIOLS EIGHT RIJFWP INTt~l’VALS. PHI(l*J)

PHI( 1*J) PHI(
J= 1 •25547~+1~
J= 2 .IOR95E+1 ‘1
J= 3 .ldR94L+19
J= 4 .32n541:+l~
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