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PERT-V, A TWO-DIMENSIONAL PERTURBATION
CODE FOR FAST REACTOR ANALYSIS

R. W. Hardie and W. W. Little, Jr.

) ABSTRACT

. PERT-V is a two-dimensional perturbation theory code for use in fast
reactor analysis. The code will:

e compute reactivity coefficient traverses using first order
perturbation theory,

e compute the effective delayed neutron fraction, the neutron
generation time, and the inhour/sk conversion factor, and

e compute activity traverses.

The code was written to be compatibie with the BNW one- and two-
dimensional diffusion theory codes 1DX and 2DB, and the Los Alamos one-
and two-dimensional transport theory codes DTF-IV and 2DF. A1l five

codes use the same input module.

PERT-V is written entirely in FORTRAN-IV. Variable dimensioning is
utilized to make maximum use of available core storage. Running time for

a 13 group 30 x 30 mesh problem on a UNIVAC 1108 is about 1 minute.
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1 BNWL-1162

PERT-V, A TWO-DIMENSIONAL PERTURBATION
CODE FOR FAST REACTOR ANALYSIS

R. W. Hardie and W. W. Litt]e, Jr.

I. INTRODUCTION

PERT-V js designed to calculate reactivity coefficient traverses, the
effective delayed neutron fraction, the neutron generation time, the inhour/
sk conversion factor, and activity traverses using flux output from neu-

tronics codes. The code will accept fluxes and adjoint fluxes from the

2)

BNW diffusion theory codes 1DX(]) and ZDB( and the LASL transport theory

4)

codes DTF-1v(3) and 20F.

First order pefturbation theory based on the multigroup diffusion
model is used to ca]cu]ate reactivity coefficients. Each component of the
perturbation eduation, ih éddition to the total reactivity coefficient,
is printed at each mesh point in the specified row or column for a 2-D

problem and at all mesh points in a 1-D problem.

PERT-V utilizes variable dimensioning to make maximum use of the
available core memory. A 65K core and five peripheral storage devices are

required for the current version. All coding is in FORTRAN-IV.
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II. MATHEMATICAL MODELS

The perturbation equation is derived beginning with the familiar

multigroup time independent diffusion equation for an unperturbed system.

That is,
. IGM x: 1GM .
T Ty - mapy - ) sliiey + s T (o)
3zt J=i+l eff j=1
r
i-1
+ ) E(§ride, = 0, (2.1)
= J
J
where: IGM = number of energy groups,
$. = flux in group i (n-cm_z-sec']),
! 1GM
x; = fission source born in group i (.Z]Xi =1.0),
'|=
z; = mécroscopic absorption cross section for
group i (cm']),
Z%r’ = macroscopic transport cross section for
group i (cm']),
v(i+j) = macroscopic transfer cross section from group i
to group j (cm']),
keff = effective multiplication factor,
(vzf)1 = macroscopic fission source cross section for

group i (cm']).

Equation (2.1) is subtracted from a similar expression for a perturbed
system, the difference multiplied by the adjoint flux (¢:), integrated over

the volume of the reactor, and summed over IGM energy groups. The result
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(after some algebra) is the perturbation equation expressed as the sum of

four components. Thus,

6keff=F+A+L+S (2.2)
k I ? ’
eff
where:
’
IGM 1GM
[ = dv | o Vil (2.3)
keff "% LYY '
J= i=1
.
IGM
_ 1 + i
F s /dH (XJ¢J) (GEvZf]fbi) . (2.4)
j=1 i=
IGM
_ i, ot
A = -fdv (6[zaj¢1¢1) , (2.5)
i=]
IGM _ s 6[er]
L o= Vo, Ve | — . (2.6)
‘ 3(z))
i=] tr
and

S = / Z(z] 6[2(1'+;i)]¢1-(¢;- - ¢;f)> - (2.7)
j=1+

=1

dv {
IGM , IGM
dv
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The components in Equation (2.2) can be identified as the worth
resulting from changes in the fission source rate, the absorption rate, the

leakage, and the downscattering rate, respectively. The calculation of the

. - W
term 1 L in Equation (2.6) is consistent with the technique used in
i 2
(24,)

2DB (see Sections II and III in Reference 2).

Expressions for the neutron generation time and beta effective are
obtained by reducing the time dependent diffusion and precursor density

equations to the familiar lumped parameter kinetics equations.

As a result, the neutron generation time is calculated using the

algorithm
1GM
Nos g 1 J[Qv :E: 6501/V, I . (2.8)
Teff =

The effective delayed neutron fraction for precursor group k is computed

by the expression

1GM NIBC IGM
k _ 1 k.i K +
feff " Topr J 2\ 2 ) 2udit i e
i=1 2=1 J=1
where: “NIBC = number of fissionable isotopes for Boff calculation,
ft = absolute delayed neutron yield (per fission) in precursor
group k for isotope 2,
z} , = macroscopic fission cross section in energy group i for
isotope l(cm']),
UXE = delayed fission source for precursor group k in energy

group Jj.
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I[T1I. SIMPLIFIED LOGICAL FLOW DIAGRAM

A simplified logical flow chart for PERT-V is given on the following
page. With the exception of three minor subroutines--CLEAR (sets an array
equal to a specified constant), ERRO2 (prints error messages), and SWITCH
(switches tape designations)--all subroutines and their functions are

shown in the flow diagram.
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IV. INPUT INSTRUCTIONS

The following pages describe the input data for PERT-V. Most input is
read in via generalized input subroutines. The format for data read in
through the generalized input subroutines must adhere to the following
form: ATl cards must contain six data fields of 12 columns each. The last
nine columns of each field contain the data, D, associated with the partic-
ular field (see exception below); columns 2-3 contain an integer, N, from
0 to 99. The first column of each field must contain:

0 - no effect (N=0),

1 - repeat associated entry N times,

2 - do N Tinear interpolations between associated data entry

and succeeding data entry,

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

4 - repeat previous D data entries N times (if D is a floating

point number, code converts to an integer),

5 - ignore this data field,

6 - fill the remaining locations of this array with associated

data entry.

Variable Columns Description

CARD 1: FORMAT (12A6)

To run a series of cases, repeat from this card.
ID(12) 1-72 Identification card.
CARD 2: FORMAT (1216)

ND 1-6 Input flux format: If |[ND|.
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Variable Columns Description
= 1, one-dimensional fluxes and adjoint fluxes,
= 2, two-dimensional fluxes and adjoint fluxes,
= 3, one-dimensional fluxes, no adjoint fluxes,
= 4, two-dimensional fluxes, no adjoint fluxes.
If ND > 0, fluxes are from cards; if ND < O, fluxes
are from tape (logical unit 14).
ML 7-12 Input cross section format: '
= -N, read N input cross section materials from
logical unit 15,
= +N, read N input cross section materials from
cards.
NPRT 13-18 Print option: .
= 0, delete printing of fluxes, power, cross
sections (minig,
= 1, delete printing of group fluxes and cross
sections (midi?,
= 2, print everything (maxi).
IGM 19-24 Number of energy groups.
IST 25-30 Number of downscattering terms.
IHT 31-36 Position of transport cross section.
NDELK 37-42 Number of reactivity coefficient traverses.
NACT 43-48 Number of activity traverses.
NIBC 49-54 Number of fissionable materials for Baff calculation
(if zero, no A or B of f calculation).
IPG 55-60 Number of delayed neutron groups in Baff calculation.
IPS 61-66 Format for delayed neutron spectrum:
= 0, one input delayed spectrum,
= 1, input delay spectrum for each delay group.
NPDEL 67-72 Plot option:
= 0, no effect,
= 1, plot reactivity coefficient traverses.
CARD 3: FORMAT (1016)

IGE

1-6

Geometry specification:

0, plane (1-D) or X-Y (2-

1, cylinder (1-D) or R- %
)-

D
(2-D),

)

2-D
2, sphere (1-D) or R-g D),
3, triangular (2-D only

2
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Variable Columns Description
M 7-12 Number of radial intervals (> 3).
JM 13-18 Number of axial intervals (3 3 for 2-D problem,
= 1 for 1-D problem).
1ZM 19-24 Number of material zones.
MT 25-30 Total number of materials, including mixes.
MO1 31-36 Number of mixture specifications.
BO7 37-42 Left boundary condition:
= 0, vacuum,
=1, reflective,
= 2, periodic.
BO2 43-48 Right boundary condition.
BO3 49-54 Top boundary condition.
BO4 55-60 Bottom boundary condition.
CARD 4: FORMAT (4E12.6)
LKEFF 1-12 Value of keff to be used in the perturbation equation.
If zero, the value calculated by the code is used.
FLPO 13-24 If FLPO is negative, the total power is normalized to
[FLPO| Mwt using the conversion factor of 215 MeV/fission.
If positive, FLPO is the total center point flux. The
adjoint flux is always normalized such that
1GM
x1¢? = 1 for the center mesh interval.
i=1
VF 25-36 Volume factor. This quantity multiplies I in Equation
(2.2) to account for partial reactor configurations.
For example, for an R-Z half-core calculation, set
VF=2.0; for an R-Z full-core calculation, set VF=1.0.
BUCK 37-48 Buckling (Cm'z). Caution -- a given input mix can-
not be used directly in two or more zones. This can
be avoided by mixing with a density of 1.0.
CARD 5: FORMAT (A6,E6.2,10A6)
HOLN(ML ) 1-6 Identification card for first material.

Name.
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Variable Columns Description

ATW(ML) 7-12 Atomic weight of first material. If this material is
a mix (Zmix =:S Nici)’ the atomic weight should be cal-

culated using A . =Zi N;A;. This will result in the
worth printed out as sk/k per kg.

AA(10) 13-72 Miscellaneous additional information for first
material.

CARD 6: FORMAT (6E12.5)

Optional--required for ML>0. Any number of cross section processes can

be on the begimning of this card, but the following cross sections must

appear.

C(ITL,IGM,ML)

C(ITL,IGM,ML) of (barns) -- for first group of first isotope.
C(ITL,IGM,ML) g

C(ITL,IGM,ML) VO

C(ITL,IGM,ML) Ty

C(ITL,IGM,ML) a(i+i).

Continue through o(i-IST+L). Repeat through group IGM. Repeat from Card 5
for ML isotopes (if ML<0, simply repeat Card 5 for each isotope).

CARD 7: FORMAT (6E12.5)

Optional--required if ND>0.
NO(IMJIM) 1-12 Flux for first mesh interval in group 1.
NO( IMJM) 13-24 Flux for second mesh interval in group 1. Continue

for all mesh intervals and all groups. Each new
group begins a new card.
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Variable Columns Description

CARD 8: FORMAT (6E12.5)
Optional--required if ND=1 or 2.

N1 (IMJIM) 1-12 Adjoint flux for first mesh interval in group IGM.
Since output fluxes from 1DX, 2DB, DTF-IV, and 2DF
are in inverted order (i.e., last energy group
first), PERT-V reads the fluxes this way and then
inverts them.

N1 (IMIM) 13-24 Adjoint flux for second mesh interval in group IGM.

Continue for all mesh intervals and all groups
(ending with group 1).

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

R1(IM+1) 1-12 Radial position of first mesh boundary (0.0).

R1(IM+1) 13-24 Radial position of second mesh boundary (cm).

CARD 10: FORMAT [6(I1,12,E9.4)]

Optional--required if |ND|=2 or 4.

Z1(JM+1) 1-12 Axial position of first mesh boundary (0.0).

Z1 (JIM+1) 13-24 Axial position of second mesh boundary.
Dimensions should be in cm for R-Z, X-Y, and

triangular calculations, and in fractions of a
circle for R-8 calculations.

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

MO ( IMJM) 1-12 Zone number for first mesh interval.

MO ( IMJIM) 13-24 Zone number for second mesh interval. Mesh
intervals are sequence numbered beginning at
the lower left and then proceeding through
each row in order.

* Generalized input format (see page 7)
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Variable Columns Description
CARD 12: FORMAT [6(11,12,19)]
MZ (IZM) 1-12 Material number for first zone.
M2(1ZM) 13-24 Material number for second zone.
CARD 13: FORMAT [6(I1,I12,E9.4)]

Optional--required 1f BUCK#0.

GAM(IZM) 1-12 Buckling modifier for first zone.

GAM(IZM) 13-24 Buckling modifier for second zone.

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

K6(IGM) 1-12 Fission fraction (spectrum) in first energy
group.

K6 (IGM) 13-24 Fission fraction in second energy group.

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

V7(IGM) 1-12 Neutron velocity for first energy group
(cm/sec).

V7(IGM) 13-24 Neutron velocity for second group.

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

Optional--required i1f M0I>0.

I0(M01)

I0(MO1)

1-12 Material number of Mix 1.

N-(N+12) Material number of Mix 2.
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Variable Columns Description

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

Optional--required if M01>0.

IT1(M01) 1-12 0.

I1(MO1) 13-24 Material number of first material in Mix 1.

I1(MOT) 25-36 Material number of second material in Mix 1.
I1(MO1) N-(N+12) 0.

I11(MO1) (N+13)-(N+24) Material number of first material in Mix 2.

CARD 18: FORMAT [6(I1,I2,E9.4)]

Optional--required if M0I>0.

I2(M01) 1-12 0 (to clear storage area for Mix 1).

I2(M01) 13-24 Concentration of first material in Mix 1
(atoms/barn-cm).

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

12(MO1) N-(N+12) 0 (to clear storage area for Mix 2).

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

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

Optional--required if NIBC>0.

NBET (NIBC) 1-12 Material number of first fissionable isotope
used in the calculation of B .. (see
Equation (2.9)).

NBET(NIBC) 13-24 Material number of second fissionable isotope
used in the calculation of Bors
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Variable Columns Description

CARD 20: FORMAT [6(I1,12,E9.4)]

Optional--required if NIBC>0.

BETA(NIBC) 1-12 Absolute delayed neutron yield per fission of
first fissionable isotope used in the calcu-
lation of Baff*

BETA(NIBC) 13-24 Absolute delayed neutron yield per fission of

second fissionable isotope used in the calcu-
lation of Beff:

CARD 21: FORMAT [6(I1,12,E9.4)]

Optional--required i1f NIBC>0.

AB(IPG,NIBC) 1-12 Fractional delayed neutron yield in first
delayed group for first delayed isotope.

AB(IPG,NIBC) 13-24 Fractional delayed neutron yield in second
delayed group for first delayed isotope.

Repeat above sequence for each delayed isotope.

CARD 22: FORMAT [6(I1,12,E9.4)]

Optional--required if NIBC>0.

AL (IPG) 1-12 Decay_constant for first delayed neutron group
(sec™!).
AL(IPG) 13-24 Decay constant for second delayed neutron group.

CARD 23: FORMAT [6(I1,12,E9.4)]

Optional--required if NIBC>0.

D7(IGM,IPG) 1-12 Delayed fission fraction for first delayed group
in first energy group.

D7 (IGM,IPG) 13-24 Delayed fission fraction for first delayed group
in second energy group.

If (IPS=1), repeat above sequence for each delayed group.
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Variable Columns Description

CARD 24: FORMAT [6(11,12,19)]

Optional--required if NDELK>O.
MATDK(NDELK) 1-12 Material number for first reactivity traverse.

MATDK(NDELK) 13-24 Material number for second reactivity traverse.

CARD 25: FORMAT [6(I1,12,19)]

Optional--required if NDELK>0 and |ND| = 2 or 4.

NCR(NDELK) 1-12 Negative/positive = column/row number for first
reactivity traverse.

NCR(NDELK) 13-24 Negative/positive = column/row number for second
reactivity traverse.

CARD 26: FORMAT [6(I1,12,19)]

Optional--required i1f NACT>0.
MA (NACT) 1-12 Material number for first activity traverse.

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

CARD 27: FORMAT [6(I1,12,19)]

Optional--required if NACT>0.
NX (NACT) 1-12 Cross section position for first activity traverse.

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

CARD 28: FORMAT [216,6E6.2]

Optional--required if NPDEL=1 gnd NDELK>0.

NREPLT 1-6 1, plot on previous graph,

2, plot on new graph.
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Variable Columns Description
NTYPLT 7-12 =1, plot total reactivity coefficient traverse
only, _
= 2, plot total and each component of the reactivity
coefficient traverse.
XL 13-18 Value of the X-axis at the left boundary.
XR 19-24 Value of the X-axis at the right boundary.
YB 25-30 Value of the Y-axis at the bottom boundary.
YT 31-36 Value of the Y-axis at the top boundary.
DEL 37-42 Length of dashed Tine used to plot the total
reactivity coefficient traverse (not used if
NTYPLT = 2). If DEL = 0.0, a solid line is
drawn. °
GAP 43-48 Length of gap between the dashed lines specified

above.

Repeat above card for each reactivity coefficient traverse (i.e., there

should be NDELK cards).
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V. STORAGE REQUIREMENTS

PERT-V uses variable dimensioning by storing the subscripted variables
in one array, A(35000). The variable dimensioned arrays require N storage

locations (N< 35000), where:

=
I

MAX (N, sN,)

1772
N] = 4 + 8 x IMxJdM
+5 x IM
+ 3 x JM
+ 4 x MO
+ 6 x IZM
+ 2 x (NIBC + NACT + NDELK)
+ IGM x (3 + IST + IHT)
+ ML x (2 + IZM)
+ MT x (IST + IHT + 1)
+ MAX(IM,JM) x (5 + 2 x IGM)
+ IPG x (1 + IGM + NIBC)
+ NPDEL x (MAX(IM,JdM) + 2)
and |
N, = MT x (IHT + IST+ 1) x (IGM + 1) + 2 x ML + 1.

For most problems, N] > N2’ and thus N=N].

PERT-V also requires five peripheral storage devices -- two for fluxes,
one for cross section data, and two seratch units -- each device requires
about 200,000 words. Since the code was written for a UNIVAC 1108, high speed
drums are used for storage; however, only minor coding changes are required

to use either tape or disc storage.
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APPENDIX A

SAMPLE PROBLEM

The following pages show the input data (excluding input fluxes) and
computer output (midi print) for a 2-group, 2 zone, 20 x 20 problem, in
R-Z geometry. The plots at the end of this section were generated using

the CALCOMP plotter.
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APPENDIX B

SOURCE DECK LISTING

This section contains a listing of the PERT-V source deck.



~-IL PDP
ABC*

ITNCL
FCoPY
COMMON

£/ 0N

COMMON
1

3
COMMON

[ 0NN B N N

INTEGER
REAL
END

NINP
DENOM
111,
ITEMP1,
P12
ID(12)
NDELK s
IM»
BO3y
LATW,
LIO,
LR1>
LZ5,
LNBET»
LMA s
LCX s
BUly
12

NOUT »
ICARD
11JJs
ITL
TEMP
ND s
NACT s
JM s
BO&o
LHOLN
LIl
LR4 s
LVOL »
LBETAS
LNX
LFLUX
BOZ2s
13,

NCR1
IGEP
1JIGMy
JP
TEMP1,
ML »
NIBC»
1ZMs
ZKEFF o
LCOy
LI2»
LRS5
LMASS,
LD7s
LZACT»
LADJF
B03,
Ké s

B-1

NSCR1»
IHAY

T UMAX s
ND My
15D
NPRT s
IPGs
MT s
FLPO
LNO»
LI3,
LVvOy
LGAM,
LAB»
LDEL
LXy
BO4
NO s

NSCR2 s
ITHF »
IMJIM
NF Py

1GM,
IPS,
MOl
VFy
LN1s
LK6y
LV7,
LPOW,
LAL S
LNCR
Ly

N1l

NFLUX1s NFLUX2,
IHG» IHN
1Py ITEMP,
NFXIN, NNCR
1STs THT,
NPDEL » IGE,
BO1lo BO2»
BUCK
LAOS LAl
LMO, LM2y
LZ1s LZ&s
LSORC1s LSORC2
LZPHTy LZPOW,
LMATODK LCPy
MASS

PFRTNO01
PERT0002
PERT0003
PERT0004
PERTNO05
PERTO006
PERT0O007
PERTOO08
PERT0O00®
PERTOC10
PERTO011
PERTOQ012
PERT0013
PERTOO014
PERT0O015
PERTOO016
PERTNO17
PERTNO18
PERTO019
PERT0020
PERTO0021
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FOR MAIN,
L N
MATIN
INP
REAG2
REAIZ2

CLEAR

ERRO2
SWITCH

XSINP

FXINP

MAPR
SETUP
PRT
GRAM
NORM
ABETA
SLOPE

CALC

PLOT
ACT

* O*x ¥ * X

NINP
NOoUT
NCR1
NSCR1
NSCR2
NFLUX1
NFLUX?2
DENOM
[ CARD
IGEP

I HA
[HF
IHG

B-2

MA IN PERT0022
PERTN023

DESCRIPTION OF SUBROUTINES * % * * » PERT0024
PERTO025

CONTROLS THE OPERATION OF THE CODE. PERT0026
PERT0027

CONTROLS THE READING AND PRINTING OF ALL INPUT DATA. PERT0028
PERT0029

READS FLOATING POINT DATA IN GENERALIZED FORMAT, PERT0030
PERT0031

READS INTEGER DATA IN GENERALIZED FORMAT. PERT0032
PERT0033

SETS AN ARRAY OF A GIVEN LENGTH EQUAL TO A SPECIFIED PERT0034
CONSTANT. PERT0035
PERT0036

PRINTS ERROR MESSAGES. PERT0037
PERT00738

SWITCHS TAPE DESIGNATIONS. PERT0039
PERT0040

READS CROSS SECTIONS (FROM CARDS OR TAPE), PERFORMS PERT0041
ADJOINT REVERSALS IF REQUIREDs AND WRITES CROSS SECTIONS PERTO0042
TO DRUM BY GROUP. PERT0043
PERT0044

READS FLUXES (FROM CARDS OR TAPE) AND WRITES THEM TO PERT0045
DRUM BY GROUP, PERT0046
PERTN047

PRODUCES A PICTURE PRINT BY ZONE AND MATERIAL. PERT0048
PERT0049

MIXES CROSS SECTIONS AND CALCULATES GEOMETRIC PARAMETERS.PERT0050
PERT0051

PRINTS (IM,JM) ARRAYS. PERT00S2
PERT0053

CALCULATES AND PRINTS MATERIAL INVENTORIES BY ZONEe PERTO054
PERTO055

CALCULATES KEFF AND NORMALIZES FLUXES. PERT0056
_ PERT0057

CALCULATES BETA EFFECTIVE AND THE GENERATION TIME. PERT0058
PERT0O059

COMPUTES (GRAD FLUX*GRAD ADJOINT)/SIGTR*%2, PERT0060
PERTN061

CALCULATES AND PRINTS REACTIVITY COEFFICIENTS FOR THE PERT0062
SPECIFIED ROW OR COLUMN. PERT0063
PERTO064

PLOTS REACTIVITY COEFFICIENTS CALCULATED BY CALCe PERT0065
PERT0066

CALCULATES ACTIVITY TRAVERSES., PERT0067
PERT0068

INTERNAL VARIABLES % * * % * PERT0069
PERT0070

INPUT UNIT PERT0071
OUTPUT UNIT PERTO072
CROSS SECTION LOGICAL DRUM UNIT PERTO0073
SCRATCH LOGICAL DRUM UNIT PERT0074
SCRATCH LOGICAL DRUM UNIT PERT0075

FLUX LOGICAL DRUM UNIT PERT0076
ADJOINT FLUX LOGICAL DRUM UNIT PERTO077
DENOMINATOR OF PERT. EQUATION PERT0078

= ML PERTO079

IGE + 1 PERTO080
POSITION OF SIGA PERT008]
POSITINN OF SIGF PERT0N082
PASITION OF SFLF-SCATTFR PERTNH083
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THN
111
1149
1JIGM
1JMAX
IMJM
Ip
1TEMP
1TEMPY
1L
Jp
NDIM
NFP
NFXIN
NNCR
P12
TEMP
TEMP1
TeD

¥ % # %

ID(12)
ND

ML
NPRT
IGM
IsT
IHT
NDELK
NACT
NIBC
I1PG
IPS

NPDEL

ATwW(ML)
HOLNIML)
CClITLIMT)
ND (I M)

INPUT VARIABLES (CARDS 1-4)

SUBSCRIPTED VARIABLES

B-3
POSTTION OF NU*SIGF
TEMPCRARY
TEMPORARY
IMx gM#] GM
IMAX [ IMs UM)
IM=* g
IM + 1
TEMPORARY
TEMPORARY
TOTAL CROSS SECTION LENGTH (=1ST + IHT + 1)
JM + 1
1/2=0ONE-DIMENSION/TWC-CIMENSION PROBLEM
1/2=NORMALIZE FLUXES TO CENTER PT FLUX/TOTAL POWER
FLUX INPUT TAPE NUMBER
TEMPORARY
2%P] = 6428318
TEMPORARY
TEMPORARY
(ML =SEC)/IFISSIONS)

¥ % # * *

IDENTIFICATION CARD

1/2/3/74=1-D FLUXES/2-D FLUXES/1-D FLUX/2-D FLUX
NEGATIVEs FLUXES ARE FROM TAPE)

NEG/POS=NUMBER OF MATERIALS FROM TAPE/CARDS
PRINT OPTION (0/1/2=MINI/MIDI/MAXI)

NUMBER OF ENERGY GKOUPS

NUMBER OF DOWNSCATTERING TERMS

POSITION CF TRANSPORT CROSS SECTION

NUMBER GF REACTIVITY COEFFICIENT CALCULATIONS
NUMBER OF ACTIVITY TRAVERSES

N'JMBER OF MATERIALS FCR BETA EFFECTIVE CALCULATION
NUMBER OF DELAYED NEUTRON GROUPS

U/1=0ONE DELAYED SPECTRUM/INPUT SPECTRUM FOR EACH
DELAYED GROUP

3/1=NO EFFECT/PLOT REACTIVITY COEFFICIENTS

GEOMETRY (0/1/2/3=PLANE/CYLINDER/SPHERE IF 1-D
PROBLEMy CR X-Y/R-Z/R-THETA/TRIANGULAR IF 2-D)
NUMBER OF RADIAL INTERVALS

NUVMBER COF AXIAL INTERVALS

NJMBER OF MATERTAL ZONES

TOTAL NUMSER OF MATERIALS INCLUDING MIXES
NUMBER OF MIXTURE SPECIFICATIONS

LEFT BOUNDARY CONDITION (0/1/2=VAC/REFL/PER)
RIGHT RCUNDARY CONDITION ({0/1/2=VAC/REFL/PER)
TOP BOUNDARY CONDITICN (G/1/2=vAC/REFL/PER)
BOTTOM ROUNDARY CONDITION (G/1/2=VAC/REFL/PER)

KEFF FOR PERT. EQe. (I1F ZEROs USF CALCULATED VALUE)
NFEG/PCS=POwWFR (MWT)/TOTAL CENTER POINT FLUX

VOLUME FACZTOR

BUCKLING (V-2

¥ ® X * *

MATERIAL ATOMIC WEIGHT

MATFRIAL NAMF

CROSS SECTION ARRAY FOR CURRENT GROQUP
FLUX

PERTO0084
PERTO085
PERT0086
PERT0OO087
PERTO088
PERTO0089
PERT0090
PERT0091
PERT0092
PERTO0093
PERTOC94
PERT0095
PERT0096
PERTO0097
PERT0098
PERT0099
PERT0O100
PERTO101
PERT0102
PERTO0103
PERTO0104
PERT0105
PERTO0106
PERTN10NT

{(IFPERTO108

PERTO0109
PERTO0110
PERTO111
PERTO112
PERTO0113
PERTO114
PERTO115
PERTO11¢é
PERT0117
PERTO118
PERT0119
PERTO0120
PERTO0121
PERTO0122
PERTO123
PERTO124
PERTO125
PERTO0126
PERTO127
PERT0128
PERTN129
PERTO130
PERTO0131
PERTO132
PERT0133
PERTO0134
PERTN135
PERTN136
PERTO0137
PERTO138
PERTO0139
PERTO0140
PFRTO141
PERTO0142
PFRTO143
PERTO144
PERTN145
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14
18

1

1
2

p
-

2

B-4

N1(IMsJM) ADJOINT FLUX

AODI(IP) RADIAL AREA ELEMENT
A1(IM) AXIAL AREA ELEMENT
Io(MO1) MIX NJMRER

[1(MO1) MATERIAL NUMBER FOR MIX
I12(M01) MATERIAL DENSITY

[3(MO1) MATERIAL DENSITIES FOR GRAM CALCULATION
K6{IGM) FISSION SPECTRUM
MO(IMyJM) ZONE NUMBERS

M2(1.ZM}) MATERIAL NUMBERS BY ZONE
R1(1P) RADII

R4(IM) AVERAGE RADII

R5(IM) DELTA-R

VO(IMyJIM) VOLUME ELEMENTS

V7{I1GM) NEUTRON VELOCITIES
Z1(JP) AXTI

Z4 (M) AVERAGE AXII

Z5(IM) DELTA=Z

VOL( IZM) ZONF VOLUMF (LITERS)
MASS (ML, I1ZM) MATFRIAL INVENTORY IN EACH ZONE
GaM( TZM) BUCKLING COEFFICIENTS
POW( IMs JM) POWER DENSITY

SORC1(IMsJM) TEMPORARY

SORC2(IMsJIM) TEMPORARY

NBET(NIBC) MATERIAL NUMBERS FOR BETA EFFECTIVE CALCULATION
BETAINIBC) ABSOLUTE NEUTRON YIELD PER DELAYED FISSION
D7(IGMsIPG) DELAYED NEUTRON SPECTRUM

AB(IPGsNIBC)Y DELAYED NEUTRON FRACTIONS

AL{IPG) DECAY CONSTANTSI(SEC-1)

ZPHL(1ZM) ZONE AVERAGED FLUXES

ZPOW(IZM) ZONE AVERAGED POWERS

MA(NACT) MATERTAL NUMBERS FOR ACTIVITY TRAVERSES
NX(NACT) CROSS SECTION POSITION FOR ACTIVITY TRAVERSES
ZACT (1ZM) ZONE AVERAGED ACTIVITIES

DEL{IMsJM) (GRAD PHI*GRAD ADJ)/SIGTR#%2

NCR{NDELK) NEG/PQOS=COLUMN/ROW NUMBER FOR DELTA K/K CALCULATION
MATDK{NDELK) MATERIAL NUMBER FOR DELTA K/K CALCULATION

CP {5 T.UMAX) COMPONENTS IN PERTURBATION EQUATION

CX(ITLsIGM) CROSS SECTION ARRAY FOR MATERIAL MATDK

FLUX{ IGMs1JMAX} FLUX FOR COLUMN/ROW NCR

ADJF (1GMsTUMAX) ADJCINT FOR COLUMN/ROW NCR
X(TIMAX+2) USED FOR PLOTTING REACTIVITY COEFFICIENTS
Y{TJUMAX+2) USED FOR PLOTTING REACTIVITY COEFFICIENTS

INCLUDE ABC

COMMON A (35000)

CALL INP

GO TO (18s14)s NDIM

CALL MAPR(A(LMO)sA(LM2)sIMsIMsA({LAL))

CALL SETUP(A(LKE) sA(LIO)»A(LILI)»A(LIZ)sAILMO)»A(LM2)sA(LNO)Y
ATLRL) 9ALLRAG) sALLRS)9A(LZ1) sA(LL4)sA(LZS5)sA(LAD)
ACLAL) sACLCO)} sA(LVO) s ITLs IMeIMyMT s A(LGAM))

CALL GRAM{A(LMASS) sA(LVOL) sAtLATW) sA(LHCLN) 9 IMsJMsA(LMO) sA(LM2)
ACLVE) s ACLTIZ) sA(LTIL) »A(LT2) sMLSA(LIZ))

CALL NORMIA(LCU) s ITL sA(LNG) 9 ALLNL) s IMsA(LSORCL)sA(LSORC2})9A(LMO),
ACLMZ) 9 ALLVC) 9A(LKE) s ALLPOW) sA(LLE) s A(LAD) 9AILRS )
ATLRG) s ATLALY oAILZ4) s A(LZPHT ) sA(LZPOW) »A(LVOL))

IFINIEC) 3Cs30,20

CALL AZETALA(LPSW) 9IMsA{LSORCLIIsAILNO) sAILNL) sA(LCO) 9 ITLSA(LMO)
ALLVT)Y s ACLNBET ) s ALLBETA) s A(LMASS) sMLoALLDT7) 9 AILSORC2)
ATLATW) s ACLVOL) sA(LVE) s ICMe [PCy2 (LAB)9sAILAL))

[F{NDELA) EC 95 0a s

PERTO146
PERTO0147
PERTO0148
PERT0149
PERT0150
PERTO151
PERTO152
PERTO0153
PERTO154
PERTO0155
PFRT0O156
PERTO157
PERTO158
PERT0159
PERTO0160
PFRTO161
PERTO162
PERT0163
PFRTN164
PERTO165
PERTO166
PERTON167
PERTO168
PERTO0169
PERT0170
PERTO171
PERTO0172
PERTO173
PERTO174
PERTO0175
PERT0176
PERTO177
PFRT0178
PERTO0179
PERTO0180
PERTO181
PERTO182
PERTO0183
PERTO184
PERTO185
PERTO186
PERTO0187
PERT0188
PERTO0189
PERTO19C
PERTO191
PERTO192
PERTO0193
PERTO194
PERTO0195
PERTQ196
PERT0197
PERT0198
PERT0O199
PERT0200
PFRTO0201
PFRTO202
PERTNZ203
PERTOD204
PERT0205
PERT0206
PERTO0207
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49 CALL SLOPECACLNU) sATLNL) s IMsA{LRS)}sA(LZS) sA(LRLG)sA(LCO)ITL Y
1 ALLMO) s ALLM2) s ALLCEL) sALLVO)sA(LAO) sA(LAL))
CALL CALCIACLRNCRY +A{LMATDK) sA(LATWY s ACLCP)9A(LCO)>ITLoA(LNO) Y
1 IV eAILNT) s A(LDEL) sA(LKE) »A(LCX) 9A(LFLUX) s IGMyA(LADJIF)
2 ACLHCOLN) s ALLVO) s ATLRG) s ATLZG) s A(LX) s A{LY))
o0 IF(NACT) 1051060
€0 CALL ACTUA(LMA) 9A(LNX)»A(LNO) o IMoA(LCO)s ITLsA(LSORCL)SA(LZACT )
1 A{LMO) 9 A{LVU)sAILVCL) sA(LZ4))
TO 10

~

m o
e

PERT0208
PERT0209
PERTO0210
PERTO211
PERTO0212
PERT0213
PFRT0214
PERTO215
PERT0216
PERTO0217
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PERT0218
SUEROUTINE INP PERT0219
INCLUDE ARC PERT0220
COMMON  A(35000) PERT0221
THIS SUBROUTINE CONTROLS THE READING OF ALL INPUT DATA PERT0222
NINP = 5 PERT0223
NOUT = 6 PERTO224
NCR1 = 7 PERT0225
NSCR1 = 8 PERT0226
NSCR2 = 9 PERT0227
NFLUX1 = 10 PERT0228
NFLUX2 = 11 PERT0229
NEXIN = 14 PERT0230
SET UP DRUM UNITS PERT0231
DIMENSION JLPTAB(35) PERT0232
CALL SETDR( 7, 1500005200000, JLPTAB) PERT0233
CALL SETDR({ 8, 350000,200000sJLPTAB(8)) PERT0234
CALL SETDR( 9s 5500005200000 sJLPTAB(15)) PERT0235
CALL SETDR(10, 750G00,200000+JLPTAB(22)) PERT0236
CALL SETDR(1ls 9500005200000sJLPTAB(29)) PERT0237
REWIND 7 PERT0238
REWIND 8 PERT0239
REWIND 9 PERT0240
REWIND 10 PERT0241
REWIND 11 PERT0242
WRITE (NOUT»10) PERT0243
FORMAT(1H1s40Xs38H * * % * PERTS-V * PERTO0244
READ(NINP»20) (ID(I)s 1=1912) PERT0245
FORMAT (12A6) PERT0246
WRITE (NOUT»30) (ID(I)s 1=1912) PERT0247
FORMAT (/11X s12A6/) PERT0248
READININPs4U) NDs MLs NPRTs IGM» [ST» IHTs NDELK» NIBCsIPGyPERT0249

1 IPSs NPDELs IGEs IMs JM» IZMs MTs MOl PERT0250

2 BU3s BO4s ZKEFFs FLPOs VF»s BUCK PERT0251
FORMAT (1216/1016/6E1246) PERT0252
WRITE (NOUT»60) NDs MLs NPRTs IGMs ISTs IHT PERT0253
FORMAT( PERT0254

192H MD 1/2/3/4=1-D FLUXES/2~D FLUXES/1-D FLUX/2-D FLUX (IPERT0255

2F NEGs FROM TAPE) 19/ PERT0256

39 2H ML NEGATIVE/POSITIVE=NUMBER OF MATERIALS FROM TAPE/CARPERT0257

4DS 19/ PERT0258

592H NPRT PRINT OPTION (0/1/2=MINI/MIDI/MAXI) PERT0259

6 19/ PERT0260

792n  IGM NUMBER OF ENERGY GROUPS PERT0261

8 19/ PERT0262

992H 18T NUMBER OF DOWNSCATTERING TERMS PERT0263

1 19/ PERTN?64

292H  IHT POSITION OF TRANSPORT CROSS SECTION PERT0265

3 19) PERT0266
WRITE (NOUT»70) NDELKs NACTs NIBCs IPGs IPSs NPDEL PERT0267
FARMAT( PFRTN268

192k NDELK NUMBER OF REACTIVITY COEFFICIENT CALCULATIONS PERT0269

2 19/ PERT0270

592H NACT NUMBER OF ACTIVITY TRAVERSES PERT0271

4 19/ PERT0272

392H NIBC NUMBER OF MATERIALS FOR BETA EFFECTIVE CALCULATION PERT0273

6 19/ PERT0274

692H  IPG NUMBER OF DELAYED NEUTRON GROUPS PERT0275

6 19/ PERT0276

792H  IPS 0/1=ONE DELAYED SPECTRUM/INPUT SPECTRUM FOR EACH GRPERT0277

701P 19/ PERT0278
892H NPDEL 0/1=NO EFFECT/PLOT REACTIVITY COEFFICIENTS PERTN279
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7 19/) PERT0280
WRITE(NCUT»8C) IGEs IMy JMs IZMs MTs MOl PERT0281
FCRMAT( PERT0282

162H  IGE GEOMETRY (0/1/2/3=PL/CYL/SPH IF 1~Ds X-Y/R=Z/R-THEPERT0283

2TA/TRIANGULAR IF 2-D) 197/ PERT0284

392 I NUMBER OF RADIAL INTERVALS PERT0285

4 19/ PERT0286

59 2H M NUMBER OF AXIAL INTERVALS (=1 FOR 1-D PROBLEMS)  PERTO0287

6 19/ PERT0288

1926 12V NUMBER OF MATERIAL ZONES PERTN289

8 10/ PERTN290

992H AT TOTAL NUMRFR OF MATFRIALS INCLUDING MIXES PFRTN291
1 1o/ PERTN292
2924 MOl NUMBER OF MIXTURE SPECIFICATIONS PERT0293
3 19) PERT0294
WRITE(NGUTsS0) BOls BOZ2s BO3s BO4 PERT0295
FORMAT ( PERT0296
192H  BU1 LEFT  BOUNDARY CONDITION (0/1/2=VACUUM/REFLECTIVEPERT0297
2/PERIODIC) 19/ PERT0298
392H  BU2 RIGHT = BOUNDARY CONDITICN (0/1/2=VACUUM/REFLECTIVEPERT0299
2/PERIODIC) 19/ v PERT0300
592H  BU3 TOP BOUNDARY CONDITION (0/1/2=VACUUM/REFLECTIVEPERT0301
2/PERIODIC) 19/ PERT0302
792H  BU4 BOTTOM BOUNDARY CONDITION (0/1/2=VACUUM/REFLECTIVEPERT0303
2/PERIODIC) 19/) PERTO0304
WRITE(NOUT»10u) ZKEFFs FLPOs VFs BUCK PERT0305

FORMAT ( PERT0306

1918 ZKEFF KEFF FOR PERT. EQGUATION (IF ZEROs USE CALCULATED VPERTO0307

2ALUE) 1PE10.4/ PERT0308

3911  FLPO NEGATIVE/POSITIVE=POWER (MwT)/TOTAL CENTER POINT FLPERTO0309

4uyx : 1PE10s4/ PERT0310

56 1H VE VOLUME EACTOR PFRT0311

6 1PE1044/ PERT0312

791H  BRUCK BUCKLING (CM=2) PERT0N313

8 1PE1CL4/) PFRT0314
IGP = IGM + 1 PERT0315
IHG = IHT + 1 PERT0316
ITL = IHG + IST PERT0317
IHN = IHT -~ 1 PERT0318
IHA = IHT - 2 PERT0319
IHF = IHT - 3 PERT0320
ICARD = ML PERT032]
ML = IABSI(ML) PERT0322
PI2 = 6.28318 PERT0323
IGEP = IGE + 1 PERT0324
TSD = 215.%#1,602%10,%%(=19) PERT0325
IF(FLPO) 12051205130 PERT0326
NFP = 2 PFRT0327
G0 TO 140 PERT0328
NFP = 1 PERT0329
FLPO = ABS{FLPO) PERT0330
ITEMP = TARSI(ND) PEFRT0331
GO TO (150516051505160)s ITEMP PFRT0332
NDIM = 1 PFRT0333
M o= 1 PERTO334
GO TO 170 PERT0335
NDIM = 2 PFRTN226
IP = IM + 1 PERT0337
JP = UM + 1 PERTN338
IMJM = [M%_M PERT0339
IJIGM = IMIM*IGY PERT0340
[UMAX = MAXO(IMyJIM) PERTO341
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C SET UP DIMENSION POINTERS PERTO0342
LATW = 1 PERT0343
LHOLN = LATK + ML PERTO344
LCO = LHOLN + ML PERTO0345
LNO = LCC + ITL*MT PERTO346
LN1 = LNO + IMUM PERTO347
LAO = LN1 + IMJUM PERTO348
LAl = LAC + IP PERT0349
LTO = LAl + IM PFRTN350
LI1 = LIO + MOl PERT0351
LI2 = LI1 + Mn] PERTN352
LI3 = LI2 + MOl PERTO0353
LKé = LI3 + MC1 PERTO354
LMO = LKé + IGM PERT0355
LM2 = LMO + IMUM PERTO35¢
LR1 = LMZ + IZM PERTO0357
LR4 = LR1 + 1IP PERT0O358
LR = LR4 + M PERT(0359
LvO = LR5 + IM PEFRT0N360
LV7 = LVO + IMUM PFRTN361
LZ1 = LV7 + IGM PERTN362
LZ4 = LZ1 + JUP PERT0363
LZ5 = LZ4 + UM PERTO364
LvOL = LZ5 + UM PERTO0365
LMASS = LVOL + IZM PERTO366
LGAM = LMASS + ML*IZM PERTN367
LPOW = LGAM + [ZM PERT(0368
LSORC1 = LPOW + IMJUM PERT0369
LSORC2 = LSORC1 + IMUM PERT0370
LNBET = LSORCZ2 + IMJUM PERTO0371
L3ETA = LNBET + NIBC PERT0372
LD7 = LBETA + NIRC PERT0373
LAB = LD7 + IGM*IPG PERTO374
LAL = LAB + NIBC*IPG PERTO0375
LZPHI = LAL + IPG PERTO0376
LZPOW = LZPHI + IZM PERTO377
LMA = LZPOW + IZM PERTO378
LNX = LMA + NACT PERTO379
LZACT = LNX + NACT PERTO0380
LDEL = LZACT + IZM PERTO381
LNCR = LDEL + IMUM PERT0382
LMATDK = LNCR + NDELK PERTO383
LCP = LMATDK + NDELK PERTO384
LCX = LCP + 5% JMAX PERT0385
LFLUX = LCX + ITL*IGM PERTO0386
LADJF = LFLUX + IGM*]JMAX PERTN387
LX = LADJF + I1GM*IJUMAX PERTO388
LY = LX + (IJMAX+2)*NPDEL PFRTN389
LAST = LY + (IJMAX+2)*NPDEL PERTO0390
ITEMP = 1 + 2%ML + IGP*ITL*MT PERTO0391
LAST = MAXO(LASTsITEMP) PERT0392
WRITE(NQUT,19C) LAST PFRT0393
190 FORMAT(TH LAST =416) PERT0394
IF(LAST - 3500C) 1969196192 PERTO39¢
162 CaLL ERRO2(6H INP+192s1) PERT0396
C READ CROSS SECTIONSs PERFORM ADJOINT REVERSALSs AND WRITE XS DATA PERT0397
C TO DRUM (BY GROUP) PERTO0368
196 CALL XSINP(A(LNO)sITLsIGMsMTsAILATW) sA(LHOLN)) PERT0399
DG 200 I=LCOsLAST PERTO0400
200 ALY = 040 PERTO401
C READ FLUXES AND WRITE FLUXES TO DRUM PERTOQ402
CALL FXINP(A{LNO)) PERTO0403
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WRITE(NOUT,250)
FORMAT (16HOMESH BOUNDARIES)

CALL REAGZ2(&H RIsA{LR1}YsIP)
GO TO (2705260} NDIM
Call REAG2(6H ZYsA(LZY) »JP)

WRITE(NOUT9280)

FORMAT(3UHOZONE NUMBERS BY MESH INTERVAL)
CaLL REAIZ(eH MO ALLMO Y I MIM)
WRITE(NOUT 29901

FORMAT(25RUMATERTAL NUMBERS BY ZONE)
CallL REATIZ2(&H M2eA(LM2)s1ZM)
[F{RUCK) 295453054295

WRITE(RNOUT e300

FORMATIZTHUBUCKLING MODIFIERS BY ZONE)
CALL REAG2(6H GAMSA(LGAM) » I[ZM)
WRITE(NOUTs310)

FORMAT(17HOFISSION SPECTRUM)

CALL REAGZ2(6H KEsA(LKE) 9 ICM)

WRITF (NCUT«327)

FORMAT (19HONEUTRON VELOCITIES)

CALL REAG2(6H VTsALLVT) 9 1GM)
I£(M01) AR0 4380, 230

WRITE(NOUT s 340)

PERTO4LNOG
PERT0405
PERT0406
PERT0407
PERT0408
PERT 0409
PERT0410
PERTO&411
BERTO412
PERTO413
PERTO414
PERT0415
PERTO416
PERTO0417
PERTO418
PERT0419
PEFRTN420
PERTNGLD]
PERTN4L?D?
PERTNA423
PERTN424
PERTNADS
PERT0426

FORMAT(83HOMIXTURE SPECIFICATIONS (I10/11/12=MIX NUMBER/MATe NUMBEPERTO0427

1R FOR MIX/MATERTIAL OJENSITY))

CALL REAIZ(6H [OsA(LIO)sMOL)
CALL REAT2(6H [1sA(LI1)sMOL1)
CaLL REAG2(6H [2+sA(LI2)sMO1)

IF(NIBC) 4U0Gs400,360C

WRITE(NCUT370)

FORMAT(48HUMATERTIAL NUMBERS FOR BETA EFFECTIVE CALCULATION)
CALL REAILI2(6H NBETsA(LNBET) sNIBC)

WRITE(NOUT»380)

PERTO0428
PERT0429
PERT0430C
PERTO0431
PERTO0432
PERTO0433
PERTO434
PERTO0435
PERT0436

FORMAT(6£3HUABSCLUTE NEUTRON YIELD PER DELAYED FISSION FOR ABCVE MAPERTO0437

1TERIALS)

CALL REAG2{6H BETAsA(LBETA)SNIBC)

DO 384 K=1,NIRC

WRITE (NOUTs382) X

FORMAT (46HYFRACTIONAL YIELDS BY GROUP FOR DELAY MATERIALs I6)

KK = (K=1)*IPG + LAB
CALL REAGZ (6H ABs A(KK)s IPG)
CONTINUE

WRITE (NOUT,s285)

FORMAT (23HODECAY CONSTANTS({SEC-11})
CALL REAGZ (6H ALs A(LAL)s IPG)
IF (IPS) 38693894386

DO 388 K=1sIPG

WRITE (NOUTs387) K

FORMAT (45HUDELAYED NEUTRON SPECTRUM FOR PRECURSOR GROUPs 16)
Kk = {(K=1)*IGM + LD7

CeLL REAGZ (6H D7+ A(KK}s IGM)
CONTINUE

GO TO 400

WRITE(NOUTs390)

FORMAT(25HODELAYED FISSION SPECTRUM)
CALL REAGZ(6H D7+A(LDT) s IGM)

IF (IPG - 1) 400,400,392

DO 294 K=24IPC

DN 294 1 = 141GM

KK = LD7 + (K-1)*IGM + I =~ 1

KKK = LD7 + 1 -1

A(KK) = A(KKK)

PERT0438
PERT0439
PERTNLA0
PERTO44]
PERTO0442
PERTO443
PERTO444
PERTO4L4LS
PERTNLAE
PERTO44T
PERTO0448
PERTO0449
PERT0450
PERTN451
PERT0452
PERT0453
PERTO454
PERTNA4S5
PERT0456
PERTO457
PERTNA458
PERTN459
PERTN460
PFRT0461
PFRTN462
PERTO463
PERTO464
PERT0465
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IF(NDELK) 44054405410
WRITE(NOUT »420)
FORMAT(43HOMATERIAL NUMBERS FOR DELTA K/K CALCULATION}
CALL REAI2(6H MATDKsA(LMATDK) sNDELK)
GO TO (440,5425)s NDIM
WRITE (NOUT+430)
FORMAT(53HONEG/POS=COLUMN/ROW NUMBERS FOR DELTA K/K CALCULATION)
CALL REAIZ(6H NCRsA(LNCR)sNDELK)
IFI(NACT) 480+480,450
WRITE (NQUT9460)
FORMAT (4UHCMATERIAL NUMBERS FOR ACTIVITY TRAVERSES)
CALL REAI2({6H MAsA(LMA) sNACT)
WRITE(NOUT+4790)
FORMAT(46HOCROSS SECTION POSITION FOR ACTIVITY TRAVERSES)
CALL REAIZ(6H NXsACLNX) sNACT)
RETURN
END

PERT0466
PERTO467
PERTO468
PERT0469
PERT0470
PERT0471
PERT0472
PERTO0473
PERTO474
PERT0475
PERTO476
PERTO477
PERT0478
PERTO047T9
PERT0480
PERTN4B1
PERT0482
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FOR REAG2sREAG2

SUBROUTINE KEAG2 (HOLL sARRAYsNCOUNT)
DIMENSION ARRAY(1C)sV(12)sK(12)9IN(12)
COMMCN NINPs NOUTs NCR1s NSCR1s NSCR2s NFLUX1s NFLUX2
JFLAG=0

J=1

[F{JFLAG)20+40,20

DO 30 JJ=1s6

KJJ)=K{JJ+6})

INCJUY=IN(UI+E)

VJJY=VIiJJ+6}

JFLAG=0

Gn TO 60

READ (NINPs50) (KET)sINCI)sVII)»I=196)
FORMAT(6(11912+E944))

CO 140 I=1s6

L=K(I)+1

GO TO (70480410091504132+1404+62)s L
FILo

JJ=J

DO 65 M=JJsNCOUNT

ARRAY (J)Y = V(1)

J=J+1

GO TO 150

NO MODIFICATION
ARRAY(J)=VI(TI)
J=J+1

GO TO 140
RFPFAT

L=IN(I)

DO 90 M=1,L
ARRAY (JY=V(I])
J=J+1

CONTINUE

GO TO 140
IMTERPOLATFE
IF(I=-6) 12051104110

READ (NINP,50) (KEJJ) s IN(II) sV {JI)»dd=T12)
JFLAG=1
L=IN(I)+1

DEL=A(V(I+1)-VI(T})/FLOAT (L)
CCO 13C M=1,sL

ARRAY (J)=V(T)+DEL*FLOAT (M-1)
J=J+1

CONTINUE

GO TO 140

CYCLE

L=IN(I)

N=INT(«0000L1+V(I))

DO 135 LbL=1sL

DO 135 NN=1eN

ARRAY (J) = ARRAY(J-N)

J=Jd+1

CONTINUE

GN To 10

TERMINATE

J=J-1

WRITE (NOUT»160) HOLL oJ s ARRAY(I)sI=14J}
IF(J —NCOUNT)1705180+170
FORMAT(6X9A6916/(10E1245))
CALL ERRGC2( 6H®**REAG»17051)
RETURN

PERT0483
PERT0484
PERTQ485
PERT0486
PERTO487
PERTO488
PERTO0489
PERT0490
PERT0491
PERTN49?
PERT0493
PERTNGLGL
PERT0495
PERT0496
PERT0497
PERT0498
PERT0499
PERT0500
PERTNSN]
PERT0502
PERT0503
PERTO504
PERTO505
PERT0506
PERTO0507
PERT0508
PERT0509
PERT0510
PERTO511
PERT0512
PERT0513
PERTO514
PERT0515
PERTO516
PERTO517
PERT0518
PERT0519
PERT0520
PERT0521
PERT0522
PERT0523
PERT0524
PERT0525
PERTD526
PFRT0527
PERTN528
PERT0529
PERT0530
PERT0531
PERT0532
PFRTN532
PERT0534
PERT0535
PFRTNS536
PFRTN537
PERT0538
PERT0539
PERT0540
PERTNS541
PERTN542
PERT0543
PERTOS544
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SUBROUTINE REAI2(HOLLsIARRAYsNCOUNT)

DIMENSION TARRAY({1)s IV(121s K(12)y IN{12)

COMMOM NINPs NOUTs NCR1s NSCR1s NSCR2s NFLUX1s NFLUXZ2
JFLAG = O

J=1

IF(JFLAG) 2+410,2

DO 4 JJ=1ls6

FOR RFAI24RFAI?2

K{JJYy = Kl(JJ+6)

IN(JJY = IN(JJ+6)

Iv{Jdy) = IVIJJ+6)

JFLAG = 0

GO TO 21

READ(NINPs2V) (KETYsINCI)sIV(I)sI=196)

FORMAT(6(I1s12519))
DO 70 1=1s6

L=K(I)+1

GO TO (30,40552,80562970s22)y L
FILL

JJ=J

DO 25 M=JJsNCOUNT

IARRAY(J) = IVI(I)

J=J+1

GO TO 80

NO MODIFICATION

IARRAY (J)=TIVI(1])

J=J+1

GO TO 70

REPEAT

L=IN(I)

DO 50 M=1sL
TARRAY(J)=1IV(I])

J=J+1

CONTINUE

GO TO 70

INTERPOLATE

IF(I-6) 54353453
READ{(NINPs2U) (K(M) s IN(M) 9 IV(M) sM=1+6)
JFLAG = 1

L = IN(I) + 1

IDEL = (IV(I+1) = IVII))/L

DO 56 M=1,L

IARRAY(J) = IVI(I) + IDEL*{M-1)
J=J +1

GO TO 70

CYCLE

L = IN(I)

N = IvV(I)

DO 65 LL=1sL

DO 65 NN=1sN

IARRAY{(J) = TARRAY{J=N)

J=J +1

CONTINUE

GO TO 1

TFRMINATF

J=J-1

WRITE (NOUTs90) HOLL »J s (IARRAY (1) sI=14J)
IF(J ~NCOUNT)>100+110,100
FORMAT(6XsA6916/(10112))

CALL ERRO2( 6H**REAI +10041)
RFTURN

END

PFRTNS546
PERTO0547

PERT0549

PERTO0550

PERT0551
PERTO0552

PERTO554

PERTO0556
PERTN557
PERT0558
PERTO0559
PERT0560
PERT0O561
PERT0562
PERTO0563
PERTO564
PERTO0565
PERTO0566
PERT0567
PERTO0568
PERT0569
PERT0N570
PERT0571
PERT0572
PERTO0S572

PERT0O575
PERTNO576
PERTOS5TT
PERT0578
PERT0579
PERT0580
PERTO0581
PFRTN582

PERTO584
PERTO0585
PERT0O586
PERTO587
PERT0588
PERT0589
PERT0590
PERTNS591



~1T FOR CLEARSCLEAR PERTN592
SURROUTINE CLEAR (XsYsN) PERT0593
DIMENSION Y(1) PERT0594
DO 1 I=1sN. PERT0595
1 Y(I)=X PERT0596
RETURN PERTO0597

END PERT0598
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-IT FOR FRRO2,FRRO?2 PERT0599
SUBROUTINE ERRO2( HOLs»JSUBRsI) PERT0600
COMMON NINPs NOUTs NCR1s NSCR1, NSCR2s NFLUX1s NFLUX2 PERT0601
WRITE (NOUTs1) HOL s JSUBR PERT0602

1 FORMAT(2H */9H ERROR INsA6s3H ATs16/2H ¥/2H ¥*) PERT0603
GO TO (3s4)s1 PERTO604

3 CALL EXIT PERT0605

4 RETURN PERT0606

END PERTO607
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-1T FOR SWITCHsSWITCH PFRTNENS
SUBRQUTINE SWITCH(ITEMPLsITEMP2) PERT0N609
C THIS SURRQUTINE SwlTCns TAPE DESIGNATIONS PERTOE10
TTEMPZ = [TEMP] PERTNAT]
PTEMPY = TTEMPD PERTNATZ
ITEMBD = [TEMBEZ PERTNA1?
DETIRN, DERTNEYL

END PFRTOA1S
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110

120
130
135
138
140
150

160
300
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-I1TC FOR XSINP s XSINP PFRTO0616
SUBROUTINE XSINP(CsJTLsJGMsIMT s ATWsHOLN) PERT0617
DIMENSION C({JTLsJGMsJIMT) s ATWI(1)s HOLNI(1) PERT0618
ClJTL 9 JGMIUMT) CROSS SECTION ARRAY STORED STARTING AT A(LNO) PERTO0619
INCLUDE ABC PERT0620
DIMENSION AA{10Q) PERT0621
THIS SUBROUTINE READS (FROM TAPE OR CARDS)s CHECKSs AND WRITES PERT0622
INPUT CROSS SECTIONS TO DRUMe PFRTNG623
WRITE (NOUTs5) (ID(I)s I=1912) PERTO0624
FORMAT(1H1+12A69///) PERTO0625
WRITE (NOUT,10) PERT0626
FORMAT(56H CROSS SECTIONS WERE READ IN FOR THE FOLLOWING MATERIALSPERT0627

1/) PERTO0628
DO 50 I=1sML PERT0629
READ(NINPs 20) HOLN(I)s ATW(I)s (AA(J)s J=1510) PERT0630
FORMAT(AG6s E6e2s 10A6) PERT0631
IF(ICARD) 25925430 PERT0632
READ(15) {((C{LsIIGsI)s L=1sITL)s IIG=1,IGM) PERT0632
GO TO 50 PERT0634
DO 35 11G=1,IGM PERT0635
READ{NINPs40) (C(LsTIIGsI)s L=1sITL) PERTO0636
FORMAT(6FE1245) PERTO0637
WRITE(NOUTs 60) Is HOLN(I)s (AA(J)y J=25910) PERT0638
FORMAT(I3s 6Xs Abs 6Xs 10A6) PERT0639
IF(ICARD) 704+80,80 PERT0640
REWIND 15 PERT0641
CHECK ON CROSS SECTION CONSISTENCY AND ORDER PERT0642
ITEMP = O PERTO0643
DO 140 TI=1sML PERTO644
DO 140 1IG=1sIGM PERTO0645
TEMP = C(IHASIIGsI) 4+ C(IHGsIIGsI) PERTQ646
DO 110 K=1s1IST PERT0647
Kk = 1IG + X PERT0648
M = THG + K PERTO0649
IF(KK = IGM) 100, 100y 110 PERT0650
TEMP = TEMP + C(MsKKsI) PERT0651
CONTINUE PERT0652
IF(ABS((TEMP = C(IHTSIIGsI))/C{IHTsIIGsI)) = 401) 135, 120s 120 PERTO0653
ITEMP = 1 PERTN654
GO TO 138 PERT0655
FORMAT(1H /9s16H CHECK MATERIAL 12,5Xs 7H GROUP 12) PERT0656
IF(ABS({{TEMP ~ C(IHTsIIGsI))/C{IHTsIIGsI)) - 40001} 1405 138y 138PERTO0657
WRITE{NOUT»130) Is IIG PERTO0658
CONTINUE PERT0659
IF(ITEMP} 160, 160y 150 PERT0660
CALL EXIT PERT0661
WRITE CROSS SECTION TAPE PERT0662
DO 300 IIG=1sIGM PERT0663
WRITE (NCR1) ((C{LsIIGsM)s L=19ITL)s M=1sMT) PERTO0664
REWIND NCR1 PERTO0665
RETURN PERT0666
END

PERTO667



—1TC FOR FXTINPFXTNP
SUBROUTINE FXINPI(NG)
DIMENSION MO
INCLIINE A~

C THIS SUBRUUTINE READL (FROM TAPE OR CARDS)
c THEN TO nRYY,

ITEMP = TARSI(ND)

ITEMP]l = O

IF(NPRT=2) 170, 40, &C
40 WRITE(NOUT 9580}
50 FORNMATI1IRHOINPUT FLIIXES)
te ITNPRT - 177, 58, 58
S5 TEAITOR L Evs Bus Bl
60 WRITE (NS UT 70 TUIGHM
70 FORMAT(b6Xs6H NUsI16)

G0 1O 100
20 WRITFINCUTL90) T1JIGM
ap FARMAT (EX o6 N1lsTE)}
10C Lo 180 T1C=1y]IGM

IFinm

Ty 110, 1275

110 READ(NFXIN] (NC(I)s TI=1sIMIM)

N TC 17®

12vu READININP,13D) (NU{I)s I=1sIMIM)

130 FORMATI(6EL2e5)
125 [FINPRT=2) 180y 140,y 140

140 WRITEINOUT 150 (NO(Ile I=191MUM)

15¢ FORMAT(1GEIZ.5)

180 AR TEINFLUXD) ROy I=161MUM)
I

(ITEMDI) 3&0, 260, 210

)

10 340 T1G=1,10M

STE ONFLUXT

cLeERPACE NFLUXT
340
SINDONFLEIX]
wIND NFLUX2
SWITCH{INFLUX1sNSCR1)
MY 35C+35C 400
ND NFXIN
o7 a0
360 PEWIND NFLLIXT
cTIMP1 = )
IFLTTEMP=-20) 17043704400
370 CAaLL SWITCHINFLUXTsNSCR1)
17
A

> [~

1T > LTy

s~

ey T T

—

iy

NDD 280438055

C RTAD THRCUGH AN ENT OF FILE.
2¢9 N NTEANINEXINeZ91)

(SOOI ROR
400 SETIRN

C REVERSE ADJOINT FLUXES RY GROUP

AT T oUXTS (NOCT)s I=1sIMIM)

CTEUINFLUXZ2Y (NUCT) s I=1sIMIM)

PFRT0668
PERT0669
PFRTNETO
DERTNET]
INPJT FLUXES AND WRITESPERTQ0672
PFRTNATA
PERTNATL
PERTNETS
PERTNETE
creToeT?
PEETNETE
BEETQALTS
PERTCOEC
PERT (0681
PERT0682
PERT0683
PERTN684
PERTNE8S
PERTO686
PFRTO687
PERT0688
PFRTN68B9
PERT0690
PERTO0691
PERT 0692
PERTNEKG?2
PERT 494
PERT 0695
PERTNE96
PERTNE97
PERT0698
PERTO6S9
PERTO700
PEFTOT01
PEFTOQ702
PEPTNATN2
PERTO704
PERTO705
PFRTO706
PERTO707
PFRTN7NS
EERTATNG
PERTNTIN
PFRTNT711
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PERTO714
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~-1TC FOR MAPRSsMAPR

10
20

30
40

50

60
70

SUBROUTINE MAPR (MOsM2,s JIMyJJIMs K)
INCLUDE ABC

DIMENSION MU(JIMsJUM)s M2(1)s K(1)
PRODUCE A PICTURE PRINT BY ZONE AND MATERTAL
WRITE(NOUTs10) (ID(I)s I=1411)
FORMAT(1H1s11A6//7/)

DO 30 JJ=1sIM

J=IM=-JJ+1

WRITE (NCUTs40) (MO(IsJ)el=1sIM)
FORMAT( 5H $5512)

WRITE(NOUT50)

FORMAT(2H A/2H X/2H 1/2H A/2H L//8H RADIAL)
WRITE (NOUTs10Y (ID(I})s I = 1y 11)

DO 70 JJ=1,JIM

J=IM=JJ+1

DO 60 L=1sIM

N=MO(LsJ)

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

WRITE (NOUT»s40) (K{L)sL=1s1IM)
WRITE(NOUT,»50)

RETURN

END

PFRT0O719
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-ITC FOR SFTUP,LSFTUP

C

6C
65

70
75
80
85

90

95
100
105

130

135
14C
145
155
156
160

161
163
164
6%
176
175
180

200
22V

230
235

SUBROUTINE SETUP(Ké&s 109 I1s 12s MOs M2s NO»

Z%s AOs Als COs VC» JTL>
INCLUDE ABRC
DIMENSION K6(1)s IT9(1)s I11(1)s I2¢(1
Z4(1l)s 245(1)s AO(1)s Al(1
MO(1)s M2(1)s NO(1)s CAM{
MIX CROSS~SECTIONS
IF(MOL1l) 70 704 60

)
)
1

WRITE(NOUTs 65 ) (Js TCUJ)y T10J)s 120(J)
FORMAT(1H1s3Xs 16H MIXTURE NUMBER s18H MIX COMMAND
126+ MATERIAL ATOMIC OCENSITY//({l4s1Xs18s8Xs1898XsE20e8))

IF(NPRT=1) 855,75+75

WRITE (NCUT»80 )
FORMAT(/19H1CROSS-SECTION EDIT)
REWIND NCRI1

DO 180 IIG=1,1CGM

FEAD (NCRI) ((CO(TsJ)eI=1sITL)sJ=14MT)
IF(MO01) 90, 145, 90

DO 140 M=1sMO1

IF(10(M)=MT) 100, 100, 95

CALL ERRO2{6H SETUP»95,1)
IF(I1(M)=MT) 1055 105, 95
N=T0(M)

L=11(M)

Enl1=12(M)

DO 140 I=1»1TL

IF (L) 130, 135, 130
CO(IsN)=CO(TsN)+CO(IsL)*EOQ]

GO TO 140

CO(IsN)=CU{TsN)*EC]
CONTINUE

IF(NPRT-1) 17551555155
[F{IHT =~ &) 16151565161

WRITE (NOUTs+160 ) 111G
FORMAT (6HUGROUP s 13 84H SIGF SIGA
GXG G-1XG6 G=2XG6 o o o)

GN TO 164

WPITE(NOUT,163) 116G
FCRMAT(6HOGROUP»13)
DO 165 N=1sMT

WRITE (NOUTs170 ) Nso (COCTsN) 9o I=1sITL)
FORMAT(4H MAT,13910E1145/(7X»10E11.5) 1)

WRITE (NSCR1) (LCULTsd) s I=1sITL)»J=1sMT)
CONTINUFE

REWIND NCR1

PEWIND NSCR1

CALL SWITCH(NCR1sNSCR1)

[IF(BUCK) 2U0s 245, 200

TEMP = BUCK

DO 240 11G=1+1GM

READ(NCR1) ({CU(Tsd)s T=1sITL)eJ=1sMT)
CO 235 MTZ = 1sMT

Do 230 KZ=1912M

IF(M2(KZ) - MTZ) 230s 225 230

TEMP1 = (TEMPXGAM(KZ))/(3*¥CO{49MTZ) )
CO(2sMTZ) = CO(2sMTZ) + TEMPI

CO(5sMTZ) = CO(54MTZ) ~ TEMP1

GO TO 235

CONTINUE

CONTINUE

WRITE(NSCR1) ((CO(Tsd)y I=15ITL)sJ=1sMT)

s R1(1)s
s CO(JTLsIMT)
)
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340
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520
53y
540
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CONT INUE

REFWIND NCR1

REWIND NSCRI1

CALL SWITCHINSCR1sNCR1)
CONT INUE

CALCULATE AREAS AND VOLUMES
GO TO (510s310)s NDIM
TWO-~DIMENSION

DN 345 I=141IM
R4(I)=(RI(I+1)+R1I(T1))*¥0.5
Re{(I)=R1{I+1})-R1(I)

IF(C Rs(I) ) 32Uy 320 325
CALL ERRQ2 (&H SETUP$320s1)
GO TC (330923592404342)s IGEP
AN(11=140

AD(IP)=1.0

Al(1)=RE(1)

GO TO 345

An(1Yy=PI2*¥R1 (1
AD(IP)=PI2%#¥R1(IP)
Al1(T)Y=PI2¥R5(1)*R4 (1)

GO TO 345

AQ(T)=PI2*¥R1(1)
AC(IP)Y=PI2*R1(IP)

AT(T)=R5(I)

GO TO 345

ADCT) = 24%R5(1)

AQLIP) = 2o¥R5(1)

ALLTI) = 24%R5(1I)

CONTINUVE

DO 270 J=1lsJM
Z240J)=(Z21(J+1)+Z1(J))*0.5

Z5(J)=21{(J+1)y-21(J)
IF(Z5(J)) 350s 350s 355
CALL ERRO2 (6H SETUP+350,1)
CONTINUE

DO 370 I=1sIM

G0 TO (360+936543659360)s IGEP
VO(TsJI=RS(T1)%25(J)

GO TO 370

VO[T s JY=PI2¥RS(1)*Z5(J)*R4(T)
CONTINUE .

GO TO 580

ONE-DIMENSION

Z5(1) = 10

DO 570 I=1sIM
Ra(1)=(RI(I+1)1+RI(I))*0.5
R5(I1=RI1(I+1)-R1(1I1)

IF( RS5(I) ) 520y 5204 530
CaLL ERRO2 (6H SETUP952041)
GO TO (54U95509560) 4 IGEP
AD{T)=1.0

AD(IP)=140

VO(Isl}) = R5(1)

o0 TH 570

AN(T)y=PI2%¥R1(1)
AN(TIPY=PI2*¥R1(1IP)

VOIlIs1) = PI2#¥RS(I)*¥R4G(T)

GO TO 570

AQ(IY) = Z2e¥PI2*RI(T)I*RI(I)

ACUIP) = 2,*PI2%¥R1(IP)*RL(IP)

VO{Isl) =(2%PI2%#(R1(I+1)%%¥3 = R1(])¥%3))/3,0
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580

CONTINUE
CONT INUE
RETURN
END
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~IT FOR PRTPRT

mn

“

30

40
50

SUBRGUTINE PRT (JlMmsJddMs N2e Z&s NOUT)
DIMENSION N2{JIMesJJV )y Z241(1)

peAl N2

THIS SUBROUTINE PRINTS (IMsJM) ARRAYS
v o= JIM™

JM = JUn

DO 80 1=191Ms5

I1=1

[2=1+4

IF(I2=-1IM) 20y 204 10

IP=1M

WRITFE  NOUT20 Y  JJeJdJ=11412)
FCRMAT( 512v)

DO %0 JJ=1e UM

J=JJ

FORMAT(IS5sE154795E62047)

WRITE(NOUT o4y ) Js(NZ2(Kyd) sK=11912)9Z241(J)
RFETHRN

END
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FOR GRAM,GRAM
SUBROUTINE GRAM(MASSs VUL ATws HOLNsJIMsJIMy MOs M2 VO
[Us T1y I29JdMLs 13)
INCLUDE ARC
DIMENSION MASS({(JIML 1) VOL(1)s ATW(1)s HCLN(1)
M201)s VoelJIMeIIMYs TCIL1Ys T1{1)s I2
THIS SUBROUTINE CALCULATES THE MASS OF THE VAR
Ev = 10
WRITE(NOUTs1U) (ID(I)s I=1s11)
FORMATI(1H1s1146//7/)
WRITE(NCUTs 2C)
FORMAT (45 MATERTAL INVENTORY (KILOGrAMS)Y FOR EACH ZONE / )
CALL CLEAR(VeUsVCLIZNM)
ITEMP = ML¥*][ZM
CALL CLEAR(UV4OsMASSYITEMP)
DO 30 J = 1s JM
DO 30 I = 1y IM
K = MO(1sJ)
VOL(K) = VOLI(K) + VO(Is J)¥,0C1
DO 36 M=1,MQ01
I3(M)y = [2(M)

s MO(JIMsJUMY s
{1Ys 1301
I0US MATERTIALS

IF(I0(M) — I1(M)) 39,25,39
IF(I2(M))  38,36,20

DO 38  MM=1,M

IF{T0(M) — I0(MM)) 38937438
I3 (MM) = [2(MM)*FV

CONT INUE

CONTINUE

DO 190 N =1s 1Z4

NN = M2(N)

DO 190 M = 1,M01

IF(I0(M) — NN) 193, 40, 190
L= I1(M)

IF(L - ML} 170, 170y 50

NNAA = L

IF(L - 10(M)) 130,190, 130
DO 160 MAA = 1, MOl
IF(10(MAA) ~ NNAA) 1605 140s 160

L = 11(MAA)

IF(L) 160s 160, 150

E01l = I3(MAA)*T2 (M)

MASS({LeN) = ([EQCI*ATWI(L)*¥VOLI(N})¥/46023) + MASS(LsN)
CONTINUE

GO TO 190

IF (L) 190y 190, 180

Enl = I3(M)

MASS(LON) = ((EV1I*ATWIL)*®VOLIN))/46023) + MASS(LN)
CONT INUE

DATA ZONE/6H ZONE /

DO 260 L = 1, IZMy 5

LL = L + 4

IF(LL = IZM) 210y 210, 200

LL = I2Z™

WRITE(NIUT 220} ((ZCNEs K)s XK=Lys LL)

FORMAT(//26H MATERITAL ATOMIC wT.a 23Xs HD{A69I2512X))
WRITE (NOUT 237 (VOL(K)y K = Ls LL)

FORMATI25Xs S{E843s 74 LITERSs 2X})

DO 240 X = 1s ML

ARITE(NOUT 250 Ks HULNIK)s ATa(K)s (MASS(Ky |
FORMATL 13s1Xs Abs F1342s 1Xs 1PEL1Z4Z2s 1PL2Z20.3
[F(LL — 12™) 260, 270y 270

CONTINUE

) I = Ly LL)
)
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270 RETURN PERTNGS?
END PERTNG53
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=I1TC FOR NORM4NORM

10
15

20
30

35

40

60
70

100

105

110

120

1

1
2
3

SURROUTINE NORM(CUSJTLINOINL1 sJIMsSORCT 9SORC2oMOIM2aVOsKESPOWS
25sACLsR5 R4 A1 924 +ZPHI s ZPOWsVCL)
DIMENSION CUlJTLsl)s NU{JIMs])s NI{JIMel)s SORCI(JIIMe1) s
SORC2(JIMelts MO(JUINMel)s 211 VO{JIMslls KE(L1)

POW(JIMs1)s Z2501)s AUl1)s RS5(1}s R4al1)s AL{1)s Z4(1)>

ZPHI(1)s ZPOWU(1})s VOLI(1)
INCLUDE ABC
THIS SUBRCUTINE NURMALIZES THE FLUXES (REGULAR AND ADJCINT)
CFX = Cl.0
POWER
DENOM
RL = O'O
RARS = 0.0
RSORS = 0.0
CALL CLEAR({U4OU9SORC1sIMIM)
CALL CLEAR{U4UsSORC2sIMUM)
CALL CLEAR(UGO4POW s IMIM)
IF (IGE - 3) 30,510,530
TEMPL = Z25(1)

—

0
‘O

DO 15 1 = 1sI#
RS(I) = 24#25(1)/3.

DO 20 J = 1sJM

25(J) = 1.0

DO 700 11G = 1,1GM

READ(NCR1)  ((CC(TTsJd)s TI1=151TL)s J=1,MT)
READ(NFLUX1) ((NU(IsJ)s I=1sIM)s J=1sJM)
READ(NFLUX2) ((NL{IsJ)s I21siM)s J=1,JM)

CFX = CFX + NO(1s1)

DO 35 J = 1sJM

DO 35 I = 1sIM

ITEMP = MO(1sJ)

[TEMP = M2(ITFMP)

POWER = POWER + CU(IHF,ITEMP)®NO(15J)%VO(1sJ)

POW(IsJ) = POW(IsJ) + COUIHFsITEMP)*NO(1sJ)*TSD*1000,
SORC1(IsJ) = SORCL(IsJ) + COCIHNSITEMP)¥NO(TyJ)
SORC2(IsJ) = SORC2(IsJ) + KE(TIG)ANL(I,J)

RABS = RABS + CO{IHASITEMP)I®NO{I4J)%V0(1sJ)
RSORS = RSORS + CO(IHNoITEMP)®NO(I»J)*VO(IsJ)
CALCULATE LEAKAGE

DO 100 J=s1leUM

IF(BO1) 60+s50,60

I =1

ITEMP = MO(I1sJ)

ITEMP = M2(ITEMP)

RL = RL + (Z5(JY¥AU{T)®NO(IeJ) )/ (3% ((CO(IHTsITEMP)*,5%R5(1))
+ «71))

IF(BO2) 10U 70 410U

I = IM

I TEMP MO(TsJ)

ITEMP = M2({ITEMP)

RL = RL + (Z5(J)*AUCIPI*¥NU(TeJ))/(3e*({(COIIHTSITEMP)*,5%¥R5(1))
+ o 71})

CONTINUE

IF(NDIM = 1) 10547005105

DO 30N 1=1,IM

IF(ROG) 200s11C0,20C0

J =1
ITEMP = MO(14J)
ITEMP = M2(ITEMP)

GO TO (1305130+1209125)s ICEP
TEMP = (5*¥PI2¥/5(J)*¥R4& (1)
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GO TO 140
TEMP = 4% % RO(I)
ITEMPL = 1 — 2%([/2) -~ J + 2¥(J/2)
IF (ITEMPL1) 1405200140
TEMP = «5%Z25(J)
RL = RL + (AL(T)#*NU(TeJ)) /(3% ((COUIHTHLITEMP)*TEMP) + 471))
IF(BO3) 300,240,300

J o= UM
ITEMP = MO(IsJ)
ITEMP = M2({ITFMP)

GO TO (260+260+2509255)s IGEP
TEMP = o5%PI2#Z25(J)*R&(T)

GO TO 270
TEMP = o5%R5(T)
ITEMP1 = I - 2%(1/2) - J + 2%(J/2)

IF (ITEMP1) 20052705300

TEMP = 45%75(J)

RL = RL + (AL(I)®NO(IsJ)) /(3% ((CCIIHTSITEMP)*TEMP) + o71))
CONTINUE

CONTINUE

IF (IGE = 3) 730,710,730

DO 715 1 = 1sIM

R5(1) = TEMP1/1.73205
DO 720 J = 19 UM
Z25(J) = TEMP1

AK = RSORS/(RABS + RL)
CAD = SORC2(1s1)

POWER = POWER®TSD
REWIND NCR1

REWIND NFLUX1

RFEWIND NFLUX2

GO TO (T760,780),s NFP
CONST = FLPO/CFX

GO TO 800

CONST = FLPO/POWER
IF(ZKEFF) 620,810,820
ZKEFF = AK

DO 840 J=1sJIM

DO 840 I=1sIM
POW(IsJ) = POWI(T1sJ)*CONST

DENOM = DENOM + (CONST¥®*SORC1(I1sJ)*SORC2(IsJ)%VO(I9sJ))/(CAD*®ZKEFF)

SORC2(1sJ) = SORC2(1,5J)/CAD

POWER = POWER*CONST

CFX = CFX*CONST

WRITE(NOUT$850) (ID(I)s 121512)

FORMAT(1H1s12A6//)

RSORS = CONST*RSORS

RABS = CONST#RABS

RL = CONST#RL

WRITE (NOUT»860) CFXs POWERs DENOMs» RSORSs RABSs RLs AK

FORMAT (44HOCENTER POINT FLUX (N/CM2-SEC) - - 1PE1245//
44H TOTAL POWER (MWT) - - - - - - 1PE12e5//
44H DENOMINATOR OF PERT. EQUATION - - - 1PE124577/
44H SOURCE RATE -~ - - - - - - - 1PE12e5/7/
44H ABSORPTION RATE - - - - - - - 1PE12+5//
44H LEAKAGE RATE - - -~ - - - - 1PE1245//
44H CALCULATED KEFF - - - ~ - - - 1PE1Z245)

CALL CLEAR(O405sSORC1sIMIM)

DO 1000 T11G=1,IGM

READ(NFLUX1) (INC(Isd)s I=19IM)s J=1sJM)
READ (NFLUX2) (IN1{IsJ)s I=1sIM)s J=1sJM)
DO 900 J=1sJM
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DO 900 I=1,IM

NO(TIsJ) = NO(IsJ)*CONST

N1(TsJ) = NI1(IsJ}/CAD

TOTAL FLUX

SORC1(TIsJ) = SORC1(IsJ) + NO(IsJ)
IF(NPRT = 2) ©950+910+95C

WRITE (NOUT»850) (ID(I}s 1=1912)

WRITE(NOUT,»920) 111G

FORMAT(//18H FLUX FOR GROUPs13/)

CALL PRT(IMsUMsNOsZ4sNOUT)
WRITE(NOUTs850) (ID(I)y I=1s12)
WRITE(NOUT+930) IIG

FORMAT(//23H ADJOINT FLUX FOR GROUP,13/)
CALL PRT{IMsJIMyN1+Z24sNOUT)

WRITE (NSCR1) ((NO(TIsJd)s I=19IM)y J=1,JM)
WRITE (NSCR2) (IN1{TIsdYs I=19IM)s J=1,IM)
REWIND NFLUX1

REWIND NFLUX2

REWIND NSCR1

REWIND NSCR2

CALL SWITCH(INFLUX1sNSCR1)

CALL SWITCHUNFLUXZ2sNSCR2)

IF(NPRT}) 1050+105051C10

WRITE (NOUT850) (ID(I})y I=1912)
WRITE(NOUTs1020)

FORMAT(//711H TOTAL FLUX/)

CALL PRT(IMsJIMsSORCLsZ4sNOUT)
WRITE(NOUT+850) (ID(I)s I=1,12)

WRITE (NOUT,1030)

FORMAT(//728H FISSION SOURCE®*ADJOINT FLUX/)
CALL PRT(IMsIMySORCZ24+24sNOUT)
WRITE(NOUTs850) (ID(I)s I=1,12)

WRITE (NOUT»1040)

FORMAT (//26H POWER DENSITY (MW/LITER) /)
CALL PRT(IM»IMsPOWSZ4sNOUT)

CALCULATE ZONE AVERAGED FLUXES AND POWERS
CALL CLEAR(O.0sZPHIsIZM)

CALL CLEAR(O4,CsZPOWs1ZM)

DO 1100 J=1,uM

DO 1100 I=1,IM

KZ = MO(I+J)

ZPHI(KZ) = ZPHI(KZ) + VO(IsJ)*¥SORC1(1I4J)

ZPOW{KZ) = ZPOWI(KZ) + VO(IsJ)%POW(]1sJ)

DO 1120 KZ=1s1ZM

LPHI(KZ) = ZPHI(KZ)%*,001/VOL(KZ)

ZPOW(KZ) = ZPOW(KZ)#%*,001/VOLI(KZ)

WRITE(NOUT850) (ID(I)s I=1+12)

WRITE (NOUT1160) (KZs VOLI(KZ)s ZPHI(KZ}s ZPOW(KZ)»s KZ=1s1ZM}
FORMAT( 61H0 ZONE ZONE ZONE AV
10NE AV.e /

2 61H VOLUME FLUX
3POWER // (I99E194692E15461))

RETURN

END
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-ITC FOR ABETASABETA PERT1132
SUBROUTINE ABETA(POWsJIMsSORCL1sNOsN1sCOsJTLIMOIVTSNBETsBETAS PERT1133

1 MASSs ML D7 9SORC29ATWVOL VO s JGMsJPGsABAL) PERT1134
DIMENSION POW({JIMs1)s SORCL(JIMs1)s NO(JIMel)s N1(JIMs]l)s PERT1135

1 CUCJTLsl)s MU{JIMs1)s VT7(1)s PFRT1136

1 MASS({JML9s1)s AL(1)s SORC2(JIMs1) PERT1137

2 VU(JIMsl)s DT7(JIGNMs1)s AB({JIPGs1) PERT1138
INCLUDE ABC PERT1139

C THIS SUBROUTINE CALCULATES BETA EFFECTIVE AND THE GENERATION TIME PERT1140
TEMP = LC PERT1141

TEMP1 = .0 PERT1142

WRITE (NOUTS1C) (ID(I)s I=1s12) PERT1143

10 FORMAT (1H1+12A6%///7) PERT1144
DO 20 KZ=1slIZM PERT1145

DO 20 M=1,sML PERT1146

20 MASS(MsKZ) = (MASS(MIKZ)¥46023)/(ATWIM)*¥VOLI(KZ)) PERT1147
DN 250 K = 1,IPG PFRT1148

CALL CLEAR(Q40sPCWsIMIM) PERT1149

CALL CLEAR({O409+SORC1sIMUIM) PERT1150

CALL CLEAR(O4CsSORC2sIMIM) PERT1151

DO 100 I11G=1s16GM PFRT1152

READ (NFLUX1) ((NU(IsJd)rs I=1sIM)s J=1ysJM) PERT1153
READ{(NFLUX2) ((N1{IsJd)s I=19IM)y J=1sIM) PERT1154
READ(NCR1) ((CO(ITsd)s II=1sITL)s J=1sMT) PERT1155

DO 100 J=1sJM PERT1156

DO 100 I=1sIM PERT1157

C FLUX#ADJOINT FLUX/VELOCITY PERT1158
SORC1(IsJ) = SORCII(IsJ) + (NO(IsJ)¥N1(IsJ))/VT(IIG) PERT1159

C DELAYED FISSION SOURCE*ADJOINT FLUX PERT1160
SORC2(IsJ) = SORC2(IsJ} + DT7(IIGsKI*¥N1(IsJ) PERT1161

C DELAYED NEUTRON PRODUCTION RATE PERT1162
KZ = MO(I,J) PERT1163

DO 100 L=1sNIBC PERT1164

M = NBET(L) PERT1165

10uL POW(IsdJ) = POW(IsJ) + BETA(L)*MASS(MsKZ)I¥CO(IHFsM)*¥NO(IsJ)*AB(KsL)PERT1166
BEFF = 0.0 PERT1167

ALIFE = 0.0 PERT1168

DO 200 J=lsuM PERT1169

DO 200 I=1sIM PERT1170

BEFF = BEFF + SORC2(I1sJ)*POW(IsJ)*¥VO(]sJ) PERT1171

200 ALIFE = ALIFE + SORCL{IsJ)*VO(IsJ) PERT1172
BEFF = BEFF/(DENCM¥ZKEFF) PERT1173

ALIFE = ALIFE/(DENOM*ZKEFF) PERT1174

TFEMP = TEMP + BFFF PFRT1175

TEMP1 = TEMP1 + BEFF/(AL(K) + 14/3600,) PERT117¢
WRITE(NOUT»210) KsBEFF PERT1177

210 FORMAT (6HUBETA(sI3s6H) = 96Xs1PEldess) PERT1178
REWIND NFLUX1 PERT1179
REWIND NFLUXZ2 PERT1180
REWIND NCR1 PERT1181

250 CONTINUE PERT1182
TEMP1 = (ALIFE + TEMP1)/3600,. PERT1183

WRITE (NOUTs3C0) TEMPs TEMPls ALIFE PERT1184

300 FORMAT (16HUTOTAL BETA =  45Xs1PEl4es// PERT1185
1 16H ONE INHOUR = +5Xs1PEl4es// PERT1186

1 21H GENERATION TIME = 41PEl4e4) PERT1187
RETURN PERT1188

END PERT1189
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~-ITC F SO SLOP
gBBRbU??&ELgLEPE(N09NlaJIMaRSaZS,RQvCO9JTL9M09M2;DEL$VO’AO’A1)

10
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30

40

50

c -
100

110
130

140

DIMENSION NO{(JIMsl)s N1(JIMsl)s R5(1)s 25(1)s R&4(1)s CO(JTL1)
MO(JIMs1)s M2(1)s DEL(JIMs1)s VO(JUIMs1)s AQ(1)s All1)

INCLUDE ABC

THIS SUBROUTINE CALCULATES (GRAD FLUX*GRAD ADJOINT)/SIGTR*%2

IF {(IGE = 3) 10+2+10

DO 4 1 = 1slM

R5(1) = 2.%Z5(1)/3.

TEMP1 = 25(1)

DO 6 J = leJM

Z5(J) = 1.0

DO 1400 11G=1+1GM

READ(NCR1) ((CO(ITsJ)s II=1sITL)s J=1sMT)
READ(NFLUX1) ({(NO(L1sJ}s I=19IM)y J=1,yJIM)
READ (NFLUX2) ((N1(Isd)s I=19IM), J=1,JM)

DO 1200 J=1lsJM
DO 1200 I=1sIM
ITEMP = MO(I,J)
ITEMP = M2(ITFMP)
IF (1-1) 14914512

ITEMPL = MO(I-1,J)
ITEMPL = M2(ITEMPL)
ITEMPR = MO(I+1sJ)
ITEMPR = M2(ITEMPR)
IF (J-1) 18+18416
ITEMPB = MO(I,J-1)
ITEMPB = M2(ITEMPB)
ITEMPT = MO(IsJ+1)
ITEMPT = M2(ITEMPT)
SL1 = 0.0

SL2 = 0.0

SR1 = 0.0

SR2 = 0.0

S8l = 0.0

SB2 = 0.0

STl = 0.0

S72 = 0.0

IF(I-1) 309305100

IF(BO1-1) 405110459

VACUUM BOUNDARY

SIGTR = CO(IHTSITEMP)

SLY1 =(NO(TsJ)/(e5%¥R5(I) + («71/SIGTR)}))/SICTR
SL2 =(N1(IsJ)/{e5%R5(1) + (471/SIGTR)I)/SIGTR
GO TO 110

PERIODIC BOUNDARY

ITEMPP = MN(IMyJ)

ITEMPP = M2(ITEMPP)

SIGTR = (R5{(I1)*CO(IHTSITEMP) + RS(IM)*CO(IHTSITEMPP))/
{R5(1) + R5(IM))

SL1 =({(NU(IsJ) = NU(IMsJ))/(«5%RS(I) + «5%¥R5(IM)))/SIGTR

SL2 =((N1(TIsJ} — NLUIMeJ))/(<5%¥R5(I) + +5%R5(IM)))/SIGTR

GO TO 110

INTERIOR INTERVAL
SIGTR = (RS(I)*CO(IHTsITEMP) + R5(1-1)*CO(IHTSITEMPL))/
(R5(1) + R5(1I-1))

SL1 ={{NO(IsJ) — NULI=19sJ))/(«5%¥RE(I) + «5%¥R5(I1-1)))/SIGTR
SL2 =({N1(IsJ) = NL{I-19J))/(e5%R5(I) + «5%R5(1I-1)))/SIGTR
IF(1-IM) 200+1305130C

IF(B02-1) 14052105150

VACUUM BOUNDARY
SIGTR = CO(IHT,ITEMP)
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SRY1 = ~(NU(IsJ)/(«5%R5(T) + (471/SIGTR))I/SIGTR

SR2 = —=(N1(TsJ)/(a5%¥RS5(1) + («71/SIGTR))I)/SIGTR

GO TO 210

PERIODIC BOUNDARY

ITEMPP = MOI(14J)

ITEMPP = M2 (ITEMPP)

SIGTR = (R5(I)*CO(IHTSITEMP) + R5(1)*CO{IHTsITEMPP))/
(R5(1) + R5(1))

SR1 =((NU(1sJ) = NUlIsJ))/(45%5#R5(1) + &5*R5(1)))/S5IGTR

SR2 =((N1(1sJ) — NI1{IsJ))/{aB%RX5(1) + «5*%R5(I1)))/SIGTR

GO TO 210

INTERIOR INTERVAL

SIGTR = (RS(I)*CU(IHT»ITFMP) + RS(I1+1)*CO{IHTSITEMPR))/
(R5(I) + R5(I+1))

SR1 =((NO(I+1sJ) = NO(IsJ))/(e5%#R5(I+1) + «5%R5(11}))/SIGTR

SR2 =((NI(I+1sJ) — NL(T,J))}/(a5%RS5(I+1) + «5%¥R5(1)))/SIGTR

IF(NDIM=1} 220,1000,220

IF(JU=1) 23052304300

IF(BO4-1}) 2404+31C+28C

VACUUM BOUNDARY

SIGTR = CO(IHTSITEMP)

GO TO (2509250+2609255}s IGEP

TEMP = o5%725(J)

GO TO 270

TEMP = 8%R5(1)

ITEMP1 = 1 - 2%¥(1/2) = J + 2%(J/2)

IF (ITEMP1) 2704531045270

TEMP = oS#PI2#Z25(J)#R4(1])

SB1 =(NU(I,J)/(TEMP + (471/SIGTR})}/SIGTR

SB2 =(N1(IsJ)/(TEMP + (471/SIGTR)))I/SIGTR

GO TO 310

PFRIODIC ROUNDARY

ITEMPP = MO(1sJM)

[TEMPP = M2 (ITEMPP)

SIGTR = (Z5(J)*COLIHTSITEMP) + Z5(JM)}*CO(IHTSITEMPP) )/
(Z5(J) + Z5(IM))

GO TO (28592859290U+288),y IGEP

TEMP = o5%Z25(J) + «5%Z25(JM)

GO TO 295
TEMP = RR(1)
ITEMP1 = I — 2%(1/2) = J + 2%(J/2)

IF (ITEMP1) 295,310,295

TEMP = S5%PI2¥R4(1)*(25(J) + Z5(JM))

SB1 =((NU(IsJ) = NO(IsJM))/TEMP}/SICTR

SB2 =((N1(IsJ) = NI{IsJM))/TEMP)/SIGTR

GO TO 310

INTFRIOR INTFRVAL

SIGTR = (Z25(J)®CULIHTSITEMP) + Z5(J=1}%CO(IHTSITEMPB)) /
(Z5(J) + Z50J-1))

GO TO (302+302+3044+203)s IGEP

TEMP = 5%75(J) + «5%725(J-1)

GO TO 306
TEMP = R5(1)
ITEMP1 = 1 — 2%(1/2) = Jd + 2¥(J/2)

IF (ITEMP1) 30643109306

TEMP = «5*#PI2%R4 (1% (Z5(J) + Z5(J=-11)
SB1 =((NU(TIsJ) = NU(IeJ=-1))/TEMP)/SIGTR
SB2 =((N1(IsJ) = NI(IsJ-1))/TEMP)/SIGTR
IF(J=JUM) 40043305330

IF(BO3-1) 340510004380

VACUUM BOUNDARY

SIGTR = CO(IHTSITEMP)
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GO TO |
TEMP =
GO TO 3
TEMP =
ITEMP1

35093504+3605755)y IGEP
«5HZ5(J)

70

«HARS (1)

=1 - 2%(1/2) ~ J + 2%(J/2)

IF (ITEMP1) 1000437051000

TEMP = «5%PI2#725(J)*R4(])

STl = ~{NO(IlsJ})/(TEMP + («71/SIGTR)})/SIGTR
ST2 = ~(N1(IsJ)/{TEMP + (471/SIGTRII)I/SICTR
GO TO 1000

PFRIODIC ROUNDARY

[TEMPP = MO(1,1)

ITEMPP = M2(ITEMPP)

SIGTR = (Z5(J)*CO(IHTSITEMP) + Z5(1)%#CO(IHTsITEMPP))/
1 (25(J)y + Z25(1))

GO TO (385+385+3904+388)s IGEP

TEMP = o5%7Z5(J) + 45%Z5(1)

GO TO 395

TFMP = R5(1)

ITEMP1 = 1 = 2%(1/2) — J + 2%¥(J/2)

IF (ITEMP1) 1000+395,1000

TEMP = o5*PI2¥R4(1)%(Z5(J) + 25(1))

ST1 =((NO(Is1) - NO(IsJ})/TEMP)/SIGTR

ST2 =((N1(Isl) = N1(IeJ))}/TEMP)/SIGTR

GO TO 1000

INTERIOR INTERVAL

SIGTR = (ZS5(J)*CULIHTSITEMP) + ZS5(J+1)*CO(IHTSITEMPT))/
1 (Z25(J) + Z25(J+1))

GO TO {(402+402+404+403)y IGEP

TEMP = #5%Z5(J) + «5%25(J+1)

GO TO 406

TEMP = RS5(1I)

ITEMP1 = 1 - 2%(1/2) = J + 2%¥{J/2)

IF (ITEMP1) 1000,406,51000

TEMP = (5#PI2¥R4(T)*(Z25(J) + 25(J+1))

STL =((NU(TsJ+1) — NU(I»J})/TEMP}/SICGTR

ST2 =((N1(IsJ+1) = N1(I+J))/TEMP)/SIGTR

GO TO (1010+1010,1020,1030), IGEP

TEMP = Z5(J)

GO TO 1050

TEMP = Z5(J}*PI2%R4 (1)

GO TO 1050

TEMP = R5(1)

DEL(IsJ) = oB5¥({SL1I*¥SL2¥Z5(J)*A0(I)¥R5(1) + SRI*¥SR2*¥Z5(J)*AQ(I+]1)*
1 R5(1) + SBI*SB2*#AL(IT)})*TEMP + STI*ST2*A1(I)%TEMP)/VO(IyJ)}
CONTINUE

WRITE (NSCR1) ((DEL{IsJ)s I=1sIM)y J=1,JIM)
IF (IGE ~ 3) 1500+141051500

DO 1420 I = 15IM

R5(I) = TEMP1/1.73205

DO 1430 J = 1sJM

Z5(J) = TEMP1

CONTINUE

REWIND NSCR1

REWIND NFLUX1

REWIND NFLUX2

REWIND NCR1

RETURN

END
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-1TC FOR CALCsCALC PFRT1373
SUBROUTINE CALCINCRsMATDKsATWsCPsCOsJTLINGsJIMsNLsDEL sK69CX s PERT1374

1 FLUX3JGM s ADJF s HOLNsVO s R& 2 245 X5 Y) PERT1375
DIMENSICN NCR(1)s MATDK(1)s ATW(1)s CP(5sl)s CO(JTLs1)s PERT1376

1 NULJIMs1)s N1(JIMsl)s DEL{JIMslds KE(1)s CX{JTL 1) PERT1377

2 FLUX(JGMs1)s ADJF(JGMs1l)s FOLN(1)s VO(JIMs1)s PERT1378

3 Ra(lYys Zai1l)s X(1)s YI(1) PERT1379
INCLUDE ABC PERT1380

C THIS SUBROUTINE CALCULATES AND PRINTS REACTIVITY COEFFICIENTS PERT1381
DO 200U I1I11=1,NDELK PERT1382

GO TO (10Us120)s NOIM PERT1383

100 NCR(III) = 1 PERT1384
120 NNCR = IABS(NCR(III)) PERT1385
MAT = MATDK(III) PERT1386

C CONVERSION FRUM ATOMS TG KG PERT1387
CT = 60243/ATW(MAT) PERT1388

ITEMP = 5%IJMAX PERT1389

CALL CLEAR(040sCPyITEMP) PERT1390
WRITE(NOUTs130) (ID(I)s 1=1512) PFRT1391

130 FORMAT(1H1,12A6//) PERT1392
IF (NCREIIT)) 13541355140 PERT1393

135 11JJ = UM PERT1394
I = NNCR PERT1395

Gn TO 145 PERT1396

140 I1JJ = IM PERT1397
J = NNCR PERT1398

145 DO 600 11G=1s1GM PERT1399
READ(NCR1)  ((CO(IIsJ)s II=1,1TL)s J=1,MT) PERT1400
READINFLUX1) ((NO(Isd)s I=1sIM)s J=1,JM) PERT1401

READ (NFLUX2) ((N1{Isd)s I=1sIM)s J=1,JM) PERT1402
READ(NSCR1) ((DEL(IsJ)s I=1sIM)s J=1sJM) PERT1403

DO 150 I1=1,1TL PERT1404

150 CX(11511G) = CO(IIsMAT) PERT1405
DO 300 K = 1s11JJ PERT1406

IF (NCR(III)) 1901905200 PERT1407

190 J =k PERT1408
GO TO 210 PERT1409

200 1 =K PERT1410
C FISSION SOURCE®*ADJOINT PERT1411
21U CPU1sK) = K6(IIG) * N1(IsJ) + CP(1sK) PERT1412
C NU SIGF*FLUX PERT1413
CP(2sK) = CXUIHNsIIG) ¥ NO(Isd) + CP(2,K) PERT1414

C SIGAXFLUX*ADJOINT PERT1415
CP{3sK) = CX(IHASIIG) % NO(IsJd) * N1(IsJ) + CP(3sK) PERT1416

C LEAKAGE COMPCNENT PERT1417
CP(4sK) = CX(IHTSIIG) * DEL(IsJ)/3e + CP(&43K) PERT1418
FLUX(TIGsK) = NO(IsJ) PERT1419

300 ADJF(IIGsK) = N1(IsJ) PERT1420
600 CONTINUE PERT1421
C DOWNSCATTERING COMPONENT PERT1422
IF(IGM=1) 10105101C 620 PERT1423

620 DO 1000 T11G=1s1GM PERT1424
800 DO 890 I1=1s11JJ PERT1425
DO 880 ANN=1s1ST PERT142€

JJG = NN + 116 PERT1427
IF{JJG = IGM)  850585Us890 PERT1428

850 L = IHG + NN PERT1429
CPISs1) = FLUXITIGsI )*¥CX(LsJJG)* (ADJF (11Gs1) ~ADJIF(JUGs1))+CP (551 )PERT1430

880  CONTINUE PFRT1431]
890  CONTINUF PERT1432
1000 CONTINUE PERT1433
1010 IF(NCR(III)) 110Us110051125 PERT1434
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WRITE(NOUT,1120) MAT s HOLNIMAT}» NNCR PERT14135
FORMAT( 37TAVREACTIVITY COEFFICIENTS FOR MATERIALSI3s 6X92A6 PERT1436
13H CCLUMNs 13//) PERT1437
GO TO 1135 PERT 1438
WRITE(NOUT»1130) MATs HOLN(MAT)s NMNNCR PERT 1439
FORMAT ( 37HOREACTIVITY COEFFICIENTS FOR MATERIALSI3e 6X9sA6 PERT1440
10H ROWsI13/7/) PERT1441
WRITF(NOUTs1140) DFRT1442
FORMAT(125H0 *K /K PFR KG *K #K PFRT 1443
*#K *K *y AVG RADTI AVG APFRT1444
X11 / 99H (NUSIGF) (SIGA)Y PFRT1445
(SIGTR) {(SIGIXY) {INTG) /) PERT 1446
StIM = 0,0 PERT 1447
TOT = 0.0 PERT 1448
DO 1300 I=1-11JJ PERT1449
FISSIONS PERT16450
CP{291) = (CPU1sI1¥CP(25sT}XCT)/(ZKEFF*DENOM*VF) PERT1451
ABSORPTIONS PERT1452
CP{3s]) = = (CP{3s1)%CT)/(DENOM¥VF) PERT 1453
LEAKAGE PERT 1454
CP(asI) = (CP(4sI)*CT)/(DENOM*VF) PERT1455
SLOWING DOWN PERT 1456
CP(591) = = (CP{S5s[)*CT)/{(DENOMXVF) PERT1457
CP(1s1) = CP(2s1) + CP(3s1) + CP(4s1) + CP(541) PERT 1458
IF(NCR(TIII)) 1150+115041250 PERT 1459
SUM = SUM + CP(1s1)}*VO(NNCR»I) PERT 1460
TOT = TOT + VO(NNCRSI) PERT1461
ST = SUM/TOT PERT1462
FORMAT(I4y B8E1544) PERT1463
WRITE(NOUT»116V) Is (CP(KKsI)s KK=195})s STs R4(NNCR)s Z&4{(1I)} PERT1464
GO TO 1300 PERT1465
SUM = SUM + CP(1s1)¥VO(IsNNCR) PERT1466
TOT = TOT + VO(IsNNCR) PERT1467
ST = SUM/TOT PERT1468
WRITE(NOUT1160) Is (CP{KKsI)s KK=195)s STs R4{(I)s Z4&{NNCR) PERT1469
CONTINUE PERT1470
IF(NPDEL) 1400+1400+1350 PERT1471
CALL PLOTI(NCRsXsYsRG4 9Z4 sHOLNSCP¢MAT) PERT1472
REWIND NCR1 PERT1473
REWIND NFLUX1 PERT1474
REWIND NFLUXZ2 PERT1475
REWIND NSCR1 PERT 1476
RETURN PERT1477
END

PERT1478
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FOR PLOTsPLOT
SUBROUTINE PLOT{NCRsXsYsR4»Z4sHOLNsCP sMAT)
DIMENSION NCR(1)s X(1)s Y(1)s R4(1)s Z4(1)s HOLN(1)s CP(591)

IMCLUDE ABRC
THIS SUBRUUTINE PLOTS REACTIVITY COEFFICIENTS USING THE CALCOMP

PLOTTER

NRFPLT 1/2=PLOT ON PRFVIOUS GRAPH/PLOT ON MNFW GRAPK

NTYPLT 1/2=PLOT TOTAL REACTIVITY COEFFICIENT ONLY/PLOT
TOTAL AND EACH COMPONENT

XL VALUE OF X-AXIS AT LEFT ROUNDARY

XR VALUE OF X-AXIS AT RIGHT BOUNDARY

YR VALUE OF Y-AXIS AT BOTTOM BOUNDARY

YT VALUE OF Y-AXIS AT TOP BOUNDARY

DEL LENGTH OF DASHED LINE=---NOT USED IF NTYPLT = 2--1IF
DEL = UeUs A SOLID LINE 1S DRAWN

GAP LENGTH OF GAP BETWEEN DASHED LINES

READ(NINPs5U} NREPLTs NTYPLTs XLs XRs YBs YTs DELs GAP
FORMAT(21696F642)

IFINCR(TIII)) 60y 605 80
DO 70 I=1.1T1JJ

X({I) = 241(1)

GO TO 100

DO 90 T=1s1T1JJ

X{l)y = Ra(l)

X(I1JJ+1) = XL

X(1TJJ+2) = (XR=XL)/940
YIIIJJ+1l) = YB

Y{ITJJ+2) = (YT-YB}/6.0

DIMENSION IBUF(1024)

CALL CPLOTS(IBUF,1024512)

IF (NREPLT-1) 200y 200y 110

UP = 5425

IF(ITI-1) 120, 120, 130

CALL CPLOT(040352403-3)

GO TO 135

CALL CPLOT(124040405-3)

CALL BOX(0409060389409640)

CALL SYMBOL(2e035¢550e1591D90+0936)
IF(NCROITI}) 140s 140, 160 '
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PERT1519

CALL AXTIS(OeUsUeVs 2UHAXIAL POSITICN (CM) 5=205940360sXLeX(1IJJ+2))PERT1520

GO TO 180

PERT1521

CALL AXIS{0e0s0e0s2UHRADIAL POSITION (CM)»=20994Cse0oXLoX{(IIJJ+2)IPERT1522

CALL AXIS(04090409s22HDELTA K/K PER KILOGRAM922964039CeQsVYRy
Y{ITJJ+2))

UP = UP - .25

DIMENSION Z(4)s Q{4)

Z(1l) = Be25

L(2) = Ba75

Z(3) = 040

2(4) = loU

Q(3) = 0.0

Qra) = lev

CALL SYMBOL (64U9lUPsUe1sHOLN(MAT) s0,096)
IF(NCR(III)) 204 204y 206

CALL SYMBOL (7eUslUUPs0els 4HR = 904094 )
CALL NUMBER(7459UP s0elsRGINNCR) s060s2)
GO TO 2u8

CALL SYMBOL(7eUsUP U1 94HZ = 904094}
CALL NUMBER( 745 9UPsUelsZG4(NNCR)9040s2)
IF(NTYPLT-1) 210, 210, 310
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IF(DELY 2409240,230
CALL DASH(XsYsI1JJsDELsGAP)

GO TO 250

CALL LINE(XsYsI1JJ21e0s0)
Q1) = UP

Q(2) = UP

CALL DASH{ZsQs2+DELGAP)
GO TO 500

DO 400 M=1,5

G(l) = UP = 425 - FLOATI(M)*,25
Qe2y = Q1)

DO 320 I=1s11JJ

Y{I) = CP(Ms1})

GO TO (3304+3404350+3604370)4M

CALL LINE(XsYsITJJdslsds0Q)

CALL DASH{Z+sQ32s0404CeN)

CALL SYMBOL{7453Q(1)s041s7H TCTAL s0.0,47)
GO TO 400

CALL DASH({XsYsIIJJ2e0254405)

CALL DASH(ZsQs2940254405)

CALL SYMBOL(7459Q{1)40e197H NUSIGF90,0,7)
GO TC 400

CALL DASH{XsYsllJJselsel)

CALL DASH(Z3QsZ29selvel)

CALL SYMBOL(7459Q(1)9041s7H SIGA 0405 7)
GO TO 400

CALL DASH{XsYsIlJJr»4059405)

CALL DASH{Z9+Q3294055.05)

CALL SYMBOL(745sQ(1)s0a1s7H SIGTR s0NeNy7)
GO TO 400

CALL DASH(XsYsITJJse0154,025)

CALL DASH{ZsQs25eU01554025)

CALL SYMBOL(7459Q(1)s0els7H SIGIXJs0e0s7)
CONTINUE

IF(TIIT = NDELK) 60095504550

CALL CPLOT(12409-2409~-999)

RETURN

END
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~1TC FOR ACTsACT PERTISE]
SUBRQUTINE ACT{MAYNXINOsJIMsCUsJTLISORCLIZACT sMO9VOsVOL 9 Z4) PERT1582
DIMENSION MACLYe NXUL1)e NoldIMells CULUTLsLl)s SORCL(JIMSL) PERT1583

1 ZACTOYY s MOUCJINMsT e VOIJIMel)s VOLET)s Z4(1) PERT15R4G
INCLUDE ARC PFRT1E85

C THIS SUBRUUTINE CALCULATFS ACTIVITY TRAVFRGSES FFRT15E6
DO 200 N=1sNACT PERT1587

CALL CLEFAR(QO405SORCT & IMUM) PFRT1588

KK. = MA{N} PERT1589

NN = NX({N) PERT1590

DO 100 T1G=1,1GM PERT1591
READ(NFLUX1) (INU{Tsdlty I=19IM)y J=14JM) PERT1592
READ(NCR1) ({CulTITed)s TI=141TLYy J=1aMT} PERT1593

DO 100 J=1sJM PERT1594

DO 100 I=1sIM PERT1595

100 SORC1(IsJ) = SCOGRCI{IsJ) + COINNSKK)I¥NO(TsJ) PERT1596
CALL CLEAR(ULOsZACTy12ZM) PERT1597

DO 140 J=1sJ PERT1598

DO 14C I=1,.1¥ PERT1599

KZ = MU(TsJ) PERT1600

140 ZACT(KZ) = ZACTI(KZ) + SORCL{DsJ)*¥VO(1sJ) PERT1601
DO 160 K7=1412M PFRT1602

16U ZACT{KZ) = ZACT(KZ)*4.001/VOL{KZ) PERT1603
WRITE(NOUTS170) Ns KKs NN PERT160¢

170 FORMAT( OHIACTIVITY I3+5Xs 9H MATERIAL I3+5X423H CROSS SECTION POSPERT160%2
1ITION 13/7) PERT1606

CALL PRT(IMsUMsSORCLsZ464NOUT) PERT1607
WRITE(NCOUT180) (KZs VOLIKZ)s ZACTIKZ)s KZ=1,12M) PERT1608

1€0 FORMATL ///45K ZONE ZONE ZONE AV, / PERT1609
1 45H VOLUME ACTIVITY /7 PERT1610

2 (195C10e69F1546)) PERT1611
PEWIND NFLUX1 PERT1612

200 REWIMD NCRI PERT1613
RETURN PERT1614

Fan PFRT1615
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