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LARCA:

A FORTRAN-IV CDC-66M PRCGRAM FOR CAIXULATING FLUX-WEIGHTEDCROSS SECTIONS

by

R. C. Ander80n

APSTRACT

L4RCA is a FORTRAN-IV, CDC-6600 progrem which compute8 flux-weightedcross
sections for homogeneous or heterogeneousmixtures of materials. The
program also computes infinitemedium fluxes, reaction rates,and other
related quantities. The flux-weightedcross sections are punched in a
form suitable

INTRODUCTION

for use in the mul.tigroup,tremport theory program DTF-IV.

For calculationof the properties of reactors

with programs such as the DTF-IV progrem~ it is

often desirable, and sometimes necessary, to use

the following types of multigroup cross sections:

mix cross sections for frequentlyused compounds

and mixtures, cross aectlons for the material.in a

homogeneous reactor system, and flux-weightedcross

sections for each material or ?or the core of a

heterogeneousreactor.

Hand calculation of such cross sections is

tedious. The I&WA computer program has been

written to calculate these cross sections and to

punch cross-sectiondecks suitable for use in

DTV-IV.

In addition, since all.the necessary data is

available, the program can compute the infinite

medium flux, the reaction rates, and such overall

reactor properties as the infinite multiplication

and the material buckling.

This report describes in detail the input,

output, and operation of the program.

1. THE LARCA PROGRAM

1.1 General Description

The IARCA program computes the following

quantities for a multigroup, mul.tiregionsmdel of

a nuclear system:

Macroscopic cross sections (Mix cross sections)
for each group in each region

Flux-weighted cross sections (LARCA cross sec-
tions) for each group in each region

Infinite medium flux in each group (optional
calculation)

Reactions in each group (optionalcalculation)

Limitations

1-25 groups, 4-13reaction types per group

1-20 zones

1-36materials

Required physical quantities

Cross sections for each material in the system

Total flux (integratedover volume) in each
group and each zone (suppliedas input data
or computed by the progrem)

Coordinates for the geometric boundary (right-
hand boundary or outer radius) of each zone

Number density of each material in each zone

Source in each group if the infinite medium
flux is calculated (suppliedas input data or
computed by the program)

Geometric buckling or dimensions for which
leakage (DB2) is to be calculated

note: When leakage is calculated,the leakage
~tided to the flux-weightedabsorption and
transport cross sections.

Program output

AU. input data other than cross sections

3



Input cross sections (optionaloutput)

Mix cross sections (optionaloutput)

LARCA cross sections

L4RCA cross aectiona punched on cards (optional
output)

Infinite medium fluxes (if calculated)

Reactions (if calculated)

Section 1.2 lists the principal LARCA opera-

tions in the order performed for each problem and

the sections of this report in which the operations

are fully described.

The input cards are described in detail in

Section 2; the calculations,in Section 3; and the

print and punch output, in Section 4.

1.2 Principal Operations

1. PRINT (4.1)

2. READ (2.1)

3. PRINT (4.1)

4. READ (2.1)

5. CALCULATE (3.1)

6. mm (4.1)

7. PRINT (4.1)

I 8. READ (2.1)

2!>
ULATE (3.2)

O. R (2.1)

:1. CALCULATE

1.2.

13. ‘~T (2~;=~)4)

[ ‘Items 1.4-16occur for each set of inuut cross
section8 when NM> O.

14. Rw (2.1)

15. ~~TE (3.5)

16. PRINT (4.1)

17. PRINT (4.1)

18. mm (4.2)

19. PRLNT (4.1)

Cross-sectiondeck(s)
(when NM > O)

Quantities relatedto data
in cross-sectiondeck
(whenNM>O)

Cross-sectionheader card

Cross-section identifi-
cation (when W< 36)

Input cross sections
(whenNM>OandIW=2)

Zone data

Items 20-21 occur for each region.

Heading

Card A

Problem identification

Card B, card C

Quantities related to
data on cards B and C

Indice8

Leakage data

Card(s) D, card(s) E

w)

20. CALCULATE (3.6)

21. PRINT (4.3)

22. ~~E (3.7)

Mix cross sect.ionsand
related quantities

Mix cross sections and
related quantities (when
Iw= 1,2)

LARCA cross sections and
related quantities

23. PRINT (4.4)

24. PUNCH (4.6)

25. CALCULATE (3.6)

26. CALCULATE (3.9)

27. mIrrf (4.5)

END OF PROBIJN

1.3 Subscript Notation

INCA cross sections and
related quantities

IARCA cross sections
(whenIP=l)

Infinite medium fluxes
(when IS = 2,3,4)

Reaction rates and re-
lated quantities (when
Is>o)

Reaction rates and re-
lated quantities (when
Is>o)

Subscripts are indicated in parentheses in

the FORTRAN notation; e.g., Xi E X(I) or X(i). The

uppercase indicates that the variable is sub-

scripted in the program; the lowercase indicate8

that the variable depends on the subscriptbut is

not subscripted in the program.

I: Zone subscript

Unless otherwise indicated,

J’: Group subscript

Unless otherwise indicated,

J = 1 is the highest energy
the lowest energy group

I=l,NZ

J=l,NG

group; J = NG iS

K: Reaction subscript

K=l,NK

K=l

K=2

K=3

K=NS

When NS = 4

K=NS+j

When NS > b

K=4

K=NS -J

K=NS+j

Absorption

v * fission

Transport

Self-scattering (J-OJ)

Down-scattering (J-j ‘J)
j = 1, NK-NS

Total.tip-scatteringcross section
out of group J

Up-scattering (J+j ‘J)
j = 1, NS-5

Down-scattering (J-j ‘J)
j = 1, NK-NS

M: Material subscript

M-I-,36

Each nuclide in the system has an M number by
which its cross sections are identified and
selected for use in calculations

N: Cross-section index

N=l,NX

Each cross section (and ita correspondingflux)
Is identifiedby N = N_K*(J-l)+ K; J = 1, NG;
K=l,NK

.

●
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2. INPUl!DATA CARDS

Section 2.1 lists each type of required in-

put card and gives the following information for

each: the conditions for card requirement,the

number of carda required, end the input quantities

that go on the cards. The following information is

given for each input quantity: the card columns in

which the data are punched; the format in which the

data are punched, the FORTRAN symbol for the input

quantity, end the definition of the input quantity

and limitationsand reatrictlonson the values it

may have.

The input data exe summarized in Section 2.2,

and the instructionsfor running the program are

given in Section 2.3.

2.1 Detailed List of Input Data Carde

Card A: IDENTIFICATIONCARD

1 card required

1-72 A72 IDP Problem identification

Columns 1-6 are punched as
identificationon output
cross-sectioncards

Card B: INDEX CARD

1 card required

I.-6 16 NZ

7-3.2 16 Nc

13-18 16 IF

19-24 16 IS

.“

.’

Number of zones
lSN’ZS2C)

Number of nonzero number
densities
l<Nc$36*Nz

o

1

2

3

4

0

1

2

Flux for LARCA cross-
section calculation from
pretious problem

Flux computed for LARCA
cross-sectioncalculation
(slab geometry)

Flux computed for LARCA
cross-sectioncalculation
(cylindricalgeometry)

Flux computed for LARCA
cross-sectioncalculation
(sphericalgeometry)

Flux for LARCA cross-
section calculationreed
from Type F cards

No reaction calculation

Reaction calculation,
using flux from IARCA
calculation

Reaction calculation,
uEing infinite medium
flux with sources fmn
previous problem

25-30

31-36

37-42

43-4a

49-54

55-60

61-65

16

16

16

16

16

16

16

NM

NG

NK

NS

m

IP

Mx

3 Reaction calculation,
using infinite medium
flux with calculated
sources

4 Reaction calculation,
using infinite medium
flux with sources reed
from Type G cards

Number of cro.s8-sectiondecks
to be read in
0SNMS36

Number of groups
l.s NGs25

Number of cross sections
per group
4sms13

Position of self-scattering
cross section, u
4SNSS~ ‘g

2 Complete printout

1 Cross sections read from
cards not printed

o Cross sections read from
cards and mix cross
sections not printed

1 I&WA cross sections
punched

o LARCA cross sections not
punched

M-number of LARCA cross sec-
tions (saved for subsequent
calculations)
0SMXS36
m= O implies that the cross
sections are not to be saved

Card C: LEAKAGE CARD See Attached
1 card required Errata Sheet

(The dimensions llstedbelow are those through
which leakage may occur. When there is no leakage,
set Bl, B2, B3, & = O.)

1-12 EL2.4 B1 Length of slab or cylinder
(cm)

13-24 E12.4 B2 Width of slab (cm)

25-36 E12.4 B3 Diameter of cylinder (cm)

37-48 E12.4 B4 Diameter of sphere (cm)

49-60 E12.4133 Geometric buckling (cm-2)
See Attach~

Card D z ZONE CARDS Errata Sheet
1 to 7 cards required for NZ zones at 3 zones per
card

l-n A12 IDZ(I) 1=1, 4, 7, 10, 13, 16, 19

13-24 E12.4 R(I)

25-36 A12 mZ(I+l)

37-4a E12.4 R(I+l)

49-60 A12 IDZ(1+2)

61-72 E12.4 R(I+2)

IDZ(I) Identificationof zone I



R(I)

Card E: NUMBER

Radius or right-hand coordinate
of zone I
R(I) >R(I-1)

R(I) may be omitted when IF = O
or k (fluxes are not calculated)

DENSITY CARDS

1-240 cards required for NC nonzero number den-
sities at 3 number densitiesper card

1-6
7-12
13-24
25-30
31-36
37-48
49-54
55-60
61-72

16

16

E12.4

16

16

EI.2.4

16

16

E12.4

M ISMS36

I l<~s~z

C(M,I)

M

I

C(M,I)

M

I

C(M,I)

M M-number ofmateri.al

I Zone number

C(M,I) Number density of material M in
zone I (Atome/b-cm,if cross
sections are in barns; dimension-

~fj
if cross sections are in

There are no restrictionson the order in which
the sets of M, I, and C(M,I) are read in.

‘Ce A&hti
‘~ata Sh,$pti F: FLux CARDS

1-6cards for each group for NZ fluxes at 6
fluxes per card

Cards omitted unless IF = 4

1-72 6E12.b F(I,J) Flux ingroup J, zone I
I=l,Nz

The fluxes have units of n/cm-sec in slab
geometry, n/aec in cylindricalgecnnetry,end
n/cm-8ec in spherical geometry

The F-cards are produced by DTF-IV when the
identificationnumber (the first word on the
second card of the DTF input deck) ia negative

%s Athtch~fiG: sO~CEC~

Errata &

1-5 cards required for K sources at 6 sources
per card

Cards omitted unless IS = 4

1-’72 6E12.4 S(J) Source (n/see) in group J
J=l,NG

CROSS-SK!TIONDEWS

NM decks required

The cross-sectiondecks used in the DTF program
(includingthe header card) are used in the

.s,v.At-CA P~gr~

Krrata &~-2 S=w

of Input Data Cards

The following input data cards are requirecl

for each problem:

Card A

Card B

Card C

Card(s) D

Card(s) E

Card(s) F

Card(s) G

Identification

Index card

Leakage card

Zone card(s)

Number density

Flux card(s)

Flux card(s)

. . .

Flux card(s)

Source card(s)

Cross-section
decks

2.3 Use of the Program

6600.
l-rein

1.

2.

3.

4.

5.

6.

7.

8.

card

card(s)

Group 1 when IF=4

Oroup 2 when IF = 4

● 00

Group NG when IF = 4

when IS = 4

NM decks

IARCA iB written in FORl!RAN-IVfor the CEG-

me prosmn requires 6X Stomxe and ~SS than

running time. The deck set-up is as follows:

J@B card (lm.in, 6~ storage, * incolumn 63)

M@DE1.

RUN(G)

End of record (7-8-9 in COl~ 1)

LARCA deck

~d of record (7-8-9 in column 1)

Input data cards - Fi.ratproblem

Input data cards - Second problem

. . . . . .

Input data cards - Last problem

End of job (6-7-8-9 in column 1)

3. CAUXJIATIONS

3.1 Quantities Related to Data on Cards B and C

Buckling factors

BFl= 0.0 ifBISO
3.141592 iflll>o

BF2 = 0.0 iflY2$o
3.141592 Ifx?>o

BF3 = 0.0 ifB3~0
4.8096 ifB3>0

RF4 = 0.0 ifB4$o
6.283M4 ifB4>o

Geometric bucklhq

m= Input value If Bl+ B2 + B3+ @+s O
0.0 i.fBl+B2+B3+B4>0

Total number of cross ●ections per nuclide

Nx=m*NK

Miscellaneous indices

NG1=N(3+1

NG2=NO+2

NMI.=NM+l

.

.

‘.

‘.
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3.2 Fluxes

Calculated when IF = 1, 2, 3

Flux in zone I, group 1

F(I,l) = R(I)-IF - G(i,l) 1=1, Nz

G(i,l) = R(I-1)-IF 1=2, NZ
o 1=1

Flux in zone I, group J

F(I,J) = F(I,l) J =2, NG

3.3 Totel Fluxes

Total flux in each grOUP J

J=l,NG

G(J) =~F(I,J)

3.4 Sources
Summation over I = 1, NZ

Calculatedwhen IS = 3

Sources in each group J

J=l,NG

s(1) = .204 s(5) = .Ogo

s(2) = .344 s(6) = .014

s(3) = .168 S(J) =0 J=7,NG

s(4) = .180

3.5 Quantities Related to Data in Cross-Section
Deck

M-number

The cross sections are identifiedby the number
M, M = 1 for the first set read in, M = 2 for
the second set, etc. ~ch set of cross aectiona
retains the same M number from one problem to the
next, unless new cros8 sections are read in or
stored over it.

Cross-sectionidentification

3DY(M) = IDX(M,8) (columns4&49 af cross-section
header card]

M=1,36

Cross sections for printing

Calculatedwhen IN = 2 and NM> O, for all input
materials M = 1, NM

W(J,k) = X(M,Ii)

J=l,NG

%’% K=L1,NK

$g
N =NK*(J-1) + K

< 2.6 Mix Cross Sections and Related Quantities

~~~ctiated for each zone I = 1, NZ

Mix cross sectione

Y(i,N) =
.’

.“

~c(M,I)*x(M,N)

Smmnation over allmateriala M= 1, 36
for which C(M,I) > 0

N=l, NX

Diffusion coefficient

D(i,J) = &O/[3.O+Y(N)]

[1
i.fYN >0
ifYN~o

J=l,NG

N= N’K*(J-l)+ 3

Leakage cross section

[( mm ‘d
2

B(i,J) =D(i,J) B1*Y(N) + 1.42

(

BF2

~)

2

+ B2+Y(N) + 1.42

(

BF3

d

2

+ B3*y(N) + ~,l+z

(~ BF4 2
+ *Y(N)+ 1.420J 1+BG

J=l,NG

N =NK*(J-1) + 3

Mix cross sections for printing

Calculatedwhen IN = 1,2

W(i,J,4= Y(i,N)

J=l,NG

K=l,NK

N= ~*(J-1) + K

Fluxes for each zone in cross-sectionformat

P(i,N) = F(I,L) whenl~L~NG
o when L<l or

L>NG

I = 1, NZ

J= 1, NG

K=l, NX

N = NK*(J-1) + K

L= J whenK<4
J+NS-K whenK>4

UnnormalizedLARCA cross sections

Z(N) = ~ Y(i,N)*P(i,N)

Summation over I = 1, NZ

N =l,NX

3.7 WCA Cross Sections and Related Quantities

Total flux in cross-sectionformat

P(N) = G(L) when15L~NG
o whenL<l or

L>NG

J=l,NG

K=l,NK

N = NK*(J-1) + K

L= J whenK~4
J+NS-K whenK>b

LARCA cross sections

Z(N) = Z(N)/P(N) when Z(N) # O
0 when Z(N) = O

N=l,NX



Diffusion coefficient

D(J) = 1.O/(.3.~Z(N+2)]
[1

when Z N+2 > 0
0 when Z N+2 ~ O

J=l, NG

N = NK*(J-1) + 1

L\

( BF2 12

+ BHZ(N+2) + 1.

(

BF3

::1

2

+ B3wz(N+21 + 1.

(~

BF4
2

+
*Z(N+2) + 1.42

~) 1+E3
J=l, NG

N = ITK*(J-l)+ 1

Leakage modificationto absorptionmd transport
cro8a sections

Z(N) = Z(N) + B(J)

Z(N+2) =Z(N+2) +B(J)

J=l,NG

N =NK*(J-1) + 1

Check cross section

CX(J) =Z(N+2) - Z(N) -~Z(L) - Z(N+3)

J=l,NG

K=NS,NK

N =NK*(J-1) + 1

L=N+K- 1 + NK*(K-NS)

Summation cwer L = N+NS-1,
min [~; N-1+~*(1+~-M)]

The Z(N+3) term is omitted whenNS ~ 4

Modificaticm to the self-scatteringcro8s section

Z(L) = Z(L) + CX(J)

J=l,NG

N= NK*(J-1) + 1

L=N+NS-1

Storage of LARCA cro8s sections

CalculatedwhenMX> O

X(MX,N)= Z(N)

IDY(MX)= IDP(l)

N=l,NX

LARCA cross sections for printi~

W(J,k)= Z(N)

Ju1,NG

K=l,NK

Nxl = Nx+l

Z(N) = 0.0 for N = NX1,330

3.8 Infinite Medium Flux

Ce.lcul.atedwhen IS > 1

Infinite medium flux when NS ~ 4

G(J) = S(J) +~Z(N)W(L)

Sunmation over K = 5, NK

J=l,NG

N = NK*(J-1) + K

L = J-K+4

When L < 0, no term is added to the
sumnation

‘(J) ‘m&l’(m
J=l,NG

N = N’K*(J-l)+ 3

Infinite medium flux when NS > 4

U(J,L) = 0.0 when K $ 4,
K>NK

U(J,L) = 1.0 when K = NS

79%U(J,L) = z N1 -Z N2

‘(J) ‘*

whenK>4, KSNK,
K+NS

J=l,NG

L=l,NG

K = J-L+NS

N1 = NK*(J-1) + 3

N2 =NK*(J-1) + NS

N = NK*(J-1) + K

The set of equations~U(J,L)W(J) =V(J),
J=l, NG ia 8olved by the I&3 subroutine

Infinite medium fluxes in cross-sectionformat

P(N) = G(L) whenl$LSNG
o whenL<l, L>M

J=l,NG

K=l,NK

N = NK*(J-1) + K

L= J when K s k
J+NS-K whenK>4

3.9 Reaction Rates and Related Data

Cal.culatedwhenIS >0

Reaction rates

~ Y(N) =[Z(N) -B(J) ]*P(N)

N =NK*(J-1) + K g-~ Jml,NG

IARCA cross sections for punchi~ $:*+ K=land3

Calculatedwhen IP = 1 *.A<* N=NK*(J-1) + K

.

<

‘.

“.

NG8 Octal equivalent ofNG w Y(N) = Z(N)*P(N)

NK8 Octal equivalent of NK J=l,NG



K=2; K=4, NK Reaction retea for printing

W(J,k)= Y(N)

J=l, NG

K= 1, NK

N = NK*(J-1) + K

N= NK*(J-1) +

Total reactions

Y(N1) = ~Y(N)

Sumnation over

J=l, NG

K=l, NK

N = IfK*(J-l)+

NIx NX+K

Total flux

G(NOl) = ~G(J)

Summation over

Total source

S(NG1) = ~S(J)

Summation over

Total diffusion reactions

D(NG1)= ~D(J)+k2(J)

Summation over

Total leakage

B(NG1)= ~B(J)w(J)

Summation over

Material buckling

K

J= 1, NG

K
4, PRINTEDom

All of the underscored items listed below

as output are prl.ntedby the program. .

4.1 Input Data

Printed for each problem

LARCA CALCULATION

IDP(L) L=3.,12

INDICES

J=l,NG s= AtteCh~

Errata S~*

J=l,NG

J= 1, NG
LEAKAGE CONSTANTS

BKLG BKI.G CYL BKLG
HEIGHT HEIGRT DIAM—.
B1 B2 B3

SPH BKIG GEOM
DIAM BUCKLING

B4 I?3J=l,NG

CROSS SETIONS

1 IDx (l,L)

2 IDx (2,L)

3 IDx (3,L)

‘M ‘%W- “ L=l,IZ

L=1,12

L=1,12BM2= ~# when BM> O
0 when BMsO

Geometric buckling

BG2 = $/2 when B2>0
when IY&<O

Infinitemultiplication

. . . . . .

NM IDx (nm,L) L=1,12

NM+l IDY (NM+l)
. . . . . .

36 IDY (36)
RINF

H

. Y NX+2
Y Nx+l

ZONZ DATA

ZONE RADIUS——
1 IDz(l) R(l)

Effective multiplication MATERIAL NUMBER DENSITY

M IOY(M) C(M,l)‘m ‘ma%-m
(printed for all mate-
riels in zone 1)Average cross sections

Y(N+l) =Y(NX+l)/G(NGl)

Y(N+2) =Y(NX+2)/G(NGl)

D(NG2) = D(NGl)/G(NGl)

Y(N+3) =Y.O/[3.WD(NG2)]

G(NG2) = 1.0

B(NG2) = B(NGl)/G(NGl)

S(NG2) = 0.0

Y(L) = Y(N+3) - Y(N+l)

M =NX+NK

L =N+NS

Extrapolationdistance

E = 0.7104/Y(N+3)

2 IDZ(2) R(2) M lDY(M) C(M,2)

(printed for allmste-
rials in zone 2) .

. . . . . . . . .

Nz IDZ(NZ) R(NZ)

. . . . . .

M IDY(M) C(M,NZ)

(printed fora.U mate-
rials in zone NZ)

.“

. .
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4.2 Input Cross Sections

printed when IW = 2 and NM> O for each M = 1, NM;

N= NK*(J-l)+K

M IDY(M)

1 2 . . . NG

1 X(M,N) X(M,N) . . . X(M,N)

2 X(M,N) X(M,N) . . . X(M,N)

. . . . . . . . . . . . . . .

$1 ‘K
X(M,N) X(M,N) . . . X(M,N)

~cn 4.3 Mix Cross Sections

4 ~ Printed for each zone I; I = 1, NZ when IW = 1,2;

IDP(L) L = 1, M

REACTION RAm

COLUMN NG1 = TOTALS OVER ALL GROUPS

COLUMN NG2 = AVERAGES OVERALL GROUP9

1 1 2 . . . N(3 ml NG2

1 Y(N) Y(N) . . . Y(N) Y(NG1)

2 Y(N) Y(N) . . . Y(N) Y(NG1)

Y(NG2)

Y(NG2)

. . . . . . . . . . . . .

NK Y(N) Y(N) . . . ;(;) Y(N)

FLux G(1) G(2) . . . G(NG) G(NG1)

DIFF
COEF D(1) D(2) . . . D(NG) D(NG1)

YUGE B(1) B(2) . . . B(NG) B(NG1)

SOURCE S(1) S(2) . . . S(NG) S(NG1)

. . .
0.0

1.0

D(NG2)

B(NG2)

S(NG2)

~~N=NK*(J-I)+K

IDP(L) L = 1,12

MIX CROSS SECTION IN ZONE I

MATL BKLG EM & EW~

GECM BKU.3 BG & 2G2~

K INFINITY RINF

K EFFEETIVE REFF

EQ!N DIST E CM—

1 2

1 Y(i,N) Y(i,N)

2 Y(i,N) Y(i,N)

NG

Y(i,N)

Y(i,N)

. . .

Y(i,N)

F(I,NG)

D(i,NG)

B(i,NG)

NG

Z(N)

Z(N)

. . .

Z(N)

G(NG)

D(NG)

B(NG)

CX(NG)

. . .

.0.

. . .

. . . . . . . . .

NK Y(i,N) Y(i,N) . . .

. . .FLux F(I,l) F(I,2)

DIFF 4.6 Punch output

When 1P = 1, the flux-weightedcross sections are

punched

Header card

‘Cohmllfl 14-16 G=—
columns 17-I-8 NG8

COhMXM 19-22 L-
COhMlllS23-2k NK8

COhMUIII25-37 NWLIDE N@.=

columns 44-49 IDP(l)

Columns 73-78 IDP(l)

columns 79-80 IC (IC = O)

Data cards

Cohmm.fi 1-’72 Z(N) 6worda per card N=l,NX

COhMUB 73-78 IDP(l)

C01UMU8 79-80 IC (IC = 1,2, 3,...)

$ p =GE D(i,l) D(i,2)

B(i,l) B(i,2)

=$ G
4.4 LARCA Cross Sectionsv-

. . .

. . .

dj N=NK*(J-l)+K

LARCA CROSS SECTIONS

1, 2

1 Z(N) Z(N)

2 Z(N) Z(N)

. . .

. . .

. . .

. . . . . . . . .

m Z(N) Z(N)

FLux G(1) G(2)

DIFF
COEF D(1) D(2)

LEAKAGE B(1) B(2)

. . .

. . .

. . .

. . .
cm
Y3M

~y — Cx(l) CX(2)

3% 4.5 Reactions
s

. . .

Printed when IS > O; Sources printed only when
RXFERENCE

1. K. D. Lathrop, “DTF-IV, a FORTRAN-IV Program

for Solving the Multigroup Transport Zquation
with Anisotropic Scattering,”Loa Alsmos
Scientific Laboratory report LA-3373 (1%5).

1S22
‘.

● .

N=NK*(J-l)+K

Y(NG2) printed only for K = 1, 2, 3, NS

Fluxes are the same fluxes used in the flux-weighted

cross-sectioncalculation (when IS = 1) or Infinite

me~um fluxes (when IS = 2, 3,4)



PROGRAM LARCA ( IN PUT,0UTPUT9PUNCH)
c
c OIMENSION STATEMENTS
c

DIMENSION ICP(12), IDZ1(20), IDZ2(20), I12X( 12), ID Y(36)
DIMENSION R(20),C( 36,2G),S(27),F (20,25 ),G(27) ,X(36,325 ),W(27),

I Z(330),Y( 351),D(27),B(27) ,P(325),CX(25),U(25,75) ,V(25)
c
c INPUT FORMAT STATEMENTS
c

1011 FORIJAT(6A6, A7,4A6,A5)
1012 FORPAT( 1216)
1013 FORNAT(6E12.4)
1031 FDRKAT( 3(2A6,E12.4))
1032 FORMAT( 3(216,E12.4))

c
c OUTPUT FORMAT STATEMENTS
c

2001 FORPAT(IH1,*LARCA CALCULATION*)
2011 FORNAT( 1H0,6A6, A7,4A6,A5 )
2012 FORMAT[lHO,*INDICES*// 6H NZ,6H NC ,6H IF,

I 6H IS,6h NM, 6H NG,6H NK?6H NS,6H NX,6H Iw,
2 6H IP,6H MX/1216)

2013 FORPAT( IHO,*LEAKAGE CONSTANTS*//l6H BKLG HEIGHT,
1 16H RKLG HEIGHT,16H CYL BKLG DIAM,
2 16H SPH BKLG 01AM,16H GEOM BUCKLING/5F16.6)

2091 FORPAT(IHO?*CROSS SECTIONS*//)
209? FORHAT( 16,6X,A6,6X,12A6 )
2093 FORPAT(16,6X,A6)
2094 FORPAT( IHO, 11X,8112)
2095 FORMAT( 13,9X,~F12.6)
2096 FORPATI IH1,15,6X,A6)
2111 FORPAT(lHI,*ZONE DATA*//6X,l6H ZONE ,

1 16H RADIUS,16H MATERIAL,16H NUMBER DENSITY)
2112 FORPAT( 1H0,15,4X,2A6,F 16.6)
2113 FORMAT( 38X, 16,4X,A6,F16 .6)
2241 FORF!AT(lHl,6A6,A7,4A6,A5//* MIX CROSS SECTIONS IN ZONE*,13//)
22b2 FORPAT(lHO, llHFLUX ,8F12.6)
2243 FORPAT(12H OIFF COEFF ,8F12.6)
2244 FORMAT[12H LEAKAGE ,8F12.6)
2321 FORF!AT(lHl,6A6,A7,4A6,A5//* LAP.CA CROSS SECTIONS*//)
2322 FOR$’AT( IHO, II}CHK X-SEC ,8F12.6)
2651 FORF’AT(lHl,6A6,A7,446,A5//* REACTION P.ATES*//

! 6X,*COLUMN*,13, ● = TOTALS OVER ALL GROUPS*/
2 6X,*COLUMN*,13, ● = AVERAGES OVER ALL GROUPS*//)

2652 FORMAT(12H SOURCE ,8F12.6)
2653 FORMAT(IH1, llFMATL 8KLG ~F12.8,* (B =*,F12.8,* )*/

I 12H GEOM BKLG ,F12.8,* (B =*,F12.8,* )*/12H K INFINITY ,F12.6/
2 12H K EFFECTIVE,F12.6/12H EXTN OIST ,F 12.6,* CM*)

c
c PUNCH FORMAT STATEMENTS
L

3331 FoRr9’AT(13X,3t-G= 912,4H L= ,12J13H NUCLIDE NO.=,
1 6X,A6,?3X,A6,12)

3332 FORNAT( 6E12.6,A6,12)
c
c PREPARATION
c

l)OlP=l,36 $ IDY(M)=6H
1 CONTINUE
2 PRIFJT 2001

L

l.).



c GENERAL INPUT
c

REAC 1011, (ICP(L),L=1,12) S PRINT 2011, (IDP(L),L=l ,12)
c

REAC 1012,NZ)NC, lF, IS,NM,NG$NK,NS? IU,IPSMx
REAC 1013?i31, B2~B3,B4~BG

c
BF1=O.O $ BF2=0.O $ BF3=0.O $ RF4=0.O
IFIB1.GT.O.O )BFi=3. 141592 $ IF(B2.GT.0.0)BF2=3. 141592
IF(B3.GT.O.0)PF3=4.8096 $ IF(B4.GT.O.0)RF4=6.283184
IF(B1+B2+R3+B4.GT.O.O)BG=O.O
NX=NG*NK $ NGI=NG+l $ NG2=NG+2 $ NMI=NM+l

c
PRINT 2012,NZ,VC, IF, IS,NM,NG,NK,NS,NX, IW,IP,MX
PRINT 2013~Bl,B2, B3,B4,BG

c
c ZONE ANC MATERIAL INPUT
c

REAC 1031, (IDzl(I), IDZ2(I),R (I), I=lsNZ)
D0321=1?NZ $ D031N=1s36 $ C(M, I)=O.O

31 CONTINUE
32 CONTINUE $ READ 1052, (M, I,C[M,I),L=1,NC)

c
c FLUX INPUT FOR LARCA CALCULATION
c

51 IF( IF-1)67,61,52
52 IF( IF-3)61,61,65

c
61 G(l)=O.O $ 00631=1,NZ $ F([, I)=R(II**IF-G(l)

G(l)=G(I)+F(I, I) $ D062J=2,NG $ F(I*J)=F(Ijl)
62 CONTINUE
63 CONTINUE S GOT067

c
65 D066J=1*NG $ READ 1013, (F(I,J), I=I,NZ)
66 CONTINUE
67 D069J=1.NG $ G(J)=O.O $ D0681=1,NZ $ GIJ)=G(J)+FII,J)
68 CONTINUE .
69 CONTINUE

c
c REACTION INPUT
L

IF{ IS-3)81,71,73
c

71 s( 1)=.204 $ S[2)=.344 $ S(3)=.168 $ S[4)=. 180 S S(51=.090
S(6)=.014 $ D072J=7,NG $ S(J)=O.O

72 CONTINUE $ GOT081
c

73 REAC 1013, [S(JI?J=1,NG)
c
c CROSS SECTION INPUT
L

81 PRINT 2091 $ IF(NM)93,93,91
c

91 D092M=1,NM S READ 1011, (IDX(L),L=1,12) $ IDY(M)=IDX(8)
PRINT 2092, M, IDY(M), (IDX(L),L=1 ,12) $ READ 1013~(X (M,N),N=1ShX)

92 CONTINUE
93 IF(NM.LT.36)PRINT 2093, (M, IDY(M),M=NM1 ,36)
94 IF(IW.LE. 1.OR.NM.LE.0)GOT099
95 D099M=1,NM $ PRINT 2096,M,IDY(M) S J2=0
96 J1=J2+1 $ J2=J1+7 $ IF(NG.LE.J2)J2=NG

PRINT 2094j(J~J=JltJ2) s D098K=lsNK $ D097J=JI,J2
N=NK*(J-l)+K $ W[J)=X(MSN)

97 CONTINUE $ PRINT 2095sKs (W(J)tJ=Jl~J2)
98 CONTINUE $ IF(NG-J2)99~99~96
99 CONTINUE

.

I
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.
L

c ZONE AND MATERIAL OUTPUT

.’

L

111 PRINT 2111 $ D01141=I,NZ $ PRINT 2i12,1, lDZi(I), IDZ2[t),R( I)
O0113M=I?36 $ IF(c(M, I) )113,113,112

112 PRINT 2113sM, IoY(M),C(M, [)
113 CONTINUE
IIU CONTINUE

c
c CLEAR LARCA CROSS SECTIONS ANO BEGIN ZONE LOOP
c

201 00202N=1,330 $ Z(N)=O.O
202 CONTINUE $ D02711=I,NZ $ D0203N=1,NX $ Y(N)=O.O
203 CONTINUE

c
c CALCULATE MACROSCOPIC CROSS SECTIONS PY ZONE
c

00223M=1,36 $ IF(C(M, I))223,223,221
221 00222N=1,NX $ Y(N)=Y(N )+CIMSI)*X(M,N )
222 CONTINUE
223 CONTINUE $ D0233J=1,NG $ N=NK*(J-l )+3 s IF (Y(N))231,231 ,232
231 D(J)=O.O $ PIJ)=O.O $ GOT0233
232 O(J)=l.O/(3.O*Y(N)) $ B(J)=(BF1/(Bl+l.4208/Y (N)) )**2

B(J)=B[J)+(@F2/(R2+l.4208/Y(N )))**2 +(8F3/(B3+l.4208/Y(N) ))**2
B(J)=D(J)*lBG+B(J)+(BF4/ (B4+le4208/Y(N)))**2)

233 CONTINUE $ IF( IU -1)251,241,241
c
c PRINT MACROSCOPIC CROSS SECTIONS BY ZONE
c

241 PRINT 2241, (ICP(L),L=1,12), I $ J2=0
242 JI=J2+1 $ J2=J1+7 $ IF(NG.LE.J21J2=NG

PRINT 2094, (J,J=J1,J2) $ D0244K=1,NI( S D0243J=JI ,J2
N=NK*(J-I)+K S W[J)=Y(N)

243 CONTINUE $ PRINT 2095,K, (W(JI,J=JI,J2)
244 CONTINUE $ PRINT 2242~(F( I,J),J=Jl,J2)

PRINT 2?h3, [O(J),J=Jl~J2) $ PRINT 2244, (R(J),J=Jl~J?)
IF(NG-J2)251, 251,2&2

c
c ARRbNGE ZONE FLUXES
c

251 00258J=1,NG $ 00257K=1,NK $ N=NK*(J-I)+K $ IF (K-4)252,252,253
252 L=J $ GOT0255
253 L=J+NS-K $ IF(L )256,256,254
254 IF(NG-L )256,255,255
255 P(N)=F(IIL) $ GOT0257
256 P(N)=O.O
257 CONTINUE
258 CONTINUE

c
c ACCUMULATE LARCA CROSS SECTIONS
c

261 D0262N=1,NX $ Z(N)=Z(N )+Y(N)*P(N)
262 CONTINUE

c
c END ZONE LOOP

271 CONTINUE
L

c ARRANGE FLUX
c

281 D0288J=1,NG $ D0287K=19NK $ N=NK*(J-I)+K $ IF (K-4)282,282,283
282 L=J $ GOT0285
283 L=J+NS-K $ IF(L)2i36,286,284
284 IFING-L)286~2E?5, 2R5
285 P(N)=G(L) $ GOT0287
286 PIN)=O.O
287 CONTINUE
288 CONTINUE
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L

c
c

292

293
294

295

296

297
c
c
c

311
312

c
c
c

321
322

323
32b

CALCULATE LARCA CROSS SECTIONS

D0292N=i,Nx $ IF(Z(N) .NE.O.O)Z(N)=Z(N) /P(N)
CONTINUE $ C0297J=I,NG $ N=NK*(J-l )+1
If(Z(N+2) )2939293,294
D(J)=O.O $ B(J)=O.O $ GoT0295
O(J)=l.O/[3.0*Z(N+21) $ B(J)=(BF1/(@l+l.420&3/z (N+2)))*+2
R(J)=R(J)+($F2/(B2+l. 4208/z(N+2)))**2 +(BF3/(B3+l.4208/Z(N+2 ))]**2
B[J)=O(J)*(BG+B(J)+(8F4/ (B4+l.4208/Z(N+2)))**2 )
Z(N)=Z(N)+B(JI $ Z(N+2)=Z(N+2) +L3(J)
CX(J)=Z(N+2)-Z[N) s D0296K=NS,NK
L=N+K-I+NK*(K-NS) $ IF(NX.GE.L )CX(J)=CX(J)-Z IL)
CONTINUE $ IF(NS.GT.4)CX(J )=CX(J )-Z[N+31
L=N+NS-I $ Z(L)=Z(L)+CX(J)
CONTINUE $ IF(MX)321!321,311

STORE LARCA CROSS SECTIONS

00312N=l~NX $ X(MX,N)=Z(N)
CONTINUE $ IOY(MX)=IOP(l)

PRINT LARCA CROSS SECTIONS

PRINT 23217 (IcP(L),L=1,12) $ J2=0
J1=J2+1 $ J2=JI+7 $ IF(NG.LE.J2)J2=NG
PRINT 2094, (J,J=JI,J2) $ D0324K=1?NK $ D0323J=JljJ2
N=NK*IJ-l)+K $ WIJI=ZIN)
CONTINUE $ PRINT 2095,K, (W(J),J=J1,J2)
CONTINUE $ PRINT 2242, (G(J),J=J1,J2)
PRINT 2243t(O{J ),J=JlsJ2) $ PRINT 2244t[B (Jl,J=Jl,J2)
PRINT 2322, (CX(J),J=J1,J2) $ IF(NG-J2) 331,331,322

L

c PUNCH LARCA CROSS SECTIONS
c

331 IF(IP )343, 34?,33?
c

332 NG8=NG $ IFING.GT.7)NG8=NG+2 S IF(NG.GT. 15)NG8=NG+h
IF(NG.GT.23 )NC8=NG+6 $ NK8=NK s IF (NK.GT.7)NK8=NK+2

L

341 IC=O $ PUNCI- 3331,NG8,NK8, 10P(1),IOP (I),IC S N2=0
342 N1=N2+I s N2=N1+5 s IC=IC+l

PUNCH 3332, (Z(N),N=N1,N2), IOP (l),IC $ IF (NX-N2)3k3 ,343,342
343 IF( IS-1)701,601,501

1.

c CALCULATION OF INFINITE MEDIUM FLUXES
L

501 IF(NS-4)511, 511~521
c

511 00513J=1?NG s G(JI=S(J) $ D0512K=5,NK s N=NK*(J-l)+K
L=J-K+4 $ IF(L.GT.O)G( J)=G(J)+Z(N) ●G(L)

512 CONTINUE $ NI=NK*(J-11+3 $ N2=N1+I $ G(J)=G(J)/(z(Nl)-z(A2) )
513 CONTINUE $ GOT0531

521 00528J=1,NG $ N1=NK*(J-l )+3 $ N2=NK*(J-l)+NS
D0527L=l~NG $ K=J-L+NS S IF(K-b)524,52h,522

522 IF(K-NS )523,525,523
523 IFIK-NK )526,526,52Q
524 U(J,L)=O.O $ GOT0527
525 U(J,L)=I.O S GOT0527
526 N=NK*(J-l)+K $ u(J,L)=-zlN)/[z(Nl)-z(N2) )
527 CONTINUE $ V(J)=S(J)/(Z(Nl)-Z(N2))
52FI CONTINUE S L=l $ CALL LSS(NG,L,NG, L,V,D,DET)

00529J=ltNG $ G(J)=V(J)
529 CONTINUE

..

“.

● .
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c
c ARRANGE INFINITE MEDIUM FLUXES
c

531 D0538J=1, NG $ Do537K=lt NK $ N= NK*(J-II+K $ IF I K-4)532,532,533
532 L=J s GoTu5?5
533 L= J+NS-K S IF(L)536,536,534
534 IF(NG-L 1536,535,535
535 P(N)=G(L) $ GOT0537
536 PIN)=O.O
537 CONTINUE
538 CONTINUE

c
c CALCULATION OF REACTION RATES
c

601 NKl=2*NK $ C0602K=l,NKl s N=NX+K $ Y(N)=O.O
602 CONTINUE $ G(NG1)=O.O $ S(NG1)=O.O $ D(NG1)=O.O $ 8(NGI)=0.G

c
D0612J=1,NG $ D0611K=1,NK $ N=NK*(J-l)+K
IF(K.EQo 1)Y(N)=(Z(N)-R(J ))*P(N) $ IF(K.EQ.3) Y(N)=(Z(N)-B(J ))*P[N)
Y(N)=Z(N)*P[N) $ N1=NX+K $ Y(NI)=Y(NI)+YIN)

611 CONTINUE $ G(NGII=G(NG1)+G(J) $ S(IVG1) =S(NGII+S(J)
D(NG1)=D(NG 1)+D(J)*G(J ) $ 8(NG1)=B (NGI)+8(J)*G(J )

61? CONTINUE $ @M=[YlNX+2)-Y(NX+l))/D[NG 1) 4 8M2=0.O $ 8G2=0.O
IF(8M.GT.O.0)8M2=8M** .5 $ IF(8G.GT.0.0 )i3G2=8G**. 5
RINF=Y(Nx+2)/Y(Nx+l) $ REFF=Y(NX+2)/(Y(NX+l)+B INGI)I
N=NX+NK $ Y(N+l)=Y(NX+l)/G(NGl)
Y(N+2)=Y(Nx+2)/G(NGl) $ D(NG21=D(NGl)/G(NGl)
Y(N+3)=l.O/(3.0*D(NG2) ) $ G(NG2)=1.O $ 8.[NG2)=8(NGl)/G(NGl)
S(NG2)=0.O $ E=.7\04/Y(N+3) $ L=N+NS $ Y(L)=Y(N+3)-Y(N+I)

c
c PRINT REACTICN RATES
c

PRINT 2651, (ICP(L),L= i,12),NGl,NG2 $ J2=0
651 J1=J2+1 $ J2=J1+7 $ IFfNG2.LE.J2)J2=NG2

PRINT 2094, (J,J=JI*J2) $ D0653K=I,NK $ D0652J=JI,J2
N=NK*(J-I)+K $ WIJ)=YINI

652 CONTINUE $ PRINT 2095,K, (W(J),J=J1,J2)
653 CONTINUE $ PRINT 2242, (G(J),J=J1,J2)

PRINT 2243, 1D(J),J=J1,J2) $ PRINT 2244, (8(J),J=J1,J2)
IF(IS.GE.2)PR[NT 2652,( S(J),J=J1,J21 $ IF(NG?-J2) 65Q,654,651

654 PRINT 2653, (8M,BM2,BG,BG2,R INF,REFF,E)
c
c END OF PROBLEM
L

701 GOT02
END

.’

. .
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UNIVERSITY OF CALIFORNIA
LOS ALAMOS SCIENTIFIC LABORATORY

(CONTWUITW-7405-BXW-96)
P.0,Box 166s

LOIAhIllOS,New Mexico 87544

KN XX?LY

XXFX8 To: To Holders of LA-3873-MS

SUBJECT: Addendum to
Calculating

Since the publication
below, have been made

u-3873-Ms - LIUCA:
Flux-We@hted Cross

October 1, 1969

A FORTRAN-IV CDC-6600 Program for

Sections by R. C, Anderson

of LA-3873-MS, changes and additions, which are listed
to the IJMcA progrsm.

Section 1.1 General Description

Add to the subsection Program Output:

Demage flux

Average scattering cross section per atom (if calculated).

Section 1.2 Principal 0perations

Delete items 9-13, inclusive, and insert after item 8:

9* READ (2.1) Card(s) H (when

10. CALCULATE (3.4) Sources (when

10a. READ (2.1) Card(s) G (when

Il. CALCUL4TE (3.2) Flux (when IF =

I.IAOREAD (2.1) Card I (when

llb. READ (2.1) Card(s) F (when

1.2. CALCUIATE (3.3) Total flux

IDF > 0)

1S aB3)

1S = 4)

1,2, or 3)

~.5)

~.4or5)

AN EQUAL OPPORTUNITY EMPLOYER
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Section 2.1 Detailed List of Input Data Cards

Card B: mEx CARD

13-18 16 IF 5 Flux for LARCA calculation read from
Type I and Type F cards.

I
67-72 16 NLAST O After completing the calculation of the

Card C: LEAKAGE CARD

The card is changed as

1-6

7-9

1O-I.2

13-24

25-36

37-48

4g-60

61-72

Card D:

16

13

13

EI.2.4

E12.4

E12.4

EI-2.4

EI.2.4

ZONECARDs

IDF

ISP1

ISP2

B1

B2

B3

B4

BG

problas the program resds the input data for
the next problem and terminates by reading
the END @F J#B card after the last problem.

1 After completing the cd.culation of the
problem the program returns control to the
monitor.

eollows:

o Damage
damage

>0 Damage
1-IDF,
Type H

Flux computed using standard
flux coefficients.

Flux coefficients for groups
inclusive, to be read i%om
cards.

The average resonance scattering cross section
per atom willbe computed for groups ISP1 - ISP2,
inclusive. If ISP1 = O, the calculation is omitted.

As defined in LA-3873-MS.

As defined in IA-3873-MS.

As defined in LA-3873-MS.

As defined in LA-3873-MS.

As defined in L&3873-m.

,

Change last entry to read:

The quantity R(I) may be omitted when IF = O, 4, or 5 (fluxes not Ca).&l.~ted).
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Card F: mm CARDS

These cards are unchanged, but are required when IF = 4 or 5.

Card G: SOURCE CARDS

These cards are unchanged, but, if used, must precede the Type I and
Type F cards.

Card H: DAMAGE FIJM CARDS

These cards have been added to the hput, and, if used, follow Card(s) E.
1-5 cards required for IDF
per cati.

Cards omitted unless IDF>

1-72 6E12.4 DFC(J)

Card I: FLux HEADER CARD

damsge flux coefficients at 6 coefficients

00

Dsmage Flux coefficient in group J. J = 1, IDF.

This card has been added to the
cmd(s ).

1 card required.

Card omitted unless IF = 5.

An I card is produced by DTF-IV

1-72 A72 IDD Flux

input and, if used, precedes the Type F

when the F cards are produced.

header card information.
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Section 2.2 Summary of Input Data Cards

The revised list reads as follows:

Card A Identification csrd

Card B Index card

Csxd C Leakage card

Card(s) D Zone card(s)

Card(s) E Number density card(s)

Card(s) H Dsmsge flux card(s)

Card(s) G Source card(s)

Card I Flux

Card(s) F Flux

Flux

● .*

Flux

header card

card(s) Group

card(s) Group

1

2

● ☛☛ ● ☛✎

card(s) Group NG

Cross-section decks

.

.

when IDF> O

when IS = 4

when IF=5

when IF = 4,5

when IF= 4,5

when IF = 4,5

NM decks



\
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Section 3.6 Mix Cross Sections and Related Quantities

The following are added to this section:

Damage flux

DF(i) - Y.DFc(J) *F(I,J)

DFT

The

M

Summation over

= ~DF(i)
Sunmation over

standard damage

DFC(l) =6.5

DFC(2) =2.2

DFC(3) = 1.15

DFC(4) = .65

DFC(5) = .25

al.lJ=l,MG.

allI=l,NZo

flux coefficients are:

DFC(6)= .0585

DFC(7)= .010175

DFC(8)= .001902

DFC(9)= .000258

DFC(J) = O J = 10,25

Average scattering cross section per ata

Calculated when ISPI> O for each material M in each zone I for

groups ISP1, ISP2 (inclusive).

sPR(i)= Z(Y(JK+2) - y(m)

Summation over J = ISP1, ISP2

JK. (J-1) 4E~+ 1

SP(i,m) = SPR(i)/C(M,I)/DSP

where DSP = ISP2 - ISP1 + 1
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Section 3.9 Reaction Rates and Related Data

The following is added to this section:

Damage Flux

DF = ~DFC(J)

Summation

Section 4.1 Input Data

* G(J)

over all J = 1, NG.

Under the heading CROSS SECTIONS, IDX(M,L), L = 1, 12, is printed for
all cross-section sets.

Under the heading Z@WE DATA, the damage flux in each zone is printed,
and IDX(M,L), L = 1,12, is printed for each material in each zone.

Section 4.3 Mix Cross Sections

When calculated, the average scattering cross section (SIGMA P) is
printed for each material in each zone. This is printed even when the
mix cross sections are not printed.

Section 4.4 LARCA Cross Section

The damge flux (totaled over all zones) is printed.

Section 4.5 Reactions

The damage flux is printed.

Section 4.6 Punch Output

The header card format has

Cohnns 13-36

COIUIM 40-42

columns 43-45

cohlnUIS 73-78

cohIuUIS 79-80

been changed as follows:

DP(L) L = 1,4

NG

NK

DP(l)

IC (IC =0)


