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ABSTRACT

GAMLEG is a cross section code which prepares group averages of the

Legendre moments of the Klein-Nishina differential scattering cross sec-

tion. For the isotropic component the group scattering cross section is

prepared and compared to the sum of the partial.cross sections to insure

consistency. The code also accepiw as inpu~ absorption, coherent scat-

tering, source, and flux data (forup to 1000 pieces of information at

up to 1000 energy points for each type of input), and provides group

averages of this data. At the option of the useq cross sections can

be flux weighted, source weighte~or unweighted. Up to 100 energy groups

can be formed from group energy bounds supplied by the user. Group av-

erages are performed by trapezoidal integration at up to 100 intervals in

each group. As written, up to six Legendre component scattering matrices

may be prepared for sn arbitrary number of elements. Additional moments

may be prepared with mhor code modification. Cross section output is in

a form suitable for input to the Los Akmos IYTFand DDF transport codes.
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General.

GAMLEG is a numerical code designed to produce multigroup

cross sections for use in Los Alamcs Sri-typetransport codes.

photon

For an

optional selection of group energy bounds snd an arbitr~ input of ab-

sorption data, the code performs, with a choice of weighting functions>

numerical integrations to provide group-averaged absoqtion, scattering}

sad total cross sections. In addition, group-to-group scattering cross

section tables are provided by performing averages of the Legendre IUO-

ments of the Klein-Nishina
(1)

differential.scattering cross section.

Provision is also made for including isotropic coherent scattering in

scattering cross section averages.

2E.9ZZ

The general, linear, Boltzmann transport equation csm be written

where # is the particle flux (speed times the particle density), at is

the macroscopic totsJ-reaction cross section,md as is the.macroscopic scat-

tering transfer probability from energies E‘ to E through u emgle whose

3cosine is that of the angle between the initisl particle direction 0 and
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the final particle direction ;. External sources are represented by S.

Without loss of generality let

u$E* +E> ;’”?) = ? ~Pn(Po)un(E’ +E)
n.()

where

P. = ;t”;

and Pn is a Legendre polynomial. From the orthogonslity

polynomials, the coefficients a~n of Eq. (2) are given by

osn(E’ +E) = ~dD~ldI.Lo P#o)u~(E’ +E, Wo)
o -1

In terms of the angles and cosines

~ . ;.;’

v = ;.:’ . mcos u

(2)

(3)

of the Legendre

(4)

(5)

sin u

unit vectors of u (r, e,p) spherical coordinate‘hereSPZYand; are
9

system, the polynomial.Pn(po) can be expsnded to give

quo) = Pnmn(ll’) + 2 :
++
n-r ! r
n+r . ‘n(P)p~(H’)cOS r(u -u?) (6)

r=l

where the P; sre associated Legendre polynomials.
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A very general multigroup

defining the fol.lowjsngterms.

range of group g, say between

by

@’) = ~ @(;”; E)dE
Erng

representation of Eq. (1) can be made by

First, let the average flux in the energy

Eg and E
g-1~ g = 1)2,....G. be deftied

(7)

Similarly, define the average source in group g as

Sg(;, i?)= J S(; ?,E)dE
Etig

Next, let the aversge total.cross section in the group be

Then, defining the angular integral

(8)

(9)

(lo)

let the average transfer cross section from group h (E’ in an energy ran~e

from Eh to Eh-~ to group g be defined by
_—

~ @n(; ;E’)@ ~ Usn(E’ +E)dE

O&(za’=E’ ‘h Eing

~ &(;~E’)
E’ in h

——

(11)



By substitution of Eq. (2) in Eq. (1), integration of the result

over the energy ran~e of group g, end use of the definitions above, the

mltigroup transport equation becomes

(12)

Althou@ it is very general, use of Eq. (U.) requires a detailed kncYwl-

edge of the angular flux @(?,;,E) for performance of the necessary aver-

a~es, Usually, nmch less information is available for forming group-

averaged cross sections. Assuming that only an energy-dependent func-

tion, say f(E), is available to use in group averages, define group

averages snalogous to those above in the following fashion:

f f(E) [6a(Ej~)+as(~r)]dE
ag=ag+og=Etig
tas

~ f(E)dE
E ing

and

~ f(E’)dE’ / usn(E’ +E)dE
ag-= Einh E ing
sn

E inh

(14)

Averages of the form of Eqs. (13) and (14) are prepared by the code de-

scribed in this report. .



Klein-Nishina Scattering

For Compton scattering by fzwe electrons the differential.

(2) ~cattertig 153Jcross section is given by the Kleti-Nishina

cf~(E’+E, Mo) = as(E’ +E)8(M0

= O otherwise

scattering

(15)

Above,

.
v. .l+&.+

(z6)

[ -+*+2(+++-+)?~6(E’+E)=_ E’
16xE’2 E

Energies in Eq. (15) and (16) are measured tiunits of the electron rest

mass, and the

section (0.665

a# +E) =

cross sections are measured in terms of the Thomson cross

barns) per electron. Substituting Eq. (15) in Eq. (k) gives

(17)

Since the weighting ftmction in Eq. (14) is a function of E’, the E por-

tion of the integration of Eq. (17) canbe done analytically. Given n,

the subroutine SIGLEG (to be described) evaluates the E integral of Eq.

(17) at a value of E’ and a limit of E.

9



The

oS(E) =

IU.ein-Nishinascattering cross is given by

&

. -+ [~~(1 + 2E)(E -2- 2/E) + 4 + ‘a2(l + E)/(l + =)21

(I-8)

8E’

The above functional

nation of Eg.s.(I-8),

g of Eq. (13). Exami-dependence is used to form us

(14), and (13) shuws that, if the weighttig ~C-

tion, f(E), is a constant, then

g = 1,2,...,G (19)

and this relation is used to check the accuracy of numerical integrations.

Absorption data is assumed to be given in tabu~ form, and if in-

tegrations require valxes of absorption cross sections not given in the

table,a linear interpolation is perfo-d. Coherent scattering data is

also assumed to be given from tables. Coherent scattering is assumed to

be isotropic although the actual functional dependence is of the form
(1)

0 Cob= (l+@k[dwo),z]]2
(20)

For this dependence, assu.mkg F iS *st ~de??endent of PO> ~sl = o) ‘d

a .0n>2.
sn

me n = 2 contribution causes negligible correction to

discrete eigenva.kes of the monoenergetic Boltzmann equation.

.
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General Description of the Code

A fluw diagram of the code is given in Figure 1.

the verbal.description is facilitated by reference to

Understanding

this figure.

of

The code begins by reading input control integers describing the

number of group energy lxm.nds,the number of integration points per

group, the number of Legendre transfer moments to be prepared, and an

integer describing what type of weighting thnction is to be used. Cross

sections may be weighted with an input flux distribution or with a source

energy distribution, or cross sections may be formed without a weighting

function. If an input flux is used as a weighting fh.nction,the energies

(in Mev) at which it is specified are rea~ and then the values of the

flux are read. Next a source energy distribution is read, first the

energies (Mev) at which the source is specified and then the values of

the source distribution. Values of the group energy (Mev) bounds cure

then read. After printing the input thus far read, the code prepares

integers needed in the calculation and translates energies to electron

rest mass units by dividing by 0.5Jd.Mev. Thus all integrations are

computed over intervals

Depending upon the

integral

~ f(E)dE g
Ein g

e~ressed in terms of electron rest mass units.

type of wei@ting selected, the code forms the

= 1,2,...,G (21)

by trapezoidal integration. Linear interpolation is performedby a sub-

routine AL(X,Y,XA,J) which linearly interpolates a function Y (given

11



& c

Ireadand print source functio~

I and energies J
v,

Igenerate control integers 1

express energies in
rest mass units: E .5U. -+E I

>()

I I

,’I**Wweighting ftumtion
= input flux

* ~ f(E)dE = ‘;l
i=l

Ei =

integrate* g = 1,....G

=Cg

Tif(Ei) Ti =0.5 wheni=l, i=N+l

Ti = 1.0 otherwise

E
g+l)/N

g+l + (i - 1)(E - E
g

,

Figure 1. Code flow diagrsm
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1

, calculate Legendre moments
m = 1,2,0..$NMAX

#
~geh .
sm

L
,~hf(E’)m’ J 1rY~m(E? + E)dE /FGh

E ing

if m = 1 calcukte and I

print a: + DIF
I

4
~:=o

#=o
a
I
t

if MZ = O read number of
elements (IZ), atomic numbers (Z), and set MZ = 1

~yf=s-c ‘+
m>l no

*
read IA and IC, absorption

data ud energies, if IC > 0, also read
coherent scattering data and energies,
write sane, translate energies to

I rest mass energies. ZA = O.249375+%

1’
I

g = 1,2,....G
I

/ IYa(E)f(E)dE/IUg = us
Etig

~ ~coh(E)f(E)~/~ = IYg
Eing g coh

I
*

I g = 1,2,....G

Fig.
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+’
form cross section table 1

+
g = 1/% ....G

SIGMATl,g = us

SIGMT2, g
= 0.0

$r 1“ g = 1,2, . . ..G

I

I
LQQ_4c*>

&
no yes

I

I
MZ=!ZA+l Mz’1

u =0.249375W? ZA = O.249375%

-Cmi”

no

0
&

no

Fig. L (Continued) .



as a vector) to give its value at X when ,XAis vector of the J values

at which Y is specified. Since cross section averages involve ratios

of trapezoidal integrations, the mesh spacing is not multiplied times

the integral sum. At the seinetime the group aversge of the

ftlnctionis prepared, the detailed behavior of the weighting

is stored, for all groups, for later use, and the integrals

~~tigf(E)S(E)M g = 1,2,...,G

and

~f’gf(E)%(E)m g = 1,2,....G

weighting

function

(22)

(23)

are prepared. The scattering cross section is given by a function rou-

tine SIGMAS(E) which evaluates Eq. (18) (without the factor of 3/8) at

the integration points. Once the integrations sre performed over alll.

groups,the integral of

~ fade

-=
Eing

~ fade
E ing

J f(E)dE

Eq. (21) and the ratios

s
g

=0 g
s

(24)

E ing

are prepared and printed.



Next the integrals of I@. (14) are

n = 0,1,....IW1-1. Since the transfer

require conside?%hle storage space, and

performed for each value of n,

cross section Legendre moments

since they differ from element

to element only in the number of electrons per atom, the code is de-

signed to calculate the zeroth Iqendre moment (isotropic) for all

selected elewents

second,sndhigher

moment, the other

before proceeding

Legendre moments.

element dependent

sorption cross section or the group

are prepared.

to the calculation of the first,

Along with the zeroth Legendre

quantities, such as the group ab-

coherent scattering cross section,

A function routine, SIGLEG(N,Y)X), is used to evaluate ttheE in-

tegral inEq. (14). As written, the routine evaluates the first in-

tegr~ (without, the factor @ 3/8) Of’ Eq. (17) with n = N-1, (l~N

The range of N can be extended easily if need arises. Given N, the

tine evaluates the integral at an E limit givenby X for a value of

E’ = Y. The SIGLEG routine was written for a 64-bit machine. If a—.

bit machine is to be used, double P—— ——— recision arithmetic must be employed— ..

in this routine.—— —

For the E’ integration in Eq. (14) trapezoidal integration is used.

ForE’ in group h, h = 1,2,....Ci.E must

1,2,....G. but E must satisfy E’/(l+2E’)

is in the

is

UL=

range E <E<E
g+l

then the
G

Minimum of (E’, Eg)

not only be in group g, g =

<E<Et. Accordingly, if E

upper limit of the :Eintegration

(25)



lower limit isand the

IL

IfUL<

= lkiiximumof [E’/(l+~’ ), Eg+lj (26)

*
LL the integral is set eqpal to zero. This practice is fol-

luwed except when E is in the last group interval. Then the lower limit

is set equal to Et/(l+2E’) even if E is larger. Doing so, includes
g+l

all energy-loss scattering events which result in transfer to energies

below the lowest group energy bound in the transfer cross section

for scattering to the last group. Once the E’ integration ofEq. (14)

gehis complete the result is divided by Eq. (21) (for E in h) to give Usn .

For the n = O (N = 1) component of the transfer matr~the test of Eq.

(19) is made and the actual.value of the difference is printed.

At this point, if the zeroth Legendre component of the transfer

matrix is being formed, the element dependent data are read and printed.

First the atomic numbers (Z) of the elements considered are read. Then

the quantity Z(O.665)(3/8) is formed for the first element. (This

factor transforms the cross sections to units of barns for an element

of atomic number Z. The factor 3/8 is that factor previously omitted,

while 0.665 is the Thomson cross section). Then absorption, ~d if de.

sired, coherent scattering energies and data for the first element axe

read and printed. Next, these energies are translated to units of the

*-Thesubtraction of the integral evsluated at its upper limit minus the
integral evaluated at its lower limit should be done in douple precision
arithmetic on a 36-bit machine.

17



electron rest mass ener~, and a~oh and u: are formed by trapezoidal

integration in accordance with Eq. (13). u~oh is added to C#:g, and

a total cross section is formed such that

# a e+
tot = ag+‘cob

Cross sections are then

process is repeated for

G
Z u;~ (all in barns)
h=g

(27)

srranged in a table, printed, and punched. This

all.the element% and then the n=l Legendre com-

ponent tables are prepared for d.1 elements. For n> O absorption and

coherent scatterin~ cross sections are not prepared. After group-to-group

scattering cross-sectiontables are prepared for all elements and all n,

execution terminates.

The code listed in this report was written in Fortran IV for use on

the IBM 7030 machine. Profligate use was made of storage, and the pro-

gram as written will not load into a 32,0CXlword memory. This difficulty

is simply remedied by rewriting the common statemen~ at the cost, how-

ever, of reducing the capability of the program. As writte~ the program

will provide up to 100-group cross sections for up to six Legendre

moments for each of an unlimited number of elements. Absorption, source,

coherent scattering, and flux weighting data are each limited to a maxi-

mum of 1000 values at I.000energies. !Rrapezoidd.integration can be per-

formed for up to 100 intervals in an ener~ rsage.
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Code Iuput Preparation

The tits necessary for input is defined and listed, in order of

normal input, below. Integers are read according to a 1415 forma$ and

floating point numbers are read with a u6E12.5 format. All energies

are input in Me~ beginning at the highest energy and proceeding to the

lowest.

1. IG, N, NMAX, @N

IG = Number of groups plus one.

N = Number of integration intervals/graup.

NllAX= Number of Legendre components to be prepared.

* = Control Integer. * <0, input flux weighting;

K@N >0, source weighting; and @N = O, no weighting.

2. (Optional) IF, then EFILIX(I),then F.UJX(I)

IF = Number of input fluxes.

EFLUX(I) = Energies at which input flux is given.

FLUX(I) = Input flux weighting function.

3. IS, then ES(I), then S(I)

These are quantities ana.loguusto 2. for an input source.

4. EG(I) = Group energy bounds.

5“ IZ, then Z(I)

12 = Number of Elements.

Z(I) = Atomic numbers of elements.

19



6. IA, IC, then SIGA(I), EA(I)

IA = Number of input absorption cross sections.

IC = Number of input coherent scattering cross sections.

SIGA(l) = Absorption cross section (barns) for the first

element.

EA(I) = energies at which first element absorption cross

sections are given.

7. (Optional) SIGC~H(I), then EC@(I)

Data for coherent scattering analogous to absorption.

~nputs 6. sztd(possibly) 7. are repeated for each element.

Code Output Description

Cross section tables are printed in the format shown in the listing

of the sample problem. For each group, the column

entries are
‘a’ ‘of’ at’ ‘g+# ag+g+l) ‘g+g+2) ‘tc” ‘e ‘eadtig ‘f

each table identities the element by its atomic number and the Legendre

componentby Pn, n = 0,1,....NMAX-l. n = O corresponds to the isotropic

transfer table.

Punched output begins with a header card identi~g the element

and Legendre moment. FolJ.owingthe header card, the applicable cross

section, beginning with the first group, is punched sequentizilly.The

format is that used for input to the Los Alsmos transport codes lYTFand

DDF.
.
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Code Listing snd SamTle Froblem

A listing of the code, including subroutines, is given. tit-

put from a typical problem is reproduced following the code listing.

In the output of the cross section table% a table size of G groups

(columns)byG + 3 rows must be allowed even though the group energy

st?mcture is such that all rows may not be used. In the sample problem,

the gruup structure allows duwn-scattering from group one to group nine,

but not to group ten.

In the ssmple problem from which the output listing was extracted,

six Legendre components were calculated for each of five elements. One

hundred integration intervals were used in each of the thirteen groups.

The entire problem required one minute snd fifty-ei@t seconds of IBM

7030 (Stretch) computation time.

REFERENCES

1. G. W. Grodstein, “X-RayAttemation Coefficients From 10 kev to 100

Mev,” National Bureau of Standards Circular 583 (1957).

2. H. Goldstein, Thmlamental Aspects of Reactor ShieldinptiAddison-——

Wesley, Reading, Mass. (1959).

.
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. PROGRAM GAMLEGL

c
c
c
c
c
c
c
c
c

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

GIVEN SOURCE ANU ABSORPTION ENERGY DEPENDENCE CODE PROVIIDES
GROUP AVERAGEO CROSS SECTIONS FOR INPUT TU THE OTF OR DOF
CODES. UP TO N (N LESS THAN 10) LEGENORE TRANSFER SCATTERING CROSS
SECTIONS ARE PREPAREO.

THREE WEIGHTING OPTIONS ARE AVAILABLE. (A)-uNwEiGHTEo, (B)-SOURCE
ENERGY WEIGHTING, (C)-WEIGHTING WITH INPUT FLUX

COMMON EG(lOl) tASG(100),SIGS( 100)*SIGC(1OO)SOF(1OO) sFG(1OO)S’
lFLUX(lOOO ),S(1OOO),ES( 1000), IS,SIGA(1OOO),EA( 1000),IAsSG(1OOJS
2SIGCOH( 1OOO),ECLIH(IOOO),IctsIGMAT (lo3,103)sTRANs (100?100)?
3FLUXS( 10CJ;20119EFLUX(1OOO) ,Z(50)9s1GTOT( 1001

DEFINITION OF VARIABLES
SIGA(I)=ABSORPTION C/S
EA(I)=ABSORPTION ENERGIES
S(I)=SOURCE
ES(I)=SOURCE ENERGIES
SIGCOH(I)=COHERENT SCATTERING CROSS SECTION
ECOH(I)=ENERGIES FOR ABOVE
EG(I)=GRCIUP ENERGIES
ASG(I)=GRL)UP AVG ABSORPTION CROSS SECTION
SIGS(I)=GROUP AVG SCATTERING CROSS SECTION
SIGC(I)=GROUP AVG COHERENT CROSS SECTION
FG(I)=GR(IUP AVG FLUX
SG(I)=GROUP AVG SOURCE
TRANS(I,J)=GROUP AVG TRANSFER CRosS sEcTIoNs

‘SIGMAT( I,J)=SCATTERING TRANSFER MATRIX

FLUXS(I)=WEIGHTING FUNCTION

IA=NO. ABSORPTION ENERGIES
IS=NO. SOURCE ENERGIES
IC=NO. COHERENT SCATTER ENERGIES
IG=NO. GROUP ENERGIES
N=NO. INTEGRATION PTS. PER GROUP
IF=NO. OF INPUT FLUXES
NMAX=NO. OF LEGENDRE COMPONENTS REQUESTELI
Z(I)=ATOMIC NUMBERS

INPUT

REAO(lO, 5O1)1G,N,NMAX ,KON
WRITE (9,503)N9NMAX9KON
IF(KON.GE.0)GOT02
REAI)(10$501)IF
REAO(10,502 )(EFLUX(I) ,I=l,IF)

REAO(lOj 502)(FLUX(I)SI=l ~IF)
wRITE(9, 504){ I,EFLUX( I) sFLUX(I),I=lSIF)

2 REAO(10$5O1)IS

READ(109502 )(ES(I)SI=1S is) “---” -
REAO(lO, 502) (S[I)SI=lr 1S)
READ(lO; 502) (EG”(I)sI=1s lG)
WRITE (9,505 )( I,k3(i)~s( I)tx=ifrs). .



—.——
W~TE(9,506 )( I, EG(I), 1=1, IG)

501 FoRMAT(1415)
502 FCIRMAT(1P6E12.5)
503 FORMAT(lHl~14~25H INTEGRATION pQINTs/GRoup~/s15~

117H LEGENDRE MOMENTS,/,15,38H CONTROL (-1/0/1) - (FLUx/NQNE/SouRcE
2),//)

504 FORMAT(LOHO ~ L4H ENERGY (MEV) sILH INPUT FLUXt/~(3Xt15s2Xs

12E14.7))
505 FORMAT(1OHO ,14H ENERGY (MEV) *7H SOURCE*/s(3XS15~2X s2E14.

17))
506 FORMAT(1OHO

c
t20H GROUP ENERGY BOUNDS9/S(3XS15j2XtE14.7) )

c

c
c

c
c
c

5

6

8

9

LO

11

12
13

15
16

17

&

CONTROL INTEGERS
IGA=IG-1
IM=N+l
IMA=N+2
IGL)=IG+2
IGU=IG-2
FN=N

EXPRESS ENERGIES IN REST MASS UNITS
ERM=l./.5lo99
DU51=191G
EG(I)=ERM*EG(I)
0061=1,1s
ES(I)=ERM*ES(I)
IF(KON.GE.0)GOT09
DL181=l,IF
EFLUX(I )=ERM*EFLUX(I)

INITIALIZE FLUX AND AVERAGE FLUX, SOURCE, AND SCATTERING CRCISS
SECTICN
DU18K=1,1GA

H=(EG(K)-EG(K+l))/FN
AS IG=O.
AFLU=O.
ASOU=O.
D0171=1,1M
AA=FLOAT (I-l)*H+EG(K+l )
A8=AA
IF(KON)lG?ll, L2
CALLAL( AB,FLUX,EFLUX~IF )
GOTL)13
A8=1.O
GOT013
CALLAL(AB, S,ES,IS)
11=( 1.EQ.1)GOT015
IFII.NE.IM)GOT016
AB=A8*.5
FLUXS(KsI)=AB
AFLU=AFLU+AB
AS IG=ASIG+AB*SIGMAS(AA)
CALLAL(AA, SsES, IS)
ASOU=ASOU+AB*AA
FG(K)=AFLU
SIGS(K)=ASIG/FG(K)
SG(K)=ASOU/FG(K)
WRITE (9, 181) (K,FG(K);SIGS( K), SG(K),K=l, IGA)-–

181 FORMAT(6HOGROUP, 14H AVG FLUX SL4H AVG SIGMA S

02



112H AVG SOURCE,//,(14S2X,lP3E14.70) )
c
c

19

25

27

507

36

37
c
c

101
1000

508

CALCULATE LEGENDRE MOMENTS - FOR EACH ELEMENT
Mz=o
002000M=1,NMAX
U0191=1,1GB
0C119J=1,1GA
SIGPfAT(IsJ)=O.O
DC137K=1,1GA
IIIF=O.
HA=(EG(K)-EG(K+l))/FN
Du27L=K, ~GA
AIN=O.
I)0251=1*IM
AX=EG(K)-FLOAT( I-1)*HA

Q=Ax/(l.+Z.*Ax}
BU=AMINl(AX~EG( L))
13L=AMAX1(Q,EG(L+1))
IF(L.EQ.IGA)BL=Q.
QQ=O.O
IF(BL.LT.8U )QQ=”FLUXS(KS I)*(SIGLEG(M*AXt BU)-SIGLEG(MsAX~BL) )
AIN=AIN+QQ
TRANS(K,L)=AIN/FG(Kl
IF(M.EQ .l)OIF=DI F-TRANS(KSL )
CONTINUE
IF(M.NE.1)GOT036
DIFF=SIGS(K)+DIF
wRITE(9t507)K,oIFF
FL)RMAT( 43HOOIFFERENCE-GROUP AVG SCATTER CROSS SECTIONS

143H ANO SUM JF GROUP AVERAGEO TRANSFERS GROUPS
212,6H 9 IS=1PEL2.5)

I)F(K)=DIF
SIGTOT(K)=O.
ASG(K)=O.
CC)NTINUE

ELEFiENT DEPENOENT PORTION
IF(MZ.NE.O)GOTO1O1
REAO(10,5O1)IZ
REAo(lO, 502)(Z(I)?I=l~ IZ)
MZ=l
ZA=Z(MZ)*.249375
IF(M.GT.1)GOT03000
REAO(10~501)iA91C
READ(lO, 502)(SIGA(I)91=l~ IA)
REAO(lO, 5O2)(EA(II,I=1, IA)
IF(IC.EQ.0)GOTC13L
READ(lO, 502)(SIGCOH( I), I=L~IC)
READ(lO? 502) (ECllH(I)s I=l, ICI
WRITE (9,508) (I$ECOH(I) tSIGCOH(I)SI=lt IC)
FURMAT(1OHO * 14H ENERGY (MEV) s17H COHERENT SCATTER~/s(3xs

115,2X,2E14.7)) “
00301=1?IC

30 ECOH(I)=ECOH( I)*ERM
MZ=l

31 WRITE (9,509 )( I,EA(I),SIGA( I)tI=l?IA)
509 FORMAT(1OHO t14H ENERGY (MEV) *LIH ABSORPTIONS/S(3X s15s2XS

L2E14.7))
00321=1,1A

32 EA(I)=EA(I)*ERM

24



U035J=1, IGA
H=(EG(J ]-EG(J+l))/FN
AAtlS=O.
AC OH=O.
LI0341=1,1M
AX=FLOAT( I-l)*H+EG(J+l)
AB=AX
CALLAL( AB,SIGA,EAt IA)
AABS=AABS+FLUXS (J,I)*AB
IF(IC.EQ.0)GOT034
CALLAL( AX,SIGCOH,ECOH,IC )
ACOH=ACOH+FLUXS(J, I)*AX

34 CONTINUE
ASG(J)=AABS/FG(Jl

35 SIGC(J)=ACOH/FG(J)
DLI 102 K=l,IGA
SIGTOT(K )=ASG(K )-DF(K)*ZA+SIGC( K)

102 TRANS(K, K)=TRANS(K,K)+SIGC (K)/ZA

L

c FORM CROSS SECTION TABLE
3000 D038J=1,1GA

SIGMAT(l,J)=ASG(J)
SIGMAT(2$J)=0.

38 SIGMAT( 3,J)=SIGTOT(J)
D0391=1,1GA
IAB=I+3
UL139J=191GA
JA=J-1+1

39 SIGMAT( IAB,J)=TRANs(JA, J)*zA
c
c PRINT AND PUNCH CROSS SECTION TABLE

NAB=M-1
WRITE (9;51O)NAB,Z(MZ)

510 FORMAT(2HOP,12,20H CROSS SECTION TABLE,
115H ATOMIC NUMBER=2PE11.3)

40

41

511
512
513

42

2000

—.-.

PUNCH51O,NABSZ(MZ)
MA=l
MB=8
MC=MINO(MB91GA)
WRITE (9,5L1)(J, J=MA,MC)
WRITE(9,513)
C)04LI=1,1GB
WKITE(9$512) I?(SIGMAT (I,J)9J=MA~MC)
MA=MA+8
MB=MB+8
IF(MA.LE. IGA)GLIT(.140
FORMAT(7H0 ~ 8(8H GROUP=12S3X))
FORMAT( 14,3X,1P8E13.6 )
FuRMAT(lHO)
PUNCH502, ((SIGMAT(I,J) ,1=1, lGB),J=l,IGA)
IF(MZ.EQ. IZ)GOT042
MZ=MZ+l
ZA=Z(MZ)*.249375”
IF(M-1) 3000,1000,3000
MZ=l

ZA=Z(MZ)*.249375
CONTINUE
CALLEXIT
EN U —.—

NO. BINARY CARDS 000086 - LENGTH (8)001563 WORDS (=(10)000883)
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c

100

1

4

5

6

SUBROUTINEAL (X,YsXA,J )

LINEARLY INTERPOLATES FUNCTION Y TO GIVE VALUE AT X
DIMENSION Y(J)sXA(J)
1=1
A=X-XA(] )+.000001
IF(A) l~6,5
1=1+1

IF(I.LE.J)GOTO1OO
klRITE(9,4)
FORMAT( 36HOERROR-ENERGY LESS THAN ALL ENERGIES)
CALLEXIT
N= I
IF(N.LE.1)GOT06
M=N-l
X=Y(N)+ (X-XA(NI )*(Y(M)-Y(N ))/(XA(M)-XA(N))
RETURN
X=Y(I)
RETURN
END

NO. BINARY CARDS 000012 - LENGTH (8)000143 WORDS

FUNCTIONSIGMAS(E)
c KLEIN NISHINA SCATTERING CROSS,SECTION

A=l.+2.*E
B=E*E

c=E-2.-2./E
SIGMAS= (ALOG(A) *C+4.+2.*8+( l.+E)/(A*A))/B
RETURN
ENO

“NO. BINARY CARDS 000009 - LENGTH (8)000101 WORDS

FUNCTIONSIGLEG( NSYSX)
c COMPUTES FIRST INTEGRAL IN LEGENDRE MOMENT

DIMENSIONFA( lo),uA(lo)
A3=l./3.
A=l../Y
F=Y-2 .-2.*A

G=(2.+A)*A
H=l.+A
c=A*A

D=l-/X
E=ALOG(X)
A6=l./6*
FA(l)=–D+F*E+X*G+X*X* .5*A
IFIN.LE.1)GOT06
p=D*D

FA(2)=-. 5*P-F*O+E*G+X*A
IF(N.LE.21GOT06
Q.D*p

--A3*Q-F*.5*P-G*D+A*EFA(3)-

WA=H*H
IF(N.LE.3)GL)T06

(=(10)000099)’

.

(=(10)000065)

AVERAGE

R=D*Q

26



FA(4)=-.25*R-F*A3*Q-G*. 5*P-A*D
WB=!i*MA
IF(N.LE.4)GOT06
s=o*R

FA(5)=-.2*S-.25*F*A3*G*Q*5*A*PA*P
WC=H*WB
IF(N.LE.5)GOT06
T=D.s

FA(6L=-A6*T-.2*F*S-.25*G*A3*A*Q*Q
WD=H*WC

6 GoTo(8s 9,10? ll~12~131 SN
8 UAII)=l.

GOTOL4
9 UA(l)=H

UA(2}=-1.
GOT014

10 UA(l)=l.5*WA-.5
UA(2)=-3.*H
UA[3)=1.5
GOTOL4

11 UA(1)=2.5*WB-1.5*H
UA(2)=1.5-7.5*WA
UA(3)=7.5*H
UA(4)=-2.5
GOT014

12 UA(1)=4.375*WC-3.75*WA+.375
UA(2)=7. 5*H-17.5*WB
UA(3)=26.25*MA-3.75
UA(4)=-17.5*H
UA(5)=4.375
GOT014

13 UA(1)=7.875*WD-8.75*WB+H*1 .875
UA(2)=- 39.375*WC+26.25*WA-1.8 ?5
UA(3)=78.75*WB-26.25*H
UA(4)=-78.75*WA+8.75
UA(5)=39.375*H
UA(6)=-7.875

14 Ss=o.
C)0151=L,N

15 SS=SS+UA(I)*FA(I)
SIGLEG=S>*C
RETURN

- END —.

NO. BINARY CARDS 000026 - LENGTH (8)000420 WORDS (=(10)000272)
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