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A Production Code of Multi-group Cross Sections and

Energy Absorption Coefficients for Gamma Rays
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GAMLEG-JR is a modification of GAMLEG to produce multi-group photon
cross sections for use in the Sn—type transport codes. In the GAMLEG code,
the cross section data for the photoelectric effect, pair production and
coherent scattering are read in tabular form by cards. GAMLEG-JR generates
these cross section data by simple empirical formulae as a function of
atomic number Z. The code also producés the group ~averaged gamma-ray
energy absorption coefficient (KERMA factor). An integration of obtaining
the group averaging transfer CTOss sections has been modified in the
present code, because the original integration method 1is inadequate for
calculations of higher Legendre moments in the low energy region.

The group cross sections produced by the code are compared with

the theoretical ones.

* Fujitsu Ltd.
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1. Introduction

The GAMLEG code was designed to generate multigroup photon cross
sections for use in the Sn—type transport calculations. For performing
numerical integration to produce group-averaged cross sections in the code,
the cross section daté for photoelectric, pair production and coherent
scattering reactions have to be prepared in tabular forms by input cards.
However, the preparation of those data are somewhat troublesome for users.
In order to eliminate such trouble GAMLEG-JR generates those cross section
data by using the simple empirical formulae as a function of atomic number

7. The code also produces the energy deposition coefficient (KERMA factor)

given by

hY(I) = 1.6x10'13(uen/p) o (M/Ng) - EI [barn-watt*sec/atom], (1)

where M is the atomic mass number, N, is the Avogadro's number, and EI is
the mean energy of the I-th group. The (ugn/p) is the mass energy absorp-

tion coefficient given byh)

. k
ven/p = <§)fc + %)fT + O | (2)

where the first, second and third terms represent respectively the mass
energy-transfer coefficient for Compton scattering, photoelectric absorp-
tion and pair production. The code calculates the mass energy absorption
coefficient by neglecting the bremsstrahlung effect of recoil electrons.

The original code, GAMLEG, calculates amalytically the energy integral
of an equation for the average transfer cross section. However, this
integration method was found not to be adequate for obtaining the higher ~
Legendre moments than the 6th order at low energy region below about 0.1
MeV, because of round-off errors caused by the machine computation. The
present code, GAMLEG-JR, calculates this integral by the numerical integra-
tion based on the Simposon's rule for equally spaced u (= 1+1/E'-1/E).

The present code is written in FORTRAN~IV for use on the FACOM-230/75
machine. The program provides up to 50-energy groups and up to nine ~
Legendre moments for each of unlimited number of elements. Flux weighting
data are limited to a maximum of 500 values.

The paper presents also the results of evaluation for the calculated

cross sections by comparing with theoretical values.
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2. Absoerption Cross Sections
2.1 Photoelectric Cross Sectionl)

An empirical formula of photoelectric cross section for the K-shell

photoeffect above 0.2 MeV, 7, is given by

Tk = z%

E—Pn"
n=1 1 + cnz

(barns/atom), (3)

where a,, bp, cp and py are given in the following table.

én by Cn Pn
1.6268 x 1079  -2.683 x 10712 4,173 x 1072 1
1.5274 x 1079  -5.110 x 10719  1.027 x 10"2 2
1.1330 x 1079 -2.177 x 10712 2,013 x 1072 3.5
-9.12 10711 0.0 0.0 4

~iw | ==

The ratio of the total photoelectric to K-shell photoelectric cross

section is written as
Tpe/ T = 1 + 0.01481 2n2zZ - 0.000788 nZ (4)

For an element with the atomic number greater than 8, and for photon
energy less than E, = 0.01 exp [0.031(Z-8)] MeV, the cross section for K-

shell is calculated by the formula;
_3 25 sev2.1y3/2rh 4 Y(=2) g 1
Tk = Plo@iny OV i 1 - ey

2_1y1/2
x fn 1t§1 _i; 1 - £ [barn/atom], (5)
where

xp{-4x arccot x)}
—exp (-21x) !

£ = 2mG /22

bo = 8mry2/3 = 6.6537 x 10725 (cm?),
To e?/(mc?) = 2.8182 x 10713 (cm),
mc? = 0.51084 (MeV),

n = mc?/(hv),
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v = hv/(me?) + 1,
I = (Z-0.3)2Ry (photon energy at K-shell edge in units of MeV)
Ry = 13.52 (eV) (Rydbery's constant),

= [T/ (v-1)]1/2

The cross sections Tt TLIT and Tty for L-shell are given by

2127,(137) 3 vy v, exp(-8E, arccot £j3)
TLIT T(z-5,)7 —_) a+3 39 1-exp (-471E5) ? ()
212ﬁ¢ (1373 vy 5 v, exp(-8f, arccot &)
TLITLIIT (7057w O ) T e e ’ )
where
S, = 4.15 (2>10),
1
v = Z‘(Z-Sz)zRy,
£y = [vz/(v—vg)ll/z.
2.2 Pair Production Cross Sectionz)
The pair production cross section, x, 1is written as follows:
i) E < 1.022 MeV
k = 0.0, (8)
ii) 1.022 MeV < E < 2.0 MeV
¢ - BTl 2m, & =2y 3 (1450230 2o Haggp o] ©)
137 3 40 960 ?
iii) E > 2.0 MeV
ZZ 2
< = By - 28+ B2em@m) - g
2 3 o 15 72
+-§&n (2K) - n“(2K) - 3" m(2ZKY+2E5(3) + E—J
- (= = 2.6
&4+ 3) - @5l 2562n(2x)
S ¥ S O | (10)

27.512
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where,

o = (2k-4)/(2+k+2 2K),

£(3) =

I o1 8

1 1.2020569,
n=1 n?

K = hv/mec2.

2.3 C(Coherent Scattering ({ross Section

The coherent scattering cross section is given by

dOR(G) To

2
a2 (l+cos?8) [F(g,2)]2, (1;)

where F(g,Z) is an atomic form factor and depends on knowledge of the -~
atomie wave function.

Figure 1 shows the coherent scattering cross sections of H, Al, Fe
and Pb given in Ref. 3). In the present code, the cross sections are
evaluate from a function of atomic number Z and photon energy E obtained

by using the least squares method for the data given in Ref. 3).

og = exp[-0.09615(InE+11.532)242.3570n = +9.436]. (12)
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H(x1/10)

0.1. 1.0
Energy (MeV)

Fig. 1 Coherent gamma-ray scattering
cross section
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3. Energy Deposition Coefficient

The mass energy absorption coefficient, uen/p, ig the weighted sum of
the probabilities per unit path length for Compton scattering (c/e),

photoelectric absorption (t1/p) and pair production (x/p):

Hen c T K '
—p“— = (E)fc + (E)f.r + (E‘)fK. . (13)

The weights f., f; and f are conversion factors which are the frac-
tion of the photon energy converted eventually into kinetic energy of
electrons and dissipated to the medium via collision losses as ionization

and excitation.

3.1 Compton scattering“)

The f. for the Compton scattering is given by

Tmax

f Po(hv,T) T[1-Gpy(T)1dT, (14)

1

where

_ 2(hv)?
max — peZ42hy

Pc(h\),'l') = (g‘%)/GTs

o 2me? hv_-T
do o 0 (BSE12 4 2 ]2
dT  (hvo-T)2" " (hvp)? hvg
hv,-T
+

W[ (T-mc2)2-(mc?)?]},

s elto 2a(l+ a )
2ty {a3 [ 1+2a

- in(14+20) ]

oT

tn(14+20) _ 1+3a }
20 (1+2a)2"?

+

o = hv/(mc?).

The P, (hv,T) is the probability that a free electron is recoiled with

kinetic energies between T and T + dT as a result of the Compton scattering

— B —
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of a photon of energy hv. The Gy,.(T) is the average fraction that an
electron of initial kinetic emergy T dissipates its energy in bremsstrahlung.

In the code,however, we have assumed that Gpp(T) = O.

4)

3.2 Photoelectric absorption

The f. for the photoelectric absorption is written as follows:

. Pk
1-(T ) ( o Y, for K-shell,
fo= _ (15)
F1E
L=L
1- o ° for L-shell,

where 1K is the photoelectric cross section for K-shell, Fy and Fq, are the
mean fluorescence yields for K-shell and L-shell, respectively, and Ek and
EL are the mean energies of the fluorescence photons. The fluorescence
yields and average energies of fluorescence for the K and L shells &are

shown in Table 1 for several elements.

Table 1 Fluorescence_gields and average energies of

fiuorescence

Element Z Fi Ek(kev) Fp, EL(keV)

C 6 0.0 0.279

N 7 0.0 0.393

0 8 0.0 0.524
Na 11 0.013 1.041 0.031
Mg 12 0.020 1.255 0.048
Al 13 0.030 1.487 0.069
P 15 0.051 2.020 0.169
16 0.069 2.317 0.206
Ar 18 0.105 2.977 0.286
K 19 0.129 3.337 0.334
Ca 20 0.151 3.719 0.385
Fe 26 0.312 6.472 0.714
Cu 29 0.404 8.142 0.937
Mo 42 0.747 17.787 0.072 2.343
T 53 0.868 29.291 0.134 4,145
Pb 82 0.955 77.002 0.400 11.719
U 92 0.961 100.964 0.449 15.509
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3.3 Pair production“)

The fi for the pair production is given by

 hv-2mc?
ome2 - - - + + +o L+
£, = 1- Ei =—(hvﬂ'pp(hv1T+T YT Gy (T ) + T Gpyp(T ) + 1(T 1T .

(16)
Table 2 and Fig. 2 give the Iy values") for several elements obtained from »
+
Eq. (16) by omitting the integral over t(T ) which accounts for the annihi-
lation of positrons in flight. In the present code the fy value is obtain- >
ed with the linear interpolation over photon energies and atomic numbers

using Table 2.
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E=10MeV
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Z

Fig. 2 Energy absorption fraction for pair
production reaction fy with correction
for bremsstrahlung losses as a
function of incident photon energy and
atomic number of medium
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4. Modification of Integration Method for Transfer Cross Section

The average transfer cross section from group h to group g is written

by
L f L
og+h B IE' in h f(E )IE in g Ogn(E'+E)dE dE

sn - fE' in h f(E')dE' » (17)

where f(E') is a weighting function given by input data and Gsn(E'+E) of
Egq. (17) are given by '

oon(E D =i + Bt 26 - D+ G - PAIBLA+ -, a®
for E'/(14+2E') <E < E'.

The original.code, GAMLEG, calculates analytically the E integral of
Eq. (18). However, this integration was not adequate for the higher
Legendre moments than the 6th order at low energy region below about 0.1
MeV, because of round-off erros caused by the machine computation.
Therefore, GAMLEG-JR calculates this integral by using the numerical inte-
gration based on the Simpson's rule for equally spaced u, a Compton scat- -

tering angle. The E integral of Eq. (18) is written by

fogn(E'E)dE = Iosn(E'+E)%% du

_ 3 1 -1 _ _1y2
= IW[1+E (1—U)+ 1+E'(1“1.I) + 2(]-1 l) + (u 1) ]

)

[m‘)—]z'Pn (w)du , (19)

where u =1+ 1/E' - 1/E.
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4. Modification of Integration Method for Transfer Cross Section

The average transfer cross section from group h to group g is written

by
1] 1 1]
og+h B IE‘ in h.f(E )IE in g Ogpn (E'>E)dE dE

SN = IE' in h f(E')dE' ] (17)

where f(E') is a weighting function given by input data and GSH(E'+E) of
Eq. (17) are given by

R R SR CILE s L
for E'/(1+2E") <E < E'.

The original code, GAMLEG, calculates analytically the E integral of
Eq. (18). However, this integration was not adequate for the higher
Legendre moments than the 6th order at low energy region below about 0.1
MeV, because of round-off erros caused by the machine computation.
Therefore, GAMLEG-JR calculates this integral by using the numerical inte-~
gration based on the Simpson's rule for equally spaced u, a Compton scat—

tering angle. The E integral of Eq. (18) is written by

fogn (E'E)AE = IUSH(E'+E)%% du

+ 2(p-1) + (u -1)2]

- 3 W ek
= Tgprz IR -0+ vy

x [m]z'%(u)du A (19)

where p=1+1/E" - 1/E.
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5. Evaluationms of Calculated Multigroup Cross Sections

In order to evaluate the calculational accuracies of GAMLEG-JR, cross
sections generated by the code were compared with experimental and theoret-
ical values given in Ref. 2.

Table 3 shows the ratio of the calculated photoelectric cross sections
to those given in Ref. 2 for elements of z=1, 4, 6, 13, 26, 53 82 and 92.
Deviations from the wvalues given in Ref 2 are less than 1 to 5 percent

for most of energies above 0.2 MeV for all elements except for hydrogen.

‘However, in the energy region below 0.2 MeV, the discrepancies gradually

increase because of irregularities in the higher electron shell structure.
In the GAMLEG-JR, the photoelectric cross section for hydrogen is corrected
empirically by using the ratio given in table 3.

Table 4 shows the ratio of the calculated pair production cross
sections to those given in Ref, 2 for elements of Z=1, 6, 13, 26, 53, 82
and 92. Deviations from the values given in Ref. 2 are less than 1 to 2
percent for all energy region and for all elements.

Table 5 presents the ratio of the mass energy absorption ccefficients
calculated by GAMLEG-JR to those given in Ref. 2 for elements of Z=1, 6,
13, 26, 82 and 92. The calculated values are larger by about 10 to 15
percent than those given in Ref. 2 for energy regions above 0.2 MeV and are
smaller by about 10 to 50 percent at lower energies below 0.2 MeV. Major
sources of the discrepancies at higher energies may be the neglect of
energy dissipation effect due to bremsstrahlung at the Compton scattering
and of annililation effect of positfons due to the pair production reac=
tions in the calculation for the energy absorption coefficient. At lower
energies, the insufficient accuracy of the empirical formula for the

photoelectric cross section is the source of the discrepancy.
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Table 4 Ratio of the pair production cross sections calculated
by GAMLEG-JR to those given by Ref. 2 (0.41/0pes.) for
a number of elements

Z 1 6 13 26 53 | 82 92

E(MeV)

1.5 | 1.002 1,006 1:010 |1.009 | 1.011 | 1.009 | 1.009

3.0 | 0.992|0.995| 0.995 | 1.000| 1.000 | 1.003  1.004

4.0 | 0.999 | 1.000 | 1.000 | 1.005| 1.008 | 1.010  1.012

6.0 | 1.007 1.002 | 1.004 |1.010| 1.014 1.019 | 1.019

8.0 | 1.000 1.003 | 1.010 | 1.009 | 1.017 ' 1.029 | 1.023
10.0 | 1.000| 1.004  1.008 | 1.014| 1.016 1.016 | 1.020
15.0 | 1.007 { 1.000 | 1.013 | 1.017 | 1.001  0.968 0.957

Table 5 Ratio of the mass energy absorption coefficients calculated
by GAMLEG-JR to those given in Ref. 2 (len,cal/ven,Ref.)}

1 6 13 26 82 92
E(MeV
0.04 1.048 [ 0.928 | 1.091 | 0.713 | 0.549 | 0.512
0.06 0.938 | 0.934 | 1.083 0.991 | 0.556 | 0.517
0.1 1.074 [ 1.060 | 1.075 ) 0.986 | 0.776 | 0.613
0.2 1.109 | 1.105 | 1.095 | 1.056 | 0.971 | 0.989
0.4 1.072 | 1.068 | 1.112 | 1.065| 1.035 ] 1.056
0.6 1.053(1.061 1.079 | 1.105 | 1.055 | 1.081
0.8 1.094 [ 1,093| 1.075| 1.099 | 1.073 ;| 1.090
1.0 1.088 [ 1.082 1.029 | 1.092 | 1.085 | 1.102
1.5 1.023 11,027 | 1.086 | 1.042 | 1.074 | 1.098
2.0 1.069 | 1.073| 1.093 | 1.091 | 1.100 | 1.122
3.0 1.070 | 1.073} 1,105 | 1.098 | 1.124 | 1.142
4.0 1.099 | 1,086 | 1.073 | 1.131 | 1.151 ; 1.168
5.0 1.009 | 1.082| 1.098 1.113| 1.131 | 1.152
6.0 1.034 | 1.043( 1.010 | 1.090| 1.121 | 1.142
8.0 1.032 | 1.075| 0.928 | 1.113| 1.126 | 1.154
10.0 1.071 | 1.079| 0.818 | 1.115| 1.116 | 1.094
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Input Preparation

The input data necessary for GAMLEG-JR are defined and listed below,

in order of the original input. Tntegers are read according to a 1415

format, and floating point numbers are read with a 6E12.5 format. All

energies are in MeV and read in the descending order beginning at the

highest energy.

Card 1 (815)
1. IG Number of groups plus one.
2, N Number of integration intervals/group.
3. NMAX Number of Legendre components to be prepared (<9).
4. KON -1 = input flux weighting..
0 = no weighting.
1 = source weighting.
5. TICAL 0 = give the absorption and ccherent scattering cross sections
by input card.
1 = calculate above cross sections and gamma-ray heat generation
coefficients by the code,
6. IPRTO 0 = ne effect. _
1 = print detailed information for absorption and coherent
scattering cross sections.
7. TIPRT1 O = no effect.
1 = print detailed information for heat generation coefficients.
8. NACT 0 = no effect.
1 = add the gamma-ray heat generation coefficients to the cross
. section table as an activation cross section.
Cards 2 {(input if KON=-1)
Card 2.1 {(15)
IF Number of input fluxes. .
Cards 2.2 (6E12.5)
(EFLUX(I), I=1l, IF)
Fnergies at which input fluxes are given.
Cards 2.3 (6E12.5) |

(FLUX(I), I=1, IF)

Input flux weighting function.
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Cards 3
Card 3.1 (1I5)

IS Number of input sources.
| Cards 3.2 (6E12.5)
(ES(I), I=1, IS)
Enefgies at which input sources are given;
Cards 3.3 (6E12.5)
(s(1), 1I=1, IS)

b
f
| Input sources,
Il

Cards 4 (6E12.5)
(EG(T), I=1, IG)

Gamma-ray energy group boundaries in MeV.

Cards 5
Card 5.1 (15)

12 Number of materials to be processed.
Card 5.2 (6E12.5)
(z(1), I=1, 1Z)

Atomic numbers of elements

Cards 6 (input if ICAL = 0)
Card 6.1 (21I5)

1. TA Number of input absorption cross sections.

2, TIC Number of input coherent scattering cross sections.
Card 6.2 (6E12.5)
(SIGA(T), I=1, TA)

Absorption cross sections (barns) for the first element.

Card 6.3 (6E12.5)
(EA(T), I=1, IA)

Energies of which absorption cross sections are given for

i the first element.

Cards 7 (input if ICAL=0 and IC*0)
Card 7.1 (6E12.5)
(SIGCOH(I), I=1, IC)

Coherent scattering cross sections (barns) for the first

element.
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Cards 7.2 (6E12.5)
(ECOH(1), I=1, IC)

Energies at which coherent scattering cross sections are

given for the first element.

Input cards 6 and (possibly) 7 are repeated for each element.
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Sample Input and Output

A sample problem of 20-group structure and nine Legendre moments is

present for iron. A no weighting option and ten integration intervals in

each group were used. A list of the sample problem is shown in Table C-1

of Appendix C.

The sample output for the average cross sections of iron is presented

in Table C-2 of Appendix C. For each grdup, the column entries are Opggts

Oas

VOf, Ops Ogiegs °g+g+1"""""‘ . The heading of each table identi-

fies the element by its atomic number and the Legendre component by Pp,

n=0,1,2, ...., NMAX-1,

The format and the sequence of punched output is the same as those

of GAMLEG.

Running time required to generate the cross sections for the sample

problem was about 6 seconds in CPU on the FACOM 230/75.

1)
2)

3)

4)

References

Lathrop K. D.: "GAMLEG", LA-3267 (1965).

Hubbell J. H.: "Photon Cross Section, Attenuation Coefficients, and
Energy Absorption Co%%ficients from 10 KeV to 100 GeV', NSRDS-NBS 29
(1969) . |

Storm E., et al.: "Photon‘ggeﬁs Sections frgm!Q.OOl to 100 MeV for
Element 1 through 100", LAf%ZSB (1967). '

Berger, R. T.: "The X~ or Gamma-Ray Energy Absorption or Transfer
Coefficient: Tabulations and Discussions"”, Radiation Research, 15,

1~ 29 (1961).



7.

JAERI-M 6936

Sample Input and Output

A sample problem of 20-group structure and nine Legendre moments is

present for iron. A no weighting option and ten integration intervals in

each group were used. A list of the sample problem is shown in Table C-1

of Appendix C.

The sample output for the average cross sections of iron 1is presented

in Table C-2 of Appendix C. For each group, the column entries are Opgars

Oas VOfs Ots Ogigs Opeoyga seerrrners «

The heading of each table identi-

fies the element by its atomic number and the Legendre component by Pp,

n=0,1,2, ...., NMAX-1.

The format and the sequence of punched output is the same as those

of GAMLEG.

Running time required to generate the cross sections for the sample

problem was about 6 seconds in CPU on the FACOM 230/75.

1)
2)

3)

4)

References

Lathrop K. D.: "GAMLEG", LA-3267 (1965).
Hubbell J. H.: "Photon Cross Section, Attenuation Coefficients, and

Energy Absorption Coefficients from 10 KeV to 100 GeV', NSRDS-NBS 29

(1969). .

Storm E., et al.: "Photon;EE%ss Sections frgmiQ.OOI to 100 MeV for
Element 1 through 100", LAj%ZSB (1967).

Berger, R. T.: "The X- or Gamma-Ray Energy Absorption or Transfer

Coefficient: Tabulations and Discussions'", Radiation Research, 15,

1~ 29 (1961).



JAERI-M 6936

Appendix A Description of Subroutines Added to GAMLEG

CROSS

called from: Main Routine

subroutine called: POTO, PAIR, COHER, NROW
CROSS controls the subroutines which calculate photoelectric, pair-
production and coherent scattering cross sections, and heat genera-

tion coefficients.

POTO
called from: CROSS
subroutine called: POTO3
POTO calculates the photoelectric cross section for K-shell at high

energy.

POTO3
called from: POTO
subroutine called: POBMV]

POTO3 calculates the photoelectric cross section for K-shell at low.

energy.

PO6MV1
called from: POTO3
subroutine called: FUNC1l, FUNC2

FUNC1, FUNC2
called from: PO6MV1
The function subroutines FUNC1 and FUNC2 calculate the photoelectric

cross sections.

PATR
called from: CROSS

PAIR calculates the pair-production cross section.

COHER
called from: CROSS

COHER calculates the coherent scattering cross section.

NROW
called from: CROSS
subroutine called; INTFK, INTFT, COMPT
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NROW calculates the heat generation coefficient for each interaction:

photoelectric, fr, pair production, fy, and Compton scattering, f..

9, INTFT
called from: NROW

INTFT interpolates the fluorescence yield and the averaged energy

from the values given in Table 1.

107 INTFK
called from: NROW

INTFK interpolates the fi value from the values given in Table 2.
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Appendix B Program List of GAMLEG-JR

SOURCE ELEMENT ngT (8BET MCDE)

iLEMENT NAME ((GAMLEG )) ESTABLISHED 77.01,25
C GAMOQO10
‘ C PROGRAM GAMLEG=JR ¢ MODIFIED BY JAERI ON 1976 GAMOQD20
' C #nus FOLLOWING ROUTINE WAS ADDED GAMQCO030
c 1. CALCULATION OF PHOTO ELECTRICs PAIR PROPUCTIVE. AND COHERENT GAMOQQ40
< SCATTERING CRQSS SECTION GAMO0050
< 2+ CALCULATION OF HEAT PRODUCTION COEFFICIENT. GAMOOD&C
C GAMOQODT0
C GAMOO0B0
. < GIVEN SOURCE AND ABSORPTION ENERGY DEPENDENCE CODE PROVIIDES GAMOQOS0
C GROUP AVERAGED CROSS SECTIONS FOR INPUT TO THE DTF OR DDF GAMOO100
C CODES+ UP TO N (N LESS THAM 10) LEGENDRE TRANSFER SCATTERING CRGSSGAMO0110
C SECTIONS ARE PREPARED. GAMDD120
C GAMOOL3Q
. C THREE WEIGHTING OPT]ONS ARE AVAILABLE* (A)=UNWEIGHTED. (B2-SQURCE GAMOQ140
c ENERGY WEIGHTINGs (C)=WEIGHTING wiTH INPUT FLUX GAMOOD350
¢ GAMOO160
¢ GAMOODLTO
COMMON EGC 517,456¢ 507,5165¢ 5074516CC 502 .pF ¢ 503 ,FG¢ 507, GAMOOL80
LFLUXC 5000 +5C 500)4ESC 5002+ IS+SIGAC 5003 1EAC 500)41ASGC 50 GAMGO190
2S1GCCHE 500) +ECOHC 3001 1 1CySIGMATC 544503 « TRANSK 504 500 94 GAMCB0200
BFLUXSC 504101 +EFLUXC 500)+2¢503+1SIGTOTC 50)+6XX€ 50)4ENNUC 500)  GAM00Z10
COMMON /JDB/1GA+IMsFNs ICAL Y IPRTO IPRT1+J1+GEC 51} GAMDD220
C GAMO0230
c DEFINITION OF VARIABLES GAMO0240
C SIGACII=ABSORPTION C/S GAMOQ250
C EA{])=ABSORPTION ENERGLES GAMO0D260
< 5¢1)y=S0URCE GAMO0270
¢ ES(1)=SOURCE ENERGIES GAMOD280
C SIGCOH (I Y=COHERENT SCATTERING CROSS SECTION GAMOO290
C ECOH(1)=ENERGIES FOR ABOVE GAMO0300
C EG(1)=GROUP ENERGIES GAMO0310
C ASG{ ) =GROUP AVG ABSORPTION CROSS SECTICN GAMOO320
C §1G5¢1)=GROUP AVG SCATTERING CROSS SECTION GAMO0330
C 51GCCI)Y=GROUP AVG COMERENT CROSS SECTION GAMO0340
C FG(1)=GROUP AVG FLUX GAMO0350
C SG{1)mGROUP AYG SDURCE GAMQD360
C “TRANSC1+JI=mGROUF AVG TRANSFER CROSS SECTIONS GAM00370
c GAMOD3B0
C SIGMATSC I+ J) mSCATTERING TRANSFER MATRIX ) GAM00390
c GAMBO0400
C GXXC1)«GROUP AVG HEAT GENERATION COEFFICIENT GAMD0410
< ENNUCI)=FINE GROUP HEAT GENERATION CQEFFICIENT _ GAMDO420
¢ GAMDO4 30
< GAMOO440Q
C FLUXSCIY=WE IGHTING FUNCTION GAMOO450
C GAMOD460
C 1A=NO* ABSORPTION ENERGLES GAMG04TO
[ 15=NO. SOURCE ENERGIES : GAMOO4 80
c [C=NQs COHERENT SCATTER ENERGLES GAMDO490
C 1G=NO. GROUP ENERGIES GAMO0500
C N=NOs INTEGRATION PTS. PER GROUP GAMQO510
C [F=NO. OF INPUT FLUXES GAMCG0S520
3
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SQURCE ELEMENT L1ST €8BiT MODE)

o

(2 ¥sNataNalalal

NMAX=NO* OF LEGENDRE COMPONENTS REQUESTED GAMOO 530
ZC1y=ATOMIC NUMBERS _ GAMO0540
ICAL 0/1 «INPUT X«5EC / COMPUTE X=SEC AND COMERENT X=SEC GAMOD550
IPRTO O/1 =NO EFFECT / PRINYT DETAIL ABS AND COHERENT X=SEC GAMOO560
IPRT1 0/1 =NOG EFFECT / PRINT DETAIL HEAT COEFF. GAMODS70
GAMOOS580

INPUT GAMO0590

GAMO0600

NIN=5 GAMDOS10
READ(NIN+5C1) IGANaNMAX KON+ JCAL+IPRTO IPRT1.NACT GAMU0E20
WRITEC 64503 1GeNyNMAX KON+ [CAL+ [PRTOs [PRTL4NACT GAMOC630
[FCKONGE+03GOTO2 GAMOGE40
READCNINY501) [F : GAMO0650
READCNINI502) CEFLUXCI) + 1a1s [F) GAMO0660
READCNINIS02) CFLUXCIY ¢ Iml o 1F) GAMOD670
WRITEC 645043 C1+EFLUXCIY oFLUXCIY o Im1aIF) GAMO0680

2 READININ+501)1S GAMO0690
READCNINIS02)Y (ESCT) o Imla]S) GAMDQ700
READCNIN«3023¢ S(1)+Im1415) GAMBOT10
READCNINS5G2) (GEC(I) ¢ I=141G) GAMDOT20
WRITEC 64505) CLyESCIY v 5C1) 0 1m1s18) GAMDOT 30
WRITEC £+506) CLaGECI) ¢ Imle[GY GAMOQT40

501 FORMATC(141%) GAMOQT750
502 FORMAT(6EL24%) GAMOOTE0
503 FORMAT('LT  INPUT DATA' j GAMGOTT0
1 0 I6 NOs+ OF GROUPS 15, GAMDOTS0

2 * N NO« OF INTEGRATION PGINTS/GROUP 15/ GAMO0T90

3 ' NMAX  NO« OF LEGENDRE COMPONENTS 415, GAMODS800

4 ' KON  CONTROL =1/0/1 = FLUX/NONE/SOQURCE 115/ GAMO0810

5 ' ICAL 0/1 = X=SEC INPUT/CALCULATE 'a15, GAMD08Z0

[ ' IPRTO 0/1 = PRINT DETAIL X-SEC NO/YES LRS-, GAMOD830

7 ' IPRT1 0/1 = PRINT DETAIL HEAT COEFF NO/YES '»15s GAMDO 840

8 ' NACT 0/1 = QUTPUT HEAT COEFF NO/YES 'y 153 GAMOOB50
504 FORMAT(10HO v14H ENERGY (MEV) +11H INPUT FLUX /4 (3X415+2X+GAMODBEO
12¢E12.5+2X))) GAMOUBTO
505 FORMAT(10HO y14H ENERGY (MEV) +TH SOURCE+/+(3X[5+2X+2(EL2GAMDB0BE0
1.5¥) GAMDOB90
506 FORMATC10HO 120K GROUP ENERGY BOUNDS«/ +3X+15:2X+E12¢5))  GAMOG900
GAMO0910

CONTROL [NTEGERS GAMOGS20
1GA=IG=1 GAMOU930
IM=NT1 GAMOD940
IMA=N*2 GAMO0950
[GBwIG*2*NACT GAM00S&0
1GD=]G=2 GAMODSTO
FNmpy GAMBU980
Ji=p GAMODS90

: GAMO1000

EXPRESS ENERGIES IN REST MASS UNITS GAMO1010
ERM=1./7.51099 GAM01020
ERMIN=0,51099% GAMO1030
DO5I=1+16G GAMO1040

5 EGCI)wERMeGEC]) GAMO1050
po61=1415 GAMD1060
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SOURCE ELEMENT LIST {8BiT MODE)

[aXaXa!

[a¥al

6 ESC)I=ERM*ESCT)
IF(KON-GE.D)GQTQ9
DO8T=1.1F

8 EFLUXCI) =ERM*EFLUXCE)

INITIALIZE FLUX AND AVERAGE FLUX+ SOURCEs AND SCATTERING CRDSS
SECTION
9 NNN=1
DO 18 K=1+1GA
HwCEGCKI=EGER*1II/FN
AS1G=0*
AFLU=D.
ASOU=D.
DOLT1wl4 M
AAmELOAT(1=1Y wH+EG(K*1?
FFF[lafel
AA=EGCK* 1) # CEN=FFF 1)} /FNYEGCKI#FFFIL/FN
AAmEGCIO # CFN=FFF 11/ FNYEGSK* L) #FFFIL/FN
AB=AA
TFCRONI 10011412
10 CALLALCABFLUXAEFLUX < IF?
607013
11 AB=1.0
GOTO13
12 CALLALCAB+S+ESHIS)
13 IFC1+E@.1)GOTOLS
IFCY.NE. IM)GOTOL6
15 AB=AB®.5
16 FLUXS(K412maB
AFLU=AFLU+AB
ASIG=AS [ G+AB*S | GMAS (AA)
CALLALCAAYSESsS)
17 ASOU=ASOU+AB#AA
FG(KImAFLU
S1GS(KI=ASIG/FG(K)
18 SG(KI=ASOU/FG(KY
WRITEC6+181) CKsFGCK) +SIGSCK) 1SGCK) vK=10 1GA)
181 FORMAT(6HOGROUP14H  AVG FLUX  +14H AVG SIGMA S
112H AVG SOURCE /v C14+2X+3CEL2.5+2X0))

CALCULATE LEGENDRE MOMENTS = FOR EACH ELEMENT
DO 37 M=liNMAX
 DO3TK=141GA
DEF=0.
HA=CEGIKY=EGCK*1II/FN
DO2TLwK + [GA
AIN=D,
DO251=141IM
AXmEGCKY =FLOAT(1=1) %HA
FFFIlml=1
AX=EGCE Y w CEN=FFF 11} /FNTEG(R Y12 #FFFI1/FN
AX®EG(K+1)%(FN=FFFT1) /FN+EGCKI#FFFI1/FN
GmAX/ (Lo 42, %AX)
BU=AMINLCAXSEGCLY)D

GAMOL0TO
GAMO1080
GAMOL090
GAMO1100
GAMOLIL110
GAM01120
G5AM01130
GAMO1140
GAMD1130
GAMO1160
GAMOL11TO
GAMC1180
GAMO1190
GAMO1200
GAMO1210
GAMO01220
GAMO1230
GAMO1240
GAMOL250
GAMO1260
GAMO1270
GAM01280
GAMO1290
GAMQ1300
GAMO01310
GAMO1320
GAMO1330
GAMO13490
GAMD1350
GAMO1360
GAMO13T0
GAMC1380
GAM01390
GAM01400
GAMO1410
GAMO1420
GAMOD1430
GAMO1440
GAMO1a50
GAMO1460
GAMQ1470

© GaMOi4g0

GAMOL490
GAMO1500
GAMO1510
GAMO1520
GAMO1530
GAMO1540
GAMO1550
GAMOL560
GAMO1570
GAMO1580
GAMO1590
GAMO1600
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SQURCE ELEMENT LIST (8BiT MODE)

BL=AMAX2 (AVEG(L+1))
IFCLAEQ. [GA)BL=0
8080+ 0

iF (BL+LT*BU? Q@=FLUXS{X 1) #SIGLEGCMyAXBUWBLY
25 AINwAIN+GQ
TRANS (KoL oMI mA IN/FGEKY
IFCM.EQ.1) DIFwDIF=TRANSCKsL 1M}
27 CONTINUE
[F(M«NE+1) GO TO 37
DIFF=SIGS(KY+DIF
WRITECE+50T)KADIFF
507 FORMAT{(43HOD]|FFERENCE=GROUP AVG SCATTER CROSS SECTION,
143H AND SUM OF GROUP AYERAGED TRANSFERSs GROUPs
21246H « 15=1PE12.5) :
DFLK)I=DIF
37 CONTINUE

ELEMENT DEPENDENT PORTION

[aXa¥al

READCNINYS01Y [2Z
READCNINI502) CZCI)4lmla1Z)
DO 2000 MI=1+l7

ZAmZ (MZ3#0,249375
WRITE(6+515) Z(MZ)

GAMO1610
GAMD1620
GAMO1630

" 'GAMOI&40

GAMOL1&50C
GAMOLE60
GAMO1670
GAMO1680
GAM01690
GAMO1700
GAMO1710
GAMO1720
GAMOLT730
GAMOLT40
GAMOLT50
GAMOLT60
GAMOLTTO
GAMOL1780
GAMO1T90
GAMO1800
GAMO1810
GAMO1820
GAMO1830
GAMO1840
GAM01850

515 FORMAT('1'///20X« ' ne®  GAMMA~RAY CROSS SECTIONS FOR ATOMIC NUMBER GAMO1860°

1=t sF4,0s"  *%#1) GAMO1870

DO 2000 M=1+NMAX GAMO1880

DO 20 I=mi+[GA GAMD1890

DO 19 Jw=i+]GB GAMO1900

19 SIGMATSJsI)=0.0 GAMO1910
SIGTOTCI)=0,0 GAMO1920
GXX(1)=0.0 GAMO1930

20 ASG(1)=0.0 GAMD1940
101 [F(M.GT.13G0TO3000 GAMD1950
1000 IF(ICAL .EQ@. 0 GO TO 2010 GAMD1960
23mZ(MZ) GAMO1970

C CALL CROSSCZ3+v1A+ICyEAYSIGAWECOHYSIGCOH) GAMO1980
CALL CROSS(Z3+11AIC1EAYSIGAVECOHSIGCOMIENNUDF +2ZAY GAMO1990

GO TO 3002 GAMO2000

2010 CONTINUE GAMD2010
READCNINA501) TAsIC GAMO2020
READC(NINA502) (STIGACTIY s Im1 a1 A) GAMQ2030
READCNINSS502) CEACI) +Im141A) GAMO2040
1FCIC.EQ.0)GOTO3L GAMO2050
READCNIN+502) (S1GCOHCI) o [#141C) GAMOZ060
READ(NIN.502)(ECOHC})-!-lvlc) GAMD2070
WRITECS+508) (1 ECOHCT) +SIGCOHE 1) 4 Im14 1) GAMO20B0

508 FORMAT(10HO v144 ENERGY CMEV) +17H COMERENT SCATTER/e(3X+GAMO2090
11542%2E14.TH GAMD2100
DO301=ls1C GAMOZ2110

30 ECOHS[ImECOHCI) #ERM GAM02120
31 WRITEC6+509) CIvEACIISIGACTY o 1m14in) GAM0O2130
509 FORMAT{10HO +14H ENERGY CMEV) +11H ARSORPTION/+(3X415+2%+sGAMO2140
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32
3002

33

34
35
2900
103
102
C
C
3000

38
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T L1ST €8BI1T MODE?

12(E12.5,2X0 )

DO32[als 1A

EACII=EACII #ERM

CONTINUE

NNN=1

D035 =14 1GA
H=CEGCI=EGCI*1I Y /EN

AABS=Q*

ACOH=0 .

ANU=0,

DO34 [mlaIM

IFCICAL.NE.OY GO TO 33
AX=FLOAT (1=1)#H+EG(J+1)
FFFlim[=1

AXmEGLI* 1) % CFN=~FFFILY/FN*EGLUI #FFFIL/FN
AXSEGLJ)# (FN=FFF11) /FN+EGCJ+LI#FFF11/FN
ABmAX

AC=AX .

CALLALCABSIGAIEATA)
AABS=AABS+FLUXS () [ #AB
1IF(IC.EQ.0)GOTO34
CALLALCAX+STGCOHYECOHS 1C)
ACOH=ACOH+FLUXS CJy 13 #AX

GO TO 324
AABS=AABS+FLUXS (Jv 13 #STGA (NNN)
ACOH=ACOR+FLUXS{J 13 *STGCOHCNNND
ANU=ANU+FLUXS CJs 13 #ENNU (NNND
NHNwNNN+1

CONT INUE

ASG(JI=AABS/FG(J)
TFCICAL.NE.O) GXX(JI=ANU/FGC(J)
SI1GC(JI=ACOH/FG(J)
IFCICAL.EG.D) GO TO 103

WRITE(612900) C(1+vASGCE) o+SIGCCI) «GXXCIY 2 [%d s 1GA)

FORMAT('0 GROUP ABSORE
» 7 X=SEC.
» Z€11Xs 1343X43E23.5))

CONT INUE

DO 102 K=1,1GA
s16TOTEKImaSG LK) =pF (kI #2A*516C (KD
CONT INUE

FORM CROSS SECT!ON TABLE
DO38J=141GA :
IFINACTEG@. 1Y SIGMAT(L =X ()
SIGMAT (NACT+14J)=ASG(J)
SIGMAT (NACT+24J)#0.0

SIGMAT (NACT+34))=SIGTOTC)
LLLmM=1

PC w2#Lli*1

D039 =14 ]GA

TAB=1*+3*+NACT

DO39J=14+1GA

JAm =1*1

6AMD2150
GAMOZ2160
GAMOZ1TD
GAM02180
GAMOZ2190
GAMO2200
GAMD2210
GAM02220
GAMO2230
GAMO2240
GAMD2250
GAMO2260
GAMO2270
GAMO2280
GAMO2290
GAMOZ 300
GAMOZ310
GAMO232¢
GAMO02330
GAMD2340
GAMO2350
GAMD2360
GAMC2370
GAMO2380
GAMD2390
GAMO2400
GAMO2410
GAMO2420
GAMO2430
GAM02440
GAMO2450
GAMO2460
GAMO2470
GAMO2480
GAMO2490
GAMO2500
GAMD2510
GAMDZ2520
GAMD2530
GAMO02540
GAM0O2550
GAMGZ560
GAMO2570
GAMO2580
GAM02590
GAM02600
GAMO02610
GAMD2620
GAMO2630
GAMO2640
GAMO2650
GAMO2660
GAMO2670
GAMO2680
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SOURCE ELEMENT LIST €8BIT MODE}

C
C

non

39
42
43

510
40
41

511
512
513

514

2000

SIGMATCIABY D) =PCHTRANSCUATJYMI*ZA
[IF{M+GT+1) GO TO 43

DO 42 Jml+1GA

SIGMAT (NACT +44+ J3=STGMAT (NACT +4+ ) +S1GC(J)
CONT INUE

PRINT AND PUNCH CROSS SECTION TABLE
NAB=M=1
WRITECS+510NABZ MY
FORMATC2HOP+ [2420H CROSS SECTION TABLE+
115H ATOMIC NUMBER= E11.3+40X)
MA=1
MBw3
MC=MINO CMB 4 1 GAD
WRITEC6+5112 (s JmMAMCY
WRITEC64513)
DOa11=141GB
WRITEC6+512) 1o {STGMATCT e 0d s JmMA L MCY
MAmMA+8
MB=MB*+8
IFCMA*LE* 1GAYGOTO80
FORMAT (THO v 8(8H GROUPa]2+3X))
FORMAT (14+3X+ BE13.6)
FORMAT {1H0)
NPUNsT
DO 514 JmwlelGA
CALL PUNSH(SIGMAT(1+J}+1GBNPUN)

CONTINUE

5TOP

END

SUBROUTINE CROSS(Z ' NMAX vMMAX+EASIGAvECOHSTGCOHENNUWDF 1 ZA)

DIMENSION EA(1)+S1GAC1Y+ECOHCL) +SIGCOH(1) +SPOTC 500) «SPARC 5000«

1 EEC 5003 «ENNUCL) +DF (1)
COMMON ZJDB/1GAs IMsFNs ICAL+IPRTOVIPRTLsJL+GEC 510

REM=1+0/70+51099
NMAX=1GA#*IM
MMAX= ] GA% IM

DO 5 1=1.:500
SIGA(TI =040
SPOT(1)=0.0
SPARC1)=0.0
S1GCOH(1)=m0.0
ENNUCT)=0.0
CONTINUE

IFCJL «NE. 0) GO TO 20
N=1 )

DO 10 K=1+1GA
DO 10 Il=mie+IM
FFFl1ml=1

GAMO2690
GAMO2T00
GAMO2710
GAMO2720
GAMOZ2730
GAMD 2740
GAMO2750
GAMO2760
GAMO27T0
GAMO2780
GAMU27T90
GAMOZB0OD
GAMD2810
GAMO2820
GAMD2830
GAMO2840
GAMD2850
GAMO2860
GAM0D2870
GAMD2880
GAMD2890
GAMO2900
GAMD2910
GAMD2920
GAMO2930
GAMDZ940
GAM02950
GAM0O2960
GAMD2970
GAMO2980
GAM02990
GAMO3000
GAM03010
GAMD3020
GAMO3020
GAMO3040
GAMD3050
GAMD3060
GAMO3070
GAMO3080
GAMD3090
GAMD3100
GAMO3110
GAMO3120
GAMO3130
GAMO3140
GAM03150
GAMO3160Q
GAMO3170
GAMD3180
GAMO3190
GAM03200
GAM03210
GAMO3220
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SOURCE ELEMENT LIST ¢88I1T MODE)

EE{NY=GECKI* CFN=FFFILY/FN*GEL(K+1I*EFFIL/FN GAM03230
EA(N)=EE (NY*REM ’ GAMO3240
ECOH{NY=EACNY GAMO3250
Nap+1 GAMD3260

10 CONTINUE GAMD32T0
20 CONTINUE GAMO3280
© CALL POTO(ZNMAXSEE+SPCT) GAM03290
CALL PAIR(CZ ‘NMAXEEsSPAR) GAMD3300

po 30 I=m1sNMAX GAMD3310
S1GACTY=SPOTCIY+SPARCT) GAMD3320

30 CONTINUE GAMD3330
B0 FORMAT('17//'Cn%n ATOMIC NO. "aFB.3:" %ann! ) GAMD3340
1 £107 125X F=me ABSORPTION CROSS SECTION ==='+15Xs'=== COHERENGAMC3350Q

27 SCATTERING CROSS SECTION ==='/%0',12X+ 'ENERGY PHOTO €  GAMO3360

3 PAIR C TOTAL CH) GAMO3370
CALL COHER(Z sMMAXvEE »S1GCOH) GAMD3380
IF(IPRTO.EQ.0) GO TO 60 GAMO03390
WRITE(&+80) 2 GAMO3400

D0 50 K=l1iGA GAMC 3410
NNNm (k=12 %M GAMD3420
WRITEC6+100) K ) GAMO3430
WRITEC6+110) (EE(NNN+I)YSPOT(NNN+I) +SPARCNNN*T) vSIGACNNN+DY GAMO3440

1 SIGCOH(NNN+I) v [m14IM=1) GAMO3450

50 CONTINUE GAMO3440
100 FORMAT(' GROUP',13) GAMO3470
110 FORMATC  10XeE12.5¢2X+3E12,58425X+E12.44) GAMQ3480
60 CONTINUE GAMO3490
Jlel ) GAMO3500

¢ GAMO3510
CALL NROWCZ NMAX+EE+SPOT SPAR+ENNUsDF « ZAY GAMD3520
RETURN GAMO35130

END GAMO3540
SUBROUTINE POTOCZ NMAXWEA+SPOT? GAMD3550

C PHOTO ELECTR!C TOTAL CROSS SECTION GAMD35&0
< NBSw29 GAMO3570
c GAMO3580
C P ) GAM0O3590
DIMENSION SPOT(500) 4EA€500) JAls (4) GAMD3600
Aflel)=1.62685E=09 - GAMD3610
ACLv2)m=20683E-12 GAM0O3620
AC1v3) et s 1 TIE~C2 GAMO3630
AC1+at=ls GAMD3640
AC241)m1+5270E-09 ‘ GAMD3650
A242)m=5:110E~13 GAMD3660
AC2+37m11027E~02 GAMO3670
AC244)mpe GAMO3680
AC341)mi*1330E~09 GAMO3690
AC3e2)m=2417TE-12 GAMO3700
A{3+3)m21013E=02 GAMO3T10
Al3.4)m3es GAMO3720
Alaslde=9+312FE=11 GAMO3730
Al4s2)=0, GAMDATA0
ACh3)=0, GAMO3 750
ACaradmas GAMO3T60
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SOURCE ELEMENT LIST C8BIT MODE)

C

20

AN=b.Q23E=23
E0mC2=0+3) ae2%1¢352E=%
DO 50 K=laiNMAX
NNMAX=K
E=EACK)
ZEm0sO1#EXP(0«03124(2-8-0))
IFCZ.ILE.8.) ZE=0,0
IFCE «LE« EO0Y GO TO 150
IFCE +LEs« ZEY GO TO 150
TAUK1m0O,.0
DO 20 lmlag

TAUKL=TAUKL+CCACT 1) +ACT 23220/ CLavACT v 3INZ) I RERR(=A(] 14))

TAUK=Z #5528 TAUKL

TAUPaTAUK® (1440,01481%(ALOG(Z) ) ##2=0.000T884CALOGCZ) ) ##3)

IF(Z+6T.141) GO TO 30

CORRECTION FOR HYDROGEN

30
30

150
200

10

EXwALOGLOCE)
FACT==0.232%4EX#EX + 0.24T8#EX + 2,096
TAUP=TAUP/FACT

CONT ENUE

SPOTCKI=TAUP

CONTINUE

GO TO 200

CALL POTO3(Z «NNMAX +NMAX+EAsSPOTEQ)

CONTINUE

RETURN

END

SUBROUTINE POTO3CZ ¢NNMAXsNMAXEA»SPOTEQ)
DIMENSION EA{500) +SPOT(500)

DATA PHI/Z3.141592774RY/1.352E~5/FAI/64653TE=25/
DATA C2M/0.51084/

AwleSHFAT#Zau5%1+QFE*+247 (137 +0nn4)
DO 10 KwNNMAX«NMAX

NN=K

E=EA (k)

HNU=E

TF(E LE.ED) GO TO 100

1

IF(Z/GE.92.0 AND. E.LE.0.08) GO TQ 100

B CC2M/HNU) ##5

G=HNU/ C2M+1.0

X=SQRT (EC/ (HNU=ED) )

Yu1,0/%
Fua2.0%PH]I#SORTCEC/HNU) # CEXP (=4, O#XaATANCY)) )

Z¢10=EXP{=2,0#PH]#X) )

Cm{Gue2ml Q) #el. 5

DuGa (G=2:0)/(G+140)

Rel+0/ (2 OnGuSERT (Gagm102
S=(G+SORT(G#G"1,0)) / (G-S@RT(GnG=1.03)

SmALOG(S)

SPOT(K)=A#BRCH#{4.0/3.0+D% (1. 0=Ru5) ) »F

CONTINUE

GO TO 200

GAMOATTO
GAMO3TB0
GAMDAT90
GAMO3800
GAMO3810
GAMO3820
GAMO3830
GAMO3840
GAMQ3850
GAMO3860
GAMOD3BTO
GAMO3880
GAM03890
GAMO3900
GAM03910
GAMO3920
GAMO3930
GAMOA940
GAMO3950
GAMO3960
GAM0O3970
GAM03980
GAMO2990
GAMU4000
GAMO4(010
GAMG4020
GAMO4030
GAMO4040
GAMO4050
GAMO4 (60
GAMO40TO
GAMO4QB0
GAMO4030
GAMO4100
GAMO4110
GAMO4&4120
GAMO41 30
GAMOA4140
GAMO4150
GAMO4160
GAMO41TO
GAMD&180
GAMO&190
GAMO&200
GAMO4210
GAMO4220
GAMO4230
GAMO4240
GAMO4250
GAMO4260
GAMO&270
GAMDA 280
GAMO4290
GAMO4300
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SOURCE ELEMENT LIST (8BIT MODE)

ANONMANOO NN

190
200

16

160

CALLPOSMVI (7 +hiN+NMAXEA «SPCT)

CONTINUE

RETURN

END '
SUBROUTINE PO6MYLEZ JNNMAX 1NMAXEA'SPOT?
DIMENSION EA{500)«5PQT{500)

CALL FUNCL1{Z+A)

A=Axl.0E+24

DO 10 KsNNMAX s NMAX

E=EA(K?

HNU=E .

CALL FUNC2(CZaHNU+4+1.043:04W1)
CALL FUNC2(Z+HNU+5+43.048+04W2)
SPOTCK)= A% (Wi+W2)

CONTINUE

RETURN

END

SUBROUTINE FUNCL1(Z .42
PAJ=3. 1415927 ’

Cm(2.0%%12) #PAI#6.653TE=25# (137, 0#03)
vel7=4.,15) #x2

AaCsV

RETURN

END

SUBROUTINE FUNC2C(Z sHNU KK +C1+C2 w2
DATA PA1/3.1415927/+C/0.338E-5/
HNU2mC# (2 =4,15) #%2

BO=HNUZ/HNUY

TEMP=1=B0

[FCTEMPLE.D.0) GO TO 100
BLl=BO**KK

B2=C1*C24B0

¥2a(B0/ (1=-B0) I #u0>+5
Flme8,0%X2#ATANZ(31,0X2)
Fommé . Q#PAT#X2
F=EXP(F1}/¢1=EXP(F2))

W=B1#B2%F

CONTINUE

RETURN

END

SUBRCUTINEPAIRCZ +NMAX+EA+SPAR?

*## TOTAL PAIR CREATION CROSS SECTION ##%

PAIR CREATION CROSS SECTIONM
NB5=29

NN -
* NEGLECT SCREEING CORRECTION === SHFS
DBM ==w== COULOMB CORRECTION
DRA ===== RADIATIVE CORRECTION

DEP ~==== EMPIRICAL MULTIPLIER FOR COULOMB CORRECTION

DIMENSION EACS00) SPARC500)
REmT+9398E=-26

_.29 —

GAMO4310

GAMO4320
GAM04330
GAMC4340 .
GAMD4350
GAMO4360
GAMD4370
GAMD4380
GAMO4390
GAMO4400
GAMO#41C
GAMO4420
GAMO4430
GAMO4440
GAMO4450
GAMO4460
GAMO447TC
GAMO4480
GAMO4490
GAMO4500
GAMO4510
GAMC4520
GAMO4&530
GAMO4540
GAMOA4550
GAMO&560
GAMO4570
GAMO4580
GAM04590
GAMO4600
GAMO4610
GAMO4620
GAMO4630
GAMO&4640
GAMO4650
GAMO4660
GAMO46TO
GAMO4680
GAMO4690
GAMO4TOO
GAMO4T10
GAMO4T20
GAMO4TA0
GAMO4T40
GAMO&T50
GAMO&4 T80
GAMO4TTO
GAMO4780
GAMO4T90
GAMO4B00
GAMO4810
GAMC4a20
GAMO4830
GAMO4840Q
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SOURCE ELEMENT LIST (8BIT MODE)

(a¥aNaNa¥sRaXal

55

20

30

35

o [FUR M ] L

o

4ady

90
10

100

TETA™1+ 2020569

C=2,997925E+10

ERME=0+511006

EC2m0,511006#2,0

DO 100 [wlaNMAX

E=EACD)

IFCE=EC2Y 90190455

CONTINUVE

EK=E/0.511006

IFCE=240Y 20430430

ROWw (2o EK=4+)/ (24 +EK*2+%SQRT (2 #EKD )

SIGaZ*¥2#RE*2. %3, 14159% (EK=2+0) #%3n (1, +ROW/ 2.+ +23 . #ROWE%2 /40,
1411 #ROWR*3/60,42G, #ROWH¥4/7060,3/ (13T 1 %3 HEL#*3)

GO TO 35 )
SIGm(Z¥*2#RE/LIT I H (28 #ALOGC2  #EK) /9. =218, /27 .+ (2, /JEKI %%2% (b ¥
TALOGC2-%EKY =T /2,42, #ALOGC2 s #EKI ##3 /3. =ALOG(2 s ¥EK)#%2=3,14159%#2

2HALOGC2 o %ERY/3.*2 4 TETA*3, 1615942276 ) w2 JER ) main (3, #ALOGE2, #EX)
3/7164+1+/8:)= (2. /ERI#%6%(29./F 1 256#ALOGC2  #EKY=TT./27.512))

Shm2/137.

GAMO4850
GAMO4860
GAMO4870
GAMO4880
GAMO4890
GAMO4900
GAMO4910
GAMO4920
GAMO4930
GAMC4940
GAMO&4950
GAMO&4960
GAMD4970
GAMO4980
GAMO4590
GAMOS5000
GAMOS010
GAMO5020
GAMOS5030

FluSh®a20 (1. /(1 +5A%%2)+0.20206=0,0369*5A#%2+0.0083%5A%#4=0,00245AGAMO5040

lang)

DBM=2B+ #Zun2#RERFZ/ (#1372
DRA=1,012
IFCE=145) 14142
DEP=~0+0677#(E=1+022/0+48
GO TO 484
TFCE=2+) 34304
DEPm=0*06TT=0+0609%(E=1+5)/05
GO TC 444
IFCE=3+) 54546
DEP==0+1286=0"007#(E=2+2/110
GO TO 444 - o
DEP=D.0922%E=0.4326
S1GmS | GHRRA=DER*DBM
GO TO 10
51G=0.0
CONTINUE
SPARCI)=SIG*1.0E+24
CONTINUE
RETURN
END
SUBROUT INECOHER (Z +MMAX + ECOH + 5 1 GCOH)
COHERENT SCATTERING TOTAL CROSS SECTION )
#%# USE A APPROXIMATE CURVE. THIS CURVE WAS CALCULATED BY LEAST
SRUARES METHOD USING LOS ALAMOS DATA.
#a% UNIT = BARNJATOM
Z = ATOMIC NUMBER
E = PHOTOMN ENERGY ¢MEV)
EL 2
DIMENSION ECOH(5006Y+SIGCOH500)
CALP= 2.357%(ALOG(Z/26.03)+9.436

DG 100 I=1,MMAX
XXXX=ALOGCECOM (1))

GAMO5050
GAMO5060
GAMOBGTO
GAMO5080
GAMG5090
GAMO5100
GAMO5110
GAMO5120
GAMO5130
GAMO5140
GAMO5150
GAMOS160
GAMO5170
GAMO5180
GAMO5190
GAMO5200
GAMO5210
GAMO5220
GAMO5230
GAMO5240
GAM05250
GAMO5260
GAMO5270
GAMO5280
BAMO5290
GAMO5300
GAMO5310
GAML5320
GAMD5330
GAMD5340
GAMO5350
GAMO5360
GAMO5370
GAMO5380
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SOURCE ELEMENT LIST CgBIT MODE}

YYYY==0+09615% (XXXX+11+ 5322 ##2+5LP
SIGCOHCIImEXPLYYYY)
10C CONTINUE
RETURN
END
SUBROUTINEALTX s YeXAsJ)
C LINEARLY INTERPGLATES FUNCTION Y TQ GIVE VALUE AT X
DIMENSTON Y(J) s XACH)
t=1
100 A=X=XxAC1}+.00000L
IFCAYIL 1645
1 I=]+1
IFCILE* JP60TO10D
WRITEC6+14) I JaXsXACT) vA
4 FORMAT (36HOERROR=ENERGY LESS THAN ALL ENERGIES/10X+215+3E12,4)

e e e . e ot .t e i s P g 4 P ke

CALLEXIT
5 Nmi
1F(N LE*1IGOTOS
MeN=-1
oy CND+ Cimx A CNY D w Cy MY =y (N2 D/ XA EMY XA CND D
RETURN
6 X=Y(I)
RETURN
END
FUNCTIONSIGMASCE)
C KLEIN NISHINA SCATTERING CROS35 SECTION
A=l +2.%E
BaEnE
CmE=-20=2+/E
SIGMAS=CALDGCAY #Cra s t2r apxCl+EX/ (anad ) /B
RETURN
END
FUNCTION SIGLEGIN.YaxUsxXL?
(T 08 i e i 0 i i e [Rp——
€ N ! LEGENDRE ORDER
€ Y ! SOURCE ENERGY
C AUS UPPER SINK ENERGY
C  XL: LOWER SINK ENERGY
C
c
¢

CONVERT SINK ENERGY TOQ SCATTERING ANGLE
AUm1.0+1.0/Y=1.0/XU
AL=1:0+1,0/Y=1.0/XL

C  DETERMINE NUMBER OF INTEGRAL POINTS K

DELTMU=0,02
IF ¢N:LE«5) DELTMU=GC,04
K=CAU~AL) FDELTMU
IF ¢K«LT.5) K=5
C  CALL SIMPSON'S INTEGRAL ROUTINE
CALL SIGINT(SIGeNsY AUsAL 1K)

SIGLEG=SIG
RETURN

GAM05390
GAMOS400
GAMO5410
GAMO542C
GAM05430
GAMO5440
GAMO5450
GAMO5460
GAMO5470
GAMO5480
GAMO5490
GAMO5500
GAMO5510
GAMO5520
GAMO5530
GAMO5540
GAMO5550
GAMOS5560
GAMO5570
GAMO5580
GAMO5590
GAMOB5800
GAMO5610
GAMO5620
GAMODB6350
GAMO5640
GAMO5650
GAMO5660
GAMGS5670
GAMOS5680
GAMG5690

" GAMO5700

GAMO5T10
GAMO57T20
GAMO5T30
GAMDST40
GAMOSTS0
GAMOS5T60
GAMOSTTO
GAMOSTEO
GAMOST90
GAMO5BG0
GAMO5810C
GAMOS5820
GAMOS830
GAMO5840
GAMO5850
GAMOS5860
GAMOSBTO
GAMC5880
GAM(O5890
GAMG5900
GAMC 5910
GAMC5920



JAERI-M 6936

SQURCE ELEMENT LIST <8BIT MODE}

END GAM05930
SUBROUTINE SIGINT(SIGWNsZsAULAL KD GAMO5940
REAL*E X«Y+SIGMA PN GAMO5950
DIMENSION PNC1000) GAMOS960

c GAMOSSTO
SIGMACKaYIm Lo+ ¥® {3 =X)+1u /€Lt YR(L =X D+2 % (X=1, )+ (X=1:)%(X=1+))/GAMOS980D

* (Leryn(1e=xIdun2 GAMC5990

C GAMD&0DO
¢ GAMO6010
¥az GAMD&020

C  DETERMINE DELTH ) GAMO6030
DELTH= (CAU=AL) / (2%K) GAMOB040

€ CALCULATE PN(X) FOR EACH INTEGRAL POINTS GAMO6050
[E=2#K+1 GAMOB060

GO TO (100+110+41204130+140+150+160:170+4180).N GAMO6QTOC

C GAMO60BC
100 DO 200 !=141E GAMO6090
pNCI)al, GAMO6100

200 CONTINUE GAMDE110
GO TO 250 GAMOE120

4 GAMOGL30
110 BC 210 I=141E GAMO6140
XuAL*DELTH#{}-1) GAM06150
PNC1)eX GAMO6160

210 CONTINUE GAMO6170
GO TO 250 GAMOG180

C GAMDE190
120 DO 220 !=1,1E GAMD&200
X=AL*DELTH# {1=1) GAMO6210
PNCI)=(3, %X%X~1,)/2, _ GAM06220

220 CONTINUE ) GAMO6230
GG TO 250 GAMO6240

C GAMO6250
130 DO 230 l=l.+]E GAMO6260
X=AL*DELTH2(]1=-1) GAMO&270
BNCIIm(5, #X_XmT I %X/ 20 GAMQ6280

230 CONTINUE GAMO6290
GO TO 250 : GAMO6 300

C GAMO6310
140 DO 240 I=141€E GAMD6320
X=AL*DELTH# ¢ [=12 o GAMO6330
PNCI)= ({35, %XeX=30,)#X#X+3,)/8, GAMO6340

240 CONTINUE GAMC6350
GO TO 250 GAMO6360

< GAMD6370
150 DO 255 I=1+1E GAMO6380
X®AL*DELTH#(1~12 GAM06390
PNCIYm (63, #X*XmTO. ) #X%X+15) %X/ B, GAMOB400

255 CONTINUE GAMO6410
G0 TQ 250 GAMO6420

C GAMO&430
160 DO 260 =118 GAMOE440D

: XwALYOELTHx([~12 GAMU645D
i : PNCIDm({ (231 #X#%=315,)#X%X+105,)%xXnX+5.)/16. GAMO6 460
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SQURCE ELEMENT LIST €gBlT MODE)

[aNa¥alal

269

170

270

180

280
250

300

1

»*

*

*

»*

CONT INVE
GO TQ 250

DO 270 I=1.1E
X=AL*DELTH# (=12

PNCIImC (429 . #XHX=693, I RX*X+315, 3 #XnX=35.)#X/16.
CONT INUE

GO TO 250

DO 280 I=1.iE

XeAL*DELTH#(1=12

PNCID®™(C{{6435 , wXu)=12012. ) #X*#X+6930,) #X#X=1260. I *¥X%X+35.) /128,
CONTINUE

CONTINUE

SUMEND=O
SUME 1Dw0,

DO 300 TmlsK )

X=AL*2 . #DELTH# (=1
SUMEND=SUMEND+S [GMA (X s YI PN (2#]=1)

SUME | D®SUME 1 D+S1GMACCX+DELTH) + YX #PN(2% )

CONT INUE

5] GmDELTH 3+ #(2 4 #SMEND ¥4 * KSUME [D=51GMA CAL ¥ #pNC1) +S1GMA CAU Y *
PNC2%K+1})

RETURN

END

SUBROUTINE NROWCZ 'NMAX+EETAUPs PAIR+ENNUsDF+Za2

THIS IS USED TO CALCULATE GAMMA=RAY ENERGY
TRANSFER C(ABSORPTION) COEFFICIENT

DIMENSION ZTBLCL5) 4ENNUL500?
DIMENSION TZK€10) s TFKCIOY 2 TZLCLOY s TFLCLI0X +TZECS) s TEKLS) + TEL(S)
DIMENSION EE(500) +TAUP(S00) s TAUK (500X «+PAIR(500)+BF (507
COMMCON /JDB/1GAs IMsFNs ICAL IPRTOIPRT1vJLeGEC 51)
TIK == ATOMIC NO. FOR K=SHELL FLUCRESENCE YIELD
DATA  TZK/ 7.0y 10.0v 15.0s 20404+ 30,0+ 40.0+ 50,04 60.0y 8000
100.¢ /
TFX =- FLUORESENCE YIELD OF K=SHELL
DATA TFK/ 0.0014 0,010 0.051¢ 0,151+ 0,435+ 0.7114 0,843
0.909s 0,953y 0.965 /
TZL == ATOMIC NO+ FOR L-SHELL FLUORESENCE YIELD
DATA T2L/ 31.0s 3%.0+ 40.0+ 50,0y 60.0s 73,04 T&.04 80,03 90,0
190.0 7/
TFL =- FLUORESENCE YIELD OF L=-SHELL
DATA TFL/ 0.010s 0.032 0.060s 0,118+ 0,173+ 0.248: 0,293
0.382y 0.%44s 0.467 /
TZE =— ATOMIC NO* FOR FLUORESENCE ECERGY
DATA TZE/ 3.0 1040+ 20.04+ 50.04 100.0 /
TEK == FLUORESENCE ENERGY QF k=SHELL
DATA TEK/ 0.054+ 0,B49s 3,719, 25,843+ 124,054 /
TEL == FLUORESENCE ENERGY OF L-SHELL

GAMD&470
GAMCE480
GAMOS490
GAMC&500
GAMCE510
GAMO&520
GAMO6530
GAMDE540
GAMOE550
GAMO&560
GAMD6570
GAMO6580
GAMO6590
GAME6600
GAMO6610
GAMOG620
GAMO6630
GAMO6640
GAMO6650
GAMD6660
GAMO6G6TO
GAMO66B0
GAMOD&E9C
GAMOBT00
GAMOBT1C
GAMD&T20
GAMD6730
GAMO6T40
GAMDET50
GAMO6 760
GAMC&TT0
GAMDS780
GAMO6T S0
5AMD6800
GAMD6E10
GAMD&820
GAMO6830
GAMO6840
GAMD&850
GAMC6BED
GAMCEETO
GAMUEBRO
GAMO&B90
GAMUESOD
GAMO6910
GAMUO6920
GAMD6930
GAMOE340
GAMO&950
GAMOE960
GAMO&370
GAMO&580
GAMOES30
GAMOTOC0
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C
C
1400

CCeC
<

Canx

20
30

Caun

120
140

130

110
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T LIST €8BIT MODE)

DATA TEL/ 0.0+ C.018+ 00385+ 36094 19:141 /
DATA ZTBL/14046+0+T:018:0¢11.00¢1240+13,0+115.C416,0s18:0+
1 19a0020'0026o0129T0t82-0/

IFCIPRTLE@* 1) WRITES6+1400) Z

FORMATCI1Y £/ 10%%% ATOMIC NO. '4FB, 30t #ax?

i /107 425% V=== MASS ENERGY TRANSFER COEFFICIENT ---'

1 /10 ENERGY FaFT K*FK S#FC

2 TRANS COEFF®) )

INTERPOLATE EACH TABLES FOR PHOTCELECTRIC ABSORPTION FACTOR

K=SHELL

CALL INTFT(Z+AEKsTZE+TEK+ 5)

AEK=AEK#1.0E~3 . .

CALL INTFTCZ+AFK+TZK+TFK+10)

L=SHELL

CALL INTFT(Z+AELTZEsTELs 5)

AEL=AEL*1.0E~3

CALL INTFTCZ+AFL+TZL+TFL+10)

THRESHOLD ENERGY OF K=SHELL

ECUTR(Z=0+3)##2%#1,352E-5

TEMP=1.0/C1.+0.01481%(ALCG{Z) ) ##2=0,0007TB8# (ALOGCZ) ) #%3)

K»d

DO 1000 KK=1:]GA :

IFCIPRTL.E@+1) WRITEC6+1800) KK

DO 100C JJmlsIM

KwK*1

E=EE (K7
CALCULATE FTAU CPHOTOELCTRIC ABSCRPTION FACTOR?

IFCEPLEECUT) GO TO 20
FTAU & 1.0-TEMP®AEK®*AFK/E
GO TO 30
FTAU = 1.0«AEL*AFL/E
CONTINUE
CALCULATE FK  (PAIR PRODUCTION FACTDR)

1FCe LE"1"0) GO TO 180

SET UP EACH SIDE OF GIVEN ATOMIC NO.
IFCZ.LT.2TBLC1YY GO TC 2000
IF¢Z.6T.2TBLC15)Y 6O TO 110
DO 120 I=is15
TF(Z.EQ.2TBLEIY) GO TQ 130
IFLZ.LT.ZTBLCIDY GO TC 140
CONT INUE
1C0O=0
Nl=]-1
N2= ]
GG TC 150
1CO=1
Ni=]
60 TO 150
1COu2
Nl=l4

GAMO7010
GAMOT020
GAMOTO30
GAMOTO40
GAMOTO50
GAMOTO60
GAMOTOTO
GAMOTOBC
GAMOT090
GAMOT100
GAMOT110
GAMOT120
GAMOT130
GAMOT140
GAMOT150
GAMOT160
GAMOT170
GAMOT7180
GAMOT190
GAMDT 200
GAMOT210
GAM(GT220
GAMOT220
GAMOT240
GAMO7250
GAMOT7260
GAMOT270
GAMOT280
GAMOT290
GAMO7300
GAMOT310
GAMOT320
GAMDT7330
GAMOT340
GAMOT250
GAMOT 360
GaM0TaT0
GAMOT 380
GAMO7390
GAMOT400
GAMDT&10
GAMOT420
GAMOT430
GAMOT440
GAMOTAED
GAMOT460
GAMGT4T0
GAMOT480
GAMOT450
GAMOT500
GAMCTS10
GAMCT520
GAMOTS30
GAMDT540
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SOURCE ELEMENT LIST C8BLT MODE)
N2=15 GAMDT550
150 CONTINUE ] GAMDT560
C INTERPOLATE ENERGY RANGE : GAMOT570
CALL INTFKCNL+YLsED o ) GAMOT580
IFCICO+EQ1) GO TO 160 ) GAMOT590
CALL INTFKCNZ2+Y24E) GAMRTE00
C GAMCT610
| C INTERPOLATE ATOMIC NC* RANGE GAMGTH20
1 FEoyl+ (Z=2TBL{NL)YI#(Y2=¥1)/(ZTBL(N2)=ZTBLINLD) GAMOT630
b, GO TO 170 GAMOT640
: 160 FK=Y1l GAMOTE50
: 170 CONTINUE GAMOT660
; YIFCFKGE0.0) GO TO 19C GAMOTETO
: 180 FK=0:0 GAMDT680
P Crax . GAMUT690
P . 190 FPH=TAUP{K) %FTAU - GAMOTTO0
FPA=PAIR(K) #FK : GAMOTT10
CALL COMPTCEFC) GAMDT720
SFCa=DF (KK} *ZA*FC GAMOT730
< KEAT PRODUCTION COEFF: === KERMA FACTOR (WATT#SEC#*BARN) GAMOTT40
ENNU () =FPH+FPA+SFC GAMOTTSO
IFCIPRT1.E@.0) GO TO 1000 GAMDTT60
[F¢JJ E@. 1M GOTO 1000 GAMOTT70
WRITE{6+1500) E+FPHyFPAZSFCs  ENNUCK) GAMOTTBO
1000 ENNUCKI=ENNUCK)#Ex1,6E-13 GAMOTT90
C GAMOTBOD
C GAMOTBL10
RETURN GAMQT820
2000 WRITEC6+1700) Z GAMOT830
STOP GAMOTR40
1500 FORMATCL0XEL2.442X44E12.4) GAMOT8590
‘ 1800 FORMATC' GROUP':13) . GAMDT860
: 1700 FORMATCL0X.'#**%ERROR ATOMIC NO, '+FB+%4) GAMOTBTO
! END GAMOTEBO
‘ SUBROUTINE INTFKENsYoE? GAMOT890
c GAMOT900
C THIS IS USED TO INTERPOLATE FK TABLE GAMOT910
C . GAMCT 920
DIMENSION Fk€8.15Y,£6(8) GAMOT930
DATA FK/ 0+31840.68840.658,0.783+0.79440.82R+0,870+0,8%5 GAMOT940
1 Ce318+10.88T10.655¢0.T3B10,T6T10482010:858+0.879 GAMQT950
2 0+31B+0+8B8940%654,0+T3T+10TBE+0*818+0+855+04876 GAMOT960
3 043174048600 654404T36+0+TB5+10°81610°85340°873 GAMCT9T0
_ 4 0 31Tv0 46540465240 73340 T80 0811084640863 GAMCT980
: 5 G*317+0+48540465140°732+0:T79+0°810+0°8430+861¢ GAMDT990
; 6 D+317+0°48740*653+0+T34+0¢TB00°B0910+84240¢85T GAMCB000
! 7 0*316+0°484v0°649:0°T29+0:7T5:0°804+0*836+0+851 GAMDB010
i 8 0*316+0°484 0648210 T28+0°TT4+0°B80310°834+0° 848 GAMDB020
. 9 01316+0+48340%647+0°T26+0°TT120°T799:0°82940+842+ GAMOBO30
: A 04316+0° 48307646100 T2540°TTO0*T9E10° 827108394 GAMOBC40
H B 0'316'0'482-0’645.0'72410'76910‘796‘0'524n0'836l GAMOBOS50
< 03174 0+484,0%64640°T722:0¢T63+0°7884+0°81140°819% GAMOBOSC
o} 0*314+40°480+0640+0° 715407 T57+0° 7814080440808 GAMOBOTO
E 0:312%0+4T110+61610:6T570+701+0+ 7124071240700/ GAMOBOBO




JAERI-M 6936

SQURCE ELEMENT LIST ¢8BI1T MODE)

[a¥aXal

(e aYalal

120
130
140
100

110

150

160

1c0
110
120

130

150

200

DATA EG/1.5+2.043,0+4.045:0+6.0+8,0+10.0/
N === SUBSCRIPT OF ATOMIC NO* TABLE
E =—-= ENERGY
Y -=~ DEMANDED VALUE

IFCE.LT.EGCL)Y GC TO 100

IFCE.GT.EG(8YY GO TO 110

DO 120 I=148

IF(EEQ.EGCIY GO To 130

IFCE.LT.EG(I)) GO TO 140

CONT !NVE

Kl=]

Go TO 160

Kl=1-1

K2=]

GO TO 150

Kl=1

K2m2

GO TG 150

KiwT

¥ 2wg

CONTINUE _
YREK (KL NI+ CE=EGCKLY I * CFE (K2 NI =FK(KLsN) 3/ CEGLR2I~EGLKL)Y
RETURN

YuFK{K1eND

RETURN

END

SUBROUTINE INTFTC(ZAE+XsYaN?

THIS IS USED TO INTERPCLATE FK OR EK OF FTAU TABLE
DIMENSTON x€1).v(1)

IFCZoLTx(10Y GO TO 250
[FCZ.GT.X{N)) GO TO 130
DO 100 Iw1l.N -
1F€z.E@.xC[2) GO To 1t0
1FC2.LT.%€13) GO Ta 120
CONT INUE

Klm[ o

GG TO 200

Kl=[=1

K2m]

GO0 TC 150

KilsN=1

K2=N

INTERPOLATE . LOGSY? LINER IN LOGX?
IFCY(K1YE@.0.,0) 6O TO 25C
EmY{ELI#EXP (ALOGLZ/X (K1) Y #ALOGCYCK2) /Y LKLY /ALOGLX (K2 /X (K1) D)
RETURN
E=Y (K1)
RETURN

GAMOBO9D
GAMOB100
GAMOB110
GAMOB120
GAMQB130
GAMC8140
GAMCE150
GAMCB160
GAMCB1T0
GAM08180
GAMO8190
GAM0B200
GAM0B8210
GAMD8220
GAMOB230
GAMO8240
GAM08250
GAMOB260
GAMC8270
GAMOB280
GAMGC8290
GAM08300
GAMO8310
GAMO8320
GAM0B330
GAMOB340
GAMO835C
GAMOB360
GAMOE3TO
GAMOB 380
GAMOB390
GAMOB&00
GAMOB41C
GAMOB420
GAMOBA30
GAMOB440
GAMOB450

. GAMOB4&&C

GAMOBATC
GAMOB4BC
GAMOB490
GAMOB500
GAMDB510
GAMOB520
GAMOB530
GAMO8540
GAMOB550
GAMCB560
GAMOBSTO
GAMOB580
GAMDB590
GAMOBEDD
GAMD8610
GAMO8620



SOURCE ELEMEN
250

2XaXe]

100C
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T L1sT €8RIT MODE)

g=0.0

RETURN

END

SUBROQUTINE COMPTC(E+FC)

THIS [% USED 7O CALCULATE COMPTON SCATTERING COEFF:

COMMON ZJDB/ 1GA+ [MaFN« ICAL [PRTOs IPRTLJ1+GEC 510
REAL MC2

MC2=20+510976

NM= | % FN

IFCNMeLTs 10} NM=10
JF(NM.GT . 50) NM=50
TMAX=2 + #E*E/ (MC2+2.4E)
DEL=TMAX/FLOAT (NM)
Ti=0.0Q

T2=0.0

TOT=0.0

DO 1000 T=1sNM

Tl=T2

T2=T1+DEL

TOT=TOT+ (PCCEVT1I#TL + PCCET2)#T2)#DEL/2.
CONTINVE

FC=TOT/E

RETURN

END

FUNCTION PCCELT?

REAL #MC2

PAI=3"1415927
MC2=0.510976
R? =T*9396E=26
AL=E/0.510976
TEM=l+0/Enx?

DS 1GaPAl #R2*MC2*CMCZRTRTEMY 92 * 2+ %TEM# (E=T) #%2
1 4(E-TI#TEMR((T=MC2) ##2=MC2##2) /E} / (E=T)##2

SIGT =2 #PATRRZ#((2. % (1 +ALY/ (1. 42, #ALI=ALOG(L. +2. %ALY /AL)
1 # (1o +ALY FAL##2+ALOGIL, +2. #ALY /(2 #AL)
2 (i +3, ALY/ (L 42 wAL Y %u2)

PC=DSIG/SIGT

RETURN
END

GAMGR630
GAMDB 40
GAMCBE50
GAMOB660
GAMC86TO
GAMO8&80
GAMOBEI0
GAMCBT00
GAMOST10
GAMDST20
GAM0O&730
GAMOBT20
GAMDBTS0
GAMDET60
GAMDBTTO
GAMO8T30
GAMDBTI0
GAMOB 00
GAMOBB10
GAMO8B20
GAMOB830
GAMOBB40
GAMOBBSO
GAMO8860
GAMOBBTO
GAMOBEBC
GAMOBBYIC
GAMQ8900
GAMDBS10
GAMOBQ20
GAM0B930
GAMOB94D
GAMUES50
GAMOBIED
GAMOB9TO
GAMDGY80
GAMOB990
GAMO9000
GAMO9010
GAMO9020
GAMO9030
GAMD2040
GAMD9050
GAMO9060
GAMOY0TO
GAMO9080
GAMC9090
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SOURCE ELEMENT LIST (8BIT MODE)
ELEMENT NAME ((POPOPZ )) ESTABLISHED 77.01.25

SUBRCUTINE OTFEUNCE «NN+Rs ISUM+NCARD s NPUND
C *=% STOLEN FROM ANISN
C *x* DTFPUN USES VARIABLE FORMAT TO PUNCH AND NUMBER CARDS
DIMENSION EC6) sNN(EI +RCEI v IEL6) s TEXP (6D +51(63+52(6)
DIMENSION FMT{26)FBT(4) +FET(2)
DATA POS«XNEG/'+  tate iy
DATA FMTCLY +FMTC26) «FETCIIWFETC2)A1C "4 18) '+ *TT34%,918) ¢/
DATA FBT(LYSFBTC2) +FBTCIYaFBT(A)/ 124214 AL 1 e t5,ALT 142,17
DO 2 Jmlrb
Kal j=1dmgy + 1
DO 3 I=l.4
L=K*]
FMT{L)=FBT(])
CONTINUE
IF (1SUM.EQ.6YG0 TO &
K=[SUM*4 + 2
FMTCKI=FET (1)
FMT(K+1Y=FET(2)
4 DO 1 I=i.ISUM
$1{1)¥=P0S
TFCECI) LT 0. 0)S1CIY=XNEG
CALL FLTFXCECIYZIECI)+IEXP(D)
52([)=XNEG
IFCIEXPCI) . GE.0X52( 1) =POS
[EXPCI)=[ABSCIEXP(I))
1 CONTINUE .
Coxr WRITE C(79FMTY (NNCID oRCID«S1CIDS[ECII2S2CI) o 1EXPCI) o 1=ty [SUMD
. WRITECNPUNSFMTY CNNCIDXoRCIDSLCIYaTECII+52CI) v IEXP () o [ =1 ] SUMD
1V NCARD
RETURN
END
SUBROUTINE FLTFXCELWNE14NL)
C #*%* STOLEN FROM ANISN .
€ w»xx FLTFX CONVERTS FLOATING NUMBER TC INTEGER
Nm=i
E=ABSC(EL)
IF(E+NE.0.0)GO TO 1
NwQ
‘ NE=Q
‘ GO TO 6
3 EwEw#1040
NESYES
1 IFCE'GE*1+0GO TO &
GO TO 3
5 E=EZ10.0
N=N*+1
4 IFCE*GE*10:0%G0 TO 5
E=E#10000.0
2 NE=E
E=E=FLOAT{NED
[FCE.LT+0.5)G0 TO 6
TF(NE.NEL+99999360 To 7

SR

GAMO9100
GAMOR110
GAM09120
GAM09130
GAMO09140
GAM09150
GAMO9160
GAMOS1TO
GAMO9180
GAM09190
GAMO3200
GAM09210
GAMD9220
GAM09230
GAMO9240
GAMO9250
GAMD9260
GAMO9270
GAMO928C
GAMD9290
GAMD9300
GAMO9310
GAM0932C
GAMOG330
GAMR9340
GAM092350
GAMD9360
GAMD937C
GAM09380
GAMO09390
GAMC9400
GAMO9410
GAM09420
GAMO9430
GAMO944C
GAMOG450
GAMOG460
GAMO94TQ
GAMO9480
GAM09490
GAMO950C
GAM09510C
GAMO9520
GAMO9530
GAMO9540
GAMD4550
GAMO9560
GAMOS570C
GAMO9580
GAMD9590
GAMC9600
GAMO9610
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SOURCE ELEMENT LIST (8817 MODE)

>~

C *ad

NaN+1

NE=10000

GO TO 6

NEmNE+1

NEl=NE

NlmN

RETURN

END

SUBROUTINE PUNSHEX W NiNPUND
STOLEN FROM ANISN

C *%% CLEVER SET OF SUBROUTINES WHICH PUNCH CARDS IN ANISN FORMAT
C *¥% PUNSH SETS UP EACH CARD PUNCHED BY DTFPUN UTILIZING REPEATS

DIMENSION ETR{6) yNN(EY sRCEI v X (1)
DATA BB'RR/? Yt Y
NCARD=1

16=0

K=0

1TRP=0

1l=N+1

DO 1 1=2.1}
FFCITRIPLLE. OGO TO 2
ITRIP=(

GO TO 3

IFCIGELT1YGO TO 4
IFCXCID WNE.XCI-1))GO TO &
K=K+l

1F(K-LT=982G0C TO 1
1TR1P=1

Ibm]lé+]l

NNCIBYmg

RC167=RB

IF(k LEL0XGO TO 5
NNCIEYwKsl

rRE16)=RR

K=0
ETRC16I =) (=12

IFC16.GE.6)60 TO 6

IFCIALT. 11360 TO 1

CALL DTFPUNCETRANNsR 16 +NCARD s NPUN)
NCARD=NCARD +1

1620

CONTENUE

RETURN

END

GAM09620
GAMO9630
GAMO9640
GAMDS650
GAMCO9660
GAMO96TO
GAMC9680
GAMD9690
GAMOSTOD
GAMO9TLD
GAMO9T20
GAMO9T730
GAMO9T40
GAMO9750
GAMO9TS0
GAMOSTTO
GAMO9780
GAM09790
GAMD9800
GAMO9B810
GAM0O9820
GAMO9830
GAMO9840
GAMO985C
GAMO9860
GAMO98T0
GAMO9880
GAMC9890
GAMB9900
GAMC9910
GAMD9920
GAM09930
GAMO9940
GAMO9950
GAMO9960
GAMO99TC
GAMQ998C
GAM09990
GAM10000
GAM10010
GAM10020
GAM10030
GaMi0040
GAM10050



JAERI-M 6936

Appendix C List of Sample Input and Qutput

Sample input data

Table C-1

é;.u*pio‘lp!!iﬁopl0201p;*'I0030,lq;*QQ0'41-l-*cultstlou*n-ll6qetl

¥HL 1EDRUN

¥D1SK
¥DATA

RFNAME= 9103 ,GAMLEGUR

PUNCH

10

21

WY ND ™
e e ow

N O

DO

- o

@ v O

OO

& o o=

- —

OO

1..1.._1

[sgwie)

- =

vt od

O NN

- o .

vy — O

Y O

B S

g O

o o

- ow -

@O N O

o~ o
CNMOU OO OCC N0 D

L T N T R SR T 1

ONDODOH A AAOCNO D
~— —

Wy

008000000 O o

- oa e e e

- ® & - =

NAOOO A1 AN MNOO
i

—t

82,0

26,0

00010000000130
N = o o o« & » = « = =
441011114410

8




JAERI-M 6936

Table C-2 Sample output

INPUT LATA
i NO, OF GRQUPS 21 N NO, OF INTEGRATION PUINTS/GROUP
NMAX NO, OF LEGENDRE COMPONENTS S KON  CONTROL =170/1 * FLUK/NONE/SOURCE
ICAL  0/1 = X=SEC [NPUT/CALCULATE 1 |PRTD ©/1 = PRINT DETAIL X=SEC NO/YES
IPRTL O/1 = PRINT DETAIL HEAT COEFF NO/YES 0 NACT 071 = DUTPYT HEAT CUEFF NO/YES

ENERGY (MEV) SOURCE

1 0.1400DE+02 ©,10G00E+0L

2 D,12000E+02 0,10000E+01

3 0i1D000E+02 C.10000E+01

4  0,B0000E+01 U,l1CU00QE+0L

5  0.65000E+01 0,10000E+01

& D0,50000£4+01 U,10000E4+01

7 D.4DOQOE+01 0. 100UOE+C]

8 0,430000E+01 0,10VQ00E+01

9 0,25000E+01 G,100C0E+01
10 0.,20000E+01 0,1000CE+01
11 0+1p600E+0L 0,100CCE+01
iz 0,13300E+01 0,100V0E+01
13 . 0,10000E+DL 0y10UQQE+0L
14  0,Bo0QOELG0 0,100Q0E+0L
15 0.60000E+C0 Q.10000E+01
1 0.40000E+G0 0,10UG0E+OL
17  0,30000E+G0 0,10000E+01
18 04,2000CE+G0 0+10Q00E+0L
19  0,10000E+C0 U,100C0E+0L
20 0,50000E=01 0.10000E+0L
21 0,2000CE=01 €,1000G0E+Q1

GROYUP ENERGY BOUNDS

1 0,1400QCE4G2

2 0,12000E+u2

3 0.10000E+(2

4  0,B80000E+01

5  0465000E+G1

& 0,50000E.01

7 0 40U00E+(1

8  0,30000E401

9 0425000E+01

10 0,20000E+01
11 0.16600E+01
12 0:13300E401
13 0,100C0E+C1
14 0,80UC0E+CQO
15 0+60000E+00
16 0.40000E+00
17 0+30000E+Q0
18 0 200U0E+00Q
19 0+10000E+00
20 0.:%0000E-0L
21 G,20000E=-01

GROUP AVG FLUX AVG S1GMA 3 AVG SOQURCE

1 0,l0000g+Q2 -~ 0.16838E+00  0,10000E+0L
2 0,10000E+02 0,19092E+400  0.100Q0E+01
3 0,l0000g+02 Q,22116E+00  0,10000E+01
4 0,10000E+02 0,25T8BE+00  G,10000E+01
5  0,10000g+02 Q,30315+00  0,10000E+0l
6 0,10000E+02  0,3%698E+00 0,10000E+01
7  0,i0000E+02  ©0,42038£+00  0,10000E+01
& 0,10000p+02 0,4B712E+0C  0,10000E+01
9 0,100008+02 0,54912£+00  0,1000CE*0]
10 ©0,10000E+02  0,61752£+00 0, 1000CE+0]
11 0,1C000E+02  0,69001E+00 ~ ©,10000E+0l

T
(R =F =N



1277010000402
i3 0,10000E+02
14  0.10000E+02
15 0,10000E+02
16 0,10000E+02
17 0.10000F+02
18 0,10C00DE+02
19 0, 100C0E+02
20 0, 1000QE+02
DIFFERENCE«GROUP
DIFFERENCE~GROUP
DIFFERENCE=GROUP
Dl FFERENCE~GROUP
DIFFERENCE-GROUP
DIFFERENCE=GROUP
D] FFERENCE=GROUP

D1FFERENCE~GROUP

DIFFERENCE=GROUP

DIFFERENCE=GROUP
D1FFERENCE =GROUP
D1FFERENCE-GROUP
DIFFERENCE~GROUP
DIFFERENCE~GROUP
D1FFERENCE-GROUP
DIFFERENCE~GROUP
DIFFERENCEwGROUP
DIFFERENCE=GROUR
D IFFERENCE-GROUP

DIFFERENCE=GROUP

AyG
AVG
Avg
Ay
AyG
AVG
Avi
AvGe
AvG
AyG
Ava
AVG
AvG
AyG
AYG
AyG
AyvG
AyG
AyG

AyG

0, 76636E+00

0, 89204400
0410033040
0,11631E+01
C,13392E+01
0,15159E+01
0,17863E+01
0,21047E+01
0,23592E+01
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER
SCATTER

SCATTER

CROSS
CROSS
CROSS
CROSS
CROSS
CROSS
CROSS
CRDSS
CROSS
CROSS
CROSS
CROSS
CROSS
CROSS
CROSS
CROSS
CROSS
CROSS
CROSS
CRUSS

0 10000E+DT
0,1000CE+01
0,10000E+01
0,10000E+01
0,10000E+D1
C,10000E+01
U, L0000E+QL
0+100QCE+DL
0,10000E+C1

SECTICON
SECTION
SECTION
SECTION
SECTON
SECTION
SECTION
SECTION
SECTION
SECT|ON
SECTION
SECTION
SECTION
SECTION
SECT{ON
SECTION
SECTION
SECTION
SECTION

SECTION

AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND
AND

AND

JAERI-M 6936

SUM
SUM
SUM
SUM
SUM
SUM
SUM
SuUM
S5UM
SUM
5UM
SUM
SuM
SUM
SUM
SUM
SUM
3UM
SUﬂ
SuM

OF
oF
OF
oF
OF
oF
OF
oF
QF
aF
oF

OF

oF
OF
oF
OF
OF
GF
oF

GROUP
GROUP
GROUP
GROUP
GROUP
GROUF
GROUP
GROYP
GRCOUP
GROUP
GROUP

GROUF

© GROUP

GROUP
GROUP
GROUP
GROUP
GROUP
GROUF

GROUP

AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED
AVERAGED

AVERAGED

TRANSFERS
TRANSFERS »
TRANSFERS
TRANSFERS s
TRANSFERS 4
TRANSFERS
TRANSFERS »
TRANSFERS
TRANSFERS
TRANSFERS »
TRANSFERS
TRANSFERS
TRANSFERS
TRANSFERS
TRANSFERS +
TRANSFERS s
TRANSFERS,
TRANSFERS s
TRANSFERS»

TRANSFERS

GROUP 1
GROUP 2
GROLE 3
GROUP 4

GROUP 5

L

GROUP
GROUP 7
GROUP 8
GROUP $
GROUPLO

GROYP11

GROUF12
GROUF13
GROUP 14
GROUPL5
GROUPLE
GROUP17
GROUPLE
GROUFLY

GROUPZ0

jSme1,86265E6-08

15==2,23517E=08

15m=2,23517E=08

[Sm=2,98023E=08

]Sm=g4 ,4T03ZE~CE

]S==5,21541E=08

[S==5,21541E~08

|S=m5,96046E=08

1Sm=1,04308E=-07

[5m=1434110E-07

[Sw=1,93715E~07

15=-2,23517€=01

|Sm=2,83122E~07

[S*=1,TBB14E=OT

[5m=],19209E=~07

15==2,98023£-08

15a=
5=
[Sm

[5=

21 9B023E=08
2+98023E=08
2+198023E=0T

2i68221E~06

-
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#%%  GAMMA=RAY CROSS SECTIONS FOR ATOMIC NUMBER =
GROUP ABSORB COHERENT HEAT
X=5EC, X=5EC, COEFF,
1 01163T6E+0Q  0,39593E-05 0,81256E=12
2 Q+14631E+400 0,62334E=05 D,70097E=12
3 0.12589E+00 Q,10696E=-04 0Q,59384E=12
@ 0+10481E+00 0,18785E=04 O0,50097E=12
5 0,83326E~01 0,34447E-08 0,52197E=12
6 0,6239BE=01 0,63555E=04" 0,35401E-12
7 0,43031E-01 0,11992E-03 0,29831E=12
8 Ce26930E~01 (0,21195£=03 0,25293E=172
9 0.15253E~01 "0,34%35E~03 0,22083E=-12
i0 0i1B1289E-02 0,557T05E~C3 0,19180F=12
11 0129804Em02 0,89316E~03 0,16642E=12
12 0,38440E~03 0,15880E-02 0,13863E-12
13 0,15219E=03 0,27898E=-02 0Q,11198E~=12
14 0.27002E=03 (0, 4B385E=02 0,89385E~13
15 0,64983E~03 0,10106E-01 0,6469BE-13
16 011687T1E=02 0,20528E~01 0,44286E=13
17 C,48056E~02 (,40731E~01 ©,30302E=13
18 0+28363E~01 0,11460E+00 O0,16517E~13
19 0,25669E+00 (,3%9042E+00 O©0,B4969E~14
20 0:3022%E+01  Q,1427TE+01  0,15513E=13
P 0 CROSS SECTION TABLE ATOMIC NUMBER= 0,B00E+03
GROUP= 1 GROUP= 2 GROUP=a 3 GROUP= 4 GROUP= 5
1 0:812584E=12 0,700975Ew12 0,593837E=12 0,500969En~12 (,4821973E=12
2 0+163T5TE+CO 0,146305E+00 04125887TE+00 0,104812E+00 0,83325TE=0L
3 0.0 0.0 0,0 0,0 0,0
4 G+2000TLE+00 CG+327198E+00 0,56T11IE+00 (4619309e+00 0,688142E+00
5 0ell5049E~01 0,159455€x01 0,23567%E~-01 0,273215=01 0,426199F=01
—=6 T D0 0,244B85E~01 0,34415BE=01 0,387147¢~01 (,595572E=01
7 0.0 0,0 0,255875E=01 0,271676E=01 0,410L61E~01
8 0.0 0.0 0,0 0,208642E=01 0,300418E=01
9 0,0 0,0 0,0 0,0 0,237621E=03
10 040 0.0 0,0 0,0 040
11 0,0 0,0 0,0 9,0 0,0
i2 0.0 0,0 0.0 0,0 0,0
13 0,0 0,0 0.0 0,0 0,0
14 0:+0Q 0,0 0,0 0,0 0.0
15 0+0 C.0 00 .0 c.0
1% 0.0 0,0 0.0 0,0 0,0
17 0,0 0.0 0.0 0,0 0,0
18 0,0 0,0 0,0 0,0 0.0
19 0.0 Q.0 0.0 0,0 0,0
20 0,0 0,0 0,0 0,0 0.0
21 C+0 0,0 0:0 0,0 0.0
22 0.0 0.0 0.0 0,0 0,0
23 049 0,0 0,0 0,0 0.9
24 0.0 0,0 6,0 0,0 0,0
GROUPa 9 GROUP=10 GROUP=11 GROYP=12 GROYP=13
1 04220826E~12 0,191800E=12 0,166418E=12 0,138629E=12 0,111980E~12
2 0r152535=01 0,812892E-02 0,2980356-02 0,384399E~03 0,152193E~03
3 G0 0.0 0.0 0,0 C,0
4 Dr111109E+01 0,124063E+01 0,138044E+0l 0,157075:401 0,178256E+401
5 02934289Ew01 0.969963E=01 0,1389T8E+QD 0,22264%F+00 0.729930E400

N

*

GROUP= &

0,354013p-12
0,623984E=01
0.0

U,774646L+00
0., 469849E=0
0,63324
0,4215
Q,3043T ]
04231410E%01
0,1B7772E=01
0,0
0,0

cCccocooooaococ
CCOoOQCOoOCOoOCOOoOQo

+ A e w momow o ow o s d

GRUUP-l?

0.B93880L=~13
0,270018:£=03
0.0

0,200665c+01
U,366138E+00

ODOoOOCQO000COOQOO0

- B W omem omom s omw oo

GROUP= 7

0,298514E=12
0,430312g-01
G40

0,88L800E+00
0,7627TTE=01

0.10240TE+00

0,672959E=01
0, 473154E=01
0,355661E~01
0,278473E=01
0,230154£=-01

-

oCoo0CCoCCQOOOCO

GROUP=15

01646985E~13
0,649832E=-03
0.0

0,233110E+01
0. 665318E+00

ooccooCcocodOooo

® & 4 A e w omom oo a

GROUP= 8§

0,25¢932g=-12
0,269297E=-01
0,0

04998944 E+00
0,634457E201
0,844818E~01
0,%3753206=01
0,372868E=U1
0,273647E=0U1
Ci21i754E=01
0,169135E~03
0,181467€=01

OCCOoQOoOOoOOOUQDGC

GROUP=16

01442863E~13
0,168TLUE=02
[e 0]

0,269395E40]1
G.699163E+U0



e
WA OO0~ A B N

e
PR

o e
O -y

[ ]
O

LSS
b

04133647405 T, 1351606400

0¢869210E=01
015B2424E=01
04420237E=01
Cr2173653E=01
0¢250089£=01
0:202155€-01
0:170265E=01
0.0
0,0
0.0
0+C
040
0.9
0.0
0.0
0.0
040
G+0

GROUP=17

0+303022E=-13
0+480561E=02

040

0:306970g4+01
0:121617E+01
0¢117210E+01
01666473E+00
0+¢495682E+0p
0:804922E400
0+ 290905E+00
C1204546E+GQ
0+154674E+00
0:41317333E+00
0e898421E-01
0+863096£=01
C1482511=01
01359381E-01
G+2T2667E=C)
0+212790E=01L
0+16%428Em0]
0, 140648Em01
0.0

c.0

0.0

C+921332E=C1
G+630222E~01
0,442843E-01
0,330241E=-0]
0.255057E=-01
0,203740E-01
Gy 166120E~01
0+140606E=C)
0,0

0.0

0.0

OO0 o0
CCOOCCoO00

L}
L]
L
[
’
L
]

GROUP=138

0,165175E=13
0,293647E~01
0;0

0,3T0668E+01
0,278778E401
0,184873E401
G,820999E+00
0.353055E+00
0,104938g400
0:118816E=01
0:0

0, 195353E+00
0r131806E+Q0D
0s941255E=01
0+674312E=01
0¢492896E=01
0,37696TE=01
04295903E~01
0,238607E=0l
04195685E~01
D4166165E=-01

[aR=NaololeNaleRalel
COoOCOoOOCoOnDOG

- m om om o ow ow -

GROUPa19

D,849689E~14
0,25668TE+Q0
0'0
0,484391F4pl
0,408360E+01
C1890537E+00
c,0
0.0
0,0
0+9
0+0

CO0OLOoOOCOOOOO
CCOQoO0OCOoOCOOO0O

* m w m moa ok owoweom o om o

JAERI-M 6936

0,288098E+00
G.194765E+00
¢y 139684E+00
C+105337E+00
0,792181E=01
0,6011T1g«01
0,470093E-01
0,374007E=01
0303852601
0+250301E=01
0,213047E-01

GROUP= 20

01 155133E=13
0,302293£+01
0,0

0,915718£+01
0,613425E+01
0,505629£+00
0

CCOoOCoQo oo CoOCOoOD oo o
e m w s e o= o= om oo ow e e w
COCoQOOCOoOOCOOOO0OQ

0,282754E+00
01172523E+00
C+124925E+00
04950858E=0%
U,751370E=01
0,586404E=01
0,456T748E=01
0,362245E~01
0,290520£-01
0.237003E8=01
0,1958676E=01
0s166T35E=01

GROUFs"

0¢454292E+00
0+272886E+00
0+183296E+00
Vil41613E400
021131136400
0,924040E=01
0,738355E=01
0,583675E=01
0.,466202E=01
0,375185E~01
0430649 TE=01
U.253176E=01
0,215739%~01
0,0 T

0, 701571E+00"

Q4279226400
0.2995T6E+00
0,226849E+00
0.18667TE+CV
0155025k +00
0,129555E+00
0,104881e+00
0,834078E=01
G,6866972E=01
01536361E~01
04437542E~01
0,360865E=01
0,307109e~0C1
0.0

UyEEI6UZE+UQ
0.338051e+u0
0253461400
0.201600E+00
U163 F2E+UD
0.+L37560E+u00
0,115197E+00
0496345801
04 T7T77533E~U1
0,614692E=01
0.4885/5F=01
04390753E=-01
04317350E=01
Ce260787E=01
0.221399E=-01
0.0

0,0

OIU

0.0
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Deleted the output list for Pl’ P2, ey P7 cross section tables
P 8 CROSS SECTICN TABLE ATOMIC NUMBER= 0,800E+021
GROUP= 1 GROUP= 2 GROUP= 3 GROUP= 4 GROYPx= 5 GRUUP= B GROUP= 7 GROUP= &
1 0.0 0.0 0:0 0,0 00 0,0 0.0 0.0
"2 0.0 0,0 0.0 c,0 0,0 0.0 0,0 0.0
3 0:+C Q.0 o0 0,0 0,0 0.0 0,0 Q.0
& 0,0 0,0 0.0 C.9 0'0 G, 0 9,0 0+0
5 0+181907TE+0p 0,244938E+00 C:344227TE+00 0.385429E+00 0,54B589E+00 U,585992£+00 0.76T9856+00 0.706636E+00
T Y ¢ 0,3LTY55E+00 0, 3TTL6BE+D0 0, 3830T1E+00 0(?63&9ut+00 0VvI58¥FEEF00 T,30 v 1T1%3
7 0+9Q 0.0 0+42013C0E+00 0,142048E+00 0,101214E+00~0,265922E-G1~0,216831E+00= 0.2878835+uu
8 0+C G.0 040 0.539307E=0120,196505E~01-0,108366E+00=0,272836E+00~0,251353E+00
9 0.0 0.0 0.0 0.0 -0.558443E=01=0,11624BE+00~0,233656E+00=0,179825E+00
10 0,9 C.0 Q.0 2.0 0,0 =0,110009E+C0=0,1882TTE+00~0,126156E+00
T11 0,0 0,40 0,0 0,0 0,0 v, 0 =0,154426E+00=0,89643%E=01
12 0:0 0.0 0,0 0,0 0.0 G.0 0,0 -0,675694E~ ol
13 0.0 0.G 00 0,0 0,0 0,0 0.0 0,0
14 00 0.0 0,0 ¢,0 c,0 0,0 0,0 .0
15 00 C.0 - 040 0,0 0,0 0,0 0,0 040
16 Cc+0 Cy0 040 D40 040 0.0 0,0 G0
17 0.0 0,0 0,0 0,0 040 0,0 G.0 040
18 0.0 0,0 0,0 0,0 ¢.0 G0 0.0 a,0
13 0.0 0,0 0,0 0,0 0.0 0,0 .0 0.0
20 0+0 G0 040 0,0 0,0 0,0 0,0 040
21 040 0,0 0,0 0,0 0,0 0.0 0,0 0.0
22 0.9 0,0 0.0 0,0 0,0 0,0 0,C G0
23 0+0 0,0 0,0 0,0 0.0 0,0 0,0 0,0
24 0.0 0,0 040 0,0 0.0 0,0 0+0 0.0
GROUP= 9 GROUP=10 GROUP=11 GROUP=12 GROUP=13 GROUP=14 GROUP=15 GROUP=16
1 ¢.0 ¢,0 0.0 0,0 0,0 0,0 9,0 0,0
2 0.0 C,0 0.0 0,0 0,0 0.0 0,0 [NV
3 0.0 0.0 0.V 040 0,0 0.0 0,0 C+0
4 040 0,0 0,0 0,0 0,0 0,0 0,0 0.0
5 0+832100E+00 0,843932E+00 04857260E+00 0,583B61£+400 0,568934£+400-0,2B0440E=01=0,142082E+00=0,160588E+00
6 0+106123E+00~0,150448E+00=0,511407E+00=0, 1206355+01-0.109139&+01-U 949802E+00 0,42T132E+00 0. 161883e+y0
7 =04 48T379E+00=-0,589232E+00=0+793901E+00=0,658495£+00 0,206228E+00 0.,855573E+00 Ce259156E+00= 0.486300E+00
8 ~043T6T65E+00=0,355549E400=0,36879TE+00 0,64%08945=01 O, 547321E400 0,582523E+00=0,549529E+00 C,397444E+00
9 m0+222144E+00-0,143434E400-0,498962E-01 0,3333396400 G,454873E+00 U, 121009E+00=0,4646TOE+0U 0,450000E+00
10 -0,124327E+00-0,369229E=-01 0,%30635E=01 0,36U907E+00 0,292868E+00=0,146469E+00=0,209037E+00 0,150766£+00
11 =04691156E=01 0.121258E~01 0.1232505+00 0,2957515+00 G,140016E+00=U,255444E400=0, 58621£E-0£-0-530698t'ul
12 ~0,373519E~01 0,313854E-C1 0.126578E+00 0,21984BE+00 0,383923E=01=0,27016BE+00 0,111640E+0U=0,157626E+U0
13 =01207191E=01 0,380080E=01 0,112926E+00 Q¢159303E+00=0,118923E=03=0,236228E+00 0,16600LE+0U=0,186453E+00
14 0:+9 0,388085E=01 9,975131E-01 0,116799F+00-0,3467T7E=01=0,189754E+00 0,172502E+00= 0.175134e*uu
15 0.0 0,0 0,848217TE=01 0,869694£=01m0,423209E=01=0,148254E+00 0,154151L+0U=0,138086E+00
16 0.0 0.0 0,40 0.6Bl286E=01n0,432998E01=0,11616TE+00 ©,130306E+00=0,103463E+00
L Qs Q0,0 0.0 0,0 =0,415252E~01=0.91B611E=01 0,10824ZF+00~0, 760460£=01
18 0.0 0,0 0,0 0,0 0,0 =0, 754713E=01 0,89677TE~U1=0,5658026=01
19 0.0 0,0 0.0 0,0 0,0 v.0 0,761690E=-01=0,427404E=01
20 0 0,0 0,0 0,0 g,0 0.0 0,0 -0, 335898E-Ul
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21 0,0 Oy 0.0 U, 0 0.0 U0
22 0.0 0.0 0.0 0,0 0,0 0.0
23 0+C 0.0 0.0 0,0 0,0 0,0
24 0.0 6,0 0,0 0,0 0,0 0,0
GROUP=17 GROUP=18 GRUUP=19 GROUP=20 GROUP= ~
1 Q0 G:0 040 040
2 00 0+0 040 0.0
3 00 0,0 040 0.0
4 0+0 040 040 0,0
5  ~0¢837052E=01 0,4709VU3E=-01=0,170503E=01 0,611579E=04
6 0+305637E+00 0,844195E-01~0:469525E=01 0,171103E~01
7 =04155056E+00=0,142633E+00 0,0 0,0
& 0+257148E+00 ©,143510E+00 0,0 0.0
9 =04296205E+00-0,148211E+00 0,0 0.0
10 =0 iTT18BE+00 0+612444E-01 0,0 0,0
11 =0+134940E=01 0,0 040 0.0
12 0+730120£=01 0,0 0.0 0,0
13 0:103711E+00 040 040 0,0
15 0+7B5379E~01 0,0 0:0 0:0
16 7 T 0.93UZ40E~01 0.0 0.0 0,0
17 0+334172E=01 040 c.0 0,0
14 0+201524E~01 0.0 0.0 0,0
19 0:120394E-01 0,0 040 0.0
20 0, T02016E~02 0,0 0,0 0,0
21 0e423505E=02 0,0 0,0 0,0
22 0:0 0,0 0.0 0,0
23 0.0 0,0 o] 0,0
24 00 0.0 0,0 0,0




