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CALCUIATION OF THERMAL NEUTRON DIFFUSION LENGTH
AND GROUP CROSS SECTIONS: THE GLEN PROGRAM

by

We We Clendenin

ABSTRACT

The FORTRAN-IV program GLEN has been developed to obtain thermal neu-
tron scattering cross sections for transport calculations, and to determine
the diffusion length for thermalized neutrons. Cross section values are
computed using the results of TOR for a fine mesh of initiel and final en-
ergies and angles of deflection, and are used to obtain the coefficients in
a Legendre‘polynomial expansion. The total cross section, transport cross
section, and similar integral parameters are obtained by numerical integra-
tion over the energy mesh. Fine mesh cross sections are used for calcula-
tion of the diffusion length, both in diffusion theory and in a Pll approxi-
mation. Neutron spectra are computed corresponding to an epithermal source
and a buckling for thermal neutrons, or optionelly a Maxwell distribution is
used for the scalar flux. Flux-welghted group cross sections based on these
spectra are calculated., The printed results include transfer cross sections
and may be used in a few-group Legendre polynomial treatment or in transport
calculations based on the Sn method. Card output is provided in the format

of cross section input for Sn progrems,

I. INTRODUCTION.

) The functions of the FORTRAN-IV program GLEN
are to obtain values of the double differential
scattering cross sectionl c(E°~E,6,T) for thermal
neutrons, to evaluate the total scattering cross
section and thermal neutron diffusion length from
these, and to calculate flux-welghted group average
cross sections for a few-group treatment of thermal
neutrons., The scattering cross sections are ob-
tained from the mesh values of the function s(Rn,en)
calculated by the TOR program.l

The cross section U(EoﬂE,e,T) mey be written
in the form

a(E°~E,e,T) = Uo(Ed~E,e,T) + cl(Ed~E,8,T), (1)

vhere ao(Ed*E,e,T) is an elastic scattering term,
and all inelastic scattering is included in the
term ol(EdﬂE,e,T). The cross section cl(Ed*E,B,T)

is given in terms of s(R,¢) as

ol(Ed~E,e,T) a (ab/hn)(E/Eo)és(R,e). (2)

Here %% is the bound cross section of the atom com-

prising the moderator, end the perameters of s(R,e)

are
R = (m/M)(E°+E-2E°%E§ cos 8}, (3)
€=E « EO, (k)

vhere (m/M) is the ratio of neutron mass to atomic

mass., The cross section ol(EdﬂE,e,T) is obtained



for particular values of EO,E,B by interpolating
s(R,e) for R,e given by Eqs. (3) and (4) from the
mesh values s(Rn,em).

It is convenient to treat the cross section
ol(Eo-oE,e,T) by means of the femiliar expansion in
Legendre polynocmials

o, (E;E,8,T) = (lm)-lg(zz-l-l)cgz)(anE)Pll(cos 8).

(5)
The expansion coefficients are given by

P v
a§ )(E°—~E) = 2n L Pz(cos e)cl(Eo-'E,e,T)sin 6d0 .

(6)
For L = 0,1,2,3 these coefficients are evalusted by
the numerical calculation of the integrals described
in Section IXI. This evaluation is carried out for a
fine mesh of energy values E,+ A maximum of 87 vel-
ues of En’ specified as input, is provided for. The
part of the total scattering cross section corres-
ponding to o,(E~E,0,T), designated ain(zo), is the

integral of a](_o)(EoﬂE) over gll final energies E,
evaluated by trapezoid rule integration.

The elastic scattering cross section
co(Eo-oE,e,'l‘) depends on the type of moderator being
considered., For a monatomic gas, an option speci-
fied in GLEN by a value O for the indicator IDEN,
this cross section vanishes for all Eo. For a crys-
talline material, specified in GIEN by IDEN > O, it
is possible either to have o (E-E,8,T) computed in-
ternally in the incoherent approximation, or to read
in values obtained from another program. The control
indicator INSEIR, when set to 1, reads in values of
the coefficients czl(Eo) and, ail(Eo) of the Legendre
polynomial expansion

UO(E°~E,8,T) = (lm)'l"z (%l)c:l(Eo)S(E-Eo)Pz(cos 8)e

(7

For INSEIR = O, no elastic cross sections are read
in. An input energy parameter Eb’ designated BRGLIM,
is used to control the internal computation. For
E, > E,, values of o':l(Eo) corresponding to the in-
coherent approximation are calculeted. By setting
Eb’ the incoherent approximation may be used for all
or part of the values Eo'

Based on the moderator cross sections obtained
a8 outlined above, macroscopic cross sections for

the fine energy group-structure are obtained for each

composition specified. The composition is made up
of the moderator and a maximum of four heavy non-
moderating 1sotopes. All number densities are speci-
fied as input. For each composition, a diffusion
length of the mixture is calculated in two approxi-
mations, one the diffusion approximation, and the
second a Pll
fusion length is computed as an eigenvalue using
Gauss-Seidel iteration,2 and verified by celculating
residuals. The formulation of these celculations 1s
given in Section IV,

Three optional means of determining a scalar
flux for the flux-weighted averages are provided in
GLEN. When the indicator NSPEC is set to 1, a hard-
ened spectrum corresponding to a scattering-in source

approximation. In both cases the dif-

from epithermal energles and macroscopic ebsorption
and buckling is used. For NSPEC = O, a Maxwell dis-
tribution is used. When NSPEC = - 1, the scalar
flux is read in. In each case higher order flux com-
ponents are calculated, based on the transport equa-
tion, for £ = 1,2,3. For each isotope of the com-
position values of the group scattering, ebsorption,
fission, and transfer cross sections are obtained
for £ = 0,1,2,3. These are punched in the format re-
quired as input for DTF-IV,3 as well as printed out.
In eddition, macroscopic scattering, absorption, fis-
sion,and transfer cross sections are printed. Sec-
tion V describes the calculation of group cross sec-
tions.

The detailed input and output of the GLEN pro-
gram are described in Sections VI and VII.

IT. LEGENDRE POLYNOMTAL EXPANSIONS OF CROSS SECTIONS.

The calculation of cross sections is carried out
for the mesh of energy values En’ designated ENERCY(N),
N = 1, NENERG < 87. Both the initiasl energy Eo and
final energy E are taken from this energy mesh, A
convenient means of handling the differential cross
section al(E°~ﬁ,9,T) is to expand it in Legendre
polynomials of cos 8, as in Eq. (5). The expansion
coefficients ci’e)(Eo—‘E) are obtained by determining
Ul(Eo—oE,a,T) on an internally specified mesh of
cos 8, COSMU(NMU), NMJ = 1, NMUMl, and caerrying out
numerically the integration indicated in Eq. (6).

For particular values Eo’ E, and cos A, the parame-
ters R end ¢ are given by Eqs. (3) and (4). The val-
uve of s(R,c) is obtained from the mesh values s(Rn,em)




punched by the TOR programl as part of the input for
GLEN. For this mesh the interpolation formulsa is

s(R,e) = s(R,e )
+[(e-€m) (A:-]he) S(R’eml) - s(R,em)

+[ (e-em)/(Aim-lhea) ] l(e-eml)/( 1+A€)

) + AGS(R,em)} . (8)

ls(R,ema)

- (1-1-A€)s(R,em1

Here

s(R,em) = s(Rn,em)

{(R-R ) (g ) l{ Ropr€n) - 8B e
+ t(R-Rn)/( 2n-lb.R2)][(R-le)/(lM.R)Hs(Rma,e )

- (1ap)s(R, p,e ) + ARs(Rn,em)]. (9)

The cross section o, (EE,0,T) is given in terms of
s(R,e) by Eq. (2).

The mesh of values of cos §, COSMU(NMU), has
been chosen to correspond to Gauss integrations using
the five-point formula over eight subintervals of the

interval - 1. € cos § £ 1, The subintervals are

~l.s5 cos § < - .8,
- 8= cosb s~ b
- Mscosfs L0,
0% cosh < Lk,
A4 s cosf s L7,
TS cosfh = .85
855 cos0 s .95,
95 S cos B < 1.

As a check, the integrals of Eq. (6) are also calcu-
lated using three-point Gauss integration. If the
values do not sgree within a fractional criterion
set internally, the energies Eo and E, the result of
the five-point integration, and the fractional dif-
ference between the two integretions are printed out.
The identification of these is

P cmene S muew
0 01 SIGIOT FRCDFO
1 «02 SIGLIT FRCDFL
2 «Okt SIGL2T FRCDF2
3 .08 SIGL3T FRCDF3

The results of the five.-point integration are taken
to be the values of the coefficients c§z)(Ed*E)
designated in the code as SIGLO(NINI,NFIN), SIGL1
(NINT,NFIN), SIGL2(NINI,NFIN), SIGL3(NINI,NFIN) for
4 = 0,1,2,3 respectively.
energy E_ is ENERGY(NINI) and the final energy E is
ENERGY (NFIN) .

The numerical integration described is used in
GLEN to calculate values of “y)(Eo"E) for E = E.
The remaining values are obtained from these by use
of the detailed balance condition,

The corresponding initial

B, exp(-E /)0t (B 18) = & exp(-B/mo'*) (38 ).

(10)
Values of s(R,e) for ¢ < 0 are needed for the numeri-
If the table of input values has
€ > 0, it is replaced through the detailed balance
condition by values for € < O.

cal integration.

The energy integrals o‘in(E o) given by

i )
o‘zn(Eo) = fo (EE)aE

are evaeluated by trapezoid rule integration.

(11)

Here
El is the upper limit of the thermal energy range,
designated ENERGY(1) in the convention ENERGY(N)
> ENERGY(N+1). The integrals az (E ) are designated
3INPO(N), SINPL(N), SINP2(N), SINP3(N), N = 1, NENERG
for 4 = 0,1,2,3 respectively. The quantity cin(Eo)
is the total inelastic scattering cross section.

For the elastic cross section co(EoﬂE,e »T), the

expension coefficients of Eq. (7) are given by

el(E B(E-E)) = 2n J‘ 0 (E;E,8,T)P, (cos 8)sin 69 .
(12)
For crystalline scattering, the incoherent approxi-

mation to ao(Eo-E,e,'l‘), corrected for the Bragg
limit E,,1s

0, By % By
(13)

(cb/kn)exp{-Ry(o)}S(E-EO),EO > By
The functional value y(0), designated GAMO, is cal-
culated by the TOR programl and is part of the out-
put of this program punched as input for GLEN. For
E > E, the expansion coefficients o’ (E ) and Ul ( 0)

oo(Eo-‘E,e,T) a

‘are )

0SH(8,) = oyl{1-exp(-2a)} /2al, (1)




ail(Eo) = cb[{exp(-aa)-l+&+a-exp(-2a)}/29-2], (15)

where the parameter a is
a = 2(m/M)E_y(0). (16)

For INSEIR = 1, values are read in for cgl(Eo),
designated SELPO(N), and for cil(Eo), designated
SELPL(N), for N = 1, NENERG. For INSEIR = O,
SELPO(N) and SELP1(N) are set to O, For E, > B,
ENERGY(N) > BRGLIM in the GLEN notation, the values
of Eq. (14) and Eq. (15) are added to SELPO(N) and
SELP1(N) respectively.
mation may be used for all Eo by setting INSEIR = O
and setting Eb equal to the physical Bragg limit of
the crystal (.00175 ev. for graphite and .0062 ev.
for beryllium). Or it may be used only for E, > E,

Thus the incoherent approxi-

where Eb is an energy above the physical Bragg
limit. In the latter case, the values resd in for
Eo > Eb should be O.

Because of the proportionality to a(E-Eo) of
o'o(Eo—'E,Q,T) of Eq. (7), the energy integrals for

o'o(Eo-oE,Q,T) corresponding to Eq. (11) are simply
czl(Eo). Consequently, the total scattering cross
section is

o, (E) = aTB(E ) + o®X(E ) (a7)

tot "o o ‘Yo o ‘o’
The usual transport cross section is

in el

Opr 1(Be) = Tyoy (Bg) = 07 (B) = 077 (E ). (18)
Two additional transport cross sections are

in
%%r E(Eo) = Utot(Eo) L) (Eo)’

(19)
in
Oer 3(B) = Ty (Bg) = a3 ().
In the program, the four cross sections atot(Eo)’

Tir l(Eo), Ter 2(E°), Tir 3(EO), designated STOT(N),

STR1(N), STR2(N), STR3(N) respectively are calcu-
lated for N = 1, NENERG.

The cross sections of Eq. (6), Eq. {(11), Eq.
(12), and Egs. {17) -+ (19) are printed out. The
detailed output is described in Section VII.

III. TRANSPORT EQUATION.

Each of the compositions treated consists of
the moderator and from one to four heavy nonmoderst-
ing isotopes.
ho, designated ENODMO, is read in. If the absorp-

For the moderator the number density

tion cross section a‘(\o)(En) has a l/v dependence,

6

the code, with indicator INDAMO set to O, will com-
pute the values of o’io)(En), designated SIGAMO(N)
for N = 1, NENERG. These correspond to the value
SIABMO of the absorption cross section at energy
ENABMO. Alternatively, with the indicator INDAMO
set to 1, the values of SIGAMO(N) are read in.

For each of the heavy nonmoderating isotopes,
numbered by NISO = 1, NISOMA < L, the parameters
INDAIS(NISO), INDFIS{NISO), ENODIS(NISO), SIGSIS
(NIS0), STPLIS(NISO) are read in. The quantity
SIGSIS(NISO) is the scattering cross section cgi),
end SIP1IS(NISO) is the product E(i)aii)

ing cross section and averasge cosine ®

of scatter-
in the
scattering process. The isotope number density ni
is ENODIS(NISO). The parameters INDAIS{NISO) and
INDFIS(NISO) are indicators analogous to INDAMO for
the isotope absorption cross section cAi) (En) and
(i)cr(‘,i)(En) respective-

(1)

the isotope fission product v
ly.

Two forms of the transport equation are solved
for each composition. The first corresponds to the
usual measurement of diffusion length in which the
flux in a one-dimensional plene geometry is propor-
tionel to exp{-x/L) with L the diffusion length.

The transport equation for the steady state case has
the form

7 {08 (F,E,0)) + (Z,(®) + Z (E)}8(7,E,Q)

= G50 + [[Uron 8 DG, B d ) d . (20)
Here 8 (T7,E,{]) is the directional flux in the direction
with unit vector {1, ZA(E) and ZS(E) are the macro-
scopic absorption and scattering cross sections,
Z(anE,ﬁo-b‘) is the macroscopic transfer cross sec-~
tion, and S(T,E,{1) is the external source,

In the spherical harmonics approximation,both
the transfer cross section and the flux are expended
in Legendre polynomials, the transfer cross section
being given by

(e ) = (b)Y 0, (21 1)E, (B o0)F, ([, 0.

(21)
For plane geometry, the {lux expansion is

3(7,E,0) = (hﬂ)-lZ(%le(x,E)P‘(u), (22)

where (1 is the cosine of the angle with the x-axis.
Substitution of (21) and (22) into (20) leads to the




well-known system of equations

g1 3041 (WE) 4 30, (6E)
BEri  ox Bl T ax

+ {EA(E)

+ ZS(E)}%(x,E) = Sz(x,E) +fZL(E°-E)¢z(x,E°)dE°.

(23)

For a particular composition, the macroscopic

cross sections corresponding to energy En are given
by

£,(8) =ng{E) + z;niogﬂmn), (24)
T (E) = o, (E,) + Zn (1), (25)
Zz(EJ—‘En) =n z (“(E ~E )+ozl(E )s(E -E, )

+ ;niagi)ﬁéi)a(Ed-En). (26)

Here o(i) (l) éi),dgi)f"(li) = o’ii)ﬁ;(i). The

cross sections cii)f"ﬁi) and azl(E ) for 4 2 2 have
been neglected. The value of ZA(En) corresponding
to ENERGY(N) is designated SMAABS(N) and the analo-
gous value of Zs(En) is designated SMASCT(N).

For subsequent solution of the transport equa-
tion it is useful to define the transport cross

sections

SMATRO(N):Z“ 0(En) =ngo, . (B) + 2 (E, )s (27)

(E)=n

SMATRL(N):Z, | (E.) =gy 1(E) +Znic(1)(1 P(i))

+ ):A(En)’ (28)

satR2(0): T, (B,) =gy o(B,) +Znia(i)

+ ZA(En), {29)

SMATR3(N):Z, . 5(B.) = oy 5(E) +Enic(”

+ 5. (30)

The usual diffusion coefficient is
DIFCOF(N): D(E)) = 1/{3L, LEN (31)

For a solution corresponding to moderation from epi-
thermal energies,the source term So(En) is taken to
be

SOURCE(N): S_(E ) = n°a§°)(El—‘En). (32)

Finally, the macroscopic perameter corresponding to
the fission product is

SWFIS(N) ¢ T (g ) = ;niv(i)cé.i)(En). (33)

IV. CALCUIATION OF DIFFUSION LENGTH.

For the diffusion length calculation, Eq. (23)
is solved for values E , ENERGY(N), of the energy
mesh. Each of the Legendre components ¢ z(x,E) is
assumed to have the spatial dependence exp(-x/L) »

as&(x,E) = fz(E)exp(-x/L). (3%)
The scattering-in integral on the right side of the
equation is approximated with the trapezoid rule
and the external source Sz(x,E) is set to O for each
4. The differential-integral equation (23) is thus

reduced to the system of linear equations,

1 2N
327 T441(Fn )+ﬁ1 1-15n )t
N
= Jn
+ {Z(B) + 2 ()} £,(E) = ) Aj fz(EJ). (35)
J=1
Here
Ai‘“ =n cf‘n Zn SoHE,) +En o(i) (i)s (36)
where & Jn is the Kronecker delta. The coefficients

C‘E‘n are given by

ci““ - % (E,E, )o(‘)(E )

- 1 (37)
n = 5 (E

c; )du)(EJ-'En), J = 2,0ele

3-1 ,j+l

The parameter N of Eqg. (37) is identical with NENERG,

the number of energiles En’ am(l l;se has been mede of
£

the facts that Eg , = O and oy (0-E )£, (0) = 0.

Two principel approximations to the system of
equations (35) are used. The first 1s based on the
usual @iffusion theory. If fl(E .j) is approximated
by the Maxwell distribution E, exp(-E /T), then the
detailed balence condition on g L) (g -E) implies
that
N
Jzﬂjl oI (5,) = 017 )2 (£ (38)




If f"(En) for 4 2 2 are neglected, Eqs. (35) reduce
to
)£ (8 )/L, (39)

fl(En) 'D(En o'’'n

- D)2 (8)/1% + {T

1
tr oBy) - “0“2 (En)}fo(En)

N
=ng Y cdme (z)). (40)
=1

Integrating Eq. (40) over energy by the trapezold
rule, one obtains

N

Z % (En'Em-l){D(En)fo(En)+D(Eml)fo(En-+l)}
L2 - n=1

N

z % (En'Em-l){EA(En)fo(En)+ZA(En+l)fo(En+l)}

=]

" (81)

It i8 easily verified that in this integration the

total scattering-out given by a sum over

hoa:;n(En)fo(En) anelogous to those in Eq. (k1) is
numerically, as well as physically, exactly equal
to the scattering-in given by a sum over the right

side of Eq. (40). The values of the integrands

D(Ey, 1 (B, ) and Zy (B, )E (B ;) at B = By,
venish since fo(E) vanishes as E near E = By, = O-

To solve Eq. (40) & method based on Gauss-
Seldel iteration,2 and previously usedh in connec-
tion with determining pulse decay constents, has
been utilized. As a preliminary, a value of L is
obtained from Eq. (41) using a Mexwell distribution
for fo(En). Using this parameter, one iteration of
Gauss-Seidel type is carried out. The new values

of fo(En) are used in Eq. (41) to obtain a new value

of L2, and the process is repeated. This type of
iteration is continued until two successive values
of L agree within an internally set criterion cor-
responding to a fractional difference of .0000l.
To verify that a solution has been obtained, a re-
sidugl equal to the ratio of the difference between
the left and right sides of Eq. (40) to the differ-
ence between the left side and NOC?nfo(En) is com-
puted for each value of En‘ In the program, the
values of L obtained in successive iterations are
designated by DIFIGT(NDFLIT) and the values of
i‘o(En) by DFLFO(N).

Using the final value of fo(En) calculated by
iterative solution of Eq. (40), a corrected value
of L 18 obtained including the terms for £ = 2 and
4 = 3., If the right side of Eq. (35) is approxi-
mated for £ = 2 and 4 = 3 using an evaluation of
the kind used in connection with £ = 1 in Eq. (38),
the equation for L = 3 becomes a simple algebraic
equation which may be solved for f3(En) in terms of
fa(En). Similarly, the equation for £ = 2 may be
solved for fe(En) in terms of fl(En). When fa(En)
is included in Eq. (35) for £ = 1, one arrives at
equations similar to Eqs. (39) and (40) except that
D(En) is replaced by D3(En) where

Y -2
D5(E) = 1 [[30%, . 1 (E) - (Ll 3
2:; () - (9/35)L .
r2 n r3 En
(k2)

The value of L is computed from Eq. (41) using
D3(En) in place of D(En). This value, L, .., i8
listed as the DIFFUSION LENGTH in the printout and
designated as DFIGFI in the program. The printout
TRANSPORT CORRECTION, designated TRCORR, is the
quantity (Lﬁ]n al-L)/Lfin g1 Where L is the last value
of DIFIGT(NDFLIT) obtained in the iterative process.
For the printout, the scalar flux fo(En) is normal-
ized to unity over the interval 0 < En < El, and
compared with a similarly normalized Maxwell distri-
bution.

The corrected diffusion length DFIGFI can be
expected to be more accurate than the spectrum
values DFIFO(N) since the ratio of integrals in Eq.
(k1) varies by less corresponding to a spectrum
change than the spectrum itself.
desirable both to obtain a more accurate spectrum
and to confirm the value of the diffusion length.
Consequently, the diffusion length is also calcu-
lated in the P]_1 approximation. For improved ac-

However, it is

curacy the approximation of Eq. (38) is not made for
cd™ but onty for ¢, cg"n, vee « With D(E_) re-
placed by Dll(En) » the P,, approximation is ex-
pressed by Egs. (39) and (40) where Dll(En) is given

by the expression
in
1-)ll(En) = l/[’iztr l(En) + ho"l (En)

-n, 2 c{‘“fl(EJ)/fl(En) -F s] . (%3)

J=1




Here the parameter F represents the P correc*t‘,ionh

11
to diffusion theory and is given by the continued

fraction

Fa (4/15)L72 , ()
Y
Ztr e(En) - 2
3
X3 -
Y,
L
Xh -
X5 - o o o
where
X, =L, 3(En)s (45)
¥, =0 (91)%/ (8 (e1)2-2) 1172, (46)

and terms have been included in Eq. (44) through
LRASEE

The method used for solving Eq. (40) in the
diffusion theory case is also used for the Pll ap-
proximation, with the addition that flux values
fl(En) from the previous iteration are used to com-
pute Dll(En) prior to each Gauss-Seidel fteration.
The initial value used for L in the Pll calculation
is DFIGFI; the initial scalar flux fo(En) is a Max~
well distribution and the initial neutron current
fl(En) is obtained from Eg. (39) using D(En). The
first step is to compute Dll(En) using these values.
In the P), calculation, fo(En) is designated
DF11FO(N) and fl(En) is designated DF11F1{N). The
convergence test for this calculetion is based on
fo(En); convergence is attained when the fractional
difference between successive iterates is less than
the internally set value .00l for each n. To verify
the solution,a residusl is computed for each En as
the ratio of the difference between the left and
right sides of Eq. (40) to the sum of the left side

el
and the term n o (En)fo(En)

The value of L, designated DFLP1l, computed
from the last iterate of fo(En) is printed out as
P11 DIFFUSION LENGTH. The ratio (DFLP11-DIFIGT
(NDFLIT))/DFLP1l, vhere DIFIGT(NDFLIT) is the last
value obtained in the diffusion approximation, is
designated as P11COR and printed out as P11l CORREC-
TION. For printing, the scalar flux fo(En) is nor-
malized to unity over 0 < E < E, fl(En) is given
by Eq. (39) with Dll(En) in place of D(En), and a
Maxwell distribution normalized in the same way as

Values of the
The vealues of
Du(En), designated DFCO11(N), used in the final
P11 iteration are printed out together with the
values of D(En), designated DIFCOF(N).

fo(En) is printed for comparison.
residuals are printed for each En'

V. GROUP CROSS SECTIONS.

The neutron spectrum used to obtain flux-
welghted group cross sections is also based on Eg.
(23). The geometrical parameter K, designated
BUCKLE, is used to imply the form of solution. For
K2 0, the scalar flux is of the form cos Bx fO(E)
In this case the remaining lLegendre

components have the forn

where B = K<,

¢2‘(x,E) = cos Bx fez(E),

(47)
¢2£+1(X’E) = sin Bx f2£+1(E).

For the P, approximation, neglecting ¢L(X’E) for
£ 2 4, and making the diagonalizing approximation
of Eq. (38) for Ciﬂn, C'J_‘n, cd™®, the spherical

2 3
harmonics equations become

DK(En)KfO(En) + 2 (En)fo(En)
N
= So(En) +ng Z cg"“fo(md) + a:l(En)fo(En) » (48)
J=1
£,(E,) = D, (E, B (E ), (49)
-(2/5)B£,(E_)
£.(E ) = i n (50)
2 (9/35)K
RPN 8
(3/7)B24(E,)
f3(En) a m-— . (51)

Here the effective diffusion coefficient DK(En)’
designated DFCFB2(N), is

(4/15)K

* (52)
(9/35)K
Doy o(By) + Tor 2(E)
r 3'"n

In the limit X = O, the formulas are modified only
to the extent of considering fl(En)/B, ete., so that
in Egs. (48) ... (52) K is set equal to O, and B is
set equal to 1.

De(B) =1/ (3¢5 (E) 5

For K < O, the Legendre components of the direc-
tional flux have the form

¢z(x’E) = exP(-nx)f"(E), (53)




vhere 1 is (-K)é. In the P3 approximation, Eqs.
(48) and (52) have the same form as in the case

K2 0, In Eqs. (49) and (51) the perameter B is re=-
placed by x, end in Eq. (50) the parameter (-B) is
replaced by M.

It should be pointed out that Eq. (48) ex-
presses the P3 approximation for a broasder class of
geometries, including the sphere and infinite cyl-
inder.

Three options are available in GLEN for the de-
termination of the scalar flux fo(En), designated
B2F(1,N). When the spectrum indicator NSPEC is set
to 1, fo(En) is computed from Eq. (#8) by Gauss-
Seidel iteration. Starting values are given by a
Maxwell distribution normalized to the source
So(En), i.e. such that

Ey Ey

{(D(EYrE, (EN} £ (E)AE =

o o

SO(E)dE. (54%)

The megnitude of the source term So(En) is arbitrary
but its energy dependence corresponds to scattering

from energies sgbove E
En < E

1 to thermsl energies En’

1° This energy dependence is gpproximated by
(o)

taking So(En) to be N _o," (E; E ). Velues of

Sz(x,E) of Eq. (23) for £ 2 1 have been neglected.

The source term So(x,E) has been taken to be a prod-

uet function with energy dependence designated by

So(En) end the same spetial dependence as ¢o(x,E).

An acceleration technique, in which the values
for the p-th iteration, fgp)(En), are replaced as
follows,

fgp)(En) - fgp) (g,) + .6{1‘5)1’)(51“) - fc()p'l)(En)},
(55)

is used in the Gauss-Seidel iteration, The converg-

ence criterion for the iteration sequence is

|1 - fép-l)(En)/fgp)(En)l < 107, (56)

for each En' When convergence hes been reached, as
indicated by this criterion, a residual is computed
for each En given by the ratio of the difference be-
tween left and right sides of Eq. (48) to the left

mn el }
side less the term no{co oS (B )2 (B,

With fo(En) determined by the Gauss-Seldel it-
eration, the remaining components fl(En) . f3(En)
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are given by Egs. (#9) ... (51).
K < 0, these equations are modified as described

For K= 0, or

above,

When NSPEC is set to O, fo(En) is given by a
Maxwell distribution normalized according to Eq.
(54). The components fl(En) ceo f3(En) are given
by Egs. (49) ... (51) as in the previous case. The .
residuals sre set equal to O,

When NSPEC is set to - 1, the scalar {lux spec-
trum fo(En) is read in. The remeining components
fl(En) coo f3(En) are obtained from Eqs. (49) ...

(51) as in the previous two cases., The residuals
are set to O.

The components fo(En) ces f3(En), designeted
B2F(1,N) ... B2F(4,N) respectively are printed fcr
each En, together with the residuals. The number of
iterations required in the accelerated Gauss-Seidel
For a Maxwell distribu-
tion or a spectrum read in, this number is set to 1.

iteration 18 8lso printed.

An integration of Eq. (23) over erergy groups
is the basis for the few-group edits of cross sec-
For flux com-
ponents ¢z(x,E) of the form of Eq. {47) or Eq. (53)
the spatial dependence of Eq. (23) is a common fac-
tor for each value of 4.

tions to be used in transport codes.

For the energy group m,

corresponding to energy interval Em+ < ES Em’ the

1
group flux components are given by

E
m

FGPF(L,MFG) = F!('“‘) = £, (E)aE. (57)
Enel

Similerly the moderator scattering cross section for
the group is

E
-1 n
QMOFGP(L,MFG) = qﬁ"‘) = {Fﬁm)} J- Oyt (E)E, (E)AE,
Em+l

(58)
The corresponding group scattering cross section for
the i-th isotope is just the value aii), since

this is energy independent. The group absorption

cross sections for the moderator, and the nonmoderat-
ing isotopes are, similarly,

-1 Em
RMOFGP(L,MFG) = ri“‘) = {Fﬁ“‘)} o£°)(E)fL(E)dE,
Bl

(59)




RISFGP(NISO,L,MFG) = ri“‘z
s

Lt [T
=4{F, o, '(B), (E)dE. (60)
Bl

For 4 = 0, the group value of v(i)a}gi)(E) is

FISFGP(NISO,MFG) = wi‘“)

E
-1
={F£m)} J.mv(i)cF(.i)(E)fo(E)dE. (61)
E

-1l

The scattering in term of Eq. (23) is made up
in part of elastic terms which yield averages simi-
lar to those of Eq. (58). For £ = 0 and 4 = 1 the
group cross sections corresponding to c:l(E) are

E

-1( @
R

Bl

These cross sections are designated SELOFG(MFG) and
SELIFG(MFG) for £ = O and £ = 1 respectively. The
corresponding elastic terms for isotopes are Just
the terms o’éi)?gi) of Eq. (26), since these are
energy independent. For the inelastic part of the
scattering in integral the group cross section for

scattering from the k-th group to the m-th group is

E, E,
-1
t;‘""“ = {Fﬁk)} J‘ aE J cy ) (E;E)E, (B )AE .
Enrl Byl (63)

The whole scattering in term pf_'m for the moderator
is the sum of (62) and (63),

PMOFG (L, KFG, MFG) = p:"m e

fem sﬁm)s m (64)

X 2
where ka, the Kronecker delta, is 1 for k = m, and
0 for k £ m.

The integrals of Eqs. (57) ... (63) are evalu-
Based on the
index JPRBNO, two types of edits of the moderator
Both are
based on the format for the code DTF-IV.3 For
JPRBNO = 0, transfer cross sections from each ther-

ated by trapezoid rule integration.

and isotope cross sections are provided.

mal group to every other thermal group are included.
The format of these cross sections 1is

ing considered, i.e. for mel £ k < m+h,

r;
i,

L PP

f i

va 0
0 if L >0
(m) (m) (1) (m)
o q‘ + Ty g, "+ ri,l;
P Z Pf‘k 0
k<m

08"84- 2 p:)l~2—~m 0 (65)
g-g+ 1l w1 -m
o P, Y

g-g m-m (1)=(1)
9 Py % PL
g+-g-1 m=1—m
O's p& 0
g-g-2 m-2-m
O's Pz 0

The column on the left of Eq. (65) is in the
DTF notation (IA-3373, p. 54); the second and third
columns in the notation of Eqs. (58) ... (64). The
order in which the cross sections are punched begins
with moderator cross sections for £ = O in the suc-
= NFGP. This is fol~
for 4 = 1,2,3 suc-
cessively. A similar sequence is followed for iso-

cessionm = 1, m where m
m ? Tmax max

lowed by values for m = 1, m

tope 1, and subsequently for the remaining isotopes
In agreement with the DTF-IV input format
& header card appears before the part of the deck

in order.

referring to a given value of 4, and is used to
print JPRBNO, the number NMIX of the composition be-
ing treated, the label MODERATOR or the number of
the lsotope, and the value of £. The cross section
values are also printed out, with the sole difference
that a headiné identifying the moderator or isotope,
the value of 4, and the group is inserted before the
cross section values for each group.

For JPRBNO < O, the values of the scattering
in terms p:*m of Eg. (65) are modified so that the
form includes only scattering in from the four
groups sbove and the four groups below the group be-
The total
cross sections are preserved by making the replace-
ments

11



) Py ) AR ) s B3,
(66)
pr:+h~m_.p?+h-om + Piwh-om-l b oeee 4 p?-h-l, s -
(67)

Physically, these replacements correspond to alter-
ing the transfer cross sections so that down-scat- -
tering below the fourth lower group is put 1lnto the
fourth lower group, and similerly for up-scattering.
When the replacements are mede, all of the scatter-
ing from each thermal group to all others is in-
cluded so that the total scattering cross section
The modified teble of
corresponding to Eq. (65) has only
the nine elements for m-% < k € mtk, The similar
table for the heavy nonmoderating isotopes also

is unchanged for each group.
k-m
values of 1)

has nine elements, with only the element corres-
ponding to elastic scattering different from O.
values of the cross section table integers of DTF-IV

for the two cases are

JPRENO = O JPRBNO < O

HT = 3 THT = 3

S =m o+ h IS = 9 (68)
THM = 2m  + 3 IHM = 13.

A second difference for the JPRBNO < O case is
that an input parsmeter, STRAND, which is the £ = O
transfer cross section to the highest energy thermal
group (m = 1) from the group immediately above it,
is punched in the correct position after the pl ~1
cross section. The two systems coeslesce if moax sh
and in this case a negative JPRBNO is cha,nged to
its absolute value in treating the first mixture,
and for NMIX 2 2 the value of STRAND should be
omitted from the input.

Macroscoplc cross sections are also edited and
printed by GLEN. The macroscopic group cross sec-
tions for scattering, absorption, and transfer re-

spectively are

QuACko (L, 106) = (™) = n_a{™ +Znia§i), (69)
RMACFG(L,176) = R(™ = n o) +Znir§“‘2, (70)
PMACFG(L, KFC,MFG) = Py "= N oy ™+ 6 "'(Zn (1) (1))

(73)

In addition, the macroscopic fisslon cross section

and source are given by

mcre(ure) = w(® Z niw("‘), (12)
Em

SRCFGP(MFG) = ng) =n, og_o)(El-OE)d.E, (73)
Em+l

where the integral of Eq. (73) is evaluated by

trapezoid rule integration. The group fluxes F o

of Eq. (57) and the group parameters of Egs. (6§)
ese (73) are printed out.

As a verification of the edited perameters,
check quantities based on the integration of Eq.
(23) over energy ere used, In terms of the macro-
scopic few-group peremeters, these integrals appear
Since the total scattering out must be

identical with the total scattering in, the rela-

as sums.

tion
Zng)Fgm) - E pmp(K), (74)
(m)

holds for any scaler flux values Fo . For the case

NSPEC = 1, and K = 0, the scalar flux cos Bx ro(z)
is a solution of Eq. {23), and the flux components
obey the equation

BZ:F{“) + ZR(()“)FE,'") ~ z sg‘“) (15)

to the degree of approximetion of the iterative
method used in solving Eq. (48). For K< O, B in
Eqg. (75) is replaced by - #. For NSPEC = O, the
normlization of Eq. (54) assures that Eq. (75) will
be obeyed exactly. When NSPEC = - 1, the scalar
flux is used as read in and there is no necessary
relation between the left and right sides of Eq.
(75). Since the higher flux components fl(En),
fe(En) , f3(En) are given by the approximations of
Eqs. (49), (50), and (51) to Eq. {23), these com-
ponents, for K 2 O, obey approximately the relation-
ships

- afs ot 3 | el 4 e

ZP‘{”"FS", (76)




2
B[% 243

(m)] ZQ(m) (m)

* z r ey o 2 Z: RS, ()
] 3[7 S (m)\ I ICHCIYRONG
m m
~ zm: zk: e (78)

In practice the approximetion of obtaining flux com-
ponents by means of the diagonalized form correspond-
ing to Eg. (38) is accurate enough that the agree-
ment of the two sides of Eqs. (76), (77), (78) is
usually to the eight significant figures printed.
For K< 0, B of Egs. (76) and (78) is replaced by %,
and B of Eq. (77) is replaced by - x. The check
quantities of the left and right sides of Eqs. (74)
+«+ (78) are printed out by comparable pairs in the
left-right and also in the numerical order of these
equations, under the title CHECK SUMS.

VIi. INPUT FOR GLEN.

1. Title card 1246
Card output from TOR:
2, IDEN, TEMPEN, GAMO I 10, 2 E 20.8
3. AFAREC, HREC, AFAEPS, HEPS 4 E 20.8
k, NLIM I 10
5. REC(N), N = 1, NLIM k E 19.8
6. MLIM I9
7. EPS(M), M = 1, MLIM 4  18.8
8. NPROD T8
9. SKE(N,M), N = 1, NLIM,
M= 1, MLIM 5 E 15.8

10, JPRBNO (Identification no. used

in card output, < 5 digits) I 10
11, NENERG (No. multigroup energies,

< 87) I 10

12, ENERGY(N), N = 1, NENERG (Multi-

group energles, E > E . > 0) 4 E 20.8

1
13. FACMAS (m/M < 1.) E 20.8
14, SIGBND (<:b > .0) E 20.8

15, INSEIR (0 or 1), BRGLIM I 10, E 20.8
&, If INSEIR = 1, read in
SELPO(N), N = 1,
NENERG 4 E 20.8

Additive elastic

cross sections
SELP1(N), N = 1,
NENERG,

b. For INSELR = O go directly
to 16. below

¢s BRGLIM is the Bragg limit
of the crystal, e.g.

4 § 20.8

.0062 ev. for Deryllium, and
00175 ev, for graphite
16, NFGP (No. few groups, < 20) I 10
17. ENFEGP(N), N = 1, NFGP (few-group
energies, subset of 12.,

B> By > 0)

18, NMIXMA (No. mixtures of isotopes,
1 £ NMIXMA < 10) 110

Following ere for each mixture:
19. INDAMO, ENODMO (Moderator ab-
sorption indicator INDAMO (O
or 1) and number density
ENODMO = .0) I 10, E 20.8
a. If INDAMO = O, read in ENABMO,
SIARMO (Energy ENABMO > .0 for
which moderator absorption
cross section is SIARMO 2
0) 2 E 20.8
b. If INDAMO = 1, read in
SIGAMO(N), N = 1, NENERG
(Moderator absorption cross

4 E 20.8

section 2 .0) 4 E 20.8
20, NISOMA (No. sdditional isotopes,
1 < NISOMA < 4) T 10

21, For NISO = 1, NISOMA read in for
each isotope INDAIS(NISO), INDFIS
(NISO), ENODIS(NISO), SIGSIS(NISO),
SIPLIS(NISO) (Absorption indicator
INDAIS (O or 1) and fission indi-
cator INDFIS (O or 1), number
density ENODIS 2 ,0, scattering
cross section SIGSIS 2 .0, prod-
uct of scattering cross section

and average cosine SIP1IS) 27110, 3E20.8
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22, For NISO = 1, NISOMA

a. If INDAIS(NISO) = O, read in
ENABIS(NISO), SIABIS(NISO)
(Energy ENABIS > .0 for which
isotope absorption cross sec-
tion is SIABIS 2 .0)

b. If INDAIS(NISO) = 1, read in
SIGAIS(NISO,N), N = 1, NENERG
(Isotope ebsorption cross sec-
tion 2 .0)

c¢. TIf INDFIS(NISO) = O, read in
ENFIIS(NISO), SIFIIS{NISO)
(Energy ENFIIS > .0 for which
value of Vo for isotope
is SIFIIS 2 .0)

d. If INDFIS(NISO) = 1, read in
SIGFIS(NISO,N), N = 1, NENERG
{Product vo ¢ 2 +0 of isotope

fission cross section o

2 E 20.8

k E 20.8

2 E 20.8

£ and
average number v of neutrons
4 g 20.8

E 20.8

per fission)

23, BUCKIE (Buckling)

24, NSPEC (Spectrum indicator, 1, O,

or -1)

2. If NSPEC = 1 hardened spectra
corresponding to the mecroscopic
absorption and buckling will be
computed

b. If NSPEC = O the scalar flux
will be set equal to a Maxwell
distribution

c. If NSPEC = -1 the scalar flux
B2F(1,N), N = 1, NENERG is to
be read in after 25. below

STRAND

Omitted for JPRBNO = O.

JPREBNO < 0, microscopic transfer

cross section into highest energy

4 E 20.8
25, E 20.8

For

thermal group from group immediately
above it

Points to be noted about the input:

1) Cross sections and number densities are to be in
compatible units, e.g. cross sections in barns
and number densities in multiples of 1021#
cm3.

2) Buckling is in units cm-e.

3) Mass ratio FACMAS is ratio of neutron mass to

a.toms/

1k

4)

5)

6)

7)

8)

VII.

1.

nuclide mass.
Fnergles are input in the order from highest to

lowest. Energy dependent quantities read in,
e.g. cross sections or scalar flux, have the
same order. The energy .0 is not read in, but
is always assumed to be the lower bound of
energy integrals over the lowest range. En-
ergies for TOR and for GLEN must be in the same
units, e.g. electron volts.

An absorption or fission cross section may be
read in by setting the corresponding indicator
equel to 1. Or 1if the energy dependence is l/v,
the indicator may be set equal to O, and the
code will then compute values for all energies,
e.g.
sponding to the value STABIS at the energy ENABIS.
The quantity averaged is the product \)cf, rether
than o e

The few group energies, ENFEGP(N), are a subset
of the multigroup energies, ENERGY(N), and every
velue ENFEGP(N) must also appear as a value
ENERGY(N).

Note that the program assumes the presence of

at least one additional isotope besides the

moderator.

of the absorption cross section corre-

If no other isotope is present in
the physicel problem, input for an artificial
isotope having number density .0 should be used.

GLEN OUTPUT.
Following the title card, check quantities are
printed out by the main program.

The formal output of the code is divided into
two parts. The first pert consists of printed
output of moderator cross section perameters and
is carried out by the subroutine GINRIT. The
second part is carried out by the subroutine
GLPRNT for each of the mixtures, up to a maxi-
mum of ten mixtures. A printout of results for
In addition, the group

cross sections for each isotope in the mixture

each mixture is given.

are punched in the formet of the cross section
input of DTF-IV.

Printout of input parameters:

2.

3.
b,

IDEN, TEMPEN, GAMO
NENERG
ENERGY(N), N = 1, NENERG




Se
60

FACMAS
SIGBND

Te

10.

11.

EINI(NINI), EFIN(NFIN), SIGLO(NINI, NFIN),
SIGLL(NINI, NFIN), SIGL2(NINI, NFIN)
SIGL3(NINI, NFIN), for NINI = 1, NENERG

and NFIN = 1, NENERG. The parameters EINI
and EFIN are the initial energy Eo and final
energy E respectively of the neutron in the
laboratory system. The cross section parame-

ters SIGLO--~SIGL3 are the expansion coeffi-

clents crgo)(Eo - E)ees o§3)(E° —« E) of the

double differential scattering cross section
ol(Eo -~ E,8,T) in a Legendre polynomial expan-

sion, 0, (E - E,8,T) =

(lht)-lZ(ZlA-l)ci")(Eo = E)Py(cos 8). Here
2

ol(Eo - E,8,T) is the part of the cross section

which includes inelastic scattering.

ENERGY(N), SELPO(N), SELP1(N) for N = 1, NENERG.
The parameters SELPO(N) and SELP1(N) are the ex-
pansion coefficients ozl(Eo) and oil(Eo) of the
pure elastic double differential scattering
cross section o (E = E,8,T) in the Legendre
polynomial expension ao(Eo - E,8,T) =

(h,,)'l;: (%l)ozl(Eo)G(E-Eo)P"(cos 9).

ENERGY(N), SINPO(N), SINP1(N),

SINP2(N), SINP3(N), N = 1, NENERG.

The parameters SINPO(N)---SINP3(N) are the in-
tegrals over final energy E of the cross sec-

(

tions c:lo)(Eo - E)-nc§3)(Eo - E) respectively.

ENERGY(N), STOT(N), STRL{N),

STR2(N), STR3(N), N = 1, NENERG.

The parameter STOT(N) is the total scattering
cross section Utot(Eo) vwhich is the sum of
SINPO(N) and SELPO(N).
ters are the transport cross sections

STRL(N) = STOT(N) - SINPL(N) - SELP1(N)
STR2(N) = STOT(N) - SINP2(N)

STR3(N) = STOT(N) - SINP3(N).

Under the heading ANALYTIC MONATOMIC GAS CROSS
SECTIONS, analytically computed values of the

The remaining perame-

monatomic gas analogues of CJ](_O)(E':> -+ E) and

ag]‘)(Eo - E) are mrinted. These correspond to

the values of TEMPEIN, FACMAS and SIGBND. The
order of printing is initial energy, final
energy, 4 = O component, £ = 1 component. These
are computed and printed only if the GLEN in-
struction C TO OMIT CALCUIATION OF ANALYTIC
CHECK IN GLEN near the end of the mein program
is changed to CALL GIMOCK.

For each mixture the output below is printed.

Input parameters and atsorption and fission cross

sections:

12,
13.
1L,
15.
16.

17.

18.

19.

20,

21.

22.

23.
24,

NFGP

ENFEGP(N), N = 1, NFGP

INDAMO, ENODMO

If INDAMO = O, ENAEMO, SIAEBMO

SIGAMO(N), N = 1, NENERG. Moderator absorption
cross section.

NISOMA

INDAIS(NISO), INDFIS(NISO),
SIGSIS(NISO), SIPLIS(NISO),
If INDAIS(NISO) = 0, NISO,
ENABIS(NISO), STABIS(NISO),
for NISO = 1, NISOMA

If INDFIS(NISO) = 0, NISO,
ENFIIS(NISO), SIFIIS(N1S0),
for NISO = 1, NISOMA

N, SIGATS{NISO,N), N = 1, NENERG

for NISO = 1, NISOMA. Absorption cross section
for each isotope.

N, SIGFIS(NISO,N), N = 1, NENERG

for NISO = 1, NISOMA. Product Vo for each
isotope.

BUCKLE

Corresponding to the three possible values of
NSPEC, an indication of the type of neutron
spectrum used to obtain group averages is

ENODIS (NISO),
for NISO = 1, NISOMA

printed:
NSPEC Legend
1 HARDENED NEUTRON SPECTRUM
0o MAXWELL NEUTRON SPECTRUM
=1 NEUTRON SPECTRUM READ IN

Macroscopic cross sectioms:

25,

These cross sections are defined in terms of
the moderator and isotope cross sections and
number densities of 10...22:
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For N = 1, NENERG:

SMASCT(N) = ENODMO# STOT(N) + (ENODIS(NISO)# SIGSIS
(NISO), NISO = 1, NISOMA)

SMAABS(N) = ENODMO#* SIGAMO(N) + (ENODIS(NISO)#
SICGAIS(NISO,N), NISO = 1, NISOMA)

SMAFIS(N) = (ENODIS(NISO)# SIGFIS(NISO,N), NISO = 1,
NISOMA)

SMATRO(N) = ENODMO% STOT(N) + SMAABS(N)

SMATRL(N) = ENODMO# STR1{(N) + SMAABS(N) +
(ENODIS(NISO)* (SIGSIS(NISO) - SIP1IS(NISO)),
NISO = 1, NISOMA)

SMATR2(N) = ENODMO* STR2(N) + SMAABS(N) +
(ENODIS(NISO) *SIGSIS(NISO), NISO = 1, NISOMA)

SMATR3(N) = ENODMO* STR3(N) + SMAABS(N) +
(ENODIS(NISO) #SIGSIS(NISO), NISO = 1, NISOMA)
The perameter SMASCT(N) is the macroscopic scat-
tering cross section for the mixture including
the moderator and all additional isotopes. Simi-
larly, SMAABS(N) is the macroscoplc absorption
cross section for the mixture, and SMAFIS(N) is
the mecroscopic fission cross section multiplied
by the average number of neutrons per fission.
The remaining parameters are transport cross
sections.

Diffusion coefficient and source:

26. Diffusion coefficient DIFCOF(N) and isotropic
source SOURCE(N) defined by:

DIFCOF(N) = 1./(3% SUATRL(N))
SOURCE(N) = ENODMO« SIGIO (1, N)
for N = 1, NENERG
velues from diffusion approximation calculation:
27. Diffusion length DFIGFI including a transport

correction TRCORR based on the P3

28. The sequence of eigenvalues for the diffusion
length obtained in the iterative process used
to calculate this quantity. It should be noted
that no transport correction is included in

approximation.

these eigenvalues.

29. For N = 1, NENERG the neutron spectrum (iso-
tropic component) DFLFO(N) obtained in the dif-
fusion length calculation normalized according

E
to f cpo(E) dE = 1., where E. is ENERGY(1).
o]

1

For comperison the Msxwell distribution
SPMANO(N) normalized according to the same con-
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A residual DFLRSD(N) which expresses
the accuracy with which the spectrum DFLFO(N)
satiasfies the integral equation which implies
the diffusion length.
tive process used in solving this equation has
converged to a physically significant result,
it should be verified that all values of
DFLRSD{N) are smell in magnitude, usually less
than 1073, end that all values of DFLFO(N) are

non-negative.

Values from PJJ. diffusion length calculation:

vention.

To assure that the itere-

30. In the Pll approximation the diffusion length
DFLP1l, and the Pll correction PL1COR to the
diffusion approximation.

31. The sequence of eigenvalues for the Pll aiffu-~
sion length.

32, For N = 1, NENERG the isotropic neutron spec-
+rum DF11F0(N) normalized as in 29. above, and
the corresponding £ = 1 spectrum component
DFLIF1(N). For comparison with DF11FO(N) the
normalized Maxwell distribution SPMANO(N) is
printed. The residuals DFL1RS(N) are printed
and the criterion that these are small, usually
less than 10-3, should be verified to assure
thaet a converged solution has been obtained.
In eddition, for a physically significant solu-
tion both DFL1FO(N) and DF11F1(N) must be non-

The values of the Pll dif-

fusion coefficient DFCO11(N) used in the last

iteration are printed, together with the values
of the diffusion approximation coefficient

DIFCOF(N) for comparison.

negative for all N.

Buckling spectra:

33. Values for N = 1, NENERG of neutron spectra
corresponding to the macroscopic cross sections
of 25, and the buckling of 23,
the isotropic (£ = 0) component are determined
according to the value of NSPEC as follows:

The values for

1) for NSPEC = 1, a hardened neutron spectrum
is calculated corresponding to SOURCE(N);

2) for NSPEC = O, the scalar flux is set equal
to a Maxwell distribution; 3) for NSPEC = -1,
the scalar flux is read in. In all three cases
the spectra for 4 = 1, 2, 3 are those implied
by the transport equation to correspond to the
specified scalar flux., For the hardened neutron




3.

spectrum the accuracy of the solution obtained
by Gauss-Seidel iteration is specified by a
residual B2RSD(N). For complete convergence
each of the values of this quantity should be
less than 10™2. For the Maxwell distribution
and the read-in spectrum the residual is set
to O.

The buckling spectra are used in obtaining the
flux-weighted few-group averages. It should
be pointed out that for items 1. through 33.

in the GLEN output, energy dependent quantities
are point quantities referring to one of the
multigroup energies, e.g. SMASCT(N) is the
macroscopic scattering cross section corre-
sponding to ENERGY(N). However, for items
following 33. energy dependent quantities are
few-group averages.

The number NB2IT of iterations in obtaining the
buckling spectra. For the Maxwell distribution
and the reed-in spectrum this is 1. For the
hardened spectrum it is < 500 for complete con-

vergence.

The isotope edits for input to DTF are punched
and also printed out. The order of the quanti-
ties 1s that for cross section input for DIF-IV
(I1A-3373, p. 54). For each energy group the
cross sections are in the order: oa, Vof, o,

U] 42, -+ 1o =1
op, .. .og 8, og g, of‘g, og g’

08-2"8
s

edit are available. For JPRBNO 2 0, the punched
edit includes transfer cross sections from each

Two optional forms of punched

3 ¢ o o

thermal group to all other thermal groups, and
no provision is made for any epithermal group.
This is intended for problems which involve
only thermel neutrons with & source specified
externally. The energy dependence of the
source for the few-group structure used is
given in 36. below. For this option the total
cross section o is always in position 3, (THT
a2 3), the diagonal transfer cross section is
in position NFGP + %, (IHS = NFGP + 4), and
the length of the table is 2% NFGP + 3, (IHM
= 2% NFGP + 3).

The second option, for JPRBNO < 0O, uses e stand-
ard thirteen-element table (IHM = 13) with

transfer cross seci:ions specified only in the

sequence Cg"-h—‘g, R 05“8, e Og-h-.g +« The end

cross sections in this sequence, of'h"g and

og-h—og, sre correclied so that the totel scatter-
’

ing-out cross section from a group, Z og g )

is equal to the total cross section o. In this
option the total cross section is again in posi-
tion 3, (IET = 3), and the diagonal transfer
cross section in position 9, (IHS = 9).

For both options, the cards are punched in order
of groups starting with the first (highest en-
ergy group). In the card output, all cross sec-
tions for all groups (IGM = NFGP) are punched
in formet 1P6E12.}t in a continuous set of num-
bers, totalling IGM# IHM. This format is called
for by DIF and the card deck is to be used in-
tact as DTF input. The printed output is in
the same order and differs only in having a
title card which specifies the group number
printed before the cross sections for that
group. In agreement with the DTF format, a
header card precedes the IGM* IHM set of num-
bers and carries the following information:

the identification number JPRBNO, the number
NMIX of the mixture being treated, identifica-
tion of the isotope either as the moderator or
es one of the numbered isotopes (isotope 1
through isotope 4), and the value of £. The
order of these identification numbers is also
the order of the loops used in specifying out-
put: for each mixture (mixture 1 through mix-
ture 10) the moderator cross sections for L = O
are punched, then successively those for £ =

1, 2, 3. Next the cross sections for isotope 1
are punched in the order £ = 0, 1, 2, 3. Fol-
lowing this the cross sections for isotopes 2,
3, and L4 are punched in similar fashion.

The deck for a mixture may be used intact as
input for DTF but four remarks should be made.
First, at the beginning of each mixture two ad-
ditional identification cards are punched, one
& repeat of the title card and the second a
card giving the mixture number NMIX. These are
to be removed before the deck is used asg input.
Second, the program automatically punches values

17




36.

18

for 4 =0, 1, 2, 3, If the higher anisotropic
components for L = 2, 3, are not wanted in the
DIF problem, these parts of the deck, indicated
Third,
the GLEN code requires the formal presence of

by the header cards, can be excised.

at least one additional isotope, isotope 1.
If there is no additionel physical isotope,
this will be a dummy, corresponding to zero
number density and with meaningless cross sec-
In this case the pert of the deck for
isotope 1 should be excised.

tions.

Fourth, it will usually be the option with
JPRBNO < O that is used for problems involving
all energies, In this case the cards for
groups higher in energy then the highest ther-
mal group must be inserted for each value of
4. This can be done directly if the number of
such higher energy groups is a multiple of 6
(for the standard few-group structure, this
number is 12, and the condition is met).
Otherwise, since DTF requires cross section ine
put in a continuous sequence for all groups, it
is necessary to read the card output from GLEN
into the machine and construct a new continuous
array. The following read instructions may be
used to read the GLEN card output for each 4:
READ {10, 1) ({cs(I, M), I =1, 13), M= 1,
NFGP)
1 FORMAT (1P6E12.4+)

The input perameter STRAND is inserted in the
card output for the highest energy thermal
group as the transfer cross section into this
group from the group immediately above it for
4 = 0.
from epithermal to thermal groups included in
the punched edit.

This is the only transfer cross section

Few-group macroscoplic cross sections correspond-
ing to the number densities ENODMO and ENODIS
(NISO), NISO = 1, NISOMA, and to the isotople
cross sections in 35. The fluxes printed are
energy-integrated values for each group of the
buckling spectra of 33. which correspond to the
expansion of the flux for plane geometry in
Legendre polynomials.

flux-weighted averages for each group corre-

The cross sections are

sponding to the Legendre polynomial expansion

of the transport equation. The scattering-in

integral becomes a sum in the few-group approxi-
mation used and the transfer cross sections are
It should be noted that the fission
cross section given is the group averege of the
product voo for L = 0. Similarly the source
dependence is for the isotropic source (4 = 0).

given.

37. Check sums, summed over all energy groups. The
first pair of numbers listed represent the total
scattering-out and total scattering-in,end these

* numbers should be identical to all the figures

The third, fourth,and

Pifth pairs of numbers represent the agreement

printed in every case.

of the higher order anisotropic scattering-in
integrals with the net neutron losses and these
should be approximately equal in each case.

The second peir of numbers represents the agree-
ment of the absorption and leakage with the iso-
For hardened spectra (NSPEC = 1)
there should be approximate agreement. For the
Maxwell distribution (NSPEC = O) the spectrum
is normalized to the source and the numbers
ghould agree to all the figures printed.
a read-in spectrum (NSPEC = -1) no necessary
relation exists between the second peir of

numbers .

tropic source.

For

APPENDIX
The program has been compiled end run on the
CcDC 6600. The core storage requirement is approxi-
mately 55,600.
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PROGRAM GLEN(INPUT,TAREIN=INPUT,
10UTPUT+ TAPEO=OUTPUTy
2PUNCH TAPE]11=PUNCH)

C GLEN DECK

COMMON NLTMyMLIM, TEMPEN,AFAREC «HREC)AFAEPS yHEPS,
INENERG«FACMAS s SIGBNDSRD4PI,ARECP sAEPSP],
2ARP1H2 AEPIH2,COSMU (AN) ¢yWATE (60) 4 SIGSCT(60) 4 SIMUCK (38)
3NMUMA X ¢ NMUM] ¢ NMUM? ¢ NMUM3 , GLNREC ¢ G{ NEPS
GNINT 4NFINGJNMUGREC (S0) yEPS(50) ¢ SKE (51¢51) ¢
SIDENENERGY (91) « FINI(G1) ,EFIN(91) ,AFTELD(12)
6GAMO 4SIGLO(BT+88) 4SIGLY(B7488) +SIGL2(B7488)¢SIGLI(BT7488),
7SELPO(90) ¢ SELPY (90) ¢ SINPO(90) ¢ SINPL(QN) ¢ SINP2(90) ¢ SINP3I (90}
8STOT(90) 4STR]1 (90) +STR2(90) ¢+ STRI(90) )

COMMON NFGPENFEGP (21) 4NMIXMANMIX ¢ INDAMO,ENODMO,
1ENABMO s STABMOSIGAMO (90) ¢+ NISOMAGNTSO,
2INDATS(4) s INDFIS (&) ¢ENODIS(4) ¢SIGSIS(4)+sSIPIIS(6),
3ENABTIS(4) «STARIS(4) 9STGATS(4490) ¢ENFTIS(4) 4SIFIIS(4)9SIGFIS(4490)
4RUCKIF «NSPEC+SMASCT(QN) ¢ SMAARS (Q0) +SMAF IS (90) s SOURCE (Q0) 4
SSMATRO(90) s SMATR1 (90) s SMATR2(90) ¢ SMATR3(90) ¢DIFCOF (90)
ANDFLITDIFLGT(100) ¢RCNFL2sDFLFO(9n) s SPMANO(90) ¢
THFCOF I (S0) ¢DFLGF 14 TRCORRJDFLRSD(90)

BNFCFR2(90) 4B2F (4,91) yR2FOLD(9n) ¢NR21IT,B2RSD (90)

COMMNN MFGoFGINGD (91) oFGPEINGNFGP (21) ENINWT (90)
1IFGPF (4420) yQMOFGP 412N) ¢« RMOFGP (4420) 4RISFGP (444420)
2SELOFG(20) +SEL1FG(20) yPMOFG(4,20,20) 'FISFGP(‘WZO) ’
ISRCFGP(20) ¢+ QMACFG(6420) sRMACFG(4920) sPMACFG(4420¢20)
GFMACFGL20) +FSUM(4) ¢QSUML4L) JRSUM(4Y 4PSUM(4) 4
SCKIDL ¢ CKIDR4CKSUOL y CKSUBR ¢ CKSULL ¢ CKSUIR,y
6CKSUDI «CKSU2R ¢ CKSU3L ¢ CKSU3Ry JPRBNDO» STRAND
TSSMPRT (20) 4 SPRTOT(20) +FISPRT (20) 4PPRT (40,420}

COMMON NDF11,NFLP11,P11COR,DF11F0(87),DF11F1(87),DF11RS(RT7)

COMMON DFCO11(A7)

READ(1041) (AFTELD(J) 4 im1012)

FORMAT (1246)

WRITE (94801)

FORMAT (2HY )

WRITE(941) (AFIELD(J) s Jm1412)

READ(104901) INDEN,TEMPEN,GAMQ

FORMAT(110,2E20.8)

FORMAT (4E20,R)

RFAD(10¢2)YAFARECWHREC+AFAEPS HEPS

READ(1043INLIM

FORMAT (I10)

READ(1004) (REC(N) ¢N=1 o NLIM)

FORMAT (4FE19,8)

READ (1048)MLIM

FORMATY (19)

READ(10¢6) (EPS (M) JMmY ¢ML TM)

FORMAT (4E18,8)

READ (109 7)NPROD

FORMAT (IR}

N0 B Na) ,NLIM

READ (104¢9) (SKE (NoM) gM=] ¢MLIM)

FORMAT(SF15,8)

WRITE (94902)SKE (141) e SKE (241) o SKE (NLIMGMLIM)

FORMAT (10HOSKE (141)ZeF15.8¢10H SKF(291)=E15e80
116H SKE(NLIMMLIM)2yF15,8)

READ (104 3) JPRBNO

TNINCK=0

READ(1043)NENFRG

IF (NENERGwBT) 12412410

WRITE(9411)

FORMAT (1 THONENERG TOO LARGE)
ININCK=1

TF (NFNERG)13+13+15

WwRITE (9e14)

FORMAT (20HONENERGB NOT POSITIVF)
ININCK=]1 e ININCK

READ (1042) (ENERGY (N) Nx1NENERG)
GLNCMPRENERGY (NENERG)

19



20

000240
000241
000245
000245
000247
000251
000253
000255
000257
000261
000267
000267
000271
000274
000301
000303
000307
000307
000311
000314
000320
000320
000322
000330
000332
000336
000336
000340
000342
000352
000354
000356
000362
000362
000364
000366
000401
000403
000405
000406
000414
000414
000416
00042])
000433
000434
000436
000437
000442
000443
000451

000451
N00453
000454
000455
000457
000463
000465
000471
000473
000474
00067%

000510
000513
000514
000516

000540

IF (GLNCMP) 9514951 ,953
Q81 WRITE (949%2)
052 FORMAT (2RHQLAST ENERGY LESS/EQUAL ZERO)
ININCK=1+ ININCK
253 NRGLS1=NENERGe]
NO 1R N=1,NRGLS1
GLNCMP=ENFRGY (N) =ENERGY (N+ 1)
IF (GLNCMP) 1641691R
16 NOUT=N+1
WRITE (91 T7INOUT
17 FORMAT (BHOENERGY(,13,15H ) Out OF ORDER)
INTNCK=1+ ININCK
18 CONTINUE
READ (1042)FACMAS
IF(FACMAS) 19+19+21
19 WRITE (9.20)
20 FORMAT (23HOFACMAS LESS/EQUAL 7ERO)
ININCK=1+ININCK
21 IF(FACMAS=1.)24374+2?
22 wRITE(9.23)
23 FORMAT (24HOFACMAS GREATER THAN ONF)
ININCK=]+ ININCK
24 READ(10,2)SIGRND
IF (STIGBND) 25425427
25 WRITE(9426)
26 FORMAT (23HOSIGBND LESS/EQUAL 2ERO)
ININCK=] ¢ ININCK
27 SBD4PI=SIGBND/12,%6637]
READ(104901) INSELR,BRGLIM
IF (INSELR)Y 30932929
29 IF(INSELR=1)30,32,30
30 WRITF(9,31)
31 FORMAT (1T7THNINSELR INCORRECT)
ININCK= ]+ ININCK
32 1F(INSELR) 37437433
33 READ(1n+2) (SELPO (N) »N=) s NENERG)
DO 36 N=m1,NENERG
GLNCMP=SELPO (N)
1F (GLNCMP) 344364736
34 WRITE(G93S)N
35 FORMAT(THNSELPN(413411H y NEGATIVE)
ININCK=]+ ININCK
36 CONTINUE
READ (1042) (SELP1 (N) ¢ Nu1 ¢NENERG)
GO TO 39
37 DO 3R N=1,NENERG
SELPO(N)=,0
38 SELP1(N)=,0
39 TF(ININCK)40+5094N
40 WRITE(9441) ININCK
41 FORMAT (32HQINPUT THRI! SELP) CHECKEDe ABOVE,
1‘3'3’“ ERRORS FOUNDe PROBLEM STOPPED,)
sTO
50 NPRSIGs]
cALL GLNFIR
DO 51 NINI=s}]NENFRG
61 FINI(NINTYSENERGY (NINT)
NO 52 NFINx1,NENERG
52 FFIN(NFIN)=ENERGY (NF TN)
DO 80 NINls)NENERG
DO 79 NFINaNINI(NENERG
DO 55 NMijm) ¢ NMUMAX
GLNREC=FACMASS (EINT (NINI)¢EFIN(NFIN)
la2,*((EINT(NINI)®EFIN(NFIN})##,5) #aCOSMU (NMU) )
GLNEPS=EFIN(NFIN) =EINT (NINI)
cALL GLNINT
IF(NPRSIB)S3,55,55%
53 WRITE (99S4)ININIsNFINGNMUSEINT (NINT)
1EFIN(NFIN) ¢ COSMU (NMU) ¢ SIGSCT (NMU)
54 FORMAT (6HONINI=¢1346H NFINmyI3:5H NMUse13,
16H EINISsE15,R¢6H EFINSsE1S5,R¢TH COSMURIELS,8
28K S1GSCT=,E15,8)



000540
000543
0n0544
000545
000546
000547
000851
000553
000855
000557
000565

N00S76
000577
000600
0006N1
000602
000604
000606
000610
000612
n00620

000631
000633
000635
000637
000641
000643
000645
000647
000651
000653
000655
000660

00n666

000676
000701
000705
000707
000727

000727
000734
000740
000744
0novT46
000766

000766
000773
000777
001003
001005
0nlags

00102%
001032
001036
00lns2
001044
001064

0010646
001071
001074
001076
001077
001101

55 CONTINUE
56 SIGLNTw,0
SIGL1T=.0
SIGL2T=m,0
siGLart=s,.0
87 NO SR NMUs1 ¢NMUM1
SIGMUL=STIGSCT (NMU)®WATE (NMU)
SIGLNT=SIGLOT+SIGMUL
SIGL1T&SIGL1T+SIGMUL#COSMU (NMUI)
SIGL2TaSIGL2T+SIGMUL® (3,#(COSMU(NMY) 882} al,)
SR SIGLITRSIGLIT+SIGMUL® (5,4 (COSMU (NMU) ae3)
la3,#COSMU (NMU)Y )
59 SIGLOC=,0
SIGLI1Cma0
SIGL?C=m.0
SIGLAC=,0
60 NO 61 NMUsNMUM2 yNMUM?I
SIGMULESTGSCT (NMU) #WA TE (NMU)
SIGLOCISXGLOCQSXGMUL.
SIGL1CeSIGL1C+STIGMULaCOSMU (NMU)
SIGL2C®STGL2C+SIGMUL® (3,#(COSMU(NMU) ##2) el ,)
61 SIGL3CsSIGL3C+SIGMULS (5,4 (COSMU(NMU) ##3)
1=3. *COSMU (NMU)Y)
62 SIMUCK(3)=,088888884G1GSCT (3)
SIMUCK (8)=,177777784#S1GSCT (8)
SIMUCK(13)=4177777784S16SCT(]13)
SIMUCK(18)=e177777788S1GSCT(1R)
SIMUCK(23)m,4133333344SIGSCT(27)
SIMUCK(28)=,066666668SIGSCT (2R)
SIMUCK (33)m,0444444468S51GSCT(3I)
SIMUCK (38 2,022222224ST1GSCT (38)
PO 621 NMUCK=3,43R.5
SIGLNE=STIGLOCSSIMICK (NMUCK)
SIGL1CeSIGL]1C+SIMUCK (NMUCK) #aCOSMU (NMUICK)
SIGL2CeSIGL2C+SIMUCK (NMUCK)
14 (348 (COSMU(NMUCK) ##2) wl,)
421 SIGL3ICESTIGL3CeSIMCK (NMYCK)
14 (5 ¢% (COSMU (NMUCK) #93) w3 , #COSMU (NMUCK) )
TF (ARS{SIGLOT) =] ,F=06)66+660167
63 FRCOFN=aABS (1,-S1GLOC/SIGLOT)
IF(FRCDFN=,01) 664166944
66 WRITE(Qe6SININI«NFINEINI(NINT) 9EFININFIN) oSIGLOTFRCDFO
65 FORMAT (6MONINIg,13,6H NF INgy 1346H EINI:;E‘S.S;
1AH EFINS,E15,8¢BH SIGLOTn,E15,898M FRCDFO=4E]'348)
66 SIGLO(NINT NFIN)=6,2R31853#SIGLAT
TF{ABS(SIGLIT)w] ,Ew0K)T0470467
67 FRCDF1=ABS{1,«SIGLIC/SIGLYIT)
IF(FRCOF1%,02)70470968
6R WRITE (9969)NINTGNFINGEINT(NINT) yEF IN(NFIN) 4SIGL1T,FRCNF]
69 FORMAT (6HONINTIz4T734,6H NFINmya1346H EINIx E15,8,
16H EFINZ4F15.R¢AH SIGL1TaE15,ReRH FRCDFI1=4E1508)
70 SIGLY(NINI NFIN)=6,2A31853#SIGLIT
TF (ARS(SIGL2T) w1 ,E«0R) T4 4T4,4 7]
71 FRCOF2=ARS(]1¢=SI1GL2C/SIGL2T)
IF(FRCDF2@,04)T74,74472
72 WRITE (9, 7I3)NINI G NFIN,EINT(NINT) 4EFIN(NFIN),SIGL2T,FRCDF2
73 FORMAT(GHONINT®4T346H NFINx,13¢6H EINInyE15,8,
16H EFINRGE15.R+8H SIGL2T=E15,8¢8H FRCDF2=+E1%8)
74 SIGL2(NINIGNFIN)u3,1415927+SIGL2T
I1F (ARS(SIGL3T) =1 ,E=06)7B¢78:78
7% FRCOF3I=ABS(1.=SIGL3C/SIGL3T)
1F (FRCDF3,08) 78,78, 76
76 WRITE(QeTTININIJNFINSEINT(NINT) yEFIN(NFIN) 4SIGL3ITFRCDF3
77 FORMAT (BHONINImoT3,6H NFINoI396H EINI=E1S,80
16H EFINE,E15,8,8H SIGL3T=,E15.8,8K FRCOF3m4E1%48)
78 SIGLI(NINIWNFIN)=,14159274SIGL3T
79 CONTINUE
80 CONTINUE
N0 87 NIN!w2,NENERG
NINLS1=NINTel
N0 B1 NFINmIoNINLSY
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ool1102

001115
oollee
nol1126
001132
001136
001140
001142
001143
00114S
001147
001151
001155
001157
0o0l162
001162

001175
001200
001207
001210

001226
001231
001233
001234
001235
001236
001240
001243
001245
N01247
001250
001252
001253
001256
001264
001267
001273
001300
001303
001306
001311
001315

001316

001317
001321

oooo0n2

DBFACT= (EFIN(NFIN) /JEINT (NINI))#EXP ( (EINI(NINI)
Y=EFIN(NFIN)) /TEMPEN)
sIGLN (NINTI NFIN)aDBFACT#SIGLO (NFINSNINI)
SIGL1 (NINI¢NFIN)=sDBFACT#SIGL] (NFINJNINT)
SIGL2 (NINI ¢NFIN)=DBFACT#SIGL2 (NFINJNINT)
SIGLI(NININFIN)aDBFACT#SIGLA(NFINGNINI)
A1 CONTINUE ‘
/2 CONTINUE
TF(IDENYR21:89,821)
a2l nO B8R N=1,NENERG
GLNCMPRENERGY (N) «RRGL IM
1F (GLNCMP) RB¢889R22
R22 AELSTCm2,#FACMAS#GAMOSENERGY (N}
TF (AELSTC=,0001) 83483484
83 SELPn(N)y=SELPO (Ny+SIGRND
GO TO RS
84 SELPO(N)=SELPnN (Ny
145%SIGRNN* (1 ,=EXP (=2, #AELSTC) ) ZAELSTC
88 IF (AELSTCe,03)B6,86yR7 i
86 SELP1(N)=SELPY (N)+SIGBND®AELSTC# () .=AELSTC) /3,
GO TO 88
87 SELP1(N)sSELP1(N)
14eG*STGBNN#® ((1 4 *AELSTC)®EXP (@2 o #AELSTC) ¢AELSTC=1,)
2/ (AELSTC4#2)
RA CONTINUE
B9 NERGP1=NENERGe1}
ENERGY (INERGP1) =40
FINI (NERGP1)=,0
EF IN(NERGP1) =40
DO 91 N=1,NENERG
ENWT1m.5% (ENERGY (1) =FNERGY (2) )
SINPQO (N)YSENWT1#STGLO (Ny])
SINP) (N) =ENWT14STIGLY(Ns1)
SINP? (N) aENWT1#STGL2 (N, 1)
SINP3I(N)sENWTI#SIGLI(Ny1)
N0 90 Jm2,NENERG
ENWT?x,5# (ENERGY (J=1) =ENERGY (U 1))
SINPQO (N)xSINPQ (N) o ENWT24SIGLO (NyJ)
SINP] (N)SSINP1 (N) ¢ENWT2#SIGL] (NoJ)
SINP? (N)mSINP2 (N) «ENWT2%STIGL2 (Ne J)
90 SINP3I(N)xSINP3(N)+ENWT2#SIGLI(NyJ)
STOT(NY=SINPQ (N) «SELPQ (N)
STR1 (N)=STOT(N)«SINP) (N)=SELPY (N)
STR2 (N)=STOT (N)«SINP? (N)
91 STR3I(N)=STOT(N)=SINPI(N)
CALL GLNRIT

c TO OMIT CALCULATION NF ANALYTIC CHECK IN GLEN

CALL GLFEGP
sToP
END

sIaFTC GLN1 DECK

SUBROUTINE GLNFIR

COMMON NLIMyMLIM, TEMPEN)AFAREC+HREC1AFAEPS HEPS,
INENERGsFACMAS s SIGAND . SBD4PT s ARECP) ¢ AEPSP1,
2ARP1H2AEP1H2,COSMU(AN) ¢WATE (60) ¢ SIGSCT (60) ¢ STMUCK (3B) o
3NMUMAX o NMUM] ¢ NMUM2 s NMUM3 o GLNREC o GLNEPS o
ANINT yNFIN9NMUIREC (50) +EPS(50) ¢ SKE(51451)
SIDENCENERGY (91) oyEINI (91) JEFIN(91) (AFIELD(12)
6GAMO,SIGLO(BT+R8) ¢SIGL1(ATsAB) sSIGL2(BTe88) ¢SIGLI(B87+88)
TSELPO (90) ¢ SELP1(90) s SINPO(90) + SINP1(30) s SINP2(90) 4SINP3I(90)
8STOT(90) ¢+ STR1(90}+sSTR2(90) sSTR3I(90)




000002

000002

000002
000002
000002
000004
000006
000010
000012
000014
000016
000020
000027
000031
000040
000042
000043
000065
000046
000050
000051
000053
000054
000056
0000%7
000061
000062
000064
000065
000067
000070
000072
000073
000075
0No0o078
000100
000101
000103
000104
000106
000107
000111
000112
000114
000115
000117
000120
000122
000123
000125
000126
000130
000131
000133
000134
000136

N

NP W

COMMON NFGP4ENFEGP (211 yNMIXMA JNMIX, INDAMO s ENODMO,
1ENABMDSTABMO,STBAMO (90) yNISOMA,N1SO,
PINDATIS(4) s INDFIS(4)sENODIS(4) 4SIGSIS(4)4SIP1ES(A),
3ENABIS(4) «SIARIS(4) 9SIGATS(4400) ¢FNFIIS(4)sSIFIIS(4)9SIGFIS(4490)
GRUCKLE ¢NSPEC,SMASCT (9N)  SMAABS (90) ¢ SMAF15(90) 4 SOURCE (90)
SSMATRO (90) ySMATRY (90) + SMATR2(Q0) ¢« SMATR3(90) sDIFCNF (90) »
6NOFLITDIFLGT(100) ¢RCDFL29DFLF0(90) » SPMANO(S0) »
TDFCOFT1(90) +OFLGFI,TRCORR,DFLRSD(9n) o
ANFCFR2(90) +B2F (4491) +R2FOLD(90) yNR2ITyB2RSD (90}
COMMON MFGoFGINGD (91) o FGPEINGNFGPL (21) sENINWY (90)
1FGPF (6420) ¢QMOFGP (4¢20) ¢RMOFGP (4420) RISFGP (644420)
2SELOFG(20) oSELIFG(20) +PMOFG(4420920) ¢+FISFGPR (4.420) o
ISRCFGP(20) yQMACFG (4920) sRMACFG (4 420) sPMACFGB(4420420)
4FMACFG (20) ¢FSUM(4) 4OSUM(4) ¢RSIIM(4) 4PSUM(6) o
SCKIDL sCKINRyCKSUAL ¢ CKSUQRCKSIIIL s CKSUIR
6CKSUPL ¢ CKSH2R 4 CKSU3L 4 CKSU3R 4 JPRBNO ¢ STRAND o

TSSMPRT (20) ¢y SPRTOT (20) 4FISPRT (20) PPRT (40,20)
COMMON NDF114NFLP11+PYICORVDFYIIFO(BT)+DF11F1{R7),DF11RS(87)
COMMON DFCO1(8T)

ARECP12AFAREC+],

AEPSP1=AFAEPSe],

ARP1H2=ARECP1# (HRECH#&2)

AEPIHPwAEPSPl @ (HEPS#82)

NLIMP =N IMe]

ML TMP 1 =Mj_IMe]

DO 4 Me] MLIMPY

SKE (NLIMP} sM) =40

NO 6 Nzl ¢NLIM

SKE (MyMLIMP1) g, 0

COSMU(1)2=,99061798

COSMU(2) a=,95354403

COSMU(3) 2w,9

COSMU(4) ==,84615307

COSMII(§) 2=,80938202

COSMU (6} a=,78123597

COSMU(T) mm 70769386

COSMU(R) 8=, 6

COSM|1(9) == , 49230614

COSMU(10)B=441R76403

COSMU(Il)s-.38123€97

COSMU (12) == 3NTE9IBE

COSMU(13) 3=,?

COSMU(14) 2=,09230K14

COSMU(15) =" 01RT76403

COSMU(16)=,018764N3

COSMij(17)%,09230614

cosSMU(18) 8,2

COSMUI(19)=2,30769386

COSMy (20)=,38123597

COSMU (P11 =.41407302

COSMU (22) 2,46922960

COSMUI(23)=,58%

€OSMU(24)%,63077Na0

COSMLI (259 »,68592698

COSMU(26)2,70703651

COSMU(27)x,734614R0

COSMU(2B)1m, 775

cOSMU(29)=,81538520

COSMy (30)=,R4296349

COSMU(31)=,8546910])

cOSMY (32)=,87307653

COSMII(33)=x,90

COSMU(34)2,92692347

COSMU (35) %,94530R99

COSMU(36)3,95234550

COSMU(37)=,96153R27

COSMU(3B)=,975

COSM(39)=,98846173

COSMU(40)=,99765450

WATE(1)»,02369269

wATE (2)=2,04786287

23




2k

000137
000141
000142
000143
0001485
000146
000150
000151
000152
0001%3
000154
000155
000156
000157
000160
000161
000162
000163
000164
000165
000167
000170
000172
000173
000174
000176
000177
000201
000202
000203
000205
000206
000210
000211
000212
000214
000215
000216
000217
000221
000222
000224
000225
000227
000230
000232
000233
000238
000236
000240
000741
000243
000244
000246
000247
000251
000282
000283
00025S
000256
000260
000261
000263
000264
000266
000267
000271
000272
000273
000274
000275

WATE (3)=,05688888
WATE (4)=,047862R7
WATE (5)=,02360269
WATE (6)=,04738537
WATE (7)=,09572574
wATE(R)=,1137777R8
WATE(9)=,09572574
WATE(10)=,047385137
wATE(11)x,04738537
WATE (12)%,09572574
WATE(13)=,11377778
WATE (14)=,09572574
WATE(15)=,04738537
WATE (16)=,04738537
WwATE(17)=,09572574
WATE(1R)=,11377778
WATE(19) = 09572574
WATE (20) =, 047385137
WATE (21)=,03553903
WATE (22)2,07179430
WATE (?3)2,08533334
WATE (24)=.0T7179430
WATE (25) =,035539013
WATE (?6)=,017769%2
WATE (27)=,03589715%
WATE (28) =, 04266666
WATE (?9)=,03589715
WATE (30)=e01776952
WATE (31)=2,01184635
WwATE (32)2,02393143
WATE (33)=,02844444
WATE (34)=2,02393143
WwATE (35)2,01184635
WATE (36)%,00592317
WATE(37)2,01194572
WATE (3R)=,01422222
WATE (39)=,01196572
WwATE (40)x,00592317
COSMU(41)=e 97745967
COSMU (42) ==, R2254033
COSMY (43)2-,75491934
COSMU (44) == 44508066
COSMU (45) »=635491934
COSMU (46)m=,0450RN66
COSMU (47)=,04508066
COSMy (48)%,35491934
COSMU (49)=,43381050
COSMU(50)=,66618950
COSMy (51)=,71690525
COSMU(52)m,83309475%
COSMU(53)1=,86127017
COSMU (54)x,938729R3
COSMU(55)=,955635n8
COSMU (56)3,994364Q2
WATE (41) =,055555%6
WATE (642) =, 08555556
WATE (43)=,11111111
wATE (44)=,11111111
WATE t45)=,11111111
WATE (46)=m,11111111
WATE(47)=,11111111
WATE(4R)=,11111111
WATE (49)%,08333333
WATE (50)=,08333333
WATE(S1)=m,04166667
WATE (52)%,04166667
WATE (53)=,0277777AR
WATE (54)%,02T7T77778
WATE(55)=,01388889
WATE (56) x,013888R9
NMUMAX=S§




000276
000277
000300
000301
000303
0001305
000306
0003293
000326
000327
000334
000335

0noo0o02

000002

000002

060002
ooo0o0n2
000002
000003
000006
000011
000013
000014
000017
000021
000021
000023
000024
000025
ooo0027
000032
000035
000037
000040
000043
000045
000045
000047

10

11
12

sinfFT

[* 0 1] SN~

-~

10
11

12

14

NMUM=a0

NMyM2g41

NMUM3sS56

IF(HEPS) 12,1249

D0 10 Nm]1,NLIM

DO 10 Me) MLIM ,
SKE (NsM) s (EXP (EPS (M) /TEMPEN) ) 8SKE (NoM)
HEPSa=HEPS

NO 11 Ms] MLIM

EPS (M) ==EPS (M)

RETURN

END

C GLN? DECK

SURROUTINE GLNINT

COMMON NLIMoMLIM,TEMPEN,AFAREC+HREC s AFAEPS ¢HEPS,
INENERG+FACMAS +SIGRND s SRDAPI 4 ARECP] ¢ AEPSPL
2ARP1H2,AEP1H2 ,COSMU(60) ¢WATE (60) ¢SIGSCT(60) ¢ SIMUCK (38} o
INMUMA X ¢ NMUMT ¢ NMUM2 o NMIM3  GLNREC ¢ GLNEPS o
ANINT JNF INJNMUGREC (150) +EPS(50) 4 SKE t51451)
SIDENJENERGY (91) oFINI (9)) sEFIN(OY) ,AFIELD(12)
6GAMO+SIGLO(BT7¢88) sSIGL) (R7+88)¢SIGL2(B7¢88)+SIGLI(87¢88)
TSELPO(90) +SELPI(9NA) »STNPOIS0) o SINPYI{Q0) s SINP2(90) v SINPI(90) ¢
8STOT(90) 4STR1(90) 4STR2(90) ¢STRI(9N)

COMMON NFGPENFEGP (2)) ¢ NMIXMA ¢NMIx s INDAMO, ENODMO,
1ENABMO+STIABMO+SIGAMO150) yNISOMAINTISO,
2INDATS(4) ¢ INDFIS(4) +ENODIS(4) «SIGSIS(4) 4SIPIIS(4),
3ENABYS(4) ¢STABIS(A) ¢STIGAIS(4990) sENFIIS(4)oSIFIIS(4)eSIGFIS(4+90)
4BUCKLE +NSPEC+SMASCT (QN) + SMAABS(90) +SMAF1S$(60) » SOURCE (90) »
SSMATRO(90) y SMATRY (901 4 SMATR2(90) ¢y SMATRI(90) +DIFCOF (90)
6NDFLIToDIFLGT(100) sRCDFL2DFLFO(90) s SPMANO(90) »
7OFCOF1190) +DFLGF14TRCORRDFLRSD(90) s
8DFCFRB2(90) ¢B2F (4+91) +B2FOLD(90) ¢NB2IT.B2RSD (90)

COMMON MFGeFGINGD (91) ¢FGPEINGNFGPL (21) +ENINWT (90
1FGPF (4420) s QMOFGP (49P0) yRMOFGP (4920) yRISFGP (404420) »
2SELOFG(20) ¢« SELIFG(20) yPMOFG(4420470) +FISFGP (4,20)
ISRCFGP(20) +QMACFG (492n) yRMACFG (4420) ¢ PMACFG(4020¢20) ¢
GFMACFGL20) yFSUMI4) sRSUM(4) yRSUM(4) +PSUM(4)

SCKIDL ¢ CKINRyCKSUNL ¢ CKSUORCKSULIL 9 CKSULR,
6CKSU2L + CKSU2R ¢ CKSUIL 4 CKSU3R ¢ JPRBNO 9 STRAND o
TSSMPRY (20) 9 SPRTOT (20) 4 FISPRY (20) yPPRT (40420)

COMMON NDF114NDFLP11¢P11CORWDFILIFO(B7) «DF11F1(87),DF11RS(A7)

COMMON DFCO11(B7)

N=2

GLNCMP=REC (N)

1F (GLNREC~GLNCMP) 4 9445

NGLNuN=}

GO TO R

IF (NaNLIM)YG6sTs7

N=Ne ]

GO T0 2

SIGSCT(NMU) =, 0

RETURN

Mm2

ARGLNP=ABS (GLNEPS)

GLNCMPBABS (EPS (M))

IF (ABGLNPLGLNCMP) 114911412

MGLNsM=1

G0 Y0 1§

TF (MaMLIM)13,14414

MuMe |

GO TO 9

SIGSCT (NMU) =, 0

RE TURN

25



26

0000%0
000051
000054
000056
000060
000061
000067
000071
000074

000112

000112
000114
000117
000122
000130

000140

000162

000200

000215
000217
000222
000225
000233

000243

000257
000260
000261

000273
000274

000002

000002

000002

1% IF(IDEN)204+16420

18 IF(NGLN®1)17+17420

17 IF(GLNREC)18,18,19

18 SIGSCY (NMU)m,0

RETURN '

19 AMTI=1,/((12,566371#GLNRECSTEMPEN) #e &)
AMT2= (GLNEPS¢GLNREC) ##2
AMT3s4 . %G _NREC#* TEMPEN
SIGSCT (NMU) = (SBD&PT) # ( (EFIN(NFIN) JEINT(NINI)) #e, 5,

1#AMT I #EXP (wAMT2/AMT3)
RETURN

20 NGLNL1=NGLNe}
NGL2L ) =24NGLN=1

21 GLCF0aGLNRECREC (NGLN)
GLCF1sGLCF0/ (HREC* (AFAREC##NGLNL1))
GLCF2=GLCFO® (GLNREC=REC (NGLN¢1))

1/ (ARP1H2# (AFAREC##NGL2L1)}

22 SGLNO=SKE (NGLN¢MGLN) ¢GLCF 1% (SKE (NGLN+1 ¢MGLN}
1=SKE (NGLN«MGLN) } ¢GLCFP# (SKE (NGLN+2 s MGLN)
2<ARECP1#GKE (NGLNe 1 yMGLN) s AFAREC#SKE {(NGLNyMGLN})

SGLN1=SKE (NGLN¢MGLN+1) +GLCF 1% { SKE (NGLN+1¢MGLN+1)
1=SKE (NGLNsMGLN#1) ) ¢GLCF2# (SKE (NGLN42MGLNe1)
2-ARECP1#GKE (NGLNe14MGLNe1) s AFAREC#SKE (NGLNyMGLN41))

SGLN2#SKE (NGLNyMGLN+?) +GLCF1# (SKE (NGLNe1 ¢MGLN+2)
1=SKE (NGLNyMGLN#2) ) $GL.CF2# (SKE (NGLN#2yMGLNe2}
2ARECP1#SKE (NGLLNe1 4MGILNe2) s AFAREC#SKE {(NGLNyMGLN4+2) )

23 MGLNL1=aMGLN=1

MGL2L 1 22#MGLN=1

24 GLCF1nsGLNEPS=EPS (MGLN)
GLCF11aGLCF10/ (HEPS® (AFAEPS®#MGLNL 1))
GLCF12=GLCF108 (GLNEPS~EPS (MGLN#1))

1/ (AEP1H2# (AFAEPS##MGL2L1))

25 SGLN=SGLNg
14GLCF11# (SGLN1=SGLNO)
24GLCF12# (SGLN2-AEPSP15SGLN) + AFAEPS#SGLNO)

1F (SGLN)27.28,28

27 SGLN=,0

28 SIGSCT(NMU)=(SBD4PTI)#( (EFIN(NFIN) JEINI(NINI))ew 5,
1#SGLN

RETURN

END

S$IAFTC GLN3 DECK
SURROUTINE GLNRIT
COMMON NLIM¢MLIM,TEMPEN.AFAREC ¢HREC yAFAEPSHEPS,
INENERGyFACMAS  STGRND , SBD4PIyARECP) s AEPSP1 4
2ARP1H? ,AEP1H2,COSMU(60) yWATE (60) 4 SIGSCT (60) 4 SIMUCK (38),
INMUMAX o NMUM1 ¢ NMUM2 ¢ NMLIM3 { GLNREC ¢ GLNEPS +
ANINI (NFINoNMUoREC (50) ¢EPS(50) ¢ SKE(51451)
STIDENJENERGY (91) +EINI(91) JEFINIOL) (AFTELD (12}
6GAMO¢SIGLO (87+88) +SIGL1(B7+88) +SIGL2(BT¢BA) +SIGLI(BTIRB) Y
TSELPO(90) ¢ SELP1(90) ¢SINPO(S0) ¢ SINPI(90) 9 SINP2(90) +SINP3(90) s
8STOT(90) «STR1(90)1STR?2(90) »STRI(90)
COMMON NFGP4ENFEGP (21) ¢NMIXMA (NMIX s INDAMO s ENODMO,
1ENABMO,STABMO,ST1GAMO (90) yNISOMA,NTSO,
2INDATS(4) s INDFIS(4) sENODIS(4) ySIGS1S(4)sSIP11S{4),
JENABIS(4) +STABIS(4) 9ST1GATIS (4990) ¢ENFIIS(4)9SIFIIS(4)9SIGFIS(4490) ¢
4RUCKLE ¢NSPEC ,SMASCT (Q0) s SMAABS (90) ¢ SMAFIS(90)  SOURCE(90)
SSMATRO (90) » SMATR] (90) s SMATR2(90) ¢ SMATR3(90) +DIFCOF (90)
6NDFLIT,DIFLGT (100) RCDFL24DFLFO(90) ¢ SPMANO(90) s
TOFCOF1(90) +DFLGF T4 TRCORRyDFLRSD(90) s
B8DFCFB2(90) ¢B2F (4+91) +R2FOLD(90) yNB2IT+B2RSD (90)
COMMON MFG,FGINGD (91) FGPEIN(NFGPL (21) yENINWT (90)
1FGPF (4420) ¢QMOFGP (4920) ¢+ RMOFGP (4920) yRISFGP (494420} »
2SELOFG(20) ¢SELIFG(20) +PMOFGB(4420+20) ¢FISFGP (4420)
3SRCFGP (20) yQMACF G (4420) +RMACFG(4,420) yPMACFG (4420,420)




000002
000002
000002
0000146
000014
000022
000022
000026
000026
000043
0000643
000051
000081
000087
000087
000063

000063
000065

000133
000133
000136
000136
000141
000161}
000165

000145
000216
000216
non22?2
00022?

000253

000254

000002

000002

000002

AFMACFG(20) oFSUM(A) s QSUIMIA) sRSUM(S4) ¢ PSUMLE) o
SCKIDLsCKIDRICKSUNL ¢y CKSUORGCKSULIL oCKSUIR,

6CKSU2L ¢ CKSU2R ¢ CKSU3L , CKSU3R ¢y JPRBNO ¢ STRAND

TSSMPRY (20) »SPRTOT (20) ¢FISPRT(20) +PPRT 140420} )
COMMON NDF11+DFLP11+P11CORDF11F0(B7)DF11F1(87),DF11RS(BT)
COMMON DFCO11(RT)
WRITE {941) IDEN, TEMPEN,GAMO

1 FORMAT (6HOIDEN=s13,8H TEMPEN=m E15,8¢6H GAMOm,E1S5,8)

WRITE (9¢2) NENERG

FORMAT (RHONENERG= ¢ 13)

WRITE (943)

FORMAT (14H0 N ENFRGY)

WRITE (994) INJENERGY (N) ¢Nu) sNENERG)

FORMAT(I3,E15.R)

WRITE (9,8)FACMAS

FORMAT (BHOFACMASE E15,8)

WRITE (944)SIGAND

& FORMAT (BHOSIGRNDs,,E15,8)

» W N

N

WRITE(9,7)
7 FORMAT(101HONINT NFIN EINI EFIN SI6LO
1 SIGLY SIiGL2 SIGLY)

NO R NINI=x) ¢NENERG
8 WRITE (9,9) (NINI,NFIN,FINT(NINT) EFIN(NFIN),
1SIGLO(NINToNFIN) ¢STIGLI(NINI¢NFIN) ¢SIGL2(NINIoNFIN) o~
2SIGLIININT ,NFIN) (NF IN=1 4NENERG)
9 FORMAT(21546E164R)
WRITE(9y10)
10 FORMAT (48HO N ENERGY SELPD SELP1)
WRITE (9911) (NENFRGY (N) o SELPQ (N) ¢SELP1 (N) ¢Na] ¢ NENERG)
11 FORMATI(T13,3E16,R)
WRITE (9,12)
172 FORMAT(7RHO N ENFRGY SINPQ SINP]
] SINP? SINP3)
WRITE (9413) (NJENERGY {N) ¢ SINPO (N) ¢ SINPL (N)
1SINP2 (N} 4 SINPI (N) o N=1 ¢ NENERG)
13 FORMAT(I13,5E16,8)
wRITF (9,14)
16 FORMAT(TTHO N ENERGY sTOY STR1
1 STRP STR3Y
WRITE (9413) (NJENERGY (N) o STOT(N) s STR1 (N) o
1STR2 (N) « STR3I (N) +Na1 yNFNERG)
RETURN
END

$IafFTC GLNG DECK

SURROUTINE GLFEGP

COMMON N IMyMLIM, TEMPEN,AFAREC yHREC+AFAEPS HEPS,
INENERGFACMAS«STIGRND+SRD4PT4ARECP) ¢ AEPSPY o

PARPIH? 4 AEPIH2 ,COSMU(ANY yWATE (60) ySIGSCT(60) ySIMUCK (38)
INMUMAX ¢ NMUMY ¢ NMUM? ( NMEIM3 o GLNREC ¢ GLNEPS o

GNINT JNFINGNMUGREC (50) sEPS(50) ¢ SKE (51451 s
SIDEN,FNERGY (91) yFINI(91) (EFIN(91) (AFTELD(12) ¢
6GAMO s SIGLN(B7+RAB) +SIGLI(BT7+88)+SIGL2(87+88)+SIGLI(B7488) .
TSELPN190) ySELPIION) ySTINPD(90) ¢ SINPL(90) +SINP2(90) +SINP3(G0) s
BRSTOT (9n) STR1(90) 4STR2(90)+STRI(9n)

COMMOM NFGPsENFEGP (21) sNMIXMANMIX ¢ INDAMO,ENODMO,
1ENABMO«STABMOSIGAMOD(Q0) 4NTSOMAINISO,

PINDATS (4) s INDFIS (4) sENODIS(4) 4SIGGIS(4) sSIPIIS(4),
IENABIS(4) 4 STARIS(4) eSTGATIS(4990) eENFTIIS(4) 9SIFITS(4) ¢SIGFIS(4490)
4RUCKLE « NSPECsSMASCT(9N) ¢+ SMAABS(90) ¢ SMAFI1S(90) ySOURCE (60)
SSMATRO(90) ¢ SMATR) (90) « SMATR2(90) ySMATR3(90) +DIFCOF (90)
6NDFLITDIFLGT(100) 4RCNFL2+DFLFO0(9n) ySPMANO(901 ¢
TNFCOFTI(9N0) «DFLGF I+ TRCORR(DFLRSD(9N) s

BOFCFR2(90) ¢B2F (4491) 4R2FALD(90) yNR2IT,B2RSD (91)

COMMON MFG+FGINGN (91) «FGPEINNFGPL (21) sENINWT (90) 4

1FGPF (6920 sOMOFGP (4920) o RMOFGP (4 ¢20) yRISFGP (444420)
2SELOFG(20) +SELIFG(20) +PMOFG(4420920) «FISFGP(6420)

27




28

000002
000002
oonno2
000003
000011
000014
000020
000020
000022
000024
000030
000030
000032
0N004S
000045
000047
000050
noons2
000056
000087
000063
000064
000065
000066
000074
n00074
ononve
000101
006102
00010S
000107
00nlis
000115
000117
0nol122
000127
gon127
000131
000135
000135
000137
000142
000146
000150
000151
000187

000157
000161
000162
000163
000173
000173
00017S
000501
000201
000203
000°03
000205
000211
000213
000215
non221
0002271
000223
00022%

ofn
a0

an?
aln
oll

Ql1?

QnA
an?y

onR

7

L]
Q

10
11

12
13
14

18
1A
17
1R

19

20
21

22
?3
24

28
6

ISRCFGP(20) +QAMACFG (4 ¢20) s RMACFG(4020) +PMACFG(4420+420) 0
4FMACFG(20) 4FSUM(4) «QSUM(4) +RSUM (&) yPSUM(4)
SCRINLCKINRCKSUNL yCKSUOR ¢ CKSULL o CKSIITRY
6CKSU2L +CKSU2R, CKSU3IL «CKSU3R JPRBNDsSTRAND
TSSMPRT (20) ¢ SPRTOT(20) «FISPRT(20) ¢PPRT (40+20)
COMMON NDF114DFLP11+P11CORGDFILIFN(B7)OF11F1(8B7)NF1IRS(ART)
COMMON DFCO11(BT)

ININCK=0

READ (104 7)NFGP

TF (NFGP=20)902+9N024900

WRITF (9e901)

FORMAT (20HONFGP EXCEFDS TWENTY)
TNINCKxTNTNCKe1

TF(NFGP)G10+9104912

WRITE (94911)

FORMAT (1RHQNFGP NOT POSITIVE)
ININCK2ININCKe]
RFAD(1041) (ENFEGP (N) 4N 4 NFGP)

FORMAT (4E2N.8)

NO A Nxl NFGP

INFGCK=0

NO 72 JxlNENERG

GLNCMPENFEGP (N) «FNERGY (J)

TF (GLNCMP)2,3,?

INFGCK=INFGCKe1

GO T0 903

INFGCK=0

IF(INFGCKY 4 o644

WRITF (945)N

FORMAT (BHAENFEGP (413,12H ) INCORRECT)
TININCK=ININCKe1

CONTINUE

DO 90R Nx? NFGP
GLNCMP=ENFEGP (Nw) ) «FNFFGP {N)

TF (GLNCMP)ON6Es9INALQ0R

WRITF {Q4907)N

FORMAT (BHOENFEGP {+13416H ) OUT OF ORNER)
ININCKaININCK s

CONT INUE

REAN (104 7)NMIXMA

FORMAT(RT10)

IF (NMIXMA)R,R,10

WRITF(949)

FORMAT (1 7HONMIXMA INCORRECT)
ININCK=ININCK 1

TF (NMIXMAL10)12412,11

WRITE (9+9)

INTNCke INTNCK 4 1

TF(ININCK) 13415413

WRITE(Qs14) ININCK

FORMAT (S7THOFEW GROUP FNERGIES AND NUMRER OF MIXTIIRES CHECKED, ABOV

1E+13¢31H ERRORS FNUNN, PROBLEM STOPPED,)

STOP

NMIy s}

ININCK=0

READ(10417) INDAMOLENONMO

FORMAT (T110,3E20,8)

IF ({INDAMQ) 18422420

WRITE (9419)

FORMAT (48HOMODERATOR SIGA READ INDICATNR INDAMO INCORRECT,)
ININCK=ININCKs Y

60 To 22

TF (INDAMNE1)2]1,422421

WRITF (9419)

ININCK=zININCKe 1

TF (ENNNMO) 23,425,425

WRTITE (94264)

FORMAT (42HOMODERATOR MUMBER DFNSITY ENODMO NEGATIVE,)
ININCK=ININCK+1

IF (INDAMO) 26426435

READ{10+1)YENABMO,STARMO



00023%
000237
000243
000243
0002645
000267
000253
000253
00025%
000257
000270
00027}
000304
000306
000310
000311
000317
000317
000321
000324
000332
000334
000340
000340
0003472
000345
000351
000353

000402
000402
0n0404
000406
000407
00nsYs

0nns1s
0004817
000417
000421
000427
000431
0nn4s3s
None3s
000443

0004673
000445
000447
000455
0004687
000462
0004g3
0N0471

000471
00naT3
000476
0004677
000505

000505
000507
000512
000513
000525
000530
000531
000537
000537
000541

27
28
29
30
31
32

33
34

35

36
37

3R
39

40
41

42

43
44

45

46
47

4R
49

50
51
52
S3
54
55

56
57

SR

59

60 FORMAT (41HOISOTOPE SCATTERING CRNSS SECTION SIGSIS (.13,

61

62
63

64
65

66

1F (ENABMO) 28,428+30

WRITE (9429)

FORMAT (21HOENABMN NOT POSITIVE,)

ININCK® ININCKe1]

IF (STARMN) 31,33,33

WRITE (9432)

FORMAT(17HOSIABMO NEGATIVE.)

ININCKa ININCK 1

NO 34 N=m) NENERG

SIGAMO (N) =STABMO® ( (ENABMO/ENERGY (N) ) ##,5)
GO TO 39

READ(10¢1) (SIGAMN (N) «N2) ¢ NENERG)

N0 38 N=1,NENERG

GLNCMPuSIGAMO (N)

1F (GLNCMP) 36+38+38

WRITE(9937)N

FORMAT (BHOSIGAMO (,I3,12H ) NEGATIVE,)
ININCK=ININCKe ]

CONTINUE

READ (10, 7)NISOMA

IF(NISOMA) 40440047

WRITE(9:4))

FORMAT (33HONUMBER ISOTOPES NISOMA INCORRECT)
ININCK=ININCK s }

IF(NISOMA®4 ) 44964443

WRITE (9441)

ININCKeININCKe)

READ(10445) {INDAIS(NTISO) ¢ INDFISINISO) ¢ENODIS(NISO)
1GIGSIS(NISO) 4SIPITS(NTISO) ¢NISOR] yNISOMA)
FORMAT (2110+3E20,R)

NO 89 NISO=] NISOMA

JTEST=INNAISINISO)

IF(JTEST)66450,44R

WRITE (944T)NISO

FORMAT (36HOISOTOPE STGA READ INDICATOR INDAIS(eI73,
112H ) INCORRECT)

ININCKeININCK+

GO T0 %0

IF(JTEST=1149,:50,449

WRITE (9947)NISO

ININCKEINTNCK+1]

JTEST=INDFIS(NISO)

IF(JTEST)S1455,¢53

WRITE (9+52)N1SO

FORMAT (36HO0ISOTOPE S1GF READ YNDICATOR INDFIS(s13,
112H )y INCORRECT)

ININCKaININCKe}

IF(JTEST=1)54,55,54

WRITE (9¢52)NISO

ININCK=ININCK+1

GLNCMPENODIS (NISN)

IF (GLNCMP)5645R¢58

WRITE (9457INISO

FORMAT (31HOISOTOPE NUMBER DENSITy ENODIS(,173,
111H )y NEGATIVE)

ININCK=ININCK+1

GLNCMPaSTIGSIS(NISN)

IF {GLNCMP) 59461 1K1

WRITE (9+60)NISO

1114 ) NEGATIVF)

ININCK=ININCKe]

JTEST=INDAIS(NISO)Y
IF(JTEST)62462,71

READ (109 1)ENARISINISN) 4STARISINISO)
GLNCMPgENABIS (NISO)

TF (GLNCMP) 64 464 4R6

WRITE(Q468)NISO

FORMAT (BHOENARIS ({413,184 ) NOT POSITIVE)
ININCK=ININCK+)

GLNCMPaSTABIS(NISNH)

29
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000544
000545
000553
000553
000555
000557

000576
000577
000614
000616
000622
000623
000633
000633
000635
000640
000647
000644
0n06%6
000661
000662
000670
000670
000672
000675
000676
000706
000704
000706
000710

000727
000730
000745
000747
000753
000754
000764
000764
000766
000771
000774
0olo01
onlo07
ool011
001013
001017
001017
ool021
001021
001023
001027
001031
001033
001041
001042
001052

00l052
001055
0010587
001057
001060
001062
001073
001074
001106
001110
001111

7

72
73

T4
78

76
A

78
79

80

81
87

83
84

a5

86
87

88
a9

an
190
91

97
98
joo

iot

T1F (GLNCMP) 67469469

WRITE(9:68)NISO

FORMAT (BHOSTIABIS(,13411H ) NEGATIVE)
ININCKuININCKe1

NO 70 N=1 NENERG
SIGAISINISOyN)=STABIS(NISO)#( (ENARIS (NISO)
1 7ENERGY (N) ) ## ,5)

G0 TO 785

READ(10¢1) (SIGAIS(NISO.N) ¢N=u) 4NENERG)
NO 74 N=)lNENERG
GLNCMPgSIGAIS(NISO,4N)

IF (GLNCMP) 72+ T4+ 76

WRITE(9473)NISON

FORMAT (BHOSIGAIS ((I3,2H 4,13,11H y NEGATIVE)
ININCK=ININCK+]

CONT ITNUE

JTEST=INDFIS(NISO)

IF(JTESTYT64764BG

READ (104 1)ENFTIISINISN) oSIFIIS(NISO)
GLNCMPRENFIIS(NISO)

IF (GLNCMP) 784784AN

WRITE (9¢79)NISO

FORMAT (BHNENFTIS(413,158H ) NOT POSITIVE)
ININCKeININCKS 1

GLNCMPxSIFIIS(NISO)
TF(GLNCMP)IB1eR3¢83

WwRITE (9482)NISO

FORMAT (BHNSIFIIS(413411H ) NEGATIVE)
ININCK2ININCK+1

NO A4 N=],NENERG
SIGFISINISOsN)=STFIIS(NISO)® ((ENFIIS(NISO)
1/7ENERGY (N) ) &## 5)

GO TO A9

READ(1091) {SIGFIS(NISO4N) ¢ N=1  NENERG)
N0 88 N=1 NENERG
GLNCMPaSTGFIS(NISO,N)

IF {GLNCMP)B86+88¢88

WRITF (9987INISOWN

FORMAT (BHOSIGFIS(,13,72H 4413411H )y NEGATIVE)
ININCK=INTNCKe1]

CONTINUE

CONTINUE

READ(10+1)BUCKLE

READ (109 7)NSPEC

IF (NSPFC)90 494,92
IF(NSPEC+1)190+94419n

WRITE (9+91)

FORMAT (3gHOSPECTR|)M TNDICATOR NSPEC INCORRECT)
ININCK=ININCKe)

GO TO 94

1F (NSPECe1)93,94,93

WRITE (9+91)

ININCK2ININCKs)

1F (JPRBND) 941,942,942
READ(1041)STRAND

IF(ININCK)95+9949%

WRITE (9496)NMIX, ININCK

FORMAT (18Hn INPUT FOR MIXTURE .13
115H CHECKED. ABOVE.13.
231H FRRORS FOUND, MIxTURE SKIPPED,)
IF (NMIX=NMIXMA)97,98,98

NMIXsNMIXe1l

60 TO 16

RETURN

NO 100 N=1.NENERG

SOURCE (N) sENODMO#SIGLN (14N)

NO 101 Nsl,NENERG .

SIGLN(1eN) = S# (ENERGY (1) =ENERGY (2) ) *SIGLO(1¢N)
SIGLO(1+1)mSIGLO(101)eSELPO(Y)

DO 102 Ju?,NENERG

ENWTR S% (ENERGY (Jw]) =ENERGY (Js]))




001118
001116
001127
001131
001142
001143
001145
001153
001185
001163
001168
001170
001172
001207
001211
001213
001214
001231
001232
001241
001242
001244
001282
001254
001256
001266
001271
001275
001303
001304
001305
001310
001312
001312
001320
001320
001321

000002

000002

000002

DO 102 Nml +NENERG

SIGLO (JoN) sENWTSSIGLO (JoN)

DO 103 Ja2.NENERG

SIGLN (JeJ)mSIGLO(JeJ) oSELPO(Y)

ADNS1S=,0

DO 105 NISOm] NISOMA
ADNSISEADNSISeENONIS(NISO) ®SIGSIS(NISO)

N0 106 Ng1,NENERG
SMASCT(N)!ENODMOGSTOT(N!OADoSIS

DO 10R N=m}l+NENERG

SMAABS (N) sENODMO#STGAMO (N}

DO 10R NISO=),NISOMA
SMAﬂBS(N)ISMﬂABS(N)OE~ODIS(NISO).51°‘IS(NISO'N)
00 110 N=lNENERG

SMAFIS(N)=,0

NO 110 NISO=),NISOMA i

SMAF TS (N)sSMAF IS (N) ¢ENODDIS(NISO)Y®SIGFIS(NISON)
NO 111 Nm),NENERG

SMATR( (N) sENODMO®STOT tN) « SMAARS (N)
AD1STSwm, 0

NO 113 N1SO=]1 NISOMA
AD]1SISwADISIS+ENODIS(NISO)SSIPIIS(NISO)
NFAD1I0O=ADNSIS=AD1SIS

NO 114 Ns1,NENERG

SMATR) (N) sENODMO#STR1 (N) «DFAN1 0+ SMAABS (N)
SMATR2 (N) sENODMO#STR2 (N) ¢« ADOSIS¢SMAARS (N)
SMATRI(N) sENODMO#STRI(N) ¢« ADOSTISeSMAABS (N)
DIFCOF (N)®=]l./(3.#SMATR] (N})

cALL GLSPEC

cALL GLEDPIT '
IF(NMIX=NMIXMA) 11501164116

NMIXsNMIXe])

GO TO 16

6 WRITE(Y411T7INMIXMA

FORMAT (4HOALL+13,34H MIXTURES COMPLETED. ENO OF PRINT,)
RETURN .

END

$1aFTC GLNS NECK

SURROUTINE GLSPEC

COMMON Nt TMoMLIM, TEMPEN¢AFAREC«HRECsAFAEPS+HEPS,
INENERGsFACMAS ¢ SIGRND 4 SBO4AP] g ARECP) ¢ AEPSP] ¢

2ARPIH2 JAEPIH2 4 COSMU(60) ¢« WATE (60) ¢SIBSCT (60) ¢ SIMUCK (38) o
INMUMA X o NMUM] ¢ NMUM2 ¢ NMUIM3 , GLNREC ¢ GLNEPS o
4ANINTJNFINSNMUGREC (S0) 4EPS(50) +SKE (51451} s
STDENJENERGY (91) ¢EINI(91) sEFIN(91) (AFIELD(12)

6GAMN «SIGLN(BT+88) +SIGLI(ART8R) +STRL2(BT+88)+SIGL3I(874+88),
7€ELPot90)oSELPI(Qn)-G!NPO(90)oS!NPl(90)oSINPz(90)'S!NP3(90)o
BSTOT(90) 4STR1(90)+STR2(90) ySTRI(INY

COMMON NFGPENFEGP (2] ) ¢ NMIXMA,NMIX ¢ INDAMO ¢ENODMO,

1ENABMN 4 STABMO,SIGAMO (90) yNISOMAGNTSO,

2INDATIS(4) o INDFIS(4) ¢ENNDIS(4) ¢SIGSIS(4)¢SIPIIS(4Y,
IFNABTS(4) 9STABIS(4) +STGATIS(40Q0) ¢ENFI1S(4) ¢SIFL1S(4)sSIGF15(4490)
4RBUCKLE 4NSPEC,SMASCT(90) s SMAABS (90) ¢ SMAF1S(90) 4 SOURCE (90) o
SSMATRN (9n) + SMATR] (90) ¢ SMATR2(90) + SMATRI (90) +DIFCOF (90) »
6NDFLITHDIFLGT(100) yRCOFL2yDOFLFO0(90) s SPMANO(S0) ¢
INFCOF1(90) ¢DFLGBF 14 TRCORRLDFLRSED(90) »
B8NFCFB2(90) ¢B2F (6491) 4R2FOLD(90) yNR2IT82RSD (91)

COMMNN MFGoFGINGD(91) ¢ FGPEINJNFGPL (2)) ¢ENINWT (90},

1FGPF (4420) ¢ GMOFGP (4420) yRMOFGP (4920) ¢RISFGP (444920) ¢
2SELOFG(20) oSELIFG(20) 4PMOFG(4420020) oFISFGP (4920) o
3SRCFRP (20) ¢ OMACFB (6020) +RMACFG (4920} ¢PMACFG(4420,20)
4FMACFG (20) JFSUM(4) ,QSHM(4) RSUM (&) 4PSUM(4) ,
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000002
000002
000002
000004
000018
000022
000023
000075
000032
000033
000034
000036
000046
000080
000055
000056
000060
000062
000064
00006%
000066
000067
000101
000103
000115
000117
000130
000135
0001135
000137
000151
000153

N00164
000167
000170
000177
000201
000207
000211
000214
000216
000216
000220
000222
000273

000237
000242
000244
000246
000247
000252
000263
000257
000262
000265
000267
000276
000277
000300
000308
000310
000311
000314
000320
000322
000323

SCKIDL +CKIDRSCKSUNL yCKSUOR9CKSULL s CKSUIRY

1n
11
12

13
14

15

16

17

18

60KSUPL ¢ CKSU2R«CKSU3L 4 CKSU3R e JPRBNN s STRAND o
TSSMPRT (20) 4 SPRTOT (20) FISPRT (20) yPPRT (40,20)
COMMON NDF11+DFLP11+P11CORDF11F0(BT)DF)1F1(87),,DF11RS(8BT)
COMMON DFCN11(87)

D0 1 Nal NENERG

NFLF 0 (N)BENERGY (N)SEXP («ENERGY (N) /TEMPEN)
SPMANO (N) =DFLFO (N)

CALL GLDFL

IF (RCOFL2)21+21¢2

DIFLGT(1)YaSQRT(1,/RCNFL2)

NOFLIT=?

ENUM= 0

DO & J=2,NENERG

ENUMSENUMLSIGLO(Je1) 8NFLFO(J)
ENUMsENUMSENODMO

EDENSSMATRO (1) =DIFCOF (1) ®RCDFL2=ENODMO®SIGLO(10]))
NFLFO (1) =ENUM/EDEN

NRGLS1=aNFENERGe)

NO 8 N=m2,NRGLS]

NLS1aNe1

NPL1=Ne+1

FNUMm 4 0

N0 6 JslyNLS1

ENUMSENUM+SIGL (JoN) #NFLF o (J)

N0 7 JsNPL1+NENERG .
ENUMRENUMeSTIGLO (JoN) #NFLF O (J)
FNUMENUMSENODOMO

EDEN®SMATRO (N)«DIFCOF (N) *RCDFL2=ENODMO*SIGLO (N9 N)
NFLFo Ny sENUM/EDEN

FNUM'.O

N0 9 J=1,NRGLS)

ENUMuENUMeSIGLO (J4NENFERG) #DFLF O (J)
ENUMzEFNUMSENODMO
EDEN=SMATRO (NENERG) =N IFCOF (NENERG) #RCDFL2
1-ENODMO#SIGL N (NENERG,NENERG)

NFL.Fn (NENERG) 2ENUM/EDNEN

cALL GLOFL

DIFLGTINDFLIT)Y=SORT(1./RCNFL2)
NITLSI=NDFLITw]

GLNCMPmARS (1,=NIFLGT(NITLSY)/NIFLGT(NDFLIT))
IF (GLNCMP«,00001)15015¢13
TFINOFLIT»S50)14418,185

NDFLTITaNDFLITe1

GO To 3

RNDFCF1%.26666667#RCDFL. 2
RDFCF2=,257142R86%RCDFL?

NO 16 N=) «NENERG
NFCOFTI(NY=] o/ (3% (SMATR] (N)=RDFCF

1/ (SMATR2 (N)=RDFCF2/SMATRI(N))))

ENWT1= (ENERGY (1) =ENERGY (2))*DFLFO (1)
ENUMSENWT 1 #SMAABS (1)

EDEN=ENWTY#DFCOFT (1)

ESPNOR=ENWT]

EMANORs (ENERGY (1) =ENERGY (2) ) #*SPMANO (1)

NO 17 N=2NENERG

FNWT2% (ENERGY (N=1)=ENFRGY (Ne1) ) ¥DFLFO (N)
ENUMaENUMGENWT20SMAARS (N)
EDENSEDENENWT2ODFCOF T (N)
FSPNORSESPNORGENWT2 .
EMANORSEMANORS (ENERGY (Ne 1) oENERGY (No 1) ) #SPMANO (N)
ESPNOR= o S#ESPNOR

EMANORE . S#EMANOR

NFLGF I1aSQRT (ENEN/ENUM)

TRCORR® (DFLGFI=NIFLGT (NDFLIT))/DFLGF?

DO 18 N=1(NENERG

NFLF0 (N)aDFLFO (N) /ESPNOR

SPMANO (N) sSPMANO (N) /EMANOR

N0 20 N=m1,NENERG

RSDRT..O

DO 19 J=m) NENERG




000325
000337
000345
000346

000360
000365
000347
000372
000400
000402
000404
000406
000407
000411
000421
000422

000662

000520
000521
000822
000523
noos2s
onos3y
000545
000546
000556
000563
000568
0005K7
000878
000576
00060S
000607
000611}
000613
000615
000620
000624
000632
000634
000642
000644
000647
000652
000653
000654
0006S7
000662
000665
000666
000675
000677
000700
000703
000707
000712
000713
000714
00071
000730
000731

19

20

201

207

2nr21

303

2046

2n41
sns

208

209

210

211

21?2

213

214

218

RSPRTERSPRT+SIGLO (JeN)BDFLFO(J)

RSDRT2RSNRT=SIGLO (NyN)SDFLFO (N)

RSDRT=ENODMO®RSDRT

RSDLT= (SMATRO(N)=DIFCNF (N)SRENHFL2
1-ENODMO#SIGLO t{NoN) ) ®NFLF O (N)

NFLRSN (N) = (RSHL.T=RSDRT) /RSOLT

N0 201 N=alNENERG

NE11F A (N)=sSPMANO (N}

NF11F1 (N)=DIFCOF (NY®DF11FO(N) /DFLGF!

NDF11uNDFLITe1

DIFLGT(NNF11)DFLGF!I

DF IN=1,/DFLGF!

NFINSQ=nl, /7 (DFLGF1482)

N0 2n3 N=)]NENERG

FGINGD (N) = ,5% (ENERGY (1) =ENERGY (2} ) ®STGL1 (1sNI®DFT{F1(1)

no 2021 Js2NENERG

FGINGN (N)mFGINGD (N) o 54 (ENERGY (Ju] ) wENERGY (Je 1))
18SIGLI(JeNISDFLILIFY L))

NFCOY1 (N1 2333333/ (SMATR] (N) +gNODMO® (SINPL (N) «FGINGD (N) /DF11F1(N))
1a,2666666T#DF INSQ/ (SMATR2 (N) «,257142R68DF INSQ/ (SMATR3 (N)
?P=+25396825#0F INSQ/ (SMATRI(N)
3.,25252525#DF INSQ/ (SMATRI(N)
4.,751748B2502DF INSQ/ (SMATRI (N)
Bee2512R2054DF INSN/ (SMATRI (N)
6e,250980398DF INSQ/ (SMATRI (N)
Tee?S50T773994NF INSQ/ (SMATRI (N)
Be,25nR265THDF INSQ/ (SMATR3I (N)
G ?5N51760#DF INSQ/ (SMATRIINIIIIIINIIYY)

N11Rs,N

N0 205 N=) {NENERG

FNUM..O

N0 204 Ja1,NENERG

FNUMaENUMeSIGLN (JyN)#NF1IFO (J)

ENUMSENUMSSIGLO (NoN) #NF11F0 (N}

FNUMgENONMO®ENUM

EOENZSMATRO (N) «DF INSQ®NDFCO11 (N) =ENODMOSSIGLO (NeN)

GLNCMPaARS ( (DF11F O (N)<ENIIM/EDEN) /DF11F0 (N))

IF (GLNCMP=D11R) 2N5,2N5,2061

D1 1R=GLNCMP

DF11F 0 (N) =ENUM/ZEDEN

NO 208 Nz} ,NENERG

NFYI1IFY(N)=DF IN®DFCO11 (N)DF11F0 (N)

ENWTI=ENFRGY (1) =ENERGY (2)

FNUMENWT1#SMAARS (1) 4NF11FO0 (Y)Y

EDEN=ENWT1#DFCO11(1)#NF11FO (1)

DO 209 N2 NENERG

ENWT22ENERGY (Ne1)=ENERGY (N+ 1)

FNUMENUM+ENWT2#SMAARS (N)#®DF11F 0O (N)

FOENSFDENSENWT2#NFCOY 1 (N)#DF11F0 (N)

NDF11aNDF1lel

NIFLGT (NDF11)aSQRT (ENEN/ENUM)

IF(D11R=,001)21242124210

TF(NDF11=100121142124212

NFINe]l o ZDIFLGT(NNF11Y

NFINSQRDF IN##D

GO0 TO 202

NFLP11aDIFLGT (NDFY1)

P11CORs(NFILP11«DIFLGT(NDFLIT))/DF P11

ENORMz (ENERGY { 1) «ENERGY (?) ) #DF11Fn (1)

DO 213 Nm2,NENERG .

ENORM2ENORM (ENERGY (Ne1) «ENERGY (Ne 1)) ®DF11F O (N)

ENORMz , S#ENORM

NO 214 Ns=)yNENERG

NF1LIFO(NYSDF11FO0 (N) /ENORM

NF11F1 (N)yaDF11F1(N) /FNORM

NFIN=]1./DIFLGT(NNFY1)Y

NO 21¢ Nzl NENERG

RSDRT=,0

N0 215 J=m) NENERG

RSPRT=RSPRTSIGLOIJeNIBDFILFO (J)

RSDRTxFNODMO#RSDRT )

RSDL TeSMATRN (N)®DF11F0 (N)«DF IN®DFy1F (N)
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34

000737
000745
000745
000746
000747
000750
000751
000752
000753
000754
000755
000756
000760
000761
000763
000764
000766
000771
000774
000776
001005
001007
001010
001015
001017
001021
001022

001036

001044
001045

001060
001061
001064
001065
polo72
001077
001100
ool102
001103
001104
001106
001120
001123
001127
001131
001132
001134
001135
001136
001137
001153
001155
001171
001174
001208
001214
001214
001216
001232
001235

001246
0012%3
001253
001255
001264
001266
001270

216

21

°2

23

P4
25

?6

27

PR

29

291

N

32
33

34

35

34
37

DFIIRS(N) = (RSNLT=RSDRTI/RSOLT

60 TO 285

NDFLIT=)

NIFLGT(1)=,0

DFLGFI=,0

TRCORR= 40

NDF11=2

DIFLGT(2)x,0

DFLP11=en

P11COR=,0

N0 22 Nz}  NENERG

NFLFO(N)=,0

NF11FA(Ny=e0

NPFI1IFYT (N)Y=,0

NF11RS(N)=ms0

NFCO11 (N)Y=,.0

NFLRSN{N)=,0

FMANOR= (ENERGY (1) =ENERGY (2) ) #SPMANO (1)
N0 23 N=? NENERG
EMANORXEMANORS (ENERGY (Ne1) «cENERGY (Ne1) ) *SPMANO (N)
FMANOR®R . S#EMANOR

NO 24 N=m] NENERG

SPMANO (N) = SPMANO (N) /EMANOR
R2CF1m,2h66666T#RUCKLE
R2CF?2=,257142R86%BUCKLE

NO 26 Nax1,NENERG

NFCFR2(N)®mY o/ (3e#* (SMATR] (N) +RPCF1/ (SMATR2 (N)

1+82CF2/SMATR3(N))))

ENEN= (ENERGY (1) =ENERGY (2) ) # (BUCKLE®DFCFB2 (1)

1+4SMAARS (1)) #SPMANO (1)

NO 28 Nz2 NENFRG
FDENRENEN+ (ENERGY (N=1) «ENERGY (Ne1) ) # (RUCKLE®DFCFR? (N)

1+SMAARS (N) ) #SPMANO (N)

FDEN= ,S*FDEN

ANORSP=ENODMOSSINPQ (1) /EDEN

DO 29 N=1NENERG

R2F (1 ¢N) SANORSP#SPMANO (N)

R2FILN (Ny=mB2F (14N)

NR2IT=1

TF (NSPEC) 431 v44929]

NB? [ T=2

FNUM:. 0

NO 31 J=2,NENERG i

FENUMENUMLSTIGLO (Jo1)®R2F (149J)
EMUM=ENUM®ENODMO+SOURCE (1)

FDENESMATRO (1) +DFCFB2 () ) #*BUCKLE=ENODMO®SIGLO(191)
R2F (1 41) sENUM/EDEN

NO 34 N=? 4 NRGLS1

NLS1laN=1

NPL1xNel

ENUM'QO

DO 32 Jm1,NLS1 ‘

ENUMZENUMeSIBLO (J4N)®R2F (14 J)

N0 33 JsNPL] ¢NENERG

FNUMENUMeSIGLD (JoNI#R2F (14 J)
ENUMSENUM®ENONMO + SOURCE (N)

EDENESMATRO (N) ¢DFCFB? (N) #*RUCKLE=ENODMO#SIGLO (NoN)
R2F (1 4N) xENUM/EDEN

FNUM=, 0

PO 35 J=}4NRGLS1

FNUMaENUMSSIGLO (J4NENERG) #B2F (14J)
ENUMENUMSENODMO+SOURCE (NENERG)
EDEN=SMATRO (NENERG) +NFCFR2 (NENERG) ®*BUCKLE

1=ENODMO#SIGLO {NENERG {NENERG)

#2F (1 +NENERG) sENUM/EDEN

INSPCK=0

DO 37 Na1,NENERG
GLNCMP#ABS (1 4=B2FaLD (N} /82F (14N))
IF (GLNCMP=,00001)37+37,36
INSPCKeINSPCKe 1

CONTINUE




001273
0n1274
oo1277

001301
001302
001318
001317
001330
001330
001332
001333
001335
001351
00136)
Nn1364

001400
001405
001406
001423
001423
001425
001431
001432
001436
001440
0014642
001443
001446
0014647
001447
0014%1
001452
001453
001456
001657
001461
001471

0n1502
01812
001S5)e
001816
001530
001831
001542
0n1564
001550
00155)
001562
001563

0onon2

38
39
291
40

41

42

43

43}
43?7

433

44
48
481
452

46

47

4R

49

So

S1

52

$IaFT

IF (INSPCK) 38441438
IF(NR?2ITu500)39441,4)
NR2ITaNB21Te)

TO ACCELERATE BUCKLING SPECTRUM CONVERGENCE IN GLEN
NO 39] Ns1sNENERG

REF (14N =B2F (1 yN) ¢ 68 (B2F (1 ¢N) «B2FOLD (N) )
N0 40 N=) (NENERG
R2FOLN(N) =B2F (1 oN)

G0 TO 30

DO #3 N=m} (NENERG

RSDRT=,0

NO 4?2 Je) {NENERG )
RSDRT=RSDRT+SIGLO (JeNY®BRF (14J)
RSNDRTaRSDRT=SIGLN (NoN) #82F (1+N)
RSDRTxENODMO®RSDRT+ SOURCE (N)

RSOL T (SMATRQ (N) «DFCFR2 (N) *BUCKLE
1=ENONMOSSIGLO (NsN) ) ®R2F (14N)

R2RSD (N) » (RSDLTuRSDRYT) /RSDLT

GO TO 45
READ(109432) (B2F (1 4N) ¢Nu ] s NENFRG)
FORMAT (4F20.8)

DO 433 Nx) NENERG

R2RSN (N) =, 0

G0 TO 451

N0 45 Nzl NENERG

R2RSN(N) =, 0

AUCLARRARS (RUCKLE

IF (RUCKLE) 452,646,447

RUFACOSSQRT {BUCLAR)

RUFAC1=BUFACO

GO TO 48

RUFACH=],

AUFACI==Y,

60 TO 4B

RUFACN=SORT {tBUCLAR)

RUFAC1=~BUFACO

DO 49 N=x) NENERG

R2F (2 N) =BUFACO®DFCFR> (N) #B2F (1+N)
R2F L34N) =, 49BUFACI®*BPF (2.N) /7 (SMATR2 (N)
14B2CF2/SMATR3 (N})

R2F la sN)=2,428571643#BUFAC)#B2F (34N) /SMATR3 (N)
SIGLNA(141)=2SIGLO(141)=SELPO(Y)

N0 50 N=],NENERG

SIGLN(19N) =2, #SIGLO (14N} /(ENERGY (1) =ENERGY (2))
Nno 51 N=2,NENERG

SIGLN (NgN)=STIGLO (NyN)LSELPO (N)

nNO S2 J=2 NENERG

FENWT= 5% (ENERGY (J=1) =ENERGY (Je 1))
NO 52 Nz) (NENERG
SIGLO(JeNI3SIGLO(JeN) ZENWT

RETURN

END

C GLNe NECK

SURROUTINE GLDFL

COMMON NLIM¢MLIM,TEMPEN AFAREC +HREC»AFAEPS,HEFS,
INENERGWFACMAS +SIGBNDSBD4PT 4 ARECP] 4 AEPSP]

28RPIHP s AEPIH2,4,COSMU(AN) ¢WATE (60) 9SIGSCT(60) ¢ SIMUCK (38},
INMUMAX ¢ NMUMY ¢ NMUM2 s NMUIM3 , GLNREC ¢ GLNEPS o
4ANINIoNFINGNMUSREC (50) ¢EPS(S0) ¢+ SKE (51451} ¢
SIDENENERGY (91) +EINLI (91 JEFIN(9Y) ,AFTELD(12)
6GAMO«SIGLN(B87+88) 9SIGLI(R7+BBY +SIGL2(AT+88) 4SIGLA(BTIAB)
TSELPO(S0) +SELPY(Q0)sSINPO(S0) +SINPI(9N) ¢SINP2(90) ¢ SINPI(90) ¢
8STOT(9N) ¢STR1(90) ¢STR2(9N) 4 STRA(90)
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36

000002

000002

000002
000002
000002
00000%
000007
000011
onon12
000016
000021}
000026
000030
000030

000002

000002

000002

000002
000002
000002
000003
000005
000006

COMMON NFGPENFEGP {21) ¢ NMIXMA yNMIX ¢ INDAMOENODMO,
1ENABMO ¢ STABMOSIGAMO (90) ¢ NISOMASNTSO,
PINDATG(4) s INDFIS(4) ¢FNODIS(4) 4SIBSIS(4)+SIP1IS (&),
FENABTS(4) s STARIS(4) 9STGATS(4090) sENFITS(4) 9SIFIIS(4) ¢SIGFIS(4090)
4RUCKLE ¢+NSPEC s SMASCT (90) ¢ SMAARS (90) ¢+ SMAFIS(90) s SOURCE(G0) 4
SsMATRO(QO)oSMATRl(90)oSMATR?(QO).SMATRB(9O)oDIFCOF(QO)v
6NDFLITDIFLGT(100) yRCOFL2+DFLFO0(90) s SPMANO(90) ¢
INFCOF1(90) +DFLGF T4 TRCORRIDFLRSD(9N) o
BNFCFR2(90) 4B2F (4491) ¢R2FOLD (90) yNR2IT+B2RSD (90)
COMMON MFGyFGINGN(91) FGPEINGNFGPL (21) sENINWT (90) o
1FGPF (4+20) ¢QMOFGP (4 920) yRMOFGP (4920} JRISFGP (44420} s
2SELOFG(20) ¢+ SELIFG(20) «PMOFG(4¢20+20) +FISFGP (4420) 4
ISRCFGP (20) QMACFG(4320) yRMACFG(4¢20) +PMACFG(4420420) ¢
4FMACFG(20) sFSUM(4) sQSIM(4) sRSUM(4) ¢PSUM(4) o
SCKIDL (CKINRyCKSUNL 4CKSUOR,CKSUIL+CKSIIIR,
6CKSUDL sCKSUPR$CKSUIL +CKSU3IR 9 JPRBNN 9 STRAND ¢
TSSMPRT{20) ¢y SPRTOT (20) « FISPRT (20) +PPRT(40420)
COMMON NDF114DFLP114P1ICORDF11FO(R7)DF11F1(8T) DF11RS(RT)
COMMON DFCOY1(8T7)

1 ENWT1x(ENERGY (1) =FNERGY (2))#DFLFO (1)
ENUMsFENWT1#SMAABS (1)
EDEN=ENWT1#DIFCOF (1)

N0 2 N=2,NENERG
ENWT2x (ENERGY (N=1) =ENFRGY (N¢ 1) ) #OFLF 0 (N)
ENUMENUMSENWT24#SMAARS (N)

2 EDEN=ENENSENWT28NTFCOF (N)
RCDFL2=ENUM/EDEN
RETURN
END

$InFTC GLNY DECK

SURROUTINE GLENIT
COMMON NL IMyMLIM,TEMPEN,AFAREC +HREC ¢ AFAEPS HEPS,
INENERGsFACMAS + SIGRND SRD4PI ¢ ARECPY ¢ AEPSP1
2ARP1H? JAEP1H24COSMU(60) ¢WATE(A0) +SIGSCT(60) s SIMUCK (38,
INMUMAX ¢ NMUMY o NMUM2 s NMUM3 ¢ GLNREC ¢ GLNEPS »
ANINI NFINGNMUGREC(50) ¢EPS(50) ¢SKE (S51451),
SINEN,ENERGY (91) s EINI (9Y) 4EFIN(91) ,AFTELD(12) ¢
6GAMO 4 SIGLO(BT+88) ¢SIGLY(B7+88) ¢SIGL2(B7+88) ¢SIGLI(BTeRB)
TSELP0(90) ¢SELP1(90) +SINPO(90) ¢SINP1(90) +SINP2(30)+SINP3(Q0)
BSTOT (90) ¢ STRI1(9N) 4STR2(9N) 4STRI(90)
COMMON NFGP,ENFEGP (21) +NMIXMA(NMIX ¢ INDAMOENODMO,
1ENABMN 4 STABMO s SIGAMO (90) sNISOMAWNISO,
2INDAIS (4) s INDFIS(4) sENODIG(4) ¢SIGSIS(4) 4SIP1IS (&),
IENABIS(4) 9STARIS(4) 9STGAIS(4¢90) oENFTIS(4) oeSIFITS(4)eSIGFIS(4490)
GBUCKLE yNSPEC+SMASCT (90) +SMAABS (90) ySMAF1S(90) ¢ SOURCE (Q0)
GSMATRO (90) ¢ SMATRY (90 4 SMATR2(00) 4 SMATR3(90) +DIFCAF (90)
6NDFLITDIFLGT(100) yRCOFL24DFLFO(90) ¢+ SPMANO(90) »
TOFCOFI(90) yDFLGF I+ TRCORR«DFLRSD(90) ¢
BDFCFB2(90) 4B2F (6491) «R2FOLD(90) 4NR2IT.B2RSD (90)
COMMON MFGBsFGINGN (91) yFGPEINGNFGPL (21) +ENINWT (S0,
1FGPF (6+20) +QMOFGP (4920) sRMOFGP (4420) yRISFGP (4e44920)
2SELOFG(20) ¢SELIFG(20) «PMOFG(4,20920) 4FISFGP (4420) o
3SRCFGP (20) +QMACFG (4420) «RMACFG (4420) +PMACFG(4420420)
4FMACFG(20) ¢FSUM(4) QSUM(4) yRSUM(4) ¢PSLIM(4G) o
SCKIDL yCKIDRyCKSUNL y CKSUOR 3 CKSUIL ¢ CKSULIR,
6CKSU2L s CKSU2R ¢ CKSUIL  CKSUIR 4 JPRBNO ¢ STRAND o
TSSMPRT (20) + SPRTOT (20) oFISPRT (20) ¢+ PPRT (40420)
COMMON NDF114DFLP11,P11COR,DF11F0(8T)DF11F1(8T),DF11RS(RT)
COMMON DFCO11(87)
CcALL GLNTIN
1 DO & L=lyé
NO 2 N=l(NENERG
2 FGINGD(N) 2B2F (LoN)



000017
000020
000021
000022
000032
000034
000036
000037
000051
000052
000053
000054
000066
000070
000072
000073
000105
000106
000107
000110
000122
000126
000126
000127
000130
000146
000145
000146
000147
000164
000170
000172
000204
000205
000206
000207
000216
000220
000232
000233
000234
000235
000244
000246
000254
000256
000257
000263
000265
000266
000272
000274
000275
000276
000302
000303
000306
000310
000311
000314
000316
000321
000323
000325
000331
000332
000335
000337
000340
000343
000345

> IS W

O~

10

19
20
21

22
23
24

261

2s
26

27
28

?9
30

3

FGINGD (NENERG+))m,0

DO 3 MFGm] «NFGP

cAlLL GLINTE

FGPF (L MFG) 2FGPEIN

CONTINUE

NO 8 L=mlsa

PO 6 N=x1,NENERG

FGINGD (N)=STOT (N)®B2F (L oN)
FGINGD (NENERGe 1) =,0

DO T MFGal ¢NFGP

CALL GILINTE

QMOFGP (L +MFG) sFGPE IN/FGPF (L yMFG)
CONTINUE

no l? LB‘.‘

DO 10 N=) (NENERG

FGINGD (N) =SIGAMO (N) ®*R2F (L oN)
FGINGN(NENERG+1)=,0

DO 11 MFG=+NFGP

CALL GLINTE

RMOFGP (L ,MFG) sFGPF IN/FGPF (L, MFG)
CONTINUE

NO 16 NISO=1NTSOMA

NO 16 Lsl b

NO 14 N=J] (NENERG
FGINGD(N)=SIGAIS(NISNN) ®B2F (L oN)
FGINGD(NENERG+1)=,0

N0 18 MFGml 4NFGP

CALL GLINTE

RISFGP (NISO,.L ,MFG)=FGPRE IN/FGRF (L ,MFG)
CONT INUE

NO 1R Nzl (NENERG
FGINGND(N)=SELP0 (N)BBIF (14N}
FGINGND (NENERGe 1) =, 0

DO 19 MFGx] NFGP

CALL GLINTE
SELOFG(MFG) eF GPE IN/FGRPF (1 ¢MFG)
PO 21 N=]1,NENERG

FGINGD (N)aSELPY (N)#BA2F (24N)
FGINGN (NENERG+ )} =40

NO 22 MFGs) NFGP

CALL GLINTE
SELIFG(MFG) uFGPE IN/FGPF (2 4 MFG)
NO 24 L=1,44

R2F (L. NENERG+1)m,0
NRGP|L1=NENERG+ ]

N0 241 J=) NENERG

SIGLN (JeNRGPL1)=,0

SIGLY (JeNRGPLYY =40

SIGL2 {JeNRGPL1)=,N
SIGL3(J4NRGPL1) =, 0

PO 34 M=) (NFGP

NO 34 K=l NFGP

DO 25 N=]4NRGPL1
GLNCMPEENFEGP (K) =ENERGY (N)
1F (GLNCMP) 25,426,426

CONT INUE

NFGPK1=sN

N0 27 N=14NRGPL1
GLNCMP2ENFEGP (Ke 1) «ENERGY (N)
TF (GLNCMP) 27428928

CONT TNUE

NFGPK2xNa1

NO 29 N=].NRGPL1
GLNCMPRENFEGP (M) »ENERGY (N}
1F (GLLNCMP) 29,304 30

CONTINUE

NF GPMy &N

NO 31 N=1NRGPL1
GLNCMP=ENFEGP (Me 1) «ENFRGY (N)
1F (GLNCMP)3],+32437

CONTINUE
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)

000350 32 NFGPM2gNL1

000352 PMOFG (1 eKeM) =,

000360 PMOFG (P sKoeM) =, 0

000365 PMOFG(?.K.M):,O

000371 PMOFG(49KsM) =40

000376 N0 33 NENFGPM1 NFGPM?

00Ns00 N0 33 JaNFGPK (NFGPK> -
000402 FNWT= (ENERGY (N)=ENERGY (N+1) ) # (ENERGY (J) »ENERGY (Js1))

000410 PMOFG(1oKoM) SPMOFG (1 sKeM) SENWT

14 (R2F (1o J)# (SIGLN(JyN)}«STIGLO(JeNe))

2eB2F (16Je1)B(SIGLAIJ+1yN)I4SIGLO(Js1sNe1))) .
000437 PMOFG (29K eM) ZPMOFG (24K s M) ¢ENWT

1% (B2F (29 ) #(SIGLI (JoN)¢SIGLY tJsNs1))

24H2F (24J4 1) #(SIGLY (Ja1oN) ¢SIGLL(Js1eN+1)))
000463 PMOFG (34K oeM) ZPMOFG (34K eM) $ENWT

18 (R2F (39 J)# (SIGLP (JIN) ¢STIGL2(JeN+1))

24RPF (9J+ 1) W (STIGL2 (Je 19N oSIGL2(Je19N+1)))
000507 33 PMOFG {4 4K M) SPMOFG (4 ,K M) sENWT

164 (R2F (40 J)# (STGLA(JINI ¢SIGL3I(JeNs1))

2+B2F (40Je1) B (SIGLI(Je1eN) 4SIGLILJs19NeI)))

000540 PMOFG(1 oK oM) 2, 254PMOFG (1 sKoeM) /FGPF (1 ¢K)

000551 PMOFG(2¢K4M) 2 ,250PMOFG (24KoeM) /FGPF (2,K)

000555 PMOFG(39KeM) =, 25#PMOFG(3¢KoM) /FGPF (34K)

000861 34 PMOFG (49K oM) = 25%PMOFG (4 oK M) /FGPF (& 4K)

000571 NO 38 K=],NFGP

000572 PMOFG(]1 9sKeK)ZPMOFG (14K ¢K) ¢ SELOFG (K)

000601} 35 PMOFG(29KeK)2PMOFG (24K ¢K) +SEL1FG(K)

nno613 36 NO 39 NISO=1,NISOMA

000615 PO 37 N=) 4 NENERG

000616 37 FGINGND (N)=SIGFIS(NISNWN) #R2F (1sN)

000632 FGINGD (NFNERG+1)=2,0

000A33 NO 38 MFG=] ¢NFGP

000634 CALL GLINTE

000635 3R FISFGP(NISNIMFG)=FGPEIN/FGPF (1 «MFG)

000667 39 CONTINUE

000651 40 NO 41 N=] 4NENERG

0006%3 41 FGINGN (N)=SOURCE (N)

000660 FGINGD(NENERG+]1)m,0

000661 DO 47 MFGm) «NFGP

000663 CALL GLINTE

000664 4?2 SRCFGP(MFG)sFGPEIN

000671 43 SCISAN=.0 !

0o0ne72 SCI1SAIx,.0

000673 DO 44 NISO=]NISOMA

000674 SCISANXSCISAOCENNDIS(NISO)#SIGSIS(INISO)

000700 44 SCISA1=SCISA14ENODIS (N1SO)#STIP1IS(NISO)

000706 DO 45 L=1e4

000710 PO 45 M=m] ¢NFGP

000711 4% QMACFG (L M)y aENODMOSQMOFGP (L 4M) +SCISAD

000727 DO &6 L=),44

000730 PO 46 M=) NFGP

000731 RMACF G (L 4M) sENODMO®RMOFGP (L 4 M)y

000740 DO 46 NISO=]¢NISOMA

0007461 46 RMACFG(L +MYSRMACFG(L MYSENODIS(NISO)
14RTISFGP (NISO,L M)

000764 DO 47 L=l

000765 N0 47 K=)] (NFGP

000766 NO 47 Ms) {NFGP .

000767 47 PMACFG(LKoeM)mENODMO#PMOFG (L yKeM)

001011 DO 48 K=](NFGP

0o0lo012 4R PMACFG(1+KgyK)uPMACFG(14sKeK)s+SCISAp

001024 NO 49 K=) ¢NFGP

001025 49 PMACFG(24KoK)ZPMACFG(24KsK)¢SCISAL

001037 NO Sn M=l ,NFGP .

001040 FMACFG (M) =40

001n&2 NO S0 NISO=]lNISOMA

001043 50 FMACFG(M)=FMACFG(M)+ENODIS(NISO)®FISFGP(NISOM)

001060 noO S3 L=1,4 .

001061 FSUM(L)=,0

001063 NSUM(L)=s,.0

001064 RSUM (L) =,0
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001066
001067
001071
001077
001106
001113
001115
001133
001135
001137
001141
001144
001146
001150
001150
001152
001154
001155
001160
001161
001162
N01167

001176
001177

001206
001210

001215
001216
nn1217
001222
00122%
001230
001231
001232

000002

000002

000002

51
52
S3
54

5S

56
57

58

59

60

S$IaFT

PSUM(L) =, 0

DO 52 M=} ,NFGP
FSUMIL)SFSUMIL) ¢FGPF (L oM)

QSUM (L) =QSUM (L) s OMACFG (L , M) #FGPF (L ¢ M)
RSUM (L) sRSUM (L) ¢RMACFG (L o M) ®FGPF (L M)
PO 51 K=l NFGP )

PSUM (L) sPSUM(L) +PMACFG (L oKoM) #FGPF (L 4 K)
CONTINUE

CONTINUE

RUCLAR=ABS (BUCKLE)

RUFAC1a3=SART (BUCLAB)

TF (BUCKLE) 55156456

BUFACO=BUFACY

G0 YO 87

BUFACo==BUFAC)

CKIDL=QSUM(1)

CKIDRePSUM(])

CKSUQL =BUFACO#FSUM(2) +RSUM (1)
CKSUOR® 40

NO SR M=l ,NFGP
CKSUOR=CKSUQReSRCFGP (M)
CKSUIL=BUFAC1® (2,8FSUM(3) ¢FSUM(1)} /3,
1408UM(2) +RSUM(2)

CKSULR=PSUM (2)
CKSUZ2LxRUIFACQO® ( ,6#FSIIM(h) o ,40FSUM(2) )
14QSUM{3) 4RSUM (3}

CKSU2ZR=PSUM (3)
CKSU3LeBUFAC]1 @ ,42R5T1634FSUM ()
14QSUM (4) sRSUM (4)

CKSU3RaPSUM (&)

1F (BUCKLF) 60459460
CKSUIL2CKSULL=FSUM(1) /3,
CKSUPLaCKSU2L + ,4#FSUM (2}
CKSU3LxCKSU3L=,428571438FSUM(3)

CALL GLPRNT

RETURN

END

C GLNS8 DECK

SURROUTINE GLNTIN

COMMON NLIMyMLIM,TEMPEN)AFARECsHREC)AFAEPS)HEPS,
INENERG«FACMAS ¢ SIGRND . SBD4PI 4 ARECP1 4AEPSP]
2ARPLIH2,AEPIH2,COSMYy(AN) yWATE (A0) 9SIGSCT(60) 4 SIMyYCK(38),
INMUMA X s NMUMY ¢ NMUM?  NMUM3 o GLNREC » GLNEPS 4

AMINI NFINGNMUJREC (50) 4EPS(50) 4SKE(S1,451)
SINENENERGY (91) oFINI (91) (EFIN(91) ,AFTELD(12)
6GAMDSTIGLO(B7+88) ¢SIGL1(87+88)+SIGL2(R7988)+SIGLI(BT+88),
7SELPﬂ(9°)oSELPl(90),QTNP0(90)QSINPIl90)OSINPZ(90)QSIN93(90)9
BSTOT(90) ¢STR1(90)4STR?2(90)+STRI(9N) )

COMMON NFGPIENFEGP (21) s NMIXMANMIX ¢ INDAMOENODMO,
1ENABMO,STABMD,SIGAMO (90) yNISOMA(N1SO,
PZINDAIS(4) ¢ INDFIS(4) s FNODIS(4)4SIGSIS(4)+SIPL1IS(4),
3ENABIS(6) oSTARIS(4) 9STGATS(4990) sENFTIS(4) ¢ SIFIIS(4)9SIGFIS(4490)
4BUCKLE ¢NSPECsSMASCT(90) s SMAABS (90) ¢ SMAFIS(90) + SORCE(90)
SSMATRO (90) + SMATR) (90) ¢y SMATR2(90) +SMATR3(90) sDIFCOF (S0) s
ONDFLITDIFLGT(100) ¢RENFL2+DFLFO(90) ¢« SPMANO(G0) o
TDFCOF1(90) yDFLGF T, TRCORR,DFLRSD(90) o

ADFCFB2(90) +B2F (4¢91) +R2FOLD(90) ¢+NR2IT,B2RSD(90)

COMMNON MFG.FGINGN (Q1) s FGPEINNFGPL (21) 4ENINWT (90Y,

1FGPF (4420) sQMOFGP (4420) yRMOFGP (4 420) yRISFGP (444420) o
2SEILOFG(20) +SELIFG(20) ¢ PMOFG(4¢2N920) oFISFGP(4420) s
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000002
000002
000002
000004
000006
000010
000011
000012
000016
000017
000022
000025
000027
000031
000037
0oan37

000002

000002

000002

000002
000002
000002
000005
000007
000010
000012

000021
000023
000023

& W~

SIaFT

1

3SRCFGP (20) s QMACFG(4970) yRMACFG (4920) +PMACFG(4420,20)
4FMACFG(20) ¢ FSUMLA) ¢QSIIM(4) oRSIIM (&) yPSUM(4)
SCKIDL ¢CKINRCKSUNL ¢ CKSUOR$CKSUIL o CKSHIIRY
6CKSUPL +CKSU2Ry CKSU3L 4 eKSU3IR ¢ JPRBNO 9 STRAND»
TSSMPRT (20) 4 SPRTOT (20) 4FISPRT(20) + PPRT (40920)
COMMON NNF11eDFLP11ePY1CORVDFIIFO(BT7Y¢DF11F1 (A7) «DF11RS(RT)
COMMON DFCO11¢(R7}

NRGPL 1=NENERG« 1

NFGPL 1aNFGPe¢]

ENFEGP (NFGPL1) =40

NO 3 MFG=1,NFGPL1

NO 1 N=1,NRGPL}

GLNCMP=ENFEGP (MFG) =ENFRGY (N)

TF (GLNCMP) 14247

CONTINUE

NFGP| {MFG) =N

CONTINUE

DO & Nz} NENERG

ENINWT (N) sENERGY (N) =ENERGY {Ne 1)

RE TURN

END

C GLN9g DECK

SURROUTINE GLINTE

COMMON NLIM¢MLIM,TEMPEN,AFAREC +HRECAFAEPSHEPS,
INENERGFACMAS ySIGBND SBD4P1 4 ARECP1 ¢AEPSP1

2ARP1H2 (AEP1H2,COSMU(AN) ¢WATE (AD) ¢ SIGSCT (60) 4 STMUCK (38),
IANMUMAX s NMUM] ¢ NMUM2 ¢ NMIIM3 s GLNREC ¢ GLNEPS o
GNINIJNFININMUSREC (50) sEPS(50) ¢ SKE (514511
SINEN,ENERGY (91) s FINI (91) ¢EFIN(9]) JAFTELD(12)

6GAMO 4SIGLO(B748B) +SIGL1(RT+88) +SIGL2(BT7¢88)¢SIGLI(87+88),
TSELLRO(90) ySELP1(90) sSINPO(90) ¢ SINP1(G0) +SINP2(90) +SINP3(90)
8STOT(90) +STR1 (90} 4STR2(90)+STR3(90)

COMMON NFGPRJENFEGP (21) +NMIXMA 4NMIX s INDAMO,ENODMO,
1ENABMN¢STABMOySTGAMO (90) ¢ NISOMAYNISO,

2INDAIS(4) ¢ INDFIS(4)+sFNODIS(6) 4SIGSIS(46)SIP1IS(4y,
3ENABIS(4) ¢ STARIS(4) +STGAIS(4490) +ENFIIS(4) 9SIFITG(4)9SIGFIS(4490)
4BUCKLE ¢NSPECySMASCT(90) ¢y SMAABS (90) 1 SMAFIS(90) ¢ SOURCE(S0)
SSMATRO (90) ¢ SMATRY (90) {SMATR2(90) ¢ SMATRI(90) ¢DIFCNAF (90)
6NDFLITeDIFLGT(100) 4RCPFL24OFLFN(90) s SPMANO(90) »
TNFCOFT(90) yDFLGF I+ TRCORRSDFLRSH(90) 0

BNFCFR2(90) ¢B2F (4491) 4R2FOLD (90) ¢4NR2IT¢B2RSD (90)

COMMON MFGoFGINGD (91) ¢ FGPEINGNFGPL (21) +ENINWT (90)

1FGPF (4420) yQMOFGP (4120) sRMOFGP (4420) yRISFGP (494420)
2SELOFG(20) ¢SEL1IFG(P0) PMOFG(4,20920) ¢FISFGP (4420,
ASRCFGP (20) s QMACFG (4920) sRMACFG (4 4920) sPMACFG(4420420) ¢
4FMACFG(20) oFSUM(4) ¢QSUM(4) sRSUM (&) 4PSUM(4) 4

SCKIDL CKINRyCKSUNL 4 CKSYOR4CKSI)1L ¢ CKSYIR,
6CKSU2L « CKSU2R 3 CKSUIL 4 CKSU3R ¢ JPRBNO ¢ STRAND o

TSSMPRT (20) ¢ SPRTOT (20) oFISPRT(20) 4+PPRT (40,20)

COMMON NDF11,DFLP114P11COR4DF11F0(B7)DF11F] (R7)DF11RS(AT)
COMMON DFCO11(87)

NFGPL 1=NFGPL (MFG)

NFGR2aNFGPL (MFGa1) =1

FGPEIN=s,0

PO 1 NmNFGPL1 NFGPL2

FGPEINSFGPEINSENINWT (N)® (FGINGD (N)

1+FGINGD (Nel))

FGPEINm K#FGPEIN

RETURN

END



000002

000002

000002

ononn2
onnnn2
000002
000010
000010
000016
000016
000022
000022
000037
000037
000037
000047

000047
000051
00006}
000061
000065
000065
000102
000110
000110
000114

000114
000120

000120

0001647
000147
000151
000153
000154
000170
000170
000173
000174
000176
000177
000213

sIaFTC GL1o DECK

SUBROUTINE GLPRNT
COMMON NLIM.MLIM.TEMPEN.AFAREC.HRgCoAFAEPS.HEPSo
INENERG¢FACMAS ¢ SIGRND s SRD4PI ¢ ARECP I yAEPSP1
2ARPIH? AEPIH2,COSMU(ARN) JWATE(60) 4 SIBSCT (60) 4 BIMUCK (38,
INMUMA X ¢ NMUM] o NMUM2 , NMUM3 . GLNREC ¢ GLNEPS o
GNINIoNFINGNMUIREC (50) yEPS(S0) +SKE(S1451) 9
SINENENERBY (191) yEINI (1) 4EFIN(91) (AFIELD(12) ¢
6GAMOSIGLN(BT+88) ¢SIGLY (RT988)¢SIGL2(RT+88) y5IGLI(BT98B)
TSELPN (90) ¢« SELP) (90) ¢+ STNPN(90) «SINP1(90) s SINPE(90) +SINPI(90)
BETOT(90) ¢ STR1(90) 9STR2(90) ySTRI(%0)
COMMON NFGP+ENFEGP (21) s NMIXMA NMIX s INDAMOENODMO,
1ENABMN,STABMOSIGAMO(G0) yNISOMANTISO,
2INDAIS(4) o INDFIS(4) +ENODIS(4) ¢SIGSIS(4)¢SIP11IS(4)
3ENABIS(4) ¢SIARTIS (4) s STGAIS(4490) oENFIIS(4)4SIFITS(4)4SIGFIS(4490)
SRUCKLE ¢ NSPECsSMASCT (90) ¢ SMAABS (90) ¢ SMAF IS (90) s SOURCE (90) 4
SSMATRN (90) ¢ SMATRY (90) ¢ SMATR2(90) ¢ SMATR3(90) 4yDIFCOF (90)
ANDFLITDIFLGT(100) RCOFL2sDFLFNLONA) s SPMAND (O0) ¢
TDFCOFI(90) yDFLGF I+ TRCORRIDFLRSD(90)
BNFCFR2(90) 4B2F (4451) B2FOLD(9n) «NR21T,B2RSD (90)
COMMON MFG,FGINGD (91} oFGPEINJNFGPL (21) sENINWY (90) 4
1FGPF (6420) yQMOFGP (4020) yRMOFGP (6920) +RISFGP (494420} s
2SELOFG(20) 4SELIFG(20) 4PMOFG(4420920) 4FISFGP (4920}
3ISRCFGP (20) ¢QMACFG (4 92n) +RMACFG (4920) sPMACFG (G920 ¢20) 9
GFMACFG(20) oFSUM(4) 4QSIIM{4) yRSUM (&) ¢ PSUM(4) o
SCKIDL (CKIDRyCKSUNL  CKSUOR G CKSLITL s CKSUIR,
6CKSU2L s CKSU2R ¢ CKSU3L 4 CKSU3Ry JPRBNO ¢ STRAND
7SSMPRT(20) +SPRTOT (20) «FISPRY (20) 4PPRT 140,20)
COMMON NDF114DFLP114P11COR,DF11F0(BT) DF11F1(87),DF11RS(RT)
COMMON DFCO11(R7)
WRITE (9¢2)NMIX
2 FORMAY (BHIMIXTURE,I3,21H FEW GROUP PARAMETERS)
WwRITE (943)NFGP
3 FORMAT (6gHONUMBER NFGP OF FEW GROUP ENERGIES ENFEGPs NFGPm,13)
WRITE (94949
4 FORMAT {1BHQNFG ENFEGP)
WRITFE (90901) (NyENFEGP (N) ¢Nm] yNFGP)
anl FORMAT (14,E16,8)
S FORMAT(I4,7E16,8)
WRITE (946) INDAMOFNONMO
% FORMAT (33HNMONERATOR SIGA INDICATOR INDAMO=,13,
1334 MODERATOR NUMRER NENSITY ENODMO=.E15.8)
IF({INDAMO) 74749
7 WRITF (9,8)ENARMO,STARMO
B FORMAT (BHOENARMO=4E15,R¢RH S1ABMO=yE15,8)
9 WRITE(9s10)
10 FORMAT (18HO N STGAMO)
WRITE(94901) (NySTGAMO (N) yN=] ¢ NENERG)
WRITF (9¢11)NISOMA
11 FORMAT (35HONUMRER ADDITIONAL 1SOTOPES N1SOMA=,I13)
WRITE (9¢12)
1?7 FORMAT(113HOISOTOPE SIGA INDICATOR, SIGF INDICATORs NUMBER DENSITY
1. PO SCATTERING CROSS SECTION, P1 SCATTERING CROSS SECTION)
WRITF 19913)
13 FORMATI(T3H INDATS INDFIS ENOD1IS SIGSIS
1 SIPIIS)
WRITF (9914) (INDAIS(NISO) ¢ INDFTS(NISO) sENODIS(NISNH) o
1STGSISINISO) +sSIP1TSINISO) «NISOS1,NISHMA)
16 FORMAT(IA,1104E2P,ReEPN,R4E2N,R)
NO 17 NISO=1,NISOMA
JTEST=INDAIS(NISO)
IF(JTEST)I15415,17
18 WRITE(9¢16)NISOVENARTS(NISO) »STABIS(NISO)
16 FORMAT {6HONISO=,13,8H ENARISx,E15,8,8H S1ABISs«E15,8)
17 CONTINUE
N0 2n NT1SOx] ¢NISOMA
JTEST=INDFIS(NISO)
1F(JTEST)18,1R,20
1R WRITF (99 19)INISOIENFITS(NISO) ySIFITSINISO)
19 FORMAT (6HONISOmeI3,8H ENFIISmeE1S,BeRN SIFIIS=9E15,R)

—

ki



L2

000213
000216
000217
000224
000224
000246
000247
0002546
000254
000276
000303
000303
000305
000313
000313
000314
000322
000322
000323
000331
000331
000335
000335
000341

0n0341

0006400
000604

000404
000410
000410
000433
000433
000437
000437
0004647

0004467
000653
000653
000457
000457
000474
000500

000500
000526
00n526
000536

000536
000542
000542
000546
000550

000565
000571

000571
000571
000575

000634
000634
000640
000640
000644

000644

20 CONTINUE
N0 22 NISO=]4NISOMA 4
WRITF (9+21)N1SO
21 FORMAT(l4H0 N SIGATS(412,42H ))
22 WRITE(94901) (NsSIGAISINISO¢N) ¢N=] 4NENERG)
NO 24 NISO=x1.NISOMA
wRITE (9423)NISO
23 FORMAT(14Ho N SIGFIS(sI292H ))
24 WRITE(99901) (NeSIGFIS(NISOWN) ¢Nul ,NENERG)
WRITE (9425)BUCKLE
25 FORMAT(10HOBUCKLING=,E15.8)
IF (NSPEC) 251426478
251 WRITE (9,252)NSPEC
2852 FORMAT (33HONEUTRON SPECTRUM READ IN, NSPECm412)
G0 To 30
?h WRITF (9¢92T)INSPEC
27 FORMAT(33IHOMAXWELL NFUTRON SPECTRUM, NSPEC=,.12)
GO Tn 30
28 WRITE (9429)NSPEC
29 FORMAT (34HQHARDENED NEUTRON SPECTRUM, NSPEC=,12)
30 WRITF(9+431)
31 FORMAT(S1HIMACROSCOPTC CROSS SECTIONS FOR MyLTIGROUP ENERGIES)
WRITE (9432)
3?2 FORMAT(111H N SMASCT SMAABS SMAF1S
1 SMATRO SMATR] SMATR2 SMATR3)
WRITE (9¢5) (NgSMASCT (N) ¢ SMAABS (N) ¢ SMAFIS (N} o
1SMATRO (N) ¢ SMATR] (N) s SMATR2 {N) s SMATR3 (N) o N=x1 ¢ NENERG)
WRITE (9,434)
36 FORMAT(STHDIFFUSYON COEFFICIENT aAND SOURCE FOR MULTIGROUP ENERGIE
19)
WRTITF (9435)
35 FORMAT (4TH N ENERGY DIFCOF SOURCE)
WRITE (93902) (NyENERGY (N) ¢« DIFCOF (N) « SODURCE (N) ¢Nx] ¢ NENERG)
Q02 FORMAT(14,3E16,8)
WRITE (9436)
36 FORMAT(29HIDIFFUSION LENGTH CAl.CULATION)
WRITE (9437)DFL.GF1,TRCORR
37 FORMAT({1RHQDIFFUSION LENGTH=F 1548,
172H TRANSPORT CORRECTION=,.E15,R)
WwRITF (9,438
38 FORMAT(24HOSEQUENCE OF EIGENVALUES)
WRITE (9439)
39 FORMAT (18K NO, DIFF, LGTH,)
WRITE (99901) (NyDIFLGT (N) ¢N=] ¢NDFLIT)
WRITE (9¢40)
40 FORMAT(64HO N ENERGY SPECTRUM MAXWELL
1RESTIDUAL)
WRITE(9¢903) (NyENERGY (N} ¢DFLFN (N)  SPMANO (N) ¢ DFLRSN (N) ¢N=1 {NENERG)
on3 FORMAT (14,4E16,8)
WRITE (9¢401)DFLP11,P11COR
401 FORMAT(22HOP11 DIFFUSTON LENGTHS E16,R
116H P11 CORRECTION®sF16,8)
WRITE(9+402)

402 FORMAT(16HOP11 EIGENVALUES)
WRITE (9+39)

NDTPL1aNDFLITe1
WRITF(99901) (NyOIFLGT (N) +NaNDTPL] ,NDF11)
WRITE (99404)
403 FORMAT(111H N ENERGY FoO Fl
1 MAXWELL RESTNUAL DFCO11 DIFCOF)

404 FORMAT(12HQP1] SPECTRA)
WRITE(9+403)
WRITE (9¢405) (NyENFRGY (N) ¢DF11F0 (N)y ¢DF11F1 (N),
1SPMANO (N) yDF11RS(N) sDFCO11 (N) +DIFCOF (N) ¢Nu] ¢ NENERG)
405 FORMAT(14,7E16,8)

WRITF (9¢4))

41 FORMAT(18H] BUCKLING SPECTRA}
WRITE (G142)

42 FORMAT (96H N ENERGY L=0 L=l
1 L=2 L=l RESIDUAL)

WRITE (91904) (NJENERGY (N) ¢B2F (19N) 4B2F (24N) o



000702
000702
000710
000710
000711
000717
000717
000731
000731
000737
000737
000742
000744
000746
000747
00n7%1
000753
onn764

000764
000766
000770
000771
001004
0nlol3
001023
001023
001025
oolo27
001035
001036
001041
001083
001062
0nloé3

001118
001116
001121
001126
001126
col127
001131
001146
001151
0011s6
001157
001174
001177
001202
001207

001241}
001241}
001244
001245

001302
001303

001340
001342
001344
001345
001347
001342

001362
001364

1R2F (34N) 4B2F (4 4N) 4B2RSD (N} yNu) s NENERG)
anda FORMAT (1446E16,8)
WRITE(99421)NB21T
421 FORMAT (19MONUMBER ITERATIONSs,14)
7ERQm, 0
WRITE (9943)NMIX
43 FORMAT (28H11SOYOPE EDITS FOR MIxTYRE,12)
WRITE(11044) (AFIELD(U) 9Jx1012)
44 FORMAT(12a6)
WRITF (11,45)NMIX
45 FORMAT (6K NMIXmol4)
IF(NFGPwA) &AL 441,447
44) JPRBNNgIARS (JPRBND)
44?2 LIMPR1sNFGP=4
LIMPR2aNFGP ¢4
DO S0 Lai.é
LPRTel =}
WRITE (1)¢48)) JPRANOSNMIX,LPRYT :
45) FORMAT (BH JPRBNOm,15,RH NMIys,11,124  MODERAYOR,
164 LeeIl)
NO 491 MFGBx) NFGP
SSMPRY (MFG) w0
N0 46 KFGmlMFG
46 SSMPRTIMFG)=SSMPRT (MFG) +PMOFG (L s MFGIKFG)
SSMPRT (MFG) sSSMPRT (MFG) «PMOFG (L 4 MFG y MFG)
WRITE (944 TILPRT«MFG
47 FORMAT (14HOMODERATOR, L®3,I2y9H « GROUP®¢13)
NFGPM2eNFGPReNFGP=1
NO 471 KFGm]e40
471 PPRT(KFGyMFG)=,0
DO 4R KFGm] {NFGP
KPFGaNF GP=KF GoMF G
4R PPRT(KPFGeMFG) =PMOFG (L +KFGeMFG)
SPRYOT (MFG) sAMOFGP (L (MFG) 4 RMOFGP (L yMFG)
IF (JPRBN(D)482+4814481
481 WRITE (944Q)RMOFGP (L1MFG) +ZERO+SPRTOT (MFG) »
1SSMPRT (MFG) o (PPRT (KPFG,MFG) s KPFGm] y NFGPM2)
GO TO 49y
482 1F(MFG=5)485¢483,483
4873 PPRT (NFGP+4¢MFG)x,0
| IM1=2MFG
LIM2=NFGP
NO 4R4s NANINT=LIMY,LIMP
4B4 PPRT (NFGP 44 MFG) aPPRYT (NFGP 44 MFG) (PMOF G (L. MFGe& ,NRNINT)
485 TF (MFGe4wNFGP) 486,486,488 .
486 PPRT (NFGPwé MFG) =, 0
DO 487 NRNINTs1+MFG
487 PPRT (NFGPw4 ¢MFG) wPPRT (NFGPub 4MFG) ¢ PMOFG (L yMFGa & (NRNINT)
ABB IF(L=1)450+4690,511)
490 IF(MFGe1)5104510,511
210 PPRT(NFGPelMFG)=STRAND
511 WRITE (9¢49)RMOFGP (LeMFG) ¢ ZERO,SPRTOT (MFG) o
16SMPRT (MFG) 9 {(PPRT (KPFGoMFG) o KPFGuL IMPR1 4L IMPR2)
69 FORMAT (1PAE]12,4)
491 CONTINUE
1F (JPRBNOD1IS13+:512,512
12 HPIVF(llo49)(RMOFGP(L.MFG)-ZEROvSPRToY(MFe).
1SSMPRT (MFG) ¢ (PPRT {KPFGsMFG) ¢ KPFGr] ¢ NFGPM2) ¢ MF G {NFGP)
60 T0 S0
=13 WRITE(11,49) (RMOFGP (L4MFG) ¢ ZERN¢SPRTOT (MFG}) 4
1SSMPRT (MFG) » (PPRT (KPFGIMFG) ¢ KPFGuLIMPR] +LIMPR2) o
2MFG=1 (NFGP)
S0 CONTINUE
DO 561 NISO=n] NISOMA
DO 561 Lul,é
LPRTal «l
WRITE (114501) JPRANOINMIX NISO,LPRY .
&01 FORMAT(8H JPRBNO=,15,aH NMIXmel)ollH I1SOTOPE=,.1I1,
16H LmyT1)
DO Sé& MFGs] ¢NFGP
WRITE (99S1INISO'LPRT,MFG

43



Ly

001375
001375
001377
001401
001410
001412
001422
001424
001433
001437
001440
001443
0014652
001454

001510
001511

0n1545%

001550
001551

001610
001611

001650
001655
001655
001660
001660
001664
001664
001670

001670

001720
001724
001724
001730

n01760
001764
001764
001770

002020
002024
002024
002026
002033
002033
002037

002037

002100
002103
002103
002107
002107
002124
002124
002130
002130
002134
00215}
002185
002155

51 FORMAT(BHOISOTOPE I2,8H , Lm¢I12¢9H , GROUP=,13)
NFGPM2aNFGP eNFGP=1
DO 52 KPFGm]+NFGPM2
52 PPRT(KPFGyMFG)x.0
FISPRT (MFG)=,0
SPRTOT (MFG)aSIGSIS(NISO) +RISFGP (NISO,L +MFG)
IF(L=1)53,53+54
53 PPRT (NFGP ¢MFG) aPPRT (NFGP 4MFG) «SIGSIS(NISO)
FISPRT (MFG)mFISFGP (NTSOyMFG)
GO To 8§51
54 TF (Le?)1554554551
55 PPRT(NFGPyMFG) =PPRT (NFGP¢MFG) +SIP1ISINISO)
&681 IF (JPRBND)S5S53,552,557
252 WRITE (9449)RISFGP(NIQO L ¢MFG) 4FISPRT (MFG) ,
1SPRTOT (MFG) ¢ ZERO, (PPRT (KPFGoMFG) ¢y KPFG®1 s NFGPM2)
GO TO 56
853 WRITE(9+49)RISFGPI(NISOL yMFG) 4FISPRT (MFG)
1SPRTOT(MFG) ¢ ZERN 4 (PPRT(KPFGIMFG) y KPFG=L IMPR1 4L IMPR2)
G4 CONTINUE
T1F (JPRBND) 55545544554
856 WRITE(11,49) (RISFGP (NTSOsLsMFG) s FISPRT (MFG) ¢
1SPRTOT(MFG) 9 2ZERO, {PPRYT (KPFGyMFG) yKPFG=] ¢ NFGPM2)
2MFG=] JNFGP)
GO TO 561
555 WRITE (11049) (RISFGPINISOLeMFG) +FISPRT (MFG) s
1SPRTOT(MFG) ¢ ZERO 4 (PPRT (KPFG4MFG) s KPFGEL IMPR1«LIMPR2) »
2MF Gm1 JNFGP)
561 CONTINUE
57 FORMAT(IR4E2048¢3F16,R)
WRITE (9958)
SR FORMAT(33HIFEW GROUP MACROSCOPIC PARAMETERS)
WRITF (94659)
59 FORMAT(7THOFLUXES)
WRITF(9,60)
60 FORMAT (7qH GROUP LeQ L=y L=2
1 L=3)
WRITE (99¢57) (MyFGPF (14M) o FGPF (P eM) (FGPF (34M)
1FGPF (4 9M) yMu]1 yNFGP)
WRITE(9461)
61 FORMAT (26HOSCATTERING CROSS SECTIONS)
WRITE (9960)
WRITE (9¢57) (MyQMACFG (1 4M) sQMACFG (2 oM) o
1OMACFG(34M) yQMACFG (4 4M) eMa] ¢+ NFGP)
WRITF (Q462)
6?7 FORMAT (26HO0ABSORPTION CROSS SECTINNS)
WRITF (9460)
WRITE (9957) (MyRMACFG (1 eM) 4RMACFG(P9M)
1RMACFG(3.M) ' RMACFG (& 4M) ¢Mx] ¢ NFGP)
WRITF (9463)
63 FORMAT(30HOGROUP TRANSFER CROSS SECTIONS)
NO 6A Kul NFGP
WRITF (9464)K
64 FORMAT(1SHOINITIAL GnnUP-.Is)
WRITF (996%)
65 FORMAT (ToH FINAL GROUP L=0 L=} L=2

1 L=3}
66 WRITE (9957) (MyPMACFG (14K,M) 4PMACFG(2,K,M),
1PMACFG(34KyM) ¢ PMACFG (49KyM) yMm] o NFGP)
WRITE(9+6T)
67 FORMAT (23HOFISSION CROSS SECTIONS,
WRITF (9968)
68 FORMAT (22H GROUP L=0)
WRITE (94905) (M FMACFG (M) Ms] 4NFGP)
Q05 FORMAT(I4,E16,8)
WRITE (9469)
69 FORMAT (25H0SOURCE FNERGY DEPENDENCE)
WRITE(9+68)
WRITE (94909) (MySRCFGP (M) {M=] 4 NFGP)
WRITE(9470)
70 FORMAT(11H]1CHECK SUMS)
WRITE (9e71)CKIDL,LCKINR



002165
002165
002175
002205
00221%
002225
002233
002233
002234

000002

000002

000002

000002
000002
000002
000004
000005
000007
000010
000012
000013
000020
000022
000023
000027
000027
000031
000036
000037
000043
000045
000053
000054
000060
000064
000070
000074
000075

7

T2

FORMAT (2E16,8)

WRITE (9471)CKSUOL s CKSUOR

WRITE (9471)CKSULL ,CKSUIR

WRITE (9471) CKSUZL s CKSU2R

WRITE (9471)CKSU3L 4 CKSUIR

WRITE (94721 NMIX

FORMAT (2RHNEND OF PRINTOUT FOR MIXTURE,I3)
RETURN

END

$IaFTC GL11

SURROUTINE GLMOCK

COMMON NL TMoMLIM, TEMPEN)AFARECsHRECAFAEPS JHEPS,
INENERG«FACMAS s SIGRND ¢ SRD4PI yARECP1 4AEPSP]
2ARP1H2 JAFPIH2,COSMU(&N) +WATE (50) ¢ SIGSCT (60) ¢ SIMYCK (38,
INMUMAX s NMUIMY o NMUMP o NMUM3 o GLNREC « GLNEPS o
GNINI NFINGNMUSREC (50) ¢EPS(50) ¢ SKE(51451)
SIDENJENERGY (91) yEINI (91) ¢EFIN(91) (AFTELD(12))
6GAMO s SIGLO(B748R) «SIGLI(ART+88)+SIGL2(BT7+88) +31GLA(BT488)
TSELPO(90) ¢SELP1(GN) ¢ SINPN(90) +SINP1(90) ¢ SINP2(90) +SINP3(90) ¢
ASTOT (90) + STR1(90) 4STR2(90) sSTR3(90)

COMMON NFGP¢ENFEGP (21) yNMIXMANMIX ¢ INDAMO4ENDDMO,
1FNABMO . STABMO o SIGAMO (90) ¢NISOMASNTSO,
2INDAIS (4) s INDFIS (4) sENODIS(4) 4 SIGSIS (4) 4SIPYIIS (4,
3ENABTIS(4) +STARIS(4) 9STGATS(4490) ¢ENFTIS(4) ¢SIFIIS(4)9SIGFIS(4490)
4RUCKLE ¢NSPEC+SMASCT(9N) 9 SMAABS(90) o SMAF 1S (90} ¢ SOURCE (90) s
SSMATRN (90) s SMATR] {90) s SMATR2(ON) ¢ SMATRA(90) ¢DIFCOF (90) 4
G6MOFLITDIFLGT(100) sRCNFL24OFLFO(90) +SPMANO(Q()) o
TNFCOFTI(9N) 4DFLGF T4 TRCORRLDFLRSD(90) o
HDFCFR2(90) yB2F (4491) ,B2F0LD(9n) ¢NR2IT,B2RS0D (%0)

COMMON MFG.FGINGD(91) sFGPEINJNFGPL (21) +ENINWY (90) o
1FGPF (46420) ¢ OMOFGP (4920) sRMOFGP (4420) ¢RISFGP (4 36,420)
2SELOFG(20) 4SELIFG(20) PMOFG (4,20420) 4FISFGR(4,20),
3ISRCFGP (20) yOMACFG (4 920) sRMACFG (4920) +PMACFG (4. 920420) »
GEMACFGL20) ¢FSUM(4) ¢QSUMI4L) ¢RSUM(A) 4PSUML &) o
SCKIDL CKIDR¢CKSUOL ¢ CKSUOR,CKSUIL¢CKSULR,
6CKSU2L ¢+ CKSU2R s CKSU3L « CKSU3R ¢ JPRBND 9 STRAND
TSSMPRT {20) ¢ SPRTOT (20) «FISPRT(20) +PPRT (40,20)

COMMON NDF11,NFLP11yP11COR,DF11F0(R7)DF11F1¢87),DF11RS(RT)

COMMON DFCO11(RT7)

PCKE 43275911

AlCKg ,254R296

APCKze,2R44967

A3CKm1,42164137

A4CKzul,4531520

ASCK=z1,0614056

FACK=,5/ (FACMAS##,5)

FCMD1x1l,«~FACMAS

FCMS2s] ,¢+FACMAS

WRITE (94 1)

FORMAT (3RHNANALYTIC MONATOMIC GAS CROSS SECTIONS)

NO 12 NINl=) sNENERG

7PCK=aSQRT(EINI (NINT) /TEMPEN)

7PCK227PCK#2PCK

SIGFACE(,125#SIGBNN) /(FACMAS®FETINI (NINI))

NO 12 NFINsNINI (NENERG

7CKaSORT (EF IN(NF IN) /TEMPEN)

7CK2a2CK#ZCK _ _

Y1CK=FACK® (FCMD1#7PCK+FCMS2#ZCK)

v2CKzFACK® (FCMD1#7PCK.FCMS282CK)

Y3CKaFACK® (FCMS2#7PCK=FCMD]1#2CK)

Y4CKmFACK® (FCMS247PCK+FCMD1#2¢cK)

v1CK? =y 1CKey1CK

Y2CK2sY2CK#Y2CK

b5



46

000077
000100
0on102
000106
000112
000116
000122
000127
000134
000137
000144
000145
000146
000147
000151

000146
nno172
000173
000174
00017%
000177

0onn214
000216
000216
000220
000221
000222

noo0232
000234
000238
000236

000246
000250
000253
000260
000261
000262
000263
00026%

000302
000306
000307
000310
000311
000313

000330
000336
000337
000341
000342
000343

000353
000355
0003%¢
000357

YICK?2=Y3ICK#Y3ICK

v4CKPxY4CKHYSCK

EXFC1aFXP («Y]1CK2)

EXFC22EXP (=Y2CK?2)

EXFCI=EXP (=Y 3CK2)

EXFC4REXP («Y4CK2)

EX7P73nEXP (ZPCK2=7CK2=Y3CK2)
EXZPZ4mEXP (ZPCK2=7CK2=Y4CK2)
TF(YPCK=2,7)60607
TICK=1,/(1,+PCK#ARS (Y1CK))
TICK?=T1CK#T1CK

TICK3=TICK#TICK?

TICK4=T]1CK#T1CK3

TICKSsT1CK#T1CK4 .
FRFICK= (Y1CK/ABS(YICK))#(1,=(AICK#T1CK
14A2CK#T1CK2+A3CKaTICKIsALCKNT]CKS
2+A5CK4TICKE) #EXFCY)
TPCK=14/(1,4PCK®ARS (YPCK) )
T2CK2=T2CK#T2CK

T2CKINT2CK#T2CK2

T2CK4=T2CK#T2CK3

T2CKS=T2CK4T2CK4 )
ERF2CK= (Y2CK/ABS (Y2CK) ) # ()= (A1CK#T2CK
14A2CK#T2CK24AICKNT2CKILALCK#TICKS
2+AGCK#T2CKS) #EXFC?)
DIF122ERF1CK=ERFPCK

GO T0 8

PA1CK=2,#Y1CK2

PAICK2=PA1CK#PALICK
PAICK3IaPAICK#PAICK2
ERF1CKu=(,5641R98R/YICK)#(],=1,/PAICK
1+43./PA1CK2=15,/PAICK3)

24FxFC1

PA2CK=? . 8Y2CK?

PAPCK2mPA2CK#PA2CK
PARCK3mPA2CK#PA2CK? ) )
ERF2CKa= ( ,56418958/Y2CK) #(1,~1+/PA2CK
1¢3./PA2CK2«15,/Pa2CK3)
28EXFC2

DIF12=ERF)CK=ERF2CK
IF(Y3CK=2,7)9+9410
T3CKel,/(]1,4PCK®#ABS (YICK))
T3CK2xT3CK#T3CK

T3CKInT3ICK#TICK?

TICK4=TICK#TICK3

TICKSxTICK#TICKS

ERF3ICKm (YICK/ABS(YICK))I# (], (AICKOTICK
1422CK8TICK24AICKNTICKIGALCKRTICKS
2+ASCK#T3CKS) ¥EXFC3)
T4CKs1,/(1.+PCK*ARS (Y4CK))
T4CK2uT4CKHTACK

T4CKISTHCK#TACK?2

T4CK4nTACK#TACK3

T4CKR2TACKNTACKS

ERF4CK= (Y&4CK/ARS (Y4CK) ) ® (] ,=(A)CK#T4CK
14A2CK4TACK2+A3CKOTACKILALCKITACKS
2+ ASCKBTACKS) #EXFC4)

NIF34x (ERF3CK=ERF4CK) ®EXP (ZPCK2+2CK2)
GhH T0 11

10 PA3CK=2,4Y3CK2

PA3CK2mPA3ICK®#PAICK
PA3CK3mPA3CK#PA3CK?

ERFIACKme ( ,5641895R/YICK) @ (] ,~1,/PA3CK
143./PA3CK2=15,/PA3CK3)

PHEXZPZ3

PA4CK=n2 ,0Y4CK2

PA4CK2sPAACK#PALCK
PAACKIBPAACK®PASMCK2

ERF4CKme ( ,56418958/Y4CK) 8 (] ,a1,/7PA4CK
143,/PAACK2«15,/PALCKTY)

2eEXZPZ24



000367
000371}
000374
000376
000400

000405

000412

000432

000460
0004A0
000460

NIF34sERFICK~ERF4CK

11 SIGOCKaSIGFAC®(DIF12+N1IF34)
7D0ZPCKu2CK/2PCK
7ZPICKm],/ (ZCK#ZPCK)
Cl1CKn S# (FCMS2#ZNZPCK-FCMD1/ZDZPCK)
lazZPICK
D1CKs 5% (FCMS2/ZD7PCK=FCMD]1#2N2PCK)
1=Z7P1CK
SIG1CK= (SIGFAC/FACMAS)
14 (C1CK®DIF12+D1CK#DIF 34
241412837924 ZZPICK® (YICK®EXFClaY2CK®EXFC2
3eY3ICKWEXZPZ3eY4CKOEXTPZ4))

12 WRITE(Ss14ININIJNFINGEINTI(NINY) EFININFIN) o
1SIGNCK,SIGICK

14 FORMAT (215,4E16,8)
RE TURN
END

k7



