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CALCUIATION OF THERMAL NEUTRON DIFFUSION LENGTH

AND GROUP CROSS SECTIONS: THE GLEN PROGRAM
by

We W. 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 initial and final en-
erglies 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 parsmeters 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 optionslly a Maxwell distribution is
used for the scelar flux. Flux-weighted 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 section® a(anE,e,T) for thermal
neutrons, to evaluate the total scattering cross
section and thermal neutron diffusion length from
these, and to calculate flux-weighted group average
cross sections for a few-group treatment of thermsl
neutrons. The scattering cross sections are ob-
tained from the mesh values of the function s(Rn,eng
calculated by the TOR program.l

The cross section o(E<E,8,T) may be written
in the form

c(Eo-oE,e,'r) = co(Eo-oE,e,'r) + cl(Eo-oE,e,'r), (1)

where co(EoﬂE,e,T) is sn elastic scattering term,
and all inelastic scattering is included in the
term cl(Ed~E,8,T). The cross section cl(EoﬂE,e,T)
is given in terms of s(R,c) as

01 (EgE,8,T) = (o /4m) (&/E )Bs(R,e). (2)

Here oy is the bound cross section of the atom com-
prising the moderator, and the parameters of s(R,¢)
are

R

(m/M)(Eo+E-2E°%Ei cos 8), (3)

€

E-E, (%)

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

mass. The cross section cl(anE,e,T) is obtained



for particular values of EO,E,e by interpolating
s(R,e) for R,c glven by Eas. (3) and (&) from the
mesh values s(Rn,em).

It is convenient to treat the cross section
cl(Eo-o[-:,e,'r) by means of the familiar expansion in
Legendre polynomials

cl(Eo-oE,e,'r) = (kﬂ)-lZ(%+l)o':(L“(Eo-oE)Pz(cos 8).

(5)
The expansion coefficients are given by

n
ciz)(EoﬂE) = 2 J; PL(cos e)cl(anE,e,T)sin 8do .

(6)
For L = 0,1,2,3 these coefficients are evaluated by
the numericel calculation of the integrals described
in Section II. This evaluation is carried out for a
fine mesh of energy values E . A maximum of 87 val-
ues of En’ specified as input, is provided for. The
part of the total scattering cross section corres-
ponding to cl(Ed~E,8,T), designated cin(Eo), is the

integral of c§°)(Ed~E) over all final energies E,
evaluated by trapezoid rule integration.

The elastic scattering cross section
co(anE,e,T) depends on the type of moderator being
congidered. 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 GILEN by IDEN > O, it
is possible either to have co(anE,e,T) computed in-
ternally in the incoherent approximation, or to read
in values obtained from another program. The control
indicator INSELR, when set to 1, reeds in values of
the coefficients cgl(Eo) and cil(Eo) of the Legendre

polynomial expansion
0o (E;E,0,T) = (lm)'l; (%l)c:l(Eo)S(E-Eo)Pz(cos 8).

(7)
For INSEIR = 0, no elastic cross sections are read
in. An input energy paremeter 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 calculated.

Eb’ the incoherent approximation may be used for all

By setting

or part of the values Eo'
Based on the moderator cross sections obteined
as 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-

modersating isotopes.
fied as input.
length of the mixture is calculated in two approxi-

mations, one the diffusion approximation, and the

All number densities are speci-
For each composition, & diffusion

second & Pll gpproximation. In both cases the dif-
fusion length is computed as an eigenvalue using
Gauss~Seidel iteration,2 and verified by calculating
The formulastion of these calculations is
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, & hard-
ened spectrum corresponding to a scattering-in source

residuals.

from epithermal energies and macroscoplc absorption
and buckling is used. For NSPEC = O, & 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, asbsorption,
fission, and transfer cross sections are obtainecd

for £ = 0,1,2,3. These are punched in the format re-
quired as input for DTF-IV,3
In sddition, macroscopic scattering, sbsorption, fis-

as well as printed out.
slon,and transfer cross sections are printed. Sec-
tion V describes the calculation of group cross sec-
tions.

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

IT. LEGENDRE POLYNOMTAIL EXPANSIONS OF CROSS SECTIONS.

The calculation of cross sections is carried out
for the mesh of energy values E , designated ENERGY(N),
N = 1, NENERG < 87. Both the initial energy Eo and
final energy E are taken from this energy mesh. A
convenient means of handling the differential cross
section cl(Ed~E,9,T) is to expand it in Legendre
polynomials of cos 8, as in Eq. (5). The expansion
coefficients U§L)(E6*E) are obtained by determining
cl(Eo-oE,a,'r) on an internally specified mesh of
cos 8, COSMU(NMU), NMJ = 1, NMUML, and carrying out
numerically the integration indicated in Eq. (6).

For particular values Eo’ E, and cos A, the parame-
ters R and ¢ are given by Egs. (3) and (4). The val-
ue of s(R,e) 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 formuls is

s(R,e) = s(R,em)
+[(e-em)/<A2-lhe)][s(R,eml) - s(R,em)]

+[(e-em%/ZAim-lh€2)]l(e-em+la/21+Ae)]ls(R,em+2)

- (1+A€)s(R,em+l) + Aes(R,em)] . (8)
Here

s(R,em) = s(Rn,em)
+ [(R-Rn)/(A;-lhR)l [s(le,em) - 8(R e
+ [(R-Rn)/<A§n-1hR2)][(R-Rn+l)/(l+AR)][s(Rn+2,em)

- (l+AR)8(Rn+l,em) + ARB(Rn,emﬂ. (9)

The cross section o,(E+E,8,T) is given in terms of
s(R,e) by Eq. (2).

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

interval - 1. < cos 8 £ 1. The subintervals are

-1l.s cos § < - .8,
- 8= cosf s - b4
- Jdscosp s L0,
0s cosh s Lk,
A <scosg s L7,
7S cosf s B85,
.85 < cos 9 < .95,
95 S cos B < 1.

As a check, the integrals of Eq. (6) are also calcu-
If the
values do not agree within a fractional criterion
set internally, the energies Eo and E, the result of
the five-point integration, and the fractional dif-

lated using three-point Gauss integration.

ference between the two integrations are printed out.
The identification of these is

L Criterion 1§i§§;§§i’3§ Fractionsl
0 01 SIGLOT FRCDFO
1 02 SIGLLT FRCDF1
2 $Okt SIGLAT FRCDF2
3 -08 SIGL3T FRCDF3

The results of the five.point integration are taken
to be the values of the coefficients aiz)(Ed~E)
designated in the code as SIGLO(NINI,NFIN), SIGL1
(NINT,NFIN), SIGL2(NINI,NFIN), SIGL3(NINI,NFIN) for
£ =0,1,2,3 respectively.
energy E_ 1is ENERGY(NINI) end the final energy E is
ENERGY(NFIN).

The numerical integration described is used in
GLEN to calculate values of ciz)(Ed~E) for E_ = E.
The remaining values are¢ obtained from these by use
of the deteiled balance condition,

B exp(-E /1)o'*)

The corresponding initial

(E;E) = E exP(-E/T)ciz)(E~Eo)-

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

The energy integrals Uin(Eo) given by

E)
o (E,) = f o) (2 p)az (12)
(o]

are evaluated by trapezoid rule integration. Here
El is the upper limit of the thermal energy range,
designated ENERGY(1) in the convention ENERGY(N)
> ENERGY(N+1). The integrals cin(Eo) are designated
SINFPO(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(Ed~E,8,T), the

expansion coefficients of Eq. (7) are given by

™
el
o, (E B (E-E ) = o J‘ co(Eo-oE,e,T)Pz(cos 6 )sin 0ag.,
° (12)
For crystalline scattering, the incoherent approxi-

mation to co(Ed~E,e,T), corrected for the Bragg
limit E ,1s

0y By = Eb’
(13)

(g, /4t)exp{ -Ry(0)}8(E-E ),E_ > E,.
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
el el
E> E, the expansion coefficients o_ (Eo) and oy (Eo)

UO(E6~E,8,T) =

‘are .

ggl(Eo? = cb[{l-exp(-aa)}/aal, (14)




cil(Eo) = cb[{exp(-2a)-l+a*a-exp(-2a)}/2a21, (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
SELP1(N), for N = 1, NENERG. For INSEIR = O,
SELPO(N) and SELP1(N) are set to O. For E, > E,,
ENERGY(N) > BRGLIM in the GLEN notation, the values
of Eg. (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 sbove the physical Bragg
limit. In the latter case, the values reed in for
Eo > Eb should be O,

Because of the proportionality to S(E-Eo) of
co(Ed~E,Q,T) of Eq. (7), the energy integrals for

co(anE,Q,T) corresponding to Eq. (11) are simply
c:l(Eo)- Consequently, the total scattering cross

section is

in el
Utot(Eo) = o, (E)) + o (E,). (17)
The usual transport cross section is
in el
Ter l(Eo) £ ctot(Eo) - o] (e,) - oy (). (18)

Two additional transport cross sections are

e 2(Bg) = 00 (By) - “;B(Eo)’
(19)

- o).

(Eo) =g 3 (Ey

Ttr 3 tot(Eo)

In the progrem, the four cross sections atot(Eo)’
Ter l(Eo), Tyr 2(Eo), Oyp 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), Eg.
(12), and Egs. (17) ¢+« (19) are printed out. The
detailed output is described in Section VII.

IIT. TRANSPORT EQUATION.

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

tion cross section céo)(En) has a 1/v dependence,

For the moderator the number density

6

the code, with indicator INDAMO set to O, will com-
pute the values of cﬁo)(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 reed in.

For each of the heavy nonmoderating isotopes,
numbered by NISO = 1, NISOM\A < 4, the parameters
INDATS(NISO), INDFIS(NISO), ENODIS(NISO), SIGSIS
(NISO), SIP1IS(NISO) are read in. The quantity
SIGSIS(NISO) is the scattering cross section céi),
and STP1IS(NISO) is the product 5(1)0‘(:)

ing cross section and average cosine ©

of scatter-
in the
scattering process. The isotope number density hi
is ENODIS(NISO). The parameters INDATIS(NISO) and
INDFIS(NISO) are indicators analogous to INDAMO for
the isotope absorption cross section cAi)(En) and
(1) (i)( )

) En respective=-

(1)

the isotope fission product v
1y.

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

The transport equation for the steady state case has
the form

\'7‘-{6@(?,3,6)} + {ZA(E) + ZS(E)}QG:’E’E)‘)

= 5(7,E,{1) +f Z(Eo-oE,ﬁo-ﬁ)Q(?,Eo,h‘o)d.ﬁ:ocﬁo. (20)

Here §(%,E,{1) is the directional flux in the direction
with unit vector {i, ZA(E) and L _(E) are the macro-
scoplc gbsorption and scattering cross sections,
Z(E6~E,ﬁo-ﬁ) 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

Heqedod) = ()12, (24+1)5, (2 ~m)p, @ 1),

2
(21)
For plaene geometry, the flux expansion is
3(7,E0) = (‘l-n)-lZ(%l)osz(x,E)Pz(u), (22)
2

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

ge1 30 (6E) 0 30y, (x,E)
24+1 ax 24+1 ax

+ {ZA(E)

+ L (E)}e,(x,E) = 5,(x,E) +fzz(Eo-oE)¢z(x,Eo)d.Eo.
(23)

For a particular composition, the mecroscopic
cross sections corresponding to energy En are given
by

ACREL U CRED oz, (2b)
RCRELENNCRED DY (1), (25)
%, (EfE) = nozci‘“(EJ-oEn)+ch(En)s(EJ-En)

+ Zi:hicrii)?ii)b(Ed-En)- (26)

(1)() 1 1)=(1)
oL

cross sections cii)fﬁi) and c:l

Here Oy cgiXB(i). The

(En) for £ = 2 have
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-

been neglected,

tion it is useful to define the transport cross

sections

SMATRO(N): 2, ) =no, o (E) + L, (E), (27)

tr 0(

SMATR1(N): 2, x l(En) =Nno, . l(En) +§;,n (i)(l P(i))

+ ZA(En)’ (28)

satr2(u): T, (E) = oy ,(E) +Zn (1)
; ZA(En), (29)
TR Ty 5(8,) = Ny 5(B) +2nolt

+ ZA(En)- (30)
The usual diffusion coefficient is

DIFCOF(N): D(E ) = 1132, . l(En)} . (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 c(°)(E ~E,). (32)

Finally, the macroscopic perameter corresponding to
the fission product is

SMAFIS(N) : Ly(E,) = ;niv(i)oé,i)(rsn). (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 ¢£(x,E) is
assumed to have the spetial dependence exp(-x/L),

8,(x,E) = £, (B)exp(-x/L). (34)

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
£L. The differential-integral equation (23) is thus
reduced to the system of linear equations,

l z+1
37T Lo41(Ba) + 35 21,41 £-1(Fy )§

+ {Z(E) + L (e )} £,(E) = ZAg*nft(EJ)- (35)
J=1

Here

Jn J=n el, (1)=(1){. n

A =ngcy  + Znoc‘ () *;“1% e (36)

where 5 J“ is the Kronecker delta. The coefficients
Jn
Ch

are given by

l-n

e o L (50 e ),

(37)
o

(2)
A ( Ey - J+l)a (Ed-oEn), J = 2,.0eNe

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

the number of energiles En’ an? use has been made of
4)

the facts that E . = 0 and o) (O-oEn)fz(O) = 0,

Two principel approximations to the system of
equations (35) are used. The first is based on the
usual diffusion theory. If fl(Ej) is approximated
by the Maxwell distribution E, exp(-E J/'r), then the
detailed balence condition on d§l)(Ed~E) implies
that

N

J,z; cd e () = o1™(E )1 (B ). (38)




Ir fz(En) for 4 2 2 are neglected, Eqs. (35) reduce
to
)t (B )/L, (39)

fl(En)"D(En o' n

- D(En)fo(En)/La + {Ztr olEy) - nocgl(En)}fo(En)

N
J=n
=n, > clte (x,). (50)
J=1
Integrating Eq. (40) over energy by the trapezoid

rule, one obtains
N

12 = “;1

Z % (En-Em-l){E)\(En)fo(En)+ZA(Eml)fo(En+l)}
x]
? (1)

It is easily verified that in this integration the
total scattering-out given by & sum over

hocin(En)fo(En) analogous to those in Eq. (41) is
numerically, as well as physically, exactly equal
to the scattering-in given by a sum over the right

side of Eq. (4¥0). The values of the integrands

D(Ey, ) )fo(By,,) and Zy(By ()2 (B ) at B = By,
vanish since fo(E) vanishes as E near E = B, = O.

To solve Eq. (40) & method based on Gauss-
Seidel iteration,2
tion with determining pulse decay constants, has
been utilized. As a preliminery, a value of L2 is
obtained from Eq. (41) using a Maxwell distribution
for fo(En). Using this parameter, one iteration of

and previously usedh in connec-

Gauss-Seldel type is carried out. The new values
of fo(En) are used in Eq. (41) to obtein a new value

of La, 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 .00001.
To verify that a solution has been obtained, a re-
sidual 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 h oC::_.nfo(En) is com-
puted for esch value of En' In the program, the
values of L obtained in successive iterations are
designated by DIFIGT(NDFLIT) and the values of
fO(En) by DFLFO(N).

Using the final value of fO(En) calculated by
iterative solution of Eq. (40), a corrected value
of L is obtained including the terms for £ = 2 and
4 = 3. If the right side of Eq. (35) is approxi-
mated for £ = 2 and £ = 3 using an evaluation of
the kind used in connection with £ = 1 in Eq. (38),
the equation for £ = 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 fa(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) vhere

. -
Dy(E) = 1 [f30 . o (By) - (i =
Zt () - (9/35)L .
r 2 n r3 En
(k2)

The value of L is computed from Eg. (41) using
D3(En) in place of D(En). This value, Ly, ., 18
listed as the DIFFUSION LENGTH in the printout and
designated as DFIGFI in the program. The printout
TRANSPORT CORRECTION, designated TRCORR, is the
quantity (Lﬁn al-L)/Lﬁn o1 Where L is the last value
of DIFIGT(NDFLIT) obtained in the iterative process.
For the printout, the scaler flux fo(En) is normal-
ized to unity over the intervel O < 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 DFLFO(N) since the ratio of integrals in Eq.
(41) varies by less corresponding to a spectrum
change than the spectrum itself. However, it is
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 Pll approximation. For improved sc-
curacy the approximation of Eq. (38) is not made for
cd™ but only for cd™, cg"“, 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

Dll(En) - I/Eiztr l(En) + nocin(En)

-n, Z Ci"nfl(EJ)/fl(En) -F ﬂ . (%3)
3=l




Here the parameter F represents the P correctionh

11
to diffusion theory and is given by the continued

fraetion

Fa (4/15)L72 , ()
Y
Zep o(E,) - =
b
X5 -
Y,
N
X, -
X5 - o o o
where
X = Ty 5(E), (45)
v, =L (1) 2/ ()20} 1172, (46)

and terms have been included in Eq. (44) through
Ylo/xll'

The method used for solving Eg. (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 iterstion.
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
£,(E) is obtained from Eq. (39) using D(E ). 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 calculstion 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 residual 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 termn o (En)fo(En).

The value of L, designated DFLPll, computed
from the last iterate of fo(En) is printed out as
P11 DIFFUSION LENGTH. The ratio (DFLP11-DIFLGT
(NDFLIT))/DFLP1l, where DIFIGT(NDFLIT) is the last
value obtained in the diffusion approximation, is
designated as P11COR and printed out as Pll 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 wey as

fo(En) is printed for comparison. Values of the
residusls are printed for each En' The values of
Dll(En)’ designated DFCO11(N), used in the final
P., iteration are printed out together with the

11
values of D(En), designated DIFCOF(N).

V. GROUP CROSS SECTIONS.

The neutron spectrum used to obtain flux-
velighted group cross sections is also based on Eq.
(23). The geometrical parameter K, designated
BUCKLE, is used to imply the form of solution. For
K 2 0, the scalar flux is of the form cos Bx fo(E)
In this case the remaining Legendre

components have the form

where B = K%,

¢2L(x,E) = cos Bx fez(E),

(57)
¢2$+l(x,E) = sin Bx f2‘+l(E).

For the P3 approximation, neglecting ¢£(x,E) for
4 2 4, and meking the diagonalizing approximation
of Eq. (38) for ¢, ™, c3™, the spherical
harmonics equations become

D (E Jkf _(E ) + Zir olE ), (E)

n° o' n
N
= So(8)) + 1y D cF P2 (5) + ofl(z )2 ()|, (48)
J=1
£1(E.) = D (E )BE_(E ), (49)
-(2/5)B8 (E_)
£,(E ) = T (50)
2'Fn (9/BIK_’
L. o(E)
(3/7)B2,(E, )
f3(En) = Ztr 3 En i (51)

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

(4/15)k

* (52)
(9/35)K
Zer o(B,) + b (E )
r 3' ' n

In the limit K -+ 0, the formulas are modified only
to the extent of considering fl(En)/B, etc., so that
in Eqs. (48) ... (52) K 15 set equal to O, and B is
set equal to 1.

DK(En) =1/ |3 Ztr l(En) +

For K < 0, the Legendre components of the direc-
tional flux have the form

¢, (x,E) = exp(-nx)t, (E), (53)




vwhere x is (-K)%. In the P3 approximation, Eqs.
(48) and (52) have the seme form as in the case

K2 0. In FEgs. (4¥9) and (51) the parameter B is re-
placed by #, and 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 broader 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. (48) by Gauss-
Seldel iteration. Starting values are given by a
Maxwell distribution normalized to the source
So(En), i.e. such that

By E)

{DK(E)K+ZA(E)} £ (E)4E =

[e] (o]

SO(E)d.E. (54)

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

from energies above E
En < E

1 to thermal energies En’

1° This energy dependence is approximated by
taking So(En) to be “o°£°)(E1*En)- Values of
Sz(x,E) of Eq. (23) for £ = 1 have been neglected.
The source term So(x,E) has been taken to be a prod-
uct function with energy dependence designated by
So(En) and the seme spatial dependence as ¢°(x,E).

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

f(()p)(En) - f(()p)(En) + .6{1‘(()1’)(En) - f(()p-l)(En)},
(55)

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

ence criterion for the iteration sequence is

|1 - 22D )/ePe )| s 1075, (56)

for each En' When convergence has 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

nn el }
side less the term ho{Co +o (En) fo(En).

With fO(En) determined by the Gauss-Seidel it-
eration, the remaining components fl(En) . f3(En)
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are given by Egs. (49) ... (51).
K < 0, these equations are modified as described

For K= 0, or

above,

VWhen NSPEC is set to O, fo(En) is given by a
Maxwell distribution normalized according to Eq.
(5%). The components fl(En) . f3(En) are given
by Egs. (49) ... (51) as in the previous case. The *
residuals are set equal to O.

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

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

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

An integration of Eq. (23) over erergy groups
is the basis for the few-group edits of cross sec-
tions to be used in transport codes., For flux com-
ponents ¢£(x,E) of the form of Eq. (47) or Eq. (53)
the spatial dependence of Eq. (23) is a common fac-
tor for each valuec of 4.
corresponding to energy interval Em+

For the energy group m,
<

1 < E Em’ the

group flux components are given by

E
o

FGPF(L,MFG) = Fﬁm) = £, (E)eE. (57)

Bl

Similarly the moderator scattering cross section for

the group is
Em
-1
E“‘)={F£m)} J- 0o (B)E, (E)a,
Bl

(s8)

The corresponding group scattering cross section for

the i-th isotope is just the value cii),

QMOFGP(L,MFG) =

since
this is energy independent. The group absorption
cross sections for the moderator, and the nonmoderat-

ing isotopes are, similarly,

E
-1 m
RMOFGP(L,MFG) = rim) = {F!('m)} J oﬁo)(E)fz(E)dE,
Bl

(59)




RISFGP(NISO,L,MFG) = ( )

(’“)} f oD(eye, (m)as. (60)

For 4 = O, the group value of V(i)cr(,i)(E) is

FISFGP(NISO,MFG) = wim)

{(m)} J. ¢S (i)([:)f (E)ae. (61)

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 B
sim) ={p£"‘)} J oSl(2)e, (E)E. (62)
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 cgi)f’}fi) of Eq. (26), since these are
For the inelastic part of the

scattering in integral the group cross section for

energy independent.

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

(k)} J J (£) (g ~E)E, (E )aE_.

(63)

Keom for the modergtor

The whole scattering in term pz
is the sum of (62) and (63),

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

f) E"‘)s g

+ s K ? (64)

where Skm, the Kronecker delta, is 1 for k = m, and
0 for k £ m.

The integrals of Eqs. (57) ... (63) are evalu-
ated by trapezoid rule integration. Based on the
index JPRBNO, two types of edits of the moderator
and isotope cross sections are provided. Both are
based on the format for the code DTF-IV.3 For
JPRBNO 2 O, transfer cross sections from each ther-
mal group to every other thermal group are included.

The format of these cross sections is

ing considered, i.e. for m-i < k < mih,

. W e 0
vo 0
0 ifL>0

qEm) + r‘(nl) Uéi) (m)

o T1,2
Uup Z 0
k<m
Ugo—g+2 p:4-2-~m 0 (65)
c,go-g+ 1 pf*-l —-m 0
B8 " Ugi)i,-ii)
Ug -g -1 p:x-l—om 0
c,go-g-a px;x -2-m 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 Egs. (58) ... (64). The
order in which the cross sections are punched begins
0 in the suc-
where mma.x = NFGP. This is fol-
loved by values for m = 1, moox

with moderator cross sections for £ =
cession m = 1, Woax
for 4 = 1,2,3 suc-
cessively. A similar sequence is followed for iso-
tope 1, and subsequently for the remaining isotopes
in order. In asgreement with the DTF-IV input format
8 header card appears before the part of the deck
referring to a given value of £, and is used to
print JPRBNO, the number NMIX of the composition be-
ing treated, the label MODERATOR or the number of
the isotope, and the value of £. The cross section
valuesare also printed out, with the sole difference
that a hea.diné 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
of Eq. (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

in terms p:_‘m
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;n-‘Hm pix-ham ;n-h-om+l+ cee 4 3, ,m= 5,
(66)

pr{-lwm_.pf*-ham + T-h—m-l b e B l’ ms%ax_h.
(67

Physically, these replacements correspond to alter-
ing the transfer cross sections so that down-scat- -
tering below the fourth lower group is put into the
fourth lower group, and similarly for up-scattering.
VWhen 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
is unchanged for each group. The modified table of
values of pf*m corresponding to Eq. (65) has only
the nine elements for m-4 < k € mel, The similar
table for the heavy nonmoderating isotopes also

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

JPRBNO 2 O JPRBNO < 0

IHT = 3 T = 3

I}xs-mm+h S = 9 (68)
THM = 2m  + 3 IHM = 13.

A second difference for the JPRBNO < O case is
that an input paremeter, STRAND, which is the 4 = 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
The two systems coalesce if m . <k,
and in this case a negative JPRBNO is changed to
its gbsolute value in treating the first mixture,
and for NMIX 2 2 the value of STRAND should be
omitted from the input.

Macroscopic cross sections are also edited and

cross section.

printed by GLEN. The macroscopic group cross sec-
tions for scattering, absorption, and transfer re-
spectively are

QMACFG (L, MFG) = Q("') =n_a (“‘) +Znicgi), (69)
1

RMACFG(L,MFG) = R(m) horim) +Zhirg1‘)', (70)

PMACFG(L, KFG, MFG) = Pf‘"‘ oy e "'(Zn (1) (i))

(11)

In addition, the macroscopic fission cross section

and source are given by

Facro(vre) = w(B Z “1"(m)’ (12)
Em

SRCFGP(MFG) = sf)’“) =n, o:(LO)(El-oE)dE, (73)
Enel

where the integral of Eq. (73) is evaluated by
trapezoid rule integration. The group fluxes Fzm
of Eq. (57) and the group perameters of Egs. (69)
eses (73) are printed out.

As a verification of the edited parameters,
check quantities based on the integration of Eg.
(23) over energy are used. In terms of the mecro-
scopic few-group perameters, these integrals appear
as sums, Since the total scattering out must be

identical with the total scattering in, the rela-

tion
D almelm Z: P, (74)
m

()

holds for any scalar flux values Fo . For the case

NSPEC = 1, and K 2 0, the scalar flux cos Bx ro(z)
is a solution of Eq. (23), and the flux components
obey the equation

BZF{’“) + ZR(()’“)F(()“) ~ Z s(()m) (75)

to the degree of approximation of the iterative
method used in solving Eq. (48). For K< 0, B in
Eq. (75) is replaced by - #. For NSPEC = O, the
normalization of Eq. (54) assures that Eg. (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 Eg.
(75). Since the higher flux components fl(En),
fa(En), f3(En) are given by the approximations of
Eqs. (49), (50), and (51) to Eq. (23), these com-
ponents, for K 2 0, obey approximately the relation-

ships
- ofs i)+ A | el
ZPTmF:(Lk), (76)




B[% EF?") + %‘ z Fim)] + Z Qém)Fém)
+ 2 R o § z B8, (77)

m
] 3[37. Z Fém)\ . g HONON Z{ NOND
~ Z Z P];_‘mng).

In practice the approximation of obtaining flux com-

(78)

ronents by means of the diagonalized form correspond-
ing to Eq. (38) is accurate enough that the agree-
ment of the two sides of Egs. (76), (77), (78) is
usually to the eight significent figures printed.
For K< O, B of Eqs. (76) and (78) is replaced by %,
and B of Eg. (77) is replaced by - #. The check
quantities of the left and right sides of Eqs. (74)
e+ (78) are printed out by comparable peirs in the
left-right and also in the numerical order of these
equations, under the title CHECK SUMS.

VI. INPUT FOR GLEN.

1. Title card 12A6
Card output from TOR:
2. IDEN, TEMPEN, GAMO I 10, 2 E 20.8
3. AFAREC, HREC, AFAEPS, HEPS 4 E 20.8
L, NLIM 110
5. REC(N), N = 1, NLIM 4 E 19.8
6. MLIM 19
7. EPS(M), M =1, MLIM 4 E 18.8
8. NPROD I8
9. SKE(N,M), N = 1, NLIM,
M= 1, MLIM 5 E 15.8

10. JPRBNO (Identification no. used

in card output, < 5 digits) I10
11, NENERG (No. multigroup energies,

< 87) I10

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

group energies, E > E ., > 0) 4 E 2.8

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

15. INSELR (0 or 1), BRGLIM I 10, E 20.8
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 INSEIR = O go directly
to 16. below

ce BRGLIM is the Bragg limit
of the crystal, e.g.

4 E 20.8

.0062 ev, for heryllium, and
00175 ev, for graphite
16. NFGP (No. few groups, £ 20) I 10
17. ENFEGP(N), N = 1, WFGP (few-group

energies, subset off 12.,

Ey > By > +0)

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

Following are for each mixture:
19. INDAMO, ENODMO (Moderator ab-
sorption indicator INDAMO (0O
or 1) and number density
ENODMO 2 .0) T 10, E 20.8
a. If INDAMO = O, read in ENABMO,
SIARMO (Energy ENABMO > .0 for
which moderator absorption
crogs section is STARMO 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. additional isotopes,
1 < NISOMA < L) 110

21. For NISO « 1, NISOMA read in for
each isotope INDAIS(NISO), INDFIS
(NISO), ENODIS(NISO), SIGSIS(NISO),
SIP1IS(NISO) (Absorption indicator
INDATS (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) 2110, 3E=20.8
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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 = .0)

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

c. If INDFIS(NISO) = O, resd in
ENFIIS(NISO), SIFIIS(NISO)
(Energy ENFIIS > .0 for which
value of Vo p for isotope
is SIFIIS 2 .0)

d., If INDFIS(NISO) = 1, reed in
SIGFIS(NISO,N), N = 1, NENERG
(Product vo g 2 <0 of isotope

fission cross section Op and

2 E 20.8

4 E 20.8

2 E 20.8

average number v of neutrons
4 E 20.8
E 20.8

per fission)
23. BUCKIE (Buckling)
24, NSPEC (Spectrum indicator, 1, O,

or -1)

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

be. 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

25. STRAND
Omitted for JPRBNO 2 O. For
JPRBNO < O, microscopic transfer

crogss section into highest energy

4 E 20.8
E 20.8

thermel 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 102h
cm3 .

2) Buckling is in units cm-a.

3) Mass ratio FACMAS is ratio of neutron mass to

atoms/

L

4)

5)

6)

7)

8)

VII.

1.

nuclide mess.

Energies 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
equal to 1. Or if the energy dependence is 1/v,
the indicator may be set equal to O, and the
code will then compute values for all energies,
e.g. of the absorption cross section corre-
sponding to the value STABIS at the energy ENABIS.
The quantity averaged is the product VO o) rather
than o £*

The few group energies, ENFEGP(N), are a subset
of the multigroup energies, ENERGY(N), and every
value 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
moderstor. If no other isotope is present in
the physical 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 mein program.

The formal output of the code is divided into
two parts. The first pert consists of printed
output of moderator cross section parameters and
is carried out by the subroutine GINRIT. The
second pert is carried out by the subroutine
GLPRNT for each of the mixtures, up to & maxi-
mum of ten mixtures. A printout of results for
each mixture is given. In addition, the group
cross sections for each isotope in the mixture
are punched in the format of the cross section
input of DTF-IV.

Printout of input perameters:

2.

3.
4,

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




5.
6.

Te

10.

11.

FACMAS

EINI(NINI), EFIN(NFIN), SIGLO(NINI, NFIN),
SIGL1(NINI, NFIN), SIGI2(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-

cients o:(LO)(Eo ~ E)eoe °:(L3)(Eo ~ E) of the

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

sion, cl(Eo -~ E,8,T) =

(lm)-l; (%I)UZ(L“(EO - E)Pz(cos 8). Here

ol(Eo -~ E,0,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 o:l(Eo) and oil(Eo) of the
pure elastic double differential scattering
cross section cxo(Eo - E,8,T) in the Legendre
polynomial expension cxo(Eo -~ E,8,T) =

(lm)'lé: (2441)0S LB 6(5-E, )P, (c0s 8).

ENERGY(N), SINPO(N), SINPL(N),

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

The parameters SINPO(N)---SINP3(N) are the in-~
tegrals over f£inal energy E of the cross sec-

(
1

ENERGY(N), sToT(N), STRL(N),

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

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

STR1(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

tions o 0)(Eo - E)"°°:(L3)(Eo —~ E) respectively.

The remaining perame-

monatomic gas analogues of cx:(Lo)(Eo - E) and

o:(Ll)(Eo -~ E) are printed. These correspond to

the values of TEMPEN, 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 ¢ 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.
1k,
15.
16.

17.

18.

19.

20.

21.

22,

23.
24,

NFGP

ENFEGP(N), N = 1, NFGP

INDAMO, ENODMO

If INDAMO = O, ENAEMO, SIABMO

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

NISOMA

INDAIS(NISO), INDFIS(NISO),
SI1GSI1S(NISO), SIP1IS(NISO),
If INDAIS(NISO) = O, NISO,
ENABIS(NISO), STABIS(NISO),
for NISO = 1, NISOMA

If INDFIS(NISO) = 0, NISO,
ENFTIS(NISO), SIFTIS(NISO),
for NISO = 1, NISOMA

N, SICATS(NISO,N), ¥ = 1, NENERG

for NISO = 1, NISOMA. Absorption cross sect;l.on
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
(o} MAXWELL NEUTRON SPECTRUM
-1 NEUTRON SPECTRUM READ IN

Macroscopic cross sectioas:

25.

These cross sections are defined in terms of
the moderator and isotope cross sections and
number densities of 10...22:

15



For N = 1, NENERG:

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

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

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

SMATRO(N) = ENODMOs STOT(N) + SMAABS(N)

SMATR1(N) = ENODMO# STR1(N) + SMAABS(N) +
(ENODIS(NTSO)# (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 parameter SMASCT(N) is the macroscopic scat-
tering cross section for the mixture including
the moderstor and all additional isotopes. Simi=-
larly, SMAABS(N) is the macroscopic absorption
cross section for the mixture, and SMAFIS(N) is
the macroscopic 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.% SMATRL(N))
SOURCE(N) = ENODMO% SIGLO (1, N)
for N = 1, NENERG
values from diffusion approximetion calculation:
27. Diffusion length DFIGFI including a transport

correction TRCORR based on the P3 approximation.

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

1

For comperison the Maxwell distribution
SPMANO(N) normalized according to the same con-
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vention. A residual DFLRSD(N) which expresses
the accuracy with which the spectrum DFLFO(N)
satisfies the integral equation which implies
the diffusion length. To assure that the itera-
tive process used in solving this equation has
converged to a physically significant result,

it should be verified that all values of
DFIRSD(N) are smell in magnitude, usually less
than 1073, and that all values of DFLFO(N) are

non-negative.

Values from Pll diffusion length calculation:

30. In the Pll approximation the diffusion length
DFLPl11, and the Pll correction P11COR to the
diffusion approximetion.

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

32, For N = 1, NENERG the isotropic neutron spec-
trum DF11FO(N) normalized as in 29. above, and
the corresponding £ = 1 spectrum component
DF11F1(N). For comparison with DF11FO(N) the
normalized Maxwell distribution SPMANO(N) is
printed. The residuals DF11RS(N) are printed
and the criterion that these are smell, usually
less than 1073, should be verified to assure
that a converged solution has been obtained.
In addition, for a physically significant solu-
tion both DF11FO(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 approximetion 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:
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 L = 1, 2, 3 are those implied
by the transport equation to correspond to the
specified scalar flux. For the hardened neutron

The values for




3.

spectrum the accuracy of the solution obtained
by Gauss-Seldel iteration is specified by a
residual B2RSD(N). For complete convergence
each of the values of this quantity should be
less than 1077, 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
macroscople 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 read-in spectrum this is 1. For the
hardened spectrum it is < 500 for complete con-

vergence.

35.

The isotope edits for input to DTF are punched
and also printed out. The order of the quanti-
ties is that for cross section input for DTF=-IV
(1A-3373, P. 54). For each energy group the
cross sections are in the order: oa, \Jof, g,
o, ... o?a"g, o§+l_°g, of‘g, ogs-ldg,

=2
082,

Two optional forms of punched
edit are available. For JPRBNO = O, the punched
edit includes transfer cross sections from each
thermel group to all other thermal groups, and
no provision is mede for any epithermel group.
This is intended for problems which involve
only thermel neutrons with a 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 ¢ is always in position 3, (or
= 3), the diagonal transfer cross section is
in position NFGP + 4, (INS = NFGP + 4), and
the length of the table is 2% NFGP + 3, (IHM

= 2« NFGP + 3).

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

transfer cross sections specified only in the

s
sequence og:lhg, e o?g,... og €. The end

cross sections in this sequence, o?hﬂg and

og-hﬂs, are corrected so that the total scatter-
1

ing-out cross section from a group, Z ofg )

is equal to the total cross section g. In this
option the totel cross section is egain in posi-
tion 3, (IBT = 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 tbe card output, all cross sec-
tions for all groups (ICM = NFGP) are punched
in format 1P6E12.4t in a continuous set of num-
bers, totalling IGM# THM. This format is called
for by DTF 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
as 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 £ = 0
are punched, then successively those for £ =

1, 2, 3. Next the cross sections for isotope 1
are punched in the order 4 = 0, 1, 2, 3. Fol-
lowing this the cross sections for isotopes 2,
3, and 4 are punched in similar fashion.

The deck for a mixture mey 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
8 repeat of the title card and the second a
card giving the mixlure number NMIX. These are
to be removed before the deck is used as input.
Second, the program automatically punches values

17




36.

18

for 4 =0, 1, 2, 3. If the higher anisotropic
components for £ = 2, 3, are not wanted in the
DTF 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, isoctope 1.
If there is no additional physical isotope,
this will be a dummy, corresponding to zero
number density and with meaningless cross sec-
In this case the part 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
L. 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 in=-
put in a continuous sequence for all groups, it
is necessary to read the card output from GLEN
into the machine and construct & new continuous
array. The following read instructions may be
used to read the GLEN card output for each 4:
READ (10, 1) ((cs(z, M), I =1, 13), M= 1,
NFGP)
1 FORMAT (1P6E12.4)

The input parameter 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
L = 0.
from epithermal to thermal groups included in
the punched edit.

This is the only trensfer cross section

Few-group macroscopic cross sections correspond-
ing to the number densities ENODMO and ENODIS
(NISO), NISO = 1, NISOMA, and to the isotopic
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 average of the
product VO o for £ = 0., Similarly the source
dependence 1gs for the isotropic source (4 = 0).

given.

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

* numbers should be identical to all the figures

The third, fourth,and

£ifth peirs 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 normelized to the source and the numbers
should 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 and run on the
CDC 6600. The core storage requirement is approxi-
mately 55,600.
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PROGRAM GLEN(INPUT,TARE10=INPUT,
10UTPUT s TAPEO=QUTPUT,
2PUNCH.TAPE11=PUNCH)

C GLEN NECK

COMMON NLTIM¢MLIM, TEMPENsAFAREC+HRFCsAFAEPS(HEPS,
INENERG¢FACMAS ¢ SIGBND+SRD4PIARECP1 4AEPSP1,
2ARP1H2,AEP1H2,COSMU(AN) ¢yWATE (60) ¢SIGSCT(60) ¢ SIMUCK (38)
3NMUMAX ¢ NMUM1 ¢ NMUM? ¢ NMIJM3 4 GLNREC ¢ GL NEPS o
GNINI ¢ NFIN¢NMUGREC (50) ¢EPS(50) ¢ SKE(51451) o
SIDEN,ENERGY (91) ¢ FINI (91) EFIN(91) ,AFIELD(12) s
6GAMO,SIGLO(B7+88) ¢SIGL1(B74RB)¢SIGL2(BT7+88)¢ySIGLI(B7488),
TSELPO(90) ¢ SELP1(90) e STINPO(90) ¢+ SINP1(90) ¢ SINP2(90) ¢SINP3I(90)
B8STOT(90) 4STR1(90)¢STR2(90) ¢STRI(90) )

COMMON NFGPENFEGP (21) yNMIXMA(NMTI X9 INDAMO,ENODMO,
1ENABMO4STABMO,SIGAMO(90) yNISOMA4NISO,
2INDATS (4) s INDFIS(4)sENONDIS(4) 4SIGSIS(4)eSIP1I5(4)Y,
3ENABIS(6) ¢STABIS(4) oSIGAIS(4490) ¢ENFTIIS(4) ¢SIFTIS(4)¢SIGFIS(4490)
GRUCK(F ¢NSPECsSMASCT (9N) ¢y SMAABS (90) ¢ SMAF IS (Q0) ¢ SOURCE (Q0)
SSMATRO (90) ¢ SMATRY (90) ¢y SMATR2(90) ¢ SMATR3(90) ¢+DIFCOF (90) o
GNDFLIToDIFLGT(100) ¢RCNFLP2¢DFLFO(90) ¢+ SPMANO(G0) o
TOFCOFI1(90) ¢yOFLGFT 4 TRCORRDFLRSD(90) o
ANFCFR?(90) ¢B2F (4,491) (R2FOLD(90) NR2IT,82RSD (90)

COMMON MFGoeFGINGD (91) e FGPEINGNFGPL (21) ¢ENINWT (90) o
1FGPF (4¢20) ¢ QMOFGP (4920N) « RMOFGP (4¢20) yRISFGP (444420) o
2SELOFG(20) ¢+ SEL1FG (20) 4 PMOFG(4,420420) ¢FISFGP (4,20 o
ISRCFGP(20) +QMACFG(4920) +RMACFG(4420) ePMACFG(4420420) 9
4FMACFG(20) oFSUM(4) e QSUM(4) yRSUM(4) sPSUM(&) o
SCKIDL ¢CKTDR¢CKSUOL yCKSUOR,CKSUIL¢CKSU1LR,
6CKSUPL ¢ CKSU2R«CKSU3L « CKSU3R ¢ JPRBNQO ¢+ STRAND 4
TSSMPRT (20) ¢ SPRTOT (20) o FISPRT (20) ¢PPRT (40,420)

COMMON NDF11,NFLP114P11COR,DF11F0(87),DF11F1(87),DF11RS(R7)

COMMON DFCO11(R7)

READ(1041) (AFIELD(J) ¢.Jm1412)

FORMAT (12A6)

WRITE (94801)

FORMAT (2H] )

WRITE (991) (AFIELD (J) e Jm1412)

READ(104901) INEN4TEMPFEN,GAMQ

FORMAT(I1042E20.R)

FORMAT (4E20,R)

RFAD(10¢2)AFARECIHREC ¢AFAEPS HEPS

READ(10N43)NLIM

FORMAT (110}

READ (1044 (REC(N) e N=1 o NL IM)

FORMAT (4FE19,.8)

READ (10¢5)MLIM

FORMAT (19)

RFEAD(10¢4) (EPS (M) ¢MmY ¢MLIM)

FORMAT (4E18,8)

READ (10 7)NPROD

FORMAT(IR)

NO B Na] NLIM

READ (10¢9) (SKE (NoM) ¢Mz1 ¢ ML IM)

FORMAT(S5F15,.8)

WRITE (994902)SKE (141) « SKE (291) ¢ SKE (NLIMgMLIM)

FORMAT (1NHOSKE (1e1)%eF1548¢10H SKF(24))=yE15480
116H SKE(NLIMsMLIM)mIF15,.R8)

READ (1043) JPRRNO

INTNCK=0

RFAD (1043)NENFRG

IF (NFNERGeRT)Y12¢12410

WRITE(9411)

FORMAT (1 7THONENERG TO0O LARGE)

ININCK=]

TF (NFNERG)Y 13413415

WRITE (9414) .

FORMAT (20HONENERG NOT POSITIVF)

ININCK=]1+ ININCK

READ(1042) (ENFRGy (N) ,Nu1,NENERG)

GLNCMP=ENERGY (NENERG)
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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
000342
000364
000366
000401
000403
000408S
000406
000414
000414
000416
000421
000633
000434
000436
000437
000442
000443
000651

000451
000453
000454
000455
000457
000463
000465
000471
000473
000474
00047S

000510
000513
000514
000516

000540

IF (GLNCMP) 951,951,953
Q81 WRITE(94952)
952 FORMAT(2RHQLAST ENERGY LESS/EQUAL Z2ERO)
ININCK=1+ININCK
953 NRGLS1=NENERGe1
NO 1R N=1,NRGLS1
GLNCMP=ENERGY (N) «ENERGY (N+1)
IF (GLNCMP) 16416418
16 NOUT=Ne1
WRITE(9+17)NOUT
17 FORMAT(BHOENERGY(,13,15H ) Out OF ORDER)
ININCK=1+ ININCK
18 CONTINUE
aEAD(1042)FACMAS
IF (FACMAS) 19419471
19 WRITE(9.20)
20 FORMAT (23HNFACMAS LESS/EQUAL 7ERO)
ININCK=1+ININCK
21 IF(FACMAS@1,)24¢74¢22
22 WRITE(9,23)
23 FORMAT (24HOFACMAS GREATER THAN ONF)
ININCK=1+ ININCK
26 READ(10,2)SIGRND
IF(SIGBND) 25475¢27
25 WRITE(9426)
26 FORMAT (23H0SIGBND LESS/EQUAL 7ERO)
ININCK=] s ININCK
27 SBD4PI=SIGBND/12,%6637)
READ(10,901) INSELR,BRGLIM
IF(INSELR) 30432429
29 IF(INSELR«1)30,32,30
30 WRITF(9,31)
3] FORMAT(17HOINSELR INCORRECT)
ININCK=1e ININCK
32 IF(INSELR)37437433
33 READ(1ne2) (SELPO (N) sN=] ¢ NENERG)
DO 36 N=1,NENERG
GLNCMPaSELPO (N)
IF (GLNCMP) 344360436
34 WRITE(943%)N
35 FORMAT(THNSELPN(413411H ) NEGATIVE)
ININCK=1+ ININCK
36 CONTINUE
READ(1042) (SELP1 (N) ¢+Nul ¢NENERG)
GO TO 39
37 DO 3R N=m],NENERG
SELPO(NI=,0
38 SELP1(N)=,0
39 TF(ININCK)Y&40¢50040
40 WRITE(9441) ININCK
41 FORMAT(32HQINPUT THRI! SELP] CHECKED. ABOVE,
113431H ERRORS FOUNDe PROBLEM STOPPED,)
sSTOP
50 NPRSIG=1
CALL GLNFIR
DO S1 NINI=] ¢NENFRG
51 FINI(NINT)=ENERGY (NINT)
NO $2 NFIN=l,NENERG
52 FFIN(NFIN)=ENERGY (NFIN)
DO 80 NINI=]1NENERG
NO 79 NFINaNINI,NENERG
DO S5 NMUm] oNMUMAX
GLNRECEFACMAS#® (EINT (NTNT) «EF ININFIN)
122, *((EINT(NINI)SEFIN(NFIN) ) #u,5)#COSMU (NMU) )
GLNEPS=EF IN(NFIN)«EINT(NINI)
CALL GLNINT
1F (NPRSIG)S3,55,55
53 WRITE (9¢S4ININI¢NFINGNMUGEINT (NINT) o
1EFIN(NFIN) ¢ COSMU (NMU) 4SIGSCT (NMU)
54 FORMAT (6HONINIm¢I13,6H NFINmyI13¢45H NMiyme13,
16H EINI®4E15.R96H EFINRIE1S.Re7H COSMURGE15,8,
2RAH SIGSCT=,E15,8)



000540
000543
000544
000545
000546
000547
000851
000553
000%55
000857
000565

000576
000577
000600
000601
000602
000604
000606
000610
000612
000620

000631
000633
000638
000637
000641
000643
000645
000647
000651
000653
000655
000660

nnne666

000676
000701
000705
0oo0707
000727

000727
000734
000740
000744
000746
000766

000766
000773
000777
001003
001005
001028

001025
001032
001036
001042
001044
001064

001064
001071
001074
001076
001077
nol1o1l

55
56

57

SR
59

60

61

62

4«21

63

64
68

66
67

6R
69

70
7

72
73

74
75

76
77

78
79
/0

CONT INUE

SIGLNT=,0

SIGL1T=,0

SIGL2T=,0

SIGL3T=,0

NO SA NMU=m1 NMUM]

SIGMUL=SIGSCT (NMU) #WATE (NMU)
SIGLOT=SIGLOT+SIGMUL
SIGL1T=SIGL1T+SIGMUL#COSMU (NML))
SIGL2T=SIGL2T+SIGMULS (3,% (COSMU (NMU) ##2) w1,)
SIGLATRSIGL3T+SIGMUL® (§,% (COSMU (NMU) ##3)
1«3 ,%COSMU (NMU) )

SIGLOC=,0

SIGL1C=.p

SIGL?C=.0

SIGL3C=,0

00 61 NMUsNMUM2 ¢NMUM3
SIGMUL=STGSCT (NMU) #WATE (NMU)
SIGLNAC=SIGLOCSSIGMUL
SIGL1C=SIGL1C+SIGMULaCOSMU (NMU)
SIGL2CRSIGL2C+SIGMUL® (3,# (COSMU (NMU) #82) =1,)
SIGL3IC=SIGL3C+SIGMUL#S (G, % (COSMU (NMU) ##3)

1«3 *COSMU (NMU) )

SIMUCK(3)=,08BRB8BR84#S1GSCT (3)
SIMUCK(8)=,177777784STIGSCT (8)
SIMUCK(13)=.177777788S1GSCT(13)
SIMUCK(18)=m,177777784SIGSCT(1R)

SIMUCK (23)=,133333344SIGSCT(2)
SIMUCK(28)2406666666#S1GSCT (2A)
SIMUCK(33)m,044444448S1GSCT(33)

SIMUCK (38)2,022222224STGSCT (3R)

PO 621 NMUCK=3,38,5

SIGLNCESIGLOC+SIMUCK (NMUCK)
SIGL1C=SIGL1C+SIMICK (NMUCK) #COSMU (NMUCK)
SIGLPC=STGL2C+SIMUCK (NMUCK)

14 (3.4 (COSMU(NMUCK) ##2) a1 ,)
SIGLIC=SIGL3IC+SIMCK (NMyYCK)

14 (5% (COSMU (NMUCK) #83) =3, 4COSMU (NMUCK) )
IF(ARS(SIGLOT) w1l ,F=06)660669673

FRCDFN=ABS (1,«SIGLOC,/SIGLOT)

IF(FRCOFN=,01) 66466064

WRITE(9e65)ININT ¢NFINSEFINT(NINT) oEFIN(NFIN) ¢SIGLOT(FRCDFO
FORMAT (6HONINIz473,6H NFINz,13,6H EINIz.E15,8,
YAH EFINm.E1S5.R¢8H SIGILOTu4E15,898H FRCOFOm,E1'5.8)
SIGLN (NINI(NFIN)=6,2R318534SIGLOT

IF (ARS(SIGL1T)w]1,E«06)70.70467
FRCDF12A8S(1,«STGL1C/SIGLYIT)
IF(FRCOF1=,02)7047096R

WRITF (9469)NINI JNFINGEFINTI(NINT) EFIN(NFIN) ¢SIGLIT,FRCNF1
FORMAT (6HONINIz¢13,6H NFINm,13¢6H EINIx,E15,8,
16H EFIN=,E15.R¢AH SIGL1Tm¢E15,R¢RH FRCOF1=4E15.8)
SIGLY (NINI(NFIN)=6,2R318534SIGLIT

TF (ARS(SIGL2T) w1 ,E«0R)T4,4T4, 71

FRCOF2£ARS (1.«S1GL2C/SIGL2T)

IF(FRCOF2w,04) 74,764,477

WRITE (9473)NINTGNFIN FINT(NINT) JEFIN(NFIN),SIGL2T,FRCNF2
FORMAT (6HONINT®oT3.6H NFINZoI13¢6H EINImeE15.,89
16H EFINR4E1S.Re8H SIGL?2T=¢E15.8¢84 FRCDF2z2¢E1%8)
SIGL2 (NINT(NFIN)=3,16159274SIGL2T

IF (ARS(SIGL3T) =] ,E=0R)TR«7B4 75
FRCDF3=ABS(1.«SIGL3C/SIGL3T)

WRITE (9¢7T7ININI¢NFINGEINT (NINT) ¢EFIN(NFIN) 4SIGL3T(FRCDF3
FORMAT(6HONINImeI346H NFINmo1346H EINIm¢E15,8,
16H EFINR,E15.8,8H SI1GL.3Te,E15,848H FRCOF3m,E1%.8)
SIGL3(NINTNFIN)=3,14159274SIGL3T
CONTINUE :
CONTINUE

N0 82 NINI=2,NENERG
NINLSI=NINTe]

N0 81 NFIN=]1sNINLS]
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22

oo1102

001115
001122
001126
001132
001136
001140
001142
001143
001145
001147
001151
001155
001157
001162
001162

001175
001200
001207
001210

001226
001231
001233
001234
001235
001236
001240
001243
001245
001247
001250
001252
001253
001256
001264
001267
001273
001300
001303
001306
001311
001315

001316

001317
001321

000002

DBFACT=(EFIN(NFIN) ZEINT (NINI))®EXP ((EINI(NIND)
1=EFIN(NFIN))/TEMPEN)
SIGLO(NINT 4 NFIN) =DBFACT#SIGLO(NFINGNINT)
SIGLY (NINIJNFIN)=DBFACT#SIGL] (NFINGNINT)
SIGL2 (NINI ¢NFIN)=DBFACT#SIGL2 (NFINGNINI)
SIGL3(NINTI NFIN)=DBFACT#SIGL3I (NFINGNINT)
A1 CONTINUE ‘
A2 CONTINUE
IF(INDFN)R21489,821
n21 N0 B8R N=m] (NENERG
GLNCMP=ENERGY (N) «RRGLIM
IF (GLNCMP)BB+RBeR22
R22 AELSTCa?2,#FACMAS#GAMOWENERGY (N)
IF (AELSTC=,0001)R3¢83.84
B3 SELPO (Ny=SELPO (Ny +SIGRND
R0 TO RS
84 SELPn(N)=SELPo(N)
14.5%SIGRNN* (1 ,«EXP (=2 ,#AELSTC) ) Z/AELSTC
85 IF (AELSTCe,03)86,864R7 i
86 SELPY(N)=SELP] (N)+SIGBND#AELSTC#(}.~AELSTC) /3,
GO TO 88
A7 SELP1 (N)aSELP1(N)
14.5%SIGBNND® ( (1 4 *AELSTC) *EXP (=2 o #AELSTC) SAELSTC=1,)
2/ (AELSTC#H#2)
AR CONTINyE
89 NERGP{=NENERG+]
ENERGY (NERGP1) =,0
FINI (NERGP1)=,.0
EFIN(NERGP1)=,0
DO 91 N=1,NENERG
FNWT1=m,5# (ENERGY (1) =FNERGY (2))
SINPO (N)=ENWT14#STGLO(Ne1)
SINPY (N)=ENWT1#STGL1(Ne1)
SINP2 (N)aENWT1#STGL2(Ne1)
SINP3(N)=ENWT1#SIGL3(N,s1)
N0 90 J=m2,NENERG
ENWT22,5% (ENERGY (J=1) «ENERGY (J+1))
SINPO (N)=SINPO (N) oENWT24SIGLO (N4 J)
SINP] (N)=SINP1 (N) +ENWT2#SIGL] (NoJ)
SINP? (N)=SINP2(N) +ENWT2#SIGL2 (NeJ)
90 SINPI(N)=SINP3(N)+ENWT2#SIGL3(N¢J)
STOT (N)=SINPQ (N) +SELPO (N)
STRI(N)=STOT(N)=SINP1 (N)«SELP1 (N)
STR2(N)=STOT (N)«SINP2 (N)
91 STR3(N)=STOT(N)=SINP3(N)
GCALL GLNRIT

c TO OMIT CALCULATION NF ANALYTIC CHECK IN GLEN

CALL GLFEGP
STOP
FEND

s$IAFTC GLN% DECK

SUBROUTINE GLNFIR

COMMON NLIMoMLIM,TEMPEN+AFAREC ¢ HREC s AFAEPS s HEPS o

INENERG o FACMAS s STGRND . SBDAP 14 ARECP] ¢ AEPSP1

2ARP1H2 4 AEP1H2, COSMU(AN) yWATE (60) ¢SIGSCT (60) ¢ SIMUCK(38) 4
INMUMAX ¢ NMUM] ¢ NMUM2 ¢ NMUM3 4 GLNRF.C s GLNEPS ¢
ANINI ¢ NFINJNMUJREC (S50) 4EPS(50) ¢ SKE(51451) s
SIDENGENERGY (91) sEINI(91) 4EFIN(91) AFIELD(12)
66AMO 4 STGLO(B7¢88) ¢SIGL1(B7:88) ¢SIGL2(87+88) ¢SIGLI(B7+88) o
TSELPO(90) ¢ SELP1(90) ¢+ SINPO(90) ¢ SINP1(90) +SINP2(90) 4SINP3(90)
8STOT(90) ¢STR1(90) eSTRP2(90) ¢STRI(90)




000002

000002

000002
000002
N00002
000004
000006
000010
noonl2
000014
000016
000020
000027
000031
000040
000042
000043
000045
000046
000080
000051
nooos3
000054
000056
000087
0onnoekt
000062
000064
no0n6s
000067
000070
000072
000073
00007S
nooo7s
000100
000101
000103
000104
000106
000107
000111
000112
000114
0001158
000117
000120
non122
000123
000125
000126
000130
000131
000133
000134
000136

N

~N>rnSw

COMMON NFGP¢ENFEGP (21) ¢NMIXMA(NMIx ¢ INDAMOENODMO,
1ENABMD ,STABMO,SIBAMO (90) yNISOMA,NISO,
2INDATS (4) s INDFIS (4) sENODIS(4) ¢SIGSIS(4) ¢SIP1ES(4A),
3ENABIS(4) e STARIS(4) sSTGATS(4¢00) ¢FNFIIS(4)¢SIFIIS(4)¢SIGFIS(4490),
4RYCKLE NSPEC,SMASCT(9N)  SMAARS (90) ¢ SMAFIS(90) 4 SOURCE (90) ,
SSMATRN (90) ¢ SMATR] (90) s SMATR2(90) ¢ SMATR3(90) ¢sDIFCNF (90) ¢
6NOFLTITDIFLGT(100) yRCDOFL2+DFLFN(90) ¢ SPMANO(90) ¢
TNFCOF1(90) «DFLGF 1, TRCORR(DFLRSD(90) s
ROFCFR2(90) ¢B2F (4491) 4R2FOLD (90) +NR2IT+B2RSD (90)
COMMON MFG4FGINGD (91) ¢ FGPEINGNFGPL (21) ¢ENINWT (90) 4
1FGPF (4420) yQMOFGP (4420) ¢ RMOFGP (4420) sRISFGP (6 44420) ¢
PSELOFG(20) ¢SEL1FG(20) ¢PMOFG(4420020) o FISFGP (4. 420)
3SRCFGP(20) ¢yQMACFG (4920) sRMACFG(4¢20) ¢PMACFG (4420420) ¢
4FMACFG (20) s FSUM(4) 4QSIIM(4) ¢RSIIM(4) ¢PSUM(4)
SCKIDLsCKINR4CKSUNL ¢ CKSUQOR¢CKSIJ1L s CKSU1IR

6CKSUPL ¢ CKSIJ2Re CKSU3L . CKSU3R ¢ JPRBND ¢ STRAND ¢

7SSMPRT (20) ¢ SPRTOT (20) yFISPRT (20) ¢ PPRT (40,20} ‘
COMMON NNDF114NFLP11+P11CORGDF11FO0(BT)¢NF11F11RT)(DF11RS(8T)
COMMON DFCO11 (87}

ARECP12AFAREC+1,

AEPSP1=AFAEPS+1 .

ARP1H2=ARECP1# (HREC#42)

AEP1HP=mAEPSP1 4 (HEPS#42)

NLIMP)=NLIMe]

ML IMP1=ML IMe}

NO 4 Mml MLIMP]

SKE (NLIMP] ¢M)=,0

NO 6 N=1y¢NLIM

SKE (MyMLIMP1)m,0

COSMU(1)==,9906]1798

COSMU(2) me ,95354493

COSMU(3) 5e,9

COSMU (4) ==,B84615307

COSMU(5) aw ,8093R202

COSMU (6) == ,78123597

COSMU(7)m=,707693R6

COSMU(R)me .6

COSM(I1(9) 2w, 49230614

COSMIJ(10)Bwe418764603

COSMIJ(11) e 38123597

COSMU(12)=2=,3n769386

COSMU(13)ze,?

COSMU(14) 2a, 09230614

COSMU(15)ma N1AT6403

COSMLI(16)=,01876403

COSMIJ(17)2,09230614

COSMIJ(18)m,2

COSMII(19)=,307693R6

COSMy (20)=,38123597

COSMU(21)=,41407302

COSMU (22) 2,46922960

COSMU(23)=,55

COSMU(24)=,63077040

COSMIJ(?5)=,68592698

COSMU(?6)2,7070365]

COSMU(27)m,734614R0

COSMU (28)=,775

COSMUI(29)=,B815385620

COSMy (30) £,R4796349

COSMU(31)=,B854691n1

COSMU (32)2,87307653

COSMI1(33)=,90

COSMU (34) = ,92692347

COSMU (35)=,94530R99

COSMU (36)=,95234550

COSMU(37)=,96153R77

COSMU (38)m,975

COSM(1(39)=,98R46173

COSMUI(40) =,99765450

WATE (1)=,02369269

wATE (2)=2,04786287

23




2k

000137
000141
000142
000143
000145
000146
000150
000151
000152
000183
000154
000155
000156
000157
000160
000161
000162
000163
000164
000165
000167
000170
000172
000173
000174
000176
000177
0oo02n1
000202
000203
000205
000206
000210
000211
000212
000214
000215
000216
000217
000221
000222
000224
000225
000227
000230
000232
000233
000235
000236
000240
000241
000243
000244
000246
000247
000251
000282
000253
000258
000256
000260
000261
000263
000264
000266
000267
000271
000272
000273
000274
000278

WATE (3)=,05688888
WATE (4)=,047862R7
WATE (5) =, 02369269
WATE (6)=,04738537
WATE(7)=,09572574
wATE (R)= 11377778
WATE (9)=,09572574
WATE (10)=,04738537
WwATE (11)2,04738537
WATE (12)=,09572574
WATE(13)=,11377778
WATE(14)=,09572574
WATE(15)=,04738537
WATE(16)=,04738537
wATE(17)2,09572574
WATE(1R)=,11377778
WATE (19)=.09572574
WATE (20) =, 047385137
WATE (21)=,03553903
WATE (22)=,07179430
WATE (23)=,08533334
WATE (24)2,0717943n
WATE(25)=2,03553901
WATE (?6)=,01776952
WATE (27)2,03589715
WATE (28) =, 04266666
WwATE (79)=,03589715
WATE (30)=,01776952
WATE(31)=,01184635
WwATE (32)2,02393143
WATE (33)2,02844444
WATE (34)=2,023931413
WwATE (35)=,01184635
WATE (36)=,00592317
WATE(37)=,01196572
WATE (3R} =, 01422222
WATE(39)2,0119657>2
WATE (40)=,00592317
COSMU (4]1) e 97745967
COSMU (42) 2= ,82254033
COSMy (43) 2w, 75491934
COSMU (44) me 44508066
COSMU (45)nw,35491934
COSMU (46) e, 0450R066
COSMU(47) =, 04508066
COSMy (48) »,35491934
COSMU (49)=,43381050
COSMU (50) 2,66618950
COSMy(51)=,71690525
COSMU (52)=,83309475
cOSMU(53)1=,86127017
COSMU (S4)=,938729R3
COSMU(55) = ,955635n8
COSMU (56) = ,99436492
WATE (41) =, 05555556
WATE (42)=, 05555556
WATE(43)=,11111111
WwATE (44)=,11111111
WATE (45)=,11111111
WATE (46)=,11111111
WATE(47)=,11111111
WATE (4R)=,11111111
WATE (49) =,08333333
WATE (50) =, 08333333
WATE(51)=,04166667
WATE (52) =, 04166667
WATE (53) =, 02777778
WATE(S4)=,02777778
WATE(5%)=,01388889
WATE (S56)=,01388889
NMUMA X =56




000276
000277
000300
000301
000303
000305
000306
00032%
000326
000327
000334
000335

000002

000002

000002

000002
000002
000002
000003
000006
000011
000013
000014
000017
000021
000021
000023
000024
000025
000027
000032
000035
000037
000040
000043
000045
000045
000047

10

11
12

$IafFT

S WN -

>N

10
11

12

14

NMUMY =40

NMyM2 =41

NMUM3=5§

IF (HEPS) 1241249

DO 10 N=14NLIM

NO 10 M=) MLIM ,
SKE(NeM) = (EXP(EPS (M) /TEMPEN) ) #SKE (NoM)
HEPS=«HEPS

DO 11 M=],MLIM

FEPS (M) meEPS (M)
RETURN

END
C GLN2 DECK

SURROUTINE GLNINT

COMMON NLIM¢MLIM, TEMPENsAFARECIHRECsAFAEPS (HERS,
INENERG¢FACMAS ¢ SIGRND 4 SRD4P 1 ¢ARECP1 s AEPSP1,
2ARP1H2,AEP1H2,COSMU(60) ¢+WATE (60) ySIGSCT(60) +SIMUCK(38) o
INMUMA X s NMUM] ¢ NMUM2  NMIJM3 ¢ GLNREC ¢ GLNEPS o
ANINT oNFINGNMUGREC (50) ¢EPS(50) ¢ SKE (51451) s
SIDENLENERGY (91) o FINI (91) (EFIN(91) (AFIELD(12) s
6GAMO ¢SIGLO(B7+88) ¢SIGL]Y (R7¢88)¢SIGL2(B7¢88)+SIGLI(BT7¢88)
TSELPO(60) ¢SELP1(9NA) ¢SINPO(90) ¢SINP1(90) 9SINP2(90) s SINP3(90) ¢
8STOT(90) 4STR1(90) ¢STR?(90) 4STRI(90)

COMMON NFGP¢ENFEGP (21) ¢ NMIXMA ¢NMIX ¢ INDAMO 4 ENOOMO,
1ENABMO+STABMO+SIGAMO190) ¢y NISOMAWNISO,
2INDAIS(4) o INDFIS(4)sENODIS(4) ¢SIGSIS (4) 4SIP1IG(4),
3ENABIS(4) ¢STABIS (4) 9STGAIS(4490) ¢ENFIIS(4) oSIFTIS(4)sSIGFIS(4490)
4BUCKLE e NSPEC +SMASCT (Q0) + SMAABS (90) ¢ SMAF 1S (90) »SOURCE (90)
SSMATRO (90) ¢ SMATR] (90) ¢ SMATR2(90) y SMATRI(90) 4DIFCOF(90)
6NDFLITDIFLGT(100) sRCNFL24DFLFO0(90) s SPMANO (901} »
7O0FCOF1(90) +DFLGF 1,4 TRCORR(DFLRSD(90) ¢
BDFCFR2(90) ¢B2F (4491) yR2FOLD (90) ¢yNR21T,B2RSD (90))

COMMON MFG+FGINGD (91) ¢FGPEINJNFGPL (21) +ENINWT {90) o

1FGPF (4420) s QMOFGP (4470) yRMOFGP (4¢20) yRISFGP (40 4420)
2SELOFG(20) ¢ SEL1FG (20) ¢PMOFG (4420420) yFISFGP (4,20) o
3SRCFGP (20) sQMACFG (4920) sRMACFG (4420) ¢ PMACFG(4020420) ¢
GFMACFG(20) sFSUM(4) 4QSUM(4) sRSUM(4) sPSUM(4)
SCKIDL¢CKINDRGCKSUNL ¢ CKSUORGCKSULIL¢CKSUILRy
6CKSU2L ¢ CKSU2R ¢ CKSU3L . CKSU3R ¢ JPRBND ¢ STRAND ¢
T7SSMPRT (20) ¢ SPRTOT (20) ¢ FISPRT (20) yPPRT (40420)

COMMON NDF114NDFLP11+P11CORGDF11F0 (87)¢DF11F1(87),DF11RS(AT)
COMMON DFCO11(87)

N=2

GLNCMP=REC (N)

1F (GLNREC»GLNCMP) 4 4445

NGLN=Ne1

GO TO R

IF (NeNLIM) 60747

N=Ne]

GO TO 2

SIGSCT(NMU) =,

RETURN

M=2

ARGLNP=ABS (GLNEPS)

GLNCMP=ABS (EPS (M))

1F (ABGLNP.GLNCMP) 11411412

MGLN=Me]

60 TO 15

IF (MaMLIM) 13,164,414

M=Me]

GO TO 9

SIGSCT (NMU)Y=,0

RETURN

25



26

0000%0
0000%1
000054
0000%6
000060
000061
000067
000071
000074

000112
000112
000114
000117
000122
000130

000140

onn162

000200

000215
000217
000222
00022%
000233

000243

000257
000260
000261

000273
000274

000002

000002

000002

15 IF(IDENYI20¢16420

16 IF(NGLN=1)17417¢20

17 IF(GLNREC)18,18,19

1A SIGSCT(NMUY=,0

RETURN '
19 AMT1m1,/((12,5663714GLNREC#TEMPEN) ## &)
AMT2= (GLNEPS+GLNREC) ##2
AMT3m4 ,#GLNREC*TEMPEN
SIGSCT(NMU)I(SSDQPI)O((EFIN(NFIN)/EINI(NINI))”'5)
1*AMT 1 #EXP («AMT2/AMT3)
RETURN
20 NGLNL]=NGLNe1]
NGL2L 1=2#NGLNe1
21 GLCF0=GLNREC&REC (NGLN)
GLCF1=GLCF0/ (HREC® (AFAREC##NGLNL1)Y)
GLGF2=GLCFO® (GLNREC=REC (NGLNe+1))
1/ (ARP1H2# (AFAREC##NGL2L1))

22 SGLNo=SKF (NGLN¢MGLN) +GLCF 1% (SKE (NGLN+1 ¢MGLN)
1=SKE (NGLNeMGLN) ) ¢+GLCF 2% (SKE (NGLN+2yMGLN)
Z.ARECPIOSKE(NGLNol.MGLN)oAFARECOSKE(NGLNoMGLN))

SGLN1 =SKE (NGLN¢MGLN# 1) ¢GLCF 1# (SKE (NGLN+]1¢MGLN+1)
1=SKE {(NGLN¢MGLN#1)) ¢GLCF2# (SKE (NGLN+2¢MGLN+1)
Z.ARECPI’SKE(NGLNol.MGLNol)OAFAREC6SKE(NGLN.MGLN01))

SGLN?-SKE(NGLN.MGLN.?)oGLCFlo(SKE(NGLNol.MGLNoZ)
1=«SKE (NGLNyMGLN#2)) +GL.CF2# (SKE (NGLN+2 ¢MGLN+2)
2.ARECP1%SKE (NGLN+1 ¢MGI.N+2) s AFAREC#SKE (NGLN¢MGLN+2))

23 MGLNL]1aMGLNe]

MGL2L1=228MGLN=1

24 GLCF10=GLNEPSEPS (MGLN)

GLCF112GLCF10/ (HEPS#® (AFAEPS##MGLNL1))

GLCF12=GLCF10# (GLNEPS«EPS(MGLN+1))
1/7(AEP1H2# (AFAEPS#aMGL2LY))

25 SGLN=SGLNp
1+GLCF11#% (SGLN1«SGLNO)
2+GLCF12# (SGLN2.AEPSP1#SGLN1+AFAEPS#SGLNO)

1F(SGLN)27.28,28

27 SGLN=,N

28 SIGSCT(NMU) = (SBDAPI) @ ((EFIN(NFIN) JEINT(NINI))w® 5,
1#SGLN

RETURN

END

$InFTC GLN3 DECK
SURROUTINE GLNRIT
COMMON NLIM¢MLIM,TEMPEN,AFAREC +HREC sAFAEPS (HEPS,
INENERG ¢ FACMAS ¢ SIGRND SBDAP I ¢ARECP] ¢ AEPSP1,
2ARP1H? (AEP1H2 ,COSMU (6N) ¢WATE (60) 4 SIBSCT(60) 4 SIMUCK(38)
INMUMAX ¢ NMUM] ¢ NMUM2 ¢ NM1JM3 ¢ GLNREC ¢ GLNEPS o
ANINI(NFINJNMy¢REC (50) ¢EPS(S50) ¢ SKE(51451) s
SIDEN,ENERGY (91) o EINT (91) ¢EFIN(91) JAFTELD(12)
6GAMO 4 STIGLO(B7+88) ¢SIGL1(B7+88) +SIGL2(87+88) +SIGLI(BTIRB)
TSELP0(90) ¢ SELP1(90) 9STNPO (90) ¢ SINP1(90) ¢+ SINP2(90) ¢ SINP3(90)
8STOT(90) ¢STR1(90) +STR?(90) +STR3I(90)
COMMON NFGPENFEGP (21) ¢NMIXMA ¢NMIX ¢ INDAMOENODMO,
1ENABMO,STABMO,SI1GAMO (90) {NISOMA4NTSO,
2INDAIS(4) ¢ INDFIS(4) ¢ENODIS(4) SIGSIS(4)+SIP1IS(4),
3ENABIS(4) sSTABIS(4) ¢SIGAIS(4990) oENFIIS(4)4SIFIIS(4)4SIGFIS(4,490)
4RUCKLE ¢NSPEC {SMASCT (90) ¢ SMAABS (90) ¢ SMAF IS (90) 4 SOURCE(90)
SSMATRO (90) ¢y SMATR] (90) ¢ SMATR2(90) ¢ SMATRI (90) ¢DIFCOF (90) 4
6NDFLIT,DIFLGT(100) yRCOFL2,DFLFO0(90) + SPMANO(90) ¢
TDOFCOF1(90) ¢DFLGFT4TRCORRNFLRSD(90) 9
B8DFCFB2(90) ¢82F (4491) ¢B2FOLD (90) +NR21T+B82RSD(90)
COMMON MFG,FGINGD (91) ¢ FGPEINNFGPL (21) ¢ENINWT (90),
1FGPF (4420) ¢QMOFGP (4420) s RMOFGP (4420) JRISFGP (444420) y
2SELOFG(20) ¢ SEL1FG (20) ¢PMOFG (4420420) ¢FISFGP (4420)
3SRCFGP (20) yQMACF G (4420) ¢RMACFG (4420) yPMACFG(4420,20)




000002
000002
000002
000014
000014
000022
000022
000026
000026
000043
000043
000051
0000%1
000087
0n00Ss7
000063

000063
000065

000133
000133
000136
000136
000161
000161
000165

000165
000216
000216
000222
000227

0002583

000254

000002

000007

000002

AFMACFG(20) ¢FSUM(4) sQSUM(4) ¢RSUM(4) sPSUM(4) o

SCKIDLsCKINRICKSUNL s CKSUORsCKSULL sCKSULR

6CKSUPL ¢ CKSU2R ¢ CKSU3L 4 CKSU3R¢ JPRBNO ¢y STRAND,

TSSMPRY (20) +SPRTOT (20) « FISPRT (20) +PPRT (40420) .
COMMON NDF11+4DFLP11+PY1CORDF11F0(B7)+DF11F1(87)DF11RS(AT)
COMMON DFCO11(ART)

WRITE (941) IDEN, TEMPEN 4GAMO
1 FORMAT(6HOIDEN=¢1348H TEMPEN=,E15,896H GAMO=+E15,8)
WRITE (942) NENERG
FORMAT (RHONENERG= 4 13)
WRITE (943)
FORMAT (14H0 N ENFRGY)
WRITE (944) (NJENERGY (N) ¢Nm] ¢ NENERG)
FORMAT(134E15,.8)
WRITE (9,5)FACMAS
FORMAT (BHOFACMAS=,E15,8)
WRITE (944)SIGBND
& FORMAT (8H0SIGRNDa,.E15,8)
WRITE(9,7)

7 FORMAT(101HONINT NFIN g€ INI EFIN SIGLO

1 SIGL1Y SIGL?2 SIGL3)
NO A NINI=1,NENERG

8 WRITE (9,9) (NINT,NFIN,FINI(NINI) ,EFIN(NFIN),
1SIGLO(NINT oNFIN) ¢SIGLY (NINTGNFTIN) ¢STGL2 (NINTI¢NFIN)Y o~
2SIGLA(NINI 4NFIN) (NFIN=]1,NENERG)

9 FORMAT(21596E164R)

WRITE(9410)
10 FORMAT(46HO N ENERGY SELPO SELPY)
WRITE (9411) (NeENFRGY (N) ¢ SELPQ (N) ¢SELP] (N) ¢N=] ¢NENERG)
11 FORMAT(I343E16,R)
WRITE (9,12)
12 FORMAT(TARHp N ENFRGY SINPO SINP]
1 SINP? SINP3I)
WwRITE (9413) (NJENERGY (N) o SINPO (N) SINP] (N) o
1SINP? (N} ¢ SINPI (N} ¢Nm] s NENERG)
13 FORMAT(13,5E16,R)
wRITF (9,14)
16 FORMAT(T7HO N ENERGY SToT STR1
Yy STR? STR3)
WRITE (9¢13) (NGENFRGY (N) ¢ STOT (N) ¢ STR1 (N) 4
1STR2 (N) ySTR3 (N) ¢N31 ¢ NFNERG)
RE TURN
END

s W N

N

$IaFTC GLN& NECK
SURROUTINE GLFEGP
COMMON NLIM¢MLIM,TEMPENJAFAREC ¢yHREC ¢+ AFAEPS(HEPS,
INENERGeFACMAS+SIGRND«SRD4P 14 ARECP] ¢ AEPSP1
PARPIH2? JAEP1H2,COSMU(AN) s WATE (60) ¢SIGSCT(60) ¢ SIMUCK (38) 4
INMUMA X « NMUM] ¢ NMUM? ¢ NMIJM3 ¢ GLNREC ¢ GLNEPS
4NINT JNF INGNMUGREC (50) sEPS(50) ¢ SKE (51451) s
SIDENGFNERGY (91),FINI(91) (EFIN(91) ,AFTELD(12)
6GAMO ¢STIGLN(B74RB)Y 4SIGLI(B7+88)+SIGL2(BT7¢88) ¢SIGLI(B7¢88) .
7SELPN(90) sSELP1(9N) ¢ SINPN(90) ¢SINP1(90) ¢+SINP2(90) ¢ SINP3(90)
ASTOT(90) . STR1(90) ¢STR?2(90) ¢ STRI(9n)
COMMOM NFGPENFEGP (21) ¢ NMIXMA ¢NMIX ¢ INDAMO 4 ENODMO,
1ENABMO«STABMO«SIGAMO (90) yNTSOMAGNISO,
PINNDATS(4) o INDFIS(4) sENODTIS(4) «SIGSIS(4) 4SIPIIS (4,
IENABIS(4) ¢ STARIS(4) oSIGAIS(6490) oENFTIIS(4)9SIFITS(4)¢eSIGFTIS(4490)
4RUCKLE «NSPECsSMASCT (90) ¢ SMAABS (90) s SMAFIS(90) ¢ SOURCE(Q0) 4
SSMATRO (90) ¢ SMATR) (90) « SMATR2(90) ¢SMATR3(90) ¢yDIFCOF (90) o
6NDFLITDIFLGT(100) yRCNFL24DFLFO(9A) s SPMANO(90) o
TOFCOFI1(9n) ¢NDFLGFI4TRCORRGDFLRSN(90) s
BNFCFR2(90) ¢B2F (4.91) R2FALD (9n) ¢yNR2IT,B2RSD (90)
COMMON MFGeFGINGOD (91) o FGPEINGNFGPL (21) sENINWT (90)
1FGPF (6420) s QMOFGP (4920) ¢sRMOFGP (4420) ¢RISFGP (444420) o
2SELOFG(20) ¢ SELIFG(20) ¢PMOFG(4.20420) ¢FISFGP (4420)

27




28

000002
000002
ononnon2
000003
000011
000014
000n20
000020
000022
000024
000030
000030
000032
000045
000045
000047
000050
000052
000056
0000587
000063
000064
00006&5
000066
000074
000074
000076
000101
000102
000105
000107
00011s
000118
000117
onol122
000127
000127
000131
000138
000135
000137
000142
000146
000150
000151
000187

000157
000161
000162
000163
000173
000173
000175
000201
000201
0007203
000203
000208
000211
0nn213
000215
non221
000271
000223
000225

ol
a0l

af?
aln
ol1l

Q1?2

Qnk
Qny

onR

18
16

17
1R
19
20
21
e?
3
24

25
76

3SRCFGP(20) s AMACFG (4920) sRMACFG(4920) ¢PMACFG(4420420) s
GFMACFG(20) ¢FSUM(4) QSIIM(4) sRSUM(4) ¢PSUM(4)
SCKRINL «CKINRyCKSUNL ¢CKSUOR ¢ CKSULL ¢ CKSUIR,
6CKSU2L e CKSU2R¢CKSUIL o, CKSU3R ¢ JPRBNN¢STRAND
7SSMPRT(20) ¢ SPRTOT (20) «FISPRT(20) ¢PPRT (40420)
COMMON NDF114NFLP11+4P11CORDF11F0(87) ¢DF11F1(87) 4DF11RS(AT)
cCOMMON DFCO11(87)

ININCK=0

READ(10e7)NFGP

1F (NFGPe2n)902¢9n2,900

WRITF (94901)

FORMAT (20HONFGP EXCEFNS TWENTY)
TNINCK=ININCKeY

TF(NFGP)Y910¢9100912

WRITE (94911)

FORMAT (1RHONFGP NOT POSITIVE)
ININCK=ININCKe

QFAD(‘OQ\) (ENFFGP(N) 'NBIQNFGP)

FORMAT (4E20.R)

NO 6 Nml JNFGP

INFGCK=n

NO 2 Jz1.NENFERG

GLNCMP=ENFEGP (N) «FNERGY ( J)

TF (GLNCMP)243,?

INFGCK=INFGCKe 1

GG TO 903

INFGCK=0

TIF(INFGCK)Y 44604

WRITF (Q¢S)N

FORMAT (BHAENFEGP (. 13,12H )y INCORRECT)
TNINCK=INTINCKe1

CONTINUE

NO 90R N=z? NFGP
GLNCMP=ENFEGP (N=1) «ENFFGP (N)
IF(GLNCMP)ON6H¢90A90R

WRITF (94907)N

FORMAT (BHOENFEGP («13.15H )} OUT OF ORNER)
ININCKasININCKa 1

CONTINIE

READ (104 7)NMIXMA

FORMAT(RT10)

TF (NMIXMA)R4R,10

WRITF (949)

FORMAT (1 7THONMTIXMA INCNRRECT)
ININCK2ININCKe ]

TF(NMIXMAQ]10)12412,11

WRITE (949)

INTNCRe INTNCKS 1

TF (ININCK) 13415413

WRITE (9e14) ININCK

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

1£¢713¢31H ERRORS FNUNN, PROBLEM STOPPED,)

STOP

NMTys)

ININCK=0

READ(10417) INDAMDENONAMO

FORMAT(110,3E20,R)

TF (INDAMO) 18422420

WRTITE (9419)

FORMAT (4BHOMODERATOR SIGA READ INDICATOR INDAMO INCORRECT,)
ININCK=ININCKs 1

GO TO 2?2

TF (INDAMD-1)21,422.21

WRITF (9419)

ININCK=zININCKa ]

TF (ENONDMO) 23425475

WRITE (9426)

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

TF (INDAMO) 264264135

READ(1041)ENABMO,4STARMO



00023%
000237
000243
000243
000245
000247
000253
000253
00025%
000257
000270
000271
000304
000306
000310
000311
000317
000317
000321
000324
000332
000334
000340
000340
000342
000345
000351
000353

000402
000402
0n0n404
000406
000407
000415

000415
000417
000417
000421
000427
000431
000634
000438
000443

000443
000445
000447
000455
000487
000462
000463
000471

000471
000473
000476
000477
000508

000505
000s07
onnsi2
000513
000525
000530
000531
000537
000537
000541

27 IF(ENABMO)28¢28¢30
28 WRITE(9429)
2?9 FORMAT(21HNENABMN NOT POSITIVE,)
ININCK=ININCKe1
30 IF(SIARMN)31,33,33
31 WRITE(9432)
32 FORMAT(17HOSIABMO NEGATIVE,.)
ININCKa ININCK, 1
33 NO 34 N=] NENFRG
34 SIGAMD(N) =STABMO® ( (ENABMO/ENERGY (N) ) ##,5)
GO TO 39
35 READ(10¢1) (SIGAMO (N) ¢Ne] ¢ NENERG)
N0 3R N=1 (NENERG
GLNCMPaSTGAMO (N)
IF (GLNCMP) 36438438
36 WRITE(9937)N
37 FORMAT (BHOSIGAMO(,13,12H ) NEGATIVE,)
ININCK=ININCK+1]
3R CONTINUE
39 READ(1047)NISOMA
IF(NISOMA) 40440047
40 WRITE(944]))
41 FORMAT (33HONUMBER ISOTOPES NISOMA INCORRECT)
ININCK=ININCKe1]
42 TF(NISOMA@4)AG 944443
43 WRITE(9,41)
INTNCK=INTNCKe1
44 READ(10445) (INDAIS(NISO) ¢ INDFIS(NISO) +ENODIS(NISO) s
1GIGSTS(NTISO) oSIPITIS(NTISN) ¢NIGO=]1 ¢NISOMA)
4S FORMAT(211043E20,8)
DO 89 NISO=],NISOMA
JTEST=INDAIS(NISO)
IF(JTEST)46,450,4R
46 WRITE(944T7INISO
47 FORMAT (34¢HOISOTOPF STGA READ INDICATOR INDAIS(eI3.
112H ) INCORRECT)
ININCK=mINTNCKe]
GO TO %0
46R TF(JTEST@1)49,50,449
49 WRITE(944T7INISO
ININCK=ININCKe1
80 JTEST=INDFIS(NTISO)
1F(JTEST)S1¢55,4513
51 WRITE(94¢52)NISO
52 FORMAT (36H0ISOTOPF STGF READ INDICATOR INDFIS(.113,
112H ) INCORRECT)
ININCKasININCKe1
83 IF(JTESTe1)54455454
54 WRITE(9¢52)N1SO
ININCK=INTINCKe1
85 GLNCMPRENONIS (NTSN)
1F (GLNCMP)56¢584¢5AR
Se WRITE(9457INISO
&7 FORMAT (31HOISOTOPE NUMBER DENSITy ENODIS(,17,
1114 ) NEGATIVE)
ININCK=ININCKe1
§R GLNCMP=SIGSIS(NISN)
IF (GLNCMP) 59,461 ¢K1
59 WRITE(9¢60)INISO
60 FORMAT (41HOISOTOPE SCATTERING CRNSS SECTION SIGSIS(,13,
111H ) NEGATIVFE)
ININCK=ININCKe1
61 JTEST=INDAIS(NISO)
IF(JTEST)62:¢62,71
62 READ(1041)ENARIS(NISN) STABIS(NISO)
63 GLNCMP=ENABIS (NISO)
TF (GLNCMP) 64464966
64 WRITE(9465)NISO
65 FORMAT (BHOENARIS(413,15H ) NOT POSITIVE)
ININCK=ININCK+]
66 GLNCMPaSIABIS(NISO)

29



30

000544
000545
000553
000553
000555
000587

000576
000577
000614
000616
000622
000623
000633
000633
000635
000640
000643
000644
000656
000661
000662
000670
000670
000672
000675
000676
000704
000704
000706
000710

000727
000730
000745
000747
000753
000754
000764
000764
000766
000771
000774
001001
0nlo007
0olo11l
001013
001017
001017
001021
001021
001023
001027
001031
001033
001041
001042
001052

0010%2
001055
001057
001057
001060
001062
001073
001074
001106
001110
001111

67
68

69
70

71

72
7

74
78

76
77

78
79

A0

81
A2

A3
84

a5

A6
87

88
a9

an
190
91

97
93
joo

iol

TF (GLNCMP) 67469469

WRITE (9468)NISO

FORMAT (BHOSIABIS(413.11H ) NEGATIVE)
ININCK=ININCKs 1

N0 70 N=] (NENERG
SIGAIS(NISOsN)=STABIS(NISO)# ((ENARIS(NISO)
1/7ENERGY (N) ) 4% ,5)

GO TO 75

READ(1001) (SIGAIS(NISO4N) ¢N=](NENERG)
NO 74 N=1,NENERG
GLNCMPaSIGAIS(NISO,N)

IF (GLNCMP) 72474974

WRITE (9¢473)INISOWN

FORMAT (BHOSIGAIS (,13,2H 4,413,114 j NEGATIVE)
ININCK=TINTINCK+1

CONTINUE

JTEST=INDFIS(NISN)

IF(JTFST) 76476485
READ(1041)ENFTIS(NISN) ¢SIFIIS(NISO)
GLNCMP=2ENFIIS (NISO)

TF (GLNCMP) TB4 784RN

WRITE (9¢79)NISO

FORMAT (BHOENFIIS(413,15H ) NOT POSITIVE)
ININCK=ININCKa

GLNCMP=2SIFIIS(NISO)

TF (GLNCMP)B14834¢R7

WwRITE (9,82)N1SO
FORMAT(BHNSIFIIS(4I3.11H ) NEGATIVE)
ININCK=ININCKe1

00 R4 Nm},NENERG
SIGFIS(NISOsN)=SIFIIS(NISO)®#((ENFIIS(NISO)
1/7ENERGY (N) ) ## ,5)

GO TO RS

READ()0¢1) (SIGFIS(NISN¢N) ¢Nm] ¢NENERG)
N0 B8 N=].NENERG
GLNCMP=STIGFIS(NISO4N)

TF (GLNCMP)B6+88+81

WRITF (94ATINISOWN

FORMAT (BHOSIGFIS (4I3,7H 5413,11H ) NEGATIVE)
ININCK=ININCKe1

CONTINUE

CONTINUE

READ(1041)BUCKLE

READ (109 7)NSPEC

IF (NSPFC)90494,92

IF (NSPEC+1)190+94419n

WRITE(9491)

FORMAT (35HOSPECTR(M INDICATOR NSPEC INCORRECT)
ININCK=ININCKe1

GO TO 94

1F (NSPEC.1)93,94,93

WRITE (9491)

ININCK=ININCKs1

1F (JPRBNO) 941,942,942
READ(10¢1)STRAND

IF (ININCK) 95499495

WRITE (9496)NMIX, ININCK

FORMAT (18H0INPUT FOR MIXTURE T3
115H CHECKED. ABOVE,I3.
231H FRRORS FOUND, MIxTURE SKIPPED,)
TF (NMIX«NMIXMA)97,98,98

NMIXaNMIXe1

GO TO 16

RETURN

NO 100 N=1,NENERG

SOURCE (N) =ENODMO#STIGLN (14N)

PO 101 N=1,NENERG R

SIGLN(14N) = S# (ENERGY (1) «ENERGY (2) ) #SIGLO (14N}
SIGLO(1e1)=SIGLO(141)+SELPO(])

DO 102 J=2,NENERG

ENWT= 8% (ENERGY (Jw]1) «ENERGY (Ja1))




001118
001116
001127
001131
001142
001143
001145
001153
001185
001163
001168
001170
001172
001207
001211
001213
001214
001231
001232
001241
001242
001244
001282
001254
001286
001266
001271
001275
001303
001304
001308
001310
001312
001312
001320
001320
001321

0060002

000002

000002

DO 102 N=1.NENERG

SIGLO (JyNysENWTHSIGLO (JoN)

PO 103 J=2NENERG
SIGLO(JeJ)=SIGLO(JeJ) +SELPO ()

ADNSIS=,0

DO 105 NISO®] NISOMA
ADNSIS=ADNSIS+ENONIS(NISO)®SIGSIS(NISO)

N0 106 Nal,NENERG
sMASCT(N)-ENODMOOSTOT(N)OADoSIS

DO 10A N=1(NENERG

SMAABS (N) sENODMO#STGAMO (N)

DO 10R NI1SO=]1,NISOMA
sMAABS(N)-SMAASS(N)OENODIS(NISO)’SIGAIS(NISO N)
00 110 N=1,NENERG

SMAFIS(N)-,O

NO 110 NISO=]1,NISOMA '

SMAF IS (N)sSMAF IS (N) +ENODIS(NISO)®SIGFIS(NISON)
NO 111 N=1,NENERG
QMATRo(N)-ENODMOOSTOT(N)OSMAABS(N)
AD1STS=,0

NO 113 NISO=1,NISOMA
AD1SIS=AD1SIS+ENODIS(NISO)I#SIP1IS(NISO)
NFADY0=ADNSIS=AD1ISIS

NO 114 N=1,NENERG

SMATR] (N) =ENODMO#STRY (N) «DFAN] 0+SMAABS (N)
SMATR2 (N) ENODMO#STR2 (N) ¢+ ADOSTIS¢SMAARS (N)
SMATR3I(N) sENONMO#STRI(N) s ADNSTS+SMAABS (N)
DIFCOF (NYm14/(3.%SMATR] (N))

CALL GLSPEC

CALL GLENPIT '
IF (NMIX=NMIXMA) 11591164116

NMIXaNMIXe1

GO TO 16

6 WRITE(Ye117INMIXMA

FORMAT (4HOALL+13434H MIXTURES COMPLETED. END OF PRINT,)
RETURN .

END

$1aFTC GLNS NF.CK

SURROUTINE GLSPEC

COMMON NLTIM¢MLIM,TEMPENsAFAREC«HREC+AFAEPS ¢HEPS,
INENERG¢FACMAS ¢ SIGAND , SBD4P 1 4ARECP] ¢ AEPSP1

2ARP1H2 ¢ AEPTH2 ¢COSMU(60) ¢yWATE (60) 4SIGSCT (60) ¢ SIMUCK (38)
INMUMA X s NMUM] ¢ NMUM2  NMUM3  GLNREC ¢ GLNEPS o

4NTINI ¢NFINONMUGREC (50) ¢EPS(50) ¢SKE (514%1) o
STDENGENERGY (91) yEINI (91) sEFIN(91) ,AFIELD(12)

6GAMD ¢ STIGLO (B7¢RB) +SIGLL(R7+48R) ¢+SIAL2(B7+88) ¢SIGL3I(B7488)
7§ELPO(90)oSELPl(90)oQINPO(90)oSINP1(90)oSINP2(90)vSINP3(9o)o
B8STOT (90) 4STR1(30) ¢STR2(90) 4STRI(90)

COMMON NFGP.ENFEGP (21) ¢yNMIXMA ,NMIX ¢ INDAMO ¢ ENODMO,
IENABMOoSIASMO.SIGAMO(90)oNISOMAoNISO.

2INDATIS(4) o INDFIS(4) sENODIS(4) ¢SIGSIS(4)¢SIP11IS(8),
3FENABTS(6) o STABIS(4) oSTGATS(4990) ¢ENFIIS(4)oSIFIIS(4)eSIGFIS(4490)
4RUCKLE ¢NSPEC ¢ SMASCT (90) s SMAABS (90) ¢ SMAF1S(90) 4 SOURCE (90)
SSMATRN (9n) ¢ SMATR] (90) ¢ SMATR2(90) ¢ SMATR3(90) +DIFCOF (90) o
6NNFLITeDIFLBT(100) yRCOFL2sOFLFO0(90) ¢ SPMANO(90) o

TNFCOF I (90) ¢ DFLGF T4, TRCORR,DFLRSD(90) »

BNFCFB2(90) ¢B2F (4491) 4BR2FOLD(90) ¢NR2ITB2RSD (90)

COMMNN MFGyFGINGD (91) ¢ FGPEINGNFGPL (21) ¢ENINWT (90)

1FGPF (4920) s QMOFGP (4920) yRMOFGP (4¢420) yRISFGP (444420) o
2SFELOFG(20) ¢ SEL1FG(20) 4PMOFG (4420020) ¢FISFGP (4420)
3GRCFGP (20) s QMACFG (4920) s+RMACFGB(6420) sPMACFG(4420420)
GFMACFG(20) ¢FSUM(4) 4QSUM(4) RSUM(4) ¢PSUM (4) 4



32

000002
000002
000002
000004
000015
000022
000023
0000725
000032
000033
000034
000036
000046
000080
000055
000056
000060
000062
000064
000065
000066
000067
000101
000103
000115
000117
000130
000135
0001135
000137
000151
000183

000164
000167
000170
000177
000201
000207
000211
000214
000216
000216
000220
000222
000273

000237
000242
000244
000246
000247
000252
000253
000257
000262
00026%
000267
000276
000277
000300
000305
000310
000311
000314
000320
000322
000323

10
11
12

13
14

15

16

17

18

SCKIDLsCKIDReCKSUNL ¢ CKSUORsCKSUI1L s CKSUIR,
60KSUPL ¢ CKSU2R ¢ CKSU3L  CKSU3R ¢ JPRBNND ¢ STRAND o
T7SSMPRT (20) ¢SPRTOT (201 .FISPRT (20) ¢PPRT (40,20)
COMMON NDF11¢DFLP11¢P11CORsDF11F0(87)¢DF11F1(87),DF11RS(RT)
COMMON DF(C011(87)
DO 1 Na1,NENERG
NFLF 0 (N)=ENERGY (N) #EXP («ENERGY (N) /TEMPEN)
SPMANO (N)=DFLFO (N)
CALL GLDFL
IF (RCDFL2)Y21¢210¢2
DIFLGT(1)=SQRT (1,/RCNFL2)
NDFLIT=?
ENUM=, 0
DO 4 J=2,NENERG
ENUMaENUMSSIGLO(J,1) #NFLFO (V)
ENUM=ENUMSENODMO
EDEN=SMATRO (1) «DIFCOF (1) #RCDFL2«ENODMO#SIGLO(191)
NFLFO (1) =ENUM/EDEN
NRGLS]=NENERGw]
DO 8 N=2,NRGLSI1
NLS1=Nel
NPL1=Ne+}
FNUM.'O
NO 6 Jm14NLS1
ENUMENUMeSIGLN (.JoN) #NFLF g (J)
00 7 J=NPL1+NENERG
ENUMaENUMeSIGLO (JoNY#NFLF O (J)
FENUMENUMSENOOMO
EDENRSMATRO (N) «DIFCOF (N) *RCDFL2=ENODMO*SIGLO (NoN)
OFLFo0 (N)sENUM/EDEN
FNUM= 4 0
N0 9 Jsl4¢NRGLSI!
EMUMaENUMaSIGLO (JoNENERG)#DFLFO (J)
ENUMaENUM#ENODMO
EDEN=SMATRO (NENERG) =0 TFCOF (NENERG) #RCOFL?2
1.ENODMO#SIGLO (NENERG,NENERG)
NF{_Fa (NENERG) 2ENLIM/ENEN
CALL GLDFL
NIFLGT(NDFLIT)=SQRT (1./RCNFL2)
NITLS1=NDFLITe]
GLNCMP=ARS (1 ,«NIFLGT(NITLS1)/NIFLGT(NDFLIT))
TF (GLNCMP«,00001)15+15¢13
TF(NDFLIT«50)14418,15
NDFLIT=NDFLITe1
GO To 3
RNDFCF1=2,2666666T7T#RCDF(.2
ROFCF2m,257142R6%RCOFL2
DO 16 Nm] NENERG
NFCOFI(NY=m]4/(3.%(SMATR] (N)«RDNFCF1
17 (SMATR2 (N) «RDFCF2/SMATR3 (N))))
ENWT1= (ENERGY (1) «ENERGY (2) ) #DFLFO (1)
ENUMSFENWT1#SMAABS (1)
EDEN=ENWT1#DFCOFI (1)
ESPNORRENWT]
EMANOR= (ENERGY (1) «ENERGY (2) ) #*SPMANO (1)
DO 17 N=2.NENERG
FNWT2= (ENERGY (N=1) «ENFRGY (N¢ 1)) #*DFLFO (N)
ENUM2ENUMSENWT2#SMAARBS (N)
EDEN=EDENCENWT2#DFCOF I (N)
FSPNOR=ESPNORGENWT2 _
EMANOR=EMANOR 4 (ENERGY (Ne1) «ENERGY (Ne 1)) #SPMANO (N}
ESPNOR= ,, S#ESPNOR
EMANOR= ,S#EMANOR
DFLGF IaSQRT (ENEN/ENUM)
TRCORR= (DFLGF I«DIFLGT(NDFLIT)) /DFLGF1I
DO 18 N=} NENERG
NFLFo (N)Y=DFLFQ (N) /ESPNOR
SPMANO (N) ®SPMANO (N) /FMANOR
NO 20 N=1,NENERG
RSNDRT=,0
DO 19 J=m].NENERG




000325
000337
000345
000346

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

nonaas?

000520
000521
000522
000523
nnos2s
000837
000545
000546
000556
000563
000565
000567
000578
000576
000605
000607
000611
000613
000615
000620
000624
000632
000634
000642
000644
000647
000652
000653
000654
000687
000662
000665
000666
000675
000677
000700
000703
000707
000712
000713
000714
000716
000730
000731

19

20

201

202

2a

203

2064

2n461
208

208

209

210

211

217

213

214

218

RSDRT=RSPDRT+SIGLNO (JeN)#DFLFO (J)
RSDRT2RSNDRTLSIGLO (NeN) #DFLF 0 (N)

RSDRT=ENONDMO®RSDRT

RSOLT=(SMATRO (N)«DIFCNF (N) #*RCHFL2
1.ENODMO#SIGLO (NoN)y ) ®NFLF 0 (N)

NFLRSD (N) = (RSDLT«RSDRT) /RSDLT

N0 201 N=1,NENERG

NF11F0 (N) =SPMANO (N)

DF11F1(N)=DIFCOF (N)*DF11F0 (N) /DFLGF!

NDF11=NDFLITe1

DIFLGT(NNF11)=DFLGF!

DFIN=1,/DFLGF1

NFINSQ=],/(DFLGFl##2)

N0 203 Nzl NENERG

FGINGN (N) = ,5# (ENERGY (1) =ENERGY (2) ) #SIGL1(1eN)#DF11F1 (1)
00 2021 J=2yNENERG

FGINGN (Ny sFGINGD (N) ¢ ,G# (ENERGY (Ju]) «ENERGY (Je¢1))
19SIGL1(JeNISDFI1FY (J)
NFCO11(N)=,333333/(SMATR] (N) +gNODMO# (SINP1(N)«FGINGD(N)Y/NF11F1(N))
1e,2666666T#DFINSQ/ (SMATR2 (N) «,257142B864DF INSQ/ (SMATR3I(N)
P« 0253968254DF INSQ/ (SMATR3 (N)
3.,25252525#DF INSQ/ (SMATR3 (N)
4a,?51748254DF INSQ/ (SMATR3I(N)
Swe2512R205%DF INSN/ (SMATRI(N)
6e,250980394DF INSQ/ (SMATRJ (N)
Twe?50773994DF INSQ/ (SMATR3I(N)
8a,250626574DF INSQ/ (SMATR3 (N)
e (?50517604DF INSQ/ (SMATRI(NYIIIINIIIYYYD
N11R=,N

NO 2n0% N=al NENERG

FNUM= 0

NO 2064 Jz1¢NENERG )
FNUMzENUMeSIGLN (JyNI#NF11F O (J)
ENUMSENUM«STIGLO (NoN)#NF11F0 (N)
FNUMaFNONDMO®ENUM

FDEN=SMATRO (N) «DF INSQ®DFCO1] (N) «ENODMO#SIGLO (NeN)
GLNCMP=ABS ( (DF11F0 (N) «ENIIM/EDEN) /DF11F0 (N))
TF (GLNCMP«D11R) 205,205,2041

D11R=GLNCMP

NF11F0(N)Y=ENUM/EDFN

NO 20R N=1 NENERG

NFY11F1 (N)=DF IN®DFCO11 (N)Y#DF11F0 (N)
ENWTI=ENFRGY (1) «ENERGY (2)
ENUMENWT1#SMAARS (1)4NFYIIFO (1)
EDEN=ENWT14DFCO11 (1)#NF11F0 (1)

DO 209 Nu2,NENERG
ENWT22ENERGY (Ne1) «ENERGY (Ne 1)
ENUM=FNUMSENWT2%SMAARS (N)Y#DF11F 0 (N)
FDEN=FDEN+ENWT2#NFCO11 (Ny#DF11FO (N)
NDF11=NDF11e1l

NIFLGT (NDF11)=SQRT (ENEN/ENUM)
IF(D11R=,0N1)21242124210
TF(NDF11«100)2114212,212
NFINE] . /DIFLGT(NNF11)

NFINSO=DF IN##?

GO Tn 202

NFLP11=DIFLGT(NDF11)

P11CORs (NFLP11«DIFLGT (NDFLITY)/DFLPI1Y
ENORM= (ENERGY (1) «ENERGY (P))#DF11Fn (1)

DO 213 N=m2,NENERG

ENORMaENORMs (ENERGY (Ne1) «ENERGY (Ne 1)) #DF11F 0 (N)
ENORMs ,S#ENORM

NO 214 N=14NENERG
NF11FA(N)Y=DF11FO0 (N) /ENORM

NF11F1 (NyaNF11F1 (Ny /FNORM
NFIN=]./DIFLGT(NDF11)

N0 21¢ N=1,NENERG

RSORT=,0

00 21% J=] 4NENFRG
RSPDRT=RSPRT+SIGLO(JeN)#DF11F O (J)
RSNRTxENONMO#RSDRT ]

RSOL TeSMATRA (N)*#0F11F0 (N) «DF IN®DF{1F ] (N)
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3

000737
000745
000745
000746
000747
000750
000751
000752
000753
000754
000755
000756
000760
000761
000763
0n0764
000766
000771
000774
000776
001005
oolo007
001010
001015
001017
001021
001022

001036

001044
001045

001060
001061
001064
001065
0ol072
001077
001100
001102
001103
0n1104
001106
001120
001123
001127
001131
001132
001134
001135
001136
001137
001153
001185
001171
001174
001208
001214
001214
001216
001232
001238

001246
001253
001253
001255
0nl264
001266
001270

216 DF11RS(N)=(RSOLT«RSDRT) /RSDOLT
GO TO 25
21 NDFLIT=)]
NIFLGT (1) =0
DFLGFI=,0
TRCORRIQ n
NDF11=2
DIFLGT(2)=,0
DFLP11=,.0
Pl 1COR=,0
N0 22 N=] ,NENERG
OFLFO(N)=,0
NF11FN(N)y=.0
NF11F1 (N)=,0
NF11RS(Ny=e0
OFCO11 (N)=.0
22 NDFLRSO(N)=,0
FMANOR= (FNERGY (1) «ENERGY (2) ) #SPMANO (1)
nD 23 N=?2NENERG
2?3 EMANOR=EMANOR, (ENERGY (Ne1) «ENERGY (Ne 1) ) #*SPMANO (N)
FMANOR= ,S#EMANOR
N0 24 N=] 4NENERG
24 SPMANO (N)y=SPMANO (N) /EMANOR
?5 R2CF1=,26666667#B1ICKLE
RECF?2,257142R6%RUCKLE
N0 26 N=] NENERG
2?6 NFCFR2(NY =] 4/ (3% (SMATR]1 (N) +R2CF1/ (SMATR2 (N)
1482CF2/SMATR3(N))))
2?7 EDEN= (ENERGY (1) «ENERGY (2))# (BUCKLE®DFCFBR2(1)
1+SMAARS (1)) #*SPMANO (1)
00 28 Nz2,NENFRG
?A FDEN=ENENs (ENERGY (Ne1)«ENERGY (Ne1) ) # (BUCKLE®DFCFR2 (N)
1+SMAABS (N) ) #*SPMAND (N)
FDEN= ,S#FDEN
ANORSP=ENODMO#SINPO (1) /EDEN
DO 29 N=z1,NENERG
R2F (1 ¢N) = ANORSP#SPMAND (N)
29 R2FJILN(N)=B2F (14N)
NR2IT=]
TF(NSPEC) 4310444291
291 NR?Ite2
30 FNUM" 0
noO 31 J=m2(NENERG .
31 FNUMaENUMLSIGLN (Je1)#R2F (14J)
EMUMaENUMSENONMO+SOURCE (1)
FDEN=SMATRN (1) «DFCFB? (1) *RUCKLE=ENODMO®SIGLO (101}
R2F (1.1)=ENyYM/EDEN
NO 34 N=?(NRGLSI1
NLS1=Ne1l
NPL1=Ne1
ENUM= ,0
DO 32 J=m].NLS! )
32 ENUMatNUMeSIGLO (JoNYWR2F (14J)
NO 33 J=NPL1+NENERG
33 FNUM=zENUMeSIGLO (.JoNY#R2F (14J)
ENUMaENUMSENONMO » SOURCE (N)
EDEN=SMATRO (N) ¢+ DFCFB? (N) #RUCKLE=ENODMO#SIGLO (NeN)
34 R2F (1.N)=ENUM/EDEN
FNUM-.O
00 35 J=],NRGLS1
35 FNUMaENUM+SIGLO (J¢NENERG) #B2F (14J)
ENUMENUMSENODMO+SOURCFE (NENERG)
EDEN=SMATRO (NENERG) ¢NFCFR2 (NENERG) *BUCKLE
1.ENODMO#SIGLO (NENERG,NENERG)
B2F (1 ¢NENERG) =ENUM/ENFN
INSPCK=0
NO 37 N=]NENERG
GLNCMP=ARS (1 ,«B2FnLD (N)/B2F (1 4N))
IF (GLNCMP=,00001) 37437436
34 INSPCK=INSPCKe1
37 CONTINUE




001273
001274
001277

001301
001302
001315
001317
001330
001330
001332
001333
001335
001351
001361
001364

001400
001405
001406
001423
001423
001425
001431
001432
001434
001440
001442
001443
001446
001447
001647
00148y
001452
001453
001456
001457
001461
001471

001502
np1%12
0n1Ste
no1s16
001530
001531
001542
N01544
001550
001551
001562
001563

000002

3R
39

291
40

41

42

47

4R

49

Sn

51

52

$IqFT

{F (INSPCK) 38441438
IF(NR?2IT«500)39¢41,4)
NB2I1TaNB2ITs1

TO ACCELERATE BUCKLING SPECTRUM CONVERGENCE IN GLEN
NO 391 N=1,NENERG ,

R2F (1 NI mB2F (14N) ¢ 468 (B2F (1 ¢N)»B2FOLD (N))
NO 40 N=1,NENERG

R2FOLN (N)=B2F (1 4N)

GO TO 30

DO €3 N=m],NENERG

RSDRT=.0

NO 62 J=)] (NENERG ,
RSDRT=RSDRT+SIGLO(JeN)#B2F (1¢J)
RSNRT=RSDRT=SIGLO (NeN)#82F (1eN)
RSDRT=ENODMO®RSDRT 4 SOURCE (N)
PSOLT=(SMATRQ (N) «DFCFR2 (N) #8UCKLE
1«ENONMO#STIGLO (N¢N) ) #R2F (14N)
R2RSD (N) = (RSDOLTRSDRT) /RSDLT

GO TO 451
READ(100432) (B2F (1 4N) ¢N=] ¢ NENFRG)
FORMAT (4F20,.8)

00 433 N=],NENERG

R2RSN (N) =, 0

GO TO 451

00 45 Na1,NENERG

R2RSN(N) =, 0

RUCLAR=ARS (RUCKLF)

1F (RUCKLE) 452446447

) RUFACO=SQRT (BUCLAR)

RUFAC1=8UFACO

GO TO 48

RUFACNH=],

RUFAC‘I'lo

G0 TO 48

RUFACN=SQORT (BUCLAR)

RUFAC1=~BUFACO

DO 49 N=x) NENERG

R2F (2 .N)=RUFACO®DFCFR? (N)#B2F (1N}

R2F (3eN) =, 4%BUFACI#B2F (24N) /7 (SMATR2(N)
1+4B2CF2/SMATR3 (N))

R2F (4 eN)2,428571434BIFACH*B2F (34N} /SMATRI (N)
SIGLN(141)aSIGLO(141)«SELPO(])

NO S0 N=] (NENERG
SIGLN(1eN)=m2,#SIGLO(1eN)/(ENERGY(])=ENERGY (2))
NO S1 N=2,NENERG

SIGLO (NyN)=SIGLO (N,NyoSELPO (N)

NN S22 J=2 ¢NENERG

FNWT= 8% (ENERGY (Je1) g NERGY (Je 1))

NnO S2 N=1NENERG
SIGLA(JeN)Y=STGLO (JeN) Z/ENWT

RETURN

ENO

C GLNé NECK

SURROUTINE GLOFL

COMMON NLIM¢MLIM,TEMPEN)AFAREC ¢HREC s AFAEPS HEFS,
INENERGoFACMAS.SIGBND ¢ SBD4PI 4 ARECP14AEPSP1,

2ARP1HP ¢ AEP1H2,COSMU(KN) ¢WATE (60) ¢ SIGSCT(60) ¢ SIMUCK (38},
3INMUMAX ¢ NMUM] ¢ NMUM2 ¢ NMIJM3 ¢ GLNREC ¢ GLNEPS o

ANINI «NFINONMUJREC (S0) «EPS(50) ¢SKE(51451) o
SIDENENERGY (91) ¢ EINI (91) yEFIN(91) JAFTELD(12)
6GAMOSIGLN(B7¢88)+SIGLY(R7¢8B)+sSIGL2(B7¢88) +SIGLII(BT7sAB)
7SELPO(90) ¢ SELPY(90) 9SINPO(90) ¢+ SINPL(Q0) ¢ SINP2(90) ¢ SINP3(90)
8STOT (90) 4 STR1(90) ¢STR2(9N) 4STRI(90)
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36

000002

ooonn2

000002
000002
000002
00000%
000007
000011
000012
000016
000021
000026
000030
000030

000002

000002

ooono2

000002
000002
000002
000003
000005
000006

COMMON NFGP+ENFEGP (21) ¢yNMIXMA(NMIX ¢ INDAMOENODMO,
1FNABMD¢STABMO ¢ SIGAMO (90) « NISOMA(NTSO,

P2INDAIG(4) ¢ INDF1S(4) sFNODIS(4) 4SIGSIS(4)sSIP1IS(4),

3ENABTIS(64) ¢STARIS(4) oSTGATS (4490) eENFITIS(4)sSIFIIS(4)¢SIGFIS(4490)
4RUCKLE ¢NSPEC ¢+ SMASCT (90) ¢ SMAARS(90) ¢ SMAFIS(90) ¢y SOURCE (90)
SSMATRN (90) ¢ SMATR] (90) ¢ SMATR2 (90) ¢SMATR3(90) ¢+DIFCOF (90)
6NDFLITeDIFLGT(100) ¢RCDFL24DFLFO0(90) ¢ SPMANO(90) s
TNFCOF1(90) ¢DFLGF I ¢ TRCNRRoDFLRSD(9N) ¢
BNFCFR2(90) ¢B2F (4491) ¢R2FOLD(90) yNR21T,B2RSD (90)
COMMON MFGoFGINGD (91) ¢ FGPEINGNFGPL (21) ¢+ENINWT (90) o
1FGPF (4420) s QMOFGP (4¢2N) ¢RMOFGP (4420) yRISFGP (444420) s
2SELNFG(20) ¢ SELIFG(20) «PMOFG (4420¢20) s FISFGP (4420)
3ISRCFGP (20) ¢ QMACFG (4 ¢20) sRMACFG(4¢20) sPMACFG(4¢20420) ¢
4FMACFG(20) oFSUM(4) 4QSIM(4) yRSUM(4) ¢PSUIMI4)
SCKIDL 4CKINR,CKSUNL ¢ CKSUOR¢CKSUIL+CKSUIR,
6CKSUZ2L s CKSU2R ¢ CKSU3IL «CKSU3IR ¢ JPRBNN ¢ STRANO o
7SSMPRT (20) ¢ SPRTOT (20) oFISPRT (20) ¢ PPRT (40,420)
COMMON NDF11,DFLP114P11COR4DF11F0(R7)4DF11F1(87),DF11RS(R7)
COMMON OFCO11(87)

1 ENWT1=(ENERGY (1) «FNEQGY (2))#DFLFO(1)
ENyUMaFNWT1#SMAABS (1)
EDEN=ENWT1#DIFCOF (1)

N0 2 N=2NENERG
ENWT2= (ENERGY (Nw1) «ENFRGY (Ne1) ) #*DFLF 0 (N)
ENUMENUMSENWT2#SMAARS (N)

2 ENEN=ENENCENWT24NTFCOF (N)

RCNFL2=ENYM/EDEN
RETURN
END

$InFTC GLNY DECK

SURROUTINE GLEOIT
COMMON NLIMyMLIM,TEMPENsAFARECsHRECoAFAEPS HEPS,
INENERGFACMAS.SIGRND,SRD4PT1,ARECP] ¢AEPSP1,
2ARP1H? jAEP1H24COSMU60) +WATE (A0) ¢+ SIGSCT(60) ¢SIMyUCK (38,
INMUMAX ¢ NMUM] ¢ NMUM2 e NMUM3 o GLNREC ¢ GLNEPS
ANINI ¢NFINGNMUGREC (50) oEPS(50) ¢ SKE (S1e51)
SINENGENERGY (91) ¢EINI (91) 4EFIN(91) (AFIELD(12) o
6GAMN 4SIGLO(B7488) ¢SIGL1(B7¢88)¢SIGL2(87¢88) ¢SIGL3I(B7¢RB)
7SELPN(90) ¢ SELP1 (9N0) ¢ STNPO(90) ¢ SINP1 (90)«SINP2(90) ¢SINP3(Q0)
BSTOT(90) ¢ STR1(90)4STR2(9N) ¢STRI(9n)
COMMON NFGP,ENFEGP (21) ¢ NMIXMA(NMIX ¢ INDAMO,ENODMO,
1ENABMN ¢STABMO¢SIGAMO (90) ¢NISOMANISO,
2INDAIG(64) ¢ INDFIS(4) oENODIS(4) 4SIGSIS(4)¢SIP11S(4y,
3ENABIS(4) o STARIS(4) eSTGAIS(4¢90) oENFTIS(4)¢SIFIIS(4)¢eSIGFIS(4490)
4BUCKLE ¢NSPEC+SMASCT(Q0) ¢ SMAABS(90) ¢+ SMAFIS(90) ¢ SOURCE(90)
SSMATRO (9n) ¢ SMATR] (90) s SMATR2(9N) ¢ SMATR3(90) 4DIFCNAF (90),
6NDFLITDIFLGT(100) ¢RCOFL29DFLFO(90) s SPMANO(90) »
7DFCOF 1 (90) 4 DFLGF 14 TRCORR¢DFLRSD(90) o
BDFCFR2(90) ¢B2F (4491) ¢R2FOLD(9n) ¢4NR2IT.B2RSD(90)
COMMNON MFGeFGINGN(91) FGPEINJNFGPL (21) ¢ENINWT (90)
1FGPF (40420) ¢sQMOFGP (4920) ¢sRMOFGP (4¢20) ¢yRISFGP (494420) 9
2SELOFG(20) ¢ SEL1FG(20) ePMOFG(4.20420) ¢FISFGP (4420) o
3SRCFGP (20) s QMACFG (4 920) sRMACFG (4 ¢2()) sPMACFG(4920420) ¢
AFMACFG(20) 9FSUM(4) QSUM(4) yRSUM(4) 4PSLIM(4) o
SCKIDL,CKIDR¢CKSUNL ¢CKSUOR(CKSUIL ¢CKSU1IR,
6CKSU2L ¢ CKSU2R ¢ CKSU3L .CKSU3R ¢ JPRBNOySTRAND
T7SSMPRT (20) ¢« SPRTOT (20) ¢ FISPRT (20) yPPRT (40,420)
COMMON NDF114NDFLP11,P11COR,DF11F0(87)+DF11F1(87),DF11RS(RT)
COMMON DFCO11(87)
CALL GLNTIN
1 DO 4 L=l,yé
N0 2 N=1,NENERG
2 FGINGD (N)=B2F (LoN)



000017
000020
000021
000022
000032
000034
000036
000037
000051
000052
000053
000054
000066
000070
000072
000073
000105
000106
000107
000110
000122
000124
000126
000127
000130
000144
000145
000146
000147
000164
000170
000172
000204
- 000205
000206
000207
000216
000220
000232
000233
000234
000235
N00244
000246
000254
000256
000257
000263
000265
000266
000272
000276
000275
000276
000302
000303
000306
000310
000311
000314
000316
000321
000323
000325
000331
000332
000335
000337
000340
000343
000345

> n&sw

0D~

10

1n
12
13

14

18
16

1R

19
20
21

22
23
24

261

25
26

27
28

29
30

3

FGINGD (NENERG+1) =, 0

N0 3 MFG=] (NFGP

CALL GLINTE

FGPF (L MFG)=FGPEIN

CONTINUE

NO 8 =144

NO 6 N=],NENERG

FGINGD (N)=STOT (N)#B2F tLeN)
FGINGD (NENERG+1)=,0

NO 7 MFG=l ¢NFGP

CALL GLINTE

QMOFGP (LyMFG) =FGPEIN/FGPF (L eMFG)
CONTINUE

NO 12 L=t,4

DO 10 N=](NENERG

FGINGD (N)=STIGAMO (N) ®*R2F (L 4N)
FGINGN (NENERGe1)=,0

DO 11 MFG=]¢NFGP

CALL GLINTE

RMOFGP (L,MFG) s FGPF IN/FGPF (L 4 MFG)
CONTINUE

N0 16 NISO=]¢NTISOMA

DO 16 L=1,4

N0 14 N=] NENERG
FGINGD(N)=SIGAIS(NISNON)#B2F (LeN)
FGINGND (NENERG+1)=,0

NO 18 MFGa] NFGP

CALL GLINTE

RISFGP(NISO,L MFG)=FGPEIN/FGPF (L ,MFG)

CONT INUE

00 1R N=],NENERG
FGINGO(NY=SELPN (N)#B2F (14N)
FGINGO (NENERGe+1)=,0

NO 19 MFGa] 4NFGP

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

FGINGO (NyaSELP1 (N)#B2F (2 4N)
FGINGD (NENERG+) )=, 0

N0 22 MFGm] ¢NFGP

CALL GLINTE

SEL1FG(MFG) =FGPEIN/FGPF (24MFG)
no 24 L=1l,6

R2F (L. yNENERG+]1) =, 0
NRGPL1=NENERG+ 1

N0 241 J=m]1 «NENFRG

SIGLN (JyNRGPLY)=,0

SIGLY (JINRGPL1Y=,0

SIGL2 (JINRGPL1) =, N
SIGL3(JeNRGPLYY=,0

nO 34 M=) ¢NFGP

NO 34 Km] ¢NFGP

DO 25 N=]NRGPL1
GLNCMP=ENFEGP (K) «ENERGY (N)
IF (GLNCMP) 25426426

CONT INUE

NFGPK] =N

NO 27 N=](NRGPL1
GLNCMP=ENFEGP (Ke 1) «ENERGY (N)
TF (GLNCMP) 27428428
CONTINUE

NFGPK2=Ne1

N0 29 N=].NRGPL1
GLNCMP=ENFEGP (M) «FNERGY (N)
IF (GLNCMP) 29,430,430
CONTINUE

NFGPMy &N

DO 31 N=1,NRGPL1
GLNCMP=ENFEGP (Me 1) «ENFRGY (N)
IF (GLNCMP) 31432437
CONTINUE
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)

000350 32 NFGPM2gN.1

000352 PMOFG(1eKeM) =40

000360 PMOFG (P sKoM)=,0

000365 PMOFG(?N(.M):.O

000371 PMOFG(4eKeM)=,0

000376 N0 33 N=NFGPM1 ¢NFGPM?

000400 N0 33 J=NFGPK] (NFGPK>

000402 FNWT= (FNERGY (N)«ENERGY (Ne 1) ) # (ENERGY (J) «ENERGY (Jes1))
000410 PMOFG (1 oKeM) ZPMOFG(1eKeM) SENWT

18 (R2F (19 J) #(SIGLN (JoN) +STGLO(JeNa 1))

24B2F (10Js1)# (STBLO (Jo1¢N) +STGLO (Je1eNe1))) .
000437 PMOFG (24K ¢M) 2PMOF G (2+KsM) sENWT

1% (R2F (P4 J) #(STGLY (JoN) #STIGL1 (JeNs1))

2482F (20Je1)# (STGLY (Jo1 ¢N) #SIGLY (Je1eN#1)))
000463 PMOFG (34K ¢M) sPMOFG (34K oM) sENWT

16 (R2F (39 J) #(STGL? (JeN) #STIGL2 (JeN+1))

24R2F (340411 #(STIGL? (Ja1¢N) +STGL2(Js1oN+1)))
000507 33 PMOFG (44K M) SPMOFG (4 ,K oMy ¢ENWT

14 (R2F (44J) 8 (SIGL3(JoN) +SIGLI (JeNe1))

24B2F (60Je1) #(STGLI(Je1sN) oSIGLI(Je1oNe1)))

000540 PMOFG(1oKoM) =, 254PMOFG(14KeM) /FGPF (14K)

000551 PMOFG (24K¢M) = ,254PMOFG (24 KoMy /FGPF (2,4K)

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

000561 34 PMOFG(4eKeM) =, 25%PMOFG (49KoM) /FGPF (4 4K)

000871 N0 35 K=](NFGP

000572 PMOFG(1eKeK)ZPMOFG (14K oK) +SELNFG(K)

000601 385 PMOFG(2¢KeK)2PMOFG (24KeK) +SELIFG (K)

000613 36 NO 39 NISO=]1,NISOMA

000615 PO 37 N=1,NENERG

000616 37 FGINGN (N)=SIGFIS(NISN.N) #R2F (1¢N)

000632 FGINGD (NFNERG+1)=,0

000633 DO 38 MFG=] ¢NFGP

000634 CALL GLINTE

000635 3R FISFGP(NISN MFG) =FGPEIN/FGPF (1 ¢MFG)

000647 39 CONTINUE

000651 4n 00 41 N=] ,NENERG

000653 41 FGINGO (N)=SOURCE (N)

000660 FGINGD (NENERG+]1)=,0

000661 DO 42 MFGm] (NFGP

000663 CALL GLINTE

000664 42 SRCFGP(MFG)=FGPEIN

000671 43 SCISan=m,.n !

000672 SCISA1=,.0

000673 DO 44 NISO=]¢NISOMA

000674 SCISAN=SCISAO+ENODTIS(NISO)#SIGSIS(NISO)

000700 44 SCISA12SCISA14.ENODIS(NISO)#SIP1IS(NISO)

000706 00 45 L=1,4

000710 N0 45 M=) (NFGP

000711 45 OMACFG (L M) aENODMOSCMOFGP (L ¢M) +SCTSAQ

000727 DO 46 L=), 4

000730 PO 4& M=m],(NFGP

000731 RMACFG (L ¢M)=ENODMO®RMOFGP (L ¢ M)

000740 DO 46 NISO=14NISOMA

000761 46 RMACFG(LoM)=RMACFG(L,M)+ENODIS(NISO)
14RISFGP(NISO,L M)

000764 NO 47 L=1,4

000765 NO 47 K=1,NFGP

000766 NO 47 M= ,NFGP .

000767 47 PMACFG(LsKoM)mENONMOSPMOFG (LeKoeM)

001011 DO 48 K=] (NFGP

001012 4R PMACFG(14KeK)=mPMACFG (14KsK)+SCISAQ

001024 NO 49 K=] (NFGP

001025 49 PMACFG(2,KeK)mPMACFG(2¢KoK)+SCISAY

001037 NO Sn M=) NFGP i

001040 FMACFG(M)=,0

001042 PO S0 NISO=1,NISOMA

001043 S0 FMACFG (M)=FMACFG(M)+FNODIS(NISO)#FISFGP (NISOeM)

001060 NO 53 L=1,4 .

001061 FSUM(L)=,0

001063 OSUM(L)=,0

001064 RSUM(L)=,0
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001066
001067
001071
001077
001106
001113
001115
001133
001135
001137
001141
001144
001146
0011%0
001150
001152
001154
001155
0011640
001161
001162
No1167

001176
001177

001206
001210

0n121s
0nl1216
nn1217
001222
001225
001230
001231
np1232

000002

000002

000002

51
52
53
54

sS

56
s7

58

59

60

s$IafFT

PSUM(L)=,0

DO 52 M=) ,NFGP
FSUM(L)=FSUM(L) +FGPF (LoM)

QSUM (L) mQSUM (L) s+ OMACFG (L 4 M) #FGPF (L o M)
RSUM (L) =RSUM(L) *RMACFG (L ¢ M) #FGPF (L M)
N0 S1 K=](NFGP )

PSUM (L) =PSUM(L) +PMACFG(LsKosM) #FGPF (L 4K)
CONTINUE

CONT INUE

RUCLAR=ABS (BUCKLE)

RUFAC12=SQRT (BUCLAB)

IF (BUCKLE) 554561456

RUFACO=BUFAC]

GO TO 57

RUFACo==8UFAC]

CKIDL=2QSUM(1)

CKIDR=PSUM(1)

CKSUOL =mBUFACO#FSUM(2) +RSUM( 1)
CKSUOR=,0

DO SA M=],NFGP
CKSUNR=CKSUONR+SRCFGP (M)
CKSUIL=BUFAC1# (2,%FSUM(3)+FSUM(1)) /3,
14QSUM(2) «RSUM(2)

CKSUIR=PSUM(2)
CKSU2L=RUFACO# ( (68FSIIM (&) e ,48FSUM(2))
1¢QSUM(3) «RSUM(3)

CKSU2R=PSUM (3)
CKSU3L«BUFAC14,42RST1434FSUM(])
1+QSUM(4) «RSUM(4)

CKSU3RaPSUM(4)

IF (BUCKLF) 60459460
CKSUYIL=2CKSUIL«FSIUM(1) /3,
CKSUPLmCKSU2L + (4#FSUM (?)
CKSU3L=CKSU3Lwe ,4285714634FSUM(3)

CALL GLPRNT

RETURN

END

C GLNR DECK

SURROUTINE GLNTIN

COMMON NLIM¢MLIM,TEMPEN,AFAREC+HRECAFAEPSHEPS,
INENERG.FACMAS ¢+SIGBND.SBD4PI s ARECP1¢AEPSP1

2ARPLH2 yAEP1H2,COSMyU(ON) yWATE (A0) s STIGSCT(60) 4SIMYUCK (38,
INMUMA X ¢ NMUM1] o NMUM2  NMUM3 , GLNREC o GLNEPS
4MINT NFINGNMUJREC (50) +EPS(50) ¢ SKE (51,51)
SINENLENERGY (91) ¢ FINT (91) (EFIN(91) (AFTELD(12)
6GAMOSIGLO (B7488) ¢SIGL1(B7¢88)¢SIGL2(R7¢88) ¢SIGLI(BT74RB)Y
TSELPO(90) ¢ SELP1(90) ¢SINPO(90) ¢SINPL1(OD) ¢SINP2(90) ¢SINP3(90),
BSTOT(90) ¢STR1(90)¢STRP(90) ¢STR3(90n) ]

COMMON NFGPJENFEGP (21) e NMIXMA(NMIX ¢ INDAMOENODMO,
1ENABMO4STIABMO,SIGAMO (90) NISOMA4NTSO,
PINDAIS(4) o INDFIS(4) s FNODIS(4) SIGSIS(4)¢SIP1IS(4),
IENABIS(4) ¢STARIS(4) +SIGATIS(4990) ¢ENFIIS(4) ¢SIFIIS(4)¢SIGFIS(4490),
GBUCKLE ¢yNSPEC ¢SMASCT (90) ¢ SMAABS (90) ¢ SMAFIS(90) ¢SOIJRCE (90)
SSMATRN (90) ¢+ SMATR] (90) ¢+ SMATR2(90) ¢ SMATR3(90) ¢DIFCOF (90)
6ANDFLITGDIFLGT(100) yRCNFL2¢DFLFO(90) « SPMANO(Q0) o
TNFCOF1(90) yDFLGFI, TRCORR,DFLRSD(90) s

ADFCFB2(90) ¢B2F (4491) +R2FoLD(90) +NR2IT+B2RSD (90)

COMMNON MFGeFGINGN (913 ¢ FGPEINGNFGPL (21) ¢ENINWT (90 o

1FGPF (4420) yQMOFGP (4920n) yRMOFGP (4 420) yRISFGP (444,420) o
2SELOFG(20) ¢ SELIFG(20) ¢PMOFG(4¢20420) oF ISFGP (4420) o
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000002
000002
000002
000004
000006
000010
000011
000012
000016
000017
000022
000025
000027
000031
000037
000037

000002

000002

000002

000002
000002
000002
0000058
000007
000010
000012

000021
000023
000023

ISRCFGP (20) yQMACF G (4420) RMACFG (4420) sPMACFG (4420420) s
AFMACFG(20) ¢FSUM(4) ¢QSUM(4) yRSDM (4) ¢ PSUM (&) o
SCKIDL ¢CKINR4CKSUNL ¢ CKSUORy CKSULL ¢ CKSD1R
6CKSUPL ¢ CKSU2R s CKSUIL ¢ 6KSU3R ¢ JPRENO ¢ STRAND ¢
TSSMPRT (20) ¢ SPRTOT (20) ¢FISPRT(20) ¢ PPRT (40 420)
COMMON NDF11¢NFLP11+P11CORyDF11F0(87) ¢DF11F1 (R7) 4DF11RS (A7)
COMMON DFCO11(87)

NRGPL } sNENERG4 |

NFGPL 1 =NFGP+1

ENFEGP (NFGPL1) me0

PO 3 MFGm]¢NFGPL1Y

00 1 N=1¢NRGPL1

GLNCMP=ENFEGP (MFG) =ENERGY (N)

TF (GLNCMP) 14247

CONTINIE

NFGP1 (MFG) =N

CONT INUE

DO & Nz1.NENERG
& ENINWT (N) =ENERGY (N) =ENERGY (Ne 1)

RE TURN

FNO

W N -

$IaFTC GLN9 DECK

SURRNUTINE GLINTE

COMMON NLIM¢MLIM,TEMPENsAFAREC +HREC+AFAEPS(HEPS,
INENERG¢FACMAS ¢ SIGBND 4 SBDAPI s ARECP1 ¢ AEPSP1,

2ARP1H2 JAEP1H2,COSMU(KN) yWATE (60) ¢SIGSCT (60) SIMUCK (38),
3NMUMAX e NMUM] ¢ NMUM? ¢ NMUIM3 s GLNREC ¢ GLNEPS o

GNINT oNFINoNMUGREC (S0) sEPS(S0) ¢ SKE(S1451) 0
SINENJENERGY (91) o FINI(91) sEFIN(91) ,AFTELD(12)

6GAMO 4STGLO(B7¢88) ¢SIGLY(R7¢88)¢SIGL2(R7¢88) ¢SIGLI(B7488),
7SECPN(90) ¢SELP1(90) ¢SINPO(90) +SINPL1(90) ¢SINP2(90) ¢SINP3(90)
B8STOT(90)¢STR1(90) ¢STR?(90) ¢STRI(90N)

COMMON NFGPJENFEGP (21) sNMIXMA(NMIX ¢ INDAMO,ENODMOD,
1ENABMN¢STABMO4SIGAMO(90) ¢ NISOMAYNISO,

2INDAIS(4) g INDFIS(4) ¢FNODIS(4) 4SIGSIS(4),SIP1IS(4)y,
3ENABTS(4) oSTABIS(4) oSTGATIS(4400) oENFIIS(4) ¢oSIFIIS(4)eSIGFIS(4490)
48UCKLE ¢NSPEC¢SMASCT (Q0) ¢+ SMAABS(90) ¢ SMAFIS(90) ¢ SOUURCE (90) o
SSMATRO (90) ¢ SMATRY (90) ¢ SMATR2(90) ¢ SMATRI (90) 4DIFCNF (90)
6NDFLITDIFLGT(100) sRCNFL24DFLFN(9N) s SPMANO(S0) o
TOFCOF1(9n) ¢4DFLGF14 TRCORR4DFLRSH(9N) o

RANFCFR2(90) ¢8B2F (4,91) 4R2FOLD(9n) {NR2IT4B2RSD (90)

COMMON MFGeFGINGD (91) ¢ FGPEINGNFGPL (21) ¢ENINWT (90)

1FGPF (46¢20) s+ QMOFGP (4¢20) sRMOFGP (4¢420) yRISFGP (4¢4,420) 9
2SELOFG(20) ¢ SELIFG(20) «PMOFG(4,204¢20) ¢FISFGP (4420,
3SRCFGP(20) sQMACFG(4920n) sRMACFG(4420) ¢PMACFG(4¢20¢20) s
GFMACFG (20) sFSUM(4) ¢QSUM(4) sRSUM(4) yPSUM(4) o

SCKIDL ,CKINDRyCKSUNL yCKSUORGCKSIJ1L4CKSY1R,

6CKSUZL ¢y CKSU2R 4CKSU3L ¢ CKSU3R ¢ JPRBNO ¢ STRAND »

TSSMPRT (20) ¢ SPRTOT (20) 4 FISPRT (20) ¢ PPRT (40,20}

COMMON NDF114NDFLP114P11CORyDF11F0(B7)4DF11F1(R7),DF11RS(R7)

COMMON DFCO11(87)

NFGPL1=NFGPL (MFG)

NFGRL2aNFGPL (MFGe1) =}

FGPEINm,0

N0 1 N=NFGPL1 NFGPL2
1 FGPEIN=FGPEINSENINWT (N)# (FGINGD (N)

1+FGINGD (N+1))

FGPE INm K #FGPREIN

RETURN

END



000002

000002

000002

000002
000002
000002
000010
000010
000016
000016
000022
000022
000037
000037
000037
000047

000047
000051
000061
000061
000065
000065
000102
000110
000110
000114

000177
000213

sinFT

DO I~

11
12

13

14

C GL1o DECK

SUBROUTINE GLPRNT

COMMON NLIM¢MI IMyTEMPEN,AFAREC +HRECAFAEPS  HEPS,
INENERGFACMAS ¢ SIGRND+SBRD4P 1 ARECP] 4AEPSP1

2ARP1H? ¢ AEP1H2,,COSMU(K0) ¢WATE (60) ¢SIGSCT(60) ¢ BIMUCK(38),
3NMUMA X ¢ NMUM1 ¢ NMUM2 ¢ NMIJM3 4 GLNREC ¢ GLNEPS ¢
4NINT oNFINGNMUGREC (50) ¢EPS(50) ¢ SKE (51451
SINDENGENERGY (911 4EINT (91) 4EFIN(91) (AFTELD(12) ¢

6GAMO 4SIGLN(B74AB) ¢SIGLY1(RT7¢88) +SIGL2(RT7¢88) ¢HIGLI(BTeRB)Y
TSELPN (90) ¢ SELP1(90) s SINPO(S0) ¢SINPL(G0) 4SINP2(90) ¢SINP3(90)
ASTNT(90) ¢ STR1(90) ¢STR? (90) ¢ STRI(90)

COMMON NFGPoENFEBP (21) ¢ NMIXMA (NMIX ¢ INDAMO 4 ENODMO,
1ENABMNO¢STABMOsSIGAMO (90) ¢ NISOMANISO,

2INDATIS(4) ¢ INDFIS(4) sENODIS(4) ¢SIBSIS(4) ¢SIPI1S(4),
3ENABIS(4) ¢SIABIS(4) ¢ STGAIS(4090) oENFIIS(4) ¢SIFITS(4) 4SIGF1S(4490)
4RUCKLE ¢NSPEC s SMASCT(90) ¢ SMAABS (90) ¢ SMAF IS (90) ¢ SOURCE (90)
SSMATRO (90) ¢ SMATRY (90) ¢ SMATR2(90) ¢ SMATR3(90) 4DIFCOF (90) 4
6NDFLIT(DIFLGT(100) yRCOFL24DFLFN(90) s SPMANO(9() o

TNFCOF1(90) 4DFLGFI¢TRCNRRDFLRSD (90)
BNFCFR2(90) +82F (4,91) «B2FOLD (90) «NR21T,82R§D (90)

COMMON MFG4FGINGD (91) ¢ FGPEIN(NFGPL (21) ¢ENINWT (90)

1FGPF (4920) ¢yQMOFGP (4420) yRMOFGP (4920) yRISFGP (444420) ¢
2SELOFG(20) ¢SEL1FG (20) ¢PMOFG (4420020) ¢FISFGP (4420}

3SRCFGP (20) sQMACFG(4920n) sRMACFG(4420) sPMACFG(4e20420) s
GFMACFG(20) ¢yFSUM(4) QSUM(4) yRSUM(4) ¢PSUM(4) o
SCKIDL.CKIDRoCKSUNL ¢ CKSUNRGCKSHI1L ¢ CKSU1R,
6CKSU2L ¢ CKSU2R«CKSU3L « CKSU3R ¢ JPRBNO s STRAND o

7SSMPRT (20) ¢ SPRTOT (20) ¢ FISPRT (20) ¢ PPRT (40420)

COMMON NDF11,4,NFLP114P11COR(DF11F0 (87)4DF11F1(87) ,DF11RS(R7)
COMMON DFCO11 (A7)

WRITE (992)NMIX

FORMAT (BHIMIXTURE,13.21H FEW GROUP PARAMETERS)

wRITE (9¢3)NFGP

FORMAT (4gHONUMBER NFGP OF FEW GROUP ENERGIES ENFEGPs NFGP=m¢13)
WRITE (944)

FORMAT (1SHQNF G ENFEGP)

WRITF (94901) (NJENFEGP (N) N1 (NFGP)
FORMAT (14,E16,8)

FORMAT (1447€16,8)

WRITE (946) INDAMOENONMO

FORMAT (33HNMODERATOR SIGA INDICATOR INDAMOm, 13,

1334 MODERATOR NUMRER NDENSITY ENODMO=mE15.8)
IF(INDAMO)Y 747,49

WRITF (9,8) ENARMO,STARMO

FORMAT (BHOENARMOm,E15,8¢RH STABMO=+E15,8)

WRITE(9410)

FORMAT (16H0 N STGAMO)
WRTTF(94901) (NySTGAMN (N) yN=] 4 NENERG)

WRITE (9411)NISOMA

FORMAT (36HONUMBRER ADDITIONAL 1SOTOPES NISOMA=,13)
WRITE (9412}

FORMAT (113HOISOTOPE SIGA INDICATORs SIGF INDICATORs NUMBER DENSITY
1. PD SCATTERING CROSS SECTION, P1 SCATTERING CROSS SECTION)
WRITF (9413)

FORMAT(73H INDATS INDF1S ENODIS SIGSIS
1 SIP11S)

WRITF (9414) (INDATS (NTSN) « INDFTS(NISO) ¢ENODISINISAH) o
1STGSTSINISO) ¢ STPIISINTISO) yNISOR1 ¢NISOMA)
FORMAT(IR,110,E272,ReE20.,R,E2N,R)

NO 17 NISO=1¢NISOMA

JTEST=INDAIS(NISO)

IF(JTESTYI15415,417

WRITE (9¢16INISOCENARIS(NISO) ySTABIS(NISO)

FORMAT (6HDNISOmyT3,8H ENABIS2,E15,B4RH SIABIS=.E]15,8)
CONTINUE

N0 20 N1SO=1sNISOMA

JTEST=INDFIS(N1SO)

TF(JTEST) 18418420

WRITF (9¢19)INISOSENFITIS(NISO) ¢SIFITS(NISO)

FORMAT (6HONTSOmeI348H ENFIISm4F15,8¢8H SIFI1IS=eE16,R)

b1



k2

000213
000216
000217
000224
000224
000246
000247
000254
000254
000276
000303
000303
000305
000313
000313
000314
000322
000322
000373
000331
000331
000335
000335
000341

000341

000400
000404

000404
000410
000410
000433
000433
000437
000437
000447

00N447
000453
000453
000457
000457
000474
000500

000500
000526
000526
000536

000536
000542
000542
000546
000550

000565
000571

000871
000571
000575

000634
000634

000640
000640
000644

000644

20 CONTINUE
N0 22 NISO=]+NISOMA ’
WRITF(9421)NISO
21 FORMAT (14HO N SIGAIS(,12,2H ))
22 WRITE(94¢901) (N3SIGAIS(NISOsN) ¢Nm] {NENERG)
NO 24 NISO=]1¢NISNMA
WRITE (9423)NISO
23 FORMAT(14Hp N SIGFIS(e12¢2H V)
246 WRITE(9¢901) (N¢SIGFIS(NISO¢N) ¢N=] NENERG)
WRITF (9,425)BUCKLE
25 FORMAT(10HOBUCKLING=4,E15,.,8)
IF (NSPEC) 251426428
251 WRITE (9,252)NSPEC
252 FORMAT (33HONEUTRON SPECTRUM READ IN, NSPEC=,12)
GO To 30
P76 WRITF (9427)INSPEC
27 FORMAT (33HQMAXWELL NFUTRON SPECTRUM, NSPEC=,I12)
GO TO 30
28 WRITE (9429)NSPEC
29 FORMAT (34HoHARDENED NEUTRON SPECTRUM, NSPEC=,12)
30 WRITF(9431)
31 FORMAT(S1HIMACROSCOPIC CROSS SECTIONS FOR MULTIGROUP ENERGIES)
WRITE (9432)
32 FORMATI(111H N SMASCT SMAABS SMAF IS
1 SMATRO SMATR1 SMATR2 SMATR3)
WRITE (9¢5) (NgSMASCT (N) ¢ SMAABS (N) ¢y SMAFIS(N),
1SMATRO (N) ¢ SMATR] (N) s SMATR2 (N) ¢ SMATRI (N) osNx1 ¢ NENERG)
WRITE (9434)
34 FORMAT(STHODIFFUSION COEFFICIENT AND SOURCE FOR MULTIGROUP ENERGIE
18)
WRITF (9435)
35 FORMAT(4TH N ENERGY DIFCOF SOURCE)
WRTITE (9¢902) (NJENERGY (N) «DIFCOF (N) ¢ SOURCE (N) ¢N=] ¢ NENERG)
002 FORMAT(14,3E16,8)
WRITE(9436)
36 FORMAT(29HIDIFFUSION LENGTH CAL.CULATION)
WRITF (9437)DFL.GF1,TRCORR
37 FORMAT(1RHODIFFUSION LENGTH=sF154R
172H TRANSPORT CORRECTION=,E15,R)
wRITF (9438)
38 FORMAT (24HOSEQUENCE NF EIGENVALUES)
WRITF (9439)
39 FORMAT(1RH NO, DIFF, LGTH,)
WRITE(9¢901) (NgDIFLGT(N) ¢Nm] ¢NDFLIT)
WRITE (9940)
40 FORMAT(64H0 N ENERGY SPECTRUM MAXWELL
1RESIDUAL)Y
WRITE (99903) (NoENERGY (N) 4DFLFN (N) ¢ SPMANO (N) ¢DFLRSN (N) ¢N=1 {NENERG)
an3 FORMAT (14,4E16,8)
WRITE(94¢401)DFLP11,P11COR
401 FORMAT (22HOP11 DIFFUSTON LENGTH=4F16,Ry
116H P11 CORRECTION=.F16,8)
WRITE(9+402)
402 FORMAT(16HOP11 EIGENVALUES)
WRITE(9439)
NDTPL1=NDFLIT»1
WRITF (99901) (NyDIFLGT(N) yNaNDTPL},NDF11)
WRITE (9+404)
403 FORMAT(111H N ENERGY FO Fl
1 MAXWELL RESINUAL DFCO11 DIFCOF)
404 FORMAT(12HOP11 SPECTRA)
WRITE(94403)
WRITE (99405) (NJENFRGY (N) DF11F0 (Ny ¢DF11F1 (N),
1SPMANO (N) ¢DF11RS (N)sNDFCO11 (N) ¢DIFCOF (N) ¢Nm] ¢NENERG)
405 FORMAT(14,7E16,8)
WRITF (9,41)
4] FORMAT(18H] BUCKLING SPECTRA)
WRITE (9442)
42 FORMAT (96H N ENERGY L=0 L=l
1 L=? L=3 RESIDUAL)
WRITE (99904) (NyENERGY (N) ¢B2F (19N) 4B2F (24N)



000702
000702
000710
000710
000711
000717
000717
000731
000731
000737
000737
000742
000744
000746
000747
000751
000783
onn764

000764
000766
000770
000771
001004
001013
001023
001023
001025
001027
001035
001036
001041
001083
001062
001063

001115
001116
001121
001126
001126
001127
001131
001146
001151
001156
001187
001174
001177
001202
001207

001241
001241
001244
001245

001302
001303

001340
001342
001344
001345
001347
001362

001362
001364

1R2F (34N) 4B2F (4 4N) {B2RSD (N) oNu) s NENERG)
an4 FORMAT(1446E16,8)
WRITE (9.421)NB2IT
421 FORMAT (19HONUMBER ITERATIONSs,14)
72ERO=, 0
WRITE (9:43)NMIX
43 FORMAT (28H1ISOTOPE EDIYS FOR MIXYTURE,12)
WRITE(11444) (AFTELD(J) oJm1412)
44 FORMAT(12A6)
WRITF (1144S5)NMIX
45 FORMAT (6H NMIX=e14)
IF(INFGPed)AL] 441 ,44D
44)1 JPRBNN=1ARS (JPRBNO)
442 LIMPR1=NFGP«4
LIMPR2=NFGP +4
D0 S0 L=l,4
LPRT=L ]
WRITE(114451)JPRRANOINMIX4LPRT ,
451 FORMAT(BH JPRBNOm,15,RH NMIxsm,11412H MODERATOR,
15H L=ell)
NO 491 MFG=1,NFGP
SSMPRT (MFG) =, 0
NO 46 KFGm] MFG
46 SSMPRT (MFG)=SSMPRT (MFG) *+PMOFG(LeMFGIKFG)
SSMPRT (MFG) s SSMPRT (MFG) «PMOFG (L ¢ MFG yMFG)
WRITE(9447)LPRTeMFG
47 FORMAT (14HOMODERATOR, L=.1249H « GROUP=.13)
NFGPM2aNF GP+NFGP 1
NO 471 KFGm1440
471 PPRT (KFGyMFG)=,0
PO 4R KFGm1,NFGP
KPFGeNFGP=«KFGe+MF G
4R PPRT (KPFGyMFG) 2PMOFG (L ¢ KF Gy MFG)
SPRTOT (MFG) 2QMOFGP (L .MFG) 4 RMOFGP (L ¢ MFG)
1F (JPRBND) 482,481 4481
481 WRITE(9¢49)RMOFGP (LeMFG) ¢ ZERO4SPRTOT (MFG) o
1SSMPRT (MFG) ¢ (PPRT (KPFG,MFG) ¢ KPFGm] ¢ NFGPM2)
GO TO 491
482 IF (MFG=5)485+483,483
4873 PPRT(NFGP+4 MFG)=,0
1 IM1=MFG
LIM2=NFGP
NO 4R4 NRNINT=LIM],LTM?
4B4 PPRT (NFGP44 ¢MFG) mPPRT (NFGP4 4 MFG) ¢PMOFG (L yMFGué yNRNINT)
48S [F (MFGe4«NFGP) 486,484,488 .
486 PPRT(NFGPed MFG)=,0
NO 487 NRNINT=]1yMFG
4B7 PPRT (NFGPu4yMFG) mPPRT (NFGPwd MFG) ¢ PMOFG (L 4MFGo& NRNINT)
488 TF(Le1)490+¢490,4511
490 IF(MFG=1)510¢510,511
510 PPRT(NFGPs1¢MFG)=STRAND
611 WRITE (9¢49)RMOFGP (LeMFG) ¢ZERO4SPRTOT (MFG) o
1SSMPRT (MFG) ¢ (PPRT(KPFGsMFG) ¢ KPFGaL IMPR1 4L IMPR2)
69 FORMAT(1PAE12,4)
491 CONTINUE
1F (JPRBNO)YS13+¢512,4512
12 WPITF(11o69)(RMOFGP(LoMFG)oZEROoSPRTOT(MFG)o
1SSMPRT (MFG) ¢ (PPRT (KPFGoMFG) ¢KPFGm1 ¢ NFGPM2) ¢MFGm] ¢NFGP)
60 TO 50
=13 WRITE(11,49) (RMOFGP (L4MFG) ¢ZERN4SPRTOT (MFG)
1SSMPRT (MFG) ¢+ (PPRT (KPFGeMFG) s KPFGrLIMPR] ¢ LIMPR2)
2MFG=1 (NFGP)
S0 CONTINUE
DO S61 N1SOm]1,NISOMA
NO 561 L=l,é
LPRTalLel
WRITE (11¢501) JPRRANO ¢sNMIX (NISO,LPRT i
g£01 FORMAT(8H JPRBNO=,1S,AH NMIX=eT1411H ISOTOPE=,11y
15H  L=yI1)
DO 56 MFGm)] NFGP
WRITE(9¢S1)NISOsLPRT (MFG

43



Ll

001375
001375
001377
001401
001410
001412
001422
001424
001433
001437
001440
001443
001452
001454

001510
001511

001545
001550
001551

001610
001611

001650
001655
001655
001660
001660
001664
001664
001670

001670

001720
001724
001724
001730

001760
001764
001764
001770

002020
002024
002024
002026
002033
002033
np2037

002037

002100
002103
002103
002107
002107
002124
002124
002130
002130
002134
002151
002155
00218%

81 FORMAT(BHOISOTOPF 412.5H , Lm¢l12¢9H , GROUP=,13)
NFGPM2aNFGP+NFGPe}
DO S2 KPFG=1¢NFGPM2
52 PPRT(KPFGyMFG)=,0
FISPRT(MFG)=,0
SPRTNT(MFG)=SIGSIS(NTISO) +RISFGP(NISO,L +MFG)
IF(Le1)53,53,54
53 PPRT (NFGP(MFG) =PPRT (NFGPMFG) +SIGSIS(NISO)
FISPRT(MFG)=F ISFGP (NTSO¢MFG)
GO Tn 8§51
954 TF(Le?)S554554551
&5 PPRT(NFGP ¢MFG) 2PPRT (INFGPsMFG) ¢STIP1IS(NISO)
&81 IF(JPPRNO)553055?QSS?
262 WRITE (9¢49)RISFGP(NISO,L¢MFG) 4FISPRT (MFG),
1SPRTOT (MFG) ¢ ZERO, (PPRT (KPFGeMFG) s KPFG=] ¢ NFGPM2)
GO TO S6
853 WRITE(9+¢49)RISFGP(NISO,L 4MFG) 4FISPRT (MFG) ,
1SPRTOT (MFG) ¢ ZERN ¢ (PPRT (KPFGeMFG) ¢ KPFGrLIMPR] 4L IMPR2)
56. CONTINUE
IF (JPRBNO)S55+5544¢554
RS54 WRITE (11,49) (RISFGP(NTISO, LoMFG)oFISPRT(MFG)
1SPRTOT(MFG) ¢ ZERO ¢ (PPRT (KPFG¢MFG) ¢ KPFGm] ¢ NFGPM2) 4
2MFG=1.NFGP)
GO TO S§61
555 WRITE (11¢49) (RISFGP(NTISO4LoMFG) ¢FISPRT (MFG) o
1SPRTOT(MFG) ¢ ZERO . (PPRT (KPFG ¢MFG) s KPFGELIMPR14LIMPR2) o
2MFGm] (NFGP)
61 CONTINUE
57 FORMAT(IR,E20.8¢3F16,R)
WRITE (9+58)
SA FORMAT(33HIFEW GROUP MACROSCOPIC PARAMETERS)
WRITF (9469)
59 FORMAT(THOFLUXES)
WRITF(9,60)
60 FORMAT(70H GROUP L=p L= L=2
1 L=3)
WRITE (9¢57) (MgFGPF (14M) oFGPF (2eM) FGPF (34M) o
1FGPF (46 eM) ¢M=] ¢ NFGP)
WRITE(9461)
61 FORMAT (26HQSCATTERING CROSS SECTIONS)
WRITE(9460)
WRITE (9¢57) (MgQMACFG (1 ¢M) 4QMACFG (2 4M)
JOMACFG(3eM) ¢OMACFG (4 ¢M) e M=] s NFGP)
WRITF (9462)
62 FORMAT (26HQABSORPTION CROSS SECTINNS)
WRITF (9440)
WRITE (9¢57) (MyRMACFG (1 ¢M) yRMACFG (2 ¢M) o
1RMACFG(34M) yRMACFG (4 ,M) ¢Mu] ¢ NFGP)
WRITF (9467)
63 FORMAT(30HOGROUP TRANSFER CR0OSS SECTIONS)
DO 66 K=],NFGP
WRITF (9¢64)K
64 FORMAT (1SHOINITIAL GnnUP-.I3)
WRITF (9+6%)
65 FORMAT(70H FINAL GROUP L=0 L=1 L=2
L=3)
66 wRITE(9o57)(M PMACFG (1 4KoM) yPMACFG (24K M),
1PMACFG(3,K¢M) yPMACFG(44KoM) ¢Mm] yNFGP)
WRITE(9467)
67 FORMAT (23HOFISSION CROSS SECTIONS,
WRITF (9468)
6R FORMAT (22H GROUP L=0)
WwRITE (9¢905) (MgFMACFG (M) ¢M=1 (NFGP)
Q05 FORMAT(14,E£16,8)
WRITE (9469)
69 FORMAT (26H0SOURCFE FNERGY DEPENDENCE)
WRITE (9468)
WRITE (94908) (MySRCFGP (M) 4Mm] 4NFGP)
WRITE(9470)
70 FORMAT(11H1CHECK SUMS)
WRITE(9¢71)CKIDL,,CKINR



002168
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
0000%4
000060
000064
000070
000074
00007%

I8

72

FORMAT (2€16,8)

WRITE (9471)CKSUOL 4CKSUOR
WRITE(9971)CKSULL,CKSUIR

WRITE (9¢71)CKSU2L,CKSU2R

WRITE (9471)CKSU3L,CKSU3R

WRTITE (94 72)NMIX

FORMAT (2RHNEND OF PRINTOUT FOR MIXTURE,13)
RETURN

END

$1aFTC GL11

SURROUTINE GLMOCK

COMMON NLTM¢MLIMyTEMPEN,AFAREC+HREC+AFAEPS JHEPS,
INENERG¢FACMAS ¢SIGRND ,SBD4API 4 ARECP] ¢+ AEPSP1,
2ARP1H2 (AFP1H2 4 COSMU(6N) ¢ WATE (60) ¢ SIGSCT(60) ¢ SIMUCK (38
INMUMAX ¢ NMISM] ¢ NMUIIMD o NMUM3 s GLNREC ¢ GLNEPS
GNINT ¢NFINGNMUJREC (50) ¢EPS (50) ¢SKE (S51¢51) 9
SIDENGENERGY (91) oFINI (91) yEFIN(91) (AFTELD(12) s
6GAMO +SIGLO(B7¢8R) ¢+SIGL1(BT7¢88)+SIGL2(B7+88) +3IGLA(B7488)
TSELPO(90) ¢SELP1(9N) eSTINPN(90) ¢ SINP1(90) s STNP2(90) ¢SINP3(90)
RSTNT (90) 4STR1(90) 4STR2(90) ¢STR3I(90)

COMMON NFGPENFEGP (21) ¢yNMIXMA (NMIx ¢ INDAMOENODMO,
1FNABMO¢STABMO ¢SIGAMO (90) ¢NISOMAGNISO,
2INDAIS (4) o INDFIS(4) oENDDIS(4) ¢SIGSIS (4) 4SIP1IS(4),
IENABIS(4) ¢STARIS(4) eSTBAIS(4990) +ENFIIS(4) ¢SKFIIS(4)¢SIGFIS(4490)
4RUCKLE ¢ NSPECsSMASCT (90) ¢ SMAABS (90) ¢+ SMAFIS (90} ¢ SOURCE (90)
SSMATRN (90) ¢ SMATRY (90) ¢ SMATR2 (90) ¢ySMATRA(90) ¢+ OIFCAF (90)
6MDFLTIT4DIFLGT(100) ¢RCNFL24DFLFOQ(90) ¢ SPMANO(90)) ¢
TNFCOF1(90) yDFLGF T4 TRCNRR¢DFLRSD(90) o
HDFCFR2(90) 4B2F (4,491) (R2FOLD(9n) ¢yNR2IT,B2RSD (%0)

COMMON MFGsFGINGN (91) s FBPEINJNFGPL (21) +ENINWY (90) o
1FGPF (4920) ¢ OMOFGP (4970) sRMOFGP (4¢420) ¢RISFGP (4 ¢4420) o
2SFLOFG(20) ySELIFG(20) ¢PMOFG (4 420420) ¢FISFGP (44201
3SRCFGP (20) sOMACFG (4 920) ¢sRMACFG(4420) ¢ PMACFG (4420420) o
GEMACFG(20) ¢FSUMI4) ¢QSUM(4G) ¢RSUM(4) 4PSUMLS) o
SCKIDL 4CKIDR¢CKSUNL ¢ CKSUOR,CKXSUIL¢CKSULR,
6CKSU2L ¢ CKSU2R ¢ CKSU3L . CKSU3R¢ JPRBNO ¢ STRAND ¢
TSSMPRT (20) ¢ SPRTOT (20) o FISPRT(20) ¢y PPRT (40,420)

COMMON NDF114NDFLP114P11CORDF11F0(RT7)4DF11F1(8B7),DF11RS(R7)

COMMON DFCO11(AT7)

PCK=,327%911

A1CKz,254R296

A2CKzw,2R44967

A3CK=1.64214137

A4CKzal,4531520

ASCK=1,.,0614054

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

FCMD1e1,«FACMAS

FCMS2u1 4 +FACMAS

WRITE(941)

FORMAT (3AHNNANALYTIC MONATOMIC GAS CROSS SECTIONS)

NO 12 NINI=]+NENERG

7PCcK=SQRT (EINI(NINI) /TEMPEN)

7PCK227PCK#2PCK

SIGFACR(,125%SIGBND) 7/ (FACMAS#FINI (NINI))

NO 12 NFIN=NINT NENERG

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

7CK2a32CK#2CK _ _

v1CKnFACK® (FCMD1#7PCK+FCMS2#2CK)

v2CKxFACK# (FCMD1#7PCKuFCMS2#2CK)

Y3CKuFACK® (FCMS2#7ZPCKeFCMD1#2CK)

Y4CKuFACK® (FCMS2#7PCK+FCMD1#2¢CK)

v1CK?=Y1CK#Y1CK

v2CK?2=Y2CK#Y2CK

b5
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000077
000100
000102
000106
000112
000116
0001722
000127
000134
000137
000144
000145
000146
000147
0001851

00014s6
000172
000173
000174
00017%
000177

000214
noo216
000216
000220
000221
000222

non232
000234
000235
000236

000246
0002%0
000253
000260
000261
000262
000263
00026%

000302
000306
000307
000310
000311
000313

000330
000336
000337
000341
000342
000343

000353
000355
00035¢

0003%7

Y3CK?=Y3CK#Y3CK

y4CKP=YACK#YACK

EXFCi=mEXP («Y1CK2)

FEXFC2aEXP («Y2CK2)

ExFCI=EXP («Y3CK2)

EXFCAREXP (=YACK2)

EX7P73=2EXP (ZPCK2«2CK?=Y3CK2)
EXZPZ4=EXP (ZPCK2«7CK2e«YA&CK?2)
IF(Y?2CKa2,7)60¢647
T1CK21,/(1,¢PCK#ARS (v1CK))
TICK?=2T1CK#T1CK

TICK3=TICK#T1CK2

TICK4aTICK#TI1CK3

T1CKS=TICK#T1CK4 .
FRFICK=(Y1CK/ABS(YICK))#(1,=(AICK#TICK
1+A2CK8T1CK2+A3ICKETICKISA4CKaTCKA
2+ASCK8T1CKS) #EXFCY)
TPCK=1,./(1.4PCK*ARS(Y?CK))
T2CK?aT2CK#T2CK

T2CKInT2CK#T2CK2

T2CK4mT2CK#T2CK3

T2CK5=T2CK#T2CK4 )
ERF2CK= (Y2CK/ABS (Y2CK) )# (1 ,«(A1CKa#T2CK
14A2CK#T2CK2+AICK#T2CKI+AACK®TACKS
2+ASCK#T2CKS) #EXFC?)
NIF12=ERF1CK=ERF?CK

GO Tn 8

7 PA1CK=2,#Y1CK2

10

PA1CK2aPA1CK#PAL1CK
PA1CK3I=PAI1CK#PAI1CK2

ERF1CKmw ( ,5641R9GR/YICK)# (] ,=1,/PA1CK
143,/PA1CK2=15,/PA1CKI)

24FxFC1

PA2CK=?,4Y2CK?

PAPCK2=PA2CK#PA2CK
PA2CK3=PA2CK#PA2CK?2 . )
ERF2CKme ( (564 1R98R/YICK)# (1 e=]+/PA2CK
143./PA2CK2=15,/PA2CK13)
2#ExFc2

DIF12=ERF1CK«ERFACK
TF(Y3CKe2,7)9¢9410
T3CK=1,/(1,+PCK#ABS (Y3CK))
T3CK2aT3CK#T3CK

T3ICKI=T3CK#T3CK?

T3CK&a=nT3CK#T3CK3

T3CKS=T3CK#T3CK4

ERF3CKm (Y3CK/ABS(Y3CK))®# (1,=(A1CK#T3CK
16APCK#T3CK20AICK#TICKILALCK#TICKS
2+A5CK#TICKS) *EXFC3)
T4CKm1./(]1.¢PCK®ARS(Y4CK))
T4CKP2=TACK#TACK

T4CKI=TACK#T4CK?2

T4CK4nTACK#TACK3

T4CKRaTACK#TACKS

ERFACK= (YACK/ARS (Y4CK) ) # (] ,=(A1CK#TACK
14A2CK#TACK24A3CK#TACKI+ALCK#TACKS
2+ASCKaTACKS) #EXFC4)

NIF342 (ERFICKeERFACK) #EXP (ZPCK2«2CK2)
GH T0 11

PA3CK=2,#Y3CK2

PA3CK2=PA3CK#PA3CK
PAICK3I=PA3CK#PA3CK?2

ERF3CKmw (,5641895R/YCK)#(]1,«1,/PA3CK
143./PA3CK2«15,/PA3CK3)
24EX72P23

PA4CK=2 ,#Y4CK2

PA4CK2mPAACK#PALCK
PAACKImPAACK®PAACK2

ERFACKme( ,564189%58/Y4CK)# (1,1 ,/PA4CK
1¢3,/PA4CK2«15,/PALCK3)

2eEXZP24



000367
000371
000374
000376
000400

000405

000412

000432

000460
N004R0
000460

DIF34=ERF3ICK=ERF4CK
11 SIGOCKaSIGFAC#(DIF12+NIF34)
70ZPCK=2CK/ZPCK
7ZP1ICK=1,/ (ZCK#ZPCK)
C1CK=,5% (FCMS2#ZNZPCK=FCMD1/2DZPCK)
1-27ZPICK
ND1CKn 5% (FCMS2/ZD7PCK«FCMD1#2NZPCK)
1aZ7P1CK
SIGICKn (SIGFAC/FACMASG)
16 (C1CK#DTIF12¢D1CK#DIF 34
241,128379242ZP1CK# (YICK#EXFC1=Y2CK®EXFC2
34Y3CKWEXZPZ3=Y4CKHEXTPZ4))
12 WRITE(9e14ININIWNFINGEINI(NINL) oEFIN(NFIN) o
1S1GOCK,SIGICK
14 FORMAT (215,4E16,8)
RETURN
END

k7



