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CALCULATION OF TliERMiLNEUTRON DIFFUSION LEWTR

ANO GROUP CROSS SECTIONS: THE GLEN HKXXAM

by

W. U. Clendenin

ABSTRACT

The lWRTRAN-IV program GIJINhas been developed to obtain thermal.neu-

tron sca’tteri.ngcross sections for transport calculations,and to determine

the diffusion length for thermal.izedneutrons. Cross aecljionvalues are

computed using the results of TOR for a fine mesh of initial and final en-

ergies and angles of deflection, and are used to obtain the coefficientsin

a Legendre polynomial e~sion. The total cross section, transport cross

section, and siml.le.rintegral parameters are obtained by numerical integra-

tion over the energy mesh. Nne mesh cross sections are us”edfor calculat-

ion of the diffusion length, both in diffusion thaory and in a PU approxi-

mation. Neutron spectra are computed correspondingto an epithermal.source

end a buckling for thermal neutrons, or optionallya Maxwell distribution is

used for the scaler flux. Flux-weightedgroup 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 trens~rt

calculationsbased on the Sn method. Card output is provided in the format

of cross section input for Sn programs.

INTRODUCTION.

The functions of the IWTRAN-IV progrem GIEN

to obtain values of the double differential

scattering cross sectionl’u(Eo~E,O,T) for thermal.

neutrons, to evaluate the total scatteringcross

section and thermeJ.neutron diffusion length from

these, and to calculate flux-weightedgroup average

cross sections for a few-group treatment of thermal

neutrons. The scattering cross sections are ob-

tained from the mesh values of the function s(Rn,em)
1calculatedby the TQR program.

The cross section U(JIO+E,O,T)may be written

in the form

U(EO+E,B,T)= UO(EO-EJ3,T)+ U1(EO-0E,13,T), (1)

where uo(Eo+E,e,T) Is sn elastic scattering term,

end all inelastic scattering is Included in the

term ul(Eo-E,t3,T).The cross section u1(Eo+E,13,T)

is given in terms of s(R,e) as

CJl(Eo-0E,f3,T)= (Ub/4TT)(II/Eo)*S(R,6). (2)

Here Ub I.s the bound cross section of the ~torncorn.

pri.shg the mcderator, and the ~ameters of s(R,e)

are

R=

e=

where

mass.

(m/M)(Eo+E-2EoAE*COS 8), (3)

E - Eo, (4)

(m/M) istheratl.oof neutron mass to atomic

The cross section u1(Eo~E,8,T) is obtained
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for ptu’ticula values of EO,E,13by interpolating

s(R,G) for R,e given by Eqs. (3) and (4) from the

mesh values s(Rn,em).

It %s convenientto treat the cross section

U1(EO-DE,13,T)by means of the familiar eXWIsion in

Legendre polynomials

U1(EO+E,9,T)= (k)-l E (2.4+l)u~)(EO+E)P1(COS6).
2

(5)

The expansion coefficientsare givenby

‘A)(EO-E)=2n
‘1

For .4= 0,1,2,3

J
n
Pfi(cos9)u1(Eo+E,6,T)sined8.

o
(6)

these coefficientsare evaluatedby

the numerical calculationof the integrals described

in Section II. This evaluationIs carried out for a

fine mesh of energy values En. A maximum of 87 val-

ues of En, specified as Input, is provided for. The

part of the total scatteringcross section corres-

ponding to ul(Eo~E,EljT),designatedU$(EO), is the

integral of u$O)(Eo+E) over all final energies E,

evaluatedby trapezoid rule integration.

The elastic scattering cross section

UO(EO-E,O,T)depends on the type of moderator befn6

considered. For a monatomic gas, an option speci-

fied in GLEN by a value O for the indicator IDEN,

this cross section vanishes for all Eo. For a crys-

talline material, specified in GLEN by IDEN> O, it

is possible either to have UO(EO+E,13JT)coWJt~ in-

ternally in the incoherent approximation,or to read

in values obtaincxlfrom another program. The control

indicator INSEIR, when set to 1, reads in values of

the coefficientsa~l(Eo) anda~l(Eo) of We Le6en*e

Po@otid expansion

uo(Eo-E,f3,T)= (%T)-lz (2L+l)u~1(Eo)5(?+Eo)P4(cos e).
4

(7)

For INSEIR = 0, no elastic cross sections are read

in. An input energy parameter E& designated BRGLIM,

1s used to control the internal computation. For

E. > ~, values of cr~l(Eo)correspondingto the in-

coherent approximationare calculated. By setting

~, the incoherent approximationmaybe used for all

or ~t of the values Eo.

Based on the moderator cross sections obtained

as outlined above, macroscopic cross sections for

the fine energy group-structureare obtained for each

composition specified. The composition is made up

of the mcderator and a maximum of four heavy non-

moderating isotopes. All number densities are speci-

fied as inpt. For each composition,a diffusion

length of the mixture is calculated in two approxi-

mations, one the diffusion approximation,and the

second a P~ approximation. In both cases the dif-

fusion length is computed as an eigenval.ueu8ing

Gauss-Seidel iterati.on,2and verifhd by calculating

residuals. The formulation of these calculationsis

given in Section IV.

Three optional means of determining a scalar

flux for the flux-weightedaverages are provided in

GIEN. When the indicator NSPD3 Is set to 1, a hard-

ened spectrum correspondingto a scattering-insource

from epithermal energies and macroscopic absorption

and buckling is used. For NSPRC = 0, a Maxwell.dis-

tribution is used. When NSHX = - 1, the scalar

flux is read in. In each case higher order flux com-

ponents are calculated,based on the transport equa-

tion, for .4= 1,2,3. For each Isotope of the ccnn-

positlon values of the group scattering,absorption,

fisston, and transfer cross sections are obtained

for A . o,I_,2,3. These are punched in tie format re-
3quired as inwt for DTF-IV, as well as printed out.

In addition, macroscopic scattering,absorption, fis-

sion,and transfer cross sections are printed. Sec-

tion V describes the calculationof group cross sec-

tions.

‘Zbedetailed input end output of the GM pro-

gram are described in Sections VI end VII.

II. LWINDRE FOLYNOM!XL EXPANSIONS OF CROSS SEXX!IONS.

!Ihecalculationof cross sections is corried out

for the mesh of energy values En, designated ENEMY(N),

N.l*NENERGs 87. Both the inttial.energy E. and

final energy E are taken from this energy mesh. A

convenient means of handling the differential cro8s

section U1(EO-E,8,T) is to expand.it in Legendre

poQno~als of cosej as inm. (5). The expsnsion

coefficientsu~)(Eo+E) are obtained by determining

ul(Eo+E,9,T) on en internally specified mesh of

cos e, COSMU(NMJ), mu = 1, NMJKL, and carryhg out

numericallythe integration indicated in Eq. (6).
For particular values Eo, E, and cos 9, the ~ame-

tersR end e aregivenby Eqs. (3) and (k). The val-

ue of s(R,e) is obtained from the mesh values s(Rn,cm)
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punched by the TOR progrsr? as part of

GLEN. For this mesh the interpolation

s(R,E) = S(R,Gm)

the input for

formula is

+[(G-Cm)/&-~j)}[(C-CN,~(l+Ae)j/S(R,Gw2)

I-(l+Ae)S(R,Cwl) +tLeS(R,Gm) . (8)

Here

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

+ [(R-Rn)/(#-\)}[S(R~l,Gm) - S(Rn,Cm)l

+ l(R-Rnl/(~-~)l[(R-RMl)/(l+~)}[S(RW2,Cm)

1

- (l+~)s(RWl, em) +A#J(Rn,Gm). (9)

The cross section ul(Eo~E,e,T) is given in terms of

s(R,e) byEq. (2).

The mesh of values of cos !3,CCt3MU(NMU),has

been chosen to correspondto Gauss integrationsusing

the five-pcint formula over eight subintemals of the

interval - I.<cclse<l. The aubintervalsare

-1.5

-.8s

-.4s

.0 <

.4 s

.75

.85 s

.95 s

As a check,

latsd using

COS 0 < - .8,

Cos e s - .4,

Cos e < .0,

Cos fl < .4,

Cos 9 < .7,

Cos e s .85,

Cos g 5 .s?

Cos g 5 1.

the integrals of Eq. (6) are also cal.cu-

three-poi.ntGauss integration. If the

values do not agree within a fractional criterion

set internally,the energies E. end E, the result of

the five-point integration,and the fractionaldif-

ference between the two integrationsare printed out.

The identificationof these is

~ Criterion
Five-point Fractional
integration difference

o .01 SIGI.DC FRcimo

1 .02 SIGLIT FRCDF1

2 ,04 SIGI.2T FRCDF2

3 .08 SIGL3T FRCDF3

The results of the five-point integrationare taken

‘A)(EO-E)to be the values of the coefficientsal

designated in the code as SIGIJ3(NINI,NFIN),SIGL1

(NINI,NFIN),SIGL2(NINIjNFIN),SIGL3(NINI,NFIN)for

4 . 0,1,2,3 respectively. The corres~nding initial

energy E. is ENERGY(NINI)and the final energy E is

ENERGY(NITN).

The numerical inteL~ati.ondescribed is used in

‘L)(E E) for Eo2E.GLEN to calculate values of al o-

The remaining values art!obtained from these by use

of the detailed balance condition,

E exp(-Eo/T)u~) (Eo+E) = E exP(-E/T)u~)(WEo).o

(lo)

Values of s(R,e) for e < 0 are needed for the numeri-

cal integration. If the table of input values has

e > 0, it is replaced through the detailed balance

condittonby values for e < 0.

The energy integrals tY~n(Eo)given by

a? (E.)=
J
‘lU~ )(Eo-oE)dE
o

(l-l)

are evaluatedby trapezoid rule integration. Here

El is the upper limit of the thermal energy range,

designated ENERGY(1) in the convention ENERGY(N)

> ENERGY(N+l). The integrals u~n(Eo) are designated

SINFO(N), SINP1(N), SINP’2(N),SINT3(N), N = 1, NENERG

for L = 0,1,2,3 respectively. The quantity IJ$(EO)

is the total inelastic scattering cross section.

For the elastic croaa section Uo(Eo+E,CljT),the

erosion coefficientsof Eq. (7) ue given by

J
11

U;l(EO)O(E-EO)= 2m o Uo(Eo~EJ8jT)PA(COSe)sin FId8.
(12)

For crystalline scattering,the incoherent approxi-

mation to ao(Eo+E,O,T), corrected for the Bragg

lhi.t ~,is

1OsEo~~,
ao(Eo+E,EJ,T)= (13)

(ab/4n)e~-RY(0)) b(E-Eo),Eo> ~.

The functionalvalue y(0), designated W, is cal-

culated by the l’URprogras? and is ~ of the out-

put of this program punched as input for GIJIN. For

‘l(EO) anda~l(Eo)Eo> ~ the e~sion coefficientsU.

are I

a~l(Eo) =ab[{l-exp(-2a)]/2a], (14)
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u~l(Eo)= ub[{e~(-2a)-l+a+a.exp(-2a)}/2a2], (15)

where the parameter a 18

a = 2(m/M)Eoy(0). (16)

‘l(EO),For INSEIR = 1, values are reed in for a.

designated SELPO(N), end foru~l(Eo), designated

SELP1(N), for N = 1, NENERG. For INSEIR = 0,

SELFO(N) and SELP1(N) are set to O. For Eo> ~,

ENERGY(N)> BRGILM In the WJIN notation, the values

of llq.(14) and Eq. (15) are added to SELPO(N) end

SELP1(N) respectively. ‘MM the incoherent a~roxi-

mation may be used for all E. by setting INSEIR . 0

and setting ~ equal to the @yskal Bragg I.imltof

the crystal (.00175 ev. for gra~ite end .0062 ev.

for beryllium). Or it maybe used only for Eo~ ~

where% is anener&v above the@ysical. Bregg

limit. In the latter case, the values read in for

E. > ~ should be O.

Because of the proportionalityto 5(E-EO) of

UO(EO+EJ3,T)of Eq. (7), the energy integrals for

UO(EO-E,9,T) correspmding to Eq. (lJ.)are siqply

Ujl(Eo). Consequently,the total scatteringcross

section is

The

‘tr

Two

utot@o)‘a~(Eo) +a~l(E ).o

usual transport cross section is

(17)

~(llo) =utot(Eo) -a~(Eo) -u~l(Eo). (18)

additional transpart cross sections are

atr2@o)‘atot(Eo) ‘U~(Eo),
(19)

(E )=utot(Eo) -u~(Eo).‘tr 3 0

In the progrem, the four cross sections utot(Eo),

Utr ~(Eo), atr 2(EO), Utr 3(EO), designatedSTOT(N),

STR1(N), STR2(N), STR3(N) respectivelyare calcu-

lated for N . 1, NENERG.

The cross sections of m. (6), M. (I-I), ~q.
(1.2), end Eqs. (17) ... (19) are printed out. The

detailed output is deecribed in Section VII.

III. TRANSKIRT EQUATION.

ESCh of the compositionstreated consists of

the mcderator and from one to four heavy nonmcderat-

ing Isotopes. For the moderator the number density

ho, designated ENODMO, is read in. If the absorp-

(o)(E ) has a l/v dependence,tion cross section crA n

6

the ccxie,with indicator INDAMO set to 0, will com-

(o)(E ), designted SIU(N)pute the values of aA ~

for N . 1, NENERG. These correspond to the value

SIAEMO of the absorption cross section at energy

ENABM3. Alternatively,with the indicator INDAl@

set to 1, the values of SIGAMO(N) are reculin.

For each of the heavy nonmderating isotopes,

numbered by NISO = 1, NISOMi s 4, the parameters

INDAIS(NISO),INOFIS(NISO),ENODIS(NISO),S10S1S

(NISO),SIPI.IS(NISO)are readln. The quantity
(i)SIGSIS(NISO) is the scattering cross section us ,

and SIPIIS(NISO)is the product ;(i)a~~of scatkr-

ing cross section and average cosine m in the

scattering process. The isotope number densitylli

is ENODIS(NISO). The ~smeters INDAIS(NISO)and

INDFIS(NISO)are indicators analogous to INDAMO for

(i)(E ) endthe Isotope absorption cross eection aA

‘i)U$)(E ) re&ective-the isotope fission product v n
w.

Two forms of the trensport equation are solved

for each composition. The first corresponds to the

usual measurement of diffusion length in which the

flux In a one-dimensionalplane geometry is propor-

tional to exp(-x/L)with L the diffusion length.

The trensprt equation for the steady state case has

the form

. -)7s~,E,ti) + Z(Eo-E,fio.fi)*(Z,Eo,fio)dEo&lo. (20)

Here 4(~,E,fi)is the directional flux in the direction

with unl.tvectorfi, ~A(E) end ~s(E) are the macro-

scopic absorption and scattering cross sections,

X(Eo+E,fioOfi)is the macroscopic transfer cross sec-

tion, and S(;,E,fi)is the external source.

In the s~erical harmonics approximation,both

the transfer cross section and the flux are expanded

in Legendre polynomials, the transfer cross section

being given by

(2’1)
For plane geometry,the flux expansion is

@~, E,fi)= (h)-l E~ (%lbA(x,E)P4(u), (22)

where u is the cosine of the angle with the x-axis.

Substitution of (21) and (22) into (20) leads to the

.

.

.
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of equations Finally, the macroscopic parameter correspondingto

the fission product is

SMW’IS(N):\(En) =~hv(i)#)(En).ii
(33)

(23)

For a particular composition,the macroscopic

cross sections correspondingto energy En are given

IV. CAICUIATION OF DII’i’USIONLEWIH.

For the diffusion length calculation,Eq. (23)

is solved for values En, ENERGY(N), of the energy

mesh. Each of the Le6entie coWnents Og(x>E) is

assumed to have the spatial dependence ew(-x/L),

6A(x,E) = ffi(E)eW(-x/L). (34)

.

by

‘o)(En)+ ~lIiuA~A(En) =houA ‘i)(En),

~8(En) =houtot n(E )+&J~i),
i

I
xj(Ej*En) =hou~)(EJ-En)+u; 1(En)5(Ej-En)

+ ~h cr(i)#i)5(E -E ).
i is.t jn

~erea(i)~(i) =a(i.),d~i)~(i)=a~~(i),
so s 1

(24)

(25)
The scattering-inintegral on the right side of the

equation is approximatedtith the trapezoid rule

and the external since S2(XJE) Is set to O for ‘a&

1. The differential-integrnlewation (23) iS thus

reduced to the system of Ilnear equations,
(26)

1 I .tl+l
(E )+~&-fj-l(En)

‘Zmfh+l n t
cross iect;ons cr~i)Fji)and LT~l(En)forA22 have

been neglected. The value of ~A(En) corresponding

to ENERGY(N) 1s designated SM!AES(N) ~d the ~~o-

gous value of~5(En) is designated S141SCT(N).

For subsequent solution of the transport equa-

tion it is useful to define the transport cross

N

+ {~A(En) + ~8(En))f2(En)= ~fifi(EJ)o (35)

j=l

Here

sections

SM4TRO(N):Ztr

SMATRl(N):~tr

where 6 n
3

is the Kronecker delta. The coefficients

Ch>n are given by

~@n) ‘houtot@n) +~A@n)J (27)

~(xn) =hoUtrl(En)

~(En) =houtr2(En)

l-m
Ct =: (E1-E2)U~)(El-En),

(37)

CA&n= ~ (E )U(g)(Ej+En),j=2,...N.j-1-Ej+l 1

+ ~A(En)} (28)

+p=ji)swiR2(IT):ztr

The parameter N of Eq. (37) is identical with NENERG,
+ ~A(En), (29) the number of energies En, and use has been mde of

‘&En)f4(0) = O.the facts that ~+1 = O and U1

3(En) =ho~tr s(En) +~iu~i)sMMR3(N) :~tr
TWO pr%ncipal approximationsto the system of

equations (35) are usedC The first Is based on the

usual diffusion theory. If fl(EJ) is awoxlmated

by the Maxwell distributionE eXP(-Ej/T)~Men the

J ‘4)(E+E) impliesdetailed balance condition on ISl o

that

+ ~A(En). (30)

is

~(En)]. (31)

moderation from epi-

The usual diffusion coefficient

DIFCOF(N): D(En) = l/f3\r

For a solution correspondingto

is taken to

(32)

thermal energies,thesource term So(En)
(38)

be

‘o)(El-En).SOURCE(N): So(En) =ROU1

7



If ft(En) for 4 2 2 sireneglected,Eqs. (35) reduce

to

fl(En) =D(En)fo(En)/L, (39)

{ }
- D(En)fo(En)/L2+ ~tr ~(En) -hoU~l(En) fo(En)

N

=tl
o xC&nfo(Ej).o
j=l

(40)

Integrating Eq. (40) over energyby the trapezoid

rule, one obtains
N

I + (En-EN1){D(En)fo(En)+D(E~l)fo(EW1)]

L2 = ;1 .

E ; (En-EWl){}(En)fo( En)+zA(Ewl)fo(EW1)]

n=l
(41)

It is easily verified that in this integrationthe

total scattering-outgiven by a sum over

hou~(En)fo(En) analogous to those in Eq. (41) is

numerically, as well as ~sically, exactly equal

to the scattering-ingfven by a sum over the right

side of m. (4o). The values of the integrands

D@N+l)fo(~l) -d~A(~+l)fo(~+l) at En= %1

vanish since fo(E) vanf.shesas E near E . %1 . 0.

To solve Eq. (kO) a methcxibased on Gauss-

Seidel iteration,
2 4

=d previously used in connec-

tion wfth determiningpulse decay con8tants,has

been utilized. A8 a preliminary,a value of L2 is

obtafned from Eq. (41) using a Maxwell distribution

for fo(En). Using this parameter, one iteration of

Gauss-Seidel type 1s carried out. The new values

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

2
of L , end the process is repeated. This type of

iteration is continued until two successivevalues

of L agree within an internally set criterion cor-

resynding to a fractional df.fferenceof .OCXXll.

TO verify that a solution has been obtained, a re-

sidual equal to the ratio of the differencebetween

the left and right sides of F,q.(hO) to the differ-

ence between the left side end hoC~fo(En) is com-

puted for each value of En. In the program, the

values of L obtafned in successiveIterations are

designated by DIFIGT(NDFLIT) and the values of

fo(En) by DFLFO(N).

Using the final value of fo(En) calculatedby

iterative solution of Eq. (40), a corrected value

of L is obtafned including the terms for A . 2 and

A=3. If the right side of Eq. (35) 1s approxi-

mated for 4 . 2 end A . 3 using en evaluation of

the kf.ndused in connectionwitht = 1 inl?q. (38),

the equation for 4 = 3 becomes a simple algebraic

equation which may be solved for f3(En) in terms of

f2(En). Simflerly, the equation for 2 x 2 may be

solved for f2(En) in terms of fl(En). When f2(En)

is included in Eq. (35) for .4= 1, one arrives at

equations similar to Eqs. (39) end (40) except that

D(En) is replaced by D3(En) whare

/[1D3(En) =1 3~tr ~(En) -
(4/15 )L-2 II~r2(En)-&&.

n

The value of L is computed

D3(En) in place of D(En).

(k2)

from Eq. (41) using

‘is ‘alue’ J’final’‘s
Jlsted as the DIFFUSION LENGTH in the printout end

designated as DFLGFI in the program. The printout

THANSFOHT COHHECTION, designatedTHCORH, is the

quantity (Lfind- L)/Lftid where L is the kst Vd.Ue

of DIFLGT(NDFIZT) obtafned in the iterative process.

For the printout, the scalar flux fo(En) is normal-
.

Ized to unity over the interval O 5 En S El, and

com~ed with a similarlynormalized Maxwell distri-

bution.

The corrected diffusion length DFLGFI can be

expected to be more accurate than the spectrum

values DFIFO(N) since the ratio of integrals in Eq.

(41) veries by less correqmnding 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 dfffusion length is also calcul-

ated in the PU approximation. For improved ac-

curacy the approximationof Eq. (38) is not made for
j-m, J-m

‘in but only for C2
c1 3 ‘“”” “

With D(En) re-

placed by Dll(En), the Pll approxi~tf.onis ex-

pressed byEqs. (39) end (kO) where Dll(En) is given

by the expression

/1~D1l(En) = 1 3X tr l(En) + hou~(En)

- ho
I 11

(43)C*nfl(Ej)/fl(En) - F .1
j=l

,

,

●

☛
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Here the parameter F represents the Pll correction

to diffusion theory end is given by the continued

fraction

1’. (4/15)L-2 , (44)

z~r2(En) - ‘2
v
‘3

‘3 -
Y4

x4 -

‘5-”””
where

Xk= ~tr ~(En), (45)

Yk =[(k+l)2/[4(k+l)2-1]IL-2, (46)

and terms have been included In Eq. (44) through

y#ll.

The method used for solvlng Eq. (40) in the

diffusion theory case is also used for the Pll ap-

proximation,with the addition that flux values

fl(En) from the previous iteration are used to com-

pute Dll(En) prior to each Gauss-Seidel iteration.

The Initial value used for L in the PU calculation

is DFIGFI; the infti~ scab flu fo(En) is a ~.

well distributionand the initial neutron current

fl(En) is obtained fromEq. (39) using. The

first step istocompute D1l(En) using these values.

In the Pll calculation,fo(En) is designated

DFllFO(N) and fl(En) is designatedDFllFl(N). The

Convergence teSt fOr this Calcflatj,on iS based on

fo(En); convergenceis attained when the fractional

difference between successiveiterates is less than

the internally set value .001 for each n. To verify

the solution,a residual is computed for each En as

the ratio of the differencebetween the left and

right sides of Eq. (40) to the sum of the left side

and theterm hoa~l(En)fo(En).

The value of L, designatedDFLPll, computed

from the last iterate of fo(En) is printed out as

Pll mmw310N LENGTH. The ratio (DFLPII-DIFLGT

(NDFLIT))hFLPIJ.,where DIFLGT(NDFJJT) is the last

value obtsined in the diffusion approximation,is

designated as P1.lCORend printed out as P1..lCO~-

TION. For printing, the scaler flux fo(En) is nor-

malized to unity over O S Ens E~, fl(En) is given

by Eq. (39) with D1l(En) in place of D(En), and a

Maxwell distributionnormalized in the same way as

fo(En) IS printed for comparison. Values of the

residuals are printed for each En. The values of

DU(En), designatedDFCO1l(N), used in the final

’11
iteration are prinlxxlout together with the

values of D(En), designatedDIFCOF(N).

v. GROUP CROSS SECTIONS.

The neutron spectrum used to obtain flux-

weighted group cross sections is also based on Eq.

(23). The geometrical paremeterK, designated

BUCKLE, is used to imply the form of solution. For

K2 O, the scalar flux j.s of the form cos BX fo(E)

bwhere B = K . In this case the remaining Legendre

componentshave the form

@u(x,E) = COSBXfZ(E),

@*l
(x,E) = sinBxf ~+l(E) .

(47)

For the P3 approximation,neglecting@l(x,E) for

4 2 4, end making the disgona.lizingapproximation
tinof Eq. (38) for Cl , Cp, Cr, the s~eric~

harmonics equationsbecome

DK(En)Kfo(Eu)+~tr of

=So(En) +h
o

[
E

1

N C*nfo(Ej) +u~l(En)fo(En) , (48)o
j=l
L J

fl(En) =DK(En)Bfo(En), (49)

-(2/5)~l(En)
f2(En) =

tr 2(En) m ‘
E

(50)

Here the effective diffusion coefficientDK(En),

designatedDFC~2(N), is

‘K(En)=l/[3~trjEn)+~~}]-(52
In the limit K- O, the formulas are modified only

to the extent of consideringfl(En)/B, etc., so that

inEqs. (48) . . . (52) Kis set equal toO, andB is

set equal to 1.

For K< O, the Legendre components of the direc-

tional flux have the form

(3/7)Bf2(En)
f3(En)=q~— ● (51)

‘)

@fi(x,E)= exP(-xx)fA(E), (53)

9



where x is (-K)*. In the P approximation,Eqs.

(48) and (52) have the same3form as in the case

K2 O. In Eqs. (49) and (51) the parameter B is re-

placed byx, end in Eq. (50) the parameter (-B) is

replaced by x.

It shouldbe pointed out that Eq. (48) ex-

presses the P approximationfor a broader class of
43

geometries, including the s~ere snd 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 indicatorNSPEX is set

to 1, fo(En) is computed from Eq. (48) by Gauss-

Seidel iteration. Starting values are given by a

Maxwell.distributionnormalized to the source

So(En), i.e. such that

J
%

J
‘1

(DK(E)K+ZA(E))fo(E)dE = So(E)dE. (54)

o 0

The magnitude of the source term So(En) is arbitrary

but its energy dependence correspondsto scattering

from energies above El to thermal energies En,

Ens El. This energy dependence is approximatedby

‘o)(El-En). Values oftaking So(En) to belloal

SA(X,E) of Eq. (23) for 1 2 1 have been neglected.

The source term SO(X,E) has been taken to be a prcxi-

uct function with energy dependence designatedby

So(En) and the same spatial dependence as @o(x,E).

An accelerationtechnique, in which the values

‘P)(E ), are replacedasfor the p-th iteration, f. n

fou.ows,

f&)(En) +

is used in

{
f(p)(E ) + .6 f~)(En) - 0
0 n }

f(P1)(En) ,

(55)

the Gauss-Seidel iteration. The converg-

ence criterion for the fteration sequence Is

&f& P1)(En)/f$’)(En)l ~ 10-5, (56)

for each En. When convergencehas been reached, as

indicated by this criterion,a residual is computed

for each En gLven by the ratio of the difference be-

tween left and right sl.desof Eq. (48) to the left

{
side less the termho Cfl+a~l(En)]fo(En).

With fo(En) determinedby the Gauss-Seidel it-

eration, the remaining components fl(En) ... f3(En)

are givenby Eqs. (49) ... (51). ForK=O, or

K< O, these equations are modified as described

above.

When NSPEC is set to 0, fo(En) is given by a

Maxwell distributionnormalized according to Eq.

(54). The components fl(En) ... f3(En) Ue given

byEqs. (49) ... (51) as in the previous case. The

residuals are set equal to O.

When NSPEC is set to - 1, the scalar flux spec-

trum fo(En) Is read in. The remaining components

fl(En) ... f3(En) are obtained from Eqs. (49) ...

(51) as in the previous two cases. The residuals

are set to O.

The components fo(En) ... f3(En), designated

B2F(1,N) ... B2F(4,N) respectivelyare printed fcr

each En, together with the residuals. me number of

iterationsrequired in the acceleratedGauss-Seidel

iteration is also printed. For a Maxwell distribu-

tion or a spectrum read in, this number is set to 1.

An integrationof Eq. (23) over energy groups

is the basis for the few-group edits of cross sec-

tions to be used in transport codes. For flux ccin-

ponents@2(x,E) of the form of Eq. (47) or Eq. (53)

the spatial dependence of Eq. (23) is a common fac-

tor for each value of A. For the energy group m,

correspondingto energy interval Ewl S E S Em, the

group flux com~nents are given by

[

Em

WF(L,Ml?2) = F~m) = f4(E)dE. (57)

Similarly the

the group is

QMOFGP(L,MEG)

./E
ml

moderator scattering cross section for

Em

(m)

{}.J

(m) ‘1= qfi = FA atot(E)fA(E)m..
w
%+1

(58)

The correspondinggroup scattering cross section for
a(i)the i-th isotope is just the value ~ , since

this is energy independent. The group absorption

cross sections for the moderator, and the nonmoderat-

ing isotopes are, similarly,

{}
~~p(~,~)=rjm). F~)-’ J

Em

‘O)(E)ft(E)dE,
‘A

Eml-l
(59)

<

.

,

,
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*

RISFW(NIS3,L,MFG)= .2;

{}r.$)-’
‘u&)( E)f2(E)dE,

.
‘mtl

For 4 = 0, the group value of V(i)#(E) i.

FISI&P(NISO,~) = &’)

.fim)]’~,v’’).$)(Elfo(E)me

(60)

(61)

The scattering in term of Eq. (23) is made up

in part of elastic terms which yield averages simi-

l~to those ofEq. (58). Fort =0 and~ = lthe

group cross sections correspondingto U~l(E) are

Em

{}.f

(m) = (m) ‘1
‘L ‘k u:l(E)fA(E)dE.

E
mtl

(62)

These cross sections are designated SEIDFII(MFG)and

SEIJF2(MFG) for A . 0 and 4 . 1 respectively. The

correspondingelastic terms for isotopx are Just

the terms a~i)~~i) of Eq. (26), since these are

energy independent. For the inelastic part of the

scattering in integral the group cross section for

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

k+m
The whole scattering in term p4 for the moderator

is the sum of (62) and (63),

.*m . k~m
+ s~%rn,ITJOFG(L,RIU,MFG)= Pz

% k (64)

‘here‘kmJ the Kronecker delta, is 1 for k . m, and

Ofork~m.

The integrals of Eqs. (57) ... (63) are evalu-

ated by trapezoid rule integration. Based on the

index JI%IBNO,two types of edits of the moderator

and isotope cross sections sre protided. Both are

based on the format for the code DTF-IV.3 For

IJPRBNO2 0, transfer cross sections from each fier-

mal group to every other thermal group are included.

The format of these cross sections is

a
a

vaf

a

~uP

.

.
●

~g+g+2

#-g+ 1
s

ag-g
s

~g-g-l
s

#+g -2
s
.
.
.

(m)
‘A

o

...

mt2.m
PA

mtl.m
PA

m-km
PA

m -2+m
PA

●

✎

✎

r(m)
i,fi

I
f) if~=o

o Ifll>o

o

...

0

0

o

0

... .

(65)

The column on the left of Eq. (65) is in the

DTF notation (IA-3373,p. 54); the second and third

columns in the notation of Eqs. (58) ... (64). ‘l’he

order in which the cross sections are punched begins

with moderator cross sections for h . 0 In the suc-

cession m = 1, m where m ~ NFGP. This ia fol-

lowed by valuea for m . 1, m- for .4= 1,2,3 suc-

cessively. A similar sequence is followed for iso-

tope 1, and subsequentlyfor the remaining isotopes

in order. In agreement with theDTF-IV input format

a header card appears before the part of the deck

referring to a given value of A, and is used to

print JPRBNO, the number NMtX of the compositionbe-

ing treated, the label .~ERATQR or the number of

the isotope, and the value of 4. The cross section

valu~are also printed out, with the sole difference

that a heading identifyingthe mcderator or isotope,

the value of 1, and the group is inserted before the

cross section values for each group.

For JTRBNO < 0, the values of the scattering
.+m

in terms pg of Eq. (65) are modified so that the

form Includes only scattering in from the four

groupa above ana the four groups below the group be-

ing considered, i.e. for m-4 S k S mtk. The total

cross sections are preserved by making the replace-

ments

11



m-bm
m-bm m-4-m
Pt -PA

m-b-mtl
+ PA +.. .+p

11
,m 25,

(66)

and source are given by

I?MmMlm) = w(m)= ,.,~ ~ (m),
mt~m _pm+&m mtkm-1 + ●*,+ pm&l
PA A

+ p4 Rl ‘ “%ax-k”
i

(67)

Physically,these replacementscorres~nd 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 aimilerly for up-scattering.

When the replacementsare made, all of the scatter-

ing from each thermal group to all othere is in-

cluded so that the total scatteringcross section

is unchanged for each group. The mcdified table of
k-m

values of ph correspondingto Eq. (65) has only

the nine elements for m-~ ~ ks mi-4. The aimil=

table for the heavy nonmmieratingisotopes also

has nine elements,with only the element corres-

ponding to elastic scatteringdifferent from O.

Values of the cross section table integers of DTF-IV

for the two cases are

J-PRBN020

IHT=3

IHS=mm+k

~M=%+3

A second difference

that an input parameter,

~o<o

IHT=3

IHS=9

IEM= 130

for the JJ?RBNO<

STRAND, which ia

(68)

O case is

the4=0

trsnsfer cross section to the highest energy thermal

group (m a 1) from the group immediatelyabove it,
1+1

is punched in the correct position after the P.

cross section. The two systems coalesce If mHs4,

and in this case a negative JTRBNO is changed to

its absolute 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 al.aoedited and

printed by GLEN. The macroscopic group cross sec-

tions for scattering,absor@.ion, end transfer re-

spectivelyare

(72)

J
Em

SRCIWP(W) * S~) = ho 01‘O)(E1-E)dE, (73)

E
ml-l

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

trapezoid rule integration.
(m)The group fluxes FL

of FQ. (57) and the group parameters of Ms. (69)

... (73) are printed out.

As a verificationof the edited ~smeters,

check quantitiesbased on the integrationof Eq.

(23) over energy are used. In terms of the~cro-

scopic few-group parameters,these integrals appear

as sums. Since the total scattering out must be

identicalwith the total scattering in, the rela-

tion

(74)

(m)
holds for any scalar flux values F. . For the ca-

NSPD2 = 1, andK2 O, the scalar fluxcos Bx fo(E)

ia a solution of Eq. (23), and the flux components

obey the equation

(75)

to the dagree of approxlnmtionof the iterative

method used in solving ECI.(48). For K< 0, B in

m. (75) iS rep~cedby -x. For NS~ = o) the

normalizationof Eq. (54) aasures t~t Eq. (75) will

be obeyed exactly. When NSPEZ = - 1, the sca~

flux is used as read in and there is no necessary

retition between the left and right aides of WI.

(75). since the hi~er flux cownenta f~(En),

f2(En), f3(En) are given by the ap’proxinmtionsOf

Eqa. (49), (~), and (51) to ~. (23), these com-

ponents, for K> 0, obey approximatelythe relation-

ships

.

.

.

.

(71)

In addition, the macroscopic fission cross section

1.2



(77)

(78)

In practice the approximationof obtaining flux com-

ponents by means of the diegonalized form correspond-

ing to EQ. (38) is accurate enough that the agree-

ment of the two sides of E@. (76), (77), (78) is

usually to the eight significantfigures printed.

For Kc O, B of Ms. (76) end (78) is replaced by%,

and B of Eq. (77) is replaced by -x. me deck

quantities of the left and right sides ofEqs. (74)

... (78) are printed out by conprableplrs in the

left-rightand also in the numerical.order of these

equations, under the title C~K SIJhS.

VI. IN’HJTFOR GLEN.

1. Title card
---- ---- ---- ---- ---

Card output from TOR:

2.

3.

4.

5*

6.

7*

8.

9.

-.

10.

11,

12.

13.

14.

IDEN, TEMPEN, GAKI

AFARE.2,HREC, AFAEFS, HEPS

mm

REX(N), N= 1, NLIM

m

EPS(M), M= 1, MLIM

NPROD

SKE(N,M), N = 1, NLIM,

M=l, MLJM
------ -.---- -----

JTRBNO (Identificationno. used

in card output, < 5 digits)

NENERG (No. multigroup energies,

s 87)

ENERGY(N),N = 1, NENEW (Multi-

group energies, En> EW1> .0)

FACMAS (m/M< 1.)

SIGBND (ub > .0)

1.2A6
----- --

1 10, 2 E 20.8

4 E20.8

I 10

4 E19.8

19

4E 18.8

18

5E 15.8
------ -

I 10

I 10

4 E 20.8

E 20.8

E 20.8

15.

16.

17.

18.

.-

INSEXR (O or 1), B1331JM I 10, E 20.8

a.

b.

c.

If INSEI.R= 1, read in

SELFO(N), N = 1,

I

NENEKG 4 E20.8
Additive elastic
cross sections

SEIP1(N), N = 1,
NENER3 4 E 20.8

For INSBIR = O go directly

to 16. below

BIKWIM is t&e Bragg limlt

of the crystal~ e.g.

.0062 ev. for beryllium, and

.00175 ev. for graphite

NIWP (No. few groups, S 20) I 10

ENFD2P(N),N = 1, ITIWP(few-group

energies, subset of 12.,

‘k> %+1 > .0) 4 E20.8

XWIXl&i(No. mixtures of isotopes,

lsrJwxFn <lo) I 10
------ ------ ------ -.----

Following are for each mixture:

19.

20.

21.

INDAMO, ENODMO (Moderatorab-

somtion indicator INDAMO (O

or 1) and number density

ENomloz .0) I 10, E 20.8

a.

b.

If INDAMO = O, read in ENABMO,

SIAPMO (Energy ENABMJ > .0 for

which moderator absorption

cross section is SIABMO 2

.0)

If INDAMO . 1, read in

SIGAMO(N), N = 1, NENER3

(Wk’ator absorption cross

section 2 .0)

NISOMA (No. additional isotopes,

1< N~OM< 4)

For NISO = 1, NISONA read in for

2 E 20.8

4 E20.8

I 10

each isotope INDAIS(NISO),INDFIS

(mSO), ENODIS(NISO),SIGSIS(NISO),

SIPIIS(NISO) (Absorptionindicator

INDAIS (O or 1) and fission indi-

cator INDFIS (O or 1), number

density ENODIS 2 .0, scattering

cross section SIGSIS 2 .0, prod-

uct of mattering cross aectlon

and average cosine SIPI.IS) 2 110, 3 E20.8

13



22. For NISO = 1, NISONA

a.

b.

c.

d.

If INDAIS(NISO)= O, read in

ENWS(NISO), SIABIS(NISO)

(EnersYENABIS> .0 for which

isotope absorption cross sec-

tion ia SIABIS Z .0)

If INDAIS(NISO)= 1, read in

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

(Ii30tOpeabsorption crosa sec-

tionz .0)

If INDFIS(NISO)= O, read in

ENFIIS(NISO),SIFIIS(NISO)

(Energy ENFIIS> .0 forwhl.ch

value of vaf for isotope

is SIFIIS 2 .0)

If INDFIS(NISO)= 1, read In

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

(PrdUct VUf2 .0 of isotope

fission cross sectionuf and

average number v of neutrons

per fission)

23. mc~ (BuckLing)

24. NSPEC (Spectrumindicator, 1, 0,

or -1)

a. If NSPEX = 1 hardened spectra

correspondingto the macroscopic

absorption and buckling will be

computed

b. If NSPEC = O the scalar flux

will be set equal to a -en

distribution

c. If NSPEC . -1 the scalar flux

B2F(1,N), N = 1, NENE~ iS to

be raad in after 25. below

25. sffslonl

Omitted for ~ z O. For

JPRBNO < 0, microscopic transfer

cross section into highest energy

Iiherml group from group i!mnedlately

above it

4)

2 E20.8

4E20.8 5)

2 E20.8

6)

7)

4 E 2Q.8

E 20.8
8)

I 10

VII

1.

4 E 20.8

E 20.8

nucl.idemee.

Energies are input in the order frcishighest to

lowest. J!hergydependent 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 int~rals over the lowest range. En-

ergies for TOR and for GLEN must be in the same

tits, e.g. electron voltf3.

An absorption or fission cross section ~ be

read in by setting the correspondingindicator

equal to 1. Or if the energy dependence is l/v,

the indicatormaybe set equRl to 0, and the

cede will then ccmpute values for all energies,

e.g. of the absorption cross section corre-

sponding to the value SIilBISat tie energy ENABIS.

The quantity averaged is the product Wf, rather

than Uf.

The few group energies, ENFD3P(N), are a subset

of the multigroup energies, ENEB2Y(N), end every

value ENFEGP(N) must also appear as a value

ENEXY(N) .

Note that tie progrem assumes the presence of

at least one additional isotope besides the

moderator. If no other isotope is present in

the @Iysical problem, input for an artificial

isotope having number deneity .0 should be used.

● GLEN CXF1’FUl!.

Following the title card, check quantities are

printed out by the min program.

The foruml outpxt of the code Is divided into

two parts. The first -t consists of printed

out~t of moderator cross section parameters and

is carried out by the subroutineGINRIT. The

second ~rt is carried out by the subroutine

GLPRNT for each of the mixtures, up to a maxi-

mum of ten mixtures. A printout of resulte 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
Points to be noted about the in@: input of JYPF-IV.
1) Cross sections and number densities are to be in - - - - - - - - - - ---- ---- ---- ----

co~tible units, e.g. cross sections in barns
24

Printout of input ~rameters:
and number densities in multiples of 10 atoms/ z. IDEN, TEMPEN, GAM3

3cm .
-2 3* ~

2) Buckling is in units cm . 4. liN’EWY(N),N= 1, NlINFH3

3) MSS ratio FACNAS is ratio of neutron mass to

14
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5. FACMAS

6. SIGBND
------ ------ ------ . . . . . . .-

7.

8.

9*

10.

11.

EINI(NINI), EFIN(NFIN),SIGIO(NINI,NF12J),

SIC3Ll(NINI,NFIN), SIGL2(NINI,NFIN)

SIGL3(NINI,NFIN), for NINI . 1, NENERG

and NFIN . 1, NENERG. The peters EINI

and WIN are the initial energy E. and final

energy E respectively of the neutron in the

laboratory system. The cross section pmune-

ters SIGLO---SIGL3are the expansion coeffi-

cients u~)(E - E)... UP)(EO -.E) of the
o

double differential scattering cross section

IJ1(EO-.E,O,T) in a Legendre polynomial expan-

sion, U1(EO -OE>8>T) =

(4x)-11 (2t+l)u~)(Eo - E)P1(cos O). Here
4

U1(EO ~ E,i3,T) is the ~t of the cross section

which includes inelastic mattering.

ENERGY(N), SEIFO(N), SELP1(N) for N = 1, NENER3.

The peters SELPO(N) and SELP1(N) are the ex-

~sion coefficientsu~l(Eo) and u~l(Eo) of the

pure elastic double differential scattering

cross section UO(EO -.E,9,T) in the Le&wndre

PotiOM.lal ex&nsionuo(Eo” E,O,T) =

(~)-1~ (*l)u&(Eo)6(E-Eo)PL (cos 13).

ENER2Y(N), SINK)(N), SINP1(N),

SINP2(N), SINP3(N)) N = 1> ~.

The ~ameters SJIJFO(N)---SINP3(N)are the in-

tegrals over final energy E of the cross sec-

tions up) (E + E)..a\3)(Eo~E) respectively.
o

ENE133Y(N),ST~(N), STRl(N),

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

The ~ameter STUT.(N)is IAe total scattering

(E ) which is the sumof
cross ‘ectia ‘tat o
SINPO(N) and SELPO(N). The remaining Eame-

ters are the transport cros8 sections

STR1(N) =S’!XYT(N)- SINP1(N) -SELP1(N)

STR2(N) =STOT(N) - S=(N)

sTR3(N) = S’JUT(N)- SINP3(N).

Under the headLngANALYTIC MONATCWC GAS CROSS

SEX!TIONS,anal@ical.lycomputed values of the

‘O)(Eo~E) andmonatomic gas analogues of al

‘l)(E -.E) are printed. These correspond to
‘1 o

the values of TE14PENjFAWIS and SIGBND. The

order of printing is initial energy, final

energy, 4 = O ccmponent,4 = 1 component.These

are computed and printed only if the G~ in-

struction c TO OMIT CAK!UIATION OF ANALYTIC

CHD2K IN GLEN near the end of the min program

is changed to CALL GJAKJCK.

For each mixture the output beluu is printed.

------ ..-

Inputparameters

sections:

X2.

13.

14.

15.

16.

17.

18.

19●

20.

21.

22.

23.

24.

---

NFGP

ENFIDP(N),N

. . . . . . ------ -----

and absorption and fission cross

INnAMo, ENODMO

If INDAMO s O,

SW(N), N =

cross section.

NISOMA

1, N’IVP

ENAH42, s-o

1, NENER2. Moderator absorption

INDAIS(NISO),INDFIS(NISO),ENODIS(NISO),

SIGSIS(NISO),S~lIS(NISO), for NISO . 1, NISOMA

If INDAIS(NISO)= O, NISO,

ENABIS(NISO),SIABIS(NISO),

for NISO = 1, NIXMA

If INDFIS(NISO)= O, NISO,

EIJFIIS(NISO),SIFIIS(NISO),

for NISO = 1, NISOMA

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

for NISO . 1, NISOMA. Absorption

for each isotope.

N, SIGFIS(NIS08N),N m 1, NEN’Iw3

cross section

for NISO . 1, NISOMA. Prcduct Wf for each

isotope.

BUCKLE

Correspondingto the three possible wlues of

NSPE12,an indication of the type of neutron

spectrum used to obtain group averages is

printed:

NSFEX! Legend

1 BARD= NEUIV?ONSPECTRUM

o MAXWELL NEUIRON S-RUM

-1 NEIJl?RONSPEZTRUM RE4D IN
,----- ------ ------ ------

Macroscopic cross sections:

25. These cross sectionB are defined In term of

the moderator and isotope cross sections and

number densities of 10...22:
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For N = 1, N-:

SNASCT(N) = ENODFSM S’TOT(N)+ (ENODIS(NISO)*SIGSIS

(NISO),NISO = 1, NBOMA)

E24AABS(N). FIJODMO*SIGJi140(N)+ (~ODIS(MSO)*

SIGAIS(NISO,N), NISO = 1, NISOMA)

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

NISCMA)

SNATRO(N) . E2JODM2*STWT(N) + SNAABS(N)

SMATR1(N) = ENOD1.73*STR1(N) + SMAAES(N)+

(ETW2DIS(NIS0)*(srxm(ruso) - sm.m(rmso) ),

NISO = 1, NISCMA)

SMATR2(N) = ENODl@* STR2(N) + SNAA.BS(N)+

(ENODIS(NISO)%IG9E(NIs0), NBo = 1, NISOMA)

SNATR3(N) = ~ODMO* STR3(N) + SMAABS(N)+

(ENODIS(NISO)ST3SIS(NISO), NISO = 1, NISCMA)

The ~remeter SMASCT(N) is the macroscopic scat-

tering cross section for the mixture including

the mcderator and all additional isotopes. Simi-

larly, SMAA.BS(N) Is the macroscopicabsorption

cross section for the mixture, and SK4.FIS(N) is

the macroscopic fission cross section multiplied

by the average number of neutrons per fission.

The remaining parameters are transport cross

sections.

------ ------ ------ ------ --

Diffusion coefficientand source:

26. Diffusion coefficientDIFCOF(N) and isotropic

source SOURCE(N) defined by:

DIFCOF(N) = 10/(30*Si&VTIU(N))

S~E(N) = l?NOI140*SIGLCJ(1, N)

for N=l, NENEIU

------ ------ ------ ------ --

Values from diffusion approximationcalculation:

27.

28.

29.

Diffusion length DFIGFI including a transport

correctionTRCORR based on the P a~oximation.
3

The sequence of eigenvaluesfor the diffusion

length obtained in tie iterative process used

to cal.ctite this qutity. It shouldbe noted

that no transport correction is Included in

these eigenvalues.

For N . 1, N- the neutron spectrum (iso-

tropic coqponent)DFIFO(N) obtained in the tif-

fusion length calculationnormlized according

[

%
to PO(E) dE= 1., Where Ells ENER2Y(1).

o

For co~ison the Maxwell.distribution

SFMANO(N) normalized according to the same con-

-.

ventlon. A residual DFJRSD(N) which eWesses

the accuracy with which the spectrumDFLFO(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 @vsicall.y significantresult,

it should be verified that all values of

DFIRSD(N) are snmll in magnitude, usually less

than 10-3, and that all values of DFLFO(N) are

non-negative.
---- ---- ---- ---- ---- ----

Values from P.. diffision length calcuktion:

30.

31.

32.

L!.

In the PU approximationthe diffusion length

DFLP1.1,and the Pll correctionPII.CORto the

ctiffusfonapproxl=tion.

The sequence of eigenvaluesfor the Pll diffus-

ion length.

For N . 1, NENER2 the isotropic neutron spec-

trum DFllIKI(N)noruQized as in 29. above, and

the corresponding1 . 1 spectrum component

DFllFl(N). For comparisonwith DFllIO(N) the

normalized Maxwell distributionSFMANO(N) 1s

printed. The residuals DFIIRS(N) are printed

and the criterion that these are sumll, uwally

less than 10-3, should be verified to assure

that a converged solution has been obtained.

In addition, for a @IYsicall.vsignificant solu-

tion both DFllFO(N) and DFI.I.F1(N)must be non-

negative for all N. ‘e ‘lues ‘f ‘he ’11 ‘if-
fusion coefficientDFCOll(N) used in the last

iteration are printed, tcgether with the values

of the diffusion approxi=tion coefficient

D~OF(N) for COUIp3riSOn.
----- ----- ----- ----- ----- -

Buckling spectra:

33. Values for N = 1, NENER3 of neutron spectra

correspaxilngto the Macroscopic cross aectiono

of 25. and the buckling of 23. The values for

the isotropic (A . O) component are determined

according to the value of NSPEC as follow:

1) for NSPEC = 1, a hardened neutron spectrum

is calctited correspondingto SCXJRCE(N);

2) for NSPEC . 0, the scalar flux Ls set equal

to a M.xwell distribution; 3) for NSPEC = -1,

the scalar flux is read in. In all three cases

the spectra for~ = 1, 2, 3 are those implied

by the transport equation to correspond to the

specified scalar flux. For the hardened neutron

.

.
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34.

.-

35 ●

spectrum the accuracy of the solution obtained

by Gauss-Sel,delIteration is specifiedby a

residual B2Bf5D(N). For complete convergence

each of the values of this quantity should be

less than 10-5. For the Maxwell distribution

and the read-in spectrum the residual is set

to o.

The buckling spectra are used in obtaining the

flux-weightedfew-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. SkIASCT(N)is the

macroscopic scattering cross section corre-

spmling to ENEFGY(N). However, for items

following 33. energy dependent quantities are

few-group averages.

The number NB21T of iterations in obtaining the

buckling spectra. For the Maxwell distribution

and the reed-in spectrum this is 1. For the

hardened spectrum it is < ~ for complete con-

vergence.

---- ---- ---- ---- ---- ----

The isotope edits for ln~t to IYPFare punched

and also printed out. The order of the quanti-

ties is that for cross section input for LYfF-IV

(IA-3373,P. 9). For each energy group the
f

cross sections are in the order: Da, w * u,

~g-’a+g,.● . ,
s

Two optional forms of punched

edit are available. For JPRBNO Z 0, the punched

edit Includes transfer cross sections from each

thermal group to all other thermal groups, and

no provision is made for any epithermslgroup.

Thie is intended for problems which involve

only thermal neutrons with a source specified

externally. The energy dependence of the

source for the few-group structureused is

given in 36. below. For this option the total

cross sectiona Is always in position 3, (IHT

= 3), the diagonal tremfer cross section is

in position NIt2P+ 4, (IHS = NFGP+ 4), and

the length of the table Is 2*NFJP+ 3, (IEU4

.2*ITFGP+3).

The second option, for JPRBNO <

ard thirteen-elementtable (IHM

O, uses a stand-

= 13) with

transfer cross sec%ions specified only in the

sequenceo~~g,... o~g~ ....~-~g. The end

g+4-tgand
cross sections in this sequence,us

~g.bg
s

, are corrected so that the total scatter-

ing-out cross section from a group, 2
013%‘

>
E?t s

is equal to the total.cross section u. In this

option the total cross section is again in posi-

tion 3, (IET = 3), and the diagonal transfer

cross section in position 9, (IHS = 9).

For both options, the cards are punched in order

of groups startingwith the first (highest en-

ergy group). In tbe card output, all cross sec-

tions for all groups (IGM . NFGP) are punched

in format 1.P6E12.4in a continuous set of num-

bers, total..lingIGM* IHM. This format is called

for byI?PF 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 eard 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 identificationnumber JPRBNO, the number

NMIX of the mitiure 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 t. The

order of these i&ntification 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 4 . 0

are punched, then successivelythose for k .

1, 2, 3. Next the cross sections for Isotope 1

are punched in the order ~ = O, 1, 2, 3. Fol-

lowing this the croos sections for isotopes 2,

3, and 4 are punched in sidlar fashion.

The deck for a mixture usiybe used intact as

input for Vl?Fbut four remarks should be made.

First, at the beginning of each mixture two ad-

ditional identificationcards are punched, one

a repeat of the title card and the second a

card giving tie mixture number NMIX. These are

to be removed before the deck is used as input.

Second, the program automaticallypunches values

17



36.

18

for A = 0, 1, 2, 3. If the higher antsotroplc

components for A = 2, 3, are not wanted in the

IYPFproblem, these parts of the deck, Lndicated

by the header cards, can be excised. Third,

the GIEN code requires the formal presence of

at least one additional isotope, isotope 10

If there is no additional ~yeical isotope,

this till.be a dummy, correspondingto zero

number density and with meaningless cross sec-

tions. In this case the ~t of the deck for

ieotope 1 should be excised.

Fourth, it will.usuallybe the option with

Jl%BNO < 0 that is used for problems involving

all energies. In this case the cards for

groups higher in energy than the highest ther-

mal group must be inserted for each value of

A. This can be done directly if the number of

such higher energy groups is a multlple of 6

(for the standard few-group structure,this

number is 12, and the condition is met).

Otherwise, since DTF requires cross section in-

~t in a continuous sequence for all groups, it

is necessary to read the card out~t from GLEN

into the machine end construct a new continuous

array. The following read instruction my be

used to read the GLEN card output for each L:

READ (10, 1) ((CS(I, M), I = 1, 13), M= 1,

NFGP)

1 FORMAT (lP6E12.4)

The input ~meter STRAND is inserted in the

card output for the highest energy the-l

group as the transfer cross section Into this

group from the group insnediatelyabove it for

A . 0. This is the only tre5sfer cross section

from epithermalto thermal groups included in

the punched edit.

Few-group macroscopic cross sections correspond-

ing to the number densities ENOLMO and ENODIS

(NISO),NISO = 1, NISCMi, andto the isotopic

cross sections in 35. The fluxes printed are

energy-integratedvalues for each group of the

buckling spectra of 33. which correspondto the

eqxumion of the flux for plane geometry in

Legendre polynomials. The cross sections are

flux-weightedaverages for each group corre-

sponding to the Legendre polynomial exp.nsion

of the transport equation. The scattering-in

integralbecomes a sum in the few-group approxi-

mation used and the transfer cross sections are

given. It should be noted that the fission

cross section given is the group average of the

productwf for A = O. Similarly the source

dependence is for the isotropic source (1 = O).

37. Check sums, summed over all energy groups. The

first pair of numbers listed represent the total

scattering-outand total.scattering-inlandthese

-numbers should be identical to all the figures

printed in every case. The third, fourth,and

fifth ~irs of numbers represent the agreement

of the higher order enisotropic scattering-in

integralswith the net neutron losses and these

should be approximatelyequal in each case.

The second ~ir of numbers represents the egree-

ment of the absorption and leakage with the iso-

tropic source. For hardened spectra (NSPD2 = 1)

there should be approximateagreement. For the

Maxwell distribution (NSPEX . O) the spectrum

is normalized to the source and the numbers

should agree to all tie figures printed. For

a read-in spectrum (NSPEX = -1) no necessary

relation exists between the second ~ir of

numbers.

APPENDIX

The program has been compiled and run on the

CDC 6630. The core storege requirement is approxi-

rastely55,600.

1.

2.

3.

k.
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PI?OQR14M GLEN(INPIJT,TAPE1O=INPI)TO

000003

oooon3

000003

000003
000003
000003
000015
000015
000021
000021
000033
000045
000045
000045
000061
000067
000067
000102
00010?
000110
000110
000123
oofll?3
000131
000131
000133
0001s?
000152
nnn166

000166
000176
000175
000?03
0fJ0206
000212
000?12
ooo2~3
000215
0002?1
000221
000223
000236

10UTPUT*TAPE9=OUTPIJT?
2PUNCH.TAPE1 l=PUNCH)

SIRFTC GLEN DECK
COMMON NLIMoMLIMcTEMPENoAFAREC.HRFCoAFAEPSsHEF’so

lNENERG,FACMAS*SIGBND.SRD4PI OARECP1OAEPSP1 ~
2ARP1H2,AEPlH2,COSMU (6n) ,wATE(60),SIGSCT (60) ?S1MUCK{38)o
3NMUMAX!NMUM1 CNMUM?9NMIJM3*GLNRFCOGI,NEPSS
4NINI*NFIN*NMU*REC (50) 9EPS(50) OSKE(51O51)C
51DEN,ENERGY (91),FINI(91 ),EFIN(91),AFIELD (12)0
6GAM0,SIGL0 (87,88) osIGLl (87,88) gsIGL2f87s88) ~S16L3 [87s88).
7$ELPO(90) ?SELPI(90)*SINP0 (90) SSINP1(QO) *SINP2(90) 0SINP3(90)0
8STOT[~O),STRl [90) OSTR? (90) oSTR3(90)

COMMON NFGPQENFEQP [21),NMIxM4,NMIx9 INOAMOoENO13MO;
lENA8M0,STA13M0,S1QAM0 [90) *NISOMAqNTSO,
21NDAIS (4) *INDFIS(4)*ENOI)IS (4),SIGSIS (6}9SIP11!3(4) 9
3ENA815(4),SIABIS (4)9S1GAIS (4090) *ENFTIS(4)*SII:IIS (6) OSIGFIS(4990)0
4RUCKI.F*NSPEC*SMASCT fQ0)qsMAA8s(90) tSMAFIS(90} ISOURCE(QO) s
5SMATROf90) ,SMATRI (90),SMATR2 f90),SMATR3 (90) oD1FCOFf90) $
6N13FLIToDIFLGT [1oo) ,Rcf)FL?sOFI.FO f90) 0qPMANO[901 !
7f)FcoFI(9n) 9DFLGF1QTRCORR*DFLRSO(90) 9
RnFCFR> (90),B2F {4,91) OQ2FOLD (90) ONR21T,82RSD[90)

COMMON MFGoFGINGD (91) QFGPEINsNFGPL t21)~ENINwTf90),
lFGPFt4,2fi) *QMOFGP(4C?O) ~RMOFGP(4S?0) *R1SFGP(4q4*20) $
2SELOFG (20) *SELlFG(20),PMOFG(4,20~20) *FISFGPf4,t20)0
3SRCFGP(zO) *QMACFGt402n) ,RMACFGf4*ZO),PMACFG(4*20,20) q
4FMACFG(20) sFSUM(41 0Q5uM(4) $RSUM(4\$pSuM[4)s
5CKIOL,CKIDROCKSUOL,CK51JOROCKS[JlL?CKSUl R*
6CKSu?L,cKSU2R,CKSU3L,CKsu3ROJpRIlNOSsTRAND0
7SSMPRT [20),SPRTOT (20),FISPRT f20)~PPRT140s20\

COMMON NDFll,nFLPl loPllCOR,DFllFO [87),DF11F1 (87),DF11RS(R7)
COMMON OFC011(R7)
READtlOsl) (AFIELO tJ)t.J*]*12\

1 FORMAT(12J16)
wRITE(90Rnl)

QOl F0RMAT(2H1 )
wRlTEt9s]) (AFIELI) (J)s.J=1c12)
READ(ln$901 )InEN,TEMpFN*GAPo

.qO1 FORMbT{I\0~2E20.R)
? FORMAT(4E2n.R)

RFADt Io,F)AFAREC*HREC,AFAEPS,HEPS
REAOtlO~.7)NLIM

3 FORMATtIIO)
READIIO *4)(REC(N)ON=1 oNLIM)

4 Fcll?MAT(4~\9.8)
REA[1(10*F)MLIM

‘5 FORMAT(I9)
RE4@t10*6) (EPS{M)VMS1*MLIM)

6 FfJRM4Tf4E18.13)
QEAD(I097)NPRO0

7 FCXV4dTtIB)
00 8 Ns1,NLIM

9 REAO[10*9)( SKE(N,M)*M=1 sMLIM)
Q FoR~AT(5F15013)

WRITE (9QQ02)SKE(1Q1) .RKE(201) *SKE(NLIM*MLIM)
~n? FORMAT (lnHoSKE[lOl) =*FIS.8C1OH SKFf2~l)=*E15.8~

116H SKE(NLIM,MLIM) =*F15.8)
PEAD(10*3)JPRRNO
lNINCKmfl
RFAo{lll*3)NENFPG
IF (NENERG-87) I?,I?,1O

10 wRITE(9s11)
11 FORMAT(17HONENERG TOO LARGE)

TNINcKx1
]? rF(NFNERG) 13*13915
13 WRITE[9*14)
14 FORMAT(20HONENER0 NoT POSITIVF)

ININcK=l+ININcF
15 READ(10,2) (ENFRGY(N)ONS1 ,NENERQ)

GLNCVP=ENERGY INENERG)
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000.?40
000?41
00024S
00024s
000247
000251
000253
00025s
000257
000261
000267
000267
000271
000274
000301
000303
000307
000307
000311
000314
0003?0
000320
00032?
000330
000332
000336
000336
000340
000342
000352
000354
0003S6
OO03f$2
000362
000364
000366
000401
000403
000405
000606
000414
000414
oOo416
000421
000433
000434
000436
000437
000442
000443
000451

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

000510
000513
000514
000516

000540

IF (GLNCMP) 951*951*95-4
Q%l wRITE(9*12%2)
Q52 FORMAT(2RHOLAST ENERGY LESS/EQUAL ZERO)

TNINcK=l+ININCK
053 NRGLSIXNENERG-1

DO lR N=l*NRGLS1
GLNCMP=ENERGy (N)-ENERGY(N*l )
TF(GLNCMP)16,16,1R

16 NOUT=N+l
WRITE(9S17)NOUT

17 FORMAT (8HOENERGY(,13.l%H ) OUT OF ORDER)
ININCK=l*ININCK

18 CONTINUE
I?EAD(1os?)FACMAS
IF (FACMAS)19*]9,?I

19 WRITE(9,20)
20 FORWAT(23HOFACMAS LESS/EQUAL zERO)

ININCKX1+ININCK
21 IF(FACMAS-l .)24S?6*2?
22 WRTTE[9,?3)
?3 FORMAT (24HIlFACMA5 GREATER TH4N ONF)

ININcK=l+ININCK
?4 READ(10,?)SIGRND

IF (SIGBND)25$?5$27
?5 WRITE(9*?6)
?6 FORMAT (23HOSIGF3ND LESS/EQUAL zERO)

ININCK=I+ININcK
?7 SBD4PI=SIGBNo/12.566371

READ(I0,901) INSELR,BRGLIM
IF (1NsELR)30*32*2Q

29 IF (INSELR01)30,3?930
30 WRITF(9931)
31 FORMAT(17HOINSELR INcnRREcT)

lNTNcK=l+ININcK
32 IF (INSELR)37*37933
33 READ(lo*~) (SELPOIN)?N=] 9NENERG)

DO 36 N=l!NENERG
GLNCMp=sELpO (N)
IF (QLNCMP)34?36936

34 WRITE{9935)N
35 FORMAT( 7HnSELPO(,13*llH } NEGATIvE)

ININCK=I+ININCK
3A cONTINUE

I?EAO(IOo2) (sELPl(N) 9Nxl~NENERG)
GO T(3 39

37 Do 3R N=l,NENERG
sELPO(N)=.O

3S SELpl(N)=oO
3q TF(ININCK) 40*50*40
40 WRITE(9Q41)INTNCK
41 FORMAT(32HOINPUT THRII SELP1 CHECKED. ABOVES

I13,31H ERRORS FOUNI). PROgLEM STOPPED.)
sTnP

50 NPRSIG=l
CALL GLNFIR
D(I 51 NINI=1oNENERG

51 sINI(NINT) =ENERGY(NINT)
DO 52 NFINIBlsNENERG

5? FFIN(NFIN) =ENERGY(NFTN)
DO 80 NINI=lsNENERG
DO 79 NFINsNINI*NENERG
DO 55 NMIJ=IoNMIJMAX
GLNREC=FACMAS* (EINI(NTNI )+EFIN(NFTN)

1-2.* ((EINIININI) *EFIN(NFIN) )**,5)*COSMU(NMUI)
GLNEpS=EFIN (NFIN)-EINIININI )
cALL GLNINT
IF(NPRSIG) 53055055

53 wRITE(9c54)NINIcNFIN,NMUSEINI (NINI),
lEFIN(NFIN),COSMU(NMU) QSIGSCT(NMU)

54 FORMAT (6HONINISS1306H NFINBo1305H NMIJ=s13~
16H EINI=sE150LIs6H EFIN=QE15.8,7H cOSMU=OE15,SC
2RH SIGSCT=,E15.8)
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000560
000543
000564
000545
000546
000547
000551
000553
000555
000s57
000565

000576
000577
000600
ooo6nl
000602
000604
000606
000610
000612
000620

000631
000633
00 fi635
oO06a7
000641
000643
oO0665
000647
000651
000653
000655
000660

oof1666

oO0676
000701
000705
000707
0007?7

000727
000734
000740
000744
000746
000766

000766
000773
000777
001003
001005
00102s

00102s
00103?
001036
001042
001044
001064

001064
001071
001074
001076
001077
001101

55 cONTINUE
S6 SXGLOT=.O

sIGLIT=,o
51GI.2TD.O
sIGL3T=.o

57 DO 5R NMU=1ONMUMI
sIGMuL=SIGSCT (NMU)OWATE (NMU)
SIGLfIT=SIGLOT+SIGMUL
SIGLIT=SIGLIT+SIGMUL~COSMU (NMU)
%IGL2T=SIGL2T+SIGMUL6 (3,*(COSMU(NMU) ~*2)-1. )

5R SIGL3T=SIGL3T+SIGMULe(5.O(COSMU (NMU)O*3)
1-3.*COSMU(NMU))

59 sIGLoC=,O
sIGLIc=.o
sIGL?c=.o
SIGL3C=.O

60 ~0 61 NMu.NMUM2VNMUM3
SIGMUL=SIGSCT (NMU)*WATE (NMU)
SIGLnCmSIGLOC+SIGMUL
SIGLIC=SIGLIC+SIGMUL~COsMU (NMU)
SIGL2C=STGL2C*SIGMUL4 (3.e(cosMU(NMU)**2) -10 )

61 S1GL3C=SIGL3C+S1GMUL*(S.* (C0SMu(NMu)**3)
]-30*COSMU(NMU) )

62 sIMUCK(3) =.08888888*SIGSCT (3)
SIMUCK(8) So17777778*~IGsCT (8)
SIMuCK~13) =.17777778~SIGSCT (13)
sIMUCK( 18)=.17777778*S16SCT (18)
sIMucK(23) m,13333334eSIGSCT [23)
SIMUCK(2t3) =,06666666qSIGSCT (2Fi)
SIMUCK(33) =.044444440SI13SCT (33)
SIMUCK(39) =OO?22?222eSIGSCT (38)
no 621 NMUCK=3,3R,5
%IGLOC=SIGLOC*SIMI)CK (NMUCK)
SIGLIC=SIGLIC+SIMIJCK (NMUCK) *COSMU(NMUCK)
sIGL7C=SIGL2C+SIMUCK (NMUCK)

19(3e*(cosMu(NMucK)**p) -1.)
421 SIGL3C=SIGL3C*SI*IICK (NMUCK)

I*15,*(CO%MU( NMUCK) ●*3)-3.*COSMU (NMUCK) )
lFfARs(sIGLoT) -1.F-06)66*6606~

63 FRCDFOnAf3S(10-SIGLOC/SIGLOT)
TF(FRCDFfl-.Ol )66*66SA4

64 wRITE(9,65)NINI.NFIN.FINI (NINJ),EFIN(NFIN] QSIGLOT,FRcDFO
6% FORMAT (6HONINI=*13,6H NFI%913*6H EIN1=~E15.8)

IAH EFIN=,E15.8,8H sIGI.0T=oE15.13c8H FRCl_)FO=*E1’j.8)
66 SIGLO(NINIoNFIN) =6,2R3] 853*SIGLOT

TF(ARs(SIGLIT) -1.E-06)70.70T67
67 FRcDFl=ABS(l.-SIGLlC/SIGLlT)

IF(FRcDF1-.02) 7OC7O,6R
AR WRITE (9*69) NINI*NFIN,EINI (NINT)QEFIN(NFIN) sSIGLIT,FRCf)Fl
69 FORMAT (6HONINI~s13,6H NFIN=,13*6H E1NI=*E1508~

16H EFIN=.E15.R98M SIGLIT=.EIS.R*RH FRCDFl=~El!j.8)
70 SIGL1(NINI,NFIN) =6.2R31853*SIGL1T

IF (ABS(SIGL2T) -l,E-06) 74,74971
71 FRcoF2sAi3sflo-sIGL2c/sIGL2T)

IF(FRCDF2-.O4)76,74*7?
72 wR11E(9,73)N1N1,NF1N,E1N1 (NIN1),EFIN(NFIN) ts1GL?T,FRc0F2
73 FORMAT(6HONINT=*17q6H NFIN=s1306H EINS=*E15.89

16H EFTN=sE15.R*8H SIGLi?T=OEl!S.808H FRCDF2=*E15.8)
74 SIGL?(NINI ~NFIN)S3.14159?7*SI(3L2T

IF (ARS(SIGL3T) -1.E-06)78078S75
75 FRcoF3=ABs(l*-sIGL3c/sIGL3T)

IF(FRCOF3 -,08)78,78s76
76 WRITE (9077)NIN19NFIN,EINI (NINI)?EFIN(NFIN) 9S1GL3T*FRCDF3
77 FORMAT( 6HONINI=o13,6H NFINc,13s6H EINI=,E15.80

16H EFIN=9E1508,8H SIGL3T=,E15.808H FRCDF3=OE15.8)
78 SIGL3(NINI *NFIN)=70141 5927*SIGL3T
79 cONTINUE
Rn cONTINUE

no 8? NINI=2*NENERG
.

NINLS1=NINI-1
nO 81 NFIN=1oNINLSI
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001102

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
001?73
001300
001303
001306
001311
001315

001316
001317
001321

DBFACT=(EFININFIN)/EINI(NINI ))*EXPI(EINI(NINI)
l-EFIN(NFIN))/TEMPFN)

sIGLn(NINI,NFIN) sDBF4cT*sIGLo (NFINcNINI)
%IGLI(NINI oNFIN)=DBFACT*SIGL1 rNFINoNINI~
sIGL?(NINI,NFIN) =DBFAcT*sIGL2 (NFINoNINI)
sIGL3[NINI,NFIN) 9DBFAcT4KIGL3 (NFINoNINI)

al cONTINUE
R? cONTINUE

TF(IDEN)R 21,89,1321
R21 no 89 N=lSNENERG

GLNCMP=ENERGY (N)-RRGLIM
IF (GLNCMP) R13,F189R22

P?? AELSTCm2.*FACMAS*GAMO~ENERGY (N)
TF(AELsT@.OOO1) l?3*83*84

83 SELPO(N) XSELPO(N)*SIGRND
nO TO R5

84 SELpo(N)=SELpf) (N)
1+.5aSIG13Nn* (l.-EXP (-?.*AELSTC) )/AELSTC

8S IF (AELSTC-.03) 66,86987
86 sELPl(N) =sELPlfN) +sIG8ND*AELsTc~ (1.-nELsTc)/3*

GO TO 88
87 sELpI(N)sSELpl(N)

1+.q*SIGBNn*[ (l.+AELSTC) @EXP(-?.*AELSTC) ●AELSTC-lO)
2/(AELSTC**2)

R8 CONTINUE
89 NERGPI=NENERG*I

ENERGY(NERGP1)=.O
FINI(NERGP1)=.o
EFIN(NERGP1)=.o
DO 91 N=l,NENERG
FNwTIB.5a (ENERGYfl)-lwERGY [2))
sINPo(N) =ENWTl*SIGLOtNO 1)
sINpl (N)=ENWTI*SIGL1 (N*l)
SINP?(N) 9ENWT1*SIGL2(NQ 1)
SINP3(N)=ENWT1*SIGL3{N? 1)
nO 90 J=2,NENERG
ENWT?=,5* (ENERGY (J-1)-ENERGY (J+l))
SINP(I(N)=SINPO( N)+ENWT2*SIGL0 (NoJ}
sINP1(N) =SINPI(N) +ENWT2*SIGL1 (NsJ)
sINP7(N) =SINP2(N) +ENWT2~SIGL2 (NoJ)

90 SINP3(N) SSINP3(N) +ENWT2*SIGL3 (NoJ)
sTOT(N)= SINPO(N)*5ELP0 (N)
sTR1(N) =STOT(N)-SINP1 (N)-SELP1 (N)
STR2(N) =STOT(N)-SINP?(N)

91 sTR3(N) =sToT(N)-sINP3fN)
CALL GLNRIT

c TO OMIT CALCULATION OF ANALYTIC CHECK IN GLEN
cALL GLFEGP
sTOP
END

.

sIRFTC GLNI DECK

SUBROUTINE GLNFIR
000002 cOMMON NLIM,MLIM,TEMPCN,AFAREC,HREC9AFAEPS,HEPS,

INENERG,FACMAS,SIG13N0.SBD4PI ~ARECPloAEPSPl ~
2ARP1H20AEP1H20C05MU(60) swATE(60) sS1GSCTt60) oSIMUCK(38)0
3NMUMAX,NMUM1 *NMUMPSNMUM3 ,GLNRFCOGLNEPS9
4NINIONFIN*NMU,REC(50) ,EPS(50) OSKf(51s51)t
51DEN,ENERGY (91) oEIN1(~l )oEFIN(91) oAFIELD(12)0
6($AMOOSIGL0 (87088) 0SIQL1(87S88) 0SIGL2(87088) 0SIGL3[87J88) ~
7sELPo(90) ssELPl(9n) 0SINPO(90),SINP1 (QO) ~SINP2(90) OSINP3(90)~
8STOT(90) oSTRl(90)OSTR? (90)sSTR3[90}
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.

000002

00000%

000002
000002
000002
000004
000006
000010
000012
000014
000016
0000?0
000027
000031
000040
000042
000043
000045
000046
ooon%o
000051
000053
0000s4
000056
000067
000061
0(30062
000064
nooo65
000067
000070
00007?
000073
000075
nf)oo76
000100
000101
000103
OI3O1O4
OOO1O6
000107
000111
0001]2
000114
000115
000117
000120
000122
0001?3
0001?5
0001?6
000130
000131
000133
000134
000136

cOMMON NFGPoENFEt3P {21) tNMIXMA,NMIX0 INDAMOoENODMOo
lENABMO,sIABMO,sIfiAMO (90) ~NIsOMAoNISOq
?INI-)AIS (4), INDFIS[4)$ENODIS (4) *SIGSIS (4) OSIP1XS(6)?
3ENA131S(4),sIARIs (4) sSIGAls(4,00) ,FNFIIS(4) SS][F11s(4) sS1(3F1S (4090)c
6RuCKLE,NSPEC,SMASCT (9n),SMAAB!4 IQo)9SMAFIS (901 oSOuRCE(QO) o
5SMATRO(90)OSMATR1 (90),sMATR~(Qo) oSMATR3(90) ttJ1FCnF(90) o
6N0FLITODIFLGT (100) ,RcDFL2,DFLFo(9n) ~sPMANo(90}Q
7rJFcoF I(9Q).oFLGFI *TRcoRR*oFLR%Dt90) ?
RDFCF82(90 ),B2F(4,91 ),RPFQLD(90) $NR21ToB2RsD(90)

COMMON MFGQFGINQO (91\ oFGPEINONFGPL (21 )~ENINW1’(90}*
lFGPF(6,20) tQMOFGP(4t?O) *RMOFGP(4,20),RISFGp ~6*4*.?O) s
?SELOFG (20) OSEL1FG{20)OPMOFG (4*200?O) CFISFGp[4020)0
3sRcFGP (20),QMAcFG(4*20) ?RMAcFG(4s70) !PMACFG{4C20020)J
4FMACFG(20),FSUM(4),051JM(4) ,RSllM(4) ops1JM(4)$
5cKTDL.CKIDRtCKSUnL*CKSUoR~CKSIJIL.CKslJIR.
6cKsU?L,CKStJ2R,CK%U3L;CKSU3RoJPRBNO~sTRANo0
7SSMPRT (20),SPRTOT(20) ,FI.5PRT (?o)*PPRT(40020)

COMMON NDF119nFLP110PIlCOR,DFl lF0 (87),DFllFl (137),DFllRS(fJ7)
cOWM@N 0FC011(R7)

1 ARECP1=AFAREC+l.
AEPSP\=AFAEPS*l.
ARPIH?=AREcPl* (HREc4.io7)
AEPIH?=AEPSP1* (HEPS*47)

.? NLIMPIsNLIM+l
MLIMP1=MLIM+l

3 DO 4 M=l,MLIMP1
4 SKE(NLIMPIOM)=.O
% DO 6 N=loNLIM
6 SKF(N,MLIMPI)800
7 COSM(J( I)S-.99O6179FJ

COSWJ(?) m-.95?84693
cOSMU(3)S-.9
cOSMU(4) =-.846l53n7
CC)%MIJ(5)=-.80938?O?
COSMU(6) S-.78I?3597
COSMII(7) S-.7O769366
COSW(8)=-.6
COSM(I(Q} =-.49?3n614
COSMIJ( 10)=-O4I8764O3
eoS*lJ( ll)=-.3fIl23q97
COSMU(12) =-.3n769386
cr)!jMlJ(13)=-.2
COSMU(14) 8-.O9?3O614
COSMIJ( 15)=-.OIR764O3
COSMU(16)=.01876&03
COSMiJ( 17)=.09?30614
COSM1J(18)=.2
cOSMII( 19)=.307693R6
COSMU(?O) =.3111?3597
cOSMu(?l )=.414n73n~
C05MU(?2) =.46922Q60
cfJsMu(23)=.5s
COSMU(24) =.63077t140
COSMIJ(?S) =,68592698
cOSMU(?6) =.70703651
C05MU(27) =.734614Ro
COSMU(2E)=.775
COSMU(?9) =.81%38520
COSMU(30) =.$J4?96349
COSMU(31)=.85&691m
COSMU (32)=.87307653
COSMU(33)=.90
COSMU(34) =*Q2692347
COSMU(35) =.94530R99
COSMU(36) =.95234550
C05MU(?7) =.96153R?7
COSMU(38)=.975
cr)qMu(39) =,98R46173
COS*II (40)=.99765450
wATE(I )=.02369269
WATE(2)=004786?137
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000137
000141
000142
000143
000145
000146
000150
000151
000152
0001s3
000154
000155
000156
000157
000160
000161
000162
000163
000164
000165
000167
000170
00017%
000173
000174
000176
000177
000201
000202
000203
000205
000206
000210
000211
000212
000214
000215
000?16
000217
000221
000?22
000224
000225
000227
000230
000?32
000233
000235
000236
000240
000?41
000?43
000244
000246
000247
0002s1
0002s2
000253
000255
000256
000260
000261
000263
000264
000266
000267
000271
000272
000273
000274
00027S

WATE(3)S005688888
WATE(4)=.04786?87
wATE(5)=,02369269
WATE(6)=.04738537
WATE(7)=.09572574
WATE(R)B011377778
wATE (9)=.(19572574
WATE(lO) =.O473I3577
WATE(11)B00473R537
wATE(12)s.0957?574
wATEf13) =.l137777t3
wATE (14)=.09572574
WATE(]5) =.04738537
WATE[16)=O04738537
wATE (17)x.09572574
WATE(l$I) B.1137777R
WATE 119)=.09572574
wATE(20)=.0473R537
WATE (21)=.03553903
wATE(?2) 8.0717943(l
WATE(?3) 80013533334
wATE(Z!4) =.0717943n
WATE(?5) =.03553907
wATE(26)=.017769S2
wATE (27)=.03589715
wATE(2S)=.04266666
WATE(?9)B.0358971%
wATE(3n) =.0177691j2
wATE (31)=.01184635
wATE (32)=.02393143
LuATE(33) =.02844444
WATF(16)=.02393143
uATE (35)=.01184635
wATE (36)=,00592317
WATE (37)=.0119657?
wATE(3R)=.0142?22?
wATE(39) =.0119657?
WATE(40)=O00592317
Ct)SMU (41)=-.97745967
COSMU(42) =-.R2254n33
cnshllJ (43)B-.7549l934
COSMll(44) =-.445ORn66
COSMU(45) =-.3549I934
COSMU(46) =-.O45ORO66
COSM1l (47)=.045013066
COSMU (413)=.35491934
COSMU(49) =.433I31O5O
cosMu(So) =,66618950
COSMU(51) =.716905?5
cOSMU(52) =.833094?5
cOSMU (53)=.86127017

cosMu(541=.938729R3
cOSMU(551=.9!35635n8
COSMU(56) =.994364Q2
WATE(41)S005555556
wATE[42)=,0S555556
WATE (43)=011111111
wATE (44)=.11111111
WATE{45) 9.11111111
wATE(46)s.11111111
WATE(47) 8011111111
WATE(4R)=.11111111
wATE(49)m,08333333
UATE(50)S.08333333
WATE(51)=004166667
wATE (52)=.04166667
WATE(53)ma0277777R
wATE(54) R.02777771!
wATE (55)=.01388889
WATE(56) =c013888t!9
NMUMAX=56
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000?76
000?77
000300
ono301
OO(J303
000305
000306
0003?!5
000326
000327
000334
000335

000002

000002

000002

000002
000002
000002
000003
000006
000011
000013
000014
000017
000021
0000?1
000023
000024
0000?5
000027
00003?
000035
000037
000040
000043
000045
000045
000047

NMuM\=40
F.JMuM2m41
NMUM3=56

8 lFtHEPS)12~12!9
9 DO 10 N=loNLIM

00 lfl M=IoMLIM
10 SKEtN*M)=(EXP(EPSIM)/TEMPEN) )~SKE(NOM)

HEPs=-lIJEPS
DO 11 M=l~MLIM

11 EPS(M)=-EPSIM)
12 RETURN

END

%InFTC GLN? DECK
SUflROUTINE GLNINT
cOMMON NLIMQMLIM,TEMPEN9AFARECtJ+RECSAFAEPS?HEl~SO

1NENERG*FACMAS,SIGRN!I,SBD4PI *ARECP1OAEPSPI o
2ARPlH2!AEPlH20COSMU (60) 0uATE(60) ?S1GSCT(60) cSIMUCK(38)9
3NMuMAX,NMUM1 ,NMUMZ,NMIJM3 ,QLNRECSGLNEPS o
4NINI,NFINJNMUOREC {50) ,EPS(SO) 9SKE(51OS1) $
51t)EN,ENERGY (91) tFINI(91 )*EFIN(91),AFIELD(12)0
6GAMO~SIGL0 (870E18) ~S1GL](87S88) 0SIQL2(87088) *s’t6L3(87088) o
7SELPOt~O) *SELPl(90) 0sTNPO(90),SINPl tQO) !SINP2(90),SINP3 (90)*
8STOT(90),STRI (90) *STJ?? (90) t5TR3190)

COMMON NFQPoENFEGP (21)sNMIxMA;NMIxs INDAMOoENOl)MO,
lENABMO~SIABMO,SIGAMO ?90) sNISOMAsNISO,
21NDAIs (4) ~INDFIS(6)~FNODIS (4) oS1@1S(4) OS1p11!\(4)t
3ENABIS(4),51ABIS(4) *SIGAIS (4?90)9ENFIIS(4) 9SIFIIS (4) OSIGFIS(4?90)9
6BUCKLFtNSPECsSMAScT leo)oSMAAB!3(90) ssMAF1s (90) os0URcE(90~ *
5SMATRO(90)oSMA7Rl (90),SMATR2(90) 0SMATR3(90) *01FCOF(90) s
6NDFLIToDIFLGT (1OO) 0RCI)FL20DFLF0 (90)SSPMANO(90) s
7DFCOFI190)SDFLGFI ,TRcORRODFLRSD (90)s
80FCFJ32(90),B2F (4,91) ,J32FOLD(90) ONR21TO132RsD (90)

COMMON MFG$FGINGO (91) oFGPEINtNFQPL (21) oENINWT{90)~
lFGPF(6s20) sQMOFGP(4S?n) sRMOFGP (4~?O)oR1SFGP (404t20) t
2SELOFG (20) OSEL1FG(20)*PMOFG (4020070),FISrGp (4U20)0
3SRCFf?P(20) *QMACFG(4~20) sRMACFG(4CZO) OPMACFG(4020020) o
4FMACFG(20) 0FsuM14) oQ5UM(4)qRSUM(4) sPSUM(4)C
5CKIDL,CI(IOR*CKSUOL,CKSUOR,CKSU1LOCKSU1R9
6CKSU2L,CKSU2R,CKSlJ3L,CKSU3RoJPR8NOSsTRANDS
7SSMpRT (20),SPRTOT(20) ,FISPRT (20) OPPRT(40020)

COMMON NDF1l,IIFLP1 lsP1lCOR,DFIIFO (147) oDF11F1(07),0F11RS(R7)
cOMMf)N OFCO1l (87)

I Nc2
2 GLNCMp=REC(N)
3 IF (G1.NREcmGLNcMP) 494,=l
4 NGLN=N-1

GO TO R
S IF(N-NLIM)607c7
6 N=N+l

GO TO 2
7 SIGSCT(NMU)=.O
‘ RETURN
9 U82

tIRGLNP=ABS (GLNEpS)
9 GLNCMP=ABS(EpS [M))

10 IF (ABGLNP-GLNCMP) 11011,12
11 MGLNsM-1

GO TO 15
12 TF(~-MLIM} 13,14014
13 M=Mel

GO TO 9
14 sIGSCTIN.MU)=.fI

RETURN
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000050
0000%1
000054
0000S6
000060
000061
::::;;

000074

000112

000112
000114
000117
;::; $;

000140

OnO162

000200

000215
000217
000222
OOn225
000233

000243

000?57
000260
000261

OOf)273
000274

15 IF(IDEN)211016s20
1A IF(~QLN-l)1791792n
17 IF(GLNREC) 18018919
18 sIGSCT(NMU)=OO

RETURN
19 AMTl=l./((l2.56637l*GLNRECOTEMpEN) •~,s)

AMT2=(GLNEPS*GLNREC) A*2
AMT394.~GLNREc*TEMPEN
sIGSCT(NMU)=(SBD6pI) *((EFIN(NFIN) IEINIfNINI)J**,~)

liOAMTl*EXP(-AMT2/AMT3)

RETURN
20 NGLNL1=NGLN-1

NGL2L)=2*NGLN-1
21 GLCFO=GLNREC-REC (NGLN)

GLCFI=GLCFo/ (HREC*(AFAREC**NGLNL1) )
GLCF2=GLCFO* (GLNREC-REC (NGLN+l))

l/(ARPlH2*(AFAREc**NGL?Ll ))
22 SGLNO=SKE (NGLNOMGLN)*GLCFI* (SKE(NGLN+1OMGLN)

I-SKE(NGLNOMGLN) )+(lLCF?*(SKE (NGLN*2~MGLN)
2-APECP1*SKE (NGLNO1 ,MGLN)+AFAREC*SKE (NGLN?MGLN))

sGLN1=SKE (NGLNOMGLN+I )+GLCF1*(SKE (NGLN+lsMGLN+l)
1-SKEINGLNOMGLN*l) )*GLcF2* (SKE(NGLN*2;MGLN+1 )
2-ARECP1*SKE (NGLN*l,MGLN*l )*AFAREC*SKE (NGLN9MGLN*I) )

sGLN2=SKE (NGLN*MGLN*?) +GLCFl*(SKE(NGLN+l tMGLN+2)
1-SKE(NGLN9MGLN*2) )*GLcF2~(sKE (NGLN*2!MGLN+2)
2-APECP1*SKE (NGLN*l*MGI-N*2) +AFAREc*sKE(NGLNsMGLN’2t J

23 MGLNL1=MGLN-1
MGL2L1=29MGLN-1

24 GLCFln=GLNEPS-EPStMGLN)
GLCflI*GLCFIO/ (HEPS*(AFAEPS**MGLNL1 ))
GLcF12=GLcF1O* (GLNEPS-EPS (MGLN*l) )

l/(AEPlH2*(AFAEPs**MGL?Ll ))
2S SGLN=SGLNO

l.GLCF1l* (SGLN1-SGLNO)
2+GLCF12*(SGLN2-AEpSpl*SGLNl ●AFAEPS*$GLNO)

TF(SGLN)27028,28
27 sGLND.O
28 sIGSCT(NMU)=(SBD4pI)*( (EFIN (NFIN)/EINI(NINII)**.5)

l&sGLN
RETURN
END

.

SIQFTC GLN3 DECK
sUBROUTINE GLNRIT

000002 cOMMON NLIMcMLIMoTEMPENsAFAREcoHRECSAFAEPSsHEPsO
1NENERG*FACMAS,SIGBND,SBD4PI *ARECPl~AEPSpl ~
2ARP1H?SAEP1H2*CO%MU (60) 9wATE(Ao) ssIGsCT(60) ssIMucK(38)0
3NMUMAxONMUMl,NMUM20NMllM3,GLNRECCGLNEPS0
4NINI*NFIN*NMUOREC (50) 0EPS(50) OSKE(51O51)9
51DEN,ENERGY(91) *EINI(91)9EFIN(91) 0AFIELD(12)0
6GAMOQSIGL0 (87088) QSIGLl (E17$88) cSIGL2(B7088) OSIGL3 (870R8)0
7sELpo(90) ~SELPl (90) 0SINPO(90) OSINP1 (90) oSINp2(90) SSINP3(90) O
8STOT(90),STR1 (90) OSTR7(90) JSTR3(90)

000002 cOMMON NFGPtENFEGP(21 )cNM1XMA,NM1X01NDAMOoEN~DMOo
1ENABM0,sIABM0,sIGAMO(90) ,NISOMA,NTSO$
21NOAIS(4) oINDF!S(4) oENODIs(4) ~$1GS1s{4) Os1p11$(4)o
3ENABIS (4) *SIABIS[4)OSIGAIS (4Q90)oENFIIS14) OS1F11S[4} 0sIGFIS(4090)S
4RUCKLEQNSPEC$SMASCT (QO)OSMAABS(90) 9SMAFI$ (90)OSOURCE(90) o
5sMATRfl (90) *sMATRl (90) QsMATR2t90)$sMATR3 (90) SDIFCOF(90) o
6NI)FL1T9DIFLGT (1OO) ,RCDFL2*DFLFO(90) oSPMAN0(90)o
7DFcOFI(90)*OFLGFT ,TRcORROI)FLRSD (90)0
8DFCFB? (90) SB2F(4091) ,13?FOLD(90) ONB21TSB2RSD(90)

000002 cOMMON MFG.FGINGD[91) .FGpE1NcNF6pL (21) oENINWT(90)S

lFGPF(4c20) oQMOFOP(4~20) ORMOFGP (4S20)SRISFGP (404S?O) o
2sELfJFG f2n)osELlFG(20) opMoFG(4c200?O) .FISFGP(4C20) o
3sRCFGP [20),QMACFG(40?O) 0RMACFG(40?O) OPMACFQ(4020q20) O

.

.
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000002
000002
000002
000014
ooofl14
000022
000022
‘000026
0000?6
000043
000043
000051
0000!51
000057
000057
000063

000063
ooot165

000133
000133
000\36
000]36
000161
000161
000165

ol)ol*5

000216
000?16
O(ln???

00022?

000253
ooo?~k

4FMACF(3(20) 0FSUMf4\ sQSllMf4) oRSUM(6) opSUMt4) O

5cKIOLOCKIf)RQCKSUtlLOCKSUORoCKSUlLOCKSUlR0
6CKSU?L,CKSU2RocKSU3L,CKSU3ROJPR6NOoSTRAND0
7SSMpRT (20) oSPRT0T(20) oFISPRT t20)~PPRTt40020)

cOMMON NDF1l,DFLP1l oPI1CORODF11FO (87) oDFllFl (87);DF11Rs(f)7)
COMMON DFC011(R7}
wRITFf9*l) Ir)ENQTEMPENoGAMo

1 FOHMAT(6HOIDEN=, 13~8H TEWEN=,E15.1306H GAMO=9E1508~
wRITE(9,2)NENERG

2 FoR~AT1~HoNENERG=*13)
WRITE (9?3)

3 FORMAT(14H0 N ENERGY)
wRITE(9s4) tNoENERGY~N) oN=IsNENERG)

4 FoRMAT(130E15.Fl)
WRITF(995)FACMAS

5 FoRMAT(8HnFAcMAs=9E15.a)
WRITE(9S6)SIG13ND

6 FORMAT(8HOSIGRNDS.E15.8)
wRITE(9s7)

7 FORMAT(101HONINI NFIN EINI EFIN
1 SIGL1 SIGL2 SIGL3)

DO 8 NINI=lsNENERG
8 WRITt(QC9) (NINI,NFIN,FINI (NINI),EFIN(NFIN)O

lSIGLn(NINI *NFIN),SIGLI (NINIsNFIN) .sIGL2(NINIoNF IN)*’
2S16L3(NINI,NFIN) ●NFIhloNENERG)

9 FORMAT (215?6E160R)
WRITE(991O)

In FORMAT(46H0 N ENERGY SELPO SELPI )
WI?ITE(C3*11) (N.FNFRGY(N) ~SELPO(N)!SELPl (N) ~N=loNENERG)

11 FORMAT(13,3E16.R)
WRxTE(9012)

12 F0RMAT(7RH0 N ENERGY SINPO SINP1
1 SINP7 51NP3)

wRITE(9013) (NoENERGY (N)oSINPO(N) oS1NPI(N)9
1SINP?IN),SINP3 (N),N=1*NENERG)

13 FORMAT(1305E1608)
wRITF(9,14)

14 FOW4AT(77H0 N ENERGY STOT
1 STR? STR31

wRITE(9013) (NsENFRGY (N) oSTOT(N)?STR1(N)O
1STR2(N),STR3 (N),N=1,NFNERG)

RETURN
ErJn

STR1

SI(3L0
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S,~RFTC GLN6 DECK

SUBROUTINE GLFEGP
000002 COMMON NLIMsMLIM,TEMPENo4FAREt*HRECOAFAEPS.HEPSO

lNENEUG.F4CMASOSIGRNDO%R04PI OARECP1OAEPSP1 c
?ARP1H?,AEP1H2.COSMU (60) ,wA7E(60) *S1GSCT(60) ts1MUCK(38)0
3NMUMAX.NMUM1 *NMUM?,NMIIM3,GLNREC*GLNEPS*
4NINI,NFIN~NMU*REC (50) 0EP%(50) osKE(51051)s
51DEN,FNERGY (91) *FINI(91 ),EFIN(91),AFIELD( 12)s
6GAM0,S1GLfI (87,REl),s1GLI (87s88) TSTGL2(87088) $sIGLS (87988).
7SELpnt90) $SELPl19n)~SlNP0 (90) oSINP1(90) OSINP2(90) 0SINP3(90)*
RSTOT(QO) OSTR1(90)9STR? (90) osTR3(9n)

Ooooll? cOMMON NFGP,ENFEGP (21 ),NMIXMA,NMIX oINnAMO,ENOl)MO,
lENABM(),SIAEJMO,SIGAMO !QO) vNISOMAoNISO~
?TNDAI!3(4) 91NOFIS(4)*FNOOIS (4) osIGqIs (4)*sIPlIs(4) ,
3ENA81S (4),SIABIS (4) OSIGAIS (4,90)0 ENF11S(4)9SIFIIS (4) OSIGFIS(4Q90)*
4RUCKLE.NSPECoSMASCT (90) 0SMAABS(90) 0SMAF1S(90) ~sO(JRCE(90) ?
5SMATR() (90) .SMATR1 I~O)QSMATR2 (90) .SMATR3(90) c0[FCOF(90)o
6N0FL1Tc0TFLG1 (1017) sRCllFL2SDFLF0 (90) 0SPMANO(901Q
7nFcoFI (91-1) *DFLGFI *TRcoRR*DFLRsr)(9fl) o
81)FCFR? (90] OB2F(4.Q1) .R2FOLD (90) .NR21T.B2RSD (90)

000002 COMMON MFG,FGINGn (91) oFGPEIN,NFGPL (21 )sENINwT(90)o
lFGPF(4*~O) *OMOFGP(4*%O) SRMOFGP t*o?O)qRISFGP (4~4*20) O
?SELOFG (20) ?SELIFG(?O) OPMOFG(4,20020) tF1SFGp(4020)0



000002
000002
000002
000003
000011
000014
0000?0
I)l)nn?n
000022
oclon2fl
000030
000030
000032
000045
000045
000047
000050
0000s2
0000%6
000057
000063
000064
000065
000066
000074
000074
onoo76
oonlol
000102
000105
oonlo7
000115
000115
nool]7
ono122
0001?7
oon127
0001?1
oon]35
00013s
ono137
ono142
000146
000150
000151
000157

000157
000161
000162
000163
000173
000]73
000175
oon2nl
ono?ol
oon203
ooo?n3
ono?os
oon?]l
oon213
noo215
oon221
000??1
ono223
0002?5

3SRCFGP (2n),QMACFG(4,?n) sRMACFG(4020) SPMACFG(4020 ,?0)!
4FMAcFG (20) OFsUM(4),QSlJM [4) *RSUM(4)OpSuM(4)T
5cKInL.CKTI)R,CK%lJnL,CK%UOR,CKSUIL*CKslll R*
6CKSU2L.CKSU2R,CKSU3L.CKSU3RSJPRBN(10sTRAND0
7SSMPRT (?O),SPUTOT (20) OFISPRT (?O)~PPRT(40~20)

COMMON NDFll,nFLPl l,PllCOR,DF] lFO(137) *OFllFl(87),0FllRs (~7)
m4mnN 0FCO11187)
ININcKxO
DEAI-)(1O*7)NFGP
IF (NFGP-2n) 902*9n2q9nn

000 w141TFf~*901)
~nl FORNAT(20HONFGP EXCEFOS TWENTY)

TNINCK=INTNCK+I
an? lFtNFGP) 910*910t91?
nln WR1TE(Q9Q11)
mll FnRNAT(lnHoNF~p NOT PnSITIVE!

TNINcKsINrNcl(+l
OI? RFAoIIo*l) (ENFFGP (NI?N=l*NFGp)

1 FORhlAT(4E2fl.11)
n(l 6 N=lcNFGP
TNFGcK=O
M Z J=I*NENEQG
GLNCMP=ENFEGP (N)-FNERGY (J)
TF(GLNCMP)2*3*?

? lNFGcKaIINFGCK+I
G(J TO 903

3 TNFGCKBO
0173 IF (INFGCK)4S6,6

4 tiRITF(Qs%)N
5 FORM4T(8HOENFEGP(,13.12H ) INcORRECT)

TNINCK=ININCK+l
6 CONTINUE

nO 9nR Nz?,NFGP
GLNCMP=ENFEGP IN-1 )-FNFFGP (N)
lF(tiLNCMP)906C90A,90R

C)OA wRITF(Qs9n7)N
007 FORMAT (8HnENFEGP(.13, 15H ) OUT OF ORDER)

TNINCK=ININCK+l

OQR CONTINIIE
READ(11),7)NMIXMA

7 FORMAT(F!I1O)
IF(NMIXMA)8,R,1O

8 WRITF(999)
Q FnRMAT(17HoNMIXMA INCORRECT)

ININCK=ININCK+l
In lF(NwlxMA-lO) 12~17*11
11 WRITE.(9*Q)

ININCK=INTNCK*I
12 TF(ININCK)13Q 15*13
13 WRITF(Q914)ININCK
14 F(3RMAT(5?HoFEw GROUP FNERGIES AND NUMHER OF MIxTllRES CHECKED, ABOV

1E*13.31H ERRORS FOUNn. pROEILEM STOPPEIIO)
sTOP

1% NMIIB1
16 TNINCK=O

READ[10q17) 1NnAM(3,EN0PM0
17 F~RMAT( Iln,3E20.f3)

IF (INDAMO))80~2S?fl
lR WRTIE (9919)
IQ FORMAT (48HOMODERATOR SIQA READ INDIcATfIR lNOAMO yNCORRECTO)

ININCK=ININCK+l
GO TO ?2

2n lF(INr)AMo-l )21,2?,21
?1 ~RITF(QQ19)

ININCK=ININCK+l
?2 TF(ENonMo)230?5*?5
?3 wRTTE(9!24)
?4 Ff)RMAT (4PHoMOIlERATOR NIJMHER DFNSITY ENODMO NEGATIvE.)

ININcK=ININcK+l
25 IF(INDAMO)26,?6,35
?6 REAO(IO,l) ENA8MO?SIARM0
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000235
000237
000243
000243
000245
000?47
000253
000?53
000255
0007s7
000270
000271
000304
000306
000310
000311
000317
000317
000321
0003?4
000332
000334
000340
000340
00034?
000345
000351
000353

00040?
000402
000404
000406
000407
ono415

oon415
000417
000617
oon421
0004?7
000431
000434
oon635
000443

000443
000445
000467
000655
000467
000462
0004($3
000671

000471
oon473
000476
000477
000505

000505
ooo5n7
000512
000513
000525
000530
000531
000537
000537
000541

?7 IF(ENABMo) ?8028c3(I
28 wRITE(9029)
29 FORMAT(21HOENABM0 NOT POSITIVE.}

TNINcK=ININcK+l
30 TF(SIARM(I) 31033,33
31 wRITE(9s32)
3? FORMAT(17HOS1ABM0 NEGATIVE.)

TNINCK=INTNCK+l
33 DO 34 N=l,NENERG
34 SIGAM(l(N)=SIABMO*t(ENA8M0/ENERGY (N))**.5)

Go To 39
35 REAO(InoI )(SIGAMO(N),N=l oNENERG)

00 39 N=l,NENERG
GLNCMP=SIOAMOIN)
IF(GLNCMP) 36038,38

36 WRITE(9937)N
37 FORMAT (BHOSIGAMO(,13,12H ) NEGATIvE,)

TNINcK=ININcK+l
3R CONTINUE
39 REAO(1097)NISOMA

IF (NIsm4A)4004004?
40 WR1TE(9041)
41 FORMAT (33HONUM13ER ISOTOPES NISOMA INCORRECT)

ININcK=ININCK+l
42 TF(NISOMA-4)44,44,43
43 blRITEf9*41)

TNINCK=ININCK+l
44 READ (l fls4%)( INr)AIS(NISo) oINDFIS{NISO) OENODIS(NISO) s

lsIGsIs (NIsO)SSIP1 lS(NTSO) 9NIsO=loNIS@MA)

45 FORMAT (2110c3E20.fI)
DO B9 NIso=l,NISOMA
JTEST=INDAIS(NISO)
IF (.JTEsT)46.50,4R

46 WRTTE(9*67)NIS0
47 FORMAT (36HOISDTOPE SIGA REAO INDIcATOR INI)AIS(*13C

112H ) INCORRECT)
TNJNcK=ININcK*l
GO TO 50

68 TF(JTEST-l) 49,50*49
49 WRTTE(9947)NIS()

lNINcK=INTNCK+l
%0 ,JTEST=INI)FIS(NISO)

IF(JTEST)51*55*53
51 wRITE(9*52)NIs0
5? FORMAT (36HOISOTOpF STGF READ YNOICATC)R INDFIS(S13,

ll?~ ) INCORRECT)
lNINcK=ININcK~l

53 IF(JTEST-1)54*55*54
54 wRITE(9052)N1S0

ININcK=ININcK+l
5% GLNCMP.ENODIS (NISO)

IF((3LNCMP) 56Q5R,5R
56 WRITE(9*57)NIS0
57 FORMAT (31HOISOTOPE NUMBER DENSITY ENOOIS(,13*

IIIH } NEGATIVE)
ININcK=ININcK+l

%R GLNCMP=SIGSIS(NISO)
IF(GLNCMP)59061t61

59 WRITE(9S60)NIS0
60 FORMAT (41HOISOTOPE SCATTERING CRnsS SECTION SIGSIS(s13~

I1lH ) NEGATIVF)
ININcK=ININCK+l

61 .JTEsT=INOAIS (NIS())
1F(JTEST)62!6?*71

6? REAO(lO,l)ENABIS INISO),SIABIS (NISO)
63 GLNCMpmENAB15 (NISO)

TF(GLNCMP) 64,64,66
64 WRITF(9~65)NIS0
65 FORMAT (8HOENARIS(.13.15H ) NOT POSITIVE)

TNINcK=ININCK+l
6A GLNCMPmSIABIS(NIS())
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000544
000545
000553
000553
000555
ono5%7

000576
000577
000614
000616
0006?2
0006?3
000633
000633
000635
000640
000643
000644
000656
000661
00066?
000670
000670
000672
000675
000676
OIJ0704
000704
000706
000710

000727
000730
000745
000747
000753
000754
000764
000764
0f10766
000771
000774
001001
001007
001011
ooln13
001017
001017
0010?1
001021
OO1O23
001027
001031
001033
001061
001042
001052

001052
001055
0010s7
001057
001060
001062
001073
001074
001106
001110
001111

TF(GLNCMP) 67S690f19
67 wRITE(9c68)NIS0
68 FORMAT 18HOSIABIS(O1301 lH ) NEGATIVE)

ININcK=ININCK+l
69 nO 70 N=l,NENERG
70 SIGAIS(NISO*N) =ST4131S(NISO) ●((ENA81S(NISO)

l/ENERGYfN))**.5)

71

72
73

74
75

76
77

7R
79

80

81
R?

R3

GO To 75
REAO(In*l) (SIGAIS (N150~N) SN=lsNENERG)
nO 74 N=lsNENERG
GLNCMPSSIGAIS(NISO,N)
IF (GLNCMP)72974074
wRIT~(9973) Nlsoor.1
FORMAT (8HOSIG41S(,13,?H ,,13,11H ) NEGATIVE)
ININCK=INTNCK+l
cONTINUE
JTESTXINDFIS(NISO)
IF (JTEST)76~76*85
PEAl)(l OSl)ENFIIS(NIsf)) ~SIFIISfNISO~
GLNCMP=ENFIIS (N150)
IF (GLNCMP)78Q78980
WRITE(9079)NIS0
FORMAT[8HOENFIIS(,13015H ) NOT POSITIVE)
TNINCKEININCK+l
GLNCMPXSIFIIS(NISO)
TF(GLNCMP) B1*830!33
WRITE(9,82)NIS0
FORMAT(8HOSIFIIS( ,130 IIH ) NEGATIvE)
TNINcKxININcK+l
DO 84 Nw1,NENERG

84 SIGFIS(NISO~N) =SIFIIS(NISO) ●((ENFIIS(NISO)
l/ENERGY(N))**.5)

F15

R(5
87

$)8
R9

Qfj
i90

91

92
Q3

94
Q41
Q42

95
96

GO TO 89
REAl)(I osl)(SIGFIS (NISr)9N) 9N=1,NENERG)
no 88 N=l,NENERG
GLNCMPXSTGFIS(NISr)cN)
IF(GLNCMP) 86,!389R$3
WRITF(9*87)NISO*N
FORMAT (RHOSIGFIS(,13,2H ,,13,11H ) NEGATIVE)
TNINcKxINTNcK+l
CONTINUE
cONTINUE
REAI’)(1091)BUCKLE
REAI’)(1097)NSPEC
IF{NSPFC)9(I,94,92
IF (NsPFc+l )190*94,19n
WRITE (Q*91)
FORMAT 135HOSPECTRIJM INOICATOR NSPEC INCORRECT)
ININCK=ININCK+l
60 TO 94
IF(NSPEC-l )93,Q4,93
WRITE(9991)
ININcK=ININcK+l
TF(JpR9NO)941 ,942,94?
REAO(IOO1)STRANO
IF IININCK)95999Q95
WRITE (9,96)NMIX*ININCK
FORMAT(113HOINPUT FOR MIXTUREOT3S

115H CHECKED. ABOVE,I?O
231H ERRORS FOUND. MIxTURE SKIPPED.)

IF(NMIX-NMIXMA)97098*98
97 NMIX=NMIX*I

GO TO 16
98 RETURN
99 DO 100 N=I,NENERG

ioo sOURCE(N) =ENODMO*SIGLO flQN)
DO 101 Ns19NENERG

iol SIGL13(1*N) =.5*(ENERGY(1 )-ENERGY(2) )*sIGLo(1~N)
SIGLO(l Ol)=SIGLo (lOl)*SELPO (1)
no 102 J92,NENERG
ENwT=.5* (ENERGY[J-1 )-ENERGY(J*l) )

.
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001115
001116
001127
001131
001142’
001143
001145
001153
001155
001163
001165
001170
001172
001207
001211
001213
001214
001231
001232
001241
001242
001244
001252
0012s6
001256
001264
001271
001275
001303
001304
001305
001310
001312
001312
001320
001320
001321

DO 102 N=lcNENERG
sIGLo[JQN) sENwT6S16LO(JON)
Do 103 J92QNENERG
SIQLn(JOJ) ~SIQLOIJOJ)*SELPQ (J)
ADoSISS.O
DO 105 NISOQIONISOMA
ADllSIS=ADOSIS*ENOOIs(NlsO) ●SIC!SIS(NISO)
no 106 Nol,NENER~
SMASCT(N)SENODM()*STOT(N) ●ADoSIS
DO lfIR N=IsNENERQ
5MAABS[N) 8ENODMObSIGAMO(N)
DO 108 NISOSIONISOMA
SMAARS(N)SSMAABS(N) *ENODIS(NISC))*SI(3AIs (NISOON)
00 110 N=1oNENERQ
SMAFISIN)S.O
nO 11o NISO=l,NISOMA
SMAFIS(N)SSMAFIS(N) *ENI101S(NISO)@I(3FIS (NISOSN)
nO 111 Ns1,NENERQ
%MATRo[N) mENODM04bSTOT {N)+SMAARSfN)
601s75=.0
nO 113 NISO=l,NISOMA
AOIS!S=ADI SIS+ENOOIS(NISO) ●SIPIISfNISO)
nFADIO=AOOSIS-AOISIS
00 114 Ns1oNENERG
SMATR1[N) =ENODM09STRI (N)+OFADIO+SMAABS (N)
SMATR2(N) SENODMO*STR? (N)*AOOSIS*SMAA8s (N)
SMATR3(N) OENOI)MO*STR3(N) +ADoSIS*SMAABS(N) ‘
nIFCOF(N)=l./(3.*SMATRl (N))
cALI. 6LSPEC
CALL GLEnlT
IF(NMIx-NMIXMA) llSol16Ql16
NMIXSNMIX+l
GO TO 16
wR17E(Q~I17)NMlXMA
FnRMAT[4HOALLo 13*34H MIXTURES COMPLETEO. ENO OF PRINT,)
RETURN
ENn

sII+FTC GLN5 nFcK
SUBROUTINE GI.SPEC

000002 COMMON NLIMQMLIMoTEMPENoAFAREctMRECQAFAEPS*HEPSs
lNENERGoFACMASoSIGRND.S904PI ~ARECPlsAEPSPIQ
24RP1H?oAEPI H20COSMU(60) 0wATE(60) tS1@lCT(60) 0s1MUCK(38)*
3NMUMAXONMUM1 ,NMUM2,NMIIM3 oGLNRECOGLNEPS ,
4NINI*NFIN*NMU*REC(501 !EPS(50) QSKE(51*S1)*
51r)EN*ENERGy (91) oEINI(Ql) ,EFINf91),AFIELot 12)9
6GAMOOS1GL0 (87988) OS1GL1 (87s88) sSIRL2(87*88) 9SIGL3 (87s861,
7SELpO(90) *SELPl(90)wSINP0 (90) oStNPl(90) OSINP2(90) sSINP3[90}0
8sToT(90}.STR1 (90) ~STR>(90) ~STR3(9fi)

000002 COMMON NFQPsENFEGp(21 ).NMIxMAcNMIxo INDAMOoENOOMO.
IFNA6MOOSIABMO!SIGAMO(QO) oNISOMA~NISO,
21NOAIS (4), INOFIS(4) SENOI)IS(4) OSIQSIS (4) OS1p11S(4)t
3FNABlS t4)!SIARIS t4)*SlGAIS(4s90) $ENFIls (4) tS1FIIs(4)9SIGFIS (4090)0
4BucKLEtNsPECOsMAsCT (9n)~SMAABSt90) 0SMAFIS(90)QSOURCE (90)0
5sMATRrI (9n),SMATRl (90),SMATR2(90) 0SMATR3(90) ?01FCOF(90) o
6NOFLITcDIFLGT (100) 9RCOFL2!OFLFO(90) sSPMANO(90)C
7nFcOFI(9n)~DFLGFl ,TRCORR*OFLRSO(90) o
8nFCFt12(90) ~B2F(4091) ,F12FoLD[90) oNR21T9B2RSD(90)

000002 cOMMnN MFG9FGINGD(91),FGPEIN,NFGPL (21) oENINWT(90\,
lFGPF(4~20) ~QMOFQp(4S2fi) sRMOFGP(4020) ORISFGp(4~4020) o
$?SELOFG (20) OSEL1FG(20) *PMOFG(4*20$20) 0FISFGP(4?20) 9
3sRcFr3P(i?o) tQMAcFG(4s?o) tRMACFG(40?O) ~PMACFG(4S20020) c
6FMACFQ(2n),FSlJM(4),0%llMt4) *RSUM(4)?pSUM(4)0
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000002
00000?
o(looo2
000004
000015
0000?2
0000?3
0000?5
000032
000033
000034
000036
000046
000050
000055
000056
000060
000062
000064
000065
000066
000067
000101
000103
00011s
000117
000130
00013%
000135
000137
000151
000153

000164
000167
000170
000177
000?01
000207
000211
000214
000216
000216
000220
000?22
0002?3

000?37
000?42
000244
000246
000247
000252
000?53
000257
000262
000265
000267
000276
000?77
000300
000305
000310
000311
000314
0003?0
000322
000323

5CKII)L*CKIIIR9CKSUOL9CKSUORQCKSU1L9CKSU1R9
6cKSU?L,CKSU2R.CK5U3L,CKSU3RQJPREJNf)QSTRANDo
7SSMPRT (20),SPRTOT(20) .FISPRT (ZO)oPPRT(40~20)

cOMMON NDF1l,DFLP1l,P1lCOR,DF1 lFo(87) 0DFllFl(87),DFllRS (87)
cOMMON DFCO1l [87)
00 1 N=l,NENERG
nFLFo(N)=ENERGY (N)*ExP(-ENERGY (N)/TEMPEN)

1 ‘5PMANO(N) SOFI.FO(N)
cALL GLDFL
IF(RCDFL2)21921*?

2 c)IFLGT(l)nsQRT(l./RcllFL2)
NDFLTTz2

3 ENUN=.fI
DO 4 J.2,NENERG

4 ENuMxENuM+sIGLo IJ,l)*nFLFo [J)
ENUM=ENIJM*ENODMO
EDEN=SMATRo (l)-DIFCOF(l) ●RCDFL2-ENoDMO*SIGLo(l ~1)
l)FLFo(l)=ENuM/EDEN

5 NRGLSI=NSNERG-1
no 8 N=2,NRGLS1
NLs1=N-1
NPL1=N+l
FNUMm.fI
00 6 J=l*NLs1

A ENUMSENUM+SIGLO (.JSN)*nFLFO (J)
nO 7 J=NPLIsNENERG

7 ENuM=ENuM+sIGLo (J,N)ibnFLFO (J)
FNuM8ENUMeENODM0

EDEN=sMATRO (N)-DIFcoFIN) ●RcDFL2-ENOOMO*SIGLO [NoN)
F! l)FLFo(N)=ENuM/EDFN

FNUM=.O
no 9 J=l~NPGLSl

9 ENu%ENuM+sIGLo (J,NENFRG) *DFLFO(J)
ENUMBcNUM*ENODMO
EDEN=SMATRO (NENERG) -nIFcoF(NENERG) ●RcOFL2

l-ENOD~O*SIGLO (NENERG,NENERG)
10 nFLFn(NENERG)=ENIIM/EnFN

cALL GLOFL
11 rlIFLGTfNr)FLIT)=sQRT(l./RcIlFL2)

NITLS1=NOFLIT-1
12 GLNCMp=A13S (l.-l3IFLGT(NITLSl )/nIFLGT(NDFLIT))

IF(GLNCMP-.OOOO1 )15*]5* 13
13 TF(NDFLIT-50) 14*1%,15
14 NDFLTT=NnFLIT+l

GO Tn 3
15 PDFcFl=.?6666667*RCDF12

RDFCF2=.2~714286*RCDFL?
00 16 Nsl~NENERG

16 l?FCOFI(N)=l./(3.*(SMATRl (N)-RDFCFI
l/(SMATR2(N)-RnFCF2/SMATR3 (N))))

ENwTI=(ENERGY (l)-ENERGY (?))*l)FLFO(l)
ENUM=ENWT1*SMAAB% (1)
EDEN=ENWTI*OFCOFI (1)
ESPNOR=ENWT1
EMANORS(ENERGY (1)-ENERGY(2) )*SPMANO(l)
00 17 N=2,NENERG
FNWT2S(ENERGY tN-1)-ENFRGY (N+l))*DFLFO (N)
ENUM=ENUM+ENWT2*SMAABS (N)
EDEN=EDEN+ENWT2*f)FCOFT (N)
FspN~R=EsPNoR+ENwT2

17 EMANOR=EMA*JOR+(ENERGV(N-1 )-ENERGY (N+I))*SPMANO(N)
ESPNOR=*5*ESPNOR
EMANOQ=.5~EMANOR
nFLGFI*SGRT(EnEN/ENUM)
TRCORRm (DFLGFI-l)IFLGT (NDFLIT))/DFLGFI
DO 18 N=1oNENERG
l?FLFn(N)sDFLFo [N)/ESPNOR

18 SpMANO(Nl=SPMANO(N)/EMANOR
nO 20 N=1oNENERG
RSllRT=,O
no 19 J=l,NENERG

I
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0003?5
000337
000345
000346

000360
000365
000367
000372
000400
000402
000404
000406
orlo407
000411
000421
0004?2

000442

000520
000521
oon57z
0005?3
000%2%
000537
000545
000566
000556
000563
000565
000567
000575
000576
000605
on f1607
000611
000613
000615
000620
noo626
000632
000634
000642
000644
000647
000652
0006s3
1)00654
000657
000662
000665
000666
000675
000677
000700
000703
000707
000712
000713
000714
000716
000730
000731

19 RSDRTSRSDRT+SIGLO (JCN)*DFLFO (J)
c?SDRTgRSDRT-SIGLO (N?N) iWLFO(N)
RSDRT=ENOIYMO~RSDRT
RSDLTS(SMATRO (N)-DIFCOF(N) ●Rcl)fL2

1-ENODMO*SIOLO ~N~N))*nFLFO(N)
20

;01

70?

?n?l

DFLNSD(N) =(RSDLT-RSDRT) /RSCJLT
PO 201 NsltNENERG
oF1lFo(N)=SPMANO{N)
nFllFl(N) =OIFCOF(N)*I’JFl lFo(N)/CJFLGFI
NDF1lBNDFLIT*I
DIFLGT(NnFl l)mOFLGFI
DFINslo/oFLGFI
nFINSO=l,/(DFLGFl**2)
nO 2n3 Nul,NENFRG
FGINGI’J(N )=,5*(ENERGY(I) -ENERGy t2))~SIGLl (l?N)*OFi111 (1)
no 2n21 Js2tNENERt3
FGINGn(N) mF(31NGO(N)+05* (ENERGY (J-1)-ENERGY(J*l) )

l*SIGLl tJ,N)@DFllFllJ)
~o? nFcOll (N)=.333333/(SMATRl(N) +FNOOMO* (SINP1(N)-FGINGO (N)AIF1lF1( N))

l-.?6666667*DFINSQ/ (SMATR2(N) -0257)42J36~DFINSCJ\ (991ATR3(N)
?-.?53~6825*OFINSQ/ (SMATR3(N)
3-.?5?52525*DFlNSCj/ (SMATR3(N)
4 -,?5174825*DFINSQ/(SMATR3 (N)
%c.2512R20540FINSLl/(SMATR3 (N)
6-,250913039@OFINSQ/(SMATR3 (N)
7-.?5(l77399~l)FINS(2/(SMATR3 (N) I
8-.?5o6?657*oFTNSO/(SMATR3 (N)
9-.?5fi5I76o*oFINSQ/(SMATR3 (N))))))))))))

5n4

2q41
zn~

?08

209

?10
511

21?

?13

>14

715

nllR=.o
no 2n5 NsIONENERG
FNUM=.()
no i?04 Js1*NENERG
FNUM=ENUM+SIGLO (J*N)@Fl]FO (J)
ENUMxENUM-SIGLO (NON)*f)Fl lFO(N\
FNUM=FNODMO*ENUM
EOEN=SMATRO(N) -OFINSO~nFCO1 l(N)-ENODMO*SIGLO (NoN)
GLNCMPaIARS( (13FllFo(N)-ENIJM/EOEN) /rIFllFO(N))
rF(GLNcMP-DllR) 2n5,2n502041
f)llR=GLNcwP
nFllFIl(N)=ENUM/EOEN
DO 208 N=l,NENERG
nFllFl (N)=OFIN*OFCOl l(N)*nFllFO (N)
ENwTI=ENFRGY (])-ENER~Y(2)
ENUM=ENWTl*SMAARS( l):nFl lFO(l)
EOEN=ENWT1*OFCOII fl)*nFllFo(l)
00 20Q Ns?*NENERG
ENwTz=ENERGY (N-1)-ENFPGY (N+l)
FNUM8FNUM*ENWT2*SMAARS (N)+DFIIFO(N)
FOEN=EDEN+ENWT2*nFCOl 1 (N)*OFIIFO(N)
NOF1l=NDF1l*l
nIFLGT(NDFl l)=SQRT(E~FN/ENUM)
IF (I)llR-oOnl)212,212,?10
7F(NDF11-1OO)211*212*?12
OFIN=l./OIFLGT(NnFll)
nFIN$Q=DFIN**?
GO 10 ?02
nFLPll=OIFLGT (NOFll)
P1lCOR= (OFLP1l-DIFL6T [Nt)FLIT))/OFLPll
ENoRM8(ENERGY (1)-ENEI?GY (?))*nFllFnfl)
nO 213 Nm29NENERG
ENORMXENoRM+ (ENERGY( N-1)-ENERGY (N*l))@OFllFO (N)
ENoR~.*5@ENoRv
nO 214 NsIPNENERG
nFl~FO(N)=OFllFO(N)/ENORM
nFllFl(N)aDFllFl(N)/FNORM
nFIN=]./DIFLGT(NnFll)
no 216 N81*NENERG
RSORT=.O
nO 215 J*l?NENFRG
RSORT*RSoRT*SIGLO (JON) 80F11FO(J)
RSllRTmFNOf)MOeRSDRT
RSOLTSSMATRO( N)*I)F1lF(I (N)-OFIN*OFIIF1 (N)
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000737
000745
000745
000746
000747
000750
0007%1
000752
000753
000754
000755
000756
000760
000761
000763
0n0764
000766
000771
000774
000776
001005
001007
001010
001015
001017
001021
001022

OO1O36

001044
001045

001060
onlr-J61
001064
001065
001072
001077
001100
001102
001103
001104
001106
001)20
0011?3
001127
001131
001132
001134
001135
001136
001137
001153
001155
001171
001174
001205
001214
001214
001216
001232
001235

001246
001253
001253
001255
001264
001266
001270

?16 DFllRS(N)=fRSnLT-RSDRT) /RSDLT
Go To ?5

21 NDFLIT=l
nIFLGT(l)=.O
r)FLGFI=.O
TRCORR=.n
NDFll=~
llIFLGT(2)=oo
DFLP1lx.o
P1lCOR=.O
nO 22 N=I,NENERG
nFLFn(N)=.O
nFllFn(N)=on
DF1lFI (N)=.rl
nFllRS(N)=.O
nFCOll INI=.O

?2 r)FLRSn(N)=.O
FMANOR=(ENERGY (1)-ENERGY(2) )*sPMANO(I)

DO 23 N=?.NENERG
?3 EMANOR=EMANOR+ (ENERGY(N-I )-ENERGY (N+l))*SpMANO(N)

FMAN(’)R=.5~EMANOR
nO 26 N=l,NENERG

?6 SpMANO(N)=SPMANO(N)/EMANOR
?5 R?CF1=.26666667*RIJCKLE

R2cF?=.257142R6*RuCKLE
nO 26 N=l,NENERG

?6 nFCFR?lN)=l./(3.*(SMaTRl {N)+B?CF1/(SMATR2(N)
l*B.2cF7/sMATR3(N) )))

27 EnEN=(ENERGY (l)-ENERGY(2) )*(BuCKLE*OFCFB2 (1)
1.SM4ARS (I))*SPMANO(1)

Do 2R N=2.NENERG
?8 F[)EN=EnEN+ (ENERGY (N-1)-ENERGY (N+l))* (RIJCKLE*OFcFR?(N)

l+SMAARS (N))*SPMANO(N)
FoEN8.5*Ef)EN
AN(IRSP=ENOOMO*SINPO (1)/EOEN
DO 2Q N=l,NENERG
R2F(l,N) =ANoRSp*SpMAN0 (N)

?9 R2FJLn(N) =132F(l*N)
NH?IT=I

TF(~spEc)431044t?Ql
791 NR?IT=~

3n FNuM=.n
no 31 J=20NENERG

31 FNUM=ENUM+SIGLn (J,l)~R?F (IoJ)
ENUMXENUM*ENOl)MO*%Oul?CE (1)
FOEN=SMATRO( l)+DFCFB?(l) ●RUCKLE-ENOOMO*sIGLn (1s1)
R2F(l,l)BENlJM/EDEN
no 34 N=?QNRGLsl
NLS1=N-1
NPLIzN+l
CNUM=.O
DO 3? J=1oNLSI

3? ENuM=FNUM+SIGLO (J,N)*R2F [1oJ)
no 33 J=NPL19NENlZRG

33 FNuM=ENIJM+sIGLO (.J,N)*R2F (19J)
ENuMmENUM*ENOnM(l+SOuRCE (N)
FOEN=SMATROIN) ●OFCFB?(N) *RUCKLE-ENOOMO*SIGLn (NsN)

34 P2F(loN)=ENuM/EoEN
FNUM=.O
no 35 J=lcNWGLS1

35 FNUM=ENUM~SIGLO (JONENERG) ●B2F(l~J)
ENIJM=ENUM*ENOOMO+SOURCE (NENERG)
EOENXSMATRO (NENERG) +nFCFR?(NENERG) *BUCKLE

l-ENoI)MO*SIGLO (NENERG,NENERG)
H2F(I*NENERG) =ENl)M/EnFN
INSPCK=O
DO 37 N=l,NENERG
GLNCMP=ABS(l .-B2Fnl.D(N)/B2F (lcN))
IF(GLNCMP-.OOOOI )37,37,36

36 INSPCKSIN5PCK01
37 CONTIN(JE
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001?73
001?74
001?77

001301
001302
001315
001317
001330
001330
001332
001333
001335
001351
00136]
001364

001400
001405
001406
001623
001423
001425
001431
00]432
001434
of)1440
001442
001443
001446
ool&47
001647
001651
001452
001453
001456
001457
001461
001471

0fI1502
001s12
on1514
001516
001530
001s31
001542
001544
001550
001551
001s62
0n1563

000002

IF(INSpcK) 38041038
38 IF INR?lT-500) 39s41t41
39 NR21T8NB21T+1

c TO ACCELERATE BUCKLING SPECTRUM CONVERGENCE lN GLEN
00 3QI N=IsNENERG

191 R2F(lqN)=82F tltN)+,6b162F tloN)-B2FOLD(N))
nO 40 N=l,NENER(?

411 R2FoLn(N)sB2Ftl*N)
GO TO 30

41 DO 63 N=IoNENERG
RSDRT*.O
DO 4? J=loNENERG

47 RSDRT=RSORT*SIGLO (JSN) ~BzF(lsJ)
RSDRT=RSDRT-SIGLO( NCN) ●92F(1oN)
RSDRTmENOOMO*RSDRT+sOURcE (N)
PSOLT=(SMATRO (N) *DFcFR2(N}*BUCKLE

l-ENOnMO@SIGLO INoN))@a2F (1oN)
43 R2RS[)(N)=[RSDLT-RSDRT)/RSDLT

GO TO 451
431 aEAD(10$432) (B2F(]*N)*N=l oNENERG)
43? FORMAT(4E20.8}

00 433 NRI,NENERG
433 R2Rsn(N)=.o

GO TO 451
44 no 45 N=l,NENERG
45 R2Rsn(N)=.o

~Fl RuCL&R=ARS{BUCKLE)
IF [8[JcKLE)452~46t47

45? FUJFACO=SQRT (BUCLAF))
RUFAC1=8UFAC0
60 To 68

46 RUFACO=l.
RUFAC1=-I.
GO TO 48

47 RUFACn=SfJRT tFiUCLAR)
RUFACIS-BUFACO

4R DO 49 NxI,NENERG
R2F(?ON) RRUFACO*DFCFR? (N)*B2F(1$N)
R2F(30N) =.4*RUFACI*B?F (20N) /(sMATP2(N)

14132CF7/SMATR3(N] )
4~ RzF(4,N) =.4~857]41*81JFAco*82F (30N)/sMATR3(N)

SIGLO(l *I )=SIGLO(I, l)-SELPO (1)
nO 50 NEIONENERG

5n sIGLO(19N) =2.*sIGLO(l,N) /(ENERGvo)-ENERGy(z)l
DO 51 N=2*NENERG

51 SIGLn(N~N) ESIGL(I (N,N)-SELPfI (N)
PO 52 J=?~NENERG
FNWT=O~* (ENEQGY(.J-I )-F.NERGY(J+t) \
DO 52 NRIONENERG

52 SIGLO(JON)=SIGLO(J,N)/ENWT
RETURr.J
ENll

.

.$IqFTC GLN6 DECK
SURROIJTINE GLDFL
COMMON NLIMOMLIMOTEMPEN~AFARECOHRECSAFAEPSSHEF)SO

lNENERG,FACMAS.SIGBN0,SBD4PI ,ARECP1?AEPSP1 o
2ARPlH?,AEPlH2*COSMU (6rJ) ~wATE(60) sSIGSCT (60) oS]MUCK(38) s
3NMuMAx*NMuMl *NMuM?aNMllM3*GLNREc@GLNEPs*
4NINI,NFIN*NMUOREC (50) cEPS(50) OSKE(51O51)!
51DENsENERGY (91) ~EIN1(91 )*EFIN(91),AFIELD [12)9
6GAMOOS1GL0 (87*88) oS1G1.1 (R7s88\ oSIGL2(87S88) OsIGL3 t87$R8)*
7SELp0(90) QSELp1(90)s%INp0 (90) sSINP1(90) ?SINP2[90) 9SINP3(9tl)~
8STOT(90), STR1(90)OSTR? (91?),STR3(90)
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000002

000002

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

000002

000002

000002

000002
000002
00000?
000003
000005
000006

cOMMON NFGPtENFEGP (21) oNMIxMA?NMIx oINDAMOOENoDMOO
1FNABMO*SIABMO*SIGAMO(90) ,NISOMAtNTSD~
?TNDA15(4}, INDFIS(4)9ENODIS (4),sIQ51s (4)$sIPlIst4) ,
3ENA~rs (4) osIARIsf4)9slGAIs (4*90) QENFIIS(4)9SIFI15 (4) *SIGFIS(4*90)?
4RUCKLE~NSPECtSMA%CT (90) *SMAAF3%(90) cSMAFIS(90) 9sOURCE(90) *
5SMATRO(90)9SMATR1 (90),SMATR2 (90) *SMATR3 (90) 001FcOF(901 9
6NDFLIT9DIFLGT (IOO) 9RCDFL2~DFLFO(90) 9SpMANO(90) *
7DFcOFI (90) sOFLGFI *TRCnRR,DFLRSD (90)$
8DFCFR2[ 90)$ B2F(4$91), R2FOLD (9n)oNR21T,f32RsD (90)

COMMON MFG9FG1NGD (91),FGpE1N,NFGpL (21) *ENINwT(90)s
lFGPF{4~20) ~QM(3FGP(4~?O) sRMOFGP (4020} *RISFGP(4 s4*?O)S
2SELOFG (20),SEL1FG(20) 0pMOFG(4.?Oo?O) sFIsFGp (4020)~
3SRCFGP(20) cQMAcFG(4c2n) oRMACFG(4020) ,PMACFG(4,2n.?o) .
4FNACFG(20) *FSUM(4),QSIJM(4) *RSUM(4)9PSIJM(4) *
5CKIDL,CKTr)R,CKSUOL,CKSUOR,CKStJl LocKSIIIRO
6cKSUPLVCKSU2R,CKSU3L.CKsU3RWJPR6NOg STRAND*
7SSMpRT (20) SSPRTOT(20) ,FISPRT (?O)~PPRT(40s20)

cOMMON NI)FI1,DFLPI 1,PIICOR,OF! 1FO(R7),DF11F1 [87),DF11RS(R7)
cOMMON OFCO1l (87)

1 ENwTIx(ENERGY (l)-FNEQGY(2) )*DFLFO(l)
ENuMgENwTIOSMAAB% (l)
EOEN=ENWT1*DIFCOF (1)
nO 2 N=.2.NENERG
ENWT2=(ENERGY (N-1)-ENERGY (N+I))*OFLFO (N)
FNUM=ENUM.ENWT2*SMAA6S (N)

2 EDEN=FDEN+ENWT2*DTFCOF (N)
RCDFL?=ENUMIEOEN
RETURN
END

SIRFTC GLN7 DECK
SUBROUTINE GLEOIT
COMMON NLIMqMLIMeTEMPEN~AFAREC~HREC~AFAEPSgHEpSg

lNENEI?G,FACMAS.SIGFIND.5RD4PI ,ARECPj~AEPSPl ,
2ARP1H?9AEP1H2*CO%MU(60) SWATE(60) SS1GSCT(60)S51MUCK (38)s
3NMUMAX*NMUM1 *NMUM2*NM1JM3.GLNREC*GLNEPS9
4NINI,NFIN,NMUQREc (50 ),EPS{50) OSKE(51C%1)*
51DEN,ENERGY (91),EINI(91 )?EFIN{91),AFTEL0 (12)0
6GAMOOSIGL0 (87Q813)OSIGL1 (87s8R) oSIGL?[87~88) OSIGL3 (87088)0
7sELpo(90) sSELPl(9n)*SINp0 (90) sSINP1[90) OSINP2(90) oSINP3(Qo)~
8STOT(90),STR1 (90),STR? (90) *STP3(90)

COMMON NF6p*ENFE6p [21) 9NMIxMAoNMIx$ INDAMOqENODMO,
lENABMn,SIABMO,SIGAMO (9(l) ,NISOMAONISO,
21NDAIs (4), INDFIS[4)*ENoDIS (4) oslGslS (4) Os1p11s(4) .
3ENAEJIs (4) QsIARIs(&)9sIGAIs (4S90)!ENFI IS(4) OSIFIIS (4) 6SIGFIS(4090)$
4RUCKLE9NSPEC*SMASCT (91)) 9SMAABS(90) ?SMAFIS (90) *SOIIRCE(90 ) !
5sMATRo(9fJj ,SMATR1(90) .SMATR2(QO) *SMATP3(9fl),DIFCOF(90) J
6NDFLIToOIFLGT (1OO) QRc17FL2$DFLFo(9n) ~sPMANO(90)$
7nFCOF1(90) SDFLGF10TRCORRCOFLRS0 (9n)t
8DFcF112(90),82F (4,91),R?FOLD [9n),N1321T.i32Rs0 f90)

cOMMON MFGoFGINGl)(91 )sFGPEIN.NFGPL (21 ),ENINWT(90).
lFGPF(4~20) *QMOFGP(4070) *RMOFGP (4!?fJ) 9RISFGP(4*4t20) s
2SELOFG (20) *SEL1FG(20) ,PM0FG(4020020) *FIsFGp (4$20),
3sRCFGP (20) oQMACFG(4$?n) ORMACFG (40?o),PMACFG (4*2n,?o )!
4FMACFG (20) 9FSUM[4)o(JSOM (4) ?RSIIM(4)OPSUM(4)S
5CK1DL*CKIOR,CKSUI)L,CKSUOR9CKSIJ1L?CKSU1R*
6cKSU2LeCKSU2ReCKSU3L,CKSU3ReJPRBNOVsTRANDe
7SSMpRT (20) OSPRTOTt20) OFISPRT (20) OPPRT(40S20)

cOMMON NDFll,l)FLpllspl lCOR,DFl IFO(87) SDF11F1(87),DF11R5 (R7)
COMMON DFCO1l (137)
cALL GLNTIN

1 DO 4 L=104
DO 2 N=lsNENERG

2 FGlNGD(N)=B2F(LcN)
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000017
000020
000021
000022
000032
000034
000036
000037
000051
000052
01-10053
000054
000066
000070
000072
000073
000105
000106
000107
000110
0001?2
000124
000126
000127
000130
000144
000165
000146
000147
000164
000170
00017?
000?04
000205
000?06
000207
0002)6
000220
000232
000233
000234
000235
000244
000?46
000254
000256
000257
000?63
000?65
000266
000.?72
000274
000?75
000276
000302
000303
000306
000310
000311
000314
000316
000321
000323
0003?5
000331
000332
000335
000337
000340
000343
000345

FGINQD(NENERG+I )=OO
DO 3 MFGwloNFGP
cALL GLINTE

3 FGPF(L,MFG)sFGPEIN
4 cONTINUE
5 DO 8 L=1,4

DO 6 N=1oNENERG
6 FGTNGI)(N) 9STOT(N)OB2F(LON)

FGINGo(NENERG+I )=,o
DO 7 MFG=loNFGP
cALL GLINTE

7 QMOFGP(L,MFG)=FGPEIN/FGPF (LoMFG)
8 cONTINUE
Q nO 1? L=I,4

no III N=l,NENERG
10 FGINGD(N) =SIGAMO(N)~F)?F (LoN)

FGINGn(NENERG+l )=.O
DO 11 MFGxIsNFGP
cALL GLINTE

II RMOFGP(L,VFG)SFGPFIN/FGpF(L,HFG)
1? CONTINUE
13 DO 16 NISO=lONTSOMA

00 16 L=I,4
nO 14 N=] CNENERG

14 FGINGD(N) =SIGAIS(NISO.N) ●B2F(L*N)
FGINGn(NENERG+l )=.O
DO 15 MFGml.NFGP
CALL RLINTE

15 PISFGp(NISO,L,MFG)=FGPEIN/FGPF (L,MFG)
16 cONTINUE
17 00 lR N=l,NENERG
IR FGINGn(N) =SELPn(N)*B?F (l*N)

FGINGO(NENERG+l )=.O
DO IQ MFG=l,NFGP
cALL GLINTE

lQ SELOFG(MFG)=FGPEIN/FGPF (l,MFG)
?0 DO 21 N=l,NENERG
21 FGINGn(N) rnSELPl(N)*8?F (2,N)

FGINGD( NENERG*l)=.O
no ?? MFGD1*NFGP
cALL GLINTE

22 sELlF6(MFG)=FGPEIN/FGPF (2cMFG)
?3 no 2k L=104
24 R2F{1.,NENERG+l )=,o

NRGPL1=NENERG+l
I)(I 241 Jx1,NENERG
sIGLO(JoNRGPLl) 8.fl
sIGLI (J9NRGPL1)=.o
SIGL?(JONRGPLl)=.n

741 SIGL31J*NRGPL1 )=00
nO 3& Mx~,NFGP
nO 34 K=l!NFGP
00 25 N=l!NRGPL1
GLNCMP=ENFEGP (K)-ENERGY(N)
IF (GLNCMP)?5*?6*?A

25 cONTINUE
26 NFGPKI=N

nO 27 N=1oNRGPLI
GLNCMPXENFEGp [K*l)-ENERGY (N)
1F(GLNCMP)27!289?8

27 cONTTNUE
28 NFGPK2=N-1

nO 2Q N=loNRGPLl
GLNCMP=ENFEGP (M)-ENERGY(N)
IF(GLNCMP)29S30S30

?9 CONTIN(JE
3(I NFGPMIMN

I)(I 31 N=1oNRGPL1
GLNCMP=ENFEGP (M+l)-ENFRGY (N)
IF (GLNCMP)31,32,3?

31 cONTINUE
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000350
0003S2
000360
000365
000371
000376
000400
00040?
000410

000437

000463

000507

000540
000s51
000555
00 fi561
000571
000572
000601
0n0613
000615
000616
000632
000633
000634
000635
000667
000651
000653
000660
0o0661
000663
000664
000671
000672
000673
000674
000700
000706
000710
000711
0n0727
000730
000731
000740
000741

000764
000765
000766
000767
001011
001012
001024
0010?5
001037
001040
001042
001043
001060
001061
001063
OO1O64

32 NFGPW?mN-1
PMOFG(19K9M)=.O
PMOFG(?VK9M)=.O
PMI)FG(I,K.M)XOO
PMOFG(4*K~M)=.O
DO 33 N=NFGPMlqNFGPM?
DO 33 J=NFGPKI,NFGPK?
FNWTX(ENERGY (N)-ENERGV (N+l))* (ENERGY(J)-ENERGY (J*l))
PMOFG(I CKOM)=PMOFG(l QK*M) ●ENWT

lw(R2F( ~,J)o(SIGLO(J~N) +SIGLO(J,N+I))
2*82F(~,J+l) *(SIGLO(J+l,N) +SIGLO(J+lSN+I)))

PMoFG(2gKqM)=PMOFG (2.KeM) +ENWT
I*(R2F(?,J) *(sIGLI(J,N)*SIGLI (JoN+l))
2+H?F(2,J*l )*(sIGLl[J+l,N) +SIGL1(J*lWN+l)))

PMOFG(3SK9M) =PMOFG(3*KOM) ●ENWT
lo(R2F(3,J)* (sIGL?(J,N)+sIGL2 (J,N+l))
2.H?F(3,J+1 )*(SIGL?(J*I ,N)*SIGL2(J*l ~N+l)))

33 PMOFG(4,K,M) =PMOFG(4,K,M) +ENWT
1*(R2F(4,J) *(SIGL?(J,N)+SIGL3 (JoN*I))
2+HzF(4,J+~ )*(SIGL3(J+l ,N)*s1GL3(J*l ?N+l)))

PMoFG(10K9M) =.?5*PMOFG (l,KoM)/FGPF(ltK)
PMOFG(2,K,M)=a25*PMoFG (2sKsM)/FGpF(2,K)
PMOFG(3*K*M) =.25*PMOFG (3?K9M)/FGPF(3*K)

34 PM(’)FG (4vK,M) =.25*PMOFG(4,K9M) /FGPF(~cK)
DO 3S K=l*NFGP
PMOFG(l !K.K)=PMOFG(l,K,K) .SELrIFGIK)

3S pM0FG(?sKsK)=pMoFG(2sKsK) +SELIFG(K)
3fJ DO 39 N150=1vNTSOMA

DO 37 N=lvNENERG
37 FGTNGO(Nl =SIGFIS(NISn.N) *B2F(1*N)

FGINGD(NFNERG+l )=.O
DO 3P WFG=19NFGP
cALL GLINTE

38 FISFGP(NISO!MFG)=FGPEIN/FGPF (I,MFG)
3Q CONTINUE
40 nO 41 N=l*NENERG
41 FGINGOIN) XSOURCE(N)

FGINGf) (NENERG+l)=.o
Oo 47 MFGw1,NFGP
cALL GLINTE

47 SRCFGP(MFG)=FGPEIN
43 SCISAO=.O

SCTSA1=.O
DO 44 NISO=1ONISOMA
SCIS60=SCISAO*ENnDIS(NISO) ●SIGSIS(NISO)

44 SCISAIXSCISA1+ENODIS(NISO) ●SIPIIS(NISO)
no 45 L=J*4
DO 45 M=lqNFGP

45 oMACFG(L,M) SENOOMO*QMOFGP (LoM)+SCISAO
00 46 L=1Q4
DO 46 M=l,NFGP
RMACFG(L,M) =ENODMO*RMf)F6p (LoM)
DO 46 NISO=lsNISOMA

46 RMACFG(L,M) =RMACFG(LOM) ●ENODIS(NI%O)
l*RISFGP(NISO*L,M)

00 47 L=I04
nO 47 K=l*NFGP
DO 47 MnlqNFGP

47 PMACFG(L*KeM)=ENODM04PMOFG (L9KoM)
DO 48 K=l,NFGP

4R PMACFG(1,K9K) SPMACFG(1,K,K) +SCISAO
nO 49 K=IoNFGP

49 PMACFG(2,KOK) =PMACFG(?,K*K) ●SCISA1
nO 5n M=l,NFGP
FMACFG(M)X.O
nO 50 NI%O=lONISOMA

50 FMACFG(M) =FMACFG(M)*FNODIS (NISO)*FISFGP(NISOOM)
DO 53 L=1,4
FSUM(L)=.O
(3SIJM(L)=.O
RSUM(L)=.O

.
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001066
m:;:

001077
001106
001113
001115
001133
001135
001137
001141
001144
001146
001150
001150
001152
001154
001155
001160
001161
001162
nol167

001176
001177

001?06
001210

001215
001716
001217
001?22
001725
001?30
001231
00123?

PsuM(L)s.11
DO 52 MD19NFGP
FSUMIL)9FSUM(L) ●FQPF[L?M)
OSUMIL)SQSUM(L) ●QMACF(3(L,M) *FCJPF(L~M)
RSUM(L) =RSUM(L) +RMACFG(I.OM) ●FGPF(LsM)
00 51 K=1oNFGP

51 PSUM(L) =PSUMIL) +PMACFG(L,KSMI 6F6pFtLoK)
52 cONTINUE
53 CONTINUE
54 BuCLAR=ABS(13UCKLE)

BUFACI=-SQRT (BUCLAB)
TF(flUCKLE)55056066

55 RuFAco=BuFAC1
Go To 57

56 RUFACO=-EJUFAC1
57 CKIDL=QSUM(l)

CKIDREPSUMII)
CK5u(lL=f3UFACO*FSl)M (2)+RSUM (1)
cKSUOR8.O
00 58 Ms1,NFGP

58 CKSUOR8CKSUOR*SRCFGP(M)
CKSUIL=BUFACIO (2.*FSIJM (3)+FSUM(l))/3.

1*05UM(2)+RSUM(2)
CKSUIR=PSUM(2)
CKSU2L~RllFACo@ (,6*FSllM(4) t.4@FSUM(2) )

1*Q5UM(3)+RSUM(3)
CKSU2R=PSUM(3)
CKSU3L8BUFAC1*,42R57143*FSUM(3)

1*C)SUM(4)*RSUM(6)
cKsu3RmPsuMf4)
IF IBuCKLF)60,59*6fI

59 cK$ulLmcKsulL-FslJM(l)/3e
cKSU7L=CKSU2Lb.4~FSUM (2)
CKSU3LXCKSU3L-c4?857143*FSUM(3)

60 CALL GLPRNT
RETURN
ENn

000002

000002

$IQFTC GLNR DECK
sUBROUTINE GLNTIN

00000? COMMON NLIM?MLIM,TEMPEN9AFAREC9HREC9AFAEPSOHEPS9
lNENERG.FACMASoSIGBND,S9D4PIsARECPl sAEPSPl~
2ARplH2*AEPlH2SCOSMu (6n) swATE(60) oS1GSCT(60)ss1MUCK (38)0
3NMUMAX9NMUM1 ,NMUMP,NMUM3*GLNREC*GLNEPSV
4NINI,NFINsNMU*REC(50) ●EPS(50) *SKE(51S51)?
%IDEN,ENERGY (91),FTNI (91 )OEFIN(91),AF1ELD (12)S
6GAM0,SIGL0 (87,R8),SIGL1 (87988) sSIGL2(R7988) OS1GL3 (87s88)q
7sELPo(90),sELPl (9fi) J%TNPo190) oSINPI190) 9SINP2190) SSINP3(90) ~
8STOT(90)0 STRI(90), STR? (90) OSTR3(9(I)

COMMON NFGPoENFEGP (21),NMIXMA,NMIXo INOAMO*ENODMO,
lENABMo9sIABMo*sIGaMo (90) 9NISOMA!NISO0
21NDAIS (4) 91NOFIS(4)9FNOOIS (4) 9SIGS1S (4)*SIP11S(4) *
3ENAi31S (4) *SIARIS(4)oSTGAIS [4s90)9ENFIIS(4) OS1F11S (4) oS1GFIS(4S90),
4F)lJcKLE,NsPEcosMAscT (9n) SSMAABS(90) 0SMAFIS(90) 0SOIJRCE(90)*
5SMATRO(90)OsMATRl (90) oSMATR2(90) QSMATR3(90) ?01FcOf(90) o
6NDFLIT,DIFLGT (1OO) ,RcnFL.?,OFLFO [90) 0SPMAN0(90)t
7DFcOFI(90),DFLGFI ,TRCnRR,DFLRSD (90)0
RDFCfB2(90),B2F (4,91),R~fOL0 (90) sNP21T082RSD(90)

cOMMf)N MFG,FGINGn (91) QFGPEIN~NFGPL (21) sENINUT(901,
lFGPF(402n) SQMOFGpr4~?n) cRMOFGP (6020) SRIsFGp(4~4020) o
?5E1.0F6(20) *sELlfG(20 )*pMOFG (4,?09?O)OF1sFGp (4*20)s
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000002
000002
000002
000004
000006
000010
000011
000012
000016
000017
0000?2
000025
0000?7
000031
000037
oonn37

3SRCFGp [20) qQMACF614S?0) *R?4ACFG (40?O)cPMAcFG(4920 ,20)s
4FMACFG (20),FSUM(4)OQ511M (4) oRsllM(4)spSUM(4)S
5cKIDL,Cl(InROCKSUoL,CKSUoR?CKSlllL,CKslJlR~
6cKSU?L !CKSU2R~CK5U3L.CKSU3RS JPRBNOtSTRAND~
7sSMPRT (2fI)oSPF?TOT(20) ,FISPRT (?O)OPPRT(40020)

COMMON NDFlltDFLPll o~llCOROOFIIFO (87) sDF11F1(87),DF11RS (87)
cOMMON DFCO1l (87)
NRGPLIsNENERG+I
NFGPLI=NFGP+l
FNFEGP(NFGPL1 )=.0
no 3 MFG=l*NFGPLI
nO 1 N=1oNRGPL1
GLNCMP=ENFEGp (MFG)-ENERGY (N)
rF(GLNcMP)l*2,?

1 CONTINIJE
2 NFGpl IMFG)=N
3 cONTINUE

DO 4 N=l,NENERG
4 ENINwT(N)=ENERGY(N)-ENERGY {N*I)

RETURN
FNn

000002
000002
000002
00000s
000007
000010
000012

000002

000002

SIQFTC GLN9 DECK
%UFIROUTINE GLINTF

000002 cOMMON NLIt4tMLIM,TEMPENOAFAREC,HRECoAFAEPSCHEPSs
INENERG,FACMAS*SIGBND?SBD4PI cARECPIOAEPSP1 ~
2ARPlH2cAEPlH2,COSMU (60) sWATE(60) sSIGSCT(60),SIMUCK (38)9
3NMUMAX*NMUM1 QNMUM2.NMIIM3*GLNRECVGLNEPS*
4NTNIONFINONMUOREC 150) *EPS(50) .SKE(51$51)0
51DEN,ENERGY (91),FINI (91),EFIN (91),AFIF.LD(12) ,
6GAMO*SIGL0 (87088) CSIGL1 (R7s88) oSIGL2(87S88) OSIGL3 (87J88)*
7sE1.p0 (90) oSELPl(9fi)9STNP0 (90) oSINP1(90) OSINP2(90) ,SINP3(90)C
8STOT(90),STR1 (90),STR? (90) ssTR3(911)

cOMMON NFGPsENFEGP [21) oNMIXMA*NMIX* INDAMOeENODMfJ,
lENABMO,sIABMO,sIGAMO (90) oNISOMA$NISOo
21NDAIS (4) oINDFIS(4)OFNODIS (4),SIGSIS (6)9SIP11S(4)0
3ENAHIS(4) .SIABIS(4)~STGAIS [40qo)sFNFIIS (4) SSIFIIs (4) sSIGFIS(4,90)0
4BUCKLE9NSPECSSMASCT(Q(Ij ?sMAABs(90) sSMAFIS(90) sSOIJRCE(QO) o
5sMATRo(90),SMATRI (90),sMATR2{90) ,SMATR3(9fJ) OD1FCnF(90) ,
6NDFLIT.DIFLGT (1oo) *RCnFL2SDFLFn(9n) oSPMANO(90)S
7nFCOFI (90) 0DFLGF19TRcORR.DFLRSO (9n) o
RnFCF132(90) .B2F(4.91),R2FOLD (90) .NR21T~B2RsD(90)

COMMON MF(3?FGINGD(91 )?FGPEINcNFGPL [21 )sENJNWT(91))r
lFGPFf4~20) oQMoFGP(4t?O) ~RMOFQP (4020) oRISFGP(4~40?O) o
25ELOFG f201$SEL1FG(70~ .PMOFG(6020S201 CF1SFGP (4t20jQ
3SRCFGP(20) oQMACFG(4~?O) 0RMACFGt4*20) SpMACF6(4*20,20) $
4FMACFG(20) ,FSUM(4)SQ5(IM(4) 9RSUM(4)9PSUM(4) *
5cKIDL,cKInRocKsunL,cKsuoR*cKslllLccKslJlf?9
6cKSU?LvCKSU2R,CKSlJ3L~CKSU3R*JPRBNO*STRANDe
7sSMPRT [20) sSPRTOT(20) ,FISPRT {20),PPRT(40020)

COMMON NDFlloDFLPlloPllCORsOFI IFO (B7)oDF11F1 (R7),DF11RS(97)
COMMON DFC011(87)
NFGPL1=NFGPL (MFG)
NFGPL2sNFGPL (MFG+l)-I
FGPEIN=eO
I)o 1 N=NFGPL1,NFGPL2

1 FGPEIN=FGPEIN+ENINwT(N)* (FGINGD(N)
l+FGINGDIN+l))

FGPEIN=.s*FGPEIN
RETURN
END

000021
000023
0000?3
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000002

000002

000002

000002
o13nn02
000002
000010
Ooofilo
000016
000016
000022
000022
000037
000037
000037
ooon&T

000047
000051
ooon61
000061
000065
000065
ooolft2
000110
000110
000114

000114
000120

000120

000147
000147
000]s1
000153
0001s4
oool-If)
000170
000173
000174
000176
000177
000213

SIRFTC GL1O DECK
sUBROUTINE (3LPRNT
cOMMON NL.IMOMl.lM!7F.MpFNOAFARECOHRECtAFAEPSOHIIpS,

INENERGQFAcMASQSIGRND,SRD6PI ,AREcPiOAEPSPl~
2ARPlH?~AEP1H2tC05MU(6m 9uATE(60) 9SIGSCT (60)S$IMUCK(38) o
3NMUMAXVNMUMl ~NMUM2,NMlJM3,GLNRECeGLNEPS,
4NINIONFINCNMUOREC (50) 0EPS(50) OSKE(51O51)9
511)EN,ENERGyf911 ?EINI(91)9EFIN(91) OAFIELD(12) II
6GAM0,SIGL0 (87088) OSIGL1 (R7t88) SSIGL2(87*8@) ~SIGL3 (87088)s
7SELPO(90)OSELPI (90) oSTNPO(90) oSINPl(901 tSINPi!(90\ *SINP3(90)0
R%TOT(QO} oSTRl(90)oSTQ? (90) oSTR3(90)

cOMMON NFGPtENFEGP (21) .NMIXMAQNMIXo INDAMOQENODMOC
lFNA0MO~SIA8M0,SlGAM0 (90) oNISOMA~NISOO
?INDAIS (4) QINDFIS(4)*ENODIS (4),SIGSIS (4)$SIP11S(4) o
3ENA91S (4) *SIA131S(4)9STGAIS (4*90) oENFIIs (4)csrFI15(4) 9SIGFIS(4*90)*
6RucKLEONsPEcOsMAScT (qn) ,SMAA9s (90) oSMAF1s(90) 050URcE(90)o
5sMATl?n (9n),SMATRl (90),SMATR2(90) oSMATR3(90) oD1fCOF(90) s
6NDFLITOOIFLGT (IOO) ,RcDFL200FLF0(9n) J5PMANO(90)S
7DFCOFI (90) ODFLGFI *TRcORR9DFLRSD (9fi) o
8nFCFB2(90) $92F(4.91).R2FOL0 (9nl~NR21ToB2Rs0 (90)

COMMON MFGoFGINGD(91) oFGPEINoNFGpL (21 )oENINW1(90)S
lFGPF{4t20) ?QMOFGP(40?fI )sRMOFGP (4$20) ORISFGP(4.S4S?0 )?
2%ELOFG(20) oSELlFG~20) ,PMOFG14*20~?O) 9FISFGp (4?20)~
3SRCFGP(2n) OQMACFG(4s7n) sRMACFG(4*20) 0PMACFG(A*20Q20) ?
4FPACFG(20) oFSUM[6) ,QSIIM(4) 0RSUM(4)SpS11M(4) Q
5cKIl)L,cKIOR,cKsunL,CKsuoR,CKSlllL~cKSulR*
6CK5u2L~cKSU2R,CKSU3L,CKsU3R9JpR6NO*sTRANDo
7SSMpRT (20) ~SPRTOT(20) 0FISPRTl~f))9PPRT (40020)

COMMON NDF1l,DFLPI1,PI ICOR,DF1lFO (87),DF1]F1 (87),DF11RS(R7)
COMMON DFCO1l (87)

1 WRITE (992)NMIX
2 FORMAT (8H1MIXTURE,13.?lH FEw GROUP PARAMETERS)

kRITE(9*3)NFGP
3 FORMAT(4@HONUMRER NFGP OF FEW GRO(lP ENERGIES ENFEGPs NFGP=~131

WRITE(994)
4 FORMbT[15HoNFG ENFEGP)

wRITE(90901 )(NoENFEGP (N)oN=1oNFGP)
Onl FORMAT(14*E16.R)

5 FORfiAT(14S7E16.B)
!4RJTE(9*6) INDAMo9FNof)f40

6 FORMbT(33Ht)MOf)ERATOR ‘31GA INOTCATOR INDhMOBwt3T
133H MODERATOR NUMRER DENSITY ENODMO=,E15,@)

IF(INnAMO)7~7,9
7 wRITFf99fl) ENARMo9sIAQMo
f+ FORMAT (RHnENARMO=,E15.f).qH SIABMO=*E15.R)
9 wRITE(9*ln)

10 FORWAT(15H0 N STGAMO)
wRITFf9$91)l) (N9STGAMO(N) *N810NENERG)
wl?ITE(9011 )NIsoMf!

11 FORMAT(35HONUMRER ADDITIONAL ISOTOPES NISOMA*O13}
WRITF(6Q121

1? FORMAT (113H01SOTOPE SIGA INOICATOR, SIGF INDIcAToR, NUM13ER 0ENS1T%
1, PO Scattering cROSS SEcTION, P1 Scattering CROSS SECTION)

WRTTF (9*13)
13 FORMATf73H INllAIS INoFIS ENOD!S

1
SIGSIS

SIPIIS)
wRITF(9*14) (INDAIS(NISO) .INOFTS (NISO}SENOIIIS (NISO)-

151GSIS(NIS()) ?SIP11S(NISO) oNISO=19NISOMA)
}6 FORMAT IIS,110,E2?oRoE?0.fl,E20.Fl)

PO 17 NISO=l~NISOMA
JTEST=INDAIS(NISO)
IF(JTEST) 15915*17

16 WRITE (9,16)NISOSENAR15 (NISO) oSIABIS(NISO)
16 FORMAT 16HON1SOXS13Q8H ENABIS=;E15,8SRH slAB1s=.E15.8)
17 CONTINUE

nO 20 NISO=1ONISOMA
JTESTXINOFIS(NISO)
TF(JTEST)18*lR*2n

18 WRITF(9*1Q)NIS0,ENFII%(NISO) *SIFIIS(NISI))
19 FfiPMAT (6HnNISO=,13,8H ENFIIS=.EIS.IIQ8H SIFIIS=?ElSOf3)



000213
000216
000?17
000?24
000224
00 f1246
000247
000254
000254
000276
000303
000303
000305
000313
000313
000314
0003?2
0003?2
0003?3
000331
000331
000335

000341

Oon&no
000404

000404
000410
000410
000433
000433
000437
000437
000647

oon447
000453
000453
000457
000457
ono474
000500

000500
000526
00 f15?6
000536

000S36
000542
000542
000546
000550
000565
000571

000571
000571
000575

000634
000634
000640
000660
000644

000644

20

21
22

23
?4

25

751
?52

?6
?7

28
29
30
31

32

CONTINUE
DO 22 NISO=l*NISOMA /
WRITF(99?1)NIS0
FORMAT(14H0 N SIGATS(O12?2H ))
wRITE(9sQnl) (NsSIGAIS(NISO~N) ~N=l~NENERG)
DO 24 NISO=l~NISnMA
wRITE(9023)NIS0
FORMAT(14H0 N STGFIS(,1292H ))
WRITE (9$901) (NOSIGF15 (NISOON) QNB19NENERG)
WRITF(9025)BUCKLE
FORMAT(1OHOBUCKLTNG=*EI5*8)
IF (NSPEC)251S760?R
wRITE(9,252)NSPEC
FORMAT (33HONEUTRON SPECTRUM REAL’) IN. NSPEC=*12)
G(] TO 30
wRITE(9027)NSPEC
FORMAT (33HOMAXWELL NFUTRON SPECTRUM, NSPEC=tIZ)
GO TO 30
WRITE(99?9)NSPEC
FORMbT(34HoHAROENE0 NEUTRON SPECTRUM. NSPEC=912)
WRITE(9*31)
FORMAT (51H1MACROSCOPTC CROSS SECTTONS FOR MuLTIGROUP ENERGIES)
WPTTE (9032)
FORMAT(lllH N 5WASCT sMAABs SMAFIS

1 SMATRO sMATRl S14ATR2 SMATR3)
wRITE[9!5) (N~SMASCT (N)*SMAABS(N) SSMAFIS(N)O

l%MATRO(N)$SMATR1 (N)oSMATR2(N) oSMATR3(N) 9NS1ONENERG)
WRITE19934)

34 FoRMAT(57Hf)01FFuSION cOEFFICIENT AND SOURCE FOR MULTIGROUP ENERGIE
1s)

WRTTF (9*3%)
35 FORMAT(47H N ENERGY DIFCOF SOURCE)

WRITE(9S902) (N,ENERGY(N) ODIFCOF(N) oSOURCE(N) oN=l,NENERG)
Q02 FORMAT(14,3E16.8!

wRITE(9036)
36 FORMAT (29H1OIFFUSION LENGTH CALCULATION)

wRITF(,9~37) DFI.GFI,TRCORR
37 FOI?MAT {lIIHODIFFUSION LENGTH=sF15.Rs

1?2H TRANSPORT cORRECTTON=OE15.R)
wRITF (9038)

38 FORMAT (24HOSEQUENCE OF EIGENVALUES)
WRITE (9039)

39 FORMAT(lRH NO. I)IFFO L(3TH,)
wt?ITE(90901 )(NsDIFLGT (N) oN=l!NIIFLIT)
WRITE(9S40)

4tl FORMAT(64H0 N ENERGY SPECTRUM MAxwELL
lRESIDUAL)

wRITE(9~9n3) [N9ENERGY(N) ~DFLFn(N) ,SPMANO (N) SDFLRSn(N) oN=l~NENERG)
~n3 FoRMAT(1404E16.8)

#RITE 19t401)OFLPll*PI ICOR
401 FORWAT(22HOP11 llIFFUSTON LEN6TH=oE16.Po

116H Pll CORRECTIONU9E16.8)
WRITE[9?402)

602 FORWAT(16HOP11 EIGENvALUES)
WRITE(9*39)
NDTPLI=NDFLIT+l
wRITF(999(11) (NOOIFLGT(NI oNsNDTPLl,NDFII)
WRITE199404)

603 FORMAT(lllH N ENERGY FO F1
1 MAXWELL RESlnUAL DFcO11 DIFcOF)

404 FORMAT(12HOP1] SPECTRA)
WRITE(9$4031
wRITE(90405) (NsENFRGY (N) cDF1lFO (N) ODF1lF1 (N) o

lSpMANO (N)rDFllRs(N) OnFCOll (N),DIFcOF(N) $N=1oNENERG)
405 FORMAT(14?7E16.8)

WRITF(9041)
41 FORMAT(I13H1 1311CKLTNG SPECTRAI

wRITE(9042)
42 FORMAT(96H N ENERGY L=o L=l

1 L=? L93 RESIOUAL)
WRITE (9091-14 )(N9ENERGY (N) QB2F(10N) 9B2F(29N)9



000702
000702
l)(Jn710
000710
000711
000717
000717
000731
000’?31
000737
000737
000742
000744
0ofi746
000747
000751
000753
000764

000764
000766
000770
000771
001004
001013
001023
0010?3
001025
001027
OI)1O35
001036
ooln61
0010s3
001062
001063

001115
001116
001121
001126
001126
001127
001131
001146
001151
0011S6
001157
001174
001177
001202
001207

001241
001241
001’244
001245

00130.2
001303

001340
001342
001344
001345
001347
001362

001362
001364

lR2F(3,N),R2F(4~N) ,B2RS0(N) sN=l$NEN~R6)
on4 FORMAT(1496E16,8)

wRITE(99421)NB21T
421 ;::ml:::19HoNuMBER ITERATIONS8,14)

wRITEf9$43)NMIx
43 FORMAT (26H11SOTOPE EDITS FOR MIXTURE.12)

wRXTE(11,44) (AFIELD(J) ?J=Is12)
44 FORMAT(12A6)

wf?xTFfll$45)NMIx
4s FORMAT(6H NMIX=O14)

IF(~FGP-4)441$441044?
44] JPRBNOSIA13S (JPRBNO)
44? LIMPRI=NFQP-4

LIMpR2=NF6p*4
00 50 L=1Q4
LPRT8L01
uRITEili~4sl) JPRRNO~NMIX*LPRT

A51 FORMAT(8H JPRBN0=015.#lH NMIxoQIjt12H MODERATOR,
15H L=,I1)

46

47

671

4R

481

68?
4.9-3

fb$34
485
486

487
b8/3
49n
510
Rll

00 491 MFQ=lsNFGp
SSMPRT(MFG)SOII
no 46 KFGmIvMF6
5SMPI?T {MFG)=SSMPRT (MFG)+PMOF@(L@MFG*KFG)
SSMPRT[MFG)=SSMPRT (MFG)-PMOfGfL*MFGPMFG)
wRITE(9947)LPRT*kfFG
FORMAT 114HOMOOERATOR. L=,12s9H ● (3ROUP=C13)
NFGPM2=NFGP+NFGP-1
00 471 KFG=104O
PPI?T(KFG9MFGI=.O
DO 4R KFGs1,NFGP
KPFG=NFGP-KFG+MFG
PPRT(KPFGsMFG) =PMOFG(LOKFGOMFQI
qPRTOT(MFG)dJMOFGP ~L.MFG) +RMOFGP~L,MFG)
IF (JPRBNO)482Q481 O481
wRITE(9049) RMoFGP(L~fiFG} ●ZEROOSPRTOT(MFG) o

lSSMpaT(MFG)* (PPRT(KPFG,MFG) ,KPFGw1tNFGPM2)
GO TO &Qv
1k(il$G:k;485*4#13,483
PPRTtNFGP+4*MFG) =.o
I IMIsMFG
L.IM2=NFGP
DO 4R4 NRNINT*LIM19LIMP
PPRT(NFGP+4,MFG) =PPRT(NFGP+40MFG) .PMOFG(L,MFt).4,NRNINT)
IF(MFG*4-NFQP\ 486,486,488
PPRT(NFGP-4,MFGI =.O
1)0 487 NRNINT=I~MFG
PPRT(NFGP.4,MFG) -PPRT(NFGP-49MFG) ●PM(IFG(LOMFG*40NRNINT)
IF(L-l )49004909511
IF(MFG-1)51OO51O,511
PPRT(NFGP+lcMFG) =STRANO
wRITE(9049) RMOFGP(LsMFG) ,ZERO,SPRTOTtMFG) ●

lSSMPRT(MFG)* (PPRTiKPFQoMFG) SKPFG=LIMPR1 OLIMPR!2)
4Q FORMAT(1P6E12.4)

49] cONTINUE
IF(JPRBNO\513,512,512

Al? wRITE(11049) (I?MOFGP(LOMFG) sZEROOSPRTOT(MFG)S
lSSMpRT(MFG)c (PPRT(KPFG,MFG) ●KPF6=IsNFGPM2} tMFG=I,NFGP)

60 To 50
CII WRITE(llo49) (RMOFGP ILSMFG) tZERnQSpRTOT (MFG}o

ISSMPRT(MFGI o(PPRT(KPFG9MFGl OKPFG=LIMPRI 0LIMPR2)0
2MFG=1.NFGP)

50 cONTINUE
c)O 561 NIS051,NI%OMA
00 561 LB194
LPRT=L-1
wRITE(ll*501) JPRRNo*NMIx.NIsooLPRT

=tll FORMAT(8H JPRBNO=*159RH NMIX=Q:I$lIH ISOTOPEiOIl~
15H L=oII}

DO 56 MFGs1$NFGP
WRITIT(9?51 )NISOOLPRT?MFG
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001375
001375
001377
001401
001410
001412
0014?2
001424
001433
001’437
001440
001443
001652
001454

001510
001%11

001%4%
001550
001551

001610
001611

001650
001655
001655
001660
001660
001664
001664
001670

001670

0017?0
0017.24
0017?4
001730

001760
001764
001766
001770

002020
002024
002024
002026
002033
002f133
002037

00.2037

002100
OO21O3
OO21O3
002107
0021n7
002124
002124
002130
002130
002134
002t51
002155
002155

FORMAT (8HOISOTOPE,12,qH , Lno12~9H , GROUp=?13)
NFGPM?=NFGPoNFGP-I
Q() S? KPFGml,NFGPM2
PPRT(KPFG*MFG)=.O
FISPRT(MFG)=,O
SPRTOT( MFG)SSIGSIS(NISO) +RISFGP (NISO,LSMFQ)
IF (L-1)53?53*54
PPRT(NFGP,MFG) sPPRT(NFGP9MFG) +SIGSIS(NISO)
FI%PRT(MFGl =FISFGP(NTSOrMFG)
GO Tn 551
IF(L-?)55s55*551
PPRT(NFGPoMFG) =PPRT(NFGPoMFG) ●SIPIIS(NISO)
TF(JPRRNO) 553*552.557
wPITE(9069) RISFGP(NISf)OLtMFG) oFISPRT(MFG)O

,%PRTOT(MFG) ,ZERO, (PPRT(KPFG9MFG) OKPFG=1ONFGPM2)
GO 10 56

<53 wRITIz[9s49)RIsFGP (NIso*LsMFG) *FISPRT(MFG)O
lSPRTOT(MFG) sZERO, (PPRTIKPFG*MFG) SKPFG=LIMPR1 SLIMPR2)

’56 cONTINUE
IF (JPR13NO] 555*554*554

%54 WRTTE(11,4Q) (RISFGP (NISOOLOMFG) OFISPRT (MFG)*
lSPQTOT(MFG) ~ZERo, tPpRT(KPFGOMFG) tKpFG=10NFGPM2) s
?MFG=l,NFGP)

G(l TO 561
555 WRITF(l l*491tRIsFGP(NlSOOL9MFG) oFISpRT(MFG)s

lsPRTOT(MFG) cZERO, (PPRT(KPFG?MFG) OKPFG=LIMPR1 sL1MPP2)$
2MFG=I*NFGP)

<61 cONTINUE
57 FORMAT (II?,E20.803F16.R)

WRITE(9958)
58 Ff)RMbT(33HlFEW GRouP MACROSCOPIC PARAMETERS)

wRrTF(9059j
59 FORMAT (7HOFL.UXES)

wRITF(9$6n)
60 F(3RMAT(70H GROUP L=o L=l

1 L=?)
WWITE(9957) (M,FGPF(1 9M)9FGPF (?*M),FGPF(3QM) *

IFGPF(4sM) oMs1,NFGP)
wRITE(9s61)

61 FORMAT (26HOSCATTERING CROSS 5ECTIONS)
wf?ITEt9961))
wRITF(9~57) [M9QMACFG (1*M)SQMACFG (?oM)*

1QMACFG(3,M) *QMACFG[4,M) sM=lsNFGP)
wRITF(9s62)

62 FORMAT (26HOA13SORPTION CROSS %ECTInNS)
WRITF(9960J
wRTTF(9957) (MoRMAcFG (l *M) oRMAcFG(?sM)*

lRMACFG (3,M),RMACFG(4.M) OMS1ONFGP)
WRITF (9*63)

63 FORMAT(30HOGROUP TRANSFER CROSS SECTIONS)
DO 6A K=IoNFGP
wRITF(9$64)K

64 FOPMAT(15HOINITIAL GQO(JP=,13)
wRITE(9065)

65 FORMAT(70H FINAL GROIIP L=o
L=3)

661wRITE (9057) (M*pMAcF6 (1 ?KsM)sp~AcFG (2sKoM)9
lpMACFG [3,K*M) *pMACFG(4SK,M) ~MsIoNFGP)

wRITE(9s67)
67 FORMAT (23HOFISSION CROSS SECTIONs)

wRITF(9068)
68 FORMAT(22H GROUP L=O)

wR1TE(90905) (M,FMACFG (M) OM=lONFGP)
tat)5 FORMAT(149E16.8)

WRITE(9069)
69 FORMAT(25HOSOURCF FNEJ?GY DEPENDENcE)

WRITE(9*68)
WRITE (9C909)(M9SRCFGP (N),M=loNFGP)
WRITE(9970)

70 FORMAT(l]HICHECK SUMS)
wRITE(9071)CKIDL,CKInR

L-l ~.z

.
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002165
002165
002175
002205
002215
00222!5
002?33
002233
002234

000002

000002

000002

000002
000002
000002
000004
000005
000007
000010
000012
000013
000020
000022
0000.?3
000027
000027
000031
000036
000037
000043
000065
000053
000054
000060
000064
000070
0000?4
000075

71 FoRf4AT(2E16.8)
WRITE(9071) CKSUOL$CKSUOR
wRrTE(9971)cKsulL$cKsu\R
wRITE(9071 )CKSU2L,CKStJ2R
wRITE(9t71 )cKsu3LtcKsu3R
wRITE(90721NMIX

72 FORMAT(2RH(IEND OF PRINTOIJT FOR M1xTUREo13)
RETURN
END

SIqFTC QL1l
sURROIJTINE GLMOCK
COMMON NLIMQMI-IMsTEMPENoAFAREccHR~CoAFAEPSoHEPSt

1NENERG,FACMAS,SIGRND,SBD4PI oARECPIOAEPSPl $
2ARPlH20AEPlH20COSMU (60) 0wATE(60) oS16SCT(60) !51MuCK(38)0
3NMUMAX*NM~JMl 0NMIIM2*NWIJM3 *GLNREC~GLNEPS ~
6NINI,NFINQNMU$REC (50! QEPS(50) *SKE(51$SI)S
51DEN,ENEaGy (91) oFINI(91 )sEFIN(91) oAFlELD(12)}
6GAM0,SIGL0 (87011S}oSIGLl (87s68) *S1GL2(87$88) $51GL? (87s88)s
7sELpo(90) OSELPl(Qn) 051NPO{90) sSINPI(90) SSINP2(90) 0SINP3(90)0
asTt9T[90},sTR1 (90) ~STR?(90) 0STR3(9n)

COMMON NFGPQENFEGP (21)*NMIXMA,NMIX !INDAMOsENOOMO*
lFNABuOeS14BM0,SIGAM0 (90) oNISOMAONISOO
?INDAIS (4), INDFIS(4)*ENOOIS (4) *SIGSIS 14) OSIP1:IS(4) s
3ENAaTs (4) *5TARIs(4)9stoAIs (40QO)9ENFI IS(4) QSXFIIS(4) 9SIGFIS(4090)?
4RucKLE9NsPEc*sMAscT f9n) osMA485f90) osMAFIsf901 0SOIJRCE(90) !
5sMATRo190),sMATRl {90) .SMATR2~QO) ,SMATR3(90) 001Fc0F(90) s
6NL)FLIToDIFLGT (IOO) ,RcDFL200FLF0 (90) s5PMANO[9(I) o
7nFcoFI(90)?DFLGFr *7RcnRR9DFLRsDf90) o
HDFcFR2(90),E2F (4,91) ,B2FoLD (9n)oNR21T*B2RSo (S~O)

COMMON MFG,FGINGn (91) oFGPEIN*NFQPL (21) oENINW1’(90)*
lFGPF(4t20) sOMOFQP(4s70) 0RMOFGP(4S?O) ORISFGP(4S6S?O) o
25ELoFG~20~,sEL1FG ~20 ~QPMOFG(4Q20~?O) qFISFGP (4102010
3sRCFGP (20),(3MACFG(4,ZO) sRMACFG(4SPO) 0PMACFG(4.020020) o
4FMACFGt21)) 0FSUM(4)*Q%UM14) *RslJMf4)*PsuMf4) o
5CKIDL,CKIDR,CKSUOL,CKSUOR,CKSU1LOCKSU1R$
6cKSu~LocKsu2R,cK5U3L,CKsU3R,JPR6No~sTRANO~
7SSMPRT (20),SPRTOT[20) .FISPRT (20) *PPRT(40q20)

COMMON NDFll,fIFLpl l~PllCORsOFI 1Fo(R7}* DF1lF1( 87), DF11RS(R7)
COMMON DFCO1l (87)
PCK=,q2759\l
AICKS.254R296
A,?CK.-.2R44967
A3CKE1.4714137
A4CKS-1.4531520
A5CK81.0614054
FAcK=.51fFAcMAs~~.5)
FCMDIS1.-FACMAS
FCMS2SI**FACMAS
WRITE(991)

1 FORMA7(313NOANALYTTC MONATOMTC GAS CROSs SECTxONS)
2 I’)0 12 NINI=lQNENERG

7PcK=sQRT(EINI(NTNI)/TEMPEN)
7PcK2szPcKwzPcK
SIGFAC=(.12S*SIGBND)/(FACMAS~ETNI (NINIJJ

? 1)0 12 NFIN=NINIoNENERG
4 7cK=soRT(EFINtNFlN)/TEMPEN)

7cK2=zcK*zcK
vlcK=FAcK* fFcMolizPcK+FcMs26zcK)
v2CK=FACK* {FCMOl~7pcK-FcMs2?ZCK)
Y3CK=FACKa (FCMS2*?PCK-FCMOl~ZCu)
v6cKmFAcK@ (FCMS2*7PCK*FCMI)l*ZCK)
vICK?=YICKOYICK
V2CK?SY2CK*Y2CK
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000077
000100
000102
000106
000112
000116
0001?2
0001?7
000134
000137
000144
000145
000146
000167
000151

000166
000172
000173
000174
000175
000177

000214
000216
000216
000220
000221
000?22

000232
000234
000235
000236

000?46
000?50
000253
000. ?60
000261
(100?62
000263
000265

00030%
000306
000307
000310
000311
000313

000330
000336
000337
000341
000342
0(!0343

000353
000355
000356
000357

V3CK7.Y3CK4Y3CK
v4cK?8y4cK*Y4cK
EXFC1=FXPI-YICK2)
EXFC28EXP(-Y2CK?)
ExFC3=EXP(-Y3CK2)
FXFC4=EXP(-Y4CK2)
EX7P73EEXP (ZPCK2-7CK7-Y3CK2)
CX7pZ~=E%P (ZPCK2-7CK2-Y4CK2)

5 TF(V?CK-2.7)606*7
6 TICK=l./[l.+PCK*ARS(vlCK) )

T1CK7=TICK*TICK
TICK39T1CK*T1CK2
T1CK49T1CK*T1CK3
T1CK5BT1CK*T1CK4
FRFIcK=(YIcK/ABS(VICK)) ●(1.-[A)CKtiTlCK

1.A2CK*T1CK2+A3CK*T1CK3.A4CK6TI CK4
?*A5CK*T1CK5)*EXFC])

T?CK=l./[lO*PCK*ARS(Y?CK) )
T2cK?9T2cK~T2cK
T2CK3mT2CK~T2CK2
T?CK4=T2CK*T2CK3
T2CK5=T2CK*T2CK4
ERF2cK=(Y2cK/ABsfY2cK))* (1.-fAlcKiT2cK

l+A2CK*T2CK2+A3CK*T2CK3*A4CK@T7CK4
?.A5cKaT2cK51 ~FxFc?)

nIF12=ERFlCK-ERF?CK
GO TO 8

7 PA1CKB20*Y1CK2
PA1CK2XPAICK*PA1CK
PA1CK38PA1CK*PA1CK2
ERFlCK8-(05641R9~R/Y)CK) ●(1.-I./PAlCK

1+3./PAlCK2-l5./PAlCK3)
i?*FxFcl

PA2cK8?.eY2cK?
PA?CK2.PA2CK*PA2CK
PA2cK3sPA2CK*PA2CK2
ERF2CKX-(.5641R95R/Y~CK) 4(1.-~./PA2CK

1+3./PA2CK2-l5./PA2CK3)
2*ExFc2

DIF12=EHF1CK-ERF?CK
R IF(Y3CK-2.7)909*1O
9 T3cKml,/(1.*PcK*A13s(Y3cK) )

T3CK2=T3CK*T3CK
T3CK3.T3CK*T3CK?
T3CK48T3CK*T3CK3
T3CK5=T3CK*T3CK6
ERF3cK=(Y3cK/ABs(Y3CK)) ●(1.-(A1CK*T3CK

l*p?cK*T3CK2*A3CK*T3CK3+A4CK*T3CK4
2.A5CF*T3CK5) *Exfc3)

T4cK*l./(l,+PcK*ARs(Y4cK} )
T4CK?8T4CK*T4CK
T4CK3=T4CK*T4CK2
74CK48T4CK*T4CK3
T4cK58T4cKeT4cK4
ERF4CK=(Y4CK/AFlS(Y6cK)) ●(1.-(AlCK6T4cK

l+A2CKeT4CK2+A3CK~t4CK3+A4CKeT4CK4
~.A5cKaT4cK5)*ExFc4)

IIIF34= (ERF3CK-ERF4CK) ●EXP(ZPCK2-ZCK2)
GO TO 11

10 PA3cK=2.*Y3cK2
PA3cK?=PA3cK@PA3cK
PA3CK3*PA3CK*PA3CK2
ERF3CK=-(,5641895R/Y?CK) ●~l,nIO/PA3CK

1+3./PA3CK2-l5./PA3CK3)
?4ExZP73

PA4cKs?,aY4CK2
PA4cK2sPA4cK4$PA4CK
PA4CK3=PA4CK~PA4CK2
ERF4CKS-(0564189S8/Y4CK) ●(l,910/PA4CK

1+3.lPA4cK2-15.lPA4CK3)
?*ExZPZ4
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000367
000371
000374
000376
000400

000405

000412

000432

000460
fio13461)
000460

r)IF349ERF3cK-ERF4cK
11 SIGOCK-SIOFAC~(D1F12*DIF34)

7DzPCKmzCK/zPCK
77PIcK=l./(zcKozPcK)
C~CK=.5& (FCMS2*ZtIZPCK-FCMDllZOZPCK)

1-zzPICK
OICKS.56(FCMS2/ZD7PCK-FCMDl~Zf)ZPCK)

1-Z7PICK
sIGICK=(SiGFAC/FACMAS)

1o(C1CK*DTF12*D1CK*DIF34
?+l.12R3792*2ZpICK*(YICK*EXFC10Y2CK*EXFC2
3*Y3cK*ExzPz3-Y4cKeEx7Pz4) )

1? MR1TE(9s14)NINI*NFIN,FINI (NINI)sEFIN(NFIN)o
lSIGOCK~SIQICK

14 ::~fl:~(21904E16,8)

END

.

.
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