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CAIA.JLU"MN OF llHERM4L NEUTRON DIFFUSION LENGTH 

AND GROUP CROSS SECTIONS: THE GLEN PROGRAM 

by 

' W. W. Clendenin 

ABSTRACT 

The FORTRAN-IV program GLEN has been developed t o  o b t h n  thermal neu- 

t ron scattering cross sections f o r  transport calculations, and t o  determine 

the  diffusion length f o r  thermalized neutrons. Cross section values a r e  

computed using the  r e su l t s  of TOR f o r  a f i n e  mesh of i n i t i a l  and f i n a l  en- 

ergies and angles of deflection, and a re  used t o  obtain th$ coefficients i n  

a Legendre polynomial expansion. The t o t a l  cross section, transport cross 

section, and similar in tegra l  parameters a re  obtained by numerical integra- 

t i on  over the  energy mesh. Fine mesh cross sections a re  usfed f o r  calcula- 

t i on  of the  diffusion iength, both i n  diffusion theory and i n  a Pll approxi- 

mation. Neutron spectra are  computed corresponding t o  an epithermal source 

and a buckling f o r  thermal neutrons, or'  optionally a Maxwell d is t r ibut ion i s  

used fo r  the  scalar f lux.  Flux-weighted group cross sections based on these 

spectra a r e  calculated. The printed r e su l t s  include t ransfer  cross sections 

and may be used i n  a few-group Legendre polynomial treatment or i n  transport  

calculations based on the  Sn method. Card output is  provided i n  the  format 

of cross section input fo r  Sn programs. 

I INTRODUCTION. 

The functions of the  E Y ) R W - I V  program GLEN 

a re  t o  obtain va3.ues of the double d i f f e ren t i a l  
1 scattering cross section a(E0-E,0,T) f o r  the+ 

neutrons, t o  evaluate the  t o t a l  scattering cross 

section and the& neutron diffusion length from 

these, and t o  calculate flux-weighted group average 

c ross sec t ions  fo r  a few-group treatment of thermal 

neutrons. The scattering cross sections a re  ob- 

tained from the  mesh values of the  function S(R,,E~) 

calculated.by the  TOR program. 1 

The cross section u(E;E,~,T) mey be writ ten . 

i n  the  form 
. . 

where U ~ ( E ~ - E , ~ , T )  is  an e l a s t i c  scattering term, 

and all ine la s t i c  scattering i s  included i n  the  

term Q ~ ( E ~ - E , ~  ,T). The cross section al.(Eo-~,O,T) 

is  given i n  terms of .s(R,E) a s  

u1(EO-~,0,T) = (ab~blh) (E/E~)*S(R,E).  (2) 

Here bb i s  the  bound cross section of t h e  atom com- 

prising t h e  moderator, and t h e  parameters of S(R,E) 

a r e  
a h  R = ( m / ~ )  (Eo+E-2Eo E cos 0 ), ( 3 )  

where ( m / ~ )  i s  the  r a t i o  of neutron mass'to atomic 

mass. The cross section al(Eo-E,O,T) i s  obtained 



f o r  par t icular  values of EO,E,O by interpolating 

s(R,E).  f o r  R,E given by Eqs. (3) and (4) from the  

mesh values s(Rn, em) 

It i s  convenient t o  t r e a t  t he  cross section 

a (E -E,0 ,T) by means of the  familiar  expansion i n  
1 0  

Leg endre polynomiais 

(5) 

The expansion coefficients a re  given by 

( 6 )  
For & = 0,1,2,3 these coefficients a re  evaluated by 

t h e  numerical calculation of the  in tegra ls  described 

i n  Section II. T'his evaluation i s  carried out f o r  a 

f i n e  mesh of energy values E . A maximum of 87 val- n 
ues of E specified as input, i s  provided for .  The n ' 
par t  of t h e  t o t a l  scattering cross section corres- 

i n  ponding t o  al(E0-E,8 ,TI ,  designated a. (Eo), is  the  

in t eg ra l  of U!O?(E~+E) &er a l l  f i n a l  energies E, 

evaluated by trapezoid ru le  integration.  

The e l a s t i c  scattering cross sectioti 

ao(Eo+~,O,T) depends on t h e  type of moderator being 

considered. For a monatomic gas, an option speci- 

f i e d  i n  GLEN by a value 0 f o r  the  indicator Dm, 
t h i s  cross section vanishes fo r  all E,. For R crys- 

t a l l i n e  material, specified i n  'GLEN by TDW > 0, it 
i s  possible e i ther  t o  have ao(Eo-E,O,~) computed in- 

t e r n a l l y  i n  the  incoherent approximation, or  t o  read 

i n  values obtained from another program. The control 

indica tor  INSELR, when s e t  t o  1, reads i n  values of 
e l  e l  t h e  coefficients a. (En) and ul (E,) of the  Legendre 

polynomial expansion 

c r o ( ~ o ~ ~ , 8 , ~ j  = (4n) -11 (~~~)U~'(E,)~(E-E~)P~~CO~ 8). 
a 

(7 )  
For INSELR = 0, no e l a s t i c  cross sections a re  read 

in .  An input energy parameter E,,, designated BRGLIM, 

i s  used t o  control  the . in t e rna l  computation. For 
e l  Eo ' %, values of a (Eo) corresponding t o  the  in- & 

coherent approximation a r e  calculatedo By se t t ing  

Eb, t h e  incoherent approximation m y  be used fo r  a l l  

or  pa r t  of the  values Eo. 

Based on the  moderator cross sections obtained 

a s  outlined above, macroscopic cross sections fo r  

t h e  f i n e  energy group-structure a r e  obtained fo r  each 

composition specified. The composition is  made up 

of t h e  moderator and a maximum of four heavy non- 

moderating isotopes. A l l  number densi t ies  a re  speci- 

f i ed  a s  input. For each composition, a diffusion 

length of the  mixture i s  calculated i n  two approxi- 

mations, one the  diffusion approximation, and the  

second a Pll approximation. I n  both cases the  d i f -  

fusion length i s  computed as an eigenvalue using 

Gauss-Seidel i te ra t ion ,2  and verif ied by calculating 

residuals. The formulation of these calculations is  

given i n  Section I V .  

Three optional means of determining a scalar 

f lux  fo r  the  flux-weighted averages a re  provided i n  

GLFN. When t h e  indicator NSPM: i s  s e t  t o  1, a hard- 

ened spectrum corresponding t o  a scattering-in source 

from cpi%hermal energies and nmcyuaoopic absul.pLion 

and buckling i s  used. For NSPM: = 0, a Maxwell d is -  

t r ibut ion i s  used. When NSPEC = - 1, the  scalar 

f lux i s  read i n .  I n  each case higher order f lux  com- 

ponents a re  calculated, based on the  transport  equa- 

tion, f o r  A = 1,2,3. For each isotope of the  com- 

position values of the  group scattering, absorption, 

f ission,  and t ransfer  crotici ~ c c t i o n a  a re  obtained 

for  A = 0,1,2,3. These a re  punched i n  the  format re-' 

quired a s  input for  DTF-IV,3 a s  well a s  printed out. 

I n  addition, macroscopic scattering, absorption, f i s -  

sion,and t ransfer  cross sections a re  printed.  Sec- 

t i on  v describes the  calculation of group cross s ~ c -  

t ions.  

The detailed input and output of the  GLEN pro- 

gram a re  described i n  Sections VI and VII. 

110 LEGENDRE POLYNOMIAL EXPANSIONS OF CROSS SECTIONS. 

Tl~e calculation Of cross sections is  carried su t  

fnr t . h ~  nlrstl. I:IL? un9rsjr valuec E dcoigna6cd BND~ICIY(~I), n' 
N = 1, NENERG 87.'. Both the  i n i t i a l  energy Eo and 

f i n a l  energy E are  takcn from t h i s  energy mesh. A 

convenient memc of handling the  d i f f e ren t i a l  cross 

section crl(Eo-E,@ ,TI 2s t o  expand it i n  Legendre 

polynomials of cos 8,. a s  i n  Eq. (5 ) .  The expansion 

coefficients afl(Eo+E) a re  obtained by deternllniiy 

a (E +E,@ ,T) on an internally specified mesh of 
1 0  

cos 0, COSMU(NMU), NMU = 1, NMUMl, and carrying out 

numerically the  integration indicated i n  Eq. (6 ) .  

For part icular values Eo, E, and cos 8, the  parame- 

t e r s  R and E a r e  given by Eqs. (3) and (4) .  The val- 

ue of a(R,e) i s  obtained from the  mesh values s ( K ~ ,  cm) 



1 
punched by the TOR program a s  par t  of the  input fpr 

GLEN. For t h i s  mesh the interpolation formula is  

Here 

S(R,E. 1 = s(Rn,em) m 

The cross section a l ( ~ o - ~ J O , ~ )  is  given i n  terms of 

S(R,E) by Eqo (2) .  

The mesh of values of cos 0, COSMJ(NMU), has 

been &os&n t o  correspond t o  Gauss integrations using 

the five-point formula over eight subintervals of the 

in terval  - 1. s cos 8 S 1. The subintervals are 

- 1. cos 8 5 - .8, 
- .8 s cos 0 s - .4, 

- .4 s cos 8 5 -0, 

. O s c o s 0 s  .4, 

.4 s cos R s .7, 

.7 5 cos 0 5 .85, 
. 8 5 s  cos 9 s .95, 

.95 s cos 9 5 1. 

A s  a check, the in tegrals  of Eq. (6) are a lso  calcu- 

la ted  using t h r e e - p i n t  Gauss,integration. I f  the 

values do not agree within a f ract ional  cr i ter ion 

se t  in te rml ly ,  the energies Eo and E, the  resul t  of 

the five-point integration, and the fractional d i f -  

ference between the  two integrations are printed out. 

The identification of 'these i s  

a Five- oint  Fractional - '*Iterion i t  egrztion difference 

0 .01 SIGLOT FRCDFO 

1 .G2 SIGLlT FRCDFl 

2 a& SIGI2T FRCDF2 

3 .08 SIGL3T FRCDF3 

The resul ts  of the  five-point integration are taken 

t o  be the  values of the coefficients ap)(Eo+E) 

designated i n  the  code as SIGLO(NINI,NFIN), SIGLl 

(NINI ,ITFIN), SIGL~(NINI ,NFIN), SIGL~(NINI , m N )  f o r  

4 = 0,1,2,3 respectively. The corresponding i n i t i a l  

energy Eo i s  ENERGY(NII~I) and the  f i n a l  energy E i s  

ENERGY (NFIN 1 . 
The numerical integration described i s  used i n  

t o  calculate values of u ~ ) ( E ~ - E )  for  Eo 2 E.' 

The remaining values a re  obtained from these by use 

of the  detailed balance condition, 

Eo e x p ( - ~ ~ / T ) a f  ) (EO-E) = E EL(-E/T)af) (WEo) . 
(10) 

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

c a l  integration. I f  the table of input values has 

E > 0, it i s  replaced through'the detailed balance 

condition by valueslfor E < 0 . .  

i n  
The energy integrals aa (E,) given by 

a re  evaluated by trapezoid rule  integration. Here 

E i s  the upper l i m i t  of the thermal energy range, 
1 

designated ENERGY(~) i n  the convention ENERGY (N) 

> ENERGY(N+~).  The integrals afn(E0) are  designated 

SINH)(N), SINP~(N), SINP~(N),  SINP~(N), N = 1, NENERG 
i n  for 4 = 0,1,2,3 respectively. The quantity a. (Eo) 

is  the  t o t a l  inelas t ic  scattering cross section. . 

For the  e l a s t i c  cross section a o ( ~ o - ~ , 8  ,T),  the  

expansion coefficients of Eq. (7) a re  given by 

For crys ta l l ine  scattering, the incoherent approxi- 

lhation t o  ao(E0-.E,0 ,T), corrected f o r  the  Bregg 

limit %,is 

0, Eo %J 
a0(E6*E,B,~) - (13) . 

(ab/4n)ex~[-~~(~)l~(~-~o),~o > E,,. 
P 

The functional value y(0), designated GAMO, i s  cal- 
l 

culated by the TOR program and is  of the  out- 

put .of t h i s  program punched as  input for  GLEN. For 
e l  e l  

Eo> Eb the  expansion coefficients a. (Eo) and a1 (Eo) 

' a re  

e l  
a, (E,) = obi (1-exp(-2a)) /zal, (14) 



where t h e  parameter a is  

a = 2 ( m / ~ ) E ~ y ( o ) .  

e l  
For INSELR = 1, values a re  read i n  fo r  a, (Eo), 

designated SELR)(N), and f o r  CI:~(E;), designated 

S E W ~ ( N ) ,  f o r  N = 1, NENERG. For INSELR = 0, 

SELPO(N) and S E L P ~ ( N )  a r e  s e t  t o  0. For Eo > Eb, 

ENERGY(N) > BRGISM i n  t h e  GLEN notation, t he  values 

of Eq. (14) &d Eq. (15) a r e  added t o  SELPO(N) and 

SELP~(N)  respectively.  Thus the  incoherent approxi- 

mation may be used for  a l l  En by s e t t i &  INSELR = 0 

and se t t i ng  I%,, equal t o  t h e  physical Bragg l i m i t  of 

t he  c rys t a l  (.00175 ev. f o r  graphite and ,0062 ev. 

f o r  beryllium) . O r  it may be used only f o r  Eo > E,, 

where Eb i s  an energy above the  physical Bragg 

l l r u i t  . In zhe lamer caee, t he  v d u e s  read i n  fo r  

Eo > Eb should be 0.  

Because of t h e  proport ionali ty t o  6(E-En) of 

a o ( ~ o ~ ~ , 9 , ~ )  of Eq. (71, t h e  energy in tegra ls  fo r  

a (E~+E,B,T) corresponding t o  Eq. (ll) a r e  simply 
0 

e l  
a, (Eo). Consequently, t he  t o t a l  sca t ter ing  cross 

sec t ion  i s  

i n  e l  
, .a.tot;(~u) = nu le,) + qt, ( ~ ~ 1 ~  (2.7) 

Tile usual  t ranspor t  cross section i s  

Two aadi t ional  transport  cross sections a r e  

I n  t h e  program, t h e  four cross sections IJ t ~ t ( ~ o ) '  

mtr l ( ~ o ) J  dtr 2 ( ~ 0 ) ,  a t r  3 ( ~ 0 ) J  designated STOT~N), 

STR~(N),  S T R ~ ( N ) ,  STR~(N)  respectively a r e  calcu- 

l a t ed  fo r  N = 1, NENWC. ' 

The cross sections of ~ q .  ( 6 ) )  ~ q .  (1.1)~ ~ q .  

(12 ), and Eqs. (17) o * n  (19) a re  printed out. The 

de ta i l ed  output i s  described i n  Section VII. 

I11 . TRANSPORT EQUATIOIU . 
. Each of t h e  compositions t r ea t ed  consists  of 

t h e  moderator and from one t o  four heavy nonmoderat- 

ing isotopes. For the  moderator t he  number density 

no, designated ENODMO, is  read i n .  I f  t he  absorp- 

t i o n  cross  section aio)(En) has a l / v  dependence, 

the  code, with i,ndicator INDAMO, s e t .  to,\O, ,uiJl com- 

pute the values of aiO)(En), designated SICAMO(N) 

fo r  N = 1, NENERG. These correspond t o  the  value 

SIABMO of the  absorption cross secf ion 'a t  energy 

E M W .  Alternatively, with the  indicator INDAMO 

s e t  t o  1, the  values of S I G A M O ( N ) ' ~ ~ ~  read in .  

For each of the heavy nonmoderating isotopes; 

numbered' by NISO, = 1, NSX$Ofifi 2 4, t he  g ~ l r m e t a r s  

INDAIs(NIso), INDFIs(NIso), ENODIS (NIso), SIGSIS 

(NISO), SIP~IS(NISO) a r e  read in .  The quanti ty 
( i  SIGSIS(NISO) is  the  sca t ter ing  cross section as , 

ond OIPLIE(MEO) i o  the product G ( ~ ) ~ , ! ~ )  of s~aLLer- 

ing cross 'section FIII~I R Y F ~ N F  cl)Birre F ( ~ )  i r i  t he  

scattering proasxx. The isotope number.density h. 

i s  ENODIS(NIGO). The parameters INDAIS(NISO) and 

ITDFIS (NI30) w e  indicators analOg6us t o  IpWAMV for 
( i) the  isotope absorption .cross sdction a* (E,) i d  

the  isotope f i s s ion  product v aF " ' ( E ~ )  respeckve- 
. . . .. IY 

Two forms of the transport  equation a re  solved 

for  edch :composition.' ' The f i r s t '  co~responds t b  the  

usual measurement of diffusion length i n  which the  

f lux  i n  a one-dimensional p lme  g e o ~ n e t r ~  i s  propor- 

tioxial t o  exp(-X/L) with L the  diffusion length. 

.The transport  equation for  the  steady s t a t e  case has 
the  form 

= s(;,r,n') +fi(Eo-EJii0-6)4 ( ~ J ~ O J ~ O ) ~ O ~ O .  ' (20) 

Here @(f,E,n') is  the d i rec t ional  f lux ,  i n  the  direction 

w i t h  uni t  vector 3, C A ( ~ )  ~d C,(E) a r e  the  macro- 

scopic absorpti.on and sca t ter ing  cross sectionc, 

C ( ~ ~ - ~ ~ , f i ~ . f l )  i s  t he  macroscopic t r ans fe r  cross sec- 

tion, and S(?,E,~')  i s  t h e  external  source, . 

In  the  spherical harmonics approximation,both 
. . 

the  t ransfer  cross secti'on and the  f lux  are  cxpanrl~d 

i n  Legendre polynomials, the  t ransfer  c s ~ s s  section 

being given by. ' 

(21) 

For plane geometry,the Clux expansion i s  

where y i s  . the  cosine of the  angle with the x-axis. 

Substi tut ion of (21) and (22) in to  (20) leads t o  the  



well-known system of equations 

(23) 

For a particular composition, the macroscopic 

cross sections corresponding to energy E are given n 
by . 

(i)$i)- (1) (i)-(i)= (ik(i). The Here as 
0 - as P1 as 

cross sections us el ("F:~) and a, (En) for I 2 2 have . 

been neglected. , The. value of ZA(En) corresponding - 
. . -- 

to ENERGY(N) is designated SWBS(N) and the analo- 

gous value of Cs(~n) is designated SWSCT(N). 
For subsequent solution of the transport equa- 

tion it is useful to define the transport cross 

sections 

The usual diffusion coefficient is 

DIFCOF(N): D(E,) = I/( 3Ctr l(~n)l . (31) 

For a solution corresponding to moderation from epi- 

thermal energies, the source term S,(En) is taken to 

Finally, the macroscopic parameter corresponding .to 

the fission product is 

IV . CALCUIATION OF DIFFUSION L E N G ~  . 
For the diffusion length calculation, Eq. (23) 

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

mesh. Each of the ~egendre components @a (x,~) is 
assumed to have the spatial dependence exp(-x/L), 

The scattering-in integral on the right side of the 

eqwtion is approximated with the trapezoid rule 

and the external source S (x,~) is set to 0 for each a 
a .  The differential-integral equation (23) 'is thus 

reduced to the system of linear equations, 

Here 
I 

where 6 is the Kronecker delta. The coefficients 
&I 

c r  are given by 

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

the number of energies En, and use has been made of 

the facts that k1 = 0 and aP)(~E~)f~(o) = 0. 

Two principal approximations to the system of 

equations (35) are used. The first is based on the 

us& diffusion theory. ~f f (E . ) is approximated 
1 J 

by the Memell distribution E exp(-E /T), then the J j 
detailed balance condition on aP)(EidE) implies 

that 

N 



I f  fA(En) fo r  a. 2 2 are  neglected, .Eqs. (35) reduce 

t o  

f l h n )  = D ( E , , ) ~ ~ ( E ~ ) / L ,  (39) 

In tegra t ing  Eq. (40) over energy by t h e  trapezoid 

ru le ,  one obtains 
N 

Using the  f i n a l  value ..of fo(%).  calculated by 

i t e r a t i v e  solution of Eq,. (40),, a corrected value 

of L i s  obtained including-tii&, Lrrlus fu r  A = 2 and 

& = 3. I f  the  r igh t  s ide  of Eq. (35) i s  approxi- 

mated f o r  A = 2 and A = 3 using an evaluation of 

the  kind used i n  connection with A = 1 i n  Eq. (38), 

the  equation for  A = 3 becomes a simple algebraic 

equation which may be solved f o r  f (E ) i n  terms of 
3 n 

f2(En). Similarly, t he  equation fo r  A = 2 may be 

solved f o r  f2(En) i n  terms of fl(En). When f 2 ( ~ n )  

is  included i n  Eq. (35) fo r  4 = 1, one ar r ives  at 

equations similar  t o  Eqs. (39) and (40) except t h a t  

D(E,) i s  replaced by D (E ) where 
3 n 

- 

It i s  eas i ly  ver i f ied  t h a t  i n  t h i s  in tegra t ion  the  

t o t a l  scattering-out given by a sum over The VRI.UF! of: L i s  c*mputed from Eq.'(41) b i i w  
' 

h o o ~ ' ( ~ n ) f o ( ~ n )  analogous t o  those i n  Eq. (41) i s  D (E ). i n  place of.D(En). This value, Liinal, 
3 n 

i's ' 

nwer i ca l ly ,  as .well physically, exactly equal l i s t e d  a s  t he  DIFFUSION LENGTH i n  th'e printout  and 

t o  t h e  sca t ter ing- in  given by a sum over the  r igh t  

s ide  of Eq. (40) .  The values of t he  integrands 

D ( E , , ) ~ ~ ( ~ ~ )  and ~ A ( ~ + l ) f o ( ~ + l )  a t  En = hl 
vanish since fo(E) vanishes a s  E near E = 

% 1 = O  

Tu tiolve Eq. (40) a method based on Gauss- 

Se ide l  i t e r a t ion ,2  and previously used4 i n  connec- 

t i o n  with determining pulse decey constants, has - 

designated a s  DFLGU i n  the  program: The printout  

TRANSPORT CORRECTION, designated TRCORR,' i s  the. . 

. quanti ty ( L ~ ~ ~ ~ - L ) / L ~ ~ ~ ~ ~  where L i s  the l a s t  value 

of DIFZT(NDFLIT) obtained i n  the  i t e r a t i v e  process. 

For the  printout, the  scalar  f lux  f (E ) i s  normal- 
0 n 

ized t o  unity over the  in terval  0 S En, S El, and 

compsred with ,a similarly normalized [ W e l l  d i s t r i -  

bution. 
been u t i l i zed .  A s  a preliminary, a value of L' f s 

The corrected diffusion length DFLGFT can be 
obtained from Eq. (41) using a Mamen dis t r ibut ion  expected to be more accurate than the spectrum, 
fo r  fo(En) U s i ~  t h i s  Parameter, one i t e r a t ion  of' values D F L ~ ( N )  since the ratio, of integrals in B~~ 
Gauss-Seidel ty-pe i s  carried out. The new values (41) var ies  by l e s s  corresponding t o  a spectrum 
Of 0 (En) are used in Eq* (41) Obtain a new than t he  spectnm ftre1.f. However, it is 

of L2, .and the  process i s  repeated. This type of desirable both t o  obtain a more accurate spectrum 

i t e r a t i o n  i s  continued u n t i l  two successive values and t o  confirm the  value of t he  diffusion length. 

of L agree within an in ternal ly  s e t  cri terion'  cor- Consequently, the  diffusion length i s  a l so  calcu- 

responding t o  a f r ac t iona l  diff 'erence of .0000k. l a t ed  i n  the  Pll approximation. For improved ac- 

To ve r i fy  t h a t  a solution has been obtained, a re-  curacy the  approximation of Eg. (38) is not made fnr 

s idual  equal t o  t he  r a t i o  of t he  difference between ern but only for  c?, cbn, . . . . With D (En) re-  1 3 
t h e  l e f t  and r i g h t  sides of Eq. (40) t o  the  d i f f e r -  placed by Dll(En), the  Pll approximation i s  ex- 

ence between the  l e f t  s ide  and n o ~ y f 0 ( E n )  i s  corn- pressed by EPS. (39) and (40) where D ~ ~ ( E ~ )  i s  given 

puted fo r  each value of En. I n  the  program, the by the  expression 

values of L obtained i n  successive i t e r a t ions  a re  i n  
designated by DIFLGT(NDFLIT) and: t he  values of 



Here the  parameter F represents t he  'pll correction 
4 

t o  diffusion theory and i s  given by the  continued 

f rac t ion  

F = &/15 ) L ' ~  9 (44) 

where 
X 5 -  ' * '  

Xlc = ztr 3 ( ~ n ) ,  

and terms have been included i n  Eq. (44) through 

~ l O ' ~ 1 1  

The method used fo r  solving Eq. (40) i n  the  

d i f fus ion  theory case i s  a l so  used fo r  the  Pll ap- 

proximation, with the  addi t ior i tha t  f lux  values 

fl(En) from the  previous i t e r a t ion  a re  used t o  com- 

pute Dll(E,) pr ior  t o  each Gauss-Seidel i t e r a t ion .  

The i n i t i a l  value used f o r  T, i n  t he  Pll c ~ l c u l ~ t i o n  

i s  DFLGFI; the  i n i t i a l  sca lar  f lux  fo(En) is  a Max- 

well  d is t r ibut ion  and the  i n i t i a l  neutron current 

fl(E,) i s  obtained from Eq. (39) using D(En). The 

f i r s t  s t ep  i s  t o  compute Dll(En) using these values. 

In  the  Pll calculation, fo(En) i s  designated 

D F ~ ~ F O ( N )  and f l ( ~ n )  i~ designated D F ~ ~ F ~ ( N ) .  The 

convergence t e s t  f o r  t h i s  calculat ion i s  based on 

fo(En); convergence i s  at tained when the  f rac t ional  

difference between successive i t e r a t e s  i s  l e s s  than 

the  in ternal ly  s e t  value .001 for  each n. To ver i fy  

the  solution,a residual  i s  computed for  each E a s  n 
the  r a t i o  of the difference between the  l e f t  and 

r i g h t  sides of Eq. (40) t o  the  sum of the l e f t  s ide  
e l  and the  twin nOuo ( E ~ ) ~ ~ ( E , ) .  

The value of L, designated DFLP11, computed 

from the l a s t  i t e r a t e  of fo(En) i s  printed out a s  

P11 DIWSION LENGTH. The r a t i o  (DFLP~~-DIFLCT 

(NUFLIT) ) / I )Fw~~,  where DIFLGT(NDFUT) 1s  the  l a s t  

value obtained i n  the  diffusion approximation, i s  

designated a s  PllCOR and printed i l i . z t   ti Pl.1 CORREC- 

TION. For printing,  the  scalar  f lux  fo(En) i s  nor- 

malized t o  urrity over 0 S En < El, fl(En) i s  given . 

by ~ q .  ( 3 9 )  with o ~ ~ ( & ~ )  in place of D ( E ~ ) ,  an& a 

Maxwell d is t r ibut ion  normalized i n  the  same way a s  

f (E  ) i s  printed fo r  comparison. Values of the  
o n 

residuals a r e  printed fo r  each En. The values of 

Dll(En), designated D F C O ~ ~ ( N ) ,  used i n  the  f i n a l  

Pll i t e r a t ion  a r e  printed out together with the  ' 

values of D (E,), designated DIFCOF(N). 

V. GROUP CROSS SECTIONS. 

The neutron spectrum used t o  obtain flux- 

weighted group cross sections is  a l so  based on Eq. 

(23). The geometrical parameter K, designated 

BUCKLE, is  used t o  imply the  form of solution. For 

K r 0, the  scalar  f l ux  is  of t h e  form cos Bx f o ( ~ )  

where. B = K*. ' I n  t h i s  case the  remaining Legendre 

components have the  form 

@ ( x , ~ )  = cos Bx fZe(E), 
24 

(47) 
@ 2 a + l ( ~ , ~ )  = s i n  BX f2e+ l (~ ) .  

For the  P approximation, neglecting @jL(x,E) f o r  
3 

4 2 4, and making the  diagonalizing approximation 

of Eq. (38) f o r  c?, c?, c?, the  spherical 

harmonics equations become 

Here the  ef fec t ive  diffusion coefficient  D~(E , ) ,  

designated DFCFB~(N), i s  . 

DK(En)= l/[[tr .(En) + -11 'tr 2CEn) + 
( 5 2 )  

r 3 En 

I n  the  l i m i t  K -  0, the  formulas a re  modified only 

t o  the  extent of consider;ng fl(En)/B, etc., so t h a t  

i n  Eqs. (48) . . . (52) K is  s e t  equal t o  0, and B i s  

s e t  equal t o  1. 

, For K < 0, the  Legendre components of the direc- 

t i o n a l  f lux  have the  form 



where n i s  (-K)*. I n  the  P approximation, Eqs. 
3 

(48) and (52) .have the  same form a s  i n  t h e  case 

K 2 0. I n  Eqs. (49) and (51) the  parameter B i s  re- 

placed by x ,  and i n  Eq. (50) the  parameter (-B)  i s  

replaced by n. 

It should be pointed out t h a t  Eq. (48) ex- 

presses t h e  P approximation fo r  a broader class of'  . 

g e ~ m e t r i e s , ~  :ncluding t h e  sphere and i n f i n i t e  cyl- 

inder.  

Three options are  avai lable  i n  GLEN f o r  the de- 

termination of t he  sca lar  f l ux  fo(En), designated 

B ~ F ( ~ , N ) .  When the  spectrum indicator FPEC i s  s e t  

t o  1, fn(E,) i s  computed from Eq. (48) by Gauss- 

Seidel  i t e r a t ion .  S tar t ing  values a r e  given by a 

Maxwell d i s t r ibu t ion  normalized t o  t h e  source 

s ~ ( E ~ ) ,  1.e. yuch that 

The magnitude of the  source term s ~ ( E ~ , ~ )  i s  a rb i t rgry  

but  i t s  energy dependence corresponds t o  sca t ter ing  

from energies above E t o  thermal energies Ell, 1 
En El. This energy dependence i s  approximated by 

taking s ~ ( E , ~ )  t o  be hoaiO) (El-+Ei,) . Valueg i f  

S ( x , ~ )  of Eq. (23) for  A 2 1 have b'een neglected. a 
The source term S ~ ( X , E )  has been taken t o  be a prod- 

uc t  function with energ.. dependence designated by 

so(En) .and t he  same s p a t i a l  dependence a s  @ O ( x , ~ ) .  

An accelerat ion technique, i n  which the  values 

f o r  t h e  p-th i t e r a t ion ,  f p l ( E n ) ,  a r e  replaced a s  

f crllours, 

i s  used i n  the  Gauss-Seidel i t e r a t ion .  The converg- 

ence c r i t e r i o n  f o r  the  i t e r a t i o n  sequence i s  

f o r  each En. When convergence has been reached, a s  

indicated by t h i s  c r i te r ion ,  a res idual  i s  computed 

f o r  each E given by the r a t i o  of t h e  difference be- n 
tween l e f t  and r igh t  sides of Eq. (48) t o  the  l e f t  

s ide  l e s s  t he  term h o ~ ~ a ~ l ( ~ n ) ) f o ( E n ) .  

a r e  given by Eqs . '(49) . . . (51).  For K = 0, or  

K <  0, these equations a re  modified a s  described 

above. 

\then NSPEC i s  s e t  t o  0, f o ( ~ n )  i s  given by a 

Maxwell'distribution normalized according t o  Eq. 

(54). The components fl(En) . . . f (En) a re  given 
- 3 

by Eqs. (49) . .. (51) a s  i n  the  previous case. The 

residuals a r e  s e t  equal t o  0. 

Gthen NSPEC i s  s e t  t o  - 1, the sca lar  f l ux  spec- 

trum fo(En) i s  read in .  The remaining components 

f1(En) ... f3(En) are  obtained from Eqs. (49) ... 
(51) a s  i n  the  previous two cases. The residuals 

are  s e t  t o  0 .  

The components fo(En) . . . f (E ), designated 
3 n 

BS(1,N) . . . B ~ F ( ~ , N )  respectively are  printed f c r  

each En, together with %me resi&uals. I h e  iiululbes Of 

i t e r a t ions  required i n  the  accelerated Gauss-Seidel 

i t e r a t ion  i s  a l so  printed. For a Maxwell d is t r ibu-  

t i on  or a cpectrum rcad in, t h i s  numbrr i s  s e t  t o  1. 

An integration of Eq. (23) over energy groups 

is -Llle basis f u r  Lhr few-gruup dl-Ls uf truss SIX- 

t ions  t o  be used i n  transport  codes.. For f lux  com- 

ponent;~ @ A ( x , ~ )  uf the  rum uf ~ q .  (47) or ~ q .  (53) 

t he  spa t i a l  dependence of Eq. (23) i s  a common fac- 

t o r  fo r  each value of A .  For the  energy group m, 
corresponding t o  energy in t e rva l  E 5 E s S t he  

m + l  m I 
group f lux  components a re  given by 

Similarly the  moderator scattering cross section fo r  

I;& group is 

(58) 
The corresponding group sca t ter ing  CSQee Section for  

the  i - t h  i sotape i.s jus t  the  value us (1)  , since 

t h i s  is '  energy independent. The group absorption 

cross sections for  the moderator, =d the  nonmodera.t.- 

ing isotopes are, similarly, 

With fo(En) determined by the  Gauss-Seidel it- 

eration,  t h e  remaining components fl(En) ... f3(En) 



CI m t 1  

For a = 0, the  group value of v ( i ) a c ) ( E )  i s  

The scattering i n  term of Eq. (23) i s  made up 

i n  par t  of e l a s t i c  terms which yield averages s i a i -  
\ 

l a r  t o  those of Eq. (58). For 4 = 0 and = 1 the  

group cross sections corresponding t o  o:l(~) a re  

These cross sections a re  designated SELOFC(MFC) and 

SEL~FG(MFG) fo r  a = 0 and a = 1 respectively. The 

corresponding e l a s t i c  terms for  isotopes a re  just  

' the  terms a i i ) ~ j i )  of Bq. (26). since these are  

energy independent. For the  ine la s t i c  part of the  

scattering i n  in tegra l  t he  group cross section f o r  

scattering from the  k-th group t o  the  a-th group i s  

The whole. scattering i n  term pk-m fo r  the  moderator a 
i s  t he  sum of (62) and (631, 

k-m - k-m (a)& m 
PMOFG(L,KFG,MFG)=P~ - t i  + s k  k~ (64 

m where ijk , t he  ki-onecker delta, i s  1 for  k = a, and 

0 f o r  k f m. 

The in tegra ls  of ~ q s .  (57) . . . (63) a re  evalu- 

ated by trapezoid ru le  integration. B A , B ~  on the  

index -0, two types of ed i t s  of the moderator 

and isotope cross sections a re  provided. ~ 0 t h  are  

based on the  format f o r  the  code DTF-IV.~ For 

JPRBNO 2 0, transfer cross sections from each ther- 

mdl group t o  every other thermal group a r e  include&. 

The forlnal; of these cross sections i s  

I 
The column on the  l e f t  of Eq. (65) i s  i n  t h e  

DTF notation (IA-3373, p. 54); the  second and t h i r d  

columns i n  the  notation of Eqs. (58) . . . (64). The 

order i n  wfiich~the cross sections a r e  punched begins 

with moderator cross sections for h = 0 i n  the  SUC- 

cession n! = 1, m where m = NFCP. This i s  fo l -  max max 
lowed by values f o r  m = 1, m fo r  A = 1,2,3 suc- max 
cessively. A similar sequence i s  followed for  i so-  

tope 1, and subsequently for the  remaining isotopes 

i n  order. I n  agreement with t h e  DTF-IV input format 

a header card appears before the  par t  of the  deck 

referring t o  a given value of h, and i s  used t o  

pr in t  JPRBNO, the  number NMIX of the  composition be- 

ing treated, t he  label  MODERATOR or the  number of 

the  isotope, and t he  value 0 f .h .  The cross section . 

v a l u e a r e  a l so  printed out, with the  sole  difference 

that a heading identifying the  moderator or isotope, 

the  value of a, and the  group i s  inserted before the  

cross section values fo r  each group. 

For JPRBNO < 0, the  values of the  scattering 
k-m i n  terms pa of Eq. (65) a re  modified so  that  t h e  

form includes only scattering i n  from the  four 

groups above and the  four.groups below the  group be- 

.ing considered, i .e . for  a-4 s k < m4. The t o t a l  

cross sections a re  preserved by making t he  replace- 

ment s 



Physically, these replacements correspond t o  a l t e r -  , 

ing the  t ransfer  cross sections so that  dam-scat- 

t e r ing  below the fourth lower group i s  put in to  the 

fourth lower group, and similarly for  up-scattering. 

\hen the  replacements a re  made, a l l  of the  scatter-  

ing from each thermal group t o  a l l  others i s  in- 

cluded .so t h a t  the  t o t a l  scattering cross section 

i s  unchanged for  each group. The,modified table of 
k-m 

values of pa corresponding t o  Eq. (65) has only 

the  nine elements for  m-4 5 k S &. The s i m i l a r  

t ab le  for  the  heavy nonmoderating isotopes also 

has nine elements, with only the element corres- 

ponding t o  e las t i c  scattering different from 0. 

Values of the cross section table  integers of Dm-IV 

for  the  two cases are  

JPRBNO 2 0 JPRBNO < 0 
. . 

D ~ T  = 3 M T  = 3 
' IHS = m. + '4 

max MS = 9 (68) 

TH.M =:2mumx + 3 IXM = 130 

A second difference for  the JPRBNO < 0 case i s  

t h a t  & input 'parametert STRAND, which i s  the a = 0 

t ransfer  cross section t o  the highest energy thermal 

group (m = 1 )  from the group immediately above it, 

i s  punched i n  the correct position a f t e r  the 

cross section. The two systems coalesce i f  mmaxs.4, 

and 'in t h i s  case a negative JPRBNO i s  .changed t o  

i t s  absolute value i n  t reat ing the f i r s t  mixture, 

'and fb r  max 2 2 the value bf 'STRAM) should be 

omitted from' the  input. 

Macroscopic cross sections are  a lso  edited and 

printed by GLEN. The macroscopic group cross sec- 

t ions  for  scattering, absorption, and t ransfer  re- 

spectively are 

and source a re  given by : . 

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

trapezotd rule  integration. ?he group fluxes F (m) 
a 

of Eq. (57) and the group psrameters of Eqs . (69) 

. (73 ) are  printed out. 

'AR a veri.fi.cation of the  edi.t,ed pw~metess,  

check quantit ies based on the  integration of Eq. 

(23) over' energy m.e used. Tn terms of the  macro- 

scopic 'f ew-group garaneters, these integrals appear 

a s  sums: Since the t o t a l  scatt&r.ing out must be 

identical  with the to ta l ' scat ter ing in, the  rela- 

t ion  

holds for  any scalar flux values F("). For t h s  case 
0 

NSPM: = 1, and K r 0, .the scalar flux cos Bx f o ( ~ )  

i s  a solution of Eq. (2j),, :and the flux compbrients 

obey the equation 

t o  tLc dcgrcc uf uppruxluuLfun er .bhc iixra-bive 

method used in  solving Eq. (48). For K < 0, B i n  

Eq. (75) i s  replaced by - x .  For NSPM: = 0, the 

nomJ, i . zat ion  of Eq. (9) assures that  Eq. (75) w i l l  

be obeyed exactly. When NSPM: .r - 1, the ~ c a l a r  

flux i s  used as read i n  and there is  no necessary 

rehClun LeLwee~~ Lhe lefL and r ight  sides of Eq. 

(75). Since the higher flux components f l ( ~ , ) ,  

I ~ ( E ~ ) ,  f (E ) are  given by t h e  approximations of 
3 n 

~ s .  (491, (go), und (91) t o  Q. (231, thcuc com- 
ponents, for  K r 0, obey approximately the relation- 

ships 

(71) 

I n  addition, the  macroscopic f iss ion cross section 



In practice the approximation of obtaining flu com- 

ponents by means of the diagonalized form correspond- 

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

ment of the two sides of Eqs. (76), (77), (78) is 
usually to the eight significant figures printed. 

For K C  0, B of Eqs. (76) and (78) is replaced by n, 
and B of E3q. (77) is replaced by - x . The check 
quantities of the left and right sides of Eqs. (74) 
*.*.(78) are printed out by co-rable pairs in the 

left-right and also in the numerical order of these 

equations, under the title CHECK S U E .  

VI. INHJT FOR GLEN. 

1. Title card 12 A.6 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Card output from TOR: 

2. IDEN, TEMPEN, GAMO . I 10; 2 E 20.8 

4. NLIM I 10 

10. JPRBNO (Identification no. used 

in card output, r 5 digits) I 10 

11. NENERC (NO. multigroup energies, 

h 87) I 10 

12. ENERCY(N), N = 1, NENERG (~~lti- 

group energies, En > EWl > '0) 4 E 20.8 

13. FACMAS (m/M< 1.) 

14. SIGBND (ab > .0) 

15. INSELR (0 or l), BROLIM I 10, E 20.8 

. a. If INSELR 5 1, read in 

SELK)(N), N = 1, 
4 E 20.8 

Additive elastic 
cross sections . 

SELP~(N), N = 1, 
4 E 20.8 

b . For. INSELR = 0 go directly 
to 16. below 

c. BROLIM is the Bragg limit 

of the crystal, e.g. 

.0062 ev. for beryllium, and 

.00175 ev. for graphite 

16. NFCP. (No. 'few groups, s 20) I 10 

17. ENFEX~~P(N), N = 1, NFGP (feu-group 

energies, subset of U., 

Ek > Ek+l > '0) 4 E 20.8 

18. NMMMA (NO. mixtures of isotopes, 

lSNMCXElAS10) I 10 . . . . . . . . . . . . . . . . . . . . . . . . . .  
Follaring are for each mixture: 

19. INDAMO, ENODMO (Moderator ab- 

sorption indicator INDAMO (0 

or 1) and number density 

ENODMO r .o) , I 10, E 20.8 
a. If, INDAM0 n 0, read in ENIUIMO, 

SIABMO (~nerg~ EMBKl > .O for 

which moderator absorption 

cross section is SIABMO 2 

.O 1 2 E 20.8 

b. If INDAMO = 1, read in 

SIW(N), N = 1, NENWC 

(~odwator @bsor~tion cross 
section r .o) 4 E 20.8 

20. NISOMA (NO. addi;tional isotopes, 

1 S NISOMA 4) I 10 

21. For NISO = 1, NISOMA read in for 
each isotope =IS (NIso), INDFIS 

(NISO), ENODIS (NISO), SICSIS (NISO), 

SIP~IS(NISO) (~bsorption indicator 

INDAIS. (0 or 1) and fission indi- 

cator m F I S  (0 or 11, number 

density ENODIS 2 .O, scattering 

cross section SIGSIS 2 .O, prod- 

. uct of ecattering cross section 

and average cosine SIP~IS) 2 I 10, 3 E 20.8 



22. For NISO = 1, NISOMA 

R .  If INDAIS(NISO) = 0, read in 

ENABIS(NISO 1, SIABIS (NISO) 

(Energy ENABIS > .O for which 

isotope absorption cross sec- 

, 
tion is SIABIS r .o) 

b. If INDAIS(NISO) = 1, read in 

.SIGAIS(NISO,N), N = 1, N- 

(Isotope absorption cross sec- 

tion 2 .0) 

c. If II&FIS(NISO) = 0, read in 

~ 1 5 ( ~ 1 3 0 ) ,  SIFIIS(NISO) 

(Energy ENFIIS > .O for which 
value of vuf for isotope 

is SIFIIS 2 .o) 
d If INDFIG(NIOO) = 1, read in 

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

(Product wf 2 .O of isotope 

fiooion cpooo oec%ion a and f 
average number v of neutrons 

per fission) 

23. BUCKLE (~uckling) 

211. NSPE (Spectrum indicator, 1, 0, 

or -1) 

u. II NSPEC 0 1 hrdoncd opcctro , 

corresponding to the macroscopic 

absorption and hucklix will be 

computed 

b. If NEPW r. 0 tho ooalar flux 

will be set equal to a Maxwell 

distribution 

c. If NSPEC = -1 the scalar flux 
B~F(~,N), N = 1, NENEEEC is to 

be read in 25. below 
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Omitted for JPRBNO 2 0. For 

JPRBNO < 0, lalcroecopic brantiler 

cronn section into high~rrt, energy 

therml group from group immediately 

above it 

- - - - - - - - - - - - - - - - - i - - - - - - - -  

Points to be noted about the input: 

1) Cross sections and-number densities are to be in 

compatible &its, e.g. cross sections in barns 

and number densities in multiples of atoms/ 
3 . cm . 

2) Buckling is in units ~rn'~. 

3) Mass ratio FACMAS is ratio of neutron mss to 

: i . , :  

nuclide y e ' s .  ; , . . . . : S .  

4) Energies are input in the order from highest to 

lowest. Energy dependent quantities read in, 

e.g. cross sections or 'scalar flux, have the 

same order.   he energy .O is not read in, but 
is always assumed to be the lower bound of 

energy integrals over the lowest range. En-. 

ergies for TOR and for GLEN must be in the same 

units, e.g. electron volts. 

5 )  An absorption or ftqeion cross section may be 

read in by setting the corresponding indicator 

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

the indicator may be. set equal to 0, and .the. 

code wfl1,then compute values for all energies, 

e.g. of the absorption cross section corre- 

opo~~lll~% tu Ll~e=vtrlue STABIS a 1  Ule energy ENABIS. 

6 )  The quantity averaged is the product wf, rather 
than of. 

7) The few group cl~e~~gles, ENFEP(N), ure a subsel 

of the multigroup energies; ENERGY(N), and every 

value ENFIGP(N) must also appear as a value 

ENEIECY(N). 

8) Note that the program assumes the preesllce of 

at least one 8dditioml Isotope Lesldes the. 

moderntor. If ne &her isobopc is ~L'CSCIL~ 111 

the physical problem, input for an artificial 

isotope having number density ,O should bc u ~ c d .  

VII I O r n I  0UTm b 

1. Following the title card, check quantities are 

printed out by the main progrwn. 

The formal output o r  the Cade is divided into 

two parts. The first part consists of printed 

output of moderator cross section parameters and 

is carried out by the subroutine CLNRIT. The 

second part is carried out by the subroutine 

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

rmun of' ten mixtures. A printout of results for 

each mixture is given. In addition, the group 

cross sections for each isotope in the mixture 

are pinched in the format of tho cross section 

input of DTF-IV. 
. . . . . . . . . . . . . . . . . . . . . . . . . .  
Printout of input parameters: 

2. IDEN, TEMPEN, CAM0 

3. NENEW: 

4. ~ . x ( N ) ,  N 1, NENERG 



7. EINI(NINI), ~ ~ ( W I N ) ,  SIGLO(NINI, WIN), 
SIGL~(NINI, ~ m ) ,  SIGI~(NINI, WIN) 

SIGL~(NINI, WIN), for NIEJI 6 1, NENERO 

and NFIN = 1, NENEEEC. The parameters EINI 

and DIN are the initial energy Eo and final 

energy E respectively of the neutron in the 

laboratory system. The cross section parame- 

ters SIGLO---SIGL3 are the expansion coeffi- 

cients of1(E0 - E) oi3)(Eo - E) of the 
double differential. scattering cross section 

al(Eo - E,~,T) in a Legendre polynomial expan- 

sion, al(~o d E,~,T) = 

al(Eo - E,B,T) is the part of the cross section 
which includes inelastic scattering. 

8. ENEIECY(N), SELPO(N), SELPl(N) for N = 1, NENERC. 
The parameters SEL~O(N) and SELP~(N) are the ex- 

el el 
pansion coefficients oo (Eo) and al (Eo) of the 

pure elastic double differential scattering 

cross section O,(E~ - E,B,T) in the Legendre 
polynomial expansion ao(Eo - E,0 ,TI = 

9. ENE~Y(N), SINPO(N), s ~ ( N ) ,  
SIXE'(N), sIKP~(N), N a 1, N m *  

The pawmeters SINW(N)---SINP~(N) are the in- 

tegrals over final energy E of the cross sec- 

tions  of)(^^ - E) . . -~P)(E~ - E) respectively. 
lo. ENEROY(N), ST~(N), STR~(N), 

STILZ(N), STR~(N), N = 1, NENERG. 

The parameter ST~(N) is the total scattering 

cross section crtot(Eo) which is the sum or 

SINW(N) and SELW(N). The remaining parame- 

ters are the transport cross sections 

STR~(N) P s ~ ( N )  - s m i ( ~ )  - SELP~(N) 
STR~(N) .r STOT(N) - SW(N) 
STR~(N) = STOT(N) - sINP~(N). 

11. Under the heading ANALYTIC MONATOMIC GAS CROSS 

SXTI~NS, analytically computed values of the 

monatomic gas analogues of U ~ ) ( E ~  - E) and 

oF)(EO - E) are printed. These correspond to 

the values of TEMPEN, FACMAS and SIGBND. The 

order of printing is initial energy, final 

energy, A n 0 component, L m 1 component. These 

are computed and printed only if the GLEN in- 

struction C TO OMIT CAICUIATION OF ANALYTIC 

CRECK IN GLEN near the end of the main program 

is changed to CALL G W K .  

For each mixture the output below is printed. 

Input parameters and absorption and fission cross 

sections: 

12. NFCP 

13. ENFEP(N), N = 1, NFCP 

14. INDAMO, ENODMO 

15. If INDAMO = 0, ENABW, SIABMO 

16. sIGAMo(N), N = I., NENEFG. Moderator absorption 

cross section. 

17. NISOMA 

18. ~ A I S  (NISO 1, INDFIS (NISO), ENODIS (NISO 1, 
SIGSIS(NISO), sIP~Is(NIso), for NISO = 1, NISOMA 

19. ~f INDAIS(NISO) a 0, NISO, 
$=IS (NISO 1, SIABIS   SO 1, 
for NISO = 1, NISOMA 

20. ~f INDFIS(NISO) = 0, NISO, 
ENFIIS(NISO 1, SIFIIS(NISO), 
for NISO = 1, NISOMA 

21. N, SIGAIS(NISO,N), N = 1, - 
for NISO = 1, NISOMA. Absorption cross section 

for each isotope. 

22. N, SIGFIS(NISO,N), N = 1, NENEIG 

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

23. BUCKLE 

24. Corresponding to the three possible values of . 

NSPE, an indication of the type of neutron 

spectrum used to obtain group averages is 

printed: 

NSPEC Legend 

1 HARDENED NWI'RON SPECTRUM 

0. W E L L  NEUTRON S m R U M  

-1 . NEXTTRON SPECTRUM READ IN 
- - - - - - - - - - - - . - - - - - - - - - - - - - -  

Macroscopic cross sections: 

25. These cross sections are defined in terms of 

the moderator and isotope cross sections and 

number densities of 10...22: 



For N = 1, NENERC: 

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

SMAABS(N) = ENODMO* SICAMO(N) + (ENODIS.(NISO)+ 
' . SIGAIS(NISO,N), NISO = 1, NISOMA) 

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

NISC~MA ) 

SMATRO(N) = ENODMO* STOT(N) + SMAABS(N) 
SMATR~(N) = ENODMO+ STR~(N) + SMAABS(N) + 

.(ENODIS(NISO)* (SIGSIS(NISO) - SIP~IS(NISO) 1,. 
NISO = 1, NISOMA) 

SMATR~(N) = ENODMO* STR~(N) + sMAABs (N) + . 

(ENODIS(NISO) SIGSIS(NISO), NISO a 1, NISOMA 

SMATR~(N) = ZNODMO* STR~(N) + ' sMAABs (N) + 
(ENODIS(NISO) +GIGSIS(NISO), NISO = 1, NISOMA) 

The parameter SMASCT(N) is the macroscopic scat- 

tering cross section for the mixture including 

::$. ; I .  <.the moderator and all additional isotopes. Simi- 

larly, SMAABS(N) is the macroscopic absorption 

cross section for the mixture, and SMAFIS(N) is 

.the nbacrosc'opic fission cross section multiplied 
:.>. . by the average number of neutrons per fission. 

The remaining parameters are transport cross 

occtiono . 
- - - - - - - - - - - - - - - - - - - - - , - - - - -  

Diffusion coefficient and source: 

26. Diffusion coefficient DIFCOF(N) and isotropic 

source SOURCE(N) defined by: . 

D~OF(N) = 1./(3"w SMATR~(N)) 

SOURCE(N) = ENODMO* SIGLQ (1, N) 

. for N = 1, NENFSG 

Values from diffusion approximation calculation: 

27. Diffusion length DFLGPI including a transport 

correction TRCORR based on,the P approximation. 
3 

28. The sequence of eigenvalues for the diffusion 

length obtained in the iterative process used 

to calculate this quantity. It should be noted 

that no transport correction is included in 

these eigenvalues,. 

29. For N = 1, NENEfEG the neutron spectrum (iso- 

tropic component) DFLFO(N) obtained in the dif- 

fusion length calculation normalized according 

vention. A residual DFLRSD(N) which expresses 

the accuracy with which the spectrum DFLFO(N) 

satisfies the integral equation which implies 

the diffusion length. To assure that the itera- 

tive process used in solvi.ng this equation has 

converged to a physically significant result, 

it should be verified that all values of 

DFLRSD(N) are small in magnitude, usually less 

than and that all values of DFLFO(N) are 

non-negative. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Vkluts fi.m P dlffi~ior~ leritl~ tal~-&tio~i: 11 

30. In the Pll approximation the difkeion length 

DFLPll, and the Pll correction PllCOR to the 

diffusion approximation. 

31. The sequence of eigenvalue's for 'the P diffu- 11 
sion length. 

32. For N = 1, NENEFEG the isotropic neutron spec- 

trum DF~~FO(N)' normalized as in 29. above, and 

the corresponding 4 = 1 spectrum component 

DFllF'l(N). For comparison with DF~~FO(N) the 

normalized Maxwell distribution SWO(N) is 

printed. The residuals DF~~RS(N) are printed 

and the critcrion that theae are amall, usually 

lass than should be verified to assure 

that a converged solution has been obtained. 

In addition, for a physically significant solu- 

tion both DF~~FO(N) and DF~~F~(N) must be non- 

nogativo for all N. Thc ~ l u e o  of thc Pll dif- 

fusion coefficient DFCO~~(N) used in the last 

iteration are printed, together with the values 

of the diffusion approximation coefficient 

DIXOF(N) for comparison. 
- - - - - - - - - = - = _ - - - - - - - - - - - - -  

Buckling spectra: 

3 3 .  Values for N = 1, NENlFXi of neutron spectra 

corses~ondirw to the macroscopic cross sections 

of 259 a~ld the bucklina; 09 23. The values for 

the isotropic (4 = 0) component are determined 

according to the value of NSPM: as follows: 

1) for NSPEC = 1, a hardened neutron spectrum 

is calculated corresponding to SOURCE(N); 

2) for NSPEC = 0, the scalar flux is set equal 

to a Maxwell distribution; 3) for NSPM: = -1, 

the scalar flux is read in. In all three cases 

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

For comparison the Maxwell distribution 
by the transport equation to correspond to the 

SPMANO(N) normalized according to the same con- specified scalar flux. For the hardened neutron 



spectrum the accuracy of the solution obtained . , 

by Gauss-Seidel iteration is specified by a . '  

residual B~RSD (N) . For complete convergence . 
each of the values of this quantity should be 

less than 10'~. For the W e l l  distribution 

and thc read-in spectrum the resid'aal is set , . 

to 0 .  

The buckling spectra are used in obtaining the 

flux-weighted few-group averages. It ahould 

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. SWCT(N) is the 

macroscopic scattering cross section corre- 

sponding to ENEIECY(N). However, for items 

following 33. energy dependent qumtities are 

few-group averages. 

34. The number NB2IT of iterations in obtaining the 

buckling spectra. For the Maxwell distribution 

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

hardened spectrum it is < 500 for complete con- 
vergence. 

. . . . . . . . . . . . . . . . . . . . . . . . . .  
35. The isotope edits for input to DTF are punched 

and also printed out. The order of the quanti- 

ties is that for cross section input for DTF-IV 

(LA-3373, p. 54). For each energy group the 
f cross sections are in the order: oa, w , a, 

a -  0 . . Two optional form of punched 

edit are aml.J.fih1.e. For JPRRNO 2 0, the pmchd , .  . 
. . 

edit includes transfer cross sections from each 

thermal group to all other t h e m 1  groups, and 

no provision is made for any epithermal group. . 

This i s  intend.& for problems vhich i'nvolve 

only thermal neutrons with a source specified 

exterr~ally. The energy dependence of the 

source for the few-group structure used is 

given in 36. below. For this option the .total 

cross section a is always in position 3, (IRT 
= 3), the diagonal transfer cross section, is 

in position m P  + 4, (IHS = m P  + 4), and ., . :' 

the length of the table is 2+ NTGP + 3, (IHM , ' 

= 2* NTGP + 3). . . 

The second option, for JPRBNO < 0, uses a stand- 
ard thirteen-element table (IHM = 13) w i t h  

transfer cross 'sections specified only in the 

sequence af+"'+, ... org, ... as g-4-*g. The end 
cross sections ,in this sequence, fbg and 

g-4dg, are corrected so that the total scatter- 
Os. 
ing-out cioss section from a group, a:%', 

63 
is equal to the. total cross section a. In this 

option the total cross section is again in posi- 

tion 3, ,(nt~ = 3), and the diagonal transfer 

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

For both options, the cards are punched in order 

of groupsstarting with the first (highest en- 

crgy group). In the card output, all cross sec- 

tions foi- all gr.oups (EM = NFGP) are punched 

in format 1~6~12.4 in a continuous set of num- 

bers, totalling'~GM+ IHM. This format is called 

for by DTF and the csrd deck is to be used in- 

tact as M'F inptit. The printed output is in 

the same order and differs only in having a 

title card which specifies the group number 

printed before the cross sections for that 

group. In agreement with the DTF format, a 

header card precedes the IGM* IHM set of num- 

bers and carries' the following information: 

the identification number JTFENO, the number 

NMIX of the mixture being treated, identifica- 

tion of the isotope either as the moderator or 

as one of the numbered isotopes (isotope 1 

through isotope 4), and the value of A .  The 

order of these ihentification numbers is also 

the ,order: of theTloops used in specifying out- 

put:' for each iillAure (mixture 1 through mix- 

ture 10) 'the 'moderator cross sedtions fdr & = 0 

are punched, then successively those for & = 

1, '2, .3. Next. the cross sections for isotope 1 

are punch'& In the order = 0, 1, 2, 3. Fol- 

lowing this the cross sections for isotopes 2, 

3, and 4 are punched in similar fashion. 

The deck for a mixture may be used intact as 

input for DTF but four remarks should be made. 

First, at the beginning of each mixture two ad- 

ditional identification cards are punched, one 

a repeat of the title card and the'second a 

card givi* the mixture number NMIX. These are 

to be removed before the deck is used as input. 

Second, the program automatically punches values 



for & = 0, 1, 2, 3. If the higher anisotropic 

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

DTF problem, these parts of the deck, indicated 

by the header cards, can be excised. Third, 

the GLEN code requires the f o m l  presence of 

at least one additional isotope, isotope 1. 

If there is no additional physical isotope, . 

this will be a dummy, corresponding to zero 

number density and with meaningless crciss sec- 

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

isotope 1 should be excised. 

Fourth, it will usually be the option with 

JFRBNO < 0 that is used for problems involvi& 
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 

&. This can be done directly if the number of 

such higher energy groups is a multiple of 6 
(for the standard few-group structure, this 

number is 12, and the condition is met). 

Otherwise, since DTF' requires cross section in- 

put in a continuous sequence for all groups, it 

is necessary to read the card output fYom GLEN 

into the machine and construct a new continuous 

array. The following read instructions may be 

used to read the GLEN card output for each b :  

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

N ~ C P )  

1 FORMI\V ( ME~P .'I 1 

The in& parameter STRAND is inserted in the 

card output for the highest energy t h e m 1  

group as the transfer cross section into this 

group from the group immediately above it for 

= 0. This is the only transfer cross section 

from epithermal to thermal groups included in 

the punched edit. . . . . 

36. Few-group macroscopic cross sections correspond- 

ing to the number densities ENODMO and ENODIS 

(NISO), NISO = 1, NISOMA, and to the isotopic 
cross sections in 35. The fluxes printed are 

energy-integrated values for each group of the 
buckling spectra of 33. which correspond to the 

'expansion of the flux for plane geometry in 

Legendre polynomials. The cross sections are 

flux-weighted averages for each group.:orre- 

integral becomes 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 

product wf for & = 0. Similarly the source 

dependence is for the isotropic source (A = 0). 

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

first pair of numbers listed represent the total 

scattering-out and total scattering-in,and these 

numbers should be identical to all the figures 

printed in every case. The third, fourth,and 

fifth pairs of numbers represent the agreement 

of the higher order anisotropic scattering-in 

integrals with the net neutron losses and these 

should be approximately equal in each case. 

The second pair of numbcro rcprcccnto thc ogrcc- 

ment of the absorption and leakage with the iso- 

tropic source. For hardened spectra (NSPM: = 1) 

there should be approximate agreemhnt . For the 
Maxwell distribution (NSPM: = 0) the spectrum 

is normalized to the source and the numbers 

should agree to all the figures printed. For 

a rcad-in cpcctrum (NSPM: = -1) no nececcary 

relation exists between the second pair of 

numbers. 

- ~ - -  

m m m  
The prograin has been compiled and m on the 

CE GGOO. ' The core stol-age requireloe~~t PY approxl- 

mately 55,600. 

--- - 
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PROGRAM GLEN(  I N P I J T ~ T A D E ~ ~ I I N P I . I T ~  
10UTPUT o TAPE~BOUTPIJT*  
2PUNCHolAPEl l .PUNCH) 

S I n F T C  GLEN DECK 
COMMON NLTM*MLIM*TEMPEN*AFAREC*HREC*AFAEPS*HEPS* 

~ N E N E R G I F A C M A S I S I G R N D ~ S B D ~ P I ~ A R E C P I * A E P S P ~ *  
2ARPlH2*AEPlHP*COSMU(65) * w A T E ( 6 0 ) ' * S I G S C T ( 6 0 )  * S I H U C K ( 3 8 )  * , .  
~ N M U M A X I N M U M ~ ~ N M U M ? ~ N M I . I M ~ ~ G L N R E C * G I . N E P S ~  
~ N I N I * N F I N I N M U * R E C I S O ) * E P S ( ~ O ) * S K E ( ~ ~ ~ ~ ~ ~ ) *  
~ I D E N ~ E N E R G Y ( ~ ~ ) * E I N I ( P ~ ) ~ E F I N ~ ~ ~ ) ~ A F I E L D ( ~ ~ ) ~  
6 ~ A ~ 0 ~ ~ I G ~ 0 ( 8 7 r 8 8 ) r ~ I ~ ~ 1 ~ 8 ~ ~ ~ 8 ~ ~ S I d L 2 ( 8 1 ~ 8 0 ) ~ S I ~ L 3 ~ 8 7 ~ 0 8 ) *  
7 S E L P 0 ~ 9 O ) ~ S E L P 1 ~ 9 0 ) t S I N P 0 ~ 9 0 ~ ~ S I N P 1 ~ P 0 ) ~ S I N P 2 ~ 9 0 ~ ~ S I N P 3 ~ 9 0 ~ ~  
A S T O f ( 9 0 ' ) * S T R 1 ( 9 O ) * S T Q ? ( 9 n ) * S T R 3 1 9 h )  

COMMON N F G P ~ E N F E ~ P ( ~ ~ ) ~ N M I X M ~ ~ N M I X ~ I N C ) A M O Q E N O D M O ~ ~  . 
1 E N A @ M n * S I A R M O * S I Q A M O ( P O ) ~ N I S O M A ~ N T S O ~  

. E I N D A I S  ( 4 )  r I N D F I S ( 4 )  * E N O D I S t 4 )  * s I G s I s 1 6 )  * S I P l I S ( 4 )  * .  
3 E N A B T S ( 4 ~ ~ S I A R 1 S ( 4 ) r S I G A I S ( 4 ~ 9 0 ) ~ E N F T I S ~ 4 ~ ~ . S I F ~ I S ~ 4 ) ~ S I G F I S ~ 4 ~ 9 O ) *  
4 9 U C K l ~ E ~ N S P E C t S M A S C I l o ~ ) i S M A A B S ~ 9 O ) ~ S M A F I S ( 9 O ) * S O U R C € f ~ O ) ~  
~ S M A T R O ~ ~ ~ ) ~ S M A T R ~ ( ~ ~ ~ ~ S M A T R ~ ~ ~ ~ ) ~ ~ M A T R ~ ~ ~ ~ ~ ~ D I F C ~ F ~ ~ O ~ ~  
6NDFLIT*DIFLGl(lOn)rRCDFL2*DFLFO(9n)~sPMANO~90)* 
7f)FCOF I ( 9 0 )  * D F L G F l *  TRCORRIDFLRSO ( 9 0 )  
aDFCFY?(9O)  r B Z F ( 4 r 9 1 )  . R t F O L D ( 9 r ) )  * N R ~ I T ~ B ~ R S D ( ~ O )  

COMMON ~ F G * F G I N G D ( ~ ~ ) ~ F G P E I N * N F G P ~ ~ z ~ ) * E N I N w T ~ ~ o ~ ~  
~ F F P F ( ~ ~ ~ ~ ) * Q M O F G P ( ~ ~ ? ~ ) ~ R M O F G P ~ ~ * ~ O ) ~ R I S F G P ~ ~ * ~ ~ ~ O ) ~  
2 S E L O F G ( 2 O ) r S E L I F G ~ 2 O ) ~ P M O F G ( 4 ~ 2 O ~ ? O ) ~ F I S F G P ( 4 ~ 2 0 ) ~  
~ S R C F G P ( ~ O ) ~ Q M A C F G ( ~ * ? O ) * R M A C F G ( ~ * ~ ~ ) * P M A C F G ( ~ * ~ O * ~ O ) *  
~ F M A C F G ( ~ ~ ) ~ F S I J M ( ~ ) * Q S I J M ( ~ ) ~ R S I J M ( ~ ) ~ P S U M ~ ~ ) ~  . 
~ C K I I ) L ~ C K I D R ~ C K S U O L ~ C K S U O R ~ C K S I I ~ L ~ C K S U I R ~  
6CKSUZLrCKSU2RrCKSU3LrCKSU3RrJPRBNO*STRANDr 
~ S S M P R T ( ~ ~ ) ~ S P R T O T ( ~ O ) * F I S P R T ( ? ~ ) ~ P P R T ( ~ O ~ ~ O )  

COMMON N D F ~ ~ ~ D F L P I ~ ~ P ~ ~ C O R ~ D F ~ ~ F O ~ ~ ~ ~ ~ D F ~ ~ F ~ ( ~ ~ ) ~ D F ~ ~ R S ( R ~ )  
COMMON OFCOI 1 ( A 7 1  
R E A D ( l n r 1 )  ( A F I E L D t J )  * . J= l * l i ! )  

1  FORM4T ( 1 2 4 6 )  
WRITE ( 9 r R 0 1 )  

a 0 1  F O R M A T f 2 H l  ) 

w R I T E ( q e 1 )  ( A F I E L D ( J ) * J = 1 * 1 2 )  
R E A O ( ~ ~ ~ ~ ~ ~ ) I D E N I T E M ~ E N ~ C ~ A M O  

q O l  F O R M A T ( I ' l n r 2 E 2 0 m A )  
2 FORMAT (4E20.R)  

R F A D ( l O * Z ) A F A R E C * H R E C * A F A E P S * Y E P S  
R E A U ( l 0 r J ) N L I M  

3 F O R M A T ( I 1 0 )  
R E A o ( 1 0 ~ 4 )  ( R E C ( N )  * N o 1  r N L I M ) .  

4 FORMAT(4E1SrA )  
R E A O ( l O * S ) M L I M  

5 F O R M A T ( I 9 )  
r E 4 0 r  l n r h l  ( E P S l M l  rMm1eMLiM)  

6 FORMAT ( 4 E l 8 . 8 )  
R E A D ( l 0 * 7 ) N P R O D  

7  F O R M A T ( I 8 )  
00 R Nm1,NLIM 

Y n E A O ( l n t 9 )  ( S K E ( N ~ M )  ~ ~ 0 1  VMLIM) 
0 FORMAT ( 5 F 1 5 r A )  

~ R l , T E ( 9 r 9 0 2 ) S K E ( l  e l )  e S K E ( 2 9 1 )  .SKE tNLTM*ML IM)  
sn? FORMAT(lnH0SKE(lel)f*FlS.R*lnH S K F I Z I I ) = * E ~ S * R *  

1 1 6 H  S K E ( N L I M * M L I M ) U ~ E ~ , S . A ~  
. READ ( 1  0 *1) JPRRNO 

TNINCKe0 
REAUI IO I~ )NENFRG 
I F  (NENERG-87) 1 2 1 1 2 1 1 n  

1 0  w R I T E ( 9 t l l )  
11 FORMAy(17HnNENERG TO0 LARGE) 

T N T N t K 3 1  
1 2  I F  (NENERG) 1 3 r l 7 r l 5  
1 7  W R I T E  ( 9 9  1 4 )  
1 4  FORMAT(2OHONENERB NOT P O S I T I V E )  

l N l N C K a l * T N I N C K  
1 5  R E A D ( l n r 2 )  (ENERGy(N)  * N r l * N E N E R G )  

GLNCWP=ENERGY(NENERG) 



I F ( G L N C M P ) 9 5 1 t 9 5 1 * 9 5 >  
0 5 1  w R I T E ( 9 r Q 5 2 )  
0 5 2  FORMAT(2RHoLAST ENERGY LESS/EQUAL ZERO) 

lNTNCK* l+ IN INCK 
0 5 3  NRGLSlnNENERG-1 

nO 1 8  N o l r N R G L S l  
GLNCMPaENERGY1N)-ENERGY(N*l)  
T F ( G L N C M P ) 1 6 r l 6 r l 8  

1 6  NOIJTnN*l 
WRITEf9*17)NOUT 

1 7  F O R Y A T ( ~ H ~ E N E R G Y ( , I ~ * ~ S U  ) OUT OF ORDER) 
INTNCK=l * IN INCK 

18 CONTINUE 
Q E A D ( ~ ~ v ~ ) F A C Y A S  
I F  (FACMAS) 1 9 * 1 9 * ? 1  

1 9  W R I T E ( 9 * 2 0 )  
20 FORMAT(23HOFACMAS LESSlEQuAL ZERO) 

TNINCK=l+ININCK 
21 l F ( F A C M A S - l . ) 2 4 r ? 4 r 2 2  
22 WRITE ( 9 9 2 3 )  
23 FORMAT(24HOFACMAS GREATER THAN ON€) 

lNTNCK=l * IN INCK 
2 4  READ (10,Z) SIGBND 

I F t S I R B N 0 ) 2 5 r ? 5 t ? 7  
75 WPITE(9*?61  
26 FORMAT(23HOSIGRND LESS/EQUAL 7ERO) 

I N I N C K = l + I N I N C K  
2 7  SRD4PI=SIGBND/12.566371 

READ( 1 0 * 9 0 1 )  INSELR,BRGLIM 
TF ( INsELR)  3 0 r 3 2 r 2 0  

29 I F  1  INSELR-1) 3 0 1 3 2 r 3 0  
30 w R I T E ( 9 * 3 1 )  
31 FORYAT(17HnINSELR INrnRRECT) 

I N I N C K = l + I N I N c K  
32 I F ( I N S E L R ) 3 7 * 3 7 . 3 3  
3 3  R E A U f t O r ? )  (SELPn(N)*N=]*NENERG) 

no 3 6  NCIVNENERG 
GLNCMPrnSELPO(N) 
I F  IGLNCMP) 349 3dr7k 

3 4  W R I T E ( 9 r 3 5 ) N  
3 5  FORMAT(7HnSELP0(*13*11H ) NEGATIVE) 

ININCK=1+1NINCK 
36 CONTINIIE 

REA0(1012)  (SELP1 (N)  *N=I*NENERG) 
ti0 To 33 

3 7  DO 3R Nl l rNENERG 
SELPO f N)  m.0 

3 4  SELP1 ( N )  n.0 
39 T F t I N I N C K ) 4 0 * 5 0 r 4 0  
40  w R I T E ( 9 * 4 1 )  I N T N C K  
41 FORMAT(32HoINPUT THRll SELPl  CHECKED* ABOVE* 

1 1 3 * 3 1 H  EUUOMS FUIJND. PROBLEW STOPPEO.) 
STOP 

5 0  NPRSTG=~ 
CALL GLNFIR 
no s i  NINIU~~NENERG 

5 1  E I N I ( N 1 N I ) o E N E R G Y f N I N T )  
08 92 N F f  N n l  *NEWW6 

52 EFIN(NFIN)=ENERGY(NF~N)  
DO 0 0  NINI8 l rNENERG 
0 0  70  NFIN=NINIINFNERG 
DO 55 NMII=lmNMIJMAX 
G L N R E C = F A C M A S * ~ E I N I ( N T N I ) + ~ F I N ( N F ~ N )  

l-2,*((EINI(NINI)~EF1N(NFIN))*ae5)oCOSMU(NMU)) 
GLNEPSnEFIN(NF1N) -E IN I (N IN1)  
CALL RLNINT 
I F f N P R S I G ) 5 3 * 5 5 * 5 5  

5 3  w R I T E ( ~ ~ ~ ~ ) N I N I ~ N F I N ~ N M U I E I N I ~ N I N I ) ~  
IEFIN~NFIN) rCOSMUfNMU) vSIGSCTINMU) 

5 4  F O R M A T ( ~ H O N I N I S ~ I ~ ~ ~ H  NFIN.vI3mSH NMlJ-mIl* 
16H E l N I m t € l S a ~ * 6 H  E F 1 N = * E 1 S m A ~ T H  COSMU*mElJ~Bm 
2AH SIRSCT=rE15,8) 



ss CONTINUE 
56 S I G L O T ~ * O  

SIGLlTm.0 
S I G L E T ~ * O  
SIGLJTm.0, 

5 7  no SR ~ ~ u m . 1  *NMIIMI 
s I G M u L ~ s I Q s C T  (NMIJ) ~ W A T E  (NMU) 
SIGLOT=SIGLOT+SIGMUL 
SIGL~T~SIGLIT~SIGMUL~~COSMU~NMLI) 
sIGL~TISIGL~T*SIGMUL~ (3.*(COSHU(NMU) +)-I ;  1 

SR S I G L ~ T = S I Q L ~ T * S I G M U L * ~ S . Q ~ C O S M U ( N M U ) @ * ~ )  
1-3oOCOSMUINMU)) 

5 9  SIGLOCm.0 
SIGLlCo.0 
SIGLZC~.O 
SIGL3Cm.O 

6 0  no 6 1  NMUmNMUM2*NMUM3 
SIGMUL~STGSCT (NMIJ) OWATE (NMU) 
S IGLOC~SIGLOC*S~GMUL 
S T G L I C ~ S I G L I C ~ S I G M U L O C O S M U ~ N M U )  
S I G L ~ C ~ S ~ Q L ~ C * S I G M U L ~ ( ~ . * ( C O S M U ( N M U ) ~ * ~ ) - ~ * )  

61 S I O L ~ C ~ S I G L ~ C * S ~ ~ M U L O ( S . O ( C O S M U ( N M U ) * * ~ )  
1-3.*COSMU(NMU)) 

62  SlMUCK(3)o.O88AR888*SIGSCT(3) . . 
SIMUCK(8)~,17777778*~1GSCT(8) 
SIMUCK(13)~~17777778?SIGSCT~13) 
SIMUCK(18)~*17777778*SIQSCT(lA) 
~IM~CK(23)~.13333334~SIOSC~f23) 
SIMUCK(28)n.O666hh66?SIGSCT(2A) 
SIMUCK(33)=.04444444*SIGSCT(33) 
S I M U C K ( 3 A ) s , 0 2 2 2 2 2 2 2 i c S ! G S C T ( 3 R )  
DO 6 2 1  NMUcKs3r3A15 
SIGLOC=SIGLOC*SIMIlCK (NMUCK) 
SIGLlCoSIRLlC*SIMl ICK (NMUCK) aCOSMLI'(NMIICK') 
SIGLZCmSIGL2C*SIMIJCK (NMUCK) 

l * ( 3 . * ( C O S M U ( N M U C K ) * * 2 ) - 1 o )  
421 T I O L ~ C B S I G L ~ C * S I ~ I I C K ( N M U C K )  

I * ~ ~ . * ( C O S M U ( N M U C K ) * * ~ ) - ~ ~ * C O S H U ( N M U C K ) )  
t F ( A R S ( S f G L O T ) - l . E - O 6 ) 6 6 r 6 3  

6 3  FRCDFOnABS(1.-SIGLOC/SIGLOT) 
TF(FRCDFn-.01)66r66*64 

6 4  N R T T E ( ~ ~ ~ ~ ) N I N I * N F I N ~ I N I ( N I N J ) ~ E F I N ( N F I N ) ~ S I G L O T ~ F R C O F ~  
65 F O R M A T ( ~ H O N I N I = * ! ~ * ~ H  N F I N p + I J + 6 H  E I N I = 9 E 1 5 , 8 $  

l i r H  E F I N ~ * E ~ S . B I A H  SIGl .OTm~ElS.8*8H FRCDFO.rE15.8) 
6 6  SIGL~(NINIrNFIN)=6.2A31853*SIOL0T 

TF(ARS(SIGL1T)-l.E-06)70~70~67 
6 7  FRCDFI=ARS(l.-SIGLlC/SIGL\T) . - 

I F fFRCOF1- ,02)70r70*68  
6A w R I T F ( ~ ~ ~ ~ ) N I N I I N F I N ~ E I N I  ( N I N I )  rEF IN(NF1N)  * S I G L ~ ~ , F R C Q F ~  
6 9  FORMAT(6HONINIa*T3*6H N F I N a r I 3 r 6 H  E I N I s * E 1 5 . 8 r  

1hH E F I M ~ ~ E ~ S . R I A H  S I G L I T ~ ~ E ~ S . A I R H  ,FRCDFl=eElS.B) 
70  S I G L I  (NINI*NF1N)n6.2~31853*SI~Lll 

tF(ARS(S1GL2T)-l,E-Oh)74~74*71 
7 1  FRCDF?=ARS(lr-SIGL2C/SIGL2T) 

I F ( F R C n F 2 - . 0 4 ) 7 4 * 7 4 * 7 ?  
72 w R I T E ( ~ * ~ ~ ) N I N I * N F I N , E I N I  ( N I N I )  * E F I N ( N F I N )  * S I G L Z T * F R C O F ~  
7 3  F O R M A T ( 6 H O N I N I ~ r 1 3 r 6 H  NFINm*13r6H EINImtE15.8*  , 

I h H  k'FIN**ElS.R*BH SIGL2fa rE15 .8 tBH FRCOF2urElS.8) 
74  SIGL2(NINI,NFIN)n3,1415927*SIGL2T 

IF ( A B S ( S I G L ~ T ) - ~ . E - O ~ ) ~ A * ~ R * T ~  
7 5  F R C D F 3 ~ A R S ( l . - S I G L 3 C / S I G L V )  

IF(FRCDF3-.08)78.78*76 
7 6  WRITE ( 9 ~ 7 7 ) N l N I  * N F I N * E I N I  ( N I N I ) r E F I N ( N F I N )  * S I G L ~ T , F R C D F ~  
7 7  F O R M ~ T ( ~ H O W I N I U * I ~ ~ ~ H  N F I N o r I 7 * 6 H  E I ~ f n r E 1 5 . 8 r  

1bH E F I N U * E ~ S . R . ~ H  S I G L ~ T U * E ~ ~ . B * B H  FRCOF3.*E15.8) 
7A SIGL3(NINI~NFIN)n3.1415927*SI(?L3T 
7 9  CONTINUE ' 

An CONTINUE 
no H? NINIa2*NENERG 
NINLSI  mNIN1-1 
no A 1  N F I N o ~ * N I N L S ~  



D H F A C ~ S ~ E F I N ~ N F I N ) ~ E I N I ~ N I N I ~ ~ ~ E X P ~ ~ E I N I ~ N I N I ~  
I - E F I N f N F T N I  /TEMPEN) 

s I t L 0  ~ N I N I ~ N F I N ) . D B F ~ c T ~ I G L ~ ~ N F I N * N I N I T  
S I G L I ~ N I N I ~ N F I N ) ~ D B F A C T Q S I G L ~ ~ N F X N ~ N I N I )  
S I G L ~ ( N I N I ~ N F I N ) S D R F ~ C T Q S I G L ~ ~ N F I N ~ N I N I I  
s I G L ~ ( N I N ~ ~ N F I N ) ~ O B F ~ C T ~ S I G L ~ ( N F I N ' ~ N ~ N I )  

A1 CONTINUE 
P? CONTINUE 

TF f IDEN) A21 r 8 9 r 8 2 1  
Q 2 1  no 8e NslrNENERG 

G L N C M P = E N E R G Y ~ N ) - R R G ~ I M  
I F  fGLNCMP?RAr8Br?22 

nP2 A E L S T C ~ ~ . O F A C M A S O G A M O ~ E N E R G Y ( N )  
S F ( A E L S T C - . O O O ~ ) A ~ ~ B ~ ~ R ~  

8 3  s E L P ~ ( N ) ~ S E L P O ( N ) * S I G R N D  
GO TO 85 

A4 SELPo fN)=SELPo f N) 
1 6  . S Q S T G R N D ~ . ~  1 .-EXP ~ : - ~ . ~ A E L s T . c )  ) /AELSTC 

G O  10 RH 
A 7  SELPI (N)  ZSELPI (N) .  ' 

1*.5QSIGRNDe f . f ' i .  +AE'LSTC) QEXP f - 2 . b ~ ~ ~ ~ ~ ~ )  *AELS?C-1 ..I 
Z / ~ A E L S T C ~ ~ Z )  

RR CONTINUE 
8 9  NERGPlrNENERG+l 

ENERGY (NERGPl) o.0 
FINIINERGPI)*,O 
EFIN(NERGP~)P.O 
DO 91 NmlrNENERG . 
E N W T ~ = . ~ ~ ~ E N E R G Y ~ ~ ) - F N E R G Y ( ~ ) )  
SINPO fN)  oENWT1"TGLO:fNrl) 
S I N P I  f N ) a E N W T I Q S I G L l ~ N ~ l )  
S I N P ? ( N ) . E N W T ~ O S T G L ~ ( N * ~ )  
SINP3fN)nENWTloSIGL3fN*l) 
DO 9 0  Ja2rNENERG 
ENWT2=.5*!ENERGY f ,J-1 )-ENERGY ! . . I*  1 \ ) 
STNPO ( N )  ISINP~ ( N )  +ENW.TEOSIGLO ( N * J )  
$IHPi i 1 J ) m S I I r l P i  i l d !+FWidTpSIOL i  IIJ+JJ 
S I N P E f N ) = S I N P t f N ) + E N W T 2 Q S I G L i ! f N ~ J )  

9 0  SINP3fN)eSINP3(N)+ENWTZaSIGL3(NrJ) 
S T O ~  ( M )  PSTNPO ~ Y ) + S E L P W  
S T Q l  (N)mS?QT (N)-SINP~ ~ N ) - $ E L P ~  (N)  
STR2 I N )  nSTOT fN) -S INPX(N)  

91  STR3 (N)  ISTOT ( N I  -SINPJ(N) 
CALL GLNRIT 

C TO OMIT CALCULATION OF ANALYTIC CHECK I N  GLEN 
CALL BLFEGP 
STOP 
END 

I I R F T C  GLNI DECK 
SURROUTINE GLNFIR 
CnMMON N L I Y ~ M L I M I T E M P E N ~ A F A Q E G ~ H R E C ~ A F A E P S ~ H E P S ~  

~ N E N E R G ~ F A C M A S I S I G R N D I S R D ~ P I ~ A R E C P ~ * A E P S P ~ *  
~ A R P ~ H ~ ~ A E P ~ H E I C O S M U ~  h n )  d A T E  ( 6 0 1  9SIGSCT ( 6 0 )  ~SIMUCK f 3 8 )  
3NMUMAXrNMUMlrNMUM?.NMUM3rGLNRECIOLNEPS* 
4NINIrNFINrNMUrREC(5O)rEPSf5O)~SKEf51~Sl)m 
SIDENrENERGYf9l)rEINI~91)~EFIN(91)~AFIELD(l2)m 
~ G A M O ~ S ~ O L O ~ ~ ~ ~ A B ) ~ S I G L ~ ~ R ~ * A ~ ) * S I R L ~ I A ~ ~ ~ ~ S I ~ L ~ ~ ~ ~ ~ ~ ~ ) ~  
7SELPOf90)~SELP1f9n)~9lNPOf9O~~SINP1fOn)~SINP2~9o)rSINP3~9n~~ 
~ S T O T ~ ~ ~ ) ~ S T R ~ ~ ~ O ) ~ S T R ? ~ ~ O ~ ~ S T R ~ ~ ~ ~ )  



COMMON N F G P ~ E N F E c P ( ~ ~ ) ~ N M I x M A ; N M I x ~ I N O A M O * E N O D M O ~  
~ E N A B M O ~ S I A B M O I S I R A M O ( ~ O ) ~ N I S O M A ~ N I S O ~  
2 I N n A I S ( 4 )  r I N D F I S ( 4 )  t E N O D I S ( 4 )  v S I G S I S ( 4 )  e S I P l I S ( 4 ) ;  
~ E N A R I S ( ~ ) ~ S I A B I S ( ~ ) ~ S I ~ A T S ( ~ ~ ~ ~ ) ~ F N F I I S ~ ~ ~ ~ S ~ F ~ I S ( ~ ) ~ S I ~ F T S ( ~ ~ ~ O ) ~  
~ ~ U C K L E * N S P E C ~ S M A S C ~ ( ~ ~ ) ~ S M A A B S ( P ~ ~ ~ S M A F ~ S ( ~ O ) ~ S O U R C E ( ~ O ) ~  
S S M A T R O ( ~ ~ ) ~ S M A T R ~ ( ~ O ~ ~ S M A T R ~ ( Q O ) ~ S M A T R ~ ~ ~ ~ ) * D I F C ~ F ( ~ O ) ~  
6NOFLIT*OIFLGT( l00) rRCDFL2tDFLF0(9nl tSPMANO(90) *  
~ D F C O F I ( ~ O ) * O F L G F I I T ~ C O R R * D F L R S D ( ~ ~ ) V  
A ~ F C F R ? ( ~ O ) * R % F ( ~ * P ~ ) ~ R ? F O L O ( ~ ~ ) ~ N R ~ I T I R ~ R S D ( ~ O ~  

COMMON M F G * F G I N G D ( 9 l ) r F G P E I N I N F G P L ( 2 l ) ~ E N I N W T ( O 0 ) *  
1 F C I P F ( 4 r 2 0 ) ~ Q M O F ( I P ( 4 r 2 ~ ) . r R M O F G P ( 4 r 2 O ) r R I S F G P ( 4 r 4 ~ 2 0 ) *  
2 S E L O F G l 2 0 ) * S E L 1 F G ( 2 O ) * P M O F G ( 4 ~ 2 n ~ i , O ) ~ F I S F G P ( 4 ~ 2 0 ) ~  
~ S R C F G P ( ~ ~ ) * Q M ~ C F G ( ~ * F ~ ) * R M A C F G ~ ~ * ~ ! O ) * P ~ A C F G ( ~ * ~ ~ ~ ~ O ) *  
b F M A C F G ( 2 0 )  V F S U M ( 6 )  * 0 S I I J M ( 4 )  * R S l . I M ( 4 )  , P S t J M ( 4 )  * 
~ C K ~ D L ~ C K ~ ~ ~ R ~ C K S U O L ~ C K S I J O R ~ C K S I J ~ L ~ C K S I ~ ~ R *  
~ S , K S ~ ; I L ~ C K S ~ J ~ R ~ C K $ U ~ L ; ( I K S U ~ R ~ J P R R N O ~ S T R A N D ~  
7 S S M P R T ( 2 O ) * S P R T O T ( 2 0 ) * F I S P R T ( ? 0 ) * P P R T ( 4 0 ~ 2 0 )  

COMMON N O F ~ ~ ~ ~ F L P ~ ~ ~ P ~ ~ C O R ~ D F ~ ~ F O ~ ~ ~ ) ~ D F ~ ~ F ~ ~ A ~ ) ~ D F ~ ~ R S ~ ~ ~ ~  
COMMON D F C O l l ( R 7 )  

1 A R E C P l  r A F A R E C + l .  
A E P S P l = A F A E P S * l *  
~ R P ~ H ~ = A R E C P ~ * ( H R E C ~ )  
A E P ~ H ? ~ A E P S P ~ ~ ( H E P S ~ ~ ~ )  

2 N L I M P l o N L I M * l  
M L . I M P l = M L I M * l  

3 D O  4  M = l * M L I M P l  
4  S K E ( W L I M P 1  * M ) n . O  
5 no 6 N r l r N L I M  
h S K E ( N * M L I M P l ) n , O  
7  COSMIJ ( 1  ) a - . 9 9 0 6 1 7 9 R  

COSMU f  2 )  =-.95384693 
C O S M U ( 3 )  n - -9  
C O S Y U ( 4 ) n - . 8 4 6 1 5 3 0 7  
COSMIJ ( 5 )  = - . 8 0 9 3 8 z n z  
C O S M U ( 6 ) o - . 7 A 1 2 3 5 9 7  
C O S M 1 1 ( 7 )  =-. 7 0 7 6 9 3 9 6  
C O S M L J ( A )  nm.6 
C O S M U ( ~ )  B - , 4 9 ? 3 0 6 1 4  
COSMIJ ( 1 0 )  O - e 4 1 A 7 6 4 0 3  
C O S M l J (  1 1 ) s - . 3 8 1 2 3 5 9 7  
C O S M U ( 1 2 ) = - . 3 O 7 6 9 3 8 6  
C O S M l J ( l 3 )  a=.% I 

C O S M C 1 ( 1 4 ) n - , 0 9 ? 3 f l h l 4  
C O S M 0 1 1 5 ) ~ - e 0 l R 7 6 4 0 3  
t O S M l I (  1 6 ) o . 0 1 8 7 6 6 n 3  
COSMIJ ( 1 7 ) s e 0 9 2 3 0 6 1 4  
C O S M l J ( 1 8 ) = . ; ?  
CT)SM(I ( 1 9 )  = . 3 0 7 6 9 m  
t O S M U ( Z O ) = . 3 U 1 ? 3 5 9 7  
C O S M I J ! ? l ) ~ . 4 1 4 n 7 3 0 2  
C O S Y U  (22)  ~ o 4 6 9 2 2 9 6 0  
C O S M t J ( 2 3 )  n.55 
C O S M ~ ( ' 2 4 ) = . 6 3 0 7 7 0 6 0  
C O S M l J ( 2 5 )  0,68592698 
COSMlJ (26 )  r . 7 0 7 0 3 6 5 1  
C O S M U ( 2 7 )  7 . 7 3 4 6 1 4 R O  
COSMLJ ( 2 8 )  o, 775 
C O S M 1 1 ( 2 9 ) n . B 1 5 3 R 5 ? 0  
C O S M u ( 3 0 ) = . A 4 ? 9 6 3 4 9  
C O S M l j ( 3 1 )  = . R 5 4 6 Q l n 1  
COSWO ( 3 2 )  m e 8 7 3 0 7 6 5 3  
COSMI! ( 3 3 1 n . 9 0  
COSMU f  3 4 1  n o 9 2 6 9 2 3 4 7  
COSMU ( 3 5 )  ~ r 9 4 5 3 0 A 9 9  
COSMU f  36) 0 . 9 5 2 3 4 5 5 0  
C O S W J  ( 3 7 1  = . 9 6 1 5 3 R ? 7  
C O S Y U f 3 8 ) * . 9 7 5  
t 0 S M 1 1  t 39) n . 9 A A 4 6 1 . 7 3  . 
COSY11 ( 4 0 )  n . 9 9 7 6 5 4 5 0  
~ A T E ( I ) ~ . O 2 3 6 9 2 6 9  
M A T E  ( 2 )  = , 0 4 7 8 6 2 8 7 .  



000137 
000141 
000142 
000143 
000145 
000146 
000150 
000151 
oon152 
000153 
000154 " 
000155 
000156 
000157 
000160 
000161 
000162 
000163 
000164 
000165 
000167 
0 0 0 1 ~ 0  
nnni  ti, 
000 173 
000174 
000176 
000177 
OOOP0l 
000202 
000203 
000205 
000206 
00021 0 
00021 1 
000212 
000214 
00651 5 
000216 
000217 
000221 
000222 
000224 
00CIPP5 
000227 
000230 
000232 
000233 
000235 
000236 
000240 
OOOi?41 
000243 
000244 
000246 
006247 
000251 
000252 
000253 
000255 
000256 
000260 
000261 
000263 
000264 
000206 
000267 
000271 
000272 
000273 
000274 
000279 

wATE ( 3 )  r.056888UU 
WATE ( 4 )  =.04786?A7 
UATE ( 5 )  ~ ~ 0 2 3 6 9 2 6 9  

' wATE ( 6 )  r .04738537 ' 

wATE ( 7 )  =.09572574 
wA~Ef9 )= .11377779  
wATE ( 9 )  =.09572574 
WATE f 10)  =.04738537 
WATE t 1.1) q,0473A537 
wATE ( 12)  m.09572574 . . 
wATE(13)?.11377778 
wA'TE ( 1 4 )  8 ,09572574 
wATE f 15 )  a.04738537 
MATE ( 1 6 )  4.047313537 
wATE f 17 ) ,~ ;09572574  
~ATE(19 )? .1137777B 

, WAfE f 1.91 0.09572574 
w A ~ E f 2 0 ) ~ . 0 4 7 3 A 5 3 7  
~ A T E t 2 1 ) ? . 0 3 5 5 3 9 0 3  
wATE(??) 00071:79430 ' 

wATE ( ? 3 )  q.08533334 ' 
wAlE ( 2 4 )  r .0717943n 
w A t & f ? F ~ u , f I ? S G 7 4 0 ~  
wATE ( ? 6 )  m.01776952 
wATE (27') n.03589715 
wATE ( 2 8 )  *a04266666 
wATE(t9)o.o'3589715 
WATE(3n)q,01776952 
~ATE(31 . )= .01 lA463S  
wA~E(32 )= .02393143  
CAT€ ( 3 3 )  n.02844444 
wATE ( 3 6 )  3.02393143 
w & ~ E ( 3 5 ) ~ , O 1 1 8 4 6 3 S  
wATE ( 3 6 )  q.00592517 
WATE(37)beO119657? 
wATE(3R)=,01422222 
~ n T C ( 3 9 )  a .Ol l9697? 
~ A T E 1 6 0 ) = . 0 0 5 9 2 3 1 7  
COSMlJ f 4 1 ) 1-. 97745967 

' COSMU(62)n-.822S4033 , 

' COSMu(43)=-.7549i934 
CUSMUf44)m-.44508066 
e o s w  ( 4 5 )  S-. 35491934 
COSMU(46).-e045ORO66 
COSMlJ ( 4 7 )  me04500066 , 

COSMu (4R)  8.35491934 
COSMIJ ( 4 9 )  a.43381050 
COSMlJ(50) =.66618950 
COSM~(51)= .71690525 
c o s M u t s ~ ) = . 8 3 3 n 9 ~ 7 ~  
COSMU(53)me86127017 
COSWUIS4)reWYB729A3 
COSMb1(55)m.955635OR 
COSMU f 5 6 )  80994364Q2 
w A T t ( 4 1 i ~ ~ 6 5 5 5 5 5 5 6  
uATE l h Z ?  =.05555556 
~ ~ l E ~ 4 3 ) ~ ~ l l l l l l l l  
w A ~ E f 4 4 ) i . l l l l l l l l  
~ A l E ~ 4 5 ) ~ ~ l l l l l l l l  
W A T E ( 4 6 ) . e l l l l l l l l  
~ A l E f 4 7 ) ~ . 1 1 1 1 1 1 1 1  
w ~ ~ E ~ 4 ~ ) = . i i i i i i i i  
W A  IE ' (4Y)  8.08333333 
wATE(50)=.08333333 
wATE f 5 1 ) ~ . 0 4 1 6 6 6 6 7  
wATE (52 ) r .04166667  
wATE(53)..0277777R 
wATE ( 5 4 )  .e0277777R 
WATE ( 5 5 ) ~ e 0 1 3 0 8 8 0 9  
wATE ( 5 3 )  r, 01388889 
NMUMAXm56 



NMUMI 8 4 0  
NMuM2.4 1 
NMUM3rS6 

A T F f H E P S ) l 2 * 1 2 t 9  
P DO 10  N m l r N L I M  

DO I n  MmleMLIM 
10 SKE(N.M).(EXP(EPS(M) ITEMPEN) ) ~ S K E ' ~ N * M )  

HEPSm-HEBS 
0 0  11 Mo19MLIM 

11 EPS(M) =-EPS(M) 
1 2  RETURN 

END 

SIRFTC GLN2 DECK 
SURROUTINE GLNINT 
COMMON N L I M ~ M L ~ M ~ T E M P E N ~ A F A R E C ~ H R E C ~ A F A E P S ~ ~ H E P ~ ~  

~NENERGIFACMASIS ICRNDISRD~P~ * A R E c P ~ * A E P S P ~  * 
2ARPlHE*AEPlH2*COSMU(60) *wATE((50) ~ S I G S C T ( 6 0 )  ~ S I M U C K ( ~ ~ ) ,  
3NMUMAXeNMUMlrNMUM2rNMIJM3rQLNRECrGLNEPSr 
4 N I N I  oNFfN*NMUrREC(SO) eEPS(50) *SKE, (5 l r51)  * 
5IDENeENERGy ( 9 1 )  * F I N 1  (91)  r E F I N ( 9 1 )  ,AFIELD~I~) * 
~ G A M O ~ S ~ G L O ~ ~ ~ ~ B O ) ~ S I G L ~ ~ ~ ~ ~ A ~ ~ * S I G L ~ ~ ~ T ~ ~ ~ ) ~ ~ I ~ L ~ ' ~ ~ ~ * ~ ~ ) ~  
~ S E L P ~ ~ Q O )  ~ S E L P ~  ( 9 0 )  ~SINPO ( 9 0 )  ~ S I N P ~  ( 9 0 )  * S I N P ~ ( ~ O )  S S I N P ~ ( ~ ~ )  * 
~ S T O T ( P O ) ~ S T R ~ ( ~ ~ ) ~ S ~ R ~ ~ ~ O ) ~ S T R ~ ( ~ ~ )  

COMMON N F Q P ~ E N F E G P ~ Z I ) ~ N M I X M A ; N M I I ~ I ~ D A M O ~ E N O O M O ,  
lENABMO~S1ABMOtSIGAMOf9O~rNISOMA~NISOr , 

 IND DAIS^^) r INDFIS~O) ~ENODIS~~) ~ s I G s I s ( ~ )  e $ I p l I ~ ( 4 \ ;  
~ E N A B ~ S ~ ~ ) ~ S I A ~ I S ~ ~ ) ~ S I Q A I S ~ ~ ~ O O ~ ~ E N F I I S ~ ~ ~ ~ ~ S I F ~ I S ~ ~ ~ ~ S I ~ F I S ~ ~ ~ ~ O ~ ~  
~ ~ U C K L E ~ N S P E C ~ S M A S C T ~ O ~ ~ ~ S M A A B S ~ ~ O ~ ~ ~ M A F ~ ~ ~ ~ O ~ ~ ~ O U R C ~ ~ ~ ~ ~ ~  
5SMATR0 ( 9 0 )  ~ S M A T R ~  ( 9 0 )  9SM4TR2(9p) *SMATR3(90) *D IFCOF(90)  * 
~ N D F L I T ~ O I F L G T ( ~ O ~ ) ~ R C D F L Z I D F L F O ~ ~ O ) ~ S P M A N O ~ ~ O ) *  
~ D F C O F I ( ~ O ) ~ D F L G F ~ ~ T R C O R R ~ D F L R S D ( ~ ~ ) *  
A D F C F R E . ( ~ O ) * B ~ F ( ~ ~ ~ ~ ) ~ R ~ F O L D ( ~ ~ ) , N R ~ I T ~ R ~ R S D ( ~ O )  

COMMON M F G ~ F G ~ N G D ( ~ ~ ) ~ F G P E I N ~ N F ~ P L ( E ~ ) ~ E N I N W T ( ~ ~ ~ ~ ~  
l F G P F f 4 r 2 0 )  rQMOFGP(4vEF) *RMOFGPf4*20) 9 R I S F G P ( 4 * 4 e 2 0 )  v 
~ S E L O F G ( ~ O ) ~ S E L ~ F G ( ~ ~ ~ ~ P M O F G ~ ~ ; ~ ~ ~ * ~ O ) ~ F ~ S F G ~ ~ ~ ~ ~ ~ ! ~  

' ~ S R C F O P ( Z O ) Q Q M A C F G ( ~ * ~ ~ ) * R M A C F G ( ~ ~ ~ ~ ) ~ P M A C F G ~ ~ ~ ~ ~ ~ ~ O ) *  
4FMACFGt20)rFSUM(4)rQSUM(4)*RSUM(4)rPSUMf4)* ' 
~ C K I D L ~ C K I D R ~ C K S U O L * C I ( S U O R ~ C K S U ~ L ~ C K S U ~ R *  
~ C K S U ~ L ~ C K S U ~ R ~ C K S L J J L ~ C K S U ~ R ~ J P A B N O * S T R A N D ;  
~ s S M P R T ( ~ ~ ) ~ S P R T O T ( ~ O ) ~ F I S P R T ( ~ O ) ~ P P R T ~ ~ O ~ ? O )  ' 

c O M M ~ N  N D F ~ ~ ~ ~ F L P ~ ~ ~ P ~ ~ C ~ R ~ D F ~ ~ F O ~ ~ ~ ~ ~ D F ~ ~ F ~ ~ ~ ~ ~ ~ D F ~ ~ R S ~ R ~ ~  
COMMON O F C O l l f B 7 )  

1 N=2 
2 GLNCMPmREC (N)  
3 IF(GLNREC-GLNCMP)~*~;S 
4 NGLNoN-1 

GO TO R 
5 I F  f N - N L I M ) 6 * 7 r 7  
6 N n N t l  

GO TO 2 
7 SIGSCT(NHUI=.o 

RETURN 
R ,  M a 2  

dRGLNP=AES(GLNEPS) 
9 GLNCMPnABS(EPS(M)) 

i n  I F ( A B c L N P - G L N C M P ) ~ ~ ~ ~ ~ * ~ ~  
1 1  MGLNuM-1 

GO TO 1 5  
1 2  I 'FtM-MLIM) 13,149 1 4  
1 3  M.M.1 

0 0  TO 9 
1 4  s~GSCT (NMU)=.0 

RETURN 



1 5  I F ( I D E N ) 2 0 r 1 6 r 2 0  
16 I F ( N G L N - l ) 1 7 r l 7 * 2 0  
1 7  I F t G L N R E C ) 1 8 g 1 8 r l Q  
1 8  SIGSCT (NMU).*n 

RETURN 
19 A M T ~ s ~ . / ( ( ~ ~ . ~ ~ ~ ~ ~ ~ . o L N R E C @ T E M P E N ~ ~ ~ , S )  

A M T ~ = ( G L N E P S * G L N R E C ) ~ ~ ~  
AMT~u~*OGLNREC~TEMPEN 
s I G S C T ~ N M U ) ~ ( S R D ~ P I ) ~ (  (EFIN(NF1N) / E I N I  ( N I N I )  ) e e 9 5 )  

l6AMf  ~ ~ E X P  ( - A M ~ ~ / A M T ~ ~  ' 

RE1 URN 
2 0  NGLNLluNGLN-1 

NGLZLIoZONGLN-1 
2 1  GLCFoaGLNREC-REC(NGLNI 

GLCFl rGLCFO/ (HREC* f A F ~ R E C ~ ~ N G L N L ~ ~  
GLCF2nGLCFOO(GLNREC-RECfNGLN*l)) 

1 ./ f APP1 Hz* (AFAREC*oNGL?Ll) ) 
' 

2 2  S G L N O E S K E ~ N G L N ~ M G L N ) + G ~ C F ~ * ~ S K E ( N G L N + ~ ~ M G L N ~  
1 -5KE (NGLN,aMGLN) ) tGICFZQ (SKE (YGLN&%*MGCN! 
~ - A R E C P ~ * ~ K E ( N G L N ~ ~ ; M G L N ) * A F A H F _ C ~ S R ~ I N B L N ~ M O L N I ~  
s O L ~ I = S K E ( N G L N ~ M G L N * ~ ) + G L C F ~ ~ ( S K E ( N G L N + ~ ~ M G L N + ~ ~  

1 - s ~ ~  (NGLNIMGLN*~) ) +(3l1Cf2* ~ s K E : ~ N G L N * ~ ; M o L N + ~ )  
~ , A R E C P ~ * ~ K E ( N G ~ ~ N ~ ~ , M G L N * ~ ) ~ A F ~ R E C ~ S K E ~ N G L N ~ ~ G L N + ~ ~ )  

SBil42sSKL (,NOLN+MBLN-?) vO&CFlQ (9KE ( N G L M  *MGLN+ZI 
l -SKEfNGLN~MGLN+2))*Gl.CF2*(SKE(NGLN*2rMGLN+Z) 
Z ~ A R E C P ~ * S K E ( N G L N + ~ * M G ~ N * ~ ) * A F A R E C O S K E ( N G L N * M G L N * ~ ) )  

23 MCLNLlsMGLN-1 
M O L ~ L ~ = ~ O M G C N - ~  

2 4  GLCFjr?rGLNEPS-EPsfMGLN) 
G L c F ~ ~ = G L c F ~ o / ( H E P s * ( ~ F A E P s ~ ~ M G L N ~ ~ ) ~  
G L C F I ~ ~ G L C F ~ ~ ~ ( G L N E P S - E P S ( M G L N * ~ ) )  

1 / f 4EPI H2a ( AFAEPSaoMGLXl)  ) 
25 SGLN=SGLN0 

l+GLCFl lo fSGLNl -SGLNO)  
~ + G L c F ~ ~ ~ ( s G L N ~ ~ A E P s P ~ * s G L N ~ + A F A E P s ~ S C L N O )  

T F  (SGLN) 2 7 r 2 B r i A  
2 7  S G L . N ~ . ~  
2 A  s ~ G S C T ( N M U ) ~ ( S B D ~ P I ) ~ (  ( E F I N ( N F I N ) / E I N I  ( ~ 1 ~ 1 )  ) & * * s )  

i'90LlJ 
RETURN 
r N D  ' 

SIRFTC GLN3 DECK 
SURROUTINE GLNRIT 
COMMON N L I M ~ M L I M . T E M P E N * A F A R E C ~ H R E C ~ A F A E P S ~ H E P S *  

~ N E N E R G I F A C M A S I S I G R N D ~ S R D ~ P I ~ A R E C P I ~ A E P S P ~ ~  
ZARPlH?m9EPlH2mCOSMU(6~) guATE(4Q) *$IQSCT ( 6 0 )  e ~ ~ W . l ~ ~  (38; 
3NMUMAXrNMUMlrNMUMZrNMIIM3rGLNREC*GLNEPSr 
4 ~ 1 ~ 1  INFININMU~REC( 5 0 )  mEpS(50) ; S ~ E : ( 5 1 * 5 1 )  * 
S I D E N ~ E N E R ~ Y ( Q ~ ) ~ F I N I ~ ~ ~ ) ~ E F ~ N , ~ ~ ~ ~ ~ A F ~ E L D ~ ~ ~ ) ~  

, 6GAMO*SIGL0(87988)  rS ICIL1(87*8A? * S I C , L 2 ( 8 ? * 8 8 I  r ~ 1 G L j l 8 7 r ~ 8 )  r 
TSELPO (YO). rSELP1(90)  vS INP0(90)  * S I N P I  ( 9 0 )  t91fdPZ(90)  tSl,NP3(90,) m 
8STOT(90)  r S l R 1  (901  * S T f ? % ( 9 0 )  ~ s T ~ 3 ( 9 0 )  

COMMON N F G P ~ E N F E G P ( ~ ~ ) ~ N M I X M A ; N M I X ~ I N O A M O ~ E N O D M O ~  
~ E N A B W O I S I A B M O ~ S I G A M O ~ Q O ~ ~ N I S O M A ~ N ~ S O ~  
2INDAIS(4)rINDFIS(4)~ENODIS(4~~SIGSIS(4)~SIPlIS(4~~ 
~ E N A B I S ( ~ ) ~ S I ~ R I S ~ ~ ) ~ S I G A I S ( ~ ~ ~ O ) ~ E N ~ I ~ S ~ ~ ~ ~ ~ ~ F I ~ S ~ ~ ~ ~ S I ~ F ~ S ~ ~ ~ ~ O ) ~  
~RUCKLE~NSPEC~SMASCT (QO) r SMAABS (90 )  9SMAFIS ( 9 0 )  ,SOURCE (90') 9 
S S M A ? R ~ ( ~ O )  *SMA,TRl ( 9 0 )  .SMATR2(90l  eSMAtR3f90)  *D IFCOFf90)  
~ N D F L I T ~ D I F L G T ( ~ ~ O ) ~ F L ~ ~ D F L F O ( ~ O ) ~ S P M A N O ( ~ O ) ~  
~ D F C O F I ( ~ O ) ~ D F L G F ~ ~ T ~ C ~ R R ~ D F L R S D ~ ~ ~ ) ~  
~ D F C F B ~ ( ~ ~ ) ~ B ~ F ( ~ ~ ~ ~ ) ~ R ~ F O L D ~ ~ ~ ) ~ N ~ ~ I ~ ~ R S D ( ~ O )  

COMMON M F G ~ F G I N Q D ( ~ ~ ~ ~ F Q P E I N ~ N F Q P L ( ~ ~ ) ~ E N I N w T ( ~ ~ ) ~  
~ F G P F ( ~ ~ ~ ~ ) ~ Q M O F Q P ( ~ ~ ~ O ) ~ R M O F Q P ( ~ ~ ~ O ) ~ R I ~ ~ Q P ( ~ ~ ~ ~ ~ O ) ~  
~ ! ~ E L O F G ( Z ~ )  t S E L l F G ( 2 0 )  *PMOFQ(4*20*20)  *F ISFQP(4a20?  r 
~ S R C F . G P ( ~ O ) ~ Q ~ A C F ~ ( ~ ~ ~ O ) ~ R M A C F G ( ~ ~ Z O ) ~ P M A C F Q ( ~ ~ ~ O ~ ~ O ) O  , 



4FMACFG(20) *FSUMf4) rQSItM(4) eRSUM(4) ePSUMI4) 
S C K I O L ~ C K I D R ~ C K S U ~ L I C K S U O R ~ C K S ~ J ~ L ~ C K S U ~ R ~  
~ c K S U Z L * C K S U ~ R * C K S ~ J ~ L ~ C K S U ~ R ~ J P R B N . O * S ~ R A N D *  
~ S S M P R T ( ~ ~ ) ~ S P R T O ~ ~ ~ O ) ~ F I S P R T ~ ~ O ~ ~ P P R T ( ~ O * ~ O )  

COMMON N D F l l r D F L P I  l * P l  ~ C O R * D F ~  l F o i 8 7 )  * b F l l F 1 ( 8 7 )  ; D F l l ~ S ( 8 7 )  
COMMON D F C O l l ( B 7 )  
w R I T E ( ~ I ~ ) I D E N * T E M P E N I G A M O  

1  FORMAT(6HOIDENo*I3*8H TEMPEN.;EIS.B~~H GAMOmtE15.8) 
wRITE(~ I~ )NENERG 

Z FORMAT(AHONENERGotI3) 
WRITE ( 9 9 3 )  . 

3 FORMAT(l4HO N  ENFRGV) 
w R I T E ( 9 t 4 )  ( N I E N E R G Y ( N ) * N ~ ~ * N E N E R G )  

4  FORMbT(I3.ElS.R) 
WRITE ( 9 9 5 )  FACMAS , 

5 F O R M A T ( ~ H ~ F A C M A S = * E ~ ~ . ~ )  
WRITE (9 rh )S IGBND 

6 FOWMAT(~HOSIGRND=.E~S,R) 
WRITE ( 9 9 7 )  

7  F O R M A T ~ ~ O I H ~ N I N I  N F I N  € I N 1  EFIN SIGLO 
1 S I G L l  SIGL? S IGL3)  

8 NINIu l rNENERG 
8 wRITE(9,9) (NINI~NFIN,EINI(NINI);EFIN(NFIN)~ 

I S I G L ~  ( N I N I  ~ N F I N )  9 S I G L l  ( N I N I  ~ N F I N )  * S I G L 2 ( N I N I  *NFIN)  * 
2SIGL3(NINI*NFIN)*NFINolrNENERG) 

9  FORMAl(215*6E16.R) 
w R I T E ( 9 t l O )  

i n  FORMIT(46HO N  ENERGY SELPO SELPl  ) 
WRITE ( 9 9 1  1 )  (NOENERGY (N)  ~ S E L P ~ ( N )  qSELP1 (N)  *~= l  ~NENERGI 

I 1  F O R M A ? ( I ~ ~ ~ E , , ~ . R )  
WRITE ( 9 t  1 2 )  

12 FORYAT(7RHO N  ENERGY STNPO S I N P l  
1 SINP? .. SINP3) 

WRITE (99  13)  ~ N ~ E N E R G Y  (N)  V S I N P O ~ N )  * S I N P I  ( N  I 

1SINPZ (N)  rS INP3 f N )  eN-NENER6) 
1 3  FORMAT l I 3 r 5 E l 6 . B )  

w R I T E ( 9 t 1 4 )  
14  FORMAT(77HO N  ENERGY STOT S f R l  

1 STRZ STR3) . 
w R I T E ( 9 i 1 3 )  (N*ENERGY(N) *STOT(N) eSTR1 (N)  r 

lSTRzfN)tSTR3(N)tNol*NENERG) 
RETURN 
ENn 

. . A ~ R F T C  GLNO DECK 
SURROUTINE OLFEOP 

000002  .COMMON NLIMIMLIM~TEMPEN~~FAREC*HREC*AFAEPS*HEPS* 
lNE N E ~ G t F A C M A S r S I G R N D e S R D 4 P I ~ A R E C P I ~ A E P S P l ~  
~ A R P ~ H ~ ~ A E P ~ H % ~ C @ ~ M I . I ( ~ ~ )  twATE(60)  *S IGSCT(60)  *S IMuCK(38)  
3NMUMAXtNMUMl*NMUM?tNMIJM3eGLNRFC*GLNEPSr 
~ M I N I I N F I N ~ N M U ~ R E C ( S ~ ) ~ E P S ~ ~ O ) ~ S K E ~ ~ ~ ~ ~ ~ ) ~  
STDEN~ENERGY ( 9 1 )  VFINI ( 9 1  *EF1NNi91)  * A F I E L D (  1 2 )  * 
~ G A M O * S I G L ~ ( ~ ~ * A B ) ~ S I C L ~ ~ ~ ~ ~ ~ A ) ~ S I C L ~ ( ~ ~ ~ ~ ~ ~ * S ~ ~ L ~ ' ~ ~ ~ * R ~ ) ~  
~ ~ E L P ~ ( ~ U ) ~ S E L P ~ ( ~ ~ ~ ~ S ~ N P ~ ( ~ ~ ) ~ S ~ N P ~ ( ~ ~ ) ~ S I N P ~ ~ ~ O ) ~ S I N P ~ ~ ~ O ) *  
BSTOT(90) .STR1(90) tSTQ2(90)  g S T ~ 3 ( 9 i )  

COMYOM N F G P ~ E N F E G P ~ ~ ~ ) ~ N Y X X M ~ ~ N M ~ X ~ ~ N D A M O ~ E N ~ D ~ ~ ~  
l E N A B ~ O t S T A R M O e S I 6 A M O ~ 9 0 ~ e N I S O M A ~ N 1 S O ~  
? T N D A I S ( ~ ) ~ I N D F I S ( ~ ) ~ E N O D I S ( ~ ) ~ S I G S I S ~ ~ ~ ~ S I P ~ I S ~ ~ ~ ~  
~ E N A R I S ~ ~ ) ~ S I A R T S ~ ~ ) ~ S I G A I S ~ ~ ~ ~ ~ ~ ~ E N F ~ I S ~ ~ ~ ~ S I F ~ I S ~ ~ ~ ~ S I ~ F I S ~ ~ ~ ~ O ~ ~  
~ R U C K L E . N S P E C ~ S M A S C T ~ O O ) ~ S M A A B S ~ ~ O ) ~ S M A F ~ S ~ ~ O ) ~ ~ O ~ J R C E ~ ~ O ~ ~  
S S M A T R ~ ( ~ ~ ) * S M A T R ~  ( ~ O ) ~ S M A T R ~ ~ ~ ~ ~ ~ S M A T R ~ ~ ~ O ) ~ D I F C O F ~ ~ O ) ~  
~ N O F L I T ~ D T F L G T ( ~ O O ) * R C D F L ~ * D F L F O ~ ~ ~ ~ ~ S P M A N O ( ~ O ~ ~ ~  
70FCOFI ( 9 0 )  rDFLGFI tTRCORR*.DFLRS0(9O)  r 
RDFCFH7f9.O) r R 2 F ( 4 * Q 1 )  t R 2 F ~ L D f 9 d )  * N P ~ I T * B ~ R s D ( ~ ~ )  

COMMON M F G ~ F G I N G ~ ( ~ ~ ) . F G P E I N I N F G P L ( ~ ~ ) ~ E N I N W T ( ~ O )  . 
~ F G P F ( ~ ~ ~ ~ ) ~ Q M O F G P ( ~ ( ~ ~ ) ~ R M O F G P ( ~ ~ ~ ! O ) ~ R I S F G P ( ~ ~ ~ ~ % O ) Q  

. ~ ~ E L ~ F G ( ~ O ) ~ S E L ~ F G ( ~ O ) ~ P M O F G ( ~ ~ ~ O ~ ~ ~ ) ~ F I S F Q P ~ ~ ~ ~ O ) ~  



0 0 0 0 0 2  
on0002 
0 0 0 0 0 2  
0 0 0 0 0 3  
o n 0 0 1  1 
onon i  4  
o o o n Z o  
o o n n 2 o  
0 0 0 0 2 2  
o o o n Z 6  
0 0 0 0 3 0  
0 0 0 0 3 0  
0 0 0 0 3 2  
0 0 0 0 4 5  
0 0 0 0 4 5  
0 0 0 0 4 7  
0 0 0 0 5 0  
n0nnRE 
oouo'ir) 
0 0 0 0 5 7  
0 0 0 0 6 3  
0 0 0 0 6 4  
n n ~ n c ~ s  
0 0 0 0 6 6  
n o o n 7 4  
n o o n 7 4  
0 0 0 0 7 6  
n o n i o i  
0 0 0 1 0 2  
0 0 0 1 0 5  
0 0 0 1 0 7  
o o n i  i s  
0 0 0 1 1 5  
O(10117 
o n 0 1 2 2  
On0127  
o o n i  2 7  
00n1.71 
o n n i  3 s  
o o n 1 3 ~  
o n 0 1  3 7  
0 0 0 1 4 2  
0 0 0 1 4 6  
0 0 0 1 5 n  
000191 
n o 0 1 5 7  

~ S R C F G P ~ ~ ~ ) ~ O M A C F G ~ ~ ~ ~ ) ~ R F ! A C F O ~ ~ ~ ~ O ~ ~ P M A C ~ G I ~ ~ ~ O ~ ~ O ~ ~  
4FMACFG(Zn) rFSUM(4)  rOSIJM(4) rRSlJMf4) rPS lJMf4 )  9 

5CKTr)L .CKTORrCKSIJOLrCKSUORrCKSI .~ lLrCKSI . l l  R r  
6 C K S U ~ L ~ C K S U 2 R ~ C K S l . I , 3 L ~ C K S U 3 R ~ J P R B N O r S T R A N D ~  
~ s S M P R T . ( ? ~ ) ~ S P R T O T ~ ~ O ) O F I S P R T ~ ? ~ ) * P P R T I ~ O * ~ O )  

COMMON N D F ~ ~ ~ ~ F L P I ~ ~ P ~ ~ C O R ~ D F : ~ ~ F ~ ( ~ ~ ) ~ D F ~ ~ F ~ ~ R ~ ) ~ O F ~ ~ R S ~ ~ ~ )  . . 
COMMON DFCO11 ( 8 7 )  

. I N I N C K r O  . 
4 E A D ( l n r 7 ) N F G P  
I F  ( N F G P - Z 0 ) 9 0 2 r 9 0 2 r 9 n h  . 

000 W R I T E  c s r 9 0 l )  
on1  FOR~AT(Z0HONFGP EXCEFDS TWENTY) 

TNTNCK=INTNCK*l . .  
on? TF ( N F G P ) 9 1 0 r 9 1 0 * 9 1 2  
a l n  w ~ I T E f 9 9 9 l l )  
oil FORYAT ( 1 SHoNFGP NOT POS.1 T1,VE) 

TNINCYmININCK+l  
a 1 2  Q E A D f l n r l )  (EYFEGP(N)  ,N~~,NFGP')  

1  FORM41 (4E?n.A) 
nn 6 N z l r N F G P  
TNFtiCI(=fl 
P O  2 J t l r N E N E R G  
Gl,,hlEMPeFVFFGP (N,) -ENERGY ( J )  
TF (C;I..tJcMP) Pr3r ; I  
INFGCK=INFGCK+\ 
G O  T O  9 0 3  

3 ThFGCK-0 
o n 3  TF ( INFGCK) 496.4 

4  w R I T E ( Q t S ) N  
5 FORM4T(BHnENFEGP(.I3*12H ) INCORRECT) 

' T N I N C k = I N I N C K + l  
6  CONTINIJE 

oO 9 n ~  Nz2,NFGP 
GLNCMP=ENFEGP (N-1, -€NFF:GP ( N )  
TF (Gl. .NCMP)906r90At9OR 

o n 6  w R T T F f u r 9 n 7 ) N  
On7 FOWMATf8H0ENFEGP(* I3 .1SH OUT OF 0RbC.R) 

TNINCKaININCK* \  

onh (:IINTINIIII: 
REAO( lOr7 )NMIXMA 

7 F O R # A T f O I 1 0 )  
IF (NMIXMA)R.A,IO 

A !RTTFIYr9 )  
9  FORMAT(17HONMIXM4 TNCORRECT) 

I N I N C K = I N T N C K * l  
1  n. TF (NMIXMA-1 0 )  129 179 11 
1 1  WRITE. ( 9 9 9 )  

TNTNCU=INTNCK+l 
1 2  T F ~ I N T N C K )  1 3 r l S r 1 3  
I 3  w R I T C ( P t l 6 ) I M I l ~ C K  
I 4  FORMAT(57HOFEW GROOP ENERGIES AND NUMHER OF MIXTIIRES CHECKED. ABOV 

l E + T 3 a 3 1 H  ERRORS FnlJNn. PRnPCEM STnPPFn.1 
STOP 

1 5  NMTI.=l . 
16 TNINCK=O 

R E A D l l 0 t l 7 )  INDAMO;ENODMO 
1 7  F O R M A T (  I l n9 ,3E20 .A)  
. IF t INPAMO)1BrZ2r7 f l  
l R  w R T l ' E ( 9 r 1 9 )  
1 9  F O R M A T ~ ~ A H O M O D E R A T ~ R  SIGA READ INDICATOR INDAMO INCORRECT.) 

I N T N C K u I N I N C K + l  
GO TO 22 

2 0  TF ( I N D A M O - l ) 2 l  922921  
21 ~ R l T E f O t l 9 )  

' l N I N C K = I N I N C K + 1  
?? TF.(ENOnM0)23rZSr?5 ' 

23 wRTTE ( 9 1 2 4 )  
7 4  FnRMAt(4~HOMODERATOR MUMREA DFNSITY ENODMO NEGATIVE.) 

I N I N C K = I N I N C K + l  
25 T F ( I N D A M 0 ) 2 6 t 2 6 t 3 5  
26 R E A f ) . f l 0 r l ) E N A B M O * S l A R M O  



2 7  I F  (EN4RMO) 2 8 t 2 0 t 3 0  
28 W R I T E  (9 ,291  
2 9  FORMAT(2IHnENABMO NOT POS.ITIVE.)  . ' 

I N I N C K a I N I N C K * l  
3 0  I F ( S I b R M O ) 3 l r 3 3 r 3 3  
3 1  w R I T E ( 9 r 3 2 )  
3 E  FORMAT( l 7HOSI4BM6  NEGATIVE.) 

Y N I N C K o I N I Y C K * l  
3 3  0 0  3 4  N.l,NENERG 
3 4  S I G A ~ O ( N ) = S I A R M O ~ (  (ENbBMO/ENERGY ( N )  I h . 5 )  

GO TO 3 9  
3 5  READ ( l 0 r l )  (S IGAMOtN)  .Nn'l rNENERG).  

DO 3A N s l r N E N E R G  
GLNCMPoSIOAMO(N) 
I F  tGLNCMP).36t  3 8 r 3 ~  

3 6  W R I T E ( 9 t 3 7 ) N  
3 7  F O R M A T ( ~ H O S I G A M O ( ~ I ~ , ~ ~ H  ) NEGATIVE,) 

T N I N C K = I N I N C K * l  
7 A  CONTINUE 
3 9  READ(  1 0 r I ) N I s O M A  

I F  ( N I S O M 4 ) 4 0 r 4 0 r 4 ?  
4 0  W R I T E  ( 9 9 4 1 )  
4 1  FORMAT(33HONUMRER ISOTOPES NISOMA INCORRECT) 

I N I N C K = I N I N C K * l  
4 2  TF ( N I S O M A - 4 ) 4 4 r 4 4 r 4 3  . 
4 3  v R I T E ( Q ~ ~ ~ )  

T N I N C K n I N I N C K * l  ' 

4 6  READ(  1 0 9 4 5 )  (INDAIS(NISO).~INDFIS(NISO) r E N O D I S ( N I S 0 )  r 
I ~ I G S ~ ~ ( N I ~ O ) ~ ~ I P ~ ~ ~ ( N I S O ) ~ N I ~ O S ~ ~ N I S O M A )  , 

4 5  FORMAT(2110*3E2O.A)  
00 8 9  N I S O U I ~ N I S O M A  
J T E S T = I N D A I S ( N I S O )  
IF f J ~ E ~ ~ ) 4 6 r 5 0 * 4 A  

46 w Q T T E ( 9 r 4 7 ) N I S O  
47 FORMAT(36HOISOTOPE STGA READ IND ICATOR I N D A I S ( ~ I ~ ~  

1 1 2 H  ) INCORRECT) 
T N I N C K = I Y T N C K * l  
GO TO 5 0  

4R T F ( J T E S T - 1 ) 4 9 r 5 0 r 4 9  
49 w W I T E ( Q I ~ ~ ) N I S O  

INTNCK= INTNCK* l  
sn ..ITESTUINDFIS(NISO) 

I F  ( J T E S T ) S l  t 5 5 r S j  
51 w Q I T E ( ~ ~ ~ ~ ) N I S O  
5 2  F O ~ M A T t 3 6 H O I S O T O P E  STGF READ IND ICATOR INOFIS(~I~; 

112H ) INCORRECT) 
I N T N C K O I N I N C K * ~  

53 T F t d T E S T - l ) 5 4 r 5 5 r 5 4  
5 4  w R I T E ( ~ I ~ ~ ) N I S O  

I N I N C K = I N I N C K * l  
55 GLNCMP=ENODIS(NISO)  

I F ( G L N C M P ) 5 6 r 5 P r S A  ' 

56 w R T T E ( 9 r S 7 ) N I S O  
57 FORMAT(31HOISOTOPE NUYRER. D E N S I T Y  E N O D I S ( a I , 3 ,  

l l l H  ) NEGATfVE)  
T N I W K = I N I N C K * l  

5 R  G L N C H P ~ S I O S I S ( N I S O )  
I F ( G L N C M P ) 5 9 t 6 1  t6.1 

5 9  WRITE ( 9 r 6 n ) N I S O  
60  F O R M A T ( 4 l H 0 I S n l f ) P E  SC4TTERIYG CROSS SECTION S I G S I S ( r 1 3 ,  

l l l H  ) NEGATIVE)  
T N I N C K n I N I N C K * l  

61 J T E S T ~ I N D A I S ( N I S O )  
I F  (JTEST)  6 2 r 6 2 r 7 1  

h ?  Q E A D ( ~ ~ ~ ~ ) E N A R I S ( N ~ S O ) ~ S ~ A B I S ( N I S O )  
6 3  GLNCMPtENABIS(N1SO)  

T F t G L N C M P ) h 4 r 6 4 r 6 6  
6 4  W R I T E ( Q r 6 5 ) N I S O  
65 F O R M ~ T ( ~ H O E N A R I S ( ~ I ~ ~ I ~ H  ) NOT P O S I T I V E )  

T N I N C K = I N I N C K * l  
6 6  G L N C M P a S I 4 8 I S ( N I S O )  . . 



IF (GLNCMP) b 7 r 6 9 t 6 9  
' 67 w R I T E ( ~ ~ ~ ~ ) N I S O  

68  F O R M A T ( ~ H ~ S I A B I S ~ ~ I ~ ~ ~ ~ H  ) NEGATIVE) 
JNI"JCKnININCK+]  

69 no 7 0  Nnl.NENERG 
70  s I G A I S ( N I S 0 ~ N l  = S T ~ B I ~ : ~ N I S O ) ~ ~  (ENARIS(NISO) 

1  /ENERGY f N )  ) * * , 5 )  
GO TO 7 5  

7 1  R E O U ( l 0 r l )  ~ S I G A I S ( N I S O I N ) ~ N O ~ ~ N E N E R G )  
DO 74 NulrNENERG 
BLNCMPVSIGAIS(NISO,N) 
IF (GLNCMP) 7 2 9 7 4 - 7 4  

7% NRITE ( 9 r 7 3 ) N I S O r N  
7 3  F O R M A T ( B H ~ S I G A I S ( , I . ~ ~ ~ H  , , 1 3 t i l H  i NEGATIVE) 

IN lNCK=INTNCK+l  
7 4  CnNT1)UUE 
7 5  J T E S T ~ I N D F I S ( N I S O ) '  

I F  (JTEST) 7 6 t 7 6 r R S  
76 P E ~ U ( ~ , ~ ) ~ ~ ) ~ N F I I S ( ? I ~ S ~ ~  , S I F I I C ~ ~ N ~ C C ~ ~  
77 GLNCMPnENFIIS(N1.S~)  

IF(GLNCMP)78r7AmAn 
79 W R I T E f 9 t 7 9 ) N I S O  
7 0  F O R M A T ~ ~ H ~ ) E N F ! I S ( ~ I ~ ~ I . ~ H  1 NOT POSITIVE) 

I N I N C K E I N I N C K + ~  
46 GLNCMPnSIFI ISfNISO) 

TF(GLNCMP)A l rP7rA3  
A 1  L ~ R T T E I ~ ~ B ~ ) N I S O  
8% FOR~AT(~#~SIFI IS~ i 1 3 . 1 1 ~  MEOATIVE) 

l N I N C K = I N I N C K * l  
A3 no A4 N S ~ ~ N E N E R G  
8 4  SIGFIS(NISO~N) =SIFIIS(NISO)~~ (ENFI'IS(NISO) 

1 /ENERGY ( N )  ) , * * . S )  
GO TO 8 0  

A J  R E Q O ( l O * l )  ( S I G F I S ( N I S ~ ) ~ N ) V N = ~ ~ N E N E R G )  
no 88 NolrNENERG 
BLNCMPtSTGFISfNISOrN) 
1 1  fIrLNCWVI L(br#HrI I#  

A6 WRITE t Y r A 7 ) N I S O r N  
8 7  FORMAtfRHnSIGFIS( , I3 .?H ,,13, i lH ) NEGATIVE) 

I N r N C K r l N T N t K + l  
89 CONTINIIE 
89 CONTINUE 

READf lO* l lRUCKLE 
READ f 1 nr7)NSPEC 
I F  (NSPF.C)90r94r92 

o n  IF fNSPEC*1)190 .94r19n  
i 9 n  WRITE ( 9 9 9 1  

9 1  FORMAT(~~HOSPECTRI)M INDICPTOR NSPEC INCORRECT) 
INI~CKPININCI~+I 
($0 TO 9 4  

9 2  I F  f Y S P E C - l ) 9 3 * 9 4 e 9 3  
93 UWISE~Y~YI I  

l N I N C K = I N I N C K * l  
9 4  lF . (?PR8N0)941e9429942 . 

0 4 1  R € A ~ ~ ( ~ O ~ I ) S T ~ ? A N ~  
~ ~ 4 1  I F  t I N I N C K ) 9 5 ~ 4 9 r 9 ~  

9 5  W R T T E ( ~ ~ ~ ~ ) N M I X ~ I N I ~ ~ K  . . 
915 FORMAT(l8H0INPUT FOR MIXTUREeT3r 

115H CHECKED. ABOVErI3. 
231H ERRORS FOUND, MIXTURE SKfPPEb,) 

I F ( N M I X - N M I X M A ) 9 7 r 9 ~  
9 7  NMIXnNMIX* l  

60 TO 16 
9 8  RETURN 
9 9  DO 100  Nt l rNENERG 

y00 SOURCE (N)  mENODMO*SIGLn f  1 r N )  
0 0  1 6 1  NsleNENERG 

1 0 1  s I G L ~ ~ ~ ~ N ) ~ ~ ~ * ~ E N E R G ~ ' ~ ~ ) - E N E R G Y ~ ~ ) ) * s I G L o ~ ~ Q N )  



DO 1 0 2  NslrNENERQ 
i 0 2  s IQLo ( JeN) .ENwTiS1QLai J * N ) ,  

0 0  1 0 3  Jm2eNENERG 
i 0 3  S I G L ~  (JIJ)~SIOLO~J~J) ,SELPO(J) 
i 0 4  bDnSIS=.o 

DO 1 0 5  NISO*l*NISOMA 
1 0 5  AD~SIS~ADOSIS*ENODIS~NISO~*SI~SIS~NISO~ 

00 1 0 6  N.1,NENERq 
I 0 6  SMASCT ~N);ENODM~*STOT~N) *ADOSIS 
i n 7  go I nn  NIII~NENER~ 

SMAIHS(N)=ENODMO*SIGAMO(N)  
DO I n 8  NISOsl*NISOMA 

y o 8  s ~ A A B s ~ N ) = s M A A B S ~ N ~ * E N O D I S ~ N I S O ) ~ S I O A I S ~ N I S O ~ N )  
i n 9  DO 110 N.1,eNENERQ 

sMAFIS(N)~ ,O 
no l i n  N I S O ~ ~ ~ N I S O M A  

i l 0  S M A F K S ~ N ~ O S M A F I S ~ N ~ * E N O O I S ~ N I ~ O ~ ~ S ~ ~ F ~ S ~ N I S ~ N  . 
00 111 NmleNENERQ 

1 1 1  SMATRO ~ N I  ~ E N O D M O * S T O ~ ' ~ N ~ )  * S M A A R S ~ N )  
1 1 2  ~ D l S l S m . 0  

no 113 NISO.~,NISOMA 
71.3 AD~SIS=ADISIS*ENO~IS~NISO~*SIP~IS~NISO) , 

OFA010=ADfiSIS-ADISIS 
no 1 1 4  NSI~NENERQ 
SMATR~~N)UENODMO?STRI ~ N ~ ~ O F A D ~ O ~ S M A A B S ~ N )  : 

S W A T R ~ ( N ) = E N O D M O @ S T R Z ~ N ) * A D O S I S * S M A A ~ S ~ N )  
S H A T ~ ~ ( N ) O E N O D M O ~ S T R ~ ( N ) * A D ~ S T S * S M A A R S ~ N )  ' 

i 1 4  o I F C ~ F ( N ) = ~ . / ~ J . ~ S M A T R ~ ~ N ) )  
CALL GLSPEC 
CALL GLEnIT : 
T F f N ~ I X - N M I X M A ) l l S r l l 6 t l l 6  - 

115 NMTUeNMIX*I 
b n  T O  16 

i 1 4  W R ~ T E ~ Y Q ~ ~ ~ ) N M T X M A  
117 F O R M A T ~ ~ H O A L L I I ~ ~ ~ ~ H  MIXTURES COMPLETED. END OF PRINT.) 

RETURN 
ENn 

SIsFTC GLN5 nECK 
SURROllT INE GLSPEC 

000002  COMMON N L ~ M . M I ~ T M ~ T E M P E ~ ~ ~ F A R E C ~ H R E C ~ A F A E P S I H E P S ,  
, lNFNERG*FACMAStSIGRNDeSBD4PI*ARECPl*AEPSPle 

~ A R P ~ H ~ ~ A E P ~ H ~ ~ C O S M U ~ ~ ~ ~ ~ W A T E ~ ~ O ~ ~ S I O S C T ~ ~ ~ ~ ~ S I ~ U C K ~ ~ ~ ~ ~  
3NMlJYA X e NMlJMl e NMUM2 eNMIJM3 e GLNREC 9GLNEPS . 
~ N I N I I N F I N I N M U ~ R E C ( S O ) ~ E P S ~ S O ~ * S K E ~ ~ ~ ~ ~ ~ ~ ~  
S T D E N ~ E N E R G Y ( ~ ~ ) ~ E I N I ~ Q ~ ) ~ E F I N ~ ~ ~ ) ~ A F ~ E L D ~ ~ ~ ~ ~  
~ G I M O ~ S I G L ~ ~ R ~ ~ A R ~ ~ S I ~ L ~ ( R ~ ~ B A ) ~ S I ~ L Z ~ ~ ~ ~ ~ B ) ~ S I ~ L ~ ~ ~ ~ * R ~ ~ ~  
7 S E L P 0 ( Y 0 ~ ~ S E L P 1 ~ 9 n ~ e S 1 N P ~ f 9 O ) e S I N P 1 ~ 9 O ~ e S I N P 2 ~ 9 O ~ e S I N P 3 f 9 0 ~ ~  
8 S T 0 T ( 9 n ) r S T R 1 ( 9 0 ) * S T Q ? ( 9 n ) r S t R 3 ( 9 n )  I 

COMMON N F O P I E N F E G P ~ ~ J ) ~ N M ~ X Y A ~ Y M I X * I N ~ A M O ~ E N O D ~ O ~  
1 ~ N A ~ M n ~ ~ f A ~ M O r S I G A M O f 9 0 ) ~ N I S O M A ~ N I S 0 ,  
2INnA1Sf4)rINOFIS(4)*ENnDISf4)eSfQSISf4IeSIpl~S~4~e 
~ F N A ~ ~ ~ ~ ~ ~ ~ ~ I A R I S ~ ~ ~ ~ F T G A I S ~ ~ ~ ~ O ~ ~ E N F I ~ S ~ ~ ~ ~ ~ ~ ~ ~ I S ~ ~ ~ ~ S ~ ~ ~ I S ~ ~ ~ ~ O ~ ~  
~ R U C K L E * N S P E C ~ S M A S C T ~ ~ ~ ) ~ S M A A B S ~ ~ O ) ~ S M A F ~ S ~ ~ O ) ~ ~ O ~ J R C ~ ( ~ O ) ~  
S S M A T ~ ~ ~ ~ ~ ) ~ S M A T R ~ ~ ~ O ~ ~ S M A T R ~ ~ P ~ ~ ~ ~ M A T R ~ ~ ~ ~ ) ~ D I ~ C O F ~ ~ O ~ ~  
~N~)FL IT IDTFLGT f 100)  eRCDFL2eDFLFOf90) eSPMANOf90) e 
7 ~ F C O F I f 9 0 ~ ~ O F L Q F 1 ~ T R C O R R ~ O F L R S O f 9 O ~ e  
8nFCFR2(90)  . 8 2 F f 4 * 9 1 )  .R2FnLDf9n) ~ N P 2 1 1 * 8 2 R S D ~ 9 0 )  

000602  COMMnN MFQ*FQINGDf9l~eFGPEINeNFGPLf2l)~EN~NY~(9O)e 
1FGPF (49201  qQMOFQPf4e?n) *RHOFGPf4*ZO) eRISFOPf4e4e20)  
Z S E L O F G ~ ~ O ) ~ S E L ~ F G ~ ~ O ) ~ P M O F G ~ ~ ~ ~ O ~ ? ~ I ~ F I S F Q P ~ ~ ~ ~ O ) ~  
~ S W C F ~ P ~ ? ~ ) ~ Q M A C F ~ ~ ~ ~ F ~ ) ~ R M A C F B ~ ~ ~ E O ) ~ P M A C F O ~ ~ ~ ~ O ~ ~ O ) ~  
~ F M A C F R ( ~ ~ )  .FSlJM(4) *Q5l,M(4) *RSUM(4) ,PSUM(4), 

c 



0
 

m
 9

1
 3
 

2
 2
 ,
3
 

C
C
 

I
5
X
0
 

II
 

n 
m

 m
 'L
 

Z
 
Z
 I1

 
C
C
 C

 

x
1
-
 

a
+
 Z

 
m

ln
 n

 
z
-
0
 

o
o

r
 

o
r

2
 

I
2
3
 

0
-
 

L
 

0
 Z

 
m

 
z
 

1
1
 

E
 

G
)
 - 0

 
0

 
1
 

r
 

z
m

m
 

T
J

I
O

 
I
-
-
 
u
 

0
2

 Z
 

1
0

3
 

*
o

n
 

n
a

a
 

V
).

 
0

 *m
 'n
 

I
)
'
*
.
*
 

-r
m

m
 

-
X

U
)
 

m
P
 D

 
3

2
2

 
m

o
o

 
Z
P
W
 

\
 

m
 

Z
 

C
 

I
 - 

m
m

m
 

ln
o

z
 

m
r

n
c

 
Z
Z
P
 

0
0

 11
 

m
m

m
 

n
 Z

Z
 

m
E

=
 

2
4
-
4
 

x
u
-
 

+
*

*
 

+
O

W
 

7
 I
 

C
)
P

 
O

P
 

1
m

 
-.
 '
n 

- -
 - L - - 

31
'3

r.
l 

!1
m

D
 

~
1

W
Z

Z
3

 
- I- 

3
1

,
 c
 c

 
I
Z

1
Z

S
Z

*
 

n
~

n
o

u
 

- :
n

-m
m

c
 

O
Z

X
Z

Z
W

 
' 

-
P

C
c

Z
 

I(
 
4
P
X
0
 

m
x

o
+

r
 

z
a

m
l

n
r

 
C

 - 
Z
U
*
 

r
s
3
0
z
 

\
 

3
I-

m
 

m
t

 r
o

z
 

0
0

 O
-
 

m
 

!T
 c
l
 

C
 *

l 
2

1
 
- 3 

n
 
z
 

Z
Z

J
 

w
r

o
 

r
ln
 

r
r

O
D

 
n

 a
 

Z
 z
 z
 

+
I

 I
4 

r
r

N
 

0
 Z
 

P
 
0
 

. 
r
 

ln
 
u
 

n
T

P
z

 Z
O
Z
 

~
r

m
c

c
 

c
 

I
-

1
I

Z
I

 I
*

=
 

U
O

(
n

 3
3

 
' 
-
'
I
D
 w

 -'
I
0
 

-
r
 I
 

I-
 

I
ir

 D
 
T

-
 

n
 

z
o

 
o

n
o

-
z

 
T

IT
 - z

u
 

r
o

g
-
-
 

-
1

 
n

-
 

-
I
-
 

11
 

m
z

 
N

 
o

z
m

 
r
 

~
m

z
 

- 
r

a
m

 
N
 

1
m

n
 

r
 

O
<

C
)
 

* 
--

 
rV

 
5
5
 

* m
 

X
 

D
 

- 
' 

. 
8

.
 

m
 

Z
 

Tr
l n
 

n
 

r
-
i
 

1
 

C
)
 

3
 

T
I 

- 
4
 

L
 - 





? 1 6  nF11RS(N)= (RSnLT-R5DRT) /RSOLT  
GO TO 25 

21 N O F L I T o l  
n I F L G T ( 1 ) r . n  
DFLGFI t .0  
TRCORR=. O 
N D F l I - 2  
D IFLGT t2)a.O 
D F L P l l n . 0  
P l lCOR=*O 
DO 2 2  Ne 1 *NENERG 
oFLFO(N)=.O 
n F l l F n ( N ) = . O  
DF11FI  (N)=.0 
n F l l R S ( N ) = . O  
n F C O I I  ( N )  n.0 

2 2  DFCRSO(N)n.O 
EMANOR= (ENERGY ( 1 i -ENERGY ( 2 )  )'*SBMANO ( 1  

. n o  23 NsErNENERF 
.23 EMANOR=EMANOR+ (ENERGY (N-1 )-ENERGY (N*  [) ) *SPMANO (N)  

FMANORm.S*EMANOR 
DO 24 No1 rNENERG 

?I SPMANn ( N )  nSPMAN6 (N)  /EMANOR 
25 R2CF1=.26666667*Rl~CKl,.E 

RZCF3z .25714286*!31lCKLE 
0 0  26 N=I,NENERG. 

7 6  D F C F R ~ ( N ) ~ ~ . / ( ~ . * ( S M A T R ~  ( N ) * R ? C F ~ / ( S M A T R ~ . ( N )  
l * R % C F ? / S M A T R 3 f N ) ) ) )  

2 7  E ~ E N ~ ( E N E R G Y ( ~ ) - E N E R G Y ( Z ) ) * ( R ~ . I C K L F : * D F C F R ~ ( ~ )  
I+SMAARS( \ ) ) *SPMANO( l )  
no E H  N=E.NENERG 

29 E I . ) E N ~ E D E N + ( E N E R G Y ( N - I ) - E N E R G Y ( N * ~ ) ) ~ ( P O C K L E * D F C F R ? ( N )  
l+SMAASS ( N )  I QSPMANO(NI 

FDEN= .S*EDEN 
ANORSP~ENODMOLSINPO( I ) /E~EN 
DO 20 Nrl*NENERG 
A2F ( 1 rN).aANORSP*SPMANO(N) 

29  R ~ F O L D  ( N )  aR2F ( 1  r N )  
rdlu?IT=l 
T F ( " 1 P E C ) 4 3 1 r 4 4 r 2 9 1  

j 9 l  NR?IT=Z 
3n FN1JMz.h 

Do 3 1  JSZrNENERG 
3 1  E N u M ~ E N U M , S I G L ~ ( J . ~ ) ~ R Z F ( ~ * J )  

~ M U M = E N U M * E N O D M O * S O U R C E ( l )  
EDENoSMATR0(l)*OFCFR~~1)~RUCKLE-ENODMC1*SIGL0~lrl) 
H 2 F ( l * l ) n E N U M / E D E N  . 
nn 31 N=?,NRGLS~ 
NI..~ 1 ON- 1' 
NPL 1 r N *  1 
ENUMt 0 
no 3 2  JalqNLSI 

3 2  ENUM=ENUM+SIOLO ( JIN) ~ R Z F  ( 1  r J )  
n 0  33 JmNPLlrNENERG 

3 3  FNUM=FNIJM+SI.Gl.0 (.J.N) ~ R % F  ( 1 r JI 
ENUMmENUMbENODMO*SOUQCE(N) 
EDEMsSHATRO ( Y )  -0PCFB.s f N) * R I J C K . C E - E N C I D M ~ * ~ I ~ ~ L ~ ~ ~ ~ N )  

3 4  R2F ( 1  r N )  oENUM/EDEN 
ENUYn. 0 

' 0 0  35 J a l r N R G L S l  
35 F N U M ~ E N U M * S I G L O ( J * N E N F R G ) * R ~ F ( ~ * J )  

ENIJMnENUMoENOOMO*SnURCEINENERF) 
E D E N B S M A T R O ~ N E N E R G ) ~ F R E ( N E N E R G ) O B U C K L E  

1-ENODMO*sIGL0(NENERGINENENERG) 
H ~ F  ( I  rNENERG)'IENIIM/EDEN 
INSPCKaO 
0 0  3 7  Na1,NENERQ 
GLNCMPmABS ( 1  .-B2FnLD (N)  I B 2 F  ( 1 ;N) 
IF(GLNCMP*.0000l)l7~7fr36 

35 INSPCKoINSPCK+l 
3 7  CONTINIJE 



I F ( I N S P C K ) 3 8 * 4 1 t 3 8  . ' 

3 R  IF (NBZIT-500) 3 9 r 4 1  * 4 i  
3 9  NH21TmNB2IT*l  

C TO ACCELERATE RUCKLING SPECTRUM CONVERGENCE I N  GLEN 
DO 391 NslrNENERG 

491  ~ 2 F ( l  r N ) = ~ 2 F ( l r N )  * . 6 i ( R 2 ~ ( 1 * h o - B 2 ~ b L b l N )  1 
no 40  N~I,NENERO 

40  R ~ F o L D ~ N ) x B E F ( ~ ~ N )  
GO TO 3 0  

4 1  DO 4 3  N n l  eNENERG 
RSDRT* 0 
no 4 2  JEI~NENERG 

4 2  R S D R T ~ R S D R T + S ~ G L O  ( JIN) WF ( 1  J) 
R S n R T r R S D R T - S I R L ~ ~ N I N ) * B Z F ~ ~ ~ N )  
RSDRTnENODMO*RSDRT+SOIJRCC(N) 
PSDLTS (SMATRO IN) +DFCFRE(N) *BUCKLE 

l-€NOnYO*SIGL0(NrN))ORZF(lrN) 
4 3  R ~ R S ~ ( N ) , ( R S D L T - R S D R T ) / R S D L ~  

GO TO 4 5 1  ' . 

~ 3 1  P E A D ( l o r 4 3 2 )  ( B z F f  1pN) qNr19NENFRO) 
i 3 7  FORMAT(4EZ0.8) 

DO 433  NulrNENERG 
433  RZRSn(N)=*0  

GO T O  4 5 1  
44 DO 45 N U ~ ~ N E N E R G  
4 5  R7RSDIN)m.O 

651 RUCLAH=ARS (BUCKLE) 
I F  (RtJCKLE) 452946947 

452 RUFACO=SORT(BUCLAR) 
RUFPCI=BUFACO 
GO TO 4 R  

4 6  RUFACn=l* I 

RUFACl r - I .  
GO TO 4R 

4 7  PUFACflnS(3RT (RUCLAR) . 
RUFAClr-RUFACO 

48 DO 4 9  Nml,NENEf?G 
R ~ F ( ? ~ N ) = R u F A c o * D F c F P z ( N I * B ~ F ' ( ~ ~ N ~  
R Z F ( ~ ~ N ) = * ~ * R U F A C ~ * ~ ~ F ( ~ * N ) / ( S M A T P ~ ( N )  

1+R2CF?/S'MATR3(N) ) 
4 9  R ~ F ( ~ ~ N ) = ~ ~ ~ ~ S ~ ~ ~ J * B ? I F A C ~ ~ R ~ F ~ ~ ~ N ) / S M A T R ~ ~ N )  

~ 1 6 ~ 0  ( 1  r l  )=SICLO f 1 ~ ~ ) - S E L P O  f 1') 
DO 50 Nl l rNENERG 

Sn S I G L ~ ( ~  * N ) = ~ ~ * S I G L O ( ~  ~ N ) / ( E N E R G Y ( ~ . ) - E N E R G Y ( ~ )  
no 51 No29NENERG 

51 S I G L ~ ( N * N ) = S I G L ~ ( N , N ) , S E L P ~ ( N ~  
00 5 2  JnZvNENERG 
E N W T D . ~ * ~ E N E Q G V ( . J - I ) - E N E R G Y ( J + ~ ) )  
nn 5 2  N e l r  NENERG 

52 SIGLn ( J r N )  uSIGLO ( JINj /ENWT 
RETURN 
ENn 

SlsFVC G L N ~  nECK 
SURROUTINE GLDFL 

oonon2  COMMON N L I M , M L I ~ ~ T E M P E N ~ A F A R E C ~ H R E C V A F A E P S ~ H E P S ~  
lNENEHG~FACMAS~SIGRND.SRD4PI~PRECP1rAEPSPl~ 
~ A R P ~ H Z I A E P ~ H ~ * C O S M U ( ~ ~ ) * W A T E ( ~ O ) * S I G S C T ~ ~ ~ ) * S I M U C K ~ ~ ~ ) ~  
~ N M U M A X ~ N M U M I * N M U M ~ ~ N Y I I M ~ O G L N R E C ~ G L N E P S ~  
~ N I N I I N F I N * N M U * R E C ~ ~ O ~ ~ E P S ( ~ O ) ~ S K E I ~ ~ ~ ~ ~ ~ ~  
~ ~ D E N ~ E N E R G ~ ( ~ ~ ) ~ E I N I ~ ~ ~ ) ~ E F I N ( ~ ~ ) * A F I E L D ~ ~ ~ ) ~  
~ ~ ~ A M O ~ S I O L ~ ~ B ~ ~ R ~ ) ~ S I G I ~ ~ ~ R ~ ~ A R ~ I S I G L ~ ~ A I ~ ~ ~ ) ~ S ~ ~ L ~ ~ ~ ~ ~ ~ ~ ) ~  
7 S E ~ - P n ( 9 0 )  tSELP1 ( 9 0 )  * S I N P 0 ( 9 0 )  * S I N P I  (9n)  * S I N P 2 ( 9 0 )  * S I N P 3 ( 9 n )  r  
R S T O T ( 9 0 ) r S T R l ( Q O ) ~ S T R 8 ~ 9 r ) ) ~ S T R 3 ( 9 0 )  



COMMON N F G P ~ E N F E G P ( ~ ~ ) ~ N M I x M A ~ N M I x * I N O A M O * E N O D M O *  
l ~ N A R M O ~ S I A B M O ~ S I G A M 0 f 9 O ~ ~ N I S O F 1 A ~ N T S O ~  
? ~ N D A I s ( ~ )  r I N D F I s f 4 )  ~ E N O D I S ( ~ )  * S I O S I S ( ~ )  e ~ I P l I s ( 4 )  * 
~ E N A R I C ( ~ ) ~ S I A R I S ~ ~ ) ~ S ~ G A I S ( ~ ~ ~ ~ ) ~ E N F I J S ~ ~ ) ~ S I F I I ~ ~ ~ ~ ~ S I G F ~ S ~ ~ ~ ~ O ~ ~  
~ R U C K L E ~ N S P E C * S M A $ C T ~ Q ~ ) * S M A A R $ ~ ~ ~ ) ~ S M A F I S ~ ~ O ) ~ ~ O U R C ~ ~ ~ ~ ~ *  
SSMATRO(~~-I) *SMATR1(90) * S M A T R ~ ( ~ O )  * S M A T R ~  ( 9 0 )  *DIFCOF ( 9 0 )  
~ N D F L I T * D I F L G T ( ~ ~ o ) * R C D F L Z ~ D F L F ~ ~ ~ ~ ) ~ S P M A N O ~ ~ O ~ *  
~ ~ F C O F I ( ~ O ) ~ O F L G F I * T R C ~ R R ~ D F L R S D ( ~ ~ ) ~  
R O F C F H ~ ( ~ ~ ) * R ~ F ( ~ * ~ ~ ) * R ~ F O L D ( ~ ~ ) * N R ~ I T I R ~ R S D ( ~ ~ )  

COMMON MFG*FGINGD(91 ) rFGPEINrNFGPl  ( 2 1 ) r E N I N W T ( S O ) *  
~ F G P F ( ~ * ~ ~ ) * Q M O F G P ( ~ * ? ~ ) ~ R M O F G P ( ~ * ~ ~ ) * R I S F G P ( ~ * ~ * ? ~ ) *  
~ S E L ~ F G ( ~ ~ ) ~ S E L ~ F G ( ~ O ) ~ P M O F G ~ ~ ~ ~ ! O ~ ? O ) ~ F I S F G P ~ ~ ~ ~ O ~ ~  
~ S R C F G P ( ~ ~ ~ ) * Q M A C F G ( ~ ~ ~ ~ ) * R M A C F C , ( ~ * ~ O ) * P M A C F G ( ~ * ~ ~ * ? ~ ) B  
~ F M A C F G ( Z O )  rFSUM(4)  rOSIIM(4) rRStJM(4) rPSI lM(4)  
SCKTDL ~ C K 1 D R ~ C K S U 0 L r C K S t l O R ~ C K S I 1 1 L r C K S I L 1 R ~  
~ c K S U ? L * C K S U ~ R ~ C K S U ~ L ~ C K S ~ ~ ~ R * J P R ~ N O * S T R A N D ~  
7 5 S M P R T ( 2 n ) ~ S P W T O T f 2 O ~ ~ F I S P R T f ~ O ~ ~ P P R T f 4 0 ~ 2 0 )  

COMMON N ~ F ~ ~ , ~ F L P ~ ~ ~ P ~ ~ C ~ R ~ D F ~ ~ F ~ ~ R ~ ) ~ D F ~ ~ F ~ ( ~ ~ ~ ~ D F ~ ~ R S ~ ~ ~ ~  
COMMON DFCO11 ( 0 7 )  

1 ~ N W T l n ( E N E R G Y ( l ) - F N E Q G Y ~ Z ) ) * D F L F O f 1 )  
ENUWZ~ENWT\~SMAARS(I) 
EDENtENWTl*DIFCOFf l )  
00 2  No2eYENERG 
E N ~ J T ~ ~ ( E N E R G v ( N - ~ ) - E N E R U Y  I N + l )  ) * l l F L F n ( N l  
ENUMSENUMIENWT~QSMAARS~N) 

2 EDENrEnEN+ENWT2*nlFCOF(N) 
RCDFL2nENuM/EDEN 
RETURN 
END 

SUPRQIjf I N E  GLEDIT 
COMMON N L I M * M L I M , T E M P E N ~ A F A R E c ~ H R ~ C * A F A E P S * H ~ : P S *  

] N E N E R G ~ F A C M P S ~ S I G ~ N D ~ S R D * P I I A R E C P ~ ~ A E P S P ~ ~  
~ A R P ~ H ? ~ A E P ~ H ~ ~ C O S M U ( ~ O ) ~ W A T E ~ ~ O I ~ S I G S C T ( ~ ~ ) ~ S I ~ U C K ~ ~ U ) ~  
~ N M u M A X ~ N M U M ~ ~ N M U M ? * N Y ~ . . I M ~ ~ G L N R E C ~ G L N E P S ~  
~ N I N I ~ ~ F I N ~ N M U I R E C ~ ~ O ~ ~ E P S ~ ~ ~ ) ~ ~ K E ~ ~ ~ I ~ ~ ~ ~  
SIDEN*ENERGY (91)  ~EINI ( 9 1 )  *EFINhl(91) *AFJELD(12)  
~ G A M O ~ S I G L ~ ( ~ ~ ~ ~ R ) ~ S I C , L ~ ~ A ~ ~ ~ ~ ) ~ S I G L ~ ~ ~ ~ ~ U ~ ) ~ S I G L ~ ~ ~ ~ ~ R R ) ~  
7SELP0t90)  rSELP1 ( 9 0 )  *STNPbf90)  * S I N P 1 ( 9 0 )  * S I N P 2 ( 9 0 )  *SINP3(QO) 
B S T ~ ~ ( ~ ~ ) ~ S T R ~ ( ~ O ~ * S T R ? ( ~ O ) * S T ~ ~ ( ~ ~ )  

COMMON N F G P , E N F E G P ! ~ ~ ) ~ N M I X M A * N M I X * I N I J A M U * E N O U M U ~  
~ F N A B ~ ~ ~ S T A R M O ~ S I G A M ~ ( ~ ~ ) ~ N I S O M A ~ N ~ S ~ ~  
~ I N D A I S ( ~ ) ~ ~ N D F I S ( ~ ) ~ E N O D I S ( ~ ) ~ S I G S I S ( ~ ) ~ S I P \ I S ~ ~ ) . ~  
~ ~ N A B I S ( ~ ) ~ S I A R I S ( ~ ) ~ S ~ ~ A I S ( ~ ~ ~ O ) ~ E N F I I S ~ ~ ~ ~ S I F I I S ~ ~ ) ~ S I G F ~ S ~ ~ ~ ~ O ~ ~  
~ R U C K L E ~ N S P E C * S M A S C T ( ~ ~ ) * S M A A R S ( ~ O ) ~ S M A F I S ( ~ ~ ) * S O ~ ~ R C E ( ~ ~ ) *  
S S M A T R ~ ( ~ ~ ) * S M A T R I ( ~ O ) ~ S M A T R ~ ( O ~ ) ~ ~ M A T P ~ ( ~ ~ ) ~ D ~ F C O F ~ ~ ~ )  
b N D F L I T ~ D I F L G l ( l O ~ ) ~ R C D F L Z , D F L F O ( 9 ~ 1 ~ S P M A N 0 ~ 9 0 ) *  
~ D F c O F I ( ~ O ) ~ D F L C F I * T ~ C O R R * O F L R S ~ ) ( ~ ~ ) ~  
0 D F C F R Z ( Q ~ ) r B 2 F ( 4 9 9 ] , ) 9 R 2 F ( r L D ( 9 n ) * N 0 2 I ~ * R 2 R ~ D ( 9 0 )  

COMMON M F G ~ F G I N G D ( ~ ~ ) ~ F G P E I N * N F G P L ~ ~ ~ ) * E N ~ N W ~ ( ~ O ) *  
~ F G P F ( ~ ~ ~ ~ ) ~ Q M O F G P ( ~ * ? ~ ) ~ R M O F G P ( ~ * Z ~ ) * R I S F G P ( ~ * ~ * ~ ~ ) *  
~ S E L O F G ( ~ O ) * S E L ] F G ~ ~ O ) . P M O F G ( ~ ~ ~ O * Z ~ ) ~ ~ S F G P ( ~ ~ ~ O ) ~  
~ S R C F G P ( ~ ~ ) ~ Q M A C F G ~ ~ ~ ~ ~ ) ~ R M A C F G ( ~ ~ ~ ~ ) ~ P M A C F G ~ ~ ~ ~ ~ ~ ~ ~ ) ~  
OF.MACFG(20) (FSUM(4) rOStIM(4) (RSIIM(4) ePSLIM(4) r 
~ C K ~ D L ~ C K I ~ R ~ C K S U ~ L ~ C I < S U O R ~ C K S I I ~ L ~ C K S ~ I ~ R ~  
~ C K S L ) ~ L ~ C K S U ~ R * C K S I I ~ L * C K S U ~ R ~ J P W B N ~ ~ S T R A N D ~  
7 S S M P R T ( 2 0 ) * S P R T O T f 2 O ) * F I S P R T ( ? O ) * P P R T ( 4 0 * 2 0 )  

COMMON N D F ~ 1 ~ D F L P I 1 ~ P I I C O R ~ D F 1 l F O ~ 0 7 ) ~ D F 1 1 F 1 ~ 8 7 ~ ~ D F l l R S f R 7 ~  
COMMON D F C O l l ( 8 7 )  
CALL GLNTIN 

1 00 4  L m l r 4  ' 

00 2 NmleNENERG 
2  FGINGD(N) =BEF'(L*N) 



FGINOD(NENERQ+l)m,O 
DO 3 MFGmlrNFGP 
CALL QLINTE 

3 FGPF (LSMFQ) rFGPEIN 
4 CONTINUE 
5 DO 8 Lm1,4 

00 6 NrlrNENERO 
6 FGINGD (N)  mSTOT ( N ) , ~ B ~ F  ( L V N )  

FGINGD(NENERQ*l)m,O 
no 7 Y F G ~ ~ ~ N F G P  
CALL GLINTE 

7 OMOFGP(L~MFG)=FGPEIN/~GPF(L~MFG),  
A CONTINUE 
9 no 12 Lo1.4 

0 0  1 0 Nu1 .NENERG 
10  F G I N G D ( N ) m S I Q A M O ( N ) e ~ 2 F ( L r N )  

FGINGn(NENERG+i)m,0 
0 0  1 1  MFGalrNFCP 
CALL GLINTE 

I 1  RMOFCP(L.YFG)mFGPEIN/FGPF(L*MFG) 
1 2  CI)NTINIJE 
1 3  DO 1 6  N1SOalrNISQMA 

0 0  1 6  L m l r 4  
no 14  NUI~NENERG 

14 F G I N ~ ~ ( N ) o s I G A I s ( N I S O I N ) ~ B ~ F ( L I N )  
FGINGn(NENERG+l)n,O 
0 0  15 MFGolrNFGP 
CALL RLINTE 

15 PISFGP(NISOrL.MFG)mFGPEIN/FGPF~LVlufG)  
I 6  CONTINUE 
17  no l @  Nn1,NENERO 
I A  F G I N G n ( N ) t S E L P n ( N ) * H ? F ( l r N )  

FGINFD(NENERG*l) s.0 
DO 19 MFGmlrNFGP 
CALL CILINTE 

1.9 SELOFG (MFG) sFGPEIN/FRPF ( 1  *MFGj 
20 PO 2 1  NolrNENERG 
2 1  FGINGD (N)  ISELPI (N)  *RPF(2*N) 

FGING0(NENERG+l)=*0 
00 2? MFGalrNFGP 
CALL GLINTE 

2 2  SELIFG (MFG) ~ F G P E I N ~ F G P F  ( ~ ~ M F G )  
23  n o  24  L a 1 9 4  
24  R2F (1. r  NENERQ* 1 ) E 0 . 

NRGPLluNENERG+l 
DO 2 4 1  JolrNENERQ 
sIGLO ( J v N R G P L ~  m ; 0  
S I F L l  (JrNRGPLl  )=.0 
S IGL2(J rNPGPLl )= .n  

j 4 1  S IGL3(J rNRGPLl )= ,0  
nO .34 M r  1 9 NFGP 
no 34 Knl rNFGP 
no 2s NEI~NRGPLI 
CLNCMP=ENFEGP(K)-ENERGV(N) 
I F  (GLNCMP)?StZ6r?6 

25 CnNTINlJE 
2 0  NFGPKlmN 

PO 27 Nol,NRGPLfl 
GLNCMP=ENFEGP(K*l)-ENERGY~N) 
IF (GLNCMP)27*2Ar tA  

27 CONTTNUE 
2R NFGPK~EN-1 

no 2 s  N n l  .NRGPLl 
GLNCMPaENFEGP(M)-ENERGY(N) 
TF(GLNCMP)29,30*30 

29  CONTINUE 
30 NFGPMlwN 

no 3 1  Nn l rNRGPLl  
BLNCMPaENFEGP(M*l)-ENERGy!N) 
I F  (GLNCMP) 3 1  r 3 2 r 3 7  . 

31  CONTINUE 



32  NFGPM2mN-1 
PMOFG(1 rKrM)=.O 
PMOFGf2rKrM)n.O 
PMOFG(3*KaM)=,0 
PMOFG(4rK*M)=.O 
no 33 NeNFGPMlrNFGPM? 
0 0  33 J=NEGPKl*NFGPK? 
F N W T ~  (ENERGY ( N )  -ENERGY ~N+I 1 )  *ENERGY JI-ENERGY J*, ) 1 
PMOFG f 1  r K t M )  rPMOFG( 1 r K I M )  *ENWT 
~ ~ ~ R ~ F ~ ~ ~ J ) * ( S I G L ~ ( J ~ N I + S I G L O ( J ~ N * ~ ) )  
~ * B ~ F ~ I . ~ J * ~ ) * ( S , I G L ~ ( J * I . ~ N ) * S I Q L O ~ J * ~ ~ N * ~ )  1 )  

PMOFG (ZrKrM).=PMOFG (2.K.rM) *ENWT . 
l * ( H 2 F  ( ? r J ) * ( S I G L I ! J I N )  * S I G L l  f J r N * l )  
2+Y2F f ? r J * l ) * ( S I G L l  ( J * l  rN)*SIGI . . l  ( J * l * N * l ) ) )  

P M O F 6 ( 3 r K * M ) = P M O F G ( 3 r K * M ) * E N W T  
1 * ( 9 2 F  ( 3 r J ) * ( S I G L ? ( J r N ) * S . I G L 2 ( . J r N * ! )  
2*H?F(3rJ*l)*(SIGL?(J*)rN)*SIGLZ(J*l*N*l))) 

33 PMnFG(4rKrM)=PMOF6(4rKrM) *ENWT 
~ ~ ( H ~ F ( ~ ~ J ) * ( s I G L ~ ( J ~ N )  * ~ 1 ~ ~ 3 ( . l r N + l  ) 

2*Hi?F(4rJ*l)*(SIGL3(J*l'rN)*SIGL3(~J*l*N*l) 1 )  
P M O F G ( l r K r M ) = a 2 5 Q P M O F G ( l a K * M ) / F G P F f l r K )  
PMnFG(2rK IM)s ,25oPMOFC(2*K ,M) /FGPF(2 .K )  
P M O F G ( ~ ~ K I M ) = ~ ~ S + P M O F C ( ~ ~ K I M ) / F G P F ( ~ ~ K )  

34  P M ~ F G ( ~ ~ K I M ) = . ? ~ * P M O F G ( ~ ~ ~ ( ? M ~ / F G P F ~ ~ ~ K ~  
nO 35 K z l r N F G P  ' . 
P M ~ F G ( ~ ~ K I K ) = P M O F G ( ~ ~ K * K ) * S E L . ~ F G ~ K )  

35 P M O F G ( ~ V K I K ) = P M O F G ( ~ * K ~ K )  *SELI.FG~K) 
36 nO 3 9  NISO=lrNISOMA 

nn 3 7 .  N11.rNtNtHCi : . ' 

37 FGTNGD(N)aSIGFIS(NISOaN)*R2Ff~*N~ 
.FGINGD(NENERG+l)n.O 
DO 3P MFGnl *NFGP 
CALL GLINTE 

3 A  F I S F G P ( N I S O r M F t ) ~ F G P E : I N / F G P F f l r M F G )  ' 

3 0  CONTINUE 
40  no 4 1  N=I *NENERG .. 
4 1  FGINGfl(N)=SOURCE!N) 

VG!NOI)(NCNCRGil) h . 6  
DO 4 7  MfGnlrNFGP 
CALL GLINTE 

4 2 '  SRCFGP (MFG) nFCIPEIN 
4 3  s c T S A n = ~ n  

SCtSAlm.0 
DO 4 4  NISO=lrNISOMA 
SCISnO=SCISAO*ENODIS(NISD)*SItSIS(NISO) 

4 4  S C I S ~ ~ ~ S C I S A ~ ~ E N O D I S ( N I S O ~ Q S I P ~ I S ~ N I S O )  
0 0  4 5  L = 1 r 4  
no 4 5  Ms l rNFGP 

45 O M A C F G ( L ~ M ) S E ~ ~ O M O * Q ~ O F G P ( L ~ M ) ~ S C I S A ~  
00 46 L s 1 9 4  
DO 4 6  M=lrNFGP 
R M 4 C F 6 ( L I M ) = E N O D M O ~ R M O F G P ( L 9 M )  
no 4 6  N  1 SO= 1 N  1 SI.IMA 

4 6  R V A C F C ( L a M ) = R M A C F G f L r M ) * E N O D I S f N I S O )  . 
~ ~ R I S F G P  (NISO~LIM) 
00 47 L l l r 4  
DO 47 KzIqNFGP 
0 0  47 Mtl ' rNFGP 

4 7  P M A C F G ( L ~ K * M ) ~ E N O D M O ~ ~ P M O F G ( L , K . M )  
DO 48 Kr laNFGP 

48 P M A C F G ( l . K ~ K ) o P M A C F G ( l * K r K ) + S C I S A n  
t .  

nO 49 K s l r N F G P  
40 P M A C F G ( ~ ~ K ~ K ) U P M A C F G ( ~ . K I K ) + S C I S A ~  ' 

nU 5 0  MolrNFGP 
FMACFG(M)arO a 

00 50 NISOml~NISOMP . 
50 F M A C F G ( M ) = F M A C F G ( M ) * E N O D I S ( N I S O ) * F I S F G P ( N I S O r M )  

n 0  53 L o 1 9 4  
FS1JMfL)o.O , . .  
OSIJMdL)raO ' 

R S U ~ ( I - ) ~ ~ O  



. .. + 

PSUH'IL)=,~ 
no 5 2  M ~ , N F Q P  . . 
F S U M ~ L )  ~ F S U M ~ L )  * F G P F ~ L * M ) .  
OSUM(L) ~ Q S U M ( L ) , ~ Q M A C C Q ( L ~ M )  +FGPF~L.*M)  
RSUM(L)mRSUM(L)*RMACFCt(L*M)*FGPF(L*M) 
no 51 K ~ ~ , N F O P  . . 

51 P S U M ( L ) ~ P S U M ( L ) * P M A C F G ( L * K * M ) ~ F G P C ( L . K )  
52 CONTINUE 
5 3  CONTINUE 
5 4  RUCLAR=ABS(RUCKLE) 

SUFAC l r -SQRTfRUCLAB)  . 
TF (RUCKLEI  5 5 * 5 6 * 5 6  

5 5  RUFACO=BUFACI 
GO TO 57 

5 6  RUFAC0.-BUFAC1 
57 C K I D L = Q S U M f l )  

C K I D R ~ P S U M ~ ~ )  
CKSUQLPRUFACO~FS~JM ( 2 )  2RSUM( l j  
CKSUORmeO 
00 5P Mm.1 VNFGP 

58  CKSUoRmCKSUnR*SRCFGP(M) 
C K S U ~ L ? R U F A C I " ( ~ . ~ F S I J M ( ~ )  * F S ~ J M ! ~ ) )  /3. 

l * O S U M f 2 ) + R S U M f 2 )  
CKSUlRmPSUMf21 . 
C K S U ~ L ~ R I J F A C O ~  (, b a ~ ~ l l ~ ( 4 )  * . ~ ~ F S U M ' ( ~ )  ) 

l e Q S U M ( 3 )  *RSUM(3)  
c K S U Z R = P S U M ( ~ )  
CKSU3LoBuFACloa42857l43QFSUMf3) 

1*OS!JMf4) *RSUMf4 )  
CKSU3R=PSUY ( 4  1 
TF (BUCKLE) 6 0 * 5 9 * 6 n  

59 CKSUlLmCKSUlL-FSIJM 11 )  / 3 e  
C K S U ? L ~ C K S U ~ L * , ~ Q F S U M ( ~ )  
CKSU3LoCKSU3Lr  .428571.43*FSlJM ( 3 )  

6 0  CALL  GLPRNT 
RETURN 
EN0 

S I s F T C  GLNS DECK 
SUSROUTINE G L N T I Y  

0 0 0 0 0 %  COMMON N L I M ~ M L X M ~ T E M P E N ; A F A R E C * H R E C , A F A E P S ~ H E P ~ *  
~ N E N E R G ~ F A c M A S ~ S I G R N O ~ S B D ~ P ~ ~ A R E C P ~ ~ A E P S ~ ~ ~  
~ A ~ P ~ H ~ ~ A E P ~ H ~ ~ C O S ~ U ( ~ ~ ) ~ W A ~ E ~ ~ ~ ) ~ S I G S C T ~ ~ O ) ~ S ~ ~ U C K ~ ~ ~ ~ ~  
~ N M U Y A X ~ N M U M ~ ~ N M U M ~ * N M U M ~ * G L N R F : C * G L N E P S I  ' 

~ M I N I ~ N F I N * N M U ~ R E C ( ~ O ) * E P S ~ ~ O ) ~ S K E ~ ~ ~ ~ S ~ ) ~  
S I D E N ~ E N E R G Y ~ ~ ~ ) ~ E I N I ( ~ ~ ) ~ E F I N ( ~ ~ ) ~ A F ~ E L D ~ ~ Z ) ~  
h 6 A M 0 1 S I G L O f 8 7 r 8 8 )  r S I G L 1  ( 8 7 9 8 8 )  * S I G L 2 ( 8 7 * 8 8 )  * S I G L 3 ( 8 7 * 8 8 )  * 
7 S E L P n f 9 0 ) r S E L P 1 f 9 n ) ~ S ~ N P O f 9 O ~ ~ S I N P 1 f 9 o ) ~ S I N P 2 f 9 O ~ ~ S I N P 3 f 9 ~ ~ t  
R S T O T ~ ~ Q ) ~ S T R ~ ~ ~ ~ ) ~ S ~ R ~ ~ ~ O ) ~ S T ? ~ ~ Q O )  

COMMON N F G P ~ E N F E G P ~ Z ~ ) ~ N M I X M A ~ N M I X ~ I N D A M O ~ € N O D M O ~  
I ~ N A B M o ~ S I A B M O ~ S I G ~ M O ( ~ ~ ) ' ~ N I S O M A ~ N T S O ~  
Z I N D A I S f 4 )  e I N D F I S ( 4 )  * E N O D I S f 4 )  * S I G S I 9 f 4 )  ~ S X P ~ I S ~ ~ )  * 
~ E N A ~ I S ~ ~ ) ~ S I A ~ I S ~ ~ ) ~ S ~ G A I S ~ ~ ~ ~ O ~ ~ ~ N F I ~ S ~ ~ ~ ~ S ~ F ~ ~ ~ ~ ~ ~ ~ S I ~ F I S ~ ~ Q ~ O ~ ~  
~ R U C K L E ~ N S P E C ~ S M A S C T ~ ~ ~ ) ~ S M A A B S ( ~ O ) ~ S M A F I S ( ~ ~ ) ~ S O ~ J R C E ( ~ O ) ~  
S S M A T R ~ ~ ~ O ) ~ S M A T R ~ ~ ~ O ~ ~ S M A T R ~ ~ ~ ~ ) ~ S M A T R ~ ~ ~ O ) ~ D I ~ C O F ~ ~ O ) ~  
6 N D F L I T ~ D I F L G T ~ 1 0 0 ) r R C D F L 2 a D F L F O ~ 9 n ) r S P H A N O ~ 9 0 ~ ~  
70FCOFI (9O) *DFLGFT*TRCnRR*DFLRSD(90) *  , 

~ D F C F R ~ ~ ~ ~ ) ~ B E F ~ ~ ~ ~ ~ ) * R ~ F O L O ( ~ ~ ) ~ N R ~ I T ~ B ~ R S D ~ ~ O )  
0 0 0 0 0 2  COMMON M F G ~ F G I N G D ~ ~ ~ ~ ~ F . G ~ E I N ~ N F Q P ~ ( ~ ~ ) ~ E N I N W T ~ ~ O ~ ~  ' ' 

1 F G P F f 4 t b a ~ r Q M O F G P f 4 e ? n ~ ~ R M ~ F G P ( 4 ~ 2 O ) ~ R I S F G ~ ( 4 ~ 4 ~ 2 0 ) ~  
2 S E L O F G f 2 0 l  * S E L l F G ( Z O )  I P M O F G ~ ~ ~ ~ ~ Q I ! ~ )  * F I S F Q P ( 4 * 2 0 )  * 



~ S W C F G P ( ~ ~ ) * Q M A C F G ~ ~ ~ ~ ~ ) ~ R M A C F G ~ O ~ ~ , O ) ~ P M A C F G ~ ~ ~ ~ ~ * ~ ~ ) ~  
OFMACFG(20) rFSUM(4)  ~ Q S I I M ( ~ )  * R S I I M ( ~ ~  rPSlIM(41 r 
5 C K I D I ~ ~ C K I D R r C K S U ~ L r C K S L I O R r C K S L l l L r C K S l l l R e  
~ c K S U ~ L ~ C K S U ~ R ~ C K S U ~ L ~ C K S U ~ R ~ J P R B N O * S T R A N D *  
~ S S M P R T ( ~ ~ ) ~ S P R T O T ( ~ O ) * F I S P R T ( ~ ! O I ~ P P R T ( ~ O ~ ~ O )  

COMMON N ~ F ~ l ~ D F L P I 1 ~ D I 1 C O R ~ D F ~ 1 F ~ f 8 7 ~ ~ D F l 1 F 1 ~ R 7 ~ ~ D F l l R S ~ ~ 7 ~  
COMMON D F C O l l ( A 7 )  
NRGPLl=NENERG+l 
NFGPLI =NFGP*l 
FNFEGP (NFGPLI ) a.0 
00 3 MFGn1,NFGPLl 
no 1 N ~ I ~ N R G P L I  
GLNCMP=ENFEGP(MFG)-ENERGYtN) 
T F f G L N C M P ) l r 2 r 2  

1 CONTINI.IE 
2 NFGPI,. (MFG) JN 
3 CONTINUE 

DO 4 Nrl*NENERG 
4 ENINWT(N) rENERGYfN) -F_NERGY(N+~)  

RETURN 
ENO 

SIsFTC GLN9 DECK 
qURROUlINE GLINT€ 

0 0 0 0 0 2  COMMON N L I M ~ M L T M ~ T F M P F N ~ A F A R E C ~ H R E C ~ A F A E P S ~ H E P S ~  
~ N E N E R G ~ F A C M A S * S I G R N D ~ S A D ~ P ~ ~ A R E C P I ~ A E P S ~ ~ ~  
? ~ R P ~ H Z ~ A E P ~ H ~ ~ C O S M U ( ~ ~ ) ~ W A T E ~ ~ O ) ~ S I G S C T ( ~ ~ ) ~ S I ~ ~ J C K ~ ~ E ) ~  
3NMUMAX qNMUM1 r NMIIMZ*NHIIM3rGLNREC r GLNEPS r 
bfdJNl  rNF l N r N M U . l 4 t ~ l 9 0 1  *eP3(IDO) ~ O U f f ( 5 1 1 ~ ~ l ~  v 
~ ~ D F Y ~ F N E R G Y ~ ~ ~ ) ~ E I N I ~ O ~ ) ~ E F ~ N ( ~ ~ ) ~ A F I E L D ~ ~ ~ ) ~  
6 G A ~ 0 r ~ ~ G ~ 0 ( 8 7 r 8 9 ) r S I W ( ~ 7 ~ 8 8 ) * S T G L 2 f 6 ? r 8 8 ) r ~ ~ ~ L 3 f ~ 7 * 8 ~ l r  
75ELPOf90)  * S E L P l  1917) eSTNPOf90) * S I N P I  (90) r S I N P Z ( 9 0 )  v S I N P 3 f 9 0 )  
~ s T O T ( ~ O ) ~ S T R ~ ( ~ ~ ~ ~ S T R ? ~ ~ O ) ~ ~ T R ~ ( ~ ~ )  

0 0 0 0 0 2  COMMON N F G P * E N F E t P ( 2 1 ) r N M I X M A ~ N M I ~ ~ I N D A M O + E N O D M O ~  
~ ~ N A B ~ O ~ ~ ~ A ~ M ~ ~ S ~ ~ A M ~ ~ ~ O ~ ~ N I S O M O ~ ~ I ~ ~ ~  
~ I N O A I S ( ~ ) ~ I N D F I S ~ ~ ) ~ F N O D I S ~ ~ ~ ~ S I G S I S ( ~ ) ~ S I P ~ ~ S ~ ~ ~ ~  
~ E N A H I S ( ~ ) ~ S I A ~ I S ( ~ ) ~ ~ T G A I S ~ ~ ~ Q O ~ ~ E N F I I S ~ ~ ~ ~ S I F ~ I ~ ~ ~ ~ ~ S I ~ F I S ~ ~ ~ ~ ~ ~ ~  
~ R U C K L E ~ N S P E C ~ S M A S C ~ ( ~ O ) ~ S M A A B S ( ~ ~ ) ~ S M A F I S ( ~ ~ ) ~ S O I I R C E ~ O O )  r 
SSMATR0(90)*SMATRl ( ~ ~ ) * S M A T R ~ ( ~ O ) ~ S H A T R ~ ( ~ ~ ) ~ D I F C ~ F ( ~ O ) ~  
~ N D F L I T I D ~ F L G T ( ~ ~ ~ ) * R C D F L ~ ~ D F L F O ~ ~ O ) ~ S P M A N O ~ ~ O ) *  
7nFCOF I ( 9 0 )  * DFLGFI e TRCnRR* DFLRSO f 9 0  1 r 
AOFCFR2f90) rB2F ( 4 r 9 1 )  rR2F0LO(9n)  rNR21T rB2RSD(90)  

0 0 0 0 0 2  COMMON MFG*FGINGD(9l)rFGPEIN*NFGPL(2l)rENINWT(90)~ 
~ F G P F ( ~ ~ E O ) ~ Q M O F O P ~ ~ ~ ? ~ ) + R M O F O P ( ~ ~ ~ O ) ~ R I S F G P ~ ~ ~ ~ ~ ? ~ ) ~  
~ S E L O F G ( ~ O ) ~ S E L ~ F G ( ? O ~ ~ P M O F G ( ~ ~ ~ O ~ ? O ) ~ F I S F ~ P ~ ~ ~ ~ ~ ) ~  
~ S R C F ~ P ( ~ O ~ ~ Q M A C F G ( ~ ~ ~ O ) * P M A C F C ~ ~ ~ ~ ~ ~ ) * P M A C F G ( ~ ~ ~ ~ * ~ O ) *  
4FMACFGf20) rFSUM(4)  rOSIlM(4) rRSUMf4) rPSIIM(4) 
S C K I D L ~ C K I ~ R , C K S U ~ L ~ C K S I J O R * C K S I I ~ L ~ C K S [ J ~ R ~  
~ c K S U ~ L ~ C K S U ~ R * C K S I J ~ L ~ C K S U ~ R ~ J B R B N D ~ S T R A N U ~  
~ s S M P R T ~ ~ O ) ~ S P R T O T ( ~ O ) ~ F I S P R T ( ? O ) ~ P P R ~ ( ~ O ~ ~ O )  

00 00  0 2 COMMnN N D F 1 l ~ D F L P l 1 ~ P 1 1 C O R ~ D F ~ 1 F O ( 8 7 ) ~ D F 1 1 F 1 ~ A 7 ) ~ D F l l R S ( R 7 )  
0 0 0 0 0 2  COMYnN D F C O l l ( B 7 )  
0 0 0 0 0 2  NFGPLl mNFGPL (MFG) 
0 0 0 0 0 5  NFGPL2mNFGPL(MFG+l)-1 
0 0 0 0 0 7  FGPElNm*O 
0 0 0 0 1 0  DO 1 NmNFOPLlrNFGPL2 
0 0 0 0 1 2  1 F G P E I N ~ F G P E I N + E N I N w T ( N ) ~ ~ F G I N G D ~ N )  

1 +FGINGD ( N * l )  ) 
0 0 0 0 2 1 FGPEINI.S*FGPEIN 
0 0 0 0 2 3  RETURN 
0 0 0 0 3 3  END 



SIsFTC G L l n  DECK 
SURROlJT I N E  GLPRNT 

000002  COMMON N L I M ~ M L I M ~ T E M P F N * A F A R E C ~ H R ~ C ~ A F A E P S ~ H E P S *  
~ N E N E R G ~ F A C M A S ~ S I G ~ N D ~ S R D ~ P I ~ A R E C P ~ * A E P S P ~ ~  
2ARPlHZ*AEPIH2*COSMU(6n) *wATE((50) 9SIGSCT 6 0  * S I M U C K ( ~ ~ )  r 
3NMUMAX*NMUMlrNMUM2*NMUM3eGLNRwLNEPSe 
4 N I N I r N F I N ~ N M U ~ R E C ~ S O ~ ~ E P S ~ S O ~ e S K E t S 1 ~ 5 1 ~ ~  
S I D E N ~ E N E R O Y ( ~ ~ ) ~ E I N I ( ? ~ ) ~ E F I N ~ ~ ~ ) ~ A F I E L D ( ~ ~ ) ~  
~GAMO*SIGLO ( 8 7 * 8 8 )  r ~ , l ~ ~ l  ( ~ 7 ~ 8 0 )  * S l d L 2 ' f 8 7 * 8 ~ , )  * S I G ~ 3 ? 8 7 e t 3 8 )  * 
7SELPn ( 9 0 )  rSELP1 ( 9 n )  * S Y N P ~  190)  9 S I N P 1 ( 9 0 )  * S I N P 2 ( 9 0 )  * S I N P 3 ( 9 0 )  * 
R S T O T ( Q 0 ) r S T R 1 ( 9 0 ) e S T ~ ? . ( 9 0 ) r S t R 3 ( 9 ~ )  

COMMON NFGP~ENFEGP(~~)~NMIXMA~NMIX~INDAMO~,ENOOMO~ 
~ E N A B M O ~ S ~ A B M O * S I G A M ~ ~ ~ ~ ) ~ N I S O M A * N I S O ~  
~ I N D A I S ~ ~ ~ ~ I N D F I S ~ ~ ) ~ E N O D I S ( ~ ) ~ S I G ~ I S ~ ~ ) ~ S I P ~ I S ~ ~ ~ ~  
~ E N A B I S ( ~ ) ~ S I A R I S ~ ~ ~ ~ S ~ G A I S ~ ~ ~ ~ ~ ~ ~ E N F I I S ~ ~ ~ ~ S I F I I S ~ ~ ~ ~ S I G F I S ~ ~ ~ ~ O ~ ~  
~ B U C K L E I N S P E C I S M A S C T ( Q ~ ) ~ S M A A B S ( ~ O ~ * S M A F I S ( ~ O ) ~ S O U R C E ( ~ O ) ~  
5SMATR0 ( 9 0 )  *SMATR1(90) *SMATR2(90) *SMAfR3(90)  *DIFCOF(90)  
~ N D F L I T ~ O I F L G ~ ~ ~ ~ O ) ~ R C D F L ~ ~ D F L F ~ ~ ~ ~ ) ~ S P M A N O ~ ~ ~ ~ ~  
~ D F C O F I ( ~ ~ ) ~ D F L G F ! ~ T R C O R R ~ D F L R S D ( ~ ~ ) ~  
A ~ F C F H ~ ( ~ O ) * ~ ~ F ( ~ ~ ~ ~ ) * B ~ F O L D ( ~ ~ ) ~ N R ~ I T * B ~ R S D ( ~ O )  

COMMON M F G ~ F G I N G D f 9 l ~ ~ F O P E I N * N f O P L ( 2 l ) ~ E N I N W T ~ P 0 ~ e  
~ F G P F ( ~ * ~ ~ ~ ~ Q M O F G P ~ ~ ~ ~ ~ ) * R M O F G P ( ~ . * ~ O ) * R I S F G P ~ ~ ~ ~ ~ ? O ) ~  
2SELOFGt20) vSELIFG(20)  ,PMOFG(4*20e20) * F I S F G P ( 4 * 2 0 )  9 
~ S R C F G P ( ~ ~ ) * Q M A C F G ~ ~ ~ ~ ~ ) * R M A C F G ~ ~ ~ ~ ~ ) * P M A C F G ( ~ * ~ O * ~ O ) *  
4FMACFGt20) rFSUM(4)  rQSLlM(4) rRSIJM(4) rPSl IM(4)  9 

S C K I D L , C K I L ) R ~ C K S ~ J ~ L * C K S U O R * C K S I I ~ L ~ C K S ~ I ~ R ~  
6CKSU2LtCKSU2R*CKSU3LqCKSU3R*JPRBNOeSTRAND* 
7 S S Y P R T ( 2 0 ) r S P R T O T ( 2 0 ~ ~ ~ F I S P R l f ~ O I ~ P P R T ~ 4 0 ~ 2 0 )  

000002 COMMON N D F ~ ~ ~ D F L P ~ ~ ~ P I ~ C O R ~ D F ~ ~ F O ( A ~ ~ ~ D F ~ ~ F ~ ~ ~ ~ ) ~ D F ~ ~ R S ( R ~ ~ .  
o n n n n ~  COMMON O F C O ~ ~ ( R ~ )  
000002  1 WRITF(9rZ)NMIX 
000010 ? F O R ~ A T ~ B H ~ M I X T U R E ; ~ ~ , ~ ~ ~  FEW GROUP PARAMETERS) . 
0 0 0 n l 0  cWITE (9 r3 )NFGP 
0 0 0 0 1 6  3  FORMAT(~~HONUN~-JER NFGP OF FEW GROllP ENERGIES ENFEGP* N F G P = * I ~ )  
000016  WRITE ( 9 r 4 )  
000022  4 FORMAT(15HoNFG ENFEGP) 
000022  ~ R I T E f Q t 9 0 1 1  (N*ENFEGPfN)*N=l*NFGP) 
000037  ~ 0 1  FOQYbT(I4*E16,R) 
000037  5 FORMAT( I4*7E16*8)  
000037  wRITE(S*~)INDAMOIENO~MO 
000n47 6 FORMAT(33Hf)MOOERAlOR SIGA INOTCATOR !NDAM0.*13r 

133H MODERATOR NUMPER DENSITY ENODM.O~~E15.8) 
000047  I F ( I N n A M 0 ) 7 r 7 , 9  
0  0  0  0  5 1 7 w R I T E ( ~ * A ) E N A R M O ~ S I A R M O  
000061 4 F O Q Y b T ( B H ~ E N A R M O a ~ E 1 5 . R ~ A H  SIABMOIIEIS*~) 
on0061  9  W R I T E f 9 r l 0 )  
onan65  1 0  P O R N A V ( ~ S H ~  N s r G A W O )  
600065 WRITE(9*Q01) (NiSIGAMO(N)*N=l*NENERG) 
0 0 0 1 0 2  WRITE (9*1 l )N ISOMA 
000110  1.1 FORMAT(~SHONUMRER ADDITIONAL ISOTOPES NISOMA=,I3) 
0001  10  w R I T E ( Q r l 2 )  
000114  1 2  F O R M A T ( ~ ~ , ~ H O I S O T O P E  SIGA INDICATOR* SIGF INDICATORv NUMBER DENSITY 

1. PO SCATTERING CROSS SECTION, P 1  SCATTERING CROSS SECTION) , 

000114  wRTTE f9113)  
000120 1 3  F O R Y A T ~ ~ ~ H  INDAIS I N D F I S  ENODTS SIGSIS 

1 S I ' P l I S )  
000120 ~ R T T t ? l 9 * 1 4 )  (INoAIs(NISC!)~INDFIS(NISO)~ENODIS~NIS~)~ 

l S l G S I S ~ N I S O ) r S I P I ! S ( N I S O ) * N I S ~ N I S O M b )  
000147 1 4  F O R M A T ~ I ~ ~ I ~ ~ ~ E ~ Z , A ~ E ~ ~ I O A ~ E ~ ~ . ~ )  
000147 PO 17  NISO=l*NISOMA 
0 0 0 1 5 1  J T E S l n I N D A I S ( N I S 0 )  
000153  I F ( J T E S T ) l S r l S r l 7  
000154  1 5  w R I T E ( ~ ~ ~ ~ ) N I S O ~ E N A R I S ~ N I S O ) ~ S I A R ~ S ( N ~ S O )  
000170 16 FORMAT(6H0NISOnrl>rBH E N A R I S ~ ; E ~ ~ , A * A H  S I A B I S ~ ~ E ~ S ~ ~ )  
000170 1 7  CONTTNUE 
000173  I70 20 N I S O ~ ~ ~ N I S O M A  , ' 

000174  JTFST=INDFIS(NISO) 
000176  TF(JTEST) l B r l R * t O  
000177  1 R  w R ~ T E ( ~ ~ ~ ~ ) N I S O * E N F I ~ S ( N I S O ) ~ S ~ F I ~ S ( N I S O )  
000213 1 9  FORMAT (6H0NISO.t I 3 r B H  ENFI ISmrE1SD8*AH SIFI!S.~E~S~A) 



2 0  CONTINUE 
00 2 2  N I S O = l * N I S O M A  
w R T T E ( 9 t Z l ) N I S O  

21  FORMAT(14HO.  N S I G A T S (  t I 2 t 2 H  1 ) '  
22 ~ R I T E ( 9 r 9 0 1 )  ( N , S I G A I S ( N I S O ~ N ) r N o l t N E N E R G ~  

, D O  2 4  N I S O = l r N I S b M A  
w R I T E ( 9 t 2 3 ) N I S O  

2 3  F O R Y A T ( 1 4 H 0  N  S T G F I S I ~ I Z I Z H  ) , I  
2 4  w R I f F ( 9 * 9 0 1 )  ( N ~ S I G F I S ( N I S O ~ N ~ ~ N O ~ ~ N E N E R G )  

W R I T E  f Q * 2 5 ) B U C K L E  ' . 
2 5  F O R M A T ( ~ O H O B U C K L ~ N ~ = * E ~ ~ . U )  

I F  ( N S P E C ) 2 5 l r t b r Z A  
¶ 5 1  w R T T E ( 9 * 2 5 2 ) N S P E C  
7 5 2  F O R M A T ( ~ ~ H O N E U T R O N  SPECTRUM READ IN.  N S P E C B ~ I Z )  

G O  TO 3 0  
26 W R I T E  (9 t27)NSPF.C 
2 7  FORMbT(33HOMAXWELL NFIITRON SPECTRUMa NSPEC.tI2) 

GO TO 3 0  
' 2 8  W R I T E  ( 9 t 2 9 ) N S P E C  

2 9  F O R M ~ T ~ ~ ~ H Q H A R D E N E D  NEUTRON SPECTRUM. N S P E C * r I 2 )  
3.0 WRITE ( 9 9 3 1 )  
31 FORMAT(5IHlMACROSCOPTC CROSS SECTTONS FOR MuLT~GROUP ENERGIES)  

W R I T E  ( 9 r 3 2 1  
3 2  FORMAT( I~~H  N SMASCT SMAII~S SMAF I s 

1 SMbTRO SMATRl  SMATR2 SMATR3) , 

w R I T E ( 9 t 5 )  ( N * S M A S C T ( N ) r S M A A B V N ) r S M b F I S ( N ) t .  
lSMATR0(N)rSMATPl(N)*SMATR2(N)~SMATR3(N)*N=l*NENERG) 

w R I T E ( Q q 3 4 )  . . 
3 4  FORMAT(57H0OIFFUSION COEFF IC IENT  AND SOURCE FOR MIILTIGROUP ENEWGIE 

1 s 
W R I T E  ( 9 9 3 5 )  

35 FORMAT ( 4 7 H  N ENERGY D  I FCOF SOURCE) 
W R J ~ E ( ~ ~ ~ ~ ~ ) ~ ( N ~ E N E R G Y ( N ) ~ O I F C O F ( N ) ~ S C I U R C E ( N ) * N = ~ ~ N E N E R G )  

002  FORMATt14*3E16 .8 )  
W R I T E  ( 9 r 3 6 )  

3 6  F O R M A T ( ~ ~ H ~ D I F F U S I O N  LENGTH C~IL.CULATION) 
W R I T E  ( 9 . 3 7 )  DFI.GFI tTRC64R 

3 7  F O R M A T l l A H ~ D I F F U S I O N  L E N G ~ H E ~ E ~ ~ ~ R ~  
1 2 2 H  TRANSPORT C O R R E C T I O N ~ t E l 5 . R )  

w R I T E ( 9 t 3 8 )  
3 9  F O R ~ A T ( Z ~ H O S € Q U E N C ~  nF EIGENVALUES)  

w H I T F f 9 e 3 9 ) .  
33 FORQAT(1AI.I IrlQ, D I F F ,  LCTM.) 

~ H I T E ( 9 t 9 6 1 )  ( N t D I F L G T ( N ) * N = l t N D F L T T )  
WRITE ( 9 9 4 0 )  

4 4  FORMAT(64H0 N  ENERGY SPECTRUM MAXWELL 

WRITE r o + 4 n i ) o v i ~ i 1  + P I ~ C O R  
6 0 1  F O R M A T ( ~ ~ H O P ~ ~  D I F F U S I O N  LENGTH.tE16.Pt 

1 1 6 H  P11 CORREGT1OMmtEl6.8) 
w R I T E ( 9 * 4 0 2 )  

i02 F O R Y A T ( 1 6 H Q P 1 1  EIGENVALUES)  
W R I T E  ( 9 t 3 9 )  
M D T P L I n N D F C I T + l  
~ R I T F ( 9 r 9 0 1 )  ( N ~ O ~ F L G T I N )  t N = N D t P L l , N O F l l )  
W R I T E  ( 9 ~ 4 0 4 )  

6 0 3  FORMAT(111H  N  ENERGY F  0  F  1 
1 MAXWELL R E S I n U A L  D F C O l l  D I F C O F )  

4 0 4  FORMAT(12HOP11 SPECTRA) 
WRITE ( 9 r 4 0 3 )  
b fRI t 'E (9 tb r .15)  ( N t E N € R @ v ( N )  t D F l l F O ( N )  e D F 1 1 F l  ( N )  w 

lSPMANO(N)tDFllRS(N)*DFCO11(N)tOIFCOF(N)eN~ltNENERG) 
6 0 5  F O R M A l ( I 4 t 7 E 1 6 * 8 )  

w R I T F  ( 9 ~ 4 1 )  
4 1  FORMAT f 1 8 H 1  R l lCKL ING SPECTRA) 

W R I T E  ( 9 9 4 2 )  
4 2  FORMAT(96H N  ENERQY LmO 

1 L.2 L o 3  RES IDUAL)  
w R I T E ( 9 ~ 9 0 4 )  (NtENERGY I N )  e B 2 F f l e N )  ~ B z F ( 2 t N j  9 



1R2Ff3.N) ;R2Cf4rN) eB2RSDfN) eN.1 eNENERd) 
0 0 4  FORMAT' f14r6ElbrB)  

WRITE 199421)NB21T 
421  FORMAT ( l9HONUMRER ITERATIONS.; 14 )  

ZERO.. o 
WRITE f9943)NMIX 

4 3  F O R M A T ~ Z ~ H ~ ~ S O T O P E  E D I T S  FOR  MIXTURE,^^) 
W R I T E f l l r 4 4 )  fAF1ELDfJ) .J=1*12)  

4 4  FORMAT(12A6) 
W R I T F ( l l r 4 5 ) N M I X  

4 5  FORMAT(6H NMIXme14) . 
IF (NFGP*4)441e441e442 

441 JPRBN~.IARS(JPRRNO) 
i 4 2  LIMPPl=NFGP-4 

LIMPR2mNFQP*4. 
DO 5 0  L.1.4 
LPRTrL-1 
W R I T E t l l r ~ 5 1 ) J P R P N O * N M I X ~ L P R T  

651 FORMAT~BH JPRBNOo.I5;9H N M l ~ m . 1 j e l ~ H  MODERA10Re 
I w  L=~II). 

0 0  4 9 1  MFQ.lrNFGP 
SSMPRT (MF?) 0.0 
DO 4 6  KFGalrMFG 

4 6  S S M P R T ( M F G ) ~ S S M P R T ~ H F ~ ~ * P M ~ F G ~ L ~ M F G ~ K F G )  
s S M P R T ( M F G ) ~ S S M P R T ( M F G ) - P M O F G ~ L ~ M F G F G )  
WRITE(9t47)LPRTeMFG 

4 7  FORMATfl4HOMODERATOR. La.12.9H . bROUPm.13.) 
NFGPM?aNFGP*NFGP-1 
no 471 K F Q o l t 4 0  

6 7 1  PPRT(KFG.MFG)m,O 
no 4A KFGmlrNFtP 
KPFGaNFGPmKFG*MFG 

4A PPRT (KPFGtHFG) ~ P M O F G ( L * K F G * M F ~ )  
s P R T O T ( M F G ) ~ Q M O F G P ( L . M F G ) + R M O F G P ( M F G )  
I F f J P R R N 0 ) 4 8 2 r 4 A l r 4 6 1  

6 ~ 1  WRITE (9e49)RMOFGPfLeMFG) * Z E R O ; S P R ~ ~ ~ ~ M F G )  e 
ISSMPRT(MFG)~ ( P P R T ( K P F G . M F G ) ~ K P F G ~ ~ ~ N F G P M ~ )  

GO TC, 4 9 1  
i f 3 p  1F (MFG-5) 485t4R3.483 
~ R J  PPRT(NFGP*4rMFG)r.O 

1.IMlrpMFG . .  . 
L I M2mNFGP 
00 484 N R N I N T n L I M l r L I M 2  

n 9 4  PPRT (NFGP449MFG) IPPRT (NFGP+4,MFG) 6PMOFG (LeMFGw4,NRNIN~) 
405 TF(MFG*4-NFQP)486.486.48B 
486 PPRT f NFGP-4.MFG) n..O 

0 0  487  NRNINT=l*MFG 
4 8 7  PPRT(NFGP-~*MFR) IPPRT(NFGP,~ ,MFG)*PMOFC(L~MFG+~,NRNINT)  
& A R  t F f L - 1 ) 4 9 O r 4 9 0 , 5 ] 1  
490  I F f M F C - l ) 5 l ~ r 5 1 0 ~ 5 1 1  
410  PPRT(NFGP*l.MFQ)aSTRAND 
i l l  W R I T F ( ~ ~ ~ ~ ) R M ~ F G P ( L ~ W G ) ~ L E R O ; S P R T O T ( M F G ) *  

I S S M P R T l M F G ) e ( P P R T f K P F G l n F G ) * K P F G ~ L I M P R l e L I M P R 2 )  
4 9  FORMATflP6E12.4) 

i 9 1  CONTINLIE 
1 F ( J P R B N O ) 5 1 3 t 5 1 2 ~ 5 1 ?  I 

4 1  2 WRITE f 11 .49) tRMOFGP (I-.MFG) .ZEROISPRTOT (MFG)., 
I S S M P Q T ( Y F G ) ~ ~ P P R T ~ K P ~ G ~ M F G ) ~ K P F Q P ~ ~ N F ( ~ P M ~ ~ ~ M F ~ ~ I , N F G P ~  

GO TO so 
k13 w R I T E ~ ~ ~ ~ ~ ~ ) ( R M O F G P ( L ~ M F G ) ~ Z E R ~ ~ S P R T O T ( M F G ) ~  

~ S S M P R T ~ M F Q ) ~ ( P P R ~ ( K P F O I M F G ~ . K P F G ~ L I H P R ~ * L I M P ~ ~ ) ~  
PMFGal r NFGP) 

s n  CONTINUE 
DO 5 6 1  NISOnlrNISOMA 
00 561. L a 1 9 4  . 
LPRTaL-1, 
W R I T E ~ ~ ~ ~ S O ~ ) J P R R N O ~ N M I X ~ N I S O ; L P R ~  

401 F O R M A T ~ ~ H  JPRBNQm.lS.RH N M I I ~ r I l t l l H  ISOTOPE.~I~* 
lSH Le.11) .  

DO 5 6  MFG.lrNFGP . 
W R I T E ( ~ ~ S ~ ) N I S O I L P R T , M F G  



51 F O R M ~ T ( ~ H O I S O T . O P E ~ ~ ~ , ~ H  , L . r I 2 9 9 H  G R O U P J * I ~ )  
NFGPM?aNFGP*NFGP-1  
00 5 2  K P F G n l r N F G P M 2  

52 P P R T ( K P F G * M F G ) = . O  , , 

F I S P P T ( M F G ) d . O  
S P R T O T ( M F G ) ~ S I G S I S ( N I S O ) * R I S F C , P ~ N I S O ~ L ~ M F G )  
1F ( L - 1 ) 5 3 r 5 3 r 5 4  

53 P P R T ( N F G P I M F G ) = P P R T ( N F G P * M F G ~ * S ~ G S I S ( N I S O )  
F I S P R T f M F G ) n F I S F G P ( N l S O ~ M F G )  
GO T n  551 

5 4  1 F  ( L - 2 ) 5 5 9 5 5 * 5 5 1  
55 P P R T ( N F G P ~ M F G ) = P P R T ( N F G P ~ M F G ) * S , I P I I S ~ N I S O )  

651 T F ( J P W W N 0 ) 5 5 3 r 5 5 2 0 5 5 ?  
sS? N R I T E ( ~ ~ ~ ~ ) R I S F G P ( N I S O ~ L ~ M F G ) ; F I S P R T ( M F G ) ~  

I S P R T O T ( M F G ) ~ ~ E R O ~ ( P P R T ( K P F G ~ M F G ) ~ K ~ F G O ~ ~ N F G ~ ~ ~ )  
GO T o  56 

i 5 3  W R I T E ( ~ ~ ~ ~ ' ) R I S F G P ( N I S O ~ L ~ M F G ) ; F I S P R T ( M F G ) ~ ~  
I S P R T O T ( M F G ) ~ Z ~ R O I ( P P R T ~ K P F G V M F G )  t K P F G e / I M P R l * L 1 M P R 2 )  

5 6 :  CON.TINOE ,. , 

I F  ( JPRHNO) 5559 5 5 4 9 5 5 4  
5 5 4  W R l T E l l l r 4 9 )  ( R I S F G P ( N I S O v L * M F G )  *FXSPRT(MFG)  9 

1 S P R T O T ( M F G ) r Z E R , O r ( P P Q T ( K P F G * M F G ) * K P F G ~ l * N F G P M 2 ) *  
? M F G a l  .NFGP) 

GO TO 561 
k55 IJRITE (11 949) ( . & ~ S F G P ( N ~ S O ~ L ~ M F C , )  * F T S P R T ( M F G )  9 

~ s P R T o T ( M F G ) ~ z E R O * ~ P P R T ~ K P F G ) ~ K P F G ) ~ K P F G ~ L M L P R  
2MFO0, l  q N F G P )  . 

s h l  C O N T l N U E  . , .  
5.7 F O R ~ A T ~ I R I E ~ O . A I J E ~ ~ . R )  

w R T T E ( 9 t S 8 )  
SR F O R M b T ( 3 3 H l F E W  GROUP. MACROSCOPIC PARAMETERS) 

w R T T F  ( 9 9 5 9 )  
59 F O R M 8 1 ( 7 H O F L U X E S )  

b R I T F f 9 9 6 f l )  
6 0  F O R M 8 1  ( 7 n H  GROl lP La0 L m l  

1 - L=3)  
W ~ X T ~  ( P , s ? ~  (M,iFGPF ( 1 . 7 ~ )  * F W F  f ~ a M 1  ;FGPF,(3,Ml 9 

l F G P F f 4 r M ) r M u l r N F G P )  
W R I T E  ( 9 9 6 1 )  

6 1  F O R M d T ( 2 6 H 0 S C A T T E R I N G  CROSS S E C T I O N S )  
W R l  TE ( 9 9 6 n )  
w R l T E . ( 3 ~ 9 7 )  ( M v Q W A C F G ( 1  +MI  * Q ( d A C F O ( ? * M )  1 

!QNA,CFGf7 ,MI  a Q M A C F G f 4 s M )  ~ Y P ~ * F ? F G P )  
W'RITE ( 9 9 6 % )  

h E  F O R M A T ( 2 6 H 0 A R S O R P T I O h !  CROSS S E C T I O N S )  
W R I T E  ( 9 9 6 0 )  
WRTTE (9957) ( M e R M d C F G f  1 * M \  * R M A C F G ( 7 r M )  9 

l R M A C F G ( 3 a M )  I R M ~ C F G ( ~ . M )  eMm1 9NFGP)  
w R T T F i 9 a b 3 l  

63 FORMAT130HOQROlJP  TRANSCER CROSS S E C T I O N S )  
DO 66 K m l r N F G P  
W H I T F ( 9 * 6 4 ) K  

6 4  F O P M d T ( 1 S H O I N I T I A L  G R O l J P s q I 3 )  
w R I T E ~ O I ~ S )  

65 F O R M I T ( 7 o H  F I N A L  GROOP LEO LO1 
1 L=3 

66 w Q l T E ( 9 p 5 7 )  ( M e P M A C F G i l  .K9M)  9 P ~ A 6 ? t i [ 2 . K , W ~  
: ;s  l P M A C F G ( 3 r ' K * M )  * P M b C F G ( 4 * K 9 ( r o  ~ M ~ ~ V N F G P )  

w R I T E ( 9 r 6 7 )  
6 7  F O R M 4 T ( 2 3 H O F I S S I O N  CROSS S E C I I O N S i  

W R I T E  ( 9 9 6 8 )  
6 R  F O R M b T f 2 2 H  GROUP ~ 0 0 )  

w ~ ~ ~ ~ ( ~ l ~ o ~ )  ( M , F M A C F G ~ H ) ~ M = ~ . N F O P )  
0 0 5  FORMAT ( 1 4 e E 1 6 . R )  

W R I T E ( 9 * 6 9 )  . 
69 F O R M A T ( 2 5 H O S O U R C E  FNERGY DEPENDENCE)  

W R I T E ( 9 t 6 8 )  
W R I T E  ( 9 9 9 0 5 )  (MISQCFGP~M) * M ~ ~ ~ N F G P )  
W R I T E f 9 t 7 0 )  

7 0  F O R M A T ( ~ I H ~ C H E C K  SUMS) 
w R I T E ( ~ ~ ~ ~ ) C K ~ D L I C K I ~ R .  - 



71, FORMATf2El6,AI 
W R I T E ~ ~ ~ ~ ~ ) C K S U O L ; C K S U O R  
WRITEf9e7l)CKSUlLtCKSUlR . . 
w R I T F : ( ~ ~ ~ ~ ) C K S U ~ L ~ C K S ~ J ~ R  ,. 
w R I T E ~ ~ ~ ~ ~ ~ C K S U ~ L ~ C K S U ~ R  . . 

WRITF ( 9 * 7 2 ) N M I X  
1 2  FORMATt2RHnEND OF PRTrJTOlJT FOR MIXTUREII~) 

RETURN 
ENn 

I I s F T C  G L l l  
SURROIJTINF: GLMOCK 
COMMON NLTM*MLIM~TEMPFNIPFAREC*HRECQAFAEPS*H~P~, *  

~ M E N E R G ~ F A C M A S * S I G R N D ~ S B ~ ~ P I ~ A R E C P ~ ~ A E P S P ~ ~  
~ A R P ~ H Z ~ A E P ~ H Z ~ C O S M U ~ ~ ~ ) ~ W A T E ~ ~ O ~ ~ S I G S C T ~ ~ O ) ~ S ~ ~ U C K ~ ~ ~ ) ~  
3NMUMb X rNMIJM1 e NMIIME (NMIJM3 eGLNREC r  GLNEPS !, 

. ~ N I N I ~ N F I N ~ N M U ~ R E C ~ ~ O ~ ~ E P S ~ ~ O ) ~ S K E I ~ ~ * ~ ~ ) ~  
SIDENqENERGy(91) r E I N I  ( 9 1 )  *EFIN, f911 ~ A F T E L O ~ ~ ? )  
6 ~ A ~ 0 ~ ~ I G ~ ~ f 8 7 r ~ B ) e ~ I ~ L 1 f 8 7 e 8 8 ) * , S f G L 2 ~ 8 7 e 8 8 L 8 7 0 8 *  
ISELPO(90)  r S E L P l f 0 r l )  *STNPnf90)  * S I N P l f 9 0 )  e S I N P 2 f 9 0 )  e S I N P 3 f 9 0 )  e 

' R S T O T ( 9 0 ) ~ S T R 1 ( 9 O ) e S T ~ Z ( 9 0 ) e S T R 3 f 9 D )  
COMMON NFGP*ENFEGP(~~)~NM~XMA~NMI#~'INDAMO~ENODMO* 
1~NAB~OrSIABMOrSIGAMOf9OI~NISOMA*NXSOs 
Z I N D A I S f 4 )  * I N D F I S ! 4 )  rENODISf4)  r S I G s I S f 4 )  e ~ 1 ~ 1 1 s f 4 )  
~ E N A B I S ~ ~ ) ~ S T A A I S ( ~ ) ~ S ~ O A I S ~ ~ ~ ~ ~ ) ~ ~ N F ~ I S ~ ~ ) ~ S I ~ I I S ~ ~ ) ~ S I G F ~ S ~ ~ ~ ~ O ) ~  
~ R U C K L E ~ N S P E C ~ S M A S C T ~ ~ ~ ) ~ S M A A B S ~ ~ O ) ~ S M A F S ~ ~ O ~ . R C ~ ~  . 
~ S M A T R ~ ~ ~ ~ ) ~ S M A T R ~ ( ~ O ) ~ S M A T R ~ ( Q ~ ) ~ S M A ~ R ~ ~ ~ O ) ~ D ~ F C O F ~ ~ O ) ~  
~ N D F L I T ~ O I F L G T ( ~ ~ ~ ) ~ R C D F L ~ ~ O F L F O ~ ~ ~ ~ ~ S P ~ A N O ~ ~ O ~ ~  
7 0 F C O F I f 9 r l ) ~ D F L G F l r T R C ~ R R ~ O F L R S D f 9 0 ~ e  
~ O F C F R F ( ~ O ) ~ ~ ~ F ( ~ ~ ~ ~ ) ~ B Z F O L D ~ ~ ~ ) ~ N R ~ I T ~ ~ ~ R S D ~ ~ O  . 

COMMON M F G ~ F G I N G D ~ ~ ~ ~ ~ F G P E I N ~ N F Q P L ~ ~ ~ ) ~ E N I N W T ~ ~ O ) ~  
~ F G P F ~ ~ ~ Z O ) ~ O M O F O P ~ ~ ( Z ~ ) ~ R M O F G P ~ ~ ~ ~ O ) ~ R I ~ F O ~ ~ ~ ~ ~ ~ ~ O ) ~  ' 

Z S E L O F G ~ Z ~ )  9 S E L l F G ( 2 ~ )  *PMOFGfbe20r?O) * F I S F @ P ( 4 * 2 0 ) ,  
~ S R C F G P ~ ~ O ) ~ Q M A C F G ( ~ ~ ~ ~ ) ~ R M A C F G ~ ~ ~ ~ O ) ~ P ~ A C F G ~ ~ ~ ~ O ~ ~ O ) ~  
OFMACFGf 2 0 )  rFSUMf4)  eQSUMf4) rRSI.JMf4) rPSUMf4I.e. 
S C ~ I D L ~ C K I O R ~ ' C K S U O L ~ C K ~ U ~ R ~ ' C K ~ I . I ~ L ~ ~ K ~ ~ ~ R ~  
~ C K S U ~ L I C U S U ~ R ~ C K S U J L ~ C K S U ~ R * J P R B N O ~ S T R A N D *  
'ISSMPRT (20)'rSPRTOT ( 2 0 )  rFISPRT ( 2 0 )  ePPRT ( 4 0 9 2 0 ) .  
,COMHtW N ~ F ~ ~ ~ ~ F L P I I ~ P ~ I C O R ~ O F ~ ~ F O ~ ~ ~ ~ ) ' ~ D F ~ ~ F ~ ~ R ~ ~ ~ O ~ ~ ~ R S ~ R ~ ~  

COMMON DFCOl l  f 8 7 )  
PCKm~9275911 
A1CKsr254A296 
A2CKm-*2R44967 
A 3 C K ~ 1 * 4 2 1 4 1 3 7  
b4CKa-1.4531520 
A 5 C K ~ l r 0 6 1 4 n 5 4  
FACK=,S/ ~ F A C M A S * ~ . ~ )  
FCMDIs1.-FACYAS 
FCMS2nl.*FACMAS 
w R T T F f 9 t l )  

1 FORYbT(3RHf)ANALyTIC YONAfOMIC GAS CROSS SECTIONS) 
2 DO 12 NINImleNENERG 

ZPcKrnSQRT ( € I N 1  fNTNI )  /TEMPEN) 
~ P C K ~ ~ Z P C K ~ Z P C K  
S I O F A C ~ ~  .125*SIGRNO) /(FACMAS.E.TNI~NINI) ) 

3 oo 12  NFINmNINI  INENERG ' 

4  ~CKmSflRT(EFIN(NFTN)/TEMpEN) 
ZCK2sZCKeZCK 
VlCKoFACKr f  F C M D ~ ~ Z P C K * F C M S ~ ! L C K , ~  
v 2 C K m F A C K e f F C M D l ~ Z P C K - F C H S 2 ~ Z C K )  
V ~ C K I F A C K * ~ F C M S Z ? Z P C K - F C M O ~ ~ Z C ) < I  : 

v ~ c K ~ F A C K * ' ( F C M S ~ ~ ~ P C K * F C M D ~ * Z C K )  
V~CK?WYICK+YICK 
YPCK?UY~CK*YZCK 





. n I F 3 4 m E R F 3 C K m f R F 4 C K  
1 1  S ~ Q O C K = S I O F A C ~ ~ D ~ F ~ ~ * ~ I F ~ ~ ~  .. 

7DZPCKmZCK/ZPCK . . 

z Z P I C K ~ ) . / ( Z C K ~ Z P C K )  
C ~ C K ~ . ~ ~ ~ F C M S Z ~ Z D T P C K - F C M D ~ / Z D Z P C K )  

1 - Z Z P I C K  
~ ~ C K ~ ~ S ~ ~ F C M S ~ / Z O Z P C K - F C M D ~ ~ Z D Z P C K )  

1 - L Z P I C K  
s I G ~ C K ~ ~ S I Q F A C / F A C M A S )  

~ * ~ C ~ C K ~ D I F ~ Z * D ~ C U ~ ~ ~ ~  

~ ~ v ~ C K ~ E X Z P Z ~ . - Y ~ C K ~ E X Z P Z Q ) )  
12 w R ~ T E ~ ~ ~ ~ ~ ) N I N I I N F I N I E I N I I N I N I ) ~ E F I N ~ N F I N ~ ~ ~  

1 S I G n C K v S I q l C K  
1 4  F O R M A ~ ( 2 1 5 r 4 E 1 6 ~ 9 )  

RETURN 
END 




