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ABSTRACT 

This report discusses the physical and mathematical reactor models 

which are used in Program ODD, In addition, the report contains the 

FORTRAN I1 source program listings, decimal data input sheets and input 

and output for a sample case, 

Program ODD was designed to make use of the Revised Nuclear Data 

System at ANPD which consists of twenty-five energy group cross -section 

data including high energy inelastic scattering matrices, resonance 

parameters for the resolved resonances and thermalization scattering 

matrices for the near thermal energy region. 

The most unique aspect of the program is the mathematical technique 

employed for eliminating inner iterations and slow convergence rates 

occasioned by thenup-scattering" in the thermalization region of the 

ener.gy lattice. Direct inversion of the energy matrix coupling the 

thermal Rnd last four epithermal groups provides simultaneous consistent 

solutions for these groups within each power iteration. 
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1.0 INTRODUCTION 

Program ODD i s  a one-dimensional multigroup code using the d i f -  

fusion approximation t o  the Boltzman equation t o  determine neutron 

fluxes and c r i t i c a l i t y  i n  a reactor core. I n  these aspects it is very 

similar t o  many exis t ing codes written a t  ANPD and a t  many other 

ins ta l la t ions ,  and it i s  perhaps i n  order a t  this point t o  justify,  or 

attempt t o  justify,  the existence of s t i l l  another such code. Actually, 

a special-purpose code, since it makes most e f f i c i en t  use of machine 

time, rapidly pays f o r  i t s e l f  i n  repe t i t ive  production use and this i s  

generally jus t i f ica t ion  enough. In addition, exis t ing multigroup codes 

a re  either.designed fo r  a par t icular  nuclear data system or, more 

usually, require extensive decimal input with associated high e r ro r  

probabili ty i n  production use. With t h i s  background then, Program ODD 

can be jus t i f ied  as  the basis production diffusion code corresponding 

t o  the ANPD Revised Nuclear ~ a t a , , ~ ~ s t e m *  although both are  r ea l ly  

jus t i f ied  together. Thus the Nuclear Data System was designed t o  

contain the maximum energy d e t a i l  which could be used on multigroup 

codes, both diffusion and transport ,  completely contained within a 

32,000 word memory f o r  problems of typica l  ANP complexity. Such a 

goal i s  real izable  only with a special ly  designed nuclear data system 

and special ly  designed calculational codes. 

The basic calculational blocks of Program ODD consist  of:  ( a )  
composition data preparation; (b) regional data preparation; ( c )  one- 

dimensional diffusion calculations. 

The composition data preparation portion, other than the use of a 

25-group data tape, performs almost ident ica l ly  t o  the precalculational 

portions of Program C5** a f t e r  which i t  was modeled, This section of 

the program processes of up t o  100 compositions consisting of up t o  30 

* "IBM-7090 Programs t o  Compile and Modify a Nuclear Data Tape", 
F. D. Wenstrup, etc., APEX 706 
Program C5, Direct and Ad joint  Bare Reactor Program . . . , XDC 59-6 -220 



materials each, In  addition t o  the usual homogenization procedures 

involving material self-shielding factors,  Behrens corrections for  

enhanced diffusion on the presence of lumped voids, etc., the program 

provides f o r  adjustment of resonance-region absorption and f i ss ion  

cross sections on the basfs of computed o r  input specified s e l f -  
' . I  v_ 

shielding factors.  The processed composition_.data are  stored an an 
C 

auxil iary tape which may be used .d i rec t ly  i n  -future calculations or  

t o  which additional data may be added i n  future runs. 

The second logical  program block se lec ts ,  on the basis  of input 

data, a maximum of 20 of the previously processed compositions f o r  use 

i n  a single one-dimensional calculation. A given region of the reactor 

core may be specified then by a s ingle  composition or  any mixture of 

these 20 compositions. This l a t t e r  prov5sion i s  useful f o r  multiregion 

reactor cores which d i f f e r  only i n  moderator-to-fuel r a t i o  or  void 

i fraction, f o r  example. 

I The one-dimensional multigroup calculation uses the basic Gauss- 

Seidel i t e ra t ion  scheme t o  converge on the fundamental space mode of 

the neutron f lux,  The ' only r e a l l y  unique feature i s  the simultaneous 

inversion of the last f ive  groups,which avoids the necessity of inner 

i t e ra t ions  and poor convergence which generally occur i n  the presence 

of "up-scattering" . The apace d e t a i l  is limited t o  150 l a t t i c e  .points 

in ug, to 100 ragtoaa (utilI,zing only 20 compositions or rnLxturss 

thereof).  The present version contains no convergence acceleration 

procedures since the typica l  ANP reactor has a dominance r a t i o  

between the fundamental and first harmonic modes of about 5 and t h i s  

produces sa t i s fac tory  convergence i n  8-10 power i te ra t ions .  

After the convergence of the f lux  solution, various regional 

averages are  computed and f lux  g a  dients are  calculahed i f  requested, 
- The program provSdes automatic calculation of both adjoint  and d i r ec t  

f lux  solutions i f  desired, and any number of individual reactor 

- analyses, making use of the same composition tape, may be run sequentially. 

If only the regional data, e,g,, region boundaries o r  external boundary 

conditions, a re  changed, the composition tape i s  not reread. 



Each of these logica l  program blocks i s  discussed separately i n  

Sections 2.0, 3.0, and 4.0,respectively. Section 5.0 contains the 

program input sheets; Section 6.0 discusses the operating instructions 

and machine set-up and gives the input and output f o r  the sample case; 

and Section 7.0 gives the unassembled program l i s t ings .  

2.0 COMPOSITION DATA PREPARATION 

2.1 General Discussion 

A s  the name implies, t h i s  portion of the program processes and 

combines the material cross sections read from the Reactor Nuclear Data 

Tape (RNDT)* i n t o  the format required f o r  the multigroup diffusion 

Thus, a homogeneous reactor region** i s  characterized by the following 

parameters : 

Dr(N),DZ(N) - group N diffusion coeff ic ients  f o r  the r ad ia l  and 

ax ia l  directions (cm),  h he possible anisotropy 

ar i ses  from homogenization of coolant passages); 
-1 zr(N) - macroscopic group removal cross section (cm ); 

S ( N )  - fract ion of f i s s ion  neutrons emitted in to  group N; 

vzf ( N )  - macroscopic group f i s s ion  production cross section 
-1 

(cm 1; 

* The program does provide f o r  decimal input of cross-sections, but, 
this was anticipated as a supplement t o  rather  than a replacement 
f o r  the RNDT. 

+w The present version of the program assumes a cyl indrical  reactor 
consisting of stacked concentric annular regions. T h i s  r e s t r i c t ion  
could be quite eas i ly  removed, however., 



SS(N1/N) - macroscopic cross section f o r  sca t t e r  t ransfer  from 

group N 1  t o  group N. 

- The detailed program logic within t h i s  section i s  i n t e l l i g i b l e  

only with reference t o  the actual  format of the data tape i t s e l f  which 

i s  described elsewhere*, but it i s  perhaps i n  order t o  summarize the - ' 
required information. Thus, the data tape contains basical ly:  ( a )  25 

group cross sections u ' s ' tj.us, utr, ua, vuf, and tj. u ; (b)  high-energy 1 s 
sca t te r - t ransfer  matrices u ( N / N )  ( c )  resonance pa1ameters f o r  

s 
resolved resonances; (d )  near-thermal scat ter- t ransfer  matrices us (N '  /N) ; 

( e )  gamma ray energy production cross bections U ( N ~ / M  ) . Before 
7 

homogenizing o r  mixing the individual material  cross sections, the 

following operations a re  then performed: ( a )  on the basis  of the 

specified material  temperature, the corresponding thermal t ransfer  

matrix i s  selected and used a lso  t o  adjust  a and u i n  the near- 
s tr 

thermal region; (b)  the resonance region ua and u a re  adjusted f o r  tr 
self-shielding; ( c )  the scatter-transfer matrix i s  completed as requir-  

ed, since the data tape contains only a compressed matrix. The 

macroscopic cross sections a re  then computed as  

i where N i s  input specified atomic density i n  atombarn-cm and the 
i g ( N )  a re  s p a t i a l  self-shielding factors ,  specified a s  input data i f  

I not unity. 

In the following sections, the calculations outlined above a re  

discussed i n  more d e t a i l .  

2.2 Scat ter  Transfer Matrix 

The RNDT contains scat ter- t ransfer  matrices coupling the l a s t  
0 (lowest energy) f ive  groups f o r  ten discrete  temperatures between 68  .F. 

I .  
and 4500'~. 

I * APEX 708 - "IBM-7090 Programs t o  Compile and Modify a Nuclear Data 

I Tape1', F. D. Wenstrup, ~ 7 .  al. 



Rather than attempt an involved interpolation procedure to insure 

consistency, the nearest "standard" temperature is assigned if the 

input specified material temperature is non-stantlard. The near-thermal 

scattering cross sections are then adjusted as 

where the unprimed symbols refer to the quantities as read directly 

from the tape. 

The high-energy scatter-transfer matrix appearing on the tape 

covers, for all practical purposes, only the region of inelastic 

scattering, since except for the very light elements, elastic scatter- 

ing produces transfers only to the next (lower in energy) group. For 

this region of simply elastic scattering*, the transfer cross sections 

are computed from 
bF 

where AU(N) is the lethargy width of group N, . Equation (2.5) is 

derived assuming a flat-in-lethargy flux over group N,and initial 

correlation results seem to indicate that this is too gross an 

assumption. The same assunption has been used in processing the 

inelastic scattering matrix, for example, but a better physical 

representation could be quite easily incorporated, based on the ratio 

of scattering to losses within each group, 

* For the purposes of this section the elements hydrogen, heli7and 
lithium may be assumed to scatter inelastlcally throughout the entire 
energy range. 



The various par t s  of the scat ter- t ransfer  matrix a re  then assembled 

as a 25-by-25 mats$x. 
I, 

2.3 Resonance Region Cross Sections 

The 25-group cross sections on the RNDT represent, i n  the region 

from 1 ev t o  1 Kev, averages over many isolated resonances f o r  the 

heavier elements. Since these average cross sections a re  computed with 

a 1/E f lux weighting, they are  appropriate only i n  the case of 

i n f i n i t e l y  d i lu t e  quantit ies of the resonance absorbers; f o r  f i n i t e  

d i lu t ion  and especially i n  heterogeneous dispersion of resonance mater- 

i a l s ,  the neutron flux-in-lethargy i s  characterized by minima corres - 
ponding t o  the cross section maximaland t h i s  produces average cross 

sections lower 'than the inf in i te -d i lu t ion  values. To attempt t o  account 
i 

f o r  this ef fec t ,  Program ODD makes use of the resonance data a l so  

present on the RNDT t o  adjust  the normal group cross sections. Thus, 

e i the r  homogeneous or  heterogeneous (s lab geometry) self-shielding 

factors  can be calculated or  the desired self-shielding factors  may be 

supplied as  decimal input. Effective resonance in tegra ls  a re  then 

computed f o r  each group and used t o  reduce the basic 25-group absorption 

and f i s s ion  p roduc t io~  cross sections. The homogeneous effect ive 

in t eg ra l  calculation employs the so-called narrow resonance approxima- 

tion*. The heterogeneous s lab  geometry self-shielding calculation 

assumes no scat ter ing within the absorber region, and a uniform 

incident f lux  from an adjacent moderator regionw. 

2.3.1 Homogeneous Resonance Integral  

In  the narrow resonance approximation, the effect ive in t eg ra l  

over an isolated resonance may be written, 

* See, f o r  example, "Resonance Absorption i n  Nuclear Reactors", 
L. Dressner, Pergamon Press, New York (1960), Ch. 2 

* The physical formulation and numerical procedure used i n  Program 
ODD a re  discussed i n  d e t a i l  i n  XDC 61-4-17 



where IO is  the inf ini te-di lut ion integral ,  u i s  the peak cross section 
0 

i n  the resonance, N i s  the absorber atomic density,and C i s  the back- 
i s 

ground (constant) scat ter ing cross section (macroscopic). 

The ef fec t  of f i n i t e  material temperature, Doppler broadening, may 

be approximately accounted f o r  by adjusting Che peak cross section i n  

equation (2.7). Thusy 

where 

i s  the Doppler-broadened isolated Breit-Wigner expression, and where 

8 = R-T. Equation (2.8) represents an additional approximation over 

(2.7) since it assumes tha t  the broadened resonance retains  a simple 

Breit-Wiper shape with only the peak cross section reduced. 

The actual  absorption and f i ss ion  cross section adjustments a re  

performed as  

where the summation i s  over a l l  materials, i, and a l l  resonances, j, 

whose energies E~ f u l l  wfthin group N, of lethargy width AU(N). The 
0, 



quant i t ies  Eo, 10, uo, 9, R used i n  these equations a r e  available on 

the RNDT while Ni and Ti a r e  decimal input. 

2.3.2 Heterogeneous Resonance In tegra l  

For the case of heterogeneous d i spersa l  of absorber material ,  the 

adjusted resonance-region cross sections a re  computed a s  

The self -shielding fac tors  can be computed, under the assumption of a 

purely absorbing s l ab  and a uniform incident f l ux  as* 

where T i s  the absorber-slab thickness, and E3 i s  the exponential 

i n t eg ra l  of order three.  The quanti ty @ ( B , x )  i s  given by equation (2.9), 

Xf the  self-shielding factors  are supplied ae  input data, equations 

(2.12) and (2.13) a r e  used direct ly .  

2.4 Diffusion Coefficient Calculations 

The basic  diffusion coeff ic ient  calculat ion i n  u s e . a t  ANPD involves 

the calculation of a "sizett correction based on the r a t i o  of system 

t o t a l  buckling t o  the  t o t a l  cross section**, Thus 

- 
* KAPL-1241 - "The Absorption of Neutrons i n  Doppler Broadened 

Reson&ncesW (1954) - G o  M. Roe 
** APEX 121 - "Cr i t ica l  Mass Calculation f o r  Bare Hydrogen Moderated 

Reactors by Means of Transport Theoryt' - D. S. Selengut 



where 

The parameter y(N) i s  ca lcula ted from 

2 4 
7(N) = .26001 a ( ~ )  + .043502 a(N) + .0048942 a ( ~ )  

6 
(2.17) 

where 

with t he  t o t a l  buckling calcula ted from input dimensions and an energy- 

dependent extrapolat ion distance.  Equation (2.17) i s  used a s  an 

approximation t o  

a(N)tan-L a(N) 
-1 . 

Y(N)  = 1 - ' 3[a(N) - t an  a(N)] 

The d i f fus ion  parameters D ( N ) ,  DZ(N) a r e  calcula ted as 
r 

q ( ~ )  = [1  + E ~ ( N )  ID(N) 

D ~ ( N )  = [i + E Z ( ~ ) j ~ ( ~ )  

with t h e  Behrens* f ac to r s  a r e  .given by 

*See D. J. Behrens, "The Migration Length of Neutrons i n  a Reactor" 

AERE ~ 1 ~ 8 7 7 ,  1956; the  a t tenuat ion f ac to r  e -X(N) i s  added t o  account 
f o r  absorption (f 'uel) i n  the  void region, 



and a s imilar  expression fo r  .E (N)  involving Q . In  equation (2.21), 
z z 

v . i s  the volume fract ion of the void ( fue l )  region which i s  calcu- 
F 

la ted from input data, X(N) i s  the opt ica l  thickness of the fue l  region, 

Y(N)  i s  the opt ica l  thickness of the moderator (scat ter ing)  region. 

The quantity Q i s  dependent on void geometry and may be different  f o r  

the rad ia l  and ax ia l  directions,  I f  the "Behrens" calculation i s  not 

requested j 

2.5 Miscellaneous Calculations 

2.5.1 Group Removal Cross Sections 

Equation (2.1) does .not contain e i the r  the group absorption cross 

section or  the "scatter-in" cross section f o r  the group i t s e l f .  

Instead, these a re  combined a s  

and then 

2.5.2 Transmission Coefficients 

For anticipated future needs, the present composition data pre- 

paration program includes calculation of transmission coeff ic ients  fo r  

a rod, annulus, or  plate-type geometrical arrangement:. 

For a so l id  cyl indrical  rod of diameter Do, i n  a channel of 

diameter D the energy dependent transmission fract ion i s  
CH' 

with 



where I and K a re  the  famil iar  Bessel functions. 

For an annulus of thickness E, outer diameter D and channel 
0 ' 

diameter D 
CH' 

with a defined by (2.25) and, n 

u n = E [ZS(N + Ea(N 1 

where E3 i s  the  exponential i n t eg ra l  of order three.  

For a p l a t e  of thickness E, 



with 

2.5.3 Gamma Energy Source Matrix 

Although the present version of Program ODD does not provide a 

calculation of the space dependent gamma ray source due t o  f iss ion,  

capture,and ine la s t i c  scattering, provision has been included f o r  the 

necessary cross section calculations. 

Gamma ray energy production cross sections (Mev barns) can be read 

from the RNDT f o r  each element and combined t o  produce the composition 

source matrix, 

where N i s  the twenty-five-neutron-group index and M i s  an a rb i t r a ry  

gamma ray group index. The arb i t ra ry  character of the gamma-group 

index may be used t o  introduce any par t icu lar  reaction cross section, 

e.g. (n,a),  by designating the alpha pa r t i c l e  a s  an additional gamma 

ray group. 

2.6 Composition Data Tape Format 

After each composition composed of up t o  30 materials i s  processed, 

the f ive  parameters D r, DZ, Cr, vCf, S f o r  each of the twenty-five groups 

followed by the 25 x 25 matrix c ~ ( N / N ' )  a re  writ ten on tape as  a single 

record. I f  the gamma ray production matrix has been calculated, it i s  

written as a second record, otherwise a single word record i s  written * 

t o  simulate it. 

Each composition so processed i s  ident i f ied  by two words of binary 

coded decimal information provided as input and a program calculated 

logica l  record number corresponding t o  the f i r s t  of the two records 



described above. After a l l  desired compositions have been processed, 

this index information i s  written as  the f i n a l  tape record, followed by 

an end-of - f i le .  

A r e s t a r t  case i n  which additional information i s  added t o  the 

composition tape, begins by reading i n  the exis t ing index information 

and positioning the tape t o  the end of the previously written compo: 

s i t i o n  data. A t o t a l  of 100 compositions may be written on a single 

tape. 

A r e s t a r t  case i n  which no additional composition data i s  needed 

merely bypasses t h i s  portion of the program. 

3.0 REGIONAL DATA mPARATION 

3.1 General 

The primary purpose of this portion of the program i s  t o  se lec t  up 

t o  twenty of the previously processed compositions from the Composition 

Data Tape, s tor ing them i n  proper memory locations i n  a compressed 

format. T h i s  program block a lso  checks the regional input data f o r  

consistency wherever possible t o  avoid l a t e r  program malfunction. 

3.2 Composition Data Storage 

The composition data, as  writ ten on tape by the preceding program 

block consists of 5 x 25  + 25 x 25 = 750 words f o r  each composition. 

Actually, the s c a t t e ~ t r a n s f e r  matrix i s  almost t r iangular  since up- 

scat ter ing occurs only among the l a s t  f ive  groups, In addition the 

diagonal terms on t h i s  matrix a re  a l l  zero (see section 2.5.1), so 

tha t  the matrix may be compressed i n  memory t o  only 190 + 100 + 25 = 315 

versus 625 as read from tape. These numbers represent respectively: 

( a )  The maximwn number of non-zero elements f o r  down-scattering 

within t h e ' f i r s t  twenty groups; 

(b) The maximum number of non-zero elements f o r  down-scattering 

from the f i r s t . twen ty  t o  the f i n a l  f ive  groups; 

( c )  The maximum number of non-zero elements coupling the f i n a l  

f ive  groups. 



A l l  of the composition data a re  stored as a single array i n  f a s t  memory 

with access v ia  an input specified l i s t  of compositions. Thus, the 

fourth specified compositionfs data begins 440 x 3 = 1320 locations 

from the beginning of the array. 

3 . 3  Consistency Requirements 

Besides the table  of Compositions needed t o  process the Composition 

Data Tape, the regional description of the reactor consists o f :  

( a )  left-hand reactor boundary, R > 0; 
0 - 

(b ) r ight  -hand region boundaries, Rl < R2 < R3 . . . < RN; 

(c ) number of intervals  i n  each region, N ~ # o , N ~ # o ,  . . . ,NN#O; 

(d)  regional material ident i f ica t ion  consisting of 2 words of BCD 

information which must e i the r  be ident ica l  t o  one of the 

names i n  the Composition table  or  the f i r s t  of the two words 

must be @MIX@ ; 

( e )  regional mixing densi t ies  defining how the material properties 

a re  t o  be computed i f  the ident i f ica t ion  begins with 

@MIX@, a t  l e a s t  one non-zero density out of NMM possible; 

( f )  dimension f o r  computing transverse leakage i n  each region, 

f 5 # 0 , ~ ~ # 0 ,  %#o 

I f  a l l  the above requirements a re  sa t i s f ied ,  the program proceeds 

t o  the actual  one-dimensional diffusion calculation. 

4.0 ONE -DIMENSIONAL CALCULATION 

4.1 General 

The reduction of the diffusion equation (2.1) t o  a s e t  of algebraic 

equations using the cent ra l  difference approximation has been covered . 

i n  d e t a l  i n  a previous document* and w i l l  not be repeated here. A s  

i s  well known; such a procedure produces a tr i-diagonal matrix 

equation s e t  f o r  the space equations and such a system i s  well adapted 

f o r  applying the Gauss** elimination scheme f o r  matrix inversion. 

* XDC 60-3-68 
** See, f o r  example, "Methods of Applied Mathematics", Hildebrand, F. B., 

Prentice-Hall, New Jersey, 1952 



Assuming a known f i ss ion  dis t r ibut ion (the first term on the r ight  

side of equation (2.1)))  the energy matrix, i.e., the twenty-five-group 

equations,. form an almost tr iangular se t .  Thus, except fo r  the f i n a l  

f ive groups, inversion of the energy matrix can be accomplished by 

solving the individual-group equations i n  succession, and t h i s  leads t o  

the familiar Gauss-Seidel i t e ra t ion  scheme f o r  solving (2.l)*. Rather 

than resort  t o  "innertt i t e ra t ions  required t o  obtain a consistent f l u  

solution i n  the presence of the up-scattering i n  the f i n a l  f ive  groups, 

these l a t t e r  are  t reated as  a "single" group. The "forward elimination" 

i n  the space solution then requires inversion of a 5 x 5 matrix a t  

each l a t t i c e  point, although, of course, t h i s  i s  required only once 

per problem and the "back substi tution" requires matrix multiplication 

a t  each l a t t i c e  point. Such a procedure increases the required 

storage somewhat but i s  eas i ly  feasible  when only a small number of 

groups are  involved and more importantly yields eas i ly  predictable 

convergence ra tes  which are  now the same as  the no "up-scattering" 

analysis. This l a t t e r  point i s  very necessary f o r  a "production" 

type analysis code. 

4.2 Diffusion Difference Equations 

If the d i f f e ren t i a l s  i n  the one-dimensional analogue of Eqdation 

(2.1) a re  replaced by central  differences over a l a t t i c e ,  the resul t ing 

equation i s  a three-point algebraic equation. Although the program 

inse r t s  equally spaced l a t t i c e  points within a given region, no attempt 

i s  made t o  formulate the difference equation fo r  t h i s  case. Instead, 

the equations a re  formulated f o r  the case of possibly unequally spaced 

points spanning a 'boundary between material regions; a l l  other ordinary 

points a re  simply special  cases of the general equation. Thus, the 

bas i cw diffusion difference equation i s  

* See, f o r  example, APEX 539, Program F2 - ** The difference equation used f o r  the "combined" f ive  thermal groups 
i s  not exactly of t h i s  form~but the differences a re  only t r i v i a l  f o r  
the present discussion. 



( 4 . I.) 

In equation (4.1), the subsc.ripts 1,2 refer to the left m a  right;-hand 
material regions, respectively, while n-1, n, n+l designate the three 

successive lattice points; the superscripts K, K-1 define the iteration 
- 

sequence, while the primed symbols for the removal cross section 

include the trasverse leakage. 

The three geometric coefficients p n, yn, Qn do not depend on energy 

group or material properties. If the single space dimension is along 
a cartesian coordinate (slab geometry), 



where \, h are  the l a t t i c e  spacing t o  the l e f t  (n-1) and r ight  (n+ l )  
2 

neighboring l a t t i c e  points. For cyl indrical  geometry, 

I The absolute value signs i n  4,7, 4.8, 4.9 insure the proper numerical 

I - 

behavior f o r  r -, 0, where r designates the distance (cm) of each l a t t i c e  

point from the origin. These equations a re  derived by requiring con- 

I - t i n u i t y  of both f lux  and current across the region boundary. 

Equation (4.1), which can be used f o r  the i n t e r i o r  points of the 

space l a t t i c e ,  must be supplemented by two additional equations f o r  

the exter ior  boundary points, These are obtained by using a Taylor 



expansion over a small in te rva l  bear the  boundary, retaining only the 

f irst  derivativew A~suming the boundary conditions a re  given as r ight  
/ 

and l e f t  albedos A-, A', one obtains then 

-3 where h , h are  assigned by the program as 10 times a normal in t e rva l  - + 
i n  the external boundary regions. 

4.3 Method of Solution ' 

The tri-diagonal matrix equation s e t  (4.1) f o r  any one of the first 

twenty groups i s  solved by the famil iar  elimination, subst i tut ion 

technique . Thus, defining 

successive elimination of the n-1 component from equation (4.1) yields 

the recursion relations* 

* If the l a t t i c e  point n i s  not actual ly  a boundary point, then 
obviously D (w) = D (N). 

I" 2 



with 

The right-hand boundary condition, equation (4.11), may be combined 

with equation (4.16) f o r  the l a s t  two l a t t i c e  points t o  yield 

where 

It should be noted tha t  v,(N) defined by equation (4.14) i s  i t e ra t ion  

independent and need be evaluated only once per problem. The i t e ra t ion  

sequence consists of successive solution of (4.15) and (4.16), supple- 

mented by (4.18). 

The l a s t  f ive  groups, which are  coupled by both "up" and "down" 

sca t te r ing  a re  solved by defining, i n  analogy t o  (4.14), the matrix 

( 5  x 5 )  

j k ] n + l  = jk] n - J '[Y J:]J 
where, 



where 6 i s  the Kronecker del ta .  Equation (4.20) i s  s ta r ted  with the 
jk 

diagonal matrix 

- - 
where it is exp l i c i t l y  assumed tha t  no f i s s ion  emission occurs within . 

K the " t h e m l "  groups and Sn( j )  now includes only the sca t te r ing  from 

the higher twenty groups. Finally, the f lux  equations become, 

and 

A s  before, equation (4.20) i s  i t e r a t i o n  independent and need be 
-1 solved only once; actually,  only the inverse metrices V need be 

stored. 
Jk 

. . 
Since the basic neutron diffusion equation (2.1) i s  l inea r  aad 

homogeneous, the normalization of the f lux  solution i s  completely 

arbi t rary.  For convenience, the f lux  normalization i s  fixed by . 

I imposing the auxi l iary condition 



5.0 PROGRAM INPUT SHEETS 



PROGRAM ODD 

Itrenty-Five Group, One-Dimensional Diffusion Code 

ANP DM-7090 h-ogram Number 657 

Name - 1 2  BCI) Characters 

/ZBP?AM,Z, ( 1 
Problem Ident i f icat ion - 18 BCD Characters 

1 ZBEENT, 3,1 

Date - 12 BCC Characters 

1 ZBDATE, 2.1 1 
Composition Data Tape Name - 1 2  BCD Characters 

/ SCM'WV, 2,1 

This card must be punched i f  an exis t ing 
composition data tape i s  t o  be used. 

= 1 -  The next case i s  a composition data preparation case. 
= 2 -, The next case i s  a regional data preparation case. 



Canposition hta Preparation Input 

Composition Name - 12 BCD Characters 

l2cns~m,z. 1 @ I 
e c t m  Code Number 

(May be' given as zero f o r  a 
, I non-fissionable composition) 

Material Input Table* 

RNDT Material Code Numbers 

I 3CMAT. 1 9 9 9 

Material Atom Density (barn cm)" o r  Volume Fraction 

I 3DMAT. 1 9 9 9 9 9 I 
Material Weight (gm) - Give Corresponding DMAT = 0 

1 3WMAT, 1 9 9 9 9 

0 

. I 
b t e r i a l  Temperature ( F) 

( 3TMAT ( 9 9 9 9 . I 
Behrens Region Code: 0 - Fuel, 1 - Moderator 

14NEEHR, I 9 9 9 9 

0 - Calculate resonance self-shielding factors  f o r  t h i s  material.  
1 - Resonance self-shielding factors  given f o r  t h i s  material.  

Type Resonance Calculation (Use only i f  NC#DE(~)  = 2,3) 

* 
NOTE: This t ab le  may be extended t o  30 materials  by use of page ODD - 3. 

9 . I f 



Materials Nos. 6 through 30 

Material Input %ble (continued) 

N* RNDT Material Code Numbers 

I 3WT,  I 9 9 9 9 9 I - - 
N Material Atam Density (barn cm)" o r  Volume Fraction 

1 3DMAT, I e Y 9 9 9 L I  
N Material Weight (gm) - Give Corresponding DMT = 0 

I  MAT. I = * 9 9 . * I 
0 

N Material 'Pemperature ( F) 

I STMAT, 1 , I 9 I 9 I - - 

N Behrens Region Code: 0 - h e l ,  1 - Moderator 

I4NBEHR, 1 - - 9 9 9 9 

N Type Resonance Calculation (use only i f  NC@DE(~) = 2.3) 

? 9 9 9 I 
0 - Calculate resonance self-shielding factors fo r  t h i s  material. 
1 - Resonance self-shielding factors given fo r  t h i s  material. 

* 
N increases by 5 f o r  each s e t  used. 



Material Cell Corrections* 

<:. 
C2U. correct4ans may be given at every l e v e l  - when not given, g = 1.0. 



Camposition Gearnet* 

Geometry for Volume Calculation 
I I I 1 

Geometry for Size Correction to the Diffusion Coefficient 
I I I I I 

I 
Geometry for Behrensl Correction 

I I I 

I 3GBEBR, 1 9 9 9 

Or 'fie1 D2 Or 'moderator Ds Or Wfuel Q 
1 1  

Geometry for Transmission Calculation 

resonance self shielding calculation) 

This card is given in NC@DE(S) = 2 

* 
NOTE: A l l  dimensions are given in centimeters. 



Spat ia l  Self-Shielding h c t o r s *  

Material No. 1 

* 
This tab le  may be extended t o  provide s p a t i a l  self-shielding factors  a t  each resonance 
energy f o r  t h i s  material. When not given, ELFAC = 1.0, 

Material Nos. 2 through 20 

* 
N = (Material Number 1) x NC@DE (6 ) . 
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ODD -: 7 

Control Input 

CalcuLation Codes 

N C ~ D E  

#1 - Type Geometry 
0 - Slab 
1 - Cylinder 
2 - Sphere 

#2 - Behrens' Calculation 
0 - NO 
1 - Isotropic  
2 - Anisotropic 

#3 - Transmission Calculation 
0 - NO 
1 - Yes 

#4 - Gamma Source Calculation 
0 - NO 
1 - Yes 

#S - Resonance CalcuLation 
0 - NO 
1 - Homogeneous 
2 - Inhomogeneous (calculate s lab  geometry s p a t i a l  self-shielding f ac to r s )  
3 - Inhomogeneous ( spa t i a l  self-shielding fac tors  given a s  input)  

#6 - Maximum Number of Self-shielding Fgctors Given f o r  Any One Material 
(enter only i f  NC~DE(S)  = 3)  

#7 - Type Output 
0 - Normal 
1 - b n g  
2 - Short 

E ? E  . 
0 - There a r e  no more cgses t o  be processed 

-1 - The next case i s  a composition ref&knce case 

+1 - The next case i s  a composition change case 

-2 - The next case is  a regional reference case 

+2 - The next case i s  a regional change case 
I 



Regional Data Preparation Input 

Ztegional Case Identification - 12 BCD Characters 
I~cAsEID,~, 1 I 

Composition Table* 

'First Composition Name - 12 BCD Characters 
I 

Second Composition Name - 12 BCD Characters 

%lrd Composition Name - 12 BCD Characters 
I 

Fourth Composition Name - 12 BCD Characters 
l~23433.2.1 0 I 
Fifth Composition Name - 12 BCD Characters 
I I 

Sixth Composition Name - 12 BCD Characters 
Isz~P~s,~, I @ 1 
Seventh Composition Name - 12 BCD Characters 
1~za27,2,l 0 1 
* 
NOTE: Mixable compositions (if any) must be listed first. This table may be 
extended to include 20 compositians, the absolute address decreasing by 2 for 
each additional composition. 



Region Input 

F i r s t  Region 

Enter "NMIX" Effective Composition Volume Fractions i f  t h i s  i s  a Mixable Region 

9 9 9 9 , I  

Composition Name - 12 BCD Characters* 

(5REG,8, 1 @ 
Outer Radius 

I 

Second Region 

% 

Composition Name - 12 BCD Characters 

1323397,2,1 @ I 

I ~ R ,  I , , m, , HE, L I  
Region 1 

+ 
N Enter "NMIX" Composition Volume Fractions i f  t h i s  is  a Mixable Region 

13EFFV,I =,I 9 9 J 9 , I 

Outer Radius Region 2 

* 
To define t h i s  region a s  a mixable region, enter  the f i r s t  6 BCD characters a s  @ M I X  @ . 

No. of Intervals+* 

H 
A negative number of in te rva ls  is given i n  those regions over which the power is t o  be 
integrated to  obtain the "CORE" power. 

Equiv. Perpendicular Dimension 

I ~ R , )  2 = , I  EN, =, HE, =, L I 
No. of Intervals 

'N = .X x (Mixable Region Number - 1). 

Equiv. Perpendicular Dimension 



Region Input (continuedl* 

Third Region 

Composition Name - 12 BCD Characters 

h~!3395.2.1 @ I 

N Enter "NMIX" Composition Volume Fractions i f  t h i s  is  a Mixable Region 
I 

OuterFbdiusRegion3  

13R, Is=, 1 , 

Fourth Region 

os i t i on  Name - 12 BCD Characters 

( z 9 3 , ~ ,  I @ 1 

No.of Intervals  Equiv.PerpendicularDimension 

Outer Radius Region 4 No. of Intervals  Equiv. Perpendicular Dimension 

( 3 ~ ,  14=, 1 * I 

EN, 

N Ehter "I?MIX1' Composition Volume Fractions i f  t h i s  is  a Mixable Region 

I 3mI I =, I * 9 * 

2=, 

* 
This table  may be extended t o  include a maximum of 100 regions and 150 l a t t i c e  
points. The absolute address decreases by 2 f o r  each addi t ional  region composition 
name. 



ODD - 11 
FISSION SOURCE DISTRIBUTION** 

- F: 
- Fission Source on the Right a t  nth I a t t i c e  point* 

This t ab l e  may be extended t o  provide a f i s s ion  source on the  r i gh t  at  each l a t t i c e  
point .  

*The numerical solution technique employed does not allow f o r  sources on external  
boundaries. F1 r e f e r s  t o  the source a t  a point in te r ted  by the program jus t  
ins ide the l e f t  boundary. 

F- - Fission Source on the Left a t  nth I a t t i c e  point* n 

This tab le  may be extended t o  provide a f i s s ion  source on the l e f t  a t  each l a t t i c e  
point. 
**To use t h i s  table  t o  provide a source guess, both F+ and F' must be given a t  a l l  

points of i n t e r e s t .  The program i n i t i a l i z e s  F+ and F t o  1 a t  every l a t t i c e  
point  and any input values a r e  superimposed on t h i s  i n i t i a l i z a t i o n .  



ODD - 1 2  

Control Input 

Albedo on the  Left 

Albedo on the  Right 

Convergence Cri ter ion 

I 
IKp - KP-ll < ' 

I if not given 

Mximum Number of I t e r a t i ons  
If not given 

, I IMAX = 100 

Number of Mixable Compositions 

I ~NMIX, 1 9 I 

Calculation Codes 

#1 - Number of' Regions 

#2 - Type Flux 
0 - Direct 
1 - Adjoint 
2 - Adjoint and Direct 

#3 - Type Geometry 
0 - S h b  
J. = Cylinder 

0 - There are  no more cases t o  be processed. 

#4 - Not Operative 

#5 - Gradient Calculation 
0 - NO 
1 - Yes 

#6 - Type Output 
0 - Norreal 
1 - Short 

-2 - The next case is  a regional reference case. 

+2 - The next case i s  a regional change case. 



PROGRAMMING AND OPERATING INSTRUCTIONS 

Program ODD i s  designed t o  be r,un on an IBM 7090 using the FORTRAN 

monitor system and i s  presently wri t ten a s  f i v e  "ahain" program blocks. 

The tape assignments given below could be e a s i l y  modified i f  desired. 

'TAPE UNIT -- -- TAPE UNIT 
A-1 system 3-1 u t i l i t y  

A-2 Input B-2 Ut i l i ty ' :  

A-3 Output B-3 Composition Data Tape 

A-4 Chain Tape . . B-5 U t i l i t y  

A-5 RNDT 

A l i s t i n g  of the  input and output f o r  a sample case a re  glven i n  

the  following pages. 



INPUI' - PROGRAM ODD 

2 R D E N T 9 3 , U R A N Y L - F  C A N S  

5 C D T N A M 9 2 s I J C R L  BEO-C U 
-. - - - . , . . - --- --- --- .-- 
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3R,0.0,16.15,EN,-20,HE,25.4,

3ALFT,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,

1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,1.0,lon,1.0,

3ARGT,0.0,000,000,000,0.0,0.0,0.0,000,000,0,0,

0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,0.0,

3EPSK,1•0-5,

4NMIX,0,

4NCODE,1,0,0,0,0,0,

IMORE,0,



-- -- -- 

4.3. 

-- - -- - - ---, -- - -- - - - - - - - - -QWPUT- I-EBOGRAM-QQQ- - - - - - - - - - - - - -. - - - - - - - - - - - - - - - - - - - - - - - - - - - 
...................................................................................... 
4- 766 F. 0. WEhSTKUP ODD 

- - - - - - - -, -, , - - - - -EU'I- Bl'YQI - 24-Z -Q 3- -41 5 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
CHARGE' 54323, SEQUENCE b-766, CHANN'CLS . 3 TAPES MODE 1 U N I T  4314 
DATE 0 5 / 1 3 / 6 1  PROG- NO. 657 43IS1-START 14o.50 S T O P  --,--------,----- L ------------------ t-BG-- - .................................... 
START T I M E  AF .TER I N S T R U C T I O A J S  O N  1 STOF' COMMElJT C A 2 D  FOLLOWED 14,300 

I 



..................... 
$ XEQ 
s .------- 2-~H4LN.4_1d-s11-. 



-------------------------------------------------------------------------------------- 
I N  P R D G R A M  RNDT4 ,THERk WAS A 
CHECKSUM ERRORI CASD ORIGI i ' d  000426 -----------------------------------------------------?--------------------------------. - S C H A I N ( 2 r D l )  

EXIT 30474 (TES)  30472 CHAIN 30236 C 0s  30070 .______-------------------------------------------------------------------------------- 
S IN  30074 SQKT 30031 LOG 27740 E3COMP 27523 
E 3 27 142 C X D  27046 OESJ 25212 BCSI 25216 ___________---------------------------------------------------------------------------- 
BESK 25222 i3ESY 25226 DSF 25064 FSFOT 25066 
FSFDT 25066 MOVE 24752 (EFT)  24741 ( S T B )  24663 .__________---------------------------------------------------------------------------- 

(WLR) 24705 ITS81  24620 (RLR) 24641 (USTI  24565 
( W E R )  24507 ( W T C )  24541 ( R W T )  24471 ( R E R )  24437 ___----___----------------------------------------------------------------------------. 
(RDC) 24462 ( S P H )  24145 NOPAGE 23603 ANPIPM 23637 
(STH) 24054 (STHM) 24057 RESTC 23542 LINES 23552 ...................................................................................... 
PAGES 23.544 NEWSET 23557 HDING 23566 NOHEAD 23605 
COLUMN 23575 BOTTOM 23612 WOT 22556 ERROR 22330 --------------.------------------------------------------------------------------------. 
ERRORA 22327 ( D I P )  21111 (,TOB) 20422 ( E X 8 1  201374 

ENDCCP 14026 -,- - -, B-S-S -- - --L6Q_0_oa ------- eS1----- 19-3-Z 1 - - - - - - - EBJiLD P- -Lk2 1 Q-- - - - - - - - - - - - - - - - - - - - -- 
WOTCO 11566 WTCD 11400 GRPAR 11030 PLATE 10741 

3EHK 07524 HETRES 07225 ,------ ANULYS--LQbLl-------- %Q!2 ----- lQ2-I!, ............................................ 
HOMRES 071  15 M I X  05617 NANDW 05464 TklERM 04774 

030 12 RNRT4 02344 ANDT3 01730 RNDT2 01404 .--_---_a_x_NQ-------------------------------------------------------------------------- 
'RNDT1 01205 CID 01017 S T A R T  00475 GOO000 00174 



IRE81 12332 ( K D C )  12355 ( S P H )  12040 NOPAGE 11476 ---------------------------------------------------------------------------------- 
ANPIPM 11532 ( S T H I  11'747 .( STIIM) 11752 R E S T 0  11435 

.-LINES---CLk45 ------- PAGESSS-114AZ - Z Z Z Z Z -  Y E W X I -  J1-4.52-------~ING---115b-L-- 
NOHEAD 1 1500 iUtUM.'d 11470 BOTTOM 11505 WOT 10451 

-LRYQB--lP2L?i ------- EBBDR4-_19_iL22--22---JD-CP_11--O_ZO_O4--------CLQBJ-2-O4331fi-- 
I ( E X B )  06367 (IOH) 04513 (FIL) 06123 { R T N )  06134 
I --CLQU~_--Q!!>-?-~ ------- LTRC) .......................................................... 04434 (10s) 04346 IRDSI 04423 
I (irJRS) 04424 (USR) 04425 1WEF) 04426 IREW) 04427 
I ( E T T )  04439 I R C H )  04431 ( T E F )  04432 ITCO) 04433 ....................... .......................................................... 

( F P T )  04322 POMIX 03604 PCKGT 03141 REGCK 02740 
000000 00163 .................................................................................. 



--------------------------------------------------------------------------------- 
3 CHA'IN(4r81) 
EXIT 11025 t t i A I X  10570 ( T E . S l  10565 (HER) 10516 

---d-----------------------------------------------------------------------------. 

( W T C I  10550 .NOPAGE 10147 ANPX PM 1.0203 ( S T H I  10420. 
(STHM) 10423 REST0 10106 LINES 10116 PAGES 10110 .--------------------------------------------------------------------------------. 
MEHSET 10123 HDIPlS 10132 NOHEAO 101.51 'COLUMN '1.0 14 1 
BQTTQM 10156 07040 ERRORA 070'37 [ IOH)  05226 --- --- -,-----,,------ ,E-;L&Q&-- ----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- -- - - - -- - -- - - -- 
( F I L )  06636 (RTN)  06647 ( I O U )  052.10 ( T R C - I  05147 

03061 LKCS) 05136 (WRS)  05137 IBSR) 05140 .-LLQSJ --,------------- ......................................................... 
(WEFl 05141 ( R E W )  05142 . I E T T )  05143 .(RCH)- 05144 

0 5 14'5 ( T C O )  05146 (FPT) 05035 TMIX ObJO5' .--(-ICE) -,,-------,-------------------------------------------------------- ------- 
RPAK 03674 ,RANDC 03545 HOMKC 02304 MATINV.01553 

00231 ~ 0 0 0 0 0  00152 --GG91, --,------,---------------------------------------------------------------. 



E X I T  07477 (TFSI 07475 CHAIN 07241 ( F P T )  07215 -- ------------------------------------------------------------------------------- 
STINT 0 7 i 1 7  ~ ' T I N T  07010 T M I X  06254 RPAR 05643 
P M I X  05372 TSPAS 05100 SPAR 04343 POWER 03664 ._-__--------,----_---------------------------------------------------------------- 
SORRC 00664 OOOCOO 00155 



-----.---------------------------------------------------------------------------- 
$ DATA 

EXECUTION .-------------------------------------------------------------------------------- - E X I T  152.56 C H A I N  ' 15021 ( T E S )  15016 (WER) 14747 
(WTC) 15001 ( S T B )  14662 (WLR)  14704 IRWT) 14646 _------------------------------------------------------------------------------- 
( E F T )  14637 ( S P H )  14351 NOPAGE 14007 ANPIPM 14043 

L I N E S  13756 -1S-TJil---l-426Q----i-i-C51HYJ--142b3 ------- RE3-TT0_--_1-3-Z4_b ...................... 
PAGES 13750 NEWSET 13763 H D I N S  13772 NOHEAD 14011 

EOTT3M 14016 NOT 12762 ( 1 0 0 )  12272 coCu~~v-r~_o_o-i -----------------------------------------------------------------. ---- 
(EX$) 12344 ( I O H )  10470 ( F I L )  12100 ( R T N )  121111 
(IOU) 10452 ( T R C )  10411 ( 1 0 s )  10323 ( R D S )  10400 --------------------------------------------------------------------------------. 
(WRS)  10401 ( O S R )  10402 ( W E F I  10403 (REW) 10404 
( E T T )  10405 (RCHI 10406 ( T E F )  10407 ( T C O )  10410 .-------------------------------------------------------------------------------. 
( F P T )  10277 S T I N T  10201 C T I N T  10072 T M I X  07336 
TSPAR 07044 SPAR 06307 RPAR 05676 S P H I  02073 .-------------------------------------------------------------------------------. 
PREP 01242 OOOOOC.00163 



-----------------------------------------------------------------------------.- 
C O M P O S I T I O N  C A T A  P R E P A R A T I O N  

-----------------------------------------------------------------------------* 

C A L C U L A T I O N  R E G U E S T  SUMP'ARY 
---- ......................................................................... 

GE0METR.Y - C Y L I N D E R  . 
--~-~-Z---~~~~~,~QE-D-C-~-GI:~-~--L~~QD-QX-QJ~--~C-~E--Q~ ---------------------. 

N O  B E H R E N S  C A L C U L A T I O N  
- -MQ- I-RR4NSBJ-5SIDN-G4LI;1U,4 I JQ!! - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - -. 

N O  GAMMA S O U R C E  C A L C U L A T I O V  
, - _N9_ -RE SDkkY I;£- 5-ECEzS-&LEl!?J-MG - 21-CGU bALLQ 3- - - - - - - - - -- - - - - - - - - - - -- - - - - - - -. 

G E O M E T R Y  F O R  S I Z E  C O R R E C T I U I J  T O  THE D I F F U S I O N  C O E F F I C I E N r  
- 3 23000E 01 +?S = 2.54000E 01 --_H_+-L= ----, ------ ------- P -------------------------------------------------. 

I 

1 .............................................................................. C O M P O S I T I O N  VOLUME I N  LC - 1.636665E 04 
C O P P O S I ' T I O N  S P E C T R U P  C O D E  NO, - 500,0000 

------------------------------------------------------------------------------ 
M A T E R I A L  M A T E R I A L  G E N S I T Y  OR M A T E K I  A L  BEHRENS 

. --€QCLfiQa --,---- krIJ.GtlI ------ Y_SU,UME-E&4GJ-CUk4 ---- lI;C?P---P-P--~EGJYN-r_JP~-- 
92-2350 8.805351E 03 1,378600E-03 68.00 0 

0 ----- P L 2 i 4 P  -,-- Qs~lQJII-Q2---2L~b1a5QPL--Q'i  ------ Q ~ J - ~ - O _  ------------------ 
1,1000 1,657261E 05 6.052100E-02 68-00 0 

68 00 0 ------ B,2,6QQ -,,, L~,44JJ~k9EEEQL ---- i ~ i .  21FFQQI",=,0-2 ---- ---- 3 ---------- ------ ----- 



MATERIAL CELL CORIIECTIONS ____--_______------------------------------------------------------------------------- 

-------------------------------------------------------------------------------------- 
CODE NO. C O O €  NO, CODE NO, CODE NO, CODE NO, 

..................................................................................... 
GROUP G-FACTOR G-FAC TOR G-FACTOR G-FACTOR G-FACTOR 

4 1,00000E 00 1.00000E 00 1,00000E 00 1,00000E 00 1.00000E 00 .------------------------------------------------------------------------------------- 
5 1,00000E 00 1000000E 00 1,00000E 00 1-OOOOOE 00 1.00000E 0 0  

---- 5 ---- 1 s _ 4 ~ ~ Q Q E ~ ~ Q Q ~ ~ i i t Q Q C Q ~ Q C _ ~ P Q - ~ ~ 1 ~ _ O ~ - O _ Q Q E ~ - Q Q ~ ~ 1 ~ ~ ~ O _ Q P Q _ O L ~ B _ O ~ ~ ~ L ~ _ O _ O ~ Q Q E ~ ~ Q ~  
7 l m O O O O O E  00 1000000E 00 IoOOOOOE 00 1-OOOOOE 00 1wOO000E 00 

_--- B --,, l~~-~-QQ9L-QQ~~1~--Qli_9_O~OL-P9-9~1~QC~QQQE--~Q~~1---QQO_O_O~L-QQ~~g1z_O_O~QQQ~~~Q- 
9 1,00000E 00 1.00000E 00 1,00000E 00 1.00000E 00 1,00000E 00  

---1P -,,- ~ + Q _ O ~ C ~ Q Q Q E ~ _ O ~ Q ~ ~ ~ ~ ~ Q Q Q Q ~ ~ L ~ Q , O ~ ~ ~ ~ ~ O _ O _ O ~ Q Q E ~ _ O ~ ~ ~ ~ ~ ~ ~ Q ~ O _ O ~ ~ ~ Q U ~ ~ ~ ~ ~ ~ O _ O _ O ~ Q Q E ~ , O ~ ~  
11 l o O ~ O O O O E  00 1 ~ 0 0 0 0 0 5  00 1o00000C 00 lw00000E 00 lo00000E 00 

. A 2  --,- L t ~ ~ ~ Q Q E ~ a Q ~ ~ 1 ~ ~ ~ Q ~ ~ ~ L ~ Q P ~ ~ ~ L ~ O _ O 9 ~ Q Q E ~ _ O ~ ~ ~ 1 ~ Q Q Q Q ~ L ~ Q Q ~ ~ ~ L ~ Q Q _ O ~ Q Q E ~ , O ~ ~  
13 1,00000E 00 1 e O G O O O E  C O  1000000E 00 1000000E 00 1.00000E 00 
14 1 000005-00  1 00009E 00 1,00000~ 00 1 O O O O O E  0 0 '  1,00000E 00 -----,---3------ --,,,--3------------------------------2----------------------------. 

15 1,00000E 00 1,00030E 00 1-03000E 00 1o00000E 00 1o00000E 00 



H/U 4 3 - 9  F-D-WEYSTRUP URANYL-F CANS .......................................................... 

GROUP ENERGY D E L T A ( U 1  1 / V - F A C T O R S  ......................................................... 



I - 
.-------------------------------------------------------------------------------------. 

C O P P O S I T I O N  C R O S S  S E C T I O N S  _____-___----------------------------------------------------------------------------- 

_------------------------------------------------------------------------------------- 
C R O U P  D I F F U S I O N  S C A T T E R  T R A N S P O R T  A B S O R P T I O N  E X T R A P O L A T I O N  

.-------------------------------------------------------------------------------------. 
1 3-6C162E 00 1,00311E-01 4-72123E-02 1,10046E-02 1-22044E 01 

.---, 2 ---- 33-1-52 hD-L-C_~---Lt333J-6_E=_OJ---b=_b-4-6,8~ E---Q2-- 7-0-5 15I~iE~_0_3_--9+_G-~-Zit_4E--QQ~~ 
3 2.52505E 00 2.03631E-01 1.02006E-01 2,73757E-03 6,77808E 00 

,- ----- ~ ~ ~ ~ 2 ~ ~ ~ k S 1 2 O 2 2 € ~ O _ O ~ ~ ~ 2 t 1 B ~ 3 ~ L 5 ~ ~ _ O ~ L ~ ~ J ~ ~ ~ 2 . Q O I L ~ : Q 1 ~ ~ 2 ~ ~ Q l ~ 5 ~ ~ 6 , E _ ~ _ O ~ ~ ~ 6 ~ B ~ Q 3 B E ~ ~ O - Q ~ .  
5 1,77671E 00 3,12930C-01 1,63264E-01 1.97172E-03 4,29991E 00 

- - - - -6 - - - -1-0-3 3 93-8E - Q_O- - Ji z 3_09-L8 k Q L  - - 2=-2-SIrI3II:Q 1 - - -1-t S I9-l-1.E ~_03 - - 35 _O-8-k 3 2E- -QQ - - 
7 1,04922E 00 6,0b835E-01 3,01468E-01 1,93963E-03 2034127E 00 
8 Ie06129E 00 6.14190E-01 2,978986-01 2-20649E-G3 2,36751E 00 ...................................................................................... 
9 9,62075E-01 7,62692E-01 3,32337E-01 2,57028E-03 2012148E 00 
10 7,88076E-01 9,90150E-01 4,19431C-01 33017925E-03 1,71780E 00 ...................................................................................... 
1 1  6,82440E-01 1.1817.3E 00 4,7521OE.-01 5-15264E-03 1-47909E 00 

---- 12 ---- ~s~7-363E_~QL-~1~c223_4-OX~QQ~--5~_lbL~QE~~O-L--7---2'7-6BS~f~O3---L~35~6~34_f~ &Q- 
13 6.02984E-01 1.34165E 00 5,35334E-01 1,02165E-02 lO30235E 00 

---- 14 ---- ~ ~ ~ - L L P Q E Z - Q L - - J - L ~ ~ ~ J - ~ I - Q Q - - - S ~ ~ J - ~ L ~ E ~ - ~ L ~ - J - . - ~ ~ ~ ~ S ~ € Z O ~ ~ ~ ~ I F ~ I - ~ ~ ~ E - ~ O _ -  
15 5.71209E-01 1,35661E 00 5,43895E-01 3,25353E-02 1023259E 00 

---, 16 ---- 5~_4_S~88L2E~_O-1.--J~~Zci~5BL-Q_O---5_t'r_O3-LJ_E~_O-1---5r2-Z2ii5-E~Q2---~~ 1 Ib-?I_E-_O~- 
17 4.91141E-01 1,37851E 00 5,65984E-01 1,05876E-01 lm05751E 00 

---- 1Q ---- ~ ~ ~ J - Q ~ ? E ~ 3 - L - - J ~ - ~ ~ 5 ~ J L - Q Q - - - ~ ~ 9 2 ~ - ~ 3 E ~ ~ - l - - - ~ ~ ~ - ~ Z 5 ~ ~ - ~ Q ~ - - - L ~ Q ~ 3 - ~ - Z E - ~ ~ - -  
19 5,36322E-01 1.37063E 00 5-45393E-01 6-917tOE-02 1-15609E 00 
20 5,33938E-01 1,3VV95E 00 5,56170E-01 6-12710E-02 1 -  15072E 00 ...................................................................................... 
21 4,40030E-01 1.39701E 00 6.23888E-01 1,13308E-01 9,63787E-01 
22 3,21576L-0 1 1,43967E 00 7, 36359E-01 2.93442E-01 6-89537E-01 .------------------ .................................................................. 
23 2.27863E-01 1,57053E 00 9-91251E-01 4,66227E-01 4,87486E-01 



URANYL-F CANS .MfY--4,3s,9, ---------- E=-D,CW_E_N~-LR_U! ................................ :-- - 
----------------------------------------------------------------------.---------------. 

COMPOSITION GROUP PARAMETERS .------------------------------------------------------------------------------------- 



C O M P O S I T I O N  S C A T T E R  T R A N S F E R  M A T R I X  --------------------------------------------------------------------------------------- 



H I U  43-9 IIR.ANYL-F CANS .--------------------- E=-D-=W_E-US-T_&UE ------------. --------- ------------- 

C O M P O S I T I O N  SCATTER T R A N S F E R  M A T R I X  -------------------------------------------------------------------------------------- 



I -  COMPOSITIOhi  S C A T T E R  TRANSFER M A T R I X  _------,------------------------------------------------------------------------------- 



H I U  4 3  9 F 0 WEYSTRUP URANYL-F C A N S  --------*-------------=--*----------------------------------------------- 

COMPOSITIOX S C A T T E R  TRANSFER M A T R I X  .-------------------------------------------------------------------------------------- 



Hly 43 9 F 0 0 - W E N S T R U P  URANYL-F CANS - -  ----s-------------,------------------------------------------------. 

C O M P O S I T I O N  SCATTER TRANSFER M A T R I X  .-------------------------------------------------------------------------------------- 



H/U 62.7 . FoDIWEYSTRUP URANYL-F  C A N S  ........................................................................ 

............................................................................... 
C O H P O S ' I T I O N  D A T A  PREPARATION 

._____----__------------------------------------------------------------------- 
C A L C U L A T I O N ' R E Q U E S T  SUNWARY 

------------------------------------------------------------------------------- 
GEOMETRY - CYL INDER' 
H = 3 , 1 7 0 0 0 E  0 1  00 = 2 . 5 4 0 0 0 E  0 1  I D  = 0 .--------------------------------------------------------=--------------------- 
NO B E H R E N S  C A L C U L A T I O N  
N O  . T R A N S M I S S  I O N  C A L ' C U L A T I O N  .------------------------------------------------------------------------------ 
N O  GAMMA SOURCE C A L C . U L A T I O A I  
N O  R E S O N A N C E  S E L F - S H I E L D  I N G  C A L C U L A T I O N  .............................................................................. 
GEOMETRY F O R  S I Z E  C 0 R R E C T I O : q  TO THE D I F F U S I O N  C O E F F I C I E N T  
H+2S = 3 o 1 7 0 0 0 E  01  0+2S = 2 , 5 4 0 0 0 E  01  ------------------------------------------------------L----------------------- 

C O M P O S I T I O N  VOLUME I N  CC - 1 o 6 0 6 2 6 3 E  04 ................................................... 
C O M P O S I T I O N  S P E C T R U M  C 3 O E  NO. - 50000000 

.............................................................................. 
M A T E R I A L  M A T E R I A L  D E N S  I T Y  OR M A T E R I A L  . a E H R E N S  
CODE FJO. WE I-GHT VOLUME F R A C T I O N  T E M P  R E G I O N  N O  ----------------------------------------------------------------------------=-. 

92.2350 6 . 3 6 0 6 6 9 E  03 l a 0 1 4 7 0 0 E - 0 3  68-00 0 
92.2380 4 . 4 9 4 6 4 3 E  02 7 0 0 7 9 6 0 0 E - 0 5  68 00  0 ---------------------------------------------------------=--------------------. 

1 , 1 0 0 0  1 . 7 0 9 8  1 4 E  03 6,3622001-02 680 00 0 
8 , 1 6 0 0  1 , 4 4 3 9 6 9 E  04 3 0 3 9 8 2 0 0 E - 0 2  68, 00 0 .............................................................................. 



H l U  _ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ ~ ~ ~ ~ _ ~ ~ ~ ~ - - ~ ~  62.7 F,D,WENSTRUP - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ . ~ ~ - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  URANYL-F  CANS 

M A T E R I A L  C E L L  CORRECTIONS ........................................................................................ 

.---------------------------------------------------------------------------------------- 
CODE NO, CODE ~ a ,  COCE NO- CODE NO, CODE NO, 

.--------------------------------------------------------------------------------------- 
GR'OUP G-FACTOR G-FACTOR G-FACTOR G-FACTOR G-FACTOR 

6 1=00000E 00 1 O Q O O O E  00 1o00000E 00 1-000OOE 00 1-OOOOOE 00 ----------- ----,- -------=-- ---- -,-------------------------------------------------- 
7 1.000*00E 00 1.00000E 00 1,00000E OG 1.00000E 0.0 1,00000E 00 
8 1,00000E 00 1 O O O O O E  00  1,00000E 00 1,00000E 00  1 OOOOOE 00 ---------------------------=----------------------------------------------*------------- 
9 1-00000E 00 1,00000~ 00  1 o C O O O O E  00 1 e O O O O O E  00 1,OOOOOE 00 

24 1-00000E 00 1 OOOOOE 00 1-00000E 00 1-00000E 00 1,00000E 00 -*--------,---,-----------=------------------------------------------------------------ 
25 1,00000E 00 1.00000E 00  1,00000E 00 1o00000E 00 1,00000E 00 



........................................................... 

GROUP ENERGY DELTA(U1 1 /V-FACTORS .......................................................... 





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

C O M P O S I T I O N  G R O U P  P A R A M E T E R S  ------------------------------------------------------------------------------------- 



COMPOSITION S C A T T E R  TRANSFER MATRIX 
____-----------------------------------------------------------------------------'-- 



H/U 62.7 FODOHEYSTRUP URANYL-F  CANS .---------------------------------------------------------------------- 

C O M P O S I T I O N  S C A T T E R  TRANSFER M A T R I X  -------------------------------------------------------------------------------------- 



F.D.WENSTRUP URANYl-F CANS , --HfY,,62aL --------------------------------------------------------- 

C O M P O S I T I O N  S C A T T E R  TRANSFER M A T R I X  ---------------------------------------------------------------------------------------- 

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

'TO 11 12  13 14 15 



COMPOSITION .---------------------------------- SCATTER ---------- 'TRANSFER M A T R I X  .......................................... 

_---_---------------------------------------------------------------------------------- 
T O  16 17 18 19 20  

.-tRQM- - - --------------- ------------ --- - -- - - - - -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
1 9.62361E-07 2.28847E-07 8.99d24E-08 3.63156E-08 1.14541E-08 
2 2,14863E-06 S.10943E-07 2,006796-07 8.10314E-08 2oS5733E-08 .-____---_-----------------------------------------------------------------------------. 
3 5,0097SE-06 1.19134E-06 4.67315E-07 1.890S4C-07 5-96282E-08 
4 1.12142E-05 2.66683E-06 1.04743E-06 4,23199E-07 1.33478E-07 ..................................................................................... 
5 2041634E-05 5.74776E-06 2.25750E-06 9.12110t-07 2.87683E-07 
6 5.33179E-05 1.26197E-05 4,90011E-06 ,2.01214E-06 6,34635E-07 _____---__--------_-------------------------------------------------------------------- 
7 1,14463E-04 2,72203E-05 1,06914E-05 4,31968E-06 1,36244E-06 
8 2.4175lE-04 5.74919E-05 2.25507t-05 9.12357E-0.6 2.87754E-06 ....................................................................................... 
9 6.06436E-04 1.44220E-04 5.66441E-05 2028062E-05 7.21838E-06 

10 2.00738E-03 4,77300E-04 1.87500E-04 7.57567E-05 2.38939E-05 
----_----T----------------------------------------------------------------------------- 

1 1  6.66503E-03 1,50506E-03 6022551E-04 2.51532E-04 7.93341E-05 
12 1.992!$3E-02 4.73870E-03 1 86118E-03 7 51983E-04 2 37178E-04 ---------------- -----------------------%--------------?---------------%------------- 

13 5.62185E-02 1.33697E-02 5,25115E-03 2-12164E-03 6.69171E-04 
14 1,54042E-01 3.66338E-02 1.43884E-02 5-81342E-03 1-83357E-03 ....................................................................................... 
15 5,19862E-01 1,20897E-01 4,74486E-02 1.917076-02 6.04656E-03 
I 6  0. 4 53272F-01 1 73166E-01 6099652E-02 2.20672E-02 --------------------------2-------------------------------------------------------------- 
17 0. 0. 5.28060E-01 2-06601E-01 6,51628E-02 
1 L1 0, 0. 0, 5 58394E-01 1 71032E-01 ---------------------------------------------------------=---------------*-------------- 
19 0 -  I ] .  0 -  0. 5,09596E-01 
20 0. 0. 0. 0, 0 -------------------------------------------------------------------------=-------------. 
2 1 0 . 0, 0, 0, 0 , 



F.DeWENSTRUP URANYL-F CANS --H_Cu_-tL21L .......................................................... 

C O M P O S I T I O N  SCAT'TER T R A N S F E R  M A T R I X  -------------------------------------------------------------------------------------- 



_----------------------------------------------------------------- 

I N D E X  RECORD __-----____------------------------------------------------------- 

2 COMPOSITIONS 5 RECORDS 
.................................................................. 

...................... DEs-~~Y~~~-~Y--Y-Y----Y---Y-------- RECORD --------- NO. 



------------------------------------------------------------------------------------- 
CALCULATION SUMMARY 

.------------------------------------------------------------------------------------- 
- .,---,-----,-------,,-----------NUMB_LR-OE-&8QUPL-=-~---------------------d--------. 

NUMBER OF REGIONS = 1 
,----------------------------- ID-T-4L-hlYMBEB-m-I-IYJLRYALS,z--2Q ------------- ------ 

NUMBER OF COMPOSITIONS = 1 
,--,- -, -- -- - -----,- -------- --MAYLY Yfl- -!UC?bLR_ -QE- J-IE RA-T-LQUS- -5 99- - - - - - - - - - - - - - - - 

CONVERGENCE FACTOR = 9,9999999E-06 
----------------------------------------------------&------------------------------- 

DIRECT FLUX CALCULATION 

.----------------------------------------------------------------------------------- 
LEFT-HAND BOUNDARY O m  RIGHT-HAND BOUNDARY le6150000E 0 1  

-----------------*------------------------------------------------------------------ 
GROUP LEFT ALBEDO GROUP RIGHT ALBEDO 

,-- ---,---- J-- ---, JAQQQDMQE-94. --------- - ----- - -- -1- --- - - -Q=-- - ------ -- - -- - ----- 
2 1 m0000000E 0 0  2 0, 

-----,----- 3 ------ J~QQQD4SLQE-B4----44-----------4-i ------- Q> .................... 
4 1,0000000E 0 0  4 3 ,  

9 1 OOOOOOOE 0 0  9 o m  ------------..------,.--------------------------------------------------------------- 
10 1,0000000E 0 0  10 0, 

1 S 1mOOOOOOO_fi_ 0 0  15 0 -,,,,,,,-,-,,---------------- --------------------------------,,----------- 
16 1~OOOOOOOE 0 0  16 O m  

17  1 OOOOOOOE 0 0  17 0. .--,-,,,-------------L------------------------------------------------------------. 
18 1 l 0000000E 0 0  18 0. 
19 1 0000000E 0 0  19 O m  ------------------,--------------------------------------------------------------- 

2 0  1m0000000E 0 0  20 o m  



H32o 3-025-4 F . D . W f Y S T R U P  U R A N Y L - T  CA:JS P A G E  .------------------------------------------------------------------------------------- 

R E S I O N A L  D A T A  ------------------------------------------------------------------------------------- 

------------------------------------------------------------------------------------- 
NUMBER OF R I GliT-HAND B U C K L I  fJG C O K P O S I T I O N  

R E G I O N  I N T E R V A L S  B O U N D A Z Y  C I M E N S I O I J  I D E r l T I F I C A T I O N  ------------------------------------------------------------------------------------- 
1 -20 1 . 6 1 5 0 0 0 0 E  01  2 . 5 4 0 0 0 0 0 E  0 1 H/U 43.9 



F.D.WEASTRUP URANYL-F C A N S  - t r 3 2 c I ~ P L 5 ~ k - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ - - - ~ - - -  ....................... 

COMPOSITIONS ---------- ------- 



H 3 2 - 3 - 0 2 5 - 4  F - D - W E N S T R U P  URANYL-F C A N S  -----.-- ..................................................... 

RADIUS F I S S I O N  E X T E R N A L  .----------------------------------------------------------- 
- SOURCE SOURCE 



-, - ML@l_l-!L€- ELUX- P JS-1-R I BY-1-LQilJS- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .. 
RADIUS GROUP 1 GROUP 2 GXOUP 3 GitOCIP 4 GROUP 5 .----------------- -------------------------------------------------------------------- 
0. ' . . . -. . . 3-48386E-03 3.15030E-02 U.75931t-02 1.21304r-01 1.14933E-01 

---- L Q D J  ------ _ I , ~ B ~ ~ ~ L = D A ~ ~ ~ ~ ~ U E Z P ~ - ~ ~ J _ I ~ ~ _ ~ ~ L - - Q ~ -  J ~ - ~ L I D _ ~ ~ ~ Q J - - L ~ ~ ~ _ ~ - ~ ~ E Z O - L .  - 
0,807 - 3.4763.1E-03 - - -  3.. 14329E-02 C .  73926E-02 1.21026E-0 1 1 14667E-01 

.---- 196-I-5 ------ 1s45~$62E~-Q.L-3a-1223QL--Q2~9-*-CrZ21-G~F,'1O -LC2 Q1-9-55. ~_0-1- -1=_1-3-C68E-=Q1- 
2.422 3.41615E-03 5.08744F-02 d.57935E-02 1.18310E-01 1-12541E-01 

3,36393C-03 3.03892E-02 8,44034E-02 1.16883E-01 1.10692E-01 . , - - -1 11-3-0 - - - - - - - - -, - - - -, - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
'4,037 3.2P738E-03 2.97706E-02 0,26290E-02 1 a 1 . 4424~ -0  1 ,08328~-01.  
' L d 4 5  3 . 2 1 6 9 4 ~ - 0 3  2.90223E-02 i1,047?CE-32 1.11446E-01 1.05462E-01 ....................................................................................... 
5,652 3.12416E-03 2-81492F-02 7-71679E-02 1 -0796SC-01 '1,02106E-01 
6.460 3 01670E-0'  2,71b69E-C2 7.51C76E-02 1.34003E-01 9 i82758E-02  --,---,-----------,-----------2----------------------------------------------------------. 
7,267 2.8Q034E-0.5 2.6C522E-0% 7.1f?160C-92 ?.?5817E-02 3.39904E-02 
8,075 2 .76896~ -03  2,48430E-02 0.[!41 5GE-C2 9oLt7.3i11E-02 3 - 9 2  706E-02 ........................................................................................ 
8.882 2.62961E-02 2.35383E-02 L.J+b21l+E-Q2 8.94303E-02 8.41405E-02 
9.690 2.48145E-03 2,21406E-02 6.65623E-C2 G.3H732E-02 7,36277E-02 ........................................................................................ 
10.497 2.32586E-05 L.06CbGC-02 5,02852C-02 10'79443E-02 7-27646E-02 

.---L1~3D5-----_;2LJ4_4-IEE=_O-ii11_9-LG4IE:-Q22ijjL~FQ-34i=(122277t L152-3_Ez~2--~=b5i33?3Er~-Z-. 
12.112 1-39852C-95 1,76012E-C?2 4 -71861 f -92  6.S3669E-02 6.01489E-02 

.,,-LZ19~Q------LtD~-1~3_2G=Ci~-1144CCL5~I:~J12-~-.2_Ir 7O22FFz2i--~-~-.3r!5_O-?C_~D2--t;~S5P-1_k4:_O-2_- 
13.727 1.66439E-05 1.44307F-C2 3.77304E-02 > , 2 3 2 2 ~ ~ - 0 2  4.67221E-02 
14 "35 ., .'>8847E-02 3 -93  105F-02 ------ =r --------- L~5QJfihE~_03331~28-ZG4Lzfi~--3=-33G'i3~I-:~2-4- ........................... 
15.342 1 -34502C-03 1.13207E-02 2.85504E-02 3*97031E-?2  23.20220E-02 

1 20116F-03 1,051645-02 2.43736E-02 3.39970E-02 2 .68039~ -02  ---- LbL1_Ls_ ------- ,- -----f------ ------ .................... ---- ---- .................... 
16.150 1.2010JC-C3 1.OCISlC-02 2.43747E-C2 5.39916E-02 2.67975E-C2 



H32-3-025.4 F.D,WENSTRUP URANYL-F C A N S  ....................................................................... 

RELATIVE FLUX DISTRIBUTIONS -------------------------------------------------------------------------------------- 

~ ____-___-__________------------------------------------------------------------------- R A D I U S  GROUP 6 GROUP '7 CROUP 8 GROUP 9 GROUP 10 
~ 0,  9,34928E-02 7.23887E-02 5,82887E-02 6,31641iE-02 5.97096E-02 



RELATIVE FLUX DISTXIBUTIONS ---- --------------------------------------------------------------------------------. 

RADIUS GROUP 11 GROUP 12 GROUP 13 GROUP 14 rROUP 15 --------------------------------------------------------------------------E------------ 
0 • 4.76137E-02 40'21665E-02 3-95485E-02 3080251E-02 4075149E-02 



RAnIUS GROUP 16 GROUP 1'7 GROUP 18 GROUP 19 . GROUP 20 --------------------------------------------------------------------------------------- 
0, 4 .22351~-02 2,80081E-02 2,48784E-02 2.68059E-02 2,25045E-02 





URANYL-F CANS. F 9 WE33-IRUP ...................... .HJL~3=D2_2S_ck------k-~ -%- 

--LLERAI-LQN--I-LGEBYyA-4UE---------- ...................... 
1 1.555502CE 0 1 
2 1.0206854E 0 0  ---------------------------------------------------------- 
3 1.0347557E 0 0  

------ 4 ------ JAQkD1)-!E-I)xL 
5 1.0421352E 0 0  

------A------LaQ4LQe22LE,QQ----------------------------- 
7 1 0434676E 0 0  

- -- - - - -Q. - - - - - -1% Q3-3-6.29 BE, -QQ - - - - - - - - - - - - - - - - - -, - - - - - - - - - - 
9 1,0436908E 0 0  

10 1 0437 184E 0 0  .--------------------------------------------------------- 
1 1  1 - 0 4  37300E 0 0  
12 1.043734QE 00 .--------------------------------------------------------- 



H32.3-Q25.4 F , D , W t N S T R U P  U R A N Y L - F  C A N S  -------- .................................................... 

V O L U M E  F R A C T I O N  0.10000GOE 01 ------------------------------------------------------------- 
IREGION/CORC) A V E R A G E  POWER le0000000E 00 

GROUP A V E R A G E  FLUX 
1 - - - - - - - - - - -- _0-.-2br 5-7-'25 Ez-0-2. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
2. 0,2337613F-0 1 

---3--------_O-c63_95-Zh2E1-~1--------------------------------- 
4 0,8859464E-01 
5 0 8278365E-01 --------------I--------------,-------------------------------- 

6 0,669376.3E-C 1 
7 0.5 166673c-0 1 --------------------------------------------------------------.. 
8 0.4 159723E-C 1 



----------------------------------------------------------------------. 
+ T H I S  PROGRAM PROCESSED ALL A V A I L A B L E  CARDS 
STOP TIHE BEFORE MACHINE RESTORED T STANDARD SET-UP 14-360 .---------- .......................................................... 
RESTORE MACHINE  TO STANDARD SET  UP - - - PUSH START-  

S T O P  14-37 



7.0 UNASSEMBUD PROGRAM L I S T I N G  



-- * C H A I N ( ~ , ~ ~ )  ~ L O C K  CDP 
r 
L -- 
st 6 5 7  CONTROL PROG. 

2(Q(9~08)~SIGST)~(Q(10133),SIGNG)~(Q(10758),9IFF~), - . -. - - - - - -- .... - ........ - . . . . .  
3 . i ~ (  1 0 7 8 3  rDI FFR ; ('Q ( '108i)8 ' j - ,~ '1 F ~ z - ) ~ ( X - ( " ~ O ~ ~ ~ ) , S ' I G R  ) , i'Q-( 1 0 8 5 8  ) , S )  , 
4 ( Q (  1 0 8 8 3  sTM) i ( Q ( 1 0 8 . 8 4 )  ,EXTRAD 1 9  ( Q (  1 0 9 0 9 )  vEPSR),, 

, - -  ,,, , , ,. ---,---~--- -.. --. . -. . - ( Q  ...... ( i0934 .)-,.EPii.) , i Q (  
j9-')'.,.i'F.liC.).';'i.Q i'yjij'84i ..,..< I..G,NS I C )  , 

6 ( Q ( 1 ~ ~ 5 0 4 ) ~ T R A S I G ) ~ ( Q ( 1 2 1 2 9 ) ~ P O M I N ) , ( Q ( 1 2 1 3 O ) ~ ~ O ~ ~ A X ) ~  . .  ........ . . . .  -. - . -. .-.. 
7 ( ' Q (  1 7 1 3 1 )  ,MOPMAXI  , ( Q (  1 2 1 3 2 )  ,RES) - ; - (Q" )^~~ .?~ '~FY~NR'E .~ )  9 (Q-( I 3 1 3 3  1 ,ENGAP) 9 

- . - - - - - . - - . ~ ( Q ( ~ ? ~ ~ ~ ) , M G M ~ I N ) . ; . ( Q ( ~ ~ ~ ~ ~ ) , M G M A X ) , ( O ( ~ ~ ~ ~ O ) , M G P M P X ) ,  .... -- ... 
9 ( ~ ( 1 1 7 6 1  ) 9 ~ ~ ) , ( Q ( 1 q 7 6 2 )  ,NW) , . (0( '1776%j'rr;!~M); iQ(i?764) ,MN) 

C ---- ..... --..----.- . . . . . . . . .  , , ... -. . .  .." ..__ _..-l.__" .--_, . ..-. ,. ....... .--.-A -. .--..--I --- ---.... * 
1 CONTTNUE'  

C A L L  S T A R T  . . . . .  . w. -. . 
IF ( X A B S F ( M 0 R F ) - 1 )  5 9  5 ,  1 2 8  

5 C O N f  INUE . . . . .  

I F  n T V T D E  CHECK 6 ,  6 
6 CONTINUE . . . . . . . . . .  . . . . . . . .  .............. .-,..-----.--...---.A. ................... 

c A ~ i  ~ I D ' -  
10 CONTINUE 

. . .  . . . .  
I F  ( N O T )  30,  709  1 5  

. . -  

1 5  CONTIh!UE 
.... 

CALL R N O T l  
2 0 Cord T.1 NUE 

. 



C A L L  R N D T 2  
2 5  C O N T I N U E  

C A L L  R N D T 3  
TcONTIWE 

DO 6 5  I = 1 , 3 0  -. 
I F  ( C M A T ( 1 ) )  3 5 9  6 5 ,  35  

3 5  C O N T I N U E  -- 
I T " - r ~ i 5 ' S m T ( m - l . o t + 6 )  4 0 9  4 5 9  4 5  

40 C O N T I N U E  -- .. -- 
C A L L  R N D T 4  - 
GO TO 5 0  -- .- 

4 5  CON'TT~IUF;-- 
blhI.r I - - ---- ..-. -.,..--.-.. -.- 
C A L L  AUXND 

5 0  C O N T I N U E  . - - . - - - . - . - - . - - - 
C A L L  THERM 

5 5  C O N T I N U E  
..... - - - -  ------ 

C A L L  NANDW 
6 0  C O N T I N U E  

c ATC-MTX' 
6 5  C O N T I N U E  ........... 

RFW!ND NOT 
REWIh ln  Y T A P F  . - . - - . . 
I F  . E N L H  669 66 

6 6  CONTTNUE - . -,.,-..------ 
I F  k N C O D E ( 5 ) - 1 )  6 8 9  67, 6 8  

67 C O N T I N U E  
CALL-HOMRES 

6 8  C O N T I N U E  
IF ' -  ( ' ~ ~ 0 ~  7 0 9  7 5 9  7 0  

7 0  C O N T I N U E  - ............. -.-.- -----.-- ----.--- 
C A L L  ~ E H R  

7 5  C O N T I N U E  - . - - . - - - - -- - . - - - - -- 
NGT=NcODE ( 3  )+!  
GO T Q , ( 1 0 0 , 8 0 , 8 5 9 9 0 ) 9  NCT - - -, ..- - - - .. - 

8 0  C'ONTINUE 
C A L L  ROD - -.-.- .- . ... --.-.- ------. -"- *---. -- ...---- 
G 3  ~ ~ " 1 0 0  

8 5  C O N T I N U E  - .- . - - - 
c A ~ i  ANULUS-m 

- . -  - .- . - - .- 

-. GO TO 100 . . - . .- .. - . - - - - - . - - - .- 
9-6' " C O N ~  1  NUF 

C A L L  P L A T E  -.-.- oo  .--- - coNT -,. - . * N" -c.-.-..-. .--. - ---7---p-..--.--" -..>---- 

C A L L  GRPAR . . .  . . . . .  - ..... .- . - .. -- -- . -- -- -- - - . 
' 1 ~ 5 "  CONTINUE 

C A L L  -WTCD . . .  .-.... - ... - -. .. - . .  -. .... - - -- - -- - i i 6 C O M T  T N ~ J E  
C A L L  WOTCT> - . -  .---...- ..... -...---. ,----.---. --.-.- 

1 1 5  C O " Y T T ~ U F  
I F  ( X A R S F ( M 0 R F ) - 1 )  1 7 0 ,  1 7 0 ,  1 2 5  

'120 CONTINUE ' 

' ' ' 

YA.5F=h40QF - . - - . . -- - . - . - . . -. - - - - - . . - - - .- - . -- - -- 
G O ' T 9  5 

l z 5  C O N T I N U E  ...- ..- .....-.... ...... -- .............. >--.--.----,-,.---..-..------ 



I CAL,L ENDCDP 
I CALL PAGES(NPAGE) 

1 2 6  CONTINUE 
,128 CONTINUE 

CALL c H A I N ( ~ , R ~ )  . 
130 .CONTINUE 

CALL ENDCDP 
CALL. E X I T  
END(o,O,O) ' 

. . 



u 6 5 7  - SURROUTINE START 
C 

SUBROUTINE ST.ART 
C  

COMMON Q -------- 
C 

D I M E N S I O N  Q ( 1 3 7 6 4 )  --------- 
r 

- EQUIVALFNCE -.-. ..---" ( Q ( 2 ) 9 P O A T F ) , ( Q ( 6 ) , R n E N T ) ~ ( Q ( 9 ) ~ B N N 4 M ) ~  --.. 
l ( Q ( 1 1 ) ~ C A S I O ) , ( Q ( 1 2 ) , C A S t I D ) ~ ( Q ( 1 3 ) , C D T ~ N C Q T ) ~ ( O ( 3 1 6 ) ~ N P A G E ) ~  

CALL P O V E ( - 1 2 9 7 2 H  - . . . . -. . . .- ' . --. ,.cA.. <E -I. )- . - , . .- ---- - - . - . , -- . . . - 
1 

5 - CONTINUE . .. ... " .- . .. . .- - - . -. . ., . "."- - -- . -  -- - .. . ., ..-. .--- . 
N P A G F = ~  

REWIND I T A P E  
--.-..-,..I-.-.-. ..-..--...- .. -1"- - . I .  ..... .%XI".. . . ._ "...-"IIII---CI-.-.--"--~.-- -.-.--..-. .- ..* .* 



REW Ihlr) J T A P E  
REW Ih lQ K T A P E  
REA.0, D I P  .E!NPM,,RnATF,RDFNT~CDT,CDT?IAY , 

~NDT,Y~T,ITAPF;JTPPF,KTAPF,M~~)RF,NWOT 
I F  ( S E N S E  L I G H T  1 )  10, 1 5  - - , 1 0  C O N T I N U E  

C A L L  FRRORA 
C A L L  E X I T  

1 5  C O N T I N U E  
C  A  L-L-HDITG7TT(12))- 
I F  ( C D T ( 1 ) )  2 0 ,  6 0 ,  2 0  - - . --- - -------- 

2 0  CONTINUF: 
C A L L  F S F B T ( K D T , l )  --.-..-... -- .---..--.- -.--.-- -. 
RACKSPACE KDT 
RACYSPACE ... -. .... - . . K P T  -- -. - - - -- .. -. .... - . - - . --- 
R E A D  T A P E  YDT,  ( C ~ T ( I ) , I = I . , ~ ~ ~ )  
I F  ( ( C D T N A M ( 1 )  CDT(l))+(CDTNbM(2)-CnT(2))) 2 5 ,  2 5  . -- - . - - -. . . .  - -. .- .. - -- 

7 5 C?hlT T NIJc 
C A L L  ERRORA 

AcL .-.- -.f- * ?---- ----.--, 

3 0  C O N T I N U E  .. - ... - -- - . - ---. -- - -- 
~ F - ' ( x A B s F ( M o R E ) - ~ )  3 5 ,  4 0 ,  45 

35 .  CONTIh l lJE 
P CALL '  ... FRR"ii"*- ........ -- 

C A L L  E X I T  .......... ..------.----------- .- 
4 0  C O ~ T  I ~\IuE: 

Q R C ~ - ~ = N C ~ T  . .. - .-- -, ( 3  ...... ) -- 
RACKSPACF YDT 
GO . -. TO 70 ...-  . . .  , . . . . . . .  - - - -- -- .- - - 

45  CONTThIUE 
R F W l h l Q  YDT .. --- ............. -.-- --- -..----.-.--. . _ _ I _ - ~ - _ . - - . _ - _ _ - . _ _ _ I _ . _ . , . .  -.-.. 
90 5 p  I = 1 , 1 5 0 n 0  

- .- C D T N b M ( I ) = O . O  . .  - . - . - -- . -- ....... - .-.......... -- . . . . . .  
5  6 ' - ~ ~ ~ ~  1 NU!? 

- G 3  'TI! 90 . ......... ..... . . . . . .  . -  ..... - - -  
6 0  C O N T I N U F  

I F  ( Y A S S F ( M O R c ) - 1 )  6 5 ,  70, 6 5  -- - .- . . .-.. ......... --.- .----. .. . .-..,--.-.--.---...--.... ..----..-,---..-....-.--.--,- ,.--- 

6 5  CONTINUE 
C A L L  FSROPA . . . . . . .  . .. .. .- ... ....... . - .  . . . . . . .  -- . . . . . . . . . . . . . .  - .- - - -.- -- .. -- - - -. - 
CALL F X I T  

7!? CONTTNUF: - ........ ... ..... ............ . . . . .  - - .  - . . . . . . . .  .- -- -- - ... -- - .. -- - - - - 
~0 7'5 . I = I , ' ~ s o ~  
00 7 6  J = 1 , 4  .---. ---.-..-,. .. ........... 

B; T . b  ( I ,. 2.) j...-6.. ............... ...-- . . . . . . . . . . . . . .  ----.-- ..... ----..-."-.."-.-.. .-- 

75  C O N T I Y U E  . . . .  . . . .  . . . . . .  
00 8 p  I = 1 , 7 5  
DO 8') J = 1 , 3 0  

. . . . .  . . .  
G F 4 C ( I , J ) = l o O  

8C C O N T I R U E  
.. ........... .................... ... ...................... " 8C; .I - - "-. - ..---- ". = ,aggcj-. 

Ch".AT( T ) =Con  
. . . . .  - . . . . . . .  -. 

8 5 CONT 1 NIJF 
9 0  ~ Q N T T  NIJC 

RFTURV 
END(n,O,C)) ... ----- - . .,- . . .  . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  .... 



* 657 SURROUTINE CID - -- _______I___-.. 7.. - 
C 

SUBROUTINE CIQ -- . . - 
C 

DIMENSION Q(13764),IRES(3C) 
C 

DIMENSION C D T ( 3 0 3 ) ~ h l C D T ( 3 0 3 ) , C D T N A P " ( 2 ) ~ E L F A C ( 1 5 ~ 0 , 4 ) ,  - - - - . . - -- -. - -- .- -- - - . - - - -. -- - -- -- - 
~ R D A T A ( ~ ~ ~ ~ , ~ ) , G F A C ( ~ ~ , ~ O ) , C M A . T ( ~ O ) , P V A T ( ~ O ) , \ ~ M A T ( ~ ~ ) ,  

8 ( Q ( 7 7 5 2 ) , V C O V D ) , ( C ( ? 7 5 3 ) , F ! h J r ) T , h ! R N D T ) , ( G ( 9 2 5 ? ) , I \ ~ ~ E C ) ~  - - -- - .- - - . -..----. 
9 ( Q-( 9 7 . 5 4  I', I M A  i I-, (.Cj ( 9-zg4T;Ee j-, ('~T-,+Fq-j-,-Fjj-j ;-(Q (q* ?-I, n~ L TA I I ) 

C . - ............ 
EQUIVALENCE i n (  9358 ) ,S~-G%-) , ( ~ - ( 9 3 8 3 )  ,S.IGTR) , ( '(94n8) ,.ICA) , 

~ ( Q ( ~ ~ ~ ~ ) , S I C F N ) . , ( Q ( ~ ~ ~ ~ ) , ~ F S I G ) , ( Q ( ~ G ~ ? ) , R ~ S I G ) ,  ..... . .... - .. - -. ( .... (.3 
Q.8 ) , sI.G 

..,-,-.(G (.-l-o-l.3-3.j .,--s.- I G.R. ,-,.. ( n;.75-g ,-., 6.1 .F.c-) , - ...A ..---...--- 

. -  . . .  3 ( Q ( l ~ 7 8 3 ) ~ D I F F R ) , ( Q ( 1 0 8 Q 8 ) , I > I F F Z ) ~ ( Q ( 1 0 8 3 3 ) ~ S I G R ) ~ ( Q ( l ~ 8 5 8 ) ~ S ) ~  
4(Q(lO883) ,FT) , ( Q ( ~ ( ! ~ ~ ~ ~ - ; E ) ( T R A P ) ' , ( Q (  109Q9) IEPSR) 
5(Q(10934),EPSZ),(Q(1C959)~TFAC)~(Q(1C)984)~5IG~I\!5IG)~ . . ~ . . . . .  
6(Q( 11504) ~ T R A S I G )  , (~.(-17129) ,"cMI~!'~,~o( lIZi??i,FnfiA~)';- 
7 ( C ( 1 7 1 3 1 ) , V n P f A A X ) , ( O ( 3 7 1 3 7 )  , R E < ) ,  (0(131?7) ,WRF5) ~ ( C J ( 1 3 1 . ? ? ) , ~ N G A h ~ ) ~  . . . . . . . . . . . . . . . . . . . . . . . . .  - - -. - - .. - - 
8(~(1~758)','~~~1~!'),(;j'ii3759)",hnl;~.4kx),ii(li'i-j'7d1)),~C)~vAX), 
9 ( Q ( 1 ~ 7 6 1 . ) ~ T Z F ) , ( Q ( 1 3 7 6 2 ) , N ! ~ ) , ( Q ( 1 " 7 6 3 ) , N T ~ ) ~ ( Q ( 1 1 7 6 . ~ ) ~ ~ ~ ! ~  ..... . . . .  . .  . ....... - . .  . . - . - . . . . . . . . .  - - - - - - . - . . - . . 

r 

2 CONTINUE . . . . . . . . .  . . . . .  
DO 5 1=191500 

5 CONTINUE - . . . . . . . . . . . . . . . . . .  
00 l n  '1=1. ; 2 5  
DO 1) J=1,3n 
GFAC(!,J)=I.P 

10 CONTTNUF 
90 15 I=l,h69P 
CMAT(I)=C.O ........ ---- .-..-. . . . .  



15 CONTINUE 
GO TO 23 

20  CONTINUE 
DO 2 2  I = 1 , 1 7 3 0  
I M A T ( I l = O  - 22 CONTINUE 

23 CONTINUE 
READ D I P  CASEIP ,CMA,T ,DMAT,FLFACICBEHRsGDTFC~GFAC,  

l G T R A N ~ G V O L ~ N R E H R ~ I R E S ~ N C O D E ~ S P E C ~ T M A T , W M A T ~ F T ~ M O R E  
I F  (SENSE LIGHT 1 )  2 5 ,  30  

25 CONTINUE 
CALL. ERRORA 
CALL ERRCDP 

30 CONTINUE 
CALL H D I N G ( Q ( 1 2 ) )  
RETURN 
END(O,O,O! 



S U B R O U T I N E  R N D T 1  - 
C 

C31'MON (2-9 I R E S  - 
C  

- E Q U I V A L E N C E  (~(~),RDATE),(Q(~),oDENT),(Q(~),sNAv), --- 
l ( Q ( 1 1 ) ~ C A S I D ) , ( Q ( 1 2 ) ~ C A S F : I 9 ) ~ ( Q ( 1 3 ) , C D T ~ N C Q T ) ~ ( G ( 3 1 6 ) ~ N P A G F ) ~  
2 (QL31 .7 , . ,NW0T) , (QQ0-L8 ) ,NDT)  ,(Q(319),<DT),(Q(32O),ITAPF), 
~ ( Q ( ~ ~ ~ ) - , J T A P E ) , ( O ( ~ ~ ~ ) , K T A P F ) , ( Q ( ~ ~ ~ ) , M O R F ) , ( Q ( ~ ~ ~ ) , C D T N A M ) ,  

9 ( Q ( 1 ~ 7 6 1 ) ~ D F ) , ( Q ( 1 3 7 6 2 ) t N h ' ) , ( Q ( 1 3 7 6 3 ) * N T M ) , ( Q ( 1 3 7 6 4 ) ~ M ~ )  --*-- . -~.---- - " - --- - ------ *- --+- - 
C 

N P A S s = l  --.- -- -. - - - - - - - -- - -  - -- ---.-. 
1 CONTINUE 

REWIND NOT 
-.--"-I .- . .". " 1  ...- --.-.- -. -- ------- 
READ TAPE N~T~' - (RN~T(I ) , I= I , , "~~~~~))  

-- - N V A T  SO - .- - - 
no '39 J= l  ,qn 
IF ' ( W A T ~ J ) )  5 ,  1 5 ,  4 - 

5 C O N T I N U E  

7 C O N T I N U E  . . -- - . . . - 
- . ~ .  - = - - 

K = 2  
10 CQNTJNUE A .- 

. a *  

I F  ( R N D T ( 4 * K - l ) - C M A T ( J ) )  12,  30, 12 
1 2  C O N T I N U E  

---=--.,- 3 3 . . =- :.i-..-,,_.. .: _:I=.-.... . X . P X  _ ~ . _ m J ~ . r - . r : - . F . . - - = : . . : ~ l  -, : s:-x=s: = a =  ==-,x?,c-. 



K=K+], 
I F  ( K - 5 0 0 )  1 0 ,  1 5 ,  1 5  

1 5  C O N T I N U E  
I F  ( N P A S S - 2 1 1 7 ,  20 ,  2 0  

1 7  C O N T I N U E  
N P A S s = 2  
GO TO 1 

7-f I N U ~  
C A L L  ERRORA ---- 
C A L L  FRRCDP 

2 5  C O N T I N U E  
I M A ~ ( J ~ - = ~ - + ~ o o o  
GO T o  35 - --..--- 

3 0  CONTTNUE 
I M A T ( J ) = N R N D T ( 4 * K )  .. - - - 

3 5  CONTI-NUE 
RETURN 

END. ( ,.o. -, .-o -) 



Y 6 5 7  -.----- S U B R O U T I N E  RNDT2  --.- ---. ---- ...--..-- -.--. -- 
C 

S U R R O U T I N E  R N n T 2  - . - - .- .. . -.&.~ ---.. 

C 
COYMnN -- . - - -- 0, I R E S  - ------- -- 

P c .  
D I M E N S I O N  Q ( 1 3 7 6 4 ) , I R E S ( 3 0 )  ----- -- 

P 
L 

D I M E N S I O N  C D T ( 3 0 3 ) , N C D T ( 3 0 3 ) , C D T N A M ( 2 ) ' , E L F A C ( l S 0 0 , 4 ) ,  
~ R D A T A - ( - ~ ~ C ~ , ~ ~ , G F A C ( ~ ~ , ~ O ) ~ C M P T ( ~ ~ ) , D Y A T ( ~ O ) , W M A T ( ~ O ) ,  
~ T M A T ( ~ ~ ) , N B E H R ( ~ @ ) ~ G V O L ( ~ ) , G F ~ E H R ( ~ ) , G T R A N ( ~ ) , G D I F C ( ~ ) ~  .- -- - . - - 
~N.CODF'(  ~ ~ - ~ ~ R c T ~ ~ o ~ o O ) , N ~ N ~ ~ T ~ ~ ~ ~ ? ~ O O )  , IFcAT ( 3 0  ) ,EC( 2 5  ) , F V (  2 4  

E Q U I V A L E N C E  ( 0 ( 2 ) , R D A T F ) , ( Q ( 6 ) , Q r > , E N T ) , ( Q ( 9 ) 9 B N A Y ) ,  - -.----- --- 
~ ( Q ( ~ ~ ] , ~ I D ) ~ , ( Q ( ~ ~ ) , C A S E I D ) , ( Q ( ~ ~ ) , C @ T , N C D T ) , ( Q ( ~ ~ ~ ) , N P . A C E ) ,  

L 

R E A D  T A P E  R n T ,  ( F U ( 1  ) , I = 1 , 1 4 3 )  -.-..-.--.-- - -----..-----.------ -.---- ------ -------- - 
06 1P I = 1 , 2 4  

DO 2 0  1 ~ 1 9 2 4  ------ .----.-.--* - ..-- .. -- - --.--,-----.---.-. --* -.---- ..-.---.--. -- . 
D E L T A U ( I ) = L O € F ( E G ( I ) / E G ( I + ~ ) )  

- - I F  D I V I D E  CHECK 1 5 ,  2fl . . - . . . . . , . . 

1 5 - 7 0  N T' 1 N U'E 
- . . -. - - - - - - - - -. . - 

. .. . 
C A L L  FRRORA ERRCDP- -.- . . -  .. . . - . . . . . . - - - . - . . . . . . .. . . . - . - -- . - . . 

2 0  CONTTNUE --.-.- ,--- -..--... .-... . ,....-,--.------..--..- -. - ..--- ---.-.-. . . .. . .. ., ,.... . ..-... . ---.-.-.*...--- -.-..-.-.- 





* 657 S U B R O U T I N E  RNDT3  
C 

S U B R O U T I N E  R N D T 3  
C  

--- 

COMMON QI IRES 

E Q U I V A L E N C E  ( Q ( Z ) , B D A T € ) , ( Q ( 6 ) , 9 D E R T ) 9 ( Q ( - 9 ) 9 B N A M ) ,  ----- ~ ( Q ( ~ - I . T - * ~ ~ I D ) , ( Q ( ~ ~ ) , c A . ~ E I D )  , ( ~ ( ~ ~ ) , c D T , N c D T ) , ( ~ ( ~ ~ ~ A G E ) ,  
2 ( Q ( 3 1 7 ) 9 N b j O T ) , ( Q ( 3 1 8 ) , N D T ) 9 ( Q ( 3 1 9 ) , K D . T ) , ( O ( 3 2 f l ) , I T A P E ) . 9  - ---- 
~ ( Q ( ~ ~ ? ' ~ , J T - A P E ( , ~ O O ~ K ~ T A P ~ E ~ Q ( ~ ~ ~ )  ~ M O R E )  , ( ~ ( 7 2 4 . )  ~ C D T N A V )  9 

4(Q(376),NRCDT),(Q(327)9FLFAC,R?ATA),(O(6327),GFAC), . - -- .. . - ....... -- -- . 
5 ( ~ ( 7 n 7 7 )  , C M A T )  9 ( Q ( 7 1 C 7 )  ,DbaA,T) , ( 0 ( 7 1 3 7 )  ,blhlA,T) 9 ( O ( 7 1 6 7 )  9Tf'JAT) 9 

3 ( Q ( l ~ 7 8 3 ) ~ D I F F R ) ~ ( Q ( 1 O 8 C ! 8 ) ~ Q 1 F F Z ) ~ ( O ( 1 ~ 8 ? 3 ) ~ S I G R ) ~ ( Q ( l . ~ 8 5 R ) ~ S ) ~  . - . . . . . .  .. -. . - - - -- &TG( 1 0 8 8 3  I ,,FT j', ( Q  ('~QF)-~&~';-CXTR-A,BT;"( ZSi in~@g ~ , " , C P R )  , 

1 CBNTTNUE - -- .- R F A o  - .. nIP- IS'P ....... . . . . .  . . . . . . . .  - .  - - ..- . 

I F  ( S F N S E  L I G H T  1) 2 9  45 . . . . .  . . . . . . . . .  . . . .  
2' C O N T  I NU'E 

C A L L  FRRORA 
-" ---cA.ci'-.Fq c.fip--'--'P- ... -.-.-I.--.--.- .......... --I-- -.----.---.-...---. ................. 

5 C O N T I N U E  ......... -- .- ...... - , , . . . . .  
N P . A S C = ~  

7 C 3 N T I N U E  
- .- . -. . . 

Y=2 . 

10 C O N T I N U E  
--.-.-.. .................................................................. . . . . . . .  .............-... -- . . - .  



-- I F  t ! ? N D T ( 4 * K - l ) - S P E C )  1 2 9  2 5 9  1 2  
1 2  C O N T I N U E  

K = Y + 1  - 
I F  ( y - 5 0 0 )  10, 1 5 9 1 5  

1 5  CONTTNUF 
7 T - I - K I I ' P A S S - 2 )  1 7 9  2'39 20  

1 7  C O N T I N U F  
I V ~ A > S = L  

GO TO 7  " 
ZOUNTI'N-- 

C A L L  ERRORA 
i' 

-D--P- .- -- 

2 5  C O N T I N U E  ...... ---- ---- ...--- ----- 
I SPET-=NRNDT ( 4 * ~  
NRS=TSPFC-NRFC 1 

. 
I F h! R s.-j - -3-0 ; - - 3 7 2  r - 

2 7  CONTTNUE . .  .- .. - - 
DO 2  ~ - - I = ~ , N R s  
READ T A P E  NDT 

2 8  CO 
N- T"i--N vE--.-p--- 

GO TO 3 2  -- ...... ..'-- 
3 3  CONTINUE 

C A L L  ERRORA - 
C A  L L 

F# ?"cfip--'---- 

3 2  C O N T I N U E  "... .. "-..( -.qP(I,-'f- ....... 
FE-ATi 'TAPE N ~ T ,  . , = ,4(3---- 
I F  ( S P E C - S P ( 4 ) )  3 5 9  4 0 9  3 5  O-h7.T-j-fi-" ijFp- 

C A L L  FRRORA 
C A L L  ERRCDP 

7 

4 0  CONTTNUE 
- - T & - 7 -  r&i1-;7y--- 

S P ( I ) = S P ( I + 4 )  .- . . . . . . . .  - .......... 
4 2  CONT-TNUE 
4 5  C C N T I N U E  - -- - . -. - . . . .  .- . - . - ... -- .... - ....... - -- 

PO 47. 1 - 1 9 2 5  
S ( I ) = S P ( I ) * D E L T A U ( I )  

--------.-,, . ---- .....-... ..... -.....--~c--.w..~-v .. .-,-- .-..... 
4 7  C O N ~ ' ~  hjiJi"' 

I F ( 1 S P E C )  5 0 9  7 3 9  5 0  - . . -- - -- .......... -. -- - . -- - .. - . . . . .  -. - 
5 0  CONTTNUF 

N R E C = I S P E C  ....... . . ............ -- . ........ - . . . .  - . .- . 
j=i 
DO 6r!  1 = 1 , 3 0  .......... ... .- --.go" ..---5.2-.---- -.. ........ "-- 
I F  ( I M A T ( 1 ) )  6 C 9  9 

5 2  CONTTNUE .... .... - ... 
IF ( IFnAT ( ( j'j )". 5 5  

-. - -- 
60-9 6 0  

5 5  C O N T I N U E  ......... . . . . . . . . . . . . .  . .  
J= I 

6 0  C O N T I N U E  ......... ., ..... -- - - -- -- 
I F  ( h ! R E C - I V A T ( J ) )  7 0 9  6 2 ,  6 5  

6 2  CONTINIJE.  
- .  - .  

P-b;'cR.=.P& 
=-.-- -n-T-i---- -- 

....... ........... ...... ............ .......-..... .. . - - - - - NREC=NREC-1 
G O  " in "  7'o 

6 5  COMTTNUF -.......... .,.---..--.,.-.."- ..... -... 



REWINb NDT 
NRECrO 

7 0  CONTTNUE 
RETURN 

. END(T) ,O+O)  



6 5 7  --- --. -. .-- SUBROUT I NE R N D T 4  
- 

SUBR > U T I  NE R N D T 4  
C 

COMMON Q, IRES  
. . 

C 
D I M E N S I O N  Q ( 1 3 7 6 4 ) , I R F S ( 3 0 )  --..-.--.- --. 

C 
D I M E N S I O N  C D T ( 3 0 3 . ) , N C D T ( 3 0 3 . ) , C D T N A M ( 2 ) , E L F P C ( l 5 r ! r ) , 4 ) ,  - 

~ R D A T A I  150-4) , ~ F A c ( 2 , 5  ,'Jc) , C M P T ( ' ~ O )  ,PMAT(?~);WT-T,-- 
2 T Y A T ( 3 O ) , N B E H R ( 3 C ) , G V O L ~ ( 3 ) , G R E H R ( 4 ) ? G T R A N ( ' 3 ) , G P I F C ( 3 ) ~  - - .- . . -. - - -- .- . 
3Nc-o-G+ , R N  t) T  ( 2  B'(TO-fi NRg~7-i ~-6DU)AMATT)77 rG-( 2 5 ) , F V ( 2  4 T'r" ' 

- ~ D E L T A U ( ~ ~ )  ~ s I G s ( ~ ~ )  , S l G T R ( 2 5 )  , S I G P . ( 2 5 )  , S I G F N ( 2 5 )  9 -------- 
5 ~ ~ ? ~ i 2 5 - i - ~ ~ ~ ~ 1 ~ ~ ~ 2 5 )  , S I G S ~ - ( ~ ~ - ~ - , S I G R G ( ~ ~ , ? ~  I , ~ 1 F f c ( 2 5 )  
6DIFFR(25),@IFFZ(25),SIGR(25)~S(25)~EXTRAP(2!5)~ - -- -- . . ---- -. 
7  E  P S  R  7 -2 5 ) 'TEr.q T 2 5x T ~ ~ ~ C r 2 ~ ~ i - ; ~ ~ ~ - 5 ~ ~ S I 2 ~ r ' 5 2 ( 1 ~ ,  
8 T R A S I G ( 2 5 r 2 5 ) , R E S ( . l C O O ) , E N C A Y ( 3 4 , 1 8 )  - - -. . -- . .- - -- - - . -- -- - - - 

C 
E Q U I V A L E N C E  ( Q ( 2 ) , B r > A T E ) . , ( o ( 6 ) , R n E N T ) , ( Q ( 9 ) , R N A u ) ,  

l ( Q ( X T T C C A - S f r T )  ( ~ ( 1 2 )  ,c~,c:TT' i j )  , ( Q (  1 3 )  , c D ~ , - N ~ ' ~ - ' ~ T ~ T ~ E K G F : )  9 

~ ( Q ( ~ ~ ~ ) , N W O T ) , ( Q ( ~ ~ ~ ) , N ~ T ) , ( Q ' ( ~ ~ ~ ) , K D T ) , ( Q ( ~ ~ O ) , ~ T ' A P F ) ,  
~ ( Q - ~ - ~ I ~ - ~ ' J T K P E > T Q ( ~ )  ~ K T A P A )  , (0 (02 '2 '3 )  , ~ O R E )  , ( ~ ( 3 2 4 )  ,CDTNAv )  , 

--. - 4(Q(376),NRC0~),(Q(327)~ELFAC~Rnn4TA),(O(6?27)~GFn4f)~ 
5  ( ~7 7 (! i 7  ) -, c M'A T jr TO (~T~-<DAT)Q(Q(~T, w Y A T , (%-C~.~-,?~~-;TWAT), 

- 6 ( Q ( 7 1 9 7 ) , N B E H R ) , ( Q ( 7 2 2 7 ) , G V O L ) ~ ( Q ( 7 2 3 O ) ~ G B E H R ) ~ ( Q ( 7 2 ? 4 ) ~ G T R A N ) ~  - - - -- ---- -- -. . . - - - -. . .- 
7 ( Q T ?  y3 T.)TG-F~'i~ctj ; '( ' B - C ' ~ ~ ~ O ) S S P E C ) ~ ~ O ~ ~  1 ) , N C 0 D E ) , ( Q  ( 7  2  5  1 K A S E ) 9 

8 ( Q ( 7 2 5 2 l , V C O P J P ) , ( Q ( 7 2 5 3 ) ~ R N D T ~ N R N D T ) d Q ( 9 2 5 , 3 ) ~ N R E C ) ~  
9 ( Q T 9 T 5 - 4 - . i ' X I M 7 - ; 7 - W m € C F (  CJ ( 9 3 0 9 3 k V ( Q  ( 9 3  3 3 T r b E C T A I  1 

C ---- 
--"I v A L E R T E T b i 9 3  5T)-XIGS)TT5-C9 3  8 3 , S 1 T ? T 5 1 Q ( 9 4 ~  9 

-- l(Q(9433),SIGFW),(Q(9458),RFSIG),(G(9483),5VSIG), - -.- 
2 r 9 % 7 ) ' 8 j ' X f m T  1 ,  ~~~~~133) r'?tTZmG) , ( Q (  10 1 5 8 T F C )  , 

3 ( Q ( 1 ~ 7 8 3 ) ~ D I F F R ) , ( Q ~ 1 C 8 O 8 ) , D I F F F Z ) ~ ~ Q ~ 1 O 8 3 3 ~ ~ S I G R ~ ~ ~ Q ~ l O 8 5 ~ ) ~ ~ ~ ~  .- -. .- .- - -- - - - - . . . - 
4 ( G ( ~ ~ r ! 8 8 3 j ~ ~ ~ ) , ( ~ ( 1 0 8 8 4 ) , ~ ~ ~ ~ ~ P ) , ( 0 ( 1 ' ! ? 0 9 ) , € ? ~ ~ ) ,  

- - .  ? ( Q (  _ ._.. 1 3 1 3 1 )  __._ ---- ,MOPMAX) , ( Q (  1 2 1 3 2 )  .-- --- ,RES) -.- , ( Q ( 1 3 1 3 2 )  -- .----- .------.- ,NRES) ..----...,..-I- 9 (Q( 1 3 1 3 3 )  ,ENGAM) 9 

~ ( Q ( ~ ~ ~ ~ ~ ) , M G M I N ) , ( Q ( ~ ~ ~ ~ ) , M G P A X ) , ( ~ ( ~ ~ T ~ O ) , M G P M A X ) ,  
9(Q(1?761),DF),(Q(P3762),NW),(Q(1376~3),NTM),(Q(l3764),MN) 

. . - . - -  - -  .- .... . .-- -- - . -. . . - -. -- -- -- - . . -- -- .- - - - - . - - 
C 

1 C O N T I N U E  - -- -. . . . , . -. - . . . . - ----- -- - ---.- 

00 15 I=1,'3fl ----...-- - . .- .-.- -.-. .--,.- __-__ l_____.._________._. -_____-. 
I ' F  ( l Y A T ( 1 ) )  1 5 ,  1 5 ,  5 

1 2  C O N T I N U E  -" 
M N = I  

1 5  C O N T I N U E  -- .. - -- 
N- M-A'~~-VN)-TR€C--~~-  

16 C O N T I N U E  -. -- .- - . - - -. - - -- --- 
I F  ( \ t R S )  80.9 209 IT--- 

17 ,r)O 1 P  I = l , N R S  --------- .---..----.----- --.--- - 



READ TAPE NPT 
18 CONTINUE 
2 0  CONTINUE -- 

DO 3 7  J = I  , 3 7 8 ~  
s I G ( j ) = O . O  

3 2  CONTINUE 
READ TAPE NOT, ( S I G ( I ) , I = 1 , 5 2 0 )  
N R E C = I M A T ( Y N )  
I F ( C M A T ( M N ) - S I G ( ~ ) )  25 ,  30 ,  2 5  

25  CONTINWE 
CALL  ERRORA 
C A L L  ' FR'RCDPI'- 

-- - - - -- - 

3 9  CONTINUF 
1 F 

--. - 
( ~ 1 G T 5 1 0 ) )  4 0 ,  40, 3 5  

3 5  CONT?NUF. 
M cW~-k= NiFfG(51q ) 

M O M A X = N S I G ( 5 1 1 )  
~ P T I - A ' X ~ - N - S T G  ( 5 I,? ) 

READ TAPE NOT, ( ( T R A S I G ( I , J ) , J = M O M I N ~ M O P M . A X ) ~ I = M O M I , N , M C ) P ~ A X )  
N R E C = n m + 7  ------ 

4 0  CONTINUE - ............... --- -- 
IF (~IG(513 ' ) ) - !5 '0 ,  50 ,  4 5  

4 5  C 3 N T I N U E  - ,- -- .- -. . . -- - - - -- -- 
READ T.APE NnT  
NRFC=NREC+l -- ........... -----..-, - 

TCONT I NUE 
-- ------ 

I F  ( q l ~ ( 5 1 6 ) ' )  6 0 ,  6 0 ,  5 5  
5 5 6 N - T - I  N U-E- 

-- . -- -- -- - 

N R E S = N S I G ( 5 1 6 )  ............... .... -.--Q ..RE,q 5.*.NRE -sq--.-..---..- -. - - . -- -- , - - 
READ TAPE NOT, ( R E S ( I I , I = l , N T R E S )  mRE c-=iU' . - - -  --- "--- -,-.. .--, ..- .... --.--- 

6 0  CONTINUE 
. .- - . . . . . . . . . .  

I F  (h lCODE(4 )  75,' 75;'-65 
65 -- CONTTh!lJF ....... ..... . . . . . . . . -  ----. -,- -------.-- ?------ -=- = - 

1 ~ ' - i ~ l G ( 5 1 . 7 ) )  7 5 ,  7 ~ 9  70 
7 5  CONTfNUE .----.-. - ..-. - . -- -- - - -- - ---.- - ---..--.--- -------------.--. - - -  

V G ~ ! h I = N , q I C ( 5 1 7 )  

- - "Gb!AX=NSIG(51R) M5PMAX=NS-i .( 5.i"9 - .............. -- - - ............. 

- - RE.AD TAPF NDT, . - -  ( ( F N G A M ( I ~ J ) , J = M C M I N , M C P M ~ X ) ~ I = M G M I I ~ I , ~ ~ G M A X )  . . . . . . . . . . . . .  -. ....... 
NREC=NREC+l 

7 5  CONTINUE 
--.-.a".. .*. .--,--.--- ..-.-,------- -. --.-.--- ------. -..---.----- 

r>F =S ~"7-(79 
N W = N F I G ( 5 2 0 )  

..... . . . . . . . . . .  ..... , ...............................-.. - ....... - 
8C--COI\;Tl N U E  - '  ' ' 

I V A T ( M N ) = V N + 3 0 0 0  .-.... .............- . . . . . . . . .  , . . . . . . .  , ... ., .................- - 
?FTUR?! 
END ..... , ..-.--- -.--------.---- - ---------- --.- 



6 5 7  Sl.lRROIJT I NF AUXNo 
L 

SUBROUTINE AUXND -- 
C  

COMVON Q I I R E S  - 
C  

D I M E N S I O N  Q ( 1 3 7 6 4 ) , I R F S ( 3 0 )  -- -- 
C - 

4 D E L T A U ( 2 5 ) , S I G S ( 2 5 ) , S I G T R ( 2 5 ) , S I G F N ( 2 5 ) ~  
5 3 I- =-6( 2 5 j-,~-TrfG-T-2-5TF~=-2-T,-i'5 , S I GNG ( 2 5  2 5 , I3 I F FC ( 7 5'Sr- 

-- - - . - . , . . -- D I M E N S I O N  S S ( 3 4 ) , X I S S ( 3 4 ) , S T R ( 3 4 ) , S A ( 3 4 ) , X I S S 1 ( 3 4 ) ,  
~ S N F ~  3%) , ~ ~ 4 5 ' j O f i ~ ~ ~ ~ - ) ~ ; ~ ~ ~ O o O  ( - 3 0 )  ; T M ~ T ~ O  ( 3 @ ) ' ,  i y - j d i ? ~  (.3'!) , T v 2 5 O r ! ( 3 n )  , 
~ T M ~ @ O Q ( ~ O ) , T M ~ ~ O ~ ( ~ O ) , T M ~ Q P O ( ~ ~ ) , T M ~ O P ( ~ ~ ) , T M ~ ~ ( ? ~ )  -- - - - ---- ..... - - . - - -- .-- -- - ... - .. - - - - .. .- - - - . . . . . . .  - - - - . . . .  - . .." - . . . . . . . . . . . . .  ... ..... .... .. . 

C 
1 CONTINUE . . . . . .  . . . . .  . . . . . . . . .  

M h! = hdht 

I F  ( V A S E ) .  59 5 ,  6 5  . . . . .  . . - - . - -. - . . . . . . .  
5 CONTTNUE 



-. 10 C O N T I N U F  ........... ...--,-.. --.--.-- -- - 
nF=n,? 

. - M C V A X = O  , . . ......-....... - . -- . - 
MGPhnPX=O 
Yhf=O 

-,-- .- ----, ... ........... .-..-.-.---.-- .....-.. -.----.- 
R F P n  n I P  C O n F ,  S S ,  X I ? < ,  c T R ,  . 5 A ,  X I ? ? ] . ,  C N F ,  OF, 

1  ' T U 4 5 9 0 ,  TY'41)0", T M 3 5 n 0 ,  z 3 0 0 0 ,  T M 2 5 0 0 ,  TM20 r )O ,  
, ....... 

2  ~ ~ 1 5 0 0 , '  ~bj id '&r?- ; '  ~Fn50C!, T M 6 8 ,  M O M I N ,  VOWAX 
3  M O P W ~ X ,  F"1MIr \ l ,  FnlMAX.9 M_1_PYAAx, MGYTN, MSMAX,  
4 Y G P M A X ,  T R A S I C ,  R E S ,  E N G A M  
IF (SENSE N F . . .  L I , G H T  1 )  1 5 ,  20 . . . " .~ - - - - - - - ' - - - - - -  -----.-- -. .......... . . . .  

C A L L  E R R O R A  . .- . 
C A L L  E R R C D P  

30  C O N T I N U E  
.-, . . .  - ... I G"( '? -.b9P) =.O- F--.-... ."(.. - . - .. -- -...----.., ... ---..--------.I- -- -.--.-- ..... - < . - - . - -  



I 

3 5  C O N T I N U E  - .-.---.-- 
N S I G ( 5 1 0 ) . k M 0 M T N  

I 

N S I G ( 5 1 9 ) = M C P M A X  - -- --- -. - . 
~ c 1 ~ ( 5 2 n ) = h ! b j  
W R I T F  T A P F  I T A P F ,  ( S I G ( 1 ) , 1 = 1 ~ 5 2 0 )  --- - .-- . . - - -. -. --- - 
IC ( M O M I N )  4 5 ,  4 5 ,  40 

4 0  C O N T I N U E  - -  ----- 
Y M A X = ( M ~ M A X - M O % ~ - ~ \ ~ ~ ~ ~ ~ ~ ~ % O P M A X - M O M I N  1 )  

I F  ( N R E S )  5 5 9  , 5 5 9  5 0  ---." .------ .---.- ,-- ~ 5 0  C O N T I N U E  

5 5  C O N T I N U F  -- - 
I-F ( ~ G V I N ~ )  i ~ n ,  ~nn , ,  60 

W R I T F  T A P F  I T A P E ,  ( F N G A M ( I ) , I = l , M M A X )  - - - -- . . - - - 
GO TO 100 

6 5  C O N T I N U F  ---- - - -- - --- 
- R E A D  T A P E  ITAPE; (SIG(I)  ,1=1 ,520)  

I F  .......... ( S I G ( 4 ) - C M A T ( M N 1 )  67, 6 8 ,  6 7  ....... __ -- 
67 CONT I h!I IF: 

. . C A L L  FRRORP. .............. .... 
C A L L  F R R C P P  

.- M O M A X = N S I C ( 5 1 1 )  . . . . . . . .  
M O P M ~ X = N S I G (  s ?  3) 

. -. R E A D  T A P E  I T A P F ,  ....................... ( ( T R . A S ~ G ( I , J ) , J = M ~ V I N , M O P M A X ) , I = F n O Y I N ~ M O M A X )  ----- 
~ ~ - - C O N T  T NUF 

QFAn T A P F  I T A P F ,  ( R F c ( ? l , l = ] , N f R F c )  - - -- -- - -----* ---- - 
8 5  C O N T T N U F  

I F  ( q T G ( 5 1 7 ) )  Q 5 9  9 5 9  an  .. _ _ _ _ _ _ _ _  ___I-- - . . -  - ---- 



90  C O N T I N U E  
M G M I N = N S I G ( ~ ~ ~ )  

READ TAPE I T A P ' E ~  ( ' (ENGAM(. I . ,J  ,J=MCMIN',MGPMAX), I=MGMIN.,MGMAX 
9 5  C O N T I N U E  
100 C O N T I N U E  

, R E T U R N  



S U B R O U T I N E  THFRY - - - - - - - . -- -- - - - - - . . - - - - -- - .- -- 

D I M E N S I O N  C P T ( ? O 3 ) , N C I D T ( 3 0 ' 3 ) , C r ) T N A M ( 2 . ) , E L F A C ( l S r \ O , 4 ) ,  
1 R D AT A (-1 5 ~ ~ 4 4 ) ~  A c ( 2 5 , 3  o ) , CY A T ( '3 r)Tn~nr~%n,~-~r~~~i-;---- 

-. 

2TMAT(3O),NBEHR(30),GVOL(3),GSEHR(4),GTRAN(3),GOIFC(3)~ 3cCO'D F.( ) . . - - - - .- - - - , R N D T ( 2 3 - 0 r f i m ~ ~ m - z m m ~ n - 3 ~ - ~ - , - ~ - ~  ~2 -5 .1  , FV-i.7 4.) .,-- 
4DELTAU(25),SIC5(25),SIGTR(25)~SIGA(25)~SIGFN(25)~ .- 

T s I  c? 2 5 jSrFS'FTf i;--5 ) , S I K C r r Z 5 , 2 - 5 S r . S T G N G ( 2 - 5 F 7  ')5")";"-" 

4 ( Q ( 3 7 6 ) , N R C D T ) , ( Q ( 3 2 7 ) , E L F A C , R D A T A ) , ( Q ( 6 7 2 7 ) , G F h C ) ,  . - - - - - - --. -- -. - .- - - .. 
' 5 ( Q i ? 6 - 7 ~ 7 j , ~ ~ A T ) ,  ( Q ( 7 1 0 7 )  , D M A T ) , ( Q ( 7 1 3 7 )  Y W M A T )  ~ ( Q ( 7 1 6 7 )  , T M A T ) ,  
~ ( Q ( ~ ~ ~ ~ ) , N B E H R ) , ( Q ( ~ ~ ~ ~ ) , G V O L ) , ( ~ ( ~ ~ ~ O ) , G B F H R ) ~ ( Q ( ~ ~ ~ ~ ) , G T R A N ) P  
7  ( Q  (-77lj"j"j"XdYFcT-;-TQ( 7 2 4 0  ) S P E C )  , ( Q  ( 7 7 4 1  9NCODE , (QZli' 'F;X~,SE) 
8 ( Q ( 7 7 5 2 ) , V C O M P ) , ( Q ( 7 2 5 3 ) , R F \ I D T , N R N D T ) , ( Q ' ( ? 2 5 3 ) , N R E C ) ,  
~ ( Q ( ~ ~ ~ ~ , I M A T ) ,  ( Q ( ~ ~ ~ ~ $ , F G - T , - ( Q ( ~ ~ O ~ ) , F V ) ,  ( ~ ( 9 3 3 3 m m j )  

1 C O N T I N U E  . -. . . - - - . -. . _ . _ _  _ __  . . _. __  . . -. .. 
YN=MM 

C A L L  FRRDRA - _ . ______. - - - 
C A L L  ERRCDP 

4  C O N T I N U E  
I F  ( T M A I T { Y N ) - S I G ( ~ ~ O ) )  5 9  6 9  1 

5  C O N T I N U E  - ---- - - - 
t ~ T ( - v - N j  =SIC(48-U i 

6  C O N T I N U E  __ . . - -- - - - - .- -- - . . 
N T ~ = 4 8 0  



7 CONTTNUF 
I F  (TMAT(FAN)-SIG(450) )  10, 14 ,  .15 

1 0  CONTINUE 
I F  ( ( T M A T ( M N ) - s I G ( ~ ~ o ) ) - ( s ~ ( ~ ~ O ) - T W A T ( M N ) )  5 ,  12,  1 2  

1 2  CONTINUE 
TMAT(MN)=S IG(450 )  

1'4 CONTINUE 
NTM=450 

I F  ( t M A T ( M N ) - S I G ( 4 2 0 ) )  16, 19, 2 0  .. 

1 6  C O N T T N D E  
1 8  IC ( ( T M A T ( M N ) I - . C I C ( 4 5 0 ) ) - ( $ I C ( 4 2 0 ) - T M A T ( M N ) ) )  1.7, 18,  ---, 

1 8  CONTINUE 

2 0  CONTINUE --------- 
I F  ( T M - A T M N ) - . S I G ( ~ ~ O ) )  219 24, 25 

2 1  CONTINUE . - -- -- - - - 
I F ' - ( ' ( ' T M ~ T ~ M N ) - s I G ( ~ ~ O )  ) - ( S I G ( 3 9 0 ) - T M A T ( M N )  ) ) 18,  7 3 ,  2 3  

GO TO 6 0  --. ---- 
25 CONTINUE 

I F  ( T M A T ( M N ) - ~ I G ( 3 6 0 )  26, . 29 ,  3 0  - . - ........ ----- - - - - .- 
26  CONTINUE 

I F  ((TMAT(MN)-SIG(390))-(SIG(360)-TMAT(MN)) -- 23, ---.-- 28, 28  
28  CONTT-NTF-- 

3 1  CONTIMUF .... .  .. . -- 7F ... r(. ........ .......... -. - . -. .. - .- ---- - - ........ 
A T ( M N ) - s I G ( ~ ~ O ) ) - ( S ~ G ( ~ ~ - ~ ) - T M A T ( M N ) ) )  28, 33, 3 3  

3 3  CONTINUF .... ... -- TvA-T ....... ( MN ) .s I ..(% o. ,-.." - -- -- - - - 
34 CONTINUE mtM' ---- -.---- .- -- .--." -,-.----, - .- - --.-. -- .-.,- -- - - ..---- - - - 

TMAT(MN)=S IG(?nO)  .......... 
. . . - . - * -- . - 

'39-COb?TlNUE ' . 

NTM=?OO 
. . . . . . . . .  . . 

-''.GO 'TO 6 0  
4 0  CONTINUE - --- . .......... -,-. --- .......... ...................... -,- 



I F  ( T M A T ( M N ) - = G ( 2 7 0 ) )  4 1 9  449 4 5  
- 

4 1  C O N T I N U E  

-- I F  ((TMAT(MN)-SIG(300))-(SIG(27O)-TMAT(MN))) 3 8 ,  4 3 9  4 3  
4 3  C O N T I N U E  

TMATIYN)=SI'G( 2 . 7 0 )  - 
' 4 4  C O N T I N U E  

N T M = 7 7 0  ---..-- 
GT TO 6 0  

4 5  C O N T I N U E  -. 
I - F T % V T l T P N T - S I G ( 2 4 0 ) )  469 499 50 

4 6  C O N T I N U E  .-..-- 
IF-' i ( T M A T ~ - M N - ~ ~ - s T G T ~ ) - ( S ~ O  ) -TMAT ( M N )  ) 1 4 3 9  4 8 ,  48 

4 8  C O N T I N U E  - A 'i" =-.<- T' t,-i-Z. 47 ) 

49 C O N T f N U E  . . . . - . - . - . - .. -. - 
N T u = 7 4 n  
G o  TO 6.9 -..To--c-n-h, TIQu F-*------ 

I F  ( T M A T ( M N ) - S I G ( 2 1 0 ) )  5 1 9  5 4 9  5 5  
T m T i - r n  E' 

I F  ( ( T M A T ( M N 1 - S I G ( 2 4 0 )  1 - ( s I c ( ~ ~ o ) - T M A T ( M N ) )  1 4 8 ,  5 5 9  5 5  
5 5  CONTINUE 

TMAT(MN)=S IG(~ I~ )  ~. 
5 4 C  0 N  T-W 

NTkc=720 --..-. - ..---.-. 
6 0  C O N T I N U E  

Al=SIC(NTM+5)+SIG(NTM+6) S I C ( N T M + 7 ) + S I C ( N T M + 8 ) + . ~ I G ( N T M  9 )  - - . -- -. - 
P ~ = ~ ~ G . ( - K ~ ' T M + ~ C ) )  S-IG(NTPJ+].] ) + S T C ( N T M  l Z ) + ~ T C ( N T ~ + 1 7 ) + S l C ( N T W 4 )  
C l = S T G ( N T P + 1 . 5 )  S T C ( l r l T M + ] 6 ) + S I G ( N T M  1 7 ) + S I G ( N T M + I R ) + S I G ( ' N T M + 1 9 )  
D~=sTG(NTM-~KT 'S I -G(~ ITM+?~)+S IG(NTM 2 ? ) + S I G ( N T M + ; ! 7 ) + S I G ( N T ~ ~ + 2 4 )  
SIG(93)=SIG(93)/SIG(25)*Al 

----?-44 r=TfGTan, I G ( 2 6 6 *I3 1 
SIC(95)=SIG(95)/SIG(27)*Cl - ------ 
'SfG(96')=SIG(965-/-S-'Ei28)*Dl 
S I G ( Q 7 ) = S l G ( N T M + 7 )  

' I F  D IV IDE CHFCK -65y-ffi------ 
---.----- . -.."- 

6 5  C O N T I N U E  
.-- ..-.- --- 

C A L L  ' F R R ' ~ R P  
CALL FRRCPP . . v-.-.--p---...-.. 

? Q  CONT I FIUF 
. 5 I G ( 7 5 ) = A l  

. . . .. . -- .- - - . . -. . . - 
c l C , ( ' > 6 ) = q l  
, s I G ( 7 7 ) = C 1  ---.--- .. ,. . . . , -. ....-.-- -. -----.----.----------.- --.------.-- 
S I G  ( " 7 8 ' )  =I7 1 
S I G ( 2 9 ) = S I G ( N T M + l )  . , - -. . -- .. - . 
S I G ( ~ ~ ~ ) = S I G ( N T M + ~ )  ' 

S I G ( 1 9 9 ) = S I G ( N T M + 4 )  
. , - -  .- . .. . - .- .- - -. ... - 

T Y A T  ( MN )-=-T^W 
RETURN - ----. . -. ... -. - -. -. . - --.- 
EF\!n(n,O,O) 



- SUBROUTINE NANDW - 
C 
- COMMON Q9IRE.S 
C 

- - D I M E N S I O N  Q ( 1 3 7 6 4 ) , I R F S ( 3 0 )  
C 

D I M E N S I O N  C D T ( ~ O ~ ) , N C D T ( ~ O ~ . ) , C ~ T N A M ( ~ ) , E L F A C ( ~ ~ ~ O , ~ ) ,  
~ R ~ > A T A ~ ~ ~ ~ ~ , ~ ) , G F A C ( ~ ~ ~ ? ~ ) , C Y P T ( ~ ~ ! ) , I ~ V A . T ( ? O ) , W . Y A T ~ ~ ~ ) ,  

EQUIVALENCE ( Q ( 2 ) r B I ) A T ~ E ) , ( Q ( 6 ) , R O E N T ) , ( Q ( 9 ) , ~ N P ; ! . u ) ,  
P -- - - .-- 

~ ( Q ( ~ ~ ) ~ C A S I O ) , ( Q ( ~ ' ~ ) ~ C A S F I D ) , ( O ( ~ ~ ) , C ~ T , ~ I C ~ T ) , ( O ( ? I ~ ) , N P A G F ) ,  

4 ( Q ( 3 ? 6 ) , N R C n ' T ) , ( Q ( 3 2 7 ) , F L F A C 9 R n A T A ) , ( O ( 6 ? 2 7 ) 9 G F A C ) ,  - - - -- - - 
- --- 

5 ( Q ( 7 1 ) 7 7 ) , ~ M ~ ~ ) , ( 0 ( 7 1 ~ 7 ) , n ~ ~ ~ ) ~ ( ~ ( 7 1 3 7 ) , ~ ~ ~ ~ ) , ( 0 ( 7 1 6 7 ) , ~ ~ ~ ~ ) ,  
6 ( Q ( 7 1 9 7 ) , N B E H R ) ~ ( O ( 7 ? 2 7 ) ~ G V O L ) ~ ( Q ( 7 2 3 O ) , G 9 F H R ) , ( Q ( 7 2 ~ 4 ) , G T R A N ) ,  
7c~i'?-Fs7rWFt-T:i-o(I240) ,SPEC) 9 ( ~ ( 7 2 4 1 )  ,NCODF) 9 ( Q V E T )  ,KPSE)  9 

- 8 ( Q ( 7 7 5 2 ) , V C O M P ) , ( Q ( 7 2 5 3 ) , R N D T ) , ( O ( 9 2 5 3 ) , N R F C ) ,  
9 ( Q ( 9 2 5 4 )  , IMAT) ;  ( ~ ( 9 2 8 4 )  ,EG) , ( ~ ( 9 3 0 9 ) ' , ~ ~ )  , ( Q ( ~ C ~ ~ ~ ~ ; T ~ E L T A C J )  

C . - . - - - -- - - - . - - - - - - -- 
EQUIVALENCE ( ~ ( 9 3 5 8 )  ,SICS) ( ~ ( 9 3 8 3 )  , s I G T R ~ ~ Q ( ~ ~ o ~ ~ - ~ ~ ~ A - )  9 

l ( Q ( 9 4 3 3 ) ~ S I G F N ) ~ ( Q ( 9 4 5 8 ) ~ P F S I G ) ~ ( O ( 9 4 8 3 ) ~ B M S I G ) ~  -- - --.---.- 
~ ( Q ( ~ ~ ~ ~ ) , S I G S T ) , ( Q ( ~ O ~ ~ ' ~ ) , . ~ I G N G ) , ( ~ ( ~ ~ ~ ~ ~ ) , D I F F C ) ,  
~ ( Q ( ~ ~ ~ ~ ~ ) ~ D I F F R ) ~ ( Q ( ~ O ~ O ~ ) ~ D I F F Z ) ~ ( Q ( ~ ~ ~ ~ ~ ) ~ S ~ G R ~ ~ ~ Q ~ ~ C ~ ~ ~ ~ ~ S ~ ~  - .- . . . . -- -- .- ~. . . . . - .-- 
4 i - ~ r  l n 8 8 3 )  , F T )  , ~ ~ Q ~ ~ - ~ ~ & ~ % ~ ~ ~ x T R A P )  , ( o (  l n 9 ~ 9 )  9 ~ ~ 5 ~ 1  9 

5 CONTINUE - - ------- .-. -- 
v c o i 4 p l " G i j O ~  T . i ) % G v i i (  2  ) *GVOL i 3 ) 
GO TO 2 5  

, , . - . , - . . , . . - , - ' - -. - - .- .- - . .- .. - - - . - A - - - - - . . . - - . - - .. -. - . - - . - . . . . . . - . -- 
16- c f l h l ~  T.VUF 

1 5  CONTIMUF ----- 
VCOMP=4.18879n7*CVOL(1)**3 

2 5  CONTTNUE: 
. M A T  ) . , . , . . -- " .- -- -- 

3 0  CONTINUE 
DVAT ( M N )  =WMAT(VN) /I5F/VCOMP- '- 

- -  - ...- .... . ,  . . 

I F  D T V I P E  CHFfY 3 5 9  4 0  "-. -. . . -.-.--------- 



3 5  CONTIh!UE ---. 
C A L L  FRRORA 
C A L L  ERRCDP 

40  CO-N~INUE 
GO TC) 5 0  
A. -- - 

4 5  COMT!MUE 
WMA.T(YN 1 =DMAT(MN)*DF*VCOMP 

513COi~m u E 
RETUSN - 
END(o,W)- 



657 SLJSROI.JT I NF MI x 

S U B R O U T I N F  -. -. . - - P I X  . - - -. 

COMMON Q , IRES  

D I M E N S I O N  C O T ( 3 0 3 ) ~ h l C D T ( 3 O 3 ) , C D T N A M ( 2 ) ~ E L F A C ( 1 5 n O ~ 4 ) ~  
~ R D A T A - ( ~ ~ O O ~ ~ ) , G F A C ( ~ S ~ ~ O ) ~ . C M A T ( ~ ~ ) ) ~ P M ~ T ( ~ ~ ) ~ W M A T ( ~ ~ ) ~  ' 

2TMAT(30),NREHR(30),CVOL(3),GREHR(4),GTRAN(?),GnIFC(3)~ 3Nco-6e ( ..fi-) -. 

,RNPT(~?!TT),NRN~T(~~O), I M A T ( ~ O )  , F G ( ? ~ )  , F V ( 7 4 )  9 

'4DELTAO(25),SIGf(25)~SIGTR(?5)~SIGA(?5)~SI5FN(75)~ ----- 
~ R F S T ' ~ ~ T ~ ~ R M S J ~ ~ ~ ~ ) , S I T , ~ T ( ; ! ~ , , ? ~ ) , S I C , N C , ( ~ ~ , ~ ) , ~ T F F ~ ( ~ ~ )  
6DIFFR(25),DIF~Z(25),.SIGR(?S),S(?5)9FXTRAP(?5)~ --. .- - 

7 3  R (  '2 5 - - )YEnZT5T, 'T~ecC?T- )E  ( 5 C 0 5 2 N S 1 G ( I C 0 1 9 

RTRASfC(25,25),RES(lOOO),ENCAM(34,18) - - - .- -. - - - - -- --- 

I F  ( C F N S E  L I G H T  1) 89 1" . - .- - - - - .. . . . . . - .- - - . - 
8 C O N T I N U F  

I CALL F I I R f l R A  
---.-,- - -f----- -- - .- ----.--- .--.. -......----- . -. 

CALL FRQCDP 
1 0  C O N T I N U F  

~ . . .~ . . - -. -- - - -- - . --- 
no'jc; i =1 ,75  
SIGS(T)=SICS(I)+OMAT(YN)*GFA~(I~MN)*SIG(I+4) - . -. - - . . S T G T R ( T )  = S T G T R (  T )+DMA.TIMNI *GFAC'( 1 ;MN ) * sTG~ ' IT~~T- '  

- "" 

S I G A ( I ) = S I C A ( ~ ) + ~ M A T ( M N ) * G F A ~ ( I ~ M N ) * S I C ( ~ + ~ O ~ )  
. .----- - .--- - .-----.-- 



I B = N T Y + I A  
T R A S 1 G ( T , J ) = 5 T G l I R )  

2 0  C O N T I N U E  
I F  ( M O M I N )  3 U 9  2 5 9  3 0  

2 5  C O N T I N U E  I A =-?; h.. -- 

GO TO 3 5  
3 0  C O N T I ~ U T  

l A = w q M I N - l  
I F  ( 1 A ) - - 3 T ,  479 

35  CONTTNUF - 
DO 4 n i G - 1 9 I P  
T R A ~ J G ( T , I + ~ ) = ~ I C ( ! + ? ~ ) / ~ F L T A U ( T )  
T R A S I G (  I , I ) = S 1 C ( I + 4 ) - S I C (  1 + 3 8 ) / 0 C L T 4 I J ( T )  
I F  OIVIDF CHECK 3 7 9  3 8  

3 7  CONTUXJT--- 
C A L L  ERRORA -- 
CALL- ERR cnp- 

3 8  C O N T I N U E  - - 
4 0  CONTINUE 
4 2  C O N T I N U E  

IF (-~KYIN) 4 5 ,  7 5 ,  4 5  
4 5  CONT I hlUE_ 

I F  ( ~ ~ ' M A X - M O P ~ A P - x  ) 5 0 ,  55 9 . 6 0  

G.0 TO 6 5  ----- . . - -- - - - - 
5 5  CONTINUE 

T R A S I G ( M O M A X , Y O M A X + ~ ) = S I G ( M O ~ A X + ~ ~ ) / D ~ L T . ~ U ( M O M A X )  - - - - .- - -- -- - - - -. . - ---- 
I F  D I V I D E  C-HFCY 5 7 9  5 8  

5 7  CONTTNUF -- --. - . - - .. -- - -. --- -.- 
C A L L  ERRORA 
C A L L  FRRCnP  

.-.. . -. .. 
~ ~ - ' - c ~ N T T  NUF  

. . 
IA=h"nllrAX+? 

.~. -- -- .. -. -- - - . . - . .. - - - - - 
GO T n -  6 5  

IF O I v I n E  CHECK 6 2 ,  6 3  - -  . _ ______________.-_-I...-......-...- . 
6 2  C O N T I N U E  

. - 
C A L L  FRRORA 

. . . . . - . - - . .- - - -- - . - 
C A L L  ERRCDP 

6 3  C O N T I N U E  ----- - 
I A = M P . ~ M A X + ~  

C5  C O N T I N U F  - 
r ) ~  7 1  = 1  p ,-7 fj -- 
T R A q I G (  I ,I+l ) = c I C , (  I + ? 8 )  / n F L T A O (  1  I -- 
T R A S T C (  I 9 I )=sT~.T'C+~-~-,~IC;T-I-+TR~) T ~ F L T A I J (  1 )  
I F  D I V I D F  CHFCY 6 7 9  6 8  --------- - - ----.* - - 



67. C O N T I N U F  
CALL ERRORA 
CALL ERRCDP 

68  C O N T I N U E  
70 C O N T I N U E  
7 5  C O N T I N U E  

DO 8n 1=1,25  
DO 8 n  J = 1 , 2 5  
SIGST(I~J)=SIGST(I~J)+DMAT('MN)*CFFAC(I,MN)*TRAS1G(I~J) 

8 0  C O N T I N U E  
1' ( N C O D E ( 2 ) )  8 5 ,  1 2 5 ,  8 5  

8 5  CONT-INUE 
I F ' ( N R E H R ( M N ) )  1 0 0 ,  9 0 ,  1 0 0  --- 

9 0  C O N T I N U E  
DO 9 5  1 - 1 9 2 5  
RFSIG(I)=BFSTC(I)+DMAT(MN)*GFAC(I,MN)*~~G(I+~~~) 

9 5  C O N T I N U E  -- 
GO TO 125 

100 C O N T I N U E  
I F  ( h l C O D E ( 2 ) )  1.15, 1 0 5 ,  1.05 

. I 0 5  CONTT-N_Uz 
DO 1l.n 1 = 1 + 7 5  
R M ~ T G ( I ) = S M S I ~ ( I ) + ~ M A T ( M N ) * C F P C ( T , M N ) *  

~~s%-[-I--~)+sIG( 1+1%6)  
2 1 0  CONTINUE 
1 1 5  C O N ~ ~ E  

DO 1 2 0  I=1 ' ,25 
BMSIC(I)=RMSIG(I)+DMAT(WN)*GFAC(I~MN)* 

l ( S I G ( 1 + 7 2 ) + S I C ( I + 1 0 6 ) )  - - - - . -. - - . - - -. - 
1 2 0  C O N T I N U E  
1 2 5  C O N T I N U E  .-- -- -- .- - -- 

T F  ( ~ t o n ~ ( 4 ) )  1 4 5 ,  145 ,  3~ 
7 3 0  C@M.T.LhlUE -- - . . - . - . . - . - 

I F  (MGMTN)  1 3 5 ,  1 4 5 ,  1 1 5  
1 3 5  CONTTMUF - - - - -- - - . -- -- -- 

N T N G = N T M / ~ O + I  R 
no 117 J=I,I~ --. 
E N G ~ ~ ~ ~ % J ) = E N G A ~ - ( N T N G ,  J 

1 3 7  C O N T I N U E  - - . . - -. . l.ar! ..i.= i-,25--'- 

-- DO 1 4 0  J = 1 , 1 8  
~ ~ I G N ~ ( I , J ~ = : S ~ I ~ C ; N ( ; ; ~ - ~ ~ T F ~ F A T N ) * G F A A ( ~ , M N ) * E N G A ~ ( ~ + J ) -  

1 4 0  COh!TTNUE 
,-- --..----..-- - - 

1 4 5  CONTTI \ \OF 
I F  ( h I C O n E ( 5 ) - 1 )  1 8 0 9  1 4 8 ,  175 -. . - - -- -. . . . . - . .- .-. ---------- 

1 4 5  CONTT  ~ ! U E  
I F  ( C F N S F  L I G H T  3 )  1 6 0 ,  1 5 n  . . . .. .-. - . - .. 

- ~ ~ ~ - C O N T T N U E  
NRES1  =O -- -.--.-.-- ---- - 
03 1 5 5  I = 1 , 1 5 0 0  
DO 1 5 5  J = l , h  
.,RDATb, ( I , J) o ;  -O.---. "- . 

1 5 5  CONTThlUF 160 CONTi.NUF ... -.. - . . . - . . - . - -- - . - - - - . , . - 

N R E S 7 = Y R E S l + M P E S  



N R 3 1 = % E - s 1 t l  -------- 
1 =fl 

00 1 7 0  K=NRFS1 9NRFS7 -. -- - .- -- 
I = I + 1  
I A = I  NRES -- - - - - - -- --. - 
I R = I  2*NRFS 
I C = I  '3*h'RFS ---- .---- ----. 
ID=! 4*NRES 

1 5 a / Q a + 2 , 7 7 * 1 ? )  ,(') ---.- . -. .-.-.-...---.- .,--.----- 
17c COb!TINIJF 

NRFS?=WRES3 - -. -- - - . . - -- . . . . - - - - - . - - -- - - 
S ~ ~ ! S F  L T C Y T  7 

176 C O N T I N U E  . A 

I = 0  
0 3  Y = I ~ W R C S  . -.. -- 
I = I + 1  
I A = T  NRFS ------.- .... " .. - .- ---.-- . -- .-.--- .-- -.-- 
I R = I  7*NRFS 



- * 657 SUBROUT I NE HOMRES 
C 

S U B R O U T I N E  HOMRES 
C 

COMMON O 9 I R F S  
C 

D I M E N S I O N  Q ( 1 3 7 6 4 ) , T R F S ( 3 0 )  
C 

D I M E N S I O N  C P T ( 3 0 3 i ~ N C D T ( 3 0 . 3 ) , C O T N A Y ( 2 ) , E L F P C ( 1 5 P n , 4 ) ,  
~ R D A ~ ~ ~ ~ ~ ~ ~ ~ ) , G F A C ( ~ ~ ~ ~ O ) ~ C M A T ( ~ O ) ~ D M P . T ( ' ~ O ) , W V ~ T ( ' ~ C ~ ) ,  
~ T M A T ( ~ ~ ) , N B E H R ( ~ ~ ) ~ C V O L ( ~ ) , G R E H R ( ~ ) , G T R A N ( ~ ) , G ~ ~ F C ( ~ ) ,  
3 N COD€ (' I o - i - ; - R N a - T  ~)~~~2~,,1MAT(3o,,~~5,,~~i2~i', 

............. 4 D E L T A U ( 2 5 ) ~ S I C C ( 2 5 ) ~ S I G T R ( Z 5 ) ~ S I G A ( 2 5 ) , S I G F N ( 2 5 ) ~  ..----------- 
5 P F S I C ( 2 5 ) t R ~ S I C ( 2 5 ) ~ . 5 I G Z T ( 2 5 , 2 5 ) ~ S I G N G ( 2 5 ~ 2 5 ) ~ ~ I F F C ( . 7 5 ) ~  

8 ( Q ( 7 ? 5 2 ) , V C O M P ) , ( Q ( 7 2 5 ' 3 ) ~ R h ! D T ~ N R N n T ) ~ ( O ( 9 2 5 ' 3 ) ~ N R E C ) ~  
9 ( Q ( 9 7 5 4 ) . , I M A T ) ,  ( Q . 1 9 2 8 4 )  ,FG.) , ( 0 ( 9 1 0 9 ) , F V ) ,  (O(~W;KF.LTAI.~) 

C - - . -- - . - - -- 
E Q U I V A L E N C E  ( 0 ( 9 3 ~ 8 ) , ~ 1 ~ ~ ) ~ ( 0 ( 9 3 8 ' 3 ) , ~ 1 ~ T R ) , ( ~ 3 ( 9 4 ~ 8 ) , ~ I G A ) ,  

l(Q(9433),SIGFN),(Q(9458),F!FSIG),(Q(W),RMSIG), --- ---..---.- .----. 
~ ( Q ( ~ ~ ~ ~ ) , S I G . ~ T ) , ( Q ( ] . O ~ ~ ~ ) , . ~ I G N G ) , ( ~ ( ~ O ~ ~ ~ ) , ~ I F F ~ ) ,  

R 9 A T A ( I , l ) = O o 0  
. . .  - -  " 
- -. 

2 n  CONTTNUF ? .  ... ....................... - ....... ,,- .- -, ' " . 





* 6 5 7  SI IRROXT I NE H F T R F S  
C 

S U B R O U T I N E  H F T R F S  - . -- - - - -.-A - - -- 
a C 

COMMON O 9 1 R F S  - -- 
C 

D I M E N S I O N  0 ( 1 ? 7 6 4 ) , I R F S ( 3 0 )  - C 
D I M E N S I O N  C D T ( 3 0 3 ) , N C D T ( 3 0 3 ) , C D T N A M ( 2 ) ~ E L F A C ( 1 5 c ! O , 4 ) ~  . . -  

~ R D A T A C ~ ' ~ ~ X G C ) , ? F )  , ( ~ A T (  3 0 )  , ~ M A T ( ? ~ )  , ~ ~ M A T  ( A O )  9 

~ T M A ~ ( ~ ~ ) , N B E H R ( ~ @ ) , G V O L ( ~ ) , G R E H R ( ~ ) , G T R . ~ N ( ? ) , G D I F C - ( ~ ) ,  - - - - -. . -. . .. . . . 
3 N c 0 6% ( i 'Zj-rRri?-( ' ~ ~ j ~ ~  i--;'fi RrFf 7 Z.O-0 0 j ', M A ?-(--3F ')rfi7-*-S'T, i v ( 2 4 ) , 
4DELTAll(25)+SIC.C(25),SIGTR(?5),SICA(75),SIGFN(?5), - _ _ , _ _ _  _-__. ____--..--..- . - . 

5 R F S I G ( 2 5 ) ~ B M S I G ( 2 5 ) ~ S I G G 5 T ( 3 5 ~ 2 5 ) ~ S I G N G ( 2 5 ~ 7 5 ) , O I F F C ( 2 5 ) ,  
6 D I F F R ( 2 5 )  , n I F F Z ( 2 5 )  , S I G R ( 2 5 )  , . c ( ? ' 5 )  ,FXTRAP(? . ' j )  9 ., . - - -. . - . .. . 

7 E  P R(2 5)-,-cFZ( 5F9-T7FCt3<;)-, C ( 5 n) , N < f6-( 5 2 f? ) , 
RTRASTG(  7 5  9 2 5  , R F c (  I n O O )  ,FNGAy-!-34,3,)--,. . . ... . . ... . . - - - - - - . 

C 
E Q U I V A L E N C E  ( . 0 ( 2 ) , R D A T F ) , ( 0 ( 6 ) , R n F N T ) , ( Q ( 9 ) , R N P M ) ,  

1 ( 3 ( 1 1 ) , C  A  S  I D ) , ( Q ( 1 2 ) , (Sd €'I ~ ~ ~ ~ ~ I Q ) T ~ ~ ~ C ~ ~ ' N C D T - ~ T T O - ~ ; ~ ~ K P  A c E ) , 

I - . . -. -- S I G A ! K ) = S T G A ( K ) - R n P ? P . (  1 4 , 4 ) / n F L T A [ I ( K ) * ( ]  .n- ~ -- -. . - - - - - . - - - - - 
! 

iR3757%-p-ATA T7G4 jT? -hK  TA-T-I R ,4 ) ) ) 
. S I G F ~ ! ( K ) = I G F N ( K ) - ' R ~ A T ~ ( T A , ~ ) / ~ F L T A I I ( Y ) * ( ] . , ~ ~  

, ) ,T vA-T-A-( ..I -p.-,. .4-)- 
- - . . . -A-(Tc---- . . - . - - - . 

14 C O N T I N U E  - -.. -.--.------- 



GO TO 5 0  
2 5  CONTINUE 

DO 45 K = 1 9 2 0  
DO 4n I = 1 , 2 0 0  

40 CONTINUE - - - . .. . .__ .- __ .- 
- 45 CONTINUE 
50 CONTINUE . . -- - - -. - -- -. - - -- -- . - - -. - - 

RETURN 
 EN^ - 



3t  657 -- SURROUT I NE BEHR - 
C 

S U B R O U T I N E  REHR - - 
r 

D I M E N S I O N  C D T ( 3 0 3 ) , N C D T ( 3 0 3 ) , C O T N A M ( 2 ) ~ E L F A C ( 1 5 0 0 , 4 ) ,  
~ R D A ~ A ( ~ ~ ~ ~ ~ ~ ) , C F A C ( ~ ~ ~ ~ ~ ) ~ C M A T ( ~ O ) ~ ~ M A T ( ? O ) , W M A T ( ? ' O ) ,  
~ T M A T ( ~ ~ ) ~ N R E H R ( ~ ~ ) , G V O L ( ~ ) , G R € H R ( ~ ) ; G T R A N ( ~ ) , G O I F C ( ~ ) ,  

6-F- -1xi-,7i-NNbI-i A-2.B DiTxRDDT('2TFoO) 
- -. . - - - - - - 

, I M A T ( ~ T ) , E G ( ~ ~ ) , F v ( ~ ~ ) ,  
40ELTAU(25),SIGS(25),SIGTR(.25)~SIGA(25)~SIGFN(25)~ -- ---- ---..- - 
~ R F S I ~ ( ~ ~ ) , B M S T G ~ ~ ~ ) , S I G S T ( ~ ~ , ~ ~ ) , S I G N ~ ( ~ ~ , ~ ~ ) , ~ I F F C ( ~ ~ ) ,  

E Q U I V A L F N C E .  ( 0 ( 2 ) , S D A T F ) , ( Q ( 6 ) , R T ) E N T ) , ( Q ( 9 ) , E I N A M ) ,  ---- -,-----.---.-- --- 
~ ( Q ( S ~ ) , C A S I ~ ) , ( Q ( ~ ~ ) , C A S F I I O ) , ( Q ( ~ ~ ) , C D ~ , N C ~ T ) ~ ( ~ ( ? ~ ~ ) , N P A G F ) ~  
2 ( Q ( 3 1 7 ) , N W O T ) , ( Q ( 3 1 8 ) ~ N D T ) ~ ( O ( 3 1 9 ) ~ Y D T ) ~ ( Q ~ ( 3 2 f l ) , ~ T A P F ) ~  ( ( - 3, I ,- ,- i'-k-pE. ,v(o(--3 73T ;.K TA P.Fr) ,-G- (-3 *-j-j -,-k-6- , (O (- *-)-, 

N.A ) , -. - -- 

IF ( A R S F ( G 9 F H o ( ? ) - G n ~ H R ( 3 ) ) - n . l * C , R F H R ( 2 ) 1  . . . . .  - 10, 1 5 9  15 . . . . . . . . . . . . .  
10  CONTTNUF 

E L F = ( G R F H R ( 3 ) + - % 2 - G R F H R ( 1 ) * * 2 ) / G R F H R ( l )  
I .  . - 
! 

F L M = ( G R F H R ( 3 ) * * 2 - G R C H R ( 7 ) * * 2 + G R F H R ( l . ) * * ? ) / G ~ ~ ~ ~ ~ f l )  
! I F  D I V I D E  CHFCK 1 2 ,  1 3  . . . . . . .  . . .  . . . . .  -..--. - .---.--~--,...--,--,-.-...-...... 

1 3  CONTThlClF 
C A L L  FRRORA 

. . .  -. ..... -. 
CALL FRRCnP 

1 3  C O N T I N U E  
GO TO 2 0  

1 5  C O M T l N U F  



IF DIVIDE CHECK 179 18 
1 /  C O N T I N U E  

.- 

C A L L  ERRORA 
C A L L  ERRCDP - 

18 C O N T I N U E  

CALL FPQCnP * a N.T- i -NiJF'"--~ 

2 5  C O N T I N U E  C'SEHR rT,--.- .- - - -- - 1 .  

E L M = G R E H R ( Z )  
V t  t =GR'mrTl- 
Q F A C = G B E H R ( 4 )  .NfIN"E . -. -- 
VFM=1.O-VFF 

- --- -- .- -- --- 
I F' ( ~ C C O D F  ( 2 ).-1T-6-r) 9  3 5  9  4 5  

3 5  C O N T I N U E  ............ ...... ---.-- -.-.-.--.--- - 
OMR=n.Sn*OFAC 
QMZ=QMR m ' - 4 n  *--- = 1 ~ - - - -  -.-- 

9 2 .  

EX ( I ) = E L F * R F S I G  ( I) / V F F  
..~ 

W.HY ( I ) =EiM*-iM?,fc(I)/\/FY-- .p -- 

I F  D I V I D E  CHECK 3 6 ,  37 - - .. - - - .- - . -- -- - . .--- 
3 6  C ~ N T I N U E  

C A L L  ERRORA 
, .. 

C A L L  ERRCnP 
3 7  C O N T I N U E  

. - - .- - - .- -- - - 
E P S R (  1 = v F F * * ~ * F x ? F ( - - t x  ( I ) )*-(wk;i-i ~ ~ ) ' ~ ( ~ ' ~ ~ ~ ~ i ~ ~ - ( - 1  1.) -1 O n  ) 

lCPR* IdHY(  I ) - I m p )  ----.--. .. .. ..,,- ................. - .......... ......... .--- "- .-.,, .... --. - ,-,--. .".-- ...-----..-..... 
IF ~ I V I ~ F  C H F ~ Y  31-3, 33  

'38 COhtTThlUE 
, .. . . . . . . .  . . . . . . . . . . . . . . . .  -- 

C A L L  FRRORA 
C A L L  FRRCnP  

3 9  C O N T l N l J F  
E P S Z ( I ) = E P S R ( I )  ---. -- .......................... ........-........... .......... 

4 0 CONT ~ p u f "  
GO Tr! 6?  

. . . . .  - 45 CONTIh!UE 
OMR=Oo 3 7 5 0 * 0 F A C  - . . . . . . . .  ....... 
O M Z =  ).7! '50*0FAC 

W H Y ( T ) = F L " * R M c T G ( I ) / V F w  . - . . - .  - . . - . .  - ...--- -. ...... - . ........ , , 

IF n ~ v r n i  C H F ~ K  4 6 ,  4 7  
46 C O N T I N U E  

. . .  . . . . . .  ..-.... - - .......... , . .  
C A L L  FRRORA 
C A L L  ERRCDP ..... ............ .-..-. ............ - ......................._.............. _-. ....-___--. -.... ..._.__--__..._.. . . . . . . .  



47 CONTINUE 
EPSR(I)=VFF**~+EXPF(-EX(I)')*(WHY(I)/(EXPF(WHY(I~))-~~O) 

l Q W R * W H Y ( I ) - 1 . 0 )  - . .  

EPSZ(T ) = v F F * * ~ * E x P F ( - F X ( I )  ) * ( W H Y (  I ) / ( F X P F ( W H Y (  I )  ) - ] . . O )  
l Q M Z * W H Y ( I ) - 1 . 0 )  

I F  D I V I D E  CHECK 4 8 9  49 
48 COVTTNUE 

CALL ERRORA 
' CALL ERRCDP 

49 CONTINUE 
5 0  CONTINUE 
6 0  CONT fNu'E-- 

RETURN - 
E N n ( n g O 9 0 )  



SUBRO(JT1 NE R o n  
C 

COMMON Q - c-------- --- -- -- 

D I M E N S I O N  Q ( 1 3 7 6 4 )  
C 

+ - D I M E N S I O N  CnT(303),NCDT(303),CDTNAM(2),FLFAC(l500~4)~ - .  

l R ~ & - t ~ - i r ~ , ~ r ( 7 5 , ? n )  , c Y A T ( ? ~ )  , P M A T ( ? ~ )  , w M A . T . ~ ? ~ )  , 
~ T M A T ( ~ ~ ) , N R F H R ( ~ ~ ) , C V O L ( ~ ) , G P E H R ( ~ ) , G T R A N ( ? ) , G ~ T F C ( ~ ~ ,  -. -- . 
9 hJ C 0 n F ( 1 0 ) .,R NFT-( ~ ~ - f i ~ - ~ - ~ f ~ ~ ~ 7 ' ~ ~ ~  i - c ~ u  p.77 ~T-)- , -F-G .(-7-5-)-,.~-\n 747-,'-- 
4 r ) E L T b l l ( 2 5 ) , . C I C S ( 2 5 ) , S I G T R ( 2 5 )  , S I G A ( 2 5 ) , S T C F N ( 7 5 ) ,  - .-- ..--------. 
~ B F S I G ( ~ ~ ) ~ P M S I C ( ~ ~ ) ~ S I C S T ( ~ ~ ~ ~ ~ ~ ~ I G N G ( ~ ~ , ~ ~ ) , ~ I F F C ( ~ ~ ) <  
~ D I F F F ( ~ ~ ) , D I F F Z ( ~ ~ ) , S I C R ( ~ ~ ) , S ( ~ ~ ) , F X T R A P ( ~ ~ ) V  -. , - - - .- . - . -- -- - - 
7 E P's R  ( 25 j ;-F-PPs-Z-(2 5 ' i  ,fFTm25i3-;7-52),F\?TG(5F), 

I 

I 
I EQC l I vALENCE .. .---- ( Q ( 2 ) , P O A T F ) , ( Q ( b ) , R O E N T ) ' , ( Q ( 9 ) , B N A M ) ,  

~ ( Q ( ~ ~ . ) ~ C A S I ~ ) , ( Q ( ~ ~ ) ~ C A S ~ I O ~ ~ ~ ~ ~ ~ ~ ) , C D ~ ~ N ' C ~ T ~ ~ ~ ~ ~ ~ ~ I . ~ ~ G ~ ~ ~  
I 2 ( Q ( 3 1 7 ) , N W O T ) , ( Q ( 3 1 8 ) ~ N P T ) ~ ( O ( 3 1 Q ) ~ K D T ) ~ ( C 3 ( 3 2 O ) , I ~ T A P F ) ~  

3 ( Q ( 3 j I I ,' J TX-~F-i-i ' I T (  ~ ~ - ~ ~ - , F T T P F ~ , ~ ~ W T ) ~ O R ~ , ~ - C T ? C ~  , c ~~TX-A IJ  , 
~ 4 ( Q ( 3 7 6 ) , N R C Q T ) , ( Q ( 3 2 7 ) , F L F A C , R n A T P ) , ( O ( 6 3 2 7 ) , G F A C ) ,  - ----. - 
I 
I 5  ( Q ( 7 n 7 7 ) ,CbP T')' ; 'iKi-fjT-ij-,3MT~-,~-(7-j'7-77j,WYA Ti3 (Ti-64) XTMA T ) , 
I 

! - 6 ( O ( 7 1 , 9 7 ) ~ N R F H Q ) ~ ( O ( 7 ? 2 7 ) , G V O L ) ~ ( O ( 7 ? 3 O ) , G R F H R ) , ( O ( 7 2 ? 4 ) , G T R . 4 N ) ~  ( T-7-.7 -j.? ., ..-.-. ..- 

~ ,GDI F f ?  ; " ~ ' D I T T ~ ~ F , Z P F ~ ) ~ Q  Q 7 7 4 1 . )  ,NCC?F) , ( O (  7 2 - 5 1  ,KAsE)  , 
8(Q(7752),VCOMP),(Q(725?),RNDT,NRN@T),(Q(9253),NREC), 
9 ( Q ( 9 2 3 4 i - ~ f ~ A T - , ~ ~ ? 8 4 )  , t G )  , m 1 9 7 0 9 )  , F V ) ,  ( Q ( 9 3 3 3 ) , D t L T A I J )  

i C  
-. 

E Q W l  VAL E'NC'E--'TM ( VT5B'i,51-C;Si 'r7 B 7 T 2 X 3 K T R  9 ( Q ( 9 4 0 8  ) 5 I GA ) , ~ l(Q(9433),SIGFN)~(Q(9458)~RF5IG)~(Q(9483)~BVSIG)~ 
I - 

2(QlT5TYB'r-FFlXTiT7'7lTT- 9 5 1 ~ N G )  9 ( Q (  1 n 1 5 8 )  
I 

, D I k t C )  9 

I 3 ( Q ( 1 ~ 7 8 3 ) ~ D I F F R ) ~ ( Q ( 1 0 8 ~ 8 ) ~ D I F F Z ) ~ ( Q ( 1 0 8 ~ 3 ) ~ S I G R ) , ( Q f l ~ 8 5 8 ) ~ S ) ~  
-- 

I 4 ( Q ( i n 8  8 3 ) , T'V i .; i3-i ' iOR 84-i-,E-xm,-iT P ~ T T ~ ~ F F S R  ) , 
.- 5 ( Q ( l n Q 3 4 ) , F P S 7 ) ~ ( O ( 1 O 9 5 9 ) , T F A C ) ~ ( O ( l 3 ~ 9 8 4 ) ~ . ~ I G ~ N . ~ l G ) ~  

6 i 6  ( '1 1.5 c4  I-, T-R-A-~ T-E ) - , - .~6(~-jj-~F~;-~-f i -~  1 N , ( 0 ( rFimXiiix , 
! 

7 ( Q ( 1 7 1 3 1 ) ~ ~ ~ P ~ A X ) ~ ( O ( l 7 1 3 2 ) , 9 E S ) ~ ( Q ( 1 3 1 3 ? ) ~ N R F S ) ~ ( Q ( ~ ~ 3 1 ~ 3 ) ~ E N G 4 M ) ~  - -- -- - 
~ ( Q ( ~ ? ~ ~ ~ ) , ~ G M T N ) , ( B ( ~ ~ ~ ~ ~ ) , M W K C O ( ~ ~ / ~ O ) , M G P W A X ) ,  
9 ( Q ( 1 ? 7 h l ) ~ D F ) , ( Q ( 1 3 7 6 2 ) ~ N h ' ) ~ ( Q ( 1 3 7 6 3 ) ~ N T M ) ~ ( Q ( l 3 7 6 4 ) ~ M N )  

. - ". . . .- . *- - - . . --. - .. . . . - 
I 

i R9=GTRAN ( 1) /GTRAN ( 2  
. , 25.-- . . . . - -. - - . - - - . - -. - - - . -.. . - 

TPA=cTGS(I)/(qTG5(I)+STGA(I)) 
T P o T X V  R I ~ N ( i ' j 7 2 ~ T * T 3 m i T F f  G X T n  ) 

. -- .. - 
I F  (70 . -TPOT)  1, 1, 2 

. - . - . ,. - - , . . - -..---- -. ---- 
1 CONTTNU'E 

TPGF 1.. O - - . - - . ~. ~ .-.------. 
GO ~n 11 

2 CONTTNUE 
B=RESIF(TPOT,O) 

I F  (.qENSE L I G H T  1 )  3 9  4 - . -. . - -- 
. . - .c- oRT .rf13T - -- 

C A L L  FRRORA - - - - - -. .- - - .F-m-.c-.n p--- 

,4 COYTTNUE - . - -  - 



! 3 I l = ~ E S I F ( T P O T ~ l )  -- -- 
I F  ( S E N S E  L I G H T  1) 5 9  6 

5 COPIITTNUF - .-.-. ----- 
C A L L  FRROQA 
C A L L  ERRCDP - 

6 CONTYNUE 
B K O = ~ E S K F ( T P O T I O )  
I F  (SENSE L I G H T  1) 7 9  8 

7 C O N T I N U E  -- .- -, . - - 
C A L L  ERmRA 
C A L L  ERRCDP . . I - - . . . . . - .- . . . - -- - --- 

R K l = R E S K F ( T P O T 9 1 )  .----..---. .-- -- 
I= ( S E N S E  L I G H T  1) 9 9  I n  

9 C O Y T I Y U E  - - - 
C A L L  FRRORA 
C A L L  FRRCPP - 

l c !  cONT-~NUE-- - -  
T P G ~ ] a 3 3 3 3 3 3 3 * T P O T * * 2 * ~ F 3 I O * B Y 1 - R I I 1 * R K O f R 1 l * ~ K l / T P Q T +  

. . - -- 
' ~(T-PGT~TVFT)*(RIO~BKO+BII*RK~ ) - 2 . 0 )  

11 C O N T I N U E  - . . -- - - -- - . . 
T F A C (  I j =~i.fi--i~n+((~~TPA)*?pPC/ ( ~ . ~ - T P A * (  1.n TPc,/ 



* .  - 6 5 7  --. .--- SURROUTI-hlE AYULUS 
C 

RETURN - -. - - - - - - - -. -. - - - -. - . . 
END ( 0 , O ,-O-.jp- 



4 6 5 7  .SURROUTINE PLATE 
C 

SURROUTINE PLATE 
P 
L+ 

COMMON Q  
~~- - -  - 

C  
I 

D IMENSION Q ( 1 3 7 6 4 )  . C 
0,IMENSION ~ ~ ~ ( 3 0 ' 3 ) r N C D T ( 3 0 3 )  r C D T N A M ( 2 ) . r E L F A C ( 1 5 @ 0 , 4 ) ,  1 

~ R D A T A ( ~ ~ O O ~ ~ ) ~ G F . A C ( ~ ~ , ~ O . ) ~ C M A T ( ~ O ) , D M A T ( ~ O ) ~ W M A T ( ~ ~ ! ) ,  
~ T M A T ( ~ ~ ) , N B E H R ( ~ ~ ) , G V O L ( ~ ) , G B E H R ( ~ ) , G T R A N ( ~ . ) , G ' D I F C ( ~ ) ,  -- - - - - - 
~ N C O D ~ ~ O ) , R N D T ( ~ O O O ) ~ N R N D T ( ~ O ~ ~ ) , I M A ' T ( ~ O ) , E G ( ~ ' ~ ) , F V ( ~ ~ ) ,  
~ D E L T A U ( ~ ~ ) , S I G S ( ~ ~ ) , S I G T R ( ~ ~ ) , S T C A ( ~ ~ ) , S I G F N ( ~ ~ ) ~  -. 
5BFSIG(.25),BMSIG(25),SIGST(25~25~)~SIGNG(25~?5)~~IFF~(?5), 

! 6DIFFR(25)gnIFFZ(25),SIGR(25)gS(25).gFXTRAP(?5)~ 
~EPSR(?~EEZT~EPSZFFAC( 2 5 )  , ~ 1 ~ ( 5 2 . 0 )  ,NSIG(~?(!) 
~ T R A S I G ~ ~ ~ , ~ ~ ) , R E S ( ~ O O O ) ~ E N G A H ( ~ ~ , ~ ~ )  -. -- 

I C 
I EQUIVALENCE (0(2),RDATE),(Q(6),BDENT),IQ(9)~BNAV)~ 

i ~ ( Q ( ~ ~ ) , C A S I D ) , ( Q ( ~ ~ ) , C A S E I D ~ , ( Q ( ~ ~ ) , C D T ~ N C ~ T ) ~ ( Q ( ~ ~ ~ ) ~ ~ ~ A G E ) ~  
2 ( Q ( 3 1 7 ) , N W O T ) , ( Q ( 3 1 8 ) , N D T ) d Q ( 3 1 9 ) , K D T ) ~ ( Q ( 3 2 O ) , l T A P E ) ~  -- - . - - - .. - - 
3 ( Q ( 3 2 1 ) * J T A P E ) , ( Q ( 3 2 2 ) , K T A P E ) d Q ( 3 2 3 ) , M O R E ) , ( Q ( 3 2 4 ) , C D T N A M ) ,  

N R C D T )  9 ( Q . ( 3 2 7 )  9ELFACsRDATA) 9 ( Q ( 6 3 2 7 )  9GFAC) 9 _.-- 4  ( Q ( 326.L. -. 
~ ( Q - ~ ? ~ ~ ~ ) , C M A T ) , ( Q ( ~ ~ O ~ ) , D P A T ) , ( Q ( ~ ~ ~ ~ ) , ~ ~ M A T ) , . ~ Q ( ~ ~ ~ ~ ) , T M A T ) ,  
6 (Q(71-7?- rNBEHRb-_( (3 (7227)  ,GVOL) ( Q ( 7 2 3 O )  ,CSFHR) 9 ( O ( 7 2 ? 4 )  ,GTRAhl) , 
7 ( Q ( 7 ~ 7 7 ) ~ G D I F C ) ~ ( Q ( 7 2 4 O ) ~ S P E C ) ~ ( Q ( 7 2 4 1 ) ~ N C O D E ) ~ ( O ( 7 2 5 l ) ~ K A S E ) ~  
8 ( Q ( 7 2 5 2 ) , V C O M P ) , ( O ( 7 2 5 3 ) , R N D T ) , ( O ( 9 2 5 3 ) g N R E C ) ,  
9'(~(97T&)-;IKK~,;(Q(9284) ,EG) ( ~ ( 9 3 0 9 )  , F V )  9 ( ~ ( 9 3 3 3  ) , D E L T ~ ? ~ ~  

C  ----. .- ---- 
EQuI' / A L E N C E - - ' ~ Q - ~ . ~ ~ - ~ ~  ) , s I G s ) ( ( Q ~ ~ ~ ~  3 ,SIGTR) , (Q (9408 ' ) ,51~~)  , 
l(Q(9433),SIGFN),(Q(9458)~BFSIG)i(Q(9483)~BMSIG)~ -- 
~ ( Q ( ~ ~ ~ ~ ' ~ ~ S I G S T ) ~ ( Q ( ~ ~ ~ ~ ~ ) ~ S I C N G ) ~ ~ Q ~ ~ O ~ ~ ~ ~ ~ D ~ F F C ~ ~  
3 ( ~ ( 1 0 7 8 3 ) , ~ 1 ~ ~ ~ ) ~ ( ~ ( 1 0 8 0 8 ) , 9 1 ~ ~ ~ ) , ~ ~ ( 1 0 8 3 3 ) ~ ~ 1 ~ ~ ~ ) ~ ( ~ ( 1 0 8 5 8 ) ~ ~ ) ~  -- .---- .. .-.- ..,. . - -- - . - -. - - ,. . .. 
4, ( Q ( 1 8 8 3  )- ,'T 9 ) -  , (-Q-(-I.O~~ 4 - j - i ~ ~  T  R  A P ) , ( ~ - i - f ~ 0 9 j < ~ ~ P - ~ R j '  ;' - '  

5 ( Q ( l 0 9 3 4 ) ~ E P S Z ) ~ ( Q ( 1 0 9 5 9 ) ~ T F A C 1 ~ ( Q ( 1 0 9 8 4 ) ~ S I G ~ N S I G ) ~  -- - . . . - -. . - - - - - , - -- - . - - -- - . -. - - - - - -- -. - - - . - - - - - - -- . . , . - . - - -. .- *. . . . - - . . . - . . .. . . - . - - - - . . . . 
~ ( Q ( ~ ~ ~ O ~ ) ; T R A S I G ~  ~ ( 0 ~ 1 2 ~ 2 9 ) , ~ 0 ~ 1 ~ )  , ( 0 ( 1 2 1 3 f l ) , h ~ n w ~ ~ )  9 

7 ( Q _ ! 1 7 1 9 1 )  ,YnPy.P,X 1 9  (Q! 1 7 1 3 2 )  t R E S )  9 (e_(_ l ? 1 3 2 )  9NRFS) 9 ! _ ? _ ( ~ 3 3 : ~ ~ - 3 _ ! - , E ~ C C 4 ~ j 2 . -  
3 ( 3 ( 1 1 7 5 8 ) , M G M I N ) , ( C 3 ( 1 ? 7 5 ? ) , M G r J A X ) , ( O ( 1 3 7 6 f l ) , ~ G ? ~ A X ) ,  
9(Q(1?761),DF),(Q(13762)~NW),(Q(1?7h?),NTk~),(Q(l?764),Yh!) ' - - ..--- --- - .. .. . . - . . , - . .. . . -- . . - -- .- . - --- - -- - .- ,. .. .-. -- . - . -. - - . , . - .. . - . -- . . - - - - . - , . . 

C 
-- - - DO TpA..,.  5 I 1 ~ 1 9 2 5  ( I I , I . c ,  . I j . .  . .  ". . . -.- .. ;.... . - . . -. .. - - 

TPOT=GTRAN(l)*(SIGS(I)+SIG9(1)) 
A cTr=- *.; -.fiFTpA- *-+ .p-o-T- * ..t;-3-cc-Mv ( -Tpom...k-.-..----,.- -.- --- . . .----...--- -... - -  .... 

e ~ ' ( T P A * T P O T + E ~ C O M P ( T P O T ) )  
-- .-- . - --. -- .. . . 

5  CONTTNIJE 
RETURN - . . - . - .. -- -. 
F N n ( n * o , n )  

--.--- - --.-- -. .... --. ----. --...-.-.- -"--.-" . . -.. . . . . 



9 6 5 7  S U B R O U T I N E  GRPAR 

SUBR JUT1 N E  GRPAR 
C 

COMMON - Q - 
C 

.& D I M E h l S I O N  Q ( 1 3 7 6 4 )  -- 
C 

DIh4ENSION C r > T ( 3 0 3 ) , N C D T ( 3 0 3 ) , C D T N A M ( 2 ) , - E L F . 4 C ( l 5 ~ C ~ 4 ) ~  - 
~RDP,TA-(.~~,~TICFAC(~~,~O) , C M A T ( ~ O )  9 0 M P T t 3 9 )  , W M A T ( ? ~ )  9 

E Q U I V A L E N C E  ( Q ( 2 ) , R P A T F ) , ( Q ( 6 ) r R D E N T ) ~ ( Q ( 9 ) ~ P , N A h h f l ) ~  
~ ( Q ( ~ ~ ) , C A S I D ) , ( Q ( ~ ~ ) , C A S E I R ) , C ~ T , N C Q T ) ~ ( ~ ( ~ ] ~ ) , ~ ~ ~ A G ~ ) ,  

5 C O M T t N l J F  . - - ..- . - .. . . . - - - .. . . . . 
D I F F C ( I ) = ~ , . O / ( ? O ? * ( S I G T R ( I ) + S I G ~ ( I ) ) ~  
C n  T n  50 

, -  - - . . -- .- . - - . - . -- . . . - 
10  C O N T I N U E  

E X T R A P ( I ) = C . ~ ~ ~ ~ ~ / ( S I G T R ( I ) + S I G ~ ~ I ) ~  -.-- ---. ----------- -.-- ,. 

N S T = N C O D E ( l ) + l  
GO TO ( 1 5 , 2 C , 2 5 ) ,  NCT 

. .-- - -~.A . .- . . - - - - , . - -- 
1 5  C O N T I N U E  

C A P P A ( I ) = ~ O ~ ~ / ( G D I F C ( ~ ) + ~ O O * E X T R A P ( I ) ) * * ? +  
1 9 * 8 7 / ( G n I F C ( Z  1 -  2 o O * E X T R A P (  I) )**2'+9Y8T/T'GOTFTC77-+2.-K*fXTRAP('T) ) * * 2  

GO TO 30  
. . _ . ____I____. .. _ .. ._ . . _ _ . _ _ _ _ _ _ _ _ _ _ _ _  ____._________ 



3 0  CONTTNUF 
C A P P A ( I ) = ~ ~ ~ ~ / ( G ~ I F C ( ~ ) + ~ ~ ~ * E X T R P . P ( I ) ) * * ~ +  

25 CONTINUE 
CAPPA(I)=9e87/(GDIFC(l)+EXTRAP(II)**Z 

30 CONTINUE 
ALPH=CAPPA(I)/(SIGS(I)+SIGA(I))**Z 
IF (ALPH-1eOE-11) 359 40, 4 0  -. 

35 CONTINUE 
EPS=n .O 

4 5  CONT!NU.F -- 
D I F F ? ? - ~ ' ~ ' = ~ ~ / ~ * ( s ~ G T R C T  I )+SIGIC.~ 1 I+EPS*(SIGS( 1 )+sIGA( I )  1 )  

5 0  CONTINUE ----- - - 
DIFFR(I)=(l~O+EPSR(I))*DIFFC(I) 
D3FFZ(I)=(l.O+EPSZ(I))*DIFFC(I) --- 
SIGR(I)=SIGA(I)+SIGS(~)-SIGST(I,T) 
SIGST(I91 )=O.O 

60 CON~TNUF- 
RETURN .. - 
END(o,O,O) 



3 6 5 7  .- - SURROUTINE  WTCD 
C 

S U B R O U T I N E  WTCD ---- ~--- 
C 

COMMON Q  -..- - 
C 

D I M E N S I O N  Q ( 1 3 7 6 4 )  -- - --- .-- . . . . -- --- - - 
I 

C  

-. -. . -- D I M F N s I O N  C D T ( 3 @ 3 ) , N C D T ( 3 0 3 ) , C D T N P M ( 2 ) , E L F A C ( 1 5 0 ~ , 4 ) ,  
~ R ~ A T A  ( ~ ~ O O - , & ) - , - ~ F A ?  ( 7 5  ,?n),mT ( ?n )  ,niAT(?n),~T?T-,- 
~ T M A T ( ~ ~ ) , N R F H R ( ~ C ) , C V O L ( ~ ) , G ~ E H R ( ~ ) , G T R A N ( ? ) , G ? ~ F C ( ~ ) ~  - - - -- - - . 
~ N C O D F  ( 1 0  ) ,RND-T(ZOOOj ,NR~IV~;J~~Z~OO)~,~T ?.AT ~T~-)FFC(~~~.,'FVF~-~T',- 
4DELTAU(25),SIGS(25)~SIGTR(25)~SICPP(25),SIGFN(25)~ .... - 5R-M3 .G-Ti- I 
5 E? 1-S-I &-.( 2 5 1 , S I ~ ~ T ( 2 5 , ~ . T T ~ b ( 2 5 , 2 5 )  9 r ! I k k F . C ( 2 F K -  

E Q U I V A L E N C E  ( 0 ( 2 ) , R O A T F ) , ( Q ( 6 ) , Q O E N T ) , ( Q ( 9 ) , B h ! A M ) ,  ----- -.--. -. - -A. - . 
I ~ ( C S ( ~ ~ ) , C ~ S I ~ ) , ~ ( ~ ~ ) , C A ~ ~ ~ ~ ) , ( Q ( ~ ~ ) , C P T , N C ~ T ) , ( ~ ( ~ ~ ~ ) , N P ~ \ T , ~ ) ,  

I 
2 ( Q ( 2 1 7 ) ~ N W O T ) , ( 0 ( 3 l 8 ) ~ N ~ T ) , ~ ~ ( 3 l 9 ) ~ K ~ T ) , ( Q ( 3 ? ~ ) , I ' ~ A P F ) ~  - - -. - . -. - - 
? ( Q (  3 2 1  1, JTAPF-1, T ~ ~ ~ ~ ~ ~ T , K T P P F ) J Q (  3 2 3 )  , v o R F ) - Z G ~ T ; ' ~ ~ , C ~ ~ N A ~ ~ )  , 

I 

4 ( Q ( 3 7 6 ) r h l R C ~ T ) , ( Q ( ' 3 2 7 ) , F L F P C , R O A T A ) , ( O ( 6 ? 2 7 ~ , G ~ A C ) ,  , . . . - - - . - - - - 
5 ( C3 ( 7  n 7 7 ) ,CM A  T  j I-Qt-1Tf BTj<DhhAAT,(O( 7 ) 9 71, A  T~~-S(QTJX-~T-FTMT T  ) , 
6 ( Q ( 7 1 9 7 ) , N S E H R ) , ( Q ( 7 2 2 7 ) , G V O L ) , ( Q ( 7 2 I J O ) , G B E H R ) , ( Q ( 7 2 ? 4 ) , G T R A N ) ~  ( 'i-7i-j'"f. j7-.rF'c i. ,-TT3 

4 0 )  , S P k C ) , ( Q (  1 2 4 1 )  , N c O D ~ ) , ( Q (  f 2 - 5 T L K A S t )  9 

8 ( Q ( 7 \ 5 2 ) , V C O M P ) , ( Q ( 7 2 5 3 ) ~ R N D T ~ N R N D T ) d Q ( 9 2 5 3 ) ~ N R E C ) ~  
I - 
! 9 ( C S ( 9 7 5 4 7 ~ T M " ~ T i , T Q ( 9 2 8 4 )  ,EG) ( Q ( 9 3 0 9 )  , F V ) ,  ( Q ( 9 3 3 3 )  , D t L T A U )  

C 
.- 

EQUIVALENC~E~ (O~V~-~~TTTSGCS~,~Q~TT~~) , S I G T R )  , ( Q ( 9 4 0 8 )  , 5 I G A )  , 
l(Q(9433),SIGFN),(O(9458)~RFSIG)~(Q(9483)~3MSIC)~ 
Q ~ X C S T )  , ( Q ( ~ ~ ~ ~ ~ ) , s I G N c ) , ( Q ( ~ ~ ~ ~ , ~ I F F ~ ) ,  
3 ( 0 ( l n 7 8 3 ) , ~ 1 ~ ~ ~ ) , ( ~ ( l f l 8 n 8 ) , ~ ~ ~ ~ ~ ) , ( 0 ( 1 " 8 3 3 ) , ~ 1 ~ ~ ) , ( ~ ~ 1 ~ 8 5 8 ) , 5 ) ,  -. -.-- - 
4(Q(1~883),~~),(~(ln884),EXTr?AP),(O(l~?r>?),~?5R), 
5(~(lnQ34),EPSZ),(Q(1O959~-LTFAC),(Q(10984)~51G,N~.IG), 

-. - . - - - - -. -. - -- - - . .- -- - 
! 6 ( Q (  1 1 5 0 4 ) ~ , ~ - ~ ~ i j - ~ ~ ) , - i ~ ( 1 - 2 ~ i 2 9 )  , ~ , " ~ i n f  N )  , ( Q (  1 2 1  ? ' ? I  ,Mnh#PX) , 

.- 7 ( Q ( 1 ~ 1 3 1 ) ~ M O P M A X ) , ( Q ( 1 ? ~ 3 2 ) , R E S ) , ( Q ( 1 3 1 3 ~ ) , N R E S ) , ( Q ( l ~ l ~ ~ ) ~ E N G A P ) ,  ----- 
~ I N ~  ( Q 7 7 3 9 )  ,F~IGMAX'~'-,-(T? 137frn) 9 W G P M A X )  9 

9(Q(1?761)~DF),(Q(13762),NbI),(Q(1~763),NTV),(Q(l?764l,MN) 
~ . ~ ~- * ... --. 

C 
I 

I 
... . ,. I F  ( C D T ( 1 ) )  10, 5 9  10 .. ~ - -  ~. ~ - . - - - -  - -  .--- 

5- ~ O N T  I NUE 
i 
! 

C D T ( I ) = C P T N A M ( l )  --.--.-- --- .... ---- - -..-- 
C D T ( 7 ) = C D T N A M ( 7 )  

. - N R C D T = l  - - - . . . + -. --... -- - .- -. . .- --- .- .-. . . --- 
1~ CONTTNUF 

N N = N R C D T + ( N R C n T - 1 ) / 2 + 3  
- - - -- - - .- - .~ - - - - - - - .- . - .. 

C D T  ( \IN) =CASE ~ n -  
C D T (  M N + l  ) = C A S T D  

a i\dxDT(N~+2 1 =NRCTZT 
W R I T F  T A P E  KDT,  (DIFFR(I),DIFFZ(I),SIGR(I)~SICFN(I)~ 

- . - . - . -. . - - . - . - - - -- - 
~ S ( I ) , I = ~ , ~ ~ ( ~ ~ I G S T ( I , J ) , J = ~ , ~ ~ ) , I = ~ , ~ ~ )  

N R C D T = N R C D T + ~  - . . . . , . . . - . - -- - .- - - - - - -. - - . .- -- . . . . . . . 
I F  ( N C O D E ( 4 )  )-72-0281-13--~- 

15  C O N T I N U E  ---- - .- ------.------. 



' W R I T F  TAPE KDT, ((SIGNG(ItJ)~J=l~18)~1=1~:25) 
GO T n  2s 

2 0  CONTINUE 
W R I T F  TAPE KDT, S I G N G (  1 9 1 . 1  

2 5  CONTINUE 
NRCDT=NRCDT+l  
RETURN 
t N D ( n r O , O )  



3 t  6 5 7  ----.-- - -.- SURROIJT I N E  WOTCD 
C 

S U B R O U T I N E  WOTCD 
C 

COMMON Q --- -- -- -- - - - -- - -- - -- 
P 

C 
D I M E N S I O N  C D T ( 3 . 0 3 ) , N C D T ( 3 0 3 ) , C D T N A W ( 2 ) , F L F A C ( 1 5 O O , 4 ) ,  

-. - - - - - - . . - - - - -- - - -- - - . 
~ R D A T A T - ~ ~ ' ~ ~ ~ T G P ~ - C ~ ~ ~ - C I ) , C ~ (  ?CI , [)MAT ( ' 3 " )  ,WM.ATT~O 1 , 
~ T M A T ( ~ ~ ) , N R E H R ( ~ O . ) , G V O L ( ~ ) , G P ~ E H R ( ~ ) , G T R A N ( ~ ) , G ~ ~ F C ( ~ ) ,  --..- 
3Ncob,T ( I -,.R-.fi-D.7.t.2-upo.) .. , N R N D T ( ~ C I - C ) D ) < ~ T A T ~ ~ ~ - ~ - " ' "  , ~ ~ ( 2 5 )  iF - i j (?4 i  , - 

4DELfAU(25),.5IG'(25),SIGTR(25)~SIGA(?5)~SIGFN(75)~ -,-..- .-.- 
5R~T1li;'i'25'j-rri-fi;~-i & i - i 2 T ) ~ s r c % T m ~  C N I  ( 2 5  73 5 ,I I F F  C 7 5 5 
6 D I F F R ( 2 5 ) , D I F F Z ( 2 5 ) , S I C R ( 2 5 ) ~ S ( Z 5 ) ~ E X T R A P ( 2 5 ) ~  ---- - - ~.-. - -- --- . . - - -- . . . . -- - . . - - . . . - 
7 E P ' S R i ' 2 5 )  i E P S 2  ( 2 5 )  1 . 9  

8TRASIG(25~25),RES(lOOO),ENG4~(34,18) - .- ~ - . - . . -- - . - . - . 
C 

E Q U I V A L E N C E  ( 0 ( 2 ) , B D A T E ) , ( Q ( 6 ) , S D E N T ) ~ ( Q ( 9 ) ~ B h 3 P P M ) ,  
1 - 3 1  j-; CAISi-RK7~~CTET, c P s t  I D ) , ( Q ( 1 

--- ---------- - 
3),CPT,NCQ,T),(OT3lh),NPAC,E), 

-- 2(Q(317),NWOT),(Q(318),NDT),(Q(319),KDT),(Q(32O),ITAPE), -- 
3 ( a ( 3  7 1 -I ; JT-A P E i-, TQ -(-Ti21 ~ K T ) E T , ( O ~ O ~ ~ - , F / I O R F - ( O ~ T ,  4 I? T At A-M ) , 
4 ( Q ( 3 7 6 ) , N R C O T ) , ( Q ( 3 2 7 ) , E L F A C , R D A T A ) , ( O ( 6 ' 3 2 7 ) , G F , 4 C ) ,  - 
5 ( Q ( 7  n'7 7 ) , CM AT-j , (  Q (-7j.F7r97p~7)77m77)~fi-~'i ;Ti77 7 gi-7' ;i M b, T ) , 
6 ( Q ( 7 1 9 7 ) , N R E H R ) , ( ' Q ( 7 2 2 7 ) , G V O L ) , ( C 3 ( 7 2 3 C ) , G 9 ~ H R ) , ( Q ( 7 2 3 4 ) , G T R , A N ) ~  - - --- - - . . - - 
7(~i1"i'17'j-;'~Fi-~Cj'~,i~(724-~) , S P E C ) ,  ( Q (  / 2 4 1 )  , N C O ~ ? E ) ,  ( ~ ( 7 2 5 1 )  ,KA.SF) ,  

- 8 ( Q ( 7 7 5 2 ) , V C O M P ) , ( Q ( 7 2 5 3 ) , R N D T ~ N R N r ? T l , t Q ( 9 2 5 3 ) ~ N P E C ) ~  - 
9  ( Q T T ~ 5 4 ' i ~ ~ ~ T Q (  9 2 8 4 )  , t G  ( Q  ( Y  3129 ) ,FVST'TCSIV3-33);-iLTArJ) 

C 
- .  

E C ~ U I V A L E N C - € - T ~ - T ~ - ~ , ~ - ~ - I - ,  ~ ~ ~ 3 8 3 )  ,SIGTR) , m 9 4 0 8 )  ~ S I G A ' )  , 
l(Q(9433),SIGFN),(Q(9458),RFSIG),(Q(9483),BM.SIG), 
Z ( Q ( ~ ? - T ~ ~ - , ~ T G T F ( Q (  ~o~~-~T, ISTC;NG)  , ( Q (  1 0 1 5 8 )  , D I F F c : )  , 
~ ( Q ( ~ ~ ~ ~ ~ ) ~ D I F F R ) ~ ~ ( Q ( ~ ~ ~ O ~ ) , D I F F Z ) ~ ( Q ( ~ ~ ~ ~ ~ ) ~ S I G R ~ ~ ~ Q ~ ~ O ~ ~ ~ ~ ~ S ~ ~  -- 
4 ( Q (  1 0 8 8 3  ) , T F " - ~ ~ , - ( Q - - ( ~ ~ ~ ~ ~ ~ ~ G ) ~ E - Y ~ - R A P ~ - ~ ( ~ ~ ~ (  1 0 9 0 9 )  ,FPSR). , 

. - C A L L  WOT(NW0T)  ---P- I h\li ooO . - - ' . - . . ..'. - -. -- - - - 

I F  ( N C O D E ( ~ ) - I )  5 9  10, 1 5  
- - - -.- ----- --- -.--- 

5  C O N T I N U E  
P R I N T  1 0 0 1  - .. -- - - -. - -. 
P R I N T  ~ . O O ~ ' , " . G V O L ( ~ ~ , G V O L ( ~ ) , G V O L ( ~ )  

< GO TO 2 0  .- . -- -- - 
l o  CO~ITINUF 

P R I N T  1 0 0 2  a . P R I N T  2 0 0 2 ,  G v O L ( ~ ) , G V O L ( ~ ) , G V O L ~ ~ )  

-- -- - GO T >  7 0  
- - -- - . - -- - - - -- 

1 5  C O N T I N U E  

---- P R I N T  1 0 0 3  - 
-P-RfKf - -2a-0 3 r t V C ) L  ( 1 ) 

- - - - 

2 0  C O N T I N U E  -..------ -- - -- - 



I F  ( N C O D E ( 2 ) - 1 j  2 5 9  30, 3 5  
2 5  CONTINUE 

P R I N T  1 0 0 5  

3 0  CONTINUE 
P R I N T  'i-606 
GO TO 3 2  

3 5  CONTINUE 

3 4  CONTINUE - 
P 8 1N +--2 C) ~~,GR?HR~~-),GRR(~), &TFHR( 3 

4C CONTTNUE -- - - . - - - 
NGT=hlCODE ( 3  1 +1 
GO TO ( 4 5 9 5 0 9 5 5 9 6 0 ) ,  NGT 

4 5  C O N T ~ ~ E  
PRINT 1010 ---- - -- 
GO' TO 6 5  

5 0  CONTTN1lF -- 
P R I N T  1 0 1 1  

Go .?0_.-6.1---.-- 
5 5  CONTINUE: 

6 0  CONTINUE - 
- -PRINT 131.3 

6 1  CONTTNUE 
I ?  I ~ ~ c O B F T T ) - ~ )  62 ,  67;-6-C 

6 2  CONTINUE . ..... .. ...... . - . -. -. - 201i,~--G-TW.hN.i-l-'jii,.GTKAN(2) - - - 

GO TO 6 5  . - - -- 
6 3  CONTINUE. 

P R I N T  2 0 1 2 9  GTRAN(l),GTRAN(2),GTRAN(3) ----- -----.------ -. - .- 
GO TO 6 5  

64 CONTTNUE 

6 5  - CONTINUE .--.----------.. 
IF ( w c o ~ E ( b ~ j ~ f o ,  7 0 ,  7 5  

70 CONTINUE .- R-Ix ;li--T-p7s-5 -.------ ................ " ... -'--- -.."'"-- - 
GO TO 8 0  ... .... - . * . .- - . . , . ................ , , . - - .. .- - . .- . 

7 5  CONTINUE 
P R I N T  1 0 1 6  . 

gc' COr\lT I NUE 
I F  ( N C O D E ( 5 ) )  9 0 ,  8 5 9  9 0  .. .-.---7-.-----..-,-----.7-.-----...-.-.- --.--.--. 

8 5  CONTINUE 
P R I N T  1 0 7 C  ...  . . - . - . - . A - - 
GO T n  9 5  

9 0  C O N T  Kl;II!F .. " . . - . - .- -. . 
P R I K T  1071  

3 5  CONTINUE ------.- ., .- - - .-. - ---- -..--.- ----.-.-.- --- - ..--.-..-..--. . -. 



I F  ( G D I F C ( ~ ) )  96 ,  100 ,  9 6  --.-- -- 
96  CONTINUE 

P R I N T  - 1 0 2 2 . .  --- 
I F  ( N C O D E ( l ) - l )  979  98,  9 9  

9 7  C3NTINUE -.---pRYW.T.-- I,B23 
9 G D I F C ( ~ I F C ( ~ )  9GDIFC(3 !  

GO TO 1 0 0  --.-- - 
9 8  CONTTNUF 

PRINT 1024,  G ~ I F c ( ~ ) , G ~ I F c ( ~ )  -- -. 
GO TO 1 0 i i - - -  

9 9  CONTINUE -- 
TII'N.T 1 B 25r-~-;ijf F f € 0  

- - 
1 0 0  CONTINUE 
PR 1x7- ' i aaz-g ; -v rmp t c 

PRINT 10'30 .o. .*-. -.. -- = 1 ,3 r - - -  

- I F  ( c M A ~ ( I ) )  1 0 5 9  110 ,  1 0 5  - .- - . . . - - -. . 
1C5 CONTI-NUF 

PRINT 1 0 3 1 9  C M A T ( I ) ? W M A T ( I ) , ~ ) F ~ A T ( I . ) , T M A T ( I ) , N Q F H ~ ~ ( I )  ---.- 
1 1 0  c O N T ~ U ~  

I F  ( N r 0 0 F ( 7 ) - 1 )  111 ,  1159  1?8 -- .. - .. . - . . - 
1 1 1 c 0 N T-~%-U'E.- 

DO 1 1 4  J = 1 9 2 5  
- . . -  . 

K=26 J 
DO 1 1 3  I = 1 , 3 0  _...___.____._.._I._.. ...____"___._I^"_.. __--.-------.... .. .- . .. ..- 
I F  ( f M A T ( 1 ) )  1 1 2 9  1 1 7 ,  1.12 

I 
1 1 2  C.ONTINUE .- . -. .- . . 

I F  (~FAC(K,T)-I.O) 115,  31?9  1 1 5  
~ 1 1 3  CONTINUE . . . . - - - -. . - . . . . . . . . - - - - . - - . . . - . .. . -. . - .~ . 

1 1 4  CONTINUE 
PRINT  1 0 3 4  

_...-.-..--..._".--I- .. -.-.._ " _. .. . .. , .. - ____,__ -__._-.- ---."--. .------- 
GO TO 1 3 0  

1 1 5  CONTTNUF -- - - .- - - - .  . . - . . . .- . 
I 1 = 0  
I 2 = 0  - - - - .- - - - - . . --- .- 
DO l ? O .  ~ = 1 , 6  
I 1 = 1 2 + 1  -. . . . - .. ..--. . .-. . . . - - -  ... . . , . --,.--.-.-.-...--...-.*---- 
I 2 = 5 * Y  

.- -- - PR INT  1035 ,  ( C Y A T ( I ) , I = I l , I 2 )  . . . . - - - . . . . . . . . 
'-'PRINT 103.6, ( 1 ,  ( G F A C ( I , J T , J = I l , I 2 )  , I = l ;TS" ) - '  

I F  ( C V A T ( S * K + l )  120 ,  130 ,  1 2 0  . . . . 

 CONTINUE 
1 3 F  CONTTAIUF ----. . .. . _ -. .._. . ._._._.--.----_A- -- - ... ,- - l--.l--..- - .-.. - -- -- 

I F  ( h \ ~ 0 ~ ? ( ' 7 ' . ) - 1 - j "  172 ,  I?!, 3.38 
1 3 1  CONTTNUE .. . . . - . .., .-. 

PRINT 1042 ,  (~,EC(I),PFLTA~I(I~",-FV(I),I='~','~~') 
PRINT  10419  FG(2E) ,QFLTA11(75)  . .. . -  . ... -. . -.-.-.. -. .,. - .---.. -..-. .".. ...,--- 1.. --,- 

1 3 2  CONTINUE 
I F  (NCODE(2) . )  134 ,  133 ,  1 3 4  ... ,-.,. . -. . .-,--- . - , ..--..--7 -. -. . . - .. .- , .. . .Ad..--- 

1 3 3  C O N T ~ N U E  
I F  (h !CODF(3 ) )  134 ,  135 ,  1 3 4  . . - - - - - .. -- -. -.. . 

1 3 4  CONTINUE 
PRINT 1045,  ( I , T F A C ( I ) , E P S R ( I ) ~ E P S Z ( I ) ; B ~ ( I ) , ~ I G ( I ) ~ I = ~ ~ ~ ~ )  

. .. - . . . -. - -- - . . . . - - . . - - - . . - - -- -- - -- - - - - - - - . - - -. - . . - . - -. - .- -. . 
1 3 5  CONT 1 NIJF 



1 3 6  CONTINUE 
PRINT 1050,  (frDIFFC(I)~SIGS(I),SICTR(I),SICA(I),EXTRAP(I)~I=l~25) 

1 3 8  CONTINUE 
PRINT 10559 (T~DIFFR(I)~DIFFZ(I),SfCR(I),SIGFN(I),S(I)~I=l~25) 
I F  ( N C O D E ( ~ ) - ~ )  139, 139, 1 7 0  

1 3 9  CONTINUE 

J 4 = J  4 
PRINT 1060,  J , J 1 ~ J 2 ~ J 3 ~ J 4 ~ ( I ~ S I G S T ( I ~ J ) ~ S . I G S T ( I ~ J 1 ) ~ ! : I G S T ~ I ~ J 2 ) ~  

lSIGST(I~J3)rSICST(I,J4)~1=1~25) 
1 4 0  CONTINUE 

I F  (NCODE(4 ) )  170,  170 ,  1 5 0  
1 5 0  CONTINUE 

J4=J 4 
PR1N';i-1065i J , J l ~ J 2 ~ J 3 ~ J 4 ~ ( I ~ S I C N G ( 1 ~ J ) ~ S I G N G ( T , J l . ) ~ . Z I C N G ( I . ~ J 2 ~ ~  

l S I G N G ( I ~ J 3 ) ~ ~ S T G N G ( I , J 4 ~ ~ 1 = 1 , 2 5 )  
16C CONTINUE 
1 7 0  CONTINUF 

RETURN 

1 0 0 0  FORMAT( IH1 / /18X*34H COMPOSITION DATA PREPARATION / / 2 9 H  CALCIJL 
l A T I O N  REQUEST SUMVARY) 

C 
1 0 0 1  FORMAT(/17H GEOMETRY - SLAB) - 

C 
2 0 0 1  FORMAT(6H X = lPE12.597H Y  = lPE12*5.,7H Z = 1PE12.5) - - . -. . . . - -- 

C 
1 0 0 2  FORMAT(/21H GE.OWETRY - CYLINDER) 

r 
- .- -- - - 

L 

2 0 0 2  F O R M A T ( ~ H  H  = lPF12@5,8H OD = lPE12.5,8H If? = 1PF1.2.5) 
C 

1 0 0 3  F O R M A T ( I ~ ~ H  GEOMETRY - SPHERE) 

L 

1005 FORMAT(24H NO BEHRENS CALCULATION) 
C 

- - - - - - - - - 

1 0 0 6  FORMAT(31H ISOTROPIC BEHRENS CALCULATION) - . - - - - - - - - - . - - - - - - - - --- . -- - - . - -. - .- -- - - - 
C 
- ,2006 FORMAT(7H . - - - -. a - ---- - L F  - = - - lPE12*9 ,7H  - . LM.2 lPE12*5 ,7Y  VF = IPE12*5 ,6H Q = - . 

l l P E 1  j.5) 



1011 F O R M A T ( ~ O H  ROD T R A N S M I S S I O N  C A L C U L A T I O N )  
C .. 

2 0 1 1  F O R M A T ( 6 H  D = l P E 1 2 0 5 , 9 H  DCH = 1 P E 1 3 . 5 )  
C 

1 0 6 2  F O R M A T ( 3 4 H  ANNULUS T R A N S M I S S I O N  C A L C U L A T I O N )  
f 
x- 

2 0 1 2  F O R M A T ( 7 H  OD = l P E 1 ? . 5 , 9 H  DCH = l P E 1 2 0 5 9 7 H  T  = 1 P E 1 2 . 5 )  
C 

1 0 1 3  F O R M A T ( 3 2 H  P L A T E  T R A N S M I S S I O N  C A L C U L A T I O N )  
- C 

2 0 1 3  F O R M A T ( 6 H  T  = 1 P E 1 2 . 5 )  
C 

1 0 1 5 ' F O R M A T ( 2 9 H  NO GAMMA SOURCE C A L C U L A T I O N )  
C 

1 0 1 6  F O R M p T ( 2 6 H  GAMMA SOURCF C A L C U L A T I O N )  -- 
C: 

1 0 2 0  F O R M A T ( 4 1 H  NO RESONANCE S F L F - S H I E L D I N G  C A L C U L A T I O N )  - 
C  

1 0 2 1  F O R M A T ( 3 8 H  RESONANCE S E L F - S H I E L D I N G  C A L C U L A T I O N )  
C 

1 0 2 2  F O R M \ T ( 5 9 H  - GEOMETRY FOR S I Z E  CORRECTION TO THE D I F F U S I O N  C O E F F I C I  
1 E N T  1 

l P E C T R U M  CODE NO. - OPF9.4 )  
P 

-- 
L 

I .- -. 1 3 3 . 0  .- FORMAT - ( / 1 0 H  MATFRIAL5X,8HMATERIAL6X,lnHnENSITY O R 4 X 9 8 H M A T E R I A L 5  
I ~x,~HPHR'FXS-/TCIH ' (COCIE' N O . ~ X , ~ H ~ G H T ~ X , ~ ~ H V O L U M E  FRACTION3X ,4HTEMP 

1 0 3 4  F O R M A T ( / / / / 6 0 H  C E L L  CORRECTIONS FOR A L L  M A T E R I A L S  A T  A L L  L E V E L S  A  -- . - -- - -. . . . .- 
I 

_c -- ~ .- PA-..- 

I 1 0 3 5  F O R M A T ( ~ H ~ / / / ~ ~ X , ? ~ H M A T F R I A C  C F L L  C O R R F C T I O N S / / / l n X , 8 H C O n F  NO.5X98 

cI. -~ - 
1 0 4 5  F O R M A T ( ~ H ~ / / / ~ X , ~ ~ H T P A N S V I . ? S I O N  SFHRFNS F 4 r .  P F Y R F N S  FPC. RFYRFNS- 

l F U E L  REHRENS MOD/7H G P O U P ~ X ~ ~ H F A C T O R S ~ X , ~ H R A D I A L ~ X ~ ~ ~ H L O N G I T U D I N A  



1050 F O R M A T ( ~ H ~ / / / ~ ~ X , ~ ~ H C O M P O S ~ T I . O N  CROSS SECT!ONS// /18H GROllP D I F F U  
~ S I O N ~ X ~ ~ H S C A T T E R ~ X ~ ~ ~ T R A N S P O R T ~ X , ~ ~ H A B S O R P T I O N  E X T R A P O L A T I O N / / ( I 6 , .  

C - --- -----..-- 
1065 F O R M A T I I H ~ / / / I ~ X ~ ~ ~ H C O M P O S I T I O N  N-GAMPA TRANSFER ~ A T R I ? ~ / / ~ X , ~ H T O I  



* 657 S U B R O U T I N E  ENDCDP 

COMMON Q 

D I M E N S I O N  C D T ( 3 0 3 ) , N C D T ( 3 0 3 ) , C D T N A M ( 2 ) ~ E L F P P C ( 1 5 0 0 , 4 ) ~  
~ R D A T A ( ~ ~ O ~ , ~ ) , G F A C ( ~ ~ ~ ~ Q ) , C : M A T ( ~ Q ) , ~ ~ A T ( ? ~ ) , W V A T ( ~ O ) ,  

8fRASIG(i5,25),RES(l@OO)~ENGAM(34~18) .. -- --- 
C 

E Q U I V A L E N C E  (0(2),BDATF),(Q(6),3DENT),(Q(9)9BNAW), 
1 ( Q ( 1 ] ) ~ C A S I D ) , ~ Q ( 1 2 ) ~ C A S E I r ? ) , ( Q ( l 3 ) ~ C D T ~ N C ~ T ) ~ ( 0 ( 3 1 6 ) ~ ~ N P A G E ) ~  

8 ( Q ( 7 7 5 2 ) , V C O M P ) , ( Q ( 7 2 5 3 ) , R N D T ~ N R N D T ) , ( Q ( 9 2 5 3 ) ~ N R E C ) ,  
~ ( Q ( ~ ~ S ~ , I Y A T ) , ( Q ( ~ ~ ~ ~ ) , ~ G ) , ! Q ( ~ ~ O ~ ) , F V ) , ( Q ( ~ ~ ~ ~ ) , D ~ L T A U )  

C # 

E ~ ~ J I V A L ~ E N C E ~ ( ~ ~ ~ ~ ) , S . I C , S ) , ( Q ( ~ ~ ~ ~ ) , S I G T R ) , ( Q ( ~ ~ O ~ ) , S I G A ) ,  
l(.Q(9433),SIGFN)*(Q(9458)~RFSIG)~(Q(9483)~0MS~IG)~ 
2(Q('9FddS)-, IS7G~~) , ( Q ( ~ o ~ ~ ~ ) , s I G N G )  , ( ~ ( 1 0 1 5 8 )  ,DIFFC),  
3 ( Q ( 1 0 7 8 3 ) ~ D I F F R ) ~ ( Q ( 1 ~ 8 0 8 l , D I F F Z ) d Q ( 1 ~ 8 3 3 ) ~ S I G R ~ ~ ~ Q ~ l ~ 8 5 8 ) ~ S ~ ~  -,-. 
4 ( Q ( i n 8 8.3 I , TM-j , - i Q i , - i 0 8 ~ )  , E x T'Q A P I ,i~~-i~-T1D909,Ts R I , 
5 ( Q ( 1 n 9 3 4 ) ~ E P S Z ) ~ ( Q ( 1 0 9 5 9 ) ~ T F A C ~ 9 ( Q ( 1 0 9 8 4 ~ ~ s I G ~ N s I G ~ ~  - - - -- - - - -. - - - - - - - - - -. - - -- - - - - - - -- -- 

~ ( Q ( ~ ~ ~ O ~ ) , T R A S I G ) , ( Q ( ~ ~ ~ ~ ~ ) , M O M I N ) , ( ~ ( ~ ~ ~ ~ ~ ) , M O M A X ) ,  
- 7 ( Q ( 1 ~ 1 3 1 ) , M C P M A X ) , ( Q ( 1 2 1 3 2 ) , R E S ) , ( Q ( 1 3 1 3 2 ~ ~ N R E S ~ ~ ~ Q ~ l 3 1 ~ 3 ) ~ E N G A M ~ ~  --- 

8  ( Q-i-i' i ;i'S'8i-,-K~'hi~Nii1c1(13759T-';~GRlTiX-)T(-~Ti 3 7 6 o I , M G P M A x I , 
9(Q.(13761),DF),(Q(13762),NW),(Q(13763),NTM),(Q(l3764),MN) 

-..- ~ . . . 

C  
~ -~ -- - .. -. -- - . - -- - - . 

N C O = ( N R C D T - 1 ) / 2  - .~ - . .. - -- -. . . -- - . -- .- - - . - - - - - - . . .- . ---. -- -. - - - - . . - - - . . . . . - - .  

NCDT ( 3  =NRCDT 
W R I T F  TAPE KDT,  ( C D T ( I ) , I . = 1 , 3 0 3 )  --- .--- .-.--.--.--- -- --- ------- ------------ .- - 
END F I L E  KDT 
REWI 'JD KDT - . - - - . . -, . . . . . .. .- . . , . - - . -- - -- - - - .- - - . - - - .- . . .- - .- - .. - - - - -. - - -. 
C A L L  WOT ('NWOT 

- C A S E I n = C Q T ( l )  - - - - - - - - - - - - -- -- 
C A S I ~ = C D T  ( 2 1  - - - 

C A L L  H D I N G ( 0 ( 1 7 ) )  
Y I = 3  ?*NCO 
P R I N T  1 0 0 0 ,  N c D T ( ~ ) , N C D T ( ~ ) , N C O , N C D T ( ~ ) * ( N C D T ( I ) , I = ~ ~ M I )  -- -- -- -- - - -- - - -- 
RETURN 

mi3' -md - . - -- -- - T ( 1 H  1 / / /3  O X  , 1 Z ~ N ~ E X T E ~ ~ / / ~ X , ~ ~ H C O F U I P O S I T T A T A T A P F " ' ~  A 6  - .  

1 / / / 1 2 1 9 2 0 H  C O M P O S I T I O N S  -- I 3 , 8 H  R E C O R D S / / / 1 8 X , 1 1 H D E S I G N A T I O N 1 3  .--- ---.---- 





" 657 S U B R O U T I N E  ERRCDP 

I SURROOT I NE , ERRCDP 
C 

I .  

~ T M A T ( ~ ~ ) ~ N R E H R ( ~ ~ ) ~ G V O L ( ~ ) , G ~ ~ E H R ( ~ ) , G T R A N ( ~ ) , G D I F C ( ~ ) ~  
3 N c OD F ('lo )-,RRD T i  2 T m )  ~ R N I D 7 7 ~ ~ ~  ~ , T ^ M ~ T ~ ~ G ( ~ ~ ) ~ V ( ~ ~ - )  9 

9 ( Q ( 1 ? 7 6 1 ) , D F ) , ( Q ( 1 ? 7 6 ~ ) , ~ l L ~ f ) , ( C 3 ( 1 7 6 3 ) N ~ ~ ) ~ ( ~ ( 1 ~ 7 6 ~ ) ~ ~ N )  .. . -. - -- - ----- ---- - 
C 

5 C.OWTT'\'UF , _ ____ _ _ _  _ ._- - ---- - 
CALL WOT ( N1:!QT 

N C D T ( 3 ) = N R C n T  - -- ---.-. -- 1 - W R I T F  T A P E  K 9 T 9  ( c D T ~ I ) , I = I , ~ o ~ - ) ' - - -  
END F I L E  K 9 T  - -.... ---- 
PEIAI I run C O T  1 10  C O N T I Y U E  . . . - -..-. ---- - - -  ---- 
Y I = 3  3*NCO 

1 P R I N T  1 0 0 0 9  N<nT(l),NC~T(2),NCO,NCDT(?)~(NC:DT(I),T=4~MI) 
A - - . -  -. - . -- .- ---- 

CALL F X I T  
RETURN - ._--_I-"-- -.---.. --.--.- - -- 



1///1?1920H COMPOSITIONS I398H R E C O R D S / / / 1 8 X , l l H D E S I G N A T I O N ~  
~x,TOTI~RIECORD NO.//(l8X,2A6,118)) 



6 5 7  FUNCTION PSS 

FUNCTION RSS(TAU9THETA) - 
C 
C T H I S  PROGRAM COMPUTES THE SELF-SHIELDING FACTORS 

, - 
C OR A RESONANCE ARSORBING SLAB 
C  T H I S  QQUTINE REQUIRES THE FNCLOSURE OF 
C  tKROR9SOPT9tXP9t3COMP9t39LOb9PSI 95Ib19CDS 
C - - 

DIVE-NSTOW' A ( 1 5 )  9H(1.5) 
C 

A ( 1') ='i) . 85fiIi-<-jT-- 
A ( 2 ) = 0 . 2 8 1 6 0 3 5 5  

-,- - - 
4 ( 1 ) = n * 4 5 8 n 1 6 7 8  
A (4 ) -0 .617 ,87624  

--A( 5 )  4 5 5  4TGi;. j-- - - a 

A ( 6 ) = 0 . 8 6 5 6 3 1 2 0  
AT?.) = 0~. 4 4-45T5-FT.-- 
A ( 8 ) = 3 . 9 8 9 4 0 0 9 3  - 
A ( 9 ) X T m 1 9 3 0 4 3 6 8  
A ( 1 0 ) = 1 . 0 2 6 6 6 4 9  
A ( ili-3; .5-6-,- 8.7h- 
A (  12)=4.90035?1.  - - . - - - - - - - - - - - 
A ( 1 3 ) = 8 a 1 8 2 1 5 ~ 4  
4. ( 1 4 ) = 1 ? . 7 3 4 1 8 9  
A ( 1'5T=7-9-57Fr 

C 
H ( l ) G T m 1 8 9 4 5 C h l  
H ( 2 ) = 0 m 1 8 2 6 P 7 4 7  

-3 1 = (r. E P 1 - 5 - 6 7  
H ( 4 ) = 0 . 1 4 9 5 9 5 9 9  
H ( 5 1 T m T 2 4 6 2 8 9 7  
H ( 6 ) = 0 m 0 9 5 1 5 8 5 1 2  

.. ---- - 
H (  ?. )=Om062253524 
H ( 8 ) = n m 0 2 7 1 5 7 4 G Q  . - .- . - - ---- - . - --- ---~- 
H i 9 ) = 0 . 4 0 9 3 - 1 % ~ 5  
H (  l f l ) s 0 . 4 ? 1 8 ? ? ? 8  -._..__.._--------. ---___ - -.-- - 
H (  11)=6 .147 !26?5  
H( 1 7 ) = 0 . 2 f i 6 2 ? ~ 1 4 F - l  

- . - - . - -- . - -- p- 

H T 1 3  ) = o m . ~ o ~ 4 ~ f i ~ ~ ~ ~ i ~ - ~  
H ( 1 4 ) = 0 . 1 5 8 6 5 4 6 4 € - 4  - - -  . . - 'H ( ) F. 13 ~5'5F- ..----Ap-- - - - - -- - .. 

C 
1 F (-~-gj-j--l 'pi;l~~;11 n 

-- 
1 0 0  CALL ERROR *. . - - .  ~. ---- 
1 0 5  ~ s s - = . i ~  0' . 

G O ' T ~  5n 
- .- ~ .- -- - 

1 1 0  C O ~ I T T ~ ~ U F  
.. C 

XHPLF= 1 a ~ + ( l a 5 + C I ~ ~ 1 * T H F T A ) * S Q R ? F ( T A I J + T H F T h )  

- C =--.--- 



V A L U F = V A L U E + H ( N ) * E ~ C O M P ( T A U * P S I ( T H E T A , X H A L F * ( A ( N ) + F ' L O A T F ( J - ~ ) ) ) ) '  
1 2  CONTINUE 

SUV=5UM+VALlJE*XHPLF 
1 5  CONTINUE 

DO 20 N = 9 , 1 5  
VALUF=VALiJE+EXPF(A(N) ) * H ( N ) * F ~ C C ) M P ( T A U * ~ S I ( T H F T A ~ A ( N ) + ~ O O * X H A L F ) )  

2 0  'CONTINUE 

C 
5 0  CONTINUE 

R E T U ~ N  



Y 657 FI INCT IOh1 P S I  

F U N C T I O N  P S I ( T H E T A , D F L T A )  
c 
C T H I S  PROGRAM COMPUTES THE DOPPLER BROADENING 
'c ~UNC~T~UN-FORTEUTRON A ~ S O R P T I  ON CROSS S ~ T T I O N S  
C T H I S  R O U T I N E  R E Q U I R E S  THE ENCLOSURE OF 
C tYROR,SQHT,tXP,LOG,SIN,COS 
C 

O I ~ F C ~ I O N  X Y I ~ W  i n ~  I 
C 

-T-H F T *  -r. 2-(J-)---g-----~ 
.. .- ~ - -- 

,6914 
C - 

6 .5 UM I=THFTTA~~~;O-- 
SUM2=FORTF ( SIJM1+SIJfV"l 

-. . 

X K i . z n ( l ) = D E L T a  5 0 , 0 9 ' c U ~ 2  " -  ' - - - 

DO 7  M=I ,~o~  
. . --- 

- - -K- l .~n (~+ i  ) = X K ~ ~ ~ ( ~ ) + F L O A T F ~ M ~ * S I J M ~  
7 C O N T I N U E  - . -  - -  .-- .---- .-.-..-----------.-- --- 

C 

~ - .  
nn fi M=I , l n l  

. - 
X K l : ! n ( M ) = 1 . n / ( !  . ~ + j ( ~ i 7 ~ f i - ( M j ~ ~ ~ j j T j T M )  ) 

8 CONTThlUF 
. . . . . . - . - - .. - 

C 

1 7 0  C O N T I N U E  
.----------PA------ - --- 
r 

C COMPUTE S E R I E S  NUMRFR 1 - - 



20 C O N T I N U E  
C 

24 C O N T I N U E  
-.- 

C 
C COVPIJTE S E R I E S  NUPPFR 2 - 
C 

XTERM=-~ .O  --- - -- 
APOUhlT=O 

UTERhf l=USTART/ (  T 2 0 0 * (  2.O*EN+1 00 ) ' )  - -- - - ......... -- 
25 .SIJM~=SUM 1 +UTER~I.  

- .  IF(APSF(SUMl/SlIM2-lo0~-0~OOOOOOO1) 4 0 9 4 0 9 3 6  -- 
I30 s ~ J M ~ ' = s U M ~  

- EN=Eht+ l  l (3 ...- .... - ... -..*- .. .-.-..- ......... ......- -.-, .............. ------.,-------- ---..-,,--..,-.-,- 

UTFRbA=UTFRM/ ( T 2 0 0 * (  2 . 0 *FN+100  I 
GO TO' 2 5  ----- - .- -. -- . . 

41? ~ ~ ~ ~ h a = ( . - x ~ - ~ ' ~ . f ; i * j ( l l ( ! )  / F M  

VA,LlJF=XTrRM*C1 Ike2 -. . - . 

S R ~ = ~ M O I J ~ I T + V A L I I E  . 

I F ( A P S F (  qR 4 P S F (  --2,-, --,,., A Y O U ~ " I T / ~ R ~ )  p . , .  l,n)-fl.nn00Cnn]. . . .  ) 5 5 9 5 5 , & 5  
? O  

............................ 

. . . . . . . . .  5 0  C O N T I N U E  , , 

----5~!i"-*cohlTrhlu€ 
C 

. .  --. . .- - - -  ....... .. .C"-' " - ' . C ~ ~ J ~ P I I T E  S E R I  E c  N 1 ~ l u r R F i i ' -  j' - - '  . 

C -- --------.- .--. -.-.-- -- 
I 511?"1= 1 l r! 



SUMl=SR3 
U T E R M = U T E R M / ( T ~ O O * E N )  
GO TO 5 8  

65 CONTINUE 
C 

, C  COMPUTE S E R I E q  NUMBER 4 
C 

s u v 1 = x i n 6  

75  CONTINUE .- 
r. 
C  COMPIJTE S E R I E S  NUMF3.FR 5 
C 

C - 
RETURN , - 



* C H A I N ( 2 , R l )  PLOCK Fr)P 
r 
36 657 CONTROL PROGRAM - F D P  
C - 
C P?OGRAM F P R E P  THOMAS A HOFFMAN 
c THIS PROGRAM IS P A R T  OF THE REACTOR PHYSICS ONE DIMENSIONAL 

• C DIFF IJS ' ION  CALCIJLPTION-PROGRAM. ODQ-ANP NO. 657 
C 
C COMMON FOR PROGRAM FPRcP 

c O M ~ ~ ) N O T , T ~ P A C F , N W O T , N ~ ~ T , K D T  , ITAPF' ,JTAPF,KTAP.F ,MORF,~) ,COMP,  

C D I M E N S I O N  FOR PROGRPM FPREP -- -- . - - - - - - - - - - - -- 
D I P E N S ~ O N  Q ( 1 2 ) , C D T ( 3 0 3 ) , r ! ( 8 8 O O ) , C O M P ( 4 O ) , R E G ( 2 r ! O ) r R ( 1 0 1 ) , F N  

-. . 1 ( 1 ~ ~ ) ~ H E ( 1 0 0 ) , E F F V ( 5 0 O ~ ~ A L F T ( ' 2 5 ) , A R G T ( 2 5 ~ ~ N C O D E ~ 2 ~ ) ~ S E X M ~ l 5 0 ) ~  
~ S E X P ( ~ ~ ~ ) ~ F M ( ~ ~ ~ ) ~ F P ( ~ ~ ~ ) , N R ( ~ ~ ) , T E M P ( ~ O O O ) , N C D T ( ~ O ~ )  

C - 
€ E Q U ~ ~ P L E N C E  FOR F P R F P  

E Q U I V A L E N C E  -- - - -- .. - - - - ( Q ( 1 2 ) , C A S F I I ) ) , ( O ( 9 l , R N P ~ F ) , ( O ( 6 ) , ~ n F N T ) , ( Q ( 2 ) r ' B n A T F ) ,  
l ( C D T , N C D T )  

P 
I 

C R E G I N  E X E C U T A Q L F  P A R T  O F  PROGRAM F P R F P  
C 

C PRE~~'FTV~L'S- '~F~E-NUTWOFITERPTIONS,CONVFRGEMCE FACTOR, 
C W R I T F  OUTPUT cONTROL,NUMBER OF GROUPS AND NUMBER OF  TYPES 
c o F i5~OU~-P-CT~S~AN~ s 

GO T n  9 n 0  .- - -. - - - . . - - - -- -- 
502 CONTTMIJF 

5FN.qF L I G H T  3 -- - -. . - . . - - . - .. . . .- --. . . --- -- 
GO T )  2 

. -- - ------ 
c PRE-~F-T-FISSIONDFNSI~TFF~FFTAND R I G H T  TO ONE 

F M (  I ) = l . O  --- .-. - -, -. . _ _ _  ._ _ _  _ _ _ _ _ -  ._ ..... . . - _ _ - 
F P  ( I.) = l o . n  

2 C A L L  NEWSFT ( N P A G F + l )  - - -- N o G p ~ * .  A- A -  - - - - ' -- 

\- 

C READ I N P U T  DATA  - .---- ----,--..- - ----.--.-,.- .....- .,-- 



r --- - 
3 C O N T I N U F  

R E 4 n  D I P  C A . ~ F ~ ~ , C ~ T , N ~ T , I T P P F , J T ~ P F , K T A P F , M O R F , ~ O ~ P ~ R F G , N M T X ,  ------- 
~ R ~ E N , Y F , E F F V , ~ L F ~ - ~ ' R C T ~ L ~ A X ~ ' ~ ~ K , N C O C I . E ~ S F X M , S F X P , F M , F P , N W ~ T , N O G P S , ~  
,7NOCPrN,fOT , FWQ ---- 

I F  ( S F N S E  L I G H T  1) 9 0 0 9 4  
C 
C  

- 
S E T  PAGF H E A D I N G  AND W R I T F  OUTPUT CONTROL 

C 
4  CALL-HDING ( Q ( 1 2 )  

C A L L  WOT(NWOT1 - - 
C 
C R E G I K , I N P U T  COh lS ISTFYCY CHFCU 9PRFSFT  FRROR I N o T C A T O R  -- 
C 

5 J .SA IW=O - -- - - 
PRINT  6  

6  F 3 t! L?-.Jrn?- -. 
I F  (n rCODE' (1 )  1  7 , 8 9 9  

7  P R I N T  10 
l o  F O R T ~ T ~ ~ X , ~ ~ H T H F :  NlJMBFR OF  R E G I O N S  I S  A N F G A T I V E  NUMBER. ) 

GO TO 9 0 0  - 
8 P R I N T  11 

- 1 1  FORMAT ( 6 X g 3 0 H T H E  - - -  NUMBFR O F  R E G I O N S  I S  ZFRO.1 - ---- 
GO ~ 6 - ' 9 0 0  

9  I F  ( Y I C O D E ( 1 ) - 1 . 0 0 )  1 0 0 9 1 0 0 9 1 3  -- --- -.-.-..- - .-*-.--...-,. - 
1 3  P R I N T  14 
14 FORMAT ( 6 X v 4 7 H T H E  NUMBFR O F  R F G I O N 5  I S  MORF THAN ONF HlIMDRFT).) 

GO T P  9 0 0  
C - 
C DETER-G.INENUMRFR OF C O M P O S I T I O N S  
C  - ---- 

1 0 0  NCOMP=O 

1 0 7  ~---G FORMAT O--TO ( 6 X 9 4 9 H T H E  . -. . .- NlJMRFR .- - - -. -.-- OF  C O M P O S I T I O N S  I S  CALC lJLATED A S  ZERO.) - - - - - . .- - -- -. -. - - .. . . - - 

C - ---- -- -- 
C CHEC.: R E G I O N A L  A G A I N S T  COMPOSITION D A T A  
C  

* 1 2  C A L L  REGCK (Be M I X  ,NCODF,NCOMP,RFG,fOMPvISAIR) 
C - 
r CHFCK COMPOSTTION AE41hl.<T I h ! nFX  n A T P  



27 L=L+? - 
2 6  CONT f \ !Or  

2 9  FORMPT ( 6 X , 1 2 H C O M P O S I T I O N  74693SH NOT P R C S F N T  ON C O M P O S I T I O N  DA.TA - -- .- - - - 
I T  APF, ) 

C -- - . -- - - - ... .... 2.- 

C C H ~ C ' Y  NUMP'FR. OF %P.OI I W I T H  VUMRER O F  R E G I O N S  
C .- - .- . -- . - . ....................................... - --- -  

3 3  J = O  

C ----- ------.-. - . -- .- - .-- -- - --.- ---- - . . -. 
OF O I M F N S I O N S  W I T H  NUMRER O F  R F C I ~ ~ ~ S  



4 9  J=J+l ---- 
4 8  C ~ N T ~ N U F -  
5 0  I F  ( h I C O D E ( l ) - J )  5 1 , 5 2 9 5 1  
5 1  P R f f H ~ 5 3 , ~ , N c 0 0 t  ( 1  ) 

- 

5 3  FORVAT ( 6 X 9 2 8 H N U M R E R  OF DIMENS1ON.S EQUALS I 3 , 2 6 H  NUMRER OF R E G I O N S  - - --- - 
1 EQUALS I 3 9 1 H . )  

I S P I R = l  
p p  - 

C 
C  CHFCY NIJMSFR n F  I N T c R V A L S  W I T H  MUMRFR OF R F C I O N S  --  - 

" C 
5 2  J = O  -- -- 

I 1 = ~ ~ C O D E  ( I-)-- 

5 5  J=J+1 -. ...-.. ... - - 
5 4  CONT'~NUE',  
5 6  I F .  ( N c O D E ( ~ ) - J )  5 7 9 4 0 1 9 5 7  -.-57V#I.mT 5.9 ~ ' - 

, J 9 N C O O E ( 1 )  
59 FORMAT (6X ,30HNUMBE2  OF S E T S  O F  I N T E R V A L S  = 1 3 9 2 2 H 9  NUMBER OF  REG1  ---.- ---- 

l o r ' s  = 1391H.1- 

P R I N T  4 0 3 9 I T O T A L  --.. ...-... .- .... -- -- .-- . 
4 0 3  FORMAT ( 6 X 9 2 8 H T O T A L  NUMQER OF 1N.TFRVALS = 13 ,?1H,  T O T A L  ALLOWABLE  

Ih!lJMR?P = 147.) - .- - . -- - - -. -- . - -- 
I S P I D = l  

<. -. - - - - 
,c D~TERMI~IE-17 XK'YERRORS. 
r ... .-- .---.*. .. .- . . . . . . . . .  ------..-.- ------- ------- 

5 8  I F  ( I S A I R )  9 0 1 , 6 C , ? 0 0  
6 c  C O N T I N U E  .... . ... ........ - -. - -- -.... ..... --A - -- - 

I F  ( S E N S E  - L - F G ~ ~ T ~ ) O ,  5 1 0  
5 1 C  C 3 Y T I N U E  

-7 . .  ...... . . . . .  ...... 
t 
C  GENEPATF  T A R L F  OF  I N D E X  .RFCORn NUMBFR.S CORRESPONOINC TO ---. -- .--,. -.---- ..-------.----- .-.-.--- -- ............. ---- --- 
C 1 ~ 0 v P n . 5  IT IONS 
C 

-, , - ...... -......... . ....................... .............. 
I =h!CnT ( 3 
J = l  -.-- ...................... ...... - - ,- -. - . - - - . - . .- . . -- - - - -. - 
DO 62 K = ~ , N c o M ~ ~ - '  
L = 4  - .-.----..-.--- -" P 

DO 6 7  M = l , I  
I F  ( ( C O M P ( J ) - C D T ( L ) ) + ( C : O V P ( J + l ) - C D T ( L + l ) ) )  6 3 , 6 4 9 6 3  --- --- -- - ... ... .... .... . 

6 3  L=L+?.- 
62  CONTTNUE 

., .- .-... -- - -- --------.--- . . . . . .  
~b T O  9 0 2 '  



J=J+2 
61  CONTTNUF 

C: 
c I N I T 1 A L I Z F  FOR PROCFSS ~ O W ~ O S I T I O N  C O V P O S J T I O N  nATA T A P F  
C S I l Q R n l J T I  NF 
C 

NRSAv=O ---- 

L 

C ENTER LOOP 
-em.---- .---.-.---" -------- 

(f 
6 5  DO 6 6  I = ] .  ,NCOuP ----- - - -- - 

C A L L  P C ~ K D ~ - T ' N R . ~ A K N R S ~ T N P T ~ D T , N C T ) F A P ~ D , T F ~ P , N O C , P . ~ , N O C P C N ,  

6 6  C O N T I N U F  W-rhl 6-Kbi -.up- 

2 0 1  FORMAT ( l H n 2 4 X , 1 9 H C A L C l I L A T I O N  S ( J ~ A ~ A R Y / / / 7 5 X , l R H N I l F A R F R  O F  GROUPS = I  ... -- ........... - . 
~ ~ , / ~ ~ X ~ ~ ~ H N U M ~ E R ~ ~ O F ' - ~ ~ ~ C ~ ~ ~ ~ ~ I ~ ~ X ~ ~ ~ H T O T A L  NA!NI!F-R'-'OF'INTERV~LS 
2=14 , / 75X ,24HNUMRER OF  C O M P O S I T I O N S  = I ? , / ? ~ X , ~ C ! H M A X I M U V  NIJMRER O F  I 

T k -  -A. s- - -- -- -. --. - - -----.-..--.--...--. 
= 1 4 , / 2 5 X 2 ~ C C ' i S ~ ~ ~ G E N C E  I-ACTOR = T P E 7 / / , )  

2 0 2  I F  ( b l C O C E ( 2 )  1 9 0 4 , 2 0 4 , 7 0 3  . - - .- - - - . . - - . . . . . . .  --- .... 
2 0 3  PRINT 2 0 5 ,  
2 0 5  FORMAT ( 2 5 X g 2 4 H A D J O I N T  F.LUX C A L C I I L A T I O N )  ..... - - ... -- . . . . . . -  -... - - - -- - -. -- -. 

GO TC! 2 0 7  
I 

-- 2 0 4  P R I N T  2 0 6  
I 2  0 6  F 6ij ? /~~T-~T-Z -TX~-~TVCI IRFCT~FL~JXCA~L A  T I 0 N 

-..... . . . . .  . . . - . . . . . .  .........-...- . .... 2 1 0  - FORMAT ( 2 5 X , 2 n H C Y L T M D R I C A L  C F O M F T R Y )  
, - --. - -- ---. . .- 

GO TO 21 '2  
2 0 9  P R I N T  2 1 1  

-RM14(2TX ~ ~ 1 S i - X T T - G E m  FiT Y')'-'----- 
..--.--- 

C  -. -p-R iNT Bb"NGA#.j Es 'AN.o 'b;Lp'Fr;o.s . . .  ..."......... 

C . . - - - - . - . . - .- -- . . . . . . . . . . . . . . .  -- --- - 
?I? r ~ = v r n o ~ ( ~ i  -' 

-- no 7 1 2  I=I,TI - -- 
ffIR(-fm) 2 1 ? , ? 1 4 , 7 1 ~  

2  1 3  CONTTNUF 
. . . . . . . . . .  . . . . . . . . . . .  -. - .- I =-hlCnnF ( i-) 

2 1 4  P ~ I N T  2 1 5 9 R ( l ) , R ( I + l )  
2 1 5  FORMAT '(lHO/2X,18HLFFT'-H.ANP' ROUNn4RYIPETicS7,3X,1-9HRTGHT~HKND-B~'INP' 

l A R Y l P F 1 4 . 7 / / )  



2 1 6  PRINT 2 1 7  -. .---- . -. . ..-- - - . . ... , . .---.--.-.- ---- 
2  1 7  FORMAT ( 8 X  ,20HGROlJP LEFT ALRFD015X,21HGROUP RIGHT ALREDO) 

2 2 2  CONTTNUE 
-- - - -- -- . -- - -- r 

c TEST I F  MIXARLFS P N n  PRINT NFXT PAGF -.--- ---- r 

PRINT MTXARLFS I F  A N Y  . c  ., . .- . - . .  . -  . . . . . - - -- - - - -- - - - - . r 
2 2 7  I F  ( M W I X )  906,280,229 -- - - 
~ ~ ~ ' - ' C A L L  P O M I ' X - - - ( ~ H  M I X  ~;~CODE;R~~N~IX,COMP,EF~V,I.SAIR,N~OYP) 

C --- . - C TEST  I F  D I S  TO RF PRINTED 

.- .. , ...-.. - - --- 
PR INT  OUT O TARLE 



2 7 5  P R I N T  2 7 6  
276 FORMAT ( l H l / / ' )  

I = O  
2 8 5  DO 2 7 7  J = 1 , 4 4 0  

K = ( 1 * 4 4 0 ) + J  
L = (  ( ' 1 + 1 ) * 4 4 0 ? + J  
M = ( ( I + 2 ) * 4 4 0 ) + J  
N = ( ( I + 3 ) * 4 4 0 ) + J  

, P R I N T  2 7 8 , D ( K . ) , D ( L )  ,D(M,) ,D(N') 
2 7 8  F O R X T  ( 8 X ~ 1 P F 1 3 a 7 ~ 1 . ~ ~ 1 5 a i ~ 1 ~ € 1 5 ~ 7 ~ 1 ~ € 1 5 ~ 7 )  
3 7 7  COhITTMlJF -- -A , . ' . - . . - - - 

I = I + t i  
I F  (htCOMP-I) 2 5 0 9 2 5 0 9 2 7 Q  .-.----- ---- 

2 7 9  P R I N T  2 8 4  
2 8 4  FORMAT ( l H l / / )  ---- 

T 6 2 .  
---- 

C -- 
C DE PERM'IT~EIFFT~XOR 
C 

2 5 0  I F  ~ ~ s A I R )  900 ,251 ,900  
C .- -- 
C CLEPR ' F P R E P - ' C T ) M M ~ K L E A V F  FN COMMON ALONE 
C ---. .... ... -. .- 

2 5 1  0 0 . 2 6 2  1=1 ,10?9  
NR ( I )'=O ---- ... ....- - 

2 5 2  CONTINUE 
C .. . 

C SET ItP PAGE NllMRER FOR FN 
c . . . . .  

2.S --t- A-.-iL PA.CE ji-NPdGE:i 
..--. 

c 
-.-,."-.-..-.----:--Ap -- 

C B R I ~ ~ ' . I N  FN 
C . . .  ............... --.. - .- 

~ ~ ~ - ' C O N T T N U E  
CA'LL . .  c H A I N ( 3 , R l )  . . . . . . . . . . . . . . . . . . . . . . .  - ... - . -- -.?- - ... .... - ... .- 

C 
C F I N A L  STOP FOR ERRORS ,- - . ----- . - --- . .- - . - .- . .  . - .. -,--- .------.---- --- 
c 

900 REWIND KDT . . . .  - . . .  . . . .  -. -. . . .  - 
C-ONT I NUE 
CALL E X I T  

. .. . . . . . .  - - - . . . .  - . -. . -. ... - - - -- --. - 
c 
C: I S A I R  I S  NEGAT1,VEaSTATEMENT 58. -.---- ....... . . . . . . . . . . .  ,." ....- ...-. -. ....... -- - . . . . . . .  -.. . . .  .-. .-,--------... .-.-- -..., 
C 

9 0 1  CALL FRRTRA . . . .  . . . . . . . . . . . .  
ISAIQ=I 

. . .  GCI T n  ann 
C 
C ---,.--. - . . ~  COMPOSITION CANNOT RF FOUND I N  I ~ ~ D E X a C O N S J S T F N C Y  CHECK HAS .-- - -- .--. .--. ..... ---- ...----.-. 
C F A  I iff). 7'0' fi IAGN'OSF-' PROPERLY l STATFM'FNTS 6'0-64.  
C . .... . . . .  

9 0 2  CALL ERRORA' 
-. -. 

. . 
I S A I R = l  

. . 
, 66, T n  2 0 0  

C .--. -----. - ........... . . . . . . .  -.-- .-..-.- .................... -.-...---.--. . . . . . . . . . .  



r I S A I R  I S  NEGATIVF COMING FROM PCKDT SUBROUTINFeSTATEMENTS 
65-66 AND P C X ~ T ~  

C 
~ ~ ~ - L ~ R ~ R A - -  

- 

I S A T R = l  -- 
GO TO 2 0 0  

C -- 
C NCODF(3)  I S  NEGATIVEeSTATEMtNf  202.  
r 
L .-- --- ---.- . 904 CALL FRRORA 

L 
. . - .. . -. - - - . - -. . . . - . - -. - -. - - - 

9 0 5  CALL FRRORA-- - - "  

c. 
C NMIX T ~ N E G A T I V E ~ S T A T ~ M E N T  2 2  / r  



I 

S U B R O U T I N E  ................ RECCK ( A ~ N C O D E ~ N C O M P ~ R E G ~ C O F ( P , I ~ I . R )  - - . ---- 

* r  
C D -- I .- .MEb!.S .. I ON FOR RFCCK SIJP.ROUTI -. 

I D I M E ~ I S I O N  R E G ( 2 0 n )  , r O M P ( 4 0 )  , N C O r ) F ( 2 0 )  
c - -  .- 
C 
r 

R E G I N  E X E C U J ~ L F :  P A R T ,  OF SUBPOUTINF REGCY 

7 F O R M A T  ~~X,~~HCOMPOS.IT~ION I N  R E G I O N  1 3 9 3 2 H  NOT G I V E N  I N  C O Y P O S I T I O  
N-" NP"T, .) 

'-' ... -- 

5 I = I + 7  . . . . .  - ............. .... ---- 
'2 CONTTNUE 



S U B R O U T I N E  PCYDT (NRSAV,NRSPAS,NR,KDT,NCOMP,D9TFMP,NOCPS, 
~ N O G P C N ~ N R P R ~ ~ ~ N T W O K O ~ N ~ ~ T O K D ~ N Z W O R D ~ I S A I U ~  

C 
T ~ ! ~ ~ F O R  PCKDT SUBRUUTI N t  

D I M E N S I O N  N R ( 2 0 ) 9 D ( 8 8 0 0 ) 9 T F M P ( 1 0 0 0 )  
- C : -  

C B E G I N  E X E C U T A R L F  P A R T  O F  SIJBROOTINE PCKDT 
C 

I no 7 T=l,NTWOQn - TTF;~ p (" f j =-fi;-0--- 

2 C O N T I N U E  --- .. -..----.-*- 
C 
C F I N D  N E X T  RECORD TO PROCESS - ----. .. .. .- --- 
C 

C D E T E R M I N E  RECOPO S P 4 C I N C  ..--.--- - 
C 

5 NRPR:S=NR(I )  
N R ( I ) = N R ( 1 ) + 1 0 0 0  

- NRSPbS=NRPRES-WRSAV-1 
T - T N B - S P A  ST' 9 0 0 9 / 9 8 

C 
~ F - T A ' ; P F  
c -8To- ..-q . 

= 9NRSPAC. 
R F A n  T A P E  Y n T  - - - -- -. . . 

9 CON'T I.NUE. 
C 
c READ'TETORD INTO T S V P  
C . -. -. - - - 

" 7 T ; d ; D E T D  ( T t M P  ( J ) 
- 

9 J = 1  9NTWURF) 
.NRSAv=NRPRES 

c2"' -- - - - -. - - - - -- - - . - . - -- 

C F I N D  P O S I T I O N  O F  C O M P O S I T I O N  I N  Q T A S L E  
C 

1P J=I-7 -. . .- - --- 
~ = J * 4 4 ( r  

C 
C T R ~ E R ~ R O U P  C O N S T A M T ~  I N T O -  Ti T P R L E  - 

-- 
C - . 

11 DO 17  L = ~ , N I , w ~ ~  
- 

--..- 
M=L+y  

T ) ( M ) = T w I L )  
1 2  C O N T I N U F  

C 

C I = C O u P O S I T I O N  P O S I T I O N  



C J = C O M P O S I T I O N  P O S I T I O N  L F S S  ON_F 
C K = I N ? T I A L  APnRESS O F  I C O M P O S I T I O N  I N  T A R L F  D 

C L = I N I T I A L  M A T R I X  AnDRFSS O F  I C O M P O S I T I O N  I N  T P S L F  D 
c M'TNITIAL MATRIX ADDRESS OF TEMP LESS IHF NUMRER OF 
C GROUPS P L U S  OW€ ---.- 
#- 
L 

C I N I T I A L I Z E  F 0 9  LOOP TO TRANSFER F U L L  TFMP M A T R I X  TO REDI.ICFT, - - - - . -- -- - -- - - - - - - - - - - - 
C T A P L F  D M-~-TRI x 

L=L+1 
16 -- C O N T I N U E  A -- - -- -- 

12=1"7'+1 
1 5  CONTINUE.  - . - -. - -- -- - . .- . . . -- - - -, -- -- - - .. - -- - - -. -- - - 

C 

L=L+-I - - -- -- - - -- . ." - - -- - 
19 C O N T I N U E  

REW I JD KDT  - - . . . > . . -. - - . - . - - -. - - - - - - ---- 
20 R E T ~ ~ Q N  

END ( 0 9 0 9 0 )  - . . .. - . - - . . . . . . . - . -, - - . . , , - . -- - ---. 



3t  6 5 7  PROGRAM ODD HOFFYAN 
C 

S U B R O U T I N E  P O M I X  (A,NCODE,REG,NMIX,COMP,FFFV,ISAIR,NCOMP) 
r 
L 

C D I M E N S I O N  FOR P O M I X  SIJBROUTI NE 
D I M E N S I O N  R E G ( 2 0 0 ) 9 C O M P ( 4 0 ) 9 E F F V ( 5 0 C ) ) , N C O r ) F ( 2 C I 1  

r 
L 

C  R E G I N  EXECUTARLE  P A R T  OF  S lJBROUTINE P O V I X  

. 1 P R I N T  2 
2 FORMAT - - - ( l H . l / / / 1 5 X 9 3 7 H R E G I O N S  - C O N T A I N I N G  M I X E D  C O M P O S I T I O N S / / / )  
I = 5  

2 2  I = I + 1  
I F  ( I - 5 0 * ( 1 / 5 @ ) ) .  9 9 1 0 9 9  --- . -- --- -- ~--- ---. 

9 P R I N T  1 3  
1 3  FORMAT -- - -- ( ~ C X , ~ ~ H C O M P O S I T I O N ~ X , ~ ~ H M I X I ~ ~ C  - D F N C I T Y )  --- 

I = I + 1  

11 F G R y a T  ( l H 1 / / _ / _ ] 5 X , 3 7 H R F C - I O N S  C O N T A I N I N G  --- M I X c n  r l ) ~ P O C T T , , _ I - _ O \ l ~ L / / )  
1 = 5  

- GO TO 6 . . . . . . . .  - . . - . . -  -. - . . .  - . --.-.A ... . . . . . . . . . . . . . . . . . . . . . .  
~ ~ " P R I N T  1 2  
~.Z--.F-ORMAT ( 1 H 1 / / / 1 5 X  9 3 7 H R E G I K  CONTP. IN ING V I X F 9  CQMPOSI T  I?!.S/!L,?-- . .- -. . . . . .  - . . . . . . .  - .... - . . . . . . . . . . . . .  

1 = 5  

P R I N T  -__ .__  _._.... 1 8 9 C O 1 4 P ( L )  , C O M P ( L + l ) ,  ._.__ . ___-___ ___- 9 F F F V ( b A )  __._,_ _ ... ............................ 
1 8  FORMAT ( 1 9 X , 2 A 6 9 9 X , l P E l 4 . 7 )  



3 C O N T I N U E  ----...-.---..,- .--.----- _ - _ _ _ I _ _ _ . _ _ _ _ _ - -  _ -----. .-  I.-- 

RETUQN 
END (O,C?,O) 

, .. -- . " - -  ,.--a - ,. -- - .- .. .- .* - . -  



* 657  CONTROL F-1 
C---- 

C3MMON. QSCDT,NPAGF: ,NWOT,NDT,KDT, ITAPE,JTAPE,KTAPE,MORE,O,  
1 C O T K R  EGYfrFTX-, W S F [ M E - i ; e ' F F V - r A - C F ~ G 7 ~  X P F P s Y CNCt S E X M s 

- 
~SEXP,FM,FP,VM,W,PHI,RK,V,APSH,RFTA,GAP,DFL~NCOMP --.--. fi-*-,-r; -hT-- ---..?e.*--.- ----..-.- - --- 

C -- ---. -- - - -. . - 
DIMEMSI  ON (JT12 ),,Cr)nmiTij-T-875-0),MP(4U) ,EG-.rmn~T8'-Ti91)TsN(l~nC!)r" 

~ H E ( ~ ~ ~ ) S E F F V ( ~ @ ~ ) ~ A L F T ( ~ ~ ~ ~ A R G T ( ~ ~ ) ~ N C O D ~ ( ~ O ) ~ ~ F X ~ V ( ~ ~ ~ ) ~  ---- -. . - 
2s-P I 150 1 ,FM-C~ 5 0-1 ; F P - ~ - ~ - O ) - ~ - V M  E, ~ ~ ~ ~ S U P ; ~ ( T - ~ O T ~ , ~ P H ~ ~ ~ - ~ ~ C )  I , 
3 R K ( 1 0 O ) ~ V ( 3 0 O 0 ) ~ A R ( 1 5 3 ) ~ H ( 1 0 C ) ~ ~ B E T A ( 1 5 0 ~ ~ G . A ~ ~ l 5 ~ ~ ~ ~ E L ~ l 5 O ) ~  - Tc,ap ..-, -... --..--.-,-.. .-,...-.-,-- " .-.*.. - -.- --.....-.. " -.--.--- --.--- --.- ..- .-.-- .---- ~ ~ ( l o o )  

C -. ..-. .- -.--o-f.M Eh, .s. I 
- A..i -5., .) 

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

C .. . - . - - - - -. . - - - - -- - - -- - - 
CALL" 'RANDC(  6~ M I X  1 
C A L L  c-A-Li - -H GCOE -.bbFul. Kc 

C A L L  CHA.IN(4,Rl  1 ------ - - --- . -- - ----- 
C A L L  E X I T  



* 657  SUBROUTINE GCOE 
C 

SUBROUTINE GCOF 
C 

COMMON Q * C D T , N P A G E , N W O T ~ N D T * K D T t I T A P E ~ J T A P S ~ K T A P E , W O R € ~ D ~  
~ C O M P , R E G ~ N M I X , R ~ E N , H E , E F F V ~ A L F T , A R G T , L M A X , F P S K , N C O P E , S € X V ,  
~SEXP,FM,FP*VM,WIPHI ,RK,V ,AR,H~BETA,GAM,DEL,NCOMP 
3,A,M,N 

C 
DIMENSTON Q ( 1 2 ) ~ C D T ( 3 O 3 ) ~ D ( 8 8 O O ) ~ C O M P ( 4 O ) ~ R E G ( 2 ~ , O ) ~ R ( 1 D 1 ) ~ E N ( 1 O @ ) ~  

l H E ( 1 0 0 ) ~ E F F V ( 5 0 0 ) ~ A L F T ( 2 5 ) ~ A R G T ( 2 5 ) ~ N C O D E ( 2 O ) ~ S F X M ' ( l 5 0 ) ~  --- - . . , . . - . - - -- . - -. . -.--- 
~ S E X P ( ~ ~ O ) ~ F M ( ~ ~ O ) ~ F P ( ~ ~ O ) ~ V M ( ~ ~ ~ , ~ ~ O ) ~ W ( ~ ~ C ! ) ~ P H I ( ~ ~ ~ ~ ~ ~  

C  - .- . . -- -- - .- - - 
S P F T F ( H ~ , H ~ ) = H ~ / H I  
S G A M F ( H l , H 2 ) = H 2 * * 7 / 7 *  -.------ - 
S D E L F ( H l , H 2 ) = H l * H 7 / 3 .  
C R E T F ( R , H l , H 2 ) = H 2 / , H 1 * ( 1 .  . .- - - . . - - . . - - ARSF((R-Hl/2.)/(R+Hl/Ze)))/(le+ARSF((R+H2 - 

1 /To.-)-/-I R-HZ 12 l 1 1 1 
C-G-AfdF(R-,J-l?HZ)=H2/2o*(R+H2./2o-(R-H2/2e 1 *AE?SF( ( R - H 2 / 2 e  ) / r R + H 2 / 2 .  1 )  - 

1/ ( 1  l ABSF(  ( R - H Z - / Z . ' ) - ~ ~ T H ~ ' / Z Y ~ ~  
CDELF(R,Hl,H2)=H2/2."(R+H1/2o-(R-H1/2e)*AR~F((R-H1/2e~/(R+Hl/2e)l) --.- .-.- ---..-- - -.-.-- -- -.-. .-- -. - .-..- -- 

1 / ( 1 0  A B S F ( ( R + H ? / 2 e ) / ( R - H 2 / 2 . ) ) ) )  
NR,G=h!CODE ( 1 1 - . . . -. - - - -. - .- - -. . - - - - . - - -- - 
I F  D I V I D E  CHECK 2 9 2  

.- . -- . - 2 CONT . . - . I NU€ . ~ --. . .. .. - - -. - -- 
END=neO A n  
D05J= l ,NRG - .  ..-. _. ..,.. _ ---- - . _ _ _ . _ _ - . - - _ _ _ I - . . - -  - ._.--.. --- 00  
H ( J ) = ( R ( J + I ) - R ( J ) ) / A R S ~ ( F N ( J I )  or) 

- .  I F  D I V I C E  CHECK 3 0 5 , 3 0 6  -. . -- -- -- -- - . - . . . -..- . - . - 60 
3 0 5  'CONTINUE o o 

C A L L  ERRORA - .- -- -.------ . --- 
CALL  F X I T  

3C6 CONTINUE - ..-.--.------.. . - - .. -. -.----.-.-,----- - - -- "..." .----- --.-.-. ----.-...-.. .. ... --- ,-. -..---..-- ?,o 
E N O = F N D + A P S F ( F N ( J ) )  00 

5  CONTINUE . . - . . - - 
N = X F I X F ( E N D )  

2 7  CONTINUE .. . ...... . - . - -. . . - . . 
A R (  I ) = R ( J + l )  
J=J+ i  - _ _ _ _  _ -_ .. _ .__-________________ I _,.__. . . ._ .__. ._- .__.____-I - .  - ..----I--.---.-. --.-.--- -. . 

2 6  CONTINUE 
A R ( 1  l ) = A P ( I ) + Y ( J )  -- - . . -  

2 5  CONTINUE 
P R ( N  7 ) = R ( N R G + I ) - o O n l * H ( N R G )  . . .. .. .... 

A R ( N  ? )=R(NRG+! )  
u=N+? -- - . .- - -. . . . . - --- - . . .- . - 



413 CONTINUE -. - - . . - . - . - - . - - -- 
B E T A ( I ) = S R E T F ( H ( J ) , H ( ~ + ~ ) )  
G A M ( T ) = S G P M F ( F ( J ) , H ( J + ~ ) )  ,H (.J.ti-i )... ..-. 

!)EL( I ) = s D Z L F ( H ( . J )  
. J = J + 1  --..-- -.-- . . - ........... 

GO T n  1 5  
4 1 4  CONT?NUE . . . .  - . .  . --- - - -. . - - . . - . - - -- -- 

? E T A ( ~  ) = s R F T F ' ( H ( . J )  , H ( J )  ) 

GAM( )=SGA[JF(H(  J )  ,H( J )  
'DEL ( I) =ST,FLF (H(,J-~,H-~I-) i 

1 5  CONTINUE .---, imo--i I ..i." c. .. .... -. .. ------------ 

HA=.999+H(NRG) .. - . . . .  - . . .  -- -- 
HB=.(-IO~*H'~NRG) 
R E T A ( N - l ) = S R E T F ( H ( N R G ) , H A )  - - -- -- -- . -. - - - - - .- -. -. 
R E T A ( N ) = S B E T F ( H A , H ' B  
G A M ( \ \ - l ) = S C A M F ( H ( N R G ) , H A )  .- ... - .- .. -- .---.-- 
GAV(  h l )=SGAMF( PA,HR) 
D E L ( N - ~ ) = S ~ F L F ( H ( N R C , ) , H A )  .- . -. - - - - . 
D F L ( M ) = S ~ F L F  ( H A  ,HR) 
GO T n  9  . . . . .  - . . .  - - .. - 

1 0 1  CONTINUE 
8 E T A ( 2 ) = C R F T F ( P . R ( 2 ) , H A , H B )  .. - -. - . . - - . .- ... .. ..-. -- ..---.-,-- 

B E T A ( ' ~ ) = C @ F T F ( A R ( ~ )  , H B , H ( ~ )  1 
GAP4 ( 3 )  ~CCAF.1F ( A R  ( 2 ,!.-IA i l . I !? ...... 
G A M ( ~ ) = c G A ~ ~ F ( A R ( ~ ) , H R , H ( ~ ) )  
D E L ( 2 ) = C D E L F ( A R ( 2 ) , H A , H R )  . . .  - ...... 
D E L ( ~ ) = c D E L F ( A R ( ~ ~  t W H ( ' 1 )  

12 CONTINUF 
R E T A ( I ) = C R F T F ( ~ R ( I ) , H ( J ) , H ( J ~ ~ ~ )  ' 

G A V ( - T ) = C C ~ M F ( ~ ~ R ( T ) ~ Y ( J )  q H ( J + l  4 )  - - 
DEL ( 1  ) =CDELF ( A R  ( I 1 ,H ('ji , ' ~ ' i ' ~ + ' i ' , j  - 

11 CONTINUE 
B E T A (  I ) = C I ? E T F ( A ' R (  I'i';%-T~i'iHT3i i-... 
G A M ( I ) = C G A Y F ( h , R ( I ) , H ( J ) , H ( J ) )  . - 
!)EL( I ) = C D E L F ( A R (  1 ' )  ,H. iJ) , 'H(  J-1'). 

. I 6  CONTINUE ......... ..................... .......... ----.----- 



IF DIVIDE CHECK 307,308 
* .- --- . - nn 

_"_ --- .*. ". _ _ ...____ _ b___CI_-I____ ______I_ ._. .I___._" .".- .-... 
307 CON TI MU^" ni, 

CALL F R R O R A  ---.-..-....- ". -.,..-..-- *.-.--.------, _ . -  --. -..-. 1 ...---- 
CALL E X I T  



- r M A T R I X  I N V F R S I O N  S~JRROIJTINE - --.- -- -.-- -- ----- "- J R R A ~ I N  - - - - -.-- -- h! _A 

7';' rl0 31.1 J= 1  ,h!R , 
L .  . . .  M A 
': s : F ( L A Q F L ( J ) - I  3 ~ , 2 9 , 3 n  M A  

" .3  l F ( I  J )  71 ,36 ,31  ,4 
'5.:. C 3 N T  I NIJE MA 

31 90 74 K=l ,NR MA ---. . . .  - ............ ..--. ......... .................. ---. ............... ............................ --- .... 
3 2  FRE=A'~ 'K ,  I ~.iik 
? 3  A ( K , ! ) = A ( K , J )  MA 

3 4  9 ( K , J ) = F R E  Y A. 
3 5  LABEL ( J') =LABEL ( I:) MA . . . . . . . . .  
3 6  CONTINUE MA 
3 7  RETURN - . -- -. ---. ----.---...- .- '4A - 

END(n,O,C) MA 



S U B R O U T I N E  HOMRC ... ... ~ ~ . ~ ~ ~ ~ . . . . ~ ~ ~ ~ ~ ~ ~ l _ ~ ~ ~ l ~  . . _  ....... 
- C 

COMMON Q , C D T , N P A G E , N W O T , N D T ~ K D T ~ I T A P E i J T A P E : ~ K T P P F , ~ O R E ~ D ? ~ -  - . - - - - - - - . - . - -. . - . -- - - . - . - - .. - - - - - . - - - - - . - .- . -- - .- . - -- - - .- . - - . - - - - - . . - - . . 
~COMP;REG,NMIX,R ,EN,HE,FFFV ,ALFT ,ARGT,LVAX ,EPSK,h!CODE.SEXV 9 

Y=YH . . . .  . . . . . . .  . . . . . . . . . . . . .  .... . -.. 
GO T n  6 

5 C O N T I N U E  
- - - I _ .  ........... - . ~ . ~ ~ ~ _ . , _ _ ~ _ _ _ _ _ ~ _ ~ _ . _ ~ _ _ . _ . ~ ~ ~ . ~ . ~ _ . _ ~ _ ~ ~ _ . _ ~ _ . _ ~ ~  ------- . . 

K=1+7Q-KH 
6 C O N T I N U E  ... . . .... 

. .- . . . .  - - - -- - - -. -. - - - .- - -- - - - -. . - . .  . ... ... .... . . . .  .. - - - -- . .  .... . . . . . - -  
J= 1 

.. - - ,  . C A L L  R P A R ( R X S , D I F C , K , J , 6 H  V Z X  1 . . .  

A L F T ( K ) = ~ O + ( A R ( ~ ) - A R ~ ~ ) ~ ) / ( ~ ~ * ~ D I F C ~ * ( I . O - A L F ' T ~ ~ K )  ) ' / ( ~ o + P . L F T ( K ) )  *. 

I F  D I V I D E  CHECK 7 9 8  ............................. ' . . . . . . . . .  - .  " "  -'-.. 

C A L L  FRRORA ....... 
CALL  FXIT 

D 0 9 1 = 2 , N  
V (  K M )  = B E T A  ( I ) * D I F C *  ( l ' o - l o / ~ (  ~ M - 1 - 1 . ) .  D E L ' ( ' I  ) *RXS  

- 

I F ( A R ( 1 ) - R ( J + 1 ) ) 1 0 , 1 1 , 1 1  
. . 

11 C O N T I N U E  
J=J+I ... .. . . . . . . . . . . . . . . . . . . .  --..---.--. - ;'i\ r,.i< , ,-6H" g.I'X ....--..... ..-.......-. 

" '1""' CALL- RP 'AR ( R X S  
12 C O N T 1 N U F  

V ( K M ) = l . + ( V ( K h A ) + G A b q ( I  ) * R X S ) / n I F C  
I F  D T V I n E  ' H F r K l 2 r l 3  

1 2  COI\!T 1 h!OF 
C A L L  ERRORA c.A-L .E .% .I. T.. -. . . . . . . . . . . . . . . . . . . . . .  -.--..-- . . . . . . . . . . .  ............. . .............. . . - . . . . . . . . . .  

1 3  C O N T I N U E  .- . . 
K M = K V + l  

9 CONTINLJE 
P R G T ( Y ) = 1 o O + ( A R ( . V ) - P P R ~ N ~ ~ / ~ 2 o * O I F C ~ ~ ~ 1 o - ~ . R G T ~ K ) ) / ( ~ o + A R G T ( K ~ ~  
I F  P I V I D E  C H E r Y 1 4 , 1 5  

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



-14-C:QNlf NUE - - . . - - - - - -  .-- ----- 
C A L L  ERRORA 
C A L L  F X I T  . - - .- - . -- - - - .... - . -- -- - - - - - . . . . . . . -  - - - - . .. ... . - - -- -. - 

1 5  CONTI-NUE 
16  . . .  - C O N T I N U F  . - . . . . .  . . - - - . . . . . .  - - - - . - - . . 

J= 1' 
C A L L  TMIX(l,DIF,RXST,TSCAT,6H M I X  9 -----. ---..--. --------.-. ---...-.--...-- - . ..--- 
DO 5 0K=TiT 

. -, . . - . - - .- K A = 2 0 + K  
. .- - - - - - - -- - -A-i-FTK A-j--) - , 

A L F T ( K A ) - = ~ ; T ~ K R ~ ' - ~ - ~ ~ - A X ~ ' ~ ' ~ ) / ( ~ . * ~ I F ( K )  )*(I.-AEFT(KA) ) / ( I * +  

. - I F  D I V I D E  CHECK . 1 7 9 1 8  . . . -. . - . - . . -- . . .. 
17.' CONTINUF 

CALL ERRORA .-- --- .-. - ... ." ....... -- -.-.----.. .,- ... -- .... -. - ..... - _-_. ------. 
C A L L  'FX'I'T'- 

1 8  C O N T I N U E  . . . . . .  . - . - -- - - . -- .. . . - - .- - - . . 
3 0 2 L = 1  9 5  

I F ( Y  L ) 9 , 1 9 , 7  - . . .  ....... . . .  .... _ . . . . . .  . .  .- . - - .  
19 C O N T I N U E  

V M ( K , L , l ) = l * / A L F T ( K A )  6'.-rfi. ..2... --.-- ---- -- 

. . 3 C O N T I N U E  . .. 
V M ( K , L 9 1  ) = O * O  

2 C O N T I N U E  -- .- - - .- - . -. . . .. .... . . .  
5 0  'CONTINUE 

r ) 0 2 6 T = Z t N  .----.- ......... . . . . . . . . . .  - . .- -. -. _ - - - _ _ - . . - - - . . . -  - . 
90371(=1 ' ,5  
0 0 7 8 1  ' 1 9 5  _ . _ _ I _ . _ _ _ _ . _ _ _  ... .- _ _ _ _  . . . . .  _ . . . . .  - .. 

- I F t N r O D F ( 2 ) - 1 ) 4 ( ! , 4 i , 4 1 " ~ " - -  
4q fOh!T TNlJF .. - - - .- - - . - -. . -. .. 

V V ( K , L ,  I ) = - R E T A (  I ) * O ~ F ( K ) * V M ( K ; ~ L - ~ ~ - - ' - ~ ~ - D ~ ~ ~ ' ( ' ~ - ~ * ~ S C # T - ( L ~ ' , K ) -  
G O T 0 4 2  . ---- - - - - - - - .- -- . .. . . . . . . . . . . .  ...... ..... .. ...- . __.-__-- --.---- ....-----I 

41  CO~IT'I-NUE 
V M ( K , L , I ) = - B E T P ( I ) * D I F ( K , L , I  1 ) - D E L ( I ) * T S C P T ( K , L )  . . . . .  

. . 
4 ?  C C N T I N U E  

I F ( Y  L ) 2 8 , 2 9 , 7 8  . . . . . . . . .  . . .  . . . . . . .  
2 9  C O N T I N U E  

VY(K,L,I)=VM(Y,L,I)+PETA(I)*nIF(K) " F L ( I ) * Q X S T ( Y )  ....... .- . .  - ... . . . . . . . . . . . . . .  - .. - .. ,-- ..... - - .. .- . . . . .  ._ . ._ .__ ."___,__I_  ... .--.-....-.-. ... -- . - -  .".---- "- . - . . . . I -  . 
2 8  C 3 h I T l N U F  
2 7  C O N T I N U F  . . . . . .  

I F  ( A R ( I ) - Q ( J + I  1 )  1 . 1 ~ , ] 1 1 , 1 1 1  
111 C O N T T N V F  .. ,. . 

J = J + 1  

. - C A L L  T M I X ( J , D I F , R X S T , T S C A T & H  M I X  1 . . . . . . . .  ........ _. . . . . . . . . . . . . . . . . . . .  - ... --..- . . . . . . . . . . _ . . . .  -. ... ...- -. . - - .  . -. 
1 ~'C;"CONT INUE ' 

' ' 

D 0 3 2 U = 1 9  5  . - 
D 0 3 3 L = 1 9 5  
I F ( N C O D E ( 2 ) - 1 1 4 5 , 4 6 9 4 6  

4 5  COnlTThlUF 
- V M ( K , L , I  .__ . .  ) = ( V b A ( Y , L , I ) - G P ' ! (  _ _ ....................... ._ . _ _  I )*TSC: .4T( .L ,K )  ___.___ _.. ...____.._._... .__._.__ ) / n I F ( K )  ._._. ...-- ...... _ _  .-.__. ...-_... _..-... _.._.... . 
GOTCL~  

4 5  CONTTNL'E 
V ~ ( K ~ L , I ) = ( V b ~ ( K , L , I ) - G A ~ ( I ) * T S C C 4 T ( K , L ) ) / ~ I F ( K )  

4 7  C G N T I M U E  
I F ( K  I - 1 3 3 , 3 4 9 3 3  

3 4  C O N T T N U F  . - . . . . . . . . . . - . .  - . .- -, . - .... - . . . . . .  - . . . . . . . . . . . . . . . .  . ............. -. . . . .  ..- - ........... ..-... ..... .-,...--....- -. - ..-..-,.--,-----, . 



VM(K,L,I)=VM(K,L,I)+l.+(GAM(I)*RXST(K))/nIF(K) . -- .--. -.. ,. ---.- -....--.-- ".. .-.- --- -.,. ..-.-.>,..---* -..-,. - .-.. .- ---.---.--.---..--- 
3 3  CONTINUF:  
32  C O N T I N U E  -- - .-..-- -- --.--.,-. * -.-.-.----.- -.- -- 

CALL MA'T'I-NVTVM( 1,1,I 1 , 5 9 5 - j '  
26  C O N T I N U E  --,-.---..,.-.-- " ..-------.------.- ---.--- --.----- - 

DP 6n K=1,5 

6 0  CONTINUE 
, ~ " -  .--,-.. 

cAiL MATI 'NV(A(  i ' , ~ ) , - 5 - ~ ' 5 ' ) " ' .  ., --. - .. -.,-..- "".V. .- .*" ..--------.-,-- ----- --- --------.- ---.- 

RETURN -- ..,.-.--.-,-.- ..,----..- ", -.--.*-.. ... .- ~ ' .-.---.--- .-- -------- -------. - -. -.-.----- 
FNnin,Q,O") 



I Y 6 5 7  SUBROUT I NE RAb!9C I - ---- --..----.------. -- 

SUBROUTINE R A N I J C ( A )  ---- 4 -----.-----,- -- 
C 

COMMON Q ~ C D T ~ N P A G E ~ N W O T , N ~ T , K D T ~ I T A P E , J T T 4 P E , K T P ? E , P O R E , O ,  --i--c oVp--. .-'-- - .- 
, , R E G N M I - X ~ E N ~ ~ H - E ~ E T T Y I A T - F ' ~ T , L ~ T E P S ~ . , ~ ~ C ~ ~ O T T S ~ X  Y , 

~ S E X P , F M , F P , V Y , W , P H I , R K , V , A R , H , R E T P , C A M , Q F L , ~ ~ C Q ~ P  - - . - -  ......... . - I - - _ - . - _ I  - 
S,A,M,N 

C -.-- 
D I M E N S I O N  Q ( l ? ) , ~ ~ T ( 3 O 3 ) ~ D ( 8 8 O n , , C 0 ~ ~ 4 0 ~ ~ 9 F G ~ 2 r ! ~ ) l l F l  . 

I F ( R F C ( 2 * J - l ) - A ) 4 , 5 * 4  ----.----.".'.-. .......... ^ . . . _ _ _ - - , . - . . . . . I - - . I - - . .  " -.-..---------.- -------.- 
4 C O N T I N U E  

3 C O N T I N U E  - -...--..---...- ..... .........._.....__._............... ..-..- . ...__ ---- ..  . - - . .  ____.__ ------ ....................... ..---------- 
CALL  'ERRORA 
C A L L  E X I T  . ......... . -- - - -. - - -- .......... .- -- -- - .... .. ............ .. .... .......... 

7 CONTINUE 

- N C O V P ( J ) = I  . . . .  .. . . . . .  ... ., -. ........................... ... 
Go. TC! 2 



- * 6 5 7  W B R O U T  I NF RPAR 
c 

C -, . . --- -. . - - - -- - - - -. 
DIME~ISION ~ ' ( 5 9 5 ) .  

c .. - - . . .  -- - .. - - - - - - -- - -. - -- - ---. - - . . . . .  ...... . .. . . 
~ F ( R F G ( ~ * J - I ) - ~ ) ~  , 3 9 2  

.-----. 3 --. CONT"INI!E -- ,---..--.--.--- -------. -- - 
N A = N ~ A I X * ( N C O M P (  J)-3 )+1 
R X S = n  . -- - - -- - - . - .- - - - - . ' -. - - -- .. . . . . . . . . . . . . . . . . .  - - - -  
D I FC=O 
SUM=o . . . - . . . .  - .- .... .... - ...... .... .- ... -. . -- - -. . -... - - -- 
M A = ~ * (  ~-'i)+l 7 

-- DL?!+ 1 = I.? N.!' I X  __.." .*. .-." - . - - - - . - . - - . - -  .---.-- - 
R X S = R X S + D ( M A + 2 ) * E F F V ( N A )  I 

..... -- . - ...... I F ( N  ~ O D V I L ~ . ~ _ ! Z ~ ~ - +  - .  . - - - -- - - - . - - 
5 C O N T I N U E  

2 C O N T I N U E  ---. . ------ --.------ -.-- -.-- 
NA=440*(NCOMP(J)-ll+5*K-4 



1 2  CONTINUE 
R X S = D ( N A + ~ ) + T . ~ ~ * D ( N A + ~ ) / ( H E ( J ) + ~ . ~ ~ ~ ~ * ~ ( N ~ + ~ ) ) * # ?  



S U B R O U T I N E  ... T M I X ( J , A , R , C , E )  ....-................................................ -- -- ---... 
P 

COMMON Q , C D T , N P A G E , h ! W O T , N D T ~ K D T ~ I T A P E , J T A P F , Y T A P E ~ M O R E ~ 9 ~  . ---* ....... - -.---.-- 
, A R G T , L M A X , E P S K  , N C O D E T S E X F ~ ,  

D I M E N S I O N  Q ( 1 2 ) ~ C D T ( 3 0 3 ) ~ D ( 8 8 O O ) ~ C O M P ( ' 4 O ) , R E G ( 2 ~ O ) , R ! l O l ) , F N f l ~ Q ) ,  -- ....... ...... ........... 
1 H E (  1i'a') , E ' F - F V ~ ~ - F ( T - S ~ ~ K L F ~ ~ ~ )  , A R G T ( 2 5  ) , N C O D F ( 1 0 )  ,ScX!q( 1 5 0 )  

8 C O N T I N U E  . . . . . .  -. . . . . . . . . . . . . .  
Kn=Yr\+5 

7 C O N T I N U E  ..- . . -  
GO TO 9 



11 CONTTNUF:  - .... K*=k*+4 4.0-. . . . .  . . . . . . . . . . . .  -- ... -- -- . 
- Y R = K A + 3 1 4  .. ....... Kc. . .-- .-.". .. .-------...-..-..-.--..-.-.- 

Ke-+ - - 



* C H 9 1 h 1 ( 4 , R l )  RLOCK F 2  
c 
* . 6 5 7  CONTROL F-3 
. C  

L 

D I M E N S I O N  Q ( 1 2 ) ~ C D T ( 3 0 3 ) ~ D ( 8 R O ~ ) ~ C O M P ~ 4 O ~ ~ Q E G ( 2 ~ 0 ) ~ R ~ l O l ) ~ ~ N ~ l O ~ ) ~  
~ H E ( ~ ~ O ) , E F F V ( ~ ~ O ) ~ A L F T ( ~ ~ ) , A R G T ( ~ ~ ) , N C O D F ( ~ O ) , S ~ X M ( ~ ~ ~ ) ,  3T--- -- 

,FM( ~~D)FP( I . ~ o ~ - ~ v M ( ~ , s ,  1 5 Q )  , W  (7!5!!) ,PHI~*~!?!?-;- 
~ R K ( ~ ~ O ) ~ V ( ~ ~ O ~ ) ~ A R ( ~ ~ ~ ) I , H ( ~ ~ ~ ) , R E T P ( ~ ~ O ) , G A M ( ~ ~ ~ ) , ~ ~ L ( ~ ~ O ) ,  -- --- 
~ N C O W P  (100 

2 C O N T I N U E  - - - 
L = L + 1  
C A L L  A.c.L... SORRC . -. 

bi 
.- - . - - --- 

dFR 

- 4 C O N T I N U E  -- - - -- - - -- - - -.- . - 
RE A-C = C  T-I KT-iFF,- F ; i - 9  M , 0 ) 

5  C O N T I N U E  IF(-.R FA--c &.;- T---.-A- _-___-___-_. -- 

-..... ......... - - - - - -- IF . . ( )  , . , - .-~ - 

9 C O N T I N U E  . -. .- - .- -- .. -. -- --- - . . 
96-8 141  9 1.50 

I F ( P ~ S F ( R K ( L - 1 ) / ? Y ( L ) - l o ) - F P ~ K ) l Q ~ 1 0 ~ 2  
. . . . . . . . . . . . . .  .... . . . . .  

1 0  CONTTNUF 
D 0 5 O ~ Y = 1 , 2 0  

. .  . . . . . . .  - -. . - , -. - 
C A L L  R P A R ( R X S , " I F C , Y  9196H M I X  ' 1  . 

. . 

--. ----..- A L F T ( K ) = ( A L F T ( K ) - ~ o ) * D I F C / ( A R ( ~ ) - A R ( ~ ) ) * ~ *  - . .  ...-........-.... " -... ............-...-----....--.. . . .  . . . . . .  



C A L L  R P A R ( R X S , D I F C , K , J , 6 H  M I X  1 
A R< i-c) ~ y ~ ~ ~ , - ~ ~ - ~ - )  = m-* )qQ fl- 1 ) ) * 7 

ARGT(K)=(l.-4RGT(Y))/(l. A R G T ( Y ) )  -- - - . - - - -- , -.- -- - . - - -. -- . . . -- . -- 
500 C O N T f N U F  

J= 1 -- - -.-- --. .. 
C-A L L T K M ' S T F b ^ ' i ' . P ; E R - X 3 3 t 7 . F " ~ - A ~ H T R X  
D 0 5 0 ? Y . ~ 1 , 5  

. - -  -K A ='i ' - 

A L F T ( K A ) = ( A L F T ( K A ) - l . ) * r ) I F ( K ) / ( 4 R ( Z ) - A R ( l . ) ) * Z ~  * ( )  . * . A F . T K A .  i . j . (  l . . F  T ( b . ) . l  

5 3 1  C O N T I N U E  .-----. A --. ,-., -T 
I x. ( -N-.c -o-h F. )-&)..* T-,-R.,qT. ;T-.q cTr,. 6-H ---M- 

- 
1 

D 0 5 9 7 K = l .  95 . . . . - - . . .,__ . _ __ ._  __. .... .._ ._.____~..___._I_ 
#P.=2n+K 
A q G T ( Y A ) = ( h R G T ( K A ) - 1 .  ) * n I F ( Y  1 / ( A R ( h 4 ) - . A R ( m a - 1 )  I * ? .  . . . - .. , - - . ,T ( j;)-" - 
A R T ( K A ) =..( .l.= A !? G T  ( K 2 - ) . v (  l-.-+ 4 Pr(-.'-. 

5 0 2  C O N T I N U E  --- <...-.-- - . ...-a . . ..a . . . - -. ----.--- .-" -..-- --..--- 
C A L L - - C H A I N ( ~ , R ~  
C A L L  F X I T  . . -- , - . - -- . - .. .-.. --.- . -- - -- .-- -. -- -- . 
ENg( . f i ,O ,C j - -  



3e 6 5 7  5 U B R O U T I N E  5ORRC 
C 

S U R R O U T I N E  SORRC -- -- 
c. 

COMMON Q ~ C D T ~ N P A G F ~ N W O T , N ~ T ~ K D T , I T P P E , J T A P C , Y T I \ P F ~ M O R ~ , ~ ,  . 
~ C O M P , R E G ~ N M I X , R ~ E N ~ H F ~ F F F V , A L F T , A R G T , L M ~ X , F P S K , ~ I C O P F , S F X M ,  
2 S E X P , F M ~ F P ~ V M , V ~ P H I , R K , V , A R ~ H ~ B E T P P , G A M , D F L , N C O ~ P  - 
3,A,M,N 

P 
I --- -- -- 

D I M E N S I O N  0 ( 1 2 ) , C n T ( 3 0 3 ) , D ( 8 8 0 0 ) , ~ O ~ P ( 4 0 ) , ~ ~ ~ ( 2 p 0 ) , ~ ( 1 ~ - 1 ) , ~ ~ ( l ~ ~ ) ;  

~ L - - .- .- ---- - . - -- - .. . .-'. 

D I Y E N S I O N  S C 4 T I  ( 2 C 3  

L -- .-- - ---.- . ---.---. 
C COMPUTES I T E R A T I O N  DEPENDEF!T OTTAFSTITTES 

- J = l  ---- 
C A L C - ' R P A ~ R X S , D I F C , K , J , ~ I X  I 
C A L L  SPAR(S,SCP.T I ,Y ,J ,6H WIX  1 

*-- . -. -- -. . - - - . -. - - -- - - . - - . . . - . . . . . . - .. -- -. . .- . 
K M = N * ( K - 1  ) + I  

J=J+l _ _ _ _  _ .  _ _ _  _ _  . - 
C A L L  RPAR(RXS,nIFC,K,J , -6H M I X  
C A L L  SPAR(S,S f ,ATI ,Y ,J ,6H M I X  .--- r -.,. . .. . _ r_ - ,  -_.. . _ . .--.- _ "  "- .. --*- ___ I__._-1 ___ _.l-l...___..I ---..----- 

1 7  CC~'QTTNIIF 



1 9  C O N T I N U E  ----..--.-.- .-------- --. 
2 1  C 3 N T I N U E  

.- ...- 
KV=Kb!+l 

l o  C O N T I N U E  . . - - . - - . . \, - =.q*K~ .--................. --- 

.--... KP=Yhl-K 
P-H~~TKN-~=TJ~I~~T~-~~~GTT~T-F~ Y FJ ) - l.l 

-- 9 0 7 5 T = l , M  TA=- 'r&- I-- ..-.---.-----..-a- ---- 
. , 

P H I ( K N - ~ ) = ( P H I ( K N ) + ~ ~ ( I P . )  ) / \ f ( K P )  
. . - . . . . . . . .  - .... - -- ... -- . - - .. -. - 

K N = ' Y N - ~  
K P = K P - 1  .... I " ......... - . - . - - .  

3 5  C O N T I N U E  . . . .  .-.............- - - . -- .. - - -. .--- - - 
0 0 5 0 ~ = 1 , 7 5 0  

-. . 'A! (K . )  =O 
. . . . . . . . . . .  -- - -- . - .. -. .. .- 

~ . C - - ~ O N T  I N U F  
J = l  ----- -. - 
CALL ' -TM~ 'X- ( -JT~~FTRXST,T ,~CAT,~H M I X  1- 

.-- 0 0 5 5 U = 2 1 , 7 5  . - - - .... ........ - -. -- - - - .- 
CALL SPPR(S','S?PTI , K , J , ~ H  M I X  
D 0 5 4 ~ = 1 , 2 0  

--a- . = *  ....-.r...j.................... . . - - - - - -  

. .- 
W(IA)=W(IA)+9EL(I)*SCATI(L)*PHI(LM) 

. -. . . . . . . . . . . . . . .  - .. . - .- - - -- - 
5 4  <~ONT!\IUF 

I I = I A + l  . .  - . . . . . .  - .. - - . . . . . . . . - . .  - .. .- .. -- ..... 
5 5  CONTTNUF 

I P = I A - 5  -.-.. -- - .. ....... ..--.,. -...- .... -.-- .-...----.----.--.-.-. ----... 
IF~"P 'R~' I  1 ' - R (  J+I) )56,57,57 . 

5 7  CONTTNUF . . . . . . .  . . . .  . - . .  - - . .... -- . - .. -- .- .. 
J = J + 1  
C A L L  T M I X  [ J,D.IF,RXST ,TnCCAT,6H . Y I x  1 .--- --- . . . . . . . . . . . .  -. ..... . - 

5 6  CONTINUE 
K A = 1  

-3ow2~2m~ -- 
C A L L  S P A R ( S , S C A T I , K , J , 6 H  M I X  ) Oo6'OL=1', ................... .,.--.----------...,p- 

CV=M*1L-])+I 
' ' ' -W '("I'A ) =\$( 1 )'+Gfiv-[' r ) ' 3 > ' ~ A P - 1 7 " L ' ~ K P H T 1 ~ -  

6 n  CONT T NlJF . - " - -  .. .-. . . . .  .-  ......... ..-- - ----.-,-------------- 



K A..=rc/l+ . 1 ... ........ - ............-.. -- - .... .... - -- . - - -.. - - - - - 
59'  CONTINUE 
5 1  CONTINUE 

- D063L=1 ,5  
S T  I ( , L  , h! * W  ( LB) 
L R = L P + . ~  ---- ,-..----em . ----- PA-- 

6 3  CONTTN~JE' 
.LP=LR-5 -..-. "... ...a. ,.-... -.-- .-.--...--- 

6 2  C3NTTNUE 
LC=25*M-4 

-,-- ,. - ..- - 
06641(1='1'; 5 
P H I  .- - ---- - , q 0 6 ~ p '  I-, 5 
PHI(LC)=PH~(LC)+A(K~,L)*SUMT(L) r'mTi\l'iSr- '- ---- ---- 

- . L c = L C + l  -. .......... - -- -- . - ....- - - -- 
6 4  CONTINUE 

-- DOh61=1,N LC =2.5M -5-*-1..+ ." 
......................... . 

I A = M  I -. ----.... L A  - r".." -. ......-. - .-.-. .......... .- -...--,.. --.---..- ---.--,.. --.----- - 
D 0 6 7 K = 1 v K  - ............-. -- -- 
PHI ( ~ ~ - 5 ) = 0  
LB=5*1A-4  - D.668L - . - .- , . - . . - .- . . - . - -- --A - 
PHI(LC-5)=VViY,L,IA)*(PHI(LA)+W(LB).)+PHI(LC-5) "7A" + ." ...------. ' - ' - ' - - * " " -  ---.---. - ----.- 

6 7  CONTTNIJF .............. .,------------..----.-- 
- 6 - ~ N T  INUF 

-------- 
RETURN --s*gN.f Ih"r" ....... - - -- 

100  CONTINUE --T .r-. ..... ..,....-,,, . .-.,----..-..----- -----.,------- - - 
CALL T M I X ( J , D I F , R X S T , T S C A T , 6 H  M I X  1 i .2., N. . "' . - - . "" ' 

IA=5*1 I-l)+l - - . -. . . . .  . ' --.-.-.---,-----.--.-p-,-----.----- 
LR.= I a-5  
DOlO?Y=1,5 --.- ---.- --.+-'.---- -..--- 
.5UM=P 



1 0 2  CONT 1 NUF ..... -.-.- . .. - - -  ----- 
I A =  1'4-5 
9 0 1 0 5 K = 2 1 9 ? 5  -- - - ..............-. . . . .  .. -. . . -- . -- 
C A L L  SPAR(S ,S?AT f ,K , J , 6H  Y I X  I 
w(IA)=w(IA)+DFL(I)*S+FM(I) ----.--.- -.----- .-.-- ----.. ----- .-- --- 
I A = T A + l  

1 0 5  CONTINIJF  - - .. -- .. -- --- 
I A = I  A-5 
IF(AR(I)-R(J+l))lQ6,1n7,107 .. ... - ...... . . . . .  . . . . . . . . . . . . . .  - - ...... - ..... -- .- ........- 

107  C O N T I N U E  
J = J + l  --- - -- - - .. -----" * . -T Fi 'I. .* (';) .; .i , Si-,-Ts-. ';'m-. RI ) 

1 0 6  CONTTNUE 
- .- ........... . . . . . . . . .  ............ . . 

< A = l  
Q O 1 9 0 Y = 7 1  9 3 5  - - - - -. . - ...... -. ...... 
C P L L  s P A R ~ . ~ , . ~ ~ ~ ~ . T ~ , Y ; ' J ~ ; ~ M ~ M ~ ) !  ) 
W ( I A ) = ( W ( I A ) + G A Y ( I ) * S * F P ( I 1 ) / ~ I F ( Y Y A )  - ..--- ................................ >-..-....-------------.-. .--- - - . 
I A = I . A + l  
K A = K P + l  

, - - . -. - , - . . - . . - - . - . -. -. -- - - - - - -- . - - - .- 
.-I-OB"CONT I ~ I U E  
101 C O f l T I N U E  

. , . - . - . - .................. -- ......... 
~ 9 = 5 * ~ - 4  

L R = L P - 5  ---. .- . . . .  - ..--.- -" ...-..... ...--..-----..------ -- 
1 1 2  CONT 1Yi!F 

L C = 2 5 * M - 4  . . . . . . . . . . . . .  - .  
D C ) 1 1 4 Y = 1 9 5  
P M I ( L ( T ) = S !  . . . . . . . .  . . . . - . . .  - .  . 
r > C ? l l F L = l  95 



C A L L  R P A R ( R X S , r ) I F C , K . r J r 6 H  M I X  ) -. ....... - - ...- ..... - ........... -- - .. -- . - .. -, - - - -- .. . . 
CAL 'L " :F (PAR( .~~SCAT I  ,K, J r 6 H  M I X  1 

- - - - 15 - - 5 . C0NT.J  NU'! ....... ....... 
C A L L  T S P A R ( J ~ ' ~ ; T S C A T I ~ ~ . H  M I X  1 

1.2 S-.-CONT 7 MUF ..... .......... . . . . . . . . . . . . .  
I F ( A R ( I  ) - d ( J + l ,  ) ' 1 5 b 5 8 , 1 5 8  

C A L L  RPARtRXSrPIFCrKr-J,6H.-._MI-ix_-!- . .  .. ...... . 
C A ~ L ' " ~ P A R I S - ~  SCP.T 1 ,Y- iJ  r 6 H  M  1 X  
C A L L  T S P A R (  J,y,T:CbT.I - .  9 6 H  M I X  . - - , . . - . 

1 5 7  'CONT ?~! IJF:  

160,  C O N T T N U F  . . .  
L14=.M* ( L - 1  )+I 
kt!( I )=':J( I ) + G A M (  . . .  I ) * . 5 r A T I  ( L  ) * P H I  ( L . M )  . . 

16'1 C O N T I N U E  ' 



RETURN 
E M T ) ( n , O , O i  



e SUBROUT I NF PO\h!ER 6 5 L -  .----.-.--.- ----. - .--..,-, ....... -"- .. --. .. ---. ----- - -.-- -.- . 
L 

C ............ -- , - . -. .- . - ................... - .- 
DINEMSI~N k ( 5 , 5 )  

C .- -. - -. - -- - . _ _  
DIMENSION F P 4 R ( 2 5 )  

.-.-... "---. ---.--.--- ---. --... .. ...... 
J = l  
CALL  PMIX(J ,FPPR,6H . , . . . . . . . . . .  .., M I X  1 ..... 
F P  ( '1  ) = O  

. . F Y ( I ) = O  . . . . . .  . . 
00 11Y=1.,35 : 
FM(I)=F!.~(I)+FDbR(U)*PHI(Ib.) . - .- - 
I F ( K  2 0 )  1 . 2 9 9 9 ! ?  

1 2  COh!T!h!UE ___._. ._ _ _  . . . . . .  -...__.. ._. - . . .  ___I...-_I"- .. "... 
I ~ = 1 4 + 8 6  
GO TO 11  . 9- CONTINUE 

I A = ? A + ( , M - I  )+'5*( 1 - 1  ) + I  
' G O  T n  11 

11 CONTIbIUF 
I F ( A P ( 1 ) - R ( J + l )  ) l L , 1 5 q l F  

15 CONTTNUF 
J = J + ?  
CALL PVIX(J ,FP.AR,6H - M I X  1 ,  . . . . .  . .  .-..-.. 



I F ( K  2 0 ) 1 7 , 1 9 , 1 8  - 
1 7  C O N T I N U E  

I A = I A + M  --.--- ----- --- - 
GO T O  16 

I P.=I A + l  
_ . . - - - - - . - - - I  

1 6  C O N T I N U E  

2 6  C O N T I N U F  
-.--- . .. ---- - - - -  

I A = I A + M  
GO T')  2 5  -... -. 

2 7  C O N T I N U E  

2 8  C O N T I N U F  -- - - - ---- -- - - 
I A = I A + l  

2 5  iONTTh!UF . - - 

- R F T ~ I P N  

- - -  E Y n ( p , O , O )  . --,- 



* . 6 5 7  - .5UBROt!T I N F  SPAR 
C 
- S U R R O U T I N E  SPAR(SOR,SCATI ,K ,J ,E)  
C  

, - COWMON -Q,CDT,NPAGE,NWOT,NDT~KDT,ITA.PE,JTPPF~KTAPF,MORE,D, 
~ C O M P , R E G , N M I X , R ~ E N ~ H F ~ F F F V ~ A L F T , A R G ~ ~ L M A X , F P S K , ~ ~ C O D E , S E X M ,  

- ~SEXP,FM,FP,VM,~/,PHI,RK,V,AR,H,BFTA,GAM,DEL,NCOM~ - 
39A,V,N 

' C - 
DIM~NSION Q (  1 2 )  , C D T ( 3 0 3 )  , ? ( 8 8 0 0 )  q C O M P ( 4 0 )  ,REG(2PO) . ,R . ( 101 )  , F : N ( 1 0 0 )  , 

- l H E , ( l r ) O ) ~ E F F V ( 5 C ! O ) , A L F T ( 2 5 ) , A R G T ( 2 5 ) , N C O D F ( 2 O ) . , . t ? F X ~ ( 1 5 0 ) ,  - - -- -- -- - - -- - - - - -- 
~ S E X P ( ~ ~ O ) , F ~ ( ~ ~ O ) , F P ( ~ ~ O ) , V M ( ~ , ~ , ~ ~ ~ ) , W ( ~ ~ O ) , P H I ( ? ~ ~ O ) ,  

- ~ R K ( ~ C I ~ ) ~ V ( ~ ~ O O ) ~ A R ( ~ ~ ~ ) , H ( ~ O O ) ~ ~ ~ T A ( ~ ~ C ) ) , , G A M ( ~ ~ ( ! ) , ~ E L ~ ~ ~ O ) ~  ---. 
4 N C O V P ( 1 0 0 )  

C - -  -- ---- 
D I M E N S I O N  A ( 5 9 5 )  

r 

2 5  C O N T I N U E  
I F (-RFG ( i-*-Jl;ij L E 2 2 3 - ,  2 

3 C O N T I N U E  --- 
N A = N FI"XW(~\R~%PT I - 1 I + 1 
V A = S * Y - 4  - - 
D O ~ I = - ~ M I X  
I F ( N C O Q E ( 2 ) - 1 ) 5 , 6 , 6  -.-- - -- - - - - - - 

5 C O ~ ~ T I N ~ ~ F  
1 ~ ( n ( ~ 4 + 4 )  ) 7 , 5 , 7  .- - ----- -- - --- 

7 COWV'NTJP 

50 C O N T I N U E  .... ..... 
- --- -.-- ----..-.-- 

K A = K  

L A = L A + 2 5 - L  ---- .- - - -. - 
9 C O N T I N U E  

G 3  TO 1 0  ........................... , . -. - - - 
6 C O N T I N U E  



1 4  C O N T I N U F  -. . .. .. - 
' "10 CONTTNlJE  

4 C O N T I N U E  - .  . . - . . . - . . - -- . . - - . - - 
R E T U R N  

2 CQNT Tb.II.JF 
. - ~ -. 

- N A = 4 ' b ? * ( h l C O " P (  J ) - I  ) + ? * Y - 4  
I F ( . N ~ ~ D F ( ~ ) - ~  ) 1 5 , 1 6 , 1 6  

-- - CONT..lNIJ.F - - . . 
' .. . . . - - - . - ,  .-...----" --.---.---..---. 

~ ~ 

S O R = n ( N A + 4 )  . , . . - - . - . - - 
L A = 4 4 W ( N C O M P ( J ) - l i + 5 2 4 + 1 <  
I F  ( u - 2 1 )  3" 3 0 9  3 1  --- - - -  . . . . - - - . .. - - 

3 0  C O N T I W U E  
Y A = Y  - -. - --..--.-.--..-.-- -- 
GD TO 32  

- - . -- - .. . . - . . . - - - - -- - -- - 
r>017L=2,YA 

- Z C A T I ( L - 1 ) = 9 ( L A )  . .. , . ..----.- ,---- ..-.-.-.-- 
m = ~ ~ + 2 5 - E -  

1 7  C O N T I N U E  
- r  - 

. - - 
R F T U R N  

16  C O N T I N U E  
~. . . .~ 

cOs=n ( F I A + ?  ) 
L A = 4 & O * ( N C O ! d P ( J ) - 1 ) + 1 2 h  - .- .- . - - - - . ., , . . -- - .- ... . --- -.--.-- --- .- 
no!t3~'=l ,IS' 
I F ( L  U)l?,2n,7p . . . . 

19 CQI\!TTNUF 
L A = L A + ( 2 5 - L )  . . 

Gn T n  18 



* 6 5 7  5 U B R O U T I N E  TSPAR 
(I 

COMMON Q,CDT,NPAGE,NWOT,NDT,KDT,ITAPE,JT.4PE,,YTAPE,MORE,D, 
1 C O M P , R E G , N M I X , R , E N ~ H E ~ F F F V ~ A L F T ~ A R G T , L M A X ~ F P S K ~ N f O ~ E ~ S E X M ,  

6 C O N T I N U E  
----. - . - ---.----- 

DO 8 L = 1 9 5  

2 CONTTNUF - -- - -- --- --- 
~ ~ = 1 & 5 + 4 4 o - * i N ~ O - M p  ( J  )-I 

1 2  C O N T I N U E  --- .- .- _ _ _ __ . _ . __ . -. - . - -I - 
N A = N A + ( Z ~ - L )  

1 0  C O N T I N U E  
._. .______ _ . . _ _ _  ___ _ 

11 CONTINUF- 



* 6 5 7  %5UBROUTINF P M I X  -- -.-.,..mu-- -------------- *---- .... .......... .... . 
r: 

6  CONTTNUF . K4qi ..-.----,- --- .... 

7  CONTTNUF ..... -- . 
F P A R ( Y ) = D ( Y P + 4 )  

- k l R = Y ~ + 5  - -- - . ,- -- .- 
5 CONTINUE 

-.- RFTURN -- - - - ---- 
~--CONTINUE 

.- . J F ( n ( K R + 4 ) . ) ?  1 9 1  1 9 3 7  - .- . _ -._.. -. .. - . . . .  - . . . . . . . . . . . . . . .  . 

4 
1-2' CONT I NUE 

.- . F P A R ( . K ) = D ( K B + 4 )  . . .  _ _  _ 
11 '-cONTI~~UE - 

4 CONTINUE .... ...... . . . .  - . . . . . . . . . . . .  - .- ...... . -- ... - - 
RFTIJRN 



* 657  SUBROUTINE C T I N T  - _-.-_--__.I_I__-...I-- .. _-__.___._I - .._- .. ----.- -- - 
C  

FUNCTION C T I N T ( A , B , N l * N 3 , N )  ____-__.~I____.___^____._.___________ _._ -. __--..-.__I- - 
C 



Y 6 5 7  SURROUT I N F  ST I N T  

F U N C T I O N  ST INT(A ,B ,N l ,N3 ,N )  

10  C O N T I N U E  -- -- . . . . . . -. - . - . -- - - - - - - -. -- - -. - - - 
RETURN 

END. .. . - - -- - 



Y 657 -- -- CONTROL F - 7  
...... - ................ ......................... - ....... ......... 

C 
. COPMQN Q , C D T ~ N P A G F , N W O T , N D T ~ K D T ~ I T A P F ~ J T A P F ~ K ? A P E , ~ O R E ~ O ~  ................. 

~CO~P,REG,N~?'IX';R-,~FN;HS,~FFFV,ALFT , P . R G T , L M A X ~ F P S K ~ N ' C O ~ E ' ; S E X M ,  
2 S E X P , F M ~ F P ~ V ~ i W ~ P H I ~ R K ~ A P H I ~ V O L ~ A P O \ d ~ R ~ A R ~ H ~ B E T A ~ G P . M , D E L ~ N C O V P ~  -. .............. .- ...... ..--.- .------ ------------.. .......... --.----..-------* ---.. -.-----.--.--- 
3A ,M , l \ l  

C A L i  -. N E W S E T ( N P A G E + l )  .... . .................... -- 
C A L L  H D I  NG (" ( -12 
C A L L  P R E P  

"- - .-------- -- -..--. .--.----- ---. 
N R G = w C O D F (  I 

I F ( J  MRC)7,R,A -.-- .--.--. ..... ---. .,.- -.- ------ ---- --.-----.-- - . -..-..-- 
8 C O N T I N U F  

W R I T F  OUTPlJT  T A P E  ~ , ~ - O O ~ ~ A R ( N B - ~ ) ~ F P ( N R - ~ ) ~ ~ X P ( N _ N _ ~ ) ~ (  
1 A  R ( I-) , FM ( I ),!Fx M i I-);I=NP;TA ) 

-. ~ h ! =  I 4 * ~ + ~ h ! - 1  
W R I T F  O U T P U T  T A P E  3 , 1 0 n 2 , ~ ~ (  IT, T P H - I  (JA)-,JA=J-N; JM,M) 

JN= J h 4 + 4  e --.-..- -----..--- --------, ---- ----- 
W R I T F  OIITP[!T T A P F  3 , , 0 n 7 , A R ( I ) ,  ( P H I  ( J P )  ,JA=JM,JhI) 



L I,T= 100 - 
GO T n  14 

1 3  C O N T I N U E  -- 
L I T = L - 1  ' 

14 COh!TTNUF 
WRIT'OIJTP~JT T A P E  3,1003,(1,RK(I),I=l,LIT) 
DO 26  J = l , N R G  
W R I T F  OUTPUT T A P E  3 9  1 0 1 2 9  J , V O L ( J ) , A P O W ( J )  

W R I T F  OUTPUT . T A P E  3 9  1 P 0 7 9  K * A P H I ( K A )  ...----. 
' 2 5  CONTINUE 

2 6  C O N T I N U E  ---- .-,.... *-- -.--.-.-- 
90 2 7  I = l . , l c P  
R K  ( ' I  ) =O, 0 ............ - . -. -. -, - . . - . - . - -. - -. .- - - - -- -- - - - 

2.7 CONTI'NUF: 

C A L L  P A G E S  ( M P A C E  .. ................ - ... , ................ - 
I F  ( h i C O D E d 2 ) - 7 )  4 5 9  3 2 9  4 5  

3 2  C O N T I N U F  - -- ......- - . - - - -. - . -. - -- - . - .- . - - - - . - - - - . -. . - - - . 
N C C ) D F ( Z ) = O  
M1=2,5*? --. ....... ........ ---.-. ---- .--. - - -- 
W ' ? I T F  T A P E  K T A P E ,  ( p H I ( I ) , I = l , f l )  
I F  ( N r @ D F ( 5 ) - 1 )  409 3 4 9  40 

3 4  6-h!-;i II;Ic ,F..----' 
- -- - - - - . - -. - - 

Y l = l  - -- -. - - . ..-. s . . .  -- - - . . - - .--. 
M 7 = 4.4 

V 1 = 2 n * M + I  ............. .............. .,-..---..--.-, .. ,, ------. .. --.--.- .......................... 
U ? = 7 C * h '  

. . -  ~ I R I T F  TPPF Y T A P F ,  ( G P H T P ( J ) 9 . J = M ] . , V 2 , 5 )  ................................... , ( G * H I M ( J )  ! J = M I  . . . . . . . . .  , M 2 , 5 )  
~ ~ - C O N T I N U F  
4 0  COb.lTINUE -- - -- . .... - . . . . . . . . . . . . . . . . . . . . . . . . .  

Fh!n F I L E  K T P P C  
R E W I h l n  Y T A P F  ................. -cAr L- -r.h, ( .y.9.G. .) 

................................. .,.-- .. ..-...-.. .----.- ..... , 

45 C O N T I N U F  
.......... . . . . . . . .  

I F  ( x A B S F ( M O R ' ) - Z )  5 5 9  5 0 ,  5 5  4 

, 
5 0  C O N T I M I I F  . . . . . . .  . . 

C A L L  C H 4 I N ( 2 , P l )  
5 5  C O N T I N U F  . ................................................... ....... ------ --..-..-.-.--.--..-.- -.-,.-.-. ...--.-- 

C A L L  F X T T  
,, c . . . . . . . . . .  -. . . . .  

I n?n - F O R U A T  

SPACF 
RAD I l JS  Ff5.5TOh! FXTFRh!AL  

SOURCF SOIJRCF ------ ............ .........,- .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  



- 0 P F 3  ----- - -1 P F 5  -1 P E 5  
R E P E A T  1 

I 

END O F  F O R M A T  ---- -- 
C 

I O C l  F O r i M d T  ----- - -- - - - - -- - - 
R E S T O R E  

i R E ' L A T I V F  F L U X  D I S T R I S U T I O N S  - --...- ... .I.__I____ _.-_. 
SPACF 

- R A D I U S  GROUP - I  GROIJP -I - -. .- - - - " - - -  GROUP -I GROI IP: -I G P Q U D  ---.-- - I  
.. . . . 

E N D  O F  F O R V A T  -- .- . . ............. - . -. . - . - - - - -- - - -. -.-. . - -- - .- - - 
c 

l n 0 7  F O R V 4 T  . . . . . . . . . .  - -  . - -  . - -- - -- -- -. ----- 
-I - E 7  

E N D  O F  F O R M A T  ------. . . . . . . .  , . --.. ..-........ --.- _ _ _ . - - _ . - _ _  - ........ -".-I.- 

C 
11?12 F O R P A T  

-. - - . - . - - . - R E S T O R E  - - -  ' - -. - 
A V E R A G E S  R E G I O N  NO -I -- - - - - . - --- - -- - -- -- - - - - - - 

S P A C :  
V O L U M F  F R d r T I O N  - -.-- ............. .- ... --.----- -F7 
( R E G I O ~ I / C ~ R E  ) A v F R A G ~ ~ ~ - ~ ~ - "  -F I 

SPACF c.iux-- .. ....-.... .........-.. - -  - . 
GRGIJP AVERAGF 

E N D  @ F  F O R M A T  
. . . .  ......................................................... 

r 



SUPR Y J T I  N F  P R F P  -.--- - - -- - -- - - - -. - . - - -- --r--- 

C 
COMMON . - -------- Q , C D T , ~ P A G E , N W O T , N D T ~ K 9 T ~ I T A P E ~ J T A P F ~ K T A ~ F , ~ O R F ~ ~ ,  . 

ICOMP,REG ,NMIX,R , E N ~ H E ~ F F F V ~ A L F T ~ A R G T , I - . M A . ~ ~ F P . ~ ~  ,h!CODF,SFXV, 
2SEXP,FM,FP,VY,W,PHI,RK,APHI,VOL,APOW,R,AR,H,RETA,GAM,9FL,hlCOUP, -- 
3 4 9 M 9 ~  

C  - - --- - . -- -- 
D I ~ E ~ S ~ O ~ ~ ~ ~ ) , ~ O T ( ~ ~ ~ ) , D ( ~ ~ ~ ~ ~ ~ C O ~ ~ P ~ ~ ~ ) ~ R € G ~ ~ ~ ~ ) ~ R ~ ~ ~ ~ ) ~ ~ N ~ ~ ~ ~ ) ~  

C - . . .  - ...... ......... - ... - - - .- -. .. - ,- -- - . - - - - - - . - - - - .- . .. 
C  THIS SLOCK N O R M A L I Z F S  P9WE9 h I S T R I R [ ! T T O h !  
C ---- AND --- C A L C U L A T E S  R E G I O N A L ,  A V F R A G F S  > - - - - - -. - ---- 
C 

103 C O N T I N U E  -- ---.-.. --- ----- ---.. --- -- 
1 r ? - ~ ? d b ~ ( 3 ) - 1 ) 2 , 3 , 3  

3  C O N T I N U E  --------.. ... ---". . .  - .._..._."__I.._- --_. .___-.-.______l-.l--.- ---- ---- 
AP=AP+CTINT(FP,FM,~P, .KN,O) 



I F ( N C O D E ( 3 ) - 1 ) 2 3 , 2 4 , 2 4  - ----...- ---.-...--..----. -- - ------ -- 
2 3  CONTINUE 

V O L (  J ) = R ( J + l ) - R ( J )  - - - - - -  . -- - .. - -  + - -  .- 
APOW(J)=STINT(FP ' ,F~ ' ,KP,KN,C) ) /VOL(  J )  
G O T 0 4 5 4  - - - . 24  . . - -- - C-ol\!i.IN"E.' . - '  ' -- 

V O L ( J ) = R ( J + 1 ) * * 2 / 7 a - R ( J ) * * 2 / 7 a  - --.----..---..- --.,. " --,.- - 
.APOW( J ) = c T ~ ~ \ ! T  ( FT',FM,~.!TVT~(~'ITQBT( J )  

4 5 4  CONTTNUF 
A -. - . - - - . - - - . . . - - - - - - - - . . - . - - - - .. - - - . - -- - 

V ~ T O T = ~ T O T + V B L  ( J 1- 

--- . y P = y h l  
~. . - - . .- . . -- 

~~T - -CONTINUE 
DO -?nn  K=I ,?fi -.- . .... ,-. --. --- ... . --.-.--..---..-- ---.--- KP= 'i 
KN=2  . ~ . . ~  -. . - .. - . . . - .-- -. - . . . . . . . - - - - -. . . - * - - 
K ~ = M * ( Y - l )  
00.201 ~. J= l ,NRC r\! = + )( * F- ,<-F- (. -N-7-JT i- - -  -- 

I F ( J  NRG)?n? ,?P3 ,203  ------- -.-- 
2 0 3  CONTINUE 

KN=Yhl+ l  
- - -- - -. - . - . . . -- - - -- -- -- -- - -- 

2 3 2  CONTINUE----- 
KA=K 75* (J-1) . - - -- -- 
IF ( iu ~ O D E  i 3  ) - 1 i2-04;-2K5770!7 

2 6 4  CONTINUE APQ-I ..(- KA.i- ....5T-T.N.i r - - , F H T R P , T , K M  1 /VCL:( J'T 
G O T 0 7 9 6  

~ - 2 0 5  - - -. -- CONTIN" E-.-------.-- 

A P H I ( K A ) = C T I N T ( P H I , P H I . ~ K P ~ K N ~ Y V 1 / V O L ( J )  
- - - . - . . - - - . - - - - . - - . . - - . - - - - - 

- 2 n  - C O W T T ~ I U F  
YP=KN 

7 C m i T  1 hi ~j F' ' - ---- 
200  -. CONTINUF - . . . - - - - . -- - -- - -- - - - .- - - .- - .- -- -- - - - - . 

no 5 6  K = I , ~  
YM=2n*M+K - - .. -. . ., 
KA=2n+K 
J =  I -- .- -.. .- .-...--.--.----.---------...- .,..-,---.-- 
So"-n. 0 
DO 5 5  I=l,N 

- .  I F  (NCODE ( I - 1  ) T;.5-2- r5-Z-~-- - -  . - .  

5 1  CONTINUE -. . . . - . --- 
SUFA=.q(JM+ ( P H I  i YV )-+pH I.-('R0&5 ) i * ( 9'R' I  I + T )  -AR ( I ) / ?  a 

GO T n  5 3  --.- .- ---. -.---.---------.-- -------.- -------.-----.-.-.--- 
5 2  CONTINUF 

-. . . SUM=c[lM+(AR(T)*PHI(KnA)+AR( 1+1 ~ - -  . .. ) *P l - ! I (<P+S)  - -  ) * ( A R ( ! + I  ) - P . Q ( ? ) ) / ' a  
5C -CONTINUE 

.. I F ( A R ( I + l ) - R ( J  1) 1 5 3 9 5 4 9 5 4  - - -- . - - . - . -. - - . -. . - - . - - - - - . - - . -. .- 
5 4  CONTINUE 

A P H I ( K A ) = S U M / V O L ( J )  ---.------ ---+ -- 
J = J + I  
SUM=fl a O ..K 'R& +.2 5. - - . - -- - -- - -. - - -. - - - . - - -. - - - .. 

5 3  CONTINUE 
. . . .- -. .. - - . - .. -. . .- - -- - . --- . - -. -. - . -. - 

I<h/t= J( i + 5  

5 5  CONTINUE ---------..-..----- --,--- -,---.-- -- -- 



V O L ( J ) = V O L ( J ~ / V T O T  
. . - . . . - - . -. . - - -. -- .. . -- - - . - 

2 u 7 0 h ! T  1 ~ U E  
R E T U R N  

* 



SURROUTINE GPHI  - . -. - - . - - .- 7 

C 
b --- C T H I S  SUBROUTINF COVPUTES FLUX GRADIENTS I I S I N G  

C A TENIT RKiTnTF-RER€FAP P R C K f V B ~ T - ~ O ~ X e E P T ~ - ' - - -  
C REGION INTERFACES AND NFAR THE INNER AND 
c - ' a 3 T E R - B W 1 D ~ ~ r t s  R F O U T R ~ D  S T Q K A G ~  1500 
C MAXIMUM I S  0BTP. INED !3Y OVERLAY ON VM AND V - - -- - -.-- 
C 

COMMON Q , C D T , h ~ P A G E ~ N W O T , N D T ~ K D T ~ I T 4 P E ~ J T A P E ~ K T A P E ~ b ~ O R E ~ Q ~  -- 
ICOMP;REG,NMIX,R ,E:~~-,H.E-,FFFV;-A'LTT ,ARCT,LP~AX,FPSY ,bICOPE,SEXM, 
~SEXP,FM,FP,GPHIP,W,PHI , R K , c P P I ~ ~ , . A R , H , ~ F T ~ ~ , G A P ~ ~ ~ L , ~ ! C C ~ ~ P ,  - .. .. . -..- -". .--- -.--- .--.---.-.------ -- 
3A9M9ht 

C -- - 
DIMENSION Q ( i 2 )  , C ~ T ( ~ - C ~ ~ - ~ ~ ~ ~ ~ ~ O C ~ B ~ ; - C O K G T ) X E G ( ~ O )  , R R ~ . I ~ ~ T , F N ( ~ O ( ! )  , 

~ H E ( ~ ~ ~ ) , E F F V ( ~ ~ O ) ~ A L F T ( ~ ~ ) , A R G T ( ~ ~ ) , N C O D E ( ~ P ) , S F X M ( ~ ~ ~ ~ ) ~ S E X P ( ~ ~ O ) ,  - 
2Fh l (  1 5 6 )  ,FP(15C! )  , G P H - I P - ~ ~ - - = ~ ~ - C , ~ ( ~ ~ P H I  (375( ! )  , R ~ ( l f l C )  
~ G P H I M ( ~ ~ ~ ~ ) ~ A R ( ~ ~ ~ ) ~ H ~ ~ O ~ ) ~ B E T A ( ~ ~ ~ ) , G A M ~ ~ ~ ~ ~ ~ @ ~ L ~ ~ ~ O ~ ~  - 
4 N c 0flPTi D-CJ),A(5-9T 

C - - 
D S ~ M E - ~ S I - O N ~ C ~ A T I ' ~ ~ - ~ ) , T S C A T I ~ )  ,TSCAT(~,~),DIF(~T 

l R X S T ( 5 )  - .. , R T E M P ( 1 5 3 )  - 
C 

C A L L  WOT(NW0T) --.---..-- 
DO I n n  1 = 1 , 1 5 1  
R T E M P ( I ) = A R ( I )  

1 0 0  CONTINUE 

J=I. 
C A L L  RPI-R(RXS,DIFC,K,J,~H ' P I X  1 

C A L L  SPAR(S,SCATI,K,J,6H M I X  1 - - ~ . .  ....- ~ - 
G -~HI~~(K~+ I )=s*FM(  ~ ) - F ? x s * P H T  (@hd+1 1 

- G P H I M ( K P + 2 ) = S * F M ( 3 ) - R X 5 * P H I ( Y b A + Z )  -.-.. - .  . . -. -..----..------.--- - ------ ..--. -- .-. -- 
I F ( N C O D E ( 2 ) - 1 1 3 , 4 9 4  

3 CCI\!Tf!VlJF - ..-- , . -- - - .- . - .- _ _ . . _ __ . . .- - -  . 
DO 51 -21  9 2 0  

. - -. . - - - GPHIM(KM+2)=GPHIM(KM+2)+SCC4TI(L)*PEI(LA+l) . . . .  . . - . . . . . . . 
5 -CONT I NUE 

9 CONTTNUF M..* ( - ) .+.2 , -, . . --- . - .. . . . - . - - , - . . .. - -.- 

. .. . . 
GPHIv(KM+l)=GPHI~.(KFA+l)+SCATI ( L ) * P H I  (LA . )  .'eP.H.f M-(K,4+2).=.GP.HI (.KM+-i-).+5CATI (L).*P'H.I.-(LA+-i.)- ' ----.- ... " - - .  .. 

8 CONTINUE ---.--..- --..-... ----- --<.-.- " -- - .-- ..-- .--.--..,-- . "... .-----..---..--------- .-,..*- -.- .-..---.-.-------,.--,-- ., -.. . 



CALL T S p A R ( J ? K , T S C A T I , 6 H  M I X  1 
LA=2n*M+6 

-D?-l!.L?2. ??!- .- 
G P H I W ( K M + ~  =GPH~M(KM+~)+?~ATI(L)*PHI ( L A )  
G P H I M ( K M + ~ ) = G P H I ~ I ( K Y + ~ ) + T S C A T I ( L ) * P H I ( L A + ~ )  . - -- - -- - . -- -- 
L A = L 8 + 1  

10 CONTINUE 
7 CONTTNUE 

1 2  CONTINUE --.---- 
G ? H ' I ' X K K ~ ~ I - (  K M + ~  -PHI ( KM-1 ) ) / ( 2 m * H  ( J 

1 4 .  CONT I NU€ , 

~ 0 1 6 E i , 2 0  

1 6  CONTINUE . ---Go . - .- - - . -- - - . - . -- -- 

1 5  CONTINUE - , > - . - . - ---- 
D O l 9 ~ = 1  

9 0 2 1 L = 1 , 5  -.--- . .. . .--̂ -..- --.--.-----.--..--- ---- - 1.-.-- ~p~ ' ihn (  K J ' ) ' = G P - H ~ ~  (IKM ) ' + j s f - ~ T ~ ' (  i )-*pH I ( L.L\ ) 
L . ~ = L A + ~  . . - 

r) 2 1  CONTINUE 
1 8  CONTINUE 

GPHI  h ~ (  K Y  ) = ( P H I  ( K v )  -PHIT'(  Y M - 1  ) ) / H  ( J )  HT-J-j'/.-i-2';*'C)'I FC *GPP I"'( K v )  
J = J + !  

4 -. . . . . . .. - CALL - , - . . -. -. . - P*.PA-#-(..R .xj5 - ,.n;- I Iic, <rjj ,.6k- k--..--f .. ----- --- .-.- ,-- - -- TI-----'-- - 

CALL .?PAR(S,.SrATI,Y,J,6Y P I X  1 . . -. .. . - -. .- -- - .. - .... 
C A L L  TSDAR(J9~,T. I ;CF.TI . ,6Y L ' I X  1 
C P H T P ( K \ q ) = S * F P ( I ) - R X . $ * P I - ! I ( U M )  

) _ . 
( I ~ ( ~ ~ 0 ~ ~ ( 2 ) - 1 ) 2 2 , 7 6 , 2 6  

2 ?  CO&T I NUE 
. . -.-. - - -- 



---.-. . - . ~ 0 2 3 i = 1 , 2 0  ..--.- -.-.. - -.-.-- ., ,. .-. . --.-- .a- .-,--,---, -.------ --- - 
-1F'i-L' ~ ) 2 4 , 2 3 , - 2 3  

2 4  CONTINUE 
. . .  * (  .l",+ . .  . . .  ...... " ........ - -- - - 

G P H I P ( K M . ) = G P H I P ( K Y ) + S C . A T I ( L ) * P H I ( L A )  Z3...tONf I NUE' - . . . . . . . . . . .  -- .... ..... - - -  

GO Tc) 2 5  - . -.2- .& .. r. .- .......... -. --. -. --.- -- --- .-,.-. - .-,..-,--- - --- 
9 0 2 7 ~ = 1 , 2 0  . . . . .  .. - . . . . . . . .  .-...... - 
I F ( L  K,)27',27;7B 

2 8  , . CONTINUE: . . . . . . . . . . . . . . . . . . . . . .  
L A = M * ( L - 1 ) + 1  

A ......... GPHIP(KM)=GPHIP(KY)+SCATI(l)*PHI(LA) ................ ...--.-*-..-.--- ...... ..--.-----.-- map---- -.-.---- 
27-' CONTINUE 

~ ~ = 2 0 * ~ + 5 * 1 - 4  ....-........ ........ - ........... .... 
0 0 2 9 L = 1 ,  5'  

. . -. - . . G P H I P ( K M ) = G P H I P ( K M ) + T \ S C : A T I ( L A )  
. . .......................... ....... -. ....-...-. 

L A = L A + ~  
2 9  CONTINUE -...,T5-,--.c.o.N Nu F.,. --- ............... ,-----,- .. --,---,- -- 

...................... .. .. G P H I P ( K V ) = ( P Y T  (Y1.4+I  )-PHI (KFE) )/Y(J) H(J)/(2a*?IFr)*GPHTD(Kl*) 
Y 1.4 = K 1.4 + 1 

1 1  SONT T h l ( J F  . ,.- 

I , ( Kp :) = * F.P ( .M-. * .) -LR .=7*T H.I. Tm-"7 
-.--. GPHIP(KY+~)=S*FP(M-1) -RXS*PHI ' (KY+~)  

. 
( ) . . l )  ; , , -  "" --- --.- 

3 0  CONTINUE .. -- - - - -- -. -. . . - . -- -- 
D O ~ ~ L = I  ,iC:T- 
I F ( L  K 1 3 3 9 3 2 9 3 3  3 3  . (TONT I N"E . . . .  -- 

GO Tn 3 5  .. .. . . .  -. ...... - . . .  - -- .... - -- - - -.- .--- -- . - 
'3 1- CONTINUE 

B 0 ' 3 6 ~ = 1 , 2 C  ...... -- ..... . . .  ..-.-...--.-. --.--,----.- ---- --- .---.-- 
I F ' ( L  k ) 3 6 , 3 6 , ? 7 "  

3 7  CONTINUE . . . . . . . . . . . . . .  . . . . . . . . .  . - 
LA=h-4*L 
GPHIP(KM)=GPHIP(KM)+TSCATI(L)*PHI(LA-2) . . . . . . . .  . - 
G P H I P ( K Y + ? ) = G P Y I P ( Y M + ~ ) + T S C A T I ( ~ ~ * P H I ~ L A - I ) - -  

7 6  CONTINOF -- - -. ---. . ......... ........I._... ..-I . ------,.---.- -.- --..-I.---.-.. -- 
L A = ? < * ~  
90781_=19 5 . . 

- G P H I P ( K ~ ) = C P H T P ( Y ~ , ! ) + T T ~ @ T I  I L ) * P H I ~ ( L P - ~ ~ ) ~  

4 ......... 3 8  -..- CONTINUE .,..-, ......... ..--.----. . -.-.- ---------- - 
3 5  C'ONTINUE 

G P H I P ( K M ) = ( P H I ( K P A + ~ ) - P H I ( K M ) ) / ( ~ ~ ~ ~ * H ( J ) ) + ( . ~ ~ ~ * H ( J ) ) /  -- . .- ......... - . . ..,-------- ---.. --.,*-. . 
1 ( 2 ' a * ~ ~ F C ) * G F i H ~ P ( ~ V ) " '  

G P H I M ( K M ) = G P H I P ( K V )  
GPHI  D ( K Y + ]  ) = ( p H  I ( ~b . l+2 ' )  -PH.I-(KV+~ ) - ) - /7-.-~~~*~1-~-)- . - f i f i - r~~~~~)-~-,--"  

1 ( 2 a * n I F C ) * C P H J P ( K M + l )  - . .--.--.-.----,.,. . ..-.....-... ........ "- --.. ----.--.-...-.- 



GRADIENTS AT THERMAL 
L 7 0 5 0 ~ = 1 , 5  

CALL 5 P A R ( . S , . S r ~ T . I  qK6.9 J96.H P I X  1 ----- .. . . -. 
GPHIV(KM+5)=-RXST(K)*PHI(KY+5) 
G P H I M ( K M + l L ? ) = - R X S T l K ) * P H I  ..- - -- --. ( K M + l O )  .-... -- -.. .- .. . . 
I F  ~ ' N ~ O D E  i2-f-lT3'3 ;54 , 5 4  

5 3  CONTINUE -----. -,... -. - ..-- 
D  0 5 1 ~ = 3 - , 2 ' 0  

G P H ~ v ( K M + ~ ) = G P H I M ( K M + ~ ) + T S C A T ( L , K ) * P H I ( L A + ~ )  - 
GPK~~-(-KN>TO)=CPW~M(KM+~~~+TSCAT ( L , K ) * P H I  ( L A + 1 0 )  
L A = L A + l  - - - - -  - - -- -- -- - - - - 

5 2  CONTINUE 

GPH I .y ( KM+ZlzG_P_H.I_ fC!.K-C+S.!-+ISC:AI.~!-?.C)."~ !.!.!&+2.! - .- .- . -- - .. 
G P H I  ~ ( Y M + l O ) = G P H I M ( K V + l r ! ) + T S C A T ( Y , L ) * P M I ( L A + l P )  - 1  . . 

I L A : C * _ + _ 1 . - - . - . - - - -  "- ----- --.------.-.-...- - 
5 6  CONTINUE 

~ ---. 5 5  CONTINUE I ( KM + ) =G PH I-F;l 
M'+-j' , -* re -00- i-*Ti'-. i.-i i-.i.2--,-iFD-i F. (-ii: ) , --. I 

. C P H I P ( K ~ + l O ) = G P H I ~ ( Y F 4 + 1 0 )  . - .. . - . . - - -. . - -- - . -. . - . . . -. -- - .- . . . . , . . . 
Ybh=KM+1F, 
D 0 6 0 1 = 4 , P A  --.-.--.-.-----.-.------ .-----.-- -.-.-.- . ------- ..------- -.------.-. . -.. , I F ( A R ( I 1 - R ( J + 1  ) 1 6 l , h ? , h 7  

6 1  CONTINUE 
. . . - ---- - -. - - . . . - - - . . 

G P H ~ ~ ~ K ~ ! ) = ( P H T ' ( K W + ~ ~ ) - P ~ ~ ~ ( K ~ ~ - ~ ~ ) / ( ' ~ ' ~ * H ( J ) )  
G P H I P ( K M ) = G P H T V ( Y V )  - . - - - -. - -. . . 
KM'= K F A + ~  
GO TO 6 0  -.--. .--." ..-, ".-- -...-----...-.-.---,-----.--.---....-.. - .... -.---.-.. . . ,..-- -. - 



6 2  CONTINUE 
GPHIM(KM)=-RXST(K)*PHI(YY) 
I F ( N C O D E ( 2 ) - 1 1 6 4 , 6 5 4 5  

6 4  CONTINUE 

00661.=1,20 ----- - - - - - -- A - e 

L A r M * ( L - 1 ) + 1  
G'PHIM(KM).CPHIM(KM)+SCATI(L)*PHI(LA) ---.- -- - --- -*- - .- --- - .= ---=- - =. -- ----- -=- -  --=- z =.- 

6 6  CONTINUE 
GO TO 67 

6 5  C O N T ~ ~ U E  
.-- ." 

C ~ H I M ( K Y ) = G P H I ~ ( K M ) + ~ S C A T ( K ~ L ) * ~ P H I ( L A )  ---- -------.,---.- ------. . ---. 
6 8  CONTINUE 

G P H I M ( K M ) = G P H T ~ ~ ( K M ) + S * F M (  1 )  
6 7  CONTINUE 

C P H I ~ ( K Y ) = ( P H I ( K M ) - P H I ( K M - ~ ) ) / H ( J )  . _  __.___ ___--- H ( J ) / ( 2 . * D T F ( K ) ) *  ----..- --- 
~ G P H I M ( K M )  

J-$1. .  ..-.-.A_--.- -- - ------- 
CALL  T M I X (  J , D I F v R X S T 9 T S C A T , 6 H  M I X  I 
C A L L  --..---.- SPAR(S ,S fAT I ,KA9J ,6H - -. . . M I X  1 -.-.--" 
C P H I P ( K M ) = - R X : ~ T ( K ) * P H I ( K ~ )  

G P H I P ( K l v f ) = G P H I P ( K M ) + S C A T I ( L j ~ * ~ H I ( L A )  _--___ - - .---- .-- .." -.*-.---.- -"-". - - .  - 

72 CONTINUE 
l A f l - . T Q .  -.7 ?., , --- --...I--- I- ......._-.--.- r 

7C CONTINUE 

G P H I P ( K M ) = G P H T P ( Y ~ ) + T S S C T ~  -- -- - . K K L ) * P H !  - . - .  -.-a Il.A..-- ---.--. - 
7 4  CONTINUE 

GPHIP(KM)=GPHIP(KM)+S*FP(I) --.---...--.- ------..-..------- -,.----.....--. - .- 
7 3  CONTINUE 



GPHIP(KM+51=GPHIP(KM+S)+TSCAT(I ,K)*PHI(IA+5) 
8 2  CONTINUE. 

8 3  CONTINUE 
GOTOR5 

81 CONTINUF 
'\ GPHIP(KM+5)=CPHIP(KM+l)+S*FP(Y-l.) 

5 0  CONTINUE 
.---A,- .- -. . - - 

I F  ( N C O D E ( ~ ) - ~ )  1109 150, 15n 

--  - -- PRINT 1001, (NC,NG=KA,KR) ............... - . -- - --- - - . - . - 
P R I N T  10'05 

KR=I 21 ---. ............. ., .--.------ ------ --------.-- - --- 
PRINT 1001, (NG,NG=KA,KR) 
P R I N T  1005 - . .  . . .  . . . . . . . .  -. 
DO 110 J = ~ , M  

" !41=2~*M+5+(J-])+I . . . . . . . . . . . . . . . . . . .  - . .  - - - - - ---- .. --. .. - - 
M7=Ml+l 
PRINT 1002, R T F M P ( J ) , G P H I M ( Y I , ) , C P H I P ( M ~ ) , G P H I Y ( ~ ~ ~ ) ~ G P H I ? ( M ~ )  --. .. -. -- -- -. - -- - . - -,,- -------- -.. .-."-- --.--- --. "--- 

I 1 30 CONTINUE 
135 CONTINUE . . . . . . . . . . . .  -. . . . . .  - 

NG=25 
PRINT 1003, NG 

-. . .  . . . .  . . . .  . ........ . . . . . . . . . .  . .  - - - - -- - .- - - .- -- -- . r)O 1 r c C  J=l,h4 
,---- 

M1=2n*M+5*J - -.,- ..... ..--.- ,--..---.-----.-.- - - .-- *. . - - . -. .... -. . . . . . . . .  - - ... - ,- -- --- 



P R I N T  1002,  R T E Y P  tJ.1 , G P H I M ( M l )  v G P H I P ( M 1 )  -...- -..- -.----- 
1 4 C  C3NTTNUE 

I 

1 0 0 5  FORMA.T( 7 ~ 0 ~ ~ ~ 1 1 1 5 8 ~  , ~ H L F : F T ~ X , ~ H R  IGHT~OX , ~ H L E F T ~ ' x  9 S H R I G H T )  --"..- .<. .. " -.-- ---- ---- 
C 
-- END 

*. .... ... . . - 
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