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WATER MOVEMENT THROUGH SATURATED-UNSATURATED POROUS MEDIA: 
A FINITE-ELEMENT GALERKIN XODEL 

M. Reeves and J. 0. Duguid 

ABSTRACT 

A two-dimensional transient model for flow through 
saturated-unsaturated porous media has been developed. 
This model numerically solves the governing partial differential 
equations, which are highly nonlinear. The model code uses 
quadrilateral finite elements for the geometrical assembly, 
bilinear Galerkin interpolation for the spatial integration, 
and Gaussian elimination for the solution of the resulting 
matrix equations. In addition to the usual constant-flux 
and constant-head boundary conditions, the code is capable 
of applying pressure-dependent boundary conditions at the 
ground surface. Thus, infiltration into or seepage from 
this surface may be simulated. Each element may be assigned 
different material properties that allow the investigation 
of layered geologic formations, 

. 

The formulation of the governing equations and the 
computer implementation are presented. The report is intended 
for use as a complete user's manual and contains a listing 
of the computer code (in FORTRAN) along with both input and 
output data for two example problems. 

The results of a computer simulation are compared with 
experimental data obtained by J. D. Hewlett and A. R, Hibbert 
from an inclined soil slab at Coweeta Hydrologic Laboratory 
in North Carolina. The computer model gives good results in 
this simulation. 

The Galerkin finite-element method is found to be superior 
to the finite-difference method used by previous investigators. 
Here a comparison with a finite-difference model developed 
by R. A. Freeze is made. By exploiting the flexibility of the 
finite-element geometrical discretization, the user may easily 
reduce computer running time by a factor of two, 



2 

I. INTRODUCTION 

The equations governing the movement of moisture through saturated- 

unsaturated media may be formulated in the most general form when the 

flow of both air and water is considered. The coupled set of equations 

in the unsaturated region can then be treated by multiple-phase flow 

techniques. This approach was carried out by Green et al. (1970) and 

by Van Phuc and Morel-Seytoux (1972). Here the advantage is that the 

equation for air movement allows for the extreme drying of the unsaturated 

zone that is encountered in desert regions (personal communication with 

S. P. Neuman, Institute of Soils and Water Agricultural Research Organi- 

zation, Bet Dagan, India). The disadvantage of such a formulation is 

that in a large basin-oriented model the added computational complexity 

drastically restricts the size of the region that may be modeled. 

I n  an effort to develop a simpler model that gives good results in 

many flow problems, soil physicists have formulated a single equation 

in terms of fluid pressure. T h i s  equation is valid where the combined 

air-water system can be treated as a single phase (i.e., air pockets 

do not develop within the medium). Transient two-dimensional models 

that are based on this equation for saturated-unsaturated flow were 

pioneered by Rubin (1968). 

applications: Hornberger et al. (1969), Taylor and Luthin (1969), and 

Verma and Brutsaert (1970). 

saturated zone and therefore were limited to near-surface flow in 

homogeneous, incompressible, and unconfined aquifers. Cooley (1970) 

studies pumking from an unconfined system using a form of the more 

general equation that was presented by Freeze (1971a). 

His paper was followed by other two-dimensional 

These studies used Laplace's equation in the 

c 

A 

. 
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a 
A series of pape r s  by Freeze  (1971a-1572~) p r e s e n t s  t h e  fo rmula t ion  

of a model u s i n g  a more g e n e r a l  form of t h e  e q u a t i o n  f o r  t r a n s i e n t  f low 

through s a t u r a t e d - u n s a t u r a t e d  porcus media. This  e q u a t i o n  i n c l u d e s  t h e  

c o m p r e s s i b i l i t y  of t h e  medium and t h e  c o m p r e s s i b i l i t y  of t h e  f l u i d ,  and 

a p p l i e s  t o  e i t h e r  conf ined  o r  unconfined inhomogeneous a q u i f e r s .  F r e e z e ' s  

computer model is  capab le  of s o l v i n g  t r a n s i e n t  problems i n  e i t h e r  two- o r  

th ree-d imens iona l  r e g i o n s  w i t h  a wide range  of s u r f a c e  boundary c o n d i t i o n s .  

Here i t  must b e  po in ted  o u t  t h a t  a t r a n s i e n t  th ree-d imens iona l  model h a s  

a l a r g e  c o r e  s t o r a g e  requirement  and is  thus  l i m i t e d  t o  s m a l l  r e g i o n s .  

All of t h e  computer models d i s c u s s e d  p r e v i o u s l y  u s e  t h e  f i n i t e -  

d i f f e r e n c e  method t o  s o l v e  t h e  governing f low equa t ion  numer i ca l ly .  The 

parameters  of t h e  govern ing  equa t ion  as w e l l  as t h e  boundary c o n d i t i o n s  

are h i g h l y  n o n l i n e a r  f u n c t i o n s  of t h e  dependent v a r i a b l e .  Because of t h i s  

s t r o n g  n o n l i n e a r i t y ,  a t t e m p t s  t o  s o l v e  problems u s i n g  t h e  f i n i t e - d i f f e r e n c e  

method were never  e n t i r e l y  s u c c e s s f u l .  The numer ica l  i n s t a b i l i t i e s  en- 

countered  i n  t h e  s o l u t i o n  can  only  b e  minimized by r e d u c t i o n  of b o t h  ele- 

ment s i z e  and t i m e  increment .  These r e d u c t i o n s  i n c r e a s e  t h e  computer c o r e  

and t i m e  necessa ry  f o r  a g iven  s i m u l a t i o n .  However, V e r m a  and B r u t s a e r t  

(1970) found t h a t  t h e  s o l u t i o n  converges f a s t e r  when Gauss e l i m i n a t i o n  

i s  used f o r  t h e  s o l u t i o n  of t h e  r e s u l t i n g  matrix equa t ions  t h a n  when o t h e r  

less i m p l i c i t  i t e r a t i v e  procedures  are used .  

Because of t h e  numer ica l  i n s t a b i l i t y  encountered and t h e  d i f f i c u l t y  

i n  f i t t i n g  e lements  t o  i r r e g u l a r  r e g i o n s  u s i n g  t h e  f i n i t e - d i f f e r e n c e  

method, w e  dec ided  t o  i n v e s t i g a t e  t h e  p o s s i b i l i t y  of u s i n g  t h e  Ga le rk in  

f i n i t e - e l e m e n t  method. We had found i n  ear l ie r  unpubl ished work t h a t  
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numer ica l  i n s t a b i l i t y  w a s  decreased  by Ga le rk in  i n t e g r a t i o n  b u t  d i d  n o t  

completely d i sappea r .  Neuman ( 1 9 7 4 )  has  a l s o  demonstrated t h a t  t h e  

Ga le rk in  f i n i t e - e l e m e n t  method g i v e s  more s t a b l e  s o l u t i o n  t o  t h e  governing 

equa t ions .  Because of t h e  inc reased  s t a b i l i t y ,  element s i z e  and t i m e  

increment  can be i n c r e a s e d .  The i n c r e a s e s  reduce t h e  computer c o r e  and 

t i m e  necessa ry  f o r  a g iven  s i m u l a t i o n  w h i l e  ma in ta in ing  a r e a l i s t i c  degree  

of accuracy  i n  t h e  s o l u t i o n .  Conversely,  t h e  f in i t e - e l emen t  approach 

a l lows  t h e  s o l u t i o n  of t h e  governing equa t ion  over a l a r g e r  r eg ion .  

Another advantage of t h i s  method i s  t h a t  i r r e g u l a r  r e g i o n  boundar ies  can 

be t r e a t e d  i n  a more r e a l i s t i c  manner (i.e,, a s l o p i n g  boundary can be  

cons ide red ) .  

The purpose of deve loping  a new two-dimensional t r a n s i e n t  model w a s  

twofold:  (1) t o  a l low a n  i n v e s t i g a t o r  t o  s tudy  t h e  moi s tu re  movement 

through s a t u r a t e d - u n s a t u r a t e d  porous media; and ( 2 )  t o  provide  t h e  t r a n s i e n t  

f l u i d  v e l o c i t i e s  necessa ry  f o r  t h e  s o l u t i o n  of material  t r a n s p o r t  problems. 

The a u t h o r s  (Duguid and Reeves, 1 9 7 4 )  have developed a computer model t o  

s i m u l a t e  t r a n s p o r t  of d i s s o l v e d  materials. 

from t h e  Darcy v e l o c i t y ,  t h i s  model i n c l u d e s  e f f e c t s  of d i s p e r s i o n ,  

a d s o r p t i o n ,  and r a d i o a c t i v e  decay. 

I n  a d d i t i o n  t o  advec t ion  a r i s i n g  

I n  i n v e s t i g a t i o n s  of t h e  movement of f l u i d  through a porous r e g i o n ,  

t h e  model must have t h e  c a p a b i l i t y  of apply ing  g e n e r a l  boundary condi- 

t i o n s .  The model developed i n  t h i s  s tudy  h a s  t h e  c a p a b i l i t y  of u s i n g  

such boundary c o n d i t i o n s  as cons t an t  seepage ,  seepage a r i s i n g  frorc pre-  

c i p i t a t i o n ,  and t h e  development of seepage s u r f a c e s .  The combination 

of t h e s e  boundary c o n d i t i o n s  a l lows  t h e  i n v e s t i g a t i o n  of problems t h a t  

ar ise  i n  n a t u r e .  

L 

. 
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a 

The use  of a compartmental  model o r  a model t h a t  does  n o t  s o l v e  

t h e  govern ing  p h y s i c a l  e q u a t i o n  w i l l  no t  g e n e r a t e  t h e  d e t a i l e d  v e l o c i t y  

in fo rma t ion  r e q u i r e d  f o r  s o l u t i o n  of m a s s  t r a n s p o r t  problems. The f l u i d  

v e l o c i t y  ou tpu t  from t h e  model d e s c r i b e d  i n  t h i s  r e p o r t  can  b e  used as 

i n p u t  t o  a second model which c o n s i d e r s  material t r a n s p o r t .  Here t h e  

u s e r  must b e  caut ioned  because  t h e  v e l o c i t i e s  from t h i s  code are 

d i scon t inuous .  The d i s c o n t i n u i t i e s  i n  v e l o c i t y  are a problem when t h e  

advec t ion  t e r m  of t h e  material  t r a n s p o r t  e q u a t i o n  i s  l a r g e .  I n  o t h e r  

words,  c o n t i n u i t y  is  n o t  s a t i s f i e d  when t h e  c o e f f i c i e n t  of d i f f u s i o n  i s  

s m a l l  ( pe r sona l  communication wi th  George P i n d e r ,  P r i n c e t o n  U n i v e r s i t y ,  

P r i n c e t o n ,  New J e r s e y ) .  T h i s  problem can be  e l i m i n a t e d  by o b t a i n i n g  t1ic 

v e l o c i t i e s  by d i r e c t  s o l u t i o n  of a coupled set of equa t ions .  T h i s  i n -  

creases t h e  computer c o r e  r e q u i r e d  because t h e  dependent v a r i a b l e s  in -  

crease i n  number from one t o  t h r e e .  Because of t h e  g e n e r a l i t y  of t h e  

Ga le rk in  f i n i t e - e l e m e n t  method, t h e  code may b e  e a s i l y  modi f ied  when t h i s  

problem i s  encountered .  

To u s e  t h e  code d e s c r i b e d  i n  t h i s  r e p o r t  r e q u i r e s  a r a t h e r  e x t e n s i v e  

d a t a  base .  Geometr ica l ly  t h e  r e g i o n  t o  b e  cons ide red  must b e  d e f i n e d .  

Such in fo rma t ion  as s u r f a c e  e l e v a t i o n s ,  bed-rock d e p t h s ,  so i l -wa te r  

d i v i d e s ,  s o i l  h o r i z o n  dep ths  and t h i c k n e s s e s ,  and g e o l o g i c a l  s t r a t i f i c a t i o n  

i s  r e q u i r e d .  S o i l  p r o p e r t i e s  are n e c e s s a r y ,  I n  t h e  s a t u r a t e d  r e g i o n s  

c o n d u c t i v i t y  and medium c o m p r e s s i b i l i t y  are  needed f o r  each format ion .  

I n  t h e  u n s a t u r a t e d  r e g i o n s  cu rves  of c o n d u c t i v i t y  vs.  p r e s s u r e  and of 

water c o n t e n t  vs. p r e s s u r e  f o r  each  s o i l  t y p e  are r e q u i r e d .  It i s ,  of 

cour se ,  most d e s i r a b l e  t o  have expe r imen ta l  measurements t a k e n  from 

t h e  r e g i o n  t o  be  cons idered .  However, v a l u e s  r e p o r t e d  i n  t h e  l i t e r a t u r e  

,T 
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f o r  similar s o i l s  may be  s u b s t i t u t e d  as r e q u i r e d .  F i n a l l y ,  boundary 

c o n d i t i o n s ,  p r e c i p i t a t i o n  rate as a f u n c t i o n  of t i m e ,  stream d e p t h s ,  and 

depth  of water i n  seepage p i t ,  f o r  example, must be  s p e c i f i e d .  The l a r g e  

q u a n t i t y  of i n p u t  i n fo rma t ion  r e q u i r e d  by a physics-based model such 

as o u r s  i s  cumbersome. However, f o r  s i t u a t i o n s  of p o t e n t i a l l y  s u b s t a n t i a l  

p o l l u t i o n  of s u r f a c e  and ground waters, t h e  a u t h o r s  know of no v i a b l e  

a l t e r n a t i v e .  
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11. THEORETICAL DEVELOPMENT 

The approach used i n  t h i s  s t u d y  employs a s i n g l e  equa t ion  t h a t  

c o n s i d e r s  on ly  t h e  f low of water. The a i r  phase h a s  been assumed t o  

b e  cont inuous  and i s  a t  a tmospher ic  p r e s s u r e ;  t h e r e f o r e ,  t h e r e  can b e  

no en t rapped  pocke t s  of compress ib le  a i r  i n  t h e  f low system. This  

assumption could  prove  t o  b e  a s e r i o u s  l i m i t a t i o n  i n  some a p p l i c a t i o n s ,  

b u t  i t  h a s  been u n i v e r s a l l y  and a p p a r e n t l y  s u c c e s s f u l l y  used by s o i l  

p h y s i c i s t s  i n  t h e  s o l u t i o n  of i r r i g a t i o n  and d r a i n a g e  problems (F reeze ,  

1971) .  

- 1. Formulat ion of Flow Equat ion .  The e q u a t i o n s  governing f low i n  

sa tu ra t ed -unsa tu ra t ed  porous media c o n s i s t  of a n  equa t ion  of (1) c o n t i n u i t y  

of t h e  f l u i d ,  ( 2 )  c o n t i n u i t y  of t h e  s o l i d ,  (3) motion of t h e  f l u i d ,  

( 4 )  c o n s o l i d a t i o n  f o r  t h e  medium, and (5) s ta te  f o r  t h e  c o m p r e s s i b i l i t y  

of water. These equa t ions  w i l l  be  combined t o  form one govern ing  equa t ion  

f o r  f low through porous media. 

For a complete  fo rmula t ion  of t h e  c o n t i n u i t y  e q u a t i o n s ,  t h e  r e a d e r  

is  r e f e r r e d  t o  Cooper (1966) and Duguid and Lee (1973) .  C o n t i n u i t y  of 

t h e  f l u i d  i s  expressed  as: 

.- 

where n i s  p o r o s i t y ,  S i s  s a t u r a t i o n ,  O f  i s  f l u i d  d e n s i t y ,  V S i s  v e l o c i t y  
- 

of t h e  s o l i d ,  and V f s  i s  v e l o c i t y  of t h e  f l u i d  r e l a t ive  t o  t h e  s o l i d .  

Here t h e  t e r m  v e l o c i t y  has  been used in t e rchangeab ly  wi th  Darcian f l u x  

of f l u i d  r e l a t ive  t o  s o l i d .  The g r a n u l a r  s k e l e t o n  of t h e  medium i s  
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considered to be compressible, but the grains themselves are considered 

to be incompressible. The continuity equation for incompressible solids 

is 

a(  1 - 11) 
t V . ( l  ~ 1,) v, = 0 

at  

where the term (1-n) represents the volume concentration of the solids. 

The equation of motion of the fluid is Darcy's law for an anisotropic 

medium and is written in the form 

- 
where H is the hydraulic head and E is the hydraulic conductivity tensor. 

Hydraulic conductivity is defined as 

( 4 )  

where g is the acceleration of gravity 1.1 is the fluid viscosity, and 
f - 

is the intrinsic permeability tensor. The existence of a continuous 

saturated-unsaturated flow domain implies the existence of a corresponding 

potential field, which is defined by Dewiest (1965) as 

which, in this case, yields 

c 

. 
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where p is  t h e  p r e s s u r e ,  z is  t h e  e l e v a t i o n ,  and z i s  a n  a r b i t r a r y  

datum a t  which t h e  p r e s s u r e  i s  p . The t e r m  r i s  Hubber t ' s  f o r c e  p o t e n t i a l .  

The t o t a l  h y d r a u l i c  head may b e  w r i t t e n  

0 

0 

H = z + h  

where t h e  p r e s s u r e  head h i s  

(7) 

w i t h  0 r e p r e s e n t i n g  t h e  inc remen ta l  p r e s s u r e  i n  t h e  f l u i d .  The s u b s t i t u t i o n  

of Eq. ( 7 )  i n t o  Darcy ' s  l a w ,  Eq. ( 3 ) ,  y i e l d s  t h e  equa t ion  of motion 

The three-d imens iona l  c o n s o l i d a t i o n  equa t ion  developed by B i o t  (1940) 

is 

where As and 1-1 

of t h e  medium. The d i l a t a t i o n  i s  de f ined  as 

are Lam6 c o n s t a n t s  f o r  t h e  medium and e is t h e  d i l a t a t i o n  
S 

e = ekk 

where E i s  t h e  s t r a i n  t e n s o r .  i j  

The equa t ion  of s t a t e  f o r  t h e  f l u i d  c o m p r e s s i b i l i t y  is 
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8 

where 6 is the coefficient of compressibility of the fluid. The term 

6' is the modified coefficient of compressibility of water: 

P' = PPfg 

Before continuing the formulation of the flow equation, several 

functional relations should be noted. The fluid density is a function 

of pressure head, as is indicated by Eq.  (12). The hydraulic conductivity 

is a function of both position and pressure head 

. 
- 

where x is a position vector. In saturated regions the variability 

of conductivity with space is due only to inhomogeneity of the medium. 
- 

In unsaturated regions is a function of position and time even in 

homogeneous soils because of its dependence on pressure head. Porosity 

is a function of both position and pressure head 

because the pore size is governed by the consolidation equation. The 

volumetric moisture content 8 may be defined in terms of saturation and 

porosity as 
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. 

Thus, as t h e  medium becomes comple te ly  s a t u r a t e d ,  t h e  moi s tu re  con ten t  

approaches t h e  v a l u e  of t h e  p o r o s i t y  of t h e  medium. 

When Eq.  (1) i s  w r i t t e n  i n  i t s  expanded form and E q ,  (2)  i s  expanded 

and s u b s t i t u t e d  i n t o  Eq. (l), t h e  fo l lowing  r e s u l t  i s  ob ta ined :  

as ap 
f a t  a t  

p 11-+ 11s f -t s p p y  + V.p,Vfs -t nVs.V(pfS) = 0 

where t h e  l a s t  t e r m  of Eq. ( 1 7 )  may b e  neg lec t ed  as a h igher -order  e f f e c t .  

From t h e  e q u a t i o n  of motion,  Eq. ( 9 ) ,  i t  fo l lows  t h a t  

4 

t 

and s u b s t i t u t i o n  of t h i s  expres s ion  i n t o  Eq. ( 1 7 )  y i e l d s  

The s p e c i f i c  moi s tu re  c a p a c i t y  i s  

do as 
dh ah 

- _  - 11- 

from which i t  fo l lows  t h a t  

(20) 

de ah as 
dh at  at 

= 11- _ -  
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From the equation of state, Eq, ( 1 2 ) ,  the expression 

is obtained. 

When both sides of the three-dimensional consolidation equation, 

Eq. ( l o ) ,  are integrated, the following expression results: 

where the function f is a function of both position and time and must 

satisfy Laplace’s equation V2f = 0 for all time. 

that if all of the displacement u is assumed to be vertical, i.e., 

Verruijt (1969) shows 

- 
u = u  then the function f is zero. It follows that 

z z ’  

ae ao -- - a -  
a t  a t  

where 

and a is the coefficient of consolidation of the medium. When the 

definitions 

- au 
s at e =  Q.U and V =- 

and the definition of pressure head, Eq. ( 8 ) ,  are used in conjunction 

c 

with Eq. ( 2 3 ) ,  we obtain 
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- ae ah , ah v.v = - = ( Y p  - 0 1 -  
s a t  fgat- a t  

where 

, 
(Y = apfg 

i s  t h e  modif ied c o e f f i c i e n t  of c o m p r e s s i b i l i t y  of t h e  medium. 

When t h e  terms de f ined  by E q s .  ( 1 6 ) ,  (21) ,  (22 ) ,  and (26) are 

s u b s t i t u t e d  i n t o  Eq. (19), t h e  fo l lowing  is  ob ta ined :  

Equat ion  (28) r educes  t o  t h e  e las t ic  s t o r a g e  equa t ion  i f  t h e  a q u i f e r  

is  assumed t o  b e  s a t u r a t e d .  For u n s a t u r a t e d  f low i t  reduces  t o  what 

s o i l  p h y s i c i s t s  commonly r e f e r  t o  as R i c h a r d ' s  equa t ion .  Thus, Eq. (28) 

is  v a l i d  f o r  b o t h  s a t u r a t e d  and u n s a t u r a t e d  f low.  When a g e n e r a l i z e d  

s t o r a g e  c o n s t a n t  is  d e f i n e d  as 

_ _  __I_-I- - % -- 

e I dB 
I1 dh 

F =-a' t 0 p  t- 

Eq. (28) may b e  r e w r i t t e n  as 

The cor responding  e q u a t i o n  f o r  t h e  t o t a l  head,  Eq. ( 7 ) ,  i s  



14 

Both E q s .  (30) and (31) are,  i n  g e n e r a l ,  n o n l i n e a r  s i n c e  t h e  s o i l  

p r o p e r t i e s  F and depend on p r e s s u r e  head h .  
- 

2. S p a t i a l  I n t e g r a t i o n  by t h e  Ga le rk in  F i n i t e  Element Method. The method 

used i n  t h e  s p a t i a l  i n t e g r a t i o n  of Eq. (30) i s  a s p e c i a l  case of t h e  broad 

ca t egory  c a l l e d  we igh ted - re s idua l  methods. These methods,  i n  t h e i r  

c lass ica l  form, approximate t h e  s o l u t i o n  t o  t h e  d i f f e r e n t i a l  e q u a t i o n s  

and s a t i s f y  t h e  boundary c o n d i t i o n s  e x a c t l y .  I n  t h e  d i f f e r e n t i a l  equa t ion  

L i s  a d i f f e r e n t i a l  o p e r a t o r  and 0 i s  t h e  dependent  v a r i a b l e .  

weighted- res idua l  approximate s o l u t i o n  0' over  t h e  r e g i o n  V i s  obta ined  

from t h e  e q u a t i o n  

The 

S, Wj L(@')dV = 0 (33) 

The W .  comprise a set of weight ing  f u n c t i o n s ,  and @',  t h e  t r i a l  s o l u t i o n ,  

h a s  t h e  form 
J 

m 
a' = Ni @ i  

i =  1 ( 3 4 )  

where t h e  N .  are t r i a l  f u n c t i o n s ,  t h e  $i are  unknown ampl i tudes  of t h e  

t r i a l  s o l u t i o n s ,  and L ( @ ' )  # 0 i s  t h e  r e s i d u a l .  The s p e c i a l  case i n  which 

t h e  we igh t ing  f u n c t i o n s  W are chosen as t h e  t r i a l  f u n c t i o n s  N i s  t h e  

Ga le rk in  method. I n  e f f e c t ,  t h e  e q u a t i o n s  f o r  t h e  Ga le rk in  method 

1 

j i 

N j L  N i @  d V = O  j = 1 ( 1 ) N  S, (i": 1 (35) 

& 

. 
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r e q u i r e  t h a t  t h e  r e s i d u a l  of t h e  d i f f e r e n t i a l  e q u a t i o n  i s  made o r thogona l  

t o  each t e r m  i n  t h e  t r i a l  series. A s  m becomes l a r g e ,  @’ approaches 0 .  

C o e f f i c i e n t s  4 may be ob ta ined  by i n t e g r a t i o n  and s o l u t i o n  of  t h e  above 

e q u a t i o n s ,  and t h e  approximate s o l u t i o n  0’ i s  ob ta ined  by s u b s t i t c t i n g  

t h e s e  c o e f f i c i e n t s  i n t o  t h e  t r i a l  s o l u t i o n  summation (F in layson ,  1972) .  

i 

I n  t h e  c lass ical  Ga le rk in  method, each of t h e  t r i a l  s o l u t i o n s  N 

ex tends  over  t h e  e n t i r e  domain V and must s a t i s f y  a l l  boundary cond i t ions .  

Hence t h e  method is r e s t r i c t e d  t o  s imply shaped,  s imply connected r eg ions  

w i t h  homogeneous mater ia l  p r o p e r t i e s .  However, t h e  power and g e n e r a l i t y  

of t h e  Ga le rk in  method can  b e  extended cons ide rab ly  by combining i t  w i t h  

a f i n i t e  e lement  d i s c r e t i z a t i o n  i n  which t h e  r e g i o n  of i n t e g r a t i o n  i s  

r e p r e s e n t e d  by a n  assemblage of subdomains. I n  two-dimensional space  

t h e s e  e lements  would be polygons and i n  three-d imens iona l  space they  would 

b e  polyhedra .  These subdomains are c a l l e d  e lements ,  and t h e i r  c o r n e r s ,  o r  

connec t ion  p o i n t s ,  are c a l l e d  nodes.  I n  t h i s  approach,  t h e  fami ly  of 

t r i a l  s o l u t i o n s  c o n s i s t s  of s u b f a m i l i e s  of v e r y  s imple  f u n c t i o n s .  The 

Qi s a t i s f y  t h e  boundary c o n d i t i o n s ,  and n o t  t h e  b a s i s  f u n c t i o n  N 

are nonzero on only  one of t h e  subdomains. 

ampl i tudes  of t h e  unknown f u n c t i o n  a t  t h e  nodes.  This  f i n i t e - e l e m e n t  

approach,  i n  e f f e c t ,  i s  a p iecewise  Ga le rk in  approximation which pe rmi t s  

t h e  a p p l i c a t i o n  of t h e  Ga le rk in  method t o  complex geometr ies  and non- 

homogeneous media. A more d e t a i l e d  d i s c u s s i o n  of t h e  Ga le rk in  f i n i t e -  

element method is  g iven  by Hutton and Anderson (1971).  The fo rmula t ion  

and u s e  of f i n i t e - e l e m e n t  Ga le rk in  methods i n  groundwater a n a l y s i s  are 

p resen ted  by P inde r  and F r ind  (1972).  

which i’ 

The c o e f f i c i e n t s  Qi become t h e  
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I n  such a fo rmula t ion  i t  i s  convenient  t o  i n t r o d u c e  one b a s i s  

f u n c t i o n  { N ( G )  f o r  each element  r .  This  one combinat ion weight ing-  

t r i a l  f u n c t i o n  i s ,  however, a column v e c t o r  t h a t  h a s  a s e p a r a t e  N.(x)  

f o r  each node of t h e  element .  Each of t h e s e  f u n c t i o n s  is  b i l i n e a r  and 

ex tends  a c r o s s  t h e  e n t i r e  e lement .  Each h a s  a magnitude of u n i t y  a t  

node i and a magnitude of z e r o  a t  a l l  o t h e r  nodes.  Because of t h e  l a t t e r  

p r o p e r t y ,  c o e f f i c i e n t s  h .  of t h e  t r i a l  s o l u t i o n  r i  

- 
1 

are i d e n t i c a l  t o  t h e  t o t a l  head a t  each  node as a n t i c i p a t e d  by t h e  new 

n o t a t i o n  f o r  expans ion  of t h e  c o e f f i c i e n t s  @ on t h e  r igh t -hand s i d e  of 

Eq. (36) .  

i 

Fjhen G a l e r k i n ' s  method is  a p p l i e d  t o  E q .  (30) i n  t h e  r - t h  e lement ,  

t h e  e q u a t i o n s  are 

{N} [Frh V.K.(V,h + O I L ) ]  d,V = 0 s *v 

where h = d h / d t .  Green ' s  theorem, r r 

(37) 

i n  terms of g e n e r a l  f u n c t i o n s  I) 

d e r i v a t i v e  terms of Eq. (37)  t o  y i e l d  

and I ) ~ ,  may b e  a p p l i e d  t o  t h e  second- 1 
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8 

where < i s  a n  outwardly d i r e c t e d  u n i t  v e c t o r  which i s  normal t o  t h e  s u r f a c e  

S .  The t e r m  i n  squa re  b r a c k e t s  under t h e  s u r f a c e  i n t e g r a l  i s  t h e  Darcy r 

f l u x  7 , Eq.  ( 9 ) ,  and t h e  we igh ted - re s idua l  i n t e g r a l  becomes 
f s  

w n e r e  

The l a s t  i n t e g r a l  s imply a p p o r t i o n s  t h e  moi s tu re  p e r  u n i t  t i m e  f lowing  

ou t  of t h e  r - t h  e lement  t o  t h e  element nodes.  

When t h e  t r i a l  f u n c t i o n ,  Eq. ( 3 6 ) ,  is  combined w i t h  t h e  Ga le rk in  

i n t e g r a l ,  Eq. ( 4 0 1 ,  

[,B] = 1 V{N}.E.V{N>T drV 
I" 

and 

( 4 3 )  

( 4 4 )  
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are defined, Eq. ( 4 2 )  may be rewritten in the simplified form 

[,A] {,G} + [rB] {rhI + { I R ’ I  + {,DI = 0 ( 4 6 )  

3. Time Integration by the Finite-Difference Method. Equation ( 4 6 )  is 

written for an arbitrary increment of time wAt: 

In the Crank-Nicholson centered-in-time approach w = 1 1 2 ,  and in the 

backward-difference approximation w = 1. The Crank-Nicholson algorithm 

has a truncation error of O ( A t  ) ,  but its propagation-of-error character- 

istics frequently lead to oscillatory instabilities. The backward- 

2 

difference scheme, on the other hand, has a truncation error of O(At) 

but is quite resistant to oscillatory instabilities. An arbitrary w 

allows an investigator to find the appropriate balance for the problem 

being considered. 

The time derivative of the pressure head is expressed as 

and the value of this quantity at the arbitrary point in time is 

Substituting E q s .  ( 4 8 )  and ( 4 9 )  into Eq.  ( 4 7 ) ,  the following relationships 

are obtained: 
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where 

and 

i i i It should be understood that matrices [ A 1 ,  irB 1 ,  trD 1 ,  and, r 
i hence [,Ci] and {rR } are evaluated at time t + wbt. These quantities 

are implicit functions of time since they depend on the soil properties 

Furthermore, 
t h a t  

which are explicit functions of the pressure head h 

depends on the undetermined quantity h Obviously, iteration 
t+at htwbt 

is required, a fact which is denoted in Eqs. (50)-(52) by an added 

superscript. Here i = 0 denotes evaluation at t rather than the customary 

t + wat for all other iterations. 

4. Numerical Implementation. For a quadrilateral element with four 

corner nodes, a bilinear polynomial basis function for the j-th node 

may be written in terms of local normalized coordinates as 

(53) 
1 

{ N }  =--{(I  t s s J ) ( l  t T T j )  } j =  1(1)4 

where s and T are the local coordinates of the corner nodes, which i i 



20 

are numbered 1 t o  4 p r o g r e s s i n g  around t h e  element  i n  a counterc lockwise  

d i r e c t i o n  (F ig .  1). I n  t h e  l o c a l  c o o r d i n a t e  system t h e  element  i s  squa re  

r e g a r d l e s s  of t h e  shape  of t h e  q u a d r i l a t e r a l  i n  g l o b a l  c o o r d i n a t e s .  The 

g l o b a l  c o o r d i n a t e s  a t  any p o i n t  w i t h i n  element  r are g iven  i n  t e r m s  of 

l o c a l  c o o r d i n a t e s  by t h e  r e l a t i o n s  
0 

(54) 
7 r z  = { N }  { , I )  

T 
where { x }  and { z }  are t h e  g l o b a l  c o o r d i n a t e s  of t h e  nodes and {N } r r 

is  t h e  t r a n s p o s e  of {N} which depends on t h e  l o c a l  c o o r d i n a t e s  s and T 

g iven  i n  E q .  ( 53 ) .  Here t h e  shape f u n c t i o n  {N) of t h e  c o o r d i n a t e  

t r ans fo rma t ion  i s  t h e  s a m e  as t h e  b a s i s  f u n c t i o n ;  hence,  t h i s  e lement  

& fo rmula t ion  i s  termed i s o p a r a m e t r i c .  The Jacob ian  f o r  t h e  t r a n s f o r m a t i o n  

from g l o b a l  t o  l o c a l  c o o r d i n a t e s  is expressed  as 

S u b s t i t u t i o n  of E q .  ( 5 4 )  i n t o  t h e  de te rminant  of t h i s  e x p r e s s i o n  y i e l d s  

where [ P I  is  d e f i n e d  as 

J 
(57) 

When t h e  e x p r e s s i o n  f o r  I N ) ,  E q .  ( 5 3 ) ,  i s  used i t  may be  shown t h a t  
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[PI = 

- 0  1 -5- --s tr - 1  t s -  

- - I  +r 0 1 +s -s -r 

s - r  -1 -s 0 1 +r 

~ 1 --s s t 7  - 1  --7 0 

which is a skew-symmetric matrix. Equations ( 5 6 )  and (58) are combined 

to yield 2 2 4  - z 3 4 s  --z237 

1 - 2 1 3  t z 3 4 s  t214r 

--z24 + Z I 2 S  -2147 

Z I  3 -21 2 s  t z 2 3 r  I [PI t r d  = -  

/ 

and the determinant of the Jacobian is 

( 5 9 )  

Terms x and z are defined as 
ij ij 

xij = rxi - ,Xj 

zjj = rzi - r2j 
(61)  

Equation (60) is used for numerical evaluation of the determinant of 

the Jacobian. 

The integrals of Eqs. ( 4 3 ) - ( 4 5 )  taken over the volume of the r-th 

finite element may now be written in local coordinates using the determinant 

of the Jacobian to transform the elemental area; 

[,Ail = lxl {N}Fi{N}TrJ dsdr 
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8 

. 

I n t e g r a t i o n  of t h e s e  equa t ions  i s  e a s i l y  c a r r i e d  ou t  u s i n g  2 x 2 Gaussian 

i n t e g r a t i o n .  A l i n e a r  a l g e b r a i c  equa t ion ,  Eq. ( 5 0 ) ,  r e s u l t s  s i n c e  

i i {rhi+l} i s  a f u n c t i o n  of t i m e  only and t h e  m a t r i c e s  i r A  >, {rB >, and 

i { D 1 are eva lua ted  f o r  t h e  p rev ious  i t e r a t i o n ,  r 
i I n  o rde r  t o  e v a l u a t e  [ B 3 ,  Eq. ( 6 3 ) ,  expres s ions  f o r  t h e  s p a t i a l  r 

d e r i v a t i v e  of t h e  i n t e r p o l a t i o n  f u n c t i o n  are necessa ry .  The cha in  r u l e  

may be  i n v e r t e d  t o  y i e l d  

us ing  t h e  d e f i n i t i o n  of [ J ] ,  Eq. (55).  

When t h e  t o p  row of Eq. ( 6 6 )  is a p p l i e d  t o  t h e  b a s i s  f u n c t i o n  { N ) ,  

t h e  fo l lowing  is  ob ta ined :  
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where t h e  t r a n s f o r m a t i o n  e q u a t i o n ,  Eq. ( 5 4 ) ,  h a s  been used t o  expres s  

z as a f u n c t i o n  of s and T .  The term enclosed  i n  p a r e n t h e s e s  is  r e a d i l y  

i d e n t i f i e d  as [PI  from Eq. ( 5 7 ) .  Thus,  

I n  a n  e n t i r e l y  analogous way i t  may a l s o  b e  shown t h a t  

Equat ions  (68) and (69) are i n  a form s u i t a b l e  f o r  numer ica l  e v a l u a t i o n ,  

These e q u a t i o n s  and t h e i r  t r ansposed  c o u n t e r p a r t s  are used t o  e v a l u a t e  t h e  

i n t e g r a n d  of [ B 3 ,  Eq. (63).  r 
i . 

5. Assembly of Elements.  I n  o rde r  t o  unders tand  t h e  assembly of t h e  

e lements  t h a t  form a sys tem of a l b e g r a i c  e q u a t i o n s ,  a s imple  example 

w i l l  be  used.  The example s e l e c t e d  is  t h a t  of a two-dimensional space  

which i s  d i v i d e d  i n t o  twelve r e c t a n g u l a r  e lements  (F ig .  2 ) .  I t e r a t i o n  

s u p e r s c r i p t s  are dropped f o r  convenience.  Both g l o b a l  and l o c a l  sub- 

s c r i p t i n g  of t h e  [,C] m a t r i x  are shown i n  F i g .  2b. Expansion of matrix 

[ ,C] i n t o  a composi te-matr ix  form is  shown i n  F ig .  3 .  

of summing over  t h e  expanded form of each [ C ]  t o  form t h e  composi te  

matrix [ C ] .  The complete  [ C ]  m a t r i x  w i l l  be  s p a r s e  and banded. The 

band wid th  may b e  c a l c u l a t e d  from t h e  e q u a t i o n  

Assembly c o n s i s t s  

r 

IBAND = 2(MAXDlF) + 1 

. 
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Figure 2. Example Problem. (a )  Element r ep resen ta t ion  of t he  
(b) Local and g loba l  numbering space us ing  g loba l  numbering system. 

schemes f o r  element-matrix [,C]. 
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where MAXDIF i s  t h e  maximum noda l  d i f f e r e n c e  i n  any element  of t h e  

system and IBAND i s  t h e  band width .  Thus,  f o r  t h e  example problem t h e  

band width  is  11. For more economical u s e  of computer s t o r a g e ,  on ly  

t h e  band p o r t i o n  need be  s t o r e d .  I f  t h e  governing e q u a t i o n s  are  symmetric,  

on ly  t h e  half-band and t h e  d i a g o n a l  are s t o r e d .  The most economical form 

of s t o r a g e  of t h e  banded m a t r i x  is shown i n  t h e  lower p o r t i o n  of F ig .  3 .  

A more d e t a i l e d  d i s c u s s i o n  of t h e  assembly of f i n i t e  e lements  i s  p resen ted  

by Desai and Abel ( 1 9 7 2 ) .  

A t  t h i s  p o i n t  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  band wid th  is  

c o n t r o l l e d  by t h e  g l o b a l  noda l  numbering system. 

c o r e  s t o r a g e  i s  achieved  by reducing  t h e  magnitude of t h e  t e r m  MAXDIF. 

This  r e d u c t i o n  is ob ta ined  by numbering i n  t h e  d i r e c t i o n  i n  which t h e r e  

are t h e  l eas t  nodes i n  a g iven  row o r  column, I f  t h e  nodes w e r e  numbered 

i n  a h o r i z o n t a l  d i r e c t i o n ,  t h e  band wid th  would be  13. Th i s  r e p r e s e n t s  

a s i g n i f i c a n t  i n c r e a s e  i n  t h e  c o r e  s t o r a g e  r e q u i r e d .  

A r e d u c t i o n  i n  computer 

Equat ion ( 5 0 )  is  eva lua ted  and assembled f o r  each e lement ,  and t h e  

assembled system of a l g e b r a i c  e q u a t i o n s  may b e  w r i t t e n  as 

[C'] = (R'} ~ (R') = {Y '}  

6 .  A p p l i c a t i o n  of Boundary Condi t ions .  A t  nodes where D i r i c h l e t  

( c o n s t a n t )  boundary c o n d i t i o n s  are encountered ,  a n  i d e n t i t y  equa t ion  i s  

gene ra t ed  f o r  each such node and inc luded  i n  t h e  matrices of Eq. ( 7 1 ) .  

A s  a n  example, t a k e  a one-element sys tem w i t h  t h e  p r e s s u r e  a t  node 1 

c o n s t r a i n e d  t o  t h e  v a l u e  of b a t  a l l  tines, i . e . ,  

c 
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F i g u r e  3 .  F u l l  and Banded Matrix [ C ]  f o r  t h e  Example Problem. 
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h,  = b and  b # b(t) 

Equat ion ( 7 1 )  then  t a k e s  t h e  form 

0 

c 2  2 

c 3  2 

c4 2 

( 7 3 )  

This  r e s u l t  may e a s i l y  be gene ra l i zed  t o  an  a r b i t r a r y  number of equa t ions  

wi th  an a r b i t r a r y  number of D i r i c h l e t  boundary nodes.  

A t  nodes where Neumann ( f lux- type)  boundary c o n d i t i o n s  are  a p p l i e d ,  

t h e  s u r f a c e  i n t e g r a l  { R ' )  i n  Eq. (41) is formed and assembled over  a l l  

e lements  r having s u r f a c e s  bounding t h e  e n t i r e  system t o  y i e l d  v e c t o r  

{R'}. The r e s u l t  i s  then  added t o  t h e  load  v e c t o r ,  as i n  E q .  ( 7 1 ) ,  

a t  each i t e r a t i o n  taken  i n  t h e  s o l u t i o n  of a t r a n s i e n t  problem. 

r 

7.  S o l u t i o n  of t h e  Assembled Equat ions ,  I n  s o l v i n g  t h e  assembled equa t ions  

expressed  i n  E q .  ( 7 1 ) ,  t h e  m a t r i x  [C ] i s  decomposed i n t o  t h e  product  

of upper and lower t r i a n g u l a r  m a t r i c e s  us ing  t h e  C r o u t - D o l i t t l e  method. 

The lower t r i a n g u l a r  ma t r ix  i s  used t o  modify t h e  r ight-hand s i d e  {Y } 

f o r  b a c k - s u b s t i t u t i o n  i n t o  t h e  upper t r i a n g u l a r  m a t r i x  t o  o b t a i n  a s o l u t i o n .  

I f  t h e  m a t r i x  [C ] and t h e  t i m e  s t e p  A t  do no t  change wi th  t i m e ,  then  t h e  

i 

i 

i 

decomposi t ion needs t o  be performed on ly  once,  and i t e r a t i o n  i s  unnecessary .  

I f ,  however, t h e  unsa tu ra t ed  s o i l - m o i s t u r e  zone i s  cons ide red ,  such a t i m e -  

s av ing  dev ice  cannot  b e  used and decomposi t ion i s  necessa ry  f o r  each t i m e  

s t e p  and each i t e r a t i o n .  
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111. COMPUTER IMPLEMENTATION 

L 

The ompute program c o n s i s t s  of 16 d i f f e r e n t  s u b r o u t i n e s  (F ig .  4 ) .  

Thei r  f u n c t i o n s  are c o n t r o l ,  pr imary c a l c u l a t i o n s ,  suppor t  c a l c u l a t i o n s ,  

and input -output  o p e r a t i o n s .  Rout ine MAIN, as i ts  name i m p l i e s ,  performs 

t h e  c o n t r o l  func t ion .  Perhaps t h e  most impor tan t  p a r t  of t h e  e n t i r e  

c a l c u l a t i o n  i s  d i r e c t e d  by a s m a l l  s e c t i o n  of coding i n  MAIN (F ig .  5 ) .  

A s o i l - p r o p e r t i e s  i t e r a t i o n  loop  is  necessa ry  because t h e  h y d r a u l i c  

c o n d u c t i v i t y  K and water s t o r a g e  parameter  F are dependent upon p r e s s u r e  

h ,  t h e  dependent v a r i a b l e .  A p r e s s u r e  dependence i n  t h e  boundary condi- 

t i o n s  makes t h e  o u t e r  r a i n f a l l - s e e p a g e  c y c l e  necessa ry .  Development of 

- - 

a seepage f a c e  o r  t h e  i n i t i a t i o n  of r a i n f a l l  r u n o f f ,  f o r  example, r e q u i r e s  

t h a t  boundary c o n d i t i o n s  be  changed from a s p e c i f i c a t i o n  of f l u x  t o  a 

s p e c i f i c a t i o n  of p r e s s u r e  whenever s a t u r a t i o n  i s  reached.  

Subrout ines  44, ASEMBL, BC, BANSOL, SPROP, BCPREP, and Q4S perform 

t h e  pr imary c a l c u l a t i o n s  of t h e  code. I n  44 ,  Jacobians  are eva lua ted  and 

each q u a d r i l a t e r a l  element i s  t ransformed t o  a l o c a l  c o o r d i n a t e  system 

where i t  becomes a squa re  of s i d e  l eng th  2 .  I n  t h i s  system t h e  l i n e a r  

Galerk in  b a s i s  f u n c t i o n s  of Eq. ( 5 3 )  and t h e i r  d e r i v a t i v e s  are gene ra t ed ,  

and a 2 x 2 Gauss quadra tu re  is employed t o  y i e l d  element  m a t r i c e s  [ A 3, 

[rB 3 ,  and { Di).defined i n  Eqs. ( 6 2 ) - ( 6 4 ) .  Routine ASEMBL then  a p p l i e s  

a t ime- in t eg ra t ion  a lgo r i thm,  a d j u s t s  s u b s c r i p t s ,  and sums over  e lements  

r t o  o b t a i n  t h e  g l o b a l  matrices [C ] and {R }, Eqs. (51 ) ,  (52 ) ,  and (71 ) .  

S ince  t h e  matrix [C ] i s  symmetric,  on ly  i t s  upper  half-band and t h e  d i agona l  

are r e t a i n e d  i n  o rde r  t o  minimize c o r e  s t o r a g e  requi rements .  

i 
r 

i 
r 

i i 

i 



30 

- BCPREP 

ORNL-DWG 74-3902 

Q 4 S  

d STORE 

DATA I N I 

SFLOW - Q4TH 

I 

c 

F i g u r e  4 .  Flow Chart of Moisture-Transport  Program. 
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i i 
C o e f f i c i e n t  ma t r ix  [ C  ] and load  v e c t o r  {R } are then  a p p r o p r i a t e l y  

modif ied t o  i n c o r p o r a t e  bo th  Neumann and D i r i c h l e t  boundary c o n d i t i o n s  

us ing  s u b r o u t i n e  BC. 

t e r m  { R ' } ,  Eq. ( 7 1 ) ,  f o r  Neumann c o n d i t i o n s ,  b u t  bo th  [ C  ] and {Y 1 

must be  changed f o r  D i r i c h l e t  c o n d i t i o n s ,  as shown by means of an  example 

i n  Eqs. ( 7 2 )  and ( 7 3 ) .  Rout ine BANSOL s o l v e s  t h e  banded m a t r i x  equa t ion ,  

i+l Eq. (71), f o r  t h e  p r e s s u r e  heads {h  1 by decomposi t ion i n t o  lower and 

upper t r i a n g u l a r  matrices and by forward and backward s o l u t i o n  of t h e  

r e s u l t i n g  two ma t r ix  equa t ions .  

i Vector {R 1 must be  modif ied only  by t h e  a d d i t i v e  

i i 

- 
Subrout ine  SPROP produces t h e  pressure-dependent  s o i l  p r o p e r t i e s  E, 

F,  and 8.  SPROP must be  modif ied t o  be c o n s i s t e n t  w i t h  t h e  a v a i l a b l e  

d a t a  on t h e  s o i l s  be ing  cons idered .  These p r o p e r t i e s  may be i n  t h e  

form of t a b u l a r  d a t a  s u i t a b l e  f o r  i n t e r p o l a t i o n ,  they  may be r ep resen ted  

by a n a l y t i c a l  e x p r e s s i o n s ,  o r  they  may have a mix tu re  of t h e  two forms,  

The i n p u t  d a t a  format  f o r  s o i l  p r o p e r t i e s  i n  DATAIN, however, should  be  

g e n e r a l  enough t o  handle  a l l  conce ivable  cases. 

Subrout ine  BCPREP r e q u i r e s  more e l a b o r a t i o n  than  t h e  o t h e r  r o u t i n e s .  

B a s i c a l l y  a group of nodes i s  s p e c i f i e d  as r a i n f a l l - s e e p a g e  nodes 3y t h e  

program i n p u t  ( s e e  Appendix E). They are s p e c i f i e d  i n  t e r m s  of curves  (or  

p r o f i l e s ) ,  r a i n f a l l  rates v s .  t i m e ,  maximum ponding dep ths ,  and t h e  element 

s i d e s  which connect  them. The boundary c o n d i t i o n s  on t h e s e  nodes a re  then  

f r e e  t o  swi t ch  from D i r i c h l e t  t o  Neumann c o n d i t i o n s  depending on v a l u e s  

of t h e  p r e s s u r e  o r  moi s tu re  f l u x .  

I f ,  f o r  example, t h e  s o i l  i s  s u f f i c i e n t l y  d ry  a t  t h e  beginning  of a 

r a i n f a l l  e v e n t ,  a l l  of t h e  i n c i d e n t  moi s tu re  can be imbibed by t h e  s o i l .  

n 
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C 

A Neumann f l u x  c o n d i t i o n  i s  then  a p p r o p r i a t e  s i n c e  t h e  f l u x  i s  e q u a l  t o  

t h e  i n c i d e n t  r a i n f a l l  ra te .  I f  t h e  r a i n f a l l  con t inues  a t  a s u f f i c i e n t  rate,  

ponding w i l l  e v e n t u a l l y  commence and con t inue  u n t i l  t h e  maximum ponding 

depth  is  reached .  It i s  t h e n  necessa ry  t o  change t o  a D i r i c h l e t  c o n d i t i o n  

where s u r f a c e  p r e s s u r e  i s  s imply t h e  maximum ponding dep th .  The f l u x  a t  

t h i s  t i m e  may b e  e i t h e r  n e g a t i v e  ( i n t o  t h e  s o i l  bu t  a t  a lesser ra te  t h a n  

t h e  maximum al lowed r a t e )  o r  p o s i t i v e  (seepage o u t  of t h e  s o i l  sys tem) .  

I f  w e  f u r t h e r  assume t h a t  t h e  r a i n f a l l  r a te  now d e c l i n e s  untilmaximum 

ponding depth  cannot  b e  main ta ined ,  a Neumann f l u x  c o n d i t i o n  must b e  

r e i n s t a t e d .  That is ,  whenever t h e  f l u x  c a l c u l a t e d  f o r  t h e  ponding c o n d i t i o n  

becomes g r e a t e r  i n  magnitude ( l e s s  i n  a n  a b s o l u t e  s e n s e  due t o  ou r  s i g n  

convent ion)  than  t h a t  which can be  main ta ined  by t h e  r a i n f a l l  r a te ,  t h e  

boundary c o n d i t i o n  must b e  changed t o  a f l u x  c o n d i t i o n .  

The f u n c t i o n  of BCPREP is  t o  p repa re  a r a i n f a l l  f l u x  v e c t o r  FLX(NP) 

and two p o i n t e r  a r r a y s  NPFLX(NPP) and VPCON(NPP). (The maximum ponding 

depth  v e c t o r  HCON(NP) i s  a n  i n p u t  q u a n t i t y . )  Rout ine BC t h e n  u s e s  t h e s e  

a r r a y s  t o  a c t u a l l y  implement t h e  boundary c o n d i t i o n s ,  For example, i f  

NP = NPFLX(NPP) # 0,  node NP is  as s igned  t h e  f l u x  c o n d i t i o n  FLX(NP). I f ,  

on t h e  o t h e r  hand, NP = NPCON(NPP) # 0 ,  node NP i s  as s igned  t h e  cons t an t -  

p r e s s u r e  c o n d i t i o n  HCON(NP). 

Suppor t ing  c a l c u l a t i o n s  are c a r r i e d  o u t  i n  r o u t i n e s  SURF, VELT, Q4P, 

Q 4 S ,  SFLOW, and Q4TH. Subrout ine  SURF i d e n t i f i e s  boundary s i d e s .  These 

s i d e s  are t h e n  s p e c i f i e d  i n  terms of t h e  e lements  t o  which they  be locg  

and t h e  nodes t h a t  subtend  them. S i d e  l e n g t h s  and d i r e c t i o n  c o s i n e s  of 

outwardly d i r e c t e d  normal v e c t o r s  are c a l c u l a t e d .  Rout ines  VELT and Q4D 

are used  t o  de te rmine  Darcy v e l o c i t y  v e c t o r s  and t o t a l  heads a t  a l l  nodes 



from a predetermined pressure-head d i s t r i b u t i o n  ( i n  a p rev ious  i t e r a t i o n ) .  

With SFLOW, Q4S, and Q4TH, f lows are determined i n  two d i f f e r e n t  ways. 

F i r s t ,  t h e  s u r f a c e  i n t e g r a l  of Eq. ( 4 1 )  is  eva lua ted  f o r  each boundary 

element i n  r o u t i n e  Q4S u s i n g  two-point Gauss q u a d r a t u r e ,  Resu l t ing  

element f low rates are assembled i n t o  a boundary f low ra te  v e c t o r ,  and 

t r a p e z o i d a l  t i m e  i n t e g r a t i o n  is  used i n  SFLOW t o  o b t a i n  t h e  moi s tu re  

pas s ing  through t h e  boundary s i n c e  t h e  last t i m e  s t e p .  These f lows  are  

c l a s s i f i e d  accord ing  t o  t h e  boundary c o n d i t i o n  on t h e  s u r f a c e  from which 

they  o r i g i n a t e .  Second, a space  i n t e g r a l  over  t h e  water c o n t e n t  i s  

eva lua ted .  Its rate of change from t h a t  of t h e  las t  t i m e  s t e p  i s  

determined as a check on t h e  t o t a l  f low through t h e  boundary. 

F i n a l l y  input -output  f u n c t i o n s  are performed almost  e x c l u s i v e l y  i n  

r o u t i n e s  DATAIN, PRINTT, and STORE. V a r i a b l e s  p e r t a i n i n g  t o  d i s c r e t i z a t i o n  

of t h e  geometry of t h e  system and t h e  s i m u l a t i o n  t i m e  are r ead  i n  DATAIN. 

O the r s  r e l a t i n g  t o  s o i l  p r o p e r t i e s ,  b o u n d a r y - i n i t i a l  c o n d i t i o n s ,  and 

numer ica l  convergence are a l s o  r ead .  These i n p u t  q u a n t i t i e s  are checked 

f o r  cons i s t ency  whenever p o s s i b l e  and are p r i n t e d  ou t  t o  g i v e  a complete 

r eco rd  of t h e  s imula r ion .  A thorough d e s c r i p t i o n  of t h e  i n p u t  f o r  DATAIN 

i s  g iven  i n  Appendix E.  Output of c a l c u l a t e d  v a r i a b l e s  occur s  i n  PRINTT 

and STORE. Subrout ine  PRINTT p r i n t s  f l ow in fo rma t ion ,  p r e s s u r e  heads ,  

t o t a l  heads ,  water c o n t e n t s ,  and Darcy v e l o c i t y  d i s t r i b u t i o n s  as s p e c i f i e d  

by parameter KPR. Subrout ine  STORE writes t h e  same in fo rma t ion ,  i n  a d d i t i o n  

t o  noda l  p o i n t  and element d e s c r i p t o r s ,  on a n  a u x i l i a r y  s t o r a g e  dev ice ,  

a magnet ic  t a p e  f o r  example, Its o p e r a t i o n  i s  c o n t r o l l e d  by v a r i a b l e s  



35 

KSTR and, t o  a l i m i t e d  e x t e n t ,  NSTRT. Aux i l i a ry  s t o r a g e  may be used 

e i t h e r  f o r  p l o t t i n g  by ano the r  program o r  f o r  r e s t a r t i n g  us ing  a p rev ious ly  

determined p r e s s u r e  d i s t r i b u t i o n  as t h e  i n i t i a l  c o n d i t i o n  f o r  cont inued  

c a l c u l a t i o n .  
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IV. RESULTS 

In this section our computer code is checked in two different ways-- 

comparison with experimental data and comparison with another computer 

program. Emphasis, however, is placed on problem definition and setup 

to illustrate the use of our program. Detailed card-by-card and line- 

by-line listings of input and output for two of the problems are given 

in Appendices A and B. 

1. Coweeta Inclined Soil Column. Investigators of the Coweeta Hydrologic 

Laboratory in North Carolina have made extensive use of inclined physical 

soil models to study the interrelation among base flow, unsaturated soil 

moisture movement, and evapotranspiration. Results from their Models I 

and I1 are presented by Hewlett (1961). 

been shown and analyzed by Scholl and IIibbert (1973). Our mathematical 

analysis is concentrated on the results of Hewlett and Hibbert (1963) 

obtained from Model 111. We further restrict our attention to the 

measured values of outflow vs. time, reserving their tension and moisture- 

content distributions for future study. 

Data from Model IV has recently 

The physical system consists of an inclining concrete trough, the 

inner dimensions of which are given in Fig. 6b. It is filled for the 

most part with a Halewood sandy loam soil with a texture of 60 percent 

sand, 18 percent silt, and 22 percent clay (Hewlett and Hibbert, 1963). 

Soil under the outflow level, however, is graded to sand, gravel, and 

rock to simulate stream bank conditions and to allow free drainage. 
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WIDTH=92 5 cm 

-,44 c m 4  
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Figure 6. Coweeta Inclined Soil Model. (a) Simulated water-table 
decline for conductivity parameters Ks = 450 cmlday, hc = -30 cm, and 
p = 5. (b) Physical characteristics and finite-element discretization. 
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After soaking the upper surface for several days, the structure was 

covered with a plastic film to prevent evaporation. The outflow rate 

coming from the drainage tube was then measured as a function of time 

(Fig. 7 ) .  A much more complete description of the physical model, its 

instrumentation, and results obtained therefrom may be found in Hewlett 

and Hibbert (1963). 

Before this system was mathematically modeled, a number of 

c 

simplifying assumptions were made. The influence of the sand, gravel, 

and rock (Fig. 6b) on outflow was assumed to be negligible since this 

material lies below the outflow level in a region where Darcy velocities 

would be expected to be minimal. Three-dimensional flow near the out- 

flow tube was taken to be inconsequential, and seepage was allowed to 

occur from a height of 46 cm to a height of 53 cm across the entire 

width of the front face. All boundaries except for this portion of . 
the front face were taken to be impervious for the transient calcula- 

tion. Seepage was allowed to occur over the entire top surface whenever 

warranted. However, seepage water was assumed to pass instantaneously 

to the outflow without further infiltration into the soil. 

Initial conditions and soil properties presented a problem. To 

our knowledge, none of these quantities was measured for Model 111, 

Hewlett ( 1 9 6 1 )  reported 4 1  percent as the initial volumetric water 

content for a similar experiment with an earlier model. For our simu- 

lation we assumed the initial moisture distribution to be that which 

would have been obtained if the entire slab had been wetted to saturation 
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Figure  7 .  Outflows as Funct ions  of  T i m e .  For  t h e  s imula t ed  cu rves  
s a t u r a t e d  c o n d u c t i v i t y  and pore-s ize  d i s t r i b u t i o n  parameters  w e r e  h e l d  
c o n s t a n t  a t  K, = 450 cm/day and p = 5, r e s p e c t i v e l y .  
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by a heavy rainfall on the top surface and then allowed to drain until 

the total volumetric water content was the same 41 percent. The moisture 

characteristic was taken from Scholl and Hibbert (1973) (Model IV) and 

fitted with a smooth curve (Fig. 8). Since there were no measurements 

of conductivity as a function of either pressure or water content, the 

Gardner (1958) form, 

Ks K =  (jy + 1 
(74) 

was used. 

Saturated conductivity K critical pressure h and pore-size 
S’ C’ 

distribution index d were then treated as adjustable parameters, and 

outflow profiles were generated. Three profiles for differing h values 

with K and d fixed may be compared among themselves and with the 

experimental curve in Fig. 7. Corresponding conductivity-pressure 

C 

S 

functions are shown in Fig. 8. The soil-parameter values for K s’ hc’ 

and d are all quite reasonable when compared to those of Bouwer (1964) 

for a sandy soil. Making the unsaturated soil less conducting by 

increasing h 

and increase long-term subsurface flow (t 2 10 days). 

(h = 0) contours corresponding t o  our best simulation are shown in Fig. 

6a. The water-table position remained essentially unchanged for times 

greater than five davs. IIewlett and Bibbert (1963) observed a power-law 

decay in their outflow rate for the first 36 hours and after a five-day 

tends to decrease short-term subsurface flow (t 5 1 day) 
C 

Water table 
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F i g u r e  8. S o i l  P r o p e r t i e s  of Halewood Sandy Loam. (a )  Hydrau l i c  
c o n d u c t i v i t i e s  o b t a i n e d  from a Gardner form f a c t o r .  (b) Mois ture  
c h a r a c t e r i s t i c .  Exper imenta l  d a t a  of S c h o l l  and Hibbe r t  [1973]  as f i t t e d  
by a smooth curve.  
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transition period a second, but different, power-law decay (see Fig. 

7). The first period, according to Fig. 6a, is characterized by a 

rapidly dropping free-water surface. In the second period there is 

little or no movement of this surface since it has essentially reached 

its final equilibrium position, and the outflow is controlled entirely 

by flow through the large mass of unsaturated soil lying above the water 

table. Agreement between simulated and measured outflow rates is worst 

during the transition period. The simulated rate and also the water 

table fall too rapidly. Perhaps a further adjustment of the conductivity 

parameters would alleviate this problem. Water table contours in Fig. 

6a for times t < 2 days imply seepage through the top surface of the 

slab. Such flows contributed 76 percent of the total simulated flow 

rate at t = 0 and 8 percent at t = 2 days. However, no seepage was 

observed experimentally.' This discrepancy could be due either to the 

assumed initial conditions or to the presence of the highly conductive 

gravel and rock, which was not accounted for in the simulation. It is 

sufficient here, however, to exhibit the generally encouraging comparison 

- 

of our simulation to experimental data and the physically reasonable 

way in which the water table behaves. 

The spatial mesh consists of 612 elements and 690 nodes as shown 

in Fig. 6. The width of the stored operator matrix [C] was IHBP = 12. 

The latter quantity is important for two reasons. Computing time varies 

as its square, and for large problems (core storage 2 lOOOK bytes) the 

Private communication from Lloyd W. Swift, Jr., Coweeta Hydrologic 1 

Laboratory. 

b 
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core requirement varies directly as IBHP. For this particular problem 

storage and time requirements on an IBM 360/91 computer were 500K bytes 

and 16.5 minutes for 13.5 days of simulation. Appendix A presents 

operational details appropriate for a test-case computer run on the 

above problem. Input and output are given. Listings of subroutine 

SPROP, COMMON statements, and DATA statements are not included, however, 

since they appear in the program listing in Appendix C. Ordinarily, one 

must change SPROP to conform with the form of the soils data and should 

change the COMMON and DATA statements to minimize core storage requirements. 

2 .  Freeze's Idealized Flow System. R. A. Freeze (1971a) has developed 

a computer program (Freeze, 1972~) which is comparable to ours. His 

model, like ours, is based on Eq. (28) and therefore treats saturated 

and unsaturated zones in a unified manner. In addition, the Freeze 

model allows transient analysis, nonhomogeneous and anisotropic geo- 

logical formations, and any generalized configuration of all pertinent 

boundary conditions. In addition to a two-dimensional capability, which 

we also have, Freeze's model has a three-dimensional capability. The 

biggest differences, however, are in the numerical implementation. 

Freeze uses a block-centered rectangular grid, finite-difference spatial 

discretization, and line successive overrelaxation for solution of the 

matrix equations which arise. We, on the other hand, use a quadrilateral 

finite-element grid, Galerkin spatial discretization, and Gaussian 

elimination. 
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A s  Freeze so clearly points out in his closing comments in the 

(1971b) article, there are very real limitations in the physics-based 

approach. These limitations are computer performance (both core size 

and computing time), numerical convergence, and data availability. We 

have introduced the different numerical techniques in an effort to 

alleviate the first two of these limitations. We have been partially 

successful, but much work remains, principally in handling the non- 

linearities arising from the unsaturated soil properties. Basically, 

it is our feeling that finite elements provide a more flexible way of 

characterizing the physical geometry than does a rectangular grid. By 

exploiting this flexibility one can reduce the number of nodes and, 

hence, the computing times with very little l o s s  in overall accuracy. 

In addition, unpublished work performed in conjunction with the Reeves 

and Miller (1974) paper showed that, at least in a one-dimensional 

application for the soils and boundary conditions considered therein, 

linear Galerkin had convergence superior to that of a comparable 

finite-difference algorithm. 

means that comparable accuracy can be achieved with fewer nodes. 

Finally, it was felt that exact solution of the linearized equations 

by Gaussian elimination would enhance both stability and convergence 

when compared to the approximate line-successive-overrelaxation method. 

Practically speaking, better convergence 

A number of analyses of idealized systems have been presented by 

Freeze (1971a, 1971b, 1972a, 1972b). There have been watersheds, 

groundwater basins, and earth dams. All have been used to explore 

. 
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effects of the unsaturated zone upon the total subsurface flow regime. 

A very small laboratory-sized watershed measuring 6m by 3m, presented in 

Freeze (1972a), served as a test case for his computer program in the 

(1972~) document. We have used this same system both as a debugging 

aid and as a vehicle whereby the efficiency of the different numerical 

methods could be compared. 

The flow system is shown in Fig. 9. It is composed of a highly 

permeable sand, the unsaturated properties of which are shown in Fig. 

10. To obtain initial conditions, pressure-head values were prescribed 

along the stream channel, part of the slope, and the upper plateau. 

Taking all other boundaries to be impermeable, a steady state was 

determined, pressure heads of which were the initial conditions for the 

transient calculation. (The careful reader should be alerted here to 

the fact that initial conditions described above are used in Freeze 

(1972~) but not in the corresponding calculation of Freeze (1972a).) 

Using Freeze's transient boundary conditions (Fig. 9a), and Freeze's 

rectangular grid (Fig. 9b), the water table rise of Fig. lla was 

generated with the Reeves-Duguid code. 

our program may be compared with their counterparts obtained from the 

Freeze routine in Figs. l l b  and llc. Comparative computing times are 

presented in Table 1 (Columns "Freeze" and "Reeves-Duguid 81" are 

appropriate here). For the steady-state calculation, where the initial 

guess at the solution is poor, the finite-element-Galerkin algorithm is 

obviously superior. 

Selected results obtained from 

There is a factor-of-five reduction in computing 
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Figure  9 .  F reeze ' s  I d e a l i z e d  Watershed. (a )  T r a n s i e n t  boundary 
c o n d i t i o n s .  (b) F r e e z e ' s  r e c t a n g u l a r  g r i d .  (c )  S p a t i a l  mesh f o r  t h e  
Reeves-Duguid c a l c u l a t i o n ,  Case 2 .  

. 
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Figure  10.  Hydrau l i c  Conduct iv i ty  and Soi l -Mois ture  C h a r a c t e r i s t i c s  
of a Hypo the t i ca l  Sandy S o i l .  
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Figure  11. ( a )  Water-Table R i s e  as Determined by Both Reeves-Duguid 
C a l c u l a t i o n s .  (b) S e l e c t e d  p r e s s u r e  heads  o b t a i n e d  by  t h e  Freeze  (F) 
program and by t h e  Reeves-Duguid (RD), Case 1, a n a l y s i s .  ( c )  Subsurface  
flow hydrograph o b t a i n e d  by t h e  Freeze  and Reeves-Duguid c a l c u l a t i o n s .  
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. 

TABLE 1 

Time and Storage Parameters 

Freeze 

Total computing time (min) 4.88 

Steady-state time (sec) 29.8 

Transient-state time (min) 4.38 

Total core storage (bytes) - 

Reeves-Duguid 111 Reeves-Duguid #2 

4.64 2.42 

5.7 3.0 

4.61 2.37 

500K 380K 
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t i m e .  There is no improvement f o r  t h e  t r a n s i e n t - s t a t e  c a l c u l a t i o n ,  

however, and t h e  f in i t e - e l emen t  technique  a c t u a l l y  t a k e s  5 p e r c e n t  

l onge r .  We d i d  n o t  determine t h e  minimum c o r e  s t o r a g e  requi rement  of 

t h e  Freeze  code because of our  u n f a m i l i a r i t y  w i t h  h i s  dimensioning.  

However, w e  expec t  h i s  code t o  be  s u p e r i o r  i n  t h i s  ca t egory  s i n c e  t h e  

l i ne - success ive -ove r re l axa t ion  method r e q u i r e s  s t o r a g e  of a t r i d i a g o n a l  

m a t r i x  having t h e  same o r d e r  as  t h e  maximum number of v e r t i c a l  nodes,  

a 24 X 3 m a t r i x  ( .58K b y t e s  i n  double  p r e c i s i o n ) ,  f o r  t h e  g r i d  shown i n  

F ig .  lob .  The f in i t e - e l emen t  Ga le rk in  a lgo r i thm,  on t h e  o t h e r  hand, 

r e q u i r e s  a handed m a t r i x  of an  o r d e r  e q u a l  t o  t h e  number of nodes,  a 

571 X 27 matrix (120K b y t e s  i n  double  p r e c i s i o n )  f o r  t h e  g r i d  of F ig .  9b. 

One must t r a d e  o f f  t h e  c o r e  s t o r a g e  advantage of t h e  l i n e -  

success ive -ove r re l axa t ion  method t o  o b t a i n  t h e  computer-time advantage 

of t h e  f in i t e - e l emen t  Ga le rk in  a lgor i thm.  Gains can be maximized and 

l o s s e s  minimized, however, by e x p l o i t i n g  t h e  f i n i t e - e l e m e n t  s p a t i a l  

d i s c r e t i z a t i o n .  Although w e  have n o t  explored  t h i s  p o s s i b i l i t y  

exhaus t ive ly ,  w e  do p r e s e n t  an  example, l a b e l e d  "Reeves-Duguid 112," 

i n  Table  1. S p a t i a l  mesh i s  p resen ted  i n  F ig .  9c  which reduces  t h e  

number of nodes from 571 t o  434 and t h e  band width from IHBP=27 t o  

IHBP=16. The l a t te r  q u a n t i t y  has  a s p e c i a l  s i g n i f i c a n c e  s i n c e  computing 

times va ry  q u a d r a t i c a l l y  w i t h  changing band width ,  t h e  v a r i a t i o n  be ing  

l i n e a r  w i th  r e s p e c t  t o  t h e  number of nodes. R e l a t i v e  t o  Case 1 ( s e e  

Table  1 )  t h e  o v e r a l l  computing t i m e  is  reduced by abou t  50 p e r c e n t  and 

t h e  core-s torage  requi rement  by approximately 25 pe rcen t .  Water t a b l e  

rises (Fig.  l l a )  w e r e  i d e n t i c a l  f o r  t h e  two Reeves-Duguid cases. 

. 
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. 

c 

C a l c u l a t i o n  of subsu r face  f lows proved t o  be  a problem, as i l l u s -  

t r a t e d  i n  Fig.  l l c .  Each f low ra te  shown i s  ob ta ined  by i n t e g r a t i n g  

moi s tu re  f l u x e s  over  a p p r o p r i a t e  r e g i o n s  of t h e  s u r f a c e .  S ince  t h e s e  

f l u x e s  depend on t h e  g r a d i e n t  of t h e  p r e s s u r e  head,  which i s  i t s e l f  

a c c u r a t e  only  t o  t h e  second o r d e r  i n  t h e  s p a t i a l  increments ,  t h e  f l u x e s  

are a c c u r a t e  o n l y  t o  t h e  f i r s t  o r d e r  i n  t h e  s p a t i a l  increments .  I t  i s  

t h e r e f o r e  n o t  s u r p r i s i n g  t h a t  t h e  f low rates  do n o t  a g r e e  i n  s p i t e  of 

t h e  g e n e r a l l y  good agreement among p r e s s u r e  heads f o r  t h e  t h r e e  ca lcu-  

l a t i o n s  ( s e e  F igs .  l l a  and l l b ) .  Desp i t e  s u b s t a n t i a l  d i f f e r e n c e s  between 

t h e  "Freeze" and "Reeves-Duguid #11' curves ,  mass i s  conserved2 i n  each 

t o  less than  8 p e r c e n t ;  t h e r e  appea r s  t o  be  no compell ing r eason  f o r  

choosing one over  t h e  o t h e r .  

Duguid 112," t h e r e  w a s  a 25 p e r c e n t  l o s s  of mass. However, based on 

numerous hand c a l c u l a t i o n s  and numer ica l  exper iments ,  w e  conclude t h a t  

t h e r e  are no bugs i n  t h e  ou t f low coding ,  t h e  d i sc repancy  is n o t  a t i m e -  

s t e p  t r u n c a t i o n  e r r o r ,  i t  i s  n o t  a r e s u l t  of t h e  t o l e r a n c e  al lowed f o r  

convergence,  and r e d u c t i o n  of t h e  s p a t i a l  increment  s i z e s  does  n o t  

a l l e v i a t e  t h e  problem. It appea r s  p o s s i b l e  t h a t  t h e  b i l i n e a r  

For t h e  c a l c u l a t i o n  l a b e l e d  "Reeves- 

3 

The change i n  t h e  i n t e r n a l  m a s s  of w a t e r  i s  determined bo th  by a 2 

t i m e  i n t e g r a l  over  a l l  s u r f a c e  f low rates and a volume i n t e g r a l  over  
t h e  moi s tu re  con ten t .  

30ut f low rates  f o r  t h e  Coweeta s l o p i n g  s l a b  (F ig .  7 )  w e r e  ob ta ined  
d i r e c t l y  from volume i n t e g r a l s  over  moi s tu re  con ten t  a t  each t i m e  s t e p .  
They t h e r e f o r e  have a h ighe r  o r d e r  of accuracy  than  t h e  out f low rates 
of F ig .  l l c .  The Coweeta problem had no i n f i l t r a t i o n  from r a i n f a l l  and 
no d i v i s i o n  of subsu r face  f low i n t o  seepage and d i r e c t  f low i n t o  a 
stream, b o t h  of which made t h e  volume- in tegra l  c a l c u l a t i o n  p o s s i b l e .  
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interpolation surfaces across 

incapable of bending so as to 

the elements of the seepage surface are 

accommodate seepage through a sloping 

boundary and internal continuity requirements. Perhaps the addition 

of triangular elements will correct this difficulty. We will, however, 

reserve this matter for future study. 

Appendix B presents operational details appropriate for a test-case 

computer run of our Case 2 calculation. Input, output, subroutine SPROP, 1 

COMMON blocks, and DATA statements are listed. Moisture content, water 

capacity, and conductivity are obtained by interpolation. SPROP is 

written accordingly, and, of course, must replace the version of SPROP 

listed in Appendix C, which is appropriate for the Coweeta problem. 

By also inserting the COMMON, DIMENSION, and DATA statements shown in 

Appendix A into the program, the core storage requirement can be minimized 

to the 340K bytes shown in Table 1. 

. 
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V. NOTATION 

Coefficients of the transient terms for the r-th 
element. 

Dirichlet boundary condition at node i. 

Operator matrix for the r-th element. 

Assembled operator matrix for all elements. 

Combination of [ A] and [ B] including the time- 
integration algorithm. r r 

d Pore-size distribution index of the Gardner con- 
ductivity relation. 

CrD) Gravitational-flux vector for the r-th element. 

Dilatation of the medium. e 

f Function of integration. 

F Generalized storage constant. . 
Acceleration of gravity. 

h Pressure head. 

Time derivative of pressure head. 

C 
h Critical pressure of the Gardner conductivity 

relation. 

h 
r 

r 

{h} 

il 

Pressure head for the r-th element. 

Time derivative of h. 

Assembled values of the unknown coefficients. 

r 

Unknown coefficients for the r-th element. 

Time derivative of { h). 

Hydraulic head. 

r 

H 

i As a superscript it denotes an iteration parameter. 



54 

[rJ1 

J 
r 

Jacobian matrix for the r-th element. 

Determinant of [ J]. 

Intrinsic permeability tensor. 

r 

Conductivity tensor. 

Saturated conductivity of the Gardner conductivity 
relation. S 

K 

L Differential operator. 

Limit of summation. m 

Porosity. n 
- 
n Unit normal vector. 

i {NI ,N 

P 

Basis function. 

Pressure. 

Atmospheric pressure. 
P O  

[PI Matrix used in the numerical evaluation of the 
Jacobian. 

Refers to the r-th finite element. r 

Vector for element r containing both gravitational- 
flux and time-integration components. 

Vector { R} assembled over all elements. 

Boundary flux for the r-th element. 

Vector { R') assembled over all elements. 

Local coordinates of the nodes j = 1 , 2 , 3 ,  and 4 .  

r 

r 

{ R'} r 

{ R '  I 
s - r  
j' j 

S Degree of saturation. 

S 
r 

t 

Surface area of the r-th element. 

Time. 

Displacement of the medium. 
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V Volume. 
c 

Volume of the r-th element. V 
r - 
v€S 

Flux of fluid relative to solid. 

Velocity of the solids. 

Weighting function. W 
j - 
X Position vector. 

Coordinate difference x - x for nodes i and j 
of element r. 

r i  r j  X ij 

Global coordinate of a point within the r-th element. 

Global coordinate of the nodes of the r-th element. 

Assembled load vector containing boundary and 
gravitational fluxes and time-integration 
components. 

Elevation head. Z . 
Coordinate difference z - z for nodes i and j 
of element r. 

r i  r j  z ij 

Global coordinate of a point within the r-th 
element. 

Z r 

{,z} 

a 

a' 

Global coordinate of the nodes of the r-th element. 

Coefficient of compressibility of the medium. 

Modified coefficient of compressibility of the 
medium. 

B 

B '  

r 

Coefficient of compressibility of water. 

Modified coefficient of compressibility of water. 

Hubbert's force potential. 

Strain tensor for the medium. E ij 

8 Moisture content. 
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1Jf 

p f 

i 4 

Q 

Q' 

r 4 '  

$1 $2 

w 

Lamg's elastic constant. 

Viscosity of water. 

Lam&'s shear modulus. 

Initial density. 

.Density of water. 

Incremental pressure. 

Expansion coefficients relative to the basis 
functions N i . 
Unknown solution to the equation L(@) = 0 .  

Trial solution. 

Trial solution for the r-th element. 

General functions used in Green's theorem. 

Time integration parameter. . 
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INPUT 



64 

C F .  .-. 1. T I l L t .  FIJHMAT ( I 5 . 9 4 8 1 *  ... 
1773 COkFETA P G C H L t M  

CF.  ... 2. t3ASlC I F t l E t i E R  P I R A P E T F R 5 .  FCRHAT ( 1 6 1 5 )  ... 
690 612 1 d 50 0 1 43 0 0 0 0 2 5  3 

C F .  .-- 3. d A S l C  REAL F 'AF ICETERS.  FCRMAT (RFlO.01 ... 
-0033 .c5 .25 0. 0. -0  1 .o 1 1. 
$80. . 0 1 3  1. 

C F .  ... 4. P ~ l r u l E K  i k J T P U 1  CONTROL. FORMAT ( 8 0 1 1 1  ... 
1 

CF. ... 5 .  H A T M I A L  P H f l C f R T I E S .  FCPMbT I B F 1 0 . 0 J  -.. 
0. C .  .5 0 .  0. 

CF. -.. 7. S U I L  P H O P E K T I E S  Ilu T d 8 U L A R  FORM. FORYAT ( f F 1 0 . 0 )  ... 
- 112Y4.5 
-?4 75.9 
-5*2.6 
-125. 
-30 .  
40. 
0.1 18 
C . 1 7 A  
0.7 39 
- 3 0 0 3  
.4373 
-5392 

-9381.8 
-20 53.3 
-449.7 
-100. 
-25. 
50. 
0.125 
C. 186 
c.247 
- 3 1 5 1  
.4668 
-5425 

- 7 7 3 b . L  
-1 bY'r .9  
-371.2  
-U5. 
-?0. 
60. 
0 . 1 3 3  
0.194 
u.754 
.A273 
. r 9 1 u  
.5c52 

-6'rOd.9 
-1403.1 
-307.0 
-70. 
-10 .  

0.140 
0.201 
0.262 
.3425 
* 5 110 

-5292.2 
- 1  156.4 
-252.6 
-60. 
c. 

0.148 
0.209 
C.270 
.3547 
.5201 

-4381. C 
-958.5 
-209.6 
-50. 
10. 

0.156 
0.216 
0.277 
.3691 
. 5 2 6 3  

-362b.9 
-794.6 
-174.0 
-40. 
20 

C. 163 
0.224 
0.285 
. 3 8 6 3  
.530a 

-2983.3 
-654.2 
-150 .  
-35. 
30. 

c. 1 7 1  
c.232 
c.291 
.4CE7 
-5353 

* CPMMENT CAPO5 An,= T O  n t  I j E L E T E C  FPOM C b T b  SET.  THEY I R E  I N C L U D t D  HERE A S  A 
C R n 5 . S  R F F E R E h C t  10 A P P F N D I X  E .  
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450,  - 3 0 .  5. 

4 

. 

CF. 

1 
7 
3 
4 
5 
6 
7 
A 
9 

1 0  
1 1  
12  
1 3  
1 4  
1 5  
16  
1 7  
1R 
1 9  
7 0  
7 1  
27 
7 3  
2 4  
2 5  
7 6  
2 1  
? A  
2 9  
3 0  
31 
3 2  
3 3  
3 4  
3 5  
3 6  
3 1  
3 P  
-49 
4 0  
4 1  
47 
4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
5 0  
5 1  
57  
5 3  
5 4  
55 
5 6  
5 7  

59  
6 0  
61  
62 
6 3  

5 8  

... 8. 

C. 0 
0.0 
c.0 

C. 0 
0.0 
0.0 
0.0 
c.  0 
c.0 

2.0co 
2.oco 
2.0c0 
7.oc0 
2.0co 
2.000 
2.0co 
7.UCO 
2 . 0 i o  
5.071 
5.071 
5.071 
5.071 
5.071 
5.071 
5.011 
5.011 
5.071 
5.071 
5.213 
5.213 
S.213 
5.2 13 
S.213 
9.713 
9.713 
9.213 
5.213 
9.213 

14.430 
14.430 
14.430 
14.430 
14.430 
14.430 
14.430 
14.430 
14.430 
14.430 
2C.710 
2C.710 
2C.710 
7c. 7 10 
2C.710 
2C. 7 10 
20.710 
ZC.710 

20.7 10 
28.060 

0.0 

2.000 

70.710 

2 e. 060  
2 e . 0 6 0  

hflUAC-PilINT P C S I T I f i h S .  F O R M A T  [ I 5 .2F10 .3 )  -.. 
0. 0 
6 . 7 3 0  

2U.OU0 
34.333 

46 .  00U 
it7.000 
4H.500 
5 0. 500 
53.000 
0.0 
b- 130  

z u. 0 0 0  
3 4 . 3 3 3  
43.0011 
4b. 000 
41.11J0 
4b.500 
511.500 
53 .00u  

0.0 
6- 73U 

z 0.000 
34.333 
43 .0uu  
46 .000  
c7.000 
4H.51111 
20.500 
53 .000  

U. 0 
6.7 411 

z 0.000 
34.333 
43.000 
46 .000  
4 7. 0 d 0  
*&.SOLI 
30.500 
53. UOO 

u. 0 
6.730 

2 U. 0 0 0  
34.333 
43. oao 
46. 0 u 0  
4 1.000 
4d.5U0 
5 0 .  500 
53.000 

0.0 
6.730 

2 0.000 
3 4 . 3 3 5  
43.000 
46.000 
47 .000  
48.500 
20.500 
53.000 

0.0 
6.130 

20.00u 

43.00b 
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6 4  
6 5  
6 6  
6 7  
b A  
6 9  
7 0  
7 1  
1 2  
7 3  
1 4  
75  
7 6  
7 7  
1 8  
7 9  
A 0  
81 
87 
83  
A 4  
A5 
8 6  
R7 
R A  
A 9  
90  
91 
97  
9 7  
9 4  
9 5  
9 6  
9 7  
9R 
9 9  

1 0 0  
1 0 1  
1 0 7  
1 0 3  
1 0 4  
1 0 5  
1 0 6  

1 0 A  
109 
1 1 0  
1 1 1  
1 1 7  
1 1 3  
1 1 4  
1 1 5  
1 1 6  
1 1 7  
1 1 R  
1 1 9  
1 2 0  
1 2 1  
1 7 7  
1 2 3  
1 2 4  
1 2 5  
1 2 6  
1 2 7  
1 2 8  
1 2 9  
1 3 0  
1 3 1  
1 1 7  
1 3 3  
1 3 4  
1 3 5  
1 3 6  
1 7 7  
1 3 R  
1 3 9  
1 4 0  
1 4 1  
1 4 7  
1 4 3  

i n 7  

28. 0 6 0  
78.060 
28.060 
2F.060 

28.060 
28.C60 
36.490 
36.4SO 
3t.4SO 
36.490 
36.490 
36.490 
36.450 
36.450 
36.450 
36.490 
45.050 
45.950 
45 .  550  
45.950 
45.9SO 
45.Y50 
45.950 
45.9SO 
45.950 
45.990 
5 f . 5 6 0  
56.560 
5t .560  
56.560 
56.560 
56.560 
56. 560  
5 t .500  
56.560 
56.560 
68.  I S 0  
E e .  190 
6 f . 1 5 0  
68.  150  
68.190 
68.140 
68.150 
68.150 
6P.150 
68.150 
8C.YCO 
ac.4co 
BC.9CO 
B0.9C0 
R C . Y C O  
8C.5CO 

ac.9co 
ec.qco 
8C.960 
94.680 
94.680 
94 .6 f0  
94 .  6 8 0  
94.680 
94.680 
54. 6 8 0  
9 4 . b e o  
94.680 
94.680 

1 CS.5CO 
1C5.5CO 
1 CS.  5CO 
1 OS.  5-00 
1 CS. 500  

I C5.5CO 
1 C5.5CO 
1C5. 5CO 
105.5CO 
125.5CO 
125.5CO 
125.5CO 

2 e. o e o  

a c . 9 ~ 0  

1 c5.500 

34.333 
43.030 
46.000 
4 7. 000 
4&.500 
30 .500  
53.000 
U. 0 
6.730 

20.000 
34.333 
43.000 
46. 0 0 0  
47 .000  
4 8 . 5 0 ~  
50.500 
53. UJO 

0.0 
6.730 

2 Ll. J00 
34.3 3 3  
43.000 
Cb. ddo  
41.000 
4&.51111 
20.500 
5 3.0011 
0.0 
6.730 

20 .000  
54.333 
43.000 
46. d 3 0  
46.9 10 
5 0.740 
5 3 . 7 ~ 0  
56.420 

0.0 
6.730 

2 U. 0 u 0  
34.333 
43.  UU0 
47.YPLl 
5 1 - 5  00 
54 .460  
58.05O 
61. 080 

U. 0 
6.730 

2b. u00 
3+. 333 
43 .000  
49.7 110 
54.330 
311.530 
62 .  900 
66 .160  
0.0 
6 . 7 3 0  

2 0. 0110 
34.3 33 
43 .000  
30 .55J  
5 7.400 
62 .  Y 4 0  
b7.960 
71.670 

0.0 
6.730 

2 u.000 
34.353 
43.000 
51.990 
60.710 
b7.690 
73.500 
77.600 

0.0 
6.730 

2d.000 

t 

a 

c 
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a 

c 

1 4 4  
1 4 5  
1 4 6  
1 4 1  
1 4 8  
1 4 9  
1 5 0  
1 5 1  
1 5 7  
1 5 3  
1 5 4  
1 5 5  
1 5 6  
1 5 7  
1 5 8  
1 5 9  
1 6 0  
1 6 1  
1 6 2  
1 6 3  
1 6 4  
1 6 5  
166 
l h l  
1 6 8  
1 6 5  
1 7 0  
111 
1 17 
1 7 3  
1 7 4  
1 7 5  
1 1 6  
111 
1 7 8  
1 7 9  
1 8 0  
1 8 1  
187 
1 8 3  
1 8 4  
1 8 5  
1 8 6  
1 8 7  
1 8 8  
1 A9 
190 
1 9 1  
197  
1 9 3  
1 9 4  
1 9 5  
196 
1 9 7  
1 9 8  
1 9 9  
7 0 0  
2 0 1  
2 0 2  
2 03 
2 0 4  
2 0 5  
706 
.? 07 
2 0 8  
2 09 
2 1 0  
7 1  1 
2 17 
2 13 
2 1 4  
2 1 5  
716 
2 1 7  
21A 
2 1 9  

125.500 
125.500 
175.5CO 
125.5CC 
125.5CO 
125.500 
125.500 
147.5CO 
142.5CO 
142.5CO 
142.5CO 
142.5CO 
142.5C0 
142.5CO 
142.5CO 
142. SCO 
147.5CO 
16C. 5 16 
16C. 5 16 
16C.516 
16C.516 
16C. 516 
16‘2.516 
16C.516 
16C. 5 16 
16C. 5 16 
16C.516 
175.t.51 
175.h51 
17’3.t51 
175.651 
175.651 
175.c51 
179.651 
114.651 
175.651 
1 15.651 
195.858 
199.858 
195.858 
155.850 
199.858 
19s. 858 
195.858 
195.858 
195.858 
155.858 
771.135 
221.135 
221.135 
221.135 
221.135 
221.135 
721.135 
221.135 
721.135 
221.135 
243.483 

243.403 
243.483 
243.483 
24?.4€3 
243.483 
243.483 
243.483 
247.4€3 
7 t C . 9 C 3  
266.9C3 
266.9C3 
2hC.SC3 
7CC.SC3 
266.9C3 
266.903 
266.9C3 
266.903 

243.483 

44.333 
43.000 
53.550 
64.270 
l L .810 
79.490 
84. UOO 
u. 0 
6 . 1  3 0  

20.0uo 
34.333 
43.000 
5 5 . 7 U O  
68.UbO 
78.250 
n5.650 
90. U 0 D  

b.459 
13. I Y O  
77.037 
34.333 
4b. J79 
61.d50 
74.92 8 
d5.314 
Y3.006 
98. U d b  
14.113 
7 0,844 
29. b ’ i l  
UU. b 54 
53.733 
by. 5 0 4  
82.562 
92. Y 6 8  

1U0.660 
lu5 .b60 
7i’. 1 Y5 
L n . 9 2 1  
3 1. 7 74 
48. 136 
b l . 8 1 5  
l l . > d b  
VU. b b 5  

101.050 
108. 743 
113.143 

3u. 1U6 
57.43b 
46.265 
57.241 
IU.32b 
6b-  U97 
Y9.176 

117.224 
122.254 
3Y.bQb 
46.377 
2 5. L L 4  
bb. 1 8 7  
19.266 
95.031 

136.1 1 5  
i in .  9 0 1  
12b. 193 
l j l . l ’ d 3  

4Y. 013 
55.745 
b4.5Y2 
75.554 
d8.b33 

10% 5 b 1  

104.404 
11 7.483 
12 7. U b 8  
l35A.b.A 



68 

2 2 0  
2 ? 1  
2 7 7  
7 2 3  
7 2 4  
? 7 5  
2 2 6  
2 2 7  
2 ? 8  
2 2 9  
2 3 0  
2 3 1  
2 3 2  
7 3 3  
7 3 4  
2 3 5  
2 3 6  
2 3 7  
? 38 
2 3 9  
2 4 0  
2 4 1  
?4? 
2 4 3  
2 4 4  
2 4 5  
2 4 6  

7 4 8  
2 4 9  
2 5 0  
2 5 1  
2 5 2  
7 5 3  
2 5 4  
2 55  
7 5 6  
2 5 7  
7 5 8  
2 5 9  
16f l  
2 6 1  
7 6 2  
2 6 3  
2 6 4  
2 6 5  
2 6 6  
2 6 7  
76R 
2 6 9  
2 7 0  
2 7 1  
2 7 7  
271 
2 7 4  
2 75 
2 7 6  
7 7 1  
1 7 8  
7 7 9  
280 
2 I31 
7 8 7  
2 A 3  

7 8 5  
2 8 6  

?R8 
2 85 
2 9 0  
2 9 1  
2 9 2  
2 9 3  
? 9 4  
7 9 5  
2 96 
2 9 7  
2 9 R  
2 9 9  

2 4 7  

z n 4  

2 8 7  

766.9G3 
2 51.353 
251.353 
251.353 
751.353 
251.393 
251.393 
251.393 
251.353 
251.393 
29 1.393 
31C.954 
316.954 
316.954 
3 16.954 
316.954 
316.954 
316.S54 
3 1  6.954 
316.954 
3 16.9 54 
343.586 
343.5F6 
343.5E6 
3 4  3 .S 86 
343.586 
343.5@6 
3 4 3 . 5 f 6  
343.5e6 
343.586 
343.5e6 
371.2E9 
3 7 1 . 2 f 9  
371.2 e9 

3 1  1.789 
371.2e9 
371.2E9 
771.7.59 

37 1.289 
40C.063 
40C.063 
4CC.063 
40C.C63 
4CC.063 
4CC.063 
40C.063 
4C0.063 
4CC.063 
4CC.063 
425. S C f l  
42S.5CR 
479.9C8 
429.9C8 
429.908 
425. SC8 
425. SC8 
4 7 5 .  SC8 
42S.908 
42S.SCR 
46C. 8 2 4  
46C.824 
46C. A24 
4hC.dZ4 
46C.874 
46C. 9 2 4  

46C.824 

311.289 

371.789 

4 6 c .  a24 

4 6  c.a 24 
46c .824 
492.812 

492.812 

492.f l12 
492.  A 17 

492,812 
492.812 
492.812 
492.812 
4 9 2 . a i z  

140.561 
58.839 
65.5*1 

85 .350 

114.201 
12 7.279 
137.664 
145.357 
130.357 

69 .034 
15.765 
8s.612 
95.575 

108.654 
124.425 
137.sd3 
147 .  dMY 
153.582 
160.582 

79.6137 
B b . C l U  
95.265 

106.L.28  
1AY.337 
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0 0 1 2 7 2 i - 3  

CF. ... 13. S T f A U Y - S T A T E  R A I N F b L L  P R O F I L E S .  F O R Y A T  ( B F 1 0 . 0 )  ..- 
c. 1. 
1 coo00 0 .  1 00 cooo. 

C F. ... 1 4 .  S T t A O Y - S T A T E  R A I N F A L L  T Y P E S  AND 
P O N D I h G  O t P T H S .  FCRMAT 1 3 1 5 . 5 X . Z F 1 0 . 0 )  ... 

6 1 0  0. 
1 0  1 1 0. 

6 9 0  1 10 0. 

C F. ... 1 5 .  S T t A U Y - b T A T E  R A I h F A L L - S E E P A G E  
S O R F A C t  t L F M E L T ? .  FCPMAT ( 1 6 1 5 )  ... 

6 6 7 0  
9 9 1 0  1 
9 1 0  2 0  0 

6 1 7  6 P C  690 1 

CF. ... 18. T R A N S l t N T - S T A T E  I N T E G E R  PARAMETERS. F O R H I T  1 1 6 1 5 )  

o c 1 ~ 7 ~ 7 3  

CF. --. 1 4 .  T N A h S l t N T - S T A T E  R A I h F A L L  P R f l F I L E S .  F O R M 4 T  ( 8 F 1 0 . 0 1  .-. 
0. 1.ESO 
c. C. 

CF. ... 20. l i 4 A N S I E A T - 5 T A T f  R A I N F A L L  T Y P E S  AND 
PflNOINC. I I E P T H S .  F C P U A T  ( 3 1 5 . 5 X . Z F 1 0 . 0 1  ..- 

6 1 0  0. 
I O  1 1 0. 

6 9 0  I 10 0. 

C F. ... 21.  T r l A N S I t i r T - S T A T t  R A I h F A L L - S E E P A G E  
S U N F A G €  E L E M F h T S .  FCRMAT I 1 6 1 5  1 . .. 

6 6 7 0  
9 9 1 0  1 
9 1 C  7 0  0 

6 1 7  6 f O  hSO 1 
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. 

I N P I I T  T A H l  F 1.. B A S I C  P A R A M E T F R S  

hLJMRFP O F  N O D A L  P O I N T S .  . . . . . 
N U M H F H  flF F L E H F N T S .  . . . . . . . 
NIJMAFR f lF  O I F F F R F N T  C A T F P I A L S  - 
NlJMHFR O F  C l l H R F C T l P N  M A T F P I A L 2 .  . 
( T F A f l Y - 5 T A T E  I.C. C O h T R C L  I - 
S P I L - P R f l P E R T Y  CflNTROL . - . - 
NlJMRFR [ I F  S O I L  PARAMETER:  . . I I 

C ~ ~ n I J C T I V I T Y - P F R M F A R I L  111 C C N T R O L  
G H A V I T Y  Cf lNTROL . . . . I I . 
R F S T A R T  PARAMETFR - . . . . . . . 
M A X I M U M  I T F R A T I L N S  P E R  CVCLE.  . I 
P A X I M U M  C Y C L F S  P F R  T I M E  C T E P .  . I 
T I M F  I h C R F M F N T .  - . . . . I . . - 
M l J L T l P L I F R  F O R  I N C R F A S I h C  O E L T .  . 
M A X I M U M  V A L U E  PF D F L T  . I - . 
M A X I M U M  V A I U E  C F  T I M E  . . . . . - 
O F G R F F S  OF P R I h - A X 1 5  I h C L I N A T I l l N .  
( T F A D Y - S T A T F  Tf lLFRANCE.  - 
T N A N C I F N T - S T A T E  T n t E R A h C E  . - 
O F N S I T Y  OF WATFR. . . . . . - 
A C C F L F R A T I O N  C F  G R A V I T Y  . - . 
V I S C I I C I T Y  flF WATFR. . . I - 
T I H F - I N T F G W A T I f l N  P A R A C F T E P .  - - 

NUMRFR n F  TIMF INCRFPE~TS . . . . 
AUXII IARY S T ~ R A G F  c o h i P r i  . . . . 

. . . 650 . . . 612 . . .  1 . - .  0 

. I .  3 0  . . .  0 . . .  1 . .  . 4 3  . . .  0 . - .  0 . . .  0 . . .  0 
S I .  2 5  . . .  3 - . . U.OC33CO . . * u.05cccc . . .0.250cc c c  - . . L i . l O O O C  5 1  . . . u.0 - . (. I).ClCCCO - . . 0.01cccc . . . A.0CCCCC . . . Y 8 C . t C C  . . . u . 0 1 3 c c c  . . 1 . c c c c c c  

. 
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. 

I N P U T  T A R L F  2.. M A T F R I A L  F W O P E R I I F S  

C A T .  Nd. A 1  P H E T A P  Pun K X  K Z  
1 0.0 0.0 0.5000U 00 0.0 0.0 

. 



I N P I I T  T A R 1  F 3 . .  S n l l - P R r l P E R T I E S  INTEkPnLATl [ l l \ r  VALUFZ 

H A T .  Ntl. P R F <SUR F 
1 -0 .1179D 05 

-0.93820 0 4  
-0.77360 0 4  
-0.64C90 0 4  
-0 .52920  0 4  
-0.43PlD 0 4  
-0.36270 0 4  
-0 .2SR3D 0 4  
-0.74760 0 4  
-0.2C530 04 
-0.16950 0 4  
-0.14030 0 4  
-0.11560 0 4  
-0 .55850 0 3  

-0.6542D 0 3  
-0.54760 0 3  
-0 .44920 0 3  

-0 .7546n 0 3  

- 0 . 3 7 1 ~ 0  0 3  
- 0 . 3 r 7 0 0  0 3  
-0 .25260 03  
-0.70960 0 3  
-0.17400 0 3  
- 0 . 1 5 ~ 0 ~  03  
-0.12500 0 3  
- n . i o m o  0 3  

-0 .6cooo 0 2  
-0.500oo 02  
-n.4cooo 02  

- 0 . 3 0 0 0 ~  0 7  

-Q.R5000 02 
-0.7000D 0 2  

-0.3500U 02 

-0.75COD 02  
-0.2CCOD 02 
-0.1000D 0 2  

0.0 
0.1C000 0 2  
O . ~ C C O D  0 2  
n . 3 ~ 0 0 1 )  02 
0.4C000 0 2  
0.50000 0 2  
0.6C00D 0 2  

H b l  \TUdk C C N  T E A 1  CChCCCT I V T  TY/FERME b e 1  L I T Y  
U.llbUU 0 0  0 .4500D 0 3  
u.12200 oc  - 0 . 3 C O U D  0 2  
U.1330D 0 0  0 . 5 C O O O  0 1  
L).14000 C C  0.0 
U.l..M0D c c  0.0 
U.1560U O C  0.0 
U.163OU O C  0.0 
0 .17100  O C  0.0 
0 . l l H O U  o c  0.0 
0.ltr600 o c  0.0 
O. lY40U O C  0.0 
0.2 lJ lU0 0 0  0.0 
0.zu9u0 0 0  0.0 
U . C l 6 O U  O C  0.0 
O . L L 4 U L )  c c  0.0 
0.23200 0C 5.0 
U.ZJC)QU o c  0.0 
U.24700 0 0  0.0 
0 . 2 2 4 0 l ~  O C  0.0 
U.ZbL00  O C  0.0 
0.2700u o c  0.0 
3 .27100  0 0  0.0 
0.78500 0 0  0.0 
0.Z91UU c c  0.0 
0.3O03D 0C 0 - 0  
0.315LU O C  0.0 
0.3273U O C  0.0 
0.34250 O C  0.0 
0.3547U O C  0.0 
U . 3 6 Y l U  C C  0.0 
0 .38630  0 0  0.0 
0.4087U o c  0.0 
U.437311 O C  5.0 
0.4668U O C  0.0 
U.4Y10U C C  0.0 
u .2110u  0 0  0.0 
0.52Ul lJ  0 0  0.0 
3 .2203L)  C C  0.0 
0.53080 O C  0.0 
U . 5 > 2 3 0  C C  0.0 
0 . 5 3 Y Z O  O C  0.0 
0.54220 o c  0.0 
0.54570 00 0.0 

k A T E H  CAPACITY 
0.35400-  C 5 
C*427OO-C5 
C - 5  170D-C5 
0 - 6 2  500- C5 
C. 7560D-C5 
C.9140D-C5 
C LLOOD- C4 
C.134OO- C4 
C .  1620D-C4 
C .  1950D-C4 
C.2360D-C4 
c .L8SOD-C4 
C.346OD-C4 
C .4 1 800- C4 
C.5040D-C4 
C.61200-C4 

C.891OD-C4 
C.lOBOD-C3 
C.1300C-C3 

c - 1 9  1ou-  c 3 
C.23000-C3 
C .270OO-C3 
C.47500-C3 
C.72300-C3 
C .9(3501)-C3 
C.1130D-CZ 
C.131OD-CZ 
C.17OOD-CZ 
C .3740O-C2 
C .54400-C2 
0.6160D-C2 
C.5440D-C2 
0.3 7400-  C2 
C -13OOU-CZ 
0.70FOD-C3 
C.5400D-C3 
C.4800D-C3 
c - 4 2  C O O -  c3 
C .36COD- C 3 
0 .33000-  C 3 
C .2400i)-C 3 

o .7 3 a o o - c 4  

c . i 5 a o o - c 3  
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I N P U T  T A R 1  F 5.. NflnDL P P I N T  C C T P  

NUOE 
1 
7 
3 
4 
5 
h 
7 
H 
9 

I (I 
11 
1 7  
13 
14 
15 
I h  
17 

19 

71 
77 
7 3  
2 4  
7 5  
7 6  
77 
7H 
2 9  

3 1  
37 
3 3  
34  
35 
36 
37 
3 8  
3 9  
40  
41 
4 1  
4 3  
4 4  
45 
46 
41 

49 
5 0  
51 
57 
S 3  
54 
5 5  
5h  
57 
58 
5 9  
60  
h l  
67  
b 3  
64 
65 
hh 
67 
hR 
69 
70 
7 1  
7 7  

i n  

7 0  

30 

4 n  

X 
0 . 0 
0.0 
0.0 

0 .o 
0.0 
0.0 
0.0 

0.0 

0.0 

0.0 

o.2ooon 01 
o . ~ n c o o  01 
o . m o c n  01 
0 . 7 0 0 ~ ~  0 1  
0.7nocn n i  

o.1occn 0 1  
O . Z O C O D  0 1  
n .zoccn  01 
o.mnon n i  

0 . 5 0 7 i n  01 
0.50710 0 1  

0.50710 0 1  
0.50710 0 1  
0.50710 n i  

o . zoac0  0 1  

0 .50710  0 1  

0.50710 01 
0.50710 0 1  

0 .50710  0 1  
0.50710 01 
0.92130 0 1  
0.97130 0 1  

0.97130 0 1  
0.97130 0 1  

0.92130 0 1  

0.97130 0 1  
n.9213n 0 1  
0.92130 n i  

0.9713n 0 1  

0.14430 0 2  

n . 1 4 4 ~ 1  0 7  

n.14430 07 

0 .97130  0 1  

0.14430 0 2  

0 .14430  02  
0.144 '0 07 

0 .14430  02  

0.14430 0 7  
0.14430 0 2  
0.14430 0 2  
0.20710 02 
0.70710 0 2  
0 . 7 ~ 1 7 1 0  02  
0.20710 0 2  

o.?n7io 07 
0.20711) 02  

0 .20710  07 
0.20710 0 2  
0 .20710  0 2  

O.28CCD 0 2  
0 . 2 0 7 1 0  07 

n . 2 ~ ~ ~ 0  oz 
0 . 2 ~ c t n  oz 
0.78060 0 7  
0 .28060 01 
0.78CCD 07 
0.7HC60 07 
0 . 2 8 0 ~ 0  n7 
0 . 2 8 O t i )  07 
0 . 2 R O f l :  0 2  
0.36450 0 2  
0.36440 07 

2 
c.0 
C.673CD 01 
C.7COCD 02 
C.34330 02 
C.430CC 02 
C.4tOC0 02 
C.410C0 02 

C.5C5CO 02 
C . 5 3 O C O  02 
c.0 
C . t l 3 C D  U l  
C.2COOO 02 
C.34330 02 

C.4COCD 02 
C.47CCD 02  

C . 5 C S C O  02 
C.S?OCO U? 
c.0 
C.67300 01 

c.3433c 02 
C.4'0CO 02 

C.470CD 02 
C.4E5CO 02 
C.5C5CC 02 
C.E?OCfl b2 
c.c 
C.673CD 01 
c .2coco  02 
C.34330 02 
C.4?OCO G 2  
C.46OCD 02 
C.470CD 0.2 
C.4E5C0 02 
C . 5 C S C C  b2 
C.530CO 02 
c.c 
C.673CO 01 
c .2coco 02 
c.34330 02 
C-410GO 02 
C.400CO 02 
C.47CCD U2 

c .5c5co  02 
C.4?0CO 02 
c.c 
C.673CD 01 
C . 2 C O C D  02 
c .3433c 02 
C.420CO 0.2 
C.4tOCD 02 
C.470CC LIZ 
C.4t5CD 02 
C.SC5CD 02 

c.c 
C.673C0 01  
c .2cooo 02 
C.34330 02 
C.4?OCO 02 
C.4COCD 0.2 
C.4700D 07 
c.4e5co cz 
c .5c5co  02 
C.FOC0 02 
c.c 
C.673CD 01  

c . 4 8 5 ~ 0  02 

c . 4 3 0 ~ 0  02 

r . 4 ~ 5 ~ ~  02 

c . zcccn  02 

c . 4 t o c n  07 

c .4esco az 

C . S W C D  02 
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. 

7 3  
7 4  
75 
76 
77 
7 d  
7’) 
80 

A2 
H3 

A 5  
H6 
8 7  

A 9  
90 
9 1  
9 2  
9 3  
9 4  
9 5  
9 6  
9 7  
9H 
99 

10 1 

1 0 3  
1 0 4  
105 
106 
107 

109 
110 
111 
112 
I 1 3  
114 
1 1 5  
1 1 6  
117 
1 1 8  
1 1 9  
170 
171 
177 
123 
1 2 4  
125 
176 
127 
1 1 8  
179 
130 
1 3 1  
132 
1 3 3  
1 3 4  
1 3 5  
1 3 6  
137 
138 
139 
1 4 0  
1 4 1  
147 
1 4 3  
1 4 4  
1 4 5  
I 4 6  
1 4 7  
14H 
149 
150 
1 5 1  

n i  

n 4  

na 

i no 
i n 2  

1 on 

0.36440 02  
0.36490 0 7  
0.36450 0) 
0.3644C 02 
0.36490 02 
0.36490 02 

0.36490 02 
0.3649i-1 07 

0 . 4 5 ~ 5 0  02 
0.45550 02  
0.45950 0 2  
0.45990 0 7  
0.45990 07 
0.45990 02 
0.45950 02 
0.45990 0 2  
0,45990 0 2  
0.4549D 0 2  
0.56561) 0 7  
0.56560 02 
0.5656D 02 
0.56560 0 7  
0.56560 07 
0.56560 02 
0.56560 02 
0.56560 02  
0.56560 0 7  
0 . 5 6 5 m  02 
0 . 6 8 1 ~ 0  02 

0.6819n oz 

0 . 6 ~ 1 ~ 1  02 

0.68190 02 

0.80900 07 

0-80900 0 2  

0.6H190 07 
O.6H190 0 2  

0.6A190 02  
0.68150 0 2  

O . h A 1 9 D  02 

0.6A190 02 

0.809CD 0 2  

0.8090D 07 
0.80900 02 
0.80900 07 

0.809CD 0 2  
0.80900 07 

0.946FO 02 

0.9468(1 0 2  
0.94680 07  

n.8osco 0 2  

o.no9cn 02 

0 . 9 4 6 ~ 0  02 

0.946en 02 
0 . 9 4 6 ~ 0  07 

0 . 9 4 6 ~ 1  0 2  

0.946P0 07  
0.946PU 0 2  

0.946f0 02 
0.10950 03 
0.10950 0 3  
0.10950 0 3  

0.10F5@ 03 

0.10950 0 3  
0.10950 0 3  
0.10950 0 3  
0,10950 03 

0.17550 03 
0.17550 0 3  
0.17550 03  
0.12550 03 
0.12550 03 
0.12550 03  
0.12550 0 3  
0.12550 0 3  
0.12550 03 
0.14250 0 3  

o . in950 0 3  

0.10q50 0 3  

0.12550 0 3  

c.2cocc 02 
C.34330 02 
C.43OCD 02 
c.4coco 02 
C.47OCD 02 
C.4E5CD c2 
c.sc5co 02 
C.5?OCD 02 
c.0 
C.673CD 0 1  
C.ZCOC0 02 

C.430CD 02 
C.460C0 02 
C.470CD 02 
C.4ESCD 02 
C.5C5CD 02 
C.530C0 02 
c.c 
C.613C0 01 
c.2cocu 02 
C.34330 02 
C.430CD G2 
C.46830 02 
C.4ESlO 02 
C.5C740 02 
C.537CO 02 
C.5t42D b2 
t . C  
C.673CD 0 1  
C.2COCD 02 
C.3433D 02 
C.43OCD 02 
C.47960 07 
C.515CD 02 
( - 5 4 4 6 0  02 
C.5E050 02 
C.61C80 02 
c.0 
C.673CO Ll 
c.2cocu 02 
C.34330 02 
C.4?0CD 02 
C.4C.ZCD 02 
C.54330 b2 

C.Ci800 02 
C.6ClCO 02 
c.c 
C.613CD 01 
c.zcoco 02 
C.34330 02 
C.43OCD 02 
C.5C550 U2 
C.574CD 02 
C.6294D 02 
C.61900 02 
C.7167D u2 
c.c 
C.673CO 01 
c.2ccco 02 
0.34330 02 
C.430CD 02 
C.51550 02 
C.6C71D 02 
C.6168D 02 
C.735CD 02 
C.77600 0 2  
c.c 
c . c l 3 c o  01 
C.IC0CD 02 
c.34330 02 
C.43000 02 
c.53550 02 
C.64270 02 
C.72810 02 
C.75490 02 
C.840CD 02 
c.c 

c.34330 02 

c.5e530 02 



I 5 7  
1 5 3  
154  
1 5 5  
156  
1 5 7  
15R 
159  
160 
16 1 
1 6 7  
1 h 3  
1 6 4  
1 6 5  
166 
l b 7  
168 
169 
I 7 0  
1 7 1  
I 7 2  
1 7 3  
1 7 4  
1 7 5  
176  
1 7 7  
1 7 8  
1 7 9  
180  
1Al 
1 A2 
1 8 3  
1 8 4  
1 8 5  
I Ah 

1 A H  
1 A9 
190 
1 Y  1 
1 9 2  
1 9 3  
194  
195 
1 9 6  
197  
198 
199 
700 

207 

204 

i n 7  

701  

7n 3 

70 5 
7 n6 
7n 7 

209 
208 

7 10 
211 
717 
7 1 3  
214  
7 1 5  
2 1 6  
7 1 7  
21R 
2 19 
7 70 
771  
777 
7 7 3  
774  
725 
7 2 6  
727  
7 7 8  
7 79 
7 30 
2 3 1  

0.14750 0 3  

0.14750 03 
0.14250 0 3  

0 .14250  0 3  
0.14750 03  
0 .14250  03 

0.14251-1 0 3  

0.14250 03 

0 .14250  0 3  
n.16csn 0 3  
0.16c5n 03 
0.16050 03 

0 . 1 6 ~ 5 0  03 
O.lhC5D 03 

0 .16050  0 3  
0 . 1 6 0 5 0  0 3  
0.16050 03  
0.160'50 0 3  
0.16C50 03  
0 .17970  03 

0 .17970  0 3  
0 .17970  0 3  
0 .17970  0 3  
0.17970 0 3  
0.17971) 0 3  

0.17970 03  
0.17910 03  
0 .19990  03  
0.1Y990 0 3  
0.19950 0 3  
0 .19940  03  
0 ,19950  0 3  
0.199S0 0 3  
0 .19990  0 3  
0.19990 0 3  
0 .19950  0 3  
0.19990 0 3  
0.72110 0 3  
0 .22110  0 3  

0 .22110  0 3  

0 .27110  0 3  
0.77111) 0 3  
0 .22110  03  
0 .72110  0 3  

0 .24350  0 3  

0.17970 0 3  

0.17970 0 3  

n.77110 0 3  

0.37110 0 3  

0 .72110  0 3  

0 . 7 4 3 ~ 1  0 3  
0.743511 0 3  
0.24350 03 
0.74350 0 3  
0 .74350  0 3  

0 .74350  03 

0.74350 0 3  
0 .74350  0 3  

0.24350 0 3  
0.26690 0 3  
0.76690 0 3  
0.76690 0 3  
0.266S0 03 
0.26650 03 
0.76690 03 
0.76650 0 3  
0.76650 0 3  
0.166S0 0 3  
0 .76690  0 3  
0 .79140  03 
0.29141) 0 3  
C.79140 0 3  
0 .29140  03 
0.2q140 0 3  

0.79140 0 3  

0.29140 0 3  
0.31700 0 3  

0.29140 03 

0.29140 0 3  
0.79140 0 3  

c . t 7 3 c c  cI1 
c .2coco  07 
C.34330 02 
C.43OCO 02 
c . s c 2 0 0  02 
C.6EC6C 02 
C.lE2SO 02 
C.85850 02 
C . Y C R O 0  u2 
C.64590 01 

C.2204C 02 
C.3433D 02 
C.46080 02 

C.74930 02 
C.Pfj10 u2 
C.9iOlD 02 

c .14110 02 
C.ZC840 C2 
C.29650 02 
C.4C650 U2 
c.53730 02 
C.6S5CD CZ 
C.ei5EO 02 
C.4.2910 02 
C.lC070 113 
C.lC570 03 
C.722CD 02 
C.ZE930 02 
C.37770 02 

C.61820 02 
C.77590 02 
C.9C670 02 
C . l C 1 1 0  03 

C.11370 03  
C.3C710 02 
C.31440 02 
C.4629D 02 
C.51250 02 
C.7C330 u7 
c .ae1co  02 

c . 1 3 1 ~ 0  02 

c .61850 02 

c . 9 e o i n  02 

c .4e740  u2 

c . i c n 7 n  u3 

C.9SlPD U7 
( . IC960 03 
C.11730 05 
C.12230 03 
C.35650 u2 
C.4t380 02 
C.55220 02 
C.6C190 0 2  
C.7S270 02 
C.55040 02 
C.IC8lD 03 
C . 1 1 8 5 C  03 
C.12620 03 
C.13120 03 
C.4SO10 02 
C.55750 02 
C.6459D 02 
C.75550 02 

C.lC440 03 
C.11750 03 
C.12790 0 3  
C.1?560 03 

C . S E d l 0  02 
C.65540 02 
C.74390 02 
C.85350 02 
C.9E43D 02 
C.11420 03 
0.12730 03 
C.13770 03 
C.14540 03 
C.15040 03 
C.65C30 02 

c . e f 6 3 0  02 

c . 1 4 0 t n  03 

. 
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. 

e 

2 3? 
2 3 3  
? 3 4  
? 3 5  
2 3 6  
7 3 7  
?38  
I 3 9  
2 40 
7 4  L 
242 
2 4 3  
? 4 4  
745 
2 4 6  
747 
248 
7 49 
750 
2 5 1  
? 52 
? 53 
7 5 4  
2 5 5  
7 5 h  
?57 
7 5 R  
2 59 
?60 
? h l  
2 h7 
7h3 
764 
7 h 5  
7 h 6  
767 
2hH . 
?h9 
7 7 0  
77 1 
277 
1 7 3  
2 7 4  
7 7 5  
7 7 6  
7 77 
778 
779 
7 80 

7 A ?  
7A3 
?A4 
7n5 
?Ah 
? H 7  
7RH 
189 
7 9 0  
291 
797 
19 3 
794 
? 9 5  
7 9 h  
797 
798 
799 

7 n i  

3 0 0  
301 

3 04 

30 7 
mi 

3 0  3 

3 0  5 
3 0 6  

309 
3 10 
3 1 1  

0.31700 0 3  
C.317C0 0 3  

0.317CD 0 3  

Tr.31700 0 3  
0.317CD 03 
0.31700 0 3  

0,34300 03  

0.34360 0 3  
0.34360 0 3  
0.34360 0 3  
0.34360 0 3  

0.34360 0 3  
0.34300 0 3  

0.31700 03 

0.31700 03 

n.31700 03 

0.34360 0 3  

0,34360 0 3  

0.34360 0 3  
0 . 3 7 1 ~ 1  03 

0.37130 0 3  

n.37130 0 3  

0 . 3 7 1 3 ~  n3 

0.37130 0 3  
0.37131) 03 

0.37130 0 3  

0.37130 0 3  

0.37130 0 3  
0.37131) 0 3  
0 . 4 0 c i n  0 3  
0.40c in  03 
c . 4 n c i n  0 3  
n . 4 0 ~ 1 0  0 3  
0.40010 0 3  
n.40010 0 3  
0.4nc10 0 3  
0 . 4 n c i o  0 3  
n . 4 0 ~ 1 0  03 
C.40010 0 3  
0-4?95D 0 3  
0.479SD 0 3  
c . 4 ~ ~ 9 0  03 
0 . 4 7 ~ ~ 0  0 3  
0.47950 0 3  

0.47990 0 3  

0.47950 0 3  
0.47990 0 3  
0 . 4 6 0 8 ~  0 3  

c . 4 6 ~ 6 0  0 3  
0 . 4 6 0 ~ n  0 3  

0.4?95D 0 3  

0.425SO 03 

0.46Cf31) 03  

0.4hO80 0 3  
0.460P0 0 3  
C.46080 0 3  
0.460FO 0 3  
0.46CPO 0 3  
C.46080 0 3  
0.49280 0 3  
0.492@0 0 3  
0.492FO 0 3  
0.492en n 3  
n.49280 0 3  
0 . 4 9 2 ~ ~  03 

0 . 4 9 7 ~ 0  0 3  
0 . 4 9 2 ~ 0  0 3  
0.49780 0 3  

0.49280 0 3  

0.5?5$1) 0 3  
0.525S0 0 3  
0.575SD 0 3  
0.5?550 0 3  
0.52590 0 3  
0.57550 03 
0.575SO 0 3  
0 . 5 ? 5 S O  0 3  
0.52590 0 3  
0.52590 03 
0.56CCD 0 3  

C.75770 02 
C.84610 02 
C.955RO UL' 
C.lC870 03 
C. l i44C 03 
0 . 1 3 7 5 0  03 
C.147SD 0 3  
C.15560 U3 
C.160tO 03 
C.7969D 02 
C.Pt420 02 
C.9527D 02 
C.IC62C 03 
C.11930 03  
C.12510 C3 
C.14820 03 
C.15850 03 
C. l t62D 03  
C.17120 03 
C.SC770 02 
C.97500 02 
C.lC630 03 
C.1173D 0 3  
C.13040 03 
C.14620 03 
C.15970 03 
C.16960 0 3  
C.17730 03 

C.lC230 03 
C.lC9CO 0 3  
C.1179U 03 

C.141SO 03 
C.lC77D 03 
C.17070 03 
C.18110 03 

C.153ED L3 
C.11420 03 
C.12090 03 
C.1iYBD 03 
C.140FD 03 
C.lE3E0 03 
C . l t 9 t O  03 
C.lE.270 03 
C.19310 03 
c.2coeo 03 
C.ZC5ED G3 
C.17660 0 3  
C.13330 03 
C.14220 03 

C . l t 6 2 0  C3 
C.lE2CD 03 
C.15510 0 3  
C.2C540 05 
C.21310 03 

C.13940 03 
C.14610 03 
C.15500 03 
( - 1 6 5 9 0  L3 
c.179cc 03 
C.154FD 03 

C.71AZD 0 3  
C.?2590 c3 
C.2?OSO or) 
C.lC2tD 03 
C.15930 03 
C.16820 u 3  
C.17910 03  
C.15220 03 
C.2CBCD 03 
C . 2 i l l D  03 
C.23150 0 3  
C.2?91D 03  
C.24410 03 
O.Lt630 03 

C. l f23D 03 

r . 1 1 8 ~ 0  03 

r.iE8eo 03 

r.15310 03 

c . 2 1 ~ 1 0  03 

c.zc7en 03 
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3 I ?  
3 1 3  
3 I 4  
315 
316 
3 17 
318 
319 
3 70 
371 
372 
323 
37 4 
325 
32 h 
327 

379 

3 3 1  
3 37 
333  
334 
3 35 
3 3 6  
337 
3 38 
3 39 
340 
341 
342  
343 
344 
345 
34h 
347 
34R 
349 
3 50 
351 
352 
353 
354  
355 
3 56 
357 
358  
3 59 
360 
361 
3h7 
363 
3h4 
365 
366  
367 
3hH 
369 
3 70  
37 1 
3 72  
373 
374 
375 
37h  
377 
37R 
379 
3 8 0  
381 
487 
3 8 3  
3A4 
385 
3R6 
3A7 
3 R R  
389  
390 

w n  

3 3 0  

0.56CC0 0 3  

0.560CD 0 3  
0.56CCil 0 3  
0.5hCCD 0 3  
0.56CCO 03  
0.5hOCD 0 3  
0.5hOCI) 0 3  

0.59860 0 3  

o . 5 6 0 ~ ~  0 3  

0.5600n 0 3  

0.59aoo 03 
n . 5 9 a m  0 3  
o .59eco  0 7  
0.59860 03 

o.59~160 03  
0.59a60 0 3  
0 . 5 9 a m  0 3  
0.59860 0 3  

0.63530 0 3  

0.59860 0 3  

0 . 6 3 5 3 0  0 3  

0.63530 03  
0.63570 0 3  
0.63530 0 3  

0.h3530 03  

0.63530 0 3  
0.h3530 0 3  
0.67120 0 3  
0.67120 0 3  

0 .67120  0 3  
0.67121) 0 3  
0.67121) 0 3  
0 .67120  0 3  
0.67120 0 3  
0.67120 0 3  

0.7067I)  0 3  

0.63530 0 3  

0.h3530 03 

n.67120 0 3  

0.67120 0 3  

0.70630 0 3  
0.70630 0 3  

0.7n630 0 3  
0.70630 0 3  

0.70630 0 3  
0 .70630  0 3  
0.70630 0 3  
0.70630 0 3  
0.70630 0 3  
0.74Ch0 0 3  
0.740tO 0 3  
0 .74060  0 3  

0.74Ch0 0 3  
0.74Ch0 0 3  
0.74060 0 3  

0.74060 0 3  

0.77410 0 3  
0.77411) 0 3  
0.77410 0 3  
0.77410 0 3  

0.7406n n 3  

0 . 7 4 0 ~ 0  0 3  

0.74c6n 0 3  

0,774111 0 3  
0.77410 0 3  

0.77410 0 3  
0.77411-1 0 3  
n.77410 03 

0.77410 0 3  

O.RO670 0 3  
0.H0670 0 3  
0.80670 0 3  
O.RO670 0 3  
0.80671) 0 3  
O.RO670 0 3  
0.80670 0 3  

0.80670 0 3  
O.AOh70 0 3  

0.8067n 0 3  

C .  17300  03 

C.19280 03 
C . Z C 5 S O  C 3  
C.22160 03 
C.23470 03 

C.252FC 03 
c .257ec 03 
C . le170  03 
C. l@84D 03  
C . lq730  0 3  

C.72130 03 
C.2?710 03 
C.25021) 03 
C.2C050 03 
C.2t820 03 

C.19640 03 
C.2C31D 05 
C.212CO 03 
C.22290 03 
C . 2 3 t C D  03 
C . Z C l @ O  03 

C.27520 03 
C.2fZSO 03 
C.2E790 03 
C.21070 03 
C.21750 03 
C.22630 03 
C.23730 03 
C.25040 03 
C.26610 J3 
C.77920 0 3  
C.2@960 03 
C.25730 03 
C.3C230 03 
C.224eD U 3  
C.23150 03 
C.24C40 U 3  
C.25130 03 
C.76440 03 
C.7E020 03 
C.29320 03 
C.3C360 03 
C.31130 fl3 
'2.31630 03 

C.24520 03 
C.25410 03  
C.265CO CS 

C.2S3qD U3 
C.3C7CD 03 
C.31730 03 
C.325CO C3 
C.33000 05 
C.2519D u3 

C.26750 03 

C.25150 03 
C.3C73D 03  
C.32040 03 
C.33070 03 
C.33840 U 3  
C.34340 03 
C.265CO 03 
C.27170 03 
C.2E050 03 

C.3C460 03  
C .3 i030  03  
C.33340 03 
C .343 f0  03 
C.35150 03 
C.75650 03 

c . i e i e o  03 

c.24510 03 

c .7ca2n  03 

c.273211 03 

c . zc4ao  03 

c . 2 3 ~ 5 0  03 

c.21a10 03 

c .25aco u3 

c.27840 03 

c.25150 03 

. 

. 

L 
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39 1 
39 7 
393 
394 
395 
3 9 6  
397 
3 9 8  
399 
400  
40 1 

40-4 
404  
405  
4 0 6  
407 
408 

4 10 
411 
412 
4 13 
4 14 
41 5 
416  
4 17 
4 18 
419  
420  
47 1 
477 
4 2 3  
4 24 
42 5 
4 7 6  
477 
47R 
4 ? 9  

43 1 
432  
4 3 3  
434  
435  
4 3 6  
437 
4 3H 
4 3 9  
440  
441  
442  
4 4 3  
4 4 4  
445 
4 4 6  
447 
44R 
4 4 9  
4 5 0  
45  1 
4 5 7  
4 5 3  
454  
455 
4 56 
4 5 7  

4 5 9  
4 6 0  
4 6 1  
4 b 7  
46  3 
4 h4 
465  
4 b 6  
467  
46  H 
4 6 9  

41-17 

41-19 

4 30 

4 5 n  

0.R3860 03 
0.R3PCD 0 3  
0 . n 3 a m  03 
0.83860 03 
O . R ~ ~ C D  0 3  

0 . ~ 3 e 6 0  03  
0.83860 0 3  

0 . ~ 6 5 7 0  03  

O.R3@60 0 3  

0.R3860 0 3  
0 . R 3 E t I - I  0 3  

0.R6970 0 3  
0.R697D 0 3  
O.Rh970 0 3  
0.86970 0 3  
0.86570 03 

0.86970 0 3  
0.R6970 0 3  

0.89FSO 0 3  
0 .89990  0 3  
0 .89990  0 3  

0.89990 03 
0.899FD 0 3  
0.R9990 0 3  
0.89990 0 3  

0 . ~ 6 9 7 0  0 3  

0 . 8 6 9 7 ~  03  

o . H ~ ~ ~ I - I  0 3  

0.139~90 03 
0 . 8 9 9 ~ 1 - 1  03  
0.97940 03 
0.97940 0 3  
0.92940 0 3  
0.92940 0 3  
0.97940 0 3  
0.92940 0 3  
0.92940 0 3  
0 .97940  0 3  

0.97940 0 3  
0.958C0 0 3  
0.958CO 0 3  

0.95AO0 0 3  
0.958CO 0 3  
0.95ECO 0 3  

0 .95ec0  03 
0.958CD 0 3  
0.95800 0 3  
0.9A590 03 
0.98590 03 
0 . 9 R 5 S D  0 3  
0.98590 0 3  
0.98540 0 3  
0 . 9 A 5 4 0  0 3  
0 .98540  03 

0.9R59I-I 0 3  
0,98550 0 3  

0.10131: 0 4  
0.1013D 0 4  
0.10130 0 4  
0.1013D 0 4  

0.10130 0 4  

0 .10130  0 4  

0 . 9 ~ 9 4 0  0 3  

0 . 9 s a c o  03 

0.95800 03 

1 - 1 . 9 ~ 5 5 0  03 

0.10131-1 0 4  

0.10130 0 4  

0 . i o i 3 0  0 4  

0.10130 0 4  
0.10390 0 4  

0 . 1 0 3 ~ 0  0 4  
0.10390 0 4  
0 . 1 1 - 1 3 ~ 0  0 4  

0.10350 04 

0 .10390  0 4  
0.103SD 04 
0 .10390  0 4  
0.10350 0 4  

C.27770 03 
C .2 f440  03 
C.25330 03 

C.31730 03 
C.33310 03 
C.34620 03  
C.35660 03 
C.36420 03 
C.3t920 0 3  
c .29010 03  
C.256SO U3 
C.3C570 03 
C.31670 03 
C.3297D U3 
C.34550 0 3  
C.35860 03 
C.3L9CO 03 
C.37670 03 
C.3E170 03 
C . 3 C Z Z D  U3 
c.3c9co U3 

C.328FO 03 

C.35760 U3 
C.37070 03  

C . 3 F 8 E D  03 
C.3S380 U 3  
C.31400 03 
C.3207D 03 
C.3296D 0 3  
C.34050 03 
C.35360 03 
C.36940 03 
C.3@250 0 3  
C.35290 U3 
C.4C060 03 

C.32550 03 
C.33220 03 
C.341CD 0 5  
C.35200 03 
C .3 t510  03 
C.3EOSO 03 
C.3S39D 03  
C.40430 0 3  
C.412CO 03 
C.417CO U3 
C.33660 03  
C.34330 03  
C.35220 03 
C.3631D 03 
C.37620 U 3  
C.39200 03 
C.4C510 03 

C.42310 03 
C.42810 U3 
C.34740 03 
C.3541D 03 
C.36300 03 
C.37350 03 
C.367CD 03 
C.4C2eD 03  
C.41590 03 
C.42630 0 3  
C.434CO (33 
C.43900 03 
C.357SO 03 
C.3646D 0 3  
C.37350 03 
C.3E440 03 
C.3S75D 03 
C.4133D 03 
C.42640 03 

C.44440 03 

c . 3 ~ 4 2 0  03 

c.317en c3 

c . 3 4 i e o  03 

c . 3 e i i o  03 

c . 4 ~ 5 6 0  03 

c.41550 a3 

c .436eo 03 
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4 7 0  
4 7 1  
4 7 7  
4 7 3  
4 7 4  
4 7 5  
4 7 6  
4 7 7  
47R 
4 7 9  
4R0 
4A 1 
4 8 7  
4R3 
4 8 4  
4 P5 
4 86 
487  
4HA 
4 8 9  

49 1 
4 9  2 
4v  3 
4 9 4  
495  
4 9 6  
497  
4 9 8  
4 9 9  
5 0 0  

507 
5 0 3  
5 0 4  

306 
50 7 
SOH 
509 

5 1 1  
5 12 
5 1 3  
5 1 4  
5 1 5  
L, 16 
517  
51H 
5 1 9  

5 7 1  
577  
573 
5 7 4  
575 
576 
577  
57R 
579  
530 
531 
532 
533 
5 34 
535  
5 3 6  
537 
53H 
5 39 
5 40 
541 
547  
5 4 3  
544 
545  
546 
547 
54H 

490 

5 0  1 

5 n 5  

5 1 0  

L, 

0 .10390  0 4  
0 .10650  0 4  
0.10650 0 4  
o . i n 6 5 n  0 4  
0.10650 0 4  
0.10650 0 4  
0.1065U 04 
0.10650 0 4  
0 . 1 0 6 5 0  0 4  
0 .10650  0 4  
0.10650 0 4  

0 .10840  0 4  
0.10840 0 4  
0.10890 0 4  
0.10840 0 4  
0 .10850  04 
0.10flSD 04 
0 .10890  0 4  

n . i o 8 s o  0 4  

0 . 1 0 ~ 9 ~  0 4  
o . i o 8 s n  0 4  

0 .11130  0 4  

n . i i i 3 n  0 4  

o . i i i m  0 4  

0.11130 04  
0.11130 04  

0 .11130  0 4  
0.11130 0 4  

0.1113D 0 4  
0 .11130  0 4  

0 .11130  04  
0 . 1 1 3 6 0  0 4  
0 .11360  0 4  
0 .11360  0 4  

0 . 1 1 3 f 0  0 4  
0 . 1 1 3 t 0  04 

o.ii30n 0 4  

n .11360  n4 
0 .11360  0 4  
0,1136D 0 4  
0.11360 0 4  
0.115FO 0 4  
0.115.50 04 
0.11580 0 4  
0.115PD 04 
0.115PD 04 

0 .115F0  0 4  

0.115P0 0 4  

0 . l l 8 C O  0 4  

O. l lAO0 0 4  
0.11800 0 4  
O.11RCD 0 4  
0 . l l f l O D  0 4  
0.11RCO 0 4  
0 .11800  0 4  
O . l l R 0 0  0 4  

o . i i 5 e o  0 4  

o . i i 5 e ~  0 4  

0.1 i 5 e n  0 4  

n . i i R w  0 4  

n . i i 8 c D  0 4  
n . 1 7 ~ ~ 0  0 4  

n . i z n c ~  0 4  

o . 1 7 0 ~ 1 )  0 4  

n.12000 0 4  
o.izoon 0 4  
n.1200n 0 4  

o . i z z o n  0 4  
n . i z z o 0  0 4  

0.17200 04 

0 .12200  0 4  

0.17000 0 4  

0 .1zoc0  0 4  

0.17OCD 0 4  

0.12CCD 0 4  
0.172C0 0 4  

0.177C0 0 4  

0.172C0 0 4  

i ) . l 2 2 0 0  0 4  

C.44940 03 
C.3tJ310 03  
C.374PO U 3  

C.35460 03 
C.4C770 03 
C.42350 03 
C.43650 U3 
C.44690 0 3  
C.45460 03 
C.459tO 03 
C.377SD 03 
C.38460 U3 
C.34350 03 
C.4C440 03 
C.41750 03 
C.43330 03 
C.44640 0 3  
C.45680 03 
C .4 t450  03 
C.4t95D 03 
C.3@740 03 
C.3S420 03  
C.4C3CD 03 
C.414C0 03 
C.42700 03 
C.44280 03  
C.45540 03 
C .4 t630  03 
C.474CO 03 
C.479CD U3 
C.3S660 0 3  
C.4C340 03 
C.41220 03 
C.41370 03 
C.43620 U3 
C.452CD 0 3  
C.46510 03 
C.41550 C3 
C.4e3)D 03  
C.4ERZO 0 3  
C.40550 03 
C.41220 03 
C.42110 03 
C.432C0 03 
C.4451D 03 
C.46CSD 03 
C.414CD 03 
C.4E44D 03 
C.45200 03 
C.447CD 03 
C.41410 0 3  
C.420PO 0 3  
C.42960 03 
C.440tO 03 
C.45370 0 3  
C.46940 0 3  

C.442Sfl 05 
C.SOOt0 03 
C.5C560 03 

C.429CO U3 
C.43790 03 

C.46190 03 
C.47770 U3 
C.4SCPO 03 
C.5C110 03 
C.508EO 03 
C.51380 03 
C.43020 U3 
C.43640 03 
C.44580 C3 

C.4t9EO 03 
C.48560 03  
C.45870 03 
C.5C900 03 

c.3e36n 03 

c.4e250 03 

c .4723n U j  

c .448eo  03 

r . 45670  03 

. 

8 
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c 

4 

5 4 9  
550  
5 5 1  
557  
553  
5 54 
5 5 5  
5 56 
557 
558  
5 5 9  
560  
56 1 
567 
563  
564  
565  
566  
567 
568 
5 6 9  
570  
5 7 1  
572 
5 7 3  
5 7 4  
575  
576 
577 
578  
5 7 9  
5R0 
5R1 
5R2 
5 8 3  
5A4 
5A5 
5Rh 
5A7 
5RR 
5 aQ 
590  
541 
597  
5 9 3  
594  
595  
596  
59  7 
59H 
5 9 9  
h0O 

h 0 2  
h O 1  
h 0 4  
605  
h 06 
6 0 1  
h 0 8  
h09 
6 10 
h l l  
6 17 
b 13 
6 14 
6 1 5  
6 16 
h 17 
6 1H 
h 19 

h 7 1  
h 7 7  
h 2 3  
h 7 4  
67 5 
h 7 6  
h77 
h 78  

hn 1 

h 7 n  

0 .17200  0 4  
0 . 1 2 2 ~ ~  0 4  
0 . 1 7 3 ~ 0  0 4  

0 . 1 2 3 ~  0 4  
0.12390 0 4  

0.1235D 0 4  
0.12340 0 4  
0.173SO 0 4  

0 .12390  0 4  
0 . 1 2 3 q O  0 4  
0.12PSO 0 4  
0 .17570  04  
0.12570 0 4  
0.12570 0 4  
0 .17570  0 4  
0.12570 04 
0.12570 04 
0 .17570  0 4  
0.12570 0 4  
0.12570 0 4  
0.17570 04  
0.12740 0 4  
0.17740 0 4  
0.12740 0 4  
0 .17740  0 4  
0.12740 0 4  
0.12740 0 4  
0.17740 04 
0 .17740  0 4  

0.12740 0 4  
0.12910 0 4  
0.12910 0 4  
0.12411) 0 4  
0.12910 0 4  
0 .12910  0 4  

0 .17910  04  
0 .17910  0 4  

0 .17910  0 4  
0.13C7C 04 
0.130713 0 4  

0.13C70 0 4  

0.13C7D 04 
0.13C70 0 4  
0 .13070  0 4  
0.11070 0 4  

0.1239n 0 4  

0,12740 0 4  

0 . 1 2 ~ 1 0  0 4  

o . 1 2 9 1 0  0 4  

o . i ’ ~ o 7 n  0 4  

0 . 1 3 ~ 7 0  0 4  

0.13070 0 4  
0.13220 0 4  
0.1322D 04 
0.13720 0 4  
0.13220 0 4  
0.13220 0 4  
n.13220 0 4  
n . 1 3 2 2 ~  04 

0.1322n 0 4  

0.13220 04  
0.13220 0 4  

0.13360 0 4  
0.13360 0 4  
0 .13360  0 4  
0 .13360  04 
0.13360 04  
0 . 1 3 3 t 0  04  
0.1336C 0 4  
0.1336n 0 4  

0.13360 0 4  
0.13450 0 4  

0.13360 0 4  

0 .13440  0 4  
0 . 1 3 4 ~  04  
0.13490 0 4  
0.13450 0 4  
0.134S0 04  
0.134S0 04 
0.134S0 0 4  

C.51670 0 3  
C.52170 03 

( - 4 4 4 5 0  03 
c .4534c c3 
C.4L410 03 
C.4774D 03 
C.49320 03 
C.5C62D 03 
C.51660 0 3  
C.52430 03 
C.52930 0 3  
C.44500 03 
C.451E0 03 
C.46060 U3 
C.4716D 03 
C.48470 0 3  
C.5C040 U3 
C.51350 03 
C.57390 0 3  
C.53160 03 
C.E?66D 03 
C.4520D 03 
C.4C87D 03 
C.46760 03 
C.47850 C3 
C .4S l tD  U3 
C.5C740 03 
C.52040 0 3  
C.53C8D 03 
C.53850 03 
C.54350 03 
C.45860 03 
C.4t530 0 4  
C.47420 03 

C.44820 03 
C.51400 U3 
C.52710 U3 
C.53750 03 
C.5451D 03 
C.55010 0 3  
C.46490 03 
C.47160 U3 
C.4EC5D 03 
C.45140 03 
C.5C45D 0 3  
c . s i o 3 0  03 
C.53340 03 
C.54370 03 
C.55140 03 
C.55640 113 
C.4105D 03 
C.47760 U3 
C.4Pb40 03  
C.45740 03 
C.51C50 03 
C.52630 03 
C.53930 03 
c .54970 0 3  
C.55740 03 
C.56240 03 
C.47650 03 

C.44210 03  
C.5C310 03 
C.51610 03 
C . 5 3 1 9 0  03 
C.545CO 03 
C.55540 03 
C.56310 03 
C . S C R I 0  Ll3 
C.4BlRO 03 
C.48860 U3 
c.45740 03 
C.5C840 U3 
C.52150 U3 

c.4378n 0 3  

c . 4 e 5 i o  c3 

c.48320 u3 

C.5?720 u3 
c.55030 03 
C .5 t070  0 3  
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6 2 9  
6 30 
h31  
h 3 7  
6 33 
6 34 
6 1 5  
h 36 
b 37 
6 3 f l  
h 39 

6 4 1  
b 4 7  
h 4 3  
h 4 4  
6 4 5  
6 4 6  
647 
6 4 8  
h 4 9  
6 50 
6 5 1  
b 52 
6 5 3  
6 5 4  
655 
h 56 
6 57 
b5R 
h 59  
660 
h h l  
6 6 7  
6 6 3  
h 6 4  
66 5 
hhh 
6 b 7  
h6f l  
6 6 9  

6 7 1  
6 7 7  
6 7 1  
6 7 4  
6 7 5  
6 7 6  
h 77 
b 7R 
6 7 9  

6 R l  
6 8 7  
hR3 

6 f l 5  
h 86 
6 8 7 

6 f19 
690 

h 40 

6 7 0  

h R n  

6 n 4  

h e n  

0 .13490  0 4  
0.134F0 0 4  
0.13610 0 4  

0.13610 0 4  
0.13610 0 4  
0.1 3610  0 4  
0 .13610  0 4  
0.13610 0 4  

0.13610 0 4  
0.13610 0 4  

0.13730 0 4  
0.13730 0 4  
0 .13730  0 4  

0.13730 0 4  
0.13730 0 4  

0.13610 0 4  

0,13610 0 4  

0.13731) 0 4  

o . i 3 7 3 n  0 4  

0.13730 04 
0.13730 0 4  
0.13730 0 4  

0.13840 0 4  
0 . 1 3 ~ ~ 4 0  0 4  

0 .13840  0 4  
0.13fl40 0 4  

0.1384l l  0 4  
0.13840 0 4  
0.13840 0 4  
0.1384D 0 4  
0.13840 0 4  
0 . 1 3 ~ 4 n  0 4  
0 .13940  0 4  
0.13940 0 4  
0 .13940  0 4  
0.13940 0 4  
0.13940 0 4  
0 .13940  04 

0.13940 0 4  
n . i a 9 4 0  0 4  

0.13940 0 4  
0.13940 0 4  
0.14C30 0 4  
0.14030 04 
0.140?0 0 4  
0 . 1 4 ~ 3 0  0 4  
0.140311 0 4  
0.14030 0 4  
0 . 1 4 0 3 ~  0 4  

n.14030 n 4  
0.14030 0 4  

0.14C30 04  
0.14121) 04  
0.14120 0 4  
0 .14120  0 4  
0.14120 0 4  
0 . 1 4 1 ~ 0  0 4  
0.14120 0 4  
n.14120 0 4  

0.14120 0 4  
0.14170 04  

0.14120 0 4  

C.5t84G 03 
C.57340 03 
C.4ehflD 03 
C.4S360 03 
C.5C240 03  
C.5134C 03 
C.52650 u3 
C.5422D U3 
C.55530 03 
C.56570 03 
C.51340 G3 
C.57840 03 
C.49150 03 
C.49830 03  
C.5C710 03  
C.51810 03 

C.54690 03 
C.560CO 03  
( - 5 7 0 4 0  03 
( - 5 7 8 1 0  03  
C.5E310 03 
C.49550 03 
C.5C260 03 
C.51150 L3 
c .5 ;740  03 
C.53550 03 
C.55130 u3 
C.56440 03  
r .57470  03 
c.5e240 03 

r . 4 ~ 9 ~ 0  03 

C.53110 tA 

C.5E74D 03 

C.5C670 03 
C.51550 C3 
C.52650 03 
C.53950 03 
C.55530 03 
C.5684D U3 
C.578EO 03  
C.5e65D 03  
C.5S15D 03 
C.5C36D U3 
C.51040 03 
C.51920 03  
C.53020 03 
‘2.54330 03 
C.559CO 03  
C.57210 0 3  

C.59020 03 
C.59520 03 
C.5C7CO 0 3  

C.57260 03 
C.5?3tO 03 
C.54660 03 
C.5t24D U3 

C.5.55SD 03 

C.5S860 03 

c .58250 03 

r .513eo  03 

c .57550 03 

C.55360 u3 

t 
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c 

INPUT I A R L F  4.. FLEWFNT OIIP 

G I C R A L  I N C I C F \  T F  ELEMENT N u D t S  
F I F M F N T  1 

1 
2 
3 
4 
5 
4 
7 
R 
9 

10 
11 
17 
13 
1 4  
1 5  
16 
17 
18 
19 
7 0  
7 1  
22  
2 3  
7 4  
7 5  
7 6  
27 
78 
7 9  
3 0  
31 
37 
3 3  
34 
35 
36  
37 
38 
39 
40 
41 
47 
4 3  
44 
4 5  
46 
4 7  
4 8  
49  
50 
51 
57 
53 
5 4  
5 5  
56  

5 8  
5 9  
60 
61 
6 7  
6 3  
h 4  
6 5  
66 
67 
68 
6 9  

7 1  
7 7  
7 3  
7 4  
7 5  
7 h  

5 7  

70 

1 
2 
3 
4 
5 
h 

R 
9 

11 
12 
13 
14 
15 
16 
17 
l a  
19 
21 
7 7  
23  
2 4  
7 5  
26 
27 
7 8  
?9 
31 
37 
13 
34 
35 
36  

3 R  
39 
41 
47 
4 3  
44 
4 5  
46 
47 
4R 
4 9  
51 
57 
53 
54 
55  
5h 
5 7  
58  
59 
61 
6 2  
6 3  
6 4  
h5 
6 4  
6 7  
68 
6 9  

17 
7 3  
74  
75 
76  

7 8  
7 9  
81 
R2 
83 
R 4  

7 

37 

71 

77 

2 
1 1  
12 
1 3  
14 
1 5  
16 
1 7  
1 8  
19 
2 1  
7 2  
2 3  
2 4  
2 5  
7 6  
27  
2 8  
2 9  
31 
32 
33 
34 
35 
3 6  
37 
38  
39 
4 1  
4 2  
43  
4 4  
4 5  
4 6  

4 8  
4 9  
51 
5 2  
53 
5 4  
5 5  
56 
5 7  
5R 
59 
61 
6 7  
6 3  
6 4  
h5 
6 6  
6 7  
hR 
6 9  

77 
7 3  
7 4  
75  

76 
77  
78 

8 1  
R2 
83 
8 4  
85 
R 6  
87 
8 8  
8 9  
9 1  
9 2  
9 3  
9 4  

4 7  

71  

79 

3 
12 
1 3  
14 
1 5  
It 
1 7  

15 
7C 
2 2  
2 3  
2 4  
2 5  
2 t  
27  
2 e  
7 5  
3c 
3 2  
3 3  
3 4  
35 
3 t  
3 1  
32 
35 
4 c  
4 2  
4 3  
4 4  
4 5  
4 t  
4 1  
4E 
45 
5 c  
5 2  
5 ?  
5 4  
5 5  
5 6  
5 1  
5E 
5 s  
6C 
c 2  
6 3  
64  
6 5  
66  
6 1  
b e  
6 5  
IC 

1 3  
1 4  

7 6  
7 7  

15 
R C  
A2  
E3 
E4 

l e  

72 

75 

r e  

e 5  
a t  
a i  
e €  
8s  
FC 
5 2  
93 
94 
5 5  

4 
2 
3 
4 
5 
b 
7 
tl 
v 

1 0  
1L 
1 3  
14 
15 
16 
17  
1 Y  
1 9  
2 0  
L2 
2 3  
2 4  
2 5  
26  
2 1  
2 b  
2 9  
3 0  
52 
33 
34 
35  
3 6  
37 
38 
39 
40 
42 
4 3  
4 4  
4 5  
46 
4 7  
4 8  
49 
5 0  
52 
53 
54 
55 
5 6  
57 
5 b  
5 9  
60 
6 2  
6 3  
64 
6 5  
hh 

6 7  
4 n  
b9 
7 0  
72 
73 
7 4  
75 
7 6  
17 
78 
79 
80 
(12 
Y3 
44 
85 

MA T E P I A 1  
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
I 
1 
I 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

hCOE O I F F  
11 
11 
11 
1 1  
11 
11 
11 
1 1  
11 
11 
11 
11 
11 
1 1  
11 
11 
11 
1 1  
11 
11 
11 
11 
1 1  
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
1 1  
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
1 1  
11 
11 
11 
1 1  
11 
11 
11 
1 1  
11 
11 

11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
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7 7  R5 9 5  9 c  ti6 
78 ti6 9 6  4 7  & 7  
79 87 9 7  9E ti8 
A 0  R A  9 8  $ 5  89 
8 1  8 9  99 1cc  00 
R ?  91 101 102  92 
8 3  97 1 0 2  103 '13 
A4 9 3  1 0 3  104  9 4  
R 5  9 4  1 0 4  I C 5  'I5 

A7 9 6  1 0 6  1 0 7  97 
HR 9 7  1 0 7  i o e  98 
R Y  9 8  1 0 8  1 CS 59 
90 99 109 1 1 c  100 
9 1  1 0 1  111 112 A 02 
9 2  i n 2  1 1 2  113 1 0 3  
9 3  1 O ?  1 1 3  114 1 0 4  
9 4  I 0 4  1 1 4  115  1 0 5  
9 5  1 0 5  1 1 5  116 1 0 6  
9 6  106 116  11 7 1 0 7  

9 8  1 OR 1 1 8  11s  109 
99 109 1 1 9  1 2 c  1 1 0  

100 1 1 1  1 2 1  122 112  
i n  1 112 1 2 2  1 2 3  1 1 3  
102  113  1 2 3  124  114 
1 0 3  1 1 4  1 2 4  175 1 1 5  
i n 4  115  1 2 5  1 2 t  l l b  
105  116 1 2 6  1 2 7  1 1 7  

i n 7  1 1 A  128  125 11') 
1 OH 1 1 9  1 2 9  13C 1 2 0  
109 1 2 1  1 3 1  132  I22 
110 177  1 3 2  133  123 
111 1 2 3  1 3 3  1 3 4  1 2 4  
112  1 2 4  1 3 4  135  1 2 5  
113 1 2 5  1 3 5  136  1L6 
1 1 4  1 7 6  1 3 6  1 3 7  1 2 7  
1 1 5  1 7 7  137  13E 1 2 8  
116 128 1 3 8  135  1 2 9  
1 1 7  1 2 9  1 3 9  14C 1 3 0  
1 1 8  1 3 1  1 4 1  142 132 
1 1 9  132  142  143  1 3 3  
120  133  1 4 3  144 1 3 4  
1 2 1  1 3 4  1 4 4  145 1 3 5  
177  1 3 5  1 4 5  146 1 3 6  
123  1 3 6  1 4 6  14 7 137 
124  1 3 7  1 4 7  14E i 5 n  

1 2 0  1 4 A  145  13Y 
176 1 3 9  1 4 9  1 5 C  1 4 0  
127 I 4 1  1 5 1  152 1 4 2  
12H 142 1 5 2  153 1 4 3  
129 1 4 3  1 5 3  154  1 4 4  
130 1 4 4  1 5 4  1 5 5  1 4 5  
131 145 1 5 5  1 s t  1 4 6  
137 1 4 6  1 5 6  157  1 4 7  
133 1 4 1  157  i s e  1 4 8  
134  14R 1 5 8  155 1 4 9  
135  149 1 5 9  16C 1 5 u  
1 3 6  1 5 1  1 6 1  162  15?  
137  a 52 1 6 2  163 1 5 3  
138 153 1 6 3  164  1 5 4  
139 1 5 4  1 6 4  165 1 > 5  
1 4 0  155  1 6 5  16C 1 5 6  

R 6  9 5  1 0 5  lot Y b  

9 7  1 0 7  117 1 1 €  1 on 

11-16 117  127 12e  i i n  

1 9 L  

1 4 1  156  1 6 6  1 6 7  1 5 7  
147 157  167  16F I 5 8  
143  15R 168  165 1 5 9  
144  1 5 9  1 6 9  1 7 c  1 6 0  
145  1 6 1  1 7 1  1 7 2  162  

147  163  1 7 3  1 7 4  1 6 4  
14R 1 6 4  1 7 4  175  1 b 5  

150  166  1 7 6  1 7 7  1 6 7  
1 5 1  167  177  17E 1 6 d  
152 16R 1 7 8  175  1 6 9  
1 5 3  1 6 9  1 7 9  1 e c  17u 
1 5 4  171  1 R 1  182 172  
1 5 5  172 1 8 2  1 e3 A 73 
156  173  1 8 3  184  1 74 

1 4 6  167 172  173  1 b3  

149 165  175  1 1 6  1 bb 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

11 
11 
11 
11 
11 
11 
1 1  
11 
11 
1 1  
11 
11 
11 
11 
11 
11  
11 
11 
11 
11 
11 
11 
1 1  
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
1 1  
11 
11 
11 
11 
11 
11 
11 
11 
1 1  
1 1  
11 
11  
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
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a 

. 

a 

. 

157 1 7 4  1 8 4  1 8 5  1 7 5  
15R 1 7 5  1 A5 l e t  1 7 6  
159  1 7 6  1 8 6  1 8 7  1 1 7  
160 177 1 n7 l e €  1 7 8  
161 17R 1 6 R  lF!S 1 7 9  
I 6 2  1 7 9  I 8 9  1 9 c  100 
163  1 R 1  1 9 1  I S 2  1 b2 
I h 4  1 A 7  1 9 2  153  1 u3  
1 6 5  1 8 3  1 9 3  194 184 
166 1 R4 1 9 4  I S 5  1 8 5  
167 185  1 9 5  1 s t  186 
1 hR 1 8 6  1 9 6  1 9 1  1 U7 
169 187 I 9 7  1 9 e  188 
1 7 0  1 8 8  1 9 8  1S5 189 
1 7 1  1 89 199 20c  1 90 
177  1 9 1  2 0 1  2 0 2  1 Y2 
173  192  7 07 7 0 3  193 
174  1 9 3  7 0 3  2C4 l Y 4  
1 7 5  194  2 0 4  2 c 5  1 9 5  
1 7 6  I 9 5  2 0 5  206  1'16 
177  1 9 6  7 0 6  20 7 l Y 7  

179  1 9 R  2 a8 2 c s  199 
1 80 199 2 09 2 1 c  2 00 
1 8 1  2 0 1  2 1 1  212  2 02 
187 7 0 2  2 12 2 1 3  2 03 
1R3 7 0 3  21 3 2 1 4  2 U4 
1R4 7 0 4  2 1 4  215  2 05 
1A5 20  5 2 1 5  216  7 06 
1 8 6  706 2 1 6  2 17 2 U7 
187 7 0 7  2 1 7  2 1 8  2 0 8  
I R A  ? O R  21R 2 1 5  2 09 
1 A 9  2 0 9  2 19 2 2 c  2 10 
i qa  2 1 1  2 2 1  272 2 1.2 
191 717  7 7 2  773  2 1 3  
197  213  2 2 3  2 2 4  2 1 4  
193  ? 14 2 7 4  22 5 2 15 
1 9 4  215  2 7 5  226  2 16 
1 9 5  7 1 6  2 26 22 1 2 1 7  
196  2 1 7  2 7 7  2 7 @  2 1 8  
197 71A 22R 2 2 9  219 
19A 2 19 2 2 9  23C 2 2 0  
199 7 7 1  7 3 1  2 32  2 2 2  
700  277  2 37 233  7 2 3  
7 0  1 223  2 3 3  234  2 2 4  
2 0 2  2 7 4  2 3 4  235  2 2 5  
70 3 275  2 3 5  2 3 t  2 2 6  
2 0 4  2 2 6  2 3 6  2 3 7  7 2 7  
2 0 s  7 7 7  2 3 7  23E 2 2 8  
7 0 6  27R 2 3 8  2 3 5  L29 
707  779  2 3 9  24C 2 4 0  
708 2 3 1  7 4 1  242  2 32 
209 2 32 7 4 2  243 2 3 3  
710  2 3 3  2 4 3  2 4 4  2 54 
2 1  1 2 3 4  2 4 4  245  2 3 5  
717  2 35 2 4 5  2 4 t  2 5 b  
7 1 3  2 36 2 4 6  2 4 1  2 3 7  
2 1 4  7 37 7 4 7  24.5 2 3 H  
2 1 5  2 3 8  2 4 8  249  2 5'4 
2 1 6  2 3 9  2 49 25C 2 4 0  
7 17 2 4 1  2 5 1  2 5 2  2 42  

7 19 7 4 3  2 5 3  2 5 4  2 4 4  
7 7 0  7 4 4  2 54 255  2 4 5  
2 2  1 2 4 5  2 5 5  2 5 t  2 4 b  
777  7 4 6  2 5 6  2 5 1  2 4 7  
7 2 3  2 4 7  2 5 1  75E 2 4 8  
7 2 4  2 4 n  2 5n 2 5 5  2 4 9  
7 7 5  7 49 7 5 9  26C 2 50 
2 26 2 5 1  2 6 1  2 t 2  7 57 
2 77 757  2 62 263  2 53 
7 7 8  2 5 3  2 6 3  2 t 4  2 24 
2 29 2 54 2 6 4  265  2 55 
730  2 55 2 6 5  266 2 56 
7 3 1  2 56 2 66 2 6 1  2 57 

I 7 n  1 9 7  7 0 7  2 c e  1 Yn 

7 18 7 42 2 52 253 2 43 

7 3 7  2 57 2 6 7  2 t E  2 58 
2 3 3  2 58 26R 2 6 5  2 59 
2 34 2 59 2 6 9  21c  2 bo 
7 3 5  2 6 1  2 7 1  2 1 2  2 62 

1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

11 
11 
11 
11 
11 
11  
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11  
11 
11 
1 1  
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11  
1 1  
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
1 1  
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
1 1  
11 
11 
11 
1 1  
11 
1 1  
11 
1 1  
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7 36 767 2 72 273 2 63 
2 37 763 273 214 2 64 
238 264 274 2 75 265 
7 39 265 275 77t 2 bb 
740 766 2 76 777 2 67 
74 1 767 7 77 27e 2 68 
747 268 7 7R 27s 2 69 
243 269 279 28C 2 70 
7 44 2 71 2Rl 2 e i  2 72 
745 2 77 2 82 283 2 73 
7 46 773 783 284 2 74 
7 47 274 2 84 285 2 75 
7 48 275 785 2et 2 76 
249 2 7h 7 86 287 2 77 
7 50 2 7 7  7 87 28e 2 76 
751 7 i n  2 88 285 7 I 9  
7 57 7 79 2 89 29c 2 80 
753 281 291 29i 2 62 
2 54 2 87 297 253 L 83 
755 7 R3 7 93 254 2 n4 
? 56 784 7 $4 755 2a5 
7 57 2fl5 795 75t 2 nb 
7 58 7R6 296 247 2a7 
7 59 7 8 7  297 2Sf 2 nn 
760 2 88 2 98 295 2 &Y 
7 h  1 7 R9 799 3cc 2 90 
267 791 301 302 2 42 
L h 3  2Y 2 307  1 c 3  2 93 
7 b 4  293 303 304 2 94 
765 794 304 305 ZY 5 
7 66 795 305 3ct 2 96 
767 796 306 3c7 2 '17 

769 798 3 on 3c9 2 YY 
7 70 799 3 09 31C 3 00 
771 301 311 312 3 02 
2 77 307 312 313 3 03 
7 73 303 313 314 304 
7 74 304 314 3 1 5  3 05 
775 305 315 3 16 3 u6 
776 306 316 3 1 7  307 
7 77 307 317 316 3 ULI 
7 78 308 318 315 3 0Y 
7 79 309 319 32C 3 10 
780 311 321 322 312 
7 R  1 312 322 323 313 
787 313 323 324 3 14 
7fl3 3 14 374 37 5 315 
7 a 4  315 325 326 316 
285 3 16 376 327 31 7 
7Rb 317 32 7 32 E 318 
2R7 3 L A  328 325 31Y 
78R 3 19 3 29 33c 320 
7 8 9  371 331 332 322 
2 9 0  3 72 332 333 323 
29 1 323 333 334 324 
797 3 24 334 33 5 325 
793 375 335 336 326 
794 376 336 331 32 7 
29 5 327 337 33e 328 
796 37n 33R 335 329 
297 3 29 339 34c 330 
798 331 341 342 332 
799 3 32 342 343 333 
300 333 343 3 4 4  3 34 
30 1 3 34 344 345 3 35 

303 3 36 3 46 34 7 33 7 
304 337 347 3 4 8  338 
30 5 33n 3 48 345 3 39 
306 3 39 349 35c 340 
307 341 351 352 542 
308 3 42 352 353 343 
309 3 43 3 53 354 3 44 
3 10 344 3 54 355 3 45 
311 345 355 356 3 46 
312 346 3 56 357 347 
313 347 357 3 5 F  348 
3 14 348 3 58 35s 3 49 
3 I5 349 3 59 360 3 >u 

76H 797 307 3 G E  7 qn 

302 335 345 346 5 36 
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3 16 3 5 1  
317 352  
31R 353  
3 19  3 54 
3 ?O 3 5 5  
371  3 56 
3 22 357 
3 73  3 5R 
3 2 4  3 59 
325  3b1 
3 7 6  367 
327  3 6 3  
32A 364  
3 2 9  3 65 
3 30 366 
331  367 
3 32 3h8  
3 33 3 6 9  
3 3 4  371 
3 3 5  3 77 
3 36 3 7 3  
337 3 7 4  
33A 3 7 5  
339 376  
3 40 377  
341 37R 
347 3 7 9  
343  3 A l  
3 4 4  3A2 
345 3 8 3  
346 3R4 
347  3fl5 
34A 3A6 
3 4 9  387 
3 50 3i3R 
3 5 1  3 I39 
3 57 391  
353  397 
3 5 4  393 
355 3 9 4  
3 56  395 
357 3 96 
35n  397 
359 39R 
3 60 3 9 9  
3 6  1 4 0 1  
367  407  
3 6 3  4 0 3  
364 4 0 4  
3 6 5  405  
366 406  
367 4 0 7  
3 6 R  408  
369  4 0 9  
3 7 0  411 
3 7 1  4 17 
377 4 1 3  
373  4 1 4  
374  415  
375 4 1 6  
3 7 6  4 1 7  
377  41H 
378  4 19  
379  4 7 1  
3An 422  
381  4 2 3  
382  4 2 4  
3R3 42 5 
3A4 476  
3A5 4 7 7  
386 478  
387 4 7 9  
38a  431 
3A9 437 

3 h l  362  3 52 
3 6 2  3c3 3 53 
363 364 3 54  
3 6 4  36  5 3 55 
3 6 5  3 6 6  3 56 
3 h 6  3 t  7 357  
367  36E 3 5 8  
3 6 8  365  3 5 9  
3 6 9  370 3 6 0  
3 71  372 3 67  
372  3 7 1  3 6 3  
3 7 3  3 7 4  3 6 4  
3 7 4  375 3 6 5  
3 75 3 1 c  3 66 
3 7 6  3 77 367 
3 7 7  37E 3 6 &  
3 7 a  3 7 4  3 6 9  
319  38C 3 7 0  
3 8 1  3 8 2  3 72 
3 87 383 3 7 3  
3 A3 3 8 4  3 74  
3 84  3R 5 3 75 
3R5 38.5 3 76 
3 86 387 3 7 7  

388  3E5 3 7 9  
3R9 39C 3 8 0  
3 9 1  39 2 3 62 
3 $2 393  583 
3 9 3  354  3 84 
3 9 4  35 5 3 85 
3 9 5  3S6 3 b6 
3 9 6  397 3 6 7  
3 9 7  39 8 3 bd 
3 9 8  3 5 5  3 8 9  
3 9 9  4 c c  3YU 
4 0 1  402  3 Y2 
4 02 4 c  3 3Y3 
4 c3 4 0 4  3 9 4  
4 04  405  3 9 5  
4 0 5  4 a c  3 9 6  
4 0 6  407  3 Y 7  

4 C A  405  3Y9  
4 0 9  41C 4 UO 
4 1 1  4 1 2  4 02 
4 1 7  413  4 03 
4 1 3  4 1 4  4 04  
4 1 4  4 1 5  405  
4 1 5  416  4 06 
4 1 6  417  4 U l  
4 1 7  41 E 4 08 
4 1 8  415  4 0 9  
4 1 9  42C 4 1 0  
421  4 2 2  4 12 
4 2 2  423  4 1 3  
4 2 3  4 7 4  4 1 4  
4 2 4  425  - 1 5  
4 2 5  426  4 1 6  
4 2 6  42 7 4 1 7  
42 7 428  4 1 8  
4 2 8  4 2 s  4 1 9  
4 2 9  4 3 c  4 2 0  
431  4 3 2  4 2 2  
4 3 2  433  4 2 3  
4 3 3  4 3 4  u 1 4  
4 34 435  4 2 5  
4 3 5  436  4 2 b  
4 3 6  4 3 7  4 7  7 
4 3 7  43E 4 2 8  
4 3 8  435 4 2 Y  
4 39  4 4 0  4 3 0  
4 4 1  4 4  2 432  
447  4 4 3  4 3 3  

3 8 7  3PE 3 713 

4 07 408  398 
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390 
39 1 
1 9 2  
393 
394 
395  
3Y 6 
3 9 7  

i 9 9  
400 
40  1 
402  
403  
4 0 4  
405 
4 0 6  
407  
4 0 8  
409 
410  
411  
4 1 2  
4 13  
4 1 4  
415  
416  
4 1 1  
41A 
4 1 9  
47 0 
47 1 
477 
47 3 
474  
475  
476  
4 7 7  
47R 
479  
4 3 0  
431 
4 3 7  
433  
4 34 
435 
436  
437 
4 3 8  
4 39 
440  
4 4  1 
442 
4 4 3  
444  
445 
446  
4 4 7  

4 4 9  
4 5 0  
45  1 
457 
4 5 3  
4 54 
4 5 5  
456  
457 

4 59  

46  1 
4 6 3  
4 h 3  
4 6 4  
4h5 
4 6 6  
46  7 
4hA 
469  

398 

448  

45n 

460 

413  
4 34 
435 
4 36 
417 
4 3A 
4 39 
441  
447 
443 
4 44 
445 
446  
4 4 1  
44R 
449  
451 
4 52 
453  
4 54 
455  
4 56 
457  

4 59 
461  
462 
463  
464  
465 
466  
467  

469 
411 
4 7 7  
4 1 3  
4 7 4  
4 75 
4 16  
477 
478  
419  

4 R7 
483  
4 84 

486  
4 8 1  
488  

491 
492 
4 9 3  
4 9 4  
495 
4 9 h  
4 9 7  
49A 
499 
501 
5 02 
503  
504  
5n5 
506 
507 

509 
511  
5 12 
513  
5 1 4  
515  
5 16 
5 1 1  
51H 
519 
571 

458  

4 6 n  

4 n i  

4 a5 

489 

508 

443  
4 4 4  
4 4 5  
4 46 
4 4  7 
4 4 8  
449  
4 5 1  
452  
4 5 3  
4 54 
4 5 5  
4 5 6  
457  
4 5 8  
4 59 
46  1 
467  
4 6 3  
4 6 4  
465  
4 h 6  
4 6 1  
4 6 8  
4 6 9  
411  
4 7 2  
4 1 3  
4 14 
475  
4 1 6  
4 77 
4 7 8  
4 7 9  
4R1 
4 8 2  

4 8 4  
4R5 
4 66 
4 8 7  
4AR 
4 R9 
4 9 1  
4 9 2  
4 9 3  
4 9 4  
495  
4 96 
4 $ 7  
4 9 8  
4 9 9  
5 0 1  
5 02 
5 c 3  
504  
5 05 
5 Ob 
5 07  
50R 
5 0 9  
511 
512  
5 1 3  
514  
5 15 
5 16 
517  
51H 
5 1 9  
5 2 1  
5 72 
5 7 3  
5 ? 4  
57 5 
576  
5 1 1  

5 2 9  
5 3 1  

4 8 3  

578  

444  
44 5 
4 4 t  
447 
44 E 
445 
4 5 c  
4 5 2  
453 
454  
455 
4 5 t  
4 5 1  
45E 
4 5 5  
4hC 
462 
46 3 
4 6 4  
46 5 
466 
46 7 
4 b e  
465 
47C 
472  
473 
4 1 4  
415 
4 7 t  
477 
47E 
475 
48C 
4P2 
4 & 3  

485 
486  
4e  1 

485 
4 9 c  
4 9 2  
4 s  3 
454  
4 9 5  
4 9 t  
49 7 

455 
50C 
5 0 2  
503  
5 0 4  
5 c 5  
5 O t  
5 C 7  
5 c  P 
5 G S  
51 C 
5 12 
513 
514  
515 
5 1  t 
517 
5 1 t  
5 1 5  
52C 
5 2 2  
52 3 
524 
5 7 5  
5 2 t  
5 2  7 
52€  
525 
5 3 c  
532 

4e4 

4 e ~  

4 9 e  

4 3 4  
435  
4 36 
4 3 7  
4 3 6  
43Y 
4 4 0  
447 
443  
* 4 4  
-145 
4 46  
4 4 7  
4 4 8  
4 4 9  
4 5 0  
4 52 
4 53 
'4 54 
4 5 5  
4 5 6  
4 5 7  
4 5 8  
4 59  
4 6 0  
462  
4 6 3  
4 6 4  
465  
4 0 6  
4 6 1  
4 6 8  
4 6 9  
4 70 
4 72 
4 13 
4 1 4  
4 7 5  
4 1 6  
4 1 1  
4 7 8  
4 19 
4 dO 
462  
4 8 3  
4 8 4  
4 u5 

487  
488 
4 t lY  
4 9 0  
4 92 
493  
CY4 
4 9 5  
4 96 
497  
4 9 8  
4 99 
5 0 0  
5 u2 
5 03 
3 0 4  
2 u5 
!J 06 
5 0 1  

5 09  
5 1 0  
Z 1 L  
513  
514  
515  
!J 16 
517 
2 1 8  
5 1 9  
570  
522 

4 86 

5on 
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470  
4 7 1  
4 7 7  
47  3 
4 7 4  
475  
4 7 6  
4 7 1  
4 1 8  
479 
4 8 0  
4 R l  
4R7 
4H3 
4 8 4  
4 8 5  
4 8 6  
4 8 7  
4RR 
4A9 
49  0 
4 9 1  
492  
49  3 
4 9 4  
4 9 5  
Y 96  
49  7 
49R 
4 9 9  
500 
51-11 
507 
5 0  3 

505 
5 0 6  
5 0 7  

5 0 4  

5OR 
5 0 9  
5 1 0  
5 1 1  
5 17 
5 1 3  
5 1 4  
515  
5 1 6  
517  
5 18  
519  
570  
5 2 1  
572  
5 7 3  
574 
57 5 
S76 
5 2 7  
578  
5 7 9  
5 30  
5 3 1  
5 3 7  
5 3 3  
534  
535  
5 36 
5 3 7  
53R 
5 3 9  
5 4 0  
5 4 1  
5 4 2  
5 4 3  
544  
545  
546  
5 4 7  
54R 
5 4 9  

5 7 2  
5 7 3  
5 7 4  
57  5 
5 ? 6  
527  
52R 
5 2 9  
531 
5 37 
5 3 3  
5 34  
535  
5 36  
5 3 1  
5 3i l  
5 3 9  
541  
547 
543  
544  
545  
546  
5 4 7  
54R 
5 49 
5 5 1  
552  
553  
5 5 4  
5 5 5  
5 56 
557  
55H 
5 59 
5 6 1  
567 
563  
564  
5 h 5  
5 66 
567  

5 6 9  
5 7 1  
5 77 
5 7 3  
5 74 
5 75 
5 7 6  
5 1 7  
5 7 8  
5 79 
5R1 
5 8 7  
5 R 3  
5 A4 
5115 
5R6 
587  
5RR 
5 R9 
5 9 1  
5 9 7  
5 9 3  
5 9 4  
595  
5% 
5 9  7 
598  
5 9 9  
6 0 1  
6 0 7  
6 0 3  
6 0 4  
6 0 5  
6 0 6  
60 7 

6 0 9  

5 6 n  

6on 

5 32 
5 3 3  
5 3 4  
5 3 5  
5 3 6  
5 3 7  

5 3 9  
5 4  1 
547  
5 4 3  
5 4 4  
5 4 5  
5 4 6  
5 4 7  
54R 
5 4 9  
5 5 1  
5 57 
5 5 3  
5 54  
5 5 5  
5 56 
5 5 1  
5 5R 
5 59  
5 h l  
5 62 
5 6 3  
5 6 4  
5 6 5  
5 6 6  
5 6 1  

5 6 9  
5 7 1  
5 77 
5 73 
5 74 
5 7 5  
5 76 
5 7 7  
5 78 
5 79 
5R1 
5 I37 
5R3 
5 H4 
5 85 
5 H6 
5 6 1  
5118 
5R9 
5 9 1  
592  
5 9 3  
5 9 4  
5 9 5  
5 9 6  
5 9 7  
5 9 8  
5 9 9  
6 0 1  
6 02 
603 
6 0 4  
6 0 5  
6 06 
6 0 7  
6 0 8  
6 09 
6 1 1  
6 1 2  
613  
6 1 4  
6 1 5  
616 
6 1 7  
61 8 
6 19 

5 3n 

5 6 n  

533  
5 ? 4  
5 3 5  
536  
53 7 
53E 
5 3 5  
54c  
542  
543  
544 
541. 
546  
5 4 1  
5 4 f  
545  
55c  
552 
5 5 3  
5 5 4  
5 5 5  
5 5 t  
557  
55E 
555  
5 c c  
= 6 2  
56  2 
5 6 4  
5 6 5  
506  
56 7 
56E 
5hC 
57C 
5 7 2  
573  
574  
5 1 5  
5 76 
5 7 1  
5 7 F  
575 
5PC 
5 E 2  

5P4 
5 8 5  
5 f t  
5 f 7  
5 8 E  
5HS 
5 4 c  
5S2 
5 5 3  
554  
5 s 5  
556  
5 4 7  
5s E 
5 s 5  
c c c  
6 C ?  
6C3 
c c 4  
t o 5  
6 0 6  
6 0 7  
6CE 
6C5 
t l C  
0 1 2  
0 1 3  
6 1 4  
6 1 5  
6 l t  
6 1  7 
61P 
6 1 5  
t 2 C  

5 e ?  
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5 2 5  
3 2 4  
5 2 5  
5 2 b  
> 2 7  

5 2 9  
5 3 u  
3 32 
3 5 3  
5 34  
2 3 5  
5 3 6  
2 3 7  
5 36  
53Y 
> 4 0  
542 
2 4 3  
5 4 4  
5 4 5  

5 4 7  
3 4 &  
5 4 9  
5 5 0  
5 52 
3 53 
2 54  
5 5 5  
2 56  
5 5 7  
3 5 6  
35Y 
5 0 0  
2 6 2  
5 b3  
5 b4 
2a5  

5 0 7  
5 bH 
5O9 
3 7 0  
5 12 
> 13 
3 14 
275  
3 14 
3 7 7  
5 7 h  
2 I9 
5 60 
2 n2  
3 &3 
5 n4 
3 n5 

5 8 7  

2 2 n  

5 4 b  

> O b  

Z U b  

5 nn 
5 n9 
5 9 u  
5 92 
5 9 3  
Z Y 4  
>Y5 
5 96 
>97  
5YB 
5 99 
600 
b 07 
603 
b 04 
0 0 5  
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550 611 6 2 1  6 2 2  012 
551 b l ?  6 2 ?  t 2 3  b13 
557 6 1 3  6 2  3 6 2 4  014 
5 5-4 614 624 t 2 5  0 1 5  
554 6 15 61 5 t z c  b 16 
555 6 16 6 26 6 2  7 617 
5 5h 61 7 677 6,E b l 8  
557 61A 67  8 6 2 5  O l Y  
55A 6 19 679 63C b20 
559 h21 6 3 1  t 3.2 622 
560 622 6 32  6 3 3  b23 
56 1 673 6 3 3  t 3 4  b24 
5h7 6 2 4  6 3 4  635 b25 
5 6 3  6 2 5  635 636 676 
564 626 6 36 63 7 627 
565 62  7 6 31 t 3 E  6 2 0  
56h 678 6 3 8  t 3 s  02Y 
567 679 6 3 9  64C 6 3 0  
5h8 631 64 1 c42 632 
569 6 37 6 4 7  643 b33 
570 6 33 643 644 6 34 
571 6 34 644  t 4 5  b35 
572 635 6 4 5  t 4 t  b36 
573  6 36 646 6 4  7 637 
574 6 3 7  647 t 4 E  b38 
5 7 5  638 h4R 645 639 
57h 6 39 649 t 5 c  0 4 U  
577 641 6 5 1  t 5 2  642 
57H 647 652 6 5 3  b43 
5 79 643 6 5 3  0 5 4  0 44 
5no 644 6 54 t 5 5  645 
563 1 645 6 55 656 b46 
582 646 656 657 647 

5R4 648 65A 6 5 s  6 4 9  
585 649 6 59 C 6 C  6 5 0  
586 651  6 6 1  6 6 2  e 52 

5R8 6 5 3  6 6 3  664 6 54 
5 R 9  654 6 6 4  t t :  655 
590 655 665 66.5 65b 
59 1 h 56 666 6 6 7  657 
592 6 5 7  667 66f 0 5 8  
593 6 5 A  6 6 0  665 b59 
594 659 669 t 7c 6 6 0  
59 5 661 b71  t 7 i  0 62 
596 6 67 672 6 7 3  6 6 3  
597 663 6 73 674 b 64 
5 O A  664 674 t 7 5  bb5 
599 665 675 6 7 t  Ob6 
600 hhh 6 76 6 7 ?  bb7 
bo 1 667 6 77 678 bbti 
602 66R 6 7 0  6 7 5  6b9 
6 0 3  6 69  6 7 9  C E C  b 7 0  
ti 04 671  bH1 t 82 b 7) 
605 672 6 8 2  t P 3  b 73 
h06 673 6 83 684 0 14 
607 h 74 6 84 t P 5  b75 
6 0 M  675 685 6 e t  6 16 
609 6 16 606 t R 7  b77 
6 10 6 7 7  6 87 6 E E  671, 
611 6763 6 R B  68s b 7 Y  
b l 2  h 19 bR9 65C 6 80 

5R3 647 6 5 7  t 5 €  04n 

5H 7 h57 6 6 2  6 6 3  0 2 3  

1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
1 
1 
1 

11  
11 
11 
11 
11 
11  
11  
11 
11 
11 
11 
11 
11  
11 
11 
11 
11 
11 
11  
11  
11  
11 
11 
11 
11  
11 
11 
11 
11 
11  
11  
11 
11  
11  
11 
11 
11 
11 
11 
11  
11 
11 
11 
11 
11 
11 
11 
11  
11 
11 
11 
11 
11  
11 
11 
11 
11 
11 
11 
11 
11 
11  
11  

. 
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. 
INPUT T A R L F  7.. C T F A C Y - S T L T F  e.c. P A R A H E T E N S  

h l lMREH O F  R n U h C b R Y  C C N D I l I O k S  . . . . G 
NlJHRFR flF CLIRFACF T F R P S  . . . . . 0 
hlJMHfR O F  R A I N F M L  P R O F I L E S  . . . . . . 1 
h U H R F R  O F  H A I N F C L  PARAMETERS - . . 2 
NlJNRFR CF R A I N F A L L - S F E P A C F  € L E M E N T S  - 72 
Nl lHRFR f l F  R A I N F A L L - S F f P A C C  NOCES. . . 7 3  

. 

c 

I N P I I T  T A R 1  F 1 1 . .  R A I N F A L L  O A T b  

P R r F l l  F 1 
T l H F  R A T  E 

0.3 1.0000ll c c  
1.0000r: 0 0  l.ooG0n c c  



I N P I I T  T A R 1  F 12.. R P I N F A L L  C 

NCOF 
6 
7 
R 
9 

10 
70 
70 
40 
50 
h0 
70 
RO 
90 

110 
170 
130 
140 
150 
160 
170 

190 
200 
210 
7 70 
? 30 
2 40 
7 50 
7 h0 
710 
780 
290 

3 10 
370 

340 
350 
360 

380 
390 
400 

c 20 

1 no 

in0 

3no 

3 I n  

3 70 

410 

430 
440 

460 
4 50 

4 70 
480 
490 

5 10 
5 70 
530 
5 40 
5 50 
560 

5 0 0  

5 70 
5R0 
590 
600 
610 
620 
630 
640 
h 50 
h60 
6 70 
680 
690 

T Y P E  
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

n E P  

o .c 

0 .o 

0.0 

0.0 

0.C 
0.0 
0.c 
0.c 
0.0 
0 .O 
0.0 
0.c 
0.0 
0.0 
0 - 0  
0.0 
0 .c 
0.0 

0 .o 
0.0 
0.c 
0.0 
0.0 
0 .O 
0.0 
0.c 
0.C 
0 .o 
0 .0 
0 .c 
0.0 
0.c 

0 .o 
0.0 
O.C 
0.0 
0.0 
0.0 

0.0 
0.0 
0 .o 
0 .o 
0.c 
0.c 
0.0 
0.c 
0 .o 

0.c 
0.c 
0 .o 
0 .O 

0.C 
0.0 

n .o 

0 .o 

n.o 

0.0 

0.0 

n .o 
n.n 

0.0 
0.0 

0.0 
0.0 
0 .0 

0.0 
0 .o 
0 .c 

0.0 
0.0 
0 .o 

n .c 

n .o 

. 
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L\FLJT 1 4 6 1  F 1 3 . .  K b l h F A L L - S F F F A G F  ZLkl-ALt I h F u N M U T I C h  

F L F v F h T  hflDF 1 N O r F  2 
6 
7 
R 
9 
9 

1 R  
7 7  
3h 
4 5  
5 4  
6 3  
7 2  
AI 
9 0 
99 

I O R  
1 1 7  
1 7 h  
1 3 5  
1 4 4  
1 5 3  
I 6 7  
1 7 1  

1 R 9  

7 0 7  
? 16 
7 ? 5  
? 34 
,743 
7 57 
? h l  
7 7 0  
7 7 9  

7 9 7  
i 0 h  
3 1 5  
374 
3 3 3  
7 4 7  
3 5 1  

3 6  9 
3 7 R  

396  

414 
4 7 3  
4 3 7  
4 4 1  

4 5 9  
4hR 
4 7 1  
4 H h  
4 9  5 
5 0 4  
5 1 3  
5 7 7  
5 3 1  
5 4 0  
249 
55H 
5 h 7  
5 7 6  

5 9 4  
h O 3  
h17 

i n 0  

I 9n 

2 

360 

3n 7 

4 0 5  

4 5 0  

5 n 5  

h 
7 
f l  
9 

7 0  

4 0 
5 0  
60  
7 0  
80  
90 

I O  

3 0 
4 0  
5 n 
60 
7 0 
no 
90  
00  

710  
7 7 0  
? 3 0  

7 5 0  
7 6 0  
7 7 0  
? A 0  
790 

3 1 9  
3 20 

3 4 0  
350 
360  
3 7 0  
3 H 0  
3 9 0  
4 0 0  

4 70 

4 4 0  
4 5 0  
4 60 
4 10 
4H0 
4 9 0  

5 1 0  
5 7 0  
5 10 
5 4 0  
5 5 0  
5 60 
5 7 0  

5 9 0  

6 1 0  

6 3 0  

6 5 0  
6 6 0  

6 R 0  

i n  

30 

on 

2 4 0  

3 0 0  

3 3 0  

4 i n  

4 3 0  

5 n n  

5 nn 

h n n  

6 7 0  

6 4 0  

6 70 

7 
8 
9 

10 
7 0  
3 0  
4 0  
5 0  
6 0  
7 0  
R O  
9 0  

1 0 0  
110 
1 2 0  
130 
140 
1 5 0  
1 6 0  

1 HO 
1 so 
7 0 0  
2 10 
2 2 0  
7 3 0  
7 4 0  
7 5 0  
7 6 0  
2 7 0  
7 8 0  
790  
300  
3 1 0  
3 7 0  
3 3 0  
3 4 0  
3 5 0  
3 6 0  
3 7 0  
3 8 0  
3 90 
4 0 0  
4 10 
4.70 

4 4 0  
4 5 0  
4 6 0  
4 7 0  
4 R 0  
493  
5 0 0  
5 10 
5 2 0  
5 3 0  
5 4 0  
5 5 0  
5 6 0  
5 7 0  
5 A 0  
5 90 

h 1 0  
6 2 0  

6 4 0  
6 5 0  
660 
6 7 0  
hAO 
6 9 0  

I 70 

4 7 0  

6 0 0  

6 3 0  



D I A G N O S T I C  T A P L F  1.. A T  T I C F  = C.0 e ( U E L 1  = 3.300OC-031 

T A R l  F CF I T E R I T I V F  P A R A M E T E R S  

1 T F R A T  I n N  R E 5 1  C U P L  D t  V 1  A T 1  ilh hC- hCh-CChb. N C U E S  
1 c.851311 c 2  -c.iooou 01 
2 c.0 c.u 

T A R L E  O F  S Y S T E M - F L C W  P A R A F I E T F  F S  

T Y P E  r F  FI nw R b l t  
C f l N T T A N T - P R F C 5 ~ R E - N n C E  F L C W  - . - - I 0.0 
C f l h ' S T A h T - F l I J X - N n D E  F L C W  I . - . . . . . 0.0 
5 F F P A G F  . . - . . - . . . I . . . U.1526n 0 5  
R A I N F A L L .  . . . I - . - . . - I - . -0.15570 C5 
h l l M F R I C A L  L O 5 5 E 5 .  . . . . I - - . -0.48660 C3 
N F T  F L O W .  . . . . . . I . . . . - . . -U.796?0 0 3  
I N C R F A 5 F  I N  V O L U M F T R I C  k A l E P  C C h T t h T .  . 0.0 

R A I N F I L L - S F F P A G F  
n . 1 1 5 ~ 1  0 4  

0.946511 0 2  

-O.IYOAII on 

-0.635313 0 3  

0.70600 07 
C.95090 0 3  

0.155An C 1  

-0.19960 0 1  
-0.54180 0 7  

-0.129RI: 0 4  

N O T A L  F L T h Z  
0 .68500  0 3  
0.25920 C3 
C.79290 C3 

C.79130 0 0  
G - 5 4  780-C 1 

-0.74951: c 1  
-C.7888tJ C2 

0 . 6 2 ~ 9 ~  c 2  

-c.79900 c 3  

0.5Y77U 03  
C.571LU 0 3  
C.6470U 0 3  
C.39810 02 
C.361)jD 00 
0.16771)-01 

- C . * L 4 3 U  01 
-C . l l L4U 03 
-C . ' ib9 t iD  U3 

0.36590 
G.'i875D 
0.51 110 
0.24610 
0.4046D 
0.67441) 

-0 .66550 
-0.15710 
-0.11620 

0 3  
09 
0 3  
02 
00 

- 0 1  
0 1  
0 3  
0 4  

61 7 
0 

I N C .  FLGW 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 

-0 .33570  03 
0.2034C 0 4  
0.39030 0 3  
0.15290 02  
0.25870 00 

-0.27821) 00 
-0.1023c 0 2  
-0,21550 03 
-0.1367C 0 4  

I C T A L  F L O L  
0 .0 
0 .o 
0 .o 
0.0 
0.0 
0 .o 
0.67391: 0 5  

-0.16540 03 
0.1889D 0 4  
0.28710 0 3  
0.88830 01 
0.17240 0 0  

-0.32780 00 
-0.157AO 0 2  
-0.2904D 0 3  
-0.15831) 0 4  

-0.57650 0 3  
0.1423C C4 
0.204CD C 3  
0.52750 C 1  

-0.67611)-01 
-0.40471: o c  
-0 .24750 C2 
-0.38460 c 3  
-0.1816C C4 

-c. 2 5 a 5 u  
C.11380 
C.14C70 
C.31530 

-C.l458D 
- C . d 3 2Y 0 
-0- 3 6  760 
-c. 4 9  s I C  
-C.Z110D 

c3 
04 
c 3  
C I  
c o  
00 
c 2  
c3  
c 4  

, 
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* 
I l V P l i T  TAHI  F 10.. T R I N S I F N T  R.C.  P A Y P M t l t n 5  

NlJYRFR O F  PnIJNCARY Cth0flIflhF . . . . . 0 
NUYHER IlF S l i R F P C F  T F R C C  . - . . . . . . 0 
NUMRFR OF R A I h F d C L  P H O F I L E S  . . . . . 1 
N l I M R F K  OF H A I h F A C L  P A R A H E l E R S  . . - . 2 
NlJMRFH I l F  R A I h F A L L - S E E P A C E  E L E M t R T S  . . 7 2  
Nl lHRER I l F  K A ~ N F I L L - S E E P P C E  hi i )C€S-  . . . 7 3  

I N P i I T  TAHI  F 1 1 . .  R I I N F A L L  C b T P  

F R r F I l  F 1 
T l M F  R A T E  

0.0 C.0 
1.00000 50 c.0 
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I N P U T  TAR1 F 12.. R b l N F A L L  C I S l P I ~ U T I d k  A h 0  PLINI)ING 

NnnF 
6 
7 
R 
9 

1 0  

3 0  
?n 

40 
50 
h 0  
7 0  
RO 
90 

1 on 

i 3 n  

1 5 0  
1 hn  

in0 

200 

?n 

2 40 
7 50 

110 
170 

I40 

1 7 0  

190 

210 

2 3 0  

? hn 
? 7 0  
780 
290 

310 
3 30 

snn 

3 
3 40 
350  

3 70 

w n  
400 
410 

4 3 0  
440 
4 50 
460 
470 

490 
500  

5 7n 
s3n 

5 5n 

5 7 0  

5 sn 
hnn 

h 30 
6 30  

hhn 

t,qn 

360 

380 

420 

4 R 0  

5 10 

540 

560 

5 8 0  

h 10 

b 4 n  
650 

6 7 0  
680 

TYPE D E P l l -  
1 0.0 

1 n .a 
1 0.0 

1 0 . C  
1 0 .a 

1 0.0 
1 0.c 
1 0.c 
1 0 .0 
1 0 .O 
1 0.0 
1 0.0 
1 0 .0  
1 0 .O 
1 0 .o 
1 0.0 
1 0.c 
1 0.0 

1 0 .o 
1 0.0 
1 0.c 
1 0.0 
1 0 .o 
1 0 .o 
1 0.0 
1 0.c 

1 0 .o 
1 0 .O 
1 0.0 
1 0.0 
1 0.c 

1 0 .o 
1 0.0 
1 0.C 

1 0.0 
1 0.0 

1 n .o 

1 n.c 

1 n .o 

1 0.0 

1 n.0 
1 0.0 
1 0.0 
1 0.0 
1 0 .o 
1 0.c 
1 0.c 
1 0.0 
1 0.0 
1 0 .o 
1 0.0 
1 0.c 
1 0.0 
1 0 .a 
1 0.0 

1 0.0 

1 n .a 
1 0.0 

1 0.0 
1 n .o 
1 0.C 
1 0.0 
1 0.0 
1 0 .o 
1 0.0 
1 0.c 
1 0.0 
1 0.0 
1 0.0 
1 0.0 
1 0.c 

1 0.0 
1 n.c 

c 

4 
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INFLIT T A R 1  F 13.. R 41hFALL-5EEFAGF ~ L K ~ A C €  I h F u H M A T I C h  

F I  FuFluT 
6 
7 

9 
9 

1R 
7 7  
3 6  
45 
54 
h 3  
77 
d l  

9 9  
InA 
117 
176 
1 3 5  
144 
153  
Ih?  
1 7 1  
180 
lH9 
19A 

2 I 6  
225  
2 34 
7 4 3  
7 52 
2 6  I 

2 7 9  

797  
306 
3 1 5  
324 
3 3 3  
347 
4 5 1  
3 h 0  
369 
3 7 8  
i H  7 
39h 

4 14 
4 7 3  
437 
441  
4 5 0  
459  
4hR 
4 7 7  
4 8 6  
495  

5 1 3  
577 
5 3 1  

549  
558  
5 6  7 
576 
585  
5 9 4  
h 0 3  
617  

n 

9 0  

7 0 7  

7 70 

 RH 

405 

5 0 4  

5 40 

hI1l;F 
6 
7 
A 
9 

20 

40 
50 
6 0  

i n  

3n 

70 
nn 
90 

I 0 0  
I 1 0  

I 3 0  
140  
150  

I 70 

1 6 0  
171) 

190 
2 no 

180 

2 10 
270 
7 30 
7 40 
250 

7 70 
7 n 0  

3 1 0  
3 7n 

3 50  
3 6 0  
3 70 
3 n n  

4 0 0  
410  
420 

440  

4 7 0  

5 0 0  

570 

5 50 

2 6 0  

7 9 0  
300 

3 70 
3 40 

3 Y O  

4 30 

4 5 0  
4 6 0  

4 A 0  
4 9 0  

5 10 

5 3 0  
540 

560 
5 7O 
5 H a  
590  
600 
6 1 0  
6 70 
6 3 0  
6 4 0  
6 5 0  
6 6 0  

6 8 0  
6 70 

I N f l C F  2 
7 
A 
9 

10 

30 
40  
50 
hi) 
70 
R0 
90 

1 0 0  
110 
120 
130 
1 4 0  
1 5 0  
160  
1 7 0  

1 9 0  
7 0 0  
7 1 0  

,220  

7 40 
150 
7 hO 
270  

7 90 
3 00 
3 10 

20 

1 nn 

7 30 

z en 

320  
3 3 0  
340  

370  

3 50 
3 6 0  

3H0 
3 90 
4 0 0  
4 10 
4 2 0  
4 3 0  
4 4 0  
4 5 0  
4 6 0  
4 7 0  
4 A 0  
4 9 0  
500  
5 I 0  
5 z n  
530  
540 
5 50 
5 h 0  

580  
590  
6 0 0  
6 10  
6 2 0  
6 3 0  
6 4 0  
6 5 0  
6 6 0  
6 1 0  
ha0 
6 9 0  

5 70 



102 

* c c e c * t I 
e c * c 
c c t t 
* t t
 

* t
-

.
 

*
m

 
*

a
 

c 
I 

t
o

 
t

o
 

e
o

 
*

'
3

 
a

m
 

*
m

 
0
 

t
 

I1 
* t

c
 

>
 

L
 

U
 

v
 I z 

U
 

L
 

u
 

L
 

U
 

w
 

m
 

w
 
I
 

U
 

0
 

U
J 

a
 

a
 

2 + a
 

L
y
 

I- 
- U

 
C

 
U

 
- U 'l c 

Lu 
*
*
m
n
m
 

I- 
U

G
O

J
O

 
a

 
a
 

C
O
O
O
O
 

u
u
u
m
-
 

V
.
l
n

U
C

N
 

m
m

V
)r

r
*

 
0
0
-
-
9
-
-
 

....... 
c
3
~
3
a
a
o
 

I
1

 
I 

....... 
....... c 
..... .

Z
 

L
U

 
..... .t- z

 
...... U 



C 

R A l h F A I  I -CFFPAC,€ 
0.96340 0 7  
0,37350 02 
0.94690 0 3  
0.94540 nz 
0.15570 n i  

-n.1309c-oi 
-n.76310 on  
- 0 , s 3 i 7 0  0 1  
-0.575211 0 2  
-0.194RT: 0 3  

NCCAL F L C h Z  
C.49070 03 C .2665O 
C.89470 02 C.47310 
C.79030 C 1  C - 6 4 5  20 
0.67C30 C Z  C .N7&0 
C.79000 C C  C.  5 7 7 w  

-0-89430-02 -C.  1124U- 
-0.4078C O C  -0.6lY 3 0  
-0.7335c CI -C.9YYW 
-0,66701: cz -c.ti40ao 

03 
03 
0 3  
OL 
00 
01  
00 
0 1  
u2 

0.11310 03  
C.53950 0 3  
C.51COO 0 3  

0 . 3 5 7 3 0  C C  
-0.1942lj-01 
-0.91640 0 0  
-0.13470 C? 
-C.LC810 0 3  

c . 2 4 6 0 ~  02 

- 0 . 8 ~ 9 4 0  
0.200 3 0  
0.389 t O  
0.1528C 
0.23370 

-0.43030- 
-0.1326C 
-0.179Y 0 
-0.140@C 

00 
04 
03 
0 2  
0 0  
.o 1 
0 1  
02 
0 3  

-0.76471; 0 2  
C. 18710 0 4  
C.2867L) 03 
0.88780 0 1  
0.1092C 00 

-0-74610-01 
-0.18950 01 
-0.23810 02 
-0.17830 0 3  

-0 -23i90 
0.14120 
0.203 7 0  
0.5272C 
0.39 320- 

-0.i03Co 
-0.272SO 
-0.3 132C 
-0 .21550 

02 C.25420 C2 
04 C.1131C 04 
c 3  C.14C51) c3 

.02 -C.10130-01 
C C  -C.l6550 C C  
01 -C.38380 C 1  
C2 -C.40800 CZ 

c1 0.31520 01 

c 3  - C . Z S O O D  03 

O I d G N O t r I C  T A P L F  3.. AT T I C €  = 

TAR1 F G F  I T E R A T I V F  PAHAMETERS 

I T E R A T  I O N  
I 
2 
3 
4 
E 
6 
7 
A 
9 

10 
I 1  
12 
1 3  
1 4  
15 
1 6  
1 7  
1 R  

R F S  I DUAL 
C.1113C C2 

C.18110 01  
C.70940 O C  
C.76450 O C  

c.49920 a i  

C . ~ Y ~ R O - C I  
r.36500-c I 
C.13400-01 
C.49760-CZ 
0.36S70 0 1  
0.49920 0 1  

c.7c94c 00 
C.2645C C C  
C.945RO-Cl 
C.36500-C 1 
C.134OO-Cl 
C.4 9260-CZ 

c.18110 C I  

TAB1 E nF SYSTFM-FLOW PARACETEFS 

T Y P F  nF ~ i n u  

6 . 7 6 5 U O - 0 3  . ( U E L I  3.46500-031 

DE VI A T 1  I1N 
C. 15.2 61) 02 
C.161AJ J Z  
C.68221) 01  
C.43400 00 
C.27940 UO 
C. til 3 30- 01 

C - 1  16 11,- 0 1 
C .4j2 01)- 02 
C.37360 01 
C.lol3D 07 
C.6&220 01 
c.434611 00 
C.27Y4U 0 0  
C. t 1330- 0 1 
C.3L2e0-01 
C. 116 I D -  01 
C. 432 OD- 02 

r .325~,11- o I 

LC. hCC-CChV. N C O t S  
4 0 0  
228 
19 5 
1 6 6  
1 3 5  
100 
50 

8 
0 

224 
22 8 
1 9 5  
166 
1 3 5  
100 

5 0  
8 
0 

R 4 T E  I N C .  FLCW TCTAL F L O k  
C O N S T A h T - P ~ F C S U R E - N O r E  F L C k  I 0.0 0.0 0.0 
Cf lhSTANT-FLUX-NnOt  F L r C  . . . . 0.0 0.0 0 .o 
5 F F P A F F  I . . . . I . . . . . . d.13@40 05 0.4812C 02 0.94100 0 2  
R A I N F A L L .  - - . . . . . . . . . . -0.12250 C4 -0.4814C 01 -0.9944D 0 1  
NIJMFRICAL L O S S E S .  . - . . . . . . . . -0.52610 C3 - C . Z 0 3 8 C  01  -0.41830 0 1  

0.4126C 02 0.79980 0 2  N F T  F I C W .  . . - . . . - . . . . - . . - 0.12CSO 05 
I N C R F A C F  I N  VOILJMETRIC h P i F R  CTl’dTtNT, -U.l153D 0 5  - 0 . 3 9 ~ 6 ~  oz 0.67310 05  



NrCAL FLChS 
c . 4 ~ 7 ~ ~  0 3  C.25730 0 3  O.lCS80 03 -0 . I222C-01  
0.74170 C2 c.4 Id211 d 3  0.57590 0 3  0.19940 0 4  
C.7BP5D C ?  C.643YU LJ3 0.50sLJu 0 3  0.36850 0 3  
0 .6194C C2 C.397111 3C 0.245611 C Z  0 .15260 0 2  
C.78760 C C  C.564UU UI) 0.35870 C C  0 .12840 O C  

-C.362Rf-CI -C.540,?u-U1 -0 .e4600-01  -0.1369C 0 0  

-C.91310 C1 -C.l1651) d2 -0.14770 U L  - O - l d b i C  O L  
-0.67h7C 02 -C.dOH50 02 -C.59521) C Z  -0 .118 iD  0 3  

-c .qnh2n c c  - 0 . 1 2 7 4 ~  01 -0.17510 0 1  - 0 . ~ 3 6 3 ~  0 1  

-0.73440 0 2  

C.2862C 03  
0.8868C 0 1  
C.49210-02 

-0.21220 00 
-C.31510 0 1  
-0 -2334C 0 2  
-0.13530 0 3  

0 . 1 ~ 6 5 0  0 4  
C.26160 C2 

0.14CFO C4 
O.L0?4C C J  C.14C3C C3 

C.31480 C 1  0 . 5 2 t t D  0 1  
-0 - 6 5 5 CO-  C2 - C . I 6 6  2U- 0 1 
-0 .301 tC  C C  -C.44610 C O  
-0.41S70 C1 -C.54931) C I  
-0-2SCSC C2 -C.36iAO CZ 

-0 .21 t4c  c 2  C.11280 C 4  

-0.14sio 03 - c . 1 5 4 ~ 1 )  c 3  

0lAGhC5TIC. T b P L F  4,. A T  T l H f  = 

TAR1 f PF I T E H d T i V F  P A R A M E T E K C  

TFRATICN 
1 
7 
3 
4 
5 
e 
7 
8 
5 

10 
I I  
I ?  

R F 5 I  CLAL 
C.66390 C1 
C.21730 C l  

C.14160 C C  
c .j 5 79c -c  I 
C.9 1340-C? 

c.54510 c c  

0.17430 C I  
c . ? i 7 3 r  c i  

r . 3 5 7 9 0 - c ~  

C.54510 C C  
C.14160 C C  

C .f 1 3 4 0 - C i  

T A R 1  F f lF CYSTFM-FLCL PARAWETFH~ 

TYPF r F  FlnW H A T E  
C ~ l ~ S T A h T - P R f C S L R E - N f l C €  F l r l r  . . . . . U.0 
CflhFTAhT-FLllX-hCl0F F L C k  . . - . . . 0-0 
CFFPAGE . . . . . . . . . . - . . . 0.13E2C C5 

NiJHFRlCAL L I I C S F S .  . . . . . . . . . . -U.41770 C? 
h F T  FLTW. . - I . - - . . . . . . . . U.122tD 05 
I N C R F b S F  I h  V 0 l I H F T K I C  h 4 T F K  ( T h T t h T .  . - 0 . 1 1 ~ 5 1 ~  C5 

R A I N F A L L .  . - . . . - . . . . . . I . -0 .1131n  0 4  

K A  lhFA1 I -CFFPAGF 
0.95330 0 3  
0.354Afl 0 7  
0.9436C 0 3  
0.'14?911 0 7  

-i1.691hD-01 
-0.1726O 0 1  

0,1539n n i  

-c .q517n n i  
-0 .5h47n  n 2  
- 0 . 7 m 9 c  n ?  

0.10950 0 3  
C.S2@lO 0 3  
C.5C86C 0 3  
0.2453P C2 
C. 16601) O C  

-0.215611 C O  
-0.2896C 0 1  
-C.17800 0 2  
-C-S6C10 G I  

3 4 2  
2 7 9  
I 7 8  
1 5 3  

7 2  
0 

2 2 6  
2 7 9  
178  
133 

72 
0 

I N C .  6LCw TrTAL  F L O h  
0.0 0.0 
0.0 c.0 
0.503AC 0 2  0.14441) 0 3  

-0.4297I: 0 1  -0.14240 0 2  
-c .1717c 01  -0.5899G 0 1  

0.12430 0 3  
-0.4327c 0 2  C.6727D 0 5  

0.442YC C2 

-0 - 4 6 6  10-0 3 
0.1992C 0 4  
0.38860 0 3  

0.97 3 3 C-02 
-0.320h0 00 
-0.37470 0 1  
-0.216OC 0 2  
-0.10780 0 3  

0 . 1 5 2 ~ ~  0 2  

-0.733111 0 2  
C.1863C 0 4  
C.28590 03 
0.8855n 0 1  

-0.12 150-0 1 
-0.46511; 00 
-1;.47860 0 1  
-C.26310 0 2  
-0.11600 0 3  

-0 .21640  0 2  
U.14C70 C4 
0.203iu c 3  
O.525UO C 1  

- 0 . 2 3 4  I O - c 1  
-0.622SC C C  
-0 .609 tD  0 1  
-0.335CL c2  
-0.1173c c 3  

c-' 
0 
P 

C.L5CYD 0 2  
C . l l L 7 0  C4 
C.14C2D C3 
C.3135D C 1  

-C.  4 3 760- C 1 
-C*b,'i730 C0 
-C.76600 CI 
-c .44c5u 02 
-c .11110 03 

P 
t 



c V 

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

~ ~ 1 A l , N f l ~ ~ l ~ .  TAPLF 5.. A T  T I P C  = 1.42231,-02 s ( d E L 1  = 3.8202C-03) 

TAHl F TF I T F R A T I V F  PARAMFTFRC 

I TERAT I C N  
1 
7 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  
12 
1 3  
1 4  
I 5  

2 € S  I CUAL 
C.48400 C l  
C.11440 C1 
C.21PUI) C C  
0.4 1770-Cl  
0.7 6040-C 2 
C.96160 C C  
C.11440 C1 
C.21A9C C C  
C.4 1270- C 1 
C.78040-C2 
c.96261) o c  
r.11440 c i  
C.11890 C C  
C.4 12 7D- C 1 
0 -7 8040-02 

D t  b I A r  I O N  
C.14500 31 
C.703aU 01 
C.M7Ybl )  OU 
C. F 7YbU-  0 1  
C .  1 b0  7D-U1 
C.25350 01 
C.2C13dD 01 
C.d7’i& 03 
C. fi7Vo0-01 
C. 1t) i l ID-01 
C.233YD 01 
C.2036U 0 1  
C.d7YbU 00 
c. 87900-01 
C - 1  a0 I D - U l  

TAR1 F nF SYSTEM-FLCk P A R A M € l F R S  

T Y P F  CF F I G W  
CrNSTdhT-PRESSURF-NOCF F L C k  . . - . . 
C P N S T I N T - F L U X - h O O €  F L C k  . . . . . . . .  
SFFPAGF . . . . . . . . . . . . . . . .  

P C .  hCh-CChV.  NCOES 
335 
234 
170 
104 

0 
2 32 
234 
170 
104 

0 
232 
234 
1 7 0  
104 

0 

RATE 
0.0 
0.0 
tl.13810 C5 

R A I N F A L L .  . . . . . . . . . . . . . . .  -0.10640 04 
N I I M F R I C A I  L l l S S F S .  . . . . . . . . . . .  -0.341CO 03 
N F T  FLPW. . . . . . . . . . . . . . . .  0.12410 05 
JNCRFASF I N  V f l L U H f T R I C  hATER C C ~ T E N T .  - -0.1221C C5 

R A I N F A 1 1 - \ F F P P G F  NCCAL F L C h 5  
0.Y5370 0 7  0.4R200 C3 c . 2 5 6 5 ~  03 0.10950 03 
0,35430 0 2  0.71910 C2 C.4OM2U 03 0.92770 0 3  
0.94341; 0 3  C.78760 c 3  C.6431U 03 C.5C840 C3 
0.94231) 02  0.61830 C2 C.39640 02 0.24510 02 
0.14870 0 1  c.61500 c c  C.371UU-01 - 0.527YO-02 

-C-192411 0 1  -CS7497D C l  -C-32130 01 - 0 - 4 0 7 4 0  01 
-0.11SR0 0 2  -C- l401C C2 -C.l68UO 02 -0.19S30 C L  

-0.49560 fl? 

-0,14670 00 - C . ~ O A ~ O  c c  - C . Z Y ~ ~ U  00 -0 -42060 c o  

-0.60574) 0 2  -C.~OYIC c 2  - c . a i j o u  32 -c.e997c 01 

I N C .  FLCW 
0.0 
0-0 
0.5278C 0 2  

-0.4204C 01 
-0.1449c 0 1  

0.4712C 02 
-0.46650 0 2  

0 -23230-03 
0.19920 0 4  
0.38840 0 3  
0.15230 0 2  

-0.160 IC-01  
-0.59270 0 0  
-0.51020 0 1  
-0.24140 0 2  
-0.Y5030 07 

TCTAL f L O k  
0.0 
0.0 
0.19720 0 3  

-0.18440 0 2  
-0,73480 0 1  

0.17140 0 3  
0.67220 0 5  

-0.73290 0 2  
O . I A 6 3 0  0 4  
0.28580 0 3  
0.88420 0 1  

-0,35600-81 
-0.81910 30 
-0,63210 0 1  
-€.31560 0 2  
-0.55880 0 2  

- 0 . 2 l t 4 D  02 
0.14C7D C4 
0.20310 c 3  
0.52410 C 1  

-0.60340-01 
-0.1095c c 1  
-0-78C5D G I  
-0 -4065C 0 2  
-0.91CEC c z  

C.26C80 
C.1127D 
C.14G10 
C.31120 

- C. 97 45D- 
-C. 14640 
-C.95410 
-C. 50 470 
-c. 79 S Y O  

02 
c4  
c3  
0 1  
c 1  
c 1  
0 1  
c2 
c2 



O I A G N O S I I C  1 4 P L F  6.. A I  T I P E  = 1.82320-02 . 4 U E L l  = 4 . O l l Z C - 0 3 )  

TAR1 F O f  I T E R A T I V E  PARAMFTERC 

l I F R A T l O N  R E S  1 CUAL C t b ’ l A T I O l v  h r .  h r n - r r h v .  N C D ~ S  
I c.39240 CI C.13460 02 3 5 1  
2 C.68430 0 0  C . l A 6 1 0  02 2 3 8  
3 c .9529c -C l  c . i n i% 00 1 6  1 
4 12.14470-01 C. 3 0 Y  60- 0 1  3 7  
5 C - 2 0  740-C2 C.41Y 7U-U2 0 

I A H L F  PF SYSTFM-FLTW P A R A P E T E R S  

T Y P E  O f  f L n W  
C T N S I A N T - P R F C S U R F - N n C E  F L C k  - - - 
CI INCTANT-FLUX-NODE F L C h  . - . . - - 
t F F P A f F  . . . . . . . . . . . . . . . .  
R A l h F 4 L I .  . . . . . . . . . . . . . . .  
N I l H E H l C A l  L f lSSFS.  . . . . . . . . . . .  
I N C R F A C F  I N  V f l L U H E T R I C  k A T f R  C C h l t l r I .  . N F T  F I T W .  . . . . . . . . . . . . . . .  

U 4  I h F A L L - S F F P A G F  
0 . 9 5 3 7 0  0 3  
fl.+542O 0 2  

0.Y421r) 0 3  
0.176fl0 O! 

-0.766hIl C0 
-0 .76610 0 1  
- f l . l 31A f l  0 2  
-f l .h1350 0 7  
-0 .3417c  0 2  

0.94330 n 3  

N O r l L  FLClrS 
0,48200 C3 
C.71R4C c i  
C.7H75D C ?  
0.61810 0 2  
C.9 1 6 4 C - 0 1  

-0 .36890 C C  

-C.15580 C2 
-C.697hC 02 

-c .335 in  c i  

C.25641 ,  U3 
C.408AU 03 
C.64310 03 
C.3963D l i2 

- C .  173d1,-01 
-C.50671, lJu 
-C.4ldbl) 01 
-C.lb4>l) O L  
- c . r7u>u  02 

PATF 
0. c 
0.0 
f l . 1 3 E 1 0  05  

-u.9974D C3 
-J .26540 C3 

0 .12550  C5 
-0.124CC 05 

0.10940 0 3  
C.S277D 0 3  
0.50830 0 3  

-0.2533C-01 
-0.6927D O C  
-0.51680 0 1  
-C.22790 0 2  

0 . 2 4 5 0 ~  CL 

-0.e1czu O L  

I N C .  F L r W  
0.0 
0.0 
0.55401: 02 

-0.4134c 01 
-0.1216C 0 1  

0.5005C 0 2  
-0.49750 0 2  

0 .32830-03  
0.19920 0 4  
0.38R40 0 3  
0.15210 0 2  

-0.4OL5C-01 
-0.9366C 00 
-0.63110 0 1  
-0.29270 0 2  
-0 .8203C 0 2  

I O T A L  F L O k  
0.0 
0.0 
0.25260 0 2  

-0,22580 O i  
- 0 . ~ 5 6 5 0  0 1  

0.22140 0 3  
0.67170 0 5  

-0.73290 0 2  
C.18630 0 4  
0.28580 0 3  
0.88A7C 01 

- 0 - 79 39C-0 1 
-0.1246C 0 1  
-C.7636C 0 1  
-0.3684U 02 
-0.7811D 0 2  

-0,21640 0 2  
0 .14Cf0  C4 
O.203CD C 3  
0 .51970  0 1  

-0.12?10 c c  
-0 -161CO C 1  
- 0 . s 2 3 i c  c 1  
-0.44780 0 2  
-0.697EC C2 

C.26080 02 
C.11270 C4 
c.14c11: c3  
C.30230 0 1  

-C. l8500 G O  
-0.L089C c 1  
-C.11080 02 
- c .53c40  cz 
-c.5752n c2  



c 

T A R 1  E C F  I T € R A T I V E  P A H A H F T E R Z  

I T F R A T  Iflh il E S  I CUA 1 O t  V I  AT 1 ( I &  hC.  hCh-CChb. N C D E S  
C.34C60 C 1  
C.46680 0 0  
c .5 334c -  c 1 
C.636AO-CZ 

C.46680 O C  
C.53340-Cl 
C. h 368  C-  C 2 

c . czc4n  c c  

C.LOLLD 
C .13Y20 
L .  141 10 
C . 3 8 U 4 0  
c * 435 uu 
0.1392D 
c .  141 IU 
C .30041) 

02 
01 
0 1  
00 
UL 
01 
01 
0 0  

T A P 1  E O F  C Y S T F M - F L O k  P A R A P E T F E S  

T Y P E  OF FLOW R A I F  
CONCTANT-PRF5CURF-Nal l :E F L C k  . . . . . .  0.0 
C I l N 5 T A h T - F I I I X - h f l O F  F C C k  . . - - 0.0 
S F F P A G E  . . . . . . . . . . . . . . . .  0.13810 0 5  
R A I N F A L L .  . . . . . . . . . . . . . . .  -0.Y349D C3 
N i J M F R I C A L  C O 5 S F C .  . . . . . . . . . . .  - 0 . 2 1 1 S C  C j  
h F T  F I C W .  . . . . . . . . . . . . . . .  0.12660 0 5  
I N C R F A C F  I N  V O L U M E T R I C  k A T E R  C C N T t N T .  -0 .12550  C 5  

R A I h F A I  I - 5 F F P b G F  
0.95311)  n 3  

0 . ~ 4 1 3 0  n 3  

0.52410 n c  

- n , i 4 3 1 o  0 7  
- n . h o w T :  0 2  
- 0 . 2 4 i ~ r :  n7 

0 .35420  0 7  

0.Y4700 0 7  

- 0 - 4 2 A 6 0  00 
- 0 . 3 3 8 0 0  01  

N G C A L  F L C k S  
C.4A2OI) 03 
0.71830 C 2  
C.78750 C 3  
0.6179D 0 2  

-0.16 2 3 C - O  3 
-0 .57660 0 0  
- c - 4 1 5 7 0  c 1  
-C. l686C C2 
-0-6h6HC 02  

0.2564U 03  

C.h4310 03 
C.39610 02 

- c - 3Lb 6U- 0 1 
-C.I6VYU 00 

-C.LlO/IJ 02 
-C.70*OlJ 02 

c .con iu  0 3  

- ~ . 5 0 7 m  01 

0.10940 
C. 52760  

0.2448D 
- 0  - 6 1620- 
-0 .  lOl5C 
- 0.6 1320  
- 0 . 2 6 7 0 D  
- C .  7 1850  

c .  5 c a 3 0  

03 
0 3  
0 3  
0 2  

-0 1 
0 1  
01  
0 2  
c2  

3 6 7  
2 4 5  
156 

0 
2 4 4  
2 4 5  
156  

0 

I N C .  FLCW 
0.0 
0.0 
0.5816C 02 

-0.4069C 01 

0.5309C 02  
-0.5286C C2 

- 0 . i n 0 5 ~  01 

0 - 3 4 4 6  C-03 
0.19920 0 4  
0 .38840  03  
0.15170 0 2  

-0 .97270-01  
-0.1328C 0 1  
-0.7348C 0 1  
-0.330713 0 2  
-0 .68750  02 

T O T A L  F L O h  
0 .o 
0 .o 
0.31081: 0 3  

-0.2665C 0 2  
-c .957cc  0 1  

0.27450 0 3  
0.6712D 0 5  

-0 .73290  0 2  
0.1863C 0 4  
0.28570 0 3  
0.8752C 01  

-0 .17132  0 1  
-0.H756D 0 1  
-0 .39660  02  
-0 .62390  0 2  

-0.147ao 0 0  

-0.L164C 0 2  0.2607D C Z  
0 . 1 4 c t c  c 4  C.11270 c 4  
0.203CC C 3  C.14000 C3 

C.27050 01  0 .506 t0  C1 
- 3 . 2 1 5 9 0  C C  -C.3CB90 C O  
-0 .21650  0 1  -C.2722D c 1  
- 0 . l C 4 i D  0 2  -C.122@0 C2 
-0 .40550  0 2  -C.>3540 C Z  
-0.52E50 0 2  - i . 4 1 4 3 0  C Z  



* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * ~ * * * * . ~ * * * * * * * * * ~ * * * * * * * * * ~ * * * * . * * * - * * * * * * * ~ ~ . * * * ~ * * * ~ * * * * * * * * * * * * * * *  

f l lAGNn<TIC  TAPLt  P - .  A T  T I P €  = 2-0bbYl)- irZ . ( U F L l  = 4.4223C-03) 

TAHLF f lF ITFRDTIVF  PARAMETFRI. 

RF 5 1  CLAL 
1 C.30900 C1 
7 c .35440 c c  

I TFRAT I n N  

1 c.  3 5 0 9 r - c  1 
4 r . 3 6 5 9 n - c i  
5 c.323611 o c  
6 0.35441: c c  
7 c - 3  5 C9D- c 1 
8 C -3  b 59O-C2 

L C .  h r h - c c h v .  N C D F S  
3 8 0  
2 5 3  
1 5 1  

0 
2 5 0  
2 53 
1 5 1  

0 

TAP1 F n F  SYCTFM-FLTh PARAtJETFFc 

TYPE nF FLnW R b T t  
CnNCTAhT-PRF55UUE-NODE FLCh . I . . . . 0.0 
Cf lh5TAhT-FtOX-hnDF F L C h  I - - . - - . r ) -0  
CFFPACF . - I . . . . . . - . - . . U.13810 0 5  
RAINFALL.  . - . . . . . . . . . . . . . -0.87641: 03 
N i l H F R l C A l  I O 5 S F 5 .  . I . . - . . . . . -0-17CCD 03 
hFT FLCW. . . - . . - . . - . . . . . . 0 . 1 2 7 t 0  0 5  
INCR€ASF I N  VrLUHFTRIC k C T E R  CCkTEPUT. . - 0 . l Z t E C  C5 

H A  I NFDLl - 5  F FPAGE 
0.95310 0 3  
0.35420 0 2  
0 . 9 4 3 ~  0 3  
n - 9 4 1 ~ 1 1  0 7  
o.10300 nc 

- n . h 2 7 w  nn 

- 0 . 5 ~ 1 ~ 0  0 7  
- n . i 7 6 ~ n  o i  

-0.C0540 0 1  
-0.1535c 0 7  

NljCAL FLCWC 
C.48200 0 3  
fl.71830 C7 

C.617RD C Z  
- 0  - 4 3 4  1 C-C 1 

-0.4889C C1 
-0.1974C C7 
-0.6173G C7 

c . 7 ~ 7 5 n  c 3  

- - C . R Z ~ A D  o c  

0 5  0.10941! 0 3  
03 C.5276D C 3  
03 C.5C83D C 3  
U I  0 . i443U C2 

- U I  -0 .11270 O C  
0 1  -0.13700 G I  
01 - 0 . 6 5 7 0 D  0 1  
U2 -0.2s59u c 2  
02 - 0 . t 1 4 4 0  C L  

I N C .  F L r h  
0.0 
0.0 
C.6106C 02 

-0.40051: 01 
-0.8445C 0 0  

0.5622C 0 2  
..0.5607C 0 2  

0 .3 4 7 5 1;- 
0.19921: 
0 .38840  
0.1509C 

-0.1677G 
-0.17 4 4 D  
-0.824RC 
-0.35 15G 
-0.564 7D 

TOTAL FLOk 
0.0 
0.0 
0.37150 0 3  

.0.30650 0 2  

.0.104113 0 2  
C.33080 0 3  
C.67060 0 5  

.03 
0 4  
0 3  
0 2  

0 1  
0 1  
0 2  
0 2  

no 

-0.73290 0 2  
0.18630 0 4  
0.2A570 0 3  
C.8578D 0 1  

-0.2424fl  0 0  
-C.2194D 0 1  
-0.9702fl  0 1  

- 0 . 4 8 6 8 U  d 2  
- 0 . 4 0 9 4 ~  0 2  

-0 .2  1 6 4 0  
0.14CCC 
O . Z C 3 C C  
0.46670 

-0.33SiD 
-0.27CS0 
-c. 1 1  3 5 c  
-0 .46 E 5 C  
-0.3Y43C 

0 2  C.20070 C Z  
c 4  C.11270 C4 
c 3  C.14COD C3 
0 1  C.17SZU C 1  
CL -C.4671C C0 
C1 -C.3332D C1 
C2 -C.1312D CZ 
C2 -C.52770 02 
0 2  -C.306uD 0 2  

. 



T A B 1  F C F  I T F R A T  I V F  PARAME I E R S  

I T F R A T I O N  K F 5 1  C U A L  D t  V I AT 1 ulY h i .  h c k - t t h v .  N O O E S  
1 c.2~711)  c i  
7 C.2R740 O C  
3 c. 2 5400-  c 1 
4 1-.2304c-c2 
5 C.25930 O C  
h C.ZH740 C C  
7 0.2 5 40 C -  C 1 
H c.2 3c40-  c2 

C.331LD 02 
C.124bU U1 
c.449uu 00 
C -6YYOI)- 0 1 
C.7bY70 01 
0.114OU 01 
C.44901) 00 
E I 6 9Y 00- 0 I 

T A q I  E T F  5 Y S T F M - f i L f l W  P A K A P E T F H C  

T Y P F  O F  FLOW R A T F  
C n N S T A N T - P R F S S L R E - h 0 O t  F L f W  - I - - - . d.0 
C f l N S T A h T - F I U X - h 0 D F  F L C k  . . . . . . . . d.0 
5 F F P A G F  - . . . . - 0.13FCD CS 
R A I N F A L L .  . . . . . . . - . . . . . -0.822SC 03 
N l J M F R l C A L  I O \ S F \ .  . . . . . - - - . . - -0.12CS0 0 3  
N t T  F L f l W .  . . . . . . - . I . . . . . . O.LZB50  0 5  
I N C R F l F F  I h  V O L U H F T R I C  h P T F P  CChTEiLT.  I -0.1273C 05  

d A l h F A l  I - 5 F F P A C . F  N C r A L  F L C h S  
0.95310 0 3  C.4R200 0 3  
0.35470 0 2  0.71R30 C2 
0.943330 0 3  0.78750 C 3  
0.14171) 0 7  C.61750 C2 

- n .44 3 7 D- o 1 - c -6  o 50 o - o 1 
-n.A5410 00  -c . i 0930  c i  
-0 .46670 0 1  -C.5539C 0 1  
-0.1746C 07 -C.21800 C2 
-0.54510 07 - C S 5 h h 2 0  02 
-n.i317n 07 

0 3  
u3 
03 
02 
00 
01  
d 1  
02 
02  

0.1C94U 
C. S A  761) 
C. 5 0 8 3 0  
0.24330 

- 0 . l 8 C l C  
-0.17380 
-C. l113C 
- C  I 3 126C 
-0.5 1620 

0 3  
03 
0 3  
0 2  
0 0  
0 1  
c 1  
0 2  
0 2  

3Y 4 
2 5 6  
146 

0 
2 5 6  
2 5 6  
1 4 6  

0 

I h i C .  F L r W  
0.0 
0.0 
0.h410r: n i  

-0.3945c 01 
-0.6955C C O  

0.5946C 02 
-0.5910C 0 2  

0.348 10-03 
0.1992C 04 
0.3H83C 03 
0.14890 02  

-0.26040 00 
-0.21640 0 1  
-0 .90220  0 1  

-0.45210 0 2  
- 0 . 3 6 i . e ~  0 2  

T C T A L  F L O k  
0.0  
0.0 
0.435911 0 7  

-0.11110 0 2  
C.39020 0 3  
0.6700C 0 5  

-0.3460n 0 2  

-C.73290 
0.1863D 
0.28570 
0.81810 

-0.36220 
-0.26640 
-0.10450 
- 0  -4 11 50 
-0.37 371: 

0 2  
0 4  
0 3  
0 1  
00 
0 1  
0 2  
02 
0 2  

-C.21640 0 2  C.26C70 
C.1127D 0.14CCO C4 

0.203CO C 3  C. 14COD 
C.Zd 770 0.375ZG 0 1  

-0.490CO 0 0  -C.65380 
-0.32310 C 1  -C,39020 
-3.1201C 0 2  -C.13990 
-0.4625C C2 -C.512CO 
-0.3CCSC 0 2  -C.L3041) 

c2  
c 4  
c3  
c c  
c c  
G I  
c2  
c2  
c2  



1 A R l  F OF ITFRATIVF  PAHAMFTERS 

I TFR A T  I f l N  RFSICUAL D t  V I  A l l  ON hC. hCh-CChV. NCOFS 
1 0.7712D 0 1  C.bY5lD 02 4 0 6  
2 c.73730 o c  C.14040 01 2 6 4  
3 0.1 9460-C 1 C.lb670 00 1 3 0  
4 C-1773fl-CZ 0.136 dU- U 1  0 

TAR1 E TF SYSTFM-FLCC PARAP€IEHS 

TYPF 13F FInW 
CONSTANT-PRFSCURF-WlOf FLCW - - . . 
TONCTbkT-FIUX-NOOF FLOW I . . .. . . 
CFFPAGF I . . . . . - . . . . . . . . 
R A i N F A l  I . . - . . . . . - . . . . . 
NIJMERICAL Lf lSSFC.  . - . I I . . . . 
NFT FLCW. . . . - - . . . . . . . 
IhCRFA5F I N  VOLWJFTH I C  kATFP C C N T E h T .  

RATF . 0.0 . 0.0 . U.13ECD 05 
-0.77450 0 3  

I -0.Y1570 CZ . U.12530 05  . -0.1274c c 5  

I ~ ( ~ I N F A L I - ~ F F P A G F  
0.95310 0 3  
0.35420 0 2  

0.94130 02 
-0 .5776 lF -01  

-0 .52160 0 1  

-0.50670 0 2  

0.94330 0 3  

- 0 . i i o o 0  0 1  

-0,19621: 02  

-0.99150 n i  

NCCAL FLCkS 
C.48700 C3 
0.71830 C i  
C.78750 0 3  
C.6168D 02  

-C.11460 C O  
-0.13780 C 1  
-0 .61250 01 
-0.23720 C2 
-0.50370 0 2  

0.256413 (13 
C.40dlCJ 03 
0 . 6 4 J l l i  05 
0.3Y41U uz 

-C.17510 0 0  
- C . 1 7 1 1 0  0 1  
-C.71t)UD 01 
-C.1/ti6Il 02 
- c . 4 7 5 5 u  02 

O.lCY4D 03 
C.92760 C3 
0.5083D 0 3  
0.24110 02 

-C.26730 C C  
-0.21C60 0 1  
-C. f3640 0 1  
- 0 . 3 2 l l C  01 
-0 .42350 0 2  

I N C .  FLCW 
0.0 
0.0 
0.6729C 02 

-0.3894C 0 1  
-C.539OC 0 0  

0.6286C 02 
-0.62110 0 2  

0.34620 
'3.19920 
0.18831: 
0 .14470 

-0.37 39C 
-0 I 2  5 7 3 c  
-0 .Y 6 4 3 0  
-0.363 20 
-0 - 3 5 6  2C 

-03  
0 4  
0 3  
0 2  
0 0  
0 1  
0 1  
0 2  
02 

TOTAL F L O C  
0 .a 
0.0 
0.50320 0 3  

-0.38490 0 2  
-0.11650 0 2  

0.45311) O ?  
0.6694D 0 5  

-0,73290 0 2  
C.18630 04 
0.28570 0 3  
0.72240 0 1  

-0.5044C 0 0  
-0.31130 0 1  
-0.109911 0 2  
-0.40780 C2 
-0.292611 0 2  

-0.2 I t  40 
0.14CtD 
O.LC3CD 
0. la3711 

-0,663iC 
- 0 . 3 7 l t 0  
-0.1274C 
-0.45140 
-0 - 2  32  20 

c 2  C.2607C 02 
c 4  C.11270 C 4  
C ?  c .14ccc c3  

C. 6 72 80- 0 1 0 1  

C 1  -C.44ZZC C1 
C Z  -C.15840 C2 
6.2 -C.48360 C2 
0 2  -C.17460 C2 

c c  - C . ~ ~ I S D  0 0  

. . . 



' 

O I A G N O S T I C  T A A L F  5C.. AT T I M E  = C.54811)-01 q ( U E L 7  = 3.43240-021 

TARLE O F  I T f R A T l V F  PARAMETFRS 

I V F R P T I C N  R E S l  CUAL 0 k  V I  A T  1 i l N  h C .  hCL-CChL.  NODES 
1 C.2HC50 0 1  C . J L ~ ~ U  02 
2 C.33ClC c c  C.Lb340 00 
3 0.33870-Cl C . l L 4 W - 0 1  
4 C.7878D-02 C.AYZ30-0Z 

TARLE OF FYSTFM-FL flu PARAMETFFS 

T Y P F  O F  F L 0 U  GATE 
tCNSTANT-PRFCSURF-NOCE F L C k  . . - . I - 0.0 
CrNFrA&T-FL(JX-Nf lOE F L O k  . . . . . U . 0  
SFFPAGF . . . . . . - . . . . . - . . U.11630 C5 
R A I N F A I I .  . . . . - . . . . - - - -0.17170 0 3  
NIJMFRICAL I I I Z S F C .  I . . . I . . . I 0 . 2 2 S i r  0 3  
NFT F I C W ,  . . . . . - . . . . . . . 0.11650 0 5  
I N C R F A S F  I N  V O L U H F T K I C  kATFR CONTEIUT- . -d).1056C C5 

RA INFA1 I -SFEPAGF 
0.95010 0 3  
0.34160 07 
0.85730 0 3  
0.77A40-01 
0.53h3D 0 1  

- 0 . 3 9 6 5 0  0 1  
- 0 . 3 9 3 0 0  01 

-0,96870 00 
- 0 . 7 3 i u n  01 

-0.74670 no 

N r C A L  F L C Y 5  
0.47980 03 
0.63660 02  
C.hhC70 0 3  

-C.31320 O C  
0.75210 C1 

-C.34500 C 1  
-C.38RhD c 1  
-0.2054C 0 1  
-0.86880 C C  

C. i , ' tOL) 
C, 3 Y  7 70 
C .4385U 

- 0.441 80 
c . a 7o 711 

- c . 5 + t i w  
- c - 3  76 zu 
- C - l b d  j i J  
- C. 77920  

05 0. lCd5D 0 3  

03  0.14720 C3 
U0 -0.41520 G3 
0 1  0.@7870 0 1  
01 -0.33250 0 1  
01 -0.3549c 0 1  

u3  0,91340 0 3  

u i  - c . i 6a90  01 
00 -0.69730 oo 

5 8 5  
4 6 9  
1 5 1  

0 

I N C .  FLCW 
0.0 
0.0 
0.40150 03 

-0.5943c 0 1  
0.7835C 0 1  
0.4034C 0 3  

-0.3762C 03 

0.32 100-03  

0.1982C 0 2  
-0.22960 00 

0.6341C 0 1  
-0.34350 0 1  
-0.33201) 0 1  
-0.1513E 0 1  
-0.62090 00 

11.19690 0 4  

TCTAL F L O h  
0.0 
0.0 
0.83790 0 4  

-0.22100 0 3  
0.10610 0 3  
0.8264D 0 4  
0.5955G 0 5  

-0.72940 0 2  -0.21760 
0.13630 C.18300 0 4  

0.54030 01 0.26640 
0.2949D 00 0.135E0 
0.28500 0 1  -0.20ElD 

-0.364OC 0 1  -0.3H34D 
-0.30790 0 1  -0.282C0 
-0.13530 0 1  -0. I Z C S C  
-0.5469D 00 -0.47220 

c 2  
0 4  
0 1  
C l  

. C  1 
0 1  
0 1  
c 1  
o c  

C.25730 C2 
C.10660 C4 
C.83SLC c c  
C.31C8C 0 1  

- C . l Y C l O  c 1  
-c .39340 c 1  
-C.25610 C 1  
-C.11)810 C l  
-C.39300 00 



T A H l  F flF I T F R A T I V F  P A R A M E T E R S  

I T F R A T I O N  R F S l r U A L  flt kl  AllOiU h r .  hch-cchv .  NCDFS 
1 C.2R6lD 0 1  C.73611) 01 
7 C.33RRO C C  c.*337u 0lr 
3 c .77s6o-c i  C. 4 1 8 7 l ~ - J l  
4 c.9 4 2 3 c -  c 7  c .  I Y  4711-0 ' 

I A R I  E T F  C Y S T F M - F L T h  P A R A P E T E R S  

T Y P k  O F  F l O W  R A T t  
C r N ~ T A h T - P R F S t U R E - N O D E  F L C L  - . - - - 0.0 
C r h C T A h T - F I O X - h O 0 E  F L C k  . . . - - 0.0 
C F F P A G F  . . - - . . . . . . . . . - - 0.11450 C5 
R A I N F A L L .  . . . - . . . . . - . . . . -0.165iO C3 
N L J H F R I C A L  L 0 5 F F 5 .  - . . . . . . . - - 0.231Cfl 0 3  
N F T  FLTW. . - . . . . . . . I . . . 0.11550 G 5  
I h l r t t F P F F  I N  V f l L U H F T R c l C  h F T E R  CCFrIFbdT. . -0 .10e30 C5 

N O r A L  F L O h C  
c.47950 c 3  C.25370 0 3  
0.62630 C ?  C.3964U J3 
c . 6 4 4 0 ~ 1  0 3  c.4090fl 03 

-C.78810 C C  -G.3417U 110 
C.94350 C1 C.F7970 01 

-C.376011 Cl -0.31371) 01 
-0.71740 C l  --C.327+0 01  
-0 .192RC 0 1  -C.l732ll 01  
- r . ~ o 4 7 r i  oc  -c.1224u 01) 

0 . 1 0 ~ 4 ~  03 
c . s i i 7 0  0 3  
O.Sl550 0 2  

-C.22990 O C  
C.62830 C I  

-C.?3100 0 1  
-0.33530 C I  
-0 .1552c 0 1  
-0.64770 C C  

S A 8  
4 8 5  
15Y 

0 

S N C .  F L C h  
0.0 
0.0 
0.4167C 03 

-0.6143C 01 
O.fl294C 0 1  
0.4189C 03 

-0.39030 0 3  

0.320 50-03  
0 .19660 04 
0.11640 0 2  
0.1971C 0 0  

-0.3538C 0 1  
-0.312oc 01  
-0.13fl9C 0 1  
-0.57740 0 0  

0 . 5 2 4 2 ~  n i  

T O T A L  F L O k  
0 .0 
0.0 
0.t3795D 0'1 

-0.2271D 0 3  
0.11440 0 3  
0.8682C 0 4  
0.5916C 0 5  

-0.72900 
0.1826C 
0.5847C 
0.11330 
0.1524C 

-0.37570 
-0.2866C 
-0.1243C 
-0.5089D 

0 2  
0 4  
0 1  
0 1  
0 1  
01  
01 
01  
0 0  

-0.2177C C2 
0.1357G C 4  
0 .22350 0 1  
0 .27550 Gl 

-0.8845C c c  
-0.36910 c 1  
-0.ZSCfO Cl  
-0 .11120 c 1  
-0.43940 C C  

G.2569D 02 
C.AO59C C4 
C.78250 C C  
0.50840 C l  

-C.22810 c 1  
-C.3903C 0 1  
-C.23660 0 1  
-C.99700 C C  
-C.36580 C C  

h . 



113 

OUTPUT 



NOD€ I 

1 
9 

1 7  
2 5  
43 
4 1  
4 9  
5 7  
65 
73 
8 1  
89  
9 7  

1 0 5  
1 1 3  
1 2 1  
179 
1 3 7  
1 4 5  
I 5 3  
1 6 1  
1 6 9  
1 7 7  
1 8 5  
1 9 3  
2 0  1 
7 0 V  
7 1 7  
7 2 5  
7 3 3  
2 4 1  
7 4 9  
7 5 7  
7 6 5  
7 73 
7 8 1  
7 89 
7 9 7  
305 
3 1 3  
3 7 1  
3 7 9  
3 37 
3 4 5  
3 5 3  
36 1 
3 6 9  
3 7 7  
3 f l 5  
3 9 3  
4 0 1  
4 0 9  
4 1 7  
4 2 5  
4 3 3  
4 4 1  
4 4 9  
467 

0 

5.5668n C 1  
-1.22380 00 

1.80970 0 0  
7.89970 00 
3.498Rn c 1  
5.61130 C 1  

6.14710 C O  
1.11550 01 
3.77110 0 1  
5.9Y910 0 1  
3.67051) C O  
9.00980 00 
1.96650 01 
4.76590 0 1  
7,17060 0 1  
3.61880 C C  
1.60690 0 1  
3.87810 C l  
6.50080 0 1  

3.64450 C C  
1.R5971) C 1  
4.79640 0 1  

7.50710 C 1  
-1,64590 C O  

3.66091) 0 1  
5.61720 C l  
6.80490 C 1  

5.36510 00 
7.RA570 0 1  
4.79950 C I  
5.95260 C 1  

-1.73570 C 1  
-3.77860 00 

1.93750 0 1  
3.80950 C l  

-2.R1770 C 1  

1 . 6 9 ~ i n  c o  

8 . i y s i n  C I  

6,28410 n i  

1.77540 01 

-R.~~CIOD co 

4,89110 n i  

-1.50040 01 
7 - 7 ~ 9 4 0  no 

- 3 . 9 9 o ~ n  C I  
- 2 . 6 r 3 9 0  01 

7.5h080 c i  

2.6'3010 01 
3 -77R80  C 1  

-3.90900 00 
1.46260 C 1  

-5.17040 0 1  
-3.86990 0 1  
-1.59351) 01 

1.35740 C 1  
-6.35050 C 1  
-F . -n9470  C l  

7.58900 00 

4.eE380 C 1  
-3.44170 c c  

5.3 c 5 3c- c 1 
4.3f57C G O  
l . t lP t90 0 1  
4.52890 0 1  

-8.459Oc-01 
4.56(4C 00 
7.8CC60 C O  
i . l S 2 9 0  c 1  
5.31860 0 1  
0.0 
6.eC71C C O  
1 .4 i340  C 1  
3.iE56C 01 
6.4S65C 01 
0.0 
9.35150 C C  
2.E2590 C 1  

7.5eH9C 0 1  
- 7.64 150-  C 1 

5.37330 00 
2.89230 C 1  
5.31C30 C l  
6.51C30 0 1  

-b,C7460 C C  
3.55320 C C  
2.26'60 0 1  
4.64C60 0 1  
6.ZC830 C1 

-1.3104C C 1  
-3.84t7C c c  

1.4Et70 0 1  
3.EittO C 1  
5.355cc c 1  

-2. lEC20 0 1  
-1.25730 C l  

5 .34610 C O  
2.83450 C 1  
4.25230 C 1  

-3.26290 C 1  
-2 .4 i23C C 1  
-6.21080 0 0  

1.65310 0 1  

-4.43610 C l  
-3.5552C C 1  
-1.8CC9D 0 1  

4.@2180 0 0  
1.55810 C 1  

-5 .61550 C l  
-4.7E88C c 1  
-3.CCP2C c 1  
-7.2679C C C  

7,4554c 0 0  
-6.7516C C 1  

5,i:cec c i  

3 . i i e 7 0  c i  

- 5 . 5 ~ 3 1 ~  C I  

3.47U5b 0 1  
2.56720 01 

-1.b249U c c  
3.7M52U 0 0  
8 . U l Z U O  oc 
3.52I50 0 1  
2.65790 0 1  
2.4U740 C C  
b - 6 U 5 l L )  C C  
1.19350 0 1  
3 . 9 3 1 2 ~  0 1  
b. lU720 0 1  
3 .23 jd0  O C  
1.03ZU0 01 
2.5dU3D 0 1  
2. lb27U 0 1  
7.531711 0 1  
3.Ub47U O C  
l . a l84G 0 1  
4.33Y7U 0 1  
6.7d24U 0 1  
11.00030 0 1  
2.56450 O C  
1.73J60 01 
4.1485L C 1  
6 . 1 ~ 5 8 U  C l  
7.342dU 0 1  

-3.LbL3D 0 0  
1.10481) 0 1  
3.4dlbL) 0 1  
5.4LCUU 0 1  
6.60760 0 1  

-1.067LU 0 1  
3.26410 0 0  
2.66630 0 1  
4.5bYbD 01 
5.1117L; 01 

- l . $ d L > U  0 1  
-6.242MO O C  

1.6710U 0 1  
5.50540 01 
4.59840 0 1  

-3.11310 c 1  
-1.744LL 0 1  

4.d7210 0 0  
2-33YYO 0 1  
3.43940 0 1  

-4.Ld31C 0 1  
-2.9b95L 01 
-6.a7960 00 

2.2b32L 01 
-5.4b121; 0 1  
-4.17350 0 1  
- 1 . Y 0 3 0 O  0 1  
-5.U9bUO-0 1 

1.041YU 0 1  
- h . O 3 9 5 1 ;  0 1  

i . i b b ~ 0  01 

1.84700 01 

-3.3676C 00 
1.68680 00 
5.4726C 00 
1.9373C 0 1  

0.0 
5.01580 0 0  
8.3@17L 00  
2.3521C 0 1  
5.5277C 01 
0.0 
7.10960 00 
1.7428C 01  
3.7178L 01  
t.5104C 01 
0.0 
1.02530 0 1  
3.2066C 0 1  
5.65630 0 1  
7.3976C 0 1  

-1.8526C 00 
8.05980 00 
2.7487G 01 
5.1536C 0 1  
6,7462C 01 

-7.6522C 00 
1.8465C 00  
2.08410 0 1  
4.45230 0 1  
6.C107C 0 1  

-1.51C8C 0 1  
-5.Y532C 00 

1.2662L 0 1  
3.5962C 0 1  
5.1138C 0 1  

-2.4271C 0 1  
-1.555OC 0 1  

2.6714C 00 
2.53COC 0 1  
3.99940 0 1  

-3.558iC 0 1  
-2.72120 0 1  
-9.1970C 00 

1.3623C 0 1  
2.8387C 0 1  

-3.8943C 0 1  
-2.0996C 0 1  

l .@4330  00  
1.66010 01 

-5.91170 0 1  
-5.CU90C 0 1  
-3.5174c 01 
-1.C385C 01 

4.3451C 0 0  
-7.078HT: 0 1  

4 . a a 4 ~ n  0 1  

4.\75ac 01 

-4 . r284c 01 

7.15380 00 
3.47880 0 1  
5.57230 0 1  

-3.3285C-C1 
4.3845C c o  
'3.68540 GO 
3.578CC 0 1  
5.7325C 0 1  
2.79790 00 
7.18800 C O  
1.3329C C 1  
4.14800 0 1  
6.4727C 0 1  
3.2323C 00 
1.2105c c 1  
2.84530 C l  
5.5911C 0 1  
8.0166C 01 
4.1138C 00 
2.02650 01 
4.58040 01 
6.60270 0 1  
7.82870 C 1  
1.2847C c o  
1.58890 C 1  
3.99380 C 1  
5.96221: 0 1  
7.1718C 01 

-4 .97040 C O  
9.2513C 00 
3.29300 C 1  
5.2263C 01 
6.4001C 01 

-1 .27820 C 1  
1.0503C 00 
2.43481: C 1  
4.32801: 0 1  
5.4591C C 1  

-2.240tO C 1  
-8 .9809C 00 

1.3658C C 1  
3.21200 C 1  
4.3075c c 1  

-3.40650 0 1  
-2.0874C C 1  

1.9572C 00 
2.04920 C l  
3.14861: C 1  

-4.57780 C 1  
-3.26780 C 1  
-9.8726C CO 

8.670CC 00 
1.5634C 0 1  

-5.76310 C 1  
-4.4790C C 1  
-2.216eC 0 1  
-3.6376C C O  

7.7RHt0 CO 

0.0 
1.85160 0 1  
4.8894C 0 1  

-2.8115C 0 0  
2.7t26C 00  
6 .4 i57C 5 0  
2.0C35C 01 
5.0509C 0 1  
0.0 
5.3E68C 0 0  
9.58921: 00 
2.5EE3C 0 1  
5.79410 0 1  
0.0 
7.77541: 0 0  
2.0875C 0 1  
4,1761C 0 1  
7.3436C 0 1  
0 .o 
l . l C 6 2 C  01 
3.14670 0 1  
5.61620 0 1  
7.2 i95C 0 1  

-3.1350C 00 
6.6t7S0 00 
2.59571: 01 
4.99061: 0 1  
6.57531: 0 1  

-9.4016C 00 
4.6t14C-02 
1.89511: 0 1  
4.2542C 01 
5.8C30C 0 1  

-1.72210 0 1  
-8.17461: 00 

1.0341C 0 1  
3.35410 01 
4.8tC9C 0 1  

-2.6@57C 01 
-1.8243C 01 
- 3.8 8 4  7C-0 1 

2.2?62C 0 1  
3.7C83C 01 

-3.85181: 01 
-3.01361: 0 1  
-1.212oc 0 1  

1.0709C 0 1  
2.5473C 01 

-5.0234C 01 
-4.1914C 01 
-2.4C03C 01 
-1.1577c 00 

1.35YlC 0 1  
-6.2C730 0 1  
-5.3877C 0 1  
-3.63G4C 0 1  
-1.35330 0 1  
i.204ir 0 0  

c.c 
7.1433C C0 
3.485CC C l  
5.5849C c 1  
6 .9 l@@O-C1 
5.357?C c o  
1.04t4C 0 1  
3.6567C C 1  
5.84351: c 1  
2.9811C c c  
Y.3036C C O  
1.60C4C C l  
4.42810 C l  
t.796CC C 1  
3.4CE9C c c  
1.4c39c c 1  
3.32630 C 1  
6.C425C C 1  
e.4c47c c1 
4.3144C C O  
1.9656C C l  
4.4354c c 1  
6.44C5C C l  
7.6674C C 1  

- 1.25 1 i C - C  1 
1.43t8C 0 1  
3.E316C C 1  
5.7913C C l  

-6.7723C C O  
7.35840 c o  
3.CS4tC c 1  
S . C l € i C  C l  
6.1815C C 1  

-1 . sccsc  C l  

2.192co c 1  
4.c747c c 1  
5.1945C C l  

- 2 . 5 1 c i c  c 1  
-1.2c45c c 1  

1.C715C C 1  
2 .s2csc  c 1  
4.C17SD C 1  

-3.6987C C 1  
-2.?8C2C c 1  
-9.65 5 c c - c  1 

1.757CC C 1  
2.85580 C 1  

-4.8741C Cl 
-?.567CC C 1  
-1 .2E t tC  c 1  

5 . t 4 s c c  c c  
1.65Sf3C C 1  

-6.C575C C 1  
-4.7867C C 1  
-2.5333c C l  
-6.7932G c' f l  

6.992ec c i  

- 1 . 2 a c i c  c o  

0.0 
2.94340 C O  
1.85850 01 
4.S0230 01 

- l .@4630  00 
3.77315 GO 
7.21580 00 
2.085CD 0 1  
5.16230 01  
0.c 
6.34390 C O  
1.15030 0 1  
2.90660 01  
6.12OCD 0 1  
0.c 
8.55120 0 0  
2.45000 01  
4,6578D 0 1  
7.76030 0 1  
0.0 
1.04440 0 1  
3.02530 C1 
5.46290 01  
7.06990 0 1  

- 4 - 5 5 2 1 U  0 0  
r 

5.16740 C J  CL 
2.43410 01 P 
4.819FD 0 1  
6.35620 01 

-1.12050 0 1  

1.6962U 01 
4.C4580 0 1  
5.58460 01  

-1.94510 01  
-1.05140 0 1  

7.S3250 00 
3.10030 01 
4.59610 0 1  

-2.95550 0 1  
-2.13170 01  
-3.33750 00  

1.54420 01 
3.41830 C l  

-4 .14400 0 1  
-3.35630 0 1  
-1.50520 01 

7.77171) co 
2.25380 0 1  

-5.31951) 01 
-4.48920 0 1  
-2.70300 C 1  
-4.19170 0 0  

1.05440 01 
-6.50040 01 
- 5 - 6 8 6 6 0  0 1  
-3.94610 0 1  
- 1 - 6 7 0 6 0  01 

-1.e4930 0 0  



4 h 5  
4 7 3  
4 8 1  
4 f19 
4 9 7  
505 
5 1 3  
5 7 1  
5 7 9  
5 3 7  
5 4 5  
5 5 3  
5 6  1 
5 6 9  
5 7 7  
5 f l 5  
5 9 3  
6 0 1  
hOY 
6 1 7  
h ?  5 
6 3 3  
641 
h 4 9  
h5 7 
h 6 5  
6 1  3 
6 R  1 
6 A 9  

-7.A5140 Cl 
-9.9690D 00 

-7 .45940 Cl 
-6.761140 C1 

5.779311-01 

-4 .12080  c i  
-2.26950 01 
- 1 . i 6 0 9 n  01  
- ~ . 4 1 8 i n  C I  
- 7 ,27970  01  
-5.295811 C I  
-3 .46690  c i  
-2 .32460  c i  
- 9 . 2 0 ~ 3 n  c i  
-6 .75760 c i  
-3 .30070 01  

-7.06970 01 

- 1 . 0 4 ~ 6 0  02 
-9.42610 01 
-7 .~79411  c i  
-6 .37570 c i  

-6 .09440 01  

-4.47670 C1 

-9.R7100 01 
-8 .77690 01  

-5.36690 01 
-4.18770 01  

-5 .18300  C1 
-1.lZfl40 02 

-4.20C5C C l  

-5.12hCC C C  

-7 .04170 C l  
-5.4@56C C 1  
-3 .2 t31C C 1  
-1 .7253c  C 1  
-8.@4521> C 1  
- 8 . 0 ? 5 9 C  c 1  
-6.55410 C1 
-4.44270 C l  
-2.53851; c1  
-S.6?1OU 01  
-8.eC570 C l  
-7.4C500 C1 
-5.4229c 0 1  
-3.4133c c 1  
-1.C2S20 02 
-9.4580C c 1  
-8.12860 c1  
-6.2E51C C l  
-4.8C32C C l  
-1.CSllC c 2  
- 1 . C C R S C  0 2  
-8.8381C 0 1  
-7.15520 c 1  
- 5 . e i i 3 0  c 1  
-1.17450 0 2  

- 1 . 4 ~ ~ 7 ~  01  

-7.85320 0 1  

-3.396‘411 0 1  
-3.160’4U 0 1  
- 1 . 5 1 5 3 D  0 1  
- 2 . l H k l M O  oc  
-7 .11310  0 1  
-6 .558dU C1 
-C.4LM60 C 1  
- 2 . 5 M l b U  0 1  
-1.4665u 0 1  
-8.03uYG 0 1  
-7.2005u 0 1  
- > . > 5 o l U  0 1  
-3.738LU 0 1  
-2.5M580 0 1  
-0,383ZU 0 1  
-a.2137U 01  
-6 .46620  0 1  
-4.1041)L 0 1  
-5.5LLYL C l  
-1.V025U 0 2  
- h . \ 5 a 4 u  0 1  
-7 .768 lU 0 1  
-5.5919U 01 
-4.410LU 0 1  
-1.005ou 0 2  
-9.5905U 0 1  
-d.tlb3’#G 0 1  
-6.>8Y7U 0 1  

-6.2716C 0 1  
-4.5736C 0 1  
-2.3097E 0 1  
-8.3059C 00 
-8.14701: 01 
-7.34450 0 1  
-5.71140 0 1  

-2.0814C 0 1  
-9.0566C 0 1  
-8.2434C 0 1  
-6.7850C 01  
-4.70710 01 
-3.1Y9iC 0 1  

-E.S767C 0 1  
-7.5927C 0 1  
-5.64271: 0 1  
-4.13680 01 
-1.04471: 0 2  
-9,61251: 0 1  
-8.3045C 0 1  
- t . 5 0 3 0 C  0 1  
-5.0350C 01  

-1.02581: 0 2  
-9.0189C 0 1  
-7.4272C 0 1  

- 3 . 5 7 2 8 ~  01  

- 5 . ~ 0 5 4 ~  0 1  

-1 .107ac  0 2  

-6.92040 
-5.69 34 C 
-3.4886C 
- 1.6547C 
-5.35 1 e c  
-7.960 1C 
-6.79 7SC 
-4.729 4 C  

- 1.76 3SC 
-8.8330C 
-7.7091c 

- 3 . 9 9 6  t C 
-2. 8 3 4 2 0  
-9.55 1 3C 
-8.4462C 
-6.67 2 C C  
-4.926 5C 
-3.74231; 
-1.0178C 
-9.09 9 3C 
-7.469 IC 
-5.82 4 5C 
-4.64740 
- 1. C8 3 c u  
-9.77 6 3C 

-2. ad 7 ic 

- 5 .  ao 3 2 c  

-8.28 3:c 

c 1  
C l  
01  
c 1  
0 0  
01  
c 1  
0 1  
c 1  
C l  
C l  
0 1  
0 1  
a 1  
C l  
01  
0 1  
0 1  
0 1  
c 1  
C L  
0 1  
c 1  
01  
c 1  
02 
0 1  
c 1  

-7 .35800  0 1  
-6.5532C 0 1  
-4.86431; 01  
- 2 . 6 i 9 9 C  01  

-8.39C4C 01 
-7.5P63C 01 
-6.0469C 01 
-3.875CC 01  
-2 .37e7c  0 1  
-9 .2575c  0 1  
-8.44C2C 01 
-7 .oc31c  01  
-4,9585C 0 1  
-3.4471c 01 
-9.9731C 0 1  
-9.14150 0 1  
-7.77450 01 
-5.8580C 0 1  
- 4 . 3 5 7 t c  01  
-1 .0 tccc  O L  
-9 .70670 01 

-6.727tO 0 1  
-5.2778C 0 1  
-1.1203c 02 
-1 .0449c  0 2  
-9 .2c17c  01  

- 1 . 1 4 8 ~ 0  01 

-8.48120 01  

4 .1?S lC  
-7.1939C 
- 5.586 1C 
-3.8Ct7C 
-1.5533C 
-8.4905C 
-e. 1S450 
-7 . c455c  
-5.cic:c  

-2 . c5c4c  
-S.C252C 
-7.SC67C 
- 6 .  C371C 
-4.24 1SC 
-3.C715C 
-5.71341: 
- 8 .  6134C 

-5 .14 t4C 
-3.S612C 
-1 .c33cc 
-S.L613C 
- 7,673 3C 
-6,CbPCU 
-4 . e9590  
-1.1035C 
- 5 .  S t E  7c 

- ? . i e 3 i c  

-6 . e71ec  

co  
c 1  
c 1  
C l  
c 1  
c o  
c 1  
c 1  
c1 
c1  
c 1  
C l  
c 1  
c 1  
C l  
C l  
c 1  
c 1  
c 1  
c 1  
c 1  
c2  
c 1  
c 1  
c 1  
C l  
c 2  
c 1  

-1.S563U 
- 7.62s 7 0  
-6.82760 
-5 .18 ’970 
-2.54830 
-1 - 4 6 3 4 0  
-8.623CO - 7.81 7C0 
-6.3089D 
-4.16560 
-2 -66 5CD 
- 5.44 8 7 0  

-7.29930 
-5.196CD 
-3.68420 
- 1.0 1 3 5 0  
-Y.30150 
- 7.S525O 
- h  - C7 1 ZD 
-4.57 8 60 
- 1.0 75 30 
-9.S2311, 
-R.659CU 
-6. $5950  
-5.5387fl 
-1  I 1480D 
-1.06~180 

-a.62740 

00  
01 
0 1  
31 
0 1  
01 
C l  
0 1  
01 
c1 
0 1  
01 
01 
01 
c1 
0 1  
02 
01  
01 
C l  
c 1  
02 
01 
01 
01 
01  
c2 
O L  



t 

c 
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APPENDIX B 

INPUT AND OUTPUT FOR FREEZE PROBLEM 

c 



c 

C 

S 



119 

INPUT 
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tf. ... 1. I l l L t .  I - I IHMAI 1 1 5 . S A 8 ) *  

0 7 7 3  t R E E 7 E  T R A N 5 l t N T  PKl1 t )L tM.  C E 5 H  P C C I F  

C F .  ... 2. & A S I C  I N T t b E R  P A R A C E I I - R S  

4 3 4  3 S C  1 J 7 0  0 1 16 

.. . 
C A T  [ O N  

FCRMAT ( 1 6 1 5 1  ... 
0 0 2 5  3 0 

CF. ... 3. aw5 lL  KEAL PAYAPFTEPS. FCRMAT 

. I  .)* 200. C. C. 
SRO.6  .C13 . 5  

c 

8 F 1 0 . 0 1  ... 
. 0 1  -1 

L 

1. 

CF. .._ 4 .  P H I N I C K  i i i l T P U 1  CChTRCL. FORMAT (80111  ... 
c o o o o 0 c o c c c c o c o c o c o ~ o o o o o o ~ 0 ~ c o o c c c c o o c c c ~ o c c o o ~ o o o c o o o o ~ o c o ~ o o o o o o o o ~ o 2  

r F. 5 .  H A I t K I A L  P M O P E K l I t S .  FCRCAT l R F 1 0 . 0 1  .-. 
C. C. .3 . S E E - ?  . 5 8 E - 7  

CF. ... 7 .  SOIL  P H I I P E K T I E S  Ihi 1 6 9 L L A E  FCUH. F C f i M A T  1 8 F 1 0 . 0 1  -.. 
-ROO.  - 4 o c .  -2u0. - 1 7 5 .  -1ic. - 1 2 5 .  - 1 0 0 .  - 6 2 . 5  
-50 .  - 3 7 . 5  - 2 3 .  - 1 2 . 5  0. 50. 100. 2000. 
-074 .c3i -0425 I c 4 5  .Ob0 -0625  .OF . 2 1  
- 2 5  - 2 7 5  .?US .2sc - 2 9 2 5  , 2 9 7 5  ,2995 .3 

- 4 4 E - F  - 5 2 F - 8  -65t-8 -7 f lE-8  .EO€-8 .95E-8  - 1 6 E - 7  .40E-7 

0. -52t-4 . I O € - 3  -20E-3 . 5 0 E - 3  - 1  1 E-2 . 3 2 f - 2  . 3 2 E - 2  
- 7 C F - 2  . e C t - j  -4OE-3 .20E-3  - 1 0 € - 3  - 4 0 E - 4  . 2 b t - 6  0. 

. 4 e ~ - 7  . 5 3 + 7  . b b t - r  . ~ 0 € - 7  . 5 6 ~ - i  . 5 7 ~ - 7  . 5 8 ~ - 7  . 5 d ~ - i  

CnHHEhT CARDS AKE T O  t)t D t L E T E C  FRCW C A T A  S E T .  T H E Y  bR€ IhCLUOEU H E R E  A S  A 
C R O C S  RFFEREhC€ TU APPeIUL)IX E. 
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c 

CF. 

I 
2 
3 
4 
5 
6 
7 
0 
9 

10 
I 1  
12 
1 3  
1 4  
15 
16 
1 7  
1d 
19  
2 Q  
2 1  
22 
23 
24 
2 5  
76 
27 
7 8  
2 9  
30 
3 1  
32 
3 3  
3 4  
35 
36 
3 7  
38  
3 9  
40 
41  
42 
43  
4 4  
45  
4 6  
4 7  

49 
50  
51 
57  
5 3  
5 4  
55 
56 
57 
5 8  
5 9  
h O  
61  
62  
6 3  
64 
65 
66 
67 
6 8  
6 9  
70 
7 1  
7 2  
7 3  
7 4  
75 
7 6  
77 
78  

4 0  

*.. e. 

0 .o 
c.0 
c.0 
c.0 
0 .o 
c.0 
c.c 
c.0 
c.0 
c.0 
c .o 
c.c 
0-0 
c.0 

25.CC0 
25.0cc 
2!.CCt 
25.0co 
2c.occ 
25.0co 
75.OCO 
2L.CCC 
7f.OCO 
zc.oc0 
25.0co 
2 E . O C C  
2 5 . O C G  
75.oco 
5c.cco 
5C.CCO 
5C.0CO 
5c.cco 
5C.OCO 
5c.cco 
5C.OCO 
5C-OCO 
5c.cco 
5C.OCO 
5C.OCO 
5C.OCO 
5C.OC0 
5L.CCO 
75.0CC 
75.CCO 
75.CCO 
75.occ 
75.oco 
75.oco 
75.0CC 
75.0CO 
7 5 . O C O  
7f.CCO 
75.oco 
7 5 . O C O  
75.0CO 
75.ccc 

1cc.ccc 
lCO.OC0 
1cc.cco 
1cc.oco 
1cc .ccc  
1cc.ccc 
ICC.CC0 
1cc.oco 
1 C C  .cco 
1cc .occ  
1cc .cco  
1CC.OCO 
1co.oco 
1cc.oco 
11c.oco 
1 IC.CC0 
1 lC.CC0 
1 lC.OC0 
IIC~OCO 
1 lC.CC0 
1 IC.CC0 
1 IO.OC0 

k O L ) A L - Y U I i U i  PCSIlIOhS. F C R M A T  I15.2F10.31 ... 
0.0 

1 7.500 
33.750 
46. I 5 C  
b2. >00 
75.000 
86.250 
'4b- 2 50 

105.000 
11L. 5 0 0  
11b.7>0 
123- 750 
12 7.500 
150. ouo 

0.0 
17.500 
33.150 
46 .750  
62.500 
75. 000 
86.250 
36.2 5U 

105.000 
112.500 
l l a .  750 
125.750 
12 7.5JO 
130.000 

0.0 
17.500 
3s. 150 
sa.750 
62.500 
75.000 
$6.250 
96.L50 

105.000 
112.500 
l i b .  I50  
123.750 
17 7.500 
130.000 

rl. 0 
1 7.500 
33.750 

62.500 
75.000 
d6.250 
Yb.250 

105.000 
112.500 
lLb.750 
113.750 
127.500 
l j0 .000  

0.0 
17.500 
33.750 
4b.750 
62.500 
75.000 
616.250 
~ b . 2 5 0  

105.U00 
112. 5 0 0  
IlM. I5C 
i I 5 . 7 5 0  
12 7.500 
13o.ou0 

(1.0 
19.036 
36.699 
52. Y b l  
6 7. Me5 
d1.410 

104.32 7 

CM. 7 5 0  

~ 3 .  55n 
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7 9  
8 0  
8 1  
82 
8 3  
8 4  
A5 
86 
87 
FIR 
8') 
90 
91 
92 
9 3  
94 
95  
96 
9 7  
4H 
99 

1 0 0  
101 
102 
103 
104 
1 0 5  
106 
107 
1 O R  
109 
110 
1 1 1  
112 
113 
114 
1 1 5  
116 
117 

119 
1 2 0  
121 
172 
1 2 3  
1 7 4  
125 
126 
127 
1 2 8  
129 
130 
131 
1 3 2  
1 3 3  
1 3 4  
1 3 5  
136 
137 

139 
140 
141 
147 
143 
144 
145 
146 
1 4 7  
148 
149 
150 
151 
157 
153 
1 5 4  
1 5 5  
156 
1 5 7  
1 5 8  

1 in 

I 38 

1 lC.OC0 
11c.oco 

11c.0c0 

1 lC.OC0 
1 2 c ~ 0 0 0  
1zc.occ 

1IC.OCO 
12c.oco 
12c.oco 
12c.ccc 
1EC.CCC 

12c.oco 
1zc.oco 
lZC.CC0 
1ic.ccc 

1 ?C .oco 

1 ?C.CCC 
13c.cco 

I3C.oco 
13C.CCO 
13c.ccc 
13c.ccc 
l?C.CCO 
13c.cco 
13C.OCO 
13c. cco 
13C,OCO 
14c.cco 
14C.OCO 
14c.ccc 

iic.cca 

i ic.oao 

i2c.cca 

12a.oco 

iio.ooa 

1 'c-oca 

I 30.cco 

14c.aco 
i40,aco 
14c.cco 
14C.OCO 
14C.CCO 
14c.cco 
I4C.CCO 
14C.OCO 
14c.cco 
14c-cco 
14c.cco 
15c.oco 
150.cco 
15C.CCO 
15c.cco 
1cc.ccc 
15C.CCO 
lSC.CC0 
15C.OC0 

lLC.OC0 
15c.cco 
15C.OCO 
1sc.cco 
1 SC.CCC 
1cc.cco 
1cc.cco 
16C.CCO 
I6C.CCO 
lCC.CC0 
16C.OCO 
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: I A C . N l l C T I C  T A H L F  7C..  A T  T l P F  = 1.04431) 0 4  . ( L ) E L r  = 2.0000C 0 2 )  

l A R l  F flF I T F H A T I V E  P A R A H F I E H 5  

I T F R A T  1 f3N R F S I  C U A L  O t  U I  A T  I L i N  I r c .  h C P - C C h V .  htCOE5 
1 0.?4841) C C  0.677 3 1)- 31 26 
2 C - 1 7 AhD- C3 C.124’)1)-03 0 

l A B l  F i l F  S V \ T F M - F l  P k  P A U A M E T F P c  

T V P F  ( I F  F I  f l W  
C f l h r S T A h r T - P K F C ( I I H E - N [ l D F  F l C k  . . . 
T n h C T A h T - F I I J X - N n n F  F L r k  . - . . . . 
S F F P A G F  . . . . . . . . . . . . . . . . 
R A I N F A I I .  . . . . . . . . . . . - .  . 
N ~ I M F R  ICAI i r i S s F s .  . . . . . . . . . . . 
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- 0 .  I 395c-c i  



TARLF OF I T F R A T I V F  PARAMFTFRZ 

I T F R A T I O N  R F S I  TLAL U t  V I A T I  fllu F C .  h r h - c c h v .  NODES 
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R A l N F A l  I - 5 F F P A G F  NOCAI F L C k S  
0.5 9 1 61)- 0 1 0.3744U-Cl C .L  51 OU -01 0 . 1  b390-0 1 0.5 5 3  ED-02 C.25820-03 -0.71 170-04 C.14420-04 

-C .bQ390-01  -C.6485n-C1 -O.s5dbI)-Ol -0 .35130-01 -0.2857C-01 -C.24710-01 -0.22230-01 -C.20960-01 
-0.10310-01 
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I 1 . 5 1 ( , m  C L  

1 7  1 . 1 7 w n  r 7  
7 5  1 . 8 7 ~ 1 0  c i  
33  P .  7 4 4 t x  c i  
4 1  p . 1 ~ 7 4 : )  co 

5 7  1.6?541) c7 
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Rl i . h i c 9 n  0 1  
R 9  P - 9 5 7 7 0  c i  
9 7  7.n9hn c o  

I 0 5  5.17530 c i  

1 2 1  i.4H571) C1 
1 7 9  i . 7 5 7 i n  r 7  
1 3 7  6.55980 G O  
1 4 5  f i . 0 ~ 4 9 0  C I  
1 5 3  -7.4~390-1-1 
161  4.3544n C I  

1 7 7  I.hhRqn c i  
I R5 1 . 7 6 7 0 ~  c ?  

7 0 1  7.55970 C I  
700 - 1 . 5 1 7 3 0  0 1  
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3 57  H . R C I I ~ O  r i  
7 6 5  -7 .51600  Cl 
7 73 4.40030 c i  
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3 4 5  7.54470 c i  
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I 1 3  1.77451) C 7  
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I . P S S ~ ~  c 2  
- 7 . 4 7 8 8 0  c o  

7 .7c46r  c i  
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2 .9Y511 l -01  
2.9950 0-0 1 
L.99500-0 I 
2.9692 n-0 1 
7.98350-01 
2. Y 7 8 2 0 - 0  1 
2.Y 71 10-01 
L .Yb050-01  
2.951 4 C-0 1 
2.943~30-01 
2.9 3 77U-0 1 
2 .  Y 33 10-0 1 
2. 9 3 u u ~ - o  1 
2.99510-01 
2 .  9 9 5  10-0 1 
2. Y 9 5 0  0- 0 1 
2.99UOD-0 1 

). 9788 0-0 1 
2 .  Y 7240-0 1 
2. 9 b l 5 O - 0  1 
2.9522 U-0 1 
2.Y4430-01 
2.93f3t)D-01 
2 .  Y 332  0-0 1 
2 .Y 3000-0 1 
2.YY5 10-0 1 
2. Y 9 5 1 0-0 1 
L.YY>OO-Ol 
2. Y9140-0 1 
?. Y 6 5 5  D-0 1 
2.980 10-0 1 
2.975 1 0-0 I 
2. 9 6 j 9 U - 0 1  
2 . 9 5 3 8 0 - 0 1  
2.9453U-01 
7 .  Y3b4U-0 1 
2.933JD-0 I 
2.Y30OO-01 

2 .st342 u-o I 

2.YY51U-0 
2. YY5 1 D-0 
2 .YY50D-O 
2.993 >U-0 
2 - Y 8 77 0-0 
2. 9 d 2 3  0- 0 
2. Y7 73 U - 0  
2.969 4 0-0 
2. '4 590  0-0 
2.Y4YbO-0 
2.94 15  Lk-C 
2 .  Y3480-0 
2. Y 300 0-0 
2. Y Y 5 1 u-0 
2.9Y5lf l-0 
2.9950D-0 
L. Y 92 1 c - 0  

2 - 5 9 5  1C-0 1 
2. S95OC-0 1 
2 .99500-01  
2.S890C-0 1 
2 -59 32C-0 1 
2. S78OC-0 1 
2.S707C-01 
2.96020-01 
2 .V 5 1 20-0 1 
2 .Y436C-O 1 
2.53 76C-Ol  
2. S33OC-0 1 
2.53000-0 1 
2 - 9 9  5 10-0 1 

2 .  Y 9500-0  1 
2. 4 892C-0 1 
2. Se35C-0 1 
2 .S78LC-O 1 
2 . 5 7 1 10-0 1 
2.960 5 C - 0 1  
2.951 4C-0 1 
2 .Y 43812-0 1 
2.5377C-0 1 
2 - 5  3 3  1 C - 0  1 

2.9951C-01 
2 - 9 9 5  I C - 0  1 
2.995OC-0 1 

2.99500-01 

2. s 3 cor -o  1 

2 . Y Y  aoc-o I 
2.9 8420-0 1 
2. 578 80-0 1 
2 - 4 72  4C-0 1 
2 - 9 6  15C-0 1 
2.3522C-01 
2.9 443C-0 1 
2 9 3 8 O C - 0  I 

2.93OOC-01 
2 - 9 9 5  1C-0 1 
2.545 IC-0 1 
2.FS50C-01 
2.9914C-01 
2.9 8 5  5C-0 1 
2.58C 1c-0 1 
2.5751C-01 
2.563SC-01 
2.953RC-01 
2 -7 4 5  3C-0 1 
2.5384C-01 
2.5333C-01 
2.5300D-0 1 
2 -9'35 I C - 0  1 
2.9951C-01 
2. S F 5  00-0 1 
2.99 35C-0 1 

2.9 3 32c -n  I 

. 

i 



157 

. 

0 

5 7  
58 
5 9  
hO 
h l  
6 7  
6 3  
6 4  
6 5  
66 
h7 
68 
6 9  
70 
7 1  
77  
7 3  
74  
7 5  
76  
77 
78 
79 
8 0  
8 1  
82  
A3 
84 
A5 
86  
8 7  
88 
89 
9 0  
9 1  
97 
9 3  
9 4  
95 
96 
9 7  
98 
99 

1 no 
1 0 1  

1 0 3  
1 0 4  
I O 5  
1 O h  
1 0 7  
1 OR 
109 
1 I O  
1 1 1  
I 1 7  
1 1 3  
1 1 4  
1 1 5  
116 
117 
I 1 8  
119  
1 7 0  
1 7 1  
1 7 7  

i n 2  

7.FY35D-Cl 
3.58770-Cl  
7 . 9 ~ 7 3 n - c i  
7.97733- c I 
7.96940-C1 
3. 95900-  C1 
2.94960-Cl  
7. 9 4  150- C 1 
Z . S ~ C H O - C I  
3 .9957n-ci  
7. 99 51n- C I  
2 .  $9 5 i r ) -  r 1 
2 .  $9 501)- C 1 
7.99710-01 
7.9R5RD-Cl 
7. 58000-  c 1 
2. 7 39n- c 1 
3 . F h i m - c i  

2 . s 4 i i n - c i  

3 .  9 7 ~ 7 n -  c i  

2 . 9 ~  s i n - c  1 
2 . 5 9 5 1 n - c i  

7*95Ohl)-Cl 

7. 93360-  Cl 

7.99 571)- C 1 

7.99500-CI 
7.9~081)-  c I 
7.98410- c 1 
7 .97790-Cl  
2. 56R30-Cl 
7.555Afl-CI 

7.9 37 10- C l  
7.9 3 1 In- C 1 

7.59570-Cl 
7.99 5 1 h - c 1 

2.59500-CL 
3. 98970- C1 

i. 5 4  5 m- c i  

2. 97 771)- c 1 

3 . 5 9 5 i o - c i  

i. 9 ~ 7 7 n - r i  
7.9 76313- c 1 
2. $64 io- r I 
7.$577n-c1 

2.93550- c i 
7.9qo.m-r I 

3.99 57n- c I 
2 . 9 9 5 1 ~ - c  1 
i . s q 5 i n - r i  

7 - 9 8  1 5n- c 1 
2.9750n-ci  
7.961 z n - c i  

? . $ 3 4 5 ~ - c i  

7 . ~ 5 m - c i  

7.  9 9 5 1 n - r i  

7.54760-CI 

7 . 9 3  700-0 I 

7.59500-c1 
?.5HRRll-C1 

7.94990-C 1 
7.941lI)-Cl  

2. $7 580- C l  
1.57670-CI 

7.9 9 5 1 I) - c 1 

7.99500-C1 
7.9 A ROO-  c 1 

7 - 9 5 ?  1CJ-c 
2. 5 E 5 R C - 0  

2. $7390-C 
2. SC 160-C 
2. 9 5C6D- c 
2.54 1 10- C 

2.9 Faon-c 

7. s 3 3 6 ~ -  c 
2.52e7c-c 
7. SF 570- c 
? . 5 5 5  111- C 
2. 5 5  5 1P- C 
2.55500-C 
7.SSCPD-C 

2.5 7 7 9D- C 
2 .  sc 8 jfl- c 
2.55 5811- c 
7 - 5 4 5 3 0 -  C 
2. 5 2 7 1D-C 
2.5?110-0 
7.57770-c 
2.5 5 52fl- C 

2 .  F 5  5 10-0 
2. 5 5  501)- C 1 

2.5E270-CI 
2.5763fl-Cl 
2. 5 6  4 1 D- C 1 
2. $ 5270- C 1 
2.542 60- C 1 
2. $ 3  5 5D- C 1 
7. 5 3C4D-Cl 
7 .  5 3 7CD-C 1 
2. 5 s  520-C 1 

2.5551Il-C1 

7.9 e 4 I IFO 

2 . 5 5 5  io-c 

2. F S  7n- c 1 

3 . 9 5  5 ir- c 1 

7.  9 s 5 c n - c i  
z . 5 E eRr)- c i 
7. F E  I 5 r - c i  
2. s 75cfl-c 1 
Z.St130-Cl  
Z.5499U-Cl 
2.$411D-C1 
2.<?45fl-C1 

2.'.7671)-C1 
7 .SS5?D-C 1 
2. 5 s  5 LD- c 1 
2.9951fl-Cl 
7 .  9 5 5CO- C 1  
2 - 9  @ 8 CD- C 1 

2. F ~ S ~ D - C ~  

2.5 eoso- o I 
2 . 9 7 2 h n - c i  

7 .548 ic-c 1 
2.535 70-c I 

7.55SCD-Cl 

2.S 3 36C-G 1 
7.52971)-01 
2. 5 2 6  50- C 1 
2.5 5 52D- C 1 
2. S 5 5 1 11- C 1 
7.95 5 1 D- C 1 
2.55 5CD- C 1 
2 . 9 ~ 7 3 r - c  1 

2. Sf l580-01 
2.98000-01 
2 - 9 7 3 9 0 - 0 1  
L .  9616b-01  
2-Y 50b 0-0 1 
2.941 10-01 
L .  9 43bL- 0 1 
2.9ZUZO-Ol 
2.112500-01 
7 .  9Y5 10-0 1 
2. Y Y  5 10-c i 
L . Y Y S O u - 0  1 
2.9908 D-0 1 

7. Y779U-0 1 
2 .9663  U-0 1 
7.9 55au-0 1 
2.YBSjU-01 
L.Y371+01 
L - 9  31 1 0- 0 1 
2. Y Z  72 0-0 1 
7 . Y 7 5 O O - 0  1 
l .YY510-01  
L.9951U-01  
2.99500-01 

1. 9n?7 0-0 1 
L.9763lk-01  
Z.Yo410-01 
7 -95220-0 1 
L.YCZb0-0 1 
2 -9355 0 - 0  1 
2 .  '4304 0 - 0  1 
2 . 9 2 7 0 0 - 0 1  
Z.YL5OU-0 1 
L.YY51b-01 
7 . Y Y 5 1 C - 0 1  
2.Y950b-01 
7.9B880-01 
7.YU150-01 
2.11750 0-0 1 
r? .~b1c? lhO1 
2 . Y 4 Y Y  c-0 1 
2. 9 4 1  1 b-0 1 
2 .  Y345D-01 
2 .  L 7 Y B U - 0  1 
2.92670-01 
2.9250 IJ- 0 1 
2. 9Y51 U - 0 1  
7.995 10-0 1 
7 .  Y 9500-0  1 
L.9duOD-0 1 
L . Y bo5 C-0 1 
2.47Lb0-01 
7. Y 5 Y O O - 0  1 
2.9481 0-0 1 
2 .Y3Y 711-01 
2 .  Y 336 U-0 1 
2.9292 0-0 1 
I .Y265O-01  
2.9250 0-0 1 
7 .  Y 95 10-0 1 
L.'rySIC-Ol 
2. Q Y S O U - 0  1 
2.98 73 U-C 1 
2.9 1i7O-0 1 

2 .  ~ 8 4 1 0 - o  1 

2. y a y  70-0 I 

2.98 77C-0 1 
2.9823C-01 
2.5773C-01 
2-56940-01  
2.959OC-01 
2.94960-0 1 
2 -44 1 5  C - 0  1 
2.9 348C-0 1 
2.9 3COC-0 1 
2.Y Y 5 IC-0 1 
2.995 IC-01 
2.995OC-0 1 
2.Y92 IC-0 1 
2.9058L'-01 
2.F8Or)C-Ol 
2.L739C-01 
2. 5 6  16C-0 1 
2.95C6C-01 
2 - 9 4  1 IC-0 1 
2 - 9  3 36C-0 1 
2.52820-01 
2.5 2 5OC-0 1 
2.99510-01 
i - 5 9  5 10-0 1 
2. S 9  5OC-0 1 
2-5908C-01 
2.5841C-0 1 
2.9 17913-0 1 
2.968 3C-0 1 
2.955AC-01 
2.945 3C-0 1 
2 .S 3 7  1 C-0 1 
2.5?110-01 
2 -9  2 7 2 0-0 1 
2.925OC-01 
2.9951C-01 
2.5951C-01 
2.595OC-01 
2.9897C-01 
2 -98  27C-0 1 
2. 576 3C-0 1 
2.564 1C-0 1 
2.4522C-0 1 
2.S426C-01 
2 9 355C-0 1 
2.9304C-01 
2. 9 2 700-0 1 
2.92500-01 
2.9951C-01 
2 .59510-01  
2.555CC-01 
2.588 8C-0 1 
2.9815C-01 

2.56 1 Z C - 0  1 

2 - 5 4  1 10-0 1 
2.9345C-01 
2.9298C-01 
2 - 926 7C-0 1 
2 -9 2 5 O C - O  1 
2.99510-01 
2.SS51C-01 
2 .5 9 50 C - 0  1 
2.98800-01 
2.5EC5C-01 

2.57500-0 1 

2 . ~ 4 ~ 9 0 - 0 1  



1 7 3  
1 7 4  
1 7 5  
17t 
1 7 7  
17R 
I 2 9  
1 3 0  
131  
137  
1 3 3  
1 3 4  
1 3 5  
1 3 6  
I 3 7  
1 3 R  
1 3 9  
1 4 0  
1 4 1  
1 4 7  
I 4 3  
I 4 4  
1 4 5  
1 4 h  
1 4 7  
1 4 8  
1 4 9  

1 5 1  
1 5 2  
1 5 3  
1 5 4  
1 5 5  
1 5 h  
I 5 7  
15R 
1 5 9  
1 hn 
1 b l  
1 6 7  
163 
1 6 4  
1 6 5  
1 h 6  
1 h 7  
16A 
1 h 9  
1 7 0  
1 7 1  
I 7 7  
1 7 7  
I 7 4  
1 7 5  
I l h  
I 7 7  
17R 
I 7 9  
1 80  
I R 1  
1 8 7  
1 0 3  
I84  
1 A 5  
186 
I 8 7  
1 R A  

I 5 0  

2. s i s  7 I:- c I 
7.57CCU-Cl 
?. 4 5 i C O -  C I 
2 . 5 4 6  4U- C 1 
2. S ?8 I D- c 1 
2 .5?2CD-01 
2 .52  771l-Cl 
2.9 > 4 5D- C 1 
2.9 5 571'- C 1 

7. S S 5  ID-C 1 

2 .  5 F h R F  c 1 
2.5  7 9 cc- c I 
2. c C E 5 r - C l  
7. 4 5 5 I D - C l  
7 . 5 4 4 3 0 - 0 1  
7.9 35YO- c 1 
2.57Y 41.- c 1 
2.5743C- C 1 
2.S11PC-Cl 
2. 5 S  57D-C 1 
2.45 5 11)- c 1 

2.  SS5CD-Cl 

2 . 5  7P30- r 1 

2 .557PC-CI  
2 . 5 4  I 7C- C 1 

2. s i  5 90-c  1 

2. S C S l C - C l  
2.55 5711- c 1 

2.5S51O-f 1 
7.  SS5CC-CI 

2. $ 7  1 6 0 -  C 1 
2. 5 t  44P-  C I 
7 .  5 5070-  C I 
7 - S 3 8 5 C - C 1  
?. 5 2 5co-c  1 
2 .  5 17SC-Cl 
2 . S C 6 5 n - c l  
2 . F S l 7 0 - C l  
2 . 5 5 5 2 0 -  C 1 
2.55 52C- C 1 
7 . S 5 5 1 1;- c I 
7.5544C-Cl  
2.SP5711-c I 
7 .5765C-01 

2. 54 i211-Cl 
7 .  S 34 P C - c  I 
2.5247D-C1 

7. R 5 0  40- c 1 

1 - 5 5  5 30- C 1 
2 . S S 5 7 n - C l  
7 .SZ5lO-Cl  
2.9 5 5 0 D -  C 1 

2.57HZD-CI 

2. 5 5 5  i n -  c 1 

? . s s 5 c ~ - r i  

2 . 4 5 5 1 0 - c  1 

2 . ~ ~ 6 2 r - c i  

2.5~661)-0 I 

2 . ~ 2 2 a ~ - c 1  

2.  s 1671)- c 1 

2. $ 5  5 i n -  c i  

2.5 F 570-  c I 

2. 5 c 2 c n - c 1  

7 . s c 7 7 n - c i  

2. e 7 3 . w - c i  

2.9 ~6 Rn- c i 

2 . 9  7351)-0 1 
L - Y 5  7 0  U-0 1 
L . Y C 6 4 C - 0  1 
L 9 3 61 0- 0 I 
1.3320c-0 1 
1 ./ 91 77 G-0 1 
2 . 4 2 4 5  b-0 1 
7. Y1130-0 1 
L.Y9510-01  
2 . 9 4 5 1 0 - 0 1  
2.4YSt)lJ--I) 1 
1 . 9 d 6 b O - 0 1  
7 .  '9 7YcrU-3 1 
L . Y b a 5 0 - 0 1  
2. c,', 2 10-n I 
L .Y4430-0  1 
2 .435Yl i -01  
1 * Y L Y  4 0 - 0  1 
2. $ 2 4 3 0 - 0  1 
1. V I  7230-0 1 
2 .Y143 D-0  1 
1 .  L Y 5 I  U-0 1 
2. Y Y  5 1 0 - c  I 
2. Y Y 5 0 0 - 0  1 
~ . i r n e z o - n i  

7 -  9b06 D - n  1 
2 . 9 7 d > U - O l  

7. Y 5 2  uo-0 1 
7 . 9 4 1 7 0 - 0 1  
L . Y 3 7 8 U - O 1  
2 . 9 L 5 8 C - 0 1  
L .  Y l b 2  D-0 1 
7 . YO') 1 0-0 1 

2. Y Y 5  10-0 1 
2. Y r 5 l D - 0  1 
2 .  9 9 5 0 0 - 0  1 

I .  '4 7 760-0 1 
L.Yh44U-01 
7 .Y 2 0 2  0-0 1 
L .  '4 385 0-0  1 
2. V I 9  00-0  1 
2 .  '91 7OU-0 I 
I . Y 005 0-0 1 
2.097711-01 
2 . 8 8 Y Y  I)-0 1 
2 - 9 9  5 2  0- 0 1 
2.YY>IG-01 
1 . 9 v 4 9  0-0 I 
2.Yd5LC-01 
2 .  Y7bYU-0 1 
2.9b2l)D-01 
1 . 9 4 7 2  0-0 1 

2 4 2 4 2  0-0 1 
2 .  ~ r )  77 U-0 1 
2 .  H Y  0 4  0- 0 1 

2 .  ab4 7 U-0 1 
2 .  YY52 0-0 1 
2. LYSl O-01 
I .  9Y500-0  1 
2.986dD-01 
2.Y7.320-01 
7 . Y o 4 5  0-0 1 

7.  Y U  i 4  n-o 1 

7 . 4 ~ 5 7 0 - 0 1  

L .  Y 3 4 n  c-01 

C .  h 7 3 3 U - n  I 

2.5 726C-0 
2 .$59OC-O 
2.9481C-0 
2.4 3 9  7C-0 

2 .9292C-0  
2.4 2 6  5L-0 
2.9 7 5 C C - 0  
2.9951C-0 
2. $9  5 1 C - 0  
i.5950D-0 

2. c, 3 3 6 r - 0  

2 .  S R  7 3 r - 0  
2. s 7 9  7 c-n 
2 . 9  705C-0 
2.4 5 70C-0 
2.5 4 6  4C-0 

2.932i)C-0 
2.9 2 17C-0  
2 .S245C-0  
2 .S213C-0  
2 - 9 4  5 IC-0 
2.YY5 LC-0 
2 - 9 9  5 O C - 0  
7 I 5 8 6  8 C - 0  
2 -979OC-0 
2.968 5 C - 0  
2 -4'55 1C-0 

2 .$? 5 9 c - 0  
i .9 i 9  4C-0  
2.9 2 4  3C-0 

2.  S 1 4  3C-0 1 
2.9551C-01 

2.995OC-01 
2 .$862C-O 1 
2 .  S 7 A  3 C - 0  1 
7.5666D-01 
2.9 5 2  d C - 0  1 
2 - 9 4  17C-0  I 
2 .4328C-01 
2.4 25PC-0 1 
2 -9 1 6 2  C - 0  1 
7.9091C-01 
2 .9054C-0  1 
2.S951C-01 
2 . 5 S 5 l C - 0 1  
2 S S  50C-0 1 
7 .Y t? 5 7C-0 1 
2 - 5  7 76C-0 I 
2. SC44C-0 1 

2.93850-0 1 

2 - 5  1 7 Y C - 0  1 
2 .5065C-01 
7. H Y  7 1 C-01 

2.FS52C-01 
2 .Y 9 5  1 C - 0  1 
2.9949C-0 1 
2.98521;-01 
L . $ 7 6 9  C - 0  1 
2. S b  2oc-0  1 

2.5 !a i c - n  

2.5 4 4  3r-0 

2 . ~ i 7 d r - o  

2 . ~ s 5 i r - 0 1  

2 .q 5 0  2 c-o I 

2 . 9 2 9 0 ~ - n i  

2 . a n 9 9 c - o  1 
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I x v  
190 
1 5 1  
1 9 7  
1 9 3  
1 9 4  
1 9 5  
1 9 h  
1'47 
1 9 8  
I 9 4  
7 0 0  
2 0  1 
7 0 7  

7 0 5  

7 0 7  

2 0 3  
7 0 4  

7 0 6  

2 0 8  
7 09 
2 10 
7 1 1  
7 1 7  
7 1 3  
2 1 4  
7 1 5  
2 1 6  
7 1 7  
7 1 8  
7 1 9  

7 2  1 
7 72 
7 7 3  
7 7 4  
7 2 5  
2 2 6  
7 2 7  
72R 
7 7 s  

2 3 1  
7 3 2  
7 3 3  
7 3 4  
2 3 5  
2 3 6  
7 3 7  
2 3 8  
2 39 
7 40 
74 1 
7 4 7  
7 4 3  
7 4 4  
7 4 5  
7 4 6  
2 4 7  
7 4 8  
7 4 9  
7 5 0  
2 5 1  
7 57 
7 5 3  
7 5 4  

7 7 0  

2 3 0  

7. 56301)- C1 
7.94 770- c I 
7. 5 3480- c 1 
2.9 2 4711- c 1 
i .  5 9  770- C 1 
7. 89040-  c i  
2 .  8 7 3 3 n - c i  

7 .  ~ 9 5 1 n - r  I 
7.995nn-c I 
2 . 5 a h ~ n - c  I 
7 . 5 7 ~ 7 n -  c 1 

7 -  ~ 4 ~ h n - r  I 
2 . 9  3 5 iri- c I 
i . ~ 7 7 ~ n - r i  
3 . 9 0 4 6 n - r i  
2 . 8 ~ 1 7 n - c i  

2 . ~ 5 3 n - c i  
1. 5 9 5 7 n - c i  
i. 5951  n- c 1 
7. ~ ~ ~ O O - C I  
7.981770-ci 
z . 9 7 9 2 n - r i  

i .  S Y  5 31)- C 1 
i.9Y571)-C1 

7.56450-Cl  

7 R h ? 3 0 -  C 1 

7. 56610-Cl  
2.944311-Cl 
7 .9?500-  C 1 
i .  9 7  1 3 w  C 1 

7. R7hlD-Cl 

2. 5 9  53n- c 1 

z . q o 7 2 n - r i  

2 . ~ 5 7 5 n - c i  

2.99570- c 1 
7.9951n-c1 
i .  4 9  501)- C1 
7.58530-Cl  
7. 98000- r  1 
7. 56 73D- C 1 
7. S ~ S R ~ - C I  
2 .  5 3490- c i 
i. ~ 7 n i n - c i  
2. 50050-  c 1 
2 - 8 7  I 91)- r 1 
7 . e 5 7 9 0 - r i  
7. $9 53r)- r 1 
i .  $9 5x1-r  1 
2 . 9 ~ 5 1 n - c i  
2 . ~ 5 n n - c i  
7 .  ~ 9 c . 2 0 - c i  

7 .9507n-c i  
2.93490-c 1 

7 . ~ 9 ~ 4 n - c ~  

i. 99 5 3 n - c i  
~ . S Y ~ Z D - O I  

2 . $ 9 w n - r 1  

7 . 9 ~ 1 7 n - c i  
2 ,  ~ 6 q n n -  c 1 

7 - 9 8  r 6 D -  c 1 
7. 96R7D-Cl 

7.9 1 S ? U - C I  

i .  R 6 8 6 O - C I  
7 .  P4A70-Cl 

i. S9 510- C 1 

i .59100-Cl  

7. St45L'-L 1 
2.548611-Cl 

7 9 2 2  81;- C 1 
Z.SC460-Cl 

7- P6330-01  
7.55530- C 1 
2.55510-Cl  
2 .  5 5  5 10-0 1 
2.5 5 5C0- C 1  
7.SPP7D-Cl 
7 .S792R-C1 

2. 5 3 5  i o - c  I 

7. F E I 70- c i  

7 .  SC61C-C 
7. 9 4 9  3c- c 
2 - 5  3 5CD-C 
2.52131)-0 
7. 9 C?20- 0 
2.P761D-0 
2.E5:FD-C 
2 .  S 5 5 30-  C 
2. 5 5  520- C 
2.  5 5 5  10-C 
2.55500-c 
7.5 F Y  30- C 

7 .  56  73D-C 
7 . 5 4 $ e 0- c 
2 .5349c-0  
7.5 i C 1U-0 
2. 5 c C5D- c 
2. P5290-c 
2.SS53fl-Cl 
2.55520-C1 
2.95510-  C 1 
2. SS5CI)-C 1 

Z.SEC60-CI 
2. s e  E711- C l  
7. S 5C2W C 1 

z.s~ccn--c 

2 - R 7 i 90- a 

2 . S S G  20-c 1 

2 . 5  3490- c I 
2 . 5 1 ~ 3 r - c i  
2. e 5 8  40-0 1 
L.Et86C-Cl 
2. P4870-C I 
2.5553C-Cl 
2.5552O-Cl 
2. c;s 5 10- c 1 
2. 5 5  5CD- C 1  
7 - 5 5  100-C 1 

7 . 5 0 9 c c - 0 1  
2.55ChO-C1 
2.9 3 F C D -  c 1 
2.5197D-Cl 
7. F574O-Cl 
2.fC71fl-Cl  
2. F44SO-01 
7. 5 5  531)-C 1 
7.9552D- C 1 

2 .55510-Cl  
2. $ 5  161)- 0 1 
7 . 5  E 1bC- C 1 
7.5CS70-Cl 

2 . 9 ~ 1 2 ~ - 0 1  

2 . 5 9 5 1 ~ - r  1 

2. Y 4 M 6  0-0 1 
7. Y 3 5  1 C-0 1 
2 - 9 L L  8 0- 0 1 
2. Y JCb Li-0 1 
2 .88170-01  
2.8633 U-0 1 
L - 854CO-0 1 

L .  9 9 5 1  0-0 1 
Z.Y'r500-01 
2. 9 6 8 2  0-0 1 
7.Y7Y2 0-0 1 
2 . Y 6 b  1 b-0 1 

L .  YY 52 G-C 1 

2 - 4 4 9  3 0-0 
L - 9  3500-0 
L.9213b-O 
2. 4U7.2 0-0 
7. h l b l 0 - 0  
2 .  b 5 7 5 D - 0  
2.114 75 b o  
2. Y 9 5 2  b-0 
2.9YkJlU-0 
L . Y 9 5  J 1)- 0 
2.9893 0-0 
? . Y 8 J O J - O  
2 .9673 0-0 
L - 9 4 9  8 D - 0  

2 - Y  20 1 b-0 
L .  YJOSIJ- -o  

2.852 Y 0-0 1 
2.8382D-Cl 
L.LY52J-01 
2 . ~ 9 5  10-0 1 

2.9Y07 0-0 1 
2. Y r l U b  0-0 1 
2.96b2U-01 
L.Y507U-01 
2.9 349 U - 0  1 
2. LLY3 U-01 
2.8Y840-01 

2.b.rki70-01 
2.6313U-01 
L .Y9520-0 1 
2.YY51U-01 
2 .Y Y50 0-0 1 
L .  Y $10 0-0 I 
2. '4812 0-0 1 
1 . ' 1 6 Y O [ J - O 1  
7 .'45U6U-O 1 
2.Y3500-01 
7.Y 1 9 2 0 - 0  1 
L . B Y 7 4 U - 0 1  
2. a071U-01 
7. h44Y 0-0 1 
2. 82 74 0-0 1 
2.9'4 52 C-0 1 
2.YYblO-01 
2.YY510-01 
L . Y Y  160-01  
2 .9016~1-01  
7.909 7 U-0 1 
L . r5110-0  1 

L .  'r 349  0-0 

2 .  c17 I Y L-O 

2. 9 ~ 5 0  u-n I 

I - a68b 0- 0 1 

2.Y- 7 1 L - 0  1 
2.9348C-01 
2 -9  2 4 2 C-0 1 
2 -907 7 C - 0  1 

2.8 733E-0 1 
2.8647C-01 
2.9952C-01 
2 . ~ 9 5  IC-0 1 
2.995oc-01 

2.57e2C-01 
2.S645C-01 
2. S486C-01 
2 - 9  3 5  1C-0 1 
2 - 9 2 2 8 0 - 0 1  

2 - 8 8  17C-0 1 
2.8C33C-01 

2 -99520-0  1 
2.9951c-01 
2.995oc-0 1 
2. 58820-0  1 
2 - 9 7920-0 1 
2.566 I C - 0  1 
2.9493c-0 1 
2 I 9 3 5OC-0 1 
2.52 13C-0 1 
2.9022C-01 
2.876 1C-0 1 
2 .d 5 7 50-0 1 
2. 8 4  7 5 C - 0  1 
2. 55 57C-01 
2.995 10-0 1 

2 -9  89  3C-0 1 
2.9 R C O  c-0 1 
2 .56 7 3C-0 1 

2 ,5349 C-0 1 
2.S201C-01 

2.8 7 19C-0 1 
2.852YC-0 1 
2 .  d 38 2C-0 1 
2.55 52C-0 1 
2. $95 1 c-0 1 
2 .$95CD-0 1 

2 . ~ 5 0 4  c-o I 

2.98680-0 1 

2 ,4046  c-o I 

7.85440-01 

2. sq 5or-0 1 

2. 'i4qac-o 1 

2.9 o c 5c-0 I 

2.99020-0 
2.9 806C-0 
2.5 682C-0 
2.9 50 20-0 
2. S 349 0-0 

2.898 4C-0 
2.d686C-0 
2.8487C-0 
2 . A  3 130-0 
2 .99  5 20-0 
2.995 10-0 
2 - 9 9  5OC-0  
2.9 F 100-0 
2.9 8 12c-0 
2.9 6 9oc-0 
2. 5 0 6 C - 0  

2.91930-0 

. 
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7 5 5  
7 5 6  
7 5 7  
25R 
7 59  

76 I 
7 6 3  
7 h 3  
7 6 4  
7 6 5  
766 
7 6 7  
76R 
2 6 9  

7 7 1  
7 77 
7 7 3  
7 74 
7 7 5  
7 7 6  
2 77 
77P 
7 79 
7R0 

7 R 7  
7 8 3  
7 8 4  
78 5 
7H6 
2R7 
7 R R  
7R9 
790 
7 9  1 
797 
7 9 3  
7 9 4  
795 
796 
7 9 7  
2 9 8  
799 

7 6 0  

7 70 

7a 1 

?no 
3 n i  
307  
I n  3 
304  
3 0 5  
306 

3C8 
309 

3 1 1  
317  
3 1 3  
314 
315 
3 1 6  
3 1 7  
31A 
319  

307 

3 In 

37n 

7 . s z o w - r i  
i . s 3 5 0 1 ) - r i  
7.9 I 920- c 1 
7 - 8 9  74n- c 1 
z . ~ 6 7 i r ) - r i  
7. ~ 4 4 9 n - c i  

2 . ~ 5 m - c i  

i. 99 5 111- r I 
z . S s i h n - r i  

7. S9530-Cl 

2.99 511)- c 1 

2. SA 16n-c 1 
7. 46970-f  1 
i .  9 5  I 1  IJ- C1 

7.S200O-Cl 
i -93550-  C 1 

? . ~ q ~ ~ n - c i  
7 . ~ 6 ~ 7 n - r i  

7 . ~ 9 5 4 n - c i  
i. w v n -  c t  
i. 99 sin- C I  
7 . 9 ~ 5 1 n - c i  

z .qRi9n-c i  
2.57 r3n- c I 
i . s ~ i ~ n - c i  
7. s364n-  c i  
2. q 7 3 o n - c i  
7 . 9 0 7 ~ n - r i  
7 . t 7 3 6 n - c i  

i. 99 5 30- C 1 
7. ~ ‘ ; 5 7 n - c 1  

7. w 4 7 n - c i  
2 - 9 ~ 4  i n -  r 1 
7 ,9756n-c i  

7 .5442n-c i  

i. $ 7  57n- c i  
2.9 i55n-  C I  
7. S I  0 9 0 - c i  
7. 5 9  540 - c i 
2. 9 9  53n- c 1 

7.99510- r i  
7. wcnn- c i 
2.9Ahin- c i  
7. s 7 7 h n - c  I 

2. 9 5 0 3 n - c i  

i . s 3 7 7 n - c i  
2.42 m n -  c 1 

7.R4940-Cl 

7 .992 1D-c I 

2. R5C60-C 1 
7.9954D-Cl 

7. SY 51 1)- Cl 

7. S5 P6n- C 1 

7 . 9  3 1 IO- c 1 

2.99570-c1 

7.9647D- C 1 

7 . s39sn-c1  

2.97590- c I 
7.99 540- c 1 
7.995111-Cl 

i .  99 51 1)- C 1 

7.4 R 7RO- C l  

7 . ~ 5 7 0 - c  I 

i .  S Y ~ ~ O - C I  

7.9 7940- c i  
7 . w i ~ 5 n - c i  

7.SS11P-Cl 
2 .  S 3550-C 1 
7.92CCD-01 
7.FSBSO-Cl 
7 . e t a 7 r - c i  
7 . ~ 4 ~ 4 r - 0 1  
7.5S540-Cl 
7. S 5570- C 1 
2. s 5 5  Id-c  1 
2. $ 5  5 10- C 1  
2.952 1 C- C 1 
2. s f 1 90- c 1 
7. F7C’JO-C 1 
2 .  $ 5  1 R D - 0  1 
7 - S 364D-C 1 

2 .  s C280- c 1 
2.@73tL!-C1 
2.PCCeD-Cl 

2.SS530-Cl 

2. SS5 1U-C 1 
2.5 5 42U- C I 

z. 52 3120-r 1 

7. s ~ 5 4 n - c i  

2 . ~ ~ 5 2 0 - r  1 

2 . 5 ~ 4 i n - c i  
2. s 7 560- c 1 
2.9 5 R6C-C 1 
2.54470-01 
2.5331U-Ol 
2. S257D-C 1 
7. S 155C-C 1 

2. SS54D-Cl 
7.95530-C1 
2.9S52D-Cl 
7.555 11)-C 1 

7 . 5 1 c 9 r - c i  

2. 4 s 5 c r -  c 1 
2.  SF^ i n - c i  
2. s 7 i h n -  c 1 
z . s e 4 7r’- o i 
7 .53s9n-01  

2. s 2 590- c 1 

2.5 5C 3C-0 1 

2.9 3 2  70-0 1 
7. s 7 8 3 0 - C  1 

2.59 54C-C 1 
2.SC53C-Cl 
7. $ 5  520-Cl 
2. SS5ID-Cl 

7 .5e  78C- C 1 

7 .5ce50-c1  
7.5 54 5D- C I 
2.54 3 tl0- C 1 
7. $35717-01 
2.9 3 O O w  C 1 
2.9i65O-CI 
2-  s s  54r-  c 1 
2.9s 5 30- c 1 
2.9s 57 C- C1 
2 .  S 5 5 10- C 1 
2.SS5CD-Cl 
7. e9 I D-0 1 
Z.SEC7D-Cl 

2. $ 5  5ci)-r 1 

7 .5754n-c i  

2.5 71 6 0 - c  I 

2. Y335D-01 
2.92000-0 I 
7 8969 0-0 1 

L.&*940-01 
2 .Hj j4U-01 
2 . ~ ~ 5 2  0-01 
2 .  Y Y  51 0-0 1 
2.995 1 0- 0 1 
> , , Y Y L  10-0 1 
2 I 9 8 1 9  0-0 1 
2.9 7 U 3  0-0 1 
2.95 1 8 0-0 1 
7-  93640-0 1 
7.923oE-01 

L. b 7 3 6  0-0 1 
L.RSL)60-01 
7. b796 0-0 1 
2 Y 5 2 3  0-0 1 
L .  Y Y  92 0-c 1 
7.9Y51O-Cl 
2 .99*2 u-01 
2 .  YO4 10-01  
2.5756 L-0 1 
7.Y 5d6U-0 1 
7.Y4420-01 
2 . 9 3 3  10-0 1 
2. FL>2 0-0 1 
2. Y 1 5 5  C-01 
2. Y 1UY 0-01 
2.9iJY 50-0 1 

L. Y Y 22 c- 0 1 
2.9‘45 1 0-0 1 
2.9Y500-01 
3.9&610-0 1 
2.9 7 76U-0 1 
2 - 9602 Li-0 I 
2.95030-01  

2 - Y 42 7 0- 0 1 
2.9263 0 - 0  1 
2.9259 Li-01 
2- 9250 0-0 1 
7.9953 0-0 1 
2 - 9 Y  5 2  0-0 1 
2 .YY51O-0  1 
2.YY500-01 
2. Y t l 7 8  0-01 
L.Y7940-01 
2 .  Y665O-01 
2 . Y 54 5 0- 0 1 
2. Y 4 3  8 Il-  0 1 
2 .  Y 35 7 0-C 1 
2 .Y 301) U-0 1 
2-92650-0  I 
2.9L51)U-CI 
2.99530-01 
7.99920-01  
2.995 10-0 I 
2,9Y500-01 
7.9k911)-0 I 
7.Yb070-01 
2.971 6 0-0 1 
2.95720-01 

L .  n687 0-0 I 

L .  Y w n o - o  1 

1 . ~ ~ 5 3 0 - n i  

L .  9399 L-n 1 

2.4 2 5 O C - 0  1 
2.9192C-01 

2.@C? 10-0 1 
2 .e449 C-0 1 
2. P2 74C-0 1 
Z .Y 952C-0 1 
2.Y951C-01 
2.995 10-01 
2 - 9 9  16C-0 1 
2.98 16C-0 1 
2.569 7C-0 1 
2.95 1 1c-0 1 
2.53550-01 
2.92ooc-01 

2.8 6 8  7 C - 0  1 
2.8494C-01 
2.8 3 340-0 1 
2.9952C-01 
2.9951C-01 
2 - 9 9  5 IC-0 1 
2.992 IC-01 

2 . ~ 7 4 ~ - 0 1  

2 . 8 9 8 ~  c-o 1 

2.9 a 19 c-o 1 
Z . S ~ O ~ O - O L  
2 - 9 5  18C-0 1 
2. S 3640-0 1 
2 -92 3OC-0 1 
2.90280-0 1 

2.85C6 C-0 1 

2.9953c-01 
2 - 9 9  5 2 0-0 A 
2.99 5 IC-0 1 
2.9942C-01 
2. S 8 4  1C-0 1 
2.5 1560-01 
2.9 5860-0 I 
2.9442C-01 
2.9 3 3  1 C-0 1 
2.9 2 52c-0 1 
2.51550-01 
2.9 109c-01  
2.FC95C-01 
2.9953C-01 
2 - 9  5 5 Z C - 0  1 
2 - 9 5  5 1C-01 
2. Y 9 5 0 C-0 1 

2.S176C-01 
2 - 5 64  2 C-0 1 
2.S503C-0 1 
2.9399c-0 1 
2.9 32 7 C-0 1 

2.92590-01 
2.925OC-01 
2.9S53C-01 
2.99520-01 
2 - 5 9  5 10-0 1 
2. $9 500-0 1 
2 -9 8 7 8  C-0 1 
2 4 794C-0 A 
2.56850-01 
2.95450-01 

2.a736c-01 

2.a296c-0 I 

2.986 ic-01 

z - s 2 a 3 c-o 1 

h 



16 1 

c 

3 7 1  
322  
323  
3 7 4  
3 7 5  
3 7 6  
377  
37R 
3 7 9  

7 3 1  
337  
3 3 3  
3 34 
3 3 5  
3 3 6  
3 37 
1313 
3 39 
3 4 0  
341 
347  
3 4 3  
3 4 4  
3 4 5  
346  
3 4 7  
3 4 8  
3 4 9  

351 
3 57  
3 5 3  
3 54 
3 5 5  
3 5 6  
3 5 7  
358 
359  
360 
3 6 1  
3 6 3  
3 6  3 
1 6 4  
365 
3hh 
3 6 7  
3 6 8  
3 6 9  
3 7 0  
3 7 1  
3 1 7  
3 7 3  
3 74 
3 7 5  
3 7 6  
377  
3 7R 
3 7 9  
3 R 0  
3 R 1  
3R7 
3 R 3  
3 A 4  
3 8 5  
3 Rh 

3 30 

350 

2.9545n-01 
i .  54381)- c 1 
i .  5 3  5711- r i  
7. 93oon-c i  
2 .9765n-r i  
2 . ~ 5 4 n - c i  
7 . ~ 9 5 3 0 - c i  
i. s s 5 2 n - r i  

Z . S R ~ I ~ - C I  
7 . 9 ~ 0 7 0 - c i  
i. 5 7 160- c 1 
7 . ~ 5 7 7 o - r i  

7 .937on-ci  
7 . 9 3 0 m - c i  
i. 52070- r 1 
i . s 4 5 4 n - r i  
7.9953n-0 I 
7.99 570- c 1 
7 . w s i n - c i  
i. 995On-Cl 
2 . w o 1 n - c i  
2 . 5 ~ 1 h n - r i  
2 .47370- r i  
7.9 5901)- r i 
7 .9470n- r i  

2 . 5 7 h ~ n - r i  
2. s 9 5 4 o - c i  

2 - 9 9  52n-c i  
2.99 51n-c i  
2. S Y  son- r I 
2. ssc9n-ci 

7.97511)-c I 
?.96nii)-ci 
7.547~1-1-01 
~ . S ~ R ~ - C I  
7.9 3 1 30- r I 
2.99 5417- r 1 
i .  99 530- c I 
i. 99511)- r i  
7 . W ~ O O  -c  1 
7.99 I 50-c 1 

2. $9510-  C1 
7.99500-Cl 

2 - 9 4  570-0 1 

7. 937RO- c 1  
7.9311O-Cl 

7.9953D-Cl 

7.9R730-Cl 

?.47690-C1 

2.9Y 520- C 1 

2.4R7Rll-Cl 
i. 97%4D- C1 
7. S6flRD- C 1 

7. S3RSO-CI 
7. F 3 150-  C 1 

7.94831)- c I 

2. 9 7  701)- r I 
2.99 5417- r i  
2.9953n-ci  
2 .4957n-r i  
7.9951 n- C I  
7.F950I-J-Cl 
2.99 I R 0 -  C 1 
i -  98310-Cl  
7.47 5 70- c i 
7.96 I 70- c 1 

2. SE72D-Cl 

2. 5 3 7 C D - C  1 
2.53C6D-C 1 
2.52670-C1 
2.9 5 5 4C- C 1  
7. $ 5  5 3C- C 1 

2.545 7r- c I 

2.4 5 5217- c I 
2.4551 r-c 1 
7 . ~ ~ 5 c n - c i  
7 . 9 5 ~  i n - c  I 

2. s 5 5 ~ 0 -  c 1 

2 - 9 2 1  i n - c i  
2. s 2 6 ~ ~ - c  1 
2.55540-CI 

2. 4 5520- c I 

2. ‘if 160- C 1 
2.5 7 3 70- C 1 

2.5 4 i C C -  C 1 
7.4 3 7RD- c 1 

2.5553D-CI 

7.SS5lD-Cl 
7.s55cD-Cl 
2.9 SC5II- c 1 

2.475 ID-C1 
2. 5 6  c IO-c 1 
2.54 7 R C - C  1 
2 . 5 3 ~ 2 0 -  c 1 
2.9 3 130-C I 
2. < i 6 S D -  0 1 
2. ‘iS54D-CI 

2.5552D-Cl 

i. 4 ~ 2 3 1 0 -  r 1 

7. 4 5 5 3 n - c i  

2 . 5 5 5 i n - r  I 
2. s s 5 c o - c  i 
2 . 5 5  I 5C-0 1 
2.9 P2 PCI-c 1 
2. 4 754D-CI 
2.56CflI;-Cl 
2.54 R 3C- C 1 
2 . 5 3 ~ 5 r - c i  
2 .4?15r -o1  
2.527CD-C1 
2. 45 5 40- C 1 
2.4553[’- C 1 
2. S S  5 20- C 1 
2.4 5 5 in -  r 1 
2.5 55cn-  c 1 
7. s s i eo- c I 
2. 5 E 3 ID-c 1 
7.5757C-C1 
2.96 120- C 1  
2.54R60-Cl 

2.5 31 60-c 1 
2. = : P 7n- c I 

7.97 ~ C D - C I  
2.55 540- c 1 

2 .455  in-c  1 

2. s ~ 3 2 n - c  I 

2.4S53D-Cl 
2.4S52D-Cl 

2. S 5 5 C D- C I 
7. 5 5  190-0 1 

2 . 5  7570- C I 
2.56130-C1 

L. Ye57 0 - 0  1 
2,937011-01 
2.93060- 0 1 
2.52670-01 
Z.YZ5OU-0 I 
2 .  Y953 0-0 1 
2.9952 0-0  1 
2 . Y V S A U - 0 1  
2.995UC-01 
7.9YOAU-01 
2 .9b lbU-0  1 
2. Y 737 0-0 I 
2.Y5900-01 
2 .  Y4 IOD-01 
L .  9318  0-0 1 
2 .931  I c-0 1 
2 .  9L6t3D-01 
2.92500-01 
2.9Y5jU-0 1 
2 .Y Y 52 u-0 1 
2.99510-01 
2.995UO-01 
2.9909 D-0 I 
2.Y H 2 3  11-0 1 
2.Y751U-01 

2. V+ 780-0 I 
2 I 9 767 I,-0 I 
2 . Y  5 1  5 0 - 0  1 
2. Y Z b 9  0-0 I 
2 .9250l l -01 
2 .  Y95311-0 1 
2 .YY520-01 
2.YY51D-01 
2. SL5.0 0- 0 1 
7. Y 91 5 0-0 1 
2.Y8.260-01 
2.9 T 5 * U - O l  
2. $608 It-0 1 
2. Ysd30-01  
2. Y 385  0-0 1 
L . L 31 5 0-0 1 
1 . 9 2  700-01 
2.  Y I 5 O C - 0  1 
7. Y 9 5 5  0-0 1 
L.YY570-01 
2. Y Y 5  10-0 1 
2.99500-01 
L .  Y Y  A 8 L-0  1 
2.98310-01 
7.Y757U-01 
7.96 12  0-0 I 
2.94d60-01 
2.9587Li-01 
2.991 6 0-01 
2. 92 7OU-0 1 
7. Y25O U-0 1 
2.9953 0-0 1 
2.9932C-0 I 
2.992 10-0 I 
2. Y Y 5 0 0 - 0 1  
2. Y Y I Y U - 0 1  
2. ‘4 d32 0 - C  1 
2.9 1 5  7 D-0 1 
2.Y613 P O  1 
2.94bt.U-01 

2. ~601r1 -0  I 

2.5438C-0 1 
2.9357C-01 
2.9300C-01 
2. S 26 5C-0 1 
2.52500-01 
I.SS53C-0 1 
2.995 2C-0 1 
2. 595 1 C - 0  1 
2. 59 50 C-0 1 
2 -9 8 9  10-0 1 
2. 5 8070-0 1 
2.97 IbC-01  
2.9572C-0 1 
2 .S457C-O 1 
2.Fj7CC-0 1 
2.9306C-0 1 
2. $ 2 6  7C-0 1 
2.92 50C-0 I 
7.9953C-01 
2.9952C-0 1 
2.9951C-01 
2. $950  C - 0  1 
2.99c IC-0 1 
2 -9 8 16C-0 1 
2 .$737C-O 1 
2.959OC-01 
2 - 9 4  70 C-0 1 
2.S 3 78C-0 1 
.?.$?I 10-01 
7.9268C-01 
2.925OC-01 
2. F953C-0 1 
i.Sq52C-O 1 
2 - 9 9 5  10-0 1 
2.99500-0 I 
2.9909C-01 
2.5823C-01 

2.S601D-01 
2 .Y 4 7 8  C-0 1 
2.9382C-01 
2. 9 3 13C-0 1 
2 - 9  269C-0 1 
2.5250C-01 
2 -9  9 5 30-0 1 
2.SF52C-01 
2.9951C-01 
2.995OC-01 
2.9915C-01 
2.98280-01 
2 -57540-0  1 
2.9608C-01 
2.9483C-01 
2 - 9  38 5C-0 1 
2 - 4  3 15C-0 1 
7.92700-01 

2.99530-01 
2.99 520-01 
2 - 9 9  5 1 C-0 1 
2.995OC-01 
2.9918C-01 
2 -98 3 IC-0 1 
2. 5 757C-0 1 
2.56lZC-01 
2.4486C-01 

2.575 IC-n 1 

2.9 z 50r -0  1 



3 A 7  7 . 5 4 ~ m - r i  7 . S 4 F h C - C I  L . 9 5 d 8  0-0 1 2.9 3 a 7 c - o  I 
3 R A  2. s 3 ~ 7 n -  C I  ? . S ? V H O - C l  1.  Y 4 I 6 1;- 0 I 2.9 3 Ib C-0 1 
3139 i .  $ 3  1 6 n -  C l  2.5 1 16L‘-C 1 L . Y I ’ 7 O L - 0 1  2.s27oc-01 
3 9 0  7 .57  791-1- c I 2 . s i 7 r n - c i  2.9250U-01 7 .F 2 50C-0 1 

c 
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APPENDIX C 

LISTING OF MOISTURE-TRANSPORT CODE 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PROGRAM AUTHORS--M. H E t V t S  A h C  J.0. OUGUIO. O A K  R I D G E  h A T I O N A L  
LABORATORY.  OAK R I D G E .  T E N N E S S E E  3 7 8 3 0 .  

F U N C T I O N  OF PROGRAM--TU S I M U L A T E  T R A N S I E N T  T W O - D I M E N S I C N A L  M O I S T U R E  
FLOW I N  S A T U k A T E O / U N S A T U R ~ T E O  POROUS C E O I A  US1 NG THE GPLERK I N  METHOO 
U l T H  F I h I T E  E L k M E N T S  Q4. 

F U N C T I O N  OF M A I N  R O U T I N E - - T O  CGNTRCL THE I N T E G R P T I O N  O f  TbE 
H01 STURE-FLOW E U U A T I L I N .  WHICH C C N S I S T S  OF ASSEMBLY. A P P L I C A T I O N  
OF BOUNDARY C O N D I T I O N S ~  M A T R I X  S O L U T I C N  OF THE R E S U L T l h G  S E T  
O F  EOUATIONS.  AND I T E R A T A U N  B O T H  FOR STEADY-STATE A N 0  FOR T R A k S I E N T  
C A S E S .  

D I M F N S I C N I  NG FORMAT-- 

COMMON/GEOC/X( MAXNP) e Z I M A X N P 1 .  B E l M A X h P I  .OCOSXB(MAXEL) .  C C O S Z B ( M A X E L )  * 
OLR I MA X E L )  .NN( M A X N P l  .NPST (MA Xh. P I  v N E E (  C A X E L  J I E I MAX ELI 5 ) t I SB 4 MAXEL e 4) 

Cf lMMON/RFSP/OCYFLXlMAXNP~ .HCCN(  WAXNP) . F L X l M A X N P )  .OCGSX I M A X E L )  
DCO SZ 1 MA XE L 1 OL I H AX E L  1 1 R F  I M X R F PR HX R P AR I R F  ( MX RF PR M X R PA R 
R F A L L  1 CXRF PR 
N R S E I M A X E L l r  I S ( M A X t L . 4 1  

CDMCON/CTL /PROP (MAXMA 1. NMPPM J .THPRCP( CPXCAT e MXSPPM)  e 

A K P W O P I ~ A X W A T * M X S P P M I  ~ H P W O P I ~ A X ~ A T ~ M X S P P M I ~ C A P R O P ~ M A X M P T ~ N M P P M ~  

O I H E N S I O N  
R F L  X P I M A X N P )  v B f L X 4 M A X N P )  . H S F L X (  C A X h P )  .NPCNV ( M A X N P )  r C (  M P X N P v M A X H B P )  
THI  MAX EL. 4)  . O T H l M A X E L  
V? I MAX E L  .4 1 s K P K 4  MAXN T I  1.  PMA 1 ( 3  .NMP PM) THPAR ( 3  e h T H P P M l  e PKPAR (3. N A K P P M )  

S U B H D I  8 . 3  

COMMON/GFOM/ APPEARS I N  THE F C L L O W I h G  ROUTINES-MAIN,  D A T A I N . V E L T .  
8CPREP.BC. A S E M ~ L . S P H O P I S T O R E . S U R F ~ S F L C ~  

COMMON/RFSP/  APPEARS I N  THE F C L L O W l N G  R O U T I N E S - - M A l  hr D P T A I N ~ B C P R E P I  
Et.. STORE*SFLOW 

* 
I W  T Y  P I M A X N P )  h P R S 1  C A X h F  1 N P C O N t  CAXhP) .  N F F L X I  MAXNP 1, 

A (  C A X N P I  . K P ( M A X N P I  . H l C A X N F )  V h P t M A X N P J  . H T (  WAXhP) vHW(MAXNP1 

44 A K X  I C A X E L  - 4 )  . A K Z ( M A X E L v 4 )  v VX ( CAXEL.4 I 

.F RATE ( IO1 .CLOW( 1 C ) .  T F L C h t  10 . T I T L E  191 

Cf lMMON/MTL/  A P P t A H S  Ik THE F C L L O W I N G  R O U T I N E S - - M A I N I O A I A I N ~ A S E M B L ~  
SPROP 

I M P L I C I T  R E A L * 8  (A -H .0 -L )  
R E A L * 4  PMAT.THPAH.AKPAR. SUBHO 
C O M M C N / G E O M / X I 6 9 0  ) .Zl 690 ) . B B 1 6 9 0  ) . O C O S X B 1 6 1 2  J .OCOSZR(6AZ 1. 

> O L B ( b l 2  I . D E L T . L H N G . U E L M d X . T M A X . S N F E ~ C S F E ~ h ~ ( 6 9 0  ) r N P S T I 6 9 0  ). 
> N B E ( 6 1 2  ) I € (  612 5 ) .  I S B ( 6 1 2  4 )  . h k P * N € L .  NMAT. I BANCINBC.NST.NT I e 
> NBEL*NSTN.NSTHT 

0 
5 

LO 
1 5  
20 
2 5  
30 
3 5  
40 
4 5  
50  
5 5  
60  
6 5  
7 0  
7 5  
80 
8 5  
90  
95 

loo 
10 5 
110 
1 1 5  
120 
12 5 
1 3 0  
1 3 5  
140 
1 4 5  
150 
15 5 
160 
1 6 5  
1 7 0  
175 
L B O  
1 8 5  
190 
1 9 5  
2 0 0  
20 5 
210 
21 5 
2 2  0 
2 2 5  
230 
235 
240 
245 

. 

. 
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COMMCN/RFSP/DCYFLX(690 ) ~ H C C k ( 6 9 0  1 sFLX(690  I1OCCSX (612 J .  
> DCOSZ(612 J . D L ( 6 l Z  J . T R F ( Z . Z O J . R F ( Z . 2 0 1 r R F 4 L L ( L I .  I R F T Y P ( 6 9 0  1. 
> NPRS(690 ).NPCON(690 JsNPFLXL690  J r h R S E ( 6 1 2  l i l S ( 6 1 2  . 4 J r N R f P K *  
> NRFPAR.NRSEL.NKSN 

> CAPROPl2.5LJ.NSPPM 
C OMMCN/ CTL /PROP 4 2 1 3 J T HPROP ( 2 t 5 2 

DIMENSION R l 6 9 0  J.RP(6YO J v H ( 6 9 0  J.HP(690 J eHT(690  JoHW(690 J t  

e A KPRCP ( 2  5 2  s HPR OP ( 2 1 52 J t 

> E F L X P ( 6 9 0  J e B F L X ( 6 9 0  J .RSf LX(6NO sNPCNV(690 1 r C ( 6 9 0  t 121. 
> TH(612  .4) .01H1612 .CJvAKX(612  . 4 J * 4 K L ( 6 1 2  . 4 J r V X ( 6 1 2  ~ 4 ) .  
> V Z ( 6 1 2  .4).AKYAR(3.2) .KPR(2500).SLBHD(8.3) .FRAT€( lO) *FLOW(  10). 
> Tf LOU( IO) .TI 1LE ( 9 1  .THPAR (3.8)  * PMAT ( 3 1 5 )  

OATA CAXNP.MAXEL. MAXMAT1 MAXHBP. CXRFPRI MXRPARt HAXNT I 
> /690.612 .L.lL.2.20.2500/ 

OATA NMPPH.NTHPPM.NAKPPM*CXSPPW /5.6*2.52/ 
DATA PMAT/4H . 4H  ALP.4H .4H B ~ ~ H E T A P I ~ H  14H I 

OATA THPAR/4H .4H lH1 .4H 14H .4H T H 2 r 4 H  .4H s 
> 4H POR.4H .4H .4H KX .4H .4H 14H KZ 94k / 

> 4n HO . 4 ~  *4n .4n ~ 1 . 4 ~  . 4 ~  .W ~ 2 . 4 ~  * 4 n  
> 4H R1.4H . 4 H  .4H RZ.4H .4H 1 4 H  C 1 4 k  / 

O A T *  AKPAR/4H .4H 8 1 1 4 H  04H 14H B214H / 
DATA SURHO/CHINYU.+HT I N t 4 H I T I A * 4 H L  C O . ~ H N D I T . ~ H I O N S O ~ * ~ H  t 

> 4HSTEA .4HDY-S.4HTAlk.QH I h1 r4HTIAL.4H CON. ~ H D I T I I  4kONS 8* 
> 4H / 

C 
C PROBLEM I D E N T I F I C A T I O N  AN0 DESCRIPTION 
C 

10 READ 10000.NPR08. ( l I T L E (  13.1=1.9) 

P R I N l  10100.NPRO6.(TITLE( I )  . I = l . 9 J  
I F  INPRflB.LE.01 GO TO 270 

C 
C READ AND PRINT INPUT DATA 
c 

KOUT=O 
KS S= 1 
CALL DATA INLH.WP s MAXEL. MA XhFe MAXCAT. I STOP1 M A X 0  IF.PMPT. THPARv 

HAXNTI .KPRO.KPK. K S T R .  Lrr T I C E  .HT.Th vVX.VZ*T I TLEsNPRO@rMAX 111 MAXCY 
> AKPAR. hMPPM.NTHPPH.NAKPPH.CXRFPR.CrRPAR.CXRPAR1MXSPPM1KSS1 TOLA1TOLE. 
> 

KDIG=NSlRT 
If (1STOP.GT.OJ GO TO 270  

C 
C COMPUTE BAND-WIDTH VAKIABLES 
C 

IHALFB=CAXDIF 
I 8ANO=Z* I HALF 8* 1 
IHEP=IHALFB* l  
If (1HEP.GT.MAXHBPJ GO TO 260 

C 
C PREPARE I N I T I A L  VARIAEiLES 
C 

CALL S P R O P ( l H . D T H . A K X . A K Z ~ ~ . C A X E L l r 4 X N P )  
KF L O W -  1 
CALL SFLOW( VXeVZ. TH.BFLX. BFLXP. fRATE.FLOW.MAXEL~HAXhP~ TFLOk.KFLOW* 

> H.AKX.AKZJ 
C A L L  VEL 1 4  VX VZ HT .H. A KX .A K Z  MA XE L CAXNP 

C 
C P R I h T  I h l T l A L  VAn IABLES 
c 

K O I A G - 0  
CALL PR I NTT( NNP e 1 BAND. MA XNP. PAX E L. DEL1  .H 

BFLX > T I M E .  I E  .NEL. KPRO. S U B H O (  1 .A 1 KCUT. 
HT*VX.VZI THv AKX.AKZ.OTH. 
FRAT€. FLOW ~NRSNI NPCON. 

3 3 5  
3 4 0  
3 4  5 
3 5 0  
3 5 5  
3 6 0  
3 6 5  
3 7 0  
3 7 5  
3 8 0  
3 8 5  
390 
3 9 5  
4 0  0 
4 0  5 
4 1  0 
4 1 5  
42  0 
4 2  5 
4 3 0  
43 5 
4 4  0 
4 4  5 
4 5 0  
4 5 5  
46 0 
4 6  5 
4 7 0  
4 7 5  
4 8 0  
4 8 5  
490 
4 9  5 
500 
5 0 5  
5 1 0  
5 1  5 
52 0 
5 2  5 
5 3 0  
5 3  5 
5 4 0  
5 4  5 
5 5 0  
5 5  5 
5 6 0  
5 6  5 
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C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

C 
r. 

> NPFLX.  TF LCh.KDIAb.NPRS. R S F L X )  

> 
I F  I K S T R . E O . l ~ A ~ ~ . K S S . E 0 . 1 . A h D . N S T R T . E O . O 1  C A L L  STflPEINPHDB.MAXNPI 

I F  I K S S - N F - 0 )  G O  T O  130 
H A X E L  .H.HT.VX. VZ v TH. T I  H E . 1  I T L E I  

PERFORM STEACY-STATE C A L C U L A T I C h  

I F  I N R S N - E C - O J  GO TO 30  
DO 20 NPP=l.lrrRSN 

N P C D N I  h P Y I = N P R S I N P P )  
2 0  h P F L X I N P P ) = O  

NCHG=- l  
C A L L  0CPREPlNCHG. HAXNP .T I C E *  VX. VZ .MAXEL* HXRFPR.H.AKXv A K Z )  

3 0  DO 40  N P = l . N W  
4 0  H P I N P ) = H I N P )  

N I T = O  
KO I G=KD IG+ 1 

00 100 ICY= l .HAXCY 

H I N P  1 =HP I NP J 

N I T = N I  I+ 1 

PR I N 1  10400 .  K D I G .  T I M t  .DE L T  

DO 50 NP=A.kNP 
5 0  

DO B C  I T = l . H A X I T  

F V A L U A T E  s r i L  PKOPERTIES FOR PREVICUS ITERATE 

C A L L  5PROP I TH.OTH.AKX r A K Z  .He YAXELI HAXNP)  

ASSEHRLE STEADY-STATE C O k F F  I C I E N T  Y A T R I C E S  A i  81 AND C. A h 0  CONSTRUCT 
L O A D  VECTOR R 

C A L L  ASEHtlL ICIR. RP. H.hP, TH.DTH. AKX. AK Z. HAXNP. HAXH6P.MAXEL. 
> KSS.#) 

A P P L Y  STEADY-STATE BOUNOAWY C C h C I  T I O N S  

C A L L  B L I  C .  H RP MAX N P MAXH 0 P  K S S  1 

T R I A N G U L A R I Z E  S T E A U Y - S T A T t  C C A T R I X  

C A L L  BANSUL I 1  .C. I(.NhF I H R P I  YAXhP.HAXH6P)  

BACK-SURSTITUTE F O H  STEADY-STPTE SOLUT I C N  

C A L L  8 A N S U L l i . C .  RvNhP.  I H B P .  PIXNP.MAXHBP) 

O B T A I N  P A X I H U M  R E L A T I V E  U E V I A I I C N  FRGM P R E V I O U S  I T E R A T E  

NPP=O 

R E S = - l .  
00 6 0  NP=l.NNP 

Rn=- 1. 

R E S N P = O A B 5 l K l  N P I  -H I k P )  b 
R E S = D H A X l ( W € S . R E S h P )  
I F  I H I  NP ) -NE. 0- DC ) PO= OHdX 11 AD. OABS I RESNP/ k I N  P )  1 1 
I F  I R E 5 N P - L E . T O L A I  GO T C  6 0  
)UPP=NPP+ I 
NPCNV I N P Y J  =NP 

6 0  C ON1 I NU€ 
NNC VN=NPP 

5 7 0  
5 7 5  

585  
59  0 
59 5 
6 0 0  
6 0  5 
610 
61 5 
62C 
6 2 5  
6 3 0  
6 3 5  
6 4 0  
6 4  5 
6 5 0  
65  5 
66 0 
6 6  5 
6 7  0 
6 7 5  
680 
6 8 5  
6 9 0  
6 9 5  

7 0  5 
710 
7 1 5  
7 2 0  
7 2 5  
7 3 0  
7 3 5  
7 4  0 
7 4 5  
7 5 0  
7 5 5  
76  0 
76  5 
7 7 0  
7 7 5  
7 6 0  
7 8 5  
7 9  0 
7 9 5  
8 0 0  
80  5 
8 1 0  
8 1 5  
82 0 
82  5 
8 3 0  
8 3 5  
8 4  0 
6 4  5 
8 5 0  
85 5 
86 0 
06 5 

5 8 0  

7 0 0  
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L 
C 
C 

C 
C 
C 
C 

C 
C 

U P D A T E  PRESSURE W I T H  C U R R € N T  I T E R A I E  

D O  70 NP= l .N&P 
70 H4NP)=R 1 N P )  

F S C A P E  FROM I T E R A T I U N  L O O P  I F  ThE P A X I C U M  R E S I D U A L  IS 
S U F F I C  I F N T L Y  S H A L L  

P R I N T  10200 ,N IT .RES.RC.k&CVk  
I F  (11-tu-1) GO T O  80 
I F  I R E S - L T . T O L A )  GO IC 90 

80 CDNT INUE 

P R I N T  NONCONVEAGING NODES 
C 

P R I N T  lOSO0 
P A 1  N T  10600.1 N P C N V 1  N P P  1 .NPP=I .  h h C V N J  

r. 
C C A L C U L A l E  F L O L  R A T k S  
C 

90 C A L L  SPRLIP l  TH .UTH. AKX. A K Z  . H t  C A X E L  s CAXNP)  

B C P R t P  (NCHL. MAXNP. I I HE. UX. VZIMAXEL 
I F  1NRSN.EO.O) GO T O  110 

I F  1NCHG.EO.O) GO T O  1 1 0  
C A L L  MXRFPR. H. AKX. A K Z  I 

100 C C N T I N U E  
110 K F L O b - I  

C A L L  SFLOlrrl VX.VZ. T H . B F L X *  8 F L X P .  FRITE.FLOU.HAXEL.  CAXhP.  TFLOU.KFLOk .  

V E L T (  VX-VZ  HT .H.A KX s A I L  
> H e A K X v A K Z )  

C A L L  
00 120 I z l . 6  

PAXEL.  MAXNP)  

F L O W 4 1  )=0. 
120 I F L O h I  I )=O. 

F R A T E  4 7)=0. 
F L O Y ( 7 ) = 0 .  

C 
C P R I N T  STFAOY-STATE V A R I A B L E S  
c 

C A L L  PR I N T T 1 N N P .  I BAND. HAXhP.MAXEL. CELT.H*HT sVXIVZ. T I - .  AKX. AKZ.OTHI 
> 
> N P F L X .  TFLOYIKOI AG.NPRS* R S F L X )  

> T I T L E )  

T IMEI  I E  .NEL.KPKO. SUBHD( I .2) KOUT. B F L X e F R A T E .  FLOW.NRSN.NPCON. 

I F  f K S T R - E O -  I J  C A L L  S f O R E ( h P R O 8 . C A X N P ~ M A X E L . H . H T . V X . V Z I T H . T I M E ~  

I F  I h T I . E O - 0 I  GO TO 10 
C 
C R E A D  T R I N S I E N T  BOUNDARY C O N D I T I O N S  
C 

C A L L  O A T A  I N( H. RP M A X E L  M I X F ~ P I  M A X P b  1. I STOP e M A X 0 1  F . P H I 1  THPAR e 
> AKPAR.NHPPH.NTHPPM*NAKPPMs CXRf-PR. MXRPAR.HXSPPM.KSS TGLA. T O L B t  
> H A X k T l  .KPRO*KPR.KSTR* U.1 ICE.HT.T~.VXIVZ.T I TLE.NPKO@.MAXIT.MAXCV 1 

K S S = 1  
r. 
C 
C 

PER FORM T R bN SI E N  1- 5 T A T  E C A L C  U L A T I  0 h 

1 3 0  I F  (NRSN.EO.OJ GO TO 160 
I F  1hSTRT.GT-0 )  G U  TO 150 
DO 140 )UPP=A.NKSN 

N PCON 1 & PP)=)UYRS 4 N P P  ) 
140 N P F L X ( N P Y ) = O  
150 NCHG=- I  

870 
875 
88 0 
805 
89 0 
09 5 
900 
90 5 
910 
91 5 
92 0 
92 5 
930 
93 5 
940 
94 5 
950 
95 5 
96 0 
965 
970 
97 5 
98 0 
98 5 
990 
99 5 
1000 
1005 
1010 
1015 
1020 
1025 
1030 
1035 
1040 
1045 
1050 
1055 
1060 
1065 
1070 
1075 
1080 
1085 
1090 
1095 
1100 
1105 
1110 
A115 
1120 
1125 
1130 
1135 
1140 
1145 
1150 
1155 
1160 
1165 
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C A L L  RC PREP I NLHC. MAXNP T I C E  VX. VZ v PAX E L  v MXRF PR ~ H I A  K X. A K Z )  
160 T I M E = T I M E + O E L T  

h l = k  
w2= 1.-w 
K F  LOh= 1 
DO 250 I T H = l . N T I  

DO 170 NP=l .NNP 
170 H P I  N P i - H I  NP 1 

N I T = C  
K D I G = K D I G + l  
P R I N T  10400~K01G~lIME~OELT 
00 230 I L Y = l i M A X C V  

00 180 N P = l . N k P  
H h ( k P  1 =HP 4 lUP1 

00 210 I T = l . M A X I  
N I l=NI r +  1 

1 80 

C 
C E V A L U A T E  S C l L  PROPERTIES FOR P R E V I C U S  I T E R A T E  
C 

C A L L  S P H O P ( T H . O T H . A K X . A K Z . H W . n A X E L ~ ~ A X N P 1  
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

ASSEMRLE C O E F F I C I E N T  M A T R I C E S  b e  8 1  P h C  CI AND CONSTRUCT L O A 0  
VECTOR R 

C A L L  A S ~ M B L L C . R . R P . h . h P . T H . O l ~ ~ A K X . A K Z ~ M A X ~ P ~  MAXHBP. 
> MAXE L I( 55 Ul 

A P P L Y  RCUNOARY C O N O I T I U N S  

C A L L  B C ( C I R . R P . M A X ~ P , M P X ~ E P . K S S I  

T R I A N G U L A R I L E  C M A T R I X  

C A L L  B A N S U L ( I . C . R i ~ h P . I H @ P l n d X N P . n l X H B P )  

BACK-SUB ST I T U T E  

C A L L  B A N S D L  ( 2  .C R .N:hiP. I H B P v  l rAXNPt  MAXHBP)  

O R T A I N  MAXIMUM R k L A T I U t  U € V I A T I C N  F R C M  P R E V l O U S  I T E R A T E  
C 

NPP=O 
R D = - l .  
RES=-1. 
00 190 NP= l ,NNP 

KESNP=DABS L R 
R E S = D M A X l (  RES. R E S N P I  
I f  

)r P )  -H ( N P  1 1 

t ti ( N P )  - NE. 0.00 I RO= OW A X 1  I RD t E A  e s t  R E S  h P /  tr ( N P  ) j I 
I f  IRESNP.LE.TCLB) GO T O  190 
N P P = N P P t  I 
k P C N V L N P P ) = N P  

190 C O N 1  I NUE 
N N C V N I N P P  

C 
C U P D A T E  PRESSURE Y I r H  C U R R t N T  I T E R A T E  
C 

00 200 N P X l v N N P  
HL N P I  =R LNP i 
nut U P )  =&I *n( N P  i + ~ 1 2 * b P t  N P I  Z O O  

C 

1170 
1175 
1180 
1185 
1190 
1195 
1200 
1205 
1210 
1215 
1220 
1225 
1230 
1235 
1240 
1245 
1250 
1255 
1260 
1265 
1270 
1275 
1280 
1285 
1290 
1295 
1300 
1305 
1310 
1315 
1320 
1325 
1330 
1335 
1340 
1345 
1350 
1355 
1360 
1365 
1370 
1375 
1380 
1385 
1390 
1395 
1400 
1405 
1410 
1415 
1420 
1425 
1430 
1435 
1440 
1445 
1450 
1455 
1460 
1465 

a 

b 

. 
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C ESCAPE FROM I T € R A T l O N  LOOP I F  THE YAXIMUM RESIDUAL IS 
C SUFFICIENTLY SMALL 
C 

PRINT 10200.N I T .  RES.RO.hrNC \IN 
I F  (IT.EJ.l.ANO.ITC.EC~1) GO TO 2 1 0  
I F  tRES.LT-TOL8)  GO TO 2 2 0  

2 1 0  CONTI NU€ 
C 
C PRINT NONCCNVERGING NOOES 
C 

PRINT 10500 
PRINT 1 0 6 0 0 . t N P C N V l N P P ) . N P P = l . ~ ~ V N )  

C 
C CALCULATE FLCC HATES 
c 

2 2 0  CALL 
IF (NHSN.k.O.0) GO TO 2 4 0  
CALL 
I F  (WHG.EO.0) GU T C  240 

SPAUP 4 TH .DT H t A K  X PKZ H. M b XEL. M A X  NP ) 

BCPHEP (NLHG. MAXNP.1 IWE .VX. VZ. MAXEL e MXRFPRvH. AKX. A K Z  

230 CON T I NUE 
240 CALL S F L U N ~  VX. VZ.TH.BFLX.BFLXP.FRATE.FLOU .MAXEL. CAXNP.TFCOW. 

> KFL0W.H. AKX. AKZ J 
CALL V E L T ( V X . V L . H T . H . A L X . A K Z . M A X N P )  

C 
C P R I N l  VARIABLES AT EACH T I M E  STEP 
C 

C A L L  PRINT1 INNP. I6ANO. CPXNP. WAXEL. OELTI H s H T  VVXI V 2. THI A K X t  AKZ, 
> 
> NRSN~NPCWINPC-LXITFLOC.KDIAG.NPRS~RSFLX)  

DTHIT IME. I t  .NEL.KPR ( I T P ) .  SUBHD I 1 . 3 ) r  KOUT BFLX v FRATEt F LOY. 

I F  IKSTR-EO-1) C A L L  S T O R E I N P R O B ~ C A X N P ~ M A X E L ~ H . H T ~ ~ X ~ ~ ~ . ~ H . ~ ~ H E ~  
> T l T L t )  

1 4 7 0  
1 4 7 5  
1 4 8 0  
1 4 8 5  
1 4 9 0  
1 4 9 5  
1500 
1 5 0 5  
1 5 1 0  
1 5 1 5  
1520 
1 5 2 5  
1530 
1 5 3 5  
1 5 4 0  
1 5 4 5  
1 5 5 0  
1 5 5 5  
1 5 6 0  
1 5 6 5  
157C 
1 5 7 5  
1 5 8 0  
1 5 8 5  
1590  
1 5 9 5  
1 6 0 0  
1 6 0 5  
1 6 1 0  
1 6 1 5  
1 6 2 0  
1 6 2 5  
1 6 3 0  
1 6 3 5  
164C 
1 6 4 5  
1 6 5 0  
1 6 5 5  
1 6 6 0  
1 6 6 5  
1 6 7 0  
1 6 7 5  
1 6 8 0  
1685 
1 6 9 0  
1 6 9 5  
1 7 0 0  
1 7 0 5  
1710 
1715  
1720  
1 7 2 5  
1730 
1 7 3 5  
1 740  
1 7 4 5  

c 
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SUBROIJT I N €  OA lA IN(H .RP.MAXEL.  C A X k  P. PAXCAT. I STOP. HAXC I F  v PMAT. DATA 
> THPAR. AKPAR.tYMPPM.NTHPPH. hAKPPC. PXRFPRiMXRPAR.MXSPPHr  KSSI TOLA. D A T A  
> D A T A  
> H A X C Y )  DATA 

C DATA 
C OPTA 
C F U N C T I O N  O F  SUt)ROUTINE-TO READ. P R I N T .  AND CHECK V A R I A B L E S  DATA 
C P E R T A I N I N G  TU SIHULATIUEr T I M E .  GECCETRY OF T H E  SYSTEM. I T S  S O I L  D A T A  
C P R O P E R T I E S .  B O U N D A H Y - I N I T I A L  C C h O I T I a h S  FOR B O T H  S T E A D V - S T A T E  A N 0  DATA 
C T R A N S I E N T  CASES. A h D  N U M E 8 I C A L  CChVERGENCE C R I T E R I A .  DATA 
C DATA 
C DATA 

I M P L I C I T  R E A L * 8  tA-H.O-Z) DATA 
R E A L 8 4  PMAT.PHAT .THPAH .AKPAR D A T A  
C O H M O N / G E O M / X L 6 9 0  ) .Z( 090 l . B B ( 6 9 0  ) . D C O S X B ( 6 1 2  ) , D C O S L B ( 6 1 2  ) e  

> D L B ( 6 1 2  ) ~ D E L l . C H N G . O € L M A X . l H A X ~ S N F E ~ C S F E ~ h N ( 6 9 0  J . N P S T t 6 9 0  1, 
> N B E ( 6 1 2  I I E . l ~ l 2  e 5 1  I S B ( 6 1 2  - 4 )  .hhP.NEL.NHAT e I B A N C I  NBCI N S T i  N T  I 
> NBEL.  N STNv NSTWT 

> O C D S Z ( 6 1 2  I . D L L 6 1 2  1 .TRF(2 .20 )  . R F ( 2 . 2 0 l . R F A L L ( 2 ) .  I R F T Y P 1 6 9 0  1 ,  
> N P R S ( 6 9 0  ) . N P C U N l b 9 0  ) . N P F L X 1 6 9 0  ) * N R S E 1 6 1 2  I . I S l 6 1 2  .41.NRFPR, 
> N H F P A R r N R S E L . N R S N  

> CAPROP(2 .52 ) .  N S P P H  

TOLB.MAXNT1 .KPKO.KPR. KSTR.U.11 CE ~HT.THVVXI VZ, T I  TLE.NCROBIHAX I T ,  

C O M M G N / R F S P / D C Y F L X l 6 9 0  l . l J C C N ( 6 9 0  ) . F L X ( 6 9 0  I r O C O S X ( b l 2  1. 

C D H H O N / C T L / P R O P I  2 e5 J . T H P R C P ( 2 . 5 2 )  AKPROP(2 .52 ) .  HPROP(  2 r  52). 

D I M E h S I C N  P M A T ( 3 . N M P P H I . T ~ P A R l 3 . N T H P P n ) .  A K P A R ( 3 . N A K P P M ) , R P ( H A X N P ) D A T A  
DATA > 

> 
*HI HAXNP).KYKL M A X N I  I 1 .HT CAXNFJ .  r H ( H A X E L .  4 )  .VX (MAXEL.41 .  

VZ  ( H A X E L  .4) 1 I T L t l 9 )  
I F  (KSS.EC.0) GO TO 1040 
I STOP=O 
R E A D  1 2 0 0 0 . N N P . N E L . N M A T . N C ~ ~ N T I . K S S . K S P . N S P P W ~ K S T R ~ K C P ~ K G R A V ~  

I F  (KSS.NE.0) K S S = l  
IF (KSP.NE.0) K S P = l  
I F  (KSTR.NE.OJ K S T R = I  
I F  (KCP.NE.0) K C P = l  
IF (KGRAV.NE.0) K G R A V = I  
I F  (MAXIT. IE.0)  H A X t T = l O  
I F  IWAXCY.LE.0) MAXCV=3 

I F ( DELMAX.LE. 0. 00) O t L H A X = I  .E50 
I F  (T#AX.CE.U.DO) TMAX=l .E50  

> N S T R T s C A X I  1 -MAXCY 

R E A D  12300. OELTILHNG. UELCAX.THAX,FE~TOLA.TCLB~ Rho. CRAV. V I S C t  W 

P R I N T  

P R I N T  
R E A 0  12100.KPRO. L K P R ( 1  T M J  . I T M = l e N T I )  

P R I N T  12200.KPRO. l K P R l l T H ) . I T W = 1 . N T I )  

10000. NNP.NEL.NMAT. hCW.NT I .  KSS.KSPINSPPH.KSTR .KCPI KGRAV. 

10100.ofL r .  CHNG. D E L C A X .  THAX . F E i T O L A r  T C L B .  RHO, CRAV. V I S C .  W 
> NSTRT.MAXIT.MAXCY 

P R I N l  10200 

P I =  3.14159765 
F E = F E * P  I /  180. 
S N F E = D S I N [ F E )  
C SFE=OCOS [ FE ) 
IF [ KGRAV.EQ.L) SNFE=O. 
i f  (KGRAV.EO.1) CSFE=O. 

C 
C C H E C K  TC RE SURE I N P U T  D A T A  OC NOT E X C E E D  STORAGE C A P A C I T Y  
C 

I F  tNNP.CE.O.AND.NNP.LE.MAXhP) GO 10 10 
I STOP= I STOP+ 1 
P R I N T  13700. WAXNP 

0 
5 

1 0  
15 
20 
2 5  
3 0  
35 
40 
45 
50 
5 5  
60  
6 5  

12 0 
12 5 

D A T A  130  
DATA 1 3 5  
DATA 140 
DATA 1 4 5  
DATA 150 
DATA 155 
D A T A  160 
DATA 165 
DATA 170 
DATA 175  
DATA 180 
DATA 185 
DATA 190 
D A T A  1 9 5  
DATA 2 0 0  
DATA 205 
DATA 210 
DATA 2 1 5  
DATA 220 
DATA 225 
DATA 230 
D A T A  2 3 5  
D A T A  24C 
DATA 2 1 5  
DATA 250 
DATA 255 
DATA 260 
DATA 265 
D A T A  270 
DATA 215 
DATA 280 
DATA 285 
DATA 290 
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a 

10 

20 

3 0  

40 

50 

60 

C 

I F  INEL.GE.O.AND,NEL.LEInAXEL) 6 C  TO 20 
I STOP= I STOP+ 1 
P R I N T  13800. M A X t L  
I F  ~NMAT.GE.O.AND.NWT.lE.~AXMATJ C C  TO 30 
I S T O P = I  S T O P + I  
P R l N T  13900. MAXMAT 
I F  ~ h C M . G E . 0 . A N ~ . N C M ~ L ~ - M A ~ E l )  GO T O  40 
I STOP= I STOP+ 1 
PR I N T 
I F  (NSPPM.GE.0.A~D.NSPPM.LE.~XSPPM) GC TO 5 0  
I S T D P = I  S T O P + I  
P R I N T  14000. MXSPPM 
IF  I N T I . G E . O . A N D . N T I . L E . M A ~ ~ T I J  GO TO 60 

I41 00. HA XEL 

I~TOP=ISTOP+L 
PR I N T 1 42 00. MA XN T 1 
I F  I ISTOP-EO-OJ GO TI1 7 0  
P R I N I  15000. I S T O P  
s TOP 

C R F A O  A N 0  P R I N T  M A T E R I A L  P R O P E R T I E S  
C 

7 0  I F  4NWPPH.LE.OJ 60 T O  90 
I F  ( N M A T - L E - 0 )  GO TU Y O  
PR I N 1  10300.4 1 P M A T I  I J) I =  l r 3  J v J= 1 v hrN PPM) 
oa B O  I=I.NHAT 

READ 1 2 3 0 0 . l P R O P I I .  J) J=I.NWPPlr J 
8 0  P R I N T  12500rI.(PROP(I~JJ.J=l~NHPPMl 
90 I F  (KSP-EQ.1) GtJ TO 120  

C 
C S O I L  P R O P E R T I E S  ARE TO BE REPRESENTED BY A N A L Y T I C  F U N C T I O N S  
C 
C 
C RFAO AN0 P R I N T  MOISTURE-CONTENT PARAMETERS 
C 

I F  (NSPFM.EO.0) LU TO 200 
P R I N I  
00 LOO I=l.NMAT 

READ 12300. ( T H P R O P ( I . J J . J = I . N S P P M J  
P R I N T  12700 

105OO. id  TMPAR(1 .JJ. I = 1 . 3 ) .  J=l  .NSPPM) 

1 ( THPKOP( 1. J )  J-1. NSPPM) 
100 C O N T I N U E  

C 
C R E A D  A N 0  P R I k T  C O N D U C T A V I T Y  PARAMETERS 
C 

P R I N T  l C 6 0 0 . 1 I A K P A R ( l .  J ) . I ~ 1 . 3 ) . J = l s h S P P M I  
DO 110 I = l s N M A T  

REAO 1 2 3 0 0 .  I A K P R O P I  I JJ e JZ I  .NSPPMl  
P R I N T  12700. I . I A K P R O P ( 1 . J ) .  J z l e N S P P M J  

110 C O N T I N U E  

120 I F  4NSPPM.EO.O) GO TO 200 
GO TO 200 

C 
t, S O I L  P R O P E R T I E 5  ARE T O  BE G I W E h  I N  T A e U L A R  FORM 
C 
C 
C R E A D  PRESSLRES 
C 

DO 130 I= I .NMAT 
REAO 12300. l H P R O P (  I J )  . J= l .hSPPM) 

130 C C N I I N L E  
C 

CATA 295 
DATA 3 0 0  
D b T A  305 
DATA 310 
DATA 3 1 5  
DATA 320 
OATA 325 
CATA 330 
DATA 335 
OATA 340 
DATA 345 
OATA 350 
EATA 355 
DATA 360 
DATA 365 
OATA 370 
DATA 375 
DATA 380 
DATA 385 
DPTA 390 
DATA 3 9 5  
OATA 400 
DATA 405 
DATA 410 
OATA 415  

OATA 425 

DATA 4 3 5  
DATA 440 
OATA 445 
DATA 450 
DATA 455 

CATA 465 

D A T A  420 

D A T A  430 

D A T A  460 

DATA DATA 470 475 

OATA 485 
OATA 480 

DATA 490 
DATA 495 
DPTA 500 
OATA 505 
DATA 510 
DATA 515 
DATA 520 
DATA 525 
DATA 530 
DATA 535 
DATA 540 
OATA 545 
CATA 550 
DATA 555 
DATA 5 6 0  
DATA 565 
DATA 570 
DATA 575 
DATA 580 
CATA 585 
DATA 590 
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C READ kATER CONTENTS 
C 

DO 140 I = l .NMAl  
REA0 12300. t T H P R O P ( I * J I  

140 CCNTINUE 
C 
C READ CONOLCTIVlTIES OK PERMEAe 
C 

Df l  1 5 0  I=l.NMAT 

L I T I E S  

READ 12300. (AKPRDP(I.J).J=l.NSPPM) 
1 5 0  CCNTINUE 

c 
C RFAD MITER CAPACITIES 
C 

00 160 I=l.NMAT 
READ 12300. (CAPROPiIeJ) .J= l .NSPPHI 

1 6 0  CONTINUE 
PRINT 1 0 4 0 0  
DO 1 7 0  I* l .NMAT 

PRINT IZOOL).I .  lHPAOP( 1. J).THPRCPl IvJ).AKPROPI 11 J).CAPROPlI. J )  
> J=l.NSPPMJ 

1 7 0  CCNTINLE 
I F  (KCP.EC.0) GO TO 200 

C 
C CONVERT FRCM PERMEAl3ILITY T O  CONDUCTIVITY I F  NECESSARY 
C 

OD 190 I=l.NMAT 
PKCF=RHO*bKAVIVI SC 
PROP(I.4l=PROP I I.C)*PKCF 
PROP1 I 5J=PKOP ( I  5 1 *PKCF 
OD 1 8 0  J=l.NSPPM 

180  AKPROPII.J)=AKPROPl I.J)*PKCF 
190 CCNTINUE 

C 
C READ AND PRINT WOAL-POINT DATA 
C 

2 0 0  PRINT I C 7 0 0  

210 REA0 12e00. N J * X I N J I . Z l N J l  
N I = l  

I F  ( N J - k I  1 220.250.230 

PRINT 12900. NJ.X(NJJ. 21 N J l  
I STOP= I STOP+l 
GO TO 2 1 0  

DX=I X ( N J ) - X ( N I - l J  J/DF 
OZ=(L (NJ) -Z (N I -AJ  ) / O f  

X(N1  )=X(N l - l )+OX 
L t N I  )=ZLNI-1J+D2 

N I = N I + l  

2 2 0  PRINT 15100. N J  

2 3 0  DF=NJ+l-NI  

2 4 0  CDNTINUF 

2 5 0  PRINT 12900.&1 . X l k l ) . Z i N l I  

I F  I h J - h l  I 260.250.240 
2 6 0  I F  (NI.LE.NNP) GO T O  2 1 0  

C 
C REA0 ANC PRINT ELEMENT DATA 
C 
C ALSO COMPUTE MAXIMUM NODAL DIFFERFNCE FOR EACH ELEMtNT 
C 

PRINT 1 0 8 0 0  

O A T A  5 9 5  
D A T A  6 0 0  
DATA 6 0 5  
DATA 6 1 0  
DATA 6 1 5  
OATA 6 2 0  
DbTA 6 2 5  
DATA 6 3 0  
O A T A  6 3 5  
DATA 6 4 0  
DATA 6 4 5  
DATA 6 5 0  
DATA 6 5 5  
D A T A  6 6 0  
D A T A  6 6 5  
DATA 6 7 0  
CATA 6 7 5  
DATA 68C 
DATA 6 8 5  
DATA 6 9 0  
DATA 6 9 5  
DATA 7 0 0  
DATA 7 0 5  
D A T A  7 1 0  
OATA 7 1 5  
DATA 7 2 0  
DATA 7 2 5  
DATA 7 3 0  
DATA 7 3 5  
DATA 7 4 0  
DITA 7 4 5  
DATA 7 5 0  
DATA 7 5 5  
D A T A  7 6 0  
DATA 7 6 5  
DATA 7 7 0  
DATA 1 7 5  
DATA 7 8 0  
D A T A  7 8 5  
DATA 7 9 0  
DATA 7 9 5  
DATA 8 0 0  
DITA 8 0 5  
O A T A  8 1 0  
C A T A  8 1 5  
CATA 8 2 0  
DATA 8 2 5  
DATA 8 3 0  
C A T A  8 3 5  
G A T A  8 4 0  
OPTA 0 4 5  
DATA 8 5 0  
D A T A  8 5 5  
D A T A  8 6 0  
DPTA 8 6 5  
DATA 8 7 0  
DATA 8 7 5  
C A T A  880 
D A T A  8 8 5  
DPTA 8 9 0  

c 
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a 

M A X D l F  = 0 
H J  = 0 

CITYP=IE ( M I .  5) 
HND = 0 
DO 280 IO=1.3 

270  READ 12000. H I . ~ I E l H l . I I . I ~ 1 ~ 5 ) . M C O L ~ ~ L A Y  

I01 = IO + 1 
00 2130 JIJ=IOI.~ 

ND = 1 A B S i  I € ( H I .  1 0 1 - I E I  H I  JQJ 1 
HNO = HAXOINU.HNDI  

2 80 H A X D I F  = M A X O ( k D . M A X D I F l  
290  H J  = H J  + 1 

IF I M I - P J )  300.330.310 
300 P R I N T  15200r M i  

P R I N T  13000. H i r l I E l H I ~ I ~ ~ I ~  
I S T O P  = I S T O P  t 1 

310 OD 320 I0=1.4 
3 7 0  I E l H J r I O J  = I E i H J - 1 . 1 0 )  + 

I E l H J r 5 )  = I E l H J - 1 . 5 1  
330 P R I N T  13000. M J . ( I E L H J . I ) r I =  

I F  lHJ.LT.Hi) GO TO 290 
I F  IMJ-EO.NEL) GO TO 370  
I F  1CODL.LE-OJ GO TO 270  
DO 360 I = I . N L A Y  

LL-2 
DO 360 J=l.HDDL 

I F  (HJ.EO.HIJ GO TO 3 5 0  
D O  340 K W 1 . 4  

I € (  MJ, S I = I E  L HJ-1 I 51 
P R I  N T  13 000. 

340 I E I M . K O 1  = i E I M J - 1 . K O l  + LL 

HJ r 1 I E I P J K )  r K =  1 5 I v HND 
350 LL = 1 
360 W J  = HJ + 1 

H J  = WJ - 1 
I F  1HJ.LT.NELI GO T O  270 

370  CIYNTINUE 
C 
C M O D I F Y  M A T E R I A L  T Y P E S  FOR SELECTEO ELEMENTS I F  hECESSARV 
C 

I F  1NCM.LE-OI GO TO 410 
P R I N T  I C 9 0 0  
L= 0 

I E ( M I . 5 )  = M T Y P  
P R I N T  13100. M I r l E 4 H I . S )  
L = L + I  
I F  lMK.LE.MIl GO TO 400 
I F  (MlNC.LE.OI M I N C  = 1 
M I  = M I  + M I N C  

3 8 0  READ 12000. H I  rHTYP.MK.Mt hC 

00 390 HJ=Mi .HK.HlN1 
I E ( M J . 5 1  sa H T Y P  
P R I N T  13100~ M J . I E ( W J r 5 1  

390 L = L + 1  
400 I F  (L.Ll.NCH) GO TO 380 
410 C O N T I N U F  

DO 420 k l . N L L  
H T Y P = I  E(M.5)  
I F  lMTYP.(;T.O.AkD,MTYP.LE.NHAT) GO TO 420 
P R I N T  15900.H 
I s TO P= I STOP t 1 

OATA 895 
DATA 900 
DATA 905 
DATA 910 
DATA 9 1 5  

DATA 925  
DATA 930 
DATA 935 
D A T A  940 
DATA 945 
DATA 950 
CATA 9 5 5  
DATA 960 
DATA 9 6 5  
DATA 9 7 0  
DATA 9 7 5  
DATA 980 
DATA 985 

DATA 995 
DATA 1000 
D ATA 100 5 
D A T A L 0 1 0  
0 A T A l O l 5  
DATA 102 0 
0 A T A 1 0 2  5 
UATA 1030 
DATA 103 5 
O A T A 1 0 4 0  
DATA 1045 

C A T A 1 0 5 5  
DATA 1060 
D A T A 1  065 
D A T A 1 0 7 0  
DATA 1 0 7 5  
O A T A 1 0 8 0  
DATA 108 5 
DATA 1 09 0 
D A T A  1 09 4 
DATA 1100 
DATA 1 1 0 5  
D ATA 1 1 1 0 
D A T A 1 1 1 5  
D A T A 1  120 
CATA I 1 2  5 
OATA I130 
CATA 1 1 3 5  
D A T A 1 1 4 0  
D A T A 1  1 4 5  
O A T A l l S O  
DATA 115 5 
O A T A 1 1 6 0  
D A T A 1 1 6 5  
DATA 1 17 0 
DATA 1 1 7 5  
DATA 1 180 
DATA 1 18 5 
D A T A  1190 

DATA 9211 

C A T A  990 

DATA 1050 

c 
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4 2 0  CONTINUE DATA 119 5 
I F  (ISTOP-€0.01 GO TO 4 3 0  0 A T A  1200 
PRINT 15000. ISTOP DATA1205 
STOP DATA 1 2  10 

C 0 A T A  1 2 1  5 
C. RFAO I N I T I A L  CONOITIUNS OATA 1220 
C DATA1225 

4 3 0  T I P E = O .  DATAl.230 
I F  (hSTRT.EO-0) GO TO 4 5 0  04TA1235  
REWIND 1 O A T A  1 2 4 0  
REWIND 2 DATA1245 
REAOIZ I  l O U H . I = A . 9 )  .IOUM.hP .NET.IOUC,NRST OATA1250 
I F  IKSTR.EO.1)  Y H I T t l l )  I T 1  L E I  I).I=1.9).NPRCB.NNP. PEL.NTl,MAXNP DATA1255 
READ(2) I X l h P ) r N P = l . N P T ) .  1 2  hP) .NP=l.NPT)v I 1IEtN.IOJ.M=l.NETI. IO= ObTA1260 

> 1.4) DATA 1 2 6 5  
I F  I K S T R .  EO. 1) WRI T E l  1 ) I ( I E I M e  C A T A  1 2 7 0  

> OATA1275 
00 4 4 0  ITM=l.NSTHT DATA1280 

REA0 12 ) TIME, l Hl NP) . NP= 1. h PT ), I HT ( NP) NP= 1, NPT 1 , I I T H I  M. IO M= 1.0 A T A  1 2 8  4 
NET) 10x1 94 1 m i  I V X l  M e  IC) s b 1. hE T )  I P = l  e 4) ( I V Z  I C.  10 1 . M i  l r  NET 1. DATA 1 2 9 0  

0 A T A  1 2 9  5 
IF (KSTR.W.O)  GO i o  4 4 0  O A T A  1300 

DATA 1 3 1 0  
DPTA1315 

4 4 0  CCNTINUE D A T A  1 3 2 0  
GO TO 500 0 A T A  132 5 

450 N I  = 0 DATA1330 
NJ = 0 DATA1335 

460 I F  1hJ.EO.NNPI GO TO 500 DATA 1 3 4 0  
R EA0 1 3 6 0 0  .N J. H I  N J) DATA 1 3 4 5  

4 7 0  N I  = N I  + 1 CATA1350 
I F  lFII.GT.1) GO T O  4 8 0  DATA1355 
I F  (hJ.EQ.1) GO TO 4 8 0  DATA 1 3 6 0  
PRINT 15300.NJ DATA1365 
I STOP=I STOP+1 DATA1370 
GO TO 5 0 0  DATA 1 3 7 5  

4 8 0  I F  IkJ.EO.NI) GO 10 460 DATA1 3 8 0  
I F  I h J - G T - N I )  GO TO 490 DATA 1 3 8 5  
PRINT 15300.NJ DATA 1390 
ISTOP=ISTOP+l  D A T A  1 3 9 5  
GO TO 500 DATA 1400 

4 9 0  H ( N I ) = H l N I - l )  DATA1405 
GO T O  4 7 0  DATA1410 

C OATA 1 4 1  5 
C. IDENTIFY BCUNOAAY tLEWENTS Ah0 COMPUTE D I R E C T I C N  COSINES OF DATA1420 
C BOUNDARY SIDES DATA1425 
C DATA1430 

5 0 0  CALL SURF DATA1435 
I F  ( K S S - E O - I I  GO ro 1040 CATA1440 
NRSN=O D A T A  1 4 4 5  

t 0 A T A  1 4 5  0 
C READ STEADY-STATE PARAMETERS O A T A  1 4 5 5  
C DATA1460 

READ 12000.NBC.NST.NRFPR.NRFPAR.NRSEL~NRSN CATA 1 4 6 5  
PRINT 11000.MC.NST.NRf.PR.hPFPAR.hRSEL.NRSN OATA 1 4  70  
I F  lNBC,GE.O.AND.NBC.LE.ndXkP) GO T O  5 1 0  CATA l475  
I STOP=I STOP+1 OATA 1 4 8 0  
PRINT 14300sWAXNP DATA 1 4 8 5  

5 1 0  I F  1NST.CE.O.ANO.NST.LE.nPXhPI GO T C  520  CPTA1490 

I X (  hP 1 e NP=1 .NNP) I Z I hP I s NP= 1 I NNP 1 
IO l t P= 1. NEL ). I L P  1 - 4 1  

> 
> IO=l.4) e l  NPCONLkP). NP=I  *F IRST)  INPFLXINP ) v N P = l +  hRSTl  

WRITE1 1) T I  ME lH1NP ) .NP= 1 hh F )  v I H T  INP)  e NP= 1 v NNP 1 v I I TH(H. IO) e M= DATA 1 3 0 5  
> 
> 

1 , NEL) , I  0=1.4). 11  V X  I M, 101. C = l .  hEL),  IO= 1.4). I I V Z ( M .  IO). M= 1. 
NEL 1, I O = l .  4 ) .  I NPCON I h P l  .NP=1. PAXNP). INPFLX ( NP ) .NP= 1 .MAXNP ) 
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5 2 0  

5 3 0  

5 4 0  

5 5 0  

5 6 0  

C 

I S T O P = I S T O P + 1  
P R I N T  14400.MAXNP 
IF ( NRF PR.GE.0. AND. NRFPR . LE. PXRFPR ) GO TO 53 0 
ISTOP=I S T O P + l  
P R I N T  1 4 5 0 0 r M X R F P R  
I F  (NRFPAR,G€.O.AND.NRFPAR.LE-MXRPAR) GO T O  5 4 0  
I S T O P = I S T O P + l  
PR I k T 14600.MXRPAH 
I F  fkRSEL.GE.O.ANO.NPSEL.LE.CAXEL) GO TO 5 5 0  
I S l O P = I S T O P + 1  
P R I N T 
I F  (NRSN.GE.O.AND.NRSN.LE.~AXhP) GO TO 560 

PR I N T 
I F  (ISTOP.EO.0) GO TO 570 
P R I N T  15000. I S T O P  
STOP 

14700. MA X t  L 

ISTOP=ISTOP+L 
148 00. MA XN P 

C AFAO AND P R I N T  STEADY-STATE R A I h F A L L - S E E P A G E  I L F C R H A T I C N  
C 

C 
C STEADY-STATE R A I N F A L L  P R O F I L E S  
C 

5 7 0  I F  (NRSN-€0.0) GO TO 800 

I F  [NRFPR-E4.0) GO TO 590 
P R I N T  11400 
DO 500 I=l .NRFPR 

READ 1 2 3 0 0 ~ ~ 1 H F ~ 1 . J ) ~ J = 1 ~ ~ R F F A R )  
READ 12300.  L R F t  1.J) . J = l * N R F P A R )  
P R I N T  11500.1 
DO 5 8 0  J=l.NRFPAR 

5 8 0  P R I N T  12400. L TRF L I e J 1 .RF( I * J )  ) 
C 
C STEADY-STATE R A I N F A L L  TYPES AhC PONDING DEPTHS 
C 

5 90 
600 

610  

6 20 

6 3 0  

64 0 

650  

00 600 NP=l.NNP 
I R F T Y P L N P  )=O 

NPP= 0 
I F  lkPP.EO,NRSN) GO TO 6 7 0  
I F  (NPP.LT.NNSN) GO T O  6 2 0  
P R I N I  14800.NHSN 
I s lop= I S l O P + l  
GO TO 6 7 0  
R E A 0  
I F  [kPIH;.CT.Ob GO TO 640 
k P P = N P P + l  
N P R S ( N P P ) = N I  
I R F T V P t N I  J = I T Y P  
HCON[NI  )=HCUNI 
GO T O  610 
I F  (NPP.GT.0) GO TO 6 5 0  
I s T o P = I s T o P + 1  
P R I N T  1 5 5 0 0  
N J = h P R S f N P P )  
J T Y P = I R F T Y P I N J )  
HCONJ=HCON I N  J )  
NJ=NJ+NPINC 
N K * N I - I  
00 6 6 0  h P = N J . N K + N P I N L  

1 3 4 0 0  .N I I 1 Y P NP I IrC H C ON I 

NPP= h P P + l  

C A T A 1 4 9 5  
DATA 1500 
D A T A l  5 0 5  
D A T A 1 5 1 0  
DATA 15 1 5  
CATA 1520 
D A T A 1 5 2 5  
DATA 1530  
0 AT A 1 5 3 5 
OATA 1 5 4 0  
C A T A 1 5 4 5  
O A T A 1 5 5 0  
D A T A l  555 
DATA 1560 
D A T A 1 5 6 5  
DATA 1 5 7 0  
D A T A 1 5 7 5  
DATA 1 5 8 0  
DATA 1 5 8  5 
D A T A 1 5 9 0  
CATA 1 5 9 5  
D A T A 1 6 0 0  
DATA 160 5 
D A T A 1 6 1 0  
O A T A 1 6 1 5  
0 A T A L 6 2 0  
D A T A 1 6 2 5  
DATA 1630 
DATA 163 5 
DATA 1 6 4 0  
D PTA 1645 
DATA 1650 
DATA 1 6 5 5  
0 ATA 166 0 
D A T A 1 6 6 5  
0 4 1 4 1 6 7 0  
D A T A 1 6 7 5  
DATA 1680 
C A T A 1 6 8 5  
D A T A 1 6 9 0  
DATA 1 6 9 5  
DATA 1 7 0 0  
DATA 1 7 0 5  
DATA 171 0 
O A T A l  7 1  5 
DATA 1720 
DATA 1 7 2  5 
DATA 1 7 3 0  
C ATA 1 7 3 5  
DATA 1 7 4 0  
C b T A l 7 4 5  
C A T A l 7 5 0  
DATA 1 7 5 5  
DATA 1 7 6 0  
DATA 1 7 6  5 
DATA 1 7 7 0  
D A T A 1 7 7 5  
D A T A 1 7 8 0  
OATA 1 7 8 5  
D A T A 1 7 9 0  
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N PRS (NPP )=NP 
I R F  TYP(  NP)= J T Y P  

660 HCDN ( N P  ) = W O N  J 

6 7 0  P R I N T  11600 
GO T O  630 

DO 680 NPP=l.NKSN 
NP=NPRS (NPP b 

680 P R I N T  1 3 5 0 0 . N P . I R F T V P ( h F )  .HCON(hP) 
C 
C STEADY-STATE R A I N F A L L - S E E P A G E  ELEMENT SURFACE I N F G R H A T  ICFc 
C 

M P I = O  
690  IF (MPI.EO.NRS~LJ GO r o  7 4 0  

IF ~KINC.GT.O) GO Tu 710 
R E A 0  12000 . H I  v 1 S 1 . 1  S2.  K I  NC 

700  M P I = M P I + l  
N R S E l M P I ) = M I  
I S ( M P I . l ) = I S A  
I S ( M P I . Z l = I S Z  
GO TO 690 

I S T f l P =  I S T O P + l  
P R I N T  A5600 
N P I N C X I  S t  P P I  e 2  ) - I  S t  MY1 v 1) 
M I NC= I ABS ( NP I N C )  -1 
M I N C = M A X O l H I N C ~ 1 1  
MJ=NRSE ( M P I  J+MIFtC 
W K = H I - l  
DO 7 3 0  k H J . M K r f 4 I N c  

710  I F  I M P I - G T - 0 )  GO TO 720 

720  

H P J = C P I  
M P I = M P I + l  
NRSE IMP1 )=M 
I S (  M P I  14x1 S1MPJ.1 b + N P I L C  

730 I S ( H P I . Z ) ~ I S L M P J , 2 ) + N P I h t  

740 P R I N T  11700 
GO 7 0  700 

DO 7 5 0  MP=l .NkSEL 
M=NRSE(MPl  

7 5 0  PR I NT 1 3000.M. IS ( MP 1 ). I S  1MP .2 8 
C 
C D E T E R M I N E  D I R E C T I O N  C O S I N E S  F C R  STEAOV-STATE R P I N F A L L - S E E P A G E  
C SURFACES 
C 

DO 790 W P I = l e N R S E L  
M I = N R S E ( M P I  ) 
DO 780 M P J = l . N 8 E L  

MJ=NBE(MPJJ 
I F  (WJ-NE.MIb GO T O  780 

DATA 1 7 9 5  
DATA 1800 
D A T A 1 8 0 5  
OATA 1810 
DATA I8 15 
D A T A 1 8 2 0  
DATA A 82 5 
D A T A 1 8 3 0  
DATA 1835 
DPTA 184 0 
D A T A 1 8 4 5  
DATA 1850 
CATA 1 8 5 5  
GATA 1860 
D A T A 1 8 6 5  
D A T A 1 8 7 0  
D A T A 1 8 7 5  
CdTA 1 8 8 0  
DATA 188 5 
D A T A 1 8 9 0  
D A T A 1  8 9 5  
D A T A 1 9 0 0  
D A T A 1 9 0 5  
C A T A 1 9 1 0  
D A T A 1 9 1 5  
DATA 192 0 
DATA 192 5 
D A T A 1 9 3 0  
DATA 193 5 
D A T A 1 9 4 0  
D A T A 1 9 4 5  
DATA 1950 
C A T A 1 9 5 5  
D A T A 1 9 6 0  
DATA 1965 
0 ATA A 970 
DATA 1 9 7 5  
D A T A 1 9 8 0  
DATA 198 5 
O A T A 1 9 9 0  
D A T A 1 9 9 5  
D ATA2 00 0 
D A T A 2 0 0 5  
DATA 201 0 
D A T A 2 0 1 5  
D A T A 2 0 2  0 
D A T A 2 0 2 5  
D ATAZ 03  0 

I F  ( ISB( MPJ.l).E 4. I S ( M P I . 1 )  .AND.ISB(MPJ.Z).EO.IS ( H P I I  2 ) )  GO D A T A 2 0 3 5  
> TO 760 D A T A 2 0 4 0  

IF GO D A T A 2 0 4 5  
> TO 760 DATA 2050 

G O  T O  780 DATA 2 05 5 
760  DO 7 7 0  JzA.4 C PTA 2 060 
770 I S I N P I .  J i = i S B 4 M P J s J )  D A T A 2 0 6 5  

D A T A 2 0 7  0 D L  ( MP1 J =DL B 4 M P J  J 
DCOSX4 MP I ) =OCOSX B M P J I D A T A 2 0 7 5  
DCOSL ( W I  )=~)cosZ tit  MP J) D A T A 2  080 
GO TO 790 0 A T A 2 0 8  5 
CONTINUE D A T A 2 0 9 0  

( I SB1 MPJ I ) - E  0 - IS ( CP 1 .2 )  - ANO. I SB( H P  J. 2) - E O -  1 S ( MP I 1 I 8 

780 
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I STOP=J STOP+l 
PRINT 14900.MI 

790 CCNTINUE 
800 00 810 NP=l.NNP 
810 RPINP)=O. 

I F  (NBC-€0.0) GO TO 900 
C 
C R E A D  S T E A D Y - S T A T E  B O U N D A R Y  CChOITICNS OF THE FORM H=BB 
C 

NPP=O 
820  I F  (hPP.EO.NBCI GO TO 880 

IF (NPP-LT-NBC) GO TO 830 
P R I N I  14300.NaC 
I STOP=ISTOP+1 
GO TO 880 

I F  (NPIk€.GT,Ol GO TO 850 

NN NPPI=N I 
, B B  t NPP 1-88 I 

GO TO 820 

I STOP=I STOP+l 
PRINT 1 5 4 0 0  

8hO NJ= NN t NPP 1 *NP I NC 
BBJ=BB(NPP1 
NKZNI-1 
DO 870 NP=NJ.NK.NPINC 

830 R E A D  13300.NI. N P I  NL. 88 A 

8 4 0  NPP=NPP+l 

A50  IF (kPP.GT.OI GO TO 860 

N PP= NP P + 1 
NNtNPP)=NP 

870 BB(NPP)=BBJ 
GO T O  840 

880 PRINT 11100 
00 890 NPP=l.NBC 

890 PRINT 13200.NN(NPP1 .BB(hPP) 
900 I F  (NST.LE.01 GO 10 1000 

C 
C R E A 0  S T E A D Y - S T A T E  S U R F A C E - T E R C  POI hT FLUXES 
C 

NPP=O 
MP=O 
PRINT 11200 

910 I f  (MP.EO.NSTI GO T i l  960 
R E I 0  13400.NI .NJ. KANC. E I . E  J 
I F  IKINC.GT.0) GO TO 930 

OX=X ( N I  I - X  ( N  J1  
OZ=Z(NI  1-ZtNJ)  

920 WP=MP+l 

 EL=^ s a R  T ox*ox toz*o i  1 
P R I  N l  

RP(N J1xRP ( N J I  t E I * E L / 6 -  O+EJ*EL/3.0 

13500.NI .NJ.E I .E J 
R P l N I  J=RP(NI  b t E I * € L / 3 . 0 + E J * E L / 6 . 0  

NPP=NPP+l 
NPST(NPP)=NI 
N PP= NPP+ 1 
NPSTlNPP)=NJ 
EK=E J 
GO T O  910 

I S T O P = I  STOP+1 
930 IF (MP.CT.OI GU T O  PIO 

0 ATA 2 09 5 
OATA 2 100 
O P T A Z 1 0 5  
D A T A 2 1 1 0  
O A T A  2 11 5 
O A T A 2 l Z O  
D A T A  2 12 5 
D A T A 2 1 3 0  
D A T A 2  13 5 
O A T A 2 1 4 0  
0 A T A Z  14 5 
D A T A 2 1 5 0  

D b T A 2 1 6 0  
D A T A 2 1 6 5  
D A T A Z  170 
0 A T A Z  17  5 
0 ATA 2 18 0 
0 I T A 2 1 8 5  
D A T A 2 1 9 0  

O A T A Z Z O O  
0 ATA 220 5 
D A T A 2 2 1 0  
O A T A Z 2 1 5  
0 AT A 2 22 0 
0 ATA 2 22 5 
O A T A 2 2 3 0  
D A T A 2 2 3 5  
D A T A 2 2 4 0  
D A T A 2 2 4 5  
0 A T A  2 25 0 
0 ATA 225 5 
O A T A Z 2 6  0 
O A T A 2 2 6 5  
O A T A Z 2 7  0 
OATA 227 5 
0 A T A 2 2 8  0 
D A T A 2 2 8 5  
D A T A 2 2 9 0  
D A T A 2 2 9 5  
0 ATA 2300 
O A T 1 2 3 0 5  
D A T A 2 3 1 0  
O A T A 2 3 1 5  
D A T A 2 3 2 0  
0 A T A  2 32 5 
C d T A  233 0 
D A T A 2 3 3 5  
D A T A 2 3 4 0  
0 A T A Z  34 5 
D A T A  2350 
0 A T A 2 3 5 5  
D A T A 2 3 6 0  
D A T A 2 3 6 5  
D A T A 2 3 7 0  
OATA 237 5 
D A T A 2 3 8 0  
O A T A 2 3 8 5  
D A T A 2 3 9 0  

O A T A Z A ~ S  

o a i ~  z 19 5 

. 
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PRINT 1 5 7 0 0  

N P N I N = H P X O l N P S T l N P P ~ ~ N P S T l h P ~ l ~ ~  
NPHAXZH INO(NI .NJ)- l  

9 4 0  NPINC=IABS lNJ-N I )  

DO 9 5 0  hK=hPMlN.NPHAX.hPINC 
NL=NK+NPINC 
CIP=MP+ 1 
D X = X  lNK)-X( NL)  
D Z =  Z INK )-L( NL ) 
EL=DSORT(DX*DX+DZ+OLl 

R P  I NK = R P l  NK J + t K * t  L / 2 , 0  
R P I N L 1 = RP ( NA ) + E K* E L / 2.0 
N PP=NPP+l 
N P ST INPP) =NK 
NP P= NP P+ 1 
NP S T  I NPP I =NL 

PR I NT 1 3500 .hK .NL. fr K e E K 

9 5 0  CONTINUE 
GO TO 9 2 0  

9 6 0  NPPHAX=NPP 
NSTN=O 
DO 990 NPPI=l.NPPHAX 

I F  lNSTN.EO.01 GO T O  980 
OD 9 7 0  NPPJX1.NSTh 

I F  1 N P S T l N P P I l . E O . N P S T L N P P J ~ J  GO TO 990 
9 7 0  CON1 INUE 
9 8 0  YSTN=NSTN+l 

990 CONTINUE 
N PS 1 (N  S TN)=NPST I NPP I I 

C 
C APPLY STEAOY-STATE O I R I C H L E T  @CUNOPRY CONOITIOhS T O  I N I T I A L  
C CONOITIONS 
C 

1000 I F  INBC.EO.01 GU TO 1020 
OD 1010 NPP=l.NEC 

NP=NNl NPP) 
1010 HINP)=BBINPPl  
1 0 2 0  I F  (ISTOP.EO.01 GO TU 1 0 3 0  

1030 RETURN 
PRINT 15800. I S T O P  

C 
C READ TRANSIENT-STATE PAkANETERS 
C 

10 4 0  READ 12000.NBC.MST. NHF PR eNRFPAR .NRSEL, NRSN 
PR I N T 1 13 0 0 ,  NBC. N ST NHF PR s h P F PA R NR S E L NRS N 
I F  (NBC.GE.O.AND.NBC.Lt.HAXNP1 GO T O  1050  

PRINT 14300.HAYNP 

I S  l O P =  I STOP+ 1 
PRINT 14400.HAXNP 

I STOP=l STOP+1 
PRINT 14500.HXRFPR 

ISTOP=ISTOP+A 
PRINT 14600.HXRPAR 

ISTOP=ISTOP+I  
PRINT 14700.NAXEL 

i s i n p = i s i o P + i  

1 0 5 0  I F  1NST.GE.O.ANO.NST.Lt.MAXNP) GO TC 1060 

1 0 6 0  I F  l N R F P R . G E . O . A N O . N H F P ~ ~ L E . ~ X R F P R )  GO T O  1 0 7 0  

1 0 7 0  I F  (NRFPAR,GE.O,ANO.NRFPAR.LE~~XRPPR)  GO T O  1080 

1080 I F  I hRSEL.Gt.O.AND.NHS€L.L€.~AXEL) G C  TO 1 0 9 0  

DATA239 5 
DATA2400 
D PTAZ 4 0 5  
DATA241 0 
DATA241 5 
DATA2420 
DATA2425 
D PTA243 0 
DATA243 5 
DATA2440 
DATA2445 
DATA2450 
OATA2455 
DATA2460 
DATA246 5 
DATA2470 
0 ATA 2 4 7  5 
DATA2480 
DATA2485 
0 ATA249 0 
DATA2495 
DATA2500 
D PTA2505 
DATA2510 
DATA2515 
DATA2 52 0 
DATA2525 
DATA2 53 0 
DATA2535 
DATA2540 
DATA2545 
0 PTA255 0 
DATA2 55 5 
DATA2560 
DATA2565 
DATA2570 
DATA2575 
DATA2 58C 
DATA2585 
D A T A  2 5 9 0  
DATA 2 5 9  5 
DPTA260C 
D A T A  2 6 0  5 
0 ATA 26 I C  
D ATA 2 6  1 5 
DATA2620 
D PTA262 5 
DATA2630 
D A T A  2 6 3 5  
0 ATA 2 6 4  0 
DATA2645 
D PTA2650 
DATA2 65 5 
DATA2660 
0 ATA266 5 
CPTA2670 
DPTA2675 
OATA268C 
DATA2685 
DATA2690 

. 
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8 

1090 I F  INRSN.GE.O.AND.NRSN,LE.CAXNP) GO TO 1100 
I STOP= I S T O P + l  
P R I N T  1 4 8 0 0 s M A X N P  

LLOO IF ( Is iaP.EO,o)  GO TO 1110 
P R I N T  15000. I S r O P  
STOP 

C 
C R E A O  A N 0  P R I N T  T R A N S I € N T - S T A T E  R A I L F A L L - S E E P A G E  I N F O R M b T I O N  
C 

C 
C T R A N S I E N l - S T A T E  R A I N F A L L  P R O F I L E S  

1110 I F  (hRSN.EO.OJ GO TO 1340 

C 
I F  (hPFFR.EO.0) GO TO 1130 
P R I N T  11400 
00 I120 I= l .NRFPR 

REAO 12300. L TRFL 1 J J J= 
READ 12300. ( R F i  I .  J) J= I 
P R I N T  11500.I 
DO 1120 J X l e N R F P A R  

1120 P R I N T  12400 s l TAF 1 I J 
t 

hRF PAR 
hRF PAR 1 

. R F I  1.J I 

C T R A N S I E N l - S T A T E  R A I N F A L L  TYPES AN0 PONOING DEPTHS 
C 

1130 DO 1140 N P X l r N N P  
11 40  

1150 I F  IhPP.EO.NRSNJ GO TO 1210 

I R F  TYP ( NY )=O 
N P k O  

IF (NPP,LT.NRSNJ GO ro 1 1 6 0  
P R l N I  14800.iURSN 
I S I O P = I  S T C P + l  
GO TO I210 

I F  INPINC,GT.O) GO TO 1180 

N P R S I N P P I = N I  
I R F T Y P l N l  ) = I T Y P  
HCON(N1 )=HCDNi  
GO T C  1150 

I STOP= I STOP+ 1 
P R I N T  1 5 5 0 0  

J TYP= I R F T Y  P t  NJ J 
PCCN J=HCON I N J J  
N J = N J + N P I N C  
N K z N I - 1  
DO 1200 NP=NJ.NK.NPINC 

1160 READ 13400.NI .  ITVP.NPINC.HCGN1 

1110 N P P = L P P + I  

1180 I F  (NPP.GT.0) GO TO 1190 

1190 N J I h P R S t N P P J  

N P P = N P P + l  
NPRS lNPP)=NP 
I R F T Y P l N P ) =  J T Y  P 

1200 H C C N I N P I = H C O N J  

1210 P R I N I  11600 
GO T O  1170 

DO 1220 NPP=I.IYRSN 
N F N P R S  I N P P  I 

1220 P R I N T  13500.NP. IRFTYP(  h P ) . H C C N I h P I  
C 
C T R A N S I E N T - S T A T E  R A I N F A L L - S E E P A G E  ELEMENT SURFACE I N F O R C A T I O N  
C 

O A T A 2 6 9 5  
D A T A 2 7 0 0  
D A T A 2  1 0 5  
D ATA 2 7 1 0 
D A T A 2 7 1 5  
O A T A 2 7 2 0  

0 ATA 2 130 
DATA2 1 3  5 
D A T A 2 7 4 0  
D A T A 2  14 5 
D A T A 2  750 
D A T A 2 7 5 5  
D A T A 2 7 6 0  
OATA 2 16 5 
0 ATA 2 7 7  0 
D A T A 2  7 7 5 
D A T A 2 7 8 0  
D A T A 2 7 8 5  
D AT& 2 19 0 
DATA 2 79 5 
D A T A 2 8 0  0 
D A T A 2 8 0  5 
0 AT4 28 10  
D A T A 2 8 1 5  
@ ATA2 82 C 
D A T A 2 8 2 5  
DATA 283 0 
D A T A 2 8 3 5  
D A T A 2  840 
DATA2 845 
D A T A 2 8 5 0  
D A T A 2 8 5 5  
D A T A 2  860 
OATA 2 86 5 
D A T A 2 8 7 0  
D A T A 2 8 7  5 
DATA 2860 
D A T A 2 8 8 5  
0 b T A 2  890 
D A T A 2  89 5 
D A T A 2 9 0  0 
O A T A 2 9 0 5  

D A T A 2 9 1 5  
DATA 292 0 
O A T A 2 9 2 5  
D A T A 2 9 3 0  
DATA 2 9 3 5  
0 ATA 2940 
D A T A 2 9 4 5  
O A T A 2 9 5 C  
D A T A 2 9 5  5 
DATA 2960 
O A T A 2 9 6 5  
D A T A 2 9 7 0  
D A T A 2 9 1  5 
D A T A 2 9 8 0  
D A T A 2 9 8 5  
D A T A 2 9 9 0  

0 ~ ~ ~ 2 7 2 5  

O ~ T A  29 1 o 

t 



180 

12 30 

1 2 4 0  

12  50  

1260 

MPI=O 
I F  (MPI.EO.NRSEL) GO T O  1 2 8 0  
READ 1 2 0 0 0 * M I .  151.1 S Z * K I  NC 
I F  1KIhC.GT.O) GO 10 1 2 5 0  
MP I = M P I  + l  
N R S E ( M P I ) = M l  
I S L H P I .  l ) = I S l  
IS 1 M P I  2 ) ~  IS2 
GO T C  1230 
I F  (CPI.CT.0) GO 10 1260 
I STOP= I S T O P + l  
P R I N T  1 5 6 0 0  
NP INC= I A 8  5 1  IS1 MP 1.2 ) - I  51 MP I v 11 ) 
M I N C = I A 8 S L N P I N C I - l  
MINC=MAXOlMINC.1) 
M J = N R S E ( M P I ) +M I N C 
M K = M I - l  
00 1 2 1 0  k M J * M K . M I N C  

IrP J=MPI 
W P I = M P I + l  
NRSE(MPI)=M 
I S l M P I .  l h = I S L H P J . l J  + N P I h C  

1270 I S ( M P 1  . Z ) = I S l M P J . Z J + N P I k C  
GO T O  1 2 4 0  

1 2 8 0  P R I N T  11700 
DO 1 2 9 0  MP=I.NRSEL 

W=NR SE L MP) 
1 2 9 0  P R I N T  1 3 0 0 0 . W . I S ( M P i l l . I S l C P . 2 )  

C 
C DETERMINE D I R E C T I O N  C D S I N k S  FCR TRAhSIENT-STATE RAINFALL-SEEPAGE 
C SURFACES 
C 

DO 1 3 3 0  MPI=I .NRSEL 
M I = h R S E ( M P I )  
00 1320 MPJ=1 .Nt) tL 

M J=N8E 1 MP J ) 
I F  1MJ.NE.MI) LO T O  1 3 2 0  
IF (ISB(WPJ.1J.EO. IS(WPI . l J .Ah0.  I S B L M P J I ~ ) . E O . I S ~ M P I ~ ~ )  1 

I F  ( I S B l  MP J e 1  ).E 0. I S  1 P P I  * 2 )  AhO. IS91 MPJ.2 1 . E O .  I S  (MP I t 1) 1 
> T O  1300 

> TO 1300 
G C  TO 1320 

1300 DO 1310 Jz1.4 
1310 I SLMP 1. J ) = I S t l I  MPJ. J) 

O L ( M P I J = D L B l M P J J  
O C D S X l M P I ) = D C U S X B l M P J ~  
DCOSZIWI J=DCOSZBL MPJ) 
GO T O  1330 

I STOP= I S T O P + l  
P R I k T  14900.MI  

1 3 2  0 CONTINUE 

1 3 3 0  CONTINUE 
1340 00 1 3 5 0  N P S I e N N P  
1 3 5 0  RPlNP)=O. 

I F  (hBC.EO.O) GO TO 1440 
r 
1. 

C READ 1RANSIENT-STATE B W N O A R V  C C N D I T I C h S  OF T H E  FORM Hx88  
C 

NPP=O 
1360 I F  1NPP.EO.NBt) GO TO 1 4 2 0  

D ATA2 99 5 
0 ATA3 00 0 
D A T A 3 0 0 5  
C A T A 3 0 1 0  
CATA30 1 5  
D A T A 3 0 2  0 
D A T A 3 0 2 5  
D A T A 3 0 3 0  
D A T A 3 0 3 5  
C ATA3 04 0 
0 A T A 3 0 4 5  
D A T A 3 0 5 0  
D A T A 3 0 5  5 
D A T A 3 0 6 0  
D A T A 3 0 6 5  
D A T A 3 0 1 0  
D A T A 3 0 7 5  
DATA 3 0 8 0  
DATA 3 0 8  5 
D A T A 3 0 9 0  
D A T A 3 0 9 5  
DATA3 LOO 
D A T A 3 1 0 5  
DATA 3 110 
0 ATA3 11 5 
DATA 3 1 2  0 
DATA 3 12 5 
DATA 31  30  
DATA 3 1 3 5  
D A T A 3 1 4 0  
D A T A 3 1 4 5  
DATA3 1 5 0  
DATA 3 1 5  5 
0 ATA 3 16 0 
D A T A 3 1 6 5  
D A T A 3 1  10 
D A T A 3 1 7 5  

GO 0 A T A 3 1 8 0  
DATA 3 18 5 

GO D A T A 3 1 9 0  
DATA 319 5 
DATA 3 2 0 0  
D A T A 3 2 0 5  
D A T A 3 2 1 0  
D A T A 3 2 1 5  
D A T A 3 2 2 0  
D A T A 3 2 2 5  
DATA 3 2 3 0  
O A T 6 3 2 3 5  
DATA 3 2 4 0  
D A T A 3 2 4 5  
DATA32 5 0  
D A T A 3 2 5 5  
O A T 1 3 2 6 0  
DATA 3 2 6  5 
DATA 3270 
D ATA32 7 5 
D A T A 3 2 8 0  
O A T A 3 2 8 5  
0 ATA 3 2 9  0 

4 



18 1 

. 

13 7 0  

13 80 

1 3 9 0  

14 00 

1 4 1 0  

1 4 2 0  

1 4 3 0  
1 4 4 0  

t 

I F  ihPP.LT.NBCJ GO TO 1 3 7 0  
PRINT 14300eNBC 
ISTOP=ISTOP+1 
GO TO 1 4 2 0  
READ 13300.NI.NYINC.88I 
I F  ihPINC.GT.0) GO rn 1 3 9 0  
NPP=hPP+l 
NN(NPPl=N 1 
8 8 1 N P P l * 8 8 I  
GO TO 1360 

I STOP=ISTDP+A 
PRINT 1 5 4 0 0  
NJ= hN t NPP J +NP I NC 
9 B J = 8 0 i  NPP) 
NK=N I -  1 
DO 1 4 1 0  NP=NJ.NK.NPINC 

IF INPP.GT.O) GO ro 1400 

N PP=&P P+ 1 
NNiNPP)=NP 
RBiNPP)*B&I 

GO TO 1380 
PRINT i i e o a  
DO 1430 uPP=i.Nec 

PRINT 13200.NN(NPPJ .B8 ihPPJ  
I F  ( h S T . L f . O J  GO TO 1 5 4 0  

C READ TRANSIENT-STATE SURFACE-IERW PGINT FLUXES 
C 

1 4 5 0  

1 4 6 0  

1 4 7 0  

1 4 8 0  

NPP=C 
MP=O 

IF iCP.EO.NSTJ GO IO 1500 
R EA0 1 3 4 0 0 r N I  N J  
I F  IKINC.GT.OJ GO T O  A470 
MP=M P + l  
D X = X I N l  ) - X I N J I  
OZ=Z(NI J-ZiNJ) 
EL= D S CR Td D X*DX tDZ *OZ J 

R P i N I  )=RP 1 N I  )+E I *EL/3.O+EJ*EL/6.0 
RPiNJ)=RP(NJJ+El*EL/6.0+EJ*EL/3~0 
NPP=NPP+l 
NPST(NPPI=NI  
NPP=NPP* 1 
NPST(hPPI=NJ 
EK=E J 
GO TO I 4 5 0  

1 STDP=I STDP+l 
P R I N l  15700 
NP I N C * I  ABS( NJ-NI J 
N P W I N ~ W A X O ~ N P S T i N P P ~ . N P S r o )  
NPMAX=MINOiNI.NJ J - 1  
DO 1 4 9 0  NKXNPFIIN. NPWAX .NP I hC 

PRINT 11900 

K I NC E I E J 

PRINT 13500.UI*NJ.El.EJ 

IF ~WP.GT.OJ GU TO 1480 

NL=NK+NPINC 
CP=MP+l 
DX=XINK)-X(NL) 
D 21 2 (NK ) - I (  NL J 
EL=OSORT 1 OX*UX+DZ*DZ I 
P P I  NT 13500  *kK  NL. E K E K 

DATA3295 
0 I T A  3 3 0 0  
DATA3305 
DATA 3 3 10 
D 4 1  A 3  3 1 5 
DATA 3 3 2 0  
Db TA 3 3 2  5 
DATA3 3 3 0  
DATA333 5 
DPTA3340 
O A T A  3 3 4  5 
DATA3350 
DATA3355 
OATA3360 
D ATA 3 3 6 5  
DATA 3 3 7 0  
DATA 33 7 5 
DATA3380 
0 ATA3305 
DATA3390 
DATA 3 3 9  5 
DATA3400 
DATA 3405 

DbTA3415 
DATA 3 4 2 0  
OLTA3425 
DATA3430 
DATA 3 4 3  5 
DATA 3 4 4 0  
0 A TA 3 44 5 
0ATA3450 
DATA3455 
DATA3460 
0 AT A 3 4 6  5 
DATA 3 4  70 
D ATA 34 7 5 
DATA3480 
DATA 3 4 8 5  
DATA 3 4 9  0 
DATA3495 
DATA3500 
OATA 3 5 0 5  
DATA3510 
0 ATA 3 5 1  5 
OATA3520 
DATA3525 
DATA353 0 
DATA3535 
DATA3540 
0 ATA354 5 
DATA3550 
OATA3 55 5 
0 ITA  3 5 6 0  
DATA3565 
DATA 3 5  7 0  
DATA3575 
DATA3580 
DATA3585 
0 ATA 3 5 9 0  

0 4 ~ ~ 3 4 1  a 



18 2 

R P I N K I - R P I N K )  +EK*EL /Z .O  
R P I N L I  Z R P I N L )  + E K * E  L/2.0 
N P P = N P P + l  
N P S T I N P P )  =NK 
Fc P P= )UP P+ 1 
N P  S T  I N P P )  =NL 

1490 C O N T I N U E  
GO T O  1460 

1500 NPPMAX=NPP 
FcSIN=O 
DO 1530 N P P I = l . N P P M A X  

I F  (NSTN.EQ.01 GO J O  1 5 2 0  
DO 1510 N P P J = l . N S T N  

I F  INPST[NPPI ) .EU,NPSTINPPJ) I  GO T O  1530  
15 10 C G N T I N M  
15 2 0 N S TN=NSTN+ 1 

N P  S T I  N S TN ) = k P S  T I N P P  I ) 
1 5 3 0  C C N T I N U E  

C 
C A P P L Y  T R A N S I E N T - S T A T E  O I R I C H L E T  BOUNOARY C O N D I T I O h S  T O  l b 4 I T I A L  
C C O N D I T I C N S  
C 

1 5 4 0  I F  INBC.EQ.0) GO TO 1560 
DO 1550  NPP=AeNBC 

N P = N N ( h P P )  
1 5 5 0  H ( N P ) = B R I N P P )  
1560 I F  (ISTOP,EO.JI GO TU 1 5 7 0  

P R I N T  15800. I S T D P  
STOP 

1 5 7 0  R E T U R N  
10000 F O R M A T I ~ ~ H O I I Y P U T  T A t i L k  I . .  B A S I C  FARAMETERS / /  5 X .  

> 4 O H  NUMBER Ly N O D A L  P O I N I S -  - - - - v I 5 /  5 X .  
> 4 0 H  EIUMBFR LIF t L E M E N T S -  . - - . * 1 5 /  5 x 1  
> 40H NUYBER OF D I f f E R t N T  P A T E R I A L S  - -*15/ 5 X .  
> 40H NUMBFR OF C O R R E C T I O N  P A I E R I A L S -  . - - . . I 5 /  5 X .  
> 4 0 H  NUMBER OF T I M E  I N C R E M E h T S  - - - .*15/ 5 X .  
> 4 0 H  S T E A D Y - S T A T t  1.C- C O N T R C L  . - - . I S /  5 x 1  
> 4 0 H  SOIL-PROPEI(TY C O N T R O L  - . . . - e - - * 1 5 /  5 x 9  

> 4 0 H  A U X I L I A R Y  S l O R A G E  C O h T R C L  - . - - . I S /  5 x 1  
> 4 0 H  C O N D L C T I V l T Y ~ P E R M E A 8 I l I l Y  C C h T R D L  - . . I S /  5 X .  . . . . ..15/ 5 X .  . - . . - , l 5 /  5x.  . . . . .. IS /  5x .  . . . . ..IS)  

>  OH NUMBER OF SOIL P A U A M E T E R S  . - . - . ..IS/ 5 x .  

> 4 O H  G R A V I T Y  LONJROA . - - . . 
> 4OH R E S T A R T  P A R A M t J t R  . - . 
> 40H P lAXIMUH J T t R A T l U N S  PER CYCLE. 
> 40n MAXIMUM C Y C L E S  P E K  TIYE STEP. 

10100 F O R M A T I 5 X . 4 0 H  T I M E  I N C R E H E h l .  . 
> 4 0 H  M U L T I P L I E R  FOU I N C R E A S I N G  GEL 
> 40H MAXIMUM YAAUE OF D E L I  - - . 
> 40H Y A X I H U M  V A A U t  OF T I M E  I . - . 
> 40H DEGREES O F  P R I N - A X I S  I h C L I h A T  
> COH STEADY-STAT6 TflLEHAhtCE, . - 
> 4 0 H  T R A N S I E N T - S T A T E  T O L E R A h C E  - . 
> 4 0 H  D E N S I T Y  Of- M A T t K -  - - I - . 
> 40H A C C E L E R A T I O N  OF G R A V I T Y  - . 
> *on vrscnsirr  OF U A T E H .  I - * - 

. . . . . . . . ..F10.6/ 5X. - - . I ..FlO.6/ 5 X e  . - - . ..010.4/ 5 x .  . . . ..D10.4/ 5X. 
CN. . . ..F10.6/ 5X.  . - - . . e F l O . 6 /  5X.  . . - . ..FlO.6/ 5X.  . - . . v F l O . 6 /  5X. . . . - ..F10.3/ 5X. . - . ..F10.6/ 5X.  

> 40H T I M E - I N T E G R A T I O N  P A R A P E T E R -  . - . arF10 .6 )  
10200 FORMAT(  / / 6 X .  1 4 H O U T P U T  CONTRCLI 
10300 F O R M A T l 3 6 H l I N P U T  T A B L E  2 . .  Y A T E P I A L  P P O P E R T I E S / /  9 H  MAT. NO.. 91 

10400 F O R M A T l 5 3 H l I N P U J  T A t i L E  3.. S G I L - P R C P E R T I E S  I N T E R P D L A T I C N  V A L U E S / /  
> 3 1 4 ) )  

D A T A 3  5 9 5  
D A T A 3 6 0  0 
D A T A 3 6 0 5  
D A T A 3 6 1 0  
DATA 3 6 1  5 
D A T A 3 6 2  0 
D A T A 3 6 2  5 
O A T 4 3 6 3 0  
D A T A 3 6 3 5  
D A T A 3 6 4 0  
O A T A 3 6 4 5  
D b T A 3 6 5  0 
D A T A 3 6 5 5  
D A T A 3 6 6 0  
DATA 3 6 6 5  
CATA 36 7 C 
D A T A 3 6 7 5  
D A T A 3 6 8 0  
DATA 368 5 
D A T A 3 6 9 0  
D A T A 3 6 9 5  
0 4 1 6 3 7 0 0  
D A T A 3 7 0 5  
DATA 3 7  I O  
DATA 3 7 1 5  
O A T A 3 7 2 0  
D A T A 3  12 5 
D A T A 3  7 3 0  
D A T A 3  7 3  5 
DATA 3 7 4 0  
0 A T A 3 7 4 5  
D A T A 3 7 5 0  
D A T A 3 7 5 5  
D A T A  3 7 6  0 
DATA 3 7 6 5  
D A T A 3 7 7 0  
D A T A 3 1 7 5  
D A T A 3 7 8 0  
0 ATA 3 7 8 5 
D A T A 3 7 9 0  
DATA 3 7 95 

DATA 3 8 0 5  
D A T A 3 8 1 0  
D A T A 3 8 1 5  
D A T A 3 8 2 0  
D ATA3 8 2  5 
DATA 3 8 3 0  
D A T A 3 8 3  5 
D A T A 3 8 4 0  
D A T A 3 8 4 5  
DATA 3 8 5  0 
D A T A 3  85 5 
O A T A 3 8 6 0  
D A T A 3 8 6 5  
DATA 3 8 7 0  

 DATA^ 80 o 

0 ~ ~ ~ 3 8 7 5  
o 4 ~ ~ 3  880 
D A T A  3885 
0 b T A 3  890 



183 

. 

> 9 H  MAT-  N O - . Y X ~ B H P K E S S U R E . I ~ X I  1 6 F C C I S T U R E  CGNTENT.4X. D A T A 3 8 9 5  

10500 F O R M A T ( 4 4 H l I N P U T  T A B L E  3 , -  CCISTURE-CONTENT P A R A M E T E R S / /  D A T A 3  90 5 
D A T A 3 9 1 0  

10600 F O P M A T i 4 O H l I N P U T  T A B L E  4.. C C F Y ) l Z T I V I T V  P A R A M E T E R S / /  9h MAT. NO.. D A T A 3 9 1 5  
> 2 ( 3 A 4 ) )  0 AT A 3920 

10700 FORMAT(  3 3 H I I N P U T  TAt )LE  5.. NODAL P C I N T  D A T A / /  7X.4HNDDE. 8 x 1  1HX. D A T A 3 9 2 5  
D A T A 3 9 3 0  

10800 F O R M L T ( 2 9 H l I N P U T  T A B L E  6.. E L E C E h T  D A T A / /  L l X .  0 A T A 3 9 3  5 

> 7X. l H 3 r 7 X . l H 4 . 6 X . B H M A T E R I A L ~ 4 X . 9 H N C D E  DIFF . )  DATA 3 9 4 5  
10900 FORMAT i64H C O R R E C T I O N S  T C  M A T E R I A L  T Y P E S  AND C L A S S E S  FOR S E L E C T E D D A T A 3 9 5 0  

> E L E M E N T S )  D A T A 3 9 5 5  
DATA 3 9 6  0 11000 F O R M A T l 4 5 H l I N P U T  T A B L E  7.. STEADY-STATE B.C. P A R A M E T E R S / /  5X. 

> 40H NUMBER OF BOUNDARY C C L O I T I C N S  . - . -.IS/ 5 x 1  C b T A 3  96 5 
DATA 3 9 7 0  

> 40H NUMB€R 08 R A I N F A L L  P R C F I L E S  s - - - -*15/ 5 X .  D A T A 3 9 7 5  
D A T A 3 9 8 0  > 40H NUMBER OF R A I N F A L L  PARAMETERS . . . .115/ 5X .  

> 40H NUMBER O F  R A I N F A L L - S E E P A G E  E L E M E N T S  -.IS/ 5 X .  D b T A 3 9 8 5  
D A T A 3 9 9 0  > 4OH NUMBER OF f i A I N F A L L - S E E P A G E  NCOES-  . . -.I51 

ILL00 F O R M A T ( 5 3 H l I N P U T  TA i3LE 8,. S T E A D Y - S T A T E  BOUNDARY C O h O l T  ONS OF O P T 1 3 9 9 5  
> 9HFORM H=BB//bH NOOE.7X.2HBB) D A T A 4  000 

D A T A 4 0 0 5  1 1 2 0 0  F O R M A T i 4 3 H l l h P U T  T A B L E  9.. STEADY-STATE SURFACE T E R C S .  
> 33H € = E l  A T  NOOE NI .  E = E J  A T  NCOE N J / / ~ X . ~ H ~ I . B X * ~ P N J I  0 X . Z H E I v  D A T A 4 0 1 0  
> 1 3 X * Z H E J / )  D A TA 40 1 5 

1 1 3 0 0  F D R M b T i 4 3 H l I N P U T  T A B L E  10.. T R A h S I E h T  B.C. P A R A M E T E E S / /  5X. D A T A 4 0 2  0 
> 40H NUPBER OF BOUNDARY C O h O l T l C N S  - - - - -.15/ 5 x 1  D A T A 4 0 2  5 
> 40H NUMBER OF SURFAC€ T E R C S  - - - . ..15/ 5 X .  D A T A 4 0 3  0 
> 40H NUPBER OF K A l N F A L L  P R C F I L E S  - . - ..15/ 5 X .  D A T A 4 0 3  5 
> 40H NUMBER OF R A I N F A L L  PARAMETERS . . . . ..15/ 5 X .  0 b T A 4  04 0 
> 40H NUCl8ER OF R A I N F A L L - S E E P A G E  E L E M E h T S  . *15/  5X .  D A T A 4 0 4 5  
> 40H NUMBER OF H A I N F A L L - S E E P A G E  NCDES. . a . 1 5 )  D A T A 4 0 5 0  

11400 F O R M A T l 3 1 H l l k P U T  T A B L E  11,. R A I  h F A L L  DATA)  D A T A 4 0 5 5  
D A T A 4 0 6 0  11500 F O R M A T ( / B H  PHI)FILE~I5/8X.4HTICE.IIX.4HRATE) 

11600 F O R M A T i 5 1 H l I N P U T  T A B L E  12.. R A I h F A L L  D I S T R I B U T I O N  A h 0  P O N D I N G / /  D b T A 4 0 6 5  
D A T A 4 0 7 0  

11700 F O R M b T ( 5 4 H l l N P U T  T A B L E  13.. R A I  L F A L L - S E E P A G E  SURFACE I N F O R H A T I O N / / D A T A 4 0 7 5  
O A T A 4 0 8 0  

11800 F O R M A T ~ 5 0 H I I N P U T  T A B L E  14-. EDUhDARY C O N D I T I O N S  OF FORM H = E B / /  D A T A 4 0 8 5  
> 6 H  N O D E I ~ X . ~ H B B )  D b T A 4 0 9 0  

11900 F O R M A T i 3 1 H 1 I N P U T  T A B L E  15.. SURFACE TERMS. D A TA 409 5 
> 33H € = E l  AT NOOE N I .  t = E J  A T  NODE hJ// 5H N I e 5 H  N J . ~ X . ~ H E I I  D A T A 4 1 0 0  
> 1 2 X . 2 H E J / )  D A T A 4  105 

12000 F O R M A T ( 1 6 1 5 )  D A T A 4 1 1 0  
12100 F O R H A T ( 8 O I  1) C A T A 4 1 1 5  
12200 FORMAT(  1 O X . 1 0 1 1 1 )  D A T A 4  12 0 
1 2 3 0 0  F O R M b 7  i 8F 1 O . O l  D A T A 4 1 2 5  
12400 F O R M d T ( 2 ( 1 P 0 1 5 . 4 1 1  D A T A 4 1 3 0  
12500 F f l R M A T 1  18.9012.4) DATA 4 1  3 5 
12600 F O R M A T 1  18. D l Y - 4 . 3 0 2 5 - 4 / (  2 X r 4 D Z 5 - 4 )  I D A T A 4  140 
1 2 7 0 0  FORMAT(18r9011.4/(8X.9D12~4)) D A T A 4 1 4 5  
1 2 8 0 0  F O R M A T (  I5.2f  10.3) D A T A 4 1 5 0  
12900 F O R M b T t  I 1 0 . 2 D l b - 4 )  D A T A 4 1 5 5  
13000 FORMAT4 I 10.418.110.113 8 D A T A 4 1 6 0  
13100 F O R M A T I I 1 0 ~ ~ Z X ~ I 1 0 ~ ~ ~ X ~ I l O )  D A T A 4 1 6 5  
13200 F O R M A T ( I S . D l L 4 )  O b T A 4  170 
13300 F O R M A l ( 2 I 5 . L F l O . O )  D A T A 4 1 7 5  
1340 0 FOAM A T ( 3 I 5 > X  2F IO - 0 D A T A 4  18 0 
13500 F O R M A T ( 2 I  10.24 I P D I L C I  ) D A T A 4 1 8 5  
13600 F O R M A T i  15.5X.F 10.01 D A T A 4 1 9 0  

D A T A  3 9 0 0  > 2 5 H C O N O U C T l V I  T Y I Y E R M A B  I L I T Y  . 6 X r  14HWATER C A P A C I  TY ) 

> 9 H  MAT. N O - e B ( 3 6 4 l )  

> 1 4 X . l H Z )  

> 3 1 H G L O B A L  I N O I C E S  OF E L E M E N T  NODESL7X.7HELECENT.3X . l H l r 7 X .  l H 2 .  0 4 T A 3 9 4 0  

> 4 O H  NUCBER OF SURFACE T E R P S  . . . * I S /  5 x 1  

> bX.4HNOOE.6h.4HTYPE.5X.5HCEPTHJ 

> 5X.7HEL~MENT.LX.6HNODE 1.2X.6FNDDE 2 )  
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13700 F O R M A T ( / / / / 3 3 H  TOO M A N Y  N C C A L  P C I N T S .  M A X I M U M  =*IS///) D A T A 4  1 9 5  
13800 F O R M A T (  / / / /29H TOO MANY E L E P E h T S .  M A X I M U M  1 5 / / / )  D A T A 4 2  0 0 
13900 F O R M A T ( / / / / 3 0 H  TOO MANY M A I E R I A L S .  C A X I M U M  = * 1 5 / / / )  D A T A 4 2 0 5  
14000 F O R M A T ( / / / / 3 6 H  TOO M N Y  SCIL P H C P E R T I E S I  M A X I M U M  = *  1 5 / / / J  D A T A 4 2 1 0  

14200 F O R M A T ( / / / / 3 a H  TOO MANY T I W E  I N C R E M E N T S ,  M A X I M U M  = . 1 5 / / / 1  D A T A 4 2 2  0 
14300 F O R M A T l / / / / 3 7 H  C H E C K  B O U N D A R Y  C C N C I T I C N S .  M A X I M U M  = * 1 5 / / / )  D A T A 4 2 2 5  
14400 F D R M A T ( / / / / 3 l H  C H E C K  S U R F A C E  TERMS. C A X I M U M  1 5 / / /  J D A T A 4 2 3 0  
14500 F O R M A T ( / / / / 3 &  TOO MANY R A I N F A L L  P R C F I L E S .  MAXIMUM = e  1 5 / / / )  D A T A  4235 
14600 F O R M A T (  ////4On TUU MANY R A I h F A L L  PARAMETERS.  M A X I M U M  = t  15///) D A T A  424 0 

> / )  D A T A 4 2 5 0  

14900 f O R M A T ( / / / / 3 4 H  t R K O R  I N  S U R F A C E  CARO FOR E L E M E N T . I 5 / / / )  D A T A 4 2 6  0 

15100 F O R M A T ( / / / / 3 0 n  E K R W  I N  N C D A L - P C I N T  CARO NO. .15 / / / J  D A T A 4 2 7 C  
1 5 2 0 0  F O R M A T L / / / / 2 6 H  E K R U R  i h  E L E Y E h T  C A R D  N 0 . * 1 5 / / / )  D A T A 4 2 7 5  
15300 F O R M A l ( / / / / 3 6 t i  ERROK I N  I L I T I A L - C C L D I T I O N  C A R D  N O I S  15///) D ATA 428 0 
15400 F O R M A T ( / / / / 4 Y H  E R A U R  I N  F I P S 1  H=BB T Y P E  B O U h D A R Y - C O N D I T I O N  CARO / / D A T A 4 2 8 5  

> / 1  0 ATA 429 0 
15500 F O R M A T I  / / / /48H ERROK I N  F I R S T  RAINFALL-TYPE-PONOIF4G-OEPTH C A R D / / / ) D A T A 4 2 9 5  
15600 F O R M A T l / / / / 4 5 H  E K R O R  I N  F I R S T  R L I N F A L L - S E E P A G E  E L F M E N T  C A R D / / / )  D A T A 4 3 0 0  
15700 F O R M A T i / / / / 3 3 H  E R R O K  I N F I R S T  SURFACE-TERM C A R D / / /  J D A T A 4 3 0 5  
15800 F O R M A T ( / / / / 4 5 H  A S S k M R L Y  A b 0  S O L U T I C N  WILL N C T  B E  P E R F O R M E D I . ~ ~ .  D A T A 4 3 1 0  

> 1 9 H  F A T A L  C A R 0  E A K O R S / / / )  D A T A 4 3 1  5 
15900 F O R M A l l / / / / 4 0 H  E H K O R  I N  M A T E R I A L  T Y P E  CODE F C R  E L E M E h T . I S / / I J  D A T A 4 3 2 0  

E N 0  D A T A 4 3 2 5  

14100 F O R M A T l / / / / 4 1 H  TOO N A N Y  CORRECT I C N  M A T E R I A L S *  P A X I M L H  =. 15///) D A T A 4 2 1 5  

14700 F O R M A T 1  ////*an TOO MANY R A I N F A L L - S E E P A G E  E L E C E N T S .  C A X I M U M  =. I5 / / D A T A 4 2 4 5  

14800 F O R M A T ( / / / / 4 3 H  TOO MANY R A I h F A L L - S E E P A G E  NODES. MAX IMUM = . I  5 / / / )  D A T A 4 2 5 5  

15000 F O R M A T I / / / / Z B H  t X E C U T I O N  H A L T E D  B E C A U S E  OF. I5.13H F A T A L  E R R O R S / / / ) G A T A 4 2 6 5  

S U B R O U T I N E  V E L T L  VX. VZ. HT .H. AWX v AKZ. WAXEL. M A X N P 1  

F U N C T 1 0 h  OF S U B R O U T I N E - - T O  D E T E R M I h E  CARCY V E L O C I T I E S  V X ( M s K 0 )  A N D  
V Z I M . K O )  AND THE T O T A L  H E A D  k T L h P )  

I M P L I C I T  R E A L * 8  (A-H.O-ZJ 
C O M M C N / G E O M / X L b 9 0  ) . Z ( t 9 0  I.BB(690 ) . O C O S X B ( 6 1 2  1 . D C O S Z B 1 6 1 2  1. 

1 > 
> N B E  ( 6 1 2  1. ( € 4  612 -51  I SB (612 4 )  *NNPqNEL.NWAT. 1BANC.NBCrNST.NT 1 9  
> N B E L . N S T N . N S l R 1  

DL B ( 6 12 ). U t L  T CHhG. 0 t L MA X TMA X t S N F  E t C S F E  N N  ( 690 1 t N P  ST ( 6‘4 0 

O I M E h S l C N  

I S l O P = O  

D N X i  4.4) .ON2 I 4  s 4 1. X 4 (  4). ZC 1 4 )  VX I YAXEL.4 8 t V 2  ( M A X E L t  4 I 
> H T (  W A X N P ) r A K X ( M A X E L . 4 )  A K Z ( C A X E L . 4 1  e H ( M A X N P 1  

DO 5a C=I.NEL 

FOR E A C h  E L E M E N T  I4 P R € P A R €  V A R I A B L E S  X C i I O I  A N C  2 0 1 1 0 )  FOR 040. 
W H I C H  D E T E R M I N k S  O E K I V A T I V E S  O h X I I C . K C J  A N 0  D N Z (  10 .KOI  OF E A C H  OF 
THE FOUR BASIS FUNCTIONS N(IO) A T  EACH NODAL PGINT K O  

DO 10 1QIl.4 
N P x  I E ( Me IO I 
X O (  I O J = X I N P J  

10 2 9 (  I O ) = Z ( N P h  
C A L L  
I F  (ARtA,GT.U.OI GO TO 20 
I STOP= I STOP+1 

040 4 ffl X. D N Z  . AR E A  v X C v Z C ) 

V E L 1  
V E L T  
V E L 1  
V E L 1  
v E L 1  
V E L 1  
V E L 1  
V E L T  

V E L 1  
V E L 1  
V E L 1  
V E L 1  
V E L 1  
V E L 1  
v EL1 
V E L 1  
V E L 1  
V E L 1  
V E L 1  
VEL1 
V E L 1  
V E L 1  
V E L 1  
V E L 1  

0 
5 

10 
15 
20 
2 5  
30 
3 5  

60 
6 5  
7 0  
7 5  
80 
8 5  
9 0  
9 5  

10 0 
10 5 
1 1 0  
115 
120 
12 5 
130 
135 
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P R I N T  1OOOO.M 
C 
C FOR E A C H  NCOAL P O I N T  KO SUM CVER C C N T R I B U T I O N S  FROM E A C H  B A S I S -  
C I N r E R P f l L A T l O N  F U N C T I O N  N ( l 0 )  I C  0 B T A l ) U  O E R I V A T I V E S  OHX AND OHZ 
C O F  THF PRESSURE H I N P b  
C 

20 OC 40 K 0 1 1 . 4  
OHX=O. 
OHZ-0. 
00 30 10=1.4 

N P = I E ( M . l Q b  
OHX=DHX+DNXI  I 0. K O )  *b I N P )  
OHL=DHL+ONZL I 0 .  K C  i * H  I N P )  30 

C 
C FORM THE O I R C Y  V E L O C I T I E S  V X I P . K C )  Ah0 V Z t M v K O )  
C 

M T Y P = I E ( H r  5 ) 
VXL H.KO)=-AKX(HI K O ) * ( C H X - S N F E )  
VZL M.KU) = - A K L I  M. K O ) *  ( O H Z + C S F E )  40 

5 0  C O N T I N U E  
IF ( I S T O P - G T . 0 )  STOP 

C 
C C A L C U L A T E  THE T O T A L  HEAD H T L h P )  
C 

I l O  60 N P = l r N N P  
6 0 H T I N F )= H I NP 1 -X I NP ) * S N  F E t 2 I N P  )+C 5 FE 

RETURN 

E N 0  
10000 F O R M P T I / S X . l 7 H  A R t A  OF E L E P E N T  . I 5 . 1 4 H  IS h E G A l l V E  / I  

C 
c 
C 
C 
C 
C 
C 

C 
C 
C 
C 

SUBROUT I N E  O4OIDNX.UNZ .AREA.XO. Z C )  

F U N C T l O h  OF SUt)RCOUTINE-TO COCPUTE X Ah0 Z D E R I V A r I V E S  ONX( IO IKO)  
A N 0  0NZIIO.KO) OF EACH B A S I S  F U h C T l O N  h i l o )  AT EACH NOCE KO OF THE 
FLEMENT.  R E S U L T S  A H E  I N  THE G L C B A L  COOROINATE SYSTEM. 

I M P L  IC11 R E A A I O  1 A-H.0-Z) 
UI MENS I C N  
CATA S / -1.00+00. A.OU+OO. 1~OC+00~-1~00+00 /. T / -1.00+00.- 

S I  4) s T I 4) , D N X I  4 4) e O N Z I  4 * 4) .XO (4 )  ZO( 4) 

> l.O0+00. 1,00+00. A.OO+OO / 

E V A L U A T E  O U A N T I T I E S  FOR USE I h  THE J P C O B I A N  D J / 8 .  BELOW. NECESSARY 
FOR T R A h S F C R N A T I O N  FROM G L O B A L  T O  L O C A L  C O O R D I N A T E S  

x 1 2  = X O ( 1 )  - 
X 1 3  = X Q t l )  - 
X 2 3  = X O ( 2 )  - 
X14 = X O ( 1 )  - 
X 2 4  = X O I 2 1  - 
X 3 4  = X O ( 3 1  - 
2 1 3  = Z O I l )  - 
2 2 4  = 2 0 1 2 )  - 
2 3 4  = Z C ( 3 )  - 
z12 = Z O i 1 )  - 

V E L 1  140 
V E L 1  1 4 5  
V E L 1  150 
V E L 1  1 5 5  
V E L T  160 
V E L T  1 6 5  
V E L 1  170 
V E L 1  175 
V E L 1  180 
V E L l  185 
V E L l  190 
V E L T  1 9 5  
V E L 1  200 
V E L 1  2 0 5  
V E L 1  2 1 0  
V E L l  2 1 5  
V E L T  220 
V E L f  225 
V E L 1  230 
V E L T  2 3 5  
V E L T  240 
V E L T  2 4 5  
V E L l  250 
V E L T  2 5 5  
VECT 260 
V E L T  265 
V E L T  2 7 0  
V E L 1  2 7 5  
V E L 1  280 

040 
0 40 
0 40 
Q 40 
040 
Q 40 
Q 40 
040 
040 
0 40 
Q 40 
0 40 
040 
0 40 
Q 40 
040 
Q 40 
0 40 
Q 40 
0 40 
0 40 
040 
Q 40 
0 40 
Q 40 
040 

0 
5 

1 0  
1 5  
2 0  
2 5  
3 0  
3 5  
40 
4 5  
5 0  
5 5  
60  
6 5  
7 0  
7 5  
8 0  
8 5  
90 
95 

1 0 5  
110 
1 1 5  
12 0 
12 5 

i o a  

8 
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C 
C 
C 

C 
C 
C 

c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

2 2 3  = L O ( 2 )  - LOL3) 
214 Z O ( 1 )  - L O ( * )  
AREA = X 1 3 * Z 2 C  - X 2 4 * 2 1 3  

L n o P  O V E R  EACH NODE 

00 10 KCZ1.4 

L O C A L  C O O R D I N A T E S  O F  ANY G l V E h  NCOE P R E  ( S S s T T I  

S S  = StKO) 
T T  = T ( K U )  

F V A L U A l E  * J A C O B I A N *  

O J  = AREA + S S * ( X 3 4 * Z 1 2 - X 1 2 * Z 3 4 )  + T T * ( X 2 3 * 2 1 k X 1 4 * Z 2 3 )  

O E T E R M I N E  THE O t R I V A T I Y E S  OF EPCH e A S I S  F U N C T I O N  AT NOCE KO 

D h 2 L 1 KO) = 1 - X 2  4 + X 3 4 * S  S t X23* 1 1 I /O J 
O N 2  (2. K O  )=( + X I  3 - X 3 4 *  SS- X 1 4 * T  1 I /O J 
O h Z t  3 . K O I = l  + X 2 4 - X l Z * S S + X l 4 * T I )  / O J  
ON2 ( 4 KO ) = L - X  A A+ X 12* S S- X23* 1 T 1 /O J 
ONX(  l .KO)=L + Z L + L 3 4 * S S - Z 2 3 * T T )  /O J 
O N X l 2 ~ K O ~ ~ I ~ L 1 3 + 2 3 4 * S S + Z l 4 * T l l / O J  
OF( X ( 3 K 04 = L -L2 4+ L 12 * S S- 2 14* 1 I ) / 0 J 
0 h X ( 4 K C 1 = L +L 13-Ll2 * S S + 2 2  3 * T  I 1 / O  J 

10 C C N T I N U E  
RETURN 
E N 0  

040 130 
040 1 3 5  
040 140 
040 145 
0 4 0  150 
040 1 5 5  
040 160 
040 165 
040 170 
040 175 
040 1 8 0  
0 4 0  1 8 5  
040 190 
040 1 9 5  
040 200 
040 2 0 5  
040 210 
010 215 
040 220 
040 2 2 5  
040 230 
040 2 3 5  
040 240 
040 245 
040 2 5 0  
040 2 5 5  
040 260 
040 265 
040 270 
040 2 7 5  

S U B R G U l  I N E  BCPREP LNCHC M A X h P  . T I ME * VX. VZ MAX EL CXRF PR e He AKXv AKZ)  BCPR 
BCPR 
BCPR 

F U N C T I O N  O F  SUBKOUTINE--TO PREPARE BCUNOARY C O N C I T I O N S  FOR THE BCPR 
R A l h F A L L - S E E P A G E  NLIDtS. i F  Tt-E PRESSURE H ( N P )  BECOMES GREATER THAN ECPR 
THE P U O O L I N G  DEPTH HCON(NP) .  THEN THE R A I N F A L L  R A T E  I S  GREATER ECPR 
T H A N  1 H A T  C H I C H  C A N  Bt A 8 S O R B E O  BY I h E  S O I L  A N 0  E I T H E R  I N U A R O  F L U X  BCPR 
C O N T I N U E S  dT P MEWCEU KATE CR SEEPAGE. OUTWARO FLUXI B E G I N S -  ECPR 
I N  E I T H E R  EVENT THE BOUNOARY C C h O I T I C N  IS CHANGE0 T O  Tt -E  ECPR 
C O N S I A N T  P U O O L I N G  D E P T H  H C O N ( h P ) -  ON THE OTHER HANO. SHOULO THE ECPR 
I N T E R I O R  OARCV F L U X  U C V F L X ( N P J  BECOME GREATER T H A N  C A N  BE M A I N T A I N E O  ECPR 
B Y  THE E X T E R N A L  F L U X .  A C H A k G E  IC A F L b X  80UNOdRY C O N O I T I O N  I S  BCPR 
E F F E C I F C .  ECPR 

ECPR 
BCPR 

I H P L  I C  I T R E A L * O  (*-HI 0 - 2  1 ECPR 
COMMCN/GECM/XL6YO ) .ZL 690 I . E B ( 6 9 0  I . O C O S X B ( 6 1 2  ) . O C O S Z B ( 6 1 2  

> D L R ( 6 1 2  ~ . O E L T . C H ~ G . D € L H A X . T H A X ~ S N F € ~ C S F E ~  h N ( 6 9 0  ) . N P S T l 6 9 0  1 ,  
> N B t  (612 ) . 1 € 1 6 1 2  . 5J  I S B ( 6 1 2  e 4 1  .hhP.NEL.NMAT. I EANC.NECINST.NT I e 
> NBEL.NSTN.NS lK1  

> O C O S Z L 6 1 2  J . O L ( 6 1 L  ). T R F L 2 . 2 0 )  . R F L 2 . 2 0 1 s R F A L L ( 2 ) .  I R F T Y P ( 6 9 0  I r  
> NPR S(690 ) . W C O N ( 6 9 0  ) N P F L X l 6 9 0  ) s N R S E 1 6 1 2  ) I S (  6 12 s 41. NRF PR. 
> NRFPAR.NRSEL. N R S N  

C O H M C N / R F S P / D C Y F L X L 6 9 0  ) . H C C h 4 6 9 0  l . F L X ( 6 9 0  ) . O C O S X ( 6 1 2  1. 

C l M E h S I C N  H L N A X N P )  .VX( WAXEL.4). V Z t M P X E L . 4 )  A K X ( M A X E L . 4  1. BCPR 

0 
5 

10 
1 5  
2 0  
2 5  
30 
3 5  
40 
45 
5 c  
5 5  
60  
65 
7 0  
7 5  

12 0 

8 

. 
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. 

> A K Z l M A X E L ~ 4 J ~ D F L X O I 2 ~ 1 K O ( 2 ~ ~ H C ( 4 ~ ~ A K X O I 4 J ~ A K Z O ~ 4 ~ ~ X O l 4 ~ ~ Z O ~ 4 ~  
C 
C CALCULATE TH€ KAINFALL  R F A L L ( 1 )  FRCM EACH PRDFILE  
C 

I F  (hRFPR.EQ.OJ GO TO 4 0  
00 3 0  I=l .NYCP& 

nC 2 0  J=Z.NWFPAR 
I F  I TKF( 1. J-1) - L E -  T I  PE -AND.T I ME-LE-TRF ( I s J )  1 GO TO 10 

RFALLL I ) = K F  I I .I- 1 )  + 4 TIME-TRF I 1. J-1 I ) *  I R F (  I .J ) - R F  4 I t  J-1) ) / 
G o  To 20 

GO To 30 

10 
> f T R F ( I . J l - T R F I i . J - l J )  

2 0  CON T INUE 
30 CONTINUE 

c. 
C DETERMINE THE NORMAL RAINFALLS F L X t N P J  AND OARCY FLUXES DCYFLXtNP)  
C F O R  EACH RLINFALL-SkEPAtiE NODAL P C I h T  
C 

4 0  DO 

5 0  
00 

C 
C 
C 
c 

L 

C 
C 
C 

5 0  NP=l.NNP 
F 1 x 1  NP ) = O .  
OCYFLX ( NP)=O. 
7 0  MP=l.NI(StL 
M=NRSE (MPJ 
N I = I  SlMP.1) 
N J = I  S(MP.2) 
F1 I T I P =  I RF T Y  P t  N I  1 
N J  TYP= I RF TY P L  N JJ 
RFNI=O. 
RFkJ=O. 
I F  (NITYP.GT.0) RFNI=RFdLL4NITYPJ  
I F  ( N J  TYP-GT.0)  WFN J=RFPLL(  h J T Y  P I  

OBTAIN RAINFALL  RATES R F N I  A N t  RFNJ 4 7  PCINTS h I  AN0 N J  NORMAL TO 
THE S I D E  SUBTENDED BY THESE PCINTS 

M 7YP=I  E ( M . 5 )  
R F N I =-R F k l +  OC 0 Si! i blP ) 
RFNJ=-RFhJ*OCOSLlMP J 

OBTAIN DARCY FLUX h A T E S  VNNI  Ah0 VhhJ 4 T  THESE SAME POINTS AN0 
NflRMAL TO THdT SAME SIDk 

K O (  1 )=ISlMP.3) 
KC L 2 )= I S(MP e4 1 

CALCULATE RAINFALL  FLUX PASSIhG THROUGH SIDE ( N I . N J I  AN0 C I V I O E  I T  
INTO TLlO PARTS F L X I N I )  AN0 F L X I h J I .  P E R F O R M  A S I P I L A R  OPERATION TO 
OBTAIN C A R C V  FLUXtS  D L Y F L X I N I )  AND CCYFLXtNJ I  

F L X l h I ~ = F L X L ~ I ~ + R F ~ I * D L ~ ~ P ~ / 3 ~ O t R F N J * O L ~ M P ~ / 6 . O  
F L X ( ~ J ) = F L X ( N J ) + A F N t * O L ( ~ , P ) / 6 . O + R F N J * D L l M P ) / 3 . 0  
DC 6 0  I G 1 . 4  

NP* I E L He IO J 
X O (  IOJ=X(NPI  
Z C (  I CJ=ZLNP) 

A K Z O ~ I O I = A K L L M . l O )  
HO( IO)=HLNPJ 

A K X P L I Q l ~ A K X L M . I O I  

6 0  CONTINUE 

BCPR 1 2 5  
BCPR 130 
BCPR 1 3 5  
BCPR 140 
BCPR 1 4 5  
BCPR 150  
ECPR 1 5 5  
BCPR 160 
ECPR 1 6 5  
BCPR 1 7 0  
BCPR 1 7 5  
RCPR 180 
BCPR 1 8 5  
BCPR 190 
BCPR 1 9 5  
BCPR 2 0 0  
BCPR 2 0 5  
BCPR 2 1 0  
ECPR 215 
ECPR 220 
BCPR 2 2 5  
BCPR 2 3 0  
BCPR 2 3 5  
BCPR 240  
BCPR 2 4 5  
BCPR 2 5 0  
BCPR 2 5 5  

BCPR 2 6 5  
ECPR 2 7 0  
BCPR 2 7 5  
BCPR 2 8 0  
ECPR 2 8 5  
ECPR 290 
BCPR 2 9 5  

BCPR 305  
BCPR 310 
BCPR 3 1 5  
BCPR 3 2 0  
BCPR 3 2 5  
8CPR 330  
ECPR 3 3 5  
BCPR 3 4 0  
BCPR 3 4 5  
ECPR 350  
BCPR 3 5 5  
BCPR 360 
BCPR 3 6 5  
BCPR 3 7 0  
BCPR 3 7 5  
BCPR 3 8 0  
ECPR 3 8 5  

BCPR 3 9 5  
BCPR 400 
BCPR 4 0 5  
BCPR 4 1 0  
BCPR 4 1 5  

B c w  260  

ecPR 300 

BcPa 390 

c 
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> AKLO. SNF€.CSF€.AHEA) 
D C Y F L X (  N I  ) = U C Y F L X l N I )  + O F L X O l  1) 
OC Y F L X  ( N J)= DC Y f C X  ( N  J 1 + 0 F L X Q l  2 )  

70 C G N T I N U E  
C 
C CHANGE TO F L U X  W CONSTANT-HELO C O h O I T I C N S .  AS NECESSARY. A N 0  SO 
C I N O I C A T E  I N  THE AKRAYS N P f L X ( h P P I  P K D  NPCONtNPP)  
C 

80 

90 

100 

C 
c 

I F  lhCHG.NE.(-l)) CU T O  BO 
NCHG=O 
RETURN 
NCHG=O 
OC 100 NPP=l.NRSN 

N P e N P f  L XLMPPI 
I F  Ih’P.EO.0) GO TO 90 
I F  lHCONlNP).GE,H(NPI) GG T O  100 
N PCON ( hi PP ) = NPF L X t NP P J 
N P F L  X l h P P ) = O  
NCHG=NCHG+A 
GC TC 100 
NP-NPCONlNPP)  
I F  L F L X ( N P I . L E . O C Y F L X l h P ) )  GC TO 100 
N P F L  X (NPP)=NPCOh (NP P)  
h P C O h l N P P ) = O  
NCHG=NCHti t1 
C O N T I N U E  

RETURN 
E N 0  

SUBRCUTINE BClC.R .AP.NAXNP.CAXHeP.KSS)  

C F U N C T I O N  O F  SUBROUTINE--TO APPLY BCTH CONSTANT AN0 T I M E - V A R Y I N G  
C I R A  I N F A L L - S E E P A b € )  FLUX-TYPE hEUHAhN A h 0  PRESSURE-TYPE D I R I C H L E T  
C ROUNDARY C C N O I T I O N S -  
C 
C 

I M P L I C I T  R E A L I B  (A-H.0-Z) 
C O H H @ N / G E f l M / X l 6 9 0  ).Zl 690 J e B B ( 6 9 0  ).CCOSXB I612 I . O C O S Z B l 6 1 2  ) e  

> O L E 1 6 1 2  I . O t L T . C H N G . O f L M d X . T H A X ~ S ~ F E . C S F E .  hhl690 ) e N P S T l 6 9 0  
> N B E ( 6 1 2  1. E l 6 1 2  51 1 S B l 6 1 2  41 .hh’P.NEL. NHATI I BANC*NBC*NST.NT I 
> NBEL.NSTN.NSlRT 

> O C O S Z ( 6 1 2  I.IJLl612 J . T R F l 2 * 2 0 ) . R F ( 2 ~ 2 0 ) . R F I C L L l 2 ) ~  I R F T Y P l 6 9 0  ). 
> N P R S l 6 9 0  ) .FSCCJNl690 ) . N P F L X ( 6 9 0  ) . h R S E ( 6 1 2  )~151612 *4).NRFPR. 
> NRFPAR.NRSEL.NRSN 

I H A L  FB= l I RAN+ 1) 1 2  
l H B P = I H A L F B + l  

C O C W O N / R F S P / D C Y F L X l 6 9 0  ).I ’CCN(690 I . F L X l 6 9 0  ) r O C O S X 1 6 1 2  I *  

D I WE hi SI ON C L HAXNP. MAXHBP ) e R I FAX h P  1. RP L MAXNP I 

IF (NBC.EQ-O) GO ra YO 
C 
C A P P L Y  CONSTANT O I R I C H L E T  BOUhCARY C C h O I T I O N S  
C 

C 
C M O D I F Y  L O A 0  VECTOR FOR NON-ZERO BE 

00 BO NPP=l.NBC 

BCPR 4 2 5  
BCPR 4 3 0  
BCPR 4 3 5  
BCPR 4 4 0  
BCPR 4 4 5  
BCPR 4 5 0  
BCPR 4 5 5  
BCPR 4 6 0  
BCPR 4 6 5  
BCPR 4 7 0  
BCPR 4 7 5  
BCPR 4 8 0  
BCPR 4 8 5  
BCPR 4 9 0  
BCPR 4 9 5  
BCPR 5 0 0  
8CPR 505  

BCPR 5 1 5  
BCPR 5 2 0  
BCPR 5 2 5  
BCPR 5 3 0  
ECPR 5 3 5  
BCPR 5 4 0  
BCPR 5 4 5  
ECPR 550 
BCPR 5 5 5  
BCPR 5 6 0  

BCPR 510  

BC 
BC 
BC 
BC 
BC 
BC 
E C  
BC 
EC 

B C  
BC 
BC 
BC 
EC 
BC 
8 C  
BC 
BC 
BC 

0 
5 

10 
15 

2 5  
30 
3 5  
4 0  

20 

8 5  
90 
9 5  
100 
105  

11 5 
120 
12 5 
130 

t i a  

. 

c 
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C 

4 

I F  
I F  
DC 

H I = N N l  hPP)  
I F  lBBlhPP).EO.O.OI GO T O  4 0  
00 LO I B = l . i H A L f B  

N J= N 1 - I B 
I F  (NJ.LT.1) GO TO 2C 
JE= I R + I  

10 R I N J l = W ( K 1 ) - Y t l l ~ F P ) + C I N J . J B )  
2 0  00 30  I B S 1 .  (HALF 8 

N J=N I + I  B 
I F  lNJ.6T.NNPI GO TC 40  
JB= I B + l  
R I N J )=A( NJ 1-BBINPP I * C  I h 1. JB  I 3 0  

4 0  R [ N I I = A B L W P )  
t 
C Z E R O  COLUMN NN 
C 

DO 50 I B = l . I H A L F B  
NJ=NI - IB  
I F  lNJ.LT.1) GO T O  60 
JB= I B+ I 

5 0  C INJ .  JBJXO. 0 
C 
C MODIFY ROk NN 
C 

6 0  00 7 0  KB=l . IHBP 
70 CINl .Kf5 I=O.O 

8 0  CCNTINUE 
C l N I . l ) = 1 . 0  

C 
C MODIFY LOAD VECTOH fOR CONSTILT  SURFACE TERMS OF THE FCRH OR/DN=C 
C 

90 IF lh .ST.EQ.OI  GO TO 110 
00 100 NP=l.NNP 

100 R lNP)=R lNP) -HP lNP)  
1 1 0  I F  lNRSN.EP.0) GO TO 2 1 0  

C 
C APPLY D l R I C H L E l  T I M t - V A K I A B L E  IR I INFbLL-SEEPAGE)  CONDITIONS 
C 

C 
C MODIFY LOAD VEClOA F O R  NON-ZERC HCCh 
C 

Da  190 NPP=A.NRSN 

N I = NPC ON I NP P )  
INI.EO.01 GO TO 190 
lHCONlNI).EO.O.Ob GC T O  150  

1 2 0  
1 3 0  DO 

140 

120 1 B ~ l . I H A A f B  
k J= N I- I B 

J B = I B + l  
R I N J  ) = H (  NJb-HCON I N  I 
140 I B = l . I H A L f B  
h J=NI  + I  B 
I F  INJ.GT.NNPI G O  T C  1 5 0  
J B = I B + I  
R I N J  l = K l  NJ I-HCON 1 N I  J *C I N1. J B  I 

IF INJ.LT.A) GO ro A J C  

*C I N J  JB  I 

150 R I N  I )=HCONl  N I  ) 

C. ZFRO COLUMN NPCON 
C 

e c  

e c  

BC 
BC 

BC 
BC 
BC 
B C  
B C  
B C  
BC 
B C  
e c  
e c  

ec 

BC 
BC 

B C  
B C  
B C  
BC 
BC 
BC 
BC 
BC 

BC 
BC 
R C  
BC 
B C  
BC 
BC 

BC 
BC 
BC 
B C  
B C  
BC 
BC 
BC 
BC 
BC 

ec  
0c  
BC 
ec  
BC 
BC 
BC 
B C  
@ C  
BC 
BC 
BC 
BC 
B C  
BC 

ec 

ec 

e c  

135 
1 4 0  
145  
1 5 0  
1 5 5  
160 
16 5 
1 7 0  
175 
1 8 0  
18  5 
1 9 0  
1 9 5  
2 0 0  
2 0 5  
2 1 0  
2 1 5  
2 2 0  
22 5 
2 3 0  
2 3  5 
240  
2 4 5  
2 5 0  
2 5 5  
260 
26 5 
2 7 0  
2 7 5  
2 8 0  
2 8  5 
29 0 
2 9 5  
3 0 0  
30 5 
310  
31 5 
32 0 
32 5 
33 0 
335  
3 4  0 
3 4  5 
3 5 0  
3 5 5  
3 6 0  
3 6 5  
3 1 0  
3 7 5  
36 0 
38 5 
39 0 
3 9  5 
400 
4 0 5  
410  
4 1 5  
42 0 
42 5 
430 

. 
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DO 160 I B = l . I H A L F B  
N J=N 1-1 
I F  ( N J - L T . 1 )  GO TO 1 7 0  
J E = I B + 1  
C I N J JB J =O. 0 160 

c. 
C M O D I F Y  ROW N P C b N  
C 

170 00 160 K B = l . I H B P  
180 CINI.KEJ=O.O 

C I N I .  l ) = l - O  
190 C C N T I N U E  

C 
C A P P L Y  NEUMANN T I M E - V A R I A B L E  I P 4 I k f  I L L - S E E P A G E )  
C 

00 200 kPP=A.NRSN 
NP=NPF L X I  NPPJ 
I F  ( L P . E L O J  GO TO 200 
R I N P  )=R I N P J - F L X I  NP J 

200 C O N T I N U E  
2 1 0  R E l U R N  

E NO 

BC 
BC 
B C  
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 
BC 

CDNOIT I C N S  BC 
BC 
BC 
BC 
RC 
BC 
BC 
BC 
BC 

43 5 
440 
44 5 
45 0 
45 5 
460 
46 5 
470 

400 
40 5 
490 
49 5 
500 
505 
510 
5 1 5  
52 0 
52 5 
53 0 
53 5 
540 

4 7 5  

SUERCUTINE A S E M E L l C . R . R P t H . H P . T ~ . r O T H . A K X . A K Z ~ H A X N P .  MAXHBP.MAXELv ASEM 0 
> KSS.k) ASEM 5 

ASEM 10 
ASEM 1 5  

f U N C T I O N  OF SUBfUlUTINE--lO ASSECBLE THE TOTAL C O E F F I C  I E N T  M A T R I X  ASEM 20 

OB(  IO.JC). Ah0 ROI10J- ASEM 30  
ASEM 3 5  
ASEM 40 

I M P L I C I T  R E A L * B  (A-HIO-Z) ASEM 4 5  

C I N P e I B )  AND L U U  VECTOR R I N P J  FROM THE ELEMENT M A l R I C E S  O A I I O s J O J .  ASEM 2 5  

COMMON/GECM/XI690 b vi1690 ) e 8 8 4 6 9 0  ) .OCOSXB(612 ) . O C O S Z E I 6 1 2  1 s  
> O L B I 6 1 2  ) .DELl .CHNGsDELWAX. lMAX~ShFE.CSFE~hN(690  ) . N P S T I 6 9 0  
> N B E ( 6 1 2  ).It4612 .5J. 1 S B I 6 1 2  .4 ) .hhP.NEL.NWAT. IBANC.NBC.NST.NTI .  
> NEEL. NSTN.NSTH1 

C O C M O N / M T L / P R O P I ~ . ~ ) . T H P R C P ~ Z ~ ~ ~ ~ ~ A ~ P R O P I ~ ~ ~ ~ ~ ~ H P R C P I ~ I ~ ~ J ~  

C O M M O N / G 4 P A R / ~ B i 4 ~ 4 ~ ~ u * o . R Q ~ 4 ~ . T H 0 ( 4 ~ ~ D T H O I 4 ~ ~ A K X O l 4 ~ ~  A K Z P ( 4 ) A S E M  80 
> CAPROPtZ.  521 .NSPPM 

> AREA. A L  P. BE TAP. PORI X Q I  4 J . Z C I 4 ) .  S INFE.  COSFE ASEM 0 5  
D I M E N S I O N  CIMAXNP. MAXHBP 1 e R ( MAX h P ) .  TH( MAXEL - 4  J .  OTH( PAX EL 41 v ASEM 90 

S I N F E = S N F E  ASEM 100 
CO S F  E=C S f  E ASEM 105 
I H A L F E = l  I BAND- 11 12 ASEM 110 
I H B P = I H A L F B + l  ASEM 1 1 5  
D E L  1 I =  l . /DEL 1 ASEN 120 
n i = n  ASEM 1 2 5  
nz=1.-u ASEM 1 3 0  
I F  ( K S S - G T - O J  GO 10 10 ASEH 1 3 5  
D E L  1150. ASEM 140 
u1=1. ASEM 145  
u2=0. ASEM 150 

ASEM 1 5 5  
I N 1  1 I A L I Z E  M A l R l C E S  C I N P .  16) Ah0 R I N P J  ASEM 160 

> H I M A X N P J  .HPIMAXNP)  . A K X I M A X E L . C J r b K Z (  WAXEL.4Jv I E N I  4 ) , R P I H A X N P )  ASEM 9 5  
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. 

. 

10 DO 20 NP=I.NNP 
R(NPI=O.O 
DO 20 I B = ~ . I H B P  

2 0  C ( NP. I B I a O  0 
00 60 H=I .NEL  

COMPUTE M A T R I C E S  O A ( I U . J O 1 .  C C ( I Q * J C ) .  AND R O ( I O l  FOR ELEMENT M 

H T Y P = I E ( H . 5 J  
A L P = P R O P I M T Y P .  1) 
BETAP=.PRUP( HT Y PI 2) 
PCR=PROP(MTYP .3) 
DO 30 10=1.4 

N P = I E ( M . I O )  
I E M ( I O ) = N P  
X C ( I O I = X L N P J  
ZQ( I O ) = L l N P J  

O T H O I I O I = O T H ( H . I U J  

30 A K Z O ( I O J = A K L ( M . l  C) 

THO( I O J = T H I H . I O )  

AKXO ( I O ) = A K X ( M .  IO) 

C A L L  04 

A S S E M B L E  O A ( I O . J O I  A N D  O B ( I O * J O )  I h T C  THE T O T A L  M A T R I X  
C I N P . I B )  = B t A / D E L l  A N 0  FORP THE L O A D  VECTOR R l k P I .  
S I N C E  C IS SYMMtTRiC. ONLY THE L P P E R  H A L F  B A N D  I S  STORED 

c 
40 DC 50 IO=1.4 

N I =  I E M L I U J  
R ( N I  ) = H ( N l  )-WO(IOl 
DO 50  J0=1 .4  

NJ=IEHl  J O J  
OA 119. J U l = O A 4  10. JCI  * D E L 1  i 
R ( N l ) = K L N I  ) + (  OA( IO. JOJ-WZ*CB(IO.JO 
I F  (NJ.LT.NI)  GO IO 50 
I B = N J - N I  t l  
C ( N I  . 18 J =C LNI . I B ) t C A  I I C. JO)  t W l * O B  ( 

5 0  COihT I NUk 
60 C O N T I N U E  

R E T U R N  
END 

ASEM 1 6 5  
ASEM 170 
ASEM 175 
ASEM 180 
ASEM 185 
ASEM 190 
ASEM 195 
ASEM 200 
ASEM 205 

ASEM 215 
ASEM 220 
ASEH 225 
ASEM 230  
ASEH 235 
ASEM 240 
ASEM 245 
ASEM 250 
ASEM 255 

ASEM 265 
ASEM 270 
ASEM 275 
ASEH 280 
ASEM 285 
ASEM 290 
ASEM 295 
ASEM 300 
ASEH 305 
ASEM 3 1 0  
ASEH 315 
A S E H  320 
ASEH 325 
ASEH 330 
ASEM 335 
ASEM 3 4 0  
ASEM 345 

ASEM ASEH 350 355 
ASEM 360 
ASEM 365 
ASEM 370 

A S E Y  210 

A S E M  260 

S U B R C U T  I N €  04 04 0 
04 5 
0 4  10 

F U N C T I O N  OF SUBROUTINE-TU E V I I L U A T E  THE M A T R I X  CUAORATLRES OVER T H E  0 4  15 
A R E A  OF ONE ELEMENT OF 3 A l E R  C O N T E h T  Ah0 C O M P R E S S I f 3 I L I T Y  O A ( I O . J O )  04 20 
AND OF C O N D U C T I V l I Y  0 B I l O . J O )  A h D  R C I I O ) .  THE L A T T E R  A R I S I N G  FROM T H E 0 4  25 
G R A V I T Y  TERM I N  THt M O I S T U R E - F L C Y  ECUA7IDN.  T H E S E  I N T E G R A L S  A R I S E  0 4  3 0  
THROUGH A P P L I C A T I O N  OF THk G A l E R K I h  I N T E G R A T I O N  SCI’EME. 04 35 

0 4  4C 
04 45 

I M P L  I C  I T  R E A L *  8 1 A-Hv 0-Z I 04 5 0  
R E A L I 8  N ( 4 1  04 55 
COHHCN / C 4 P A R / O B (  4 e 4  I O A  [ 4.4 I v R O  (4 I .  THP 4 I e 0 THO (4 I AKXO (4 I A K L O  1 4  ) 0 4 6 C 
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C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
c 
C 

C 

> t A R E A . A L P . M t T A P . P O R . X U l 4 1  . Z Q I ~ ) ~ S N F E I C S F E  
D 1WEh.S ION 
D A T A  P / 0.577>5026’+199626 /. S / -1.OD+00. 1 - 0 0 + 0 0 ~  ~.OD+OOI-  

S 1 4 )  . T I  4) eU14) V 14) 

> 1-00+00 / *  T / - l ~ O D + O O ~ - l ~ O D * O O ~  l.OD+OO. 1-00*00 / 

I N I T I A L I Z E  M A T R I C E S  OA. 0 8 .  P h C  R O  

DO LC I 0 = 1 . 4  
R C (  I Q ) =  0. 
UC 10 J e 1 . 4  

OR( IO. JO!=O.O 
10 

E V A L U A T E  O L A N T I T I E S  F O R  USE I h  THE J A C C B I A N  OJAC.  8ELDk. NECESSARY 
FOR TRAhSFCRPATIOIY  F R O M  G L O B A L  T C  L O C A L  C O O R D I N A T E S  

0 4 1  I 9. J O  ) =O. 0 

x 1 2  = X O I I )  - x 9 1 2 1  
X 1 3  = X Q l 1 )  - XU131 
X23 = XC(21 - XU131 
X14 = X C l 1 )  - XO14) 
X24 = XO(2) - X914)  
x 3 4  = XO(3) - XU(41 
213 = 2 9 c l )  - LO131 
224 = 2 9 ( 2 )  - LO(+) 
2 3 4  = 2 9 ( 3 )  - LOL4) 
2 1 2  = LO111 - LUlZ) 
2 2 3  = ZC(21 - Z 0 1 3 J  
214 = 2Cll) - LO141 
AREA = X13*L24 - XL4*213  
DO 4G K G 1 . 4  

OETERCIIhE LOCAL C O O R D I N A T E S  I S S . T T )  OF G A U S S - I N T E G R A T I C N  POINT KG 

S S  = P * S ( K G )  
T T  = P * T ( K G )  

E V A L U A l E  TWIE JACD8:AN D J A L  

D J  = A R E A  t SS* lX34*212-X12*234)  + TT* lX23*214-X14*2231  
D J I  = 1./DJ 
D J A C  = , lLS*OJ 

0 4  
0 4  
9 4  
04 

9 4  
04 
9 4  
9 4  
04 
9 4  
04 
0 4  
9 4  
c14 
9 4  
9 4  
04 

04 
9 4  
9 4  
9 4  
94 
04 
9 4  
0 4  
9 4  
9 4  
9 4  
9 4  
04 
9 4  
9 4  
04 
9 4  
9 4  
0 4  
9 4  
9 4  
9 4  
04 

a 4  

a 4  

C C A L C U L A T E  VALUES OF THE B A S I S  F U N C T I O N S  N ( I 9 )  AND T H E I R  D E R I V A T I V E S  9 4  
C V AND U Lr-R.T. X AN0 2 .  RESPECTIVELY. b T  T H E  GAUSS P O l h T  KG 9 4  

sc = 1.0 - ss 94 
SP = 1.0 + ss 0 4  
T M  = 1.0 - 11 9 4  
T P  = 1.0 + r i  9 4  
u I1 I = I - x 2 4 t x 3 * * s s + x z 3 *  1 7  I * D J  I 04 
U 1 2 ) = 1  + X l f X 3 4 + S S - X 1 4 * T I ) * D J I  0 4  
U t  3 ) = 1 +  XZ4- X l Z * S S + X l 4 * T l )  *DJ I 04 
U L 4) =I- X13+ X l 2 *  S S - X Z P *  T 1 ) *D J I 0 4  
V I  1 )= (+224-L34*SS-Z23*11  ) * D J  1 04 
V 1 2 1 = 1 - Z I d +  L 3 4 *  SS+L 14 * T T I D J I 04 
V ( 3 )  = ( - L Z 4 + Z A Z * S S - L  1 4 * T T  ) * O J I  9 4  
V I 4 1 = 1 t Z 13-L 1 2 * SS+L 23 T 1 1 *O J I 04 
N 1 1 )  =O. 25*SH* 1M 9 4  
N 4 2)=0.25*SP*TM 9 4  
N 13)=0.25*SP*TP 9 4  

C a4  

6 5  
7 0  
7 5  
8 0  
8 5  

9 5  
10 0 
10 5 

11 5 
120 
12 5 

1 3 5  
140 
1 4 5  
1 5 0  
1 5 5  
16 0 
16 5 
1 7 0  
17 5 
180 
1 8 5  
19 0 
195  
2 0 0  
2 0  5 
2 1  0 
2 1 5  
2 2  0 
22 5 
2 3 0  
23  5 
2 4 0  
2 4  5 
2 5 0  
25  5 

2 6 5  
2TU 
27 5 
2 8 0  
285 

2 9 5  
30 0 
30 5 
310 
3 1  5 
3 2  0 
32  5 
330 
3 3  5 
34 0 
3 4  5 
3 5 0  
3 5  5 
360 

9 0  

i i a  

1 3 0  

26  a 

2 9  a 

t 
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c 

C 
C 
C 
C 

. 

I N T E R P O L A T E  WITH THE B A S I S - I N T E R P O L A T I C N  F U N C T I C N S  N (  IC) TO O B T A I N  

HATER C A P A C l l Y  OrHUP A i  THE GbLSS I N l E C R A T I O N  P O I N T  
V A L U E S  CF C O N D U C T I V I T Y  AKXOP A h 0  AKZCP. hATER CONTENT THOP. A N 0  

A KX 0 P= 0. 
AKZOP=O. 
THOP=O. 
0 THOP= 0. 
DC 2 0  1 0 ~ 1 . 4  

A K X O P = A K X O P + A K X O ( I O ) * h ( I O )  
A K Z O P r A K Z C , P t A K L O (  I O ) * h (  IO) 
THOP=THUP+THOL 10 J * N  f I C) 
D THOP=DTHQIJ+D THO L I 0 1 * h I IO t 20 

ACCUMULATE THE SUMS TO t V A L U A T E  THE C A T R I X  I N T E G R A L S  O A ( I C . J O I .  
O E (  I O . J C l +  A N 0  KOLIU) 

FHP=ALP*THOP/POR+BETAP*THCP+OThCP 
A K X 0 P= AK XUP*U J AC 
AKZOP= AKZUP*O J A C  
F hP=FHP*DJAC 
D C  30 IC=1 .4  

R O( I 0 I = K  U( IO )-V 4 IO 1 *AK XOP* SNF E +U 1 IO) AKZOP*C S FE 
DO 30 J0=1.4 

9 A (  IU.JO)=OAI 10. J C ) + F H F * N (  I G ) * N I J O J  
0 8 ( 1 b ~ . J U I = O 8 (  10. J C )  +VL  I C I * A K X C P * V  I J C ) + U l  I O)*AKZOP*U(  J O I  

30 C O N T I  NU€ 
40 C C N T I N U E  

RETURN 
END 

S U B R O U T I N E  SPKOP(TH.DTH.AIX.AKZ.H.CbXEL.nbXNP) 
C 
C 
C F U N C T I O N  O f  S U 8 R J U T I N € - - T O  C A L C U L A T E  SOIL P R O P E R T I E S I  I.€. THE 
C WATER CONTENTS THLM.101.  H A T E R  C A P L C I T I E S  D T H I M I I O ) .  A h 0  
C P R I N C I P A L  VALUES OF THk C U N O L C T I V I T Y  TENSOR A K X ( M . I C l  PND A K Z ( W * I O I .  
C 
c 

I M P L  IC1 1 R E A L * 8  L A-HIO-ZI 
COMMCN/GEOM/AL690  ) e f t  690 ).E61690 J .OCOSXB(612  J . D C O S L E ( 6 1 2  1 s  

> O L 8 t 6 1 2  ) . D € L T . C H N ~ . D E C M A X . l M A X ~ S ~ F E . h N ( 6 9 0  ) r N P S T l 6 9 0  1. 
> NEE 16 12 
> N8EL.N STN .NSTRT 

> CAPROP( 2r5L I .  NSPPM 

> H ( M A X N P I  

1E 4 61 2 5 J I S B  4 6 I 2  e 4) v h NP. N E L  NMAT e I EA N C  e NBC e N S  T r  N T  I 

C O C M C N / P T L / P R O P l Z  e 5 1  . T H P R C P ( 2 . 5 2 )  AKPROP(2  I 52 1.  HPROP(Z I  5 2 1 1  

I3 I M E N S I O N  

DO 70 M=l.NkL 

THt MAX EL .4J. A K  X (  PAXEL 41 s A K L  (MAX E L  I 4 ) I DTH (MAX ELI 4 1 

M 1 Y  P= I E (M  5 1 
DC 60 10=1.4 

N P = I E ( M . I O )  

IF ( H N P ~ L T ~ H P K O P ( M T ~ P . 1 1 1  G C  TO LO 
H N P = H ( W )  

~~. 
9 4  370 
04 3 7 5  
0 4  380 
04 3 8 5  
04 3 9 0  
04 395 
0 4  400 
0 4  405 
04 410 
0 4  415 
9 4  420 
0 4  4 2 5  
04 4 3 0  
0 4  4 3 5  
04 440 
0 4  4 4 5  
0 4  450 
0 4  4 5 5  
04 460 
04 465 
04 4 7 0  
0 4  4 7 5  
0 4  4 8 0  
0 4  4 8 5  
04 490 
0 4  4 9 5  
04 500 
04 5 0 5  
04 5 1 0  
04 5 1 5  
04 520 

SPRO 0 
SPRO 5 
SPRO 10 
SPRO 1 5  
SPRO 2 0  
SPRO 25 
S P R O  30  
SPRO 35 
SPRO 40 

SPRO 7 5  
SPRO 80  
SPRO 85 
SPRO 90 
SPRO 95 
SPRO 100 
SPRO 105 
SPRO 110 
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C 
C 

C 
C 
C 
C 
C 
C 
C 

c 
C 
C 

JL= 1 SPRO 1 1 5  
J b 2  SPRO 1 2 0  
A=O. SPRO 1 2 5  

SPRO 130 GO TO 50  
10 I F  (HNP.LT.HPRUPiMTYF.hSPPN)I GO TO 2 0  SPRO 1 3 5  

JL=  NSPPM SPRO 1 4 0  
SPRO 1 4 5  J L =  1 

A=O. SPRO 1 5 0  
GC T O  50 SPRO 1 5 5  

20 DO 30 J=Z.NSPPW SPRO 160 
JU=J SPRO 1 6 5  
I F  iHPROPiMTYP.J).GT,HhP) G O  T O  40 SPRO 170 

30  CONTI NU€ SPRO 1 7 5  
40 JL=JU-1 SPRO 1 8 0  

SPRO 1 8 5  A = i  hNP-HPRUP(NTY PI J L I )  / iHPROP IMTYP. J U  )-HPRQP 1 YTYPt J L I  ) 
5 0  l H 1  M. 10) =THPkOP(  NTY P. JLI A*(THPROPLHTYP. JUI-TbPROPlMTYP. J L )  I SPRO 190 

0 TU ( M. I U ) =C APKUP ( MT Y P v J L 1 9 5 
> I SPRO 200 

AKXl  M e  IU)=AKPWUP(HTYP. J L  tA* iAKPROPlMTYP.  JU)-bKPROP(MTYP. J L  ISPRO 2 0 5  
> 1 SPRO 2 1 0  

SPRO 2 1 5  AK'+AKPROPlMTVP.lb 
HCx AKPtlOPt M T Y  P 2 h S P R O  2 2 0  
Ah= AKPKOP4 M TYP 3 ) SPRO 2 2 5  
1FtHNP.LT.O.DO) GO IC 5 5  SPRO 230 

SPRO 2 3 5  
GO TO 60 SPRO 2 4 0  

55 AKX l  M. I O)=AKS/ (  I HNP/i-C )**  A N t l .  I SPRO 2 4 5  
60 AKZ( Wt IQ)=AKXLMi  10)  SPRO 2 5 0  
70  CONTINUE SPRO 2 5 5  

RETURN S P R O  2 6 0  
E NO SPRO 2 6 5  

+A 8 t C A PROP L H 1 Y  P ,  JU) - C APROP 1 R T Y  P e J L 1 S PRO 

AKXl  M e  IO )=AKS 

SU8RCUTINE PRINTTlNUf ' .  IBALO.CAXhP. M A X E L ~ D E L 1 . H ~  HTI VXI VZ. THIAKX v P R I N  0 
> AKZ.DlHe TIME. I E . N E L . K P R . S ~ e H D . K O U T e 8 F L X . F R I T F .  fLOhrNRSN,NPCONs PRIN 5 
> NPFLX. lf LOY.KDIAG.NPHS.RSFLX) P R I N  10 

PRIN 1 5  
PRIN  2 0  

F U N C l I O h  CF SUt)Ri)UlINE--TU OUTPUT FLObS. PRESSURE HEAOSI TOTAL P R I N  2 5  
H E A O S t  hATER CONlENTS. AND O A R C Y  VELOCIT IES AS S P E C I F I E D  BY PRIN  3 0  
PARAMETER KPR. PRIN 3 5  

P R I N  4 0  
PRIN  4 5  

I M PL I C I T RE AL* 8 L A- H SO- 2 ) PRIN  5 0  
REAL.4 SUBHO PRIN 5 5  
D I  MFhS I ON H( MAXNP) H T I  NAXh P I * BF LX I MAXhPl e NPCON ( MAXN P I e NPFLX (HAXNP I PR I N  6 0  

> .NPRSIMAXNP) .RSELXL RAXNP l . V X (  CAXEL.4) .VZlNAXEL.4) .AKX(MAXEL.4) I P R I N  6 5  
> A K Z (  MAWEL.41. T H i  MAXEL -41  .OTh(MAXELt 4 1  9 I E I  MAXEL-4)  t SUBHDIBI  PRIN  7 0  

I F  1KOIAG.M-0) GO 10 10 PRIN 8 0  
PRIN  8 5  K O I A G = l  

GO TO 30 PRIN 90  
PRIN 9 5  

P R I N T  DIAGNOSTJC F u n  INFORMAT chi P R I N  L O O  
PRIN 1 0 5  

10 PRINT 1 0 6 0 0 . l F R A T E l I ~ ~ F L C h ~  ) . T F L C k l l l r l = 1 . 7 )  P R I N  110 
I F  1NRSN.EQ.O) GO T U  30 PRIN 1 1 5  

> FRAT€(  1 0 l ~ F L O Y ~ I O ~ ~ l ~ L O Y l l 0 ~  PRIN 7 5  
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4 

. 

DO 20 NPP=l.NRSN 
NP=NFR S(NPP) 

70 RSFLXl  NPPI=BFLX(NPJ 
PRINT 1 0 7 0 0  
PR I N 1  10100. (RSFLXI  NPP ). NPF= 1, N P S h )  

30 I F  (KPR.EP,OI KETUKN 
C 
C PRINT PRESSURE HEADS 
C 

KflUT=KOUT* 1 
PRINT 
00 4C NI=l.NNP.tl 

10200.KOUTr TIHEeUELT.IBANO. (SUBHDI I )  t 1~1.8) 

N JMN=NI 
N JMX=HI NOI N I  + 7 NNPl 
PR I N  T 10000 .& I  4 0  Hd N J8 h J=h JHL. h JNX 1 

IF (KPR.EU.1) V.€TUKN 
c 
C P R I h T  TCTAL HEADS 
C 

KOUT=KOLT+l 

00 5 0  NI=l.NNP.B 
PRINT 1 0 3 0 0 . K O U T . T l M E . D E L T . I B I N D .  l S U B H O (  I 1  e I=1.81 

hJMN=NI 

PRINT 10000 .N I .  1 HT [ N J , h J=N J CFI . h JPX) 
C 
C. PRINT kA lER CONTENTS 
C 

KOUT=KOLT+l 

N J M X = M I  NOANI 7.NNPl 
5 0 

PRINT 10400.KOUl. TlME.DELT.IeANC.(SU@HD( 1 1 .  1-1.81 
DO 6 0  M=I.NtL 

I F  lKPR.EC.21 RETURN 
60 P R I k T  1 0 0 0 0 ~ M ~ l T H ~ M ~ I Q ~ ~ I C ~ 1 . 4 1  

C 
C PRINT D I R C Y  VELOCITIES 
C 

KGUT=KOLT+ 1 
PR I N 1  
O D  7C P=l.hEL 

10500.KOUT. T I  M t .  DEL T s I BANE. 4 SUBHOl I 1  t I =  1.8 J 

7 0  P R I N l  1000O.M.  1 V X l  M.  I O  I I C = l  e4 I t { V L ( M .  IC1 v I O = l ,  4 I 
RE TURN 

10000 FCRMIT( 17.8(1PD15-4)  I 
10100 FORMIT( 8D15.4) 
1 0 2 0 0  FORMAT(  13H103TPUT IPBL t . I4 .27H- .  PRESSURE H E P O S  AT T I M F  

> lPO12.4.9H . ( O E L T  =.lPD12.4.15H) I(@AND k:OTk ~ 1 1 4 .  1HJ/ / lX,8A4/  
> 7H NOOE 1.53.36HPKESSURE WEAD CF NCDES I . I * l v . . . .  1 4 7 / 1  

PRIN  1 2 0  
PRIN 1 2 5  
PRIN 130 
PRIN 1 3 5  
PRIN 1 4 0  
PRIN A45 
PRIN 1 5 0  
PRIN 155 
PRIN 1 6 0  
PRIN 1 6 5  
PRIN 1 7 0  
PRIN 175 
PRIN 1 8 0  
PRIN 1 8 5  
PRIN 190 
PRIN 195 
PRIN 200 
PRIN 2 0 5  
PRIN 210 
PRIN 215 
PRIN 220 
PRIN 2 2 5  
PRIN 230 
PRIN 2 3 5  
PRIN 2 4 0  
PRIN 2 4 5  
PRIN 2 5 0  
PRIN 255 
PRIN 2 6 0  
PRIN 2 6 5  
PRIN 2 7 0  
PRIN 2 7 5  
PRIN  2 8 0  
PRIN 285 
PRIN 2 9 0  
PRIN 2 9 5  
PRIN 300  
PRIN 3 0 5  
PRIN 310 
PRIN 3 1 5  
PRIN 3 2 0  
PRIN 3 2 5  
PRIN 3 3 0  
PRIN 3 3 5  
PRIN 3 4 0  
PRIN  3 4 5  

1 0 3 0 0  FORMAT( 13itirrUTPUT TABLE, 14*24H,, TCTAL HEADS A T  T I M E  = e  lP012.41 PRIN 350 
> 9 H  . (DEL1  =r~P0AZr4.A5!1).18ANO h’ IOTH =.14. IHI / / IX.8A4/  7H NOOE IePRIN 3 5 5  

PRIN 360 > 5X.33HTOTAL HEAD OF NODES 1.1+1.....1+7/1 
1 0 4 0 0  FORMAl( 13HlOUTPUT TABLt.I4.27H., UATER CONTENTS A T  T I M E  =. PRIN 3 6 5  

> 1PO12-4rVH .LUkLT =. lPDA2.4~15HI. (BANO Y I O l h  = . I * *  l H I / / l X . 8 A 4 /  PRIN 3 7 0  
> 37L.SHNOOES/L7X. AH1 e 1 4 X .  l H 2  114x1  lH3.14X.1H4/3X. 7HELEHENT.2Xv PRIN  3 7 5  

PRIN 3 8 0  > 55~************+******************************************/) 
PRIN 3 8 5  

> lPD12.4.9H . (UkLT =.lPD12.4.15H).lBANO W I O T h  =,14. lHJ / / lX ,BAC/  PRIN 390  
1 0 5 0 0  FORMAT( 13HlOUTPUr TABLt.14.29H.. DARCV VELOCITIES A 1  r I M E  =. 

> 32X.lCHVEL-X A T  NODtS.46X+14HVEL-Z A T  NODES/17X. lHl .  1 4 X .  lH2t 1 4 x 1  PRIN 3 9 5  
> 1H3.14X. 1HC.14X. LHA. 14X. IH2.14X. IH3.14X. 1H4. /3X17HELEHENT ZX + PRIN 400 
> 55H+++**** *++***+**+**L+t++*r*+*** * *~*** * * * * * * * * * * * * * *8** * * * * * * * * ,5X,  PRIN 4 0 5  
> 55~**~*~~****~~*~~~***************************************~ PRIN 410  

l o b 0 0  F O R C P T 1 / / 3 2 H  rABLE OF S Y S I E W - F L C U  PARAMETERS//5X. PRIN 4 1 5  
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> 13H TYPE OF F L O Y . ~ ~ X . ~ H R A T E . B X I ~ H I ~ C .  FLOW.7X.lOHTCTAC FLOW/SX 
> 4CH CONSTANT-PRE~SURE-NODE FLOh . . ..3(€12-4.5X)/5X 
> 40H CONSTANI-FLUX-NOOk FLCW I - . - . .3 (E12-4*5X1 /5X  
> 40H SEEPAGE - . . . . . . . .*3(E12.4.5X) /5X 
> 4 0 H  RAINFALL. . - - . . - .*3 iE12.4,5X) /5X 
> 4 0 H  NUMERICAL LOSSES- . . . . . . ..3lE12.4.5X)/5X 
> 4OH NET FLOW. . a . . . . . . . .*3(€12 .4*5XJ /5X  
> 4OH INCREASE I N  VOLUMETRIC WATER CChTENT. 0.3(E12.4*5XI)  

10700 FORMAT( /29H RAINFALL-SEEPAGE NODAL FLCWS) 
END 

PRIN 4 2 0  
P R I N  4 2 5  
PRIN  4 3 0  
P R I N  435 
PRIN 4 4 0  
P R I N  4 4 5  
P R I N  4 5 0  
P R I N  4 5 5  
PRIN  4 6 0  
PRIN 4 6 5  

C 
C 
C 
C 

SURRCUTINE STOKE(NPROB+MAXhP.MAXEL.H.HTIVX.  VZ.1H.T IME.  T I T L E  1 STOR a 
STOR 5 
STOR 10 

FUNCTION OF SUBROUTIhE--TO S T O R E  PERTINENT W A N T I T I E S  CN AUXILIARY STOR 1 5  
DEVICE FOR FUTURE USE BY E I T H E R  P L C l T I h G  OR MAlERIAL-TRANSPORT STOR 2 0  
CODES. WHAT DEVICE I S  TO B E  USED M U S T  B E  S P E C I F I E D  BY APPROPRIATE SIOR 2 5  
JOB-CONTROL CAROS. STOR 3 0  

STOR 3 5  
STOR 40 

I M P L I C I T  REAL*8 (A-H.0-21 STOR 4 5  
CflMMCN/GEOM/Xl690 ) .LL 690 1.881690 ) rDCOSXB(612 ).DCOSZRi612 1. 

> D L 8 1 6 1 2  ) .OELT.CHNG.DELMAX.TMAX*ShFEICSFE~Nh(690 ) .NPST(690 ) e  
> N B E ( 6 1 2  I . I E ( 6 A 2  .5 ) . ISR(612  . 4 l  . ~ ~ P . N E L . N M A T . I B A N C I N ~ C ~ N S T ~ N T I ~  
> NEEL*NSTN.NSTRT 

> DCOSZ(612 J.OL(6Al  T R F I Z * 2 0 1  .RF l2 .20 ) rRFALL(2 ) .  I O F T Y P i 6 9 0  1. 
> N P R S l 6 9 0  JmNPCON(690 I v N P F L X ( 6 9 0  l .NRSE(612 1. I S ( 6 1 2  . 4 l * V R F P R *  
> NRFPAR.NRSEL.NKSN 

> THlPAXEL.4) STOR 9 5  
DATA NPPROB/-A/ S l O R  I00 
I F  1NSTRT.GT.O) GO TO A0 STOR 1 0 5  
I F  ihPPR0B.tO.t-A)) REWIND 1 STOR 110 
I F  (hPPROR-ELNPROB) GO TO 10 STOR 1 1 5  

COMWCN/RFSP/lXYFLX(690 1 .HCCNl690 ) .FLX(690  JvOCOSX ( 6 1 2  

DIMENSION HIMAXNP) . H T L M A X h P ) . V X ( P A X E L . 4 ) . V Z L H A X E L . 4  ) * T  I T L E ( 9 ) 1  STOR 9 0  

W R I T E l 1 )  ( T I T L E l I ) . I = 1 . 9 ) . h P R O B . N N P . k E L . N T I ~ M A X N P  srm 1 2 0  
WRITE1 1) ( X i  NP) .NP=l.NNP) ( Z  I h P ) r  h P = l  sNNP) 1 ( IE(M. I CI . M = 1 .  NEL 1. I CPSTOR 1 2  5 

> 1.4) STOR 1 3 0  
NP PR 0 8= NP R O B  STOR 1 3 5  

STOR 1 4 0  
CONVERT FRCM V u L u n E r R i c  i o  PCRE FLUX FCR PROPER LINKAGE WITH T H E  STOR 1 4 5  
W A T E R  I AL-TRANSPORI Lao€ STOR A50 

STOR 1 5 5  
10 00 3C M= l *NEL  STOR 160 

DG Z C  I Q s l . 4  STOR 165 
STOR 1 7 0  

20 V Z l ~ . I O ) ~ V Z ( W . I O ) / T H ( C .  10)  SIOR 1 7 5  
3 0  CCNTINLE STOR 1 8 0  

V X I  M * I  O b = V X I  M. IO) / Tt' I P. IO I 

W R I T E  ( 1) TIME. L H (  NP) .NP= 1 h h P )  { H T  4 hP1  .NP= 1, h k P 1  ( ( TH(M. 10 J .M= 1. STOR 185 
IQ=STOR 190 > NEL 1.1 C= 1 . 4 )  ( (  VXIH. I01 * P = l . N E L ) *  I C = l . 4 l *  ( ( V Z I M .  I O  I .M=l .NtL)  

> 1 s 4 )  I hPCON(NP) e NPx 1. MAXh P I * INPFLX (NP). NP= 1 e MAXNP I STOR 1 9 5  
R E  TURN STOR 2 0 0  
END STOR 2 0 5  

. 
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C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 

SUBROUTINE SURF 

F U N C T l O h  O F  SUBROUTINE--TO I C E h T I F Y  BCUNDING S I C E S  THHCUGb THE ARRAY 
I S B l M P . 4 1 .  TO C A L C U L A T E  T H E I R  LENGTHS C L B l M P I .  A h 0  TO E E T E R M I N E  THE 
O I R E C T I C N  C O S I N E S  DCUSX(MP) Ah0 C C C S L I C P I  O F  THE CUTWAEOLY D I R E C T E D  
U N I T  NORMAL VECTOR F O k  E A C H  BCUNOAAY ELEMENT NBE(MP1. 

I M P L I C I T  R E A L * 8  (A-kii.U-Zl 
COMMCN/GEOM/X4690 ) e L ( t 9 O  l.BB(690 I .OCOSXB(612  I r O C O S Z B ( 6 1 2  1. 

> D L B ( 6 1 2  I . D E L T I C H N G . D E L M A X ~ T M A X ~ S ~ F E ~ C S F E ~ ~ ~ ~ ~ ~ O  I . N P S T I 6 9 0  I r  
> NBE (612 1. I E ( 6 1 2  - 5 ) .  I S 8 1 6 1 2  s 4)  . h ~ P . N E L . N ~ A T . I 8 A N C . N B C I N S T . N T  1. 
> NBEL.NSTN.NSTRT 

F I N D  SURFACE SIDES B Y  L O C A T I N G  N O N D U P L I C I T E D  S I O E S  

NBEL=O 
DO + C  WI= l .N€L  

I c 1= I O + l  
I F  (IO.EO.41 101=1 
00 20 CW=lrNEL 

DC 3 0  10~1.4 

I F  (MJ.EO.MIl GO TO 20 
DO A0 JO-1.4 

J O l = J O * 1  
I F  LJO.EO.41 J C 1 = 1  
I F  [i€(~l.IOl.EO.IElMJ~JO)-AND~ I E ( W I . I O ~ I . E Q . I E ( M J I  

> J O l J J  GO TO 30 
I F  

> J O I )  GO T O  3 0  
( I E L b I l .  IQ).EQ.IE tMJ ,  J Q l ~ . A N O . I E ( H I ~  I C l I . E O . I E ( M J .  

IO C O N T I  NUE 
2 0  C O N T I  kUf 

NBEL=NBEL+ 1 
h e €  (NBEL l = U i  
I S B (  NBEL . I  ) = I E I  M i  I C  I 
I S 8  ( NBEL .2 1 x 1  t t M I  I C 11 
1SB( NBEL e 3 1  = I  0 
I S B (  NBEL . 4 I = I U I  

30 CONTINUE 
40 C C N T I N U E  

C A L C U L A T E  S I D E  L E N G T H S  AND O I R E C T I C N  C E S I N E S  
C 

DO 1 C  MPI1.NBEL 

N I= I SB ( MP.1 i 
N J x  I SB( MP.2) 
OX= X ( N  I )-X( N J 
O Z = Z ( N i  ) - Z L N J  
DLB(MP)=DSORl OX*DX+OZ*CZ l  
DCOSXB4 MP )=DABS 4 DZ I /OLB ( WP) 
DCOS 2 B ( MP I =DABS i DX ) /D L B ( M P ) 

W=NBEIMPI  

DO 50  K C P l . 4  
NK= I E t  Me KO1 
I F  ~ K O ~ N E ~ I S B ~ M P ~ 3 I ~ I h O . K E . N E I I S B O )  GO T C  6 0  

5 0  CONTINUE 
60 A b l .  

SURF 0 
SURF 5 
SURF 10 
SURF 1 5  
SURF 20 
SURF 2 5  
SURF 3 0  
SbRF 3 5  
SURF 40  
SURF 45 

SURF 7 0  
SURF 7 5  
SLRF 8 0  
SURF 8 5  
SURF 90  
SURF 95 
SURF 100 
SURF 1 0 5  
SLRF 110 
SURF 11 5 
SURF 12 0 
SURF 1 2 5  
SURF 1 3 0  
SLRF 1 3 5  
SURF 140 
SURF 1 4 5  
SURF 150 
SURF 1 5 5  
SURF 1 6 0  
SURF 1 6 5  
SURF 1 7 0  
SURF 1 7 5  
S U R F  180 
SURF 1 8 5  
SURF 190 
SURF 1 9 5  
SURF 200 
SURF 205 
SURF 2 1 0  
SURF 215 
SURF 220 
SURF 2 2 5  
Sl iRF 230 
SURF 235 
SURF 240 
S U R F  2 1 5  
SURF 250 
SURF 2 5 5  
SURF 260 
SURF 2 6 5  
SURF 270 
SURF 275 
SURF 280 
SURF 285 

. 
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C 
C 
C 

A M I = l .  
I F  IOX.NE,O.OOJ AM=OZ/CX 
I F  (DZ,NE-O.DO) A M I = D X / C Z  
XO=XlNI)tAMl*IL(NKJ-Z~hl)) 
ZO=Z 1 N I  )+AH+L X I N K J - X t  N I I ) 
I F  ( Z(NK).GT. LO) OCUSZB l P P l = - O C C S Z B ( H P )  
I F  I X I N K I - G T - X O )  UCOSXBINP)= -OCCSXB(MP)  

70  C C N T I N U E  
RETURN 
END 

SURF 290 
SURF 2 9 5  
SURF 300 
SURF 3 0 5  
SURF 310 
SURF 3 1 5  
SURF 320 
SURF 3 2 5  
SURF 3 3 0  
SURF 3 3 5  

SUBROUTINE S F L O Y I V X  .VZ .TH.BFLX.BFLXP. F R A T E t  FLOHeMAXEL. CAXNPI TFLOk .  SFLO 0 
> KF L OW .He AKX. AKZ 1 SFLO 5 

SFLO 10 
SFLO 1 5  
SFLO L O  F U N C T I O N  OF SU&ROUTlNE--TO CCCPUTE BCUhOARV FLUXES. F L C U  RATES, 

I N C R E M E N T A L  F L O Y S  OCCUKRING DURING T I M E  DELTI T G T A L  FLCc lS  S I N C E  SFLO 2 5  
T I M E  ZFPO. AND THE CHANLE I N  C C I S T b R E  C!lNTENT FOR THE E N T I R E  SFLO 3 0  
SYSTEM D U R I N G  T I M E  O E L i .  SFLO 3 5  

SFLO 4 5  
I M P L I C I I  R E A L * B  tA-H.O-LJ SFLO 5 0  

s F L a  40 

COMMCN/GECM/X l690  1 e L t 6 9 0  J.881690 ) .OCOSXB(612  ) . O C O S L B l 6 1 2  ) e  
> O L B I 6 1 2  ) . D t L T . C H N G . D E L M A X . T M A X ~ S A F E . C S F E ~ N h l 6 9 O  ) . N P S T l 6 Y O  ) e  
> NBE ( 6 1 2  ) e  I t (  612 5) ISBL612 w 4 )  *hhP.NEL. NWAT. IBANC.NBC.NST.NT I 
> N B E L  .NSTN.NSTRT 

> D C f l S Z 4 6 1 2  ) . O L ( 6 1 2  1. T R F ( 2 . 2 0 )  . H F ( 2 . 2 0 J . R F A L L I Z ) .  I F F T Y P l 6 9 0  )s 
> N P R S 1 6 9 0  ).NPCONIbYO ) . N P F L X ( 6 9 0  ) e N R S E ( 6 1 2  ) . I S 1 6 1 2  .4).NRFPR. 
> NRFPAR.NRSEL.NRSN 

> B F L X P I  MAXNP).XOL 4 J  .LO1 4)  T H C ( 4  J * F P A T F (  10) F L O Y I  10 TFLOWI  10 J w SFLO 100 

C O M M C N / R F S P / D C V F L X l 6 9 0  1 e k C C h I 6 9 0  I s F L X I 6 9 0  ).OCCSX I612 J e  

0 IFEh  S I  CN VXIMAXEL.41  VZ ( PAXEL. 4 1 + TH (MAXEL e 4)  v B F L X  L C A X N P I  t SFLO 9 5  

> DFLXOL 2 )  s K O 1 Z J  .HO(4J  H I  MAXAF).  AKXC (4 J e A K Z P ( 4 J  s A K X  I PAXEL.4 J e SFLO 1 0 5  
> AKZ(CAXEL.4J  SFLO 110 

SFLO 115 
S F L n  120 
SFLO 1 2 5  

00 10 NP= l .NNP SFLO 130 
SFLO 1 3 5  

10 RFLXINP)=O.  SFLO 140 
SFLO 1 4 5  DO 30 MP=l.NBEL 
SFLO 150 P = N B E I  MP) 

N I =  I SB I MP.1) SFLO 1 5 5  
N J =  I S8 I MP.2 ) SFLO 160 

SFLO 1 6 5  K C (  I)= I S B l M P . 3 J  
K C l 2 ) = I  SB lMP.41  SFLO 170  
00 20 1051.4 SFLO 1 7 5  

N P = I E l M . I O J  SFLO 180 
SFLO 1 8 5  X O (  I O J = X L h P J  
SFLO 190 ZO( I O b 4  ( N P b  

A K X O I  I O ) = A K X I  M. 10) SFLO 1 Y 5  
A K Z 0 1 1 0 J * A K Z L M . I 0 J  SFLO 200 
HO( I O I = H L N P J  SFLO 2 0 5  

SFLO 210 

> AKZO. SNF€.CSFE.AREAJ SFLO 2 2 0  

C A L C U L A I E  NOOAA FLon W A T t S  

B F L X P l N P ) = B F L X l N P )  

2 0  CON T I N  UE 
C A L L  O 4 S I D F L X O ~ K ~ ~ D L B ~ C P ~ . D C C S X B o , D C O S Z B ( n P ~ ~ ~ ~ ~ X ~ ~ Z O ~  AKXOeSFLO 2 1 5  

V 

. 
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. 

BFL X t N  I 1=BF L X l  N1 h+OFLXO 4 1 I 
B F L X ( N J ) = B f L X I N J ) + O F L X C O  

30  CCNTINUE 
I F  IKFLOW.EO.0) GO TO 60 
00 40 NP=l.NNP 

40 BFLXPINP)=BFLXtNP) 

50 TFLOb l  II==O.  
00 50 1 ~ 1 . 6  

I F  tKFLOW.EO. L-11 I TI-LOW1 7 )=O* 
I F  (KFLOW.EU.4-1) I OTH=O, 
KFLOL=0 

C 
C O E T E R H I k E  FLOCS AN0 FLOW RATES THRCUGH T H E  VARICUS 
C TYPES CF BOUNOARY NODES. S T I R I I N G  C t T H  THE 
C NET FLOhS THROUGH A L L  BOUNOARV NODES. 
c 

60 SUkO.  
SUHP=O. 
DO 7C NP=l.NNP 

SLH=SUP+Bf L X t  N P I  
7 0  s w P = s u n P + w L x P (  NP) 

F R A 1 E I 6 I= S Ut4 
FLOWt61=.5*ISUM~SUHPI*D€LT 

C 
C CONSTANT OIRICHLET BOUWARY NCDES 
C 

FRAT€ ( 1 )=O. 
FLOWIlh=O. 
I f  (hBC.LE.01 GO TO 90 
SUM=O. 
SUWP=0. 
00 8 0  NPP-leNBC 

N P=NN I NPP ) 
SUH=SUM+BFLX(NPl 

8 0  SlMP=SUMP+BFLXP(NPh 
FRATE( l ) = S U N  
FLOW11)=.5* ISUH+SUHP)*~ELT 

C 
C CONSTANI NEUWANN BOUNDARY NODES 
C 

90 FRAT€( 2)=0. 
FLOU(21=0. 

SUW=O. 
SUMP=O. 

IF (NST.LE.O) GO ro 110 

DO l o o  NPP=A.NSTN 
N P= N PS T 1NPP 1 
SU)tSUW+BFLX(NP) 

100 SlJWP=SUMP+BfLXPlNP) 
FRAT€{ 2l=SUM 
FLOW ( 2)=.5*t SUCI+SUHP)*DEL T 

C 
C R A I  NFALL-SEEPAGE BOUNDARY NODES 
C 

110 FRATF( 3 k0. 
FLOWI3)=0. 
FRATE(4 l = O .  
FLOW (4 J=O. 
suns=o. 
su PS P=O. 

SFLO 225 
SFLO 230 
SFLO 235 
SFLO 240 
SFLO 245 
SFLO 250 

SFLO 260 
SFLO 265 
SFLO 270 
SFLO 275 
SFLO 260 

SFLO 2 9 0  
SFLO 295 
SFLO 300 
SFLO 305 
SFLO 3 1 0  
SFLO 315 
SFLO 320 
SFLO 325 
SFLO 330 
SFLO 335 
SFLO 340 

SFLO 350 
SFLO 355 
SFLO 360 
SFLO 3 6 5  
SFLO 310 
SFLO 375 
SFLO 360 
SFLO 365 
SFLO 390 
SFLO 395 
SFLO 400 
SFLO 405 
SFLO 410 
SFLO 415 
SFLO 420 
SFLO 425 
SFLO 4 3 0  
SFLO 435 
SFLO 4 4 0  
SFLO 445 
SFLO 450 
SFLO 455 
SFLO 460 
SFLO 465 
SFLO 4 7 0  
SFLO 4 7 5  
SFLO 480 
SFLO 485 
SFLO 490 
SFLO 495 
SFLO 500 
SFLO 505 
SFLO 5 1 0  
SFLO 5 1 5  
SFLO 520 

s F L a  255 

s F L a  285 

s F L a  3 4 5  
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SbHR=O. 
S UMR P= 0 .  
I F  (hRSk .LE-O l  GO TO 140 
DO 130 hPP=l.NRSN 

NP=NPRS I N P P )  
BFLXA=.S*LBFLX(  N P )  + B F L X  FLNP)  8 
I F  lBFLXA.Lr.O.DOJ GO T C  120 

SUWSP=S UHSP+BF L X  A 
GC T O  130 

SLHRP= SU)(RP+bFLXA 

suns=suWs+eFLxiNP) 

120 SLHR=SUHR+OFAX( NP)  

130 C C N T I N U E  
F R A T E l 3 ) = S U W S  
F L O U  L 3 I = SU WS p11 DE L T 
FR ATE I4 )=SUMR 
FL 0 C L 4 1 = S U H R P I D k L  T 

t 
C N U M E R I C A L  FLOU THROUGH U N S P E C I F I E D  8CU)rDARY NODES 
C 
140 S U W O .  

SUMP=O. 
00 150 1~1.4 

S L W = S U W + F R A T E I I I  
150 SLWP=SbMP+fLL)Y( i ) 

F R A T € (  5 ) = F  R A T E ( 6 ) - S U n  
FLOW( 51=FLOY16) -SUMP 

C 
C F I N A L L Y .  C A L C U L A T E  THE I N C R E A S E  IN THE I N T E G R A T E D  
C 

OTHP=OTH 
OTH. 0. 
D O  170 k l . N E L  

D C  140 10=1.4 
N P = I E ( H . I O J  
XOI  I O J = X ~ h r P 1  
ZO( I O ) = Z L N P )  

160 THOLIO)~TH(M. 10) 
C A L L  0 4 T H l T H O ~ G T H ~ . A R E I ~ X G ~ Z C )  
o TH= a i  n+u itin 

170 C O N T I N U E  
F L D Y L  7 ) = Q T l t O T H P  
F R A T E  I 7 ) = F L O U L 7 )  / D E L  T 
DO 180 1=1.7 

R E I U R N  
END 

180 T F L O L l I ~ = T F L O U L I I + F L O Y ( I ~  

SFLO 525 
SFLO 530 
SFLO 535 
SFLO 540 
SFLO 545 
SFLO 550 
SFLO 5 5 5  
SFLO 560 
SFLO 565 
SFLO 570 
S F L O  575 
SFLO 580 
SFLO 585 
SFLO 590 
SFLO 595 
SFLO 600 
SFLO 605 
SFLO 61C 
SFLO 615 
SFLO 620 
SFLO 625 

SFLO 635 
SFLO 640 
SFLO 645 
SFLO 650 
SFLO 655 
SFLO 660 
SFLO 665 
SFLO 670 
SFLO 675 
SFLO 680 
SFLO 685 
SFLO 690 
SFLO 695 
SFLO 700 
SFLO 705 
SFLO 710 
SFLO 715 
SFLO 720 
SFLO 725 
S F L O  730 
SFLO 735 
SFLO 740 
SFLO 745 
SFLO 750 
SFLO 755 

SFLO 630 

YATER CONTENT 

. 

SUBROUT I N €  04s L OFLXO. K O .  0 1. DCDSXO. 0COSZQ.HO t XO. Z Q t  AKXO. AK ZQ SNFE. 0 4 s  0 
> CSFE.AREA) 045 5 

C 045 10 
C 04s 1 5  
C F U N C T l C h  OF S l J M ~ U T I N € - T O  E V A L U A T E  THE NORMAL-FLUX I N T E G R A L  94s 20 
C ALONG THE BOUNOARY L I N E  t X T E N C l h C  FRCW NODE L O  T O  NOD€ Ma. 0 4 5  25 
C 0 4 5  30 
C 9 4 s  3 5  



20 1 

. 

C 
C 
C 

t 
C 
C 
C 

C 
C 
C 

C 
t 
C 

C 
C 
C 

I M P L I C I T  REAL*8 LA-H.0-21 0 4 5  4 0  
REALSB N l 4 )  0 4 5  4 5  

> T T A I 2 l ~ X O I C ~ ~ L 0 L 4 l ~ * K X O ~ 4 ~ t A K Z C l 4 l  0 4 5  5 5  
DICEhSION SL4.4) t T 1 + * 4 )  s U ( 4 )  . V ( 4 I  *OFLXOl2)  t K C I 2 1  .HOI41 e SSA(21 v 0 4 5  5 0  

DAIA  S/O.DO.-- 5 7 7 3 ~ 0 0 ~ 0 0 0 0 ~ ~ 1 ~ D 0 ~ 0 5 7 7 3 5 0 0 ~ 0 . C O t  1.DO.O.DO. 0-DO. 0 4 5  6 0  
6 5 > 

> ~ ~ 5 7 7 3 5 D 0 ~ ~ L 0 0 ~ O ~ O O ~ ~ ~ 5 7 7 3 5 0 0 t O ~ O O ~ O ~ D O ~  .5773500.D.DO.l.D0. 
1 - DO t 0.00 5 7  7 3  5DO .- 1-00 v 0- DO 0 -  5 7 735DO 0- DO 1. T/ 0 -00 1 -  1. DO. 0- DO. 0 45 

> - 5 7 73500.0-00t 1- 00.0- DO / 

I N I T I A L I Z E  NCOAL COMPDNtNTS OF L I N E  INTEGRAL 

DO 10 I O I 1 . 2  
10 OFLXQ( I O J = O .  

EVALUATE CUANTITIES FOR USE I h  THE JACCEIAN DJAC. B E L O Y .  NECESSARY 
FOR T8AhSFCRMATION FROM GLOBAL TO L C C b L  COORDINATES 

x1z = X O ( 1 )  - x o 1 2 1  
X13 = X O ( 1 )  - XO(3)  
X23 = XC12) - XO(3) 
X I 4  = X O ( 1 )  - W ( 4 I  
X24 = X O l 2 I  - XOL4) 
X34 = X O ( 3 )  - XO(4)  
2 1 3  = 20111 - 2 0 4 3 )  
2 2 4  = 2012) - L O ( 4 )  
2 3 4  = 20(3) - 2 0 ( 4 )  
2 1 2  = Z O ( 1 )  - Lot28 
223 = Z Q ( 2 )  - 1 0 4 3 )  
2 1 4  = L O ( 1 )  - LOL4) 
AREA = X13*L24 - U C * Z 1 3  

OETFRMIhE LOCAL COORDINATES CF GAUSS-INTEGRATION POINTS KG 

LO=KC( 1 J 
MO=KOIZ) 
< S A L  i l=SILO.MO) 
T T A t  1 )=T(  LO-MO) 
S S A I  2 1 = S l  MO.LhJ 
T T A I  2)= T I  MO.LUI 
DO 30 K G 1 . 2  

5 s  = S S A 1 K L I  
1 7  = TTA lKb)  

EVALUATE THE JACOBIAN O J A C  

D J  = AREA + SS+(X34*212-X12*Z341 + T ~ * ( X 2 3 * 2 1 4 - X 1 4 * 2 2 3 )  
D J I  = l./OJ 
C J A C  = .125*0J 

CALCULATE VALUES OF THE B A S I S  FUNCTICNS N I I O )  AND THEIP  DERIVATIVES 
V AN0 U CI-R.1- X AND 2 .  RESPECTIVELY. I T  THE GAUSS P O I h T  K G  

C 
SW = 1.0 - 55  
SP = 1.0 + 55  
TM = 1.0 - T T  
T P  = 1.0 + T T  
u I 1 ) = ~ - x 2 4 + x 3 + * s s + x 2 3 *  11 
u { 2 I = I + x 13- x 3 4 *  s 5- x 1 4  T 7 
u L 3 ) = I  + xz4- xi.? * s s+x I** r T 
U(4)=1-X13+ X12*SS-X23+1T 

*DJ I 
* D J  I 
+ D J  I 
* O J  I 

0 4 5  7 0  
0 4 5  7 5  
0 4 s  8 0  
0 4 5  8 5  
0 4 5  9 0  
0 4 5  9 5  
0 4 5  100 
0 4 5  1 0 5  
0 4 5  1 1 0  
0 4 5  115 
0 4 5  1 2 0  
0 4 5  1 2 5  
0 4 5  1 3 0  
0 4 5  1 3 5  
0 4 5  1 4 0  
0 4 5  1 4 5  
0 4 5  150 
0 4 5  1 5 5  
045 1 6 0  
0 4 5  1 6 5  
4 4 5  170 
0 4 5  1 7 5  
045  1 8 0  
0 4 5  1 8 5  
0 4 5  190 
0 4 5  1 9 5  
0 4 5  200 
0 4 5  205 
045  210 
0 4 5  2 1 5  
0 4 5  2 2 0  
045  2 2 5  
4 4 5  230 
0 4 5  2 3 5  
0 4 5  2 4 0  
0 4 5  2 4 5  
0 4 5  2 5 0  
0 4 5  2 5 5  
0 4 5  260  
0 4 5  2 6 5  
0 4 5  2 7 0  
0 4 5  2 7 5  
0 4 5  280 
0 4 5  2 8 5  
0 4 5  2 9 0  
0 4 5  2 9 5  
0 4 5  300  
0 4 5  305 
045  310  
0 4 5  3 1 5  
0 4 5  320 
0 4 5  3 2 5  
0 4 5  3 3 0  
045  3 3 5  
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C 
c. 
C 
C 

C 
C 
C 
c 

V I  1 l = I  t I 2 4 - 1 3 4 * S S - L 2 3 * T T l + D J I  0 4 5  340 
V 12 1 =I - Z 1 3 t Z 3 4 * S S t Z  14* T T 1 *DJ I 045 3 4 5  
V l 3 l = l - Z Z 4 t Z l 2 * S S - L  1 4 * T T ) * D J I  0 4 5  3 5 0  
V ( 4 )  =I t Z 1 3 - L l  L * S S + L 2 3 *  T T I  *DJ I 0 4 5  3 5 5  
N l  11=0.25*5M*TM 0 4 5  3 6 0  
N 121=0.25*SP*TM 0 4 5  3 6 5  
N l 3 ) = 0 . 2 5 * S P * T P  0 4 5  3 7 0  
N (4 )=0.25*SH*TP 045 3 7 5  

0 4 5  3 8 0  
I N T E R P O L A T E  CIITH F U N C T l b N S  N ( I C ) .  V I I O ) .  AND U I I C )  TO C B T A I N  0 4 5  3 8 5  
V A L U E S  OF C O N D K T I V I T l t S  AKXOP AND AKZCP AND C A P I L L A R Y  GRADIENTS OHX 0 4 5  390 
AND Dnz A T  THE C A U S ~  INTEGRAIIC~ PCINT K G  0 4 5  3 9 5  

0 4 5  4 0 0  
A K X 0 P= 0. 0 4 5  4 0 5  
AKZCPIO. 0 4 5  4 1 0  

0 4 5  4 1 5  DHX-C. 
O l - L = O .  0 4 5  4 2 0  
00 20 I O = 1 . 4  0 4 5  4 2 5  

A K X O P = A K A O P * A K X O l I O l  * h l  IO I 0 4 5  43C 
AKLOP;AKZL)P+AKLU( IO)*t’i( IO1 045  4 3 5  
DHX=DHX+VI IOl*H0110) 045 440 

20 OhZ=DHZ+U( IO)*HOlIO) 0 4 5  4 4 5  
0 4 5  4 5 0  

E V A L U A T E  THE NORNAL F L U X  AT ThE GAUSS P O I N T  AND ACCUMULATE THE 0 4 5  4 5 5  
I N T E G R A L  SUM 0 4 5  460 

0 4 5  4 6 5  
0 4 5  4 7 0  

VZOP=-AKZU?*(UHZ+CSfE l  045 4 7 5  
V h O P = V X O P * U C D S X ~ * V Z U P * C C O S Z O  0 4 5  48C 
OF LXO(  1 )=DF L X O i  1 l +N 1L 0 l *VNOP 0 4 5  4 6 5  
D F L X C ( ? l = D C L X L ) ~ 2 1 + N ~ M O l * V N C P  9 4 5  4 9 0  

30 CONTINUE 045 495 
00 4 c  10=1.2 0 4 5  5 0 0  

0 4 s  5 0 5  
RETURN 0 4 5  5 1 0  

0 4 5  5 1 5  END 

VXOP-AKXOP*L DHX-SNFE 1 

40 D F L X O l I Q ~ = . 5 * D L * O F L X O l  I C )  

F U N C T I O N  OF S U 8 R O U T I N t - - T O  EVALUATE T P €  MATER-CONTENT INTEGRAL 
O V E R  THE AREA & UNC t L t M E N T .  

I M P L I C I T  REAL* I I  ( A - H . 0 - 2 )  
H E A L 8 8  N l 4 1  
D I HE hS I CN THO1 4) . S ( 4) T I  4 I s X C  I 4  I L O  14) 
DATA P / 0 . 5 7 7 3 5 0 2 6 9 1 8 9 6 2 6  / e  S / - 1 - 0 0 + 0 0 .  l .OD+OO.  1 ~ 0 0 + 0 0 ~ -  

> i , o o + a a  1. T -I.OD+OO.-I.CD+CO. i.oo+oo. i,oo+oo 
E V A L U A T E  O L A N T I T I k S  FOW USE I h  THE J A C C B I A N  OJbC.  BELOk. NECESSARY 
FOR TRAhSFORHATION FROM GLOBAL T O  LOCAL COOROINATES 

X 1 2  = X O l 1 )  - X O l Z J  
X13 = X O ( 1 )  - X O ( 3 )  
X23 = X O l 2 )  - XO13)  

0 
5 

1 0  
1 5  
20  
2 5  
3 0  
3 5  
4 0  
4 5  
5 0  
5 5  
6 0  
6 5  
7 0  

8 0  
8 5  
90 

7 5  

. 
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. 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

X14 = X O ( 1 )  - X O L 4 b  
X24 = X O I Z )  - X O ( 4 )  
X34 X O l 3 )  - X O ( 4 )  
213 = ZO(1) - 2013) 
2 2 4  = 20(2) - 2 0 L 4 )  
2 3 4  = Z O ( 3 )  - Z O L 4 b  
2 1 2  = Z O ( 1 )  - LOLL)  
223 = Z O ( 2 )  - L O ( 3 )  
2 1 4  = L O l l )  - 2 0 4 4 )  
AREA = X13*224 - X 2 4 * L 1 3  
OTHM=O. 
00 20 K G 1 . 4  

O E T E R M I N E  L O C A L  C U O R O I N A T E S  I S S . T T l  OF G A U S S - I N T E G R A T I C N  P O I N T  K C  

S S  = P * S ( K G )  
T T  = P * T ( K G )  

E V A L U A T E  THE J A C O B I A N  O J A C  

OJ = AREA + S S * ( X 3 4 * 2 l Z - X 1 2 * Z 3 4 )  + TT* (X23*214-X14*2231  
OJAC = .125*OJ 

C A L C U L A T E  V A L U k S  OF THE B A S I S - I N T E P P G L A T I O N  F U N C T I O N S  h 1 I O l  

S Y  = 1.0 - ss 
SP = 1.0 + 5s 
711 = 1.0 - 11 
TP = 1.0 + TT 
N(1)=0,25*SM*TM 
N I 2 b =O. 25*SP* T M  
N (  3)=0,25*SP*TP 
N I 4  1 =O. 25*SM*TP 

I N T E R P O L A T E  TO 0 8 T A I N  THE U A T E R  C O h T E N T  THOP A T  THE C A L S S  P O I N T  K G  

THOP=O. 
00 1 0  I0=1.4 

10 THOP=THOP+THO( I U ) * N (  I E )  

ACCUMULATE THE SUM TO t V A L U A T E  THE I N T E G R A L  

OTHM=OTHM+THOP*O JAC 
2 0  C O N T I N U E  

P E T U P N  
€NO 

04TH 9 5  

0 4 T H  105  

04TH 1 1 5  
O4TH 1 2 0  
04TH 1 2 5  
04TH 1 3 0  

04TH 1 4 0  
04TH 1 4 5  
04TH 1 5 0  
0 4 T H  1 5 5  
04TH 1 6 0  

04TH 1 7 0  
O4TH 1 7 5  

OCTH 185  
04TH 190 
04TH 1 9 5  
0 4 T H  200 
04TH 2 0 5  

04TH 2 1 5  
0 4 T H  2 2 0  
04TH 2 2 5  
04TH 2 3 0  
0 4 T H  2 3 5  
04TH 2 4 0  
0 4 T H  2 4 5  

O ~ T H  l o o  
0 4 ~ n  110 

O ~ T H  1 3 5  

O ~ T H  1 6 5  

0 4 T H  180 

O ~ T H  210 

O ~ T H  2 5 0  
OSTH 2 5 5  
04TH 2 6 0  
04TH 265  
04TH 270  

O4TH 280 
O4TH 2 8 5  
04TH 2 9 0  
0 4 T H  2 9 5  
04TH 300  
04TH 305  
O4TH 3 1 0  
O4TH 3 1 5  
O4TH 3 2 0  

O ~ T H  2 7 5  

S U B R O U T I N E  BANSOL1KKK.C+RrhhP. Ih@Fr)rAXNP,MAXhBP1 B A N S  0 
C BANS 5 
C B A N S  1 0  
C F U N C T I O h  OF SUB&OUTINE- -TO S C L V E  TkE M A T R I X  E O U A T I O N  C X  = R. BPNS 1 5  
C R E T U R N I h C  T H E  S G A U T I U h  X I N  1. I T  I S  ASSUMED T H A T  THE ARRAY BANS 20  
C C ( N P . I B J  C C N T A I N S  O N L Y  THE UPPER H A L F  @ A N 0  OF 4 S V M M E T P I C  MATRIX .  BANS 2 5  
C BANS 3 0  
C BANS 3 5  

I M P L I C I  1 REAL*BLA-H.O-Lb BANS 4 0  

. 
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C 
C 
C 
c 

C 
c 
C 

C 
C 
C 

D I M E N S l  ON CI HAXNP. HAXHBP) P I H A X h P l  
I HALFBS IHBP-1  
NFtP l = N N P - l  

I F  KKY = 1. THEN T f t I A h G U L A R I Z €  lhE  BAFtD MATRIX C I N P . 1 0 ) .  BUT 
I F  K K K  = 2. THEN s t n a v  SULVE L ~ I T H  T + E  NEU RIGHT-HAND SIDE R(NPI 

I F  (KKK.EO.21 GO TO 5 0  

T R I A N G U A P I L E  M A T R I X  C 

NU SNhP- I H  A L F B  

N J = N  1-1 
P I V O T I  = 1. /C I N i  - 1  ) 
oc 2 0  LB=.?. iH8P 

A=C ( N I . C B  I * P I  VOT I 
NK=NJ+LO 
J E = O  
DO 1 0  KB=LB.iHBP 

DO 20 N I = l . N U  

J B = J B + l  
C I  NK. J8 )=C (NK. J B  J-A*C( h I  

za C I N 1  .Ldl =A 
N L = N U + l  
00 4 0  kI=hL.NNPl  

10 K e  1 

N J = N I -  1 
HB=NNP-NJ 
P I V O I I = l . / C ( N I .  1)  
OC 4 C  L&Z.MB 

A = C l N I . L B ) * P i  VU1 i 
NK=h J+LB 
JB=O 
00 30 KB=LB.MB 

JB=JB+A 

40 C I N 1  .Ab)=A 
3 0  CINK.  J d ) = C  tlvK e J B ) - A * C (  h I .  K @  1 

RETURN 

M O D I F Y  LCAO VECTOR R 

50  NU=NhP- IHALFB 
00 60  N I = I . N U  

N J=N I -  1 
A = R ( N I  1 
R I N I  ) = A X  ( N I  .1 j 
D C  60 LB=Z. IHBP 

NK=NJ+L8 
R ( N K ) = R t  N K l  -L I N I  .LB 1.4 6 0  

h L = N L +  1 
00 7C NI=NL.NNPl  

N J = N l -  1 
MBZNNP-NJ 

K ( N 1  ) = A / C ( N l .  
A = R ( N I )  

oc 7 0  L B = Z . ~ B  
NK=NJ+LB 

7 0  R(NK J = K l  NK 
C 
C RACK-SOLVE 
C 

1 

BANS 4 5  
@ANS 50 
BANS 5 5  
@ANS 6 0  
BPNS 6 5  
BPNS 7 0  
BANS 7 5  
BANS B O  
BANS 8 5  
BANS 90  
6ANS 9 5  
BPNS 100 
BANS 1 0 5  
BANS 110 
BPNS 1 1 5  
BANS 1 2 0  
6bNS 1 2 5  
BANS 130 
BANS 1 3 5  
8ANS 140 
BANS 1 4 5  
BbNS 1 5 0  
BANS 1 5 5  
RANS 160 
BANS 1 6 5  
BANS 1 7 0  
BANS 1 7 5  
BANS 180 
BANS 1 8 5  
PANS 190 
BAFCS 1 9 5  
BANS 200 
RANS 2 0 5  
BbNS 210 
BANS 2 1 5  
BANS 2 2 0  
BANS 225 
BANS 2 3 0  
BANS 235 
BANS 240 
BANS 2 4 5  
BANS 2 5 0  
BANS 2 5 5  
BANS 2 6 0  
6ANS 2 6 5  
BANS 2 7 0  
BANS 2 7 5  
BANS 2 8 0  
BANS 2 8 5  
BANS 290 
BANS 295 
B1NS 300 
BANS 3 0 5  
BANS 310 
BANS 315 
BANS 320  
BANS 3 2 5  
BANS 330 
BANS 3 3 5  
BANS 3 4 0  

t 

. 

. 
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H I  NN P ) = R  ( NNP ) / C  [ NNP. 1) 
DO 8 0  I B = l * l H A L F 8  

N I = N N P - I  8 
N J=N I- 1 
H B = I B + 1  
DO 80 KE!=Z.MB 

NK= F1 J+KB 
8 0  R ( N I I = 8 ( ~ 1 J - C l N I . K B J * H ( N K )  

00 9 0  I B = I H B P . N N P l  
h I=NhP- I n 
F1 J=N I- 1 
DC 90 hB=Z. IHBP 

N K= N J+ KB 
90 R ( N  I )= Hl N I  ) -L I N  I K B J * R  I hK J 

RETURN 
END 

BANS 3 4 5  
BANS 3 5 0  
BANS 3 5 5  
BANS 360  
BANS 365 
B A N S  3 7 0  
BANS 3 7 5  
BANS 3 8 0  
BANS 3 8 5  
BANS 390 
BANS 3 9 5  
BANS 4 0 0  
BANS 4 0 5  
BANS 4 1 0  
BANS 4 1 5  
@4NS 420 

. 
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APPENDIX D 

DEFINITION OF VARIABLES 
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AKPAR 

AKPROP (MTYP, I) 

AKXQP 

AKZQP 

ALP 

AM 

AMI 

AREA 

BB (NPP) 

BETAP 

BFLX ( NP ) 

BFLXP (NP) 

C(NP ,IB) 

Data array for storing table heading for output of 
conductivity parameters. 

Conductivity (AK) or permeability parameters where 
MTYP is the material type and I is the specific 
parameter. 

Conductivity component in the X-direction. . .LIT. 
X-component of the conductivity at the four corner 
nodes of element M. . .L/T. 
X-component of the conductivity at a Gauss-integration 
point. . .LIT. 
Conductivity component in the Z-direction. . .LIT. 
Z-component of the conductivity at the four corner 
nodes of element M. . .LIT. 
Z-component of the conductivity at a Gauss-integration 
point. . .LIT. 
Modified coefficient of compressibility of the 
medium. . .L?c*(-l). 
Slope of a boundary side of element M used for 
determining signs of the direction cosines of an 
outwardly directed unit normal. 

l/AM. 

Diagnostic element variable. . .L"*2. 
Array for storing the constant pressures for Dirichlet 
boundary conditions. . .L. 
Modified coefficient of compressibility of 
water. . .Lk*(-l). 
Normal boundary flux attributable to node NP. . .L?c>k3/L/T. 
Same as BFLX but for previous time step. . .L*gc3/L/T. 
Assembled matrix W*B + A/DXLT where B is the spatial 
operator matrix and A contains the coefficients 
associated with the time-derivative terms. . .LIT. 
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CAPROP (MTYP, I) 

8 

CHNG 

CSFE,COSFE 

DCOSX(MP) 

DCOSXB ( M P )  

DCOXZ ( M P )  

DCOSZB ( M P )  

DCYFLX(NP) 

DELMAX 

DELT 

DELT I 

DHX 

DHZ 

D J  

DJAC 

DLB ( M P )  

DNX 

DNZ 

I n t e r p o l a t i o n  p o i n t s  on s p e c i f i c  m o i s t u r e  c a p a c i t y  
(DTH) where MTYP i s  t h e  ma te r i a l  t y p e  and I i s  t h e  
i n t e r p o l a t i o n  p o i n t .  . .L$:$:(-l). 

M u l t i p l i e r  f o r  i n c r e a s i n g  t h e  t i m e  i nc remen t .  

Cosine of a n g l e  FE. 

D i r e c t i o n  c o s i n e  of ou tward ly  d i r e c t e d  s u r f a c e  normal 
( w i t h  r e s p e c t  t o  t h e  >:--axis) 
s u r f a c e  as a f u n c t i o n  of t h e  boundary element. 

f o r  r a i n f a l l - s e e p a g e  

Same as DCOSX(MP), b u t  f o r  a l l  bounding s u r f a c e s .  

D i r e c t i o n  c o s i n e  of ou tward ly  d i r e c t e d  s u r f a c e  normal 
( w i t h  r e s p e c t  o t  t h e  Z-axis) f o r  r a i n f a l l - s e e p a g e  
s u r f a c e  as a f u n c t i o n  of t h e  boundary e l emen t .  

Same as DCOSZ(MP), b u t  f o r  a l l  bounding s u r f a c e s .  

That p o r t i o n  of t h e  boundary-l ine i n t e g r a l  of t h e  
Darcy f l u x  a s s o c i a t e d  w i t h  node NP. . .L**3/L/T. 

Maximum v a l u e  of DELT. . .T. 

T i m e  i nc remen t .  . .T. 

l / D E L T .  . .T”c*(- l ) .  

D e r i v a t i v e  of  H w i t h  r e s p e c t  t o  X.  . .L /L .  

D e r i v a t i v e  of H w i t h  r e s p e c t  t o  Z.  . .L /L .  

J a c o b i a n  t i m e s  8. . .Lk*2. 

J a c o b i a n  used i n  t h e  t r a n s f o r m a t i o n  from g l o b a l  t o  
l o c a l  c o o r d i n a t e s  f o r  one element .  . .L**2. 

Length of r a i n f a l l - s e e p a g e  boundary s i d e  of e lement  
M P .  . .L. 

Length of any boundary s i d e  of e lement  M P .  . .L. 

Derivative of t h e  b a s i s  f u n c t i o n  w i t h  r e s p e c t  t o  X 
a t  t h e  n o d a l  p o i n t s .  . .L**(-l) .  

Derivative of t h e  b a s i s  f u n c t i c n  w i t h  r e s p e c t  t o  2 
a t  t h e  n o d a l  p o i n t s .  . .L**(-1). 
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DTHQP 

DX 

DZ 

E 1  , E J , E K  

EL 

FE 

FLOW ( I )  

FLX (NP) 

FRATE ( I )  

GRAV 

H (NP) 

HCON(NP) 

HP (NP) 

HPROP (MTYP, I )  

HT(NP) 

D e r i v a t i v e  of m o i s t u r e  c o n t e n t  w i t h  r e s p e c t  t o  
p r e s s u r e  head a t  t h e  nodes I Q  of each  element  
M. . .Lf<*(-l) .  

D e r i v a t i v e  of m o i s t u r e  c o n t e n t  w i t h  r e s p e c t  t o  
p r e s s u r e  head a t  t h e  f o u r  c o r n e r  nodes of e lement  
M. . .L**(-1). 

D e r i v a t i v e  of m o i s t u r e  c o n t e n t  w i t h  r e s p e c t  t o  
p r e s s u r e  head a t  a G a u s s - i n t e g r a t i o n  p o i n t .  . .L"*(-l). 

I n c r e m e n t a l  d i s t a n c e  i n  t h e  X-d i r ec t ion .  . .L .  

I n c r e m e n t a l  d i s t a n c e  i n  t h e  Z - d i r e c t i o n .  . .L.  

Normal f l u x e s  t o  b e  used f o r  f l u x - t y p e  boundary 
c o n d i t i o n s .  . .L**3/L*kZ/T. 

Length of  a n  element  s i d e  where f l u x - t y p e  boundary 
c o n d i t i o n  i s  a p p l i e d .  . .L.  

Angle between t h e  c o o r d i n a t e  axes and t h e  p r i n c i p a l  
d i r e c t i o n s  of t h e  c o n d u c t i v i t y  t e n s o r .  . . deg rees .  

Flows a c r o s s  t h e  system boundary d u r i n g  t i m e  DELT 
th rough  c o n s t a n t  p r e s s u r e  D i r i c h l e t  nodes ( I = l ) ,  
t h rough  c o n s t a n t  f l u x  Neumann p o i n t s  ( I = 2 ) ,  by 
seepage  ( I = 3 ) ,  from r a i n f a l l  ( I = 4 ) ,  due t o  n u m e r i c a l  
l o s s e s  ( I = 5 ) ,  and t o t a l  f l u x  ( I = 6 ) .  FLOW(7) i s  t h e  
n e t  i n c r e a s e  i n  v o l u m e t r i c  water c o n t e n t  d u r i n g  
DELT. . .L*Jc3/L. 

Component o f  r a i n f a l l  f l u x  normal t o  t h e  boundary a t  
node NP. , .L**3/L/T. 

Flow rates a t  a given t i m e  co r re spond ing  t o  
FLOW(1). . .L"*3/L/T. 

A c c e l e r a t i o n  o f  g r a v i t y .  . .L/T**2. 

P r e s s u r e  head.  . .L .  

Ponding dep th  a t  boundary node NP. . .L.  

P r e s s u r e  head a t  t h e  p r e v i o u s  t i m e  i nc remen t .  . .L.  

I n t e r p o l a t i o n  p o i n t s  on p r e s s u r e  head (H) where MTYP 
i s  t h e  mater ia l  t y p e  and I i s  t h e  s p e c i f i c  p o i n t .  . .L .  

T o t a l  head.  . .L .  

Y 

. 

. 
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HW(NP) 
c 

I B ,  J B  ,KB 

IBAND 

I CY 

. 

. 

IHALFB 

IHBP 

IRFTYP (NP) 

ISB ( M P ,  I) 

ISTOP 

I T  

I TM 

K CP 

KDIAG 

K D I  G 

KFLOW 

I< G 

P r e s s u r e  head a t  t i m e - i n t e g r a t i o n  p o i n t ,  i . e .  
HW(NP)=W*H(NP)+(~-W)>~HP(NP). . .L.  

I n d i c e s  r a n g i n g  over  t h e  band width  of t h e  
c o e f f i c i e n t  m a t r i x .  

Band width  of assembled c o e f f i c i e n t  m a t r i x .  

Cycle i n d e x  made n e c e s s a r y  by p r e s s u r e  and f l u x -  
dependent r a i n f a l l - s e e p a g e  boundary c o n d i t i o n s .  

Element i d e n t i f i c a t i o n  a r r a y .  M i s  t h e  element  number, 
M = 1 , 2 ,  ... NEL, IQ=1,2,3,4 denotes  c o r n e r  nodes of t h e  
e lement ,  and IQ=5 d e n o t e s  MTYP f o r  t h e  e lement .  

(IBAND-1) /2 .  

IHALFB+l. 

Local  node o r  b a s i s - f u n c t i o n  i d e n t i f i e r  f o r  a given 
element  h a v i n g  a v a l u e  of 1 , 2 , 3 ,  o r  4. 

Rainf a l l - t y p e  parameter  used t o  i d e n t i f y  t h e  r a i n f a l l  
p r o f i l e  t o  b e  used a t  a given boundary n o d a l  p o i n t  NP. 

S u r f a c e  i d e n t i f i c a t i o n  a r r a y  f o r  r a i n f a l l - s e e p a g e  
elements .  1=1 and 2 denote  n o d a l  p o i n t s  of t h e  
boundary s i d e s  of t h e  element .  

Same as IS(Mp,I) b u t  f o r  a l l  boundary e lements .  

Index  used t o  count  d a t a  e r r o r s .  

I t e r a t i o n  index.  

Index f o r  s i m u l a t i o n  t i m e .  

Conduct iv i ty-permeabi l i ty  c o n t r o l .  I f  e q u a l  0 ,  then 
c o n d u c t i v i t y  d a t a  are t o  b e  i n p u t ;  o t h e r w i s e  
p e r m e a b i l i t y  v a l u e s  w i l l  b e  r e a d .  

D i a g n o s t i c  c o n t r o l  v a r i a b l e .  

D i a g n o s t i c  o u t p u t  t a b l e  c o u n t e r .  

C o n t r o l  i n t e g e r  used f o r  sur face- f low c a l c u l a t i o n .  

I d e n t i f i e r  of t h e  f o u r  Gauss i n t e g r a t i o n  p o i n t s  
w i t h i n  each element .  
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KGRAV 

K I N C  

KKK 

KOUT 

KPR(1TM) 

KP RO 

KSP 

KSS 

KSTR 

KX 

KZ 

M , M I  , M J  , MK 

G r a v i t y  c o n t r o l  parameter .  I f  e q u a l  z e r o ,  t h e  
g r a v i t y  term i s  o m i t t e d  from b o t h  Richards  e q u a t i o n  
and t h e  d e f i n i t i o n s  of  t o t a l  head. I f  e q u a l  one ,  
g r a v i t y  remains.  

Incrementa t ion  c o n t r o l  used f o r  a u t o m a t i c  g e n e r a t i o n  
of boundary c o n d i t i o n s .  

I n  BANSOL, i n d e x  d e s i g n a t i n g  f u n c t i o n  t o  b e  performed.  
KKK=1 f o r  t r i a n g u l a r i z a t i o n  and KKK=2 f o r  backward 
subs  t i  t u  t i o n .  

Output t a b l e  c o u n t e r .  

P r i n t e r  c o n t r o l  f o r  t r a n s i e n t  problems similar t o  
KPRO as a f u n c t i o n  o f  t h e  t i m e  i n d e x  ITM. Used t o  
o u t p u t  d e s i r e d  i n f o r m a t i o n  a t  each t i m e  increment .  

P r i n t e r  c o n t r o l  f o r  s t e a d y  s t a t e  and i n i t i a l  
c o n d i t i o n s .  I f  KPRO e q u a l s  z e r o ,  o n l y  t h e  f low 
v a r i a b l e s  FLOW, FRATE, and TFLOW are o u t p u t .  I f  
KPRO e q u a l s  1, t h e n  p r e s s u r e  head and f low v a r i a b l e s  
are p r i n t e d .  I f  KPRO e q u a l s  2 ,  t o t a l  head ,  w a t e r  
c o n t e n t ,  and t h o s e  v a r i a b l e s  t h a t  have been mentioned 
p r e v i o u s l y  w i l l  b e  p r i n t e d .  I f  KRPO e q u a l s  3, t h e n  
t h e  same v a r i a b l e s  as f o r  KRPO=2 p l u s  t h e  Darcy 
v e l o c i t i e s  are p r i n t e d .  

S o i l  p r o p e r t i e s  c o n t r o l .  I f  KSP e q u a l s  0 ,  then  
a n a l y t i c a l - f u n c t i o n  parameters  are i n p u t .  I f  i t  
e q u a l s  1, then t a b u l a r  d a t a  are i n p u t .  

I f  KSS i s  e q u a l  t o  z e r o ,  t h e  s t e a d y - s t a t e  s o l u t i o n  
i s  o b t a i n e d  e i t h e r  as an i n i t i a l  c o n d i t i o n  f o r  a 
t r a n s p o r t  problem o r  as t h e  f i n a l  s o l u t i o n  (NTI=O) . 
I f  KSS e q u a l s  1, t h e  t r a n s i e n t  s o l u t i o n  i s  o b t a i n e d .  

C o n t r o l  parameter  f o r  s t o r a g e  of o u t p u t  on a u x i l i a r y  
s t o r a g e  ( t a p e  o r  d i s k ) .  If KSTR e q u a l s  0 ,  t h e r e  is  
no  s t o r a g e ,  b u t  i f  i t  does n o t  e q u a l  0 ,  t h e r e  i s  
s t o r a g e .  

Component of c o n d u c t i v i t y  o r  p e r m e a b i l i t y  i n  t h e  
X-di rec t ion .  

Component of  c o n d u c t i v i t y  o r  p e r m e a b i l i t y  i n  t h e  
Z-d i rec t ion .  

Elemen t number. 
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MAXCY 

MAXDIF 

MAXEL 

MAXHBP 

MAXI T 

MAXMAT 

MAXNP 

MAXNTI 

M I N  C 

MND 

MODL 

MP,MPI,MPJ 

MTYP 

mRFPR 

MXRPAR 

MXSPPM 

NOQ) 

NAKPPM 

NB C 

NBE ( M P )  

NBEL 

NCHG 

NCM 

ND 

Maximum number of cyc le s  permi t ted  f o r  r a i n f a l l -  
seepage boundary-condition adjustments .  

Maximum nodal  d i f f e r e n c e  f o r  a l l  elements.  

Maximum number of elements. 

Maximum value  of  IHALFBi-1. 

Maximum number of i t e r a t i o n s .  

Maximum number of materials. 

Maximum number of nodal  po in t s .  

Maximum number of t i m e  increments.  

Increment i n  element number. 

Maximum nodal  d i f f e r e n c e  f o r  a given element.  

Number of elements p e r  l a y e r .  

Compressed element index.  

Material type.  

Maximum number of r a i n f a l l  p r o f i l e s .  

Maximum number of parameters ,  i .e.,  i n t e r p o l a t i o n  
p o i n t s ,  pe r  r a i n f a l l  p r o f i l e .  

Maximum number of s o i l  p r o p e r t i e s  p e r  material .  

Basis v e c t o r  f o r  node IQ. 

Number of AK parameters  p e r  material. 

Number of cons tan t  D i r i c h l e t  boundary condi t ions .  

Array of boundary-element numbers. 

Number of boundary elements.  

Number of changes i n  the  r a i n f  a l l - seepage  boundary 
condi t ions .  

Number of e lements  wi th  co r rec t ed  material  p r o p e r t i e s .  

Nodal d i f f e r e n c e .  
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NEL 

N I T  

NITYP ,NJTYP 

NLAY 

NMAT 

NMPPM 

NIJ (NPP) 

NN CVN 

NNP 

NP , N I , N J , N K , N L  

NPCNV(NPP) 

NPCON (NPP) 

NP FLX (NPP) 

NPINC 

NPP , NPPI ,NPP J 

NP ROB 

NP RS (NPP ) 

NP S T (NPP) 

NRFPAR 

NRFP R 

NRSE ( M P )  

Number of e lements .  

Maximum number of i t e r a t i o n s  al lowed.  

R a i n f a l l  p r o f i l e  t y p e s  a t  nodes N I  and N J ,  
r e s p e c t i v e l y .  

Number of l a y e r s  of e lements  i n  r e g u l a r  p a r t  of g r i d .  

Number of d i f f e r e n t  materials.  

Number of material p r o p e r t i e s  p e r  material. 

Array f o r  s t o r i n g  the node numbers where c o n s t a n t  
D i r i c h l e  t boundary c o n d i t i o n s  occur .  

Number of  nodes f o r  which t h e r e  i s  no  convergence. 

Number of n o d a l  p o i n t s .  

Nodal-point number. 

Nodes a t  which t h e r e  i s  no convergence. 

Rainfa l l - seepage  n o d a l  p o i n t s  h a v i n g  c o n s t a n t  
boundary c o n d i t i o n s .  

R a i n f a l l - s e e p a g e  n o d a l  p o i n t s  h a v i n g  f l u x  boundary 
c o n d i t i o n s  . 
Nodal-point increment  used i n  a u t o m a t i c  g e n e r a t i o n  of 
boundary c o n d i t i o n s .  

Compressed nodal -poin t  index .  

Problem number. 

Absolu te  node i n d e x  as a f u n c t i o n  of compressed index  
f o r  r a i n f a l l - s e e p a g e  boundary nodes.  

Nodal p o i n t s  a t  which c o n s t a n t - f l u x  boundary c o n d i t i o n s  
are t o  b e  a p p l i e d .  

Number of parameters  i n  each r a i n f a l l  p r o f i l e .  

Number of  r a i n f a l l  p r o f i l e s .  

Absolute  r a i n f a l l - s e e p a g e  element  index  as a f u n c t i o n  
of compressed index.  
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NRSEL 

NRSN 

NSPPM 

NST 

NS TN 

NS TRT 

NTHPPM 

NTI 

P I  

PKFC 

PMAT 

P OR 

PROP(MTYP,I) 

Number of e lements  having  r a i n f  a l l - s e e p a g e  boundary 
c o n d i t i o n s .  

Number of nodes having  r a i n f a l l - s e e p a g e  c o n d i t i o n s .  

Number of s o i l  p r o p e r t i e s  p e r  material .  

Number of e lement  s i d e s  on which f l u x - t y p e  boundary 
c o n d i t i o n s  are a p p l i e d .  

Number of nodes a t  which f l u x - t y p e  boundary c o n d i t i o n s  
are a p p l i e d .  

Number of l o g i c a l  r e c o r d s  t o  be read  from a u x i l i a r y  
s t o r a g e  'device f o r  r e s t a r t i n g  t h e  c a l c u l a t i o n .  
r e s t a r t i n g  i s  n o t  t o  b e  used,  t h e n  NSTRT=O. 

I f  

Number o f  water c o n t e n t  parameters  p e r  material. 

Number of t i m e  increments .  

3.14159265 

P e r m e a b i l i t y -  c o n d u c t i v i  t y  convers ion  f a c t o r .  

Data a r r a y  f o r  s t o r i n g  t h e  names of material  
p r o p e r t i e s  of t h e  s o i l  system. These p r o p e r t i e s  are 
s t o r e d  i n  PROP (MTYP, I ) .  

P o r o s i t y  of t h e  medium. 

Material p r o p e r t y  where MTYP i s  t h e  material type  
and I i s  t h e  s p e c i f i c  material  p r o p e r t y .  

A m a t r i x  f o r  e lement  M. . .L .  

B m a t r i x  f o r  e lement  M. . .L /T .  

N e t  w a t e r  c o n t e n t ,  i . e . ,  l o c a l  w a t e r  c o n t e n t s  
i n t e g r a t e d  o v e r  t h e  two-dimensional volume of  t h e  
system. . . L * * ~ / L .  

Same as QTH, b u t  f o r  e lement  M. . .L**3/L. 

Same as QTH,  b u t  f o r  p r e v i o u s  t i m e  s t e p .  . .L**3/L. 

Load v e c t o r  f o r  c u r r e n t  t i m e  s t e p .  . .L*;k3/L/T. 

Maximum r e s i d u a l  f o r  a l l  nodes.  . .L. 
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RESNP 

RFALL (I) 

R F N I ,  RFNJ 

RC (19) 

RSFLX(NPP) 

S(KQ), SS 

SNFE , SINFE 

SUBHD (I ,  J) 

T(KQ), TT 

TFLOW (I) 

THPAR 

THPROP(MTYP,I) 

THQP 

TIME 

TITLE 

R e s i d u a l  a t  node NP, i . e . ,  d i f f e r e n c e  between c u r r e n t  
p r e s s u r e  and p r e s s u r e  a t  t h e  p r e v i o u s  i n t e r a t e .  . .L.  

Maximum relat ive r e s i d u a l  f o r  a l l  nodes.  

Array of r a i n f  a l l - ra te  i n t e r p o l a t i o n  p o i n t s  (J) 
a p p r o p r i a t e  f o r  p r o f i l e  I .  

R a i n f a l l  rate f o r  p r o f i l e  I a t  any g iven  t i m e .  . .L IT .  

R a i n f a l l  components normal t o  t h e  s u r f a c e  a t  nodes N I  
and N J ,  r e s p e c t i v e l y .  . . L I T .  

Dens i ty  of water. . .M/L*"3. 

Array f o r  s t o r a g e  of  c o n s t a n t  Neumann boundary 
c o n d i t i o n s .  . . L*Jc3/L/T. 

Load v e c t o r  f o r  e lement  M. . .LJ;*2/T. 

Boundary f low of r a i n f a l l - s e e p a g e  node NPP. . .LJ;J:3/L/T. 

Loca l  X-coordinates.  

S i n e  of a n g l e  FE. 

Array of subheadings f o r  o u t p u t  c l a r i f i c a t i o n .  

Loca l  Z-coordinate .  

T o t a l  of t h e  q u a n t i t i e s  FLOW(1) o v e r  a l l  t i m e  
increments .  . .L*"3/L. 

Mois ture  c o n t e n t  a t  t h e  nodes of each 
e lement .  . . L9:J: 3/ L*J: 3 . 
Data a r r a y  f o r  s t o r i n g  t a b l e  heading  f o r  o u t p u t  of 
TH parameters  where TII i s  m o i s t u r e  c o n t e n t .  

Moisture  c o n t e n t  (TH) parameters  where MTYP i s  t h e  
material t y p e  and I is  t h e  s p e c i f i c  parameter .  

Water c o n t e n t  a t  t h e  f o u r  c o m e r  nodes of e lement  
M. . .L**3/L:'-'c3. 

D 

Water c o n t e n t  a t  G a u s s - i n t e g r a t i o n  p o i n t .  . . L"?C3/L*"3. 

T o t a l  t i m e  of s i m u l a t i o n .  . .T. 

Array f o r  t i t l e  of  t h e  problem. 



217 

TMAX 

TOLA 

TOLB 

TRF(1, J) 

VIS  c 

VNNI ,VNNJ  

Maximum v a l u e  of s i m u l a t i o n  t i m e .  . .T .  

Tolerance  f o r  s t e a d y - s t a t e  i t e r a t i o n s .  . .L.  

Tolerance  f o r  t r a n s i e n t - s t a t e  i t e r a t i o n s .  . . L .  

Array of  i n t e r p o l a t i o n  t i m e s  3 a p p r o p r i a t e  f o r  
r a i n f a l l  p r o f i l e  I .  . . T .  

D e r i v a t i v e  of i n t e r p o l a t i o n  f u n c t i o n  w i t h  r e s p e c t  
t o  Z a t  t h e  Gauss i n t e g r a t i o n  p o i n t s .  . .L*:f(-l). 

Derivative of  i n t e r p o l a t i o n  f u n c t i o n  w i t h  r e s p e c t  
t o  X a t  t h e  Gauss i n t e g r a t i o n  p o i n t s .  . .L;f*(-l). 

V i s c o s i t y  of  water.  . .M/L/T.  

Components of t h e  Darcy v e l o c i t y  normal t o  t h e  
s u r f a c e  a t  nodes N I  and N J ,  r e s p e c t i v e l y .  . . L / T .  

X-component of v e l o c i t y .  . .L /T .  

Z-component of  v e l o c i t y .  . .L/T. 

T ime- in tegra t ion  parameters .  

X- and Z-coordinates  of node UP. . . L .  

Fake c o o r d i n a t e s  used t o  de te rmine  t h e  s i g n s  of t h e  
d i r e c t i o n  c o s i n e s .  . .L. 

Coordinates  of t h e  nodes of a q u a d r i l a t e r a l  
e lement .  . .L.  
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A P P E N D I X  E 

DATA I N P U T  GUIDE 
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I 
i NRPOB 

1. T i t l e :  Format ( I5 ,9A8) .  One c a r d  p e r  problem. 

TITLE 

I ! I 1 I i 1  

2 .  Basic i n t e g e r  p a r a m e t e r s :  Format (1615).  One c a r d  p e r  problem. 

j PROP(NMAT,l) 
I 

i 
PR@P(NMAT,2) 1 - 

3 .  Basic rea l  pa rame te r s :  Format (8F10.0).  Two c a r d s  p e r  problem. 

U s e  of an E-, D-, o r  a n o t h e r  F-type f i e l d  s p e c i f i c a t i o n  i n  t h e  i n p u t  

c a r d  o v e r r i d e s  any of t h e  F1O.O s p e c i f i c a t i o n s  of  t h e  fo rma t .  

GRAViVISC W , 1 i l  1 
10 2@ 30 

4 .  P r i n t e r  o u t p u t  c o n t r o l :  Format (8011).  The number of c a r d s  here  

depends on t h e  number of t i m e  i nc remen t s  N T I .  

5 .  Material p r o p e r t i e s :  Format (8F10.0).  A t o t a l  o f  NMAT c a r d s ,  one 

f o r  e a c h  material. 

1 PROP(1,l) /PR@P(1,2) . . . IPROP(1,NMPPM) 1 
i 

C 
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I n  t h e  v a r i a b l e  PROP(1, J) , I i s  t h e  material t y p e  and J i s  t h e  

s p e c i f i c  material  p r o p e r t y .  For example, PROP(I , l )  is  ALP(I),  

PROP(I,2) is BETAP(1). PROP(I,3) i s  POR(I), PROP(1,h) i s  K X ( I ) ,  

and PROP(1,NMPPM) i s  KZ(1). (NMPPM=5 i s  c u r r e n t l y  p r e s c r i b e d  by 

a d a t a  s t a t e m e n t  i n  r o u t i n e  MAIN.) 

6 .  A n a l y t i c  s o i l  parameters :  Format (8F10.0).  These c a r d s  are i n p u t  

i f  and only  i f  KSP=O. Two sets of c a r d s  p e r  material ,  one f o r  

mois ture-content  parameters  and t h e  o t h e r  f o r  c o n d u c t i v i t y  

( p e r m e a b i l i t y )  parameters .  The number O E  c a r d s  p e r  set i s  

de termined  b o t h  by t h e  number of s o i l  p r o p e r t i e s  p e r  material  

NSPPM and by t h e  number o f  materials NMAT. 
I 
I 

I I I ' THPROP(1,l) 1 THPROP(172) . - - jTHPROP(1,NSPPM) 

I THPROF(NMAT,1) 1 THPROP(IVMAT,2) 1 . jTHPROP(NMAT,NSPPM) i 
I I I 5 

7 .  S o i l  p r o p e r t i e s  i n  t a b u l a r  form: Format (8F10.0) .  These c a r d s  a r e  

i n p u t  o n l y  i f  KSPZO. Four sets of c a r d s  p e r  material f o r  p r e s s u r e ,  

water c o n t e n t ,  c o n d u c t i v i t y  ( p e r m e a b i l i t y )  , and water c a p a c i t y .  The 

number of  c a r d s  p e r  se t  i s  determined by i n p u t  parameters  NSPPM and 

NMAT . 
1 HPROP(1,l) HPROP(1,2) . . - /SPROP(l,NSPPM) j 
b 1 

I I 1 HPROP(NMAT,1)1 HPROP(NMAT,2)/ - 0 lWROP(NMAT,NSPPM) 

10 20 
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I 

THPROP(1,l) THPROP(1,2) , I . . . THPROP(1,NSPPM) I 

AKPROP(1,l) AKPROP(1,2) , . . . MPROP(~,NSPPM) j i i 

I AKFROP(NMAT,l) AKPROP(NMAT,2)/ . . . 1 AKPROP(NMAT,NSPPM) 1 

I 1 CAPROP(NMAT,l),CAPKOP(NMAT,2)(. I . . . CAPROP(wT,NSPPM) I 1 

10 20 

8. Nodal-point p o s i t i o n s :  Format (15,2F10.3).  Usual ly  one c a r d  p e r  

node i s  needed, i . e . ,  a t o t a l  of NNP c a r d s .  However, i f  some nodes 

f a l l  on a s t r a i g h t  l i n e  and are e q u i d i s t a n t ,  d a t a  f o r  on ly  t h e  f i r s t  

and l as t  p o i n t s  of  t h i s  group are needed. I n t e r m e d i a t e  n o d a l  

p o s i t i o n s  are a u t o m a t i c a l l y  g e n e r a t e d  by l i n e a r  i n t e r p o l a t i o n .  

9 .  Element d e f i n i t i o n s :  Format (1615).  Usual ly  one c a r d  p e r  e lement  

i s  needed,  i . e . ,  a t o t a l  o f  NEL c a r d s .  
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e 

IE(MI,l)-(IEMI,4) are t h e  n o d a l  numbers of e lement  M I  (beginning  

w i t h  t h e  lower l e f t  and p r o g r e s s i n g  around t h e  element  i n  a 

counterc lockwise  d i r e c t i o n ) ,  and IE(MI,5) i s  t h e  material  type  

MTYP. For r e c t a n g u l a r  b l o c k s  of elements--the same material 

having s e q u e n t i a l l y  numbered nodes-- i t  i s  only  n e c e s s a r y  t o  s p e c i f y  

t h e  f i r s t  e lement ,  che w i d t h  MODL, and t h e  l e n g t h  NLAY, where MODL 

and NLAY are measured i n  e lements .  Element numbering proceeds  most 

r a p i d l y  a l o n g  t h e  MODL dimension and leas t  r a p i d l y  a l o n g  t h e  NLAY 

dimension. F igure  E . l  p r o v i d e s  an example. The o b j e c t  i s  c o n s i d e r e d  

Fig.  E . l .  Automatic g e n e r a t i o n  of  e lement  numbers. Element 
numbers are c i r c l e d  t o  d i s t i n g u i s h  them from n o d a l  numbers. 

t o  b e  r e c t a n g u l a r  s i n c e  i t  h a s  w i d t h  MODL=3 on two o p p o s i t e  s i d e s  

and l e n g t h  NLAY=5 on t h e  o t h e r  two s i d e s .  To g e n e r a t e  d e f i n i t i o n s  

of e lements  2 through 15 a u t o m a t i c z l l y ,  i n c l u d i n g  b o t h  c o r n e r  node 

i d e n t i f i c a t i o n  and material t y p e ,  o n l y  one c a r d  is  n e c e s s a r y :  
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Although a l l  e lements  of t h i s  example w i l l  b e  assumed t o  c o n t a i n  

t h e  same material, MTYP=l, t h i s  s i t u a t i o n  can e a s i l y  b e  changed by 

u s i n g  t h e  c o r r e c t i o n - m a t e r i a l  f a c i l i t y .  

10. Material c o r r e c t i o n :  Format (1615).  I n  many cases one c a r d  i s  

r e q u i r e d  p e r  material change. However, i n  t h o s e  cases where 

numbers of t h e  a f f e c t e d  e lements  range  from a lower l i m i t  of M I  

t o  an upper l i m i t  of MK w i t h  an increment  M I N C ,  a u t o m a t i c  c o r r e c t i o n  

may b e  used. F i e l d s  MK and MINC are l e f t  b l a n k  i f  t h e  automatic-  

g e n e r a t i o n  f a c i l i t y  i s  n o t  used. 

t 

1 MI I I MTYF 1 MK j MINC 
1 

5 io 15 20 

Note on i n i t i a l  c o n d i t i o n s  and r e s t a r t i n g :  The i n i t i a l  c o n d i t i o n  

f o r  a t r a n s i e n t  c a l c u l a t i o n  may b e  o b t a i n e d  i n  t h r e e  d i f f e r e n t  ways: 

from card  i n p u t ,  a u x i l i a r y  s t o r a g e  i n p u t  ( r e f e r r e d  t o  as t a p e  i n p u t  

i n  d i s c u s s i o n  t o  f o l l o w ) ,  o r  s t e a d y - s t a t e  c a l c u l a t i o n  u s i n g  a 

d i f f e r e n t  s e t  of boundary c o n d i t i o n s  t h a n  t h a t  used f o r  t r a n s i e n t  

c a l c u l a t i o n .  I n  t h e  l a t t e r  case a c a r d  i n p u t  o f ,  s h a l l  w e  s a y ,  

t h e  p r e i n i t i a l  c o n d i t i o n  i s  r e q u i r e d  as t h e  zero th-order  i t e r a t e  of 

t h e  s t e a d y - s t a t e  s o l u t i o n .  Tape i n p u t  i s  n e c e s s a r y  whenever t h e  

r e s t a r t i n g  f a c i l i t y  is  b e i n g  used. That  i s ,  p r e s s u r e  d i s t r i b u t i o n s  

f o r  NSTRT, o r  more, d i f f e r e n t  t i m e s  have been g e n e r a t e d  and w r i t t e n  

on a magnet ic  t a p e .  If NSTRT>O, t h e s e  d i s t r i b u t i o n s  w i l l  b e  r e a d  I 

from t h e  t a p e ,  and t h e  NSTRT-th d i s t r i b u t i o n  w i l l  b e  used as t h e  
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C 

J 

i n i t i a l  cond i t ion  f o r  t h e  c u r r e n t  c a l c u l a t i o n .  ( I f  ICSTR>O, t h e  

p re s su re  va lues  w i l l  be  w r i t t e n  on a d i f f e r e n t  magnetic t ape  as 

they are be ing  read so t h a t  a complete r eco rd  of t he  c a l c u l a t i o n s  

may be  kep t  on one t ape . ) .  

l a s t  ( s t eady- s t a t e )  op t ions  are d e s i r e d ,  then NSTRT=O. 

I f  e i t h e r  t h e  f i r s t  (card- input)  o r  t h e  

Note on a u x i l i a r y  s t o r a g e  u n i t s :  Logical  u n i t  1 is  used f o r  ou tput  

i f  KSTR#O, and l o g i c a l  u n i t  2 i s  used f o r  i npu t  i f  NSTRT>O. 

Proper  i d e n t i f i c a t i o n  of t hese  u n i t s  must be  made i n  t h e  job  con t ro l  

language i f  e i t h e r  of t h e s e  two opt ions  i s  used. 

11. Card i n p u t  f o r  i n i t i a l  o r  p r e i n i t i a l  cond i t ions :  Format (15,5X,F10.0). 

These ca rds  are necessary  only i f  NSTRT=O. I n  t h e  most gene ra l  case  

t h e r e  i s  one ca rd  p e r  node, i . e . ,  a t o t a l  of NNP cards .  

Frequent ly ,  however, groups of neighboring nodal  p o i n t s  N J  have 

i d e n t i c a l  va lues  H(NJ). I f  a gap is recognized i n  t h e  input  sequence 

of nodal  numbers, t h e  i n i t i a l  p re s su res  are assumed t o  be  i d e n t i c a l  

t o  the  p r e s s u r e  a t  t h e  lower boundary of t h e  gap. For example, i f  

two neighboring cards  of t h e  form 

p-p?JTj 
5 10 20 

-1 
10 20 5 

were encountered,  nodes 21-29 would be  ass igned  va lues  H=O. 
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NBC NST NRFPR NRFPAR NRSEL NRSN 

Note on s t eady- s t a t e  input :  The s t eady- s t a t e  op t ion  may be  used 

t o  provide  e i t h e r  t he  f i n a l  s t a t e  of a system under s tudy  o r  t h e  

i n i t i a l  cond i t ion  f o r  a t r a n s i e n t  c a l c u l a t i o n .  In  t h e  former case  

KSS=O and N T I = O ,  whereas i n  the  l a t t e r  KSS=O and N T I > O .  I f  

KSSZO, t h e r e  w i l l  be no s t eady- s t a t e  c a l c u l a t i o n .  U s e  of a s teady  

s ta te  as an i n i t i a l  cond i t ion  r e q u i r e s  a d i f f e r e n t  set of boundary 

cond i t ions  than i s  used f o r  t he  t r a n s i e n t  c a l c u l a t i o n s .  (A  

t r a n s i e n t  c a l c u l a t i o n  us ing  t h e  same set of boundary cond i t ions  

would not  be  meaningful s i n c e  no changes i n  the  p re s su re  d i s t r i -  

bu t ions  could occur.)  Input  Data S e t s  12-17,  immediately fo l lowing ,  

7 

d e f i n e  the  s t eady- s t a t e  boundary condi t ions .  They are, of course ,  

necessary i f  and only i f  KSS=O. 

1 2 .  Steady-state  i n t e g e r  parameters: Format (1615). This card i s  

input  i f  and only  i f  KSS=O. One card pe r  problem. 

1 3 .  Steady-state  r a i n f a l l  p r o f i l e s :  Format (8F10.0). These ca rds  

are necessary i f  and only  if t h e  number of r a in fa l l - s eepage  nodes 

NRSN>O and t h e  number of r a i n f a l l  p r o f i l e s  NRFPR>O. I f  NRSN>O 

and NRFPR=O, a r a i n f a l l  ra te  of zero is  assumed. The number of 

cards  requi red  w i l l  depend on both NRFPR and NRFPAR, t h e  number 

of parameters w i t h i n  each p r o f i l e .  
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I ! 
j TRF(~,~) lTRF(l,2) 1 a . TRF(1,NRFPAR) 1 

1 TRF(NRFFR,1)ITRF(NRWR,P)i - . i TRF(NRFFR,NRFPAR) 1 
, 1 

Only t h e  l i n e a r l y  i n t e r p o l a t e d  v a l u e  of t h e  r a i n f a l l  rate R 2  a t  

t i m e  TRF=O w i l l  b e  used i n  t h e  s t e a d y - s t a t e  c a l c u l a t i o n .  (See Data 

S e t  1 9 ,  below. ) 

1 4 .  S t e a d y - s t a t e  r a i n f a l l  t y p e s  and ponding depths :  Format (3I5,5XY2F10.0).  

Card i n p u t  is  r e q u i r e d  h e r e  i f  and o n l y  i f  NRSN>O. T y p i c a l l y  one 

c a r d  i s  r e q u i r e d  p e r  r a i n f a l l - s e e p a g e  node as fo l lows:  

However, i f  NPINC # 0 ,  t h i s  i n f o r m a t i o n  is  a u t o m a t i c a l l y  g e n e r a t e d .  

I f  t h e  c a r d  immediately p r e c e d i n g  i s  f o r  node N J ,  then nodes N J  + 
NPINC, N J  + 2*NPINC, ..., NK w i l l  b e  g iven  r a i n f a l l  t y p e  IRFTYP(NJ) 

and p u d d l i n g  depth  HCON(NJ) , where NK i s  t h e  l a r g e s t  i n t e g e r  i n  t h e  

above sequence t h a t  i s  less t h a n  t h e  c u r r e n t  n o d a l  v a l u e  N I .  

R a i n f a l l  t y p e  v a l u e s  IRFTYP(N1) 2 0 are p e r m i t t e d .  

i s  zero ,  t h e n  a r a i n f a l l  ra te  of zero  i s  assumed f o r  node N I .  I f  

t h e  v a l u e  is  g r e a t e r  t h a n  zero ,  t h e n  IRFTYP(N1) serves as a p o i n t e r  

t o  a r a i n f a l l  p r o f i l e  i n p u t  under Data S e t  13 which is  t o  b e  used 

t o  o b t a i n  t h e  r a i n f a l l  rate a t  node N I .  

I f  t h e  v a l u e  
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15.  S t e a d y - s t a t e  r a i n f a l l - s e e p a g e  s u r f a c e  e lements :  Format (1615) .  

A s  i n  t h e  two p r e v i o u s  i n p u t  sets,  i n p u t  is n e c e s s a r y  h e r e  i f  and 

only  i f  r a i n  f a l l s  on s u r f a c e s  o r  seepage  f lows through s u r f a c e s ,  

o r  b o t h ,  i . e . ,  NRSN>O. T y p i c a l l y ,  one c a r d  i s  r e q u i r e d  f o r  each 

s i d e  of each element  on which such  a boundary i s  t o  b e  a p p l i e d .  

I S ( W , l ) /  IS(W,2)1KINC/ I 
5 10 15 20 

However, i f  K I N C > O ,  a u t o m a t i c  g e n e r a t i o n  i s  employed i n  t h e  

f o l l o w i n g  manner. Nodal-point and element  number increments  are 

formed from i n f o r m a t i o n  on t h e  i n p u t  c a r d  immediately p r e c e d i n g  

t h e  c u r r e n t  one : 

NPINC=IS(MP,2) - IS(MP,l) 

and 

MINC = I N P I N C ~  - 1 

where t h e  ve r t i ca l  b a r s  denote  a b s o l u t e  v a l u e .  A sequence of 

e lement  numbers i s  then o b t a i n e d :  

M = N R S E ( M P )  (previous card) 

m S E ( M P - I - 1 )  = M + M I N C  

N R S E ( M P + 2 )  = M + 2*MINC 

The sequence i s  cont inued  u n t i l  t h e  l a r g e s t  e lement  number is  

encountered  t h a t  h a s  a v a l u e  less t h a n  NRSE of t h e  c u r r e n t  c a r d .  

Corresponding n o d a l  p o i n t  sequences are a l s o  g e n e r a t e d :  

L 

e 
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I 

i 

L 

N I  = IS(MP,l) (previous card)  

I S  (MP+l, 1) = N I  + NPINC 

IS(MP+2,1) = N I  + 2*NPINC 

and 
N J  = IS(MP,2) 

IS(MP+1,2) = N J  + NPINC 

IS(MP+2,2) = TJJ + 2*NPINC 

16. S t e a d y - s t a t e  D i r i c h l e t  p r e s s u r e - t y p e  boundary c o n d i t i o n s :  

Format (215,2F10.0).  These c a r d s  are n e c e s s a r y  i f  and o n l y  i f  

NBC>O (and I<SS=O, a c o n d i t i o n  e i t h e r  s t a t e d  o r  impl ied  f o r  

t h e  l as t  f o u r  sets of c a r d s ) .  I f  a u t o m a t i c  g e n e r a t i o n  i s  n o t  

used (NPINC=O), NBC c a r d s  are r e q u i r e d  of t h e  form: 

I f  NPINC>O, a u t o m a t i c  g e n e r a t i o n  proceeds  i n  t h e  same manner as 

d e s c r i b e d  f o r  Data S e t  1 4 .  That i s ,  an a l g e b r a i c  sequence i s  

b u i l t  on t h e  n o d a l  number NN of t h e  c a r d  immediately p r e c e d i n g ,  

and each  such  node is  g iven  boundary c o n d i t i o n  BB of  t h a t  c a r d .  

1 7 .  S teady-s t a te  Neumann f l u x -  t y p e  boundary c o n d i t i o n s  : Format (315, 

5X,2F10.0). Cards of t h i s  t y p e  must b e  used i f  and o n l y  i f  NST > 0 

Usual ly  a number of c a r d s  e q u a l  t o  NST must b e  used.  However, i f  
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some of  t h e  K I N C  are g r e a t e r  t h a n  z e r o ,  some of t h e  NST boundary 

c o n d i t i o n s  w i l l  b e  g e n e r a t e d  i n t e r n a l l y ,  and NST c a r d s  w i l l  n o t  b e  

n e c e s s a r y .  

J 

I f  K I N C > O ,  then  t h e  nodal -poin t  increment  i s  formed from N I  and N J  

of t h e  immediately preceding  c a r d :  

NPINC = ( N J  - NI I 
Wo sequences are formed: 

N I  + NPINC, N I  + 29CNPINC . . . 
N J  + NPINC, N J  + 2*NPINC . . . 

Both are t e r m i n a t e d  when t h e  l a r g e s t  i n t e g e r  i s  reached  t h a t  i s  

less than b o t h  c u r r e n t  v a l u e s  of  N I  and N J .  Corresponding n o d a l  

p o i n t s  f o r  t h e s e  two sequences d e f i n e  a s u r f a c e .  Q u a n t i t y  E 1  i s  
? 

t h e  d o t  p r o d u c t  of t h e  f l u x  a t  N I  w i t h  an outwardly d i r e c t e d  u n i t  

vector normal t o  t h e  element  s i d e  ( N 1 , N J ) .  A s i m i l a r  d e f i n i t i o n  

h o l d s  f o r  E J .  

Note on t r a n s i e n t - s t a t e  i n p u t :  Data S e t s  18-23 which f o l l o w  are 

i d e n t i c a l  t o  sets 12-17,  which are used t o  d e f i n e  t h e  boundary 

c o n d i t i o n s  f o r  t h e  s t e a d y - s t a t e  c a l c u l a t i o n .  Most of t h e  remarks 

r e g a r d i n g  a u t o m a t i c  g e n e r a t i o n ,  s i g n  convent ions ,  and o t h e r  i n p u t  

r e s t r i c t i o n s  t h a t  are p e r t i n e n t  t h e r e  are p e r t i n e n t  h e r e  as w e l l .  

Cards,  whose d e s c r i p t i o n s  f o l l o w ,  are n e c e s s a r y  only  i f  N T I > O .  

If N I T = O ,  t h e r e  w i l l  b e  no t r a n s i e n t  c a l c u l a t i o n ,  and t r a n s i e n t -  

s ta te  boundary c o n d i t i o n s  are unnecessary .  
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TRF (1, L ) TRF(1,2) . . . 

L 

TRF(1,NRFFAR) 

T 

18. T r a n s i e n t - s t a t e  i n t e g e r  parameters :  Format (1615) .  One c a r d  

p e r  problem. 

5 10 15 20 25 30 

19.  T r a n s i e n t - s t a t e  r a i n f a l l  p r o f i l e s .  Format (8F10.0).  These c a r d s  

are n e c e s s a r y  i f  and only  i f  t h e  number o f  r a i n f a l l  seepage nodes 

NRSN>O and t h e  number of r a i n f a l l  p r o f i l e s  NRFPR>O. 

, 1 I 

t I I I TRF(NRFPR,l)lTRF(NRFPR,2) I .  . TRF(NRFPR,NRFPAR) *u 

This i n p u t  p r o v i d e s  t h e  b a s i c  d a t a  f o r  a l i n e a r  i n t e r p o l a t i o n  

from which t h e  r a i n f a l l  ra te  RF may b e  o b t a i n e d  a t  any t i m e  TRF 

and a t  any boundary ,node ,  as s p e c i f i e d  by p o i n t e r  i n d i c e s  IRFTYP. 

20. T r a n s i e n t - s t a t e  r a i n f a l l  types  and ponding depth :  Format (315, 

Card i n p u t  i s  r e q u i r e d  h e r e  i f  and only  i f  NRSN>O. 5X,2F10.0). 

1 
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21. T r a n s i e n t - s t a t e  r a i n f a l l - s e e p a g e  s u r f a c e  e lements :  Format (1615).  

I n p u t  i s  r e q u i r e d  i f  and o n l y  i f  N R S W O .  

22.  T r a n s i e n t - s  t a te  D i r i c h l e  t p r e s s u r e - t y p e  boundary c o n d i t i o n s  : 

Format ( 2 I 5 , 2 F I n . Q ) .  These car6s are n e c e s s a r y  i f  and o n l y  i f  

NBC>O. 

.lo 20 E- 

23. T r a n s i e n t - s t a t e  Neumann f l u x - t y p e  boundary c o n d i t i o n s  : Format 

(315,2F10.0).  Cards of  t h i s  t y p e  must b e  used i f  and o n l y  i f  

NST>O. 
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