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FOREWORD 

. 

. 

The objective of this study was to develop a time-dependent, two- 

dimensional mathematical model for predicting the velocities, water 

levels, temperature, and mass concentrations of various constituents in 

shallow vertically mixed water bodies. 

here meets the basic objective, but still much remains to be done. A 

general computer code of such a size and scope will necessarily have, 

in its initial phases, some limitations and drawbacks. It cannot become 

a truly reliable predictive tool unless evolutionalized through constant 

use and experience. It will, no doubt, require future modifications, 

capability improvements, verification with field data, and calibration 

before becoming a productive computer program. 

computer model will indeed be used and adapted by careful thermal- 

hydraulic analysts who are fully aware of its capabilities and, most 

importantly, its limitations until it is proven to be completely reli- 

able and productive. 

The model developed and presented 

It is hoped that this 

Oak Ridge National Laboratory is providing technical assistance to 

the U.S. Atomic Energy Commission Directorate of Licensing in its analy- 

ses of the environmental impact of power reactors as required by the 

National Environmental Policy Act. The assessment of the environmental 

impact of a nuclear station has required the development of new analyti- 

cal techniques and the expansion of many existing ones. 

This document is one of the spin-off results of this effort by the 

Commission and its National Laboratories to protect the environment. 
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ABSTRACT 

. 

A time-dependent, two-dimensional model was developed to provide a 

practical analytical tool for simulating the transient behavior of the 

elevation, velocity, and temperature of water and the mass concentrations 

of various soluble constituents in vertically mixed shallow water bodies. 

The model is based on a time-dependent discrete element formulation of 

the basic conservation equations for total mass, momentum, energy, and 

mass concentration of soluble constituents. 

formulated in an integral form over each discrete element and then 

reduced to a set of initial-value ordinary differential equations with 

respect to time. 

step explicit solution of the Runge-Kutta-Gill method. 

analysis is presented for evaluation of the time step to be used to avoid 

computational ins t ab i 1 it i es . 

These equations are directly 

The equations are numerically integrated by the multi- 

A stability 

The effects of bottom shear stresses, wind stresses, heat exchange 

with the atmosphere, Coriolis forces, seepage, evaporation, rain, 

tributaries, power plant intake and discharge, and other possible contri- 

butions are taken account of by the model. Internal normal and shear 

stresses are included fully in the momentum equations, and hydrostatic 

pressure is also considered. 

tudinal dispersion caused by vertical variations are taken account of 

by the use of general functions and nonconstant diffusion coefficients. 

Density and other physical properties can be expressed as functions of 

Turbulent diffusion as well as the longi- 

v i i  



v i i i  

temperature  and c o n s t i t u e n t  mass concen t r a t ions ,  

v a r i a b l e ,  and i r r e g u l a r  phys i ca l  boundaries  can be s imulated on a rec- 

t a n g u l a r  coord ina te  system. 

Mesh s ize  can be 

The model i s  app l i cab le  t o  any n a t u r a l  water body wherein v e r t i c a l  

s t r a t i f i c a t i o n  i s  n o t  o f  major importance. This  inc ludes  many r i v e r s ,  

e s t u a r i e s ,  and c o a s t a l  s i t e s  where t h e  h o r i z o n t a l  dimensions are usua l ly  

a t  least  two o rde r s  o f  magnitude l a r g e r  than  t h e  v e r t i c a l  (depth) 

dimensions. 

incorpora t ion  of  stresses i n  t h e  momentum equat ions ,  i t  can a l s o  be used 

f o r  approximate s imula t ion  of  t h e  n e a r  f i e l d .  

number o f  power p l a n t s  sha r ing  t h e  same water  body as well as t h e  

r e c i r c u l a t i o n  o f  d i scharge  water back i n t o  t h e  i n t a k e  s t r u c t u r e  can be 

s imula ted ,  

l a te  t h e  entrainment  of organisms i n t o  t h e  i n t a k e  s t r u c t u r e  of  a power 

p l a n t  as well as t h e  co ld  shock e f f e c t s  on a q u a t i c  b i o t a  when sharp  d i s -  

c o n t i n u i t i e s  i n  power p l a n t  opera t ion  occur .  

t o  inc lude  any number o f  c o n s t i t u e n t s ,  t h e  model has t h e  p o t e n t i a l  f o r  

extension i n t o  a popula t ion  d i s t r i b u t i o n  model f o r  a q u a t i c  organisms. 

The model i s  b a s i c a l l y  a f a r - f i e l d  model, bu t  because of  t h e  

The mutual effects  of  a 

In a more r e s t r i c t e d  way, t h e  model can a l s o  be used t o  simu- 

Because o f  t h e  c a p a b i l i t y  

c 
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I d e n t i f i e s  t h e  va lue  t o  be on a boundary s u r f a c e  

I d e n t i f i e s  t h e  va lue  t o  be a f l u x  (flow ra te  f o r  u n i t  a r ea )  
ac ross  a boundary s u r f a c e  

I d e n t i f i e s  t h e  va lue  t o  be f o r  t h e  o u t s i d e  t h e  boundary 
s u r f a c e  and o u t s i d e  t h e  boundary l a y e r  t h i ckness  

I d e n t i f i e s  t h e  l o c a t i o n  of  t h e  c e n t e r  of a d i s c r e t e  element 
a long X d i r e c t i o n  

I d e n t i f i e s  t h e  loca t ion  o f  t h e  ha l f -po in t  boundaries o f  a 
d i s c r e t e  element i n  X d i r e c t i o n  

I d e n t i f i e s  t h e  l o c a t i o n  of  t h e  h a l f - p o i n t  boundary of a 
d i s c r e t e  element i n  X d i r e c t i o n  when t h i s  element i s  next  
t o  a boundary 

Same as i bu t  i n  Y d i r e c t i o n  

Same as ( i + 1 / 2 )  b u t  i n  Y d i r e c t i o n  

I d e n t i f i e s  t h e  va lue  t o  be f o r  a c e r t a i n  c o n s t i t u e n t  k i n  
t h e  mixture  

. 
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T I d e n t i f i e s  t h e  va lue  t o  be f o r  t h e  t o p  su r face  of  t h e  water  
body 

W I d e n t i f i e s  t h e  va lue  t o  be of  t h e  wind 

ws I d e n t i f i e s  t h e  va lue  t o  be f o r  t h e  water  su r face  

X I d e n t i f i e s  t h e  va lue  of  a component i n  X d i r e c t i o n  

Y I d e n t i f i e s  t h e  va lue  of  a component i n  Y d i r e c t i o n  

2 I d e n t i f i e s  t h e  va lue  of  a component i n  v e r t i c a l  d i r e c t i o n  

0 I d e n t i f i e s  t h e  va lue  t o  be eva lua ted  a t  i n i t i a l  t ime 
( i n i t i a l  condi t ion  va lue)  

Supe r sc r ip t s  

I I n d i c a t e s  a numerical ly  computed va lue  which inc ludes  t h e  d i s -  
crete pe r tu rba t ion  e r r o r  6 ( E q .  6 .19)  

Ind ica t e s  average va lue  o f  e i t h e r  with r e spec t  t o  depth,  o r  
wi th  r e spec t  t o  tukbulent  t ime s c a l e  o r  both 





1. INTRODUCTION 

During t h e  p a s t  few yea r s ,  cons iderable  i n t e r e s t  has  a r i s e n  i n  

developing t h e  c a p a b i l i t i e s  f o r  p r e d i c t i n g  temperature d i s t r i b u t i o n s  

r e s u l t i n g  from discharges  o f  hea ted  water from e l e c t r i c  power p l a n t s  

i n t o  r i v e r s ,  l akes ,  e s t u a r i e s ,  and c o a s t a l  waters. This  i n t e r e s t  a rose  

because of a r a p i d  growth i n  demand f o r  e l e c t r i c  power and an inc reased  

awareness o f  t h e  p o s s i b l e  environmental  impact o f  e l e c t r i c  power gen- 

e r a t i n g  p l a n t s .  

expected t o  be supp l i ed  by nuc lea r  power p l a n t s ,  and these  p l an t s  

r e j e c t  about 7,500 Btu/hr f o r  every k i lowa t t  o f  power genera t ion  r a t h e r  

than about 5,000 Btu/hr r e j e c t e d  by convent ional  steam p l a n t s .  

r e j e c t e d  h e a t  i s  t r a n s f e r r e d  i n  one way o r  another  t o  t h e  n a t u r a l  

environment. 

t h e  once-through cool ing  method, i n  which water i s  withdrawn from a 

water  body and r e tu rned  t o  it a f t e r  being hea ted ,  i s  the  l e a s t  expen- 

sive’ and, t h e r e f o r e ,  t h e  most a t t r a c t i v e  t o  t h e  u t i l i t i e s .  The main 

disadvantage i n  t h i s  method i s  i t s  p o s s i b l e  d e s t r u c t i v e  impact on aqua t i c  

b i o t a  r e s u l t i n g  from entrainment of  organisms through t h e  p l a n t  cool ing  

water  i n t ake  and from e l e v a t i o n  o f  t h e  temperature  o f  t h e  water  body t o  

undes i rab le  l e v e l s .  

Much o f  t h e  a d d i t i o n a l  e l e c t r i c  power demanded i s  

The 

Among t h e  p r e s e n t l y  a v a i l a b l e  methods o f  h e a t  d i s p o s a l ,  

To p u t  t h e  problem i n  somewhat b e t t e r  pe r spec t ive ,  i t  must be 

emphasized t h a t  t h e  t o t a l  cool ing  capac i ty  o f  t he  e a r t h  s t i l l  i s  f a r  

g r e a t e r  than t h e  t o t a l  

pa ted  f o r  t h e  next  few 

hea t  genera t ion  r a t e  from power 

decades.  I t  has been es t imated  

p l a n t s  an t ic i -  

t h a t  f o r  t h e  

1 
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t o t a l  annual h e a t  genera t ion  ra te  o f  1 .2  m i l l i o n  MW(t) a n t i d i p a t e d  by 

t h e  yea r  1990, t h e  o v e r a l l  average water s u r f a c e  temperature  w i l l  b e  

increased  by only  about 0.25°F.2 

power p l a n t s  i s  n o t  r e l eased  uniformly throughout t h e  t o t a l  body of  

water a v a i l a b l e .  

concent ra t ions  o f  thermal energy t h a t  must be  d i l u t e d  and d i s s i p a t e d  

t o  prevent  l o c a l  h e a t  bu i ldup .  

Unfortunately,  t h e  h e a t  r e j e c t e d  from 

Ins t ead ,  t h e  h e a t  i s  dumped l o c a l l y  t o  create l a r g e  

Determination o f  t h e  c a p a b i l i t y  of  a water body t o  d i l u t e  and 

d i s s i p a t e  concent ra ted  thermal d ischarges  i s  a major thermal p o l l u t i o n  

problem faced  today.  

thermal s i n k s ,  b u t  t h e i r  c a p a b i l i t i e s  i n  t h i s  r e spec t  a r e  n o t  as l i m i t -  

l e s s  as some may wish t o  b e l i e v e .  The s i t u a t i o n  i s  usua l ly  more severe  

i n  r i v e r s ,  lakes, and ponds. To eva lua te  p rope r ly  t h e  impact o f  thermal 

d ischarges ,  t h e  b i o l o g i s t  must know, among o t h e r  t h i n g s ,  what p o r t i o n  

o f  t h e  b i o t a  i s  a f f e c t e d  by what l e v e l s  o f  temperature  inc reases  and f o r  

Es tua r i e s  and c o a s t a l  waters a r e  most e f f e c t i v e  

how long. 

mation about t h e  v e l o c i t i e s ,  temperatures ,  and concent ra t ions  of  d i s -  

solved substances as a func t ion  o f  three space dimensions and time. 

Unfortunately,  a t ta inment  o f  such information i s  no t  an easy task.  

To answer such broad ques t ions ,  one must have d e t a i l e d  i n f o r -  

Various modeling methods have been used i n  a t tempts  t o  determine 

and p r e d i c t  t h e  d i l u t i o n  and d i s s i p a t i o n  c a p a b i l i t i e s  o f  s p e c i f i c  water 

bod ies ,  

s imula te  c o r r e c t l y  many of t h e  t r a n s p o r t  p rocesses  because o f  s i ze  

l i m i t a t i o n s  and t h e  need t o  d i s t o r t  t h e  models g r e a t l y .  

ments a r e  very expensive and are normally u s e f u l  f o r  "a f t e r - the - fac t "  

Although use fu l  i n  many a p p l i c a t i o n s ,  phys i ca l  models cannot 

F i e l d  measure- 

. 

, 
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information and f o r  supplementing t h e  suppor t ing  t h e o r e t i c a l  models. 

They cannot be  used as p r e d i c t i v e  t o o l s  except  f o r  a very l imi t ed  range 

of condi t ions  t h a t  have a l r eady  been monitored. 

mathematical models are t h e  most f l e x i b l e  and l e a s t  expensive.  

main l i m i t a t i o n s  a r e  d i r e c t l y  r e l a t e d  t o  our  l e v e l  of  understanding o f  

t h e  phys ica l  phenomena themselves.  

l ack  o f  v e r i f i c a t i o n  by f i e l d  and experimental  da t a .  

t h e i r  usefu lness  f o r  p r e d i c t i n g  var ious  p o s s i b i l i t i e s  and eva lua t ing  

a l t e r n a t i v e  opt ions  i s  unmatched by o t h e r  methods. 

As p r e d i c t i v e  t o o l s ,  

The i r  

Many o f  t h e s e  models s u f f e r  from 

Nevertheless ,  

1.1. Current Mathematical Models 

The mathematical models c u r r e n t l y  a v a i l a b l e  f o r  p r e d i c t i n g  t h e  

effects of h e a t  d i scharges  i n t o  water bodies  can be grouped i n  two major 

ca t egor i e s :  (1) n e a r - f i e l d  models, which are used p r imar i ly  f o r  model- 

i n g  the  thermal plume i n  t h e  immediate v i c i n i t y  o f  t h e  d ischarge  p o i n t ,  

and ( 2 )  f a r - f i e l d  models, which a r e  used to ' s imu la t e  t h e  o v e r a l l  

behavior  of  t h e  plume a t  some d i s t a n c e  from t h e  po in t  o f  d i scharge  a f t e r  

i t  has l o s t  i t s  i n i t i a l  momentum. The d i s t i n c t i o n  between t h e  two 

regions i s  based on t h e  type  of  dominating mechanism involved i n  t h e  

h e a t  d i s s i p a t i o n  process .  In  t h e  n e a r - f i e l d  reg ion ,  t h e  excess tempera- 

t u r e  of  t h e  j e t  i s  q u i t e  high and t h e  j e t  has cons iderable  momentum of  

i t s  own. Therefore ,  t h e  main cool ing  process  i s  by entrainment and 

mixing with t h e  ambient wa te r ,  

because o f  t h e  high excess  temperatures  involved.  

reg ion ,  t h e  v e l o c i t y  o f  t h e  j e t  i s  reduced i n  magnitude and i s  c l o s e  t o  

Buoyancy e f f e c t s  a r e  of  major importance 

In t h e  f a r - f i e l d  
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t h a t  o f  t h e  ambient water. As a r e s u l t ,  d i l u t i o n  by entrainment o f  

coo le r  water i n t o  t h e  plume i s  very small, and the  cool ing  process  i s  

mainly by n a t u r a l  d i f f u s i o n ,  convect ion,  and hea t  t r a n s f e r  t o  t h e  atmos- 

phere.  The zone where t h e  n e a r - f i e l d  and f a r - f i e l d  e f f e c t s  over lap  i s  

usua l ly  termed t h e  in te rmedia te  zone. 
A 

1.1.1. Near-Field Models 

General work r e l a t e d  t o  n e a r - f i e l d  models ( j e t s  and plumes) has 

More been repor ted  by A b r a m ~ v i t c h , ~  Pai,4 Schl ich t ing , ’  and Hinzem6 

s p e c i f i c  models f o r  p r e d i c t i n g  t h e  general  behavior  o f  submerged buoyant 

j e t s  i n  t h e  nea r  f i e l d  have been developed by Fan’ (round buoyant j e t s ) ,  

Fan and Brooks8 (round and s l o t  buoyant j e t s  i n  uniform and s t r a t i f i e d  

ambients),  Koh and Fan’ (mul t ipor t  submerged d i scha rges ) ,  Ditmars 

(buoyant j e t s  i n  a r b i t r a r y  s t r a t i f i e d  ambient) ,  and Hirst ( th ree -  

10 

11 

dimensional axisymmetric submerged j e t s  i n  flowing and s t r a t i f i e d  

ambients) .  Both two- and three-dimensional models have been developed 

f o r  su r face  d ischarges  i n  t h e  nea r  f i e l d .  A two-dimensional s u r f a c e  d i s -  

charge model t h a t  inc ludes  both h e a t  d i s s i p a t i o n  t o  t h e  atmosphere and 

wind shea r  s t r e s s e s  was developed by Z e l l e r  and h i s  a s s o c i a t e s , 1 2  and 

two-dimensional models f o r  su r face  d ischarges  i n t o  cross-f low c u r r e n t s  

have been developed by Carter13 and Motz and Benedict .14 

dimensional s u r f a c e  d ischarge  model t h a t  inc ludes  buoyancy and bottom- 

s lope  e f f e c t s  was developed by Stolzenbach and Harleman, 

and h i s  a s soc ia t e s”  developed a three-dimensional  s u r f a c e  d ischarge  

A t h ree -  

and S te fan  

model t h a t  inc ludes  t h e  e f f e c t s  of  weak c r o s s  cu r ren t s  and weak wind 

v e l o c i t i e s .  
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Most of  t h e  n e a r - f i e l d  j e t  models have common s i m p l i f i c a t i o n s  and 

These inc lude  t h e  assumption o f  s t e a d y - s t a t e  cond i t ions ,  l i m i t a t i o n s .  

pure ly  h y d r o s t a t i c  p re s su re  v a r i a t i o n s ,  and axisymmetric flow wi th in  t h e  

j e t  ( o r  plume symmetrical flow i n  t h e  case  of  s l o t  j e t s ) .  The j e t  i s  

assumed t o  be discharged i n t o  an ambient f l u i d  of  i n f i n i t e  e x t e n t ,  and 

it  i s  assumed t h a t  t h e  v e l o c i t y  and temperature  p r o f i l e s  along t h e  axis 

of  t h e  j e t  are similar. 

Gaussian. 

form of t h e  c o n t i n u i t y ,  momentum, and energy equat ions ,  l eav ing  t h e  

d i s t a n c e  along t h e  a x i s  of  t h e  j e t  as t h e  only independent v a r i a b l e .  

The s i m i l a r i t y  assumption and t h e  i n t e g r a t i o n  and averaging 

In most ca ses ,  t hese  p r o f i l e s  are assumed t o  be  

Solu t ion  of  t hese  models i s  based on t h e  r a d i a l l y  i n t e g r a t e d  

processes  employed i n  t h e s e  n e a r - f i e l d  models e l imina te  some of t h e  

information r e l a t e d  t o  l o c a l  shea r  stresses and eddy d i spe r s ion  t h a t  i s  

included b a s i c a l l y  i n  t h e  p a r t i a l  d i f f e r e n t i a l  equat ions .  An empir ica l  

entrainment  c o e f f i c i e n t ,  normally considered cons t an t ,  i s  introduced i n  

t h e  s o l u t i o n  ( toge the r  wi th  the  p r o f i l e s  assumed) t o  account f o r  t h e  

e f f e c t s  which cannot be der ived  from t h e  s o l u t i o n  because of  t h e  missing 

shea r  s t ress  terms. The i n t u i t i v e  judgment of  t h e  model u se r  i s  r e l i e d  

on cons iderably  f o r  a p p l i c a t i o n  of t h e  proper  entrainment c o e f f i c i e n t .  

The e f f e c t s  of  confining boundaries and r e c i r c u l a t i o n  cannot be included 

i n  these  models, and t h e i r  v a l i d i t y  with r e spec t  t o  ambient cross-f low 

condi t ions  i s  ques t ionab le .  

The effects of  l i m i t e d  depth (shallow water)  on j e t  behavior  have 

been s t u d i e d  by Cederwall" and Maxwell and Pazwash.lg 

entrainment func t ions ,  which r e l i e v e  t h e  model u s e r  t o  some ex ten t  from 

Some improved 
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making pu re ly  a r b i t r a r y  s e l e c t i o n s  of  entrainment  c o e f f i c i e n t s ,  have 

been suggested by Hirst" and Campbell and Schetz .20 However, t h e s e  

models are based on t h e  i n t e g r a t e d  approach, and t h e  b u i l t - i n  c o e f f i c i e n t s  

are l a r g e l y  empi r i ca l .  

combination o f  a number o f  empir ica l  c o e f f i c i e n t s  der ived  f o r  more 

r e s t r i c t e d  a p p l i c a t i o n s .  

law based on P r a n d t l ' s  hypothes is ,  while  r e l y i n g  on a cons tan t  rate of  

j e t  spread f o r  eva lua t ion  of  t h e  dimensionless  cons t an t .  

The entrainment  c o e f f i c i e n t  used by Hirst i s  a 

Campbell and Schetz make use  of  t h e  d e f e c t  

I t  has become more and more ev ident  t h a t  i n  o r d e r  t o  overcome many 

o f  t h e  l i m i t a t i o n s  inhe ren t  i n  t h e s e  models, t h e  problem must be  

approached by employing t h e  b a s i c  non l inea r  p a r t i a l  d i f f e r e n t i a l  

equat ions of  

included.  A 

developed by 

axis ymme tri c 

motion, energy, and mass wi th  t h e  proper  stress model 

model wi th  such a f i n i t e  d i f f e r e n c e  approach has  been 

Trent  21-23 f o r  t h e  n e a r - f i e l d  behavior  of a submerged 

v e r t i c a l  thermal plume. This  model, which i s  f o r  s teady-  

s t a t e  cond i t ions ,  inc ludes  t h e  effects o f  buoyancy, s t r a t i f i c a t i o n ,  sur- 

face spreading,  and i n t e r a c t i o n  wi th  phys ica l  boundaries .  The P rand t l  

hypothesis  (de fec t  law) i s  used t o  s imula t e  t h e  eddy d i f f u s i v i t y ,  and no 

empir ica l  entrainment  c o e f f i c i e n t  o r  s i m i l a r i t y  assumptions are used ,  A 

similar bu t  more genera l  approach (exact  numerical  s o l u t i o n  of  t h e  con- 

se rva t ion  equat ions)  has been taken by Chien and S c h e t ~ * ~  i n  t h e i r  model 

f o r  a three-dimensional  buoyant j e t  i n  a c ros s  flow wi th  confined 

boundaries .  

ana lys i s  of submerged j e t s  . 
These r e c e n t  models are important con t r ibu t ions  t o  t h e  

. 
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. 

Despi te  t h e  recent advances i n  n e a r - f i e l d  models, it should be 

emphasized t h a t  a n e a r - f i e l d  model by i t s e l f  i s  no t  adequate f o r  complete 

assessment o f  t h e  temperature  d i s t r i b u t i o n  expected i n  t h e  v i c i n i t y  o f  

a d ischarge .  F i r s t ,  t h e  zone analyzed by a n e a r - f i e l d  model i s  l i m i t e d  

i n  e x t e n t  t o  t h e  zone o f  j e t  mixing wherein t h e  hydrodynamics a r e  

dominated by t h e  momentum of  t h e  j e t .  

on t h e  entrainment  o f  ambient water. The water i n  t h e  nea r  f i e l d  i n t e r -  

acts d i r e c t l y  with t h a t  i n  t h e  so -ca l l ed  far  f i e l d ,  and i t s  temperature 

i s  a l s o  a f f e c t e d  by t h a t  of  t h e  f a r - f i e l d  water. Therefore ,  it should 

never  be assumed t h a t  t h e  temperature of  t h e  water  en t r a ined  i n t o  t h e  

j e t  i s  t h e  same as t h a t  o f  ambient water i n  an unaf fec ted  a r e a .  

a fact  t o  be taken account of  i n  t h e  n e a r - f i e l d  model i s  t h a t  t h e  con- 

denser  cool ing  water e n t e r i n g  t h e  i n t a k e  s t r u c t u r e  i s  a t  some e l eva ted  

temperature  because o f  r e c i r c u l a t i o n  from t h e  f a r - f i e l d  reg ion .  

e l eva ted  temperature  o f  t h e  i n t a k e  water i s  n o t  n e c e s s a r i l y  t h e  same as 

t h a t  o f  t h e  water en t r a ined  i n t o  t h e  j e t .  

t h a t  a f a r - f i e l d  a n a l y s i s  must precede any n e a r - f i e l d  a n a l y s i s  i f  t h e s e  

analyses  must o f  n e c e s s i t y  be handled s e p a r a t e l y .  

Second, j e t  cool ing i s  dependent 

Thi rd ,  

This  

Thus, it must be concluded 

1 . 1 . 2 .  Far -Fie ld  Models 

Heat d i s s i p a t i o n  i n  t h e  f a r - f i e l d  reg ion  takes  p l ace  p r imar i ly  by 

In n a t u r a l  t u r b u l e n t  d i f f u s i o n  and hea t  exchange with t h e  atmosphere. 

t h i s  reg ion ,  t h e  behavior  of t h e  plume depends p r imar i ly  on t h e  ambient 

condi t ions  o f  t h e  n a t u r a l  environment, and t h e s e  condi t ions  are o f t e n  

very complex and i r r e g u l a r  with time. Among t h e  many f a c t o r s  con t r ibu t ing  
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t o  t h e s e  condi t ions  i n  a n a t u r a l  water  body a r e  t r i b u t a r y  f lows,  r a i n ,  

wind, s o l a r  h e a t  loads ,  atmospheric r a d i a t i o n ,  evapora t ion ,  dens i ty  

v a r i a t i o n s ,  bottom and bank shear  s t r e s s e s ,  bottom seepage, C o r i o l i s  

f o r c e s ,  t i d a l  f o r c e s ,  and phys ica l  boundaries .  Among t h e  man-made 

f a c t o r s  c o n t r i b u t i n g  t o  these  condi t ions  a r e  sewage, e f f l u e n t s  from 

chemical p l a n t s  and e l e c t r i c  power p l a n t s ,  and t h e  effects of  pumped 

s to rage  a r e a s ,  

Simulation of  t h e s e  condi t ions  by a n a l y t i c a l  models has been 
25 attempted, bu t  such models, l i k e  those  proposed by Edinger and Polk 

and by Csanady,26 a r e  n e c e s s a r i l y  ove r ly  s i m p l i f i e d  and cannot simu- 

l a t e  proper ly  t h e  a c t u a l  condi t ions  i n  most ca ses .  A r e a l i z a t i o n  of t h e  

l i m i t a t i o n s  of  a n a l y t i c a l  models and an apprec i a t ion  o f  t h e  p o t e n t i a l  

c a p a b i l i t i e s  o f  modern computers f o r  so lv ing  complex sets of  p a r t i a l  

d i f f e r e n t i a l  equat ions  have l e d  many i n v e s t i g a t o r s  t o  s h i f t  t h e i r  e f f o r t s  

t o  numerical t echniques .  

plume i n  shallow water was presented  r e c e n t l y  by Barry and Hoffman, 

Such a s o l u t i o n  f o r  t h e  behavior  o f  a thermal 
2 7  

but  t h e i r  model i s  a s i m p l i f i e d  s t e a d - s t a t e  two-dimensional one t h a t  

does no t  take account o f  buoyancy, dens i ty  v a r i a t i o n s ,  o r  phys ica l  

boundaries 

Because of  t h e  dynamics e x i s t i n g  i n  e s t u a r i e s ,  c o a s t a l  r eg ions ,  and 

t o  a l e s s e r  e x t e n t  i n  any o t h e r  type  of  n a t u r a l  water  body, a f a r - f i e l d  

model t h a t  s imula tes  a c t u a l  condi t ions  proper ly  must be time dependent. 

The major po r t ion  of  a v a i l a b l e  time-dependent f a r - f i e l d  modes1 are one 

dimensional,  and a few a r e  two dimensional.  The s t a t e - o f - t h e - a r t  of 

. 

mathematical modeling f o r  thermal d ischarges  i n  l a r g e  lakes has been 
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reported by Policastro and Tokar,28 and that f o r  estuaries has been 

reported by TRACOR, Inc. *’ Several one-dimensional time-dependent 
investigations applicable primarily to estuaries have been performed 

by Harleman and his colleagues at the Massachusetts Institute of Tech- 

nology. A one-dimensional model for calculating tides and currents in 

estuaries was developed by Harleman and Lee.” 

by Lee” for predicting the general water quality in estuaries, and 

That model was extended 

Thatcher and Harleman 32’33 used it f o r  predicting salt intrusion from 

the ocean into estuaries. 

the longitudinal dispersion coefficient was developed and incorporated 

in the model. 

In this latter use, a method for determining 

Dailey and HarlemanS4 further developed the model into a 

complete one-dimensional time-dependent water quality model that includes 

water levels, water velocities, and multiple substance concentrations. 

The basic one-dimensional model is used for geometrically complex 

estuaries that can be simulated as a network of one-dimensional channels. 

Other such one-dimensional models have been developed for channel 

network simulation. 

D. J. O’Connor, and associates in connection with a study of the Delaware 

River Estuary,” the Bay Delta models developed by G .  T. Orlob, R. P. 

Shubinski, and associates in connection with studies of the Sacramento- 

San Joaquin Delta and San Francisco Bay, 36’37 and the QUAL-1 model 38 

used by the Texas Water Development Board. 

They include the model developed by R. V. Thomann, 

A general and flexible one-dimensional model developed recently by 

Eraslan3’ can also take account of  the effects of in-and-out flows from 

storage areas, surface shear stresses (wind), seepage, evaporation, rain, 
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dens i ty  v a r i a t i o n s ,  and r i v e r  i n c l i n a t i o n s .  

kept  f l e x i b l e  and genera l  s o  t h a t  d i f f e r e n t  express ions  can be used f o r  

t u rbu len t  d i spe r s ion  and h e a t  exchange wi th  t h e  atmosphere. The mathe- 

matical s o l u t i o n  i s  based on numerical  i n t e g r a t i o n  with r e spec t  t o  time 

of a system o f  non l inea r  ord inary  d i f f e r e n t i a l  equat ions i n  which t h e  

rate of change o f  each unknown i s  e x p l i c i t l y  expressed i n  terms o f  a l l  

t he  r e s t  o f  t h e  v a r i a b l e s .  

t h a t  i n t e g r a t i o n .  

In s t ead ,  t h e  phys ica l  conservat ion p r i n c i p l e s  a r e  used d i r e c t l y  f o r  

numerical  formula t ion .  

The computer program i s  

The Runge-Kutta-Gill method i s  used f o r  

No p a r t i a l  d i f f e r e n t i a l  equat ions  are der ived .  

Time-dependent models wi th  two space dimensions expand g r e a t l y  t h e  

a p p l i c a b i l i t y  of  numerical models f o r  s imula t ion  of  n a t u r a l  water bodies .  

A time-dependent two-dimensional model (TOPLYR-11) f o r  thermal t r a n s p o r t  

i n  t h e  f a r  f i e l d  has been developed by Kolesar and S ~ n n i c h s e n . ~ '  

model i s  based on t h e  i m p l i c i t  f i n i t e  d i f f e r e n c e  form of  t h e  convection- 

d i f f u s i o n  equat ion f o r  energy t r a n s p o r t  wi th  s p e c i f i e d  v e l o c i t y  f i e l d .  

Buoyancy and s t r a t i f i c a t i o n  are no t  s imula ted ,  bu t  bottom contour  

e f f e c t s  and h e a t  exchange with t h e  atmosphere a r e  included.  Eddy 

thermal d i f f u s i v i t i e s  must be read  i n  as cons tan t  va lues .  

ers of  t h i s  model i n t end  t o  expand t h e i r  program t o  inc lude  t h e  motion 

equat ions wi th in  a three-dimensional  model. 

The 

The develop- 

Eras lan  has used h i s  numerical  method f o r  a time-dependent 

two-dimensional mode141 f o r  p r e d i c t i n g  temperature  d i s t r i b u t i o n  only .  

The model i s  very f l e x i b l e  and genera l .  

as inpu t  d a t a  and can handle ,  by us ing  t h e  improved FLIDE method, 

I t  accepts  t h e  v e l o c i t y  f i e l d  
41 

. 
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L 

v a r i a b l e  mesh s i z e s  i n  d i f f e r e n t  reg ions  as well as nonrec tangular  

elements a t  t h e  boundaries ,  

namic model f o r  shallow v e r t i c a l l y  mixed water  bodies  has been developed 

by Masch and h i s  co l leagues .  42J43  The s o l u t i o n  a p p l i e s  an e x p l i c i t  

f i n i t e  d i f f e r e n c e  method i n  a completely r ec t angu la r  coord ina te  system. 

A number of models f o r  va r ious  a spec t s  of thermal d ischarges ,  inc luding  

t h e  n e a r - f i e l d  a r e a ,  have been developed by Wada.44 

s teady  s t a t e  i n  one, two, o r  t h r e e  space dimensions, us ing  cons tan t  

empir ica l  eddy d i f f u s i v i t i e s .  

q u a l i t y  model was developed by Leendertse and h i s  a s s o c i a t e s  

shal low,  v e r t i c a l l y  mixed e s t u a r i e s  and c o a s t a l  ' r eg ions .  The numerical 

s o l u t i o n  is  based on a t ime-centered i m p l i c i t  d i f f e r e n c e  scheme f o r  t h e  

c o n t i n u i t y  and momentum equat ions  and an a l t e r n a t i n g  i m p l i c i t - e x p l i c i t  

scheme f o r  t h e  q u a l i t y  equat ions .  

does n o t  e x p l i c i t l y  inc lude  thermal d i f f u s i o n  cons ide ra t ions .  

developers  i n t end  t o  extend t h e  model f o r  p r e d i c t i o n  of temperature  

A time-dependent two-dimensional hydrody- 

These models a r e  

A time-dependent two-dimensional water 
45-50 for 

The model i s  q u i t e  genera l ,  b u t  it 

The 

51 ,52  d i s t r i b u t i o n .  

None o f  t h e  prev ious ly  d iscussed  models inc lude  l o c a l  viscous 

s t r e s s e s  i n  t h e i r  formulat ion of  t h e  momentum equat ions ,  and t h e  two 

most app l i cab le  two-dimensional water  q u a l i t y  models do no t  inc lude  

temperature p r e d i c t i o n  as a p a r t  o f  t h e i r  o b j e c t i v e s .  

Very few s t u d i e s  ex is t  on t h e  s o - c a l l e d  in te rmedia te  reg ion .  As 

previous ly  d iscussed ,  such a region has  no independent i d e n t i t y  o the r  

than as a zone wherein t h e  e f f e c t s  of t h e  n e a r  and far f i e l d s  over lap .  
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Analysis  o f  t h i s  zone without  i t s  two bounding reg ions ,  t h e  nea r  and far  

f i e l d s ,  appears u n r e a l i s t i c .  The n e a r - f i e l d  a n a l y s i s  by i t s e l f  i s  almost 

of no va lue  f o r  complete assessment unless  combined somehow with t h e  

e f f e c t s  of  t h e  far f i e l d .  

1 . 2 .  A Complete Model 

I t  appears t h a t  un le s s  one i s  i n t e r e s t e d  only i n  long-term d i s t a n t  

e f f e c t s ,  a proper  thermal assessment ca l l s  f o r  a complete model i n  which 

t h e  e f f e c t s  of  both t h e  nea r  and far f i e l d s  are combined. Such an 

approach must d e f i n i t e l y  r e l y  on t h e  b a s i c  phys i ca l  laws t h a t  a r e  app l i -  

cab le  f o r  both reg ions .  

momentum, and energy c o n s t i t u t e  t h e  common s t a r t i n g  p o i n t ,  and because 

of  t h e  complex mathematical and phys ica l  f e a t u r e s  of t h e s e  p r i n c i p l e s ,  

The b a s i c  conservat ion p r i n c i p l e s  of mass, 

a numerical approach of some kind seems t o  be requi red  f o r  t h e i r  l 

s o l u t i o n .  

The numerical  approach used f o r  s o l u t i o n  of  such a composite model 

should be f l e x i b l e  enough t o  handle t h e  c h a r a c t e r i s t i c  f e a t u r e s  of  both 

the  near -  and f a r - f i e l d  reg ions ,  which a r e  q u i t e  d i f f e r e n t .  

number of sma l l - s i ze  elements a r e  needed f o r  t h e  n e a r - f i e l d  region t o  

permit  incorpora t ion  of  t h e  sma l l - sca l e  turbulence  e f f e c t s  and t h e  l a r g e  

A l a r g e  

s p a t i a l  g rad ien t s  t h a t  e x i s t  i n  t h i s  r eg ion .  On t h e  o t h e r  hand, l a rge -  

s i z e  elements a r e  adequate f o r  t h e  f a r - f i e l d  region because of t h e  

r e l a t i v e l y  l a rge - sca l e  c h a r a c t e r i s t i c s  of  thermal plume behavior  i n  t h i s  

r eg ion ,  Use of  t h e  same r e s o l u t i o n  i n  both t h e  nea r  and f a r  f i e l d s  w i l l  

r e s u l t  i n  e i t h e r  meaningless n e a r - f i e l d  a n a l y s i s  o r  an impossible  load 
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on computer memory and time. 

by Eras l an4 l  and s u c c e s s f u l l y  used i n  a 

thermal model f o r  t h e  f a r - f i e l d  reg ion ,  and h i s  approach can probably be 

used i n  a general  thermal-hydraul ic  model a l s o .  

Some s o l u t i o n  of  t h i s  problem was proposed 

time-dependent two-dimensional 

A major o b s t a c l e  t o  t h e  development of  such a complete model i s  

r e l a t e d  t o  t h e  type  of t u r b u l e n t  d i f f u s i o n  model t o  be used f o r  t h e  

n e a r - f i e l d  and t h e  f a r - f i e l d  r eg ions ,  

emphasized t h a t  formulat ion of a proper  tu rbu len t  d i f f u s i o n  model f o r  

e i t h e r  reg ion  i s  one of t h e  most ou ts tanding  and d i f f i c u l t  problems of  

f l u i d  mechanics i n  genera l  and of  n a t u r a l  water bodies s p e c i f i c a l l y .  

The var ious  c o e f f i c i e n t s  gene ra l ly  used i n  t h e  d i f f u s i o n  terms of  t h e  

conservat ion equat ions a r e  no more than compensation f a c t o r s  f o r  t h e  

i n a b i l i t y  t o  cons ider  t h e  convect ive phenomenon i n  i t s  proper  d e t a i l  

and t h e  averaging technique used as a r e s u l t  o f  t h i s  i n a b i l i t y .  The 

g rad ien t  law f o r  molecular d i f f u s i o n  (Four ie r  law f o r  h e a t ,  F i c k ' s  law 

f o r  mass) i s  gene ra l ly  an acceptab le  approximation of  t h e  microsca le  

movements of  molecular p a r t i c l e s .  

a p p l i c a t i o n s ,  t h e  g rad ien t  formulat ion o f  t u rbu len t  d i f f u s i o n  (Boussinesq 

approach) does n o t  seem t o  be a u n i v e r s a l l y  c o r r e c t  r ep resen ta t ion  of  

t u rbu len t  behavior .  

i s  even less s u b s t a n t i a t e d .  

A t  t h i s  p o i n t  it should be 

Although success fu l  i n  many s p e c i f i c  

The g rad ien t  formulat ion of  t h e  so -ca l l ed  d i spe r s ion  

The term "dispers ion" c rea t ed  much confusion i n  t h e  l i t e r a t u r e ,  

Bas i ca l ly ,  d i spe r s ion  i s  t h e  term normally used t o  express  t h e  phenomenon 

of  nonconvective t r a n s p o r t  o f  ma te r i a l  i n  t h e  d i r e c t i o n  of  t h e  main 

stream i n  a d d i t i o n  t o  normal molecular  and t u r b u l e n t  d i f f u s i o n .  The 
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main reasons f o r  such d i spe r s ion  are t h e  s h e a r  effects caused by 

v a r i a t i o n s  o f  ve loc i t ies  i n  d i r e c t i o n s  perpendicular  t o  those  o f , t h e  

main stream. The s o - c a l l e d  d i spe r s ion  phenomenon i s  a r e s u l t  o f  s p a t i a l  

averaging o f  those  convective p r o f i l e s  t h a t  have an effect  on t h e  trans- 

p o r t  mechanism along t h e  main stream because of t h e  shea r ing  effects 

between l a y e r s .  

i n  Sec t ion  3 .  

remembered t h a t  molecular d i f f u s i o n  i s  i n  t h e  o rde r  of  about t o  

A more d e t a i l e d  d i scuss ion  of  t hese  terms is  presented  

However, t o  pu t  t h e  problem i n  pe r spec t ive ,  i t  must be 

smaller than t u r b u l e n t  d i f f u s i o n ,  which i s  about one t o  two o rde r s  

of  magnitude sma l l e r  than long i tud ina l  d i spe r s ion .  

The con t r ibu t ion  of v e l o c i t y  v a r i a t i o n s  i n  t h e  r a d i a l  d i r e c t i o n  on 

t h e  long i tud ina l  t r a n s p o r t  mechanism i n  a p ipe  was s tud ied  by 

Taylor  53’54. 

open channel.  

c o e f f i c i e n t  i s  about two o rde r s  of  magnitude g r e a t e r  than  t h e  tu rbu len t  

d i f f u s i o n  c o e f f i c i e n t  i n  e i t h e r  t h e  r a d i a l  o r  t h e  long i tud ina l  d i r e c t i o n .  

Elder” assumed t h a t  t h e  v e r t i c a l  v e l o c i t y  v a r i a t i o n s  have a dominant 

e f f e c t  on long i tud ina l  d i s p e r s i o n ,  and he t h e r e f o r e  neg lec t ed  t h e  la teral  

e f fec ts .  

l a t e r a l  effects  may be f a r  more important  and t h a t  i nc lus ion  of  t h e s e  

effects i n  t h e  a n a l y s i s  can inc rease  t h e  long i tud ina l  d i spe r s ion  

c o e f f i c i e n t  by an a d d i t i o n a l  one o r  two o rde r s  of  magnitude. 

r e l a t i o n s h i p  i s  i n  b e t t e r  agreement with f i e l d  observa t ions  o f  n a t u r a l  

s t reams than t h e  c o r r e l a t i o n s  presented  by Elder  o r  Taylor .  

t o  v e l o c i t y  g r a d i e n t s ,  t h e  long i tud ina l  d i spe r s ion  c o e f f i c i e n t  i n  n a t u r a l  

H i s  approach was l a t e r  expanded by Elder5’ f o r  flow i n  an 

Both s t u d i e s  showed t h a t  t h e  long i tud ina l  d i spe r s ion  

However, F i sche r  5 6 J 5 7  showed t h a t  i n  n a t u r a l  streams t h e  

F i sche r ’ s  

In a d d i t i o n  

8 

t 
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streams i s  a f f e c t e d  by d e n s i t y  v a r i a t i o n s ,  wind, wave motions, and o t h e r  

f a c t o r s .  

In t h e  n e a r - f i e l d  reg ion  ( j e t  models),  t h e  t u r b u l e n t  d i f f u s i o n  

c o e f f i c i e n t s  are dominated p r imar i ly  by j e t  dynamics. Here, t h e  scale 

o f  tu rbulence  i s  much sma l l e r ,  and t h e  app l i cab le  models r e l y  mainly on 

an empir ica l  entrainment  c o e f f i c i e n t ,  on t h e  Boussinesq assumption o f  

cons tan t  eddy v i scos i ty ,58  o r  on one of  t h e  more s o p h i s t i c a t e d  (but s t i l l  

g rad ien t  type by na tu re )  t u r b u l e n t  models l i k e  those  proposed by 

Prandt 1 , 59J60  von KarmanJ61 and o t h e r s .  

j e t s  and plumes r e s u l t s  i n  much b e t t e r  agreement with f i e l d  d a t a  than  

t h e i r  a p p l i c a t i o n  i n  f a r - f i e l d  reg ions .  However, t h e s e  c o r r e l a t i o n s  f o r  

f ree  turbulence  are based on axisymmetrical  geometry i n  which t h e  plume 

width i s  one o f  t h e  major c h a r a c t e r i s t i c  l eng ths ,  whereas most t u r b u l e n t  

models f o r  t h e  fa r  f i e l d  r e l y  on o v e r a l l  channel dimensions and average 

flow c h a r a c t e r i s t i c s .  

e x i s t i n g  c o r r e l a t i o n s  f o r  t u rbu len t  d i f f u s i o n  c o e f f i c i e n t s  i n  t h e  near -  

and f a r - f i e l d  reg ions  is  another  o b s t a c l e  t o  t h e  i n t e g r a t i o n  o f  t h e  

effects of  t h e  two reg ions  i n t o  one composite model. 

A t h i r d  d i f f i c u l t y  i n  combining t h e  near -  and f a r - f i e l d  models i n t o  

Applicat ion o f  t hese  models t o  

This  d i f f e r e n c e  of  approach i n  t h e  app l i cab le  

one i s  t h e  fact t h a t  buoyancy e f f e c t s  a r e  of  major importance i n  t h e  

n e a r - f i e l d  reg ion  o f  thermal d i scha rges .  A two-dimensional model i n  

which complete v e r t i c a l  mixing i s  assumed cannot be appl ied  t o  a reg ion  

wherein buoyancy i s  of major importance and t h e r e f o r e  cannot be used t o  

p r e d i c t  p rope r ly  t h e  effects of t h e  nea r  f i e l d .  Expansion of  t h e  model 

t o  take account o f  t h r e e  space dimensions would he lp  so lve  t h i s  

l i m i t a t i o n .  



16 

A three-dimensional model is also very desirable for overcoming some 

of the difficulties encountered in finding an effective turbulent 

diffusion coefficient. 

coefficient in a two-dimensional model is a result of the spatial 

averaging procedure, a proper time-dependent three-dimensional model 

should not require a dispersion coefficient that is two to three orders 

of magnitude larger than the true turbulent diffusion coefficient. The 

only coefficients required would then be those for molecular and turbu- 

lent diffusion. Although the correct value of turbulent diffusivity to 

be used in such a model is not yet known, the importance of using an 

exact value will be reduced significantly since the relative importance 

of diffusion transport with respect to convective transport is much 

smaller in a time-dependent three-dimensional model. Of course, such a 

model must include the normal and shear stresses as part of the nomen- 

tum equations, and an advanced locally evaluated function for turbulent 

behavior must also be included. 

new and more sophisticated approaches to turbulent models taken recently 

by many investigators 62-66 can be successfully used for that purpose. 

General time-dependent three-dimensional numerical solutions are 

Since the increase in the longitudinal dispersion 

There is much hope that some of the 

presently being attempted. Of particular importance is the work being 

. 

. 

done at the Los Alamos Scientific Laboratory. 67-73. The various computer 

methods resulting from this work include the PIC method,67 the MAC 

method,68 the FLIC method,69 and the SMAC method.70 The work done in 

simulating atmospheric behavior by Smagorin~ky~~ and by S k l a r e ~ ~ ~  should 

also be noted. However, these general numerical methods require very 
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large computer storage capabilities. 

actual time is very large, and they are too general in format to be used 

directly for the thermal discharge problem at hand. 

Their ratio of computer time to 

A time-dependent three-dimensional model designed primarily for 

thermal discharges is being developed by Brady and Geyer.2 

developed very interesting techniques to reduce computer storage require- 

ments, and they have demonstrated the feasibility of using three- 

dimensional models for natural water bodies even with the presently 

available computers. Although the viscous normal stress effects are 

included in their model, the viscous shear stress effects are not 

included. Their work is still under development, and hopefully it will 

inspire other investigators to further contributions along those lines. 

The development and operation of such models will be very costly. How- 

ever, this cost is exceeded greatly by that of the tremendous personal 

effort being expended to find larger and larger "diffusion" coefficients 

to compensate for the information destroyed in the basic conservation 

equations when they are averaged out over time and spatial dimensions. 

They have 

1.3. Interim Model 

This study was undertaken to develop a time-dependent two-dimensional 

model for predicting water elevations, horizontal velocities, temperatures, 

and dissolved substance concentrations. The model can be used to assess 

the effects of thermal or other discharges into vertically mixed shallow 

water bodies. The inclusion of the normal and shear stresses in the 

momentum equations advances the presently available models one step 
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f u r t h e r  toward a complete model t h a t  w i l l  inc lude  both t h e  near -  and 

f a r - f i e l d  reg ions .  This model cannot y e t  be used as a r e l i a b l e  near -  

f i e l d  j e t  model because of i t s  lack of buoyancy e f f e c t s  and t h e  

d i f f i c u l t y  of  incorpora t ing  a tu rbu len t  d i f f u s i v i t y  model t h a t  can be 

used i n  a l l  reg ions  eva lua ted  l o c a l l y ,  

t h e  p o t e n t i a l  f o r  such extension i n  t h e  f u t u r e .  

However, t h e  model does have 



2. FORMULATION OF THE MASS, MOMENTUM, AND 

ENERGY CONSERVATION PRINCIPLES 

Y 

. 

, 

2.1. General Discussion of the 

Physical Assumptions 

The model studied here is time-dependent and is based on two space 

dimensions. As such, it is primarily applicable to shallow, vertically 

mixed water bodies. Many estuaries and coastal regions and some natural 

streams fall in this category. 

bodies will be in the order of 10 to 100 ft, while their width will fall 

A typical depth in many such water 

in the order of 500 to 5000 ft. Such a ratio of about two orders of 

magnitude between horizontal and vertical dimensions can in many cases 

be reliably approximated by a two-dimensional analysis. Bottom rough- 

ness, wind stresses, and tidal motion considerably enhance the vertical 

mixing in such water bodies. 

stratify vertically, especially in the near-field area, where the dis- 

charged water is normally about 10 to 30°F above the ambient water. 

Thermal discharges, however, tend to 

For 

this and other reasons which will be discussed in subsequent sections, 

the model will not be applicable as a reliable near-field thermal jet 

analysis. However, a short distance from the discharge point the jet 

loses its initial momentum and much of its excess temperature. 

behavior of the thermal plume from that point will depend primarily on 

the ambient hydraulic conditions, and the present model will be much 

more applicable for its analysis. 

the two-dimensional assumptions but still possess some weak vertical 

The 

In some cases that generally satisfy 

19 
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variations, appropriate vertical distribution functions can be employed 

as proposed by E r a ~ l a n . ~ ~  

ponds, where stratification is of major importance. 

such water bodies the time dependence is not of major concern, and some 

form of steady-state three-dimensional models might better be applied. 

In the present model the discrete elements are based on a rectangular 

coordinate system, and this creates some difficulties in describing com- 

plicated physical boundaries. 

for variable element sizing along each direction, which gives some 

flexibility in this respect compared with other available models using 

constant mesh spacings, 

are further discussed in subsequent sections. 

The model is not applicable to deep lakes and 

In many cases in 

The present model, however, does allow 

Other aspects of the applicability of the model 

2 . 2 .  General Discussion of the Numerical . 
Method Employed 

The numerical method used in this study is based on the physical 

conservation principles, which are expressed and applied directly in 

their integral form over a control volume. 

divided into variable-sized discrete elements. 

tion principles are strictly enforced and satisfied over each discrete 

element, thus approximating the physical reality over each discrete 

element. The requirement that the dimensions of the elements approach 

zero is never employed, and no partial differential equations are ever 

formulated. 

world and is very helpful in formulating complex boundary conditions, 

The modeled region is 

The integrated conserva- 

Such an approach keeps a closer touch with the physical 
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which are, after all, what distinguishes between various physical 

situations. This simulative approach was used in the Los Alamos work 
(FLIC6’ and PIC67 methods), is very much emphasized by Cheng; 7 6 J 7 7  and 

has been used by others to various extents, 

approach in his FLIDE method f o r  treating vertical variation in a two- 

dimensional formulation and for greater flexibility in discrete element 

Eras1an4’ has used the 

sizing. Excellent discussions of these and other methods can be found 

in the general text-type report by Harlow and Amsden’l’ and in the more 

78 recent computational fluid mechanics text by Roach. 

2.3. The Integral Form of the 

Conservation Principles 

As discussed in Section 2.2, the integral forms of the physical 

conservation principles will be employed. These principles will be 

formulated first in a general form, and then each integral will be 

evaluated on a typical discrete element, The general forms of these 

equations are as follows. 

a. Conservation equation for total mass 

b. Conservation eauation for mass of constituent k 



22 

c. Momentum equation (second law of motion) 

This equation, which is in vectorial form, 

directions as 

can be separated into X and Y 

(2. Ja) a 
at 4t A v A 
- 4 (pU) dV + $ (QU)$*; dA = 4 fbX dV + 4 ax dA , 

d. Energy conservation equation (first law of  thermodynamics) 

K 
+ 4 (2b*$) dV + 4 1 (zk*qk) dA . 

v A k=l 
(2.4) 

h 

In all these equations the area unit vector n is outward positive. 

In the mass conservation equation for constituent k ,  the velocity 
+ 

of  the constituent, Vk, can be expressed as 

-b - + - +  v k = v + v I ; ,  

where V1; is the relative velocity [or diffusion velocity) of substance k 

with respect t o  the overall mass-average flow velocity of the fluid, V. 

Therefore, one can write 

3 

. 
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c 

k'k = p,(\f+ $i) = pk3 + p k k '  3- 

where pk$i is the relative flux of constituent k within the flow of the 

mixture. 

binary diffusion between a constituent k and the rest of the mixture. 

However, Fick's law may not always be the proper representation of this 

flux, especially in turbulent flow. 

be expressed as gk, and its evaluation will be left to later discussion 

(Section 3 ) .  

This flux can, in part, be assumed to obey Fick's law for 

At this point the term pkTi will 
-b 

-f -t. 
Substituting E q .  2 . 6  into E q .  2 . 2  and using gk = p V' gives k k  

where 
-b = p $0  

gk k k 

and 6 

time. It must be remembered that the summation of the mass conservation 

equation (Eq. 2 . 2  or 2 . 7 )  f o r  constituent k over all the constituents 

should result in the conservation equation for total mass (Eq. 2.1). 

While doing this summation process, the definitions 

is mass generation of constituent k per unit volume and unit k 

. 

and 
K 

k=l 
1 c k = l  

must be extensively used. 
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In the momentum equations the only body forces explicitly considered 

are the Coriolis forces caused by the rotation of the earth. 

forces are important in large shallow water bodies and should be taken 

into account. 

not appear explicitly in the two-dimensional formulation of the momentum 

conservation equations. 

stress terms of these equations, as will be discussed in subsequent 

sections. 

These 

The gravitational forces, which are also body forces, do 

However, they appear implicitly in the normal 

The last two integrals in the energy equation are the flow work 

done by the body forces and the surface stresses, respectively. In a 

two-dimensional formulation the gravitational body force will produce 

no flow work, since no vertical velocity is considered, 

produced by the Coriolis forces can be neglected. 

of interest, the flow work produced by the viscous stresses can also 

be neglected. 

work done by the fluid against the pressure. 

integrals in Eq. 2 . 5  can be replaced by 

The flow work 

For the velocities 

The only flow work that must still be considered is the 

Therefore, the last two 

$ dV = 0 
Y 

and 

(2.91 

(2.10) 

Substituting Eqs. 2.9 and 2.10 into Eq. 2.5 and rearranging gives 

. 
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4 

(2.11) 

The s p e c i f i c  energy e c o n s i s t s  of in te rna l  energy 6 ,  k i n e t i c  energy 

V / 2 ,  and p o t e n t i a l  energy gZ, where t h e  last  two can be neglec ted  i n  

comparison wi th  t h e  i n t e r n a l  energy c a  
energy ek of  c o n s t i t u e n t  k .  

i n t e r n a l  energy g ives  t h e  enthalpy h.  

2 

The same i s  t r u e  f o r  t h e  s p e c i f i c  

Combining t h e  p re s su re  flow work with t h e  

Therefore  

'r A 'r 

'k 'k 
u k + - ,  - hk - ek + - -  

K K A  
e = 1 Ckek = 1 ckuk = 1; . 

k= 1 k= 1 

(2.12) 

(2.13) 

(2 .14)  

S u b s t i t u t i n g  Eqs. 2 . 1 2  t o  2.14 i n t o  E q .  2 . 1 1  and us ing  from Eqs. 2 . 6  and 

2 . 8  t h a t  

-k -k + +  
PkVk = pkV + Pkqi = PkV e gk (2.15) 

g ives  

(2.16) 
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S u b s t i t u t i n g  

and 

i n t o  Eq. 2.16 and r ea r r ang ing  g ives  

K 4 (pe) dV = A 4 k= 1 1 Gk]* dA 

(2.17) 

(2.18) 

(2.18a) 

(2.19) 

where t h e  symbol e f o r  specif ic  energy i s  used f o r  internal energy c ,  
based on Eq.  2.14. 

The term 6 appearing i n s i d e  t h e  bracke ts  o f  t h e  f l u x e s  inc ludes  t h e  

These f l u x e s  cannot always be  r ep resen ted  as nonconvective h e a t  f l u x e s .  

pure ly  d i f f u s i o n  bu t  can inc lude  o t h e r  e f f e c t s  l i k e  t u r b u l e n t  f l u c t u a t i o n s  

o r  con t r ibu t ions  from shea r  e f f e c t s .  The d e t a i l e d  d i scuss ion  on t h i s  

term i s  given i n  Sec t ion  3 .  

In  summary, t h e  i n t e g r a l  forms of  t h e  phys ica l  conservat ion 

equat ions  t h a t  w i l l  b e  used i n  t h i s  s tudy  f o r  an Euler ian  con t ro l  volume, 

incompressible  f l u i d ,  and nonconstant phys i ca l  p r o p e r t i e s  are as fo l lows .  
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a.  Conservation equat ion f o r  t o t a l  mass 

a - # p dV = # ;a(-;) dA 
a t  V A 

b .  Conservation eaua t ion  f o r  mass o f  c o n s t i t u e n t  k 

c .  Energy conserva t ion  eaua t ion  

d. Momentum equat ions  

In t h e  X d i r e c t i o n ,  

(2.20) 

(2.21) 

(2 * 22) 

In t h e  Y d i r e c t i o n ,  

v A 

a - 4 (pV) dY + 4 
a t  v A 

* (i) dA = 4 (f,), dV + 4 uy  dA . (2.24) 

In t h e s e  equat ions ,  

(2.25) 
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(2.26) 

( 2 . 2 7 )  

(2.28) 

-f -+ 
The nonconvective f l u x e s  gk and q and t h e  s t r e s s e s  ax and ay  w i l l  

be  d iscussed  i n  d e t a i l  i n  Sect ion 3 .  Those f l u x e s  and stresses,  however, 

w i l l  be  l e f t  i n  a genera l  form f o r  t h e  d i s c r e t e  element formulat ion of 

t he  conservat ion equat ions  developed i n  t h e  rest of  t h i s  s e c t i o n .  

2 . 4 .  The Disc re t e  Elements: 

Def in i t i ons  and Notat ion 

The d i s c r e t e  elements are def ined  by a n e t  of  g r i d  l i n e s  i n  a 

r ec t angu la r  coord ina te  system. 

d i r e c t i o n s  are marked success ive ly  by i and j i n d i c e s ,  r e s p e c t i v e l y ,  t o  

i n d i c a t e  f u l l  p o i n t s  a t  t h e  cen te r s  o f  t h e  elements and by i k 1 / 2  and 

j f 1 / 2 ,  r e s p e c t i v e l y ,  t o  i n d i c a t e  ha l f -va lue  po in t s  on t h e  boundaries  

between them. Figure 2 . 1  shows t h e  way those  i n d i c e s  are marked on an 

XY plane f o r  a s i n g l e  d i s c r e t e  element.  

The g r i d  l i n e s  along t h e  X and Y 

The c e n t e r  of  each d i s c r e t e  element i s  marked by ( i ,  j ) ,  and i t s  

boundaries a long t h e  X and Y d i r e c t i o n s  a r e  marked by i k 1 / 2  and 

j f 1 / 2 ,  r e s p e c t i v e l y .  The space increments along t h e  X and Y d i r e c t i o n s  

are AXi and AY r e s p e c t i v e l y .  These increments may o r  may no t  be equal ,  

and t h e i r  sizes along each d i r e c t i o n  may vary .  

have t h e  h o r i z o n t a l  dimensions AXi  and AY 

j ’  
Each element w i l l  then 

which are cons tan t ,  and t h e  
j ’  
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ORNL M16 74- 1145 

Figure  2 . 1 .  Arrangement of  d i s c r e t e  e lements .  

. 
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depth Hi 

uniform along t h e  depth as well as along A X i  and AY Based on t h e s e  

concepts ,  s o l i d  boundaries  are def ined  by h a l f  p o i n t s ,  so  t h a t  a l l  t h e  

elements,  i nc lud ing  those  a t t ached  t o  boundaries ,  have f u l l  s ize .  A l l  

t he  p r o p e r t i e s  f o r  bo th  t h e  center p o i n t s  and t h e  h a l f  p o i n t s  a r e  marked 

with t h e  corresponding i n d i c e s  showing t h e  exac t  l o c a t i o n  they  refer t o .  

Spec ia l  e f f o r t  i s  being made i n  t h e  numerical  formulat ion t o  evaluate 

a l l  t h e  p r o p e r t i e s  and t h e i r  f l uxes  i n  t h e i r  appropr i a t e  l o c a t i o n s .  

p r o p e r t i e s  i n  each d i s c r e t e  element a r e  considered uniform throughout 

i t s  volume and are represented  by cen te r -po in t  values  loca t ed  a t  t h e  

c e n t r o i d  o f  t h e  element volume. The f l u x e s  i n t o  and out  of  each d i s -  

c r e t e  element are eva lua ted  a t  t h e  common boundaries between t h e  elements 

i n  terms of  t h e  average va lues  i n  t h e  neighboring The program 

c a l c u l a t e s  and s t o r e s  a l l  t h e  cen te r -po in t  va lues .  The values on t h e  

common boundaries ,  termed h a l f - p o i n t  va lues ,  are r e c a l c u l a t e d  a t  each 

time s t e p  b u t  are no t  s t o r e d .  

schemat ica l ly  i n  t h r e e  c r o s s - s e c t i o n a l  views (Figures  2 . 2  t o  2 .4 ) .  The 

volume of  each element can be  expressed as A X  

t op  and bottom boundary areas as AXi A Y .  and t h e  f o u r  v e r t i c a l  boundary 

which may vary  wi th  time. A l l  t h e  p r o p e r t i e s  are considered 4 '  
j '  

The 

elements .  

A l l  t h e  q u a n t i t i e s  involved are shown 

AY t h e  h o r i z o n t a l  i j H i , j s  

3 
areas as A Y .  H 

J i - l / 2 , j '  
F igs .  2 a 2-2.4) , Since 

volume of  each element 

i n t e g r a l s  i n  Eqs. 2.18 

"j H i + l / 2 , j 3  ' i , j - l / 2 >  and H i , j + l / 2  (see 

average f l u x e s  a r e  being assumed f o r  e i t h e r  t h e  

o r  t h e  a r e a  o f  each o f  i t s  boundary surfaces, t h e  

t o  2 . 2 2  can be  d i r e c t l y  eva lua ted  f o r  each element.  

The area u n i t  vec to r  i s  considered t o  be p o s i t i v e  outward. The 

d i s c r e t e  element formulat ion o f  t h e  conserva t ion  equat ions  which were 

given by Eqs. 2.18 t o  2 . 2 2  w i l l  be  der ived  i n  t h e  fol lowing s e c t i o n s .  
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EVALUATED AT (i,jtV2) 

I I 

i t  

EVALUATED AT (ily-V2) 

Figure 2.2. Top view presentation of properties and fluxes 
in a discrete element. 
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I -  qkY 
I EVALUATED AT (iljti/2) 
I 
I 

I 
EVALUATED AT (ilj-i/21 

I 
I 

Figure 2.3. X - Z  cross-sectional presentation of f l u x e s  in a 
d i scretc clement. 
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I -  
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I 
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I 

Figure 2 . 4 .  Y-Z c ross - sec t iona l  p re sen ta t ion  of f luxes  i n  a 
d i s c r e t e  element. 

, 
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2 . 5 .  The Discrete Element Formulation of the 

Conservation Equation for Total Mass 

The integral form of  the conservation equation for total mass was 

given in Eq. 2 . 2 0  as 

a -+ - at .. I P d* = I g. (4) dA . (2.29) 

Considering the discrete element with constant horizontal dimensions 

AXi and AY. (see Figs. 2.2 to 2 . 4 ) ,  time-dependent depth Hi,j, and uniform 

density throughout the volume, the term on the left of Eq. 2 . 2 9  becomes 
J 

H 1 .  a .a 
at * (Pi,j i,j - 4 p dV= AXi AYj at (2 30) 

The term on the right of Eq. 2.29 is a surface integral around the six 

faces of the discrete element over the instantaneous mass flux g. The 

unit area vector 

integral (see Figs. 2 . 2 - 2 . 4 )  

-+ 

being positive outward, one gets for this surface 

i-1/2, j Hi+1/2, j H 

6 z.(-n) dA = AY. I dZ (gx)i+l/2, j dZ - AY. I 
A 3 0  (g~)i-1/2, j 3 0  

Hi, j -1/2 Hi, j +1/2 
dZ - AXi 1 

0 
(g~) i , j + 1 / 2 dZ (g~) i , j - 1/2 + AXi 1 

0 
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, 

where gg i s  t h e  mass flow r a t e  coming from t h e  bottom (seepage) p e r  un i t  

area (ML T ) and g i s  t h e  mass flow r a t e  coming from t h e  top  (p rec ip i -  

t a t i o n ,  evaporat ion)  p e r  u n i t  a r e a  (ML T ) .  

- 2  -1 
T 

-2  -1  

The ins tan taneous  f l u x e s  gx and g are def ined  as Y 

gx = PU ( 2 . 3 2 )  

and 

gy = PV 9 ( 2 . 3 3 )  

where U and V a r e  t h e  two ins tan taneous  h o r i z o n t a l  v e l o c i t i e s  i n  t h e  X 

and Y d i r e c t i o n s ,  r e s p e c t i v e l y .  These v e l o c i t i e s  a r e  normally func t ions  

o f  t h e  depth Z ,  and, i n  t h e  case  of  t u r b u l e n t  flow, they  a l s o  r e f l e c t  

t h e  random t u r b u l e n t  f l u c t u a t i o n s .  Each v e l o c i t y  can then be expressed 

i n  t h r e e  p a r t s  as 

( 2 . 3 4 )  

and t h e  same f o r  V o r  any o t h e r  proper ty  P .  

The p a r t  due t o  tu rbu len t  f l u c t u a t i o n s ,  u' . (Z,  t ) ,  vanishes  when 
i , J  

time i s  averaged over  a t ime scale l a r g e r  than  t h e  tu rbu len t  f l u c t u a t i o n s  

(but sma l l e r  than  t h e  time s c a l e  of i n t e r e s t ,  i n  o rde r  t o  keep . ( t )  i , J  
time dependent) .  The v e r t i c a l  v a r i a t i o n ,  u .  . (Z ,  t ) ,  vanishes  by 

1 , J  
d e f i n i t i o n  when i n t e g r a t e d  over  t h e  depth.  Therefore ,  t h e  i n t e g r a t e d  

f luxes  i n  E q .  2.31 can be rep laced  by t h e i r  depth-averaged counterpar t s  

t o  g ive  
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. 

where t h e  b a r  denotes  average va lues  over depth and t u r b u l e n t  t ime scale.  

S u b s t i t u t i n g  E q s .  2.30 and 2.35 i n t o  E q .  2.29 and d iv id ing  by AXi AY 

g ives  
j 

D i f f e r e n t i a t i n g  H .  . p .  gives  
L J  

-(H. a .p a t  1 8 3  i , J  , J  .) = p i ,  ( a H i ,  j / a t )  + H~ . ( a p i , j / a t )  

S u b s t i t u t i n g  E q .  2.37 i n t o  E q .  2.36 and d iv id ing  by p gives 
i , j  

(2.36) 

(2.37) 

1 
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. ( 2 . 3 8 )  

which i s  t h e  d i s c r e t e  element formulat ion of  t h e  t o t a l  mass conserva t ion  

equat ion f o r  v a r i a b l e  water e l eva t ion  H. 

o f  temperature  and subs tance  mass concen t r a t ions ,  one g e t s  : 

Since  t h e  d e n s i t y  i s  a func t ion  

a p / a T  and a p / a C  are d e r i v a t i v e s  which can be  eva lua ted  once t h e  equat ion  k 
o f  s t a t e  i s  known (see Sec t ion  4 . 6 ) .  a T i , j / a t  and Xk i , j  / a t  are 

eva lua ted  from t h e  energy conserva t ion  equat ion and cons t i t uen t  mass con- 

s e r v a t i o n  equat ion ,  r e s p e c t i v e l y ,  both of which a r e  numerical ly  eva lua ted  

before  Eq. 2.38 i s  used. Equation 2.38 expresses  e x p l i c i t l y  t h e  

ins tan taneous  r a t e  o f  change of  water s u r f a c e  e l e v a t i o n  with r e spec t  t o  

time and can be used wi th  a proper  i n t e g r a t i o n  r o u t i n e  t o  eva lua te  t h e  

ins tan taneous  water s u r f a c e  e l e v a t i o n  i t s e l f .  The ra te  of change o f  H 

wi th  r e spec t  t o  time a c t u a l l y  gives  t h e  v e r t i c a l  v e l o c i t y  o f  t h e  water 

s u r f a c e  at any p o i n t ,  and, t h e r e f o r e ,  

(2.40) 

The convect ive f l u x e s  Fx and gy a r e  def ined  as p n  and p v  by Eqs. 2.32 

and 2 . 3 3 ,  and t h e  bottom and top  con t r ibu t ions  gB and gT w i l l  be d i s -  

cussed i n  Sec t ion  4 .  
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2.6. The Discrete Element Formulation of the Mass 

Conservation Equation for Constituent k 

The integral form of the mass conservation equation for constituent 

k was given by Eq. 2.21 as 

Using the same approach as for the total mass conservation equation, 

the left-hand side of Eq. 2.41 for the discrete element formulation 

be comes 

(2.42) 

and the last term on the right of Eq. 2.41 becomes 

4 b, dV = 6, AXi AY. H.  . v 3 1,j 
(2.43) 

The first term on the right of Eq. 2.41 is the surface integral around 

the six faces of the discrete element over the instantaneous mass fluxes 

of constituent k. 

schematic presentation of the fluxes in Figs. 2.2 to 2.4, pages 31 to 33,  

one gets: 

Using again the discrete element notation and the 

\ 

a 

*i-1/2, j 
6 (;Ck + zk)o (-i) dA = BY. I ['gX'i-l/2,j(ck1i-l/~Jj + (gkX 1 i-1/2,~ . ] dZ A J o  
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H i , j + l / 2  
- AXi I [ ( g Y ) i , j + l / 2  (C k 1 i , j + 1 / 2  + (gkY)i , j+l /21dZ 0 

where gkB i s  t h e  nonconvective mass flow rate  of  c o n s t i t u e n t  k coming 
- 2  -1 from t h e  bottom p e r  u n i t  a r e a  (ML T 

flow r a t e  of c o n s t i t u e n t  k coming from t h e  t o p  p e r  u n i t  a r e a  (ML T ) ,  

) and gkT i s  t h e  nonconvective mass 
-2  -1 

As i n  t h e  case  of t h e  t o t a l  mass, each proper ty  may be a func t ion  of 

t h e  depth Z and of t u r b u l e n t  f l u c t u a t i o n s ;  i . e . ,  

where P des igna tes  any p rope r ty  (U,  V ,  C T) . S u b s t i t u t i n g  Eq. 2 . 4 5  

i n t o  E q .  2 . 4 4  and then averaging w i t h  r e spec t  t o  t h e  tu rbu len t  t ime 

scale does not  r e s u l t  i n  complete vanishing of  t h e  tu rbu len t  f l u c t u a t i o n s ,  

( Z ,  t ) .  Nor does t h e  v e r t i c a l  v a r i a t i o n  p a r t ,  p (Z, t ) ,  vanish 

k’ 

P l , j  i , j  
when i n t e g r a t e d  over  t h e  depth.  

i s  t h a t  t h e  average of a product  does n o t  equal t h e  product of t h e  

averages.  

t u rbu len t  and long i tud ina l  d i spe r s ion  (shear  e f f e c t s )  t o  t h e  o v e r a l l  

d i spe r s ion  phenomenon. 

The reason f o r  t hese  nonvanishing terms 

This  problem b r ings  up t h e  s u b j e c t  of t h e  con t r ibu t ions  of  

This  sub jec t  w i l l  be  d iscussed  i n  d e t a i l  i n  
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Sect ion 3 .  For t h e  time be ing ,  t h e  f l u x e s  i n  each d i r e c t i o n  w i l l  b e  

separa ted  i n t o  two p a r t s .  

only t h e  averages over depth and t ime (over t h e  t u r b u l e n t  time scale 

on ly ) .  

inc ludes  t h e  con t r ibu t ions  of both turbulence  f l u c t u a t i o n  and v e r t i c a l  

v a r i a t i o n s ,  This  l as t  p a r t  w i l l  be  combined wi th  t h e  r e l a t i v e  f l u x  of  

c o n s t i t u e n t  k ,  des igna ted  i n  E q .  2 . 8  as gk; t h a t  i s ,  i n  gene ra l ,  

One p a r t ,  which i s  pu re ly  convect ive,  inc ludes  

The second p a r t ,  which w i l l  be  termed t h e  nonconvective f l u x ,  

-+ 

(2.46) 

where t h e  s u b s c r i p t  A means f l u x  over  a r e a ,  t h e  bar means average over 

depth and t u r b u l e n t  time scale, and gkA represen t s  t h e  nonconvective mass 

f l u x ,  which w i l l  be  d iscussed  i n  Sec t ion  3 .  

Using E q .  2.46 f o r  a l l  t h e  h a l f  p o i n t s  i n  E q .  2.44 gives 

. 

(2.47) 



4 1  

. 

. 

S u b s t i t u t i n g  Eqs. 2 . 4 2 ,  2.43, and 2.47 i n t o  E q .  2.41 and d iv id ing  by 

A X .  A Y .  g ives  
1 3  

+ (FkY)i, j+l/21 - ‘ i , j - l / 2  [ (zY) i , j - l /2  (C k 1 i , j - 1 / 2  

D i f f e r e n t i a t i n g  p i ,  jHi  . (Ck)i, g ives  
3 3  

(2.49) 
S u b s t i t u t i n g  E q .  2.36 f o r  ( a / a t ) ( p  . H .  .) i n t o  E q .  2.49 and then t h e  

r e s u l t  i n t o  E q .  2.48  g ives ,  a f t e r  rear ranging  terms, 
i , J  1 , J  

x 

. 
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(2.50) 

which is the discrete element formulation of the mass conservation 

equation for constituent k. 

of constituent k, qkx and qky, will be discussed in Section 3 . 5 ,  and the 

bottom and top fluxes, gkB and gkT, in Section 4.6. 

The additional nonconvective mass fluxes 
-+ -b 

2 . 7 .  The Discrete Element Formulation of the 

Energy Conservation Equation 

The integral form of the energy conservation equation was given by 

Eq. 2.22 as 

. 

(2.51) 
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A s  i n  t h e  case of  t o t a l  mass and mass of  c o n s t i t u e n t  k, t h e  volume 

i n t e g r a l s  can be eva lua ted  as 

a a - 4 (pe) dV = AXi A Y j  ~ ( p  e .  .H.  .) , 
i , j  1 3 1  1 , J  a t  v 

(2 5 2 )  

and, assuming uniform h e a t  and mass genera t ion  rates pe r  u n i t  volume 

throughout t h e  d i s c r e t e  element i , j ,  

where (4v)k was def ined  as bkhk by Eq. 2.27. 

The f i rs t  term on t h e  r i g h t  of Eq. 2.51 i s  t h e  su r face  i n t e g r a l  

around t h e  s i x  f aces  of t h e  d i s c r e t e  element over t h e  ins tan taneous  

energy f l u x e s .  

schematic p r e s e n t a t i o n  of  t h e  f luxes  i n  F igs .  2.2-2.4,  pages 31-33, one 

g e t s  : 

Using again t h e  d i s c r e t e  element n o t a t i o n  and t h e  

K - +  4 (zh + + 1 q k ) * ( - h )  dA = 
A k=l 
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K 

K 
(2.54) 

As befo re ,  each proper ty  may be a func t ion  of depth Z and o f  t u rbu len t  

f l u c t u a t i o n s ,  as given by Eq. 2.45. 

S u b s t i t u t i n g  Eq. 2.45 i n t o  Eq. 2.54 and then  averaging with r e spec t  

t o  time does n o t  result  i n  complete vanish ing  of t h e  t u r b u l e n t  f l u c t u a t i o n s  

P l , j  

p i , J  

( Z ,  t ) .  Nor do t h e  con t r ibu t ions  of  t h e  v e r t i c a l  v a r i a t i o n s ,  

. (Z ,  t ) ,  vanish when i n t e g r a t e d  over t h e  depth.  The problem i s  t h e  

same as i n  t h e  case of  mass f luxes  o f  c o n s t i t u e n t  k except  t h a t  here  

t h e r e  are t h e  a d d i t i o n a l  terms 

-f However, qk was def ined  by Eq. 2.26 as 

-h 
h d  gk was a l r eady  d iscussed  i n  Sec t ion  2.6.  

approach as be fo re ,  t h e  t o t a l  i n t e g r a t i o n  hea t  f l u x  w i l l  b e  expressed i n  

t h r e e  p a r t s  as 

Then, us ing  t h e  same 
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c 

where the subscript A means flux over area, the bay means average over 

depth and turbulent time scale, and qA represents the nonconvective heat 

flux, which may result from the contribution of molecular diffusion, 

turbulent diffusion, and shear flow to the total dispersion phenomenon. 

The evaluation of qA will be more fully discussed in Section 3 .  

Evaluating Eq. 2.55 for all the half points in Eq. 2.54 gives 

K +  4 (h + + 1 qk).(-i) dA = 
A k=l 

K 

(2.56) 

c 
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Substituting Eqs. 2.52, 2.53, and 2.56 into E q .  2.51 and dividing by 

AX. AY. gives 
1 1  

L 

H ) =  a 
at (pi,jei,j i,j 

(2 e 57) 

Differentiating pi .e .H. gives 
, J  i , ~  1,j 

However, the internal energy e is a function of both the temperature and 

the concentrations of the constituents, and its time derivative can be 

evaluated by 
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4 

where use  has been made of Eq. 2.14 (e 

d e f i n i t i o n  of  t h e  s p e c i f i c  h e a t  a t  cons tan t  volume. 

i) and t h e  thermodynamic 

S u b s t i t u t i n g  Eq. 2.59 i n t o  Eq. 2.58, one g e t s  

(2.59) 

S u b s t i t u t i n g  Eq. 2.36 i n t o  Eq. 2.60 f o r  e l imina t ing  ( a / a t ) (p  i , j H i , j )  and 

then s u b s t i t u t i n g  t h e  r e s u l t  i n t o  Eq. 2.57 and rear ranging  terms g ives  
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(2.61) 

The convective energy fluxes Tik, qkB, and qkT are all evaluated on 
the basis of the corresponding mass fluxes; i.e., 

(2.62) 
- - 
qk = gkhk > 

(qk)B = (gk)B(hk)B (2.63) 

(qk)T = (gk)T(hk)T ' (2.64) 

The additional nonconvective heat fluxes Tx and qy will be discussed 
in Section 3.4, and the bottom and top fluxes qB and qT in Section 4 . 4 .  

The use of 4, for the case of thermal discharge from a power plant will 

be discussed in Section 7.1. 
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2.8. The Discrete Element Formulation 

of  t h e  Momentum Eauation 

The i n t e g r a l  forms of  t h e  momentum equat ions  i n  t h e  X and Y 

d i r e c t i o n s  are given by Eqs. 2 . 2 3  and 2 . 2 4 ,  r e s p e c t i v e l y ,  as: 

a - # (pV) dV + 4 [ (V);] - (15) dA = 4 (fc)y dV + # ay dA . ( 2 . 6 6 )  
a t  v A v A 

. 

Refer r ing  t o  F ig .  2 . 2 ,  page 31, i t  can be  seen t h a t ,  un l ike  o t h e r  

v e c t o r i a l  su r f ace  f l u x e s ,  t h e  stresses c o n s i s t  of normal s t r e s s e s  aXX, 

a 

p a r a l l e l  t o  t h e  s u r f a c e .  

when t r y i n g  t o  s t r e t c h  t h e  element ( t ens ion ) ,  and t h e  shea r  s t r e s s e s  

a r e  considered p o s i t i v e  when c r e a t i n g  a p o s i t i v e  angle  of  deformation. 

Figures  2 . 2  t o  2 . 4 ,  pages 31 t o  33 ,  show a l l  t h e  s t r e s s e s  i n  t h e i r  

p o s i t i v e  d i r e c t i o n .  When eva lua t ing  t h e  va r ious  components of  t h e  

i n t e g r a l s  i n  Eqs, 2 . 6 5  and 2 . 6 6 ,  one must suppose t h a t  t h e  fo rces  con- 

t r i b u t e  t o  t h e  a c c e l e r a t i o n  of  t h e  d i s c r e t e  element as a r i g i d  u n i t  

according t o  t h e  second law of  Newton and must keep i n  mind t h a t  fo rce  

and a c c e l e r a t i o n  are considered p o s i t i v e  when d i r e c t e d  toward t h e  

p o s i t i v e  d i r e c t i o n s  of t h e  system coord ina te s ,  

A s  be fo re ,  assuming uniform d e n s i t y  (p)  and C o r i o l i s  f o r c e  p e r  u n i t  

a c t i n g  normal t o  a s u r f a c e  and shea r  stresses aXy, a YY YX a c t i n g  

The normal stresses are considered p o s i t i v e  

volume ( f  ) w i t h i n  t h e  volume of each d i s c r e t e  element,  t h e  volume 
C 

. 
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integrals of E q .  2.65 can be evaluated f o r  the discrete element 

formulation as : 

a a - 4  (PU) dV-= AXi AYj ~ ~ ( P ~ , ~ U ~ , ~ H ~  . )  
3 3  at Y 

(2.67) 

and 

The second term on the left of  E q .  2.65 is the surface integral 

around the six faces of each discrete element over the instantaneous 

momentum fluxes, 

presentation of the fluxes in Figs. 2.2 to 2.4, pages 31 to 33, gives: 

Using the discrete element notation and the schematic 

Hi-l/z, j 
6 (U)z.(G) dA = AY. [(gx)i-1/2, j U i-1/2, j 1 dZ 
A ' 0  
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The same i s  c o r r e c t  for t h e  stress term on t h e  r i g h t  o f  Eq. 2.66; i . e . ,  

H i - 1 / 2 ,  j H i + 1 / 2 ,  j 
dZ + AY / ( ‘ ~ ~ ) i + l / 2  , j dZ A ’ 0  ( - ‘ ~ ~ ) i - 1 / 2 ,  j j o  

b u x d A = A Y .  

‘ i , j -1 /2  H i , j + 1 / 2  
dZ + AXi I (‘Yx)~, j+1/2  dZ ( - ‘ ~ ~ ) i ,  j - 1 / 2  0 

+ AXi / 
0 

(2.70) 

A s  explained be fo re ,  t h e  v e l o c i t i e s  may be  a func t ion  of  t h e  depth 

Z and a l s o  may inc lude  t h e  tu rbu len t  f l u c t u a t i o n s ,  as expressed by E q .  

2.45. S u b s t i t u t i n g  E q .  2.45 i n t o  E q s .  2.69 and 2.70 r e s u l t s  i n  non- 

vanishing terms f o r  t hose  v a r i a t i o n s .  A s  was done be fo re ,  those  

a d d i t i o n a l  terms w i l l  be combined wi th  t h e  stress terms. 

then ,  a combined term w i l l  appear f o r  t h e s e  f l u x e s  such t h a t  

In  genera l ,  

. 

where t h e  s u b s c r i p t  A means f l u x e s  o r  stress over  area, t h e  ba r  means 

va lue  averaged over  depth and t u r b u l e n t  time scale ,  and u r ep resen t s  

t h e  combined effect  o f  molecular stresses, t u r b u l e n t  stresses, and shea r  

effects because of  v e l o c i t y  v a r i a t i o n s  wi th  depth.  

u 

f u l l y  d iscussed  i n  Sec t ion  3 .  

p o i n t s  i n  Eqs. 2.69 and 2.70 combined g ives :  

X 

The eva lua t ion  of  

inc luding  t h e  h y d r o s t a t i c  p re s su re  e f f e c t s  involved,  w i l l  be more X ’  

Evaluat ing E q .  2.71 f o r  a l l  t h e  h a l f  
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D i f f e r e n t i a t i n g  (pHU) gives:  i , j  

S u b s t i t u t i n g  E q .  2.36 f o r  ( a / a t )  ( P ~ , ~ H ~ , ~ )  i n t o  E q .  2.74, then 

s u b s t i t u t i n g  t h e  r e s u l t  i n t o  E q .  2.73 and rear ranging  terms g ives :  

(2.75) 

In  a similar way t h e  momentum equat ion i n  t h e  Y d i r e c t i o n ,  given i n  

i t s  i n t e g r a l  form by E q .  2.66, can be formulated f o r  a d i s c r e t e  element 

t o  g ive :  



54 

+ (fcy)i,j Hi,j ’ (2.76) 3 
- 
rs YY’ YX’ and oxy, Nhich include molecular stress, The stresses Txx, rs 

turbulent stresses, and shear stresses because of velocity variations 

with depth, will be discussed in Section 3. 

will be discussed in Section 4 .  volume , 
The Coriolis force per unit 

fC’ 

2 . 9 .  The Half-Point Values on Discrete 

Element Surfaces and Corners 

In Section 2 . 4  the discrete element notation and representation 

were discussed. 

tion of the conservation equations, all the fluxes and many of the 

properties must be evaluated on the boundary faces between neighboring 

However, as is seen from the discrete element formula- 



, 
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d i s c r e t e  elements.  The p r o p e r t i e s  f o r  each d i s c r e t e  element are 

i considered uniform along AX 

( i ,  j )  loca ted  a t  t h e  c e n t e r  

faces, loca ted  a t  h a l f - p o i n t  

and along AY 

o f  each element,  

va lues ,  must be  c a l c u l a t e d  by using some 

and are represented  a t  a p o i n t  

The p r o p e r t i e s  on t h e  
j 

e x t r a p o l a t i o n  procedure.  

i s  used i n  t h i s  s tudy  f o r  t h a t  purpose; i . e . ,  f o r  any p o i n t ,  one can 

write : 

The f i r s t - o r d e r  Taylor  expansion approximation 

+ Ay ap(x, Y) . (2.77) ay P(X + A X ,  Y + AY) = P(X, Y) + AX ax  

On the  b a s i s  of Eq. 2 . 7 7 ,  one ge t s  t h e  numerical approximation f o r  

h a l f - p o i n t  values  a s  

- ' i+ l , j  - ' i , j  
' i + l / 2 , j  - ' i , j  +  AX^+^ +  AX^ (2.78) 

After rear ranging  terms, Eq. 2.78, appl ied  f o r  t h e  f o u r  f aces  o f  each 

d i s c r e t e  element a t  t h e i r  c e n t e r s ,  g ives  (see F ig .  2 . 1 ,  page 29):  

AXi 'x i+l  + P ,  axi +  AX^+^ i , j  ' i+ l , j  

AY " j+l  - -A ' i , j + l  + A Y .  + A Y j + l  p ,  i , j  
"* J + "j+l J 

'i, j+1/2 

(2.79) 

(2.80) 

(2.81) 

8 
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5 7  

As an a l t e r n a t i v e  t o  t h e  above Taylor  expansion f o r  t h e  average va lues  

used i n  eva lua t ing  t h e  f l u x e s  on t h e  d i s c r e t e  element faces, one can 

de f ine  those  va lues  on t h e  b a s i s  of phys i ca l  arguments. 

c a l l e d  t h e  "donor ce l l f1  method, which i s  s a i d  t o  have good numerical 

s t a b i l i z i n g  effects ,  w i l l  b e  d iscussed  i n  Sec t ion  6 . 3 .  

One such method, 



3 .  FORMULATION OF DIFFUSIVE AND OTHER 

NONCONVECTIVE INTERNAL FLUXES . 
In Section 2 the discrete element formulation of the conservation 

equations has been developed. 

model is two dimensional, the effects of vertical variations cannot be 

included directly in the model. However, in reality the vertical 

variations of the various properties may have considerable effects on 

the horizontal behavior of those properties. In addition, the random 

fluctuations existing in turbulent flows were not explicitly formulated. 

Instead, each flux was divided into two parts. 

purely convective in nature and reflects the depth- and time-average 

values of the corresponding fluxes (average over turbulent time scale 

only). The second part, which is termed the nonconvective flux, includes 

diffusive fluxes as well as the contributions of turbulent fluctuations 

and vertical variations. 

included in the discrete element equations developed in Section 2.  

nonconvective fluxes were left as general expressions. 

will be discussed in this section, first in a general form for all the 

properties and then specifically for mass, momentum, and energy fluxes. 

It was discussed there that since the 

The first part is 

The purely convective part was already properly 

The 

These fluxes 

3.1. The Gradient Law of Diffusion, Turbulent 

Diffusion, and Dispersion 

The transport mechanism in turbulent flow and specifically in the 

flow of natural streams is a very complicated phenomenon, As a result, 

. 
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t h e r e  i s  a tendency among i n v e s t i g a t o r s  i n  t h i s  f i e l d  t o  apply s i m p l i f i e d  

and "easty- to-use" t r a n s p o r t  formulat ions i n  which a l l  t h e  t r a n s p o r t  

phenomena are lumped i n t o  a s i n g l e  term i n  t h e  conservat ion equat ion ,  

us ing  t h e  g rad ien t  law o f  d i f f u s i o n  f o r  t h a t  purpose.  

i n  genera l ,  expressed as 

This  law can be,  

-f 
PA = - D VTpP) , (3.1) 

where D i s  an o v e r a l l  e f f e c t i v e  c o e f f i c i e n t  t h a t  inc ludes  a l l  

nonconvective effects .  

An extreme example of  such a case  can be seen i n  t h e  p r a c t i c e  o f  

u s ing  a one-dimensional s t e a d y - s t a t e  convection d i f f u s i o n  equat ion wi th  

a huge cons tan t  "d ispers ion  coe f f i c i en t "  t o  p r e d i c t  t h e  t r a n s p o r t  

process  i n  e s t u a r i e s ,  i . e . ,  

+ K P = O ,  - d P - D  d2P 
'F 2 l 3 . 2 )  

where 

toward the  ocean. 

space dimensions and time. 

ins tan taneous  t i d a l  v e l o c i t y ,  which may be ,  a t  i t s  peak, about 50 times 

as l a r g e  as U i t s e l f .  This means t h a t  t h e  t i d a l  movements, which are 

t h e  most powerful ones i n  e s t u a r i e s ,  are n o t  proper ly  expressed i n  E q .  3 .2 .  

In s t ead ,  t h e  d i f fus ion -d i spe r s ion  c o e f f i c i e n t  D i s  supposed t o  compen- 

sate f o r  those  effects .  

t h a t  t h e r e  i s  no way t o  f i n d  a r e l i a b l e  va lue  f o r  such a c o e f f i c i e n t  

i s  t h e  t ime-average n o n t i d a l  f r e s h  water flow v e l o c i t y  downstream F 
Such an equat ion i s  t h e  r e s u l t  o f  averaging over  two- 

The va lue  o f  gF i s  a time average of  t h e  

F 

However, experience wi th  such an at tempt  shows 
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except ,  maybe, by f i e l d  measurement f o r  a s p e c i f i c  l o c a t i o n  i n  a s p e c i f i c  

water body and under a very s p e c i f i c  se t  of  cond i t ions .  

c o r r e c t  va lue  f o r  D i n  E q .  3.2 almost means so lv ing  t h e  whole problem. 

Finding a 

Trying t o  s e p a r a t e  t h e  var ious  effects included i n  such an o v e r a l l  

c o e f f i c i e n t  creates some d i f f i c u l t i e s  because it i s  apparent  t h a t  no t  

a l l  those  effects can be r e l i a b l y  expressed by t h e  g rad ien t  law ( E q .  3 .1 ) .  

Such a g rad ien t  law was proved t o  be very  success fu l  f o r  express ing  

molecular d i f f u s i o n  (Four ie r  law f o r  h e a t  and F i c k ’ s  law f o r  mass d i f -  

fu s ion ) .  

law can be expressed as 

In a one-dimensional case and f o r  a general  p roper ty  P ,  such a 

2 -1 where cc expresses  t h e  molecular d i f f u s i v i t y  ( L  T 

and (P ) i s  the  f l u x  i n  t h e  X d i r e c t i o n .  

) o f  a p rope r ty  P P 

A X  
When convection and d i f f u s i o n  a r e  combined, t h e  f l u x  of  t h e  

proper ty  can be expressed as 

(3.41 

where U i s  t h e  v e l o c i t y  o f  t h e  f l u i d  i n  t h e  X d i r e c t i o n .  

However, U r e p r e s e n t s  t h e  v e l o c i t y  when t h e  f l u i d  i s  considered t o  

be a continuum. The actual movements of  t h e  ind iv idua l  molecules are 

i n  no way descr ibed  i n  E q s .  3 .3  and 3.4.  Looking a t  t h e  problem from 

t h i s  po in t  of  view, one realizes t h a t  t h e  d i f f u s i o n  terms i n  Eqs. 3 . 3  

and 3.4 a r e  t ime-average express ions  f o r  t h e  molecular random motions.  
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In t u r b u l e n t  flow a similar phenomenon of  random motions ex is t s  

except t h a t  i n  t h i s  case t h e r e  are random motions of  lumps of  f l u i d  

r a t h e r  than  molecules.  

f l u c t u a t i o n s  are much l a r g e r  than  those  i n  molecular motions. 

less, t h e s e  motions are very complex f o r  complete de t ec t ion  and 

d e s c r i p t i o n .  

t i e s  as a supe rpos i t i on  of  a mean time-averaged va lue  ( ind ica t ed  by a 

ba r )  and an ins tan taneous  random f l u c t u a t i n g  va lue  ( ind ica t ed  by a pr ime) ,  

one g e t s  

The time and space s c a l e s  involved i n  t u r b u l e n t  

Neverthe- 

If  one expresses  t h e  ins tan taneous  v e l o c i t i e s  and proper-  

u = T?+ u’ , 

- 
P = P + p’ 

Assuming t h a t  Eq. 3 . 4  i s  c o r r e c t  f o r  t u r b u l e n t  flow as well as f o r  

laminar flow if ins tan taneous  va lues  are used, one can s u b s t i t u t e  Eq. 

3 . 5  i n t o  Eq. 3 . 4 .  

terms themselves b u t  r a t h e r  on t h e i r  o v e r a l l  e f f e c t s  on t h e  mean flow, 

one can t ime-average t h e  equat ions over  t h e  appropr ia te  s c a l e  (smaller 

than  t h e  scale o f  i n t e r e s t  b u t  l a r g e r  than  t h e  tu rbu len t  time scale) t o  

g e t  

I f  t h e  i n t e r e s t  i s  n o t  focused on t h e  f l u c t u a t i n g  

a p  - -- 
(PA)x = U(P) + (- ap z) + u’p’ . 

- 
The term u’p’ i s  t h e  only term l e f t  from t h e  tu rbu len t  f l u c t u a t i o n s ,  

because based on t h e  Reynolds averaging p r i n c i p l e s ,  a l l  t he  o t h e r  terms 

vanish on a t ime-average b a s i s .  Since i n  most cases  t h e  values  of  t h e  
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fluctuating quantities uf and pa i 

made in the past 50 years to find a correlation that will relate the 

turbulent effects to the mean flow parameters. 

posed that the effective transport associated with the turbulent fluctua- 

tion follows a gradient-type law and has represented the transport due 

to random turbulent fluctuations as 

are not known, great effort has been 

BoussinesqS8 has pro- 

where 

virtual, apparent, o r  turbulent viscosity are also used interchangeably 

in the literature). 

cP is a constant termed the eddy viscosity (other names like 

Substituting E q .  3.7 into Eq. 3.6 gives 

= UP) + - (ap + EP) g) . - -  I 
Unfortunately, a relationship like the one given above, although 

successful in some cases, is not universally correct for all turbulent 

flow situations. 

Other attempts to improve the relationship proposed by Boussinesq 

were made by developing nonconstant formulations for the eddy viscosity 

E 

of them will be mentioned here (see Refs. 79 and 80 f o r  further 

discussions). 

Without going into the details of  those correlations, a number 
P’ 

Prandtl mixing length theory (Ref. 59) defines the eddy viscosity 

as 

2 du 
E = 1x1 ’ (3.9) 
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- 
where R i s  a c h a r a c t e r i s t i c  l eng th ,  U i s  t h e  v e l o c i t y  a long t h e  main 

flow, and Y is  perpendicular  t o  t h e  flow. 

p r e t e d  as t h a t  l eng th  which f l u i d  p a r t i c l e s  t r a v e l  i n  t h e  tu rbu len t  

mixing process  be fo re  l o s i n g  t h e i r  i d e n t i t y ,  This  i s  no t  an easy 

parameter t o  eva lua te  and i s  d e f i n i t e l y  n o t  u n i v e r s a l l y  cons tan t .  

eve r ,  P r a n d t l ' s  mixing length  theory  was s u c c e s s f u l l y  used i n  many 

p r a c t i c a l  problems and i s  s t i l l  considered one o f  t h e  most h e l p f u l  

c o r r e l a t i o n s .  

The mixing length  i s  i n t e r -  

How- 

Tay lo r ' s  v o r t i c i t y  t r a n s f e r  theory  (Ref, 81) states t h a t  

(3.10) 

where R 

P r a n d t l ' s  mixing length  R by a f a c t o r  of  fi. 
theory f i n d s  i t s  a p p l i c a t i o n  mainly t o  problems of free turbulence  and 

does n o t  agree well wi th  experiments f o r  tu rbulence  along a s o l i d  s u r f a c e .  

i s  a l s o  a c h a r a c t e r i s t i c  mixing length  b u t  i s  l a r g e r  than W 
Taylor ' s  v o r t i c i t y  t r a n s f e r  

Vor? Karman's s i m i l a r i t y  hypothesis  (Ref. 61) r e s u l t s  i n  

(3.11) 

where x i s  an empir ica l  dimensionless c o e f f i c i e n t  t h a t  must be determined 

from experiments .  Equation 3.11 i s  more genera l  than P r a n d t l ' s  mixing 

length  express ion  and has been e s p e c i a l l y  use fu l  i n  hea t  t r a n s f e r  

c a l c u l a t i o n s .  
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P r a n d t l ' s  new hypothes is  f o r  f ree  turbulence  (Ref. 60) 1ec.ds t o  t h e  

de fec t  law 

- - 
(3.12) 

E = Xlb(Umax - 'min) J 

where b i s  t h e  width of t h e  mixing zone and x1 i s  again a dimensionless 

coe f f i c i en t  t h a t  must b e  determined experimental ly .  

a c t u a l l y  a s p e c i a l  a p p l i c a t i o n  of  P r a n d t l ' s  mixing length  theory .  

i s  a s impler  r e l a t i o n s h i p  but  i s  a l s o  more l i m i t e d .  

used i n  free turbulence  ( j e t s  and wakes) and has  t h e  advantage of  no t  

vanishing a t  t h e  c e n t e r  where dn/dY i s  zero as t h e  express ion  i n  t h e  

o r i g i n a l  P rand t l  theory  (Eq. 3.9) does.  The r e l a t i o n s h i p ,  however, i s  

n o t  l o c a l l y  eva lua ted  bu t  is  r a t h e r  considered t o  be cons tan t  ac ross  t h e  

area perpendicular  t o  t h e  flow. 

The d e f e c t  law i s  

I t  

I t  i s  p r imar i ly  

I t  i s  apparent  t h a t  t h e r e  i s  no one l o c a l l y  dependent model f o r  

t u rbu len t  s h e a r  stress t h a t  i s  capable  of  s a t i s f a c t o r i l y  p r e d i c t i n g  t h e  

e n t i r e  range o f  t u r b u l e n t  f low. 

r a i s e d  as t o  t h e  v a l i d i t y  of  t h e  i n i t i a l  assumptions t h a t  t u rbu len t  

t r a n s p o r t  obeys t h e  grad ien t - type  r e l a t i o n s h i p ,  

j e c t  i s  fa r  t o o  wide and too  complex t o  t r y  t o  b r ing  it t o  any kind o f  

f i n a l  conclusion a t  t h e  p re sen t  time. 

problem i n  f l u i d  mechanics, and i n  s p i t e  o f  major r ecen t  advances i n  

recent  yea r s ,  t h e  t a s k  i s  s t i l l  unresolved a t  t h e  p re sen t  time. 

Ser ious  doubts have r e c e n t l y  been 

The scope of t h i s  sub- 

I t  i s  by far  the  most formidable 

The a v a i l a b i l i t y  of  high-speed and large-memory computers has given 

a new hope i n  t h i s  d i f f i c u l t  f i e l d  of f l u i d  mechanics. 

methods are based on applying t h e  conservat ion p r i n c i p l e s  t o  t h e  

Most of t h e  new , 



65 

turbulence parameters themselves. 

difficulties in achieving closure to the system of equations derived. 

First-order and second-order closures are presently being attempted. 

These attempts are still in a state of flux, and their results are still 

uncertain, but they seem to be very promising. 

However, this approach created 

62-66 

The above discussion emphasized two levels of averaging processes-- 

on a molecular scale and on a turbulent fluctuations scale. In both 

cases, however, the resultant equations could still be time-dependent and 

for three-dimensional space. 

Let us now assume for the time being that our first two approximations 

for molecular and turbulent time scale averaging are indeed successful 

and that Eq. 3 . 8  is proper under those assumptions, Now using Eq. 3 . 8  in 

a three-dimensional conservation equation will give 

I \ 

- a B -  - ,{iix(F) a + + E 

at 

where a bar indicates a time average over a time scale greater than 

turbulent fluctuations but smaller than the time scale of interest. Let 

us assume now that for the practical problem at hand the interest is 

focused only on the time-dependent two-dimensional behavior. However, 

we cannot simply drop all the terms connected with the third dimension 
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( l e t  us say Z ) ,  because t h e i r  p o s s i b l e  e f f e c t s  on t h e  two dimensions of  

i n t e r e s t  must be taken i n t o  account.  

before  for approximating t u r b u l e n t  c h a r a c t e r i s t i c s ,  l e t  

Using t h e  same technique used 

- -  ux = u + u’* 

uy = uy + u”  

x x ’  
3 - 

Y ’  

- - - 
P = P + p” , 

(3.14) 

where one b a r  i n d i c a t e s  a time average over t h e  t u r b u l e n t  t ime s c a l e ,  

and two b a r s  i n d i c a t e  an average of t h e  one-bar value over t h e  t h i r d  

dimension ( Z ) .  

along the  t h i r d  dimension (2) from t h e  two-bar va lue .  S u b s t i t u t i n g  

E q .  3.14 i n t o  E q .  3.13 and performing t h e  averaging opera t ions  as before  

gives  

Two primes i n d i c a t e  t h e  dev ia t ion  of t h e  a c t u a l  va lue  

- - 
) ””i + UX”P” 

- 
-1 

+ a ay   cy(^) + [-(spy + E  py ay ) q + - ] = F .  Y 

- a p  + - a [= UX(P) - + 
+ CPX ax t ax 

V 
(3.15) 

- - 
To eva lua te  u ”p” and uYP0*, one needs a d e t a i l e d  knowledge o f  t h e  

v a r i a t i o n s  along t h e  t h i r d  dimension, which a r e  n o t  known. 

t h e  same approach as be fo re  and assumes t h a t  t h e  con t r ibu t ion  of v e r t i -  

c a l  v a r i a t i o n  i n  t h e  h o r i z o n t a l  d i r e c t i o n s  can be  expressed by a g rad ien t -  

type r e l a t i o n s h i p ,  Eq. 3.15 can be rearranged t o  

X 
I f  one t akes  
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. 

- aP + a [zx(F) + (-(apx + a t  a x  + EX)  91 

and t h e  f l u x  i n ,  l e t  us  say ,  t h e  X d i r e c t i o n  can be expressed as 

This  a d d i t i o n a l  

- (apx + + E X )  

c o n t r i b u t i o n  of  nonconvective t r a n s p o r t  

i s  a r e s u l t  o f  shea r  e f f e c t s  c r e a t e d  between t h e  l a y e r s  

v e l o c i t y  v a r i a t i o n s  along t h e  dimensions t h a t  have been 

(3.16) 

i n  t h e  X d i r e c t i o n  

because o f  t h e  

averaged o u t .  

In t h e  l i t e r a t u r e ,  t h i s  t r a n s p o r t  phenomenon i s  o f t e n  c a l l e d  "dispers ion" 

o r  " longi tudina l  d i spe r s ion  . I T  

fusion" may be a b e t t e r  term f o r  t h a t  purpose.  

"Vir tua l  d i f fus ion"  o r  " long i tud ina l  d i f -  

This method of  compensating f o r  unknown convect ive t r a n s p o r t  by t h e  

use  of  eve r - inc reas ing  "d i f fus ion"  c o e f f i c i e n t s  i s  c a r r i e d  f u r t h e r  by 

reducing t h e  conserva t ion  equat ion from two-dimensional t o  one-dimensional 

(add another  c o e f f i c i e n t  E;) and from t r a n s i e n t  t o  s teady  s t a t e  i n  t h e  

case of  p e r i o d i c  o r  t i d a l  flow (add another  c o e f f i c i e n t  E i ' ) .  

problem o f  d i f f u s i o n  i s  viewed i n  t h i s  l i g h t ,  it seems t h a t  a l l  those  

"d i f fus ion"  c o e f f i c i e n t s  are noth ing  bu t  good i n d i c a t o r s  o f  t h e  l e v e l  

of our  i n a b i l i t y  t o  express  t h e  a c t u a l  t r a n s p o r t  phenomena i n  na tu re  

proper ly  (see Table 3 .1)  ~ 

When t h e  

I t  must be emphasized a t  t h i s  po in t  t h a t  molecular d i f f u s i o n  i s  

normally very small compared wi th  t u r b u l e n t  d i f f u s i o n  ( r a t i o  of about 

. 



Table 3-1. Averaging Levels of Transport Phenomena 

Dimensionality Diffusion Coefficient Accumulated 
Level of Averaging of Model Used to Compensate Diffusion Coefficient 

Average over all microscale (X, Y, i, t) a - molecular diffusivity D = a  
details 

Average over all details of 
turbulent fluctuations diffusivity 

(y, Y, r, F) E - turbulent 

Average over all details of 
one direction coe f f i ci en t 

(F, P, r) E - dispersion 

D = ~ + E  

D = a + & + E  

Average over all details o f  (r, F) E’ - longitudinal D = a + & + E + E ’  
two directions dispersion coefficient 

m 
00 Time average over cycle (F, t) E ”  - dispersion D = a + E + E + E’ + E ”  

period in periodic flow coefficient 

Note: One bar indicates average over turbulent scale fluctuations; two bars indicate average 
over time scale larger than cycle period but smaller than the time scale of interest. 

* . 
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to The contribution of molecular diffusivity is insignificant 

in turbulent flows except at the boundaries, where turbulent eddies are 

reduced to zero. The relative magnitude of dispersion in relation t o  the 

turbulent diffusion depends on the level of approximation made and the 

characteristics of the flow. The longitudinal dispersion in natural 

streams was found to be one or several orders of magnitude greater than 

turbulent diffusion. It is an unfortunate situation, then, that the 

level of confidence in the various "diffusion" coefficients used is 

inversely proportional to their relative magnitudes and importance. 

It seems to the author that with the high-speed and large-memory 

computers available today, the time is right to eliminate at least part 

of those approximations. It seems unnecessary to get rid of the 

. molecular diffusivity and hopeless at the present time to try to get rid 

of the turbulent diffusivity (which is indeed unfortunate). However, it 

seems certainly possible to get rid of the various dispersion coefficients, 

by investing most effort developing a workable time-dependent three- 

dimensional model in which convective movements are properly expressed. 

Such models are within our present technical capabilities. 

such models will be very costly both to develop and to use. 

when compared with the total cost being presently spent for not having 

such models, the balance will be in favor of developing them, 

Of course, 

However, 

3 . 2 .  Applicable Turbulent Transport Properties 

In the model developed in the present study, only one dimension is 

being averaged out (the vertical). The time-dependent momentum equations 
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inc lude  both normal and shea r  stresses i n  both h o r i z o n t a l  d i r e c t i o n s .  

Therefore ,  i n  a d d i t i o n  t o  t h e  need f o r  molecular and t u r b u l e n t  d i f f u s i o n  

c o e f f i c i e n t s ,  t h e r e  i s  a need f o r  a v i r t u a l  d i f f u s i o n  c o e f f i c i e n t  which 

w i l l  compensate f o r  t h e  t r a n s p o r t  caused i n  both t h e  X and t h e  Y 

d i r e c t i o n  because o f  t h e  v a r i a t i o n s  i n  v e l o c i t y  p r o f i l e s  i n  the  ver t ical  

d i r e c t i o n ,  

fus ion  c o e f f i c i e n t  f o r  an ins tan taneous  d ischarge  i n  an axisymmetric 

flow i n  a long s t r a i g h t  c i r c u l a r  p ipe  and found t h a t  

Taylors4 has developed an express ion  f o r  t h i s  v i r t u a l  d i f -  

EX = 10.06auT , (3.17) 

where a i s  t h e  p i p e  r a d i u s ,  uT i s  t h e  shea r  v e l o c i t y  a t  t h e  wall, 

and E i s  t h e  v i r t u a l  d i f f u s i o n  c o e f f i c i e n t  i n  t h e  flow d i r e c t i o n  J., X 

X caused by shea r  effects  from t h e  v e l o c i t y  v a r i a t i o n s  i n  t h e  r a d i a l  

d i r e c t i o n .  This  v i r t u a l  d i f f u s i o n  c o e f f i c i e n t  i n  t h e  flow d i r e c t i o n  i s  

a l s o  c a l l e d  t h e  long i tud ina l  d i spe r s ion  c o e f f i c i e n t .  

Elder” has developed a s imilar  express ion  f o r  a two-dimensional 

open channel.  

a r e  t h e  main c o n t r i b u t o r s  t o  t h e  h o r i z o n t a l  l ong i tud ina l  d i spe r s ion  and 

has found, based on Taylor ’s  approach, t h a t  

E lder  assumed t h a t  f o r  t h i s  case  t h e  v a r i a t i o n s  with depth 

EX = 5.86HuT , (3.18) 

where H i s  t h e  channel depth and uT i s  t h e  shea r  v e l o c i t y  a t  t h e  bottom, 

q. 
var ious  assumptions (Refs 82-84) ,  

Other i n v e s t i g a t o r s  have der ived  similar express ions  based upon 

. 

. 

c 

. 
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F i e l d  d a t a  c o l l e c t e d  and compared by a number of  i n v e s t i g a t o r s  

have shown long i tud ina l  d i spe r s ion  c o e f f i c i e n t s  many times those  pre-  

d i c t e d  by Elder .  F ischer  56’57 has  shown t h a t  l a t e r a l  v a r i a t i o n s  i n  

v e l o c i t y  p r o f i l e ,  which were neglec ted  by E lde r ,  were most important .  

He has  followed Aris’sB5 and 

express ion  for t h e  long i tud ina l  d i spe r s ion  c o e f f i c i e n t  based on t h e  

v e l o c i t y  p r o f i l e  i n  a l a t e ra l  d i r e c t i o n .  

with measured va lues  i n  a c t u a l  s t reams and, t h e r e f o r e ,  gave a t h e o r e t i c a l  

b a s i s  f o r  t h e  l a r g e  d i sc repanc ie s  found i n  many cases between measured 

values  and p rev ious ly  p r e d i c t i n g  models. However, F ischer  has a l s o  shown 

t h a t  t h e  long i tud ina l  d i spe r s ion  c o e f f i c i e n t  i s  extremely s e n s i t i v e  t o  

t h e  v e r t i c a l  v e l o c i t y  p r o f i l e  assumed and has suggested t h a t  success fu l  

p r e d i c t i o n  may have t o  be kased upon d e t a i l e d  experimental  knowledge of  

t h e s e  p r o f i l e s .  

methods and developed an 

H i s  c o r r e l a t i o n s  agreed b e t t e r  

The compensation f o r  t h e  e f f e c t s  of  l a t e ra l  v a r i a t i o n s  as proposed 

by Fischer  5 6 J 5 7  i s  no t  needed i n  t h e  p re sen t  two-dimensional model, 

s i n c e  those  v a r i a t i o n s  a r e  incorpora ted  and expressed i n  t h e  model i t s e l f ,  

I t  seems, then ,  t h a t  t h e  approach taken by Elder” w i l l  be  q u i t e  s u f f i c i e n t  

for t h e  model proposed he re  i n  t h e  f a r - f i e l d  r eg ions ,  

Elder’s’’ b a s i c  express ion  f o r  t h e  long i tud ina l  d i spe r s ion  

c o e f f i c i e n t  i n  a n  open channel where t h e  effects  of  l a t e r a l  v a r i a t i o n s  

a r e  neglec ted  can be expressed a f t e r  some v a r i a t i o n s  as: 

w 1 w 

0 0 
= - Hu 1 [F - f (w)]  [/ w-’(df/dw) [ b  [ F  - f (w)]  dw EX 
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where H is the channel depth, w = Z/H, u 

bottom, v, and f(o) is any function of w that specifies the vertical 

velocity profile, so that 

is the shear velocity at the 
T 

(3.20) 

and 

u =  u - UTT, max 

If the vertical velocity profile is taken as logarithmic over the 

whole depth, one gets: 

f(w) = - (l/ko) log (1 - W )  , (3.21) 

where ko is the Von Karman constant and is equal to 0.41. 

velocity distribution in Eq. 3.19, as was done by Elder, the longitudinal 

Using this 

diffusion coefficient becomes 

. 
EX = 5.86HuT . (3.22) 

Following Taylor's assumption of isotropic turbulence, Elder also 

derived an expression for turbulent diffusivity, which is assumed to be 

the same in any direction, and found 

1 

0 
E = HuT / w(df/dw)-l dw . 

With the velocity function flu) given in Eq. 3.21, one gets 

cX = 3 0.07Hu . 
T 

(3.23) 

(3.24) 

. 
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However, h i s  experiments showed a va lue  about 3 times as l a r g e ,  and 

he concluded t h a t  
Y 

E = E 2 0.23HuT . (3.25) X Y  

This  i nc rease  may be t h e  r e su l t  of  t h e  l a te ra l  con t r ibu t ion ,  which was 

not  included i n  E l d e r ' s  a n a l y s i s .  However, t h e  logar i thmic  v e r t i c a l  

v e l o c i t y  p r o f i l e  i s  no t  always a good r ep resen ta t ion  of  t h e  c o r r e c t  

v e r t i c a l  v e l o c i t y  d i s t r i b u t i o n .  Other func t ions  f(w) can be assumed, 

and t h e  proper  c o e f f i c i e n t s  can be eva lua ted  based on Eqs. 3.19 and 

3.23. 

i s  based on a Lagrangian frame of  r e fe rence  which i s  moving wi th  t h e  

mean v e l o c i t y  of  t h e  f l u i d .  

The phenomenon of  d i spe r s ion  as i n v e s t i g a t e d  by Taylor  and Elder  

Bowden 86 87 has  der ived  similar express ions  f o r  t h e  long i tud ina l  

d i f f u s i o n  c o e f f i c i e n t  i n  an Euler ian  frame of  r e fe rence  i n  a l t e r n a t i n g  

flow and f o r  va r ious  assumptions o f  v e r t i c a l  v e l o c i t y  p r o f i l e s .  

r e s u l t s  given i n  Table 1 of  Ref. 87 may be use fu l  for some corresponding 

The 

s i t u a t i o n s .  Since t h e  assumption of  i s o t r o p i c  turbulence  was made, t h e  

t u r b u l e n t  d i f f u s i o n  c o e f f i c i e n t  i s  independent o f  d i r e c t i o n .  In a two- 

dimensional model, t h e  shea r  v e l o c i t y  u i n  Eqs. 3 .23 t o  3.25 must be 

rep laced  by t h e  t o t a l  v e l o c i t y ,  i . e . ,  
T 

( 3 . 2 6 )  

where u 

and u 

i s  t h e  shea r  v e l o c i t y  a t  t h e  bottom i n  t h e  X d i r e c t i o n  G, 
T X  

i s  t h e  shea r  v e l o c i t y  a t  t h e  bottom i n  t h e  Y d i r e c t i o n  v, 
TY 
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The assumption of  i so t ropy  cannot ,  however, be  extended t o  t h e  

long i tud ina l  d i spe r s ion  c o e f f i c i e n t  E as well .  Extension o f  E lde r ’ s  

approach f o r  E and E may r e q u i r e  r ep lac ing  u i n  Eq. 3 . 2 2  by uTx and 

u r e s p e c t i v e l y ,  so  t h a t  i f  t h e  logar i thmic  v e l o c i t y  p r o f i l e  i s  

assumed i n  both d i r e c t i o n s ,  one g e t s  from Eq. 3 . 2 2  t h a t  

X Y T 

-CY’ 

E = 5.86HuTX , X 

Ey = 5.86HuTY . 

13 .27)  

( 3 . 2 8 )  

However, t h i s  type  of ex tens ion  from t h e  one-dimensional t o  t h e  two- 

dimensional case has  n o t  been v e r i f i e d .  

In a d d i t i o n ,  most previous s t u d i e s  (Taylor,  E lder ,  Bowden, F i sche r ,  

and o t h e r s )  have been performed and t e s t e d  f o r  ins tan taneous  d ischarges  

only .  

discharges was n o t  v e r i f i e d  and may be i n c o r r e c t .  

The a p p l i c a b i l i t y  o f  t hese  der ived  c o r r e l a t i o n s  f o r  continuous 

Effects o f  v e r t i c a l  s t r a t i f i c a t i o n  and d e n s i t y  c u r r e n t s  produced i n  

e s t u a r i e s  complicate th ings  even f u r t h e r .  

d i spe r s ion  c o e f f i c i e n t  f o r  such c a s e s i s  p r e s e n t l y  no t  a v a i l a b l e ,  and, 

t h e r e f o r e ,  it i s  hoped t h a t  t h e  model w i l l  no t  be used i n  i t s  p resen t  

form f o r  reg ions  where s t r a t i f i c a t i o n  i s  of  major importance.  

A proper  formulat ion of t h e  

Because of t h e  s t a t e  of t h e  a r t  i n  t h i s  area,  i t  was judged 

p re fe rab le  a t  p re sen t  t o  keep i n  t h e  computer model a genera l  express ion  

composed of two p a r t s .  

model, and t h e  o t h e r  can be any type  of  func t ion .  

d i f f u s i o n  c o e f f i c i e n t  appearing i n  t h e  f i rs t  p a r t  i s  n o t  considered a 

One par t  i s  based on a g rad ien t -d i f fus ion - type  

The o v e r a l l  effect ive 

Y 
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. 

a cons tan t .  I t  i s  always a func t ion  o f  t h e  l o c a l  flow c h a r a c t e r i s t i c .  

The computer program i s  cons t ruc ted  so  t h a t  any such d e s i r a b l e  func t ion ,  

i f  a v a i l a b l e ,  can be used. 

In t h e  n e a r - f i e l d  area, where t h e  momentum of  t h e  j e t  c r e a t e s  most 

of t h e  flow d i s t r i b u t i o n  around i t ,  the  t u r b u l e n t  eddy d i f f u s i v i t y  i s  

probably t h e  most important p a r t  o f  t h e  o v e r a l l  e f f e c t i v e  d i f f u s i o n  

c o e f f i c i e n t .  One of t h e  tu rbu len t  t h e o r i e s  should be appl ied  h e r e .  

P r a n d t l ' s  mixing length  theory ( E q .  3.9) o r  P r a n d t l ' s  hypothesis  ( E q .  

3 . 1 2 )  seems t o  be  most e f f e c t i v e  f o r  f r e e  turbulence  of  j e t s  and plumes. 

However, a d i f f i c u l t y  a r i s e s  he re  as t o  t h e  app l i ca t ion  o f  such co r re -  

l a t i o n s  i n  a f i x e d  r ec t angu la r  XY coord ina te  system. This i s  indeed a 

d i f f i c u l t  problem, which must be so lved  be fo re  t h e  model can be used f o r  

t r a n s i e n t  two-dimensional n e a r - f i e l d  a n a l y s i s .  However, s i n c e ,  as d i s -  

cussed i n  t h e  i n t r o d u c t i o n  and i n  Sec t ion  7, t h e r e  a r e  o t h e r  obs t ac l e s  

( s t r a t i f i c a t i o n  and element s i z i n g )  t o  achieving t h i s  goa l ,  i t  w i l l  be 

assumed a t  t h e  p re sen t  t ime t h a t  t h e  model w i l l  be used p r imar i ly  as a 

f a r - f i e l d  model wi th  some approximation o f  t h e  nea r  f i e l d  which i s  con- 

s ide red  t o  be p a r t  o f  i t .  

The d i scuss ion  above on t u r b u l e n t  d i f f u s i o n  and long i tud ina l  

d i spe r s ion  r e f e r r e d  p r imar i ly  t o  t r a n s p o r t  of d i sso lved  subs tances ,  

However, similar c o e f f i c i e n t s  w i l l  e x i s t  a l s o  f o r  momentum and energy 

t r a n s p o r t .  

In t h e  res t  o f  t h i s  chapter  t he  nonconvective t r a n s p o r t  terms and 

t h e i r  d i s c r e t e  element formulation f o r  mass, momentum, and energy w i l l  

be d iscussed ,  
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3.3. Viscous and Hydrostatic Stresses 

In Section 2.8 the discrete element formulation o f  the momentum 

equations has been derived (Eqs. 2.75 and 2.76). In Section 2.9 it was 

shown how to eliminate the half-point values in terms of the values in 

the center of each discrete element. In this section the internal 

viscous stresses as well as the effects of  hydrostatic pressure will be 

formulated so that the stress components u u u and uXY from 

Eqs. 2.75 and 2.76 can be eliminated in terms of the appropriate basic 

values. 

XX’ YY’ YX’ 

As indicated in Section 3.1, the gradient formulation will be 

basically assumed here to be valid f o r  both laminar and turbulent viscous 

stresses. The momentum diffusivities used, however, are not constant 

but may themselves be complicated functions of the flow characteristics, 

as has already been discussed in Sections 3.1 and 3 . 2 .  

approach, one gets for an incompressible flow that 

With this 

u = -Pr + 2pDmX ax au , 
xx 

av o = -Pr + 2pDmy ay , YY 

I 

(3.29) 

(3.30) 

(3.31) 

. 

The pressure P in Eqs. 3.29 and 3.30 can represent any pressure in r 

the system and is considered always positive f o r  compression. In the 
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. 

case of n a t u r a l  water  bodies  t h e  most s i g n i f i c a n t  p re s su res  involved are 

atmospheric and h y d r o s t a t i c  p re s su res ,  which are t h e  only ones considered 

i n  t h i s  s tudy ,  The h y d r o s t a t i c  p re s su re  can be der ived  from t h e  momentum 

equat ion i n  t h e  v e r t i c a l  d i r e c t i o n ,  i n  which t h e  v e r t i c a l  v e l o c i t i e s  and 

a l l  d e r i v a t i v e s  i n  t h e  v e r t i c a l  d i r e c t i o n ,  except f o r  p re s su re ,  are se t  

equal t o  zero .  In  t h i s  case we g e t  t h a t  

o = - ( w r / a z )  - pg . ( 3 . 3 2 )  

I n t e g r a t i n g  E q .  3 . 3 2  with  r e spec t  t o  depth and a s s ign ing  t h e  boundary 

condi t ion  t h a t  atmospheric p re s su re  (P ) e x i s t s  a t  t h e  water  su r face  r a  
e l e v a t i o n  Z = H g ives  

S 

HS 
( 3 . 3 3 )  

where HS i s  t h e  t o t a l  depth of water, Z i s  t h e  v e r t i c a l  d i s t a n c e  of t h e  

l o c a l  p o i n t  from t h e  bottom, and (Pr)a i s  t h e  atmospheric p re s su re .  

Performing t h i s  i n t e g r a t i o n  along Z and assuming uniform water 

dens i ty  a long t h e  depth,  one g e t s  

( 3 . 3 4 )  

where 

S 
H 

= ( l / H s )  1 Z dZ = Hs/2 
HC 0 

i s  t h e  c e n t r o i d  of  t h e  he igh t  a t  each (X, Y )  p o i n t .  Therefore ,  

( 3 . 3 5 )  

( 3 . 3 6 )  
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S u b s t i t u t i n g  E q .  3.36 i n t o  Eqs. 3.29 and 3.30 g ives  f o r  t h e  stress 

components: 

(3.37) 

(3.38) 

(3.39) 

and DmY a r e  t h e  o v e r a l l  e f f e c t i v e  kinematic  eddy v i s c o s i t i e s  and DmX 
are used f o r  t h a t  p a r t  o f  t h e  viscous s t r e s s e s  which can be expressed 

with t h e  g rad ien t - type  formula t ion .  In  t h i s  case, DmX and DmY can be 

expressed as 

DmX = c( m + + EmX , (3 .40)  
. 

= c (  + E  + E  (3.41) DmY m m mY ’ 

where a i s  t h e  molecular  momentum d i f f u s i v i t y  (or  molecular kinematic  

v i s c o s i t y ) ,  which i s  independent of  d i r e c t i o n ,  and E i s  t h e  t u r b u l e n t  

momentum d i f f u s i v i t y  (or  t u rbu len t  kinematic  v i s c o s i t y )  which, f o r  

m 

m 

i s o t r o p i c  turbulence ,  i s  a l s o  independent of  d i r e c t i o n .  

momentum long i tud ina l  d i spe r s ion  c o e f f i c i e n t s  (or  l ong i tud ina l  eddy 

kinematic v i s c o s i t y )  i n  t h e  X and t h e  Y d i r e c t i o n  which take i n t o  account 

EmX and EmY a r e  

the  e f f e c t s  on t h e  stresses r e s u l t i n g  from v e l o c i t y  v a r i a t i o n s  along t h e  

depth .  c 
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The discrete element formulation of the stress components can now 

Figures 2.2 to 2.4, pages 31 be developed based on E q s .  3.37 to 3.39. 

to 33, show the locations and directions of those stresses. 

stresses are evaluated at the half-point boundary values between the 

discrete elements; for example, 

All of  the 

- P  i+l,j i,j P 
- - 

i+1/2, j 0.5(AXi+l + AXk) * 
(3.42) 

Evaluating E q s .  3.37 to 3.39 at the proper locations (see Figs. 

2 . 2  to 2.4) and using the discrete element form of the derivatives (see 

E q .  3.42) gives 

U i+l,j - u .  i,j - (‘XX)i+l/2,j - 2pi+l/2,j (DmX)i+l/2,j 0.5(AXi+l + AXi) 

(3.43) 

(3 * 44) 

(3.45) 
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’ 

The h a l f - p o i n t  va lues  o f  t h e  v e l o c i t i e s  both a t  t h e  c e n t e r s  o f  t h e  

faces between t h e  ad jacen t  d i s c r e t e  elements and a t  t h e  corners  of t hose  

faces are a l l  eva lua ted  on t h e  b a s i s  of  t h e  r e l a t i o n s  developed i n  

Sec t ion  2.9.  

3 . 4 .  Energy Fluxes 

In Sec t ion  2.7 t h e  d i s c r e t e  element formulat ion of  t h e  energy 

equat ion was der ived  (Eq. 2 .61) .  The convect ive energy f l u x e s  were f o r -  

mulated by Eqs. 2 .62  t o  2.64. 

qx and q Y 

viscous stress, it w i l l  be  assumed t h a t  p a r t  o f  t h e s e  f luxes  can be 

expressed wi th  t h e  g rad ien t  formulat ion and t h a t  o t h e r  formulat ions can 

be added when they  are a v a i l a b l e .  

In t h i s  s e c t i o n  t h e  i n t e r n a l  energy f l u x e s  

appearing i n  Eq. 2.61 w i l l  be formulated.  As i n  t h e  case of 

With t h i s  assumption, one g e t s  

where DHX and DHY are t h e  t o t a l  e f f e c t i v e  thermal d i f f u s i v i t i e s  i n  t h e  

X and t h e  Y d i r e c t i o n ,  r e s p e c t i v e l y .  

t h e  t o t a l  e f f e c t i v e  thermal d i f f u s i v i t i e s  can be separa ted  i n t o  t h r e e  

p a r t s  as 

As i n  t h e  case of  momentum f luxes ,  

( 3 . 5 3 )  

(3.54) 

. 
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where cy 

independent of direction, and 

which, for isotropic turbulence, is also considered independent of 

is the molecular thermal diffusivity, which is considered H 
is the turbulent thermal diffusivity, 

direction. 

coefficients in the X and the Y direction, respectively. 

EHX and EHY are the thermal longitudinal dispersion 

The ratio between the momentum diffusivity (kinematic viscosity) 

and the thermal diffusivity is called the Prandtl number, 

PR = am/aH . 
cy 

Similarly, the turbulent Prandtl number is defined as 

PRE = E ~ / E ~  . 

(3.55) 

(3.56) 

On the same basis, one can also define the "longitudinal dispersion 

Prandtl number" as 

PRE = Em/EH 

and an effective Prandtl number as 

PRD = Dm/DH . 

(3.57) 

(3.58) 

The molecular Prandtl number, PRa, like the molecular momentum and 

thermal diffusivities, is characteristic of  the material itself, whereas 

the rest of  the Prandtl numbers, like the corresponding diffusivities, 

are mainly dominated by the flow characteristics. The Reynolds analogy 

states that the turbulent Prandtl number equals 1, and therefore = E m' 

This assumption has been used very extensively in heat transfer analysis, 

. 
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c 

often with good results, 

is not always correct and that the turbulent Prandtl number will vary for 

different flow conditions. 

Many studies show, however, that this assumption 

Vertical thermal stratification may be different from the vertical 

velocity variations, and each one of those vertical variations has its 

own effect on the corresponding dispersion coefficient. It is outside 

the scope of the present study to discuss this point properly. 

be assumed that the two-dimensional model proposed here will be used 

primarily in vertically mixed water bodies, and in this case the value 

of EH will be conservatively neglected for environmental impact 

assessments. 

ever, try to look for the proper way to take the effect of vertical 

variations into account, since they always exist to some extent. 

It will 

Any realistic analysis of a natural stream should, how- 

The discrete element formulation of  the energy fluxes (Eqs. 3.51 

and 3.52) can now be developed. Using Figs. 2.2 to 2.4, pages 31 to 33, 

and the proper notation as used for the stress components gives: 

Ti+l,j - Ti,j 
(C 1 - 

(qx)i+1/2, j - -'i+l/2,j p i+1/2,j 0.5(AXi+l + AX,) 

(q~)i-1/2, j - -'i-l/2,j (C p 1 i-l/2,j (DHX)i-1/2,j + J (3 '60) - 

. (3.62) Ti,j - Ti,j-l 
O.S(AY + A Y ~ - ~ )  

j 
(C 1 - - -  

(9~) i , j - 1 / 2 'i,j-1/2 p i,j-1/2 
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Energy f l u x e s  t h a t  cannot be expressed with t h e  g rad ien t  formulat ion 

can be added t o  Eqs. 3.59 t o  3 . 6 2  when they  are needed and are a v a i l a b l e .  

The thermal f luxes from t h e  bottom and t o p  as wel l  as t h e  volumetr ic  h e a t  

genera t ion  (o r  decay) w i l l  be  d iscussed  i n  Sec t ion  4. 

3 . 5 .  Mass Dif fus ion  Fluxes 

In Sec t ion  2 . 6  t h e  d i s c r e t e  element formulat ion of  t h e  conservat ion 

equat ion f o r  t h e  mass substance of  k has  been der ived  (Eq. 2 . 5 0 ) .  The 

i n t e r n a l  convect ive f l u x e s  were a l r eady  formulated e x p l i c i t l y  i n  t h i s  

equat ion .  

o f  substance k appearing i n  Eq. 2 . 5 0  w i l l  be  formulated.  

t h e  v e l o c i t y  of  subs tance  k was expressed i n  terms of  t h e  mixture  

v e l o c i t y  V and t h e  r e l a t i v e  v e l o c i t y  V1; o f  subs tance  k with r e s p e c t  t o  

t h e  mixture v e l o c i t y  V (Eq. 2 . 6 ) .  The r e l a t i v e  v e l o c i t y  ( a l s o  c a l l e d  

d i f f u s i v e  v e l o c i t y )  V1; o f  subs tance  k obeys t h e  F ick ian  law f o r  b ina ry  

d i f f u s i o n  i n  most cases. This  law expresses  t h e  d i f f u s i o n  o f  one sub- 

s t ance  i n t o  t h e  rest of  t h e  f l u i d  mixture .  

p re s su re ,  temperature ,  and body f o r c e s ,  which a r e  indeed n e g l i g i b l e ,  

F i ck ' s  law f o r  b i n a r y  d i f f u s i o n  can be expressed as:  

In  t h e  p re sen t  s e c t i o n  t h e  i n t e r n a l  nonconvective mass f l u x e s  

In Sec t ion  2 . 3  

-b + 
+ 

-b 

Neglect ing t h e  effects of 

-+ -t 1 
V1; = -(D ) V(1n Ck) = - - (DM)k "k 8 

'k M k  

o r ,  f o r  a two-dimensional case, 

( 3 . 6 3 )  

( 3 . 6 4 )  
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1 “k (3.65) 

(DMk)X and (D ) 

k i n t o  t h e  res t  o f  t h e  mixture  i n  t h e  X and t h e  Y d i r e c t i o n ,  r e s p e c t i v e l y .  

Since t h e  mass f l u x  of substance k was def ined  by E q .  2 .8  as zk = pkvi 

and s i n c e  Ck = pk/p, E q s .  3.64 and 3.65 can be w r i t t e n  as: 

are t h e  t o t a l  e f f e c t i v e  mass d i f f u s i v i t i e s  of  subs tance  M k Y  

(3.66) 

(3.67) 

As i n  t h e  case of  t h e  momentum and energy f l u x e s ,  (Dm)x and (DMk)y 

w i l l  be  assumed t o  be  composed of  t h r e e  p a r t s ,  s o  t h a t  

where a 

considered independent of d i r e c t i o n ,  and i s  t h e  tu rbu len t  mass 

d i f f u s i v i t y  of  subs tance  k, which, f o r  i s o t r o p i c  turbulence ,  i s  a l s o  

considered independent o f  d i r e c t i o n  (EMk)X and are t h e  mass 

long i tud ina l  d i spe r s ion  c o e f f i c i e n t s  of  substance k i n  t h e  X and t h e  Y 

d i r e c t i o n ,  r e s p e c t i v e l y .  

i s  t h e  molecular mass d i f f u s i v i t y  o f  substance k, which i s  Mk 

The molecular b ina ry  d i f f u s i o n  c o e f f i c i e n t  

i s  a c h a r a c t e r i s t i c  o f  t h e  two materials involved.  The tu rbu len t  “Mk 
coun te rpa r t s  E Mk 
c h a r a c t e r i s t i c s .  

by E~ and EM, r e s p e c t i v e l y .  

and Em, however, are mainly dominated by t h e  flow 

E~ and Em i n  E q s .  3.68 and 3.69 can then be rep laced  
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The r a t i o  between t h e  momentum d i f f u s i v i t y  and t h e  mass d i f f u s i v i t y  

i s  c a l l e d  t h e  Schmidt number; i . e . ,  

S imi l a r ly ,  t h e  t u r b u l e n t  Schmidt number i s  def ined  as 

SC& = Em/EH . 

(3.70) 

(3.71) 

On t h e  same b a s i s ,  one can also d e f i n e  a " long i tud ina l  d i spe r s ion  Schmidt 

number'' as 

ScE = Em/EM 

and an effect ive Schmidt number as 

( 3 . 7 2 )  

( 3 . 7 3 )  

The r a t i o  between t h e  t u r b u l e n t  P rand t l  number and t h e  t u r b u l e n t  Schmidt 

number i s  c a l l e d  t h e  t u r b u l e n t  Lewis number; i . e . ,  

Lec = PRE/ScE . (3.74) 

The a v a i l a b l e  experimental  evidence shows t h a t  t h e  t u r b u l e n t  Lewis 

number i n  t h e  boundary l a y e r  has  t h e  va lue  1. 

free turbulence .  

has  cons iderable  e f f e c t  on t h e  thermal long i tud ina l  d i spe r s ion  

c o e f f i c i e n t  EH and probably a l s o  on t h e  mass long i tud ina l  d i spe r s ion  

c o e f f i c i e n t .  

c o e f f i c i e n t ,  i t  w i l l  be  ind ica t ed  he re  t h a t  it i s  o u t s i d e  t h e  scope o f  

This  may be t r u e  a l s o  i n  

However, i n  a l a r g e  water  body, thermal s t r a t i f i c a t i o n  

As i n  t h e  case of  t h e  momentum and t h e  thermal d i s p e r s i o n  
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t 

4 

t h e  p re sen t  s tudy  t o  s e t t l e  those  d i f f i c u l t  i s s u e s  o f  t u rbu len t  d i f f u s i o n  

and d i spe r s ion  f o r  mass, momentum, and energy as well as t h e  i n t e r a c t i o n  

between them. 

problems and some p o s s i b l e  p a r t i a l  s o l u t i o n s .  I t  i s  hoped, again,  t h a t  

t h e  model w i l l  be  used p r imar i ly  i n  v e r t i c a l l y  mixed shallow water bodies ,  

i n  which case t h e  d i spe r s ion  c o e f f i c i e n t s  can be conserva t ive ly  neglec ted  

f o r  environmental  impact assessments.  

The d i scuss ion  i n  Sec t ions  3 . 1  and 3.2 has emphasized t h e s e  

The d i s c r e t e  element formulat ion o f  t h e  mass f luxes  (Eqs. 3.66 and 

3.67) can now be developed. Using Figs .  2 . 2  t o  2 . 4 ,  pages 31 t o  33, and 

the  proper  n o t a t i o n  as used for t h e  momentum and energy f luxes  g ives :  

, (3.75) 
(‘k)i+l, j - (‘k) i , j 

(gkX) i+ 1 / 2 ,  j - - - ’ i + 1 / 2 , ~  ‘[(DMk)X1i+l/2,j  0.5(AXi+l + AXi) 

$ (3.77) 1 (‘k) i , j+l  - (CkIi,j 
+ AY (gkY)i, j + 1 / 2  = -Pi,j+l/2[(DMk)Y1i,j+1/2 [ 0 .5  (AYj+l j )  

-Pi,j-1/2[(DMk)Y1i,j-l/2 . (3.78) 
j - 1  

- - 
cgkY)i, j - 1 / 2  

Addit ional  mass f luxes  t h a t  cannot be expressed by the  g rad ien t  

formulat ion can be added t o  Eqs. 3.75 t o  3.78 when they  a r e  indeed 

needed and are a v a i l a b l e .  

By now, a l l  t h e  i n t e r n a l  f l uxes  of mass, momentum, and energy have 

been formulated f o r  each d i s c r e t e  element.  The i n t e r a c t i o n  of t h e  water  
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body with i t s  phys ica l  boundaries needs now t o  be d iscussed .  

d i scuss ion  w i l l  be  d iv ided  i n t o  two p a r t s .  

d i scuss  t h e  i n t e r a c t i o n s  with t h e  bottom and top  su r face  as well as 

volumetr ic  h e a t  and mass genera t ion  o r  decay. 

5) w i l l  d i s cuss  t h e  i n t e r a c t i o n  wi th  t h e  s i d e  boundary condi t ions  as 

well as t h e  i n i t i a l  condi t ions  s p e c i f i e d  a t  a c e r t a i n  i n i t i a l  t ime.  

Since no formal d i f f e r e n t i a l  equat ions have been der ived ,  t h e r e  i s  no 

need f o r  "boundary condi t ions"  i n  t h e  c l a s s i c a l  sense .  

o f  t h e  formulat ion o f  boundary condi t ions  i n  Sec t ion  5 i s  t o  e l imina te  

t h e  h a l f - p o i n t  va lues  on t h e  boundaries from t h e  b a s i c  numerical  conser- 

va t ion  equat ions  i n  terms o f  e i t h e r  i n t e r n a l  o r  otherwise s p e c i f i e d  

va lues .  

This  

The f irst  (Section 4) w i l l  

The second p a r t  (Sect ion 

The purpose 

. 



4. BOTTOM SURFACE, TOP SURFACE, AND 

VOLUMETRIC CONTRIBUTIONS 

In t h i s  s e c t i o n  t h e  mass, momentum, and energy f luxes  from t h e  

bottom and t h e  s u r f a c e  o f  t h e  water body w i l l  be  d iscussed .  This  

inc ludes  t h e  quan t i t i e s  gB, gT> gkB9 gkT> qB> qT# qkB> qkT# U BX, U BY’ 

u 

s e r v a t i o n  equat ions  (Sect ion 2 .6 ) .  In a d d i t i o n ,  t h e  body f o r c e s ,  t h e  

mass and energy genera t ion  o r  decay p e r  u n i t  volume and u n i t  time ( i , e . ,  

and u appearing i n  t h e  d i s c r e t e  element formulat ion of t h e  con- TX ’ TY 

qV) ,  and t h e  thermophysical p r o p e r t i e s  involved ( p ,  C e ,  h)  P’ fc ,  b k ,  

w i l l  be  d iscussed .  

4 .1 .  Shear S t r e s s e s  a t  t h e  Bottom 
c 

The shea r  stresses a t  t h e  bottom appear as (uBx)i,j and (uBy)i,j i n  

Eqs. 2.75 and 2.76, r e s p e c t i v e l y .  With t h e  s i g n s  n o t a t i o n  d iscussed  i n  

Sec t ion  2.5 and Figs .  2 . 2  t o  2 .4 ,  pages 31 t o  33, t h e  bottom stresses 

were considered p o s i t i v e  i n  t h e  p o s i t i v e  d i r e c t i o n  of t h e  corresponding 

coord ina tes ,  and, t h e r e f o r e ,  t h e  nega t ive  s i g n  w i l l  be included i n  t h e  

stress express ions  themselves,  s o  t h a t  t h e  d i r e c t i o n  of  t h e  bottom 

stresses i s  always oppos i t e  t o  t h a t  o f  t h e  v e l o c i t y .  

The shea r  stresses over  any s o l i d  s u r f a c e  a r e  gene ra l ly  expresed 

i n  t h e  form 

2 
T = ApV e 

89 
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Simi la r ly ,  t h e  bottom shea r  stresses can be c a l c u l a t e d  i n  a modified form 

t o  s u i t  a two-dimensional formulat ion (Ref. 88) and can be expressed as: 

BX 

where uBX and u 

d i r e c t i o n ,  r e s p e c t i v e l y ,  (ML T ) and p i s  water d e n s i t y .  

a r e  t h e  bottom f r i c t i o n  s t r e s s e s  i n  t h e  X and t h e  Y BY 
-1 - 2  

The dimensionless  cons tan t  A B  i s  mainly a func t ion  of  Reynolds 

number and t h e  roughness of  t h e  s u r f a c e .  

commonly used nondimensional f r i c t i o n  f a c t o r  f f o r  flow i n  c losed  con- 

d u i t s .  

model s i n c e  t h e  bottom shear  stresses must be eva lua ted  l o c a l l y .  

I t  i s  b a s i c a l l y  similar t o  t h e  

Such a l o c a l i z e d  f a c t o r  i s  very d e s i r a b l e  f o r  a two-dimensional 

Bowden (Ref. 89) and o t h e r s  have eva lua ted ,  f o r  t h e  sea, a range of  

< 2 . 8  . 2 . 4  10-g 5 x B  - 

In  r i v e r s  and e s t u a r i e s  t h e  va lue  of  A B  may be h ighe r  and i t s  range 

wider,  e . g . ,  

A value  f o r  A B  of  about 3 x 

shallow water  bod ie s .  

one-dimensional flow i n  open channels ,  i n  which cases  i t  i s  common 

p r a c t i c e  t o  use  t h e  Chezy formula i n  combination wi th  t h e  Manning 

c o e f f i c i e n t .  The Chezy formula can be expressed as: 

t o  4 x seems t o  be reasonable  f o r  

Most of  t h e  d a t a  a v a i l a b l e ,  however, are based on 

. 

4 



91 

u = c z G ,  (4.61 

where U i s  t h e  one-dimensional average v e l o c i t y  a long t h e  channel ,  Rh i s  

t h e  hydrau l i c  r ad ius ,  def ined  as t h e  r a t i o  between t h e  c ros s - sec t iona l  

area and i t s  wet ted per imeter ,  SB i s  t h e  s lope  of  t h e  channel bottom 

( t an  e ) ,  and Cz i s  t h e  Chezy r e s i s t a n c e  f a c t o r ,  which can be r e l a t e d  t o  

J 

cz  = mB . 
1 /2T-1  , and dne The dimensions of  t h e  Chezy r e s i s t a n c e  f a c t o r  a r e  L 

should be c a r e f u l  i n  us ing  t h e  proper  c o e f f i c i e n t  f o r  t h e  u n i t s  i n  use .  

In p r a c t i c e  t h e  eva lua t ion  of  t h e  Chezy c o e f f i c i e n t  i s  based on empir ica l  

r e l a t i o n s h i p s  which r e l a t e  it t o  t h e  e f f e c t i v e  roughness of t h e  channel .  

The most widely accepted formula f o r  determining t h e  Chezy c o e f f i c i e n t  

i s  t h e  Manning formula,  

s (4  e 8)  Cz = (1.486/n)Rh 116 

where n i s  t h e  Manning roughness c o e f f i c i e n t .  

i n  va r ious  handbooks (Ref. 90) .  The dimensions o f  t h e  Manning 

Values o f  n are t a b u l a t e d  

c o e f f i c i e n t  are TL- 1’3s Again one should keep i n  mind t h e  u n i t s  

involved when us ing  t h i s  c o e f f i c i e n t .  

i t  i s  assumed t h a t  t h e  water depth i s  small, one can approximate t h e  

hydrau l i c  r ad ius  by t h e  depth and g e t :  

For a two-dimensional model where 

Cz = (1.486/n)H 1 /6  (4.9) 

Combining Eqs. 4 .9  and 4.7,  one g e t s :  
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= (gn 2 )/(2,208H 1/3) 
# (4.10) 

which can be used in E q s .  4.2 and 4.3. 

of Eqs. 4.2 and 4.3 will be 

The discrete element formulation 

where X can be evaluated by E q .  4.10 as: B 

(4.11) 

(4.12) 

(4.13) 

. 

4.2. Wind Shear Stresses 

The wind shear stresses appear as (oTX)i,j and ( u ~ ) ~ , ~  in E q s .  

2.75 and 2.76, respectively. 

wind will be the same as the wind direction itself (see Figs. 2.2 to 

2.4, pages 31 to 33). 

The direction of the stress caused by the 

The shear stresses exerted by the wind on the free surface of a 

water body can be expressed (Ref. 88) for a two-dimensional formulation 

in a form similar to the expression for the bottom friction as: 

(4.14) 

. 
(4.15) 
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c 

where uwx, u 

respectively, (ML- T ), p is the density of water, Wx, Wy are the wind 

velocities in the X and the Y direction, and Xw is a dimensionless con- 

stant, which must be empirically determined. Not all empirical studies 

result in correlations of the form expressed by Eqs. 4.14 and 4.15, In 

those correlations which do, Xw is normally based on the density of air 

rather than water, and its evaluation is not consistent in the open 

literature. 

and Dronkers . 88 

are the wind shear stresses in the X and the Y direction, WY 
1 - 2  

91 
A summary of existing correlations is given by Hutchinson 

Ekmang2 and Rosby” obtained (in c . g . s . ) 
(4.16). 2 -6 xwp = (Apa) = 3.2 x 10 . 

Von Dorng4 has given those values as functions of  anemometer height, and 

for the height range of 25 cm to 1000 cm, he gets the range for A W  as: 

-6 i 5 4 . 5  x . (4.17) 1.2 x 10 A Pa - xwp = 

Since the density of water p in cgs units is about 1.0, one gets a 

reasonable range for Xw as: 

1.2 x < xw < 4.5 x loe6 (dimensionless) . (4.18) 

The discrete element formulation of Eqs. 4.14 and 4.15 will then be 

(4.19) 

(4.20) 
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Wy, and X where Wx, 

for each case as discussed before, 

are specified functions of time and must be given W 

4 . 3 .  Rain, Evaporation, and Other Mass 

Fluxes at the Bottom and Top 
. 

The mass fluxes to the water body from either the bottom (seepage) 

or the top surface (rain, evaporation, etc.) are considered in the con- 

2 -1 
servation equations as (g,) i, , (gT)i,j # (gkB)i,j 3 and (gkT)i,j cML- 

The total mass fluxes gB and gT must either be measured o r  

calculated. In most cases, information on such fluxes as seepage o r  

rain can be found from published meteorological data. Evaporation can 

sometimes be calculated on the basis of equations discussed in 

Section 4.4. 

The quantities gkB and gkT represent mass diffusion of substance k 

from the bottom and top, respectively. 

mass diffusion can be expressed according to Fick’s law for binary 

In a simplified form, such a 

diffusion from one substance to the rest of the mixture as: 

(4.21) 

2 -1 where DkB is the mass diffusion coefficient (L T 

the bottom (or  top), nB i s  the space direction perpendicular to the 

bottom (or top) surface, and CkB is the mass concentration of substance 

k at bottom (or  top). 

) of substance k from 

c 
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However, p r a c t i c a l  eva lua t ion  of such d i f f u s i o n  from o u t s i d e  w i l l  

depend on empir ica l  c o r r e l a t i o n  which w i l l  normally be based on a 

formulat ion o f  t h e  Nussel t  number type ,  such as 

(4 .22)  

where Ck i s  t h e  mass concent ra t ion  o f  substance k i n s i d e  t h e  con t ro l  

volume , 
stance k from t h e  bottom (or  top)  t o  t h e  con t ro l  volume, and hM, l i k e  

i t s  equiva len t  f o r  h e a t ,  i s  u s u a l l y  e s t a b l i s h e d  empi r i ca l ly .  

crete element formulat ion o f  t h e  mass f l u x  from bottom w i l l  be 

- 2  -1 i s  t h e  mass f i l m  d i f f u s i o n  c o e f f i c i e n t  (ML T ) o f  sub- (hM) kB 

The d i s -  

and mass f l u x  from t h e  top  

(4 .23)  

(4 .24)  . 
where 

substance k by d i f f u s i o n  from t h e  bottom and top  us ing  E q .  4 . 2 2  a r e  

i n d i c a t e s  t h e  magnitude of t h e  vec to r  $. The mass f l u x e s  of  

(4 .26)  

where (hM)kB and (hM)kT are t h e  mass f i l m  d i f f u s i o n  c o e f f i c i e n t s  o f  

substance k from t h e  bottom and t h e  top ,  r e s p e c t i v e l y ,  t o  t h e  d i s c r e t e  

element ( i ,  j )  , 

. 
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4.4. Heat Exchange with the Atmosphere and Other 

Energy Fluxes at the Bottom and Top 

4.4.1. General 

Energy fluxes are considered in the conservation equation as . 
The quantities qB and qT are nonconvective energy fluxes from the 

bottom (considered to be negligible) and the top surface (primarily by 

heat exchange with the atmosphere). As in the case of mass diffusion, 

these quantities can be expressed according to the Fourier law as 

(4.27) 

where nB is the space direction perpendicular to the bottom (or top) 

surface, e 

p B  is the density of  mass coming from the bottom (or top), and (DH)B 

is the heat diffusion coefficient (L T ) from the bottom (or top). 

is the energy per unit mass coming from the bottom (or top), B 

2 -1 

Again, practical evaluation of such heat diffusion from outside the 

boundaries will depend on empirical correlation and will normally be 

based on the Nusselt number or the Newton law of cooling to give: 

(4.28) 

where T is the temperature inside the control volume, TB is the tempera- 

ture of the bottom (or top), and (hH)B is the film heat transfer 
- . *  

coefficient from the bottom (or top) to the control volume (Btu*L-'T-'F-'), 

. 

. 
which is usually established empirically. 

. 
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. 

. 

. 

. 

. 

The most important of this heat exchange takes place between the 

water surface and the atmosphere above it. 

4.2.2. Heat Exchange with the Atmosphere 

The heat exchange of a given water body with the atmosphere above 

it is a function of the particular meteorological conditions existing at 

a particular time and location. 

exchange is to sum up all the individual heat transfer rates due to the 

various heat exchange mechanisms. 

The proper way to consider this heat 

Such a summation, although a function 

of both surface water temperature and air temperature, cannot in general 

be linearized into a direct proportionality with respect to the "tern- 

perature dropstt involved. 

achieved by such linearizations, two approaches have become extremely 

popular. 

the concept of surface heat exchange coefficient and the equilibrium 

temperature of the water body. 

across the water surface can be expressed as: 

Nevertheless, because of the simplicity 

One technique, recommended by Edinger et al., 95-97 is based on 

Using these concepts the heat transfer 

(4.29) 

where qT is the heat transfer rate, Btu/day, K is the heat exchange 
coefficient, Btu/day-ft 2 - O F ,  TWS is the water surface temperature, O F ,  

and TE is the equilibrium temperature, O F .  The equilibrium temperature 

is the temperature to which a body of water would eventually come if it 

were exposed constantly to the same meteorological conditions which 

existed at the particular time and location. 

tinuously approach the equilibrium temperature but will always lag 

A body of water will con- 
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behind it because of continuous changes in the meteorological conditions. 

Both the equilibrium temperature and the heat exchange coefficient are 

functions of the meteorological conditions and normally should not be 

considered constant. However, it has been showng8 that in many cases 

an approximate value for those parameters can be obtained by using the 

following relationships: 

(4.31) 2 K = 15.7 + ( B  + 0,26)(70 + 0.7 W ) , 

-5 2 
(TWs + Td) B = 0.255 - 0.0042(Tws + Td) + 5.1 x 10 , (4.32) 

where Td is the dew-point temperature, OF, Tws is the surface water 

temperature, O F ,  Qs is the gross heat rate of solar radiation, 

Btu/day-ft , K is the heat exchange coefficient, Btu/day-ft - O F ,  and 

W is the wind speed, miles/hr. 

2 2 

Another approach becoming extremely popular because of its 

simplicity is a technique based on what is called Itexcess temperature." 

This method also is based on the concepts of equilibrium temperature and 

heat exchange coefficient, but it eliminates the need for calculating 

the equilibrium temperature itself. 

applicable energy balance equation twice--once for the water temperature 

under no power plant thermal discharges and then for the water tempera- 

ture under the specific thermal discharge analyzed, and subtracting the 

first equation from the second, 

equilibrium temperature drops out. 

This is achieved by using the 

If the terms are indeed linear, the 

The justification and advantage of 

. 

. 
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t h i s  method i s  t h a t  i n  many cases  t h e  main i n t e r e s t  o f  t h e  ana lys t  i s  

t o  c a l c u l a t e  t h e  "excess temperaturet t  c r e a t e d  by t h e  thermal d ischarge  

r a t h e r  than  t h e  a c t u a l  water  temperature .  

Both methods are use fu l  and can be used under a s p e c i f i c  s e t  of 

condi t ions .  

more proper  way should be based on ind iv idua l  computation of  each h e a t  

exchange mechanism involved. 

was "computerizedtt by Tackston and Parker. loo This approach i s  much 

more accu ra t e  than  t h e  previous two methods, has  t h e  advantage of  being 

more c l o s e l y  r e l a t e d  t o  t h e  ind iv idua l  meteorological  e f f e c t s ,  and i s  

adaptab le  t o  l o c a l  and ins tan taneous  time-dependent models. With t h e  

computing c a p a b i l i t i e s  p r e s e n t l y  a v a i l a b l e ,  t h e r e  i s  no j u s t i f i c a t i o n  

f o r  no t  applying such a method i n  a numerical  model. 

However, n e i t h e r  w i l l  be c o r r e c t  as a genera l  method. A 

Such an approach i s  used by Raphael" and 

The equat ions  used i n  t h e  last  approach and t h e  parameters  it 

r e q u i r e s  are summarized he re ,  bu t  t h e  r eade r  should r e f e r  t o  Ref. 100 

f o r  f u r t h e r  d e t a i l s ,  The n e t  hea t  exchange between t h e  water  s u r f a c e  

and i t s  surrounding i s  

(4 e 33)  

where q 

long-wave atmospheric r a d i a t i o n  ( p o s i t i v e ) ,  qb i s  t h e  long-wave back 

r a d i a t i o n  from t h e  water body (nega t ive ) ,  qe i s  t h e  hea t  l o s t  by 

evaporat ion (nega t ive) ,  and q i s  t h e  hea t  l o s t  by conduction (negat ive)  

i s  t h e  absorbed s o l a r  r a d i a t i o n  ( p o s i t i v e ) ,  qa i s  t h e  absorbed 
S 

C 
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Solar Radiation. 

5: (1 - 0.0071 c 2 )qo , 
9, (4.34) 

where 

3 4 = 2.044~ + 0.1296~~ - 0.0019~ + 0.0000076a , 90 

sin a = sin 4 sin 6 + cos $I cos 6 cos h, 

6 = -23.28 COS [21~(d/365) + 0.1641, 

c is the cloud cover in tenths of the sky, 4 is the latitude of  the site, 

h is the hour angle of the sun, and d is the day of  the year. 

Long-Wave Atmospheric Radiation. 

4 1.66 x 10” B(Ta + 460) , ‘‘a 

where 

B = A + Bea, 

9501 e = exp 117.62 - a TWB + 4601 ’ 

. 

(4 s 35) 

TWB = (0.655 + 0.36 R(Ta), 

T 

and A, B are constants that depend on cloud cover c (see Table 2 in Ref. 

is the air temperature, O F ,  R is the relative humidity of the air, a 

100). 

Back Radiation. 

qb = -1.668 x 10 -9 (TWs + 460) 4 , 
(4 e 3 6 )  

where T is the surface water temperature, O F ,  WS 
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Evaporation Heat Loss. 

I 9, - - (ews - ea) f(W) B 

where 

460 I 9501 e = exp [17.62 - 
TWS + 

ws 

(4.37) 

9501 e = exp [17.62 - + 460], a a 

and f(W) is a function for wind speed effect. 

empirical correlations for f(W) which can be expressed as: 

There are a number of 

f(W) = a + bW , (4 a 38) 

where W is wind speed in miles per hour, 

those correlations. 

Table 4.1 summarizes three of 

Table 4.1. Coefficients for Various Wind Function 
Correlations to be Used in 
Equations 4.37 and 4.38 

Correlation Coefficient a Coefficient b 

Lake Hafner 0 11.4 
Lake Colorado City 0 16.8 
Meyer 73 7.3 

Heat Gain by Conduction. 

= 0,00543 WP(T, - TWs) 4, (4.39) . 
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where 

. 
E i s  t h e  e l e v a t i o n  of t h e  s i t e  i n  f ee t ,  and W ,  Ta, and Tws a r e  as def ined  

be fo re .  

In  conclusion,  t h e  inpu t  d a t a  r equ i r ed  t o  compute t h e  var ious  h e a t  

exchanges between s u r f a c e  water and t h e  atmosphere are:  

1. cloud cover ,  c 

2 .  l a t i t u d e  of  t h e  s i t e ,  

3 .  hour angle  of  t h e  sun, h ( t h i s  parameter i s  n o t  needed i f  d a i l y  

average c a l c u l a t i o n s  are des i r ed )  

4 .  e l e v a t i o n  o f  t h e  s i t e ,  E 

5 .  a i r  temperature ,  

6 .  su r f ace  water  temperature ,  

7 .  

8.  wind speed 

9.  cloud cover func t ion ,  B = A + Be 

10. wind speed func t ion ,  f(W) = a + bW 

The q u a n t i t i e s  q 

Ta 

TWS 

r e l a t i v e  humidity o r  wet bulb  temperature  

and qkT rep resen t  t h e  energy convected t o  t h e  kB 
water body wi th  t h e  mass d i f f u s i o n  o f  subs tance  k through t h e  bottom and 

top s u r f a c e s ,  r e s p e c t i v e l y .  The d i s c r e t e  element formulat ion o f  those  

energy f luxes  w i l l  be 

(4.40) 

(4 .41 )  

. 
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where hkB and hkT are t h e  e n t h a l p i e s  of  substance k coming from t h e  

bottom and top  s u r f a c e ,  r e s p e c t i v e l y .  The nonconvective hea t  f luxes  

from t h e  bottom 

where (hH)B and 

bottom and top ,  

and t o p  i n  a d i s c r e t e  element formulat ion w i l l  be 

cqB)i ,  j = - [ (hH)Bl i , j  l T i , j  - (TB) i , j l  9 (4 42) 

(qT) i , j = - [ ( h H ) T l i , j [ T i , j  - ( T T ) i , j l  > (4 * 43)  

(hH)T a r e  t h e  f i l m  hea t  t r a n s f e r  c o e f f i c i e n t s  from t h e  

r e s p e c t i v e l y ,  t o  t h e  d i s c r e t e  element ( i , j )  . (See d i s -  

cussion above on h e a t  exchange wi th  t h e  atmosphere,)  

4 .5 .  Body Forces and Volumetric Heat 

and Mass Generation 

The conserva t ion  equat ions  developed i n  Sec t ion  2 .6  f o r  a d i s c r e t e  

element inc lude  t h e  e f f e c t s  o f  body f o r c e s  ( forces  a c t i n g  on t h e  mass 

i t s e l f  r a t h e r  than  on i t s  su r faces )  and hea t  and mass genera t ion  o r  

decay p e r  u n i t  volume and t ime. 

t i o n a l  body fo rces  have no e f f e c t  except  i m p l i c i t l y  through t h e  hydro- 

s t a t i c  p res su re  (see Sec t ion  3 .3 ) .  Other body fo rces  do a c t ,  t o  var ious  

degrees ,  i n  n a t u r a l  water  bodies ,  bu t  t h e  most important i s  t h e  C o r i o l i s  

fo rce  r e s u l t i n g  from t h e  r o t a t i o n  of  t h e  e a r t h .  This  fo rce  i s  important 

i n  l a r g e  shallow water bodies  and i s  t h e  only body fo rce  considered i n  

t h e  p re sen t  model. 

In a two-dimensional model t h e  g r a v i t a -  

The C o r i o l i s  fo rce  i s  a func t ion  of  t h e  angular  v e l o c i t y  of  t h e  

e a r t h  and the  l a t i t u d e  o f  t h e  s i t e ,  For a two-dimensional model t h e  

C o r i o l i s  f o r c e  p e r  u n i t  volume (ML - 2  T -2  ) can be expressed a s  88,101 
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( fcIX = Pnv 9 ( 4 . 4 4 )  

- 4  where 0 = 2w s i n  +, w i s  t h e  angular  v e l o c i t y  of  t h e  e a r t h  ( 0 . 7 3  x 10 

r ad ians / sec ) ,  and 0 i s  t h e  l a t i t u d e  of t h e  s i t e .  

t h a t  Eqs. 4 . 4 4  and 4 . 4 5  r e q u i r e  t h a t  t h e  coord ina te  system be r o t a t i n g  

with t h e  e a r t h ,  t h a t  t h e  XY plane be h o r i z o n t a l ,  and t h a t  t h e  coord ina te  

system be le f t -handed ,  with pos i tve  Z toward t h e  c e n t e r  of t h e  e a r t h .  

The d i s c r e t e  element formulat ion of  Eqs. 4 . 4 4  and 4 . 4 5  w i l l  be 

I t  must be remembered 

( 4 . 4 7 )  

( 4 . 4 8 )  

The genera t ion  or decay of mass and o f  hea t  p e r  u n i t  volume and 

time a r e  op t iona l  and are used f o r  express ing  chemical and thermal 

r e a c t i o n s .  They can a l s o  be used t o  s imula te  i n t a k e  and d ischarge  

ope ra t ions ,  i nc lud ing  thermal d i scha rges ,  as w i l l  be discussed i n  

Sec t ion  7 .  

4 . 6 .  ThermoDhvsical ProDert ies  

The conserva t ion  equat ions  developed i n  Sec t ion  2 .6  inc lude  

thermophysical p r o p e r t i e s  which can be func t ions  o f  temperature  as wel l  

as substance concen t r a t ions .  

r e s t r i c t e d  t o  water, t h i s  i s  t h e  material of  i n t e r e s t  i n  t h e  p re sen t  

s tudy .  The fol lowing thermophysical p r o p e r t i e s  are needed: Pk (TI , 

Although t h e  model i s  no t  n e c e s s a r i l y  
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t h e  dens i ty  of  each substance k ,  as a func t ion  of  temperature ,  and 

C 

t u r e .  

( T ) ,  t h e  s p e c i f i c  hea t  of each substance k as a func t ion  of  tempera- 

The t o t a l  d e n s i t y  and s p e c i f i c  hea t  can then be ca l cu la t ed  by 
Pk 

K 

K 
c = c c c  ’ 

k = l  k Pk 

(4.49) 

(4. 50) 

where Ck i s  t h e  concent ra t ion  of  subs tance  k .  

The formulat ion of  t h e  Conservation equat ions  a l s o  r e q u i r e s  t h e  

time d e r i v a t i v e s  of  d e n s i t y  and s p e c i f i c  h e a t ,  which i n  t u r n  must be 

expressed i n  terms of o t h e r  d e r i v a t i v e s  as fo l lows:  

ac ac aT K 

a t  a T  a t  k = l  P 
P = P - + 1 (ac l a c i )  ( a c p )  . 

(4 .51)  

(4.52) 

The time d e r i v a t i v e s  of T and Ck a r e  c a l c u l a t e d  i n  t h e  corresponding 

conservat ion equat ions  (see Sect ion 2 , 6 ) .  The d e r i v a t i v e s  with r e s p e c t  

t o  C k ,  us ing  Eqs. 4.49 and 4.50, a r e  

(4.53) 

(4.54) 
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The d e r i v a t i v e s  with respeci; t o  temperature  must be der ived  from t h e  

corresponding func t ions  p = f (T)  and C = f ( T )  and s u b s t i t u t e d  i n  
k Pk 

K 
(4.55) 

K 
(4.56) 

The d e n s i t y  of  s a l i n e  water  f o r  t h e  range of i n t e r e s t  i n  t h i s  s tudy  can 

be expressed i n  p r a c t i c e  as (Ref. 102) 

p = 62.6651 + 46.013C - 0.00006238T2 , (4.58) 

where p i s  t h e  d e n s i t y  l b / f t 3 ,  C i s  t h e  mass concent ra t ion  of  s a l t ,  and 

T i s  the  temperature ,  O F .  

Equation 4.58 has a s tandard  e r r o r  of  0.1022 f o r  t h e  range 

0.00 < C < 0.1034 

60 < T < 260'F. 

- -  
- -  

In  o rde r  t o  b r i n g  Eq. 4.58 t o  a form which can be used i n  Eq. 4 .49,  t h e  

equat ion was broken i n t o  two p a r t s :  

p k ( s a l t )  = 46.013 , (4.59) 

(4.60) 2 pk(water)  = (62.6651 - 0.00006238T )/Ck , 

so  t h a t  i f  Eq. 4.49 i s  used i n  t h e  case o f  water and s a l t  on ly ,  one g e t s  . 
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. 

. 

K 2 
= 62.6651 + 46.013Csalt - 0.00006238T , P = 1 ‘kPk = C I P l  + C 2 P 2  

k= 1 

which i s  E q .  4.58. 
2 

As discussed  i n  Sec t ion  2 ,  t h e  con t r ibu t ions  of k i n e t i c  energy V / 2  

and p o t e n t i a l  energy gZ t o  t h e  s p e c i f i c  internal  energy a r e  n e g l i g i b l e .  

Therefore ,  f o r  each c o n s t i t u e n t  we have 

T 

‘0 

T 

(4 61) 

(4.62) 

where e 

formation f o r  c o n s t i t u e n t  k .  

and ho a r e  i n t e r n a l  energy of formation and t h e  en tha lpy  of  0 

The internal  energy and t h e  enthalpy of  t h e  mixture must be 

ca l cu la t ed  from 

K 
h = 1 Ckhk 

k= 1 

(4.63) 

(4.64) 

Expressions f o r  ek and hk must be found i n  t h e  l i t e r a t u r e  f o r  each 

c o n s t i t u e n t  and combined by us ing  E q s .  4 .63 and 4.64. 



5.  FORMULATION OF INITIAL AND BOUNDARY CONDITIONS 

5.1.  I n i t i a l  Conditions 

The mathematical formulat ion o f  a time-dependent model r e q u i r e s  

t h a t  a l l  unknown va lues  a t  c e r t a i n  time ( t  ) should be s p e c i f i e d  as a 0 

funct ion of  p o s i t i o n .  Such information must be  e i t h e r  a v a i l a b l e  o r  

assumed. If t h e  a c t u a l  "h is tory( '  of t h e  case  i s  n o t  n e c e s s a r i l y  of  

i n t e r e s t ,  any s e t  of i n i t i a l  condi t ions  can be s p e c i f i e d ,  and t h e  problem 

must then  be i n v e s t i g a t e d  f o r  a s u f f i c i e n t  length  o f  time t o  l e t  t h e  

e x i s t i n g  e x t e r n a l  condi t ions  dominate. In a case of  an e s t u a r y ,  one may 

be i n t e r e s t e d  i n  quas i - s t eady- s t a t e  cond i t ions .  In t h i s  case ,  any s e t  

of i n i t i a l  condi t ions  can be used, a l though a s o l u t i o n  w i l l  be  achieved 

sooner i f  those  condi t ions  are as c l o s e  t o  t h e  expected s o l u t i o n  as 

p o s s i b l e .  

case,  when t h e  r e s u l t s  are p r a c t i c a l l y  r epea t ing  themselves every t i d a l  

cyc le .  

A quas i - s teady  s t a t e  i s  assumed t o  be achieved, i n  an e s tua ry  

The d i s c r e t e  element formulat ion of  t h e  i n i t i a l  condi t ions  can i n  

general  be expressed as 

P .  . ( t  = t o )  = (POIiJ j  , 
~ J J  (5.11 

. 

where P i s  any p rope r ty  and P 

be a func t ion  of  p o s i t i o n .  

i s  t h e  va lue  o f  P a t  time to, which can 0 

108 
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., 

t 

5 . 2 .  General Discussion o f  Ana ly t i ca l  and Numerical 

(Half Po in t s )  Boundarv Conditions 

In a classical  a n a l y t i c a l  formulat ion t h e  boundary condi t ions  can 

be expressed by spec i fy ing  t h e  va lues  o f  t h e  unknowns themselves 

( D i r i c h l e t  cond i t ion ) ,  t h e  values  o f  t h e i r  d e r i v a t i v e s  (Neuman c o n d i t i o n ) ,  

o r  t h e  appropr i a t e  f l u x e s  involved.  

t h i s  s tudy ,  no p a r t i a l  d i f f e r e n t i a l  equat ions have been der ived ,  bu t  

r a t h e r  t h e  conserva t ion  p r i n c i p l e s  have been d i r e c t l y  appl ied  on each 

d i s c r e t e  e lement ,  The method, t h e r e f o r e ,  does not  ca l l  f o r  boundary 

condi t ions  i n  t h e  classical  sense ,  which are appl ied  i n  t h e  process  of  

i n t e g r a t i n g  t h e  p a r t i a l  d i f f e r e n t i a l  equat ions  t o  r e t r i e v e  back t h e  

o r i g i n a l  i n t e g r a t e d  ones.  Never the less ,  t h e  d i s c r e t e  element formulat ion 

of  t h e  conservat ion equat ions developed i n  Sec t ions  2 . 5  t o  2 . 8  does c a l l  

f o r  h a l f - p o i n t  va lues ,  which are normally eva lua ted  on an average b a s i s ,  

as d iscussed  i n  Sec t ion  2 .9  f o r  i n t e r n a l  d i s c r e t e  e lements .  On t h e  

boundaries ,  however, t h e  elements do no t  have neighboring elements from 

a l l  s i d e s ,  b u t  r a t h e r  some of t h e i r  faces co inc ide  with t h e  phys ica l  

boundaries .  

element p o i n t  o f  view i s  t o  allow t h e  e l imina t ion  of  those  h a l f - p o i n t  

values  on t h e  boundaries  e i t h e r  i n  terms of  s p e c i f i e d  values  o r  i n  terms 

o f  va lues  o f  i n t e r n a l  d i s c r e t e  e lements .  This  s e c t i o n  w i l l  d i s cuss  t h e  

way t h i s  can be done f o r  each type  o f  phys i ca l  boundary case on hand. 

For t h e  purpose of d i scuss ion ,  t h e  classical  a n a l y t i c a l  formulat ion of 

t h e  boundary condi t ions  w i l l  be  used,  a l though t h e  actual a p p l i c a t i o n  of 

For t h e  numerical approach used i n  

The purpose of  t h e  "boundary condi t ions"  from t h e  d i s c r e t e  
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those condi t ions  w i l l  b e  only f o r  de r iv ing  h a l f - p o i n t  va lue  express ions .  

The d iscuss ion  h e r e  w i l l  be  r e l a t e d  t o  a d i s c r e t e  element with a s i n g l e  

s i d e  boundary, and t h e  formulat ion f o r  o t h e r  s i t u a t i o n s  can be s i m i l a r l y  

der ived .  A corner  element w i l l  be  d iscussed  l a t e r  s e p a r a t e l y .  Figure 

5 . 1  shows such a d i s c r e t e  element wi th  a phys ica l  boundary on i t s  r i g h t -  

hand s i d e .  The c e n t e r  of t h e  element i s  loca ted  a t  ( ib ,  j ) .  The 

boundary p lane  i t s e l f  co inc ides  with t h e  h a l f  g r i d  l i n e ,  i b  + 1 / 2 .  

imaginary node i s  c r e a t e d  o u t s i d e  of t h e  boundary with an imaginary 

g r i d  l i n e  i b  + 1 and with AXib+l = AXib. The l e t t e r  P w i l l  i n d i c a t e  any 

one of  t h e  unknowns, t h a t  i s ,  H,  V ,  U ,  T ,  o r  Ck. This  imaginary element 

i s  considered t o  have p r o p e r t i e s  which are based on l i n e a r  e x t r a p o l a t i o n  

from t h e  p r o p e r t i e s  of  i t s  i n t e r n a l  element coun te rpa r t ,  i . e . ,  

/ 

An 

- + ' i b + l / 2 , j  - ' i b , j  AXib ; 
' i b + l , j  - ' i b , j  0 .5  AXib 

t h e r e f o r e ,  

(5 .21 

(5.31 - 
' i b + l , j  - 2Pib+1 /2 , j  - ' i b , j  

The h a l f - p o i n t  va lues  i n  t h e  c e n t e r  o f  each face of a d i s c r e t e  element 

i n  F ig .  S , l ) ,  when t h i s  p o i n t  f a l l s  on a boundary, w i l l  b e  ( ' ib+l/2,  j 

developed i n  Sec t ions  5 .4  t o  5 .7 .  

of  a d i s c r e t e  element (Pib+l/2 , j + 1 / 2  Or ' ib+1/2,j-1/2 

l i n e a r  averaging procedure i s  used based on i t s  two neighboring face- 

For t h e  boundary p o i n t s  i n  a corner  

i n  F ig .  5 .1)  a 

centered  boundary p o i n t s .  In t h e  sample shown i n  F ig .  5 . 1 ,  t h i s  averaging 

procedure can be expressed as:  

8 
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Figure 5.1. A discrete element with a physical boundary on its 
right hand side. 

. 



1 1 2  

AY 
' ib+1/2,j+1/2 - AY + A Y j + l  ' ib+l/Z , j + l  

- j 
j 

" j+ l  
+ A Y  + A Y j + l  ' ib+1/2, j  ' 

j 

AY - -.j 
j 

+ AY ' i b + l / 2 , j - l  'ib+ 1 / 2 ,  j - 1 / 2  AY - 

'Yj - 1 
+ AY + AY ' i b+ l /Z , j  ' 

j-1 j 

( 5 . 4 )  

(5 .5)  

The app l i cab le  boundary cond i t ions ,  which w i l l  be  considered i n  Sec t ions  

5 . 4  t o  5 . 7 ,  can be grouped i n t o  fou r  types ,  which a r e  d iscussed  below. 

5.3. Tvnes of  Boundarv Condit ions 

Boundary condi t ion  type  No, 1 r e p r e s e n t s  t h e  case where t h e  va lue  

of t h e  unknown i t s e l f  i s  s p e c i f i e d ,  i . e . ,  

'boundary = P b ( t )  . ( 5 . 6 )  

This  boundary condi t ion  i s  a D i r i c h l e t  cond i t ion  type  which s p e c i f i e s  

t he  va lue  of  t h e  unknown i t s e l f .  The va lue  can be a func t ion  of  time 

o r  cons t an t ,  i nc lud ing  ze ro .  I t  i s  a most r e s t r i c t i n g  s p e c i f i c a t i o n ,  

and i n  o r d e r  t o  be used, one must be s u r e  t h a t  it does indeed r e f l e c t  

t he  r e a l i t y  intended t o  be modeled. 

h a l f - p o i n t  va lues  on t h e  boundaries ,  t h i s  type  of  boundary condi t ion  i s  

simply def ined  by 

For d i s c r e t e  element formulat ion of 

. 
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where Pb( t )  i s  a s p e c i f i e d  func t ion  of  time f o r  t h e  proper ty  on t h e  

boundary su r face .  

Boundary cond i t ion  type  No, 2 r e p r e s e n t s  t h e  case where t h e  f irst  

d e r i v a t i v e  o f  t h e  unknown with r e spec t  t o  t h e  d i r e c t i o n  perpendicular  t o  

t h e  boundary s u r f a c e  i s  known, i . e . ,  

E/ an boundary = Pbf( t )  ' 

This  boundary cond i t ion  i s  a Neuman condi t ion  type ,  and it s p e c i f i e s  

t h a t  t h e  f l u x  ac ross  t h e  boundary i s  known, 

c a t i o n  of t h e  boundary cond i t ion ,  although i t  i s  less r e s t r i c t i v e  than  

de f in ing  t h e  va lue  o f  t h e  unknown i t s e l f .  The s p e c i f i e d  f l u x  can be a 

func t ion  of  time o r  a cons tan t  ( inc luding  ze ro ) .  In o rde r  t o  use  t h i s  

type o f  cond i t ion ,  one must d e f i n i t e l y  know t h a t  it does re f lec t  t h e  

r e a l i t y  intended t o  be modeled. 

This  i s  a d e f i n i t e  s p e c i f i -  

For d i s c r e t e  element formulat ion o f  h a l f - p o i n t  values  on t h e  

boundaries ,  t h i s  type  o f  boundary condi t ion  i s  def ined  as 

Using Eq. 5.3 f o r  P ib+ l , j  and rear ranging ,  one g e t s  

(AX) i b  ' ib+l /2 ,  j - - ' ib, j 
'bf ' 2 + (5.10) 
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The f l u x  Pbf of  t h e  p rope r ty  a t  t h e  boundary may, o f  course,  a l s o  be 

zero ,  

Boundary cond i t ion  No. 3 ,  which i s  equiva len t  t o  Newton's law of  

cool ing,  r e p r e s e n t s  a case where t h e  condi t ions  o u t s i d e  t h e  modeled 

boundaries r a t h e r  than  on t h e  boundaries are known. The f l u x  between 

a boundary and i t s  ex te rna l  surroundings i s  normally empi r i ca l ly  co r re -  

l a t e d  as 

Pbf -h (P (5.11) b b - 'bo) ' 

where Pbf i s  t h e  f l u x  of  t h e  p rope r ty  ac ross  t h e  boundary s u r f a c e  t o  t h e  

surroundings,  Pb i s  t h e  va lue  of t h e  proper ty  a t  t h e  boundary surface, 

'bo 
f i l m  t ransfer c o e f f i c i e n t ,  which de f ines  t h e  r e c i p r o c a l  of  t h e  r e s i s t a n c e  

t o  t h e  f l u x  o f  t h e  p rope r ty .  On t h e  b a s i s  of  E q .  5.11, i f  t h e  f l u x  Pbf 

and t h e  ou t s ide  va lue ,  Pbo, o f  t h e  p rope r ty  are known, t h e  va lue  a t  t h e  

boundary su r face ,  Pb, can be eva lua ted .  

o f  boundary cond i t ion ,  one must be s u r e  t h a t  t h e  va lue  of t h e  p rope r ty  

ou t s ide  t h e  boundaries  i s  indeed independent ly  known and t h a t  t h e  f l u x  

i t s e l f  i s  indeed a f o r c i n g  r e a l i t y  which must be  s a t i s f i e d  by t h e  

mathematical model. 

i s  t h e  value of  t h e  proper ty  o u t s i d e  of  t h e  boundary, and hb i s  t h e  

Here aga in ,  when us ing  t h i s  type  

Expressing t h i s  condi t ion  f o r  d i s c r e t e  element h a l f - p o i n t  values  and 

re arr an g i n  g g ive  s 

' i b+ l /2 , j  - - ' i b , j  + (l/hb)Pbf 3 
(5.12) 

where Pbf i s  t h e  f l u x  through t h e  boundary s u r f a c e  i n t o  t h e  element and 

l / hb  i s  t h e  " r e s i s t ance"  t o  t h i s  f l u x .  

. 

' 
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Boundary condi t ion  type  No. 4 r ep resen t s  t h e  case where t h e  second 

d e r i v a t i v e  of  t h e  unknown i n  t h e  d i r e c t i o n  perpendicular  t o  t h e  boundary 

s u r f a c e  equals  zero ,  i . e . ,  

o r  

= o ,  

= cons tan t  (unknown) . 

(5.13) 

(5.14) 

This  type  of boundary can be i n t e r p r e t e d  as spec i fy ing  only t h a t  

t h e  f l u x  ac ross  t h e  boundary i s  n o t  a func t ion  of  t h e  d i r e c t i o n s  perpen- 

d i c u l a r  t o  t h e  boundary s u r f a c e ,  

and p r a c t i c a l l y  leaves  t h e  condi t ion  unspec i f i ed  i n  a second-order 

d i f f e r e n t i a l  equat ion .  

t h e r e  i s  no j u s t i f i c a t i o n  for t h i s  type  o f  cond i t ion .  

o f  a n a l y t i c a l  boundary condi t ion  t h a t  may have such u n r e s t r i c t i v e  

c h a r a c t e r i s t i c s  i s  t h e  condi t ion  of  s p e c i f i e d  ambient va lue  a t  i n f i n i t y .  

However, such a condi t ion  i s  no t  a v a i l a b l e  f o r  f i n i t e  d i f f e r e n c e  

formulat ion,  s i n c e  an i n f i n i t e  space dimension i s  no t  r e a l i s t i c a l l y  

p o s s i b l e .  

be s p e c i f i e d ,  i f  n o t  i n  terms of known va lues ,  a t  least  i n  terms of  

va lues  o f  ad jacen t  i n t e r n a l  e lements .  

boundary cond i t ion  type  No. 4.  

c r e t e  element formula t ion  as:  

I t  i s  a most u n r e s t r i c t i v e  condi t ion  

From an a n a l y t i c a l  formulat ion po in t  of  view, 

The c l o s e s t  type  

Never the less ,  t h e  h a l f - p o i n t  value on t h e  boundary must always 

This  i s  t h e  only purpose of 

Equation 5.14 can b e  expressed f o r  d i s -  

' ib+1/2,j  - ' i b - l /Z , j  - - ' i b + l , j  - ' i b , j  

"ib "ib 
(5.15) 
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Using E q .  5 .3  f o r  P i b + l , j  and t h e  h a l f - p o i n t  r e l a t i o n s h i p  f o r  Pib-1,2 

given by Eq. 2.81, one g e t s ,  a f te r  reorder ing  terms and spme a l g e b r a i c  

manipulat ion,  t h a t  t h e  proper ty  on t h e  boundary i t s e l f ,  Pib+l,2, can b e  

expressed i n  terms o f  known i n t e r n a l  values as :  

, j  

+ "ib ( 'ib,j - ' i b - l , j  1 -  (5.16) 

A summary o f  t h e  fou r  types o f  boundary condi t ions  and t h e i r  

p h y s i c a l  meaning as d iscussed  above i s  given i n  Table 5 .1 .  The c l a s s i c a l  

a n a l y t i c a l  formulat ion i s  used only f o r  c l a r i t y ,  b u t ,  as s a i d  be fo re ,  t h e  

condi t ions  are d i r e c t l y  used f o r  formulat ing h a l f - p o i n t  values o f  t h e  

d i s c r e t e  e lements .  

In  t h e  next  s e c t i o n s ,  var ious  s i t u a t i o n s  i n  r e a l i t y  t h a t  are o f  

i n t e re s t  i n  t h e  p re sen t  s tudy  w i l l  be  d iscussed .  

condi t ions  t o  be used i n  each case  f o r  each unknown w i l l  a l s o  be  

d iscussed .  

The types of  boundary 

5.4.  S o l i d  Wall, No-Slip, and Free-Sl ip  Condit ions 

Any f l u i d  t h a t  has  a f i n i t e  v i s c o s i t y  w i l l  have a t  t h e  po in t  of  

con tac t  with a s o l i d  boundary t h e  same v e l o c i t y  as t h e  boundary i t s e l f .  

This  means t h a t  both t h e  re la t ive normal and t a n g e n t i a l  v e l o c i t i e s  of  

t h e  f l u i d  with r e s p e c t  t o  t h e  s o l i d  boundaries must vanish a t  t h e  p o i n t s  

of  con tac t .  

p r i n c i p l e  always c o r r e c t  and can be expressed as 

Those are known as t h e  "no s l i p "  cond i t ions ,  which are i n  

I 
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Table 5.1. Types of  Boundary Conditions 

Boundary 
Condition Mathematical Evaluat ion 

Type a t  t h e  Boundary Surface Phys ica l  Meaning 

1 P = P b ( t )  Proper ty  i t s e l f  on t h e  boundary 
s u r f a c e  is  a known func t ion  o f  
time which can a l s o  be cons tan t  o r  
zero.  

2 aP/an = P b f ( t )  Flux of  p rope r ty  through boundary 
s u r f a c e  i s  a known func t ion  of 
time, which may a l s o  be cons tan t  
o r  zero.  

3 = pbo + (Pbf/hb) Flux of  p rope r ty  on boundary sur- 
face  and value  of  p rope r ty  i tself  
o u t s i d e  of boundaries are known. 

4 (a /an)/ (aP/an)  = 0 Flux of  p rope r ty  through open 
boundary i s  undis turbed .  A very  
u n r e s t r i c t i v e  boundary cond i t ion .  

. 



118 

v = 0 (boundary condi t ion  type  No, 1) , n (5.17) 

v = 0 (boundary condi t ion  type No. 1 )  , a t  t h e  boundary. 

However, t h e r e  are many s i t u a r i o n s  under which t h e  "free s l i p "  
t 

condi t ions  are assumed t o  e x i s t .  In  t h i s  case t h e  r e l a t i v e  normal 

v e l o c i t y  vanishes  a t  t h e  s o l i d  s u r f a c e  (assuming no pe rmeab i l i t y ) ,  bu t  

t h e  t a n g e n t i a l  v e l o c i t y  i s  unaf fec ted  by i t .  

expressed as fo l lows .  

This  condi t ion  can be  

A t  t h e  boundary, 

= 0 (boundary condi t ion  type  No. 1 )  , 'n (5.18) 

(8vt)/8n = 0 (boundary condi t ion  type  No. 2 ) .  

Some examples of  s i t u a t i o n s  under which t h e  "free s l i p "  condi t ions  

can be assumed are 

1. i d e a l  t tnonviscousll  f l u i d  , 
2 .  

3 .  

4. zone of  i n t e r e s t  f a r  from t h e  phys ica l  boundaries ,  

5 .  

boundary r ep resen t s  an i d e a l l y  smooth su r face ,  

boundary r e p r e s e n t s  a symmetry l i n e ,  

i n  numerical  s o l u t i o n s  where t h e  g r i d  i n t e r v a l s  are very l a r g e  

compared with t h e  th ickness  o f  t h e  boundary l a y e r .  

A t h i r d  p o s s i b i l i t y  i s  t h a t  t h e  t a n g e n t i a l  v e l o c i t y  w i l l  be  l e f t  

undefined by us ing  boundary condi t ion  type  No. 4 .  

v e l o c i t y  i s  l e f t  t o  t a k e  i t s  va lue  under t h e  c o n s t r a i n t s  o f  t h e  conserva- 

t i o n  equat ions  themselves .  

In  t h i s  way t h e  

The boundary condi t ions  t o  be  imposed on water e l e v a t i o n ,  temperature ,  

and subs tance  mass concent ra t ions  w i l l  depend aga in  on t h e  b e s t  boundary 

condi t ion  type  which can be chosen t o  r e f l e c t  an e x i s t i n g  r e a l i t y .  For 
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. t h e  case involv ing  n a t u r a l  water bodies ,  it w i l l  be  most common t o  u s e  

boundary condi t ion  type  No. 2 ( f l u x  assumed t o  be zero)  f o r  temperature 

and mass concent ra t ion  and boundary condi t ion  type No. 4 f o r  water 

e l e v a t i o n  ( s ince  it i s  d e s i r e d  t o  a l low t h e  water e l eva t ion  a t  t h e  

boundary t o  f i n d  i t s  p o s i t i o n  on t h e  b a s i s  of  t h e  con t inu i ty  equat ion) .  

5.5. Open Channel, Flow In 

In t h e  case of flow coming i n t o  t h e  c o n t r o l l e d  volume through t h e  

open channel,  commonly a l l  t h e  unknowns are s p e c i f i e d  as boundary con- 

d i t i o n  type  No. 1 (values  s p e c i f i e d  based on t h e  i n l e t  condi t ions)  

except  water e l e v a t i o n ,  which i s  s p e c i f i e d  as boundary condi t ion  type  

No. 4 .  Other s i t u a t i o n s  are,  of course,  p o s s i b l e ,  and t h e  appropr i a t e  

boundary condi t ions  should then  be used (see  Table 5 . 2 ) .  

5.6.  ODen Channel, Flow Out 

. 

f 

In t h e  case of flow leaving  t h e  con t ro l  volume through an open 

channel,  a l l  t h e  f luxes  are assumed t o  s t a y  cons tan t  along t h e  flow by 

us ing  boundary condi t ion  type  No. 4. The va lues  a t  t h e  boundaries are 

then func t ions  of t h e i r  corresponding i n t e r n a l  va lues .  

however, i s  s p e c i f i e d  by us ing  boundary condi t ion  type  No, 1. The 

flow out  can a l s o  be s p e c i f i e d ,  bu t  then t h e  water l e v e l  should be l e f t  

unspec i f ied  by us ing  boundary condi t ion  type  No. 4. 

p o s s i b l e ,  and t h e  appropr i a t e  boundary condi t ions  should be used on a 

case-by-case b a s i s .  

The water l e v e l ,  

Other s i t u a t i o n s  are 
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Table 5 . 2 .  Some Examples of Poss ib le  Boundary Conditions 
and Boundary Condition Types t o  be Used f o r  

Each Unknown (See Table 5 .1)  

~ -~ 

Unknown Water Surface Normal Tangent ia l  Transported 
Property Eleva t ion ,  H Velocity, ,V, Veloc i ty ,  V, P r o p e r t i e s ,  T ,  Ck 

Sol id  wall, Itno 
s l ip"  condi t ion  

So l id  w a l l ,  " f r ee  
s l i p "  condi t ions  

Open channel , flow 
i n  ( con t ro l l ed  by 
flow volume) 

Open channel,  flow 
i n  ( con t ro l l ed  by 
water  l e v e l  
d i f f e r e n t i a l  ) 

Open channel,  
flow out  

Flow out  over 
a dam 

Oceanic open- 
i n g  of an 
e s tua ry  ( t i d a l )  

Open channel,  
flow i n  (con- 
t r o l l e d  by 
water l e v e l )  

1, 1, 2 ,  v = o  Vt = 0 aP/an = o n 

1, 2 4 2 ,  
aP/an = o av t -an = 0; 

vn = 0 

4 o r  1 4 4 

4 4 4 

4 4 Flood Ebb 
4;  1, 

P = P b ( t )  

4 4 1, 
P = P b ( t )  

Type 3 :  p = pbo + (Pbf/hb) 

Type 4: aP/an = cons t  (or  3 2 P/an 2 = 0 ) .  

. 

t 

L 
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5.7 .  Ocean Opening i n  an Estuary 

An e s t u a r y  opening t o  t h e  ocean i s  a s p e c i a l  case  and a very 

complicated one. 

t h e  t i d a l  movements i n  t h e  ocean, 

should inc lude  a l a r g e  p o r t i o n  of  t h e  ocean i t s e l f ,  so t h a t  t h e  con- 

d i t i o n s  a t  t h e  model boundaries w i l l  be  those  of t h e  unaf fec ted  ocean. 

Such an a t tempt  w i l l ,  however, create major p r a c t i c a l  d i f f i c u l t i e s  

because of t h e  complicated condi t ions  e x i s t i n g  a t  t h e  ocean i t s e l f ,  

seems t h a t  a reasonable  s o l u t i o n  would be t o  l i m i t  t h e  e x t e n t  of an 

e s t u a r y  model t o  some l o c a t i o n  c l o s e  t o  t h e  ocean where condi t ions  are 

r o u t i n e l y  monitored. Such a l o c a t i o n  i s  n o t  always a v a i l a b l e ,  and t h e  

i s s u e  must be s e t t l e d  on a case-by-case b a s i s .  

The dynamics i n  t h e  e s t u a r y  a r e  mostly c o n t r o l l e d  by 

In p r i n c i p l e  t h e  zone being s imulated 

I t  

In  many cases  t h e r e  are publ ished d a t a  on t h e  water e l eva t ion  a t  

t h e  e s tua ry  mouth as a func t ion  of  time which can be used f o r  spec i fy ing  

water e l e v a t i o n  a t  t h e  boundary as boundary condi t ion  type  No. 1. 

v e l o c i t i e s ,  i n  t h i s  case ,  should be s p e c i f i e d  as boundary condi t ion  

type  No. 4 ,  so  t h a t  t h e i r  va lues  w i l l  be  e s t a b l i s h e d  from i n t e r n a l  

va lues  which are c a l c u l a t e d  from t h e  conserva t ion  equat ions.  

por ted  va lues  ( temperature  and substance mass concent ra t ions)  must a l s o  

be s p e c i f i e d  as boundary condi t ion  type  No. 4 when t h e  flow i s  leaving  

t h e  e s tua ry .  However, when the  flow i s  reversed  and i s  p e n e t r a t i n g  

back from t h e  ocean i n t o  t h e  e s tua ry ,  t h e  condi t ions  a r e  not  wel l  

def ined.  

mixing wi th  t h e  d ischarge  from t h e  e s t u a r y  a t  t h e  previous ebb per iod;  

and, t h e r e f o r e ,  one cannot spec i fy  t h e  i n l e t  condi t ions  during t h e  t i d e  

The 

The t r a n s -  

A l a r g e  zone of t h e  ocean i t s e l f  was a f f e c t e d  by d i l u t i o n  and 
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period as being the same as for the unaffected ocean itself. 

cannot be solved correctly without analyzing at least part of the ocean 

close to the estuary discharge point, 

specified conditions (boundary condition type No. 1) for temperature and 

mass concentration when flow is coming in (ebb period) and to express 

their values as functions of either time or velocities. 

of such a function, but speculative in nature, may be to assume an 

exponential decay of the property with time immediately after the stage 

of low slack water. The simplest possibility, although not accurate, is 

to assume that the property transported into the estuary during the flood 

period is constant and identical to the value in the ocean far from the 

boundary point. Other possibilities exist, and much is left here to the 

analyst's judgment of the specific case on hand. 

This problem 

A reasonable estimate may be to use 

One possibility 

5 . 8 .  Summary of Boundary Conditions 

Table 5.2 gives a summary of various examples of interest in this 

The boundary condition type suggested for each unknown in each study, 

case is indicated. 

list of possible cases, nor are the boundary condition types recommended 

the only ones that can be used for these cases. The boundary conditions 

are the best chance for the analyst to integrate "reality" into his 

mathematical model, and much professional judgment is required for taking 

full advantage of this opportunity. 

It must be remembered that this is not a complete 

4 

.. 

. 
a 
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6, THE NUMERICAL SOLUTION OF EQUATIONS AND 

STABILITY ANALYSIS 

The discrete element forms of the conservation equations have been 

developed in Sections 2.5 to 2 . 8 ,  

with the classical differential equations will be discussed in this 

section, as well as the numerical solution of  those equations and their 

The compatibility of this formulation 

stability. 

6.1. The Reduction of the Discrete Element Forms of the 

Conservation Equations to Their 

Classical Differential Form 

As discussed in Section 2 . 2 ,  the discrete element forms of the 

conservation equations were derived directly from the corresponding con- 

servation principles without taking the limiting procedure for deriving 

the classical form of partial differential equations. This raises the 

question of whether these equations will reduce to the classical 

differential equations if the limits AXi 

applied, 

3 0, AYi + 0 are indeed 
, j  , j  

This can be easily shown to be the case, 

6.1.1. The Total Mass Conservation Equation 

The discrete element form of this equation is given by E q .  2 . 3 8 .  

Substituting backward Eq. 2 . 3 7  into Eq. 2.38, taking the limits AXi + 0, , j  

AYi 0, dropping the i, j notation of the properties to represent 
, j  

? 

local values, and rearranging gives 

123 
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replacing g and g by pU and pV,  respectively, X Y 

which is the classical partial differential equation for the conservative 

form of the total mass conservation in two space dimensions and variable 

water depth. The right-hand side of Eq. 6.2 will, of course, be zero if 

no external contributions are considered. 

6.1.2. The Mass Conservation Equation for Constituent k 

The discrete element form of the mass conservation equation for a 

constituent k is given by Eq. 2.50. Substituting backward Eq. 2.49 into 

Eq. 2.50, taking the limits AXi 

notation of the properties to represent local values, and rearranging 

gives 

-f 0, AYi + 0, dropping the i, j 
,j , j  

Substituting pU and pV for gx and gy and also p for pCk gives k 
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t 

which is the classical partial differential equation f o r  the conservative 

form of the mass conservation of constituent k in two space dimensions 

and variable water depth. 

familiar form by moving the fluxes gkx and gky to the right side. 

those fluxes are considered to obey Fick's law, Eq. 6.4 can be rearranged 

to 

Equation 6.4 can be rearranged to a more 

If 

which may be a more familiar version. 

6.1.3. Energy Conservation Equation 

The discrete element form of the energy conservation equation is 

given by Eq. 2.61. Substituting backward Eq. 2.60 into Eq. 2.61, taking 

the limits AX -f 0, AYi -+ 0, dropping the i, j notation of  the 
iJj Jj 

properties to represent local values and rearranging gives: 

. 
+ 

K 1 
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Substituting gx = pU,  gy = pV gives: 

which is the classical partial differential equation for the conservative 

form of the energy conservation in two space dimensions, variable water 

depth, and multisubstance mixture. 

more familiar form if applied to a single constituent and by moving the 

fluxes qx and qy to the right-hand side of the equation. If those fluxes 

are also considered to be by diffusion only, Eq. 6 . 7  can be rearranged by 

using the effective thermal conductivity kH to give 

Equation 6 . 7  can be reduced to a 

which may be a more familiar form. 

6.1.4. The Momentum Conservation Equations 

The discrete element form of the momentum equations in the X and Y 

directions are given by Eqs. 2 . 7 5  and 2.76, respectively. Substituting 

4 
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backward Eq. 2 . 7 4  into Eq. 2 . 7 5 ,  taking the limits AXi 

dropping the i, j notation of the properties to represent local values, 

replacing gx and gy by pU and p V ,  respectively, and rearranging gives: 

+ 0, AYi + 0, , j  ,j 

. 

which is the classical partial differential equation for the conservative 

form of the momentum equation in the X direction in two space dimensions 

and variable water depth. 

momentum equation in the Y direction. 

A similar reduction can be accomplished for the 

The discrete element formulation is then competent with the classical 

partial differential form but is not equivalent to it. 

sion series normally used to get the finite difference equations from 

the corresponding partial differential equations are not needed for 

deriving the discrete element form of  the conservation principles. 

The Taylor expan- 

6 .2 .  The Numerical Solution of  the 

Governing Eauations 

The system of equations presented by Eqs. 2 . 3 8 ,  2 . 5 0 ,  2.61, 2 . 7 5 ,  

and 2 . 7 6  for the conservation of mass, momentum, and energy constitute 

a set of nonlinear first-order simultaneous ordinary differential 

equations with respect to time of the form 

at dp(R) = F('l)[t, P1(t), P 2 ( t ) ,  ... P ( N )  (t)] (6.10) 
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with the initial conditions 

P@) (to) = Po b (6.11) 

where & = 1, 2 ,  ..., N. 
In order for this initial value problem to have a solution which is 

both unique and continuous and also satisfies the initial conditions, the 

functions F") must have no singular points and may have only a finite 

number of finite discontinuities in the neighborhood of the initial 

The system of equations on hand will satisfy these con- point F 

ditions if the forcing functions involved (bottom, top, and volumetric 

conditions) satisfy these conditions. 

0' 

The conservation equations that were developed in Section 2.6 using 

the discrete element approach do not involve a solution of nonlinear 

second-order simultaneous partial differential equations with respect to 

space and time but rather a set of ordinary differential equations with 

respect to time which can be solved by numerical integration methods. 

Because of the complexity of the problem, the number of unknowns and 

equations involved, the complex and nonlinear boundary conditions which 

must be handled, an explicit method of a max'ching computational technique 

starting from a known set of initial cdnditions seems to be preferable. 

Such a scheme will, of course, have stability limitations on the size of 

time step used. 

unconditionally stable, may have some advantage over explicit schemes 

from the stability point of view. However, for such a complex system 

as the one discussed here, the computational time which will be required 

Implicit schemes, which are known to be in most cases 

. 

. 
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. 

to achieve convergence of the matrix solution within each time step may 

be very large, and, therefore, it is definitely not certain that the 

choice of a larger time step will result in a net gain of computing 

time. In addition, the staki-Lity of implicit methods is not actually 

guaranteed for nonlinear simultaneous partial differential equations 

with nonlinear boundary conditions, since there exists no rigorous 

mathematical proof for such systems, 

The discrete element system of Eqs. 2.38, 2.50, 2.61, 2.75,  and 

2.76 with the proper fluxes and volumetric generation have been inte- 

grated by a forward marching technique. Both the simple Euler method 

for one-time step integration and the more accurate modified fourth- 

order Runge-Kutta method with Gill coefficients have been used. The 

Runge-Kutta method is considerably more accurate than the Euler method 

but requires about four times as much computing time for each complete 

time step. 

better stability characteristics compared with the Euler method, 

optimal trade-off between size of time step and computing time required 

for each will depend on the case at hand. 

cases to use the Eulerian method for one part of the problem and then 

when closer to steady state or quasi steady state, to switch to the 

Runge-Kutta method. 

gram described in Section 7. 

One can also expect that the Runge-Kutta method will have 

The 

It may be desirable in many 

This capability was included in the computer pro- 

J 
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6.3. The Donor Ce l l  Di f fe renc ing  Method 

. 

The donor c e l l  d i f f e renc ing  method has  been used i n  t h i s  s tudy 

because of i t s  improved s t a b i l i t y  e f f e c t s  on t h e  convect ive terms of t h e  

conservat ion equat ions.  78 

(upwind d i f f e r e n c i n g ,  skew d i f f e renc ing ,  upstream d i f f e renc ing ,  and 

o t h e r s ) .  

method and by R ~ a c h e ~ ~  the  second upwind d i f f e r e n c i n g  method. 

The method is  known under var ious  names 

In t h e  Los Alamos FLIC method6g it i s  c a l l e d  t h e  donor c e l l  

I t  was 

a l s o  used by Kurzrocklo3 f o r  two-dimensional viscous compressible flow 

and by many o t h e r s  with good success .  

phys ica l  cons ide ra t ion  t h a t  t h e  proper ty  t r anspor t ed  i n t o  a c e l l  through 

i t s  edge should be always t h a t  of t h e  c e l l  %pstream" of it which 

supp l i e s  t h e  t r anspor t ed  proper ty ,  t h a t  i s ,  of t h e  "donor ce l l . ! '  

The method i s  based on the  

Therefore ,  t h e  ha l f -poin t  va lues  used i n  Sec t ion  2.9 and expressed 

by Eqs. 2.79 and 2.86 w i l l  be a l t e r e d  f o r  t h e  d e n s i t y  and t h e  t r a n s p o r t  

p r o p e r t i e s  as fol lows (see Fig. 2 . 2 ,  page 31):  

> o  - 
' i + l / ~ , j  - ' i , j  for ' i+1/2, j  

= ' i -1 , j  for " i -1 /2 , j  > O  

(6.12) 

(6 e 13) 

. 

. 

, 

, j + 1 / 2  ' ' i , j + 1 / 2  - - ' i , j  f o r  Vi 

. :o 
j+1 /2  - f o r  Vi - ' i , j + l  (6.14) 
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. 

. 
. 

> O  , j -1/2 = for Vi 'i,j-l (6.15) 

where P denotes either density or any one of the transport properties. 

For the case of zero velocity, no alteration of  the usual equations 

(Eqs. 2.79 to 2.86) is needed, 

cell values are used only for the density and the transport properties 

u, v, T, Ckb and only in the convective terms of the conservation 

equations, This means that in the case of velocities appearing in the 

convective terms of the momentum equations, the velocities used for gx 

and gy will not be donor cell values, since here the velocities are not 

the transported properties but the transporting ones. 

velocity appearing in those convective terms is a transported property 

and will therefore be of the donor cell type. 

It must be remembered that the donor 

The second 

6.4. Stability Analysis of the Numerical Solution 

The numerical solution employed for solving the governing equations 

was discussed in Section 6 . 2 .  

its exact counterpart because of both transaction errors (approximate 

presentation of the exact equations) and round-off errors (computational 

round-off errors). 

exact counterpart can be defined as 

Any numerical solution will differ from 

The difference between the computed value and its 

(6 16) 

. 
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(t + At) 'i,j 
6 t) i,j ( 

/ 

where Fi 
at a discrete element i, j and Ti 

is the actual computed value of any unknown (H, U, V ,  T, C k )  
,j 

is its exact counterpart. 
,j 

(6.17) < l a  - 

In order to prevent computational instability, the error b must 
i,j 

die out or at least not grow unbounded. Therefore, one must require 

that for any two successive steps 

Each one of the discrete element conservation equations developed 

in Sections 2.5 to 2.8 can be expressed in general in the form 

(6.18) 

where Findicates the value of any one of the unknowns (H, U, V ,  T, Ck) 

and the subscript indicates the location at which P is evaluated. $ 

indicates the corresponding coefficient of P in the proper location, 

and J1, is the term in Eq. 6.18 that is independent of P. 

The stability analysis in this section will be developed for an 

explicit single time step integration method like the classical Euler- 

Cauchy explicit method. 

method of solution should be sufficient for the stable solution of the 

more accurate multistep integration method by Runge-Kutta with Gill 

The stability criteria developed for this 
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coefficients, 

stability analysis, that the various equations are linear and noncoupled. 

This is not an entirely correct assumption for the set of equations 

developed in the present study, 

of several coupled nonlinear equations does not exist and does not seem 

to be possible at the present time. The stability conditions developed 

104,105 here will be based on the discrete perturbation stability analysis, 

Which, although not as rigorous as the Von Neumanlo6 and Hirtlo7 analyses, 

was successful in predicting the same criteria. 

It will also be assumed, for the purpose of the present 

However, stability analysis for a set 

78 

In the discrete perturbation stability analysis, it is assumed that 

up to a certain time t the computed value is exact everywhere and 
iJj 

exists. Then a certain arbitrary error 6 is induced 
iJj 

no error 6 
i ,j 

at only one arbitrary discrete element (i, j ) ,  so that 

but 

where the subscript i+, j +  indicates any location other than i, j 

itself. From Eq. 6.18 one gets 

(6.19) 

(6.20) 

(6.21) . 
I 

Substituting E q .  6.19 into Eq. 6.21, 
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(6F) 
a t  = l + + A t  

6 . ( t )  + 
i , J  

t )  
‘ i , j  ( i , j  

o r  

< 1 ,  - 

a & .  
= (6F) , 

a t  i , j  

(6.22) 

(6.23) 

o r  

(6.25) 

From E q .  6.18 one g e t s  

(6.26) 

However, based on t h e  d i s c r e t e  p e r t u r b a t i o n  e r r o r  a n a l y s i s ,  t h e  

d i f f e r e n c e  between computed and exac t  va lues  i s  zero everywhere except 

a t  i, j ,  where it equals  6 i , j .  Therefore ,  Eq.  6.26 reduces t o  
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or 

&=c* 1 (6.27) 

. 
Substituting Eq. 6.27 into the stability condition in Eq. 6.25 gives the 

desired stability condition 

(6.28) 

where I$ is the coefficient of Fi in the right-hand side of  Eq. 6.18. 
i,j ,j 

The separate stability criteria for each one of the discrete element 

. 

conservation equations will be based on Eq. 6.28, where the proper $i J 
is the sum of all the coefficients of the terms in which Pi 

involved, 

is 
,j 

6.4.1. Stability Criteria for Calculating Temperature 

The basic discrete element equation to be solved is given by 

Eq. 2.61, in which Eqs. 3.59 to 3.62 must be substituted for the non- 

convective heat fluxes qx and qy and Eqs. 4.42 and 4 . 4 3  for the bottom 

and top heat fluxes qB and q 

tion and then collecting all the coefficients of Ti 

respectively. Performing this substitu- T' 

, j '  One gets 

1 'i-l/2~j~i-l/2,jUi-l/2,j Hi+l/2,j~i+1/2, j'i+1/2, j 
("i,j)temp pi,jHi,j AXi AXi 
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'i-l/2,-j [- 'i-l/2,j (DHX)i-1/2,j] 
AXi 0,5(AXi + AXie1) 

+ Hi;iii2 ,j [+ 'i+1/2 ,j (DHX)i+1/2, j] 
0.5(AXi + AX ) i+ 1 

. 

j-1 AY 

+ 

+ i,J *bc] J (6.29) 

where q 

from Eqs. 4.33 to 4.39. 

is the total heat flux to the atmosphere and can be calculated T 
As an alternative, one can replace 

cqT)iJj by 

TiJj 
, 

where K is the heat exchange coefficient based on the equilibrium 

temperature concept (Eq. 4.31). Substituting Eq. 6.29 into Eq. 6.28 

and rearranging terms gives the stability condition for calculating 

temperature as : 

. 
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. 
( A t ~ ~ ) ~ i j  AXi 

1 (DHY) i , j - 1 / 2  
A Y .  1‘ A Y .  I + AY j - 1 )  

. 

. 

. 

(6.30) 

The donor c e l l  method d iscussed  i n  Sec t ion  6.3 changes t h e  s t a b i l i t y  

c r i t e r i a  of E q .  6.30. 

‘ i+1 /2 ,  j + 1 / 2  
t h e  ‘Idonor cel ls”  (see Sec t ion  6 .3) .  

Based on t h i s  method, t h e  h a l f  values 

i n  t h e  convect ive terms are rep laced  by c e n t e r  va lues  o f  

a r e  When t h e  va lues  Pi+l,2,j+1,2 

t h e  corresponding terms i n  E q .  6.30 drop out .  When 
, j  ’ rep laced  by Pi 

t h e  va lues  are rep laced  by P i + l , j + l ,  t h e r e  i s  no e f f e c t  on - , j+1/2  
t h e  s t a b i l i t y  c r i t e r i a .  

v e c t i v e  p a r t s  of  t h e  c r i t e r i a  w i l l  be e f f e c t e d  as fol lows:  

Therefore ,  f o r  t h e  donor c e l l  method, t h e  con- 

.. - -f no e f f e c t  (Ui-1,2 > 0); ” i - 1 / 2 ,  j > ‘3 ‘ i - l / 2 , j  ‘ i -1 , j  , j  

-+ corresponding term drops; - - 
‘i-1/2,j  < ‘ i - l / 2 , j  ‘ i , j  
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‘ i + l / ~ , j  ‘ i+l /Z, j  - - ‘i,j  + corresponding term drops; 

< 0); 

+ no effect  (Vi , j - 1 / 2  > 0); 

- 
’ i + l / ~ , j  < ‘ i+ l /Z , j  - ‘ i + l , j  + no effect  ( “ i + l / z , j  
‘ i , j - 1 / 2  > ‘i , j-1/2 = ‘ i , j - l  

‘i,j-1/2 < 

‘i , j+1/2 > 

-f no effec- (Vi,j+l/2 < 0). ‘i,j+l/Z O, ‘ i , j + l / 2  ‘ i , j + l  

‘ i , j - l /Z  - - ‘ i , j  -t corresponding term drops; 

‘ i , j + l / 2  - - ‘ i , j  -f corresponding term drops; 

- 

. 

To be on t h e  conserva t ive  s i d e ,  one can leave  a l l  t h e  convect ive 

terms and always use t h e  a b s o l u t e  va lue  of t h e  v e l o c i t i e s  t o  g e t :  

(DHY) i , j - 1/ 2 
A Y .  A Y .  + AY ) I (  J j - 1  

+ 

+ e” (hHB) i 
( q T ) i , j  + (qT) i , j  

(gB) i , j  Cp)i,J (Cp)i,jTi,j 

1 + 
P i ,  jH i ,  j 

(6.31) 
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. 

. 

Equation 6.31 establishes, then, a time step limit to avoid numerical 

instability at discrete element i, j when calculating temperature. 

ever, the actual time step to be used in the model will depend on the 

time step criteria for the rest of the unknowns, which will be developed 

next. 

How- 

6.4.2. 

Concentration C 

Stability Criteria for Calculating Constituent 

The basic discrete element equation to be solved is given by Eq. 

2.50, in which Eqs. 3.75 to 3.78 must be substituted for the nonconvective 

mass fluxes gx and g 

fluxes gkB and gkT, respectively. 

the case of temperature gives an expression for stability criteria 

and Eqs. 4.25 and 4.26 for the bottom and top mass Y 
Performing this substitution as in 

similar to Eq. 6.31 except that some heat quantities are replaced by the 

corresponding mass quantities. The result is: 

. 
c 
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(6.32) 

. 

. 
6.4.3. Stability Criteria for Calculating Velocities 

~~~~ ~ 

The ’basic discrete element equations to be solved are given by 

Eqs. 2.75 and 2.76, in which Eqs. 3.42 to 3.50 must be substituted for 

the stresses uxx, 0 

stresses uBX and uBY, and Eqs. 4.19 and 4.20 for the wind shear stresses 

uTX and uTY, respectively. 

evaluating ai 

expression for stability criteria similar to Eqs. 6.31 and 6.32 except 

that momentum quantities are used. 

and oxy, Eqs. 4.11 and 4.12 for the bottom shear YY’ 

Performing this substitution and then 

as for temperature and mass concentration Ck gives an 
,j 

The result for the U velocity is 

4(Dm~)i+l/2, j 
AX(AXi + AXi+l) 

2(Dm~)i,j-1/2 
+ AY.(AY + AY ) 

Hi, j - 1/2 J ‘i , j - 1/2 I +ri”-1’2][ ’i,j H. 1 9 3  . ] [  AY j J J  j-1 

1 pi , j + 1/21 (Hi, j + 1/21 ri , j + 1/2 I + 2(Dm~)i, j+1/2 
AY AY.(AY + AYj+l) 

J j  Hi,j j P .  
1 ,j 

+ 

. 
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t 

. 

and t h e  r e s u l t  f o r  t h e  V v e l o c i t y  i s :  

(6.33) 

(6.34) 

where (aBx)i,j and (a ) can be c a l c u l a t e d  from Eqs. 4 . 1 1  t o  4 .13  t o  BY i , j  
g e t :  

6 .4 .4 .  S t a b i l i t y  C r i t e r i a  f o r  Calcu la t ing  Water Elevat ion H 

The b a s i c  d i s c r e t e  element equat ion t o  be solved is given by Eq. 

2.38. C o l l e c t i n g  t h e  c o e f f i c i e n t s  o f  H.  one g e t s :  1 , j ’  

c 
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(6.36) 

S u b s t i t u t i n g  E q .  6.29 i n t o  E q .  6.28 and r ea r r ang ing  terms g ives  t h e  

s t a b i l i t y  c r i t e r i o n  f o r  c a l c u l a t i n g  H as 

. 
4 

(6.37) 

The term a p / a t  i s  u s u a l l y  small o r  nonex i s t ing .  This  w i l l  mean 

t h a t  t h e  time s t e p  s t a b i l i t y  l i m i t  f o r  c a l c u l a t i n g  H i s  very  l a r g e .  

However, combining E q s .  6.23 and 6.27 g ives  

(6.38) 
r . 

If Jli i s  zero,  t h i s  w i l l  mean t h a t  any induced e r r o r  6 w i l l  
, j  i , j  

no t  grow but  w i l l  a l s o  not  d i e  o u t .  Using t h e  donor c e l l  method f o r  H 

and r ep lac ing  t h e  ha l f -po in t  va lues  by t h e  corresponding cen te r -po in t  

values  (see Sec t ion  6.4.1)  i n  E q .  2 . 3 8  changes Jl by b r ing ing  i n  new 

terms involv ing  Pi 

v e l o c i t y  i s  always i n  t h e  d i r e c t i o n  which r e q u i r e s  P 

g e t s  : 

i , j  
Assuming, on t h e  conserva t ive  s i d e ,  t h a t  t h e  

J j  ' 

t o  be used, one 
i , j  

(6.39) . J J J 
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++] 'i,j 

. 

, 

Substituting E q .  6.39 into E q .  6.38 and rearranging terms gives the 

stability criterion for calculating water elevation with the donor cell 

I 

(gB)max + (gT)max + Lmax 
H + 

'min min 

method as : 

(6.40) 

6.4.5. Total Time Step Limit Approximation 

The final time step limit to avoid numerical instabilities will be 

the smallest of ( "CR) T, (At CR) ck 3 (AtCR) "3  ( AtcRIv and (At CR) H (given 

by E q s .  6.31, 6.32, 6.33, 6.34, and 6.40, respectively) when calculated 

for each one of the discrete elements of  i, j. 

For a more simplified, but somewhat more conservative, expression 

which combines all four conditions for all the elements, one can assume 

the maximum or minimum values of the parameters which will give the 

smallest time step. Such an expression will have the form 

(6.41) 
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L i s  t h e  l a r g e s t  of  t h e  q u a n t i t i e s  max 

4 

. 
where . 

2 ,  208Hmin 1 / 3  V max 

(6.42) 

and qT/T can be c a l c u l a t e d  from E q s .  4.33 t o  4.39 o r  rep laced  by t h e  

hea t  exchange c o e f f i c i e n t  K .  



. 7 .  APPLICATION OF THE MODEL AND ITS COMPUTER PROGRAM 

c 

The main purpose of  t h i s  s tudy  i s  t o  so lve  f o r  t he  water e l e v a t i o n ,  

temperature ,  and mass concent ra t ions  of  a l l  c o n s t i t u e n t s  k d i sso lved  i n  

t h e  water as func t ions  o f  time and two h o r i z o n t a l  space dimensions, X 

and Y .  A s  explained i n  Sec t ion  6 . 2 ,  t h e  Euler  method and t h e  modified 

four th-order  Runge-Kutta formula wi th  G i l l  c o e f f i c i e n t s  have been 

chosen f o r  s imultaneously i n t e g r a t i n g  t h e  equat ions expressing t h e  time 

d e r i v a t i v e s  o f  a l l  t h e  unknowns e x p l i c i t l y  as func t ion  o f  known va lues  

from t h e  previous time s t e p .  A computer program was developed t o  handle 

those  s o l u t i o n s  and t o  f a c i l i t a t e  s imula t ion  of  var ious  complex 

s i t u a t i o n s  occurr ing  i n  n a t u r a l  water  bodies .  However, when a computer 

program of  t h e  type  produced i n  t h i s  s tudy  i s  a v a i l a b l e ,  t h e r e  always 

e x i s t s  t h e  r i s k  t h a t  i t  w i l l  be used t o  model s i t u a t i o n s  f o r  which it i s  

no t  proper ly  designed.  I t  i s  important  t o  recognize t h e  c a p a b i l i t i e s  of  

t h e  program as wel l  as i t s  l i m i t a t i o n s .  These c a p a b i l i t i e s  and 

l i m i t a t i o n s  w i l l  be  descr ibed  i n  t h i s  chapter  t o  h e l p  t h e  use r  t o  dec ide  

i f  t h e  program i s  app l i cab le  t o  a s p e c i f i c  s i t u a t i o n  a t  hand. 

s t r u c t u r e  'of t h e  program i s  such t h a t  many modi f ica t ions  and a d d i t i o n a l  

The 

c a p a b i l i t i e s  can be incorpora ted  wi th  no major e f f o r t .  In some s i t u a t i o n s ,  

however, i t  may be  uneconomical t o  t r y  t o  modify t h e  program t o  respond 

t o  s p e c i f i c  requirements .  Some o t h e r  a v a i l a b l e  programs may be  more 

r e a d i l y  used f o r  t h e  case. 

145 
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The computer program i t s e l f  w i l l  be  b r i e f l y  descr ibed  i n  Sec t ion  

7.2. 

computer program. 

diagram and nomenclature are a t t ached  i n  t h e  appendices.  

No at tempt  i s  be ing  made t o  g ive  a complete documentation of  t h e  

The complete l i s t i n g  of  t h e  program and i t s  flow 

Two sample problems are descr ibed  i n  Sec t ion  7 .3 ,  inc luding  t h e i r  

f u l l  i npu t  and output  information.  

7.1. A p p l i c a b i l i t y  o f  t h e  Model 

A d i scuss ion  o f  t h e  a p p l i c a b i l i t y  of  t h e  model t o  some s i t u a t i o n s  

occurr ing  i n  r e a l i t y  is  given i n  t h i s  s e c t i o n .  

o f  t h e  computer program i t s e l f  a r e  given i n  Sec t ion  7.2.3.  

Addit ional  c a p a b i l i t i e s  

7.1.1. Simulat ion o f  Power P lan t  In take  and Discharge 

There are a number of  ways i n  which t h e  i n t a k e  and d ischarge  

condi t ions  can be modeled wi th  t h e  va r ious  terms a v a i l a b l e  i n  t h e  con- 

s e r v a t i o n  equat ions  developed i n  Sec t ions  2 . 5  t o  2 .8 .  

o r  i n t akes  which are loca ted  o f f shore  can be s imulated by t h e  bottom o r  

top  h e a t  f l u x e s  qB, qkB, qT, qkT (Btu-L ) o r  by t h e  volumetr ic  h e a t  

genera t ion  4 (Btu*L-’.L-’). Since t h e  model i s  two dimensional,  it 

makes no d i f f e r e n c e  which method i s  used ,  I f  t h e  effect  of mass c o n t r i -  

bu t ion  i s  of i n t e r e s t ,  t h e  h e a t  f l u x e s  may be rep laced  by t h e  mass 

Thermal d ischarges  

- 2  -1 T 

V 

- 2  -1 T gg, gkB3 gT> gkT (ML ) o r  volumetr ic  mass genera t ion  

- 3  -1 6, (ML T ) with  t h e  corresponding e n t h a l p i e s  s p e c i f i e d  f o r  each.  If 

t h e  i n t a k e  o r  t h e  d ischarge  s t r u c t u r e s  extend over  a number of d i s c r e t e  

e lements ,  they  can be s imulated c o r r e c t l y  wi th  corresponding po r t ions  on 
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each d i s c r e t e  element. 

dependent o r  if needed as a func t ion  of  X ,  

v a r i a b l e  ( see  Sec t ion  7.2.3) . 

A l l  o f  t h e  information can be suppl ied  as time 

Y ,  o r  any o t h e r  independent 

If e i t h e r  t h e  i n t a k e  or  t h e  d ischarge  i s  loca ted  along a s h o r e l i n e  

and it i s  d e s i r e d  t o  t a k e  i n t o  account t h e  c o r r e c t  con t r ibu t ion  of momen- 

tum ( v e l o c i t y ) ,  it must be  s imulated as a boundary condi t ion .  

proper  mass flow, h e a t ,  v e l o c i t i e s ,  e n t h a l p i e s ,  and o the r  p r o p e r t i e s ,  

as t h e  case may r e q u i r e ,  must be s p e c i f i e d .  

ever ,  t h a t  i n  most cases  t h e  actual s ize  of  t h e  s t r u c t u r e  i s  smal le r  

than t h e  economically d e s i r a b l e  s ize  o f  t h e  d i s c r e t e  elements.  

a d i s c r e t e  element t h a t  i s  t o o  small may r e q u i r e  an undes i rab le  time 

s t e p  f o r  s t a b l e  s o l u t i o n .  

ing  t h i s  s i t u a t i o n  of  sma l l e r  d i s c r e t e  elements and, t h e r e f o r e ,  sma l l e r  

time s t e p s  and spec i fy ing  t h e  boundary v e l o c i t i e s  i n  t h e i r  c o r r e c t  

magnitudes and d i r e c t i o n s  o r  choosing element s i z e s  l a r g e r  than t h e  

a c t u a l  s ize  of  t h e  s t r u c t u r e  and then  spec i fy ing  a reduced v e l o c i t y  s o  

t h a t  t h e  c o r r e c t  flow ra te  w i l l  be s imula t ed ,  In t h e  second case ,  how- 

ever ,  t h e  momentum e f f e c t s  w i l l  no t  be c o r r e c t l y  s imula ted .  

The 

I t  must be remembered, how- 

Using 

The u s e r  has  he re  t h e  choice of e i t h e r  accept-  

In t h e  s p e c i a l  case o f  power genera t ing  p l a n t  s imula t ion ,  t h e  i n t a k e  

and d ischarge  s t r u c t u r e s  a r e  coupled by t h e  condenser i n s t a l l a t i o n ,  where 

a c e r t a i n  h e a t  load  i s  t r a n s f e r r e d  t o  t h e  flow. A s p e c i a l  handl ing of 

t h e  boundary condi t ions  was incorpora ted  i n  t h e  program t o  account f o r  

t h i s  s i t u a t i o n .  I f  a boundary s imula tes  a power p l a n t ,  t h e  use r  

s p e c i f i e s ,  i n  add i t ion  t o  o t h e r  r e g u l a r  information,  t h e  l o c a t i o n  ( X ,  Y )  

a t  which t h e  power p l a n t  i n t a k e  i s  loca ted  and t h e  t o t a l  condenser 
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temperature inc rease  i n s t e a d  of  t h e  d ischarge  temperature  i t s e l f .  The 

program w i l l  then  use t h e  e x i s t i n g  temperature  a t  t h e  s p e c i f i e d  in t ake  

loca t ion  as t h e  cu r ren t  i n t a k e  temperature ,  w i l l  add t o  it t h e  tempera- 

t u r e  increase ac ross  t h e  condenser,  and w i l l  use  t h e  increased  temperature  

as t h e  d ischarge  temperature  a t  t h e  boundary cond i t ion .  

i s  a means of  account ing f o r  r e c i r c u l a t i o n  of  hea ted  water between the  

in t ake  and d ischarge  e i t h e r  o f  t h e  same power p l a n t  o r  of  neighboring 

power p l a n t s  mutual ly  a f f e c t e d  (see Sec t ions  7 .1 .4  and 7 .1 .5  f o r  

d i s c u s s i o n ) .  

This  procedure 

7 . 1 . 2 .  Vertical Var i a t ions  

Since t h e  model i s  based on two space dimensions only ,  i t  cannot be 

used i n  deep water  bodies  o r  i n  o t h e r  cases  where v e r t i c a l  s t r a t i f i c a t i o n  

(thermal o r  o therwise)  i s  s i g n i f i c a n t .  

shallow water bodies  and cases  where v e r t i c a l  mixing i s  s i g n i f i c a n t .  

Many e s t u a r i e s ,  c o a s t a l  r eg ions ,  and some n a t u r a l  streams i n  t h e  U . S . A .  

. w i l l  s a t i s f y  t h e s e  cond i t ions ,  b u t ,  on t h e  o t h e r  hand, many lakes  and 

ponds w i l l  n o t .  Bottom roughness,  wind s t r e s s e s ,  and t i d a l  motions may 

considerably enhance t h e  v e r t i c a l  mixing, whereas thermal d ischarges  w i l l  

t end  t o  s t r a t i f y  such water bodies .  

v a r i a t i o n s  do e x i s t  bu t  a r e  not  cons iderable ,  some s p e c i f i e d  func t ions  

which s imula te  those  v a r i a t i o n s  can be employed, as proposed by 

Eras lan .  

The program can be used i n  

In some cases  where v e r t i c a l  

41 

In some o t h e r  s i t u a t i o n s  where s t r a t i f i c a t i o n  i s  s o  s t r o n g  t h a t  two 

d i s t i n c t  l a y e r s  can be de t ec t ed ,  t h e  model can be used by assuming t h e  

c 

. 

4 

* 

. 
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depth o f  t h e  l a y e r  of  in te res t  (usua l ly  t h e  upper) as t h e  e f f e c t i v e  depth 

o f  t h e  model, 

o t h e r  parameters  such as v e l o c i t i e s  and o t h e r s .  

A corresponding adjustment must be made i n  t h i s  case  t o  

7.1.3.  Geometrical Considerat ions 

The geometry can be descr ibed  i n  r e c t a n g u l a r  coord ina tes  i n  t he  X 

and Y d i r e c t i o n s  only .  

which g ives  some f l e x i b i l i t y  i n  desc r ib ing  i r r e g u l a r  geometry. 

p re sen t  time, no p a r t i a l  elements a r e  p o s s i b l e ,  nor  i s  I t  p o s s i b l e  t o  

use o t h e r  than  r e c t a n g u l a r  e lements .  This  l i m i t a t i o n  is  indeed impor- 

t a n t  when a t tempt ing  t o  model a complex geometry, 

l i n e s  cannot be stopped i n  t h e  middle of  t h e  modeled zone. 

t h e  f l e x i b i l i t y  i n  c o n t r o l l i n g  t h e  s ize  of t h e  elements i n  d i f f e r e n t  

reg ions .  

t h e  model. 

near- and f a r - f i e l d  model, as d iscussed  i n  t h e  next  s e c t i o n .  

used by Eraslan41 o r  another  app l i cab le  method can be incorpora ted  i n  

f u t u r e  ve r s ions  of t h i s  model. 

Space increments can be v a r i e d  along X and Y ,  

A t  t h e  

In add i t ion ,  g r i d  

This  limits 

Once a g r i d  l i n e  is  e s t a b l i s h e d ,  i t  must be extended a l l  along 

This  c r e a t e s  d i f f i c u l t y  i n  using t h e  program as a combined 

The method 

7.1.4.  Near- and Far -Fie ld  Modeling: 

As discussed  i n  t h e  i n t r o d u c t i o n ,  most o f  t h e  thermal hydrau l i c  

models are e i t h e r  n e a r - f i e l d  o r  f a r - f i e l d  o r i e n t e d .  By inc luding  t h e  

viscous shear  stresses i n  t h e  present  model, i t s  p o t e n t i a l  c a p a b i l i t y  

t o  analyze both t h e  near f i e l d  and t h e  f a r  f i e l d  a t  t h e  same time has  

been g r e a t l y  inc reased .  However, t h e r e  are t h r e e  major drawbacks which 

do n o t  allow a f u l l  use  of t h a t  p o t e n t i a l .  
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1. The t u r b u l e n t  eddy d i f f u s i v i t y ,  as has been d iscussed  i n  Sec t ions  

3 .1  and 3.2,  i s  a very  d i f f i c u l t  parameter t o  be c o r r e c t l y  eva lua ted .  

d i scussed  be fo re ,  it depends p r i m a r i l y  n o t  on ly  on t h e  e x i s t i n g  v e l o c i t y  

p r o f i l e s  i n  t h e  d i r e c t i o n s  modeled but  a l s o  on t h e  v e l o c i t y  p r o f i l e  i n  

t h e  p lane  perpendicular  t o  t h e  main flow. 

empir ica l  cons t an t s  are needed f o r  i t s  f u l l  eva lua t ion .  

while  i n  t h e  f a r  f i e l d  t h e  v e r t i c a l  v e l o c i t y  p r o f i l e  i s  t h e  c o n t r o l l i n g  

f a c t o r ,  i n  t h e  n e a r - f i e l d  area t h e  axisymmetric approach (defec t  law o r  

o t h e r s )  i s  t h e  only  one p r e s e n t l y  p o s s i b l e .  

cal  dependence f o r  a j e t ,  whose d i r e c t i o n  may be t h r e e  dimensional and 

probably i n  some c u r v i l i n e a r  pa th ,  i n  a genera l  f a r - f i e l d  r ec t angu la r  

coord ina te  system i s  a major d i f f i c u l t y .  

As 

In  almost a l l  cases, some 

I t  i s  clear t h a t  

. 

To express  t h i s  asisymmetri- 

2 .  Even i f  one could f i n d  a common way t o  express  t h e  eddy 

d i f f u s i v i t i e s  i n  both t h e  f a r  and n e a r  f i e l d ,  i t  i s  c l e a r  t h a t  t h e  

n e a r - f i e l d  area w i l l  r e q u i r e  a much f i n e r  g r i d  l i n e  mesh than  t h e  far-  

f i e l d  area f o r  proper  d e s c r i p t i o n  of  t h e  f l u i d  dynamics. 

was mentioned be fo re ,  t h e  program i n  i t s  p r e s e n t  form w i l l  no t  allow 

complete f l e x i b i l i t y  i n  mesh s i z i n g ,  a very  l a r g e  number o f  unnecessary 

elements w i l l  be  c rea t ed  i n  t h e  far  f i e l d ,  r e q u i r i n g  an ex tens ive  

amount of  machine c a l c u l a t i o n  time as well as machine s to rage .  This  

problem, as was expla ined  i n  Sec t ion  7 .1 .3 ,  i s  t e c h n i c a l  and can be 

co r rec t ed  i n  f u t u r e  ve r s ions  of  t h e  program. 

S ince ,  as 

3.  Since one of t h e  main purposes of  t h i s  s tudy  i s  t o  analyze 

thermal d i scha rges ,  i t  i s  c l e a r  t h a t  a n e a r  f i e l d  w i l l  involve  a 

buoyant plume, which, because of  i t s  buoyancy, w i l l  r e q u i r e  t h e  v e r t i c a l  

. 



dimension f o r  proper  a n a l y s i s .  

in te rmedia te  f i e l d ,  i n  which a s t r a t i f i e d  l a y e r  o f  hea ted  water may be 

The same i s  t r u e  f o r  t h e  so -ca l l ed  

s t a b l y  c rea t ed .  

Because of t h e  above drawbacks, it i s  recommended t h a t  t h e  model 

i n  i t s  p resen t  form should be used p r i m a r i l y  as a f a r - f i e l d  model. 

n e a r - f i e l d  area can s t i l l  be included i n  t h e  model zone bu t  should no t  

The 

be looked upon f o r  q u a n t i t a t i v e  e v a l u a t i o n s ,  

a n a l y s i s  based on t h e  p re sen t  model, an a d d i t i o n a l  j e t  a n a l y s i s  should 

Af t e r  completing t h e  

be made f o r  t h e  near f i e l d  us ing  t h e  r e s u l t s  of  t h i s  model as ambient o r  

background temperature  d i s t r i b u t i o n .  

a n a l y s i s  should n o t  s t and  a lone .  

i n t roduc t ion ,  any n e a r - f i e l d  model c a l l s  f o r  t h e  ambient temperature 

In  any case a n e a r - f i e l d  model 

As has been a l r eady  d iscussed  i n  t h e  

t o  be s p e c i f i e d  and uses  t h i s  temperature  f o r  t h e  f r e s h  water en t r a ined  

i n t o  t h e  j e t ,  I t  must be remembered t h a t  t h e  en t r a ined  water  i s  no t  a t  

ambient temperature  bu t  r a t h e r  i s  a f f e c t e d  by i t s  i n t e r a c t i o n  wi th  t h e  

f a r - f i e l d  zones. This  e f f e c t  o f  t h e  far f i e l d  on t h e  near  f i e l d  must 

be analyzed by us ing  a f a r - f i e l d  model, o r ,  i f  t h i s  i s  no t  p o s s i b l e ,  t h e  

e f f e c t  must be  conse rva t ive ly  es t imated .  

7 .1 .5 .  Rec i r cu la t ion ,  I n t e r a c t i n g  Power P l a n t s ,  and In take  

Entrainment 

The importance of t h e s e  t h r e e  s u b j e c t s  f o r  proper  assessment of  

power p l a n t  environmental  impact cannot be overemphasized. I t  i s  t h e  

tendency i n  many p resen t  thermal analyses  t o  i s o l a t e  t h e  n e a r - f i e l d  

e f f e c t  from t h e  f a r - f i e l d  e f f e c t s .  This  i s  a dangerous approach, s i n c e  

. 
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i n t u i t i o n ,  which many times i s  being r e l i e d  upon f o r  t h a t  purpose,  can 

be very misleading.  

i n t a k e  t o  t h e  condenser system c r e a t e s  a c losed  loop which keeps hea t ing  

t h e  same water u n t i l  some thermal equi l ibr ium i s  achieved. 

c losed  loop c i r c u l a t i o n  r e s u l t s  i n  l o c a l i z e d  temperatures  which are much 

h ighe r  than  i f  r e c i r c u l a t i o n  does not  e x i s t .  

i f  t h e  i n t a k e  s t r u c t u r e  i s  c lose  t o  t h e  d ischarge  o r ,  i n  e s t u a r i e s ,  

when t h e  d i s t a n c e  between i n t a k e  and d ischarge  i s  l e s s  than  a t i d a l  

excursion l eng th .  

phys ica l  models and f i e l d  dye s t u d i e s  should be performed. 

i nd ica t ed  i n  Sec t ion  7 .1 .1  t o  s imula te  power p l a n t  i n t a k e  and d ischarge  

cons iders  t h i s  r e c i r c u l a t i o n  e f f e c t  t o  a c e r t a i n  degree.  

remembered, however, t h a t  t h i s  method of  account ing f o r  r e c i r c u l a t i o n  

s u f f e r s  from t h e  same t h r e e  d e f i c i e n c i e s  mentioned before  f o r  t h e  near -  

f i e l d  area. 

The feedback of thermal d ischarges  through t h e  

This  p a r t i a l l y  

This i s  s p e c i f i c a l l y  t r u e  

When a n a l y t i c a l  s t u d i e s  a r e  not  p o s s i b l e ,  hydrau l i c  

The method 

I t  must be 

Entrainment of pas s ive  aqua t i c  spec ie s  i n t o  t h e  i n t a k e  s t r u c t u r e  

i s  similar i n  n a t u r e  t o  t h e  problem of i n t a k e  r e c i r c u l a t i o n .  I t  can 

be s imulated i n  t h e  same fash ion  but  w i l l  a l s o  have t h e  same type of  

l i m i t a t i o n s ,  

A l l  t h e s e  t h r e e  cases- -d ischarge  j e t ,  i n t a k e  entrainment ,  and 

in t ake  r e c i r c u l a t i o n - - c a n  be s imulated i n  t h e  model on an o v e r a l l  b a s i s  

bu t  should be looked upon only f o r  rough approximation of t h e  n e a r - f i e l d  

a r e a .  

Mutual e f f e c t s  between power p l a n t s  b a s i c a l l y  c o n s t i t u t e  a f a r - f i e l d  

problem, s i n c e  t h e  d i s t a n c e  between such power p l a n t s  i s  normally g r e a t e r  

. 

t 

I 

. 
. 
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than t h e  zone of  t h e  n e a r  f i e l d .  

e f f e c t i v e l y  used f o r  proper  assessment of  i n t e r a c t i n g  power p l a n t s  by 

spec i fy ing  each power p l a n t  i n  i t s  proper  l o c a t i o n  i n  t h e  model. 

The p resen t  model can then be 

I t  must be remembered, however, t h a t  t h e  model expresses  only t h e  

average p r o p e r t i e s  i n  t h e  v e r t i c a l  d i r e c t i o n ,  and t h i s  must be taken 

i n t o  account when t h e  i n t a k e  s t r u c t u r e  i s  b u i l t  i n  such a way t h a t  it 

withdraws water  a t  condi t ions  much d i f f e r e n t  from t h e  depth-averaged 

cond i t ions .  

7 .1 .6 .  Multicomponent Analysis  

The program i s  s e t  t o  handle  any number of  d i sso lved  subs tances ,  

although t h e  i n t e r a c t i o n  between them i s  handled i n  a s i m p l i f i e d  form 

only ,  by us ing  F i c k ' s  law of  b ina ry  d i f f u s i o n  between one substance and 

t h e  res t  of t h e  mixture .  

p r e s e n t l y  se t  t o  f o u r  d isso lved  subs tances ,  bu t  t h i s  can be e a s i l y  

increased  i f  computer s to rage  al lows i t .  

The dimension s ta tements  i n  t h e  program a r e  

7 .2 .  The Computer Program 

In t h i s  s e c t i o n  t h e  var ious  f e a t u r e s  of  t h e  computer program i t s e l f  

w i l l  be  d iscussed .  This  inc ludes  t h e  program's o v e r a l l  s t r u c t u r e ,  i t s  

var ious  c a p a b i l i t i e s  and l i m i t a t i o n s ,  t h e  ind iv idua l  sub rou t ines ,  and 

some machine t ime and s t o r a g e  requirements .  

7 . 2 . 1 .  Program S t r u c t u r e  and Condensed Flow Diagram 

The purpose of  t h e  computer program i s  t o  so lve  f o r  t h e  unknowns, 

water e l e v a t i o n ,  v e l o c i t i e s ,  temperature ,  and substance concent ra t ions  

8 
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as func t ions  of time and t h e  two h o r i z o n t a l  space dimensions X and Y. 

As discussed  i n  Sec t ion  6.2,  t h e  i n i t i a l  va lue  problem def ined  by Eqs. 

2 . 3 8 ,  2.50, 2.61, 2.75, and 2.76 were i n t e g r a t e d  by us ing  e i t h e r  E u l e r ' s  

method o r  t h e  Runge-Kutta method. 

fac i l i t a te  t h e  s o l u t i o n  of t h e s e  methods as well as t h e  o v e r a l l  compu- 

t a t i o n a l  requirements f o r  t h e  system, The a c t u a l  i n t e g r a t i o n  s o l u t i o n s  

by e i t h e r  t h e  Euler  o r  t h e  Runge-Kutta method were programmed under two 

a l t e r n a t i v e  sub rou t ines :  SOLEUL f o r  t h e  Euler  method and SOLRKG f o r  t h e  

Runge-Kutta method wi th  G i l l  c o e f f i c i e n t s .  

can choose t h e  d e s i r e d  technique f o r  t h e  case  a t  hand. 

w i l l  be  termed SOLVET i n  t h i s  s e c t i o n .  

requi red  by SOLVET are time d e r i v a t i v e  func t ions  of  a l l  t h e  unknowns 

(Eqs. 2 . 3 8 ,  2.50,  2 .61,  2.75, and 2 .76) .  These d e r i v a t i v e s  a r e  eva lua ted  

i n  a subrout ine  c a l l e d  SOLFNC. A l l  t h e  f l u x e s  involved are c a l c u l a t e d  

i n  a subrout ine  FLXCON. The res t  o f  t h e  program i s  cons t ruc t ed  around 

these  major sub rou t ines .  Figure 7 .1  g ives  an o v e r a l l  flow diagram f o r  

t he  var ious  subrout ines  be ing  used.  

is  as follows (see Fig .  7 . 1 ) .  The main program reads  inpu t  information 

from subrout ines  INPUT and GEOM. Based on t h i s  in format ion ,  t h e  number 

of elements i s  c a l c u l a t e d ,  t h e  s i ze  of  t h e  v e c t o r  a r r a y  Z i s  def ined ,  and 

t h e  s to rage  requirements  are e s t a b l i s h e d .  

which does t h e  monitor ing of  t h e  r e s t  of t h e  subrout ines  and keeps t r a c k  

of  t h e  t ime. 

which any inpu t  information must be  read  i n .  I t  then sets t h e  counter  

f o r  t ime,  t ime s t e p s ,  and number of  time s teps  ( i t e r a t i o n s )  performed 

A computer program was wr i t ten  t o  

The user,  by means o f  a f l a g ,  

Both subrout ines  

The most important  i npu t  d a t a  

In  genera l  t h e  l o g i c  o f  t h e  program 

I t  then c a l l s  subrout ine  D R I V E ,  

DRIVE f irst  ca l l s  p r a c t i c a l l y  a l l  t h e  subrout ines  from 

S 

. 
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SOL FN I FLXCNI  

I NTCON E- PLOT TAPE 

OUTPRT 

OUTPRT 

ACH I N  

1 NO 

RESTFL F2 

YNO 

XYES 

OUTPRT 

b GTFLGS 

GENCON(E) 

FLXCON(E1 

I MATPRP( E ) TOPCON( E )  

Figure 7.1. Simplified flow diagram for computer code. 
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md c a l l s  subrout ine  SOLVET i n  each t ime s t e p .  

t h a t  i n t e g r a t e s  t he  equat ions  with r e spec t  t o  time, us ing  t h e  information 

coming from subrout ines  BNDCON and SOLFNC. 

BNDCNI which updates t h e  condi t ions  on a l l  t h e  boundaries based on 

func t ions  s p e c i f i e d  by t h e  u s e r  i n  GNRLFC and ANLFNC r o u t i n e s .  

c a l c u l a t e s  t h e  time d e r i v a t i v e s  of a l l  t h e  unknowns, 

it c a l l s  GTFLGS, which r e t r i e v e s  t h e  boundary condi t ion  ind ices  of  each 

element and i t s  reg ion  number. 

information about t h e  phys ica l  p r o p e r t i e s .  

information about hea t  and mass genera t ion  (o r  decay) per  u n i t  volume. 

FLXCON c a l c u l a t e s  t h e  t r a n s p o r t  c o e f f i c i e n t s  as wel l  as a l l  t h e  f luxes  

involved.  

subrout ines  BOTCON and TOPCON, which supply t h e  updated condi t ions  a t  

t h e  bottom and t o p ,  r e s p e c t i v e l y .  

t h e  above subrout ines  i s  done by .using t h e  func t ions  s p e c i f i e d  by t h e  

u s e r  i n  GNRLFC and ANLFNC r o u t i n e s .  Those u s e r  func t ions  can be e i t h e r  

a n a l y t i c a l  o r  t a b u l a t e d  and can be dependent on time, p o s i t i o n  (X, Y ) ,  

temperature ,  subs tance  concent ra t ion ,  and o t h e r  independent v a r i a b l e s .  

SOLVET i s  t h e  program 

BNDCON i s  an e n t r y  i n t o  

SOLFNC 

For t h a t  purpose 

MATPRP i s  c a l l e d  next  t o  g e t  t h e  updated 

GENCON b r ings  i n  t h e  updated 

For c a l c u l a t i n g  t h e  f l u x e s  from bottom and top ,  FLXCON ca l l s  

Updating t h e  condi t ions  i n  a l l  of 

7.2 .2 .  The Region Subdivis ion and t h e  Flagging Technique 

The zone modeled by t h e  computer program i s  subdivided i n t o  

"regions."  

i n  t h e  X d i r e c t i o n  and two i n  t h e  Y d i r e c t i o n .  On each face bounding 

the  reg ion ,  t h e r e  i s  assigned a c e r t a i n  boundary condi t ion  i d e n t i f i e d  

by a "boundary condi t ion  func t ion  number.'' 

Each reg ion  i s  geometr ica l ly  def ined  by two bounding p lanes  

If  a f a c e  of  a region has  no 

. 



157 

. 

. 

boundary ( i n t e r n a l  p l ane ) ,  it needs no such i d e n t i f i c a t i o n .  

d a t a  o f  t h e  boundary condi t ions  are given i n  each boundary condi t ion  

func t ion  number. 

reg ion  i s  a l s o  ass igned  t h e  fol lowing.  

The actual 

In  a d d i t i o n  t o  t h e  boundary condi t ions  around it ,  each 

1. 

2 .  

Depth, which i s  t h e  uniform depth of  t h e  reg ion .  

" I n i t i a l  condi t ion  func t ion  number," which i d e n t i f i e s  a s e t  of 

i n i t i a l  condi t ions  t o  be used f o r  t h e  reg ion .  

3 .  'Volumetr ic  h e a t  and mass genera t ion  (or decay) func t ion  

number," which s p e c i f i e s  t h e  hea t  and/or mass genera t ion  (or  

decay) p e r  u n i t  volume i n  t h e  reg ion .  

"Top condi t ions  func t ion  number," which s p e c i f i e s  a s e t  o f  

condi t ions  t o  which t h e  t o p  of t h e  region i s  exposed. 

"Bottom condi t ion  func t ion  number," which s p e c i f i e s  a s e t  of 

condi t ions  t o  which t h e  bottom of  t h e  region i s  exposed. 

4 .  

5.  

Each one o f  t hese  types o f  func t ions  i s  s e p a r a t e l y  documented wi th  

i d e n t i f i c a t i o n  numbers so t h a t  each func t ion  number r e a d i l y  i d e n t i f i e s  

t h e  f u l l  s e t  o f  condi t ions  involved (see ind iv idua l  d e s c r i p t i o n ) .  The 

dec i s ion  o f  t h e  ana lys t  on how t o  subdivide t h e  modeled zone i n t o  r eg ions  

w i l l  depend l a r g e l y  on h i s  judgment on what condi t ions  can be considered 

as uniform f o r  a s p e c i f i c  reg ion .  

t o  a reg ion ,  t h e  condi t ions  o f  t h i s  func t ion  are considered cha rac t e r -  

i s t i c  f o r  t h e  whole reg ion .  In t h e  p re sen t  form of  t h e  program, each 

reg ion  can be  geometr ica l ly  descr ibed  by r ec t angu la r  g r i d  l i n e s  only .  

Once a func t ion  number i s  ass igned  

A s p e c i a l  f l agg ing  technique has  been developed i n  t h i s  program f o r  

i d e n t i f y i n g  a l l  t h e  c h a r a c t e r i s t i c s  of  a s p e c i f i c  d i s c r e t e  element.  

. 
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Before s t a r t i n g  any time-dependent c a l c u l a t i o n s ,  t h e  program processes  

t h e  input  information and f i l e s  t h i s  information i n  an easy-to-access  

compartment. 

a f l a g  t o  each one of t h e  d i s c r e t e  e lements .  

v a r i a b l e  dimensioned f o r  t h e  t o t a l  number of elements i n  use .  This  

i n t e g e r  conta ins  32 hexadecimal b i t s  which are  subdivided i n t o  s i x  

b locks .  

are used t o  i d e n t i f y  t h e  boundary func t ion  numbers on t h e  f o u r  s i d e s  of  

t h e  element,  one block f o r  each s i d e .  

face has  no boundary and i s  assumed t o  be on an i n t e r n a l  g r i d  l i n e ,  

a l l  fou r  blocks a r e  empty, t h e  element i s  a completely i n t e r n a l  node 

(surrounded by water on a l l  s i d e s ) ,  

unused. 

t h e  region number t o  which t h e  element belongs.  Once element reg ion  

number i s  i d e n t i f i e d ,  a l l  t h e  condi t ions  of  t h i s  element a r e  c l e a r l y  

s p e c i f i e d ,  s i n c e  each reg ion  number carr ies  with it func t ion  numbers f o r  

t h e  i n i t i a l  cond i t ions ,  hea t  and mass volumetr ic  genera t ion  condi t ions ,  

t op  condi t ions ,  bottom cond i t ions ,  and depth.  

i n d i c a t e s  an element which i s  ou t s ide  t h e  modeled zone, t h a t  i s ,  a land 

element,  which i s  f o r  a l l  purposes i n a c t i v e .  

those  f i v e  i d e n t i f y i n g  numbers i n  t h e  f l a g ,  and another  two r o u t i n e s  

r e t r i e v e  them any time they  are needed. This  procedure i s  designed t o  

save s t o r a g e ,  since s i x  i n t e g e r s  (or  more) can be  s t o r e d  i n t o  one 

v a r i a b l e ,  

f o r  r e t r i e v i n g  those  numbers each time they  are needed. 

An important t o o l  i n  t h i s  procedure i s  t h e  assignment of 

The f l a g  i s  an i n t e g e r  

The f irst  f o u r  blocks from t h e  r i g h t  have f i v e  b i t s  each and 

If  a block i s  empty ( ze ro ) ,  t h e  

I f  

The nex t  f o u r  b i t s  are p r e s e n t l y  

The l a s t  block on t h e  l e f t ,  which has e i g h t  b i t s ,  i d e n t i f i e s  

A zero reg ion  number 

A s p e c i a l  r o u t i n e  i n s t a l l s  

This  i s ,  o f  course,  a t  t h e  expense of  machine time requ i r ed  

If s t o r a g e  i s  

. 

. 
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. 

. 

. 

no t  a r e s t r i c t i n g  problem and saving i n  machine c a l c u l a t i o n  time i s  more 

important ,  it i s  b e t t e r  t o  r ep lace  t h e  f l a g  by f i v e  i n t e g e r  v a r i a b l e s .  

Each one o f  t hose  v a r i a b l e s  w i l l  have t o  be dimensioned f o r  t h e  t o t a l  

number of  elements i n  use .  

7 . 2 . 3 .  Program C a p a b i l i t i e s  and Limi ta t ions  

In Sec t ion  7 .1  some a p p l i c a t i o n  c a p a b i l i t i e s  and l i m i t a t i o n s  of t h e  

model have been descr ibed .  In  t h i s  s e c t i o n  some a d d i t i o n a l  t echn ica l  

features of  t h e  program as it p r e s e n t l y  e x i s t s  w i l l  be descr ibed .  Many 

a d d i t i o n a l  ones can be incorpora ted  i n  t h e  program i f  so  des i r ed .  

f u l l  l i s t i n g  which i s  given i n  t h e  appendix can be of much h e l p  f o r  t h a t  

purpose.  Those features a r e  as fo l lows .  

The 

a.  Bottom, top ,  and volumetr ic  cond i t ions .  Natural  phenomena l i k e  

wind, r a i n ,  evapora t ion ,  hea t  exchange wi th  t h e  atmosphere, seepage, 

bottom s h e a r  stresses, and volumetr ic  h e a t  and mass genera t ion  o r  decay 

can a l l  be s p e c i f i e d  as func t ions  of  time, p o s i t i o n ,  temperature ,  and 

o t h e r  parameters .  

e i t h e r  t h e  equi l ibr ium temperature  concept o r  t h e  a c t u a l  balance of hea t  

f l uxes  ac ross  t h e  water surface (see Sec t ion  4 . 4 . 2 ) .  

Heat exchange with t h e  atmosphere can be based on 

b .  Transport  p r o p e r t i e s .  As discussed  i n  Sec t ion  3 .1  and 3 . 2 ,  t h e  

t u r b u l e n t  t r a n s p o r t  p r o p e r t i e s  are d i f f i c u l t  parameters t o  be eva lua ted .  

Never the less ,  t h e  program i s  set  i n  such a form t h a t  each t r a n s p o r t  

p rope r ty  i s  a sum of  molecular and t u r b u l e n t  p a r t s .  

i s  s p e c i f i e d  by t h e  u s e r  i n  INPUT as a cons t an t ,  while  t h e  tu rbu len t  

p a r t  i s  c a l c u l a t e d  i n t e r n a l l y  on t h e  b a s i s  of  t h e  d i scuss ion  i n  

The molecular p a r t  
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Sec t ions  3.1 and 3.2. 

can be e a s i l y  modified with t h e  program. 

Any one of  t h e  express ions  f o r  t r a n s p o r t  p r o p e r t i e s  

c ,  Boundary cond i t ions ,  The program has ex tens ive  c a p a b i l i t i e s  

f o r  accept ing  almost any type of phys ica l  boundary condi t ion .  

condi t ions  can be t e c h n i c a l l y  imposed a t  any loca t ion  along t h e  t tshore-  

l i n e "  of  t h e  modeled zone and can s imula te  power p l a n t s ,  t r i b u t a r i e s ,  o r  

any o t h e r  i n t a k e  o r  d i scharge  p o i n t s .  

t h e i r  f l u x e s  can be s p e c i f i e d  as func t ions  of t ime and o t h e r  independent 

parameters.  The boundary condi t ions  a r e  d iscussed  i n  d e t a i l  i n  

Sec t ion  5. 

These 

A l l  o r  p a r t  of t h e  unknowns and 

d. I n i t i a l  cond i t ions ,  The i n i t i a l  condi t ions  can be s p e c i f i e d  

f o r  each reg ion  as func t ions  of p o s i t i o n  (see Sec t ion  5 .1  f o r  d i s c u s s i o n ) .  

e. Ana ly t i ca l  and t a b u l a t e d  func t ions ,  A s  was mentioned be fo re ,  

most of t h e  cond i t ions  can be s e t  t o  be func t ions  o f  t ime,  p o s i t i o n ,  

temperature ,  substance mass concen t r a t ions ,  and o t h e r  parameters .  

i s  done by t h e  use  of  subrout ine  GNRLFC, which m u l t i p l i e s  t h e  o r i g i n a l  

cons tan t  va lue ,  s e t  by t h e  u s e r ,  by a proper  func t ion .  

can be e i t h e r  i n  t a b u l a t e d  form, and t h e r e f o r e  r e s t r i c t e d  t o  one 

parameter a t  a t ime, o r  i n  a general  a n a l y t i c a l  expression which i s  

almost u n r e s t r i c t e d  by e i t h e r  form o r  number and type of  independent 

parameters which can be used. 

This 

This func t ion  

f .  Control of t ime s t e p ,  The program i s  s e t  t o  eva lua te  t h e  

minimum time s t e p  r equ i r ed  f o r  s t a b i l i t y  us ing  f o r  t h e  time being a 

s i m p l i f i e d  bu t  conserva t ive  c r i t e r i o n .  

r equ i r ed  time s t e p  and use  e i t h e r  t h i s  va lue  o r  t h e  va lue  s p e c i f i e d  by 

The program w i l l  eva lua te  t h e  

. 

. 

. 

c 
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. t h e  u s e r  i f  indeed it i s  smal le r .  

t h e  time increment requi red  f o r  s t a b i l i t y ,  it w i l l  be  overr idden and 

t h e  u s e r  w i l l  be n o t i f i e d .  

i t s  p o s i t i v e  va lue  w i l l  be used i n  any case .  

I f  t h e  u s e r ' s  va lue  i s  g r e a t e r  than  

However, i f  t h e  u s e r ' s  va lue  is  negat ive ,  

g. R e s t a r t  f i l e ,  The program can c r e a t e ,  i f  s o  i n s t r u c t e d ,  a f i l e  

t h a t  s t o r e s  on d i s k  a l l  t h e  va lues  of t h e  unknowns and o t h e r  needed 

va lues  a t  t h e  end of a computer run.  This f i l e  can be used f o r  r e s t a r t -  

ing  t h e  problem aga in  from the  exact  p o i n t  a t  which it has been stopped. 

h. Monitoring p o i n t s  of temperatures  i n  e s tua ry .  In cases  of 

p e r i o d i c  behavior  as found i n  e s t u a r i e s ,  t h e  u s e r  can spec i fy  a number 

of  p o i n t s  i n  which he has  s p e c i a l  i n t e r e s t .  

t rack of  t h e  temperature  a t  t h e s e  p o i n t s  and w i l l  p r i n t ,  a t  t h e  end o f  

each cyc le ,  t h e  maximum, t h e  minimum, and t h e  average temperature  a t  

each one of  t hose  p o i n t s  over  a f u l l  cyc le  pe r iod ,  These va lues  a r e  

very h e l p f u l  f o r  t e s t i n g  i f  a quas i  s teady  s t a t e  has been indeed 

achieved e 

The program w i l l  then keep 

k .  Program te rmina t ion .  The program w i l l  t e rmina te  t h e  case  when 

t h e  maximum value  of e i t h e r  computer time o r  t h e  problem ( r e a l )  time 

s p e c i f i e d  by t h e  u s e r  has been exceeded. 

w i l l  be c r e a t e d  i f  reques ted  by t h e  u s e r ,  

In both cases  a restart f i l e  

1. P l o t t i n g .  Contour p l o t t i n g  f o r  water  e l e v a t i o n s  'and temperature  

and streak p l o t t i n g  f o r  v e l o c i t i e s  can be generated by us ing  t h e  program 

developed f o r  t h a t  purpose.  
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7.2.4, Brief Descr ip t ion  o f  Input and Output 

The purpose of  t h i s  s e c t i o n  i s  t o  g ive  a b r i e f  d e s c r i p t i o n  of  t h e  

inpu t  and output  o f  t h e  computer program and g ive  some i n s t r u c t i o n s  as 

t o  how t o  prepare  t h e  inpu t  d a t a  r equ i r ed ,  I t  i s  n o t  intended h e r e  t o  

g ive  a f u l l  u s e r  manual. 

Table 7.1 i s  a concent ra ted  summary of  t h e  inpu t  v a r i a b l e s ,  t h e i r  

format,  and some o t h e r  information needed t o  prepare  t h e  inpu t  d a t a ,  

The t a b l e  i s  no t  s e l f - exp lana to ry  but  can be very h e l p f u l  t o  t h e  u s e r  

who i s  a l r eady  familiar with t h e  program. Columns 71-80 o f  each card 

are reserved  f o r  ca rd  i d e n t i f i c a t i o n ,  bu t  are  no t  r equ i r ed  by t h e  pro-  

gram, The f irst  word i n  each box i s  t h e  name o f  t h e  v a r i a b l e ,  Then 

i t s  meaning i s  b r i e f l y  ind ica t ed ,  and some l i m i t a t i o n s  on i t s  size i f  

any, 

i n t e g e r  one. 

The format i s  always e i t h e r  E10.3 f o r  a real  v a r i a b l e  o r  I5 f o r  an 

The inpu t  in format ion  i s  a good r e f l e c t i o n  o f  t h e  var ious  

c a p a b i l i t i e s  of t h e  program. 

incorpora ted .  

t h e  p r e s e n t  t ime. 

explana t ion  of t h e i r  u se  w i l l  now be given i n  t h e  o r d e r  i n  which they  

are being c a l l e d  f o r  i n  t h e  program. 

Many a d d i t i o n a l  c a p a b i l i t i e s  can be e a s i l y  

Table 7 . 1  r e p r e s e n t s  t h e  inpu t  r equ i r ed  and p o s s i b l e  a t  

The meaning of  t h e  inpu t  v a r i a b l e s  and some 

, 



Table 7.1. Summary of Input Variables and Their Format 

NUTE: i h e  format is always El0  3 for reel variables and IS far an integer except the format of the T l T l e  which is 18A4. 
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Title 

Card No. 1 

NK 

NREG 

NINTLF 

NGENF 

NBNDF 

NTOPF 

NBOTF 

NANLFC 

NTBLFC 

Title of the case in 72 alphanumerical characters. 

Total number of constituents in the mixture, A 
maximum number of 4 can be presently specified. 

Number of regions used (present limit, 2 5 ) .  

Number of  initial condition functions used to specify 
the conditions existing at starting time of the case 
(STN) (present limit, 25). 

Number of  volumetric heat o r  mass generation functions 
used to specify heat or mass generation ( o r  decay) 
per unit volume and time (present limit, 2 5 ) ,  

Number of  boundary condition functions used to 
specify the conditions on the physical boundaries of 
the model (present limit, 25) .  

Number of top condition functions used to specify 
the conditions on the top surface (present limit, 
25) 

Number of bottom condition functions used to specify 
the conditions at the bottom of the water body 
modeled (present limit, 25) .  

Number of analytical functions used as factors by 
which a corresponding variable is multiplied every 
time step, The functions can be any analytical 
expression and can involve almost any parameter 
like time, position (X, Y), temperature, constituent 
mass concentration, velocities, and others. The 
function is specified by the user in a FUNCTION 
routine named ANLFNC, which must be supplied by the 
user. There is no limit on the number of functions 
that can be specified since this is controlled com- 
pletely by the user, 

Number of tabulated functions used as factors by 
which a corresponding variable is multiplied every 
time step (present limit, 10). The tabulated 
functions are used in the same way as the analytical 
functions except that each function is specified in 
a tabulated form and therefore is limited to one 
parameter only. The index numbers for both 
analytical and tabulated functions are in one 
sequence, and the program distinguishes between the 

e 

I 
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. NXGRL 

NYGRL 

NTMAX 

Card No. 2 

I START 

. IFINIS 

I P LOT 

INTRT 

Card No. 3 

STM 

PRBTM 

two by the sign, 
tabulated function, and negative sign designates an 
anal y t i cal f unc t i on e 

Positive sign designates a 

Total number of gross lattice lines in the X 
direction normally used for defining the various 
regions (present limit, 50). 

Total number of gross lattice lines in the Y 
direction (present limit, 50). 

Number of points at which temperature will be 
monitored. 
by detecting the minimum temperature and the maximum 
temperature occurring at the specified points during 
each tidal cycle. 
each tidal cycle is also calculated, and all three 
values are printed after each tidal cycle is 
completed. 

The temperature monitoring is performed 

The average temperature during 

A restart flag for restarting and continuing a 
problem from a previous run. If nonzero (one), a 
restart information file is called for and must be 
available . 
A flag for creating a restart file which can be 
used to continue the case if desired, If zero, no 
such file will be created. 

A plotting flag f o r  storing information required for 
contour plotting of water elevations, temperatures, 
and mass concentration of streak plotting of"ve1ocity 
vectors 

A numerical integration routine flag. 
to choose between Runge-Kutta method (INTRT = l), 
Euler-Cauchy method (INTRT = 2 ) .  

Presently set 

Starting time for the case, 
used, the final time in the restart file will be 
used as STM. 

If a restart file is 

Span of actual time for which the case should be 
analyzed. 
PRBTM e 

Final time of the case will be STM plus 
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CPUSEC 

DPRTTM 

TIDAL 

Card No. 4 

SDTM 

FDTM 

DTMLT 

INDTM 

NDTMC 

LDTMCR 

Computer time c u t o f f  l i m i t  i n  seconds. 
w i l l  be p r i n t e d  and a restart  f i l e  c rea t ed  if s o  
s p e c i f i e d .  

The output  

Time increment f o r  p r i n t i n g  output  information i n  
add i t ion  t o  the  output  p r i n t e d  a t  both t h e  beginning 
and t h e  end of  t h e  case, 

Tida l  pe r iod  i n  t h e  case o f  o s c i l l a t i n g  flow. Used 
f o r  c a l c u l a t i n g  t i d a l  maximum, minimum, and average 
temperature  dur ing  each t i d a l  cyc le .  

I n i t i a l  time s t e p  used f o r  t h e  i n t e g r a t i o n  r o u t i n e s .  
If a r e s t a r t  f i l e  i s  used,  t h e  last  time increment 
i n  t h e  res ta r t  f i l e  w i l l  b e  used as SDTM un les s  SDTM 
i s  negat ive .  
w i l l  be used, ove r r id ing  t h e  time step given i n  the  
res t a r t  f i 1 e .  

If SDTM i s  negat ive ,  i t s  p o s i t i v e  va lue  

The l a r g e s t  time s t e p  permi t ted  i n  t h e  i n t e g r a t i o n  
r o u t i n e s .  
with a time s t e p  equal  t o  SDTM. 
s t e p s ,  us ing  SDTM, t h e  program w i l l  s t a r t  mul t ip ly ing  
t h e  cu r ren t  time s t e p  by a f a c t o r  DTMLT every NDTMC 
time s t e p s  u n t i l  t h e  l a r g e s t  time s t e p  allowed, FDTM, 
i s  achieved o r  t h e  c a l c u l a t e d  time s t e p  i s  l a r g e r  
than  t h e  minimum time s t e p  requi red  f o r  maintaining 
numerical  s t a b i l i t y ,  

The program w i l l  s tar t  t h e  i n t e g r a t i o n  
Af te r  INDTM time 

See FDTM above. 

See FDTM above. 

See FDTM above. 

S t a b i l i t y  c r i t e r i o n  f l a g ,  
w i l l  c a l c u l a t e  a minimum time s t e p  r equ i r ed  t o  main- 
t a i n  numerical s t a b i l i t y  and w i l l  use  t h i s  va lue  
whenever i t  i s  smaller than t h e  va lue  c a l c u l a t e d  
by t h e  b a s i c  procedure descr ibed  under FDTM, The 
time s t e p  s t a b i l i t y  c r i t e r i o n  used i s  p r e s e n t l y  
s i m p l i f i e d  and temporary,  If LDTMCR i s  zero,  t h e  
opt ion  w i l l  no t  be a c t i v a t e d  a t  a l l .  

If nonzero, t h e  program 

. 
c 
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Cards: TABLl and TABLZ 

t 

. 

These cards  are used t o  desc r ibe  t h e  t a b u l a t e d  func t ions  by spec i fy ing  
t h e  p o i n t s  o f  each such t a b l e .  

ITBLFC Tabulated func t ion  number ( I ) .  

NTBLP ( I )  Number of  p a i r s  used t o  desc r ibe  t h e  t abu la t ed  
func t ion  I (present  l i m i t ,  25). 

TABARG ( K ,  I )  Argument (independent va lue)  K o f  t abu la t ed  func t ion  
I .  

TABFNC ( K ,  I )  Dependent va lue  K o f  t a b u l a t e d  func t ion  I .  

Cards : LTX, LTDX, LTY, LTDY 

These cards  are used t o  desc r ibe  t h e  geometr ical  g r i d  l ines c r e a t i n g  t h e  
mesh o f  t h e  model. 

XGRL (I) 

LTDX(1) 

Gross l a t t i c e  l i n e  I i n  t h e  X d i r e c t i o n .  Those l i n e s  
are used t o  desc r ibe  t h e  var ious  r eg ions ,  

Number of  subdiv is ions  between gross  l a t t i c e  l i n e  
XGRL(1) and XGRL(I+l), 

YGRL ( I )  Gross l a t t i ce  l i n e  I i n  t h e  Y d i r e c t i o n .  

LTDY ( I )  Number of  subdiv is ions  between gross  l a t t i c e  l i n e  
YGRL(1) and YGRL(I+l). 

Cards: RG1 and RG2 

These ca rds  a r e  used t o  f irst  subdiv ide  t h e  zone modeled i n t o  reg ions .  
Then t h e  va r ious  c h a r a c t e r i s t i c s  of  each reg ion ,  inc luding  boundary 
cond i t ions ,  are de f ined  by spec i fy ing  a func t ion  number f o r  each such 
c h a r a c t e r i s t i c .  The a c t u a l  s p e c i f i c a t i o n  of  those  func t ions  i s  done 
i n  d i f f e r e n t  ca rds  ( those  which desc r ibe  t h e  func t ions  themselves) .  
There are two ca rds  f o r  each region.  

I REG Region number ( I ) .  

INTF ( I )  I n i t i a l  condi t ions  func t ion  number f o r  region I .  
This func t ion  s p e c i f i e s  t h e  i n i t i a l  condi t ions  
e x i s t i n g  i n  reg ion  I a t  t h e  time STM (see cards  
I N ) .  
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IGENF (I) 

DEPTH (I) 

UPX (I) 

DNX(1) 

UPY ( I )  

DNY (I) 

ITOPF (I) 

IBOTF (I) 

IUPXB (I) 

IDNXB (I) 

IUPYB(1) 

IDNYB(1) 

Card: TMAX 

Volumetric generation function number for region I. 
This function specifies the generation (or decay) 
o f  heat and/or mass per unit volume and unit time 
f o r  region I (see card GN). 

The depth of region I. 
throughout the region. 
a constant arbitrary reference level. 

Considered uniform 
The depth is measured from 

Smallest X dimension (gross lattice line) bounding 
region I. 

Largest X dimension (gross lattice line) bounding 
region I. 

Smallest Y dimension (gross lattice line) bounding 
region I. 

Largest Y dimension (gross lattice line) bounding 
region I. 

Top conditions function number for region I. 
Specifies all the conditions on the t op  surface of 
the water in region I (see cards TP). 

Bottom conditions function number for region I. 
Specifies all the conditions at the bottom of  the 
water body in region I (see cards BT). 

Boundary conditions function number existing on the 
smallest X lattice line, UPX(I), of region I .  
Describes a l l  the conditions existing on this line 
if it constitutes a physical boundary, If it does 
not, the entry is left blank. 
boundary entries blank is completely surrounded by 
water (see cards B N D ) .  

A region with all its 

Same as IUPXB(1) but for DNX(1) line. 

Same as IUPXB(1) but for UPY(1) line, 

Same as IUPXB(1) but for DNY(1) line. 

~ ~~ 

This card describes the points at which temperature monitoring is desired 
(see NTMAX). 

4 

XTMAX(1) X dimension of point I. 



YTMAX(1) 

Card: GN 

. 
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Y dimension o f  p o i n t  I .  

This  card desc r ibes  any h e a t  and/or  mass genera t ion  (or decay) p e r  u n i t  
volume and time. 
( t h a t  i s ,  f o r  each volumetr ic  func t ion  number). 

IGENFC Volumetric genera t ion  func t ion  number ( I )  . 

There i s  one card f o r  each s e t  of such condi t ions  

QDV(1) Value of  hea t  genera t ion  (o r  decay i f  nega t ive)  p e r  
u n i t  t ime f o r  func t ion  I .  

IQDVF ( I )  M u l t i p l i e r  func t ion  number by which QDV(1) w i l l  be 
m u l t i p l i e d  every time s t e p .  
a n a l y t i c a l  (nega t ive)  o r  t abu la t ed  ( p o s i t i v e ) .  The 
func t ion  can inc lude  almost any number of parameters 
( see  NANLFC and NTBLFC). 

The func t ion  can be 

G K D V ( K ,  I )  Value of mass genera t ion  (o r  decay i f  nega t ive)  of  
c o n s t i t u e n t  K p e r  u n i t  volume and u n i t  time f o r  
func t ion  I .  

I G K D V ( K , I )  M u l t i p l i e r  func t ion  number by which GKDV(K,I) w i l l  
be mul t ip l i ed  every time s t e p  ( see  IQDVF(1)). 

Cards: B N 1  t o  BN5 

These cards  a r e  used t o  spec i fy  t h e  boundary condi t ions  f o r  each 
boundary condi t ions  func t ion .  
func t ion .  
T ,  as d iscussed  i n  Sec t ion  5 .3 ,  which a r e ,  i n  s h o r t :  

There are f i v e  cards  f o r  each such 
Card B N 1  s p e c i f i e s  t h e  types of  boundaries f o r  H ,  U, V ,  and 

B . C  ~ t ype  1: 

B ' C '  2 :  = P ( t )  ( t he  p r o p e r t y ' s  normal d e r i v a t i v e  i s  

P = Pb (value of p rope r ty  i t s e l f  i s  s p e c i f i e d ) .  

an bf s p e c i f i e d ) ,  

B . C .  type  3:  P = P,, + (P /h  ) ( forced  f l u x  from ou t s ide  i s  
bf  s p e c i f i e d ) .  

2 B.C. type  4: a P/an2 = 0 ( the  p r o p e r t y ' s  second normal d e r i v a t i v e  
equals  ze ro ) .  

The boundary condi t ion  type s p e c i f i e d  f o r  T is a l s o  used f o r  C k .  

IBNDFC Boundary condi t ions  func t ion  number ( I ) .  

NHBDTP ( I )  Type of  boundary condi t ion  s p e c i f i e d  f o r  water  
e l e v a t i o n  H .  
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NUBDTP (I) 

NVBDTP (I) 

NTBDTP (I) 

FHBD(1) 

FUBD (I) 

FVBD (I) 

FTBD (I) 

XINT (I) 

Y INT (I ) 

Type of boundary condition specified for velocity 
in the X direction (U). 

Type of boundary condition specified for velocity 
in the Y direction (V). 

Type of boundary condition specified for temperature 
T or constituent mass concentration Ck. 

The value specified (if required) for the water 
elevation at the boundary I. 
plied each time step by the factor specified in 
IHBDF (I) 

This value is multi- 

The value specified (if required) for the U velocity 
(X direction) at the boundary I, 
multiplied each time step by the factor specified 
in IUBDF(1). 

This value is 

The value specified (if required) for the V velocity 
(Y direction) at the boundary I. 
multiplied each time step by the factor specified 
in IVBDF (I). 

This value is 

The value specified (if required) for the temperature 
at the boundary I. 
the boundary is assumed to simulate the heat dis- 
charge from a power plant. In this case the positive 
value of FTBD(1) is taken as the temperature increase 
across the condensers, and the discharge temperature 
is calculated as the sum of this temperature increase 
and the intake temperature. 
is the temperature existing at any time at the 
element simulating the intake structure, whose 
location is specified by the next two entries of 
this card. 
by the factor specified in ITBDF(1) 

If this.value is negative, then 

The intake temperature 

FTBD(1) is multiplied every time step 

X dimension of the intake structure location, Not 
required if FTBD(I), is positive. 

Y dimension of the intake structure location, Not 
required if FTBD(1) is positive. 

Based on the above, the discharge temperature at boundary I at any time 
will be 

= T[XINT(I), YINT(I)] + ITBD(I)I , Tdis charge (7.1) 

. 

c 
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where TBD(1) i s  t h e  updated va lue  o f  t h e  temperature  inc rease  ac ross  t h e  
condenser FTBD(1). 
i n t o  account.  

This  arrangement a l lows r e c i r c u l a t i o n  t o  be taken 

FGBD 

FSBDN ( I )  

8 

FSBDSH ( I )  

0 . 

.. 

. 

FCKBD (K, I )  

FGKBD ( K ,  I )  

IGBDF ( I )  

IUBDF ( I )  

IVBDF ( I )  

The 
(ML- 
eve r  
Note 
w i l l  
vel0 
from 

va lue  s p e c i f i e d  ( i f  requi red)  f o r  t h e  mass flow 
2T-1) a t  boundary I ,  This  va lue  i s  m u l t i p l i e d  
y time s t e p  by t h e  f a c t o r  s p e c i f i e d  i n  IGBDF(1). 

t h a t  t h e  t o t a l  mass f l u x  through t h e  boundary 
be t h e  sum of  GBD(1) and t h e  dens i ty  times 

c i t y  UBD(1) or VBD(I), FGBD(1) al lows mass f l u x  
t h e  boundary without  a f f e c t i n g  momentum. 

The va lue  s p e c i f i e d  ( i f  requi red)  f o r  t h e  h e a t  f l u x  
(BtuaL-2T-l) a t  t h e  boundary I .  
mu l t ip l i ed  every t ime s t e p  by t h e  f a c t o r  s p e c i f i e d  
i n  IQBD(1). Note t h a t  t h e  t o t a l  h e a t  f l u x  through 
t h e  boundary w i l l  be  t h e  sum of  QBD(1) and t h e  
convect ive h e a t  f l u x  s p e c i f i e d  by VBD(1) and 
TBD(1). 
without  spec i fy ing  mass flow o r  v e l o c i t y .  

This  va lue  i s  

FQBD(1) al lows h e a t  f l u x  from t h e  boundary 

The va lue  s p e c i f i e d  ( i f  r equ i r ed )  f o r  t h e  normal 
shea r  s t r e s s e s  (pressure)  a t  t h e  boundary I .  This  
va lue  i s  mul t ip l i ed  every time s t e p  by t h e  f a c t o r  
s p e c i f i e d  i n  ISNBD(1). 

The va lue  s p e c i f i e d  ( i f  r equ i r ed )  f o r  t h e  shea r  
s t r e s s e s  ( f r i c t i o n  f o r c e s  p e r  u n i t  a r ea )  a t  boundary 
I .  
f a c t o r  s p e c i f i e d  i n  ISHBDF(1). 

This  va lue  i s  m u l t i p l i e d  every time s t e p  by t h e  

The va lue  s p e c i f i e d  ( i f  r equ i r ed )  f o r  mass 
concent ra t ion  o f  c o n s t i t u e n t  k a t  boundary I .  This  
va lue  i s  mul t ip l i ed  each t ime s t e p  by t h e  f a c t o r  
s p e c i f i e d  i n  ICKBDF (K, I ) .  

The va lue  s p e c i f i e d  ( i f  r equ i r ed )  f o r  mass flow of 
c o n s t i t u e n t  k a t  boundary 1. This  va lue  i s  mul t i -  
p l i e d  each time s t e p  by t h e  f a c t o r  s p e c i f i e d  i n  
IGKBDF(K,I). 
i n  a d d i t i o n  t o  t h e  mass flow of c o n s t i t u e n t  k con- 
vected wi th  t h e  t o t a l  mass flow (GBD(I)), 

This  mass flow of  c o n s t i t u e n t  k i s  

M u l t i p l i e r  func t ion  number f o r  boundary water 
e l e v a t i o n  (see FHBD) 

M u l t i p l i e r  func t ion  number f o r  boundary U v e l o c i t y  
( see  FUBD). 

M u l t i p l i e r  func t ion  number f o r  boundary V v e l o c i t y  
(see FVBD). 

L 
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ITBDF (I) 

IGBDF (I) 

IQBDF (I) 

ISNBDF (I) 

ISHBDF ( I )  

ICKBDF (K, I) 

IGKBDF (K, I) 

Cards: BT1 to BT4 

Multiplier function number for boundary temperature 
(see FTBD) . 
Multiplier function number for boundary mass flux 
(see FGBD), 

Multiplier function number for boundary heat flux 
(see FQBD). 

Multiplier function number for boundary normal 
stresses (see FSBDN). 

Multiplier function number for boundary shear stresses 
(see FSBDSH) ~ 

Multiplier function number for boundary mass 
concentration of constituent k (see FCKBD). 

Multiplier function number for boundary mass flux of 
constituent k (see FGKBD), 

These cards are used to specify the conditions at the bottom of the water 
body modeled. There are four cards f o r  each such function. 

I BOTFC Bottom conditions function number (I). 

The value specified (if required) for the velocity 
in the X direction of the flow coming from the 
bor.tom. 
the factor specified in IUBF(1). 

This value is multiplied each time s t e p  by 

The value specified (if required) for the velocity 
in the Y direction of  the flow coming from the 
bottom. 
by the factor specified in IVBF(I), 

This value is multiplied each time step 

The value specified (if required) f o r  the velocity 
in the vertical upward direction of  the flow coming 
from the bottom. This value is multiplied each time 
step by the factor specified in IWBFII), WB(1) con- 
tributes to the total mass flow coming from the 
bottom but has no effect on the momentum. The total 
flow is calculated based on vectorial summation of 
UB, VB, and WB. 

c 
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. 

HCB ( I )  

BMANGC ( I )  

CKB (K, I )  

DCKB (K, I )  

IUBF ( I )  

I V B F  ( I )  

IWBF ( I )  

ITBF ( I )  

The va lue  s p e c i f i e d  ( i f  requi red)  f o r  t h e  temperature  
of t h e  bottom f o r  bottom condi t ions  func t ion  I .  This  
va lue  i s  m u l t i p l i e d  every t ime s t e p  by t h e  f a c t o r  
s p e c i f i e d  i n  ITBF(1) a 

The va lue  s p e c i f i e d  ( i f  r equ i r ed )  f o r  t h e  h e a t  f l u x  
coming from t h e  bottom. This va lue  i s  mul t ip l i ed  
each time s t e p  by t h e  f a c t o r  s p e c i f i e d  i n  IQB(1). 
This  h e a t  f l u x  i s  i n  add i t ion  t o  t h e  convect ive h e a t  
f l u x  coming with t h e  flow o r  t h e  d i f f u s i v e  f l u x  
caused by temperature  drop. 

The va lue  s p e c i f i e d  ( i f  requi red)  f o r  t h e  f i l m  h e a t  
t r a n s f e r  c o e f f i c i e n t  between t h e  bottom and t h e  water  
f o r  bottom condi t ions  func t ion  I .  This  va lue  i s  
mul t ip l i ed  each time s t e p  by t h e  f a c t o r  s p e c i f i e d  i n  
IHCBF(1). The h e a t  f l u x  w i l l  be c a l c u l a t e d  based on 
Eq. 4.42. 

The va lue  s p e c i f i e d  f o r  t h e  Manning roughness 
c o e f f i c i e n t  used t o  c a l c u l a t e  t h e  bottom shea r  
s t r e s s e s  a t  bottom condi t ions  func t ion  I ,  This va lue  
is no t  updated each t ime s t e p .  
Manning c o e f f i c i e n t  a r e  h r / f t ' l 13 .  

The va lue  s p e c i f i e d  f o r  t h e  mass concent ra t ion  of 
c o n s t i t u e n t  k a t  t h e  bottom f o r  bottom condi t ions  
func t ion  I .  
by t h e  f a c t o r  s p e c i f i e d  i n  ICKBF(K,I) a 

The u n i t s  o f  t h e  

This va lue  i s  mul t ip l i ed  each time s t e p  

The va lue  s p e c i f i e d  f o r  t h e  f i l m  mass t r a n s f e r  
c o e f f i c i e n t  between t h e  bottom and t h e  water f o r  
bottom condi t ions  func t ion  I .  This  va lue  i s  mul t i -  
p l i e d  every time s t e p  by t h e  f a c t o r  s p e c i f i e d  i n  
IDCKBF(K,I). 
on Eq. 4 . 2 5 .  

The mass f l u x  w i l l  be c a l c u l a t e d  based 

M u l t i p l i e r  func t ion  f o r  t h e  bottom v e l o c i t y  i n  t h e  X 
d i r e c t i o n  (see U B ) .  

M u l t i p l i e r  func t ion  f o r  t h e  bottom v e l o c i t y  i n  t h e  Y 
d i r e c t i o n  (see V B ) .  

M u l t i p l i e r  func t ion  f o r  t h e  bottom v e r t i c a l  v e l o c i t y  
(see WB). 

M u l t i p l i e r  func t ion  f o r  t h e  bottom temperature  (see 
TB) . 
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IHCBF ( I )  

ICKBF (K, I )  

IDCKBF ( K ,  I) 

Cards: T 1  t o  T4 

M u l t i p l i e r  func t ion  f o r  t h e  bottom hea t  f l u x  ( see  
QB) 

M u l t i p l i e r  func t ion  f o r  t h e  bottom f i l m  h e a t  t r a n s f e r  
c o e f f i c i e n t  (see HCB). 

M u l t i p l i e r  func t ion  f o r  t h e  bottom mass concent ra t ion  
of  c o n s t i t u e n t  k (see CKB). 

M u l t i p l i e r  func t ion  f o r  t h e  bottom f i l m  mass transfer 
c o e f f i c i e n t  (see DCKB) . 

These cards  are used t o  s p e c i f y  t h e  cond i t ions  on t h e  top  s u r f a c e  of  t h e  
water body modeled. There a r e  f o u r  cards  f o r  each such func t ion .  Most 
of  t h e  v a r i a b l e s  have meaning analogous t o  t h e  corresponding bottom 
condi t ions  v a r i a b l e s  with two d i f f e r e n c e s .  
Manning c o e f f i c i e n t ,  t h e r e  i s  a need f o r  a wind s t r e s s  c o e f f i c i e n t .  
ever ,  s i n c e  no r e l i a b l e  va lues  are given i n  t h e  l i t e r a t u r e ,  a cons tan t  
va lue  (3.2 x 10-6) is  used i n s i d e  t h e  program based on Sec t ion  4 . 2 .  
Second, t h e  f i l m  h e a t  t r a n s f e r  c o e f f i c i e n t  between t h e  top  s u r f a c e  and 
t h e  atmosphere above it i s  HCT(1). 
exchange c o e f f i c i e n t ,  and t h e  equi l ibr ium tempFrature i s  s p e c i f i e d  by 
TD(1) i n  card TP2 ( see  Sec t ion  4.4). 
c o e f f i c i e n t  i s  c a l c u l a t e d  based on Eqs. 4.31 and 4.32 i n  Sec t ion  4,.4, 
and t h e  equi l ibr ium temperature  i s  c a l c u l a t e d  based on E q .  4 . 3 0  i n  t h i s  
s e c t i o n .  
as fol lows.  

First, i n s t e a d  of  t h e  
How- 

If HCT(1) > 0, i t  i s  used as t h e  hea t  

If HCT < 0,  t h e  h e a t  exchange 

The a d d i t i o n a l  information r equ i r ed  i s  s p e c i f i e d  i n  card  TP2 

TD(I) Dew p o i n t  temperature  
QSOL(1) S o l a r  r a d i a t i o n  hea t  f l u x  
WINDX(1) 
WINDY(1) 

Wind v e l o c i t y  i n  t h e  X d i r e c t i o n  
Wind v e l o c i t y  i n  t h e  Y d i r e c t i o n  

Cards: TRSPl and TRSP2 

These cards  are used t o  s p e c i f y  t h e  t r a n s p o r t  p r o p e r t i e s  of  t h e  f l u i d .  
For t h e  p r e s e n t ,  only cons tan t  va lues  are used from t h e  inpu t  format.  
However, i n  t h e  program i t s e l f ,  each t r a n s p o r t  p roper ty  i s  t h e  sum of  
t h e  cons tan t  va lue  s p e c i f i e d  i n  t h e s e  cards  and a b u i l t - i n  correspond- 
ing  func t ion  f o r  t h a t  p roper ty  based on t h e  d i scuss ion  i n  Sec t ions  
3.1 and 3 . 2 .  

XKPC The cons t an t  p a r t  o f  t h e  thermal conduc t iv i ty  of 
t h e  f l u i d  i n  t h e  X d i r e c t i o n  (BtuaL-IT-IF-1). 

. 

. 

. 
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. 

Y KPC 

XTVSC 

YTVSC 

DKXC (K) 

DKYC (K) 

The constant part of the thermal conductivity of  the 
fluid in the Y direction (BtuOL-lT-IF-1). 

The constant part of the dynamic viscosity of the 
fluid in the X direction (ML'IT-l). 

The constant part of the dynamic viscosity of the 
fluid in the Y direction (ML-IT-1). 

The constant part of the mass diffusivity of 
constituent k into the rest of the mixture in the 
X direction (L2T-1). 

The constant part of the mass diffusivity of 
constituent k into the rest of the mixture in the Y 
direction (L2T-1) 

Cards: IN1, IN2, and IN3 

These cards are used to specify the initial conditions that exist at the 
starting time of the problem. There are three cards for each such 
function. 

INTFC 

STH (I) 

STU (I) 

STV (I) 

STWS(1) 

STT (I) 

STCK(K,I) 

Any one of the ab 

Initial function number (I). 

Initial water elevation for initial function I. 

Initial velocity in the X direction for initial 
function I. 

Initial velocity in the Y direction for initial 
function I. 

Initial rate of  change of water elevation for 
initial function I. 

Initial temperature for initial function I. 

Initial mass concentration of constituent k for 
initial function I. 

values is multiplied by a factor specified in a 
corresponding multiplier function. 
conditions to be specified as functions of position (X, Y) within the 
same region. 

These factors allow the initial 

The functions are  specified by the following. 

ISTHF (I) Multiplier function for the initial water elevation 
(see STH). 
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ISTUF(1) 

ISTVF ( I )  

ISTWSF ( I )  

ISTTF(1) 

ISTCKF (K, I )  

M u l t i p l i e r  func t ion  f o r  t h e  i n i t i a l  v e l o c i t y  i n  t h e  X 
d i r e c t i o n  (see STU). 

M u l t i p l i e r  func t ion  f o r  t h e  i n i t i a l  v e l o c i t y  i n  t h e  Y 
d i r e c t i o n  (see STV) . 
M u l t i p l i e r  func t ion  f o r  t h e  i n i t i a l  r a t e  of  change o f  
water  e l e v a t i o n  ( see  STWS). 

M u l t i p l i e r  func t ion  f o r  t h e  i n i t i a l  temperature  ( see  
STT) e 

M u l t i p l i e r  func t ion  f o r  t h e  i n i t i a l  mass concent ra t ion  
o f  c o n s t i t u e n t  k ,  

Card: RESTART 

These cards  a r e  used f o r  r e s t a r t i n g  and cont inuing a problem from t h e  
p o i n t  a t  which t h e  previous case has been stopped ( see  ISTART and IFINIS).  
The cards  (o r  f i l e )  a r e  generated i f  IFINIS > 0 and are r equ i r ed  only i f  
ISTART > 0 .  The d a t a  i n  t h i s  card inc lude  t h e  f i n a l  time from t h e  pre-  
vious case ,  t h e  las t  time s t e p  used,  and a l l  t he  va lues  o f  t h e  unknowns. 
The program w i l l  cont inue c a l c u l a t i o n s  using those  va lues  and ove r r id ing  
any information s p e c i f i e d  by t h e  i n i t i a l  condi t ions  or by card 3 and 
card 4. I f ,  however, t h e  s t a r t i n g  time s t e p  SDTM i s  nega t ive ,  i t s  
p o s i t i v e  value w i l l  be  used, ove r r id ing  t h e  va lue  given i n  t h e  r e s t a r t  
f i l e .  

f 

I . 

. 

. 
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7 .3 .  Appl ica t ion  o f  t h e  Model t o  Sample Problems 

. 

I 

* 

. 

Two sample problems have been shosen t o  demonstrate t h e  workab i l i t y  

of  t h e  model and i t s  c a p a b i l i t i e s .  

case o f  flow o f  warm seawater  ( 2 7  pp t  s a l t  concent ra t ion)  i n t o  and out  of  

a r ec t angu la r  water  body. The case demonstrates t h e  symmetry of  t h e  flow 

and temperature  d i s t r i b u t i o n s  as we l l  as t h e  mass and h e a t  balance 

achieved,  

banks of  t he  same water  body. 

and can r ep resen t  an e s t u a r y .  

and temperature  d i s t r i b u t i o n s  of  t h e  two power p l a n t s .  

each i s  loca ted  about 1,500 f t  upstream of  i t s  d ischarge .  

The f i r s t  problem i s  a very s i m p l i f i e d  

The second problem rep resen t s  two power p l a n t s  l oca t ed  on two 

The flow i n  t h e  water body i s  o s c i l l a t i n g  

There i s  an i n t e r a c t i o n  between t h e  flow 

The i n t a k e  of 

In o r d e r  t o  save computer time, both sample problems have been run 

on a reduced vers ion  o f  t h e  program which does not  inc lude  c o n s t i t u e n t  

concen t r a t ions .  However, a shor t - t ime run was made with t h e  f u l l  

vers ion  t o  demonstrate t h e  c a p a b i l i t y  of t h e  program t o  c a l c u l a t e  mass 

concent ra t ions  of  a number of  c o n s t i t u e n t s  i n  a water body. 

7 .3 .1 .  SamDle Problem No. 1 

This  case  r ep resen t s  warm seawater  ( 2 7  pp t  s a l t  concent ra t ion)  

flowing i n t o  and out of  a r e c t a n g u l a r  water  body. The o v e r a l l  dimensions 

o f  t h e  water body a r e  105,000 by 105,000 f t .  I n i t i a l l y ,  t h e  water  body 

i s  f i l l e d  wi th  a 4 0 - f t  depth of  pure water a t  80°F and completely a t  

r e s t .  Then a 30,000-cfs flow of  water  e n t e r s  a t  t h e  c e n t e r  of one bank 

wi th  a v e l o c i t y  o f  0.15 f t / s e c  a t  a temperature  of 95°F and s a l t  con- 

c e n t r a t i o n  o f  2 7  p p t .  A t  t h e  c e n t e r  o f  t h e  oppos i te  bank t h e r e  i s  an 
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opening 5,000 f t  wide which i s  kept  a t  a cons tan t  l e v e l  a t  40.0 f t .  

a r e su l t ,  symmetrical flow i s  i n i t i a t e d  wi th in  t h e  water  body. The 

water e l e v a t i o n  a d j u s t s  i t s e l f  correspondingly.  Figure 7.2 shows a 

schematic p r e s e n t a t i o n  o f  t h e  case ,  inc luding  t h e  s p e c i f i c a t i o n  o f  both 

i n i t i a l  and boundary cond i t ions .  

As 

The modeled water body i s  subdivided i n t o  n i n e  reg ions  (although 

Each region t h r e e  regions could be s u f f i c i e n t  f o r  t h i s  s p e c i f i c  case ) .  

i s  def ined  by i t s  own dimensions, i n i t i a l  cond i t ions ,  volumetr ic  

genera t ion  cond i t ions ,  bottom cond i t ions ,  t op  s u r f a c e  cond i t ions ,  and 

boundary condi t ions  on i t s  f o u r  edges.  

r ep resen t  s o l i d  walls. 

and mass. 

f r e e - s l i p  cond i t ions  are assumed f o r  t h e  t a n g e n t i a l  v e l o c i t y ,  V t .  Water 

e l eva t ion  i s  a f r e e  boundary and i s  s p e c i f i e d  as boundary condi t ion  type 

4 (see Sec t ion  5 ) .  For t h e  i n l e t  (boundary condi t ion  2 )  t he  va lues  o f  

v e l o c i t i e s ,  temperature ,  and c o n s t i t u e n t  mass concent ra t ions  a r e  s p e c i -  

Boundary condi t ions  1 and 4 

These are assumed t o  be impermeable t o  both h e a t  

The normal v e l o c i t y ,  V n ,  a t  t h e  wall i s  s e t  t o  zero ,  whi le  

f i e d ,  while t h e  water  e l e v a t i o n  i s  aga in  l e f t  as boundary condi t ion  type  

4. 

t o  be cons t an t ly  40 .0  f t ,  and t h e  e x i t  v e l o c i t y  i s  s p e c i f i e d  as having 

zero g rad ien t  a long t h e  flow. The r e s t  o f  t h e  unknowns are l e f t  as 

boundary condi t ion  type  4. 

A t  t h e  o u t l e t  (boundary condi t ion  3 )  t h e  water e l eva t ion  i s  s p e c i f i e d  

The bottom i s  considered impermeable t o  both mass and h e a t .  

Manning roughness c o e f f i c i e n t  of  0.03 ~ e c / f t ’ ’ ~  i s  assumed f o r  calcu-  

l a t i n g  the  bottom shea r  s t r e s s e s .  

stresses are considered t o  be n e g l i g i b l e ,  

A 

On t h e  top  s u r f a c e ,  r a i n  and wind 

A cons tan t  va lue  of  

* 

. 
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. 
* 

8 

, 

. 

REGION NO. l o  \ / B . C .  NO. 

INITIAL CONDITIONS 6 . c .  2 B . C .  3 B . C . ' S  1 & 4  

a2H/ax2 = 0 H=40.O f t  a2H/dx2 = O  H,-,=40.0 f t  
Vn= 0 Uo- 0 . 0  U = 540 f t /hr  a2U/ax2 = 0 

v o =  0.0 v= 0 . 0  a2V/ax2 = 0 &+/an = O  
To = 8O.O0F T =  95.OoF a2T/ax2 = 0 aT/an = 0 
ck( 1 ) = 1 . o  Ck(  1 > =  0.973 a2Ck/ax2 = 0 aCk/Jn = 0 
ck(2) = 0 . 0  ck( 2 )  = 0.027 

Figure 7 . 2 .  Regions and boundary cond i t ions  arrangement i n  sample 
problem No, 1. 
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2 5 Btu / f t  .hr ."F i s  considered f o r  t h e  hea t  exchange c o e f f i c i e n t  between 

t h e  water s u r f a c e  and t h e  atmosphere with 80.O"F equi l ibr ium temperature ,  

The d i f f u s i o n  c o e f f i c i e n t s  f o r  mass, momentum, and hea t  were 

considered as t h e  sum o f  molecular and t u r b u l e n t  c o e f f i c i e n t s .  The t u r -  

bu len t  d i f f u s i o n  c o e f f i c i e n t  was based on E l d e r ' s  r e s u l t s 5 5  f o r  i s o t r o p i c  

turbulence .  

c o e f f i c i e n t  o f  0 .03  ~ e c / f t l ' ~  gives  (see Eq. 3 . 2 4 )  

Evalua t ing  t h e  bottom shea r  stresses with a Manning 

E = 0.07HuT = 0.0043H d m  
The shea r  effects caused by v e l o c i t y  v a r i a t i o n s  i n  t h e  l a t e r a l  

d i r e c t i o n ,  which, as claimed by F i sche r ,  5 6 ~ 5 7  are very important i n  one- 

dimensional models, do n o t  have t o  be considered he re ,  s i n c e  t h e  model 

i s  two dimensional and t h e  v e l o c i t y  v a r i a t i o n s  i n  t h e  l a t e r a l  d i r e c t i o n  

and t h e  proper  normal and shea r  s t r e s s e s  are proper ly  included i n  t h e  

model i t s e l f  

Some shea r  effects  caused by v e l o c i t y  v a r i a t i o n s  with depth must be 

added t o  t h e  above d i f f u s i o n  c o e f f i c i e n t .  However, since t h e  c o r r e c t  

formulat ion f o r  continuous d ischarges  i s  no t  a v a i l a b l e ,  i t  was decided 

t o  conse rva t ive ly  use E q .  7 . 2  as it i s .  

An a c t u a l  p r i n t o u t  of t h e  computer runs made f o r  t h i s  sample problem, 

with t h e  f u l l  ve r s ion  and t h e  reduced ve r s ion ,  i s  given i n  Appendix A .  

The input  in format ion  i s  p r i n t e d  ou t  i n  f u l l ,  whi le  t h e  output  r e s u l t s  

are p r i n t e d  he re  only  f o r  two times--one f o r  t h e  f u l l  ve r s ion  and one 

. 
b 

f o r  t h e  reduced ve r s ion .  

. 
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c 

The r e s u l t s  of  t h e  run were p l o t t e d  f o r  a number of  success ive  times 

and are shown i n  F igures  7 . 3  t o  7.27. 

given i n  Sec t ion  7 .3 .3 .  

A d i scuss ion  of  t h e s e  r e s u l t s  i s  

7.3.2.  Sample Problem No. 2 

This  case r e p r e s e n t s  two power p l a n t s  l oca t ed  on t h e  same water body 

where t h e  flow i s  o s c i l l a t i n g  i n  n a t u r e .  

water  body are 4,500 f t  by 178,500 f t .  

f i l l e d  with a 4 0 - f t  depth of  water a t  80°F and completely a t  res t .  Then 

a 4,000-cfs flow o f  water  comes i n  a t  t h e  c e n t e r  of one narrow bank wi th  

a v e l o c i t y  o f  0.2 f t / s e c  and a t  a temperature  of 80'F. 

The o v e r a l l  dimensions of  t h e  

I n i t i a l l y  t h e  water body i s  

A t  t h e  oppos i te  

bank t h e  water e l e v a t i o n  i s  o s c i l l a t i n g  s i n u s o i d a l l y  as 

H = 40 + 2.25 s i n  27r(t/T) , (7 * 3) 

where t i s  t h e  ins tan taneous  time and T i s  t h e  cyc le  pe r iod .  This  

behavior  s imula tes  t h e  mouth of  an e s t u a r y ,  with a t i d a l  per iod  of 

1 2 . 4  hours .  Figure 7.28 shows a schematic p r e s e n t a t i o n  o f  t h e  case  and 

i t s  i n i t i a l  and boundary cond i t ions .  

t h e  two opposing longer  banks of t h e  water body. 

charges about 2,480 cfs o f  water (7 pp t  s a l t  concent ra t ion)  a t  a 

v e l o c i t y  of  about 0.125 f t / s e c  perpendicular  t o  t h e  s h o r e l i n e  and about 

8.33 x 10 Btu/hr of  h e a t .  

1,500 f t  upstream of  i t s  d ischarge  p o i n t .  

taken i n t o  account s i n c e  t h e  i n t a k e  temperature  i s  t h e  a c t u a l  temperature  

e x i s t i n g  a t  any time a t  t h e  i n t a k e  element. 

Two power p l a n t s  are s imulated on 

Each power p l a n t  d i s -  

9 The i n t a k e  of  each power p l a n t  i s  about 

Rec i r cu la t ion  i s  proper ly  

The d ischarge  temperature  
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Figure 7 . 4 .  Velocity distribution ( f t / h r )  f o r  stlmplc prol)l ciii 
No. 1 a t  time = 10.950 h r .  
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Figure 7.5. Velocity d i s t r i b u t i o n  ( f t / h r )  for sample problem 
No. 1 a t  time = 118.850 h r .  
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Figure 7.8. Water depth distribution (ft) for sample problem 
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Figure 7.10. Water depth distribution (ft) for sample problem 
No. 1 at time = 5.050 hr. 
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Figure 7.18. Water depth distribution (ft) at the zone of 
discharge for sample problem No. 1 at time = 4.050 hr. 
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Figure 7.19. Water depth distribution (ft) at the zone of 
discharge for sample problem No. 1 at time = 5.050 hr. 
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Figure 7.20. Water depth distribution (ft) at the zone of 
discharge for sample problem No. 1 at time = 29.00 hr. 
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Figure 7.22. Water depth distribution (ft) at the zone of 
discharge for sample problem No. 1 at time = 124.450 hr. 
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Figure 7.23. Temperature distribution (OF) for sample problem 
No. 1 at time = 2.05 hr. 
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Figure 7.25. Temperature distribution (OF) at the zone of discharge 
for sample problem No. 1 at time = 21.0 hr. 
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Figure 7.26. Temperature distribution (OF) at the zone of discharge 
for sample problem No. 1 at time = 69.7 hr. 
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Figure 7.27. Temperature distribution ( O F )  at the zone of discharge 
for sample problem No. 1 at time = 124.450 hr. 
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Figure 7.28. Regions and boundary conditions arrangement in sample problem-No. 2. 
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i s  ca l cu la t ed  t o  be a t  any time 15°F above t h e  i n t a k e  temperature .  

two power p l a n t s  a r e  20,500 f t  a p a r t  a long t h e  main s t ream and are loca ted  

on two opposing banks of  t h e  water  body, 

between t h e  two power p l a n t s  are proper ly  cons idered ,  

The 

I n t e r a c t i o n  and r e c i r c u l a t i o n  

The modeled water body i s  subdivided i n t o  11 reg ions .  Each region 

i s  def ined  by i t s  own dimensions, i n i t i a l  cond i t ions ,  volumetr ic  

generat ion cond i t ions ,  bottom cond i t ions ,  t o p  su r face  cond i t ions ,  and 

boundary condi t ions  on i t s  fou r  edges.  Boundary Conditions 1 and 4 

r ep resen t  s o l i d  walls with condi t ions  t h e  same as f o r  sample problem 

No. 1. The i n l e t  condi t ions  (boundary condi t ion  2 )  and o u t l e t  condi t ions  

(boundary condi t ion  3)  a r e  a l s o  similar t o  those  i n  sample problem No. 1 

except t h a t  t h e  water  e l e v a t i o n  i s  s p e c i f i e d  s i n u s o i d a l l y  by Eq. 7 . 3  

r a t h e r  than being cons t an t .  

na tu re  of  t h e  flow f i e l d  i n  t h e  water  body. 

condi t ion  3 i s  s p e c i f i e d  as type  4 .  

g rad ien t  when t h e  flow i s  p o s i t i v e  (outward) and r e q u i r e s  t h a t  t h e  

temperature be equal  t o  t h e  o u t s i d e  temperature  (70°F) when t h e  flow i s  

negat ive  ( i n l e t ) .  The same types of  boundary condi t ions  a r e  used f o r  

t h e  mass concent ra t ion  (ocean sa l t  concent ra t ion  of 2 7  pp t )  as f o r  t h e  

temperature .  

i n t ake  and d ischarge  s t r u c t u r e s  of  one power p l a n t ,  while  boundary 

condi t ions  7 and 8 s imula te  t h e  same f o r  t h e  second power p l a n t .  

i n t ake  boundary condi t ions  (5 and 7) have s p e c i f i e d  i n t a k e  v e l o c i t i e s ,  

and t h e  r e s t  of t h e  p r o p e r t i e s  a r e  l e f t  as boundary Condition type  4. 

The d ischarge  boundary condi t ions  (6 and 8) have s p e c i f i e d  va lues  f o r  a l l  

This  d i f f e r e n c e  completely changes t h e  

The temperature  i n  boundary 

This  imposes a cons tan t  temperature  

Boundary condi t ions  5 and 6 s imula t e ,  r e s p e c t i v e l y ,  t h e  

The 

4 

.r 

. 
c 

. 
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. 

. 

t h e  p r o p e r t i e s  except  water e l e v a t i o n ,  which i s  l e f t  as boundary 

condi t ion  type  4. In a d d i t i o n ,  each power p l a n t  d i scharge  i s  coupled t o  

i t s  own i n t a k e  by way of temperature;  t h a t  i s ,  t h e  discharge temperature  

i s  always based on t h e  cu r ren t  in take  temperature  p lus  t h e  condenser 

AT (15°F). 

The condi t ions  a t  t h e  bottom s u r f a c e  and top  su r face  as wel l  as t h e  

t r a n s p o r t  p r o p e r t i e s  a r e  t h e  same as i n  sample problem No. 1. 

An a c t u a l  p r i n t o u t  o f  t h e  computer runs made f o r  t h i s  sample problem, 

both wi th  t h e  f u l l  ve r s ion  and t h e  reduced ve r s ion ,  i s  given i n  Appendix 

A .  The input  information i s  p r i n t e d  out  i n  f u l l ,  whi le  t he  output  

r e s u l t s  a r e  p r i n t e d  he re  only f o r  two times--one f o r  t h e  f u l l  vers ion  

and one f o r  t h e  reduced ve r s ion .  

The r e s u l t s  of t h e  run were p l o t t e d  f o r  a number of  success ive  

t imes and cyc le  f r a c t i o n s  and are shown i n  Figures  7.29 t o  7 .70.  

cussion of  t h e s e  r e s u l t s  i s  given i n  Sec t ion  7 .3 .3 .  

A d i s -  

7 .3 .3 .  Resul t s  and Discussion of  Sample Problems 

Before d i scuss ing  t h e  a c t u a l  r e s u l t s  of t h e  two sample problems 

presented  i n  Sec t ions  7 . 3 . 1  and 7.3.2,  it i s  worthwhile mentioning some 

of  t h e  d i f f i c u l t i e s  met before  achieving them. 

F i r s t ,  t h e r e  was t h e  problem of  numerical  i n s t a b i l i t i e s .  I t  was 

found t h a t  t h e  s o l u t i o n  of t h e  model, when used t o  p r e d i c t  temperatures  

and mass concent ra t ions  only  ( t h a t  i s ,  t h e  water e l eva t ions  and 

v e l o c i t i e s  have been p r e s p e c i f i e d ) ,  was numerical ly  much more s t a b l e  

than when used as a f u l l  thermal -hydraul ic  model. I t  was p o s s i b l e  t o  

run t h e  model, f o r  thermal p r e d i c t i o n  only ,  with time s t e p s  i n  t h e  o rde r  
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Figure 7.38. Velocity distribution (ft/hr) for sample problem No. 2 at time = 31.635 hr 
and period of tidal of 2.551. 
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Figure 7.40. Temperature distribution (OF) for sample problem No. 2 at time = 31.635 hr 
and period of tidal of 2.551. 
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Figure 7.43. Temperature distribution (OF) for sample problem No. 2 at time = 34.115 hr 
and period of tidal of 2.751. 
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Figure 7.60. Water depth distribution (ft), at the zone of power plant discharges, 
for sample problem No. 2 at time = 31.635 hr and period of tidal of 2.551. 
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for sample problem No. 2 at time = 35.355 hr and period of tidal of 2.851. 
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of hours ,  which seemed t o  be l i m i t e d  mainly by t h e  d i f f u s i v e  p a r t  o f  t h e  

s t a b i l i t y  c r i t e r i a  developed i n  Sec t ion  6 .  

time s t e p  f o r  t h e  f u l l  thermal-hydraul ic  model was much sma l l e r  and was 

r e s t r i c t e d  mainly by t h e  convect ive p a r t  o f  t h e  s t a b i l i t y  c r i t e r i a ,  

On t h e  o t h e r  hand, t h e  s t a b l e  

After ga in ing  confidence with t h e  use of t h e  t ime s t e p  r equ i r ed  f o r  

numerical  s t a b i l i t y ,  i t  was apparent  t h a t  even when t h e  s o l u t i o n  was 

completely s t a b l e ,  it demonstrated o s c i l l a t i o n s  with space;  t h a t  i s ,  t h e  

values  of both water  e l e v a t i o n s  and v e l o c i t i e s  were a l t e r n a t i n g  f o r  

success ive  d i s c r e t e  elements.  A c l o s e  i n s i g h t  i n t o  t h e  a c t u a l  calcu-  

l a t i o n s  performed by t h e  computer program revea led  t h a t  t h e  problems 

come from t h e  fact t h a t  both t h e  water e l e v a t i o n  (which i s  t h e  d r i v i n g  

fo rce  f o r  t h e  v e l o c i t i e s )  and t h e  v e l o c i t i e s  (which a r e  caused by water  

e l eva t ion  d i f f e r e n t i a l s )  a r e  c a l c u l a t e d  a t  t h e  same p o i n t  ( a t  t h e  c e n t e r  

of  t h e  d i s c r e t e  e lement) .  

f l uxes  must be eva lua ted  on t h e  h a l f - p o i n t  boundaries of  each d i s c r e t e  

element.  This was indeed done, bu t  t h e  h a l f - p o i n t  va lues  were based on 

l i n e a r  i n t e r p o l a t i o n  between t h e  two neighboring c e n t e r  va lues ,  which 

are t h e  only ones c a l c u l a t e d  from t h e  d i f f e r e n t i a l  equat ions themselves.  

I t  seems more c o r r e c t  t o  eva lua te  t h e  convect ive v e l o c i t i e s  a t  t h e  h a l f -  

p o i n t  boundaries of  each d i s c r e t e  element based on the  d i f f e r e n t i a l  

equat ions themselves r a t h e r  than on l i n e a r  i n t e r p o l a t i o n .  

w i l l  r e q u i r e  a s taggered  mesh, so  t h a t  a l l  t h e  t r anspor t ed  values  w i l l  

be c a l c u l a t e d  a t  t h e  center p o i n t  of  each d i s c r e t e  element,  while  t h e  

convect ive v e l o c i t i e s  w i l l  be c a l c u l a t e d  (based on t h e  a c t u a l  d i f f e r e n t i a l  

equat ions and no t  l i n e a r l y  i n t e r p o l a t e d )  a t  t h e  h a l f - p o i n t  boundaries of 

From t h e  phys ica l  po in t  of  view t h e  convecting 

To do t h i s  

. 

. 

. 

e 

. 
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c 
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each such d i s c r e t e  element.  

system w i l l  complicate t h e  numerical s o l u t i o n  cons iderably .  

The use  of such a double s taggered  mesh 

I t  i s  a l s o  c l e a r  t h a t  if t h e  mesh s ize  i s  then  small enough s o  t h a t  

any d is turbance  i s  well d i s t r i b u t e d  between a number of  d i s c r e t e  elements,  

t h e  o s c i l l a t i o n s  w i l l  be  e l imina ted  o r  a t  l e a s t  minimized. However, 

such a course w i l l  d r ama t i ca l ly  inc rease  t h e  r a t i o  of  computer time t o  

r e a l  time because of t h e  e f f e c t s  of  both inc rease  i n  number o f  elements 

and decrease i n  t h e  s i z e  of  t h e  time s t e p  r equ i r ed  f o r  numerical  

s t a b  i 1 i t y  

As a temporary measure, those  o s c i l l a t i o n s  were s u c c e s s f u l l y  

e l imina ted  by the  use of  an averaging technique between each two 

success ive  d i s c r e t e  e lements .  These averaging c a l c u l a t i o n s  a r e  performed 

a t  t h e  end o f  each complete time i n  a s p e c i a l  subrout ine  c a l l e d  FILTER. 

I t  i s  recommended t h a t  t h e  f i l t e r i n g  technique ,  t h e  s taggered  mesh sys-  

tem, and the  reduced mesh s i z e ,  as wel l  as o t h e r  p o s s i b l e  s o l u t i o n s ,  be 

i n v e s t i g a t e d  f o r  t h e  b e s t  way t o  e l imina te  those  o s c i l l a t i o n s .  

As was mentioned be fo re ,  t h e  s i z e  of  t h e  time s t e p  must s a t i s f y  t h e  

s t a b i l i t y  c r i t e r i a  developed i n  Sec t ion  6 .  

t h a t  t h e  computer time r equ i r ed  f o r  each time s t e p  f o r  such an ex tens ive  

model i s  understandably l a r g e ,  c r e a t e d  a major f i n a n c i a l  o b s t a c l e  t o  t h e  

a b i l i t y  t o  f u l l y  i n v e s t i g a t e  t h e  c a p a b i l i t i e s  of  t h e  model by way of  

paramet r ic  s t u d i e s  under ex tens ive  s e t s  o f  s p e c i f i e d  cond i t ions .  

two sample problems chosen he re  and presented  i n  Sec t ions  7 . 3 . 1  and 

7 . 3 . 2  are designed t o  demonstrate t h e  v a l i d i t y  of  t h e  model (sample 

problem No. 1) and i t s  c a p a b i l i t i e s  (sample problem No, 2 ) .  Because o f  

Th i s ,  i n  add i t ion  t o  t h e  f a c t  

The 

. 
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computer c o s t  and f i n a n c i a l  l i m i t a t i o n s ,  both sample problems were run on 

a reduced vers ion  o f  t h e  model which does n o t  inc lude  t h e  c a l c u l a t i o n s  of 

c o n s t i t u e n t  mass concent ra t ion ,  and both sample problems were stopped 

be fo re  complete s t e a d y - s t a t e  equi l ibr ium had been achieved. 

Figures  7 .3  t o  7.27 pages 102 t o  206, show t h e  r e s u l t s  o f  t h e  

computer run f o r  sample problem No. 1 i n  t h e  form of p l o t s  f o r  v e l o c i t i e s  

(Figs .  7 . 3  t o  7 .6 ) ,  water  e l eva t ions  (Figs .  7 .7  t o  7 .22) ,  and tempera- 

t u r e s  (Figs .  7.23 t o  7.27).  The symmetry of  t h e  flow around t h e  d ischarge  

and i n t a k e  p o i n t s  can be very  wel l  seen i n  a l l  t h e  above f i g u r e s  and 

s p e c i f i c a l l y  i n  t h e  s t r e a k  p l o t s  f o r  v e l o c i t i e s .  

t o u r  p l o t s  d i d  n o t  come up very smooth and t h e  symmetry i s  no t  p e r f e c t  

i n  s p i t e  of  t h e  fac t  t h a t  corresponding p r i n t e d  output  shows complete 

symmetry, That may be a r e s u l t  o f  t h e  i n t e r p o l a t i o n  technique used 

i n  t h e  p l o t t i n g  r o u t i n e s  and t h e  number of  p o i n t s  a v a i l a b l e  f o r  t h i s  

i n t e r p o l a t i o n .  

equi l ibr ium a t  t h e  i n l e t  po in t  i s  achieved r a t h e r  f a s t .  

p o i n t ,  i t  takes a few hours t o  achieve hydrau l i c  equi l ibr ium.  

7 . 6  shows a blown-up p l o t  of  t h e  v e l o c i t i e s  a t  t h e  v i c i n i t y  of  t h e  i n l e t ,  

In some cases t h e  con- 

I t  can be seen from Figs .  7 .3  t o  7.6 t h a t  hydrau l i c  

A t  t h e  o u t l e t  

Figure 

The mass ba lance  has been checked by c a l c u l a t i n g  t h e  mass flows 

i n  t h e  X d i r e c t i o n  at co r s s  s e c t i o n s  near t h e  i n l e t  and o u t l e t  p o i n t s  

and comparing them wi th  t h e  t o t a l  mass flow suppl ied  a t  t h e  i n l e t .  

time 1 2 4 . 4 5  hours a f t e r  i n i t i a l  cond i t ions ,  t h e  i n l e t  flow was 30,080 

c f s .  A t  t h a t  same time t h e  t o t a l  flow i n  t h e  X d i r e c t i o n  a t  a c ros s  

s e c t i o n  7,500 f t  from t h e  i n l e t  po in t  was 30100.7 c f s ,  which i s  an 

e x c e l l e n t  agreement of  +0.07%.  

A t  

The t o t a l  flow i n  t h e  X d i r e c t i o n  a t  a 
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c ross  s e c t i o n  7,500 f t  from t h e  o u t l e t  p o i n t  a t  t h e  same time was 29,677.4 

c f s  which i s  a l s o  i n  a very good agreement o f  -1 .3  pe rcen t ,  e s p e c i a l l y  

when t h e  agreement might be f u r t h e r  improved wi th  time s i n c e  complete hydrau- 

l i c  equi l ibr ium was no t  ye t  achieved a t  t h e  o u t l e t .  

Figures  7 .7  t o  7.15, pages 186 t o  194, show t h e  changes i n  water 

e l eva t ions  wi th  time over  a l l  t h e  a r e a  modeled. 

pages 195 t o  201, show a blown-up p l o t  of  t h e  water  e l eva t ions  a t  t h e  

v i c i n i t y  of t h e  i n l e t .  

propagat ion and a l s o  t h e  f a c t  t h a t  t h e  water  e l eva t ions  seem never t o  

come t o  complete res t  ( a t  least  not  wi th in  t h e  1 2 4  hours of t h e  r u n ) .  

Figures  7.16 t o  7.22, 

I t  i s  i n t e r e s t i n g  i n  those p l o t s  t o  s e e  t h e  wave 

Figure 7 .23  page 202, shows t h e  temperature  d i s t r i b u t i o n  and t h e  

spread of t h e  h e a t  around t h e  d ischarge  p o i n t .  

t o  which change i n  temperature  can be de t ec t ed  i s  l e s s  than  30,000 f t ,  

Figures  7.24 t o  7.27, pages 203 t o  206, show blown-up p l o t s  of  tempera- 

t u r e  d i s t r i b u t i o n  wi th in  t h i s  a r e a .  Thermal equi l ibr ium was d e f i n i t e l y  

n o t  achieved. I t  must t ake  more than 1,300 hours f o r  a p a r t i c l e  t o  move 

from the  i n l e t  p o i n t  t o  t h e  o u t l e t  p o i n t .  

cannot be r e l i e d  on f o r  f a s t  d i s t r i b u t i o n  of  t h e  h e a t ,  and d i f f u s i o n  i s  

even a s lower process .  

on t r a n s i e n t  condi t ions  by comparing t h e  t o t a l  hea t  dumped i n t o  t h e  water  

body t o  t h e  h e a t  absorbed by t h e  water  p lus  t h e  hea t  l o s t  t o  t h e  atmos- 

phere.  

124.45 hours i s  

Since the  f a r t h e s t  po in t  

That means t h a t  convection 

However, t h e  hea t  balance has been checked based 

The t o t a l  hea t  dumped i n t o  t h e  water  body during t h e  f i r s t  

. 
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Qi, - - GinCPin ATin A t  = (540 x 5000 x 40.08 x 62.2) x 1 . 0  x 15 

x 124.45 

= 6.731 x 10 9 x 1 . 0  x 15 x 124.45 

= 12.565 x 1OI2 Btu/hr , 

The t o t a l  hea t  absorbed by t h e  water dur ing  t h i s  pe r iod  i s  

= 1 AiHipiCpi ATi = AHavpCp 1 ATi 
i=l i=l 

Qcap 

= 25 x 10  6 x 40.08 x 62.2 x 159.2 = 9.922 x 1 0 l 2  Btu/hr . 

The t o t a l  hea t  l o s t  t o  t h e  atmosphere must be  c a l c u l a t e d  by increments 

o f  t ime. 

hours ,  one g e t s  

However, approximating i t  by t h e  h e a t  l o s s  a t  t h e  time 124.45 

N N 

i=l i=l 
= 7 hiAi(Ti - TE) t = h.A. t (T - T ~ )  i Y Q l o s t  

. 

= 5 x 25 x 10 6 x 124.45 x 159.2 = 2.477 x 1OI2 Btu/hr , 

which g ives  an e r r o r  o f  

Q l o s t  + Qcap - 2.477 + 9.922 = 1,3% , - 
Q: - 12.565 

The hea t  l o s t  t o  t h e  atmosphere, however, i s  p ropor t iona l  t o  t h e  

excess temperature which i t s e l f  changes with t ime. Performing t h e  same . 
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c a l c u l a t i o n s  by increments of  time gives  an e r r o r  of  about 10 pe rcen t .  

In any case t h e  agreement seems t o  be good cons ider ing  t h e  crude way t h e  

h e a t  balance was performed. 

Figures  7.29 t o  7.70, pages 210 t o  250, show t h e  r e s u l t s  of t h e  

computer run f o r  sample problem No. 2 i n  a form o f  p l o t s  f o r  v e l o c i t i e s ,  

water e l e v a t i o n s ,  and temperatures  a t  seven success ive  f r a c t i o n s  of  t h e  

t i d a l  pe r iods .  Figures  7.29 t o  7.49, pages 210 t o  229, show t h e  f u l l  

a r e a  of  t h e  e s t u a r y  modeled, and Figures  7.50 t o  7.70, pages 230 t o  

250, show blown-up p l o t s  of  t h e  area around t h e  two power p l a n t s ,  g iv ing  

t h e  changes of water  v e l o c i t i e s  and water e l eva t ions  with t h e  t i d a l  

pe r iod ,  The dashed l i n e s  i n d i c a t e  water e l e v a t i o n  below 40 f t .  

t u n a t e l y ,  t h e  scale of  t h e  v e l o c i t y  vec to r s  does n o t  allow t h e  d i r e c t i o n  

of  t he  flow t o  be seen c l e a r l y  nea r  t h e  i n t a k e  and d ischarge  p o i n t s  of  

each power p l a n t ,  al though t h i s  i s  apparent  i n  t h e  p l o t s  f o r  water  

e l e v a t i o n s ,  and a l s o  i n  t h e  p r i n t o u t  o f  t h e  r e s u l t s  (see Appendix A). 

The i n t e r a c t i o n  between t h e  two power p l a n t s  can be c l e a r l y  seen i n  t h e  

p l o t s  f o r  temperature  d i s t r i b u t i o n s  i n  both t h e  f u l l - a r e a  p l o t s  and t h e  

blown-up p l o t s .  Also,  t h e  cool ing e f f e c t s  of t h e  ocean temperature ,  

which was s e t  t o  70°F, can be seen very c l e a r l y .  

occurs  a t  each power p l a n t  a f t e r  slack water  a t  t h e  beginning of t h e  ebb 

pe r iod .  

miles  downstream of power p l a n t  No. 1, i s  h ighe r  because of t h e  e f f e c t  

o f  h e a t  convected downstream. I t  can be seen very c l e a r l y  t h a t  t h e  i n t a k e  

temperature  of  each power p l a n t  i s  much above ambient temperature .  Recir- 

c u l a t i o n  o f  ho t  water from discharge  t o  i n t a k e  i s  proper ly  taken i n t o  

Unfor- 

The maximum temperature  

The maximum temperature  a t  power p l a n t  No. 2 ,  which i s  about 5 
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account.  

may no t  y e t  have taken p l ace ,  s i n c e  t h e  p l o t s  re f lec t  only t h e  t h i r d  

t i d a l  cyc le  from t h e  s ta r t  of  t h e  problem. 

may no t  be achieved be fo re  a t  l e a s t  10 cyc le s .  

e f f e c t s  are a l r eady  apparent .  

c a p a b i l i t y  of  t h e  model t o  handle such a complicated case of i n t e r a c t i n g  

power p l a n t s  s i t u a t e d  acorss  from each o t h e r  i n  an o s c i l l a t i n g  water  body. 

The f u l l  e x t e n t  o f  t h e  i n t e r a c t i o n  between t h e  two power p l a n t s  

Quas i - s t eady- s t a t e  condi t ions  

Never the less ,  most o f  t h e  

I t  i s  most s a t i s f y i n g  t o  real ize  t h e  



8. SUMMARY AND CONCLUSIONS 

. 
The o b j e c t i v e  of t h i s  s tudy  was t o  develop a time-dependent, 

two-dimensional mathematical model f o r  p r e d i c t i n g  t h e  v e l o c i t i e s ,  water 

l e v e l s ,  temperature ,  and mass concent ra t ions  of  var ious  c o n s t i t u e n t s  i n  

shallow v e r t i c a l l y  mixed water bodies .  

u s e f u l ,  i t  must be capable  of  t ak ing  i n t o  account t h e  very  many complex 

c o n t r i b u t o r s  a f f e c t i n g  t h e  behavior  and c h a r a c t e r i s t i c s  of such n a t u r a l  

water  bodies .  Such a model must n e c e s s a r i l y  be h igh ly  nonl inear  and i s  

cons t ra ined  by an ex tens ive  number of boundary condi t ions .  

reason t h e  numerical  approach i s  inescapable .  

n i zed  t h a t  f o r  a p r e d i c t i o n  of va r ious  d ischarges  i n t o  n a t u r a l  water 

bodies  t h e  model must i nco rpora t e  both t h e  immediate v i c i n i t y  o f  t h e  

d ischarge  p o i n t  ( n e a r f i e l d )  and t h e  more d i s t a n t  zones ( f a r f i e l d ) ,  

which a r e  q u i t e  d i f f e r e n t  i n  n a t u r e .  

In o rde r  t h a t  such a model be 

For t h a t  

In add i t ion ,  it i s  recog- 

The model developed i n  t h i s  s tudy  meets most of those  requirements 

although no t  a l l  of them. 

account complex f a c t o r s  a f f e c t i n g  n a t u r a l  water bodies  i s  almost 

un l imi ted .  On t h e  o t h e r  hand, t h e  use of  t h e  model f o r  both t h e  nea r  

f i e l d  and t h e  far  f i e l d  combined i s  l i m i t e d  mainly by our  a b i l i t y  t o  

understand and proper ly  model t h e  tu rbu len t  phenomena and t h e  tu rbu len t  

t r a n s p o r t  p r o p e r t i e s .  The normal and shea r  s t r e s s e s ,  which a r e  proper ly  

included i n  t h e  model, cannot be used t o  t h e i r  f u l l  p o t e n t i a l  because of 

t h i s  b a s i c  l i m i t a t i o n .  

The c a p a b i l i t y  of t h e  model t o  take i n t o  

. 
259 
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The major conclusions which can be der ived  from t h e  p re sen t  s tudy  

are as fol lows.  

1. The d i s c r e t e  element method can be success fu l ly  used f o r  

s imula t ing  n a t u r a l  water bodies  based d i r e c t l y  on t h e  b a s i c  conservat ion 

p r i n c i p l e s  of  mass, momentum, and energy. 

conservat ion p r i n c i p l e s  e l imina te s  t h e  need f o r  f irst  de r iv ing  complex 

p a r t i a l  d i f f e r e n t i a l  equat ions  and then  i n t e g r a t i n g  them numerical ly ,  

based on r i g i d  r u l e s  of d i f f e r e n t i a l  ca l cu lus .  

he lp fu l  t o  t h e  p r a c t i c a l  engineer  and s c i e n t i s t  because of t h e  c l e a r  

i d e n t i f i c a t i o n  o f  t h e  var ious  phys ica l  phenomena as wel l  as t h e  phys ica l  

c o n s t r a i n t s  expressed by t h e  model boundaries .  

This  d i r e c t  a p p l i c a t i o n  of  t h e  

Such an approach i s  very  

2 .  I t  was demonstrated t h a t  t h e  d i s c r e t e  element formulat ion of 

t h e  conservat ion p r i n c i p l e s  of mass, momentum, and energy can be e a s i l y  

reduced t o  t h e  c l a s s i c a l  f i n i t e  d i f f e r e n c e  formulat ion o f  t hose  

p r i n c i p l e s  by t ak ing  t h e  limits as A X  -+ 0 ,  AY -f 0 ,  and A t  -f 0 ,  as i s  nor-  

mally done i n  t h i s  formulat ion.  

3 .  The time s t e p  c r i t e r i a  r equ i r ed  t o  ensure  numerical  s t a b i l i t y  

have been developed based on t h e  d i s c r e t e  p e r t u r b a t i o n  method f o r  each 

one of t h e  equat ions .  These c r i t e r i a  inc lude  t h e  effects  of v a r i a b l e  

sizes o f  d i s c r e t e  elements,  v a r i a b l e  t r a n s p o r t  p r o p e r t i e s ,  convect ive 

e f f e c t s ,  d i f f u s i o n  e f f e c t s ,  su r f ace  h e a t  and mass exchange on both bottom 

and top  s u r f a c e s ,  and volumetr ic  d i scharge  and/or i n t a k e  of both mass 

and h e a t .  

commonly v a l i d  f o r  a l l  t h e  equat ions  has been developed f o r  s impler  and 

f a s t e r  a p p l i c a t i o n .  

A more s i m p l i f i e d  but  r a t h e r  more conserva t ive  c r i t e r i o n  

. 
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4 .  Very complex f a c t o r s  a f f e c t i n g  n a t u r a l  water  bodies ,  such as 

wind, r a i n ,  evapora t ion ,  h e a t  exchange with t h e  atmosphere, seepage, 

bottom s h e a r  stresses, t r i b u t a r i e s ,  t i d a l  o s c i l l a t i o n ,  and o t h e r s ,  have 

been taken i n t o  account i n  a two-dimensional model. These f a c t o r s  can 

be r e a l i s t i c a l l y  s p e c i f i e d  as both func t ions  of  space and t ime (although 

t h e  time s c a l e  i s  sma l l e r  than t u r b u l e n t  time scale f l u c t u a t i o n s ) .  

5 .  The f u l l  s imula t ion  of  normal and shea r  viscous s t r e s s e s  

(laminar and t u r b u l e n t )  has  been included i n  t h e  momentum conservat ion 

equat ions .  

both near -  and f a r - f i e l d  r eg ions .  

l i m i t e d ,  however, by t h e  l i m i t e d  c a p a b i l i t y  t o  proper ly  s imula te  and 

model t u rbu len t  t r a n s p o r t  p r o p e r t i e s .  

This  a l lows t h e  model t o  be p o t e n t i a l l y  v a l i d  f o r  s imula t ing  

F u l l  u t i l i z a t i o n  of  t h a t  p o t e n t i a l  i s  

6 .  The model i s  capable  of s imula t ing  t h e  mass t r a n s p o r t  o f  any 

numbe’r of. c o n s t i t u e n t s  i n  t h e  water  body and t h e  i n t e r a c t i o n  between 

them. 

a b i l i t y  t o  nodel t u r b u l e n t  t r a n s p o r t  p r o p e r t i e s ,  s p e c i f i c a l l y  f o r  more 

than two-component mixtures .  

properly s imula t e  s a l i n i t y  concent ra t ions  i n  s a l t  i n t r u s i o n  zones i n  

e s t u a r i e s  o r  mass concent ra t ions  o f  any number of non in te rac t ing  c o n s t i -  

t u e n t s  discharged i n t o  a water  body. 

F u l l  u t i l i z a t i o n  o f  t h i s  c a p a b i l i t y  i s  a l s o  l imi t ed  by our  p re sen t  

However, used as such,  t h e  model can 

7 .  The model i s  capable  of  s imula t ing  d ischarges  from a number of  

sources ,  i nc lud ing  power p l a n t s ,  and proper ly  t akes  i n t o  account t h e  

i n t e r a c t i o n s  between them as wel l  as t h e  r e c i r c u l a t i o n  effects between 

t h e  i n t a k e  and d ischarge  s t r u c t u r e s .  This  c a p a b i l i t y  i s  most va luab le  

f o r  a s ses s ing  t h e  impact of  d i scharges  from power p l a n t s  o r  o t h e r  sources  
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on t h e  phys ica l  (and, t h e r e f o r e ,  a l s o  b i o l o g i c a l )  environment o f  natural  

water bodies .  

8 .  Because of  i t s  t r u l y  t r a n s i e n t  nature ,  t h e  model i s  capable  

a l s o  of p r e d i c t i n g  ra te  of change of tempera tures .  

very va luable  f o r  assessment of  co ld  shock e f f e c t s  on a q u a t i c  b i o t a  

when sha rp  d i s c o n t i n u i t i e s  of s t a r t - u p  and shutdown i n  power p l a n t  

opera t ion  occur .  

Such information i s  

9 .  Because of  t h e  inc lus ion  of any number of  c o n s t i t u e n t s  i n  t h e  

model and i t s  c a p a b i l i t y  t o  s imula te  i n t a k e  s t r u c t u r e s ,  t h e  model can 

p o t e n t i a l l y  be extended t o  a f u l l  popula t ion  d i s t r i b u t i o n  model f o r  

aqua t i c  organisms i n  n a t u r a l  water bodies .  

10.  An ex tens ive  "decis ion making" network has  been incorpora ted  

i n  t h e  program f o r  accept ing  t h e  many p o s s i b l e  phys i ca l  boundary con- 

d i t i o n s .  A s  can be imagined, with a minimum o f  s i x  unknowns (assum- 

ing  a mixture  of two components only)  and two space dimensions, such a 

l o g i c a l  network can be  very complicated,  and indeed i t  i s .  

it al lows t h e  a n a l y s t  t o  s p e c i f y  almost any r ea l i s t i c  boundary con- 

d i t i o n s ,  which c o n s t i t u t e ,  a f t e r  a l l ,  t h e  b e s t  chance t o  impose ' ' r e a l i t y "  

on a mathematical  model. 

However, 

11. The model was appl ied  t o  two sample problems which demonstrated 

i t s  workab i l i t y  and c a p a b i l i t i e s .  The s i t u a t i o n  chosen i n  sample problem 

No. 2 i s  t y p i c a l  of r e a l i s t i c  s i t u a t i o n s  which a r e  analyzed i n  environ- 

mental impact assessment and which d e f i n i t e l y  ca l l  f o r  a time-dependent 

model l i k e  t h e  one developed i n  t h i s  s tudy .  

account t h e  e f f e c t s  of  i n t e r a c t i o n  between two power p l a n t s  s i t u a t e d  

The a b i l i t y  t o  take i n t o  

. 
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across  from each o t h e r  on t h e  same water  body under t i d a l  condi t ions  i s  

most encouraging. 

model can be  performed only by a very c a r e f u l  comparison with f i e l d  d a t a .  

Such a program i s  very  s t r o n g l y  recommended f o r  t h e  f u t u r e .  

O f  course ,  a f u l l  v e r i f i c a t i o n  of t h e  v a l i d i t y  o f  t h e  

1 2 .  The a p p l i c a t i o n  of  t h e  model with an ex tens ive  number of  

t y p i c a l  cases  has  shown t h a t  s p e c i f i c a t i o n  of  a discont inuous func t ion  

causes o s c i l l a t i o n s  of  t h e  ca l cu la t ed  v e l o c i t i e s  and water  e l eva t ions  

with r e spec t  t o  space.  

o f  a f i n e r  mesh s ize  which sat isf ies  t h e  c e l l  Reynolds number. '' 
s a t i s f y i n g  t h i s  c r i t e r i o n  r equ i r e s  t h e  use  of  a very small g r i d  mesh and, 

t h e r e f o r e ,  a l s o  a very  small time s t e p .  The two requirements combined 

impose almost an impossible  load on computer t ime.  

has  been found by t h e  use  of t h e  f i l t e r i n g  subrou t ine ,  which e l imina te s  

t h e s e  o s c i l l a t i o n s  by an averaging technique .  

t he  use of a s taggered  mesh system. 

o t h e r  methods be i n v e s t i g a t e d  t o  so lve  t h i s  problem. 

These o s c i l l a t i o n s  can be e l imina ted  by t h e  use  

However, 

A temporary s o l u t i o n  

Another s o l u t i o n  may be 

I t  i s  recommended t h a t  t h e s e  and 

13. Although t h e  model i s  two dimensional and assumes v e r t i c a l l y  

mixed cond i t ions ,  t h i s  i s  not  always t h e  case  found i n  r e a l i t y ,  A 

three-dimensional model i s  very d e s i r a b l e  from t h i s  po in t  of  view and 

w i l l  a l s o  reduce somewhat t h e  n e c e s s i t y  of  us ing  h ighly  specu la t ive  

shea r  flow d i spe r s ion  c o e f f i c i e n t s  t o  r ep resen t  e f f e c t s  which are 

a c t u a l l y  convect ive i n  n a t u r e .  

t o  use ,  a t  l e a s t  based on t h e  p r e s e n t l y  a v a i l a b l e  computing machines, 

A l t e r n a t i v e l y ,  an a n a l y t i c a l  method can be developed which w i l l  al low 

rep resen ta t ion  o f  v e r t i c a l  v a r i a t i o n s  i n  a b a s i c a l l y  two-dimensional 

However, such models may be very c o s t l y  

. 
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model. 

s t e p  t o  t h e  p re sen t  s tudy ,  s p e c i f i c a l l y  f o r  cases where s t r a t i f i c a t i o n  

and v e r t i c a l  v a r i a t i o n s  do e x i s t  bu t  a r e  no t  n e c e s s a r i l y  predominant. 

A computer program of t h e  s i z e  and na tu re  developed i n  t h i s  

I t  i s  s t r o n g l y  recommended t h a t  t h i s  be done as t h e  very next 

14.  

s tudy  i s  expected t o  be c o s t l y  t o  run.  

depend on f a c t o r s  l i k e  number of  elements,  s i z e  of  elements,  v e l o c i t i e s ,  

d i f f u s i o n  c o e f f i c i e n t s ,  and o t h e r s .  These f a c t o r s  a l s o  determine t h e  

minimum time s t e p  r equ i r ed  f o r  numerical  s t a b i l i t y .  

time requi red  f o r  t h e  reduced vers ion  i s  about 0.00295 second of t h e  

IBM 360/91 computer f o r  each time s t e p  and element.  

with two c o n s t i t u e n t s ,  r equ i r e s  almost twice  as much. 

an o b s t a c l e ,  s i n c e  it makes it expensive t o  run paramet r ic  s t u d i e s ,  

t r i a l  and e r r o r  s o l u t i o n s ,  and v e r i f i c a t i o n s .  

i n  i t s  explora tory  form and no s e r i o u s  at tempt  has been made t o  opt imize 

i t ,  t h e r e  i s  room f o r  sha rp ly  improving t h i s  computing time performance. 

I t  i s  recommended t h a t  t h i s  be done, and o t h e r  methods should be i n v e s t i -  

gated t o  reduce computer t ime.  

and do n o t  cause any s p e c i a l  problems. 

The computer t ime r equ i r ed  w i l l  

The b a s i c  computer 

The f u l l  ve r s ion ,  

This  i s  indeed 

Since t h e  program i s  s t i l l  

The s t o r a g e  requirements are reasonable  

15. The most apparent  l i m i t a t i o n  f o r  r e a l i z a t i o n  of t h e  p o t e n t i a l  

c a p a b i l i t i e s  o f  mathematical  models ( a n a l y t i c a l  and numerical)  i s  t h e  

very l i m i t e d  a b i l i t y  p r e s e n t l y  e x i s t i n g  i n  r e a l i s t i c a l l y  modeling t u r -  

bu len t  t r a n s p o r t  p r o p e r t i e s .  

t r y i n g  t o  s imula t e  flow f i e l d s  which are t h r e e  dimensional i n  n a t u r e  by 

two- o r  one-dimensional models. This  l i m i t a t i o n  i s  a s e r i o u s  o b s t a c l e  

i n  a development of  any model i n  f l u i d  mechanics and seems t o  be t h e  

This  f a c t  i s  important e s p e c i a l l y  when 

. 



" b o t t l e  neck" f o r  t h e  progress  i n  t h i s  area, 

r e sea rch ,  both t h e o r e t i c a l  and experimental ,  i n  t u rbu len t  t r a n s p o r t  

modeling and i t s  a p p l i c a t i o n  i n  computational f l u i d  mechanics. 

There i s  a g r e a t  need f o r  

16. A genera l  computer program of  t h e  s i z e  and scope presented  he re  

r e q u i r e s  cons tan t  usage, v e r i f i c a t i o n  with f i e l d  d a t a ,  c a l i b r a t i o n ,  

modi f ica t ions ,  and c a p a b i l i t y  improvements. 

n a t u r e  does no t  become a t r u l y  r e l i a b l e  p r e d i c t i v e  t o o l  un less  evolu- 

t i o n i z e d  through use  and exper ience .  

model w i l l  indeed be adapted and used by c a r e f u l  thermal-hydraul ic  

a n a l y s t s  who a r e  f u l l y  aware of i t s  c a p a b i l i t i e s ,  and most impor tan t ly ,  

i t s  l i m i t a t i o n s ,  u n t i l  it i s  proven t o  be completely r e l i a b l e  and 

product ive .  

A computer code of  t h a t  

I t  i s  hoped t h a t  t h i s  computer 

. 

. 
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APPENDIX A 

COMPLETE I N P U T  AND OUTPUT FOR 

THE SAMPLE PROBLEMS 



Table A . l .  Input Data for Sample 2roblem No. 1 

N 
03 
0 

CASE TITLE: TEST PROBLEU NO.2:SQUARE FOOL UITH FLOW I N  1ND O U 7  - _ _  - - . - - - 
INPUT INFORWATION P R O I  SUBROUTINE INPUT: 
-_ - - - . - - - - - - - - - . - - - - - - - - - - 

C 4 R D  N O .  1 

TOTAL NUM'IER O F  CHEMICAL SPECIES CK CONSIDERED (NK)= 2 

TOTAL NUllBER O F  RFGIONS (NREG)= 9 

TOTAL NUMBER OF INITIAL CONDITIONS FUNCTIONS (NINTLP) = 2 

TOTAL NUMRFA OF VOLUMETRIC HEllT OR M A S S  GENERATION PUUCTIONS (NGENP)= 1 

TnTkL NUl4ER rF BOUNDARY CONDITIONS FUNCTIONS (NBNDF) i 5 

TOTAL N I I U R F R  OF TOP CONDITIONS FUNCTIONS (NTOPF)= 2 

TOTAL H N N B F R  O F  BOTTOM CONDITIONS FUNCTlONS (NBOTF) = 2 

TOTAL NUMBFR O P  ANALYTICAL PUNCTICNS (NANLPC) = 3 

TOTAL NUMRER OF TLBULRTED FUNCTIONS (NTRLPC)= 1 

TOTAL NURRER OP GROSS LATTICE LINES I N  X-DIRECTION (NIGRL)= (1 

TOTLL NUlRER O F  GROSS LATTICE LINES I N  Y-DIRECTION (NYGRL)= 4 

TOTAL NIJIRFR OF TEMP. lONlTORING POINTS ( R T M h X )  = 3 

CARD NO.  2 

RESTART FLAG. I F  EQUAL ZERO 10 RESTLRT INPORIATION I S  REQUIREC (ISTART)= 0 

FINISH FLAG, I F  EQUAL Z E R O  NO RFSTART FILE I S  CREATED ( I F I N I S ) =  0 

PLOTTING FLAG. I F  EQUAL Z E R O  NO PLOTTING INPOIRATION I S  GENERATED. (IPLOT) = 0 

PLAG FOR SFLECTING THE NUUERICAL INTEGRATION FROCEDIIRE. (INIR'I=l SELECTS RUNGE-KUTTA-GILL UETH 
INTRT=2 SELECTS EULER METHOD. INTRT=3 SELECTS ADA#-BASHYOPTH METHOD.) (INTRT) = 1  

CARD NO. 3 

STARTING TIMF O F  THIS CASE (STN)= 0.0 

PROBLEU TIME FOR THIS CASE (PRBTM)= 124.0000 

COMPUTER TIME CUTOPF L I n I T  I N  SECONDS (CPOSSC)= 2 9 5 . 0 0  

TIME INCREUENT F O R  PRINTED OUTPUT (DPRTTII)= 1.ODOO 

TIDAL PERIOD I F  A N  ESTUART (TIDAL) = 1.0000 

CARD NO. I( 

' .  b 



Tahle A .  1 (continued) 

INITIAL TIME IIICSEIENT (SDTM) = 0 . 0 5 0 0 0  

LLRGEST LIRIT POR TIRE IRCRERENl (PDTM)= O.OC.000 

TIRE INCRERENT IS NDLTIPLIED E V E R T  WOTRC TIRE STEPS 01 (DTl IT)=  1.00 

NDMBER OF TINE STEPS BEPOUE PROCESS OF INCREASE I N  T18L STEP SIZE BEGINS (INDTR)= 1 0  

NURBER OF TIRE STEPS BETWEEN CHLPGES IN T I l E  STEP SIZE IPDTRC) = 5 

CFITERION TYPE (AS DEPIUED I N  SUBROUTIRE CHKDTI) THAT LACH DTR WILL BE REQUIRED TO SATISFY (LDTRCR) 

TABULATED PUNCTIOWS 

TLBLE NO. 1 
TABARS TIBPNC 

0 . 0  0.0 
1.00000 00 4.00000-01 
3.00000 00 6.OODOO-01 
6.0000D 00 9.5000D-01 
8 . O O O O D  00 1.OOOOD 00 
1.0000D 01 1.OOOOD 00 

INPUT IRPORRATION P R O I  SUBROOTIRE GEOR: _ _ _  __ -  _-_ _ _ _  _ _ _  _ _ _  __- _ _ _  _ _ _  _-_ 
XGRL(1) - GROSS LATTICE LIME I I N  THE X-DIRECTION 

I IPD(1I  - N U R B E R  OP SUBDIVISIORS BETUEEN GROSS LATTICE LINES IGRL(1) LND XSRL(II1) .  

YGRL(I1 - GROSS LATTICE LINE I IN 1-DIRECTIOU. 

I Y P D ( 1 )  - N U I B P R  O F  SDBDIVIS101S BETWEEN GROSS LITTICE LINES TGRL(1) AND TGRL ( I I 1 ) .  

T 
1 
2 
3 
4 

I 
1 
2 
3 
U 

XGRL IXPD 
0.0 1 0  
5.OOOOOD OU 1 
5.50000D 04 10 
i . 0 5 0 0 o n  0 5  

TGRL ITPD 
0.0 1 0  
S.OOO0OD 0 4  1 

1.OSOOOD 05 
5.5onoo~ o a  i o  

I 
1 
2 

7 
8 

NODAL 
X - D I R  ECTION 

5 0 0 0 . 0 0 0 0 0  
5000.00000 
5oon.ooooo 
5oon.ouooo 
5noo.onoon 
c,oon.oonnn 
5000.00000 
5 o o n . o o o o o  

Y I D T A  
Y-DIRECTION 
5000.00000 
5000.00000 
5000  . O O O O O  

5000.30000 

5000.00000 
5000.00000 

w o o .  noooo 

c o o 0  . n o o o o  
1.750000D 0 4  
2.2500000 04 
2.750000D 04 
3.250000D 011 
3.750000D 0 4  

CENTER 
I-DIRECTION 
2.5000COD 03  
7.5000COD 0 7  
1.2500COD 0 4  
1.7500COD O U  
2 . 2 5 0 0 C C D  0 4  
2.7XOOCOD O U  
3.2500CCD OU 
3.7500COD 04 

0 



Table A .  1 (continued) 

9 5000.00000 5000.00000 4.2500000 02 U.25OOCOD O L  
I O  5oon.ooooo ~OOO.OOOOO u.75ooooo 04 u . 7 5 0 0 ~ 0 ~  04 
1 1  5ooo.oono~ 5oon.ooono 5.250000~ o b  L . ~ ~ O O C C D  04 
12 5000.00000 5000.00000 5.75OOOOD 04 5.7500COD OU 
13 5000.00000 5000.00000 6.250000D 04 6.250000D 011 
14 5000.00000 5000.00000 6.7500000 04 C.75OOCOD 04 
15 5000.00000 5000.00000 7.250000D 04 1.2500COD 04 
16 5000.00000 S000.00000 7.7500000 04 7.1500COD 011 
17 5000.00000 5000.00000 8.25OOOOD 04 8.25OOCOD OU 
18 5000.00000 5000.00000 8.7500000 04 8.75OOCOD 04 
19 5000.00000 5000.00000 9.250000D 04 9.2500COD 04 
20 5000.00000 5000.00000 9.7500000 04 9.7c00C0D 04 
21 5000.00000 5000.00000 1.025000D 05 1.02SOCOD 05 

N 
00 
N 



Table A. 1 (continued) 

GEONETRIC DESCRIPTION O F  REGIONS INDEXICAL DESCRIPTION 
REGION UPX ONX UP Y DNY DEPTH RREA I LOU IHIGH J LOU JHIGH NODES 

1 
2 
3 
u wnon.nn 5 5 0 0 0  no 0.0 5oonn.nn u o . 0 0 0  ? . 5 n o o o  O R  1 1  1 1  10 1 10 

0.0 50000.00 0.0 50000.00  40.000 2.50000 09 
0.0 50000.00 50000.00 55000.00 40 .000 2.5000D 08 
0.0 5OOOO.OO s ~ c c 0 . 0 0  105000.00 40.00c 2 .50000 09 

1 
1 
1 

10 
10 
10 

1 
11 
12 

10 
1 1  
2 1  

100 
10 

100 
~~ ~.-....- . . ~  .~~ -.... 

5 50000.00 55000.00 50000.00 55000.00 40.000 2.5OOOD 07 11 1 1  11 1 1  1 
6 50000.00 55000.00 55000.00  105000.00 40 .000 2.50000 O R  1 1  1 1  12 21 10 

1 1 0  100 7 55000.00 105000.00 0.0 50000.00 40.000 2.50000 0 9  12 2 1  
8 55000.00 105000.00 50C00.00 55000.00 U O . 0 0 0  2.50000 O R  12 2 1  11 1 1  10 

12 2 1  12 2 1  100 9 55000.00 105000.00 5L000.00 105000.00 4 0 . 0 0 0  2.5000D 0 9  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  --- ---- ---- 
TQTAL NO. O F  NODES I N  (INPUT) REGIONS= 401 
HAX. NO. O F  NOCES I N  GRID= 4 4 1  

FUNCTION SELECTION BOUNDARY 
REGION INTP XGENP ITOPP IBOTF IUPXB IDNXB 

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

NUMBER O F  ELERENTS AVRILliBLE I N  A R R R Y  Z I N  n R I N  I 

NUMBER OF ELEMENTS NEEDED = 8547 

SEIECTION 
IOPIE IONYB 

4 0 
0 0 
0 4 
4 0 
0 C 
0 4 
4 0 
0 0 
0 4 

8600 

POSITIONS TO RONIlOR TEUFERATURE 

REQUESTED LOClTION SELECTED NODE NODP LOC l l ION NODE 
X Y I J I: Y RFGION 

2500.000 52'00.000 1 11 2500.000 =2500.000 
102500.000 52500.000 21 1 1  10250c.000 52500.000 8 

52500.000 2500.000 11 1 5250c.000 2500.000 4 

N 
00 
w 
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Table A. 1 (continued) 

IGENFC - INTFRNRL GENERATION PUNCTION (RN INDEX) 
QDV - VALUE OF HERT GENERATION PER UNIT VOLURE I N  INTERNRL GENERLTION FUNCTIGN 
IQDVF - GENERAL PURPOSE FUNCTIOI TO BE USED ON Q D V  
GKDV(K) 
IGKDVF(K) - GENERRL PURPOSE FUNCTION I O  BE USED ON GKIVIK) 

- VIILIIE OF NRSS GENERATION PER UNIT VCLUNE FOB SPECIE K I N  INTERNAL GENERATION FUNCTION 

K 
1 1 0 . 0  

IGENFC QDV IQDVF GKDV(1) IGKCVF (1) GKDV(2) IGKFVP(2) 
0 0 0.0 0.0 0 



Table A. 1 (continued) 

INPUT INFORUATION FROM SUBROUTINE BNDCON: _ _ _  _ _ _  --- .-- ---  --- _ _ -  - - -  _ _ _  .__ 

NBN - BOUNDARY CONDITION NUMBER 
NHHDTP - TYPF OF BOUNDARY CONDITICN ?OR WATER ELEVATICN H (NHEDTP) 
N U  - TYPE O F  BOIJNDARY CONDITION FCR VELOCITY U (NUCDTE) 
N V  - TYPE OF HCUNDARY CONDITION FCR VELOCITY V I N V P P ' T P I  

~ .._., 
NT - TYPE OF BOUNDARY CONDITION FOR TFMP. OR SPECIES CONCENTRATION (NHTDTP) 
PH - VALUF OF BOUNDARY CONDITICN FOR WATER ELEVATION ( F H B O )  
FU - VAIUE OF BOIINDARY CONDITION FOR VELOCITY U l ? U P D l  
FV - VALUE OF BOUNDARY CONDITION FOR VELOCITY V iFVSD) 
FT - VALUE OF BOUNDARY CONDITION FOR TFIP.  (FTBD) 
FG - VALUE OF BOUNDARY CONDITION POR MASS FLUX (FGBD) 
FQ - VAIUF OF BOUNDARY CONDITION FPR HEAT FLUX (FQBE) 
PSBDN - VALUE OF BOUNDARY CONDITICN FCR NORMAL STRESSIS 
YGX(1) - VALUE OF BOUNDARY CONDITION FOR B A S S  FLUX OF SPECIE K (FGKRD) 
FCK - VALUE OF BOUNDARY CONDITICN FOR SPECIES CONCFNTRPTION (FCKBD) 
IHBDP - MULTIPLIER FUNCTION FOR F H H D  
IU - MULTIPLIER FUNCTION FOR F U B D  
I V  - MULTIPLIER FUNCTION FOR ? V B D  
I T  - MULTIPLIER FUNCTION FOR PTHD 
IG - MULTIPLIER FUNCTION FOR FGBO 
I Q  - MULTIPLIER FUNCTICN F O R  FCBL' 
ISN - MULTIPLIER FUNCTION FOR PSBDN 
ISH - MULTIPLIER FUNCTION FOR FSHDSH 

BOUNDARY CONDITIONS AT STARTING TIME 
NBN NHBDTP N U  N V  NT 
1 4 1 2 2  
2 4 1 1 1  
3 1 4 4 4  
4 9 2 1 2  
5 4 1 1 1  

NBN FG FQ 
1 0 . 0  0.0 
2 0.0 
3 0.0 
u 0.0 
5 0.0 

0.0 
0.0 
0.0 
0.0 

MULTIPLIER FUNCTTONS FOR BOUNDARY 
N H N  IHBDF I U  I V  I T  IG 
1 0 0 0 0 0  
2 0 0 0 0 0  
3 0 0 0 0 0  
4 0 0 0 0 0  

0 0 0 0 0  

POWER PLANT ON POUNDARY. 

NBN DTPP(NPN) XINT 

FH P U  FV FT 
8 .0000000  0 1  0.0 0 . 0  0 . 0  

0.0 5.4OOOOOD 0 2  0 . 0  9.500000D 0 1  
7.0000OOD 0 1  4.OOOCOOD C1 0.0 0 . 0  

0 . 0  0 .o 0 . 0  8.000000D 0 1  
U.465800D 0 2  -1.500000D 0 1  0 . 0  0 . 0  

FCK ( 1) FCR (2)  

0 . 0  0 . 0  0 . 0  0.0 0 .923  0.0?7 
0 . 0  
0 . 0  
0 . 0  

FSHDN FSBDSH FGK ( 1 )  FGK(2) 
0.0 0 . 0  0. n 0 . 0  1 . 0 0 0  0 . 0  

0 . 0  
0 . o  
0 . 0  

0 .0  
0 . 0  
0 . 0  

0 . 0  
0 . 0  
0 . 0  

0 .911  1 . 0 0 0  
0 . 0  0 . 0 2 7  

1.000 0 . 0  

CONDITIONS 
IQ ISN ISH 
0 0 0  
0 0 0  
0 0 0  
0 0 0  
0 0 0  

YINT I J  

5 1.5000 0 1  4.15000D 04 2.500000 03  10 ? 



. 

Table A. 1 (continued) 

INPUT INPORMATION PROll  SUBROUTINE BOTCON: _ _ _  _ -_  _ _ _  - _ _  _ _ _  _-- --- _ _ _  _--  --- 
QB - HEAT CORING PROM THE BCTTOM 
ACB - HEAT TARNSPER COEFPICIENT F O R  THE BOTTOM 
U B  - VELOCITY O P  MASS COMING PROM THE BOTTOM I N  X-DIRECTION 
VB - VELOCITY OP l A S S  COMING FROM THE BOTTOM I N  Y-DIRECTION 
Y B  - VELOCITY O P  R A S S  COilING PRCM THE BOTTOM I N  Z-DIRECTION 
TB - TERPERATURE OF MASS COMING FROM THE BOTTOM 
BMANGC - MANNING COEP. FOR FRICTION WITH THE BOTTOR 
DCKB - CASS DIPPUSION COEFFICIENT POR SPECIE K F R O M  BCTTOU 
CKB - MASS CONCENTRATION OF SPECIES CCilING FRCU BOTTOM 
IQB - MULTIPLIER FUNCTION POR Q E  
IHCB - MULTIPLIZR PUNCTION FOR ACE 
IUB - MULTIPLIER FUNCTION FOR U P  
IVB - MULTIPIIER PUNCTION FOR V E  
IYB - MULTIPLIER FUNCTION FOR Y E  
ITB - MULTIPIIER FUNCTION FOR T E  
IDCKB - MULTIPLIER PUNCTION POR DCKB 
ICKB - MULTIPLIER PUNCTION POR CKB 

BOTTOM CONDITIONS AT STARTING TIME 
FCT. NO. Qe HCB U B  V B  Y B  

1 0 . 0  0 . 0  0 . 0  0.0 0 . 0  
2 0.0 0 . 0  0 . 0  0 . 0  0.0 

MULTIPLIER FUNCTION FOR BOTTOM CONDITIONS 
FCT.NO. IQe  IHCB I U B  IVB IYB ITB IDCKB(1) 

7 0 0 0 0 0 0  0 
2 0 0 0 0 0 0  0 

INPUT INPORMATION PROM SUBROUTINE TOPCON: _ _ _  _ -_  --- -__  _ _ _  _ _ _  _ -_  __. _ _ _  _ _ _  
nT - H E A T  c o n ~ w G  m n n  T H E  T O P  

TB BNANGC DCKB ( 1 )  CKB(1) DCKB(2) CKB ( 2 )  
8.000 0 1  8.330-06 0.0 10 .00  0 . 0  0.0 
8.OOD 0 1  8.330-06 0 . 0  1 0 . 0 0  0 .0  0 . 0  

ICKE(1) IDCRE(2) ICKB(2) 
0 0 0 
0 0 0 

TT - TERPERATORE O P  MASS COUING FROM THE TOP 
TD - DEW-POINT TEMPERATURE 
QSOL - SOLAR HEAT FLUX 
DCKT - CASS DIPPUSION COEFFICIENT FOR SPECIE K FROM TCP 
CKT - MASS CONCENTRATION OF SPECIES COMING FROM THE TCP 
IQT - MULTIPLIER FUNCTION FOR QT 
IHCT - MULTIPLIER FUNCTION POR RCT 
IUT - MULTIPLIER PUNCTION FOR UI 
IVT - MULTIPLIER PUNCTION FOR V I  
IYT - MULTIPLIER FUNCTION FOR UT 
ITT - MULTIPLIER FUNCTION FOR TT 
ITD - MULTIPLIER FUNCTION FOR TL: 
IQSOL - MOLTIPLIER FUNCTION FOR QSOL 
InCKT - MULTIPLIER FUNCTION POR CCKT 
ICKT - IULTIPLIER PUNCTION POR CKT 

TOP CONDITIONS AT STARTING T I M E  
PCT. NO. QT HCT UT VT UT TT TO QSOL DTKT(1) CKT(1) DCKT(2) CKT(2) 



Table A. 1 (continued) 

1 
2 

0.0 
0.0 

5 . 0 0  
5 . 0 0  

0.0 
0 . 0  

0.0 
0.0 

0 .o 
0.0 

80.00 80.00 
8 o . 0 0  eo.00 

0.0 
0.0 

0.0 
0.0 

MULTIPLIER FUNCTION POR TOP CONDITIONS 
FCT. NO. I Q T  IHCT IUT IVT IYT ITT IPD IQSOL IDCKT(1) ICKT(1) IDCKT(2) ICKT(2) 

1 0 0 0 0 0 0 0  0 0 0 0 0 
2 0 0 0 0 0 0 0  0 0 0 0 0 

1.00 
1.00 

INPUT INFORNATION mon S U B R O U T I N E  P L X C O N :  --- --- _-_ --- --- --_ --- --- --_ _-_ 
COEFPICIENT FOR TOTAL EFFECTIVE THERMAL CONDUCTIVITY I N  I-DIRZCTION (XKPC) = 3.500000D-01 
COEFFICIENT FOR TOTAL EPPECTIVE THERMAL CONDUCTIVITY I N  I-DIRECTION (YKPC) = 3.500000D-01 
COEFFICIENT FOR TURBULENT VISCOSITY I N  X-DIRECTION (XTVSC) = 2.0000000 00 
COEFFICIENT FOR TURBULENT VISCOSITY I N  Y-DIRECTION (YTVSC) = 2.000000D 00 

DKXC - COEFFICIENT POR TOTAL BINARY EPFECTIVE DIFPUSICN COEFFICIENT OF SPECIE K I N  X-DIRECTION 
DKYC - COEFFICIENT FOR TOTAL BINARY EFPECTIVE DIPPUSICN COEFPICIENT O P  SPECIE K I N  I-DIRECTION 

K DKXC ( K )  DKYC (K) 

1 5.2200000-05 5.22OOOOD-05 
2 5.220000D-05 5.22OOOOD-CS 

INPUT INFORMATION FROI SUBROUTINE INTCON: - - - - _- -- - - - - -- - -_- - -- - -- - -- - -_ 
STA - INITIAL VALUE FOR YITER SURFACE ELEVATION, A ,  MEASURED PROM THE BOTTOM 
STU - INITIAL VALUE POR UATER VELOCITY, 0. I N  X-DIRECTION 
STV - INITIAL VALUE FOR YATER VELOCITl, 1, I N  Y-DIRECTION 
STYS - INITIAL VALUE POR RATE O P  CHANGE OF YATER ELEVATION YITB RESPECT TO TIME 
STT - INITIAL VALUE FOR YITER TEMPERATORB, T.  

ISTHP - MULTIPLIER PUNCTION FOR STR 
ISTUF - IOLTIPLIER FUNCTION POR STU 
ISTVF - MULTIPLIER FUNCTION FOR STY 
ISTUSF - MULTIPLIER FUNCTION FOR STYS 
ISTTF - lULTIPLIER PUNCTION FOR STT 
ISTCKF(1) - MULTIPLIER PONCTION FOR ST€K (I) 

STCK(I) - INITIAL V A L U E  FOR nkss CONCENTRATION OP SPECIES(I). 

INITIAL CONDITIONS ~ ~~~ ~ 

FUNCTION NO. STA STU STV STT STCK(1) 
1 40.00  0.0 0.0 80.00 1.00 
2 40.00 0.0 0.0 80.00 1.00 

MULTIPLIER FUNCTION POR IUITIAL CONDITIONS 
FCT.NO. ISTA ISTU ISTV ISTT ISTCK(OISTCK(2) 

1 0 0 0 0  0 0 
2 0 0 0 0  0 0 

STCK (2) 
0.0 
0.0 

0.0 
0.0 

0.0 
0.0 

. . 

N 
u3 
N 



Table A . 2 ,  Output Information f o r  Sample Problem No. 1 a t  T ime  = 5 . 6  h r  
Using t h e  F a l l  Version o f  t h e  Program 

~ ~~~~ 

ITER.= 106 ~InE=5.300000D 00 pE~IOD=5.300000~ 00 TilE INCRE~PNT=5.000000D-02 

INDI- Y- 
NODE CES LOCATION 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
1 1  
12 
13 
14 

2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2=00.00 
2500.00 
2500.00 
2500.00 
7'00.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 . ~ . . .  
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 

Y- 
LOCATION 

2500.00 
7500.00 
12500.00 
l?500.00 
22500.00 
27500.00 
32500.00 
37500.00 
42500.00 
47500.00 
52500.00 
57500.00 
62500.00 
67500.00 
72500.00 
77500.00 
82500.00 
87 500.00 
92500.00 
97500.00 
102500.00 
2500.00 
7500.00 
12500.00 
11500.00 
22500.00 
27500.00 
32500. 00 
37500.00 
42500.00 
47500.00 
52500.00 
57500.00 
62500. 00 
67500.00 
72500.00 
77500.00 
82500.00 
87500.00 
92500.00 
97500.00 
102500.00 
2500.00 
7500.00 
12500.00 
17500.00 
22500.00 
27'00.00 
32500.00 
37500.00 
42500. 00 
47500.00 
52500.00 
57500.00 
62500.00 
67C.00.00 

VELOCITY VELOCITY UATER ELEV. TEHP. SUBSTANCE BASS CONCENTRATIOES 
YATER IN I N  RATE RLTE 

ELEVATION X-DIRECT. Y-DIRECT. OF CHANGE TEHP. OF CRANGE CK(1) CK (2) 

4.010600 01 
4.01061D 01 
U.01061D 01 
4.010620 01 
4.01069D 01 
4.01009D 01 
4.01127D 01 

U.016090 01 
4.034040 01 
4.04924D 01 
U.034040 01 
4.016090 01 
4.01243D 01 
4.011270 01 
4.010890 01 
4.010690 01 
4.01062D 01 
4.010610 01 
4.01061D 01 

4,01243~ 01 

4.01060D 
U .  Ol057D 
4.010590 
4.01063D 
U.010680 
4.01071D 
4.01077D 
4.01 1 1  1D 
u.n117?0 .. _. 
4.01 1150 
4.010940 
4.01 04 1D 
4.0109UD 
4.01 1750 
4.01172D 
4.011110 
4.010770 
4.01071D 

4.01 0630 
U.01059D 
4.010570 
U .  01 0500 
4.010510 
4.010530 
4.010560 
4.010570 

U.01055D 
4 ,010660 
4.0 1032D 
4.00784D 
4.005750 
4.007840 
4.0 1032D 
4.01 0660 

u . 0 1 0 6 ~ ~  

u.oi053n 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
ni 
01 
01 

2.2370 
2.2540 
2.448D 
3.2110 
5.0720 
9.2700 
1.8320 

3.5670 
-7.167D 
-1.701D 
-7.1670 
3.6670 
3.5530 
1.8320 
9.2700 
5.0720 
3.211D 
2.9400 
2.2540 
2.2370 

3.5530 

~~ ~ 

6.2500 
6.4680 
7.0180 
8.147D 
1.024D 
1.315D 
1.8820 ~~ 

2.3680 
1.679D 

-2.328D 
-5.450D 
-2.3200 
1.679D 
2.3680 
1.882D 
1.3750 
1.0240 
8.1470 
7.0180 
6.4680 
6.250D 
9.5280 
9.8190 
1.0460 
1.153D 
1.3170 
1.5250 
1.6780 
1.4100 
2.3060 

-1.6640 
-2.6900 
-1.6640 
2.3060 
1.410D 

01 
01 
01 
01 
01 
01 
02 
02 
02 
02 
03 
02 
02 
02 
02 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
02 
01 
01 
01 
01 
01 
01 
02 
02 
02 
02 
02 
02 
01 
02 
02 
02 
01 
02 

-2.1500 
-6.5050 
-1.11UD 
- 1.6390 
-2.26CD 
-3.0480 
-4.242D 

-8.8480 
-8.0080 
3.3250 

8.8980 
6.218D 

3.040D 
2.2600 
1.6391) 
1.114D 
6.5050 
2.1500 

-1.11270 
-5.74CD 
-9.721D 
- 1.405D 
-1.09OD 
-2.4 18D 
-2.8140 
-2.8941) 
-2.4220 
- 1.2960 
-7.1710 
1.29CD 
2.4220 
2.8940 
2.8140 
2.4181) 
1.890D 
1.4050 
9.7210 
5.7400 
1.927D 

-1.42lD 
-4.2290 
-7.0070 
-9.6560 
-1.199n 
-1.349D 
- 3.2 02D 
-4. 6540 
8.7510 
1.4720 

-4.0970 
-1.4720 
-R.751D 
U.6540 

-6.2 1 an 

8.oo8n 

u.zuin 

01 
01 
02 
c2 
02 
02 
02 
02 
02 
02 - 12 
02 
02 
02 
02 
02 
02 
02 
02 
C1 
01 
01 
01 
01 
02 
02 
02 
02 
02 
c2 
02 - 12 
02 
02 
02 
02 
02 
02 
02 
Cl 
01 
01 
01 
01 
01 
01 
02 
02 
02 
01 
01 
02 - 12 
02 
01 
Cl 

5 .819D-03 
1.1130-02 
2.1000-02 
1 .797D-02 

-4.2650-02 
-9.126042 
2.533D-01 
7.3qan-ai 
6.5006-01 

-4.163D 00 
3.7060 00 

-4.163D 00 
6.500D-01 
7.398D-01 

-9.1260-02 
-4.2650-02 
1.7970-02 
2.100D-02 
1.1130-02 
5.8iqn-03 

2.533~-01 

... .~ 
1.799D-02 
7.912D-03 
5.2220-03 
3.9881)-02 
1.066D-01 
1.3330-01 

-3.951D-01 
-5 .R84D-01 
-11.6890-01 
5.5 140-0 1 

-6.543D 00 
5.5 140-01 

-4.6fl9D-01 
-5.884D-01 
-3.951D-01 
1.3330-01 
1.0660-01 
3.980D-02 
5.2220-03 
7.9120-03 
1.7990-02 

6.735D-03 
U.067D-03 
-1.000D-02 
-2.4330-04 
1.182D-02 

-2.271D-D2 
-2.6640-01 
9.3 31D-02 
1.017D 00 
2.2460 00 
1.017D 00 
9.331D-02 
-2.66QD-01 

8.1420-03 

8. OOOD 
8. OOOD 
8. OOOD 
8. OOOD 
8.0000 
8.OOOD 
8.002D 
8.0120 
8.046D 
R .  llOD 
8.3130 
8.110D 
8.046D 
8.012D 
8.0020 
8. OOOD 
8. OOOD 
8.0000 
0. 0000 
8. 0000 
8. OOOD 
8.  OOOD 
8. 0000 
8. OOOD 
8. OOOD 
8. OOOD 
8. OOOD 
8. OOOD 
8.001D 
8.006D 
0. OOOD 
8. 0000 
8. 0000 
8.006D 
8.0010 
8.0000 
8. OOOD 
8.000D 
8. OOOD 
8. OOOD 
8. OOOD 
8.0000 
8. OOOD 
8 .  OOOD 
8. OOOD 
8.0000 
8.0000 
8.0000 
8. OOOD 
8.OOOD 
8. 0000 
8. 0000 
8.OOOD 
8. OOOD 
8 .  OOOD 
8. OOOD 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

4.7600-12 
8.6790-10 
6.8770-08 
3.0350-06 
7.880D-05 
1.227D-03 
1.1920-02 

1.83 4 0-0 1 
3.2960-01 
1.2500-01 
3.2960-01 
1.834D-01 
6.4470-07 
1.1920-02 
1.2270-03 
7.RBOD-05 
3.0350-06 
6.07lD-08 
8.61 9D- 10 

6. I( 97n-02 

1.0000 00 
1.0000 00 
1.000D 00 
1.0000 00 
1.0000 00 
1.0000 00 
9.999D-0 1 
9.99 3D-01 
9.9750-01 
9.9410-01 
9.832D-01 
9.94 1D-0 1 
9.9750-01 
9.9930-01 
9.9990-01 
1.000D 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 4.760D-12 

2.0040-13 1.0000 00 
4.0361)-11 1.0000 00 
3.557D-09 1.0000 00 
1.7920-07 1.0000 00 
5.6330-06 
1.098D-04 
1.1590-03 
7.1460-03 
3.3430-07 
2.4460-03 
4.8360-04 
2.U46D-03 
3.3430-02 
7.1461)-03 
1.1590-03 
1.0980-04 
5.6330-06 
1.7920-07 
3.5570-09 
4. 0360- 1 1  
2.0040-13 
4.1060-15 
9.5690- 13 
9 .4810-11 
5.343D-09 
1.8850-07 
4.3 0 1 D-06 
6.0900-05 
5.009D-04 
1.1980-03 
4.1140-05 
1.1838-06 
4.1 140-05 
1.1980-03 
5.009D-04 

1.0000 00 
1.OOOD 00 
1.0000 00 
9.999D-01 
9.9970-01 
1.000D 00 
1.0000 00 
1.OOOD 00 
9.9970-0 1 

5.091D-15 
1.0U3D- 12 
9.3950-11 
4.8080-09 
1.51 50-07 
2.9580-06 
3.4828-05 
2.3100-04 
8.7690-04 
2.0840-03 
5.8860-03 
2.084D-03 
8.7690-04 
2.3180-04 
3. U82D-05 
2.9580-06 
1.515D-07 
4.8000-09 
9.3 95D- 1 1  
1.0430- 12 
5.0910-15 
1.8910-16 
U.2870-14 
4.293D-12 
2.4520-10 
8.616D-09 
1.9320-07 
2.735D-06 
2.3640-05 
1.065D-04 
9.2501)-06 
6.81 1D-07 
9.2500-06 
1.0651)-04 

9.9991)-01 2.3690-05 
1.0000 00 2.73503-06 
1.000D 00 1.9320-07 
1.000D 00 8.6160-09 

2.452D-10 1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.000D 00 
1.000D 00 
1.0000 00 
1.0000 00 
l.000D 00 
1.DDOD DO 
1.000D 00 
1.0000 00 
1.0000 00 
1.OOOD 00 
1.0000 00 
1.0000 00 
1.000D 00 

4.2930-12 
4.2870-14 
1.09 1D-16 
3.69E.D-18 
9.1310-16 1.0070- 13 

6. 4 19D- 12 
2.5780-10 
6.663D-09 
1.085D-07 
1.0470-06 
2.907D-06 
7.546D-00 
1.934D-09 
7.546D-08 
2.9070-06 
1.0470-06 



Table A. 2 (continued) 

ITER.= 106 T I M E = 5 . 3 0 0 0 0 0 ~  00 PERIOD=5.300000D 0 0  TIRF 1NCRl?lENT=5.0000000-02 

VELOCITY VELOCITI YATER E L E V .  
I N  I N  RATE 

X-DIRECT. I-DIRECT. OF CHANGE 

TEMP. 
RATE 

TEMP. OF CHANGE 

S U B S T A N C E  r 

CK(1) 

1.0000 00 
1.0000 00 
i . o o o n  0 0  

111.5s CONCENTRATIONS 

CK (2)  

1.0850-07 
6.6630-09 
2. 5180-10 

I N D I -  q- 

NODE CES 
Y- 

LOCATION 

12500.00 
11500.00  
82500.00 
81500.00 
92500.00 
91500.00 

102500.00 
2500.00 
7500.00 

12500 .00  
17500.00 
22500.00 
27500.00 

UATER 
ELEVATION LOCATION 

12500.00  3 1 5  
3 16  
3 1 7  
3 18 
3 1 9  
3 20 
3 21 
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
9 7  
4 8  
4 9  
4 1 0  
4 1 1  
4 12  
4 1 3  
4 1 4  
4 1 5  
4 16  
4 1 1  
4 1 8  
4 1 9  
4 20 
4 21 
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 1  
5 8  
5 9  
5 1 0  
5 1 1  
5 12  
5 1 3  
5 1 4  
5 15 
5 1 6  
5 1 7  
5 1 8  
5 19  
5 2 0  
5 2 1  
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 1  

4.010550 01 
4.010530 01 
4.010570 01 
4.010560 01 
4.010530 01 
4.010510 01 
4.010500 01 
4.010410 01 
4.010410 01 
4.010410 01 
U . 0 1 0 4 1 0  01 
4.010410 01 

1 .6180  0 2  1.2020 02 -2.2170-02 
1.5250 02 1.3490 0 2  1.182D-02 
1 .3170  02  1.1990 02 -2.4330-04 

8.0000 0 1  6.0900-05 
8.0000 0 1  4.3010-06 
8 . 0 0 0 0  0 1  1.8850-07 
8.000D 0 1  5.3430-09 

12500.00  
12500.00  
12500.00  
12500.00  
12500.00  
12500.00  
11500.00  
17500.00  
17500 .00  
17500.00  
17500 .00  
11500  .OO 

1.1530 02 9 .6560  01 -1.0800-02 
1 .0460  02 1 . 0 0 7 0  01  4.067D-03 
9.8190 0 1  U.229D 01 6.1350-03 
9.5280 0 3  1 . 4 2 1 ~  01 8 . 1 ~ 2 ~ ~ 0 3  
1.1630 02  - 8 . 3 8 5 ~  00 9.4050-03  
1.1840 02 -2 .4580 01  1.4580-02 
1.2250 02 -3.9130 01  1 .4890-02  
1.2840 02 - 4 . 9 4 8 0  C1 1.158D-02 
1.3420 02 -5.1190 01  -8.567n-03 

6.4 1SD- 12 
8 . 0 0 0 0  0 1  9.4810-11 1.0000 0 0  1.0070-13 
8.000D 01 9.5690-11 1.000D 0 0  9.1310-16 
8.0000 01  4.1860-15 1 . 0 0 0 0  00 3.6950-18 
8.0000 0 1  9.8210-19 1.0000 0 0  5.037D-20 

1.0000 0 0  

8 .0000 01  1.5790-14 
8.000D 0 1  1.7270-12 
8.0000 0 1  1.0890-10 

8.0000 0 1  1.0850-01 
8.0000 0 1  1.7400-Oh 
8.0000 01  1.3510-05 
8.0000 0 1  1.5560-07 
8.0000 0 1  4 .2880-09  
8.000D 01 8.1290-11 
8.0000 0 1  4.2880-09 
8.0000 01  1.556D-01 
8.0000 0 1  1 .3510-05  
8.0000 0 1  1.7400-Oh 
8.0000 0 1  1.0850-07 
8.0000 0 1  4.2680-09 
8.0000 0 1  1.0890-10 

8.0000 01 ~ . 2 6 8 ~ - 0 9  

1.0000 00 
1.0000 00 
1 .0000  0 0  

1.0000 0 0  
1.0000 0 0  
1 .0000  0 0  
1.0000 0 0  
1.0000 00 
1.000D 0 0  
1.0000 0 0  
1.0000 00 
1.0000 0 0  
1.0000 00 
1.0000 00 
1 .0000  0 0  
1.0000 00 

i.ooon 0 0  

1.3530-11 
1.6290-15 
1.1U3D-13 
5 .0820-  12 
1.4560-10 
2.5610-09 
2.099D-08 
3.3350-10 
4.9840-12 
9.8810-14 
4.9840-12 
3.33<D-10 
2.0990-08 
2.5611)-09 
1. 4560-10 
5.0820- 12  

4.010380 01 1.3580 02 -4.1860 C 1  3.461D-02 

4.010110 01 7 .3140 01  3 .5220  01 1.5290-01 
4.010090 01 -3 .2110 01 9 .2820  01 -2.5580-01 
4.010140 01 -1 .7210 02 9.312D C1 -1.3090-01 
4.010140 01 

u.010260 01 1.2290 02 -1.4550 01 9.4500-02 17500.00 
1 1  500.00 
17500.00 
17500.00  
1 1  500.00 
17500.00 
11500.00 
17  500.00 
17500 .00  
11500.00  
11500.00 
11500.00 
17500.00 
17500.00 
11500.00  
22500.00  
22500.00 
22500.00 

32500.00 
37500.00 
42500. 00 
47500.00  
52500.00 
51500.00 
62500.00 
61500.00 
12500.00  
11500.00  
82500.00 
81500.00 
92500.00 
97500.00 

102500.00 
2500.00 
7500.00 

12500.00 
11500.00 
22500.00 
27500.00 
32500.00 
31 500.00 
42500.00 
U1500.00 
52500.00 
57500.00 
62500.00  
67500.00 
12500.00 
71500.00 
82500.00 
87500.00 
92500.00 
91500.00  

102500.00 
2500.00 
1500.00  

1 2 ~ 0 0 . 0 0  
17500.00 
22500.00 
27500.00 
32500.00 

-2.4590 0 2  -1.2740-12 -U.4400-01 
-1 .1270 02 -9.3720 0 1  -1.3090-01 
-3.2110 0 1  -9.282n 01 - 2 . 5 5 ~ n - 0 1  

4.010140 01 
4.010090 01 
4.010110 01 
4.010260 01 
4.010380 01 
4.010410 01 
4.010910 01 
4.010410 01 
4.010410 01 
4.010410 01 
4.010310 01 
4.010310 01 
4.010310 01 
4.010300 01 
4.010290 01 
4.010270 01 
4.010220 01 
4.010090 01 
4.009960 01 
4.009850 01 
4.009710 01 
4.009850 01 
4.009960 01 
u.oloo9D 01 
4.010220 01 
4.010270 01 
4.010290 01 
4.010300 01 
4.010310 01 
U.01031D 01 
4.010310 01 
4.010210 01 
4.010210 01 

~~~~ . . 
7.3140 01  -3.5220 01 1.5290-01 
1.2290 02  1 .4550  01  9.450D-02 
1.3580 02 4.1860 01 3.4610-02 
1.3420 02  5 .1790 01 -8.56lD-03 
1.2840 02 4.9480 01  1.1580-02 
1.2250 02 3.9130 0 1  1.U890-02 
1.1840 02 2.4580 01 1.4580-02 
1.1630 02  8 .3850  00 9.405D-03 
1.2510 02 -3.3600 00 9.8700-03 
1.2620 02 -9.1510 00 1.076D-02 
1.2690 02  -1.29CD C1 1.24hD-02 
1 .2660  02  -1.2440 01 1.323n-02 

1.6290-15 1.1430-13 

1.3530-11 
5.0310-20 

8.0000 0 1  1.7270-12 
8.0000 01  1.519D-14 
8.0000 0 1  9.8210-19 
8.0000 01  -1.1240-19 
8.000D 0 1  6.9960-17 

.. ~ . 
1.0000 00 
1 .0000  0 0  
1.0000 00 
1.0000 00 5.2280-22 
1 .0000  0 0  1.5120-19 
1.0000 00 1.9611)-17 
1.0000 00 1.4850-15 
1.0000 00 1.1630-14 
1.0000 0 0  2.1950-12 
1.0000 0 0  3.5950-11 
1.000D 0 0  1.6100-10 
1 .0000  0 0  1.8970-12 
1.0000 00 1.9980-14 
1.0000 00 1.6890-16 
1.0000 00 1.9980-14 
1 .0000  00 1.8970-12 
1.0000 00 1.6100-10 
1 .0000  00 3.5950-11 
1.0000 00 2.1950-12 

7.1630-14 
1.4850- 15 
1.9670-11 
1.5 120- 19 
4.5020-24 5.2280-22 

1.4080-21 
1.98 20- 19 
1.6010-11 
2.3700-14 8.0820-16 

3.0 180- 13  

8.0000 0 1  2.3010-14 
8.0000 01 1.5880-12 
8.0000 0 1  6.8960-11 
8 . 0 0 0 0  0 1  1.8840-09 
8 . 0 0 0 0  0 1  2.1430-08 
8 .0000 0 1  1.2030-07 
8.0000 0 1  1.4260-09 
8.0000 0 1  1.6920-11 
8 . 0 0 0 0  0 1  1.4950-13 
8.0000 0 1  1.6420-11 
8.0000 0 1  1.4260-09 
8.0000 0 1  1.2030-07 
8.0000 0 1  2.1430-08 
8.0000 0 1  1.8840-09 
8.0000 0 1  6.8960-11 
8.0000 0 1  1.5880-12 
8.0000 0 1  2.3010-14 
8.0000 01  6.9460-17 
8.0000 01  -1.12403-19 
8 . 0 0 0 0  0 1  -1.0610-21 
8.0000 0 1  -3.0600-19 
8.0000 0 1  1.6330-16 
8 . 0 0 0 0  0 1  1.9010-14 

8 . 0 0 0 0  0 1  2.310D-11 
8.0000 0 1  2.6740-10 

8.ooon 01  8 . 6 6 8 ~ - 1 3  

22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22=,00.00 

~~. .~ 
1.2260 02 -5.0310 00 1.2780-02 
1.1020 02  1.1690 01  -3.942D-03 
fl.2860 0 1  3.7630 01  1.1470-02 
3.U06D 0 1  6.6950 01 3.485D-02 

- 3 . 7 0 4 0  0 1  8.4760 C1 6.4560-02 
-1.1270 02  6.6620 01  -1.9040-02 
-1.4770 02 -4.5420-12 2.7930-02 
-1.1270 02  -6.6620 01  -1.9040-02 
-3.7040 01 -8.4160 01 6.4560-02 
3.4060 01  -fi,.645B 01 3.4850-02 
8.2860 01 -3.7630 01  1.1470-02 
1.1020 02 -1.1690 0 1  -3.9420-03 
1.2260 02 5.0310 00 1.2780-02 
1.2660 02 1.2440 01  1.3230-02 
1.2690 02 1.2900 C1 1.2460-02 
1.262D 02  9.1510 OD 1.0760-02 
1.2570 02 3.3600 00 9.8700-03 
1.2610 02  4.2150-01 1.1740-02 
1.2510 02 2.2200 00 1.119D-02 

~- 
22500.00 
22500.00 
22500.  OJ 
22500.00 
22500.00 
22500.00 
22  500.00 
22500.00 
22500.00 
22500.00 
21500.00 
27500.00 
27500.00  
27500.00 
2 7 5 0 0  .OO 
27500.00 
275  00.00 

1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1 .0000  00 
1.0000 00 

4.010210 01 1.2270 02 5 .1310 00 1.1630-02 
4.010200 01 1 .1750  02  1.2300 01  1.5470-02 
9.010180 01 1.0160 02  2.2990 0 1  1.6010-02 
4.010160 01 8.9510 01 3.8220 01 1.6000-02 

6.006D 01 5.6220 01 -2.1520-03 

1.0000 0 0  
1.0000 00 
1.0000 00 
1.0000 00 
1 .0000  0 0  4.010130 01 



Table A. 2 (continued) 

ITER.: 106 T I U E = 5 . 3 0 0 0 0 0 D  0 0  PERIOD=5.3000000 00 TIME IhCR~MENT=5.0000000-12 

I N D I -  X -  
NODE C B I  

6 
6 
6 
6 
h 
6 
6 
6 
h 
6 
6 
6 
h 
6 
7 
7 
1 

7 
1 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

R 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

LOCATION 

27500.00 
27'00.00 
27E.00.00 

27500.00 
27 500.00 
27500 .OO 

27500.00 

27 500.00 
27500.00 
27500.00 
27500.00 
27500.00 
27500.00 
21~00.00 
32 50 0.00 
32500.00 
32500.00 
32500.00 
32500.00 
32500.00 
32500.00 
32500.00 
325 00.00 
32500.00 
32500.00 
32500.00 
32500.00 
32500.00 
32500.00 
32500.00 
32500.00 
32500.00 
32500.00 
32500.00 
32500.00 
31500.00 

37500.00 
37500.00 

37500.00 

37500.00 
37500.00 
37500.00 
37500.00 
37500.00 
77500.00 
31 500.00 
37500 .OO 
375 00.00 
37 500.00 
37 500.00 
37500 .OO 
37500.00 
37500.00 
37500.00 
37500 .OO 
37500.00 

Y -  
LOCATION 

37500.00 
42500.00 
47500.00 
52500.00 
57500.00 
62500.00 
h7500.00 
72500.00 
17500.00 
82500.00 
97500.00 
92500.00 
97500.00 
102500.00 
25rlo. 00 
7qOO. 00 
12500.00 
17500.00 
22500.00 
27500 .OO 
32500.00 
37500.00 
42SOO.C3 
47500. 52500.00 CO 

57500.03 
62500.00 
67500.00 
72500.00 
77500.00 
82500.00 
87500 .OO 
92500.00 
97500.CO 
102500.00 
2500.00 
7q00.00 
12500.00 
17500.00 
72500.00 
27500.00 
32500.00 
37500.00 
U2500.00 
47500.00 
52500.00 
57500.00 
62500.00 
67500.00 
72500.00 
77500 .OO 
82500.00 
87500.00 
92500.00 
97500.00 
102500.00 

VELOCITY VELOCITY WATER ELEV. 
WATER I N  I N  RATE 

ELEVATION X-DIRECT. Y-DIRECT. OF CHANGE 

4.01OOqD 01 1.8130 01 7.0430 01 2.0hUD-02 
4.010010 01 -3.1370 01 7.01CD C1 3.0440-02 
4.009920 01 -7.6370 01 4 . 5 8 5 l l  C1 5.981n-02 
U.OOq88D 01 -9.5PlD 01 -5.1410-12 -4.0250-02 
4.009920 01 -7.6370 01 - 4 . 5 8 = n  C1 5.981D-02 

4.010090 01 1,8130 01 -1,0430 C1 2.0649-01 
u.oiooin 01 -3.1370 01 -7.0190 01 3.0440-02 

4.010130 01 

4.010180 01 
4.010200 01 
4.010210 01 
4.010210 01 

u.oioi60 01 

u.nio,in n i  
4.oio;2n 01 
4.010120 01 
4.010120 01 
4.010110 01 
4.010100 01 
4.010080 01 
u.oi0060 01 
4.010030 01 
4.010000 01 
U.009960 01 
4.009940 01 
4.0099 60 
4.01 0000 
4.01 0030 
4.010060 
4. 010080 
4 . 01 01 on 
11.0101 10 
u.nini?n .. . -. 
4. 01 01 20 
4. 010120 
4.010030 
4.010030 
4.010030 
11.010020 
4.010020 
4.010010 
4.009990 
4.009980 
4.009970 
4.009950 
4 .0099UD 
4.00 9950 
4. 009970 
4. 009980 
4.009990 
4.010010 
4.010020 
4 .OlOOZD 
4.010030 
4.01 0 0 3 0  
4.010030 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01  
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

.on60 01 -5.6220 c i  -2.1520-03 

.ii50 02 -1.2300 01 1.5u7n-02 

.2270 02 -5.7310 0 0  1.1630-02 

. 2 c i ~  c2 -2.2200 00 1.1790-02 

.q510 01 -3.8220 01 l.hO0D-02 

.07hD C2 -2.2990 01 1.6010-02 

.2hln 02 -u.2150-01 .~ ~ ~ ~ 

.20io 02 2.9331, 00 

.1810 02 9.400D 00 

.1370 02 1.6910 01 

.0580 02 2.6070 C1 

.3200 01 3.692D 01 

.777D 0 1  5 . 8 8 4 0  C1 

.4740 01 6.3230 01 

.u220 01 1 1 . 8 6 ~ 0  01 

.oi30 01 5.6160 01 

. R ~ O D  01 3.40~0 01 

.QO70 01 -5.745D-12 
-4.8100 
-2.0130 
1.4740 
4.7770 
7.4220 
9.3200 
1. 0580 
1.1370 

1.2010 
1.1050 
1.0800 
1.0270 

8.1140 
6.3660 
4.1700 
1.6780 

-7 .491 0 
-2 .5800 
-3.2750 
-2.5800 
-7.4910 
1.6780 

6.3660 
R.1140 
9. ?970 
1.0270 
1.0800 
1.1050 

i.iain 

9.3910 

4.1700 

01 
01 
01 
01 
01 
01 
02 
02 
02 
02 
02 
02 
02 
01 
01 
01 
01 
01 
00 
01 
01 
0 1  
00 
01 
01 
01 
01 
Ol  
02 
02 
02 

-3.4050 01 

-5.8840 01 

-5.6160 01 
-6.3230 01 

- 4 . 8 6 C D  01 
-3.6920 01 
-2.6070 01 
-1.6410 01 
-9 .4000 CO 
-2.9330 00 
4.3330 00 
1.3180 01 
2.2400 01 
3.2020 01 
U.1550 01 
4.9920 01 
5.4970 01 

4.4630 01 
2.572D 01 

-2.5720 01 
-4.4630 01 
-5.4060 01 
-5.4970 01 
-4.9920 01 
-4.1590 01 
-3.2020 01 
-2.2400 01 
-1.3181, 01 
-4.3330 00 

5.4060 01 

-7.2990-12 

1.1140-02 

1.3090-02 

1.3180-02 

1.7240-02 
1 .882D-02 
1.151n-02 
1.6 400-02 
2.0300-02 
2.9930-02 
2.0300-02 
1.6400-02 

1 ,8820-02 
1.7290-02 
1.5660-02 

1.3240-02 
1 .7090-02 
1.2790-02 
1.3610-02 
1 .418D-02 
1 .429D-02 
1.484D-02 
1.5110-02 
1.7740-02 
1.8020-02 
1.9990-02 
1 .U05D-02 
2.1620-02 
1.R35D-02 

1 .U05D-02 
1.9990-02 

1.7743-02 
1.5110-02 
1.4R4D-02 

1.2790-02 

1.3240-02 

1.5660-02 

i .1510-02 

1.3 180-02 

2.1620-02 

1.8020-02 

1 .u29n-o2 
1 .U 180-02 
1.3h 1D-02 

TEUP. 

8.0000 0 
8.0000 0 
8.0000 0 

8 . 0 0 0 0  0 

8 . O O O D  0 

8 . 0 0 0 0  0 

8 . 0 0 0 0  0 

8 . o o o n  o 

8.ooon o 

8.0000 o 

8 . 0 0 0 ~  o 

8 . 0 0 0 ~  o 
8.ooon o 

TFMP. SUBSTANCE MASS CONCENTRATIONS . . 
RATE 

O F  CHANGE 

4.3630-10 
3.5750-12 
2.8930-14 
1.2870-16 

3.5750-12 
4.3630- 10 
2.6740-10 

8.6680-13 
1.9010-14 
1.6330- 16 

-3.0600-19 

2.893n-iu 

2.3 ion-11 

9 . 0 0 0 0  01 -1.0610-21 
8.0000 01 -8.409D-2U 
8.0000 01 -2.7500-21 
8.ooon 01 -3.7600-19 
8.0000 01 1.2700-16 
8 . 0 0 0 0  01 8.5020-15 
8.0000 01 2.0300-13 

8.0000 01 7.5210-13 
8.000D 01 3.6840-15 
8 . 0 0 0 0  0 3  -2.7140-17 
8 . 0 0 0 0  01 -1.5190-20 
3.0000 01 -2.714D-17 
8.0000 01 3.684n-15 

8 . 0 0 0 0  01 1.7030-12 

8.0onn n r  7.521n-13 
8 . 0 0 0 0  01 1.7030-12 
8 , 0 0 0 0  01 2.0300-13 
8 . 0 0 0 0  0 1  8.5020-15 
8.0000 01 1.2700-16 

8.ooon 01 -2.7500-21 
8 . 0 0 0 0  01 -8.9090-24 

8.0000 01 -2.1160-23 

8.0000 01 -3.1600-19 

8.0000 01 -6.4910-2h 

8 , 0 0 0 0  01 -3.0000-21 
8.0000 01 -2.3100-19 
8 . 0 0 0 0  01 9.5550-18 
8.0000 01 1.3420-15 

8.0000 01 8.6080-1h 
8.0000 01 -5.8820-19 
8 . 0 0 0 0  01 -3.0820-21 
8.0000 01 -9.2450-24 
8 . 0 0 0 0  01 -3.OR20-21 

8.0000 01 8.60803-16 

8.0000 01 1.3420-15 
R.0000 0 1  9.5550-18 

8.ooon 01 7.7270-15 

8.0000 01 -5.8820-19 

8 . 0 0 0 0  0 1  7.7270-15 

8.ooon 01 -2.3100-19 
8 . 0 0 0 0  01 -3.0000-21 
8 . 0 0 0 0  01 -2.1160-23 
8.0000 01 -6.4910-26 

CK (1) CK (2) 

1.0000 00 4.5440-13 
i . o o o n  00 u.Uo10-15 
~ . O O O D  0 0  3.1560-17 
I . O O O D  0 0  1.6880-IQ 
i .ooon 00 3.1560-17 
1.0001, 0 0  u.uo1n-15 
1.0000 00 4.5440-13 
I .000D 00 3.0180-13 
i .ooon 00 2.37073-14 
1.000~ 0 0  8.0820-16 
i . ooon  0 0  1.607~-17 

1 . 0 0 0 ~  0 0  4.5020-24 

i.oonn 00 1.1670-23 

1.000D 0 0  1.9820-1s 
1.0000 CO 1.4080-21 

1.0000 00 7.5070-26 

1.0000 00 1.7310-21 
1.0000 00 1.4140-19 

1.0000 00 1.85°0-16 
i.ooon 00 7.1500-18 

i . ooon  0 0  1.6540-15 
1.0000 00 5.6220-16 
1.00CD 00 11.8000-18 
l.OO0P 00 2.6150-20 
1.0000 00 0.2000-23 

1.000D 00 4.8400-18 

1.0000 00 1.6'40-15 
1.0000 00 1.8590-16 
1.0000 00 7.1590-18 
1.0000 00 1.4440-19 

1.0000 00 1.1670-23 

1.ooon 00 2.6150-20 

1.000~ 00 5.6220-16 

1.000~ 00 1.7310-21 

1.000~ 00 3.5070-26 
1.0000 00 2.381Il-2P 
1.000Tl 00 8.3260-26 
1.000D 00 1.2720-23 
I.OOOD 0 0  1.0610-21 
I.OOOD 00 4.9880-20 

.ooon 00 7.2390-14 

. O O O D  0 0  5.2880-21 

, 0 0 0 0  00 1.1030-1R 
, 0 0 0 0  00 6.6550-18 

, 0 0 0 0  00 2.1410-23 
,0000 00 5.U27D-26 
,0000 00 2.1410-23 
.ooon 00 5.2880-21 
.000D 00 7.2390-19 
. O O O D  00 6.6550-18 
.ooon 0 0  1.1030-18 
.ooon 0 0  4.9R8O-20 
.ooon 0 0  1.0610-21 
. O O O D  00 1.2720-23 
. O O O D  00 8.3260-26 
.OOOD 00 2.3810-28 



00 a0oo.L 
00 a0oo.L 
00 a0oo.L 
00 aooo'i 
00 a0oo.L 
00 a0oo.L 
00 a0oo.L 
00 a0oo.L 
00 aooo't 

00 aooo't 
00 a0oo.L 
00 a0oo.L 
00 aooo'i 
00 a0oo.L 

00 a0oo.L 
00 a0oo.L 
00 a0oo.L 
00 ao0o.L 
00 a0oo.L 

00 a0oo.L 
00 a0oo.L 
00 a0oo.L 
00 a0oo.L 
00 a0oo.L 
00 aooo'i 
00 a0oo.L 
00 ao0o.i 
00 a0oo.L 

00 UOOO'L 

00 OOOO'L 

00 UOOO'L 

hz-asEE-t- LO aooo.8 
Lz-acno.1- to aooo.8 
6z-a~s9.i- LO aooo.8 
ZE-U66S'Z- LO a000'8 

zo-atz6. L 

zo-aL1o.z 
zo-agzo-z 

zO-az86.L 
13 
L3 
LO 
ZL- 
LO 
L3 
LO 
LO 
LO 
L3 
LO 
LO 
L3 
00 
00 
13 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
ZL - 
LO 
LO 
LO 
LO 
LO 
LO 
L3 
LO 
LO 
00 
00 
to 
L3 
LO 
LO 
LO 
L3 
LO 
LO 
LO 
ZL - 
LO 
LO 
LO 
LO 
13 
LO 
LO 
13 
to 
03 

LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
00 
00 
00 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
to 
LO 
00 
00 
LO 
00 
00 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 

00'00519 00'00525 
00 '00LZY 00 '00525 
00'002Ls 00'005zS 

hL LL 
EL LL 
zt LL 
LL LL 
01 LL 
6 LL 
8 LL 
L It 
9 LL 
5 LL 
n LL 
E LL 
z LL 
L LL 
LZ OL 
oz OL 
61 OL 
8L Ot 
LL OL 
91 OL 
st 01 
nl 01 
EL OL 
ZL OL 
LL OL 
OL 01 
6 OL 
8 OL 
L 01 
9 ot 
5 OL 
h OL 
f OL 
2 OL 
L OL 
12 6 
02 6 
61 6 
81 6 
LL 6 
YL 6 
41 D 
ni 6 
EL 6 
zt 0 

LL 6 
OL 6 
b6 
86 
16 
9b 
46 
56 
E6 
Zb 
16 

LO a~8600.n 
LO a~8600.n 
LO ai86oo.n 
LO a~~60o.n 
LO a~86oo'n 
LO a~86oo'n 
LO ai86oo.n 
LO a~8600-n 
LO ~0860o'n 
LO ao86oo'n 
LO ao86oo'n 
LO a6~6oo.n 
LO a6~6oo.n 
to a6~bOO'h 
LO a~8600.n 
LO ai8600.n 
LO a~8600.n 

LO a~8600.n 
LO a~86oo.n 
Lo 018600'n 
LO a~8600.n 
LO ay8600-n 
LO a98600-n 
LO a~8600.n 
LO aL8600'n 
LO a~86oo'n 
LO a~8600-n 
to a~8600-n 
LO a~86oo.n 
LO a~8600-n 
LO a~8600.o 
LO ~~8600-II 
LO a~86oo'n 
LO as66oo.n 

LO OL86OO'h 
LO (1L8bOO'h 

00'00s24 
00 ' 00 SL h 

00'00522 
Oo-OoSz~ 
00'0052, 00 '0052% 

00'005ZL 
00'004Ls 
00'00525 
00-005z5 
00'005ZS 
oo.oviz> 
00'005Z5 
00' 00 5 LO 
OO'OO'.Lh 00'00rLn 

00.00 00.00 5 i Ln Lh 

00 '00 SLh 
00'00,Lh 
00'00iLn 
00'005Lh 
00.00 I L n 
00'00$Lh 
00 ' 00 5 Lh 
00 '00 4Ln 
00'005LW 
00'005Lh 
00'00sLn 
00'00SL0 
00'005Ltl 00'00 SLtl 

00 '00 4 Ln 
00'00LLn 
00'00SZh 
00'00LZn 
00'005zn 
00'00520 
00 '00 szn 
00'00szR 00'0OSZh 

oo'oo5zn 
00'005LE 
00'00LZL 
00'00SLZ 
00 'OOhZZ 

cz-aso9'~- LO aooo.8 
hz-a90z'i- LO aooo'a 
YZ-USBE'E- LO aooo.8 
82-a8EY-n- LO aooo.8 
oc-asci'c- LO aooo.8 
EE-~E~S'B- LO aooo.8 
oE-aLno'z- LO aooo.8 
82-a9nz.L- LO uo00.8 
sz-az90't- LO aooo.8 

zi-a~~6.z- LO aooo.8 
Lz-aoLn'tl- LO aooo.8 
OZ-~EYL-L- LO uooo'8 
zz-asao's- LO aooo.8 
nz-azts-z- LO aooo'a 
Lz-a0nL.s- LO aooo.8 
o~-a9ez'6- LO aooo.8 
LZ-~O~L'S- LU aooo'e 
hz-azts'z- LO aooo.8 
zz-a580'5- LO aooo.8 
oz-acgc'i- LO aooo.8 
Lz-a0Ln.n- LO aooo.8 
zz-ay86.z- LO aooo.8 
n7-otn6'~- LO aonn.8 

hZ-aL06.L- LO aOOO'8 

00'004LL oo'oos2L 

00 ' OOGL 
00'0052 
00'005201 
00'OO2L6 
OO'OOSZ6 
00 'OOSLl 
00'00528 00 'OOSLL 

00. 00'00529 OOSLY 
00'005zL 

00'004LL 
00'00525 
00'0osLn 
00'00SZh 
00'00SLE 
00'00SZE 
00'005LZ 
00 -0osz2 
00'0051L 
00 '0052L 
00'00SL 
00'004z 
00 ' 005201 
00 '00516 
OO'OOGZ6 
00'005 L8 
00'005Z8 
00'00SLL 
00'004ZL 

ZO-a09 6' L 

ZO-U956' L 
zo-azyo'z 

zo-az9o.z 
zo-ao56'~ 

20-a~~~' L 
zo-aiiL-1 

ZO-aZS6'L 

ZO-azbY. 1 
ZO-URF 9- 1 00 aooo'i 

00 a0oo.L 
00 a0co.L 
00 aooo-L 
00 a0oo.L 
00 aooo't 
00 aooo'i 

00 a0oo.L 
00 aooo'i 

00 UOOO'L 

00 UOOO'L 
00 OOOO'L 
00 UOOO-L 

00 UOOO'L 

00 UOOO'L 

00 aooo'i 

00 aoa0.L 

00 aooo't 
00 a0oo.L 

00 aooo'i 
00 a0oo.L 
00 aooo'i 
00 a0oo.L 

LL))I3 

00 UOOO'L 
00 UOOO'L 

. ~..~ ~ ~ .~. . 
SZ-~Z~O'L- LO aooo.8 

oc-aino'z- to aooo.8 
8z-aghZ.L- LO ROOO'8 

~z-asi6.i- LO aooo.8 
tz-atos't- to aooo.8 
oz-anio'+ LO aooo-8 
11-UZSO'E- LO aooo.8 
ii-0~6t.z- LO aooo.8 
61-as~z.2- LO aooo.8 
zz-anc9.8- LO aooo.8 
nz-at9t.c- LO aooo.8 
iz-ai8n.L- LO aooo.8 
~L-~L~E'E- LO aooo.8 
zz-anL9.8- LO aooo-8 
6i-a~~z.z- LO aooo.8 
LL-~L~L'Z- LO aooo.8 
LL-~ZSO'E- LO aooo.8 
oz-anio.9- LO aooo.8 
Lz-aLo5-t- LO ao00.8 
IZ-~SL~-L- LO aooo.8 
sz-ahyc'i- LO aooo.8 
8z-acoo'n- LO aooo.8 

33NYH3 dO 'dY?l 
~LVB 

'dY3L 

to ac66oo.n 

LO az66oo.n oo'ooszg oo'oo~zn 
LO a~6600-n OO'OOSLS oo'ooszn 
io a~6600.n 00-ooszs oo'oo'izn 
LO a~66oo.n 
LO az6600.n 
io a~6600.n 

LO an6600.n 
LO an66oo.n 

LO ai66oo.n 
LO as6600'~ 
LO ai66oo.n 

LO af6b00'V 00'00iL9 OO'OO5Zn 

LO aE6600.h 

LO Uh6600'h 

ZO-a6Z6'L 
ZO-aL66' L 

20-GZZ 0. Z 
ZO-alL 6' L 

zo-abz6.~ 00 'OOSLh 
00'00LZh 00'005LE 

Oo'00~zn 
00'005zn 
00 '005 2 n 
00 '00 4 zn 
00'00iZn 
00 '005Zh 
00'005Zn 
00'005Zn 
00.00 5 zn 
00 '005 Zh 

00'005ZE 
00'00sLZ 
00'00Szz 
00'00sLL 
OO'OO5ZL 
00'005L 
OO'OOS2 ZO-aESh'L 

SNOILVBJN33N03 SSYY 33NVLSBflS 



Table A. 2 (continued) 

~ ~~ ~~~~~ 

ITER.= 106 TInE=5.300000D 00 PERIOD=5.300000D 00 TINE INCRENENT=5.000000D-02 

VELOCITY VELOCITY UATER ELEV. 
UATER IN I N  RATE 

ELEVATION X-DIRECT. I-DIRECT. OF CHANGE 

TEMP. SOBSTANCE B A S S  COICENTBATIONS 
INDI- X- 

NODE CES LOCATION 
r- 

LOCATION 

12500.00 

~~ 

RATE 
TEBP. OF CRINGE 

1 1  15 
11  16 
11 11 
11 18 
1 1  19 
11 20 
1 1  21 
12 1 
12 2 
12 3 
12 4 
12 5 
12 6 
12 7 
12 8 
12 9 
12 10 
12 1 1  
12 12 
12 13 
12 14 
12 15 
12 16 
12 17 
12 18 
12 19 
12 20 
12 21 
13 1 
13 2 
13 3 
13 4 
13 5 
13 6 
13 7 
13 8 
13 9 
13 10 
13 1 1  
13 12 
13 13 
13 14 
13 15 
13 16 
13 11 
13 18 
13 19 
13 20 
13 21 
14 1 
14 2 
14 3 
14 4 
14 5 
14 h 
14 1 

52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
57500.00 

4.00981D 01 
4.00980D 01 
4.009800 01 
4.00980D 01 
4.009790 01 
4.00919D 01 
4.00919D 01 
4.009120 01 
4.00912D 01 
4.00912D 01 
4.00913D 01 
4.0097YD 01 
4.00914D 01 
4.00915D 01 
4.009750 01 
4.009750 01 
4.00916D 01 
4.00916D 01 
4.00916D 01 
4.00975D 01 
4.009150 01 
4.00915D 01 
4.00914D 01 
4.009lUD 01 
4.00913D 01 
4.009721) 01 
4.009721) 01 
4.009721) 01 
4.00965D 01 
4.009660 01 
4.009660 01 
4.00967D 01 
U.009670 01 
4.009680 01 
4.0096911 01 
4.00969D 01 
U.00910D 01 
4.00970D 01 
4.00910D 01 
4.00970D 01 
4.0097011 01 
4.00969D 01 
4.00969D 01 
4.00968D 01 
4.009610 01 
4.009670 01 
4.009660 01 
4.00966D 01 
4.009650 01 
4.00960D 01 
4.00960D 01 
U.00960D 01 
4.00961D 01 
4.0096211 01 
4.00962D 01 
4.009630 01 

3.84213 01 -3.699D 01 
4.1950 01 -3.150D C l  
5.678D 01 -3.472D 01 
6.429D 01 -2.93711 01 
1.010D 01 -2.21% C1 
1.4020 01 -1.3720 01 
1.599D 01 -4.669D 00 
6.<22D 01 4.328D 00 
6.3700 01 1.2698 01 
6.07213 01 2.039D 01 
5.6410 01 2.6830 C1 
5.1020 01 3.1448 01 
4.492D 01 3.3620 01 
3.862D 01 3.284D 01 
3.212D 01 2.816D 01 
2.1891) 01 2.144D 01 
2.411D 01 1.148D 01 
2.36lD 01 -3.0290-12 
2.4110 01 -1.148D 01 

3.212D 01 -2.816D 01 
3.8621) 01 -3.284D 01 
4.492D 01 -3.3621) 01 
5.102D 01 -3.1440 01 
5.641D 01 -2.683D 01 
6.0721) 01 -2.0390 01 
6.370D 01 -1.26SD 01 
6.5220 01 -U.328D 00 

2.789~ 01 -2.1941) 01 

1.8600-02 
1.191D-02 
1.7180-02 

8.000D 01 -4.030D-23 
8.0000 01 -1.6051)-23 
8.000D 01 -1.206D-24 
8.000D 01 -3.385D-26 

1.0000 00 1.840D-25 
1.000D 00 h.17YD-26 
1.000D 00 4.127D-27 

i750o.00 
82500.00 
87500.00 
92500.00 
97500.00 
102500.00 
250n.no 

1.646D-02 
1.5800-02 8.OOOD 01 -4.6380-28 
1.531D-02 8.OOOD 01 -3.135D-30 
1.555D-02 S.OOOD 01 -8.563D-33 

1.000D 00 1.2310-28 
1.000D 00 1.512D-30 
1.0000 00 9,.962D-33 
1.0009 00 2.5661)-35 
1. OOOD 00 8.186D-38 
1.000D 00 3.218D-35 
1.000D 00 9.226D-33 

1.544D-02 
1.518D-02 
1.5690-02 
1.6 331)-02 
1.694D-02 
1.113D-02 
1.833D-02 
1.9130-02 
1.9410-02 

8.0001) 01 -2.900D-35 
8.0000 01 -1.09lD-32 
8.0000 01 -1.643D-30 

51 500.00 
5 1  5 00 f 00 
57 500.00 
51500.00 
57500.00 
57500.00 
51500.00 
5 1 5 0 0 . 0 0  
51500.00 
5 1  500.00 
51 500.00 
51500.00 
57900.00 
57500.00 
57500.00 
57500.00 
51500.00 
5 1 5 0 0  .oo 
57500.00 
57500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
62500.00 
61500 .OO 
67500 .OO 
f i1500.00  
61500.00 
61500.00 
hl500.00 
61 500 .OO 

- ... 
1500 .OO 
12500.00 
11500.00 
22500.00 
27500.00 
32500.00 
31500.00 
42500.00 
47500.00 
52500.00 
51500.00 
62500.00 
67500.00 
12500.00 
17500.00 
82500.00 
81500.00 
92500.00 
91500.00 
102500.00 
2500.00 
1500.00 
12500.00 
11500 .OO 
22500.00 
21500.00 
32500.00 
31500.00 
42500.00 
41500. 00 
52500.00 
57500.00 
62500.00 
6 1 5 0 0 . 0 0  
12500.00 
11500.00 
82500.00 
81500.00 
92500.00 
97500.00 
102500.00 
2500.00 
1500.00 
12500.00 
11500.00 
22500.00 
21500.00 
32500.00 

... 
8.0000 01 -1.186D-28 
8.OOOD 01 -4.0640-27 
8.OOOD 01 -5.009D-26 

1.000D 00 4.046D-31 
1.000D 00 1.4921)-29 
1.000D 00 1.986D-28 
1.000D 00 4.866D-28 
1.OOOD 00 1.856D-29 

8.000D 01 -1.1270-25 
8.000D 01 -3.7200-21 
8.0000 01 -2.12lD-29 
8 . O O O D  01 -5.5650-32 
8.000D 01 -1.0100-34 
8.000D 01 -5.565D-32 
8.000D 01 -2.12lD-29 
8.OOOD 01 -3.12OD-21 
8.000D 01 -1.1271)-25 
8.000D 01 -5.009D-26 
8.0000 01 -4.0640-27 
8.0000 01 -1.l86D-28 
8.000D 01 -1.6430-30 
8.000D 01 -1.0971)-32 
8.000D 01 -2.900D-35 
8.OOOD 01 -7.8831)-38 
8.000D 01 -3.08lD-35 
8.OOOD 01 -4.7081)-33 
8.000D 01 -3.410D-31 
8.000D 01 -1.152D-29 
8.000D 01 -1.3771)-28 
8. OOOD 01 -2.9951)-28 
8. OOOD 01 -1.065D-29 
R . O O O D  0 1  -i.o57~-32 

1.000D 00 1.060D-31 
1.000D 00 2.968D-34 
1.OOOD 00 6.2640-37 
1.0000 00 2.968D-34 
1.OOOD 00 1.06OD-31 
1.000D 00 1.8560-29 
1.000D 00 4.866D-28 
1.000D 0 0  1.986D-28 
1.000D 00 1.492D-29 
1.000D 00 4.046D-31 

.. . ~ 

2.0030-02 
1.9780-02 
2.0031)-02 
1.941D-02 
1.913~1-02 
1.8330-02 
1.1131)-02 
1.694D-02 
1.633D-02 
1.5691)-02 
1.518D-02 
1.544D-02 
1.4950-02 
1.468D-02 
1.523D-02 
1.582D-02 
1.638D-02 
1.7180-02 
1.7790-02 

1 .8130-02 
1.9570-02 
1.901D-02 
1.95lD-02 
1.8730-02 
1.8630-02 
1.1190-02 

3.8631)-02 

1;OOOO 00 5.226D-33 
1.D00D 00 3.218D-35 
1.OOOD 00 8.186D-38 
1.000D 00 2.109D-U0 

~- 
5.5191) 01 3.981D 00 
5.412D 01 1.169D 01 
5.206D 01 1.8770 C1 
4.9190 01 2.468D 01 
4.571D 01 2.891D 01 

1.OOOD 00 8.726D-38 
1 . n o o n  00 1.415~-35 ....-.. . . _ ~  
1.000D 00 1.098D-33 
1.OOOD 00 3.991D-32 
1.000D 00 5.1590-31 
1.OOOD 00 1.223D-30 

4.216~ 0 1  3.0931) 01 
3 . ~ 1 7 ~  n i  3.024~ n i  ~. .. . 
3.582D 01 2;655D 01 
3.3681) 01 1.9860 01 
3.2418 01 1.0610 01 
3.2010 01 -6.867D-12 
3.2410 01 -1.06lD 01 

1.000D 00 5.0310-32 
1.0000 0 0  3.4510-34 -... . . 

8.000D 01 -2.191D-34 1.OOOD 00 1.189D-36 
8.OOOD 01 -4.810D-31 1.000D 00 3.02513-39 
8.00OD 01 -2.1910-34 1.000D 00 1. 189D-36 
8.000D 01 -7.0518-32 1.000D 00 3.451D-34 

1.OOOD 00 5.031D-32 
3.3680 01 -1.986D 01 
3.582D 01 -2.655D 01 
3.813D 01 -3.0240 01 
4.2160 01 -3.093D 01 
4.511D 01 -2.8911) 01 
4.9190 01 -2.4680 01 
5.2060 01 -1.81713 C 1  
5.412D 01 -1.169D 01 
5.519D 01 -3.981D 00 

8.0000 01 -1.0651)-29 
8.0000 01 -2.995D-28 i.ooon 00 1.2231)-30 

1.OOOD 00 5.1591)-31 
1.000D 00 3.991D-32 
1.000D 00 1.098D-33 
1.000D 0 0  1.415D-35 
1.000D 00 8.126D-38 
1.0000 00 2.1090-40 
1.000D 00 4.346D-43 
1.OOOD 00 1.864D-40 
i.ooon 00 3.1020-38 

1.7 18D-02 
1.6380-02 
1.5820-02 
1 . 5 2 3 ~ 0 2  
1 .468D-02 
1.4950-02 
1 .U13D-02 
1.384D-02 
1.43913-02 
1 .495D-02 
1.551D-02 
1.64813-02 
1.680D-02 

8.000D 01 -1.3llD-28 
8.000D 01 -1.152D-29 
8 . O O O D  01 -3.41OD-31 
8.000D 01 -4.7080-33 
8.000D 01 -3.0871)-35 
8.000D 01 -1.883D-38 

4.581D 01 3.611D CO 
4.520D 01 1 . 0 8 4 D  01 
4.395D 01 1.146D 01 
4.235D 01 2.309D 01 

8.OOOD 01 -1.7030-40 
8 . 0 0 0 D  01 -6.923D-38 
8.000D 01 -1.O85D-35 
8.000D 01 -8.0181)-34 
8.OOOD 01 -2.150D-32 
8.OOOD 01 -3.34lD-31 

. .. 
~ . O O O D  00 2.055~-36 
1.000D 00 9.049D-35 
1.0000 0 0  1.189D-33 

8.000D 01 -1.527D-31 1.OOOD 00  2.910D-33 

4.010D 01 2.128D 01 
3.9340 01 2.9520 01 
3.8571) 01 2.925D 01 



Table A. 2 (continued) 

ITER.= 106 TIME=5 300000D 00 PERIOD=5.300000D 00 

VELOCITY 
PATER IN 

ELEVATION X-DIRECT. 

4.009641) 01 3.8540 01 
4.009640 01 3.9070 01 
4.009640 01 3.9790 01 
4.009640 01 4.0150 01 
4.009640 01 3.9190 01 
4.009690 01 3.9070 01 
8.009640 01 3.8540 01 
4.00963D 01 3.8570 01 
4.009620 01 3.9341) 01 
U.009620 01 4.0700 01 
4.00961D 01 4.2350 01 
4.009600 01 4.3950 01 
4.009600 01 4.5200 01 
4.009600 01 4.5870 01 
4.0095UD 01 3.7200 01 
4.009550 01 3.6840 01 
4.009550 01 3.6240 01 
4.009560 01 3.5650 01 
4.009570 01 3.5470 01 
4.009571) 01 3.6110 01 
4.009580 01 3.7900 01 
4.009590 01 4.0890 01 
4.009590 01 4 . U 5 1 D  01 
4.009590 01 4.7710 01 
4.009590 01 4.9090 01 
U.009590 01 4.7110 01 
4.009590 01 4.4510 01 
4.00959D 01 4.0890 01 
4.009580 01 3.7900 01 
4.00957D 01 3.6110 01 
4.009570 01 3.5UlD 01 
4.009560 01 3.5650 01 
4.00955D 01 3.6240 01 
4.009550 01 3.6800 01 
4.009540 01 3.7200 01 

TInE INCREMENT=5.000 0000-02 

VELOCITY HATER ELEV. 
IN RATE 

Y-DIRECT. OF CHRNGE 

TEMP. 
RATE 

OF CRAIlGE 

SUBSTANCE MASS CONCENTRATIONS 

CK (1) CK (2) 

1.0000 00 1.3950-34 
1.0000 00 1.2060-36 
1.0000 00 5.3168-39 
1.0000 00 1.6200-41 
1.000D 00 5.31603-39 
1.0000 00 1.2060-36 
1.0000 00 1.3950-34 
1.0000 00 2.9100-33 
1.0000 00 1.1890-33 
1.0000 00 9.0490-35 
1.0000 00 2.455D-36 
1.0000 00 3.102D-38 
1.0000 00 1.8640-40 
1.000D 00 4.3460-43 
1.0000 0 0  7.0580-46 

INDI- Y-  
NODE CES 

Y- 
LOCRTION 

37500.00 
42500.00 
47500.00 

LOCATION TERP. 

8.OOOD 01 
8.0000 01 
8.0000 01 
8.000D 01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8.0000 01 
8.000D 01 
u.nonn 01 

14 
14 
14 
14 
14 
14 
14 
14 
1u 
14 
14 
14 
t u  
14 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
lh 
16 
16 
16 

8 
9 
10 
1 1  
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
11 
1 8  
19 
20 
21 

67 500.00 
6 1  500.00 
67500.00 
61500.00 
67500.00 
67500.00 
61 500.00 
67500.00 
67500.00 
fi7500 .OO 
67500.00 

2.614D 01 1.7870-02 
1.988D Cl 1.742D-02 
1.0840 01 1.9160-02 

-3.1000-32 
-2.5140-34 
-9.1980-37 
-2.61 50-39 
-9.7980-37 
-2.5140-34 
-3.1000-32 
-1.5270-31 
-3.347n-31 

52500.00 
57500.00 
62500.00 
67500.00 
12500.00 
77500.00 
82500.00 

-7.2520- 12 1.755D-02 
-1.0840 C 1  1.9160-02 
-1.988D 01 1.7420-02 
-2.6140 01 1.7870-02 
-2.9290 01 1.680~-02 
-2.9520 01 1.6480-02 
-2.128D 01 1.551D-02 ...... 
-2.3090 01 1.4950-02 8.000D 01 
-1.746D 01 1.9390-02 8.OOOD 01 
-1.0840 01 1.3840-02 8.0000 01 
-3.6710 00 1.U13D-02 
3.396D CO 1.300D-02 

~~ 

-2.150D-32 -8.0 1 80-34 

-1.0850-35 
-6.9 2 30-38 

81500.00 
92500.00 
97500.00 
102500.00 
2500.00 

hl500.00 
67500.00 
67500.00 
72500.00 

8.0000 01 
8.000D 01 

-1.7030-U0 
-2.8 8 20-4 3 
-1.2200-40 
-1.9840-38 
-1.5260-36 
-5 .4 890-35 
-7.1330-34 
-1.7720-33 
-9.0970-35 
-9.5930-37 
-4.9350-39 
-1.6880-41 
-4.9350-39 
-9.5920-31 
-9.0970-35 
- I  .7120-33 
-7.1330-34 
-5.4890-35 
-1.52603-36 
-1.9840-38 
-1.2200-40 
-2.8820-43 
-3.7310-46 
-1.6500-43 
-2.8120-41 
-2.29 1 0-39 
-8.9300-38 
- 1.3 0 30- 3 6 
-3.8 340-36 
-2.6481)-37 
-3.9 250-39 
-2.78 40- 41 
-1.2 140-43 
-2.7840-41 
-3.925D-39 
-2.6480-37 
-3.8340-36 
-1.3030-36 
-8.9300-38 
-2.2910-39 
-2.8120-41 
-1.6500-43 
-3.7310-46 

72500.00 
72500.00 
72500.00 
72500.00 
72500.00 
72500.00 
12500.00 
72500.00 

7500.00 
12500.00 
17500.00 
22500.00 
27500.00 
32500.00 
37500.00 
U2500.00 
47500.00 
52500.00 
57500.00 
62500.00 
67500.00 
12500.00 
77500.00 
82500.00 
81500.00 
92500.00 
97500.00 
102500.00 

1.0110 01 1.213D-02 8.000D 01 
1.6410 01 1.323D-02 8 . 0 0 0 0  01 
2.1910 01 1.3080-02 8.0000 01 
2.6420 01 1.44203-02 8 . O O O D  01 
2.9280 01 1.54803-02 8.000D 01 

1.0000 DO 3.1410-43 
1.0000 00 5.4320-41 
1.000D 00 4.4640-39 
1.000D 00 1.122D-37 
1.0000 00 2.4090-36 
1.0000 00 6.4900-36 
l.000D 00 3.8960-37 
1.000D 00 4.5150-39 
1.0000 00 2.622D-41 
1.0000 0 0  9.5330-44 
1.0000 00 2.6220-41 
1.0000 00 4.5150-39 
1.0000 00 3.8960-37 
1.0000 00 6.4901)-36 
1.0000 00 2.4090-36 
1.0000 00 1.7220-37 
1.0000 00 4.4640-39 
1.OOOD OD 5.432D-41 
1.0000 00 3 .  1970-43 
1.0000 00 7.0580-46 
1.0000 00 8.8230-49 
1.0000 00 4.105D-46 
1.0000 00 7.409D-44 
1.0000 0 0  6.4350-42 
1.0000 00 2.6190-40 
1.0000 00 4.1900-39 
1.0000 00 1.3310-38 
1.0000 00 1.0750-39 
1.0000 00 1.8000-Ul 
1.0000 00 1.4150-43 
1.0000 00 6.2650-46 
1,0000 00 1.4150-43 
1.0000 00 1.8000-41 
1.0000 00 1.0750-39 
1.0000 00 1.3310-38 
l.000D 00 4.1900-39 
1.0000 00 2.6790-40 
1,0000 00 6.4350-42 
1.0000 00 7.4090-44 
1.0000 00 4.1050-46 
1.0000 00 8.8230-49 

2.995D 01 1.5190-02 
2.7630 01 1.7350-02 
2.114n C 1  1.5111)-02 

8.000D 01 
8.OOOD 01 
8.00OD 01 

72500.00 
72500.00 
72500.00 
72500.00 
72500.00 

~~~ . ~ ~ ~ .  ~ ~. 
1.224D 01 1.9hOD-02 8.0000 01 

-3.6650-12 1.5750-02 8.000D 01 
-1.2240 0 1  1.9600-02 8.0000 01 
-2.1740 01 1.5110-02 8.0000 01 
-2.7630 01 1.7350-02 8.0000 01 

8.0000 01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8.ODOD 01 
8.0000 01 
8.0000 01 
8.ooon 0 1  

72500.00 
72500.00 
72500.00 
72500.00 
72500.00 
12500 .oo 
72500.00 

-2.9950 01 1.5190-02 
-2.9280 01 1.5480-02 
-2.6420 01 1 .4420-02 
-2.1970 01 1.388D-02 
-1.6410 01 1.3238-02 
-1.01 1D 01 1.2730-02 
-3.3960 00 1.300D-02 

17500.00 
71500.00 
77500.00 
77 5 00.00 
17500.00 
71500.00 
71 5 00.00 
77500.00 
77500.00 
77500.00 
77500.00 
77500.00 
775 00.00 
77500.00 
77500.00 
77500.00 
775 00.00 
77 5 00.00 
77500.00 
77 5 00.00 
77500.00 

2500.00 
7500.00 
12500.00 
17500.00 
22500.00 
21 500.00 
32500.00 
37500.00 
42500.00 
41 500.00 
52500.00 
57500.00 
62500.00 
67500.00 
12500.00 
77500.00 
82500.00 
87500.00 
92500.00 
97500.00 
102500.00 

4.009501) 01 2.9150 01 3.1210 00 1.162D-02 ~. .... 
4.009500 01 2.8980 01 9.3890 00 1.1440-02 8.0000 01 
4.009510 01 2.8790 01 1.54OD 01 1.1980-02 8.0000 01 
4.009510 01 2.8890 01 2.0989 01 1.2840-02 8 . O O O D  01 

8.0000 01 4.009520 01 2.9780 01 2.5920 0 1  1.2920-02 
4.009530 01 3.2070 01 
4.009540 01 3.6290 01 
4.00954D 01 4.2670 01 
4.009540 01 5.0240 01 
4.009530 01 5.7180 01 
4.009530 01 6.0310 01 
4.009530 01 5.7180 01 
9.009540 01 5.0240 01 
4.009540 01 4.2670 01 
4.009540 01 3.6290 01 
4.009530 01 3.2070 01 
4.009520 01 2.9780 01 
4.009510 01 2.8890 01 
4.009510 01 2.8190 01 
4.00950D 01 2.8980 01 
U.00950D 01 2.9150 01 

2.979D 01 1.3870-02 
3.194D 01 1.283D-02 
3.1080 01 1.792D-02 
2.5860 01 1.2500-02 
1.53CD 01 2.2490-02 

-2.4490-12 8.742D-03 
-1.53ED 01 2.2490-02 
-2.586D 01 1.2500-02 
-3.1080 01 1.7920-02 
-3.1940 01 1.283D-02 
-2.9790 01 1.3870-02 
-2.5920 01 1.2920-02 
-2.098D 01 1.284D-02 
-1.5400 01 1.1980-02 
-9.3890 CO 1.1440-02 
-3.1210 00 1.1620-02 

8.0000 01 
8.0000 01 
8.000D 01 
8.0000 01 
8.0000 01 
8.0000 01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8.0000 0 1  
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01  
8.DOOD 01 
8.0000 01 

. 8 



+ '  . 

Table A. 2 [continued) 

y_ ~ ._ 

ITER.= 106 TIME=5.300000D 00 PERIOD=5.300000D 00 TINE INCRl?UENT=5.000000D-02 

INDI- X- 
NODE CES LOCRTION 

11 1 
11 2 
17 3 
17 U 
11 5 
11 6 
17 1 
11 8 
17 9 
17 10 
17 1 1  
17 12 
17 13 
17 14 
17 15 
17 16 
11 17 
17 18 
11 19 
17 20 
17 21 
18 1 
18 2 
18 3 
18 4 
18 5 
18 6 
18 7 
18 8 
18 9 
18 10 
18 1 1  
18 12 
18 13 
18 14 
18 15 
18 16 
18 17 
18 18 
18 19 
18 20 
18 21 
14 1 
19 2 
19 3 
19 U 
19 5 
19 6 
19 1 
19 8 
19 9 
19 10 
19 1 1  
10 12 
19 13 
19 14 

82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82 5 00.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82c.00.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
8 1 5  00.00 
81500.00 
87500.00 
87500.00 
81500.00 
87500.00 
87500.00 
87500.00 
87500.00 
87500.00 
87500.00 
87500.00 
8 7 5 0 0 . 0 0  
81 500.00 
87500.00 
81500.00 
81c.00.00 
81~00.00 
81500.00 
81500 .OO 
87500.00  
92500.00 
92500.00 
92500.00 
92500.00 
92500.00 
92500.00 
92500.00 
92 500.00 
92500.00 
92500.00 
92500.00 
92500.00 
92500.00 
92500.00 

VELOCITY VELOCITY YRTER ELEV. 
Y- WATER IN IN RRTE 

LOCITION ELEVATION X-DIRECT. Y-DIRECT. OF CAANGE 

2500.00 4.00946D 01 
7500.00 4.00946D 01 
12500.00 4.0094lD 01 
17500.00 4.00948D 01 
22500.00 4.009490 01  
27500.00 4.00949D 01 
32500.00 4.00950D 01 
37500.00 1.00949D 01 
42500.00 1.009U9D 01 
41500.00 4.00948D 01 
52500.00 4.00946D 01 
57500.00 4.00948D 01 
62500.00 U.00949D 01 
67500.00 4.00949D 01 
72500.00 4.0095OD 01 
11500.00 4.00949D 01 
82500.00 4.00949D 01 
87500.00 U.OO948D 01 
92500.00 U.009410 01 
91500.00 4.00946D 01 
102500.00 4.00946D 01 
2500.00 4.00943D 01 
7500.00 4.00943D 01 
12500.00 4.00944D 01 
17500.00 4.00945D 01 
22500.00 4.00946D 01 
27500.00 4.009460 01 
32500.00 1.0094lD 01 
31500.00 4.00946D 01 
42500.00 4.0094lD 01 
41500.00 4.009461) 01 
52500.00 4.00941D 01 
57500.00 4.00946D 01 
fi2500.00 4.009U7D 01 
61500.00 4.009460 01 
72500.00 U.OO947D 01 
77500.00 4.00946D 01 
82500.00 4.009460 01 
87500.00 4.00945D 01 
92500.00 4.00944D 01 
97500.00 4.00943D 01 
102500.00 4.00943D 01 
2500.00 4.00941D 01 
1500.00 1.009420 01 
12500.00 4.00942D 01 
17500.00 U.00944D 01  
22500.00 4.009450 01 
21500.00 U.OO945D 01 
32500.00 4.00948D 01 
31500.00 U.00946D 01 
42500.00 4.009430 01 
47500.00 4.009240 01 
52500.00 4.00902D 01 
57500.00 4.00924D 01 
62500.00 4.00943D 01 
67500.00 4.00946D 01 

2.178D 01 
2.169D 01 
2.1640 01 
2.201D 01 
2.3390 01 2.5110 C1 1.0530-02 
2.673D 01 3.0190 01 1.385D-02 
3.2970 01 3.11460 01 1.025D-02 

2.7950 00 1.014D-02 
8.51CD C O  1.0160-02 
1.412D 01 1.072D-02 
1.965D 0 1  1.134D-02 

4.311D 01 
5.610D 01 
6.9500 01 
7.6130 01 
6.950D 01 
5.6100 01 
4.311D 01 
3.2970 01 
2.6130 01 
2.3390 01 

3.615D 01 2.105D-02 
3.291D 01 7.819D-03 
2.1480 01 3.0790-02 

-3.7600-12 -1.026D-02 
-2.lU8D 01 3.079D-02 
-3.291D 01 1.819D-03 
-3.615D 01 2.1050-02 
-3.4460 01 1.0250-02 
-3.0190 01 1.3850-02 
-2.511D 01 1.053D-02 
-1.qfi~n 01 1.134~-02 2.2010 01 

2.16UD 01 -1.U12D 01 1.0121)-02 
2.169D 01 -8.51CD 00 1.016D-02 
2.1780 01 -2.19W 00 1.014D-02 

2.3740 00 8.948D-03 1.5250 01 
1.512D 01 
1.4981) 01 
1.511D 01 
1.6270 01 
1.9540 01 
2.678D 01 
4.096D 01 
6.186D 01 
8.7590 01 
1.018D 02 
8.759D 01 
6.1861) 01 
4.0961) 01 
2.678D 01 
1.95UD 01 
1.6271) 01 
1.517D 01 
1.498D 01 
1.512D 01 
1.5250 01 
9.150D 00 
9.567D 00 . .. ~ 

9.231D 00 
8.9120 00 
9.142D 00 
1.108D 01 
1.109D 01 
3.3130 01 
6.08hD 01 

7.344D 00 9.126D-03 
1.232D 01 9.3480-03 
1.7430 01 9.4760-03 
2.30CD 01 8.873D-03 
2.8990 01 1.767D-02 
3.5791) 01 9.08lD-03 
4.1510 01 2.39lD-02 
4.354D 01 -2.902D-02 
3.312D 01 2.892D-02 

-4.6741)-12 -5.281D-02 
-3.312D 01 2.8920-02 
-U.35SD 01 -2.902D-02 
-4.151D 01 2.39lD-02 
-3.5790 01 9.0811)-03 
-2.89SD 01 1.16lD-02 
-2.3000 01 8.873D-03 
-1.7430 01 9.416D-03 
-1.232D 01 9.348D-03 
-7.344D 00 9.126D-03 
-2.314D 00 8.9480-03 
1.8110 00 1.986D-03 
5.9280 00 7.542D-03 
9.9620 00 6.886D-03 
1.404D 01 9.54OD-03 
1.872D 01 6.216D-03 
2.453D 01 1.455D-02 
3.384D 01 -7.565D-03 
4.5050 01 4.1U7D-02 
5.8880 01 -5.0881)-02 

1.061D 02 5.495D 01 2.3520-01 ~ ~ ~~ . . ~  . ~- ~ ~~ 

1.353D 02 -1.110D-12 1.982D-02 
1.061D 02 -5.495D 01 2.352D-01 
6.08hD 01 -5.888D C 1  -5.088D-02 

TEMP. SUBSTANCE UASS CONCENTRATIONS 
RATE 

TEIP. O F  CHRNGE 

8.0000 01 -3.510D-49 
8.000D 01 -1.652D-46 
8.0000 01 -2.965D-44 
8.000D 01 -2.594D-42 
3.000D 01 -1.128D-UO 
8.0000 01 -1.9910-39 
8.0000 01 -7.342D-39 
8.000D 01 -1.402D-40 
8.0000 01 -1.704D-41 
8.000D 01 -1.744D-43 
8.OOOD 01 -1.022D-45 
8.0000 01 -1.744D-43 
8.0000 01 -1.70110-41 
8.0OOD 01 -1.U02D-40 
8.000D 01 -7.342D-39 
8.OOOD 01 -1.94lD-39 
8.000D 01 -1.128D-YO 
8.000D 01 -2.5941)-42 
8.000D 01 -2.965D-44 
8.000D 01 -1.652D-46 
8.000D 01 -3.510D-49 
8.000D 01 -2.4OOD-52 
8.000D 01 -1.1581)-99 
8.OOOD 01 -2.182D-41 
8.000D 01 -2.099D-45 
8.000D 01 -1.014D-43 
8.000D 01 -2.152D-42 
8.OOOD 01 -1.1450-41 
8.000D 01 -1.8620-42 
8.000D 01 9.435D-44 
8.000D 01 -6.445D-44 
8.000D 01 3.162D-44 
8.000D 01 -6.445D-44 
8.000D 01 9.435D-44 
8.000D 01 -1.8620-92 
8.0000 01 -1.l45D-41 
8.000D 01 -2.152D-42 
8.000D 01 -1.014D-43 
8.000D 01 -2.049D-45 
8.OOOD 01 -2.182D-41 
8.OOOD 01 -1.158D-49 
8.OOOD 01 -2.4000-52 
8.000D 01 -1.0551)-55 
8.000D 01 -5.255D-53 
8.OOOD 01 -1.0170-50 
8.0000 01 -9.943D-49 
8.000D 01 -5.458D-47 
8.000D 01 2.618D-46 
8.OOOD 01 2.808D-41 
8 . O O O D  01 8.740D-31 
8.OOOD 01 1.942D-32 
8.000D 01 -9.6640-33 
~ . n n n n  01  -u.08&D-19 ...... . . . ~  . 
8.OOOD 01 -9.664D-33 
8.000D 01 1.942D-32 

3.3130 01 -4.505D 01 4.147D-02 8.000D 01 8.140D-31 

CK (2) 

8. 197D-52 . .  
1.000D 00 3.982D-49 
1.000D 00 7.55UD-47 
1.000D 00 7.022D-45 

3.2460-43 1.000D 0 0  
1.000D 00 
1.OOOD 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.0000 1.000D 00 00 

1.000D 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.000D 00 
.000D 0 0  
.000D 0 0  
.000D 0 0  
.OOOD 0 0  
.000D 00 
.000D 0 0  
.000D 0 0  
.000D 0 0  

.000D .000D 0 0  0 0  

.000D 00 

.000D 00 
1.000D 00 
1.000D 00 
1.OOOD 00 
1.000D 00 
1.OOOD 00 
1.000D 00 
1.0000 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.0000 00 
1.000D 00 
1.000D 00 
1.00OD 00 
1.OOOD 00 
1.000D 00 
1.000D 00 
1.0000 00 
1.0000 00 
1.0000 1.000D 00 00 

1.000D 00 

5.958D-42 
2.4100-41 -. ~ 

2.8311)-42 
7.546D-44 
8.344D-46 
4.159D-48 
8.344D-46 
7.546D-44 
2.831D-42 
2.4 100-41 
5.958D-42 
3.2460-43 
7.022D-45 
7.554D-41 
3.982D-49 
R. 197D-52 .. . ~ ~ 

5.3790-55 
2.7190-52 
5.398D-50 
5.360D-48 
2.796D-116 
6.2770-45 
3.548D-44 
6.7 12D-45 
1.034D-43 
2.8300-45 
1.805D-44 
2.830D-45 1.034D-43 

6.1 12D-45 
3.5480-44 
6.217D-45 
2.1960-46 
5.360D-48 
5.3980-50 
2.71 90-52 
5.3190-55 
2.320D-58 
1.209~55 
2.456D-53 2.524D-51 

2.898D-45 2.252D-49 

3.488D-41 
1.228D-37 
1.040D-32 
3.589D-34 
5.084D-33 
3.589D-34 1.0401)-32 

1.228D-31 



Table A ,  2 (continued) 

ITER.= 106 TInE=5.300000D 0 0  PER1OD=5.300000D 0 0  T I R E  INCREnEUT=5.000000D-02 

I N D I -  X-  
WODE CES LOCIITIOU 

19 
19 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20  
20 
20 
20 
20 
20  
20 
20  
20 
20 
20 
20 
21 
21 
21  
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21  
21 
21 
21 
21 
21 

1 5  
16 
1 7  
1 8  
1 9  
20 
21  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
14 
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
1 3  
14  
15  
16 
1 7  
18 
19 
2 0  
21 

92500.00 
92500.00 
92500.00  
92500.00 
92500.00 
92500.00  
92500.00 
91500.00  
97500.00 
97500.00 
97500.00 
97COO. 00 
97400.00  
97500.00  
97C.00.00 
97500.00 
97500.00  
97500.00  
97500.00 
91500 . O O  
97500.00 
97500.00  
97500.00  
97500.00 
97500.00  
97500.00  
97500.00  
97500.00  

102500.00 
102500.00  
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00  
102500.00 
102500.00  
102500.00 
102500.00 
102500.00  
102500.00  
102500.00 
102500.00 
102‘00.00 

LHC002I STOP 0 

Y- 
LOCATION 

72500.00  
77500.00 
82500.00 
87500.00 92500.00 

97500.00 
102500.00 

2500.00 
7500.00 

12500.00 
17500.00 
22500.00 
27500.00 
32500.00 
37500.00 
42500.00 
U7500.00 
52500.00 
57500.00 
62500.00 
67500.00 
’72500.00 
77500.00 
82500.00 
87500.00 
92500.00 
97500.00 

102500.00 
2500.00 
7500.00 

12500.00 
17500.00 
22500.00 
27500.00 
32500.00 
37500.00 
42500.00 
47500.00 
5 2 5 0 0 . 0 0  .~.. .. 
57500.00 
62500.00 
67500.00 
72500.00 
77500.00 
82500.00 
87500.00 
92500.00 
97500.00 

102500.00 

YITER 
E L E V A T I O N  

4.00948D 01 
4.009450 01 
4.009450 01 
4.009440 01 
4.009420 0 1  
4.00942D 01 
4.009410 0 1  
4.0094OD 01 
4.009400 01 
0.009420 01 
4.00943D 01 
4.00945D 01 
U.OO946D 01 
4,009520 01 
4.0099UD 01 
4.009560 01 
4.00918D 01 
4.00855D 01 
4.009181) 01 
4.00956D 01 
4.00944D 0 1  
4.009520 01 
4.00946D 01 
4.009450 0 1  
9.009U30 01 
4.009420 01 
U.OO94OD 01 
4.00940D 0 1  
4.00939D 01 
4.0094OD 01 
4.00941D 0 1  
4.00942D 01  
4.009450 01 
4.00948D 0 1  
4.009550 0 1  
4.009430 0 1  
U.01026D 0 1  
9.010100 0 1  
4.008981) 01  
4.0101OD 0 1  
4.01026D 0 1  
4.0091130 0 1  
9.009550 01 
4.009488 0 1  
4.009450 01 
4.00942D 01 
4.009411) 0 1  
4.0094OD 01 
U.00939D 01 

VELOCITY VELOCITY 
I N  I N  

X-DIRECT. 1-DIREC?. 

1.709D Dl -3 .3848 01 
l . l O 8 D  0 1  -2 .4530 01 

8 .9720 00 -1.UOUD 01 
9.237D 0 0  -9.9621) 00 
9.567D 00 -5.9280 00 
9 .7500 00 -1.871D 0 0  
5.3670 00 1.494D 00 
5.2040 0 0  4 .6480 00 
4.7860 00 7.672D C O  
U.1270 00 1.035D 0 1  
3.2710 00 1.331D 01 
3.024D 0 0  1.6630 01 
4.628D 00 2.448D 0 1  
1.6690 01 3.143D 01 
4 .6070 0 1  5.6610 01 
1.3520 02 7 .5910 0 1  
2.0510 0 2  3.9340-12 
1.3520 02 -7.591D 01 
4.6070 01 -5.661D 01 
l.fi69D 01 -3.1430 01 
4.6280 00 -2.448D 0 1  
3.0240 00 -1.6631) 01  
3.211D 00 -1.331D 01 
4.127D 00 -1.035D 0 1  
4.786D 0 0  -7.6720 00 
5.2041) 00 - 4 . 6 U 8 D  00 
5.3670 00 -1.11440 00 
1.782D 0 0  1.2570 0 0  
1.7170 00 3.9730 00 
1.3500 0 0  6.3680 00 
U.870D-01 8.12CD 0 0  

-1.2180 00 9.7210 00 
-4.0370 00 9.4510 00 
-9.101D 00 1.146D 01 
-5.9400 00 2.055D 00 

2.3900 0 1  2.881D 01 
1.9930 0 2  8.0010 01 
3.5150 02 6.0820-12 
1.9930 02 -8.0010 01 
2.3900 01 -2.881D C1 

-5.9400 00 -2.055D 00 
-9 .1010 00 -1.1460 01 
-4.0370 0 0  -9.4510 00 
-1.2180 00 -9.7210 00 

4.8708-01 -0.12OD 00 
1.3500 00 -6 .3680 00 
1.7170 00 -3.973D CO 
1.7820 00 -1.251D 00 

9 . 1 4 2 ~  00 -1.8720 01 

W I T E R  ELEV. 
RATE 

OF CHANGE 

-7.5651)-03 
1 .U55D-02 
6.276D-03 
9.5UOD-03 
6.886D-03 
7.542D-03 
7.986D-03 
7.332D-03 
6.5199-03 
6.729D-03 
1.4850-02 
R .4 28D-0 3 
1 .084D-02 

-4.9 27D-02 
5.1 OED-02 

-1.791D-01 
3.402D-01 

-6.318D-01 
3 .  U02D-01 

-1.791D-01 
5.108D-02 

-4.927D-02 
1.084D-02 
8 .4280-03  
6 .7290-03  1 .U85D-02 

6 . 5  190-03 
7.332D-03 
6 .6300-03  
8.222D-03 
7 .6600-03  
9 .K 350-03 

-2.7059-03 
3.161D-02 

-3.395D-02 
2.8 310-0 1 

-4.381D-01 
2.759D-01 

-1.393D 00 
2.75UD-01 

-4.3810-01 
2.831D-01 

-3.39513-02 
3.161D-02 

-2.7050-03 
9 . 6 3 5 ~ 0 3  
1.660D-03 
8 . 2 2 2 ~ 0 3  
6.630D-03 

TEHP. 
RATE 

TERP. OF CHANGE 

8 .0000 0 1  2.808D-41 
8.OOOD 0 1  2.6780-96 
8.OOOD 0 1  -5.4580-47 
8.OOOD 0 1  -9.9430-49 
8.OOOD 01 -1.017D-50 
8. OOOD 0 1  -5.2550-53 
8.OGOD 0 1  -1.055D-55 
8.000D 0 1  1.8140-57 
8.000D 0 1  1.5070-52 
8.000D 0 1  ‘4.11010-48 
8.000D 0 1  7.892D-44 
8 .0000 0 1  9.8100-90 
8.0000 0 1  -6.2550-32 
8.000D 0 1  -9.058D-28 
8.000D 0 1  -1.0300-23 
8.ODOD 0 1  -1.1540-25 
8.000D 0 1  -1.2050-18 
8.0000 0 1  -7.7200-14 
8.0000 0 1  -1.2058-18 
8 .0000 01 -1.1540-25 
8.000D 01 -1.0300-23 
8.0000 0 1  -9.058D-28 
8.OOOD 0 1  -6.2550-32 
8 . O O O D  0 1  9.8100-40 
8.OOOD 0 1  7.8920-94 
8.0000 0 1  U.401D-U8 
8.000D 0 1  1.5070-52 
8 . O O O D  0 1  1.814D-57 
8,OOOD 0 1  7.770D-53 
8.000D 0 1  6.112D-48 
8 .0000 0 1  1.620D-U3 
8 . 0 0 0 0  0 1  2.4800-39 
8.000D 01 2.3100-35 
8 . O O O D  0 1  4.9410-31 
8.000D 0 1  2.7620-27 
8.000D 01  -1.5550-20 
8.0000 0 1  -3.235D-19 
8.OOOD 01  -6.lb2D-lU 
8.OOOD 0 1  4.012D-09 
8.000D 0 1  -6.1620-14 
8.0000 01  -3.2350-19 
8.0000 0 1  -1.5550-20 
8.000D 01 2.7620-21 
8 .0000 0 1  4.9910-31 
8 .0000 01 2.3100-35 
8.0000 01  2.4800-39 
8.OOOD 0 1  1.620D-43 
8.OOOD 0 1  6.1120-48 
8.000D 0 1  7.77OD-53 

SVBSTANCE f 

CK (1) 

1.0000 00 
1.000D 00 
1 .0000 00 
1.0000 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.OOOD 00 
1 .0000 00 
1.0000 00 .. . . 
1.000D 00 
1.000D 00 
1.000D 00 
1.0000 00 
1.000D 00 
1.000D 00 
1.0000 00 
1.000D 00 
1.000D 00 
1.000D 00 
1 .0000 00 
1.0000 00 
1.000D 00 
1 .0000 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.OOOD 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.000D 00 
1.000D 00 
1.000D 00 
1.0000 00 
1.0000 00 
1.000D 00 
1.OOOD 00 
1 .0000 00 
1.000D 00 
1.OOOD 00 
1.000D 00 
1.OOOD 00 
i . o o o n  0 0  
l . 0 0 0 0  1.000D 00 00 

1.000D 00 
1.OOOD 0 0  

IAS5  CONCENTRATIONS 

CK (2) 

3.4880-41 
2.898D-45 
2.25211-09 
2.5240-51 
2.456D-53 
1.209D-55 
2.320D-58 
1.570D-56 
9.350D-52 
2.182D-41 
3.3410-43 
3.7171)-39 
1.293D-33 
1.6000-29 
1.638D-25 
1.5520-26 
9.3750-22 1.168D-26 

1.  1680-26 
1.552D-26 
1.638D-25 
1.6000-29 
1.293D-33 
3.717D-39 
3. >UlD-U3 .. - 
2.182D-47 
9.3500-52 
1.570D-56 
1.397D-51 
6.3371)-47 1.254D-42 

1.677D-38 
1.573D-34 
3.2950-30 
3.9570-26 
1.5171)-22 
3.0130-20 
1.095.0-15 
8. 4290-11 
3.0 1.0950-15 130-20 

1.5170-22 
3.957D-26 
3.2450-30 
1.5730-34 
1.67713-38 
1.2540-42 
6.337D-47 
1 . 3 9 7 ~ ~ - 5 1  

. 

w 
0 
0 

5 



. 

Table A . 3 .  Output Information f o r  Sample Problem No. 1 a t  Time = 124 .45  h r  
Using t h e  Reduced Version o f  t h e  Program 

ITER.= 913 TIRE=1.2445000 E2 PERIOD=1.2445000 02 TIME IICREREUT=5.0000000-02 

InoI- x- 
UOOE CES 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

‘ 2  
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 

LOCATIOII 

2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
1500; 00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 
2500.00 -. . . . . . 
2500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
7500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12 500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 

1EIOCITY VELOCITY WATER ELEV. TERP. TERP. 
Y- UATER II In RATE RATE 

LOCATIOII ELElATIOII I-DIRECT. Y-DIRECT. OF CHANGE 0 1  CEANGZ 

25n0.00 a-aomin 01 8.0790-C1 -7.e68r-01 3.0440-05 8.0000 01 1.1630-12 
i 5 6 O ; O O  4.00a91o 01 8.6520-Cl -2.518; 00 7.1550-05 8.0000 01 2.5300-10 
12500.00 0.008900 01 9.6690-C1 -4.4091: 00 -3.1280-05 8.0000 01 2.3340-08 
17500.00 4.008900 01 1.0920 00 -6.6061: 00 -1.7440-04 8.0000 01 1.1710-06 
22500.00 9.008890 01 1.1900 00 -9.3610 00 6.7240-04 8.0000 01 3.4470-05 
27500.00 4.008880 01 1.4500 CO -1.3041: 01 6.9120-04 8.0020 01 5.9890-04 
i2500.00 4.008850 01 2.2870 OC  -1.8580 01 1.5220-03 8.0230 01 5.7890-03 
37500.00 4.008950 01 7.9410 00 -2.2391: 01 -1.0280-01 8.1730 01 1.7660-02 
42500.00 4.008200 01 2 . 4 0 6 0  C1 -5.7440 01 4.3140-01 8.7290 01 6.4290-02 
47500.00 4.009010 01 1.2370 02 -8.7271: 01 -4.7530-01 9.1130 01 4.7170-02 
52500.00 4.010690 01 2.1230 02 -6.8390-12 2.8970-01 9.4730 01 2.3480-05 

72500.00 
77500.00 
82500.00 
87500.00 
92500.00 

2.2870 C C  
1.4500 CO 
1.1900 00 
1.0920 00 
9.6640- 01 

. . . . . . . 
102500.00 

2500.00 
7500.00 
12500.00 

1.5220-03 
6.9 120-04 
6.7240-04 

8.6520-01 
8.0790-01 
2.5070 00 
2.6980 C O  
3.0970 CO  
3.7610 00 
4.8360 00 
6.8010 00 
1.0800 01 
2.0160 C1 
3.7380 01 
1.0110 02 
1.5430 C2 
1.0110 c2 
3.7380 01 
2.0160 C1  
1.0800 01 
6.8010 00 
4.8360 00 
3.7610 00 
3.0910 00 
2.6980 00 
2.5070 00 
4.2560 CO 
4.5920 00 
5.3050 CO 
6.5170 00 
8.5000 00 
1.1870 C 1  

32500.00 4.008890 01 1.7960 01 -2.01CO 01 4.8980-03 8.0060 01 2.2900-03 

57500.00 4.009010 01 1.2370 C2 8.7271: 01 -4.7530-01 9.1130 01 4.7170-02 
62500.00 4.008200 01 2.4060 C1 8.7290 01 
67500.00 4.008950 01 7.9410 00 8.1730 01 

4.008850 01 8.0230 01 
4.008880 01 8.0020 01 
4.008890 01 E.OJO0 01 
4.008900 01 8.0000 01 
4.008900 01 8.0000 01 

97500.00 4.008910 01 8.0000 01 
4.008910 01 8.0000 01 
1.008910 01 8.0000 01 
4.008910 01 8.0000 01 
4.008900 01 8.0000 01 

17500.00 4.008900 01 8.0000 01 
22500.00 4.008900 01 8.0000 01 
27500.00 9.008890 01 8.0010 01 
32500.00 4.008870 01 8.0160 01 
37500.00 4.008940 01 8.1180 01 
42500.00 9.008720 01 8.4880 01 
47500.00 4.009010 01 8.9261) 01 
52500.00 4.009600 01 9.4140 01 
57500.00 4.009010 01 8.9260 01 
62500.00 4.008720 01 8.4880 01 
67500.00 4.008940 01 8.1180 01 
72500.00 4.008870 01 8.0160 01 
77500.00 4.008890 01 8.0010 01 
82500.00 4.008900 01 8.0000 01 
87500.00 9.008900 01 8.0000 01 
92500.00 9.008900 01 8.0000 01 
97500.00 4.008910 01 8.0000 01 

102500.00 4.008910 01 8.0000 01 
2500.00 1.008910 01 8.000D 01 
7500.00 4.008910 01 8.0000 01 
12500.00 4.008910 01 8.0000 01 
17500.00 0.008900 01 8.0000 01 
22500.00 4.008900 01 8.0000 01 
27500.00 4.008900 01 8.0000 01 

5.7440 01 4.3140-01 
2.2390 01 -1.0280-01 
1.8580 01 
1.3041: 01 
9.3610 00 
6.6061: 00 -1.7440-04 
4.1011: 00 -3.1280-05 
2.518C 00 7.1550-05 
7. €680-01 3.0440-05 

-8.0881:-01 -8.6210-05 
-2.5890 00 -1.8050-05 
-9.5431: 00 -1.9360-04 
-6.E650 00 -3.6580-04 
-9.8181: 00 -6.6680-04 
-1.3920 01 2.3160-03 
-2 .008 t  01 6.6040-03 
-2.652E 01 -2.1600-02 
-4.7271: 01 9.9910-02 
-5.7770 01 -2.5430-01 
-5.5361:-12 3.5260-01 
5.7770 01 -2.5430-01 
4.7271: 01 9.9910-02 
2.6520 01 -2.7600-02 
2.008E 01 6.6040-03 
1.3920 01 2.3160-03 
9.8181: 00 -6.6680-04 

4.543C 00 -1.9360-04 
2.58’30 00 -1.8050-05 
8.088C-0 1 -8.62 10-05 

-8.44 3C-01 6.1250-05 
-2.6921: 00 9.2030-05 
-4.7340 00 1.2310-04 
-7.17SE 00 1.6130-04 
-1.02lC 01 1.7860-04 
-1.44OC 01 3.2990-04 

6 . ~ 5 0  00 -3.6580-04 

6.4290-02 
1.7660-02 
5.7890-03 
5.9890-04 
3. 9470-05 
1.1110-06 
2.3340-08 
2.5300- 10 
1.1630-12 .. 
7.1320-13 
1.6270-10 
1.5810-08 
8.8040-07 
2.6030-05 
4.7770-04 
4.9230-03 
2.4080-02 
5.7070-02 
4. 0680-02 
8.51 10-03 
4.0680-02 
5.7070-02 
2. 4080-02 
4 .9230-03 
4.7770-04 
2.6030-05 
8.4040-07 
1.5810-08 
1.6270-10 
7.1320-13 
2.5030-13 
5.8530-11 
5.8820-09 
3.2470-07 
1.0550-05 
2.0320-04 

37500.00 4.008930 01 2.9170 01 -2.6310 01 -1.5050-02 8.0510 01 i.S760-02 
42500.00 4.008900 01 9.6370 01 -3.4910 01 3.1560-02 8.2480 01 1.5120-02 
47500.00 4.009000 01 8.1980 01 -3.283C 01 -1.4340-01 8.6270 01 5.7080-02 
52500.00 4.009190 01 1.0770 C2 -5.2750-12 2.4090-01 9.2700 01 2.8200-02 
57500.00 4.009000 01 8.1980 01 3.283C 01 -1.4340-01 8.6270 01 5.7080-02 
62500.00 q.008900 01 4.6370 C1  3.4910 01 3.1560-02 8.2480 01 4.5120-02 
67500.00 4.008930 01 2.9170 01 2.6311: 01 -1.5050-02 8.0510 01 1.3760-02 

w 
0 
P 



Tab1 e A. 3 (continued) 

ITER.= 913 TIIE=1.2445C00 C2 PERIOD=1.244500D C2 TIRE INCREIENT=5.0000000-02 

VBLOCIII VELCCI'II WATER BLBV. TEIP. TEIID. 
INDI- X- I- WATER IN In RATE RATE 

NODE CES LOCATION LOCATION ELEVATION X-CIRECT. I-DIRECT. OF CBANGE OF CEAllGE 

3 15 
3 16 
3 17 
3 18 
3 19 
3 20 
3 21 
4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
4 10 
4 1 1  
4 12 
4 13 
4 14 
4 15 
4 16 
4 17 
4 18 
1 19 
4 20 
4 21 
5 1  
5 2  
5 3  
5 4  
5 5  
5 6  
5 7  
5 8  
5 9  
5 10 
5 11 
5 12 
5 13 
5 14 
5 15 
5 16 
5 17 
5 18 
5 19 
5 20 
5 21 
6 1  
6 2  
6 3  
6 4  
6 5  
6 6  
6 7  

? 

12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
12500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17500.00 
17 500.00 
17500.00 
11500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
22500.00 
27500.00 
27500.00 
27500.00 
27500.00 
27500.00 
27500.00 
27500.00 

72500.00 
77500.00 
82500.00 
87500.00 
92500.00 
97500.00 
102500.00 

2500.00 
7500.00 
12500.00 
17500.00 
22500.00 
27500.00 
32500.00 
37500.00 
42500.00 
47500.00 
52500.00 
57500.00 
62500.00 
67500.00 
72500.00 
77500.00 
82500.00 
87500.00 
92500.00 
97 500.00 
102500.00 

2500.00 
7500.00 
12500.00 
17500.00 
22500.00 
27500.00 
32500.00 
37500.00 
112500.00 
97500.00 
52500.00 
57500.00 
62500.00 
67500.00 
72500.00 
77500.00 
82500.00 
87500.00 
92500.00 
97500.00 
102500.00 
2500.00 
7500.00 
12500.00 
17500.00 
22500.00 
27500.00 
32500.00 

4.00889D 01 
4.008900 01 
4.008900 01 
4.0089OD 01 
4.008910 01 
4.00891D 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008930 01 
4.008910 01 
4.008990 01 
4.009090 01 
4.008990 01 
9.008910 01 
4.008930 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
Q.008910 01 
4.008910 01 
4.008920 01 
4.008920 01 
4.008920 01 
4.008930 01 
4.008930 01 
4.008970 01 
4.009010 01 
4.008970 01 
4.008930 01 
4.008930 01 
4.008920 01 
4.008920 01 
4.008920 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008910 01 
4.008920 01 
4.008920 01 
4.008920 01 
4.008920 01 
4.008920 01 
4.008920 01 
4.008920 01 

1.7960 
1.1870 
8 .5000  
6.5170 
5.3050 
4.5920 
4.2560 
6.0670 
6 . 5 5 3 0  ~. ~. 
7.5820 
9.3050 
1.2030 
1.6300 
2.3080 
3.3730 
4.81 30 
6.7820 
7.9580 
6.7820 
4.8130 
3.3130 
2.3080 
t.6300 
1.2030 
9.3050 
7.5820 
6.5530 
6.0670 
7.8680 
8.9900 
9.7880 
1.1910 
1.5100 
1.9730 
2.6310 
3.5280 
4.5980 
5.7850 
6.4150 
5.7850 
9.5980 
3.5280 
2.6310 
1.9730 
1.5100 
1.1910 
9.7880 
8.4900 
7.8680 
9.5480 
1.0270 
1.1760 
1.4130 
1.7520 
2.2190 
2.8140 

. 

01 
01 
00 
00 
co 
co 
00 
co 
00 
co 
C O  
01 
c 1  
01 
c 1  
01 
01 
01 
c1 
01 
el 
01 
c1  
01 
00 
00 
co 
00 
00 
00 
00 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
co 
00 
00 ~. 
00 
01 
01 
01 
01 
01 
01 

2.010c 0 1  
1.4400 01 
1.0271: 0 1  
7.1790 00 
4.734c 00 
2.6920 00 
8. 44 3c-0 1 

-8 .6360-0  1 
-2.732C 00 
-9.7900 00 
-7.i210 00 
-1.O18C 01 
-1.38 10 01 
-1.8120 01 
-2.2010 01 
-2.487C 01 
-2.01co 01 
-4. 1230-12 
2.0100 01 
2.487C 01 
2.2010 01 
1.8120 01 
1.3810 01 
1.018t 01 
7.2210 00 
4.79co 00 
2.732C 00 
8.636t-01 

-8.38qn-01 ....- 
-2.63CC 00 
-4.5780 00 

-9.QOOC 00 
-1.23OC 01 

-6.ei21: 00 

-1.5240 01 
-1.725C 01 
-1.7340 01 
-1.24OC 01 
-2.705C-12 
1.240c 01 
1.73qO 01 
1.7251: 01 
1.5240 01 
1.230C 01 
9.4000 00 
6.8120 00 
4.5780 00 
2.63CC 00 
8.3890-01 

-7.60 2C-0 1 
-2.3611: 00 
-4.07UE 00 
-5.5750 00 
-8.058C 00 
-1.0200 01 
-1.2occ 01 

4.8980-03 
3.2990-04 
1.7860-04 
1.6 130-04 
1.23 10- 04 
9.2030-05 
6.1250-05 
1.5060-05 

-4.5470-06 
-6.3180-05 
7.2160-05 
-2.6660-04 
-2.99 10-04 
1.4150-04 

-1.2500-03 
1.7870-02 

-3.3890-02 
3.5830-02 

-3.3890-02 
1.7870-02 

-1 -2500-03 
1.4150-04 

-2.99 10-04 
-2.6660-04 
7.2 160-05 
-6.3180-05 
-9. 54 70-06 
1.5060-05 
3.6190-05 
9.9880-06 
-1.1310-05 
2.44 10-05 
1.1000-04 

-1.2320-04 
2.3240-04 

-2.5 160-03 
8.6250-03 

-1.7820-02 
2.28 50-02 

-1.7820-02 
8.6258-03 
-2.5160-03 
2.3240-04 

-1.2320-04 
1.1000-04 
2.49 1 0-05 

-1.1370-05 
9.9880-06 
3.6190-05 
2.8151)-05 
9.2760-06 

-1.8360-05 
1.0360-05 

-1.6820-05 
1.4860-04 

-8.9970-05 

8.0060 01 
8.0000 01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0020 01 
8.0160 01 
8.0930 01 
8.3120 0 1  
a.896~ 01 
8.3120 01 
8.0930 01 
8.016D 01 
8.0020 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 

8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 

8.0000 01  
8.0000.01 

2.2900-03 
2.0321)-04 
1.0550- 05 
3.2970-07 
5.8828-09 
5.8530-11 

8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0040 01 
8.0260 01 
8.1100 01 
8.4350 01 6.5300-02 
8.1100 0 1  2.6920-02 
8.0260 01 8.6310-03 
8.0040 01 1.5360-03 
8.0000 01 1.6810-04 
8.0000 01 1.1270-05 
8.0000 01 0.1170-07 
8.0000 01 1.229D-08 
8.0000 01 1.9428-10 
8.0000 01 1.7220-12 
8.0000 01 6.6880-15 

5.5630-16 
1.5630- 13 
1.9430-11 
1.3690-09 
5.9250-08 
1.6240-06 
2.837D-05 

2.5030- 13 
5.2080-14 
1.2630-11 
1.3280-09 
7.7560-08 
2.7020-06 
5.7340-05 
7.3960-04 
5.4980-03 
2.406D-02 
5.1240-02 
6.4230-02 
5.1240-02 
2.4060-02 
5.4980-03 
7.3460-04 
5.7340-05 
2.7020-06 
7.7560-08 
1.328D-09 
1.2630- 1 1  
5.2080- 14 
6.688D-15 
1.722D-12 
1.9 420- 10 
1.2290-08 
4.7170-01 
1.1270-05 
1.6810-04 
1.5360-03 
8.6310-03 
2.6920-02 

w 
0 
h) 



TaLle A. 3 (continued) 

I T E R . =  913 T I I E = l .  2495000 C2 PERIOD=1.2445000 C 2  TIRE I N C R E n E R T = S . O O O O O O O - O 2  

V E L O C I l Y  V E L C C I I T  U l l T E R  E L E V .  T E I I P .  T E M P .  
I R O I -  x- I- St%IER I N  IN R A T E  R A T E  

L O C A T I O N  L O C A T I O N  E L E V l T I O R  I - C I R E C T .  I - O I R F C T .  OP C H A N G E  01 C R A N G E  R O D E  C E S  

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
1 
1 
1 
7 
7 
7 
1 
7 
1 
7 
1 
1 
7 
1 
1 
1 
7 
7 
1 
1 
7 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 

8 
9 
10 
1 1  
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

21500.00 57500.00 
21500.00 62500.00 

32500.00 11500.00 
72500.00 22500.00 

4.008930 01 
4.008940 01 
4.008950 01 
4.008970 01 
4.008950 01 
4.008940 01 
4.00R97D 0 1  . . . . . . . . 
4.008920 01 
4.008920 01 
4.008920 01 
4.008920 01 
4.008920 01 

21500.00 81500.00 
21500.00 92500.00 
21500.00 91500.00 4.008920 01 
21500.00 102500.00 4.008920 01 
32500.00 2500.00 4.008920 01 
32500.00 1500.00 4.008920 01 
32500.00 12500.00 4.008920 01 

4.008920 01 
4.008920 01 
9.00~920 0 1  .. .~ 
4.008930 01 
4.008930 01 
4.008940 01 
9.008940 01 

7 7 5 0 0 . 0 0  57500.00 ._. .. 
32500.00 62500.00 
32500.00 67500.00 
32500.00 12500.00 
32500.00 77500.00 
32500.00 82500.00 

4.008950 01 
9.008940 01 
4 . 0 0 8 9 4 0  01 
4.008930 01 
4.008930 01 
4.00892D 01 
4.008920 01 

32500.00 81500.00 4.008920 01 
32500.00 92500.00 4.008920 01 
32500.00 97500.00 4.008920 01 
32500.00 102500.00 4.008920 01 
31500.00 2500.00 4.008920 01 
31500.00 1500.00 4.008920 01 
31500.00 12500.00 4.000920 01 
31500.00 17500.00 4.008920 01 
37500.00 22500.00 4.008920 01 
31500.00 27500.00 4.008930 01 
31500.00 32500.00 4.008930 01 
31500.00 31500.00 9.008930 01 
31500.00 42500.00 4.008930 01 
31500.00 47500.00 4.008940 01 
31500.00 52500.00 4.008940 01 
31500.00 57500.00 4.008948 01 
31500.00 62500.00 4.008930 01 
31500.00 61500.00 4.008930 01 
31500.00 12500.00 4.008930 01 
31500.00 11500.00 4.008930 01 
31500.00 82500.00 4.008920 01 
31500.00 87500.00 4.008920 01 

4.008920 01 
4.008920 01 
4.008920 01 

31500.00 92500.00 
31500.00 97500.00 
31500.00 102500.00 

3.5410 
4.3390 
5.0831: 
5.4340 
5 . 0 8 3 0  
4.3390 
3.5410 
2.8140 
2.2140 
1.7520 
1.4130 
1.1160 
1.0270 
9.5480 
1.1000 
1.1190 
1.3400 
1.5890 
1.9310 
2.3120 
2.9070 
3.5080 
4.1040 
4.6010 
4.8190 
4.6010 
4.1040 
3.5080 
2.9011: 
2.3120 
1.9310 
1.5890 
1.3400 
1.1790 
1.1000 
1.2120 
1.2950 
1.4630 
1.1 170 
2.0550 
2.4110 
2.9490 
3.4550 
3.9250 
4.2830 
4.4250 
4.2830 
3.9250 
3.4550 
2.9490 
2.4710 
2.0550 
1.7 110 
1.46?0 
1.2950 
1.212D 

c 1  
c 1  
01 
01 
01 
01 
01 
01 
01 
c1 
01 
c 1  
01 
co 
01 
c 1  
c 1  
01 
01 

01 
01 
01 
c1 
01 
01 
01 
01 
c1 
c 1  
01 
c 1  
c 1  
c 1  
01 
c1 
01 
01 
01 
G l  
01 
c 1  
01 
c 1  
c 1  
c 1  

C l  
c 1  
c 1  
01 

01 
01 
01 
C l  

ai 

a i  

a i  

-1.285C 01 
-1.1941: 01 
-1.847C 00 
-1.293V-12 

1.1940 01 
1.289C 01 
1.20€E 01 
1.020C 01 

5.915c 00 
4.0740 00 
2.361C 00 
1.6020-01 

-6.288C-01 
-1.9310 00 
-3.318C 00 
- 4 . E 0 5 0  00 
-6.3581: 00 
-7.8330 00 
-8.9371: 00 
-9 .1650 00 
- 8 . 0 3 3 C  00 
-4.9720 00 
1.44 ZC-13 
4.9120 00 
8.0330 00 
9.16SC 00 
8.931C 00 

i.ecx 0 0  

8.05eo 0 0  

i.e330 0 0  
6.358~ 0 0  
4.8050 00 
3.318C 00 
1.E37D 00 
6.288C-01 
-4.5391:-0 1 
-1.392C 00 
-2.3190 00 
-3.412t 00 
-4.5610 00 
-5.401C 00 
-6.0220 00 
-6.0130 00 
-5.089C 00 
-3.037C 00 
1.0610-12 
3.0311: 00 
5.0890 00 
6.013C 00 
6.0220 00 
5.401C 00 
4.4610 00 
3.4121: 00 
2.3790 00 
1.392C 00 
4.5350-01 

-1.5700-04 
2.1180-03 
-4.8940-03 
6.8590-03 

-4.8940-03 
2.1180-03 
-1.5700-04 
-8.9470-05 
1.486D-CU 

-1.6820-05 
1.0360-05 

-1.8360-05 
9.2160-06 
2.8151)-05 
2.1140-05 
2.1460-06 
-2.2080-06 
-2.0210-06 
6.1600-08 
-1.1190-05 
1.2560-04 

-4.5080-04 
1.0910-03 

-2.6700-03 
3.8 130-03 

-2.6100-03 
1.0910-03 

-4.5080-04 
1.2560-04 

-1.1790-05 
6.1 600-08 
-2.0210-06 
-2.2080-06 
2.1460-06 
2.11 40-05 
1.4550-05 
1.6960-06 

-4.7 220-06 
8.6180-06 
-1.2350-05 
1.0160-06 

-7.1880-06 
-4-4260-05 
2.5840-04 
-7.8880-04 
1.1660-03 

-7.8880-04 
2.5840-04 
-4.9260-05 
-7.1880-06 
1.0160-06 

-1.2350-05 
8.6180-06 

-4.1220-06 
1.6960-06 
1.4550-05 

8.0010 01 
8 . 0 0 5 0  01 
8.0280 01 
8.1420 01 
8.0280 01 
8.0050 01 
8.0010 01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8.OOOD 01 
8.0000 01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8.0010 01 
8.0050 01 
8.0330 01 
8.0050 01 
8.0010 01 
8.0000 01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8.0000 01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8.0000 01 
8.0000 01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8.0010 01 
8.0060 01 
8.0010 01 
8 .OOOLl  01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8.0000 01 
8.0000 01 
8 . 0 0 0 0  01 

3.1430-04 
2.2010-03 
9.2750-03 
3.3740-02 
9.2150-03 
2.2010-03 
3.1430-04 
2.8310-05 
1.6240-06 
5.9250-08 
1.3690-09 
1.9430- 1 1  
1.5630-13 
5.5630-16 
2.9280-17 
9.8090-15 
1.3820-12 

5.5680-09 
1.7788-07 
3.6670-06 
4.8760-05 
4.1150-04 
2.2400-03 
1.0840-02 
2.2400-03 
4.1750-04 
4.8760-05 
3.6610-06 
1.1 780-07 
5.5680-09 
1.1140-10 
1.3 820- 12 
9.8090- 15 
2.9280-17 
6.6170-19 

7.10211-14 
6.7450-12 
3.9930- 10 
1.5160-08 
3.1320-01 
5.9580-06 
6.1530-05 
4.05711-04 
2.8450-03 
4.0570-04 
6.1530-05 
5.9580-06 
3.7320-07 
1.5 160-08 
3.99 30- 10 
6.1450-12 
7.1020-14 
4.2890- 16 
6 . 6  170- 19 

1.1 iao-io 

4.2890-16 

w 
0 w 



Table A. 3 (continued) 

ITER.= 913 TIRE=1.24‘45000 C2 PERIOD=~.24~5000 C2 TIIE I~CREIEWT=5.000000D-02 

1801- r- 
8ODE CES 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
1 1  
1 1  
11 
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  

1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
1 1  
12 
13 
14 

LOCATIO8 

42 500.00 
4;5ao; a0 
42500.00 
42500.00 
42500.00 
42500.00 
42500.00 
42500.00 
42500.00 
42500.00 
42500.00 
42500. no ~. .... 
42500.00 
42500.00 
42500.00 
92500.00 
42500.00 
42500.00 
42500.00 ~. 
42500.00 
42500.00 
47500.00 
41500.00 
41500.00 
415oo.on ...... 
41500.00 
47500.00 
U1500.00 
41500.00 
47500.00 
47500.00 

01500.00 
47500.00 
47500.00 

41500.00 
41500.00 
41 500.00  
41500.00 
41500.00 
41500.00 

ai50o.00 

ai50o.00 

52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
52500.00 
52500.00 

Y- 
LOCATIOR 

2500.00 
1500.00 
12 500.00 
11500.00 
22500.00 
21500.00 
32500.00 
31500.00 
42500.00 
47500.00 
52500.00 
51500.00 
62500.00 
61500.00 
12500.00 
11500.00 
82500.00 
87500.00 
92500.00 
97500.00 
102500.00 
2500.00 
1500.00 
12500.00 
11500.00 
22500.00 
21500.00 
32500.00 
31500.00 
42500.00 
41500.00 
52500.00 
57500.00 
62500.00 
61500.00 
72500.00 
11500.00 
82500.00 
87500.00 
92500.00 
91500.00 
102500.00 
2500.00 
1500.00 
12500.00 
11500.00 
22500.00 
21500.00 
32500.00 
31500.00 
42500.00 
41500.00 
52500.00 
51500.00 
62500.00 

WATER 
ELEVATIOII 

4.008930 01 
9.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 

4.008930 01 
4.008930 01 
4.008930 01 
1.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
9.008930 01 
4.008930 01 
9.008930 01 
4.008930 01 

4.008930 01 
4.008930 01 
‘4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
1.008930 01 
9.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 
4.008930 01 

4.00893~ 01 

u . 0 0 8 9 3 ~  01 

VILOCIiP VELCCIlT WATER ELEV. 
In I11 RATE 

X-DIRECT. Y-DIRECT. OF CFIANGE 

1.2840 01 -2.98C0-01 8.2920-06 
1.3700 01 -7.645C-01 1.9880-06 
1.5420 01 -1.3090 00 -3.0460-06 

2.1300 01 -2.4130 00 2.8030-06 
2.5280 01 -2.98SC 00 -8.8880-06 
2.9680 01 -3.3130 00 8.3640-06 
3.4130 01 -3.2760 00 -6.3040-05 
3.8090 01 -2.1330 00 1.7310-04 
4.0930 01 -1.603C 00 -3.8890-04 

i.1910 0 1  -i.esso 0 0  1.5540-06 

4.200~ 01 q.eo60-13 5.4640-04 
4.0930 01 1.6030 00 -3.8890-04 
3.8090 01 2.1330 00 1.7310-04 
3.4130 01 3.2760 00 -6.3040-05 
2.9680 01 3.3130 00 8.3640-06 
2.5280 01 2.98SC 00 - 8 . 8 8 8 0 - 0 6  

1.3700 C 1  1.645C-01 
1.2840 c 1  2.9800-01 
1.3130 01 -2.414C-02 

4.1020 01 -2.8530-14 
9.0100 01 4.23OC-01 
3.7580 C l  6.915C-01 
3.3960 01 7.9460-01 

2.1300 C 1  2.4730 00 2.8030-06 

1.5420 C1 1.3090 00 -3.0460-06 
1.9880-06 
8.2920-06 
2.5640-06 

1.4010 01 -9.0150-02 4.4280-06 
1.5160 01 -1.7800-01 -9.8890-06 
1.8330 01 -2.9880-01 2-6080-06 
2.1650 01 -4.512C-01 -1.2470-06 
2.5550 C1 -6.1450-01 3.6860-06 
2.9180 01 -1.486t-01 -5.1140-06 
3.3960 01 -7.9468-01 -1.2040-05 
3.7580 01 -6.915C-01 3.7520-05 
4.0100 01 -4.23CC-01 -8.8480-05 

1.2850-04 
-8.8480-05 
3.7520-05 

-1.2090-05 
2.9180 01 7.986C-01 -5.1190-06 
2.5550 C 1  6.1450-.01 3.6860-06 
2.1650 01 9.5120-01 -1.2470-06 
1.8330 01 2.S88D-01 2.6080-06 
1.5160 01 1.18OC-01 -4.8890-06 
1.4010 01 9.0158-02 4.4280-06 
1.3130 01 2.414C-02 2.5600-06 
1.2960 01 2.0460-01 -2.9250-06 
1.3860 0 1  5.953C-01 6.6570-06 
1.5630 01 9.7000-01 -5.9290-06 
1.8250 01 1.306C 00 2.1860-06 
2.1620 01 1.5740 00 1.2310-06 
2.5580 C 1  1.1390 00 1.0680-06 
2.9810 01 1.158C 00 3.4480-06 

1.1910 01 i.ee8c 0 0  1.5540-06 

TEMP. 

8 . 0 0 0 0  01 
8.0000 01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0010 01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8.0000 01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8.0000 01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8~0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8.0000 0 7  
8 . 0 0 0 0  01 
8.000D 01 
8 . 0 0 0 0  01 
8.0000 01 
8 . 0 0 0 0  01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8 . 0 0 0 0  0 1  
8.000D 01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8 . 0 0 0 0  01 
8.0000 01 

TEIIP. 
RATE 

OF CAAWGE 

0.0 
1.3840-17 
2.6 180- 15 
3.0 280- 13 
2.19 30- 1 1  
1.0 180-09 
3.0530-08 
5.9030-07 
l.3UYO-06 
5.8270-05 
9.2220-04 
5.8270-05 
7.3440-06 
5.9030-07 
3.0530-08 
1.01 80-09 
2.1930-11 
3.0280-13 
2.6 180-1 5 
1.38 40- 17 
0.0 
0.0 
0.0 
6.9120-11 
9.8 6 30- 15 
9.0700-13 
5.3560-1 1 
2.0210-09 
9.8480-08 
7.3440-07 
6.9650-06 
5.9440-05 
6.9650-06 
1.3040-07 
4.8980-08 
2.0210-09 
5.3560-11 
9.0100- 13 
9.8630-15 
6.9720- 11 
0.0 
0.0 
0.0 
0.0 
0.0 
2.8410- 16 
3.1030-14 
2. 4160-12 
1.1780-10 

4.008930 01 3.4080 01 1.5910 00 -1.6680-06 8 . 0 0 0 0  01 3.5070-09 
0.008920 01 3.1120 01 1.2220 00 1.3990-06 8 . 0 0 0 0  01 6.4580-08 
9.008920 01 4.0240 01 6.6810-01 -6.0500-01 8.0000 01 7.2560-07 
4.008920 01 4.1150 C 1  -1.159C-13 -8.4030-06 8.0000 01 7.1160-06 
4.008920 01 4.0240 01 -6.6810-01 -6.0500-07 8.0000 01 7.2560-07 
9.008920 01 3.1120 C1 -1.2220 00 1.3990-06 8 . 0 0 0 0  01 6.4580-08 

61500.00 4.008930 01 3.4080 01 -1.5910 00 -1.6688-06 8.0000 01 3.5010-09 

G.1 
0 
P 

. 



. I 

Table A. 3 (continued) 

ITER.= 913 TIBE=1.2445000 C2 PERIOD=l.2495000 C2 TIBI INCREIIENT=5.0000000-02 

VELOCITl VELCCIII YITER ELEV. TEIIP. TEIIP. 
I n m -  x- I- WATER In IN RATE RATE 

UODE CES LOCIITIOR LOCATION ELEVATION X-DIRECT. I-DIRECT. OF CRINGE OF CRhNGE 

1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
1 4  
14 

15 52500.00 12500.00 4.008930 01 
16 52500.00 1 1 5 0 0 . 0 0  4.00893D 01 
17 52500.00 82500.00 4.008930 01 
1 8  s2so0.00 87500.o0 u.onrm3n 0 1  
19 52500.00 92500.00 u.ooe930 0 1  
20 52500.CO 97500.00 9.008930 01 
21 52500.00 102500.00 4,008930 01 
1 5 1 5 0 0 . 0 0  2500.00 4.008930 01 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 

51500.00 
57500.00 
5 1  500.00 
57500.00 
51500.00 
51500.00 
51500.00 
57500.00 
5 1 5 0 0 . 0 0  
57500.00 
57500.00 
57500.00 
51500.00 
57500.00 
51 500.00 
51500.00 
51500.00 
51 500.00 
51500.00 

1 5 0 0 . 0 0  
12500.00 
1 1 5 0 0 . 0 0  
22500.00 
21500.00 
32500.00 
31500.00 
42500.00 
47500.00 
52500.00 
51500.00 
62500.00 
67500.00 
72500.00 
77500.00 
82500.00 
87500.00 
92500.00 
9 1 5 0 0 . 0 0  

4.008930 
4.00893 0 
4.00893D 
4.008930 
4.00893D 
4.008930 
4.008920 
4.008920 
4.008920 
4.008920 
U.00892D 
4.008920 
9.008920 
4.008930 
4.008930 
9.008930 
4.008930 
9.008930 
4.008930 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
0 1  
0 1  

21 5 1 5 0 0 . 0 0  102500.00 4.008930 01 
1 62500.00 2500.00 4.008940 01 
2 62500.00 1500.00 9.008940 01 
3 62500.00 12500.00 4.008930 01 
4 62500.00 11500.00 4.008930 01 
5 62500.00 22500.00 4.008930 01 
6 62500.00 27500.00 4.008930 01 
7 62500.00 32500.00 4.008930 01 
8 62500.00 31500.00 4.008920 01 
9 62500.00 42500.00 4.008920 01 
10 62500.00 47500.00 4.008910 0 1  
1 1  62500.00 52500.00 4.00891D 01 
12 62500.00 5 1 5 0 0 . 0 0  4.008910 01 
13 62500.00 62500.00 4.008920 01 
14 62500.00 61500.00 4.008920 01 
15 62500.00 72500.00 (1.008930 01 
16 62500.00 71500.00 4.008930 01 
17 62500.00 82500.00 4.008930 01 
18 62500.00 87500.00 4.008930 01 
19 62500.00 92500.00 4.008930 01 
20 62500.00 97500.00 4.008940 01 
21 62500.00 102500.00 4.008940 01 
1 67500.00 2500.00 4.008940 01 
2 67500.00 1500.00 4.008990 01 
3 61500.00 12500.00 4.008940 01 
4 67500.00 11500.00 4.008940 01 
5 61500.00 22500.00 4.008931, 01 
6 61500.00 21500.00 4.008930 01 
7 61500.00 32500.00 4.008930 01 

2.9870 
2.5580 
2.1620 
1.8250 
1.5630 
1.3860 
1.29tD 
1.2330 
1.3240 
1.5050 
1.1130 
2.1210 
2.5370 
2.9930 
3.4500 
3.8500 
4.1320 
4.2360 
4.1320 
3.8500 
3.4500 
2.9930 
2.5370 
2.1210 
1.7730 
1.5050 
1.3240 
1.2330 
1.1280 
1.2190 
1.4010 
1.6750 
2.0400 
2.4870 
2.9930 
3.5170 
3.9950 
4.3440 
4.4760 
4.3440 
3.9950 
3.5170 
2.9930 
2.4870 
2.0400 
1.6750 
1.4010 
1.2190 
1.1280 
9.8570 
1.0740 
1.2540 
1.5310 
1.9120 
2.3960 
2.9720 

ci - i . x e o  0 0  3.4480-06 
C 1  -1.139C 00 1.0680-06 
01 -1.514C 00 1.2370-06 
01 -1.306C 00 2.1860-06 . . . . - . . . . . 
C 1  -9.7001:-01 -5.9290-06 
C 1  -5.953C-01 6.6570-06 
C 1  -2.0460-01 -2.9250-06 
C1 4.245C-01 -9.4310-06 
C 1  1.259C 00 8.8150-06 
01 2.C81t 00 -6.8890-06 
C 1  2.E8CD 00 2.8000-06 
01 3.581C 00 2.2920-06 
01 4.09tO 00 1.8860-06 
01 4.295C 00 1.9400-06 
C 1  4.0320 00 2.2960-05 
01 3.203C 00 -4.8470-05 
C 1  1.aOlD 00 1.216;-04 
01 1.063C-12 -2.0600-04 

01 -3.2031: 00 -4.8470-05 
0 1  - i . e o i ~  00 1.2760-04 

C 1  -4.0328 00 2.2960-05 
01 
01 
01 
C l  
01 
c 1  
01 
01 
01 
c 1  
01 
c 1  
01 
c 1  
01 
01 
01 
c 1  
01 
01 
01 
c 1  
01 
c 1  
01 
01 
01 
01 
co 
c1 
01 
c 1  
01 
c1 
01 

-4.2951: 00 1.9400-06 
-4.C960 00 1.8860-06 
-3.5811: 00 2.2920-06 

-2.0811: 00 -6.8890-06 
-1.2590 00 8.8150-06 
-4.249C-01 -9.4310-06 
6.ilP0-01 -1.8010-05 
1.E62C 00 1.0190-05 
3.1110 00 -5.9790-06 
4.365C 00 1.9630-06 
5.5290 00 1.0400-06 
6.462C 00 3.9020-06 
6.9350 00 2.7110-06 
6.613C 00 6.6990-05 
5.U2e0 00 -1.4060-04 
3.116C 00 3.8660-04 
2.3520-12 -6.0610-04 

-3.1161: 00 3.8660-04 

-6.673C 00 6.6990-05 
-6.9350 00 2.7110-06 
-6.4620 00 3.9020-06 
-5.5291: 00 1.0400-06 
-4.3651: 00 1.9630-06 
-3.1110 00 -5.9790-06 
-1.e62C 00 1.0190-05 
-6.21111:-01 -1.8010-05 

-2.eaoc 0 0  2.8000-06 

-5.4280 00 -I.UO~D-OU 

7.766C-01 -2.8650-05 
2.3540 00 1.0000-05 
3.989C 00 -2.1310-06 
5.671C 00 -9.5330-06 
1.3391: 00 4.5140-06 

9.7330 00 2.1571)-05 
8.e020 0 0  i.iu2~-os 

8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8 . 0 0 0 0  
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.0000 
8.000D 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

1.1780-10 
2.4760-12 
3.3030-14 
2.8410-16 
0.0 
0.0 
0.0 
0.0 
0.0 
o.n --. 
9.9420-22 
1.1040-1 5 
1.0550-13 
6.3220-12 
2.3310-10 
5.1930-09 
6.8640-08 
7.1590-07 
6.864D-08 
5.1930-09 
2.3310-10 
6.3 220- 12 
1.0550-1 3 
1.1040-15 
9.9920-22 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
2.9460- 17 
4 .1190-15 
3.1420-13 
1. U6D-11 
3.9190- 10 
6.0950-09 
1.8240-08 
6.0950-09 
3.9 190-10 
1.4960-11 
3.1420-13 
4.119D-15 
2.946D-17 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  
0.0 
0.0 
0.0 
0.0 
1.5510-16 1. 4500-14 

w 
0 
ul 



Table A. 3 (continued) 

1TER.r 9 1 3  TI lE=1.2445000 C2 PERIOD=1.2445000 C2 TIRE 1NCRERENT~5.0000000-02 

I N D I -  
E CES 

8 

X- 
L O C A T I O N  

I- 
LOCLTIOH 

WATER 
ELEVATION 

4.008920 0 1  
4.008910 01 
4.008910 0 1  
4.008900 0 1  
4.008910 01 
4.008910 01 
4.008920 01 
4.008930 0 1  
4.008930 01 
4.008930 0 1  
4.008940 0 1  
4.008940 0 1  
0.008940 0 1  
4.008940 0 1  
4.008940 01 
4.008940 0 1  
4.008940 0 1  
4.008940 01 
4.008940 0 1  
9.008930 0 1  
4.008930 0 1  
9.008920 0 1  
4.008910 0 1  
4.008900 0 1  
4.008890 0 1  
4.008900 0 1  
4.008910 0 1  
4.008920 0 1  
4.008930 0 1  
4.008930 01 
4.008940 0 1  
9.008940 01 
4.00894D 0 1  
4.008940 01 
4.008948 0 1  
4.008950 01 
4.008950 0 1  
9.008950 01 
4.008940 0 1  
4.008940 01 
4.008940 01 
4.008930 01 
4.008920 01 
4.000910 0 1  
4.008880 01 
9.008860 0 1  
4.008880 01 
4.008910 01 
4.008920 01 
4.008930 01 
4.008940 0 1  
9.008940 0 1  
4.008940 0 1  
4.008950 01 
9.008950 0 1  
4.008950 01 

P E L O C I I I  VELCCI11 WATER ELEV. 
I N  I N  RATE 

X-DIRECT. I - D I R E C T .  OF C B A N G E  

3.6010 0 1  9.6560 00 1.3370-09 

4.6750 01 4.795C 0 0  9.3330-04 
9.8620 0 1  1.9020-12 -1.5490-03 
4.675C C1 -4.1951: 0 0  9.3330-04 
4.2050 C l  -8.1131: 00 -4.1520-04 
3.6010 01 -9.6561: 00 1.3370-04 
2.9721) C 1  -9.733C 00 2.1570-05 

1.9120 0 1  -7.3391: 00 4.5140-06 
1.5310 01 -5.671C 00 -4.5330-06 
1.2540 C1 - 3 . S 8 4 C  00 -2.1310-06 
1.0140 0 1  - 2 . 3 5 Q t  00 1.0000-05 
9.8570 C O  -7.7661:-01 -2.8650-05 
8 .1540 00 8 .711t -01  -3 .9960-05 
8.9840 0 0  2.6770 00 7.2220-06 
1 .0690 0 1  4.592C 00 2.1410-07 
1.3400 C 1  6 . 6 6 8 0  00 -6.8380-06 
1.7270 C l  8.8651: 00 8.4080-06 
2.2470 C1 l.lOC0 0 1  1.7850-05 
2.9060 C1 1.2650 0 1  -6.0300-05 
3 .6810 C l  1.3100 0 1  3.0150-00 
4.4780 0 1  1.1541: 0 1  -1.1920-03 
5 .1540 C l  7.1310 00 2.7870-03 
5.4420 0 1  1.303C-12 -3.4010-03 
5.1540 (1 -7.131C 00 2.7870-03 
4.4780 C 1  -1.154C 0 1  -1.1920-03 
3.6810 01 -1.31'21: 0 1  3.0750-04 
2.9060 01 -1.2650 0 1  -6.0300-05 
2.2470 C1 -1.1001: 0 1  1.7850-05 
1.7270 0 1  - 8 . 8 6 5 t  0 0  8.4080-06 
1.3400 01 -6.66eD 00 -6.8380-06 
1.0690 0 1  -4.592C 00 2.1410-07 
8.9840 0 0  -2.6771: 00 7.2220-06 
8 .1540 O C  - 8 . l l l t - 0 1  -3.9960-05 

4.2050 0 1  8 . 1 1 3 ~  0 0  -4.i52n-04 

2.3960 0 1  -8 .eo2c  00 1.1420-05 

6.3070 cc  a.e-150-01 -4 .7870-0s  

TEMP. TEMP. 
PLTE 

01 CHANGE NOD 

14  
14 
14  
14 
14  
14 
14  
14  
14 
14 
14 
14  
14 
1u 
1 5  
1 5  
1 5  
1 5  

67500.00  
61500.00 
67500.00 
61500.00 
67500.00 
67500.00 
67500.00 
67500.00 
67500.00 
67500.00 
61500.00 
67500.00 
67500.00  97500.00 
67500.00 1025C0.00 
72500.00 2500.00 
72500.00 7500.00 
72500.00 12500.00 
72500.00 17500.00 
72500.00 
12500.00  
12500.00 
72500.00 
72500.00 
72500.00 47500.00 
72500.00 52500.00 

57500.00 
62500.00 
61500.00 
72500.00 

12500.00  17500.00 
72500.00 82500.00 

87500.00 
92500.00 
97500.00 

102500.00 
77500.00 2500.00 

7500.00 

37500.00 
42500.00 
47500.00 
52500.00 

8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8 . O O O D  0 1  
8.0000 0 1  
8 ~ 0 0 0 0  0 1  

8.4130- 1 3  
2.8370-11 
5.2420- 10 
7.6440-09 
5.2420-10 
2.8370-11 
8.47 30-13 
1.4500-14 
1.5570-16 

9 
1 0  
1 1  
1 2  
1 3  

57500.00 
62500.00 
67500.00 
72500.00 
11500.00 
82500.00 
87500.00 
92500.00 

14  
1 5  
1 6  
1 7  
18  
1 9  
20 
21  

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
1 1  

0 . 0  
0 . 0  
0 . 0  
0 . 0  
0.0 
0 . 0  

8.0001) 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 01 
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 01 
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  

0 . 0  
0.0 
0.0 
0.0 
7.1580-22 
6.0930- 1 6  
4 .72  10- 14 
2. 0080-  12 
4.4950-11 
7.52 10- 10  
4.4950-11 
2 . 0 080- 1 2 
4.7210-14 
6 .0930-16  
7.1580-22 
0.0 
0.0 
0.0 
0.0 
0 . 0  
0 .0  
0.0 
0 . 0  
0 .0  
0 .0  
0.0 
2.00 20- 17 
2.4760- 15  
1.4090-13 
3.9410- 12 
7.7620- 11 
3.94 10- 12 
1.4090-13 
2. 4160- 15 
2.0020-17 
0.0 
0.0 
0.0 
0 . 0  
0.0 
0.0 

1 5  
1 5  
15 
1 5  

. .  
22500.00 
27500.00 
32500.00 
31500.00 
42500.00 

w 
0 m 15 

1 5  
15  
15  1 2  
15  1 3  
15 14  
1 5  1 5  
1 5  

72500.00 
72500.00 
12500.00 
72500.00 

16 
1 7  

15 18 
1 5  1 9  
15 20 

21  
1 

15  8.0000 0; 
8.0000 0 1  
8.0000 0 1  

72500.00  
72500.00 
72500.00 
72500.00 

8 . 0 0 0 0  0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 01 
8 .OOOD 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 01 
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  
8.0000 0 1  

15  
1 6  
1 6  
1 6  
1 6  
1 6  
1 6  
1 6  
1 6  
1 6  
16 
1 6  
16 
1 6  
1 6  
16 
16 
1 6  
16 
1 6  
16 
1 6  

2 
3 
4 
5 

17500.00 
71500.00 
71500.00  
1 1 5 0 0 . 0 0  
77500.00 

7.0320 00 2.7141: 00 -2.5400-06 

1.1040 C1 7.188C 00 -7.4480-06 
1.4790 01 9.E8CO 0 0  3.0750-05 
2.0180 0 1  1.2801: 0 1  -7.8870-05 

8.5520 c o  4.e32o 00  1.1270-05 
...... 

12500.00 
17500.00  
22500.00 
27500.00 

77500.00 32500.00 
71500.00 37500.00 
71500.00 
71500.00 
77500.00 
77500.00 
71500.00 
77500.00 

6 
7 
0 
9 

10  11 

1 2  
1 3  
1 4  
15 
1 6  
1 7  
1 8  
1 9  

2.7601: C l  1 .5520 0 1  -1.7280-04 
3.7150 01 1.7091: 0 1  8.2080-04 
4.7940 0 1  1 . 6 0 6 0  01 -2.2300-03 
5 .8230 0 1  1.0591: 0 1  7.4670-03 
6.3040 01 1.6190-12 -1.0470-02 
5.8230 0 1  -1.059C 01 7.4670-03 
4.7940 01 -1.6060 0 1  -2.2300-03 
3.7151: 0 1  -1.7091: 0 1  8.2080-04 

42500.00 
47500.00 
52500.00 
57500.00 
62500.00 
67500.00 

77 500.00 
77500.00 
77500.00 
77500.00 

72500.00 
17500.00 
82500.00 
87500.00 
92500.00 
97500.00 

102500.00 

2.7600 01 -1.552C 0 1  -1.7280-04 
2.0180 0 1  -1.28OC 0 1  -1.8870-05 
1.4790 c i  -9.eaco 0 0  3.0750-05 
1.1040 0 1  -7.188C 00 -7.4Y80-06 

7.0320 00 -2.7741: 00 -2.5400-06 
8.5520 E O  -4.8321: 00  1.1270-05 

6.3070 oa -8.8750-01 -u . i870-05  

77500.00 
77500.00 
17500.00  

20 
2 1  



Table A .  3 (continued) 

ITER.= 913 TIIE=1.2445000 C2 PERIOD=1.2445000 02 TIME INCREIEUT=5.0000000-02 

P- 
LOCATION 

2500.00 
7500.00 
12500.00 

U A T E R  
EL EV AT1 ON 

4.008950 0 1  
4.008950 01 
4.008950 01 
4.008950 01 
4.008950 01 
4.008950 01 
4.008940 01 
4.008920 01 
4.008910 01 
4.008860 01 
4.008810 01 
4.008860 01 
4.008910 01 
4.008920 01 
4.008940 01 
4.008950 01 
4.008950 01 
4.008950 01 
4.008950 01 
4.008950 01 
4.008950 01 
4.008960 01 
4.008960 01 
4.008960 01 

VELOCITT 
IN 

X - D T R E C I  . 
VELCCIlI 

IN 
I-DIRECT. 

8.1740-01 
2.6051: 00 
4.6171: 00 

UATER ELEV. 
RATE 

OP CHANGE 

-5.5060-05 
-1.7920-05 
1.0020-05 

-4.2500-05 
-1.1400-04 
-1.3930-04 
-3 -42 80-04 
2.8690-03 
-6.1050-03 
1.8630-02 

TEMP. TEMP. 
RATE 

O P  CHANGE 

0.0 
0.0 
0.0 

INDI- X- 
NODE CES LOCATION 

17 1 
17 2 
17 3 
17 4 
17 5 
17 6 
17 7 
17 8 
17 9 
17 10 
17 1 1  
17 12 
17 13 
17 14 
17 15 
17 16 
17 17 
17 18 
17 19 
17 20 
17 21 
18 1 
18 2 
18 3 
18 4 
18 5 
18 6 
18 7 
18 8 
18 9 
18 10 
18 1 1  
18 12 
18 13 
18 14 
18 15 
18 16 
18 17 
18 18 
18 19 
18 20 
18 21 
19 1 
19 2 
19 3 
19 4 
19 5 
19 6 
19 7 
19 8 
19 9 
19 10 
19 1 1  
19 12 
19 13 
19 14 

82500. 00 
82500.00 
82500.00 

4.4860 C O  
5.0580 00 
6.2790 CO 

8.0000 01 
8.0000 01 
8.0000 01 

82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
82500.00 
87500.00 
87500.00 
87500.00 
07500.00 

17500.00 
22500.00 
27500.00 
32500.00 
37500.00 
42500.00 
47500.00 
52500.00 
5750C. 00 
62500.00 
67500.00 
72500.00 
77500.00 
82500.00 
87500.00 
92500.00 
97500.00 
102500.00 
2500.00 
7500.00 
12500.00 
17500.00 
22500.00 
27500.00 
32500.00 
37500.00 
42500.00 

8.3530 00 7.0561: 00 
1.1670 01 1 . C O S O  01 
1.6850 01 1.377C 01 
2.4770 C 1  1.789C 01 

8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.000D 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.000D 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 
8.0000 01 

0.0 
0.0 
0.0 
0.0 
1.2970-16 
9.7930-15 
3.6070-13 
8.8360- 12 
3.6070- 13 
9.7930-15 
1.29703-16 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
1.2850-21 
6.7600-16 
3.11900-14 

3.6310 01 
5.0960 01 
6.7460 01 

2.122C 0 1 
2.2120 01 
1.607C 01 
1.714C-13 

-1.607C 01 
-2.2120 01 
-2.122C 01 
-1.7890 01 
-1.377C 01 
-1.CO9C 01 
-7.0561: 00 
-4.6170 00 
-2.605C 00 
-8.1740-01 
6.7OOC-0 1 
2.1890 00 
3.934C 00 

7.6070 0 1  
6.7460 C 1  
5.0960 C1  
3.6310 01 
2.4770 01 -3.4280-09 

-1.3930-04 1.6850 01 
1.1670 01 -1.1400-04 

-4.2500-05 
1.0020-05 

-1.7420-05 
-5.5060-05 
-3.1480-06 
2.1820-05 
1.1070- 04 
1.8530-05 
2.2170-04 
6.2740-04 
9.8560-04 
4.7050-03 
-2.7320-02 
2.3280-02 

-8.4190-02 
2.3280-02 
-2.7320-02 
4.7050-03 
9.8560-09 
6.2740-09 

-1.1400-04 
-4.2500-05 
1.0020-05 

-1.7420-05 
-5.5060-05 
-3.1480-06 
2.1820-05 
1.1070- 04 
1.8530-05 
2.2170-04 
6.2740-04 
9.8560-04 
4.7050-03 
-2.7320-02 
2.3280-02 

-8.4190-02 
2.3280-02 
-2.7320-02 
4.7050-03 
9.8560-09 
6.2740-09 

8.3530 co 
6.2790 CO 
5.0580 C O  
4.4860 C O  w 

0 
..I 

2.8680 00 
3.2580 CO 
4.0980 00 
5.5700 CO 
8.0660 00 
1.2370 01 
1.9960 01 
3.3220 01 
5.3160 01 
8.1200 C1  

4.008960 01 
4.008960 01 
4.008960 01 
4.008950 01 
4.008430 01 
4.008940 01 
0.008860 01 
4.008750 01 
4.008860 01 
4.008940 01 
4.008930 01 
4.008950 01 
U.008960 01 
4.008960 01 
4.008960 01 
4.008960 01 
9.008960 01 
4.008960 01 
4.008960 01 
4.008960 01 
4.008960 01 
4.008970 01 

6.1760 00 
9.197C 00 
1.3330 01 
1 . 8 8 t C  01 
2.4780 01 
2.999C 01 
2.5000 01 

-9.60 5C-13 
-2.50CO 01 
-2.999C 01 
-2.4780 01 
-1.886C 01 
-1.3330 01 
-9.197C 00 
-6.1760 00 
-3.9341: 00 
-2.1840 00 
-6.700C-01 
4. 71 60-0 1 
1.601t 00 
2.9130 00 
4.65CC 00 

~ ~ ~ ~ . .  
87500.00 
87500.00 
87500.00 
87500.00 
87500.00 
87500.00 
87500.00 
87500.00 
87500.00 
87500.00 
87500.00 
87500.00 

47500.00 
52500.00 
57500.00 
62500.00 
67500.00 
72500.00 
77500.00 

9.7700 01 
8.1200 01 
5.3160 01 

1.9960 01 
1.2370 0 1  
8.0660 00 
5.5700 00 
4.0980 00 
3.2580 CO 
2.8680 00 
1.6120 00 
1.8310 OC 
2.2960 CO  
3.1100 CO 

3.3220 a i  

8.0000 01 1.1690-12 
8.0000 01 3.4900-19 
8.0000 01 6.7600-16 
8.0000 01 1.2850-21 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 

0.0 
0.0 
0.0 

8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0008 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 3.7130-17 
8.0000 01 3.6260-15 
8.0000 01 1.9480-13 
8.0000 01 3.6260-15 
8.0000 01 3.7130-17 
8.0000 01 0.0 

87500.00 
87500.00 
87500.00 
87 500.00 
87500.00 
92500.00 
92500.00 
92500.00 
92500.00 
97500.00  

82 50 0.00 
87500.00 

2.2170-04 
1.8530-05 
1.1070-04 
2.1820-05 
-3.1480-06 
-1.0180-09 
-1.6770-04 
-7.1580-09 
-4.6840-04 
-7.2720-04 
-1.1900-03 
-5.2970-03 
1.0540-02 

-3.6840-02 
2.1010-01 

-5.56 10-02 
2.1010-01 
-3.6840-02 
1.0540-02 

...~.. . 
8.0000 01 
8.0000 01 
8.0000 01 

92500;OO 
97500.00 
102500.00 
2500.00 
7500.00 
12500.00 
17500.00 
22500.00 
27500.00 
32500.00 
37500.00 
42500.00 
47500.00 

4.008978 01 
4.008970 01 
4.008980 01 
9.008950 01 
4.008970 01 
4.008700 01 
4.008380 01 
4.008700 01 
4.008970 01 
4.008950 01 

4.5320 CO 
7.2580 CO 
1.3080 01 
2.604C 01 
4.9130 01 
9.4300 01 
1.2530 C2 
9.4300 01 
4.9130 01 
2.6040 01 

7.1370 00 
1.098C 01 
1.7320 01 
2.609C 01 
3.9940 01 
4.c111: 01 

-4.3510-13 
-4.011C 01 
-3.994C 01 
-2.6091: 01 

92500.00 
92500.00 
92500.00 
92500.00 
92500.00 
92500.00 
92500.00 
92500.00 
92500.00 

52500.00 
57500.00 
62500.00 
67500.00 



Table A. 3 (continued) 

ITER.= 913 TI~E=1.2445000 C2 PERIOD=l. 2445000 C2 TIRE lNCRE~EIT~5.OOOOOOD-02 

INDI- X- 
NODE CES LOCATION 

19 
19 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 
21 

15 
16 
11 
18 
19 
20 
21 
1 
2 
3 
9 
5 
6 
1 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
1 
2 
3 
4 
5 
6 
1 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
11 
18 
19 
20 
21 

92500.00 
92500.00 
92500.00 
92500.00 
92500.00 
92 500.00 
92500.00 
91500.00 
91500.00 
91500.00 
91500.00 
91500.00 
91500.00 
97500.00 
97500.00 
91500.00 
91500.00 
91500.00 
97500.00 
91500.00 
91500.00 
91500.00 
97500.00 
97500.00 
91 500.00 
91500.00 
91500.00 
91500.00 
102500.00 
102500. DO 
102500.00 
102500.00 
102500.00 
102500. OD 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 
102500.00 

lRC0021 STOP 0 

Y- 
LOCATION 

72500.00 
11500.00 
82500.00 
875D0.00 
92500.00 
97500.00 
102500.00 
2500.00 
1500.00 
12500.00 
11500.00 
22500.00 
21500.00 
32500.00 

42500.00 
41500.00 
52500.00 
51500.00 
62500.00 
61500.00 
12500.00 

3750o.00 

VELOCITY VELOCIIY WATER ELEV. 
UATER In IN RLTE 

ELEVITION X-CIRECT. I-DIRECT. OF CHANGE 

4.008980 01 1.3080 01 -1.73213 01 -5.2910-03 
4.008970 01 1.2580 C O  -1.09ED 01 -1.1900-03 
4.008970 01 4.5320 00 -1.13lC 00 -1.2720-04 
9.008910 01 3.1100 CO -4.65CC 00 -4.6840-04 
4.008960 01 2.2960 00 -2.913C 00 -2.1580-04 
9.008960 01 1.8310 C O  -1.6010 00 -1.6170-04 
4.008960 01 1.6120 00 -4.716C-01 -1.0180-04 
4.008960 0 1  -1.6,in-ci 3.0170-01 i.75i~-nu . .  . .. . 
4.008910 01 8.6190-01 1.051C 00 1.9870-05 
9.008970 01 1.0580 C O  1.4110 00 3.0230-04 
4.008970 01 1.351C 00 3.021C 00 6.4210-04 
4.008980 01 1.7620 00 4.615C 00 1.5230-03 
4.009000 01 2.5750 00 7.203C 00 -9.3590-04 
4.009030 01 4.9190 00 1.2210 01 -1.1590-02 
4.008960 01 1.3480 01 l.E49C 01 1.4540-02 
4.009170 01 3.4410 01. 4.1460 01 -1.4340-01 
4.008610 01 1.1480 02 5.58613 01 3.0840-01 
4.001890 01 1.8110 02 -1.12eC-13 -6.5560-01 
4.008670 01 1.1480 C2 -5.586C 01 3.0840-01 
4.009170 01 3.4410 C 1  -4.1460 01 -1.4340-01 
4.008960 01 1.3480 C l  -1.84913 01 1.9540-02 
4.009030 01 u.91qn 00 -1.2210 01 -1.i5an-07 

TEMP. TEIP. 
RATE 

OP CHANGE 

8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 3.1450-16 
8.0000 01 3.9410-14 
8.0000 01 3.7450-16 
8.0000 01 0.0 
8.0000 01 0.0 
R.OOOD 0 1  0.n 

11500.00 4.009000 01 2.5150 00 -1.203C 00 -4.3590-Oi a.0000 01 0.0 
82500.00 4.008980 01 1.1620 00 -4.615C 00 1.5230-03 8.0000 01 0.0 
81500.00 4.008910 01 1.3510 CO -3.027C 00 6.4210-09 8.0000 01 0.0 
92500.00 4.008970 01 1.0580 CO -1.911P. 00 3.0230-04 8.0000 01 0.0 
91500.00 
102500.00 
2500.00 
1500.00 
12500.00 
11500.00 
22500.00 
27500.00 
3250o.00 
31500.00 
42500.00 
41500.00 
52500.00 
51500.00 
62500.00 
61500.00 
12500.00 
71500.00 
82500.00 
81500.00 
92500.00 
91500.00 
102500.00 

4.008910 01 8.619C-01 -1.0510 00 
4.00896n 01 7.67in-01 -~.ni70-01 _ .  
4.008971) 01 1.7220-01 3.638C-01 
4.008970 01 1.9830-C1 7.3880-01 
4.008970 01 2.2430-01 1.336C 00 
4.008970 01 1.5800-Cl 2.C5S0 OD 
4.008980 01 -2.7100-01 2.9711: 00 
4.00900D 01 
9.009050 01 
4.008910 01 
4.009830 01 
4.009500 01 
9.008180 01 
4.009500 01 
4.009830 01 
4.008910 01 
4.009050 01 
4.009000 01 
4.008980 01 
4.008910 01 
4.008970 01 
4.008910 01 
4.008910 01 

-3.742; 00 6.252C 00 
-2.6920 00 4.1950 00 
1.4890 01 3.0251: 01 
1.63CO C2 6.2030 01 
2.9120 02 -8.544C-13 
1.6360 02 -6.203C 01 
1.4890 01 -3.025C 01 

-2.6920 .OO -4.195C 00 
-3.1420 00 -6.252t 00 
-1.444D C O  -4.12613 00 
-2.1700-01 -2.911C 00 
1.5800-01 -2.0550 00 
2.2430-01 -1.336C 00 

1.1220-01 -2.038C-01 
1.9830- C 1 -7.388~-0 1 

1.9810-05 
1.1510-04 
1.8640-05 

-9.5610-05 
3.1400-05 
2.3 130-04 

-7.7590-04 
-3.1860-04 
-5.4910-03 
1.2490-01 

-3.6410-01 
3.5310-01 

-1.3370 00 
3.5310-01 

-3.6410-01 
1.2490-01 

-5.49 10-03 
-3.1860-04 
-3.1590-04 
2.3 130-04 
3.1400-05 

-9.5610-05 
1.8640-05 

8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.000D 01 -1.7620-20 
8.0000 01 9.5400-16 
8.0000 01 1.1410-13 
8.0000 01 9.5400-16 
8.0000 01 -1.7620-20 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 
8.0000 01 0.0 

b a  
0 
03 



L 

Table A . 4 .  Input Data f o r  Sample Problem No. 2 

CASE TITLC: T‘ST DRORLFI N0.2: TFO POYSR PLAYTS TN C R C S S  ST9EAll rLPY 
- - - . - -. 

TIPUT INFOPUAm‘ICN FRO!‘ SIJBROUTINE INPUT: 
- - - - - - - -- . . . . - - -. - . -. . - - -. . - - . 

CPRD NO. 1 

TOTRL N U I l q E R  OF CHEUICAL SPECIES CK CONSIDERED I N K ) =  2 

TOTAL NUnBFR O P  VZGIONS (NPFG)= 11 

TOTAL N I 1 W R ” R  n F  TNITIAL CONDITIONS FUNCTIONS (NTNTLF) = 2 

‘OTAL N‘JURFD P? VOLUIETRTC HFAT O R  N A S S  GENERATION FUNCTIONS (NGEPF)- 1 

TnTRL NlJflPEP O F  ROUNDARY CONDITIONS FUNCTIONS (NRNnf) - 8 

TOTAL ‘I I I I lRFR OF TnP CONDITIONS FUNCTIONS (NTOPFI- 2 

TOTAL N I i n R P R  OF BOTTOM CONDITIONS FUNCTIONS (NROTF) = 2 

TOTAL NllUBF9 OF ANALYTICAL FUNCTICNS (NANLFC) - 3 

TOTAL NURRFR OF TABIJLRTED FUNCTIONS (NTBLFC)= 1 

TrTAL NUNBFR OF GPOSS LATTICE LINES I N  X-DIRECTION (NXGP1)- l i i  

T O T A L  N U P B B R  n p  G R O S S  LATTICE L I N E S  I N  P - D I R P C T I P N  ( N Y F R I I -  u 

TOTaL NURRFR nF TEMP. NONITORING PCIINTS (NTMAXI 3 

C I R D  NO. 2 

RPSTART F I e G .  I F  EQUAL ZERO NO RESTART IN?ORnATION IS PEOUIPEn (ISTART)= ’ 
PINISH FLAG. I P  EQUAL ZERO NO RESTART FTLF Is C R F A i E D  ( IFINTS)= 0 

P L O T T I N G  F L A G .  IF EQIJAL Z E P O  NO P L O T T I N G  I N ~ O R U A T I O N  IS G E N E R A T E D .  (TPLoTi = n 

FLAG FOR SFLECTTNG THE NUflESICAL INTEGRATION PROCEDURF. (INTFT=l SFLECTS RUNGE-I(IITTA-FILL METHOD 
INTr(T=2 S E l . P C T S  EULER METHOD. INTRT=7 SELECTS ADA?I-EASHYORTH NETHOD.) (INTPTI = 1  

CARD NO. 3 

STAqTING TIIlE O F  THIS CASE (STn)= 0 . 0  

DAOBLFn T I n E  FOR THIS CASE (PRBTH)= 12.UOOO 

COUPUTER TIVF CIITOFF LIUIT I N  SECCNDS (CPUS@r)= 2 9 5 . 0 0  

TTNE INCREUENT r O R  PRINTED OUTPUT (DPRTTN) = O.lOO0 

TIDAL PERIOn I? A N  ESTUARY (TIDAL) = 1 2 . U O O O  

CARD NO. 4 



Table A.4 (continued) 

I P I T I A L  TIM? I N C R E M F N T  (SDTM\ = 0.0050!3 

L A R G E S T  L I M I T  F'19 T I M E  I N C R E H E N T  ( F D T M ) =  0 . 0 0 C O O  

T I M E  I N C R E M E N T  T S  M l l L T I P L I E D  E V E R Y  N D ' I I C  T T H E  STFPS B Y  ( P T I L T l =  1 .00  

N U U R E R  O F  T J U F  S T E P S  8 E F O R C  PROCESS O F  J N C R E R S F  T N  T I P ' ?  S T S F  S I Z E  P F G I N S  ( T N D T M ) =  10  

NIJMRER O F  T I F F  S T F P S  B F T W E E N  C H A N G E S  I N  T I ' I F  STPD S T 7 F  ( N D T W )  = 5 

C R I T E R I P N  T Y P E  ( A S  D E F I N S D  I N  S U B R C U T I N F  C H K D T M )  T H A T  i A C H  C T I  U T L I .  R E  Q E Q U I Q P O  TO S A T J S P Y  ( L D T M C R ) =  0 

T A B U L A T E D  F U N C T T O N S  

T k R L F  NO 
T A B A R G  

0 . 0  
1 . 0 0 0 0 0  0 0  
7 . 0 0 0 0 0  00 
6.00000 00 
8 . 0 0 0 0 0  00 
1.0000rl 01 

. 1  
T A B F N C  

0 . 0  
4.00000-0 1 
8 . 0 0 0 0 ~ - 0 1  
9.50000-01 
1 .00000  0 0  
i . n o o o n  0 0  

I N P U T  I N F n R I t T I C N  FR'lM S l l B R O l l T I N F  G E O n :  _ _  - - - - - - - - - -. - - - - - - - - - - - - 
X G R L ( 1 )  - G R O S S  L A T T I C E  L I N E  I I N  T H E  X - U I P E C T I O N  

T X F D ( 1 )  - N I I ' I R E R  O F  S O B D I V I S I O N S  R E T Y E F N  G R O S S  L A T T I C E  L T N F S  X G W L ( T )  AND XG9I .  ( I + l ) .  

Y G R L ( 1 )  - G R O S S  L A T T I C F  L I N E  I I N  Y - U I P P C T I O N .  

I Y F D ( 1 )  - R l l M R E R  O F  S U B D T V I S I O N S  BETWEEN GROSS L A T T I C E  L I N E S  Y G R L ( T )  AND YGRL(I+ l ) .  

I 
1 
2 
3 
4 
5 
6 
1 
8 
9 

10  11 

12 
1 3  
14 

I 
1 
2 
3 
4 

X G R L  I X F D  
0 .0  
5 .000000 0 4  2 
5.1OOOOD 0 U  1 
5.15oonn ou 2 
5 .250000 04 1 
5 . 3 0 0 0 0 ~  o u  5 
5.550000 o u  15 

7 .150000 o u  1 
7.?onoon nu 2 

7.050000 0 4  2 

7 . 3 0 0 0 @ 3  0 4  1 
7.35000D 0 4  1 0  
7.8'000D 0U 10  
1 .7850@0 0 5  

Y G R I  IYPn 
0.0 4 
2.0000CD 0 3  1 
2.50000" 0 3  2 

w 
0 
c-l 

u.500000 0 3  

1 I 



Table A . 4  (continued) 

I 
1 
2 
3 
U 
5 
6 
7 
R 
9 

1 0  
1 1  
1 2  
13 
1 0  
15  
1 6  
1 7  
18 
1 4  
20  
2 1  
2 2  
2 3  
2 4  
2' 
26 
17 
28 
2 9  
3 0  
7 1  
3 2  
31 
3U 
7 5  
3 6  
3 7  
3 8  
2 9  
110 
111 
u 2  
n3 
44 
U 5  
U h  
u 7  
U 8  
09 

5 1  
5 2  
'3 
5u 
q 5  
5 6 
5 7  

5 0  

N O D A I  
X - D I P F C T I O N  
i o non . o n  o o r 
i o o o o . o n o o ~  
innnn.nooor 
inonn.onnoo 
i o o n n . o n o o n  

'00.00flOfl 
5 i ) 0 . 0 n o o o  
i o n .  o o o o o i  
i o n . o o n o i  
c o n . o n c o n  
5nn .o f loon 
500. onoon 
<on. ooooo 

1 non.onoon 

i o o o . o n o o ~  
i o o n . o n o o o  
t oon .  o o o o o  
l o o n .  o o o o n  
1 o 0'1. o o n or' 
1 non. onnop 
i o o o . o n o o n  
1 0 0 0 .  nnoon 
i o o n . o o n o n  
innn.nooni1 

1000. O G O O O  

1 noo. o c o o o  
1 oon. o n n o n  
i non .oonor  
qon.onooo 
con. nnnon 

'00. onnon 

c o o . o n n o o  
.on. oooon 
5oo.nooon 
5 o o . o o o o n  

qoo.oonoo 
6no.onnon 
<no. o o o o o  

qoo.onoon 
i o o o n .  o o o o n  

5 o n  . o o o o o  

500.000o0 
~ G o . 0 n o o o  

5oo.ooo0~ 

5oo.ooooo 

i oonn . o n o o o  

1 u o o o . o o n o n  
1onon.onooo 

1 0 0 0 0 . 0 0 0 0 0  

Y I D T H  
Y - D I P E C T I O N  

' ~0* .00000 

c~ 0 0.0 00 0 0 
5 o o . n o o o o  

i n o . o o o o n  
roo.oocoo 

i non .  onoon 
inno.onnon 

NODAL C E N T C 9  
X - D I R E C T I O V  Y - D I R F C T I O N  

r oooonon 0 3  7 . 5 0 0 o c 0 o  0 2  
i . ~ o o o n n ~  n u  i . w o n c n q  0 2  
?.cononon n u  1 . 2 ' o o c n n  0 3  
7 . ~ 0 n o o n n  n u  i . 7 ~ n o c c ~  n 3  
u.<onoonr,  04 2 . 2 c o o 0 0 0  0 3  

C . O ~ ~ O O O D  nu u . o n o o c n r  o i  
5 . 0 2 5 0 0 0 D  0 4  3 . 0 0 0 0 C O D  0 3  

f .2oooonn n u  
6.3onoonn n u  
F.uonn0nn n u  
6.5ooooon nu 
h . ~ o o o o o ~  nu 
6.ionnorrn > u  
6.8oooonn o u  
6.9ooonnn oa 
i . o o o o n n q  nu 
1 . o i i o n o p  nu 
7 . 1 2 c . 0 0 0 ~  nu 

7 . 2 ? 5 o c n ~  nu 
7.1750000 04 

' . 2 7 5 @ 0 0 D  0 4  
7 . 3 2 5 0 0 0 ~  n u  
7.375onon n u  
i . u 2 = 0 0 n n  n u  
7.ui5oonn n u  
1 . 5 2 5 0 0 0 ~  nu 

w 
P 
c 
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Table A.  4 (cont inued)  

N O D A L  DISPLllY FOR QEGIONS 



Table A. 4 (continued) 

I G E N F C  - I t l T F R N A L  G E N P R A T I O N  F U N C T I O N  ( Z N  I N D E X 1  
QIIV - V A L U E  O F  H E A T  G E N F R A T I O N  PFR U N I T  V O I U U F  I N  I N T E R N A L  GENERATION F I J N C T I O N  
I Q D V F  - C P N F R A L  P U F t P O S E  F U N C T I O N  I O  B E  U S E D  ON QIIV 
G K D V ( K )  - V I \ L l I E  O F  H A S S  G E N P P A T I O N  PER U N I T  V O L I J P E  F O R  S P E r T S  K I N  I N T E R N A L  G E N E P A T I O N  FUNCTION 
I G K D V F ( K )  - G E N E Q A L  PURPOSE F U N C T I O N  T O  BE U S E D  (IN G K C V ( K )  

r I G E N F C  Q D V  
1 1 0 . 0  

I Q D V P  G K D V ( 1 l  I G K U V F ( 0  G K D Y ( 2 )  I G K U V F ( 2 l  
0 0 0.0 0.0 Q 



Table A . 4  (cont inued)  

4 

INPUT INFORR4TION P R O R  SUBPOOTINE BNDCOU: _ _ _  _ _ _  _-- _ _ _  __. --- - -_  .._ _-- --- 
NBN - BOllNDARY CONDITION Y U O B E R  
NHRaTP - TYPF O P  BOUNDARY CONOITION FOR YATER ELEVPTICN H (NHEOTPI 

FH - VALUE 0' BQUNDARY CONOITICN F 
PU - VllLUF OF BOUNOARY CONOITION FOR VELOCITY U (FUBD) 
FV - VALUP OF BOUNDARY CONDITIOA FOR VELOCITY V (FVBD) 
PT - VALUE OF POIJNDARY CONDITION FOR TENP. (PTAD) 
FG - VALUE O F  BOUNDARY CONOITION FOR ? A S S  F L U X  (FGBO) 
FQ - V4LUS O F  BOVNDIIRY CONDITION FOR HEAT FLUX (FQBD) 
FSBDN - VllLUE CF BOUNDARY CONDITION FOR NOPMAL STRFSSES 
F G K ( 1 )  - VALUF OF BOUNDARY CONDITION FOR V A S S  FLUX OF SPFCIE K (FGKBD) 
FCK - VALUE OF BOUNDkRY CONDITION FOR SPECTES CONCENTRATION (FCKSD) 
IHRDP - MOLTJPLIPR FUNCTION FOR FHBD 
I U  - OrlLTIPLIER FUNCTION POR F U B D  
I V  - ROLTTPLIER FUNCTION FOR FVBD 
I T  - MULTJPLIER FUNCTION POR PTBD 
IC. - RULTTPLIFR FUNCTION FOR FGBD 
IQ - OIILTIPLIEA FUNCTICN FOR FQBD 
1.59 - OULTJPLIER FUNCTION FOR FSBDN 
ISH - OULTIPLIER FUNCTION FOR FSUOSH 

BOUNDARY CORDITIONS AT STARTING TIRE 
NBN NHBDTP N U  N V  NT FH P U  FV FT 
1 u 1 2 2  0.0 0.0 0.0 8.00OOOOD 0 1  
2 4 1 1 1  0.0 7.200000D 0 2  0 . 0  8 . 0 0 0 0 0 0 ~  0 1  
3 1 u u 4  1.000000D 00 0 . 0  0 . 0  7.0000001) 01  
U u 2 1 2  0.0 0.0 0.0 8.OOOOOOD 0 1  
5 u 4 1 4  0.0 0.0 l.U658OOD 0 2  8.000000D 0 1  
6 u 1 1 1  0.0 0.0 -4.U65800D 02 -1.500000D 0 1  
7 u u 1 u  0 . 0  0 .0  -4.Uh5800D 0 2  8.000000D 01 
R 4 1 1 1  0.0 0.0 u .u658000 02 -i.sooooon 0 1  

NBN FG P Q  
1 0.0 0 . 0  
2 0.0 0.0 
3 0 . 0  0 . 0  
4 0 . 0  0.0 
5 0.0 0.0 

0.0 
0.0 
0.0 

6 0 . 0  
7 0 . 0  
B 0 . 0  

FSBDN FSBDSH PGK ( 1 )  PGK ( 2 )  FCK (1)  FCK ( 2 )  
0.0 0.0 0.0 0.0 1 .000  0.0 
0.0 0.0 0 . 0  0.0 1 .000  0.0 
0.0 0.0 0.0 0.0 0.973 0.027 
0.0 
0.0 
0.0 
0 . 0  
0 . 0  

0 . 0  
0 . 0  

0 . 0  
n. n 

0.0 
0 . 0  
0 . 0  

.. ~ 

0.0 
0 . 0  
0.0 

0.0 1 .000  0.0 
0.0 
0.0 
0.0 
0 . 0  

0 . 9 9 3  0.007 
0.993 0.007 
0.993 0.007 
0.993 0.007 

UULTIPLIEQ FUNCTIONS FOR BOllNDARY CONDITIONS 
NBN IHRDF IU I V  I T  I G  I Q  ISN ISH 
1 0 0 0 0 0 0 0 0  
2 0 0 0 0 0 0 0 0  
3 - 2  0 0 0 0 0 0 0  
II 0 0 0 0 0 0 0 0  
5 0 0 0 0 0 0 0 0  
6 0 0 0 0 0 0 0 0  
7 0 0 0 0 0 0 0 0  
8 0 0 0 0 0 0 0 0  

w 
P 
W 



Table A . 4  (continued) 

POWER PLANT ON BOUNDARY. 

NBN DTPP(NBN) XINT YINT T J  

6 1.500D 0 1  5.125000 04  4.25OOOD 03  8 7 
8 1.500D 01 1.1750OD 0 4  2.500000 0 2  34 1 

INPUT IRPORMLTION FROR SUBROUTINE BOTCON: --- --- --- --- __-  -_- --- _ _ _  _ _ _  _ _ _  
OB - HEAT COMING PROM THE BOTTOU 
ACB - HEAT TRANSFER COEFFICIENT FOR THE BOTTOM 
UB - VELOCITY OF MASS COnING PROM THE BOTTOM I N  X-DIRECTION 
VB - VELOCITY OF M a S S  COMING FROM THE BOTTOM I N  Y-DIRFCTION 
YB - VELOCITY OF MASS COUING PROM THE BOTTOR I N  Z-DIRECTION 
TB - TEWPRRATURE OF MASS COMING FROM THE BOTTOM 

IHCB - MULTIPLIER FUNCTION FOR HCB 
108 - MULTIPLIER PUNCTION FOR U E  
IVB - MULTIPLIER FUNCTION POR VE 
I U S  - WULTIPLIER FUNCTION FOR W E  
ITB - WULTTPLIER PUNCTION POR TE 
IDCKB - MULTIPLIER FUNCTION FOR DCKB 
ICKB - MULTIPLIER PUNCTION POR C K B  

BOTTOM COUDITIONS AT STARTING TIME 
PCT. NO. Q B  HCB OB V B  YB 

1 0.0 0 . 0  0 . 0  0.0 0.0 
2 0.0 0.0 0.0 0.0 0.0 

MULTIPLIER PUNCTION FOR BOTTOM CONDITIONS 
FCT.NO. IOB IHCB IUB IVB I Y B  ITB IDCKB(1) 

1 0 0 0 0 0 0 O  
2 0 0 0 0 0 0  0 

TB BMANGC DCKR ( 1 )  CKB(1) nCKB(2) 
8.03D 0 1  8.33D-06 0.0 10.00 0.0 
8.OOD 0 1  8.33D-06 0 . 0  1 0 . 0 0  0.0 

ICKB(1) IDCKB(2) ICKR (2)  
0 0 0 
0 0 0 

INPUT INPORMATION PROM SUBROUTINE TOPCON: _ _  - - _ _  - - - - - - _ _  - - _ _  - - - - - - - - - - _ _  
QT - HEAT COUING PROM THE TOP 
ACT - REAT TRANSFER COEPPTCTERT FOR TOP . .  ~ ..... ~ . ~ . .  ~. ... 
UT - VELOCITY OP M A S S  COMING PROM THE TOP I N  K-DIPECTICI 
VT - VELOCITY OP M A S S  COMING PROR THE TOP I N  ?-DIRECTION 
UT - VELOCITY OP MASS COMING PROM TAE TOP I N  2-DIRPCTION 
TT - TEMPFRATORE OP M A S S  COMING P R O 8  THE T O P  
TD - DEW-POXIIT TEMPERLTURE 
Q50L - SOLAR HELT PLUX 
DCKT - MASS DIPPUSION COEPPICIENT FOR SPECIB K FROM TOP 
CKT - MASS CONCENTRATION OF SPECIES COMING FROR THF TOP 
IQT - MULTIPLIER PUNCTION POR QT 
IHCT - UULTIPLIER PUNCTION FOR ACT 
IUT - MULTIPLIER FUNCTION FOR U T  
IVT - MULTIPLIER PDACTION FOR VT 

crl 
N 
0 

CKB (2) 
0.0 
0.0 

I 



, 

Table A . 4  (continued) 

IYT - MIIL*IPLIER FUNCTION FOR UT 
ITT - MULTIPLIER FUNCTION FOR TT 
ITD - 6ULTIPLIEQ FUNCTION FOR TO 
IQSOL - MULTTPLTER FUNCTION P O R  QSOL 
IDCKT - nllLTIPLTER FUNCTION F O R  nCKT 
ICKT - MULTIPLIER FUNCTION FOR CKT 

TOP CONDITIONS AT STARTING TIME 
HCT UT VT UT TT TD QSOL DCKT(1) CKT(1) nCKT(2) CKT(2) 

1 1.00 0 .0  0.0 0 . 0  5 . 0 0  0 . 0  0 . 0  0 . 0  8 0 . 0 0  80.00 0 . 0  0 . 0  
2 0 . 0  5 .00  0 . 0  0.0 0.0 80.00 80 .00  0 . 0  0 . 0  1 . 0 0  0 . 0  0 . 0  

FCT. NO. QT 

NULTIPLIFR FUNCTION FOR TCP CONDITIONS 
FCT. NO. IQT THCT IUT IVT IYT ITT TTD IOSOL IDCKT(1) ICKT(1) IDCKT(2) TCKT(2) 

1 0 0 0 0 0 0 0  0 0 0 0 0 
2 0 0 0 0 0 0 0  0 0 0 0 0 

NULTIPLIFR FUNCTION FOR TCP CONDITIONS 
FCT. NO. IQT THCT IUT IVT IYT ITT TTD IOSOL IDCKT(1) ICKT(1) IDCKT(2) TCKT(2) 

1 n n n n n n n  n n n n n ” _ _ . . . .  
2 0 0 0 0 0 0 0  0 0 0 0 n 

INPUT INfORtiATION FROR SUBROIITINF FLXCON: _ _ _  _ _ _  __. - _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  _ _ _  
COEFFICIENT F O R  T O T A L  E P F E C T I V E  I H F R U A L  C O N D U C T I Y I T Y  IN X - D I R E C T I O N  (XKPC) = 3 . 6 0 0 0 0 0 ~ - 0 1  

COEFFICIENT F O R  T U R B U L F N T  VISCOSITY IN Y-DIRFCTION (YTVSC) = 2.oooo0on 00 

COEFFICIENT FOR TOTAL EFFECTIVE THERMAL CONDUCTIVITY I N  Y-DIUECTION (YKPC) = ~.~OOOOOD-01 
COEFFICIENT FOR TURBtILEVT VISCOSITY I N  Y-DIRECTION(XTV5C) = 2.000000D 0 0  

DKXr - COEFFICIENT FOR TOTAL BINARY EFFECTIVE [IIFFUSICN COEFFICIENT OF SPECIE K I N  X-DIRECTION 
DFYC - COEFFICIENT FOR TOTAL BINARY EFFECTIVE 71FFUSICN COEFFTCIENT OF SPECIE K IN Y-DIRECTION 

K DKXC ( K )  OKYC (KI 

1 5.22010OD-05 5.220000D-05 
2 5.220000D-05 5.22OOOOD-05 

INPUT INFOPRATION PROU SUBROUTINE INTCON: 
. - - - - - - - - - - - - - - - - - -- - - - - - - - -- 
STH - INITIAL VALUE FOR YRTER SURFACE EIYVPTION, A ,  MEASURED PQOll THE BOTTOM 
5TU - INITIAL VALUE POR WATER VELOCITY, U ,  I N  X-DIRECTION 
STV - IIIITKAI V4LUE FOR URTER VELOCITY, 1, I N  Y-DIRFCIION 
STYS - INTTI8L VALUE FOR RATE PF CHANGE OF WATER ELEVATION UITH RESPFCT TO TIUE 
STT - INITIAL VALUE POR YATEP TENPERATURF. T .  
STCK(1) - INITIAL VALUE ?OR MASS CONCENTRATION OF SPECIES(1) .  
ISTHP - UULTTPLIER FUNCTION FOR 5TH 
ISTUF - MULTIPLIEP FUNCTION POR STU 
TSTYP - MULTTPLIER FUNCTION F O R  STY 
I5TYSF - M”I.T?PLIER WNCTION FOR STYS 
TIiTTP - NII1TIDlT’Q F’INCTION FOR STT 
r9TCKF(I) - ?llLTTPLTPR ~UNCTTlN FOR STCK ( I )  
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Table R , 5 .  Output Information f o r  Sample Problem No. 2 a t  Time = 0.61 h r  
Using t h e  F u l l  Version o f  t h e  Program 

ITEP.= 11R TI~E=5.900000D-01 PERIOD=U.758065D-02 T I U E  INCREUENT=5.000000D-n3 

VELKITY VELOCITY YlTER ELEV. TFUP. SURSTANCE U A S S  CONCENTRATIONS 
I N D I -  X- Y- WATER I N  I N  RATE RATE 

NODE C E S  IOCRTION LOCATION ELEVATIOV X-DIRECT. Y-DIRECT. OF CHRNGE TEflP. O F  CHRNGE CK(1) CK (2)  

1 1  5000 .00  
~ 0 0 0 . 0 0  
5000.00 
'000.00 
5000 .00  
5000.00 
5000.00 

15000.00 
15000 .00  
1 5 0 0 0 . 0 0  
15000 .00  
35000.00 
15000.00 

25000.00 
25000.00 
25000. DO 

15o00.00 

250. no 4.001310 01  
4.0013110 01 
4.001340 01  
4.001430 01  

1.4670 02  -1.5820 00 
1.4770 02 -6.650n 00 
1.4940 02 -1.252D 01 
1 .5160  02  -1.6670 01 

-1.6650-02 
-2.2940-01 

3.7820-0 1 
-5.727D-0 1 

2.1730-01 
4 . 9 3 7 0 - 0 1  
i .nn5n-oi 

8 . 0 0 0 0  0 1  -2.8210-71 1 .0000  0 0  

1 .0000  0 0  
1 .0000  0 0  
1.0000 0 0  
1.0000 00 
1.0000 0 0  
1.0000 0 0  

1.0000 0 0  
1 .0000  00 
1.0000 00 
1.000D 0 0  
1.0000 0 0  

i . o o o n  0 0  

i . o o o n  00 

1.oonn DO 

2.1950-74 
1 2  
1 3  
1 4  
1 '  

~ .. 
1 5 0 . 0 0  

1250.00 
1750.00 
2250.00 

.~ 
0 .0000  0 1  -2.5560-h8 
8 .0000  0 1  -1.3730-65 
8 .0000  0 1  -2.6300-63 
8 .0000  01  4.3850-63 
8 .0000  0 1  1.1510-60 

2.7060-11 
1.5300-60 
3.9200-66 
7 .61  30-64 4.001580 01  

4.001250 01  
4.000990 0 1  
4.001900 01  
U.CO19OD 0 1  
4.001860 01  
4.001070 01  
4.001880 01  
4.001800 01  
4.001740 01  
4.002140 01  
4.0021UD 01  
4.002130 01  
4.002120 01  
u . 0 0 2 i i o  n i  

1 .5280  02  -8 .5350 0 0  
1 .5100  02 8.2310 00 1 6  

1 7  
3000.00 
uooo.nn  

3.1100-60 1.7790-56 

6.3140-64 
3 .0400-60  
6.42UD-57 
7.7040-54 8. 8810-51 

3.2U2D-U7 
1.3440-43 
9.6410-54 

1.485; 02  -1.5060-01 
1 .2240  02 -7.5910-01 
1.2200 02 -2.6070 00 
1.2330 02  -u.7230 00 

8.0000 0 1  2.2590-56 
8 .0000  0 1  -5.1620-61 
8 . 0 0 0 0  0 1  -1.42UD-57 
0.0000 0 1  -1.9670-511 
8 .0000  01  -1.1130-51 
8 .0000  0 1  9.8950-51 
8.0000 0 1  3.980D-U7 
6 .0000  0 1  1.7160-43 
8.0000 0 1  4.085D-54 
8.0000 0 1  1.05110-49 
8 .0000 0 1  1.U120-45 
0.0000 01  1.2450-41 
8 .  O O O D  0 1  -8.7220-36 
8 .0000 0 1  -2.7290-32 
8.0000 01 U.2330-31 
0 .0000  01  -6.5880-42 
8 .0000  0 1  -2.6310-37 
0.0000 01  -5.1140-33 
0.0000 0 1  -4.2690-29 
8.ooon 01 -1 .5350-2~ .  

2 1  
2 2  
2 3  

250.00  
750.00 

1250 . o o  
1150.00 

. . .~ ~ 

1.8320-01 
1.2660-01 
1 .2270-01 

2 4  1.2380 02 -6.0000 00 
1 .2370  02  -1.9151) 00 

4 .6230-02 
-8.3700-02 2 5  

2 6  
2 7  
3 1  
3 2  
3 3  
3 u  

2250.00 
3000.00 
U O D O .  00 

250.00 
750 .00  

1250.00 
1750.00 
2250.00  
3000.00 
4 0 0 0 . 0 0  

250.00 
750 .00  

1250 .00  
1150.  on 

1.2160 02 3.534D 00 8.3920-02 
1.1940 02 3.7670-03 2 .2230-01  
9.6220 01  -1.5950-01 1.0230-01 
9 .6020  01  -2.8640-01 1.0060-01 
9 .5530  01  -3.5160-01 1 .0630-01  

1 .0000 D O  1.1750-49 
1.0000 00 1.5340-45 
1.0000 0 0  1.3320-lrl 
1.000D 00 6.9610-30 

75000.00 
7 5 n n n . 0 0  

9.4630 01 -4.0160-01 
9.3190 01  -2.2610-01 
9 .0460  01  -1 .0200-01  
0.7900 01 -8.1090-01 
6.5600 01 1.0230-01 
6.B980 01  4.692n-81 
6.3690 01  7.2190-01 
6.168D 01 0.UUlD-01 
5.8970 01  7.7000-C1 

5 .0230 01 -1.907D-02 
2.798D 01  8 .8100-01  
2.7030 01  3.0220 00 

5.44911 01 (1.1060-01 

7 . 5 i i n  n i  4.9981) 00 

1.4220-01 
1.541D-01 
1.  4750-01 
1 .0800-01  
1.4840-01 
1. U 900-01 
1.h240-01 
1 .113D-01 
1.7830-01 
1.71303-01 
9 .4720-02 
4.5660-02 
5 .1250-02  
b.8990-02 
1 . 5 9 4 0 - 0 7  

3 5  
3 6  
3 7  
4 1  
4 2  
4 3  
4 4  
4 5  
U 6  
4 7  
5 1  

w 
h) 
w 

~ ... 
75000.00 
25000.00 
35000.00 
3'0 00.00 
35000.00 

1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.000D 00 
1.0000 0 0  
1 .0000  0 0  

2.172D-34 
5.0670-31 
5.758D-U5 
2.2790-40 
4.6990-36 
4.09'0-32 
2.6250-28 
6.8210-25 
1.3180-21 
1.6350-43 
5.3660-39 1.1140-34 

1.7870-30 
5.6420-26 
8.0860-21 
1.5530-15 
2.3060-39 
7.0570-35 
1.2220-30 
3.6520-22 1.4940-26 

4.27 20- 17  
2.5090-12 
1.3790-3F 
3.6960-32 
5.6340-28 
5.562D-24 
1.4200-19 
2.0300-09 2 .75  1D- 14  

5.0980-34 
1.260D-29 
1.7350-25 
1.4120-21 
3.4750-11 
6.6400-12 2 . 9 0 4 ~ 0 7  

4.002020 0 1  
35000.00 
35000.00  
35000.00 
~ 5 0 0 0 . 0 0  

4.002030 01  
4.002050 0 1  
4.002040 0 1  
4.002160 0 1  
4.001630 01  
4.001630 01  
u n n i f i u n  n 1  

.. .. 
2250.00 
3000.00  
4 0 0 0 . 0 0  

0 .0000  01  -2.0020-22 
8 .0000  01  1.6410-19 1.0000 0 0  
0.0000 01  6.1860-44 1.0000 0 0  
8 .0000 0 1  3.2770-39 1 . O O O D  0 0  

1.0001) 00 

u5000.00 
45000 . O O  
45000.00 
45000.00  
45000.00 
~ 5 0 0 0 . 0 0  
U5000 . O O  
50250.00 
'0750 . O O  

250.00 
750 .00  5 2  

5 3  
5 4  
5 5  
5 6  
5 1  

1250.00 
1750 .00  
22'0.00 
3 0 0 0 . 0 0  
4 0 0 0 . 0 0  

250.00 
750.00 

8 . 0 0 0 0  01  9.2580-35 
0.0000 0 1  1.8220-30 
8 .0000  0 1  -1.2160-23 
8.0000 0 1  1.4170-16 
8 .0000  0 1  1.7820-11 
8.0000 0 1  2.8250-39 
8.0000 01  1.1090-34 
8.0000 0 1  2.11110-30 
8 .0000  0 1  -1.8173-24 
0.OCOD 01  8.5780-19 
8.0000 0 1  1.5950-12 
8 .0000 0 1  -2.8400-11 
8 .0000  01  -1.8010-34 
6 .0000  0 1  -6.6690-30 
8.0000 01 -1.5230-25 
8 .0000  0 1  -2.1120-21 
8 . 0 0 0 0  0 1  5.3660-15 
8.0000 01  9.1230-10 
6 .0000 0 1  2.3450-05 
8.0000 01  -1.4350-31 
0 .0000  0 1  -3.8000-27 
0.0000 0 1  -6.0090-23 
8 .000D 0 1  U.0100-18 
8 .0000  0 1  1.4810-12 
8 .0000 0 1  1.7910-07 
8.0000 01  3.872D-03 

1 .0000  0 0  
1.0000 00 
1 .0000  0 0  
1.0000 0 0  
1 .0000  00 
1.0000 0 0  
1.0000 0 0  
1.0000 0 0  
1.0000 1 .0000  00 00 

1 .0000  00 
1 .0000  1 .0000  O D  00 

1 .0000  1 .0000  00 00 

i . o o o n  00 
1 .0000  1.0000 00 00 

1.000n 00 
1.0000 00 
1 .0000  00 
1.0000 0 0  
1.0000 00 
1.0000 00 
1.000D 00 
1.0000 00 

. .  - . 
4:&166D 01  2.2150 01  6 .8640  00 
4.001670 01  1 .0180  0 1  8.2110 00 
4.001690 01  1.0110 01  9 .549n 00 

5.2580 00 1.6590 00 
u.001750 01 7.6070-01 i . 183n  01 

1.5530-01 
2.1160-01 
4.11640-01 
2 .5300-02  
1 .986D-02 

f i 1  
6 2  
h 3  
h U  
6 5  
6 6  
f i 7  

4.001410 0 1  
4.001420 01  
4.001430 01  
U.0014UD 01  
U.001450 0 1  
4.001550 0 1  
4.0018UD 01 
4.0014UD 01  
4.001UUD 0 1  
U.001450 0 1  
4.001YUD 01 
4.001450 01  
4.001490 01  
4.001480 01  
U.001470 0 1  
4.001970 0 1  
4.001460 0 1  
4.001440 01  
4.001430 0 1  
U.001300 01  
4.000780 01  

4.2280 0 0  5.4330 00 
2.1820 0 0  9.057n 00 

-8.6020-01 1.2540 01 

-9.9050 0 0  1.R920 01  
-1.U33D 01  2.5680 01 

4.3610-01 2.2180 00 
-5.9380-01 7 .0840  00 
-2 .1140 0 0  1 .2120  C1 

-4.7020 00 1 . 5 2 ~  01  

-5.qfi7n on 1.7531) n i  

50250 . O O  
C02 50  . O D  
<0250 .OO 
50250.00 
50250.00 
50750.00 

1250.00  
17E0.00 
2250.00  
3000.00 
uo')o.oo 

250.00 
750.00 

-2.1740-02 
-2.0670-02 
-1.4510-02 
-3.2100-01 
-2 .0210 0 0  

1 .2900-01  
1.2990-01 
1.7780-01 
2.7950-01 
5.5950-01 
8.7920-03 
2 .8090 00 

-4.4190-03 
2.0150-02 

-8.283D-02 
-3 .2910-02  
-8.1860-0 1 
-8.761D-01 
-2.39UD 00 

1 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 1  
R 1  

E0750.00 
50750.00  
50750.00 
5 0 1 5 0 . 0 0  
50750.00 
50750.00 
c12  '0.00 
51250 .OO 
'1 2 c o .  00 
5 12 50 .00  
'1250 . O O  
'1250.00 
51250.00 

1250.00 
1750.00 
2250.00 
3 0 0 0 . 0 0  
4 0 0 0  .oo 

250.00 
750.00 

. .~ 
-1.0200 0 1  2 . ~ 6 2 0  01 
-1.2800 01  4.3040 01 
-1 .2860 01 7 .3110  01  
-5.9480 00 2.888D 00 
-7 .3130 0 0  0.6380 0 0  
-1.0710 0 1  1.4830 C1 

R 2  
R 3  
8 4  
8 5  
8 h  

1250.00 
1750.00 
2250.00 
3 0 0 0 . 0 0  
0000.00 

-1.5680 0 1  2.1740 0 1  
-2.4500 01 3.22'30 01 
-4.5040 01  6.1960 C1 
-7.2960 01  1.0900 02 8 7  



Table A. 5 (continued) 

ITER.= 1 1 R  TItlE=5.900000D-01 PERIOD=U.7580650-02 TINE INCRERENT=5.000000D-03 

VELOCITY 
YATER IN 

ELEVATION X-CIRECT. 

4.00151D 01 -1.2650 01 
4.001510 01 -1.426D 01 
4.001510 01 -1.7790 01 
4.C0150D 01 -2.4580 01 
U.CO15OD 01 -3.6900 01 
4.001500 01 -7.8790 01 
4.001560 01 -1.3950 02 
4.00156D 01 -1.8610 01 
4.001560 01 -1.9940 01 
4.001550 01 -2.2670 01 
4.001570 01 -2.783D 01 
4.001510 01 -3.6900 01 
4.001881) 01 -7.23UD 01 
4.003641) 01 -1.2510 02 
4.001610 01 -2.3290 01 
U.001hlD 01 -2.3980 01 
4.001600 01 -2.5340 01 
4.00163D 01 -2.7310 01 
u.ooi5io 0 1  -2.9541) 0 1  
u.00213~ 01 -3.1230 0 1  
4.005110 01 -3.1360 01 
4.001670 01 -2.6080 01 
4.00167D 01 -2.6080 01 
4.00166D 01 -2.6040 01 
4.001680 01 -2.4980 01 
4.001620 01 -2.1170 01 
4.001920 01 5.1260 00 
4.003441) 01 4.861D 01 
4.001740 01 -2.6420 01 
4.001740 01 -2.5810 01 
4.001740 01 -2.4360 01 

VELOCITY WATER ELEV. 
IN RRTE 

Y-DIRECT. OF CHANGE 

2.R46D 00 1.0810-01 

TFnP. SUBSTANCE nA55 CONCENTRATIONS 
INDT- X -  P- 

LOCATION 

250.00 
750.00 

1250.00 
1750.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00 
4 0 0 0 . 0 0  
250.00 
7 5 0 . 0 0  
1250.00 
1750.00 
2250.00 
3000.00 
4000.00 
250.00 
150.00 
1250.00 
1150.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 

12'0.00 
1750.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00 
u000.00  
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 

1250.00 
1750.00 
2250.00 
3000.00 
4000.00 

RATE 
TEUP. O F  CHANGE CK (2) NODE CES LOCATION 

51750.00 
51 760.00 
5 1750.00 
5 1750.00 
51 7c0.00 
5 1750.00 
51750.00 
52250.00 
52250.00 
52250.00 
52250.00 
52250.00 
='2250.00 
52250.00 
527c0.00 
52790.00 
52750.00 
527C10.00 
52750.00 
52750.00 
527'0 .OO 
53250.00 
'32 c O . O O  
532 50.00 
53250.00 
'3250.00 
53250.00 
53250.00 
53750.00 
53750 .OO 
57750.00 
53750 .OO 
53750.00 
53750.00 
53750.00 
54250.00 
54250.00 
54250.00 
54250.00 
54250.00 
54250.00 
'4250.00 
54750.00 
54750.00 
54750.00 
54750.00 
54750.00 
54750.00 
54150.00 
55250.00 
5 5 2  50 .OO 
55250.00 
55250.00 
55250 .OO 
55250.00 
55250.00 

9 
9 
4 
9 
9 
4 
10 9 

10 10 

10 
10 
10 
10 
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
12 1 1  

12 12 

12 
12 
12 

12 
13 
13 
13 
13 
13 13 

13 
14 
14 
14 
14 
14 
14 
14 15 

15 
15 
15 
15 
15 
15 
16 16 

16 
16 
16 
16 
16 

1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
h 
7 
1 
2 
3 
4 
5 
6 
7 

8.coon 01 -2.266~-29 1.000~ G O  
8.000D 01 -5.2330-25 1.000D 00 
8.000D 01 -6.3420-21 1.OOOD 00 
8.000D 01 1.842D-15 

2.2760-27 1.0000-31 

2.7180-23 
1.5U7D-19 
3.7820-15 
5.94 OD- 10 

8.0510 00 1.4500-01 
1.3260 01 2.3430-01 
1.8360 01 2.387D-01 
2.3120 01 6.662D-01 
3.319D 01 8.74RD-01 

1.00GD 00 
8.0000 01 1.9580-10 
8 . 0 0 0 0  01 1.2520-05 
8.oO?n 01  -I.?IIUD-O> 

1.000D 00 
1.0000 00 
i .nnnn n o  5.2000 01 4.3960 00  7.1013-06 

9.2200-30 
1.9490-25 
1.9790-21 

-. _ . _  
2.3000 00 6.7020-02 8,000D 01 -1.157D-27 
6.229D 00 5.5670-02 8.0000 01 -2.214D-23 
9.7800 C O  -u .892D-02 B.COOD 0 1  u.098~-19 
1 . 2 7 ~ ~  01 -t.736~-01 8.000~ 0 1  8.0850-13 

.. .. . 
1.OOOD 00 
1.0000 00 
1.OOOD 00 
1.000D 00 
1.0000 00 

9.9990-01 
1.000D 00 
1.OOOD 00 
1.0000 00 
1.0000 00 
1.ooon 00 

i.ooon 00 

1.2290-17 
7.7570 - 13 
4.2560-08 
9.705D-05 
3.52603-28 
6.509D-24 
6.0430-20 
5.8 180- 15 
1.207n-10 

9.156D 00 6.7340-02 
3.7810 CO -1.3530 00 
2.675D 01 -6.3filD 00 

3.7280 00 5.1560-02 

6.6150 00 -1.2420-01 
-1.3800 GO 1.5150 00 
-6.3620 00 -3.011D 00 

1 . 5 3 ~ ~  00 i.u8i~-oi 

5 . 4 ~ 8 1 1  00 1.5960-01 

4.3541) 0 1  5.8110 00 
u . u u w - o i  8.6500-02 
3.8430-01 9.2370-02 

-3.106D-01 1.324D-02 
-1.9650 00 -8.694D-02 

-1.9411) 01 -9.3020-01 
-1.4770 00 -4,5560 00 
-7.581D-C1 1.010D-01 
-3.08€0 CO 1.28OD-01 
-6.2320 00 1.655D-01 

-9.8160 00 1.8fi5n-01 

8.000D 01 5.1220-08 
8 . 0 0 0 0  01 3.836D-05 
8.021D 01 6.9640-01 
8 . 0 0 0 0  01 -1.4250-25 
8.000D 01 -6.220D-22 
8 . 0 0 0 0  01 2.6600-16 
8.000D 01 2.096D-11 

8.0000 01 7.8930-06 
8.343D 01 5.1250 00 
8.OOGD 01 -8.598D-23 
8 . 0 0 0 0  01 -3.3960-19 
8.0000 01 1.512D-14 
8.OOOD 01 9.594D-10 
8.0000 01 4.2180-06 
8.000D 01 1.9560-03 
8.OO8D 01 3.112D-01 
8.000D 01 -2.6070-20 
8 . 0 0 0 0  01 2.509D-15 
8.000D 01 3.3740-12 
8.0000 01 2.0460-09 
8.0000 01 6.409D-07 
8.000D 01 l.0lBD-04 
8 . 0 0 0 0  01 1.386D-02 
8.000D 01 -1.08913-21 
8.000D 01 5.551D-17 
8 . 0 0 0 0  01 5.9190-14 
8 . 0 0 0 0  01 3.108D-11 
8.000D 01 8.762D-09 
8.0000 01 1.22RD-06 
8,OOOD 01 2.06OD-04 
8.0000 01 -3.1220-24 
8.0000 01 -R.061D-21 
8.0000 01 1.126D-16 
8.000D 01 1.4080-13 
8.0000 01 4.1570-11 
8 . 0 0 0 0  01 8.5020-09 
8.0000 01 1.8840-06 
8.0000 01 -3.9380-27 
8.000D 01 -1.2890-23 

8.000~ 01 2.006~-05 
1.0000 00 
9.9840-01 
1.OOOD 00 
1.00OD 00 
1.000D 00 

. . ~  . 
2.225D-07 
1.603D-03 
3.5740-26 
1.5930-22 
1.295D-18 
5.3890-14 
1.830D-10 
9.4350-08 

1.9970-23 
7.968D-20 
1. 18UD-16 
8. 1930-14 
2.9800- 1 1 
5.9928-09 
1.04703-06 
7.931D-25 

3.66in-05 

I. 7950-21 

W 
N 
P 

1.000D 00 

1.000D 00 
1.OOOD 00 
1.OOOD 00 
1.000D 00 
1.0000 00 
1.0000 00 
1.0OOD 00 
1.000D 00 
1.000D 00 
1.0000 00 
1.0000 00 
1.00OD 00 
1.000D GO 
1.00OD 00 
1.0000 00 
I.OOOD 00 
1.0000 00 
1.OOOD 00 
1.OOOD 00 
1.OOOD 00 
1.0000 00 
1.0000 00 
1.000D 00 
1.OOOD 00 
1.0000 00 
1.0000 00 
1.OOOD 00 

1.0000 00 

1.ooon 00 

1.ooon 00 

4.001740 01 -2.lOUD 01 -1.0830 01 
4.001750 01 -1.4000 01 -1.7810 01 

1.0420-01 
2.194D-01 

4.001780 01 1.3170 01 -2.9710 01 9.~.38~-02 

1.092~-01 

4.001870 01 5.2190 01 -4.2210 01 1.7240 00 
4.001800 01 -2.4660 01 -1.7070 00 1.0790-01 
4.001800 01 -2.3500 01 -5.U56D 00 
4.001810 01 -2.0870 01 -9.929D 00 
4.001820 01 -1.606D 01 -1.569D.01 
4.001840 01 -8.1010 00 -2.217D 01 
4.001910 01 1.0060 01 -2.9250 01 
4.001970 01 3.0790 01 -3.57€0 C 1  

4.001860 01 -2.0460 01 -6.0560 00 
4.001810 01 -1.1250 01 -1.034D 01 
4.001870 01 -1.2010 01 -1.505D 01 

4.001860 ai -z.iwo 01 - 2 . 0 5 ~  no 

1.0750-01 
1.6830-01 
U.266D-02 
1.363D-02 
8.2 120-04 
1.157D-01 
1.067D-01 
1.026D-01 
1 .Ul3D-01 
1.0790-01 
1.2530-01 
1.527D-01 
1 .228D-01 
1.2380-01 
1.1100-01 
1 .?59D-01 
1.1050-01 
1.850D-01 
1.4700-01 

1.8010-18 
1.0260-15 
3.4830-13 
7.456D- 1 1  
1. 4790-08 
1.6740-27 
4.663D-24 5.9420-21 

4.2800-18 
4.8940-13 1.8 19D- 15 

1.2250-10 
1.7 100-30 
h . 6 0 4 0 - 7 7  

4.001880 01 -4.6340 00 -1.9420 01 
4.001910 01 7.9COD 00 -2.1330 01 
4.00190D 01 2.0080 01 -2.033n 01 
4.001920 01 -1.448D 01 -1.9OCD 00 
4.001920 01 -1.7930 01 -5.507D C O  
4.001920 01 -1.477D 01 -9.075D OD 

~~ 

8.0000 01 -1.7130-20 
8.00011 01 2.111D-16 
8.0000 01 1.2210-13 
8 . 0 0 0 0  01 3,1630-11 

1.0920-23 
1.0050-20 
5.558D-18 
1.9370-15 

4.00193~ 01 -1.0050 0 1  -1.2320 0 1  
4.001930 01 -4.077D 00 -1.4670 01 
4.00193D 01 4.536D 00 -1.415D 01 
4.00191D 01 1.194D 01 -1.0610 01 8.000D 01 9.2810-04 I.OOOD 00 6.1140-13 

L , I 
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Table A. 5 (continued) 

ITER.= 118 TIMl=5.900000D-01 PERIOD=U.7580650-02 TIIlE INCREIENT=5.000000n-O3 

VELOCITY 
IN 

X-DIRECT. 

VELOCITY WATER ELEV 
IN RATE 

Y-DIRECT. O F  CANNGE 

-1.4500 00 1.3080-01 
-4.1700 00 1.3340-01 
-6.6450 00 1.2660-01 
-fl.hu?n 00 i.1U60-01 

TENP. 5 
RATE 

TEIP. OF CAANGE 

8.0000 01 -1.1070-30 
8.0000 01 -4.7910-27 
8.0000 01 -8.2960-24 
8.0000 01 -7.1490-21 
8.0000 01 6.1130-17 
8.0000 01 2.9980-14 
8.0000 01 1.3460-11 
8.0000 01 -1.6230-34 
8.000D 01 -9.2680-31 
8.0000 01 -2.0830-27 
8.0000 01 -2.3511)-24 
8.0000 01 -1.3740-21 
8,0000 01 -2.3350-19 
8.0000 01 7.9750-16 
8.0000 01 -1.6600-38 
8.0000 01 -1.1950-34 
8.0000 01 -3.3510-31 
8.0000 01 -4.616D-28 
8,0000 01 -3.2400-25 
8.0000 01 -6.6690-23 
8.0000 01 4.7750-22 
8.0000 01 -1.0960-42 
8.0000 01 -9.7390-39 
8.0000 01 -3.3500-35 
8.0000 01 -5.5740-32 
8.000D 01 -4.7260-29 
8,0000 01 -1.1510-2h 
5.0000 01 2.1860-25 
8.0000 01 -7.9850-42 
8.000D 01 -5.2160-43 
8.0000 01 -1.9350-39 
8.0000 01 -3.9050-36 
8.0000 01 -4.0070-33 
8.0000 01 -1.1390-30 
8.0000 01 5.4600-29 
8.0000 01 -4.3710-38 
8.0000 01 -3.7460-40 
8.0000 01 -2.0310-42 
8.0000 01 -1.2960-40 
8.0000 01 -1.6230-37 
8.0000 01 -5.2010-35 
8.0000 01 7.1520-33 
8.0000 01 -1.6860-38 
8.0000 01 -1.5490-36 
8.0000 01 -9.0670-39 
8.0000 01 -1.8020-41 
8,0000 01 -1.311D-42 
8.0000 01 -2.8170-40 
8.0000 01 4.2250-37 
8.0000 01 -4.6430-31 
8.0000 01 -4.6490-33 
8.0000 01 -3.0380-35 
8.0000 01 -6.6940-38 
8.0000 01 -1.3320-40 
8.0000 01 -5.8230-44 
8.0000 01 7.2580-42 

I S S  CONCENTRATIONS 

CK (2) 
INDI- X -  Y- 

LOCRTION 
WATER 

IL EVA TIOH 

4.002000 01 
4.002000 01 
4.002000 01 

NODE CES LOClTION 

56000.00 
56000.00 
56000.00 
56000.00 
56000.00 
56000.00 
56000.00 
57000.00 
57000.00 
51000.00 

11 
17 
17 
17 
11 
17 
17 
18 
18 
18 
18 
18 
18 
18 
19 
19 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
23 
24 
24 
24 
24 
24 
24 
24 

1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
h 
7 

250.00 
750.00 
1250.00 

-1.731D 01 
-1.6010 01 
-1.3460 01 

1.0000 00 4.8iOD-34 
1.0000 00 2.5120-30 
1.0000 00 5.5950-27 

1150.00 
2250.00 
3000.00 
4000. 00 
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1150.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00 

0.002000 01 
4.002000 01 
0.002000 01 
U.00198D 01 
0.0P2100 01 -1.6270 01 -9.2390-01 1.3690-01 
4.002100 01 -1.536D 01 -2.6380 00 1.392D-01 
U.0071011 01 -1.1620 01 -4.101n 00 1.3620-01 

-9.8570 00 
-5.7010 00 
-3.0690-01 
4.1070 00 

1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.0000 1.0000 00 00 

1.0000 1.0000 00 00 

1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 

6.9770-24 
5.242D-21 
2.44903-18 
1.02RD-15 
8.4948-38 
5.9100-34 
2.9310-21 1.7650-30 

2.8730-24 
1.698D-21 
9.2110-19 1. 143D-41 

1.00 5D- 37 
3.8350-30 
8.0961)-31 
9.9250-28 

~~~ _. ~ .~ ~ 

-9.7390 00 1.2190-01 
-8.5950 00 1.419D-01 
-5.2000 G O  1 .U370-01 

51000.00 
57000.00 
57000.00 
57000.00 
58000.00 
580 00.00 
98000.00 
58000.00 
58000.00 
58000.00 
58000.00 
59000.00 
59000.00 
59000.00 
59000.00 
~ 9 0 0 0 . 0 0  
59000.00 
59000.00 

. ~ .~ ~~ . . ~ -  . ~ .. ~~ 

4.002100 01 -1.1310 01 -5.1250 00 1.4310-01 
4.002100 01 -8.8760 00 -5.5190 00 1.395D-01 
4.002100 01 -6.0150 00 -4.5720 CO 1.5410-01 
4.002090 01 -3.7670 00 -2.3230 00 1.544D-01 
4.002220 01 -1.725D 01 -5.6310-01 1.557D-01 
4.002220 01 -1.6650 01 -1.586D 00 1.5710-01 

1.5620-01 
1.5990-01 
1.5890-01 
1.6390-01 
1.621D-01 
1.7160-01 
1 .725D-01 
1.7210-0 1 
1.7420-01 
1.7UlD-01 
1.7700-01 
1.7660-01 
1.872D-01 
1.8780-01 
1.878D-01 
1.891D-01 
1.8950-01 
1.9120-01 
1.9150-01 
2.0320-01 
2.0360-01 

4.002220 01 -1.5540 01 -2.426D 00 
4.00221D 01 -1.4130 01 -2.9600 00 
4.002210 01 -1.2730 01 -3.11CD 00 

1.0000 00 

1.300D 00 
1.0000 00 

i.ooon 00 
7.1850-25 
4. 7480-22 
1.0650-45 

4.002210 01 -1.1110 01 -2.5090 00 
1.002210 01 
4.002310 01 
4.002340 01 
4.002340 01 
4.002341) 01 
4.002340 01 
4.002340 01 

4.002470 01 
4.002470 01 
4.002410 01 
4.002470 01 
4.002410 01 
4.002470 01 
4.002410 01 
4.002610 01 
4.002610 01 
4.002610 01 
4.002610 01 
4.002610 01 
4.002610 01 
4.002610 01 

4.00234D 01 

-9.9720 
-1.9770 
-1.9380 
-1.8690 
-1.7830 
-1.7010 
-1.6130 
-1.5440 
-2.3360 
-2.3 110 
-2.2filD 
-2.2 140 
-2.164D 
-2.1110 
-2.0710 
-2.1770 
-2.7600 
-2.7310 
-2.6950 
-2.6620 
-2.6280 
-2.6020 

00 -1.1910 00 
01 -3.3020-01 
01 -9,1920-C1 
01 -1.3890 00 
01 -1.6680 00 
01 -1.7250 00 
01 -1.3750 00 
01 -6.4170-01 
01 -1.8230-C1 
01 -5.0350-01 
01 -1.548D-01 
01 -8.9650-01 
01 -9.1740-01 
01 -7.2620-01 
01 -3.359D-01 
01 -8.6520-02 
01 -2.3810-01 
01 -3.5590-01 
01 -4.19SD-01 
01 -4.2740-01 
01 -3.3670-01 
01 -1.5240-01 

1.1460-41 
5. 4530-38 
1. 4310-34 
2.1570-31 

1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.000D 00 
1.0000 00 
1.0000 00 
1.0000 00 4.7160-42 
1.0000 00 1.5370-38 
1.0000 00 2.8450-35 
1.000D 00 3.0840-32 
1.0000 00 2.9360-29 
1.0000 00 3.9250-42 
1.0000 00 3.1990-44 
1.0000 00 3.7250-46 
i.aooo 00 8.9020-43 2.0540-39 

2.14 3.1210-33 SO- 36 

1.8090-38 
1.5580-40 
8.3320-43 1.5370-45 

6.11210-44 
1.1140-40 
1. W2D-37 
5.9180-35 
5. U6OD-37 
3.2170-39 
6.4430-42 
1.19303-44 
1.2750-45 
2.2580-42 

7.9130-28 
1.522D-25 
5.984D-46 
8.0840-46 

4000.00 
250.00 
750.00 
1250.00 
1150.00 
2250.00 
3000. n o  

60000.00 
60000.00 
60000.00 
60000.00 
60000.00 
hOOOO.00 
60000.00 
6 1000.00 
6 1000 .OO 
61 000.00 
6 1000 .OO 

4000.00 
250.00 

1250.00 
1750.00 
2250.00 

750.00 ~. 
2 .O 310-0 1 
2.046D-01 
2.0510-01 
2.06 10-0 1 
2.0660-01 

1.0000 00 
1.0000 00 
1.OOOD 00 

6 1000.00 
61000.00 
6 1000. OD 

3000.00 
uono.oo 
250.00 4.002760 01 -3.2870 01 -1.88iD-02 2.1950-01 
750.00 4.002760 01 -3.2740 01 -5.4110-02 2.197D-01 
1250.00 4.002760 01 -3.2500 01 -8.0560-02 2.1990-01 
1750.00 4.002760 01 -3.222D 01 -9.5150-02 2.2050-01 

62000.00 
62000 .oo 
h2000.00 
62000.00 
62000.00 
62000.00 
62000.00 
63000.00 
6 3000.00 
63000.00 
63000.00 
6 3 0 0 0 . 0 0  
63000.00 
63000.00 

1.OOOD 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.000D 00 
1.0000 00 
1.0000 00 
1.0000 1.000D 00 00 

1.000D 00 
1.0000 00 
1.0000 00 
1.0000 00 
1.0000 00 

2250.00 
3000.00 

4.002760 o ?  -3.196~ 0 1  -9.78on-02 2.210~-01 
4.002160 01 -3.1700 01 -7.6800-02 2.2150-01 
4.002760 01 -3.1500 01 -2.9630-02 2.2220-01 
4.002920 01 -3.8600 01 3.8120-02 2.3600-01 
4.00292D 01 -3.8460 01 9.9070-02 2.3610-01 
4.002920 01 -3.8220 01 1.458D-01 2.363D-01 
4.00292D 01 -3.1930 01 1.6860-01 2.367D-01 
4.002920 01 -3.7670 01 1.6630-01 2.3720-01 
4.002920 01 -3.7410 01 1.2920-C1 2.3730-01 
4.002920 01 -3.7220 01 6.7190-02 2.382n-01 

4000.00 
250.00 
750.00 

1250.00 
1150.00 
2250.00 
3000.00  
u000.00 



Table  A. 5 (continued) 

T T P R . =  118 TI*"==. 9000000-01 PERInn=U.75806LD-02 TIUE INCR?UEHT=5.0000000-03 

VELOCITY VELOCITY WATER ELEV. TEUP. SUBSTANCE HASS CONCENTRATIONS 
YATFR IN IN RATE: RATE 

ELEVATION X-DIRECT. Y-DIRECT. OF CHANGE TERP. OF CHANGE CK(1) CX ( 2 )  
INDT- Y -  Y- 

LOCATION 

250.00 
750.00 
1?50.00 

LOCATION 

611000.00 
h U O O O . 0 0  
h U 0 0 0 . 0 0  
6 U O O O . 0 0  
64000.00 
6 u n o o . 0 0  
F unoo.  00 
65000.00 
65OCO. 00 

NODE c v  
25 
25 
25 
25 
25 
25 
25 
26 
26 
26 
26 
26 
26 
26 
27 
27 
27 
27 
27 
27 
27 
2R 
28 
28 
28 
28 
2R 
28 
29 
29 
29 
29 
29 
29 
29 
30 
30 
30 
30 
30 
30 
30 
31 
31 
31 
31 
31 
31 
31 
32 
32 
32 
32 
32 
32 
32 

1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
U 
5 
6 
1 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 

6 
7 
1 
2 
3 
U 
5 
6 
7 
1 
2 
3 
U 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 

4.003080 01 
U.00308D 01 
4.003080 01 
4.003080 01 
U.003080  01 
U.003080 01 
4.003080 01 
4.003250 01 
4.003250 01 

4.003250 01 
4.003250 01 
4.00325D 01 

4.003250 01 

-4.4930 01 
-4.4750 01 
-4.4050 01 
- 4 . 4 0 R D  01 
- 4 . 3 7 6 0  01 
-11.3440 01 
-4.3210 01 
-5.1910 01 

9.6 9<D - 02 
2.55UD-01 
3.7U3D-01 
4.30 30-0  1 
4. 2350-01 
3.2610-01 
1.578D-01 
1.6900-01 
U.3830-01 
F .  3 4 9 0 -  C 1 
7.1990-01 
6.9890-01 
5.3020-01 

2.526D-01 8 . 0 0 0 ~  01 -9.315~28 1.0000 
1.0000 
1. OOOD 
1. OOOD 
1. O O O D  
1. OOOD 
1.0001, 
1.0000 
1.0000 
1.ooon 
I. ooon 

1.ooon 
1.0000 

1. 0 0 0 0  
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.OOOD 
1.0000 
1. 0 0 0 0  
1.0000 
1.0000 
1.0000 
1.000D 
1. 0 0 0 0  
1.OOOD 
1. OOOD 
1. OOOD 
1. 0 0 0 0  
1. O O O D  
1, 0000 
1. OOOD 
1 .  O O O D  
1. 0000 
1.0000 
1. OOOD 
1.0000 
1.0000 
1.0000 
1.0000 
1.0000 
1.003D 
1.0000 
1.000D 
1.000D 
1.0000 
1.000D 
1. 0 0 0 0  
1. O O O D  
1. 0000 
1.0000 
1.OOOD 
1.0000 
1. OOOD 

00 
00 
0 0  
0 0  
00 
00 
0 0  
0 0  
00  
0 0  
0 0  
00 
00 
0 0  
0 0  
0 0  
0 0  
00 
0 0  
0 0  
00 
0 0  
0 0  
00 
0 0  
00 
00 
00 
00 
0 0  
0 0  
0 0  
0 0  
00 
0 0  
0 0  
00 
0 0  
00 
0 0  
0 0  
0 0  
0 0  
0 0  
00 
0 0  
00 
00 
0 0  
00 
00 
0 0  
0 0  
00 
00 
00 

1.394D-31 
9.2140-36 l.401D-33 2.526D-01 

2.5280-0 1 
2.5310-01 
2.5 3hD-0 1 

~~ 

8.0000 01 -1.0320-29 
8.0000 01 -7.610D-32 
8 . 0 0 0 0  0 1  -1.8660-34 
8.ooon 01 -4.0220-37 

iSso.oo 
2250.00 
3000.00 
u 0 0 0 . 0 0  
250.00 
750.00 

2.044D-38 
4.0980-41 
1.9290-44 
5.0420-48 
2. U 12D-28 
2.683D-30 
1.9930-32 
4.9210-35 
1.0690-37 
5.3770-41 
1.136D-UU 
3. 1420-25 
3.9110-27 
3.3020-29 
9.1000-32 
2. 143D-34 
2.5620-41 1.154D-37 

3.1820-22 
U.  U 110-24 
4.232D-26 
3.324D-31 1.302D-28 

2.5340-01 
2.5450-01 

8 . 0 0 0 0  01 -2.0120-40 
8.0000 01 -4.2340-44 
8 .000D 01 -1.3970-24 
8 . 0 0 0 0  01 -1.7310-26 
8.0000 01 -1.U47D-28 
8.0000 01 -3.9560-31 
8.0000 01 -9.2230-34 
8.0000 01 -4.9420-37 
8 . 0 0 0 0  0 1  -1.0940-40 
8 . 0 0 0 0  01 -1.6210-21 
8 . 0 0 0 0  01 -2.2300-23 
8.0000 01 -2.1120-25 
8 . 0 0 0 0  0 1  -6.4320-28 
8.0000 01 -1.6210-30 
8.OOOD 01 -9.333D-34 
8.0000 01 -2.1790-37 
8.0000 01  -1.qObD-18 
8 . 0 0 0 0  0 1  -2.2400-20 
8 . 0 0 0 0  01 -2.3770-22 
8.0000 0 1  -8 .0540-25 
8.0000 01 -2.1950-27 

2.694D-01 
2.6920-0 1 
2.694D-01 

-5.1650 01 
-5.1200 01 
-5.068D 01 
-5.0220 01 

65000.00 1250.00 
65000.00 1750.00 
65000.00 2250.00 
65000.00 3000.00 

2.698D-0 1 
2 .70U0-01 
2.699D-01 -4.9790 01 

4.003440 01 -5.9580 01 

4 .00343D 01 - 5 . 8 U 8 D  01 
U . 0 0 3 4 3 0  01 -5.770D 01 
4,003430 01 -5.7040 01 
4.003430 01 -5.6440 01 7.0670-01 
4.003430 01 -5.6010 01 3.1940-01 

4.00325~ 01 -4.qu70 01 

U . O O ~ U U D  01 -5.9170 01 

11.003630 01 -6.7980 01 3.1131pn-01 

65000.00 
66000.00 
h 6 0 0 0 . 0 0  
660 00.00 
6F000.00 
6 6 0 0 0 . 0 0  
66000.00 
F 6 0 0 0 . 0 0  
h7000.00 

4000.00  
250.00 
750.00 
1250.00 
1150.00 
2250.00 
3000.00 
4000.00  
250.00 
750.00 
1250.00 
1750.00 
2250.00 

2. u 78n -ci ~ ~ ~ 2.7120-01 
2.6270-01 2.e6Un-01 
6.5220-C1 2.8710-01 
9.1920-01 2.8670-01 
1.0110 CO 2.8700-01 
9.5530-C1 2.8 7 6 0 - 0  1 

2.868D-01 
2.8850-01 
3.0140-01 
3.0510-01 
3.0390-0 1 
3.0430-01 
7.0370-01 
3.0280-0 1 
3.0550-01 
3.1250-01 
2 .894D-Ol 
3.0230-01 
3.199D-01 
3.2040-01 
3.1760-01 
3.245D-0 1 
3 .U97D-01 
3.1840-01 
3.0700-01 
3.5070-01 
3.5 770-01 
3.5360-0 1 
7.5430-01 
8.3290-0 1 
8.1210-01 
5.7hUD-01 

67000 .OO 
h7000.00 

67000.00 
6ioo0.00 

9.003630 0 1  -6.7330 01 8.396n-01 
4.003620 01 -6.6240 01 1.1360 00 
4.003620 01 -6.5080 01 1.16C.D 00 
4.003620 01 -h.UlhD 01 1.0230 00 

6 7 0 0 0 . 0 0  
67000.00 
68000.00 
68000.00  
68000.00 
68000.00 
68000.00 
h8000.00 
h8000.00 
69C00.00 
6 9000.00 
69000.00 
69000.00 
69000.00 
69000.00 
69000.00 
70000.00 
70000.00 
70000.00 

70000.00 
70000.00 
70000.00 
70750.00 
70750.00 
70750.00 
70750.00 
70750.00 
70750.00 
70750.00 

7onoo.oo 

3 0 o o . 0 0  
4000.00 
250.00 
750.00 
12'0.00 
1750.00 
2250.00 
3000.00 
unno.00 

4.003620 01 
4.003610 01 
U.003840 01 
4.003840 01 

4.003820 01 
4.003820 01 
4.003810 01 
4.003800 01 
4.00407D 01 
U.004070 01 
4.004060 01 -8.15lD 01 
4.004030 01 -8.005D 01 
4.00401D 01 -7.9340 01 
4.004000 01 -1.9050 01 
9.003990 01 -7.896D 01 
4.004180 01 -9.8690 01 
4.004190 01 -9.3550 01 
4 .00U20D 01 -8.9808 01 
4.004210 01 -8.8890 01 
4.004191) 01 -8.9160 01 

-8.9830 01 
-9.0320 01 
-8.68lD 01 
-8.930D 01 
-9.2620 01 
-9.5650 01 
-9.8100 01 
-9.9990 01 
-1.0110 02 

4.00383n 0 1  

-6.3400 01 
- 6 . 7 8 8 0  01 

7.1540-01 
3.1290-01 
4. 0700-C1 
7.6210-01 
8.9720-01 
7.11 40-01 
4.125D-01 
1.7420-01 
8.5630-02 
1.0340 00 

-5.1 290-01 
-1.6230 00 
-2.202D 00 
-2.3620 00 
-1.8850 00 
- 6.9 5<D- C 1 
-1.6330 00 
-6.6730 00 
-1.01€0 01 
-1.1070 01 
-1.oooD 01 
-h.941D 00 
-2.1990 00 
- 7 . 8 5 1 0  00 
-1.5610 01 
-2.14lD 01 
-2.2180 01 
-1.9260 01 
-1.2770 01 
-3.5930 00 

~~ 

8 . 0 0 0 0  01 -1.3631)-30 
8.0000 01 -3.3720-34 
8 . 0 0 0 0  01 3.0250-14 
8.0000 01 2.6650-16 

_ . ~  
1.921D-3U 
4.4960-38 2.5970-19 

3.902D-21 
-7.6830 01 
-7.5720 01 
-7.4090 01 
-7.2580 01 
-7.1510 01 

8 . 0 0 0 0  0 1  -2.0620-19 
8.0000 01 -7.7710-22 
8.0000 0 1  -2.2940-24 
8.0000 01 -1.5470-27 
8.000D 01 -4.0800-31 
8.0001) 01 1.8610-11 
8.0001) 01 2.8920-13 
8.000D 01 3.3590-15 
8 . 0 0 0 0  01 -5.744n-19 

4. 2220-23 
1. U49D-25 
4.0110-28 
2.500D-31 
6.19403-35 
1. 7460-16 
2.7460-18 

-7.0750 01 
-7.0280 01 
-8.5800 01 
-8.3790 01 

250.00 
750.00 
1250.00 
1750.00 

3.303D-20 
1.263D-22 
3.7870-25 
2.5670-28 
6.7890-32 

2250.00 
3000.00 
u000.00 
25U.00 
150.00 
1250.00 
1750.00 
2250.00 
3 0 0 0 . 0 0  
4000.00 
250.00 
190.00 
1250.00 
1750.00 
2250.00 
3000.00 
u000.00 

. .  
8.000D 01 -1.8470-21 
8.0000 01 -1.3690-24 
8.0000 01 -3.8830-28 
8.0000 01 9.3160-09 9.U98D-14 
B.0000 01 1.367D-10 
8.0000 01 1.8910-12 
8.000D 01 8.3820-15 
8.0000 01 -1.1U6D-18 
8.000D 01 -9.3870-22 
8.0000 01 -2.8800-25 
8.000D 01 2.4170-06 
8.000D 01 4,5370-08 
8 . 0 0 0 0  01 6.8310-10 
8.0000 01 3.6440-12 
8.000D 01 1.3708-14 
8.0000 01 -4.7610-19 
8.0000 01 -1.5970-22 

1.534D- 15 
2.0290-17 
8.60303-20 
2.0500-25 2.17 3D- 22 

5.7 970-29 

3.6880-01 
3.9080-01 
3.727D-0 1 
3.6440-01 

-2.950D 00 
-6.0070-01 
6.189D-02 
2.U28D-01 
2 .21OD-Ol 
3.0340-01 
3.523D-01 

4.004180 01 
4.004170 01 
4.004950 01 3.9510-11 6.6010-13 

9.345D- 15 
4.392D-17 
1.508D- 19 
1.2210-22 
3.7140-26 

4.00'4470 01 
4.004350 01 
4.004380 01 
4.004360 01 
4.00433D 01 
4.004320 01 



I ? 

Tab1 e A. 5 (continued) 

ITER.= 118 TIUE=5.900000D-01 PERIOD=4.7580650-02 T I M E  INCREflENT=S.000000D-O3 

VELOCITY VELOCITY WllTER E L E V .  TEMP. SUBSTANCE UASS CONCENTRATIONS 
I N D T -  X- Y -  YRTER I N  I N  RATP RATE 

NODE CES LOCATION LOCATION ELEVATION X-DIRECT. Y - D I R E C T .  O F  CHANGE TEMP. O F  CHANGE CK(1) CK ( 2 )  

33 1 71250.00  250.00 4.004470 01  -7.6280 01  -1.016D 02 2.7S9D 0 0  8.000D 0 1  
8.0000 01 
8 .0000  0 1  
8.0000 0 1  
8.0000 01 

4.00'4430 0 1  -1 .1020 02 -1.839D 01 4.313D-01 8 . O O O D  01  
4 . 0 0 4 4 3 0  0 1  -1.1090 02 -4.7561) 00 4.2890-01 8 . 0 0 0 0  0 1  

8.0000 01 

8.0000 01  
8 . o o o n  0 1  

8 . 0 0 0 0  01 
8 . o o o n  0 1  
8.ooon 0 1  
8 . o o o n  0 1  

8 . o o o n  0 1  

8.ooon 01 

8 .0040  01  

8 . 0 0 0 0  0 1  

8 .0000  01  
8.0000 0 1  
8 . 0 0 0 0  01 
8 .0540  01  
8 . 0 0 3 0  0 1  
8 . O O O D  01  
8 . 0 0 0 0  0 1  

8.OOOD 01 
8.ooon 0 1  

8.onnn n i  

2.9390-04 i . o o o n  00 9.2070-09 
1.292n-10 
1.746D-12 
P.686D-15 
3.1980-17 
2.86 10- 20 
9. 4850-2u 

1.9660-10 1 .31  3 0 - O R  
8.8usn-07 

1 . 1 5 1 ~ - 1 2  
u , 8 6 0 ~ -  15  
5.0350-18 
1.8770-21 
2.0360-05 

3 3  
33 
33 
3 3  
33 
31  
34 
34 
34 
34 
34  
3u 
34 

71250.00 750.00 4 .004390 01 -8.9530 01 -7.hOfD 01 2.746D 0 0  
71250.00  1250.00  0.004380 0 1  -1.0090 02 -5 .5210 01 2 .0200 0 0  

71250.00 2250.00 4.004120 0 1  -1.0880 02 -3 .0190 01 1.4000-01 
71250.00 3 0 0 0 . 0 0  

71250.00 1750.00 U.OOUUOC 01  -1.0620 02  -11.063~ 01 1 .0780  00 

5.8220-06 1.000D 0 0  
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Table A. 5 (continued) 
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u . n i i i i n  0 1  -3.f i860 02 

0 . 3  1 CD - 03 
1.11590-02 

1.0OOD 00 
1.00OD 00 
i . o o o n  o n  

9 .  3050-23 
9.3100-23 
9 .  317D-?3 

250.  0 0  
750 .00  

1250 .  n o  
q3500.00  1750.00 

43500.00  3 0 0 0 . 0 0  
9 3 5 o o . 0 0  2250.00  

935110.00 anno.00 

u . o i i i i n  0 1  -3.6880 02  
u . n i i i i D  n i  - 3 . 6 ~ 0  02 
4.011110 01  -3 .6920 0) 

1.7 130-02 
2 .OOiD -02 

1 .7670-02  
1 .00 lD-02  

2.0671)-02 
i . nooo  on 0.3260-23  
l.OO0D 0 0  9.33110-23 
1 .0000  00 9 . 1 4 3 0 - 2 3  
1 .0000 0 0  Q.3490-23  

4 . O l l l l n  0 1  -3 .694c  02 
U.011110 01  -3.6950 02  

103500.00  

103500.00 

103500.00 
10 3500.00  

in35n0 .00  

in3500 .00  

in?5no .nn  

250 .00  u.clU570 0 1  - 5 . 1 ~ ~  02 

1250 .00  u.oiu570 0 1  - 5 . i o h n  02 
750.00  4.01457n 01  -5.1050 02 

1 7 c 0 . 0 0  

0 . 9 2 i n - c 3  f i .02nn-ni  8.00011 31 -2 .~1420-15  
7 .32 f in -03  h . 0 2 2 ~ - 0 1  R . O O O D  n i  -2.01120-15 
1.0280-02 fi.02OD-01 8.0000 31 -2.042D-15 

1.fl30D 00 
1.0000 00 

1.00011 00 

1 .0000  00 
1.0000 00 

1 .0000  0 0  

1.0000 0 0  
1.0000 0 0  
1.0000 0 0  
1.0000 00 

i . o o o n  00 

1 .0000  o o  

i . ooou  o n  

i . oaon  o o  

1. 1520-19 ~~ 

1 .  1520-19 
1. 1530-19 
1.1530-19 
1. 15UD-19 
1. 15UD-19 

u . o i u 5 7 ~  0 1  - 5 . 1 0 7 ~  0 2  1 , 1 7 6 0 - 0 2  
1.1250-02 
I .  0 9 ~ n - c ?  

6.02OD-0 1 
6.019D-01 
h .o i ' i n -01  

8.nnoo 0 1  -2 .0430-15  

8.0000 0 1  -2.n44n-1% 
8 . 0 0 0 0  01 -2.0430-15 

8.0000 01 -2.bUUD-15 
8.0000 01 -1.2930-12 
8.0000 01  -1.2430-12 
8 .0000  01  -1.293D-12 

8.0000 01  -1.29UD-12 
8.0000 0 1  -1.244D-12 

8.000D 01  -5.UllD-10 
8 . 0 0 0 0  01  -5.411D-10 

8 . 0 0 0 0  01  - 1 . 2 9 ~ ~ - 1 2  

8 . o o o ~  0 1  -1.29411-12 

8.oono 01 - 5 . 0 1 2 ~ - 1 0  
8.0000 n i  -5.4120-10 
8 . o o n n  0 1  - 5 . 4 1 3 ~ - 1 0  1.Ooon P o  
8 . 0 0 0 0  01 -5.4130-10 1.0000 C 0  

2250. n o  
7000.00 
unnn.nn 

4.014570 01  -5.1080 02 
0.014570 0 1  -5.1090 02 
P . C I U ~ ~ O  01 -5.1100 02 
u .o i8uun  0 1  - 6 . 1 0 5 0  02 
u.ni8uun 0 1  - 6 . 7 0 ~ ~ ~  02 
u.018uun 01 - 6 . 7 0 6 ~  02 
u .o i8uun  01  -6.7070 02 
0.018440 01  -6 .7070 02 
4.0181140 01  -h.70RD 02 
U.OlBU4II 01  -6.7090 02 
4.022770 01  -R.5400 02 
4.022770 01 -8 .5410 02 
u.022770 01 - 8 . 5 ~ 1 0  02 
11.n227in 01  - 8 . ~ 4 2 ~  02 
4.022770 01 -8.5420 02 

1.32 lD-02 
5 .55  3n-c 3 
4 . n u  un - c  3 
1 .3  160-02 
i . 5 o ~ n - 0 2  

6 .0180-01  

6.RR5D-01 
6.984D-01 
h .R85D-01 
6 .8861-01  
h .R840-01 
h . 8 8 8 0 - 0 1  
7.9450-0 1 
7 .9460-01  
7.4450-01 
1.4U60-01 
7.1070-01 
7 .945n-o1 

h.RR4n-01 
1.15'=0-19 
9.042P-17 9.0630-17 

a .  0 6 4 0 -  17 

9.0680- 17 
9. 0700-17 

4.h29C-14 
4 .  62O0-14 
4.62 9D- 14 
U.6300-14 
0.6300-14 
4 .  h 3  10-lU 
4. 6 3  10- 14 

0 . 0 6 6 ~ - 1 7  

9.0720-17 

~~ ~ 

11 3 5 0 0 . 0 0  
11 3500.00  
113500.00 
11 3 5 0 0 . 0 0  

~.~ 
250.00 
750 .00  

1250.00 
1750.00  

113500.00 
113500.00 
113500.00 
123500.00 
123500.00 
123500.00 

123500 .00  
123500.00 

2250.00  
3 0 0 0 . 0 0  
4000.00 

250 .00  
750,OO 

1250.00 
1150.  on 
2250.00 
3 0 0 0 . 0 0  
4 0 0 0 . 0 0  

250.00  
750 .00  

1250.  o n  
i i 5 n . n n  

1.51 50-02 
1.42'0-02 
1 .~17cn-02  
11.5020-03 
7 .  SC6D-03 
1 .1160-02  
1.331D-02 
1.32CII-C2 

1.oonn 00 
1.0000 00 
1.0000 0 0  
i . ooon  o o  

123500.00 
123500.00 
133500.00 
133500.00 

4.022770 01 -8.5020 02 
4.022770 0 1  -8.5430 02 
4.0275511 01  -1.06511 0 3  
u . 0 ~ 7 5 5 ~  01 -1.0650 03  

1 .2390-02  
1.3510-C2 
3 .3 lqn-C3 
5 .3640-03  

1 .9490-01  
9 ,1530-01  
9 .15UD-O1 

133500.00  7.936D-C3 
9.50LD-C3 
4 . 4 4  10-03 
9 . 0  3 20-03 

2 .3710-03  

5 . 4  ZRD-C3 
h .5140-03  

1 .0350-02  

3.6700-03 

~ . u ~ w - o ?  

Q .  1500-01 
9.155D-01 8.0000 01  -1.4290-07 
9.15511-01 8 . 0 0 0 0  0 1  -1.4290-07 
4.15uD-01 8.0000 0 1  -1.n2qn-07 
9 . 1 5 7 ~ - 0 1  R . O O O D  0 1  -1.u29n-07 
i . o u 6 0  00 8 . 0 0 0 0  0 1  -2.3230-05 
i .ouhD on 8 . o o o n  01 -2 .3230-05  
I . O U ~ , O  nn 8 . 0 0 0 0  01  -2.3230-05 

i . o u h n  no 8 . 0 0 0 0  01  - 2 . 3 2 3 ~ 0 '  
i . o u h n  00 
i . o u 6 n  no 

1.04611 0 0  8 . 0 0 0 0  0 1  -2.3230-05 

1 .1780  0 0  
1 .1780  00 
1 .1780  0 0  
1 .1780  0 0  
1 . 1 7 8 0  0 0  

1 . 1 7 8 0  0 0  
1.309D 00 
1 .7090  0 0  

1 . 1 7 8 ~  o n  

1 .3090  o o  
1 .3090  no 
1.304D 0 0  
1 .309P  0 0  
1.309D 0 0  

133500 .00  
i335no .00  
133500 .00  

143500 .  oo 
133500 .00  
1 U3c00.00  

1U3500.00 
' U3500.00 
143500.00 
lU3500.00 
1 4 3 5 0 0  . O O  
153500 .  00 
1 5 3 5 0 0 . 0 0  
1 5 3 C 0 0 . 0 0  

1 .0000  0 0  .... 
2250.00 
3000.00  
4 0 0 0 . 0 0  

250 .00  
1 5 0 . 0 0  

i . noon  00 
i . o o o n  oo  
i . ooon  o n  
1.oonn n o  
i . n o o n  00 

i . ooon  o n  
i . o o o n  o n  3.2900-09 
i . o o o n  0 0  3.2900-09 
1 .onon  0 0  U . U O I D - 0 7  

1 .000n  0 0  4.401D-07 
i . ooon  on 4 . ~ 0 1 ~ - 0 7  

1 .0000  00 
1.0000 0 0  

1.0000 0 0  11.4010-0' 

1 .0000 00 4.4020-07 
1.000n 0 0  4.4020-07 
1 .0000  00 11.4020-07 

3 . 5 0 3 0 - 0 5  
3.5030-05 
3 . 5 0 3 0 - 0 5  
3.5030-05 
3.5030-02 
3 . 5 0 3 0 - 0 5  
3.503n-05 

1.5390-11 
1.5390-11 
1.5390- i 1 
3.2890-00 

3.2900-09 
3.2890-09 

3.2900-09 
3.2900-09 

1250.00 
1750.  0 0  
2250.00 

4 0 0 0 . 0 0  
250.00 
750 .00  

1250 .00  

3noo.nn  

i75n .nn  

6 .2940-03  

1.589D-03 
7 .5630-03  

8 . 0 0 0 ~  01  - 2 . 3 2 3 0 - 0 5  
8.00on 01  -2.32311-05 
8 . 0 0 0 0  Ol -2 .2100-03  
8 . 0 0 0 0  01  -2.2100-03 
8 . 0 0 0 0  0 1  -2.2100-03 

4.032710 0 1  -1.3070 0 3  
U.0327ln 0 1  -1.3070 0 3  
u.03618n 0 1  -1.'800 0 3  

2 .4400-03  
3.6000 - 0 3  
4. 3 160-03 153500.  o n  

153500.00 2250.00 4.038170 0 1  -1.58nn 0 3  

153500.00 unoo.oo 4.038170 0 1  -1 .5800 0 7  
1 ~ 3 5 0 0 . 0 0  2'0.00 u . 0 0 3 8 1 ~  0 1  - 1 . 8 8 5 ~  0 3  

u.ou381n 01  -1.8850 0 3  

153500.00 3000.GO 4.03817Tl 0 1  -1.5800 0 3  

8.00on 01 -2.2100-03 
8 . o o o n  0 1  -2 .2100-01  
8 . n n o n  n i  - 2 . 2 1 0 ~ - 0 3  

7 .9990  0 1  - i . i i o o - o i  
7.9990 01  -1.11110-01 
7 .099n  0 1  - i . i i 0 0 - 0 1  
7.949n n i  - i . l l O n - 0 1  1.0000 0 0  
7 .9990  01  - i . i i 0 0 - 0 1  1 .ooon  00 
7 .9990  0 1  - i . i i o n - n i  1 . 0 0 0 ~  0 0  
7.99411 01 - i . i i o n - n ~  1.0oon 0 0  

8 .0000  0 1  -2 .2100-03  
1.0000 0 0  
1 . 0 0 0 0  0 0  
i . o o m  no 

163500.00 
163500.00 
1 ~ 7 ~ n n . n n  

750.00 
1250.00 

l .UU~D-C3 
2.123D-03 
2 . 5 2 i n - 0 3  

4.043RlD 01  -l.@R5D 0 3  
1750 .00  4.04781O 01  -1.8850 0 3  

3 0 0 0 . 0 0  4.043810 01  -1 .8850 03 
4 0 0 0 . 0 0  4.043810 0 1  -1.885D 0 3  

2250.00  u.ou38in 0 1  -1.8850 0 3  
. .-... 

163500.00 
1 f i3500 . O O  
163500.00 

2 .4860-03  
2 .3580-03  
2 .6680-03  



Table A. 5 (cont inued)  

ITER.= 1 1 R  TlnE=5.900000D-01 PERIOD=4.75806CD-02 TINE INCRENENT=5.000000D-03 

VELOCITY VELOCITY WATER ELEV. TEIP. SUBSTANCE M I S S  CONCENTRATIONS 
I N n T -  X -  Y- UATER IN IN RATE RATE 

NODE CFS LOCRTION LOCRTION ELEVLTION X-DIRECT. Y-DIRECT. OF CARNGE TEHP. OF CRINGE CK(1) CK (2) 

51 1 113500.00 250.00 4.C4950D 01 -2.2140 03 2.36CD-04 1.UOlD 00 7.9440 01 -2.2460 00 9.9850-01 1.500D-03 
57 2 173500.00 150.00 4.0U9500 01 -2.2140 03 5.5550-04 1.4010 00 7.9440 01 -2.2460 0 0  9.985D-01 1.500D-03 
51 3 113500.00 1250.00 U.OU95OD 01 -2.2140 03 7.9UlD-04 1.UOlD 00 1.9UUD 01 -2.246D 00 9.985D-01 1.500D-03 
51 0 173500.00 1750.00 4.Clr950D 01 -2.2140 03 8.92UD-04 1.UOlD 00 1.94UD 01 -2.246D 00 9.985D-01 1.500D-03 
51 5 177500.00 2250.00 U.0495On 01 -2.2140 03 8.6030-04 1.401D 00 1.94UD 01 -2.246D 00 9.985D-01 1.500D-03 
57 6 173500.00 3000.00 4.04950D 01 -2.214D 03 6.5850-04 1.4Oln 00 1.944D 01 -2.246D 00 9.985D-01 1.500D-03 
51 1 173500.00 UOOQ.00 U.CU9500 01 -2.214D 03 3.011D-04 1.4OlD 00 7.944D 01 -2.246D 00 9.985D-01 1.500D-03 

IHCOO21 STOP 0 

. 

w w 
0 



. . 

Table A , 6 .  Output Information f o r  Sample Problem No. 2 at Time = 37.205 h r  
t h e  Reduced Version of  t h e  Program 

ITER.=2479 TI8P=3.7205000 0 1  PERIOD=3.0004030 CO I I 8 P  1NCREOENT=5.0000000-03 

I N D I -  1- 
NODE CES 

1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
7 
7 
7 
7 
8 
8 
8 
8 
8 
8 
8 

1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
7 

LOCATION 

5000.00 
5000.00 
5000.00 
5000.00 
5000.00  
5000.00 
5000.00 

15000.00 
15000.00 
15000.00 
15000.00 
15000.00 
15000. 0 0  
15000.00 
25000.00 
25000.00 
25000.00 
25000.00 
25000.00 
25000.00 
25000.00 
35000.00 
35000.00 
35000.00 
35000.00 
35000.00 
35000. 0 0  
35000.00 
45000.00 
U5000.00 
45000.00 
B5000.00 
45000. 00 
45000.00 
45000.00 
50250.00  
50250.00  
50250.00 
50250.00 
50250.00 
50250. 0 0  
50250.00 
50750.00 
50150.00 
50750.00 
50150.00 
50150.00  
50150.00 
50750.00 
51250.00 
51250.00  
51250.00 
51250.00 
51250.00 
51250.00  
51250.00 

Y -  
LOCATION 

250.00 
150.00 

1250.00 
1150.00 
2250.00 
3000.00 
4000.00 

250.00 
150.00 

1250.00 
1150.00 
2250.00 
3000.00 
4000.00  

250.00 
150.00 

1250.00 
1150.00 
2250.00 
3000.00 
4000.00  

250.00 
750.00  

1250.00 
1750.00 
2250.00 
3000.00 
4000.00  

250.00 
150.00 

1250.00 
1150.00 
2250.00 
3000.00 
4000.00  

250.00 
150.00 

1250.00 
1150.00 
2250.00 
3000.00 
9000.00 

250.00 
750.00 

1250.00 
1150.00 
2250.00 
3000.00 
4000.00  

250.00 
750.00 

1250.00 
1150.00 
2250.00 
3000.00  
4000.00 

VELOCITY VELCCITY UATER ELEV. TEMP. 
UATER I N  I N  RATE 

ELEVATION X-CIRECT. Y - D I R E C T .  OF CHANGE 

3.963100 0 1  -5.1760 01  -2.6850 0 0  
3.963140 01  -5.0140 0 1  -7.26SC 0 0  
3.963190 0 1  -4 .7260 C1 -1.3440 01  
3.963320 01  -11.3610 0 1  -1.6flor 01  

1.4510 00 8.0000 0 1  
1.3470 00 8.0000 0 1  
1 .1160 00 8.0000 0 1  
7.9R5n-01 8.0000 01 ... . ..... ~ ~ . ~ ~ .  

3.963540 01  -4.1330 C1 -9.781C 0 0  2.0850 0 0  8 . 0 0 0 0  0 1  
3.963100 0 1  -4.324C C1 6.5lSC 00 3.4210-01 8.0000 0 1  
3.962690 01  -4 .6270 0 1  6.9440 0 0  1.5430 00 8.0000 0 1  
3.963150 01  -4 .2920 0 2  -1.30tC 00 1 .6390  00 8.0000 01  
3.963150 0 1  -4.27911 C2 -3.4640 0 0  1.6100 0 0  8.0000 01  
3.963130 01 -4.2560 C2 -6.057C 00 
3.963120 0 1  -4 .2280 02  -1.1811: 0 0  
3.963140 01  -4 .2080 0 2  -3.229C 00 
3.963020 0 1  -4.2110 02 2 .7860 0 0  
3.962990 0 1  -4.2220 02 3.335C 0 0  
3.962920 01  -8.0870 0 2  -1.1910-01 
3.962920 01  -8.0750 02 -4.161C-01 
3.962900 0 1  -8.0550 C2 -6.596C-01 
3.962880 0 1  -8.0290 0 2  -7.325C-01 
3.962810 01  -8.0060 02  -4.3020-01 
3.962900 0 1  -7.9910 02 -7.33CE-02 
3.962960 0 1  -7.9820 C 2  -2.2020-01 
3.962440 0 1  -1.193C 0 3  4.55CC-01 
3.962450 01  -1 .1920 0 3  1.4380 0 0  
3.962460 0 1  -1.1890 C3 2.2551: 00 
3.967480 0 1  -1.1860 0 3  2.1660 00 

1 . 5 8 9 0  00 8.0000 0 1  
1.4020 00 8.0000 0 1  
1.2340 0 0  8.0000 0 1  
1.3130 00 8.0000 0 1  
1.6250 0 0  8.0030 0 1  
1 .5090 00 8.0000 0 1  
1.5110 00 8.0000 01  
1.5130 00 8 .0000 0 1  
1.5300 0 0  8.0000 0 1  
1.5340 00 8.0000 0 1  
1.5130 0 0  8.0030 01  
1.4460 00 8.0210 0 1  
1.4880 0 0  8 .0000 0 1  
1 .4920 00 8.0000 0 1  
1.5180 0 0  8.0000 0 1  
1.5520 00 8.0000 0 1  

TERP. 
RkTE 

O F  CHINGE 

3.8610-08 
2.6930-08 
1.9730-07 
1 .479D-06 
8.6650-06 
8.6050-05 
6.3310-04 
2.0330-06 
6.47 10-07 
1.3650-06 
1.8580-05 
1.9390-04 ~ . .  
1.6320-03 
1.1110-02 
3.0180-05 
9.4480-06 
9.5100-06 
1.1800-04 
1.2050-03 
9.4670-03 
5.9120-02 
1.6 4 60-04 
5.2550-05 
4.4510-05 
4.5110-04 
4. 1310-03 3.965510 01 -1.1820 03  5 . 1 8 9 C  0 0  1.5830 00 8.0020 0 1  

3.962610 0 1  -1 .1780 03  2.3980 0 0  1 .5560 00 8.0130 0 1  2.9230-02 
3 .962810 0 1  -1.1150 03  2.20OC 00 1.4410 0 0  8.0820 0 1  1.5950-01 
3.961880 0 1  -1.5840 0 3  1.4250 00 1.3520 00 8.0000 0 1  5.8270-04 
3.961880 01  -1.5830 0 3  4.3451: 0 0  1.3560 00 8.0000 0 1  1.1120-04 
3.961890 
3.961900 
3.961910 
3.962010 
3.962240 
3.961610 
3.961610 
3.961600 
3.961600 
3 .961600 
3.96 1740 
3.962150 
3.961650 
3.961640 
3.961640 
3.961630 

0 1  
0 1  
0 1  
0 1  
0 1  
01  
0 1  
01  
0 1  
0 1  
0 1  
01  
0 1  
0 1  
01  
0 1  

-1.5810 
-1.5760 
-1.5700 
-1.56OC 
-1.5520 
-1 .7930 
-1.7920 
-1.7890 
- 1.7840 
-1.7760 
-1.7560 
-1.7340 
-1 .8150 
-1.8 1 4 0  
-1.8 120  
-1.8080 

c 3  
0 3  
03 
0 3  
c 3  
0 3  
0 3  
0 3  
c3 
0 3  
c 3  
0 3  
03  
0 3  
0 3  
03  

7.2121: 
1.0290 
1.2910 
1.665C 
2 . i550  
1.989C 
6.C640 
1.053E 
1.5620 
2.1OlC 
3. C55D 
4.52CC 
1.6580 
5.275C 
9.6130 
1.5530 

0 0  
0 1  
0 1  
0 1  
01 
0 0  
0 0  
01 
0 1  
0 1  
01 
01  
00 
0 0  
00 
01  

3.961630 01  -1.8010 C 3  2.4490 01  
3.961630 01 -1.7170 0 3  4 . 6 3 5 C  01  1.9940 00 8.1160 01  
3.961530 01  -1.7490 C3 8.C310 0 1  4.5410 00 8 .6110 0 1  
3.961690 0 1  -1.836C 0 3  9.305C-01 1.3780 00 8 .0010 0 1  
3.961690 0 1  -1.8360 03  3.2081: 00 1 .3800 00 8 .0000 0 1  
3.961680 0 1  -1.8350 0 3  6 . 4 1 1 t  0 0  1.3320 0 0  8.0000 01  
3.961660 0 1  -1 .8350 0 3  1.1650 01 1.3130 00 8.0030 0 1  

1 .3100 00 8.0000 0 1  
1 .3940  00 8.0000 01  
1.9830 00 8 .0050 0 1  
1.4660 00 8.0330 0 1  
1.9120 00 8.2000 0 1  
1 .3670  0 0  8.0000 01  
1.3120 00 8 .0000 0 1  
1.3490 0 0  8.0000 0 1  
1 .3590 00 8.0020 0 1  
1.3250 0 0  8.0160 01  
1 .0200 00 8 .1010 0 1  

-6.0270-01 8.5430 0 1  
1.4390 00 8 .0010 0 1  
1.4460 00 8.0000 01  
1 .4630 00 8.0000 01  
1.5150 00 8.0020 0 1  
1.6580 00 8 .0200 0 1  

3.961650 01  -1.8330 0 3  2.22CE 01  8.2280-01 8.0220 0 1  

2.1120-04 
2.3290-03 
2.0060-02 
1.1460-01 
5.1120-01 
8.8980-03 
2.4690-03 
1.7680-03 
1.5160-02 
1.1240-01 
4.9590-01 
2.1880 00 
1.4300-02 
3.9280-03 
2.0420-03 
1.5050-02 
9 .31  30-02 
3.2440-01 
1.2430 00 ~ .. 
2.1940-02 
5.9830-03 
2.2930-03 
1.3200-02 
6.9880-02 

3.961420 0 1  -1.8280 0 3  5.2110 0 1  1 .3200 00 8 .1250 0 1  1.7110-01 
3.960580 01  -1.8190 0 3  9.996C 0 1  -2.0320 00 8.6540 01  4.2810-01 



Table A. 6 (continued) 

ITER.=2419 TIHF=3.7205CUD c 1  P E A I O D = 3 . 0 0 0 4 0 3 0  C O  T I U E  1 N C R E ~ E N T = 5 . 0 0 0 0 0 0 0 - 0 3  

Y -  
L O C A T I O N  

250.00 
150 .00  

1250.00 
1750.00 
2250.00 
3 0 0 0 . 0 0  
4 0 0 0 . 0 0  

250.00 

UATLR 
E L E V A T I O N  

3.9617413 01 
3.96174D 01 
3.961730 01 
3.961120 01 
3.961720 01 
3.9616113 01  
3.9611613 01 
3.961790 01 

V E L O C I T Y  V E L C C I I Y  
I N  IN 

'I-CIRECT. I - D I R I C T .  

UATER E L E V .  
R A T E  

OF C H A N G E  

TEIP. TEUP. 
RRTE 

OF C H A N G E  

3.1990-02 

I N D I -  X -  
N O D E  CES L O C A T I O N  

9 
9 
9 
9 
9 
9 
9 

10  
10  
1 0  
1 0  
10  
10  
10  
11  
11 
11  
1 1  
1 1  
11  
1 1  
12  
1 2  
1 2  
1 2  
12  
12  
1 2  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
14  
14  
14  
1 4  
14  
14  
1 4  
1 5  
1 5  
1 5  
1 5  
1 5  
1 5  
1 5  
16  
1 6  
16  
16  
1 6  
1 6  
1 6  

1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 

51750.00 
511 50.00 
51150.  00 
51750.00 
51750.00 
51750.  00 
51750.00  
52250.00  
52250.00  
52250.00  
52250.00  
S2250.00  
52250.00  
52250.00 
52150.00  
52150.00  
52150.00 
52150.00  
52750.00  
52750.  0 0  
52150.00  

-1.8540 0 3  -1.613C-01 
-1.8550 0 3  -2.72CE-01 
-1.856C 0 3  1.026C-01 
-1 .8590 0 3  1.45iC 0 0  
-1 .8640 03  5 .691 t  0 0  
-1 .8830 C 3  1.59e0 0 1  
-1.91OC 0 3  4.253C 01  
-1 .8710 C 3  -1.35OC 0 0  

3.9fi1-19~ 01 -1.8110 c 3  - 4 . i q u t  o n  

1 .4110  0 0  
1 .4160  00 
1.4500 00 
1.5150 0 0  
1.6900 0 0  
2 .3660 00 
6 .5100 00 
1 .3940  0 0  
1 .3890  0 0  
1 .3520  0 0  
1.2980 O C  
1.0930 00 
4.9230-01 

-3 .7970 0 0  
1.4140 00 
1.4120 0 0  
1.4560 00 
1.4300 00  
1.9530 00 
1.5540 0 0  
4.9150 0 0  

8.0020 0 1  
8.0000 0 1  
8 .0000  0 1  
8.0030 0 1  
8.0240 0 1  
8 .1310 0 1  
8.6830 0 1  

8.6960-03 
2.577D-03 
1.1210-02 
5. 9440-02 
1.1730-01 
3.2660-01 
4. 4360-02 
1 .2080-02  
2.9500- 03  
9 .3150-03  
4.4030-02 
1.03UD-01 

8.0030 0 1  
8 .0010  01  
8 . 0 0 0 0  0 1  

150.00  
1250.00 3.961790 01 -1 .8120 C; - 1 ; U O l D  0 0  
1150.00 3.961810 01 -1.8750 C3 -1.1300 0 1  
2250.00 3.961810 01 -1.8810 03  -1.72OC 01  
3000.00  3.961910 01 -1 .9010 0 3  -3.1550 01  

8.0030 0 1  
8 .0260 0 1  
8 .1340 0 1  

4000.00 3.962280 01  
3.961840 01 
3.9618UD 01 
3.961850 01  
3.961880 01 
3.961890 01 
3.962140 01  
3.96298D 01  
3.961880 01  
3.96188D 0 1  
3.961890 0 1  
3.961900 0 1  
3.961920 0 1  
3.961990 0 1  

-1 .9290 0 3  -5.298C 0 1  
-1 .8840 C3 -2 . i33C 00 
-1.8840 0 3  -7.071C 0 0  
-1.8840 03  -1.2830 01 
-1.8840 0 3  -2.03CC 0 1  
-1.885C 03  -3.231C 0 1  
-1.8820 0 3  -6 .260t  0 1  
-1.8770 C3 -1.C79C 02 
-1.8970 0 3  -2.559C 0 0  
-1.8960 03  -B.OOCt 00 
-1.8940 0 3  -1.420C 0 1  
-1.8920 0 3  -2.1780 01  
-1.8870 C 3  -3.190C 0 1  
-1.8690 0 3  -5.2170 0 1  

8.6940 0 1  .. .~ . 
8.0040 0 1  5.8770-02 
8.0010 01  1.6100-02 
8.0000 0 1  3.4430-03 
8.0030 0 1  8 .1740-03  

3.7780-01 
250.00 
150 .00  

1250.00 
1150.00 
2250.00 
3000.00  
4000.00  

250.00 
750.00 

1250.00 
1750.00 
2250.00 
3000.00 
4000.00 

8.0260 0 1  
8.133D 0 1  

5.2320-02 
2.458D-01 
4.9690-01 
7.5000-02 
2.0740-02 
3.94lD-03 
5.5060-03 
3.086D- 02  
1.1010-01 
3.9 130-01 
9 . 3  120-02 
2.6050-02 
4.6400-03 
3.0440-03 
1.6140-02 
6.0240-02 
9 .159  0- 02  
1.1310-0 1 
3.2230-02 
5.5440-03 
4.1680-04 

8.7040 01  
8.0050 0 1  
8.0010 0 1  
8.0010 01  
8.0030 0 1  
8 .0240 0 1  
8.1200 01  
8.5410 01  
8.0070 0 1  
8.0020 0 1  
8.0010 0 1  
8.0030 01  
8 .0230 01 
8.1170 0 1  
8 .5520 0 1  
8.0100 01  
8.0030 0 1  
8.0010 0 1  
8 .0030  0 1  

53250.00 
5 32 50.00 
53250.00 
53250.00 
53250.00 
53250.00 
53250.00 
53150.00 
53150.00  
53750.00 
53150.00 
53150.00  
53750.00 
53750.  00 
54250.00  
5 42 50.00 
54250.00 
54250.00 
54250.00  
5U250.00 
54250.00  
54750.00 
54150.00 
54750.00 
54750.00  
54750.00  
54750.00 
54150.00  

1.3960 00 
1.3910 0 0  
1.3690 0 0  
1.3330 00 
1.1530 0 0  
R .  3180-01 

-1.7150 0 0  
1 .4040  0 0  
1 .4020  00 
1 .4160  0 0  
1.4390 0 0  
l.447D 00 
1.7670 0 0  

3.962190 0 1  -1.8420 0 1  -8 .319 t  0 1  
250.00 
150.00 

1250.00 
1750.00 
2250.00 
3000.00  
4000.00 

250.00 
750.00 

1250.00 
1750.00 
2250.00 
3000.00 
4000.00  

250.00 
150 .00  

1250.00 
1750.00 
2250.00 

3.961920 0 1  -1.9090 0 3  -2.405C 0 0  
3.961928 0 1  -1.9081: 0 3  -7.338C 00 
3.961920 0 1  -1.9060 03  -1 . i590  0 1  
3.961930 0 1  -1.9020 03  -1.834C 0 1  
3.961940 0 1  -1.8970 C 3  -2.3910 0 1  
3.961890 0 1  -1 .8840 
3.96163D 0 1  -1.8690 
3.961950 0 1  -1.9220 
3.961960 01 -1.9210 
3.961960 01  -1.919E 
3.961960 0 1  -1.915C 
3.961910 0 1  -1.9110 
3.961990 0 1  -1.9060 
3.961940 01  -1.9030 
3.961990 01  -1 .9360 
3.96199D 0 1  -1.9350 
3.961990 0 1  -1 .9330 
3.961990 0 1  -1.931C 
3.961990 0 1  -1.9280 

0 3  -3 .035C 01  
0 3  -3.818C 0 1  
0 3  -1.981C 00 

0 3  -9.799C 00 
03  -1.360C.01 
C3 -1.649C 01  
0 3  -1.7600 0 1  
0 3  -1.131C 0 1  
c 3  -1.458C 0 0  
03  -4,243C 00 
0 3  -6.E060 0 0  
0 3  -8.919C 0 0  
03  -1.OOlC 01  

0 3  -5.e9qn 00 

3.3690 00 
1.3990 0 0  
1 .3970  00 
1.3910 00 
1 .4110  0 0  
1.3410 00 
1.4060 00 
9.6350-01 
1.3990 0 0  
1.3990 00 
1.3980 0 0  
1.4050 0 0  
1.3940 00 

. 454D 00 

.4590 00 

.3970 0 0  

.3990 00 

.3960  00 

.4020 00 

. a360  0 0  

.4000 0 0  

.3920 00 

8.0230 0 1  -2.2320-03 
8.1150 0 1  -2.3470-02 
8.5550 0 1  -2.5650-01 
8.0130 0 1  1.3740-01 
8.0040 01  3 .9480-02  
8.0010 0 1  6.7390-03 
8 .0030 0 1  -1.7150-03 
8.0220 0 1  -1.9360-02 
8.1120 01  -1.0330-01 
8.5480 0 1  -5.9950-01 
8.0160 0 1  1.6480-01 
8.0050 01  4.8010-02 
8.0010 01  8.2630-03 
8.0030 0 1  -3.2490-03 
8.0210 01 -3.3060-02 

8 .5330 01  -8.9200-01 
8.1090 01  - 1 . ~ 2 4 0 - 0 1  

3000.00 3.961980 0 1  -1 .9250 C3 -8.951C 00 
4ooo.oo 3.9fi1-32~ n i  - 1 . q ) u n  0 3  - 6 . ~ 4 ~ :  no 

55250.00  Zso .00  3.962630 o r  - 1 1 9 i 2 0  a;  -1;O;;C 00 
55250.00 150 .00  3.962030 0 1  -1.9510 0 3  -2.9010 00 
55250.00  1250.00 3.962030 01  -1.9490 C3 - 4 . 5 0 7 f  00 
55250.00 1750.00 3.962020 0 1  -1.9470 03  -5 .6000 00 
55250.00 2250.00 3.962020 01  -1 .9460 0 3  -5.f79C 00 
55250.00 
55250.00 

3000.00 3.962010 01  -1.9440 03  -4.5410 0 0  
uooo.oo 3.961980 0 1  -1.9440 c 3  - 1 . ~ 5 ~  00 

, . 



Table A. 6 (continued) 

ITER.=2479 TIIIE=3.1205000 01 PERIOD=3.000403D 00 TInE INCRE~ENT=5.0000000-03 

INDI- X -  
NODE CES LOCATION 

17 
11 
17 
11 
17 
17 
17 
18 
18 
18 
18 
18 
18 
18 
19 
19 
19 
19 
19 
19 
19 
20 
20 
20 
20 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
22 
22 
22 
22 
22 
22 
22 
23 
23 
23 
23 
23 
23 
23 
24 
24 
24 
24 
24  
24 
24 

1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
7 

56000.00 
56000.00 
56000.00 
56000.00 
56000.00 
56000.00 
56000.00 
51000.00 
51000.00 
51000.00 
57000.00 
51000.00 
51000.00 
51000.00 
58000.00 
58000.00 
58000.00 
58000.00 
58000.00 
58000.00 
58000.00 
59000.00 
59000.00 
59000.00 
59000. )O 
59000.0 
59000.00 
59000.00 
60000.00 
60000.00 
60000.00 
60000.00 
60000.00 
60000.00 
60000.00 
61000.00 
61000.00 
6 1000.00 
61000.00 
61000.00 
61000.00 
61000.00 
62000.00 
62000.00 
62000.00 
62000.00 
62000.00 
62000.00 
62000.00 
63000.00 
63000.00 
63000.00 
63000.00 
63000.00 
63000.00 
63000.00 

T- 
LOCli T I ON 

250.00 
750.00 
1250.00 
1150.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00  
4000.00 
250.00 
150.00 
1250.00 
1150.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00 
4000.00 
250.00 
150.00 
1250.00 
1150.00 
2250.00 
3000.00 
4000.00 
250.00 
150.00 
1250.00 
1750.00 
2250.00 
3000.00 
4000.00 
250.00 
150.00 
1250.00 
1750.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1150.00 
2250.00 
3000.00 
4000.00 

VELOCITT VELCCIll I 
WATER IN IN 

ELEVATION X-EIRECT. I-DIRECT. 

I A T E R  ELEV. 

OF CHlNGE 
RATE 

3.962060 01 -1.9720 0 3  
3.962060 01 -1.9720 C 3  
3.962090 01 -1.9720 0 3  
3.96215D 01 -2.0100 0 3  
3.962150 01 -2.0090 03 
3.962140 01 -2.0090 0 3  
3.962140 01 -2.0080 03 
3.962140 01 -2.0080 03 
3.962130 01 -2.0080 0 3  
3.962130 01 -2.0080 03 
3.962220 01 -2.0440 03 
3.962220 01 -2.0440 ( 3  
3.962220 01 -2 .0440 C3 
3.962220 01 -2.0430 0 3  

-3.211c 00 
-2.25CC 00 
-4.57 1C-01 
-3.0820-01 
-8.686C-0 1 
-1.2810 00 
-1.4680 00 
-1.41OC 00 
-9.3230-01 
-8.6818-02 
-1.3950-01 
-3.882C-01 
-5.5980-01 
-6.205C-01 

3.962080 01 -1.9760 03 -6.235C-01 1.3920 00 
3.962080 01 -1.9150 C 3  -1.1720 00 1.3930 00 
3.962070 01 -1.9750 0 3  -2.C85C 00 1.3910 00 
3.962070 01 -1.9730 0 3  -3.2050 00 1.3920 0 0  

1.3880 00 
1.3900 00 
1.3990 00 
1.3910 00 
1.3930 00 
1.3920 00 
1.3940 00 
1.3950 00 
1.3950 00 

3.9fiJ770 01 -7.0470 C3 -5.7820-01 ._..___. ~ ~~ 

3.962220 01 -2.0430 03 -3.133C-01 
3.962210 01 -2.0430 0 3  -2.226C-02 
3.962300 01 - 2 . 0 1 9 0  03 -5 .283C-02 
3.962300 01 - 2 . 0 7 9 C  03 -1.4610-01 
3.962300 01 -2.0790 03 -2.049C-01 
7.967300 01 -7.0780 03 -2.1780-01 

1.3980 00 8.4550 01 -1.4560 00 
1.3930 00 8.0440 01 3.5190-01 
1.3930 00 8.0130 01 1.1010-01 
1.3930 00 8.0020 01 2.0680-02 

8.0020 01 -5.1620-03 1.3940 00 
1.3940 00 
1.3920 00 
1.3990 00 
1.3920 00 
1.3920 00 
1.3920 00 
1.3920 00 

3.962390 01 -2.1140 0 3  -2.153C-02 
3.962390 01 -2.1140 0 3  -3.9010-02 
3.962390 0 1  -2.1140 03 -2.eiic-02 
3.962390 01 -2.1130 0 3  -1.1280-02 
3.962390 01 -2.1130 0 3  -1.29lC-03 
3.962390 01 -2.1130 03 2.2060-02 
3.962480 01 -2.1490 03 1.196C-02 
3.962480 01 -2.1490 0 3  3.0190-02 
3.962480 01 -2.1490 0 3  4.904C-02 ~...- ~. ~ ~. ~ ~~ ~ ~ ~ 

3.962480 01 -2.1490 03 6.2818-02 
3.962480 01 -2.1490 03 6.743C-02 
3.962480 01 -2.1990 03 5.1390-02 
3.962480 01 -2.1480 03 3.156C-02 
3.962570 01 -2.1840 03 2.3310-02 
3.962510 01 -2.1840 C3 5.998C-02 
3.962570 01 -2.1840 C 3  8.9890-02 
3.962570 01 -2.1840 03 1.065C-01 
3.962570 01 -2.1840 03 1.OlOC-01 
3.962570 01 -2.1830 0 3  8.479C-02 
3.962510 01 -2.1830 C3 4.5870-02 
3.962660 01 -2.219C 03 2.8198-02 
3.962660 01 -2.2190 03 6.941C-02 

8.0210 01 1.9630-01 
8.0060 01 5.1950-02 
8.0010 01 1.0140-02 
8.0030 01 -4.2800-03 
8.0200 01 -4.3510-02 
8.1040 01 -2.2610-01 
8.5110 01 -1.1220 00 
8.070~ 0 1  2.6170-01 . . .  
8.0090 01 8.0150-02 
8.0020 01 1.4620-02 
8.0020 01 -5.4810-03 
8.0170 01 -5.8480-02 
8.0930 01 -3.0650-01 

.. ~~ ~~ ~ 

3.962300 01 -2.0780 03 -1.949C-01 1.3920 00 
3.962300 01 -2.0780 C3 -1.2060-01 1.3910 00 
3.962300 01 -2.0180 03 2.055C-03 1.3920 0 0  
3.962390 01 -2.1140 03 -9.6500-03 1.3910 00 

1.3910 00 

3.962660 01 -2.2190 03 1.008C-01 
3.962660 01 -2.2190 0 3  1.142C-01 
3.962660 01 -2.2180 03 1.091C-01 
3.962660 01 -2.2180 C 3  8.282C-02 
3.962660 01 -2.2180 C 3  4.449C-02 

TEIP. TElP. 
RATE 

OF CHANGE 

1.3910 00 
1.3910 00 
1.3910 00 
1.3910 00 
1.3910 30 
1.3890 00 
1.3900 00 
1.3900 00 
1.3900 00 
1.3900 00 
1.3890 00 
1.3900 00 
1.3880 00 
1.3880 00 
1.3880 00 
1.3880 00 
1.3880 00 
1.3880 00 
1.3880 00 
1.3870 00 
1.3870 00 
1.3870 00 
1.3810 00 
1.3810 00 
1.3870 00 
1.3870 00 

8.0140 01 -6.2830-02 
8.0780 01 -3.3180-01 
8.3830 01 -1.5580 00 
8.0610 01 9.6850-01 
8.0180 01 1.9660-01 
8.0030 01 2.8460-02 
8.0020 01 -3.5530-03 
8.0110 01 -5.8540-02 
8.0610 01 -3.1180-01 
8.3080 01 -1.4670 00 
8.0840 01 5.9820-01 
8.0250 01 1.8960-01 
8.0050 01 3.784D-02 
8.0020 01 -1.0920-03 
8.00~0 0 1  -4.9150-02 ...... 
8.0470 01 -2.6520-01 
8.2390 01 -1.2630 00 
8.1120 01 7.4020-01 
8.0340 01 2.3700-01 
8.0070 01 4.8408-02 
8.0010 01 1.7810-03 
8.0060 01 -3.8040-02 
8.0340 01 -2.0990-01 
8.1800 01 -1.0210 00 
8.1460 01 8.8340-01 
8.0450 01 2.8600-01 
8.0090 01 5.9780-02 
8.0020 01 4.7800-03 
8.0040 01 -2.1520-02 
8.0250 01 -1.5170-01 
8.1330 01 -7.9120-01 
8.1860 01 1.0210 00 
8.0580 01 3.3820-01 
8.0110 01 7.3010-02 
8.0020 01 7.9820-03 
8.0030 01 -1.8110-02 
8.0110 01 -1.1440-01 
8.0970 01 -5.9180-01 

w 
w 
w 



Table A.6 (continued) 

ITER.=2479 TInE=3.7205COD 01 P E R I O D = 3 . 0 0 0 4 0 3 0  C O  'IIUE INCREMEWT=5.0000000-03 

I N D I -  X -  
NODE CES 

2 5  
2 5  
2 5  
2 5  
2 5  
2 5  
2 5  
26 
26  
26  
26  
26 
2 6  
26  
27  
27  
27  
27  
27  
27  
27  
28 
28  
28 
28  
28  
28  
28  
2 9  
29  
29  
29  
29  
29  
2 9  
30  
30  
30 
3 0  
3 0  
30 
3 0  
3 1  
3 1  
3 1  
31  
3 1  
31  
3 1  
3 2  
3 2  
3 2  
32 
3 2  
3 2  
3 2  

1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 

LOCATION 

64000.00  
6 4 0 0 0 . 0 0  
64000.00 
69000.00 
64000.00  
64000.00 
64000.00 
65000.00 
65000.00  
65000.00  
65000.00 
65000.00  
65000.00  
65000.00  
66000.00 
66000.00 
66000.00 
66000.00 
66000.00 
66000.00 
66000.00 
67000.00 
67000.00  
67000.00 
67000.00 
67000.00 
67000.00 
67000.00 
68000.00 
68000.00 
68000.00 
68000.00 
68000.00 
68000.00 
68000.00 
69000.00 
69000.00 
69000.00 
69000.00 
69000.00 
69000.00  
69000.00 
70000.00 
70000.00 
70000.00  
70000.00 
70000.00 
70000.00 
70000.00 
70750.00 
70750.00  
70750.00 
70750.00 
70750.00  
70750.00  
70750.00  

VELOCITY VELOCITY WATER ELEV.  
Y -  WATER I N  I N  RATE 

LOCATION ELEVATION X-DIRECT. Y-DIRECT. O P  CHANGE 

250.00 3.962760 01  -2 .2540 C 3  7.449C-02 
750.00 3.962760 0 1  -2 .2540 C3 5.0050-02 

1250.00 3.962760 01 -2 .2540 0 3  6.532C-02 
1750.00 3.962760 0 1  -2 .2530 C3 6.1980-02 
2250.00 3.962760 01  -2.2530 C 3  4.535C-02 
3000.00 3.962760 0 1  -2 .2530 C 3  7.602C-02 ~ ~ ~~ ~ ... ~~ . 
4000.00 3.962760 01  -2.253E C 3  1.507C-02 

250.00 3.962870 0 1  -2 .2890 C3 4.6000-03 
750.00 3.962870 01  -2 .2890 0 3  -3.072C-02 

1250.00 3.962860 0 1  -2.2880 03  -7.2300-02 
1750.00 3.962860 01  -2.288C C 3  -1.2370-01 
2250.00 3.962860 01  -2.288C 0 3  -1.645C-01 
3000.00 3.962860 0 1  - 2 . 2 8 8 0  C 3  -1.5150-01 
4 0 0 0 . 0 0  3.962860 01  -2 .2880 03 -7.423C-02 

250.00 3.962970 01 -2 .3230 0 3  -4.3510-02 
750.00 3.962970 01  -2.3230 03  -2.478C-01 

1250.00 3.962910 0 1  -2.3230 03  -4.4050-01 
1750.00 3.962970 01  -2.3230 0 3  -6.06UC-01 
2250.00 3.962960 01  -2 .3230 C3 -6.908C-01 

1.3850 0 0  
1 .3850  0 0  
1.3850 0 0  
1.3860 00 
1.3860 0 0  
1.3850 0 0  
1.3860 00 
1.3830 0 0  
1.3840 0 0  
1.3830 00 
1.3840 0 0  
1 . 3 8 4 0  00 

3000.00 3.962960 01  -2.3230 0 3  -5.820f-01 

250.00 3.963090 01  -2.3580 03  -1.141C-01 
750.00 3.963090 01 -2.3580 C3 -7.5340-01 

1250.00 3.963080 01  -2 .3570 C3 -1.308C 0 0  

4ooo.oo 3.962960 01 -2 .3230 0 3  -2.eo80-01 

1750.00 3.963080 01  -2.3570 C 3  -1.7130 00 
2250.00 3.963070 01 -2.3580 O ?  -1.85CC 00 
3000.00 3.963070 01  -2.3580 C3 -1.5000 00 
4OCO.00 3.963060 01  -2.3590 03 -6.875C-01 

250.00 3.963230 01  -2 .3910 0 3  -1.9190-01 
750.00 3.963220 01  -2.3900 0 3  -1.911C 0 0  

1250.00 2.963210 01  -2 .3910 0 3  -3.1870 00 
1750.00 3.963190 01  -2 .3910 03  -4.114C 00 
2250.00 3.963180 01  -2.3930 0 3  -4.2540 00 
3000.00 3.963170 01  -2 .3940 0 3  -3.2930 0 0  
4000.00 3.963170 01  -2 .3950 03  -1.3940 0 0  

250.00 3.963400 0 1  -2 .4210 0 3  -9.94OC-01 
750.00 3.963370 0 1  -2.4210 0 3  -5.211C 00 

1250.00 3.963340 01  -2.4220 03  -8.155C 0 0  
1750.00 3.963310 01  -2.4251: 0 3  -9.2910 00 
2250.00 3.963290 0 1  -2.4280 03  -8.898C 00 
3000.00 3.963281) 01  -2 .4310 03 -6.5020 0 0  
4000.00 3.963270 01 -2.4331: 03  -2.473C 00 

250.00 3.963440 01  -2.4520 03 -8.172E 00 
750.00 3.963400 01 -2.4500 C3 -1.513C 01  

1250.00  3.963400 01  -2 .4540 C3 -1.9150 01 
1750.00 3.963390 01  -2.4600 0 3  -1.917C 0 1  
2250.00 3.963381) 01  -2.4660 0 3  -1.6590 0 1  1.3930 00 
3000.00  3.963380 01  -2.4700 0 3  -1.127C 0 1  1.3710 00 

250.00 3.964110 01  -2.4480 0 3  -2.311C 01 -2.1100 00 
750.00 3.963640 0 1  -2.4600 03  -2.9680 0 1  6.7410-01 

1250.00 3.963490 01  -2.4760 C3 -3.2631: 0 1  1.1910 00 

~000.00 3.963380 0 1  -2.4730 0 3  - 3 . 7 0 8 ~  00 1.3710 0 0  

1.384D 00 
1.3850 0 0  
1.3820 0 0  
1.3830 0 0  
1.3810 00 
1.3840 00 
1.3830 00 
1.3830 00 
1.3840 00 
1.3810 00 
1.3810 00 
1.3770 0 0  
1.3820 00 
1.3800 00 
1 .3810  00 
1.3830 00 
1.3510 00 
1.3590 00 
1.3640 0 0  
1.3780 00 
1.3780 00 
1.3790 0 0  
1.3830 00 
1.3390 00 
1.3870 00 
1.3830 00 
1.4020 00 
1.3900 00 
1.3840 00 
1.3820 0 0  
1.978D 00 
1.5910 00 
1.5170 00 
1.3910 00 

2250.00 3.963470 01  -2.4970 0 3  -2.357C 01  1.3170 00 
3000.00 3.963470 01  -2.5020 03 -1.5090 0 1  1.3660 00 
4 0 0 0 . 0 0  3.963480 01 -2.5050 03  -4.313C 0 0  1.3710 0 0  

TEMP. TEMP. 
RATE 

OF CHANGE 

8 .2320  01  1 .1760  00 
8 .0730 01  4.0940-01 
8 .0150 0 1  9.3070-02 
8 .0020 0 1  1.2190-02 
8.0020 01  -1.1840-02 
8 .0120 0 1  -8.1110-02 
8.0100 0 1  -4.4510-01 
8 .2840 0 1  1.4300 00 

8.0190 0 1  1.3150-01 
8 .0030 0 1  1.9310-02 
8.0020 01  -6.6700-03 
8.0090 01 -5.7188-02 
8.0510 0 1  -3.2900-01 
8.3470 0 1  1.9310 00 
8 .1140  01  1.9280-01 
8.0240 0 1  2.0430-01 
8.0030 0 1  3.2090-02 
8.0010 0 1  -2.6310-03 
8.0060 01  -4.0830-02 
8.0370 0 1  -2.4340-01 
8.4300 0 1  2.7110 00 
8.1480 0 1  1.1810 00 
8.0330 01  3.1560-01 
8.0050 0 1  5.1110-02 
8.0010 0 1  8.5520-04 
8.0040 0 1  -3.0350-02 
8.0260 0 1  -1.8280-01 
8 .5470 01  3.7260 00 
8.1980 0 1  1.5650 00 
8.0460 0 1  9.2740-01 
8.0070 01  7.2960-02 
8.0010 01  3.9400-03 
8.0030 0 1  -2.3660-02 
8.0190 0 1  -1.4030-01 
8.7030 01  4 .0720 00 
8.2640 0 1  1.5910 00 
8.0640 0 1  4.4210-01 
8.0100 0 1  8.0430-02 

e . 0 9 1 ~  01 5.4110-01 

8.0010 n i  5.7630-03 . . . .  
8.0020 01 -1.8590-02 
8.0130 01  -1.0190-01 
8.8720 0 1  3.0160 00 
8.3300 0 1  9.2670-01 
8.0830 0 1  2.6290-01 
8.0130 0 1  5.5460-02 
8.0020 0 1  4.5110-03 
8.0010 01  -1.3750-02 
8.0080 0 1  -7.9540-02 
0.9980 01 7.1080-01 
8.3710 0 1  -2.2860-01 
8.09YD 0 1  -7.3760-02 
8 .0160 0 1  -1.9980-03 
8.0020 0 1  -8.6181)-04 
8.0010 0 1  -9.4810-03 
8.0050 01  -5.462D-02 

bl w 
P 

8 
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Table A. 6 (continued) 

ITRR.=2479 TIHE=3.7205000 01 PERIOD=3.0004030 C O  TIHE INCREIENT=5.000000D-03 

INDI- X -  
NODE C E S  LOCliTION 

33 
33 
33 
33 
33 
33 
33 
34 
34 
34 
34 
3 4  
3 4  
3 4  
3 5  
3 5  
35 
35 
35 
3 5  
35 
36 
36 
36 
36 
36 
36 
36 
37 
37 
37 
37 
37 
37 
37 
38 
38 
38 
3 8  
38 
38 
38 
39 
39 
39 
39 
39 
39 
39 
40 
40 
40 
40 
40 
40 
40 

1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 

71250.00 
7 1250.00 
71250.00 
71250. 00 
71250.00 

VELOCITP VELOCIIP WATER ELEV. TEIP. TEIP. 
Y- UATER IN IN RATE RATE 

LOChTION ELEVlllION X-CIAECT. P-DIRECT. OF CHANGE OP CHANGE 

250.00 3.963420 01 -2.4430 C 3  -1.026C 02 5.1840 00 9.0200 01 -1.0390-01 
750.00 3.963430 01 -2.4740 C3 -7.7161: 01 3.4460 00 8.3700 01 -5.9770-01 
1250.00 3.963450 01 -2.5000 03 -5.5390 01 2.5350 00 8.0990 01 -2.0310-01 
1750.00 ?.963490 01 -2.5140 03 -3.9040 01 1.6080 00 8.0160 01 -3.0070-02 
2250.00 3.963520 01 -2.5220 03 -2.158C 01 1.5080 00 8.0020 01 -4.6050-03 

71 250.00 
71250.00 ...... ........ ~ _.._ ~. ~~ .~~~ ~ 

71750.00 250.00 3.962091) 01 -2.5340 03 -1.684C 02 -1.68lD 00 9.0300 01 -1.6340 00 
71750.00 750.00 3.963020 01 -2.5440 03 -1.lllC 02 -1.5860 00 8.3630 01 -9.1630-01 
71750.00 1250.00 3.963380 01 -2.5500 C3 -6.536C 01 -6.3990-01 8.0910 01 -2.7200-01 

1750.00 3.963480 01 -2.5510 03 -3.8370 01 1.1060 00 8.0150 01 -4.8190-02 7 1750.00 
71750.00 
71750.00 
7 1750.00 
72250.00 
72250.00 
72250.00 
72250.00 
72250.00 
72250.00 
72250.00 
72750.00 
72750.00 
72750.00 
72750.00 
72750.00 
72750.00 
72750.00 
73250.00 
73250.00 
73250.00 
73250.00 
73250. 00 
73250.00 
73250.00 
73750.00 
73750.00 
73750.00 
73750.00 
73750.00 
73750.00 
73750.00 
74250.00 
74250. 00 
74250.00 
74250.00 
74250.00 
74250.00 
74250.00 
74750.00 
74750.00 
74750.00 
74750.00 
74750.00 
74750.00 
74750.00 

3000.00 3.963540 01 -2.5260 03 -1.632C 01 1.4000 00 8.0010 01 -8.3360-03 
4000.00 3.9h355n 01 -2.5281: 03 -3.9541: 00 1.3840 00 8.0090 01 -4.5520-02 

2250.00 3.963560 01 -2.5520 03 -2.44OC 01 1.1990 00 8.0020 01 -7.7630-03 
7nnn.00 7 .96760n 01 -7.551n c3 -1.77fc 01 1.3460 00 8.0000 01 -7.8570-03 

~ ~~ ....... ........ . .... . .~ ..~.. ~ 

4000.00 3.963620 01 -2.5510 03 -2.7330 00 1.3540 00 8.0030 01 -3.8530-02 
250.00 3.962850 01 -2.6520 C3 -8.195C 01 8.5800 00 9.0620 01 -1.28311 00 
750.00 3.963360 01 -2.6260 C 3  -5.232t 01 4.1280 00 8.3590 01 -8.7050-01 
1250.00 3.963560 01 -2.6010 03 -2.872C 01 2.7090 00 8.0880 01 -2.8660-01 
1750.00 3.963610 01 -2.5870 03 -1.525C 01 1.7510 00 8.0150 01 -5.6150-02 
2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00 
4 000.00 
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1750.00 
2250.00 
3000.00 
4000.00 

3.963660 
3.963680 
3.963690 
3.964310 
3.963940 
3.963820 
3.963810 
3.963780 
3.963770 
3.963760 
3.965310 
3.964400 
3.964060 
3.963970 
3.963890 
3.963850 
3.963840 
3.964180 
3.964100 
3.964040 
3.963990 
3.963950 
3.963930 
3.963910 
3.963520 
3.963910 
3.964C2D 
3.96401 0 
3.964010 
3.964000 
3.963990 
3.96415 0 
3.964140 
3.964 11 0 
3.964090 
3.964090 
3.964 C8D 
3.96407 0 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

-2.5790 
-2.5740 
-2.5710 
-2.6670 
-2.6430 
-2.6190 
-2.6050 
-2.5960 
-2.5910 
-2.5880 - 2.5820 
-2.5960 
-2.6030 
-2.6040 
-2.6030 
-2.6020 
-2.6010 
-2.5290 
-2.5620 
-2.5890 
-2.6010 
-2.6080 
-2.6110 
-2.6120 
-2.5720 
-2.5840 
-2.5990 
-2.6100 
-2.6170 
-2.6220 - 2.6240 
-2.6170 
-2.6160 
-2.6200 
-2.6260 
-2.6310 
-2.6390 
-2.6370 

c3 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
c3 
03 
c3 
03 
c3 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
03 
0 3  
0 3  
0 3  
c 3  
0 3  

-8.8520 
-4. Q45C 
-6.9420 
8.131C 
5.2920 
3.095C 
1.8590 
1.23tC 
7.0880 
1.650C 
1.6890 
1.1250 
6.7690 
4.129C 
2.7340 
1.555C 
3.573C 
1.033C 

5.122C 
4.0990 
2.945C 
1.7710 
4.57CD 
2.2080 
2.951C 
3.2800 
2.Y84C 
2.3990 
1.552C 
4.7OCD 
7.5511: 
1.5500 
2.006C 
2.0151: 
1.752C 
1.200c 
4.22€C 

7.e630 

00 
00 
-01 
01 
01 
01 
01 
01 
00 
00 
02 
02 
01 
01 
01 
01 
00 
02 
01 
01 
01 
01 
01 
00 
01 
01 
01 
01 
01 
01 
00 
00 
01 
01 
01 
01 
01 
00 

1.5630 00 
1.4070 00 
1.3840 00 

-5.9900 00 
-1.4220 00 
4.8490-03 
9.9430-01 
1.1840 00 
1.3430 00 
1.3630 00 
4.5090 00 
4.4250 00 
3.4040 00 
1.6450 00 
1.5500 00 
1.4030 00 
1.3920 00 

-2.2820 00 
-6.6770-01 
2.2480-01 
1.1340 00 
1.2420 00 
1.3540 00 
1.3680 00 
9.7900 00 
2.0640 00 
1.5710 00 
1.5160 00 
1.4340 00 
1.3800 00 
1.3780 DO 
5.7550-01 
1.1850 00 
1.2580 00 
1.3700 00 
1.3500 00 
1.3630 00 
1.3710 00 

8.0020 
8.0000 
8.0020 
9.0440 
8.3450 
8.0830 
8.0140 
8.0010 
8.0000 
8.0020 
9.0080 
8.3160 
8.0740 
8.0120 
8.0010 
8.0000 
8.0010 
8.6920 
8.2420 
8.0570 
8.0090 
8.0010 
8.0000 
8.0010 
8.6350 
8.21 10 
8.0480 
8.0070 
-8.0000 
8.0000 
8.0000 
8.5760 
8.1870 
8.0410 
8.0060 
8.0000 
7.9990 
8.0000 

01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

-1.0140-02 
-7.9890-03 
-3.3330-02 
-1.9690 00 
-1.2261) 00 
-3.3230-01 
-6.1500-02 
-1.2080-02 
-8.5800-03 
-7.95UD-02 - . . . . . - 
-2.2900 00 
-4.0910-01 
-2.0840-01 
-5.5150-02 
- 1.2800-02 
-9.3830-03 . . ~ ~ ~ ~  ~~ 

-2.6670-02 
-2.9020 00 
-1.1970 00 
-2.9370-01 
-5.5570-02 
-1.3140-02 
-1.0140-02 
-2.4 160-02 
-3.0960 00 
-1.0250 00 
-2.5170-01 
-5.0230-02 
-1.3770-02 
-1.0570-02 
-2.1560-02 
-2.9310 00 
-9.2350-01 
-2.23 50- 0 1 
-4.48 30-02 - 1.3300-02 
-1.0530-02 
-1.8650-02 

w w 
VI 



Table A. 6 (continued) 

ITER.=2419 TIfIE=3.1205000 C1 PERIOD=3.000403D 00 ¶IUE INCREIENT=5.0000000-03 

VELOCITY 
YITER IN 

ELEVATION X-CIRECT. 

3.964130 01 -2.6310 03 
3.964140 01 -2.6370 03 
3.964150 01 -2.6390 03 
3.964160 01 -2.6430 C 3  
3.964160 01 -2.6460 C3 
3.964150 01 -2.6490 C 3  
3.964150 01 -2.651E 03 

VELCCIlY Y 
IN 

Y-DIRECT. 

'ITER ELEV. 
RITE 

OF CRANGE 

TEHP. TEIP. 
RATE 

OF CHANGE 
INDI- X- 

NODE CES LOCATION 
Y-  

LOCATION 

250.00 41 
41 
41 
41 
41 
41 
41 
42 
42 
42 
42 
42 
42 
42 
43 
43 
43 
43 
43 
43 
43 
44 
44 
44 
44 
44 
44 
44 
45 
45 
45 
45 
45 
45 
45 
46 
46 
46 
46 
46 
46 
46 
41 
41 
41 
47 
47 
41 
41 
48 
48 
48 
48 
48 
48 
48 

1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
1 
1 
2 
3 
4 
5 
6 
I 

15250.00 2.0961: 00 1.3750 00 
1.542C 00 1.4260 00 
1.121C 01 1.4000 00 
1.2901: 01 

8.5210 01 -2.4910 00 
8.1680 01 -1.7630-01 
8.0360 01 -1.8500-01 

15250.00 
15250.00 
15250.00 
15250.00 

150.00 
1250.00 
1150.00 
2250.00 
3000.00 

1.3680 00 8.0050 01 -3.1420-02 
8.0000 01 -1.2290-02 
1.9990 01 -1.0070-02 
7.9990 01 -1.5580-02 
8.4740 01 -1.9110 00 
8.1520 01 -5.9610-01 
8.0320 01 -1.4110-01 
8.0040 01 -2.9560-02 
1.9990 01 -1.1120-02 
1.9990 01 -9.4620-03 
7.9990 01 -1.281D-02 
8.4390 01 -1.3640 00 
8.1410 01 -9.3000-01 
8.0290 01 -1.0230-01 
8.0030 01 -2.2970-02 
1.9990 01 -1.0190-02 
1.9990 01 -9.0230-03 
1.9990 01 -1.0810-02 
8.4130 01 -9.6190-01 
8.1330 01 -3.1100-01 
8.0270 01 -7.5330-02 
8.0030 01 -1.8700-02 
7.9990 01 -9.8170-03 
1.9990 01 -8.9810-03 
1.9990 01 -9.8190-03 
8.3960 01 -7.4720-01 
8.1270 01 -2.449D-01 
8.0260 01 -6.0800-02 
8.0020 01 -1.6780-02 
1.999D 01 -1.0020-02 
7.9980 01 -9.3730-03 
7.9990 01 -9.1510-03 
8.3820 01 -6.5210-01 
8.1220 01 -2.1660-01 
8.0250 01 -5.5010-02 
8.0020 01 -1.6500-02 
1.9990 01 -1.0660-02 
7.9980 01 -1.0090-02 
1.9980 01 -1.0300-02 
8.3110 01 -6.1690-01 
8.1190 01 -2.0630-01 
8.0240 01 -5.3400-02 
8.0020 01 -1,1030-02 
1.9980 01 -1.1540-02 
7.9980 01 -1.1010-02 
1.9980 01 -1.1170-02 
8.3600 01 -5.9960-01 
8.1150 01 -2.0140-01 
8.0230 01 -5.3010-02 

1.160C 01 
8.3940 00 
3.366C 00 
9.14 10-01 
3 . 9 3 3 t  00 
6.2190 00 
1.33U0 00 
7.231C 00 
5.464C 00 

1.3710 00 
1.3640 00 
1.3690 00 
1.3800 00 
1.3910 00 
1.3690 00 
1.3660 00 
1.3690 00 
1.3660 00 

15250.00 
75250.00 4000.00 

250.00 
150.00 
1250.00 
1150.00 
2250.00 
3000.00 

15150.00 
15750.00 
15750.00 
75150.00 
15750.00 

~ . . ~  ~ .~ 
3.964210 01 -2.6580 C3 
3.964220 01 -2.6580 C3 
3.964220 01 -2.6590 C3 
3.964230 01 -2.6610 03 
3.969230 01 -2.6620 03 

15150.00 3.964230 01 -2.6690 03 
15750.00 
76250.00 
16250.00 
16250. 00 
16250.00 
16250.00 

4000.00 
250.00 
150.00 
1250.00 
1150.00 
2250.00 

3.964220 01 -2.6650 03 2.4230 00 
3.964290 01 -2.6110 C3 4.928E-01 
3.964290 01 -2.6110 03 2.133C 00 

3.4490 00 

~. 
1.3680 00 
1.3730 00 
1.3640 00 

3.969300 01 -2.6110 C3 
3.964300 01 -2.6180 C3 

1.3680 00 
1.3650 00 
1.3700 00 

4.203C 00 
4.il8E 00 
3.3401: 00 
1.599C 00 
3.256C-01 
1.1660 00 

2.3000 00 
2.389C 00 
1.9080 00 
9.53 1C-0 1 
l.elLD-01 
5.99 1C-01 
9.4430-01 
1.112C 00 
1.2350 00 
1.0010 00 
5.01 50-0 1 
9.02 Ct-02 
2.7540-01 

i.e63c oo 

3.964300 01 -2.6190 C3 
3.964300 01 -2.6800 03 
3.964300 01 -2.6810 03 
3.964360 01 -2.6950 03 
3.964360 01 -2.6950 C 3  
3.964370 01 -2.6950 03 
3.964310 01 -2.6960 03 
3.964370 01 -2.6960 03 
3.964370 01 -2.6970 03 
3.964310 01 -2.6980 03 
3.964448 01 -2.1130 03 
3.964440 01 -2.113C 03 
3.964440 01 -2.1130 03 
3.964450 01 -2.1130 03 

16250.00 
16250.00 
16750.00 
16150.00 
16750.00 
16750.00 
16750.00 
16150.00 
16150.00 
17250.00 
11250.00 
71250.00 
11250.00 

3000.00 
4000.00 
250.00 
150.00 
1250.00 
1150.00 
2250.00 
3000.00 
4000.00 
250.00 
150.00 
1250.00 
1150.00 

1.3640 00 
1.3610 00 
1.373D 00 
1.3720 00 

w w 
a 1.3750 00 

1.3140 00 
1.3750 00 
1.3120 00 
1.3130 00 
1.3350 00 
1.3340 00 
1.3360 00 
1.3340 00 

11250.00 
11250.00 
17250.00 
11150.00 
11 150.00 

2250.00 
3000.00 
4000.00 

2 5 0 . 0 0  
150.00 

3.964450 01 -2.1130 C3 
3.964450 01 -2.114C 03 
3.964450 01 -2.1190 03 
3.964510 01 -2.1300 03 
3.964510 01 -2.7300 03 

1.3360 00 
1.3340 00 
1.3350 00 
1.4420 00 
1.4410 00 
1.4420 00 
1.4410 00 
1.4410 00 
1.4400 00 
1.4900 00 
1.3629 00 
1.3620 00 
1.3620 00 
1.3620 00 
1.3620 00 
1.3620 00 
1.3620 00 
1.0620 00 
1.0610 00 
1.0620 00 

11150.00 
11 150.00 
71750.00 
11150.00 
11150.00 
18250.00 
18250.00 
18250.00 
18250.00 
18250.00 
18250.00 
78250. 00 
83500.00 
83500.00 
83500.00 
83500.00 
83500.00 
83500.00 
83500.00 

1250.00 
1150.00 
2250.00 
3000.00 
4000.00 
250.00 
150.00 
1250.00 
1150.00 

3.964510 01 -2.1300 03 
3.964510 01 -2.7310 03 
3.964510 01 -2.1310 03 
3.964510 01 -2.1310 03 
3.964520 01 -2.1310 03 
3.964550 01 -2.148C 03 
3.964550 01 -2.1480 03 
3.964550 01 -2.7480 03 
3.964550 01 -2.1480 03 
3.964550 01 -2.7480 C3 
3.964550 01 -2.7490 03 
3.964550 01 -2.1490 03 
3.965310 01 -2.8900 03 
3.965310 01 -2.8900 03 
3.965310 01 -2.8900 03 

4.3050-01 
5.3110-01 
5.12gC-01 
4.6120-0 1 
2.29 20-0 1 
3.1 110-02 
1.228C-01 
1.9230-01 
2.41?0-01 
2.6120-01 
2.121c-01 
9.1920-02 
1.096C-02 
9.5780-02 
1.216c-02 
9.0960-02 
1.0000-01 
1.9460-02 
2.454C-02 

2250.00 
3000.00 
4000.00 
250.00 
750.00 
1250.00 
1150.00 
2250.00 
3000.00 
4000.00 

3.965310 01 -2.8900 03 
3.965310 01 -2.8900 03 
3.965320 01 -2.8900 03 
3.965320 01 -2.8900 03 

1.0620 00 
1.0620 00 
1.0630 00 

8.001@ 01 -1.7850-02 
1.9980 01 -1.2540-02 
1.9980 01 -1.2030-02 
1.9980 01 -1.2180-02 1.0620 00 

. , 



r- M 
M 

00 a9LL.L- LO a0oh-L 
oo a9Li-L- LO a0on-L 
00 a9LL-L- LO a0oh-L 
00 ~SLL'L- LO ao0h-L 
00 agLL-L- LO a0oh-L 

00 a8LL-L- LO a1oh-L 
00 O9LL.L- LO IlLOh'L 

LO-OhZ5.b- LO a9b5-L 
LO-ahZS.6- 10 a965.L 
LO-ah25.b- LO 0965-L 
LO-ahZ5.6- LO O96S'L 
LO-092s-6- LO (196~'~ 
~o-as~5-6- LO (IL~S-L 

Lo-az9e-g- LO a9nL.L 

~o-0~98'9- LO a9hL.L 
io-a998*9- LO a9hL.L 
Lo-aLae-9- LO a9hL-L 

io-a6~9'h- LO ~ZSB-L 

10-(1995'6- LO a8b5-L 

LO-a298.9- LO a9hL.L 
10-OZ98'9- LO O9hL'L 

LO-aS56'9- LO (I6hL.L 

LO-abZ9'h- LO OZS8.L 
io-a6zs.h- LO ~ZSB'L 
LO-OOE9'h- LO Q258.L 
LO-O8t9'h- LO PE58.L 
LO-Oh89.h- LO a558.L 
io-aoc8.h- LO ~O~B-L 
io-aobe'z- LO azz6'~ 

in-anhR.7- LO uZ26'L 
LO-OOh8.2- LO 0226'L 

... .. . ~ 

io-ach8-z- LO ~LZL-L 
Lo-sow-z- LO OEZL-L 
LO-095b'Z- LO OLZb'L 

' LO-~SSZ'E- LO a0h6'~ 
LO-~OSS-L- LO a~96'~ 
LO-~OSS'L- LO (1~96'~ 
io-ahs5.i- LO af96'~ 
LO-~~SS'L- LO aE9b.L 
LO-~L~S-L- LO a596'~ 
LO-aObL'L- LO ahL6.L 
Lo-aoLt'z- LO azoo-8 
ZO-aE25.L- LO 0h86.L 
2O-aE25'L- LO ahB6'L 
LO-aEE5.L- LO Oh86.L 
ZO-aLEg'L- LO 05Bb.L 
20-aLEh'8- LO 0686'L 
LO-OhZZ'L- LO 0600'3 

IO-PSOZ'E- LO OCb6'L 
ZO-0hOZ.E- LO ahb6.L 
20-PLZZ'E- LO ah66.L 

Lo-acLE'z- LO a990-8 

zo-aoLtl'E- LO a566'~ 
ZO-O~~L'S- LO a500-8 
LO-~~LZ'L- LO a8ho-8 
LO-IISEE'E- LO as9i-8 

00 0hhL.L 
00 ahhL'L 
00 OCCL'L 
00 ahhL'L 
00 Ohhl'L 
00 OhhL'L 
00 OhbL'J 
oo aiLL*i 
00 aiii*L 
oo ai1L.L 

hO-3ZLL-Z 
h0-0908'E 
h0-3 L EL. h 
hO-aOL3 'h 
h0-300E 'h 
110-0156 '2 
90-3820'6 
hO-OhLL'f 
bO-l6SL'S 
h0-0LSZ-L 
hO-OOOE 'L 
hO-OLZh'9 
h0-168E 'h 
SO-OE bL '5 
h0-02hh.9 

E 0-36EE -1 
E 0-01 Ei .L 
EO-3ShL'L 
hO-aLZL'L 
hO-lh58'L 
E 0-01 0" L 
EO-3206'1 

E 0-lL6Z ' 2 

E 0-01 LE'L 
h0-0hOZ.h 
E 0-31 19.1 
EO-OhhE'Z 

EO-aLRL'Z 

to-ai LO' L 

Eo-agzC -2 

EO-OLS~*L 

Eo-aLoa.2 

EO OZhO'5- LO a98Lbb.E 

EO 32hO.5- LO (198166-E 
EO a2hO-5- LO a98Lbb'E 

E3 0ZhO-S- LO a98Lbb.E 

EO 059L-h- LO aLhL8b-E 
EO O59L.Q- LO OLhL8b'E 
EO (159L.h- LO aLhL8b'i 
EO 059L.h- LO aLhL86.E 
EO a59L.h- LO aLhL8b-E 
EO (I59L-h- LO (lLhL86.f 
EO a59L.h- LO (lLhL86'1 
EO 3hbh'h- LO ahLE86'E 
E3 Ohbh'h- LO UhLE86'E 
EO Oh6h.h- LO ahLE86'E 
EO ah6h.h- LO ahLE8b.i 
EO ahbh'h- LO UhLEBb'E 
EO ah6h.h- LO PtlLE86'C 
EO OD6h'h- LO 0hLE86'E 
EO 0922.h- LO ahL6Lb*t 
EO O922.h- LO ahLbL6.E 
EO L1522'h- LO (IhL6L6't 
EO aSZ2.h- LO ahL6L6.E 
E3 3522.h- LO ahL6L6.E 
EO 3SLZ.h- LO (IhL6L6't 
EO aS2Z.h- LO ahLbL6.E 
EO 065b'E- LO Qbh5Lb.E 
EO O65b.E- LO (1605L6.E 
EO 0bS6.E- LO a6hSL6.E 
E3 06S6.f- 10 a6RCL6'E 

E> az110.5- LO a9~~66'~ 

EO OZhO'h- LO age~66-t 

Eo a2ho.s- LO a98~66-~ 

~. .._ . . .. . . ~ ._~ . 
EO-3L8E.2 EO ab5b.E- LO a665Lb.E 
EO-(1529'L El ab56.E- LO a6hSL6.E 
110-3hb2'9 KO 0656'E- LO a6hSL6.E 
ho-a49o-L co 0~69-E- LO a~zz~6.c 
h0-3bLL'Z 
hO-aL65 'E 
h0-3h20'5 

h0-3bB6.h 
h0-ClSb9.Z 
E 0-3E9E 'S- 

ho-ai 89-5 

EO OZb9.E- LO aEZZL6'E 
3769'F- ... . 
az69-c- 
az.59-E- 
3269'E- 
UZ69.f- 
ah2h.E- 

LO 
LO 
LO 
LO 
LO 
LO 

aEZZL6 'E 
aEZ2 L6'f 
UEZZL6.E 
aEZZL6.E 
aEZZL6'E 
aZh69b.E 

EO 
CO 
EO 
EO 
EO 
EO 

EO-3LZS.h- E3 UOZh'E- LO aZh69b'E 
EO-1891'5- EO OhZh't- LO aZh696.E 
EO-06L6.h- EO 3hSh.f- LO aZh696.f 
EO-328a.E- E3 0hZh.E- LO aZh69b'E 
EO-3BOh'Z- EO OhZh'E- LO OZbb96.E 
EO-aL6Z'L- EO PhZh'E- LO aZhb96.E 
EO-~ZOZ-B- EO ~LSL'E- LO aoi~96.c 
co-0~~3-z EO ~LSL'E- LO a0~~9b.c 

~0-3~99'~ Eo aL5L.E- LO a0~~9b-c 
co-ibza'z to aL5L.E- LO a0~~96-c 
t0-0~93-i Eo ~LSL'E- LO a0~~9b-c 
CO-~~~L'L- EO ~LSL'E- LO aoi~96.~ 

EO-3EEL'h E3 0LSL'f- LO aOLL96.E 

00'000h 
00'000f 
00'0522 
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00'000f 
00'0522 
OO'OSLL 
oo'os2L 
00'05L 
00'052 
O0'00Oh 
00'000E 
00'0522 
OO'OSLL 
O0'052L 
00'051 
00'052 
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Tab1 e A.  6 (continued) 

, 

ITER.=2479 TIIIE=3.7205000 01 PERIOD=3.0004030 C O  T I R E  INCREIIENT=5.000000D-03 

VELOCITI VELCCIII WATER ELEV. TEHP. TEIIP. 
I N D I -  X- Y- UATER I N  IN RILT6 RATE 

NODE CES LOCATION LOCATION ELEVATION I-DIRECT. Y-DIRECT. OF CHANGE O F  CHINGE 

5 7  1 173500.00 250.00 3.996400 0 1  -5 .3290 0 3  3.6310-05 1.1630 0 0  7.1710 01  -9.2130-01 
57 2 173500.00  750.00 3.996400 01  -5 .3240 0 3  2.4480-04 1.1630 00 7.1710 0 1  -9.2070-01 
5 7  3 173500.00 1250.00 3.996400 01  -5.3240 0 3  3.541C-04 1.1630 00 7.1710 0 1  -9.2060-01 
57 4 173500.00 1750.00 3.996400 01  -5.3240 0 3  3.9890-04 1.1630 00 7.1710 0 1  -9.2050-01 
57 5 173500.00  2250.00 3.996900 0 1  -5.3240 0 3  3.923C-04 1.1630 00 7.1710 01  -9.2050-01 
5 7  6 173500.00 3000.00 3.996400 01  -5.3240 0 3  3.1460-09 1.1630 00 7.1710 0 1  -9.2050-01 
5 7  7 173500.00 4000.00 3.996400 01 -5.3240 0 3  2.217P-04 1.1630 0 0  7 .1710 0 1  -9.2050-01 

IAC0021 STOP 0 

w w 
00 



APPENDIX B 

COMPUTER PROGRAM NOMENCLATURE 

AND FORTRAN I V  L I S T I N G  



O S / 3 6 0  FORTRAN A 

C O M P I L E R  O P T I O N S  - NAME= MAIN.OPT=02.LINECNT=6O,SIZE=OOOOK, 
SOURCE,EECDIC,NOLIST,NODECK,LOAD,NONAP,NOEDIT,NOID,NOXREF 

c * * * * * * * * + * + * + * * + * * * * * * + + + + * * * * * * * * * * * * *  * *  i n  
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 
C 
C* 
C* 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

. "  
N O l A T I O N S  * * 20 

C O N V E N T I O N  U S E D  * * 40  
* * 30 

THE I N D I C E S  1.J ARE USED TO LOCATE A P O I E T  I N  T H E  AREA X Y  BY * * 50 
I N D I C A T I N G  T R E  I A N D  J G R I D  L I N E S  !RICH CROSS EACH OTSER AT THAT * * 6 0  
P O I N T .  MID P O I N ' I S  ARE I I D I C A T E D  E Y  T H E  USE OF * * 70 
I 4 OR - 1/2 AND J 4 OR - 1/2 I N C I C E S .  MOST V A R I A B L E  NAMES ?HEN * * 80 
RAVE A B A S I C  PART MARKED HERE BY X X X  A N D  A N  I N D E X  PART YHICH * * 9 0  
HAVE THE FOLLCWING MEANING--- * * 1 0 0  
X X X I J  - - -VALOF A ?  ( 1 . J )  LOCATION * * 110 
XXXIRJ-- -VALUE AT ( I - 1 / 2 , 5 )  LOCA?ICN * * 1 2 0  

XXXIJM---VALUE AT (I, 5 - 1 / 2 )  LOCATICN * * 1 4 0  
XXXIPJ---VALUE AT ( 1 + 1 / 2 , J )  LOCATICN * * 130 

XXXIJP-- -VALUE AT ( I ,  J + 1 / 2 )  LOCATICN * * 150 
XXIMJM---VALUE AT ( 1 - 1 / 2 , J - 1 / 2 )  LOCA'I ION * * 1 6 0  
X X I P J R - - - V A L U E  AT (It 1/2 ,  J- 1/2)  LOCATION * * 1 7 0  

X X I P J P - - - V A L U E  AT ( I t 1 / 2 , J * 1 / 2 )  L O C A T I O N  * 190 * * 2 0 0  

XXIMJP-- -VALUE A ?  ( I - l / 2 , J + 1 / 2 )  LOCATION * * 180 

HALPVALUES OF THE ABOVE ARE NAMED ACCCRDING TO T H E  I , J  I N D I C E S  * * 2 1 0  
CONCEPT E X P L A I N E D  ABOVE. TREY ARE I O ?  D I R E N S I O N E D  P O R  I A N D  J * * 2 2 0  

STEP. F O R  INSTANCE, T A E  T E M P E R A T U R E  AT FCINT 1 4 ~ 2 , ~  IS B A R K E D  * * 240 
S I N C E  THEY ARE B E I N G  RE-CALCULATED FOR EVERY P O I N T  A N D  EVERY T I H E  * * 2 3 0  

T I P J  ( I O N - D I M E N S I O N A L )  A N D  MASS CONCENTRAPICN AT P O I N T  * * 2 5 0  
I , J -1 /2  I S  MARKED C K I J R ( K )  2 6 0  * * 2 7 0  

AND X=LX AT I = N X + 1 / 2 ) .  * * 2 9 0  
J - - - S D B S C R I P T  I N  Y D I R E C T I O N  PCR G F I C  L I N E  J ( Y = O  AT J=1+1 /2  * * 3 0 0  

A N D  Y = L Y  AT J = N Y + l / 2 ) .  * * 310 
K--- INDEX FOR THE S P E C I F I C  CHEMICAI.  S P E C I E S  CK ( K = 1  ... HK). * * 3 2 0  * * 330 * * 3 4 0  
B K I J - - - C O N S T A N T  BASED O N  THE S L O P E  O F  THE ECTTOB. ( S E E  NOTES) * * 350 

*EHANGC(M) - - - M A N N I N G  COEF.  F O R  F R I C T I O N  I N  THE B O T T O N . - I N P U T  * * 360 
B R D I J - - - M A S S  FLUX RATE COMING FRCM THE BCT'ICM. * * 170 

( D I N E N S I C N E D  C N X Y  FOR K BUT NOT FOR I , J ) . *  * 
I - - - S U B S C R I P T  I N  X D I R E C T I O N  FOR G R I D  L I N E  I ( X = O  AT I = l t 1 / 2  * * 2 8 0  

C I J - - - C H E Z Y  C O E F F I C I E N T  F O R  EOTTOU F R I C T I O N  C A L C U L A T I O N S  
C K ( K , I , J )  - - - S P E C I E S  MASS CONCENTRA'I ICN 
C K T l J ( K ) - - - R A S S  CONCENTRATICH O F  S F E C I E S  CCMING FROM THE T O P  
C K B I J ( K ) - - - H A S S  CONCENTRATION OF S F E C I E S  C C H I N G  FROM THE BOTTON. 
CKTMD (K,  1, J) - - -TIMI?  D E R I V I A T I V E  O F  S P E C I F S  MASS CONCENTRATION. 
C P - - - H I X T U R E  S P E C I F I C  REAT 
CPK ( K )  - - - S P E C I F I C  REAT 

*CPUSEC---COMPUTER TIME CUT-OFF L i n n  IN SEC.-INPUT 
*DCKB (R,M)---MASS C O E F F I C I E N T  F O R  S F E C I E S  K F R O N  BOTT0W.-INPUT 
* n C R T  ( K , B )  ---MASS C O E P P I C I E N T  FOR S F E C I E S  K FROM TOP. - I N P U T  
*DEPTH (I) ---THE U N I F O R l l  DEPTH OF R E G I O N  I. 
* D K X C - - - C O E F F I C I E N T  FOR D K X I J - I N P O T  

D K X I J  (K)  ---TCTAL BINARY E F F E C T I V E  C I F F U S I O N  C O E P F I C I E N T  FOR 
S P E C I E S  K I N  X - D I R E C T I O B .  

* D K I C - - - C O E F F I C I E N T  POR D R Y I J - I N P O ' I  
D R Y I J  (K) ---TOTAL B I N A R Y  E F F E C T I V E  C I F F U S I O N  C O E F F I C I E N T  FOR 

S F E C I E S  K I N  P - D I R E C T I O K .  
C *DNX(I) - - -DOURSTREAM G R O S S  L A T T I C E  L I N E  BCUNCING REGION I I N  
C X D I R E C T I O N .  

- .  * * 3 8 0  * * 390 * * 400 
* * 410 * * 420 
* * 4 3 0  * * 4 4 0  * * 450 * * 4 6 0  
* * 4 7 0  * * 4 8 0  
* * 4 9 0  * * 500 
* * 510 
* * 520 * * 530 * * 540 * * 550 * * 560  
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* * 570 C *DNY ( I )  ---DOWNSTREAM G R O S S  L A T T I C E  I I N E  ECUNLING S F G I O N  I I N  * * 5 8 0  C Y D I R E C T I C N .  
C *DPRTTfl - - -TIME INCREMENT FOR P R I N T I N G  OUTFUT 1 Y  A D D I T I O N  TO I N 9 T I A L  * * 5 9 0  * * 6 0 0  C A N D  F I N A L  P R I N T O U T S . - I N P U T  * * 6 1 0  C D T f l - - - T I N E  INCREMENT FOR NOMERICAL C A L C U I A T I O N S .  * * 6 2 0  C *DTVLT-- -TIME INCREMENT I S  R U L T I P I I E C  BY L T P L T  EVFRY * * 6 3 0  C NDTMC T I M E  S T E P S . - I N F U T  * * 6 4 0  C D X ( 1 ) - - - C I S T A N C E  INCREMENT I N  X D I G F C ' I I O N  AT G R I D  L I N F  I. * * 6 5 0  C D Y ( J ) - - - D I S T N C E  I N C R E V E N T  I N  Y D I R E C T I O N  AT G R I D  L I N E  J. 
C *FCKBD(K,M) ---VALUE OF BOUNDARY C O N L I T I O N  P C h  S P E C I E S  CONCENTRATION.  * * 660 * * 670 C *FDTM---LARGEST L I f l I T  FOR T I M E  I N C R I B E N ? . - I N F U T  * * 680 C * F G B D ( N ) - - - V A I U E  O F  BOUNDARY C O N D I T I O N  FOR S P E C I E S  VASS FLUX 
C *FGKRDIK.Ml- - -VALUE OF BOUNDARY C C N L I T I O N  FCR 1 A S S  FLUX O F  S P E C I E  K .  * * 6 9 0  
C * F H B D ( n )  :--VAIUE OF BOUNDARY C O N U I T I C N  F O E  IIPTER ELEVATION.  
C * F Q B D ( R ) - - - V A I U E  C F  BOUNDARY C O N C I T I O N  FOK MEAT FLUX 
C *FSBDN (1) ---VAIUE OF BOWPCARY C O N C I T I O N  FCR NORMAL S T R E S S E S  
C * F S B D S H ( I )  - - - V A I U E  C F  BOUNDARY C O N C I T I O N  FOS S V E A R  S T R E S S E S  
C * F T B D ( M ) - - - V A I U E  OF BOUNDARY C O N C I T I C N  FOR TEMP. 
C t F T 1 - - - F I N A L  T I M E  OF T H E  C A S F  
C *FUBD(M)---VALUE OF BOWNDARY C O N D I T I C N  FOR 0 V E L O C I T T Y  
C *PVBD(M)- - -VAIUE C P  BOUNDARY C O N D I T I C N  FOR V V E L O C I T Y  
C G K B I J - - - f l A S S  D I F F U S I O N  O F  S P E C I E S  R FROM BC'ITOM 
C * G K D V ( K , I ) - - - V A I U E  OF I A S S  GENERATICN P E R  U N I T  VOLUflE FOR S P E C I E  K 
C I N  I N T E R N A L  GENFRATION F U N C T I O N  NIIflBER I. 
C G K T I J - - - P I A S S  C I F F U S I O N  O F  S P E C I E S  K FROB T C E .  
C G K T I J ( K ) - - - M A S S  FLWX OF S P E C I E 5  K I N  X - D I R E C T I O N .  
C G K Y I J ( K ) - - - M A S S  FLUX O F  S P E C I E S  K I N  Y - D I R E C T I O N .  
C GR-- -EARTH'S  G R A V I T Y ,  3 2 . 2  F T - S Q / S E C  
C GRC---CONVERSION U N I T ,  32 .2  IB-NAS-C F'I/LB-FCRCE SXC-SQ.  
C H ( 1 . J )  - - -PATEE S U R F A C E  E L E V A T I O N  BEASUREL FROV T H E  BOTTOV. 
C P B ( 1 . J ) - - - E L E V A T I O N  OP BOTTOM FRCM A R E F E R E R C E  DATUR. 
C H C ( 1 . J ) - - - E L F V A T I O N  O F  THE C E N T R C I L  OF THE ELEMFNT FROM A 
C REFERENCE DATUM 
C *HCB(M) ---HEAT C O E F F I C I E N T  FCR B 0 T T C M . - I N P U T  
C *HCT(M) ---HEAT C O E F F I C I E N T  FOR T O P .  - I N P U T  
C HS ( 1 , J ) - - - E L F V A T I O N  OF WATER SURFACE FROM A REFERENCE DATUfl. 
C HT-- - f l IXTURE E N T H A I P Y  
C* H T B I J - - - E N T H A L P Y  O F  F L U I D  COMING P F C V  BCTTCM. 
C HTK (K) - - - S P E C I E S  ENTHALPY 
C HTMD ( 1 . J ) - - - T I M E  D E R I V I A T T V E  O F  WATER S U E F A C E  E L F V A T I O N  
C* H T T I J - - - E N T H A L P Y  O F  F L W I C  COPIING FECI! THE TCP. 
C *IBNDFC---BOUNDARY C O N D I T I O N S  F U N C T I O N  NUfiBEB (AN I N D E X )  
C * I B O T F  ( I )  ---BOTTOM C O N D I T I O N S  F U N C T I O N  NUMBFR WHICH W I L L  BE USED 
C FOR THE R E G I O N  I. 
C *IBOTFC-- -BOTTCN C O N D I T I O N S  FUNCTION NnMBERIAN INDEX) 
C * I C K B D F ( K , f l ) - - - B U L T I P L I E R  F U N C T I O N  FOR FCRBZ) / K , f l )  
C * I C K B F ( K . M ) - - - M U L T I P L E R  F U N C T I O N  FOR CKB(R.M) 
C * I C K T P  (K, R) - - - M U L T I P L E R  F U N C T I O N  FOE CKT ( R ,  M) 
C *IOCKB(K,ff)---MULTIFLIER F U N C T I O N  FCR D C K E ( I , M )  
C *IDCKT(K,R)---MULTIPLIER EUNCTION FCR C C K T ( K , N )  
C * I D N X B ( I ) - - - B O U N D A R Y  C O N D I T I O N S  F U N C T I O N S  N U P E E R  TO BE I M P O S E D  ON 
C FACE C N X ( 1 )  OF REGION I .  
C * I D N Y B ( I ) - - - B O U N D A R Y  C O N D I T I O N S  F U N C T I O N S  N U V B E R  TO BE I V P O S E D  ON 
C F P C E  C N Y ( 1 )  OF R E G I O N  I .  
C * I F I N I S - - - I F  EQUAL ZERO N O  RESTART EIIE I S  C A E A T F ~ ' . - I N P U T  

C FOE T H E  R E G I O N  I. 
C * I G B D F  (N) - - - M U L T I P L I E R  F U N C T I O N  FOR FGED (N) 

c *IGENF(I) - - - INTERNAL G E N E R A T I O N  PUNCTICN N U M E E N  h.1:rCH WILL BE USED 

* * 7 0 0  
* * 710 
* * 7 2 0  * * 7 3 0  
* * 7110 
* * 750 * * 760 
* * 7 7 0  

* * 7 9 0  * * R O O  
* * 810 * * 8 2 0  
* * 8 3 0  * * 8 4 0  * * 850 
* * 8 6 0  * * 870 * * 880 * * 890 
* * 9 0 0  
* * 9 1 0  
* * 9 2 0  
* * 9 3 0  
* * 9 4 0  
* * 950 * * 960 
* * 970 * * 980 * * 9 9 0  * * 1000 
* * 1010  * * 1 0 2 0  * * 1030 * * 1 0 4 0  * * 1050 
* * 1 0 6 0  * * 1 0 7 0  
* * 1080 
* * 1090 * * 1100 
* * 1110 
* * 1120 * * 1 1 3 0  * * 1140 

* i 780 
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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 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

*IGKBDF(K,M) - - -HULTIPLIPR FUNCTION FCR FGXBC (5,M) S P E 3 9 E  K I  * *  
*IGKDVF (K.1)---GENEPAL PURPOSE FUNCTION TC @ E  USED ON GKDV(K,I)  * *  
*IGFNFC---INTERNAL GENFRA'IION FUNCTION N U V B E R  (AN INDEX) * *  
*IHBDF (a) - - -MUITIPLIER FUNCTICN FCR FHBD ( M )  * *  
*IHCB ( M )  - - - N U I T I P L I E R  FUNCTION FOR ECB (M) * *  
*IHCT ( f l ) - - - N U I T I P L I E R  PDNCTION FOR AC'I ( M )  * *  
*INDTM---NUNBER OF ? I M E  S T F P S  BEFOFE FROCESS OF INCREASE I N  T I N E  STEP*  * * *  

* *  S I Z E  PEGINS.-INPUT 
* I N T F ( I ) - - - I N I T I A L  CONDITION FUNCTICN NUJEER WHICH HTLL BE USED FOR 

*TNTFC-- - INITIAL CONDITIONS FUNCTION NUMBER(AN INDEX) 
*INTRT---NUNERICAL INTEGRATICN PROCEDURE SELECTION 

( 1 )  SELFCTS RUNG?-KUTTI-GIIL HETHOI: 
( 2 )  SELECTS EULER HF'IHOD 
( 3 )  SELECTS RDAN-BASWORTH RETHOD 

THE REGION I . - INPU' I  

* I P L O T - - - I F  EQUAL ZERO NO PLO'ITING INFORNATION I S  GENERATED.-INPUT 
*IQBDF(N)  - - -NUITIPLIER FUNCTION FOR FCBD ( N )  
*IQBF (M)- - -NUITIPLIER PUNC'IION FOR CE (a) 
*IQDVF ( I )  ---GENERAL PURPOSE FUNCTION ' I O  BE USED ON QDV ( I )  
*IQTF(M) ---PIUI ' I IPLIER FUNCTICN FOB CT ( M )  
*IREG----REGION NUMBER (AN INDEX) - INPUT 
*ISHBDF (M) - - -NUL'IIPLIER FUNCTION FOB FSBDSH (I?) 
*ISNBDF(N)  - - - M U I T I P I I E R  FUNCTION FOF FSBDN(H) 
* ISTART-- - IF  EQUAL ZERO NO RESTART INPORMATICN IS REQUIREU.-INPUT 
*ISTCKF (K,N) - - - N U I T I P L I E R  FUNCTION FCR STCK (K.N)-INPUT 
* I S T H P ( N )  ---NUL'IIPLIER FUNCTICN PCR STH (N) - INPUT 
* I S T T F  ( N )  - - -NUL'IIPLIER FUNCTION FCR ST'I ( 8 )  - INPUT 
* I S T U F  (N) - - -NULTIPLIER FUNCTION FOR STU ( N )  - INPUT 
* I S T V F  ( N )  - - -MULTIPLIER FUNCTION FOR S'IV ( a )  - INPUT 
*ISTWSF(N) - - -NDLTIPLIER FUNCTION FOB S'IWS(N)-INPIIT 
* ITBDF (N )  - - -NUI ' I IPLIER FUNCTION FCR FTED ( a )  
* I T B P  (N) - - -NUITIPLER FUNCTION FOR TE (N) 
* I T O P F ( I ) - - - T C P  CONDITIONS FUNCTICN NUHBER WHICH HILL BE USED FOR 

*ITOPFC---TOP CONDITIONS FUNC'IION NCNF!ER(AN INDEX) 
* I T T F  (N) - - -NUITIPLER FUNCTION FOR T I  ( N )  

*IUBDF ( N )  - - - f i U I T I P L I E R  FUNC'IION FOR FUBD (N )  
*IUPXB(I)---BOUNDARY CONDITIONS FUNCTIONS NOHEER TO BE INPOSED ON 

*IUPYB (I) ---BOUNDARY CONDITIONS FUNCTIONS NURBER TO BE IMPOSED ON 

*IUTF(M) - - - H U L T I P L E R  PTINCTTON F O R  01 (n) 
*IVBDF (PI) - - - H U I T I F L I E R  FDNCTION FOR FVFD (n)  
*IVBF(N)  ---MUITIPLER FUNC'IION FOR B E  (M) 
*IVTP(M) ---NULTIPLER PUNCTICN FOR VT (N) 
*IPBP (N)---NUI ' I IPLER FUNCTION FOR H E  ( a )  

TAE REGION I. 

*IUBP (n) - - -NUITIPLER FUNCTION FOR ue  (n)  

FACE U P X ( 1 )  OF REGION I .  

FACE UPY (I)  O P  RFGICN I .  

*IHTP - - -NUITIPLER FUNCTION FOR PT r n i  

1 1 5 0  
1 1 6 0  
1 1 7 0  
1 1 8 0  
1190 
1 2 0 0  
1 2 1 0  
1 2 2 0  
1 2 3 0  

* * 1 2 4 0  
* * 1 2 5 0  
* * 1 2 6 0  
* * 1 2 7 0  
* * 1 2 8 0  
* * 1 2 9 0  * * 1 3 0 0  
* * 1 3 1 0  
* * 1 3 2 0  
* * 1 3 3 0  * * 1 3 4 0  
* * 1 3 5 0  * * 1 3 6 0  
* * 1 3 7 0  
* * 1 3 8 0  * * 1 3 9 0  * * 1 4 0 0  
* * 1 4 1 0  
* * 1 u 2 0  
* * 1 4 3 0  
* * 1 4 4 0  
* * 1 4 5 0  
* * 1 4 6 0  * * 1 4 7 0  * * 1 4 8 0  * * 1U90 
* * 1 5 0 0  * * 1 5 1 0  
* * 1 5 2 0  
* * 1 5 3 0  * * 1 5 4 0  
* * 1 5 5 0  
* * 1 5 6 0  
* * 1 5 7 0  * * 1 5 8 0  * * 1590  * * 1600 * * 1 6 1 0  * * 1 6 2 0  

*IXPD (I)  ---NUNBER OF S U B D I V I S I O N S  B r T P k E N  G R O S S  L A T T I C E  L I N E S  XGRL(1)  * * 1 6 3 0  
ANI: X G n L ( I + l )  . - INPUT * * 1 6 4 0  

*IYFD(I ) - - -NURBER OF S U B D I V I S I O N S  BETWEEN GROSS LATTICE L I N E S  YGRL(1)  * * 1 6 5 0  
A N D  YGRL ( I + 1 )  . - INPUT * * 1 6 6 0  

*LDTNCR---SELECTS TEE DESIRED C R I T E B I C N  TC DETERNINE TAE S U I T A B I L I T Y  * * 1 6 7 0  
CF ? H E  FRCPOSED CTN.-INPU'I * * 1 6 8 0  

*NANLPC---TOTAL NUVEER O F  ANALYTICAI FUNCTICNS - INPUT * * 1 6 9 0  
*NBN---EOUNDARY CONDITION NUNBER * * 1 7 0 0  
*NBNDF---TOTAL NUNBER OF BOUNLARY CCNDITICNS FUNCTIONS.-INPUT * * 1710 
*NBOTF---TOTAL NUNBER OF BOT'ICN CONLI'IIONS FUNCTIONS.-INPUT * * 1720 
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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 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

NBXM---NODAL DISPLAY FOR UPSTREAM ECUNDARIES I N  X-DIRECTION. * * 1 7 3 0  
NBXP---NODAL CISPLAY FOR DOUNSTREAU EOUNCARIES I N  X-DIRECTION. * * 1 7 4 0  
NBYM---NODRL DISPLAY FOR UPSTREAM EOUNDARIES I N  Y-DIRECTION. * * 1 7 5 0  
NBYP---NODAL CISPLAY FOR DOWNSTREAM BOUNCABIES I N  Y-DIRECTION. * * 1 7 6 0  

*NDTMC---NUMBER O F  TIME S T E P S  BETFEEN CHANGES I N  TIME S T E P  SIZE. - INPU* * 1 7 7 0  
*NGENF---TOTAL NUMBER OF VOLONETRIC HEAT OR MASS GENERATION 

*NHBDTP(M)---TYPE O F  BOUNCARY CONC!TION F 'EVATION 
*NINTLF---TOTAL NUMEER O F  I N I T I A L  CCNCIT'  PUNCTI0NS.-INPUT 
*NK---TOTAL NUNEER OF CHEMICAL S P E C I E S  C h  -LNSIDERED.-INPUT 
*NRFG---TOTAL NUMEER O F  REGIONS. - I N E L  
*NTBDTP ( M )  ---TYPE O F  BOUNDARY CONDI'IIdN FCR TEUP. OR Z C I E S  

*NTBLFC---TOTAL NUMEER OF TABULATED FUNCTIONS - ' P U T  
*NTNAX---TOTAI NUMBER OF TEMPERATURE MONITORING POINTS. - INPUT 

*NUBDTP ( N )  ---TYPE OF BOUNDARY CONDITICN PCR VELOCITY U 
*NVBDTP ( M )  ---TYPE CF BOUNDARY CONCITION FCR VELOCITY V 
*NXGRL---IOTA1 NUMBER OF GROSS LATTICE L I N E S  I N  X DIRECTION.-INPUT 
*NYGRL---TOTAL NUMBER O F  GROSS LATTICE L I N P S  I N  Y DIRECTION. - INPUT 
*PRBTM---PROBLEN T I R E  FOR T H I S  CASE.-INPUT 
*QB(N) ---HEAT COMING FROM THE BOTTOM. 
*QTJV(I) ---VALUE O F  HEAT GENERATION FER UNIT VOLUME I N  INTERNAL 

FUNCTIONS. - INPUT 

CONCENTRATION. 

NTOPP---TOTAL NUNBER OF TOP CONDITIONS FUNCTIONS.-INPUT 

GENFRATION FUNCTION NUMEES I 
QKBIJ---HEAT COMING PRON BOTTOM BECAUSE CF MASS DIFFUSION.  
QKTIJ---HEAT COMING FROPI TOP BECAUSE O F  F I S C  DIFFUSION.  

*QSOL---SOLAR HEAT FLUX-INPUT 
*QT(U) ---HEAT COHlNG F R O B  THF TOP. 

QXIJ---HEAT FLUX I N  X-DIRECTION. 
QYIJ---HPAT FLUX I N  Y-DIRFCTION. 
RO---NIXTORE DENSITY 
ROK(K) - - - S P E C I E S  DENSITY 
RORTD---TFIPEAATURE D E R I V I A T I V E  OF THE S F E C I B S  DENSITY. 
ROTD---TENPEEATLIRE DERIVIATIVE OF THE FIXTUBE DENSITY. 
SBXIJ - - -STRE% AT THE BOTTOM I N  X - t I R E C T I O N .  
S B Y I J - - - S T R E S S  A T  THE BOTTOM I N  Y - C I R E C T I O I .  
SDTM---INITIAL TIME INCREMENT-INPUT 

*STCK(K,M) - - - I N I T I A L  VALUE FOR CK ( K , I , J )  -1NEUT 
*STH(N) - - - I N I T I A L  VALUE FOR H ( 1 . J ) - I N F U T  
*STN---STARTING T I H E  OP T H I S  CASE.-INPUT 
*STT ( 1 )  - - - I N I T I A L  VALUE FOR T (1.J) - INPUT 
*STU(N) - - - I N I T I A L  VALUE FOR U (I. J )  -1NFUT 
*STV ( M )  - - - I N I T I A L  VALUE FOR V ( 1 . J )  - INPUT 
* S T I S  ( M )  - - - I N I T I A L  VALUE FOR WS ( I ,  J )  - INPOT 

STXIJ - - -STRESS AT THE TOP I N  X-DIRFCTION. 
S T Y I J - - - S T R E S S  AT THE TOP I N  X-DIRECTION. 
SXXIJ---NORMAL STRESS I N  X-CIRECIICN.  
SXYIJ---SHEAR STRESS I N  X -  OR Y-DIBECTION. 
SYYIJ---NORMAL STRESS I N  Y-DIRECTICN. 
TABARG--- 
TABFNC--- 
T ( 1 . J )  ---WATER TPMFERATORE. 

*TB(N)---TEIPEBATURE O F  MASS CONING PROM TH" BOTTOM. 
*TD---DEW-POINT TEMF.-INPUT 
*TIDAL---TIDAL FERIOD I F  A N  ESTUABY. 

TRIJ---CONSTANT BASED ON THE SLOPE OF THE-TCP WATER SURPACP. 
TM---CURRENT TIME 
TMDIJ---MASS FLUX RATE CONING FRCM THE T C P .  

* * 1 7 8 0  * * 1 7 9 0  * * 1 8 0 0  * * 1 8 1 0  
* * 1 8 2 0  
* * 1 8 3 0  * * 1 8 4 0  * * 1 8 5 0  * * 1 8 6 0  
* * 1 8 7 0  * * 1 8 8 0  
* * 1 8 9 0  * * 1 9 0 0  * * 1 9 1 0  * * 1 9 2 0  
* * 1 9 3 0  * * 1 9 4 0  
* * 1 9 5 0  * * 1 9 6 0  
* * 1 9 7 0  * * 1 9 8 0  
* * 1 9 9 0  * * 2 0 0 0  
* * 2 0 1 0  
* * 2 0 2 0  * * 2 0 3 0  * * 2 0 4 0  
* * 2 0 5 0  
* * 2 0 6 0  * * 2 0 7 0  
* * 2 0 8 0  * * 2 0 9 0  * * 2 1 0 0  
* * 2 1 1 0  
* * 2 1 2 0  
* * 2 1 3 0  
* * 2 1 4 0  
* * 2 1 5 0  * * 2 1 6 0  * * 2 1 7 0  * * 2 1 8 0  
* * 2 1 9 0  
* 4 2 2 0 0  * * 2 2 1 0  
* * 2 2 2 0  
* * 2 2 3 0  * * 2 2 4 0  * * 2 2 5 0  * * 2 2 6 0  * * 2 2 7 0  * * 2 2 8 0  
* * 2 2 9 0  
* * 2 3 0 0  
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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 
C 
C 
C 
C1 
C 
C 
C 

ISN 0002 
ISN 0003 

* * 2310 
* * 2320 
* * 2330 

*UB(n)---VELOCITY OF MASS COHING FRCR THE BCTTOR I N  X-DIRECTION-INPUT* * 2340 
* * 2350 *UPX(I)---UPSTREAM GROSS LATTICE L I N E  BOUNDING REGION I I N  
* * 2360 * * 2370 *UPP(I)---UPSTBEAR GROSS LATTICE L I N E  BOUNDING REGION I I N  
* * 2380 

*UT(N)---VELOCITY OF MASS CONING FRCR THE T C F  I N  X-DIRFCTI0N. - INPUT * * 2390 
* * 2400 
* * 2410 

*VT(R)---VELOCITY OF NASS CORING F R C R  THE T C E  I N  Y-DIRECTION.-INPUT * * 2430 
*WB(N)---VELOCITY OF MASS COHING FRCN THE BOTTOR I N  2-DIRECTION-INPUT* * 2U50 

* * 2460 
* 2470 

*WT(R)---VELOCITY OF MASS C 0 8 I N G  FRCR THE T C F  I N  2 -DIRECTION. - INPUT * * 2480 
XGRL ( I )  A N 0  XGRL ( 1 + 1 ) .  -1BFOT * * 2490 

X(I ) - - -OISTANCE I N  X DIRECTION 'JP TO THE I GRID LINE.  * * 2500 * * 2510 
XGRL (I) AND XGRL ( I+l)  . - INPUT * * 2520 * * 2530 

X DIRECTION - INPUT * * 2540 
XKPIJ---TOTAL EFFECTIVE HEAT D I S F E B S I C N  COEFFICIENT I N  X-DIRECTION. * * 2550 

* * 2560 
MININON TEHPERATURE SHOOLD BE Cl ICULATED * * 2570 * * 2580 

X DIhECTION -INPUT * * 2590 
XTVSIJ---TURBOLENT VISCOSITY I N  X-CIRC * * 2600 
Y(J ) - - -DISTANCE I N  Y DIRECTICN UP 'IO THE J GRID LINE * * 2610 

*YGRL(I)---GROSS LATTICE L I N F  I I N  Y D1REC.-INPUT * * 2620 * * 2630 *YKPC---CONSTANT PART OF THERRAI CONCUCTIVITP I N  
P DIRECTION - INPUT * * 2640 

YKPIJ---TOTAL EFFECTIVE HEAT O I S P E R S I C N  COEFFICIENT I N  Y-DIRECTION. * * 2650 
* * 2660 

YTVS---TURBULENT VISCOSITY I N  Y-CIRECTION. * * 2670 * * 2680 
Y DIRECTION - INPUT * * 2690 * * 2700 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t 2710 
* 2720 

* * 2730 * * 2740 
I R P L I C I T  REAL*8 (A-H.0-2) * * 2750 
COflNON/CONEIN/ ANL.ATMP.CFIJ .CKIJ (4 )  , C R I E J ( U )  ,CKIf l J (U)  , C K I J P ( U )  , * * 2760 

> CRIJN(4),DXM.DXP,OYM.CPP.CXIP1.CPJP1,CXI~l,CYJPl,CXII,OXRI,OXLIl,DXRIl,OYLJ .* * 2770 
> D Y R J . O Y L J l . D Y R J l , G B I J , G K ~ I J  (4) , C E I J , Q K B I J ( 4 )  , S B X I J , S B Y I J , G X I ! l J  , * * 2780 
> GXIPJ,GPIJN.GPIJP.GTIJ,GKTIJ(U) , C T I J . C K T I J ( U )  , S T X I J , S T Y I J , Q O V I J  ,* * 2790 
> QXIMJ,QXIPJ,QYIJM.QYIJP,GKXIHJ(U) , G R X I P J  (4) ,GKYIJR(LI) , G R Y I J P ( U )  ,* * 2800 
> H T K I J ( O ) , H T K I J H ( U )  , H T R I P J ( U )  , H T R I N J ( 4 ) . H T K I J P ( 4 ) , A I J , H I J H , ~ I P J  , * * 2810 
> HIRJ,HIJP,UIJ,UIJR,OIPJ,UIRJ,OIJF,VIJ,VIJ~,VIPJ,VINJ,VIJP,TIJ , * * 2820 
> TIJtl,TIPJ,TINJ,TIJP,ROKTPD(U) ,RCIJ,RCIJ~,ROIPJ,ROIRJ,ROIJP , * * 2830 
> SHKTPD(4)  ,SHTCKC(U) ,SHTTPC.SXXIRJ,SXXIPJ,SYYIJR,SYYIJP,SXYIJN , * * 2840 
> S X Y I P J , S X Y I M J . S X Y I J P , R O I R J O , R C I F J C . R ~ I J M C , R O I J P D , E Q T ~ P , T O I J  , * * 2850 
> HCIRJ.HCIPJ,HCIJR,HCIJP.GR.ROCRC(4) , S F H T K ( U )  ,OENSK(U) , R O O R I J ( U )  ,* * 2860 
> G K D V I J ( 4 )  ,DXI ,OYJ  , Q O V ( 2 5 ) , H B D ( 2 5 )  ,UBC(Z5),VBO(25) , T B D ( 2 5 ) ,  * * 2870 
> CKBD(4.25) , T B I J , A C B I J  , O C R B I J  (4) , R T K B I J  (4) , B N I J , O B I J , V B I J , W B I J .  * * 2880 

*TT (N) ---TERPERATURE O F  MASS CONING FROM THE TOP. 
T T R D ( 1 . J )  ---TIME O E R I V I A T I V E  OF WATER TEMPERATORE. 
O ( 1 , J )  ---WATER VELOCITY I N  X OIRECTICN. 

X DIRECTION. 

Y DIRECTION. 

OTRO ( I , J ) - - - T I N E  O E R I V I A T I V E  OF VELCCITY I N  X-OIQECTION. 
V(1.J)---WATER VELCCITP I N  Y OIRECTICN.  

*VB(N)- - -VELOCITY OF NASS COHING F R C R  T H E  BOTTOM IN Y-DIRECTION-INPUT* * 2420 
VTNO(1,J)---TIRE D P R I V I A T I V E  OF V P I C C I T P  I N  P-DIRECTION. * * 2440 
WS(1.J)---RATE OF CHANGE OF WATER ELEVATION QITA RESPECT TO 

T I R E .  THAT I S  ALSO WATER VERTICAI  VELOCITY AT THE SURPACE. 

*XGRL ( I ) - - - G R C S S  LATTICE L I N T  I I N  X DIREC. -1NPOT 

*XKPC---CONSTANT PABT O F  THERMAL CONCUCTIVITI  I N  

*XTRAX ( I )  ---X LCCATION OF POINT AT FHICH T I C A I  MADE AVERAGE A N 0  

*XTVSC---CONSTANT PART OF DYNANIC VISCOSITY I N  

*YTMAX(I) Y LOCATION OF ABOVE POINT. 

*YTVSC---CONSTANT PART OF DYNARIC V I S C C S I T Y  I N  



09hE * * OStlE * * 
OhhE * * 
OEtlE * * OZtlE * * 
OLhE * 
OOhE * * 06EE * * O8EE * * OLE€ * 09EE * * OSEE * * OtrEE * * OEEE * * .(O 
OZEE * * OLEE * * 
OOEE * * 
06ZE * * O8ZE * * 
OLZE * * 
09ZE * * OSZE * * 
OtrZE * * OEZE * * 
OZZE * * OLZE * * OOZE * * 
06LE * * 08LE * * 
OLLE * * 
09LE * * OSLE * * OhLE * * 

NI 

*** 3 
*** 3 
*** 3 
*** 3 

zz 
*** 3 
OZ 

*** 3 
*** 3 
*** 3 
*** 3 
*** 3 
81 

*** 3 

91 

hL 

26 

OL 

9EOO NSI 
SEOO NSl 
hE00 NSI 
€600 NSI 
LEOO NSI 

LEOO NSI 
Of00 NSI 

6200 NSI 
8200 NSI 

LZOO NSI 
9200 NSi 
SZOO NSI 
hZOO NSI 
EZOO NSI 
ZZOO NSI 
LZOO NSI 
OZOO NSI 
bL00 NSI 
EL00 NSI 
LLOb NSI 
9LOO NSI 
5100 NSI 

EL00 NSI 

1100 NSI 
1100 NSI 

OLOO NSI 
6000 NSI 

bo00 NSI 
LOO0 NSI 
9000 NSI 
SO00 NSI 
bo00 NSI 

S PE 
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I S N  0 0 3 7  
ISN 0 0 3 8  
I S N  0 0 3 9  
I S N  0 0 4 0  
I S N  0 0 4 1  
I S N  0 0 4 2  
ISN 0 0 4 3  
I S N  0 0 4 4  
ISN 0 0 4 5  
ISN 0 0 4 6  
I S N  0 0 4 7  
ISN 0 0 4 8  
ISN 0 0 4 9  
ISN 0 0 5 0  
I S N  0 0 5 1  
ISN OC52 
I S N  0 0 5 3  
ISN 0 0 5 4  
I S N  0055 
I S N  0 0 5 6  
ISN 0 0 5 7  
ISN 0 0 5 8  
I S N  0 0 5 9  
ISN 0060 
ISN 0 0 6 1  
ISN 0 0 6 2  
ISN 0 0 6 3  
ISN 0 0 6 4  

I S N  0 0 6 5  
I S N  0066 
ISN 0 0 6 7  
I S N  0 0 6 8  
ISN 0 0 6 9  
I S N  0 0 7 0  
ISN 0 0 7 1  
ISN 0 0 7 2  
ISN 0 0 7 3  
ISN 0 0 7 4  
ISY 0 0 7 5  
ISN 0 0 7 7  

I S N  0 0 7 8  
I S N  0 0 7 9  

ISN 0 0 8 0  

K X N l = R X -  1 * * 3 4 7 0  
DO 2 4  I = l , K X M l  * * 3 4 8 0  

Z ( I D X L + I ) = Z  ( I D X - l + I ) / C  * * 3 5 0 0  
24 Z ( I D X R * I )  = Z  ( I D X + I )  / D  * * 3 5 1 0  

K Y R l = K Y - l  * * 3 5 2 0  
DO 26 I = l . K Y ~ l  * * 3 5 3 0  
D = Z  ( IDY+I)  +Z ( I D Y - 1 4 1 )  * * 3 5 4 0  
Z ( I D Y L + T ) = Z  ( I D Y - l + I )  / C  * * 3 5 5 0  

26 Z ( I D Y R + I ) = Z  ( I D Y + I ) / D  * * 3 5 6 0  
INFLG=II)YR t K Y  * * 3 5 7 0  
I H = I N F L G + N  * * 3 5 8 0  
I U = I H + N  * * 3 5 9 0  
I V = I W + N  * * 3 6 0 0  
I T = I V + N  * * 3 6 1 0  
I C K = I T  t N  * * 3 6 2 0  
I E H S R = I C R + N  * * 3 6 3 0  
I E U F L = I P H S R + N  * * 3 6 4 0  
I E V F L =  IEWPLIN * * 3 6 5 0  
I E T M P = I E V F I + N  * * 3 6 6 0  
I E C S K = I F T l l F + N  * * 3 6 7 0  
I H T n D = I E C S R + R  * * 3 6 8 0  
IUTND=IHTID+N * * 3 6 9 0  
IVTHD=IOTRD+N * * 3 7 0 0  
ITTTID=IVTIIC+N * * 3 7 1 0  
I C  KTND;: I TT H D+N * * 3 7 2 0  
NSPACE=ICKTOD+R- 1 * * 3 7 3 0  
CALL GEONFG (2  ( INFLG)  , K X , K Y , Z  ( I D X )  ,Z ( IDY) , Z  ( I X )  ,Z ( I Y )  , I X T , J Y T ,  * * 3 7 4 0  

> NCHECR, N Z - E F ,  NSPACE) * * 3 7 5 0  
C *** SET CONSTANTS NEEDED I N  S U B R . O U ' I E R ' I .  * * 3 7 6 0  

N K K X = N K * K X  * * 3 7 7 0  
I X  0=1x - 1 * * 3 7 8 0  
I Y O = I Y - l  * * 3 7 9 0  
I R O = I H - l  * * 3 8 0 0  
I U C = I W - l  * * 3 8 1 0  
I v o = I v  - 1 * * 3 8 2 0  
IWSO=IHTNl)- 1 * * 3 8 3 0  
I T O Z I T - 1  * * 3 8 4 0  
I T T R D O = I  TT R C- 1 * * 3 8 5 0  
I C  KO=IC K - 1 * * 3 8 6 0  
I F  (NSPACE.GT.NZSP) NCHFCK-NCHECR410000 * * 3 8 7 0  
CALL D R I V E ( K X , K Y , N K , Z ( I X ) . Z O , Z ( I Y ) , Z ( I ~ X )  ,Z(IDY),Z(IDXL),Z(IDXR), * * 3 8 8 0  

> Z I I D Y L )  .Z (IDYR) . Z ( I H )  , Z ( I O )  . Z  ( I V )  . Z ( I T )  . Z ( I C K )  . Z ( I E H S R )  ,Z( IHTMD) ,* * 3 8 9 0  
> Z(1UTRD) ,Z ( IVTND)  . Z ( I T T l l C )  , Z l I C K ' I n D )  , Z ( I N P L G )  , IXT,JYT,NCHECK,  * * 3 9 0 0  
> Z ( I H ) )  * * 3 9 1 0  

RETURN * * 3 9 2 0  
1 0 0 0  P O R M A T ( ' 1 E I I H F R  K X . G T . 1 9 9 9 ' / 8 X , ' R P . G T .  1 9 9 9 ' /  , 5 X ,  * * 3 9 3 0  

> ' O R  NZSP.LT.NAX(6000+KY-l,N+U(KX+KY)) '/// ' K X = ' , I 4 / '  K Y = * . I 4 /  * * 3 9 4 0  
> ' N Z S P Z ' ,  1 6 / p  N = K X * K I ' / / '  CF.SUBR. R A I N ' )  * * 3 9 5 0  

E N D  * * 3 9 6 0  

D = Z  ( I D X * I )  +Z ( I D X - 1 + I )  * * 3 4 9 0  

*OPTIONS I N  EFFECT* N A M E =  ~AIN,OPT=02,LINECNT=6O,SIZE=OOOOK, 

*OPTIONS I N  EFPECT* S O U R C E , E E C D I C , N O L I S T , N O D E C K , L C A D , N O ~ A E , N O E D I T , N O I D , N O X R E F  

* S T A T I S T I C S *  SOURCE STATECENTS = 7 9  ,PROGRAI C I Z E  = 2 5 2 6  

* S T A T I S T I C S *  NO DIAGNOSTICS GENEEATEI: 
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I***** END OF C O l l P I L A T I O l  ****** 105R BYTES OF CORE NOT USED 
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OS/360 FORTRAN H 

COMPILER OPTIONS - BARE- NAIN.OPT=02.LINEC6T=6O.~IZE=OOOOK. 

ISN 0002 
ISN 0003 
ISN OOOU 
ISH 0005 

ISN 0006 
ISN 0007 

ISN OOOA 
ISN 000'4 
ISN ooin 
ISN 0011 
ISN 0012 
ISN 0013 

ISN 0014 
ISN 0015 

ISN 0016 
ISN 0017 
ISN 0018 
ISN 0019 

ISN 0020 
ISN 0021 
ISH 0022 
ISH 0023 
ISN 0025 
ISN 0027 
ISN 0029 
ISN 0029 
ISN 0030 
ISN 0031 
ISN 0032 
ISN 0033 

ISN 0034 
ISN 0035 

SOURCE ,mcoIc. NOIIST, NOOECK,L~RD .NONAP ,NOEDIT, NOID,NOXREF 
SUBROUTINE INPWT (NK) INPU 10 
IMPLICIT REAL*8 (A-H.0-2) INPU 20 
RPAL+U TODAY,TITIT INPU 30 
COflRON/CONEIN/ A N L , A T ? l P , C P I J . C K I J ( U ) , C R T F J ( 4 ) , C K I f 4 J ( U )  ,CRIJP(U) , INPU 4 0  

> CKIJM(4),CXN,DXP,DYN,~YP,CXIPl.fXII,DXRI~OXLIl,DXRIl,DYLJ .INPU 50 
> DYRJ,DYLJl,OYRJ1,GBIJ,GK@IJ (4) ,CEIJ,QRBIJ(4) ,SBXIJ,SBYIJ,GXIMJ , INPU 6 0  
> GXIPJ,GYIJN.GYIJP,GTIJ,GKTIJ ( 4 )  ,QTIJ,CKTIJ(U) ,STfIJ,STYIJ,QDVIJ ,INPU 70 
> QXIHJ.QXIFJ.QYIJR~QYIJP.GKXIHJ(4) ,GKXIPJ (4 )  .GKYIJM(U) ,GKYIJP(U) .INPU 80 
> HTKIJ(U).BTKIJM(U) .HTRIPJ(U) ,H~RlHJ(4) ,BIRIJP(4) .HIJ,AIJ,HIJN,HIPJ , INPU 90 
> H I N J . H I J P . U I J . O I J N , O I P J , U I M J , U I J F , V I J , V ~ J H , V I P J , V I ~ J , V I J P , T I J  , INPU 100 
> TIJN, TIPJ,TI?lJ, TIJP,RCKTPD (U) ,RCI J,ROIJl',ROIPJ, ROIMJ, ROIJP , INPU 110 
> SHKTPD(4) ,SHTCKD(U) ,SATTPt,SXXINJ,SXXIPJISYYIJnlSYYIJN,SYYIJP,SXYIJN , INPU 120 
> SXYIPJ,SXYINJ.SXYIJP,ROI~JD,RCI€J~,ROIJHC.ROIJPD,EQTHP,TDlJ , INPU 130 
> HCIHJ,HCIPJ,HCIJH.ACIJP,GR,ROCKD(U) , S F A T K ( 4 )  ,DENSK(U) .RODKIJ(U) .INPU 140 
> GKDVIJ(4) .CXI,DYJ ,QDP(25) , H B D ( Z S )  , l J B D ( i F )  ,VBD(25) ,TBD(25), INPD 150 
> CKBO(4.25) .TBIJ.HCBIJ .OCKBIJ (4) ,BTKBIJ ( 4 )  ,BNIJ,UBIJ.VBIJ,WBIJ, INPU 160 
> ROBIJ. HTBIJ,CKB IJ ( 4) ,TTI J ,ACT1 J ,DCKT I J ( 4 )  , HTK TI J ( 4 )  ,UTI J , VTIJ , INPU 170 
> WTIJ.ROTIJ,HTTIJ,CKTIJ(4) , Q B D ( 2 5 )  ,GBE(S5) ,GKBO(4,25) .SBDN(25), INPU 180 
> SBDSR(25),UIND,UfNDX,UINDY , IJ , IHlJ , IF1J,IJNl , IJPI . INTRT.KOIJ,  INPU 190 
> ROI~lJ,ROIPlJ,KOIJNl,ROIJP1 .NBXR,NBXE,REYM.NBYP,NREGIN,NBNOF , INPV 200 
> IXQV(25) ,JYQV(25) ,NHBCTP(25) ,NOEDTP(25) .NVBOTP(25) .NTBDTP(25) , INPU 210 
> NXGRL,NIGSL,NREG,NINTLP,NTOPP,NEOTF,NTBI~C,NTNAX,NGENP INPU 220 

D I N E N S I O N  TITLE (18) .TODAY (2) ,NCW (2) INPU 230 

INPU 250 
COYNON/TABLE/NTBLP (10) .TAEARG (25 , l o )  .TABFNC(25,10) INPU 26C 
CONNON/SCRATH/KTAB( 1 0 )  INPU 270 
RELD(50.1000) TITLE INPU 280 

C * * * THESE CALLS GET THE DATE AND TINE A N L  FGINT THEN * * * * * * INPU 290 
INPU 300 CALL IDAY (TCCAI) 

CALL TIRE (NCU) INPU 310 
INPU 320 PRINT 1010, (TITLE(I),I=1,18), (TCOAY(I).I=1.2) .(NOW(I) ,1=1,2) 

C * * * * * * + . * * * * * * * * * * . * * * * * * * * * * * * * *  INPU 330 
PRINT 1020 IYPU 3 4 0  
READ (50,1030) NK, NREG,NINILF, NGENF ,NBNCF ,NTOPP .NBOTP.NANLFC, INPU 350 

> NTBLPC,NXGRL,NYGRL,NTHAX INPU 3 6 0  
READ(50,1030) ISTARTIIFINIS ,IPfCT.INTBT INPU 370 

RE1D(SO,l050) SOTR,PDTH.OTNLT.INCTN.NOTRC,LDT~CR INPU 390 
PRINT 1 0 6 0 ,  NK,NAEG,NINTLF,NGENF,NENDF,N'ICPF,NEOTF,NANLFC, NTBLFC,INPU 4 0 0  

> NXGRL ,NYG RI, NTHAX INPU U10 
PRINT 1070, ISTART,IFINIS .IPLOT,INTRT INPU 420 

INPU U30 PRINT 1080. STH,PRBTM.CPUSEC,OPRT~H,TICAI 
PRINT 1090, SOTM,FOTH,OT~LI.INCTI',NCTMC,ICTMCR INPU U 4 0  
I? (NTBLPC.LE.0) GO TO 22 INPU 4 5 0  
1' (NTELFC.LE.10) GO TO 10 INPU 4 6 0  
PRINT 1100,NTBIPC INPU 470 
GO TO 14 INPU 480 

10 DO 12 J=l,NTBLFC INPU 490 
12 KTAB (J) =-1 INPU 500 

PRINT 1110 INPU 510 
00 18 I=l,NTBIFC INPU 520 
READ(50,llZC) ITBLFC,NTEHF, (TABARG (J.ITBLFC) ,TABPNC(J,ITBLIC) , J= INPU 530 

INPU 5 4 0  
INPU 550 
INPU 560 

CONHON/INDGIT/DTNLT,~TH,SD?N,PRB~N,CPRTT~,CPUSEC,TICAL,FDTN, IHPU 240 
> INDTN.NOT~C,IPINIS,LDTNCR,I~?AR~,IFLOT,~CPU 

READ(50,lOUO) STN,PRETR,CPOSEC,DFR~TN.TIU~~ INPU 380 

> 1,NTEHP) 
NTBLP (ITBLFC)=NTENP 
IF (1. LF.ITBLFC.AN0.ITBLFC.LE. NTELPC) GO TO 16 



349 

I S N  0037 
I S N  0038 
I S N  0039 
I S N  0 0 4 1  
I S N  0 0 4 2  
I S N  0 0 4 3  
I S N  0 0 4 4  
I S N  0045  
I S N  0046 
I S N  0 0 4 7  
I S N  0048 
I S N  0049 
I S N  0 0 5 0  

I S N  0051 
I S N  0 0 5 2  
I S N  0053 
I S N  0 0 5 4  

ISN 0055 

ISN 0056 

I S N  0057 

I S N  0058 
I S N  0059 
I S N  0060 
ISN 0061 
I S N  0 0 6 2  

1 4  
1 6  

18 

20 
2 2  

1 0 0 0  
1010 
1 0 2 0  

P R I N T  1 1 3 0 , I T B L F C , N T B L F C  
CALL E X I T  
I F  (KTAB(1TBLFC) .EQ.-1)  GO TO 18 
PRINT 1 1 4 0 , I T B L P C  
GO TO 1 4  
KTAB ( I ' IBLFC)  = ITBLFC 
DO 2 0  I = l , N T B L F C  
NTEMP=NTBLF (I) 
P R I N T  1150.1, (TABARG(J.1)  ,TABFNC (J,I) . J= l ,NTEMP)  
RETURN 
FORMAT (18AU)  
P O R M A T ( l A 1 , '  CASE T I T L E :  ' , 1 8 A 4 , 2 3 X , 2 A U . U X , 2 A ~ / l X , '  --- --- -- 
P O R H A T ( l X , '  INPUT INFORHATION PRCll SUBROC'IINE INPUT: ' / lX ,  

INPU 570 
INPU 5 8 0  
INPU 5 9 0  
INPU 600 
INPU 610 
INPU 6 2 0  
INPU 630 
INPU 6 4 0  
INPU 650 
INPU 660 
INPU 6 7 0  

- ' / ) I N P U  680 
INPU 690 
INPU 700  

1030 PORMAT(IUI5)  INPU 710 
INPU 7 2 0  1 0 4 0  FORMAT (BE1  0 .2 )  

1050 FORHAT ( 3 E 1 0 . 2 , 3 1 5 )  INPU 730 
1 0 6 0  FORMAT ( / 'O ' , lX , 'CARD NO. 1'/ INPU 7 4 0  

> ' O ' , l X . ' T O T A L  NUHBER OP CHEMICAL S P E C I E S  C K  CONSIDERED (NK)= * , I 3  INPU 750 
> / ' O ' , l X , ' T C T A L  NUHBER OF REGIONS (NREG)= ' INPU 760 
> , 1 3 / ' 0 ' . 1 X , ' T O T A L  NUHBER OF I N I T I A L  CONDI'IIONS FUNCTIONS (NINTLP)  INPU 770 
>= ' , 13 / ' 0 '  .lX.'TOTAL NUMEER OF VCLUllETBIC HEAT O R  MASS GENERATION INPU 7 8 0  
> FUNCTIONS (NGENP)= ' , 1 3 / t 0 ' , 1 X 1 1 0 T A L  NUllEER OF BOUNDARY CONDITIONINPU 790 
>S FUNCTIONS (NBNOF)= ' . 1 3 / ' 0 ' . ~ X , * T O T A L  NUMBER O F  TOP CONDITIONS PINPU 800 
>UNCTIONS (NTOPP)=  ' , 1 3 / * 0 ' l X , ' T C T A L  N U M B E R  OF BOTTOM CONDITIONS FUINPU 810 
>NCTIONS (NEOTF)=  ' , 1 3 / ~ O ' , l X , o T O T A l  NUMBER OF ANALYTICAL FUNCTIONSINPU 8 2 0  
> (NANLPC)= ' , 1 3 / f O ' , l X , ' T O T A L  NUREER OF TABULATED FUNCTIONS (NTBLPINPU 830 
> C ) =  ' . 1 3 / ' 0 ' , 1 X , ' T O T A L  NUMBER OF GRCSS LA'ITICE L I N E S  I N  X-DIRECTIOINPU 8UO 
> N  (NXGRL)= ' , 1 3 / ' 0 ' , 1 X , ' T O T A L  NUllBER O F  GBOSS LATTICE L I N E S  I N  Y-DINPU 850 
> I R E C T I O N  (NYGRL)= I , 1 3 / f O ' . l X , ' T C T A L  N D M E E R  OF TEMP. MONITORING POINPO 860 
> I N T S  (NTHAX) = * , 1 3 )  INPU 870 

1070 FORMAT ( / / 'O ' . lX , 'CARD NO. 2 ' .  INPU 880 
> / ' O ' , l X , ' R E S T A R T  PLAG. IF EQUAL ZERO NO RESTART INFORMATION INPU 890 
>IS REQUIREI: ( I S T A R T ) =  ' , 1 3 / ' 0 ' , 1 X . ' F I N I S H  FLAG. I F  EQUAL ZERO N O  RINPU 9 0 0  
>ESTART P I L P  I S  CREATED ( I F I N I S ) =  ' . 1 3 / ' 0 ' , 1 X , ' P L O T T I N G  FLAG. I F  EQINPU 9 1 0  
>UAL ZERO NC PLOTTING INPORMATION I S  GENERATED. ( IPLOT)  = ' ,13/  INPU 9 2 0  
> I O  FLAG FOR SELECTING THE NUMERICAL I N T E G R I T I O N  PROCEDURE. ( INTRT=INPU 930 
>1 SELECTS RUNGE-KUTTA-GILL METHOC.'/ lH , ? X . ' I N T R T = 2  SELECTS EULER INPU 9 U O  
> METHOD. I N T R T = 3  S E L E C T S  ADAM-BASHWORTH METROD.) ( INTRT)  = ' , I l )  INPU 9 5 0  

1080 FORMAT(///O2X,'CARD NO. 3 ' / '0 ' ,1X.  INPU 9 6 0  
> 'STARTING TIM!! OF T H I S  CASE ( S T I " ) =  ' , P 8 . 4 / ' O ' . l X I  INPU 970  
> 'PROBLEM T I R E  FOR T H I S  CASE (PRETR)=  ' , P 8 . 4 / ' O q , 1 X ,  INPU 9 8 0  
> 'COMPUTER TIME CUTOFF L I M I T  I N  CECONCS (CPUSEC)=  ' . P 7 . 2 / ' 0 ' , 1 X .  INPU 990 
> ' T IME INCREMENT FOR PRINTED OUTFUT (DFRT'IN) = ,FR.4/ ' O ' , l X ,  INPUlOOO 
> ' T I D A L  PERIOD IF A N  ESTOARY ( T I t ; L )  = ' . F 8 . U )  INPU 1 0  1 0  

1090 -ORMAT ( / / I O *  , lX , 'CARD NO. 4 ' / ' 0 ' .  I N I T I A L  TIME INCREMENT (SDTM) = I N P U 1 0 2 0  
>' , P 8 . 5 / ' 0 * , 1 X , ' L A R G E S T  L I O I T  POX TIME INCRSMENT (FDTH)=  ~ , P 8 . 5 / ~ O I N P U l 0 3 0  
> ' . l X . ' T I H E  INCREllENT I S  MULTIPLIED EVERY RDTMC T I V E  STEPS B Y  (DTHLINPU1040  
> T ) =  ' ,P6 .2 / ' 0 ' , 1X, 'NDl lBER OF T I R E  STEPS EEPORE PROCESS OF I N C R E A S I N P U 1 0 5 0  
>E I N  T I R E  STEP S I Z E  BEGINS ( I N D T l l ) =  ' . 1 3 / ' 0 ' , 1 X , ' N U H B E R  OF TIME S T I N P U 1 0 6 0  
> E P S  BETWEEN CHANGES I N  TIME STEP S I Z E  (NCTNC) = ~,13/~0~,1X,1CRITEINPU1070 
>RION TYPE (AS DEFINED I N  SUBROUTINE C H R D T I )  THAT EACH DTM WILL B E  I N P I J 1 0 8 0  
>REQUIRED TO S A l I S P Y  (LDTMCB) = * ,  13) I N P U 1 0 9 0  

1 1 0 0  FORRAT('  N T B L F C = ' I 2 , 1 X ' I S  GREATER THAN MAX.ALLOUED VALUE O F  1 0 . ' )  I N P U 1 1 0 0  
1110 FORMAT (//2X,'TABOLATED FUNCTIOAS')  INPU 1 1 1 0 
11 2 0  PORHAT ( 2 1 5 , 6 E l O .  5.1 O X /  ( 1  O X  , 6 E l O . S .  1 OX) ) I N P U l l Z O  
1130 PORMAT(' I ' I B L F C = ' 1 2 , l X * I S  NOT I N  THE RANGP 1 TO N T B L F C = ' I 2 )  INPU 1 130 
1 7 4 0  FORHAT('  TABLE NC. = I T E L F C  = 1 2 , l X ' H A S  ALREADY BEEN USED.') I N P U l l U O  

> I --- _-_ _-- _-- _ _ _  _ _ _  _ _ _  _ _ _  --- ---I)  
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. 

I S N  0063 
I S N  0064 END 

1150 PORllAT ( / / 7 X f I A B L P  N O .  ' 1 3 / 4 X ' T A B A R G ' B X '  IAEFNC'/ ( l e e 1  2 . 4 , 3 X ,  E1 1 .  U) ) I N P U l l 5 0  
I N P U 1 1 6 0  

*OPTIONS I N  EFFECT* N A M E S  MAIN , O P T = 0 2  . L I N E C N T = 6 0  .SIZE=OOCOK, 

*OPTIONS I N  EPPECT* S O U R C E . ~ E C D I C . B O L I S T , N O D E C K , L C A D , N ~ ~ A € , N O E D I T , N O I D , N O X R ~ F  

* S T A T I S T I C S *  SOURCE STATENENTS = 63 ,PROGRAN S I Z E  = 9 2 3 6  

* S T A T I S T I C S *  NO D I A G N O S T I C S  GENERATED 

****** END OF C O N P I L A T I O N  ****** 1 0 5 K  BYTES OF CORE NOT USED 
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CS/360 FORTRAN H 

COMPILER OPTIONS - NAME= HAIN,OPT=02,LINECFT=6O,SIZE=O~~~K, 
SOORCF.EBCDIC,NOLIST.NODECK,LCID,NC~AP,NOEDIT,NOID,NOXREF 

SUBROUTINE GEOn(KX,KY.DX,DI,X.Y,IXI,JYI) GEOM 10 
IHPLICIT R E A L * 8  (A-H.0-2) GEOH 20 
COMMON/REGICN/DEFTH (25) ,SI1 (25) ,IIREG (25) .IHREG (25) .JLRFG(25) r GEOn 30 

> JAREG (25) ,INTP(2T) ,IGENF(25) ,I?CPF(25) ,IEOTP(25) GFOY 40 
INTEGER*2 ILREG,IHREG.JLREG.JH~~~ GEOM 50 
INTFGBR*2 INTF.IGENP,I'IOPP,IBOTF GEOM 60 
COMMON/COMBIN/ ANL.ATNP.CPIJ.CKIJ(4) .CKI€J(U),CKIMJ(4) ,CRIJP(4) , GEOM 70 

> CKIJM(4),~XM,DXP.DYM.DYP,DXIPl.fYJPl,CXLI,DXRI,DXLIl,DX~Il,DYLJ ,GEOM 8 0  
> DYRJ, DYLJ 1 ,DYRJl,GBIJ, GKEIJ (4) , CBIJ,QKEI J (4) , SBXIJ,SEYIJ,GXI?lJ , GTON 90 
> GXIPJ .GI1 J M  ,GI1 JP ,GTI J, GKTIJ (4) .QTIJ, CKT IJ (4) , STXIJ, STYIJ ,QDVIJ .GEOM 100 
> QXIMJ ,QXIFJ ,QYI JM, Q Y  IJP ,GKXIN J (4) ,GKXIP J (4) ,G KY IJV (4) ,GRY IJP(4) , GEOM 1 1  0 
> HTKIJ(4) ,HTKIJM(U) ,HTKIPJ(U) ,H?RIMJ(4),BTKTJP(4) ,HIJ,HIJR,HIPJ , GEOM 120 
> HINJ,HIJP,UIJ,UIJN,UIPJ,OIMJ,UIJP,VIJ,VIJ~,VI~J,VIMJ,VIJP,TIJ , GEOM 130 
> TIJ~,TIPJ,TINJ,?IJP,ROKTPC(4),RCIJ,ROIJP,ROIPJ,ROIMJ,ROIJP , GEOM 140 
> SHKTPD(4) ,SHTCKD(u) ,SHTTFD,SXXIPJ,SXXIPJ,SYYIJM,SYYIJP,SXYIJM , GEOM 150 
> SXYIPJ,SXYII1J,SXYIJP,ROINJD,RCIFJD,RCIJ~~,~OIJPD,EQ~NP,TDIJ , GEOH 160 
> HCIMJ,HCIPJ,HCIJM, HCIJP,GR,ROCKT ( 4 ) ,  SFHTR (4) ,DENSK (4) ,RODKIJ (4) ,GEOM 170 > GKDVIJ(4) ,CXI,DPJ , Q D V ( 2 5 ) . H B D ( i S ) . U B t ( ~ ~ ) , V B D ( 2 5 )  .TBD(25), GEOH 180 
> CKBD(4,25),?8IJ,HCEIJ ,DCKBIJ (4),HTKBIJ (4) ,BNIJ,UEIJ,VBIJ,PBIJ. GFOM 190 
> ROBIJ.HTBIJ.CKBIJ(4) ,TTIJ,HCTIJ,DCKTIJ (4) ,HTKTIJ(4) ,UTIJ,VTIJ, GEOM 200 
> HTIJ,ROTIJ,HTTIJ.CKTIJ(4) .QBD(i5) ,GBC(25) .GKBD(4,25) ,SBDN(25), GEOM 210 
> SBDSH(25),UIND,WINDX,WINDY ,IJ,IM1J,IElJ,IJMl,IJPl,INTRT,KOIJ, GEOM 220 
> KOIH1J,KOI€1J,KOIJ~l,KOIJP1 . N B X H , N B X F . N E Y M , N B Y P . N R E G I N , N B N D F  , GEOM 230 
> IXQV(25) ,JYQV (25),NHBDTP(25) .NUEDTP(25) ,NVBDTP(25) .NTEDTP(25) , GEON 240 
> NXGRL,NTG6Z,NREG.NINTL~,NTOPF,N€O'IF,NIEIFC,NTHAX,NGENF GEON 250 
LOGICII1*1 TAELE (32) .STRING (132) GEOH 260 
INTEGER*4 NCR ( 5 )  ,KPLG (5) GEON 270 
REAL*U PLAG(5) ,XNAME,YNAME GEOM 280 
EQUIVALENCE (TABLE(1) ,TAB(l)) G90M 290 
DIMENSION CX(l),DY(l) ,X(l) , Y ( 1 )  GEOM 300 
COHMON/SCRA?H/XGRL(50) ,YGRZ(50) ,ARARFG(25) ,UPX(25) ,DNX(25) ,UPY (25)GEOM 310 

> ,DNY(25) ,IXPD(49),IYFC(49),IXGRI (50) ,JYGFL(50) ,NODREG(25) GEOM 320 
> IUPXB(25) ,IDNXB(25) ,IUPYE(25) ,IfNYB(25) ,RREG(25) GEOM 330 

GEON 340 INTEGERt2 I X F D , I Y F D , I X G R L , J Y G R L , N O ! 2 R F G  
GFOM 350 INTEGER*2 IOPXB,IDNXB,IUPYB,IDNYE,RPEG 

DIMENSION IXT(1) ,JYT(l) GEOM 360 
GEOM 370 DIMENSION 

DATA XNAHE/' X '/,YNAHE/' Y ' /  GEOM 380 
GEON 390 DATA NSCALE/ZOl O D O O O O /  

DATA TAB/' 1234567','89ABCDEF','GHIJKLMN'.'OPQRSTUV'/ GEOM 400 
DATA FLAG/ ' N B X  N ' , 'NBXP 1 , '  NEY M f , ' N B Y  P' , REG. f / GEOM 410 

c *** GEOM 420 
c *** GEOH 430 

READ ( 5  0.1000) (XGRL (H) * M =  1. NYGRL) GEOM 440 
NXLZNXGRL-1 GEOM 450 
REAn(50,lDlO) (IXPD(M) ,P]=l,NXL) GEOM 460 
PRINT 1020 GEOM 470 
PRINT 1030 GEOM 480 
PRINT 1040, (M.XGRL(M) ,IXFD(M) ,H=l.NXL) GEOM 490 
PRINT 1040,NXGRL,XGRI(NXGRI) GEOM 500 
READ(50,lOCO) (YGRL (a) ,M=l,NYGRL) GEOM 510 

GEOM 520 NYL=NYGRL-1 
READ (SO, 10 10) (IYFD (N) ,H=1 ,NIL) GEOM 530 
PRINT 1050 GEOM 540 
PRINT 1040. (H.YGRL(M) ,IIPD(M) .N=l.NYL) GEOM 550 

GEOM 560 PRINT 

XTHAX (10) ,YTMAX (10) .TAE (4) 

10 40, NYGRL, YG R I (NY GRL) 

ISN 0002 
ISN 0003 
ISN 0004 

ISN 0005 
ISN 0006 
ISN 0007 

ISN 0008 
ISN 0009 
ISN 0010 
ISN 0011 
ISN 0012 
ISN 0013 

ISH 0014 
ISN 0015 
ISN 0016 
ISN 0017 
ISN 0018 
ISN 0019 
ISN 0020 
ISN 0021 

ISN 0022 
ISH 0023 
ISN 0024 
ISN 0025 
ISN 0026 
ISN 0027 
ISN 0028 
ISN 0029 
ISN 0030 
ISN 0031 
ISN 0032 
ISN 0033 
ISH 0034 
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I S N  0035 
I S N  0036 
ISN 0037 
I S N  0 0 3 8  
I S N  0039 
I S N  0 0 4 0  
I S N  0 0 4 1  
I S N  0 0 4 2  
I S N  0043 
I S N  0 0 4 4  
I S N  0 0 4 5  
I S N  0 0 4 6  
I S N  0 0 4 7  

I S N  0 0 4 8  
ISN 0049 
I S N  0050 
I S N  0051 
I S N  0052 
ISH 0053 
TSN 0054 
I S H  0055 
TSN 0056 
I S N  3057 
ISN 0 0 5 8  
I S N  0 0 5 9  
ISN 0060 
I S N  0 0 6 1  
I S N  0 0 6 2  
I S N  0063 

I S N  006U 
I S H  0065 
I S N  0 0 6 7  
ISN 0068 
I S H  0370 
I S N  0072 
I S N  0 0 7 3  
I S N  0 0 7 4  
I S N  0075 
I S N  0 0 7 6  
I S N  0077 

I S N  0078 

ISH 0 0 7 9  

I S N  0 0 8 0  
I S N  0081 

L A S T I = O  
DO 1 2  M = l , N X I  
I N T I = L A S T I  + 1 
L A S T I = Z A S T I + I X P D  (N) 

XL=XGRL(M) -.5*WICTH 
IXGRL(R)  = I N T I  
DO 10 I = I N T I , L A S ' I I  
D X ( I ) = W I D T f l  
XL=XL+WIDTH 

WIDTH= ( X G R L  (n+ I )  - X G R L ( R ) )  /IXPD ( a )  

10 ' ( T ) = X Z .  
17 CONTINO! 

IXGRL (NXGRL) =LASTI+ 1 
C ***  IXGRL(PI) I S  THF 1 S T  I SUBSCRIPT 'IO THE RIGHT O F  THE X-GROSS 
C *** LATTICE LINE.  XGRL(R) .  

LASTJ=O 
DO 1 6  R = l , N Y L  
I N T J = I A S T J + l  
L A S T J = L A S T J + I Y P D  (R) 
WIDTH= ( Y G R L ( M * I )  - Y G R L ( M )  ) / I Y P D ( M )  
Y L = Y G R I  (n) -.S*WIETH 
JY G R L  (n) =I NTJ 
DO 1 4  J = I N ' I J . L A S ' I J  
D Y  (J) =WIDTH 
YL=YL +WIDT H 

1 4  Y ( J ) = Y L  
16 CONTINUF 

J Y G R L  (NYGRI) =LASTJ+ 1 
KX=LA S T I  
RY=LASTJ 
P R I N T  1 0 6 0  

CW 10 ?ORMAT(//' 
CW P R I N T  11 

' ,7X'NODE WIDTH'3X'NOCAL CENTEii ')  

CA 11 FORRAT ( 4 X ' I '  ZX'X-DIRECTION'3X'  X- t I R E C T I O N ' / I  ,, ~. 
CW P R I N T  1 2 , ( 1 , D X ( I ) , X ( I )  , I = l , L A S I I )  
CW 1 2  POREAT ( 1 5 ,  O P F l 3 . 5 , l  P E l f .  6 )  
CW P R I N T  1 0  
CW P R I N T  1 3  
CW 13 FORflA?(4X'J'2X'Y-DIRECTION'3X'Y~tIRFCTION~/) 
CW P R I N T  1 2 ,  (J,DY ( J )  ,Y (J)  , J = l , Z . A S T J )  

LASTK=LASTI 
I F  ( L A S T J .  GT.LAST1) LASTK=IASTJ 
DO 2 2  K = I , I A S T K  
IF ( K . G T . L A S ' I 1 )  GO TO 18 
I F  (K.GT.LASTJ) GO TO 20 
P R I N T  lO70,K,DX(K),DY(K),X(K),Y(R) 
GO TO 22 

GO TO 2 2  
18 P R I N T  1 0 8 0 , K , D Y  (K) , Y  (K) 

20 PRINT i o 9 0  .K ,DX (K) . X  ( K )  
22 CONTINUE 

C *** ASSURE X G R L  A N D  Y G R L  ARE CEDERED II ASCENCING ORDER. 

C *** NODEXP=TOTAL NUMBER OF NODES DETERMINED EP THE RECTANGULAR G R I D  

C *** NODTOT=TOTAL NUMBER OF NODES I N  ?HE DESCRIBED REGIONS. 

P R I N T  1 1 0 0  

NODEXP=IASII*LAS?J  

NODTOT=O 
N S K = O  

GEOM 570 
GEOl 5 8 0  
GEON 5 9 0  
GEOV 6 0 0  
GEOM 610 
GEOV 6 2 0  
GEON 630 
GYON 6 4 0  
GEON 6 5 0  
GEO'1 660  
GEON 670 
GEOV 6 8 0  
GEOM 6 9 0  
GEOXI 700 
GEON 7 1 0  
GFOM 7 2 0  
GEOM 7 3 0  
GEOH 740 
GEOM 750  
GFON 7 6 0  
GEOE 770 
GEON 7 8 0  
GEON 7 9 0  
GEOM 8 0 0  
GEON 810 
GEON 8 2 0  
GEOM 830 
GEOM 8 4 0  
GEOM 9 5 0  
GEOM 860 
GEON 8 7 0  
GEON 880 
GEOM 8 9 0  
GEOM 900 
GEOH 9 1 0  
GEOM 9 2 0  
GEOR 9 3 0  
GEOR 9 4 0  
GEOM 950 
GEON 9 6 0  
GEOM 970 
GEON 980  
G E O N  9 9 0  
GEOM 1 0 0 0  
GEOll 1 0 1  0 
GEON1020 
GEOM 1 0 3 0  
GEOM1040 
GEON 1050 
GEOMlO60 
GEOM1070 
GEON 1080 
GEOM1090 
GEONllOO 
GFO?I1110 
GEOM 11 2 0  
GEOM 1 130 
GEOfl l lYO 
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. 
I S N  0082 
I S N  0083 

I S N  0084 
ISN 0085 

I S N  0086 
I S N  0088 
I S N  0089 
I S N  0090 
I S N  0092 
I S N  0093  
I S N  0094 
I S N  0095 
I S N  0097 
I S N  0098 

I S N  0099 
I S N  0100 
TSN 0101 
I S N  0102 
I S N  0103 
I S N  0104 
I S N  0105 
I S N  0106 
I S N  0107 
I S N  0108 

I S N  0109 
I S N  0110 
I S N  0111 
I S N  0113 
I S N  0114 

I S N  0115 
I S N  0116 
I S N  0117 

I S N  0118 
I S N  0119 
I S N  0120 
I S N  0122  
I S N  0123 
I S N  0 1 2 4  
I S N  0125 
I S N  0127 
I S N  0129 

c *** 
c *** 

2 4  
c *** 
c *** 

26 
28 

30 

c *** 
c *** 
c *** 
c *** 
c *** 

3 2  

NSK SET T O  1 IF A REGION ELGE DOESN'T I I E  CLOSE ENOUGH T O  A GROSS GEOM1150 
L A T T I C E  L I N E .  T H I S  I N D I C A T E S  THAT A MESSllGE HAS BEEN PRINTED.  GEOV1160 
DO 2 4  R=l,NREG GEOM 1 170 
KPEG ( f i )  =-1 GEOPI 1180 
I N I T I A L I Z A T I C N  O F  KREG. H I L L  CHECK THAT SAME REGION NUMBER I S N ' T  GEOM1190 
ASSIGNED M O R E  THAN ONCE. GEOM1200 
DO 34 M=l,NREG G E O M l 2 1 0  
R E A D ( 5 0 , l l l O )  I R E G , I N T F ( I R E G )  , I G E N F ( I R E G )  ,DEPTH(IREG) .UPX(IREG) , GEOM1220 

> DNX ( I R E G )  ,UPY ( IREG) ,DNY ( I R E G )  , I T O P F ( I R E G )  ,ID - ' iREG)  . IUPXB(IREG)GEOM1230 
> , I D N X B ( I R E G )  , IUPYB(IREG) , IDNYE(IREG) GEOM 1 2 4 0  
I? ( l . I F . T R E G . A N D . I R E G . r E . 2 5 )  GO T O  28  GEOM 1 2 5 0 
P R I N T  l l 2 0 , I R E G  GEOf l1260  
CALL E X I T  GEOM 1270 
I F  (KREG(1REG) .EQ.-1) GO TO 30 GEOM 1280 
P R I N T  1 1 3 0 , I R E G  GEOM 1290 
GO TO 26 GEOM1300 
KREG ( IREG)  = I R E G  GEOM 13 10 
I F  (OPX(IPEG).LT.DNX(IREG) .AND.OEY(IREG) . IT .DNY(IREG))  GO TO 3 2  GEOf i1320  
P R I N T  1 1 4 0 , I R E G , O P X ( I R E G )  ,CNX(IREG) , U P I ( I B E G )  ,DNY(IREG) G E O M l 3 3 0  
GO TO 26 GEOM1340 

GEOM1350 A REGION EDGE SHOULD L I E  ON A GHCSS L A T T I C E  L I N E .  T H I S  I S  
CHECKED I N  SUBR.CHEKED (CRECK EDGE) GEOM1360 

GEOM 1370 UPON E X I T  FROM SUBR.CHEKEC. T R E  VAIUE CF THE REGION EDGE 
P I L L  CORRESPOND PXACTLY WITH T H F  GROSS L A T T I C E  L I N E  NEAREST GEOM 1 380 
T H E  REGION ECGE UPON ENTRY. GEOM1390 
CALL CHEKED (UPX(1REG) ,XGRL,NXGRL,NSR,' WFX',MC.TREG) GEOM 1 4 0 0  
ILREG ( IREG)  = I X G R L  (nc) G E O M l 4 l O  
CALL CHEKED(DNX(1REG) ,XGRL,NXGhL ,NSK,' DRX',MC.IREG) GEOM 1 4 2 0  
I H R E G  ( IREG)  =IXGRL (MC) - 1 G E O f l l 4 3 0  
CALL CHEKED(0PY (IREG) ,YGRL,NYGRL,NSK,' UEY'.MC,IhdG) GEOM 1 4 UO 
J L R E G ( I R E G ) = J Y G R t  (MC) GEOM145O 

GEOM1460 CALL CHEKED (DNY (IREG) ,YGRL,NYGRL,NSK,' DRY',MC,IREG) 
J H R E G  (IREG) =JYGRI (nc) -1 GEOM1470 
ARAREG ( IREG)=  (DNX(1REG) -UPX(IREG))  * (DNY (IREG) -UPY(IREG))  GEOM 1 4 8 0  
NODREGCIREGI = ( I H R E G ( I R E G I  -1LREG ( I R E G )  41) * (JHREG(1REG) -JLREG(IREG) G E O f l l 4 9 0  . .  . I .  > 41)  
NODTOT=NODTCT+NODREG ( I R E G )  

I F  (NSK.EQ.1) P R I N T  1100 
P R I N T  1150 
P R I N T  1160.  ( I , U P X ( I )  , D N X ( I ) , U P Y ( I )  ,DNY (T) ,DEPTH(I )  ,ARAREG(I) ,  

P R I N T  1170,NODTOT.NODEXP 
P R I N T  1180 
P R I N T  1190 .  ( I . I N T P ( 1 )  , I G E N F ( I )  , I T O P F ( I ) . I E O T P ( I )  , I U P X B ( I )  , 

34 CONTINUE 

> ILREG(I),IHREG(I).JLREG(I) , J H R E G ( I ) , N C D F E G ( I )  .I=l.NREG) 

> I D N X B ( I ) , I U P Y B ( I )  , I D N Y B ( I )  , I = l , I R E G )  
C *** CRECK THAT THE REGIONS ARE P A I R W I S E  D I S J C I N T .  
C *** WHEN P A I N T I N G  OF ONE REGION UPON ANCTHER I S  ALLOWED,THIS 
C *** D I S J O I N T N E S S  T E S T  MUST BF AL'IEREC. 

N D I S J T = O  
NREGRl=NREG-l 
I P  (NREGMl.EQ.0) GO TO 40 
DO 38 I=l ,NREGMl 
I P 1 = 1 4 1  

I F  ( I A R E G ( J )  .LT.ILREG (I)) GO T O  36 
I? ( I L R E G ( J )  .GT.IHREG(I) )  GO T O  36 
I F  (JHREG ( J )  .LT. J L R E G  (1) ) GO T O  26 

no 36  J = I P ~ . N R E G  

GEOR 1500 
GEOM 15 10 
GEOfl1520 
GEOM1530 
GEOM 1 540  
GEOM 15 50 
GEOM1560 
GEON 15 70 
GEOM 1580 
GEOU 1590 
GEOM1600 
GEOM1610 
GEOM 1 6 2 0  
GEOM 1 6  30 
GEOU 1 6 4 0 
GEOM 1650 
GEOM 16 60  
GEOM 167  0 
GEOM1680 
GEOM 1690 
GEOM 17 0 0 
GEOM 17 1 0 
GEOM 1 7 2 0  
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. 

I S N  0 1 3 1  

I S H  0 1 3 3  
ISN 0 1 3 5  
I S N  0 1 3 6  
I S N  0 1 3 7  
ISN 0 1 3 8  
I S N  0 1 3 9  
I S N  0 1 4 0  

I S N  0 1 4 1  

I S 1  0 1 4 2  
I S N  0 1 4 3  

ISN 0 1 4 4  
I S N  0 1 4 5  
ISN 0 1 4 6  
I S N  0 1 4 7  

I S N  0 1 4 8  
I S N  0 1 4 9  
ISN 0 1 5 0  
ISN 0 1 5 1  
I S N  0 1 5 2  

I S N  0153 
I S N  0 1 5 4  
I S N  0 1 5 5  

ISN 0 1 5 6  
I S N  0 1 5 7  
ISN 0 1 5 8  

I S N  0 1 5 9  

I S N  0 1 6 0  
I S N  0 1 6 1  

ISN 0 1 6 2  

I S N  0163  
I S N  0 1 6 4  
I S N  0 1 6 5  
I S N  0 1 6 6  
ISN 0 1 6 7  
I S N  0 1 6 9  

I S N  0 1 7 1  
I S N  0 1 7 2  
ISN 0 1 7 3  

TO 26 I F  (JLREG (J) .GT. JHREG ( 1 )  ) GO 

I F  ( N D I S J T . E Q . 0 )  PRINT 1 1 0 0  
N D I S J T - 1  
P R I N T  1 2 0 0 . 1 , J  

3 6  CONTINUP 
38 CONTINOZ 
40 CONTINUE 

RFTURN 

C *** I F  HERE 2 R E G I O N :  OVERIAF. 

c *** 
c *** 
c *** 
c *** 

GEOM 1 8 3 0  
ENTRY G E O M F G ( N P L G , K X , K P , D X . D I . X , Y , I X T , J Y T . N C H E C K , N ~ S P , N S P A C E )  GEOR 1 8 4 0  

GEOM 18 5 0  
GEOM 1 8 6 0  

DIMENSION NFIG (KX.1) GEON 1 8 7 0  

C *** 1ST ZERO 111 FLAGS GEOR 1 8 9 0  
DO 44 I = l , K X  GEON 1 9 0 0  
DO 42 J = l , R Y  GEOM 19 1 0  

4 2  N P L G ( I , J ) = O  GEOM 1 9 2 0  

C *** A NPLG V O R C  I S  PARTITIONED A S  FOILOWS. TRE 1ST 8 B I T S  (PROM LEFT)  G E O R l 9 4 0  
C *** CONTAIN THE REGION NUREER. THE NEXT 4 B I T S  A R E  ONQSED. TRE NEXT 5GEOM1950 
C *** ARF NBYP, NEXT 5 N B Y M ,  NEXT 5 N B X F ,  NEXT 5 N B X M  GEOR19 6 0  

n0 5 2  M = l . N R E G  GEOR 1 9 7 0  
I L =  ILREG ( N )  GEOR 1 9 8 0  

GEOM 1 9 9 0  I H = I H R E G ( M )  
J L = J L R E G  (R) GEOII2000 

PRINT 1 2 1 0  .NZSP,NSPICE  eon 1 8  80 

44 CONTINOF G F O ~  1 9 3 0  

GEOM 173 0 
GEOM 1 7  40 

GEOM 1 7 6 0  
GEOR177 0 
GEOM 1 7 8 0  
GEOR 1 7 9 0  
GEOR1800 
GEOM 1 8  1 0  
GEOR 18 2 0  

~ ~ 0 ~ 1 7 5 0  

~ -. . 
JH=JARFG (n) GEOR20 1 0  

C *** SN USED I N  SUBR.CHKDTM TO ASSESS C R  DETERIINP.  THE T I R E  S T E P ,  DTN. GEON2020 
S R ( V ) = D R I N l  (CX(1L)  , D Y  ( J L ) )  GEOM2030 
DO 4 6  I = I L , I H  
DO 46 J*JL,JH 

CALL REGPLG (NFLG ( I ,  J) , N) 
46 CONTINOF: 

C *** SET THE REGION FLAG I N  N T I G ( 1 , J )  TC BE N 

no 4 8  I = I L , I A  
C *** SET 1- BCUNLARY FOR R E G I O N  R (OPY) 

C *** SET Y+ B O U N C A R Y  €OR R E G I O N  M ( tNY)  
CALL PACPLG (NFLG ( I ,  J L )  .IOPYB (N) , 3 )  

4 8  CALL PACFLG (NFLG ( I .  JH) .IDNYB ( M )  , 4 )  
DO 5 0  J = J L , J H  

C *** SET X- B O U N C I R P  FOR R E G I O N  M (UPX) 
CALL P A C P L G ( N F L G ( 1 L . J )  . I U P X B f V ) .  11 

c *** SET x +  B O U N D A R Y  FOR REGION I I '  . ( C N X )  
5 0  CALL PACFLG (NPLG ( I H .  J )  , I D N X B  (N)  , 2)  
57  CONTINUE 

GEOR2040 
GEOR2050 
GEOM20 6 0  
GEOM2070 
GEON 2 08 0 
GEON 2 0  90 
GEOR2100 
GEOH2110 
GEOM2120 
GEOH2130 
GEON2140 
G E O t l 2 1 5 0  
GEOR2160 
GEOR 2 1 7 0  
GEON2180 
GEOH 2 1 9 0  
GEOR2200 N L A N D = O  

NTER=O GEOR22 1 0  
I F  (NTMAX.IE.0) G O  TO 70 GEOM2220 

GEOM2230 I F  (NTMAX.IE.10) GO 'IO 54 
C *** NTMAX I S  RESTRICTED BY THE DIMENSIGNING CP TBE ARRAYS IXT AND J Y T  GEOM2240 

GEOM 2 2 5  0 
GEOR22 6 0  
GEOII 2 2 7 0  
GEOll2 2 8 0 
GEOII2290 
GEOR 2 3 00 

C *** I N  SUBR. R A I N .  A N D  THE A R R A Y  XTMBX A N D  Y l M A X  I N  T H I S  SUER. 
C *** A N D  ARRAYS TMIX,'IRIN,SMlDTM IN SUBB.DRIVE. 

P R I N T  1220,NTMAX 
CALL E X I T  

r. 

54 R E A D ( 5 0 . 1 2 3 0 )  (XTMAX(M) .YTNAX(N) .M=l,NTRAX) 
C *** DETERMINE NCDES AT WHICH TEMPERATURE W I L I  B E  NONITORED. 

. 
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C *** CF.  SDBR.DRIVE. GEOM 2 3  10 
ISN 0 1 7 4  
I S N  0 1 7 5  
I S N  0 1 7 6  
I S N  0 1 7 7  
I S N  0 1 7 8  
ISN 0 1 7 9  
I S N  0 1 8 0  
I S N  0 1 8 1  
I S N  0 1 8 2  
I S N  0 1 8 3  
I S 4  0 1 8 4  

I S N  0 1 8 6  
I S N  0 1 8 8  
I S N  0 1 8 9  
ISN 0 1 9 1  
I S N  0 1 9 2  
I S N  0 1 9 3  
I S N  0 1 9 4  
I S N  0 1 9 6  
I S N  0 1 9 7  
I S N  0199 
I S N  0 2 0 0  
I S N  0 2 0 1  
I S N  0 2 0 2  
I S N  0 2 0 4  
I S N  0205 
I S N  0 2 0 7  
I S N  0 2 0 8  
I S N  0 2 0 9  
I S N  0 2 1 0  
I S N  0 2 1 2  
I S N  0 2 1 3  
I S N  0 2 1 5  
I S N  0 2 1 6  
I S N  0 ? 1 7  
I S N  0 2 1 8  
I S N  0 2 1 9  
I S N  0 2 2 0  
I S N  0 2 2 1  

I S N  0 2 2 2  

I S N  0 2 2 3  
I S N  0 2 2 4  
ISN 0 2 2 5  
I S N  0 2 2 6  
I S N  0 2 2 7  
I S 8  0 2 2 8  
I S N  0 2 2 9  
I S N  0 2 3 0  
I S N  0 2 3 1  
I S N  0 2 3 2  
I S N  0233 
I S N  0 2 3 4  

56 

58 

c *** 
c *** 

6 0  

6 2  

6 4  

6 6  

6 8  
7 0  

c *** 
cu 
CW601 

DO 56 M=l,NTMAX 
CALL BSERCA (IXT(M),XTMAX(M) ,XILASTI,DX,XNANE,O~NTEB,O) 
CALL BSERCH(JYT(M) ,YTBAX(Y) ,Y,IASTJ,DY,YNAME.M,NTEM,o) 
CONTINUE 
P R I N T  1 2 4 0  
DO 6 8  M=l.NTMAX 
IXTt f=IXT(M)  

LREG=NFLG (IXTM ,JYTM)/NSCALE 
P R I N T  1250,M,XTMAX(M) ,YTMAX(M) , IXTR,JYTM,X(IXTM) , Y  (JYTM) ,LREG 
I F  (LFEG.GT.0) G O  TO 6 8  GEOM 2 4 2 0  
I F  NODE ON LAND, CAECK NEIGABORING ( I N  INLEXICAL SENSE) NODES TO GEOM2430 
S E E  I F  ONE I S  I N  WATER. I F  TAERE I S ,  OBE I T .  GEOM24 4 0  
I F  ( IXTM.EC.1)  GO TO 6 0  GEOM2450 
LREG=NFLG (IXTM-1 ,JYTO) /N$CALE GEOIJ2460 
I F  (LREG.EC.0) GC TO 6 0  GEOM 2 4 7 0 
IXTM=IXTM-l  GEOM2 480 
IXT (a) =Ix-n  GEON 2 4  9 0 
GO TO 5 8  GEOH2500 

GEOM2510 I F  (IXTM.EC.LAST1) GO TO 6 2  
LREG=NFLG ( IXTB*l . JYTY)/NSCALE GEON 2 5 2 0  
I F  (LREG.EQ.0)  G O  TO 6 2  GEOM 2 5 3 0  
IXTtf=IXTM+ 1 GEOM 2 5 4  0 

GEOM2550 I X T ( M )  = I X T B  
GEOB 2 5 6  0 GO TO 58 

I F  (JYTM.EC.1)  G O  TO 6 4  GEOM257 0 
LREG=NFLG (IXTM.JYTi9-1) /NSCALE GEON 2 5 80 
I F  (LREG.EQ.0) GO TO 64  GEON 2 5 9  0 

GEOM2 6 0 0  JYTM=JYTM-1 GEON2610 

GO TO 5 8  GEOrl2620 
GEOM2630 I F  ( J Y T B . E Q . I A S T J )  G C  TO 6 6  

LREG=NFLG (IXTM, JYTM*l)  /NSCALE GEOM 2 6 4 0  
I F  (LREG.EQ.0)  G O  TO 6 6  GEON2650 
JYTM=JYTN+l  GEON2660 
JYT(M) =JYTM GEOtf2670 
GO TO 5 8  GEOM 2 6 8  0 
NLAND= 1 GEOfl2 6 9 0 
P R I N T  1 2 6 0  GEON2700 
CONTINOF GEON27 10  
CONTINUE GEOM 2 7 2 0  
VISIJAL DISFLAY OF B O O N D A R Y  FLAGS A N D  R E G I C N  I D E N T I F I E R S .  GEOfl2730 
DO 9 0  KOz1.5  GEOrl2740 
PRINT 6 0 1 . € L A G ( K O )  GEON2750 

GEON 2 7 6 0  
GEON2770 
GTOM 2 7  8 0 
GEON2790 
GEON2800 
GFOM2810 
GEOPl2820 
GEOPl28 30 
GEON2840 
GEOM 2 8 5 0  
GEOR 2 8 6 0  
GEON2870 
GEON 2 8  80 

JYTM=JYT (n) 

JYT (a) =JYTII  

FORMAT ('li///l -NODAL DISPLAY FOR ' A 4 / / )  
GO TO ( 7 2 . 7 4 . 7 6 , 7 8 , 8 0 ) . € i O  

GO TO 8 2  
7 2  P R I N T  1 2 7 0  ,FLAG ( 1 )  

7 4  PRINT 1 2 8 0 , F L A G ( 2 )  

7 6  P R I N T  1 2 9 0  .€LAG ( 3 )  
GO TO 8 2  

7 8  P R I N T  1 3 0 0  ,FIAG (4)  
GO TO 8 2  

8 0  P R I N T  1 3 1 0  
8 2  I A = O  
8 4  I L = I H + l  

GO T O  a 2  

GEOM2320 
GEOIJ 23 30 
GEOll23 4 0 
GEOM 2 3 5 0  
GEOM 2 3  6 0  
GEOM2370 
GEOH2380 
GEOM 2 3 9 0  
GEOM2400 
GEOM 2 4  10 
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ISN 0235 
ISN 0236 
ISN 0237 
ISN 0238 
ISN 0239 
ISN 0240 
ISN 0241 
ISN 0242 
ISN 0243 
ISR 0244 
ISN 0245 
TSN 0246 
ISN 0247 
ISN 0249 
ISN 0250 
ISN 0251 
ISN 0252 
ISN 0253 
ISN 02f4 

ISN 0255 
ISN 0256 
ISN 0257 
ISN 0258 

ISN 025'4 
ISN 0260 
ISN 0261 
ISN 0262 
ISN 0263 
ISN 0264 

ISN 0265 
ISN 0266 

ISN 0267 

ISN 026R 
ISN 0269 

ISN 0270 

ISN 0271 
ISN 0272 
ISN 0273 

ISN 0274 
ISH 0275 
ISN 0276 

fH=MINO (LAS?I. IH1122) GEOM 2890 
DO 8 8  JR=l,LASTJ GEOM 290 0 
J= (LAS'IJ+l) -JR GFOM2910 
IS=O GEOM 2 9 2 0 
DO A6 I=IL.IH GYOM 29 30 
IS=1S+l GEOM2940 

GXOM2950 CALL GTFLGS(NOR,NPL~(I,J)) 
STRING (IS) =TABIE (NOR(KC) 41) GE3M2960 

86 CONTINUE GEOM2970 
PRINT 1320.5, (STRING(1) ,I=l,IS) GtOV2980 

8 8  CONTINUE GEOM2990 
GSOM3000 PI(INT 1330 

IF (IH.LT.IAST1) GO TO 84 GEOM30 10 
GEOM 3020 

NCH~CK=NDISJT+lO*NSK+lOO*N'IFM+lOCO*NLAN~ GEOM 30 30 
RETURN GEOM 30 4 0 

1000 FORMAT (7E10.2,13X) GEOM3050 
10 10 PORM AT ( 1 41 E, 10 X) GEOY 3060 
1020 PORMAT(//'O',lX.'INPUT INFCRMATICN FROH SUBROUTINE GEOM:'/lX. GEOM3070 

>I --- _-- --- __ -  - - -  --- --- - _ _  -_- --- l/* 0' ,lX,'XGRL(I) - GROSSGEOM3080 
> LATTTCE LINE I IN THE X-DTRECTICN'/'O',lX.'IX~D(I) - N W N B E R  OF SUGEOM3090 
>BUIVISIONS BETWEEN GROSS III'VICE LINES XCRL(1) AND XG?L(I+l). ' GEOM3100 
>/'O'.lX,'YGRL(I) - GROSS IATTICE LINF I IN Y-DIRECTION.'/'O',lX, GSOM3110 
>'IYFO (I) - NUMBER OF SOBCIVISIONS BETHEPh GROSS LATTICE LINES PGRLGEON3120 
>(I) ANI) YGRI(I+l).') GEOM3130 

1030 PORMAT(//'O' ,lX'I'6X'XGQI'7X'IXF~') GEOM3140 
1040 PORMAT(r3.lFEl4.5.16) GEOM3150 
1050 PORfl AT (///2X 'I ' 6X'YGRL'7X11YPD ' )  GEOM3 160 
1060 FORMAT(//' '.13X.'NODAL WICTH',17X,'NOtAL CENTER'/UX,'I'.2XI GEOM3170 

> 'X~DIRECT~0N'~3X~'~~DI~EC'IIO~'~3X,'X~DI~ECTION'~3X,'Y-DII(ECTION')GEOM3l8O 

1080 PORHAT(I5,1~X,0PF13.5,15X.l??E15.0) GEOM 32 00 
1090 FORMAT (15,0PF13.5,13X, 1PF15.6) GEOM 321 0 
1100 FORMAT('1') GEON3220 
1 1  10 PORMAT(315,5X,5PlO. 2/215,20X,Q (51.15)) GEOM3230 

GEOM3240 1120 PORMAT('1REGION NDMBER IS OUTSIDE THE KABGE OF 1 TO 25',1X 
> 'IREG='I2) GEOM3250 

1130 PORHAT('1REGION NO.=IREG='I3,1X'RAS ALPEADP BEEN DEFINED.') GFOM 326 0 
1140 FORNAT ('ITHE UP- AND COIN-STRFAH VALUES AhE INCORRECTLY ORDERED TNGEOM3270 

> RFGION '12/' UPX='F11.5/' DNX='F11.5/' OFY='F11.5/' DNY='P11.5) GEON3280 
1150 FORMAT(///l9X1CECMETRIC DPSCRIP'IION OF RFGIONS',36X, GEOM3290 > 'INDEXICAL CESCRIPTION'/' REGI0N'6X'UFX'BX'DNX'8X'OPY'8X1DNY'8X GEOM3300 

> 'DEPTR'8X'AREA'7X'I LOW'2X11AIGH'2X' J LCH'ZX'JHIGH'3X 'NOCES'//) GEOM3310 
1160 FORMAT (15. OPFl3.2,3Pll.2.P 11.3,1FL13.4,3 X ,417,18) GEOM 3 3 20 
1170 FORMliT(' ' ,68X. GEOfl3330 

/ GEOM3340 > '---------------------_------_-__-______--------------, 
> 6flX'TCTAL IC. OI NOEES IN (INFUI) RFGIONS='IS/ GFOM 3 350 
> 68X'MAX. NO. OF NODES IN GRID='12X,I8) GEOV3360 

1180 PoRVAT(//////13X'FUNCTIOR SELECTION'13X'ECUNDARY SELECTION'/ GEOM3370 > ' REGION'3X'TNTP'2X'IGENF'2X'ITCFF'2X'I~CTF'5X'IUPXB'2X'I~NXB1 GE003380 
> 2X'IUPPB12X'IDNYB') GEOM 3390 

1190 FORMAT (15,18,16,217,110,317) GEOF3400 
1200 FORMAT(///' THE REGIONS '12,1X'ANC'I3, IX'CVERLAP.') GEOV34 10 
1210 FORVAT(//////* NUMBER OP FLEMENTS AVAILAELE IN ARRAY 2 IN MAIN =',GEOfl3420 

> 17//' NOMEEF OF ELEMENTS NEEDED =',I7) GEOM34 30 
1220 FORMAT ('1NTfiAX EXCEEDS 10. CP. S U E R  GEOP. NTMIIX='I3) GEOM 34 40 
1230 FORMAT(6E10.2.20X) GEOM 3450 
1240 FOR~AT(//'O',T23.'POSITIONS TC HCNI'IOR TEl'lPERATURE' // GEOH3 4 60 

90 CONTINUF 

1070 FORMAT (15.0PiF13.5, lP2E15.6)  eon 3 i 90 

. 
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> 3 X ' 1 f 2 X ' R F Q U ? S T P D  LOCATION'9X'SELECTFC NCDE'qK'NODE LOCATION',  GEOY3470 
> ~ 7 6 , ~ N @ D E ~ ~ 1 1 X ' X ' 1 1 X ' Y ' l 2 ~ ~ I ' 7 X ' J ' l O X ' X ' l l X ' Y ' 7 X ' R E G I O N ' / )  GEOM 3 4  8 0  

ISN 0 2 7 7  1 2 5 0  F O R M A T ( T 4 , f F 1 2 . 3 , 5 X , f l l , U X . T 4 , 3 X , ~ F l 2 . 3 , ~ 7 )  GEOfl3U90 
I S N  0378 1 2 6 0  P O I ( M A ? ( / '  L A N D  N O D E  SELECTED. N E E C  O N E  I h  WATER.'/) GFOV 3 5 0 0  
I S N  0 2 7 9  1 2 7 0  FORM A ?  ( '  1 ' /// (;EON351 0 

> N O D A L  DISPLAY FOR UPSTREAM BCUNDARIES I N  X-'YIRFCIION, ' , A U / / )  G?OM357@ 
I S N  0 2 8 0  1 2 8 0  FORMAT ( ' I * / / / '  NCCAL DISPLAY FOR CCWNS'IriEA7 BOUNCARIES I N  X-DIFECTGEOM3530 

>ION,  ' ,Ab / / )  GEOM 35U 0 
I S N  0 2 8 1  1 2 9 0  FORMAT ( I? ' / / /  G f  OM 3 5 50 

> ' NODAL D I S F L I Y  FOP UPSTREAM EOUNCAFIES IN Y-DIRECTION, ' ,AU/ / )  GEOM3560 
I S N  0 2 8 2  1 3 0 0  PORMAT ( '  l ' / / / '  NODAL DISPLAY FOR DOWNSlRlAN BOUNDARIES I N  Y-DIRECTGEOM3570 

> I O N ,  9 .  A u//) GPOll358O 
GEOll3 5 9  0 I S N  3 2 8 7  

TSN 029U 1 3 7 0  FORflAT( 5 = ' 1 3 , ' * * ' 1 2 2 A l )  GEOE 3 6 0 0  
I S N  0 2 8 5  1 3 3 0  FORMAT(//) GEOM36 10 
I S N  0 2 8 f i  FND GEOM 36 2 0  

1 3 1 0  'ORMAT ( ' , l f / / / '  NODAL DISFLAY 'OR R F G I C h S ' / / )  

*OPTIONS I N  FFFFCTS NANE- MAIN,OPT=O2,LINECNT=6O,~IZF=OOOOK, 

*OPTIONS I N  S@'FCT* S O O F C E . E E C D I C , N O L I S T , N O ~ E C K , L C ~ C , N C P R F . N O E D I T , N O I D , N O X R E F  

*STATISTICS*  SOURCP STATEMEN'TS = 265 .PRCGRAI( 512" = 9 1 8 0  

*STATISTICS*  NO DIAGNOSTICS GENEFATED 

****** E N D  O F  CO*PILATION ****** 53K BYTES O F  CORT: NOT USED 

. 
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O S / 3 6 0  PCRTPAN H 

ca 
I S N  0 0 0 2  

ISN 0003 
I S N  0004 

I S N  0005 
ISN 0006 
I S N  0007 

I S N  0008 

IS8 0009 
I S N  0010 

I S N  0012 
I S N  0013 
I S N  0014 
I S N  0015 
I S N  0017 
I S N  0018 

IVPILER OPTIONS - NAME= MAIN . C P T = O 2 . L I N l ! C X T = 6 0 . S I Z E = O O O O K ,  
S O U R C E , E E C D I C , N O L I S T , N O D E C K , L C ~ D , N O ~ A P , N O E D I T , N O I D , N O X R E F  

SUBROUTINE SCLRKG (KX.KY.NK ,Y ,Q ,F  .H,O,V,T ,CK.HTHD,OTHO. VTMD,TT?ID, SOLR 1 0  
SOLR 20 
SOLR 30 c *** 
SOLR 40 c *** 

C *** NUMERICAL INTEGRATION OF SHE SYSTEM O F  DIPPERENTIAL EQUATIONS. SOLR 50 
SOLR 6 0  C *** VIA RUNGE-KOTTA-GILL'S NETROD. 
SOLR 70  c *** 
SOLR 80 c *** 
SOLR 90 C *** R-K-G METHOD COMPIJTATIOAALLY EXECUTED AS DESCRIBED BY 

C *** ROBERT J.'IHCMPSCN I N  VOL.l2/NUHEER 1 2 /  tECENBER, 1970 OP THE SOLR 100 
SOLR 110 C *** COMHUNICATICNS OF TAE ACM. 
SOLR 120 c *** 
SOLR 130 c *** 

I M P L I C I T  REAL*8 (A-H,O-2) SOLR 1 4 0  
COMMON/COMBIN/ ANL.ATMP.CPIJ .CKIJ (4 )  , C K I F J ( U )  , C K I M J ( 4 )  , C K I J P ( U )  , SOLR 150 

> C K I J M ~ 4 ) , C X ~ , D X P , D Y M , D Y P , C X I P l , C Y J P l r D X L I , D X R I , D X L I l , D X R I l  DYLJ ,SOLR 160  
> DYRJ .DPLJ1  . C Y R J l , G B I J , G K E I J  (U) .CEIJ .QKBIJ (U)  , S B X I J , S B Y I J , G ; I H J  , SOLR 170  
> GXIPJ,GYIJM,GYIJP,GTIJ,GKTIJ(4),QTIJ,QKTIJ(U) , S T X I J , S T P I J . Q D V I J  ,SOLR 180 
> QXIMJ,QXIEJ,QYIJH,QYIJP,GKXIMJ(U) vGKXIPJ  14) v G K Y I J N ( 4 )  , G K P I J P ( U )  ,SOLR 190 
> H T K I J ( 4 )  ,ATKIJM(U) e H T K I P J ( 4 )  .HTRIMJ(U) .RTKIJP(U)  r H I J , H I J M , H I P 3  , SOLR 200 
> HI~J,HIJP,OIJ,UIJM,UIPJ,~I~J,OIJPIVIJIVIJ,VIJ~,VIPJ,VIMJ,VIJP,TIJ , SOLR 2 1 0  
> TIJ?I.TIPJ,TIMJ,TIJP.RCKSPC(U),RCIJ,ROIJ~,ROIPJ,ROIMJ,ROIJP , SOLR 2 2 0  > SHKTPD(4)  .SHTCKD(U) ,SHTTPE,SXXIMJ.SXXIPJ.SYYIJM,SYYIJP,SXYIJM , SOLR 230 
> S X Y I P J ,  SXY I M J  ,SXYI J P  ,ROIMJD,RCI EJD , R C I J F D , R O I  J P D ,  EQTMP , T D I J  , SOLR 2 40 
> H C I H J , H C I P J , A C I J M . H C I J P , G R . R O C K T ( 4 )  ,SEHTK(U) ,DENSK(U) , R O D K I J ( U )  .SOLR 250 
> G K D V I J ( 9 )  ,DXI,DYJ , Q D V ( 2 5 ) , H B D ( 2 5 )  , U B D ( 2 5 )  ,VBD(25)  , T B D ( 2 5 ) ,  SOLR 2 6 0  > C R B D ( 4 . 2 5 )  , T B I J , H C B I J  , C C K B I J  (4) , H ? K B I J  (4) , B N I J , U B I J , V B I J , W B I J .  SOLR 2 7 0  
> R O B I J , H T B I J , C K B I J ( U )  , T T I J , H C T I J , C C K T I J ( U )  .HTKTIJ (U)  . U T I J , V T I J .  SOLR 2 8 0  
> WTIJ,ROTIJ,HTTIJ,CKTIJ(U) , Q B D ( 2 5 )  , G F C ( 2 5 )  ,GKBD (4.25) , S B D N ( 2 5 ) ,  SOLR 2 9 0  
> SRDSH(25)  ,WIND,WINDX,IINDY ,IJ,I~lJ.IE1J.IJ~l,IJPl,INTRT,KOIJ, SOLR 3 0 0  
> KOIM1J.KOIP1J~K~IJ~1,KOIJFl . N B ~ ~ , N B X € , N e ~ n . N B Y P , N R E G I N , N B N D P  , SOLR 310 
> I X Q V ( 2 5 )  ,JYQV(25) ,NHBDTP(25)  ,NUEDSP(25)  ,NVBDTP(25)  ,NTBDTP(25)  , SOLR 320 
> N X G R L , N Y G S L , N R E G , N I N T L P , N T C P F , N E C S ~ , N T E I ~ C , N T M A X , N G E N F  SOLR 330  

COMMON/DROC/TIM, DTM ,TM,PFRIOD, IT  ,NOCVE .LPCVr(,N SOLR 3 4 0  
DIMENSION Y (1) , Q ( l )  , F ( 1 )  SOLR 350 
DIMENSION A (1) .U (1 )  .V ( 1 )  ,T  ( 1 )  .CK ( 1 )  .EREHSR (1)  .HTMD( 1)  ,UTHD ( 1 )  , SOLR 360 

> VTMD(1) , T S ? I C ( l )  ,CKTMD(l)  , C X ( l )  , t Y  ( 1 )  , D X I ( l )  , D X R ( l )  , D Y L ( l )  , D Y R ( l ) , S O L R  370 
> NFLG(1)  SOLR 380 

C *** 4 0 4 A P B O C C C 0 6 2 1 9 B  = 1-1 /SQRT(2)  IN HSXADECINAL A 1  SOLR 390 
C *** 4 1 1 B 5 0 4 P 3 3 3 F S D E 6  = 1*1 /SQRS(2)  I N  HEXADECIMAL A2 SOLR 4 0 0  

SOLR 4 1 0  C *** UOZAAAAAAAAAAAAB = 1/13 I N  HRXADECINAL A3 
SOLR 4 2 0  DATA A 1 / 2 4 0 4 A F B O C C C 0 6 2 1 9 8 / , A 2 / Z U l 1 ~ 5 0 4 ~ 3 3 3 F 9 D E 6 /  ,A3/ 

> ZU02AAAAA A A AA AAAB/,NSW/ 1/ SOLR 430 
C *** BOUNDARY CONDITICNS M A Y  VARY WITH TIME. SOLR 4 4 0  

SOLR 4 5 0  C *** MOREOVER, ECUNDARY CONDITIONS HAP DEPEND ON Y ( I . E . ,  CURRENT 
C *** VALUES C P  VARIABLES).  SOLR 4 6 0  

ODDTM=l .DO/CTM SOLR 470 
I F  (NSW.EQ.0) GO TO 1 4  SOLR 4 8 0  

C *** THE V E R Y  1 S T  CALL T O  SOLVET I S  SEECIAL.  S P E C I A L  I N  ORDER TO SOLR 490 
C *** OBTAIN US A S  WE CO. SOLR 5 0 0  

> CKTMD,DX,EY,DXL,DXR,DYL,DYR,NFLG) 

10 TIM=TM 

1 2  NSW=O 

1 4  DO 16 K=l,LMCVP 

GO TO 28 

I F  (1T.EQ.C) C A L I  OOTPRT 

TENP=. 5 D O *  (P (K) -2.DO.Q (K) ) 

s O L R  510 
SOLR 520  
SOLR 530 
SOLR 5 4 0  
SOLR 550 
SOLR 560 



. 

I S N  0 0 1 9  
I S N  0 0 2 0  
ISN 0 0 2 1  
I S N  0 0 2 2  
TSN 0 0 2 3  
ISN 0 0 2 4  
I S N  0 0 2 5  

ISN 0 0 2 6  
I S N  0 0 2 7  
ISN 0 0 2 8  
I S N  0 0 2 9  
ISN 0030 
I S N  0 0 3 1  
ISN 0 0 3 2  
I S N  0 0 3 3  

I S N  0 0 3 4  
I S N  0035 
ISN 0 0 3 6  
I S N  0 0 3 7  
I S N  0 0 3 8  
I S N  0 0 3 9  
ISN 0 0 4 0  
I S N  0 0 4 1  
ISN 0 0 4 2  

I S N  0 0 4 3  
I S N  0 0 4 4  
I S N  0 0 4 5  
I S N  0 0 4 6  
I S N  0 0 4 7  
I S N  0 0 4 8  
ISN 0 0 0 9  
ISN 0050 
I S N  0 0 5 1  

I S N  0 0 5 2  
I S N  0 0 5 4  
I S N  0055 
ISN 0 0 %  

SAVF=Y (K) 
Y ( K )  =I (R) tD'Ifl*TEfl? 
T E N P = ( Y  ( K )  -SAVE) *ODOTfl 

1 6  Q ( K ) = Q  (Ir) t3 .CO*TEMP-.5DO*F(K)  
T I N = T f l t .  5DO*DTII 
CALL B NDCON (KX, N K , T  ,CK) 
CALL S O t P N C (  H T q D , U T f l D , V ? M C , T T n D , C K ~ f l D , H , U , V , T , C K ,  

DO 1 8  K = l , L M O V E  
? E f l P = A l *  (F  ( K ) - Q ( K ) )  
SAVX-Y (K) 
Y (K) =Y (R) t t ' I M * T E f l P  
TFf lP=  ( Y  ( R )  -SAVE)  *ODDTfl 

CALL BNDCON (KX,NK,r ,CR)  
CA LL SOLPNC ( H T N D .  U T M D  , V'IIIC,  TT f l D  ,C KT f l D  , H , O ,  V ,? , CK,  

> DYL.DYR.NFIG) 

1 8  Q ( K ) = Q ( K )  t3 .DO*TFNP-A1*F(K)  

> DYL,DYR,NFLG) 
20 DO 2 2  K=l ,LflOVF 

T E M P = A 2 * ( F ( K ) - Q ( K ) )  
SAVE=Y (R) 
Y (K) = Y  (X )  tDTfl*TENP 
TEIIP= ( Y  ( K )  -SAVF) *ODDTM 

2 2  Q (K) =Q (R) + 3 .  DO *TEMP-AZ*F (K) 
2 4  T I f l = I f l t D T f l  

c a n  B N D C O N ( K X , N K , T , C R )  
CALL SCLPNC ( H T f l D . U T f l D . V I f l C . T T f l D , C K T ~ D , H , U . Y . T , C R ,  

> DYL,DYR,NFZG) 
DO 2 6  K = l , L f l O V E  
TEf lP=A3*  (P (K)-2 .DO*Q (K)) 
SAVF=Y (KJ 
Y (K) =Y ( K )  tE'ffl*'IEMP 
TEMP= ( Y  ( K )  -SAVE) *ODDTM 

26 Q ( K ) = Q ( K )  t 3 . D O * T E q P - . 5 D O + F ( K )  
2 8  CONTINUF 

CRLL BNDCON(KX,NK.T,CK) 
CALL SOLPNC( H T ~ D , U T ~ D , V ' f f l D , T T f l D , C K ~ R D , H . O . o , T . C K ,  

I F  (NSU.EQ.1) GO TO 1 2  
> DYL,DYR.NFIG) 

Tf l=TIR  
30 RETURN 

E N D  

SOLR 5 7 0  
SOLR 5 8 0  
SOLR 5 9 0  
SOLR 6 0 0  
SOLR 6 1 0  
SOLR 6 2 0  

DX,DY,DXL,DXS, SOLR 6 3 0  
SOLR 6 4 0  
SOLR 6 5 0  
SOLR 6 6 0  
SOLR 6 7 0  
SOLR 6 8 0  
SOLR 6 9 0  
SOLR 7 0 0  
SOLR 7 1 0  

D X , D Y , D X L , D X R .  SOLR 7 2 0  
SOLR 7 3 0  
SOLR 7 4 0  
SOLR 7 5 0  
SOLR 7 f i O  
SOLR 7 7 0  
SOLR 7 8 0  
SOLR 7 9 0  
SOLR 8 0 0  
SOLR 8 1 0  

D X , n Y , D X L , D X R ,  SOLR 8 2 0  
SOL8 830 
SOLR 8 4 0  
SOLR 8 5 0  
SOLR 8 6 0  
SOLR 8 7 0  
SOLR 8 8 0  
SOLR 8 9 0  
SOLR 9 0 0  
SOLR 9 1 0  

D X , D Y , D X L , D X R ,  SOLR 9 2 0  
SOLR 9 3 0  
SOLR 9 4 0  
SOLR 9 5 0  
SOLR 9 6 0  
SOLR 9 7 0  

*OPTIONS I N  EFFECT* NAME= flAIN.OFT=O2.LINECYT=6O,5IZE=OOCCK, 

*OPTIONS I N  EFFECT* SOURCF,F~CDIC,NOLTST,NO~ECK,LCAD,NOMAE,NO~DI~,NOID,NOXREF 

* S T A T I S T I C S *  SOURCE STATEflEN'fS = 55 , P R O G E A R  S I Z E  = 2 0 5 6  

* S T A T I S T I C S *  NO DIAGNOSTICS GENERA'IFC 

****** END OF COMPILATION ****** 105K BYTES OF CORE NOT U S E D  
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CS/360 PORTFAN A 

CONPILER OPTIONS - NAIE= MAIN,OPT=O2,LINECNT~6O,~IZE~OOOOK, 
SODRCE,EBCDIC,NOLIST,NOD~CK,LO~D,NO~AP,NOEDIT,NOID,NOXR~P 

ISN 0002 SUBROUTINE SCLEDL(KX,KY,NK,Y,Q,F,H,U,V,T,CK,HTHD~UT~D~ VTND,TTnDe SOLE 10 
> CKTND,DX.EY ,DXL .DXR ,EYL ,EYR ,NFLG) SOLE 20 c *** 

c *** 
c *** 
c *** 
c *** 
c *** 
c *** 
c *** 

ISN 0003 
IS1 0004 

SOLE 30 
SOLE U O  

NDNERTCAL INTEGRATION OP THE SYSIPI! OF DIFPERENTIAL EQUATIONS. SOLE 50 
VIA EULER'S IETHCD. SOLE 60 

SOLE 7 @  
Y(TN+DTI!) = Y(TN) + DTB*Y'(TN) SOLE 80 

SOLE 90 
SOLE 100 

INPLICIT REAL88 (A-H,O-2) SOLE 1 1 0  
COMNON/CONEIN/ ANL.AT~P.CPIJ.CKIJI4I .CRIEJf41 .CKINJfUI .CKIJPf43 - SOLE 1 2 0  

ISN 0005 
ISN 0006 

ISN 0007 
ISN 0009 
ISN 0010 
ISN 0011 

ISN 0012 
ISN 0013 
ISY 0014 
ISN 0015 
ISN 0016 
ISH 0017 
ISN 0018 

ISN 0019 
ISN 0020 

> CKI JN (4). cxn.uxF ,Drn.cn, ~ x n i  , n J P i ,  CXII,DXRI, DXLII',DXRII , ~ Y L J ~  ,SOLE 130 
> DYRJ.DYLJl,DYRJi,GBIJ,GKEIJ ( 4 )  ,CEIJ,QKBIJ(4) ,SBXIJ,SBYIJ,GXIHJ , SOLE 1UO 
> GXIPJ~GYIJ~~GYIJP,GTIJ,GKTIJ(U),QTIJ,CK'IIJ(4) ,STXIJ,STYIJ.QDVIJ .SCLB 1 5 0  
> Q X ~ ~ J ~ Q X I F J ~ Q Y I J ~ ~ Q Y I J P ~ ~ K X I N J ( U )  ,GKXIPJ(U) eGKYIJH(4) .GKYIJP(U) ,SOLE 160 
> HTKIJ(4) .HTKIJn(U),H~RIPJ(4),H~KI~J(4).AIIIJP(4) ,HXJ,AIJN,HIPJ , SOLE 170 
> HINJ.HIJP.DIJ,DIJ~.UIPJ,UIHJ,UIJP~VIJ,VIJR,VIPJ,VIHJ,VIJP,TIJ , SOLE 180 

> SAKTPD ( 4 )  ,SATCKD ( 4 )  ,SHTTPD, SXXIPJ,SXXlPJ,SYYI JN.SYYIJP, SXYIJN , SOLE 200 
> SXYIPJ.SXYI~J,SXYIJP,ROI~JD,ROIFJD,ROIJ~C~ROIJPD,EQT~P,TDIJ , SOLE 210 
> HCInJ,HCIPJ,HCIJN,HCIJP,GR,ROCKE(U) , S E H I X ( O )  ,DENSK(U) ,RODKIJ(4) .SOLE 220 
> GKDVI J ( 4 )  ,CXI, DYJ , QDV (25), HBD (25) ,QBD [ 2 5 )  ,VBD (25) ,TED (25) , SOLE 230 
> CKBD(U,25) ,TBIJ.HCEIJ ,DCKBIJ ( 4 )  ,HTKEIJ (I) .BNIJ~U~IJ,VBIJ,WBIJ, SOLE 240 
> ROBIJ, HTBIJ .CKBIJ (4) ,TTIJ, HCTI J , DCKT I J ( 4 )  , HTKTI J (4) ,UTI J, VTI J, SOLE 2 50 
> WTIJ,ROTIJ,HTTIJ.CKTIJ(U) .QED(i5) .GBf(25),GKBD(4,25) .SBDN(25), SOLE 260 
> SBDSl3(25),WIND,WINDX,UIND~ ,IJ,IHlJ,IF1J,IJIl,IJPl,INTRT,KOIJ, SOLE 270 
> ROIN1J,KOIFlJ.KOIJH1,KOXJPl ,NBXN,NBXF.KEYN,NBYP,NREGIN,NBNDP , SOLE 280 
> IXQV(25) ,JYQV(25) ,NHBDTP(25) ,NUEETP(25) ,NVBDTP(25) ,HTBDTP(ZS) , SOLE 290 
> NXGRL,NYG~L,NREG,NINTL~,NTOPP.NEOIP,NIEITC,RTHAX,NGENP SOLE 300 

C O O R O N / D R O C / T I I ! . D T N . T n , P l ! R I O E , I T  ,NROVE,Ll!CVE,N SOLE 310 
DIWENSION Y ( 1 )  . Q ( 1 )  , F ( l ) , H I l ) , U ( I ) , V ( l ) , T ( l ) . C K ( l )  .HTnD(l) ,UTtiD(l)SOLE 320 

> ,VTaD(l).TTRD(l),CKTND(l) ,DX(l) ,DY(1) ,DXI(l),DXR(l),DYL(l),DYR(l)SOLE 330 
> ,NPLG(l) SOLE 3 4 0  

SOLE 350 IF (IT.GT.0) GO TO 10 
TIN=TH SOLE 360 
CALL BNDCON (KX.NK,T.CK) SOLE 370 
CALL SOLFNC(ATI!D,QTHD,VItiD,T~~D,CKTND,H,Q,V,T,CK,DX,DY,DXL, DXR, SOLE 380 

SOLE 390 
CALL ODTPR'I SOLE 4 0 0  

10 DO 12 R=l,LNOVE SOLE 4 1 0  
12 Y(K)=Y (K) + DTI!*F(K) SOLE 420 

TN=TH+DTH SOLE 4 3 0  
TIPI=TR SOLE 4 4 0  

SOLE 4 5 0  CALL B NDCON (KX ,NK.T, CK) 
CALL SOLPNC(HTI!D,UT~D,VTHD,TT~D,C~~ND,H,~,V,T,CK,DX,DY,~XL, D X R ,  SOLE 460 

> DYL .DTR .NFLG) SOLE 4 7 0  
RETURN SOLE '480 
END SOLE 490 

> TI3H.TIPJ.TINJ,TIJP.ROKT~t(4) ,RCIJ,ROIJ?,ROIPJ, ROINJ,ROIJP , SOLE 1 9 0  

> DYL,DYR,NFIG) 

*OPTIONS IN EFFECT* WARE= NAIN,OPT=O2,LINECNT=60.~1ZE=DOOOK, 

*OPTIONS IN EFPECT* SOURCE.EECDIC,NOLIS~.NOEECK,LCAD,NO~AE,NOEDIT,~OID,NOXR~F 

*STATISTICS* SOURCE STATEnENTS = 1 9  .FROGRAI SIZE = 1252 

*STATISTICS* NO DIAGNOSTICS GENERATED 

. 

. 
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* * * *e*  FND OF C O N P T L A T I O N  ****** 1 2 1 K  BYTES OF C O R E  NOT USED 
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I S N  0 0 0 2  
I S N  0003 
I S N  0004 

I S N  0005 

I S N  0006 
I S N  0007 

I S N  OOOR 
I S N  0009 
ISN 0010 

I S N  0011 
ISN 0 0 1 2  
I S N  0013 
I S N  0 0 1 4  
I S N  0 0 1 5  
I S N  0 0 1 6  
I S N  0 0 1 7  

I S N  0 0 1 8  

I S N  0019 
I S N  0 0 2 0  
I S N  0 0 2 1  
I S H  0 0 2 2  
ISN 0 0 2 3  
I S N  0 0 2 4  
I S N  0 0 2 5  

I S N  0 0 2 6  
I S N  0 0 2 7  
I S N  0 0 2 8  
I S N  0 0 2 9  
I S N  0 0 3 0  

O S / 3 6 0  FORTRAN H 

COMFILBR OPTIONS - NAP€= ~AIN,OFT=02,LINEC6T=6O,~IZE=OO0OK, 
S O U R C E , E E C D I C , N O L I S T . N O D E C K , L O ~ D . N C M A P , N O E D I T , N O I D , N O X R ~ ~  

SOL? 10  SUBROUTINF SCLPNl(NK,KX,KY) 
I M P L I C I T  REAL.8 (A-H,O-2) SOLF 2 0  
COVMON/COFlBIN/ A N L , A T M P , C P I J , C R I J ( U )  , C K I F J ( 4 )  , C K I " I ( 4 )  , C K T J P ( U )  , SOL'? 30  

> C K I J C ( 4 ) , C X ~ ~ D X P I D Y M , D Y P . O X I P l ~ t Y J P l , D ~ I I , D X R I , D X L I l , D X R I l , D Y L J  ,SOLP 4 0  
> DYRJ.DYLJ1,DYRJl.GBIJ.GKeIJ (4) , ~ ~ I J , Q R B I J ( 4 ) . S B X I J , S B Y I J , G X I ~ J  , SOLF 5 0  
> GXIPJ,GYIJM,GYIJP,GTIJ,GKTIJ(4) .QTIJ,CK~IJ(U).STXIJ,STYIJ,~DVIJ ,SOLF 6 0  
> QXIMJ,QXIPJ,QYIJn,QYIJP,GKXIflJ(4) . G P X I P J ( ( I )  , G K Y I J 1 ( U )  , G K Y I J P ( 4 )  ,SOLF 7 0  
> H T K I J ( 4 ) , H T K I J V ( 4 )  , H T K I P J ( U )  , H ? R I M J ( 4 ) . H ? K I J P ( 4 )  . H I J . H I J I l . H I P J  , SOLF 8 0  
> H I M J , A I J P , D ~ J , W I J ~ , U I P J , W I M J , U I J P I V I J . I I J ~ ~ V I P J , V I M J , V I J P , T I J  , SOLF 90 
> T I J ~ , T I P J . T I M J ~ T I J P . R C K T P D ( 4 ) . R C I J , R O I J ~ ~ R O I P J , R O I M J , R O I J P  , SOLF 1 0 0  
> S AKTPD (4) , SHTCK D (4 )  , SHTTPD, SX X I  M J , SX X I P  J ,SI Y I  JM , S Y Y I J P .  SX Y I JN , SOLF 1 1 C 
> S X Y I P J . S X Y I ~ J ~ S X Y I J P , R O I M J D , R O I E ~ D , R O I J ~ D , R O I J P D , E Q T R P , T D I J  , SOLF 1 2 0  
> H C I M J , H C I P J  , H C I J N ,  HCIJP ,GG.  R O C K I :  (4) , SFH'IK (U )  , CENSK ( 4 )  . R O D K I J  (4) ,SOLF 1 3 0  

> C K B D ( 4 . 2 5 )  . T B I J , H C B I J  .CCKBIJ  ( U )  .HTKBIJ (4) , B N I J . U B I J , V B I J , U B I J ,  SOLF 1 5 0  
> R O B I J , H T B I J v C K B f J ( U )  , T T I J , H C T I J , n C K T I J ( 4 )  , H T K T I J ( 4 )  , U T I J , V T I J ,  SOLF 1 6 0  
> WTIJ,ROTIJ,HTTIJ,CKTIJ(U) , Q B D ( 2 5 )  ,GBD(2C) .GKED(4 ,25)  , S B D N ( 2 5 ) ,  SOLF 1 7 0  
> SBDSH ( 2 5 )  .PIND,WINDX,WINCY , I J , I ~ l J . I F l J . I J N l . I ~ P l , I N T R T , K 0 I J ,  SOLF 180  
> KCIMlJ,KOIP1J,KOIJMl.ROIJPl , N B X M , N B X P , ~ E Y N , N B Y P 1 N R E G I N . H B N D P  , SOLP 1 9 0  
> T X Q V ( 2 5 ) , J Y Q V ( 2 5 )  t N H B D T P ( 2 5 )  ,NUED?P(25)  ,NVBDTP(25)  ,NTRDTP(25)  , SOLP 2 0 0  

SOLF 2 2 0  DIMENSION CKIRJD (4) , C K I P J D  (U) ,CKIJMD(U)  , C R I J P D  ( 4 )  
C *** INSERT 9 / 1 2 / 1 3  SOLF 2 3 0  

COflMON/DROC/TI~.DT~,TM~PFRIOD,IT,N~CVE,LMCV~,N SCLV 2 4 0  
CON~ON/INDRIT/DTMLT~ST~~SD~M,PRBln,DPR?TIl,CPQS~C,TIDAL,FDTM, SOLF 2 5 0  

> INDTM,NDTrC,IPINIS,LDTMCR,ISTART,~FLOT.hCPU SOLF 2 6 0  
C *** END INSERT SOLF 2 7 0  

DATA RASK/ZOOOPPFPF/ SOLF 2 8 0  
DATA M ASK/POOOPPFPP/ SOLP 2 9 0  
ATM P = 2  1 1 6 . 2 2  UD O*GR SOLF 100 

C *** 1's I N  MASK COVER TOTALLY SPACE FOR NBXV.NBXP,NBYtl.NBYP I N  FLAG. SOLF 3 1 0  
C *** NPLG. SOLF 3 2 0  

D E N S = 6 2 . 2 D C  SOLF 330 
S P H T = l  . D O  SOLF 3 4 0  
K X N K = K X * N K  SOL' 3 5 0  
K X N K = K X * N K  SOLF 3 6 0  
CALL F I X C N I  (NK] SOLF 3 7 0  
RETURN SOLP 380 
ENTRY S O L F N C l  H T ~ D . D T N D , V T M D , T T N ~ . C K T M ~ , H , U . V , T , C K ~ D X , D Y ~ D X L ,  OXR,SOLF '190 

DIMPNSION HTnD(1)  .UTMD(l)  , V T M D ( l ) . T T N D ( l )  .CKTMD(l) , H ( l ) , U ( l )  , V ( l )  ,SOLF 4 1 0  
> T ( l ) . C K ( l )  .DX(l).DY(l),DXI(l).DXR(l) , I : Y I ( l )  . D Y R ( l )  . N P L G ( l )  SOLF 4 2 0  

K O I J S = O  SOLF 4 3 0  

> GKDVIJ (U)  , t X I , D Y J  . Q D V ( Z S ) , H B D ( i 5 )  , U B C ( 2 5 ) , V B D ( 2 5 )  , ? B D ( 2 5 ) ,  SOL' 1 4 0  

> NXGRL.NYGF1 ,NBFG.NINTLF .NTOPF ,NEOTF. NTB IEC.  NTRAX, NGENF SOLF 2 1 0  

> DYL.DYR,NYLG) SCLP 4 o c  

DO 2 8 2  I = l , K X  
IJ=I 
DXLI=DXI ( I )  
DXRI=OXR (I) 
D X R I l = D X R  ( I + 7 )  
D X L I l = D X L  ( I + l )  

C ***  DXMW (DXPU) NOT USED 
C *** DYWIJ (DPPU) NOT USED 

D X N O = D X T J O  
DXI=DX ( I )  
DXPU=DX ( I )  + D X  ( I +  1) 
KOfJ=KOIJS 
DO 280 3 = 1 , K Y  

UHFN 1=1 ( I=KX)  
UHFN J= l  ( J = K Y )  

SOL? 
SOL? 
SOLP 
SOLF 
SOLF 
SOL'? 
SOLV 
SOLF 
SOL' 
SOLF 
SnLF 
SOLF 
SOLF 

4 4 0  
4 5 0  
U 6 0  
4 7 0  

4 9 0  
5 0 0  
5 1 0  
5 2 0  
5 3 0  
5 4 0  
550 
5 6 0  

4a0 

4 

. 
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I S N  0 0 3 1  
ISN 0032 
I S N  0033 

I S N  0 0 3 4  
ISN 0035 
ISN 0036 

I S N  0 0 3 7  
I S N  0 0 3 9  
I S N  0 0 4 0  
I S N  0 0 4 1  
I S N  0 0 4 2  

I S N  0 0 4 3  
I S N  0 0 4 4  
I S N  0 0 4 5  
I S H  0 0 4 6  
I S N  0 0 4 7  
I S N  0 0 4 8  
ISN 0 0 4 9  
I S N  0050 
I S N  0 0 5 1  
ISN 0052 

I S N  0 0 5 3  
I S N  0 0 5 4  
I S N  0 0 5 5  
I S N  0 0 5 6  
I S N  0 0 5 7  
I S N  0058 

DYNO=@YPO 
DY J = D Y  (J) 
DYPU-DY ( J )  + C Y  ( J + 1 )  

C *** OPTENTIRES H E  V I E W  2- A N D  3- DINFNSIONAL I\RRAYS AS 1- DIMENSIONAL 
C *** ARI(AYS. T H I S  OFTEN EXPEDTTFS THE MACHINT EXECUTION OF THY PROG. 
c *** SIJPPOSE DIMENSION A(KX,KY) ,C(NK.RX,KY) A N 1 :  
C *** SUPPOSF EQUIVALENCE ( B ( l ) , A ( ? , l )  , C ( l , l , l ) ) .  
C *** THEN 

c *** C ( K , I , J ) = D (  ( J - 1 )  * N K * K Y + ( I - l )  *NK*K) 
c *** A ( I , J ) = B ( ( J - I ) * K X + I )  

I J P l = I J + K X  
K O I J P l = K O I J + K X N K  
CALL GTPLGS ( N B X N , N F L G ( I J ) )  

C ALL FLAGS ARE OBTAINED WIT8 CAIL  'IO GTFLGS. THYY ARE STORED I N  
C N B X r l ( 1 ) .  NEXM(2) ,  NBXN(3) ,... NBXF(5)  
C NOTE TAAT CCMMON/COMEIN/ I S  ARRAhGEI: SC IRAT 
C N B X n ( 2 ) = N B X P ,  NBXM(3)=NBYM, N B X M  (U)=NBYP,  NBXM(S)=NREGIN 
C NREGIN=REGICN NDMHER FOR ( 1 . J )  - N C C E  
C N R E G I N = O  I M P L I E S  NODE ( 1 . J )  I S  A NONVATPR NODE 

I F  (NREGIN.FQ.0 )  GO TO 2 7 8  
D Y L J = D Y L ( J )  
OY R J - D Y  R (J) 
O Y L J l = D Y L ( J + l )  
D Y R J ~ = D Y R  ( ~ + 1 )  

C *** A ( I J ) = A ( I , J )  IJ= ( J -  1 )  *KX+I 
C *** h ( I n l J ) = A ( I - l , J )  IWlJ=IJ- 1 
C *** A ( I P l Z ) = A ( I + l , J )  I P l J = I J + l  
C *** A ( I J M l ) = A ( I , J - l )  I J M l = I J - K X  
C *** A ( I J P l ) = A ( I , J + l )  I J F l = I J + X X  
C *** C ( R O I J + R ) = C ( K , I , J )  K O I J = ( J - 1 )  * N K * K X +  ( 1 - 1 )  * N K  ( = ( O , I , J )  
C *** C ( R O I M l J + K ) = C ( R , I - 1  , J )  K O I M l J = K C I J - N K  
C *** C ( K O I P l J + K ) = C ( K . I + l , J )  K O I P l J = K O I J t N K  
C *** C ( K O I J R l + K ) = C ( K , I , J - 1 )  K O I J M l = K C I J - ( N K * R X )  
C *** C ( K O I J F l + K ) = C ( K , I . J + l )  K O I J P l = K O I J + ( N K * l X )  

K O I R  1 J = K O I  J- RK 
K O I P l  J=ROI J + N K  
K O I J n l = R O I J - R X N K  
I n 1  J=IJ-1 
I P 1  J=I J+1 
I J R l = I J - K X  
D X R = D X M U  
DXP=DXPU 
DYM=DY MD 
DY P=DY PO 

i *** D X ? J = D X  ( 1 - 1 )  +DX ( I )  I P  (NEXM. EQ.0 )  
C *** DXR=2*DX(I )  I F  (NBXM.GT.0) 
C *** DXPSDX ( I )  +EX (I+1) IP (NEXF. EQ.0)  
C *** D X P = 2 * D X ( l )  IF (NBXP.GT. 0 )  
C *** D Y M = D Y  ( J - l ) + D Y ( J )  IP(NFY!? .EQ.O)  
C *** DYNP2*DY(J) IP (NBYM.GT.0 )  
C *** DYPZDY ( J ) + C Y  ( J + I )  I F ( N E Y P . E Q . 0 )  
C *** DYP=2*DY(J )  I F ( N B Y F . G T . 0 )  

H I J = H ( I J )  
U I J = U ( I J )  
V I  J = V  (IJ) 
T I J = T ( I J )  
DO 1 0  K = l , N K  

1 0  C K I J ( K ) = C K  ( K O I J + R )  

SOLF 5 7 0  
SOLP 5 8 0  
SOLF 5 9 0  
SOLP 6 0 0  
SOLP 6 1 0  
SOLP 6 2 0  
SOLF 630 
SOLF 6 4 0  
SOLF 6 5 0  
SOLF 6 6 0  
SOLF 6 7 0  
SOLF 6 8 0  
SOLP 6 9 0  
SOLF 7 0 @  
SOLF 7 1 0  
SOLF 7 2 0  
SOLF 7 3 0  
SOLF 7 4 0  
SOLF 7 5 0  
SOLF 7 6 0  
SOLP 770  
SOLP 7 8 0  
SOLP 7 9 0  
SOLF 8 0 0  
SOLF 8 1 0  
SOLF 8 2 0  
SOLP 8 3 0  
SOLF 8 4 0  
SOLF 8 5 0  
SOLF 8 6 0  
SOLF 8 7 0  
SOLF 8 8 0  
SOLF 8 9 0  
SOLF 9 0 0  
SOLF 9 1 0  
SOLF 920  
SOLF 930 
SOLF 9 4 0  
SOLF 9 5 0  
SOLF 9 6 0  
SOLF 9 7 0  
SOLF 9 8 0  
SOLP 990 
SOLF 1 0 0 0  
SOLF 10 1 0  
SOLF 1 0  20 
SOLP 1 0 3 0 
SOLF 1 0  4 0  
SOLP 1 0  50 
S O L F 1 0 6 0  
SOLP 1 0 7 0  
SOLF1080 
S O L F 1 0 9 0  
SOLF 1 1 0 0  
SOLF 11 1 0  
S O L ~ 1 1 2 O  
SOLF 1 130 
SOLP1140 
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I S 1  0 0 5 9  
I S N  0 0 6 0  
I S N  0 0 6 2  
I S N  0 0 6 3  
I S N  0 0 6 4  
I S N  0065 
I S N  0 0 6 6  
I S N  0 0 6 7  
I S N  0 0 6 8  
I S N  0 0 6 9  
I S N  0 0 7 0  
I S N  0 0 7 1  
I S H  0 0 7 2  
ISN 0 0 7 3  
I S N  0 0 7 4  
ISN 0075 
I S N  0 0 7 6  
I S N  0 0 7 7  

I S N  0 0 7 9  
I S N  0080 
I S N  0 0 8 1  

I S N  0 0 8 3  
I S N  0 0 8 4  
I S N  0085 

ISH 0078 

ISN 0 0 8 2  

ISN 0 0 8 6  
ISN 0087 
ISN 0 0 8 8  
ISN 0089 
I S N  0 0 9 0  
I S N  0 0 9 1  
I S N  0 0 9 2  
I S N  0 0 9 3  
ISN 0 0 9 4  
I S N  0 0 9 5  
I S N  0 0 9 6  
I S N  0 0 9 7  
I S H  0098 
I S N  0 0 9 9  
I S N  0 1 0 0  
ISN 0 1 0 1  
ISN 0 1 0 2  
I S N  0 1 0 3  
I S N  i 1 0 4  
I S N  0 1 0 5  
I S N  0 1 0 6  
I S N  0 1 0 7  
I S N  0 1 0 8  
I S N  0 1 0 9  
I S N  0 1 1 0  
I S N  0 1 1 1  
I S N  0 1 1 2  
I S N  0 1 1 3  
ISN 0 1 1 4  
ISN 0 1 1 5  
ISN 0 1 1 6  

c *** 

1 2  

1 4  

1 6  

18 

2 0  

2 2  
2 4  

I F  NBXR=NBXP=NBYR=NBTP=O, THEN G C  TO 4 4 0  (LN I N T E R I O R  NODE) 
I N S I D E = I A N C  (RASK.NFLG ( I J ) )  
I F  ( I N S I O E . E Q . 0 )  GO TO 2 0 0  
I F  (NBXR) 1 2 . 1 2 . 1 6  
A I R J = R I J  + O X R I *  ( H ( I R 1 J )  -HIJ) 
U I R J = U I J  + D X R I * ( U ( I R l J ) - U I J )  
V I R J = V I J  + D X R I * ( V ( I R l J )  - V I J )  
T I R J = T I J  + t X R I *  ( T ( I R 1 J )  - T I J )  
DO 1 4  K = l , N K  
C K I R J ( K ) = C K ( K O I J + K )  + D X R I * ( C K ( K O I R l J + W )  - C K ( K O I J + K ) )  
GO TO 58 
NH=NHBDTP (NBXR) 
DXR=DXI+DXI 

GO TO 2 8 4  
A I R J = R I J + D X L I l *  ( R I J - A  ( I P l J ) )  
GO TO 24 
H I M  J=HIJ 
GO TO 2 4  
H I R J - H B D  (NBXR) 
NO=NUBDTP (NEXR) 
GO TO ( 3 0 , 2 8 , 2 8 4 , 2 6 )  . N O  
GO TO 2 8 4  

G O  TO ( 2 2 , 2 c , 2 8 ~ , i 8 )  , A H  

2 6  U I R J = U I J + D X I I l *  ( O I J - U  ( I P l J ) )  
G O  TO 3 2  

2 8  U I P l J = O I J  
G O  TO 3 2  

30 U I R J = U B D  (NBXR) 
3 2  NV=NVBt!TPfNRXRl 

G O  TO ( 3 8 , ' 3 6 , 2 i 4 , 3 4 )  , N V  
GO TO 2 8 4  

3 4  V I R J = V I J + D X L I l *  ( V I J - V  ( I P l J ) )  
GO TO 40 

3 6  V I R J = V I J  
GO TO 40 

38 VIRJ=VBD(NBXR) 
4 0  NT=NTBUTP (NEXR) 

GO TO ( 5 2 , ~ ~ 1 , 2 a ~ , o 2 )  , N T  
G O  TO 2 8 4  

42 I P  ( U I R J )  4 4 , 4 4 , 5 2  
44 T I R J = T I J + D X I I l *  ( ' I I J - T  ( I P l J )  ) 

DO 46 K = l , N K  
4 6  C K I R J  (K) =CK (KOIJ+K)  +CXLI  1* (CK (KOIJ+K) -CK ( T O I P 1  J+K) ) 

GO TO 5 6  
4 8  T I P l J = T I J  

DO 50 K = l , R K  
50 C K I n J  (K) =CK (KOIJ+K)  

GO TO 5 6  
5 2  TIAJ=TBD(NEXR) 

DO 5 4  R = l , N K  
54 C K I R J ( K ) = C ~ ~ ~ ( K , N B X R )  
5 6  CONTINUE 
5 8  I F  (NBXP) 60,60,64 
60 H I P J = R I J + O X L I l *  ( R ( I P 1 J )  - B I J )  

U I P J = U I J + D X L I l *  ( O ( I P 1 J )  - 0 I J )  
VIPJ=VIJ+OXLIl*(V(IPlJ)-VIJ) 
T I P  J = T I  J + D X L I  1 * (T ( I  P 1 J )  - T I  3) 
DO 6 2  K = l . N K  

S O L 7 1 1 5 0  
SOLF 1 1 6 0  
S O L F 1 1 7 0  
SOLF 1 1  8 0  
S O L F 1 1 9 0  
S O L 7 1 2 0 0  
S O L F 1 2 1 0  
SOLF 1 2 2 0  
S O L P 1 2 3 0  
S O L F 1 2 4 0  
SOLF 1 2 5 0  
SOL? 1260 
SOLF 1 2 7 0  
SOLF 1 2 8 0 
SO LF 1 2 9  0 
SOLP 1 3 0 0  
S O L F 1 3 1 0  

, S O L P 1 3 2 0  
S O L F 1 3 3 0  
S O L F 1 3 4 0  
SOLF 1 3 5 0  
S O L F l 3 6 0  
SOLF 1 3 7 0  
S O L 7 1 3 8 0  
SOL71 3 9 0  
SOLF 1 4 0 0  
SOLF14 1 0  
SOLP 1 4  20 
S O L F l 4 3 0  
SOLF 1 4  4 0  
SOLF 1 4  5 0  
SOLP 1 4 6 0  
S O L P 1 4 7 0  
SOLF 1 4  80 
SOLFlU9 0 
S O L P 1 5 0 0  
SOLF 151 0 
S O L P l 5 2 0  
SOLF 1 5 3 0  
SOLF 1 5 4 0  
S O L F 1 5 5 0  
S O L F l 5 6 0  
SOLP 1 5 7  0 
S O L F 1 5 8 0  
SOLP 1 59 0 
SOLF 1 6 0 0  
SOLP 1 6  1 0  
S O L F 1 6 2 0  
S O L F l 6 3 0  
SOLP 1 6 40 
SOLF 1 6  5 0  
SOLP 1 6 6 0 
S O L F 1 6 7 0  
SOLF168O 
SOLP 1 6 9 0  
SOL? 1 7 0 0  
SOLF 1 7  1 0  
S O L P 1 7 2 0  

c 
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ISN 0 1 1 7  
TSN 0 1 1 8  
ISN 0 1 1 9  
ISN 0 1 2 0  
I S N  0 1 2 1  
I S N  0 1 2 2  
ISN 0 1 2 3  
I S N  0 1 2 4  
ISN 0 1 2 5  
ISN 0 1 2 6  
I S N  0 1 2 7  
ISN 0 1 2 8  
ISN 0 1 2 9  
I S N  0 1 3 0  
I S N  0 1 3 1  
ISN 0 1 3 2  
I S N  0 1 3 3  
TSN 0 1 3 4  
I S N  0 1 3 5  
I S N  0 1 3 6  
I S N  0 1 3 1  
I S N  0 1 3 8  
I S N  0 1 3 9  
I S N  0 1 4 0  
ISN 0 1 4 1  
ISN 0 1 4 2  
I S N  0 1 4 3  
ISN 0 1 4 4  
ISN 0 1 4 5  
I S N  0 1 4 6  
ISN 0 1 4 7  
I S N  0 1 4 8  
I S N  0 1 4 9  
ISN 0 1 5 0  
I S N  0 1 5 1  
ISN 0 1 5 2  
I S N  0 1 5 3  
ISN 0 1 5 4  
ISN 0 1 5 5  
I S N  0 1 5 6  
ISN 0 1 5 7  
ISN 0 1 5 8  
I S N  0 1 5 9  
I S N  0 1 6 0  
I S N  0 1 6 1  
TSN 0 1 6 2  
ISN 0 1 6 3  
I S N  0 1 6 0  
I S N  0 1 6 5  
I S N  0 1 6 6  
I S N  0 1 6 1  
ISN 0 1 6 8  
I S N  0 1 6 9  
I S N  0 1 1 0  
ISN 0 1 1 1  
I S N  0 1 1 2  
I S N  0 1 1 3  
I S N  0 1 7 4  

6 2  C K I P J  (K) = C K ( K O I J t K )  t C X L T l *  ( C F ( K O I P l J t b ' ) - C S  (K97 J t K ) )  
G O  T O  1 0 6  

6 4  NH=NHBDTP(NEXP) 
DXP= D X I  t n X I  
GO TO ( 7 0 . 6 R . 2 8 4 . 6 6 )  ,NH 
GO TO 2 8 4  

6 6  H I P J = H I J t D I F I *  ( H I J - H  ( I N l J ) )  

68 H I D . l = H I J  
G O  TO 1 2  

GO mn 1 2  

70 H T P J = H B D  (NEXP) 
1 2  W=NUBDTP (NEX?) 

;O TO ( 1 8 . 7 6 . 2 8 4 . 7 4 )  ,NU 
GO TO 2 8 4  

7 4  U I P J = U I J t D X 6 1 *  ( U I J - n ( I ' 4 1 J ) )  
GO T O  8 0  

76 V I D J = U I J  
G O  TO 8 0  

78 O I P J = U B D  (NEXP) 
80 NV=NVBDTP(NEX?) 

GO TO ( 8 6 . 8 4 . 2 8 4 . 8 2 )  , N V  
GO TO 2 8 4  

P 2  VIPJ=VIJtDXFI*(VIJ-V(IH1J)) 
GO TO 8 P  

84 V I P J = V ? J  
GO T O  e a  

86 VIPJ=VEI :  (NEXP) 
8P NT=NTBDTP (NEXP) 

G O  TO ( 1 0 0 . 9 6 . 2 8 4 . 9 0 )  . N ' I  
GO TO 284 

9 0  I F  ( U I P J )  1 0 0 , 9 2 , 9 2  
9 2  T I P J = T I J t D X R I *  ( ' I I J - T  ( T R l J )  ) 

DO 9 4  K = l , N K  
94 C K I P J ( K ) = C K  (KOIJ+K)  t D X R I *  ( C K ( K 0 I J t K )  - C R ( K c I O l J + K ) )  

GO TO 1 0 0  
9 6  T I P J = T I J  

DO 98 K = l , N K  
9R C K I P J  (K) =CK ( K O I J t K )  

GO T O  1 0 4  
1 0 0  T I P J = T B D ( N P X P )  

DO 1 0 2  K = l , N K  
1 C 2  C K I P J ( K ) = C K B D ( K , N B X P )  
1 0 4  CONTINUF 
1 0 6  I F  (NBYR) l C e . 1 0 8 . 1 1 2  
1 0 8  H I J M = H I J  t D Y P J * ( H ( I J N l )  - H I J )  

U T J R = U I J  t D Y B J * ( U ( I J M l )  -01.7) 
V I J W = V I J  t I : Y P J * ( V ( ? J M l )  - V I J )  
T I J R = T I J  t D Y R J *  (T ( I J F 1 )  - ' I I J )  
DO 1 1 0  K = l , N K  

1 1 0  CKIJM ( K ) = C K ( K O I J + K )  t C Y R J * ( C K ( K O I J M l t K )  - C K ( K O I J + K ) )  
G O  T O  1 5 4  

1 1 2  NH=NHBDTP ( N B Y O )  
DY O =  C Y  J t D Y  J 
G O  TO ( l l R , l 1 6 , 2 8 4 , 1 1 4 ) , N H  
GO TO 2 8 4  

GO TO 1 2 0  
1 1 4  H T J ~ = H I J t D P L J l * ( H I J - H  ( I J P 1 ) )  

1 1 6  H I J f l = 9 1 3  

S O L p 1 7 3 0  
S O L F 1 7 4 0  
SOLF 1 7 5 0  
SOLF 1 7 6 0  
S O L F 1 7 7 0  
S O L p 1 7 8 0  
SOL? 1 7 9 0  
S O L F 1 8 0 0  
SOLF 1 8  1 0  
SOLp 1 8 2 0  
SOLF1 R 3 C  
SOLF 1 8 4 0  
SOLF 1 8 50 
SOL.P l860  
SOLVl R70 
SOLF 1 8 R O  
SOLF 1 8 9 0  
SOLF 1 9  00 
SOLF 1 9  1 0  
S O L F 1 9 2 0  
SOLF 1 9 3 0 
SOLF 1 9 4  0 
SOLF 1 9  50 
SOLF 1 9 6 0  
SOLF 1 9 7 0  
SOLF 1 9  8 0 
SOLFl  Q 9 0  
SOLp20 00 
SOLP 2 0  1 0 
SOLF2 0 2 0 
SOLF 2 0 3 0 
SOLF 2 0 4 0  
SOLF20 5 0  
SOLF 2 0 6 0  
SOLr20-70  
S O L F 2 0 8 0  
S O L F 2 0 9 0  
SOLF 2 1 0 0  
S O L F 2 1 1 0  
SOLF2 1 2 0  
S O L F 2 1 3 0  
SOLV 2 1 4 0  
S O L F 2 1 5 0  
S O L F 2 1 6 0  
S O L P 2 1 7 0  
SOLP2 180 
S O L F Z l 9 0  
SOLF 2 2 0  0 
S O L F 2 2 1 0  
SOLF 2 2 2 0 
S O L F 2 2 3 0  
50LF  2 2 4 0  
SOLF 2 2  SO 
S O L F 2 2 6 0  
S O L F 2 2 7 0  
SOLF2 2 8  0 
SOLV 2 2  9 0  
SOLP 2 3  0 0 

. 
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I S N  0 1 7 5  
I S N  0 1 7 6  
I S N  0177 
ISN 0 1 7 8  
I S H  0 1 7 9  
I S N  0 1 8 0  
I S N  0 1 8 1  
I S N  0 1 8 2  
I S N  0 1 8 3  
I S N  0 1 8 4  
TSN 0185 
I S H  0 1 8 6  
I S N  0 1 8 7  
I S N  0188 
I S 1  0 1 8 9  
I S N  0 1 9 0  
I S N  0 1 9 1  
I S N  0 1 9 2  
I S N  0 1 9 3  
I S N  0 1 9 4  
I S H  0 1 9 5  
I S N  0 1 9 6  
I S N  0 1 9 7  
I S N  0 1 9 8  
I S N  0 1 9 9  
I S N  0 2 0 0  
I S N  0 2 0 1  
I S N  0 2 0 2  
I S N  0 2 0 3  
I S N  0 2 0 4  
I S N  0 2 0 5  
I S N  0 2 0 6  
I S N  0 2 0 7  
ISN 0 2 0 8  
I S N  0 2 0 9  
I S N  0 2 1 0  
I S N  0 2 1 1  
I S N  0 2 1 2  
I S N  0 2 1 3  
I S H  0 2 1 4  
I S N  0 2 1 5  
I S N  0 2 1 6  
I S H  0 2 1 7  
I S N  0 2 1 8  
I S N  0 2 1 9  
I S N  0 2 2 0  
I S N  0 2 2 1  
I S N  0 2 2 2  
I S N  0 2 2 3  
I S N  0 2 2 4  
I S N  0 2 2 5  
I S H  0 2 2 6  
I S N  0 2 2 7  
I S N  0 2 2 8  
I S N  0 2 2 9  
I S N  0 2 3 0  
ISB 0 2 3 1  
I S N  0 2 3 2  

GO TO 1 2 0  
118 H T J I = H B D  (NBYI) 
1 2 0  NU=NURDTP (HEIN) 

GO TO ( 1 2 6 , 1 2 4 , 2 8 2 , 1 2 2 ) , N O  
G O  TO 28U 

1 2 2  U I J I l = D I J + D Y  IJ1 ( U I J  -0 (I J P  1 )  ) 
G O  TO 1 2 8  

1 2 4  U I J N = U I J  
GO TO 1 2 8  

1 2 6  U I J N - O E D  (NEYn) 
1 2 8  NV=NVBDTP(NEYfl) 

GO TO ( 1 3 4 , 1 ? 2 , z e u ,  1 3 0 )  , n v  
GO TO 2 8 4  

1 3 0  V I J N * V I J + D Y L J l *  ( P I J - V ( T J P 1 ) )  
G O  TO 1 3 6  

1 3 2  V I J N = V I J  
GO TO 1 3 6  

13U V I J f l s V B D  (NEYfl) 
1 3 6  NT=NTBDTP(NEIN)  

GO TO ( 1 4 8 , 1 4 4 , 2 8 4 , 1 3 8 )  ,NT 
GO TO 2 8 4  

138 I F  ( V I J I )  1 4 0 , 1 4 0 , 1 4 8  
1 4 0  T I  J M = T I J + D P L J l  ( I I J - T  ( I J P  1 ) )  

DO 1 4 2  K = l , N P  
1 4 2  C R I J N  ( K ) = C K ( K O I J + K )  + D Y L J l * ( C K ( K O I J * V )  -CK ( K O I J P 1 + K ) )  

GO TO 1 5 2  
1 4 4  T I J N = T I J  

DO 1 4 6  K = l , N K  
1 4 6  C R I  JH (ti) =CK (KOIJ+K)  

GO TO 1 5 2  
1 4 8  T I J f l = T B D ( N B Y n )  

DO 1 5 0  K = l . N K  
1 5 0  C K I J N ( K )  =CKEE(K,NBYN) 
1 5 2  CONTINUE 
1 5 4  I F  (NBYP) 1 5 6 , 1 5 6 , 1 6 0  
1 5 6  H I J P = H I J + D Y L J l *  ( H ( I J P 1 )  - H I J )  

UI J P = U I J + D Y L J l *  ( 0  (I J P 1 )  -01  J )  
V I J P = V I J + D Y I J l * ( V ( I J P l )  - V I J )  
T I  J P = T I J + D Y L J l *  ( T ( 1  J P l )  - T I J )  
DO 158 K = l , N K  

GO ' IO  2 0 4  
158 C K l J P ( X ) = C K ( R O I J + K )  +DYLJl*(CK(KOIJE1+K)-CK(KOIJ+K)) 

1 6 0  NR=NRBDTP (NEYP) 
D Y P = D Y  J+DY J 
G O  TO ( 1 6 6 . 1 6 4 , 2 8 4 . 1 6 2 ) . N H  
GO TO 2 8 4  

1 6 2  AIJP=HIJ*DY6J*(HIJ-A(IJNl)) 
GO 'IO 1 6 8  

1 6 4  A T J P = R I J  
G O  TO 1 6 8  

1 6 6  A I J P = H B D ( N E Y P )  
1 6 8  NU=NUBDTF(NBYP) 

G O  TO ( 1 7 4 . 1 7 2 , 2 8 4 , 1 7 0 ) , N U  
GO TO 2 8 4  

1 7 0  U I J P = U I J + D  Y R J *  (1113-U (I  Jn l )  ) 
GO TO 1 7 6  

1 7 2  U I J P = U I J  
GO TO 1 7 6  

S O L F 2 3  1 0  
SOLP 2 3 2 0  
SOLP 2 3  3 0 
S O L F 2 3 4 0  
SOLF 2 3  5 0  
S O L P 2 3 6 0  
SOLFZ 3 7 0  
SOLP 2 380 
S O L P 2 3 9 0  
SOLP 2 4 0 c 
SOLF 2 4  1 0  
SOL? 2 4 2 0  
SOLP24 3 0  
SOLP24 4 0  
SOLF 2 4 5 0  
SOLF2U6 0 
SOL? 2 4 7 0 
SOLP 2 4  8 0  
S O L P 2 4 9 0  
SOLF2 500 
SOLF 2 5  1 0  
S O L F 2 5 2 0  
S O L F 2 5 3 0  
SOLF 2 5  4 0  
S O L P 2 5  50 
S O L F 2 5 6 0  
SOLF 2 5 7 0  
SOLF 2 58 0 
S O L F 2 5 9 0  
SOL? 2 6 0 0  
SOLP 2 6  1 0  
SOLP26 2 0 
S O L F 2 6 3  0 
SOLF 2 6  4 0  
SOLF26 50 
S O L P 2 6 6 0  
SOLF 2 6 7 0  
SOL"2680 
S O L F 2 6 9 0  
S O L F 2 7 0 0  
SOLF27 10  
SOLF 27 2 0 
SOLF 27 3 0 
SOLF27LI0 
SOLF 2 7 5 0 
S O L P 2 7 6 0  
S O L F 2 7 7 0  
S O L F 2 7 8 0  
S O L P 2 7 9 0  
S O L F 2 8 0 0  
SOLF281C 
S O L F 2 8 2 0  
SOLF28 3 0  
SOLF 2 8  LIO 
S O t F 2 8 5 0  
SOLF286C 
SOL" 2 8 7 0 
S O L F 2 8 8  0 
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I S N  0 2 3 3  
ISN 0 2 3 4  
I S N  0 2 3 5  
ISN 0 2 3 6  
I S N  0 2 3 7  
ISN 0 2 3 8  
I S N  0 2 3 9  
I S N  0 2 4 0  
I S H  0 2 4 1  
I S N  0 2 4 2  
I S N  0 2 4 3  
ISN 0 2 4 U  
I S N  0 2 4 5  
I S N  0246 
ISN 0 2 4 7  
ISN 0 2 4 8  
ISN 0 2 4 9  
ISN 0 2 5 0  
I S N  0 2 5 1  
ISN 0 2 5 2  
ISY 0 2 5 3  
I S N  0 2 5 4  
ISN 0 2 5 5  
I S N  0 2 5 6  
ISN 0 2 5 7  

I S N  0 2 5 8  
ISH 0 2 5 9  
ISN 0 2 6 0  
I S N  0 2 6 1  
I S H  0 2 6 2  
I S N  0 2 6 3  
ISN 0 2 6 4  
I S N  0 2 6 5  
I S N  0 2 6 6  
ISN 0 2 6 7  
I S N  0 2 6 8  
I S N  0 2 6 9  
ISN 0 2 7 0  
I S N  0 2 7 1  
I S N  0 2 7 2  
I S N  0 2 7 3  
I S N  0 2 7 4  
I S N  0 2 7 5  
I S N  0 2 7 6  
I S N  0 2 7 7  
I S N  0 2 7 8  
I S N  0 2 7 9  
I S N  0 2 8 0  

I S N  0 2 8 1  
ISN 0 2 8 2  
I S N  0 2 8 3  
ISN 0 2 8 4  
ISN 0 2 8 5  
I S N  0 2 8 6  
I S N  0 2 8 7  
I S N  0 2 8 8  

1 7 4  UIJP=UBD(NBYF)  
1 7 6  NV=NVBDTP(NBYP) 

G O  TO ( 1 8 2 , l e 0 , 2 8 4 , 1 7 B ) . N v  
GO TO 2 8 4  

1 7 8  V I J P = V I J + D Y R J *  ( V I J - V  ( I J f l 1 ) )  
G O  TO 1 8 4  

1 8 0  V I J P = V I J  
GO TO 1 8 4  

1 8 2  VIJP=VBD(NEYP)  
1 8 4  NT=N'IBDTP (NEYP) 

G O  TO ( i 9 6 , 1 9 2 , 2 e 4 , 1 8 6 ) , N ?  
G O  TO 2 8 4  

1 8 6  IF ( V I J P )  1 9 6 . 1 8 @ , 1 8 8  
188 TIJP=TIJ+DYRJ*(ITJ-T(IJMl)) 

1 9 0  C K I J P ( K ) = C K ( K O I J + K )  tDYRJ*(CK(~OIJtK)-CK(KCIJMl+K)) 
DO 1 9 0  K = l . N R  

GO TO 2 0 4  
1 9 2  T I J P = T I J  

DO 1 9 4  K = l , N R  
1 9 4  C K I J P ( K )  = C K ( K O I J + K )  

GO TO 2 0 4  
1 9 6  T I J P = T E D ( N E Y P )  

DO 198 K = l  . N K  
198 C K I J P  (R) =CKBD (K, NBY P )  

GO TO 2 0 4  

2 0 0  DO 2 0 2  K = l , N R  
C *** BEGIN CALCULATION POR INTERIOR N C C E .  

C K I J ( K ) = C K  (K@IJ+R) 
C K I n J ( K ) = C K I J ( K )  + D X R I  * ( C K ( K O I M l J + K ) - C K I J ( R ) )  
CK IPJ (K) =C KI J (K) + DXLI 1 * (CK (K 0 1  E 1 J + K )  -C RIJ (K) ) 
CKIJM (K) = C K I J  (a)  + D Y R J  * (CK (KO1 JH 1+K) - C P I J  (K) ) 
C R I J P ( K ) = C I I J ( R )  + D Y L J l * ( C K ( K O I J F l + K )  - C P I J ( K ) )  

H I H J - H I J  + D X R I  * ( H ( I M l J ) - H I J )  
R I P J = R I J  + D X L I 1 * ( H ( I P l J ) - A I J )  
A I J ? I = H I J  + C Y R J  * ( R ( I J M l )  - H I J )  
H I J P = A I J  + D Y L J l * ( H  ( I J P l ) - R I J )  
U I H J = U I J  4 EXRI * ( U ( I M l J ) - U T J )  
U I P J = U I J  + D X L I l * ( U ( I F l J ) - U I J )  

U I J P = U I J  + D Y L J l * ( O  ( I J P 1 )  - U I J )  
V I M J = V I J  + D X R I  * ( V ( I M l J ) - V I J )  
V T P J = V I J  + D X L I l * ( V  ( I P l J )  - V I J )  
V I J M = V I J  + D Y R J  * ( V ( I J M l ) - V I J )  
V I J P = V I J  + E Y L J l *  (V ( I J P 1 )  - V I J )  
T I M J = T I J  + D X R I  * ( T ( I N l J ) - ' I I J )  
T I P J = T I J  + C X L I l * ( T ( I P l J ) - ' I I J )  
T I J I I = T I J  + D Y R J  * ( T ( I J M l ) - T I J )  
T I J P = T I J  + C Y L J l * ( T  ( I J P 1 )  -?IJ) 

2 0 2  CONTINUE 

UIJM=UIJ + CYRJ * (u ( r J a i ) - o n )  

C *** END CALCULATION FOR INTERICR N C D E .  
2 0 4  CONTTNUE 

I F  (UIHJ) 2 0 6 . 2 1 0 . 2 1 4  
2 0 6  U I W D = U I J  

V I H J D = V I J  
T I  H J D = T I  J 
A I H J D = A I J  
DO 2 0 8  K = l . N K  

2 0 8  CKIMJD (K) = C R I J  (K) 

SOL"2890 
SOLF2 9 0 0 
SOLP29 1 0 
5 0 L F 2 9  2 0  
SOLP 2 9  30 
S O L F 2 9 4 0  
SOLF 2 9 50 
SOLF 2 9 6  0 
SOLF29 7 @  
SOLP 2 9  8 0 
S O L F 2 9 9 0  
SOLF 3 0  00 
SOLF 30 1 0  
SOLF30 2 0  
S O L F 3 0  3 0 
SOLF 3 0 4 0  
S O L F 3 0 5 0  
S O L F 3 0 6 0  
SOLF 3 0 7 0  
SOLP30 80 
SOLP3 0 9 0 
5 0 L F 3 1 0 0  
SOLF3 1 1 0  
S O L F 3 1 2 0  
S O L P 3 1 3 0  
SOLP 31 40 
S O L F 3 1 5 0  
S O L P 3 1 6 0  
SO LF 3 1 7 0 
S O L r 3  1 B O  
S O L P 3 1 9 0  
SOLF 3 2 0 0  
S O L 7 3 2  1 0  
SOLF 3 2 2 0  
SOLF 3 2  3 0  
SOLF 3 2 4 0  
SOL F 3  2 5 0 
SOLF 3 2  6 0  
S O L F 3 2 7 0  
S O L 7 3 2 8 0  
S O L F 3 2 9 0  
SOLP 3 3 0 0  
S O L F 3 3  10 
SOLF 3 3 2 0  
SOLF 3 3 3 0  
SOL73 3 4 0 
SOL? 3 3 5 0  
SOL7 3 3 6 0  
SOLP 3 3 7 0 
SOLF 3 3 8 0 
SOLF3 390 
S O L P 3 4 0 0  
SOLF3 4 1 0  
SOLF 3 4 2 0  
SOLF 3 4 3 0  
SOLF 3 4 4 0 
S O L F 3 4 5 0  
SO LF 3 4 6 0 

. 
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I S 1  0 2 8 9  
I S N  0 2 9 0  
I S N  0 2 9 1  
I S N  0 2 9 2  
I S N  0 2 9 3  
I S H  0 2 9 4  
I S N  0 2 9 5  
I S N  0 2 9 6  
I S N  0 2 9 7  
ISW 0 2 9 9  
I S N  0 3 0 0  
I S N  0 3 0 1  
I S N  0 3 0 2  
I S H  0 3 0 3  
I S N  0 3 0 4  
ISR 0 3 0 5  
I S N  0 3 0 6  
I S 1  0 3 0 7  
I S N  0 3 0 8  
I S N  0 3 0 9  
I S N  0310 
I S N  0 3 1 1  
I S H  0 3 1 2  
I S N  0 3 1 3  
I S N  0 3 1 4  
ISN 0 3 1 5  
I S N  0 3 1 6  
I S N  0 3 1 7  
I S N  0 3 1 8  
I S H  0 3 1 9  
I S N  0 3 2 0  
I S N  0 3 2 2  
I S H  0 3 2 3  
I S N  0 3 2 4  
I S N  0 3 2 5  
I S N  0 3 2 6  
ISN 0 3 2 7  
I S N  0 3 2 8  
I S N  0 3 2 9  
I S N  0 3 3 0  
ISN 0 3 3 1  
ISN 0 3 3 2  
I S N  0 3 3 3  
I S N  0 3 3 4  
I S N  0 3 3 5  
I S N  0 3 3 6  
ISN 0 3 3 7  
I S N  0 3 3 8  
I S N  0 3 3 9  
I S N  0 3 4 0  
I S N  0 3 4 1  
I S N  0 3 4 2  
I S N  0 3 4 3  
I S N  0 3 4 5  
I S N  0 3 0 6  
ISN 0 3 4 7  
ISN 0 3 4 8  
ISN 0 3 4 9  

GO TO 2 1 0  
2 1 0  Q I N J D = O I H J  

V I N J D = V I M J  
T I N J D = T I N J  
H I N J D =  H I  fi J 
DO 2 1 2  K=l,RI 

2 1 2  C K I  N J D  (I) =C KIM J (K) 
GO TO 2 1 8  

2 1 4  I F  (NBXM.G'I.0) G O  TO 2 1 0  
U I N J D = U  ( I N l J )  
VINJD-V ( I n i ~ )  
T1NJD-T ( I R l J )  
H I M J D = H  ( I N l J )  
r)O 2 1 6  K = l , R K  

CK ( K O I N l J t K )  
i 2 8 , 2 2 9 , 2 2 0  

2 1 6  C K I N J b  (K) 
2 1 8  IF ( O I P J )  
2 2 0  U I P J D = U I J  

V I P J D =  V I  J 
T I P J D z T I J  
H I P J D z H I J  
r)O 2 2 2  I= ~- ,NI 

2 2 2  C K I P J D ( K ) = C K I J  (K) 
GO TO 2 3 2  

2 2 4  U I P J D = O I P J  
V I  PJD= V I  PJ  
T I P J D = ? I P J  
H I P J D = H I P J  
DO 2 2 6  R = l , l R  

2 2 6  C K I P J D ( K ) = C K I P J  (I) 
GO TO 2 3 2  

2 2 8  I F  (NBXP.G?.O) G O  TO 2 2 4  
U I P J D = O  (IP 1 J )  
V I P J D = V  ( I P  1 J )  
T I P J D = T  ( I P l J )  
H I P  J D =  H (IP 1 J) 
DO 2 3 0  K = l . R K  

2 3 0  C K I P J D  ( K ) = S R  ( K O I F l J * I ]  

2 3 4  U I J N D = O I J  
V I J F D = V I J  
T I J R D = T I J  
H I J N D = H I J  
DO 2 3 6  R=l,NI 

2 3 6  CKIJND (K )  = C R I J  (K)  
GO TO 2 4 6  

2 3 0  U I J P D = U I J N  
v I J n D = v I J n  
T I J F l D = T I J n  
H I J H D = H I J N  
no 2 4 0  K = l , N K  

2 4 0  CKTJMD (K )  =CRIJM (K)  
GO TO 2 4 6  

2 4 2  I F  (NBIR.GT.0) G C  TO 2 3 8  
U I J N D = O  ( 1 J R l )  
V I J M r ) = V  ( I J R l )  
T I J F l D = T  ( I J N l )  
H I  J M D = H  ( I J R  1 )  
DO 2 4 4  K = l , N K  

2 3 2  IP ( V I J R )  ' 3 4 , 2 3 8 , 2 4 2  

SOLF34  70 
SOLF 3 4 80 
SOLP 3 4 9 0  
SOLP 3 50 0 
S O L F 3 5 1 0  
S O L F 3 5 2 0  
S O L F 3 5 3 0  
SOLF 3 5 4  0 
SOL7 3 5 5 0  
S O L P 3 5 6 0  
SOLF 3 5 7 0  
SOLF 3 5 8 0  
SOLF3S90  
SOLP 3 6 0  0 
SOLF 36 1 0  
SOLF 3 6 2  0 
S O L p 3 6 3 0  
SOLP 3 6 4 0 
SOLF36 5 0 
S O L P 3 6 6 0  
SOLF 3 6 7  0 
S O L 7 3 6 8 0  
SOLF 3 6 9  0 
SOLF 3 7 0 0  
SOLF37 1 0  
SOLF37 2 0 
S0T.F 3 7 3 0  
S O L P 3 7 4 0  
SOLF3750  
S O L F 3 7 6 0  
SOLP 3 7 7 0  
S O L F 3 7 8 0  
S O L F 3 7 9 0  
SOLF 3 8 0 0 
SOLF38  1 0  
S0L.P 3 8  2 0  
SOLF 3 8  3 0  
S O L F 3 8 4 0  
S O L F 3 8 5 0  
SOLF 3 8 6 0 
SOLP3870 
S O L F  3 8 8 0  
S O L F 3 8 9 0  
S O L F 3 9 0 0  
SOLF39 1 0  
SOLF 3 9 2 0 
SOLF 3 9  3 0  
SOLF 3 9 4  0 
SOLP 39 50 
SOLF 3 9 60  
S O L F 3 9 7 0  
SOLP 3 9  80 
S O L F 3 9 9 0  
S O L F 4 0 0 0  
SOLF40 1 0  
SOLFU020 
SOLPUO 3 0  
SOLP 4 0 4  0 



ISN 0350 
I S H  0 3 5 1  
TSN 0 3 5 2  
I S H  0 3 5 3  
I S N  0 3 5 4  
ISN 0 3 5 5  
ISN 0 3 5 6  
ISH 0 3 5 7  
ISN 0 3 5 8  
ISN 0 3 5 9  
I S N  0 3 6 0  
I S N  0 3 6 1  
I S N  0 3 6 2  
I S N  0 3 6 3  
ISN 0 3 6 4  
I S N  0 3 6 5  
I S N  0 3 6 6  
ISN 0 3 6 8  
I S N  0 3 6 9  
I S N  0 1 7 0  
I S H  0 3 7 1  
I S N  0 3 7 2  
I S N  0 3 1 3  
I S N  0 3 7 4  

ISN 0 3 1 5  
I S N  0 3 1 6  
I S N  0 3 1 7  
I S N  0 3 1 8  

ISN 0 3 1 9  
I S N  0 3 8 0  
I S N  0 3 8 1  

I S N  0 3 8 2  
I S N  0 3 8 3  
I S N  0 3 8 4  

I S N  0 3 8 5  
I S N  0 3 8 6  
I S N  0 3 8 7  

ISN 0 3 8 8  
I S N  0 3 8 9  

24U CKIJMD (K)=CK ( K O I J M l + K J  
2 U 6  I P  ( V I J P )  2 5 6 , 2 5 2 , 2 1 8  
2 4 8  O I J P D = U I J  

V f J P D = V I J  
T I J P D = T I J  
H I J P D = H I J  
DO 2 5 0  K = l . N K  

2 5 0  C K I J P D  (K) = C K I J  ( I C )  
GO TO 2 6 0  

2 5 2  O I J P D = f J I J P  
V I J P D - V I J P  
T I J P D = T I . J P  
H I  J P D - H I J P  
DO 254 K = l , N K  

25U C K I J P D  (K) = C K I J P ( K )  
GO TO 2 6 0  

2 5 6  I F  (NBYP.G'I.0) G O  TO 2 5 2  
U I J P D = U  ( X J P 1 )  
VIJPD-V ( I J P 1 )  
T I  JPD=T ( I J F  1 )  
H I J P D = H  ( X J P 1 )  
DO 2 5 0  K = l , N K  

2 5 8  C K I J P D  ( K )  =CK I R O I J P l + K )  
2 6 0  CONTINOE 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

THE CENTROIDAL ELEVATION RC CAN BE CALCUIA'IED F O R  THE T I N E  B E I N G  
PCR UNIFORM DEPTH AS 

A C I P J = 0 . 5 D O * H I P J  
ACIMJ= 0. 5DO*HIHJ 
H C I J P = O . 5 D O + H I J P  
R C I  JN= 0 .5D O * H I  J N 

EVALUATE PHYSICAI  PROPERTIES B Y  C a I I I N G  ' IHF MLTPR SUBROUTINE 
WITR TAP APPROPRIATF RRGOPENTS 

AT POINT I + 1 / 2 , J  

CALL MATPRP ( CKI€J,TXPJ.DENS.SFHI.ROTPC) 
ROIPJ=DERS 
A T I P J = S P A T * T I P J  

AT POINT I - 1 / 2 , J  

CALL MATPRP( C K I ~ J , T I n J , D E N S , S F R T , R O T P D )  
ROIMJ=DENS 
ATIRJ=SPHT*TIN J 

AT POINT I , J + 1 / 2  

CALL HATPRP( CKIJP,TIJP,DEHS,SPR'I,ROTPD) 
ROIJP=DENS 
R T I J P = S P R T + T I J P  

AT POINT I . J - 1 / 2  

CALL MLTPRP ( CKIJN,TIJ~.DEHS,SFHI,ROTPt) 
ROIJM=DENS 

SOLP40 5 0  
SOLP4 0 6 0  
S O L P 4 0 7 0  
SOLP40  8 0 
SOLF4 0 9 0 
SOLP 4 1 0 0 
S O L P 4 1 1 0  
S O L F 4 1 2 0  
S O L F 4 1 3 0  
S O L P 4 1 4 0  
S O L P 4 1 5 0  
SOLF 4 1 6 0  
SOLF 4 1 7 0  
SOLP4 1 8 0  
SOLF419C 
S O L P 4 2 0 0  
S O L P 4 2  10 
SO LF 4 2 2 0 
SOLP42  30 
SOLPU 2 4 0  
SOLF 4 2 50 
SOLF 4 2 6 0  
SOLF 4 2 7 0  
S O L F 4 2 8 0  
SOLP 4 2 9 0 
SOLF 4 3 0 0 
S O L P 4 3 1 0  
S O L F 4 3 2 0  
SOLP 4 3  30 
S O L P 4 3 4 0  
S O L P 4 3 5 0  
S O L P 4 3 6 0  
SOLFU 3 7 0  
SOLF 4 3 8 0 
SOLPU 3 9 0  
SOLP 4 4 00 
S O L P 4 4 1 0  
S O L P 4 4 2 0  
SOLF 8 4 3 0  
SOLF44.40 
S O L F 4 4 5 0  
SOLFUU 60 
S O L P 4 4 7 0  
SOLF44 8 0  
S O L F 4 4 9  0 
SOLF 4500 
SOLP45  1 0  
SOLP4520 
SOLP 4 5 30 
SOLP4540 
SOLPO 5 5 0  
SOLP 4 5 6 0 
SOLFU570  
S O L F 4 5 8 0  
S O L P 4 5 9 0  
S O L P 4 6 0 0  
SOLF46 1 0  
SOLFU620  
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I S N  9 3 9 0  

I S N  0 3 9 1  
I S N  0 3 9 2  
I S N  0 3 9 3  

I S N  0 3 9 4  
I S N  0 3 9 5  
I S N  0 3 9 6  

I S N  0 3 9 7  
I S N  0 3 9 8  
I S N  0 3 9 9  

I S N  0400 
I S N  0 4 0 1  
I S N  0 4 0 2  

I S N  0 4 0 3  
I S N  0404 
I S N  0405 

I S N  0 4 0 7  
I S N  0 4 0 8  

Is1 0 4 0 6  

I S N  0 4 0 9  
I S N  0 4 1 1  
I S H  0 4 1 2  
I S N  0 4 1 3  
I S N  0 4 1 4  
I S N  0 4 1 5  
I S N  0 4 1 6  
I S N  0 4 1 7  

ISN 0 4 1 8  

H T I J N = S P H T * T I J N  
C 
C  AT P O I N T  T + 1 / 2 . J  
C 

2 6 2  CALX RATPRPf  CKTPJD,TIPJD,DENS,SFHT,ROTPC) 
ROIPJD=DENS 

C  
C  
C 

C  
C  
C 

C  
C  
C  

C  
C  
C  
C 
C  

H T I P J D = S P A T * T I P J D  

AT POINT 1 - 1 / 2 , J  

CALL R A T P R P f  CKInJD,TInJD,DENS,SFHT,ROTP~) 
ROIRJD=DENS 
H T I n J D = S P R T * T I R J D  

AT POINT I , J t 1 / 2  

CALL R A T P R P (  CKIJPD,TIJPD,DENS,SFB?,ROTPt) 
ROIJPD=DENS 
HTI J FD=SPHT*?I J P D  

AT P O I N T  I , J - 1 / 2  

CALL ?lATPRP( CRIJRD,TIJ!lD,DENS,SFHT,ROTPC) 
ROIJRD=DENS 
HTIJHD=SPHT*TIJMD 

I T  P O I N T  1.J 

2 6 4  CALL OATPRP(  C K I J , T I J , D E N S , S F A T ,  FOTPD) 
R O I J = D E N S  
C P I  J = S P H T  
A T I J = S P A T * ? I J  
DO 2 6 6  K = l , N K  

2 6 6  R T K I J  (K) = S F R T K ( K )  * T I J  
C 
C 
C GENERATION IF NEEDED. 

CALCULATES VOLORETRIC HEAT GENERATION A N D  CFECIES 1 A S S  

I? (NGENF.EQ.0) GO TO 2 6 8  
CALL GENCON 
GO TO 2 7 2  

Q D V I J = O . O D O  
2 6 8  CONTINUF 

DO 2 7 0  R = l , N K  
2 7 0  G R n V I J ( K ) = C . O D O  
2 7 2  CONTINOF 

C  
C  
C 

C  
C 

C**** 
C* DO 2 0 6  R = l , N R  
C * 2 0 6  C K T R D ( K O I J * K ) = . O O l  
C* T T R D ( 1 J )  = l o .  

CALL PLXCON (CK,  0 , V ,  T,NPLG) 
PLXCON CALLS TCPCOU A N D  BOTCON SUBFOUTINES 

C*****THIS TS A cony PROCEDURE PCR T E S T I N G  S O L V E T  

SOLF 4 6 3  0 
SOLP 4 6 4 0 
S O L P 4 6  50 
SOLF4 6 6  0 
S O L F 4 6 7  0 
SOLF 4 6 8 0  
S O L F 4 6 9 0  
S O L F 4 7 0 0  
S O L P 4 7 1 0  
S O L F 4 7 2 0  
SOLF4 7 3  0 
SOLF 4 7 4  0 
S O L P 4 7 5 0  
S O L P 4 7 6 0  
S O L F 4 7 7 0  
SOLF 4 7  8 0  
SOLF4 7  9 0  
S O L P 4 8 0 0  
SOLF 4 8 10 
SOLFU 8 2 0  
S O L P 4 8 3  0 
SOLP 4 84 0 
S O L P 4 8 5 0  
S O L P 4 8 6 0  
SOLF48 7 0  
SOLP4 R 8 0 
SOLF4 8 9  0 
SOLFU 9 0 0  
SOLF 4 9  1 0  
S O L F 4 9 2 0  
S O L F 4 9 3 0  
SOLP 4 9  40 
S O X F 4 9 5 0  
SOLF4 9 6  0 
SOLF 4 9  7 0  
so LF 4 9  8 0 
S O L P 4 9 9 0  
s o L P 5 o o o  
S O L F 5 0 1 0  
SOLPSO 2 0  
SOLF50 3 0  
SOLF 50 4 0 
SOLPSO 5 0  
S O L P 5 0 6 0  
SOLP 5 0 7 0  
S O L F 5 0 8 0  
SOLF50 9 0  
SOLP 5  1 0 0  
S O L F 5 1 1 0  
S O L F 5 1 2 0  
S O L F 5 1 3 0  
SOLF5 1  40 
S O L F 5 1 5 0  
S O L P 5 1 6 0  
SOLP 5 1 7 0 
S O L P 5 1 8 0  
SOLF5 1 9  0 
SOLF5 2 0 0  
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I S N  0 4 1 9  
I S H  0 4 2 0  
I S N  0 4 2 1  
I S N  0 4 2 2  
I S N  0 4 2 3  
I S N  0424 
I S N  0 4 2 5  
Isn 0 4 2 6  

I S N  0 4 2 1  

I S 1  0 4 2 8  
I S N  0 4 2 9  
I S N  0 4 3 0  

I S N  0 4 3 1  

I S N  0 4 3 2  
I S N  0 4 3 3  
I S H  0 4 3 4  
I S N  0 9 3 5  
I S N  0 4 3 6  
I S N  0 4 3 1  
I S N  0 4 3 8  
I S N  0 4 3 9  
I S N  0440 
I S N  0 4 4 1  
I S N  0442 
I S N  0 4 4 3  
I S N  0444 
I S N  0 4 4 5  
I S N  0 4 4 6  

C* 
C* 
C 
C* 

C* 
C* 
C* 
C* 
C* 
C* 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

R T V P ( 1 J )  = l F .  SOLP5 2 1 0 
V T F n ( I J ) =  C.FO S O L F 5 2 2 0  
UTHD (I J) =O .OD0 so LP 5 2  3 0 
GO '"0 2 1 1  S O L P 5 2 4 0  

SOLP 5 2  5 0  
S X X I P J = O .  SOLF 5 2 6 0 
s y r I J n = o .  S O L P 5 2 1 0  
SYYI J P - 0 .  S O L F 5 2 8 0  
sxrInJ=o. so LP 5 2  9 0 
S X Y I P J = O .  S O L P 5 3 0 0  
SXYIJB=O.  S O L P 5 3 1 0  

SXXIf lJ=O.  

S X Y I J P = O .  SOLF 5 3 2 0  
I F  ( I J . F Q .  199.OR.IJ.EQ.2Cl.OR.IJ.EQ.2Ul.CR.IJ.~Q.243) G B I J z 2 3 3 .  S O L F 5 3 3 0  
1 P  SO LP 53 4 0 
I F  (IJ. PQ. 2 1 1 )  G E I J = 1 1 9 . 1 3 c D 0  S O L P 5 3 5 0  
IF (IJ .Ea. 2 1 1 )  Q B I  J Z 3 3 3 . 3 3 3 0 0  S O L F 5 3 6 0  

SOLF53AO I F  ( I J . E Q . 7 3 )  Q B I J = l 4 8 . 4 8 D O  
SOLP 5 1 9  0 

?€IF HIIJOR EQDA'IICNS SOLF54 0 r) 
SOLP 5 4  1 0  
SOLF 5 4 2 0 
SOL75430 
SOLPSY 4 0  

SO S O L F 5 4 5 0  LP 5 4 60 
SOLF 5 4 1 0  
SOLP54 90 
SOLF 5 9  9 0 S P E C I E S  NASS CONCENTRATTON EQUATION 
SOLV5 500 

SUHK=O.ODO SOLF55 1 0  
SOLVS 5 20 

CKl 'ND(KOIJ+K)P  G K D V I J ( K ) / R O I J +  ( - ( + H I P J *  ( G X ? U J * ( C K I P J D ( K ) - C K I J  (R)) S O L F 5 5 3 0  
> + G K X I P J ( K ) )  -HINJ* (GXIHJ*  ( C K I H J t  (K)-CRIJ(K))*oKXIHJ(K)))/CXI - ( +  S O L P 5 5 5 0  S O L F 5 5 9 0  
> H I J P * ( G Y I J P * ( C K I J P Q ( K )  - C R I J ( K ) )  + G K Y I J E ( R ) )  -HIJN*(GYIdN* 
> S O L F 5 5 6 0  
> G K B I J  ( K )  + G T I J *  ( C K T r J  (I() - C K I J  ( K ) )  + G K T I J  IK) ) /  ( R O I J * H I J )  SOLF 5 5  1 0  

C SOL? 5 5  80 
SOLP 5 5 9 0 
S O L r 5 6  0 0 C 

C SOLF56  10  
C ENERGY EQUATION SOLF 5 6 7 0  
C S O L P 5 6 3 0  

SQCKGR=O.OfO S O L 7 5 6 9  0 
S O L F 5 6 5 0  SQKXIP=O . O t O  
SOL756  6 0 SQKXIR=O.ODO 

SQKYJP=O.OtC sOLF56 1 C 
SOLp56  80 SQKYJI=O.  Or0 

SQ KB I J= 0 0 D 0 SOLV5 6 9 0  
SOT.F57 0 0 SQKTIJ=O.  O C O  

DO 2 1 6  K = l , R K  S O L P 5 7 1 0  
SQCKGN=SQCKGN+ATRIJ ( K )  *CKTND(KOIJ+K) S O I . P 5 1 2 0  

SOL'S7 3c S Q K % I J = S Q K E I J + Q K B I J  (I() 
S Q K T I J = S Q K ? I J + Q K ? I J  (I() SOLV57UO 
SQKXIP=SQKXIF+GKXIPJ  ( K ) *  ( A T K I J  ( K ) )  SOLV 5 7 5 0  
5QKXIH=SQKXIH*GKXIHJ(K) * ( H ? K I J  ( K ) )  5 0 b P 5 7  6 0  
SQKYJP=SQKYJP+GKYIJP  ( K )  * ( A T K I J  ( K ) )  SOLP 5 7 7 0  

( I  J . EQ - 2  0 0. OR. I J . ZQ .2  2 0. OR, I J . E C . 2  2 2. C I;. I J . PQ .2 U 2) G B I J= 2 3 3. 

I? ( I J  . EQ. 1 4 5 )  GBIJx80. 448DO S O L P 5 3 1 0  

CALCULATE THE T I R E  D E R I P I A T I E S  O €  ILL THE UNKNOWNS BY USING 

BASIC CONTINUITY E Q U A T I O N  

BROTHD = G B I J + G T I J  - ( H I P J D * G X I P J - H I f l J D * G X I O J ) / D X I  - ( H I J P n * G Y I J P -  
> H I J H D * G Y I J H ) / D Y J  

DO 2 7 4  K = l , N K  

(CKIJHD ( K ) - C K I J  (K) ) +GKYIJH(K)  ) )  / C Y J  + G B I J *  ( C K B I J ( R ) - C K I J ( K ) )  + 

2 1 4  SUHK=SUNK+RCCRD (K)*CKTHU ( K O I J + K )  

2 1 6  SQKYJn=SQKYJH+GKYIJH(K)*(iiTKIJ ( K ) )  SOLP 5 7  8 n 



09E9dlOS 
0 s t 9 1370s 
0 hE9dlOS 
OE E 9d'IOS 
02 E 91370s 
OLE9dlOS 
00 E9d'IOS 
06 Z 9 dl0S 
0 8 Z9 dlOS 
OLZ9d'IOS 
09Z9dlOS 
0 5 Z9 dlOS 
0 h Z Y 1370s 
OEZ9dlOS 
OZZ 9 dTOS 
0 L z9cl'Ios 
OOZ9AlOS 
06 L9dlOS 
08 L 9 AlOS 
0 LL 9ATOS 
09 L 9dlOS 
OSL9A'IOS 
0 h L 9 A'IOS 
OE L 9dTOS 
02 L 9a'Ios 
0 L L9dlOS 
001 9JlOS 
0609dlOS 
0809dlOS 
OL09d'IOS 
09 09 dl OS 
0 S 09dlOS 
Oh 09dTOS 
OE09alOS 
OZ 09d'IOS 
0 LO 9d'IOS 
0 0 09d'IOS 
0 6 65 d? OS 
086SiTOS 
0 L 65dlOS 
096SdlOS 
OS6Sd'IOS 
Oh 6SdlOS 
OE6SdlOS 
02 6Sd'IOS 
0 L6SdlOS 
0 0 65 dlOS 
068s dlOS 
OBb14dlOS 
0 LE Sdl OS 
0 985 d'I OS 
OS 8SdlOS 
OQBS 1310s 
0 E 8SdTOS 
OZBSdlOS 
0 L BSJlOS 
0 08SdlOS 
06 LSdlOS 

LYtrC NSI 
LYhO Nbi 
vYhG NSI 
b5hO NSI 

t)sno NSI 
LShO NSI 

3 

YSnO NSI 

S5hO kSI 

nsno NSi 

t4hO NSI 
cbhu NSI 
LShO LSI 
~5nb hsI 

ohnu NSi 

8nnC hSi 

~nhu NSi 

ZLE 
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* 

ISN 0463 
ISN 0464 
ISN 0465 
ISN 0466 

ISN 0467 

TIONS IN PP 

*OPTIONS IN EFFECT* SOWRCE.E~CDIC,NOLIST.NODECK,LCA~,NO~A~.N~E~I~,NOID,NOXR~F 

*STATISTICS* SOURCE STATEMENTS = 466 ,PRCGRAM CIZF 1 0 0 6 2  

*STATISTICS* NO DIAGNOSTICS GFNEEATEL! 

****** EYD OF COOPILATION ****** Z1K BYTPS O'J C O R Y  NOT US?r) 



3 74 

I S N  O O C 2  
?SN 0 0 0 7  
TSN 7 0 0 0  

ISN 0 0 0 5  
I S N  0006 
TSN 0007 

ISH 0008 

T Y  0009 
TSN o o i n  
TSN 0 0 1 1  

I S N  0 0 1 2  

ISN 0 0 1 4  
I S N  0015 
ISN 0 0 1 6  

ISN 0 0 1 8  
I S N  On19 
I S N  0 0 2 0  
I S N  0 0 2 7  
I S N  0 0 2 3  

ISN on17 

ISN on17 

ISN 0 0 2 4  
I S N  0 0 2 5  
I S N  0026 
ISN 0 0 2 7  

I S N  002R 
I S N  0 0 2 9  
I S N  0 0 3 1  

CS/7h" FCFTFIN H 

coy F I T nr  o T)"T o 14 s - v A r F = v A - 7 ,  c P ?  = o 7, L : \I r c  hm = d  0, F T  7 c = 3 oq n Y , 
S n F P C F  , EFCnTC, NO1 T Z T ,  NOnECR,LT4n,  NO'IAP. N O P I T ' ,  YOIO, p'OX'vF 

S U R ' 1 0 U T T 9 P  T T I T C F  (\K,KX.KY) F - I "  i r  
T M P L I C I T  R E R I ' F  ( A - q , O - Z )  FYI" 7C 
COtNOY/rONEIh /  R N L . a T n F . C F I J . C K I J ( U )  , C K Y F 1 ( 4 )  , C K I R J ( U )  ,rK? l P ( U )  , =TLT 3 P  

> C K T J ~ ( U ) , C X ~ . D X ~ , D Y I , C Y P , C X T P l , t ~ J ~ l , C ~ ~ I , ~ X ~ T , ~ X L ~ l , ~ 7 P I l , ~ Y I J  ,FTLn  O i l  
> nY R J , rY 1.1 1 ,  nY R J 1 ,? E 1  J , G V P T J  (U) , C I J , Q K R T J ( 4 )  ,5 R 4T J , SBY I J ,  G Y I FI J 5 C 
> C XTP J , G Y I J 6 0 
> Q X T I J , O X T F J , Q Y ? J * , O Y r J P , ~ K Y I ~ J  ( 4 )  ,TKXTFJ ( 4 )  .GKY177(4 )  , G P f T . T P ( 4 )  , F - i , *  7" 
> H T K I J ( U ) , P T K ? J M ( U )  , H + K I P J ( 4 )  . H ' I K I Y l ( u )  , R I K T l P ( U ) , U I J , H I . T ~ , ' l T P J  , FTT,T Q C  
> HTI l  J. V I J P  . V TJ, UIJM, U I F  J ,  U I N J ,  U T J F  , VIJ , V  I J 1 ,  V T F J  , V  I I J ,  VIJP , T T J  FTLT 9 C  
> T T J 1, T I  P J , T In J , PTJ P , P OKTP C ( 4) , R C I J , P O  IJ t , ROI PJ ,90 T 7 J I QO I J F'LT 1 Q 0 
> SYKTPC (4) , SVTCKC ( 4 )  , 5 Y T ? F t  .SXXI PJ .SXX?PJ  .SYYI Jf l ,SY Y I J P ,  SXYI Jf' , S I L T  1 10 
> S X Y T P J , S Y Y T 1 J , S X Y I J P , W O I ~ J D . s C T F J O . P O ' J r ~ . ~ O I J P D , ~ Q T ~ P , T O T J  . FTT- 1 2 "  
> q C ~ N ~ 1 , q C T D , l , H C T J * , H C T J P . G a , o n t K C  ( 4 )  , S E H ' T R ( U ) ,  OFYSS (4) , R O n K I J ( U )  , F i L T  l 3 r  
> G P D V I J ( 4 )  . D X I , D Y J  , Q D V ( 2 5 )  . q B C ( i ~ ) , U P C ( ; S ) , V B D ( 2 5 )  . T F D ( 2 5 ) ,  F I L T  1U@ 
> C K P D ( 4 , 2 5 )  .TBTJ,HCETJ , ? C K F 7 J ( 4 ) , P ' K t I J  ( 4 )  . B N T J , U B ' J , V B I J . ~ ~ R I J .  T I L T  15C 
> ~ O R I J . ~ T E ' J , C P D I J ( 4 )  , ~ T T J , H C m I J , C C K T T J ( 4 )  ,VTK'TTJ(U) , U T T J , V T I J ,  FTL- l t @  
> W T I J . R C T I J , H T I ~ J , C K T I J ( U )  .'36D(i5) , G E r ( 2 5 )  , G F B n ( U . 2 5 )  , S B D N ( 2 5 )  , T I L m  1 7 0  
> S B I S H ( 2 5 ) , W I Y D , W I N n X , H ~ N ~ Y  , T J , T ~ l J , ? ~ l J , ~ J M l , I J P l , I ~ T ~ T , K 0 1 J ,  T I L T  1 S D  
> K O I M l  J .  K O I P l J  . K O I J N l  .KOTJPI  ,NBXH.NEXE. 6 E Y 1  ,Nay> ,  N9=SIN,NB\DF , F;LT l o n  
> I Y C V ( 2 5 )  . J Y Q V ( 2 5 ) , N H E r ~ P ( 7 5 ) , N U E D T P ( 2 5 )  .NVBD"P(25) ,N?PP"? (25)  , FIL'T 2 3 C  
> YTLT '1C 

F l L "  2 2 "  nINFNCION C K I F J n  (4) ,CKYDJD(4)  , C K I J N E ( U )  , C K T J D D ( 4 )  
CON~ON/nROO/?IM,CTfl,TM,PFRIO~,~T,N~CVF,L~CV~,Y FJT" 23C 
C O ~ N O N / I N D F ? 7 / C ~ M L " , ~ T M , S ~ ~ ~ , ~ Q @ ? ~ , C P ~ ~ T ~ , C " U S ~ C , T I C n L , F ~ T ~ ,  FTL* 24n 

> INPTR .NDTNC .TFINTS ,LDTMCR . T S T 4 R ? ,  IELOT.  NCPrl FTLT 7 5 P  
nAT A IAFK/Z  C@@FFFFV/  F T T -  7 h r  

, - T i r n  . F7 Lm ,G Y ?  J P , C T?  J , i: PT? J ( u  ) , C 7 I J , CK 'I I3 ( 4) ,5 T Y ? J ,7 T Y T J , OP V J 

, 
, 

N XGR L , N Y  G F 1 , N B FG , FIT N'L F , N TOP F , Y EC 'I F , N T E I FC , NT 1 A  Y ,I1 GF 'IF 

_ _  _ _  
C *** 1 '5  I N  MASK COVEP TO'TALLP SPACF FOR NEXM.NBXP,NRYY.NBYP I N  FLAG. VILT 2 7 0  
C *** NPLG. F I L T  2 8 0  

RET'rlRN F I L T  2 9 0  
FNTRY F I L T E N  ( H'IMD.QTMD.VTPD,TTNt ,CKTMC,R,O.P. T,CK. D X ,  D Y  ,DXL. DX?, F I L T  3 0 0  

F I L T  3 1 0  > DYL,DYR,NFLG) 
n IMFNSION H' I l ln (1)  .UTMD(1) .VTND( l ) .TTMD(l )  .CYTnD( l )  , H ( 1 )  , U ( 1 )  , V ( l )  , F I L T  1 2 0  

> T ( l ) . C K ( l ) , D X ( l ) . D Y ( l )  . D X I ( l )  . D X R ( l )  . t Y l ( l ) , D Y 9 ( 1 )  . N P L G ( l )  F I L T  330  
10 DO 9 4  I = l , K X  TILT 7 u r  

IJ=I  FTLT 3 5 0  

D X L T l = D T L ( I + l )  P T L T  3 7 c  
DXRIZDXR (I) F I L T  3 6 6  

DO 9 2  J = l . K Y  FTL- 180 
DYRJ=DPR (J) F i L T  3 9 P  
DYLJ l=DYL ( J + l )  *TL" 4 0 0  
CALL GTVLGS (NBXII ,NPLG ( I J ) )  -TLT 41C 
TI? (NRFGIN.EC.0)  GO TO 90  r I L T  4 7 0  
I P  1J=I J+1 FTL- 43C 
T J P l = I J + K X  P I L "  4 4 C  

C* l D R I N T  2 O , I , J , I J , A T M D ( I J )  . H ( I J )  .HINJ ,HIPJ . V I J 7  , H I J P  , FIT." 46b 
C* 2UTND(XJ)  , V T M D ( I J ) , U ( I J )  ,V(XJ)  , O I P J  , V I N J  . U i P J  , V T P J  , FILT 4 7 0  

C* I P ( I . G E . 1 . A N C . I . L F . ~ . A N D . J . G E . l . A N ~ . J . I r . ~ . ~ ~ ~ . ? T . I ~ . 3 )  FILT 4 5 0  

C* 3UIJM . V I J M  .OIJP  ,VIJP  FILT u8r 
HIJ=H (IJ) PTL- 4 9 0  
UT J = D  (1 J )  FTLT 500  
V I J = V ( ? J )  F I L T  5 l p  

F I L T  520  Y J = T  (IJ) 
C *** I? NBXM=NBXF=NBYM=N8TP=O, 'IHFN G C  T O  O w  (AY I N T i P T 0 9  XlOCZ) FTLT 5 3 C  

I N S T 9 F = I A N f  (RP.SK,NPLC ( IJ)  ) TIL- 5 4 0  
1" ( INSIDE.FC.@)  GO TO 86  F I L ;  5C.O 
I F  (NBYV) 12 .12 .14  F T g T  5 6 0  
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, ,.. 
F 1T.T 1 C, U C 
~ I L T l O S O  
I L? 1 0 6 0 

F I L "  1 0 f l 0  
F I L T  1090 

F I L T l l l P  
P ? L T 1 1 2 0  
PTLT 11 30 
P I L T l l 4 0  

P T L T I ~ ~ P  

F I L T ~  i n 0  
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I S N  0090 
I S R  0 0 9 1  
I S R  0 0 9 2  
I S A  0 0 9 3  
rsn 0094 
I S H  0 0 9 5  
I S N  0 0 9 6  
I S N  0097 
I S H  0098 
I S N  0 0 9 9  
I S N  0 1 0 0  
ISN 0 1 0 1  
ISN 0 1 0 2  
I S R  0 1 0 3  
I S N  0 1 0 4  

I S N  0 1 0 6  
ISN 0 1 0 7  
I S H  0108 
I S N  OlOq  
I S N  0 1 1 0  
I S N  0111 
I S N  0 1 1 2  
TSN 0 1 1 3  
ISM 0 1 1 4  

I S N  0115 
I S N  0116 
I S N  0117 
I S N  011A 
ISR 0119 
I S N  0 1 2 0  
I S *  0 1 2 1  
ISM 0 1 2 2  
I S N  0 1 2 3  
ISM 0 1 2 4  
1SN 0 1 2 5  
I S N  0 1 2 6  
I S N  0 1 2 7  

I S N  0 1 2 8  
I S N  0 1 2 9  
I S N  0130 
I S N  0131 
XSN 0 1 3 2  
I S N  0133 
I S R  0 1 3 4  

I S R  0 1 3 5  

I S N  0 1 3 6  

Isn 0105 

I S N  0 1 3 7  

GO TO ( 6 6 , C U , 1 8 0 , 6 2 )  , N O  
GO TO 1 8 0  

6 2  n I J P P = U I J * C Y R J *  ( O I J - O Z J R l )  
G O  TO 6 P  

6 4  U I J P P = U I J  
GO TO 6 8  

6 6  O I J P P = O B O ( N e Y P )  
613 NV=NVBCTP(NETP) 

G O  TO ( 7 @ , 7 2 , 1 8 0 , 7 0 )  , N V  
GO TO 1 8 0  

GO TO 7 6  

GO TO 7 6  

70 V I J P P = V I J * C Y R J *  ( V I J - V T J - I )  

7 2  V I J P P = V I J  

7 4  V I J P P = V B D (  R B T P )  
7 6  RT=NTBCTP(NETP) 

GO TO ( 8 u , e 2 , 1 e o , 7 8 )  , R T  
90 TO 1 A n  . 

78 IF ( V I J P P )  8U,80,80 
80 T ? J P P = T I J * D Y R J *  ( I T J - T I J H l )  

GO TO 80 
8 2  TIJPP=TIJ 

G O  TO 88 
8 4  T I J P P = T B D ( l B T p )  

GO TO 88 

86 CONTINUE 
c *** B % f N  CALCOIATIOl  FOR I N T E R I O R  RCOI. 

H I  J n F = H I J P F C  
R I J P P C s H I J  D T L J l *  ( H ( I J P ~ ) - R I J )  
R I J P P = H I J P f C  
O I J H P = O I J P F c  
o f J P F C = u I J  D T L J l *  ( ~ ( I J P ~ ) - O I J )  
W I J P P = O I J P P C  ~ . -  
V I  JHP= V I J P  Fc 

5. A N D .  IT. ' . H I J R P  , 
,OIPJ , V I  

LE.3) 
H I J P F  
P J  

P I L T  1 1  50 
P I L T 1 1 6 0  
F I L T  1 1 7 0  
F I L T l l 8 0  
F I L T l l 9 0  
P I L T  1 2 00 
P I L T 1 2 1 0  
P I L T  1 2  2 0  
P I L T  1230 
F I L T  1 2 4 0  
P I L T 1 2 5 0  
P I L T 1 2 6 0  
P I L T  1 2 7 0  
P I L T  1 2 8 0  
P I L T 1 2 9 0  
P I L T 1 3 0 0  
P I L T  13 1 0  
P I L T  1 3  2 0  
P I L T  1 3 3 0  
P I L T  1 3 4 0  
P I L T l 3 5 0  
P I L T  1 3 6 0  
P I L T  1 3 7 0  
P I L T  1 3 8  0 
P I L T 1 3 9 0  
P I L T  1 4 0 0  
P I L T l 4  1 0  
P I L T 1 4 2 0  
P I L T l 4 3 0  
P I L T l 4 4 0  
P I L T  1 4 5 0  
P I L T l 4 6 0  
P I L T  1 4 7 0  
P I L T  1 4 80 
P I L T  1 4 9 0  
P I L T 1 5 0 0  
P I L T 1 5  1 0  
P I L T  1 5 2 0  
P I L T  1530 
P I L T 1 5 4 0  
P I L T  1 5 5 0  
F I L T 1 5 6 0  
F I L T 1 5 7 0  
P I L T 1 5 8 0  
P I L T 1 5 9 0  
P I L T  1 6 0 0  
P I L T  1 6 1  0 
P I L T  1 6 2  0 
P I L T  16 30 
P I L T 1 6 4  0 
P I L T 1 6 5 0  
P I L T  1 6 6 0  
P I L T 1 6 7 0  
P I L T 1 6 8 0  
P I L T  1 6  9 0 
P I L T 1 7 0 0  
P I L T 1 7  1 0  
P I L T  1 7 2 0  

. 
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TSN 0 1 3 9  
TSN 0 1 3 9  
I S N  0 1 4 0  
I S N  0 1 4 1  
TSN 0 1 4 2  
I S N  0 1 4 3  
ISN 0 1 4 4  
ISN 0 1 4 5  
TSN 0 1 4 6  
fSY 0 1 4 7  
TSN O l 4 R  
ISN 0 1 4 9  
I S N  0 1 5 0  
I S N  0 1 5 2  
ISN 9 1 5 3  

ISN 0 1 5 4  
ISN 0 1 5 5  
I S N  0 1 5 6  
I S N  0 1 5 7  

ISN 0 1 5 8  
I S N  0159 
I S N  0 1 6 1  
ISN 0 1 6 2  
I S N  0 1 6 3  
I S N  0 1 6 4  
I S N  0 1 6 5  
I S N  0 1 6 6  
ISN 0 1 6 7  
ISN 0 1 6 8  
I S N  0 1 6 4  
I S H  0176 
I S N  0 1 7 1  
ISN 0 1 7 2  
I S N  0 1 1 3  
I S N  0 1 7 4  
ISN 0 1 7 5  
TSN 0 1 7 6  
I S N  0 1 7 7  
ISN 0 1 7 8  
I S H  0 1 7 9  
ISN 0 1 8 0  
I S N  0 1 8 1  
ISH 0 1 8 2  
ISN 0 1 8 3  
I S N  0 1 8 4  
I S N  0 1 8 5  
I S N  0 1 8 6  
ISN U 1 b t  
I S N  0 1 8 8  
I S N  0 1 8 9  
I S N  0 1 9 0  
I S H  0 1 9 1  
I S H  0 1 9 2  

I J=? JP 1 
9 2  COBTINU' 
9 4  CONTINUF 

T J Z O  
00 1 7 8  J = l , K Y  
n Y R J = D Y P ( J )  
DYLJ l=DYL ( J + 1 )  
DO 1 7 6  I = l , K X  
T J = I J + l  
D Y P I = D X P  ( I )  

C i L I  GTPLGS ( N B X f l , N F L G ( I J ) )  
7'' (NRFGIN.EQ.0)  GO TO 1 7 4  
T 0 1 J =I J + 1 
I J P l = I J + K X  
?r ( f . G n .  1 .  A N D .  I. LE. 5 . A N D . J . G E .  1 .  A N D . J .  le. S.AND.IT.LE.  3) 

? Y I . r l = D X L  ( I + 1 )  

C* 
C* 1 P R I N T  2 3 . I , J . I J . H T M D ( I J )  . H ( I J )  . H I N J  , H I P J  , H I J M P  , H I J P F  , 
C* 2 r l T l D ( I J )  . V T R D ( I J )  , U ( I J )  , V ( I J )  , U I F J  . V I n J  , U I P J  , V I P J  , 
C* 7 U T J ~ P , V ~ J ~ F , U f J F P , V T J F P  

YIJ-H (IJ) 
rJIJ=V (IJ) 
V I  J = V  (IJ)  
T I  J=? (IJ) 

I N S I D P = I A N t  (#ASK .NPLG (IJ)) 
I' ( I N S T D E . F Q . 0 )  GO TO 17C 
IP (NRXR) 5 6 , 9 6 , 9 8  

9 6  HINJP=HTFJFC 
O I * J P = D T P J Y C  
V I Y J p = V I P J P C  
T I N J P = T T P J F C  
GO TO 1 3 2  

98 NH=NHRDTP(NEXfl) 
GO TO ( 1 0 4 , 1 0 2 . 1 8 0 , 1 0 0 ) . N H  
GO TO 1 8 0  

1 C O  H I H J P = H I J + D X L I 1 *  ( H I J - H ( I P 1 J ) )  
G O  TO 1 0 6  

1 0 2  H I M J P = H I J  
GO TO 1 0 6  

1 0 4  HIRJP=HED(NEXR)  
1 0 6  NU=NUBDTP(NBXN) 

C ***  I F  NBX*=NPXP=NBYN=NBYP=O, THEN G C  TO 4 5 0  (AY INTERICR NODE) 

GO TO ( 1 1 2 , 1 1 0 , 1 8 0 . 1 0 8 )  , N U  
GO TO 1 8 0  

1 0 8  U I f l J P = U I J + D X I I l *  ( O I J - 0  ( T P l J ) )  
GO TO 1 1 4  

110 UIMJP=OIJ 
GO TO 1 1 4  

1 1 2  V I % J F = U B D  (NBXR) 
1 1 4  NV=NVBDTP(NBXfl) 

GO TO ( 1 2 0 , 1 1 8 , 1 8 0 , 1 1 6 )  . N V  
GO TO 1 8 0  

GO TO 1 2 2  
1 1 6  V I N J P = V I J * C X I I l *  ( V I J - V  ( I P l J ) )  

118 V I R J P = V I J  
GO TO 1 2 2  

1 2 0  VIRJF=VED(NEXM) 
1 2 2  NTaNTBDTP(RBXR) 

GO TO ( 1 3 0 , 1 2 8 , 1 8 0 . 1 2 4 ) , N T  

P I L T  1 7 3 0  
P I L T  1 7  4 0  
F I L T  1 7 5 0  
P I L T  1 7  60 
F I L T  1 7  7 0 
F I L T 1 7 8 O  
F I L T 1 7 9 0  
P I L T  1 8 0 0  
F I L T  18 1 0  
TILT 1 8 2 0  
P I L T l 8 3 0  
T I L T  1 8 4 0 
P I L m l 8 5  0 
P I L T 1 8 6 0  
P I L T 1 8 7 0  
P ' I L T 1 8 8 0  
P I L T  1 8 9 0  
F I L T l 9 0 p  
P I L T 1 9 1 0  
P I L T  10 2 @  
PTLT 1 9  3C 
P I L T  1 9  UO 
F I L T 1 9 5 C  
P I L T 1 9 6 0  
P I L T  1 9 7 0  
F I L T 1 9 8 O  
P I L T 1 9 9 0  
F I L T  2 0  0 0  
PTLT2OlO 
P I L T  2 0  7 0 
P I L T 2 0  3 0 
P I L T 2 0 4 0  
P I L T  2 0  5 0 
F I L T 2 0 6 0  
PILT 2 0 7 0  
P I L T 2 0 8 0  
P I C T 2 0 9  0 
F I L T  2 1 0 0  
P I L T 2  1 1 0 
P 7 L T 2 1 2 0  
P I L T  2 1 30 
P I L T 2 1 4 0  
P I L T 2 1 5 0  
F I L T 2  1 6 0  
P I L T 2  1 7 0  
P I L T  2 1 80 
F I L T 2 1 9 0  
P I L T 2 2 0  0 
P I L T 2 2 1 0  
F I L T 2 2 2 0  
P I L T  2 2 30 
P I L T 2 2  40 
P I L T 2 2 5 0  
P I L T  2 2 6 0 
P I L T 2 2 7  0 
P I L T  2 2 8 0  
F I L T 2 2 9 0  
P I L T 2  3 00 
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ISN 0 1 9 3  
TSN 019U 
I S N  0 1 9 5  
I S H  0 1 9 6  
T S N  9 1 9 7  
ISN o i a a  
TSN 0 1 9 0  
ISN 0 2 0 0  
ISN 0 2 0 1  
TSN 0 2 n 2  
'SY 0 2 0 7  
:SN n 2 0 u  
T S Y  0 2 0 5  
I S Y  0 2 C 6  
TSN 0207 
ISN n m  
ISN 0 2 0 9  
ISN 0 2 1 0  
TStI 0 2 1 1  
ISN 0 2 1 2  
ISN n 2 1 7  
T S Y  0 2 1 4  
I S N  0 2 1 5  
TSN 0 2 1 6  
TSN 0 2 1 7  
TSN 0 2 1 8  

TSN 9 2 2 0  
TSN 0 2 2 1  
T S N  0 2 2 2  

?SN 0 2 2 4  
TSN 0 2 2 5  
TSN 0 2 2 6  

'SN 0 2 2 s  
TSN 0 2 2 9  
TSN 0 2 3 0  
ISN 0 2 3 1  
JSN 0732 
TSN 0 2 3 7  
TSN 0 2 3 4  
ISN 0 2 3 5  
I S N  q2.36 
I S N  0 2 3 7  
I S N  0 2 3 Q  
TSN 0239 
I S N  0240 
ISN 0 2 4 1  
I S N  0 2 4 2  
TSN 0 2 4 3  
TSN 0 2 4 4  

TSN 0 2 4 5  
ISN 0 2 4 6  
?SN 0 2 4 7  
TSN 0 2 4 8  
I S N  0 2 4 0  

ISY 1-219 

ISN 0 2 2 3  

ISN 0 2 2 7  

1 4 0  H I P J F = S I J  
60 TI) 1 4 4  

1 4 2  H I P J P = v J D ( N B x P )  
1 4 4  Nn'NURDTP (NPXP) 

70 ( 1 5 0 . 1 4 ~ , 1 8 0 , 1 4 ~ )  .NU 
G O  TO 1 8 3  

GO TO 1 5 2  
1 5 0  U I P J P = U E D ( N B X P )  
1 5 2  NV=NVBDTP(NEXP) 

90 TO ( 1 5 8 . 1 ~ 6 , 1 @ 0 , 1 5 9 )  , N V  
GO -0 l e 0  

G O  TO 1 6 0  
1 5 6  V I P J P = V T J  

1 5 8  VTPJP=VBD (NBXP) 
16C NT=NTAnTP(NtiXP) 

1'4 V I P J P = V I ~ l + C X R I * ( v I J - v ~ n ~ J )  

GO ro  1 6 0  

GO TO ( 1 6 9 ~ 1 6 6 . i 8 0 . 1 6 2 ) . ~ ~  

1 6 4  T I P J P = ? I J + C X R I *  ( ? I J - T I ~ ~  J)  

RO ""0 l a 0  
1 6 2  TP ( U T P J P )  1 6 8 , 1 € 4 , 1 6 U  

GO TO 1 7 2  
1 6 6  T I P J F = T T J  

1 6 P  

c *** 
170 

G O  T O  1 7 2  
T T P J P = T E D ( N B X F )  
GO TO 1 7 2  
BEGIN CALCUIATION FOR 1 N " E R I C P  NCDE.  
CONTINUS 
H I  f l J P = H T P J  PC 

P I L - 2 7 1 0  
F I L " ?  3 2 0  
FTLT23 10 
F T L T 3 3 4 P  
F I L T 2 3 5 C  

F I L " ? 7 7 0  
FTL"239G 
FTLT 2 3 9C 
F I L T 7 U 0 0  
FTL'T 2U 10  
P I  L" 2u 2 0  
F I L T 2 J 3  5 
FIL"7U 40 
F I L " 2 U 5 0  
F I L T 2 4 6 C  
F i L T  2 4 70 
F I L - 2 4  8 0 
P I L V  2 4 9 0  
p I L " 2 5 0 0  
F I L " 2 5  1 0 
FILT 2 520  
F I L T 2 5 3 0  
F T L " 2 5 4 0  
" I L m 2 5 5 G  
P I L T 2 5 6 0  
F IL*  2 570 
F I  LT 2 5 80 
F I L T 2  59 C 
FILT 2 6 0 0  
F I L - 2 6  1 0  
P I L T 2 6 2 0  
' I L T 2 6 3 0  
FTLT26UO 
P I L " 2 6 5 C  
FIL*  2 6  6 0  
F I L T 2 6 7 C  
P I L T 2 6 8 0  
P I L " 2 6 9 0  
F I L T 2 7 0 0  
Y I L T 2 7  10 
P I L T  2 7  2 0  
FILT 2 7  3 0 
T I L T  7 7 4 0 
' ILT 2 7 50 
PIL"  27 6 0  
P I L T 2 7 7 0  
P I L T 2 7 8 0  
F I L T 2 7 9 0  
F I L T 2 8 0 0  
P ILT 2R 1 0  
P I L T 2 8  2 0  
FTLT28 30  
P I  LT 2 8 40 
F I L T 2 8 5 0  
F I L T 2 8 6 0  
P I L T  28 70 
FT L-2 9 8 0 

vr.r 2 3  6 0  
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TSN 0 2 5 0  
I S N  0 2 5 1  
TSN 0 2 5 2  
I S N  0 2 5 3  
TSN 0 2 5 4  
ISN 0 2 5 5  
ISN 0 2 5 6  
I S N  0 2 5 7  

I S N  0 2 5 8  
I S N  0 2 5 9  
I S N  0 2 6 0  
I S N  0 2 6 1  
ISN 0 2 6 2  
I S N  0 2 6 3  
ISN 0 2 6 4  

I S N  0 2 6 5  

I S N  0 2 6 6  

I S N  0 2 6 7  

I S N  0 2 6 8  
TSN 0 2 6 9  
I S N  0 2 7 0  
I S N  0 2 7 1  
ISH 0 2 7 2  
I S N  0 2 7 3  
I S N  0 2 7 4  
ISN 0 2 7 5  

I S N  0 2 7 6  

V I P J P C - O I J  4 D X L I ~ *  ( U ( I P l J ) - U T J )  
U I P J P = U i P J F C  
V I Y  J P = V  IP J FC 
V I P J P C = V I J  4 P X L I l * ( V ( I F l J ) - V I J )  
V I P J P = V I P J F C  
TIM JP= T I P  J F C 
T I P J P C a T I J  + D X L I l *  (T ( I F l J ) - T I J )  
T f P J P = T I P J F C  

C *** END CALC'ILATION FOR INTFRICR NOCI. 
1 7 2  CONTINU?! 

H I N l  J = W J  
U I M l  J-UIJ 
V I f i l J = V T J  
T I M 1  J=*TJ 
H ( I J ) = 0 . 5 D O *  ( H I I J P + R I P J F )  
U ( I J )  = O .  5nC* ( U I I J P + l 7 I P J p )  

C* I P ( O A B S ( U ( 1 J ) )  . L l . l . O F - 1 4 ) U ( I J ) = C . O  
V(IJ)=0 .5DC*(VTf iJF+VIFJ€)  

C* I P f D A B S  (V(1J) )  . l ' I . 1 .  0 0 - 1 4 )  V ( 1 J )  -0.0 
T ( 1 J )  =b.5DC*  (TINJP+TIPJP)  

C* I P ( I . G E .  1 .  A N D .  T . L P .  5.11ND. J . G E .  1. J N D .  J .  LE.C.AND.IT.LE. 3) 
C* IPRIN"  Z O , I , J , I J , A T R n ( I J )  , H  (1.3') , H I ~ J F , H I P J F , ~ I J n P , H I J P P ,  
C* 
C* 3 ~ I J ~ P , V I J ~ F , U I J P ~ , V I J P P  

C 
C 

2 U T f i D ( I J )  .VTFlD(IJ)  ,U ( I J )  , V  ( I J )  . U I ~ J F , V I M J F . U ~ P J F , V I P J P .  

1 7 4  CONTINU? 

1 7 6  CONTINOF: 
178 CONTINUP 

GO TO 1 8 2  
180 PRTNT 1010 

STOP 2 
1 8 2  RTTURN 

1000 pORnAT (///I ( 1 , J )  ,I=l . T 3 , 3 X ,  1 J = '  ,T3,3X,'IJ=',T3/(U%26.lfl)) 
10 10 FORMAT (/I* ~~+*$*****+* .~++t* t t*******~**~~*********  , 

> '0 DROGRAfi I S  NOT SP? TO HANDLE THIS TYPE OP BOUNDARY' , > C O N C I T I C N ' / / , l O * + + * + * + + + " * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * ' / )  
END 

*OPTIONS I N  EFFECT* NAfi E= V A I N  .OPT=02.  I1 NECNT=60,  SIZE= Or)  0 OK. 

*OPTIONS I N  EPPI?CT* S O U R C E , E E C D I C , N O L I S ~ , N O C E C K , L C A D , N ~ ~ A E , N O ~ ~ ~ T . N O ~ D , N O X R ~ F  

*STATIST I C s *  SOURCE Si'ATEnEN'IS = 2 7 5  , P R O G R A N  fIZE = 4 7 2  6 

* S T A T I S T I C S *  NO DIAGNOSTICS GENERATEE 

****** END OF C O R Q I L A T I O N  ****** 

PIL'29 9 0 
P I L T  2 9 0 0 
F I L T 2 9 1 0  
F I L T  2 9 2 0  
P I L T  2 9  30 
P I L T 2 9 4 O  
P I L T 2 9 5  0 
P I L T 2  960 
P I L T 2 9 7 0  
P I L T 2 9 8 0  
P I L T  2 9 90 
F I L T  3 0  0 0 
P I L T 3 0 1 0  
P I L T 3 0 2 0  
P I L T 3 0 3 0  
P I L T 3 0 4 0  
P I L T  3 0  50 
P I L T  30 6 0  
P I L T 3 0 7 0  
P I L T  3 0 80 
P I L T  3 0 9 0 
P I L T 3 1 0 0  
P I L T 3  1 1 0  
F I L T 3 1 2 0  
F I L T  31 3 0  
F I L m 3  1 4 0  
P I L T  3 150 
P I L T 3 1 6 0  
F I L T 3  17 0 
P I L T  3 1  80 
FIL?  3 19 0 
F I L T  3 2 0 0 
'TLT32 10 
F I L T 3 2 2 0  
F I L T  3 2 30 
F ' I L T 3 2  110 
F I L T 3 2  50 
FILT 3 2 60 

77K BYTFS OF CORE NOT USFO 
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C S / 3 6 0  PORThbN H 

ISN 0002 
I S N  0003 
I S N  0004 
ISN 0005 

I S N  0006 
ISN 0007 
I S N  0008 

ISN 0009 

I S N  0011 
I S N  0 0 1 2  
I S N  0013 

I S N  0014 
I S N  0015 
ISN 0016 
ISN 0017 

ISN D O 1 8  
I S H  0019 
I S N  0020 

ISlJ 0 0 2 1  

I S N  0 0 2 2  
ISN 0 0 2 3  
ISN 0 0 2 5  
ISN 0 0 2 6  
I S N  0 0 2 7  

ISI 0 0 2 8  
ISN 0 0 2 9  
I S N  0030 
ISN 0031 
I S H  0 0 3 2  
I S N  0033 

CONPILFR OPTIONS - BARE= RAIN,OPT=02.LINECNT=6O,~IZE~OOOOR, 
SOU~CE,PBCDIC,NOIIST,NOC~CK,LO~D,NC~AP~NOEDIT,NOID,NOXR~E 

SUBROUTINE GENCNIfNK\ C V N C  q l l  -I..- . "  
I N P L I C I T  REAL*8 (i-H;O-Z) GENC 2 0  
DIRENSION IQDVF ( 2 5 )  ,IGKDVP ( 4 . 2 5 )  ,GKDV ( 4 . 2 5 )  GENC 30 
COlflON/REGION/DEFTH ( 2 5 )  , S R ( 2 5 )  . ILREG(ZC)  ,IHREG ( 2 5 )  ,JLREG ( 2 5 ) ,  GENC 00 

> JHREG(25)  . I N T P ( 2 5 )  , I G P N P ( 2 S ) , I T C F F ( 2 5 )  . I E O T F ( 2 5 )  GENC 50 
GENC 6 0  INTEGER*2 fLREG,IHRPG,JLRPG,JHREG 

I N T E G E R * I  IN ' IP . IGEN? , ITOPF, IBOTF GENC 70  
CORRON/COIEIN/ A N L . A T l P . C F I J . C K I J ( 4 )  , C K I F J ( 4 )  , C K I n J ( 4 )  . C K I J P ( U )  , GENC 80  

> C K I J R ( 4 ) , C X ~ ~ C X F , D Y ~ , E Y P , ~ X ~ P l , E Y J P l ~ D X I I , D X R I ~ D X L I l , D X R I l , D Y L J  ,GENC 90  
> D Y A J , D Y L J l . D Y R J l . G B I J , G R e I 5 ( 4 )  ,CBIJ.QIBIJ(4),SBXIJ,SBTIJ,GXIRJ (I GENC 1 0 0  
> G X I P J e G T I  Jf l  v G Y I J P , G T I J . G K T I J  ( 4 )  . Q I I J , Q K T I  J ( 4 )  , S T X I  J ,  S T Y I J  , Q D V  IJ , GENC 11 0 > Q X I H J ~ Q X I P J ~ Q Y I J ~ ~ Q T I J P , G K X I ~ J ( ~ )  ,GKXTPJ(4 )  , G K Y I J R ( Q )  , G K Y I J P ( U )  ,GENC 1 2 0  
> H T K I J ( 4 )  ,HTKIJR(U)  . H T K I F J ( U )  , H ' I P I f 4 J ( U ) , R T K I J P ( 4 )  , H I J . H I J R , H I P J  , GENC 130 
> ~ I l J , H I I P ~ U I J , D I J ~ , U I P J , U I R J , U I J P , V I J , V ~ J ~ ~ V I P J , V I ~ J , V I J P , T I J  , GENC 1 4 0  
> T I J N v T I P J  , T I R J , T I J P , R C K T F E ( U )  . R C I J . R O I J N r R O I P J , R O I ~ J , R O I J P  , GENC 1 5 0  
> SHKTPD (4) .SHTCKE(U) r S H T T ~ C , S X X I ~ J , S X X I P J , S Y Y I J P . S X Y I J l  , GENC 1 6 0  
> ~ X Y I P J ~ S X Y I ~ J , S X Y I J P . R O T n J D . R C I E ~ ~ , R C I J ~ ~ , R O I J P D , E Q T S F , T D I J  , GENC 170 
> H C I ~ J , H C I P J , H C I J n , H C I J P , G R , R O C K t ( 4 ~  ,SPH'IR(U) ,DENSK (4 )  . R O D K I J ( 4 )  ,GENC 180 
> G K D V I J ( 4 )  , C X I , D Y J  ,QDV(25).HeD(;5),WBD(~~),VBn(25) , T B D ( 2 5 ) ,  GENC 1 9 0  
> C K B D ( U e 2 5 )  , T B I J , H C B I J  ,DCKBIJ  (4) , H T K E I J  (4) , B N I J , U B I J , V B I J , W B I J ,  GENC 200 
> ROBIJ  v H T B I J  eCKBIoT(4) , T T I J , H C T I J  C C K T I J (  4) v H T K T I J ( 4 )  . D T I J , V T I J  I GEYC 2 1 0  
> UTIJ.ROTIJ.HTTIJ.CKTIJ(4) , Q B D ( 2 5 )  , G B D ( 2 5 ) , G K B D ( 4 , 2 5 )  , S B D N ( 2 5 ) ,  GENC 2 2 0  
> SBDSH(25),UIN~,WINDX,WINDY . I J . I ~ l J , I F l J . I J f l 1 , I J P 1 . I N T R T . R O I J ,  GBNC 2 3 0  
> KOIR1 J, KO I F l J ,  K O I J R  1. K O I J F 1  , NBXN ,NBXF. NETN .NBYP, NREGIN, NBNDP , GENC 2 4 0  
> I X Q V ( 2 5 )  , J Y Q V ( 2 5 )  ,NHBDTP(25)  .NUEDTF(25)  ,NVBDTP(25)  ,NTBDTP ( 2 5 )  , GENC 2 5 0  
> N X G R L . N Y G F L , N R E G , N I N ' I L ~ , N ~ O P F , N E O T ~ , N T E ~ E C , N T N A X , N G E N F  GFNC 260  
I? (NGFNP.EQ.0)  GO TO 1 4  GENC 2 7 0  

C A N Y  I N P U T  VARIABLE CAN BE SET H F R F  GENC 2 8 0  
P R I N T  1000 GENC 2 9 0  
no IO I=I ,NGENF GENC 3 0 0  
R E A D ( 5 0 . 1 0 1 0 )  1GENPC.QDV (IGENPC) , ICCVP (IGENPC) , (GKDV(K,IGENFC) , GENC 310 

> I G K D V € ( n , I G F N F C ) , K = l . ~ K )  GENC 320  
10 CONTINUP GERC 330 

GENC 3 4 0  P R I N T  1020 
DO 1 2  KE1,NGENP GENC 350 
P R I N T  1030.K. IGENPC,QDV(K)  , I Q C V v ( K )  ,GKCV(l.K),IGKDVF(l,K),GKDV(Z, GENC 3 6 0  

> K) , IGKDVP ( 2  ,K) GENC 370 
1 2  CONTINUF GENC 380 
1 4  CONTINUE GENC 390 

RETURN GENC 4 0 0  
C * * * * * * * * * * * * * * * * * * * *  GENC 4 1 0  

ENTRY GENCCN GENC 4 2 0  
GENC 4 3 0  C * * * * * * * * * * * * * * * * * + * *  

I Q V A = I G P N P  (NREGIN) GENC 4 4 0  
I F  (1QVA.LE.O) GO TO 2 2  GENC 4 5 0  

GENC 4 6 0  
GENC 470 

QDVIJ=QDV(IQVA) *GNRLFC ( IQDVP ( I Q V h )  ,X) GENC 480 
CC I F  G K D V I J ( K )  WERE CIFFERENT THAN A E O V E .  S O l E  '2VALUATION COOLC H A V E  GENC 49C 
CC CONE HERE. GENC 5 0 0  

2 0  RETURN GENC 510 
2 2  QDVIJ=O.DO GENC 520 

GFYC 530 
2 4  GKDVIJ(K)=O.D@ GENC 5 4 0  

GCYC 550 
1000 PORRAT (////' l e ,  l X , ' I l J P U T  INPORRATICW PhOl SIlBROIJTTN4 GFNCON:'/ lX, GCNC 560 

16 DO 18 K = l , N K  
18 GKDVIJ(K)rGKDV (K.IQVA)*GNRLFC(IGKDVF(K,ICVA) ,X)  

DO 2 4  R = l , R K  

RETWRN 

c 
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' / / 2 X .  ' T G E N P C  - I N T E R N A L G E N C  570 >I --- --- --- --- --_ --- --- --- --- --- 
> G E N E R A T I O N  F U N C T I O N  ( A N  I N D E X ) ' / Z X , ' Q t V  - V A L U E  O F  H E A T  G P N E R A T I O G E N C  580 
>H F E R  U N I T  V O L D H F  I N  I N T E P H A L  G E K P B A T I O N  E D N C T I O N ' / 2 X , ' I O D V P  - G E N G E N C  590 
> E R I L  P U R P O S E  F i l N C T I O N  T O  PF U S E E  O N  Q D V ' / Z X . ' G K D V ( K )  - V A L U E  OP V A G E N C  600  
>SS G E N E R A T I O N  P E R  U N I T  V O L U R E  FCF SPECIE R I N  I N T E R N A L  G E N E R A T I O N  G E N C  6 1 0  
>PUNCT1011/2.Y,'IGKDVF(K) - G E N E R A 1  PURPOSE F U N C T I O N  TO BE U S E D  O N  G G R N C  6 2 0  

G E N C  630 >KDV (q) I/) 
I S N  0034 10 10 P O R P I I I T  ( 1 5 , 5 X , 3  ( E 1 0 , 2 , 1 5 , 5 X ) ,  1OX/ ( l o x ,  3 ( P 1 0 . 2 . I S .  5x1 , l o x )  ) G E N C  6 4 0  
I S N  0035 1020 PORRAT ( / / 5 X , ' K ' . 6 X ,  ' 1 G E N F C ' , 5 X I ' C D V ' ,  10X. ' T Q D V P '  , S X , ' G K D V (  1) ' . 5 X .  G S N C  650 > ' I G X D V P  (1)  ' , 5 X I ' G K D V  (2) ' , S X ,  ' I G R D V F  ( 2 )  ' )  G E N C  660  
I S N  0036 1030 P O R N l l T  ( 4 X r 1 2 , 5 X , 1 5 . 5 X , E 1 0 .  2 , 3 X , I E , 2  (8X,E10.2,1 X , I 5 )  I G E N C  h 7 0  
I S N  0037 E N D  G E N C  680 

* O P T I O N S  I N  EPPFCT* N A R E =  PIAIN,OPT=O2,LINECNT=6O,~TZE=COCCK, 

* O P T I O N S  I N  EFFECT* S O U R C E , Z ~ C D I C , N O L I S I . N O C P C K , L C A C , N O ~ A E , N O E D I T , ~ O I D , N O X R E F  

* S T A T I S T I C S *  S O D R C E  S T A T E R E N T S  = 36 , P R O G R A V  C T Z E  5 302n 

* S T A T I S T I C S *  N O  D I I G N O S T I C S  G E N E R A T F C  

****** E N D  OF C O P I P I L A T I O N  * *e * * *  1 1 7 K  B Y T E S  OF C O R E  N O T  OSTD 

c 



C S / 3 6 0  POPTRAN H 

C O N P I I P R  OPTIONS - N A M E =  NAIN,OPT=02,LINEC6T=6O,SIZ€=OOOOK, 
SOURCE,EBCOIC,NOLIST,NODECK,LO~D,NOMAP,NOEDIT,NOID,NOXREF 

SUBROUTINE ENDCNI(NK,Z.DX.T,DY,KX,KY,NCY~CK) BN DC 
I R P t I C I T  R €  A t *  8 (A-H ,0- 2)  BNOC 
DIRENSION PHBD(25)  ,FUBC(25) ,PVBD ( 2 5 )  , P I B E  ( 2 5 )  , P C K B D ( 4 , 2 5 )  , BNDC 

> P Q B D ( 2 5 )  . F G B D ( 2 5 ) , P S B D N ( 2 5 )  , F S B r S H ( 2 5 ) , E G K B D ( 4 , 2 5 )  , R 0 ( 2 5 )  BN OC 
DIVPNSION I A E D F ( 2 5 )  , I O B O F ( 2 5 )  , I V E O F  ( 2 5 )  . I ' I E D P ( 2 5 )  , I G B O P ( 2 5 ) ,  BNDC 

> I Q B D F ( 2 5 )  . I S N B D P ( 2 5 )  , I S H E D P ( 2 5 )  . I C K B D ? ( U , 2 5 )  , I G K B D P ( 4 . 2 5 )  BNOC 
OIMENSION I I N T  ( 2 3 ,  J I N T  (29) BR OC 

C *** Z I S  REALLY C U R  X A R R A T ,  BOT THE NANP X I S  OSED AFTER THE ENTRY BNOC 
C *** FOR ANCTHEF PURPOSE. BNOC 

DINFNSION Z ( l ) , D X ( l ) , Y ( l ) , D Y ( l )  BN DC 
COMMON/COMEIN/ A N L , A T R P , C P I J V C K I J ( 4 )  . C K I E J ( U )  . C K I N J ( U )  , C K I J P ( U )  , BNOC 

> CKIJN~~),CXM,CXP~DYM,CYP,CXIPl~D~JPl,I!~II,OXRI,DXLIl,DXRIl,DYLJ ,BNDC 
> DYRJ,DYLJl,DYRJl,GBIJ.GKEIJ (4) . C E I J , Q K B I J ( U )  , S B X I J , S B Y I J , G X I V J  , ENOC 
> GXIPJ.GYIJN,GYIJP,GTIJ,GKTIJ(U) , C T I J , C K T I J ( U )  . S T X I J , S T Y I J , Q D V I J  ,BNDC 
> QXI~J~QXIPJ,QTIJM,QYIJP,GKXI~J (4) , G K X I P J  (4) , G K Y I J N  (4) , G K Y I J P ( U )  .BNOC 
> H T K i J ( 4 )  , H T K I J N ( U )  , H I K I P J  (4 )  , H T K I N J ( 4 ) , A ? K I J P ( 4 )  , H I J , H I J H , H I P J  , BNOC 
> HIMJ,HIJP~UIJ~UIJM~UIPJ,UINJ,UIJP.VIJ,V~JM.ViPJ,VIMJ,VIJP,TIJ , BNDC 
> TIJ~,TIPJ,IINJ~?IJP,ROITPC(4),RCIJ,ROIJC,ROIPJ,ROIMJ,ROIJP , BNDC 
> SHKTPD ( 4 )  ,SHTCKU(U) ,SHTTPU,SXXINJ,SXXIPJ,SYYIJM,SYYIJP,SXYIJ~ , BNDC 
> SXYIPJ.SXYI~J,SX~IJP,ROI~JD,RCIEJD,ROIJ~C,ROIJPD,EQTNP,TDIJ , BNDC 
> HCIMJ,HCIFJ.HCIJO,RCIJP,GR,ROCKC(U) , S P A I K I U I  .DENSK(U) .RODKIJ (UI  .BNOC 

I S H  0002 
I S N  0003 
I S N  0004 

I S 1  DO05 

ISN 0006 

I S H  0007 
ISN 0008 

ISN 0009 
I S N  0 0 1 0  
I S H  0 0 1 1  
I S N  0 0 1 2  
I S N  0 0 1 3  
ISN 0014 
I S N  0015 
I S N  0 0 1 6  

I S N  0 0 1 7  

I S N  0 0 1 8  
I S N  O Q 1 9  
I S H  0020 

I S N  0 0 2 1  
I S N  0 0 2 3  

JSN 0 0 2 4  
I S N  0 0 2 5  

1 0  
2 0  
3 0  
40  
5 0  
60  
7 0  
80 
9 0  

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

> G K D V I J ( 4 )  , D X I . O Y J  ,QDV(25).HBO(~5).UBr(;LI.uao(zsl.TBD(25),TBD(25), BNDC 2 2 0  
> C K B V ( 4 , 2 5 )  , T B I J . H C B I J  , D C K B I J  (4) , H T K B I J  (4) . B N I J , U B I J . V B I J . U B I J .  BNDC 2 3 0  
> ROBIJ, HTBTJ ,CKBIJ  (4) , T T I J , H C T I J , D C K T I J  ( 4 )  , H T K T I J ( U )  , U T I J , V T I J ,  BNOC 2 4 0  
> UTIJ.ROTIJ,HT?fJ,CK?IJ(U) ,QBD(25),GBC(~5),GKBD(4,25) , S B D N ( 2 5 )  , BNDC 2 5 0  
> S B D S H ( 2 5 )  , I I N D , W I N D X . R I N D Y  . I J , I M 1 J , I F l J , I J O 1  , I J P l , I N T R T , K O i J ,  BNOC 2 6 0  
> K ~ ~ M ~ J . K O I F 1 J . f O I J N l . I O I J F l  .NBX!l,NBXF.NEYX.NBYP,NRl?GIN,NBNDP , BNDC 2 7 0  
> TXQV(25).JYoV(25),NHBDTP(25) .NUEDTP(ZS) ,NVBOTP(25)  .NTBOTP(25)  . BNDC 2 8 0  
> NXGRL,NYGBL,NREG,NIN~LF,NTOPP,NEOI~,N~BI~C,NT~AX,NGENP BNOC 2 9 0  

COMMON/SCRATH/XINT ( 2 5 )  ,YINT ( 2 5 )  BNOC 3 0 0  
PRINT 1 0 0 0  BNOC 3 1 0  
P Q I N T  1 0 1 0  BNDC 3 2 0  

BNOC 330 PRIYT 1 0 2 0  
NPOW=O BNOC 3 4 0  
NPRI=O BNOC 3 5 0  
DO 1 0  I = I , N B N D P  BNDC 3 6 0  
eEAD(50.103O)NBN,NHBDTP(NBN) ,NUBtTF(NBN)  .NVBOTP(NBN) ,NTBDTP (NBN) BNDC 3 7 0  

c NBTYPxl .  CONSTANT FLUX G O I N G  OOT [OPEN CHllNNEL PLOWING OUT FOR TEMPBNOC 3 8 0  
c NBTYPz2,  ADIABATIC (NO HEAT DIFFUCION PCR TEnPERATURE.  BNDC 390 

c NBTYP=3, ISCTHERnAL (OPEN CHANNFI FLCWING I N  FOR TEMF A N D  VELOC1TY)BNDC 4 1 0  
C NBTYP=O. CONSTANT FLUX COMING I N  (CONSTANT EXTERNAL HEAT FLUX BNDC 4 2 0  
C WITH K N O W N  REAT TRANSFER COEPPICSFNT ?OR TEnPERATURE BNDC U30 
C A N I !  EXTERNAL K N O W N  STRESS,  L I K E  FBICTION,  FOR VELOCITY) BNDC 4 4 0  

R E A D ( 5 0 . 1 0 4 0 )  PHED(NBN) ,PUBD(NBN) , P V B D o l t N )  .PTBO(NBN) .XINT(NRN) , BNDC U 5 0  
> YINT (NBN) BNDC 4 6 0  

Q E A D ( 5 0 , 1 0 4 0 )  
R E A D ( 5 0 , l O U O )  (PCKBD(K,NBN) ,FGKEC (K.NBN) . K = l , N K )  
R E A D ( 5 0 , l O ? O ) I H B D P ( N B N )  , IUBDP(NBN) , IVBDF (NBN) , ITBDP(NBN)  , 

> IGBOP (NBN) . IQBDP (NBN) , ISABDP (NBN) , I S H E D F  (NBN) , 
> IGKEDP(K,NEN)  ,K=l .NK) 

C OPEN CHANNEL FIOWING OUT FOR VELOCITY) BNDC 4 0 0  

PGED(NBN) ,PQED (NBN) ,PSBDX(NBN) ,PSBDSR(NBN) 

(ICKBDP (K, NBN) , 
I F  (PTEO(NBN).GE.O.)  GO TO 1 0  
N P R T = l  

CALL BSERCH ( I I N T  (NBN) , X I I T  (WEN), Z , K X , D X ,  ' X ' , N B N ,  NPOY, 1 )  
CALL B S E R C H ( J I N T ( N B N ) , T I N T ( N E N )  , l , K Y , D T , '  Y ' ,NBN.NPOP,l)  

C *** CALCULATE NODE CONTAINING TAP POINT ( X I N ? , Y I N T ) .  

BNOC 470 
BNOC 480  
BNDC 4 9 0  
BNDC 5 0 0  
BNDC 5 1 0  
BNOC 5 2 0  
BNOC 530 
BNDC 540  
BNDC 5 5 0  
BNDC 5 6 0  

. 
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ISN 0026 
IS1 0027 
ISN 0028 

ISN 0029 

ISN 0030 

ISN 0031 
ISN 0033 
ISN 0034 
ISN 0035 
ISN 0031 
ISH 0038 
ISN 0039 
ISN 0040 
ISN 0041 
ISN 0042 
ISN 0043 

ISN 0044 

ISN 0045 
ISN 0046 
ISN 0047 
ISN 0048 
ISN 0049 
ISN 0050 
ISN 0051 
ISN 0052 
ISN 0053 
ISN 0055 
ISN 0056 
ISN 0057 
ISN 0058 
IS1 0059 
ISN 0060 
ISN 0061 
ISN 0062 

ISN 0063 
ISN 0064 
ISN 0065 
ISN 0066 
ISN 0067 
ISN 0068 
IS8 0069 
ISN 0070 
ISN 0071 
ISN 0072 
ISN 0073 

ISN 0014 

10 CONTINUE 
NCHECK~NCRECK+l00000*NPOW 
PRINT 1050. (NBN,NRBDTP (NBN) ,NUBDTP (NBN), NVBDTP (NBN) ,NTBDTP (NBN) , 

> PHBD (NBN) .FOBD(NEN) ,PVEO(NBN), €TED (NBN) ,NBN=l tNBNDP) 
C REALLY DESIGNED FOR NK=2 

PRINT 1060, (NBN,FGBD (NBN) ,PQBD (NEN) ,PSEDN (NBN) ,FSBDSH(NBN) , 
> FGKBD (1.NBN) ,FGKBD(2,NBb!) ,PCKEC (1,NBN) ,FCKBD(Z,NBN) ,NBN=l,NBNDF) 
PRINT 1070, (NBN.IHBDP(NBN) ,IUBD€ (NBN) ,IVEfP(NBN) ,ITBDP (NBN), 

> IGBDF(NBN),IQEDF(NBN) ,ISABDP(NBN) ,ISHBDF (NBN) ,NBN=l,NBNDP) 
IF (NPRI.EC.01 GO TO 14 

12 
1 u  

c * *  

C * *  

16 

18 

20 

c *** 

22 

24 

26 

1000 

PRINT 1080- ' 
DO 12 NBN=l,NBNDF 
IF (PTBD(NEN).CE.O.) GO TO 12 
DTPP=-FTED (NBN) 
PRINT 1090, NBN.DTPP,XINT (NBN) ,YINT (NBN) ,IINT(NBN) .JINT(NBN) 
CONTINUE 
CONTINUE 
DENS=62.2DO 
SPHT=l .DO 
RRTURN * * * * * * * * * * * * * * * * * *  
ENTRY BNDCON (KX,NK,T,CK) * * * * * * * * * * * * * * * * * *  
DIMFNSION T(KX,l) ,CK(NK,KX,l) 
DO 26 NBN=l.NBNDF 
HBD (NBN) =FRED (NBN)*GNRLPC(IHBDF (AEN) . X )  
UBD(NBN)=PUED(NBN) *GNRLPC(IUBD€(NEN) ,X) 
VBD(NBN)=FVBD(NBN)*GNRLFC(IVBDF(N!2N) , X )  
DO 16 K=l,NK 
CKBD(K,NBN)=FCKBD(K,NBN) *GNRLPC(ICKBDF(K,NBN) , X )  
GBD(NBN)=PGBO(NBN)*GNRLFC(IGBDF(NBN) .X) 
IF (FTED(NEN).LT.O.) GO TO 20 
TBD (NBN) =F?BD(NBN) *GNRLFC (ITBDF (REN) ,X) 
CALL NATPRP (CKBD (1,NBN) ,TBD(NBN) ,CENS.SPH?.ROTPD) 
RO (NEN) =PENS 
GO TO 22 
FLPP=GBD (NBN) 
I=IINT (NBN) 
J-JINT (NBN) 
CALL NATPRP(CK(l,I,J),T(I,J) ,DENS,SPHT,RCPPD) 
-FTBD(NBN) =QPP (NEN) 
TED (NEN) =T (I ,J) + (-FTED (NBN)) 
RO (NBN) =DENS 
CONTINUE 
QBD (NBN) =FCED (NBN)*GNRLPC (IQBDF (NBN) ,X) 
DO 24 R=l,NK 
GKBD(K.NBN)=FGKBD(K.NBN) *GNRLFC(IGKBDP (K.NEN) , X )  
SBDN (NEN) =FSBDN (NBN) *GNRIPC(ISNBDF (NBN) ,X) 
SBDSH(NBN) =PSBDSA(NBN) *GNRLPC(ISfEDF (NEN) ,XI 
CONTINUE 
RETURN 
FORMAT (////'l*,lX,*INPDT INFORMRTION P R O #  SUBROUTINE BNDCON:'/lX. 

BNDC 510 
BNDC 580 
BNDC 590 
BNDC 600 
BNDC 610 
BNDC 620 
BNDC 630 
BNDC 640 
BNDC 650 
BNDC 660 
BNDC 610 
BNDC 680 
BNDC 690 
BNDC 100 
BNDC 110 
BNDC 720 
BNDC 730 
BNDC 740 
BNDC 150 
BNDC 160 
BNDC 770 
BNDC 180 
BNDC 790 
BNDC 800 
BNDC 810 
BNDC 820 
BNDC 830 
BNDC 840 
BNDC 8 5 0  
BNDC 860 
BNDC 870 
BNDC 880 
BNDC 890 
BNDC 900 
BNDC 910 
BNDC 920 
BNDC 930 
BNDC 940 
BNDC 950 
BNDC 960 
BNDC 970 
BNDC 980 
ENDC 990 
BNDC 1 0 00 
BNDClO10 
BNDC 10 2 0 
BNDC 1030 
BNDC1040 
BNDC 10 50 
BNDC 1 0 60 
BNDC 1070 
BNDC1080 ..... > ' --- --- --- --- --- --- --- --- --- --- ') BNDC 1090 

1010 PORHAT ('O'.lX.'NBN - BOUNDARY CCNOITICN N U H B B R ' /  BNDC1100 
>' ',lX,'NHBDTP - TYPE OF BCUNCAR'I CONDITICN FOR WATER ELEVATION H BNDClllO 
>(NABDTP)'/' ',lX,'NU - TYPE O F  ECONDARY CONDITION FOR VELOCITY U (BNDC1120 
>NUBDTP)'/' ',lX,'NV - TYPF OP BOONCLRY CCNDITION F O R  VELOCITY V ( BNDC1130 
>NVBDTP)'/' ',lX,'NT - TYPE OF BOUNDARY CCNOITION FOR TEIP. OR SPECBNDC1140 

. 
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I S N  0 0 7 5  

TSN 0076 
I S N  0077 
I S N  0078 

I S N  0 0 7 9  

ISN 0080 

I S N  0081 

TSN 0082 
TSN 0083 

>TFS CONCENTRATION (NBTDTP) I / '  ' . l X , ' F H  - VALUF OF B O U N D A R Y  CONDITBNOC1150 
>ION FOR W A f E R  ELEVATION (PHBD) '/ RNDC116C 
> '  ' . l X . " O  - VALUF OF BOUNCARY CCNDITICN FOR VSLOCITY U (FOBD) '/ BNDCl l7O 
>' ' , l X , ' P V  - VLLUE CF BOQNEARY CCNE3TICN FCR VELOCITY V (FVBD) ' /  BNDC118O 
>' ' , l X , ' P T  - VALDF OF BOUNCARY CCNDITICN POR TT!RF. ( P T E D ) ' /  BNDC 1 190 
>' ' , l X . ' F G  - VAIOE OF BOONtARY CCNCITICN FOR I A S S  FLUX ( F G E D ) ' /  ENDC1200 
>' ' , l X , ' F Q  - VALUE CP B O U N C A R Y  CCNCITICN FOR HEAT FLUX (FQBD) ' /  BNDC1210 
>' ' , l X , ' P S E C N  - VALUE OP BOUNDARY CONDITICN POR NORqAL S T R E S S E S ' /  BNDC1220 
>' ' , l X , ' P G K ( l )  - VALUP OF EOONDAFY CONCITICN FOR N A S S  FLUX OF S P E C B N D C l Z l O  
>'IE K (FGKBD) '/ ' ' . lX , 'FCK - V A I C E  CP EOONCARY CONDITION FOR S P E C I B N D C 1 2 4 0  

BYDC 1 2 5 3 >ES CONCPNTRlTION (PCKBD) ' )  
1 0 2 p  PORNAT('  ' ,1X.*IT3BDP - N O L T I P L I E P  FONCTICN FOR PHBD'/ ' ' , l X ,  BNDC1260 

BYDC 1 2 7  0 > ' I r l  - O U L T I P I I E R  VWNC'IION €OF POBD'/ ' ' . l X ,  
> ' I V  - OUZTIPLIER PUNCTION FOfi  PVBD'/ ' ' * 1 x .  BNDC 1 2 8 0 
> ' I T  - MULTIPI IER FUNCTION FOR FTBD'/ ' ' . 1 X .  BNDC1290 
> ' I G  - N O I T I P L I F R  PONCTION FOB FGBn ' /  ' ' , 1 X ,  ENDC 1 30 0 

BNDC 1 3  10 > ' I Q  - N D I T I P L I E R  PONC+ICN FOF FQBD'/ ' ' , 1 X ,  
> 'TSN - P O L T I P L I E S  FUNCTION FOR FSBDL'/  ' ' , l X ,  B N K 1 3 2 0  
> ' ISA - N O I T I P I I E R  FUNCTION FOB FSBCSR') ENDCl330  

1030 FORNAT ( 1 4 1 5 . 1 0 X )  BNDC1340 
1040 P O R N l T  ( 7 C 1 0 . 3 , l O X )  BNDCl350  
10fO FOIINAT (//' EOUNCARY CONCITIONS AT STARTING T I N p ' / '  NBN',2X, ENDC 1 3 60 

BNDC 137 0 > ' N H B D T P ' , 3 X , ' N U ' , 3 X , ' N V ' , 3 X , ' N T ' . 2 3 X , ' F ~ ' , l ~ X ,  
> ' P l l ' l 3 X ' P V '  1 3 X ' F T ' / ( I 3 , I A , I 6 , 2 I ' , 1 5 X , l P ~ E l 5 . 6 ) )  BNDC 1380 

1060 FORRAT (//' C N B N ' 7 X ' P G ' 1 2 X ' F Q '  12X 'PSBDN' IOX'PSBDSH'  9X' PGR ( 1 )  ' 9 X .  BNDC1390 
> ' F G K ( 2 )  '6X'PCK ( 1 ) ' 3 X ' P C K  ( 2 )  '/ ( 1 3 .  l X ,  l P 6 E 1 5 . 6 . O P 2 F 9 . 3 ) )  BN DC 1 4 00 

1070 PORNAT(// '  f lULTIPLIBR FUNCTIONS FCR BCURfARY CONDI?IONS' / '  NEN' ,BNDC1410 
> 4X,'IHBDF',2X,'I0'.3X,'~V',3X,'IT',3X.'IG'.3X,'IQ',3X,'ISN',2X, BNDC142@ 
> ' I S  H '  / ( 1 3 , 1 8 , 1 6 , 6 1 5 )  ) ENDC 1 4  30 

108C PORNAT(/// '  POWER PLAN? ON BOONCARY.'// ' RBN',OX,'D'TPP(NBN) ' ,6X, BNDCIUPO 
> XINT '  , l o x  , ' Y I N T ' .  9X.11' . 5 X ,  J * / )  BNDC 1 4 5 0  

BNDC 1 4 60 1090 PORWAT(I0 ,  l P F 1 3 . 3 , 2 E l U . 5 . 2 1 6 )  
END BNDC 1 4 7 0  

*OPTIONS I Y  VFPECT* NAME= NAIN.OPT=02.LIN~CNT=6O,SI7,E=OOOOK, 

*OPTIONS I N  EPFECT* S U U R C E , E B C D I C , N O L I S ? , N O D E C K , L C A ~ , N O ~ A ~ , N O E D I T , N O I D , N O X R E ~  

*STATISTICS*  SOURCE STATENENTS = 82 ,FRCGRAN S I Z P  f 1 0 1 0 2  

*STATISTICS*  NO DIAGNOSTICS GENERATEC 

****** END OF COHPILATION e*** * *  

. 

93K BYTES OP CORE NOT USED 
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OS/360 PORTBAN H 

:ONPILBQ OPTIONS - NAME= N A I N , O F T = 0 2 , L I N E C N T = 6 O , S I Z ' @ = O O O O K ,  
SOffRCF,EECDIC,NOLIST,NODECK,LOAD,NOMAP,NOEDIT,NOID,NOXREF 

SUBROUTINE BCTCNI (NK) BOTC 10 
INPLICTT RTAL*8 (A-H,O-2) BOTC 20 
DTNENSION UB(25) ,VB(25) .WE(25) ,TE(25) , C B ( 2 5 )  ,HCB(25) ,BHANGC(25), BOTC 30 

> CKB(4.25) .DCKB(4.25) ,ICKBF(U,25),ICCKEP(4,25), IUBP(25) ,IVBF(25) .BOTC 40 
BOTC 50 > TBBP(25) ,ITEF(25) ,IQBP(25) ,IHCBE(25) 

COHnON/REGICN/DEFTH(25) ,SM (25) ,?IREG(25) .IHREG (25) ,JLREG(25), BOTC 60 
> JHREG (25) ,INTP (25) ,IGENP (25) ,I'ICP'(25) .IEOTP(25) EOTC 70 
INTEGEF*2 'ILFEG, IHREG,JLRPG, JHREG BOTC 80  

BOTC 90 INTEGER*2 INTP.1GENP.I'ICPF.IBOTE 
COMMON/CONPIN/ INL.ATMP.CPIJ.CKIJ(4) .CKIEJ(U),CKIflJ(U) ,CKIJP(U) , EOTC 100 

> CKIJ~(4),CXM,DXP,DY~,CYP,CXIPl,tYJFl,~XLI,DXRI,DXLIl,~XRIl,DYLJ ,BOTC 110 
> ~YRJ.DYLJl.DYRJl,GBIJ,CKBIJ(U) .CBIJ,Q~BIJ(U) ,SBXIJ.SBYIJ,GXINJ , BOTC 120 
> G X I P J , G T I J i l , G Y I J P , G T I 3 , G K T I J  (4 )  ,Q?TJ,CK'IIJ(U) ,STXIJ,STYIJ,QDVIJ ,BO"C 130 
> QXI~J,QXIPJ,QYIJH,QYIJP.GKXIHJ(U) ,GKXIPJ(U) ,GKYTJfl(U) ,GKYIJP(U) ,BOTC 140 
> HTKIJ(U),HTKIJM(U) ,HTKIPJ(U),HTKIN~l(U),H'IKTJP(U) ,HIJ,HIJN,HIPJ , BOTC 150 
> HIHJ,AIJP,UIJ,UIJH,UIPJ,UIHJ,DIJP,VTJ,VIJ~,VIPJ,VI~J,VIJP,TIJ , BOTC 160 
> T I J M , T I P J , T I ~ J . T I J P , R C K T P D ( U ) , R C I J , R O I J M , R O I P J ~ R O I M J . R O I J P  , BOTC 170 
> SHKTPD (4)  ,SRTCKD(U) ,SHTTPD, SXXIMJ.SXXIPJ.SYY1 JN,SYYIJP, SXYIJM , BOTC 18@ 
> SXYIPJ.SXII~J,SXYIJP,RO?MJD,RCI€JC,FCIJ~C,ROIJPD,E~T~P,TDIJ , BOTC 190 
> HCINJ,HCIPJ.HCIJ~.HCIJP,GR,ROCKC(O) , S F H T K ( U )  ,DENSK(U) ,RODKIJ(U) ,BOTC 200 
> GKDVIJ (4) , C X I ,  DYJ , QDV (25) ,ABD ( 2 5 )  ,UBC ( 2 5 ) .  VBO (25) ,TBD (25), BOTC 210 
> CKBD (4.25) ,TBIJ,HCBIJ ,DCKBIJ(U) .HTKBIJ (4) ,BNIJ,UBIJ,VBIJ,WBIJ, BOTC 220 
> ROEIJ,HTBIJ,CKBIJ(U) ,TTIJ,HCTIJ,CCKTIJ(U) ,HTKTTJ(P) ,OTIJ,VTIJ, BOTC 230 
> FTIJ,ROTIJ,HTTIJ,CKTIJ(U) ,QBD(iS) ,GBD(25),GKEn(4,25) ,SBDN(25), BOTC 240 
> SBDSH ( 2 5 )  ,WIND,WINDX,WINDY ,IJ,lM1J.IF1J,IJ~l,IJPl,INTRT.ROIJ, BOTC 250 
> KOI~lJ,KOIP1J,KOIJM1,K~IJPl ,NBXM,NBXF,NEYH,NBYP,NREGIN,NBNDF , BOTC 260 
> IXQV(25) ,JYQV(25) ,NHBDTP(25) .NUEDTF(25) ,NVBDTP(25) ,NTBDTP(25) , BOTC 270 
> NXGRL, NYG FL ,NREG,NINTLP, N?O?P, NEC'IP, N'lEXFC, NT NAX, VGENF BOTC 280 
PRINT 1000 EOTC 290 
PRIN? 1Cl10 BOTC 300 
PRINT 1020 BOTC 310 
DO 10 La1,NBCTP BOTC 320 
READ (50.1030) BOTC 330 
READ(50.1050) (CKP(K,I) ,DCKE(H,I) .R=l.HH) BOTC 340 
REAn(50.1040) IUBP(1) ,IVEF(I) ,IWEF(I) ,ITEF(I).IQBP(I), IHCEF(I), BOTC 350 

> (ICKBF ( K ,  I) ,IDCKBP (K.1) ,K=l, NK) BOTC 360 
BOTC 370 

PRINT 1060 BOW 380 
DO 12 I=l,NBCTP BOTC 390 
PRINT 1070.I.QB(I) ,ACB(I) , f f B ( I )  ,VB(I) ,wB(I),TB(I),BNANGC(I), BOTC 4 0 0  

> (DCKB ( K . 1 )  ,CKE(K,I) .K=l.NK) BOTC 410 
12 CONTINUE BOTC 420 

PPINT 1080 BOTC 430 
BOTC 4 4 0  90 14 I=l,NBOTP 

PRINT 1090,I,I~BF(I) ,IHCBF(I) ,IWEF(I) , I V P T ( I ) , I U B F ( I )  ,ITBF(I), BOTC 450 
BOTC 4 6 0  

14 CONTINUE BOTC 470 
r)ENS=62.2DC BOTC 4 8 0  
SPHT=1 .DO BOTC 490 
QFTURN BOTC 500 

BOTC 510 . . . . . . . . . . . . . . . . . . . . . . . . . . .  
PNTRY BOTCON EOTC 520 

C * * * * * * * * * * * * * * * * * * * * * * * * * *  BOTC 530 
NET=IBOTP (NREGIN) BOTC 540 
T B I J = T E  (NET) *GNRLPC (ITEP (NET) , X) BOTC 550 

BOTC 560 

1,UB (I) ,VE (I), WB (I) ,TB (I) , C E  (I) , HCB (I) .BMANGC (I) 

10 CONTINUE 

> (IDCKBF(K.I), ICKBP (K.1) ,K=l. NK) 

C DO 201 K=l,NK 

C 

ISN 0002 
ISN 0003 
ISN 0004 

ISN 0005 

ISH 0006 
ISN 0007 
ISN 0008 

ISN 0009 
ISN 0010 
ISN 0011 
ISN 0012 
ISN 0013 
ISN 0014 
ISN 0015 

ISN 0016 
ISN 0017 
ISN 0018 
ISN 0019 

ISN 0020 
ISN 0021 
ISN 0022 
ISN 0023 

ISN 0024 
ISN 0025 
ISN 0026 
ISN 0027 

ISN 0028 

ISN 0029 
ISN 0030 
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T S N  0031 
ISN 0033 
I S N  0033 
I S N  0034 

I S N  0 0 3 5  
I S N  0 0 3 f i  
ISH 0037 
I S N  0038 

ISN 0 0 4 0  
TSN 0041 
ISN 0 0 4 2  
ISN 0 0 4 3  
ISN 0 0 4 4  
I S N  0045 

ISN 0039 

ISN 0 0 4 6  

ISN 0047 

ISN 0 0 4 8  
ISN OOUq 
ISN 0050 
I S N  005? 

ISN 0 0 5 2  
ISN 0053 

I S N  0054 
I S N  0055 

c 201  

c *** 

16 

1000 

CKBIJ(K)=CKB(K,NET) *GNRLPC(ICKBF (K,NBT),  X )  
CALL MATPRF (CKE ,TRI  J,DENS.SPHT, BCTPH) 
ROBIJ=CFNS 
HT9 IJ= SPHT *? @I J 
DO 16 K = l , N K  
NOTE REARRANCENENT. 
C K B T J ( R ) = C K B  (K.NBT) *GNRLFC(ICK@f (K,NBT),X) 
DCKETJ (K) =FCKE (K,NBT) *GNRLFC ( ICCKEF (K,  NB?) ,K) 
H T K B I J  ( K ) = S P H T K ( K \ * T B I J  
BNIJ=BNANGC (NB'T) 
Q B I J = Q E ( N B T )  *GNRLFC(IQBP(NET) ,X) 
HCBIJ=HCB (NBT) *GNRLPC ( IHCEF (NBT) , X )  
WBIJZUB (NB'T) *GNRLPC(IUBP (NET) ,X)  
VRIJ=VB(NBT)  *GNRIFC ( I V E P ( N B T )  , X )  
YBIJ=WB (NBT) *GNRLFC (IWBF (NBT) .X) 
RFTURW 
FORMAT ( / / / / ' O f  . l X . ' I N P U T  INFORNATION FROB SUBROUTINE BOTCON:'/lX, 

EOTC 570 
BOTC 580 
BOTC 590  
BOTC 600 
BOTC 610 
BOTC 6 2 0  
B O W  630  
EOTC 6 4 0  
BOTC 650 
BOTC 660 
BOTC 670 
90°C 6 8 0  
EOTC 6 9 0  
BOTC 700  
BOTC 710  
BOTC 7 2 0  
BOTC 730 
BOTC 740 

1010 P O R l L T  ( ' O ' , l X , l Q B  - HEAT CONING FRCN THE BOTTOY'/ BOTC 750 
>'  ' , lX . 'HCB - HEAT TRANSFFR C O E E E I C I E N T  ICR THE BOTTON'/ BOTC 760  
>'  ' , l X , ' U B  - VFLCCITY OF H I S S  COMING FRON TVE BOTTON I N  X-UIRECTIOBOTC 7 7 0  
> N ' / '  ' , l X , " f 8  - VELOCITY OF NASS C C n I N 9  FRCN THE BOTTON I N  Y-DIRECBOTC 780  
>"ION'/' ' , l X , ' W B  - VELOCITY OF NASS COMING P R O N  THE BOTTOM I N  Z-DIBOTC 7 9 0  
>RPCTION' / '  ' , l X , ' T B  - TENFERA'IORE OP NASC CONING FRON THE EOTTON'/EOTC ROO 
>' ' , lX, 'BNANGC - NANNING CCEP. PCR F R I C T I C N  WITH THE BOTTOM'/ BOTC 810 
> '  ' , l X , ' D C K E  - NASS DIEPUSION C O E F F I C I E N T  FOR S P E C I E  K FROM BOT"ONB0TC 820  
> I / '  ', l X , ' C K B  - N A S S  CONCENTRATICN OF S P E C I Y S  CONING P R O N  EOTTOM') EOTC 830 

1 0 2 6  PORNAT('  ' . l X , ' I Q B  - NOLTIFLIER €UNCTJCN T O R  QE'/ ' ' , l X ,  BOTC 840  
> ' I H C B  - N U I T I P L I P R  FUNCTION POR HCB'/ ' ' , l X ,  BOTC 850 
> 'IUB - N U I T I P L I E R  FUNCTION FOR UE'/ ' ' , 1 X ,  BOTC 8 6 0  
> ' I V B  - M U I T I P L I P R  FUNCTION FOR VP'/ 1 ' , l X ,  BOTC 870 
> ' I W B  - N U L T I P L I E R  FUNCTION FOR WB'/ ' , l X ,  BOTC A80 

B O T  890 > ' I T B  - NULTIPLIER PUNCTION FOR ?E'/ 1 ' ,1X,  
> ' I D C K E  - N U L T I P I I E R  PUNC'IION FOE DCKE'/ ' , l X ,  BOTC 900  
> ' I C K B  - ( IULTIPLIER FUNCTION FOR CKB') BOTC 910  

1030 FORMAT (15 .5X.6F10.5 ,10X/ (7E10.5 ,  l o x ) )  BOTC 9 2 0  
l O U 0  FORMAT ( l U I ' 5 , l O X )  BOTC 930  

BOTC 9 4 0  10 5 0  PO R M  AT ( 7 E  1 0.5.10 X )  
1060 FORMAT(//' EOTTON CONDITIONS AT STARTING T I N E ' / '  FCT. NO.'.5X. BOTC 950 

> 'QB',7XI'HCB',6X,'UB',6X,'VB',6X,'HB',6X,'TB',7X,'BMANGC',5X, B O K  960  
> 'DCKB(1)  ' , 6 X , ' C K B ( 1 )  ' , 4 X . ' D C S B ( i )  ' ,6X. 'CKE(2)  1 )  BOTC 970 

1070 PORN AT ( 1 X ,  15.4 X , 3 P 9 . 2 , 1 P W 9 . 2 , 1 X  , UP 1 1 . 2 )  BOTC 980 
1080  FORMAT(//' N U I T I P L I E A  FONCTION ECR B0'IT.Cn CONDITIONS' /  BOTC 990 

> ' F C T . N 0 . ' , 4 X , ~ 1 Q B ' . 2 X , ' 1 H C B ' , 1 X . ' 1 U ~ ' , ~ X , ' 1 V B ' , 2 X , ' 1 ~ B 1 , 2 X ,  B O T C 1 0 0 0  
> ' I T B '  ,2X, ' IDCKE ( 1 )  ' ,1X,  ' ICKB (1) ' , 1X ,  'IECKB (2)  I ,  1 XI ' ICKB ( 2 )  ') BOTC10 1 0  

1090 PORN AT (2 X , I3,1 X , I B , 5 1 5 , 1  X ,4 (15.4 X )  ) B O T C 1 0 2 0  
END BOTC 1 0  30 

> * --- --- _ _ _  --- --- --_ _-_  ---  _-- - - - I )  

*OPTIONS I N  EpPPCT* WANE= MAIN,OPT=O2,LINECNT=6O,SIZE=OOCCK, 

*OPTIONS I N  EFFECT* S O U R C E , E B C D I C , N O L I S T , N O ~ E C K , L C A ~ , N O ~ A E , N O E D I T , N O I D , N O X ~ E P  

*STATISTICS*  SOURCE STATENEN'TS = 54 ,PRCGRAN S I Z E  = 7 6 0 4  

* S T A T I S T I C S *  NO DIAGNOSTICS GENERATED 

****** END OP C O N P I I A T I O N  ****** l b 5 K  BYTES OF CORE NOT USED 

t 
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I S N  0002 
I S N  0 0 0 3  
I S N  OOOU 

I S N  0005 

I S N  0006 
I S H  0007 
ISN 0008 

I S N  0 0 0 9  
I S N  0010 
I S N  0011 
I S N  0 0 1 2  
I S N  0 0 1 3  

I S N  00111 
I S N  0015 

I S N  0 0 1 6  
I S N  0 0 1 7  
I S N  0018 
I S N  0 0 1 9  

I S N  0 0 2 0  
I S N  0021 

I S N  0 0 2 2  
I S N  0 0 2 3  
I S N  002U 

I S N  0 0 2 5  

I S N  0 0 2 6  
I S N  0027 

C S / 3 6 0  FORTRAN H 

C O f l P I t F R  CPTIONS - N A M E =  ~ A I N , O P T = 0 2 , L I N E C h ' I = 6 O , ~ T Z ~ = O O O O K ,  
S O U B C E , E E C D I C , N O L I S T , N O D E C K , L C ~ D , N O N A P . N O E D I T , N O I D , N O X R ~ F  

SnBROUTINE TCPCNI (NK) TOPC 1 0  
TOPC 20 I N P L I C I T  REAL*8 (A-H.0-Z) 

DINFNSION U ? ( 2 5 )  , V T ( 2 5 ) , W T ( 2 5 )  , T T ( Z S ) , C T ( i 5 ) , q C T [ 2 5 ) ,  T D ( 2 5 ) ,  TOPC 30 
> Q S O L ( 2 5 )  .CKT(U,25)  ,DCKT(U,25)  , I C K ' I F ( U . 2 5 )  , I D C K T P ( U , 2 5 ) ,  I U T P ( 2 5 )  ,TOPC 40 
> I V T F ( 2 5 )  ,IPTP(25).ITTF(25).IQTF(25),IHCTF(25), I T D F ( 2 5 ) .  TOPC 50  
> IQSOLF ( 2 5 )  ,PNDX ( 2 5 )  ,UNDY ( 2 5 )  TOPC 6 0  

C O M f l O N / R E G I O N / D E F T H ( 2 5 )  . S N ( 2 5 )  , I t R E G ( 2 5 )  . I H R E G ( 2 5 )  , J L R P G ( 2 5 ) ,  TOPC 7 0  
> J H R E G ( 2 5 )  , I N T F ( 2 5 )  . I G E N F ( 2 5 )  , I T C F F ( 2 5 )  , I E O T P ( 2 5 )  TOPC 8 0  

INTEGFR*2 I L P P G ,  IHREG,JLREG,  JHREC TOPC 90  
TOPC 100 TNTEGER*Z I N T F , I G E N F . I ~ O P P , I B O T F  

COHNON/CONEIN/ A N L , A T N P , C P I J , C K I J ( U )  , C K I F J ( f + )  , C T I R J ( U )  , C K I J P ( U )  , TOPC 1 1 0  
> C K I J N  ( U )  , C X R ,  CXP ,DYR,DYP,DXIP 1 . C Y J P l ,  O X t I , D X R I ,  DXLI1,  D X R I  1 ,DYLJ ,TOPC 1 2 0  
> D Y R J . D Y Z J I , D Y R J l . G B I J , G K ~ I J ( U )  . C E I J . Q R B I J ( U )  , S B Y I J . S B Y I J , G X I N J  , TOPC 1 3 0  
> C X I P J , G Y I J ~ , G Y I J P , G T I J , G ~ ~ I J ( U ) , Q ? T J , ~ K T I J ( 4 ) , S T X I J , S T Y I J , Q D V I J  ,TOPC 1 4 0  
> QXIMJ.QXIPJ,QYIJn,QYIJP.GKXI~J(U) .GKXIPJ (4) .GKYIJN(U)  . G K Y I J P ( U )  ,TOPC 150 
> H ? K I J ( U ) , H T K I J f l ( U )  . H P K I P J ( U )  . H T K I N J ( U ) . R T R T J P ( U )  . H I J . H I J M , H I P J  , TOPC 160 
> HI~J,RIJP,UIJ,UIJN,UIPJ,UIRJ,~IJ~,VIJ,VIJF,VIPJ,VINJ,VIJP,TIJ , TOPC 1 7 0  
> TIJN.TIPJ.IINJ.TIJP.ROKTPC(4) ,RCIJ.ROIJ~,ROIPJ,ROI~J,ROIJP , TOPC 1 8 0  
> SHKTPD(U) ,SHTCKD(U) ,SATTPD,SXXIMJ,SXXIPJ,SYYI J f l , S Y Y I J P . S Y Y I J f l  , TOPC 1 9 0  
> S X Y I P J , S X Y I ~ J , S X Y T J P , R O I N J D , R C I F J D . R C I J P D , R O I J P D , E Q T N P , T D I J  , TOPC 2 0 0  
> H C I N J , H C I P J  , H C I J N . H C I J F , G F .  ROCKT2 (4) .SPHTK ( 4 ) ,  DENSK (U) , R O U K I J  ( U )  , TOPC 2 1 0  
> G R D V I J ( 4 )  , D X I . D Y J  , Q D V ( 2 5 ) , H B D ( ; 5 ) , U B D ( i 5 ) , V B D ( 2 5 )  , T B D ( 2 5 ) ,  TOPC 2 2 0  
> CKBD ("25) , T B I J  ,HCBIJ  .DCKBIJ ( 0 )  , H T K E I J  ( 4 )  . B N I J , U B I J , V B I J , W B I J ,  TOPC 2 3 0  
> ROBTJ, HTBIJ.CKB1.J (4) , T T I J . H C T I J  ,ECKTIJ  (4) ,HTKTIJ  ( 4 )  , U T I J .  V T I J  , 'IOPC 2 4 0  
> WTIJ,ROTIJ,HTTIJ,CKTIJ(U) , Q B D ( 2 5 )  , G B D ( 2 5 )  , G K B n ( f + , 2 5 )  . S B D N ( 2 5 ) ,  TOPC 250 
> SBDSH(25),HIND,IINDX,HINCY ,IJ,INlJ,I€1J,IJfll,IJPl,INTRT,KOIJ. TOPC 2 6 0  
> KOIR1J,KOIPlJ,KOIJMl,KOIJPl ,NBXN,NBXE,KEYK,NBYP,NREGIN,NBNDF , TOPC 2 7 0  
> IXQV(25),JYQV(25),NHRDTP(25] .NUEDTP(25)  ,NVBDTP(ZS) ,NTBDTP(ZS) , TOPC 280 

'IOPC 2 9 0  > N X G R L , N Y G F L , N R E G . N I N ' I L F , N ' I O P F , N E O T F , N T B I F C , N T N A X , N G E N ~  
PRINT 1000 TOPC 700 
P R I N T  1 0 1 0  TOPC 3 1 0  

TOPC 3 2 0  PRINT 1 0 2 0  
DO 10 L = l . N T P P P  TOPC 3 3 0  

> I T D F ( 1 )  . I C S C L P ( I ) ,  ( I C K T F ( K . 1 )  . I t C K T F ( K ,  I ) , K = l , N K )  
1 0  CONTINUT' 

P F I N T  1 0 6 0  
DO 1 2  I = l . N T O P P  
PRINT 1 0 7 0 , I , Q T ( I ) . H C T ( I )  , U T ( I )  , V T ( I )  ,UT ( I ) , T T ( I ) , T U ( I  

1 2  CONTINUE 
PRINT 

DENS=62.2DO 
S P H T = l  . D O  
RETURN 

ENTRY TOPCCN 

N T P = I T O P P  (NREGIN) 
T T I J = T T ( N T F )  *GNRLFC ( I T T F ( N T P )  .X) 

> ( D C K T ( K , I )  , C K T ( K , I )  , K = 1 , 2 )  

1 0 8 0 ,  ( I , I Q I P ( I )  , I H C T F ( I )  . I U T T  ( I )  , I V I P ( I )  , I U T F ( I )  
> I T D F ( 1 )  , I Q S C L P ( I ) ,  ( I D C K T F ( K . 1 )  . I C X I E  (K .1 )  .K=l ,NK) , I=l  

C * + * * * * * * * * * * * * * * * * * *  

C * * * * * * * * * * * * * * * * * * * *  

C DO 2 0 1  R = l , N K  
C 2 0 1  C R T I J  (K)=CKT(K,NIP)  *GNRLFC(ICKTF (R,NTP) .X) 

- , - - - - -  
R E A D ( S 0 . 1 0 3 0 )  I,~T(I).VT(I),WT(I).TT(I).CT(I),HCT(I),TD(I) , Q S O L ( I ) T O P C  3 U O  

> ,UNDX(I )  ,HNDY(I )  TOPC 3 5 0  
R E A D ( 5 0 , 1 0 5 0 )  ( C K I  (K,I) ,DCKT (K.1 )  , K = l ,  NK) TOPC 360 
R E A D ( 5 0 .  l O U O ) I U T P ( I )  , I V T F ( I )  , I W T F ( I )  , I T T F  ( I )  , I Q T P ( I )  , I H C T F ( I ) ,  

TOPC TOPC 3 7 0  380  
TOPC 3 9 0  
TOPC 400 
TOPC 4 1 0  

, Q S O L ( I ) ,  'IOPC 420 
TOPC U30 
TOPC 4 4 0  

I T T P ( I ) ,  TOPC 4 5 0  
NTOPF) TOPC 460 

TOPC 4 7 0  
TOPC U 8 0  
TOPC 4 9 0  
TOPC 5 0 0  
TOPC 510 
?OPC 5 2 0  
TOPC 5 3 0  
TOPC SUO 
TOPC 5 5 0  
TOPC 560 
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I S N  0 C 2 R  
I S N  0 0 2 9  
TSN 0 0 3 0  
I S N  O P 3 1  

TSN 9 0 3 7  

I S N  Oq34 
TSN 0 0 3 5  
TSN 0036 
TSN 0 0 3 7  
I S N  OC39 
TSN O O F  
IS 'J  0 0 4 0  
I S N  0 0 4 1  
I S N  0 0 4 2  
T S N  0 0 4 3  
T S N  0 0 4 4  

TSN on33 

TSN ? 0 4 7  

ISN 30UR 
ISN 004s 

I S N  0 0 5 1  
I S N  0 0 5 7  
I S N  0057 

T S N  0 0 5 4  

I S N  0n5n 

TSN 0055 

T S N  on56 
I S N  0 0 5 7  
I S N  0058 
I S N  0059 

CALL MATPRF(CKT,T?IJ,~ENS,SPWT,RC?FC) TODC 5 7 0  
TOPC 580 ROT?J=CFYS 

H I T T J = S P H T * T ? I J  ?ODC 5 9 0  

TOPC 6 1 0  
?OPC h 2 @  C K T I J ( K ) = C K I  (K.NTP) 

DCKTIJ ( K )  =CCKI  (K,NTP) * G Y F I F C ( T C C F 7 F  ( Y , % T F )  ,X) TOPC 610  
TOPC 6 4 0  

Q T I J = Q T  (NTF) *GNPLFC ( I Q T F  (NTP) , X )  TOPC 650 

Q S O L I J = Q S O L  (NTP) *GN?LFC ( I D S O L 7  ( a ? ? )  .X) TOPC 5 7 0  
l J T T J = U ?  ('4°F) *GNRIFC ( I U T F  (N7P)  ,X)  TOPC 6 8 0  
V T I J = V ? ( N T F )  *GYFLW ( I V T a ( N T P )  , T )  TOPC f i 9 0  

TOPC 7 0 0  WT?J=WT(NTF) *GNRLvC(IWTF(NTP) . T )  
WTNnX=WNnx ( V ' I P )  TOPC 7 1 0  

TOPC 7 2 0  W I D Y = 14 N D Y ( N P)  
TOPC 7 3 0  W?ND=DSQRT (WINCX**?tWINCY**2) 

IF (HCT(VTP)  .GP.O.) G O  TO 16 TOPC 7 4 0  
C *** CALCULAlE HEAT EXCHANGE CCEFF.  A h D  F Q U I L I E ~ I U M  TENP. BASED O N  THE TOPC 7 5 0  
C *+*  EDIYGFR ANI: GFYER NPTHCD. TOPC 760  

B F T A = ( T I J t T D I J ) * ( S .  1 D - 5 * ( T I L 1 t T C I J )  - 0 . O C 4 ; C 0 ) + 0 . 2 5 5 D O  TOPC 7 7 0  
C *** 1 / 5 2 8 0  = , 1 8 9 3 9 3 9 D - 3  TOPC 7 8 0  

TOPC 790  C *** 1 / 2 4  = . 4 1 E 6 € 6 7 D - 1  
HCT I J= .4 1 6 6 6 67 D- 1 f ( 1 5 .7  E 0  t (BET A + C. 2 6  DO ) * ( 7 0. DO 4 0 . 7  D 0 * ( 0 . 1  8 93 9 3 9 D- Tr .'r f l0 0 

> 3*b!IND) **:Fa) ) TOPC 8 1 0  
?QTMD=TDIJ4QSOLIJ/HCTIJ TOPC 8 2 0  
GO " 0  1 9  TOPC 8 3 C  

EQ ' IN  P= TDI J TOPC 8 5 @  
18 RPTURV ?OPC 860 

1 0 0 0  nORMAT(// / / 'Ot ,  l X , ' I N P U T  INFORNAZICN F ' 6 O l  SUBROUTINE TOPCON: ' / lX ,  TOPC 8 7 0  
) TOPC 8 8 0  > I - - -  - _ _  --- --- _--  _ - _  ---  _ _ -  - - -  ---, 

1 0 1 0  p O R * L T  ( ' O ' , l X , ' Q T  - VFAT COVING r R C M  THP TOP ' /  TOPC 9 9 0  > '  ' . lX . 'HCT - HEAT TAANSFFR COEFFICIENT f C B  T O P ' /  TOPC 9 0 0  
>' ' , l X , ' O ?  - VFLCCITY OF fiASS C C l I N G  F R C P  T H E  TOP I N  X-DIRECTION'TOPC 9 1 0  
>/ '  ' . l X , ' V T  - VILOCI?Y OP NASS C C N I N G  FRCR THE TOP I N  Y-DIRECTICNTOPC 9 2 0  
> ' / I  ' . l X . ' W ?  - VFLOCITY CF MASS COMING FACN THE TOP TN Z-LIRECTIOTOPC 930  

TOPC 94C > Y ' / '  ' , l X , ' T ?  - T?ilPFSATURE O F  NASS CCNING F R O V  THE TCP ' /  
ToPC 9 5 0  > '  ' , l X , ' T D  - DEW-POINT TFPPEEATUFE ' /  

> '  ' . l X , ' Q S C L  - SOLAR HFAT FLUX'/  TOPC 960  
>' ' . l X , ' D C K T  - M A S S  DIFFUSION COEFFICIENT PO9 S P E C I E  K FROM T O P ' /  TOPC 970 
> '  ' , l X . ' C K ?  - nASS CONCEN?RATICN OF S P € C I E S  COYING FROY THE T O P ' )  'IOPC 9 9 0  

DO 1 4  K = l , N K  TOPC 6 0 0  
C * * *  NOT' FFAQPA!IGEMFNT. 

1 U  H T K s I J ( K ) = F F H T K ( K ) * ? T ' J  

n n 1 3 = T D ( N T F )  *GNFZFC(ITDc(N'P)  ,X) TOPC 6hn 

1 6  HCTIJ=HCI(N 'TF)  *GNPLFC(IHCTP(NTP)  ,X) ?OPC 9 o c  

1 0 2 0  PORNAT ( 1  ' , l X , ' I Q T  - MULTIPLTER FUNCTTOA F O R  QT'/ ' ' , l X ,  TOPC 9 9 0  
> ' I H C T  - MULTIPLIER FUNCTICN FOR HCT'/ ' ' . l X .  TO PC 1 0 0 0 

> 'TVT - MULTTPLIFF PUNCTIOP' POP VT' /  ' ' ,1X,  TOPC 1 0 2 0  

> ' I T ?  - M U I T I P L I F F  FUNCTION F O R  '?TI/ ' , l X ,  T O P C l  9 4  0 
TOPC i n 50 

> ' I C K T  - MULTIPLIER PUNCTICN PCR CKT' )  TOPC 1 Q 8 0  

1 0 4 0  FORMAT ( 1 4 1 5 , l O X )  T O P C l l O 0  

> ' I U T  - N U I T I P L I F P  FUNCTICN ?OR UT'/  1 ' , l X ,  TOPC 1 0  10 

> 'TWT - Y U L T I P L I E P  FUNCTION FOE UT' /  ' ' , 1 X .  TOPC 10  30 

> ' I T T )  - n U l ' I I P l I E R  FUNCTION F O E  !IC'/ ' ' , l X ,  
> ' I Q S O L  - nUITIPLIFR FUNCTION FOB QSOL' /  ' ' , l X ,  TOPC 1 0 6 C 

TOPC 10 7 0 > 'TDCKT - PUITIPLTER FUNCTION FOE DCPT'/  ' ' , l X ,  

1 0 3 0  FORMAT (15,~X,6El0.5,lOX/(7F10.5, 1OX))  T O P C 1 0 9 0  

1 0 5 0  FORfl AT ( 7 E 1 0 . 5 , l O X )  TOPC 1 1 1 0 
1 0 6 0  FORMAT(// '  'IOP COYDITIONS AT S T P P T I Y C  T I R ? ' / '  PCT. N O . ' , 6 X , ' Q T ' , T O P C 1 1 2 C  

T O P C 1 1 3 0  
T O P C l l 4 0  .3X, 'DCKT (2) ' .3X.'CKT (2) ') 

> 6X. 'HCT' . 5 X , ' O T 1 , 6 X ,  ' V T '  .6X. 'UT ' .6X.  'T"" .6X.  ' T D ' ,  6X, 'QSOL', ' .X, 
> 'DCKT ( 1 )  I .3X.'CKT ( 1 )  

. 

t 

t 
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TOPC 11 50 TSN 0060 1 0 7 0  PORN A" ( 1  X . I 5 . 6 X ,  RP8.2 .4P  1 0 . 2 )  
I S N  0 0 6 1  1ORC POR"IT ( / / '  VULTIPLIER PUNCT'ICN FCF T C F  CCNDITIOYS ' / '  FCT. N O . ' ,  ' TOPCl160  

> UXj, ' I Q T ' ,  2X, '  IHCT' , l X , ' I U T ' ,  2 X .  'IVT' .ZX, ' IWT'  , 2 X , ' I T T '  , 2 X , ' I T D ' ,  T O P C l 1 7 0  
> 2X. ' I Q S O L  ' , 1 X .  'TDCKT( 1) ' ,1X,' ICKT (1) ' , 1 9 ,  ' IDCKT (2 )  ' , 1 X ,  ' ICKT ( 2 )  ' /ToPC 1 1 8 0  
> ( 3 X .  1 ? . 6 X , 7 ( 1 3 , 2 X )  , 2 X , I 3 . 3 X . U ( 1 4 , U X ) ) )  mec i 190 

I S N  0 0 6 2  ?YD "OPC 12 00 

*OPTIONS I N  EFFECT* YAMF= N R I N , O F T = 0 2 . L ' I N F C N T = 6 ~ . ~ I ~ F = O ~ C n K ,  

*OPTIONS I N  *vFFCT* S O U R C ~ , E E C D I C , N O L I S T , ~ O ~ P C ~ , I C A ~ , N ~ r A E , N ~ ~ ~ I T  NOIn,YOXRPF 

* S T A T I S T I C S *  

* S T A T I S T I C S *  Y O  DIRGROSTICS G T N E B A T P D  

****** END 0" COYFILATIOY +**** *  

S O U R C E  STATEYPNIS  = f i l  ,EPCGFAV STZ? = 9 9 2 0  

l 0 5 K  EYTFS O F  CORY NOT USF3 
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C S / 3 6 0  PORTIiAN H 

t 

f 

ISN 0009 
ISN 0 0 1 0  

ISN 0 0 1 1  

I S N  0 0 1 2  
ISN 0 0 1 4  
ISN 0015 
TSN 0017 
ISN 0 0 1 8  
I S N  0019 
I S N  0 0 2 0  
ISN 0 0 2 1  
ISN 0 0 2 2  
I S N  0 0 2 3  
I S N  0 0 2 5  
I S N  0 0 2 6  
I S N  0027 
ISN 0 0 2 9  
ISN 0 0 3 0  
TSN 0031 
I S N  0 0 3 2  

ISN 0 0 3 3  
I S N  0 0 3 U  
I S N  0035  
ISN 0036 

COrPTIT'P OPTTONS - YAflF= l l A I N , C P ~ = 0 2 , L I N F C X ? ~ 6 O , ~ I Z E = 0 O O O K ,  
S O U R C E . E E C D I C . N O Z I S T . N O C € C K , L O ~ D , N O M A P , N O E D I T , N O I D , N O X R ~ F  

ISN 0002  SUBROUT?NE INTCON (NF,KX. K Y  .H , U , V  ,T .CK ,<, FEST) INTC 1 0  
C *** O= (BRFHSR.  ERRUPL .F?PVFL, E R V Y P  .EFRCSK) INTC 2 0  
C *** REST=(H,O,  P . T . C K . E R R H S S . E R R U F L . E F I i V ~ 1  .ER9'IflP,FRSCSK) INTC 30 

ISN 0007 T l l P I I C I T  R F A L * 9  ( A - H , O - 2 )  INTC 4 0  
INTC 50 ISN 000U DTNVNSION H(KX,KY),U(KX,KY),V(KX.KY) , T ( K X , K Y ) ,  CK(NK,KX,KY),  

> RFST(NN0VE) ,Q ( 1 )  INTC 6 0  
ISN oon5 COMMON/RSGICN/DEFTH(25) , S F ( 2 5 )  , T I R F G ( 2 5 )  , I H R E G  ( 2 5 )  . J L R F G ( 2 5 ) ,  INTC 70 

> JHQEG (35) , I N T P ( 2 5 )  , I G E N P ( 2 5 )  , I T C P F  ( 2 5 )  , I E C T F ( 2 5 )  TNTC 8 0  
I S N  0006 ?V"FGER*Z ILRFG, IHRFG,  JLRFG,dHREC INTC ' 9 0  
ISN 0007 INTEGER*2  I N T F , I G E N F . I T O P F , I B O T F  INTC 1 0 0  
I S N  O O O R  COfiNON/COIPIN/ ANL.ATNP.CPIJ .CKIJ (4 )  . C P I F J ( U )  .CKTNJ(U) . C K I J P ( 4 )  , INTC 110 

> C K I  JN ( 4 ) ,  tXN,DXP ,DYI ,  DYP, C Y I P  1, r Y J P 1 ,  C X I I , r ) X R I ,  D X L I l  , D X R I  1 .DYLJ , IYTC 1 2 0  
> DYPJ.DYLJ1 .DYRJ1 ,GBIJ ,GKEIJ  ( 4 )  , C P I J , Q K @ I J ( 4 )  , S R X I J . S B Y I J , G X I N J  , INTC 13C 
> G X J P  J , G Y  I J V  ,G Y I J P  , GT I J , GKTI J ( 4 )  , C T i  J , C K  'I I J ( 4) , S T X  I J , STY I J , Q D  V I J , I N  TC 1 4 0 
> O X I M J , Q X i F J , Q Y I J H , Q Y I J P . G K X I f l J ( 4 )  ,GKXTPJ 14) ,GKYIJM ( 4 )  , G K Y I J P ( U )  , I N T C  1 5 0  
> H T K I J ( 4 )  . H T K I J I ( U )  , H T K I P J  (U) .H"RIklJ(U) . b ' I K I J P ( U )  , H I J , H I J N , H I P J  , INTC 1 6 0  
> H I f l  J, H I  J P  , UIJI U I J M  , K l I P J ,  UTNJ, 01  J F  , V I  J I V I  J P, V I  P 1 , V I M  3 ,  V I  J P  , T I J  INTC 170 
> ~ I J M . T I P J , T I M J , ' I ? J P . ~ O K ~ P t ( U )  . R C I J , ? C I J P , R O I P J ,  QOIYJ ,  R O I J P  , INTC 180 
> SHKTPD(U) .SHTCKD (4 )  ,SRTTPC,SXXTPJ,SXX?PJ.SYYIJn,SYYIJPI,SYYIJP.SXYIJM , INTC 1 9 0  
> S X Y I P J . S X Y I ~ J ~ S X Y I J P , R O T I J D , R C I F J D , @ C I J ~ C , R O I J P D , E Q ' I f l P , T D I J  , INTC 2 0 0  
> HCIflJ.HCIFJ.HCIJM,HCIJP,GR,ROCK~(4) , S F H T K ( 4 )  ,DFNSK(U) .RODKIJ (U)  , INTC 2 1 0  
> G F D V I J ( 4 )  ,CXI .nYJ  , Q D V ( 2 5 ) , H B D ( 2 5 )  , Q B C ( i 5 )  , V B n ( 2 5 )  , T B D ( 2 5 ) ,  INTC 2 2 C  
> C K B D ( 4 . 2 5 )  .wBIJ ,HCBIJ  , D C K B J J ( U )  , H ? K R I J  (4) , B N I J , U B I J , V @ I J , W B I J ,  INTC 2 3 0  
> ROBIJ .HTBIJ .CKBTJ(4 )  , T T I J , H C T I J , C C K T I J ( 4 )  , H T K T I J ( 4 )  . U T I J . V T I J ,  INTC 2 4 0  
> HTIJ,ROTIJ,HTTIJ,CKTTJ(U) , Q P D ( 2 5 )  , G B r ( i c )  , G K B T )  (4.25) , S B D N ( 2 5 ) ,  INTC 250 
> S B D S H ( 2 5 )  ,WIND.WINDX,WINCY , I J , I ~ l J . I F l J , I J M l  . I J P l , I N T S T , K O I J .  TNTC 2 6 0  
> KOII1J,KOIP13,KOIJfll,K0IJPl .NBYfl,NBXF.NPYW,NRYP,NRFGIN,NBNDF , INTC 2 7 0  
> r X Q V ( 2 5 )  , J Y Q V ( 2 5 )  ,YHBDTP(25)  ,NOEDTP(25)  ,NVBDTP(25)  ,NTBDTP(25)  , INTC 2 8 0  
> N X G R L , N Y G F L , N R F G . N I N ~ L F , N T O P F , N E C ? F , N T B I F C , N T N A X , N G E N F  IYTC 2 9 0  

COIYCN/INDEIT/CTMLT, $ T I ,  S m l l  , P R B ' I I  ,CPR?TIJ ,CP'ISEC ,TIDAL,FUTM, INTC 3 1 0  
> TND~~,N~T~C,IFINIS,~DTICR,ISTAR'I,TELO'I.NCPU INTC 3 2 0  

COllMON/SCRA?H/STH(25) , S T ' J ( 2 5 )  , S ' I V ( 2 5 )  ,ST ' I  ( 2 5 )  , S T C K ( 4 , 2 5 ) ,  INTC 330 
> ISTHF ( 2 5 )  , I S T U F ( 2 5 )  , I S ' I V F ( 2 5 )  , I - + T T F ( ? c )  , I S T C K ~ ( U , 2 5 )  , K I N T ( 2 C )  INTC 3 4 0  

INTC 3 5 0  17 ( ISTART.NT.0 )  G O  T O  3 2  
PRTNT 1 0 0 0  INTC 3 6 0  
I F  (NINTLF.LE.25.AND.l.LE.NINTIF) G G  TC 1 2  INTC 7 7 0  
P F I N T  1 0 1 0 , N I N T L F  INTC 3 8 0  

10 CALL F X I T  INTC 390 
1 2  DO 14 f l = l , N I N T L F  INTC 4 0 0  
1 4  K I N T  ( f l )  =-1 INTC 4 1 0  

DO 2 0  I = l . N I N T L F  INTC 4 2 0  
REAP ( 5 0 , 1 0 5 0 )  I N T F C , S I H ( T N T P C )  ,?TU ( I N T F C )  ,STV(INTFC)  , S T T  ( INTFC)  INTC 4 3 0  
I F  (l.LF.TITFC.AND.IN?PC.LE.YIN'IIF) G O  TC 16 INmC 4 4 0  
P R I N T  1 0 2 0  , I N T F C , N I N T L F  INTC 4 5 0  
GO TO 10 INmC 4 6 0  

16 I F  (KINT(1NTPC)  .EQ.-1) GC TO 18 INTC 4 7 0  
P R I N T  103!3 , INTFC TNTC U 8 C  
GO TO 1 0  IN"C 4 9 0  

18 READ(50 ,106 l ' )  (S ' ICK(K, INTFC)  ,K=l .NC) INTC 500  
R F A D ( 5 0 , 1 0 4 0 )  5 1 0  

> (ISTCKF(K,INTFC),K=l,NK) INTC 5 2 0  
2 0  K I N T  (TNTPC) -1N'IFC T N T  5 3 0  

DO 26 L=l ,NAEG 'NTC 5 4 0  
N I N L = i N T P  (I) INTC 5 5 0  
TLZTLRFG ( L )  INTC 560  

, 

CONYON/DRO O/?II, DTI , T N ,  PERIOD, I T ,  N ICVE .LNCVF , N  n r c  3 0 0  

ZSTHF ( I N T F C )  , I S T U P  ( I N T F C )  , I S T V P ( 1 N " W )  . I S T T r  ( INTFC)  .?NTC 
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ISN 0037 
ISN'  0 0 3 4  
I S N  0 0 3 q  
I S N  0 0 4 0  
ISN 0 0 4 1  
TSN 0 0 4 2  
I S N  0 0 4 3  
I S N  0 0 4 4  
I S N  0 0 4 5  
I S N  0 0 4 6  
ISN 0 0 4 7  
ISN 0 0 4 8  
ISN 0 0 4 9  
I S N  0050 
I S N  0 0 5 1  
TSN 0052 

I S N  0 0 5 3  
I S N  0 0 5 4  
ISN 0 0 5 5  
ISN 0056 

ISN 0 0 5 7  

ISN 0 0 5 8  
I S N  0 0 5 9  
ISN 0 0 6 1  
ISN 0 0 6 2  
ISN 0 0 6 3  

TSN 00611 
ISN 0 0 6 6  
I S N  0 0 6 7  
I S N  O O 6 R  
I S N  0 0 6 9  
ISN 0 0 7 0  
I S N  0071 

I S N  0 0 1 2  
I S N  0 0 7 3  

ISN 007u 
I S N  0 0 7 5  
I S N  0 0 7 6  

I H = I Y P E G  ( L )  INTC 510 
TNTC 580 J L = J L S F O  ( L )  

J H = J H R F G ( L )  INTC 5 9 0  
DO 2U I = I I  , I H  INTC 6 0 0  

INTC 6 1 0  DO 2U J = J L , J H  
INTC 6 2 0  H [ I , J ) = S T H  (NINL)  * G N R t F C [ I S I H F [ N I h L )  ,X)  

U (I. J )  =STU ( N I N L )  *GNRIFC ( I S I U F  (NIhI) , X )  INTC 6 3 0  
V ( I , J )  =STV ( N I N L ) * G N R L F C ( I s T V p ( N I N ~ )  , X )  INTC 6 4 0  

INTC 6 5 0  T ( J . J ) = S T T [ N T N L )  * G N P L F C ( I S ' I T ? [ N I h Z ) , X )  
DO 2 2  K = l , N K  INTC 6 6 0  

INTC 6 7 0  CK (K,I,J)=S'ICK[K,NINL)*GNRI?C(IS?CKF(K,NINI) , X )  
2 2  CONTINU? INTC 680 
2 4  CONTINU? INTC 6 9 0  
2 6  CONTINUF INTC 7 0 0  

INTC 710  
2A O ( I )  = O .  INTC 7 2 0  

C* QEAD HER3 A N Y  SPFCTBL I N T T I A L  VARIABLES THAT ARP NOT A S  INTC 7 3 0  
C *  S P E C I F I E D  AECVE INTC 7 4 0  

INTC 7 5 0  P R I N T  1070 
DO 30 I = l . N I N T L F  INTC 760 

INTC 7 7 0  3 C  P R I N T  
P R I N T  K=INTC 7 8 0  

> 1 ,NK) , I= l  , Y I N T L F )  INTC 7 9 0  
QPTURN INTC 80C 

C FEAD I N I T T A L  CCNDI ' I IONS F R O l l  RES'IAET F I L E  INTC 8 1 0  
32 R P R D ( 1 1 )  S'IM.SDTI,KXI,KYL,NKI INTC 8 2 0  

INTC 8 3 0  I F  ( K X . F Q . K X L . A N D . F Y . P Q . K Y Z . A N C . h R . r Q . N K 1 )  G O  TO 3 4  
P R I N T  1 1 0 0 , K X I , K Y I , N K I , S ' I N , K % , K Y  , N K  INTC 8 4 0  
CALL E X I T  INTC 8 5 0  

3 4  CONTINUF INTC 8 6 0  

I F  ( S P T N . L o . 0 . )  GO TO 3 6  INTC 8 8 0  
Sr)TI"=SDTL INTC R90 
GO T O  38 IYTC 9 0 0  

76 SDTA=-SDTN INTC 9 1 0  
INTC 9 2 0  38 CONTINUE 

RFAD ( 1  1 )  RFS'I  INTC 9 3 0  
INTC 9 4 0  R F P I N D  11 

C*** T H I S  FREFS ?YE BUFFERS ASSCCIA'IEC WITY 1 1  AT T H I S  I N Y  9 5 0  
C*** P O I N T .  ( 11 BEFERS TO DISK)  INTC 9 6 0  

RPTURN INTC 9 7 0  
1 0 0 0  PORf'AT [ / / / / ' O f ,  l X , ' I N P U T  INFOQMATICN PROM SUBROUTINE I N T C O N : ' / l X ,  INTC 9 8 0  >, --- --- - - -  --- - - -  --- ---  - - _  --- - - - I  // INTC 9 9 0  

>ZY. 'STH - I N I T I R Z  VALUF FOE ITATEE SURFACE PLEVATION. H. MEASURED V I N T C 1 0 0 0  
> i n N  THF B O ' I ~ C A ' / 2 X , ' S T Q  - I N I T I A I  VALUE F C R  UATSR VELOCITY, U ,  I N  I N T C l O l O  
> ~ - D I R E C T I O H ' / 2 % . ' S T V  - I N I T I A L  VPLUE FCR WATER VELOCITY. V .  I N  Y - D I N T C 1 0 2 0  
> I R ? C T I O N ' / 2 X , ' S l W S  - I N I T I A L  VALUE F O R  RATE OF CHANGE O F  'IATEP v L E I N T C 1 0 3 0  
>VATION V I T H  RESPECT TO T I N r ' /  I N T C 1 0 4 0  
> 2 X , ' S T T  - I N I T I A L  VALUF F C F  WATEF TE'IFFRATURE, T . ' / 2 X ,  INTC 1 0 5 0  
> ' S T C K [ I )  - I N I ' I T A L  VALDP F O R  NASC CCNCEN'IERTION O r  S P E C I F S ( 1 ) .  ' / 2 X I N T C 1 0 6 0  
> , ' I S T H F  - I I Q I + I F L I P R  FUNCTION F O B  S' IH ' /  I N T C 1 0 7 0  
> 2 X , ' I S T U F  - N U L T I P L I E F  FUNCTION FCR S T L ' / 2 X , ' I S T V F  - MULTIPLIER F U I N T C 1 0 8 0  
>NCTICN POF! S T V ' / 2 X , ' I S ' I U S F  - N U Z ? I F L T E 6  PCNCTICN FOR STWS' /  INTC 1 0 9 0  
> 2 Y . ' I S T T P  - N U L T I P L I E ~  FUNCTTON FCF S T T ' / i X , ' I S T C K P [ I )  - f l U L T T P t I F ~ N T T 1 1 0 0  I N T C l l l C  
> R  FUNCTION FCR S'ICK ( I )  ' / )  

I V Y  11  2 0  1 0 1 0  FORYAT( '  N I N I L F = ' I 2 , l X ' I S  NOT I N  'IHF FRNGE 1 TO 2 5 . ' )  
1 0 2 0  FORMAT('  I N T F C = ' I 2 , l X f I S  NOT I N  ?HE PANG7 1 TO N I N T L F = ' I 2 )  INTC 11 30 
1 0 3 0  FORA AT ( '  T P F  I N I T J A L  CONTITTION PCNC'IION VALUP I N T F C = ' I 2 ,  INTC 1 1 4 0  

DO 2 8  I = l . L f i C V E  

1 0 8 0 , I , S T H  (I) , S T U ( I )  ,STV ( I )  ,S*T ( I ) ,  (STCK(K,T)  , K = l . N K )  
1 0 9 0 ,  ( I , I S T H F [ I )  , I S I U F  ( I )  , I S ' I V F ( I )  , I S T T F  ( I ) ,  [ I S T C K F ( K , I )  , 

C *** ALLOWS A Y  INFU'I  DTN ' IO E E  C S E C  WITH A BFS'IAQT F I L E  I N T  8 7 0  



392 

, 

> 1X'HAS AIREAEY BPPN U5En.l) INTC 1 1  50 
ISN 0077 1040 PORNAT (1415,lOX) INTCll60 
ISH 9078 1050 FORH IIT (IS, 5 X ,6 E 10.5,l OX/ (7E10.5,lOX) ) INTCl170 
ISN 0079 106F PORNAT(7ElO.f.lOX) INTC 1 1  80 
ISN 0080 1070 FORVAT(//' INITIAL CONDITIONS'/' FUNCTICN NO.'5X'STH'6X'STU',6X,INTC1190 

> 'STV16X'S1T'3X'STCK(1) '2X'STCK(2) 1 )  INTC 12 00 
ISN 0081 1080 FORYAT (lX.17.6X.9P9.2) INTC 1 2 1 0 
ISN 0082 1090 FORIAT ( / / '  VULTIPLIER FUNCTION F O R  INITIAL CONDITIONS'/ INTC 1220 

> ' P C T . N 0 . ' . 4 X ' I S T H ' , 2 X , ' I S T U 1 ~ Z X , ' I S ~ V ' , 2 X , ' ~ S T ~ ' , 2 X , ' I S T C K ( l ) ' , I N T C 1 2 3 0  
> 'TSTCI((2) '/(QX,I3,5X,U(I3,3X) ,2(15,5X))) INTC 1240 

ISN 0083 1100 P 0 9 V l T  ('IPAAAflETER DISAGREEHTNT IN R E S T A F T ' / /  INTC 1250 
> FRO# RESTART FILE, KX='14.2X'KY='IU,2X1NK='Il,2XfSTN=' lPE10.4/1NTC1260 
> ' F R O H  INFQT FILE, KX='I4,2X'RY='I4,2X'NK='Il) IYTC 1270 

ISN 0084 END INTC l2AO 

*OPTIONS IN EFFBCT* NAHF= NkIN,OFT=OZ,LINFCN?=6O,SIZF~COCOK. 

*OPTIONS IN EuPECT* SOURCE,EECDIC.NOLIST,NOC~CK,LCAD,NC~A€,NOEDIT,NOI~,NOXREF 

*STATISTICS* SOURCF STATENENTS = 83 ,PROGRAil SIZE = bo54 

*STATISTICS* NO nIPGNOSTICS GENERATED 

****** END OF CONPILATION ****** 1 0 1 ~  BYTES OF CORE NOT usnn 
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CS/36C FCFTFhN H 

co  7 PI L V  Q o PT O N  s - N A n E = n A I N ,  OPT= 0 2 ,  L I u E C  h T  =F C , 5 1 2 E = 130 7 K . 
S O U Q C E , P E C ~ T C , N C Z T S T , ~ C D E ~ Y , I C ~ ~ , ~ ~ Y A P , ~ O ~ ~ ~ T , ~ O ? ~ , N O X Q r F  

SUBROUTIN? F I X C Y I  (NK) FLXC 1 0  
FLXC 2 0  I N P L I C I T  RFAL*8 (A-U.0-7) 

COVNON/COMPIN/ ANL,ATMF,CFIJ ,CKIJ (U)  , C i ( T € J ( U )  , C K T P J ( 4 )  , r K Z J P ( U )  , VLYC 3 0  
> C K ? J N ( U ) , t X ~ , ~ X ~ , D Y N . D Y F , ~ x ~ ~ l , ~ Y J P l , C X ~ I , ~ ~ ~ ~ , D X L T l , D X ~ ~ l , D Y L J  . rLXC 4 0  
> n Y R l , D Y Z J l , D Y R J l , ~ B I J , G K E I J ( u )  , C ? I J , Q K R ' J ( U )  , S R X I J , S B Y I J , G X I M J  , FLXC 5 0  
> G X I P J  . G Y I J N  ,G Y I  J? , G " I J  ,(;KTIJ ( 4 )  , C T I J ,  C y ?  1J (4) . S T X I J .  STYTJ  ,QDVIJ 6C 
> QXIlJ,QXiFJ,QYIJN,QYIJP,GYXIMJ ( 0 )  ,GKXTPJ ('4) , G Y Y T J I ( 4 )  , G K Y I J P ( 4 )  ,FLXC 7 0  
> H T K I J ( U )  ,HTPTJN(U) , H ? K I p J ( U )  , Y I K T I J ( 4 )  ,HTKTJP(0),HTJ,HJJY,hIPJ , FLXC 8 0  
> H I N J , H I J ? . U l J , U I J M , U I F J . U f ~ J , U I J F , V ~ J . V I J ~ , V I ~ J , V I N J , V I J P , T I J  , FLXC 9 0  
> T T J M , T I P  J , 7  I n  J, TJJ  P , ROK-F r ( q) , R C I J , R C I J P I  e01 P 1, R O  I M J , R O  I J F FLXC 1 0 0 
> SHKTPD(4)  ,SHTCKD(U) ,SHTTFC,SXXIFJ,SXXKPJ.SYYIJY.SVYIJP.SYYIJP,~XYIJ~ , FLXC 1 1 0  
> S X Y I P J . S X Y I ~ J , S X Y ~ J P , R O I M J D , Q C I F J C . P C T ~ ~ ~ C , ~ O I J F D , ~ ~ T ~ P , T D ~ J  , FLXC 1 2 0  
> H C I Y J , H C I F J , H C I J V ,  HCIJP ,GR,ROCKC(U) ,  SFHTX(U),DFNSK(U) ,RODKIJ (U)  ,FLXC 1 3 0  > GKDVIJ (U)  , D X I , D Y J  .QCV(25),HRC(25),UPC(2~).VBD(25) . T B D ( 2 5 ) ,  FLKC 1 4 0  
> CKBD(U,25)  , T B I J , H C B I J  , D C K B T J ( b )  , H T K R I J  ( 4 )  . B N I J , U B I J , V E I J , W E I J ,  FLXC 150 
> R O B I J , H T B I J , C K B I J ( U )  , T T T J , H C T I J , P C K ? I J  ( 4 )  , q T K T T J ( 4 )  , U T I l , V T I J ,  FLXC 1 6 0  
> WT~J,ROTIJ,HT"IJ,CKTIJ(U) .QBD(Z5)  , G t ? C ( 2 c ) , R K B D ( U , 2 5 )  , S B D N ( 2 5 ) ,  FLXC 1 7 0  
> S9nSH(25),PTND,WINDX,WINDY ,IJ,IYIJ,I~lJ,IJN1.TJP1,TNTRT,YOIJ, FLXC 1 8 0  
> K O I N l J , R 0 I F 1 J , K O I J f l 1 , K 0 I J F 1  ,NBXN.NBXE.NEYE,NBYP,N?EGIN,NBNDF , FLXC 190 
> T Y P V ( 2 5 )  , J Y Q V  (25),NH€!DTP(2'i) . N U E n T P ( Z C )  ,NVBDTP(25)  .NTBD?P(25)  , PLXC 200 

FLXC 2 2 0  DATA 0 6 T H / Z U ' 7 2 A A A A A A A A A A A A E /  
DINFNSION CFXC ( 4 )  ,DKYC ( U )  , D K X I Y J  ( 4 )  , D K X T c J  ( 4 ) .  D S Y I J q ( 4 )  . D K Y I J ? ( 4 )  FLXC 2 3 0  

FLXC 2 4 0  DINF'NSION NBXV (5) 
F Q V V A L E N C E ( n B X P , f l B X 1 ( 2 ) ) ,  (MBYM.FEXN(3)) , (UBYP,NBXn ( 4 ) )  FLXC 2 5 0  
ABS (X)  =DAB: (X) FLXC 2 6 0  
SQRT ( X )  =DSCRT(X) FLXC 2 7 0  

FLXC 2 8 0  READ ( 5 0 ,  1 0 0 0 )  
FLXC 2 9 0  PRTNT lOlO,XKPC,YKPC,YTVSC,YTVSC FLXC 300 

P R I N T  1 0 2 0  
FLXC 3 1 0  R E A D ( ' i 0 . 1 0 0 0 )  ( DKXC ( R )  ,T)KYC(K) ,K=l ,NK)  

DO 10 K = l , N K  FLXC 3 2 0  
10  P R I N T  1030 ,K ,DKXC(K)  ,DKYC(K) FLXC 3 3 0  

RPTURN FLXC 3 4 0  
C * * * * * * * ? * * t * * * * * * t r * * * * * * * *  FLXC 3 5 0  

FNTQY PL XCCN (C K , U,  V I  T , N FLG) FLXC 3 6 0  
C * * * * * * * * * * * * * * * * * * * * ~ * * * * * *  FLXC 3 7 0  

DTNFNSION C K ( 1 )  . U ( l )  , V ( 1 )  . T ( 1 )  . N F L G ( l )  FLXC 7 8 0  
CC THF "RRNSPORT C O E F F I C I F N T S  SHOULD EF  C A I C U I l T F D  BASPE ON FLXC 390 
CC V E L O C I T I E S  A N D  VELOCI*Y GRADIENTS. FOR ?HP T I N E  SFING THEY WILL B u  FLXC UOO 
CC SET EQUAL T O  THE INFUT C O E F F I C I F N T S  THEMSELVFS. FLXC 4 1 0  
C CALCULATION OF ALL THE INTERPAI  F L U X E S  FLXC 4 2 0  

TFM=O. 00443DC*HIl lJ*ROTflJ*SQRT ( U I r J * U I f l ; + V I N J * V I l J )  FLXC 4 3 0  
XKPINJ=XKPC+TPW*CPIJ  FLXC 4'40 
XTVIN J=XTV SC+T'?Y FLXC 4 5 0  
YTVINJ=YTVSC+TEN PLYC 4 6 0  
DO 1 2  K = l , N K  FLXC 4 7 0  

FLSC 4 8 0  
I F  (NBXM) 14,14,30 FLXC 4 9 0  

PLXC 500 
G X I ~ J = R O I N J P * U I V J  PLXC 5 1 c  
DO 16  K = l , N K  FLXC 5 2 0  

16 RKXIYJ  ( K )  = 2. * F C I  VJ*DKXT'lJ ( P )  * (CK ( K O I f !  1 J +  R )  -C K I  J ( K )  ) /DXM FLXC 5 3 0  
S X X T ~ J = U . * X S V I n J * ( U I J - U  ( I V l J ) ) / D X l  FLXC 540 
I' (NBYY) 1 8 , 1 8 , 2 0  FLXC 5 5 0  

18 U I N J f l l = D X L I * U ( I J f l l )  + D X R I * U ( T J N l - I )  FLXC 5 6 0  

, FL KC 

, 

> N X G R L , N Y G f i I , N R E G , N I N T L F . N I O P F , N E ~ T F , N ~ B t F C , ~ T N A X , ~ G E N F  FLXC 2 1 0  

XKPC,Y KPC XTVSC, YTVSC 

1 2  D K X I N J  (Kj  =EKXC (K) 

1 4  Q X I n J  = 2.*XKPIVJ*(T(IVlJ)-TIJ)/TXN 

ISN 0 0 0 2  
I S N  0 0 0 3  
ISN 0004 

ISN 0 0 0 5  
I S N  0 0 0 6  
TSN 0007 
TSN O O O A  
I S N  0009 
I S N  0 0 1 0  
ISN 0 0 1 1  
I S N  0 0 1 2  
I S N  0 0 1 3  
I S N  0 0 1 ' 4  
ISN 0 0 1 5  
TSN 0016 
I S N  0 0 1 7  

I S N  O O l R  

I S N  0019 

TSN 0 0 2 0  
I S N  0 0 2 1  
ISN 0 0 2 2  
ISN 0 0 2 3  
TSK 0 0 7 4  
I S N  0 0 2 5  
TSN 0 0 2 6  
ISN 0 0 2 7  
TSN 0 0 2 8  
I S N  0 0 2 9  
ISN 0030 
I S N  0 0 3 1  
ISN 0 0 3 2  
I S N  0 0 3 3  
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I S N  0 0 3 4  

I S N  0 0 3 6  
ISN n o 3 5  

I S N  0 0 3 7  
I S N  0 0 3 8  
I S H  0 0 3 9  
I S N  0040 
I S N  0 0 4 1  
I S N  0 0 4 2  
I S N  O F 4 3  
I 5 N  0 0 4 4  
TSN 0045 
I S N  0 0 4 6  
I S N  0 0 4 7  
ISN 0048 
I S N  0 0 4 9  
I S N  0 0 5 0  
I S N  0051 
ISN 0 0 5 2  
I S N  0057 
I S N  0 0 5 4  
I S N  0055 
I S N  0 0 5 6  
I S N  0 0 5 7  
I S N  0 0 5 8  
I S N  0 0 5 9  
I S N  0060 
ISN 0061 
I S N  0 0 6 2  
I S N  0 0 6 3  
I S N  0 0 6 4  
I S N  0065 
I S N  0 0 6 6  
I S N  0 0 6 7  
I S N  OD68 
ISN 0 0 6 9  
I S N  0 0 7 0  
ISN 0 0 7 1  
I S N  0 0 7 2  
I S N  0 0 7 3  
I S N  0 0 7 4  
I S N  0075 
I S N  0 0 7 6  
ISN 0 0 7 7  

I S N  0 0 7 8  

I S N  0080 
I S N  0 0 8 1  
I S N  0 0 8 2  
I S N  0 0 8 3  
ISN 0 0 8 4  
I S N  0 0 8 5  
I S N  0 0 8 6  
I S N  0 0 8 7  
I S N  008R 

ISN 0 0 7 9  

U I N 1  J N = D Y  L J * U  ( I N  1 J )  +UYRJ*U ( I J N  1- 1) 
O I N J N = U I J - C X R I *  ( U I J N - U I N l J N )  - D Y R 3 *  ( Q I N J - Q I N J M l )  
GO TO 2 2  

CC I T  WILL B E  ASSUNEC HERE THAT U I M B  (NEYN) =UIE(NBYR) = V B  (N9Yll) 
CC TAB SANE FOR CTHER SUCH HAIF POINT B O O N C A F Y  V E L O C I T I E S .  

2 0  U I M J N = O I J N  
2 2  IF (NBYP) 2 4 . 2 4 . 2 6  
2 4  U I H J P l = D X L I * O ( I J F l )  + D X R I * U  ( I J P l - 1 )  

U I N l  J P = D Y L J l * U  ( I J P 1 - 1 )  + D Y R J 1  * U  ( I O l J )  
W I N J P = U I J - C X R I *  ( O I J P - U I H l J P )  + D Y R J l *  ( U I V J E l - O I S J )  
G O  T O  2 8  

2 6  U I N J P = U I J P  
2 8  SXY I N J = Y S V I N J *  ( U I N J P - U I N J N ) / D Y J  4 2 .  * X T V I N J *  ( V I  J - V  ( I N l J )  ) / D X M  

GO TO 6 2  
30 QXIF!J=QED (NBXN) i 4 .  * X K P I N J *  (TIN J - T I  J )  / t X N  

G X I N J = G E D  (NBXM) + R O I N J D * O T M J  
DO 3 2  K = l . N R  

32 GKXIMJ(K)LGKED (K.NEXN) + 4 . * R O I N J + t R X I ? l J  ( K ) * ( C K I n J  ( K )  - C K I J ( K ) ) / D X N  
SXXIHJ=SBTlN(NBXfl) + 8 . * X T V I V J *  ( O I J - O I F J )  / D X N  
IF (NBPV) 3 4 . 3 4 . 4 4  

3 4  CALL G T P I G S  (N8XN.NPLG ( I J N l ) )  
NIlJN=NUBDTP (NBXn(1)  ) 
G O  TO ( 4 0 , 3 8 , 2 1 6 , 3 6 )  , N U J N  
G O  TC 2 1 6  

GO TO 4 2  

GO TO 4 2  

3 6  U I N J N l = U ( I J N l )  iOXLIl*(O(IJHl) -11 ( I J M l i l ) )  

3 8 ux 1 = u  (I JN 1) 

40 U I N J N l = U B D  (NBXN(1) )  
4 2  UINJN=DYLJ*OINJ4CYPJ*UINJNl 

GO TO 46  
4 4  UIClJO=UINJ 
4 6  I F  (NBY?) 4 8 , 4 8 , 5 8  
4 8  CALL G T P I G S  ( M B X N , N P L G ( I J P l ) )  

NUJP=ROEDTP ( M E X N  (1) ) 
G O  TO ( 5 4 . 5 2 , 2 1 6 . 5 0 )  ,NOJP 
G O  TO 2 1 6  

50 O I ~ J P l = U ( I J P l )  + D X L I l * ( O ( I J F l )  - U ( I J P l i l ) )  

5 2  U I N J P l  = U  ( T J P  1) 

5 4  U I N J P l = U B D  (MEXN ( 1 ) )  
5 6  UINJP=DYLJl*QINJFl+DYRJl*UIMJ 

GO TO 6 0  
5 8  U I N J P = U I H J  
6 0  SXYIHJ=SBDSH (NBXM) + Y T V I N J *  ( U I M J F - Q I N J n ) / t Y J i 4 .  * X T V I n J *  ( V I J - V I M J )  

6 2  T B ~ = O . O 0 4 4 3 C O * A I P J  * R O I P J  * S Q R T ( G I P J  * O I E J  + V I P J  * V I P J  ) 

GO TO 56 

GO TO 5 6  

> D X N  

X K P I P J  =XKFC+TEM*CPIJ  
XT V I P  J =X TV S C i  'I F N  
Y T V I P J  =YTVSCiTEN 
DO 64  K = l , N R  

6 4  D K X I P J  ( K )  =CKXC (K) 
I F  (NBX?) € 6 . 6 6 . 8 2  

66 Q X I P J = 2 . * X K F I P J *  ( T I J - T  ( I P l J  ) )  / D X F  
G X I P J = R O I P J C * U I P J  
DO 6 8  K = l , N R  

68 GKXTPJ ( R ) = 2 .  * R O I P J * D K X I P J ( K )  ( C R I J  (K) -CK ( K O I P l  J + K ) )  /DXP 

PLXC 5 7 0  
FLXC 5 8 0  
PLXC 5 9 0  
FLXC 6 0 0  
PLXC 6 1 0  
PLXC 6 2 0  
PLXC 6 3 0  
FLXC 6UO 
FLXC 6 5 0  
PLXC 6 6 0  
PLXC 6 7 0  
PLXC 6 8 0  
FLXC 6 9 0  
PLXC 7 0 0  
FLXC 7 1 0  
FLXC 7 2 0  
PLXC 7 3 0  
FLXC 7 4 0  
PLXC 7 5 0  
FLXC 7 6 0  
FLXC 7 7 0  
FLXC 7 8 0  
PLXC 7 9 0  
PLXC R O O  
FLXC 8 1 0  
FLXC 8 2 0  
PLXC 8 3 0  
PLXC A40 
FLXC 8 5 0  
PLXC 8 6 0  
FLXC 8 7 0  
PLXC 8 8 0  
FLXC 8 9 0  
FLXC 9 0 @  
FLXC 9 1 0  
FLXC 920  
FLXC 9 3 0  
FLXC 9 4 0  
FLXC 9 5 0  
PLTC 9 6 0  
FLXC 9 7 0  
FLXC 9 R 0  
PLYC 9 9 0  
F L X C 1 0 0 0  
FLXC 1 0  10  

/FLXC 1 0 2 0 
F L X C 1 0 3 0  
PLXClO 4 0  
F L X C l O 5 0  
FLXC 1 0 6 0  
FLXC 1 0 7 0  
FLYC 1 0 8  0 
PLXC 10  9 0  
FLXC 11 00 
F L X C l 1 1 0  
PLXC 11 20 
FLXC1130 
PLXC 1 1  40 
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TSN 0 0 8 9  
I S N  0000 
TSN 0 0 9 1  
I S N  0 0 9 2  
ISN 0 0 9 1  
ISN OOQU 
I S N  0 0 9 5  
TSN 0 0 9 6  
TSN 0 0 9 7  
ISN 0098 
ISN 0099 
I S N  0 1 0 0  
TSN 0 1 0 1  
ISN 0 1 0 2  
I S N  0 1 0 3  
ISN 0 1 0 4  
ISN 0 1 0 5  

ISN 0 1 0 7  
TSN 0 1 0 8  
TSN 0 1 0 s  
ISN 0 1 1 0  
T S N  0 1 1 1  
ISN 0 1 1 2  
ISN 0 1 1 3  
ISN 0 1 1 4  
ISN 0 1 1 5  
TSN 0 1 1 6  
ISN 0 1 1 7  
ISN 0 1 1 9  
I S N  9 1 1 9  

ISN 0 1 2 1  

ISN 0 1 2 3  
TSN 0 1 2 9  
I S N  0 1 2 5  
I S N  0 1 2 h  
I S N  0 1 2 7  
ISN 0 1 2 8  
I S N  0 1 2 "  
ISN 0 1 3 0  
I S N  0 1 3 1  
ISN 0 1 3 2  
ISN 0 1 3 3  
TSN 0 1 3 4  
TSN 0135 

T S N  0 1 0 6  

ISN 0 1 2 n  

T S N  0 1 2 7  

ISN 0 1 3 6  
TSN 0 1 3 7  
TSN 0 1 3 R  
T S N  0 1 3 9  
I S N  0149 
TSN 0 1 4 1  
ISN 0147 
ISN 0 1 4 3  
I S N  0 1 4 4  
I S N  0 1 4 5  

SYYIPJ=4.*X?UIPJ*(U(IPlJ ) - U I J ) / T X P  
IF (NFYN) 7 0 . 7 0 . 7 2  

78 U I P J f l l = D X L T l * I J  ( I J f l l t l )  t D X P I l * U  ( T J N l )  
U T P l J f l = D Y L J * U ( I P l J )  t DYPJ*IJ ( I J V l t 1 )  
IJ I P J N =  U I J +  C X RT 1 * (U I P 1 J N - I1 I J*) - t Y B J * (U I F  J - U I P JN 1)  
GO TO 7 4  

7 2  U T P J M = U ~ J r l  
7 4  I F  (NPYP) 7 6 . 7 6 . 7 8  
7 6  U I P J P l = n X L I I * U  ( I J P l  t 1 )  t C Y R I l * U  ( I J P 1 )  

U T P l J P = D Y L J l * U  ( I J P l t l )  t U Y R J l * O  ( I F t J )  
U I P J P = U I  J t  C X B I  1 * (UI € 1  J P - U I J P )  t C Y  RJ1* (U IFJ E 7-07  P J )  
GO TO 8 0  

7 8  U I P J P = U T J P  
8C SXYTPJ=YTVIFJ*  (UTPJP-UIPJM) /CYJ  t 2 . * X T V I F J *  ( V ( I P 1 J )  - V I J )  /DXP 

R2 OYTPJ=QnD[NE!XP) t U . * X K F I P J *  ( T I J - T I P J ) / P X P  
GO 1.0 1 1 4  

G Y I P J = G B D  (NEXP) t R O I P J C * ~ I I P J  
nO A4 K = l , N K  

84 G K X I P J  (K) = G K E D  ( K  .NB XP) t 4 .  * R O I P J * T X X I P J  (K) * ( C K I J  (K) - C K I P J  ( K ) )  /DXP 
S K X T P J = S E D N  (NBXP) t B . * X T V I F J *  ( U I P 4 - U I J )  / D X E  
I F  [NBYN) e 6 . 8 6 . 4 6  

Rh CAI L GTFLGS (l"BXN .NFLG ( I J l " 1 ) )  
NUJM=tJUEDTP (REXP) 
GO "0 ( 9 2 . 9 0 . 2 1 6 . 9 8 )  , N U J t l  
GO ' I O  2 1 6  

8 8  I l I P J N l  = U  (T J f l l )  t D X R I *  (U ( I J N  1)  - U  ( I  JN 1-  1 )  ) 
G O  TO 9 4  

9 0  I J I P J Y l = U ( I J P l )  
G O  T O  94 

9 2  r I T P J l l = U E D  (REXP) 
9 4  U I P J ~ = C Y L J * U I P J * D Y R J * D I P J V l  

GO TO 9A 
96 U I P J N = U T P J  
9R I F  (NBYP) l C O , l O C , l l C  

1 0 0  C A L L  GTQLGS ( N B X f l  ,NFLG ( I J P 1 ) )  
NUJP=NUEDTF (NEXP) 
GO TO ( 1 0 6 , l ' 3 4 , 2 1 6 , 1 0 2 ) , N U J P  
GO ' IO 2 1 6  

1 0 2  VTPJPl=U(IJEl)+OXRI*(U(IJPl)-U ( I J P 1 - I ) )  
G O  TO 1 0 8  

104 U I P J P l = U ( I J P l )  
GO TO 1 0 8  

1 0 6  U I P J P l = U B D  (VEXP) 
l o @  UIPJP=OYLJ1*UIPJF1tDYRJl*UIPJ 

1 1 0  U I P J E = U I P J  
1 1 2  SXYIPJ=SBDSH (NBXP) t Y T V I P J *  (UIPJP-UIPJM)/CYJt4.*XTVIPJ*(VIPJ-VIJ) 

1 1 4  TVn=0. OD 44 3D O*HI Jf l+  ROI JN* SQRT (UI J N * U I  J d t  V IJH*VIJ N) 
YKPIJ f l=PKFCt?EM*CPIJ  
XTVIJfl=X'TVSC+TEN 
YTVTJfl=YTVECtTEN 
no 1 1 6  K = l , N K  

1 1 6  D K Y I J U  (K) =CKYC (K) 
I F  (NBYY) l l e ,  1 1 8 . 1 3 4  

1 1 8  Q Y I J N = 2 . * Y K F I J l l *  ( T ( I J M 1  ) - T I J )  / D Y V  
G Y I J R = P O I J F D * V I J M  
DO 1 2 0  K = l , N K  

G O  1 1 2  

> DXP 

FLXr 1 1  5 0  
SLYC116D 
PLXC 1 1 7 c  
FLXC 1 1 8  0 
PLXC 11 90 
QLXC 1 2 0 0  
FLXC 1 2 1 0  
FLXC 1 2 2 0  
QLXC 1 2 3  0 
FLXCl24O 
FLXC1250  
FLXC 1 2 6  0 
FLXC 1 2 7 0  
FLXC 128 0 
P L X C l 2 9 0  
QLXC1300  
FLXC 1 3 1 0 
PLXC 1 3 2 0  
FLXC1330  
PLXC 1 3 U b  
FLXC 1 3 5 0  
PLXC 1 36 0 
PLXC 1 370 

FLXC 1 3 9 0  
PLXC 1 u 00 
PLXC 1 4 1 0 
FLXC 1 4 2  0 
FLXC ? 4 3 0 
FLXC 1 4  4 0 
FLXC 1 4  50 
QLXC 1 460 
FLXC 1 U7 C 
FLXC 1 4 8  0 
FLXC 1 4  90  
FLXC 1 5 0 0  
FLXC 1 5 1 0  
PLXC 1 5 2 0  
FLXC 1 5 3 0  
FL TC 1 5 40 
FLXC 1 5 5 0  
FLXC 1 5 6 0  
FLXC 1 5 7 0  
FLXC 1 5 8  0 
FLKC 1 5 9 0  
FLXC 1 6 0 C  

/FLXC16 1 0 
PLXC 1 6 2 0  
FLXC1630  
FtXC 1 6  4 0 
FLXC1650  
FLXC 1 6 6 0 
FLXC 1 6 7  0 
FLXC 1 6  8 G  
FLXC 1 6 9 0  
QLTC 1 1 0 0  
PLXC 1 7  1 0 
FLXC1720  

F ~ x c i  3 8 0  
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I S N  0 1 4 6  
ISN 0 1 4 7  
I S N  0 1 4 8  
I S N  0 1 4 9  
I S H  0 1 5 0  
ISN 0 1 5 1  
I S N  0 1 5 2  
I S N  0 1 5 3  
I S N  0 1 5 4  
I S N  0 1 5 5  
ISN 0 1 5 6  
I S N  0 1 5 7  
I S H  0 1 5 R  
I S N  0 1 5 9  
I S H  0 1 6 0  
I S N  0 1 6 1  
ISN 0 1 6 2  
I S N  0 1 6 3  
I S H  0 1 6 4  
I S N  0 1 6 5  
I S N  0 1 6 6  
I S N  0 1 6 7  
I S N  0 1 6 9  
I S H  0 1 1 0  
ISN 0 1 1 1  
I S N  0 1 7 2  
ISH 0 1 1 3  
I S H  0 1 1 4  
I S H  0175 
I S N  0 1 1 6  
ISN 0 1 1 7  
ISN 0 1 7 8  
I S N  0 1 7 9  
I S N  0 1 8 0  
I S N  0 1 8 1  
I S H  0 1 8 3  

I S H  0 1 8 5  
ISN 0 1 8 6  
ISN 0 1 8 7  
I S N  0 1 8 9  
I S H  0 1 8 9  
ISN 0 1 9 0  
I S N  0 1 9 1  
I S N  0 1 9 2  
i S N  0 1 9 3  
I S N  0 1 9 4  
I S N  O l S 5  

I S N  0 1 9 6  
I S N  0 1 9 7  
I S N  019R 
I S N  0 1 9 9  
I S N  0 2 0 0  
i S N  0 2 0 1  
ISN 0 2 0 2  
ISN 0 2 0 3  
I S N  0 2 0 4  

ISN o i a u  

1 2 0  GKYIJ~(~)=2.*ROIJM*DKYTJM(X)*(CK ( K O I J t I l + K ) - C K I J ( K )  ) / D u n  
$I Y I l M = 4 .  *Y 1 V I  JM* ( V I  J - V  (I JNl ) ) / C Y  H 
I F  (NBXN) 1 2 2 , 1 2 2 , 1 2 4  

1 2 2  VIMJNl=DXLI*V(IJMl)+DXRI*V ( 1 5 1 1 - 1 )  
V I M l J r = D Y L J * V ( I N l J )  + D Y R J * V  ( I J N l - 1 )  
V T M J M = V I J - C X R I *  ( V I J N - V I N l J P )  - D Y R J *  (VIMJ-VIMJM1)  
GO TO 1 2 6  

1 2 4  V I N J N = V I M J  
1 2 6  I F  (NBXP) 1 2 8 , 1 2 8 , 1 3 0  
1 2 8  V ~ P J M l = ~ X L I 1 * V ( I J M 1 + 1 )  + D X R I l * V ( I J M l )  

+ DY R J * V  ( I  J N  l+  1 )  V I P  1 J M = D  YLJ*V (IP 1 3 )  
V I P J Y = V I J + r X R I l *  ( V I P l J N - V I J N )  - D Y F J *  ( V I F J - V i P J N  1) 
GO TO 1 3 2  

1 3 0  V I P J N = V I P J  
1 3 2  S X Y I J R = 2 . * Y T V I J N *  ( U I J - U  ( I J H l ) )  / D Y n t X T V I J P *  (VTPJN-VINJY)  / D X I  

1 3 4  QYTJM=Q@D(NEYN)+U.*YKPIJn* ( T I J n - ' I I J ) / D Y Y  
G O  TO 1 6 2  

G Y  I J P G E D  (NEYM) + R O I J Y D * V I J l l  
DO 1 3 6  K = l . N K  

SYYIJH=SBDN (NBYN) +R.*YTVIJM* ( V I  J-VIJM) / n P P  
IF (NBXN.GI .0)  G C  TO 1 4 6  
CALL GTFLGS (NBXM,NPLG ( I M l J ) )  
NVIM=NVBDTF(MRYI) 
G O  TO ( l U 2 . 1 4 0 . 2 1 6 . 1 3 8 )  , N V I R  
GO TO 2 1 6  

1 3 8  V I M  1 JM = V  (In 1 JI +DIILJ l* ( V  (I Ir 1 J) - V  ( I  J F  1 - 1 ) ) 

1 3 6  G K Y I J M ( K ) ~ C K ~ D ( K . N B Y M ) + 4 . * ~ O I J N * t K Y I J N ( K ) * ( C K I J N ( K ) - C K I J ( K ) ) / D Y M  

G O  TO 1 4 4  
1 4 0  V I N l J M = V I M l J  

G O  TO 14U 
1 4 2  V I M l J M = V B D  (MPYM) 
1 4 4  V I M J N = U X L I * V I J N  + D X R I * V  

1 4 6  V I V J N = V J J M  
1 4 8  I F  (NBXP.G'I.0) G O  T O  1 5 8  

CALL GTFLGS (VBXN ,NFLG (IP 
NVTP=NV@UTF fRBY1") 

GO TO 1 4 8  
U l J N  

GO TO ( i 5 ~ . i 5 2 . 2 i 6 . 1 5 0 )  .NVIP 
GO TO 2 1 6  

1 5 0  V I P 1  J M = V  ( I P 1  J )  +DYLJ 1*  (V ( I P  1 J )  - V  ( I J € l + l ) )  
G O  TO 1 5 6  

1 5 2  V I P l J M = V I P l J  
GO TO 1 5 6  

1 5 4  V I P l J t l = V E D  ( f l E Y f l )  
1 5 6  V I P J M = D X L ? l * V I P l J f l  4 I I X R I l * V I J Y  

GO T O  1 6 0  
1 5R V i P J N = V I J N  
160 SXYIJM=SBDSH (NBYII) + U . * Y T V I J M *  ( U ~ J - U I J M ) / ~ P ~ + X T V I J Y *  ( V i P J f l - V I M J N )  

1 6 2 T 9 1 = 0.0 0 4 4 7 D 0 * H I  J P *  A 0 I J P  * S Q R  T ( 0 I J E * UI J E + V T JP *V 1 J P) 
> D X I  

Y R P I J P = Y K P C + ? E M * C P I J  
XTV T JP=X'IV CC +T E I 
Y T V i  JP=Y ' I V F C  *TEN 
DO 1 6 4  K = l , N K  

1 6 U  D K Y i J P  ( X ) = t K Y C  (K) 
Ip (NBYP) 1 6 6 , 1 6 6 , 1 8 2  

1 6 0  Q Y I J P = 2 . * Y K F I J P *  ('IIJ-'I ( T J P 1  ) ) / D Y P  
G Y I J P = R O I J F D * V I J P  

FLXC 1 7  3 0 
PLXC17 40 
PLXC1-750 
PLXC 1 1 6 0  
FLXC 1 7 7 0  
F L X C 1 7 8 0  
FLKC 11 9 0 

PLYC 1 8  10 
FLXC 1 R 2 0  
PLXC 1 8 3 0 
FLXC 1 8 4 0  
FLXC 1 8  5 0  
FLXC 1 86 0 
PLXC 1 8 7 0  

FLXC 1 8 9 0  
F L X C 1 9 0 0  
P t X C 1 9 1 0  
FLXC 1 9  20 
FLXC 1 9 3 0  
FLXC19UO 
PLXC 1 9  50 
FLKC 1 9 6 0  
FLXC 1 9  7 0 
FLXC 1 q 9C 
FLTC 1 9  90 
PL xc 2 0 0 0 
FLXCZO 10 
FLXC2020 
F L X C 2 0 3 0  
FLXC2OU0 
PLXC 2 0 5 0  
P L X C 2 0 6 0  
FLXC 2 0  7 0  
FL XC208 0 
P L X C 2 0 9 0  
FLXC 2 1 0 0  
FLXC2110 
PLXC 2 1  2 0  
FLXC 2 1 30  
FLXC2 1 4 0  
PLXCZ 1 50 
FLXC 2 1 6 0  
FLXCZ 1 7  0 
FLXC 2 1 8  0 
FLYC2 1 9 0  
FLXC 2 2 0 0  
F L X C 2 2 1 0  
F L X C 2 2 2 0  
FLXC 2 2  3 0  
FLXC 2 2 4 0 
F L X C 2 2 5 0  
V L X C  2 2 6 6  
PLXC 2 2 7  0 
FLXC22RO 
PLXC 2 2 9  0 
PLXC230 0 

n x c  i 8 0 0  

F L X ~  1 a 8 0  
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IYP 0205 
TSN 0 2 9 6  
I S N  0 2 0 7  
I S 1  020R 
ISN 020° 
I S N  0 2 1 0  
I S Y  0 2 1 1  

T S N  ' - I213 
I S N  9 2 1 4  
I S N  9 2 1 5  
T S N  0 2 1 6  
ISH 0 2 1 1  
ISN 0 2 1 R  
I S N  0 2 1 9  

ISN n 2 1 2  

T S N  n 2 2 n  
ISN n 2 2 1  
I S N  0 2 2 7  
19N 0 2 2 7  
I S N  0 2 2 U  
I S N  0 2 2 5  
T+N 0 2 2 6  
ISN 0 2 7 7  
TSN 0 2 3 s  

I S N  0 2 3 1  
I S N  0 2 3 7  
I S N  0 2 1 3  
I S N  0 2 3 4  
I S N  0735 
I S N  0 3 3 6  
ISN 0237 
I S N  0 2 3 8  
I S N  0239 

I S N  0 2 4 1  
T S N  0 2 4 7  
I S N  024U 
ISN 0 2 4 5  
ISN 0 7 4 6  
ISN 0 2 4 7  
I S N  03UR 
ISN 07U9 
I S N  0 2 5 0  
JSB 0 2 5 1  
I S N  0 2 5 2  
I S N  0 2 5 7  
ISN 0 7 5 4  
ISN 0 2 5 5  

ISN 0 2 5 6  

ISP 0 2 5 4  

ISN 023n 

ISN 0 3 4 0  

ISN n 2 5 7  

T S N  0250 
TSN 0 2 6 0  
I S N  0 7 f i l  

n n  i 6 q  V = ~ . N K  

1 6 P  GRYIJP ( 7 )  = 2 .  *F OTJP*nKYI, lP ( Y )  * ( C K  IT ( F  ) -CK ( N O -  I P l + Y )  ) / 7 Y  P 
S Y Y I J P = 4 . * Y " V T J P *  (V ( T J F 1  ) - V T l ) / r Y F  
I F  ( N B X M )  17C, 1 7 C , 1 1 2  

1 7 0  VTMJPl=DXT :*V ( T J F 1 )  4 C Y  E'*V ( I J P 7 -  1) 
V I M l J P = D Y I J l * V  ( T J P l - l ) 4 ~ " ~ J l * V ( I P l J )  
V 1 M J D= V T J - r X ii I * ( V I  J P - V I 
G O  T O  1 7 4  

1 J P)  4 n Y 7 J 1 * ( V rn 7 E 1 - V I  '1 J) 

1 7 2  V I Y J P = V I H J  

1 7 6  V T P J P 1 = 9 X L I l * V ( T J 3 ' 4 1 )  4 r X F I l * V ( I J P l )  
V T D l J P = r Y I J l * V  ( I J D 1 4 1 )  + C Y R J l * V  ( I F ' J )  
V I P  J P=VT 1 4  ? 9 F' 1 * ( V T  F 1 J P  - V I  JP ) + D Y F J 1 * ( V  ' F J F 1 - V T  F I)  
GC TO 1 P O  

1 7 4  -7  ( V P X D )  1 7 6 , i i 6 , i i a  

178 V I P I F = V T D J  
1 8 0  S Y Y I J P = ? . * Y T V I J P * ( U  ( 1 , l F l )  -L'IJ) / r Y F * r T V ? J i t ( V ~ P J D - V I q J P ) / D X I  

G O  TO 3 1 9  
1 8 2  Q Y  T TP-QPD ( I R Y P )  4 4 . * Y S P I J P *  ( I 1  I - T J J F ) / n Y P  

G Y I  JP=GED(NPYP) t F O I J F " * V T J F  
Qn 1 p u  K = I , N K  

SPY I J F =  S R D  *' (FIB Y P )  4 R . *Y T V I  J F +  (V T J E - V T J )  / r  Y F 
Ip (NnXY. i ' .C )  GO " 0  1 9 4  

NVTN=NVBDTF ( I B Y P )  

G O  TO 2 1 6  
186 V T M l J P = V ( T r l J )  4 D Y R J "  ( V ( I F l J ) - V  ( I J Y l - 1 ) )  

G O  T O  1 4 2  
1 8 P  V T M l J P = V I V l J  

GO T O  1 9 2  
1 9 0  VTPlJP=VBC(VEYP)  
1 9 2  V T f l J P = D X L I * V I J F  4 q X R I * V T ' l l J P  

1 9 4  V I N J P = V T J P  
1 9 6  T F  (NBXP.G'T.F) G C  w C  2 0 6  

1 8 U  G K Y I J D ( K ) = C K E n ( K , N B Y P )  4 4 . * F O I J P * T R Y T . I P ( P ) * ( C K I  J ( K ) - C K I J P ( K ) ) / D Y P  

C A L L  G T F L G F  ( ~ X Y . B F L G  r r m i < u )  
GO '0 ( 1 9 C , 1 P P , 2 1 5 , 1 9 6 ) , ~ 1 ~ 1 ~  

GO TO 1 9 6  

CALL GTPLGS (IRXV,YPLG ( T P l J ) )  
NVTP=NVPDTF (MBYP) 
GO TO ( 2 0 2 , 7 ? C , 2 1 6 , 1 9 9 )  ,NVTP 
GO TO 2 1 6  

198 V I P  l J P = V  (I F1J)  4 D Y R J *  (V ( I D 1  J) -V ( I J U  1 4  1) ) 
GO " 0  2 0 0  

2 0 0  V I P l J P = V T P l J  
GO TO 20U 

2 0 2  v I P i J P = v m  ( q w e )  
7 0 4  V T P J P = D X L I l * V I F l J P  + PXP' l*VTJr  

2 0 6  V I P J P = V T J P  
G O  TO 2 0 8  

SXYTJP=SRDSH (NBYP) + U  . *Y-VrJP*  ( n I J F - U I J ) / C Y " t X T V I J D *  ( V I D J P - V I P J P )  2 0 8  

2 1 0  CONTINOF 
> D X I  

H Y D R I J =  ( H I P J - H I M J )  /DXT 
H Y F R I J =  ( H I J F - A I J R ) / D Y < l  

c 
C CALCULATION C F  ROT7On FLOXFs 

CRLL POTCON 
6 R T J = P C B I J * 0" T ( U R I J C' B T J 4 O 9 * J * II F T J 4 V E! I J * V E' J ) 
00 7 1 2  K = l , V K  

FLXC 3 3  1 0  
FLYC? 3 2 0  
,=LXC2130 
PLYC23 4 0  
'1 ~ 2 3 5 0  
FL I C  236C 
FLXC 2 3 7  0 
FLXC 2 3 8 0 
7LYC 2 3 9 0  

FLYC 2 3  1 0  
FLXC 2 4  2 0 
FLYC 2 4 3 0  
FLYC 2 U  4 0 
FLXC 2 4 50 
PLXC2 4 6 0  
PLYC 2u7'3 
FLYC24 8 0  
FLXC 2 49 @ 
FLXC2500  
FLXC25 1 @ 
FLXC2520  
FLXC 2 S 30 
FLXC 2 5 40 
FLXC2 550 
FCYC2560 
FLXC 2 5 7 0 
PLXC 2 5 8 0  
FLXC 2 5 9 0  
€LXC 2 6 0 0 
FLXC2610  
FLXC 2 62C 
PLXC 2 6  3 0  
FLXC2640  
r L X C 2 6 5 0  
PLXC 2 6 6 0  
FLXC267  0 
FLXC2680  
FLXC 2 6 9  0 
FLXC2700  
FLXC77 1 0 
FLXC 2 1  2 0 
FLXC2730  
FLXC 2 1  0 0 
FLXC 2 75 0 
r L x C ? 7 6 0  

FLXC 2 1  8 0 
/ F L X C 2 7 9 0  
cLXC2ROO 
FLYC2RIO 
FL XC 2 8 20 
FLYC28 7 0  
FL XC 2 4  4 0 

FLTC 2 9 6 0  
FL XC2R 7 0 
F T  KC 2 8  R 0 

? L X C Z O O C  

F L X ~  2 7 7  o 

PL rr 2 8  5 0  
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TSN 0 2 6 2  
I S N  0 2 6 3  
ISN 0264 
I S N  0 2 6 5  

I S N  0 2 6 6  
ISN 0 2 6 7  
ISN 0 2 6 8  

TSN 0269 

TSN 0 2 7 0  
I S N  0271 
ISN 0 2 7 2  
I S N  0 2 7 3  
I S N  0 2 7 4  
ISN 0275 

TSN 0 2 7 6  
ISN 0277 
ISN 0 2 7 8  
I S N  0 2 7 9  
I S N  02RO 

ISN 0281 
ISN Oa82 
ISN 0283 

G S B I J  (K) =-CCKBIJ  (K)  * ( C R I J  (R) - C K E I J  (K) ) FLXC 2 8 9 0  
PLXC29 00  
PLXC29 10 
PLXC2920  

CON=(GR*ROIJ*SQQI(UIJ*O~J+VIJ*VIJ))/(BCIJ*BCIJ) FLXC294@ 
SBXIJ=-CON*UIJ  FLXC2 9 50 
SBYIJ=-CON*VIJ  FLXC 2 9  60 

C FL XC 2 9 7 0 
C CALCULATION CF TOP FLUXES FL XC29 8 0 

F L X C 2 9 9 0  

2 1 2  Q S R I J  (K) = GKEI J (K) * H T K B I J  ( K )  
Q B I J = - H C B I  J* ( T T J - T R I  J) 
BC IJ= 1 .4 9 D 0 H I  J * *06 T H/ EN I J 

C *** CALCULATE J I R E S S E S  FROH BOTTOI P F I C T I C N .  P L X C 2 9 3 0  

CALL TOPCON 
C *** CALCULATE WIND S T R E S S F S  FLXC3000  

STXIJ=3 .20-~*WlND*WINDX PLXC3010  
STYIJ=3.2D-6*WINC*WINnY FLXC 3 0 2 0  
G T I J = R O T I J * S Q R ?  ( P T T J * W T I J t U T I J * U I T  J t V T I J * V T T J )  F L X C 3 0 3 0  
DO 2 1 4  K = l , A R  FLXC 30 40 
G K T I J ( K )  = -DCKTIJ  (K) * ( C F T J  (K) - C K T I J  (K)) FL XC 3 050  

2 1 4  Q K T I J ( K )  = G K T I J ( K ) * H T K ? I J ( R )  FLXC3060  
C *** HEAT EXCHANGE WITH THF A'IHCSPHERE FLXC 3 0 70 

FLXC 3 3 80 

2 1 6  STOP 7777 FLXC 3 100  
l o o ?  PORNAT ( 7 E 1 0 . 3 , l O X )  FLXC3110  
1 0 1 0  FORHAT(////fO',lX,'INPOT INPORWAITCN FSOM SIIBROUTTNE FLXCON:' / lX,  P L X C 3 1 2 0  

FLYC 3 1 3 0  > f  --- --- - - -  --- --- --- --- - - -  --- 
> 2 X , ' C O F F P I C I E N T  FOR TOTAL E F F F C I I P E  T H C P P A t  CONDUCTIVITY I N  X-DIREFLXC3140  

FT,XC 3 1 50 >CTION (XRPC) = ' . 1 P E 1 3 . 6 /  
>2X, 'COPFPXCIFNT F O Q  TOTAL EFFECTIVE T H 5 Q P l L  CONDUCTIVITY I N  Y-DIREFLXC316C 

>ZX. 'COEFPICIENT FOP TURBULFNT V I S C C S I m Y  IN K-DV?ECTION(XTVSC) = ' . F L Y C 3 1 8 0  
> E 1 3 . 6 /  FLXC 3 1 9 0  
> Z X , ' C O E F P I C I E N T  FOR TUREULENT VICCCSITY I N  Y-DIPECTION {YTVSC) = 'pT,XC?20C 
7 ,e 13.6// pLXC3 2 1 0 
>2X,'OKXC - COEFFICIENT FOR TOTAI. BINARY "PP7CTTVE I)IF'llSION CCFPFTFLXC3220  

>2 l ' , fDKYC - C C E P F I C I E N T  POP TOTAL BINLPY FFF"CT1VE n I F P U S I O Y  COF"PIFLXC32UC 

Q T I J Z - A C T S J *  ( T I J - E o T n P )  
RETURN PLXC3 0 9  0 

--- '//. 

X T I O N  (YKPC) = ' , F 1 3 . 6 /  PLKC31-70 

> C I F N T  CF S F E C I E  K TN X-CIRECTICN' /  Pt YC 3? 30 

> C I F N T  CF S F E C I E  K I N  Y-OIPFCTION' )  F'.YC 3 7 5 0  
1 0 2 0  FOQNA?( 'O K' .6X, 'DKXC(K) ' .RX, 'CRYC(K) ' /) FLXC3260  
1030 POSY AT (IS, 2 (>X , 1 P E 1 3 . 6 )  ) FL Y C 3 2 7 0  

END FLYC32RO 

*OPTIONS I N  FFFFCT* NANF= MRIN,OPT=O2 ,LINFCNT=60 ,ZIZE=OO'?CGR,  

*OPTIONS TN EFFECT* S O U R C E , E B C D ~ C , N O L I S T , N O ~ F C K , L C A ~ , N C ~ ~ F , ~ O ~ ~ I T , Y O ~ 9 , N C X P ~ u  

*STATISTICS*  SOURCE STATEHFNTS = 2 8 2  ,FROGRAY C T Z E  = 7626 

*STATISTICS*  NO DIAGNOSTICS GENERATED 

I***** END OF COOPILATION ****** 53K BYT*S OF CORF NOT 1JS-n 
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OS/360 FORTRAN A 

CONPILER OPTIONS - H A H E =  NAIN,OPT=02,LINFCNT=6O,SIZE=OOOOK, 
S O U R C E , E R C D I C , N 0 L I S T , N O D E C K , L C I D , N O n a P . N O E D I T , N O I D , N O X R E F  

I S N  0 0 0 2  SUBROUTINE SETZ SETZ 
I S N  0003 I N P L I C I T  R F A I * 8  (A-H,O-Z) SETZ 

C *** THE VALUE CP NZSP RUST EE SET AERP. T H I S  VALUE SHOULn SETZ 
C *** CORRESPOND 'IO THE NURRER OF ELENENTS THAT ARE I N  TAE A R R A Y  SETZ 
C *** 2 AS DEFINED RERP.  HOREOVFR, EACA C A S E  F U N  REQUIRES EXACTLY SETZ 
C *** (13*3NK) (KX)  (KY) + U  (KX+KY) SPTZ 
C *** ELENENTS I N  THE A R R A Y  2. 5et2 

I S N  0004 CONNON/Z/NZSP,NDU?l,Z (8600) SETZ 
I S N  0005 NZSP=8600 SETZ 

C *** N.B., I N  H A I N  Z ( 6 0 0 0 )  IS PASSED TO GEOH AS TAE ADDRESS OF Y(1). SETZ 
C *** CONSEQUENTLY GEOH STORES INTO Z ( € O O O )  ,.. .,2(6000+KY-l). SETZ 
C *** THUS NEED NZSP.GE.6000*KY-1. PROGRAM TERCINATES I N  M A I N  IF T H I S  SETZ 
C *** CONDITION IS NOT NET. SETZ 

I S N  0006 RFTURN SETZ 
I S N  0007 END SETZ 

*OPTIONS I N  EFFECT* NA?lP= NAIN,OPT=OZ,LINECNT=6O,~IZE=OOCOK, 

*OPTIONS I N  EFFECT* S O U R C E , E E C D I C , N O L I S T , N O C E C K , L C ~ ~ , N O ~ A E , N O E D I T , N O I D , N O X R E F  

* S T A T I S T I C S *  SOUFCE STATEVENTS = 6 ,PROGRAH S I Z E  = 196 

* S T A T I S T I C S *  NO DIAGNOSTICS GENERATEC 

10 
20 
30 
90 
50 
60 
70 
80 
90 
100 
110 
120 
130 
140 
150 

129K BYTES OF CORE NOT USED ****** END OF COHPILATION ****** 
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OS/360 FORTRAN H 

COMPILER OPTIONS - N A N E S  MlIN,OPT~02,LIWtC6T~60,5IZE=0000K~ 
S O W R C F , E E C D I C . N O Z I S T ~ ~ O D ~ C K ~ L C A ~ ~ N O R A P ~ N ~ ~ D I T ~ N O ~ ~ ~ N O ~ ~ ~ ~  

I S N  0 0 0 2  SUBROUTTNE CHKDTn (DTN. NRFG.KX . A  ,U.ZCTMCR) CHKO 1 0  
I S N  0007 
ISN 0 0 0 4  

I S N  0005 
ISN 0 0 0 6  
ISN 0007 

I S N  0008 
TSN 0009 
I S N  0 0 1 0  
I S N  0 0 1 1  
I S N  0 0 1 2  
ISN 0013 
I S N  0 0 1 4  
I S N  0 0 1 5  
TSN 0 0 1 6  
I S N  0 0 1 7  
ISN 0019 
I S N  0 0 1 9  
ISN 0 0 2 0  

I S N  0 0 2 1  
ISN 0 0 2 2  
I S N  0 0 2 3  
I S N  0 0 2 4  
ISN 0 0 2 5  
I S N  0 0 2 7  
I S N  0 0 2 8  
I S N  0 0 2 9  
I S N  0030 
ISN 0 0 3 1  
ISN 0 0 3 2  
I S N  0 0 3 3  
I S N  0 0 3 4  
I S N  0 0 3 5  

I N P L I C I T  PEAL*8 (A-H,O-2) CHKD 2 0  
COMNON/REGION/DEFTH(25) , S M ( 2 5 )  , I I R E G ( 2 5 )  , I H R E G ( 2 5 )  , J L R p G l 2 5 ) ,  CHKD 30 

CHKD 4 0  > JHRFG1251  . IN"P1251 - 1 G E N F I 2 S I  . I T C F F 1 2 5 \  . I E C T P f 2 5 )  . , . -  . . .  . I  

TNTPGPd*2'  iLRFG.'IHRgG. JLREG. JHiiEC CARD 50 
I N T E G F R i 2  INTF. IGENP. ITOPF.~F!C?F  CHKO 60 
DIMFNSION A (KX, 1 )  ,U (KX, 1 )  CHKD 7 0  

C *** LOTRCB SELFC'TS THE DESIRED C R I ' I B F I C P  TO CETYRVINF: THE S U I T A B I L I T Y  CHRD 8 0  
CHKD 9 0  C OF THE PROPCSEO CTH. 

C G R = 3 2 . 2 * 3 6 C C . * 3 6 0 0 .  CHKD 1 0 0  
G R = U .  1 7 3 1 2 D E  CHKD 1 1 0  
HTJPI=l . 0 2 0  CHKD 1 2 0  
UTIM=l.DZO CHKD 1 3 0  
P R I N T  1 0 0 0  CHKD 1 4 0  

CHKD 150 00 1 8  M!=l,NRPG 
I L = I L R E G  ( R )  CHKD 1 6 0  
I H = I A R E G  (M) CHRD 1 7 0  
J L = J L R E G ( M )  CHKD 180 
JH=JHPEG ( M )  CHKD 1 9 0  

CHKn 2 0 0  HT I ML= 0.0 0 
UTIML=O.DO CHRD 2 1 0  
DO 1 2  I = I L , I H  CHKD 2 2 0  
DO 1 0  J = J L , J H  CHKD 2 3 0  

C *** A N E G .  H H I L I  CAUSF ABNORHAL EN0 I N  H * * ( 1 / 6 )  I N  FLXCON CHKD 2 4 0  
HTTML-DMAX1 (HT1RL.H (1.J)) CHKO 2 5 0  

1 0  WTIML=DRAXl (UTIPIL.DABS (0 (I ,3)) ) CHRD 2 6 0  
1 2  CONTINUZ CHKD 2 7 0  

ATIH=DMINl (HTIM,5M(N) /DSQR' I (  (GR+SR) * H T I O I ) )  CAKD 2 8 0  
I F  (UT1RL.NE.Q.)  G O  TO 1 4  C H K D  2 9 0  
Q = l .  0 2 0  CHKO 3 0 0  
GO TO 1 6  C H K D  3 1 0  

1 4  Q = S r l ( R ) / U T I f l L  CHKD 320 
1 6  U T I H = D N I N l  ( W T I H , Q )  CHKD 3 3 0  

CHKD 3 4 0  18 CONTINDE 
CHKD 350 P R I N T  1 0 1 0 , H T I R . U T I N  

DTM=DMINl (CTM, HTIR,UTIH)  CHKD 3 6 0  
RETURN CHKD 3 7 0  

CHKD 380 
> I - - -  --- --- --- _ _ _  - - - I )  C H K D  390 

CHKD U O O  
CHKD 4 1 0  

1 0 0 0  FORMAT ( / / / 2 X , l T I M E  INCREMENT C R I ' I E f I A ' / l X ,  

I S N  0036 10 1 0  PORNliT (' DTM.LE.DT8 (H)=' , l P E R . 2 . S X ,  1 D T M . I E .  OTM(U) =I. ER. 2 )  
I S N  0037 EN 0 

*OPTIONS I N  EFFECT* N A N E =  M L I N  , 0 P T = O 2 , L I N E C N T = 6 0  ,SIZE=COCCK, 

*OPTIONS I N  EFFECT* S O U R C E . E B C O I C , N O L I S T , N O C E C K , L C A ~ , N O ~ A F , N O E D I T , N O I D , N O X R E F  

*STATISTICS*  SOURCE STATIMEN'IS = 36 .PROGRAM SIZE = 1 1 0 8  

* S T A T I S T I C S *  NO DIAGNOSTICS GENEBATPO 

****** EN0 OP CORPILATION ****e* 1 2 5 K  BYTES OF C O R E  NOT USED 



401 

CS/360 PCRTEAN A 

COMPILYR OPTIONS - NAnE= MAIN.OPT=O2,LINECNT=6O,~IZF~OOOOK, 
S@URCF.EECUIC,NCLIST,NCDECK,LCAD,NC~AP,NOEDIT,NOID,NOXRE~ 

ISN 0002 FUNCTION ANLFNC(M) ANLP 10 
ISN 000'1 IMPLICIT REAL*R (A-H.0-2) ANLF 20 
ISN 0004 C00MON/C@NEIN/ ANL,ATMP,CPIJ,CKIJ(U) ,CKIEJ(4) .CKINJ(4) .CKIJP(4) , ANLF 30 

> CKIJK ('41, f X K , D X P , D Y R , D Y P , C X I P l , C Y J P l , D X Z I . D X R I . D Y L I l , D X R I l , D Y L J  ,ANLP 40 
> DYRJ.UYLJl.DYRJ1,GBIJ.GKEIJ (4) ,CBrJ,QKBIJ(U) ,SBXIJ.SBYIJ.GXIHJ , ANLF 50 
> GXIPJ,GYIJ~,GYIJP,GTIJ,GKTIJ(4),QTIJ,~KIIJ(4),STXIJ,STYIJ,QDVIJ ,ANL' 6 0  
> QXIKJ,QXIFJ,QYIJM,QTIJP,GKXIflJ(4) ,GKXIPJ (4) ,GKYIJM (4 )  ,GKYIJP(U) ,ANLF 70 
> ATKIJ (4)  ,H?KIJ1((4) .HTKIPJ(U) ,HTKIn3(4) .H'IKI.JP ( 4 )  ,HIJ.HIJM.HIPJ , ANLF 80 
> HI~J.HIJP,UIJ.UIJR,UIPJ,UI~J,UIJF,VI3.VIJ~,VI~J,VI~J,VIJP,TIJ , ANLF 9 0  
> T1JH.TIP.l .TIMJ.TIJP.RCKTPC(U) ,4CIJ,R@IJ~,ROIPJ,ROIMJ,ROIJP , ANLP 100 
> SAKTPD (4) ,SHTCKD (4) ,SHTTPC,SXXIPlJ.SXXIPJ.SYYI JM,SYYIJP,SXYIJN , ANLF 110 
> S X Y I P J , S X Y I M J , S X Y I J P , R O I 1 ( J U , R C I F J D . R O I J ~ D , R O I J ~ D , E Q T N P , T D I J  , ANLP 120 
> HCI~J,HCIFJ.HCIJM.RCIJP.GA.FOCRC(U~ .S€HTK(4) ,DENSK(U) ,RODKIJ(U) ,ANLP 130 
> G K D V I J ( 4 )  ,CXI,DPJ ,QDV(25).HBC(25) ,UBC(75),VBP(25),TBD(25), ANLF 140 
> CKBD(4.25) ,TBIJ.HCBIJ .DCKBIJ ( 4 )  .A'IKEIJ ( 4 )  ,BNIJ,UBIJ.VBIJ,UBIJ, ANLF 150 
> ROBIJ ,HTBIJ,CKBIJ (4 )  .TTIJ,HCTIJ ,CCKTIJ ( 4 )  , HTKTIJ(U) , UTIJ, VTIJ, ANLF 160 
> WTIJ,ROTIJ,HTTIJ,CKTIJ(4) .QBD(25) ,GBC(i5) ,GKED(4,25),SBDN(25), ANLF 1 7 0  
> SBDSH (25) ,WIND, WINDX,PINDI , IJ, I1 l J ,  I F1 J. IJH1, IJP 1, INTRT, KOIJ, ANLF 180 
> KOIK1J.ROIP1J.KOIJ11,KO~JPl ,NBXR,NBXE, 6EYN,NBYP,NREGIN,NBNDP , ANLP 190 
> IXQV(25), JYQV (25) ,NHBDTP (25) ,NUECTP (25) .NVBDTP (25) ,NTBDTP (25) , ANLF 200 
> NXGRL.NPGEL,NREG,NINTIP,NTCPF,NEO?~,N~EI~C,NTMAX,NGENF ANLF 210 

ISN 0005 C@MMON/DR@D/~I1(,CTM,T~,PERIOC,NflCVE,LMCV~,N ANLF 270 
ISN 0006 COllMON/INDFIT/DT1(LT,STn.SC?M,PRB'IM,CPR~T~,C~USEC,TI~AL,FD~K, ANLF 230 

ANLF 240 
ISN 0007 IP (M.GT.10) GO TO 30 ANLP 2c0 
ISN 0009 GO TO (10,12,1U, 16,18.20,22,24,26,28) , ANLF 260 
ISN 0010 10 ANLPNC=l.OCC ANLF 270 
ISN 0011 RUTURN 
ISH 0012 12 ANLFNC=UO.OC0*2.25DO*VSIN (6.2831e54DO*TIR/TIDAL) 
ISN 0013 RETURN 
ISN 0014 14 IF (TIM.GT.5.) GO TO 28 
ISN 0016 ANLPNC= (1 .CO-DEXP (2.0*TIH**1,5)) 
ISN 0 0 1 7  RETURN 
ISN 0018 16 IF ('IIH.GT.5.) GO TO 28 
ISN 0020 ANLFNC=(l.LO-DEXP(O.l*'IIM**1.5)) 
ISN 0021 RETURN 
ISN 0022 l e  ANLPNC-1.OCO 
ISN 0023 RETURN 
ISN 0024 20 ANLPNC=l.OCO 
ISH 0025 RETURN 
ISN 0026 22 ANLPNC=l.OUO 
ISN 0027 RF'TURN 
ISN 0028 24 ANT,FNC=l.OCO 
ISN 0029 RETURN 
ISN 0030 26 ANLFNC=~.~CO 
ISN 0031 RETURN 
ISN 0032 28 ANLPNC=l.oTo 
ISN 0033 30 RETURN 
ISN 0034 END 

> INDTK,N~TKC,IFINfS,LDTHCR,IS?~R'I,IFLCT,6CPU 

*OPTIONS IN EFFECT* NAME= ~AIN,OPT=02,LINFCNT=6O,~IZE=OOOOK, 

*OPTIONS IN EFFECT* SOURCE,EBCDIC,NOLIST,NOCECK,LCAC,NOPl~F,NOEDI~,NOID,NOXREP 

*STATISTICS* SOURCE STATEllEN'IS = 33 ,PRCGRAPl SIZP = 7 5  0 

ANLP 280 
ANLF 290 
ANLp 300 
ANLP 310 
ANLF 320 
ANLF 330 
ANLP 340 
ANLF 350 
ANLP 3 6 0  
ANLP 3 7 0  
ANLF 3 8 0  
ANLF 390 
ANLP 400 
ANLF 410 
ANLF 420 
ANLF 430 
ANLF 440 
ANLF 450 
ANLF 460 
ANLP 4 7 0  
ANLF 480 
ANLP 490 

*STATLSTICS* NO DIAGNOSTICS GENERATEC 



*I**** END OF CO~PILATION ****** 

402 

121K B Y T E S  OF CORF NOT U5ED 
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ISN 0002 

ISN 0003 
ISN 0004 

ISN 0005 
ISN 0006 
ISN 0001 

ISH 0008 
ISN 0009 

IS1 0010 
Isn 0011 

ISN 0012 
ISN 0013 
ISN 0014 
ISN 0015 

ISN 0016 
IS1 0017 

ISN 0018 
ISH 0019 
ISN 0020 
ISN 0021 
ISN 0022 
ISN 0023 
ISN 0024 
ISN 0025 

ISN 0026 
ISN 0021 
ISN 0028 
ISN 0030 
ISN 0031 
ISN 0032 
ISN 0033 

CS/360 FORTRAN H 

COMFILSR CPTIONS - NANE= ~AIN.OPT~02.LINEC61=6O,~IZ~~OOO~K, 
SOURCE ,EECDIC, NOIIST, NODECK .LOAD .NOMAP ,NOEDIT, NOIDINOXREP 

SUBROUTINE O R I V E ( K X , K Y , N K , X , Y , D I ~ D Y , D X I , C X R , D Y L . D P R , H , U , V , T ,  CK, DRIV 
> ERRHSR,HT~D.UTMD,VTMD,TTM~,CKTME,NFLG,IXT,JYT~NCHECK,HH) DRIV 
IMPLICIT REAL*8 (A-H.0-2) DR IV 
COMRON/REGION/DEPTH (25) ,SN (25) ,IIREG(25) ,IHREG (25) ,JLREG(25), DRIV 

DRIV 
INTEGER*2 ILFEG,IRREG,JLREG,JHRE~ DRIV 
INTEGERt2 INTF,IGENF.ITOPP.IBOTP DRIV 
COMMON/CONEIN/ ANL,ATMP,CPIJ,CKIJ (4)  ,CRIFJ ( 4 ) ,  CKIRJ (4) ,CKIJP ( 4 )  , DRIV 

> CKIJN ( 4 )  , rXM, DXP ,DY fl,DYP,DXIP 1, ElJPl , EX11 .DXRI,DXLIl, DXRI 1 ,DYLJ ,DRIV 
> DYRJ.DPIJ1,DYRJl.GBIJ.GKEIJ ( 4 )  ,CEIJ,QKBIJ ( 4 )  ,SBXIJ,SBYIJ.GXIMJ , DRIV 
> GXIPJ,GYIJM,GYIJP.GTIJ,GKTIJ ( 4 )  ,QTIJ,CKTIJ(U) ,STXIJ,STYIJ,QDVIJ ,DRIV 
> QXIMJ ,QXI PJ ,QYI JM, QYI JP, GKXIM J ( 4 )  , GKX IP J (4)  .G KY IJM ( 4 )  ,GKY IJF (4) , DRIV 
> HTKIJ((0 .R'IKIJR(4) .HTKIPJ(O) .HTRIMJ(U) ,HTKIJP(I)) ,HIJ,HIJH,HIPJ , DRIV 
> HINJ,HIJP~UIJ,UIJM,UIFJ,UI~J,UIJP,VIJ,VIJ~,VIPJ,VINJ,VIJP~TIJ , 
> TIJM.TIPJ.TIMJ.?IJP.RCKTPD(q~ .RCIJ.ROIJ~.ROIPJ.ROlNJ,ROIJP , 

> JHREG (25) .INTF(25) .IGEIF (25) ,ITCFF (25) ,IEOTP(25) 

> SHKTPD(4) ,SHTCKD ( 6 )  ;SHTTP~,'SXXInJ,SXXIPJ.SYYIJM,SYIIJP,SXYIJM , 
> SXYIPJ,SXYIMJ,SXYIJP,ROI~JD,RClEJ~,RCIJ~~,ROIJPD,EQTRP,TDIJ , 
> HCINJ,RCIFJ.HCIJA,HCIJP,GR,FOCKE(4) ,SFHTR(U) ,DENSK(U) ,RODKIJ(P) 
> GKDVIJ(4) ,CXI.DYJ ,QDV(25),HBD(25) , U B D ( i f )  ,VBD(25) ,TBD(25), 
> CKBD(4,25) ,TBIJ,HCBIJ ,CCKBIJ ( 4 )  ,HTKBlJ (4) ,BNIJ,UBIJ.VBIJ,WBIJ, 
> ROBIJ .HTBIJ ,CKBIJ ( 4 )  .TTIJ ,ACT1 J .rCKT IJ ( 4 )  ,YTKTIJ ( U )  , UTIJ, VTIJ, 
> WTIJ,ROTIJ,HTTIJ,CKTIJ(U) ,QBD(i5) ,GBC(25) ,GKBD(4,25) ,SBDN(25), 
> S B D S A ( 2 5 ) , I I N D , U I N D X . U I N O Y  ,IJ,I~lJ,IFlJ.IJMl,IJPl,INTRT,KOIJ, 
> KOIM1J.KOIP1J.KOIJM1,KOIJFl , N B X M . N B X E , R E Y M , N B Y P . N R E G I N . W B H D F  , 
> IXQV(25) ,JYQV(25),RHBDTP(25) ,NUEDTP(25) ,NVBDTP(25).NTBDTP(25) , 
> N X G R L , N I G k L , N R E G , N I N T L F , N T O P P , N E C T T . N I B I € C , N T ~ A X , N G E N P  
DIMENSION NFLG (KX,KY) ,T(KX,KY) ,H (NMOVF) ,U (KX,KY) ,HY (KX,KY) 
COMMON/INDFIT/DTMLT,STM,SD~M,PRBIM,DPRIT~,CPUSEC,TIDAL,PDTM, 

CO!'JNON/DROC/TIM,DTM,TM,PERIOD,IT,N~OVE,L~CV~,N 
DIMENSION X(1) ,Y(l) ,DX(1).CY(1),V(1),CR(1),?RRHSR(1),HT~D(1), 

> INDTM,NDTNC,IPINIS.LDTMCR,ISTART,IFLOT,NCPU 

> UTMDI1) .VTMD(l) .TTMD(11 .CKTMD(l) 
DINENSION txL(i) ,DXR(~) ;DYL(I) ;DIR 
DIRENSION TMAX(l0) ,TMIN(lO) ,SMTDTR 
DIMENSION IXT(1) ,JYT (1) 
IPLTP=8 

C GR=32.2*36CC.*3600. 
GR=4. 1731288 
NCPU=lOO. *CPDSEC 

ITIME=ICLOCK (0) 
ISTOP=O 
CALL GFNCNT (NK) 
CALL MATPRI (NK) 

C *** ICLOCK(0) FEIWRNS TIMF IN .01 SEC.  

CALL BNDCNI (NK ,X ,DX .Y .DP .KX,KY .NCRECK)  
CALL BCTCNI (NK) 
CALL TOPCNI (NK) 
CALL SOLPNI(NK,KX,KY) 

CALL PILTFR (NK.KX.KY) 
CALL INTCON (NK , KX,KY ,9,U, V, T .C K , ER RHSR , H) 
IF (NCHECK.EQ.0) GO TO 10 
PRINT 1000,NCHECK 
CALL EXIT 

10 CONTINUE 
DTfl=SDTN 

C *** SOLPNI CALI5 PLXCNI. INITIALIZATICN RCU'IINES. 

10 
20 
30 
40 
50 
60 
10 
80 
90 
100 
110 
120 
130 

DRIV 140 
DRIV 150 
DRIV 160 
DRIV 110 
,DRIV 180 
DRIV 190 
DRIV 200  
DRIV 210 
DRIV 220 
DRIV 230 
DRIV 240 
DRIV 250 
DRIV 260 
DRIV 270 
DRIV 280 
DRIV 290 
DRIV 300 
DRIV 310 
DRIV 320 
DRIV 330 
DRIV 340 
DRIV 350 
DRIV 360 
DRIV 370 
DRTV 380 
DRIV 390 
DRIV 4 0 0  
DRIV 410 
DRIV 420 
DRIV 4 3 0  
DRIV 440 
DRIV 450 
DRIV 460 
DRIV U70 
DRIV 48@ 
DRIV 490 
DRIV 500 
DRIV 510 
D R I V  520 
DRIV 530 
DRIV 540 
DRIV 550 
DRIV 560 

. 



4 04 

I S N  0 0 3 4  
ISN 0035 
I S N  0 0 3 6  
TSN 0037 
I S N  0 0 3 8  
ISN o o u n  
ISN o n 4 2  

ISN 0 0 4 3  
I S N  004U 

I S N  0 0 4 5  
I S N  0 0 4 7  
I S N  0049 

I S N  0 0 5 1  
ISN o n 5 0  

ISN 0 n s 2  

ISN 0n5n 

I S N  0 0 5 3  

I S N  0055 

ISN 0 0 5 6  

I S N  0057 
I S N  005R 
I S N  0059 

I S N  0 0 6 1  
I S N  0062 
I S N  0 0 6 3  
I S N  0 0 6 4  
I S N  0065 
I S N  006fi 
I S N  0067 
ISN 0968 
I S N  0 0 6 9  
I S N  0 0 7 1  
I S N  0 0 7 3  
I S N  0 0 7 4  
I S N  0076 
I S N  0 0 7 7  
ISN 0078 
ISN 0 0 7 9  
I S N  0080 
SSN 0081 

' ISY 00RU 
I S N  0085 
I S N  0086 
I S N  008R 
I S N  0 0 A 9  
I S H  DO90 

ISN o n 8 3  

TN=STV 
P E R T O n = ? N / s I t A L  
FTY=STM+PPETR 
PR TTY= T 1 t D  F S I T  M 
IP ( IPLOT.EO.0)  GO TO 1 2  
IF ( ISTART.FQ.O)  CALI  n c T x ( o )  

c IT IS uspr T L  KPEP T H ~  D E L T A  T I I E  F R C M  C H A N G I Y ' :  INITIALLY.  
1 2  I T = 9  

C I S 7  T S  SUITCH USEP TO ZF90 TAVG CRICULATICN BpnW7F'4 TIDRL PFYIOCS 
159=0 
NT)'Tf l=@ 

C SmARTS RAJOH EO LCOP OF THF PROGRAN 
1 U  I F  (LDTRCR.G?. 0) CALL CHPCTM (DTfl . P R P G .  WX. H,'l,LD"MCR) 

I F  ( I N T R T . I C . 3 )  GO TO 2 0  
M Y = D I I I N l  (c?n,FD'IW) 
G O  TO ( 1 6 . i e . 2 0 )  ,INTRT 

1 6  CALT S O L R K G ( K 7 , S Y , N K I H , " R R H S R , H ? ~ D , H , ~ , V , ? , C K , H T ~ D , ~ T 1 n ,  VTYD, 
> T T R C . C R T n D , E X , D Y . D X I , ~ X ~ , S Y L , E Y ~ , N ~ L ~ )  

GO TO 2 2  
19 CALL SOLSUI ( K X , K Y , M K , H , E R R H S R , H ? ~ D , H , U  , V  , 'I ,CK,NTflq, UTMD, VTRD, 

> T T M D , C K T f l C . C X . D Y . D X L . C X ~ , C Y Z . C Y F . N T L G )  
G O  TO 2 7  

2 0  CALL SOLA6 (KX,KY,NK,H, EREHSR,HTPC,H, U , V  .?,CK,HTMD, UTMO, V T M D ,  
> T T M C , C K T M C . C X . D Y , D X L . f X S . t Y L . C Y F , N F L G )  

C *** VRFN SOLAE SFLEC'IPD, DON'? Y A Y T  tTY MODIFIED FXT?RNAL TO 
C *** SURROWTINF SCLAB. 
C *** SUBPOUTINEI CHKDTII, I N  THE FO'TURE ( A F T E R  9 / 2 7 / 7 3 ) ,  X A Y  ALTPR DTR. 

2 2  CALL F I L T E N ( H T n D , U T n D , V T n D , T T Y D , C K ? ~ D , H , U , V , T , C S ,  D X , D Y , C X I , D X R ,  
> DYL,DYF.NFIB) 

PYRIOD=TM/TICAL 
I T = I T +  1 
I P  ( I S S . N P . 0 )  GO TO 26 

00 2 4  L = l , N ? R I X  
SMTDTM (I) =a. 
TRAX(L) = O .  

2U TOIN (L) =10@00. 
SPIDTI=O. 
T S S = l  

SITDTN (I) =CIRTDTO (1) +DTI*T ( I X T  ( I )  , JYT ( L ) )  
TF  (TFAX ( L )  . IT . ?  I IXT (L)  , JYT (L)  ) ) TMAX ( I )  =? ( IXT (L)  , J Y T  (L)  ) 

2 8  I P  ( T M I N ( L ) . G T . ? ( I X T ( L )  , J Y T ( L ) ) )  TMIN(L)=?(TX?(L),JYT(L)) 

C I N I T I A L I Z E  THF R E Q U I R F D  1 R F A Y S .  

26 DO 28  L=l ,h?MAX 

SRDTn=SMDTr+CTH 
I F  (Stf,DTM.L?.TIDAL) GO TO 3 2  
P R I N T  1 0 1 0  
DO 30 L=l,NTMAX 
TAVG=SITDTF (I) / S I D T n  

1ss=o 
3 0  P R I P T  1 0 2 0 , I X T ( L ) , J Y T ( L )  . T R I N ( L )  ,TRAX(I )  . I A V G  

3 2  IP ( ( ICLOCR (0) -17T-E)  .CT.NCPU) G C  TC 3 €  
3 4  PRINT 1 0 3 0  

I S T O P =  1 
GO TO 4 0  

TSTOP= 1 
GO TO 40 

3 6  IF  (PTM.GT.TI)  G C  ro 38 

38 77' (PRTTI .G? .TR)  GO TO 46 

D R I V  570 
D R T V  580 
D Q I V  5 9 0  
D R I V  6 0 0  
n R I V  6 1 0  
DSIV 6 2 0  
CFIV 6 3 0  
D Q I V  6 U O  
D Q I V  6 5 0  
C R I V  6 6 0  
D R I V  6 7 0  
D R I V  680  
D R I V  6 9 0  

D R I V  7 1 0  
O R I V  7 2 0  
D R I V  730 
D R I V  7 4 0  
D R I V  7 5 0  
D R I V  7 6 0  
D R I V  770 
n R I v  7 8 0  
D R I V  790 
O R I V  A00 
D R I V  810 
D R I V  A20  
D R I V  8 3 0  
D R I V  8 4 0  
D R I V  850 
D Q I V  8 6 0  
D R I V  870  
DFIV 8 8 0  
D R I V  R 9 0  
D R I V  900  
D R I V  9 1 0  
O R I V  9 2 0  
D R I V  930  
D R I V  9 4 0  

DgIV 9 6 0  
D R I V  970 
D R I V  980  
D R I V  9 9 0  
D R I V  1 00 0 
D R I V  1 0  10 
D R I V  1 0  20  
D R I V  1 0  3 0 
D R I V l  0 4 0  
D r i I V 1 0 5 0  
D R I V 1 0 6 0  
D R I V  107 0 
D R I V 1 0 8 C  
D R I V  1 0 9  0 
DRIV 11 00 
D R I V  11 10 
DQ I V  1 1 20 
D S I V  11 3 0  
D R I V 1 1 4 0  

PRIV 7 0 0  

DRIV 95n  

t 
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ISN 0092 
ISN 0094 
ISN 0095 
ISN 0096 
ISN 0091 
ISN 0099 
ISN 0100 
ISN 0102 
ISN 0104 
ISN 0105 
ISN 0107 
ISN OlOA 
ISN 0110 
ISN 0111 
ISN 0112 

ISN 0114 
ISN 0115 
ISN 0116 
ISN 0111 

ISN 0118 
ISN 0120 
ISN 0121 

ISN 0122 
ISN 0123 
ISN 0124 
ISN 0125 

ISN 0126 

ISN 0121 

40 TQ (IPLO'I.EQ.0) GO TO 42 

42 CALL O U T P R ?  
U4 DRTTR=PRTTIl+DPRTTR 

46 CONTXNUQ 

CALL PLOTX (1) 

fP (ISTOQ.EQ.1) GO TO 48 

IF (1T.LT.INDTN) GO TO 14 
IF (CTN.GE.FDTH) GO TO 14 
NDTN=NDT#*l 
IF (ND?H.LI.NDTIlC) GO TO 1 
NDTR-0 
IF (INTRT.EC.3) GO TO 14 
DTH=DTHLT*DTM 
GO TO 14 

48 IP (1FINIS.EQ.O) GO TO 50 

WRITE( 10) ?R.DTR,KX,KY,NK 
C CREATE A RESlART PILX 

14 

DRIV1150 
DRIV 11 60 
DRIVll70 
DRIV 1 180 
DRfV1190 
DRIV 1200 
ORIV 12 10 
DRIV 12 20 
DRIV1230 
DRIV 1240 
DRIV1250 
DRIV1260 
nRIV 1270 
DRIV 1 2 8 0 
DRIV 12 90 
DQ IV 1 300 
DRIVl3 10 
DRIV1320 

.--. ..- ,- , 
IF (IPLOT.BE.6) END PILE IPLTP DR IV 1 310 

DQIV1380 
1000 PORVAT(ll'///' I? HAS BEEN DFCIDED THAT T H I S  CASE CANNOT BE DRIV1390 

DRIP1400 
1010 POPRAT('1 NODE ID.'/2X'IX?'4X'Jt?'7X'TRIN'EX'TNAX'SX'TAVG'/) DRIVlU 10 
10 20 PORRIIT (7 5, I1 ,P 13.4,2112.4) DRIV1420 
1030 PORRAT('1 HAVE EXCEEDEC THE HAX.FEQOES'IEt CPU T I M E . ' )  DRIV 1430 
1000 PORNAT(' T~=~1PE10.3.lX.'D'I~='lFElO.3,lX.~IT=',I5,1X,'KX=',I5,1X. DRIVlQUO 

52 RETURN 

> RUP.  I//* CHFCK PRINTEC OUTPUT.'//' NCHECR = 16) 

> 'KT=',.I5, lX,'NK=',I5) DRIVl45O 
1050 PORNAT(///lH .'THE HH ANC U V A L U E S  ARE (1,1),(5,1), (9.1) .(11.1) .(2DRIV1460 DRIV 1470 

>l,l), (37,l)t (56,l). (5781) '/lP6EI1.4/6E11.~/4R11~~) 
DRIVl48O END 

*OPTIONS IN EFFECT* NllRE= HAIN,OPT=02.LINPCNT=6O,SIZE=OOOCK, 

*OPTIONS IN EFFECT* SOURCE,FBCDIC,NOLIST,NODECK,LCA~,NO~Af,NOE~IT,~OID,~OXR~F 

*STATISTICS* SOURCE STATENENIS = 126 ,FRCGRAR SIZE = 11182 

*STATISTICS* NO DIAGNOSTICS GENEBAIEC 

*I**** END OF COMPILATION ****** 93K BYTES OF CORE NOT USED 



CS/3EO FORTFAN H 

I S N  0 0 0 5  
I S N  0006 

I S N  0007 

CORPILER OPTIONS - I A t ! E =  I A I N . C P ? = 0 2 . L I N E C B T = 6 ~ , ~ ~ Z ~ = ~ O O ~ K ,  
SOURCE,PECDIC.NCLIST,ICDECK.LO~D.NOVAP,NO~DIT,NOID,NOXREF 

I S N  0 0 0 2  SUBROWTINP SOT.AB (YX,KY,NR.Y,~,P,H,U,V,T,CK,HTYD,UTVD, VTID,TTMD, SOLA 1 0  
> CKTMD,DX.rY.CIL.~X~,L:~L,~~P,N~X~) SOLA 2 0  

c *** SOLA 30 
c *** SOLA 40 
C *** NURSAICAL INTFGRATION OP TH? SYS!IF!l OF D I F P S R E N T I A L  FQUATIONS. SOLA 50 
C *** V I A  AnAIS-EASHPOFTH FETHCC. SOLA 60 
c *** SOLA 70 
C *** Y (TR+D'IW) = Y (TM) + (DTR/2)*  ( 3 * Y '  ( 'TM)  -1 '  (TW-DTV)) SOLA 8 0  
c ***  SOL4 90 
c *** SOLA 100 

I S N  0003  I M P L I C I T  RFAL*9 (A-H.0-2) SOLA 1 1 0  
I S N  0004 COYRON/COf3ETN/ ANL,ATMP,CPIJ,CKIJ(4),CKTFJ(4),CKIMJ(4) , C K I J P ( U )  , SOLA 1 2 0  

> C K T J N ( 4 )  ,CXM,DTF,DYH,CYP,CXIPl,CYJPl,CXII,?XRI,DXLIl,DXRIl,DYLJ ,SOLA 1 3 0  
> DYRJ,DYL31,DYRJ1,GBIJ,GKEIJ (4) , C E I J , Q I B I J ( U )  , S B X T J , S B Y I J , G X I M J  , SOLA 140 
> GXTPJ.GYIJM.GYIJP.GTIJ .GWIIJ(U)  , C T I J . C K T I J ( U )  . S T X I J , S T P I J , Q D V I J  ,SOLA 1 5 0  
> QXTVJ.QXIFJ.QYIJM,QY'JP,GKXIMJ(4)  . G K X I P J ( U )  .GKYIJR(U) . G K Y I J P ( U )  ,SOLA 1 6 0  
> H T K I J ( U ) , P T R I J M ( U )  , H T K I P J ( U ) , H I K I ~ J ( 4 ) , ~ I ~ I J P ( U ) , H I J , H I J ~ , H I P J  , SOLA 170 
> HIMJ.HIJP,UIJ.UIJM.OIPJ,UIMJ,UIJF,VIJ,V~Jl,VTPJ.VIHJ,VIJP,TIJ , SOLA 180 
> T I  J 8 ,  T T P J  , 'I Iil J, T I J  P , ROKTP D (4) . R C I  J , R O I  J R , B O I P  J, ROI MJ , R O I J  P , SOLA 190 
> S H K T P D ( 4 )  ,SHTCKD(U) ,SH'TTPC.SXXIMJ,SXXIP.?,SYYIJM,SYYIJP,SXYIJH , SOLA 2 0 0  
> S X Y I P J , S X Y I E J , S X Y I J F , R O I M J D , R C I E J ~ , R C I J R ~ , R O I J P D , E Q T M P , T D I J  , SOLA 2 1 0  
> H C I M J , H C I P J , H C I J M , H C I J P . G R , P O C K C  ( U ) , S F H ? S ( U ) , D E N S R ( U )  , R O D K I J ( U )  ,SOLA 2 2 0  
> G K D V I J  (4) , D X I  . D Y J  .QDV(25)  ,HBC ( 2 5 )  ,VEL: ( 2 5 )  . V B D ( 2 5 )  ,TBD ( 2 5 ) ,  SOLA 2 3 0  
> C K B D ( 4 . 2 5 )  , T F I J . H C E I J  .DCKBIJ ( 4 )  . H T K E l J  (4) , B N I J , U B I J , V B I J , P B I J ,  SOLA 2 U 0  
> R O B I ~ l , H T B I J , C K B I J ( U )  , T T T J , H C T I J , C C K T l J ( U )  , H T K T I J ( U )  , I I T I J , V T I J ,  SOLA 2 5 0  
> WTIJ,ROTIJ.HTTIJ.CKTIJ(U) , Q S L : ( 2 5 )  . G B C ( i 5 ) , G K B D ( 4 , 2 5 )  , S B D N ( 2 5 ) ,  SOLA 2 6 0  
> SBDSH(25)  , W I N D . U I N D X , W I N D Y  ,IJ,lMlJ,IF1J,IJMl,IJPl,INTRT,KOIJ, SOLA 2 7 0  
> K O I M l J ,  K O I F l J . K O I J f 3 1 , K O I J P l  ,WBXR,  NBXF, I E Y M ,  NBYP, NSEGIN.NRNDF , SOLA 2 8 0  
> I X Q V ( 2 S )  e J Y G V ( 2 5 )  .NHBDTF(25)  , N U E C T F ( 2 5 )  .NVBDTP(25) , N T B D T P ( 2 5 )  , SOLA 2 9 0  
> N X G R L , N Y G B L , N R E G , ~ ~ N ? L F , N I ~ P P , N E O ? ~ , N ~ B I F C , ~ T f l A X ~ N G E N F  SOLA 300 

COMMON/DROC/TIl!, CTH , T F ,  PER I O D ,  I T  .NMOVF ,LMCVE. N SOL9 3 1 0  
DIMENSION Y (1) , H ( l )  , U ( 1 )  , V ( l )  , T ( l ) , C K ( l )  .HTRr)( l )  ,UTMD(l)  , V T M D ( l )  ,SOLA 3 2 0  

> TTYD (1) ,CKTMD (1) .DX (1) , D Y  (1) , D X I  ( 1 )  , D X R  (1 )  .DYL (1) , C Y R  (1) , NFLG ( 1 )  ,SOLA 330 
> Q (LMOVF) .F (INOVE) SOLA 340 

SOLA 3 5 0  
C *** WILL PERPOBH N O l S T P  ONE-STEP INTEGRATICNS PRIOR T O  APPLYING THE SOLA 360 

SOLA 3 7 0  C *** ADARS-BASHFCRTH FROCFDURE. I N I I T A L  S T E F S I Z E  = DTR. 
C *** THE A-B PROCEDORF WILL COMMTNCE I I T H  A S'IEPSTZF = L * DTM SOLA 3 8 0  
C *** WHERE THE INTEGER L S A I T S F I Y S  SOLA 3 9 0  
c *** L = N O l S T P  - (NSVCER + 1 )  SOLA 400 
C *** CURRENTLY. WHEN THE A - B  FRCCEDURF COYlENCES. THE STEPSIZE DTN YAYSOLA U 1 0  
C *** NOT BF ALTERED. SOLA 4 2 0  

TSN 9 O O R  IP (TT.GT.NC1STP) GO 'IO 1 2  SOLA 430 
I S N  0010 I F  ( I T . E Q . N C 1 S T P )  GO TO 10 SOLA 4 4 0  
I S N  0 0 1 2  CALL SOLRKG (KX,KY,NK.Y.Q,P,H,U,V ,T ,CK,HTED,UT~D,VTMD,TTMD.CKTMD, SOLA 4 5 0  

> D X , D Y , D X L , C X R , D Y L , D Y R , P F L G )  SOLA 460 
SOLA 4 7 C  C *** CAN'T CHANGE SOLEUL TO SOLRKG UNXESS GET IIN ADDITIONAL SPACF 

C *** 1CLOCA'IION I N  THE 2 A R R A Y .  SOLA 4 8 0  
C *** H E R E  THE Q OF R K G  I S  USED TO HOLY Y '  (TP-tTN) SOLA 490 

TSN 0013 I F  (1T.NE.NSVDER) GO TO 16 SOLA 500 
I S N  0015 U R T T E ( 1 3 )  P SOLA 510 

ISN 0017 GO TO 16 SOLA 530 
I S N  O O l R  10 DTM=(NClSTF-(NSVCER+l))*DTR SOLA 540 
ISN 0019 DTMD2=.5DO*DTM SOLA 550 
TSN 0 0 2 0  READ (13) Q SOLA 560 

DATA N01STP/10/ ,NSVDER/01/  

I S N  0016 RTUIND 1 3  SOLA 5 2 0  
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ISN 0021 
I S N  0022 
I S N  0023 
ISN 0024 
I S N  0025 
ISH 0026 
I S N  0 0 2 7  

ISN 002R 
I S N  0029 

c *** NOTE WELL. P R O G R M R E C  so ~ ~ n n 2  C A N ' T  B E  C R A N G F D  IN IT'S V A L U E  
C *** RERE.  

12 DO 19 R=1,IROVE 
Y ( K ) = Y  (K)+CTND2*(3.DO*F(K)-Q(K)) 

14 Q ( R ) = F ( T )  
TR='IR+DTR 
TI l l=TN 
CALL B WDCON (KX,NK,T, CK) 
CALL SOLI'NC (ATRD ,UTRD .VTRD .TTND, CKTllD , R ,  C , V ,  T ,  CK , DX .DY , DXL, D X R  , 

16 RETURN 
END 

> DYL,DYR,NIlG) 

SOLA 5 7 0  
SOLA 580 
SOLA 5 9 0  
SOLA 600  
SOLA 610 
SOLA 620 
SOLA 6 3 0  
SOLA 6 4 0  
SOLA 650  
SOLA 6 6 0  
SOLA 670  
SOLA 680  

*OPTIONS I N  EFFECT* NARE= IlAIN,OFT=O~.IINECNT=6O,SIZE=COCCK, 

*OPTIONS I N  EPPECT* S O U R C E , 6 B C D I C , N O L I S I , N O C E C K , L C A D , N C r b F . N O E D I T , N O I D , N O X R F F  

*ST A T I  ST I C S  SOURCP STATERENTS = 28 ,PRCGRAR CI7F = 1702 

* S T A T I S T I C S *  N O  DIAGNOSTICS GENERATEC 

****** END OF CORPIZATION ****** 121K BYTES O F  CORE NOT U S E D  
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ISN 0 0 0 2  
ISN 0003  
ISN 0004 

ISN 0005 
ISN 0006 
ISN 0007 
ISN O O O A  
I S N  0 0 0 9  
ISN 0 0 1 0  
ISN 0 0 1 1  
ISN 0 0 1 2  

ISN 0 0 1 3  
ISN 0 0 1 4  
I S 1  0015 
ISN 0 0 1 6  
ISN 0 0 1 7  
ISN 0 0 1 8  
ISN 0 0 1 9  
ISN 0 0 2 0  
ISN 0 0 2 1  
ISN 0 0 2 2  
ISN 0 0 2 3  
ISN 0 0 2 4  
ISN 0 0 2 5  
ISN 0 0 2 6  
ISN 0 0 2 7  

ISN 0 0 2 9  
ISN 0 0 2 8  

CS/360 FORTFAN H 

CONFILCR CPTIONS - NAIIE= RAIN,OPT=02,LINECkT=6O,SIZE=OOOOK, 
S O U 6 C F , E E C D I C , N O L I S T , N O D E C K , L C A D , N O M A P . N O ~ D I ~ , N O I D , N O X R E F  

SUBROUTINE IIATPRI (NK) MATP 1 0  
I N P L I C I T  REAL*8 (A-H.0-2) RATP 20 
CONNON/COflBIN/ ANL.ATMP.CFIJ.CKIJ(4) . C P I E J ( 4 )  ,CKIMJ(U) , C K I J P ( 4 )  , NATP 30  

> C K I J M ( 4 ) , C X ~ , D X F , D Y N . C I P . C X I P l , ~ Y J F l , ~ ~ L I , ~ X R I . D X L I l , D X R I l , D Y L J  .NATP 4 0  
> DYFJ,DYLJl ,DISJ l ,GBIJIG1EIJ(O)  ,CBIJ.QRBZJ(U) ,SBXIJ ,SBYIJ ,GXIRJ  , M4TP 5 0  
> GXIPJ,GYIJN,GYIJP,GTIJ,GK~IJ(4) .CTIJ.CKTIJ(U) ,STXIJ.STYIJ.QDVIJ .MATP 60 
> QKINJ,QXIFJ,QYIJM,QY~JP,GKXI~J(U) ,GKX?PJ (4) ,GKYIJM(U) ,GKYIJP(U) ,MATP 7 0  
> HTKIJ ( 4 )  .HTKIJN (4 )  ,HTKIFJ (4) ,HTKIRJ ( 4 )  ,n'IKTJP (4)  , H I J , A I J M , f i I P J  , MATP 80  
> H I M J . H I J P . D I J , U I J I I , U I P J ~ U I M J . U I J F . V I J , V I J ~ ~ V I P J , V I M J , V I J P , T I J  , nATP 9 0  
> T I J M, T I P J , T III 3, T I  J P , R OK TP D ( 4) , R C 13, R 0 I3 I!, RO I P J ,  RO I N J , RO I J F , MATP 1 0 0  > SHKTPD(4) ,SHTCKE(U) ,SHTTPD,SXXI~J.SXXIPJ,SYYI~I~,SYYIJP,SXYIJM , MATP 1 1 0  
> S X Y I P J . S X Y I ~ J . S X Y T J P , R O I ~ 3 D , R O I € J ~ , R C I J t C , R O I J P D , E Q T ~ P , T D I J  , MATP 1 2 0  
> HCIMJ,HCIFJ,HCIJn, HCIJF,GR,ROCKC (4)  , S F H T K ( 4 ) ,  OENSK (4). R O D K I J  ( 4 )  , MATP 1 3 0  

IATP 1 4 0  > G K D V I J ( 4 )  , D X I , D Y J  ,QW(25) .HBD(;5)  ,WBC(iE) .VBD(25) , T B D ( 2 5 ) ,  
> CKBD(4.25) ,TBIJ,HCBIJ .DCKBIJ( I ) ,HTKBIJ  (4) , B N I J , U B l J , V B I J , V B I J .  MATP 150 
> R O B 1 3  ,HTBIJ,CXBIJ (4) , T T I J , H C T I J  ,CCI(TIJ (4) ,YTKV I ( 4 )  , U T I  J ,  VTIJ RATP 1 6 0  
> WTIJ,POTIJ,HTTIJ,CRTIJ(4) , Q B D ( i 5 )  , G B f ( 2 5 )  .GKRO(4.25) .SBDN(25) ,  IATP 1 7 0  
> S BBSH ( 2 5 )  , W I N  D , tl IN D X , W INll Y , I J , I M 1 J , I f 1 J ,I J N 1 , I J P 1 , I N  T R T , K O  I J , MAT P 1 8 0 
> KOIMlJ.KOIP1J.KOIJN1,KOIJPl . N B X ~ . N B X E . 6 E Y ~ . N B Y P , N R ~ G ~ N , N B N D F  , NATP 1 9 0  
> IXQV(25)  , J Y Q V  (25)  ,NHBDTP (25)  ,NUEDTF(2?) .NVBDTP(25) ,NTBDTP (25)  , NATP 2 0 0  
> N X ~ R L . N T G T I , N R E G , N I N T L F , N ' I O P P , N E C T T . N I B I ~ C , N T R A X , N G E N ~  RATP 2 1 0  

MATP 2 2 0  DINENSION CKINJD (4) ,CKIPJE (4)  .CKIJMD(U) ,CKIJPD (4) 
DIRFNSION CONCK(1) MATP 2 3 0  
RETOBN MATP 2 4 0  
PYTRY BATPRP ( C O N C K , T E I I E . D E N S , S P ~ T , R O ~ P ~ )  MATP 25C 

1 0  DENS=O.DOO MATP 260 
SPHT=C.DOO MATD 2 7 0  

HATP 2 8 0  ROTPD=C. C O O  
SHT*PD=O.DCO IATP 2 9 0  

CC EQUATIONS OF DENSITY A N D  SPECIFIC HEAT AS FUNCTIONS OF TEMPERATURE MATP 3 0 0  
CC A N D  CONCENTFATION P I L L  B E  G I V F N  R E R E  MATP 3 1 0  
C IIEANTIME K = l  I S  DATER A N D  K-2 I S  SALT. RATP 3 2 0  

D E N S K ( 1 ) = 6 i . 6 6 5 1 D O - O . O 0 0 0 6 2 3 3 ~ D O * ~ ~ N P * * 2  RATP 330 

S P H T K ( l ) = l  . O D 0  IATP 3 5 0  
SPHTK(Z)=l.OCO HATP 3 6 0  
ROKTPD (1)  =-0.000124676DO*'fEME RATP 370 
ROKTPI, (2)  = C .  OD0 flATP 3 8 0  
SHKTPD(l)=O.ODO IATP 390 
SHKTPD (2)=C.ODO RATD U O O  
DO 1 2  K = l , N K  MATP 4 1 0  
ROCFD (K) =DENSK (K) IATP 4 2 0  
SHTCKD (K) =SPHTK (K) HATP 4 3 0  

IATP 4 4 0  ROTPD=ROTPC+CONCK(K) *ROKTPD(K) 
SHTTPD=SHTTFD+CONCK (K) *SHKTPD ( K )  MATP 4 5 0  
DENS=DENS+CCNCK(K)*DENSK (K) IATP 4 6 0  

MATP 470 
MATP 4 8 0  RFTURN 

EN r) NATP 4 9 0  

DENSK(2) -46.C13DO MbTP 1 4 0  

1 2  SPH'I=SPHT t CONCK (K) *SFHTK ( K )  

*OPTIONS I N  EFFECT* N A M E =  MAIN,OPT=02,IINECNT=6O,~IZF=COCCK, 

*OPTIONS I N  EFFECT* SOURCE, E E C D I C . N O L I S ~ , N O C E C K , L C A D , N O C I F . N O E D I ~ , N O I O , N O X R E F  

*STAT1 STICS* SODRCE STLTEMENTS = 2 8  ,PRCGRAM II2E = 7 4 2  

*STATISTICS* NO DIAGNOSTICS GENERATEC 

. 
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****** END OF C O f i P T I A T I O N  ****** 1 . 2 1 ~  PYTSS OF C O R E  VOT u S R n  
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OS/360 FORTRAN H 

CO3FILER OPTIONS - NAOE= OAIN.OPI~02.LINEC~T=6O,SIZE=OOO@K, 

ISN 0002 
ISN 0003 
1sn 0004 
ISH 0005 
ISH 0006 

ISN 0007 
ISN 0008 
ISN 0009 
ISN 0010 
ISN 0011 
ISN 0012 
ISN 0013 
ISN 0014 
ISN 0015 
ISN 0016 
ISH 0017 
ISH 0019 
ISN 0020 
ISN 0021 

ISN 0022 
ISH 0023 
ISH 0024 
ISN 0025 
ISN 0027 
ISN 0029 
ISN 0030 
ISN 0031 
ISH 0032 
ISN 0033 
ISN 0034 
TSN 0035 
ISN 0036 
ISN 0037 
ISH 0038 
ISN 0039 
ISN 0040 
ISN 0041 

.-- - -  
SOURCE, EECDIC ,NOLIST, NCDICK ,1010, NOOAP, NOEDIT. NOID .NOXREP 

OUTP 10 SUBRCUTINE CUTPR'I 
INPLICIT REAL*R ( k - R , O - Z )  OUTP 20 
COOOON/OOT/NR,KX.KY, NKKX,IXO,IYO ,IRO. IO0 ,IVO ,IUSO. ITO, ITTODO.ICK0 OUTP 30 

OUTP 40 COO~ON/DROO/TIO,DTN,T~,PERIOD.IT,NROVE,LHCVE,N 
COOOON/COOBIN/ ANL.ATOF,CFIJ,CKIJ14) ,CIIFJ(Q) .CKIOJ(U) .CKIJP(U) , OUTP 50 

> CKIJN(4),CXN,DXF,DYO,DYP,DXIPl,CYJPl,DX~I,DXRI~DXLIl,DXRIl,DYLJ ,OUTP 6 0  
> DYRJ.DYLJl.DYRJl,GBIJ,GKEIJ (4) ,CEIJ.QRBIJ(U), SBXIJ,SBYIJ,GXINJ , OUTP 70 
> GXIPJ,GYIJN.GYIJP,GTIJ,GK~IJ(4) ,QTIJ.CKTIJ(U) ,STXIJ.STYIJ.QDVIJ .OUTP 80 
> QXIOJ,QXIPJ,QYIJO,QYIJP,GKXINJ(U) ,GKXIPJ (4) ,GRYIJO(U) ,GKYIJP(4) ,OUTP 90 
> HTKIJ(4) ,HTKIJO(U) .HTKIPJ(U) .HTNINJ(Q),BTKIJP ( 4 )  .HIJ,HIJK,HIPJ , OUTP 100 > RInJ, AIJP ,OIJ~UIJO.DIPJ,UIKJ. OIJP ,VIJ.VIJR,VIFJ,VIOJ, VIJP ,TIJ . OUTP 110 

OUTP 120 > TIJO,TIPJ,TIOJ,TIJP,ROKTFD(4) .RCIJ.ROIJl' ,ROIPJ.ROIilJ,  ROIJF , 
> SHKTPD(4) ,SHTCKD(U) ,SRTTFD.SXXIHJ.SXXIPJ.SlrIJn.SYYfJP.SXYIJN , OUTP 130 
> SXYIPJ~SXYI~J~SXYIJP.ROINJ~,RCIFJD,RCIJ~D,ROfJ~D,EQTOP,TDIJ , OUTP 140 
> HCIOJ,HCIFJ,HCIJn,HCIJP,GR,ROCKt(U~ VSFHTK(4) ,DENSK(U) ,RODKIJ(U) ,OUTP 150 

OUTP 160 > GKDVIJ(@) ,CXI,DYJ ,QDV(25),HBC(25) ,UBC(i?) .VBa(25) ,TBD(i5), 
> CKBD(4.25) eTB1JvHCBIJ eDCKBIJ (4) ,ATKBIJ (4) ,BNIJ,~JBIJ,VBIJ,OBIJ, OUTP 170 
> ROBIJ,HTBIJ,CRBIJ(B) ,TTIJ,HCTIJ .fCKTIJ (4) .YTKTIJ (4) ,UTIJ, VTIJ, OUTP 180 
> WTIJ,ROTIJ,HTTIJ,CKTIJ(U) vQBD(25) .GBC(iS) ,GKBD(4.25) ,SBDN(25), OUTP 190 
> SBDSR(25) ,HIID,HINDX,IINDY ,IJ,IOlJ,IElJ.IJOl ,IJPl,INTRT,KOIJ, OUTP 200 > KOINlJ,KOIF1J,KOIJM1,K~IJFl .NBI~,NBXF.REYN.NBYP,NREGIN,NBNDF , OUTP 210 
> IXQV(25),JYQV(25),NseDTP(2S),N~ED?P(25) ,NVBDTP(25) ,NTBDTP(25) , OUTP 220 

OUTP 2 3 0  > NXGRL.NYGRL,NREG,NINTLF,N~OPP.NECT~,NTBIFC,NTN~X,NGENF 
DATR AOLINP/55/ OUTP 240 
DATA NC/03/ OUTP 25F 
CO?lNON/Z/NZSP.NDUO.Z (1) OUTP 260 

OUTP 270 NPOS=NOLINE 
KO1 JS=ICKO OUTP 280 
DO 14 I=l,KX OUTP 290 
IJ=I OUTP 300 
KOIJ=ROI JS OUTD 310 
DO 12 J=l,KY OUTP 320 
NPOS*BPOS+ 1 OUTP 330 
IF (IPOS.LE.NOLINE) GO TO 10 OUTP 340 

OUTP 350 NPOS=O 
PRINT 1000 ,IT, TO .PPRIOD, CTN OUTP 360 

10 PRINT lOlO,I,J.Z (IXO+I) .Z(IYO+J) r Z ( I H 0 t I J )  ,Z(IUO+?J) .Z(IV@+IJ) , OUTP 3 7 @  
OUT0 3 8 0  

K6IJ=KOIJ+NRKX OUTD 390 
12 IJ=IJ+KX OUTP 400 

OUTP 410 14 KO1 JS=KOI J S+ NK 
IF (INTRT.NE.1) GO TO 22 OUTP 420 

IQHO=IHO+LnCVP OUTP 440 
NC=NC-l OUTP 450 
IQUO=IQO+LMCVP OWTP 460 
IQ VO=IVO+LRCVE OUTP 470 
IQTO=ITO+LnCVE 011TP 480 
IQCKO=ICKO+LKOVE OUTP 490 
NPOS=NOLINP OUTP 500 
ROIJS=IQCKO OUTP 510 

IJ=I OUTP 530 

DO 18 J=l,KY OUTP 550 
NPOS=NPOS+l OUTP 560  

> Z (IWSO+IJ) ,Z(ITO+IJ) ,Z(ITTRDO+IJ), (Z(ROIJ+K) ,K=l,NK) 

IP (NC.LE.0) GO 'IO 22 OUPP 430 

DO 20 I=l.KX OUTP 520 

KOIJ=KOIJS ouTe 540 

. 
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ISN 0 0 4 2  
TSN 0044 
ISN OOU5 
ISN 0046 

ISN 0047 
ISN 004R 
ISN 9049 
I S N  0050 
ISN 0051 

I S N  0 0 5 2  
TSN 0 0 5 3  

ISN 0 0 5 4  
ISN 0055 

*OPTIONS I N  

TP (NPOS.LE.NOLINE) GO TO 16 OUTP 570 
NPOS=@ OUTP 580 
PRINT 1 0 2 0 . 1 1  OUTP 590 

OUTP 600 
> ( Z  (KOIJiR) .!?=l,NK) OUTP 61@ 

K O I J = K C I J + B I K X  OUTP 6 2 0  
18 I J = I J + K X  OUTP 630 
2 0  KOTJS=KOIJS+NK OUTP 6 4 0  
2 2  RETURN OUTP 650 

1000 PORIAT ( ' 1  I T E R . = ' , I 4 , ~ X , ' 1 I H E = ' .  1 P P 1 2 .  E ,  ?X, 'PBRIOD= ' ,E12 .6 ,3X,  OUTP 660 
>'TIME INCREl lENT= ' ,E l2 .6 / / ,  OUTP 6 7 0  
>45X, 'VELOCITY'  , 3XI 'VELOCI?Y ' ,2X,  'WATEP EIFV.', l 4 X I ' T E f l P . ' , 4 X .  OUTP 680 
>'SUBSTANCE IrASS C O N C E P T R A 1 I O N S ' / 6 X , ' I N C I - ' I U X .  ' X - '  , 9X , 'Y- '  ,7X, OTJTP 6 9 0  
>'WATEB',BX,'IN',9X,'IN',8X.".1BX.'R~?E'/,2~~'~ODE CES ' .2XI  OUTP 700 
>'LOCATION LOCATION ELEVATION X-DIFECT. Y-DIRFCT. OF CHANGE OUTP 710 
> TEMP. OV C H A N G P ' , U X , ' C K ( 1 ) ' . 6 X , ' C ~ ~ 2 ) ' / )  OUTP 720 

1 0 1 0  PORHhT ( 2  ( 1 X . 1 3 ) ,  1 X .  2F11.2.1P~13.5,1FFJE11.3) OUTP 730 
1 0 2 0  P O R ~ A T ( ' l I ? = ' , I 3 , 5 X , ' R O O I D I N G  ERBCI; ES ' I I IATOS,  Q . ' /  3 X I ' I ' , 5 X . ' J ' . O U T P  7 4 0  

OUTP 7 5 0  
1030 FORIhT (15.2X.14.  l P 6 E l 1 . 3 )  OUTP 760 

OUTP 770 

16 PRINT 1030 . I , J , Z  ( I Q R O i I J )  , Z ( I Q U O + I J )  . Z  (ICVOiIJ) , Z ( I Q T O + I J ) ,  

> 8X,'Q~',llX.'~U',1lX,*QV',llX~'~T') 
!?NU 

EFPECT* NAMF= MAIN,OFT=02,LINECNT=60,SIZE=OOOCK, 

*OPTIONS I N  EPPECT* SOURCE,EBCDIC,NOLIST.NOCPCRILCA~,NO~AE,NOEDI~,NOID,NOXREF 

*STATISTICS*  SOURCE STATEMENTS = 54 ,PRCGRAn ZIZE = 1588 

*STATISTICS*  NO DIAGNOSTICS GENERATEC 

****** END OP COHPILATION ****** 1 1 3 K  BYTES OP CORE NOT U S E D  



412 

ISN 0 0 0 2  
ISN 0 0 9 3  
ISN 0004 
ISN 0005 

ISN 0006 
ISN 0007 
ISN 0008 
ISN 0010 
ISN 0011 
ISN 0 0 1 2  
ISN 0 0 1 4  
ISH 0015 
ISN 0016 

ISN 0017 
ISN 0019 
ISN 0 0 2 0  
ISN 0 0 2 1  
ISN 0 0 2 2  
ISN 0023 
ISN 0 0 2 4  
ISN 0 0 2 5  
TSN 0026 
ISN 0 0 2 7  
ISN 0 0 2 8  

ISN 0029 

COHPILER OPTIONS - N A M E =  I I I N , O F T = 0 2 , L T N E C h ? = 6 O , ~ ? Z E = ~ O O 0 ~ ,  
S O D ~ C E , F E C D I C , Y C L I S T , ~ C ~ E C K , ~ C ~ D , N C ~ 4 ~ , Y O ~ ~ I T , N O I @ , N O X R E F  

SUBROUT I N  P C HF R F I: (UP X , X G  B L ,N XG R 1 , h S R , N R F  , 1 C , T R pG) 
I H P L I C I T  9FAI*8 (A-H.C-Z\ 

c *** 

10 

12 

1 4  
c *** 

. .  
nIHENSION XGRL (1 )  
DATA l'EL/Z3C1000COOOOOC000/ 
DEL=16**-5 
DO 20 H = l , N X G R l  

I F  (N.GT.1) GO 'IO 1 2  
mc= 1 
GO TO 16  
I F  (OPX.LB..S*(XGRL ( V )  *XGRL(H 
HC=V 
GO TO 16 
mr=u-? 

I F  ( O P X - X G R L  i n ) )  1 0 , 2 2 . 2 0  

' 1 ) ) )  G O  TO 1 4  

I- I . 
I F  UPX I S  SUFFICIENTLY CLOSE TC YCPL(PC) I N  A RZLATTVE SENSE, 

C *** TREN DON'T PRIWT RPPLACEHFNT IESSAGE. HCWEVER. THE REPLACFMFYT 
C *** DOES OCCUR. 

16 I F  (DABS (CIFX-XGRL (MC)) .LE.fPL*YGSI (RC)) G C  TO 18 
PRINT 1000,  IRFG .NAIF,OPX, X G R L  ( H C )  
NSK-1 

19 OPX=XGRL ( H C )  
GO TO 2 4  

20 CON'IIHOF 
RC=NXGRL 
GO TO 16 

22 nc=n 

CHW 1 0  
CHEK 2 0  
C H E K  3 P  
CHSK 4 0  
CHEK 50 
CHFK 6 0  
CHFK 7 0  
CH?K 8 0  
CHEK 9 0  
CHEK 10Q 
CWFK 110 
C Y P K  1 2 0  
CHFK 730 
C H V  1 4 0  
CHEK 150 
C W V K  1 6 0  
CHEY 1 7 0  
CRSR 180 
CHEK 1 9 0  
CHFY 2 0 0  
CHEK 2 1 0  
CHEK 2 2 0  
CHBK 2 3 0  
CHEK 2 4 0  
CHEK 2 5 0  
CHEK 260 
CHEK 2 7 0  2 4  RETURN 

1000 FORHAT(' IN REGICN = ' 1 2 , l r ' T H F ' ~ U . l X ' E D G E  'IAS CHANGED PROR'Fll.S.CI?EK 280 
> lX'T@ 'P11.5) CHEK 2 9 0  

E N D  CHSC 300 

*OPTIONS I N  EFPFCT* N A I I E =  HAIN.OFT=O2,LINECNT=6O.SIZF=OOCCK. 

*OPTIONS I N  EFFECT* S O U R C E , E E C D I C , N O L I S ~ , N ~ C E C K , L C A ~ , N O ~ ~ E , N ~ ~ D ~ * , ~ O I D , N O X ~ F F  

*STATISTICS* SOURCE STATEHEN'IS = 28 ,FROGl iAr l  2TZF = 71 4 

*STATISTTCC* NO DIAGNOSTICS GENESAIEC 

****** E N D  O F  C O H P I L A * I O N  ****** l29K BYTES OF CORE NOT USED 
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CS/3CO FCRTEAN H 

COIPILrR CPTIONS - NAIE= RAIN.OPT~02.LINESI'I~60,5IZ~~O~O~K~ 

ISN 0002 
ISN 0003 
ISN 0004 
ISN 0005 

ISN 0006 
ISN 0007 
ISH 0009 
ISN 0010 
ISN 0012 
ISN 0014 
ISN 0015 
ISN 0017 
ISN 0018 
ISH 0020 
ISN 0022 
ISN 0023 
ISN 002U 
ISN 0025 
ISN 0027 
ISN 0028 
ISN 0029 
ISN 0030 
ISN 0031 
ISN 0032 
ISN 0033 
ISN 0034 
ISN 0035 
ISN 0037 
ISN 0038 
ISN 0039 
ISH 0040 
ISN 0041 
ISN 0043 
ISN 0044 
ISN 0046 
ISN 0047 
ISN 0048 
ISH 0049 
ISN 0050 
ISN 0051 

ISN 0052 

ISN 0053 

c *** 

10 

12 

14 

16 

18 

20 

22 

24 
26 
28 

30 

1000 
10 10 

SOURCE,EBCDIC,NOIIST.NCDECR.LC~D,NO~AP,NOEDIT,NOID,NOXRE~ 
SUBROUTINE ESPRCH(IXT,XTIAX,X,LASTI,DX,XNARE,I,NTEM,NS) 
IMPLICIT REALt8 (A-H.C-2) 
RBAL*U X N A N E  
DIM?NSION X(1) ,DX(l) 
BINARY SFARCA THRn ORCEREC ARRAY. 
DITA D~L/Z3C1000000000000C/ 
IF (XTIAX.GT.X(l)) GO TC 10 
I X T = l  
IF (XTMAX.GE.X(l)-.SDO*DX(l)) GO 'IC 2 6  
IF ( ( X  (1) -.SDO*DX(l)) -XTRAX. LF.UEL*DAES(WTflAX) ) GO TO 26 
GO TO 28 
IF (XTRAX.L'I.X(LAST1)) GO 'IO 12 
IXT =LAST1 
IF (XTMAX.LD.X(LlSTI)+.5DO*DX(IASTI)) GO 'IO 26 
IF (XTNAX- (X (LASTI) +.5DO*CX(LASTI)) .XE.cEl*DhBS(XTIAX)) GO TO 26 
GO TO 28 

UH=LASTI 
IF (Ma-RL.EQ.1) GO TO 22 
N= (NL+IA)/2 
IF (XTHAX-X(N)) 16.20.18 
MH=N 
GO TO 14 
IL=N 
GO TO 14 
IX'I=N 
GO TO 26 
IF ( X T N A X . I E . . ~ * ( X ( ~ L ) + X ( ~ I + ~ ) ) )  G C  TC 2 4  
IXT=IH 
GO TO 2 6  
IXT=tlL 
RBTORN 
IF (NTEI.EC.0) PRINT 1000 
NTBM=1 
IF (NS.NE.C) GO 'IO 30 
PRINT 1010,1NARE~XNARF,I 
GO TO 2 6  
PRINT 1020, X N A  HE, I 
GO TO 26 

m = i  

FORIIT ( '  1 '//) 
PORNAT ( '  TRF'A3, 'CORDINATE OP T H E  I-TH TEPPTRATURE !lONITORING 

>POINT J S  OO?SIfETBE'A3,'GRID. I = ' I 2 )  

> ' THY BOUNDARY FCN. NO = N B N  = ',12) 
1020 TORNAT(' THI',A3,'CORDINATE IS NCI IN I H F  GRID STRUCTURE.'/ 

END 

BSER 1 0  
BSER 20 
BSEP 30 
BSER 40 
BSER 50 
BSER 60 
BSER 70 
BSER 80 
ESER 90 
BSER 100 
BSBF 110 
BSER 120 
BSER 130 
BSER 140 
BSER 150 
BSER 16@ 
BSFR 170 
BSER 180 
ESER 190 
B S X R  200 
BSER 210 
ESER 220 
BSEQ 2 3 0  
BSEQ 2 4 @  
ESER 250 
BSER 260 
BSER 270 
BSER 2RO 
BSER 290 
BS9R 300 
BSER 310 
BStR 320 
BSER 3 3 0  
BSF9 34c 
BSER 350 
BSBR 360 
BSER 370 
@SPR 380 
BSER 190 
BSER 400 
BSER 1110 
BSER 420 
BSER 430 
ESER 440 
BSEQ U50 

*OPTIONS IN EPFPCT* NABE= NAIN,OPT=02,LINECNT=60,51ZE=COCCR. 

*OPTIONS IN EFFECT* S O U R C E , E B C D I C , N O L I S T . N C C E C K , L C A ~ , N O r A E . N O E D I T , N O I D , N O X R E F  

*STATISTICS* SOOPCE STATEHENIS = 52 .PRCGRAI CTZE = 1108 

*STATISTIC?* NO DIAGNOSTICS CENESATEC 

****** END OF COqPILATION ****** 121K BYTES OF CORE NOT USYD 
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C S / 3 6 0  PCETFAN H 

C O H F I L C R  OPTTONS - NAIIE= f l A I N , O P T = 0 2 , L I N F C K T = 6 ~ , S I Z E = O O O O K ,  
S O U A C E , E E C D I C . N O L I S T , N O C E C R , L C ~ D , N O ~ A P , N C E D I T , N O I D , N O X R ~ F  

I S H  0007 FUNCTION G I R L P C ( N , X )  GNRL 10  
ISN 0003 I H P L I C I ' I  REAL.8 (A-H,O-2)  GNRL 20 
ISH 0004 COHNON/COMEIN/ A W L , A T N P , C F I J , C R I J  ( 4 )  , C K I E J  ( U ) ,  C K I M J  (4) , C K I J P  ( 4 )  , GNRL 30 

> C K I J H ( U ) , C X M , D X F , D Y f l , D Y P , C X I P l , ~ Y J P l , C X ~ I . ~ X R I , D X L ~ l , D X R I l , D Y L J  ,GNRL U O  
> D Y R J . C Y I J 1  , D Y R J l , G B I J , G K E I J ( U )  . C E I J , Q K B I J ( U )  . S B X I J , S R Y I J , G X I H J  , GNRL 59 
> G X I P J . ~ Y I J ~ . G l I J P , G T I J , G K ~ I 3 ( U ) , ~ T I J , C R ' I I J ( U ) r S T X I J , S T Y I J , Q D V I J  ,GNRL 50  
> QXIHJ,QXIFJ,QIIJH.QYIJP,GKXIVJ ( U )  , G P X I P J  ( 4 )  . G K Y I J H ( U )  , G K Y S J P ( U )  ,GNRL 7 0  
> H T K I J  ( 4 )  , H T R I J O  (4) .HTKIPJ ( I ! )  , H ' I P I R J ( 4 )  , F ' I R T J P  (U )  . H I J . H I J M , H I P J  , GNRL 80 
> HIHJ,HIJP.GIJ.UIJ~.UIPJ,U~~J,UI~€,VIJ,VIJ~,VIPJ,VI~J,VIJP,TIJ , GNRL 9 0  
> T I  J N , ?I P J , T I N  J T I  J P , RCKTF C ( U ) , R C 13 ,  RO I J P , R O I P  J , RO I H J R O  I J P  , GNRL 1 00 

> SXYIPJ,SXYIflJ,SXYIJP,ROI~JD,RCI~JQ,PCIJ~C,ROIJ~~,~Q~~P,TD~J , GNRL 1 2 C  
> HCIHJ,HCIFJ,HCIJH.HCIJP,GP,ROCKC(U) , S F H T R ( U )  , b E N S K ( U )  , R O D K I J ( U )  .GNRL 130 

GNRL 1UO > G K D V I 3 ( 9 )  , D X I , D Y J  , Q D V ( 2 5 ) , H E E ( i 5 )  ,UBC(;E),VRD(25),TBD(25), 
> C K B D ( U , 2 5 )  , T B I J . H C B I J  . D C K @ I J  ( U )  , H T K E I J  (4) , R N T J , U B X J . V B I J , W B I J ,  GNRL 150 
> R O B I J . H T E . I J . C K B I J ( U )  . T T I J . H C T I J , C C K T I J ( U )  . H T K T I J ( U )  , U T I J , V T I J ,  GNRL 150 
> U T I J , R O T I J , H T ~ I J , C K T I J ( U )  , Q @ C ( i S )  , G B C ( 2 f ) , G K B D ( U , 2 5 )  , S B D N ( 2 5 ) ,  GNRI. 170 
> SBDSH(25),WTND,WINDX,~YNCY ,IJ,IH1J.IE1J,IJHl,IJPl,INTRT,K'JIJ, GNRL 180 
> KOII!lJ,ROIFIJ,ROIJMl,KOIJFl ,NBXll,NBXF,hEYfl,NEYP,NRFGIN,NBNDF , GNRL 190 
> IXQV(25),JYCV(25),NHBDTP(25),NUEtTP(25) , N V @ D ? P ( 2 5 ) , N T B D ' I P ( 2 5 )  , GNRL 200 
> NXGRL.NYGFL.NBEG,NINTI~,N'IUF~,NEO'I~,N~~IFC,NT~AX,NGENF GNRL 2 1 0  

I S H  0005 C O H H O l ~ / T A B I F / N ' I E r P ( l O )  ,TAEARG ( 2 5  , l o )  , T I B P R C  ( 2 5 , l O )  GNRL 2 2 0  
C*****THIS VALUE FOR X I S  I N S E R T E D  HERE TO T E S T  T R E  PROGRAM €OR GNRL 230  
C WORKABILITY.  GNRL 2 '40  

GNRL 250 ISN 0006 X = 1.DO 
ISN 0007 I F  (N) 1 4 . 1 0 . 1 2  GNRL 2 6 0  
ISH 0008 10 GNRLFC=l .OCO GNRL 2 7 0  
ISN 0009 RETURN GNRL 280 
ISN 0010 12  CALL ~ T S n ( X , T A B A R G ( l , N ) , T A E F N C ( l . N )  . N T E L E ( N )  . l . L R G . V l L , S )  GNRL 290 
ISH 0011 CALL AII(X,ARG,VAL,Y,5,O.Cl,XER) GNRL 300 
ISN 0012 G N R L P C - I  GNRL 310 
ISN 0013 RPTURN GNRL 320 

GNRL 330 IStl 0 0 1 1 1  11) N = - N  
XSN 0015 GNRLPC=ANLFNC (1) GNRL 3 U 0  

GNRL 350 ISN 0016 N = - N  
13T1 0017 RETURN GNRL 360 
ISN 0018 PND GNRL 370  

> S H K T P C ~ U )  ,SHTCKD 14) ,SHTTPC, ~ ~ ~ I ~ J , S X X I P J , ~ Y Y T J H , S Y Y I J P , S X Y I J H  , G N R L  110 

* O P T I O N S  I N  E F F E C T *  NAllE= RAIN , O P T = 0 2 , 2 I N E C N T = 6 0  , S I Z E = C O C C K ,  

*OPTIONS I N  E P P E C T I  S O U R C E . E B C D I C . N O L I S T . H O C E C K , L C A ~ , N O ~ A E , H O E D I T , N O I D , N O X R E F  

* S T A T I S T I C S *  SOORCE STATEHEN'IS  = 17 .PRCGRAM 5TZE = 5 4  8 

* S T A T I S T I C S *  NO D I A G N O S T I C S  GENERATED 

****** END O F  C O N P I L A T I O N  ****** 121K BYTES O F  CORE NOT USFD 
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CS/360 FORTRAN H 

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 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C O I I P I L E R  O P T I O N S  - WANE= N A I N , O P T ~ 0 2 , L I N E C N T ~ 6 O , ~ I Z E ~ O ~ O O K ,  
S O U R C E . E B C D I C , N O L I S T , N O D E C I , L O A D , N O N A P , N O E D I T . N O I D . N O X R E E  

.................................................................. 
SUBROUTINE A L I  

P U R F O S E  
TO I N T E R P O L A T E  FUNCTION VALUE Y FOE A G I V E N  ARGUNENT VALUE 
X U S I N G  A GIVEN TABLE (ARG,VAL) C F  ARGUMENT AND FUNCTION 
VALUES. 

USAGE 
CALL A L I  ( X , A R G , V A I . I . N l ! I N , E P S , I E R )  

D E S C R I P T I C N  O F  PARANETEUS 
X - THE ARGUNENT VALUE S P E C I € I E D  BY I N P U T .  
ARG - THE I N P U T  VFCTOR ( C I N E N S I O N  NDIN)  O P  ARGUMENT 

VALUES OF THE T A B I E  (NOT CESTROYED).  
VAL - TAE I N P U T  VECTOR ( C I N E N S I C I  NUIN)  OF FUNCTION 

VALUES OF THE T A B I S  ( D E S T 6 C Y T D ) .  
I - THE R E S U L T I N G  I N T E R P C L A T E D  FUNCTION VALUP. 
NDIN - A N  I N P U T  VALUE WHICH S P E C I I I E S  THE NUIIBER O F  

E P S  - A N  I N P U T  CONSTANT HHICH I S  USED AS UPPER BOUND 

I E R  - A RESULTING ERROB PARARETEE. 

P C I N T S  I N  TABLP (ARG,VAL) .  

FOR T P E  ABSCLUTE ERROR. 

REMARKS 
(1) TABLE (ARG. VAL) SHOULE REPRESENT A S I N G L E - V A t U E D  

€UNCTION AND SHOULD EE S'IOREE I N  SUCH A W A Y ,  THAT THE 
E I S T A N C E S  ABS ( A R G ( 1 )  - X )  I N C R E A S E  Y I T H  I N C R E A S I N G  
S U B S C R I P T  I. TO GENERATE T H I S  CBDER I N  TAELE ( A R G , V A L ) ,  
SUBROUTINES ATSG, ATSN OR ATSE COULD BE USED I N  A 
F B E V I O U S  STAGE. 

( 2 )  NO ACTION E E S I C E S  ERROE NESSAGE I N  C A S E  N D I N  L E S S  
TAAN 1. 

(3) I N T E R P O L A T I O N  I S  TERNINATEU EITHER I F  THE D I F P E R E N C E  
EETWEEN THO S U C C E S S I V E  I N T F R F O I A ' I E D  VALUES I S  
AESOIUTELY L E S S  THAN TCLERANCE EPS. OR I F  THE ABSOLUTE 
VALUE CF T H I S  D I F F E R E N C E  STOFS C I N I N I S H I N G ,  OR AFTER 
( N C I N - 1 )  S T E P S .  FURTHEI; IT If TERHINATED IF THE 

FROCEDURE C I S C O V E R S  T U C  ARGUI'ENT VALUES I N  VECTOR ARG 
UYICH ARE I D E N T I C A L .  DPPENDEhT CN T H E S E  FOUR CASES,  
ERROR FARAIIETER I E R  I S  CODED I N  THE FOLLOWING PORN 

I E R = O  - I T  UAS F O S S I B I E  'IO FEliCH THE REQUIRED 
ACCURACY (NC ERROR). 

I E R = I  - I T  U A S  I M P O S S I E L E  ' I C  EEACH THE REQUIRED 
ACCUQACY EECAUSE O F  RCCNnING ERRORS. 

I E R = 2  - I T  UAS I H P O S S I B L F  TC CHECR ACCURACY BECAUSE 
NDIN I S  LESS 7 H A N  3 ,  CR THE REQUIRED ACCURACY 
CODID NOT EE REACHEt  E P  MEANS O P  THE GIVEN 
TAELE.  NDIN SHOULD PE INCREASED. 

I N  VECTCR ARG WHICH A R E  I D E N T I C A L .  
I P R = 3  - THE PROCECURE t I S C O V E h E D  TWO ARGUMENT VALUES 

S U B R O U T I 1 E S  AND FUNCTION SUBPROGRANS EEQUIRED 
NONE 

10 
20 
30 
40 
50 
60 
70 
80 
90  

1 0 0  
1 1 0  
120  
130 
1 4 0  
150 
160 
1 7 0  
180 
190 
2 0 0  
210 
2 2 0  
230 
2 4 0  
250 
2 6 0  
2 7 0  
2 8 0  
290 
300 
310 
3 2 0  
330 
340 
3 50 
360 
370 
380 
390 
4 0 0  
4 1 0  
4 2 0  
4 3 0  
4 4 0  
450 
460  
470 
4 8 0  
490 
500  
510 
520 
530 
5 4 0  
550 
560 
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ISN 0 0 0 7  

ISN 0 9 0 3  
ISN 9004 

ISN 0006 
I S N  0007 

ISN o n 0 5  

ISN 0008 
ISN 0009 
I S N  0010 
ISN 0 0 1 1  
TSN O n 1 2  
I S N  0 0 1 3  
I S N  0 0 1 4  
ISN 0 0 1 5  
ISN 0016 
I S N  0 0 1 7  
I S N  0018 
ISN 0019 
TSN OF20 

ISN 0 0 2 1  
I S N  0 0 2 7  
ISN 0 0 2 3  

ISN o n 2 4  
ISN 9 0 2 5  

ISN 0 0 2 6  
ISN 0 0 2 7  
ISN 002R 

ISN 0 0 2 9  
ISN 0@30 
I S N  0 0 3 1  

C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

C 
C 

NETHCD 
INT'5F,fCl,ATIO" T F  nONF EY YTr\NS c c  A I ' T . ( " Y S  S C U Z Y ?  O F  
LAGRAYGF IH?7RPOlA??CP.  O Y  E F " O F I  Y CO'VkTNS A!! 'VTC"FC1,A'ED 
P U N C T T C N  vn iu !  AI F C I N T  x ,  V E T C H  r!: ;N TP? S T N S T :  O F  R E M A R K  
(3) C F T T M A L  UITH R P s r w T  ~c c ? v r i I  T ~ ~ F L F .  ~ o ?  F ~ V F R E N C F .  S ~ E  
T.B.  HILDEEFIN?,  IN ' I9PDnCIICY TP K ~ l ~ P P T C I I L  ANRZYSTS, 
NC G R A W - H  I L I ,  N E  C! Y 0 F P / T O  R C BT O /  L C h 0 C P , 1 9 5 6 , P F .4 9 - 5 0 . 

.................................................................. 
SUBROOTI NE A L I  ( X  , R R G ,  V A L ,  Y .N CT 1. EFS ,I F F )  

I ' I P L I C I T  REAL*B (A-H.0-Z) 
QINENSION AFG(1) .VAL( l )  
T F R = Z  
DELTZ=O. DO 
T F  (NDIN-1)  26.22.10 

STAD'I O F  AITRFN-I00P  

DELTl=DFLTZ 
I p N n = J - l  
DO 1 2  I = l . I E N D  
H = A R G  (I)  - A F G  ( J )  
I F  (H) 1 2 . 2 4 . 1 2  

DELT2=DABS (VAL ( J )  -VAL ( I T N C ) )  
17 ( J - 2 )  2 C . 2 0 , 1 4  

14 I F  (DFLTZ-EPS) 2 € , 2 8 , 1 6  
16 I F  15-5) 2C,18,1@ 
18 I F  (DELT2-CELTl) 2 0 , 3 0 , 3 0  
20 CONTINUE 

10 DO 2 0  J r 2 , N C I I  

1 2  V A L ( J ) = ( V A L ( I ) * ( X - A R G ( J ) ) - V A ~ ( J )  *(X-ARG(I)))/H 

END OF AITKFN-LOCP 

2 2  J = N D I R  
24 Y=VAL(J)  
2 6  RETURN 

THERE I S  SUFFICIENT ACCURRCY W I T P I N  N D I 1 - 1  TTFRA-ION STPPS 

GO T O  24 

TEST VALOE DEL92 STARTS OSCILLhTING 

28 IER=O 

30 I E P = l  
32 J = I E N n  

GO TO 2 4  

THERE A R E  I W C  IDENTICAL ARGUMENT VALUFS IN VFCTOR A R G  
34 I F R - 3  

GO TO 3 2  
END 

5 7 0  
5 8 0  
59P 
6 0 0  
6 1 0  
6 2 0  
6 3 0  
6 4 0  
6 5 0  
6 6 0  
67 0 
6r0 
6 9 0  
7 0 0  
7 1 0  
7 2 0  
7 3 0  
7 4 0  
7 5 0  
7 6 0  
7 7 0  
7 8 0  
790 
a 0 0  
8 1 C  

8 7 0  
840 

8 6 0  
A70 
8 8 0  
8 9 0  
900 
910 
920  
9 3 0  
9 4 0  
9 5 0  
960 
970 
9 8 0  
9 9 0  

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

~ 2 n  

8 5 0  

*OPTIONS I N  E*FECT* NAME= ~AIN,OFT=02,LINECNT=6O,~IZE=CO~OK, 

*OPTIONS TN EPPECT* S O O R C E , E B C D I C , N O L I S t , ~ C ~ F C K , L C ~ C , ~ C ~ ~ ~ , N ~ E D T T , N O I C , ~ O X R F F  

*STATISTICS* SOURCE STATE-ENIS = 30 ,PRCGRAM SIZF = 7 3  A 
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* S T A T I S T I C S *  NO D I U G N O S ' I I C S  GENEEATEC 

e*** * *  E N D  OF C O l l P I L . I T I O N  I***** 129K BYTES OF CORE SOT USEn 
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C S / 3 6 0  FORTBAN H 

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 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

.................................................................. 
SQBROUTINE ATSN 

PURFOSF 
N D I M  P O I N T S  OF A GIVEN T A B I E  WITH RCNOTONIC ARGUtiENTS ARE 
SELYC’IET? bNn ORDPREC SOCR ?HAT 
ABS (ARG ( I ) - X )  .G€.ABS (ARG ( J )  - X )  I F  I .GT. J .  

OSAGE 
CALL RTsn (X,Z,P.IROU, ICCL , A F G , V B L  ,NDIM) 

D E S C Q I P T I C N  O F  P A R I V E T E R S  
x 
2 

F 

IROY 

I C O L  
A R G  

VAL 

NDIM 

REMARKS 

- T H E  SEARCH ARGQMELT. - THE VECTOR CP AEGCOENT VALUES ( C I M t N S I O N  I R O U ) .  
THE ARGURENT VALUES V U S I  EE STORFD I N  I N C R E A S I N G  
OR DECREASING SEQUENCE. - I N  C A S E  I C O L = l ,  F I S  THE VECTOR OF FUNCTION VALUES 
( C I V E N S I O N  I F O W ) .  
IN CASE I C O l = 2 ,  F IS A N  I F C P  BY 2 M A T R I X .  THE F I I S T  
CCLUMN S P E C I F I F S  IPE VPCTCF OF P Q N C T I O N  VALUES ANC 
THP SECOND THE VECTCR OF [ I R I V A T I V E S .  

I N  I R T Q I X  F. 
- TH€ DIMENSION O F  VFCTOF Z A N D  Or EACH COLUNN 

- THE NUMBER C F  CCLCMNS I N  E ( I . E .  1 OR 2). - THE RESULTING VECTCR OF S E I E C T E D  A N D  ORDERED 
ARGOMENT VALUES ( [ I R F N S I O W  N D I V ) .  - THF R E S U L T I N G  VECTCR OF SELECTED FUNCTION VALUES 
( C I M E N S I O N  N D I I )  I N  CAYE I C C L = l .  I N  CASE I C C L = 2 ,  
VAL I S  TRE VECTOR OF FUKCTICN A N D  D E R I V A T I V E  VALUES 
( D I V E N S I O N  2 * N D I O )  U H I C P  A R E  STCRED I N  F A I R S  (I.F. 
ELCH FUNCTION VALCE I S  *OLIOWED B Y  IPS D F Q I V A T I V E  
VALUE). 

TRE G I V E N  TllRLE ( ‘ 2 . F ) .  
- THF NUNBER C F  P O I N T S  U H I C P  VOST RE SELECTED OUT 01 

NO kC’IION I N  CASE TRCW L E S 5  THAN 1. 
IP INPOT VALUF NDIM I S  G R E B I E F  TAAB TROW, THP PPCC:IIAfl 
S E L E C T S  ONLY A bLXI’ lUb T h B I E  CP I R C P  P O I N T S .  T H E F E F F l F  TAE 
OSER OUGHT TO CPECK CORRESEONCFNC? EETW?FR T A E L F  (AAG,VAJ)  
A N I :  I T S  DIMENSION E Y  CCMFAFISON CF N D I n l  A N D  IRON. I N  ORDER 
TC G F T  CORRECT RESULTS I N  FORTHPF kCRY WJT’I T k B L f  (ARG,VAL) .  
THIS T E S T  R A Y  @ E  DONE E F F O F E  CR AF’ITR CALLING 
SDBRCUTINE ATSM. 
SUBROO’IINE ATSM V S P E C I A L L Y  CAN B E  CbEO FOR GFYFRATIUG THE 
TAELE (ARG,VAL) NEECEn I N  S U @ R O D T I N E S  A L I ,  A H I ,  R N C  A C F I .  

S O B R O U T I N F S  llND FONCTICN SOEEFCGFAI!S  F E Q U T P F O  
NONP 

VETHOD 
S E L F C T I O N  I S  DONE ET SEARCHING “HE CO9SCQTPT J 07 THAT 
ARGUMENT, WHICH I S  NFXT TO Y (RTIARY S F A P C H ) .  
APTEBPARDS NVIGEEODRING ARCUNFNT V I I I U 2 S  AilE T E S T E D  AND 

1 0  
2 0  
30 
40 
50 
60 
70 
80 
90 

1 0 0  
110 
1 2 0  
130  
1 40 
150 
1 6 0  
170 
180 
190 
200 
210 
2 2 0  
2 3 0  
240 
2 5 0  
26F 
2 7 0  
280 
290 
3 0 0  
310 
32C 
330 
340 
350 
3 6 0  
3 7 0  
380 
3 9 0  
4 0 0  
4 1 0  
4 2 0  
430 
4 4 0  
45r3 
460 
4 70 
480 
490 
500 
510  
5 2 0  
530 
540 
550 
560 
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TSN 0 0 0 2  

ISN 0 0 0 3  
ISN 0 0 0 4  

C 
C 

ISN 0005  
ISN 0 0 0 6  

C 
C 

ISN 0007 
ISN OOOQ 

C 
C 
C 

ISN 0009 
TSN 0 0 1 0  
TSN 0011 
ISN OPT2 
ISN 0 0 1 3  
I 5 N  0 0 1 4  
ISN 3 0 1 5  
13V 0Cl6 
ISN 0017 
I ' i N  9 0 1 9  
TSN 0 0 1 9  
ISN 0 0 2 0  
?SN 0 0 7 1  
15'4 D927 

C 
C 

I S N  0 0 2 3  
ISN 9 0 2 4  
ISN 0 0 2 5  
ISN 0026 
TSN 0027 

ISN 0429 
ISN 003q 
I S N  0Q31 
ISN 0 0 3 2  
ISN 0 0 3 3  
ISN 0 0 3 4  
ISN 0 0 3 5  
ISN 0016 

TSN 007q 
TSN 0 0 3 0  
ISN 0 0 4 0  
I S N  0 0 4 1  
ISN 0042  
ISH 0 0 4 7  
I S 1  O O U U  

ISV 

ISN n o w  

SFLFCTED I N  THP A E C V E  S'NSE. 

.................................................................. 
SllRROU'IINE L T S t l ( X . Z . F , I R C W  , I C C I ,  P 6 G . V I I t .  REIa) 

IIPLICI? P E A L * P  (A-H,O-Z)  
DINENSION 2 ( 1 )  . F [ l )  .AFG(l) ,VALfI)  

CASE I R O W = l  IS CHECRED C U I  
TF (XROY-1) 54 ,5C,10  

10 N = N D I F l  

I F  N I S  GREPTEP T H A N  I R O Y ,  N I S  SFT ECOII TO I R O U .  
IF (N-IROU) 14.14.12 

1 2  N = I R O U  

CLSP IRQU.CP.2 
SEARCHING FCR SUESCRIPT J SUCH I F A T  Z(J) I S  NFXT T O  X .  

1 4  I F  ( Z ( I R O W ) - Z ( l ) )  1 8 . 1 6 . 1 6  
1 6  J = I R C W  

I= 1 
GO 'IO 20 

1R I = I P O W  
J= 1 

20 K = ( J + I ) / 2  
IT ( X - Z ( K ) )  22.22.2'4 

2 2  J = *  
EO TO 2 6  

24 I = K  
2 6  I F  ( I A B S ( J - I ) - 1 )  2P .28 .20  
28 I F  (DheS(Z(J)-X)-~hBS(Z(I)-x)) 3;.32.3(3 
30 J=I 

TABLE SFLEC'TICN 

J L = 9  
JR=O 
DO 48 I = l , N  
A R R  ( I )  = 2  (K) 

3 4  V A L ( 2 * I - l ) = F ( K )  

3 2  K = J  

IP (ICOL-1) 26 .36 ,34  

R K = K + I B @ P  
VAL ( 2 * I ) = F  (KR) 
G O  ' I O  3 8  

3 6  VAL (I) =P (K) 
3 8  J J R = J + J P  

40 J J L = J - J l  

42 IP ( D A B S ( 2  (JJR+l)-X)-DAeS(7(JJI-?)-X)) 46.46.44 

I F  (JJR-IRCW) 40.44.44 

I F  ( JJL-1)  4€,46,42 

44 J L = J L + l  
K=J-JL 
GO TO b B  

46 J R = J R + l  
K = J + J R  

4R CONTINUE 

57c 
5 8 0  
590 
60c 
6 1 0  
62C 
6 3 0  
6 4 0  
650 
660 
6 7 0  
6 8 0  
6 9 0  
100 
7 1 0  
7 20 
7 3 0  
7 4 0  
7 5 0  
7 61, 
7 7 0  
7 8 0  
7 9 0  
R O O  
8 1 0  
8 2 0  
8 3 0  
8 4 0  
850 
8 6 0  
870 
R R O  
890 
9 0 0  
9 1 0  
9 2 0  
9 '30 
9 4 0  
950 
9 6 0  
9 7 0  
98C 
9 9 0  

1 0 0 0  
1 0 1 0  
1 0 2 0  
1 0 3 0  
1040 
1 0 5 0  
1 0 6 0  
1 0 7 0  
1 0 8 0  
1 0 9 0  
1 1 0 0  
1 1 1 0  
1 1 2 0  
1 1  30 
1 1 4 0  

. 



c 

ISN OOU5 RETURN 
C 
C CASE IROW=l 

I S N  0046 50 ARG(l)=Z(l) 
I S N  0047 VAL(l)=F(l) 
I S N  O O U 8  IF ( I C O L - 2 )  54,52,54 
I S N  0049 52 VAL (2)  =P (2)  
Isn 0050 54 R E T U R N  
ISM 0051 E N D  

1 1  50 
1160 
1170 
1180 
1190 
1200 
1210 
1220 
1230 

* O P T I O N S  I N  E F F E C T *  NAWE= ~AIli,O€T=O2,LINPCNT=6O,SIZE=OOCCK, 

* O P T I O N S  I N  E F F E C T *  S O U R C E , E E C D I C , N O L I S T , N O ~ E C ~ , L C A ~ , N O ~ ~ E , N O E ~ I T , N O I D , ~ O X ~ F F  

* S T A T I S T I C S *  SOURCE S T A T E R E N I S  = S O  ,PRCGRAR SIZE = 98 0 

* S T A T I S T I C S *  NO D I A G N O S T I C S  GENEFATED 

**+*** END OF C O R P I L A T I O N  ****** 121K EYTES OF C O R E  NOT USED 
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. 

V 

CS/360 F O R T E A N  H 

COWPILER OPTIONS - H A R E =  U A I N , O P T ~ O i , L I N E C H ~ = 6 C , ~ I 7 ~ = ~ O O O K ,  
S O Q P C E . E P C D I C , N O L I S T , N O Q E C K , L C A D , N C ~ A P , N O E D I T , N O I D , N O ~ R F F  

I S N  0003 SOBROUTIIIE  CtJTZ(RK,K7,KP) OUTZ 10 
ISN 0003 I U P L I C I T  R E A i * 8  (A-H,O-Z) OUTZ 20  
I S N  0004  CONRON/Z/ IZSP ,NDO~,Z  ( 1 )  OUTZ 30 
I S N  0005 QEAL*U ANAF OUTZ 4 0  
TSN 0006 DINENSION A N A R  (0 )  OUTZ 50 
I S N  0007 DATA A N ? I V / * H * ,  ' Q * , ' V *  , * T ' , ' C K l ' ,  'CK2'. 'CR3 ' .  'CK4 ' /  OUTZ 6 0  
I S N  0006 N= K X * K  P OWTZ 7 0  

OUTZ 8 0  I S N  000s U = N A * N  
I S N  0010 IH=U*(KX+KI)  4N OUTZ 90  
I S N  9011 I H l = 8 * N + 2 * P + I H  OUTZ 1 0 0  
JSN 0012 L=NK+U OUTZ 1 1 0  
I S N  0 0 1 3  DO 1 2  K = l , i  CUTZ 120  
ISN 0 0 1 4  PRINT 1 O O O . K  OUTZ 1 3 0  
I S N  0015 no 10 J = ~ , I  OUTZ 1 4 0  
TSN 0016 I L = I H + l  OUTZ 1 5 0  
I S N  0017 IH=IA+N COT2 1 6 0  
I S N  0018 PRINT l O l O , A N A ~ ( J ) ,  (Z(1) , I = I L , I H )  OOTZ 170 
ISN 0019 I G  CONTINOP OOTZ 1 8 0  
I S N  0 0 2 0  1 2  I A = I H l  OUTZ 1 9 0  
I S N  0021 RPTIJRN OUTZ 2 0 0  
I S I  0 0 2 2  1000 PORRAT('1VALOES WHSN K * 1 ,  EERIVAIIVES k H F N  R=2. K = ' I 2 )  OUTZ 2 1 0  

CUTZ 2 2 0  ISN n o 2 3  1010 PORUAT ( / / l X , A 4 / ( 1 P l O E l 3 . 5 ) )  
I S N  0024 END OUTZ 2 3 0  

*OPTIONS I N  FPPPCT* RARE= HATN,OFT=O2,LINECNT=6O,~IZE=OOCCK, 

*OPTIONS I N  EFFECT* S O O R C E . E E C D I C . N O L I S T , N O ~ E C K , L C A E , N O ~ A E , N O E D I ~ , N O I D , N O X R F F  

*STATISTICS* SOQRCF STATEHEN'IS = 2 3  ,€ROCRALR S I Z E  = 6 5 4  

*STATISTICS*  NO DIAGNOSTICS GENEBATED 

****** END OF COMPILATION ****** 1 2 9 K  BYTES OF CORE NOT USED 

. 

. 
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C S / 3 6 0  FCRTRAN H 

COMFILFR CPTTONS - N A I I E =  MAIN.OPT=02.LINSC6T~6O.~?ZE~~~OOK. 

I S N  0 0 0 2  
I S N  0003 
I S N  0004 
I S N  0005 
I S N  0006 

I S H  0007 

I S N  0008 
ISN 0009 
I S N  0011 
ISN 0 0 1 2  
ISN 0013 
I S N  0 0 1 4  
I S N  0015 
I S H  0016 
ISN 0 0 1 7  
I S N  0018 
I S N  0019 
ISN 0020 
I S N  0 0 2 1  
I S N  0 0 2 2  
I S N  0 0 2 3  

I S N  0024 
I S N  0 0 2 5  
ISN 0 0 2 6  
ISN 0 0 2 7  
I S N  0 0 2 8  

S O D K C F , E E C D I C , N O L I S T , N C C E C K , L C R D . N C Y I P . N O F D I T , N O I ~ , N O X R E F  
SVDROUTINE FLOTX ( INPLT)  PLOT 10 
I N P l  I C I T  REAL*@ (A-H,O-2) PLOT 2 0  
COU~0~/00T/NK.RX,KY.NKKX,IXO,IIO,IHO,IO~,IV~,IUSO,ITO,ITT~DO,ICKO PLCT 30 

COMqON/COMEII/ ~ N L . A T n P . C P I J . C K I J ( 4 )  . C I I F J ( U )  , C K I R J ( U )  , C K I J P ( U )  , PLOT 50 
> C K I J R ( 4 ) . ~ X N . D X F . O I R . D I P . C X I P l , t Y J P l , C X L I . D X R I , C X L I l , D X R I l , ~ Y L J  ,PLOT 60  
> D Y R J ~ C I L J l , t Y R J l , G B I J , G K E ? ~ ~ ( U )  . C B T J , Q K B I J ( 4 )  . S B X I J . S B Y I J , G X I I I J  , PLOT 7 0  
> G X T P J , G Y I J N , G Y I J P , G T I J , G K ' T I J  (4) ,QTTJ .CKTIJ (U)  , S T X I J , S T Y I J , Q D V I J  ,PLOT 80 
> QXIMJ,QXIFJ.QIIJfl,QYIJP,GKXI~J(~) ,GKXIFJ (U)  ,GKYIJM(U) , G K Y I J P ( U )  .PLOT 9 0  
> H T F I J ( 4 ) . A T K I J M ( U )  , H T K I P J ( U )  , H r s I R J ( 4 ) , A ~ K ? J P ( U ) , H I J , H I J ~ , H I P J  , PLOT 1 0 0  
> H I f l J . H ? J P , O I J . U T J ~ . D I F J , U I f l J , O I J P , V I J , V I J ~ , V I P J , V I ~ J , V I J P , T I J  , PLOT 1 1 0  
> T I J M , ~ I P J . T ~ R J . I I J P , P C K T F t ( U )  . K C I J . R O I J ~ . R O I P J . R O I ~ J , R O I J F  , PLOT 1 2 0  
> SHKTPD(4)  ,SHTCKC(U) ,SATTPD,SXXI~J.SXXIPJ,SYYIJM,7YYIJP,SXYIJN , PLOT 1 3 0  
> S X Y I P J , S X I I R J . S X Y I J P , R C I ~ J D , S C I E J C . P C I J ~ C , R O I J P D , E ~ T ~ P , T D I J  , PLOT 1 4 0  
> HCIRJ,ACIPJ.HCTJ~,HCIJP.GB,ROCKt (4 )  , S F H ' l P ( U )  .DPNSK(U) , Q O D K I J  ( 4 )  ,PLOT 1 5 0  
> GKDVIJ (U)  ,tXI,DYJ ,QnV ( 2 5 )  ,ABD ( 2 5 )  ,UBD ( i 5 )  ,VBD(25)  . T @ D ( 2 5 ) ,  PLOT 160  
> CKBU(U.25)  , ? B I J . H C E I J  .CCKBIJ (4) , H T K E l J  (4) , B N I J , U B I J . V E I J , W B I J .  PLOT 1 7 0  
> P O B I J ,  HTB1J.CKBI.J (4) , T T I J  ,HCTI  J ,CCKT I J (4) ,HTKT? J ( 4 )  , U T I  J, VTI J ,  PLOT ' 8 0  
> WTIJ,ROTIJ.HTTIJ,CRTIJ(U) .QBD(2C)  , G B t ( 2 5 )  .GKBD(U.25) , S B D N ( 2 5 ) ,  PLOT 190 
> SBDSH(25),UIND,PINDX,UINDY , I J , I ~ l J , ~ F 1 J . ? J N l . ? J P l , I N ~ R T , K O I J ,  "LOT 2 0 0  
> ROIR1J,KOIFlJ ,KOIJ~l ,KOIJP1 ,NBXP.NBXE.hEIM,NEYP,NKEGIN,NBND? , PLOT 2 1 0  
> I X Q V ( 2 5 )  . JYQV(25)  .NABDTP(25)  ,NlTED?F(25) ,NVBDTP(25)  .NTBDTP(25)  , "LOT 2 2 0  

CONRON/Z/NZS~,NCDR,Z( l )  PLOT 2UO 
C PLOT 2 5 0  

I P L T F = @  FLOT 2 6 0  
IF ( INPLT.NE.0)  GO TO 1 4  PLOT 2 7 0  

PLOT 2PO DO 10 I = l , K X  
U R I T t ( 1 P L T F )  I, 2 ( I X O + I )  FLOT 2 9 0  

10 CONTINUE PLOT 3 0 0  
DO 1 2  J = l , K Y  PLOT 3 1 0  
P P I T E ( 1 P L T F ) J . Z  (IIO*J) PLOT 3 2 3  

1 2  CONTlNOP ?LOT 3 3 0  
PLOT 3 4 0  14 WRITE ( I P L - F )  TH , PER1 O C  , IT, DTR 

K O  I J S = I C K @  PLOT 3 5 0  
DO 2 0  I = l , K X  PLOT 360 
IJ=I PLOT 3 7 0  
K O I J = K O I J S  PLOT 3 8 0  
DO 18 J = l , K I  PLOT 390 

16 W R I T E ( I P L T F ) 7 , ( I H O + I J )  , Z ( I O O + I J )  , Z ( I V O t I J ) ,  S(IWSO*IJ) , Z ( I T O + I J )  , PLOT U o o  

K O I J = K O I J +  N K K X  PLOT 4 2 0  
1 R  I J = I J + K X  PLOT U 3 0  
2 0  KOIJS=KOIJS*NK PLOT U U @  

RPTORN PLOT 450 
END PLOT 4 6 0  

C O U M O N / D R O D / T I N . D T ~ , T R , P E R I O D . I T , N R O V E , L ~ C V ~ . N  PLOT 40 

> NXGRI,NYGhI,NREG,NINTLP,NTOP~,N~CTF,N~@I~C,NT~AX,NGENF PLOT 2 3 0  

> Z ( Y T T R C O t I J ) ,  (2 (KOIJ+K)  , K = l  , N K )  PLOT 4 1 0  

*OPTIONS I N  EPPtCT*  RARE= R A I N  .OFT=02 ,  L INECNT=60 ,  EIZE=OO OOK, 

*OPTIONS I N  EPPECT* SOURCE,EECDIC,NOLIST,NODECK,LCAD,NO~~E.NOEDIT,NOID.NOXR~F 

*STATISTICS*  SOURCE STATERENTS = 2 7  . P R C G R A ! !  S I Z E  = 736 

*STATISTICS*  NO DIAGNOSTICS GENEBA'IEC 

****** END OF CORPILATION ****** 
+ S T & T I S T I C S *  NO DILOWOSTICS TIIIS S T E P  

l 2 l K  B I T E S  OF COPE NOT USED 
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