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( ก - 1) F i n i t e  a p p r o x i m a t i o n  i n  d i s t a n c e . A s  a l r e a d y
m e n t i o n e d  a b o v e  i n  t h e  d i s c u s s i o n  o f  f l o w  r e p r e s e n t a t i o n ,  
i t  i s  a s s u m e d  t h a t  t h e  f l o w  i n  t h e  c a n a l  s y s t e m  w i l l  b e  
g r a d u a l l y  v a r i e d ,  u n s t e a d y ,  f r e e - s u r f a c e  f l o w  i n  t h e  
s u b c r i t i c a l  r a n g e .  D i f f e r e n t i a l  e q u a t i o n s  e x p r e s s i n g  t h e  
g o v e r n i n g  r e l a t i o n s h i p s  f o r  t h i s  t y p e  o f  f l o w  h a v e  b e e n  
w r i t t e n  a n d  a r e  r e a d i l y  a v a i l a b l e  i n  e n g i n e e r i n g  l i t e r a 
t u r e  ( 6 ) 1 . To o b t a i n  n u m e r i c a l  s o l u t i o n s  f o r  p a r t i c u l a r  
f l o w  p r o b l e m s ,  t h e s e  e q u a t i o n s  a r e  w r i t t e n  i m f i n i t e  
d i f f e r e n c e  f o r m ,  and  c o m p u t a t i o n s  a r e  c a r r i e d  o u t  u s i n g  
s m a l l  i n c r e m e n t s  o f  t i m e  a n d  d i s t a n c e .  S u c h  n u m e r i c a l  
p r o c e d u r e s  a r e  p r e s e n t e d  i n  c o n s i d e r a b l e  d e t a i l  i n  t h e  
l i t e r a t u r e  (18 ,  2 i ) , b u t  g e n e r a l l y ,  t h e  a p p l i c a t i o n  i s  
l i m i t e d  t o  f l o w  i n  a s i n g l e  c h a n n e l  o r  a s i m p l e  j u n c t i o n  
o £  t w o  c h a n n e l s  f l o w i n g  i n t o  a t h i r d .  One o r  m o r e  o f  t h e s e  
a p p l i c a t i o n s  m i g h t  b e  a p p l i c a b l e  f o r  f l o w  i n  a s m a l l  n u m b e r  
o f  c h a n n e l s  an d  j u n c t i o n s ,  b u t  w o u l d  h a r d l y  b e  s u i t a b l e  f o r  
s u b s y s t e m s  o f  t h e  m a g n i t u d e  r e q u i r e d .

E q u a t i o n s  f o r  a s y s t e m  s o m e w h a t  s i m i l a r  t o  
B a n g k o k 1ร h a v e  b e e n  d e v e l o p e d  f o r  a s t u d y  o f  f l o w  i n  t h e  
n e t w o r k  o f  t h e  S a c r a m e n t o - S a n  J a o a q i n  D e l t a  ( 4 ) ,  b u t  t h e  
m a t h e m a t i c a l  m o d e l  f o r  t h a t  a p p l i c a t i o n  u s e d  a r e p r e s e n t a 
t i o n  o f  f l o w  c o n s i d e r a b l y  d i f f e r e n t  f r o m  t h e  o n e  d e s c r i b e d  
a b o v e .  I n  t h a t  r e p r e s e n t a t i o n ,  a l l  o f  t h e  c h a n n e l  s t o r a g e  
w a s  c o n c e n t r a t e d  a t  t h e  ' n o d e s ,  a n d  t h e  f l o w  i n  t h e  c h a n n e l s  
a c c o u n t e d  o n l y  f o r  e n e r g y  l o s s e s  a n d  a c c e l e r a t i o n s .  The  
s t o r a g e  a t  t h e  n o d e  w a s  e q u a l  t o  h a l f  t h e  s t o r a g e  i n  t h e  
c a n a l s  f l o w i n g  t o  o r  f r o m  t h a t  n o d e . _  W h i l e  s u c h  a r e p r e s e n t 
a t i o n  may b e  s u i t a b l e  f o r  f l o w  i n  a s e t  o f  e x i s t i n g  c h a n n e l s ,  
i t  w a s  f e l t  t o  b e  i n a d e q u a t e  f o r  a s t u d y  w h e r e  d e s i g n  w a s  a 
p r i m a r y  o b j e c t i v e  a n d  many p r o p e r t i e s  o f  t h e  c h a n n e l  w e r e  
y e t  t o  b e  s e l e c t e d .  -F o r  e x a m p l e ,  i f  t h e  d e s i g n  o f  a c h a n n e l  
w e r e  c h a n g e d ,  t h e  s t o r a g e  f u n c t i o n  a t  t h e  n o d e s  a t  e i t h e r  
en d  o f  t h e  c h a n n e l  w o u l d  h a v e  t o  b e  r e c o m p u t e d .  F u r t h e r m o r e ,  
t h e  e x a m i n a t i o n s  o f  t h e  e q u a t i o n s  i n  t h a t  s t u d y  i n d i c a t e d  
t h a t  t h e y  w e r e  e s s e n t i a l l y  t h e  s a m e  a s  o t h e r  f i n i t e - d i f f e r e n c e  
e q u a t i o n s  w h e r e  t h e  i n c r e m e n t  o f  d i s t a n c e  w a s  a s s u m e d  t o  b e  
s m a l l .  No s p e c i a l  a l l o w a n c e s  w e r e  m a d e  f o r  t h e  p o s s i b i l i t y  
o f  c o n s i d e r a b l e  v a r i a t i o n  i n  t h e  l e n g t h  o f  l i n k s  b e t w e e n  n o d e s .

ก .  D e v e l o p e d  F o r m s  o f  C o n t i n u i t y  a n d  M om entum E q u a t i o n  f o r
t h e  H y d r a u l i c  R o u t i n g  M o d e l .

1 Numbers i n  p a r e n t h e s e s  i n  t h e  body o f  t h e  t e x t  r e f e r  to
c i t a t i o n s  i n  t h e  l i s t  o f  r e f e r e n c e s .
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F o r  t h e  m a t h e m a t i c a l  m o d e l  u s e d  i n  t h i s  s t u d y ,  i t  
i s  a p p a r e n t  t h a t  t h e  l e n g t h  L b e t w e e n  n b d e s  i s  t h e  e q u i v a l e n t  
o f  t h e  f i n i t e  i n c r e m e n t  o f  X u s e d  i n  p a s t  a p p l i c a t i o n s .  s i n c e  
t h e  d i s t a n c e  b e t w e e n  n o d e s  may b e  e x p e c t e d  t o  h a v e  a n y  v a l u e ,  
t h e  f i n i t e  i n c r e m e n t  c a n n o t  b e  m ad e  c o n s t a n t .  F u r t h e r m o r e ,  
i t  c a n n o t  b e  a s s u m e d  b e f o r e h a n d  t h a t  t h i s  l e n g t h  w i l l  b e  s m a l l  
a s  i s  d o n e  i n  n o r m a l  f i n i t e  d i f f e r e n c e  c a l c u l a t i o n s .  T h e r e 
f o r e ,  i t  w a s  d e c i d e d  t o  w r i t e  t h e  e q u a t i o n s  o f  m o t i o n  i n  a 
f o r m  s p e c i f i c a l l y  s u i t e d  t o  t h e  r e p r e s e n t a t i o n  o f  f l o w  u s e d  
i n  t h i s  m a t h e m a t i c a l  m o d e l .

T he  e s s e n t i a l  a s p e c t  o f  t h i s  f i n i t e  a p p r o x i m a t i o n  
c a n  b e  m o s t  e a s i l y  p r e s e n t e d  b y  c o n s i d e r i n g  a n  e x a m p l e  w i t h  
t h e  a i d  o f  F i g u r e  7 .  I n  t h e  f i g u r e ,  t h e  a m o u n t  o f  w a t e r  
s t o r e d  i n  t h e  c h a n n e l  d u r i n g  t h e  i n c r e m e n t  T o f  t i m e  i s  
x e p r e s e n t e d  b y  t h e  v o l u m e  e n c l o s e d  b e t w e e n  t h e  w a t e r  s u r f a c e  
s h o w n  b y - t h e  s o l i d  l i n e  f o r  t i m e  0 and  t h a t  s h o w n  b y  t h e  
b r o k e n  l i n e  f o r  t i m e  T .  I n  t h e  n o r m a l  f i n i t e  d i f f e r e n c e  
a p p r o x i m a t i o n  t h i s  v o l u m e  m i g h t  b e  e s t i m a t e d  a s  t h e  p r o d u c t  
o f  t h e  l e n g t h  o f  t h e  c h a n n e l ,  t h e  a v e r a g e  w i d t h  o f  t h e  w a t e r  
s u r f a c e  a t  t i m e  0 a n d  t h e  a v e r a g e  c h a n g e  i n  d e p t h .  T h e  
e x p r e s s i o n  f o r  t h i s  v o l u m e  m i g h t  b e

4 ( B 0 0  + b l o > <y o t  + \ T -  Y o o  + YL0>

I n  t h e  f i n i t e  a p p r o x i m a t i o n s  f o r  t h i s  m a t h e m a t i c a l  m o d e l ,  
h o w e v e r ,  t h e  v o l u m e  o f  s t o r a g e  i s  o b t a i n e d  b y  t r e a t i n g  X a s  
a v a r i a b l e  b e t w e e n  t h e  v a l u e s , 0 a n d  L .  An i n f i n i t e s i m a l  
i n c r e m e n t  o f  v o l u m e  a t  a n y  v a l u e  o f  X i s  w r i t t e n  a s  t h e  
p r o d u c t  o f  t h e  r a t e -  o f  c h a n g e  o f  w a t e r  s u r f a c e  e l e v a t i o n  a n d  
t h e  w i d t h  o f  t h e  w a t e r  s u r f a c e  a t  X .  T h i s  p r o d u c t  i s  
i n t e g r a t e d  w i t h  r e s p e c t  t o  X a n d  t  f r o m  0 t o  L a n d  0 t o  T,  
r e s p e c t i v e l y .  The  r e s u l t i n g  e x p r e s s i o n  f o r  t h e  s t o r a g e  
d u r i n g  t h e  t i m e  i n c r e m e n t  b e c o m e s

T
r

L
ô y  B ( x ,  t ) d x  d t  
Ô t

0 0



111

I n  t h i s  e x p r e s s i o n ,  a s s u m p t i o n s  a r e  m a d e  a b o u t  t h e  v a r i a t i o n s  
i n  y  and B ,  an d  t h e  i n t e g r a t i o n  i s  a c t u a l l y  c a r r i e d  o u t  t o  
o b t a i n  an  e x p r e s s i o n  f o r  t h e  s t o r a g e .

ก - 2 F i r s t - o r d e r  a p p r o x i m a t i o n ,  i n  t i m e . I n  t h e  m a t h 
e m a t i c a l  m o d e l ,  t h e  v a l u e s  o f  V a n d  h a r e  t h e  u n k n o w n s  t o  b e  
f o u n d  a t  t h e  e n d  o f  a t i m e  i n c r e m e n t ,  g i v e n  t h e  v a l u e s  a t  
t h e  b e g i n n i n g .  I n  t h e  e q u a t i o n s ,  t h e  c o e f f i c i e n t s  w i l l  i n v o l v e  
s u c h  v a r i a b l e s  a s  w i d t h  B a n d  c r o s s  s e c t i o n  a r e a  A , w h i c h  v a r y  
w i t h  X and t  a s  t h e  w a t e r  s u r f a c e  e l e v a t i o n  v a r i e s .  From t h e  
e x p r e s s i o n  f o r  t h e  f i n i t e  a p p r o x i m a t i o n  g i v e n  i n  t h e .  p r e c e d i n g  
p a r a g r a p h ,  i t  c a n  b e  a n t i c i p a t e d  t h a t  t h e  f i n a l  f o r m  o f  t h e  
e q u a t i o n s  w i l l  i n v o l v e  v a l u e s  o f  v a r i a b l e s  s u c h  a s  B and A a t  
t i m e  T,  a n d  ' t h e s e  w i l l  d e p e n d  o n  t h e  v a l u e s  o f  h a t  t h a t  t i m e .  
T h u s ,  i n  t h e  e q u a t i o n s ,  t h e  c o e f f i c i e n t s  o f  t h e  u n k n o w n s  w i l l  
c o n t a i n  t h e  u n k n o w n s  t h e m s e l v e s  o r  v a r i a b l e s  t h a t  d e p e n d  u p o n  
t h e  v a l u e s  o f  t h e  u n k n o w n s .  T h e r e f o r e ,  t h e  e q u a t i o n s  f o r  t h e  
f i n i t e  a p p r o x i m a t i o n  a r e  n o n - l i n e a r .

T he  g e n e r a l  a p p r o a c h  f o r  s o l v i n g  t h e s e  e q u a t i o n s  i s  
b y  i t e r a t i o n .  I n  t h e ' f i r s t  s t e p  o f  t h e  i t e r a t i o n ,  t h e  v a l u e s  
o f  t h e  u n k n o w n s  a t  t h e  b e g i n n i n g  o f  t h e  t i m e  i n c r e m e n t  a r e  
u s e d  t o  c o m p u t e  t h e  v a l u e s  o f  t h e  c o e f f i c i e n t s .  T h e  e q u a t i o n s  
b e c o m e  l i n e a r  an d  c a n  b e  s o l v e d  f o r  t h e  v a l u e s  o f  t h e  u n k n o w n s  
w h i c h  a r e  o n l y  f i r s t  e s t i m a t e s  o f  t h e  a c t u a l  v a l u e s .  I n  
r e c o m p u t i n g  t h e  c o e f f i c i e n t s  f o r  t h e  s e c o n d  s t e p  o f  t h e  
i t e r a t i o n ,  t h e  v a l u e  o f  a n y  v a r i a b l e  i s  t a k e n  a s  t h e  a v e r a g e  
o f  t h e  v a l u e  a t  t h e  b e g i n n i n g  o f  t h e  t i m e  i n c r e m e n t  a n d  t h e  
f i r s t  e s t i m a t e  o f  t h e  v a l u e  a t  t h e  e n d .  A g a i n ,  t h e  e q u a t i o n s  
b e c o m e  l i n e a r  an d  $ r e  s o l v e d  f o r  t h e  s e c o n d  e s t i m a t e  o f  t h e  
u n k n o w n s .  F o r  t l ) é  t h i r d  s t e p ,  t h e  c o e f f i c i e n t s  a r e  c o m p u t e d  
u s i n g  t h e  a v e r a g e  o f  v a l u e s  a t  t h e  b e g i n n i n g  o f  t i m e  i n c r e m e n t  
and t h e  s e c o n d  e s t i m a t e  o f  t h e  v a l u e s  a t  t h e  e n d .  T he  i t e r a t i o n  
c o n t i n u e s  u n t i l  s u c c e s s i v e  e s t i m a t e s  o f  t h e  u n k n o w n s  a r e  w i t h i n  
so m e  p r e s c r i b e d  l i m i t  o f  e r r o r .  T h e  r e s u l t i n g  e s t i m a t e  i s  
t a k e n  a s  t h e  v a l u e  o f  t h e  u n k n o w n s  a t  t h e  e n d  o f  t h a t  t i m e  
i n c r e m e n t .  When t h i s  c o m p l e t e  i t e r a t i o n  i s  c a r r i e d  o u t  f o r  
e a c h  t i m e  i n c r e m e n t ,  t h e  r e s u l t i n g  v a l u e s  o f  t h e  u n k n o w n s  a r e  
s e c o n d  o r d e r  a p p r o x i m a t i o n s  i n  t i m e  b e c a u s e  t h e  v a l u e s  a t  t h e  
end  o f  t h e  t i m e  i n c r e m e n t  w e r e  c o n s i d e r e d  i n  t h e  c o e f f i c i e n t s .  
When t h e  p r o c e s s  i s  s t o p p e d  a f t e r  t h e  f i r s t  s t e p  o f  t h e  i t e r a 
t i o n ,  t h e  r e s u l t i n g  v a l u e s  a r e  f i r s t  o r d e r  a p p r o x i m a t i o n s  i n  
t i m e  b e c a u s e  o n l y  t h e  v a l u e s  a t  t h e  b e g i n n i n g  o f  t h e  t i m e  
i n c r e m e n t  a r e  u s e d  i n  t h e  c o e f f i c i e n t s .
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W h i l e  t h e  X i n c r e m e n t  i s  d e t e r m i n e d  b y  t h e  l e n g t h  
b e t w e e n  n o d e s  and  m u s t  v a r y  t h r o u g h o u t  t h e  s y s t e m ,  t h e  t i m e  
i n c r e m e n t  c a n  b e  c h o s e n  a r b i t r a r i l y . and'  m a d e  c o n s t a n t  
t h r o u g h o u t  t h e  s y s t e m .  I n  c h o o s i n g  t h e  t i m e  i n c r e m e n t ,  i t  
i s  n e c e s s a r y  t o  b a l a n c e  t h e  f a c t o r s  t h a t  c o n t r i b u t e  t o  
e f f i c i e n c y  o f  c o m p u t a t i o n .  Q u i t e  c l e a r l y ,  t h e  s e c o n d  o r d e r  
o f  a p p r o x i m a t i o n  w i l l  r e q u i r e  s e v e r a l  s t e p s  o f  i t e r a t i o n  f o r  
e a c h  t i m e  i n c r e m e n t ,  t h u s  i n c r e a s i n g  t h e  a m o u n t  o f  c o m p u t a t i o n  
f o r  a g i v e n  n u m b e r  o f  i n c r e m e n t s .  On t h e  o t h e r  h a n d ,  t h e  
s e c o n d  o r d e r  a p p r o x i m a t i o n  g e n e r a l l y  a l l o w s  l o n g e r  t i m e  
i n c r e m e n t s  t o  b e  u s e d  f o r  t h e  s a m e  d e g r e e  o f  a c c u r a c y .  T h u s ,  
f o r  a g i v e n  a m o u n t  o f  t i m e ,  f e w e r  t i m e  i n c r e m e n t s  a r e  r e q u i r e d .  
I t  w a s  a n t i c i p a t e d  t h a t  f o r  t h e  B a n g k o k  d r a i n a g e  s y s t e m ,  t h e  
u s e  o f  a f i r s t - o r d e r  a p p r o x i m a t i o n  w i t h  s m a l l e r  t i m e  i n c r e m e n t s  
w o u l d  b e  m o r e  e f f i c i e n t  t h a n  t h e  s e c o n d - o r d é r  a p p r o x i m a t i o n  
w i t h  l o n g e r  i n c r e m e n t s .  T h e r e f o r e ,  a s  t h e  e q u a t i o n s  w e r e  
d e v e l o p e d ,  i t  w a s  a s s u m e d  t h a t  o n l y  f i r s t - o r d e r  a p p r o x i m a t i o n s  
i n  t i m e  w o u l d  b e  n e c e s s a r y .  T h i s  h a s  a n  i m p o r t a n t  b e a r i n g  
u p o n  w h i c h  t e r m s  i n  t h e  f i n i t e  a p p r o x i m a t i o n s  a r e  r e t a i n e d  
a n d  w h i c h  a r e  d r o p p e d .

ก - 3 C o n t i n u i t y  e q u a t i o n  f o r  a l i n k . T h e  e q u a t i o n  o f
c o n t i n u i t y  f o r  f l o w  i n  a l i n k  i s  o b t a i n e d  b y  u s i n g  a c o n t r o l  
v o l u m e  t h a t  c a n  b e  s e e n  i n  F i g u r e  7 .  T h e  c o n t r o l  s u r f a c e  
e n c l o s i n g  t h e  v o l u m e  c o n s i s t s  o f  t h e  b o t t o m  a n d  s i d e s  o f  t h e  
c h a n n e l ,  t h e  c r o s s  s e c t i o n  a r e a s  a t  t h e  u p s t r e a m  a n d  d o w n 
s t r e a m  e n d  a n d  t h e  w a i t e r  s u r f a c e  a t  t i m e  t  = 0 .  w i t h  t h i s  
f i x e d  c o n t r o l  v o l u m e ,  t h e  c h a n g e  i n  c h a n n e l  s t o r a g e  s h o w n  i n  
F i g u r e  7 b e t w e e n  t i m e s  0 a n d  T i s  t r e a t e d  a s  f l u x  o f  f l u i d  
u p w a r d  t h r o u g h  t h e  t o p  o f  t h e  c o n t r o l  s u r f a c e  d u r i n g  t h e  t i m e  
i n c r e m e n t  T .  F i x i n g  t h e  c o n t r o l  s u r f a c e  t o  t h e  w a t e r  s u r f a c e  
a t  t h e  b e g i n n i n g  o f  t h e  t i m e  i n c r e m e n t  i s  w e l l - s u i t e d  t o  t h e  
a s s u m p t i o n  o f  f i r s t - o r d e r  a p p r o x i m a t i o n  i n  t i m e ,  b e c a u s e  t h e  
a r e a s ,  w i d t h s ,  an d  v o l u m e s  a s s o c i a t e d  w i t h  t h e  c o n t r o l  s u r f a c e  
a r e  t h o s e  a t  t h e  b e g i n n i n g  o f  t h e  t i m e  i n c r e m e n t .

C o n t i n u i t y  r e q u i r e s  t h a t  t h e  sum o f  t h e  i n f l o w s  an d  
o u t f l o w s  t h r o u g h  t h e  c o n t r o l  s u r f a c e  i s  z e r o ,  a n d  t h e  o u t f l o w s  
a r e  t r e a t e d  a s  p o s i t i v e  i n  o r d e r  t o  e s t a b l i s h  a s i g n  c o n v e n t i o n .  
From  F i g u r e  7 ,  t h e  e x p r e s s i o n  f o r  o u t f l o w s  a t  t h e  e n d s  o f  t h e  
c h a n n e l  c a n  b e  w r i t t e n  dow n b y  i n s p e c t i o n  a s

4 -  (V +  v_ _ ) A  -  —  (V + V _ ) A2 LO LT L0 2 ' 0 0  0T 0 0
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T h e  p o s s i b i l i t y  o f  i n f l o w  d i s t r i b u t e d  a l o n g  t h e  l e n g t h  L i s  
a c c o u n t e d  f o r  b y  t h e  t e r m  - q L  w h e r e  q  i 's  t h e  v o l u m e  o f  i n f l o w  

■ per u n i t  o f  l e n g t h  o f  c h a n n e l  p e r  u n i t  o f  t i m e ,  and  t h e  
n e g a t i v e  s i g n  i n d i c a t e s  t h a t  t h e  n u m e r i c a l  v a l u e  o f  q w i l l  
b e  p o s i t i v e  w h e n  t h e  f l o w  i s  i n t o  t h e  c h a n n e l .  The  r e m a i n i n g  
t e r m  i n  t h e  o u t f l o w s  i s  t h e  f l u x  t h r o u g h  t h e  t o p  o f  t h e  
c o n t r o l  s u r f a c e .

T h e  d o u b l e  i n t e g r a l  e x p r e s s i n g  t h i s  f l u x  w a s  g i v e n  
i n  P a r a g r a p h  a a b o v e .  To e v a l u a t e  t h e  i n t e g r a l ,  i t  i s  
n e c e s s a r y  t o  a s s u m e  s o m e  r e l a t i o n s h i p  f o r  t h e  t e r m  i n  t h e  
i n t e g r a n d .  To o b t a i n  s u c h  a n  e x p r e s s i o n  f o r  y  t h e  v a l u e  yQQ 
i s  u s e d  a s  t h e  r e f e r e n c e  v a l u e  a n d  t h e  v a l u e  a t  X a n d  t  i s  
o b t a i n e d  b y  e x p a n s i o n  t o  g i v e

y ( x , t ) =  Y o o  + X + fâY x(ะโใ: 1LO (1 )

T h e  s u b s c r i p t s  o n  t h e  p a r t i a l  d e r i v a t i v e s  i n d i c a t e  t h a t  t h e y  
a r e  e v a l u a t e d  a t  t i m e  0 .  B e c a u s e  y  i s  a s s u m e d  t o  v a r y  . l i n e a r l y  
w i t h  X a n d  t ,  t h e  p a r t i a l  d e r i v a t i v e s  a r e  t r e a t e d  a s  c o n s t a n t s .  
To s i m p l i f y  t h e  t y p e  s c r i p t ,  a n e w  s e t  o f  c o n s t a n t s  i s  d e f i n e d  
a s  f o l l o w s :

ๆ 1  =  y 00 ( 2 a )

ๆ2  = { % ]0 0 ( 2 b )

ol

( 2 c )

”4  -  ( I > L 0 -  <5Ï>00 ( 2 d )

a n d  E q u a t i o n  1 b e c o m e s

y ( x , t )  = y 0 0 + ๆ2 X  + รเ3 -1  + 4ๆ ( 3 )
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S i m i l a r l y ,  t h e  w i d t h  o f  w a t e r  s u r f a c e  c a n  b e  e x p a n d e d  a s

t  (4 )

D e f i n i n g  a n e w  s e t  o f  c o n s t a n t s  t o  r e p l a c e  t h e  p a r t i a l  
d e r i v a t i v e s  b y

II

B 0 0 ( 5 a )

^2 c | i >° x  0 0 *  ' » ’ . o ( เ ^ )° x  0 0
( 5 b )

พ’*
*» II < g )

° y 0 0
( 5 c )

***
> II < i f >

ô y  L 0 « >  1 .  - ( i )ô y 0 0 รุ่
เ?

O
( 5 d )

and E q u a t i o n  4  b e c o m e s

B ( x , t )  = £1 +  I32 x  + h * + 4  r t ( 6 )

T he  d o u b l e  i n t e g r a l  e x p r e s s i n g  t h e  c h a n n e l  s t o r a g e  o r  
f l u x  t h r o u g h  t h e  t o p  o f  t h e  c o n t r o l  s u r f a c e  c a n  b e  e v a l u a t e d  b y  
s u b s t i t u t i n g  E q u a t i o n s  3 a n d  6 i n t o  t h e  i n t e g r a n d  a n d  r e m e m b e r i n g  
t h a t  i n  t h e  f i r s t - o r d e r  a p p r o x i m a t i o n  B i s  e v a l u a t e d  a t  t h e  
b e g i n n i n g  o f  t h e  t i m e  i n c r e m e n t .  T he  r e s u l t  i s

T L T L

J  J  I ^ B d x d t  = J  J  ( ๆ3  + 4ๆ  £)I ( £ 1 + £2 x ) d x d t  

0 0 0 0

= LT £ ( £ 1 + 1 / 2  £2!1) 3ๆ + ( 1 / 2  £1 -+ 1 /3  £2L) (7 )
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The p r o d u c t  o f  a n  a p p r o p r i a t e  p a r t i a l  d e r i v a t i v e  w i t h  L o r  T 
w i l l  g i v e  t h e  d i f f e r e n c e  b e t w e e n  v a l u e s  o f  y  o r  B a t  t h e  tw o  
e n d s  o f  t h e  l i n k  o r  t h e  t w o  e n d s  o f  t h e  t i m e  i n c r e m e n t .  T h u s ,  
E q u a t i o n  7 c a n  b e  w r i t t e n  a s

f  J  à t B a x a t  =  T  < y0 T -  y 0 0 > oofflCN +  b l o ' ( 8 )

0 0  + i ( y L T - y LO> ^B0 0 + 2 bl o >

T h e  r e s u l t i n g  f i r s t - o r d e r  c o n t i n u i t y  e q u a t i o n  b e c o m e s  

- ( v 0 0  + v o t , a oo +  ( v l o  + V \ o  -  2qL

+ 3Ï  ^ (y 0 T  -  y 0 0 ) ( 2 B 0 0  + b l o ’ + <yLT '  ( B 0 0  + 2 b l o ' ]  = 0 19)

s i n c e  t h e  w a t e r - s u r f a c e  e l e v a t i o n s ,  r a t h e r  t h a n  t h e  d e p t h s ,  a r e  
m a t c h e d  a t  t h e  n o d e s ,  i t  i s  c o n v e n i e n t  t o  w r i t e  E q u è t i ô n  9 i n  
t e r m s  o f  e l e v a t i o n  b y  s u b s t i t u t i n g  h  -  z  f o r  y .  A l l  t e r m s  
c o n t a i n i n g  z  c a n c e l ,  a n d  t h e  r e s u l t i n g  e q u a t i o n  i s  i d e n t i c a l  t o  
E q u a t i o n  9 w i t h  y  r e p l a c e d  b y  h .  F u r t h e r m o r e ,  i n  o r d e r  t o  k e e p  
t h e  v a l u e s  o f  h f r o m  b e i n g  t o o  l a r g e ,  i t  i s  p o s s i b l e  t o  s u b t r a c t  
a c o n s t a n t  v a l u e  f r o m  a l l  h .  T h i s  c o n s t a n t  c a n  b e  t r e a t e d  a s  a 
d a t u m  e l e v a t i o n  f r o m  w h i c h  h i s  m e a s u r e d .  R e p r e s e n t i n g  i t  b y  z, 
y  c o u l d  b e  r e p l a c e d  b y  h  -  z  i n  E q u a t i o n  9 .

ก-^ Momentum e q u a t i o n  f o r  a l i n k . T h e  e q u a t i o n  o f
momentum i s  o b t a i n e d  u s i n g  t h e  s a m e  c o n t r o l  v o l u m e  a s  w a s  u s e d  
f o r  t h e  c o n t i n u i t y  e q u a t i o n s .  T he  momentum e q u a t i o n  i s  a 
v e c t o r  e q u a t i o n ,  b u t  s i n c e  t h e  f l o w  i s  a s s u m e d  t o  b e  o n e  
d i m e n s i o n a l  a n d  i n  o n e  d i r e c t i o n ,  o n l y  f o r c e s  a n d  momentum  
c h a n g e s  i n  t h e  x - d i r e c t i o n  n e e d  t o  b e  c o n s i d e r e d .  s i n c e  t h e  
momentum e q u a t i o n  f o r  t h e  f i n i t e  a p p r o x i m a t i o n  i s  d e v e l o p e d  
d i r e c t l y  f r o m  t h e  d e f i n i t i o n s  r a t h e r  t h a n  f r o m  t h e  d i f f e r e n t i a l  
e q u a t i o n ,  i t  s e e m s  m o r e  a p p r o p r i a t e  h e r e  t o  s t a t e  t h e  momentum  
r e l a t i o n s h i p  i n  w o t d s  r a t h e r  t h a n  i n  a d i f f e r e n t i a l  e q u a t i o n .
T h i s  r e l a t i o n s h i p  c a n  b e  e x p r e s s e d  a s
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( P r e s s u r e  f o r c e s  + w e i g h t  f o r c e s  -  f r i c t i o n  f o r c e s ) x

= ( e f f l u x  o f  x - m o m e n t u m  a t  d o w n s t r e a m  e n d )

-  ( i n f l u x  o f  x - m o m e n t u m  a t  u p s t r e a m  e n d )

+ ( e f f l u x  o f  x - m o m e n t u m  t h r o u g h  t o p  s u r f a c e )

+ ( x - a c c e l e r a t i o n  o f  f l u i d  i n s i d e  c o n t r o l  v o l u m e )

The s u b s c r i p t  X o n  t h e  f o r c e s  i n d i c a t e s  t h a t  t h e  c o m p o n e n t s  i n  
t h e  d i r e c t i o n  o f  f l o w  a r e  u s e d .  F o r  t h e  m a t h e m a t i c a l  m o d e l ,  
a f i n i t e  a p p r o x i m a t i o n  w a s  f o u n d  f o r  e a c h  o f  t h e s e  i t e m s .

T h e  p r e s s u r e  f o r c e  i n  t h e  x - d i r e c t i o n  i s  e q u a l  t o  
t h e  t o t a l  p r e s s u r e  o f  t h e  c r o s s  s e c t i o n  o n  t h e  u p s t r e a m  e n d  
m i n u s  t h a t  a t  t h e  d o w n s t r e a m  e n d .  I n  o r d e r  t o  e v a l u a t e  t h i s  
f o r c e ,  a n  e x p r e s s i o n  w a s  w r i t t e n  f o r  t h e  d i f f e r e n c e  i n  p r e s s u r e  
f o r c e s  on  t w o  c r o s s  s e c t i o n s  a s m a l l  d i s t a n c e ,  d x ,  a p a r t .  T h i s  
f o r c e  c a n  b e  w r i t t e n  a s

-  « f x à x

The n e c e s s a r y  e x p r e s s i o n  f o r  A i s  g i v e n  b y  

A = a 1 + a 2x  + a ^ t  + a 4  - j j t

w h e r e

= A 0 0

a 2 = # }0 0  + ( ^ 0 0 0 0

a ,  = ( • พ )  ( i t  )J  ๐* 00 d 0 0

a = ( —  ไ ( à y  ไ
« ( â ? L 0  ( “ L c -  l i )๐* 0 0 0 0

I n  t h e  a b o v e  e x p r e s s i o n  f o r  t h e  p r e s s u r e  f o r c e s  o n  t h e  i n f i n i 
t e s i m a l  l e n g t h ,  t h e  f i r s t - o r d e r  a p p r o x i m a t i o n  f o r  A i s  o b t a i n e d  
f r o m  t h e  f i r s t  t w o  ' t e r m s  o n  t h e  r i g h t - h a n d  s i d e  o f  E q u a t i o n  1 0 .  
T he  a p p r o x i m a t i o n  f o r  y  i s  o b t a i n e d  b y  d i f f e r e n t i a t i n g  E q u a t i o n  
3 w i t h  r e s p e c t  t o  X.

( 1 0 )

( 1 1 a )

( l i b )

( 1 1 c )

( l i d )
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W i t h  t h e s e  รนb s t i t u t i o n 9 , t h e  e x p r e s s i o n  i s  
i n t e g r a t e d  w i t h  r e s p e c t  t o  X f r o m  0 t o  L t o  o b t a i n  a f i n i t e  
a p p r o x i m a t i o n  f o r  t h e  d i f f e r e n c e  b e t w e e n  t h e  p r e s s u r e  f o r c e s  
a t  t h e  t w o  e n d s  o f  t h e  c h a n n e l .  I n  o r d e r  t o  f i n d  t h e  a v e r a g e  
v a l u e  o v e r  t h e  l e n g t h  o f  t h e  t i m e  i n c r e m e n t ,  t h e  e x p r e s s i o n  i s  
a l s o  i n t e g r a t e d  w i t h  r e s p e c t  t o  t  f r o m  0 t o  T,  a n d  t h e  r e s u l t  
i s  d i v i d e d  b y  T .  T h e  i n t e g r a t i o n  i s  c a r r i e d  o u t  an d  s u b s t i 
t u t i o n s  a r e  m ade  i n  t h e  s a m e  m a n n e r  a s  i n  d e r i v i n g  E q u a t i o n  8  
f o r  t h e  c h a n n e l  s t o r a g e .  T h e  r e s u l t  i s

T L

i f f  A(x>0)|;  ax
=  4 ( A 0 0  + S L0> <y 0 0  + y 0T '  y L0 ■  y 11T 1 ( 1 2 )

F o r  t h e  w e i g h t  f o r c e s ,  t h e  v o l u m e  e n c l o s e d  b y  t h e  
c o n t r o l  s u r f a c e  w a s  e s t i m a t e d  a s  t h e  p r o d u c t  o f  t h e  l e n g t h  a n d  
t h e  a v e r a g e  o f  t h e  t w o  e n d  a r e a s .  L e t t i n g  S q r e p r e s e n t  t h e  
s l o p e  o f  t h e  b o t t o m  o f  t h e  c h a n n e l  i n  t h e  d i r e c t i o n  o f  f l o w ,  
t h e  e x p r e s s i o n  f o r  t h e  w e i g h t  f o r c e  i s

2 S 0 (A 0 0  + A110*

I n  d e r i v i n g  a n , e x p r e s s i o n  f o r  t h e  f r i c t i o n  f o r c e s ,  
i t  w a s  a s s u m e d  t h a t  t h e  e n e r g y  g r a d i e n t  d u e  t o  f r i c t i o n  v a r i e d  
l i n e a r l y  w i t h  d i s t a n c e  a l o n g  t h e  c h a n n e l  and  t i m e .  T h i s  
a s s u m p t i o n  l e a d s  t o

ร f ( x , t )  = ร.1 + ร 2 X + ร 3 1 + ร 4 ( 1 3 )

w h e r e  t h e  c o n s t a n t s  ร ^ ,  ร 2 , ร 2 an d  ร h a v e  d e f i n i t i o n s  a n a l o g o u s  
t o  t h e  c o n s t a n t s  i h  E q u a t i o n s  5 a n d  I I .  T h i s  d e f i n i t i o n  i s  n o t  
e x a c t l y  e q u i v a l e n t  t o  t h e  a s s u m p t i o n s  t h a t  t h e  r o u g h n e s s  f a c t o r  
v a r i e s  l i n e a r l y  w i t h  X .  H o w e v e r ,  a s  w i l l  b e  s e e n  f r o m  t h e  a c t u a l  
e x p r e s s i o n  d e r i v e d ,  o n l y  t h e  v a l u e s  o f  t h e  r o u g h n e s s  f a c t o r  a n d  
e n e r g y  s l o p e  a t  t h e  e n d s  o f  t h e  c h a n n e l  a r e  u s e d  i n  t h e  f i r s t -  
o r d e r  a p p r o x i m a t i o n .  I n  b e t w e e n  t h e  e n d s ,  w h e t h e r  t h e  s l o p e  
v a r i e s  l i n e a r l y  o r  t h e  r o u g h n e s s  f a c t o r  v a r i e s  l i n e a r l y ,  i s  
i m m a t e r i a l .

A s  w i t h  t h e  p r e s s u r e  f o r c e s ,  t h e  f r i c t i o n  f o r c e  i s  
f i r s t  w r i t t e n  f o r  a n  i n f i n i t e s i m a l  l e n g t h  o f  c h a n n e l .  F o l l o w i n g  
t h e  n o r m a l  p r o c e d u r e  f o r  d e r i v i n g  t h e  momentum e q u a t i o n  f o r
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u n s t e a d y  f l o w ,  t h e  f o r c e s  d u e  t o  f r i c t i o n  a r e  a s s u m e d  t o  b e  
p r o p o r t i o n a l  t o  t h e  f r i c t i o n  l o s s  o v e r  t h e  l e n g t h  m u l t i p l i e d  
b y  t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  c h a n n e l ,  g i v i n g  a n  
e x p r e s s i o n  o f

- 7 ร  ̂A ( x ,  0 ) d x

w h e r e  t h e  m i n u s  s i g n  i n d i c a t e s  t h a t  t h e  f r i c t i o n  f o r c e s  a l w a y s  
o p p o s e  t h e  f l o w .  S u b s t i t u t i n g  t h e  a p p r o p r i a t e  v a l u e s  f o r  ร£  
and A f o r  a f i r s t - o r d e r  a p p r o x i m a t i o n ,  i n t e g r a t i n g  w i t h  r e s p e c t  
t o  x ,  c o l l e c t i n g  t e r m s  a n d  s u b s t i t u t i n g  a s  i n d i c a t e d  f o r  
p r e c e d i n g  e x p r e s s i o n s  l e a d s  t o  t h e  f o l l o w i n g  r e s u l t .

/ 7 ( ร1 + ร2X) (a-, + a „ x ) d x
0

-TL r  _ _ _ า
T  [ S 0 0 ( 2 A 0 0  +  AL 0 } +  S L 0 ^ A 0 0  +  ^ L O J (14)

I n  a f i r s t - o r d e r  f i n i t e  a p p r o x i m a t i o n  f o r  t h e  
momentum f l u x  t h r o u g h  t h e  e n d s  o f  t h e  c o n t r o l  v o l u m e ,  t h e  
c r o s s  s e c t i o n  a r e a s  a t  t h e  b e g i n n i n g  o f  t h e  t i m e  i n c r e m e n t  
a r e  u s e d .  H o w e v e r ,  t h e  v e l o c i t y  o f  f l o w  i s  a s s u m e d  t o  v a r y  
w i t h  d i s t a n c e  a n d  t i m e  a c c o r d i n g  t o

v ( x , t )  = V1 + V2 X + v 3 t  + v 4  t  ( 1 5 )

w h e r e  v ^ ,  v 2> v 3 a n d  v ^  a r e  d e f i n e d  i n  a m a n n e r  a n a l o g o u s  t o  
E q u a t i o n s  5 a n d  1 1 .  T h e  a v e r a g e  f l u x  o v e r  t h e  t i m e  i n c r e m e n t  
i s  o b t a i n e d  b y  i n t e g r a t i n g  w i t h  r e s p e c t  t o  t  and  d i v i d i n g  b y  
T. W i t h  t h e  s i g n  c o n v e n t i o n  t h a t  f l u x  o u t  o f  t h e  c o n t r o l  
v o l u m e  i s  p o s i t i v e ,  t h e  e x p r e s s i o n  f o r  t h e  n e t  m om entum  f l u x  
t h r o u g h  t h e  e n d s  i s  d e r i v e d  a s  f o l l o w s :
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T / [ ALOv 2 l L ' t > -  f l 0 0 v 2 ( 0 ' t )  ]  d t  

=  4 jf [ A110 ( V1 +  V2 L +V3 t  +  v 4 t ) -  ' พ ' ' !  +  v 3 t )  ]  d t

-  ^ L o f ^ o  + VLO<VLT -  ' ' 1,0 ’ +  1 / 3 ( V LT -  VL O > 2]
)

-  " fl0. ( p o o  +  V0 0 (V0T  -  ' ' 0 0 ) +  V 3 ( v 0 ,1, -  v 0 0 ) 2]  ( 1 6 )

T h e  l a s t  t e r m  i n  e a c h  o f  t h e  b r a c k e t s  ๐ ท t h e  r i g h t  
h a n d  s i d e  o f  E q u a t i o n  1 6  r e p r e s e n t s  t h e  s q u a r e  o f  t h e  d i f f e r 
e n c e  b e t w e e n  t h e  v e l o c i t i e s  a t  t h e  b e g i n n i n g  a n d  e n d  o f  t h e  
t i m e  i n c r e m e n t .  T h e r e f o r e ,  t h e y  a r e  s e c o n d - o r d e r  t e r m s  a n d  
s h o u l d  b e  n e g l e c t e d  i n  t h e  f i r s t - o r d e r  a p p r o x i m a t i o n .  T he  
f i n a l  f o r m  o f  t h e  e x p r e s s i o n  b e c o m e s

p [a  V V -  A V V ไ = p[q V -  Q v j  ( 1 7 )[  LO LO LT 0 0  0 0  OTj [ l 0 LT 0 0  Ot I

T h e . f l u x  o f  x - m o m e n t u m  t h r o u g h  t h e  t o p  o f  t h e  c o n t r o l  
s u r f a c e  i s  s i m i l a r  t o  t h e  f l u x  o f  f l u i d  f o r  c h a n n e l  s t o r a g e ,  
e x c e p t  t h a t  t h e  x - v e l o c i t y  o f  t h e  f l u i d  a s  i t  p a s s e s  u p w a r d  
t h r o u g h  t h e  s u r f a c e  m u s t  b e  t a k e n  i n t o  a c c o u n t .  T h e r e f o r e ,  
t h e  i n t e g r a n d  f o r  t h e  f l u x  i n  E q u a t i o n  7 m u s t  b e  m u l t i p l i e d  
b y  v e l o c i t y ,  a s  e x p r e s s e d  i n  E q u a t i o n  1 5 .  T h e  s u b s t i t u t i o n ,  
i n t e g r a t i o n ,  a n d . r e p l a c e m e n t  o f  a p p r o p r i a t e  t e r m s  c a n  b e  
s u m m a r i z e d  a s  f o l l o w s :
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J  ' v ( x . t )  เ ^  B ( x , 0 ) d x d t

= * - 0 o  <V l + VzX + V s t  + v “  L fc) ( ’3 +

= 2-f T  ( y OT -  ฟ  [ B0 0 « 3V0 0  + 3V0 T  +  VLO

+ BL 0 ^ V0 0  + VOT + VLO +  

+  27 1  l y LT -  V  [B° ° ( v 0 0  +  VOT +  VLO 

+ BL 0 ^ V0 0  + V0T + 3VLO +

+ VLT>

VLTj

+  VL T )

3v ]

/?2*) d x d t

(1 8 )

E q u a t i o n  1 8  i s  s t i l l  n o n - l i n e a r  b e c a u s e  i t  c o n t a i n s  
p r o d u c t s  o f  t h e  u n k n o w n  d e p t h  a n d  t h e  u n k n o w n  v e l o c i t y  a t  t h e  
end o f  t h e  t i m e  i n c r e m e n t s .  I t  m u s t  b e  a s s u m e d  t h a t  e i t h e r  
th e  c h a n g e  i n  d e p t h  o r  t h e  c h a n g e  i n  v e l o c i t y  o v e r  t h e  i n c r e 
ment i s  n e g l i g i b l e .  S e l e c t i n g  t h e  c h a n g e  i n  d e p t h  a s  n e g l i g i b l e  
i s  i n a p p r o p r i a t e  b e c a u s e  t h e  v e r y  r e a s o n  f o r  t h i s  f l u x  o f  
momentum i s  t h e  c h a n g e  i n  w a t e r  d e p t h .  T h u s ,  a s  w o u l d  b e  
e x p e c t e d ,  w i t h  n o  c h a n g e  i n  d e p t h ,  t h e  r i g h t  h a n d  s i d e  o f  
E q u a t i o n  1 8  b e c o m e s  z e r o .  T h e r e f o r e ,  i t  w a s  d e c i d e d  t o ' t r e a t  
t h e  b r a c k e t s  c o n t a i n i n g  t e r m s  w i t h  w i d t h s  a n d  v e l o c i t y  a s  
c o e f f i c i e n t s  o f  t h e  d e p t h s  i n  t h e  p a r e n t h e s e s .  I n  t h i s  c a s e ,  
t h e  a p p r o p r i a t e  a s s u m p t i o n  f o r  t h e  f i r s t - o r d e r  a p p r o x i m a t i o n  
i s  t h $ t  t h e  v e l o c i t y  o f  t h e  f l u i d  p a s s i n g  u p w a r d  t h r o u g h  t h e  
c o n t r o l  s u r f a c e  i s  e s s e n t i a l l y  c o n s t a n t ,  o r  t h a t  t h e  c h a n g e  i n  
v e l o c i t y  d u r i n g  t h e  t i m e  i n c r e m e n t  i s  n e g l i g i b l e ,  w i t h  t h i s  
a s s u m p t i o n ,  t h e  f i n a l  f i r s t  o r d e r  e x p r e s s i o n  f o r  t h i s  p a r t  o f  
th e  momentu m f l u x  b e c o m e s

I j [ Y B d x d t  = 1-1 ( y 0T -  y 0 0 ) [ . 0 0 , 3V0 0  +  VL0 ) +  BL0 ( v 0 0  + 0 )]

+  1 2 T  *y LT -  พ  [ ' พ ' ' 0 0  +  V  +  พ ' ' 0 0  + 3 พ ]
( 1 9 )



1 2 1

T he  f i n a l  t e r m  i n  t h e  momentum e q u a t i o n  i s  t h e  
x - a c c e l e r a t i o n  o f  t h e  f l u i d  i n s i d e  t h e  c o n t r o l  s u r f a c e .  
The a v e r a g e  r a t e  o f  t h i s  momentum c h a n g e  d u r i n g  t h e  t i m e  
i n t e r v a l s  c a n  b e  w r i t t e n  a s

£
T r  r  dv A ( x , 0 ) d x d t

i  {  f t

( v 3  + V4 L

-  S t  ( v o t  -  v 00> (2A

+ ^  (V _  -  v_ ) (A + 2A ) 6 T v LT L t r  v 0 0  L0

T h e  e x p r e s s i o n s  f o r  f o r c e s  a n d  m om entum  c h a n g e s  a r e  
c o l l e c t e d  t o g e t h e r  f o r  t h e  e q u a t i o n  o f  m o m e n t u m .  The  e f f e c t  
o f  i n f l o w  a l o n g  t h e  s i d e s  o f  t h e  c h a n n e l  a r e  n o t  c o n s i d e r e d  
e x p l i c i t l y  b e c a u s e  t h i s  i n f l o w  i s  c o n s i d e r e d  t o  h a v e  n o  
x -m o m e n tu m  s i n c e  i t  e n t e r s  p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  
o f  f l o w .  T h e  f a c t  t h a t  t h i s  s i d e - c h a n n e l  i n f l o w  i s  a c c e l e r a t e d  
i n s i d e  t h e  c o n t r o l  v o l u m e  i s  t a k e n  i n t o  a c c o u n t  w h e n  t h e  
c o n t i n u i t y  e q u a t i o n  a n d  t h e  m o m e n tu m f e q u a t i o n  a r e  s o l v e d  
t o g e t h e r .  A s  w i t h  t h e  c o n t i n u i t y  e q u a t i o n ,  w a t e r  s u r f a c e  
e l e v a t i o n  i s  a m o r e  c o n v e n i e n t  v a r i a b l e  t h a n  w a t e r  d e p t h  
b e c a u s e  t h e  e l e v a t i o n s  a r e  m a t c h e d  a t  n o d e s .  By s u b s t i t u t i n g  
h - z  f o r  y ,  t h e  momentum e q u a t i o n  h a s  t h e  f o l l o w i n g  f o r m

( 2 0 )
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A0 0 V0 0  J .  L / . * I— g------- + E T g ( 2A0 0  + a l 0 J
I ;

p f “  * î f e »

OT

0 0  +  2Al q ) LT

- (A0 0 -f Al 0 ) 11
4 1 2 T g

A qo +  a L0
+  "l2Tg

B0 0 ( 3 v 0 0  +  VL 0 } + BL 0 (V0 0  +  VL 0 } 

Boo(voo + vlo) + blo(voo + 3vlo}

OT

LT

(Aqo +  AL0 ) 
4 ( h L0 “ h 00^

+ l f e i { h° ° [ Boo(3V°° + Vlo) + Blo(V°0 + VL0>1

+ \ o [ B< io ( v o o  +  VL 0 ) + bl o <v oo  + 3Vl o >I

6 เ 5  [ v o o ( 2 a oo + a l o > + v l o (a oo + v l

-* [ ■ f0 0 (2A00 + \ o >  + S£L0(A00 + 2\ ว ) ] ( 2 1 )

J u s t  a s  i n  E q u a t i o n  9 ,  h i n  E q u a t i o n  2 1  c o u l d  b e  r e p l a c e d  b y  
h -  z , t h e  e l e v a t i o n  o f  t h e  w a t e r  s u r f a c e  a b o v e  s o m e  d a t u m  z .
โ1-5 C o n t i n u i t y  a t  n o d e s , s i n c e  t h e  r e p r e s e n t a t i o n  o f  t h e
c a n a l s  i n  t h e  m a t h e m a t i c a l  m o d e l  a s s u m e  n o  s t o r a g e  o f  w a t e r  a t  
t h e  n o d e s ,  c o n t i n u i t y  a t  a n o d e  r e q u i r e s  t h a t  t h e  sum o f  a l l  
r a t e s  o f  f l o w  i n t o  t h e  n o d e  i s  e q u a l  t o  t h e  sum o f  a l l  r a t e s  
o u t .  D u r i n g  t h e  i n c r e m e n t  o f  t i m e ,  t h e  v e l o c i t y  o f  f l o w  f r o m  
t h e  n o d e  t o  a c h a n n e l ,  a n d  t h e  c r o s s - s e c t i o n  a r e a  o f  t h e  
c h a n n e l  a t  t h e  n o d e ,  b o t h  c h a n g e ,  w i t h  t h i s  v a r i a t i o n ,  t h e r e  
a r e  t w o  p o s s i b l e  s t a t e m e n t s  f o r  c o n t i n u i t y .  One  i s  t h a t  t h e  
t o t a l  v o l u m e  o f  o u t f l o w  o r  t h e  a v e r a g e  r a t e  o f  o u t f l o w  i s  
e q u a l  t o  t h e  t o t a l  v o l u m e  o r '  a v e r a g e  r a t e  o f  i n f l o w .  T h e  o t h e r  
i s  t h a t  t h e  o u t f l o w s  m u s t  e q u a l  i n f l o w s  a t  s o m e  i n s t a n t  o f  t i m e .
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I n  t h e  m a t h e m a t i c a l  m o d e l  t h e  s e c o n d  a l t e r n a t i v e  

i s  u s e d ,  a n d  t h e  i n s t a n t  o f  t i m e  i s  t h e  e n d  o f  t h e  t i m e  
i n c r e m e n t .  T h e  f l o w  f r o m  a  n o d e  t o  a  c h a n n e l  a t  t h e  e n d  o f  
t h e  t i m e  i n c r e m e n t  c a n  b e  w r i t t e n  i n  t e r m s  o f  v a l u e s  a t  t h e  
b e g i n n i n g  i n  t h e  f o l l o w i n g  m a n n e r :

= V t
= (V Q + AV) (A Q + AA)

= [ v 0 +  (V T -  V ]  ( > 0 +  ( * 1  -  a 0 )]

= V A + A (V -  Vn ) + V (A -  A ) +  (A -  A ) (V m -  v j  ( 2 2 )  0 0  0 T 0 0 T 0 T 0 T 0

O n l y  a s i n g l e  s u b s c r i p t ,  0 o r  T ,  i s  n e e d e d  a t  t h e  n o d e  t o  
d e s i g n a t e  v a l u e s  a t  t h e  b e g i n n i n g  a n d  e n d  o f  t h e  t i m e  i n c r e 
m e n t ,  r e s p e c t i v e l y .

E q u a t i o n  22  i s  n o n - l i n e a r  b e c a u s e  i t  c o n t a i n s  a t e r m  
i n  w h i c h  t h e  u n k n o w n  v e l o c i t y  a t  t h e  e n d  o f  t h e  t i m e  i n c r e m e n t  
i s  m u l t i p l i e d  b y  t h e  u n k n o w n  a r e a .  H o w e v e r ,  t h i s  t e r m  i s  t h e  
p r o d u c t  o f  t h e  c h a n g e  i n  v e l o c i t y  a n d ,  t h e  c h a n g e  i n  a r e a  o v e r  
t h e  t i m e  i n c r e m e n t ,  w h i c h  m a k e s  I t  s e c o n d  o r d e r  i n  t i m e .
T h e r e f o r e ,  t h e  t e r m  c a n  b e  d r o p p e d  f r o m  t h e  e q u a t i o n .  s i n c e  
w a t e r - s u r f a c e  e l e v a t i o n  i s  t o  b e  o n e  o f  t h e  u n k n o w n s ,  t h e  
d i f f e r e n c e  A T -  Ag  c a n  b e  r e p l a c e d  b y  t h e  p r o d u c t  o f  t h e  c h a n n e l  
w i d t h  a n d  t h e  r i s e  i n  e l e v a t i o n .  A l t h o u g h  t h e  c h a n n e l  w i d t h  i s  
n o t  c o n s t a n t  t h r o u g h o u t  t h e  r i s e ,  i f  t h e  e x p r e s s i o n  i s  t o  b e  
f i r s t  o r d e r ,  t h e  w i d t h  a t  t h e  b e g i n n i n g  o f  t h e  t i m e  i n c r e m e n t  
i s  u s e d .  T h u s ,  E q u a t i o n  22  b e c o m e s

Q = A V + V B (h  -  h ) ( 2 3 )T 0 T 0 0 T 0

W i t h  t h i s  t y p e  o f  e x p r e s s i o n  f o r  e a c h  s e c t i o n  o f  
c h a n n e l  a t  t h e  n o d e ,  t h e  c o n t i n u i t y  f o r  t h e  n o d e  b e c o m e s

y ^ [* A  v _  + V B ^ ( h  -  h _ ) l  + Q_ = 0 ( 2 4 )0 T 0 0 ' T 0 J  o u t

The s u m m a t i o n  s i g n  i n c l u d e s  b o t h  i n f l o w s  a n d  o u t f l o w s  w i t h  t h e  
s i g n  c o n v e n t i o n  t h a t  o u t f l o w  i s  p o s i t i v e .  T h e  t e r m  Q t  r e f e r s  
t o  a n y  f l o w  t o  o r  f r o m  t h e  n o d e  t h a t  i s  n o t  v i a  t h e  c h a n n e l s ,  
a g a i n  w i t h  t h e  s i g n  c o n v e n t i o n  t h a t  o u t f l o w  i s  p o s i t i v e .
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1 /SYS REG*3002 /SYS Tî ME= M AX I MUM - -----3 /FILE 12 NAME ( HY DR05Y .2 ) k$IZ<133) NEW (REPU --- 4 —/F-l LE—6—N AMEl-PFI YD RG5Y. 2) RSI Z ( 1331 NE นิ FE PL )5 /LOAD FORT GI
7 c- 8—C-—

10 ----------COMMUN AREA(100),TC(100 ) ,CCEF(ICO ), NCCE.N.NCOM B( 10 ), L , K, DWFL 0 R ( 90 )11 +, IFR E * FAC » FREE FL ( ICO) .REDUCE—1-2-------- —R aAO-t-5, ร ) I FR E-r-FA-CT-NC-D-E-t-R-ë-QUCE---------------------------- -----------------------------13 5 FORMAT {1 X , I 7, F3 .4,18 , F8 .4 )L 4 -------WRITE ( 6, 7 ) I FRE,FAC .REDUCE15 7 FORM AUIX, 'RETURN PERIOD = ', I 8 , / ,  IX, 'AP EA PE DUCTI ON FACTOR =• ,16—-------- +F 3.5, /.IX,'REDUCE FLOW FACT c R = », F8.5 ) ....  - ................ ......17 WRITE (6, 6) NODE—พ--------5 FORMAT (3XU4QTAL-NUH3 ER—CF—NOD E-S—=:—L, 12)_________________________19 DO 2 วอ K = 1, NODE2 0  --------READ( 5,1๐) MANE,N........................21 ID FORMAT (IX, 17,18 )22 - WRITE (6,15)23 15 FORM A T( 1H 1, 1X I '******* **$*?* #2# ******** 4 ****** * INPJT DATA_24_______14 >¥»¥ » « , / )______________________________________25 WRITE(6,16) MANE2 6 -----1-6-FORMA T( 10 X, 'NODE— NUMBER *,I3)
- 2 a ------ - -R EAD ( 5,20 TT C( L ), AREA ( L ), CCEF ( L ) , DR FLOW (L ), NCOM B( L )

29 20 FORMAT ( 1 X, F 7 . 3 , 3F 8 . 3 , 1 3 )

I n  ^  —  _ _ ---------------------- ;----------------------------------------- —
33 WRITE (6,30) L-34-------30 FORMAT <5 X, • SUB-CATMENT- INDEX - ..... -a-» ,13) - - ____35 WRITE (6,40) TC(L)

— 3-6-------- 40—FORM A T (-5X, -M) -Me-O f—CG fvCF N-T RAT-I-CN-------^ - '- ,  F 10 .2 - ) - - --------- -----------------------------37 WRITE(6,50) AREA (น38 ---- 50 -FORMAT (5X,'AREA— -------------  = • , F10.2, 3X, ' KM2 ' )39 WRITE(6,60) CCEF(L)40 ----- 60-FORMA T- ( 5x, 'RÛUGHTNESS CCEFICIEM = >,F10,2)41 WRITE (6,70) DWFLCW(L)-42------ 7Q-FQRMA-T—( 5X,J-WAST—wATE-R-F-LCW-------------- =- »,F10.2,3X,'0M3/0AY/KM2 น ------43 100 CONTINUE44 ----------- CAL-L—L FLOW--------------------------------- -4 5 2 00 CONTINUE4 6 ---- ----STOP-- -
-4-8---- c ร บ B R3 UT I N E -T-0-—GAL-Gu L-ATE—LO G A L-I-N F-L-G พ---- :— -------------------------------------------------------------- -
— 5 0 ----------SUD R -0 UT I N E—L FLOW-------------------------------- ------51 COMMON AREA(100),TC(10C),CüEF{1 CO) , NCDE, N,NCOM3{10),L, K, DWFLOพ(90)52 ----------+, IFRc,FAC,FREEFL (ICO) .REDUCE ...... - -----5 3 D IME N SION I N T E N ( 100 ) . HYDRC ( 100 ) , c (2 0,10 c ) , AT EM P( 10 00 )
—54-------------- D^MêN^ -I-9-N^r-C-C-(-5aT, STEP (-9C-KT4r-C-(-lC-Û—------------------------------—----------------------------

56 --------- จอ-ริบ0-1= L , 20 ----------------------57 DO 500 J=1, ICO
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5๖ Oil, J ) = ว59 5 JO CONTINUEso DO 2000 L = l.N
62 HYOROd) = ONFLOW( D/864 ง 0.*AFEA(L)—63 ------A TcM = 064 ITC(1 ) ~065 0 G 1L 00 ใ = 2,M66 A TEM = A TEM + TC( L)67 IF(IFRE.EQ.2 ) GO TO 93C68 c 5 YEAR RETURN PEF-OID FROM J1CA

-  -6 9-------------- 1-4£1-1-4- =— 7 6  GO/-(-A -T-E-M+ 404 —-------------------------------------------------------------------------------
71 C 2 YEAR RETURN PcROIO FR CM JICA72 980 î TC II) = 56 90/ ( A T EM+3 7 )73 990 K 1= î- 1

-7 5 -----------l-NTEMUI4-K1*ITCU )-K2* ITCU 1-1 ) -----------------------------------  - ------  ~76 IF( 1NTENC D.LT.O.J INTENli)=ü.77 - - I F C AT EM.GT.36Ü) INTENU )=078 HYORO(I) = COEF{ L )* 1 NT EN { I I^ARE/{L);<IFAC/3.6+0WFL0W(L )/864C0.*AREA(
80 I F( : . E0.2 } GO TO 1 ICO—31----------- i-FT H Y4JK0-U-! 1 ) .LT-.HY-DRO ( 14 4-HYGRG ( I )= HYOFC (1-1 )________  -
8 2 1100 CONTINUE

* â  •■ ■ '•“ ร ุ» ] .  1. .  HYOROU.85 - r IM E = 0 _______ ______ __________
8 6  STE? 1 14 = 0
%  uu û . i  I .  7, , ù----------------------------------------------- --------------------------0 9 TiME = TIME+DT - .90 S TEa( IJ =T1 ME91 I F( Tl ME.GT.TClLn GC TC 111092 0(10, I ) = HYDROC 1)f(HYORO(2J-HYDPC(1) ) * ไIME/TC(L)—9 3----.-------GO-I-0--1-2C-0------------ ------------------------ --------- --------_ ----------------- ------94 i l l  อ วอ 1115 NI=2,5095 TCC{ N I ) = N 1 *TC( L )96 1115 CONTINUE
98 ” IFITÇCnXKGnîiME) ou TO l u s-99-----1117 CONTINUE-------------- — -----  ----110 1118 NXjNX+l101 --- Q ( Iว ,14 = HYURG( N X ) -  ( H YCRO ( NX ) - F Y C RC ( RX-» 1 j)102 1 * (TIME-(NX-1 )*JC(Ln/IC (L)10 3 12 00 CONTINUE104 X1=J-105------------X2=0--------------------- ----------------------------------------------- --- ----------------106 V 0L1 - 0107 Y1=0108 Y 2=บ109 --------V 0L2= 0

- n i ------------FF-EE-FU L-T-F.-EOUCE-̂ HYDRCM 2 )--- ------------------------- --------- - ----------112 ออ 3500 I = 2,100
114 I F i n i e ,  1 ) .  LT.FR EEFLI L) ) GC TC 30C0
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115 X1 = 3( IC* 1 1 - FREEF L ( L1
116 VULl=VOLH-( X1+X2 ) / 2*DT
117 X2 = X i
118 5 3  Tü 3100
119 3 J 00 I F (ว ( I C*1 ) . L T . F REEF L( L  ) . AND.T IME . 1 T .  TC( L) ) G0  TC 350U-12 0 —  -------- Yl -FRECFL (L 1-01 I C ,  1 )
121 V0L2 -  VOL 2 +• ( Y1 + Y2 I / 2*DT
123 31 30 I F Q (  IC,  I ) . GT .FK EcFLl L n  Q( ÏC. n  = FREEFL(L J
12 4 I F ( 3 (  IC,  I J . L T . F R E E F U  L) . A ND .T IM E .  CT .T e { L n o u e ,  I >=FREEFL ( L)
125 I F ( VÜL2.GT.V0L1)  GC TO 1 2 1 c

7 CO Te" 20Û0 ..... .. .......- '  - ...............128 ออ 1 2 30 I = 1 , 9 0
129 ATE 1 P i i )  = û
13C 1230 CONTINUE
131 NB - NCOMBIL1

— .................. " ...........................................135 1250 C ONT I NJE
136 IC = 1
137 30 12 60 I -- 1 , 9 0
13 8---- 7------ u n e ,  I l  =_ATiMF4-U— --------------------- --------- -------------------------------- -------------------------
13 9 12 60 CONTINUE
140 2000 CONTINUE
141 WRITE (6 ,  2 2 0 0
142 2200  F ORM A T{ /  , IX * * * * * *  OUTPUT DATA
143 1 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  , / )
144  -------- . JO-2-35 O-JN= 1,  90------- -----------------  -------- — .. -----
145 i F ( 0 ( 1 C,NN) ) 2 3 1 0 , 2 3 1 0 , 2 3 5 0
146 2310 1 ( I C , NN)  = 0 .
147 2350 CONTINUE
148 NM TE ( 6 , 2 4 0  0  K, DT
149 24ÛU F Ü M A U 5 X , '  INFLO เ' TO NODE * , 1 3 , 1  o x , ' T I M E  STEP • , F 5 . 1 » 5 X » ' MI N'-150----------------yül-TE-1-12,-24 10) (-S TEP น-)-,-1—l-*-5ü ) — —    -------- --------- _ _ _
151 W R I T E ( 1 2 , 2 4 1 C } ( บ ( I c , I ) ,  1 = 1 , 9 0  )
152 WRITE ( 6 ,  241 CM S T E P ( l )  .1 =1 , 9 u )
153 WRITE( 6 , 2 4 1  ง ) ( บ ( I C , I ) ,  1= 1 , 5 0 )
1 5 4 -  24 i  0 F ORMAT! / , 5 X . 1 C F 1 Û . 2)
15 5 RETURN
156--------------END-------------------------------------   ■ -

****
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/SYS RE G= 5 0 0
/SYS TI ME = MAXI -l UM
/ FI LE 12 NAME!HY5Y.2I .CGM) R S I Z 1 1 3 3 )  SLO 
/LEAD WAT FI V
CFI LE 6 NAME1P6. 3 .2Y5W. 5B12)  R S I Z ( 1 3 3 )  NE I { RF PL )L * **>i * * * * * * * * * * * * *  * * * * * * * * * * * * * *  X * * * * * * * * * * * *  ü * * * * * * * *  ****** ะ** ะ*** * •**

* A MATHEMATIC MODEL FOR E /  AL ช 37 I วง AN ว R F F A P Tl IT AT I ว N *
* OF THE CAUL TRAINAGE SYSTEM IN HUA w A K APF A* * 
* * * * * * * * * * * *  * * * * * * * *  ** * * * * * * * *  ** * * * * * * * * * * * * *  * * * * * * * *  ********* * * * * * *
* DEVEL OPE J  BY 11. SJRA^ONG *
* * ** ***< * * * * * * * * * * * * * * * * *  * * * * * * * * *  * * * * * * * * *  ***>: ** * * * * * ฝ * * * * * * * * * * * *  **

DI ME N S IDN R (591I , Cl 5 9 , 5 9 ) ,4TEMT( 59)  , G P ( 5 9 , 5 7 ) ,
* BI 1 0 0  ) ,WID(  100 ) ,  Z( l  3D) , Hl  1 0 0 0 ) ,  3UT1 10 3) , Yl LCO) , A 1 1 rp)  , P( 107)  , 
* R N ( 1 0 0 ) , S F ( 1 0 0 ) , R R ( 1 3 J ) , V I 1 7 0 ) , D L (  1 3 0 ) ,  N CD E ( 1 0 0 ) , p A ( ท  7 ) ,
*NL3ED( 1 0 0 ) , NODEU I 10J ) , HNi l  0 ว ) ,  A Tร ( l 707) , CLFU{l ก ก ) ,  FLF 7 {1 ) 0 )

ว IMENSION C0EU11 00 ) , C0E3(  103 ) , n o  VJl 13 3 ) , W3fTO( l c 0 ) , ST3Eรบ 11 0 0 ) ,
* ร 1 OES อ ( 100 ) 1 VELU { 10 ว ) , VELD! 10 J I ,:<LI 17 ไ ) , ;  u n  00 0 ) , ท  1 53,  57 ) ,
*R น 5 9 ) . INDEX 156) ,QOUT( 60)  , Y 1 1 57 ) , 3 1 ( ว ิ ) ) ,  Al ( 57 )  ,VL ILK(57)
* » GO ( 5 9 ) t QD ( 5 9 ) ,  TWTUM1 5 7 ) ,  NWTUMl 55 ) ,  MVEL ขM( 59 ) , WGL M SO)

อ I MENS ILN TV EU Ml 59)  , VO TUMI 57 ) , /VELUM!5 3 ) .VOIIMl 5  ๆ ) , TCUMl 5 >)
* 1 QWTUMI59 ) , QVELUMI59) 1 .ทบ 1(59)  1 INTO 1(53 ) * U w T !7 M (ร*; ) ,WVF L 71 { 53 )
* , W2DM159) , TVEDMl 5 9 ) , vw TDM15 9 ) 1 / VEL 3 M1 5 7 ) , vonMl 5 9) , 7 CD 115 3)
* ,  QKTDM159) , QVELDM159) , . ทว  น 5 9 )

COMMON INN190)fNMY I 9 7 ) , T I N F { 3 3 . 7  3 ) I 3 INF 1 9 0 , 0 0 )  , 7 0 9 ( 9 7 , 7 0 )
* » QSPl 9 0 , 9 0 )  , N3C( 9 0 )  1 TYPY{ 7 0 , 9 0 )  , I N J37E1 9 0 , 3 ก ) , ใ TY P F (93 , 3 3 I 
* , CRJN( 90)  , AREAW190) , 3UUT1( 2 2 ) , 7 : J T 2 1 2 2)* OIN 1 2 3 ) » N ° 159) , J JOOE 
* tNGP( 1 0 ) , TT,FAC,SOI  NT, T , ร 31 NC, [ F 1 1 , 1 GJT P

C NOTE ะ ARR AY DIME NSI □  i SUOLO BE 12 LATE) TC NtMBFR TF NG3EC
C . . . COMMENT card  
C

WRITE (6 ,  1 0 )
10 F GP.M A T ( 1H 1 , / /  /  , 2 o x , * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * *  >; * **f tv***** *** ****1*********  * * * * * * * * * * * 1  , / / )

WRIT E (6 ,  12 )
12 FERMAT 13 o x ,  ’ FLOCD CONTROL SIMULAT ท )  MODEL ( r c  SMC ก FL ) • , / , 4 ox ,

1 'PREGRAM VERSILN " 1 9 8 5 "  ' )
WRITE (6 ,  1 4 )

17 F LRM AT { / /  • 20X,  » * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * *  * * ***** * ะ** * ** «ะ***
l* * * * v * * * * * * * * * * ' , / / )

c . . .  GRCUP 1 — COMMENT CAROS

READ ( 5 , 11 0 )  (ATEMT1J), J = l , 1 5 )  110 FL'RMAT11X,15A4)
WRITE 16 , 1 10 ) 1ATEMTlJ) , J = l , 15) 

153 CLNTINUE
C . . .  GRCUP 2— CHANNEL GEOMETRY 
C



13 READ I 5 » 1 6 0 ) NL
J 7 160 FERMAT! IX , I 7}
ID DL 2 0 0  1= 1,NL
61 READ ( 5 , 1 7 0  INÜOEUl I ) -, JUDEE) c n . X L I I I
12 170 FERMAT11X , 1 7 , 1 8 , F O. 2113 REAOl 5 , 1 8 0 )  NGDEU ( I ) , EL E IJ ( 1 ) , c CE บ ( I ) , m  T L'1 I ) . ร I D F ร บ น )
16 1 80 FERMAT!IX, I 7 , F 8 . 2 , F 8 . 3 , 2 F 3 . 2 )
ว 5 READ ! 5 , 1 8  0 ) KODED 1 1 ) , 5 L ED (I ) ,  CQE ว ! I ) , .7 3JTDI I ) , ร IC F s c  ( ท
11 200 c GIST 1 NUE17 c
S3 c . • • GRLUP 3 - - CONSTANT
60 C
ท READ( 5 , 2 10)G,DATUM, f a :
71 210 FERMAT! I X , F 7 . 2 , 2 F 8 . 2 )
72 C
ท c . • • GRLJP 4— HYDREGRAPH GF STEM INc LOh
76 c
75 REAO ! 5 , 1 9 5 ) N1
76 195 FERMAT!I X , I 7)
77 c READ ! 5 , 2 4  0 ) INN! I ) ,N !/{ I ) ,  CRJN ( [ ) ,  ARE AN! I )
73 DE 305  1 = 1 , NI70 A R E A พ ! I ) = 1
30 CRUN! I ) = l
31 c 260 F ERMA T! 1 X ,1 7 , I 8 , 2 F 8 . 4 )
)2 NHY! 1 )= 9 0
33 READ! 12,  2 50 MT INF! I , J )  , J= 1, 70)
36 READ ! 1 2 , 2  50 ) ! Q I N F ( I , J )  , J = 1 , 9 ว )
35 2 50 FERMAT!/ , 5 X , 1 0 F 1 0 . 2 )
3 5 305 CENTINUE
,17 c
38 c . • • GRLUP 5 —  BOUNDARY CENOITIUNS FOR >J 1MN3 STATION' AND GAT
3 7 r
) ว READ!5 , 3 1 0 )NBCO
น 310 FORM A T! 1X , 1 7 )
72 1 G= 0
73 DC 3 5 0  1 = 1 , NBCC
76 I G= I G + 175 READ ! 5 , 320)  I ND . N G P ! I )
).» 320 FERMAT( I X, 1 7 , 1 8 )77 N = NG P ! I )
73 READ 1 5 , 3 3 0 )  I T G P ! I G , J )  , J = l , แ)70 R EAว! 5 , 3 3  0 ) (QGP( I G, J ) , J = 1 , แ)

1 70 3 30 FERMAT( 1 X » F 7 • 2 , 9 F 8 . 2 )
101 350 CENT I NUE
1 32 C
1 33 C. • • GREJP 6 —  BOUNDARY CONDITIONS FOR N O E S
106 C
105 D L 8 0 0 I = 1 , N11 3 1 READ!5 , 7 5 0  ) NBC! I )
1)7 750 FERMAT(IX,17)ท 3 N2=NBC(I)n o  U(j 780 J=1|N21L ว READ(5,760) ITYPE! I , J)111 IFÜTYPE!I , JJ .EQ.2)  ou TQ 763112 R EA ว ! 5 , 7 6 0 ) INNEDE( I * J J1L3 760 FLRMATÜX , 17)114 GE T J 780
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115. 765
116 665
I W 780
113 800
119 c
1 20 c . • •
m122 G
123 
l 2 A 
125

510

1 ’ 6 520
127
123
129

6 00

130 610
1 น 6 AO
132 c133 c . • •
1 3 A 
1 ) 5

c
136
1)7

550
133 655
1 ) i c
1 TO c . • •
1A 1 
1A2 
1 *3

0

l ,A 
1 ,5 
1 +6

801

1 * 7
1,8

305
1A9
150
151

805

152
153 
15 A

807

155 803
156 820
157
153
159 
1 , 0

825
161
1๐2
163 
13 A 
135

828

136 830
137
153

331
13 0 032
170 833
171 835

GREJP 7 - - INITIAL CODITION
READ 1 5 ,5 1 OiNLINK , NNOOE 
FERMAT( IX , 1 7 ,1 8 )
DL 5 0 0  1 = 1 , NLINK
R E A O ( 5 , 5 2 0 ) N E D E U ( I )  , N J  อ E ว ( I ) , V: L U 1 1 ) . V E L D I I  )

DE 5 AO 1 = 1 ,NNODE 
R EAD{ 5 ,5 1 0 )  NODE( I ) , NT ร ( NOJ E ( I ))

READ I 5 ,๐ 5 0 )  I IMP, IC'JTP 
FER M A T(IX ,1 7 ,1 8 )
READ( 5 ,5 5  5) I T l ,T I  NCR! , I T ? , TI NCI 2 , IT T ,T IN  CRT,IT  A ,T IN ERA

I F ( I J N P .E Q .O )  GO TO 30 
WRITE ( 6 ,8 0 1  )
F E R M A T !//,30X,'SUMMARY OF INPUT*)
WRITE (6 , 305  JNGDEUI I ),NÜOEO( I ) ,  X L ( I )
FERMAT ( / ,  1 5 X ,' LIINK' ,1X , 13 , ' , ' . ท ,  AX L= 1 , F 3 . 2 , • p FT ERS ' ) 
WRIT E (6 , 3 06  )NODEU( I ) , ELE U (I ) , W 3CTU(I) , ร I DE รบl I  )
FERMAT(5X, •น /ร  NODE ’ , 1 3 , ' ,  Z = ' , F 6 . 3 , ' ,  n = ' . F 6 . ? , ' ,  SIDE
WRITE (6 , 8 0 7 ) NODEอ( I ), EL EDI I ) , W3CT0( I ) , SI DESP ( I )

, F 6 . 2 , • ,  SIDE
WRIT E (6 , 3 00  )VELU( I } , /EL ว น )

DO 8 A0 1= l.NNODE 
WRITE( 6 , 3 2 5  INODE( I )
FERMATI15X1 'NODE• , I A)
WRITE ( 6 , 8 2 ร ุ) N 3 c ( I )
F ERS A T (5 X, I 3 , *  BOUNDARY CONDI: 
N2=NBC( I )

I y  J i : j f . E O . l ,  ร ุว ุ TO 330 I F( I TYPE I I » J ) • EQ • 2 ) GO TO 332

10 TE 335

SL j °E= ' , 

SLD P£= • , 

6 .3 )



130

1 72 17 3 176175176177 1713 
1 79 
133 131 1 32 133 1 36 1 35136137 133 1 39
i n191
1 12 193196 195
1951971) 31 ) 92 90 2 31 232 2 )3 2 96 
2 95 2 962 )  7 2 )<3 
2 99 
210 
211 
212 213 216215216 21 721 3 219 
2 23 
221 
22222 3 226225226 22 7 27 3

WRITE( 6 » 8 3 8 9 WT s lNODE! I ) )
838 F LRM A T ! 5X » 'AT TIME T=0.  303 1 H = ' , F 6 . 3 9  
860 CONTINUE

c . . .  CONSTANT
WRITE < 6 , 8 5 0  ) 5 , DATUM,FAC

850 F O R M A T ! / / , 5 X , 'GRAVIT/  FORCE =• ,F 5 . 3  , / ,  5X . '  MAX I MUM KLCNG IJVERT 
IF 6 . 3 , / , 5 X , • AREA REDUCTION FACT 3 3= ’ . F 6 •3 )

c
C . . .  BEGINNING OF CALCULATION
c

NZ=NNÜDE+1 
30 DO 35 1 = 1 ,NZ 

QIN CI >=๐ 
QOUT1( 11=0  
ว OUT 2 ( 1 9  = 0 

35 CONTINUE 
I PR = 0 
I PR 1= 0 
M=NLINK 
N=NNCDE 
M L = 2 * M 
MN=2* M+N 
M 1 = ML +1 
DO 2 5 1 = 1 , Ml 
WWTUM! I )=0 
พVELUM! I 1 =0 
WQUM( I ) = 0 
TWTUM ( 1 9 = 0 
KWTDM( 11=0  
wVELUM! I 9 =0 
พ QDM(19 = 0 
TW1 DM (19 = 0 
VWTUM! 19=๐ 
VVELUM! I 9 =0 
VQJMI I 9 = 0 
TVEJM( 19=0  
VNTDM ! 1 9 = 0 
VVELDMII9=0 
VQDM! 1 9 = 0 
T VEDM(19 = 0 
QWTUM( 19=0  
Q VELUM! I 9 =0 
QOUMI 1 9 = 0 
TQJM ( 1 9 = 0 QWTQMII)=0 
QVELDM! I 9 =0 
QQDM( 19=0 
T QDM (19=0 

25 CONTINUE

ร ุ0IN L=0
s v c = o



2 ท ' 
2 « ) 
2)1
232 
2 ท  
2 1 4 
2 J ï 
2 )/, 
237 
2 »3
23 >
240
241 
2 42 
243 
2 *4 
245 
245 
247 
243 
24?250
251 
2 52
253
254255 2 56 257 253 259 
2 j 0 
2*1
252 
2 J 3 
2 44 
255
24 5 
2 >7 
268 
249
270
271 
2 72 
2 73 
2 74 
2 r 5 
276 
2 /7  
278 
2 79 
2 10 
211 
2 12
213214
215

Q IN ( 2 3 ) = ๐ 
WRITE( 6 , 3 6 )

36 FERMAT! / / ,  30X,  • ......................................... . . . . O U T P U T . .............................DO 9 9 uo IT = 1 , 3
I F ( I 7 . LE. I T l ) T= TI 7JCR1
I F c I T . G T .  I T 1 . A N D . I T . L E .  IT2)  T=TINCR2
I F ! I T . G T .  I T 2 . A N D . I T . L E . IT 3) T=T INC U
1 F ( I T.GT.  IT 3 . A N D . I T . LE. I T 4 ) T =T INCR4
I FI I T . G T .  2 0 0 ) T = 1 8 0
TP = TP +T
TT=TP/ 60
A T = T T - T / ( 2 * 6 0 )
I PR=I PR+1
I F I 1 P R . G T . I C U T P )  IP R = 0 
I P R l = I P R 1 + 1
I F ( I P R 1 . G T . I G Ü T P  ) I PR1=0  
I F U P R 1 . N E .  IDUTP ) GO TO 37 
WRITE ( 6 ,  3 8 )  AT

38 FLRMATl/ ,  5X , 'AT TIME * , F 6 . 2 , '  3 IN U TE S ' )
WRITE ( 6 , 4 0  ITT

40 FERMAT! / , 5X, ' SOLUTION FOR TIME T = ' , F 1 0 . 2 , '  MINUTES' )
37 CALL BCGND

DG 50 1 = 1 , NNODEHA(Nl.DE( I ) )=WTS( NODE! I ) ) +0ATUM INDEX! I ) = 0 
50 CONTINUE 

MN1 = MN+1 DO 1 0 0  1=1, IMN1 R (I) = 0DL 1Ü0 J = 1 , MN1 
C ( I , J ) =0 100 Continue
DL 1 0 5  1 = 1 , MN 
DO 105  ป = 1 ,  P N1 
R 1( J )=0 
C l ! I , J  ) = 0 

105 CONTINUEc 1! MN.MNl ) = 0 
C
C . . .  SUBROUTINE COEFF 
C

TE ST= 0
DC_ 5 0 00 1= 1,  M 
NX= NX + 1 
NGDEU!M+l)=0 
I c= 2*  1-1 
173=2 * I 
J u= 2 * I -1  
J D= 2 * I 
J7JU=2*M+NX 
J ND = J |NU+1 
DL!I  )=XL( I )
BUT ( JU ) = ELEU( I )
BUT! JU)  = ELED! I )
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2 )6 ‘ 217 2 13 2 19 
2 JO 
2 J 1 
2 >2 2 )3 2)4 2 75 2 J62 J72) 3 
2 ) )3 วอ3 )  1 3)2 3)3 
3)4  
3)5 
3)6  3)7 3 )3 
3) 9 310 
111312313314 115316317 313 31 )320321322323324325326327 378 32) 3 10 3)1 3 12 3 13 3 14 3 15 3 16 3 17 3)8 3 19340341 3 «2

RR { J ช 1 =CD EL) ( I )
RR(JD)=CGED(IJ  
พ ID { J u ) ะ w BÜ TU ( I ) 
wi o i  Ji ))  = w BCTDl I )
Z I J U ) = S I D E S U ( I )
Z 1J D ) = S I O E S D ( I J  
H ( J J ) =  HA( NDDEU( 1 ))
H I J ) ) =  HA( NCDED( 1 ) 1  
V(JU)=VELU! I )
VI J[))=VELD( I )
Y ( J J ) =  WTSINODEU(I)  l - B U T U U )
V | J D ) =  WT ร ( NODEช { I ) ) - 3  UT(J 0)
B ( J J ) = W I ว l J J ) + 2 * Z ( J ü ) * Y ( J J )
B< JD)=WID{ J D ) + 2 * Z ( J 0 ) * Y  บ  ) )
A น บ )  =Yl J U ) * ( W I D ( J J  )«-B ( JU) ) / 2  
A ! J O ) = Y ( J O ) * I W I O (  J0)«-8< JO) ) / 2
p { J J }=WI อ บ บ} +SQRU Y ( J U ) * * 2 M Z (  J J ) * Y บ ช) ) * * ? ) * ?  
p ( J D) = WI อ บ อ )  +SQ R T IY( J  D ) **2 ท  Z! JD ) *Y บ อ ) ) * *  2 ) * ?
RA( J U J = A ( J U ) / P (  JU)
R Al J 0 ) = 4 ( J D l / p ( J D )
S F I J  U )=RR( JU )**2 *ABS(V บ บ ) ) * V{J บ) / ( 1 A บ ช ) * * ] .  3 3 3 3 3  )
S F บ อ  )=RR ( J 0 ) v * 2 * A 3 S (  V { JD) » * V บ ว ) / บ  4 บ อ ) * *1 . 3 3 3 3 3  ) 
c ( I C , J U ) = - A ( J U )  
c ( I c , JO) = A ( JD )
e n :  , JNU ) =D L ( I ) /  l ว * ฑ *  ( 2*3 น บ )  «■ 2 บ อ ) )  
e n :  , JND )=l)L< I ) /  { 3*T) * l l) ( J U U 2 ) 1 )l  JO) )
R ( 1 C ) = I A ( J U ) * V  บ บ ) ) - !  4 ( 1 D) * V บ ) ) )

* *OL m  /  13*T)*{  (2*B(  JU) +3 น อ  ) ) *H (J m (  e น บ )  + 2*B(JD ) ) * แ บ อ  ) ) 
c I I M , J U) = -  ( A บ บ ) *  V{ J  J) ) /G+DL ( I ) / 1 5*T*G) * 12* A ( J  U ) + A ( JO) )c ( I  M, J D ) = ( A ( J D ) * V I J J )  ) /  G+JL 1 I ) /  ( 6 *T*G ) * { A I J  แ ) + 2* A ( JO ) )
น แ  1JHU) =-  ! AIJU )+A บ ว )  ) / 4 f O L  ( I  ) /  (12* T* G )

* * I B I J U  )*(  3*V( J J )  + v(  J  ) )  ) บ น ว ) *  ( V บ บ )  + v ( J C ) )) c m ,  JND) = I AIJU )+A( J )) ) / 4H)L< I ) / ! 12 ;<T*5 ) *
1 ! B แ บ  ) * ( V ( J J ) +v บ ว ิ ) ) *■ B { J ว ) *  ( V ( J J  ) + 3 * V ( J ท ) ) )

R ( IM ) = - (  A{JU)+A( J D ) ) / 4 * < | | (  JO) -  U  JU) }n-OK I )/112*T*GJ* (แบบ) *( B( JJ)  *( 3 *7 ( J J ) * V นก) ) + R ( J 0 ) * ( V ( J J)W(JÙI)
2 ) +H ( JD)* C B ( J U ) *  C V ( J j) *V( JD) ) ท แ อ) * ( V( J U)  +3*v ( JC ท  ) )
3 +ว L { I ) /  ( 6*T*G ) * m  J J  ) *{ 2*A( J ) ï M ( J O  ) ) f V l J n *  ( M JU)+?*A( JD) ) )4 -DL ( I ) / 6 * ( S F {  JU) *{  2*A(  J J )  ► A น ว )  ) + 5F น อ ) *  ( A ( J บ I + 2 *  A ( J ว ) ) )

I F n C S T . E O . O )  GL TO 150 0  
e ( J \ U  * JL ) =— A ( J L )
C น ร 1บ» J J  ) = A ( JU )
e IJ  N U » JMU ) =— ( VI J L) *3 บ  L ) — y น บ ) * ร บ  J) )
ท  JM ü ) = -{ V! JL )*B IJL ) -V(  JU)*3 ( J J ท *'U J U) + CI N (NX )
I FlN L OED( I } .  NE.NLDEU ( U D I  GO T Z 2 ) ) 0  
GO TL 1000

1500 C( J NI U , J U ) = A ( J U )
C ( J \  ษ,  J NI U ) = V I JU ) *B( J J )
R m u i = V ( J U ) * B ( J U ) *  แ บ บ )  + Q I N I ' X )

C IF บ  ODEJ I 1 ) . E Q . 1 4 . ANว.  Nว ) Eût  I } . 5 0 . n  GO TC 2000
GG TG 1000 

2000 I NDŒ X C I } ■= 1
c ( J ND » J O ) = - A( J D)
C ( J N D , J N D ) = - V ! J D ) * B ( J D  )
R ( J N! ว )=-{ V! JD)*B { JO)*H บ อ )  H-QI1 (NXH )



3 + J
3+4
3 + J
3563 + 7
3 + 3
3+73 50
331
352
353
354355
3563 57
35 3
3 5 7
3603 ,13 12
353
3+4
3653563 57
3+3350
3 70
371
372
373
3 74
375
376
377
373
3793 133 112 32
313
3 143 15316317
3 183 393 303313 32
3)33 343 353 363 373 383 37

NX=NX + 1 T EST = 0 1000 IS=0
I f7 i K.LE.0J Gû TC 5)70DO 300 K=1 , IK
IFIMCDEOI[ ท .NE.NCDEDII ร ) ) GO TO 3 วว I A= 2 * M +1 s +1c I F( NCDEU( ท  .EQ.l  7,A.M0. NOOEDl I ).  EQ. 1) IA=2*M+IS+2GC TC 2100 300 CONTINUE 3ü TC 50002100 c (IA, IA)=C{ JND, JND) «■ ะ(น,น)C(JND,JND)=0 CIIA, ปอ) = C( JND, JO)C(JND, JD)=0R( 14 ) =R(J ND) +R( IA)-JIN(NX)R (JND ) = 0CUC,  £ A ) = C ( IC, JND)C(IC,JND)=0 c ( น ,  IA ) = c ( IM, JND)C( IM,JND)=0 Nx= N X—1 GL TD 5000 5000 CONTINUEวอ 9300 11=1 , MM DC 9 2 00 I 2= 1 ,MN C l i n ,  12 ) =c ( II ,  12)92 00 CONTINUERl( I 1 ) =R ( I I )C WRITE( 6 , 16 )  (Cl( I I , 12),  12=1, MN), น ( I 1)C 16 FORMAT(3F10. 2)93 00 CONTINUEDC 9301 13=1, UN e u  13 ,MN1 )=R1 (13 )9301 CONTINUE 5090 NS=MN N p= MN 1 KD IM = MNCALL EL IM( C1,N S, NP, N71M)C

C. . .  SUBROUTINE OUTPUT C
วC 8 0 00 IV=1 ,MI Z = 2 * IV IY=2*IV-1VEL U ( I V) =c 1 I IY.MM )V EL ว ( IV i = C1 ( IZ , M N1J 8000 CONTINUE MH=ML+1 I
I F( IPR.NE.ICUTP) GO T3 3018 WR I T E ( 6,8 01 5 )8015 FCRMAT(5X,' NODE' , 4XtLEVAT I ON' )
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4 j 3 
4)1  J 2 
4 )3  
4 )4 
i )5 
4 )6 
4 )7  
4 )3  
4 )7  
4 1 ) 
411 
U 2  
4 13 
414 
413
416
417 
413 
419 
4 2 ) 
421 
4 22 
4 2 3 
4 24 
4 25 
4 26 
4 27 
4 23 
4 29 
4 1 )
431
432 
4)3 
4 )4 
4 15 
4 )6 
4 )7 
4 13 
4 19 
4 40 
4 ♦  1 
4 +2 
4 43 
«44 
4 4 5 
4 46 447 
'เ43 
.49 
.3 )  

431 
4 32433 
45 4 
4 35 
4 36

3018 DC, 8 100 I H=MH,MN
wise NODE! I ) )=C1( IH, M!II ) -ว AT'J'3 HAINLOEI I ) ) = c u  1H,M น)
I F ( I P * . M E .  ICUTP) GO TD แ ป ้ ว  
WRITE ( 6 , 8  02 0 ) N Ü D E m  , WTS MODE น  ท 

8020 FORMAT15X»I 3 » 4 X | F 9 . 5 )
8100 CCMTINUE

I F D P R . N E .  ICUTP) GOTO 700 7 
WRI TE{6 j 7 0 0 6 )

700 ร F CRMAT 15X ♦ * LINK’ , 13X, * VOLUME • , 1 IX,  ' JOOE • , 6 X ,  • VFLCCITY* , 5 X ,  ' J [  ร.: HAT
7007 DC 7 1 ) 0  J A-  1 » NL 

I U= 2 * J A- 1 
โ 0=2*-JA
Y1 < I u ) =WT ร I NCDEU I JA ) ) -  BUTI บ )
Y 11 I D ) = WT s {NCDED( J A )) — BUTI 10)
Bl (  1 บ J = w I 0( I u ) + 2 * Z ( บ )  * Y1 I I • J )B 1 ( I ว )=WI D( 10) + 2 * z u  ว) *Yl  I ID)
AK I บ ) = Y1 ( I ช )*  ( K I D( I J ) *-3 1 ( I u ) ) /  2 
AK I 0 ) = Y1 ( 1 D )*(  W ID( I ) ) + 311 ID) ) /  2 
VLINK { JA >= { All  lu  )+Al(  I ว ) ) /  2*0 LI JA )
IF(  Y1 น บ )  . GT.  อ.  LR.Y1I  1 0 ) . GT. ว . )  GO TO 7005 
WRITE (6 ,  7 0 0 4 )

7004 FCRMATI/ , 5 X E R R O R  "Y" LESS THAN ว *)
GO TO 750 0

7005 SVT=SV7+VLINK{ JA )
QU IJ A) -A 1( I ข ) * VE LUI JA )
3D IJ A) =Al I  ID)*VELO{JA )
1 F ( [ P R , N E . ICUTP) GOTO 7 1 ) 0
WRIT E (6 f 7 0 1 0 ) NC D £ u I J A) .NGJEDI J A) 1V L I N K I J A ) , FCOFU I J A ) , VEL J l J A ) , 

1QUIJA)
7010 FORMATI2X, I 3 , '  ,« , [ 3 , 1 ว X , F 1 0 . 4 , i  )X. [ 3 . 6 X , F 8 . 5 , 6 X ,  F9 . 5 )

WRITE( 6 , 7 0 1 2 ) NOD EDIJA) , VEL0 1 J A ) , ว า ( J A )
7012 FORMAT 13 9 X , ) 3 , 6 X , F 8 . 5 ,  6 X , F จ .  5)
7100 CONTINUEIF! [PRUNE. IÜUTP ) GO TO 7111 WRIT E(6,711 ว) SVT
7110 FORMAT I 5 X , 'TOTAL VOLJME H  NETI jRK = ' , F 1 5 . 5 . '  CUBIC METERS'  )
7111 IF I I 7 . EQ .  1 ) sVG = SVT 

DSVT= SVT-SVO
I F D  PR1. NE.  IOJTP)  GO TO 7112 
WRITE ( 6, 7 1 1 5JDSVT

7115 F0RMATI5X, 'CHANGE IN TOTAL VOLJMÉ = * , F 1 5 . ร . '  CUBIC ME TEAS' )  
c . . .  SUBROUTINE MAXIMUM VALUE

7112 DL 7 3 0 0  I 1 = 1 , NL
IFUWTJMI  I 1 ) .GT.  WTSMODEUI I I  ) ) ) CO TO 72 0 0  
ฟพไ JM I 11) = K7S I NC 0 EU I I I ) )
พ VELUM II 1 ) = V E L U I I D  
WÜUMI 11 ) = Q U I I 1)TWTUMI 11) =TT

7200 IFIWWTDMI I I  J.GT.WTSINODEOl 1 1 > ) ) 3 0  TO 72 10 
พ WTO M( I I ) =WTSI NODED( I I ) )



135

457 451 4 57
4 6 0
4 6 1
4 6 2  
4 53  
4 6 6  
4 6 5  
4 6 646 7 4 58 457 4 70471
4 7 2  
4 73 
4 7 4  
4 75 
4 76
47 7 
4 7 a  
477 
4 1 ) 
4 น  
4 3 2  
4 33 
4 34 
4 35 
4 36 
4 37 
4 38 
4 3 7 
4 ท  
4 71 
4 7 2  
4 33 
4 74 
4 ) 5 
4 >6 
4 77 
4 38
4 395 70 5 ว 1 5 )2 5 ) 3 5)4 5)5 5 36 5.37 518 537 510 5 L1512513

WVELDMlI 1 I = VELD( I I )WQD'U 11 ) = QD ( I น 
TWTDM { 11 ) =7T

7210 I F ( ABS( VVELUMf I I ) ) . GT.  ABS(VELU( I l ) D  3Ü TQ 7 2 2 0  
VWT JM ( 11 ) =พ7S( NCDEUl โ l ) )
VVELUMI U) = VELU( I I )
VGUM ( I I) =QU( I D  
T VEUM( 1 1 ) =TT

7220 IF(ABSIVVELDMlII  ) ) .  GT. A 3S ( VEL D( I D D G D  TC 72 30 
VWTDMdl ) =WTS(NDDED(I1 ) )
VVELD.jl I l ) = VELD( I I )
VQDM( I I )  = QD( I I )
TVEDM {I I  )=TT

72 30 I F I AB S O Q  บ,'-) ( 1 1 D  • GT . A3 s ( 0 J d  1 ) ) ) 3 c TG 7240 
ว WTJM ( I I  )=WTS(N0DEU( I I  ) )
QVELUMdl  ) =VELU ( I D  
jQUMI 11 ) = QU I I D  
TQJM ( 11 ) = TT

7240 I F I  4B5(0GDM( I I  ) ) . GT.  \ a  s { ■ ว,ว I I m  ) G J T ü  73ÛO 
3 WT 0 M ( 1 1 ) = w 7 s l NG DED { I I  ) )
QVELDM( I I ) = VELD( I D  
QQDKl I 1) =QD( I 1)
TQDM ( I I)  =TT

7300 CONTINUE
9900 CONTINUE

c
c . . .  SJMMARY OF OUTPUT
c

75 00 WRITE 1 6 , 7 5 1 0 )
7510 FORM AT ( 5 X » 1----------------------------------------------SJ 'HARY OF RESULTS-------------------- * , / ,

IL X, ' FOR LINK /  MAX. VALUE OF /  âï  พววร /  TIME HGL VELOCI
2TY DISCHARGED

DC 7 6 5 0  1 = 1 , NL
WRITE (6 ,  761 ว) NODE น[ I)  , N O I EO d  ) . NODE ) ( I)  .TWTDM ( I ) .WWTU'K I ) , wv ELU M ( I

*) .พ วน MU )
76 10 FORM AT ( 5 X , I 3 , ■ , • , 13 , 7  X » • H .5 L ’ » 7 < , [ 3, 3 X , F 5 . 1.  5X . F p . 4 , 5X, F 3.  + , 5 X,

WRIT E ( 6 , 7 6 1 5)NGDEU( I ) . T V E J M ( I ) .  VW7J U I ) , VVcl IJM ( I ) , VCU’H [ )
7615 F0RMAK14X,  • VELOCITY'  , 7X,  I J ,  3X, F 5 . 1 ,  5X, F ล. 4.  5X,  F P . 4 , 5 X , F  3.  4)

WRITE (6 ,  76 2 0 INODE พ  I I , T ปี JM { ท  » J »T UMl I ) , 0 VELUM ( ใ ) ,  c CU.M ( I )
7 6 2 ว FORM ATI 1 3 X, 'DISCHARGE* , 7X, I  3 , 3X , F 5 . 1 , 3 1  5 X, F P . 4  ท

WRIT E ( 6 , 7 6 1 0 )  NCD EU ( I ) , NCDEJl I ) ,  NODE )( I ) , THTi rd I ) , V พTทM ( D  , 
lWVELDMt I ) , WQDMl I )

WRIT E ( 6,  7 6 1 5 7 NCD EDI I ) 1 T VE ว M( I ) , V A TOM ( [ )  , VVF l ว M ( I ) , V 0 โ), 1 ( I )
WRIโ E [ 6 , 7  62 0 INODEอ( I ) , 7  00 11 I J , 3 wTว I ( โ ) , 3VELDM( I ) , OGDM( I )
WRITE( 6 , 7 6 3 0 )

7630 FORM AT( 5X, • -------------------------------------------------------------------------------------------------------- ' )
7650 CONTINUE

e nd"
cc . .  .
c 
c

SUBROUTINE BCCND
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514 • 5 L 5 51 ) 51 7 51 1 519 5 20 
ร ท  5 22523524525526527 523 529 5 JO 5 31 5 32 5 i 3534
535 
5 »6 
51 7 
533 
5 3 3 
5 * 0  
5* 1 
5'*2 
543 
5 14  
5*5 5 t 1) 
5*7 
5*3 
5'+9550551 5 52 553 5 54 5 55 556 5 57 5 53 559 55 3 5)1 5 52 5)3 5)4 565 5)6 5)7 5)3 5)9 5 70

SUBROUTINE BCCND
COMMON NN 1 ( 9 0  ) f N ‘)Y< 9 0 )  , T I N F t  0 ) .  0 ใ)  , 0  I N r  ( 9 0 , 9 0  ) , T G n โ 9 0 , 9 0 )  

*4 OOP ( 9 0 , 9 0 )  f NBC ( 9 0 )  , T Y P  Y( 9 0 , 9  ง )  ,  I N JO ) E ( 9 0 , 9 0 ) , T T Y P F ( 9 9 , 9 3 )
* ,  C R J N  ( 9 0 )  ,  AREAWl  9 0 )  ,  ) 0 U T 1 <  2 2  > 1 0 2  J T 2 (  2 2 )  ,  0 1  N< 2  3 ) , N R  ( 5 9 )  ,  J J O J c  
* ,  NGP{  1 0 )  ,  T T , F A C , S Q I N T , T , S  3 I N C . I  P U ,  I Q J T PI  IDC 6 0 0 0  1 = 1 , NNCDE 

MT=Nt3C( I )
DC 6 5 0 0  L = 1 » NT
IF!  ITYPEI I , L ) . E Q . l )  30 TO 6200 
1FI ITYPEI  I , L J . E Q . 2 1  30 TO 6100  

6100 ID=ID + 1
N = NJ3 p { ID)
DC 6 1 5 0  K =1 » N
I F I T T . G T . T G P I  ID, K } ) GO TO 6 1 5 0  
D Y = T G P ( I D , K ) - T G P 1 1 D , K—1 )
DX = T T - T G P ( I อ ,K - 1)
ช Q= QG p ( I D , K ) —QGP ( I D, <.- 1 )
3 CUT 1 I I )= QG p ( I D , K- 1 i * อ X/ ว Y * ว Q GC TC 65อ0 

6150 CONTINUE
GC TL 6 5 0 0  

6200 I L = I L +1
NINF = NHY( I )
OL 6 4 0 0  K = 1 1 NI NE  
I F l  T T . G T . T I N F I  I , K ) ) 3 0  TO 6 4  0 0  
DY=T I N F (  I • K ) - T I N F [ I » < -  l )
ÜX=T T - T I N F ( I , K- 1)
DU=3INF( I , K ) - Q I N F ( I , K -  l )
Q U I  2 m  = QINFI I ,  K- l  )*-DX/DY*DQ 
GC TC 6 5 0 0  

6400 CONTINUE
6500 3 IN( I )=-QC'UT H I )  +OOUT2 ( 1 )

SQINT=SQI NT 4-QINI I )
6000 CONTINUE

VCLว I น= ï s QI NC + so  INT) / 2  * T 
s 01NC= SOI NT
I Ft I P R 1 . N E .  ICUTP ) GO TO 47 
WRITEI6,  3 4 )  OCUT 1 ( 1 2)

34 FORMAT (5X,  ’ CAPACITY OF PI) IP AT J O E  12 
WRITE ( 6 ,3 5 )  OCUTI 115)

35 FCRMATI5X, ’ CAPACITY OF PI J IP AT NC)E 15 
WRITE 1 6 , 3 6 )  Q C U 7H 18)

36 FCRMATI5X, ‘ CAPACITY OF PJMP AT NOE 13 
WRITE( 6 , 4 5  )S0INT

45 FLRMATI5X, ’ SUM OF KNOWN INFLOW IT NODES=1 , FI 5 . 5 ,  • C’< ร . , )
พRI TE I 6,  4 6 )  VLLQIN

46 FORMAT I5X , 1 VOLUME OF KNOW W I N F L O S  NT NC DE s= • . F 1 5 . «ะ,' c m :
47 RETURN 

ENDc
c . . .  SUBROUTINE ELIM 
C

= * , F 8 . 2 , '  CMS ' )  

= ' , F f l , ?  , '  CMS' ) 
= ' * F fl,2 » ' CMS* )

METER
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5715 72573574575 575 577 5 73 579 5'30 5 31 5 32 333 5 34535536537 533 539 5 JO 5)1 
5)2  5)3 594 5 ไ 5 5)65 >7 5935) 9 500
6 ท  602 5 )3 6046 )  5 
6 )6  6)7 
6 )8  6)9 610 611 612613614 515 616 617 51361 9 670 621 52262 3 62 + 625 625 527

C

C
C
C
C
C
C
C
C
C
C
C
C
C

C
C

10

SUBROUTINE ELIM ( AB, ฯ, NP, MOI M)
0 IME N SION AB( ND I M,N J )

THIS SJ bROUTIN E SOLVES A SET OF LINE 13 EQUATIONS.
THE GAUSS ELIMINATION METHOD IS J G : ) ,  / 1T H PA 3 T I A I PIVOTING.
MJ LT I P L 0 RIGHT HAND SIDES ARE PER I IT TED, THEY SHOULD PE SUPPLIED 
AS CLLJMNS THAT AUGMENT THE COEFFICIENT MATRIX.
PARAMETERS ARF -

AB COEFFICIENT MATRIX AUG 1 EN TOO WITH R . H . S .  VECTORS
N NUMBER บ F EQUATIONS
NP TCTAL NUMBER OF COLUMNS IN THE AUG ML NT F D MATRIX.
NDIM FIRST DIMENSION OF MATRIX A3 IN THF CALLING PROGRAM. 

THE SOLUTION VECTOR(ร)  ARE RETURNED IN TIE AUGMENTATION 
COLUMNS OF AB.
BEGIN THE REDUCTION 

NM1 = N- 1
FIND THE ROW NUMBER OF THE PIVOT R c 9.  NE HILL T HF N 
INTERCHANGE ROWS TC PUT THE PIVOT ELEMENT ON THE DIAGONAL.

i o w Y :  I P I .NIF ( ABSCABl I P V T , I ) ) . LT .  A 33 ( A 31 J . I ) ) ) [PVT = J 
CONTINUE

C CHECK TO BE SURE THE PIVJT ELEMENT [ ร  TOT TOO s H A 1 L » i r  ร )  
c PRINT A MESSAGE AND RETURN.

IF ( 1 ABS ( ABi IPVT ,1 ) ) . LT. L . E - ร ท  GO TC 99
C NOW INTERCHANGE, EXCEPT IF THE PIVOT ELEMENT IS ALREADY ON 
c THE DIAGONAL, DON'T NEE) TO.

IF ( IPVT .EQ.  I ) GO TO 25 
DO 20 J COL ะ= I , NP 

SAVE = AB< I 1 JCOL )
AB ( I , JCCL) = At)( I PVT, JCCL I 
AB( I PVT, J CCL)  ■= SAVE 

2D CCNTINJE
c NOW REDUCE ALL ELEMENTS BELOW THE 31 AGONAL IN THE I - TH ทา I. CHECK 
c FIRST TO SEE IF A XERÜ ALREADY PRESENT. IF s c .  
c can SKIP REDUCTION FOR TIAT ROW.

25 DC 32 JRQW = I P 1 , N
IF I A3 ( JRÜW, I ) .ED.  0)  GOTO 32 

5 RATIO = AB(JROW,I ) / A B( I , I )
DL 30 KC CL = I P I ,  J9

A3l J  ROW, KC0 L ) = AB(JROW, K : CL ) -  R A T I d * AR( I , Kr c L )
3D CONTINUE
32 CONT INJE
35 CONTINUE

c WE STILL: NEED TO CHECK A1 N , N) FOR SIZE.
IF ( A 3 ร ( A 3 ( N, แ ) )  . L T .  1 . E - 5 ) GO TO 9)

C NCW WE BACK SUBSTITUTE
DC 50 KC CL = N P 1 , IT p 

A3IN.KC0L)  = AB I N, KCÜL) / A 3 ( N , N)
DO 45 J = 2,N NV3L = NP1-J

VALUE = ABINVBL.KCOL)



138

5 ! 3
5 >9
6 ท  
611 
6 12 
6 13 
6 14 
6 15 
636 
6 17 
6 ta 
639 
6 '♦ ว 
6*1

VALUE = VALUE - A a { NV 3L , < ) *  ท  IK , X CCL )
AB<NVBL,KCCL) = VAL JE / A3( NVBL , NV3L )45 CENTI NUE50 CONTINUERETURNc MESSAGE FOR A NEAR SINGJLAR A ATR I <99 WRI TE 116,1001 I PVT, I , A3 ( IP VT , ท .A3( N,N) ,N103 FORMAT!IX,• SOLUTION NOT FEASIBLE. A NEAR 7FR0 PIVCT NAS ENCOUJTER♦  ED. S ' IPVT/ 1 ' ,215,  • A3 ( I PVT ,1 J ' . F 1 0 . 5 . '  ABIN.N) ' , F » , 6 , '  N '

* « น ! , , ,END



139

ประว้ฅผูเกษา

เอ
เกิค
การเกษ า

การทางาน

ะ นายสุรพงษ่ ธรรมพทกษ 
ะ 16 พ .ย . 24 9 9 , แ ย ง ร า ย
ะ วflวกรรมศาสฅรบไผขฅ (วflบ .โยธ า) คผะวflวกรรมfl'าสตร มหาวทยาล*ย

เป ึยงโหม, ไ}การเกษา 2523
เขาเกษาหลกสูตรว?!วกรรม fi'าสตรมหาบณเต ๙าขาว ิflวกรรมแหลงนา
ภาควิ?เาวิflวกรรมโยธา คผะวิศวกรรมศาสฅร จุฬาลงกรผมหาวิทยาลัย, 
ปึการสีกษา 2525

ะ วิศวกรโยธา 4 กองสารวจออกแบบ ส*าน่กงานIรงร'คพัฌนาชนบท
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