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I, Background to study 

1.1 I n t r o d u c t i o n  -- ------ 

B e l a t i v e l y  feu sturlies h a v e  a d d r e s s e d  t h e  p r a b l e ~  of f l o w  

t r a v e l  time v a r i a t i o n s  v i t h i n  a w a t e r s h e d  ( P i l g r i l a ,  1977) .  

S t u d i e s  h a v e  t e n d e d  t o  p o l a r i z e ,  e i t h e r  t o w a r d  e x a i n i n g  the 

e f f e c t s  o f  g e o a o r p h i c  c h a r a c t e r i s t i c s  upon r e s p o n s e  time ( l a g  

tiate) , or c o n s i d e r i n g  c h a n g e s  i n  f l o o d  wave s h a p e  a s  it p a s s e s  

a l o n g  a c h a n n e l .  I n  a l a r g e  b a s i n  h o u e v e r ,  b o t h  a s p e c t s  a r e  

i m p o r t  a n t  i n  d e t e r r i n i a g  peak f l o w  t r a v e l  t i n e s .  

T r a v e l  time is defined b y  L i n s l e y ,  K o h l e r  a n d  P a u l h u s  

(1949) a s  t h e  e l a p s e d  t i ~ e  b e t w e e n  f l o o d  wave crests at two 

s t a t i o n s ,  They noted t h e  l a c k  o f  c o n s t a n c y  f o r  a g iven  r e a c h  b u t  

s u g g e s t e d  t r a v e l  t i n e  b e h a v e d  i n  a r e g u l a r  f a s h i o n :  b e i n g  l o n g  

a t  low s t a g e s ,  d e c r e a s i n g  t o  a minimont a t  a t o d e r a t e  s t a g e s ,  a n d  

i n c r e a s i n g  somewhat t o  s t a g e s  above b a n k f u l l ,  Between r e a c h e s ,  

t r a v e l  t ime w i l l  v a r y  d e p e n d i n g  on h y d r o l o g i c  a n d  h y d r a u l i c  

d i f f e r e n c e s .  However, the regular rela t i o n s h i p  b e t w e e n  t r a v e l  

t i a e  a n d  d i  =charge can b e  d i s r u p t e d  by laa jor t r i b u t a r y  i n p u t s  

a n d  a  nonun i f  orra p r e c i ~ i  t a t i o n  d i s t r i b u t i o n ,  

I n  t h i s  s t u d y ,  a t i n e - a  rea model of t h e  Fraser bas i n  is 

u s e d  t c  i n t e r p r e t  peak f l o w  t r a v e l  time i r r e g u l a r i t i e s  f o r  

r a i n f a l l  e v e n t s ,  T h e  P r a s e r  B a s i n  is i r r e g n l a r l y  s h a p e d ,  



c o n t a i n s  c o n t r a s t i n g  h y d r o n e t e o r o l o g i c a l  r e g i o n s  a n d  s u p p l i e s  

n u m e r o u s  t r i b u t a r i e s  t o  t h e  P r a s e r  R i v e r .  T h e r e f o r e  i t  p e r ~ i t s  

a n  e x a m i n a t i o n  of t h e  way i n  w h i c h  s p a t i a l l y  l i m i t e d  F r o c e s s e s  

a r e  i n c o r p o r a t e d  i n t o  t h e  c v e r a l l  b a s i n  r e s p o n s e .  T i m e - a r e a  

c o n c e p t s  were used  t o  s i m u l a t e  a series of c o n t r a s t i n g  

p r e c i  ~ i t a  t i o n  i n p u t s  w h i c h  u e r  e B o d i f  i e d  t o  I n s t a n t a n e o u s  U n i t  

H y d r o g r a p h s  u s i n g  t h e  R a s k i n g  ura f l o o d  r o u t i n g  t e c h n i q u e ,  P e a k  

flow t r a v e l  times, d e r i v e d  f r o a  t h e  m o d e l ,  t h e n  c a n  be  u s e d  t o  

i n t e r p r e t  r ea l  t r a v e l  time i r r e g u l a r i t i e s .  The  m c d e l  h e l p s  t o  

i d e n t i f y  w h e r e  r i v e r  flow m e c h a n i s m s  a r e  d o l a i n a n t  a n d  w h e r e  

o t h e r  f a c t o r s  n e e d  t o  be c o n s i d e r e d .  

1 2 . 1  C r a i n a g e  B a s i n  d o d e l s  a n d  t h e  B p d r o g r a p h  

T h e  l a n d  c o m p o o e e t  of t h e  h y d r o l o g i c  c y c l e  is d e s c r i b e d  by 

More ( 3969) a s  c o n s i s t i n g  o f  a ~ r e c i r i t a t i o a  i n p u t  t h a t  is 

" d i s t r i b u t e d  t h r o u g h  a  number  of s t o r a g e s  by a series of 

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

e v a ~ o t r a n s p i r a t i o n  a n d  g r o u n d w a t e r " .  W h y d r o g r a p h  r e p r e s e n t s  t h e  

time d i s t r i b u t i o n  o f  t h a t  r u n o f f  f r o m  a d r a i n a g e  b a s i n  a n d  

R o g e r s  (1972) n o t e d  t h a t  i ts  p e a k  c o r r e s p o n d s  t o  f l o w  a r r i  wing 

f r o a  t h e  maxiaum b a s i n  w i d t h .  T h e  h y d r o g r a p h  is t h e r e f o r e  a n  

i n t e g r a l  of p h y s i o g r a p h i c  a n d  c l i a a t  ic v a r i a b l e s  ( R o b e r t s  a n d  

Kl ingeman ,  1970)  . The r e l a t i o n s h i p s  b e t w e e n  b a s i n  f e a t u r e s ,  



c l i r a a t i c  i n p u t s  a n d  t h e  hyd rog raph  a r e  documented or  i m p l i c i t  i n  

n u r e r o u s  p a p e r s ,  i n c l u d i n g  t h o s e  c•’ B u t l e r  (1977).  Howard and  

Smi th  (1977) and  Ueyman (1975). 

Runoff  r e a c h e s  a r i v e r  by numerous r o u t f s  w h i c h  H e w l e t t  and 

f f i b b e r t  (1965) c l a s s i f i e d  e i t h e r  a s  qu ick  o r  d e l a y e d  f l ow  i n  

o r d e r  t o  a v o i d  a a k i n g  p r o c e s s  a s s u m p t i c n s ,  The a s o n n t s  

t r a n s l a t e d  by t h e  d i f f e r i n g  means depend  n l t i r s a t e l y  o n  b a s i n  

c h a r a c t e r i s t i c s ,  b u t  q u i c k  f l ow  g e n e r a l l y  c o r r e s p o n d s  t o  s t o r m  

r u n o f f .  A hydrog raph  r e p r e s e n t s  b a s i n  r e s c o n e  t o  a  s t o r m  and  

t h e r e f o r e  bydrclgra ~ h  shape r e f l e c t s  b a s i n  s t o r a g e  a  red i t s  

i n f l u e n c e  on  t r a v e l  t i e e s .  NuHierous a e t h o d s  o f  hyd rog ra  ph 

a n a f y ~ i s  are a v a i l a b l e  (Chow, 1964) b u t  t h e  u n i t  hyd rog raph  of 

Sherma n  (1 932) r e r sa in s  t h e  most w i d e l y  u s e d  t e c h n i q u e .  Sherman 

s u g g e s t e d  t h a t  a u n i t  bydrogragh  i s  s p e c i f i c  t o  a  g i v e n  b a s i n  

a n d  t h a t  i t  can  be  u sed  t o  u n d e r s t a n d  i n d i v i d u a l  b a s i n  

p r o c e s s e s ,  The t h e o r e t i c a l  b a s e s  o f  t h e  u n i t  hydrograph  h a v e  

been nuch d e b a t e d .  F o r  example ,  Heerdegen (1973) q u e s t i o n e d  t h e  

r i g i d i t y  o f  t h e  a s s u m p t i o n s ,  However, d e s p i t e  t h e  problems,  it 

s t i l l  F r o v e s  t o  be a v a l u a b l e  titethod, 

P h y s i c a l  ~ o d e l s  o f  w a t e r s h e d s  have  been  used t o  exa ls ine  

s i m p l e  r e l a t i o n s h i p s  be tween  b a s i n  c h a r a c t e r i s t i c s  a n d  r u n o f f  

(for e x a m p l e  R o b e r t s  and  Klingeman, 1972; B l a c k ,  1970 ; and 

Black,  1 9 7 2 ) -  Subsequen t  studies f o c u s s e d  on t h e  s i m i l a r i t i e s  

be tween  laodels  and b a s i n s ,  These models  i l l u s t r a t e  t h e  

r e l a t i o n s h i p s  to  be  e x p e c t e d  far i d e a l ,  r e d u c e d  s c a l e  c o n d i t i o n s  

a n d  hence may be l i m i t e d  by problett ls  of h y d r a u l i c  s i l r r i l i t u d e ,  



They a r e  u s e f u l  tocls f o r  u n d e r s t a n d i n g  s i m p l e  b a s i n  F r o c e s s e s  

and a r e  c o n c e p t u a l l y  of g r e a t  impor t ance .  

S imp le  s a t h e m a t i c a l  model ing u s i n g  c o r r e l a t i o n  and 

regression t e c h n i q u e s  h a s  had o n l y  l i m i t e d  success ( V o r s t  and  

B e l l ,  1977) .  C o r r e l a t i c n s  o b t a i n e d  a r e  r a r e l y  a p p l i c a b l e  t o  a  

r a n g e  of regions and  possibly l i e i t e d  b y  poor  m a t h e m a t i c a l  

r e p r e s e n t a t i o n  of t h e  r e l a t i o n s h i p s ,  L i n e a r  m t h e s a t i c a l  models  

do  n o t  e x p l a i n  s e v e r a l  i m ~ o r t a n t  f e a t u r e s  i n c l u d i n g  t h e  

n o n - l i n e a r  r e l a t i o n s h i p  be tween  ~ e a k  d i s c h a r g e  r a t e  and  

p r e c i p i t a t i o n  i n t e n s i t y  (Wooding, 1965) , P r e l i a i n a r y  s t u d i e s  of 

n o n - l i n e a r i t y  i n  l a b o r a t o r y  c h a n n e l s  were made b y  Anorocho 

(1963)  and s u b s e q u e n t l y  Kulaedaiswamp, 196U; Snyde r ,  # i l l s  and  

S t e ~ h e n s ,  1970; Reed e t  al, 1975; P i l g r i m ,  1976; and S ingh  a n d  - 

Woolhise r ,  1976, A l i n e a r  r a i n f a l l - r u n o f f  r e l a t i o n s h i p  is 

s a t i s f a c t o r y  f o r  l a r g e  basins b u t  more d e v i a t i o n s  from l i n e a r i t y  

a r e  cbserved i n  s a a l l e r  b a s i n s  (Wang e t  a1,1981)  , 

Coapu ter t e c h n o l o g y  h a s  e n a b l e d  a d v a n c e s  i n  t h e  s y n t h e s i s  

of ua tershe d proces se s :  t h e  S t a n f  c r d  Watershed  Rodel I V  

(Crawf o r d  a n d  L i n s l e y ,  1966)  is a c l a s s i c  example.  A s  models  

become atore s o p h i s t i c a t e d ,  p a r a m e t e r  o p t i a i s a t i o n  makes them 

more s p c i f i c  t o  t b e  ca t chmen t  f o r  which t h e y  were deve loped ,  a s  

e x e n p l i f i e d  i n  models  o f  t h e  ?!ease ( B u l t o t  and D u p r i e z ,  1976) 

and t h e  P r a s e r  (Quick and P i p e s ,  1976a ) -  Vorst a n d  B e l l  (1977) 

c a u t i o n e d  t h a t  p a r a a e t e r  v a l u e s  o u t s i d e  t h e  r a n g e  of s t r e a m f l o w  

d a t a  used Bay not t~ r d i a b l e .  



T h e  scale of a s t u d y  is i m p o r t a n t ,  b o t h  s p a t i a l l y  and 

t e m p o r a l l y .  F o r  t h e  m i c r o - s c a l e ,  a n  e x a m i n a t i o n  of t h e  p h y s i c a l  

c o r s g l e x i  t ies of t h e  w a t e r s h e d  is n e c e s s a r y .  A t  the macro-scale, 

g e n e r a  1 t r e n d s  i n  p a r a m e t e r s  are i n v e s t i g a t e d ,  3 l l o w i n g  

d e s c r i p t i o n s  t o  b e  s i m p l i f i e d .  Whi le  i t  i s  well known t h a t  b a s i n  

s i z e  i n f l u e n c e s  r u n o f f ,  a n  u n d e r s t a n d i n g  of the i m p l i c a t i o n s  o f  

d i f f e r e n t  s c a l e s  i s  i m p o r t a n t  f o r  d a t a  t r a n s f e r .  P i l g r i m  a n d  

c o w o r k e r s  (1982)  e x a m i n e d  t h e  e f f e c t s  o f  c a t c h m e n t  s ize  on 

h y d r o l o g i c a l  r e l a t i o n s  a n d  c o n c l u d e d  g e  lleral p a t  t e r n s  b e t w e e n  

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

well d e f i n e d ,  

T o o l s  for p r e d i c t i n g  t h e  h y d r o g r a p h  c h a r a c t e r i s t i c s  of a 

w a t e r s h e d  abound, r a n g i n g  from sitsfle, e m p i r i c a l  p r e c i p i t a t  i o n  - 
- 

r u n c f f  r e l a t i o n s  t o  c o m p l e x  r o u t i n g  t e c h n i q u e s  ( R u r p h e y  et a l ,  
- 

1977). Clnt i f .  r e c e n t l y ,  s p a t i a l  p r o c e s s e s  i n  h y d r o l o g y  h a v e  b e e n  

r e l a t i v e l y  n e g l e c t e d  i n  c o n t r a s t  t o  t h e  a u l t i t u d e  of s t u d i e s  of 

t e m p c r a l  s t o c h a s t i c  p r o c e s s e s  ((3rd and Bees, 1979). Hany s t u d i e s -  

are  1 i r a i t e d . b e c a u s e  t h e y  c o n s i d e r  h y d r o g r a p h s  a t  o n l y  one p o i n t  

i n  t h e  r i p e r  system a n d  a s s u m e  t h a t  a s i n g l e  storm p r o d u c e s  a 

s i ~ g l e  f f o o d  h y d r o g r a p h ,  T h e  c o n c e p t  o f  m u l t i p l e  i n p u t s  however ,  

is a t t r a c t i n g  Bore  a t t e n t i o n ,  f o r  e x a m p l e ,  B a u d s l e y  a n d  Tagg 

(1981) a n d  Buthnan and Wilke (1982). 



1 - 2 . 2  The T i n e - a r e a  c o n c e p t  

Geomor p h o l c y y  c o n t r o l s  t h e  time t a k e n  f o r  t r a n s l a t i o n  of 

f low a n d  u l t i m a t e l y  i n f l u e n c e s  h y d r o g r a p h  s h a p e  (Gray, 1 9 6 5 ) ,  

One  o f  the e a r l i e s t  a t t e m p t s  t o  q u a n t i f y  t h e  r e l a t i o n s h i p s  among 

f l o o d  h y d r o g r a p h  c h a r a c t e r i s t i c s  a n d  t h e  s i z e ,  s h a p e  a n d  

g r a d i e n t  o f  a d r a i n a g e  s y s t e ~  was t h a t  of B o r t o n  j1932) .  Hore 

r e c e n t l y ,  Vorst a n d  B e l l  (1977) f o u n d  t h a t  t h e  d i s t a n c e  

t r a v e l l e d  t o  the o u t l e t  is u s u a l l y  s i g n i f i c a n t  i a  p r e d i c t i n g  

f l o o d  r e s p o n s e  time. S i n g h  11975) s h o w e d  t i n e  of c o n c e n t r a t i o n  

t o  vary v i t h  t h e  s p a c e - t i m e  d i s t r i b u t i o n  of r a i n f a l l ,  Ne r e p o r t s  

B u l v a n y  (1  850) a s  ~ o s s i b l y  t e i n g  t h e  first t o  show c l e a r l y  t h e  

r e l a t i o n  b e t w e e n  t i t~e  cf c o n c e n t r a t i o n  a n d  maximuta r u n o f f ,  

The time t a k e n  f o r  a n  a c t u a l  d r o p  of water t o  t r a v e l  

t h r o u g b  t h e  s y s t e n  c a n  be  u s e d  t o  c o n s t r u c t  a t i e e - a r e a  map o f  a 

b a s i n ,  By a s s u m i n g  t h a t  f l o v  v e l o c i t y  r e m a i n s  c o n s t a n t ,  

i s c c h r o n e s l  c a n  be p l a c e d  o b j e c t i v e l y  a t  e q u a l  d i s t a n c e s  f rom 

t h e  b a s i n  o u t l e t .  L a u r e n s o n  ( 1 9 6 4 )  p r o p o s e d  t h a t  t h e  titre 

i n t e r v a l  b e t u e e n  p r e c i ~ i t a t i o n  a n d  i t s  ef f rct a t  t h e  o u t l e t  was 

a more r e a l i s t i c  i n t e r p r e t a t i o n  t h a n  t h e  a c t u a l  t r a v e l  time o f  a 

water d r o p l e t ,  

A t iae-area h i s t o g r a m  way b e  u s e d  to  s i w l a t e  a n  



I n s t a n t a n e o u s  U n i t  H y d r o g r a p h z  a t  t h e  b a s i n  o u t l e t  ( C l a r k ,  1 9 4 5 ;  

Nash 1957; a n d  Dooge, 1959)  , The c o n c e p t s  are  w e l l  f o u n d e d  s i n c e  

a r e a  i s  u n d i s p u t e d l y  c o r r d a t e d  w i t h  r u n o f f  v o l u m e  a n d  d i s t a n c e  

w i t h  t h e  titee c r d i n a t e s  of t h e  h y d r o g r a p h .  I n  e x p e r i l a e n t a l  work 

w i t h  p h y s i c a l  z o d e l s ,  ~6mec ( 1 9 7 2 )  f o u n d  f u l l  c o n f i r m a t i o n  of 

time-area c o n c e p t s .  C l a r k  (1945) c l a i m e d  t h a t  t h e  m e t h o d  a l lows 

t h e  i d e n t  i f  icat icn of e l e m e n t s  i n  t h e  h y d r o g r a p h  a t t r i b u t a b l e  t o  

c e r t a i n  p a r t s  o f  t h e  b a s i n ,  T h e  me thod  i n v o l v e s  a p p l y i n g  f l o o d  

r o u t i n g  t e c h n i q u e s ,  d e s i g n e d  t o  m a t h e m a t i c a l l y  s i m u l a t e  f l o w s  

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

s e p a r a t e  w a t e r s h e d  t r a n s l a t i o n  and  s t o r a g e  effects, The f o r a e r  

a l l o w s  p u r e  t r a n s l a t i c n  ( i n f l o w  c u r v e  = o u t f l o w  c u r v e )  v i a  t h e  

stream n e t w o r k  t o  t h e  o u t l e t  b a s e d  s o l e l y  cn c h a n o e l  t r a v e l  

tislle. A t  t h e  o u t l e t  t h e  t r a n s l a t e d  f l o w  is daarped b y  the 

i n c o r p o r a t i o n  of s t o r a g e  e f f e c t s .  T h i s  is a c h i e v e d  by r o n t i n g  

t h e  f l o w  t h r o u g h  a h y p o t h e t i c a l  l i n e a r  r e s e r v o i r 3  p r o d u c i n g  a n  

o u t f l o w  h y d r o g r a p h  f o r  a b a s i n .  

T h e  first a t t e m p t s  were b a s e d  l t l a in ly  o n  a n  a s s u m e d  c o n s t a n t  

t r a n s l a t i o n  s p e e d  a n d  u n i f o r m  p r e c i p i t a t i o n  d i s t r i b u t i o n ,  C l a r k  

(1945) o b t a i n e d  u n i t  h y d r o g r a p h s  w h i c h  were n e t  perfect, b u t  

w i t h i n  t h e  a c c u r a c y  u s u a l l y  a t t a i n a b l e  i n  r u n o f f  ca l c u l a t i o n s ,  ----------- ------- 
2 The  h y d r o g r a p h  of r u n o f f  f r o ~  a n  i n f i n i t e s i l o a l l y  s m a l l  p e r i o d  
o f  p r e c i p i t a t i c n  t h a t  would  r e s u l t  f r o m  a n  i n c h  of water s p r e a d  
u n i f o r l s l i l y  o v e r  an area  a n d  t h e n  a l l o w e d  t o  r u n o f f ,  

3 Chow (196L)) d e s c r i b e s  a l i n e a r  r e s e r v o i r  a s  a f i c t i t i o u s  
r e s e r v o i r  i n  w h i c h  s t o r a g e  is d e p e n d e n t  o n  o u t f l o w ,  a n d  a f i n e a r  
c h a n n e l  a s  a f i c t i t i o u s  c h a n n e l  i n  w h i c h  t h e  time n e c e s s a r y  fo r  
t r a n s l a t i o n  of  a d i s c h a r g e  t h r o u g h  a g i v e n  c h a n n e l  l e n g t h  is  
c o n s t a n t ,  



n e c e s s a r i l y  p r o d u c e  more  a c c u r a t e  r e s u l t s  f o r  f l o o d  f l o w s  t h a n  

a e a s u r e o a e n t  o f  a g e c m o r p h i c  p a r a m e t e r ,  s u c h  a s  a r e a ,  f r c m  a map, 

Clark (1945) c o n s i d e r e d  l a r g e  d r a i n a g e  a r e a s  by d e r i v i n g  u n i t  

h y d r o g r a p h s  f o r  each s u b b a s i n ,  a n d  t h e n  r o u t i n g  t h e s e  t o  a  main 

stream p o i n t ,  K i r k b y  (1971)) s u u g e s t e d  t h a t  o u t p u t  f ro la  a l a r g e  

d r a i n a g e  b a s i n  is damped r e l a t i v e  t o  t h e  i n p u t  a n d  t h e r e f o e e  t h e  

p r e d i c t i o n  o f  s t o r m  h y d r o g r a p h s  f o r  l a r g e  areas i s  s u c c e s s f n l  

b e c a u s e  of t h e  d a a p i n g .  I n  view of  t h i s ,  h e  a l s o  s u g g e s t e d  t h a t  

t h e r e  were few a d v a n t a g e s  t o  be g a i n e d  by i n c l u d i n g  s o r e  d e t a i l  

t h a n  n e c e s s a r y ,  

N a s h  (1957)  p r o p o s e d  t h a t  a d r a i n a g e  area c a n  b e  s i m u l a t e d  

by a  number of r e s e r v o i r s  i n  series, S t u d i e s  p r i o r  to  Nash, h a d  

i m p l i e d  t h i s  c o n c e p t  b u t  n o t  m e n t i o n e d  i t  e x p l i c i t l y  (Chow, 

1 9 6 4 ) -  T h e  Nash model  however, s a p  not  y i e l d  s a t i s f a c t o r y  

r e s u l t s  i n  b a s i n s  w i t h  a  l a r g e  d e l a y  time be tween  p r e c i p i t a t i o n  

e x c e s s  a n d  c o a a e n c e m e n t  o f  s u r f a c e  r u n o f f .  T h i s  is b e c a u s e  t h e  

model  i~ b a s e d  on s t o r a g e  r o u t i n g  a l o n e ,  and o n l y  makes i n d i r e c t  

u s e  c f  t h e  t r a n s l a t i o n  p r o p e r t y  [Kulanda i svamy,  1964) . 
To i n c o r p o r a t e  t h e  t r a n s l a t i o n  e l e a e n t ,  Dooge (1959) 

r e ~ r e s e n t e d  a t a s i n  a s  a series o f  a l t e r n a t i n g  l i n e a r  channels 

a n d  r e s e r ~ o i r s ,  In s i m p l e  te rm,  a c h a n n e l  a l l o w s  pure 

t r a n s l a t i o n  a n d  a r e s e r v o i r  i n c o r p o r a t e s  s t o r a g e  e f fects  

a l l o w i n g  h y d r o g r a p h  s h a p e  to c h a n g e ,  I n  D o o g e 8 s  tttodel, s u b a r e a s  

d e l i m i t e d  t y  i s o c h r o n e s  a re  r e ~ r e s e n t e d  by  a  l i n e a r  c h a n n e l  i n  

s e r i es  w i t h  a l i n e a r  r e s e r v o i r ,  O u t f l o w  f r o m  t h e  l i n e a r  c h a n n e l  



i s  d e t e r m i n e d  from a t i a e - a r e a  d i a g r a m  a n d  a d d e d  t o  t h e  o u t f l o w  

from t h e  p r e c e e d i n g  s u b a r e a .  The sum t h e n  p r o v i d e s  i n f l o w  t o  a 

l i n e a  r rese r v o i  r. U n f o r t u n a t e l y ,  t h e  X n s t a  n t a a e o u s  U n i t  

Hydfo g r a p h  s o l u t i o n  t h a t  r e s u l t s  is mat  hemat i c a l l y  complex  a n d  

n o t  e a s i l y  s o l v e d  for  p r a c t i c a l  FurFoses .  

A s  c o m p u t e r  f a c i l i t i e s  expanded ,  more c o m p l e x  m a t h e m a t i c a l  

f u n c t  i o n s  were h a n d l e d .  For  e x a a p l e ,  M a n d e r v i l l e  a n d  0' C o n n e l l  

(1973)  i n t r o d u c e d  t i m e  v a r i a n t  v e r s i o n s  of t h e  l i n e a r  c h a n n e l  

a n d  l i n e a r  r e s ~ r v o i r  t o  p r o d u c e  h y d r o g r a p h s  t h a t  are n o t  

g o v e r n e d  by t h e  harsh a s s u m ~ t i o a s  i n  U n i t  h y d r o g r a p h  theory. 

Ragan 11966) a t t e m p t e d  t o  i n t r o d u c e  loca l  i n f l o w s  b u t  model  

o v e r s e n s i t i v i t ~  c a u s e d  many p r o b l e m s ,  making i t  u n s u i t a b l e  f o r  a 

basin s u c h  as  t h e  F r a s e r ,  

G e n e r a l l y ,  a t i m e - a r e a  gtodel  p r o d u c e s  s i m p l e  b u t  r e l i a b l e  

h y d r o g r a p h s ,  The C l a r k  v e r s i o n  h a s  b e e n  used i n  many s u b s e q u e n t  

s t u d i e s  i n c l u d i n g  t h e  w e l l - r e p e c t e d  S t a n f o r d  W a t e r s h e d  H o d e l  IV 

of  C r a w f o r d  a n d  L i n s l e y  (1966) .  I n  1973, b o t h  t h e - a r e a  c o n c e p t s '  

a n d  Muskingum f l o o d  r o u t i n g  were u s e d  i n  t h e  BEC I n o d e l  o f  t h e  

U. S. Army E n g i n e e e r i n g  C o r p s  (Viessman,  1977) , 



1.2. 3. F l o o d  f l o u t i n g  

T h i s  i s  a t e c h n i q u e  f o r  p r e d i c t i n g  t e r a p o r a l  a n d  s p a t i a l  

v a r i a t i o n s  o f  a f l c o d  wave a s  it t r a v e r s e s  a r i v e r  r e a c h  o r  

r e s e r v o i r  ( V i e s s a a n  e t  a l ,  1977).  F l o o d  r o u t i n g  was o r i g i n a l l y  

d e f i n e d  a s  t h e  d e t e r a i n a t i c n  o f  a h y d r o g r a p h  f r o m  a n  u p s t r e a m  

h y d r c g r a p h  [Ding, 1974) a n d  t h e  f i r s t  r e f e r e n c e  to  what  i s  

c o n s i d e r e d  t o  b e  a r e a l  a p p l i c a t i o n  of r o u t i n g  a l o n g  a r i v e r  u a s  

by  Graeff, i n  1833  ( V i e s s m a n  e t  a l ,  1977) , Elost p r o c e d u r e s  h a v e  

b e e n  d e v e l o p e d  s i n c e  1 9 0 0 ;  t h e  m a j o r i t y  b e i n g  of a h y d r o l o g i c a l  

s t o r a g e  n a t u r e  i n v o l v i n g  s o l u t i o n s  b a s e d  u p o n  i n f l o w  a n d  o u t f l o w  

h y d r o g r a p h s ,  I n f l o w  h y d r o g r a p h s  may be s u b s t i t u t e d  by 

p r e c i p i t a t i o n  d a t a  o r  l a g g e d  i n p u t  f ro5 time-area h i s t o g r a m s .  A 

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

h a s e d  on  e q u a t i o n s  f o r  u n s t e a d y  flow i n  c h a n n e l s ,  

H y d f o l o g i c  f l o o d  r o u t i n g  m e t h o d s  calc u L a t e  the v o l u m e  o f  

water t e m p o r a r i l y  s t o r e d  i n  a reach. N a t u r a l  streams of t e n  h a v e  

h i g h  c h a n n e l  resistance a n d  s t o r a g e  c a p a c i t y  w h i c h  m o d i f y  a wave 

a s  i t  t r a v e r s e s  t h e  r e a c h ,  I d e a l l y ,  t h e  sate of s t o r a g e  i n  the 

r e a c h  s h o u l d  e q u a l  t h e  d i f f e r e n c e  b e t w e e n  o r d i n a t e s  of input a n d  

o u t p u t  h y d r o g r a ~ h s ,  A n e g l i g i b l e  l o s s  o r  g a i n  i n  t o t a l  v o l u n e  i s  

a s s u m e d ,  a n d  t h e  e q u a t i o n  of c o n t i n u i t y  a p p l i e d ,  

The  b e s t  known h y d r o l o g i c a  1 f l o o d  ro a king t e c h n i q u e  is t h e  

Huskingum method w h i c h  v i e w s  c h a n n e l  s t o r a g e  a s  h a v i n g  t w o  

c o n s t i t u e n t s :  p r i s l a  s t o r a g e  d e ~ e n d s  on o u t p u t  a n d  wedge s t o r a g e  



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

u a v e  a d v a n c e ,  i n p u t  i s  g r e a t e r  t h a n  o u t p u t  p r o d u c i n g  a u e d g e  of 

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

f l o c d  wave r e c e s s i o n  a n d  a n e g a t i v e  wedge r e s u l t s ,  T h e  m e t h o d  

a s s u m e s  a  u n i q u e  r e l a t i o n s h i p  b e t w e e n  s t a g e  a n d  d i s c h a r g e ,  a 

s t o r a g e  c o n s t a n t  (x)  t h a t  is a c c e p t a b l e  f o r  a l l  f l o w s  a n d  a 

s t o r a g e  time c o n s t a n t  [k) t h a t  is  r e a s o n a b l y  close to t r a v e l  

time w i t h i n  t h e  r e a c h .  T h a t  is, k a n d  x r e l a t e  c h a n n e l  s t o r a g e  

t o  i n p u t  a n d  o u t p u t ,  

T h e  k i n e m a t i c  wave t h e o r y  [ L i g h  t h i l l  a n d  I lh i tham,  1955) 

o f f e r s  a n  a n o t h e r  a p p r o a c h ,  A k i n e l a a t i c  u a v e  h a s  c o n s t a n t  

a a p f i t u d e  a n d  o n l y  o n e  v e l o c i t y  a t  e a c h  p o i n t  in t h e  wave, 

- C a n v e c t i o n -  d i f f u s i o n  p r i n c i p l e s  were o r i g i n a l l y  d e f  b e d  b y  

Hayarrti (1951) who r e c o g n i s e d  t h a t  i r r e g u l a r i t i e s  i n  c h a n n e l  
- 

g e o m e t r y  a f f e c t  f l o o d  w a v e s  a n d  a t t e m p t e d  t o  slake a l l o w a n c e s  f o r  

them. However,  t h i s  me thod  has d i s a d v a n t a g e s  wh ich  make  it 

i n c o m ~ a t i b l e  w i t h  a t i a e - a r e a  mode l ,  F o r  e x a m p l e ,  t h e  p r o b l e m  o f '  

e v a l u a t i n g  c h a n n e l  g e c m e t r y  i r ~ e g u l a r i t i e s  is imlaense a n d  t h e  

t h e  me thod  c a n  te a p p l i e d  o n l y  t c  a l i m i t e d  r a n g e  o f  d i s c h a r g e s .  

Alsc, iaa jor  t r i b u t a r i e s  c a n n o t  be i n c l u d e d  u n l e s s  r o u t i n g  is 

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

p o o r l y  g a u g e d  areas. 

R e s i s t a n c e  t o  f l o w ,  s t o r a g e  a n d  c h a n n e l  i r r e g u l a r i t i e s  

g o v e r n  o u t f l o w  f roe a r e a c h  and  c a n  l e n g t h e n  t h e  time base and  

lower t h e  crest of a s t o m  h y d r o g r a p h ,  This r e s n l t s  i n  

a t t e n u a t i o n ,  T h e  ~ i l o d e l i n g  of wave  a t t e n u a t i o n  h o ~ e v e r ,  p r e s e n t s  



p r o b l e m s  t o  b o t h  f l o o d  r o u t i n g  m e t h o d s  d i s c u s s e d  h e r e .  F o r  

e x a m p l ~ ,  t h e  p r e d i c t i o n  of a t t e n u a t i o n  b y  t h e  Pluskingum method 

i s  n o t  e a s i l y  r e c o n c i l e d  w i t h  t h e  a s s u m p t i o n  o f  a u n i q u e  

s t a g e - d i s c h a r g e  r e l a t i o n .  The k i n e m a t i c  wave s o l u t i o n  may n o t  b e  

a p ~ r o p r i a  te e i t h e r ,  b e c a u s e  H e n d e r s o n  (1 966) s u g g e s t e d  t h a t  

k i n e m a t i c  wave v e l o c i t y  may n o t  o c c u r  d u r i n g  a t t e n u a t i o n ,  Wave 

s u b s i d e n c e  is u s u a l l y  more i a p o r t a n t  i n  shallow s l o p e d  r i v e r s  

t ha a i n  s t e e p  m o u n t a i n  streams. 

S i o p l e  s n a t h e e a t i c s  are i n a d e q u a t e  f o r  n o n u n i f o r m  c h a n n e l s  

of  c o m p l e ~  s e c t i o n  w i t h  v a r y i n g  s l o p e  a n d  r o u g h n e s s .  Even i f  

t h e s e  i r r e g  u l a r i t i e s  are  a s s e s s e d  b y  e x t e n s i  ve, c o s t l y  surveys, 

t h e y  are s u f f i c i e n t l y  d y n a m i c  t o  l i a i t  t h e  u s e  of a n y  d a t a  set, 

Also, the wave itself is u s u a l l y  a n  i n t e r i a e d i a t e  b e t w e e n  p u r e  

t r a n s l a t i o n  a n d  p o n d a g e  a n d  c a n a o t  b e  def i ~ e d  s i m p l y ,  R o u t i n g  i n  

n a t u r a l  c h a n n e l s  i s  t h e r e f o r e  h i g h l y  cartlplex, b u t  a s s u m p t i o n s  

c a n  b e  ~ a d e  t o  l i a i t  t h e  effect, of c h a n n e l  i r r e g u l a r i t i e s .  

T h e  # u s k i n g u m  metbod is c n e  of the most s a t i s f a c t o r y ,  a n d  

t h e r e f  ere p o p u l a r ,  t e c h n i q u e s  of f l o o d  r o t l t i n g  ( N a t i o n a l  

Env i ronmenta l .  h e s e a r c h  C o u n c i l ,  1975) a n d  i t s  r e l e v a n c e  t o d a y  i s  

e r n p h a s i s e d  by P i l o n  a n d  Cheng (1 983) . The w o d e l  h a s  a n  o v e r a l l  

s i m ~ l i c i t y ,  b o t h  c o n c e p k u a l l y  a n d  p r a c t  i c a l l y ,  Chow ( 1964) 

s u g g e s t e d  t h a t  a l t  bough t h e  method is n o t  e x a c t ,  it is a d e q u a t e ,  

e s ~ e c i a l l y  f o r  f l o o d  c o n t r o l  ~ l a n s  a n d  d e s i g n s .  Also, t h i s  

method c a n  i n c l u d e  t r i b u t a r i e s  t h a t  are p o o r l y  ganged .  

Theref o r e ,  t h e  n u s k i n g u e  method was c h o s e n  f o r  t h e  P r a s e r  B a s i n  

ti me-area model,  



T h e  nu s k i n g  urn Rethod .  

D e v e l o p e d  b y  G-T-McCarthy (1938) t h r o u g h  s t u d i e s  of t h e  

Muskinqum C o n s e r v a n c y  Dis t r ic t  b y  t h e  U . S .  A r m y  C o r p s  o f  

E n g i n e e r s ,  t h e  Buskingum m e t h o d  is b a s e d  o n  the  c o n t i n u i t y  

e q u a t i o n  (1) 
I - O = d s / d t  

where X=in flow 
O = o u t f  low 
d s / d t = c h a n g e s  i n  s t o r a g e  

S t o r a g e  i n  a g i v e n  c h a n n e l  r e a c h  d e p l n d s  o n  i n f l o w ,  o u t f l o w  and  

o t h e r  h y d r a  n l i c  c h a r a c t e r i s t i c s  o f  t h e  c h a  n n e l  s e c t i o n .  I t  can 

b e  e x p r e s s e d  as: 
s = ,[xxI'i+(l-x,&l 

a 

w h e r e  S is s t o r a g e ,  
a a n d  n are c o n s t a n t s  r e f l e c t i n g  s t a g e - d i s c h a r g e  - 

a t  t h e  end  of t h e  reach, 
b a n d  ra r e p r e s e n t  s t a g e - v o l u a e  c h a r a c t e r i s t i c s ,  

+? 
a n d  x d e f i n e s  r e l a t i v e  w e i g h t s  of I and 0. 

T h e  Pluskingum me thod  a s s u n t e s  a /n  = 1  a n d  l e t s  bla = k. T h e  value 

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

s = K [XI.,  (1- x) q 
In a p p l i c a t i o n ,  e q u a t i o n  (2) i s  e x p r e s s e d  i n  t h e  f i n i t e  f o r m  

t h e r e f o r e  fro@ e q u a t i o n  (3) 

which, when s u b s t i t u t e d  i n  (4)  b e c o m e s  t h e  Huskingum r o u t i n g  

e q u a t i o n :  

i n  w h i c h  



a n d  C,+C, +C,=I,O 

R o u t i n g  i n v o l v e s  s o l v i n g  e q u a t i o n  ( 6 )  for s u c c e s s i v e  ti me 

i n c r e m e n t s .  

D e t e r a i n a t i o n  of c o n s t a n t s ,  

T h e  # u s  k i  ngum me t h u d  a s s u f a e s  a u n i q u e  s t a g e - d i s c h a  r g e  

r e l a t i o n s h i p ,  so  x s h o u l d  allow t h e  vo lume s t o r e d  t o  be t h e  s a w  

f c r  b o t h  r i s i n g  a n d  f a l l i n g  s t a g e s ,  f j s u a l l y ,  x v a r i e s  between 

0.0 a n d  0 - 5 ,  If s t o r a g e  is a  f u n c t i o n  of o u t f l o w  a l o n e ,  a s  i n  a 

r e s e r v o i r ,  x=O,O, Vhen nc s t o r a g e  o c c u r s ,  FO. 5. I n  t h e  l a t t e r  - 

case, i n f l o w  a n d  o u t f l o w  c a r r y  e q u a l  w e i g h t ,  a n d  h y d r o g r a p h  
- 
- 

s h a p e  is n o t  c h a n g e d  ( p u r e  t r a n s l a t i o n )  . Clark (1945) r o u t e d  a  

c o s i n e  c u r v e  u s i n g  x v a l u e s  b e t w e e n  0.0 a n d  1.0 and f o n n d  x was 

r e s p o n s i b l e  for  c h a n g i n g  p e a k  m g n i t u d e ,  The  c o n s t a n t  k 

i n d i c a t e s  t h e  time r e q u i r e d  f o r  t h e  c e n t r e  of mass  o f  a f l o o d  

wave t o  p a s s  f r o m  a n  u ~ s t r e a l a  p o i n t  to  a d e s i g r a t e d  p o i n t  

downstream.  It is theref o r e  a f u n c t i o n  o f  r e a c h  l e n g t h  a n d  wave 

v e l o c i  t y  IS t r u p c z e w s k i  a n d  Kundzewicz ,  1980) a n d  u s u a l 1  y 

a p p r o x i m a t e s  t h e  t r a v e l  titpe t h r o u g h  a r e a c h  (Viesstttan et a l ,  

1977)- 
- 

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

a v a i l a b l e ,  k and x  can be d ~ t e r ~ i n e d  by t r i a l  and error, T h i s  

i n v o l v e s  p l o t t i n g  g r a p h s  f r o n  e q u a t i o n  ( 3 )  fo r :  a series of x 



v a l u e s .  T h e  b e s t  x v a l u e  p l o t s  t h e  narrowest h y s t e r i s i s  l o o p ,  

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

U n f o r t u n a t e l y ,  t h e  d a t a  a v a i l a b l e  f o r  t h e  F r a s e r  R i v e r  d o  n o t  

p e r m i t  t h i s  a p p r o a c h .  T h e r e  a r e  rsany l a t e r a l  i n p u t s  b e t  ween 

c o n t i n u o u s  g a u g i n g  s t a t i o n s ,  and a l t h c u g h  these i n p u t s  m a y  b e  

m e a s u r e d  d a i l y ,  t h e y  are t o o  i n f r e q u e n t  t o  b e  u s e f u l .  B r a k e n s i e k  

(1963) c a l c u l a t e d  c o e f f i c i e n t s  b y  u s i n g  t h e  s e c t i o n  r a t i n g  

f u n c t i o n  a n d  c o n v e y a n c e  da t a  f o r  u n g a u g e a  watersheds, b u t  

c o n c l u d e d  t h a t  n u r s e s o a s  a s s u l a p t i o n s  l i m i t e d  t h e i r  u t i l i  t y .  B y  

a s s u m i n g  t h e  i n p u t  h y d r o g r a p h  t o  be a n  i soce les  t r i a n g l e ,  

O v e r t o n  (1966) d e t e r ~ l l i n e d  k a n d  x from a a  a n a l y t i c a l  s o l u t i o n  of 

t h e  o u t p u t  h y d r c g r a ~ h  shape .  Clearly t h i s  l se thod  is n o t  

p r a c t i c a l  f o r  t h e  l a r g e ,  i r r e g u l a r l y  s h a p e d  F r a s e r  B a s i n .  H e  - - 

f o u n d  t h a t  k was  related t o  t h e  s h a p  o f  the i n f l o w  h y d r o g r a p h  

- 
a n d  t h e  l a g  t i s e  b e t w e e n  t h e  i n f l o w  a n d  o u t f l o w  h y d r o g r a p h  

- 

p e a k s ,  w h e r e a s  x was a f u n c t i o n  o f  k a n d  a t t e n u a t i o n .  A l s o ,  

b e c a u s e  o f  t h e  s e n s i t i v i t y  of h y d r o g r a p h  s h a p e  i n  small 

c a t c h m e n t s ,  h e  f o u n d  t h a t  k and x v a r i e d  fo r  e a c h  storttt. 

T h e  # u s k i n g u m  m e t h c d  c a n  b e  a p p l i e d  t o  a a n y  p r o b l e n r s ,  when 

t h e  a o d e l  d e f i c i e n c i e s  are u n d e r s t o o d ,  a n d  Bore i m p o r t a n t l y  , 
w h e r e  t h e  d e f i c i e n c i e s  are n o t  c r i t i c a l  ( S t r u p c z e w s k i  and 

K u n d z e u i c z ,  198 I ) ,  S i n g h  a n d  H c C a n n  (1980) f o u n d  a g r e e m e n t  among 

v r i t e r s  t h a t  t h e  e f f e c t i v e r t e s s  o f  t h e  Busk ingum me thod  d e p e n d s  

o n  t h e  a c c u r a c y  w i t h  w h i c h  t h e  p a r a m e t e r s  are e s t i m a t e d ,  

A l t h o u g h  t h e y  f o u n d  s i g n i f i c a n t  c h a n g e s  i n  k a n d  x, d e p e n d i n g  on 

t h e  a e t h o d  u s e d ,  t h e y  c o n c l u d e d  t h a t  no method h a d  a n y  



p a r t i c n l a r  a d v a n t a g e s .  D i f f e s e n t  i n v e s t i g a t o r s  u s e  d i f f e r e n t  

i n i t i a l  c o n d i t i o n s  t o  d e t e r m i n e  k a n d  x [ S i n g h  a n d  BcCa nn, 

1 9 8 9 ) .  T h i s  h i n d e r s  c o s e p a r i s o n  o f  t h e  m e t h o d s  a n d  t h e  u t i l i t y  of 

t h e  r e s u l t s ,  

Dooge e t  a 1  (1982)  a d v o c a t e  the e s t i m a t i o n  o f  f l u sk ingum 

pa ralaeters from g e o r a e t r i c  a n d  h y d r a u l i c  c h a r a c t e r i s t i c s  o f  t h e  

r e a c h  i n  t h e  a b s e n c e  o f  i n ~ n t  and  o u t p u t  data.  T h e y  a t t e m p t e d  t o  

e s t a b l i s h  r e l a t i o n s h i p s  f cr a n y  c r o s s - s e c t i o n a l  s h a p e  a n d  any 

f r i c t i o n  law.  A l t h o u g h  small  d i f f e r e n c e s  i n  t h e  v a l u e s  of  k a n d  

x r e s u l t e d ,  t h e y  s u g g e s t e d  t h e  r ea l  v a l u e s  v c u l d  lie b e t w e e n  t h e  

e x t r e m e s ,  H e t h c d s  u s i n g  h y d r a u l i c  c h a r a c t e r i s t i c s  c a n  i n c f  ude 

n o n l i n e a r i t y  b e c a n s e  k a n d  x c a n  be v a r i e d  w i t h  d i s c h a r g e ,  Ponce  

a n d  Y e v j e v i c h  (1978) p r e f e r  t o  v a r y  k a n d  x i n  time a n d  s p a c e ,  

d e p e n d i n g  o n  flow v a r i a b i l i t y ,  However ,  they q u o t e  K o u s i s  11978)  

who s u g g e s t e d  c a l c u l a t i o n s  a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  x a n d  

t h e r e f o r e  i t  c a n  b e  c o n s t a n t .  Chon (1964)  c o n s i d e r e d  a v a r i a b l e  

x t o  b e  a r e f i n e s e n t  t h a t  is s e l d o e  n e c e s s a r y .  

The n a t u r e  of k is a g r e e d  upon b y  many h y d r o l o g i s t s  

( S t r u p c z e w s k i  a n d  Kundzewicz ,  1980)  b u t  t h e  n a t u r e  a n d  v a l u e s  of 

x are mere i n c o n s i s t e n t .  I n  soiae cases, a n e g a t i v e  x way b e  

c a l c u l a t e d ,  T h e o s e t  i c a l l y ,  t h i s  i s  d e t a t a  k l e  b e c a u s e  c f a s s i c a  1 

h y d r o l o g y  v i e w s  x as  a m e a s u r e  of wedge s t o r a g e ,  b u t  

S t r u ~ z e u s k i  a n d  K n n d z e v i c z  (1980) c o n c l u d e  a n e g a t i v e  x is 

a d m i s s i k l e  i n  = themat ica l  m o d e l i n g .  In g e n e r a l ,  x increases 

w i t h  i n c r e a s i n g  i n p u t  rate a n d  d e c r e a s i n g  o u t p u t  rate, 



T h e  r o u t i n g  time t is c r i t i c a l .  T h e o r e t i c a l l y ,  t must b e  

sma l l  r e l a t i v e  t o  c t h e r  time e l e m e n t s  a n d  s u f f i c i e n t l y  s h o r t  t o  

v a l i d a t e  t h e  a s s u m p t i o n  o f  a l i n e a r  r e l a t i o n s h i p  b e t w e e n  

h y d r o g r a p h  o r d i n a t e s -  T h e  r o u t i n g  p e r i o d  is n o r m a l l y  a s s i g n e d  

a n y  c o n v e n i e n t  v a l u e  b e t w e e n  t h e  l i m i t s  k/3 a n d  k (Viesseaan e t  

a1  , 19 77).  However ,  errors i n t r o d u c e d  when t = k  a r e  i n s i g n i f i c a n t  

c o e p a r e d  v i  t h  t h e  i n a c c u r a c i e s  cf t h e  b a s i c  s t o r a g e  a s s u m p t i o n  

(Nash, 1 9 5 7 ) -  Long r e a c h e s  are o f t e n  s i m u l a t e d  u n s a t i s f a c t o r i l y  

a n d  S t r u p c z e w s k i  a n d  K u e d z e w i c z  (1980) p r e f e r  a c a s c a d e  of 

mdels. This c o n c e p t  was u s e d  i n  t h e  E r e s e n t  s t u d y .  

B e c a u s e  k a n d  x d e p e n d  o n  t h e  method of e s t i a a a t i o n ,  it is 

d i f f i c u l t  t o  d e t e r m i n e  t h e  b e s t  values. Also, i n  a n a t u r a l  

s y s t e a  , c o n s t a n t  v a l u e s  a re  s u s p e c t .  C l a r k  (19  45) was c r i t i c i s e d  
- 

i n  t h e  d i s c u s s i o n  o f  his classic  p a p e r  f o r  u s i n g  u n i f o r m  

v e l o c i t y  t o  e s t a b l i s h  i s o c h r o n e s .  B e  e x a m i n e d  v a r i o u s  

r e f i n e m e n t s ,  b u t  h i s  r e s a l t s  were n o t  i m p r o v e d ,  C l a r k  s u g g e s t e d  

t h i s  was c a u s e d  s i m p l y  b y  two wrcags making  a r i g h t ;  t h e  s e c o n d  

y*wrongxt  beiog the u s e  of a s i n g l e  k v a l u e ,  n h i l e  h i s  a n s w e r  may 

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

t h i s  method,  T h e r e f o r e  a v e r a g e  v a l u e s  o f  k a n d  x seei r e a s o n a b l e  

when lcng rivers a re  s i l a u l a t e d .  



1.2.4. U. B, C, H o d e l  of t h e  F r a s e r  B a s i n  

F u n d i n g  f rora  t h e  E r i t i s h  C o l u m b i a  D i s a s t e r  Relief f u n d  

S U F F O ~ ~ ~ ~  d e v e l o p m e n t a l  w o r k  on w a t e r s h e d  a n d  flow m o d e l s  o f  the 

F r a s e r  b a s i n  b y  Q u i c k  a n d  P i p e s  l1972,  1975 ,  1 9 7 6 a ,  1977) .  T h e  

c o m p u t e r  m c d e l  c o n s i s t s  of two  major p a r t s :  t h e  f i r s t  is a 

w a t e r s h e d  m o d e l ,  r u n  o n  c o n t i n u o u s l y  u p d a t e d  a e t e o r o l o g i c a l  

i n f o r m a t i o n  to c o m b i n e  b o t b  r a i n f a l l  a n d  s n o w m e l t  r n n o f f  

p a r a m e t e r s ,  a n d  t h e  s e c o n d  p a r t  r o u t e s  flow t h r o u g h  t h e  c h a n n e l  

n e t w o r k ,  i n c l u d i n g  l a k e s  a n d  r e s e r v o i r s ,  

T h e  m o d e l  h a s  b e e n  i n  o p e r a t i o n  f o r  s e v e r a l  y e a r s  now, and 

is a r e a s o n a b l y  g o c d  ~ r e d i c t o r  o f  r u n o f f  v o l u m e  and t i m i n g  f o r  

the s y s t e m .  Based o n  t h e  t o t a l  w a t e r  k a l a n c e ,  t h e  m o d e l  

c o e f f i c i e n t s  a re  h e l d  c o n s t a n t  t h r o u g h  the s e a s o n  and f rom y e a r  

t o  y e a r ,  Q u i c k  and P i p e s  c o n s i d e r e d  t h i s  i m ~ o r t a n t  f o r  p r o d u c i n g  

r e l i a b l e  s h o r t  and l o n g  term f o r e c a s t s ,  I n d e e d ,  t h e  p r i n c i p l e  

u s e s  o f  t h e  @ o d e 1  are f o r e c a s t i n g  a n d  p l a n n i n g .  

Q u i c k  ( 1 9 6 5 )  n o t e d  t h a t  it is d i f f i c u l t  t o  g u a n t i f  p r u n o f f  

d u e  t o  t h e  c u m ~ l e x i t y  of snowmel t .  T h e r e f o r e ,  much s t u d y  of the 

phenomenon was n e c e s s a r y  a t  t h e  o u t s e t .  A r e a - e l e v a t  ion ba n d s  

wefe d e l i l f i i  t e d  t o  allow a p e r t i n e n t  d i s t r i b u t i o n  of t e m p e r a t u r e  

a n d  p r e c i p i t a t i o n  e l e m e n t s .  The s o i l  m o i s t u r e  d e f i c i t  i s  t h e n  

used t o  a p p o r t i o n  r u n o f f  t o  t h r e e  d i f f e r e n t  f l o w  r o u t e s  w h i c h  

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

r o u t e s  r e p r e s e n t  d i r e c t  r u n o f f ,  i n t e s f l o u  a n d  g r c u n d u a t e r ,  



R o u t i n g  o f  t h e  fast c o m p o n e n t  i s  b a s e d  o n  t h e  c o n c e ~ t u a l  model  

o f  Nash  (1957) w i t h  a n  a d d i t i o n a l  l i n e a r  s t o r a g e  r e s e r v o i r  f o r  

t h e  medium component .  A l i n e a r  s t o r a g e  r e s e r v o i r  is u s e d  t o  

a c c u m u l a t e  t h e  s l o w  i n ~ u t  which  i s  s u b s e q u e n t l y  r e l e a s e d  a s  

recess i o n  flow, 

T h e  w a t e r s h e d  m o d e l  was d e s i g n e d  t o  use a s p a r s e  d a t a  

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

s t a t i o n  n e t w o r k  i n  the F r a s e r  B a s i n  is still  d i f f i c u l t ,  As well, 

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

r e v i s i o n ,  T h e  f low n o d e l  USES mean d a i l y  r i v e s  d i s c h a r g e s  a n d  

t h c r e f o r ~  t h e  Husk ingum nrethod i s  u n s u i t a b l e  because  the t r a v e l  

time h e t w e e n  s t a t i o n s  is  less t h a n  o n e  d a y  ( t h e  r o u t i n g  p e r i o d ) ,  

T h e r e f  o r e ,  a n o n l i n e a r  k i n e m t i c  wave method  was d e v e l o p e d  

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

a n d  s t a g e - v e l o c i t y  c u r v e  da ta  f o r  e a c h  s e c t i o n ,  T h i s  method of 

c a l i b r a t i o n  a v o i d e d  p r o b l e m s  c r e a t e d  b y  t h e  a d d i t i o n  of l a r g e  

a m o u n t s  of ungauged  l a t e r a l  i n f l o w .  

T h e  m o d e l  is f l e x i b l e  b e c a u s e  it  a l l o w s  t r a v e l  time a n d  

c h a n n e l  s t o r a g e  to  b e  i n d e p e n d e n t ,  However ,  real t r a v e l  t i m e  a n d  

t i ~ e  d i f f e r e n c e  b e t w e e n  two p e a k s  a t  two s u c c e s s i v e  s t a t i o n s  may 

n o t  fie t h e  s a w ,  T h e  E r e s e n t  s t u d y  e x a m i n e s  time d i f f e r e n c e s  

b e t w e e n  p e a k s  a t  s u c c e s s i v e  g a u g i n g  s t a t i o n s  a n d  r e q u i r e s  

r a i n - p r o d u c e d  f l o o d s  w i t h  discrete i n p u t s  r a t h e r  t h a n  s n o w a e l t ,  

A m a j o r  p r o b l e m  of  t h e  U.B.C.  aaodel  is t h e  u s e  of Bean  d a i l y  

s t r e a a f l o v  d a t a ,  H o u r l y  d a t a  s h o u l d  be more re l iab le  since 

t r a v e l  times b ~ t w e e n  s t a t i o ~ s  a r e  u s u a l l y  l e ss  t h a n  o n e  d a y ,  



V e l o c i t y  u s u a l l y  i n c r e a s e s  w i t h  s t a g e ,  t h e r e f o r e  a r e a  - 
d i s c h a r g e  c u r v e s  are  u s u a l l y  c o n c a v e  u p w a r d s  ( L i n s l e y  e t a l ,  

1958) [ f i g u r e  1.1). F o r  a wave e n c l o s e d  w i t h i n  t h e  b a n k s  of a  

r e c t a n g u l a r  c h a n n e l ,  i t  c a n  b e  s h c w n  t h a t  t h e  s p e e d  of t h e  wave 

crest is g r e a t e r  t h a n  a t  i t s  foot. T h e r e f o r e ,  a h y d r o g r a p h  

r i s i n g  l i m b  a t  a d o w n s t r e a m  p o i n t  w i l l  b e  s t e e p e r  t h a n  its 

c c u n t e r p a r t  u p s t r e a m  ( N - E . R . C . ,  1975) . The s p e e d  of f l o o d  wave  

movement  i s  g r e a t 1  y  i n f l u e n c e d  by s l o p e ,  r o u g h n e s s ,  and 

h y d r a u l i c  r a d i u s  of t h e  c h a n n e l ,  T h e r e f o r e ,  small i n b a n k  f l o o d s  
- 

w i l l  t r a v e l  f a s t e r  t h a n  a f lcod t h a t  o v e r t o p s  the c h a n n e l .  

L i n s l e y  e t  a 1  (1949) s u g g e s t  t h a t  minimum t r a v e l  tiste occurs a t  - 
- m o d e r a  t~ s t a g e s  ( f i g u r e  1.2) , 

Have v e l o c i t y  or  c e l e r i t y  may b e  c a l c u l a t e d  b y  C h e z y  or  

R a n n i n q  f o r a u l a e ,  t u t  t h e  r e s u l t  i e g  r e l a t i o n s h i p  w i t h  w a t e r  

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

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

A l t e r n a t i v e l y ,  c e l e r i t y  [c) o f  a a t o n o c l i n a l  r i s i n r j  f l o o d  wave 

c a n  be e x p r e s s e d  as: 
c=ag 

d A 
w h e r e  Q = d i s c h a r g e  

&=area 

T h i s  i s  known a s  t h e  R l e i t z - S e d d ~ n  law. It assumes t h a t  the wave 

h a s  a ~ e r m a n e n t  f o r m  a n d  t h e r e f o r e  t h e r e  are @ a n y  d o u b t s  a s  t o  

its a p p l i c a b i l i t y ,  Q u i c k  a n d  Pipes (1976b) however ,  f o u n d  t h a t  



- slopes of secants 
OA and 08 represenf 
water velocit ies for 
sections 1 and 2 

- slope of secant AB 
represents wave 
celer i ty  

(af ter Linsley, Kohler 
and Paulus, 1958) 

FIGURE 1.1 Typical area - discharge relationship for a 

st ream and i ts influence on wave celerity 

( a f te r  Linsley, Kohier 
TRAVEL TIME and Pauius, 1 9 L 9 )  

FIGURE 1.2 Stage - travel t ime relationship 



dQ/db t u t d s  t o  o v e r e s t i a a t e  wave s p e e d ,  

I d e a l l y ,  peak t r a v e l  time is a d i r e c t  f u n c t i o n  o f  head. I n  

g e n e r a l  u s e  t h e r e f  ore, e q u a t i o n  (2)  c a n  b e  a p p l i e d .  

w h e r e  C=wave c e l e r i t y  
v = w a t e r  v e l o c i t y  
g = a c c e l e r a t i o n  d u e  t o  g r a v i t y  
y = w a t e r  h e a d  

A l t h o u g h  t h i s  e q u a t i o n  is good fo r  a m o a o c l i n a l  save, i t  is 

g u e s t i o n a b  le when a p p l i e d  t o  a  n o r m a l  f l o o d  wave, 

O k s e r v a t i o n s  s u g g e s t  wave c e l e r i t y  i s  be tween  1.4 a n d  2-0 

times g r e a t e r  t h a n  t h e  w a t e r  v e l o c i t y  ( L i o s l e y  et a l ,  1949) .  

P r o b l e i a s  e x i s t  i n  t h e  c a l c u l a t i o n  o f  wave c e l e r i t y  i n  real 

r i v e r s  b e c a u s e  o f  channel n o n u n i f o r t u i t p ,  Q u i c k  a n d  P i p e s  ( 1  W 6 b )  

s u g g e s t  g a u g i n g  s t a t i o n s  are o f t e n  l o c a t e d  a b o v e  a  c o n t r a c t e d  

s e c t i o n  a n d  theref o r e  reflect t h e  v e l o c i t i e s  a t  these s e c t i o n s .  

C o n v e r s e l y ,  wave c e l e r i t y  is i n f l u e n c e d  more by t h e  slower 

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

D u r i n g  a t t e n u a t i o n ,  t h e  o b s e r v e d  s p e e d  c f  t h e  f l o o d  peak 

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

h y d r o g r a p h  s h a p e  ( I . E . B . C . ,  197S) ,  As peak c u r v a t u r e  d e c r e a s e s ,  

wave v e l o c i t i e s  n a y  d e p a r t  f r o g  k i n e m a t i c  e x p e c t a t i o n s  b e c a u s e  

o u t f l o w  is n o  l o n g e r  a e r e l y  d e p e n d e n t  on w a t e r  d e p t h .  Wow, 

n e i t h e r  d i s c h a r g e  n o r  head r e m a i n  c o n s t a n t ,  S u b s e q u e n t  

c a l c u l a t i o n  E n n s t  c o n s i d e r  t h e  wave as h a v i n g  p r o g r e s s i v e l y  

d e c a y i n g  a m p l i t u d e .  A p p r o x i m a t i o n s  u s u a l 1  y y i e l d  a d e q u a t e  

r e s u l t s ,  k u t  c r u d e  s i m p l i f i c a t i c n  may h i d e  i m p o r t a n t  n a t u r a l  

v a r i a t i o n s  a n d  c a r e  m u s t  be e x e r c i s e d .  



T h e  main ~ e t h c d s  of measurement  o f  t r a v e l  times are by 

t i m i n g  c o l o u r e d  d y e  or  r a d i o a c t i v e  t r a c e r s  i n  t h e  f low,  a n d  by 

i n t e r ~ r e t i n g  w a t e r  l e v e l  r e c o r d s .  P i l g r i m  (1976 a n d  1977) u s e d  

i s o t o p e  t r a c e r  m e t h o d s  t o  e x a m i n e  t r a v e l  times a n d  t h e i r  

r e l a t i o n  t o  f l o o d  r u n o f f  a n d  f l o o d  s t o r a g e ,  T h e r e f o r e ,  i s o c h r o n e  

s p a c i n g s  a r e  d e t e r m i n e d  f r o a  t h e  t r a v e l  time of t h e  water a n d  

n o t  s p e e d  o f  f l o o d  wave movement. H i s  s t u d i e s  re v e a l e d  an 

i n i t i a l  p o s i t i v e  i n c r e a s e  of t r a v e l  time t o  f a i r l y  c o n s t a n t  

v a l u e s  a t  medium t o  h i g h  d i s c h a r g e s .  T r a c e r  a n a l y s e s  a r e  u s u a l l y  

re= t r i c t e d  t o  slaall w a t e r s h e d s  w i t h  l i m i t e d  t r i b u t a r y  a d d i t i o n s ,  

a n d  p r i o r  t o  t h i s  s t u d y ,  t o  low f l o w s .  

S t a l l  a n d  H i e s t a n d  (1969) e s t i m a t e d  c o n t a m i n a n t  t r a v e l  

- times i n  I l l i n o i s  streams f r o e  h y d r a u l i c  g e o m e t r y  r e l a t i o n s  w i t h  

r e a s o n a b l e  a c c u r a c y  b u t  g e n e r a l l y  f o u n d  t h e  computed  t r a v e l  tirtte 

t o  ke t h e  minimum e x p e c t e d ,  e s p e c i a l l y  a t  low f lows .  I n  B r i t a i n  

however ,  B r a d y  a n d  J o h n s o n  (1981) o n l y  f o u n d  a good a g r e e m e n t  

b e t w e e n  t r a v e l  times measured  by r a d i o a c t i v e  t r a c e r s  w i t h  o t h e r s  

d e r i v e d  t h e o r e t i c a l l y ,  a t  r e l a t i v e l y  h i g h  f lows .  

Gergov  (1971) p r o p o s e d  a method of d e t e r m i n i n g  t r a v e l  time 

f rom t t e  Chezy f o r m l a ,  u t i l i s i n g  h y d r a u l i c  strea la e x ~ r e s s i o n s  

and  r e q u i r i n g  r e l a t i v e l y  u n i f  orta time - s p a c e  p r e c i p i t a t i o n  

d i s t r i b u t i o n .  T h e r e f o r e  t h e  methcd i s  u s u a l l y  b e t t e r  f o r  sml l  

h o ~ o g e n e o u s  b a s i n s .  However, h e  s u g g e s t e d  t h a t  t h e  i n f  1 u e n c e  of 

storm d i s t r i b u t i o n  a n d  a r e a  of f l o o d  f o r m a t i o n  may h a v e  

c o n s i d e r a b l e  effects on  t r a v e l  tie v a l u e s  f o r  a s t r e a a  w i t h  

m a j o r  t r i b u t a r i e s ;  t h i s  n o t i o n  is c e n t r a l  t o  the present s t u d y .  



T h e  d i f f e r e n c e  b e t w e e n  t i n e - c f - p e a k  a t  two c o n s e c u t i v e  

s t a t i o n s  c a n  be  a t t r i b u t e d  d i r e c t l y  t o  • ’ l o &  wave v e l o c i t y ,  

a n d / o r  t o  b a s i n  a n d  r i v e r  n e t w o r k  c o n t r o l s  o n  g e n e r a t i n g  ~axi l t lua 

r u n o f f .  I n  t h e  f o r m e r  c a s e ,  a r e g u l a r  r e l a t i o n s h i p  t o  d i s c h a r g e  

s h o u l d  be e x p e c t e d  on  which t c  b a s e  p m d i c t i o n .  I n  t h e  l a t t e r  

c a s e ,  a  knowledge  of b a s i n  g e o a o r p h o l g y  a n d  of meteorological 

f e a t u r e s  a r e  r e q u i r e d  t o  u n d e r s t a n d  t r a v e l  time i r r e g u l a r i t i e s .  

# h i  le e n g i n e e r i n g  a n a l y s e s  of r i v e r  s y s t e ~ s  r e v o l v e  a r o u n d  

s u c c e s s f u l  p r e d i c t i o n  o f  flow, s c i e n c e  s e e k s  e x p l a n a t i o n  of f l o v  

phenomena,  By e x p l a i n i n g  a n d  u n d e r s t a n d i n g  t h e  p r o c e s s e s  

i n v o l v e d ,  more r e l i a b l e  p r e d i c t i o n s  s h o u l d  be p r o v i d e d .  

As h a s i n  h e t e o r o g e n e i t y  increa s e s  a n d  t h e  l i k e l i h o o d  f o r  

c o m p l e t e  storm c o v e r a g e  decreases, t h e  s t r e n g t h  of t h e  

r e l a t i o n s h i p  b e t w e e n  p r e c i   ita at ion and r u n o f f  d i m i n i s h e s ,  An 

a d d i t i o n a l  p r o t l e r a  i n  t h e  F r a s e r  B a s i n  i s  t h a t  p r e c i p i t a t i o n  

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

l e v e l s  is i n a d e q u a t e l y  r e c n i t o r e d  by t h e  s p a r s e  d i s t r i b u t i o n  of 

w e a t h e r  u c t a t i o n s .  T h e r e f o r e  s i n ~ l e  i n p n t  - o u t p u t  a n a l y s e s  are 

r e s t r i c t e d ,  I n  c o n t r a s t  t o  the h y i h o l c g i c  a p p r o a c h ,  m a t h e m a t i c a l  

f l o o d  r o u t i n g  t s e t h c d s  r e q u i r e  i n p u t  h y d r o g r a p h s  t o  p r o d u c e  

dewnstreatft o u t f l o w  h y d r o g r a p h s .  S u c h  models c a n  o n 1  y be a s  good 

a s  t h e  i n p u t  d a t a  a n d  t h e  v a l i d i t y  of t h e  a s s u i l p t i o n s  i n h e r e n t  

i n  t h e  m e t h o d s ,  



W i t h i n  a b a s i n  o f  t h e  p l a n i ~ e t r i c  a n d  v e r t i c a l  d i m e n s i o n s  

cf t h e  F r a s e r ,  many d i v e r s e  h y d r c l o g i c  c o n d i t i o n s  e x i s t .  The 

b a s i n  h e t e o r o g e n e i  t y  a l l o w s  h i g h f  lows t o  be g e n e r a t e d  b y 

d i f f e r e n t  causes i n  s p a t i a l l y  d i s t i n c t  a r e a s ,  T h e r e f o r e  t h e  

e f f e c t s  of t r i k u t a r y  i n p u t s ,  a n d  t h e  c o n s e q u e n c e s  o f  t r a n s f e r s  

t h r o u g h  c o n t r a s t i n g  h y d r o a e t e o r o l o g i c a 1  r e g i o n s ,  on a m a i n s t r e a m  

f l o o d  wave may be  s t u d i e d  f o r  a r a n g e  o f  d i s c h a r g e s ,  I t  s h o u l d  

b e  noted t h a t  much p r e c i p i t a t i o n  f a l l s  a s  snow i n  t h e  Fraser 

B a s i n  and  t h u s  a h i g h  p e r c e n t a g e  of r u n o f f  i s  p r o d u c e d  b y  s p r i n g  

melt, T o  model  t h i s  p r o c e s s ,  d e t a i l e d  i n f o r m a t i o n  of snowpack 

c o n d i t i o n s  a n d  energy  i n p u t s  o v e r  t h e  t a s i n  a r e  r e q u i r e d ,  W h i l e  

s n o w m e l t  p ~ o d u c e s  a g e n e r a l  rise i n  river l e v e l ,  r a i n f a l l  is 

t y p i c a l l y  a s s o c i a t e d  w i t h  a f l o o d  wave, T h e r e f o r e ,  i t  s h o u l d  be 

e m p h a s i s e d  t h a t  o n l y  ~ e a k s  c a u s e d  b y  r a i n f a l l  w i l l  b e  u s e d  i n  a n  

a n a l y s i s  of t r a v e l  tiiies. 

f o r  a small, s i m p l e  c h a n n e l ,  a r e l a t i c n s h i p  b e t w e e n  t r a v e l  

t ime a n d  d i s c h a r g e  k i g h t  be e x p e c t e d ,  a s  d e s c r i b e d  by  L i n s l e y  e t  ' 

a 1  ( 1  958). However, g i v e n  t h e  d i f f e r e n t  g e n e r a t i n g  p r o c e s s e s  

o p e r a t i n g  a t  a n y  p a r t i c u l a r  t i=  i n  t h e  l a r g e ,  c o a p l e x  P r a s e f  

B a s i n ,  i t  i s  r e a s o n a b l e  t o  s u g g e s t  t h a t  f o r  a  s p e c i f i c  e v e n t ,  

f l o w  i n  t h e  r a i n  c h a n n e l  w i l l  n o t  b e h a v e  i n  a  simple 

m a t h e m a t i c a l l y  d e f i n e d  Banner ,  H o r n o v e r ,  t r a v e l  t i r e  w i l l  b e  

in•’ f u e n c e d  b y  t h e  c o n t r a s t i n g  h y d r o m e t e o r c l o g i c a  1 f e a t u r e s  of 

i ts  t r i b u t a r i e s .  T h u s  i t  i s  s u g g e s t e d  t h a t  t h e  mcst s i g n i f i c a n t  

v a r i a b l e  i n  p e a k  t i m i n g  is a f u n c t i o n  of r e l a t i v e  o v e r l a n d  

d i s t a n c e s  b e t w e e n  s o u r c e s  a n d  leain c h a n n e l s ,  T h a t  is ,  t h e  time 



of  c o n c e n t r a t i o n  f cr e a c h  s p t i a l  d i s t r i b u t i o n  o f  p r e c i p i t a t i o n ,  

A m o d ~ l  b a s e d  o n  time-area c o n s i d e r a t i o n s  is d e v e l c ~ e d  i n  

t h i s  s t u d y  t o  s i m u l a t e  a s e r i e s  of c o n t r a s t i n g  i n p u t s ,  i n  o r d e r  

to  i n c r e a s e  o u r  u n d e r s t a n d i n g  o f  t h e  r e l a t i v e  i m r o r t a n c e  o f  t h e  

ma in  t r i b u t a r i ~ s  a n d  t h e i r  e f f e c t s  upon a a i n s t r e a a  h y d r  c g r a  ~ h s  

( f i g u r e  1.3) .  Data for r e a l  e v e n t s  were o b t a i n e d  f rom c o n t i n u o u s  

r e c o r d i n g  g a u g e  s t a t i o n s  o p e r a t e d  b y  t h e  Water S u r v e y  of C a n a d a  

on the F r a s f r  R i v e r .  T h i s  i n v o l v e d  a d e t a i l e d  a n a l y s i s  o f  the 

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

a n  hourly b a s i s ,  t o g e t h e r  w i t h  a n  i n t e r p r e t a t i o n  of 

m e t e o r o l o g i c a l  c o n d i t i o n s .  Real h y d r o g r a p h s ,  i n  c e r t a i n  cases, 

e x h i b i t  c h a r a c t e r i s t i c s  t h a t  c a n  be i n t e r p r e t e d  b y  t h e  mode l ,  

T h e r e f o r e  a series of h y d r o g r a p h s  reflect t h e  i m ~ o r t a n t  

t r i b u t a r i e s  for a n  e v e n t ,  and c a n  b e  u s e d  t o  i n f e r  t h e  r e g i o n  of 

p r e c i p i t a t i o n  s o u r c e .  T h i s  i n  t u r n  c a n  ke v e r i f i e d  by  

m e t e o r c l o g i c a l  d a t a ,  a l l o w i n g  a r e c l a s s i f i c a t i o n  of e v e n t s  b y  

s o u r c e  area of p r e c i p i t a t i o n ,  

T h e  m a i n  c b j e c t i v e  of t h i s  s t u d y  is t o  laodel  F r a s e r  R i v e r  

h y d r o g r a p h s  u s i n g  t h e  time-area c o n c e p t s  of C l a r k  (1945) a n d  

Muskingnetl f l o o d  r o u t i n g .  T h e  model h y d r o g r a p h s  a r e  t h e n  used  a s  

a n  a i d  t o  t h e  i o t e r ~ r e t a t i o a  o f  p e a k  f l o w  t r a v e l  time 

i r r e g u l a r i t i e s  b e t  ween g a u g i n g  s t a t i o n s .  W i t h i n  t h i s  c e n t r a l  

t heme ,  t h e r e  are s e v e r a l  s e c o n d a r y  o b j e c t i v e s ,  

1. T o  exaraine t h e  ways i n  wh ich  t r i b u t a r y  i n p u t s  a f f e c - t  main  

channel flow v o l u ~ a e s  u s i n g  s i m p l e  tiae-area c o n c e p t s .  

2. To c o m F a r e  F r a s e r  R i v e r  h y d r o g r a p h s  with h y d r o g r a p h s  f r o m  
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t h e  time-area m c d e l  a n d  i d e n t i f y  c h a r a c t e r i s t i c s  

a t t r i b u t a b l e  t o  loca l i s e d  s t o r m  i n p u t s ,  

3 .  l o  assess t h e  degree t o  w h i c h  peak  t r a v e l  time is r e l a t e d  t o  

d i s c h a r g e  i n  t h e  manne r  s u g g e s t e d  by L i n s l e y  et a 1  (1949). 

4. T o  d e t e r l n i n e  i f  time d i f f e r e n c e s  b e t w e e n  p e a k s  a t  s u c c e s s i v e  

m a i n s t r e a m  s t a t i o n s  r e s u l t  ~ r e d o m i n a t e l y  f row f l o o d  wave 

t r a n s l a  t i o n  o r  t h e  i n t  € g r a t e d  effect of g e o m o r p h i c  c o n t r o l s  

o n  r u n o f f .  

These o b j e c t i v e s  w i l l  be p u r s u e d  i n  a c c o r d a n c e  with t h e  

f o l l c w i n g  format. 

T h i s  s t u d y  i s  a r r a n g e d  i n  five c h a ~ t e r s .  C h a p t e r  2 

- 
d e s c r i b e s  p r e c i p i t a t i o n  a n d  r u n o f f ,  based on a r e v i e w  of t h e  

p e r t i n e n t  h y d r o l o g i c  c h a r a c t e r i s t i c s  of t h e  P r a s e r  B a s i n .  The 

t h i r d  c h a p t e r  i n t r o d u c e s  t h e  bas ic  time-area ~ o d e l  o f  t h e  F r a s e r  ' 

B a s i n ,  its v a r i a t i o n s  a n d  i r t t p l i c a t i o n s  f o r  t r i b u t a r y  

c o n t r i b u t i o n s .  I n  t h e  f i g h t  o f  t h i s ,  C h a p t e r  4 e x a a i n e s  real  

p e a k  e v e n t s  on t h e  F r a s e r  R i v e r .  C o n c l u s i o n s  d rawn  front t h e  

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

d i s c u s s i o n  cf the i l l f p u r t a n t  c o n t r o l s  o n  t i m e - o f - p e a k  a n d  t h e  u s e  

of t h e  t i m e a r e a  m o d e l  for i n t e r ~ r e t i n g  f l o o d  p e a k  " t r a v e l  
- 

timen. The work is c o n c l u d e d  w i t h  a d i s c u s s i o n  of s e v e r a l  

p o t e n  t i a l l y  use•’ u l  r e s e a r c h  d i r e c t i o n s  s n g g e s t e d  by  t h e  p r e s e n t  

r e s u l t s .  



XI, P h y s i c a l  Enwironment of t b e  Fraser B a s i l  

2.1 P h v s i c a L  C _ _ h a r a c t e r i s t &  of t h e  X r a s e r  B a s i n  a b o v e  Hope -- 

T h e  F r a s e r  B a s i n  a b o v e  Rope d r a i n s  a p p r o x i m t e l p  o n e  

q u a r t e r  o f  s o u t h  - c e n t r a l  E r i t i s h  Columbia .  This 218 ,000kmaarea  

e x  t e n d s  f r o m  t h e  D n i t e d  S t a t e s  b o r d e r  a t  49O north, t o  5 f P n o r t  h, 

a n d  i t  is bounded  t o  t h e  eas t  by  t h e  Rocky M o u n t a i n  d i v i d e  and  

t o  t h e  west by the Coast H a u n t a i n s .  T h e  e l e v a t i o n  r a n g e  is q u i t e  

s t r i k i n g ,  f o r  ~ x a a p l e ,  n i n e t y  ~ e r c e n t  of t h e  b a s i n  is h i g h e r  

than P r i n c e  George  1665 metres a b o v e  s e a  l e v e l  (a.s.1)) , a n d  two 

p e r c e n t  lies a t  e l e v a t i o n s  h i g h e r  t h a n  2400 metres a ,s. 1, 

(Bruce, 1964) [ f i g u r e  2.1)- Prom Red P a s s  t o  Hope, the fraser 

r i v e r  i s  a p p r o x i m a t e l y  1200kn l o n g ,  a n d  f lows t h r o u g h  r e g i o n s  

w i t h  d i v e r s e  relief, clinsate a n d  v e g e t a t i o n ,  

2 . I  . I ,  P h y s i o g r a p h y  

P b y s i o g r a ~ h i c  r e g i o n s  a r e  i d e n t i f i e d  b y  similarities of  

relief a n d  l i t h o l o g y ,  arid f a i r l y  u n i f o r m  l a n d  cover; t h e r b p  

u n i f  y i  rig t h e  c o n t r o l s  on  h y d r o l o g i c a l  processes. P h y s i o g r a p h i c  

d i f f e r e n t i a  t i o n  c a n  be  a t t r i b u t e d  t o  t h e  e v o l u t i o n  of t h e  

landscape a t  s e v e r a l  scales, Ryder (198 1) recogn i s e d  three 

d i s t i n c t  t e m p o r a l  a n d  s p a t i a l  scales r e s p o n s i b l e  f o r  t h e  



FIGURE 2.1 Elevation of the Fraser Basin 
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g e o l s o r ~ h o l c g y  of t h e  s o u t h e r n  p a r t  of t h e  C o a s t  H o u n t a i n s  o f  

B r i t  is h C o l u m b i a .  The  a l d e s t  a n d  most e x t e n s i v e  l a n d f  o r n s  were 

p r o d u  c f d  by t e c t o n i c  a c t i v i t y  a n d  s u b a e r i  a 1  d e n u d a t i o n  d u r i n g  

t h e  T e r t i a r y .  S u b s e q u e n t  l a n d f o r m s  d e v e l o p e d  more l o c a l l y  w i t  b i n  

t h i s  f r a m e w o r k ,  r e f l e c t i n g  d i f f e r e n c e s  i n  climate a n d  re l ie f .  

D u r i n g  t h e  P l e i s t o c e n e ,  t h e  e x i s t i n g  l a a d f o r m s  were m o d i f i e d  b y  

t h e  e f f e c t s  of c o n t i n e n t a  1 g l a c i a t i o n ,  L a n d s c a p e  d e t a i l s  h a v e  

b e e n  mcdif i e d  l o c a l l y  s i n c e  t t e  l a s t  e x t e n s i v e  i c e - c o v e r  

( a p p r o x i m a t e l y  1 0 , 0 0 0  y e a r s  3. P. ) a n d  t h e r e f o r e  t h e  l a n d s c a p e  

t o d a y  is a c o m p o s i t e  form ~ r o d u c e d  a t  a l l  scales. 

Reduced  g l a c i e r s  still e x i s t  i n  t h e  highest p a r t s  o f  t h e  

k a s i n ,  b u t  p r e s e n t  t r e n d s  of a d v a n c e  a n d  retreat are 

c o n t r a d i c t o r y  (5 l a y m a k e r  a n d  W a c p h e r s o n ,  1977) .  Most g l a c i e r s  

are now r e t r e a t i n g ,  b u t  a few show s i g n s  of a d v a n c e ,  e s p e c i a l l y  

i n  t b e  C o a s t  M c u n t a i n s .  G e n e r a l l y ,  a b l a t i o n  is o c c u r r i n g  more 

r a p i d l y  i n  the Rocky R c u n t a i n s  t h a n  t h e  Coast  H o u n t a i n s  

( S  l aym a k e  r , 19 7 2a) , 

T h e  p h y s i o g r a p h i c  r e g i o n s  o f  B r i t i s h  C o l u m b i a  were 

d e f i n i t i v e l y  d e s c r i b e d  by H o l l a n d  (1964).  E i g h t  of h i s  18 

r e g i o n s  a re  r e p r e s e n t e d  i n  t h e  s t u d y  a rea  (figure 2.2)  a n d  t h e  

p e r t i n e n t  f e a t u r e s  o f  each r e g i o n  are s u m m a r i s e d  i n  t a b l e  2. 1. 

P h y s i o g r a p h i c  r e g i o n s  a r e  c l e a r l y  a p p a r e n t  i n  r e g i o n a l i s a t i o n  a•’ 

h y d ~ o l i r e t e o r o l o g i c a l  f e a t u r e s  a s  w i l l  be shown la ter .  



FIGURE 2.2 Physiographic Regions of the Fraser Basin 
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2 ,  1 - 2  B a s i n  D i a e n s  i o n s  a nd c o n f  i g  u r a t i o n  

T h e  a b s o l u t f  s i z e  a n d  s h a p e  cf t h e  b a s i n  g o v e r n  t h e  

d i s t a n c e  r u n o f f  B u s t  t r a v e l  t o  t h e  m a i n s t r e a m ,  a n d  r e s i s t a n c e  t o  

f l o w  c o n t r o l s  v e l o c i t y .  T h e s e  p a r a m e t e r s  are gene ra  l l y  a c c e p t e d  

a s  i n f l e n c i n g  t i m e - o f - ~ e a k  a n d  s t e e p n e s s  o f  a f l o o d  h y d r o g r a p h ,  

S e v e r a l  s t u d i e s  h a v e  a t t e m p t e d  t o  d e f i n e  t h e  i m p o r t a n c e  of b a s i n  

s i z e  a n d  s h a p e  t o  r u n o f f ,  f o r  e x a m p l e  R e n a r d  a n d  K e f p e l ,  1956; 

P i l g r i n  e t  a l ,  1982 ;  a n d  A l e x a n d e r ,  1972, A l e x a n d e r  a l s o  

i n v e s t i g a t e d  t h e  r e l a t i o n s h i p  b e t w e e n  a r e a  a a d  t i a e  of 

c o n c e n t r a t i o n  f o r  a b a s i n ,  a n d  h i s  r e s u l t s  C O K ~ ~ S F O ~ ~  w e l l  w i t h  

L i n s l e p  e t  a 1  (1958) a n d  H o y t  a n d  L a n g b e i n  (1955). T h e  F r a s e r  

E a s i n  c o n s i s t s  o f  s e v e r a l  c o n t r a s t i n g  ~ e g i o n s ,  a n d  b e c a u s e  t h e  

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

i n  a r e a s  o f  s imilar  c l imate  a n d  p h y s i o g r a p h y ,  e a c h  s u b - b a s i n  

s h o u l d  ke t r e a t e d  s e p a r a t e l y .  

P i l g r i m  e t  a l  (1982) f o u n d  a c o r r e l a t i o n  b e t w e e n  b a s i n  s i z e  

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

However,  b a s i n  s h a p e  may i n f l u e n c e  t h e  s t r e n g t h  of t h i s  

r e l a t i c n s h i p .  R n r p h e y  a n d  h i s  c o w o r k e r s  f1977) f o m d  a 

c o a b i n a t i o n  of b a s i n  s h a p e  a n d  s i z e  t o  h e  one  o f  t h e  b e s t  

g e c m o r ~ h i c  p r e d i c t o r s  of h y d r  cyra ~h fea t u r e s  i n  t h e  s o u t h w e s t  

U n i t e d  States.  Unf o r t u n a t e l y ,  it is d i f f i c u l t  t o  q u a n t i f y  t h i s  

h i g h l y  i r r e g u l a r  a n d  m a r k e d l y  v a r i a b l e  p a r a m e t e r ,  The e f f e c t s  of 

basin s h a p e  upon t h e  t i m i n g  of a f l o o d  p e a k  a r e  o n l y  

q u a l i t a t i v e l y  u n d e r s t o o d ,  Bell a n d  Vorst (1 981) s u g g e s t  t h a t  

s h a p e  is o f  ~ o s t  u s e  i n  " b e t w e e n  b a s i n H  s t u d i e s  and i n  



m u l t i - v a r i a t e  a n a l y s e s  w h e r e  i t  i s  n e c e s s a r y  t o  e x p r e s s  t h e  

c o a b i n e d  e f f e c t s  of many p a r a a t e r s .  T h i s  q u a l i t y  is u s e d  i n  

time-area s t u d i e s  w h e r e  s h a p e  a n d  s i z e  a r e  t h e  most  i m p o r t a n t  

d e ~ ~ r i p t o r s  of e a c h  s u b b a s i n .  

T h e  g e n e r a l  g e o m e t r i c  s h a ~ e  cf  small w a t e r s h e d s  is b e t w e e n  

o v a i d  and p e a r  s h a p e  (Gray ,  1961) b u t  i n  t h e  F r a s e r  B a s i n ,  

s u b b a s i n s  a r e  r a r e l y  o f  t h e  classic form. The i d e a l  p e a r - s h a p e d  

b a s i n  is r e s t r i c t e d  t o  s m a l l  o r  first o r d e r  t r i b u t a r i e s  l i k e  t h e  

N a h a t l a t c h .  T h e  d e f o r m a t i o n  a n d  c r e n u l a t i c n  o f  t h e  b a s i n  

p ~ r i n t e t o r  ref lec ts  l o c a t i o n s  o f  small t r i b u t a r i e s  w i t h i n  t h e  

b a s i n  ( f i g u r e  2.3) . As b a s i n  s i z e  i n c r e a s e s ,  s h a p e  d e p a r t s  f r o m  

t h e  i d e a l ,  T h e  C h i l c o t i n  and Q u e s n e l  b a s i n s  f o r  e x a a p l e ,  a r e  

b r o a d e s t  a t  t h e i r  h e a d w a t e r s ,  E l o n g a t e d  b a s i n s  a r e  t u o s t l y  l a r g e ,  

for e x a m p l e  t h e  F r a s e r  R i v e r  t o  H a n s a r d ,  t h e  tiorth Thompson 

( e x c l u d i n g  t h e  C l e a r w a t e r )  a n d  t h e  S t u a r t  b a s i n ,  b u t  s m a l l  

t a s i n s  l i k e  W i l l i a m s  L a k e  r i v e r ,  a re  a l so  r e p r e s e n t e d  i n  t h i s  

c l a s s  { t a b l e  2 .2) .  H o v e v e r ,  t h e  s h a p e  v a r i a t i o n s  p e r c e i v e d  are ' 

d e p e n d e n t  u p n  t h e  scale of e x a  s i  r;a t i o n .  

T h e  o v e r a l l  s h a p e  of t h e  F r a s e r  B a s i n  i s  c o m p l i c a t e d  b y  t h e  

s h a r p  Lend i n  the F r a s e r  R i v e r  n e a r  P r i n c e  G e o r g e .  T h i s  c a u s e s  

t h e  n o r t h - e a s t  r e g i o n  of t h e  basin t o  be  f o l d e d  b a c k  upon 

i tself ,  a n d  r i  v e r  l e n g t h  [ e x c l u d i n g  aea n d e r i n g )  t h e n  e x c e e d s  the 

l e n g t h  d i r e  n s i o n  of t h e  basin, T h e r e f o r e ,  r u n o f f  is i n • ’  l u e n c e d  

b y  t a s i n  s h a p e ,  n o t  o n l y  b e c a u s e  the vhole b a s i n  i s  e f f e c t i v e l y  

e l o n g a t e d ,  but a l so  because i r r e g u l a r l y  shaped tributary b a s i n s  

p r o d u c e  n o n - s y n c h r c n i s e d  i n p u t s  t o  t h e  m a i n  streain. 



FIGURE 2.3 Subbasin locations and shapes 
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' I a b l e  2,2 Shape c h a r a c t e r  i s t ics  f *let t e d  s u b b a s i n s  ---- 
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n o t e :  N,I,P, is N o r t h e r n  I n t e r i o r  P l a t e a u  
S,I, P, is S o u t h e r n  I n t e r i o r  P l a t e a u  

I n  a rsisrilar manner, the density of t r i b u t a r y  s t r e a a s  

d e t e r m i n e s  runcf f speed. C h a n a e f  s p a c i n g ,  o r  d r a i n a g e  d e n s i t y  1 

d e v e l o ~ s  i n  r e z g o n s f  t o  mean a n n u a l  ~ r e c i p i t a t i o n  a n d  i n f l u e n c e s  

t h e  o u t f l o w  o f  p r e c i p i t a t i o n  excess, Hence, d r a i n a g e  density is 

i n t r i n s i c  i s  t h e  time of c o n c e n t r a t i o n  after a storm and  i n  t h e  
--I-------- ------- 
1 term c o i n e d  by B o r t o n  (1945) t o  d e s c r i b e  t h e  r a t i o  of total 
l e n g t h  of  streams w i t h i n  a b a s i n  to  t o t a l  b a s i n  area,  



time t a k e n  to  t r a v e l  t h r o u g h  a b a s i n  t o  t h e  m a i n s t r e a m ,  A h i g h  

d r a i n a g e  d e n s i t y  a l l o w s  f a s t e r  r e a o v a l  of s u r f a c e  r u n o f f  a n d  a  

c o r r e s p o n d i n g  p e a k  d i s c h a r g e  i n c r e a s e  a n d  l a g - t i m e  d e c r e a s e .  

G r e g o r y  a n d  i l a l l i n g  (1968) s u g g e s t e d  t h a t  t h e  d y n a m i c  n a t u r e  of  

d r a i n a g e  d e n s i t y ,  t h a t  is, its a b i l i t y  t o  e x p a n d  a n d  c o n t r a c t  

d e p e n d e n t  c n  p r e c i ~ i t a  t i o n  c o n d i t i o n s ,  s h o u l d  be i n c l u d e d  i n  

s t u d i e s  w h e r e v e r  p o s s i b l e .  

T h e  p r o b l e m  of d e t e r  m i n i n g  d r a i n a g e  d e n s i t  y a r e  n nmerous  

and w e l l - d o c n n e n t e d  (HcCoy, 1971 ; G a r d i n e r ,  1979; a n d  

R i c h a r d s , l 9 7 9 ) .  Carlston a n d  L a n g b e i n  (1960)  r e c s g n i s e d  t h a t  

d r a i n a g e  d e n s i t y  is t h e  r e c i p r o c a l  o f  t h e  mean o r t h o g o n a l  

d i s t a  ace b e  t w e e n  channels, T h e r e f  ore, 

D r a i n a g e  D e n s i t y  = 1.4 14 4 
L (1 )  

w h e r e  N is t h e  number  of i n t e r s e c t i o n s  b e t w e e n  
a r a n d o m l y  o r i e n t a t e d  s a m p l i n g  n e t  

L is t h e  t o t a l  l e n g t h  of  s a m ~ l i n g  l i n e s ,  

Mark (1974) e x a m i n e d  t h e  t h e o r y  and e m p i r i c a l  e v i d e n c e ,  

i n c l u d i n g  samples from s o u t h e r n  E r i t i s h  C o l u m b i a ,  a n d  c o n c l u d e d  

t h a t  e q u a t i o n  (2 )  was more a p p l i c a b l e ,  

D r a i n a g e  D e n s i t y  = 1.571 & 
L 

D r a i n a g e  d e n s i t y  w i t h i n  the Praser B a s i n  w a s  e s t i m a t e d  f o r  

this study u s i n g  X a r k ' s  11974)  method, S a ~ p l e s  were taken f r o n  a 

1: 1 ,000 ,000  sca le  map c o m p a t i b l e  w i t h  t h e  time-area model, f o r  

e a c h  of t h e  f i v e  h  y d r o a e t e o r o l o g i c a l  regions ( t a b l e  2 . 3 ) .  



A t  t h i s  s c a l e ,  t h e  d i f f e r e n c e s  b e t w e e n  r e g i o n s  are small, b u t  

l a b l e  2.3  P r a s e r  B a s i n  d r a i n a q e  dewi t_ i_e_s  --- --- ----we --- -- 

n e v e r t h e l e s s  r e f l e c t  a r e a s o n a b l e  p a t t e r n ,  T h e s e  f i g u r e s  may b e  

R e g i o n  

S o u t h e r n  I n t e r i o r  P l a t e a u  
N o r t h e r n  I n t e r i o r  P l a t e a u  
E o u n t a i n s  - C a r i b o o  Range  
f l o u n t a i n s  - Eionashee  Hange  
M o u n t a i n s  - C o a s t  

i n t e r p r e t e d  i n  c c n  j u n c  t i o n  b i t h  t a b l e  2.1, T h e  Coast M o u n t a i o s  

D r a i n a g e  d e n s i t y  ( k W  km') 

0.15 
0 ,  16 
0 .  18 
0 - 1 8  
0.19 

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

l e e w a r d  s i d e ,  T h e y  a l s o  h a v e  t h e  h i g h e s t  d i s c h a r g e  i n t e n s i t y ,  

D r a i n a s e  d e n s i t i e s  f o r  t h e  t u o  e a s t e r n  m o u n t a i n  s a a ~ l e s  arc! only 

s l i g h t l y  l o w e r ,  as a r e  t k e i r  d i s c h a r g e  i n t e n s i t i e s .  T o g e t h e r ,  

t h e s e  m c u n t a i n  r a n g e s  c o v e r  2 0 . 5 %  o f  t h e  f raser B a s i n .  About 73% 

of  t h e  b a s i n  lies i n  t h e  I n t e r i o r  P l a t e a u  w h i c h  h a s  a v e r y  law 

d i s c h a r g e  i n t e n s i t y  a n d  n u m e r o u s  lakes,  A t  t h e  s ca l e  o f  

1:1,000,000 t h e  d r a i n a g e  d e n s i t y  m e a s u r e  does n o t  r e f l e c t  t h i s  

c o n t r a s t ,  T h i s  is  ~ c s s i b l y  d u e  i n  p a r t  t o  t h e  i n c l u s i o n  of a l l  

i n t e r m i t t e n t  streams, b e c a u s e  it is a s s u m e d  ' that t h e  w h o l e  b a s i n  

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

o f  t h e  streaaa n e t w o r k  and t h e  i n c o r p o r a t i o n  o f  l a k e s  i n t o  the 

d r a i n a g e  d e n s i t y  i n d e x  n e e d  t o  b e  e x a m i n e d  f u r t h e r ,  These 

r e s u l t z  r e p r e s e n t  t b e  seso-scale of  d r a i n a g e  d e n s i t i e s  (Gregory 

a n d  G a r d i n e r ,  1975) b ~ c a u s f  t h e y  reflect b o t h  Bean  annual 

p r  e c i p  i t a t  i o n  a n d  l i t h o l  og y / t o p o g r a p h y .  G a r d i n e r  (1 979) n o t e d  

t h a t  biases i n t r o d u c e d  b y  scale and l o c a t i o n  a re  still p r o b a b l e ,  



T h e  v a l u e  of t h e  d r a i n a g e  d e n s i t y  i n d e x  i s  w i d e l y  

a c c l a i m e d ,  b u t  B l a c k  (1970) a n d  D i n g a a n  (1978) i n d i c a f x ?  t h a t  i t  

m a y  n o t  be s e n s i t i v e  e ~ o u g h  t o  i n d i c a t e  r u n o f f  b e h a v i o u r .  

D e s p i t e  t h e  p r o b l e m s ,  d r a i n a g e  d e n s i t y  r e m a i n s  t h e  most 
I 

s i g n i f i c a n t  m e a s u r e m e n t  of d r a i n a g e  b a s i n  a t o r ~ h 0 1 0 g y  ( R i c h a r d s ,  

1979) and i t  is a u s e f u l  i n t e g r a t i v e  i n d e x  r e f l e c t i n g  

p h y s i o g r a p h y ,  s o i l  d e v e l o p n a e n t  a n d  v e g e t a t i o n .  

f i u g g e d n e s s  i n e a s u r e s  t h e  c o r n k i n a t i o n  o f  d r a i n a g e  d e n s i t y  a n d  

maximum ref ief  a n d  t h e r e f o r e  e x  yresses s l o p e s  w i t h i n  a b a s i n  

( F l e l t o n ,  1957) -  B l a c k  (1970) s h o v e d  s t e e p e r  s l o p e s  r e s u l t  i n  

f a s t e r  r u n o f f ,  s h o r t e r  t i a e  of c o n c e n t r a t  i o n  a n d  h i g h e r  maximuat 

flows, I n  t h e  P r a s e r  E a s i n ,  d i f f e r e n c e s  b e t w e e n  t h e  d r a i n a g e  

d e n s i t y  i n d i c e s  for the I n t e r i o r  a n d  t h e  m o u n t a i n s  would  b e  - 

i n c r e a s e d  b y  t h e  r u g g e d n e s s  m e a s u r e ,  R u g g e d n e s s  i s  also 

i n t e r r e l a t e d  w i t h  i n c r e a s e d  a m o u n t s  of p r e c i p i t a t i o n  r e c e i v e d  i n  

a reas  o f  h i g h e r  r e l i e f .  



2 - 2  H e t e o r o l o g i c a l  Q a d i  t i o n s  -- 

P r e c i p i t a t i o n  a n d  t e m p e r a t u r e  are  b o t h  h i g h l y  s p a t i a l l y  

v a r i a b l e  a t  a n y  time i n  t h e  F r a s e r  B a s i n ,  T h e  h y d r o l c g y  o f  t h e  

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

a n d  t e m p e r a t u r e  i n  w i n t e r  and t h e i r  e f fec t s  upon snow 

d i s t r i b u t i o n .  

2, 2. 1  P r e c i p i t a t i o n  

H o s t  p r e c i p i t a t i o n  i n  t h e  F r a s e r  B a s i n  i s  f r o n t a l  i n  
% 

o r i g i n ,  b r i n g i n g  w i d e s ~ r e a d  p r e c i ~ i t a t i o n  e s p e c i a  fly i n  w i n t e r ,  

O r o g r a p h i c  e f f e c t s  t e e d  t o  i n c r e a s e  t h e  i n t e n s i t y  of f r c c t a l  - 
p r e c i p i t a t i o n  by r e d u c i n g  the speed o f  d e ~ r e s s i o n  s y s t e m  

movement. I n  s u ~ ~ r ,  f r o n t a l  a c t i v i t y  is weak and  less f r e q u e n t ,  

b u t  Walker (1961) f o u n d  a l a r g e  p r o p o r t i o n  o f  summer 

p r e c i p i t a t i o n  still  f a l l s  when f r o n t s  a r e  p r e s e n t  ( t a b l e  2.4)- 

After Walker (1951)  

Vancouver  
Reve f s t o k e  
P r i n c e  G e o r g e  

J a n  Apr J u l  O c t  

9 9 83  92 9U 
98 80 4 8  88 

100 75 U 1 9 5  



B o i s t  a i r  p r e d c m i n a t e l y  a p p r o a c h e s  t h e  F r a s e r  B a s i n  from 

t h e  s o u t h w e s t ,  a n d  t h u s  p e r p n d i c u l a r l y  t o  t h e  Coast f l o u n t a i n s  

r e s u l t i n g  i n  h i g h  p r e c i p i t a t i o n  o n  t h e  windward  s l o p e s  a n d  

a r i d i t y  t o  t h e  lee s i d e  ( f i g u r e  2.4) -  H o i s t u r e  i s  r e d u c e d  f o r  a 

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

O r e g c n  ( S c h e r n ~ r f i o r n ,  1969) . T h i s  i s  a l s o  a p p a r e n t  i n  t h e  Fraser  

B a s i n  b u t  t h e  a r i d i t y  of t h e  I n t e r i o r  P l a t e a u  i s  i n t e r u p t e d  b y  

t h e  C o l u a b i a  H o u n t a i n s  w h e r e  p r e c i p i t a t i o n  is i n d u c e d  a g a i n ,  

T h e  i r r e g u l a r i t y  cf a b a r r i e r  is r e f l ec t ed  i n  t h e  lee s i d e  

p r e c i p i t a t i o n  p a t t e r n -  I n  t h e  n o r t h e r n  I n t e r i o r  P l a t e a u ,  f o r  

exatsple, g e n e r a l l y  h i g h e r  p r e c i p i t a t i o n  is a t t r i b u t e d  t o  u p l i f t  

o f  i a o i s t  a i r  t h a t  h a s  ~ a s s e d  o v e r  t h e  lower s e c t i o n  of t h e  C o a s t  

M o u n t a i n s  Le tween  53'~ a n d  5S01? ( I n g l e d o v ,  19b9) . Also, g a p s  i n  

t h e  C o a s t  W o u n t a i n s ,  allow m o i s t  a i r  t o  p e n e t r a t e  i n t o  t h e  

t i e c h a k o  V a l l e y  ( W a l l i s ,  1 9 6 3 ) -  

P r e c i p i t a t i o n  u s u a l l y  i n c r e a s e s  w i t h  h e i g h t  ( B a r r y  a n d  

C h o r l e y ,  1974)  b u t  R i e h l  ( 1 9 6 5 )  s h o v e d  a s t eepr  p r e c i p i t a t i o n  

g r a d i e n t  o n  t h e  leeward s i d e  o f  P a c i f i c  N o r t h w e s t  m o t l n t a i n s .  I n  

t h e  F r a s e r  B a s i n ,  a ~ ' s p i l l o v e r u  e f f e c t  P a y  o c c u r  a n d  t h e  

Nechakc ,  L i l l o o e t  a n d  B r i d g e  s u b b a s i n s ,  f o r  e x a m p l e ,  h a v e  s t e e p  

p r  ~ c i p  i t a t  i o n  y r a d i e n t s  to  @a x i i a  urn v a l u e s  a t  t h e  C o a s t  Eou n t a i n  

b o u n d a r y ,  T h e  C h i l c o t i n  b a s i n  is a n  e x c e p t i o n  because i t  d o e s  

n o t  d r a i n  t h e  h i g h  p r e c i p i t a t i o n  a r e a s  west of t h e  Coast  

R o u n t a i n s ,  O t h e r w i s e ,  t h e  lee e f f e c t  is masked  o n l y  where 

c o n v e c t i o n  p r e c i p i t a t  i c n  is i r t t p o r t a n t .  



FIGURE 2.4 Average precipitation distribution 

in the Fraser Basin 
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W a l k e r  (196 1) g e n e r a l i s e d  t h e  l e v e l s  of l ~ a x i a u m  

p r e c i p i t a t i o n ,  b u t  noted t h a t  t e r r a i n  d i f f e r e n c e s  i n  B r i t i s h  

c o l u t n b i a  p r o d u c e d  many l o c a l  v a r i a t i o n s .  T h e  v a l u e  of s u c h  

g e n e r a l i s a t i o n s  i s  q u e s t i o n e d  by G l e n n i e  (1963)  a n d  March and  

c o w o r k e r s  ( 1979) . k i l s o n ,  V a i d e s  and R o d r i g u e z - I t u r b e  (1979) 

e x a m i n e d  t h e  r e l i a b i l i t y  cf m o d e l s  s u b j e c t  t o  s p a t i a l  v a r i a t i o n s  

cf p r e c i p i t a t i o n .  T h e y  f o u n d  t h e  e r r o r s  i n  a p r e d i c t e d  

h y d r o g r a p h  were g r e a t e r  f o r  s h o r t ,  i n t e n s e  o r  l o c a l i s e d  s to ra s  

t h a n  f o r  t h s e  of frontal o r i g i n .  

1 n  w i n t e r ,  a m o u n t s  of ~ r e c i p i t a t i o n  o v e r  t h e  w h o l e  b a s i n  

c a n  b e  related t o  d i r e c t i o n  of u p p e r  a i r  flow, T h i s  i s  n o t  t h e  

c a s e  i n  suEtrer when p r e c i p i t a t i o n  Bay  b e  more loca l i s&,  

O r o g r a p h i c  effects, f cr e x a a p l e ,  may t r i g g e r  c o n v e c t i v e  

i n s t a b i l i t y  a n d  c o n v e c t i v e  t h u n d e r s t o r a s  wh ich  a re a s s o c i a t e d  

w i t h  a v a r i e t y  cf f l o w  d i r e c t i o n s  and a m o u n t s  r e c e i v e d  ( t i a l k e r ,  

1961) .  Also, t h e  p a s s a g e  of a c o l d  low i n  suamnter can  i n  duce 

l o c a l  ~ r e c i p i t a t i o n .  Hage ( r e p o r t e d  i n  W a l k e r ,  196 1) d e d u c e d  

t h a t  c o l d  lcws c a u s e  i n t e n s e  u p l i f t  a n d  t h u s  intense l oca l  

p r e c i p i t a t i o n  w i t h i n  B r i t i s h  Co lu l ab ia .  T h e  r e s u l t i n g  r u n o f t  f r o m  

s u c h  e v e n t s  aay b e  o f  local  i m ~ o r t a n c e ,  b u t  F ~ O ~ U C ~  o n l y  a 

l i m i t e d  r e s F o n s e  i n  t h e  m a i n s t r e a m  P r a s e r .  T h e  mcre l o c a l i s e d  

n a t u r e  o f  storms h e l p s  e x  p l a i n  p r e c i p i t a t i o n  v a r i a b i l i t y  i n  t h e  

I n t e r i o r .  

T h e  a n n u a l  p a t t e r n  of p r e c i p i t a t i o n  d i s t r i b u t i o n  i n  t h e  

F r a s e r  Basin is g r e a t l y  i n • ’  l u e n c f d  by t h e  ~ o u n t a i n o u s  r i a  a n d  

t o p o g r a p h y  w i t h i n  t h e  b a s i n .  However ,  t h e  u s e  of mean a n n u a l  



p r e c i  F i t a t i o n  t i g u r e s  is c o a t p l i c a t e d  when e x a m i n i n g  s i n  g l e  

e v e n t s .  T h i s  i s  b e c a u s e  maximu& p r e c i p i t a t i c n  is p a r t l y  g o v e r n e d  

by t h e  d e g r e e  t c  w h i c h  c o n t r a s t i n g  a i r  masses p e n e t r a t e  t h e  

t a s i n  a n d  t h e r e f o r e  i t  d o e s  n o t  o c c u r  e v e r y w h e r e  a t  t h e  s a m e  

t time ( g a l l i s ,  1 9 6 3 ) -  T h e  r e s u l t i n g  p r e c i p i t a t i o n  d i s t r i b u t i o n  

w i t h i n  t h e  Fraser B a s i n  is t h e r e f o r e  h i g h l y  v a r i a b l e .  

U n f o r t u n a t e l y ,  climate s t a t i o n s  l c c a t e d  p r e d o i u i n a t e l y  i n  r i v e r  

F v a l l e y s  a n d  t h e  more a c c e s s i b l e  areas,  p r o v i d e  aa i n s u f f i c i e n t  

n e t w o r k  for a t h o r o u g h  e v a l u a t i o n  [ f i g u r e  2.4)- 

2. 2.2 T e m p e r a t u r e  

T e ~ p e r a t u r e s  i n  t h e  F r a s e r  E a s i n  a re p r i m a r i l y  m o d i f i e d  b y  
- 

t h e  d i s t r i b u t i o n  o f  n o t m t a i n  c h a i n s ,  a n d  t h e  e f f e c t s  of 

c o n t i n e n t a l i t y .  A l t h o u g h ,  r a d i a t i o n  r e c e i p t  is h i g h l y  v a r i a b l e  

i n  r u g g e d  t o p o g r a p h y ,  t e a p e r a t u r e s  g e n e r a l l y  v a r y  w i t h  a l t i t u d e  

w i t h i n  t h e  I i r a s f r  B a s i n .  T h e  d i r e c t i o n  o f  air f low i n f l u e n c e s  

s e a s o n a l  v a l u e s  of d a i l y  ntaximua a n d  s i n i  raua tem ~ e r a t u r e s ;  a n  

effect t h a t  is e s p e c i a l l y  n o t i c e a b l e  i n  w i n t e ~  when n o r t h  a n d  

n o r t h e a s t  winds l o v e r  t h e  t e m p e r a t u r e .  E a s t e r l y  c o n t i n e n t a l  

w i n d s  i n  suamaer and s o u t h e r l y  ~ a r i t i a e  w i n d s  i n  t h e  w i n t e r  c a n  

i n c r e a s e  t e m p e r a t u r e s ,  T h e s e  are  v e r y  g e n e r a  1 trends, h o o e v e r  

a n d  micro-clisat ic e f fec ts  c a u s e  ~ u c h  v a r i a b i f  i t g ,  

I n  t h e  a b s e n c e  o f  c l i ~ a t e  s t a t i o n  d a t a ,  a v e r a g e  l a p s e  

ra tes ,  t y p i c a l l y  a b o u t  6 . ~ ~ ~ / 1 0 0 0  metres are  u s e d  t o  i n t e r p o l a t e  

tea ~ e r a t u r  c s  b e t w e e n  s t a t i c n s .  T h e  p r e s e n c e  of a n  i n v e r s i o n  

c o f a ~ l i c a t e s  t h e i r  u s e  however ,  b e c a u s e  l a r g e  t e m p e r a t u r e  c h a n g e s  



FIGURE 2.5 Locations of climate and gauging stations 

in  t h e  Fraser Basin 

oprecipitation only k i lometres 



@ (Walke r ,  1 9 6 1 ) -  T h i s  is r e l e v a n t  f o r  e v a l u a t i n g  p o t e n t i a l  

I s n o w s e l t ,  
i 

2. 2.3 S n o w f a l l  and its i n f l u e n c e s  o n  P r a s e r  B a s i n  r u n o f f  

D u r i n g  the w i n t e r  m o n t h s ,  s n o u  c o v e r s  t h e  h i g h e r  e l e v a t i o n s  

of t h e  m o u n t a i n o u s  P r a s e r  B a s i n  f Lank$ a n d  r e m a i n s  a s  s n o w p a c k  

u n t i l  tem~eratures r i s e  s u f f i c i e n t l y  to a l l o w  ae l  t a n d  

s u b s e q u e n t  r u n c f f .  The  m o u n t a i n s  of t h e  C a r i b o o  a n d  Coast 

W o u n t a i n s  r e c e i v e  mos t  of t h e i r  s n o w f a l l  i n  s p r i n g ,  b u t  t h e  

r e m a i n d e r  o f  t h e  b a s i n  h a s  a w i n t e r  snow r ~ a x i ~ t l u a  [Wallis, 1963) .  

Snow a c c u a u l a t i o n  t e n d s  t o  correlate w i t h  e l e v a t i o n  b u t  

scow d e p t h  a t  a n y  p o i n t  d e ~ e n d s  o n  t h e  afllount o f  d r i f t i n g .  The  

l o n e r  l i m i t  of s n o w c o v e r ,  or the s n o w l i n e ,  i s  d y n a u t i c  a n d  

c o n s t a n t l y  c h a n g i n g  t h r o u g h  winter, S n o n l i n e  f l u c t u a t i o n s  a f f ec t  

t h e  a m o u n t  and t i m i n g  of d e l a y e d  r u n o f f  a n d  t h e r e f o r e  s t o r a g e  

time i s  h i g h l y  v a r i a b l e  a n d  d i f f i c u l t  to e v a l u a t e ,  

As w i n t e r  p r o g r e s s e s ,  t h e  s n o w p a c k  c o m p a c t s  u n d e r  its own 

weight a n d  looses s o a e  water d i r e c t l y  t o  t h e  atmosphere b y  

e v a p o r a t i o n  or s u b l i a a t i o n .  T h e  n a t u r e  o f  t h e  s n o w  v a r i e s  a n d  

t h e r e f  ore p o t e n t i a l  r u n o f f  is b e s t  a e a s u r e d  b y  i t s  water 

e q u i v a l e n t .  Loi j e n s  (1972) f o u n d  e l e v a t i o n  a n d  s l o p e  a c c c o u n t e d  

f o r  most v a r i a n c e  o f  a n n u a l  maximum s n o w - w a t e r  e q u i v a l e n t  i n  

Eanff N a t i o n a l  P a r k ,  

Heavy b a s i n - w i d e  s n o w ~ t e l t  i n  t h e  F r a s e r  Basin is often 

t r i g g e r e d  b y  t h e  i n c u r s i o n  of varm u p p e r  a i r  f l o w s  f r o m  t h e  



s o u t h w e s t .  Melt b e g i n s  f i rs t  i n  t h e  s o u t h  o f  t h e  b a s i n  a n d  t h e n  

i n  s u c c e s s i v e l y  more n o r t h e r n  areas a s  a r c t i c  a i r  i s  d i s p l a c e d  

by warmer maritme a i r ,  T o  t h e  l e e  o f  t h e  C a r i b o o  m o u n t a i n s ,  

s i g n i f i c a n t  l o c a l i s e d  ~ e l t i n g  c a n  b e  i n d u c e d  b y  t r a n s v e r s e  u p p e r  

w i n d s  ~ r o d u c i n g  a C h i n o o k  effect ( P o l l a c k  a n d  B e l l o w s ,  1972) .  On 

a d i u r n a l  b a s i s ,  t h e  a m o u n t  of m e l t i n g  d e p e n d s  o n  t h e  n e t  h e a t  

e x c h a n g e  b ~ t w e e n  t h e  s n o w p a c k  and  i ts  e n v i r o n m e n t .  S n o w l s e l t  

d u r i n g  r a i n f a l l  is a d o m i n a n t  h y d r o l c g i c  p r o c e s s  i n  w e s t e r n  

O r e g o n  (Harr, 1 9 8 1 )  b u t  f u r t h e r  n o r t h  w i t h i n  t h e  P r a s e r  B a s i n  i t  

is u s u a l l y  l i a r  i t e d  t o  t h e  W a r n e r  southwest [Wall is, 1963) and  

t h e  l o w r  e l e v a t i o n s  (Woo a n d  S l a y n t a k e r ,  1 9 7 5 ) .  

T h e  t i m i n g  and m a g n i t u d e  of t h e  f r e s h e t  is of g r e a t  c o n c e r n  

t o  t h e  r e s i d e n t s  o f  t h e  P r a s e r  B a s i n ,  e s p e c i a l l y  i n  t h e  p o p u l c u s  

a rea  b e l o w  Hope, G l e n n i e  (1963) ~ e ~ o ~ t e d  a n  o l d  w i v e s  * t a l e  t h a t  

a h i g h  f l o o d  on t h e  Fraser is p c e c e e d e d  by a f i n e ,  c o l d  I n d i a n  

Sulataer t h e  p r e v i o u s  y e a r .  T h e  t e m p e r a t u r e  a n d  water c o n t e n t  of 

t h e  s o i l  i n  t h e  p r e v i o u s  O c t o b e r  c a n  i n f l u e n c e  the a v a i l a b l e  

~ o i s t u r e  i n  t h e  s p r i n g ,  a n d  t h u s  f r e s h e t  s i ze .  On t h e  o t h e r  

h a n d ,  B r u c e  (1 964) s u g g e s t e d  t h e  s e q u e n c e  of tern ~ e r a t u r e s  f rotll 

A p r i l  t o  June was t h e  c r i t ica l  factor i n  t h e  g e n e r a t i o n  o f  a 

f locd. T h e  m a j o r i t y  of s n o w t a e l t  r u n o f f  o r i g i n a t e s  i n  the 

I n t e r i o r  P l a t e a u  w h e r e  s n o w f a l l  i s  moderate a n d  w i n t e r  

t e m p e r a t u r e s  o f t e n  f a l l  t o  -35-C ( Q u i c k ,  1965)-  In t h e  

n o r t h - e a s t  o f  t h e  b a s i n ,  as  much a s  80 p e r c e n t  o f  a n n u a l  

p r e c i p i t a t i o n  f a l l s  a s  snow p r o d u c i n g  t h e  bulk o f  r u n o f f  i n  

s p r i n g  [En g i n e e r  i n g  D i v i s i o n ,  1972)  . 



Wayleu  a n d  Woo (1983)  e x a m i n e d  h i g h f  l o w s  p r o d u c e d  by  

s n o w a e l t  i n  t h r e e  d i v e r s e  s u b b a s i n s  o f  t h e  F r a s e r ,  I n  a b a s i n  

r e p r e s e n t i n g  t h e  s o u t  f i e rn  f n t e r i o r  P l a t e a u  a n d  i n  a s u b a l p i n e  

b a s i n  c f  t h e  R o n a s h e e  m o u n t a i n s ,  t h e  mean d a t e  of  p e a k  f l o w s  

o c c u r s  n e a r  t h e  e n d  o f  May. I n  t h e  b a s i n  r e p r e s e n t a t i v e  of t h e  

C o l u m t i a  m o u n t a i n s  t h e  d a t e  was almost a rnontb la ter .  

S n o w c o v e r  i s  so b e t e o r o g e n o u s  t h a t  o n l y  estimates can b e  

made o f  its e x t e n t ,  a n d  t h e  artlonnt of melt a t  a n y  time, 

R e l a t i o n s h i p s  b ~ t w e e n  snow c o v e r  a r e a  a n d  saowaelt r u n o f f  d i f f e r  

f o r  e a c h  t y p e  o f  g e o m o r p h o l o g i c a l  c a t c h m e n t  ( G u p t a  e t  a l ,  1 9 8 2 ) .  

S e v e r a l  m e t h o d s  f o r  e s t i m a t i n g  a e l t  e x i s t  however .  F o r  example ,  

t e m p r a t m e - i n d e x  m e t h o d s  a r e  c o n s i d e r e d  t o  k c  t h e  b e s t  i n  

l a r g e ,  f o r e s t e d  b a s i n s  (Gray, 1 9 7 0 ) ,  t o g e t h e r  w i t h  

' p h a s e - r o u t i n g 1  wh ich  e f f e c t i v e l y  s lows t h e  flou by  v a r y i n g  

s t o r a g e  c o n s t a n t s .  The U .  B. C. Eraser Basin n o d e l  ( s e c t i c n  1.2.4)  

i c c r ~ o r a t e s  t h ~ s e  i d e a s ,  

I n  sumiaary, s n o w m e l t  v a r i e s  b o t h  t e t n ~ o r a l l p  a n d  s p a t i a l l y  

i n  t h e  F f a s e r  Basia. The  c o n t r i b u t i o n  o f  meltwater t o  runoff is  

 therefor^ very d i f f i c u l t  t o  p r e d i c t  and i n p o s s i b l e  t o  e v a l u a t e  

p r e c i s e l y  from ~ e t e o r o l o g i c a l  records. 

T he  a b o v e  r e v i e w  of m e t e o r o f o y i c a  1 c o n d i t i o n s  i n  t h e  fraser 

B a s i n  h a s  h j g h l i q h t e d  r e g i c n a l  d i f f e r e n c e s  a n d  t h u s  e a c h  

t r i b u t a r y  b a s i n  o f  t h e  F r a s e r  h a s  c o n t r a s t i n g  

h y d r o t a e t e o r o l o g i c a l  c h a r a c t e r  ist ics , T h e s e  a re pre.sen te d i u  

t a b l e  2. 5. 
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2 2  Hvdrome t e o r o l o q i c a l  D i v i s i o n s  2nd g i q h f  low R e q i o n a l i s a  t i o n  

PIany f a c e t s  of t h e  b a s i n  a f f e c t  t h e  vo lume  a n d  s p e e d  of  

r u  ncf f  g e n e  r a t i o n ;  s o m e  c h a n g e  d a i l y ,  e t h e r s  r e m a i n  more 

c o n s t a n t .  H a p s  o f  mean p r e c i p i t a t i o n ,  mean t e m p e r a t u r e s ,  a n d  

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

Way len  (198 1) g r o u p e d  i n t o  h y d r o m e t e o r o l o g i c a 1  r e g i o n s  [ f i g u r e  

2,6). P h y s i o g r a ~ h i c  b o u n d a r i e s  d e f i n e d  t h e  t h r e e  mountain z o n e s ,  

w h i l e  v e g e t a t i o n  i n d i c a t o r s  d i v i d e d  t h e  I n t e r i o r  P l a t e a u ,  

S l a y n a k e r  ( l 9 7 2 a )  n o t e d  the c o n t r o l  o f  p h y s i c g r a  ~ h y  upon 

c l i n a t e ,  v e y e t a t i a n  a n d  h y d r o l o g y ,  Annual d i s c h a r g e  hyd r o g r a p h s  

of F r a s e r  B i v e r  t r i b u t a r i e s  e x h i b i t  c o r r e s p o n d i n g  d i f f e r e n c e s  i n  

t h e  i m ~ c r t a n c e  of s e a s o n a l  p e a k s  [ t a b l e  2,6), 

B a s e d  o n  c b s e r v a t i o n s  t h a t  g a u g i n g  s t a t i o n s  i n  s i a i l a r  

a r e a s  shov  c o r r e s p o n d i n g  a n n u a l  d i s c h a r g e  p a t t e r n s ,  flow d a t a  

c a n  b e  r e g i o a a l i s e d  t o  a i d  da ta  t r a n s f e r  t o  n n g a u g e d  areas. Soae 

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

i n  b a s i n  c h a r a c t e r  ist ics a n 4  c h a n c e  v a r i a t i o n s  
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s a m p l i n g .  I n  B r i t i s h  C o l u m b i a ,  L e i t h  (1  9 7 6 )  r e g r e s s e d  t e n  

v a r i a b l e s  w i t h  mean a n n u a l  f l o o d ,  H e  c o n c l u d e d  t h e  me thod  was  

r e a s o n a b l y  e f f e c t i v e  i n  l a r g e  b a s i n s ,  b u t  h e  was u n a b l e  t o  

i d e n t i f y  i m p o r t a n t  p h y s i o g r a p h i c  p a r a m e t e r s ,  L e i t  h u s e d  a 

c o n t p u t e r  d a t a  Lank c o n t a i n i n g  ~ h y s i o g r a p h i c  a n d  h y d r o l o g i c a l  

d a t a  for 1 O k a Z g r i d s .  Data c o l l e c t i o n  is d e s c r i b e d  b y  K r e u d e r  

(1979)  , b u t  this l a b o r i o u s  task i s  n o t  y e t  c o m p l e t e .  T h e  g r i d  

s q u a r e  m e t h o d  was a l so  u s e d  i n  t h e  S o u t h  Thompson B a s i n  by 

G b e d k o f f  ( 1  970) t c  i m ~ r o v e  s e a s o n a l  Bean f l o w  estimates b y  

i n c l u d i n g  e v a p o r a t i o n  a n d  snow c o u r s e  d a t a ,  

U a y l e n  (1981) m o d e l e d  t h e  f r e q u e n c y  c h a r a c t e r i s t i c s  o f  

P r a s e r  B a s i n  h i g h f  lows. H e  coa tpa red  r e s u l t s  f r o m  a n a u a l  a n d  

p a r t i a l  d u r a t i o n  series by u s i n g  p r o b a b i l i t y  d i s t r i b u t i o n s  t o  

estienate p a r a m e t e r s  f o r  a r e g r o u p i n g  p r o c e d u r e .  P a r a ~ e t e r  v a l u e s  

were t h e n  r e g r e s s e d  OB b a s i n  a n d  climatic da t a  for  e a c h  g r o u p .  

U a y l e n  a c h i e v e d  p a r t i a l  s u c c e s s  w h i c h  h e  a t t r i b u t ~ d  t o  the 

i n c c r p o r a t i o n  of both s p a t i a l  and t e m ~ o r a l  m e a s u r e s ,  

S t r o n g  r e g i o n a l  d i f f e r e n c e s  ia t h e  r a n g e  of h i g h f  lows 

w i t h i n  t h e  P r a s e r  B a s i n  h a v e  b e e n  i d e n t i f i e d  b y  t h e  s t u d i e s  

d e s c r i b e d  a t o v r .  T t e  p b y s i o g c a ~ h i c  a n d  c l imat ic  c o n t r o l s  o n  

t h e s e  v a r i a t i o n s  w i l l  also i n f l u e n c e  d a i l y  r u n o f f  p a t t e r n s .  T h e  

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

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

i u p o r t a n t  f o r  F r a s e r  r i v e r  f l o o d  wave  t r a n s l a t i o n  b e c a u s e  i n p u t s  

may n o t  b e  s y n c h r o n i s e d .  An u n d e r s t a n d i n g  o f  r e g i o n a l  

d i f f e r e n c e s  t h e r e f o r e  h e l p s  ex & l a i n  p e a k  f l o w  c h a r a c t e r i s t i c s ,  



111, Tbe Praser River Pime-Area lode1 

3.1 ------- I n  t r o d u c t i o n  

T h e  m o d e l  d e v e l o p e d  i n  t h i s  s t u d y  was d e s i g n e d  t o  g e n e r a t e  

h y d r o g r a p h  t i a e - o f - p e a k  d a t a  a t  f o u r  s t a t i o n s  on  t h e  F r a s e r  

R i v e r  f o r  v a r i e d  i n p u t  c o n d i t i o n s ,  T h e  model is b a s e d  o n  a 

series of time-area h i s t o y r a i a s  which provide a series of l a g g e d  

i n f l o w s  t o  a f l o o d  r o u t i n g  e y u a t i c n .  The  r e s u l t  i s  an e s t i s l a t i o n  

o f  a c c m p l e t e  h y d r o g r a p h  v h i c h  c a n  be c c r i i p r e d  to  r e a l  

h y d r o g r a p h s ,  The basic model was p r o d u c e d  f r o a  a s i m p l e  

t i m e - a r e a  map of t h e  F r a s e r  Basin. S u b s e q u e n t  v a r i a t i o n s  were 

made t o  r e p r e s ~ n t  mean a n n u a l  ~ r e c i p i t a  ticn, s n o w m e l t  a n d  t h r e e  

r e g i o n a l  st crms. 

3.2 Mode 2~ Basic Hodel -- --- 

3.2. 1, D e s c r i p t i o n  

T o  c o n s t r u c t  the time-area nr a p  a t  a scale of 1 : 1 ,oao,ooo, 

d i v i d e r s  were u s e d  t o   lace i s o c h r o n e s  e q u a l  d i s t a n c e s  a p a r t  

along the riwers, T h e  i s o c h r o n e s  d e l i a i  t areas vithin w h i c h  

rainfall h a s  s e n s i b l y  e q u a l  t r a v e l  d i s t a n c e s  to become r u n o f f .  A 

t o t a l  cf 4 9  a reas  were d e l i a i t ~ d ,  @ a n y  b e i n g  s e g m e n t e d  i n t o  a 



number  o f  F r a s e r  t r i b u t a r y  b a s i n s  b e c a u s e  o f  c o n t r a s t i n g  flow 

d i r e c t i o n s  ( f i g u r e  3 . 1 )  , The i s c c h r o n e s  were c o n s t r u c t e d  o n  t h e  

b a s i s  of e q u i v a l e n t  h o r i z o n t a l  d i s t a n c e ,  a n d  t h e r e f o r e  water 

t r a v e l  time, o r  v e l o c i t y  t h r o u g h  e a c h  s e c t i o n  c a n  be  v a r i e d  

c o n v e n i e n t l y .  O n  t h e  b a s i s  o f  Water S u r v e y  of C a n a d a  meter 

n o t e s ,  t h e  mean v e l o c i t y  of t h e  F r a s e r  R i v e r  a t  Hope was f o u n d  

t o  be a p p r o x i m a t e l y  twice t h a t  r e c o r d e d  a t  Upper P r a s e r  r i v e r  

s t a t i o n s .  A l t h o u g h  v e l o c i t y  d i f f e r e n c e s  way r e f l e c t  c h a n n e l  

c o n d i t i o n s  a d j a c e n t  to  t h e  gauge ,  it  was c o n s i d e  red n e c e s s a r y  t o  

i n c r e a s e  v e l o c i t i e s  i n c r e i a e n t a l l y  b e l o w  S h e l l e y .  

T h e  c o n s t r u c t  i o n  of i s o c h r o n e s  a l l o w e d  a d e t a i l e d  v i s u a  1 

e x a a i n a t i o n  of t h e  Praser B a s i n  streala n e t w o r k .  O f  t e n ,  s u b b a s i n  

s h a p e  d o m i n a t e s  t h e  p a t t e r n  of i s o c h r o n e s ,  I n  t h e  I n t e r i o r  

P l a t e a u ,  l o v e r  d r a i n a g e  d e n s i t i e s  a 1  low a s i m p l e r  a r r a n  g e a e n t  o f  

i s o c h r c n e s ,  a s  i n  t h e  Uest Road, C h i l c o t i n  a n d  B o n a p a r t e  b a s i n s ,  

I n  a few a o u n t a i n o u s  b a s i n s  s u c h  as t h e  a c G r e g o r  a n d  N o r t h  

Thompson,  i s o c h r o n e s  a r e  a r r a n g e d  s i m p l y ,  b u t  t h i s  c o n t r a s t s  

w i t h  t h e  n i a j o r i t y  o f  s u b b a s i n s  where t o p o g r a p h y  a n d  stream 

n e t w o r k  c o m p l i c a t e  t h e  p a t t e r n s ,  f o r  e x a  a ~ l e ,  t h e  F r a s e r  B a s i n  

a b o v e  H a n s a r d  a n d  t h e  w e s t e r n  Mechako basin, 

I s o c h r o n e  p o s i t i o n s  a re  c o n t r c l l e d  more b y  d r a i n a g e  c h a n n e l  

p a t t e r n  t h a n  d r a i n a g e  d e n s i t y ,  T h e  e x t e n t  t o  w h i c h  s m a l l  streams 

a f f e c t  i s o c h r o n e s  d e p n d s  o n  ieap scale a n d  t h e  c h o s e n ,  

h o r i z o n t a l  s p a c i n g  a l o n g  t h e  c h a n n e l s .  T h e  c o m p l e x i t y  o f  a 

time-a rea d i a g f a a  i n c r e a s e s  v t e n  n e i g h b c u r i n g  st reams f l o w  i n  

o p p o s i n g  d i r e c t i c n s ,  f o r  e x a m p l e  t h e  h e a d w a t e r  a r e a s  of Nechako ,  
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S o u t h  Tholrtpson a n d  S t u a r t  b a s i n s  and a l s o  t h e  F r a s e r  B a s i n  a b o v e  

H a n s a r d .  A p u r e ,  d e n d r i t i c  stream p a t t e r n  dl1 n o t  d i s p l a c e  

i s o c h r o n e s  s i g n i f i c a n t l y  f rom a n  arc, b u t  d r a i n a g e  d e n s i t y  

i t s e l f  may a f f e c t  t h e  s u b s e q u e n t  c a f c u l a t i o n s .  U n f o r t u n a t e l y ,  

ne t v o r k  c o n • ’  i g u r a t  i c n  a n d  d r a i n a g e  d e n s i t y  are t o o  i n t e r r e l a t e d  

t o  allow e x a m i n a t i o n  o f  t h e  q u a n t i t a t i v e  i m p a c t s  of o n e  a l o n e ,  

B a s i n  d r a i n a g e  d e n s i t y  i s  i n h e r e n t  i n  time-area m o d e l i n g  

b e c a u s e  it e x p r e s s e s  t h e  r e l a t i v e  a m o u n t  of time t h a t  r u n o f f  

s p e n d s  i n  c h a n n e l s  r a t h e r  t ban  i n  athe r, much slower r o u t e s .  

T h e o r e t i c a l l y ,  i s o c h r o n e  s p a c i n g s  s h o n l d  be w i d e r  where  d r a i n  a g e  

d e n s i t y  is h i g h  b e c a u s e  t h e r e ,  t h e  p o t e n t i a l  r u n o f f  s p e e d  is 

fas te r  ( a l l  o t h e r  t k i n g s  b e i n g  e q u a l ) .  T h e r e f o r e ,  a sirttilar 

d r a i n a g e  d e n s i t y  t h r o n g h o u t  a b a s i n  is p r e f e r a b l e  f o r  time-area 

m o d e l i n g ,  a s  d i s c u s s e d  i n  s e c t i o n  2. 1.2, 

A t  t h e  s c a l e  o f  t h e  t i=-area  m o d e l  d e s c r i b e d  h e r e ,  t h e  

i n t e r - r e g i o n a l  d i f  f e r f n c e s  i n  d r a i n a g e  d e n s i t y  a r e  n o t  

e s p e c i a l l y  h i g h .  T her € f o r e ,  b e f o r e  g i v i n g  d r a i n a g e  d e n s  i t p  more 

a t t e n t i o n  i n  a time-area model, q u a n t i t a t i v e  s t u d i e s  a r e  

r e q u i r e d  t o  d e t e r a i n e  i f  i t  is p r o p o r t i o n a l l y  B o r e  i m p o r t a n t  

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

A f t e r  c o n s t r u c t i o n  of a time-area map, t h e  areas b e t w e e n  

ad j a c e n t  i s o c h r o n e s  a r e  m e a s u r e d  by p l a  n i t ~ e t e  r, T h e s e  a reas  were 

u s e d  t o  c o n s t r u c t  time-area h i s t o g r a m s  a t  f o u r  p o i n t s  o n  tile 

F r a s e r  R i v e r ,  c o r r e s p o n d i n g  t o  Water S u r v e y  o f  C a n a d a  c o n t i n u o u s  

r e c o r d i n g  g a u g e  l o c a t i o n s  { f i g u r e  3,2), A t  t h i s  s t a g e ,  k a s i n  

s t o r a g e  is n o t  i n c l u d e d  a n d  t h e  d i a g r a m s  o n l y  r e p r e s e n t  t r a v e l  
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times / d i s t a n c e s ,  

H y d r o g r a p h s  a r e  p r o d u c e d  b y  a p p l y i n g  a Bean v a l u e  f o r  b a s i n  

p r e c i p i t a t i o n 1  to t h e  w h o l ~  w a t e r s h e d ,  T h e  l a g g e d  area - 
p r e c i p i t a t i o n  v a l u e s  a re  t h e n  i n p u t  t o  t h e  fluskingurn f l o o d  

r o u t i n g  p r o c e d u r e ,  I n s t a n t a n e o u s  unit hyd  r o g r a p h s  for  t h e  same 

f o u r  l c c a t i o n s  are shorn i n  f i g u r e  3 . 3 .  b i h i l e  t h e  r e s u l t a n t  

h y d r o g r a p h s  reflect the o v e r a l l  b a s i n  c o n d i t i o n s ,  t h e y  d o  n o t  

al lcw a n  i n  t e r p r o t a t i o n  of t h e  r e l a t i v e  i m p o r t a n c e  o f  t he  

c o n t r i b u t i n g  s u b b a s i n s .  T h e r e f o r e  a time-a rea h i s t o g r a a  of e a c h  

t r i b u t a r y  was r o u t e d  t o  a h y p o t h e t i c a l  l i n e a r  r e s e r v o i r  s i t u a t e d  

a t  i t s  P r a s e r  Diver c o n f l u e n c e  ( f i g u r e s  3,4), T h e  r e s u l t a n t  

h y d r o g r a ~ h  kecoaes i n f l o w  t o  t h e  Fraser R i v e r  a n d  is t h e n  r o u t e d  

t o  t h e  n e x t  ata j a r  c o n f l u e n c e  o r  g a u g i n g  s t a t i o n  u s i n g  ;4 uskingusa 

c o e f f i c i e n t s .  This allows t h e  e f f e c t s  of n a t u r a l  a t t e n u a t i o n  t o  

b e  i n c o r p o r a t e d  if i g u r e  3 . 5 ) -  Each t r i b u t a r y  h y d r o g r a p h  i n  t u r n ,  

is added t o  t h e  fraser R i v e r  f l o w  a t  t h e  c o r r e s p o n d i n g  time. See 

f i g u r e  1 . 3 ,  

E e t e r m i n a t i  on a n d  s e n s i t i v i t y  of Husk ingum c o n s t a n t s ,  

As described i n  s e c t i o n  1.2-3 ,  s e v e r a l  m e t h o d s  of 

d e t e r m i n i n g  x a n d  k exist, b u t  a l l  n e e d  e i t h e r  i n p u t  a n d  o u t p u t  

h y d r c g r a p h s  o r  f i e l d  s t u d i e s  t o  d e t e r m i n e  fi y d r a u l i c  p a r a a e t e r s .  

Each method  r e s u l t s  i n  s l i g h t l y  d i f f e r e n t  v a l u e s  a n d  is  o f t e n  

b a s e d  on d i f f e r e n t  i n i t i a l  c o n d i t i o n s ,  T h e  p r o b l e a  remias ,  

w h i c h  is t h e  m o s t  r e p r e s e n t a t i v e ?  

-- -- ------- ------- 
l a s s u a e d  t o  be i n s t a n t a n e o u s  { d u r a t i o n  = 0 h o u r s ) ,  
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a n d  x  f r o m  o u t p u t ,  a n  d a d e q u a t e  i n f  or r m t i c n  r e g a  r d i n g  h p d r a n l i c  

c h a r a c t e r  istics are n o t  a v a i l a k l e .  T h e r e f o r e ,  t h e  e m p i r i c a l  

a v e r a g e  o f  0 - 2  was u s e d  f o r  x  a n d  t r a v e l  times b a s e d  on  a v e r a g e  

v e l c c i t i e s  u s e d  f o r  k, T h e  c h o i c e  of mean v a l u e s  s a y  c o u n t e r a c t  

a n d  b a l a n c e  o a t u r a l  v a r i a t i o n s  a l o n g  t h e  F r a s e r  R i v e r .  W i t n o u t  

e x t e n s i v e  f i e l d  w o r k ,  t h e  u t i l i t y  of w a c c u r a t e y s  p o i n t  values 

would  h e  s u s p e c t  a n d  i t  is a r g u ~ d  t h e r e f  o r e  t h a t  u n d e r  t h e s e  

c i r c u e n s t a n c e s ,  a n d  g i v e n  t h e  a v a i l a b l e  d a t a ,  a v e r a g e s  f o r  k and 

x a r e  t h e  a p p r o p r i a t e  c h o i c e s ,  

I h e r e f  ore, i t  u a s  n e c e s s a r y  t o  e x a  mine ~ o s s i b f e  v a r i a t i o n s  

c a u s e d  by c k a n g i n g  k and x v a l u e s .  O w e r t o n  (1966) f o u n d  t h a t  

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

k a n d  x v a r i e d  l i k e w i s e ,  I n  t h e  p r e s e n t  s t u d y ,  k and  x Mere 

c o n s i d e r e d  i a d i f f e  r e n t  t o  s t o r a  c h a r a c t e r i s t i c s  owing  t o  t h e  

l a r g e  s i z e  of  t h e  P r a s e r  B a s i n .  O v e r t o n  a l s o  e x a a i n e d  t h e  

effects o f  n a u l t i p l e  r o u t i n g s  on t h e  prameters a n d  f o u n d  n o  

s i g n i f i c a n t  c h a n g e s  i n  t h e  r o u t e d  h y d r o g r a ~ h  when k i s  less  t h a n  

t h e  t i m  t o  peak of t h e  i n p u t  h y d r o g r a p h ,  A l so ,  the t h e  of peak  

of the o u t f l o w  h f d r o g r a ~ h  d i d  n o t  c h a n g e  when x  was b e t w e e n  0-0 

a n d  0 - 5 .  T h i s  is r e l e v a n t  for t h e  F r a s e r  R i v e r  Time-area m o d e l  

s i n c e  peak t i a i n g s  are  of u t m o s t  i m p o r t a n c e  i n  the d e t e r m i n a t i o n  

o f  a p p a r e n t  t r a v e l  times. 

V a l u e s  o f  x were v a r i e d  i n  a n e  of t h e  r e g i o n a l  m o d e s  o f  t h e  

P r a s e r  R i v e r  t i t t l e - a r e a  m o d e l  t o  i d e n t i f y  g o s s i b l e  c h a n g e s  i n  t h e  

r e s u l t s .  When  t r i b u t a r y  t i l t learea i n p u t s  ace routed t o  the 



F r a s e r  R i v e r ,  a l l  t h e  s t o r a g e  i s  i n c o r p o r a t e d  a t  t h e  confluence 

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

o n l y  w h e n  r o u t i n g  on t h e  F r a s e r  R i v e r  i t s e l f ,  A s  x was i n c r e a s e d  

f r o m  0.0 t o  0.3, peak m a g n i t u d e  a l s o  i n c r e a s e d  ( t a b l e  3 . I )  , 

F r a s e r  R i v e r  
P e a k  I 
a t  S h e l l e y  
w i t h  S h e l l e y  
a t  Q u e s n e f  
w i t h  Q u e s n e l  
a t  T  horapson 
w i t h  Thompson 
a t  Hope 

However,  t h e  c h a n g e  a p p e a r e d  i n s n f f  i c i e n t  to  c h a n g e  dom inant 

p e a k s ,  a n d  t h e r e f o r e  a p p a r e n t  t r a v e l  times, I t  i s  i n t e r e s t i n g  t o  

note t h a t  when a n o t h e r  t r i b u t a r y  i s  added, p e a k  d i s c h a r g e  

r e m a i n s  t h e  sarae r e g a r d l e s s  o f  t h e  x v a l u e .  T h i s  is b e c a u s e  

t r i b u t a r y  i n p u t s  d o m i n a t e  a n d  g o v e r n  p e a k  time, r e g a r d l e s s  o f  

F r a s e r  R i v e r  d i s c h a r g e ,  Also, t h e  d e g r e e  of v a r i a t i . c n  i n  

d i s c h a r g e  tends t o  become slealler t o w a r d  Hope, I! h i s  is p o s s i b l y  

b e c a u s e  t h e  h y d r o g r a p h  b e c o r n s  b r c a d e r  with e a c h  i n p u t ,  a n d  

t h e r e f o r e  s u b j e c t  t o  less a t t e n u a t i o n  t h a n  a s h a r p  peak, 

D e s p i t e  small  p e a k  d i s c h a r g e  c h a n g e s ,  time of p e a k  is 

r a r e l y  a l t e r e d  ( t a b l e  3.2) i a a ~ l y i n g  t h a t  a l t h o u g h  the h y d r o g r a p h  

m y  b e  a l t e r e d  s l i g h t l y ,  t h e  time o r d i n a t e s  a r e  p r e s e r v e d .  T h i s  

is o f  p a r a m o u n t  i m p o r t a n c e  t o  the  F r a s e r  River  time area  model .  



Praser B i v e r  I x v a l u e  
P e a k  0.1 1 0.15 1 0.2 1 0.25 

a t  Shelley 
w i t h  S h e l l e y  
a t  Q u e s n e l  
w i t h  Quesnel  
a t  T hompson 
w i t h  Thompson 
a t  Hope 

T h e  s h a p e  o f  h y d r o g r a p h s  p r o d u c e d  b y  each x v a l u e  a re  v e r y  

sispiilar, a n d  t h e  most noticeable effect of x is  t h e  d e g r e e  of 

a t t e n u a t i o n ,  S h a r ~  i n p u t  h y d r o g r a ~ h s  are a t t e n u a t e d  s o s t ,  

e s p e c i a l l y  by low v a l u e s  o f  x .  However, once i n c o r p o r a t e d  i n t o  

t h e  F r a s e r  R i v e r  f l o w ,  t h ~  d i f f e r e n c e s  a r e  soen c o u n t e r a c t e d .  

R t t e n u a t i c n  b e t w e e n  t r i b u t a r i e s ,  a n d  t h u s  g a u g i n g  stations, 

w i l l  b e  i m p o r t a n t  i n  d e t e r l i n i n g  peak volumes ,  Long d i s t a n c e s  

b e t w e e n  t r i b u t a r i e s  e n a t l e  c o n s i d e r a b l e  r e d u c t i o n  of a n  u p s t r e a ~  

p e a k ,  I n  s o m e  cases, t h e  effect m a y  b e  s u f f i c i e n t  t o  al low a 

s m a l l e r  i n p u t  d o w n s t r e a m  t o  d o m i n a t e  t h e  o v e r a l l  h y d r o q r a  ph a nd 

t h e r e f o r e  a f f e c t  t h e  t i a i n g  of inaxintua flow, T h i s  m e t h o d  j i v e s  

an ismedia te i m p r e s s i o n  of t h e  r e l a t i v e  i m p o r t a n c e  o f  each 

t r i b u t a r y  i n p u t  i n  p r o d u c i n g  a m a i n s t r e a m  f l o o d  p e a k ,  w i t h  

o b v i o u s  ~ f a ~ l i c a t i o n s  for f u t u r e  i u c n i t o r i n g ,  



3-2.2. B a s i c  Model I n t e r p r e t a t i o n  

T h e  i n p u t  t o  H a n s a r d  t a k e s  t h e  f o r m  o f  a n  a l m o s t  r e g u l a r  

h y d r o g r a p h ,  e x c e p t  f o r  a b r a d  p e a k  f r o m  its e l o n g a t e d  b a s i n  

( f i g u r e  3,tca). A t  S k e l l e y ,  t h e  s h c r t e r  c o n t r i b u t i n g  area 

p r o d u c e s  a s h a r p ,  s y m m e t r i c a l  p e a k  with a  tieaebase h a l f  t h a t  o f  

H a n s a r d  ( f i g u r e  3.4b). When t h e  t r a n s l a t e d  flow from H a n s a r d  i s  

a d d e d  t o  t h e  S h e l l e y  i n p u t ,  t h e  S h e l l e y  w a t e r s  form the d o m i n a n t  

p e a k  b e c a u s e  t h e y  a r e  c o m b i n e d  w i t h  t h e  H a n s a r d  r i - s i n g  l i m b  

f f i y u r  e 3 -5a) . The Hansard ~ e a k  b e c o m e s  a b l i p  o n  the S h e l l e y  

r e c e s s i o n  l i a b ,  D e p e n d i n g  o n  t h e  r e l a t i v e  i m p o r t a n c e  o f  flows 

f ro in  e a c h  s u b b a s i n ,  t h e  t i n e - t o - p e a k  h a s  t h e  p o t e n t i a l  t o  c h a n g e  

q u i t e  c o n s i d e r a b l y  (see s e c t i o n  3 . 6 ) -  T h e  N e c h a k o  a n d  S t u a r t  

r i v e r  inputs were i n c l u d e d  a s  a v e r a g e  v a l u e s  for a l l  v e r s i o n s  of 

t h e  mode l  a f t e r  a  v i s u a l  e x a a i n a t i o n  o f  t h e  r e c o r d e r  c h a r t s  o f  

t h e  Nechako at  I s l e  P i e r r e  which is  r e l a t i v e l y  n e a r  t h e  F r a s e r  

c o n f l  uence .  

T h e  Yest Road  t r  i b u t a s y  b a s i n  i s  d i s p r o p o r t i o n a t e 1  y b r o a d e r  

i n  t h e  o i d d l e .  T h i s  p r o d u c e s  a v e r y  s t e e p  a n d  s h a r p  h yd r o g r a p h  

( f i g u r e  3.4~) which drains i n t o  t h e  F r a s e r  R i v e r  b e f o r e  t h e  

a r r i v a l  of t b e  Upper Praser ( H a n s a r d  and S h e l l e y ) .  T h e  t w o  p e a k s  

are  cf a l m o s t  e q u a l  v o l u m e  a n d  e i t h e r  t h e  West Road t r i k u t a r y  or 

t h e  Upper  Fraser is c a ~ a b l e  of a l t e r i n g  t h e  b a l a n c e  b e t w e e n  

peaks ,  T h a t  is, t h e  maximum r e c o r d e d  peak on t h e  E r a s e r  a t  t h e  

Q e s t  Road  c o n f l u e n c e  may be a s s c c i a t e d  w i t h  the West Road r i v e r  



a l o n e ,  t h e  U p p e r  F r a s e r  c o n t r i b u t i o n  a l o n e  o r  some c o m b i n a t i o n  

o f  b o t k .  

T h e  Q u e s n e l  r i v e r  d r a i n s  t h e  w i n d w a r d  C a r i b o o  m o u n t a i n s  a n d  

t h e  e a s t e r n  I n t e r i o r  P l a t e a u .  Its b a s i n  i s  b r o a d e s t  i n  t h e  u p p e r  

r e a c h e s  h n t  i t  i s  s h o r t e r  t h a n  t h e  West Road b a s i n  ( f i g u r e  

3 . 4 d ) -  T h e r e f o r e  when t h e  Q u e s n e l  i s  a d d e d  t o  t h e  P r a s e r ,  t h e  

b u l k  of its d i s c h a r g e  a r r i v e s  i n  s y n c h r o n y  w i t h  t h e  West Road 

p e a k .  A t  t h i s  p o i n t  on  t h e  F r a s e r ,  t h e  f i r s t  p e a k  i s  a c c e n t u a t e d  

a n d  d o m i n a t e s  t h e  s c m e w h a t  a t t e n u a t e d  s e c o n d  p e a k  f rota t h e  Upper  

F r a s e r  ( f i g u r e  3.5~). H i n o r  i n p u t s  fro@ small t r i b u t a r i e s  c a n  

i n c r e a s e  f lows a h e a d  of t h e s e  a ra in  p e a k s ,  b u t  may be 

i n s  i g n  i f  ica l r t  i r! t h e  o w  r a l l  h y d r o g r a p h ,  

T h e  n e x t  t r i b u t a r y  o f  s i g n i f i c a n c e  is t h e  C h i l c o t i n .  

D r a i n i n g  t h e  v e s t e r n  e d g e  o f  t h e  C o a s t  R o u n t a i n s ,  t h e  b a s i n  is  

a l s o  w i d e s t  a t  its h e a d w a t e r s .  Basic titae-area c o n s i d e r a t i o n s  

p r o d u c e  a R r e v e r s e d n  i n p u t  h y d r o g r a p h  { f i g u r e  3. 4e) whose  m a i n  

i n p u t  is  d e l a y e d ,  D e s p i t e  t h e  d e l a y ,  i t s  waters are  a s u p p l e m e n t t  

t o  t h e  r i s i n g  limb cf t h e  f i r s t  F r a s e r  p e a k  ( t i g u r e  3 , S d )  

b e c a u s e  o f  t h e  t r a v e l  tiate f rols t h e  Q u e s n e l  t r i b u t a r y ,  However ,  

t h e  d e s e r t i f i e d  n a t u r e  of t h e  C h i l c o t i n  b a s i n  would c o n s i d e r a b l y  

a l t e r  its r e a l  c o n t r i b u t i o n  a n d  t i a i n g ,  I n  t h e  bas ic  model ,  i t  

is s u g g e s t e d  t h a t  t h e  co t ab ina  t i a n  w i t h  t h e  n n d e r e s t i m a t e d  

Q u e s n e l  a l lows a r e a s o n a b l e  s i m u l a t i o n  of t h e  w h o l e  b a s i n .  

T h e  B r i d g e  b a s i n  is also wides t  n e a r  i t s  h e a d w a t e r s  ( f i g u r e  

3.4f) , b u t  its r e l a t i v e  s h o r t n e s s  a l l o w s  most o f  t h e  f l o w  t o  

e n t e r  t h e  F r a s e r  b e f o r e  t h e  p e a k  f lows d e s c r i b e d  a b o v e  [ f i g u r e  



3 , S e ) .  Beca use t h e  h e a d w a t e r s  a r e  g l a c i a l l y - f e d ,  t h e  a c t u a l  

a m o u n t  o i  i n p u t  is  d i f f i c u l t  t o  d e t e r m i n e  w i t h  a t i m e - a r e a  

me thod .  T h e  g e n e r a l l y  h i g h  p r e c i p i t a t i o n  r e c e i v e d  i n  t h e  b a s i n  

s h o u l d  n e g a t e  a n y  r e d u c e d  f l o w  f r o @  t h e  g l a c i a l  a reas ,  f o r  t h e  

l a s i c  a o d e l -  

The g a u g i n g  s t a t i o n  a t  Texas C r e e k  wh ich  is a s h o r t  

d i s t a  a c e  b e l o w  t h e  B r i d g e  c o n f  h e n c e ,  r e c e i v e s  a t h r e e -  p e a k e d  

flow a c c o r d i n g  t o  t h e  model- T h i s  is f e w e r  p e a k s  t h a n  were 

d e t e r a i n e d  by r o u t i n g  the w h o l e  b a s i n  t i m e a r e a  i n p u t s  t o  T e x a s  

C r e e k ,  A t t e n u a t i o n  b o u e v e r ,  w r g e s  i n p u t s  c o n s i d e r a b l y .  T h e  

a b s o l u t e  t i m i n g  of ~ a x i r a u m  peak i s  f l e x i b l e  w i t h i n  a f e w  h o u r s  

b u t  d i f f e r e n t  r a t i o s  cf i n ~ u t s  c o u l d  a l t e r  t h e  p e a k  of 

i m ~ o r t a n c e  a n d  c o n s e q u e n t l y  t i t e e - t o - p e a k  d a t a .  

T h e  North Thompson r i v e r  h a s  a broad h e a d w a t e r  c a t c h a e n t  

d r a i n i n g  t h e  s o u t h e r n  C a r i b o o ,  T h e  u p p e r  r e a c h e s  c o n s i s t  of 

l a k e s  d r a i n i n g  icefields, a n d  s c  t h e  real u n i t  h y d r o g r a p h  frotir 

t h i s  b a s i n   roba ably d o e s  n o t  reflect the b r o a d n e s s ,  The l e n g t h  

o f  t h e  basin c a u s e s  t h e  t i m e - o f - p e a k  to  b e  l a g g e d  [figure 3 . 4 ~ 3 ) .  

T h e  S o u t h  Thompson r i v e r  d r a i n s  t h e  H o n a s h e e  M o u n t a i n s  a n d  its 

b a s i n  is a l s o  b r o a d e s t  a t  t h e  h e a d w a t e r s  b u t  much s h o r t e r  

[ f i g u r e  3.5%)- The S o u t h  T h o a p s o n  peak a p p e a r s  a s  a b l i p  o n  t h e  

l o r t h  Thompson r i v e r  h y d r o g r a  ph r i s i n g  l i m b  a t  t h e i r  c o n f l u e n c e .  

L a k e s  a r e  o f  such i m p o r t a n c ~  i n  t h e  T b o l r t ~ s c n  b a s i n ,  b u t  t h e  

d e g r e e  t o  which t h e y  r e d u c e  a n d  d e l a y  p e a k s  c a n  n o t  b e  assessed 

e a s i l y  a n d  i n c o r p o r a t e d  w i t h i n  t h e  s i m p l e  p r i n c i p l e s  of t h e  

reodel. B e l o w  t h e  j u n c t i o n  of t h e  N o r t h  a n d  S o u t h  Thompson 



r i v e r s ,  t h e  E o n a p a r t e  t o  t h e  n o r t h  a n d  t h e  W i c o l a  t o  t h e  s o u t h  

s u p p l y  t h e  b u l k  of l o c a l  f l c w s .  T h e r e f o r e  t h e  f l o w  a d d e d  b y  t h e  

w h o l e  Thompson b a s i n  t o  t h e  F r a s e r  R i v e r  h a s  two p e a k s  a r r i v i n g  

l a a r g i n a l l y  b e f o r e  t h e  p a k s  c r e a t e d  i n  t h e  B r i d g e  c a t c h m e n t  a n d  

m i d d l e  F r a s e r  a r e a  r e s p e c t i v e l y .  

The  Thompson r i v e r  s u p p l i e s  a m a j o r  i n p u t  t o  t h e  f raser ,  

T h i s  c a u s e s  b a c k w a t e r  e f f e c t s ,  w h i c h  a s  n o t e d  by C l a r k  ( l 9 & 5 ) ,  

a l t e r  t h e  s t o r a g e  r e l a t i o n s h i p s  i n  t h  a t  r e a c h ,  T k e o r e t i c a  l l y ,  

t h e  PI u s k i n g  u s  x c o m p o n e n t  s h o u l d  b e  c h a n g e d  t o  a c c o a a o d a t e  

b a c k w a t e r ,  b u t  t h e  a v e r a g e  v a l u e  o f  0-2 is a s s u m e d  t h r o u g h o u t  

t h e  n tode l  i n  the a b s e n c e  of  c o n t r a r y  e m p i r i c a l  e v i d e n c e .  

T h e  first Thompson  p e a k  wdrownsf l  t h e  F r a s e r  a n d  t h e  B r i d g e  

creates a small  b l i p  a f t e r w a r d s .  T h e  t i n i n g  of the a r r i v a l  o f  

flow fro& the E r i d g e  b a s i n  t h e r r e f o r e  may b e  c r i t i c a l  i f  

f l o o d i n g  is imminen t .  The s e c o n d  Thompson ~ e a k  s u p p l e m e n t s  t h e  

main F r a s e r  flow. Again, t i s i n g  n a y  b e  cr i t ical ,  After t h e s e  

a a i n  peaks, t h e  s t e e p  f a l l i n g  l i m b  of t h e  h y d r o g r a p h  is 

i n t e r u p t e d  by  a p l a t e a u  c a u s e d  b y  a t t e n u a t e d  Upper Fraser f l o w ,  

Ey t h e  time t h e  f l o o d  wave has r e a c h e d  t h e  Hope s t a t i o n ,  t h e  

f i r s t  p a k  h a s  a t t e n u a t e d  c o n s i d e r a b l y  and a c t s  a s  a 18warningf l  

h i g h  b e f o r e  t h e  a a i n  peak.  Ces~i te  t h e  r e l a t i v e l y  low l e v e l  of 

t h e  U ~ p r  P r a s ~ r  waters, its r c l e  i n  p r o l o n g i n g  h i g h  l e v e l  

c o n d i t i o n s  c o u l d  ke p r o b l e m a t i c  i n  terms of o v e r b a n k  f l o o d i n g .  



3.3 Hode z; R a i n f a l l  S i m u l a t i c n  --- -- 

3.3. 1, D e s c r i p t i o n  

I n  many r e a l  s i t u a t i o n s ,  a ~ o d e l  a s  de sc r iSed  i n  t h e  

p r e v i o u s  s e c t i c n ,  i s  i n a d e q u a t e ,  T h e r e f o r e ,  t h e  f i r s t  a d a p t a t i o n  

of t h e  m o d e l  i n c o r p o r a t e s  t h e  s p a t i a l  v a r i a t i o n  of 

p r e c i p i t a t i o n .  ! f e t e o r o l o g i c a l  d a t a  show a n  u n e v e n  d i s t r i b u t i o n  

of a m o u n t s  a n d  t i ~ i n g  o f  p r e c i p i t a t i o n  f o r  wcst e v e n t s ,  Rean 

annual p f e c i p i t a t i c n  v a l u e s  were u s e d  t o  v e i g h t  ~ r e c i ~ i t a t i o n  

a m o u n t s  r e c e i v e d  b y  e a c h  i s o c h r o n e - d e l i a i  tea area, T h e  r e s u l t a n t  

h y d r c g r a  ~h e n a b l e s  a n  i n t e r p r e t a t i o n  of t h e  r e l a  t i v e  t r i b u t a r y  

a d d i t  i ons ,  by a c c c u n t i n g  f o r  t h e  r e t n e s s  or  d r y n e s s  o f  e a c h  

s u b k a s i n ,  A s  s u c h ,  t h e  model r e m a i n s  r e l a t i v e l y  c r u d e ,  T h e  

c o n t r i b u t i o n s  of I n t e r i o r  P l a t e a u  t r i b u t a r i e s  a r e  p o s s i b l y  s t i l l  

o v e r e s t i m a t e d  because t h e  Bean a n n u a l  p r e c i p i t a t i o n  f i g  u r e s  

r e p r e s e n t  t o t a l  p r e c i p i t a t i o n ,  n o t  t h e  p r o p o r t i o n  f r o a  a given 

p r e c i p i t a t i o n  e v e n t ,  T h i s  is n o t e w o r t h y  b e c a u s e  aos t  of t h e  

sumiuer p r e c i p i t a t i o n  i n  t h e  I n t e r i o r  P l a t e a u  i s   fro^ loca l  

c o n v e c t  i o n a  1 s t o r m s ,  w h i l e  e l s e w h e r e ,  f r o n t a  1 p r e c i p i t a t i o n  is  

a o s t  i m p o r t a n t .  

a n t u l t i t u d e  o f  v a r i a t i o n s  are p o s s i b l e ,  but t h e  aim o f  t h i s  

inode was t o  s i m u l a t e  k a s i c  h y d r o n m t e o r u l o g i c a l  d i f f e r e n c e s .  

R e g i o n s  o f  ' h i g h f l c n ,  d e l i a i t e d  o n  t h e  b a s i s  of mean a n n u a l  f l o o d  

series s i t e i l a r i t y ,  h a v e  b e e n  s i i cwn  t o  c o r r e s p o n d  c l o s e l y  t o  B e a n  

a n n u a l  p r e c i p i t a t i o n  i s o h y e t s  (Hay lea ,  1 9 8 1 )  , f e i g h  t i n g  i n  terms 



o f  mean a n n u a l  ~ r e c i p i t a t i o n  is t h e r e f o r e  r e l e v a n t  t o  m a n  

a n n u a l  f l o o d  v o l u l a e s  a n d  c o n s e q u e n t l y ,  r u n o f f  y i e l d ,  A l so ,  

v e g e t a t i o n  r e s p o n d s  t o  mea n a n n u a l  ~ r e c i p i t a t i o n  a n d  t h e r e f  o r e ,  
I 

r u n o f f  c o e f f i c i e n t s  f c r  a l a r g e  area w i l l  b e  r e l a t e d  t o  a m o u n t  

of  p r e c i p i t a t i o n  i n  a s e c o n d a r y  a n d  less d i r e c t  manner .  A 

l o g i c a l  e x t e n s i o n  of t h i s  ~cde  would be t o  assign p r e c i p i t a t i o n  

c o n t r i b u t i o n s  t o  t h e  t h r e e  s e a s o n s  o f  i n t e r e s t :  s p r i n g ,  sunitler 

a n d  au tumn ,  

3 - 3 . 2 .  I n t e r p r e t a t i o n  

T h e  main f e a t u r e s  i l l u s t r a t e d  by  t h i s  s i m u l a t i o n  were n o t  

s i g n i f i c a n t l y  d i f f e r e n t  f r o r  t h e  b a s i c  model. When a l l  t h e  area 

a b o v e  S h e 1  l e y  c o n t r i b u t e s  t o  t h e  F r a s e r  R i v e r  flow, t h e  t i a e  o f  

t h e  p e a k  r e f l e c t s  maximum i n • ’  low b e l o w  H a n s a r d  ( f  i g u r e 3  -6f) , The 

H a n s a r d  b a s i n  p r o d u c e s  a l a r g e r  r u n o f f  v o l u a e  f roa i n c r e a s e d  

p r e c i p i t a t i o n  i n  the m o u n t a i n s  ( f i g u r e  3 . 6 e )  a n d  f o r m s  a lsore 

p r o n o u n c e d  s e c c n d  p a k  i n  t h e  flow at S h e l l e y ,  T h e  West R o a d  

t r i b u t a r y  p r o v i d ~ s  a lower p e a k  v c l u m e  p r e c e e d i n g  t h e  I Jppe r  

F r a s e r  f f o u s ,  S a a l l  c h a n g e s  o f  t h e  West Road river i n p u t  v o l u m e  

were s i m u l a t e d .  A l t h o u g h  m i n o r  e f f e c t s  were v i s i b l e  o n  t h e  

t l i a in s t r eam P r a s e r ,  a t t e n u a t i o n  ha  r lsade t h e  c h a n g e s  p r a c t i c a l l y  

i n s i g n i f i c a n t  r h e n  t h e  f l o w  a r r i v e s  a t  Hope. 

The h e i g h t  o r d e r  o f  t h e  f i r s t  a n d  s e c o n d  fraser R i v e r  p e a k s  

a r e  r e v e r s e d  by  high r u n o f t  f r o m  t h e  Q u e s n e l  b a s i n ,  An 

i r r e g u l a r l y  s h a p e d  i n p u t  h y d r  c g r a  ~ h  i s  c o n t r i b u t e d  from t h e  a r i d  
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C h i l c o t i n  r i v e r  b a s i n  k c c a u s c  t h e  d r i e s t  r e g i o n  b o r d e r s  t h e  

F r a s r r  a n d  t h e r e f o r e  mos t  o f  i t s  r u n o f f  a r r i v e s  l a te .  The 

C h i l c o t i n  a d d i t i o n  c o i n c i d e s  w i t h  t h e  Q u e s n e l  r i s i n g  l i m b  a n d  

p r o d u c e s  a t v i n - p r o n g e d  i n i t i a l  p e a k  cn  t h e  Praser. The b a l a n c e  

L e t  ween d o m i n a t i n g  p a k z  a p p e a r s  very d e l i c a t e .  The ref o r e ,  t h e  

r e c o r d i n g  o f  a n  i n s t a n t a n e o u s  p e a k  f o r  e x a m p l e ,  c o u l d  be  a l t e r e d  

by s e v e r a l  h o u r s  d e p e n d i n g  on  storm c h a r a c t e r i s t i c s .  

High t e m p e r a t u r e s  a n d  t h e  lack o f  p r e c i p i t a t i o n  i n  t h e  

C h i l c o t i n  b a s i n  a n d  t h e  area a r o u n d  t h e  P r a s e r  / Tholtrpscn 

c o n f l u e n c e  c a u s e  s e c o n d a r y  effects. E v a p o r a t i o n  a n d  v a t  er 

w i t h d r a w a l s  f o r  i r r i g a t i o n  Bay c a u s e  some r e d u c t i o n  of r i v e r  

d i s c h a r g e .  O c c a s i o n a l l y ,  water a l s o  w i l l  b e  r e q u i r e d  t o  f i g h t  

f c r e s t  f i r e s  i n  t h i s  very h o t ,  d r y  r e g i o n .  

T h e  B r i d g e  r i v e r  d i s c h a r g e s  i n t o  t h e  P raser R i v e r  b e f o r e  

t h e  a r r i v a l  o f  u p s t r e a m  ~ e a k s ,  d e s p i t e  h a v i n g  i t s  h i g h e s t  r u n o f f  

d e l a y e d ,  T h i s  p r o d u c e s  a m u l t i - p e a k e d  h y d r o g r a p h  a t  T e x a s  C r e e k  

( f i g u r e  3,6g) , I n  t h e  Thotapson b a s i n ,  c o n s i d e r a b l e  c o n t r a s t s  

e x i s t  between h i g h  v o l u m e  runoff front t h e  a o u n t a i n o n s  h e a d w a t e r s  

a n d  barely s i g n i f i c a n t  r u n o f f  b e l ~ w  Kamloops .  T h e  N o r t h  T h o ~ p s o n  

r i v e r  i n p u t  reflects an i n c r e a s e d  s u p p l y  f r o m  t h e  a o u n t a i n s ,  b u t  

t h e  S o u t h  Thompson i n p u t  is still mare s e n s i t i v e  t o  the e f f e c t s  

of b a s i n  s h a p e .  Combined ,  t h e y  p r o d u c e  o n e  l a r g e ,  s t e e p - l i r a b e d  

p e a k ,  

A t  t h e  T h o m p s o n - F r a s e r  c o n f l u e n c e  t h e  i n p u t s  seem well 

s p n c h r c n i s e d :  i a p l  y i n g  t h a t  t h e  h i g h  r u n o f f  p r o d u c t i o n  areas l i e  

s i r s i l a  r t r a v e l  times away i u  b o t h  b a s i n s ,  The  c o m b i n a t i o n  o f  t h e  



B r i d g e  a n d  lower Thompson flows p r o d u c e  a m i n o r  f i r s t  peak .  The  

main peak i s  p r o d u c e d  by t h e  U F p r  Thompson,  Q u e s n e l  a n d  West 

Road  t o g e t h e r .  'ihe v o l u m e  a n d  peak  t i m i n g  of t h e  N o r t h  Thompson 

r i v e r  a r e  o f  major s i g n i f i c a n c e  i n  t h i s  mode, B e c a u s e  it d r a i n s  

h i g h e r  e l e v a t i o n s  h o w e v e r ,  it is f e a s i b l e  t o  s u g g e s t  some runoff 

R a y  b e  h e l d  as  s n o w  o c c a s i o n a l l y .  I n  t h i s  case, the p e a k  may b e  

r e d u c e d  o r  delayed o r  a c o ~ b i n a t i o n  of t o t h .  A t  Hope, one major 

p e a k  i s  clear  a n d  c o m p a r e d  w i t h  t h e  b a s i c  model, t h e  Upper  

F r a s e r  flow is more s u b s t a n t i a l  ( f i g u r e  3 , 6 h )  , 

3 . 4  Mode 111: S n o w n e l t  A d a ~ t a t i c n  -- -- --- 

3 4 1 D e s c r i p t i o n  

The p r o b l e a  of e v a l u a t i n g  s n o w r s e l t  was discussed i n  c h a p t e r  

two. C l e a r l y ,  any s o d e l  u s i n g  m e t e o r o l o g i c a l  inpnts c a n  o n l y  

h o p e  to  r e a s o n a b l y  e s t i a a t e  t h e  r u n o f f  c o m p o n e n t  due  t o  

s n o u m e f t ,  S n o w a e l t  in t h e  P r a s e r  B a s i n  i s  of p r i m e  i m p o r t a n c e  i n  

p r o d u c i n g  t h e  a n n u a l  p e a k  flow a n d  t h e r e f  o r e ,  i t  s h o u l d  n o t  be 

n e g l e c t e d ,  Bucb a d d i t i c n a l  i n f o r m a t i o n  v o u l d  b e  n e c e s s a  ry t o  

a n a l y s e  s n o w s e l t  b u t  t h i s  i s  i n c o m p a t i b l e  w i t h  t h e  time-a rea 

s o d e l  d e v e l o p e d  i n  t h i s  s t u d y .  

On ly  o n e  case of snowmelt is t h e r e f o r e  modeled h e r e .  T h e  

a p p r o p r i a t e  s c e n a r i o  s u g g e s t s  t h a t  c o l d  t e m p e r a t u r e s  p r e v a i l  a t  

the time of a storm, r e s u l t i n g  i n  snow o n l y  a t  t h e  h i g h e r  

e l e v a t i o n s ,  T e m p e r a t u r e s  r i s e  a f t e r  t h e  s t o r m  e n a b l i n g  t o t a l  
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melt o f  t h e  new snow. I n  t h i s  mode, t h e  s n o w m e l t  r u n o f f  i s  

1 a g g e d  a c c o r d i n g l y  a n d  d i s t r i b u t e d  o v e r  a t w e n t y - f o u r  h o u r  

p e r i o d  t o  s i m u l a t e  a d i u r n a l  m e l t i n g  r e g i m e ,  Yoo a n d  S l a y m a k e r  

(1975)  f o u n d  d i u r n a l  r u n o f f  c y c l e s  t o  be  p r o n o u n c e d  i n  a small 

c a t c h m e n t  i n  t h e  S o u t h e r n  C o a s t a l  f i o u n t a i n s  of B r i t i s h  Cc fumbia .  

Pl o d e  I11 is t b e r e f o r e  c o n c e r n e d  w i t h  m i n o r  d e l a y s  c a u s e d  b y  

s n o w f a l l  r a t h e r  t h a n  g e n e r a l  b a s i n  melt. T h i s  phenomenon i s  m o r e  

l i k e l y  t o  o c c u r  a t  e i t h e r  e n d  of t h e  w i n t e r  s e a s o n ,  V a r i a t i o n s  

were c o n s i d e r e d  b u t  w o u l d   roba ably n o t  j u s t i f i a b l y  i t ~ p r o v e  t h e  

n o d e l .  E x a m p l e s  i n c l u d e  a w e i g h t e d  i n c r e a s e  i n  snow w i t h  

e l e v a t i o n  on  a n  a l r e a d y  w e i g h t e d  p r e c i p i t a t i o n  i n d e x ,  t o  a c c o u n t  

f o r  t h e  p e r c e n t a g e  o f  sncv t o  r a i n ;  o r  r o u t i n g  some p e r c e n t a g e  

o f  t h e  r u n o f f  v i a  g r e a t e r  s t o r a g e s  a n d  w i t h  l c n g e r  t r a v ~ f  times, 

T h e  summary  cf snow s u r v e y  m e a s u r e m e n t s  f r o m  1 9 3 5  t o  1975 

( B r i t i s h  C o l u m b i a  Hater I n v e s t i g a t i o s  B r a n c h ,  1975) was 

i n s p e c t e d ,  b u t  no  e a s i l y  d e f i n a b l e  p a t t e r n  o f  snow ( w a t e r  

e q u i v a l e n t )  d i s t r i b u t i o n  c o u l d  t e  d e t e r m i n e d ,  R o n i t o r i n g  a m o u n t s  

of s n o w f a l l  is o b v i o u s l y  a  g r e a t  a d v a n t a g e .  A v i s u a l  a n a l y s i s  o f  

r i v e r  g a u g e  recorder c h a r t s ,  r e v e a l e d  t h a t  a t e x  t h o o k  h y d r o g r a p h  

s h a p e  o n l y  e x i s t e d  i n  l a t e  summer a n d  a u t u m n  e s p e c i a l l y  a t  Rope 

a n d  T e x a s  Creek, T h i s  i l l u s t r a t e s  t h a t  s n o w m e l t  is i n c r e m e n t i n g  

flaw volume i n  t h e  e a r l y  p a r t  o f  t h e  y e a r .  The e v e n t s  later ia 

t h e  y e a r  t h e r e f o r e ,  a l l o w  an e x a n i n a t i o n  of b a s i n  p r o c e s s e s  

w i t h o u t  s n o  w m e l t  c o e a p l i c a  t ioas. 



One of t h e  s a l i e n t  d i f f e r e n c e s  t o  mode I is  t h e  s e n s i t i v i t y  

o f  t h e  r e l a  t i v e l y  smal l  b a s i n  a b o v e  H a n s a r d  t o  d i u r n a l  melt 

f l u c t u a t i o n s  ( t i g u r e  3.6i). As v o l u e e s  b e c o a e  h i g h e r  d o w n s t r e a m ,  

the d i u r n a l  v a r i a t i o n  b e c o n e s  n e g l i g i b l e .  T h e  effect  a t  S h e l l e y  

is n c t  s o  erra t ic  b e c a u s e  s i m u l a t e d  s n o w m e l t  i s  less from t h e  

g e n e r a l l y  lcwer a l t i t u d e  d r a i n a g e  area ( l a t i t o d e  effects  were 

i g n o r e d ) .  T h e  c o a b i n a t i o n  o f  R a a s a r d  a n d  S h e l l e y  reflects t h e  

time o f  p e a k  frora t h e  a r e a  c o n t r i b u t i n g  t o  S h e l l e y ,  b u t  h e c a u s e  

o f  d e c r e a s e d  v c l u a r e  i n  t h e  H a n s a r d  r i s i n g  l imb ,  t h e  S h e l l e y  peak 

o c c u r s  a f t e r  t h e  m a x i ~ u ~  a t  H a n s a r d  [ f i g u r e  3 . 6 - j ) .  S n o w m e l t  i n  

t h e  r e g i o n  a b o v e  H a n s a r d  p r o d u c e s  a s e c o n d a r y ,  s e a l 1  rise o n  t h e  

f a l l i n g  l i s b .  

T h e  Rest Road r i v e r :  i n p u t  s h o w s  v e r y  l i t t l e  difference t o  

p r e v i o u s  modes. S n o w m e l t  a r r i v e s  r e l a  ti v e l p  l a t e  a n d  is a b s o r b e d  

i n t o  t h e  f i rs t  p e a k  f r o m  t h e  U p p e r  f r a se r ,  S u b s t a n t i a l  s n o u n e l t  

a l s o  a r r i v e s  l a t e  from t h e  Q n e s n e l  b a s i n  a n d  j o i n s  t h e  s e c o n d  

peak f l o w .  0 b v i o u s l y  the i n t e r ~ l a y  of  f a c t o r s  s o u l d  d e t e r m i n e  

t h e  d c a i n a n t  p e a k  a n d  t h u s ,  a p p a r e n t  t r a v e l  time of p e a k s  

k t w ~ e n  two m i n s t  ream s t a t i o n s .  A t t e n u a t i o n  merges t h e  peaks 

m o r e  c l o s e l y  n e a r  t h e  C h i l c o t i n  river c o n f l u e n c e .  The C h i l c o t i n  

a d d s  mcst i n p u t  l a t e  b e c a u s e  its h i g h e s t  r u n o f f  i s  frorrr t h e  

extreme west a n d  a l s o  s u b j e c t  t o  small s n o w m e l t  d e l a y .  f f o u e v e r ,  

t h e  r e s u l t a n t  i n p u t  j c i n s  t h e  F r a s e r  r i v e r  b e f o r e  t h e  u p s t r e a m  



~ e a k s .  When t h e  C h i l c o t i n  p e a k  was v a r i e d  i n  terms o f  a r r i v a l  

time, s u b s t a n t i a l  d i f f e r e n c e s  o c c u r r e d  i n  t h e  F r a s e r  t o  t h e  

e x t e n t  o f  a ltef i n g  a h y ~ o t h e t i c a l  i n s t a n t a n e o u s  peak .  T h e  B r i d g e  

r i v e r  i n p u t  c o i n c i d e s  w i t h  t h e  e a r l y  C h i l c o t i n  p e a k ,  D i u r n a l  

e f f e c t s  a g a i n  seem t o  b e  i m p o r t a n t  i n  t h i s  b a s i n .  T h e  h y d r o g r a p h  

of t h e  F r a s e r  a t  T e x a s  C r e e k  i s  d o m i n a t e d  b y  h i g h f  low 

c o n t r i b u t i o n s  from t h e  Q u e s n e l  b a s i n  I f  i g u r e  3, Sk), 

The s n o w m e l t  mode c a u s e s  l a r g e  c h a n g e s  i n  the Thompson 

i n p u t  d u e  t o  i n i t i a l  s t o r a g e  a n d  s u b s e g u e n t  release of snowmel t ,  

T h e  i n p u t  h a s  an e x t e n d e d  timebase a n d  a  rtiuch l o v e r  p e a k ,  b u t  i t  

sti 11 c o i n c i d e s  v i  t h t be first peak  on t h e  F r a s e r ,  # h e n  a l l  

flows are suatlmed a t  t h i s  p o i n t ,  t h e  s n o v n t e l t  a c t s  t o  

"f i l l - i n - t h e - l o w s m  i n  t h e  r a i n f a l l  mode h y d r o g r a p h ,  T h e r e f  ore a t  

AoFe, t h e  h y d r o g r a p h  s h o w s  o n e  m a j o r  r ise a n d  f a l l ,  with a sma l l  

r e c e s s i o n  l i m b  p l a t e a u  c r e a t e d  b y  D p p e r  F r a s e r  r u n o f f  ( f i g u r e  

3 - 6 1 ) .  The h y d r o g r a p h  h a s  a b r o a d e r  p e a k  w i t h  the t o t a l  v o l u ~ e  

d i s t r i b u t e d  more evenly t h a n  i n  p r e v i o u s  modes.  

From t b e  t h r e e  a o d e s  d e s c r i b e d  a b o v e ,  i t  is a p F a r e n t  t h a t  

t h e  h i g h e s t  p e a k  a t  a n y  p c i n t  o n  t h e  F r a s e r  R i v e r  u s u a l l y  

C U E ~ ~ S F U ~ ~ S  t o  a p a r t i c u l a r  i n ~ u t  u p s t r e a ~ .  The h y d r o g r a p h  a t  

Hope  i s  t h e  s u m m a t i o n  of a l l  b a s i n  i n p u t :  a t t e n u a t e d  a n d  summed. 

T h e r e f o r e ,  t o  d e t e r s i n e  t r u e  peak t r a v e l  time, i t  is n e c e s s a r y  

t o  i d e n t i f y  t h e  i n p u t  to  w h i c h  t h e  Bcpe peak  c o r r e s p o n d s .  # h e n  

o n l y  d a i l y  d a t a  are a v a i l a b l e ,  or t h e  c o n c e r n  is w i t h  m a x i m m  

d i s c h a r g e ,  aa a n a l y s i s  o f  p e a k  t r a v e l  times w i l l  b e  u n r e a l i s t i c  

f o r  t h e   hole b a s i n ,  



3.5 n o d e s  gV,V,VI= R e g i o n a l  & a p t i o n s  -- -- 
I n  a  c a t c h m e n t  w i t h  t h e  s i z e  a n d  h y d r o m e t e o r o l o g i c a l  

v a r i e t y  of t h e  F r a s e r  B a s i n ,  it is u n l i k e l y  t h a t  p r e c i p i t a t i o n  

is r e c e i v e d  e v e r y w h e r e  and commences  a t  t h e  same time. 

T h e r e f o r e ,  t h r e e  stcrm c e n t r e s  f o r  smaller  areas  were s i a t u l a t e d ,  

u t  i l i s i n g  u e i g h t e d  p r e c i p i t a t i o n  v a l u e s ,  

!!lo_! was c o n c e n t r a t e d  o n  t h e  R o c k y  H o u n t a i n  T r e n c h  to  

e x a m i n e  a t t e n u a t i o n  a n d  p e a k  t r a v e l  times when u n a f f e c t e d  by 

i n p u t s  b e t w e e n  H a n s a r d  a n d  Hope. The b r o a d  h y d r o g r a ~ h  was o n 1  y 

s l i g h t l y  a t t e n u a t e d ,  b u t  c o m p a r e d  w i t h  t h e  aorrea 1 v o l u n e s  a t  

Hope, its a r r i v a l  nay  n o t  be n o t i c e a b l e  ( f i g u r e s  3.61s t o  3 . 6 ~ ) .  

IY ade 1 d e p o s i t e d  p r e c i p i t a t i o n  o n  t h e  v e s t  ( w i n d w a r d )  s i d e  -- 
of t h e  C a r i b o o  r a n g e .  A small area u p s t r e a m  of H a n s a r d ,  s u p p l i e d  

a s h o r t ,  s h a r p ,  low p e a k e d  i n p u t  [ f i g u r e  3,6q),  Yhen a small 

i n p u t  f rom a b o v e  S h e l l e y  i s  added t o  t h e  H a n s a r d  f low,  i t s  peak 

d o m i n a t e s ,  In t h i s  i n s t a n c e ,  t i m e - o f - p e a k  a t  S h e l l e y  is t h e  same 

as a t  H a n s a r d  if i g u r e  3. 6 r ) ,  T h e r e f o r e ,  a p p a r e n t  f l o o d  wave 

t r a v e l  time is zerc h o o r s ,  A large, s t e e p  p e a k e d  i n p u t  f r o m  t h e  

Q u e s n e l  b a s i n  j o i n s  t h e  Fraser before t h e  U p p e r  P r a s e r  f low and 

f o r m s  t h e  d o m i n a n t  p e a k ,  T h e  N o r t h  Thompson r i v e r  b a s i n  p r o d u c e s  

a s h a r p ,  b u t  b r o a d  b a s e d  peak,  A l t h o u g h  i t  is g r e a t l y  a t t e n u a t e d  

a t  t h e  P r a s r f r  c o n f l u e n c e ,  i t s  vo lome  is  still s i g n i f i c a n t  a n d  

i ts  a r r i v a l  c o i n c i d e s  w i t h  the Q n e s n e l  f l o v  [ f i g u r e  3 . 6 s ) .  The  

Upper Fraser  i n p u t  i s  now l o s t  w i t h i n  t h e  r e c e s s i o n  l i ~ b  a n d  o n e  

l a r g e ,  b r o a d  p e a k  is o b s e r v e d  a t  Hope ( f i g u r e  3.6t). Because the 



ThcItI~son r i v e r  f l o w s  d o n i n a t e ,  a n  a n a l y s i s  of t r a v e l  times 

b e t w e e n  T e x a s  Creek a n d  Hope w o u l d  b e  i n c o n g r u o u s ,  

Bode  VI s i e u l a t e d  a s t o r m  t h a t  was a s u p p o s e d  s p i l l - o v e r  --- -- 
e f f e c t  f r o m  t h e  Coast R o u n t a i n s ,  p r o v i d i n g  a series o f  i n p u t s  

b e t w e e n  Shelley and T e x a s  Creek ( f i g u r e s  3 . 6 ~  t o  3 . 6 ~ ) .  The West 

Road r i v e r  h e a d w a t e r s  d e v e l o p  a v e r y  p e a k e d  i n p u t  h y d r o g r a  ph 

w h i c h  i s  almost c o m p l e t e l y  a t t e n u a t e d  o n  e n t e r i n g  t h e  F r a s e r ,  

The C h i l c o t i n  b a s i n  also g e n e r a t e s  a s t e e p  g e a k  whose arrival a t  

t h e  P r a s e r  c o i n c i d e s  w i t h  t h e  West Road r i v e r  i n p u t ,  p r o d u c i n g  a 

w i d e  peak. T h e  area o f  t h e  B r i d g e  b a s i n  a f f e c t e d  by  t h e  storm 

creates s u b s t a n t i a l  r u n o f f .  Its p e a k  o c c u r s  b e f o r e  t h e  a r r i v a l  

of u p s t r e a m  f l c w  ( f i g u ~  3 . 6 ~ )  b u t  t h e  r e l a t i v e  b a l a n c e  w i t h  t h e  

s e c o n d  p e a k  is p r o b a b  fy g o v e r n e d  by  l o c a l  s t u r n  c h a r a c t e r i s t i c s ,  

It is f e a s i b l e  t h a t  a storm m o v i n g  from t h e  n o r t h w e s t  would 

r e d u c e  t h e  s e p a r a t i c n  b e t w e e n  t h e  two p e a k s .  C o n v e r s e l y ,  a storrtt 

a p p r o a c h i n g  f r o s  t h e  s o u t h w e s t  may s e p a r a t e  them. H o v e v e r ,  s torm 

nrovemeat i s  g e n e r a l l y  f a s t  i n  r e l a t i o n  t o  r u n o f f  s p e e d s  a n d  

h y d r o g r a p h  s h a p e  Bay not a l t e r  d r a s t i c a l l y .  It is s u g g e s t e d  t h a t  

t i m i n g  d i f f e r e n c e s  a re  s u b s t a n t i a l  o n l y  when p r e c i p i t  a t  i o n  

e v e n t s  o c c u r  i n  close s u c c e s s i o n .  

T h e  h y d r o g r a ~ h s  f r o @  r e g i o n a l  s i r a u l a t i o n s  [modes  I V , V , V I )  

s e e n  LESS s e n s i t i v e  t o  c h a n g e s  i n  t r i b u t a r y  i n p u t  t i m i n g  t h a n  

when t h e  w h o l e  b a s i n  p r o d u c e s  r u n o f f .  However ,  i t  i s  p o s s i b l e  t o  

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



3.6 D i s c u s s i o n  pf g e n e r a t e d  datp 

F i r s t ,  it s h o u l d  b e  r e s t a t e d  t h a t  t h i s  m o d e l  is d e p e n d e n t  

"totally o n  t h e  c o n c e p t  of i s o c h r c n e s  a n d  c o n s i s t e n t  p r o p o r t i o n s  F 

j o f  r u n c f f  g e n e r a t i o n  t h r o u g h o u t  t h e  b a s i n .  T i m e - a r e a  c o n c e p t s  

were t e s t e d  i n  s i x  modes a s  s u m m a r i s e d  i n  table 3 . 3 .  

areas w e i g h  ted  b y  Bean  a n n u a l  p r e c i p i t a t  i o n  i n d e x  
f o r  w h o l e  b a s i n  

T a b l e  3.3, N o d e l  v a r i a t i o n s ,  --- --a- --- ------ 

s n o  wfall a t  h i g h e r  1 e v e l s  w i t h e l d  from c a l c u l a t i o n s ,  
f o l l o v ~ d  by l a t e r  melt a n d  r e l e a s e  o f  r u n o f f  

FIode no. 

I 

IV I loca l  s t o r m  c e n t e r e d  o v e r  Rocky M o u n t a i n  T r e n c h  

f l o d e l  d e s c r i p t i o n  

basic u n a d j u s t e d  m o d e l  of whole b a s i n  

G e n e r a l l y ,  h y d r c y r a p h s  remain v e r y  similar for  e v e n t s  i n v o l v i n g  

V 

VI 

t h e  w h o l e  t a s i n ,  H y d r o g r a p h s  a t  T e x a s  Creek a r e  t h e  most v a r i e d  

loca 1 storm o n  n i n d a a r d  s i d e  of t h e  C a r i b o n  m o u n t a i n  

o v e r s p i l l  e f f e c t  o n  f e e  of C o a s t  m o u n t a i n s  

i n  a l l  b u t  two cases, i l l u s t r a t i n g  t h e  i o ~ a r t a a c e  of t r i b u t a r y  

i n p u t s  i n  t h e  r e a c h  below S h e l l e y ,  A d d i t i o n  of the T h o a ~ s o n  

r i v e r  a t  L y t t o n  tends t o  s m o o t h  t h e  h y d r o y f a p h  a n d  h e i g h t e n  t h e  

a~xinaura peak. 

T h e  model i l l u s t r a t e s  the i r a p o r t a n c e  o f  t r i b u t a r y  i n p u t  

t i m i n g  f o r  d e t e r m i n i n g  t i m e - o f - p e a k  ( t a k l e  3.4)  Time-of-peak 

t h u s  a p p e a r s  r e l a t e d  t o  t r i b u t a r y  i n p u t .  T h e r e f o r e ,  t h e  term 

" t r a v e l  times" is a m i s n o m e r  f o r  t h i s  s y s t e m  b e c a u s e  b a s i n  



Shelley I T e x a s  
Creek 

flcde I: 
n o d e  11: 
Bode 111: 
Flcde I V :  
Wode V: 
Mode VI: 

( i n  h o u r s  f r o m  coe raencemen t )  

H a n s a r d  

5 0 
5 0 
28 
73 
28 -- 

{in h o u r s  f roa c o s a e a c e m e n t )  

Table 3 5 gmaren_t a w e s  ,, -L 

c h a r a c t e r i s t i c s  t o t a l l y  s u a n p  r o s t  f l o o d  wave movement { t a b l e  

# o d e  I: 
n o d e  11: 
aiode 111: 
Bode IV: 
#ode V: 
Rode VI: 

3.5). U n d o u b t e d l y ,  some e l e ~ a e n t  of wave  p r o g r e s s i o n  w i l l  b e  

expex i e n c e d  cn t h e  F rase& b u t  p r e d i c t  i o n s  u s i n g  crest t ra  v e l  

R a a s a r d  t o  
S h e l l e y  

-20 
-1 5 
+ 6 
+ 5 
+ I  1 

times are n o t  r e a s o n a b l e ,  P e a k  tilne d i f f e r e n c e s  however  w i l l  b e  

r e f e r r e d  t o  a s  travel t imes  t h r o u g h o u t  t h i s  study, b e c a u s e  t h e s e  

S h e l l e y  t o  
Texas C r e e k  

+ 8 2  
+95 
+67 
+51  
+90 

i d e a s  are c c a p a t i b l e  with d a t a  c o l l e c t e d  a n d  i d e a s  of s t r e a  mi low 

T e x a s  Cree 
t o  Hope 

+50  
+17 
+56 
t 3 9  
+ 5 
+51 

i n  g e n e r a l ,  

Differences b e t w e e n  t h e  six modes reflect t h e  r e l a t i v e  

i m p o r t a n c e  cf t h e  t r i b u t a r i e s .  T h e  d o m i n a n t  s o u r c e  of peak a t  



e a c h  s t a t  ion is p r e s e n t e d  i n  t a b l e  3.6. 

T a b l e  3 A  S o u r c e  of gpin ~ g g k  v o l u m e  

R o d e  I: 

Mcde I f :  

Hode 111: 

Hode IV: 

Hode V: 

Bode VI: 

F r a s e r  R i v e r  a t  
S h e l l e y  

C r e e k  

Key: E = F r a s e r  b a s i n  a b o v e  H a n s a r d ,  
- S = c o n t r i b u t i o n  a d d e d  b e t w e e n  R a n s a r d  a n d  S h e l l e y ,  

W = Y e s t  Road r i v e r ,  Q = Q u e s n e l  r i v e r ,  C = C h i l c o t i n  
r i v e r ,  8=Wort h T h o t a ~ s o n  r i v e r ,  S t = S o u t  h T holapson r i v e r ,  

T h e  f o l l o w i n g  c a n  ke c o n c l u d e d .  

1, A n e g a t i v e  t r a v e l  ti= between f i a n s a r d  a n d  S h e l l e y  exists 

w h a  t h e  i n p u t  b e t v e e n  H a n s a r d  a n d  S h e l l e y  is dona inan t .  T h e  

p e a k  at S h e l l e y  c a n  o n l y  be later t h a n  R a n s n r d  when e i t h e r  

its c o n t r i b u t i n g  area s a p p l i e s  a n  i n s i g n i f  ica n t  i n f  low, o r  

t h o  H a n s a r d  vo lu l ae  is d e l a y e d  [ s n o w m e l t ) ,  It is u n l i k e l y  

t h a t  the p e a k  a t  S h e l l e y  w i l l  o c c u r  a f t e r  t h e  p e a k  a t  

H a n s a r d  f o r  v i d e s ~ r e a d  r a i n f a l l  e v e n t s ,  

2. A n e g a t i v e  t r a v e l  tirrte b e t v e e n  H a n s a r d  a n d  S h e l l e y  a l l o u s  

a p ~ a r e n t l y  slower t r a v e l  times b e t w e e n  S h e l l e y  a n d  Texas 

C r  €eft. T h i s  is b e c a u s e  Texas C r e e k  s h a r e s  t h e  salae o v e r a l l  



t o  p e a k  t i n i n g  t h a n  a r r i v a l  o f  a n  u p s t r e a m  f l o o d w a v e .  

3, B s l o w  t r a v e l  time b e t w e e n  S h e l l e y  a n d  T e x a s  C r e e k  c a n  o c c u r  

r 
i 

a l s o ,  i f  o n l y  t h e  l o w e r  s e c t i o n s  of t h e  H a n s a r d  and S h e l l e y  
- 

s u b b a s i n s  p r o v i d e  r u n o f f .  Then ,  r u n o f f  h a s  s h o r t e r  d i s t a n c e s  
P 

t o  t r a v e l  a n d  t h e  p e a k s  a t  H a n s a r d  a n d  S h e l l e y  a r e  

r e l a t i v e l y  e a r l y  c o m p a r e d  to p e a k s  a t  T e x a s  C r e e k .  

4 .  T r a v e l  times d e c r e a s e  b e t w e e n  S h e l l e y  a n d  T e x a s  C r e e k  i n  

rnode 111 b e c a u s e  t h e  T e x a s  C r e e k  p e a k  r e c e i v e s  r u n o f f  f r o &  a 

l a r g e  area t h a t  i+ n o t  s u b j e c t  t o  s u b s t a n t i a l  s n o w m e l t  d e l a y  

[ h i g h  e l e v a t i o n  s n c v f a l l  case) a n d  t h e r e f o r e  t h e r e  is a 

r e l a t i v e l y  e a r l y  peak a t  T e x a s  C r e e k .  

5 ,  T h e  s h o r t e s t  t r a v e l  tilae b e t w e e n  S h e l l e y  a n d  T e x a s  C r e e k  i s  

when a flood is p r o d u c e d  o n l y  a b o v e  R a n s a r d ,  This s u g g e s t s  

t h a t  t r i b u t a r y  a d d i t i o n s  i n  t h i s  r e a c h  d e l a y  t h e  peak.  F o r  

mode IY ( n o  a d d i t i c n s ) ,  o n  o t h e r  r e a c h e s  t r a v e l  times f o r  

e a c h  r e a c h  a r e  c e n t r a l  to t h e  range of d e r i v e d  v a l n e s ,  

6. Between  T e x a s  Creek a n d  Hop, t r a v e l  time i s  h i g h l y  

v a r i a b l e ,  The r e l a t i v e  i s p o r t a n c e  o f  t h e  l h o a ~ s o n  i s  

p a r a m o u n t ,  T h e  s h o r t e s t  t r a v e l  tilae o c c u r s  when t h e  T h o a ~ s o n  

i n p u t  is such m o r e  i m p o r t a n t  t h a n  t h e  F r a s e r  f l o w .  T h i s  is 

b e c a u s ~  t h e  ' ~ ~ C E F S U ~  i s  a s h o r t e r  b a s i n ,  its t i m e - t o - p e a k  is 

e a r l i e r  a n d  t h e r e f  c r e ,  a c s t  of i ts v o l u m e  a r r i v e s  a t  H o p  

r e l a t i v e l y  fast. T h i s  is e s p e c i a l l y  c l ea r  f o r  a s t o r m  

c e n t e r e d  o v e r  t h e  C a r i b o o  m o u n t a i n s  because  r u n o f f  

g e n e r a t i n g  areas o f  t h e  Thompson a re  closer t c  Rope t h a n  



t h o s e  o f  t h e  F r a s e r ,  S low t r a v e l  times f o r  t h i s  r e a c h  occur 

when t h e  T h o m ~ s o n  d o e s  n o t  c o n t r i b u t e ,  

7. When a l l  t h e  L a s i n  o p e r a t e s  t o g e t h e r ,  t h e  s l o w e s t  t r a v e l  

times a r e  r e c o r d e d .  T h i s  s u g g e s t s  i n p u t s  from a l l  s u b b a s i n s  

a re  s i g n i f i c a n t  i n  t h e  t i m i n g  of the  Hope peak. 

T h e s e  c o n c l u s i o n s  were d e d u c e d  f r o m  r e l a t i v e l y  s i a p l e  cases 

i n v o l v i n g  o n e  storm. As t h e  n u a b e r  of s t o r m s  i n c r e a s e s ,  t h e  

r u n o f f  p a t t e r n  a n d  r e s u l t a n t  h y d r o g  r a  ~ h s  b e c o a e  more complex.  

T h e  a r e a l  e x t e n t  of a  storm is o f  p r i m e  i n t e r e s t  b e c a u s e  

t r i b u t a r y  h y d r o g r a p h  s h a p e s  retfect b a s i n  s h a p e  a n d  s ize ,  a n d ,  

t h e  s ~ a t i a l  c h a r a c t e r i s t i c s  of g r e c i p i  t a t i o n .  B o g e r s  I19721 

however ,  f o u n d  t h a t  a r e a s o n a b l e  v a r i a t i o n  i n  p r e c i ~ i t a t i o n  

amount  and i n t e n s i t y  w i t h i n  a g e n e r a l  s t o r a  h a d  l i t t l e  effect on 

t h e  s h a p e  o f  t h e  s u r f a c e  r u n o f f  hyd r o g r a p h .  

T h e  a r r i v a l  time of t r i b u t a r y  p e a k s  a p p e a r  i lx rpor tan t  i n  

F r a s e r  R i v e r  h y d r o g r a p h s ,  t h e r e f o r e  t h e y  were exara ined b r i e f l y ,  

1 n most  c a s e s  for t h e  e i d d l e  F r a s e r ,  e a c h  t r i b u t a r y  a r r i v e s  

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

p r o p o r t i o n  o f  Fraser volume a t  t h a t  time. O v e r a l l ,  sreall t i m i n g  

c h a n g e s  of o n e  t r i b u t a r y  w i l l  n o t  d r a s t i c a l l y  alter the 

r e s u l t a n t  F r a s e r  R i v e r  h y d r o g r a p h ,  Also, a s  t h e  F r a s e r  becomes 

l a r g e r ,  it b e c c a e s  less s e n s i t i v e  t o  t h e  smaller t r i b u t a r y  

i n p u t s ,  

From t a k l e s  3. 3 and  3-4, i t  i s  a p p a r e n t  t h a t  n e g a t i v e  

t r a v e l  times b e t w e e n  fiartsard a n d  S h e l l e y  o c c u r  when t h e  Fraser 



B a s i n  a b o v e  H a n s a r d  d o e s  n o t  c o n t r i b u t e  t o  t h e  = i n  peak. 

T h e r e f o r e ,  t ime o f  p e a k  a t  S h e l l e y  is n o t  d e p e n d e n t  o n  t h e  

a r r i v a l  of H a n s a r d  f low.  As t h e  H a n s a r d  f l o w  b e c o m e s  more 

i m p o r t a n t ,  t r a v e l  times c a n  become  p o s i t i v e .  T h e  S h e l l e y  p e a k  

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

H a n s a r d  h y d r o g r a p h  a n d  t h i s  cof&3binat ion p r c d u c e s  a l a r g e  p e a k  

tcforr t h e  a r r i v a l  cf p a t  H a n s a r d  d i s c h a r g e ,  @ h e n  t h e  M n s a r d  

peak a r r i v e s ,  its e f f e c t s  are  m i n i m i s e d  b e c a u s e  t h e r e  is l i t t l e  

a d d i t i o n a l  r u n o f f  t o  S h e l l e y  a t  t h i s  tittte, T h e r e f o r e ,  t h e  

S h e l l e y  i n p u t  must be r e d u c e d  f o r  t h e  H a n s a r d  peak t o  d o m i n a t e  

a t  S h e l l e y .  

T h e  r e l a t i o n  b e t w e e n  r u n o f f  v o l u m e s  a n d  S h e l l e y  p e a k  t i t s i n g  

was  exalsiner? u s i n g  mode 11, ghea r u n o f f  is r e c e i v e d  f r o m  t h e  

w h o l e  b a s i n ,  t h e  v o l u m e  b e l ~ ~  f f a n s a r d  m u s t  b e  40% of n o r l e a l  t o  

a l l o w  t h e  H a n s a r d  p e a k  t o  d o m i n a t e ,  T h i s  would r e q u i r e  a storm 

a c r o s s  t h e  c e n t r e  o f  t h e  F r a s e r  B a s i n ,  t h a t  d i d  n o t  e x t e n d  much 

n o r t h  of H a n s a r d .  I f  o n l y  t h e  w e s t e r n  p a r t  o f  t h e  area  b e t u e e n  

H a n s a r d  a n d  Shelley is c o n t r i b u t i n g ,  a 50% r e d u c t i o n  i n  r u n o f f  

is r e q u i r e d ,  T h i s  i s  due t o  t fie c o n f i g u r a t i o n  of t h e  s u b b a s i n s -  

The H e G r e g o r  r i v e r  c o n f l u e n c e  with the P r a s e r  R i v e r  is b e l o w  

H a n s a r d ,  b u t  i ts  b a s i n  l ies  parallel  t o  the n o r t h e r n  p a r t  of the 

Hansard b a s i n ,  Here, h i g h  r u n o f f  is g e n e r a t e d  from t h e  m o u n t a i n  

s l o p e s .  C l ~ a r l y ,  t h e  phenoiaenon o f  n e g a t i v e  t r a v e l  times i s  

a c c e p t a b l ~ ,  b e c a u s e  t ilse d i f f e r e n c e s  k e t u e e n  peaks a r e  not 

d e p n d e n t  o n  wave c e l e r i t y .  



T h e  t i e - a r e a  model  and its v a r i a t i o n s  Frovi.de a useful 

tool for i n t e r ~ r e t i n g  Praser R i v e r  hydrographs,  Ey d o i n g  t h i s ,  

t h e  model has a c h i e v e d  its ~ o t e n t i a l ,  I t  is restricted by its 

simplicity; r e a l  w o r l d  complexities need h i g h l y  sophisticated 

m o d e l s  t o  enable p r e d i c t i o n s .  I t  p r o v i d e s  an i n v a l u a b l e  a i d ,  

h o w e v e r ,  to u n d e r s t a n d i n g  g a u g i n g  station water l e v e l  data used 

i n  t h e  a n a l y s i s  of t r a v e l  t i a e .  



L 

E 
Eased on a n  u n d e r s t a n d i n g  of how h y d r c g r a p h s  a t  s e l e c t e d  

i p o i n t s  a l o n g  t h e  F r a s e r  R i v e r  are p r o d u c e d ,  s t rea e l o w  d a t a  c a n  

b e  a n a l y s e d  w i t h  more  i n s i g h t ,  T h e  t i m e  o f  o c c u r r e n c e  of e a c h  

peak uas e x t r a c t e d  from streamf lcw r e c o r d e r  c h a r t  d a t a ,  a n d  

a p p a r e n t  t r a v e l  t i n e s  were d e r i v e d  frcm t h e  time differences 

b e t w e e n  p e a k s  a t  two a d j a c e n t  s t a t i o n s .  It i s  p o s t u l a t e d  t h a t  

t r a v e l  times are  g o v e r n e d  b y  d i s c h a r g e  i f  peak timing is 

d e t e r m i n e d  b y  f l o o d  wave m v e m e n t  a l o n e .  I n  t h e  a b s e n c e  o f  s u c h  

a r e l a t i o n s h i p ,  it is  ~ o s t n l a t e d  t h a t  b a s i n  geomorphology is a n  

i m p o r t a n t  c c n t r o l  on  runoff  r e s F c n s e .  T h i  s c h a p t e r  comm e n c e s  

w i t h  a r e v i e u  of t h e  d e t a i l s  of d a t a  c o l l e c t i o n  methods -  P e a t  

flow d a t a  a re  then used t o  exanr ine  t h e  n a t u r e  of a r e l a t i o n s h i p  

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

m e t e o r c l o g i c a l  c h a s a c t e r i s t  ics a r e  i n t e g r a t e d  i n  a n  a t t e a p t  t o  

r educe w n o i s e "  a n d  e x ~ l a i n  a n o n a l i e s ,  



4.2 Data C o l l e c t i o n  --- --- --- 

4.2.1 S t r e a r e f l o w  d a t a  a n d  g a u g i n g  s t a t i o n s  

S t r e a m f l o w  d a t a  were o b t a i n e d  from t h e  Water S u r v e y  of 

C a n a d a  v h i c h  c u r r e n t l y  o p e r a t e s  1 8 4 1  a c t i v e  s t a t i o n s  w i t h i n  t h e  

F r a s e r  E a s i n ,  T h i s  s t u d y  r e q u i r e s  a c o n t i n u o u s  r e c o r d  o f  stream 

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

m o s t  s t a t i o n s  s u p p l y  o n l y  o n e  r e a d i n g  per d a y ,  H o u r l y  water 

l e v e l s  therefore were o b t a i n e d  d i r e c t l y  from t h e  e x i s t i n g  

c o n t i n u o u s  r e c o r d e r  c h a r t s  f o r  F r a s e r  R i v e r  g a u g i n g  s t a t i o n s  

b e t w e e n  1970 a n d  1980 ,  T h e s e  d a t a  were c o n v e r t e d  t o  d i s c h a r g e s  

b y  u s e  of t h e  a p p r o p r i a t e  r a t i n g  t a b l e s  a n d  a j u s t n t e n t  f a c t o r s ,  

T h e  p r e r e q u i s i t e s  d e s c r i b e d  a b o v e  r e d u c e d  t h e  nureber  o f  

u s e a b l e  s t a t i o n s  t o  f i v e  [ t a b l e  4 .1 ) .  S u b s e q u e n t  a n a l y s e s  were 

p e r f o r m e d  f o r  e a c h  r e a c h  b e t w e e n  a d j a c e n t  g a u g i n g  s t a t i o n s ,  

S t a t i o n  l o c a t i o n s  are i l l u s t r a t e d  i n  f i g u r e  2-4, O f  t h e s e ,  t h e  

s t a t i o n  n e a r  t h e  F r a s e r  h e a d w a t e r s  i s  s i t u a t e d  o n  noose r i v e r  

b u t  i t s  c o n t r i b u t i o n  t o  t h e  P r a s e r  R i v e r ,  a n d  i t s  l o c a t i o n  n e a r  

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

T h e  T e x a s  C r e e k  a n d  HGFe s t a t i o n s  a x e  c l a s s i f i e d  a s  h a v i n g  

r e g u l a t e d  flow f o l l o w i n g  t h e  c o r a p l e t i o n  o f  t h e  K e n n e y  Dam on  t h e  

Necbako r i v e r  i n  1952. T h e  dam r e d u c e d  t h e  e f f e c t i v e  d r a i n a g e  

area of t h e  Fraser Basin b y  1 4 0 0 0  knt' b e c a u s e  Alcan d i v e r t e d  t h e  ----------- ------- 
1 S u r f a c e  Water Data f o r  B r i t i s h  C o l u m b i a ,  1982, p n b l i s h e d  b y  the 
I n l a n d  Waters D i r e c t o r a t e ,  Ottawa 1983 



S t n ,  name 

floose . r i v e r  

P s a s e r  r i v e r  
a t  H a n s a r d  

f raser r i v e r  
a t  Shelley 

F r a s r f  a b o v e  
T e x a s  C r e e k  

P r a s e r  s i v e r  
a t  Hope 

la t i  t u d e  
l o n g i t u d e  

-- 

Years o f  
record ( 1 )  

58-80 n a t  

70-80 n a t  

50-80  n a t  

51-80 r e g  

50-80 r e g  

S , S . U .  
datum (2)  

(1)  n a t  = n a t u r a l  f l c u ,  r e g  = r e g u l a t e d  f l o w  
(2) the G e o l o g i c a l  S u r v e y  of Canada datula i n  eaetres, 

s t o r e d  water t o  K i t i n a t ,  T h e  r e c o r d s  a t  Isle Pierre (08JC002) , 

40 km a b o v e  t h e  F r a s e r  R i v e r  c o n f l u e n c e ,  were a s s e s s e d  and 

i ~ p l i e d  t h a t  t h i s  t r i b u t a r y  h a d  i n t r o d u c e d  n o  sizeable f l o o d  

waves i n t o  t h e  Fraser d u r i n g  the s t u d y  p e r i o d ,  despite p e r i o d i c  

s p i l l w a y  o p a i n g s  a t  t h e  dam, The y e a r l y  s t a t i o n  d i s c h a r g e  

f a t t e r n  s h o w s  a g e n e r a l  i n c r e a s e  t o  a l a t e  s p r i n g  aaximum a n d  

t h e n  a g r a d u a l  d e c l i n e  t o  w i n t e r  l e v e l s .  T h i s  is p r o b a b l y  d u e  to  

t h e  m o d e r a t i n g  i n f l u e n c e  of l a k e s ,  e s p e c i a l l y  i n  t h e  Stuart 

b a s i n ,  

The Hope g a u g i n g  s t a t i o n  i s  o f t e n  u s e d  as  t h e  k e y  s t a t i o n  

t o  t h e  F r a s e r ,  Its r e c c r d s ,  d a t i n g  t o  1912,  a r e  c o n s i d e r e d  t o  be 

t h e  most  r e l i a b l e  on t h e  Fraser, a n d  i t  i s  s i t u a t e d  s u f f i c i e n t l y  

inland t o  b e  a b o v e  the d a i l y  t i d a l  f l u c t u a t i o a s ,  



4.2.2 f l e t e o r o l o g i c a l  d a t a  

T fiese were ~ r o v i d e d  by the A t m o s p h e r i c  E n v i r o n m e n t  S e r v i c e .  

T h e  P r a s e r  Basin h a s  105  m e t e o r o l o g i c a l  s t a t i o n s  ( f i g u r e  2.4) 

s u p p l y i n g  p r e c i p i t a t i o n  d a t a  o n  a d a i l y  b a s i s ,  P r e c i p i t a t i o a  is 

rrcorded as  r a i n  o r  s n c u  a f t e r  1977 ,  b u t  p r i o r  t o  t h i s ,  

t e m p r a t u r e s  a r e  r e q u i r e d  to estimate s n o w f a l l .  

P u b l i s h e d  d a i l y  v a l u e s  p r o v i d e  a s t a t i c  i a p r e s s i o n  of 

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

a n d  a f t e r  e a c h  streamf low ~ e a k ,  f r o n t a l  movemen t s ,  c o l d  lcw 

d i g r e s s i o n s  a n d  U p p e r  Air flow p t t e r n s  wer t r a c k e d  on s i x - h o u r  

s u r f a c e  c h a r t s  and t w e l v e  h o u r  U p p e r  a i r  c h a r t s ,  

S l a y ~ a k e r  (3972b)  f o u n d  a t r e n d  of i n c r e a s i n g  f raser R i v e r  

d i s c h a r g e  a t  Hope  f rom 1952-1  969 d e s p i t e  a n  e x p e c t e d  r e d u c t  i o n  

d u e  to r e t e n t i o n  b e h i n d  t h e  R e n n e y  D a m .  A l t h o u g h  h e  f o u n d  no  

s t a t  istically s i g n i f i c a n t  p r e c i ~ i t a t i o n  i n c r e a s e ,  h e  d e d u c e d  

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

u n g a u g e d  a r e a s ,  c a u s e d  t h e  h i g h e r  d i s c h a r g e s .  T h i s  c o u l d  o c c u r  

f o l l o w i n g  a n o r t h w a r d  s h i f t  i n  t h e  arean p o s i t i o n  of t h e  Arctic 

F r o n t ,  a l l o w i n g  moist Facific a i r  t o  e x e r t  a g r e a t e r  i n f l u e n c e  

i n  c e n t r a l  E r i  t i s h  Colueabia.  However,  t h i s  is  d i f f i c u l t  t o  

m o n i t o r  b e c a u s e  of the r a r i t y  o f  h i g h  e l e v a t i o n  m e t e o r o l o g i c a l  

s t a t i o n s .  T h e  B a r k e r v i l l e  s t a t i o n  i n  t h e  C a r i b o o  M o u n t a i n s  is 

t h e r e f c r e  i m p o r t a n t  a n d  its data are k e y  i n p u t s  f o r  flood 

p r e d i c t i o n s  a n d  t h e  U . B . C .  a o d e l .  



The t h e o r i e s  d i s c u s s e d  i n  sect i o n  1 - 2 ,  i n d i c a t e  a  n e g a t i v e ,  

r e l a t  i o n s h i ~  b e t w e e n  d i s c h a r g e  a n d  t r a v e l  time s h o u l d  e x i s t ,  

Eotb t r a v e l .  times i n  h o u r s  a n d  t h e  v e l o c i t i e s  n e c e s s a r y  f o r  

f l o o d  waves with c o r r e s p o n d i n g  t r a v e l  times, were e x a n i n e d  for a 

d e p e n d e n c e  upon a c t u a l  d  i s c h a r g e  v a l u e s .  No d e c i s i v e  pa t t e r n s  

c o u l d  t e  d e t e r r s i n e d  b e t w e e n  t h e  two sets of v a r i a b l e s ,  e i t h e r  on  

the b a s i s  of a w h o l e  y e a r  o r  when s p l i t  b y  s e a s o n .  T h e  s e a s o n a l  

d i v i s i o n  was made t o  d i f f e r e n t i a t e  b e t w e e n  d i f f e r e n t  r u n o f f  

g e n e r a  t i n  g p r o c e s s e s .  

S p r i n g  e v e n t s  with a s u b s t a n t i a l  s n o w p e l t  c o n t r i b u t i o n ,  

Smaller s c a l e  snmrner e v e n t s  c a u s e d  b y  local i red  storms a n d  

i n  creas cd  water l o s s e s  d u r i n g  t r a n s f e r ,  

Autumn r a i n f a l l - r u n o f f  e v e n t s  d u e  t o  i n c r e a s e d  i r o n  t a l  

a c t i v i t y .  

A t  t h i s  s t a g e  i n  t h e  study, o n l y  c a s e s  w i t h  p o s i t i v e  t r a v e l  

times b e t w e e n  two s t a t i o n s  were c o n s i d e r e d ,  I n  a o s t  cases, only 

a q u a l i t a t i v e  a n a l y s i s  was a t t e a t p e d  due p a r t l y  t o  t h e  l a c k  o f  

c lear  r e l a t i o n s h i p s  e x h i b i t e d  b y  the d a t a  ( f i g u r e  4-1)- The 

i n r ~ l i c a t i o n z  f r o m  a n a l y s i s  are p r e s e n t e d  i n  t a b l e  Q . 2 ,  T h i s  

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

a d d i t i o n a l  o b s e r v a t i o n s  s u b s e q u e n t l y  w i l l  t o  d i s c u s s e d .  



-r1 - C, Discharge in m3/s Discharge in m3/s 

Discharge in m3/s Discharge in rn vs 









i; T a b l e  4,2 D i s c h a r g e / t r a v e l  t i m e  r e l a t i o n s h i p s  

Reach Whole  Year 

l a r g e  Q r a n g e  
f o r  medium 'IT 

b r o a d  Q r a n g e  
w i t h  s h o r t  'IT 

b r o a d  Q r a n g e  
w i t h  s h o r t  TT 

b r o a d  (; r a n g e  
w i t h  s h o r t  TT 

S p r  i n y  

as  a n n u a l  

as a n n u a l  

l a r g e  TT 
r a n g e  f o r  
medium Q 

a s  a n n u a l  

a s  a n n u a l  

a s  a n n u a l  

n e g a t i v e  
t r e n d ,  low 
s l o p e ,  b r o a d  
sca t ter  

Autumn 

a s  a n n u a l  

v e r y  b r o a d  
nega  ti ve 
t r e n d ,  low 
s l o p e  

a s  summer 

key: Q = d i s c h a r g e ,  q ' i = t r a v e l  time, RP=Red P a s s ,  
H = % a n s a r d ,  S = S h e l l e y ,  TC=Texas  C r e e k ,  Ho= Hope 

On a n  annual  b a s i s  v e r y  l i t t l e  c a n  b e  d e t e r m i n e d  a b o u t  t h e  

n a t u r e  of a n  a s s o c i a t i o n  b e t w e e n  d i s c h a r g e  a n d  t r a v e l  t be, 

e x c e ~ t  w i t h  r e g a r d  to  t h e  r a n g e  of b o t h  v a r i a b l e s .  Wi th  t h e  

e x c e p t i o n  of a n n u a l  d a t a  f o r  t h e  r e a c h  b e t w e e n  R e d  P a s s  and  

Hansard, most d i s c h a r g e  v a l u e s  c a n  o c c u r  w i t h  r e l a t i v e l y  s h o r t  

t r a v e l  times [figures 4. L 2 a ,  4.1.3a a n d  4 . 1 , 4 a ) ,  The  r s a x i r n u ~  

d i s c h a r g e  r a n g e  a n  t h e  r e a c h  b e t w e e n  Bed Pass a n d  A a n s a r d  o c c u r s  

c e n t r a l  t o  the s p r e a d  of t r a v e l  tirse v a l u e s  [ f i g u r e  4.1. l a ) ,  F o r  

t h e  H a n s a r d  t o  S h e l l e y  r e a c h  i t  a p p e a r s  t h a t  t h e  l o n g e s t  t r a v e l  

t imes o c c u r  a t  medium d i s c h a r g e s ,  c o n t r a r y  t o  t h e  p r e d i c t i o n s  of 

L i n s l e y  e t  a1 { l W 9 ) ,  A n n u a l  da ta  s u g g e s t  t r a v e l  t i n e s  a r e  n o t  



The f r e s h e t  p e a k s  are t h e  h i g h e s t  i n  a l l  reaches [ f i g u r e s  

4.1. I b ,  4. 1.2b, 4. 1.3b, 4.1 .4b) r While i t  i s  p o s s i b l e  t o  comment 
i 

on a f ew F e i n t s  on  t h e  s p r i n g  p l o t s ,  t h e r e  a r e  n o r e  e x c e p t i o n s  

t h a n  g e n e r a  1 r u l e s .  A t  t h i s  time o f  y e a r  the o b s e r v e d  

u n p r e d i c t a b i l i t y  o f  t r a v e l  tilties is p r o k a b l y  r e s u l t i n g  from 

s p a t i a l l y  a n d  t e a p o r a l l y  u n e v e n  i n p u t s ,  

I n  s u a m e r ,  the b r o a d e s t  r a n g e  of t r a v e l  times o c c u r s  a t  low 

d i s c h a r g e s  for the u p p e r  two r e a c h e s  ( f i g u r e s  4 . 1 . 1 ~  a n d  

Q. 1 - 2 c ) .  F o r  t h e  S h e l l e y  t o  T e x a s  C r e e k  r e a c h  ( f i g u r e  4 . 1 - 3 c )  a 

v a g u e  t r e n d  of s h o r t e r  t r a v e l  t imes  w i t h  h i g h e r  d i s c h a r g e  i s  

i n d i c a t e d ,  possibly r e s p o n d i n g  t o  l o c a l i s e d  c o n v e c t  i o n a  1 s t o r m s ,  

T h i s  c c n c l u s i o n  is b a s e d  o n  t h e  n a t u r e  of most suinmer 

p r e c i p i t a t i o n  i n  t h e  S h e l l e y  t o  T e x a s  C r e e k  r e g i o n ,  a n d  

o b s e r v a t i o n s  f r o l a  t h e  model d e v e l o p e d  i n  t h e  s t u d y .  The &ode1 

i m p l i e s  t h a t  t r a v e l  ti- v i l l  n o t  b e  d e p e n d e n t  o n  d i s c h a r g e  when 

t h e r e  is ba s i n - w i d e  p r e c i p i t a t i o n ,  b u t  t h a t  a r e l a t i o n s h i p  c a n  

e m e r g e  for s ma 11, l o c a l i s e d  storms. 

I n  a u t u m n ,  low d i s c h a r g e s  a p p e a r  t o  o c c u r  o n l y  w i t h  

r e l a t i v e l y  l o n g  t r a v e l  times for t h e  a i d d l e  two r e a c h e s  [ f i g u r e s  

4. 1 ,Zd and  4 .1 ,3d) ,  b u t  t h e  p a t t e r n  is s t i l l  c o n f n s e d  ( f i g u r e s  

4 . 1 , l d  a n d  4 , 1 * 4 d ) ,  Pcr t h e  t o t a l  r i v e r  l e n g t h  b e t w e e n  t h e  

e x t r e n e  s t a t i o n s ,  t r a v e l  time a p p e a r s  t o  b e  t o t a l l y  u n c o r r e l a t e d  

w i t h  d i s c h a r g e ,  

T h e  i m p o r t a n c e  of t h e  T h o ~ t i ~ s o n  r i v e r  i n p u t  t o  t h e  F r a s e r  

E i v e r  b e l o r  T e x a s  C r e e k  l e d  t o  a n  e x a a i n a t i o n  of discharge a n d  



t r a v e l  time r e l a t i o n s h i p s  h ~ t w e e n  S p e n c e s  B r i d g e  a n d  Hope. T h e  

p a t t e r n s  e x h i b i t e d  h e r e  were n o  b e t t e r  t h a n  t h o s e  on t h e  F r a s e r  

R i v e r  i t s e l f .  I n  g e n e r a l ,  t h e  search t o  e s t a b l i s h  p a t  t e r n s  

b e t w e e n  d i s c h a r g e  a n d  t r a v e l  t ime s e e m  f r u i t l e s s .  

C o n s i d e r i n g  d i s c h a r g e  a t  o n l y  o n e  s t a t i o n  may c o n t r i b u t e  t o  

t h e  p a u c i t y  o f  r e s u l t s  b e c a u s e  t r a v e l  times. %till r e s p o n d  t o  

c o n d i t i o n s  a l o n g  t h e  w h o l e  s e c t i o n .  T h e s e f  o r e ,  severa l  tests 

w e r e  made t o  i n c o r ~ o r a t e  d i s c h a r g e  v a l u e s  for  B o r e  t h a n  one 

p o i n t .  T h e  f i r s t  a p p r o a c h  r e q u i r e d  t h e  c o m p u t a t i o n  o f  p e a k  

d i f f e r e n c e ,  t h a t  is,  t h e  v o l u m e  b y  w h i c h  the ~ e a k  h a s  i n c r e a s e d  

d o w n s t r e a m .  T h i s  m e a s u r e  s h o u l d  a c c o u n t  f o r  l a t e r a l  i n p u t s  which 

may c o n f u s e  t h e  d i s c h a r g e / t r a v e l  time p a t t e r n .  T r e n d s  a p p e a r  t o  

be a b s e n t  from a n n u a l  d a t a .  S e a s c n a l l p  d i v i d e d  d a t a  were no 

c leare r  e x c e p t  f o r  t h e  two u p p e r m o s t  r e a c h e s  i n  a u t u m n ,  where  a 

t e e u o n s ,  n e g a t i v e ,  l i n e a r  rela t i o n s h i  F a p p e a r s .  O f t e n ,  b e t w e e n  

H a n s a r d  a n d  S h e l l e y ,  a u t u m n  p e a k  d i f f e r e n c e s  are t h e  l o u e s t ,  

s i g n  i f  y i n g  r e l a t i v e l y  smaller i n p u t s  d o w n s t r e a  m, The na t u r e  of 

autumn p r e c i p i t a t i o n  a l l o w s  v i d e s ~ r e a d  r e c r i p t  w i t h i n  t h e  b a s i n .  

T h e r e f  ore, low peak d i f f e r e n c e s  my = E l e c t  a t h i r s t y  

g r  oun  d w a t e r  c o n d i t  icn and in•’ l u e n t  streams in t h e  area 

c o n t r i b u t i n g  t o  t h e  P r a s e r  R i v e r  a t  S h e l l e y .  W i t h  t h e  

e l i m i n a t i o n  of s n b s t a n t i a l  i n p u t  f rozi t h i s  area,  t h e  H a n s a s d  

p e a k  c a n  d o m i n a t e  and  a l l o w  almost r e g u l a r  t r a v e l  times on t h i s  

reach. I f  t h e  i n c r e a s e s  i n  d i s c h a r g e  a r e  e x p r e s s e d  a s  

~ e r c e n t a y e s ,  t h e  r e s u l t  is n o t  i m g r o v e d .  



I n  a s e c o n d  at terart  t o  r e d u c e  @ # n o i s e q * ,  s i m p l e  d i s c h a r g e s  
) 

w e r e  s ~ p a r a t e d  i n t o  t w c  g r o u p s  a c c o r d i n g  to  t h e  r e l a t i v e  h e i g h t  

of t h e  p r e c e e d i n g  p e a k ;  t h a t  is, h i g h e r  o r  lower. T h i s  d i v i s i o n  

s h o u l d  r e d u c e  p r o b l e m s  c r e a t e d  when s e a s u r e d  e v e n t s  o c c u r  t o o  

c l o s e  t o g e t h e r  i n  time a n d  t h e  s y s t e m  is c a r r y i n g  p r e v i o u s  

h i g h w a t e r  c o n d i t i o n s  i n  its mnemoryf i .  Again ,  typical b r o a d  

sca t t e r s  v e  re p r o d u c e d  i n  most cases. A scattered, p o s i t i v e  

r e l a t i o n s h i p  b e t w e e n  d i s c h a r g e  a n d  t r a v e l  time is i n d i c a t e d  on 

t h e  l o v e r  t u o  r e a c k ~ s  when h i g h f l o w s  a re  sraaller t h a n  t h e i r  

p r e d e c e s s o r .  B e c a u s e  r i v e r  v e l o c i t i e s  a r e  a f u n c t i o n  of 

d i s c h a r g e ,  t h e  asscciated maximu@ v e l o c i t y  for  t h e  p r e c e e d i n g  

p e a k  w i l l  a l s o  b e  h i g h .  A l t h o u g h  v e l o c i t y  w i l l  d e c r e a s e  a f t e r  

t h e  f i r s t  peak  b e c a u s e  o f  i t l c r e a s e d  baseflow, i t  B a y  still b e  

r e l a t i v e l y  h i g h  u h e n  the s e c o n d  p e a k  is g e n e r a t e d ,  T h e r e f o r e ,  

velocity is a l r e a d y  g u i t e  fast, Zt is u n l i k e l y  t h a t  a small  peak  

p r e c e d e d  b y  a l a r g e r  o n e  will r e c o r d  a slow t r a v e l  t h e ,  

r e g a r d l e s s  o f  t h e  c o m p l e x i t i e s  of u n s y n c h r c n i s e d  i n p u t s  f rom t h e  

s u t h a s i n s ,  I n  t h e  c ~ p o s i t e  case w h e r e  p r i o r  e v e n t s  are  larger,  

h i g h  d i s c h a r g e s  a p p e a r  t o  be  r e s t r i c t e d  t o  r e l a t i v e l y  f a s t  

ve I cci t ie  s, 

A f i n a l  e x a s i o a t i o n  v a s  made of d i s c h a r g e s  and v e l o c i t i e s  

a v e r a g ~ d  o v a  t h e  w h o l e  r e a c h ,  i n s t e a d  of v a l u e s  from f i x e d  

~ o i n t s  wh ich  may n o t  b e  r e p r e s e n t a t i v e .  No r e l a t i o n s h i p s  c o u l d  

b e  d e t e r n t i n e d  a n d  t h e  o v e r a l l  c o n c l u s i o n  f r o m  t h i s  s e c t i o n  is 

t h a t  a s i a p l e  c o r r e l a t i o n  b e t w e e n  discharge and t r a v e l  t i m  o r  

a p p r e n t  v e l o c i t y  d o e s  n o t  seem t o  e x i s t  on  t h e  F r a s e r  R i v e r ,  



4, 4 I n f l u e n c e  o f  ~ e t e u r o l o c r i c ~  C o n d i t i o n s  -- ---- -- 

I t  i s  h y p o t h e s i s e d  t h a t  s t o r n s  f r o n  d i f f e r e n t  d i r e c t i o n s  

may c o n p l i c a  te t h e  p a t t e r n s  d u e  t o  c o n t r a s t s  i n  p r e c i p i t a t i o n  

mechanis las ,  v clutaes  prod  w e d  a n d  t i m i n g  of r u n o f f  g e n e r a t i o n ,  

T h r e e  i u e t e o r o l o g i c a l  f e a t u r e s  were c o n s i d e r e d  i m p o r t a n t  i n  

g o v e r n i n g  d i r e c t i o n  of storm movement, ria n e l y ,  f r o n t s ,  u p p e r  air 

f l o w s  a n d  c o l d  low c e n t r e s ,  The p r e d o i n i n a n t  f r o n t a l  a p p r o a c h  i s  

from t h e  n o r t h w e s t ,  b u t  s p e e d  o f  g a s s a g e  a n d  u p p e r  a i r  f l o w s  a r e  

v a r i a b l e  f o r  e a c h  s t o r a .  U p p e r  a i r  f l o w s  t e n d  t o  steer s t o r ~ s  

a n d  t h e r e f  cre t h e  G e o s t r o p h i c  w i n d s  are a  use•’  u l  i n d i c a t o r  for 

tracking (Gary  Schaeffer, p e r s  comm). 

I n  s p r i n g ,  warming upE;er a i r  frola t h e  s o u t h w e s t  (Hawai i )  

leap be sore r e s p o n s i b l e  f o r  i n d u c i n g  s o o v r a e l t  peaks. I n  w i n t e r ,  

c o l d  low c e n t r e s  a r e  l i k e l y  t o  d o t a i n a t e  o v e r  t h e  N o r t h e a s t  

P a c i f i c  a n d  may  p r o c e e d  n o r t h w a r d s  a l o n g  t h e  c o a s t ,  a l l o w i n g  a  

series of f r o n t s  t o  p a s s  over B r i t i s h  Colurebia ,  C o n v e r s e l y ,  i n  

summer t h e  lows t h e t a s e l v e s  are  more l i k e l y  t o  move o v e r  B r i t i s h  

Colas b i a  a n d  p r o d u c e  i n s t a b i l i t y  showers .  T h e r e f o r e  t h e  c h a  n g i n g  

r e l a t i o n  between t h e  H a w a i i a n  H i g h  a n d  t h e  Y o r t h  P a c i f i c  lows is 

very i s p o r t a n t  i n  d e t e r m i n i n g  the s p a t i a l  e x t e n t  cf storm 

a c t i v i t y  i n  B r i t i s h  Cc lu iab ia ,  I n  t h e  f o l l o w i n g  a n a l y s i s  e a c h  

f l o o d  peak was c l a s s i f i e d  a c c o r d i n g  t o  d i r e c t i o n  of p r o  tab1 e 

storm a p p r o a c h  and u p F e r  a i r  f e a t u r e s .  



A p p r o x i m a t e l y  o n e  t h i r d  of t h e  s p r i n g  p e a k s  i n  the d a t a  set 

were a s s o c i a t e d  with g e n e r a l  i n s t a b i l i t y  a n d  s o u t h w e s t  u p p e r  a i r  

f l c u s ,  i t a p l y i n g  t h a t  s n o w m e l t  is i m p o r t a n t .  Snowinel t  p r o d u c e s  a n  

i n c o n s i s t e ~ l t  i n p u t  t o  the P r a s e r  R i v e r  a l l o w i n g  t h e  R a n s a r d  

v o l u m e  t o  d o m i n a t e  a t  S h e l l e y .  F u r t h e r  d o w n s t r e a t a  b e t w e e n  T e x a s  

C r e e k  and Hope, s n o w m e l t  e v e n t s  e x h i b i t  much v a r i a t i o n  i n  t h e  

d i s c h a r g e / t r a v e l  time r e l a t i o n s h i p .  I n  summer, t h e  

m e t e o r o l o g i c a l  c o n d i t i o a s  associa Ped w i t h  p e a k s  are highly 

v a r i a b l e ,  U f t i l o  t h e  v a s i a b i l i t  y d c e  s n o t  a l l o w  c o n c l u s i o n s  a b o u t  

t h e  effects of m e t e o r o l o g i c a l  c o n d i t i o n s  o n  t h e  

d i s c h a r g e / v e l o c i t y  r e l a t i o n s h i p ,  i t  d o e s  e x p l a i n  the c o n f u s e d  

p a t t e r n s  e x h i b i t e d  by  t h e  d a t a ,  I n  a u t u m n ,  n o r t h w e s t  f r o n t s  my 

c r o s s  E r i  t i s h  C o l u l a b i a  i n  n u l t i ~ l e s ,  c r e a t i n g  no t a b l e  f l o o d  

p e a k s  b e t w e e n  Red P a s s  a n d  H a n s a r d .  P o r  a series of storms, 

r i v e r  i n p u t s  c c n t i n u e  to i n c r e a s e  a f t e r  t h e  first "peakm, 

t h e r e b y  e x t e n d i n g  t h e  o v e r a l l  h y d r o g r a  ~h t i m e b a s e ,  T h e  first 

s tcrm m y  n o t  p r o d u c f  t h e  h i g h e s t  peak ,  a n d  peaks a t  a d j a c e a t  

s t a t i o n s  may not b e  c a u s e d  b y  t h e  saae  storla. T h e  d u r a t i o n  o f  

each f r o n t a l  p a s s a g e  d o e s  n o t  appear  t o  h a v e  a d i s t i n g u i s h a b l e  

effect. 

T h e  f a s tes t  t ravel t i n e s  b e t w e e n  B a n s a r d  and  S h e l l e y  o c c u r  

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

from t h e  n o r t h w e s t .  This s u p p o r t s  the i d e a  t h a t  t h e  time o f  peak 

a t  S h e l l e y  is i n d e ~ e n d e n t  of t h e  a r r i v a l  of a f l a d  wave f r o m  

Nansard.  T h e  slowest t r a v e l  tirtles f o r  t h i s  r e a c h  are  a s s o c i a t e d  

w i t h  w e s t e r l y  f r o n t s  a n d  m y  r e s u l t  f r o m  r e l a t i v e l y  l a t e  



p r e c i p i t a t i o n  r e c e i p t  i n  t h e  b a s i n  a b o v e  H a n s a r d .  This, a l l o w s  a 

t i n e  s e p a r a t i o n  b e t w e e n  t h e  i n p u t  from t h e  a r e a  c o n t r i b u t i n g  

more i m m e d i a t e l y  t o  S h e l l e y  a n d  t h e  a r r i v a l  o f  a f l o o d  wave from 

u p s t r e a m ,  T h e r e f  o r e ,  w s l o v m  t r a v e l  t irses ~ c s s i b l y  i l l u s t r a t e  t h e  

t i m e  d i f f e r e n c e  a c t u a l l y  p r o d u c e d  b y  2 l o o d  wave rrovement. For 

a l l  s e c t i o n s  o f  t h e  P r a s e r  R i v e r ,  t h e  g r e a t e s t  r a n g e  a n d  

v a r i a b i l i t y  of t r a v e l  times is i n  sulemer. A d d i t i o n a l l y ,  t r a v e l  

t imes  f o r  e a c h  r e a c h  seem t o  b e h a v e  w i t h o u t  r e f e r e n c e  t o  

n e i g h b o u r i n  g s e c t i o n s ,  

A v e r a g e  v a l u e s  of  b o t h  d i s c h a r g e  a n d  v e l o c i  t g  were 

c o n s i d e r e d  a l s o  f o r  e a c h  r e a c h ,  R e s u l t s  were i n c o n c l u s i  ve  

b e c a u s e  r e s p o n s e s  were n o t  d i f f e r e n t i a t e d  b y  d i r e c t i o n  of e i t h e r  

f r o n t a l  a p p r o a c h  or  n p p r  a i r  flow i n  a n y  r e a c h .  U n s t a b l e  

c o n d i t i o n s  t e n d  t o  b e  associated w i t h  h i g h e r  d i s c h a r g e s  for  a 

g i v e n  v e l o c i t y  on t h e  s i d d l e  s e c t i o n s .  P o s s i b l y  t r a v e l  times 

d u r i n g  u n s t a b l e  c o n d i t i o n s  are more r e p r e s e n t a t i v e  of r e a l  

t r a v e l  time b e c a u s e  t h e  w h o l e  b a s i n  slay n o t  be c o n t r i b u t i n g ,  

A t t e a p t s  to m o d e l  t h e  d i r e c t i o n  of  f r o n t a l  a p p r o a c h  p r o v e d  

u n s u c c e s s f u l  b e c a u s e  t h e  time o f  p a s s a g e  i s  r e l a t i v e l y  s h o r t  

c o a p a r e d  t o  b a s i n  d i m e n s i o n s  a n d  s u r f a c e  p r o c e s s e s .  T h e r e f o r e ,  

t h e  m a i n  b e n e f i t  of a c l a s s i f i c a t i o n  b a s e d  o n  d i r e c t i o n ,  i s  t o  

d i s t i n g u i s h  s t o r &  c h a r a c t e r i s t i c s  a c c r u e d   fro^ t h e  s o u r c e  a r e a  

r a t h e r  t h a n  time d i f f e r e n c e s  i n t r o d u c e d  b y  actual movement 

d i r e c t i o n  a c ro s s  t h e  b a s i n ,  

T h e  o v e r a l l  c c n c l u ~ i o n  i s  t h e r e f o r e ,  t h a t  t h e  * n o i s e M  

i n t e r f e r i n g  w i t h  s u p p o s e d  g e n e r a l i s e d  t r e n d s  c a n n o t  be  f u l l y  



e x ~ l a i n e d  k y  l a r g e  scale m e t e o r o l o g i c a l  d i f f e r e n c e s .  T h e  most 

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

s o u t h w e s t  u p p e r  a i r  f l o w s ,  e n a b l i n g  s n o u m e l t  i n  s p r i n g .  W e a t h e r  

c o n d i t i o n s  a s s o c i a t e d  w i t h  a peak i n  summer a r e  more v a r i a b l e ,  

i m ~ l y i n g  t h a t  a n t e c e d e n t  c o n d i t i o n s  e x e r t  a n  i n f l u e n c e .  C e r t a i n  

g r o u p s  o f  m f t e o r o l o g i c a l  f a c t o r s  i n d i c a t e  t e n t a t i v e  r e a s o n s  f o r  

e r r a t i c  r e l a t i o n s h i p s  b e t w e e n  d i s c h a  rge a n d  t r a v e l  time, hut n o t  

g e n e r a l  t r e n d s ,  T h e r e f o r e  a r a n g e  o f  d i s c h a r g e s  c a n  be 

a s s o c i a t e d  u i t h  aos t  t r a v e l  times for t h e  u p s t r e a m  reach. 

U n t i l  t h i s  p o i n t ,  o n l y  p o s i t i v e  t r a v e l  times were a n a l y s e d .  

P o s i t i v e  t r a v e l  times a r e  d e f i n e d  a s  e v e n t s  i n  w h i c h  t h e  

u p s t r e a m  peak o c c u r s  b e f o r e  i t s  d o w n s t r e a a  c o u n t e r p a r t .  There 

are  a s i g n i f i c a n t  number  of cases where t h e  r e v e r s e  D c c n r s ,  

i t s p l y i n g  t h a t  t r a v e l  times a r e  n e g a t i v e ,  H o s t  n e g a t i v e  t r a v e l  

times were o b s e r v e d  o n  t h e  H a n s a r d  t o  S h e l l e y  s e c t i o n  a a d  fewest 

between S h e l l e y  a n d  T e x a s  C r e e k .  T h e y  e x h i b i t e d  n o  p r e f e r e n c e  

f o r  s e a s o n  o r  m e t e o r o l o g i c a l  c o n d i t i o n s  (see t a b l e  4.3) . T h i s  

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

c o n c e n t r a t i o n  2 f o r  a s u b b a s i n ,  i s  d o m i n a t i n g  time-of-peak a t  a 

s t a t i o n .  O b v i o u s l y  i n  t h e s e  i n s t a n c e s ,  p e a k  g e n e r a t i o n  is a 

f u n c t i o n  o f  l o c a l  b a s i n  factors a n d  n o t  wave p r o g r e s s i o n !  

Time o f  c o n c e n t r a t i o n  was e x a m i n e d  b r i e f l y  t o  assess  t h e  

i m ~ c r t a n c e  o f  s u b b a s i n s  i n  d e t e r o i n i n g  t i m e - o f - p e a k .  I n  a l m o s t  ---------- ------- 
2 T b e  O , S ,  D e p a r t l ~ e n t  of A g r i c u l t u r e  d e f i n e s  t i ~  of 
c o n c e n t r a t i o n  a s  " t h e  time r e q u i r e d  f o r  r u n o f f  to t r a v e l  f r o m  
the h y d r a u l i c a l l y  most d i s t a n t  p r t  of the storm area t o  t h e  
w a t e r s h e d  o u t l e t  or  some o t b e r  p o i a t  o f  r e f e r e n c e "  { V i e s s m a ~  et 
a l ,  1977) 



u n s t a  b l ~  
NE f r o n t  
N f r o n t  
N W  f r o n t  
# front 
SW f r o n t  
t o t a l  
+ ve/- ve 

a l l  c a s e s  o f  n e g a t i v e  t r a v e l  t i a e s ,  u p s t r e a m  time of  

c o n c e n t r a t i o n  is l o n g e r  t h a n  t h a t  downstream,  T h i s  a l l o w s  the 

u p s t r e a m  peak to o c c u r  l a t e r ,  r e s u l t i n g  i n  a  n e g a t i v e  t r a v e l  

tintew, T i w e  of c o n c e n t r a t i o n  i s  h i g h l y  v a r i a b l e  b e t w e e n  r e a c h e s  

and a l s o  k ~ t u e s n  e v e n t s  over t h e  whole  system. T h e  l a r g e s t  t i ~ e  

of c o n c e n t r a t i o n  o c c u r s  i n  s p r i a g  due  t o  i n c r e i a e n t a f  i n c r e a s e s  

f rom snow @e lt , 

C a s e s  where u p s t r e a m  tine cf c o n c e n t r a t i o n  was l o n g e r  t h a n  

downstream c a n  o c c u r  i n  each  o f  the t h r e e  s e a s o n s  but m a i n l y  i n  

s u m n e r  between Bed Pass a n d  I i ansa rd .  T h i s  s u g g e s t s  t h a t  

l o c a l i s e d  storm e f f e c t s  are i m p o r t a n t .  Often, l u n g  u p s t r e a a  tie 

of c o n c e n t r a t i o n s  o c c u r  i n  c o n j u n c t i o n  v i  t h  changing 

m e t e o r c l o g i c a l  c o n d i t i o n s ,  a n d  s o m e t i n e s  these c a s e s  were 

a n o m a l o u s  i n  t h e  d i s c h a r g e / t r a v e l  time r e l a t i o n s h i p s ,  Now, t h e  

t r a v e l  t i n e  i r r e g u l a r i t i e s  cn t h e  s e c t i o n  be tween  Bansard a n d  

S h e l l e y  a r e  w e l l  e x p l a i n e d .  I n  s p r i n g ,  d e s ~ i t e  a r a n g e  of t r a v e l  

times and d i s c h a r g e s ,  a l o n g  time of c o n c e n t r a t i o n  u p s t r e a n  



p r e d o a i n a t e l y  a c c o u n t s  f o r  v e r y  s h o r t  t r a v e l  times w i t h  low 

d i s c h a r g e s .  # a n y  o f  t k e  f i r s t  summer  p e a k s  a l s o  h a v e  a l o n g  

u p s t r e a m  t i m e  of c o n c e n t r a t i o n ,  w h i c h  a g a i n  e x p l a i n s  t h e  

m a j o r i t y  o f  e x t r a n e c u s  p o i n t s .  F o r  e x a m p l e ,  a v e r y  h i g h  h e a d  

w i t h  slow t r a v e l  t i a e ,  a n d  t h e  v e r y  f a s t e s t  t r a v e l  times o c c u r  

u n d e r  t h e s e  c o n d i t i o n s ,  E x c e p t i o n a l  autumn cases are  a l s o  

a t t r i b u t e d  to  time o f  c o n c e n t r a t i o n  i r r e g u l a r i t i e s ,  W h i l e  t h e  

e f f ec t s  are n o t  s o  e x p l i c i t  b e t w e e n  S h e l l e y  a n d  T e x a s  C r e e k ,  

b e t w e e n  T e x a s  C r e e k  a n d  Hope  a l c n y  time of  c o n c e n t r a t i o n  

u p s t r e a m  i s  a s s o c i a t e d  m i t h  t h e  f a s t e r  t r a v e l  times. 

I n  c o n c l u s i c n ,  a n  e x a a i n a t i o n  o f  time of c o n c e n t r a t i o n  

e x p l a i n s  much a b o n t  a p p a r e n t l y  e r ra t ic  t r a w l  times, a n d  i n  a a n y  

cases, time of c o n c e n t r a t i o n  i r r e g u l a r i t i e s  can b e  r e l a t e d  t o  

m e t e o r o l o g i c a l  c o n d i t i o n s .  O n c e  a g a i n  t h e  i a p o r t a  nce o f  s u b b a s i n  

c o n t r i b u t i o n s  t o  time of p e a k  a t  a s t a t i o n  is h i g h l i g h t e d ,  more 

s p e c i f i c a l l y ,  t h e  t i ae  t a k e n  fcr araximura runoff g e n e r a t i o n  a t  a 

p o i n t ,  seems t c  be of most  s i g n i f i c a n c e  i n  d e t e r ~ i n i n g  tiltle of 

p e a k  a n y w h e r e  a l o n g  t h e  F r a s e r  R i v e r .  T h e  t r a n s l a t i o n  of a f l o o d  

wave  a p p e a r s  t o  b e  of m i n o r  i r ~ o r t a n c e  b e c a u s e ,  f o r  the m a j o r i t y  

of  e v e n t s ,  a n e g a t i v e  t r a v e l  time is e x h i b i t e d  b e t w e e n  c n e  o r  

more s t a t i o n s ,  



4.5 O b s e r v e d  a n d  m o d e l  g e n e r a  t e d  v e l o c i t i e s  -- ----- - ----- -------- ---u-- 

When t h e  time d i f f e r e n c e s  b e t w e e n  t w o  p e a k s  a t  n e i g h b o u r i n g  

s t a t i o n s  a r e  c c n v e r t e d  t o  t h e  v e l o c i t i e s  t h a t  a r e  n e c e s s a r y  f o r  

t h e  s a m e  f l o o d  wave t o  b e  p r e s e n t  i n  b o t h  p e a k s ,  some 

u n r e a l i s t i c  v e l o c i t i e s  are i m p l i c a t e d .  T h i s  s e c t i o n  d e a l s  aore 

f u l l y  w i t h  real  and a p p a r e n t  v e l o c i t i e s  f r o m  streamf low and 

m o d e l  g e n e r a t e d  d a t a .  

I t  %as p r e s u p p o s e d  t h a t  a f lood  wave t r a v e r s i n g  t h e  s y s t e m  

p r o d u c e d  o n e  peak v h i c h  was o b s e r v e d  a t  e a c h  s u c c e s s i v e  s t a t i o n .  

T h u s  t h e  t i r e s  b e t w e e n  p e a k s ,  d e r i v e d  from s t r e a  l a f  low da ta ,  can 

b e  e x p r e s s e d  a s  wave t r a v e l  times (table 4.4. ) When c o m p a r e d  t o  

g e n e r a t e d  t r a v e l  times ( t a b l e  3.5) t h e  r ea l  da ka s u g g e s t  wave 

celerity is extremely  h i g h .  T h i s  could b e  doe t o  a s h o r t c o m i n g  

of t h e  model or  a t o t a l  d i s r e g a r d  of f l o o d  wave t r a n s l a t i o n  i n  

r e a l  p e a k  t i m i n g .  T h e  d i c h o t o m y  c a n  be more e a s i l y  r e s o l v e d  when ' 

a c t u a l  v a t e r  relocit ies a n d  p r o k a h l e  wave celeri t ies a re 

c o n s i  doced ,  

O b s e r v a t i o n s  s u g g e s t  wave c e l e r i t y  t o  be 1.4 t o  2.0 times 

g r e a t e r  t h a n  v a t e r  v e l o c i t y  ( L i n s l e p  e t  a l ,  1949) .  V e l o c i t y  a n d  

d i s c h a r g e  d a t a ,  s e a s u r e d  i n  the f i e l d  t h r e e  o r  f o u r  times p e r  

annum, were o b t a i n e d  for e a c h  s t a t i o n  f roa Water S u r v e y  o f  

C a n a d a  m t e r  n o t e s  a n d  u s e d  to c a l c u l a t e  a n  e x p e c t e d  r a n g e  f o r  

wave c e l e r i t y  (table 4.5). Q u i c k  a n d  P i p e s  (1976a) s u g g e s t  t h a t  

t h e  best e s t i m a t e  of wave c e l e r i t y  f o r  the  F r a s e r  R i v e r  is 7 . 5  



T a b l e  4.4. T r a v e l  time s t a t i s t i c s .  -- I- --- - ----I__ 

( t i m e  from c o r r e e n c e m e n t  i n  hours) 

fP t o  B 
H t o  S 
S t o T c  
T c  t o  Ho 

Key: RP-Bed P a s s ,  f f=Hansard,  S = S h e l l e y ,  
T c = T e x a s  Creek a n d  Ho=Hope 

Ye loci  ties 
frctn travel 
tises ( m / s )  

Y eloc it ies 
from f i e l d  
da ta  (1)  (mjs) 

P o s i t i v e  times 

#I n e a n  1 S, D. ( r a n g e  [ 3 )  
I I I 

# 

69 
70 
63 
3 1  

(1)  C e r i v e d  from d i s c h a r g e - v e l c c i t y  curve a t  a s t a t i o n  
( 2 )  O n l y  c a l c u l a t e d  when t r a v e l  t i n e  more t h a n  zero h o u r s ,  
(3)  A f t e r  L i n s l e y  et  a 1  (1949)  
(4)  A f t e r  Quick a n d  P i p e s  ( 1  97th) 

R a n g e  

-76 +76 
-35 +38 
-27 +73 
- 1 9  +49 

N e g a t i v e  times 

t i m e  t h e  g a u g i n g  s t a t i o n  weloci t ies,  C l e a r l y ,  t h e  v e l o c i t i e s  

d e r i v e d  from t r a v e l  times h a v e  a v e r a g e s  gfea ter  t h a n  is n o r m a l l y  

o b s e r v e d  f o r  wave t r a n s l a t i o n .  I n  a d d i t  i o n ,  t h e  v e l o c i t i e s  

i m p l i c a t e d  by  t h e  travel times f o r  t h e  u p p e r - ~ o s t  two r e a c h e s  

mean 

38 
11 
48 
14 

# 

5 
2 8  

7 
8 

S .  D. 

16 
8 

11 
9 

mean 

39 
12 
17 
9 

S . D .  

24 
9 
8 
6 



a r e  h i g h e r  t h a n  t h e  e x p e c t e d  r a n g e ,  T h e  r e a l  v e l o c i t y - d i s c h a r g e  

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

o c c u r  e i t h e r  a s  d i s c h a r g e  i n c r e a s e s ,  o r  f o r  t h e  t e n  y e a r s  o f  

s t u d y ,  T h e r e f o r e ,  t h e  l a c k  cf g o o d  r e l a t i o n s h i p s  is n o t  due t o  

dundam e n t a l  c h a n n e l  c h a n g e s .  

T h e  r e a c h - h p  r e a c h  a n a l y s i s  cf v e l o c i t i e s  was s u p p l e m e n t e d  

by a c o a t p a r i s o n  of  v e l o c i t i e s  f ro@ t r a v e l  times b e t w e e n  a d j a c e n t  

reaches. S p e a r a a a *  s 8*r*q uas v e r y  low f o r  all pairs, s u g g e s t i n g  

i n d e p e n d e n c e  o f  t r a v e l  times: a phenomenon t h a t  i s  p h y s i c a l l y  

i n p o s s i b l e ,  l 4 e t e o r o l o g i c a l  c o n d i t i o n s  t y p i c a l  of  e r r a t i  c 

v e l o c i t i e s  frcrm Red P a s s  t h r o u g h  t o  Hope  c o u l d  n o t  b e  d i s c e r n e d  

f o r  these cases. A n a l y s i s  o f  ad  j a e e n t  r e a c h e s  is a l s o  h i n d e r e d  

because few e v e n t s  #ere r e c o r d e d  a t  a l l  s t a t i o n s .  T h i s  Bay b e  

d u e  t o  d a t a  l o s s  c a u s e d  by p r o b l e m s  a t  t h e  g a u g i n g  s t a t i o n ,  o r  

s i m p l y  n o  t race o f  a p e a k ,  T h e  l a t t e r  may h e  c a u s e d  b y  

a t t e n u a t i o n  o r  d r o w n i n g "  o f  r e l a t i v e l y  smal l  tri b u t a r y  i n p u t s  

by  l a r g e r  Eraser B i v e r  flows. 

A 1 1  the c c n c l u r i o n s  r e a c h e d  in t h i s  c h a p t e r  ~ o i n t  t o  

d i s c r e t e  r e s p o n s e s  of t h e  r i v e r  a t  e a c h  g a u g i n g  s t a t i o n -  R a t h e r  

t h a n  p r o v i d i n g  e v i d e n c e  of OM? f l o o d  wave p a s s i n g  t h r o u g h  the 

s y s t e m ,  it a p p e a r s  t h a t  " t r a v e l  time" is n o t  a n  a c c e p t a b l e ,  

d e s c r i p t i v e  term f o r  the time d i f f e r e n c e s  b e t w e e n  pea ks. T r a v e l  

t i s e  t r a d i t i o n a l l y  r e f e r s  t o  t h e  mximum peak ,  b u t  t h e  m d e l  

g e n e r a t e d  h y d r o y r a  ~ h s  s u g g e s t  most h i g h f  low e v e n t s  are 

a u l t i - p e a k e d .  



H y d r o g r a p h s  f o r  l a t f  summer a n d  a u t u m n  e v e n t s  were  

r e c o n s t r u c t e d  frcaa ri,S.C. r e c o r d e r  c h a r t  d a t a  f o r  t h e  t e n  y e a r s  

o f  s t u d y .  For t h i s ,  t h e  h o u r l y  d a t a  were i n v a l u a b l e ,  H y d r o g r a ~ h  

s h a p e  v a r i a t i o n s  b e t w e e n  s t a t i c n s  p e r  e v e n t ,  and b e t w e e n  storms, 

w e r e  r e a d i l y  a p p a r e n t ,  The h y d r o g r a p h s  were d i v i d e d  i n t o  three 

t y p e s ,  T h e  f i r s t  s h o w e d  a r e g u l a r  p r o g r e s s i o n  o f  h y d r o g r a  ~h 

s h a p e  b e t w e e n  a l l  s t a t i o n s  a n d  ~ o s i t i v e  t r a v e l  times, T h e  s e c o n d  

g r o u p  e x h i b i t e d  o n e  or more " n e g a t i v e m  t r a v e l  times a n d  t h e  

t h i r d  e x h i b i t e d  c h a n g e s  i n  h y d r c g r a p h  s h a p e ,  B y  c o m p a r i n g  t h e  

c h a n g e s  i n  shape ,  v o l u m e  a n d  t i m i n g  u i t h  the m o d e l ,  i t  was 

p o s s i b l e  t o  i n f e r  p r e c i p i t a t i o n  s o u r c e  areas or s t o r m  c e n t r e s .  

T h e  F r a s e r  L i v e r  h y d r c g r a ~ h s  were c l a s s i f i e d  b y  t h e  

a ~ ~ a r e n t  s o u r c e  r e g i o n  of p r e c i ~ i t a t i o n .  T h e y  were t h e n  c h e c k e d  

w i t h  r e a l  p r e c i p i t a t i o n  d i s t r i b u t i o n  data w h i c h  were a v a i l a b l e  

o n l y  o n  a d a i l y  basis, P r e c i p i t a t i o n  w i l l  n o t  commence 

e v e r y w h e r e  a t  t h e  same time i n  a b a s i n  a s  l a r g e  a s  t h e  P r a s e r ,  

b u t  t h e  time l a g  i n t r o d u c e d  b y  r u n o f f  g e n e r a  t i o n  n a y  be 

s u f f i c i e n t  t o  i g n o r e  these a b e r r a t i o n s  ( a t  t h i s  s c a l e ) .  

T h e r e f  ore, o n l  y t h e  p r e s e n c e  o f  ~ r e c i p i  t a t i o n  was r e c o r d e d ,  

e n a b l i n g  a n  a p p r o x i m a t i o n  of its s p a t i a l  e x t e n t .  Most 

c l a s s i f i c a t i o n s  u s i n g  h y d r o g r a p h  s h a p e  a l o n e  were s u c c e s s • ’  u l ,  

A l t h o u g h  i t  is d i f f i c u l t  t o  d i s t i n g u i s h  p r e c i p i t a t i o n  s c u r c e  

areas  p r e c i s e l y  fro@ t h e  s p a r s e  a e t w o r k  of m e t e o r o l o g i c a l  



s u p p o r t i v e  i n  5 8 %  o f  t h e  c a s e s ,  A n o t h e r  20% o f  t h e  cases were 

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

r e p l i c a t e  Fraser ff i v e r  h y d r o g r a p h s  e x a c t l y ,  b e c a u s e  t h e  mode l  

r e p r e s e n t s  j u s t  o n e  case of e a c h  s t o r m .  However ,  g e n e r a l  

h y d r o g r a p h  forrs  does seem t o  b e  s i m u l a t e d  well by  t h e  m o d e l .  

P r o m i s i n g  a s s o c i a t i o n s  b e t w e e n  h y d r o g r a  ~ h  form a n d  

p r e c i p i t a t i o n  d i s t r i b u t i o n  were f o u n d  for  t h e  im j o r i t y  of 

h y d r o g r a p h s .  H y d r o g r a p h s  w h o s e  p r e c i p i t a t i o n  s o u r c e s  were 

i n c o r r e c t l y  l o c a t e d  o c c u r r e d  m a i n l y  i n  s u a m e r ,  l r i  t h  Arctic 

f r o n t s  o r  h i g h  pressure c o n d i t i o n s ,  T h e s e  m e t e o r o l o g i c a l  

c o n d i t i o n s  are associated w i t h  a n  u n e v e n  d i s t r  i b u t i o n  of 

p r e c i p i t a t i o n  w h i c h  may be  c a u s i n g  the u n p r e d i c t a b i l i t y .  A - 

ccmmon f a c t o r  i n  e x t r a n e o u s  a u t u m n  cases, u a s  u p p e r  a i r  f l o w  

f r o m  t h e  s o u t h w e s t ,  T h i s  warm a i r  flow p o s s i b l y  i n d u c e s  melt of 

e a r l y  snow a t  t h e  h i g h e r  e l e v a t i o n s ,  d i s r u p t i n g  r e g u l a r  

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

a c t i v i t y  a n d  u p p e r  a i r  c h a r a c t e r i s t i c s  d i d  n o t  o f fe r  a n y  f u r t h e r  

e x p l a n a t i o n s ,  B r o a d  scale s e t e o r o l o g i c a l  v a r i a b l e s  do n o t  seem 

t o  be s e n s i t i v e  enough t o  a c c o u n t  f o r  r u n o f f  v a r i a t i o n s  i n  a 

b a s i n  w i t h  the d i v e r s i t y  o f  t h e  F r a s e r .  

The s h a p e  c f  t h e  F r a s e r  B i v e r  h y d r o g r a p h  a t  H a n s a r d  may be 

e x h i b i t e d  o c c a s i o n a l l y  a t  af 1 s t a t i o n s  d o w n s t r e a m .  T h i s  requires 

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

S u c h  a s t o r  a o f t e n  h rod aces a low, r o u n d e d  h y d r o g r a ~ h  whose  p e a k  

vo lume  nay  n o t  b e  a n o t i c e a b l e  a d d i t i o n  to  the flow a t  Hope, 



E x a u t ~ l e s  a r e  shown i n  f i g u r e s  4 . 2 ~  a n d  4.2d, a n d  s h o u l d  b e  

c o m p a r e d  w i t h  figure 3 - 6 ,  T h e  H a n s a r d  p e a k  may n o t  b e  a p p a r e n t  

a t  Hope,  a s  i n  t h e s ~  two e x a m ~ l e s ,  T h i s  m a y  o c c u r  i f  water is 

i n f l u e n t  t o  the g r o u n d w a t e r  systeDc i n  t h e  m i d d l e  P r a s e r ,  

n e q a t i n g  t h e  i n c r e a ~ e d  vo lume  f r o m  u p s t r e a m ,  o r  the w a v e  b a s  

a t t e n u a t e d  c o m p l e t e l y .  Voluree i n c r e a s e s  d o w n s t r e a m  a re  e x p l a i n e d  

by b a s e f l o w  c o a t r i t u t i o n s .  A l t h o u g h  b a s e f  lov i s  e x c l u d e d  f r o m  

the m o d e l  h y d r c g r a g h s ,  f l o o d  p e a k  v o l u m e  c h a n g e s  a r e  of  t h e  sarae 

o r d e r  o f  m a g n i t u d e  a s  t h e  model ,  T h e  s h a p e  o f  the h y d r o g r a p h  a t  

H a n s a r d  may p a s s  t h r o u g h  t h e  s y s t e m  w i t h  few a l t e r a t i o n s  d u r i a g  

t h e  sumscar, when p r e c i p i t a t i o n  i n  a r i d  areas laay n o t  n e c e s s a r i l y  

r e s u l t  i n  a p p r e c i a b l e  v o l u m e s  o f  r u n o f f ,  Storlas i n  t h e  n o r t h  

h a v e  t h e  s a m e  e f f e c t ,  T h e y  a r e  a s s o c i a t e d  w i t h  f r o n t s  f r o a  t h e  

n o r t h ,  n o r t h e a s t  c r  n o r t h w e s t ,  b u t  t h e  l a s t  a l s o  c a n  b e  

r e s p o n s i b l e  fo r  a r a n g e  o f  s p a t i a l  p r e c i p i t a t i o n  p a t t e r n s ,  

An e x a m i n a t i o n  of s h a p e  c h a n g e s  i n  F r a s e r  R i v e r  h y d r o g r a p h s  

f o r  e v e n t s  p a s s i n g  d o w n s t r e a m  r e v e a l e d  t h a t  p r e - p e a k  c h a n g e s  a r e  ' 

m o r e  n o t i c e a b l e  t h a n  c h a n g e s  a f t e r  t h e  peak ,  A rise o r  p l a t e a u  

o n  t h e  h y d r o g r a p h  r e c e s s i o n  l imb r e s u l t i n g  from upper P r a s e r  

f lows was r a r e l y  v i s i b l e ,  In•’ act,  a t t e n u a t i o n  is ~ o s s i b  ly more 

p r e v a l e n t  t ban e x p r e s s e d  i n  t h e  mode l ,  T h e  n e x t  p e a k  f o l l o v s  

c l o s e l y  i n  ntany cases, o b s c u r i n g  t h e  ~ r o f  i l e  cf t h e  r e c e s s i o n  

l i r n k .  A n o t h e r  f a c e t  of t h e  s y s t e r u  h i g h l i g h t e d  b y  e x a m i n i n g  r e a l  

h y d m g r a p h s ,  was t h e  f a i r l y  e v e n ,  l e s s  e r r a t i c  s h a p e d  

h y d r o g r a p h s  of t h e  Thontpson r i v e r  a t  S p e n c e s  B r i d g e  c o m p a r e d  

w i t h  t h e  F r a s e r  r i v e r  a t  Texas C r e e k ,  T h e  s m o o t h e r  s h a p e  
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ref lects  t h e  r e g u l a t i n g  e f f e c t  o f  l a k e  s t o r a g e  on d i s c h a r g e  

f l u c t u a t i o n s ,  Mul t  i - p e a k e d  h y d r c g  ra phs are comaon f o r  many 

e v e n t s  c n  t h e  Eraser R i v e r  ( f i g u r e  4 - 2 a  a n d  4 .2b ) .  T h i s  

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

c h a n g e s  a b o v e  k a s e f l o w ,  t o  assess which p e a k s  are d i s c r e t e .  

The P r a s e r  R i v e r  h y d r o g r a p h s  f o r  p r e c i p i t a t i o n  o v e r  the 

u h o l e  t a s i n  s h c w e d  g o o d  s imi la r i  tes t o  t h e  model  h y d r o g r a p h s .  

F o r  e x a m p l e ,  t h e  i n c r e a s e d  v o l u m e  a n d  b r o a d e n i n g  of t h e  

h y d r c g r a p h  shape f roat H a n s a r d  t o  S h e l l e y  If i g u r e  4. 2a  a n d  4,2b), 

a n d  t h e  earlier t i a e - o f - p e a k  i n  t h e  l a t t e r  case, The h y d r o g r a p h  

% o r  mode I a t  T e x a s  C r e e k  i s  v e r y  similar t o  t h a t  i n  f i g u r e  

4.2a. ?he  m o d e l  s u g g e s t s  t h e  f i r s t  peak relates t o  B r i d g e  r i v e r  

f l o w s ,  t h e  s e c c n d  ~ e a k  t o  i n p u t s  along t h e  middle  F r a s e r  R i v e r  

a n d  t h ~  t h i r d  b l i p  t o  u r p e r  F r a s e r  f l o u s -  T h e  b r o a d e n i n g  of t h e  

main peak a t  Hope  is d u e  t o  the T h o r n ~ w n  a n d  t h e  d e c r e a s e d  s l o p e  

o f  t h e  u p p e r  F r a s e r  f l o w s  d u e  t o  a t t e n u a t i o ~  ( f i g u r e  4 . 2 a ) .  

T h e s e  three  p e a k s  are d l s o  v i s i b l e  a t  Hope i n  f i g u r e  4.2b. I n  

t h i s  c a s e  t h e  Thompson i n p u t  was R O E  s u b s t a n t i a l  as  e v i d e n c e d  

by t b e  l a r g e r  vo lurae  i n c r e a s e ,  

P r a s e r  B i v e r  h y d r o g r a ~ h s  f rola storeas o v E r  t h e  C a r i b o o  

P l o u n t a i n s  ( f i g u r e s  4 , 2 e  a n d  4.2f) a l s o  f o l l o w e d  t h e  model 

c l c s e l y ,  F o r  e x a m p l e  a t  T e x a s  C r e e k  the v o l u a e  h a s  i n c r e a s e d  but 

the p e a k  h a s  e x p e r i e n c e d  a t t e n u a t i o n ,  3 y Hope, t h e  v o l u n e  h a s  

i n c r e a s e d  a n d  t h e  s h a p e  is lacre ~ ~ 0 n o t I n C e d ,  The d i f f e r e n c e s  

b e t w e e n  f i g u r e s  ir,2e a n d  4.2f are u n d e r s t a n d a b l e  s i n c e  the 

e x t e n t  o f  a C a r i b o o  s t o r m  is d i f f i c u l t  t o  d e t e r m i n e  a n d  t h e  



d e g r e e  o f  i n f l u e n c e  o n  the u p p e r  P r a s e r  a n d  Thompson w i l l  

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

s h o u l d  o n l y  be c o n s i . d e  red a s  r e l a t i v e ,  

C o n t i n u o u s  d i s c h a r g e  d a t a  a l l o w e d  h y d r o g r a p h  s h a p e s  t o  be 

p o r t r a y e d  a c c u r a t e l y ,  and a more p r e c i s e  e v a l u a t i o n  o f  peak  

t i m e .  Many t r a v e l  times b e t e e n  a d j a c e n t  s t a t i o n s  a  re less t h a n  

24 h o u r s  a n d  t h e r e f o r e  d a i l y  d a t a  d o  n o t  p o s s e s s  e n o u g h  

s e n s i t i v i t y  t o  d e t e r m i n e  the tilae of = i n  peak,  I t  is e v e n  more  

d i f f i c u l t  t o  i d e n t i f y  s e c o n d a r y  p e a k s  f rum d a i l y  d a t a .  T h e r e f  o r e  

much i n f o r m a t i o n  is l c s t  a t  t h e  d a i l y  time scale,  

4.7, D i s c h a ~ e L T r a v e l  T i m e  y & a t i c m s h i & s  fqr s e l e c t e d  --- ---- 
pseci p i t a t i on  s o u r c e  areas 

A f t e r  v e r i f y i n g  t h e  z o n e  o f  p r e c i p i t a t i c n ,  t h e  b a s i c  

r e l a t i o n s  b e t w e e n  t r a v e l  t i a e  a n d  d i s c h a r g e  were a n a l y s e d  a g a i n .  

Wow t h a t  t h e  d a t a  wese s p l i t  a c c c r d i n g  t o  p r e c i p i t a t i o n  s o u r c e  

r e g i c n ,  t h e  r e s u l t s  were g e n e r a l l y  good,  and  i m p l i e d  faster 

t r a v e l  titses w i t h  l a r g e r  d i s c h a r g e s ,  Often the t r e n d s  e x h i b i t e d  

t h e  c u r v i - l i n e a r  f o r m  p r e d i c t e d  b y  L i n s l e y ,  K o h l e r  a n d  F a u l h u s  

(1 949) , F o r  e x a a p l e ,  t h e  Hansard t o  S h e l l e y  r e a c h  a n d  t h e  

S h e l l e y  t o  T e x a s  C r e e k  reach w i t h  storne c e n t r e s  o v e r  t h e  C a r i b o o  

m o u n t a i n s  a n d  i n  t h e  n c r t h  ( f i g u r e s  4 .3 ,2a ,  4- 3. 2h, 4-3 .3a  a n d  

4 , 3 . 3 b ) ,  This t r e n d  c a n  a l s o  be s e e n  fo r  FIansard t o  S h e l l e y  w i t h  

p r e c i p i t a t i o n  c v e r  the w h o l e  o r  c e n t r e  o f  t h e  b a s i n ,  a n d  t o  some 

e x t e n t  b e w e e n  T e x a s  C r e e k  a n d  Hope w i t h  t h e  l a t t e r  
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p r e c i p i t a t i o n  d i s t r i b u t i o n  [ f i g u r e s  4.3, l a ,  4 - 3 . 4 a  a n d  4.3. Yc), 

T h e s e  t r e n d s  h o w e v e r  i n c l u d e  " n e g a t i v e i t  t r a v e l  times a n d  n a y  b e  

p u r e l y  c o i n c i d e n t a  1, 

When d i s c h a r g e s  a t  b o t h  u p s t r e a n  a n d  d o h n s t r e a m  s t a t i o n s  o n  

a reach a r e  c o m p a r e d ,  t h e r e  seems t o  be a n e g a t i v e  r e l a t i o n s h i p  

b e t w e e n  t r a v e l  time a n d  t h e  d i f f e r e n c e  b e t w e e n  t h e  two 

d i s c h a r g e s .  T h a t  is, d i s c h a r g e  v o l u m e s  are n o r e  l i k e l y  t o  b e  

s i ~ i l a r  v o l u m e s  when t h e  t r a v e l  time i s  l o n g ,  T h i s  is 

p a r t i c u l a r l y  n o t i c e a b l e  o n  t h e  H a n s a r d  t o  S h e l l e y  r e a c h  a n d  t h e  

S h e l l e y  a n d  T e x a s  C r e e k  r e a c h  ( f i g u r e s  4, 3.2a, 4 .3,3a,  4,3,4a). 

However, f o r  p f e c i p i t a t i o n  i n  t h e  c e n t r e  of the b a s i n ,  w h e r e  

t h i s  t r e n d  i +  most m a r k e d  (figure 4 , 3 . 4 a ) ,  t h e  c u r v i - l i n e a r  

t r e n d  is a l s o  l e a s t  a p p a r e n t .  C l e a r l y  t h e  l a r g e  a d d i t i o n s  

b e t w e e a  H a n s a r d  a n d  S h e l l e y  a l l ow  " n e g a t i  vew t r a v e l  t i ~ e s  a n d  

d i s r u p t  t h e  d i s c h a r g e / t r a v e l  t i a e  r e l a t i o n s h i p .  

For cases where t h e  n e g a t i v e  c u r v i - l i n e a r  t r e n d  i s  n o t  

a p p a r e n t ,  t h e  t i m e a r e a  mode l  p r c v i d e s  e x p l a n a t i o n s ,  F o r  e x a m p l e  ' 

b e t w e e n  T e x a s  Creek and  Hope w i t h  p r e c i p i t a t i o n  o v e r  t h e  w h o l e  

o r  c e n t r e  of t h e  b a s i n  ( f i g u r e  4.3, Ic a n d  4 . 3 . 4 ~ )  , t h e  r e l a t i v e  

i i n p o r t a n c e  of t h e  T h o m ~ s o n  c o n f u s e s  t h e  p a t t e r n ,  "Wegat i v e "  

t r a v e l  titties occur when t h e  T h o s p s o n  s u p p l i e s  a more i m p o r t a n t  

i n p u t  t h a n  t h e  fraser, P r e c i p i t a t i o n  i n  t h e  c e n t r e  of t h e  b a s i n  

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

S h e l l e y  and T e x a s  C r e e k  ( f i g u r e  4.3.4b1, due t o  t h e  r e l a t i v e  

i n p c r t a n c e  of several t r i b u t a r i e s  i n  t h i s  reach. It i s  

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



t r a v e l  times f o r  t h e  S h e l l e y  t o  T e x a s  Creek r e a c h  ( f i g u r e  

4 . 3 . l b ) .  T h i s  a g a i n  s u g g e s t s  t r a v e l  time i s  i n d e ~ e n d e n t  of 

d i s c h a r g e ,  T h e  cases t h a t  d o  n o t  f i t  t h e  e x p e c t e d  t r e n d  p r o v i d e  

more e v i d e n c e  t h a t  wave p r o g r e s s i . c n  i s  i n  t e r u p t e d  when many 

t r i b u t a r i e s  a r e  g e n e r a t i n g  i n p u t s ,  A t  t h e s e  times, a c t u a l  

t r i b u t a r y  i n p u t  v o l u m e 3  a n d  the b a l a n c e  b e t w e e n  t r i b u t a r i e s  

a  pear m o s t  i m p o r t a n t  i n  d e t e r a i n i n g  a b s o l u t e  p e a k  m a g n i t u d e  a n d  

t i m i n g .  

I n  c o n t r a s t  t o  t h e  t i m i n g  c o a a p l e x i t i e s  r e v e a l e d  i n  t h e  

o r i g i n a l  a n a l y s i s ,  t h e  m o s t  p r e d i c t a b l e  r e a c h  is H a n s a r d  t o  

S h e l l e y .  A f t e r  e l i s r i n a t i n g  t h e  " n c i s e m  c r e a t e d  by  d i f f e r e n t  

s p a t i a l  d i s t r i b u t i o n s  o f  p r e c i p i t a t i o n ,  the r e l a t i o n s h i p  b e t w e e n  

t r a v e l  time a n d  d i s c h a r g e  f o r  H a n s a r d  a n d  S h e l l e y  i s  i m p r o v e d .  

T h i s  c a n  p o s s i b l y  be a t t r i b u t e d  to both the s h o r t n e s s  o f  the 

r e a c h  a n d  t h e  l i m i t e d  n u a b e r  of t r i b u t a r y  i n p u t s ,  P r e d i c t a b i l i t y  

b e t w e e n  S h e l l e y  a n d  T e x a s  C r e e k  v a r i e s ,  w i t h  some  evidence of 

n e g a t i v e  t r e n d s  b e t w e e n  d i s c h a r g e  a n d  t r a v e l  t h e  when  a s t o r m  - 
i s   resent i n  t h e  C a r i b o o  a o u n t a i n s  o r  the n o r t h  of t h e  b a s i n  

if i g u r e  4 . 3 - 2 b  a n d  4.3.313).  There a r e  i n s u f f i c i e n t  c a s e s  for t h e  

T e x a s  C r e e k  t o  H c p e  r e a c h  t o  dram g o o d  c o n c l u s i o n s ,  h u t  the 

a d d i t i a n  o f  the Thompson r i v e r  F r o b a b l y  d i s t u r b s  t h e  s h a p e  o f  

t h e  P r a s e r  h y d r o g r a p h  and t h u s  e x p e c t e d  t r a v e l  times, 

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

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

a n d  t r a v e l  time. S i m i l a r  m a i n s t r e a n  h y d r o g r a p h s  are p r o d u c e d  f o r  

e a c h  storm c e n t e r e d  i n  a g i v e n  area a n d  a relations hi^ b e t w e e n  



t r a v e l  t i a e  a n d  d i s c h a r g e  can b e  e x p e c t e d ,  e x c e p t  w h e r e  

s u b s t a n t i a l  t r i b u t a r y  i n p u t s  c a n  a l t e r  t h e  time of p e a k .  

T h e  m o d e l  d e v e l o p e d  i n  c h a p t e r  3 is s u c c e s s f u l  i n  a l l o w i n g  

o b s e r v e d  h y d r o g r a p h  c h a n g e s  t o  b e  i n t e r p r e t e d  i n  terms of 

~ r e c i  p i  t a t i o n  r e c e i p t / r u n o f f  s c u r c e  area,  F o r  c e r t a i n  

p r e c i p i t a t i c n  source r e g i o n s  a n d  r e a c h e s ,  t r e n d s  b e t w e e n  

d i s c h a r g e  a n d  t r a v e l  time can be shown to e x i s t .  W h i l e  e v e n t s  

w i t h  b a s i n -  v i d e  p r e c i p i t a t i o n  d o  n o t  r e a d i l y  c o n f o r m  t o  e x p e c t e d  

t r e n d s ,  t h e  c h a n g e s  i n  h y d r o g r a p h  s h a p e  t h r o u g h  t h e  s y s t e m  allow 

an  a s s e s s m e n t  of relative t r i b u t a r y  i n p u t s .  I n  t h e s e  cases, a 

more a p p r o p r i a t e  a n a l y s i s  wou ld  be  t h a t  of h i g h f l o w  d u r a t i o n :  a 

y a r a ~ e t e r  of e q u i v a l e n t  i m p o r t a n c e  i n  f l o o d  d a m a g e  c a l c u l a t i o n s .  



V, Discussion 

5.1 JIjortagt cgntgog T A g  of Peak - 

A s  d i s c u s s e d  i n  c h a p t e r  t h r e e ,  tiiae of peak is d e p e n d e n t  

m a i n l y  o n  t h e  time t a k e n  b y  water frcaa the most p r o d u c t i v e  b a s i n  

z o n e  t o  r e a c h  t h e  m a i n  c h a n n e l  v i a  the d r a i n a g e  net. T h e r e f o r e ,  

t h e  g o v e r n i n g  f a c t o r s  can be split i n t o  t w o  g r o u p s ,  

1, E y d r a u l i c s  o f  overland f l o w .  

2. H y d r o l o g i c  a n d  storm c h a r a c t e r i s t i c s .  

The m u l t i t u d e  cf i n t e r r e l a t i o n s  b e t w e e n  b a s i n ,  s t o r m  a n d  c h a n n e l  

c b a r a c t e r i z  t ics allow a a n y  p e r  r u t a  t i c n s  of t h e  n e t  e f f e c t ,  

L a n g b e i n  e t  a 1  (1947) made s e v e r a l  s i g n i f i c a n t  o b s e r v a t i o n s  i n  

t h i s  r e g a r d .  T h e y  s u r m i s e d  t h a t  r i v e r  s y s t e m s  have d i f f e r i n g  

e f f i c i e n c i e s  a s  a g e n t s  for  t h e  c c l l e c  t i o n  a n d  c o n d u c t i o n  o f  

water. F u r t h e r  t o  t h i s ,  t h a t  v a r i a t i o n s  i n  t h e  s u p p l y  are more 

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

t i a e k a s e  d i a i n i s h e s .  

T h e  time t a k e n  f o r  water t c  r e a c h  t h e  b a s i n  mou th  will b e  

i n f l u e n c e d  by  d r a i n a g ~  d e n s i t y .  B a s i n s  with a h i g h  d r a i n a g e  

d e n s i t y  can r e s p o n d  faster  and a t t a i n  g r e a t e r  f l o o d  p e a k  vo lu raes  

t h a n  a b a s i n  of e q u i v a l e n t  s i z e  b u t  l o w e r  d r a i u a g e  d e n s i t y ,  

H e e r d e g e n  (1973)  f o u n d  t h e s e  f e a t u r e s  were e x h i b i t e d  i n  U n i t  

Hydrographs  of c o n t r a s t i n g  P e n n s y l v a n i a  S t a t e  r i v e r s .  H e  s h o v e d  



t h a t  b o t h  h i g h  p e a k  d i s c h a r g e s  a n d  u n i t  h y d r o g r a p h s  w i t h  a  s h o r t  

b a s e l e  ng t h  r e f l e c t  b a s i n s  w i t h  a c o m b i n a t i o n  o f  small a r e a ,  

s h o r t  o v e r l a n d  t r a v e l  t i a e s ,  l o w  d r a i n a g e  d e n s i t y  a n d  r e d u c e d  

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

e x  f r e s s i o n s ,  F i v e  g r o u p s  o f  t o p c g r a p h i c a l  f e a t u r e s  w h i c h  

i n f l u e n c e  t h e  h y d r o g r a p h  were l i s t e d  by Sherman  (1932) .  Shape ,  

t o g e t h e r  w i t h  area a n d  s ize ,  was i n  t h e  p r i m a r y  g r o u p i n g ,  A f t e r  

a n  e x a s i n a t i o n  of t h e  silailarities b e t w e e n  m o d e l s  a n d  t h e  r e a l  

w o r l d  however ,  B l a c k  (1972)  s u g g e s t e d  t h a t  w a t e r s h e d  

e c c e n t r i c i t y ,  r a t h e r  t h a n  s b a p e  p e r  se ,  was a n s e f u l  e x p r e s s i c n  

of b a s i n  c o n t r o l  o n  maximur peak  f l o w s  a n d  c e r t a i n  time 

p a r a m e t e r s  of t h e  h y d r o g r a p b .  

- - U n f o r t u n a t e l y ,  t h e  a b s o l u t e  s ize  a n d  d i v e r s i t y  of the 

F r a s e r  B a s i n  h i n d e r s  t h e  p r o d a c t i o n  of a s i i p l e  u n i t  h y d r o g r a ~ h .  

F o r  e x a a p l e ,  t h e  o b s e r v e d  h y d r o g r a p h  a t  Hope is  t h e  sum of 

a t t e n u a t e d  i n p u t s  f r c a  & a n y  t r i b u t a r i e s  a n d  t h e r e f o r e ,  i t  i s  

p o o r l y  r e p r e s e n t e d  b y  a s i ~ ~ l e  U n i t  h y d r o g r a p h  of  t h e  whole  

b a s i n .  However, u n i t  h y d r o g r a  gh a s s u m p t i o n s  are more a c c e p t a b l e  

f o r  i n d i v i d u a l  t r i b u t a r y  s u b b a s i n s .  Here, i t  i s  f e a s i b l e  t o  

c o n s i d e r  t h e  c h a r a c t e f i s t i c s  of t h e  s u k k a s i n s  a s  b e i n g  

h o n o g e n e o n s ,  e s p e c i a l l y  as s i z e  d e c r e a s e s .  I n  a small b a s i n ,  a 

s i g n i f i c a n t  p e r c e n t a g e  o f  t b e  t i m e - t o - p e a k  i s  s p e n t  io o v e r l a n d  

f l o w  a n d  it is t h e r e f o r e  i n f l u e n c e d  b y  t o p o g r a p h i c  f e a t u r e s .  

C o n v e r s e l y  c h a n n e l  r u n o f f  ~ r e d o ~ i n a t e s  a n d  streant h y d r a u l i c  

c h a r a c t e r i s t i c s  become s o r e  p r o m i n e n t  i n  l a r g e  b a s i n s ,  



A t  a l a r g e  scale, s t u d i e s  i d ~ n t i f y i n y  s p e c i f i c  

r e l a t i o n s h i p s  b e t w e e n  p h y s i o g r a  ~ h i c  cha rac t e r i s t  ics a n d  

h y d r o l c g i c a l  p a r a m e t e r s  can o n l y  be f a i r l y  c r u d e .  F o r  e x a m p l e ,  

H e e r d e g e n  a n d  R e i c h  (1973) s t a t e d :  "time of p e a k  a n d  p e a k  

d i s c h a r g e  a r e  d e p e n d e n t  o n  area a n d  o t h e r  a s s o c i a t e d  

~ h y s i o g r a ~ h i c  p a r a a ~ t e r s ' ~ .  I n  crder t o  b e  more s p e c i f i c ,  

i n v e s t i g a  t i  cns a u s t  be vler y smal l  sca le ,  T h e  m a i n  r e a s o n s  f o r  

t h e s e  d i f f i c u l t i e s  is t h e  i n t e r d e p e n d e n c e  b e t w e e n  v a r i a b l e s ,  

R e s n l t ~  from L a n g b e i n  et a 1  (1947)  i m p l y  t h a t  n o n e  of t h e  

t o ~ c g r a p h i c  p a r a m e t e r s  are u n i q u e  i n  t h e i r  i n f  h e n c e  o n  t h e  

h y d r o g r a p h ,  a n d  t h a t  e a c h  reflects a c o n d i t i o n  w h i c h  a l s o  

i n f l u e n c e s  t h e  o t h e r s ,  Some of t h i s  v a r i a b i l i t y  may b e  r e d u c e d  

b y  u s i n g  h y d r o m e t e o r o l o g i c a l  r e g i o n s ,  

W it b i n  a g i v e  a h y d r o m e t e o r o l o g i c a l  r e g i o n ,  a c t u a l  d i s c h a r g e  

i s  ~ a r t l y  a f u n c t i o n  of b a s i n  size. T h e r e a f t e r ,  t h e  p e r c e n t a g e  

of p r e c i p i t a t i o n  p r o d u c i n g  r u n o f f  i n d i c a t e s  t h e  r e l a t i v e  

i m p o r t a n c e  of s t o r a g e  a n d  p o n d a g e  within t h e  r e g i o n ,  I n  a r i d  

z o n e s  w i t h  r e d u c e d  s l o p e s  a n d  s t r e a ~ s  i n f l u e n t  t o  t h e  

g r c u n d u a t e r  sys te r t l ,  time t o  p e a k  is r e l a t i v e l y  l o n g  a n d  peak 

d i s c h a r g e  r e l a t i w e l y  low, A l t h o u g h  g r e a t  c o n t r a s t s  i n  c l imate  

a n d  t o ~ o g r a p h y  e x i s t  w i t h i n  t h e  F r a s e r  B a s i n ,  a t  t h e  scale o f  a 

t r i b u t a r y  s o b b a s i n ,  v e g e t a t i o n ,  c f i a a t e  a n d  p h y s i o g r a p h y  are 

B o r e  nnif ora,  

T h e  v e r y  i r r e g u l a r  s h a p e  of t h e  P r a s e r  B a s i n  a nd n u a e r o u s  

t r i b u t a r y  i n p u t s  a l c n g  t h e  r i v e r ,  p r o d u c e  a c o a p l e x  h y d r o g r a p h  

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



of i n d i v i d u a l  s t o r m s ,  T h e  sheer s i z e  of t h e  b a s i n  C o n f o u n d s  t h e  

p o s s i b i l i t y  of p r e c i p i t a t i o n  b e g i n n i n g  c o n c u r r e n t l y  t h r o u g h o u t  

a n d  i t  is p l a u s i b l e  t h a t  p r e c i p i t a t i o n  w i l l  n o t  b e  r e c e i v e d  

e v e r y w h e r e ,  e s p e c i a l l y  i n  summer. Also t h e  a m o u n t s  r e c e i v e d  at  

any  o n e  p l a c e  a r e  e x t r e l t l e l y  v a r i a b l e .  T h e r e f o r e ,  it i s  f e a s i b l e  

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

c o n d i t i o n s  and  a t  t hese  times, t h e y  may be o p e r a t i n g  on s e p a r a t e  

t i m e b a s e s .  Storm d u r a t i o n  a lso  a f fec ts  t h e  s p e d  of r u n o f f ,  

Heylaan (1975) ~ o s t u l a  ted t h a t  t h e  f a c t o r s  c o a t r o l l i  ng 

i n f i l t r a t i o n  are  most n o t i c e a b l e  f o r  s n a l l  S t O r l s S  a n d  t h a t  

m u l t i p l e  r a i n  p e r i o d s  p o s e  e x t r a  c o r t t p l i c a t i o n s ,  

R u s t o n e n  (1 9b6)  c a u t i o n e d  t h a t  t h e  y u a n t i f i c a t  i o n  of 

c l imat ic  and b a s i n  c h a r a c t e r i s t i c s  o n l y  p r o d u c e s  i n  d i c e s  of  t h e  

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

is p o t e n t i a l l y  m i s l e a d i n g  t o  u s e  c o m p l e x  s t a t i s t i c s -  U h i l e  t h i s  

is a j u s t i f i a b l e  a s s e r t i o n ,  q u a n t i t a t i v e  m o d e l s  i n e v i t a b l y  must 

b e  c o m ~ l e x  t o  a l l o w  r e a s o n a b l e  r e s u l t s -  T h e  II-B-C- a o d e l  of t h e  * 

F r a s e r  is a g o c d  e x a m p l e  o f  t h i s .  O v D o n n e l l  (1966) suggested 

t h a t  c c m p ~ t e r s  can a s s i s t  i n  p r o v i d i n g  S O ~ U ~ ~ O ~ S  b u t  t h a t  t h e  

r e s u l t s  a re  still l i m i t e d  b y  c u r r e n t  k n c v l e d g e  a n d  t h e  

un d e r s t a n d i n g  of t h e  p r o c e s s e s  si e u l a t e d ,  

T h e r e f o r e ,  t h e  model g e n e r a t e d  i n  t h i s  s t u d y  was k e p t  

su f f  i c  i e n t l y  s i m p l e  t o  p r o v i d e  a n  a p p r o x i m t i o n  of tittle-of- peak 

a t  each m a j o r  t r i b u t a r y  j u n c t i o n  a n d  o t h e r  s u b s e q u e n t  p o i n t s  

a l o n g  t h e  F r a s e r ,  ' i he  u s e  o f  a t i m e - a r e a  rstethod f o r  a p r e c i s e  

p e a k  p r e d i c t i o n  is n o t  a d v i s a b l e  h c v e v e r ,  b e c a u s e  c o u n t l e s s  



i n t e r a c t i o n s  a n d  d a i l y  f l u c t u a t i o n s  i n  b a s i n  c o n d i t i o n s  a f f e c t  

t r a v e l  t imes  az;d t h e z e f o r e  q u e s t i o n  r i g i d  s p a c i n g  of i s o c h r o n e s .  

A l t e r n a t i v e 1  y, a t i m e - a r e a  model  u s e f u l l y  p r o v i d e s  an i m p r e s s i o a  

o f  b a s i n  r e s p o n s e s ,  when t h e  i n  h e r e n t  raw a s s u m p t i o n s  a r e  

a p p r e c i a t e d ,  I n  f l c c d  c o n t r o l  i t  is a l so  u s e f u l  t o  be a b l e  t o  

i d e n t i f y  i n  t i v i d u a  1 c o m p o n e n t s  of a  h y d r o g r a p h  ( C l a r k ,  1945) , 

S t u d i e s  u t i l i s i n g  f l o o d  r o u t i n g  t e c h n i q u e s  o f t e n  p r o d u c e  a n  

a c c u r a t e  p r e d i c t  icn of peak  d i s c h a r g e  b u t  i g n o r e  h y d r o g r a p h  

s h a p f .  T h e  m a t h e m a t i c a l  r e p r e s e n t a t i o n  o f  p e a k  time or  peak 

v o l u a e  by t h e s e  n e t  hods ma y  h i d e  s i g n i f i c a n t  s e c o n d a r y  peaks 

w h i c h  c a n  be  i m p o r t a n t  i n  d e t e r m i n i n g  t o t a l  d o w n s t r e a ~  

r e s p o n s e s ,  The IPU l t i ~ e a k e d  n a t u r e  o f  t h e  h y d r o g r a  phs ge n e r d  t e d  

f o r  o n e  e v e n t  o n  t h e  P r a s e r  R i v e r  c l e a r l y  s h o w s  t h e  i t s p o r t a n c e  

of t h i s  o m i s s i o n .  T h e  h i g h e s t  n u e b e r  of peaks p e r  e v e n t  o c c u r  

when i n p u t  f r o@ t h e  w h o l e  b a s i n  is l u o ~ e d  t o  ~ r o d u c e  a 

h y d r o g r a p h  a t  t h e  l o v e r  P r a s e r  R i v e r  g a u g i n g  p o i n t s .  Whi le  rea l  

h y d r o g r a p h s  o f t e n  e x h i b i t  g o r e  t h a n  o n e  p e a k ,  t h e y  do n o t  s h o w  

t h e  same number a s  i n  the m o d e l  h y d r o g r a p h s  d e s c r i b e d  above.  By 

r o u t i n g  e a c h  t f i b u t a r y  t o  i t s  Praser R i v e r  c o n • ’  h e n c e  a n d  t h e n  

r o u t i n g  t h e  summat i o n  d flows, a more r e a l i s t i c  & o d e 1  

hy d r o g r a p h  is d e v e l o p e d .  C l a r k  f 1945) a c k n o w l e d g e d  t h a t  h i s  

b a s i c  method p o s s i t l y  e x a g g e r a t s  t h e  i n • ’  l u e n c e  of basin s h a p e  

a n d  t h e  c a p a c i t y  of t h e  b a s i n  to  p r o d u c e  h i g h  p e a k s .  Y i t h  t h i s  

c o n s t r a i n t  i n  mind, t h e  u s e  of t h e  s t u d y  laudel  c a n  be  e v a l u a t e d .  



I n  t h e  F r a s e r  E a s i n  t i m e - a r e a  l aode l  d e v e l o p e d  f o r  t h i s  

s t u d y ,  e a c h  s u b b a s i n  is t r e a t e d  s e p a r a t e l y  b u t  small c h a n g e s  

w i t h i n  them do n o t  a p p e a r  t o  be  v i s i b l e  i n  h y d r o g r a p h s  a t  t iope,  

T h e  m o d e l  a l l o v s  t h e  i n c o r p o r a t i o n  o f  a c h a n n e l  s t o r a g e  f u n c t i o n  

and t h e r e f o r e  i n c l u d e s  a t t e n u a t i o n .  It a l so  g i v e s  a r e a s o n a b l y  

r ea l i s t i c  i m p r e s s i o n  o f  how t h e  t r i b u t a r y  f l o w s  are s y n c h r o n i s e d  

i n  d i f f e r e n t  c i r c u m s t a n c e s .  T h e  m o d e l  p r o v i d e s  a u s e f  u l  

r e p r e s e n t a t i o n  o f  t i m e - o f - p e a k  a n d  s p a t i a l  v a r i a t i o n s  i n  b a s i n  

r e s p o n s e .  

I t  a p p e a r s  t h a t  fraser R i v e r  p e a k  flov times are 

i n d e p e n d e n t  of f l o o d  wave t r a n s l a t i o n  a n d  are  g o v e r n e d  

p r e d o n i n a t e l y  b y  t h e  time t a k e n  f o r  r u n o f f  t o  a c c u m u l a t e  i n  t h e  

c h a n n e l ,  C l i m a t i c  a n d  p h y s i o g r a ~ h i c  c h a r a c t e r i s t i c s  a re  

t h e r e f c r e  of p r i a e  i m p o r t a n c e ,  I t  f o l l o w s  f r o m  t h i s  t h a t  

d i f f e r e n c e s  b e t w e e n  time o f  peak  a t  t w o  a d j a c e n t  s t a t i o n s  i s  

r a r e l y  e q n a l  t c  f l o o d  wave v e l o c i t y ,  Wave c e l e r i t y  i s  g r e a t e r  

t h a n  w a t e r  v e l o c i t y  ( L i n s l e y  e t  a 1 , 1 9 5 8 ) ,  b u t  t h i s  c a n n d  

a c c e u n t  f o r  t h e  p h e n o m e n a l  v e l o c i t i e s  i n a p l i c a t e d  i n  aany c a s e s  

o n  the F r a s e r   rive^. 

T r a v e l  time i n  t h e  w i n s t r e a m  is r e l a t e d  c l o s e l y  t o  t h e  

s t o r a g e  c a p a c i t y  of t h e  o p e n  c h a n n e l  ( C l a r k ,  1945) c o n t r a s t i n g  

t o  t h e  h y d r o l o g i c  and t a s i n  c h a r a c t e r i s t i c s  g o v e r n i n g  stater 

c o l l e c t i o n ,  T h e  p r o g r e s s i o n  o f  a f l o o d  wave a l o n g  t h e  F r a s e r  

River c a n  f e  o k s e r v e d  when l i m i t e d  d u r a t i o n  storms are  c e n t e r e d  



i n  t h e  n o r t h  of t h e  b a s i n .  When t h e  i n p u t  is more complicated 

t h a n  t h i s ,  f l o o d  wave ~ r o g r e s s i o n  is d i s t u r b e d ,  This e x ~ l a i n s  

t h e  p a u c i t y  o f  r e l a t i c n s h i p s  found b e t w e e n  t r a v e l  time a n d  

d i s c h a r g e ,  e v e n  when c l a s s s i f  i f d  by f r o n t a  1 a ~ p r o a c h  a n d  u p p e r  

a i r  flow d i r e c t i c n .  

S u b b a s i n  c o n t r i b u t i a n s  may be either s y n c h r o n i s e d  f o r  o n e  

s t o r m  t h r o u g h o u t  t h e  b a s i n ,  or  may a c t  i n d e p e n d e n t l y ,  The time 

o f  a r r i v a l  of peak  flow from e a c h  t r i b n t a r y  tnay o s  may n o t  

c o i n c i d e  u i t h  t h e  a r r i v a l  of g e a k s  f r o a t  t h e  u p s t r e a m  F r a s e r  

R i v e r .  This d e p e n d s  upon s t c r  at e x t e n t  a n d  d n r a t i o n .  V a r i a t i o n s  

i n  a r r i v a l  times of p e a k s  from a c o u p l e  o f  t r i b u t a r i e s  c a n  

s i g n i f i c a n t l y  a l t e r  t h e  s h a p e  of t h e  h y d r o g r a p h  a t  Hope,  a n d  

c o n s e q u e n t l y ,  i n s t a n t a n e o u s  time of peak .  Once a g a i n ,  t h e  

i m p o s t a n c e  o f  t r i b u t a r y  flow i n t e r a c t i o n s  dolaina tes and 

c o m p l e t e l y  @ a s k s  c o r r e l a t i o n s  w h i c h  c o u l d  e n a k l e  t r a v e l  t ime 

~ r e d i c  t i o n s ,  

S o m e t i m e s ,  t h e  e s t i m a t i o n  of t r a v e l  t i w s  f fom real d a t a  is ' 

c o m p l i c a t e d  by t h e  a b s e n c e  of a p e a k  a t  a l l  s t a t i o n s ,  The 

time-area m o d e l  e n a b l e s  s e v e r a l  e x p l a n a t i o n s :  

U ~ p r  ' f r a s e r  storms l o c a l i s e d  a n d  e f f e c t s  a t t e n u a t e d  a t  

lower s t a t i o n s .  

Lower l o c a l i s e d  s t o r m ,  n o t  e x p e r i e n c e d  i n  t h e  U p p e r  Fraser, 

P e a k  i n p u t s  d e l a y e d   fro^ t h e  s o u r c e  i n  some r e g i o n s ,  e. g. 

a l t i t u d e  effects uFon snow r e t e n t i o n .  

I n p u t  f roa  one  or  more t r i b n t a r i e s  s y n c h r o n i s e d  w i t h  l o v e r  

f l o w s  b e t w e e n  peaks o n  t h e  F r a s e r ,  may e l i m i n a t e  s u b s t a n t i a l  



~ e a k s  a t  d o w n s t r e a m  s t a t i o n s .  

5. S e v e r a l  s t c r t a s  o v e r  a f e u  d a y s  o b s c u r e  t h e  effects of one .  

an d a l s o ,  

5. R e c o r d e r  o u t  of o p e r a t i o n ,  

D u r i n g  o t h e r  e v e n t s ,  a p p a r e n t  n e g a t i v e  t r a v e l  times occ u r  when 

t h e  d o u n s t r e a m  peak  is ear l i e r  t h a n  i t s  u p s t r e a m  c o u n t e s p r t ,  

T h e s e  n e g a t i v e  t r a v e l  times d o  n a t  a p p e a r  t o  be  c o r r e l a t e d  w i t h  

e i t h e r  f a s t  or s l c u  f l o w s  o n  t h e  a d j a c e n t  r e a c h e s .  Eetween Texas 

C r e e k  a n d  Hope n e g a t i v e  t r a v e l  times a g p e a r  a o r e  d e p e n d e n t  o n  

t h e  r e l a t i v e  d o m i n a n c e  o f  the F r a s e r  o r  Thompson, B e c a u s e  t h e  

r e a s a n  f o r  a m i s s i n g  peak  may n o t  b e  clear, a n  e x a m i n a t i o n  o f  

t r a v e l  t ime i r r e g u l a r i t i e s  u s i n g  d i s c h a r g e  d a t a  a l o n e  would b e  

h i g h l y  s p e c u l a t i v e ,  T h e r e f  ore, the t i n e - a r e a  mode l  is a n  

i n v a l u a b l e  a i d  f o r  the P r a s e r  B a s i n ,  

The a o d e l  has shown the n e c e s s i t y  of u n d e r s t a n d i n 9  t h e  

c o ~ p l e x i t y  of a  r i v e r  s y s t e m  a n d  a l s o  d e a l i n g  w i t h  c o n t i n u o u s  

d a t a ,  B o r e x a a a p l e ,  an a p p a r e n t  series of  p e a k s o n  t h e  recorder - 
c h a r t s  n a y  b e  c o r a p o n e n t s  of o n l y  o n e  e v e n t ,  b u t  d i s t r i b u t e d  b y  

t i n e - a r e a  i n p u t s ,  f a m i l i a r i t y  w l t h  t h e  @ o d e 1  a n d  real p r o c e s s e s  

w i t h i n  t h e  s y s t e m  allows a n  i n t e r ~ r e t a t i o n  of the e f f e c t s  o f  o n e  

storm, T h e s e  i n t e r p r e t r e t a t i o n s  i n  t u r n ,  p e r m i t  e x p l a n a t i o n s  of 

t h e  observed t r a v e l  time i r r e g u f a r i t i e s ,  
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The m o d e l  p r e s e n t e d  here assists a n  e x p l a n a t i o n  o f  p e a k  

f l o w  t r a v e l  time i r r e g u l a r i t i e s  a n d  o f f e r s  a  better 

u n d e r s t a n d i n g  c f  t h e  P r a s e r  B a s i n ,  U n f o r t u n a t e l y ,  i t  c a n n o t  

s u p p l y  a c c u r a t e  p r e d i c t i o n s ,  The  t i ~ e - a r e a  model could p o s s i b l y  

b e  i m p r o v e d  by c o n s i d e r i n g  slnall h u t  i m p o r t a n t  v a r i a t i o n s .  

E x a m p l e s  o f  these i n c l u d e  a l t e f i n g  c h a n n e l  s t o r a g e  r e l a t i o n s  in 

t h e  F r  a s e r  f i i v f r  t o  a c c o e t o d a t e  b a c k w a t e r  e f f e c t s ,  e s p e c i a l l y  a t  

t h e  Thompson c o n f l u e n c e ,  a n d  also the i n c l a s i a n  o f  l a t e r a l  

i n f l o w  a n d  m i n c r  t r i b u t a r i e s .  F i e l d  n o n i t o r i n g  would be 

n e c e s s a r y  t o  o b t a i a  a r e a s o n a b l e  s i r e n l a t i o n ,  b u t  t h e  q u a l i t y  of 

t h e  a c q u i r e d  d a t a  would t h e n  e x c e e d  t h a t  of t h e  o t h e r  i n p u t s .  

F u r t h e r  ref i n e a e n t s  c o u l d  a s s e s s  t h e  r o l e  of b a s e f l o w  c o n a p o n e n t s  

a n d  s u k s u r f a c e  flows, b u t  t h e  e n d  r e s u l t  p r o b a b l y  would  not 

j u s t i f y  t h e  e x t r a  time i n v o l v e d ,  

An i n t e r e s t i n g  a d d i t i o n  c o u l d  s t u d y  model s e n s i t i v i t y  t o  

c h a n g i n g  i n p u t s  i n  terms of t i m i n g ,  v o l u a e  a n d  e x t e n t  o f  basin 

a f f e c t ~ d ,  e s p e c i a l l y  w i t h  r e s p e c t  t o  R a n s a r d  a n d  S h e l l e y  peak 

t i n t i n g ,  I t  may be p o s s i b l e  t o  i d e n t i f y  s e v e r a l  k e y  p r e c i p i t a t i o n  

s t a t i o n s  a n d  r e l a t e  r a i n f a l l  c h a r a c t e r i s t i c s  t o  h y d r o g r a p h s .  

T h e  s t a t i s t i c a l  p r o p e r t i e s  of t r a v e l  times c o u l d  a l s o  be 

e x a m i n e d ,  A n d e r s o n  (1 972)  p r o p o s e d  t h a t  the E r l a n g  d i s t r i b u t i o n  

g i v e s  a ~ p r o x i n a t e  p e a k  i n t e r - a r r i v a l  tigtes a t s t a t i o n s ,  a n d  t h i s  

c o u l d  ke t e s t ~ d  o n  a h e t e C r C g € ? r i ~ t I ~  b a s i n  l i k e  t h e  Fraser, Weymen 

(1 975) q u e s t i o n e d  i f  v e l o c i t i e s  c o n s i s t e n t l y  i n c r e a s e  d o w n s t r e a m  



as  d i s c h a r g e  i n c r e a s e s .  An a n s w e r  f o r  t h i s  c o u l d  be i n c o r p o r a t e d  

n s e f  u l l y  i n  a t i m e - a r e a  model.  

P r e c i s e  i n p u t - o u t p u t  a n a l y s i s  howe ve r,  is c o n f o u n d e d  b y  

i n s u r m c u n t a b l e  p r o  t l e a s  o f  m e a s u r e t a e n t :  n o t  o n l y  t h e  

d e t e r i a i n a t  ion  cf v o l u m e s  i n  u n g a u g e d  c a t c h m e n t s ,  b u t  a l s o  

p r e c i p i t a t i o n  c h a r a c t e r i s t i c s  such a s  i n t e n s i t y  a n d  d u r a t i o n ,  

A n a l y s i s  of i n t e r r e l a t i o n s h i p s  b e t w e e n  v a r i a b l e s  p e r  se, is a  

t h a n k l e s s  t a s k  a n d  t h e  r e s u l t s  a re  u n c l e a r ,  T h e r e f o r e ,  

d e t e r m i n i n g  h y d r o l o g i c  r e s g o n s e  from g e o a o r p h i c  f e a t u r e s  is more 

a ~ ~ r o p r i a t e .  E x i s t i n g  models are  d e f i c i e n t  d u e  t o  t h e i r  l i n e a r  

a n d / o r  s t a t i c  n a t u r e ,  T h e  u l t i e t a t e  m d e l  would  b e  a 

p r o c e s s - b a s e d  c a t c h m e n t  atodel (Wepan, 1975)  w h i c h  wou ld  i n c l u d e  

t o p o g r a p h i c  v a r i a b l e s ,  B e f o r e  t h i s  i s  a t t e m p t e d  h o w e v e r ,  i t  is 

n e c e s s a r y  t o  d e t e r m i n e  t h e  most s i g n i f i c a n t  va r i a b l e s ,  f o r  

example ,  d r a i n a g e  d e n s i t y ,  

T h e  r e l a t i o n s h i p  between d r a i n a g e  d e n s i t y  a n d  t h e  t i m e - a r e a  

c o n c e p t  n e e d s  more t h o r o u g h  i n v e s t i g a  t i o n ,  D r a i n  a g e  d e n s i t  y is 

f u n d a m e n t a l  t o  t h e  t i m i n g  a n d  m a g n i t u d e  of runoff, h e n c e  i t  is 

r e l e v a n t  t o  time-a rea i d e a s .  S o k o l o v  (1969)  r e c o g n i s e d  d r a i n a g e  

density as  b e i n g  t h e  l a c s t  i t s p o r t a n t  factor  c h a r a c t e r i s i n g  

c o n d i t i c n s  of f l o o d  flow f o r m a t i o n .  C u r r e n t  s t u d i e s  e a t p h a s i s e  

t h e  dfrnaraic  n a t u r e  of the stream n e t w o r k  and  its s p a t i a l  

v a r i a  t i o n s ,  C o l l e c t i o n  o f  da t a  c o n c e r n i n g  the d y a a m i c i t  y of the 

n e t w o r k  p o s e s  many p r o b l e m s ,  b u t  r e n o t e  s e n s i n g  a n d  i ~ a g e r y  

s h o u l d  p r o v i d e  a useful s o u r c e .  Not o n l y  is a k n o w l e d g e  of 

n e t w o r k  c o n • ’  i g u r a t i c n  i l s p o r  t a n  t, b u t  a l s o  t h e  c h a n n e l  c a r r y i n g  



c a p a c i t y ,  t h a t  is, t h e  a m o u n t  of water t h a t  c a n  te r e m o v e d  i n  a 

g i v e n  time. T h i s  v o l u m e  is d e p e n d ~ n t  o n  r e l i e f ,  c h a n n e l  s i z e  a n d  

r e s i s t a n c e ,  n e t w c r k  shape  a n d  i n t e g r a t i o n ,  among o t h e r s .  G r e g o r y  

( 1 9 7 7 )  a t t e m p t e d  t o  q u a n t i f y  t h e s e  f a c t o r s  b y  p r o d u c i n g  a n  i n d e x  

o f  c h a n n e l  n e t w o r k  voluree,  a n d  s u b s e q u e n t l y  ( G r e g o r y ,  1 9 7 9 )  a n  

i n  d e x  e m b r a c i n g  b o t h  c h a n n e l  v e l o c i t y  a n d  b a s i n  relief,  

V e l o c i t y  i s  r e l a t e d  c l o s e l y  t c  stream size a n d  t h u s ,  a 

r e 1 a t i . c n  t o  streare o r d e r  can a l s o  b e  e x p e c t e d .  G n p t a  e t  af 

(1980 ) c i t e d  itlathema t ical  e v i d e n c e  l i n k i n g  a n  o u t p u t  f t y d r o g r a  ~ h  

w i t h  c h a n n e l  n e t w o r k  g e o m e t r y ,  1 n  a similar v e i n ,  R o g e r s  (1972)  

p r o p o s e d  a new d r a i n a g e  b a s i n  p a r a m e t e r  c a l l ed  C h a n n e l  L e n g t h  

F r e g u e n c y  D i s t r i b u t i o n  [ C , L , F , I ) . ) ,  t h a t  h a s  a q u a l i t a t i v e  

r e l a t i o n s h i p  t o  t h e  s u r f a c e  r u n o f f  h y d r o g r a p h .  C. L. P1 D, is 

d e t e r m i n e d  by m e a s u r i n g  t h e  d i s t a n c e s  f r o a  t h e  h e a d  o f  e a c h  

first order c h a n n e l 1  t o  t h e  b a s i n  o u t l e t ,  F r e q u e n c y  h i s t o g r a m s  

of t h e s e  d i s t a n c e s  s h o w  s i m i l a r i t i e s  to  s u r f  ace r u n o f f  

h y d r o g r a  p h s  of g e n e r a l  storms t h a t  e x h i b i t e d  r e a s o n a b l e  

v a r i a t i o n s  i n  ~ r e c i ~ i t a t i o n  a m o u n t  a n d  i n t e n s i t y .  A l t h o u g h  

B o g e r s  c l a i m e d  t h a t  t h e  c o r r e s p o n d e n c e  b e t w e e n  C, L, F. D, and 

h y d r o g r a ~ h  s h a p e  was too c o n s i s t e n t  t o  b e  c o i n c i d e n t a l ,  h e  

a c h i e v e d  o z l y  ~ a r t i a l  success i n  q u a n t i f y i n g  t h e  m e t h o d ,  

N e v e r t h e l e s s ,  s imi l a r  s t u d i e s  c o u l d  g i v e  nore i n s i g h t  i n t o  

rnechan i s i a s  c o n  t r o l l i n g  p e a k  t i ~ i n g  a n d  s y  m c h r o n i s a t i o n  of 

t r i b u t a r y  i n p u t s  f roma c o n t r a s t i n g  h y d r o a e t e o r o l o g i c a l  a reas. 



The a b o v e  s t u d i e s  make  a f i rst  s t e p  t o  u n i f y  g e o m o r p h i c  

p r i n c i p l e s  w i t  h h y d r o l o g i c  r e s p o n s e .  I n • ’  o r m a t i o n  r e l a  t i a g  t h e s e  

t w o  c o n t i n u e s  to  grow, I t  seems of p a r t i c u l a r  a d v a n t a g e  t o  

p u r s u e  these s t u d i e s  i n  t h e  F r a s e r  B a s i n  a r d  results p r o ~ i s e  t o  

b e  e x c i t i n g .  P r e l i m i n a r y  s t u d i e s  t o  l i n k  t h e  I n s t a n t a n e o u s  U n i t  

H y d r o g r a p h  w i t h  g e o a o r ~ h i c  p r a a e t e r s  o f  a  b a s i n  a r e  p r e s e n t e d  

by R o d r i g u e z - I t u r b e  a n d  V a l d e s  (1979)  V a l d e s  e t  a 1  (1979)  a n d  

B o d r i g u e z - I t u r b e  e t  a 1  ( 1 9 7 9 ) -  T h i s  work is b a s e d  o n  t h e  p r e m i s e  

t h a t  t h e  f o r m  a n d  s h a p e  o f  a d r a i n a g e  n e t  is g o v e r n e d  b y  

g e o i n o r p h o l o g i c a l  l a w s  T h e  c o n c e p t  is e x t e n d e d ,  s u g g e s t i n g  . 
h y d r o l o g i c a l  r e s F o n s e  is  a l so  g o v e r n e d  b y  b a s i c  t h e m e s  which c a n  

he r e l a t e d  b a c k  t o  g e c m o r p h a l o g i c a l  l a w s ,  To do this, g e n e r a l  

e q u a t i o n s  e x p r e s s i n g  t h e  I n s t a n t a n e o u s  U n i t  f iydrograph  a s  a  

f u n c t i o n  of R o r t c n r s  numbers* a r e  d e r i v e d ,  T e s t s  of t h e  model  i n  

a r e a l  w o r l d  s i t u a t i o n  ~ r o d u c e d  v e r y  g o o d  r e s u l t s  e s p e c i a l l y  

w i t h  r e g a r d  t o  e s t i m a t i o n  of peak d i s c h a r g e  a n d  t i m e - o f  -peak.  

Gupta  e t  a 1  [ 1 9 8 0 )  d e v d o p ~ d  a mode l  on  s imi la r  f i n e s  t o  

t h a t  o f  Rod r i g u e z - I t u r b e  a n d  Va ldes .  T h e y  a c h i e v e d  most s u c c e s s  

i n  tbe l a r g e r  b a s i n s  and  su lc r sequen t ly  q u e s t i o n e d  t h e  v a l i d i t y  o f  

a s s u n i n g  a  L i n e a r  p r e c i p i t a t i o n - r u n o f  f t r a  n s f  c r a a  t i o n -  I t  seems 

p l a u s i k l e  t c  t e s t  t h i s  t y p e  o f  taodel on t h e  F r a s e r  B a s i n ,  A 

s l i g h t l y  less m a t h e ~ a t i c a l  r o u t e  s imilar t o  Boyd (1978)  a n d  Boyd 

et a 1  l1979)  may b e  j u s t  a s  u s e f u l .  They d e v e l o p e d  a  

r e l a t i o n s h i p  b ~ t u e e n  l a g  time and d r a i n  a g e  b a s i n  geomorpho logp  

u s i n g  ~ a r a m e t e r s  o r i g i n a t e d  b y  H o r t o n  a  nd S trafiler t o  a l loca te  ----------- ------- 
ZHorton,  1932  and  1945  



s t o r a g e s .  This e l i m i n a t e s  t h e  a s s u m p t i o n  i m p l i c i t  i n  t h e  

t i m e - a r e a  model ,  t h a t  a l l  s t o r a g e  e l e m e n t s  are e q u a l .  I t  a l s o  

r e m o v e s  t h e  ~ r c b l e I R  of i n t e r p o l a t i n g  i s o c h r o n e s  f rom l i m i t e d  

d a t a ,  When compared  t o  t h e  r e a l  w o r l d ,  t h e  B o y d  model  a l l o w e d  

r e a s o n a b l e  c a l c u l a t i o n s  o f  l ag  titre. 

W h i l e  t h e s e  s t u d i e s  may a t  f i r s t  a p p e a r  somewhat removed 

f r o m  t r a v e l  tifie d e t e r i n i n a t i o n ,  i t  is c l e a r  t h a t  b a s i n  

g e c m o r ~ h o l c g y  a n d  i ts s p a t i a l  v a r i a t i o n s  c a n  exert a n  i t a p o r t a n t  

c o n t r o l  uFon t ime-of-peak a n d  t h e r e f o r e  a p p a r e n t  travel time, I t  

is s u g g e s t e d  tbat f u r t h e r  studies should c o n c e n t r a t e  on a B e a n s  

of a s s e s s i n g  the time d i s t r i b u t i o n s  of d i s c h a r g e  from a l l  

s u b b a s i n s ,  i n c l u d i n g  t h o s e  t h a t  a r e  ungauged .  I n  p a r t i c u l a r ,  t h e  

role of d r a i n a g e  d e n s i t y  s h o u l d  be a s s e s s e d  b e c a u s e  of its 

d i r e c t  i n f l u e n c e  o n  g e n e r a t i o n  o f  d i s c h a r g e  a n d  peak f l o w s .  

D r a i n a g e  d e n s i t y  c a n  t h e n  be used as  t h e  b a s i s  f o r  a r o u t i n g  

ntodel, The d e v e l o ~ m e n t  of predictive r e l a t i o n s h i ~ s  b e t w e e n  

g e o m o r p h i c  e x p r e s s i o n s ,  s u c h  a s  c h a n n e l  n e t w o r k  geometry a n d  

h y d r o l o g y  a r e  of f u n d a t a e n t a  l s i g n i f i c a n c e  f o r  a d v a n c e m e n t  i n  

t h i s  f i e l d .  



A s i m p l e  t i m e - a r e a  m o d e l  b a s e d  o n  C l a r k  (1945) h a s  b e e n  

u s e d  t c  d e r i v e  a  series o f  b y d r o g r a p h s  f o r  t h e  F r a s e r  B a s i n .  The 

model a s s u a r e s  peak  flow t o  v a r y  d i r e c t l y  w i t h  maximum w i d t h  of  

d r a i n a g e  a r e a ,  T h e  t ime-area v a l u e s  were t h e n  a s s i g n e d  w e i g h t s  

which were d e r i v e d  from Daean a n n u a l  p r e c i p i t a t i o n  d a t a ,  T h i s  

a l l o w e d  a r e p r e s e n t a t i o n  of t h e  t i m i n g  of s u h b a s i n  i n p u t s ,  a n d  

t h e  r e l a t i v e  eolunes to b e  e x p e c t e d  u n d e r  i d e a l  c o n d i t i o n s ,  E a c h  

t r i b u t a r y  i n p u t  u a s  a d d e d  t o  t h e  P r a s e r  P i v e r  f l o w ,  a n d  r o u t e d  

d o w n s t r e a m  i n c c r ~ o r a t i a g  t h e  effects o f  a t t  e n u a t  i o n  a n d  

i n c r e a s e d  water v e l o c i t y ,  T h e  e f f e c t s  of t i m i n g  a n d  m a g n i t u d e  o f  

t r i b u t a r y  i n p u t s  r e l a t i v e  t o  m a i n s t r e a m  v o l u e e ,  were shown t o  be 

c r i t i c a l  i n  d e t e r m i n i n g  t h e  time of a b s o l u t e  peak. 

T h e  i m p o r t a n c e  of s u b b a s i n  a d d i t i o n s  to time o f  peak o n  t h e  

Fraser B i v e r  i s  c l e a r  when p e a k  times a t  two s u c c e s s i v e  p o i n t s  

a x e  c o m p a r e d .  I n  many cases, t h e  time d i f f e r e n c e  b e t w e e n  p e a k s  

a t  the two s t a t i o n s  d o e s  n o t  n e c e s s a r i l y  r e f 1  ec t  flood wave 

t r a v e l  time. T h e r e f o r e  i n  a h e t e o r o g e n e o u s ,  i r r e g u l a r - s h a p e d  

b a s i n ,  t r a v e l  times d o  n o t  b e h a v e  i n  a m n a e r  c o n t i n g e n t  upon 

d i s c h a r g e ,  T h e  i n c l u s i o n  o f  b r o a d  scale  m e t e o r o l o g i c a  1 

c o n d i t i o n s  a n d  d i r e c t i c n  of s t o r a  a p p r o a c h  d o  n o t  c l a r i f y  t h e  

s i t u a t i o n ,  Ohen data c o n c e r n i n g  t h e  p a k  a l o n e  a r e  e x t r a c t e d  

f r o m  t h e  r e c o r d s ,  much i n f o r n a t i o n  c o n c e r n i n g  h y d r o g r a p h  s h a p e  

is  masked ,  It  is i t t l~oss ib le  t o  know i f  t h e  p e a k s  d o w n s t r e a m  



c o r r e s p o n d  t o  p e a k s  t r a n s l a t e d  f r o l a  u p s t r e a m ,  o r  t o  l a r q e  a n d / o r  

u n s y n c  h r o n i  s e d  i n p u t s  b e t w e e n  t h e  g a u g i n g  . s t a t i o n s .  To 

d i s t i n g u i s h  b e t w e e n  these it is n e c e s s a r y  e i t h e r  t o  a n a l y s e  a 

series of h y d r o g r a p h s  f o r  t h e  same e v e n t  a t  d i f f e r e n t  g a u g i n g  

s t a t i o n s ,  o r  t o  d e t e r m i n e  t h e  i n f l u e n c e  of storm e x t e n t  upon  

P r a s e r  R i v e r  h y d r o g r a p h s ,  

T h e  tiiae o f  a r r i v a l  o f  a h i g h f l o w  p e a k  a n d  t h e  a c t u a l  

v o l u m e  o f  f l o w  r e c e i v e d  a t  t h i s  time a r e  i n t r i n s i c  i n  f l o o d  

f o r e c a s t i n g .  Both v a r i a b l e s  a r e  a f f e c t e d  b y  t h e  d e g r e e  o f  

s y a c h r c n i s a  t i o n  of s u b k a s i n  i n p u t s  a s  s h o w n  b y  t h e  p r e s e n t  

s t u d y ,  B e c a u s e  all t h e  s u b b a s i n s  c a n  be i n c l u d e d ,  t h e  model c a n  

he a d a p t e d  t o  assess t h e  e f f e c t s  of stream d i v e r s i o n  p r o j e c t s  

s u c h  a s  t h e  H c G r e g o r  d i v e r s i o n  p r o p o s e d  b y  t h e  P r a s e r  R i v e r  

B o a r d  (1963)3.  The l o s s  of t h e  HcGregor  i n p u t  would r e s u l t  i n  

r e d u c e d  f l o w s  i n  t h e  F r a s e r  R i v e r .  E e i d ,  C r o w t h e r  a n d  P a r t n e r s  

(1978) e s t i m a t e d  t h e s e  r e d u c t i o n s  t o  b e  of t h e  order of 28% a t  

S h e l l e y ,  1 3 %  a t  T e x a s  C r e e k  a n d  9% a t  Hope. C o n s e q u e n t l y ,  t h e  

r e l a t i v e  i n f l u e n c e  o f  t h e  cther t r i b u t a r i e s  w i l l  b e  c h a n g e d ,  Not 

o n l y  would t h i s  a f fec t  peak t i l n i n g  and  v o l u m e ,  b u t  a l s o  t h e r m a l  

regime a n d  t h e  r i v e r 8  s c a p a c i t y  t o  ass imi la te  c o n t a m i n a n t s .  The  

t iae-area m o d e l  c a n  be r e a d i l y  a p p l i e d  t o  t h i s  p r o b l e ~ .  

P h i l e  t h e  time-area m e t h o d  bas been c r i t i c i s e d  f o r  i ts 

t i m e - c o n s u  r ing a n d  l a b o r i o u s  c o r a p u t a t i o n s ,  i t  p r o v i d e s  a u s e f u l  -- --------- ------- 
JTbe d i v e r s i o n  of t h e  R c G r e g o r  r i v e r  t o  t h e  Arctic d r a i n a g e  was 
o n e  of n i n e  p r o j e c t s  d e s i g n a t e d  a s  S y s t e m  E by t h e  F r a s e r  R i v e r  
B o a r d  f o r  f loud f r o t e c t i o n  a n d  H y d r o - e l e c t r i c  p r o d u c t i o n ,  
E n g i n e e r i n g  s t u d i e s  c n  t h e  ~ r o j e c t  were s u s p e n d e d  i n  1978 by t h e  
B.C. Hydro  a n d  P o w e r  A u t h o r i t y .  



e x p l a n a t i o n  cf t r a v e l  time i r r e g u l a r i t i e s  o b s e r v e d  on t h e  F r a s e r  

River. The method is n o t  r e a d i l y  a d a p t a b l e  t o  f l o o d  f o r e c a s t i n g  

s t u d i e s ,  b u t  i t  h a s  h i g h l i g h t e d  t h e  i m p o r t a n c e  of  b a s i n  

g e o m o r ~ h o l o g y  i n  d e t e r m i n i n g  time o f  peak,  a n d  t h e  n e e d  f o r  

s t u d i e s  to  quaat i f  y t h e  s p a t i a l  d i s t r i b u t i o n  and s p e e d  of runoff 

genera t i o n  w i t h i n  e a c h  s u b b a s i n .  



Red Pass t o  Ha 

Da te 
1971 Sept 

S ~ p t  
S e p  t 
0 ct 

1973 Hay 
aY 

fray 
June 
J  one 
J uly 
July 
S e p t  

1974 May 
June 
J u l y  
A ug 
S e p t  
S e p t  
O c t  
Oc t 
0 ct 

1975 May 
J m e  
June 
J une 
J  uly 
Aug 
Aug 
A ug 
S ept  
O c t  

1976 Hay 
a ay 
June  
J une 
J uly 
July 
J ulp 
A u5J 
sug 
A ug 
S e  p t  
0 ct 
0 ct 

1977 Bay 
flay 
June  

s s a r d  

T i m e  
0700 
1 SO0 
1900 
1500 
0200 
1500 
1100 
0200 
0400 
0600 
1500 
1600 
2 100 
0600 
2200 
2400 
0800 
0800 
1% 0 
1200 
l5OO 
1700 
0100 
1300 
1.600 
180 0 
1800 
180 0 
0200 
1400 
0700 
100 0 
1800 
01 00 
0 100 
1100 
0800 
2 30 0 
1400 
2100 
0000 
1200 
1500 
0900 
1600 
1000 
1500 

APPENDIX 

season  TT Discharge ( m3 s") 



Date 
J une 
J une 
June 
J  uly 
J u l y  
J u l y  
A ug 
A ug 
S ept 
flay 
n a y  
June 
June 
J uly 
J u l y  
J u l y  
J u l y  
Aug 
Aug 
Sept 
Sept 
0 ct 
J ~ Y  

1 9 7 5  Sep 
1976 Iray 
1978 Bps 
1979 June 

J une 

Hansard to S h e l l e y  

1973  J u n e  
June 
J  u l y  
J u l y  
Sept 
O c t  

197Q flay 
J u l y  

Sept 
O c t  
O c t  

1975 June  
3 uae 
June 
J  une 
a ug 
Aug 
S e p t  

season TT Disch acqe [u' s-I) 



Dat e  
S ept 
0 ct 
Oc t 

1976 Hay 
June 
J une 
3 u ly 
J u l y  
A ug 
A 11g 

1977 May 
fl dl' 
flay 
June 
J u n e  
J  une 
June  
J u l  p 
J u l  y 
J u l y  
S r p t  
S e p t  
Oct 

1978 Hay 
J  une 
J  une 
J u l y  
J u l y  
J u l y  
J u l y  
h u g  
S e p t  
O c t  
oct  

1979 June 
J u l y  

* J u l y  
S e p t  

1980 Hay 
J une 
June  

1972 June 
1973 ilpr 

may 
nay 
el' 

1974 June 
J  une 
Oct 

1975 flay 
3 ay 

T i m e  
0300 
0900 
1700 

2 000 
1100 
12ao 
1100 
0100 
0 500 
2200 
0 90 0 
2400 
190 0 
2000 
0700 
200 0 
1800 
0400 
1300 
1600 
1000 
1200 
0000 
1400 
0600 
0600 
1900 
090 0 
1300 
1300 
1900 
170 0 
2200 
1200 
200 0 
1100 
1700 
0 $0 0 
2 100 
1200 
0500 
0600 
0500 
1600 
1100 
2300 
0300 
1200 
1000 
2000 
1500 

season TT D i s c  h a  rge (a' s")  



Dat e T i m e  season TT Discharge  ( m 3 s " )  
J u l  y  

1976 nay 
J u l y  
a ug 
SeP 
0 c t  
Oct 

1977 Aug 
1978  Aug 

S eP 
O c t  

1979 June 
1980 Apr 

aY 
J u l y  
J u l y  
A " g  
A ug 

S h e l l e y  t o  T e x  

1971 May 
M aY 
June 
J one 
J u l y  

1973 Hay 
J  une 
J une  
O c t  
O ct 

1974 Hay 
nay 
Jnne 
J u l y  
S eP 
0 ct 

1975 H ay 
J u n e  
June 
J me 
J uly 
s q  
SeP 
Oct 
O c t  

1 9 7 6  Hay 
nay 
June 
J nne 
3 u l y  

0400 
200 0 
2200 
1300 
0 50 0 
OUO 0 
2000 
1300 
0100 
1900 
2200 
0 100 
1600 
1600 
1100 
1700 
2 100 
1300 

as Creek 

170 0 
0000 
1 700 
0900 
0 00 0 
1700 
o w 0  
130 0 
2200 
2200 
2 30 0 
1800 
0300 
2 30 0 
1500 
1800 
1500 
1800 
2400 
1500 
1500 
1800 
DUO0 
0400 
0800 
0100 
0 100 
1 TOO 
0 100 
0800 



Dat e 
Jul y 
a ug 
A ug 
A ug 
A ug 
S e e  
O c t  

1977 Play 
J une 
J u n e  
J une  
J u l y  
J u l y  
A ug 
SeP 

1978 flay 
June 
J m e  
July 
July 
A ug 
O c t  

1979 Apr 
* aY 
3 une 
July 

1980 Ray 
J une 
J u n e  
O ct 

1976 Aug 
1977 Hay 
1978 Nay 
1979 J u n e  

Aug 
1989 Bay 

Texas Creek to Hope 

1971 flay 
1973 flay 

nay 
J une 
O ct 

1974 Hay 
J u n e  
3 ul y 

1975 Hay 
J une 
July 

7976 M a y  

season TT Discharge (s's-'  ) 
4385  
4722 
4385 
359 1 
3840 
1954 
2251  
3806 
3103 
4 180 
4 225 
3 4 3 2  
4078 
2 230 
1869 
1900 
3832  
2 956 
2798 
297 3 
1999 
1529  
38 2 3 
3U70 
3914 
399 5 
3 176 
2 4 7 8  
380 3 
3  145 
3591 
3375 
1455 
3 800 
1340  
3 320 



May 
J une 
July 
lug 
A ug 
SeF' 
O c t  
Oct 

1977 Hay 
June 
A ug 
Aug 

197b June  
1979 Hay 

Hay 
J uae 

197 3 June 
1974 flay 
1975  J u n e  
1976 Bay 
1977 June 
1978 June 

Jnl  y 
1979 June 

J u l y  

Key: season 1 
season 2 
season 3 

1900 
0700 
000 0 
1700 
1100 
0700 
0500 
0500 
0 100 
1100 
0400 
2300 
1300 
0700 
1100 
1800 
1200 
1800 
03 0 0 
2000 
1300 
0900 
1200 
0500 
0400 

= s p r i n g  
= STlPmer 
= autumn 

Date Time season TT Discharge  (a 's" )  
18  9073 

TT = travel  time in  hours 
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