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ABSTRACT 

2 
The N a r r a t o r B r o o k d r a i n s a c a t c h m e n t a r e a o f 4,6 8 km 

w h i c h i s e n t i r e l y u n d e r l a i n by g r a n i t e and w h i c h i n c l u d e s 
-moo r l and , i m p r o v e d p a s t u r e and c o n i f e r o u s f o r e s t p l a n t a t i o n . 
O b s e r v a t i o n s o f s u s p e n d e d s e d i m e n t and s o l u t e t r a n s p o r t by 
t h e N a r r a t o r B r o o k a r e b a s e d on s t r e a m s a m p l i n g c o m b i n e d 
w i t h l a b o r a t o r y a n a l y s i s . B e d l o a d t r a n s p o r t i s m e a s u r e d by 
t r a p s u n k i n t o t h e s t r e a m b e d . R e s p e c t i v e y i e l d s o f 
s o l u t e s , s u s p e n d e d s e d i m e n t and b e d l o a d o v e r t h e 19 m o n t h s 
o f o b s e r v a t i o n ( 2 5 / 5 / 7 5 t o 1 3 / 1 2 / 7 6 ) a r e 12.6 t/km^, 4.0 
t/km a n d 0.1 t/km . 

A f f o r e s t a t i o n i n t h e N a r r a t o r c a t c h m e n t i s r e s p o n s i b l e 
f o r a c c e l e r a t i n g t h e r a t e o f bank e r o s i o n and t h i s h a s 
c o n t r i b u t e d s i g n i f i c a n t l y t o t h e s e d i m e n t t r a n s p o r t e d by 
t h e N a r r a t o r B r o o k . S o i l w e l l o b s e r v a t i o n s i n d i c a t e t h a t 
o v e r l a n d f l o w i s b o t h f r e q u e n t a n d w i d e s p r e a d i n t h e 
N a r r a t o r c a t c h m e n t s u g g e s t i n g t h a t c a t c h m e n t s l o p e s a l s o 
c o n s t i t u t e a m a j o r s o u r c e o f s e d i m e n t . W i t h r e s p e c t t o 
t h e s o u r c e s f o r s o l u t e s t r a n s p o r t e d by t h e N a r r a t o r B r o o k , 
t h e a t m o s p h e r e s u p p l i e s 7 0 . 1 % w i t h t h e r e m a i n i n g 2 9 . 9 % 
o r i g i n a t i n g f r o m r o c k w e a t h e r i n g i n t h e c a t c h m e n t . 

S u s p e n d e d s e d i m e n t d y n a m i c s a r e c h a r a c t e r i s e d by c l o c k ­
w i s e h y s t e r e s i s . a n d h i g h e r c o n c e n t r a t i o n s i n summer f o r a 
g i v e n d i s c h a r g e t h a n i n w i n t e r . T h i s , c o m b i n e d w i t h t h e 
e m e r g e n c e f r o m m u l t i p l e r e g r e s s i o n a n a l y s i s o f p r e c i p i t a t i o n 
i n t e n s i t y a s t h e p r e d o m i n a n t c o n t r o l , o f s u s p e n d e d s e d i m e n t 
c o n c e n t r a t i o n , r e f l e c t s t h e i m p o r t a n c e o f c a t c h m e n t s l o p e s 
a s a s o u r c e o f s u s p e n d e d s e d i m e n t . A n a l y s i s o f v a r i a t i o n s 
i n s o l u t e c o n c e n t r a t i o n r e v e a l s t h e e x i s t a n c e o f b o t h 
f l u s h i n g and c h e m i c a l b u f f e r i n g m e c h a n i s m s i n t h e N a r r a t o r 
c a t c h m e n t . 

S u s p e n d e d s e d i m e n t y i e l d i s g r e a t e s t b e l o w t h e r e g i o n 
o f i m p r o v e d p a s t u r e i n t h e N a r r a t o r c a t c h m e n t and l e a s t 
b e l o w t h e m o o r l a n d r e g i o n o f t h e c a t c h m e n t . S o l u t e 
p r o d u c t i o n i s more u n i f o r m o v e r t h e N a r r a t o r c a t c h m e n t 
t h a n s u s p e n d e d s e d i m e n t p r o d u c t i o n b u t i s s l i g h t l y 
h i g h e r i n t h e f o r e s t e d r e g i o n t h a n e l s e w h e r e . I n t h e 
u p p e r r e a c h e s o f t h e N a r r a t o r B r o o k b a s e f l o w s u s p e n d e d 
s e d i m e n t and s o l u t e c o n c e n t r a t i o n s a r e i n f l u e n c e d by 
o u t f l o w f r o m m a r s h e s w h i c h b o r d e r t h e s t r e a m . I n t h e 
l o v e r r e a c h e s d o w n s t r e a m v a r i a t i o n s i n b a s e f l o w s u s p e n d e d 
s e d i m e n t a n d s o l u t e c o n c e n t r a t i o n a r e d e t e r m i n e d r e s p e c t i v e l y 
by c h a n n e l g r a d i e n t and a r e a o f c a t c h m e n t f o r e s t e d . 
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CHAPTER 1 

RESEARCH OBJECTIVES 

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

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

decade , s m a l l c a t c h m e n t s t u d i e s i n G r e a t B r i t a i n have p r o ­

l i f e r a t e d . The m a j o r i t y o f t h e s e , howeve r , c o n c e n t r a t e 

upon h y d r o l o g i c a l a s p e c t s a t t h e expense o f h y d r o g e o m o r p h o -

l o g y ( G r e g o r y 1 9 7 9 ) . Ca t chmen t s t u d i e s w i t h h y d r o g e o -

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

s t r e a m s e d i m e n t and s o l u t e t r a n s p o r t , i n c l u d e , Imeson ( 1 9 6 9 , 

71a, 73, 7 4 ) , W a l l i n g ( 1 9 7 1 , 74a, 7 4 b ) , O x l e y (1974) and 

L e w i n e t a l ( 1 9 7 4 ) . R e s e a r c h o f t h i s k i n d g i v e s v a l u a b l e 

i n s i g h t i n t o how w e a t h e r i n g and e r o s i o n i n a humid t em­

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

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

such as v e g e t a t i o n and r o c k t y p e . 

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

i n p a r t i c u l a t e and s o l u t i o n a l f o r m by t h e N a r r a t o r B r o o k , a 

s m a l l s t r e a m on D a r t m o o r , S.W. E n g l a n d . The N a r r a t o r 

B rook f e e d s t h e B u r r a t o r R e s e r v o i r w h i c h i s a m a j o r s o u r c e 

o f w a t e r s u p p l y f o r P l y m o u t h and i t s e n v i r o n s . The c a t c h ­

ment a r e a o f t h e N a r r a t o r B rook i s 4.68 km'̂  and i s u n d e r l a i n 

e n t i r e l y by g r a n i t e . I n t e r m s o f i t s p h y s i c a l c h a r a c t e r ­

i s t i c s t h e N a r r a t o r Ca t chmen t can be c o n s i d e r e d r e p r e s e n t a ­

t i v e o f t h e g r a n i t e a r e a o f D a r t m o o r as a w h o l e . The i n ­

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

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

suspended s e d i m e n t l o a d , b e d l o a d and d i s s o l v e d l o a d . A l ­

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

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

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

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

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

i n b a l a n c e i n c o n t e m p o r a r y s m a l l c a t c h m e n t r e s e a r c h . 

D e t a i l e d c o m p r e h e n s i v e s t u d i e s i n t h e mou ld o f Imeson 

and W a l l i n g w h i c h i n c l u d e b o t h s e d i m e n t and s o l u t e s have 



n e v e r been u n d e r t a k e n i n B r i t a i n on g r a n i t i c r o c k s . Such 

work has been done on g r a n i t e r o c k s by D o u g l a s (1968a , 68b, 

68c , 73) i n M a l a y s i a and S.E. A u s t r a l i a and t h i s p r o v i d e s 

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

G r a n i t e o u t c r o p s c o v e r 6 000 km^ i n B r i t a i n and f r o m 

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

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

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

t r a n s p o r t , g r a n i t e i s o f s p e c i a l i n t e r e s t f o r two r e a s o n s . 

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

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

can be compared w i t h g e o c h e m i s t r y o f t h e g r a n i t e i n o r d e r 

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

s i l i c a t e minera ls and a l s o t h e r e l a t i v e m o b i l i t y o f 

w e a t h e r e d p r o d u c t s ( F e t h e t a l 1964, G a r r e l l s and 

M a c k e n z i e 1 9 6 7 ) . Second, a c c o r d i n g t o Moeyersons ( 1 9 7 5 ) , 

S t o c k i n g ( 1 9 7 6 ) , Ward (1977) and o t h e r s , s o i l s d e v e l o p e d 

upon g r a n i t e a r e c h a r a c t e r i s t i c a l l y sandy and s u s c e p t i b l e 

t o e r o s i o n , and t h i s i s l i k e l y t o be r e f l e c t e d i n h i g h e r 

r a t e s o f s t r e a m s e d i m e n t t r a n s p o r t . 

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

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

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

u t i l i s a t i o n . D a r t m o o r i s becom ing i n c r e a s i n g l y i m p o r t a n t 

f o r s u p p l y o f w a t e r as s u r r o u n d i n g m e t r o p o l i t a n a r e a s e x ­

pand . F i v e e x i s t i n g r e s e r v o i r s c o l l e c t w a t e r d r a i n i n g 

t h e D a r t m o o r G r a n i t e and a d d i t i o n a l r e s e r v o i r s a r e p r o ­

j e c t e d . S e v e r a l o f t h e f i n d i n g s o f t h i s s t u d y have i m p l i ­

c a t i o n s f o r t h e management o f w a t e r r e s o u r c e s on D a r t m o o r . 

T h r e e p o i n t s r e g a r d i n g t h e n a t u r e o f t h e s t u d y need 

m e n t i o n a t t h e o u t s e t . F i r s t , a l t h o u g h a l l t h r e e f o r m s 

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

w e i g h t i s p l a c e d upon suspended s e d i m e n t and l e a s t upon 

b e d l o a d . Second, w h i l e t h e p r a c t i c a l i m p l i c a t i o n s o f t h e 

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

i n o u t l o o k . F i n a l l y , t h i s i s t h e f i r s t m a j o r s t u d y i n 

wha t i s p l a n n e d as a l o n g t e r m r e s e a r c h p r o j e c t c e n t r e d on 



t h e N a r r a t o r C a t c h m e n t . I t i s b r o a d and e x p l o r a t o r y i n 

scope . The i n t e n t i o n i s t o seek o u t any a p p a r e n t 

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

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

e f f o r t s . 

S i x o b j e c t i v e s f o r t h e p r e s e n t s t u d y can be i s o l a t e d . 

These a r e : 

1 To d e t e r m i n e t h e r e l a t i v e i m p o r t a n c e o f 

s o u r c e s f o r s e d i m e n t and s o l u t e s i n t h e 

N a r r a t o r C a t c h m e n t . 

2 To d e f i n e t e m p o r a l d y n a m i c s i n s e d i m e n t and 

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

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

3 To i n v e s t i g a t e s p a t i a l v a r i a t i o n s i n s e d i ­

ment and s o l u t e t r a n s p o r t i n r e s p o n s e t o 

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

g r a p h y and c h a n n e l c h a r a c t e r i s t i c s w i t h i n 

t h e N a r r a t o r C a t c h m e n t . 

4 To e s t a b l i s h a t e n t a t i v e r a t e o f d e n u d a t i o n 

f o r t h e D a r t m o o r G r a n i t e r e g i o n f r o m t h e 

s e d i m e n t and s o l u t e y i e l d s o f t h e N a r r a t o r 

c a t c h m e n t . 

5 To examine t h e p r a c t i c a l i m p l i c a t i o n s o f 

f l u v i a l t r a n s p o r t i n t h e N a r r a t o r B rook w i t h 

r e g a r d t o s u p p l y o f w a t e r f r o m D a r t m o o r . 

6 To d e t e r m i n e t h e r e l a t i v e c o n t r i b u t i o n o f 

d i s s o l v e d l o a d , suspended l o a d and b e d l o a d 

t o t o t a l f l u v i a l t r a n s p o r t i n t h e N a r r a t o r 

B r o o k . 

B r i e f b a c k g r o u n d s t o each o f t h e s e t o p i c s a p p e a r b e -



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

o b j e c t i v e s l i s t e d above a r e r e g a r d e d as t h e m a j o r ones 

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

ma in body o f t h e t h e s i s c o v e r i n g C h a p t e r s 4 t o 7 i n c l u s i v e . 

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

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

1.2 S o u r c e s o f s e d i m e n t and s o l u t e s 

S o u r c e s o f s e d i m e n t and s o l u t e s e x p o r t e d f r o m s t r e a m 

c a t c h m e n t s can be c l a s s i f i e d i n t o p o i n t and n o n - p o i n t 

s o u r c e s (Rodda e t a l 1 9 7 6 ) . P o i n t s o u r c e s a r e g e n e r a l l y 

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

e r o s i o n o f c o n s t r u c t i o n s i t e s and s u p p l y o f s o l u t e s f r o m 

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

t h i s c a t e g o r y . I n c o n t r a s t t o n o n - p o i n t s o u r c e s , p o i n t 

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

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

p o i n t s o u r c e s t o t o t a l s t r e a m t r a n s p o r t . F o r n o n - p o i n t 

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

t a s k becomes more d i f f i c u l t . I n t h e N a r r a t o r c a t c h m e n t , 

as i n most c a t c h m e n t s s e l e c t e d f o r g e o m o r p h o l o g i c a l i n ­

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

n e g l i g i b l e . 

The two c a t e g o r i e s o f n o n - p o i n t s o u r c e s f o r s t r e a m 

s o l u t e s a r e r o c k w e a t h e r i n g and a t m o s p h e r i c f a l l o u t . The 

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

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

t h e s u p p l y o f s o l u t e s f r o m each s o u r c e . S i n c e a m a j o r 

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

w i n d w a r d c o a s t s i s an i m p o r t a n t c o n t r o l (Gorham 1 9 6 1 , 

D o u g l a s 1 9 7 2 ) . S t e v e n s o n ( 1 9 6 8 ) , i n an a n a l y s i s o f t h e 

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

t h e B r i t i s h I s l e s , d i s c o v e r e d a marked r i s i n g t r e n d t o w a r d s 

t h e w e s t and s o u t h w e s t c o a s t s . As a r e s u l t , f o r i n l a n d 



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

c o n t r i b u t i o n f r o m r o c k w e a t h e r i n g w h i l e f o r c a t c h m e n t s 

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

i n s t a n c e s p r e d o m i n a t e ( e . g . Gorham 1957, C r y e r 1976, 

Way len 1 9 7 9 ) , Waylen ( 1 9 7 9 ) , f o r e x a m p l e , e s t i m a t e s t h a t 

80% o f t h e s o l u t e s e x p o r t e d f r o m a s m a l l c a t c h m e n t i n t h e 

Mend ips o r i g i n a t e f r o m t h e a t m o s p h e r e . A c c o r d i n g t o 

Rodda e t a l ( 1 9 7 6 ) , t h i s s i t u a t i o n i s most l i k e l y t o a r i s e 

i n c a t c h m e n t s u n d e r l a i n by r o c k s w h i c h w e a t h e r s l o w l y and 

c o n t r i b u t e l i t t l e t o s t r e a m s o l u t e s . I t can be e x p e c t e d , 

t h e r e f o r e , t h a t s i n c e t h e N a r r a t o r c a t c h m e n t o v e r l i e s 

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

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

w i l l be l a r g e . I n o r d e r t o e x t r a c t any g e o m o r p h i c s i g n i ­

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

a t m o s p h e r i c s u p p l y a c c u r a t e l y i s c r u c i a l . W a l l i n g and 

Webb (1978) s i m p l y d e d u c t sod ium and c h l o r i d e f r o m . 

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

c h e m i c a l d e n u d a t i o n o v e r t h e Exe R i v e r B a s i n . T h i s c a n n o t 

be c o n s i d e r e d a d e q u a t e because s u l p h a t e , magnesium, c a l c i u m 

and p o t a s s i u m a r e a l s o s u p p l i e d i n l a r g e q u a n t i t i e s by t h e 

a t m o s p h e r e i n c o a s t a l r e g i o n s (Gorham 1 9 6 1 ) . 

The s e d i m e n t t r a n s p o r t e d by s t r e a m s can be d i v i d e d 

among two m a j o r s o u r c e s . On c a t c h m e n t s l o p e s s e d i m e n t may 

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

o r i g i n a t i n g f r o m w i t h i n t h e c h a n n e l may be d e r i v e d f r o m 

m o b i l i s a t i o n o f bed m a t e r i a l and f r o m bank e r o s i o n . The 

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

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

ment t o c a t c h m e n t , b u t u n l i k e t h e case w i t h d i s s o l v e d s o l i d s 

no p o s i t i v e u n d e r l y i n g t r e n d can be d i s t i n g u i s h e d and no 

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

s h e e t e r o s i o n on c a t c h m e n t s l o p e s as t h e p r e d o m i n a n t s o u r c e 

o f suspended s e d i m e n t t r a n s p o r t e d by s t r e a m s (Glymph 1957, 

P i e s t 1970, Guy 1 9 7 0 ) . E i n s t e i n ( 1 9 6 4 ) , f o r e x a m p l e , e s ­

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

y i e l d o f t h e U n i t e d S t a t e s a t 80-90%. E f f o r t s a t p r e d i c -



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

has been a k e y n o t e o f s e d i m e n t r e s e a r c h i n t h e U n i t e d 

S t a t e s s i n c e t h e 1950's (Glymph 1954, Beer e t a l 1966, 

W i l l i a m s & B e r n d t 1972, 7 7 ) . I n t h e w i d e sand f l o o r 

r i v e r s t y p i c a l o f t h e G r e a t P l a i n s r e g i o n o f t h e U n i t e d 

S t a t e s , bed m a t e r i a l i s a l s o r e c o g n i s e d as an i m p o r t a n t 

s o u r c e o f suspended s e d i m e n t and m o d i f i e d b e d l o a d e q u a t i o n 

have been u s e d f o r p r e d i c t i o n o f s e d i m e n t y i e l d s ( H u b b e l l 

& M a t e j k a 1959, C o l b y 1 9 6 4 ) . W i t h few e x c e p t i o n s ( e . g . C o l d -

w e l l 1957) bank e r o s i o n as a s o u r c e o f s e d i m e n t i n t h e U n i t e d 

S t a t e s has r e c e i v e d s c a n t a t t e n t i o n . 

I n B r i t a i n , measurements o f bank e r o s i o n have r e v e a l e d 

t h a t t h i s can become t h e m a j o r s o u r c e o f s e d i m e n t i n some 

c a t c h m e n t s ( P o t t e r 1973 , H i l l 1 973, L e w i n & B r i n d l e 1977, 

McGrea l & G a r d i n e r 1 9 7 7 ) . Bank e r o s i o n i s a l s o l i k e l y t o 

be an i m p o r t a n t s o u r c e o f s e d i m e n t i n t h e N a r r a t o r c a t c h ­

ment , s i n c e t h e r e i s e v i d e n c e o f r a p i d e r o s i o n o f c h a n n e l 

banks a l o n g t h e l o w e r c o u r s e o f t h e N a r r a t o r B r o o k . I n 

t h e B r i t i s h I s l e s s o i l e r o s i o n i s g e n e r a l l y r e g a r d e d t o be 

o f m i n o r s i g n i f i c a n c e , a l t h o u g h , as Evans (1971) p o i n t s 

o u t , t h i s i s f a r f r o m t h e t r u t h . Even on n o n - a g r i c u l t u r a l 

l a n d i n B r i t a i n , s h e e t e r o s i o n c a n n o t be e x c l u d e d as a 

s o u r c e o f s e d i m e n t . L a r g e r a t e s o f s h e e t e r o s i o n have 

been o b s e r v e d i n B r i t a i n , p a r t i c u l a r l y i n m o o r l a n d r e g i o n s 

i n c l u d i n g t h e P e n n i n e s ( T a l l i s 1 9 6 4 ) , M id -Wales ( S l a y m a k e r 

1972) and t h e N o r t h Y o r k Moors ( Imeson 1 9 7 1 b ) . S i n c e t h e 

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

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

ment t r a n s p o r t e d by t h e N a r r a t o r B r o o k . 

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

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

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

o f t h e s e s o u r c e s i s g o v e r n e d by d i f f e r i n g c o n t r o l s . I n ­

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

t h e c a t c h m e n t can be a c o n s i d e r a b l e a i d t o e x p l a n a t i o n and 

i n t e r p r e t a t i o n o f t h e p a t t e r n o f s i g n i f i c a n t c o n t r o l s w h i c h 



emerges f r o m a n a l y s i s o f f l u v i a l t r a n s p o r t d y n a m i c s . I t 

can be e x p e c t e d , f o r e x a m p l e , t h a t i f c a t c h m e n t s l o p e s were 

t h e m a j o r s o u r c e o f suspended s e d i m e n t , 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 w o u l d impose more i n f l u e n c e upon r a t e o f 

s t r e a m t r a n s p o r t o f suspended s e d i m e n t t h a n i f t h e s t r e a m 

c h a n n e l were t h e m a j o r s o u r c e . Second, d e t e r m i n a t i o n o f 

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

q u i r e s some e s t i m a t e o f s u p p l y f r o m t h e v a r i o u s s o u r c e s o f 

s e d i m e n t and s o l u t e s ^ ^ ^ A t m o s p h e r i c i m p u t o f s o l u t e s has 

f i r s t t o be d e d u c t e d f r o m s t r e a m s o l u t e y i e l d s b e f o r e r a t e s 

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

a s s e s s e d (Goud ie 1 9 7 0 ) . ( I n t he . case o f s e d i m e n t , o n l y a 

p r o p o r t i o n i s g e n e r a t e d by e r o s i o n i n t h e c a t c h m e n t and 

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

d e p o s i t e d i n t h e c a t c h m e n t . T h i s p r o p o r t i o n has f i r s t t o 

be e s t i m a t e d b e f o r e r a t e s o f t r a n s p o r t o f s e d i m e n t can be 

c o n v e r t e d t o r a t e o f c a t c h m e n t e r o s i o n . I t depends t o 

some e x t e n t upon s o u r c e s o f s e d i m e n t w i t h i n t h e c a t c h m e n t . ^ 

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

l i v e r e d t o t h e c a t c h m e n t e x i t i s v i r t u a l l y 100%, F o r s i l t 

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

t i o n i s g e n e r a l l y much s m a l l e r ( O n s t a d e t a l 1 9 7 7 ) . 

D o u g l a s (1972 p . 49) comments: "As s o u r c e s o f s t r e a m f l o w 

s o l u t e s and f l u v i a l s e d i m e n t s becomes b e t t e r known, geomor­

p h o l o g i c a l p r o c e s s e s w i l l be b e t t e r u n d e r s t o o d and e v a l u a ­

t i o n o f l a n d f o r m e v o l u t i o n w i l l be b e t t e r f o u n d e d " . 

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

t i v e s u p p l y f r o m s p e c i f i c s o u r c e s i s r e q u i r e d b e f o r e 

e f f e c t i v e measures can be i m p l e m e n t e d t o l i m i t s e d i m e n t o r 

s o l u t e y i e l d s . L e w i n e t a l (1974) r e p o r t t h a t t h e b u l k o f 

s e d i m e n t d i s c h a r g e d f r o m a Mid-Wales c a t c h m e n t o r i g i n a t e s 

f r o m e r o s i o n o f s t r e a m bank b l u f f s . I n t h i s s i t u a t i o n 

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

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

d u c i n g s t r e a m s e d i m e n t y i e l d s . 



1.3 T e m p o r a l v a r i a t i o n s i n s t r e a m s e d i m e n t 

a n d s o l u t e t r a n s p o r t 

Ra te o f f l u v i a l t r a n s p o r t i n a l l n a t u r a l s t r e a m s 

v a r i e s o v e r t h e s h o r t t e r m i n r e s p o n s e t o c h a n g i n g w e a t h e r 

c o n d i t i o n s and v a r i a t i o n s i n s t r e a m f l o w . " - V a r i a t i o n s i n 

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

d u r i n g f l o o d p e r i o d s . Two g r o u p s o f f a c t o r s can be 

i d e n t i f i e d w h i c h c o n t r o l t h e s e v a r i a t i o n s . These two 

g r o u p s i n c l u d e s t r e a m f l o w c h a r a c t e r i s t i c s on t h e one hand 

and 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 , c a t c h m e n t w e t n e s s and 

season on t h e o t h e r . The r e l a t i v e i m p o r t a n c e o f t h e s e 

t w o g r o u p s depends upon t h e t y p e o f f l u v i a l t r a n s p o r t and 

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

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

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

i m m e d i a t e s o u r c e f o r t h e s e p a r t i c l e s i s bed m a t e r i a l a l ­

t h o u g h t h e y may have o r i g i n a t e d i n i t i a l l y f r o m bank e r o s i o n . 

B e d l o a d i s g o v e r n e d by s t r e a m f l o w w h i c h d e t e r m i n e s 

t h e e f f i c i e n c y o f t h e s t r e a m t o e n t r a i n p a r t i c l e s on 

t h e s t r e a m bed and s u s t a i n t h e i r t r a n s p o r t . S t r e a m p o w e r , 

a p a r a m e t e r commonly used as t h e b a s i s f o r m o d e l l i n g b e d l o a d 

d y n a m i c s ( e . g . B a g n o l d 1966, 73, L e o p o l d & Emmett, 1976, 

Gomez 1979) i s t h e p r o d u c t o f d e p t h , v e l o c i t y , w a t e r s u r f a c e 

s l o p e and w a t e r d e n s i t y o f t h e s t r e a m . I n c o n t r a s t t o b e d -

l o a d , d i s s o l v e d m a t e r i a l t r a n s p o r t e d by s t r e a m s i s d e r i v e d 

f r o m beyond t h e c o n f i n e s o f t h e c h a n n e l s y s t e m . F a c t o r s 

o t h e r t h a n s t r e a m f l o w c h a r a c t e r i s t i c s assume i m p o r t a n c e i n 

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

s e v e r a l s t u d i e s have d e m o n s t r a t e d t h e i m p o r t a n c e o f 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 , c a t c h m e n t w e t n e s s and season 

w i t h r e s p e c t t o s t r e a m s o l u t e t r a n s p o r t ( Imeson 1973, C r y e r 

1976, F o s t e r 1 9 7 8 a ) . The d e g r e e o f i n f l u e n c e e x e r t e d by 

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

i s r e l a t e d t o t h e p a r t i c l e s i z e o f suspended s e d i m e n t . De­

p e n d i n g upon t h e c a t c h m e n t , a p r o p o r t i o n o f suspended s e d i ­

ment , i n c o r p o r a t i n g t h e c o a r s e end o f t h e p a r t i c l e s i z e 
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r a n g e , i s d e r i v e d f r o m bed m a t e r i a l . The t r a n s p o r t o f bed 

m a t e r i a l i n s u s p e n s i o n i s g o v e r n e d e x c l u s i v e l y by s t r e a m -

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

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

on c a t c h m e n t s l o p e s . Ra te o f t r a n s p o r t o f t h i s s e d i m e n t 

i s i n f l u e n c e d t o some e x t e n t by 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 , c a t c h m e n t w e t n e s s and s e a s o n . 

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 , c a t c h m e n t w e t n e s s and 

season a r e i n t e r r e l a t e d b u t each has some i n d i v i d u a l s i g n i ­

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

p o r t . The e f f e c t o f 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 i s mos t 

c l e a r l y d e f i n e d . P r e c i p i t a t i o n prov ides t h e e n e r g y f o r 

e r o s i o n o f s o i l p a r t i c l e s and a l s o t h e t r a n s p o r t i n g medium 

i n t h e f o r m o f o v e r l a n d f l o w , G r e g o r y and W a l l i n g (1973 

p. 210) r e m a r k " t h e o u t p u t o f s e d i m e n t ( f r o m a c a t c h ­

ment ) i s p r i m a r i l y g o v e r n e d by t h e c h a r a c t e r o f t h e p r e c i p i ­

t a t i o n i n p u t " . W i t h r e s p e c t t o s t r e a m s o l u t e s , f o r 

c a t c h m e n t s i n w h i c h t h e a t m o s p h e r e i s a m a j o r s o u r c e o f 

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

may be g o v e r n e d t o some e x t e n t by v a r i a t i o n s i n t h e i n p u t o f 

d i s s o l v e d s o l i d s i n p r e c i p i t a t i o n , C r y e r ( 1 9 7 6 ) , f o r 

e x a m p l e , f o u n d a v e r y c l o s e c o r r e s p o n d e n c e be tween t h e 

s o l u t e c o n c e n t r a t i o n s o f q u i c k f l o w and p r e c i p i t a t i o n i n a 

Mid -Wales c a t c h m e n t . S i n c e t h e N a r r a t o r c a t c h m e n t i s c l o s e 

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

w o u l d e x i s t . Fo r t h i s r e a s o n t h e s o l u t e c o n c e n t r a t i o n o f 

p r e c i p i t a t i o n was m o n i t o r e d i n t h e N a r r a t o r c a t c h m e n t as 

w e l l as p r e c i p i t a t i o n amounts and i n t e n s i t i e s . 

The a f f e c t o f t h e o t h e r t w o f a c t o r s , c a t c h m e n t w e t n e s s 

and season upon r a t e s o f suspended s e d i m e n t and s o l u t e 

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

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

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

e v a p o t r a n s p i r a t i o n , and o t h e r a s p e c t s o f c a t c h m e n t c o n ­

d i t i o n t h a t may v a r y t o any e x t e n t w i t h s e a s o n . The manner 

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

n o t a l t o g e t h e r u n d e r s t o o d and because o f t h i s gap i n u n d e r -



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

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

d i f f i c u l t t o i n t e r p r e t . Morgan ( 1 9 7 9 ) , f o r e x a m p l e , p o i n t s 

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

o f c a t c h m e n t w e t n e s s i n d e l a t i o n t o s o i l l o s s and s t r e a m 

s e d i m e n t p r o d u c t i o n . R e s u l t s o f r e s e a r c h by F o u r n i e r (1972) 

on e x p e r i m e n t a l e r o s i o n p l o t s i n O h i o l e d h i m t o c o n c l u d e 

t h a t we t s o i l i s more s u s c e p t i b l e t o e r o s i o n , w h i l e Heede 

(1975) c o n c l u d e d f r o m h i s i n v e s t i g a t i o n s i n s m a l l c a t c h m e n t s 

i n t h e w e s t e r n U n i t e d S t a t e s t h a t s o i l e r o s i o n p r o c e e d s a t 

a f a s t e r r a t e when t h e s o i l i s d r y . R i c h t e r & N e g e n d a i l e 

( 1 9 7 7 ) , on t h e o t h e r h a n d , were u n a b l e t o d e t e c t any e f f e c t 

o f w e t n e s s upon r a t e s o f s o i l l o s s i n t h e M o s e l l e r e g i o n o f 

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

cance o f season . I n a s m a l l M id -Wa les c a t c h m e n t where a t ­

m o s p h e r i c f a l l o u t i s t h e m a j o r s o u r c e o f s t r e a m s o l u t e s , 

C r y e r (1976) o b s e r v e d s t r o n g s e a s o n a l v a r i a t i o n s i n s t r e a m 

s o l u t e c o n c e n t r a t i o n s w h i c h he a t t r i b u t e d t o s e a s o n a l v a r i a ­

t i o n i n a t m o s p h e r i c f a l l o u t . F o s t e r (1978a) w o r k i n g i n a 

s m a l l Devon c a t c h m e n t i n w h i c h a t m o s p h e r i c f a l l o u t was a l s o 

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

s e a s o n a l v a r i a t i o n i n s t r e a m s o l u t e c o n c e n t r a t i o n b u t c o u l d 

f i n d no c o r r e s p o n d i n g s e a s o n a l v a r i a t i o n i n a t m o s p h e r i c f a l l ­

o u t . No s i g n i f i c a n t s e a s o n a l v a r i a t i o n i n s t r e a m s o l u t e 

c o n c e n t r a t i o n was e n c o u n t e r e d by Imeson & Ward (1971) i n an 

E a s t Y o r k s h i r e c a t c h m e n t . 

A l t h o u g h t h e y may have s e p a r a t e e f f e c t s upon s t r e a m 

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

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

c o m b i n a t i o n w i t h 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 t h e y d e t e r ­

m ine t h e p a t h w a y s by w h i c h p r e c i p i t a t i o n f a l l i n g upon c a t c h ­

ment s l o p e s f i n d s i t s way t o t h e s t r e a m . O v e r l a n d f l o w i s 

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

C o p e l a n d ( 1 9 6 5 ) , f o r e x a m p l e , has amp ly d e m o n s t r a t e d t h e 

v e r y c l o s e c o r r e s p o n d e n c e be tween r a t e o f o v e r l a n d f l o v ; a n d 

r a t e o f b o t h s o i l l o s s and s t r e a m s e d i m e n t t r a n s p o r t . I n 

an e f f o r t t o a s s e s s t h e r e l a t i v e i m p a c t o f p r e c i p i t a t i o n 
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c h a r a c t e r i s t i c s , c a t c h m e n t w e t n e s s and season upon r a t e s 

o f o v e r l a n d f l o w i n t h e N a r r a t o r c a t c h m e n t , c r e s t s t a g e 

s o i l w e l l o b s e r v a t i o n s were made a t 20 s i t e s . These s o i l 

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

f l o w . Armed w i t h u n d e r s t a n d i n g o f t h e c o n t r o l s o f o v e r ­

l a n d f l o w , more m e a n i n g f u l i n t e r p r e t a t i o n o f t h e p a t t e r n o f 

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

N a r r a t o r B rook can be a c h i e v e d . 

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

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

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

be tween c o n t r o l s , f o r examp le be tween p r e c i p i t a t i o n and 

s t r e a m f l o w c h a r a c t e r i s t i c s . A s t r o n g c o r r e l a t i o n b e t w e e n 

r a t e o f s e d i m e n t o r s o l u t e t r a n s p o r t and any one o f t h e 

c o n t r o l l i n g f a c t o r s i n e v i t a b l y means t h a t s t r o n g c o r r e l a ­

t i o n s must a l s o e x i s t w i t h t h e o t h e r f a c t o r s , even t h o u g h 

o r d i n a r i l y t h e s e o t h e r f a c t o r s may have l i t t l e o r no d i r e c t 

e f f e c t . To g e t r o u n d t h i s o b s t a c l e some m u l t i v a r i a t e 

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

each f a c t o r t e s t e d mus t be u s e d . I n t h i s s t u d y m u l t i p l e 

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

has p r e v i o u s l y been used s u c c e s s f u l l y f o r t h e same p u r p o s e 

by s e v e r a l w o r k e r s i n c l u d i n g Guy (1964) and W a l l i n g (1971a) 

f o r suspended s e d i m e n t and F o s t e r (1978b) f o r d i s s o l v e d 

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

a n a l y s i s v a r i a b l e s r e p r e s e n t i n g a l l f o u r f a c t o r s known 

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

f l o w , c a t c h m e n t w e t n e s s and s e a s o n . F a i l u r e t o do t h i s may 

l e a d t o m i s i n t e r p r e t a t i o n o f t h e r e s u l t s . Wood ( 1 9 7 7 ) , f o r 

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

R o t h e r a r e s i g n i f i c a n t l y h i g h e r d u r i n g summer and a t t r i b u t e d 

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

t h e a v a i l a b i l i t y o f s e d i m e n t on c a t c h m e n t s l o p e s . He 

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

ness and 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 i n h i s m u l t i v a r i a t e 

a n a l y s i s . H i g h e r summer c o n c e n t r a t i o n s c o u l d e q u a l l y w e l l 

be a r e s u l t o f h i g h e r p r e c i p i t a t i o n i n t e n s i t i e s d u r i n g 
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summer mon ths . T h i s can o n l y be r e s o l v e d by t e s t i n g t h e 

i n d e p e n d e n t a f f e c t s o f b o t h c a t c h m e n t w e t n e s s and p r e c i p i ­

t a t i o n i n t e n s i t y . 

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

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

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

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

be e x t e n d e d by r e f e r e n c e t o l o n g t e r m p r e c i p i t a t i o n and 

r u n o f f r e c o r d s where t h e s e e x i s t . As a r e s u l t o f t h e v a r i a ­

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

a r e n o r m a l l y r e q u i r e d t o o b t a i n v a l u e s w h i c h can be c o n ­

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

suspended s e d i m e n t . A.S.C.E. (1973) recommends a p e r i o d o f 

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

ma tes o f mean a n n u a l y i e l d . F o r some s t r e a m s f l u v i a l t r a n s ­

p o r t r a t e s have been c a l i b r a t e d a g a i n s t s t r e a m f l o w a l o n e 

w i t h a c e r t a i n amount o f s u c c e s s . These so c a l l e d s e d i m e n t 

and s o l u t e r a t i n g c u r v e s a r e t h e n comb ined w i t h f l o w d u r a ­

t i o n c u r v e s t o d e r i v e l o n g t e r m y i e l d s ( M i l l e r 1 9 5 1 , P i e s t 

1964, L o u g h r a n 1 9 7 6 ) , Poor r a t i n g c u r v e s can be i m p r o v e d 

t o some e x t e n t by c o r r e c t i n g f o r season and o t h e r f a c t o r s 

( H a l l 1967, Temple & Sundbo rg 1972, O x l e y 1 9 7 4 ) . D o u g l a s 

(1969) a l s o t e s t e d s e v e r a l p o l y n o m i a l e x p r e s s i o n s i n 

a d d i t i o n t o t h e u s u a l power f u n c t i o n s b u t was f o r c e d t o t h e 

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

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

1.4 S p a t i a l v a r i a t i o n s and c o n t r o l s 

The t h i r d m a j o r o b j e c t i v e o f t h e s t u d y i s t o i n v e s t i ­

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

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

s e p a r a t i n g t h e N a r r a t o r c a t c h m e n t i n t o a s e r i e s o f t h r e e 

n e s t e d s u b - c a t c h m e n t s e a c h w i t h d i f f e r i n g c a t c h m e n t c h a r a c ­

t e r i s t i c s . D i f f e r e n c e s i n u n i t a r e a s e d i m e n t and s o l u t e 

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

i n t e r m s o f d i f f e r i n q c a t c h m e n t c h a r a c t e r i s t i c s . T h i s t a s k i s 

g r e a t l y f a c i l i t a t e d by t h e u n i f o r m i t y o f r o c k t y p e and g r o s s 
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c l i m a t e over the N a r r a t o r catchment . These two f a c t o r s 

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

f a c t o r s wh ich v a r y s p a t i a l l y over t h e ca tchment , and 

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

channe l c h a r a c t e r i s t i c s . 

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

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

sediment and s o l u t e y i e l d s . V e g e t a t i o n i n h i b i t s s o i l 

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

e f f e c t s o f r a i n d rop impac t , by i m p a r t i n g coherence t o t h e 

s o i l mass w i t h i t s r o o t s , and by i n c r e a s i n g t h e aggrega te 

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

( S t o c k i n g & E l w e l l 1976) . I t a l s o improves t h e s u r f a c e 

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

s u r f a c e r u n o f f wh ich i s r e s p o n s i b l e f o r removing eroded 

s o i l p a r t i c l e s (Morgan 1979) . The most c o n v i n c i n g 

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

d r a m a t i c a c c e l e r a t i o n i n sediment t r a n s p o r t r a t e s t h a t 

have been observed f o l l o w i n g damage o r d e s t r u c t i o n o f 

v e g e t a t i o n cover by b u r n i n g ( S i n c l a i r 1954, Imeson 1971b, 

Brown 1972) t i m b e r h a r v e s t ( L u l l & R h e i n h a r t 1963, Horn-

beck & R h e i n h a r t 1964, F r e d r i k s e n 1970) and c o n s t r u c t i o n 

a c t i v i t i e s (Wolman & Sch ick 1967, V i c e e t a l 1968, W a l l i n g 

& Gregory 1970, W a l l i n g 1974a). Conve rse l y , a d o p t i o n o f 

s o i l c o n s e r v a t i o n measures, p r i n c i p a l l y i n v o l v i n g improve­

ment o f v e g e t a l c o v e r , has been shown t o reduce sediment 

y i e l d s f rom e x p e r i m e n t a l catchments ( B a i l e y & Craddock 

1948, B a i r d 1964, Noble 1965, Hadley 1974) . The degree o f 

p r o t e c t i o n a f f o r d e d by v e g e t a t i o n i s dependent upon i t s 

t y p e and d e n s i t y . A g r i c u l t u r a l ca tchments g e n e r a l l y sus­

t a i n h i g h e s t sediment y i e l d s , f o l l o w e d by g r a s s l a n d c a t c h ­

ments, w h i l e f o r e s t e d ca tchments a r e a s s o c i a t e d w i t h v e r y 

low y i e l d s ( U r s i c & Dendy 1965, Douglas 1969). 

There i s a c o n t i n u o u s c y c l i n g o f s o l u t e s between t h e 

v e g e t a t i o n cover and t he s o i l beneath , b o t h o f wh ich can be 

regarded as m u t u a l l y compensat ing r e s e r v o i r s o f s o l u b l e 

m a t e r i a l . Whi le t h e biomass i n a s t ream catchment remains 
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r e l a t i v e l y s t a b l e t h e r e i s no n e t l o n g t e r m l o s s o r g a i n 

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

te rm i n b a l a n c e s may occu r e s p e c i a l l y on a seasonal b a s i s . 

I n t h i s s i t u a t i o n t h e t y p e o f v e g e t a t i o n i n a catchment 

e x e r t s l i t t l e i n f l u e n c e upon s o l u t e y i e l d s . Any r e d u c t i o n 

o f v e g e t a t i o n c o v e r , however, r e s u l t s i n a r e l e a s e o f 

d i s s o l v e d s o l i d s f r om t h e s o i l c o r r e s p o n d i n g t o t h e reduc ­

t i o n o f v e g e t a t i o n s o l u t e s t o r a g e . Up t o 1 5 - f o l d i n ­

c reases i n s o l u t e y i e l d s have been r e p o r t e d f o l l o w i n g r e ­

moval o f f o r e s t v e g e t a t i o n i n s m a l l ca tchments (Bormann 

e t a l 1968, P i e r c e e t a l 1970, F r e d r i k s e n 1971). V e g e t a t i o n 

t y p e can e x e r t some i n f l u e n c e upon s t ream s o l u t e y i e l d s by 

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

p e r i o d s . R e s u l t s o f some s t u d i e s suggest t h a t c o n i f e r o u s 

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

s a l t p a r t i c l e s f rom t h e atmosphere ( E r i k s s e n 1955, Juang & 

Johnson 1967, Whi te e t a l 1971) . C o n i f e r o u s f o r e s t p l a n t a ­

t i o n cove rs 11% o f t h e N a r r a t o r catchment and f rom t h e 

above d i s c u s s i o n marked c o n t r a s t s can be expec ted i n b o t h 

sediment and s o l u t e p r o d u c t i o n between f o r e s t e d and non-

f o r e s t e d p a r t s o f t h e catchment . V e g e t a t i o n , above a l l 

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

t r a n s p o r t , can be most r e a d i l y m a n i p u l a t e d by man. Re­

l a t i n g sediment and s o l u t e y i e l d s t o v e g e t a t i o n t y p e s t h u s 

has an i m p o r t a n t p r a c t i c a l s i g n i f i c a n c e f o r l a n d management 

aimed a t c o n s e r v i n g s o i l and p r e s e r v i n g wate r q u a l i t y . 

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

p r o p e r t y . I t i s dependent upon a c o m b i n a t i o n o f s e v e r a l 

s o i l c h a r a c t e r i s t i c s i n a complex manner. S e v e r a l es­

t a b l i s h e d i n d i c e s o f s o i l e r o d i b i l i t y have been t e s t e d i n 

l a b o r a t o r y expe r imen ts by Bryan (1976; 1977) and i t appears 

f rom these ana lyses t h a t none can be c o n s i d e r e d e n t i r e l y 

s a t i s f a c t o r y . However, da ta f rom e r o s i o n p l o t s r e v e a l 

t h a t t e x t u r e , o r g a n i c c o n t e n t and p e r m e a b i l i t y are t h e most 

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

(Wischmeier 1977), These t h r e e f a c t o r s have been combined 

by Wischmeier e t a l (1971) i n t o a nomograph f o r e s t i m a t i n g 

the e r o d i b i l i t y f a c t o r i n t h e U n i v e r s a l S o i l Loss E q u a t i o n . 
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I n terms o f a l l o f these t h r e e s o i l c h a r a c t e r i s t i c s , t h e r e 

are sharp c o n t r a s t s between pea ty and non-peaty s o i l s i n 

the N a r r a t o r ca tchment . 

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

r e s e a r c h on e r o s i o n p l o t s and i n t he l a b o r a t o r y has es­

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

w i t h b o t h s l ope ang le and s lope l e n g t h ( Z i n g j 1940, Smi th 

& Wischmeier 1957, Meyer and Monke 1965), Channel 

c h a r a c t e r i s t i c s can a l s o be expec ted t o i n f l u e n c e sediment 

y i e l d s p a r t i c u l a r l y f o r catchments where t h e channe l forms 

an i m p o r t a n t source o f sed iment . Both phys iog raphy and 

channe l c h a r a c t e r i s t i c s v a r y a p p r e c i a b l y over the N a r r a t o r 

catchment and undoub ted ly c o n t r i b u t e , t o some e x t e n t , t o 

v a r i a t i o n s i n sediment y i e l d between sub-catchments. 

W i th o n l y t h r e e catchments i n t e r p r e t a t i o n o f d i f f e r ­

ences i n y i e l d s would be v i r t u a l l y i m p o s s i b l e w i t h o u t 

e l i m i n a t i o n o f r ock t y p e and m a c r o - c l i m a t e as v a r i a b l e s . 

Imeson (1969 ) , however, compared y i e l d s f rom t h r e e w i d e l y 

sepa ra ted catchments i n East Y o r k s h i r e wh ich d i f f e r i n 

g ross c l i m a t e and rock t y p e as w e l l as v e g e t a t i o n , s o i l 

t y p e , phys iog raphy and channe l c h a r a c t e r i s t i c s . I n t h i s 

s i t u a t i o n , c o n c l u s i o n s reached r e g a r d i n g t he i n d i v i d u a l i n ­

f l u e n c e o f any one o f these f a c t o r s cannot be c o n s i d e r e d 

e n t i r e l y r e l i a b l e . 

I n a d d i t i o n t o compar ing sediment and s o l u t e y i e l d s 

f rom t h r e e sub-catchments, downstream v a r i a t i o n s i n s e d i ­

ment and s o l u t e c o n c e n t r a t i o n s were a l s o i n v e s t i g a t e d , 

Samples were c o l l e c t e d p e r i o d i c a l l y a t 30 s i t e s a l o n g t h e 

3.4km o f t h e N a r r a t o r Brook. Sampl ing was r e s t r i c t e d t o 

base f l ow p e r i o d s s i n c e d u r i n g f l o o d s t e m p o r a l v a r i a t i o n s 

i n sediment and s o l u t e c o n c e n t r a t i o n s a t a s i t e r ende r any 

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

downstream v a r i a t i o n s i n sediment and s o l u t e c o n c e n t r a t i o n s 

such as per fo rmed i n t h i s s tudy have been n e g l e c t e d i n 

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

channe l geometry, channe l g r a d i e n t and bed m a t e r i a l have 

r e c e i v e d much more a t t e n t i o n i n B r i t a i n (e.g.Gregory & Park 
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1974, K n i g h t o n 1975, R icha rds 1977) . A n a l y s i s o f down­

stream v a r i a t i o n s i n sediment c o n c e n t r a t i o n can r e v e a l 

something o f t he manner i n wh ich sediment i s transported i n 

the s t ream channe l and how t h i s i s i n f l u e n c e d by channe l 

c h a r a c t e r i s t i c s . A n a l y s i s o f downstream v a r i a t i o n s i n 

s o l u t e c o n c e n t r a t i o n can r e v e a l much c o n c e r n i n g t h e im­

p a c t o f v e g e t a t i o n upon t h e catchment s o l u t e system. 

1.5 Rate o f d e n u d a t i o n 

The f o u r t h o b j e c t i v e o f t h e s tudy i s t o de te rm ine a 

r e p r e s e n t a t i v e r a t e o f d e n u d a t i o n f o r Dartmoor G r a n i t e 

f rom t h e sediment and s o l u t e y i e l d s o f t he N a r r a t o r c a t c h ­

ment. E s t a b l i s h i n g r a t e s o f d e n u d a t i o n i s o f c r u c i a l 

s i g n i f i c a n c e i n geomorphology. D i r e c t l y , d e n u d a t i o n i s 

v e r y d i f f i c u l t t o measure, b u t can be c o n v e n i e n t l y e s t i ­

mated i n d i r e c t l y f rom catchment sediment and s o l u t e 

y i e l d s ( e q u a t i o n 1.1) 

D = _l (1.1) 

A G 
s 

D r a t e o f d e n u d a t i o n (mechan i ca l , c h e m i c a l , o r 

b o t h ) , m^/km^/yr o r mm/1 000 y r 

Y annua l y i e l d , i n t onnes , o f sediment o r d i s s o l v e d 

s o l i d s , o r b o t h 

A s t ream catchment a r e a , km^ 

Gg s p e c i f i c g r a v i t y o f catchment r o c k s , g e n e r a l l y 

t aken t o be 2.65 

A d i s t i n c t i o n i s commonly made between mechan ica l denuda­

t i o n and chem ica l d e n u d a t i o n computed f rom sediment y i e l d s 

and s o l u t e y i e l d s r e s p e c t i v e l y (e .g . Douglas 1973, W a l l i n g 

& Webb 1978, Waylen 1979). T h i s d i s t i n c t i o n may be some­

what a r t i f i c i a l and i t i s p r o b a b l y more m e a n i n g f u l t o 

combine sediment and s o l u t e y i e l d s t o o b t a i n t o t a l denu­

d a t i o n . Denudat ion r a t e s de te rm ined f rom contemporary^^ 
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catchment sediment and s o l u t e y i e l d s have been e x t r a p o l a t e d 

back t h r o u g h t ime t o assess r a t e s o f landscape e v o l u t i o n 

(e.g. G i l l u l y e t a l 1951, Schumm 1963a, Judson & R i t t e r 

1964, McArthur 1977). S p a t i a l v a r i a t i o n s i n d e n u d a t i o n 

r a t e s have a l s o been i n v e s t i g a t e d t o e v a l u a t e the a f f e c t 

o f c l i m a t e and rock t y p e ( e . g . F o u r n i e r 1960, Co rbe l 1964, 

S t r ak hov 1967, W a l l i n g & Webb 1978) . 

Work o f t h i s k i n d i s p o t e n t i a l l y v e r y v a l u a b l e , p r o ­

v i d i n g ca re i s t a k e n t o a v o i d catchments i n which r a t e s 

o f sediment and s o l u t e t r a n s p o r t have been a c c e l e r a t e d as 

a r e s u l t o f d i s t u r b a n c e . For example, contemporary r a t e 

o f d e n u d a t i o n f o r t he Tugela R i v e r Bas in i n N.W. N a t a l , 

c a l c u l a t e d f rom sediment and s o l u t e y i e l d s , exceeds t h e 

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

g e o m o r p h o l o g i c a l ev i dence , by a f a c t o r o f 30 (Murga t royd 

1979). I n d i s t u r b e d ca tchments , t e m p o r a l e x t r a p o l a t i o n 

o f contemporary d e n u d a t i o n r a t e s can be v e r y m i s l e a d i n g 

and s p a t i a l v a r i a t i o n s i n d e n u d a t i o n r a t e s cannot be 

i n t e r p r e t e d i n terms o f n a t u r a l c o n t r o l s such as c l i m a t e 

and rock t y p e . Judson & R i t t e r (1964) e s t i m a t e d average 

r a t e o f d e n u d a t i o n f o r t h e U n i t e d S t a t e s based upon t h e 

sediment and s o l u t e y i e l d s o f s e l e c t e d major r i v e r s , and 

e x t r a p o l a t e d t h i s back t h r o u g h t i m e t o de te rm ine t h e p e r i o d 

r e q u i r e d t o reduce t h e U n i t e d S t a t e s t o u l t i m a t e base 

l e v e l . T h e i r e s t i m a t e o f 11 t o 12 m i l l i o n y e a r s , however, 

d i f f e r s a p p r e c i a b l y f rom t h a t o f G i l l u l y e t a l (1951) a t 

23 m i l l i o n y e a r s , based on the sediment and s o l u t e y i e l d s 

o f o t h e r r i v e r s . Schumm (1963a) , more m i n d f u l o f t h e 

prob lem o f contemporary a c c e l e r a t i o n o f s t ream sediment 

and s o l u t e t r a n s p o r t , was more c a u t i o u s and judged t he 

p e r i o d t o be anywhere f rom 15 t o 110 m i l l i o n y e a r s . 

McArthur (1977) e x t r a p o l a t e d back t h r o u g h t ime an assumed 

r a t e o f d e n u d a t i o n f o r t he Pennines o f Imm/yr. I n so 

d o i n g he a t t e m p t e d t o demons t ra te t h a t e r o s i o n s u r f a c e s 

i n t he Pennines were v e r y much younger t h a n p r e v i o u s l y 

imagined and landscape e v o l u t i o n much more r a p i d . However, 

Imm/yr i s p r o b a b l y a c o n s i d e r a b l e o v e r e s t i m a t e o f t h e 
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n a t u r a l r a t e o f d e n u d a t i o n f o r t h e Pennines, Rates o f 

d e n u d a t i o n f o r s m a l l ca tchments i n Mid-Wales (Oxley 19 74} 

and i n t he Mendips (Waylen 1979) , f o r example, a re o n l y 

0.0022 and 0.0026 mm/yr r e s p e c t i v e l y . T h i s l a s t example 

i l l u s t r a t e s v e r y c l e a r l y t he need f o r r e l i a b l e d e n u d a t i o n 

r a t e s . Rate o f d e n u d a t i o n f o r Dartmoor i s o f p a r t i c u l a r 

s i g n i f i c a n c e s i n c e Dartmoor has emerged as a key r e g i o n 

f o r d e c i p h e r i n g t he p h y s i o g r a p h i c h i s t o r y o f Southern 

England as a whole. P reserved i n t h e Dartmoor p h y s i o ­

graphy a re d e t a i l s o f geomorphic even t s i n t he p a s t wh ich 

have enab led g e o m o r p h o l o g i s t s t o p i e c e t o g e t h e r a sequence 

o f landscape changes (Orme 1964, Waters 1964, Brunsden 

1964a). A r a t e o f d e n u d a t i o n f o r t h e N a r r a t o r catchment 

c o u l d p r o v i d e an i n s i g h t i n t o t h e speed a t which these 

landscape changes have o c c u r r e d . A p o s s i b l e o b s t a c l e i n 

t h i s r e g a r d a r i s e s f rom v e g e t a t i o n a l changes i n t h e c a t c h ­

ment wh ich may have a f f e c t e d r a t e s o f sediment and s o l u t e 

t r a n s p o r t . T h i s a f f e c t has t o be e v a l u a t e d b e f o r e r a t e 

o f d e n u d a t i o n f o r Dartmoor, de te rm ined f r om t h e sediment 

and s o l u t e y i e l d o f t he N a r r a t o r Catchment, can be meaning­

f u l l y employed t o assess r a t e o f landscape change on 

Dartmoor. E v a l u a t i n g t h e a f f e c t o f v e g e t a t i o n upon s e d i ­

ment and s o l u t e t r a n s p o r t by compar ison o f y i e l d s f r om 

t h r e e sub-catchments o f t h e N a r r a t o r Brook, c o n s t i t u t e s 

one o f t he o t h e r major o b j e c t i v e s o f t h i s s tudy as o u t ­

l i n e d i n s e c t i o n 1.4 

A t temp ts have been made by F o u r n i e r ( 1 9 6 0 ) , C o r b e l ( 1 9 6 4 ) 

and S t rakhov (1967) t o r e l a t e s p a t i a l v a r i a t i o n s i n con­

temporary r a t e s o f d e n u d a t i o n t o c l i m a t e on a Wor ld s c a l e . 

These s t u d i e s have produced marked ly c o n f l i c t i n g r e s u l t s . 

S t o d d a r t (1969) a t t r i b u t e s t h e i n c o n s i s t e n c i e s i n these 

s t u d i e s t o t h e use o f sediment and s o l u t e y i e l d s f rom 

l a r g e d r a i n a g e b a s i n s many o f wh ich a re c h a r a c t e r i s e d by 

a c c e l e r a t e d e r o s i o n . Sma l l e r s c a l e s t u d i e s have c l e a r l y 

r e v e a l e d t h e i n f l u e n c e o f r ock t y p e upon r a t e s o f denuda­

t i o n ( M i l l e r 1961, Bauer & T i l l e 1967, W a l l i n g & Webb 1978) 

W a l l i n g & Webb (1978) , f o r example, r e p o r t a v e r y c l o s e 
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correspondence between t he p a t t e r n o f r o c k o u t c r o p s i n t h e 

Exe R i v e r Bas in and t h e s p a t i a l v a r i a t i o n i n chem ica l 

d e n u d a t i o n . S t u d i e s o f t h i s k i n d a re p a r t i c u l a r l y 

v a l u a b l e because d i f f e r e n c e s i n d e n u d a t i o n among r o c k s 

has an i m p o r t a n t impact upon t he landscape. Comparing 

t h e r a t e o f d e n u d a t i o n f o r t he N a r r a t o r Catchment w i t h 

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

B r i t a i n w i l l g i v e some i n d i c a t i o n o f t h e r e l a t i v e r a t e o f 

d e n u d a t i o n o f g r a n i t e under a humid tempera te c l i m a t e i n 

compar ison t o o t h e r r ock t y p e s . 

1.6 P r a c t i c a l i m p l i c a t i o n s 

F l u v i a l p rocesses when u n d i s t u r b e d pose r e l a t i v e l y 

l i t t l e t h r e a t t o man. Sediment and s o l u t e s t r a n s p o r t e d 

by streams r e p r e s e n t a l o s s o f s o i l and n u t r i e n t s f rom t h e 

s t ream catchment . I n t h e n a t u r a l s i t u a t i o n , i f e n v i r o n ­

menta l c o n d i t i o n s a re r e l a t i v e l y s t a b l e , t h i s l o s s i s 

ba lanced by renewed supp l y f rom r o c k w e a t h e r i n g so t h a t 

d e n u d a t i o n i n v o l v e s l i t t l e o v e r a l l change i n t h e s o i l mass 

even though t h e landscape i s a c t i v e l y unde rgo ing m o d i f i c a ­

t i o n . Catchments a f f e c t e d by a c c e l e r a t e d e r o s i o n r e s u l t ­

i n g f rom poor l a n d use management e x p e r i e n c e ne t d e p l e t i o n 

o f s o i l and n u t r i e n t s and consequent r e d u c t i o n i n p o t e n t i a l 

p r o d u c t i v i t y . As w e l l as s o i l e r o s i o n on catchment s l o p e s , 

s t ream channe l e r o s i o n i s a l s o s u b j e c t t o a c c e l e r a t i o n 

t h r o u g h d i s t u r b a n c e o f channe l e q u i l i b r i u m , by human ac­

t i v i t y o f v a r i o u s k i n d s . Problems r e s u l t i n g f rom 

a c c e l e r a t e d f l u v i a l p rocesses a re n o t l i m i t e d t o 

a c c e l e r a t e d e r o s i o n a l t h o u g h t h i s may appear the most 

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

i n g f rom a c c e l e r a t e d s o i l o r channe l e r o s i o n cause 

d e t e r i o r a t i o n o f s t ream wate r q u a l i t y . T h i s can s e v e r e l y 

r e s t r i c t f u l l u t i l i s a t i o n o f wa te r r e s o u r c e p o t e n t i a l and 

can a l s o have an adverse e f f e c t upon f r e s h water e c o l o g y . 

I n c r e a s e d i n f l u x o f n u t r i e n t s t o l a k e s and r e s e r v o i r s can 

l e a d t o e u t r o p h i c a t i o n , w h i l e sediment e n t e r i n g these wa te r 
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bod ies r e s u l t s i n s i l t a t i o n and s t o r a g e r e d u c t i o n . S i l -

t a t i o n i n s t ream channe ls reduces t h e i r c a p a c i t y l e a d i n g 

t o g r e a t e r f r equency o f overbank f l o o d i n g . 

I n c e r t a i n p a r t s o f t he w o r l d these problems a r i s i n g 

f rom i n t e r f e r e n c e and consequent a c c e l e r a t i o n o f f l u v i a l 

p rocesses appear t o be p a r t i c u l a r l y severe . I t has been 

e s t i m a t e d t h a t a c c e l e r a t e d s o i l e r o s i o n has r u i n e d o r 

s e r i o u s l y damaged f o r a g r i c u l t u r a l use some 282 m i l l i o n 

ac res i n t he U n i t e d S t a t e s ; a much l a r g e r a rea , p o s s i b l y 

as much as t h r e e - q u a r t e r s o f a b i l l i o n a c r e s , has s u f f e r e d 

n e t l o s s o f some p o r t i o n o f i t s t o p s o i l (Fo th & Turk 

1972). I n N a t a l , South A f r i c a , c u l t i v a t i o n o f l a n d ad­

j a c e n t t o s t ream channe ls has r e s u l t e d i n a c c e l e r a t e d bank 

e r o s i o n (A lexander 1978). A d e c l i n e i n f i s h ca tches o f f 

t he N a t a l coas t has been t r a c e d t o s i l t a t i o n o f e s t u a r i e s ; 

s e v e r a l mar ine f i s h r e q u i r e an e s t u a r i n e env i ronment i n 

t h e e a r l y s tages o f t h e i r l i f e c y c l e (Heydorm 1978). 

A c c e l e r a t e d e r o s i o n due t o c o n s t r u c t i o n a c t i v i t i e s was 

r e s p o n s i b l e f o r a 98% r e d u c t i o n i n t he s i z e and number o f 

t r o u t i n t h e C l a r k Fork R i v e r , Montana (U.S. Senate 1963) . 

I n Tanzan ia t h e l i f e o f s e v e r a l e x i s t i n g r e s e r v o i r s w i t h 

r e s p e c t t o s i l t a t i o n has been c u t t o l e s s t han 30 y e a r s as 

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

r e s e r v o i r catchment areas (Rapp e t a l 1972). S i l t a t i o n 

o f cana l s and r i v e r channe ls has l ong been a prob lem i n 

I n d i a (Dominy 1966). The Kalagah B r i d g e , f o r example, a t 

t h e t i m e o f i t s c o n s t r u c t i o n was 36.6m above t he r i v e r bed 

b u t t h i s has s i n c e been reduced t o 0.6m as a r e s u l t o f 

s e d i m e n t a t i o n i n t h e r i v e r channe l ( L a i & B a n n e r j i 1974) . 

E u t r o p o p h i c a t i o n o f l a k e s and r e s e r v o i r s as a r e s u l t o f 

p o l l u t i o n and d e p l e t i o n o f n u t r i e n t s f r om st ream c a t c h ­

ments i s a major p rob lem i n many p a r t s o f t he w o r l d . The 

r e c r e a t i o n a l p o t e n t i a l o f Lake B a l a t o n wh ich i s t h e f o c u s 

o f Hungary's t o u r i s t i n d u s t r y i s g r a d u a l l y b e i n g reduced 

by e u t r o p h i c a t i o n which has r e s u l t e d i n i n f e s t a t i o n by 

wate r h y a c i n t h s (Lang 1978) . 

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

20 



as a r e s u l t o f i t s tempera te c l i m a t e l a c k i n g extremes i n 

b o t h p r e c i p i t a t i o n and t e m p e r a t u r e , has been spared t h e 

problems a r i s i n g f rom d i s t u r b a n c e o f f l u v i a l p rocesses 

(Evans 1971). However problems o f s o i l e r o s i o n , a c c e l ­

e r a t e d sediment t r a n s p o r t , s i l t a t i o n and e u t r o p h i c a t i o n 

a re a l s o p r e v a l e n t i n B r i t a i n . S e r i o u s s o i l l o s s has -

o c c u r r e d i n s e v e r a l p a r t s o f B r i t a i n as a r e s u l t o f poor 

a g r i c u l t u r a l p r a c t i c e s (Thomas 1965, B r i d g e s & Ha rd ing 

1971, Slaymaker 1972, Evans & Morgan 1974) . A c t i v e 

g u l l y i n g has been r e p o r t e d f rom some areas (Thomas 1956, 

T u c k f i e l d 1965, Imeson 1971b, Harvey 1974, Gregory & Park 

1976). One o f t he few s t u d i e s o f e r o s i o n p o t e n t i a l i n 

B r i t a i n r e v e a l e d t h a t 58% o f t h e s o i l s o f t he D e r b y s h i r e 

Peak D i s t r i c t a re l i a b l e t o s e r i o u s e r o s i o n i f v e g e t a t i o n 

cover i s reduced (Bryan 1969) . Stream sediment concen­

t r a t i o n s i n a s m a l l sou th Devon s t ream i n c r e a s e d by as 

much as 11 t i m e s f o l l o w i n g c o n s t r u c t i o n i n t h e catchment 

area ( W a l l i n g & Gregory 1970). Jee (1932) has r e c o r d e d 

t h a t a c l o u d b u r s t i n t he Upper Eden V a l l e y i n 1930 caused 

sediment c o n c e n t r a t i o n s i n t h e r i v e r s u f f i c i e n t t o k i l l 

l a r g e numbers o f t r o u t . Thoresby l a k e , N o t t i n g h a m s h i r e , 

c r e a t e d i n 1720, i s now a lmos t c o m p l e t e l y f i l l e d w i t h s i l t 

( P o t t e r 1973). Large n e t l o s s e s o f n u t r i e n t s have been 

r e p o r t e d f rom a Pennine catchment f o l l o w i n g b u r n i n g o f 

t he moor land v e g e t a t i o n t o improve g r a z i n g ( C r i s p 1966) . 

Owens (1970) draws a t t e n t i o n t o t he dangers o f e u t r o p h i c a ­

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

B r i t i s h s t reams. 

Douglas (1969) warns o f " f a r r e a c h i n g d e l e t e r i o u s 

e f f e c t s " i f l a n d use changes a re made i n B r i t a i n i n i g ­

norance o f p o s s i b l e r e p e r c u s s i o n upon e r o s i o n and s e d i ­

ment y i e l d . Research r e l a t i n g v e g e t a t i o n and land-use t o 

catchment sediment y i e l d s i s l a c k i n g i n B r i t a i n (Douglas, 

1969, Imeson, 1974). The need f o r t h i s t y p e o f r e s e a r c h 

i s most u r g e n t f o r management o f r e s e r v o i r catchments 

where damage t o wate r q u a l i t y , e u t r o p h i c a t i o n and r e s e r v o i r 

s e d i m e n t a t i o n are p o s s i b l e hazards ( K i r b y & Rodda, 1974) . 

A f f o r e s t a t i o n f o r example, i s a common p r a c t i c e i n 
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r e s e r v o i r catchments and i s based upon the b e l i e f t h a t 

f o r e s t cover o f f e r s g r e a t e r p r o t e c t i o n a g a i n s t s o i l e r o s i o n 

by i n t e r c e p t i n g d i r e c t r a i n f a l l and t h e r e b y n u l l i f y i n g i t s 

e r o s i v e p o t e n t i a l ( L e y t o n , e t a l 1967). T h i s c o n t e n t i o n 

d e r i v e s s u p p o r t f rom the r e s u l t s o f e x p e r i m e n t a l catchment 

r e s e a r c h p r o j e c t s unde r taken i n s e v e r a l c o u n t r i e s i n c l u d i n g 

Russia (N i ko layenko 1974), I t a l y (Gazzalo & B a s s i 1964) , 

and t h e U n i t e d S t a t e s ( G o t t s c h a l k 1962) , a l l o f wh ich r e ­

p o r t r e d u c t i o n i n sediment y i e l d s f o l l o w i n g a f f o r e s t a t i o n . 

A l t h o u g h a f f o r e s t a t i o n may reduce supp l y o f sediment f r om 

sheet e r o s i o n . P a i n t e r e t a l (1974) d e s c r i b e a 2 0 0 - f o l d i n ­

c rease i n sediment y i e l d f rom a moor land catchment i n 

Wales as a r e s u l t o f a c c e l e r a t e d channe l e r o s i o n wh ich t h e y 

a t t r i b u t e t o a f f o r e s t a t i o n o f t h e catchment . C l e a r s i g n s 

o f r a p i d bank e r o s i o n i n t he p a r t o f t he N a r r a t o r Brook 

which passes t h r o u g h f o r e s t p l a n t a t i o n may perhaps s u p p o r t 

t he c o n c l u s i o n s reached by P a i n t e r e t a l (1974) . The 

N a r r a t o r catchment i s used f o r g r a z i n g c a t t l e and sheep. 

Research by Imeson (1974) on t he N o r t h Y o r k s h i r e Moors has 

shown t h a t g r a z i n g and a s s o c i a t e d management p r a c t i c e s , 

i n c l u d i n g hea the r b u r n i n g , can l e a d t o a marked a c c e l e r a ­

t i o n o f f l u v i a l t r a n s p o r t . The p o s s i b l e impact o f b o t h 

a f f o r e s t a t i o n and g r a z i n g i n t he N a r r a t o r catchment are 

i n v e s t i g a t e d i n t h i s s tudy 

i - 7 R e l a t i v e impo r tance of sediment and 

s o l u t e loads 

The f i n a l o b j e c t i v e o f t he s tudy i s t o assess t h e 

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

t r a n s p o r t t o t o t a l l o a d i n t h e N a r r a t o r catchment . Brown 

(1979) , i n h i s p r e s i d e n t i a l address t o t he I n s t i t u t e o f 

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

r e l a t i v e impor tance o f sediment and s o l u t e t r a n s p o r t by 

streams as one o f t he p r ime areas o f i n t e r e s t f o r f u t u r e 

g e o m o r p h o l o g i c a l r e s e a r c h i n B r i t a i n . The r e l a t i v e 

p r o p o r t i o n o f sediment and s o l u t e s d i s c h a r g e d f rom a c a t c h -
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ment depends upon the s e v e r a l f a c t o r s wh ich govern each 

fo rm o f t r a n s p o r t i n d i v i d u a l l y . However, on a c o n t i n e n ­

t a l s c a l e , s p a t i a l v a r i a t i o n i n t he r e l a t i v e impor tance 

o f sediment and s o l u t e y i e l d s i s r e l a t e d t o mean annua l 

p r e c i p i t a t i o n . Research by Langbein & Schumm (1958 ) , 

Rango (1970) and o t h e r s has shown t h a t u n i t area sediment 

y i e l d decreases w i t h i n c r e a s i n g mean annua l p r e c i p i t a t i o n 

f rom a peak i n s e m i - a r i d c l i m a t e s . A c c o r d i n g t o L i v i n g ­

s tone (1963) and Langbein & Dawdy (1964) u n i t area s o l u t e 

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

annua l p r e c i p i t a t i o n . A p o i n t i s t h u s reached as t h e 

c l i m a t e becomes w e t t e r when sediment y i e l d , wh ich i s n o r ­

m a l l y dominant i n d r y c l i m a t e s , i s o v e r h a u l e d by s o l u t e 

y i e l d . T h i s occu rs when mean annua l r u n o f f reaches 

around 500 mm a c c o r d i n g t o Statham (1977) and around 600 

mm a c c o r d i n g t o Gregory & W a l l i n g (1973) . S ince r u n o f f 

on Dartmoor exceeds 1 000 mm (Rodda e t a l 1976) i t can be 

expected t h a t s o l u t e y i e l d w i l l p redomina te i n t hose areas 

u n a f f e c t e d by human a c t i v i t y . Upon d i s t u r b a n c e o f t h e 

s t ream catchment suspended sediment t r a n s p o r t i s g e n e r a l l y 

s u b j e c t t o more r a p i d a c c e l e r a t i o n than s o l u t e t r a n s p o r t . 

I n catchments a f f e c t e d by human a c t i v i t y , t h e r e f o r e , s e d i ­

ment y i e l d s a re l i k e l y t o g r e a t l y ou twe igh s o l u t e y i e l d , 

even under wet c l i m a t e s , and t h i s perhaps can be used t o 

h e l p d iagnose a d i s t u r b e d catchment . 

A p r o p o r t i o n o f t o t a l sediment t r a n s p o r t e d , known as 

bed load , moves by r o l l i n g and s l i d i n g i n c l o s e c o n t a c t 

w i t h t he s t ream bed, i n c o n t r a s t t o t he f i n e r p a r t i c l e s 

wh ich are t r a n s p o r t e d i n suspens ion w i t h i n t h e s t ream. 

The c o n t r i b u t i o n o f bed load t r a n s p o r t t o t o t a l s e d i ­

ment t r a n s p o r t v a r i e s c o n s i d e r a b l y f rom catchment t o c a t c h ­

ment and no broad t r e n d s a re a p p a r e n t . Very few obse rva ­

t i o n s o f bed load have been made i n s m a l l s t reams i n B r i t a i n 

i n compar ison t o o t h e r forms o f f l u v i a l t r a n s p o r t , b u t t h e 

m a j o r i t y o f those o b s e r v a t i o n s t h a t have been made i n d i c a t e 

t h a t g e n e r a l l y bed load i s r e l a t i v e l y u n i m p o r t a n t . I n t h e 

Catchwater D r a i n , Y o r k s h i r e , bed load i s o n l y 0,5% o f t o t a l 
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sediment l o a d (Imeson & Ward 1972), and i n f i v e e a s t 

Devon catchments t h i s p r o p o r t i o n v a r i e s between 0.5 and 

2.5% ( W a l l i n g 1971a). No g e n e r a l i s a t i o n s a re p o s s i b l e , 

however, s i n c e P a i n t e r e t a l (1974) r e p o r t t h a t i n a s m a l l 

Mid-Wales catchment,as a r e s u l t o f a f f o r e s t a t i o n and t h e 

c r e a t i o n o f d r a i n a g e d i t c h e s , bed load exceeds suspended 

l o a d . Bedload t r a n s p o r t i n Lake D i s t r i c t streams i s o f 

a r a t e s u f f i c i e n t t o c r e a t e severe problems o f channe l 

a g g r a d a t i o n l e a d i n g t o r e d u c t i o n i n channe l c a p a c i t y and 

i n c r e a s e d f r equency o f f l o o d i n g ( C l a y t o n 1951). S ince 

i n some catchments bed load can a p p a r e n t l y fo rm an appre ­

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

n o t , as i s o f t e n t h e case, be i g n o r e d i n s t u d i e s o f c a t c h ­

ment d e n u d a t i o n , b u t n e c e s s i t a t e s some fo rm o f measurement 

o r e s t i m a t i o n . 
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CHAPTER 2 

THE NARRATOR CATCHiMENT 

2.1 I n t r o d u c t i o n 

The N a r r a t o r Brook, wh ich forms t h e f o c u s o f t h e 

p r e s e n t s t u d y , i s a t r i b u t a r y o f t h e Heavy R i v e r , s i t u a t e d 

c l o s e t o t he sou th wes te rn marg in o f Dartmoor ( f i g 2 .1; 

p l a t e 2 ,1 ) . I t i s one o f t h r e e major streams d r a i n i n g t o 

the B u r r a t o r R e s e r v o i r and i t s catchment area o f 4.68 km= 

compr ises 22% o f t he t o t a l d r a i n a g e area o f t he r e s e r v o i r . 

Choice o f t h e N a r r a t o r catchment r e p r e s e n t s a compromise 

between two c o n f l i c t i n g r e q u i r e m e n t s o f t h e s tudy . I t i s 

r e p r e s e n t a t i v e o f t h e s u r r o u n d i n g r e g i o n and y e t s u f f i ­

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

p o r t r a t e s t o e n v i r o n m e n t a l c o n t r o l s . I n s m a l l e r c a t c h ­

ments which a re r e l a t i v e l y homogenous w i t h r e s p e c t t o 

p h y s i c a l c h a r a c t e r i s t i c s i n t e r p r e t a t i o n o f sediment and 

s o l u t e o u t p u t i s s i m p l e r , b u t l a r g e r heterogeneous c a t c h ­

ments a re more r e p r e s e n t a t i v e o f b roader r e g i o n s . The 

N a r r a t o r catchment i s u n d e r l a i n by a s i n g l e r ock t y p e w h i l e 

v e g e t a t i o n and s o i l s d i s p l a y marked c o n t r a s t s . A l t h o u g h 

somewhat l a r g e r t han most r e s e a r c h catchments i t i s s m a l l 

enough t h a t h y d r 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 can be con­

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

lems i n da ta i n t e r p r e t a t i o n . Human a c t i v i t y i n t h e c a t c h ­

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

t r a n s p o r t i s u n l i k e l y and match ing measured t r a n s p o r t r a t e s 

t o e n v i r o n m e n t a l s e t t i n g i s t h u s more r e l i a b l e than would 

o t h e r w i s e be t he case. R e s u l t s f rom t h e catchment can be 

rega rded as f a i r l y r e p r e s e n t a t i v e o f t h e 600 km^ o f D a r t ­

moor g r a n i t e , and p o s s i b l y i n a more g e n e r a l way o f a l l 

h i g h l a n d r e g i o n s u n d e r l a i n by g r a n i t e r o c k s i n a m o i s t 

tempera te c l i m a t e . 

The N a r r a t o r catchment a l s o f u l f i l s s e v e r a l p r a c t i c a l 

r e q u i r e m e n t s . R e s e r v o i r ca tchments o f f e r c e r t a i n impor­

t a n t advantages f o r h y d r o l o g i c a l r e s e a r c h . They a r e 
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F i g . 2 . 1 L o c a t i o n o f the N a r r a t o r ca tchment 
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P l a t e 2.1 O v e r a l l v i ew o f the N a r r a t o r catchment l o o k i n g s o u t h - e a s t . 
The c o n i f e r o u s f o r e s t p l a n t a t i o n i s c l e a r l y v i s i b l e i n t h e 
w e s t e r n r e g i o n o f t h e ca tchment . 

P l a t e 2.2 Upper r e g i o n s o f the N a r r a t o r catchment l o o k i n g n o r t h - e a s t . 
Note the e x t e n s i v e c l i t t e r s u r r o u n d i n g Combeshead Tor a t 
the l e f t o f the p i c t u r e and the c o n t r a s t t h i s p r o v i d e s w i t h 
the smooth c l i t t e r f r e e s l o p e s i n the fo reg round . 
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a f f o r d e d maximum p r o t e c t i o n from huinan i n t e r f e r e n c e o f 

h y d r o l o g i c a i p r o c e s s e s i n o r d e r t o p r e s e r v e wa te r q u a l i t y . 

The ca tchment a r e a o f the B u r r a t o r R e s e r v o i r i s owned en­

t i r e l y by the South West Water A u t h o r i t y wh ich e n s u r e s 

freedom of movement th roughou t the ca tchment t o g e t h e r w i t h 

p e r m i s s i o n f o r i n s t a l l a t i o n o f a l l t he n e c e s s a r y i n s t r u ­

m e n t a t i o n , A v a l u a b l e e x i s t i n g body o f d a t a a c c u m u l a t e d 

by t he South West Water A u t h o r i t y r e l a t i n g to the B u r r a t o r 

R e s e r v o i r and i t s ca tchment i s a l s o a v a i l a b l e . These d a t a 

i n c l u d e s long term r a i n f a l l and r u n o f f r e c o r d s , c h e m i c a l 

wa te r a n a l y s e s , and a s u r v e y o f sed iment d e p o s i t i o n i n t h e 

r e s e r v o i r . A c c e s s i b i l i t y i s a n o t h e r i m p o r t a n t p r a c t i c a l 

c o n s i d e r a t i o n . The e s t a b l i s h m e n t o f t h e r e s e r v o i r w i t h 

a s s o c i a t e d commerc ia l f o r e s t p l a n t a t i o n s has n e c e s s i t a t e d 

t he p r o v i s i o n o f a c c e s s r o a d s . A tarmacadamed r o a d p a s s e s 

the mouth o f the N a r r a t o r Brook and two u n s u r f a c e d t r a c k s 

p a s s a b l e by L a n d r o v e r ex tend i n t o the ca tchment . 

F o r many h y d r o l o g i c a l r e s e a r c h p u r p o s e s such a s 

n u t r i e n t budget o r wa te r b a l a n c e s t u d i e s i t i s e s s e n t i a l 

t h a t the catchment be w a t e r - t i g h t . ' The u n i f o r m i t y o f 

g e o l o g i c a l s t r u c t u r e on Dartmoor means t h a t t o p o g r a p h i c 

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

wh ich i s a d i s t i n c t advan tage . Dartmoor i s , however, 

c h a r a c t e r i s e d by a complex sys tem o f l e a t s wh ich t r a n s f e r 

wa te r a c r o s s ca tchment d i v i d e s . Of the t h r e e major sub-

ca tchmen ts o f the B u r r a t o r R e s e r v o i r , o n l y t he N a r r a t o r 

ca tchment i s f r e e from l e a t s . 

2.2 Geology 

The e n t i r e a r e a o f the N a r r a t o r ca tchment i s under ­

l a i n by Dartmoor G r a n i t e wh ich was emplaced, a l ong w i t h 

s e v e r a l o t h e r s m a l l e r p l u t o n s i n C o r n w a l l , d u r i n g t he 

H e r c y n i a n Orogeny, 280 m i l l i o n y e a r s ago. A l though t h e r e 

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

B lue G r a n i t e and G i a n t G r a n i t e , both o f wh ich a r e rep resen^ 
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t e d i n the ca tchment , t h e s e d i f f e r e n c e s a r e u n l i k e l y t o 

have i neasu reab le impac t upon ca tchment p r o c e s s e s , and i n 

t h i s r e s p e c t the l i t h o l o g y o f the ca tchment can be con­

s i d e r e d u n i f o r m . The g r a n i t e i s c o a r s e g r a i n e d , porphy-

r i t i c and s c h o r l a c e o u s (Brammal l & Harwood 1923) . O r t h o -

c l a s e i s the dominant f e l s p a r t h u s p l a c i n g the Dartmoor 

G r a n i t e w i t h i n the c l a s s o f a l k a l i g r a n i t e s . P h e n o c r y s t s 

o f m i c r o p e r t h i t i c o r t h o c l a s e i n t h e r o c k measure up to 

20 cm i n l e n g t h . The rema inder o f the r o c k i s composed 

m a i n l y o f o r t h o c l a s e , p l a g i o c l a s e , b i o t i t e and q u a r t z . 

L o c a l l y b i o t i t e has been r e p l a c e d by t o u r m a l i n e a s a r e ­

s u l t o f metasomat ic a c t i v i t y d u r i n g c r y s t a l l i s a t i o n . 

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

m a g n e t i t e and a p a t i t e . I n a d d i t i o n , as a r e s u l t o f an 

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

a r i c h d i v e r s i t y o f t r a c e m i n e r a l s not o f t e n found i n 

g r a n i t e r o c k s . Some o f t h e s e a r e c o n c e n t r a t e d i n t o v e i n s 

o r l o d e s and have i n the p a s t been e x p l o i t e d c o m m e r c i a l l y 

on a l a r g e s c a l e . T i n m in ing on Dartmoor was p a r t i c u l a r l y 

i m p o r t a n t i n the 18th and 19th c e n t u r i e s . S i n c e r o c k 

w e a t h e r i n g i s a major s o u r c e f o r s t r e a m s o l u t e s , t he 

c h e m i c a l c o m p o s i t i o n o f s t r eam wa te r can o n l y be i n t e r p r e ­

t e d by r e f e r e n c e to g e o c h e m i c a l a n a l y s i s o f ca tchment r o c k s . 

A n a l y s i s o f a sample o f Dartmoor G r a n i t e from the P r i n c e t o w n 

Quar ry , 5 km from t he N a r r a t o r ca tchment i s p r e s e n t e d by 

Brammal l & Harwood (1923) ( t a b l e 2 . 1 ) . Of note i s t he h i g h 

p r o p o r t i o n o f KjO r e f l e c t i n g the dominance o f o r t h o c l a s e 

wh ich i s d i a g n o s t i c o f a l k a l i g r a n i t e . 

G r a n i t e bedrock o u t c r o p s a t t h e t o r s wh ich l i e w i t h ­

i n o r a t the marg ins o f the ca tchment , but o v e r most o f 

the ca tchment i t i s b u r i e d under a l a r g e t h i c k n e s s o f 

s u p e r f i c i a l d e p o s i t s . The v a l l e y f i l l c o n s i s t s o f an 

upper l a y e r o f p e r i g l a c i a l head d e p o s i t s o v e r l y i n g r o t t e d 

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

m a t e r i a l t r a n s p o r t e d from t he h i g h e r marg ins o f the c a t c h ­

ment by s o l i f l u c t i o n d u r i n g t he P l e i s t o c e n e p e r i o d and 

t h i s may have been r e s p o n s i b l e f o r exposu re o f the t o r s 
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T a b l e 2.1 Geochemica l c o m p o s i t i o n o f g r a n i t e from 
P r i n c e t o w n Quar ry , Dartmoor (Data from 
Brammal l & Harwood 1923 - f i g u r e s i n p e r c e n t ) . 

S i O ^ 70,5 

14.4 

K^O 5.0 

Na^O 3.0 

FeO+Fe^O^ 3.0 

CaO 1.5 

1 .0 

MgO 0.7 

T i O ^ 0.4 

^2^5 
0.2 

MnO 0.1 

o t h e r s 0.2 

(Waters 1964 ) . B o r e h o l e s put down by t he Geology D e p a r t ­

ment o f Plymouth P o l y t e c h n i c th rough the v a l l e y f i l l i n 

the c e n t r a l p a r t o f t he N a r r a t o r ca tchment f a i l e d t o r e a c h 

bedrock a t a dep th o f 35 m e t r e s . E x c a v a t i o n s , a t t he 

t ime o f c o n s t r u c t i o n o f t he B u r r a t o r Dam, 1 km west o f t he 

N a r r a t o r ca tchment , r e v e a l e d dep ths o f a t l e a s t 40 m e t r e s 

(Sandeman 1900) . 

On t he h i g h e r marg ins o f the ca tchment p e r i g l a c i a l 

d e p o s i t s appear l e s s i m p o r t a n t . A deep exposure i n 

s u p e r f i c i a l d e p o s i t s i s p r o v i d e d by a g u l l y , on t he edge of 

the a d j a c e n t Newleycombe Lake ca tchment . Here u n d i s t u r b e d 

r o t t e d g r a n i t e immed ia te l y u n d e r l i e s s u r f a c e p e a t . The 

r o t t e d g r a n i t e or growan p r e - d a t e s the head d e p o s i t s . The 

o r i g i n o f the growan i s u n d e c i d e d . A c c o r d i n g to L i n t o n 

(1955) and Brunsden (1964b) i t o r i g i n a t e d from deep 

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

p e r i o d . A n a l y s i s o f q u a r t z g r a i n t e x t u r e s w i t h i n t he 

growan by Doornkamp (1974) u s i n g e l e c t r o n m ic roscopy r e ­

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

not n e c e s s a r i l y c o n f i r m t h a t t he growan o r i g i n a t e d i n t h i s 
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way. Te Punga (1957) and Palmer & N e i l s e n (1962) f a v o u r 

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

the P l e i s t o c e n e . Eden and Green (1971) from t e x t u r a l 

and m i n e r a l o g i c a l a n a l y s i s o f Dartmoor growan d i s c o v e r e d 

t h a t i t s c l a y c o n t e n t i s lower t han i n p r e s e n t s o i l c o v e r 

deve loped upon growan w h i l e i t s f e l s p a r c o n t e n t i s some­

what h i g h e r . S i n c e w e a t h e r i n g o f f e l s p a r t o c l a y i s more 

r a p i d i n t r o p i c a l c l i m a t e s , Eden and Green (1971) c o n c l u d e 

t h a t the Dartmoor growan formed under a c l i m a t e s i m i l a r t o 

t h a t a t p r e s e n t . 

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

s t o r a g e f o r groundwater i n the ca tchment and t h e r e b y e x e r t 

a p ro found i n f l u e n c e upon catchment h y d r o l o g y . These de­

p o s i t s a r e a l s o a ready s o u r c e o f m a t e r i a l f o r f l u v i a l 

t r a n s p o r t where i t becomes exposed a t g u l l y s i t e s and s t r e a m 

bank b l u f f s . The growan has a p a r t i c u l a r l y sandy t e x t u r e 

wh ich r e n d e r s i t f r i a b l e and s u s c e p t i b l e t o e r o s i o n . 

P a r t i c l e s i z e a n a l y s i s o f growan samples from the bank o f 

t he S h e e p s t o r Beck w i t h i n the N a r r a t o r ca tchment and from 

the Newleycombe G u l l y 1 km to the n o r t h o f the ca tchment , 

r e v e a l t h a t p a r t i c l e s o f sand s i z e and l a r g e r a c c o u n t f o r 

between 86% and 96% o f the samp les . T h i s compares w i t h 

f i g u r e s r e p o r t e d by Eden & Green (1971) f o r Dartmoor Growan 

which range from 87% t o 72%, L o c a l l y , however, c l a y 

l e n s e s o c c u r i n the growan, wh ich a r e exposed i n s t r e a m 

bank b l u f f s and have a l s o been e n c o u n t e r e d i n b o r e h o l e s 

( J . A l e x a n d e r - p e r s . comm.) 

2,3 P h y s i o g r a p h y 

The catchment r a n g e s i n e l e v a t i o n from 222 m above 

O.D. a t i t s e x i t t o 456 m a t i t s summit a t E y l e s b a r r o w 

y i e l d i n g a t o t a l r e l i e f o f 234 m ( f i g 2 . 2 ) . S l o p e s 

g e n e r a l l y a r e moderate. Most commonly s l o p e a n g l e s v a r y 

between 5° and 10^; s l o p e s i n t h i s range accoun t f o r 52% 

of the ca tchment a r e a ( f i g 2 . 3 ) . Low a n g l e s l o p e s l e s s 
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N a r r a t o r ca tchment 

than 5"̂  o c c u r i n the f l o o r o f the v a l l e y and on the h i g h e r 

marg ins o f t he ca tchment w i t h s t e e p e r s l o p e s between 

( f i g 2 . 4 ) . T h i s d i s t r i b u t i o n o f s l o p e s r e f l e c t s t he 

predominance o f convexo-concave s l o p e p r o f i l e s i n t he 

ca tchment wh ich a r e c h a r a c t e r i s t i c o f Dartmoor ( f i g 2 . 5 ) . 

P r o f i l e s i n the l ower w e s t e r n end o f the ca tchment , p a r ­

t i c u l a r l y below t o r s , a r e i n t e r r u p t e d by s e v e r a l b r e a k s o f 

s l o p e . These b r e a k s o f s l o p e may r e p r e s e n t s o l i f l u c t i o n 

t e r r a c e s wh ich o r i g i n a t e d d u r i n g t he p e r i g l a c i a l c o n d i t i o n s 

o f t h e P l e i s t o c e n e . The impor tance o f t h e P l e i s t o c e n e 

l e g a c y to t he geomorphology of Dartmoor has been s t r e s s e d 

by Waters ( 1 9 6 4 ) . The t o r s , su r rounded by e x t e n s i v e f i e l d s 

o f c o a r s e c l i t t e r wh ich c o n s t i t u t e pe rhaps the most c h a r a c ­

t e r i s t i c f e a t u r e s o f Dartmoor, owe t h e i r o r i g i n s , a t l e a s t 

i n p a r t , t o P l e i s t o c e n e morphogenes is ( p l a t e 2 . 2 ) . 

The N a r r a t o r Brook f l o w s i n a v / e s t e r l y d i r e c t i o n and 

s l o p e s i n the s o u r c e r e g i o n o f the ca tchment a r e predomi­

n a n t l y o f w e s t e r l y a s p e c t ( f i g 2 . 6 ) , Towards the w e s t e r n 

end o f the ca tchment where v a l l e y form becomes pronounced 

33 



DOWN TOR 

EYLESBARROW 

Break of slope k i l o m e t r e 

F i g . 2,4 S l o p e map of t h e N a r r a t o r catchment 



metres A 
-300 

-250 

Sheepstor 

Solifluction ternnces 

300 C 

Down Tor 

Incipient Tor 

0 1001 0 100 m 

F i g . 2.5 C r o s s v a l l e y p r o f i l e s of t h e N a r r a t o r 

ca t chmen t . fitj 2 l for profile li>catio/l$. 

35 



kilometre 

F i g - 2.6 S l o p e a s p e c t i n the N a r r a t o r catchment 



n o r t h and sou th f a c i n g s l o p e s p redomina te . These v a l l e y 

s i d e s l o p e s , wh ich ave rage 11.0*^ a r e s t e e p e r than the w e s t 

f a c i n g headwater s l o p e s , wh ich o n l y av e rage 6.2*̂  ( t a b l e 

2 . 2 ) . The v a l l e y i t s e l f i s marked ly a s y m m e t r i c a l . The 

mean a r e a we igh ted a n g l e o f n o r t h - f a c i n g s l o p e s i s 13.1° i n 

compar i son to 9.6*̂  f o r s o u t h - f a c i n g s l o p e s . T h i s may be 

y e t a n o t h e r p h y s i o g r a p h i c l e g a c y o f the P l e i s t o c e n e . 

V a l l e y asymmetry i n many p a r t s o f t he World has been a s ­

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

mechanisms r e s p o n s i b l e p r o b a b l y v a r y (Embleton & K ing 1 9 7 5 ) . 

T a b l e 2.2 S l o p e a n g l e and s l o p e a s p e c t i n t he N a r r a t o r 
ca tchment . 

Mean A r e a 

A s p e c t A r e a ( % o f c a t c h m e n t ) Weighted S l o p e (° 

Weste rn q u a d r a n t 54 6.2 

E a s t e r n q u a d r a n t 7 4.8 

S o u t h e r n q u a d r a n t 23 9.6 

N o r t h e r n q u a d r a n t 16 13.1 

The p r e - P l e i s t o c e n e t e c t o n i c and d e n u d a t i o n a l h i s t o r y 

o f Dartmoor has a l s o l e f t i t s i m p r i n t on t he Dartmoor l a n d ­

scape and s e v e r a l e r o s i o n s u r f a c e s a t v a r i o u s e l e v a t i o n s 

have been r e c o g n i s e d (Orme 1964, B a l c h i n 1964 ) . T h e r e i s 

no r e a l e v i d e n c e i n t he p h y s i o g r a p h y o f the N a r r a t o r c a t c h ­

ment t o suppo r t t he e x i s t e n c e o f e r o s i o n s u r f a c e s wh i ch can 

be matched w i t h t h o s e e s t a b l i s h e d f o r Dartmoor as a who le . 

I n a d d i t i o n t o the n a t u r a l p r o c e s s e s o f l a n d s c u l p t u r e 

the ca tchment has a l s o been s c a r r e d by m i n e r a l e x p l o i t a t i o n 

i n t he p a s t . Min ing was l a r g e l y , though not e n t i r e l y , by 

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

heaps a l l o f wh ich have s i n c e a c q u i r e d a p r o t e c t i v e c o v e r o f 

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

s t r e a m i n g was a l s o i m p o r t a n t and may have been p a r t l y r e s ­

p o n s i b l e f o r i r r e g u l a r lower s l o p e p r o f i l e s i n the N a r r a t o r 
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ca tchment (Ternan & W i l l i a m s 1979 ) . At l e a s t f ou r mine 

s h a f t s i n t he ca tchment bea r w i t n e s s t o underground o p e r a 

t i o n s "as w e l l a s s u r f a c e e x c a v a t i o n s . 

2.4 S o i l c h a r a c t e r i s t i c s 

The n a t u r e o f the s o i l c o v e r has an i m p o r t a n t i n f l u e n c e 

upon ca tchment hyd ro logy s i n c e i t l a r g e l y d e t e r m i n e s t he 

•pathways of s to rm r u n o f f . S o i l s wh i ch a r e s u b j e c t t o r a p i d 

s a t u r a t i o n t r a n s m i t a l a r g e p r o p o r t i o n o f r u n o f f upon the 

s u r f a c e . P r o p e r t i e s wh ich govern t he s u s c e p t i b i l i t y o f 

s o i l t o become s a t u r a t e d i n c l u d e t e x t u r e and o r g a n i c m a t t e r 

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

and hence supp l y o f s o i l p a r t i c l e s t o s u r f a c e r u n o f f . 

C l a y d e n & Manley (1964) r e c o g n i s e t h r e e major s o i l 

t y p e s upon Dartmoor G r a n i t e : p e a t y g l e y , p e a t y p o d s o l and 

brown e a r t h . A l l a r e p r e s e n t w i t h i n t he N a r r a t o r ca t chmen t 

A more r e c e n t s u r v e y o f s o i l on Dartmoor G r a n i t e (Har rod 

e t a l 1976) d i s t i n g u i s h e s between s i x s o i l s e r i e s : L a p l o y d , 

P r i n c e t o w n , Hexworthy, Rough T o r , Moretonhampstead and Moor 

Gate . 

Pea ty g l e y s o i l s wh ich c o r r e s p o n d to t he L a p l o y d and 

P r i n c e t o w n s e r i e s c o n s i s t o f a t h i c k b l a c k s u r f a c e l a y e r o f 

pea t commonly e x c e e d i n g a metre i n depth o v e r l y i n g a sandy 

t e x t u r e d m i n e r a l s u b - s o i l wh ich v a r i e s i n c o l o u r from g r e y 

t o brown. They o c c u r i n pe rmanen t l y s a t u r a t e d a r e a s both 

i n v a l l e y bottoms and a l s o i n r e g i o n s o f b l a n k e t bog on 

h i l l summits. The major d i f f e r e n c e between b l a n k e t bog 

and v a l l e y bog s o i l s i s t h a t i n the l a t t e r , s o i l s a t u r a t i o n 

i s m a i n t a i n e d by groundwater r a t h e r t h a n by d i r e c t p r e ­

c i p i t a t i o n and c o n s e q u e n t l y d i s s o l v e d m i n e r a l s p e c i e s a r e 

more d i v e r s e . Pe rmanen t l y s a t u r a t e d a r e a s a r e not ex-^..^ 

t e n s i v e i n the N a r r a t o r ca tchment o c c u p y i n g o n l y 2% of i t s 

a r e a ( f i g 2.7; t a b l e 2 . 3 ) . To some e x t e n t , d e l i m i t a t i o n 

o f pe rmanen t l y s a t u r a t e d a r e a s i s a r b i t r a r y s i n c e s a t u r a t e d 

a r e a s expand d u r i n g wet p e r i o d s and con t rac t d u r i n g d r y 
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T a b l e 2.3 A r e a l c o v e r o f s o i l and v e g e t a t i o n t y p e s i n 
the N a r r a t o r ca tchment . 

Area(km^) P e r c e n t o f 
Catchment 

Moor land w i t h s t a g n o p o d s o l s 

Brown e a r t h (brown p o d s o l i c s o i l s ) 

G r a s s l a n d ( improved p a s t u r e ) 

C o n i f e r o u s p l a n t a t i o n 

P e r m a n e n t l y s a t u r a t e d ground 
( g l e y s o i l s ) 

B r a c k e n {Pteridium aquilinum) 
i n f e s t a t i o n 

3.18 

1.40 

0.87 

0.53 

O. 10 

0.83 

68.0 

29.9 

18.6 

11.3 

2.1 

17.7 

T o t a l ca t chmen t 4.68 

p e r i o d s (Dunne & B l a c k 1970 ) . The a r e a mapped i n f i g 2.7 

remained wet th roughou t t he v e r y d ry summer o f 19 76 and so 

can be r e a s o n a b l y r e g a r d e d a s pe rmanen t l y s a t u r a t e d . 

S t a g n o p o d s o l s (pea ty p o d s o l s ) o f t he Hexworthy and 

Roughtor s e r i e s c o v e r 68% o f the ca tchment a r e a o f the 

N a r r a t o r Brook. They o c c u r on moderate s l o p e s and h i g h 

a l t i t u d e s around the marg ins o f the ca tchment ( f i g 2 . 7 ) . 

The b l a c k s u r f a c e l a y e r o f p e a t i s t h i n n e r t h a n i n t he 

c a s e o f the p e a t y g l e y s o i l s , r a n g i n g i n t h i c k n e s s from 

10 to 30 cm. I n t he Hexworthy s e r i e s a t h i n i r o n pan 

u n d e r l i e s s u r f a c e p e a t but i n t he Roughtor s e r i e s i t i s 

a b s e n t . The s u b - s o i l i s c o a r s e i n t e x t u r e and brown t o 

och reous i n c o l o u r . D ra i nage i n t h e s e s o i l s i s poor and 

they a r e s u b j e c t to temporary s a t u r a t i o n d u r i n g wet 

p e r i o d s . S a t u r a t i o n o v e r l a n d f l o w on t h e s e s o i l s i s 

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

ment and s o l u t e p r o d u c t i o n . 

The brown e a r t h s o i l t y p e , c o m p r i s i n g the Moreton-

hampstead and Moor Gate s e r i e s , a c c o u n t s f o r the r e m a i n ­

ing- 30% o f the ca tchment a r e a . T h i s s o i l t ype d i f f e r s 
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f u n d a m e n t a l l y from s t a g n o p o d s o l i n the absence of a s u r ­

f a c e l a y e r o f p e a t . The A h o r i z o n v a r i e s i n c o l o u r from 

brown t o b l a c k depending upon humus c o n t e n t and a v e r a g e s 

40 cm i n dep th . Weight l o s s r e c o r d e d from i g n i t i o n o f 

n i n e samples o f the A h o r i z o n i n t he brown e a r t h s o i l t y p e 

ranged from 9% t o 17%; c o r r e s p o n d i n g v a l u e s f o r e l e v e n 

samples o f s t a g n o p o d s o l a l l exceeded 40%. The t e x t u r e o f 

the A h o r i z o n i n t he brown e a r t h s o i l t ype i s v a r i a b l e 

but p r e d o m i n a n t l y sandy/ t he p r o p o r t i o n o f sand and c o a r s e r 

p a r t i c l e s f o r n i n e samples t e s t e d v a r i e d between 48% and 

68%. As a r e s u l t o f t h e i r c o a r s e t e x t u r e , and compara­

t i v e l y low o r g a n i c c o n t e n t i t i s b e t t e r d r a i n e d t h a n t he 

s t a g n o p o d s o l - S a t u r a t i o n o v e r l a n d f l o w i s l i J c e l y t o be 

l e s s f r e q u e n t on t h i s s o i l i n compar i son t o s t a g n o p o d s o l . 

The boundary s e p a r a t i n g t he two major s o i l t y p e s i n 

the N a r r a t o r ca tchment , s t a g n o p o d s o l and brown e a r t h , i s 

s h a r p and w e l l d e f i n e d ( f i g 2 . 7 ) . I t c o i n c i d e s f o r t he 

most p a r t w i t h the l i m i t s o f f o r m e r l y e n c l o s e d l a n d marked 

by the rema ins o f d r y s t o n e w a l l s . . T h i s c o u l d i n d i c a t e 

t h a t the brown e a r t h s o i l t y p e , i n t h i s r e g i o n o f Dartmoor 

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

2-5 V e g e t a t i o n and l and use 

V e g e t a t i o n c h a r a c t e r i s t i c s i n f l u e n c e ca tchment p r o ­

c e s s e s i n s e v e r a l i m p o r t a n t ways. F i r s t l y t h rough i n t e r ­

c e p t i o n and e v a p o t r a n s p i r a t i o n v e g e t a t i o n a f f e c t s r u n o f f 

volume, w h i l e th rough i t s e f f e c t upon i n f i l t r a t i o n r a t e 

v e g e t a t i o n a l s o d e t e r m i n e s t o some e x t e n t t he p r o p o r t i o n 

o f s torm r u n o f f wh ich i s t r a n s m i t t e d upon t he s u r f a c e . 

S e c o n d l y v e g e t a t i o n a c t s t o p r o t e c t t he s o i l s u r f a c e from 

s h e e t wash t h u s r e g u l a t i n g s u p p l y o f suspended sed iment 

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

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

a c q u i r e d e i t h e r by uptake o f n u t r i e n t s from t he s o i l o r 
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entrapment o f a t m o s p h e r i c s a l t s , r a t e o f s t r e a m s o l u t e 

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

E x c l u d i n g a r e a s o f pe rmanen t l y s a t u r a t e d ground, 

v e g e t a t i o n i n the N a r r a t o r ca tchment can be s e p a r a t e d i n ­

to t h r e e broad c o n t r a s t i n g t y p e s : Moor land (rough p a s ­

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

Marsh commun i t i es , dominated by s p e c i e s o f Sphagnum and 

Juncus , wh ich c o l o n i s e pe rmanen t l y s a t u r a t e d ground, 

c o v e r o n l y 2% o f the t o t a l a r e a o f the ca tchment . 

Moorland o c c u r s a s a broad c r e s c e n t i c b e l t around 

the h i g h e r marg ins o f t he ca tchment and a c c o u n t s f o r 68% 

of the t o t a l a r e a ( f i g 2 . 7 ) . I t i s c h a r a c t e r i s e d by a 

d i s c o n t i n u o u s c o v e r o f low s h r u b s i n c l u d i n g Calluna vul­

garis. Erica tetralix and Vaccinium myrtillus w i t h an 

u n d e r s t o r e y o f g r a s s and h e r b s . Prominent among the 

moorland g r a s s s p e c i e s a r e Agrostis setacea and Molinia 

oaerulea, The l a t t e r d i e s away i n w i n t e r e x p o s i n g t he 

ba re p e a t s u r f a c e i n p a t c h e s . 

G r a s s l a n d on Dartmoor i s c o n s i d e r e d by Ward e t a l 

(1972) to have i t s o r i g i n i n b u r n i n g , g r a z i n g and c u l t i ­

v a t i o n o f moor land and i s r e s t r i c t e d t o t he lower w e s t e r n 

and c e n t r a l p a r t s o f the ca tchmen t . G r a s s i s dominated 

by Agrostis tenuis and Festuca ovina wh ich form a t h i c k 

p r o t e c t i v e t u r f and wh ich p r o v i d e a c o n t i n u o u s a l l y e a r 

round c o v e r . L a r g e a r e a s o f g r a s s l a n d have been i n ­

vaded by bracken(Pteridium aquilinum) wh ich r i s e s i n May 

and d i e s back i n Oc tober ( f i g 2.7; T a b l e 2 . 3 ) . I n 

p l a c e s , d u r i n g l a t e summer, i t r e a c h e s two met res i n 

h e i g h t and becomes e x c e e d i n g l y dense fo rm ing a comp le te 

canopy. B racken l i t t e r a l s o forms a t h i c k c a r p e t p e r ­

s i s t i n g i n some a r e a s th roughou t t he dormant s e a s o n . 

B racken does no t , however, e x c l u d e ground s u r f a c e vege­

t a t i o n or reduce the t h i c k n e s s o f t u r f . B racken has a l ­

so succeeded i n c o l o n i z i n g the b e t t e r d r a i n e d a r e a s o f 

moorland i n the ca tchment , bu t he re does not become q u i t e 

as dense . The g r a s s l a n d r e g i o n c o n t a i n s s c a t t e r e d de­

c i d u o u s t r e e s wh ich do not form any c o n t i n u o u s c o v e r ex -

42 



c e p t i n a r e s t r i c t e d a r e a c l o s e t o the s t ream c h a n n e l i n 

the c e n t r a l p a r t o f the ca tchment ( f i g 2 . 7 ) . Common 

s p e c i e s a r e Oak {Quercus robur) , Beech (Fagus sylvatica) 

and Sycamore {Acer pseudoplatanus), 

The t h i r d major v e g e t a t i o n a l t ype p r e s e n t i n t he 

N a r r a t o r ca tchment i s a c o n i f e r o u s f o r e s t p l a n t a t i o n e s ­

t a b l i s h e d i n the i n t e r - w a r p e r i o d and c o v e r i n g 0.53 km^ 

a t t he w e s t e r n end o f the ca tchmen t . The major s p e c i e s 

i s S i t k a Spruce {Picea sitchensis) bu t Norway P ine {Pinus 

resinosa) and Japanese L a r c h {Larix leptolepis) a r e a l s o 

p r e s e n t t o g e t h e r w i t h a few d e c i d u o u s t r e e s wh ich p r e - d a t e 

the f o r e s t p l a n t a t i o n . I n p l a c e s t r e e d e n s i t y i s such 

t h a t t h e canopy i s comple te and ground s u r f a c e v e g e t a t i o n 

i s a lmos t e n t i r e l y e x c l u d e d , a l t h o u g h the s o i l s u r f a c e i s 

p r o t e c t e d from r a i n s p l a s h by a n a t u r a l mulch of s p r u c e 

n e e d l e s . Even where t h e canopy i s not comple te t he t u r f 

c o v e r i s i n v a r i a b l y t h i n . 

The re e x i s t s a v e r y c l o s e s p a t i a l a s s o c i a t i o n between 

v e g e t a t i o n and s o i l t y p e s i n t he ca tchmen t . Moorland 

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

brown e a r t h . A f f o r e s t a t i o n has been e n t i r e l y r e s t r i c t e d 

to former a r e a s o f e n c l o s e d g r a s s l a n d . The most s i g n i f i ­

c a n t v e g e t a t i o n a l c o n t r a s t i n te rms o f h y d r o l o g i c a l p r o ­

c e s s e s i n the N a r r a t o r ca tchment i s between f o r e s t e d and 

n o n - f o r e s t e d a r e a s (moor land and g r a s s l a n d ) . F o r e s t vege­

t a t i o n i s l i k e l y to d i f f e r s u b s t a n t i a l l y from g r a s s l a n d o r 

moorland i n te rms o f e v a p o t r a n s p i r a t i o n , i n t e r c e p t i o n , s o i l 

p r o t e c t i o n , c y c l i n g o f n u t r i e n t s and en t rapment o f atmos­

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

c o n t r a s t i s between pea ty and non-peaty s o i l s . These two 

s o i l t y p e s a r e l i k e l y t o d i f f e r marked ly w i t h r e s p e c t t o 

f r e q u e n c y o f o v e r l a n d f l ow , and s u p p l y o f f i n e s f o r s t r e a m 

sed iment t r a n s p o r t . S i n c e s o i l and v e g e t a t i o n t y p e s a r e 

c l o s e l y a s s o c i a t e d i n the N a r r a t o r ca tchment they can be 

combined i n t o t h r e e major v e g e t a t i o n / s o i l u n i t s : f o r e s t / 

brown e a r t h (11 .3% o f t o t a l ca tchment a r e a ) , g r a s s l a n d / 

brown e a r t h (18.6%) and moor land /s tagnopodso l (68.0%) 
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( f i g 2.7; T a b l e 2 . 3 ) . The r e m a i n i n g 2.1% o f the c a t c h ­

ment a r e a c o n s i s t s o f h i l l and v a l l e y marshes . 

At p r e s e n t the most w i d e s p r e a d l a n d use on Dartmoor 

as a whole, a s w i t h i n t he N a r r a t o r ca tchment , i s s t o c k 

r e a r i n g ( R o b e r t s 1970) , L i v e s t o c k i n c l u d e s hardy b l a c k -

f a c e d sheep and Ga l l oway c a t t l e t o g e t h e r w i t h Dartmoor 

p o n i e s . A r a b l e f a r m i n g , a l t h o u g h a t one t ime i m p o r t a n t 

around the lower marg ins o f Dartmoor, d e c l i n e d from the 

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

t h e e s t a b l i s h m e n t o f the N a t i o n a l Pa rk i n 1954, A r a b l e 

fa rm ing was e x c l u d e d from the a r e a o f the N a r r a t o r c a t c h ­

ment f o l l o w i n g p u r c h a s e o f the l a n d by the t hen Plymouth 

Water C o r p o r a t i o n i n 1916. The g r a z i n g i n t h e ca tchment i s 

f r e e range . D e s p i t e t h i s , t h e i n t e n s i t y o f g r a z i n g v a r i e s 

c o n s i d e r a b l y from p l a c e t o p l a c e . C a t t l e and sheep r a r e l y 

v e t u r e i n t o t h e a r e a s wh i ch have been i n v a d e d by b r a c k e n . 

G r a s s i n a r e a s wh ich a r e p r e f e r e n t i a l l y g r a z e d can become 

v e r y t h i n . G r e a t e s t damage to v e g e t a t i o n c o v e r i s t h rough 

c o n c e n t r a t e d t r a m p l i n g a t s p e c i f i c - s i t e s such a s gaps i n 

w a l l s and s t r e a m c r o s s i n g s but t h e s e a r e s m a l l i n e x t e n t 

and few i n number. However, a c c o r d i n g t o Lusby (1963) 

g r a z i n g can promote h i g h e r sed iment y i e l d s th rough r e d u c ­

t i o n i n s o i l i n f i l t r a t i o n c a p a c i t y and c o r r e s p o n d i n g i n ­

c r e a s e i n o v e r l a n d f l o w even w i t h o u t any a p p r e c i a b l e damage 

to v e g e t a t i o n c o v e r . The p r a c t i c e o f f i r i n g the moor land 

to improve the q u a l i t y o f the g r a z i n g can a l s o have s e v e r e 

r e p e r c u s s i o n upon r a t e s o f s o i l l o s s and ca tchment s e d i ­

ment y i e l d . These e f f e c t s have been documented, f o r 

example, i n t he Nor th Y o r k s h i r e Moors (Imeson 1971b) . 

B u r n i n g l a s t o c c u r r e d i n the N a r r a t o r ca tchment i n 1969 

ove r a s m a l l a r e a i n the n o r t h e a s t e r n c o r n e r of t he c a t c h ­

ment. At t he t ime o f the p r e s e n t r e s e a r c h , the moor land 

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

The e x p a n s i o n o f f o r e s t r y on Dartmoor i n the i n t e r -

war p e r i o d was based upon a b e l i e f i n Dar tmoor 's i m p o r t a n c e 

as a sof twood growing a r e a ( R o b e r t s 1970 ) . A f f o r e s t a t i o n 

i s c l o s e l y l i n k e d to e x p l o i t a t i o n o f wa te r r e s o u r c e s on 
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Dartmoor and t o the supposed b e n e f i c i a l e f f e c t s o f c o n i ­

f e r o u s f o r e s t upon wa te r q u a l i t y ( Ley ton e t a l 1 9 6 7 ) . The 

g r e a t e r p a r t o f commerc ia l f o r e s t on Dartmoor l i e s w i t h i n 

r e s e r v o i r c a t c h m e n t s . A s s o c i a t e d w i t h a f f o r e s t a t i o n has 

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

which can be e x p e c t e d to have some impact upon ca tchment 

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

and sed iment s u p p l y . P a i n t e r e t a l (1974) r e p o r t a l a r g e 

i n c r e a s e i n sed iment y i e l d from a Mid-Wales ca tchment 

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

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

Dartmoor i s growing i n impor tance a s a r e c r e a t i o n a l 

a r e a . R e c r e a t i o n a l a c t i v i t i e s t end t o be c o n f i n e d t o 

s p e c i f i c a r e a s ; p e d e s t r i a n movement away from roads i s 

v e r y low ( R o b e r t s 1970 ) . The B a r r a t o r R e s e r v o i r i s a 

major a t t r a c t i o n s i n c e i t i s c l o s e t o Plymouth and i s 

r e a d i l y a c c e s s i b l e . N e v e r t h e l e s s , r e l a t i v e l y few v i s i t o r s 

s t r a y i n t o t he N a r r a t o r ca tchment and t h e i r conb ined 

i n f l u e n c e upon catchment p r o c e s s e s , i s p r o b a b l y v e r y s m a l l . 

2.6 C l i m a t e and p e r i o d of o b s e r v a t i o n 

Dartmoor i s c h a r a c t e r i s e d by h i g h r a i n f a l l , g e n e r a l l y 

h i g h h u m i d i t y , moderate t e m p e r a t u r e , h i g h amounts o f c l o u d 

c o v e r , and f r e q u e n t h i l l f og ( P e r k i n s 1970 ) . The 50 y e a r 

mean a n n u a l p r e c i p i t a t i o n r e c o r d e d a t t he Redstone r a i n 

gauge s i t e m a i n t a i n e d by t he South West Water A u t h o r i t y 

1 km to t he S.W. o f the ca tchment i s 1 568 mm. 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 th rough the y e a r d i s p l a y s a marked 

s e a s o n a l i t y . The w e t t e s t p e r i o d i s i n autumn and e a r l y 

w i n t e r when mean monthly t o t a l s exceed 150 mm and the d r i e s t 

p e r i o d i s i n s p r i n g and e a r l y summer w i t h mean monthly 

t o t a l l e s s than 100 mm. S n o w f a l l o c c u r s on ave rage o v e r 

Dartmoor on about 15 t o 20 days i n the y e a r ( P e r k i n s 1 9 7 0 ) , 
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O b s e r v a t i o n s were u n d e r t a k e n i n the N a r r a t o r c a t c h ­

ment ove r an u n i n t e r r u p t e d p e r i o d from the 26th May 1975 

t o 13th December 1976 t o t a l l i n g 81 weeks. T h i s p e r i o d 

as a whole w i t n e s s e d a marked d e p a r t u r e from the c l i m a t i c 

norm f o r Dartmoor. I t was v e r y much d r i e r than normal 

c o n s t i t u t i n g an unp receden ted drought ove r much o f t he 

p e r i o d . T o t a l p r e c i p i t a t i o n o v e r t h e a r e a o f t h e 

N a r r a t o r ca tchment f o r t h i s p e r i o d o f a p p r o x i m a t e l y a y e a r 

and a h a l f i s 1 907 mm. T h i s does not f a l l g r e a t l y s h o r t 

o f the e x p e c t e d p r e c i p i t a t i o n o f around 2 550 mm f o r a 

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

e v e r , h i d e s s h o r t e r p e r i o d s wh ich e x p e r i e n c e d extreme 

d e f i c i t s i n e x p e c t e d p r e c i p i t a t i o n ( f i g 2.8)'. P r e c i p i t a ­

t i o n d u r i n g t he p e r i o d a s a whole r e p r e s e n t e d a marked 

a c c e n t u a t i o n o f the s e a s o n a l i t y i n p r e c i p i t a t i o n wh ich 

c h a r a c t e r i s e s Dartmoor i n normal y e a r s . Wh i l e autumn pre­

c i p i t a t i o n i n 1975 and 1976 was c l o s e t o t he 50 y e a r 

a v e r a g e , summer p r e c i p i t a t i o n dropped c o n s i d e r a b l y below 

the 50 y e a r ave rage ( f i g 2 . 8 ) . A l t hough i n c u r s i o n o f 

s u b - t r o p i c a l p r e s s u r e sys tems l a s t i n g f o r p e r i o d s o f up 

to s e v e r a l days i s a c h a r a c t e r i s t i c f e a t u r e o f summer 

weather i n South West E n g l a n d , i n the summers of 1975 and 

1976 s u b - t r o p i c a l h i g h s o v e r B r i t a i n a s a whole became 

e x t r a o r d i n a r i l y p e r s i s t e n t ( K e l l y & Wr igh t 1978) , D u r i n g 

t h e s e two summers long p e r i o d s e l a p s e d w i t h o u t any .measur­

a b l e r a i n f a l l . No r a i n f a l l was r e c o r d e d , f o r example, 

ove r the p e r i o d 20/7/76 t o 28/8/76. The d rought opened 

i n the South West i n the e a r l y summer of 1975 f o l l o w i n g a 

w e t t e r t han ave rage w i n t e r . T o t a l p r e c i p i t a t i o n f o r the 

months of May and June 1975 was o n l y 34.5% of the 50 y e a r 

ave rage f o r t h e s e months. By J u l y s t r eam water l e v e l s 

i n the South West had dropped t o t h e i r l o w e s t on r e c o r d 

and s e v e r a l r a n d ry f o r t h e f i r s t t ime i n l i v i n g memory. 

I n l a t e summer and e a r l y autumn p r e c i p i t a t i o n r e c o v e r e d t o 

near normal but t h i s was s h o r t - l i v e d and o v e r a l l the 

w i n t e r o f 1975/76 t u r n e d ou t t o be an u n u s u a l l y d ry one. 

46 



E 
e 

c 
o 

o a; (_ 
QL 

o 
E 

3 
.o 

300 

200 

100-

SOyr mean 

M J J A S 0 N D 

1975 
A M J J A S 0 N D 

1976 

F i g . 2.8 P r e c i p i t a t i o n d u r i n g May 1975 t o Dec. 197G 

i n compar ison t o t he 50 y e a r average 



T o t a l p r e c i p i t a t i o n f o r t h e 6 month p e r i o d October 1975 

t o March 1976 was o n l y 54.1% o f .the 50 y e a r ave rage f o r 

t h i s p e r i o d . The summer o f 1976 wh ich f o l l o w e d p roved 

to be even d r i e r t han the p r e v i o u s summer. T o t a l p r e ­

c i p i t a t i o n f o r t he 5 month p e r i o d A p r i l t o August 1976 

was e q u i v a l e n t t o o n l y 32.6% o f the 50 y e a r ave rage f o r 

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

such s u s t a i n e d i n t e n s i t y i s l e s s t han one i n a t housand 

y e a r s (C.W.P.U. 1976) . 

The drought ended i n t h e autumn o f 1976 as sudden l y 

as i t a r r i v e d w i t h t he h i g h e s t autumn f a l l s i n G r e a t 

B r i t a i n s i n c e r e c o r d s began i n 1727 ( W a l l i n g 1 9 7 8 ) . T o t a l 

r a i n f a l l f o r the two months September and Oc tober 1976 i n 

the N a r r a t o r ca tchment was 57.9% above t h e 50 y e a r mean. 

T h i s whole p e r i o d o f m e t e o r o l o g i c a l ex t remes a l s o i n ­

c l u d e d some u n u s u a l l y i n t e n s e r a i n s to rms r e s u l t i n g from 

c o n v e c t i v e a c t i v i t y a s s o c i a t e d w i t h t he s u b - t r o p i c a l 

weather sys tems wh ich p redomina ted d u r i n g t h i s p e r i o d . F o r 

one such e v e n t , on t he 7 th J u l y 1975 more t h a n 25 mm f e l l 

i n a s i n g l e hour , a g a i n b r e a k i n g a l l p r e v i o u s r e c o r d s . * 

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

than u s u a l . Moderate f a l l s i n l a t e J a n u a r y and e a r l y 

F e b r u a r y 1976 r e s u l t e d i n a c o v e r i n g o f snow on t h e c a t c h ­

ment, a v e r a g i n g about 10 cm i n dep th . T o t a l c o n t r i b u t i o n 

by snow-melt t o r u n o f f ove r t h e p e r i o d as a whole i s l e s s 

t han 1%. . . 

A l though the N a r r a t o r ca tchment may be r e g a r d e d a s 

b r o a d l y r e p r e s e n t a t i v e o f the r e g i o n o f Dartmoor G r a n i t e , 

the q u e s t i o n i n e v i t a b l y a r i s e s as t o what e x t e n t t he 

p e r i o d o f o b s e r v a t i o n can be r e g a r d e d as r e p r e s e n t a t i v e o f 

the long term. I n p u t and ou tpu t t o t a l s f o r t h i s p e r i o d 

c l e a r l y canno t be r e a l i s t i c a l l y equa ted w i t h long te rm 

means. On the p o s i t i v e s i d e , the ext reme weather con­

d i t i o n s ove r t h e p e r i o d o f o b s e r v a t i o n e n s u r e d a wide range 

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

p e r i o d p r e c i p i t a t i o n t o t a l s , p r e c i p i t a t i o n i n t e n s i t y and 

ca tchment w e t n e s s . Few s torm e v e n t s i n t he r e c e n t p a s t 
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or nea r f u t u r e a r e l i k e l y to have v a l u e s f o r t h e s e 

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

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

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

t i o n can be employed w i t h c o n f i d e n c e t o p r e d i c t sed imen t 

and s o l u t e t r a n s p o r t from r a i n f a l l and r u n o f f r e c o r d s 

beyond t h i s p e r i o d o f c a l i b r a t i o n . I n t h i s way long te rm 

r a i n f a l l and r u n o f f r e c o r d s f o r t he N a r r a t o r ca tchment can 

be used to de te rm ine l ong term mean f l u v i a l t r a n s p o r t r a t e s , 

when such r e c o r d s become a v a i l a b l e . 

2.7 C h a n n e l c h a r a c t e r i s t i c s 

The e x t e n t and c o m p o s i t i o n o f t h e c h a n n e l network i n 

a ca tchment can have an i m p o r t a n t i n f l u e n c e upon y i e l d o f 

sed imen t . E p h e m e r a l c h a n n e l s , wh i ch i n t he N a r r a t o r 

ca tchment i n c l u d e d r a i n a g e d i t c h e s and l a n d r o v e r t r a c k s a s 

w e l l as n a t u r a l c h a n n e l s , can become an i m p o r t a n t s o u r c e 

of sed iment when they a r e o c c u p i e d by s t r e a m f l o w . 

A l l t r i b u t a r y c h a n n e l s o f the N a r r a t o r Brook, both 

p e r e n n i a l and ephemera l , were s u r v e y e d i n the f i e l d d u r i n g 

b a s e f l o w i n the summer o f 1975. The c h a n n e l network o f 

the N a r r a t o r ca tchment wh ich emerges from f i e l d s u r v e y i s 

more e x t e n s i v e and v a r i e d i n c o m p o s i t i o n than a p p e a r s on 

l a r g e s c a l e t o p o g r a p h i c maps o f the ca tchmen t . On the 

1:10 560 Ordnance Survey map o f t he N a r r a t o r ca tchment , 

wh ich i s the l a r g e s t s c a l e t o p o g r a p h i c map a v a i l a b l e , t h e 

N a r r a t o r Brook a p p e a r s a s a second o r d e r s t r e a m w i t h 8 

f i r s t o r d e r t r i b u t a r i e s . F i e l d s u r v e y l i f t e d the 

N a r r a t o r Brook to f o u r t h o r d e r w i t h 4 t h i r d o r d e r t r i b u ­

t a r i e s , 14 second o r d e r t r i b u t a r i e s and 44 f i r s t o r d e r 

t r i b u t a r i e s ( f i g 2 , 9 ) . 

I t became c l e a r from the f i e l d s u r v e y t h a t the c h a n n e l 

network has been g r e a t l y i n f l u e n c e d by human a c t i v i t y , 

p a r t i c u l a r l y m i n e r a l e x p l o i t a t i o n and a f f o r e s t a t i o n . 

S p r i n g s i s s u i n g from two o f t he mine s h a f t s i n the c a t c h -
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ment n o u r i s h t r i b u t a r y s t r e a m s (South Fo rk and Deancombe 

Brook - f i g 2 . 9 ) . At two l o c a t i o n s , between S t s 19 and 

20, t he main s t r e a m d i v i d e s and r e j o i n s . These may be 

d i v e r s i o n s made by p r o s p e c t o r s to f a c i l i t a t e t i n s t r e a m ­

ing o p e r a t i o n s . The c h a n n e l network has been expanded by 

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

t o g e t h e r t o t a l l i n g 1 km i n l e n g t h , t o improve d r a i n a g e i n 

the a r e a o f the ca tchment under c o n i f e r o u s f o r e s t p l a n t a ­

t i o n . F o r the f i n a l 250 m of i t s c o u r s e t he N a r r a t o r Brook 

i t s e l f f l o w s th rough an a r t i f i c i a l c h a n n e l . The purpose 

o f t h i s i s t o d i v e r t t h e N a r r a t o r Brook th rough the Head 

Weir gaug ing s i t e wh ich i s run by the South West Water 

A u t h o r i t y to mon i to r i n f l o w t o t he B u r r a t o r R e s e r v o i r . 

Some s e c t i o n s o f the l a n d r o v e r t r a c k s wh ich run th rough t h e 

f o r e s t p l a n t a t i o n i n t he N a r r a t o r ca tchment suppo r t s u r f a c e 

r u n o f f d u r i n g wet p e r i o d s and become i n c o r p o r a t e d i n t o t h e 

d r a i n a g e n e t . From f i e l d e v i d e n c e , i n c l u d i n g r i l l s and 

sand b a r s , t h e s e s e c t i o n s o f f o r e s t t r a c k were mapped and 

a r e i n c l u d e d i n f i g 2,9. 

A l a r g e p r o p o r t i o n of t he d r a i n a g e ne t (27%) i s ephe­

mera l i n c l u d i n g a l l t h e f o r e s t r y t r a c k s and the m a j o r i t y o f 

the a r t i f i c i a l c h a n n e l s ( t a b l e 2 . 4 ) . Ephemera l c h a n n e l s 

can become an i m p o r t a n t s o u r c e o f s t r e a m sed imen t . F i n e 

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

i s f l u s h e d ou t when n e x t t he c h a n n e l s a r e o c c u p i e d by w a t e r . 

T a b l e 2,4 Compos i t i on o f the d r a i n a g e n e t i n t he N a r r a t o r 
ca tchment ( f i g u r e s i n Km). 

P e r e n n i a l Emphemeral T o t a l 

N a t u r a l . channe l s 6.45 1.05 7.50 

A r t i f i c i a l c h a n n e l s 0.75 1.04 1.79 

T r a c k s O 0.59 0,59 

T o t a l 7.20 2.68 9.88 
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Ephem.eral s t r eams i n c l u d e d i n f i g 2.9 a r e l i m i t e d t o r e c o g ­

n i s a b l e c h a n n e l s wh ich have b r e a c h e d t he t u r f , a l t h o u g h i t 

has been o b s e r v e d t h a t d u r i n g p ro l onged heavy r a i n s t r e a m s 

of wa te r f l o w i n g on t u r f a l s o c o n t r i b u t e t o t r i b u t a r y 

c h a n n e l s . The d i s t i n c t i o n between emphemeral and 

p e r e n n i a l c h a n n e l s i s t r a n s i e n t s i n c e s t r e a m ne tworks e x ­

pand and c o n t r a c t a c c o r d i n g t o h y d r 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 (Gregory & W a l l i n g 1 9 6 8 ) . D u r i n g t he d ry summer 

of 1975 when the f i e l d s u r v e y was conduc ted d i s c h a r g e from 

the N a r r a t o r ca tchment was even lower t han a t the h e i g h t o f 

t h e r e c o r d b r e a k i n g summer d rough t i n August 19 76., 

S t reams s t i l l r u n n i n g a t t h e t ime o f t he s u r v e y , t h e r e f o r e , 

can be r e g a r d e d f o r a l l p r a c t i c a l pu rposes a s b e i n g t r u l y 

p e r e n n i a l . 

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

i n c l u d e s s e v e r a l marshes wh ich s u p p o r t t r i b u t a r y s t r e a m s 

( f i g 2 . 9 ) . R e s e a r c h i n o t h e r ca t chmen ts has r e v e a l e d t h a t 

marshes have an i m p o r t a n t i n f l u e n c e upon both s t r eam r u n ­

o f f (Bay 1969) and s t r e a m s o l u t e s ( K e l l e r 1 9 7 3 ) . A l s o 

i n c l u d e d i n f i g 2.9 a r e major c a t t l e c r o s s i n g p o i n t s wh ich 

o c c u r a t t e n l o c a t i o n s w i t h i n the c h a n n e l network. At 

t h e s e l o c a t i o n s damage t o s t r e a m banks and d i s t u r b a n c e o f 

s t ream bed may p r o v i d e a s o u r c e o f sed imen t . 

Channe l c h a r a c t e r i s t i c s a r e c l o s e l y i n t e r r e l a t e d w i t h 

both sed iment supp l y and t r a n s p o r t e f f i c i e n c y . The 

c h a n n e l p r o f i l e , p l a n f o r m and geometry o f the e n t i r e main 

stem o f t he N a r r a t o r Brook were s u r v e y e d i n d e t a i l . Re­

s u l t s a r e summarized i n Appendix 1, t a b l e 2.5, and f i g s 

2.10, 2.11 and 2.12. The main s t r e a m c h a n n e l i s 3.46 km 

i n l e n g t h o f wh ich 0.19 km i s ephemera l . The long p r o f i l e 

o f the N a r r a t o r Brook can be d i v i d e d i n t o f i v e c l e a r l y 

d e f i n e d s e c t i o n s o f unequa l l e n g t h , t h r e e s e c t i o n s o f g e n t l e 

g r a d i e n t (1,3 and 5) s e p a r a t e d by two s t e e p e r s e c t i o n s 

(2 and 4) ( f i g 2 . 1 0 ) . Changes i n p l a n f o r m and geometry 

a l ong t he N a r r a t o r Brook c o r r e s p o n d q u i t e c l o s e l y to g r a d i e n t 

so t h a t i n te rms o f t h e s e c h a r a c t e r i s t i c s a l s o the f i v e 
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T a b l e 2.5 Channe l c h a r a c t e r i s t i c s o f the N a r r a t o r Brook 
d i v i d e d i n t o s i x s t ream s e c t i o n s ( see f i g 2. 

S e c t i o n 

s t r e a m 
S e c t i o n 
Length(m 

Mean S t ream 
S e c t i o n 

) Grad ient (m/km) 

Mean S t ream 
S e c t i o n 

S i n u o s i t y 

Mean S t r e a m 
S e c t i o n 

Width /Depth 
R a t i o 

Stream source 

1 630 26.9 1.12 3.9 

2 890 84.5 1 .07 7.5 

3 360 27.6 1.13 7.3 

4 240 52.5 1 .03 10.2 

5 A 350 17.9 1.29 6.2 

B 1 000 15.9 1.08 18.5 

Catchment exit 

s e c t i o n s a r e q u i t e d i s t i n c t , e x c e p t f o r t he lower p a r t o f 

s e c t i o n 5 ( s e c t i o n 5B) wh ich a p p e a r s anomalous ( t a b l e 2 . 5 ) . 

S e c t i o n s 1, 3 and 5A have low g r a d i e n t s ; 26.9, 27.6 and 

17.9 m/km r e s p e c t i v e l y , compared to 84.5 and 52,5 m/km f o r 

s e c t i o n s 2 and 4. These low g r a d i e n t c h a n n e l s e c t i o n s a r e 

c h a r a c t e r i s t i c a l l y narrow and s i n u o u s . Average s i n u o s i t y 

v a l u e s f o r t h e s e c t i o n s 1, 3 and 5A (1 .12, 1.13 and 1.29 

r e s p e c t i v e l y ) a l l exceed c o r r e s p o n d i n g v a l u e s f o r t he two 

s t e e p s e c t i o n s (1.07 and 1 .03 ) . S i m i l a r l y ave rage w i d t h / 

depth r a t i o s f o r t h e t h r e e low g r a d i e n t , s e c t i o n s ( 3 .9 , 

7.3, and 6.2) a r e lower than f o r t he two s t e e p s e c t i o n s 

(7.5 and 1 0 . 2 ) . T h i s tendency towards a nar row s i n u o u s 

c h a n n e l form i n the low g r a d i e n t s e c t i o n s i s a c c e n t u a t e d i n 

s e c t i o n 1 by the marshy c o n d i t i o n s b o r d e r i n g t h e c h a n n e l 

( f i g 2 . 1 1 ) . The c h a n n e l i s l i n e d by Sphagnum which 

p r o t e c t s t h e banks from e r o s i o n and m a i n t a i n s a narrow deep 

c r o s s - s e c t i o n . The s t e e p e r s e c t i o n s (2 and 4) a r e 

c h a r a c t e r i s e d by wide c h a n n e l s o f low s i n u o s i t y . These 

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

i n g up to ove r a metre i n d i a m e t e r and w a t e r f a l l s o v e r a 
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metre i n h e i g h t a r e common. 

S e c t i o n 5B c o i n c i d e s w i t h t h e c o n i f e r o u s f o r e s t p l a n ­

t a t i o n i n the N a r r a t o r ca tchmen t . A l though t h i s s e c t i o n 

has a v e r y s i m i l a r g r a d i e n t t o s e c t i o n 5A (15.9 m/km com­

pared to 17.9 m/km), t h e r e a r e marked c o n t r a s t s i n p l a n f o r m 

and geometry ( t a b l e 2 . 4 ) . S e c t i o n 5B has a lower s i n u o s i t y 

than s e c t i o n 5A (1.08 compared to 1 .29 ) , combined w i t h a 

h i g h e r w id th /dep th r a t i o (18,5 compared to 6 , 2 ) . T h e r e i s 

a l s o an u n u s u a l f r e q u e n c y o f e r o d i n g banks and g r a v e l b a r s 

a l ong s e c t i o n 5B compared w i t h o t h e r s e c t i o n s ( f i g 2 . 1 1 ) . 

These a n a m o l i e s a r e r e l a t e d and can be d i r e c t l y a t t r i b u t e d 

to the a f f e c t s o f a f f o r e s t a t i o n . T h i s i s d i s c u s s e d i n 

f u r t h e r d e t a i l i n C h a n t e r 4. 
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CHAPTER 3 

RESEARCH METHODS 

3.1 F i e l d methods 

3.1.1 Precipitation Measurements 

P r e c i p i t a t i o n i n p u t t o the N a r r a t o r ca tchment i s moni­

t o r e d by a network o f f o u r a u t o g r a p h i c r a i n - g a u g e s ( f i g 3.1) 

Number 1 gauge (Head Weir ) i s l o c a t e d c l o s e t o the c a t c h ­

ment o u t f a l l ; number 2 (Combeshead) i s i n the v a l l e y bottom 

near the c e n t r e o f the ca tchment ; and numbers 3 (Down T o r ) 

and 4 (Yel lowmead) a r e r e s p e c t i v e l y on the h i g h e r n o r t h e r n 

and s o u t h e r n f l a n k s o f the catchment - I n a d d i t i o n t o p r e ­

c i p i t a t i o n t o t a l s , s i n c e t he gauges a r e a u t o g r a p h i c t hey a l -

so p r o v i d e d a t a r e l a t i n g to t he t i m i n g o f s torm e v e n t s t o ­

g e t h e r w i t h t h e i r d u r a t i o n s and i n t e n s i t i e s . A l l f o u r 

gauges f u n c t i o n on the s i phon p r i n c i p l e ; number 1 i s a 

t i l t i n g s i phon gauge w h i l e t he r e m a i n i n g t h r e e a r e n a t u r a l 

s i phon gauges ( p l a t e s 3,1 and 3 , 2 ) . ' The n a t u r a l s i p h o n 

gauges, numbers 2, 3 and 4, s i p h o n a t i n t e r v a l s o f 25 mm 

p r e c i p i t a t i o n wh ich p e r m i t s e s t i m a t i o n o f c a t c h e s t o w i t h i n 

0,5 mm. Number 1 gauge has a g r e a t e r s i p h o n f r e q u e n c y 

( e v e r y 5 mm) and a c c u r a c y t o 0.1 mm p r e c i p i t a t i o n c a t c h i s 

p o s s i b l e . A l l o p e r a t e on a week ly c y c l e and w h i l s t t h i s 

i s the most c o n v e n i e n t a r rangement f o r t he chang ing o f 

c h a r t s i t r e s u l t s i n some l o s s o f d e t a i l . O b t a i n i n g s to rm 

p e r i o d t o t a l s o r mean i n t e n s i t i e s p r e s e n t s no p rob lems, but 

t o t a l s f o r p e r i o d s l e s s than two hours canno t be r e l i a b l y 

a b s t r a c t e d and t h i s imposes some l i m i t a t i o n s p a r t i c u l a r l y 

i n r e l a t i o n t o d e t a i l e d m o d e l l i n g o f ca tchment sed iment dy­

namics . The dense r a i n - g a u g e network i n t he N a r r a t o r c a t c h ' 

ment was c o n s i d e r e d n e c e s s a r y i n o r d e r t o de te rm ine the ex­

t e n t to wh ich p r e c i p i t a t i o n v a r i e s s p a t i a l l y w i t h i n t he 

ca tchment , and a l s o t o p r o v i d e a s a f e g u a r d a g a i n s t ma l -

f u n c t i o n o r n o n - o p e r a t i o n o f one o r more of the gauges. The 

gauges a r e v u l n e r a b l e t o a d v e r s e weather c o n d i t i o n s . D u r i n g 
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P l a t e 3.1 R a i n gauge s i t e 1 (Head W e i r ) . A d j a c e n t t o the r a i n g a u g e 
i s the b u l k f a l l o u t c o l l e c t o r , comple te w i t h n y l o n mesh. 

P l a t e 3.2 R a i n gauge s i t e 4 (Ye l lowmead) w i t h fenced e n c l o s u r e . I n 
the background, benea th a t h i n c o v e r i n g o f snow, a r e Down 

Tor on the l e f t and Combeshead Tor on the r i g h t . 



w i n t e r months, a p ro longed p e r i o d o f r a i n d i l u t i n g t he 

a n t i f r e e z e i n the f l o a t chamber, i m m e d i a t e l y f o l l o w e d by 

f r e e z i n g t e m p e r a t u r e s , has t e m p o r a r i l y put r a i n - g a u g e s ou t 

o f a c t i o n on more than one o c c a s i o n . V a n d a l i s m by v i s i t o r s 

t o t he catchment a l s o p roved to be a prob lem. Fo r two o f 

the t o t a l o f 81 weeks o f o b s e r v a t i o n o n l y one r a i n gauge was 

o p e r a t i v e and i f t h e r e had been any l e s s t han a t o t a l o f 

f o u r gauges a b reak i n t he p r e c i p i t a t i o n r e c o r d c o u l d have 

been i n c u r r e d . 

Measurement o f r a i n f a l l i s s u b j e c t t o many d i v e r s e 

e r r o r s a r i s i n g l a r g e l y from s i t i n g and i n s t a l l a t i o n o f 

gauges so t h a t t h e r e may be a l a r g e d i s c r e p a n c y between 

gauge c a t c h and a c t u a l p r e c i p i t a t i o n (Rodda 1967, Ne f f 

1977 ) . D e s p i t e t h i s , even though t he degree o f e x p o s u r e 

v a r i e s c o n s i d e r a b l y a t t h e gauge s i t e s i n t he N a r r a t o r 

ca tchment , r e c o r d s f o r t he f o u r gauges d i s p l a y e d a marked 

degree o f c o n s i s t e n c y . T o t a l c a t c h f o r each o f t h e gauges 

f o r t h e p e r i o d o f o b s e r v a t i o n a s a whole d e v i a t e d by no 

more than 8.5% from the mean f o r the f o u r gauges ( t a b l e 

3 . 1 ) . A l a r g e p r o p o r t i o n o f t h i s v a r i a t i o n i s undoubted ly 

due t o measurement e r r o r s . These r e s u l t s s u g g e s t t h a t p r e ­

c i p i t a t i o n i n the N a r r a t o r ca tchment i s r e l a t i v e l y u n i f o r m 

and does not v a r y i n any s y s t e m a t i c .way w i t h a l t i t u d e , a l ­

though exposure d i f f e r e n c e s may be g i v i n g an u n d e r e s t i m a t e 

o f p r e c i p i t a t i o n a t up land s i t e s ( s i t e s 3 and 4 ) . From 

T a b l e 3.1 P r e c i p i t a t i o n r e c e i v e d a t f o u r gauges w i t h i n 
the N a r r a t o r ca tchment f o r t he p e r i o d 26/5/75 
to 13/12/76 (See f i g 3.1 f o r gauge l o c a t i o n s ) 

Gauge No. 1 2 3 4 Mean 

T o t a l c a t c h (mm) 1876 2070 1880 1801 1907 

P e r c e n t a g e d e v i a t i o n 

from mean 1.6 8.5 1.4 5.6 

Gauge a l t i t u d e ( m ) 220 271 328 294 
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t h e s e c o n s i d e r a t i o n s an a r e a l w e i g h t i n g method o f comput ing 

t o t a l ca tchment p r e c i p i t a t i o n i n p u t was not c o n s i d e r e d 

n e c e s s a r y and i n s t e a d a s i m p l e mean o f r e c o r d s a t t he f o u r 

s i t e s was adopted. Mean s torm p e r i o d i n t e n s i t i e s and o t h e r 

h y d r o m e t e o r o l o g i c a l p a r a m e t e r s were a l s o o b t a i n e d by a mean 

of the f ou r gauge r e c o r d s . 

3.1.2 Stream Gauging 

The main gaug ing s i t e , l o c a t e d a t t h e ca tchment e x i t , 

was equ ipped to mon i to r r u n o f f , t o g e t h e r w i t h y i e l d o f 

sed iment and s o l u t e s from t h e N a r r a t o r ca tchment a s a whole 

A l though geo logy and g r o s s c l i m a t e a r e r e l a t i v e l y u n i f o r m 

o v e r t h e N a r r a t o r ca tchment , t h e r e a r e t h r e e c o n t r a s t i n g 

v e g e t a t i o n / s o i l t y p e s p r e s e n t : c o n i f e r o u s f o r e s t / b r o w n 

e a r t h , g r a s s l a n d / b r o w n e a r t h and moor l and / s tagnopodso l . I n 

o r d e r to e v a l u a t e t he i n d i v i d u a l e f f e c t o f each of t h e s e 

upon ca tchment h y d r o l o g y , t he N a r r a t o r ca tchment was d i ­

v i d e d i n t o a s e r i e s o f t h r e e n e s t e d sub-ca tchments by e s ­

t a b l i s h i n g two a d d i t i o n a l a u t o g r a p h i c gaug ing s i t e s on the 

N a r r a t o r Brook a t i n t e r v a l s o f 900 m and 2 213 m ups t ream 

from t he ca tchment e x i t ( S t s 11 and 21 - f i g 3 . 1 ) . I t 

c o u l d not be e x p e c t e d t h a t sub-ca tchment d i v i d e s would c o ­

i n c i d e e x a c t l y w i t h v e g e t a t i o n and s o i l b o u n d a r i e s . T h i s 

r u l e s out the u n i t s o u r c e a r e a approach a d v o c a t e d by Doty 

& C a r t e r (1965) i n wh ich i n d i v i d u a l ca tchment a r e a s a r e 

chosen to be u n i f o r m i n te rms o f p h y s i c a l c h a r a c t e r i s t i c s 

i n o r d e r to f a c i l i t a t e i n t e r p r e t a t i o n o f i n t e r - c a t c h m e n t 

v a r i a t i o n s i n r u n o f f and sed iment y i e l d . However each 

sub-catchment o f t he N a r r a t o r Brook c o n t a i n s a d i f f e r i n g 

p r o p o r t i o n o f the t h r e e major v e g e t a t i o n / s o i l t y p e s 

i d e n t i f i e d i n the N a r r a t o r ca tchment and r e s u l t s can be 

i n t e r p r e t e d on t h i s b a s i s ( f i g 2.7, t a b l e 3 . 2 ) . T h i s 

approach i s f a c i l i t a t e d by t he s h a r p b o u n d a r i e s between 

v e g e t a t i o n and s o i l t y p e s i n t h e catchment and a l s o by 

t h e i r d i s t r i b u t i o n . They s u c c e e d each o t h e r from e a s t t o 

62 



T a b l e 3.2 P h y s i c a l c h a r a c t e r i s t i c s o f t h r e e n e s t e d sub-
ca tchmen ts o f the N a r r a t o r Brook. 

Catchment A r e a Above S t 21 S t 11 S t 1 

D r a i n a g e A r e a (Km' ) " 1 .56 3.67- 4.68 

MAJOR VEGETATION/SOIL TYPES 

M o o r l a n d / s t a g n o p o d s o l (%) 99.0 81.7 69.8 

G r a s s l a n d / b r o w n e a r t h (%) l .O 16.4 18.7 

C o n i f e r o u s f o r e s t / b r o w n e a r t h ( % ) 0 1 .9 11.5 

PHYSIOGRAPHY 

Mean A l t i t u d e (m) 388 350 334 

Mean S l o p e (°) 5.8 7.6 8.0 

D r a i n a g e D e n s i t y (m/Km') 89 150 206 

A s p e c t : Wes te rn q u a d r a n t (%) 82 67 52 

E a s t e r n q u a d r a n t (%) 10 8 7 

N o r t h e r n q u a d r a n t (%) 0 12 18 

S o u t h e r n q u a d r a n t (%) 8 13 23 

west down the a x i s o f t he ca tchment so t h a t the N a r r a t o r 

Brook p a s s e s th rough each i n t u r n . By p l a c i n g the two 

a d d i t i o n a l gaug ing s t a t i o n s as c l o s e a s c o n d i t i o n s a l l o w 

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

i o n / s o i l t y p e s w i t h t he s t ream, v a r i a t i o n i n t he p r o p o r ­

t i o n o f each among t h e sub-ca tchments i s max imised. 

I n a d d i t i o n ' t o v a r i a t i o n s i n the r e l a t i v e p r o p o r t i o n o f s o i l 

and v e g e t a t i o n types between sub -ca tchmen ts , t h e r e a r e a l s o 

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

p r e t a t i o n to some degree ( t a b l e 3 . 2 ) , 

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

s m a l l ca t chmen ts w i t h i n a c o n f i n e d a r e a i s t h a t hydrometeo-

r o l o g i c a l c o n d i t i o n s and catchment i n p u t s can be assumed t o 

be u n i f o r m and c o n s e q u e n t l y o u t p u t s from e a c h ca tchment can 

be d i r e c t l y compared even ove r s i n g l e f l o o d e v e n t s ( P a r s o n s 

e t a l 1964 ) . O r d i n a r i l y , compa r i sons can o n l y be made on 

the b a s i s o f mean a n n u a l o u t p u t s , o r e l s e by long term c a l i -
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b r a t i o n s o f o u t p u t s a g a i n s t , s e l e c t e d h y d r o m e t e o r o l o g i c a l 

v a r i a b l e s . Wi th t h i s sys tem o f n e s t e d sub-ca tchments any 

downstream changes i n r u n o f f , sed iment and s o l u t e y i e l d s 

r e c o r d e d a t the t h r e e gaug ing s i t e s a l o n g the N a r r a t o r 

Brook, may be r e f e r r e d d i r e c t l y t o v a r y i n g v e g e t a t i o n ^ s o i l 

and t o p o g r a p h i c c h a r a c t e r i s t i c s between sub -ca tchmen ts . 

Whi le the gaug ing s t a t i o n s were l o c a t e d a s c l o s e a s 

p o s s i b l e t o the i n t e r s e c t i o n o f v e g e t a t i o n and s o i l bound­

a r i e s w i t h t he s t r eam, the p r e c i s e l o c a t i o n s were governed 

by t he p r a c t i c a l r e q u i r e m e n t s o f s t r e a m gaug ing w i t h r e s p e c t 

to a v a i l a b i l i t y o f s u i t a b l e c h a n n e l s e c t i o n s . Channe l 

s e c t i o n s a t a l l t h r e e s i t e s a r e s t r a i g h t and f r e e from ob­

s t r u c t i o n s so t h a t v e l o c i t y d i s t r i b u t i o n s w i t h i n the s e c ­

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

t e r m i n a t i o n s by the a r e a - v e l o c i t y method. H y d r a u l i c geo­

metry a t t he chosen s e c t i o n i s such t h a t even a t t he l o w e s t 

f l o w s both dep th and v e l o c i t y a r e s u f f i c i e n t t o p e r m i t 

c u r r e n t meter measurements. At e a c h s i t e s h e e t s o f f i b r e 

g l a s s or mar ine plywood were e r e c t e d v e r t i c a l l y a g a i n s t t he 

s t ream banks t o c r e a t e f l u m e - l i k e s t r u c t u r e s ( p l a t e s 3.3 -

3 . 8 ) . T h i s s t a b i l i z e s t he c h a n n e l by p r e v e n t i n g bank 

e r o s i o n and a l s o m a i n t a i n s a r e c t a n g u l a r c r o s s - s e c t i o n 

th roughout t he range o f f l o w s . I n t h i s way t he s t a g e / d i s ­

cha rge r e l a t i o n o r r a t i n g c u r v e i s improved so t h a t p r e d i c ­

t i o n o f s t r e a m d i s c h a r g e from s t a g e r e c o r d s becomes more r e ­

l i a b l e . P r o v i d i n g c h a n n e l w id th r ema ins c o n s t a n t w i t h 

chang ing s t a g e ^ t h e r e l a t i o n between s t a g e and d i s c h a r g e i s 

l i n e a r when both a r e l o g - t r a n s f o r m e d and t h i s p e r m i t s t e n ­

t a t i v e e x t r a p o l a t i o n o f t he r e l a t i o n i n o r d e r t o e s t i m a t e 

f l o w s beyond the range o f f i e l d r a t i n g s ( L i n s l e y e t a l 1949) 

D e s p i t e r e g u l a r i z a t i o n o f t he c r o s s - s e c t i o n s , r a t i n g c u r v e s 

f o r t he t h r e e gaug ing s i t e s s t i l l d i s p l a y some degree o f 

s c a t t e r wh ich c o u l d be t he r e s u l t o f v a r y i n g s c o u r and f i l l 

on the s t r e a m bed, d i s p a r i t i e s i n wa te r s u r f a c e s l o p e and 

d i s c h a r g e f o r a g i v e n s t a g e between r i s i n g and f a l l i n g l i m b s 

o f the hydrograph, o r to t he chang ing c h a r a c t e r o f bed 

m a t e r i a l a f f e c t i n g c h a n n e l r oughness and s t r e a m v e l o c i t y 
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P l a t e 3.5 Gauging s i t e a t S t 11 ( v i e w ups t ream) 

P l a t e 3.6 R e c o r d i n g equipment a t S t 11, i n c l u d i n g O t t wa te r l e v e l 
r e c o r d e r and a u t o m a t i c vacuum o p e r a t e d s t r e a m samp le r . 
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P l a t e 3.7 Gauging s i t e a t S t 21 ( v i e w downstream) 

i 

P l a t e 3.8 R e c o r d i n g equipment a t S t 21 i n c l u d i n g p r e s s u r e bu lb t ype 
w a t e r l e v e l r e c o r d e r and a u t o m a t i c vacuum o p e r a t e d s t r e a m 
s a m p l e r . 
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( f i g 3 . 2 ) . The r e l a t i v e l y l a r g e s t a n d a r d e r r o r s o f t he 

r a t i n g r e g r e s s i o n s , 0.08, 0.09 and 0.11 l o g u n i t s f o r S t s 

1,11 and 21 r e s p e c t i v e l y , mean t h a t e s t i m a t i o n of t he 

h i g h e r f l o w s by e x t r a p o l a t i o n i s l i k e l y t o be s u b j e c t t o 

some degree o f e r r o r . The p r o p o r t i o n o f both t o t a l r u n o f f 

and t o t a l s o l u t e y i e l d p a s s i n g t h e gaug ing s i t e s a t d i s ­

c h a r g e s g r e a t e r t han the h i g h e s t f i e l d r a t i n g i s l e s s t h a n 

5% i n each c a s e so t h a t o v e r a l l t he e r r o r i n c u r r e d i n ex­

t r a p o l a t i o n i s not c o n s i d e r e d t o be s e r i o u s . Fo r sed imen t 

y i e l d however, t h i s p r o p o r t i o n app roaches 10%. T h i s s o u r c e 

of e r r o r c o u l d not be a v o i d e d and i m p a i r s t o some e x t e n t any 

compar i son o f sed iment y i e l d between sub -ca tchmen ts , p a r ­

t i c u l a r l y when d i f f e r e n c e s a r e s m a l l . Au tomat ic wa te r 

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

a t t he t h r e e gaug ing s t a t i o n s . At S t s 1 and 11 t he r e ­

c o r d e r s used a r e manu fac tu red by O t t . These a r e o f t he 

f l o a t and p u l l e y t ype recommended by t he U n i t e d S t a t e s Geo­

l o g i c a l Su rvey (Buchanan & Somers 1968 ) . At S t 21 a 

p r e s s u r e bu lb t ype r e c o r d e r manu fac tu red by N e g r e t t i and 

Zambra was employed. Wh i le t h i s r e c o r d e r i s cheape r t o 

p u r c h a s e and s i m p l e r t o i n s t a l l , i t p roved t roub lesome and 

u n r e l i a b l e r e s u l t i n g i n t he l o s s o f s e v e r a l weeks o f d a t a . 

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

s t a g e r e c o r d a t S t 21 was not a prob lem s i n c e s t a g e changes 

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

volumes f o r t h o s e f l o o d p e r i o d s a t S t 21 m i s s i n g f rom the 

s t a g e r e c o r d were o b t a i n e d by c a l i b r a t i o n w i t h r e c o r d s a t 

S t 11, 1 220 m downstream, based on t he p e r i o d ove r wh ich 

f l ow r e c o r d f o r both s i t e s were a v a i l a b l e ( f i g 3 . 3 ) . The 

r e l a t i o n between s torm r u n o f f volumes r e c o r d e d a t t he two 

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

the p r o x i m i t y o f t he two s t a t i o n s on t he same s t ream. The 

r a t i o o f s torm r u n o f f f o r the two s t a t i o n s i s not f i x e d 

but v a r i e s a c c o r d i n g t o chang ing s torm p e r i o d r a i n f a l l 

c h a r a c t e r i s t i c s . T h i s can be t r a c e d t o the d i f f e r i n g p r o ­

p o r t i o n s o f s t a g n o p o d s o l and brown e a r t h s o i l t y p e s i n t he 

sub-catchment a r e a s above S t s 11 and 21 and i s the s u b j e c t 
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F i g . 3 . 3 R e l a t i o n s between q u i c k f l o w r u n o f f a t S t . 11 

and q u i c k f l o w r u n o f f a t ' S t . 21 

f o r - f u r t h e r d i s c u s s i o n i n C h a p t e r 5. 

3.1.3 Stream Sampling Procedure 

I n o r d e r t o mon i to r the e x p o r t o f suspended sed imen t 

and d i s s o l v e d s o l i d s from the t h r e e sub-ca tchments o f t he 

N a r r a t o r Brook, r e c o r d s o f v a r i a t i o n s i n sed iment and 

s o l u t e c o n c e n t r a t i o n a t t he t h r e e gaug ing s i t e s a r e r e ­

q u i r e d i n a d d i t i o n t o f l o w r e c o r d s . F o r t h i s purpose r e ­

l i a n c e was p l a c e d on a scheme i n v o l v i n g s t r e a m wa te r samp­

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

a samp l i ng scheme i s c r i t i c a l and h i n g e s f i r s t l y upon 

whether d i s s o l v e d or suspended s o l i d s a r e b e i n g mon i to red , 

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

and t h i r d l y upon d i s t r i b u t i o n o f c o n c e n t r a t i o n s w i t h i n t h e 
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c h a n n e l c r o s s - s e c t i o n . Sampl ing programmes have to be 

t a i l o r - m a d e t o s u i t t he s i t u a t i o n and no g e n e r a l r e ­

commendations a r e p o s s i b l e (Guy 1 9 7 0 ) . The p r e s e n t r e ­

s e a r c h encompasses both d i s s o l v e d and suspended s o l i d s . 

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

v a r i a b l e than suspended s o l i d s and i s a l s o u n i f o r m l y d i s ­

t r i b u t e d i n t he c r o s s - s e c t i o n , t h u s impos ing fewer con ­

s t r a i n t s upon the d e s i g n o f a s a m p l i n g programme. Con­

s e q u e n t l y a samp l i ng programme d e s i g n e d f o r suspended s e d i ­

ment w i l l a u t o m a t i c a l l y accommodate a d i s s o l v e d s o l i d s 

samp l i ng programme. 

Be ing a s m a l l s t r e a m the N a r r a t o r Brook i s c h a r a c - . 

t e r i s t i c a l l y " f l a s h y " ; f l o o d p e r i o d s seldom l a s t more t h a n 

24 h o u r s . S i n c e suspended s o l i d s c o n c e n t r a t i o n a l w a y s 

r i s e s marked ly d u r i n g f l o o d e v e n t s , a l a r g e p r o p o r t i o n o f 

sed iment d i s c h a r g e d by s m a l l s t r e a m s ..may be t r a n s p o r t e d 

ove r v e r y b r i e f p e r i o d s ( P i e s t 1965, R a k o c z i 1977 ) . 

C r i s p (1966) r e p o r t s t h a t 95% of the a n n u a l sed iment y i e l d 

o f a s m a l l Penn ine ca tchment i s d i s c h a r g e d i n l e s s t han 5% 

o f the t ime . T h i s s i t u a t i o n demands a h i g h f r e q u e n c y o f 

samp l i ng p r e f e r e n t i a l l y c o n c e n t r a t e d ove r s h o r t f l o o d 

p e r i o d s the t i m i n g o f wh ich canno t be p r e d i c t e d i n advance . 

Fo r t h e N a r r a t o r ca tchment wh ich i s some d i s t a n c e from the 

c e n t r e of o p e r a t i o n s a t P lymouth, t h i s n e c e s s i t a t e d t he 

a d o p t i o n o f a scheme of a u t o m a t i c remote s a m p l i n g . F o r 

t h i s purpose a u t o m a t i c vacuum b o t t l e s a m p l e r s , wh ich o p e r a t e 

on a week ly c y c l e , were i n s t a l l e d a t each o f t he gaug ing 

s i t e s . The sample b o t t l e s a r e e v a c u a t e d on s i t e by a 

vacuum pump and a c l o c k w o r k t ime mechanism r e l e a s e s the 

vacuum from each i n t u r n a t p r e - s e t i n t e r v a l s so t h a t 

samples a r e drawn from the s t r e a m i n t o b o t t l e s by s u c t i o n . 

As w e l l a s the u n i t s b e i n g cheap t o buy t h e y a r e i ndependen t 

o f mains s u p p l y , r o b u s t and s i m p l e t o m a i n t a i n . Any minor 

m a l f u n c t i o n can be c o r r e c t e d on the spo t t h u s m i n i m i s i n g 

l o s s o f r e c o r d . Au tomat i c b o t t l e s a m p l e r s o f one k i n d o r 

a n o t h e r a r e s t a n d a r d equipment f o r wa te r q u a l i t y m o n i t o r i n g 

i n many r e s e a r c h ca t chmen ts (Witz igman 1962, Hanson 1966, 
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Doty 1970, W a l l i n g & Teed 1971, P a i n t e r 1976 ) . The b o t t l e 

s a m p l e r s i n the N a r r a t o r ca tchment were s e t t o d e l i v e r 

t h r e e samples d a i l y d u r i n g t he p e r i o d o f r e s e a r c h , one 

e v e r y e i g h t h o u r s . S i n c e the d u r a t i o n o f most f l o o d s i n 

the N a r r a t o r Brook i s l e s s t han 24 h o u r s , t h i s f r e q u e n c y 

of samp l i ng i s i nadequa te f o r d e f i n i n g sed iment c o n c e n t r a ­

t i o n v a r i a t i o n s ove r f l o o d e v e n t s i n s u f f i c i e n t d e t a i l t o 

o b t a i n a c c u r a t e e s t i m a t e s of t o t a l t r a n s p o r t f o r each e v e n t . 

F o r most s m a l l s t r eams sed iment t r a n s p o r t i s not d i s t r i ­

bu ted e v e n l y ove r f l o o d e v e n t s bu t i s c o n c e n t r a t e d i n t h e 

r i s i n g l imb o f the hydrograph, wh ich f o r t he N a r r a t o r Brook 

may be no more than f o u r o r f i v e hou rs i n d u r a t i o n even f o r 

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

on the r i s i n g l imb s h o u l d be g r e a t e r t han f o r the f a l l i n g 

l imb (Guy & Norman 1970 ) . To supplement the samp l i ng p r o ­

gramme a s e r i e s o f r i s i n g s t a g e s a m p l e r s were i n s t a l l e d a t 

each gaug ing s i t e . These were c o n s t r u c t e d from p l a s t i c 

c o n t a i n e r s and t u b i n g based on a d e s i g n recommended by t h e 

U n i t e d S t a t e s G e o l o g i c a l Su rvey (Guy & Norman 1970) ( f i g 

3.4, p l a t e 3 . 9 ) . Du r i ng the r i s i n g s t a g e o f a f l o o d , when 

the wa te r l e v e l r e a c h e s the crown o f t he i n t a k e tube , s t r e a m 

wate r i s s i phoned i n t o the c o n t a i n e r e x p e l l i n g a i r t h rough 

t he e x h a u s t t ube . When the l e v e l o f wa te r w i t h i n the con­

t a i n e r r e a c h e s the base o f the e x h a u s t tube s i p h o n i n g 

c e a s e s and the sample i s p r e s e r v e d uncon tamina ted u n t i l 

c o l l e c t i o n even though t he e x h a u s t tube may s u b s e q u e n t l y 

become submerged. The sample t h u s o b t a i n e d r e p r e s e n t s 

s t r e a m wa te r a t a s t a g e c o r r e s p o n d i n g to t h e crown o f t he 

i n t a k e tube , and s e v e r a l samples s e t a t d i f f e r e n t s t a g e s 

can be used t o d e f i n e c o n c e n t r a t i o n v a r i a t i o n s ove r t he 

r i s i n g s t a g e o f f l o o d s . 

From a c o m b i n a t i o n o f the two s a m p l i n g t e c h n i q u e s used 

a t the t h r e e gaug ing s t a t i o n s on t he N a r r a t o r Brook, a 

maximum of f i v e samples i s o b t a i n e d f o r the r i s i n g l imb o f 

f l o o d e v e n t s depending on peak s t a g e a t t a i n e d by the f l o o d , 

t o g e t h e r w i t h two or t h r e e samples d u r i n g f l o o d r e c e s s i o n 

wh ich a r e p r o v i d e d by the a u t o m a t i c b o t t l e s a m p l e r . T h i s 
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scheme proved adequate t o d e f i n e f l o o d c o n c e n t r a t i o n s i n 

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

t r a n s p o r t o f sed iment and s o l u t e s f o r i n d i v i d u a l f l o o d 

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

namics i n more d e t a i l , a h i g h f r e q u e n c y a u t o m a t i c b o t t l e 

sample r was i n s e r v i c e a t t he main gaug ing s i t e a t t he 

ca tchment e x i t i n a d d i t i o n t o the o t h e r s a m p l i n g equipment 

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

the o t h e r b o t t l e s a m p l e r s employed i n the catchment but 

the t i m i n g mechanism i s powered by e l e c t r i c i t y s u p p l i e d 

from a r e - c h a r g e a b l e b a t t e r y r a t h e r t han by c l o c k w o r k . I t 

i s f i t t e d w i t h a f l o a t s w i t c h t h a t can be s e t a t any d e s i r e d 

s t a g e and i s a c t i v a t e d when wa te r l e v e l i n t he s t ream 

r e a c h e s t he f l o a t . Once a c t i v a t e d , samples a r e drawn a t a 

r a t e o f one e v e r y h a l f hour . The marked ly a s y m m e t r i c a l 

form of hydrographs i n the N a r r a t o r Brook r e s u l t s i n f a r 

more samples on t he f a l l i n g l i m b o b t a i n e d i n t h i s way than 

73 



P l a t e 3.9 A r r a y of r i s i n g s t a g e s a m p l e r s a t main gauging s i t e . Below 
the l o w e s t samp le r I s a submerged c o n t a i n e r f o r c o l l e c t i n g 
suspended sed imen t . 

P l a t e 3.10 Manual s a m p l i n g s i t e a t S t 4 w i t h s t a f f gauge. 
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on the r i s i n g l imb where sed iment c o n c e n t r a t i o n v a r i a t i o n s 

a r e g r e a t e r . F o r t h i s r e a s o n a u t o m a t i c s a m p l e r s wh i ch 

a r e d e s i g n e d to sample a c c o r d i n g t o i n c r e m e n t s of c h a n g i n g 

s t a g e r a t h e r t han t ime i n t e r v a l s have proved more e f f e c t i v e 

f o r s m a l l s t r e a m s (Beverage & S k i n n e r 1968, C l a r i d g e 1 9 7 3 ) . 

I n a d d i t i o n t o a u t o m a t i c s a m p l i n g , manual samp les were 

a l s o c o l l e c t e d a t f o r t n i g h t l y i n t e r v a l s a t 30 samp l i ng 

s t a t i o n s a l o n g the N a r r a t o r Brook i n o r d e r t o a n a l y s e down­

s t r e a m v a r i a t i o n s i n b a s e f l o w sed iment and s o l u t e c o n c e n ­

t r a t i o n s ( f i g 2 . 9 ) . Each s t a t i o n i s equ ipped w i t h a s t a f f 

gauge wh ich i s r e a d a t the t ime o f samp l i ng ( p l a t e 3 . 1 0 ) . 

These samples were o b t a i n e d s i m p l y by d i p p i n g a wide necked 

p o l y t h e n e sample b o t t l e i n t o the s t r e a m . 

B a s e f l o w sed iment c o n c e n t r a t i o n s i n t he N a r r a t o r Brook 

a r e g e n e r a l l y below 1 mg/1. At t h e s e low c o n c e n t r a t i o n s 

r e s u l t s from a u t o m a t i c b o t t l e s a m p l e r s p roved u n r e l i a b l e 

due t o g r a d u a l a c c u m u l a t i o n o f sed iment p a r t i c l e s i n t h e 

o r i f i c e o f i n t a k e t u b e s . T h i s sed iment t hen becomes i n ­

c o r p o r a t e d i n s t r eam samples drawn, through the t u b e s when 

the samp le r i s a c t i v a t e d , r e s u l t i n g i n an o v e r - e s t i m a t e o f 

t r u e ambient s t r e a m c o n c e n t r a t i o n . At h i g h e r sed iment 

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

s o u r c e , i n r e l a t i v e t e r m s , i s minor . 

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

d i s t i n c t s a m p l i n g t e c h n i q u e s . 

1. Au tomat ic s a m p l e r s a t S t s 1, 11 and 21 s a m p l i n g a t 

8 h r i n t e r v a l s w i t h i n t a k e s e t a t a f i x e d l e v e l . 

2. Au tomat ic samp le r a t S t 1 s a m p l i n g a t i h r i n t e r v a l s 

o v e r f l o o d p e r i o d s w i t h i n t a k e a t a f i x e d l e v e l . 

3. R i s i n g s t a g e s a m p l e r s a t S t s i , 11 and 21 w i t h i n - , 

t a k e s a t v a r i o u s . l e v e l s . 

4. Manual samp l i ng a t 30 s i t e s d u r i n g b a s e f l o w a t f o r t ­

n i g h t l y i n t e r v a l s . 

I n v iew o f the i n c r e a s e i n c o n c e n t r a t i o n o f suspended 

sed iment w i t h depth i n many s t r e a m s the q u e s t i o n a r i s e s a s 
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to what e x t e n t sed iment c o n c e n t r a t i o n s d e r i v e d from t h e s e 

samp l i ng t e c h n i q u e s a r e comparab le and t o whaf e x t e n t each 

i s a r e f l e c t i o n o f a c t u a l mean c o n c e n t r a t i o n i n the s t r e a m 

s e c t i o n . Where suspended sed iment c o n c e n t r a t i o n s v a r y t o 

any degree i n the s t r e a m c r o s s - s e c t i o n a v e l o c i t y w e i g h t e d 

depth i n t e g r a t e d mean c o n c e n t r a t i o n i s r e q u i r e d b e f o r e r e ­

l i a b l e r a t e s o f sed iment t r a n s p o r t can be computed (A.S.C.E 

1969a, Guy & Norman 1 9 7 0 ) . None o f t h e f o u r samp l i ng 

t e c h n i q u e s adopted f o r t he p r e s e n t s tudy a r e depth i n t e ­

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

from contemporary s t r e a m v e l o c i t y . T h i s may g i v e r i s e t o 

u n r e p r e s e n t a t i v e samp les , p a r t i c u l a r l y where sand s i z e d 

p a r t i c l e s form an a p p r e c i a b l e p r o p o r t i o n o f t o t a l suspended 

sed iment (Guy & Norman 1 9 7 0 ) . Suspended sed iment s a m p l e r s 

deve loped by t he U n i t e d S t a t e s G e o l o g i c a l Su rvey a r e de­

s i g n e d t o overcome both t h e s e prob lems {Guy & Norman 1 9 7 0 ) . 

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

g e n e r a l l y i m p r a c t i c a l f o r s m a l l s t r e a m s where t empo ra l 

v a r i a b i l i t y o f sed iment t r a n s p o r t i s g r e a t . 

V a r y i n g c o n c e n t r a t i o n w i t h dep th i s more pronounced 

f o r t he l a r g e r sed iment p a r t i c l e s ; a c c o r d i n g t o a v a i l a b l e 

e v i d e n c e (Anderson 1942) p a r t i c l e s f i n e r t han 175 m i c r o n s 

appear t o be u n i f o r m l y d i s t r i b u t e d i n n a t u r a l s t r e a m c r o s s -

s e c t i o n s . More than 95% o f suspended sed iment t r a n s p o r t e d 

d u r i n g b a s e f l o w i n t he N a r r a t o r Brook i s f i n e r t han 175 

m i c r o n s . I n o r d e r to t e s t t he e f f i c i e n c y o f s a m p l i n g by 

d i p p i n g a b o t t l e i n t o t he s t ream, t e n d i p samples were 

c o l l e c t e d d u r i n g b a s e f l o w a t S t 4 t o g e t h e r w i t h t e n samp les 

o b t a i n e d u s i n g a USDH 48 depth i n t e g r a t i n g hand samp le r 

( p l a t e 3 .11 ) . A l l samp les were c o l l e c t e d w i t h i n a p e r i o d 

o f 30 m inu tes . A ' t * t e s t i n d i c a t e s t h a t t h e r e i s no 

d i f f e r e n c e between the two groups o f samples ( t a b l e 3 . 3 ) . 

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

R u s s i a n s t reams ( L i s i t s y n a & Bogolyubova 1 9 6 5 ) . D u r i n g 

s torm f l ow , sed iment c o n c e n t r a t i o n s i n the N a r r a t o r Brook 

i n c r e a s e and p a r t i c l e s l a r g e r t h a n 175 m ic rons form a 

l a r g e r p r o p o r t i o n o f suspended l o a d , a l t h o u g h t h i s p r o p o r -
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P l a t e 3.11 S t ream s a m p l i n g w i t h USDH 48 depth i n t e g r a t i n g hand s a m p l e r 

P l a t e 3.12 Bed load t r a p a t main gaug ing s i t e ( s t r e a m f l o w i s f rom r i g h t 
to l e f t ) . 



t i o n g e n e r a l l y r ema ins below 10%. Due t o the f l a s h y 

n a t u r e o f the s t ream, i n s u f f i c i e n t d a t a i s a v a i l a b l e from 

the N a r r a t o r Brook t o p e r m i t a c o m p a r a t i v e a n a l y s i s o f 

samp les c o l l e c t e d a u t o m a t i c a l l y w i t h samples o b t a i n e d from 

a manual dep th i n t e g r a t i n g s a m p l e r . P r e v i o u s s t u d i e s , how­

e v e r , have i n d i c a t e d t h a t p r o v i d i n g the p r o p o r t i o n o f p a r ­

t i c l e s i n s u s p e n s i o n l a r g e r t han 100 m i c r o n s i s below 10%, 

r e s u l t s from bo th a u t o m a t i c r i s i n g s t a g e s a m p l e r s and au to ­

m a t i c b o t t l e s a m p l e r s compare s a t i s f a c t o r i l y w i t h manual 

depth i n t e g r a t i n g s a m p l e r s (Dragoun & M i l l e r 1966, Handa 

e t a l 1966, Welborn 1969, W a l l i n g & Teed 1 9 7 1 ) . 

T a b l e 3.3 Compar ison o f suspended sed iment c o n c e n t r a t i o n s 
f o r dep th i n t e g r a t e d samp les w i t h samp les ob­
t a i n e d by d i p p i n g a b o t t l e i n t o t h e s t r e a m . ( A l l 
samples were c o l l e c t e d d u r i n g b a s e f l o w a t S t 11, 
N a r r a t o r Brook, 2/7/75, 11:00-11:30 am., i n t h e 
o r d e r i n d i c a t e d by t he r e f e r e n c e numbers. V a l u e s 
a r e i n mg/l). 

Depth I n t e g r a t e d Samples B o t t l e Dipped..Samples 

1 0.22 11 0.75 

2 0. 74 12 0.26 

3 0.57 13 0.66 

4 0.63 14 0.53 

5 0.71 15 0.54 

6 0.89 16 0.25 
7 0.91 17 0.65 

8 0.42 18 0.23 

9 0.54 19 0.28 

10 0.28 20 0.84 

Mean 0.59 0.55 

t = 0.40 (not s i g n i f i c a n t ) 
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P o s s i b l e i n a d e q u a c i e s i n the s a m p l i n g scheme d e s c r i b e d 

may have a d v e r s e l y a f f e c t e d the a c c u r a c y o f r e s u l t s , p a r ­

t i c u l a r l y i n the c a s e o f suspended sed imen t . I n e v i t a b l y , 

p o s s i b l e i n a c c u r a c i e s a c c r u e d from s a m p l i n g and o t h e r 

s o u r c e s impose some c o n s t r a i n t upon i n t e r p r e t a t i o n o f r e ­

s u l t s . I n the c a s e o f d i s s o l v e d s o l i d s , i n t e r p r e t a t i o n 

o f r e s u l t s i s no t c o n s t r a i n e d t o the same degree by l i m i t a ­

t i o n s i n samp l i ng t e c h n i q u e s . I n t u r b u l e n t s t r e a m s , s o l u t e 

c o n c e n t r a t i o n i s u n i f o r m th rough t h e c h a n n e l c r o s s - s e c t i o n 

and a sample drawn from any p a r t i s r e p r e s e n t a t i v e o f t h e 

whole ( G l o v e r & Johnson 1 9 7 4 ) . 

3.1.4 Bedload Measurements 

I n a d d i t i o n t o s t r e a m samp l i ng f o r suspended sed iment 

and s o l u t e s , t r a n s p o r t o f bed load was a l s o mon i to red a t t he 

main gaug ing s i t e . The p r i m a r y purpose o f t h i s was t o 

o b t a i n t o t a l ou tpu t o f sed iment from the N a r r a t o r ca tchment 

and to de te rm ine t he r e l a t i v e impor tance o f bed load t r a n s ­

p o r t i n compar i son to o t h e r forms o f f l u v i a l t r a n s p o r t . 

As a r e s u l t o f o b s e r v a t i o n a l d i f f i c u l t i e s ^ r e s e a r c h i n t o 

bed load t r a n s p o r t has l a g g e d beh ind suspended sed iment and 

s o l u t e s , and t h e r e i s a d e a r t h o f r e l i a b l e f i e l d measure­

ments ( P a i n t e r 1 976) . 

S e v e r a l methods have been e v o l v e d t o measure r a t e s o f 

bed load t r a n s p o r t . A r e c e n t development i s t h e use o f 

a c c o u s t i c d e v i c e s (Johnson & Muir 1969 , Anderson 1976) . 

More commonly bed load s a m p l e r s o f v a r y i n g d e s i g n s a r e em­

p l o y e d (Hubbe l l 1963 ) . These a r e l owered t o the s t r e a m 

bed a t t ime o f f l o o d t o c o l l e c t bed load sed iment i n t r a n s ­

p o r t . A l l bed load s a m p l e r s r e q u i r e manual o p e r a t i o n and 

s i n c e r a t e s o f bed ioad t r a n s p o r t a r e s u b j e c t t o v e r y r a p i d 

f l u c t u a t i o n s , e s t i m a t i n g l o n g te rm y i e l d s on the b a s i s o f 

f r e q u e n t samp l i ng i s seldom p r a c t i c a l , more e s p e c i a l l y i n 

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

no m a t t e r how w e l l t hey a r e d e s i g n e d , the p r e s e n c e o f t he 
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samp le r on t he s t r eam bed d i s t u r b s f l o w p a t t e r n s t o some 

degree d i v e r t i n g movement o f bed load away from the s a m p l e r 

o r i f i c e . None of the bed load s a m p l e r s examined by Novak 

(1957) i n f lume t e s t s a c h i e v e d more than 70% samp l i ng 

e f f i c i e n c y . 

An a l t e r n a t i v e method i s t o s i n k a permanent t r a p i n t o 

the s t r eam bed ( e . g . Lew in & B r i n d l e 1977, Gomez 1 9 7 9 ) . 

I n t h i s s i t u a t i o n , s i n c e t h e r e i s no p r o t r u s i o n above t h e 

s t r e a m bed, i n t e r f e r e n c e w i t h f l u i d dynamics and p a r t i c l e 

movement i s m i n i m i s e d and c o l l e c t i o n o f bed load i n t he 

t r a p app roaches 100% e f f i c i e n c y . However, one p o s s i b l e 

s o u r c e o f e r r o r i s remova l o f sed iment by s c o u r a f t e r i t 

has been d e t a i n e d i n t h e t r a p . Bed load m o n i t o r i n g by t h i s 

method i s a u t o m a t i c i n t h a t i t does not r e q u i r e t he 

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

e x c e p t i o n s ( e . g . L e o p o l d & Emmett 1976) t h i s method i s , 

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

s m a l l s t r e a m s . Norma l l y bed load t r a p s f u r n i s h o n l y t o t a l 

t r a n s p o r t o v e r t he p e r i o d s i n c e t he t r a p was l a s t empt ied 

w i t h no i n d i c a t i o n o f v a r i a t i o n s d u r i n g the p e r i o d . T h i s 

can become a d i s t i n c t drawback i n a t t e m p t s t o model b e d l o a d 

t r a n s p o r t dynamics . 

The bed load t r a p i n s t a l l e d i n the N a r r a t o r Brook was 

s p e c i f i c a l l y c o n s t r u c t e d f o r the purpose and c o n s i s t s o f 

t h r e e p a r t s ( f i g . 3 . 5 , p l a t e 3 . 1 2 ) . A r e c t a n g u l a r box o f 

mar ine plywood 15cm by 40cm was sunk i n t o the s t r eam bed 

and remained a permanent f i x t u r e . The l e a d i n g edge o f 

the box was f l u s h w i t h t he s t r eam bed. T h i s i s c r i t i c a l 

i f t he lower r a t e s o f bed load t r a n s p o r t a r e t o be d e t e c t e d . 

I n s i d e t he box was a l i n i n g o f s o f t v i n y l on a w i r e frame 

which c o u l d be removed t o r e c o v e r c o l l e c t e d bed load . A 

removable wooden frame i n the top p a r t o f t he box h e l d t he 

i n n e r l i n i n g i n p l a c e and p r e v e n t e d bed m a t e r i a l from en­

t e r i n g t he gap between o u t e r box and i n n e r l i n i n g . T h i s 

frame a l s o suppo r ted a r a i s e d s e c t i o n a t the downstream 

end o f the t r a p w i t h a supp lementa ry c o l l e c t i o n bag. T h i s 

r a i s e d s e c t i o n was d e s i g n e d t o t r a p s a l t a t i n g p a r t i c l e s 
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A Supptementary collecting bag 

B Inner lining (removable) 

C Inner frame (removablel 

0 Outer box (fixed) 

F i g . 3 . 5 Bed load t r a p a t S t . 1, N a r r a t o r Brook 

which might o t h e r w i s e have b y - p a s s e d the t r a p . A d d i t i o n ­

a l l y i t r e d u c e s t he p o s s i b i l i t y o f subsequen t remova l o f 

bed load from the t r a p by s c o u r . I t was hoped t h a t t h i s 

s t r u c t u r e would be f a r enough from the l e a d i n g edge o f t he 

t r a p t o a v o i d s e r i o u s d i s t u r b a n c e o f bed load movement i n 

t h i s v i c i n i t y . 

The w i d t h o f t he t r a p i s 15cm wh ich , a t i t s l o c a t i o n 

a t the main gaug ing s i t e on the N a r r a t o r Brook i s 1/14th 

of t he s t r e a m w i d t h . The o n l y two h y d r a u l i c f a c t o r s 

a f f e c t i n g bed load t r a n s p o r t wh ich v a r y t o any degree 

a c r o s s a c h a n n e l s e c t i o n a r e s t r e a m depth and s t r e a m 

v e l o c i t y (Colby 1961, S k i b i n s k i 1 9 6 8 ) . S i n c e both t h e s e 

f a c t o r s v a r y a c r o s s t he s t ream s e c t i o n a t t he main gaug ing 

s i t e , so too does bed load t r a n s p o r t . I f r e l i a b l e e s t i ­

mates o f t o t a l bed load t r a n s p o r t a r e t o be o b t a i n e d t he 

t r a p has t o be l o c a t e d where r a t e o f t r a n s p o r t i s l i k e l y 

to be r e p r e s e n t a t i v e of the c r o s s - s e c t i o n . The bed load 

t r a p was p o s i t i o n e d a t a p o i n t where dep th and v e l o c i t y 
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both approx imate mean v a l u e s f o r the c r o s s - s e c t i o n a s a 

whole. Here i t i s l i k e l y t h a t r a t e o f bed load t r a n s p o r t 

a l s o a p p r o x i m a t e s a mean v a l u e f o r c r o s s - s e c t i o n and t h u s 

m u l t i p l y i n g t r a p c a t c h by 14 y i e l d s a r e a s o n a b l e e s t i m a t e 

o f t he t o t a l bed load t r a n s p o r t t h rough the c r o s s - s e c t i o n . 

F o r a l i m i t e d t ime towards t he end o f the p e r i o d o f ob­

s e r v a t i o n , compar ison i s p o s s i b l e w i t h r e s u l t s from a bed-

l o a d t r a p i n s t a l l e d a s h o r t d i s t a n c e downstream and c o v e r ­

i n g the e n t i r e w id th o f the c h a n n e l (Gomez 1979 . f i g . 3.6) 

0-1 I'O 10 100 
(Catch of ^partial width' bedload trap - Kg ) x U 

F i g . 3 , 6 R e l a t i o n between c a t c h o f p a r t i a l w id th bed load 

t r a p and c a t c h o f f u l l w i d t h bed load t r a p , S t . 1, 

N a r r a t o r Brook (Da ta f o r f u l l w i d t h bed load t r a p 

i s from Gomez 19 79) 
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Al though the d a t a a r e s p a r s e a broad measure o f agreement 

i s a p p a r e n t . There a r e however, s h o r t term d i s p a r i t i e s 

i n r e c o r d e d bed load by t he two t r a p s wh ich may pe rhaps be 

a t t r i b u t e d t o chang ing l o c a t i o n o f the s t r e a m t h a l w e g o r 

chang ing c o m p o s i t i o n o f bed m a t e r i a l a c r o s s t he c h a n n e l . 

Whi le t h i s t o some degree a d v e r s e l y a f f e c t s t he e f f i c i e n c y 

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

dynamics o f bed load t r a n s p o r t , p r o v i d i n g t he t r a p i s c a r e ­

f u l l y p o s i t i o n e d t h e s e i r r e g u l a r i t i e s appear t o be a v e r a g e d 

ou t o v e r t ime so t h a t e s t i m a t e s o f long term t r a n s p o r t 

r a t e s by t h i s method a r e p r o b a b l y q u i t e sound. The t r a p 

was empt ied a t week ly i n t e r v a l s d u r i n g the p e r i o d o f r e ­

s e a r c h e x c e p t d u r i n g p e r i o d s w i t h l i t t l e r e c o r d e d change 

i n s t r eam s t a g e . D u r i n g t h e s e p e r i o d s t he t r a p was l e f t 

two o r more weeks b e f o r e r e c o v e r y o f c o l l e c t e d b e d l o a d . 

P e r i o d t r a p c a t c h e s were then summed t o o b t a i n t o t a l c a t c h ­

ment ou tpu t f o r compar i son w i t h o t h e r forms o f f l u v i a l 

t r a n s p o r t . One problem e n c o u n t e r e d i n bed load measurement 

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

o v e r t h r e e o r d e r s o f magni tude. D u r i n g a f o u r week p e r i o d 

i n A p r i l and May 1976 t o t a l bed load d i s c h a r g e o f t he 

N a r r a t o r Brook was l e s s t han 0.024 kg/m/week, w h i l e f o r 5 

o f t he 81 weeks o f o b s e r v a t i o n the bed load t r a p was com­

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

24 kg/m/week. On t h e s e o c c a s i o n s the e x t e n t t o wh ich t h e 

c a p a c i t y o f the bed load t r a p was exceeded i s u n c e r t a i n and 

a c t u a l d i s c h a r g e o f bed load f o r t h e s e t i m e s i n unknown. 

A f u r t h e r d i f f i c u l t y a r i s e s i n d i s t i n g u i s h i n g between 

bed load and suspended l o a d . On o c c a s i o n s , a s much a s 10% 

of the bed load c o l l e c t e d i n t he N a r r a t o r Brook was l e s s 

t han 300 m i c rons i n s i z e . D u r i n g h i g h e r f l o w s p a r t i c l e s 

l a r g e r than t h i s s i z e on. the s t ream bed become p a r t o f t h e 

suspended l o a d . There i s t h u s an o v e r l a p between the two 

forms of t r a n s p o r t and E i n s t e i n e t a l (1940) m a i n t a i n t h a t 

i n most s t r e a m s t h e d i s t i n c t i o n i s mere l y one between 

methods o f o b s e r v a t i o n . F o r t h e p r e s e n t r e s e a r c h a l l 

sed iment c o l l e c t e d i n the s t r e a m bed t r a p was r e g a r d e d a s 
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bed load and a l l sed iment e x t r a c t e d from s t r e a m wate r 

samples a s suspended sed imen t . 

3.2 L a b o r a t o r y methods 

3,2.1 Suspended Sediment 

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

d e t e r m i n a t i o n o f the sed iment c o n c e n t r a t i o n o f s t r eam 

samples wh ich a r e d e s c r i b e d i n A.S.C.E. (1969b) and Guy 

( 1 9 6 9 ) . C h o i c e o f method depends upon the range o f con ­

c e n t r a t i o n s t o be a n a l y s e d . F o r t he N a r r a t o r Brook where 

c o n c e n t r a t i o n s seldom e x c e e d ^00mg/l t h e most s u i t a b l e 

method i s vacuum f i l t r a t i o n . T h i s method i n v o l v e s p a s s ­

ing t he sample th rough a p re -we ighed f i l t e r ; m a i n t a i n i n g 

a vacuum w i t h i n a f l a s k below t h e f i l t e r h o u s i n g speeds 

r a t e o f f i l t r a t i o n . F i l t e r w i t h f i l t r a t e i s t hen d r i e d 

a t 105°C f o r a p e r i o d o f no t l e s s t han one hour and 

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

t e r m i n e t h e we igh t of. f i l t e r e d sed imen t . R e s u l t s a r e r e ­

p o r t e d i n mg/£ by making a d j u s t m e n t f o r the volume o f 

sample f i l t e r e d where t h i s i s no t a l i t r e . The volume o f 

sample wh ich s h o u l d be f i l t e r e d depends upon the e x p e c t e d 

c o n c e n t r a t i o n , the aim b e i n g f o r samples w i t h low concen ­

t r a t i o n t o maximize a s f a r a s p o s s i b l e t he amount o f s e d i ­

ment on t he f i l t e r i n o r d e r t o reduce w e i g h i n g e r r o r s . 

Gregory & W a l l i n g (1973) recommend t h a t sample volumes f o r 

f i l t r a t i o n s h o u l d be a t l e a s t around 250m£ t o 500ml. I n 

the p r e s e n t s t udy , f o r samples from both t he r i s i n g s t a g e 

s a m p l e r s and the s to rm p e r i o d a u t o m a t i c vacuum b o t t l e 

samp le r wh ich c o n t a i n the h i g h e s t c o n c e n t r a t i o n s , vo lumes 

f i l t e r e d v a r i e d between 250m£ and 350m£. Sample volumes 

from the t h r e e s t a n d a r d a u t o m a t i c vacuum b o t t l e s a m p l e r s 

were g r e a t e r , i n t he range o f 450m£ to 550m£, and f o r the 

hand samples t a k e n d u r i n g b a s e f l o w when c o n c e n t r a t i o n s a r e 

g e n e r a l l y below 1mg/£, volume f i l t e r e d was 6 50m£. The 
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pore s i z e o f f i l t e r used a f f e c t s the amount o f p a r t i c u l a t e 

m a t t e r r e t a i n e d and t h e r e f o r e i n f l u e n c e s computed sed imen t 

c o n c e n t r a t i o n s . The d i v i s i o n between p a r t i c u l a t e and 

d i s s o l v e d s o l i d s i s d i f f u s e . C o l l o i d s wh ich d i s p l a y 

p h y s i c a l c h a r a c t e r i s t i c s o f bo th p a r t i c u l a t e and d i s s o l v e d 

ma t t e r occupy a broad t r a n s i t i o n i n the s i z e range 0.5 

m i c rons t o 0.001 m i c r o n s . The f i l t e r pore s i z e s e l e c t e d 

f o r l a b o r a t o r y a n a l y s i s o f sed iment c o n c e n t r a t i o n i n t h e 

p r e s e n t s tudy i s 0.22 m i c rons recommended by Douglas (1971) . 

T h i s f a l l s i n the c e n t r a l p a r t o f the c o l l o i d a l s i z e range ; 

some c o l l o i d a l m a t e r i a l f i n e r t han 0.22 m i c r o n s t h u s p a s s e s 

th rough t he f i l t e r and i s not r e c o r d e d a s suspended s e d i ­

ment. D u r i n g f l o o d p e r i o d s i n t h e N a r r a t o r ' Brook t he -.'. 

s t r eam becomes d i s c o l o u r e d w i t h c o l l o i d a l humus and even 

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

q u e n t l y , a s w i t h bed load and suspended sed imen t , where t h e 

d i s t i n c t i o n depends upon methods o f f i e l d o b s e r v a t i o n , t h e 

d i s t i n c t i o n between suspended s o l i d s and d i s s o l v e d s o l i d s 

depends upon t h e method o f l a b o r a t o r y a n a l y s i s (Loughran 

1971) , F o r t he p r e s e n t s t u d y m a t e r i a l r e t a i n e d on t he 

0.22 m ic ron f i l t e r was r e g a r d e d as suspended s o l i d s and 

t h a t p a s s i n g th rough a s d i s s o l v e d s o l i d s . F i l t e r pore 

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

range , i s not c r i t i c a l s i n c e i n most s i t u a t i o n s g r a v i m e t r i c 

c o n c e n t r a t i o n s o f c o l l o i d s i s v e r y s m a l l i n compar i son t o 

both suspended sed iment and s o l u t e s . I n the h i g h e r 

r e a c h e s o f t he N a r r a t o r Brook c o l l o i d a l c o n c e n t r a t i o n s a r e 

h i g h even d u r i n g b a s e f l o w when c o n c e n t r a t i o n o f l a r g e r 

sed iment p a r t i c l e s i s v e r y low. I n t h i s s i t u a t i o n f i l t e r 

pore s i z e may s i g n i f i c a n t l y e f f e c t sed iment c o n c e n t r a t i o n 

d e t e r m i n a t i o n s . 

A l though f i l t r a t i o n i s t he most a c c u r a t e method f o r 

l a b o r a t o r y d e t e r m i n a t i o n o f sed iment c o n c e n t r a t i o n and 

t h e r e f o r e the most s u i t a b l e f o r c o n c e n t r a t i o n s i n t he 

range 1 t o 100mg/£, the method i s s u b j e c t t o e r r o r from 

s e v e r a l s o u r c e s (Douglas 1971, Loughran 1971 ) . Wi th 

s m a l l e r c o n c e n t r a t i o n s below 1mg/.£ t h e s e e r r o r s have 
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r e l a t i v e l y g r e a t e r impact r e n d e r i n g r e s u l t s d i f f i c u l t t o 

rep roduce (Loughran 1971 ) . Such low c o n c e n t r a t i o n s can 

o n l y be s u c c e s s f u l l y a n a l y s e d i n the l a b o r a t o r y w i t h 

sample volumes g r e a t e r t han h a l f a l i t r e and a l s o by ob­

s e r v i n g c e r t a i n p r e c a u t i o n s . The major s o u r c e o f e r r o r 

a r i s e s from a drop i n f i l t e r we igh t p a r t i c u l a r l y d u r i n g 

f i l t r a t i o n and oven d r y i n g . T h i s we igh t l o s s may be a 

r e s u l t o f d i s s o l u t i o n , d u r i n g f i l t r a t i o n , o f g l y c e r o l wh ich 

i s p r e s e n t i n s m a l l amounts i n a l l membrane f i l t e r s 

(Winneberger e t a l 1963 ) . A l t e r n a t i v e l y i t may be due t o 

p a r t i a l v o l a t i l i z a t i o n o f the f i l t e r d u r i n g oven d r y i n g o r 

e l s e l o s s o f f i l t e r paper f r agmen ts d u r i n g h a n d l i n g . 

These we igh t l o s s e s can be reduced f o r g l a s s f i b r e f i l t e r s 

by f i r s t s o a k i n g t he f i l t e r i n d i s t i l l e d wa te r and oven 

d r y i n g , b e f o r e commencing a n a l y s i s . E x p e r i m e n t s w i t h 

membrane f i l t e r s , however, show t h a t we igh t l o s s does not 

d e c r e a s e s u b s t a n t i a l l y even a f t e r s e v e r a l w e t t i n g and d r y ­

ing c y c l e s so t h a t t h i s p r e c a u t i o n i s i n e f f e c t i v e f o r mem­

brane f i l t e r s (Douglas 1 9 7 1 ) . F i l t e r we igh t may a l s o be 

i n f l u e n c e d by chang ing h u m i d i t y i n t he l a b o r a t o r y due t o 

a b s o r p t i o n o f wa te r vapour from the a tmosphere ; both f i l t e r 

and f i l t r a t e a r e h y g r o s c o p i c . A l l f i l t e r we igh t changes 

were compensated f o r by t he use o f t he c o n t r o l f i l t e r 

method used p r e v i o u s l y by Winneberger e t a l (1963) and 

Douglas ( 1 9 7 1 ) . The c o n t r o l f i l t e r undergoes e x a c t l y the 

same t r e a t m e n t a s the f i l t e r o r b a t c h o f f i l t e r s b e i n g used 

f o r a n a l y s i s o f s t r e a m sed iment c o n c e n t r a t i o n , e x c e p t t h a t 

an e q u i v a l e n t volume o f d i s t i l l e d wa te r i s p a s s e d th rough 

the c o n t r o l f i l t e r i n the p l a c e o f s t r e a m w a t e r . Any 

change i n we igh t e x p e r i e n c e d by the c o n t r o l f i l t e r i s 

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

b a t c h . 

Even a f t e r o t h e r p o s s i b l e s o u r c e s o f e r r o r have been 

t a c k l e d , sed iment c o n c e n t r a t i o n s d e t e r m i n e d by f i l t r a t i o n 

were s u b j e c t t o random we igh ing e r r o r s amounting to -

0.3mg/£. As a r e s u l t , a t c o n c e n t r a t i o n s below 1mg/£ wh ich 

i s u s u a l f o r the- N a r r a t o r Brook a t b a s e f l o w , r e p r o d u c i b i l i t y 
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i s poor . However a mean o f s e v e r a l , v a l u e s i r o n s ou t t he 

e r r o r s t o a l a r g e deg ree . L a b o r a t o r y de te rm ined sed imen t 

c o n c e n t r a t i o n s f o r two groups o f t e n samp les , drawn from 

a s i n g l e s i t e ove r a 30 minute p e r i o d d u r i n g s t e a d y b a s e -

f l ow , range from 0.22 to 0.91mg/l ( t a b l e 3 . 3 ) . Mean 

v a l u e s f o r the two g roups , however, a r e v e r y s i m i l a r . A t 

h i g h e r c o n c e n t r a t i o n s d u r i n g s to rm p e r i o d s e r r o r s i n c u r r e d 

i n t he f i l t r a t i o n method become i n s i g n i f i c a n t . Above 

^00mq/l f i l t r a t i o n i s u n s u i t a b l e - because the amount o f 

sed iment r e t a i n e d on t h e f i l t e r i s such t h a t t h e r e i s a 

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

i s an a p p r e c i a b l e p r o p o r t i o n o f c l a y and c o l l o i d a l s i z e d 

sed iment , r a t e o f f i l t r a t i o n i s s lowed t o such a deg ree 

t h a t s e v e r a l days may be r e q u i r e d t o f i l t e r a 250mZ sample . 

T h i s s i t u a t i o n i s u n s a t i s f a c t o r y i f a l a r g e number o f 

samples need t o be f i l t e r e d . 

An a l t e r n a t i v e method o f a n a l y s i s used i n t h i s s t u d y 

f o r c o n c e n t r a t i o n s i n e x c e s s o f lOOmg/^, i s e v a p o r a t i o n o f 

a measured volume of sample i n a p re -we ighed e v a p o r a t i o n 

d i s h as d e s c r i b e d i n A.S.C.E. 1969b. The d i s s o l v e d s o l i d s 

c o n t e n t o f t h e sample has t o be e s t i m a t e d and deduc ted 

from t h e w e i g h t o f r e s i d u e , and t h i s i n v a r i a b l y i n t r o d u c e s 

a measure o f i n a c c u r a c y i n t o t he method. Weighing t h e 

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

g e n e r a l l y i t s we igh t i s g r e a t l y exceeded by t he we igh t o f 

t h e . e v a p o r a t i n g d i s h i n wh ich i t i s lodged- A lower r a t i o 

o f the we igh t o f the r e c e p t a c l e t o t he i t em to be weighed 

i s d e s i r a b l e f o r more a c c u r a t e we igh t d e t e r m i n a t i o n . 

E r r o r s i n t h i s method were m i n i m i s e d i n the p r e s e n t s t u d y 

by f i r s t c e n t r i f u g i n g the sample, d e c a n t i n g t he s u p e r n a t e n t 

l i q u i d , and t r a n s f e r r i n g the s l u r r y to a s m a l l c r u c i b l e f o r 

e v a p o r a t i o n and w e i g h i n g . 

3.2.2 So7Mtes 

The t o t a l s o l u t e s c o n t e n t o f s t r eam samp les 

was de te rm ined i n d i r e c t l y from t h e i r s p e c i f i c e l e c t r i c a l 
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conduc tance ; v a l u e s a r e r e c o r d e d i n micromhos/cm r e p o r t e d 

to a s t a n d a r d t e m p e r a t u r e o f 25*^C. The c o n d u c t i v i t y o f 

wa te r i s a f u n c t i o n o f the c o n c e n t r a t i o n and p r o p o r t i o n a l 

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

and a l s o o f t he t e m p e r a t u r e o f the s o l u t i o n . At c o n s t a n t 

t e m p e r a t u r e , f o r a g i v e n adm ix tu re o f i o n s , s p e c i f i c con­

duc tance (S.C.) i s d i r e c t l y p r o p o r t i o n a l to t o t a l d i s s o l v e d 

s o l i d s ( T . D . S . ) . 

S.C. = K X T.D.S (3.1) 

The c o n s t a n t o f p r o p o r t i o n a l i t y (K) depends upon t h e 

r e l a t i v e p r o p o r t i o n o f i o n s p r e s e n t . F o r a pure s o l u t i o n 

o f sodium c h l o r i d e , wh ich i s t h e major d i s s o l v e d c o n s t i ­

t u e n t o f p r e c i p i t a t i o n , K i s 0,48, w h i l e f o r a pure s o l u ­

t i o n o f c a l c i u m b i c a r b o n a t e , the main c h e m i c a l p r o d u c t o f 

rock w e a t h e r i n g , i t i s 1.6 (Go l te rman & Clymo 1969) . F o r 

a l l n a t u r a l s t r eams K can v a r y between t h e s e two l i m i t s 

depending upon the r e l a t i v e c o n t r i b u t i o n t o s t r e a m s o l u t e s 

from p r e c i p i t a t i o n and r o c k w e a t h e r i n g , but u s u a l l y K l i e s 

i n the range o f 0.55 t o 0,90. K r e m a i n s c o n s t a n t f o r a 

p a r t i c u l a r s t r e a m a s l ong a s t he . r e l a t i v e p r o p o r t i o n o f 

d i s s o l v e d c o n s t i t u e n t s does not v a r y t o any l a r g e degree 

( P a r a s 1971 ) . The v a l u e o f K can be de te rm ined by r e ­

g r e s s i o n o f s p e c i f i c conduc tance w i t h measured t o t a l 

d i s s o l v e d s o l i d s f o r s e l e c t e d samp les , p r e f e r a b l y c o v e r i n g 

as wide a range i n c o n c e n t r a t i o n a s p o s s i b l e . T h i s was 

done f o r t he N a r r a t o r Brook a s shown i n f i g 3.7 w i t h t o t a l 

s o l u t e c o n c e n t r a t i o n s r a n g i n g from 26 t o 71mg/£ and con­

d u c t i v i t y from 49 t o 104 micromhos/cm. F o r c a l i b r a t i o n 

p u r p o s e s , t o t a l d i s s o l v e d s o l i d s was de te rm ined by evapo­

r a t i o n o f a measured volume of p r e f i l t e r e d sample. The 

g r e a t e r p a r t o f the s c a t t e r i n the c a l i b r a t i o n can be 

a t t r i b u t e d t o the l a r g e degree o f i n a c c u r a c y i n h e r e n t i n 

t he d e t e r m i n a t i o n o f t o t a l d i s s o l v e d s o l i d s by t he evapo­

r a t i o n method. S o u r c e s o f e r r o r i n c l u d e v o l a t i l i s a t i o n 

o f c e r t a i n s a l t s , r e t e n t i o n o f wa te r o f c r y s t a l l i s a t i o n . 
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and a b s o r p t i o n o f a t m o s p h e r i c wa te r vapour (Hem 1 9 7 0 ) . 

Some s c a t t e r i s a l s o due t o the p r e s e n c e o f d i s s o l v e d 

c o n s t i t u e n t s wh ich a r e no t e l e c t r i c a l l y c h a r g e d , T io tab l y 

s i l i c a . S i l i c a c o n t r i b u t e s to t o t a l d i s s o l v e d s o l i d s 

but has no e f f e c t upon t h e e l e c t r i c a l conduc tance o f t he 

s o l u t i o n (White e t a l 1 9 6 3 ) . 

The K v a l u e o f 0,77 f o r N a r r a t o r s t r eam wate r i s 

p r o b a b l y e q u a l l y a p p l i c a b l e t o a l l s t r eams d r a i n i n g t he 

Dartmoor G r a n i t e ; s i n c e l i t h o l o g y i s u n i f o r m the r e l a t i v e 

p r o p o r t i o n o f i o n s p r e s e n t i s u n l i k e l y t o a l t e r a p p r e c i a b l y 

from s t r e a m to s t r e a m . Other K v a l u e s i n B r i t a i n d e t e r ­

mined by the same p rocedu re i n c l u d e 0.65 f o r t he Exe R i v e r 

B a s i n ( W a l l i n g & Webb 1975) and 0.91 f o r a Mid-Wales c a t c h ­

ment ( C r y e r 1976 ) . The c a l i b r a t i o n f o r p r e c i p i t a t i o n o v e r 

the N a r r a t o r ca tchment , a l s o shown i n f i g 3.7, has a K 

v a l u e o f 0.56, wh ich i s r a t h e r lower than the 0.77 f o r 

N a r r a t o r s t r e a m w a t e r . T h i s r e f l e c t s t h e predominance o f 

sodium and c h l o r i d e i n p r e c i p i t a t i o n s o l u t e s . L e s s e r 

p r o p o r t i o n s o f magnesium, s u l p h a t e and o t h e r i o n s a r e 

r e s p o n s i b l e f o r p u s h i n g t he K v a l u e s l i g h t l y above t h a t o f 

0,48 f o r a pure s o l u t i o n o f sodium c h l o r i d e . The l a r g e r 

n e g a t i v e i n t e r c e p t f o r t he p r e c i p i t a t i o n c a l i b r a t i o n i n 

compar i son to t h a t f o r s t r eam wa te r may be a r e s u l t o f t he 

r e l a t i v e l y low pH o f p r e c i p i t a t i o n . P r e c i p i t a t i o n pH 

v a l u e s v a r y between 3,5 and 5.0 i n compar i son to the 

c o r r e s p o n d i n g l i m i t s f o r s t r e a m wate r o f 5.0 and 6.0. 

I o n i z e d hydrogen a f f e c t s c o n d u c t i v i t y but does not c o n t r i ­

bu te t o t he g r a v i m e t r i c c o n c e n t r a t i o n o f t o t a l d i s s o l v e d 

s o l i d s (Edwards e t a l 1 9 7 5 ) . 

A l though an i n d i r e c t method of d e t e r m i n i n g t o t a l 

d i s s o l v e d s o l i d s s p e c i f i c conduc tance has t he advan tage o f 

b e i n g both r a p i d and cheap so t h a t l a r g e numbers o f samp les 

can be a n a l y s e d . I t i s a l s o a v e r y s e n s i t i v e measure and 

r e s u l t s a r e r e p r o d u c i b l e to w i t h i n 1%. T h i s p e r m i t s de­

t a i l e d i n v e s t i g a t i o n s o f the s m a l l s p a t i a l and t empora l 

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

i n the N a r r a t o r ca tchment wh ich would not be p o s s i b l e 
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u s i n g t h e e v a p o r a t i o n method. 

T o t a l d i s s o l v e d s o l i d s can a l s o be o b t a i n e d by summa­

t i o n o f the major s o l u t e c o n s t i t u e n t s de te rm ined i n d i v i ­

d u a l l y . As w e l l a s b e i n g t ime consuming, by summation 

of i n d i v i d u a l c o n s t i t u e n t s , i n a c c u r a c i e s i n the d e t e r m i n a ­

t i o n o f each a r e compounded r e d u c i n g the s e n s i t i v i t y o f 

the method- However, i n f o r m a t i o n r e g a r d i n g t h e compos i ­

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

the major s o u r c e s o f s t r e a m s o l u t e s . I n d i v i d u a l d i s s o l v e d 

c o n s t i t u e n t s were a n a l y s e d f o r s e l e c t e d samples a c c o r d i n g 

t o s t a n d a r d methods i n c l u d i n g f lame photometry f o r sodium 

and p o t a s s i u m ; a tomic a b s o r p t i o n s p e c t r o p h o t o m e t r y f o r 

c a l c i u m , magnesium and i r o n ; s p e c i f i c i o n e l e c t r o d e f o r 

c h l o r i d e ; and a u t o - a n a l y s e r f o r s i l i c o n and n i t r a t e . As 

w i t h t o t a l d i s s o l v e d s o l i d s , c o n c e n t r a t i o n s o f major 

c o n s t i t u e n t s f o r s e l e c t e d samples may a l s o be c a l i b r a t e d 

a g a i n s t s p e c i f i c conduc tance ( S t e e l e 1976; f i g 3 . 8 ) . 

3.2.3 Bedload 

Bed load c o l l e c t e d i n t he N a r r a t o r Brook was f i r s t 

d r i e d and o r g a n i c m a t t e r removed b e f o r e w e i g h i n g . F o r 

the l a r g e r samp les , o v e r 0.5kg, o r g a n i c m a t t e r , l e a v e s 

and t w i g s , were removed by hand. F o r samples s m a l l e r 

than about 0.5kg, o r g a n i c m a t t e r was removed by h e a t i n g 

the sample to 500°C i n a f u r n a c e f o r a p e r i o d e x c e e d i n g 12 

hou rs as d e s c r i b e d i n B r i g g s ( 1 9 7 7 a ) . A f t e r w e i g h i n g , 

each sample was s u b j e c t e d to p a r t i c l e s i z e a n a l y s i s by t he 

d ry s i e v e method ( B r i g g s 1977b) . Mesh s i z e s employed f o r 

the p a r t i c l e s i z e d e t e r m i n a t i o n s o f bed load samp les , and 

a l s o samples o f bed m a t e r i a l c o l l e c t e d i n t he N a r r a t o r 

Brook, ranged from +40(0.075mm) t o -^0 (16mm) a t i n t e r v a l s 

of 10. 
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F i g , 3.8 C a l i b r a t i o n of sodium and c h l o r i d e 

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

conduc tance f o r p r e c i p i t a t i o n i n the 

N a r r a t o r ca tchment 

3,3 C o m p u t a t i o n a l methods 

3.3.1 Delimitation of Storm and Flood Events 

A c c o r d i n g to many wo rke rs ( C o l l i e r 1963, Guy 1964, 

Rendon-Herero 1974, W a l l i n g 1977) the f l o o d e v e n t i s t he 

most l o g i c a l u n i t a s the b a s i s f o r i n v e s t i g a t i o n o f t h e 

c o n t r o l s o f sed iment and s o l u t e dynamics . As a r e s u l t o f 

the v a r i a b l e l a g between chang ing 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 e x p e r i e n c e d a t t he ca tchment s u r f a c e and c o n c e n t r a ­

t i o n o f sed iment o r d i s s o l v e d s o l i d s o b s e r v e d i n the 
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s t ream, r e l a t i n g i n s t a n t a n e o u s c o n c e n t r a t i o n s to hyd ro -

m e t e o r o l o g i c a l f a c t o r s i s not f e a s i b l e . F low r e c o r d s from 

the N a r r a t o r ca tchment were s e p a r a t e d i n t o d i s c r e t e f l o o d 

e v e n t s and p r e c i p i t a t i o n r e c o r d s were s e p a r a t e d i n t o 

c o r r e s p o n d i n g s torm e v e n t s . Mean f l o o d p e r i o d s e d i ­

ment and s o l u t e c o n c e n t r a t i o n s were t hen s u b j e c t e d t o 

m u l t i v a r i a t e a n a l y s i s . Mean s torm p e r i o d p r e c i p i t a t i o n 

p a r a m e t e r s and mean f l o o d p e r i o d s t r e a m f l o w p a r a m e t e r s 

were i n c l u d e d i n the a n a l y s i s a s independen t v a r i a b l e s -

S t ream d i s c h a r g e r e c o r d s ove r t h e p e r i o d o f o b s e r v a t i o n 

were d i v i d e d i n t o q u i c k f l o w and b a s e f l o w by hydrograph 

s e p a r a t i o n emplpy ing t he method d e v i s e d by H i b b e r t & 

Cunningham (1967) and used by W a l l i n g ( 1 9 7 1 b ) . The method 

assumes a u n i f o r m i n c r e a s e i n b a s e f l o w d i s c h a r g e o f 0.55 

£/s/hr/km^ d u r i n g the f l o o d e v e n t ( f i g 3 . 9 ) . I t has the 
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advantage o f b e i n g o b j e c t i v e , p r e c i s e and t o t a l l y r e p r o ­

d u c i b l e - However, no g e n e t i c c o n n o t a t i o n s can be a t t a c h e d 

to q u i c k f l o w and b a s e f l o w s e p a r a t e d i n t h i s manner; no 

pathways can be i m p l i e d . A f l o o d e v e n t , f o r the purpose 

of t h i s r e s e a r c h , i s d e f i n e d as a r i s e i n s t ream s t a g e i n ­

v o l v i n g some q u i c k f l o w r u n o f f f o r a t l e a s t one o f . t h e 

t h r e e gaug ing s t a t i o n s a l o n g the N a r r a t o r Brook, and i s 

d i s t i n g u i s h e d from a subsequen t e v e n t by a r e t u r n to b a s e -

f l o w . Very s m a l l s t r e a m r i s e s wh ich do no t g e n e r a t e 

q u i c k f l o w do not q u a l i f y a s f l o o d e v e n t s and were not i n ­

c l u d e d i n subsequen t a n a l y s i s . Some e v e n t s a r e c o m p o s i t e 

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

b a s e f l o w . These a r e t r e a t e d a s a s i n g l e e v e n t . S e v e n t y -

one f l o o d e v e n t s t h u s d e f i n e d o c c u r r e d d u r i n g the p e r i o d 

o f o b s e r v a t i o n w i t h volumes o f q u i c k f l o w r u n o f f a t t h e main 

gauging s i t e a t t h e ca tchment e x i t r a n g i n g from 419 m̂  

(0.09mm ) to 87 316 m̂  (18.7mm.). 

D e l i m i t a t i o n o f i n d i v i d u a l p r e c i p i t a t i o n or s torm 

e v e n t s has to be s t a n d a r d i z e d i n o r d e r t o p r e s e r v e o b j e c ­

t i v i t y a s i n many c a s e s the p r e c i s e l i m i t s o f a s torm 

even t a r e no t c l e a r l y d e f i n e d . The most s u i t a b l e scheme 

depends on the n a t u r e o f t he ca tchmen t . F o r the p r e s e n t 

s t u d y a s to rm e v e n t i s d e f i n e d a s c o n s i s t i n g o f a t l e a s t 

10mm p r e c i p i t a t i o n and i s s e p a r a t e d from both p r e v i o u s and 

subsequen t s torm e v e n t s by a t l e a s t e i g h t hou rs w i t h o u t 

measurab le p r e c i p i t a t i o n . S i x t y - t h r e e such e v e n t s 

o c c u r r e d d u r i n g the p e r i o d o f o b s e r v a t i o n w i t h s torm p e r i o d 

p r e c i p i t a t i o n r a n g i n g from 10..0mm t o 78.8mm and t o g e t h e r 

amounting t o 75.7% of t o t a l p r e c i p i t a t i o n f o r the p e r i o d 

a s a whole. An e i g h t hour i n t e r v a l between s torm e v e n t s 

p roved the most s u i t a b l e compromise f o r match ing s to rm 

e v e n t s w i t h f l o o d e v e n t s i n the N a r r a t o r ca tchment . A 

s h o r t e r t ime i n t e r v a l and s e p a r a t e s to rm e v e n t s so d e s i g ­

na ted become merged i n t o a s i n g l e f l o o d e v e n t w h i l e a 

l o n g e r t ime i n t e r v a l r e s u l t s i n s i n g l e s to rm e v e n t s e n ­

compass ing more than one f l o o d e v e n t . V/ith an e i g h t hour 

i n t e r v a l t h e r e i s v e r y l i t t l e such o v e r l a p . Only t h r e e 
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of the 63 s torm e v e n t s i n c l u d e more than a s i n g l e f l o o d 

e v e n t , and o n l y two of. the 71 f l o o d e v e n t s a r e s p r e a d 

o v e r more than a s i n g l e s to rm e v e n t . S i m i l a r l y , a m i n i ­

mum r e q u i r e m e n t o f 10mm p r e c i p i t a t i o n f o r d e f i n i n g s to rm 

e v e n t s p r o v e s most s u i t a b l e f o r the N a r r a t o r ca tchment a l ­

though i n e v i t a b l y not a l l the s torm and f l o o d e v e n t s 

c o r r e s p o n d . Du r i ng the p e r i o d o f o b s e r v a t i o n , 11 o f t h e 

63 s to rm e v e n t s a r e unmatched by f l o o d e v e n t s w h i l e 21 o f 

the 71 f l o o d e v e n t s were g e n e r a t e d by non-s torm p r e c i p i t a ­

t i o n e v e n t s . The re a r e t h u s a t o t a l o f 82 e v e n t s wh i ch 

can be c l a s s e d a s e i t h e r f l o o d e v e n t s o r s to rm e v e n t s o r 

bo th . T h i s does not i n c l u d e two s m a l l f l o o d e v e n t s wh ich 

o c c u r r e d d u r i n g e a r l y F e b r u a r y 1976, each o f wh ich r e ­

s u l t e d from r a i n f a l l upon m e l t i n g snow. S i n c e t h e s e 

f l o o d s were s u p p l i e d i n p a r t by snow-melt, a s s o c i a t e d s e d i ­

ment and s o l u t e y i e l d s canno t be d i r e c t l y r e l a t e d t 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 . F o r t h i s r e a s o n t h e s e e v e n t s 

a r e not i n c l u d e d i n m u l t i v a r i a t e a n a l y s e s , but a r e t r e a t e d 

s e p a r a t e l y . 

3.3.2 Derivation of Variables 

V a r i a b l e s i n c l u d e d i n m u l t i v a r i a t e a n a l y s i s i n c l u d e , 

b e s i d e s sed iment and s o l u t e c o n c e n t r a t i o n s , h y d r o l o g i c a l 

and p r e c i p i t a t i o n p a r a m e t e r s t o g e t h e r w i t h i n d i c e s o f 

ca tchment we tness and s e a s o n a l i t y . A fundamenta l f e a t u r e 

o f a l l i n d i c e s and p a r a m e t e r s used i n t he p r e s e n t s t u d y 

i s s i m p l i c i t y and r e p r o d u c i b i l i t y . Gregory & W a l l i n g 

(1973) s t r e s s the need t o base i n d i c e s upon r e a d i l y a v a i l ­

a b l e d a t a so t h a t they can become s t a n d a r d i z e d t h u s 

f a c i l i t a t i n g compa r i sons between d i f f e r e n t s t u d i e s . Most 

have been employed i n p r e v i o u s s t u d i e s o f sed iment and 

s o l u t e dynamics , but some a r e new. The dependent con­

c e n t r a t i o n p a r a m e t e r s were d e r i v e d i n the f o l l o w i n g 

manner. From c o n c e n t r a t i o n o f s t r e a m samp les , t o g e t h e r 

w i t h s t r e a m d i s c h a r g e a t the t ime o f s a m p l i n g , mean d i s ­

c h a r g e we igh ted sed iment and s o l u t e c o n c e n t r a t i o n (C_p) 
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was computed f o r each o f the f l o o d e v e n t s ( e q u a t i o n 3.2) 

^^FP^ = ( C i Q i ) (3 .2 ) 

where ^^ppV i s mean f l o o d p e r i o d d i s c h a r g e we igh ted 

c o n c e n t r a t i o n {mq/Z] 

C i i s c o n c e n t r a t i o n o f i n d i v i d u a l s t r eam 

samples o b t a i n e d d u r i n g f l o o d p e r i o d (mg/£) 

Q i i s s t r e a m d i s c h a r g e a t the t ime of s a m p l i n g 

U/s) 

Q i s mean f l o o d p e r i o d d i s c h a r g e [l/s) 

As a r e s u l t o f the d i s s i m i l a r f r e q u e n c i e s o f samp l i ng 

adopted f o r the r i s i n g and f a l l i n g s t a g e s o f f l o o d e v e n t s 

i n the N a r r a t o r ca tchment ( s e e s e c t i o n 3.1.2) i t became 

n e c e s s a r y t o de te rm ine s e p a r a t e d i s c h a r g e we igh ted con­

c e n t r a t i o n s f o r r i s i n g and f a l l i n g s t a g e s b e f o r e combin ing 

t h e twa i n t o a s i n g l e v a l u e f o r t h e f l o o d e v e n t a s a who le . 

The d i s p a r i t y i n c o n c e n t r a t i o n s between r i s i n g and f a l l i n g 

s t a g e s v a r i e s a c c o r d i n g to h y d r 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 

and i s d i s c u s s e d f u r t h e r i n c h a p t e r 6. 

Guy ( 1 9 6 4 ) , W a l l i n g ( 1 9 7 1 a ) , Herb ( 1 9 7 6 ) , and 

o t h e r s r e l y on mean d i s c h a r g e we igh ted f l o o d p e r i o d con­

c e n t r a t i o n s a s dependent v a r i a b l e s i n m u l t i v a r i a t e a n a l y s i s . 

I n t h i s s tudy c a l c u l a t i o n s were c a r r i e d a s t a g e f u r t h e r by 

o b t a i n i n g mean c o n c e n t r a t i o n o f q u i c k f l o w ( e q u a t i o n 3 . 3 ) . 

Q u i c k f l o w c o n c e n t r a t i o n s a r e more u s e f u l f o r i n v e s t i ­

g a t i n g the c o n t r o l s o f f l o o d p e r i o d sed iment and s o l u t e 

dynamics than f l o o d p e r i o d c o n c e n t r a t i o n s s i n c e they a r e 

l i k e l y t o be more s e n s i t i v e to changes i n h y d r 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 . T h i s i s because b a s e f l o w d i s c h a r g e d u r i n g 

f l o o d p e r i o d s , a s d e t e r m i n e d by t h e method o f H i b b e r t & 

Cunningham (1967) d e s c r i b e d i n s e c t i o n 3.3.1, i s u n a f f e c t e d 

by s torm p e r i o d h y d r 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 . Even 

though b a s e f l o w sed iment and s o l u t e c o n c e n t r a t i o n s i n the 

N a r r a t o r Brook a r e r e l a t i v e l y u n i f o r m o v e r t ime , the chang­

i n g p r o p o r t i o n of b a s e f l o w t o t o t a l f l o w f o r d i f f e r e n t f l o o d 
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where 

(3.3) 

QQF 

=QF i s mean d i s c h a r g e we igh ted c o n c e n t r a t i o n =QF 
of q u i c k f l o w ; 

S F i s b a s e f l o w c o n c e n t r a t i o n ; 

S P i s mean d i s c h a r g e we igh ted f l o o d p e r i o d 

c o n c e n t r a t i o n ( f rom Eq 3.2) 

QQF i s q u i c k f l o w r u n o f f ; 

QBF i s b a s e f l o w r u n o f f ; 

Qpp i s t o t a l f l o o d p e r i o d r u n o f f . 

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

c o m p l i c a t i n g m u l t i v a r i a t e a n a l y s i s . On ly t h o s e e v e n t s , 

numbering 37 i n a l l , f o r wh ich q u i c k f l o w amounted t o a t 

l e a s t 20% of t o t a l f l o w were i n c l u d e d i n m u l t i v a r i a t e 

a n a l y s i s . T h i s r e s t r i c t i o n was imposed because i n c a s e s 

when q u i c k f l o w i s a v e r y s m a l l p r o p o r t i o n o f t o t a l f l o w , 

s m a l l i n a c c u r a c i e s i n the d e t e r m i n a t i o n o f mean storm p e r i o d 

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

t o r y a n a l y s i s , become g r e a t l y m a g n i f i e d when c o n v e r t e d t o 

q u i c k f l o w c o n c e n t r a t i o n s . 

I n o r d e r to o b t a i n t o t a l y i e l d o f suspended sed iment and 

d i s s o l v e d s o l i d s f o r the p e r i o d o f o b s e r v a t i o n a s a whole, 

mean d i s c h a r g e we igh ted q u i c k f l o w c o n c e n t r a t i o n s were mul­

t i p l i e d by q u i c k f l o w r u n o f f t o g i v e q u i c k f l o w y i e l d o f s e d i ­

ment and s o l u t e s f o r each e v e n t . These were then summed 

and added to the b a s e f l o w y i e l d o f sed iment and s o l u t e s f o r 

the p e r i o d o f o b s e r v a t i o n ( t a b l e 3 , 4 ) . B a s e f l o w y i e l d s 

were o b t a i n e d by m u l t i p l y i n g mean b a s e f l o w c o n c e n t r a t i o n s 

by b a s e f l o w r u n o f f . Mean b a s e f l o w c o n c e n t r a t i o n a t t he 

t h r e e gaug ing s i t e s were d e t e r m i n e d on t h e b a s i s o f 27 

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

v a t i o n ( t a b l e 3 . 4 ) . Fo r m u l t i v a r i a t e a n a l y s i s c o n c e n t r a t i o n 

i s p r e f e r a b l e t o y i e l d s i n c e i t i s a more independent measure . 

Y i e l d o f sed imen t and s o l u t e s i s a p r o d u c t o f bo th c o n c e n t r a -
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T a b l e 3.4 The b a s e f l o w component o f o u t p u t s from t h r e e 
sub-ca tchments o f t h e N a r r a t o r Brook, 26/5/75 
to 13/12/76. 

Gauging S t a t i o n 

Mean b a s e f l o w suspended sed imen t 

c o n c e n t r a t i o n { m q / l ) 

Mean b a s e f l o w s p e c i f i c c o n d u c t a n c e 
(pmhos/cm) 

Mean b a s e f l o w c o n c e n t r a t i o n o f t o t a l 
d i s s o l v e d s o l i d s (mg/t)* 

B a s e f l o w r u n o f f (m^ .10^) 

B a s e f l o w suspended sed imen t y i e l d ( t ) 

B a s e f l o w y i e l d o f t o t a l d i s s o l v e d 

s o l i d s Ct) 

1 11 21 

0.65 0.54 0,37 

55.5 50.5 47.5 

41.6 37.9 35.6 

5 385 4 884 1 790 

3.50 2.64 0.66 

87.2 83.3 77.8 

* O b t a i n e d by r e f e r e n c e t o f i g 3.7 

t i o n and s t ream d i s c h a r g e , and t h i s r e n d e r s i n t e r p r e t a t i o n o f 

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

v a r i a b l e s more d i f f i c u l t (Guy 1 9 6 4 ) . 

The independen t v a r i a b l e s i n c l u d e d i n m u l t i v a r i a t e 

a n a l y s e s a r e l i s t e d i n t a b l e 3,5. Peak d i s c h a r g e and mean 

d i s c h a r g e a r e used t o r e p r e s e n t t h e t r a n s p o r t i n g power 

o f the s t ream d u r i n g the f l o o d e v e n t . Q u i c k f l o w r u n o f f and 

i n t e n s i t y o f f l o o d r i s e a r e u s e f u l i n d i c e s wh ich r e l a t e t o 

ca tchment c o n d i t i o n and s o u r c e s o f s torm r u n o f f i n t h e 

ca tchmen t . When the ca tchment i s wet and o v e r l a n d f l o w 

becomes i m p o r t a n t , a l a r g e volume o f q u i c k f l o w r u n o f f can be 

e x p e c t e d , combined w i t h a s t e e p f l o o d r i s e . F o l l o v / i n g 

B o b r o v i t s k a y a (1967) and W a l l i n g (1971a) i n t e n s i t y o f f l o o d 

r i s e i s c a l c u l a t e d a s the d i f f e r e n c e between peak d i s c h a r g e 

and p r e c e e d i n g b a s e f l o w d i s c h a r g e d i v i d e d by the t ime o f 

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

t a t i o n i n t e n s i t y , ca tchment we tness and s e a s o n i n f l u e n c e 

r u n o f f g e n e r a t i o n on catchment s l o p e s and t h e s u p p l y o f 

both sed iment and s o l u t e s t o t he s t ream c h a n n e l . T o t a l 
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T a b l e 3.5 Independent v a r i a b l e s i n c l u d e d i n m u l t i v a r i a t e 
a n a l y s i s o f sed iment and s o l u t e dynamics i n t h e 
N a r r a t o r Brook. 

V a r i a b l e 

Peak d i s c h a r g e 

Mean f l o o d p e r i o d 
d i s c h a r g e 

F l o o d p e r i o d q u i c k -
f l o w r u n o f f 

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

I n t e n s i t y o f f l o o d 
r i s e 

T o t a l s to rm p e r i o d 
p r e c i p i t a t i o n 

Mean s to rm p e r i o d 
p r e c i p i t a t i o n i n ­
t e n s i t y 

Maximum two-hour 
p r e c i p i t a t i o n 

A n t e c e d e n t p r e ­
c i p i t a t i o n ( A . P o l 

S e a s o n a l i n d e x 

i Guy 1964 

4 F o s t e r 1978b 

Remge o f v a r i a ­
t i o n - E n c o u n t e r e d 
D u r i n g P e r i o d o f 

U n i t s O b s e r v a t i o n 

^ / s 68-2146 

Z/s 60-776 

0-87316 

£/s 52-376 

£/s/hr 1.2-405.0 

mm 3.S-78.8 

mm/hr 0.3-9.9 

mm 1,8-35,5 

30 
) mm 0-59.9 

0-1.0 

2 W a l l i n g 1974b 

5 W a l l i n g 1971a 

P r e v i o u s l y Employed 
i n M u l t i v a r i a t e 

S t u d i e s o f S t ream 
Sed iment and S o l u t e 

Dynamics 
1. 2. 3, 4 

2, 

6, 

2, 

3, 6 

7 B o b r o v i t s k a y a 1967 8 Sp raggs 1976 

8 

9 

3 Herb 1976 

6 W a l l i n g & Teed 1971 

9 C r y e r 1976 

p r e c i p i t a t i o n and p r e c i p i t a t i o n i n t e n s i t y de te rm ine t he 

k i n e t i c ene rgy o f p r e c i p i t a t i o n . R a i n f a l l ene rgy i s 

commonly used to model both s o i l l o s s and sed iment y i e l d 

(e .g . Wischmeie r & Smi th 1858, Dragoun 1 9 6 2 ) . However, 

r a i n f a l l energy i n t h e s e s t u d i e s i s computed s o l e l y from 

r a i n f a l l depth p a r a m e t e r s (Hudson 1971 ) . T e s t s by E l w e l l 

& S t o c k i n g (1974) r e v e a l t h a t dep th p a r a m e t e r s a r e a s 

e q u a l l y e f f e c t i v e a s energy p a r a m e t e r s i n m o d e l l i n g s o i l 
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l o s s , and a r e t o be p r e f e r r e d s i n c e they a r e more conven­

i e n t . 

Mean s torm p e r i o d p r e c i p i t a t i o n i n t e n s i t y and maximum 

two hour p r e c i p i t a t i o n a r e both measures o f p r e c i p i t a t i o n 

i n t e n s i t y . Mean p r e c i p i t a t i o n i n t e n s i t y i s computed by 

d i v i d i n g the t o t a l p r e c i p i t a t i o n o f a s torm even t by i t s 

d u r a t i o n . When a s torm e v e n t i n c l u d e s two o r more e p i ­

sodes o f p r e c i p i t a t i o n s e p a r a t e d by d ry p e r i o d s wh ich may 

be up t o e i g h t hou rs i n d u r a t i o n , mean i n t e n s i t y can be­

come u n r e p r e s e n t a t i v e . Maximum s h o r t p e r i o d i n t e n s i t i e s 

a r e more s e n s i t i v e . S h o r t e r p e r i o d i n t e n s i t i e s t han t he 

two hour p e r i o d used i n the p r e s e n t s tudy would p r o b a b l y 

p rove more e f f e c t i v e . W ischme ie r and co -wo rke rs employ 

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

r a t e s o f s o i l e r o s i o n and s t r e a m sed iment t r a n s p o r t 

(Wischmeier e t a l 1957, Wischme ie r & Smi th 1962, Wischme ie r 

1977) and maximum 5 minute i n t e n s i t y i s used by F o u r n i e r 

(1972) f o r t he same pu rpose . U n f o r t u n a t e l y t he a u t o ­

g r a p h i c p r e c i p i t a t i o n gauges employ-ed i n the N a r r a t o r 

ca tchment , wh ich o p e r a t e on a week ly c y c l e , do not s u p p l y 

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

s h o r t e r p e r i o d i n t e n s i t i e s t han two h o u r s , w i t h i n a c c e p t ­

a b l e l i m i t s o f a c c u r a c y . 

B a s e f l o w d i s c h a r g e and a n t e c e d e n t p r e c i p i t a t i o n a r e a l l 

measures o f ca tchment w e t n e s s . B a s e f l o w d i s c h a r g e p r e -

c e e d i n g a f l o o d e v e n t has been used by Guy ( 1 9 6 4 ) , W a l l i n g 

(1971a) and o t h e r s f o r t h i s pu rpose . I n the N a r r a t o r 

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

f l u c t u a t i o n s i n we tness o f t he ca tchment s u r f a c e . Up t o 

10mm o f _ . l i g h t r a i n can f a l l i n the I J a r r a t o r ca tchment 

w i t h o u t any measu reab le e f f e c t upon s t r e a m f l o w . F o r t h i s 

r e a s o n a n t e c e d e n t p r e c i p i t a t i o n i s l i k e l y to be a more 

e f f e c t i v e index o f ca tchment w e t n e s s . The 30 day decay 

index , AP I ^^ , f i r s t d e v i s e d by Osborn & Lane ( 1 9 6 9 ) , has 

p r e v i o u s l y been used a s a measure o f ca tchment we tness by 

Weyman ( 1 9 7 4 ) , and Spraggs ( 1 9 7 6 ) . 
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API 30 
•1 Z i 

^30^ 
(3.4) 

where P i i s the p r e c i p i t a t i o n on t he Nth day p r e c e e d i n g 

t he s to rm e v e n t . 

T h i s index p r e f e r e n t i a l l y w e i g h t s p r e c i p i t a t i o n f o r d a y s 

c l o s e r t o t h e s to rm e v e n t . 

The s e a s o n a l i ndex i s t h a t used p r e v i o u s l y by C r y e r 

(1976) and computed from: 

D - 183 (= 0 t o 1.0, r e g a r d l e s s o f 

s i g n ) (3 .5 ) 

where D i s the number o f days s i n c e t h e p r e c e e d i n g 1 s t - o f 

J a n u a r y . T h i s i ndex c o r r e s p o n d s c l o s e l y w i t h s e a s o n a l 

f l u c t u a t i o n s i n e v a p o t r a n s p i r a t i o n r a t e s i n the ca tchment , 

f o r wh ich i t may be c o n v e n i e n t l y r e g a r d e d a s a s u r r o g a t e 

( f i g 3 . 1 0 ) . E v a p o t r a n s p i r a t i o n p a r t l y c o n t r o l s ca tchment 

w e t n e s s , wh ich i n t u r n i n f l u e n c e s t h e a v a i l a b i l i t y o f s e d i ­

ment on catchment s l o p e s . D e t a i l e d r e c o r d s o f e v a p o t r a n s ­

p i r a t i o n f o r t h e N a r r a t o r ca t chmen t , however, were u n a v a i l ­

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

F i g 

— Seosonoi inden 
Potential evopotranspiratior 

0-7 w 

J J A S O N O j j F M A M J J 

\975 ' ^ 

R e l a t i o n between s e a s o n a l i n d e x and e s t i m a t e d 

p o t e n t i a l e v a p o t r a n s p i r a t i o n i n t he N a r r a t o r 

ca tchment f o r t he p e r i o d May 1975 t o Dec. 1976 

( T o t a l monthly p o t e n t i a l e v a p o t r a n s p i r a t i o n i n 

the N a r r a t o r ca tchment , mean a l t i t u d e 334m above 

0.0., i s e s t i m a t e d from a mean o f d a t a a t Plymouth 

20m above O.D., and P r i n c e t o w n , 6 20m above O.D.) 
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3.3,3 Multivariate Analysis 

M u l t i p l e r e g r e s s i o n i s w i t h o u t doubt the most p o p u l a r 

m u l t i v a r i a t e t e c h n i q u e i n the a n a l y s i s o f t empora l v a r i a ­

t i o n s i n s t r e a m sed iment and s o l u t e t r a n s p o r t ( e . g . Guy 1964, 

W a l l i n g 1971a, W a l l i n g & Teed 1971, Herb 1976,"7'. 
Wood 1977, F o s t e r 1978b) . A major prob lem f a c i n g such 

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

i s de te rm ined by h y d r 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 / a h i g h de­

g r e e o f i n t e r c o r r e l a t i o n between the independent hyd ro -

l o g i c a l and h y d r o m e t e o r o l o g i c a l v a r i a b l e s i s o n l y t o be ex ­

p e c t e d . One o f the two p r i n c i p l e u s e s f o r m u l t i p l e r e ­

g r e s s i o n i s f o r p r e d i c t i o n . A g o a l o f the p r e s e n t r e s e a r c h 

i s to e s t a b l i s h p r e d i c t i v e e q u a t i o n s by m u l t i p l e r e g r e s s i o n 

whereby s h o r t te rm f l u v i a l t r a n s p o r t r e c o r d s may be ex tended 

by r e f e r e n c e t o long term h y d r o l o g i c a l and h y d r o m e t e o r o l o g i -

c a l r e c o r d s . M u l t i c o l l i n e a r i t y does not a f f e c t t he p r e ­

d i c t i v e use o f m u l t i p l e r e g r e s s i o n . I t does, however, 

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

r e s p e c t to deduc ing the u n d e r l y i n g p r o c e s s e s and mechanisms. 

M u l t i p l e r e g r e s s i o n i n f l u v i a l t r a n s p o r t s t u d i e s i s more 

commonly used f o r t h i s purpose t h a n f o r p r e d i c t i o n . 

I n o r d e r to make any m e a n i n g f u l i n f e r e n c e s from m u l t i p l e 

r e g r e s s i o n i t i s n e c e s s a r y t o i s o l a t e t he t r u l y i ndependen t 

c o n t r o l s . F o r t h i s r e a s o n , Imeson (1969) a d v o c a t e s t he 

use o f p r i n c i p l e component a n a l y s i s . A major drawback o f 

p r i n c i p l e component a n a l y s i s i s t h a t i t i s not a p r e d i c t i v e 

t o o l . 

I n t he p r e s e n t s tudy t he t r u l y i ndependent c o n t r o l s were 

i s o l a t e d from m u l t i p l e r e g r e s s i o n a n a l y s i s by u s i n g a 

" f o rwa rd e l i m i n a t i o n t e c h n i q u e " d e s c r i b e d by Mather ( 1 9 7 6 ) . 

The f i r s t s t e p i s to s e l e c t among the l i s t o f i ndependen t 

v a r i a b l e s the one h a v i n g t he h i g h e s t s i g n i f i c a n t c o r r e l a t i o n 

w i t h the dependent v a r i a b l e and e n t e r i t i n the r e g r e s s i o n . 

The r e m a i n i n g v a r i a b l e s a r e then t e s t e d by means o f a p a r ­

t i a l F - t e s t , t o see wh ich adds most s i g n i f i c a n t l y to the 

r e g r e s s i o n . T h i s p rocedu re i s c o n t i n u e d u n t i l none of the 
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r e m a i n i n g v a r i a b l e s add s i g n i f i c a n t l y to the m u l t i p l e r e ­

g r e s s i o n a t the 0.01 l e v e l . I t can then be c o n c l u d e d t h a t 

any v a r i a b l e wh ich f a i l s t o c o n t r i b u t e s i g n i f i c a n t l y t o t h e 

r e g r e s s i o n has no s i g n i f i c a n t i ndependent e f f e c t upon t he 

dependent v a r i a b l e . The 0.01 l e v e l o f s i g n i f i c a n c e i s 

adopted a s the miminum a c c e p t a b l e l e v e l s i n c e i n r e g r e s s i o n s 

w i t h a s many a s 10 independent v a r i a b l e s the 0.05 l e v e l i s 

not s u f f i c i e n t l y s t r i n g e n t . 

I t i s o f c r i t i c a l impor tance w i t h r e s p e c t t o i n t e r p r e t a ­

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

b l e s , bo th h y d r o l o g i c a l and h y d r o m e t e o r o l o g i c a l , wh ich c o u l d 

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

a r e i n c l u d e d i n the a n a l y s i s . No p h y s i c a l meaning c a n be 

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

v a r i a n c e o f the dependent v a r i a b l e by an independent v a r i a b l e 

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

v a r i a b l e s t h a t might be e x p e c t e d t o have some i n f l u e n c e . 

Both l o g t r a n s f o r m e d and u n t r a n s f o r m e d d a t a were t e s t e d 

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

c h a r a c t e r i s t i c a l l y skewed ; i n a p o s i t i v e d i r e c t i o n . I n 

a n a l y s i s o f both s to rm p e r i o d sed iment c o n c e n t r a t i o n s and 

bed load t r a n s p o r t r a t e s , l o g t r a n s f o r m a t i o n , which n o r m a l i z e s 

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

t i o n o f v a r i a n c e than u n t r a n s f o r m e d d a t a . 
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CHAPTER 4 

SEDIMENT YIELD AND SEDIMENT SOURCES 

4.1 G e n e r a l c o n s i d e r a t i o n s 

4.1.1 Sediment source categories 

The sed iment y i e l d o f s t r eams i s a r e f l e c t i o n o f bo th 

the n a t u r e and l o c a t i o n o f s p e c i f i c sed iment s o u r c e s i n t he 

ca tchment . Sediment s o u r c e s i n a ca tchment may be many 

and v a r i e d and sed iment y i e l d from the ca tchment r e p r e s e n t s 

a compos i te o f s u p p l y from s e v e r a l s o u r c e s . Not o n l y does 

each s o u r c e d e l i v e r sed iment w i t h d i f f e r i n g p a r t i c l e s i z e 

d i s t r i b u t i o n , but s u p p l y from each i s c o n t r o l l e d by d i f f e r ­

i ng dynamics . I n o r d e r t o u n d e r s t a n d and t h e r e b y d e f i n e 

s t ream sed iment dynamics i n a m e a n i n g f u l way, sou rce 

p a t t e r n s i n t he ca tchment need f i r s t t o be i d e n t i f i e d . 

Sediment s o u r c e s a r e commonly s e p a r a t e d i n t o two broad 

c a t e g o r i e s . These a r e s h e e t e r o s i o n o f catchment s l o p e s and 

e r o s i o n o f s t r e a m c h a n n e l s . W i t h i n t h e s e two groups 

s p e c i f i c s o u r c e a r e a s may be i d e n t i f i e d such a s a con­

s t r u c t i o n s i t e o r an e r o d i n g s t ream bank b l u f f . 

Shee t e r o s i o n i s the removal o f p a r t i c l e s from the 

s o i l s u r f a c e by t he a c t i o n o f both r a i n s p l a s h and o v e r ­

l a n d f l ow . R a i n s p l a s h i s g e n e r a l l y c o n s i d e r e d to be 

p r i m a r i l y an agent o f detachment r e d u c i n g s o i l a g g r e g a t e s . 

to p r i m a r y p a r t i c l e s by impac t , w h i l e o v e r l a n d f l ow i s r e ­

garded p r i m a r i l y a s an agent o f t r a n s p o r t c o n v e y i n g from 

the s i t e o f e r o s i o n t h e s o i l p a r t i c l e s made a v a i l a b l e by 

r a i n s p l a s h (Morgan 1979) . I t i s a p p a r e n t , however, t h a t 

t h e s e r o l e s a r e by no means f i x e d . A l though i t i s o f t e n 

c o n s i d e r e d t h a t o v e r l a n d f l o w i s i n e f f e c t i v e a s an agen t 

o f e r o s i o n i n i t s own r i g h t s i n c e f l o w dep th i s i n s u f f i ­

c i e n t to g e n e r a t e the t u r b u l e n c e r e q u i r e d , o b s e r v a t i o n s 

by Emmett (1978) on e r o s i o n p l o t s l e d him t o c o n c l u d e t h a t 

o v e r l a n d f l ow i s c a p a b l e o f e r o s i o n even though i t i s 

w i t h i n the l a m i n a r f l ow reg ime. C o n v e r s e l y , when s o i l 

p a r t i c l e s on a s l o p e a r e thrown upward by r a i n s p l a s h t h e r e 
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i s a ne t downslope t r a n s f e r of- s o i l p a r t i c l e s due t o t he 

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

c o n t r i b u t e t o t he work o f t r a n s p o r t ( E l l i s o n 1945 ) . 

Sediment s u p p l i e d from s h e e t e r o s i o n i s r e l a t i v e l y f i n e 

g r a i n e d . T h i s i s due t o t h e i n a b i l i t y o f o v e r l a n d f l ow t o 

t r a n s p o r t l a r g e p a r t i c l e s t o the s t r e a m c h a n n e l and a l s o 

r e f l e c t s t he l a r g e p r o p o r t i o n o f a v a i l a b l e f i n e s i n most 

s o i l s . 

The s i z e o f p a r t i c l e s d e r i v e d from c h a n n e l bank 

e r o s i o n i s de te rm ined e n t i r e l y by the p a r t i c l e s i z e com­

p o s i t i o n o f bank m a t e r i a l . Depending upon f l o w c o n d i t i o n s , 

the f i n e r f r a c t i o n o f sed iment eroded from s t r e a m banks may 

e n t e r d i r e c t l y i n t o suspended sed iment t r a n s p o r t . The 

c o a r s e r f r a c t i o n f a l l s t o the s t r e a m bed where i t i s s t o r e d 

a s bed m a t e r i a l . P a r t i c l e s i n bed m a t e r i a l s t o r a g e a r e 

t r a n s p o r t e d , e i t h e r a s bed load o r i n s u s p e n s i o n , when s t r e a m 

power becomes s u f f i c i e n t to e n t r a i n them. The p r o c e s s o f 

s t ream bank e r o s i o n i n v o l v e s t he detachment o f sed iment 

p a r t i c l e s from submerged a r e a s o f c h a n n e l banks by t he 

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

on exposed a r e a s of t he b a n k , p a r t i c u l a r l y f r o s t v / ea the r i ng , 

may a l s o p l a y a p a r t ( H i l l 1973, McGrea l & G a r d i n e r 1 9 7 7 ) . 

VJhere t he top o f the banks a r e r e i n f o r c e d by r i p a r i a n vege­

t a t i o n u n d e r c u t t i n g may o c c u r w i t h p e r i o d i c bank c o l l a p s e . 

T h i s s i t u a t i o n i s common a l o n g much of t he N a r r a t o r Brook, 

p a r t i c u l a r l y o u t s i d e the f o r e s t a r e a where the t u r f mat 

p r o t e c t i n g the c h a n n e l i s t h i c k . 'At some o f t he c h a n n e l 

c r o s s - s e c t i o n s s u r v e y e d o u t s i d e the f o r e s t , the e x t e n t o f 

u n d e r c u t t i n g i s such t h a t t he w i d t h o f the s t ream bed 

app roaches t w i c e t he wa te r s u r f a c e wi'dth ( f i g 2 . 1 2 ) . 

A l though i n te rms o f the p r o c e s s e s i n v o l v e d t h e r e 

appea rs t o be a c l e a r d i s t i n c t i o n between c h a n n e l s o u r c e s 

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

l a p . R a i n s p l a s h , more commonly a s s o c i a t e d w i t h s h e e t 

e r o s i o n , may be r e s p o n s i b l e f o r detachment o f sed iment 

p a r t i c l e s from exposed p a r t s o f s t r eam banks. I n 

ephemera l c h a n n e l s sed iment p a r t i c l e s made a v a i l a b l e f o r 

t r a n s p o r t by r a i n s p l a s h a r e f l u s h e d from the c h a n n e l when 
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i t i s nex t o c c u p i e d by s t r e a m f l o w 

4.1.2 Methods of sediment source analysis 

Two broad s t r a t e g i e s have been employed i n p r e v i o u s 

s t u d i e s t o de te rm ine the r e l a t i v e c o n t r i b u t i o n to s t r e a m 

sediment t r a n s p o r t from s p e c i f i c s o u r c e s i n t he ca tchmen t . 

The f i r s t i n v o l v e s measurement o f e r o s i o n a t s o u r c e a r e a s . 

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

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

d i r e c t measurement. T e c h n i q u e s t h a t have been employed 

i n B r i t a i n t o measure, c h a n n e l e r o s i o n i n c l u d e p e r i o d i c 

r e s u r v e y s , t ime l a p s e photography^and the use o f e r o s i o n 

p i n s ( H i l l 1973, P o t t e r 1973, Lew in e t a l 1974, McGreal 

& G a r d i n e r 1977 ) . Shee t e r o s i o n i s more w i d e s p r e a d than 

c h a n n e l e r o s i o n and c o n s e q u e n t l y r a t e o f change a t a s i t e 

i s s m a l l r e n d e r i n g d i r e c t measurement d i f f i c u l t . D i r e c t 

measurement has been a t temp ted i n B r i t a i n u s i n g e r o s i o n 

p i n s ( B r i d g e s & Hard ing 1971, Imeson 1971b, Haigh 1 9 7 7 ) . 

Sediment t r a p s have a l s o been employed f o r t h i s purpose 

(Young 1960, K i r k b y 1967 ) . However, a c c o r d i n g to 

Megehan & Nowl in (1976, p 4 -126 ) : " A c t u a l measurements o f 

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

and .measurement d i f f i c u l t i e s t h a t have been i n s u r m o u n t a b l e 

to d a t e . " A l though d i r e c t measurement o f s h e e t e r o s i o n 

may be u n f e a s i b l e , s h e e t e r o s i o n can be e s t i m a t e d from s o i l 

e r o s i o n models such as the U n i v e r s a l S o i l L o s s E q u a t i o n . 

However, the major drawback w i t h measur ing e r o s i o n 

r a t e s a t s o u r c e a r e a s i s t h a t t h e s e r a t e s canno t be d i r e c t l y 

compared to sed iment y i e l d t o a s s e s s t h e i r c o n t r i b u t i o n . 

T h i s i s because not a l l sed iment r e l e a s e d by e r o s i o n a t 

s o u r c e a r e a s i s t r a n s p o r t e d from the ca tchment as sed iment 

y i e l d , A p r o p o r t i o n o f the sed imen t , depending upon the 

l o c a t i o n of the s o u r c e and the p a r t i c l e s i z e d i s t r i b u t i o n 

o f e roded m a t e r i a l , may become s t o r e d i n the ca tchmen t . 

Sediment d e r i v e d from s h e e t e r o s i o n may be r e d e p o s i t e d on 
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lower s l o p e s b e f o r e r e a c h i n g t he s t r e a m c h a n n e l . The 

f a c t o r s c o n t r o l l i n g t he d e l i v e r y o f sed iment from s h e e t 

e r o s i o n t o the ca tchment o u t l e t i n c l u d e c l i m a t e , l a n d u s e , 

l o c a l env i ronment and g e n e r a l p h y s i o g r a p h y ( P i e s t 1 9 7 0 ) . 

E m p i r i c a l e q u a t i o n s have been deve loped t o p r e d i c t de­

l i v e r y r a t e s f o r s h e e t e r o s i o n ( e . g . Maner 1958, Roeh l 

1962) bu t D i ckenson & W a l l (1977) b e l i e v e t h a t because o f 

the c o m p l e x i t y i n v o l v e d , p r e d i c t i o n o f d e l i v e r y r a t e s f o r 

s h e e t e r o s i o n i s n e v e r l i k e l y t o be s u c c e s s f u l . Sediment 

d e r i v e d from both s h e e t e r o s i o n and c h a n n e l e r o s i o n may 

a l s o be s t o r e d w i t h i n the c h a n n e l . The most o b v i o u s 

s t o r a g e o f sed iment i n the c h a n n e l i s bed m a t e r i a l wh ich 

i n most s t r eams c o n s i s t s o f p a r t i c l e s l a r g e r than 

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

can a l s o be s t o r e d i n the s t r e a m c h a n n e l i n l a r g e q u a n t i t y , 

p a r t i c u l a r l y i n s t r e a m s where d e b r i s dams a r e common. 

Sediment t r a p p e d beh ind d e b r i s dams i s r e l e a s e d when t h e 

dam f a i l s . The impor tance o f d e b r i s dams t o t he sed imen t 

reg ime o f s m a l l s t r e a m s has been s t r e s s e d by Megehan & 

Nowl in . (1976). S m a l l d e b r i s dams do appear f o r s h o r t 

p e r i o d s a t v a r i o u s l o c a t i o n s a l o n g t he N a r r a t o r Brook. 

D e b r i s i s p r o v i d e d by d e c i d u o u s t r e e s c l o s e t o the c h a n n e l 

wh ich shed l e a v e s , t w i g s and s m a l l b r a n c h e s i n t o t he s t r e a m 

These dams may be r e s p o n s i b l e f o r r e g u l a t i n g t r a n s p o r t o f 

sed iment i n t he N a r r a t o r Brook t o some degree . 

The second major approach to e s t a b l i s h i n g the c o n t r i b u ­

t i o n o f v a r i o u s s o u r c e s to s t r e a m sed iment y i e l d i s th rough 

compar i son o f the c h a r a c t e r i s t i c s o f s t r e a m sed iment and 

s o u r c e m a t e r i a l s . M i n ' e r a l o g i c a l c h a r a c t e r i s t i c s have 

o c c a s i o n a l l y been used f o r t h i s purpose ( e . g . W a l l & 

W i l d i n g 1976, Wood 1978, O l d f i e l d e t a l 1 9 7 9 ) . More 

commonly, however, p a r t i c l e s i z e d i s t r i b u t i o n s a r e compared 

The p r o p o r t i o n o f t o t a l suspended sed iment wh ich o r i g i n a t e s 

a t the s t ream bed has been e s t i m a t e d i n some s t r e a m s by 

compar i son o f the p a r t i c l e s i z e d i s t r i b u t i o n of suspended 

sed iment and bed m a t e r i a l ( E i n s t e i n e t a l 1940, Johnson 

1943, H u b b e l l & Mate jka 1 9 5 9 ) . F i n e s t r a n s p o r t e d i n s u s ­

p e n s i o n wh ich a r e p o o r l y r e p r e s e n t e d i n bed m a t e r i a l a r e 
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a t t r i b u t e d by t h i s method t o s o u r c e s o t h e r t h a n t h e s t r e a m 

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

t a i n t h e c o n t r i b u t i o n f r o m bed m a t e r i a l . S i m i l a r l y V i c e 

e t a l ( 1 9 6 8 ) e s t i m a t e t h e r a t e o f s h e e t e r o s i o n i n t h e 

c a t c h m e n t o f t h e S c o t t Run B a s i n , V i r g i n i a , U.S.A. f r o m a 

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

s e d i m e n t s w i t h c a t 9 h m e n t s o i l s . T h e y a s s u m e d t h a t a l l 

e r o d e d s o i l o f c l a y s i z e a n d ' f i n e r i s d e l i v e r e d e n t i r e l y t o 

t h e s t r e a m , and t h e c o a r s e f r a c t i o n o f e r o d i n g s o i l n o t 

p r e s e n t i n s t r e a m s e d i m e n t s i s r e d e p o s i t e d on i t s way t o 

t h e s t r e a m c h a n n e l . U s i n g t h e same g e n e r a l a p p r o a c h , L e w i n 

e t a l ( 1 9 7 4 ) compare t h e p a r t i c l e s i z e d i s t r i b u t i o n o f bed 

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

p e n d e d s e d i m e n t f r om bank e r o s i o n . T h e y a s s u m e d t h a t t h e 

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

f i n e f r a c t i o n o f bank m a t e r i a l n o t p r e s e n t i n t h e s t r e a m 

bed h a s b e e n d i s c h a r g e d a s s u s p e n d e d s e d i m e n t . 

A m a j o r c r i t i c i s m o f t h i s s e c o n d method o f s o u r c e 

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

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

mos t c a t c h m e n t s and t h e bed and bank m a t e r i a l o f t h e 

m a j o r i t y o f s t r e a m s . V i c e e t a l ( 1 9 6 8 ) , f o r e x a m p l e , r e l y 

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

p a r t i c l e s i z e d i s t r i b u t i o n o f s o i l s o v e r t h e 11.8km.^ o f t h e 

S c o t t Run B a s i n ; a s i t u a t i o n w h i c h i s u n l i k e l y t o be 

d u p l i c a t e d i n many o t h e r c a t c h m e n t s o f e q u i v a l e n t s i z e . 

4.1.3 Methods employed in the Nai'rator catchment 

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

a b o v e w e r e e m p l o y e d i n t h e N a r r a t o r c a t c h m e n t . V i s i b l e 

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

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

t h a t t h i s i s l i k e l y t o be a m a j o r . s o u r c e o f s t r e a m 

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

t h i s s o u r c e w e r e o b t a i n e d by m e a s u r i n g r a t e s o f bank 

e r o s i o n . C o n t e m p o r a r y r a t e o f bank e r o s i o n i s m e a s u r e d 

by u s e o f e r o s i o n p i n s and l o n g t e r m r a t e o f bank e r o s i o n 

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

e r o s i o n w i t h s e d i m e n t y i e l d 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 o f t h i s s o u r c e i n r e l a t i o n t o o t h e r s o u r c e s . Con temp­

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

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

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

o f s e d i m e n t i n t h e B u r r a t o r R e s e r v o i r , C o m p a r i s o n o f t h e 

p a r t i c l e s i z e d i s t r i b u t i o n s o f bank m a t e r i a l and s u s p e n d e d 

s e d i m e n t c a n p r o v i d e some i n d i c a t i o n o f t h e p r o p o r t i o n o f 

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

s e d i m e n t t r a n s p o r t . T h e r e m a i n d e r i s s t o r e d on t h e s t r e a m 

b e d . A s s e s s i n g t h e l i k e l y i m p o r t a n c e o f c a t c h m e n t s l o p e s 

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

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

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

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

Some i n d i c a t i o n o f t h e r e l a t i v e i m p o r t a n c e o f c h a n n e l and 

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

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

c a t c h m e n t s l o p e s w e r e t h e m a j o r s o u r c e o f s e d i m e n t , 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 w o u l d be e x p e c t e d t o emerge f r o m 

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

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

ment , s t r e a m f l o w c h a r a c t e r i s t i c s w o u l d be e x p e c t e d t o 

as s um e g r e a t e r i m p o r t a n c e t h a n 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 . 

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

i n t h e N a r r a t o r B r o o k a r e d i s c u s s e d i n c h a p t e r 5. 

4.2 S e d i m e n t y i e l d 

4.2.1 Based upon period of observction 

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

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

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

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

p e r i o d o f o b s e r v a t i o n , 2 5 / 5 / 7 5 t o 1 3 / 1 2 / 7 6 , amoun ted t o 

1 8 . 8 2 t . T r a n s p o r t o f sedi .v.ent a s b e d l o a d f o r t h i s p e r i o d 

was i n t h e r e g i o n o f 0 . 4 3 t . The a c t u a l amount o f b e d l o a d 

t r a n s p o r t e d may be somewhat g r e a t e r t h a n t h i s v a l u e s i n c e 

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

c a p a c i t y o f t h e b e d l o a d t r a p a p p e a r s t o h a v e been e x c e e d e d . 

To wha t e x t e n t t h e s e y i e l d s a r e r e p r e s e n t a t i v e o f t h e l o n g 



t e r m i s u n c e r t a i n . The 19 month p e r i o d o f s e d i m e n t o b ­

s e r v a t i o n i n t h e N a r r a t o r B r o o k was u n u s u a l l y d r y . N e v e r ­

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

a n n u a l p r e c i p i t a t i o n (1907 mm and 1568 mm r e s p e c t i v e l y ) a n d 

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

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

p e r i o d e x c e e d s mean a n n u a l y i e l d f o r t h e N a r r a t o r c a t c h m e n t . 

4,2.2 Based upon reservoir sedimentation 

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

means o f o b t a i n i n g a n e s t i m a t e o f mean a n n u a l s e d i m e n t 

y i e l d . The t o t a l amount o f s e d i m e n t i n t h e r e s e r v o i r , 

w h i c h i s o b t a i n e d f r o m v o l u m e t r i c s u r v e y o f some k i n d , i s 

s i m p l y d i v i d e d by t h e age o f t h e r e s e r v o i r t o g i v e mean 

a n n u a l i n f l o w o f s e d i m e n t . T h i s method i s v e r y o f t e n em­

p l o y e d i n t h e U n i t e d S t a t e s w h e r e r a p i d r a t e s o f s e d i m e n ­

t a t i o n a b s o r b any m e a s u r e m e n t e r r o r , b u t h a s a l s o b e e n u s e d 

e f f e c t i v e l y i n B r i t a i n (Young 1958 , Cummins & P o t t e r 1972 , 

L e d g e r e t a l 1 974) . 

S u s p e n d e d s e d i m e n t f r o m t h e B u r r a t o r c a t c h m e n t o f w h i c h 

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

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

o f t h e B u r r a t o r Dam i n 1899 ( p l a t e 4 . 1 ) . B e d l o a d i s p r e ­

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

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

I n 1950 t h e d e p t h o f s e d i m e n t i n t h e r e s e r v o i r was s u r v e y e d 

by t h e S o u t h - W e s t W a t e r A u t h o r i t y f o r t h e f i r s t t i m e s i n c e 

t h e c r e a t i o n o f t h e r e s e r v o i r . I n B r i t a i n , whe re r a t e s o f 

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

u n d e r t a k e n a f t e r t h e r e s e r v o i r s h a v e b e e n d r a i n e d ( e . g . 

Young 1958, Cummins & P o t t e r 1 9 6 7 ) . The B u r r a t o r R e s e r v o i r 

h a s n e v e r been c o m p l e t e l y d r a i n e d . I n s t e a d , t h e me thod o f 

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

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

t h e d e p t h o f t h e d e p o s i t s b e i n g i n d i c a t e d by t h e a d h e s i o n 

o f mud t o t h e s h a f t . I n a l l , 49 o b s e r v a t i o n s o f d e p t h 

w e r e made by t h i s method s p r e a d o v e r t h e w h o l e r e s e r v o i r 

b a s i n . D e p t h o f s e d i m e n t a p p e a r s t o be e x c e e d i n g l y 

v a r i a b l e ( f i g 4 . 1 ) . V a r i a t i o n s i n d e p t h f r o m 60cm t o 
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P l a t e 4.1 B u r r a t o r R e s e r v o i r l o o k i n g s o u t h - w e s t . B u r r a t o r Dam i s on 
the r i g h t and Longstone P e n i n s u l a i n t h e c e n t r e . 

1 

P l a t e 4.2 R e c o v e r i n g a c o r e of sed iment from the B u r r a t o r R e s e r v o i r 
111 
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F i g . 4,1 R e c o r d e d d e p t h s o f s i l ' 

R e s e r v o i r , 1950 

i n t h e B u r r a t o r 

l e s s t h a n 5cms w e r e e n c o u n t e r e d i t h e s p a c e o f o n l y a fev; 

m e t r e s . T h i s i s p r o b a b l y a r e f l e - t i o n o f down s l o p e move­

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

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

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

& P o t t e r 1 9 7 2 ) . T h e r e i s no r e c o g n i s a b l e s p a t i a l p a t t e r n 

i n s e d i m e n t d e p t h s t o w a r r a n t any a r e a l w e i g h t i n g method o f 

o b t a i n i n g mean d e p t h . T h i s i s c a l c u l a t e d i n s t e a d a s a 

s i m p l e mean o f a l l 49 o b s e r v a t i o n s , g i v i n g a v a l u e o f 

17.8cm. From an a r e a o f 0.67km^ t o t a l v o l u m e o f s e d i m e n t 

i n t h e B u r r a t o r r e s e r v o i r i s e s t i m a t e d a t 120 OOOm^ . To 

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

d r y w e i g h t o f s e d i m e n t p e r u n i t vo lume o f r e s e r v o i r d e ­

p o s i t s . R e s e r v o i r s e d i m e n t s i n c o r p o r a t e v a r y i n g amoun t s 
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o f w a t e r d e p e n d i n g upon t h e p a r t i c l e s i z e d i s t r i b u t i o n o f 

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

ment . To d e t e r m i n e t h e w e i g h t o f d r y s e d i m e n t p e r u n i t 

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

o f t h e r e s e r v o i r d e p o s i t s . T h i s was u n d e r t a k e n i n 

c o n n e c t i o n w i t h t h e p r e s e n t s t u d y i n t h e summer o f 1976 . 

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

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

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

s a m p l e s w e r e c o l l e c t e d m a n u a l l y by s u b - a q u a d i v e r s whose 

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

r e c o v e r e d by means o f an open e n d e d p l a s t i c t u b e w h i c h was 

p u s h e d v e r t i c a l l y i n t o mud s u r f a c e by t h e d i v e r s . A f t e r 

i n s e r t i o n , a r u b b e r bung was f i t t e d i n t h e t o p end o f t h e 

t u b e a n d t h e t u b e w i t h d r a w n , t h e s e d i m e n t b e i n g r e t a i n e d i n 

t h e t u b e by s u c t i o n . A f t e r w i t h d r a w a l a s i m i l a r bung was 

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

t h e s u r f a c e ( p l a t e 4 . 2 ) . 

C h o i c e o f s a m p l i n g s i t e i s c r i t i c a l i n v i e w o f t h e p o s t -

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

o c c u r s i n t h e r e s e r v o i r . A s i t e was s e l e c t e d on a p a r ­

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

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

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

p o s t - d e p o s i t i o n a l movements ( f i g 4.2) ' , The a v e r a g e d e p t h 

o f s e d i m e n t r e c o r d e d a t t h i s s i t e was 7.4cm'. T h i s i s 

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

17.8cm o b t a i n e d some 26 y e a r s p r e v i o u s l y . The s i t e i s 

s i t u a t e d i n t h e l e e o f t h e L o n g s t o n e P e n i n s u l a and i s d i s ­

t a n t f r o m m a j o r s t r e a m i n l e t s ( f i g 4 . 2 ) . I t i s l i k e l y 

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

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

t h e r e f o r e u n r e p r e s e n t a t i v e . I n t h i s s i t u a t i o n t h e mos t 

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

t o s e d i m e n t c h a r a c t e r i s t i c s g a i n e d f r om t h e s e d i m e n t 

sam.ples w i t h t h e v o l u m e t r i c d a t a f r o m t h e 1950 s u r v e y . 
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Contours indicate depth below 

maximum water surface 

elevation 

Contour interval : 5 metres 

metres 

F i g . 4.2 B u r r a t o r R e s e r v o i r s h o w i n g b o t t o m c o n t o u r s 

and l o c a t i o n o f s a m p l e s i t e 

One o f t h e s e d i m e n t c o r e s was sub-sam.p led a t d e p t h i n ­

t e r v a l s o f 1cm f r o m t h e s e d i m e n t s u r f a c e . The s e v e n s u b -

s a m p l e s t h u s o b t a i n e d w e r e w e i g h e d t h e n d r i e d a t 105^C f o r 

24 h o u r s , and t h e n r e w e i g h e d . The d r y w e i g h t o f s e d i m e n t 

p e r c u b i c m e t r e o f r e s e r v o i r d e p o s i t s ( S ^ ) ; i s t h e n c a l c u ­

l a t e d f r o m e q . 4.1 a s s u m i n g a s p e c i f i c g r a v i t y f o r s e d i m e n t 

p a r t i c l e s o f 2 .65 , and a s s u m i n g t h a t t h e s e d i m e n t s a m p l e i s 

c o m p l e t e l y s a t u r a t e d . 

m 

m 

w 

( 4 . 1 ) 

2.65 
w a 

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

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

d r y w e i g h t o f s a m p l e o f r e s e r v o i r s e d i m e n t 
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V a l u e s a r e l o w e s t ( 0 . 1 2 t/m^) a t t h e s e d i m e n t w a t e r i n t e r ­

f a c e w h e r e s e d i m e n t a t i o n i s mos t r e c e n t a n d i n c r e a s e s 

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

men ts ( f i g 4 . 3 ) . R a t e o f i n c r e a s e d i m i n i s h e s w i t h d e p t h 

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

s e d i m e n t becomes r e l a t i v e l y c o n s t a n t a t a r o u n d 0.26 t/m^ . 

U s i n g a mean v a l u e o f 0.21 t/m^ t h e t o t a l d r y w e i g h t o f 

s e d i m e n t w h i c h had a c c u m u l a t e d i n t h e B u r r a t o r c a t c h m e n t by 

1950 i s c a l c u l a t e d t o be 25200 t . 

T h i s i s an u n d e r e s t i m a t e o f t o t a l i n f l o w o f s e d i m e n t i n ­

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

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

l e t . T h i s p r o p o r t i o n d e p e n d s upon t h e v e l o c i t y o f f l o w 

t h r o u g h t h e r e s e r v o i r w h i c h i n t u r n d e p e n d s upon t h e c a p a ­

c i t y o f t h e r e s e r v o i r i n r e l a t i o n t o t h e r a t e o f i n f l o w . 

^ 2H 
u 
o 

AH 

Si 5 H 
E 
o 

a 7 

8 ^ 

Moisture content of saturated sample [Vo] 
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F i g . 4.3 V a r i a t i o n i n m o i s t u r e c o n t e n t w i t h d e p t h 

f o r a c o r e o f B u r r a t o r r e s e r v o i r d e p o s i t s 

OA 0-2 
— r -
0-1 

S5 100 
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From an e m p i r i c a l r e l a t i o n d e v e l o p e d by B r u n e ( 1 9 5 3 ) , b a s e d 

upon c a p a c i t y / i n f l o w r a t i o s , t h e p r o p o r t i o n o f s e d i m e n t 

p a s s i n g t h r o u g h t h e B u r r a t o r R e s e r v o i r i s e s t i m a t e d a t 5%. 

A f t e r c o r r e c t i o n f o r t r a p e f f i c i e n c y t h e mean a n n u a l i n f l o w 

o f s e d i m e n t f r o m t h e B u r r a t o r c a t c h m e n t f o r t h e p e r i o d 1899 

t o 1950 becomes 520 t / y r . I f t h i s i s s p r e a d e v e n l y o v e r 

t h e B u r r a t o r c a t c h m e n t t h e n t h e mean a n n u a l c o n t r i b u t i o n 

f r om t h e N a r r a t o r c a t c h m e n t i s 114 t / y r . T h i s v a l u e 

g r e a t l y o u t w e i g h s t h e 18.8 t o f s u s p e n d e d s e d i m e n t d i s ­

c h a r g e d f r om t h e N a r r a t o r c a t c h m e n t d u r i n g May 1975 t o 

December 1976 , a p e r i o d e x c e e d i n g 19 m o n t h s . T h i s d i s ­

p a r i t y b e t w e e n r e s e r v o i r s e d i m e n t a t i o n r a t e s a n d c o n t e m ­

p o r a r y s e d i m e n t y i e l d may be e x p l a i n e d e i t h e r by s p a t i a l 

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

c a t c h m e n t , o r a l t e r n a t i v e l y by t e m p o r a l i n b a l a n c e s . I n 

v i e w o f t h e r e p r e s e n t a t i v e n a t u r e o f t h e N a r r a t o r ca tchm.ent 

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

s p a t i a l i n b a l a n c e s seem i m p r o b a b l e . A more l i k e l y e x p l a n a ­

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

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

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

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

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

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

C o r p o r a t i o n i n 1916 . Ho leman a n d G e i g e r ( 1 9 6 5 ) r e c o r d a 

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

v o i r , M a r y l a n d , U.S.A. w h i c h t h e y a t t r i b u t e t o c e s s a t i o n o f 

f a r m i n g a c t i v i t y and r e v e r s i o n o f t h e c a t c h m e n t t o i t s 

n a t u r a l s t a t e . 

R e s e r v o i r d e p o s i t i o n i s a v e r y v a l u a b l e t o o l f o r e s ­

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

o n l y mean p e r i o d v a l u e s a r e o b t a i n e d by t h i s method; no 

i n f o r m a t i o n i s p r o v i d e d r e g a r d i n g v a r i a t i o n s i n r a t e s o f 

s e d i m e n t i n f l o w b e t w e e n r e s u r v e y s . S t r a t i f i c a t i o n , how­

e v e r , may be p r e s e n t w i t h i n r e s e r v o i r d e p o s i t s r e s u l t i n g 

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

t u d e f l o o d e v e n t s . M u r r a y - R u s t ( 1 9 7 2 ) r e l a t e d h o r i z o n s o f 

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

t o g e t h e r w i t h d e s i c c a t i o n h o r i z o n s c a u s e d by p e r i o d i c d r y ­

i n g up o f t h e r e s e r v o i r s , e n a b l e d h im t o i n v e s t i g a t e tem­

p o r a l v a r i a t i o n s i n r a t e s o f s e d i m e n t a t i o n . A n a l y s i s o f 

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

The B u r r a t o r s e d i m e n t c o r e s w e r e f r o z e n and X - r a y n e g a t i v e s 

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

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

s i z e r e s u l t i n d i f f e r e n t i a l d e n s i t y b e t w e e n m i c r o - s t r a t a ; 

c o a r s e s e d i m e n t s a r e more d e n s e t h a n f i n e r s e d i m e n t s s i n c e 

t h e y i n c o r p o r a t e l e s s w a t e r . The a b s o r p t i o n o f X - r a y s i s 

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

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

a n a l y s i n g s e d i m e n t s t r a t i g r a p h y . From t h e n e g a t i v e s a 

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

p o s i t s was r e v e a l e d . By p a s s i n g t h e n e g a t i v e t h r o u g h a 

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

o b t a i n e d ( f i g 4 . 4 ) . D e n s i t y i n c r e a s e s w i t h d e p t h t o 

a p p r o x i m a t e l y h a l f way down t h e c o r e a n d t h e r e a f t e r r e m a i n s 

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

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

t h e r e s e r v o i r d e p o s i t s ( f i g 4 . 3 ) . The s a n d y t e x t u r e o f 

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

s e d i m e n t s a b o v e a n d i t s s u r f a c e i s m a r k e d by a s h a r p d i s ­

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

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

be due t o c o n t r a s t s i n p a r t i c l e s i z e b e t w e e n m i c r o - s t r a t a . 

I t i s n o t p o s s i b l e , h o w e v e r , t o e s t a b l i s h a r e l i a b l e 

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

r e f e r e n c e t o f l o o d r e c o r d s f o r t h e B u r r a t o r c a t c h m e n t . 

4,3 S e d i m e n t s o u r c e s 

4.3.1 Stream channels 

A s u r v e y o f t h e ma in c h a n n e l o f t h e N a r r a t o r B r o o k re^ 

v e a l s t h a t t h e l o w e r s e c t i o n o f t h e c h a n n e l w i t h i n t h e 
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4.4 D e n s i t o m e t e r t r a c e f o r an X - R a y n e g a t i v e o f 

a c o r e o f B u r r a t o r R e s e r v o i r d e p o s i t s 

( D e p t h o f s e d i m e n t i s a p p r o x . S c m ) 

118 



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

bank e r o s i o n . T h i s l o w e r c h a n n e l s e c t i o n , w h i c h i s 990 

m e t r e s l o n g , c o n t a i n s a t o t a l o f 425 m e t r e s o f c h a n n e l 

bank w h i c h a p p e a r s by v i s u a l i n s p e c t i o n t o be u n d e r g o i n g 

r a p i d e r o s i o n ( f i g 2 . 1 1 ) . The t o t a l l e n g t h o f e r o d i n g 

bank a l o n g t h e r e m a i n i n g 2480 m e t r e s o f t h e N a r r a t o r B r o o k 

o u t s i d e t h e c o n i f e r o u s f o r e s t p l a n t a t i o n i s o n l y 100 m. 

O u t s i d e t h e f o r e s t , r a p i d bank e r o s i o n i s r e s t r i c t e d t o t h e 

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

r a p i d bank e r o s i o n i s n o t u n n a t u r a l . R a p i d bank e r o s i o n 

ijithif\ t h e f o r e s t , on t h e o t h e r h a n d , i s w i d e s p r e a d . 

A c c e l e r a t e d bank e r o s i o n w i t h i n t h e f o r e s t c a n be a t t r i ­

b u t e d d i r e c t l y t o a f f o r e s t a t i o n . E x p o s u r e o f t r e e r o o t s 

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

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

t a b l i s h e d ( p l a t e 4 . 3 ) . I n e x t r e m e c a s e s bank e r o s i o n h a s 

c a u s e d f e l l i n g o f t r e e s c l o s e t o t h e s t r e a m bank ( p l a t e 4.4) 

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

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

f o r e s t . T u r f a f f o r d s s t r e a m b a n k s a d e g r e e o f p r o t e c t i o n 

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

a g e n t . I n t h e f o r e s t s e c t i o n o f t h e N a r r a t o r B r o o k w h e r e 

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

c o n t e m p o r a r y bank e r o s i o n a r e common ( p l a t e s 4 .5, 4 . 6 ) , 

A n o t h e r p o s s i b l e e x p l a n a t i o n f o r v a r i a t i o n s i n bank 

e r o s i o n r e l a t e s t o t h e c o m p o s i t i o n o f bank m a t e r i a l . 

Schumm { 1 9 6 0 , 1963b) f r o m o b s e r v a t i o n s o f c h a n n e l f o r m a n d 

p r o c e s s i n t h e G r e a t P l a i n s , U.S.A., d e m o n s t r a t e d t h a t t h e 

p r o p o r t i o n o f s i l t and c l a y i n s t r e a m bank m a t e r i a l i s v e r y 

c l o s e l y r e l a t e d t o c h a n n e l g e o m e t r y and c h a n n e l p a t t e r n . 

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

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

e r o d i b i l i t y and l i m i t i n g c h a n n e l v / i d t h . I n o r d e r t o d e ­

t e r m i n e i f d i f f e r e n c e s i n bank m a t e r i a l c o m p o s i t i o n c o n ­

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

s e c t i o n o f t h e N a r r a t o r B r o o k , t w e n t y s a m p l e s o f bank 

m a t e r i a l w e r e c o l l e c t e d , t e n a t random l o c a t i o n s w i t h i n t h e 
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P l a t e 4.3 Exposure o f t r e e r o o t s by bank e r o s i o n n e a r S t 5 

P l a t e 4.4 F e l l i n g o f t r e e by bank e r o s i o n n e a r S t 4 
l ? o 



P l a t e 4.5 Bank e r o s i o n n e a r S t 6 

p l a t e 4.6 Bank e r o s i o n n e a r S t 7. 
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f o r e s t and t e n a t random l o c a t i o n s b e t w e e n S t s 11 and 13 

o u t s i d e t h e f o r e s t . T h e s e s a m p l e s w e r e s u b j e c t e d t o 

p a r t i c l e s i z e a n a l y s i s by t h e d r y s i e v e method . The 

p e r c e n t a g e s i l t p l u s c l a y f o r t h e tv /en ty s a m p l e s v a r i e s 

o v e r a w i d e r a n g e f r o m 9.7% t o 8 2 . 5 % ( t a b l e 4 . 1 ) . The 

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

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

t h e f o r e s t ( 5 0 . 9 % a n d 4 1 . 9 % r e s p e c t i v e l y ) b u t t h i s 

d i f f e r e n c e i s n o t s i g n i f i c a n t a t t h e 0.05 l e v e l , C h a n n e l 

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

t o r i p a r i a n v e g e t a t i o n i n c o n t r o l l i n g bank e r c d i b i l i t y i n 

t h e N a r r a t o r B r o o k . R i c h a r d s ( 1 9 7 7 ) f r o m r e s e a r c h on t h e 

u p p e r r e a c h e s o f t h e R i v e r Fowey i n C o r n w a l l q u e s t i o n s t h e 

T a b l e 4.1 P e r c e n t a g e s o f s i l t p l u s c l a y i n 20 s a m p l e s o f 
bank m a t e r i a l f r o m t h e N a r r a t o r B r o o k . 

Samples From Samples From 
S t ream S e c t i o n W i t h i n S t ream S e c t i o n O u t s i d e 

F o r e s t P l a n t a t i o n ( S t s 3-11) F o r e s t - P l a n t a t i o n ( S t s l i - l 3 ) 

Mean 

60.3 9.7 

49.7 59.2 

28.6 43.6 

82.5 29.8 

46.5 68.9 

39.8 54.3 

42. 1 78.2 

39.7 16.5 

64.4 18.9 

55.4 39.7 

50.9 41.9 

= 1.02 (not s i g n i f i c a n t ) 
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r e l e v a n c e o f Schumm's ( 1 9 6 0 , 1963b) f i n d i n g s t o s m a l l 

s t r e a m s . The i m p a c t o f r i p a r i a n v e g e t a t i o n i n s m a l l 

c a t c h m e n t s on t h e o t h e r h a n d h a s b e e n c l e a r l y d e m o n s t r a t e d 

by p r e v i o u s r e s e a r c h . Orme a n d B a i l e y ( 1 9 7 1 ) , f o r 

e x a m p l e , d e s c r i b e how d e s t r u c t i o n o f r i p a r i a n v e g e t a t i o n by 

f i r e i n t h e Monroe C a n y o n , S o u t h e r n C a l i f o r n i a , r e s u l t e d i n 

a c c e l e r a t e d bank e r o s i o n a n d i n c r e a s e d c h a n n e l w i d t h - d e p t h 

r a t i o s . Zimmerman e t a l ( 1 9 6 7 ) d i s c o v e r e d f r o m r e s e a r c h on 

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

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

t h a n i n t h e open due t o t h e l a c k o f p r o t e c t i v e t u r f . T h e y 

f i n d , h o w e v e r , t h a t f o r c a t c h m e n t s a b o v e 15kra^ i n s i z e 

v e g e t a t i o n c o n t r o l o f c h a n n e l f o r m f a l l s away. • P r e s u m a b l y 

a s c a t c h m e n t s and s t r e a m c h a n n e l s become l a r g e r , c h a n n e l 

bank c o m p o s i t i o n b e g i n s t o e x e r t a more d o m i n a n t c o n t r o l . 

S i n c e i t seemed l i k e l y f r o m o b s e r v a t i o n s t h a t c h a n n e l 

b a n k s i n t h e l o w e r N a r r a t o r B r o o k w o u l d f o r m a m a j o r s o u r c e 

o f s e d i m e n t a t t e m p t s w e r e made t o m e a s u r e r a t e o f e r o s i o n . 

T h e f i r s t o f 2 m e t h o d s e m p l o y e d i n t h e N a r r a t o r c a t c h m e n t t o • 

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

A t t h e s t a r t o f t h e p e r i o d o f s e d i m e n t o b s e r v a t i o n s i n 

t h e N a r r a t o r B r o o k , f i f t y p a i r s o f z i n c p l a t e d s i x i n c h 

(150 mm) n a i l s w e r e i n s e r t e d i n t o s t r e a m b a n k s on o p p o s i t e 

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

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

v/ere l e f t p r o t r u d i n g by 20 mm i n o r d e r t o r e c o r d any bank 

a c c r e t i o n s h o u l d i t o c c u r . On i n s t a l l a t i o n a c c u r a t e 

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

down t o t h e s t r e a m bed t o o b t a i n i n f o r m a t i o n on a g g r a d a t i o n 

and s c o u r i n t h e c h a n n e l . A t t h e end o f t h e p e r i o d o f 

s e d i m e n t o b s e r v a t i o n s , d i s t a n c e s f r o m p i n h e a d t o bank a n d 

p i n h e a d t o s t r e a m b e d w e r e r e m e a s u r e d . 

Of t h e o r i g i n a l 100 p i n s , 72 w e r e r e c o v e r e d w h i c h 

y i e l d e d e v i d e n c e o f b o t h bank e r o s i o n and a c c r e t i o n i n t h e 

N a r r a t o r B r o o k ( t a b l e 4 . 2 ) . The f a t e o f t h e 28 w h i c h 

c o u l d n o t be f o u n d i s i n many c a s e s u n c e r t a i n . Some p i n s 

a p p e a r , f r o m s i g n s o f f r e s h e r o s i o n a t t h e s i t e , t o h a v e 
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T a b l e 4.2 R e s u l t s o f bank e r o s i o n p i n expe r imen t . N a r r a t o r 
Brook, 1975/76. 

I n d i v i d u a l R e c o r d i n g s 

S t ream S e c t i o n W i t h i n F o r e s t P l a n t a t i o n - t o t a l number 
o f p i n s r e c o v e r e d , 23 . 

S t ream Bank E r o s i o n 5,5,5,10,10,30,55 mm 

St ream Bank A c c r e t i o n 5,10,10,15,15 mm 

St ream Bed A g g r a d a t i o n 1,2,3,5,6,9,15,17,22,30 cm 

St ream Bed Scou r 2,2,4,4,5,6,12,20 cm 

St ream S e c t i o n O u t s i d e F o r e s t P l a n t a t i o n - t o t a l number 
o f p i n s r e c o v e r e d , 49, 

S t ream Bank E r o s i o n 5,5,5,20 mm 

St ream Bank A c c r e t i o n 5,5, lO mm 

S t ream Bed A g g r a d a t i o n 1,1,1,1,2,2,3,3,3,4,7,8, 

11,15 cm 

St ream Bed S c o u r 1,1,1,2,2,2,2,3,3,3,4,4, 

4,5,7,10 cm 
Data Summary 

Number o f p i n s r e c o r d i n g bank e r o s i o n 

Mean g r o s s e r o s i o n 

Number o f p i n s r e c o r d i n g bank a c c r e t i o n 

Mean g r o s s bank a c c r e t i o n 

Mean n e t bank e r o s i o n 

F o r e s t 

7 

5.2 mm 

5 

2.4 mm 

2 .8 mm 

Open 

4 

0.7 mm 

3 

0.4 ram 

0.3 mm 

Number o f p i n s r e c o r d i n g a g g r a d a t i o n 

Mean g r o s s a g g r a d a t i o n 

Number o f p i n s r e c o r d i n g s c o u r 

Mean g r o s s s c o u r 

Mean n e t a g g r a d a t i o n 

10 

4.8 cm 

3 

2.4 cm 

2.4 cm 

14 

1.3 cm 

16 . 

1.1 cm 

0.2 cm 

been removed by e r o s i o n . T h i s would p r o b a b l y e n t a i l "at 

l e a s t 70 mms o f e r o s i o n to d i s l o d g e the p i n from the bank 

T h i s i s not e x c e s s i v e s i n c e r a t e s o f e r o s i o n r e c o r d e d by 
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p i n s s t i l l i n p l a c e ranged up t o 55 mm. Some of the p i n s 

which c o u l d not be r e l o c a t e d may have been b u r i e d by bank 

a c c r e t i o n . I n such c a s e s a c c r e t i o n would have to e x c e e d 

20 mm. T h i s a g a i n i s not u n l i k e l y s i n c e 8 of the 72 p i n s 

which were r e c o v e r e d r e c o r d e d a c c r e t i o n r a n g i n g up t o 15 mm 

Data from r e c o v e r e d p i n s r e v e a l s a l a r g e degree o f 

v a r i a b i l i t y i n r e c o r d e d changes t o both s t r e a m banks and 

s t ream bed between s i t e s ( t a b l e 4 . 2 ) . Wh i l e some p i n s 

r e c o r d e d no measurab le change ove r 19 months, o t h e r s r e ­

co rded changes i n t he s t r e a m banks r a n g i n g from +15 mm t o 

-55 mm and changes i n s t r e a m bed from + 30 cm to -20 cm. 

These v a r i a t i o n s r e f l e c t v a r i a b i l i t y a l o n g the c h a n n e l o f 

s t ream v e l o c i t y , c h a n n e l geometry, bed and bank m a t e r i a l , 

r i p a r i a n v e g e t a t i o n and the p o s i t i o n of t he tha lweg r e l a ­

t i v e t o c h a n n e l banks, among o t h e r f a c t o r s . A s i m i l a r 

l a r g e degree o f v a r i a b i l i t y among i n d i v i d u a l o b s e r v a t i o n s 

from s t ream bank e r o s i o n p i n s was o b t a i n e d by Lewin & 

B r i n d l e (1977) i n a s m a l l Welsh ca tchmen t . 

D e s p i t e the wide range o f v a r i a t i o n i n t he e r o s i o n p i n 

d a t a , a c l e a r c o n t r a s t emerges between t he s e c t i o n o f t he 

N a r r a t o r Brook p a s s i n g th rough f o r e s t p l a n t a t i o n and the 

rema inder o f t h e s t r e a m . O u t s i d e t he f o r e s t , o n l y 8% o f 

the e r o s i o n p i n s (4 out o f 49) r e c o r d e d bank e r o s i o n com­

pared w i t h 30% (7 out o f 23) i n the f o r e s t . iMean g r o s s 

e r o s i o n f o r the 23 p i n s l o c a t e d i n t he f o r e s t i s 5.2 mm i n 

compar ison to o n l y 0.7 mm o u t s i d e t h e f o r e s t . T h i s 

d i f f e r e n c e i s s i g n i f i c a n t a t the 0.05 l e v e l . A l though 

bank a c c r e t i o n i s a l s o g r e a t e r i n t he f o r e s t than o u t s i d e 

the f o r e s t (2.4 mm and 0.4 mm r e s p e c t i v e l y ) mean ne t bank 

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

s i d e t h e f o r e s t (2.8 mm and 0.3 mm r e s p e c t i v e l y ) . These 

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

the f o r e s t . 

L e s s r e l i a n c e can be p l a c e d upon d a t a r e l a t i n g to 

s t ream bed changes than t o s t r e a m bank changes . V a r i a t i o n 

i n bed m a t e r i a l from s o f t sand t o c o b b l e s l i m i t s the r e ­

p r o d u c i b i l i t y o f measurements from e r o s i o n p i n to s t r e a m 
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bed. S t ream bed changes were r e c o r d e d more o f t e n t h a n 

s t ream bank changes wh ich i n d i c a t e s , n o t w i t h s t a n d i n g 

measurement e r r o r s , t h a t t he s t r e a m bed o f the N a r r a t o r 

Brook i s l e s s s t a b l e t han s t ream banks ( t a b l e 4 . 2 ) . Mean 

g r o s s a g g r a d a t i o n r e c o r d e d by p i n s i n the f o r e s t i s s i g n i ­

f i c a n t l y g r e a t e r ( a t the 0.05 l e v e l ) than mean g r o s s 

a g g r a d a t i o n o u t s i d e t he f o r e s t (4.8cm and 1.3cm r e s p e c ­

t i v e l y ) . D e s p i t e the f a c t t h a t mean g r o s s s c o u r i s a l s o 

g r e a t e r i n the f o r e s t than o u t s i d e the f o r e s t (2.4 cm and 

1.1 cm r e s p e c t i v e l y ) mean ne t a g g r a d a t i o n i n t he f o r e s t i s 

s t i l l a p p r e c i a b l y g r e a t e r t han o u t s i d e the f o r e s t (2.4 cm 

and 0.2 cm r e s p e c t i v e l y ) . The l a r g e r r a t e o f ne t a g g r a d a ­

t i o n i n t he f o r e s t may i n p a r t be a r e s p o n s e t o h i g h e r r a t e s 

of bank e r o s i o n . As c h a n n e l banks erode a p r o p o r t i o n o f 

the eroded m a t e r i a l , depending upon i t s p a r t i c l e s i z e d i s ­

t r i b u t i o n , a c c u m u l a t e s on t he s t ream bed. The s i g n i f i ­

c a n t l y g r e a t e r r a t e s o f s t ream bank e r o s i o n and s t ream bed 

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

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

From a mean n e t r a t e o f bank e r o s i o n o f 2,4 mm o b t a i n e d 

from e r o s i o n p i n s , and a mean measured bank h e i g h t o f 

0.64 m, the t o t a l volume o f m a t e r i a l e roded from the 1 980 m 

of c h a n n e l banks i n t he f o r e s t d u r i n g the p e r i o d o f o b s e r v a ­

t i o n i s e s t i m a t e d a t 6.59 m̂  . Assuming a mean d e n s i t y o f 

1.8 f o r bank m a t e r i a l t h i s volume o f e r o s i o n can be con­

v e r t e d to an e q u i v a l e n t we igh t o f 11.86 t . I n v iew o f t he 

l a r g e degree o f v a r i a b i l i t y i n bank e r o s i o n and the r e l a ­

t i v e l y s m a l l number o f e r o s i o n p i n s used t h i s can o n l y be 

r e g a r d e d an approx imate v a l u e . T h i s e s t i m a t e d supp ly o f 

sed iment from bank e r o s i o n i n t he f o r e s t amounts to 62% o f 

t o t a l sed iment d i s c h a r g e d from t he N a r r a t o r ca tchment d u r i n g 

the p e r i o d o f o b s e r v a t i o n . Sediment s u p p l i e d from t he 

main c h a n n e l o u t s i d e t h e f o r e s t , e s t i m a t e d a t 2.24 t ^ 

a c c o u n t s f o r a f u r t h e r 12%. However t h e s e p e r c e n t a g e s a r e 

l i k e l y to be l a r g e o v e r e s t i m a t e s o f t h e c o n t r i b u t i o n o f 

bank e r o s i o n t o s t r e a m sed iment t r a n s p o r t because no a c c o u n t 

i s made of s t o r a g e o f sed iment i n t he s t r e a m c h a n n e l . Cb-
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s e r v e d n e t a g g r a d a t i o n i n the main c h a n n e l s u g g e s t s t h a t 

much o f the c o a r s e r f r a c t i o n o f eroded bank m a t e r i a l was 

not t r a n s p o r t e d from t he ca tchment d u r i n g t he p e r i o d o f 

o b s e r v a t i o n . 

Due to p robab le s h o r t term f l u c t u a t i o n s i n c h a n n e l 

s t o r a g e , p a r t i c u l a r l y w i t h r e g a r d t o f i n e sed iment (Megehan 

& Nowl in 1976) , r e l a t i n g long term r a t e s o f bank e r o s i o n t o 

long term sed iment y i e l d s i s l i k e l y to be more m e a n i n g f u l 

t han r e l a t i n g contemporary bank e r o s i o n t o contemporary 

sed iment y i e l d . A long term r a t e of bank e r o s i o n f o r t he 

f o r e s t s e c t i o n o f the N a r r a t o r Brook can be o b t a i n e d by 

a n a l y s i s o f t he changes i n c h a n n e l form t h a t have a r i s e n 

from bank e r o s i o n . I t i s a p p a r e n t t h a t a c c e l e r a t e d bank 

e r o s i o n w i t h i n the f o r e s t has r e s u l t e d i n a s u b s t a n t i a l i n ­

c r e a s e i n the w i d t h o f the main c h a n n e l . The c h a n n e l 

immed ia te l y ups t ream o f t he f o r e s t i s l i n e d by t h i c k t u r f 

and i s i n the r e g i o n o f 1.5 m wide ( p l a t e 4 . 7 ) . The 

c h a n n e l 600 m downstream, i n the h e a r t o f the f o r e s t p l a n ­

t a t i o n , i s ove r 4 m wide ( p l a t e 4 . 8 ) . Su rveyed c r o s s -

s e c t i o n s a t s e v e r a l l o c a t i o n s a l o n g t he N a r r a t o r Brook 

i l l u s t r a t e the c o n t r a s t ( f i g 2 . 1 2 ) . Mean b a n k f u l l w i d t h 

f o r the s i x c r o s s - s e c t i o n s f o r s t r e a m s e c t i o n 5A 

immed ia te l y above the f o r e s t i s 1.75 m. Mean b a n k f u l l 

w i d t h f o r the f i f t e e n c r o s s - s e c t i o n s s u r v e y e d w i t h i n t h e 

f o r e s t ( s t r e a m s e c t i o n 5B) i s 4.53 m. T h i s d i f f e r e n c e i s 

s i g n i f i c a n t a t b e t t e r t han the 0.001 l e v e l . B a n k f u l l 

depth i s more d i f f i c u l t t o gauge than b a n k f u l l w i d t h , p a r ­

t i c u l a r l y f o r t h e f o r e s t s t r e a m s e c t i o n ( s t r e a m s e c t i o n 5B) . 

T h i s i s because bank r e c e s s i o n i n t h i s s e c t i o n has r e s u l t e d 

i n oppos ing banks o f unequa l h e i g h t (eg, c r o s s - s e c t i o n s 

33,34,37 and 4 0 ) . E s t i m a t e d mean b a n k f u l l depth f o r the 

s i x c r o s s - s e c t i o n s i n s t r e a m s e c t i o n dA i s 0,53 m, compared 

w i t h a mean o f 0.55 m f o r s t r e a m s e c t i o n 5B. T h i s 

d i f f e r e n c e i s not s i g n i f i c a n t . 

A l t hough t h e r e has been a marked e x p a n s i o n i n c h a n n e l 

w i d t h i n t h e f o r e s t as a r e s u l t o f bank e r o s i o n , mean w i d t h 

above the f o r e s t canno t be compared d i r e c t l y w i t h mean 
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P l a t e 4.7 Channe l o f the N a r r a t o r Brook n e a r S t 12 j u s t above f o r e s t 
p l a n t a t i o n 

P l a t e 4.8 Channe l o f the N a r r a t o r Brook n e a r S t 8 w i t h i n the f o r e s t 
p l a n t a t i o n . 
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wid th w i t h i n the f o r e s t t o de te rm ine the e x t e n t o f t h i s 

e x p a n s i o n . T h i s i s because i n most s t r e a m s c h a n n e l w i d t h , 

a l o n g w i t h c h a n n e l depth and s t ream v e l o c i t y , i n c r e a s e 

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

E a r l y work d e m o n s t r a t i n g t h e s e r e l a t i o n s h i p s was u n d e r t a k e n 

by L e o p o l d & Haddock (1953) and Wolman ( 1 9 5 5 ) ; more r e c e n t 

r e s e a r c h i s r e v i e w e d by R i c h a r d s ( 1 9 7 7 ) . I n o r d e r t o de­

f i n e dovmstream v a r i a t i o n s i n c h a n n e l w id th a long t h e Narra­

t o r Brook'/ t h e e n t i r e s t r e a m was d i v i d e d i n t o 30 s t r e a m 

s e c t i o n s between 30 randomly s e l e c t e d s t a t i o n s ( f i g 2 . 9 ) . 

Mean b a n k f u l l w i d t h f o r each s e c t i o n was de te rm ined from 

s e v e r a l i n d i v i d u a l measurements o f b a n k f u l l w id th i n t he 

f i e l d . T h i s p r o v i d e s a c o n v e n i e n t method o f h a n d l i n g t he 

d a t a y i e l d i n g 30 o b s e r v a t i o n s , 10 f o r t h e c h a n n e l w i t h i n 

t he f o r e s t and 20 f o r t h e r e s t o f t he s t r e a m . The 20 obser­

v a t i o n s o u t s i d e t h e f o r e s t were r e g r e s s e d a g a i n s t mean 

d r a i n a g e a r e a f o r each o f t h e 20 s t ream s e c t i o n s ( f i g 4 , 5 ) . 

10r 

£ 

C 
o 

p 5 

r = 0-89 
n = 20 

X Fores^t s e c t i o n s 

OPEN 

Mean stream section drainage area (km^) 
F i g . 4.5 R e l a t i o n between c h a n n e l w i d t h and d r a i n a g e 

a r e a f o r t he N a r r a t o r Brook 
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Dra inage a r e a i s used a s a c o n v e n i e n t s u r r o g a t e f o r bank-

f u l l d i s c h a r g e . D r a i n a g e a r e a has p r e v i o u s l y been used a s 

a s u r r o g a t e i n a n a l y s i s o f downstream v a r i a t i o n s i n c h a n n e l 

geometry by M i l l e r ( 1 9 5 8 ) , Park (1975) and P e t t s ( 1 9 7 7 ) , 

When mean w id th v a l u e s f o r the 10 f o r e s t s t r e a m s e c ­

t i o n s a r e p l o t t e d on f i g 4.5 a l l but one l i e above the r e ­

g r e s s i o n l i n e d e r i v e d from the 20 o b s e r v a t i o n s o u t s i d e t he 

f o r e s t . Mean w id th v a l u e s f o r f i v e o f the f o r e s t s t r e a m 

s e c t i o n s l i e above the two s t a n d a r d e r r o r l i n e s i g n i f y i n g 

t h a t w i d t h i s s i g n i f i c a n t l y g r e a t e r f o r t h e s e s t ream s e c ­

t i o n s ( a t the 0.05 l e v e l ) than i t s h o u l d be, h a v i n g r e g a r d 

t o the s i z e o f t h e i r d r a i n a g e a r e a s . The r e g r e s s i o n e s ­

t a b l i s h e d on the b a s i s o f the 20 s t ream s e c t i o n s o u t s i d e 

t he f o r e s t can be e x t r a p o l a t e d t o de te rm ine what c h a n n e l 

w i d t h s i n the f o r e s t s h o u l d be and hence the e x t e n t t o 

wh ich c h a n n e l w i d t h s have expanded. T h i s t e c h n i q u e has 

p r e v i o u s l y been used to i n v e s t i g a t e c h a n n e l changes r e s u l t ­

i ng from u r b a n i s a t i o n (Hammer 1972) and from c r e a t i o n o f 

r e s e r v o i r s (Gregory & Park 1974, P e t t s 1 9 7 6 ) . 

The p e r c e n t a g e e x p l a n a t i o n o f downstream v a r i a t i o n s 

i n b a n k f u l l w id th p r o v i d e d by d r a i n a g e a r e a i n the 

N a r r a t o r ca tchment i s 79%. I n o r d e r t o i n c r e a s e t h i s 

p e r c e n t a g e e x p l a n a t i o n and t h e r e b y improve the p r e d i c t i o n 

of c h a n n e l w i d t h s i n the f o r e s t , a second independent 

v a r i a b l e , c h a n n e l g r a d i e n t , was added to the r e g r e s s i o n . 

Channe l w i d t h s i n the N a r r a t o r Brook a r e s i g n i f i c a n t l y 

g r e a t e r , f o r a g i v e n d r a i n a g e a r e a , i n s t e e p e r s t r eam 

s e c t i o n s ( p a r t i a l c o r r e l a t i o n c o e f f i c i e n t = 0.63,n=20). 

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

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

87% ( e q u a t i o n 4 . 3 ) , 

E q u a t i o n 4.3 i s c a p a b l e o f p r e d i c t i n g , w i t h i n v e r y 

c l o s e l i m i t s , t he p r o b a b l e w i d t h o f the c h a n n e l of the 

N a r r a t o r Brook between S t s 1 and 11 p r i o r to a f f o r e s t a t i o n . 

From compar i son o f t h e s e p r e d i c t e d v a l u e s w i t h c h a n n e l 

w id th a t p r e s e n t i t a p p e a r s t h a t bank r e c e s s i o n s i n c e 

a f f o r e s t a t i o n has ranged from z e r o f o r the two s t r e a m s e c ­

t i o n s between S t s 7 and 8 and between S t s 10 and 11 t o 
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2.0 m f o r the s t ream s e c t i o n between S t s 3 and 4 ( t a b l e 4.3) 

LOG W = 0.878 LOG D.A + 0.238 LOG S-0.979 . (4 .3) 
e e e 

r = 0.93 n = 20 S.E. = 0.152 l o g u n i t s 

W = c h a n n e l w i d t h (m) 

D. A = d r a i n a g e a r e a (km^) 

S = c h a n n e l g r a d i e n t (m/km) 

T o t a l P a r t i a l 
C o r r e l a t i o n C o e f f i c i e n t s C o r r e l a t i o n C o e f f i c i e n t s 

DA S DA S 

S - 0.47 S - 0.72 

W 0.89 -0.16 W 0.93 0.63 

I n c r e a s e d bank e r o s i o n and a g g r a d a t i o n i n the f o r e s t e d 

s e c t i o n o f the N a r r a t o r Brook has had r e p e r c u s s i o n s upon 

the c h a n n e l p a t t e r n as w e l l a s c h a n n e l c r o s s - s e c t i o n a l form. 

C o n t r o l s o f c h a n n e l s i n u o s i t y a r e v e r y complex but r e s e a r c h 

has r e v e a l e d t h a t the dominant c o n t r o l i s v a l l e y g r a d i e n t 

(Leopo ld e t a l 1964, Lee & Henson 1977 ) . The p l a n f o r m o f 

the N a r r a t o r Brook was s u r v e y e d i n the f i e l d . I n c a l c u ­

l a t i n g s i n u o s i t y , t h e c h a n n e l was d i v i d e d i n t o 100 met re 

s e c t i o n s commencing from the main gaug ing s i t e a t t he mouth 

o f the s t r eam. V a l u e s o f s i n u o s i t y f o r t h e s e 100 m s t r e a m 

s e c t i o n s v a r i e s from 1.003 t o 1,216, S i n u o s i t y i n the 

n o n - f o r e s t e d p a r t o f the N a r r a t o r Brook d e c r e a s e s w i t h 

g r a d i e n t a s t h e o r y s u g g e s t s ( r = -0.42, n = 24 - f i g 4 . 6 ) . 

I n c l u s i o n i n the graph o f t he t e n v a l u e s from the f o r e s t e d 

s e c t i o n o f the s t ream i n d i c a t e s t h a t f o r a g i v e n g r a d i e n t 

s i n u o s i t i e s have been s i g n i f i c a n t l y r e d u c e d . A l l o f t h e s e 

p o i n t s l i e below the r e g r e s s i o n l i n e and t h r e e f a l l o u t s i d e 

t h e two s t a n d a r d e r r o r e n v e l o p e . The change i n p l a n f o r m o f 

the N a r r a t o r Brook w i t h i n the f o r e s t must mean t h a t r a t e o f 

bank e r o s i o n s i n c e a f f o r e s t a t i o n has not been u n i f o r m a l o n g 

t he c h a n n e l and t h i s i s s u b s t a n t i a t e d by t he v a r i a b i l i t y i n 

bank e r o s i o n d a t a d e r i v e d from both e r o s i o n p i n d a t a 
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T a b l e 4.3 E s t i m a t i o n o f r a t e s o f bank e r o s i o n w i t h i n the f o r e s t e d r e g i o n o f the 
N a r r a t o r Brook. 

s t r e a m S e c t i o n 
Between: 

Mean S e c t i o n 
D i s t a n c e From 

Catchment Exit 
( M e t r e s ) 

Mean S e c t i o n 
Width 

(Me t res ) 

E s t i m a t e d Mean S e c t i o n 
Width P r i o r t o ^ L a t e r a l 
A f f o r e s t a t i o n E r o s i o n 

(Me t res ) (Me t res ) 

S t ream S e c t i o n 
L e n g t h 

(Me t res ) 

Land Removed 
By Bank 

E r o s i o n 
( H e c t a r e s ) 

S t s 1-2 

2- 3 

3- 4 

4- 5 

5- 6 

6- 7 

7- 8 

0-9 

9-10 

10-11 

24 

56 

170 

346 

A29 

532 

657 

820 

953 

979 

3.0 

3.9 

4.5 

3.9 

3.4 

4.2 

2.6 

3.1 

3.2 

2.2 

1 .6 

3.1 

2.5 

2.3 

2.6 

2.5 

2.6 

2.4 

2.7 

2.3 

1 .4 

0.8 

2.0 

1 .6 

0.8 

1.7 

O 

0.7 

0.5 

0 

48 

17 

210 

142 

24 

183 

68 

247 

17 

35 

0.0067 

0.0014 

0.0420 

0.0272 

0.0019 

0.0311 

O 

0.0173 

0.0008 

O 

TOTAL O. 123 

O b t a i n e d from e q u a t i o n 4.3 
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R e l a t i o n between c h a n n e l s i n u o s i t y and 

v a l l e y g r a d i e n t f o r t h e N a r r a t o r Brook 

( t a b l e 4.2) and from a n a l y s i s o f c h a n n e l w i d t h s ( t a b l e 4 .3 ) , 

R e d u c t i o n i n s i n u o s i t y has been matched by an i n c r e a s e i n 

a n a s t o m o s i t y e v i d e n c e d by the appearance o f sand o r g r a v e l 

b a r s i n t h i s s e c t i o n o f t he s t r e a m ( f i g 2 . 1 1 ) . T h e r e a r e 

a t o t a l o f 13 b a r s exposed d u r i n g b a s e f l o w i n the f o r e s t 

s e c t i o n o f the N a r r a t o r Brook. Four a r e m id -channe l b a r s 

and the r e m a i n i n g n i n e a r e p o i n t b a r s . The o n l y g r a v e l o r 

sand b a r s o u t s i d e the f o r e s t a r e two s m a l l p o i n t b a r s , one 

between S t s 29 and 30, and one j u s t below S t 17. 

From the e s t i m a t e s o f bank r e c e s s i o n i n t a b l e 4.3 t he 

t o t a l volume o f m a t e r i a l removed from the 2 km of c h a n n e l 

banks v / i t h i n the f o r e s t p l a n t a t i o n , s i n c e a f f o r e s t a t i o n , i s 

c a l c u l a t e d t o be 800 m .̂ Assuming an ave rage d e n s i t y o f 

bank m a t e r i a l o f 1.8, t o t a l we igh t o f e roded m a t e r i a l be­

comes 1440 t . The g r e a t e r p a r t o f t he f o r e s t p l a n t a t i o n 

i n the N a r r a t o r ca tchment matured around 1935 and i f t h i s 
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da te i s t aken as t he commencement o f a c c e l e r a t e d bank 

e r o s i o n i n the lower N a r r a t o r Brook, mean a n n u a l s u p p l y o f 

sed iment from t h i s s o u r c e s i n c e a f f o r e s t a t i o n has been i n 

the o r d e r o f 35 t / y r . T h i s l o n g term mean a n n u a l r a t e o f 

bank e r o s i o n i s s u b s t a n t i a l l y g r e a t e r t han the contemporary 

r a t e o f e r o s i o n i n the f o r e s t s t r e a m s e c t i o n of 11.9t ove r 

a p e r i o d o f 19 months e s t i m a t e d from e r o s i o n p i n s . T h i s 

s u g g e s t s t h a t r a t e o f bank e r o s i o n i s s l o w i n g down. T h i s 

a c c o r d s w i t h the a s s e r t i o n o f Brunsden & Thornes (1979) 

t h a t when a c h a n n e l sys tem i s d i s t u r b e d change of form i s 

v e r y r a p i d i n i t i a l l y but s u b s e q u e n t l y t a i l s o f f as r e -

e q u i l i b r i u m i s approached-

Long term mean a n n u a l s u p p l y of sed iment from e r o s i o n 

of the main c h a n n e l o f the N a r r a t o r Brook can be u s e f u l l y 

compared t o l ong term mean a n n u a l y i e l d o f sed iment from 

the N a r r a t o r ca tchment e s t i m a t e d from r e s e r v o i r s e d i m e n t a ­

t i o n p r o v i d i n g some a l l o w a n c e i s made f o r t he c o a r s e r 

f r a c t i o n o f bank m a t e r i a l not r e p r e s e n t e d i n r e s e r v o i r de­

p o s i t s . C o a r s e sed iment i s p r e v e n t e d from e n t e r i n g the 

r e s e r v o i r by means of a l a r g e sed iment t r a p a t the head o f 

the r e s e r v o i r wh ich i s p e r i o d i c a l l y dredged by the South 

West Water A u t h o r i t y . A l though p a r t i c l e s up t o 1 mm i n 

s i z e were p r e s e n t i n the samples o f sed iment r e c o v e r e d from 

the bottom of the r e s e r v o i r , 96% of t h e sed iment i s f i n e r 

t han 75i j . F o r bank m a t e r i a l i n f o r e s t s e c t i o n o f the 

N a r r a t o r Brook the p e r c e n t a g e f i n e r t han 15\i i s i n the 

r e g i o n o f 50%. Even i f i t i s assumed t h a t a l l the s e d i ­

ment l e s s t han 75y s u p p l i e d from e r o d i n g banks e n t e r s t h e 

r e s e r v o i r , bank e r o s i o n would appear to c o n t r i b u t e l i t t l e 

more than 20% of the t o t a l f i n e sed iment wh ich the N a r r a t o r 

Brook d i s c h a r g e s i n t o t he B u r r a t o r R e s e r v o i r , A l though 

t h i s can o n l y be r e g a r d e d a s a rough a p p r o x i m a t i o n o f t he 

r e l a t i v e impor tance o f bank e r o s i o n i n the f o r e s t a s a 

s o u r c e o f sed iment , i t does i n d i c a t e t h a t o t h e r major 

s o u r c e s o f f i n e sed iment e x i s t i n the N a r r a t o r ca tchment . 

I n c l u d e d under s t r eam c h a n n e l s o u r c e s a r e d r a i n a g e 

d i t c h e s and ephemera l c h a n n e l s wh ich a r e p a r t i c u l a r l y 
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numerous i n the c o n i f e r o u s f o r e s t p l a n t a t i o n ( f i g 2 . 9 ) . 

R a i n s p l a s h and w e a t h e r i n g p r o c e s s e s on exposed p a r t s o f 

t h e s e c h a n n e l s c r e a t e s a poo l o f a v a i l a b l e sed iment wh ich 

i s f l u s h e d i n t o the main s t r e a m d u r i n g f l o o d p e r i o d s . T h i s 

i s l i k e l y t o form an i m p o r t a n t c o n t r i b u t i o n t o the f i n e 

sed iment t r a n s p o r t e d by t he N a r r a t o r Brook, a l t h o u g h i t i s 

a c o n t r i b u t i o n wh ich i s d i f f i c u l t t o a s s e s s . Another 

p o s s i b l e s i g n i f i c a n t s o u r c e o f f i n e s i n the N a r r a t o r c a t c h ­

ment i s catchment s l o p e s . 

4.3.2 Catchment slopes 

Supp ly o f sed iment from s l o p e s i n t he N a r r a t o r c a t c h ­

ment was not measured d i r e c t l y . However, the l i k e l y s i g ­

n i f i c a n c e o f ca tchment s l o p e s a s a s o u r c e o f sed iment can 

be a s s e s s e d i n d i r e c t l y by e v a l u a t i o n o f t he two p r o c e s s e s 

r e s p o n s i b l e f o r s u p p l y i n g sed iment from catchment s l o p e s t o 

the s t r e a m c h a n n e l , namely r a i n s p l a s h and o v e r l a n d f l o w . 

The e f f e c t i v e n e s s o f r a i n s p l a s h as an agent o f s o i l 

e r o s i o n i n c r e a s e s w i t h i n c r e a s i n g p r e c i p i t a t i o n i n t e n s i t y 

and d e c r e a s e s w i t h i n c r e a s i n g d e n s i t y o f v e g e t a t i o n c o v e r . 

S e v e r a l wo rke rs c i t e t h r e s h o l d r a i n f a l l i n t e n s i t i e s wh ich 

have to be exceeded b e f o r e r a i n s p l a s h can be c o n s i d e r e d 

e f f e c t i v e . Sugges ted t h r e s h o l d v a l u e s v a r y depending upon 

c l i m a t e . Hudson (1971) g i v e s a f i g u r e o f 25 mm/hr f o r 

A f r i c a , w h i l e f o r Germany 6 mm/hr a p p e a r s more a p p r o p r i a t e 

( R i c h t e r & Negendank 1 9 7 7 ) . Morgan (1979) s u g g e s t s an 

i n t e n s i t y o f 10 mm/hr as b e i n g a p p l i c a b l e t o the B r i t i s h 

s i t u a t i o n . Of t he 37 e v e n t s wh ich o c c u r r e d d u r i n g t he 

p e r i o d o f o b s e r v a t i o n , 6 r e c o r d e d p r e c i p i t a t i o n e x c e e d i n g 

10 mms i n the space o f an hour . S e v e r a l o t h e r e v e n t s a l s o 

p r o b a b l y s u s t a i n e d r a i n f a l l i n t e n s i t i e s e x c e e d i n g 10 mm/hr 

ove r p e r i o d s s h o r t e r than an hour, but t h i s canno t be de­

te rm ined from week ly a u t o g r a p h i c r a i n c h a r t s . Over much 

of the N a r r a t o r ca tchment , v e g e t a t i o n i s p r o b a b l y too dense 

to p e r m i t r a i n s p l a s h e r o s i o n even when r a i n f a l l i n t e n s i t i e s 
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exceed the t h r e s h o l d v a l u e . However, a r e a s i n the g r a s s ­

l a n d r e g i o n o f the ca tchment not i nvaded by b r a c k e n 

{Pteridium aquilinum) a r e p r e f e r e n t i a l l y g r a z e d by sheep 

and c a t t l e and the g r a s s i s c l o s e c ropped. I n t h e s e a r e a s 

the s o i l s u r f a c e i s p r o b a b l y not o f f e r e d t he same p r o t e c ­

t i o n from r a i n s p l a s h a s i n b r a c k e n i n f e s t e d a r e a s . I n 

t h e moor land r e g i o n o f t h e ca tchment t h e p r o t e c t i o n o f f e r e d 

by Molinea i s s i g n i f i c a n t l y reduced d u r i n g w i n t e r months, 

and bare p a t c h e s o f s o i l a r e exposed i n some a r e a s . 

L o c a l i s e d a r e a s o f b a r e s o i l a l s o o c c u r a s a r e s u l t o f con­

c e n t r a t e d t r a m p l i n g i n t he v i c i n i t y o f Deancombe Farm 

( f i g 2.9) and a t gaps i n d ry s t o n e w a l l s . There a r e 10 

l o c a t i o n s a l ong the N a r r a t o r Brook and i t s t r i b u t a r i e s 

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

s o i l c l o s e to the c h a n n e l . 

A l though the e f f e c t i v e n e s s o f r a i n s p l a s h can be 

gauged from p r e c i p i t a t i o n i n t e n s i t y , o v e r l a n d f l ow i s more 

e l u s i v e i n t h i s r e s p e c t . O v e r l a n d f l ow has been o b s e r v e d 

on a number o f o c c a s i o n s i n t h e moor land r e g i o n o f t h e 

ca tchment d u r i n g r a i n s t o r m s . Tha t t h i s o v e r l a n d f l o w i s 

i n s t r u m e n t a l i n t r a n s p o r t i n g e roded m a t e r i a l i s e v i d e n c e d 

by p a t c h e s of b l e a c h e d w h i t i s h g rey sand commonly o b s e r v e d 

between g r a s s t u s s o c k s f o l l o w i n g i n t e n s e r a i n s t o r m s . 

E x a c t l y the same phenomenon i s d e s c r i b e d by T a l l i s (1964) 

i n the Sou the rn P e n n i n e s wh ich he a s c r i b e s t o s h e e t e r o s i o n 

o f p e a t y s o i l s . 

O v e r l a n d f l ow can o c c u r when r a i n f a l l i n t e n s i t y e x c e e d s 

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

o r a l t e r n a t i v e l y when the top s o i l becomes s a t u r a t e d 

( K i r k b y 1969b, C h o r l e y 1978 ) . Horton (1945) p roposed t h a t 

s i n c e t h e s u r f a c e i n f i l t r a t i o n c a p a c i t y o f most s o i l s de­

c r e a s e d d u r i n g a s torm e v e n t due t o i n c r e a s i n g w e t n e s s , a 

p o i n t may be r e a c h e d d u r i n g the s torm when i n f i l t r a t i o n 

c a p a c i t y i s exceeded by r a i n f a l l i n t e n s i t y . T h i s would 

depend upon the n a t u r e o f the s o i l t o g e t h e r w i t h d u r a t i o n 

and i n t e n s i t y o f the s to rm. Once t h i s p o i n t has been 

r e a c h e d , the e x c e s s r a i n wh ich canno t be accommodated by 
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i n f i l t r a t i o n d r a i n s o f f t he s u r f a c e as o v e r l a n d f l o w . 

" H o r t o n i a n " o r u n s a t u r a t e d o v e r l a n d f l ow , a l t h o u g h pe rhaps 

of some s i g n i f i c a n c e i n s e m i - a r i d c l i m a t e s , has been found 

to be l e s s a p p l i c a b l e to ca tchmen ts i n humid c l i m a t e s . 

I n humid c l i m a t e s r a i n f a l l i n t e n s i t y i s c h a r a c t e r i s t i c a l l y 

low w h i l e d e n s e r v e g e t a t i o n p r o t e c t s t he s o i l and p r e v e n t s 

s e a l i n g o f the s o i l s u r f a c e by r a i n drop impac t . P i e r c e 

( 1 9 6 7 ) , f o r example, c o n c l u d e d from measurements i n a New 

Eng land ca tchment t h a t s u r f a c e s o i l i n f i l t r a t i o n i s n e v e r 

l i k e l y to be exceeded by r a i n f a l l i n t e n s i t y . I n f i l t r a t i o n 

c a p a c i t y was measured p e r i o d i c a l l y a t two s i t e s w i t h i n t he 

N a r r a t o r ca tchment by s i n g l e c y l i n d e r i n f i l t r o m e t e r s f i x e d 

pe rmanen t l y i n t o the ground. These two s i t e s a r e l o c a t e d 

nex t to r a i n g a u g e s No. 2 and No. 4 both on f l a t ground, one 

on i r o n pan s t a g n o p o d s o l o f the moorland r e g i o n and the 

o t h e r on brown e a r t h ( f i g 3 , 1 ) . Recorded i n f i l t r a t i o n 

c a p a c i t i e s ranged from 1650 mm/hr t o 180 mm/hr a t the s i t e 

on brown e a r t h and from 940 mm/hr to 80 mm/hr a t the s i t e 

on i r o n pan s t a g n o p o d s o l . A p l o t o f i n f i l t r a t i o n c a p a c i t y 

a g a i n s t a n t e c e d e n t p r e c i p i t a t i o n i n t he manner o f 

P a p a d a k i s and P r e u l (1973) r e v e a l s , a s t h e o r y p r e d i c t s , 

t h a t t he i n f i l t r a t i o n c a p a c i t y o f both s o i l t y p e s d e c r e a s e s 

a s the s o i l s become wet ( f i g 4 . 7 ) . I t i s a p p a r e n t , how­

e v e r , t h a t even i n the w e t t e s t c o n d i t i o n s , when the l e v e l 

o f s a t u r a t i o n i n the s o i l i s c l o s e t o the s u r f a c e , s u r f a c e 

i n f i l t r a t i o n a t t h e s e two s i t e s s t i l l e xceeds the maximum 

r a i n i n t e n s i t y o f 25 mm/hr r e c o r d e d on the catchment d u r i n g 

the p e r i o d o f r e s e a r c h . However, t h e r e a r e l i k e l y t o be 

l a r g e s p a t i a l c o n t r a s t s i n i n f i l t r a t i o n c a p a c i t y ove r the 

N a r r a t o r ca tchment i n r e s p o n s e t o v a r i a t i o n s i n the deg ree 

of t r a m p l i n g by c a t t l e and sheep. B racken i n f e s t e d a r e a s , 

f o r example, a r e l e s s s u b j e c t t o t r a m p l i n g than open g r a s s ­

l a n d a r e a s . I n f i l t r a t i o n i n some p a r t s o f t he ca tchment 

s u b j e c t t o heavy t r a m p l i n g may on o c c a s i o n s f a l l below 

r a i n f a l l i n t e n s i t y w h i l e the s o i l i s u n s a t u r a t e d . S m a l l 

l o c a l i s e d a r e a s where " H o r t o n i a n " o v e r l a n d f l o w i s un­

doub ted l y a common o c c u r r e n c e i n c l u d e t r a c k s and p a t h s , t o -
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F i g . 4.7 R e l a t i o n between i n f i l t r a t i o n r a t e and 

a n t e c e d e n t p r e c i p i t a t i o n f o r two s o i l t y p e s 

i n t h e N a r r a t o r ca tchment 

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

i n the v i c i n i t y o f Deancombe Farm, a t gaps i n s tone w a l l s 

and a t s t r eam c r o s s i n g p o i n t s . O b s e r v a t i o n s by T e r n a n & 

W i l l i a m s (1979) i n the N a r r a t o r ca tchment i n d i c a t e t h a t un­

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

l i t t e r i n f o r e s t , b r a c k e n and g r a s s l a n d a r e a s . 

A l though u n s a t u r a t e d o v e r l a n d f l o w i n t h e N a r r a t o r 

ca tchment may be o f o n l y l o c a l i s e d s i g n i f i c a n c e , s a t u r a t e d 

o v e r l a n d f l o w i n t he ca tchment i s bo th f r e q u e n t and w ide ­

s p r e a d . S o i l s a t u r a t i o n b e g i n s i n the s u b - s o i l and t h e n 

r i s e s towards t h e s o i l s u r f a c e (Weyman 1 9 7 4 ) . When the 

l e v e l o f s a t u r a t i o n or wa te r t a b l e i n t he s o i l i n t e r s e c t s 

the s o i l s u r f a c e o v e r l a n d f l ow i s g e n e r a t e d ( K i r k b y & 

C h o r l e y 1967, Dunne & B l a c k 1970 ) . T h i s p r o c e s s i s v e r y 

c l o s e l y r e l a t e d to r a t e s of t h r o u g h f l o w . Near the s u r f a c e 

o f the s o i l a r e c r a c k s , r o o t c h a n n e l s and o t h e r macro-pores 

not found a t dep th . Water a f t e r i n f i l t r a t i o n i n t o the 
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s u r f a c e p a s s e s down through the s o i l but a s p e r m e a b i l i t y 

d e c r e a s e s w i t h depth wa te r becomes ponded i n the s u b - s o i l ^ 

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

any marked d i s c o n t i n u i t y o f p e r m e a b i l i t y v; i th dep th . Such 

a d i s c o n t i n u i t y i s o f t e n found a t the base o f the A h o r i z o n 

due t o the p r e s e n c e he re o f an i r o n pan i n p o d s o l i z e d s o i l s . 

Water wh ich has ac c umu la ted a t dep th i s d r a i n e d by t h r o u g h -

f l ow a t a r a t e de te rm ined by the s a t u r a t e d h y d r a u l i c con­

d u c t i v i t y o f t he s o i l . I n some s o i l s t h i s may be q u i t e 

low, o f t e n lower than commonly o c c u r r i n g r a i n f a l l i n t e n s i ­

t i e s . Wh i l e r a i n f a l l i n t e n s i t y e x c e e d s s a t u r a t e d h y d r a u l i c 

c o n d u c t i v i t y wa te r w i l l c o n t i n u e t o accumu la te w i t h i n t h e 

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

p e r i o d then the s o i l wa te r t a b l e may r e a c h t he s u r f a c e ; 

t h e r e a f t e r t he e x c e s s o f r a i n f a l l wh ich canno t be d r a i n e d 

by t h r o u g h f l o w i s t r a n s m i t t e d a s o v e r l a n d f l o w . 

One t e c h n i q u e t h a t has commonly been employed t o i n ­

v e s t i g a t e t he f r e q u e n c y and d i s t r i b u t i o n o f s a t u r a t e d o v e r ­

l a n d f l o w i n s m a l l ca t chmen ts i s t he s o i l o b s e r v a t i o n w e l l 

(Be tson & Mar ius 1969, Lewin e t a l 1974, Weyman 1974) , The 

l e v e l o f s a t u r a t i o n o r wa te r t a b l e w i t h i n the s o i l i s i n ­

d i c a t e d by the l e v e l o f s t a n d i n g wa te r i n the w e l l . I n 

the N a r r a t o r ca tchment twenty s o i l w e l l s were i n s t a l l e d a t 

randomly s e l e c t e d l o c a t i o n s ( f i g 3 , 1 ) . The w e l l s a r e 

30 cm deep and l i n e d w i t h p l a s t i c d r a i n p i p e . Each i s 

equ ipped w i t h a c r e s t - s t a g e r e c o r d i n g d e v i c e c o n s i s t i n g o f 

a removable d e x i o n rod t o wh ich i s a f f i x e d t h i m b l e s a t 5 cm 

i n t e r v a l s ( f i g 4.8; p l a t e s 4.9 & 4 . 1 0 ) . The h i g h e s t 

t h i m b l e t o be f i l l e d w i t h wa te r i n d i c a t e s t o w i t h i n 5 cm 

the maximum l e v e l a t t a i n e d by t h e s o i l wa te r t a b l e . The 

t h i m b l e s a r e f i t t e d w i t h l i d s wh ich f l o a t open w i t h r i s i n g 

wa te r i n the w e l l and c l o s e when t he wa te r l e v e l r e c e d e s 

a g a i n i n o r d e r t o r e t a r d e v a p o r a t i o n of wa te r i n t he 

t h i m b l e s and e n s u r e r e l i a b l e r e a d i n g s . The top most 

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

and when t h i s has been f i l l e d i t i n d i c a t e s t h a t on a t l e a s t 
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F i g . 4.8 C r e s t s t a g e s o i l w e l l u s e d i n t h e N a r r a t o r 

c a t c h m e n t 

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

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

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

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

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

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

A p p r o x i m a t e l y 2% o f t h e N a r r a t o r c a t c h m e n t i s p e r m a ­

n e n t l y s a t u r a t e d d u r i n g n o r m a l y e a r s a n d t r a n s m i t s v i r t u a l l y 

a l l p r e c i p i t a t i o n r e c e i v e d a s o v e r l a n d f l o w ( f i g 2 . 7 ) . 

F r o m t h i s e x t r e m e t h e r e i s a w i d e r a n g i n g c o n t i n u u m t o w e l l 

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

be an e x t r e m e l y r a r e e v e n t . A l l t w e n t y s o i l s w e l l s became 

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

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

v a t i o n . T h e r e m a i n i n g 19 w e l l s r e c o r d e d p e r i o d i c s a t u r a ­

t i o n t o a t l e a s t 25 cm f r o m t h e g r o u n d s u r f a c e . O u t o f a 

t o t a l o f 13 v i s i t s t o t h e s o i l w e l l s t h e n u m b e r o f o c c a s i o n s 

s a t u r a t i o n t o t h e s u r f a c e was r e c o r d e d r a n g e d f r o m 11 t o 

z e r o , 
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P la te 4.9 Cres t stage s o i l v e i l wi th cover removed. 

3 

P la te 4.10 Cres t stage s o i l w e l l showing dexion rod with thimbles 
at tached. 
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To i n v e s t i g a t e t h e s e s p a t i a l v a r i a t i o n s , a n i n d e x was 

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

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

t h e s i t e . The max imum p o s s i b l e i s 1 0 8 ; v a l u e s f o r t h e 

s o i l w e l l s r a n g e d b e t w e e n 78 a n d z e r o ( f i g 4.9) The 

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

s o i l i t s e l f a n d i n p a r t i c u l a r i t s ' o r g a n i c c o n t e n t . I t i s 

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

b e t w e e n t h e t w o s o i l t y p e s i n t h e c a t c h m e n t ( f i g 4 . 1 0 ) . 

A l l o f t h e n i n e w e l l s a t w h i c h s a t u r a t e d o v e r l a n d f l o w was 

r e c o r d e d a r e l o c a t e d o n s t a g n o p o d s o l ; i t was n e v e r o n c e 

r e c o r d e d a t a n y o f t h e n i n e s i t e s o n b r o w n e a r t h . A 

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

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

c a t c h m e n t i n S o m e r s e t (Weyman 1 9 7 4 ) . Due t o t h e i r h i g h 

o r g a n i c c o n t e n t p e a t y s o i l s s w e l l when w e t s e a l i n g o f f 

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

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

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

l e v e l o f s a t u r a t i o n a l o n g way ( C h i l d s 1 9 7 2 ) . The l o w e r 

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

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

t e n t i a l . • 

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

v a r i a t i o n i n s a t u r a t i o n p o t e n t i a l i n t h e N a r r a t o r c a t c h m e n t 

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

v a r i a b l e s i n m u l t i p l e r e g r e s s i o n ( t a b l e 4 . 4 ) . N e i t h e r o f 

t h e t w o t e x t u r a l v a r i a b l e s t e s t e d , % s i l t a n d c l a y a n d % 

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

t e n t i a l . The r a n g e i n b o t h s a t u r a t i o n p o t e n t i a l a n d t e x ­

t u r e i n t h e b r o w n e a r t h r e g i o n o f t h e c a t c h m e n t may be t o o 

s m a l l f o r t h e e f f e c t o f t e x t u r e t o become m a n i f e s t . I n 

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

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

c a n e x c e e d 9 0 % d r y w e i g h t i n some l o c a l i t i e s . . . 

A c c o r d i n g t o t h e o r y { K i r k b y & C h o r l e y 1 9 6 7 , C h o r l e y 

1 9 7 8 , K i r b y 1 9 7 8 a ) , t h e d i s t r i b u t i o n o f s a t u r a t e d o v e r l a n d 
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R e l a t i o n b e t w e e n s o i l s a t u r a t i o n p o t e n t i a l 

a n d o r g a n i c m a t t e r c o n t e n t f o r !.two s o i l 

t y p e s i n t h e N a r r a t o r c a t c h m e n t 

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

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

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

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

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

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

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

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

a r e s l o p e a n g l e , . s l o p e l e n g t h , a c o n c a v e / c o n v e x s l o p e i n ­

d e x , a n d a c o n v e r g i n g / d i v e r g i n g s l o p e i n d e x { t a b l e 4 , 4 ) , 

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

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

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

d e p e n d e n t a f f e c t o f s l o p e a n g l e i s d i f f i c u l t t o e x p l a i n . 

60 70 30 90 
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T a b l e 4.4 R e s u l t s o f m u l t i p l e r e g r e s s i o n a n a l y s i s o f 
s p a t i a l v a r i a t i o n s i n s a t u r a t i o n p o t e n t i a l 
o v e r t h e N a r r a t o r c a t c h m e n t b a s e d u p o n o b ­
s e r v a t i o n s a t 20 s o i l w e l l s i t e s ( d a t a u n -
t r a n s f o r m e d ) . 

DEPENDENT VARIABLE 

S a t u r a t i o n p o t e n t i a l , measured a s the t o t a l number o f t h i m b l e s f i l l e d 

i n a s o i l w e l l o v e r 18 v i s i t s t o t h e s i t e . 

T o t a l 6 t h Orde r P a r t i a l 
^ C o r r e l a t i o n C o r r e l a t i o n P a r t i a l 

I ndependen t V a r i a b l e s C o e f f i c i e n t s C o e f f i c i e n t s F V a l u e s 

1 S o i l o r g a n i c c o n t e n t 0.69 0.85 72.24 

2 S l o p e a n g l e - O . l l 0.48 8.71 

3 S o i l s i l t and c l a y 
c o n t e n t 0.67 0.36 3.89 5" & o o 

Q i (D ( T C/l 

4 S lope p l a n shape i n d e x 0.06 0.22 0.l3fi> ^. ^ H-

5 S l o p e l e n g t h 0.18 -0.18 0.50 3 a. c H-

6 S l o p e p r o f i l e shape i n d e x -0.18 0.09 0.04 3 2 g 

7 S o i l g r a v e l c o n t e n t -0.54 0.15 '̂ •26 < ^ g ^ 
rl o 
H- O 
QJ 
C LEVEL OF 

SIGNIFICANCE 0.01 O.OOl 

r 0.56 • 0.68 

F 8.29 f o r 1 to 9.33 f o r 7 15.38 t o 18.64 

= 20 P e r c e n t E x p l a n a t i o n ( a l l v a r i a b l e s ) 90.1% 

* See append i x I I . 5 f o r b a s i c d a t a and d e r i v a t i o n o f i n d e p e n d e n t 

v a r i a b l e s . 

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

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

c o e f f i c i e n t i s p o s i t i v e . A s i m i l a r d i s p a r i t y b e t w e e n f i e l d 

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

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

e n c o u n t e r e d b y A r n e t t ( 1 9 7 4 ) a n d K n a p p ( 1 9 7 4 ) . 
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The i n d e p e n d e n t e f f e c t o f v e g e t a t i o n c o v e r u p o n t h e 

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

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

u t i o n s l a r g e l y c o i n c i d e . The d i s t r i b u t i o n o f b r a c k e n 

{Pteridium aquilinum) h o w e v e r , t r a n s c e n d s s o i l b o u n d a r i e s , 

a n d a M a n n - W h i t n e y U - t e s t i n d i c a t e s t h a t s a t u r a t i o n p o ­

t e n t i a l b e n e a t h b r a c k e n i s s i g n i f i c a n t l y ( 0 . 0 5 l e v e l , 

n = 3 a n d 8) r e d u c e d o n p e a t y s o i l s . T h i s s u p p o r t s 

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

1 9 7 4 , A r n e t t 1 9 7 4 ) . S i n c e b r a c k e n w i l l o n l y i n v a d e t h e 

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

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

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

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

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

b r o w n e a r t h i s n o t i n an a r e a o f b r a c k e n i n f e s t a t i o n , t h e 

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

e a r t h c o u l d n o t be t e s t e d . 

F r o m t h e s e o b s e r v a t i o n s t h e r e i s r e a s o n t o b e l i e v e t h a t 

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

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

s t r e a m c h a n n e l . Some i d e a o f t h e e x t e n t t o w h i c h s e d i m e n t 

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

p o r t e d b y t h e N a r r a t o r B r o o k c a n b e g a i n e d f r o m a n a l y s i s o f 

s e d i m e n t d y n a m i c s . 
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CHAPTER 5 

TEMPORAL VARIATIONS I N SEDIMENT TRANSPORT 

5 , 1 V a r i a t i o n s i n s o i l s a t u r a t i o n 

E v i d e n c e p r e s e n t e d i n c h a p t e r 4 s u g g e s t s t h a t s l o p e s 

i n t h e N a r r a t o r c a t c h m e n t may c o n t r i b u t e a s i g n i f i c a n t 

p r o p o r t i o n o f t h e f i n e s t r a n s p o r t e d b y t h e N a r r a t o r B r o o k . 

S o i l w e l l o b s e r v a t i o n s i n d i c a t e t h a t a t c e r t a i n t i m e s 

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

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

e x p e c t e d . A n a l y s i s o f t e m p o r a l v a r i a t i o n s i n t h e l e v e l o f 

s a t u r a t i o n w i t h i n t h e s o i l may t h u s h e l p t o e x p l a i n t e m p o r a l 

v a r i a t i o n s i n s t r e a m s e d i m e n t t r a n s p o r t . 

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

s o i l a n d t h e l e v e l o f s a t u r a t i o n i n t h e s o i l r i s e s t o v / a r d s 

t h e s u r f a c e . The max imum l e v e l r e a c h e d i s r e c o r d e d b y t h e 

c r e s t s t a g e r e c o r d i n g d e v i c e f i t t e d i n t o e a c h o f t h e 20 s o i l 

w e l l s i n t h e N a r r a t o r c a t c h m e n t . A t n i n e s i t e s a n d o n 

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

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

a t e d . A n a l y s i s o f s p a t i a l v a r i a t i o n s i n r e c o r d e d max imum 

l e v e l s o f s a t u r a t i o n a t t h e 20 s i t e s , d i s c u s s e d i n t h e 

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

m a j o r s o i l t y p e s w i t h i n t h e N a r r a t o r c a t c h m e n t . S t a g n o -

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

T e m p o r a l v a r i a t i o n s i n t h e max imum l e v e l o f s a t u r a t i o n r e ­

c o r d e d o v e r 18 v i s i t s t o t h e s o i l w e l l s d e p e n d u p o n v a r i a ­

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

a n t e c e d e n t p r e c i p i t a t i o n . H o w e v e r , i t i s a p p a r e n t f r o m 

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

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

f a c t o r s . I n o r d e r t o e x a m i n e t e m p o r a l v a r i a t i o n s i n s o i l 

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

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

e a c h o f t h e 13 o c c a s i o n s o n w h i c h s o i l w e l l s a r e v i s i t e d , 

was e x p r e s s e d a s a p e r c e n t a g e o f t h e t o t a l n u m b e r p o s s i b l e 
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( t o t a l n u m b e r p o s s i b l e o n e a c h o c c a s i o n = 9 x 6 = 5 4 ) . T h e 

same was a l s o d o n e f o r t h e 11 s o i l w e l l s o n s t a g n o p o d s o l , 

b u t i n t h i s c a s e t h e max imum n u m b e r o f t h i m b l e s t h a t c a n be 

f i l l e d a t a n y o n e v i s i t i s 11 x 6 = 6 6 . T h i s g i v e s a 

t o t a l o f 18 o b s e r v a t i o n s f o r e a c h o f t h e t w o s o i l t y p e s . 

V a l u e s f o r b r o w n e a r t h v a r y b e t w e e n 0% a n d 2 7 . 8 % w h i l e 

v a l u e s f o r s t a g n o p o d s o l v a r y f r o m 0% t o 9 5 . 5 % . 

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

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

t h e p e r i o d s b e t w e e n v i s i t s , max imum t w o h o u r p r e c i p i t a t i o n 

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

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

( t a b l e 5 . 1 ) . S a t u r a t i o n i n b r o w n e a r t h i s c l o s e l y r e l a t e d 

t o max imum t w o h o u r p r e c i p i t a t i o n ( r = 0 . 8 8 , n = 18 ) b u t 

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

a n d a n t e c e d e n t p r e c i p i t a t i o n ( r = 0.33 a n d - 0 . 0 6 r e s p e c ­

t i v e l y , n = 1 8 ) , S a t u r a t i o n i n s t a g n o p o d s o l o n t h e o t h e r 

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

a n t e c e d e n t p r e c i p i t a t i o n ( r = 0.59 a n d 0.57 r e s p e c t i v e l y , 

n = 1 8 ) . S u b - s u r f a c e d r a i n a g e i s " p r o b a b l y r e l a t i v e l y s l o w 

T a b l e 5.1 P r o d u c t moment c o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g 
s a t u r a t i o n i n t w o s o i l t y p e s i n t h e N a r r a t o r 
c a t c h m e n t t o h y d r o m e t e o r o l o g i c a l v a r i a b l e s ( d a t a 
u n t r a n s f o r m e d ) . 

Maximum Two 
Hour 

P r e c i p i t a t i o n 
T o t a l P e r i o d 
P r e c i p i t a t i o n 

P r e c i p i t a t i o n Pre­
c e e d i n g Maximum 
Two Hour E v e n t 

( A P l 3 ^ ) 

s t a g n o p o d s o l 

Brown e a r t h 

O. 13 

0.88 

0.59 

0.33 

0.57 

0.06 

n = 18 

S i g n i f i c a n c e l e v e l 0.05 O.OI 0.001 
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i n s t a g n o p o d s o l s i n c o m p a r i s o n t o b r o w n e a r t h s . S t a g n o ­

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

s t o r a g e m o d e l e n v i s a g e d b y K i r k b y ( 1 9 7 8 b ) . T h e t w o i m ­

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

s i t u a t i o n a r e t h e i n i t i a l a m o u n t o f w a t e r i n s t o r a g e ( r e p r e ­

s e n t e d b y a n t e c e d e n t p r e c i p i t a t i o n ) a n d t h e a m o u n t a d d e d 

( r e p r e s e n t e d b y t o t a l p r e c i p i t a t i o n ) ; p r e c i p i t a t i o n i n t e n ­

s i t y i s i n c o n s e q u e n t i a l . F o r b r o w n e a r t h , o n t h e o t h e r 

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

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

i n t h i s s o i l r i s e s o n l y when r a t e o f i n p u t o f w a t e r ( r e p r e ­

s e n t e d b y p r e c i p i t a t i o n i n t e n s i t y ) e x c e e d s r a t e o f o u t p u t 

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

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

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

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

The c o n t r a s t i n r e s p o n s e b e t w e e n s t a g n o p o d s o l a n d 

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

r a t i o n a t t h e 20 s o i l w e l l s i t e s f o r t w o p e r i o d s w i t h c o n ­

t r a s t i n g h y d r 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 ( f i g 5 . 1 ) . The 

f i r s t o f t h e s e t w o p e r i o d s , 7 - 2 7 / 1 0 / 7 6 , h a s a h i g h t o t a l 

p r e c i p i t a t i o n ( 2 1 5 mm) b u t p r e c i p i t a t i o n i n t e n s i t y i s l o w 

(max imum 2 h r p r e c i p i t a t i o n - 9.3 mm). Max imum s a t u r a t i o n 

l e v e l s i n s t a g n o p o d s o l f o r t h i s p e r i o d a r e much h i g h e r t h a n 

i n t h e b r o w n e a r t h ( f i g 5 . 1 a ) . W h i l e 3 o f t h e 11 s o i l 

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

f a c e , 7 o f t h e 9 w e l l s o n b r o w n e a r t h r e m a i n e d d r y . T h e 

s e c o n d p e r i o d , 2 2 / 7 - 2 / 9 / 7 6 , i s d r i e r t h a n t h e f i r s t ( t o t a l 

p r e c i p i t a t i o n - 40 mm) b u t i n c l u d e d a h i g h i n t e n s i t y e v e n t 

(max imum 2 h r - p r e c i p i t a t i o n — 21 .7 mm). Max imum s a t u r a ­

t i o n l e v e l s i n t h e b r o w n e a r t h a r e e q u i v a l e n t t o o r h i g h e r 

t h a n s t a g n o p o d s o l f o r t h i s p e r i o d ( f i g . 5 . 1 b ) . The h i g h ­

e s t l e v e l r e c o r d e d b y t h e 11 w e l l s o n s t a g n o p o d s o l i s 20 cm 

f r o m t h e s u r f a c e ; 3 o f t h e w e l l s r e m a i n e d d r y . By com­

p a r i s o n t h e h i g h e s t l e v e l r e c o r d e d b y t h e 9 w e l l s o n b r o w n 

e a r t h i s 15 cm f r o m t h e s u r f a c e a n d o n l y o n e o f t h e w e l l s 

r e m a i n e d d r y . 
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SATURATION L E V E L 

At»>^iac*. 
5 cms cmom 
10 cms ti«(ow 
IS cm* 
20 cms bvtow 

S o l u r a t i o n unoC)S* fv«( ] 
Q B R O W N E A R T H Q S T A O N O P O O S O L 

L E V E L O F SATURATtGN 

AtlurfOCT 

1 
5 cms t)«*o« 
10 cms balow 
15 cms 
20cm» bvtDw 
25ans b«4gw 
Sotufxition ijr»ob»rv»d 

• B R O W N E A R T H • S T A C N O P O O S O L 

F i g . 5 . 1 Max imum l e v e l s o f s a t u r a t i o n r e c o r d e d a t 

2 0 s o i l w e l l s i t e s i n t h e N a r r a t o r 

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

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

( a ) 7 - 2 7 / 1 0 / 7 6 ( b ) 22 /7 - 2 /9 /76 
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T r i b u t a r y c h a n n e l s i n t h e N a r r a t o r c a t c h m e n t , i n ­

c l u d i n g t h e N o r t h a n d S o u t h F o r k s o f t h e N a r r a t o r B r o o k , 

t h e Y e l l o w m e a d B r o o k a n d t h e S h e e p s t o r B e c k ( f i g 2 . 9 ) , 

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

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

t h i s r e g i o n t o c o n t r i b u t e t o q u i c k f l o w r u n o f f , J o n e s 

( 1 9 7 9 ) s t r e s s e s t h e i m p o r t a n c e o f s a t u r a t e d a r e a s o n 

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

t h e s e a r e a s may be s e p a r a t e d f r o m t h e m a i n d y n a m i c c o n t r i ­

b u t i n g a r e a . Newson ( 1 9 7 6 ) d e s c r i b e s p i p e s i n a M i d - W a l e s 

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

S u c h p i p e s may a l s o e x i s t i n t h e N a r r a t o r c a t c h m e n t a l t h o u g h 

n o n e h a v e b e e n o b s e r v e d . 

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

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

s t r e a m f l o w d y n a m i c s . A b o v e t h e g a u g i n g s i t e a t S t 21 t h e 

c a t c h m e n t a r e a i s 9 9 % s t a g n o p o d s o l w h i l e f u r t h e r d o w n s t r e a m 

a t S t 11 b r o w n e a r t h c o m p r i s e s 18% o f t h e c a t c h m e n t a r e a . 

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

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

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

p r o x i m i t y o n t h e same r i v e r . F l o o d m a g n i t u d e ( c a l c u l a t e d 

a s t h e d i f f e r e n c e b e t w e e n p e a k d i s c h a r g e a n d a n t e c e d e n t 

b a s e f l o w d i s c h a r g e ) r e c o r d e d a t S t 2 1 , v a r i e s i n d e p e n d e n t l y 

t o some d e g r e e f r o m t h a t r e c o r d e d a t S t 1 1 . The r a t i o o f 

f l o o d m a g n i t u d e a t t h e s e .two s t a t i o n s r a n g e d f r o m 0.09 t o 

0.67 o v e r t h e p e r i o d o f o b s e r v a t i o n ( t h e r a t i o o f d r a i n a g e 

a r e a s f o r t h e t w o s t a t i o n s i s 0 . 4 3 ) . T h i s c a n be d i r e c t l y 

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

f r o m m o o r l a n d a r e a s . A n a l y s i s o f t h e s o i l w e l l d a t a i n ­

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

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

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

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

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

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

S t 21 t o t h a t a t S t 11 i s h i g h f o r e v e n t s w i t h h i g h t o t a l 
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p r e c i p i t a t i o n b u t l o w max imum t w o h o u r p r e c i p i t a t i o n , a n d 

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

maximum t w o h o u r p r e c i p i t a t i o n t o t o t a l p r e c i p i t a t i o n i n ­

c r e a s e s ( r = - 0 . 5 7 , n = 26 - f i g 5 . 2 ) . F o r e x a m p l e a 

s m a l l b u t i n t e n s e s t o r m e v e n t w h i c h o c c u r r e d o n 4 - 5 / 8 / 7 5 , 

w i t h a max imum t w o h o u r p r e c i p i t a t i o n o f 15.7 mm i n com­

p a r i s o n t o t o t a l p r e c i p i t a t i o n o f o n l y 1 9 , 0 mm p r o d u c e d a 

f l o o d m a g n i t u d e o f o n l y 8 £/s a t S t 21 i n c o m p a r i s o n t o 

55 Lis a t S t 1 1 , g i v i n g a r a t i o o f 0 . 1 5 . By c o n t r a s t , a n 

e v e n t w h i c h o c c u r r e d o n 3 0 / 9 - 1 / 1 0 / 7 6 , w i t h a t o t a l p r e c i p i ­

t a t i o n o f 57 ,3 mm a n d max imum t w o h o u r p r e c i p i t a t i o n o f 

o n l y 8.6 mm, p r o d u c e d a f l o o d m a g n i t u d e o f 70 t/s a t S t 21 

i n c o m p a r i s o n t o 140 Us a t S t 11 ( r a t i o o f 0 . 5 0 ) . T h i s 

0-7i 

3 0-6 

SO-5 
CD 

a 

I 0-4 

xTi 0 -3 

5= 0-2 

0-2 0-3 0-4 0 5 o'e 0-7 
Rario ; Maximum two hour precipitation/total precipitation 

0-8 0-9 

F i g . 5 . 2 R e l a t i o n b e t w e e n t h e r a t i o o f f l o o d 

^ m a g n i t u d e s a t S t s . 1 1 a n d 2 1 , a n d t h e 

r a t i o o f max imum t w o h o u r p r e c i p i t a t i o n t o 

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

d e f i n e d as t h e d i f f e r e n c e b e t w e e n p e a k 

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

f r o m m o o r l a n d a r e a s t o s t o r m r u n o f f o n 3 0 / 9 - 1 / 1 0 / 7 6 t h a n o n 

4 - 5 / 8 / 7 5 . 

I t i s a p p a r e n t f r o m t h e s e o b s e r v a t i o n s t h a t s a t u r a t i o n 

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

t h e N a r r a t o r c a t c h m e n t . I t seems l i k e l y , t h e r e f o r e , t h a t 

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

m e n t t r a n s p o r t . V a r i a t i o n s i n s o i l s a t u r a t i o n c a n t h u s be 

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

p o r t d u r i n g f l o o d p e r i o d s . 

5.2 V a r i a t i o n s i n f l o o d p e r i o d s u s p e n d e d i 

• s e d i m e n t c o n c e n t r a t i o n 

5 .2 .1 Sediment Rating Curves 

I n m o s t s t r e a m s s u s p e n d e d s e d i m e n t c o n c e n t r a t i o n s v a r y 

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

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

a r e o f t e n d e f i n e d b y means o f a s e d i m e n t r a t i n g c u r v e w h i c h 

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

s e d i m e n t c o n c e n t r a t i o n a g a i n s t s t r e a m d i s c h a r g e a t t h e t i m e 

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

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

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

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

u n f e a s i b l e ( M i l l e r 1 9 5 1 , P i e s t 1 9 6 4 , L o u g h r a n 1 9 7 6 ) . T h e y 

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

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

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

e r o d i b i l i t y ( P a r s o n s e t a l 1 9 6 4 , B a u e r & T i l l e 1 9 6 7 ) . 

I n some s t r e a m s d i s c h a r g e o f f e r s o n l y p o o r e x p l a n a t i o n 

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

l a r g e e r r o r s when r a t i n g c u r v e s a r e e m p l o y e d t o c a l c u l a t e 

y i e l d s a s a m p l y d e m o n s t r a t e d b y W a l l i n g ( 1 9 7 7 ) . T h e 

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

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

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

s e d i m e n t c o n c e n t r a t i o n a n d s t r e a m d i s c h a r g e c a n be e x p e c t e d 

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

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

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

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

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

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

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

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

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

m e n t s l o p e s i s d e t e r m i n e d b y 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 

a n d t h e c o n d i t i o n o f t h e c a t c h m e n t s u r f a c e . B e c a u s e t h e r e 

i s no c a u s a l l i n k w i t h d i s c h a r g e t h e c o r r e l a t i o n i s p o o r . 

I n t h e N a r r a t o r c a t c h m e n t t h e r e i s l i t t l e r e l a t i o n 

b e t w e e n s u s p e n d e d s e d i m e n t c o n c e n t r a t i o n a n d s t r e a m d i s ­

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

2 9 t h A u g u s t 1 9 7 6 , f o r e x a m p l e , s u s p e n d e d s e d i m e n t c o n c e n t r a ­

t i o n r e a c h e d 3 3 0 mg/£ a t a s t r e a m d i s c h a r g e o f o n l y 165 Us 

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

N a r r a t o r B r o o k e x c e e d s 2 0 0 £/s w h i l e s e d i m e n t c o n c e n t r a t i o n 

a t t h e s e t i m e s i s g e n e r a l l y l e s s t h a n 1 m g / £ . The p o o r 

c o r r e s p o n d e n c e o f s e d i m e n t c o n c e n t r a t i o n w i t h s t r e a m d i s ­

c h a r g e i n t h e N a r r a t o r B r o o k b e c o m e s p a r t i c u l a r l y a p p a r e n t 

f r o m e x a m i n a t i o n o f v a r i a t i o n s i n s e d i m e n t c o n c e n t r a t i o n s 

o v e r i n d i v i d u a l f l o o d e v e n t s . F o r a l l f l o o d e v e n t s i n t h e 

N a r r a t o r c a t c h m e n t d u r i n g t h e p e r i o d o f o b s e r v a t i o n , p e a k 

s e d i m e n t c o n c e n t r a t i o n p r e c e d e d p e a k d i s c h a r g e g i v i n g r i s e 

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

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

w i s e h y s t e r e s i s ( f i g 5 . 3 ) . T h i s e f f e c t i n o t h e r c a t c h ­

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

s e d i m e n t o n c a t c h m e n t s l o p e s ( W a l l i n g 1 9 7 4 b , Wood 1 9 7 7 ) . 

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

s i z e o f t h e s t o r m e v e n t a n d t h e i n t e r v a l s i n c e t h e p r e -
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c e e d i n g s torm. As a r e s u l t , d u r i n g the i n i t i a l p e r i o d o f 

t he s torm s h e e t e r o s i o n and concommitant s t r e a m sed iment 

c o n c e n t r a t i o n s a r e r e l a t i v e l y h i g h , but a s the a v a i l a b l e 

supp ly o f sed iment becomes e x h a u s t e d c o n c e n t r a t i o n s may 

d e c r e a s e b e f o r e peak d i s c h a r g e i s r e a c h e d . C l o c k w i s e 

h y s t e r e s i s i s t h u s t y p i c a l o f ca t chmen ts where the major 

supp l y o f sed iment i s from ca tchment s l o p e s r a t h e r t han 

from the s t ream c h a n n e l . 

I n c l u d e d i n f i g 5.3 a r e hyd rog raphs , sed iment g raphs 

and h y s t e r e s i s l o o p s f o r n i n e f l o o d e v e n t s wh ich o c c u r r e d 

d u r i n g the p e r i o d o f o b s e r v a t i o n . Enough samples were 

c o l l e c t e d ove r t h e s e e v e n t s to d e f i n e v a r i a t i o n s i n s e d i ­

ment c o n c e n t r a t i o n i n some d e t a i l . Degree o f h y s t e r e s i s 

f o r t h e s e n i n e e v e n t s v a r i e s c o n s i d e r a b l y . F o r the f l o o d 

e v e n t wh ich took p l a c e on the 29th t o 30 th o f August 1976, 

peak sed iment c o n c e n t r a t i o n and peak d i s c h a r g e v i r t u a l l y 

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

At the o t h e r ex t reme, f o r the even t wh ich took p l a c e on the 

12th to 13th o f March 1976, peak sed iment c o n c e n t r a t i o n was 

a t t a i n e d 10 hours b e f o r e peak d i s c h a r g e and h y s t e r e s i s i s 

p a r t i c u l a r l y pronounced. T h i s v a r i a t i o n i n the degree o f 

h y s t e r e s i s can be e x p l a i n e d t o some e x t e n t on the b a s i s o f 

sed iment a v a i l a b i l i t y . H y s t e r e s i s i s most pronounced f o r 

the l a r g e r f l o o d s wh ich f o l l o w wet p e r i o d s such as 12-

13/3/76, 21-22/3/76 and 14-15/10/76. Q u i c k f l o w r u n o f f s 

f o r t h e s e t h r e e e v e n t s a r e 57, 28 and 58 m*̂ .10"̂  r e s p e c t i v e l y 

and a n t e c e d e n t p r e c i p i t a t i o n ( A P I ^ Q ) 18, 11 and 30 mm 

r e s p e c t i v e l y . Sediment c o n c e n t r a t i o n s f o r t h e s e e v e n t s 

a r e c o n s i d e r a b l y g r e a t e r d u r i n g the r i s i n g s t a g e than d u r i n g 

the f a l l i n g s t a g e . Fo r example, the e v e n t wh ich took p l a c e 

on the 2 1 s t t o 22nd o f March 1976 r e c o r d e d a sed iment con­

c e n t r a t i o n o f 18 mg/£ a t a d i s c h a r g e o f 500 £/s on the 

r i s i n g s t a g e o f the f l o o d . By t he t ime d i s c h a r g e r e a c h e d 

500 lis on t he f a l l i n g s t a g e o f t he f l o o d sed iment concen - . 

t r a t i o n had dropped to o n l y 1.5 mg/£. F o r s m a l l f l o o d 

e v e n t s f o l l o w i n g d ry p e r i o d s , such a s 4-5/8/75 and 29-30/8/ 

76 ( q u i c k f l o w r u n o f f 0.4 and 1.4 m'̂ .IO'̂  r e s p e c t i v e l y and 

A P I ^ Q 7 and O mm r e s p e c t i v e l y ) a v a i l a b l e s u p p l y of sed iment 
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i s not e x h a u s t e d to the same degree and sed iment c o n c e n t r a ­

t i o n s on r i s i n g and f a l l i n g s t a g e s a r e more comparab le . 

At a d i s c h a r g e o f 150 Lis on the r i s i n g s t a g e o f the e v e n t 

o f 29-30/8/76 sed iment c o n c e n t r a t i o n i s 55 mg/£ i n c o m p a r i ­

son t o 50 mg/£ a t t he same d i s c h a r g e on the f a l l i n g s t a g e . 

The s i t u a t i o n i s not q u i t e as s i m p l e a s t h i s , however, 

s i n c e h y s t e r e s i s f o r the f l o o d e v e n t o f 13-14/9/75 d i s p l a y s 

more pronounced h y s t e r e s i s than the f l o o d e v e n t of 3-4/10/ 

76 even though the former even t i s s m a l l e r ( q u i c k f l o w r u n ­

o f f 8 and 13 m'̂ ,10'̂  r e s p e c t i v e l y ) and h a s a lower a n t e c e ­

dent p r e c i p i t a t i o n ( A P I ^ ^ 14 and 86 mm r e s p e c t i v e l y ) . The 

r e a s o n f o r t h i s d i s c r e p a n c y i s not c l e a r . 

I n ca t chmen ts where s h e e t e r o s i o n i s a prominent . 

s o u r c e , a s w e l l a s c o n t r a s t s i n sed iment c o n c e n t r a t i o n be­

tween r i s i n g and f a l l i n g s t a g e o f t he hydrograph , s e a s o n a l 

c o n t r a s t s i n c o n c e n t r a t i o n a l s o commonly a r i s e . S e v e r a l 

s t u d i e s i n B r i t a i n have r e p o r t e d h i g h e r sed iment c o n c e n t r a ­

t i o n s i n summer f o r a g i v e n d i s c h a r g e than i n w i n t e r 

( W a l l i n g 1971a, Ox ley 1974, Lewin e t a l 1974, Wood 1 9 7 7 ) . 

I n t he N a r r a t o r Brook d u r i n g t he p e r i o d o f o b s e r v a t i o n mean 

d i s c h a r g e we igh ted sed iment c o n c e n t r a t i o n o f q u i c k f l o w f o r 

summer months ( A p r i l t o September) i s 36,3 mg/£ i n c o m p a r i ­

son to 20.6 rng/^ f o r w i n t e r months (October t o March ) . 

H igher summer c o n c e n t r a t i o n s have been v a r i o u s l y a t t r i b u t e d 

t o g r e a t e r r a i n f a l l i n t e n s i t y and e r o s i v i t y i n summer 

months, g r e a t e r e r o d i b i l i t y o f ca tchment s o i l s which a r e 

d r i e r i n summer t h u s i n f l u e n c i n g the a v a i l a b i l i t y of' s e d i ­

ment, o r a d e c r e a s e i n v e g e t a t i o n c o v e r r e l a t e d to a g r i c u l ­

t u r a l p r a c t i c e s . I n some B r i t i s h ' s t r e a m s h i g h e r w i n t e r 

c o n c e n t r a t i o n s have a l s o been r e p o r t e d ( J a c k s o n 1964, 

Imeson 1 9 7 1 a ) . C l e a r l y , s e a s o n has a p ro found i n f l u e n c e 

upon f l o o d p e r i o d sed iment c o n c e n t r a t i o n s wh ich i s i ndepen ­

dent o f s e a s o n a l v a r i a t i o n s i n s t ream r u n o f f , but t he 

mechanisms i n v o l v e d a r e p o o r l y u n d e r s t o o d . 

The poor c o r r e s p o n d e n c e o f sed iment c o n c e n t r a t i o n to 

s t ream d i s c h a r g e i n the N a r r a t o r Brook can be seen from the 

sed iment r a t i n g p l o t which was comp i l ed from 210 samp les 

c o l l e c t e d d u r i n g s torm e v e n t s o v e r the p e r i o d o f o b s e r v a -
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t i o n ( f i g 5 , 4 ) . The degree o f s c a t t e r o b v i o u s l y p r e c l u d e s 

any r e l i a b l e p r e d i c t i o n o f sed iment c o n c e n t r a t i o n from 

s t ream d i s c h a r g e ; the s t a n d a r d e r r o r i n the r e g r e s s i o n o f 

sed iment c o n c e n t r a t i o n and d i s c h a r g e f o r t o t a l o b s e r v a t i o n s 

i s 0.55 l o g u n i t s ( t a b l e 5 . 2 ) . T h i s means t h a t i t i s o n l y 

p o s s i b l e to be 95% c o n f i d e n t t h a t the a c t u a l sed iment con­

c e n t r a t i o n i s w i t h i n an o r d e r o f magnitude both above and 

below the p r e d i c t e d v a l u e . A t tempts have p r e v i o u s l y been 

made t o improve poor r a t i n g c u r v e s by c o n s t r u c t i n g s e p a r a t e 

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

(Temple & Sundborg 1972, Ox ley 1974, Loughran 1976) , o r f o r 

d i f f e r e n t s e a s o n s ( H a l l 1967, V i c e e t a l 1968, Brown 1972 ) , 

A l though i n s p e c t i o n o f the sed iment r a t i n g p l o t f o r t he 

N a r r a t o r Brook i n d i c a t e s t h a t c l a s s i f y i n g the sed iment d a t a 

i n t h i s way would undoubted ly improve the s i t u a t i o n , t he 

r e s u l t would be c l e a r l y s t i l l f a r from s a t i s f a c t o r y i n 

te rms of s u c c e s s f u l m o d e l l i n g o f sed iment dynamics . Sepa­

r a t i o n o f t he sed iment c o n c e n t r a t i o n d a t a a c c o r d i n g t o 

season b o o s t s e x p l a n a t i o n o f v a r i a n c e by s t r e a m d i s c h a r g e 

f o r both w i n t e r and summer s e a s o n s t o 14.4% compared t o 

6.3% f o r t o t a l o b s e r v a t i o n s ( t a b l e 5 . 2 ) . F u r t h e r s e p a r a ­

t i o n a c c o r d i n g t o s t a g e o f t he hydrograph i n c r e a s e s exp lana­

t i o n o f v a r i a n c e i n the c a s e o f both w i n t e r f a l l i n g and 

T a b l e 5.2 C o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g suspended 
sed iment c o n c e n t r a t i o n t o s t r e a m d i s c h a r g e 
a c c o r d i n g t o season and s t a g e o f t he hyd rograph . 
N a r r a t o r Brook, main gauging s i t e , 1975/76. 
(Data l og t r a n s f o r m e d ) . 

T o t a l S W R F Vm WF SR SF 

Number of 

obse rva t i ons 210 66 144 120 90 93 51 27 39 

C o r r e l a t i o n 

c o e f f i c i e n t 0.25 0.38 0.38 0.21 .20 0.33 0.48 0.30 0.47 

Percentage 

exp lana t ion 6.3 14.4 14.4 4.4 4.0 10.9 23.0 9.0 22.1 

Standard e r r o r 
( log u n i t s ) 0.55 0.56 0.50 0.49 0.50 0.44 0.37 0.56 0.49 
S-summer, W-winter, R - r i s i n g s tage, F - f a l l i n g stage 
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summer f a l l i n g to ove r 22% w h i l e f o r w i n t e r r i s i n g and 

summer r i s i n g e x p l a n a t i o n o f v a r i a n c e f a l l s to 10.9% and 

9.0% r e s p e c t i v e l y . T h i s d i s p a r i t y between f a l l i n g and 

r i s i n g s t a g e s can be t r a c e d to the c l o c k w i s e h y s t e r e s i s 

wh ich c h a r a c t e r i z e s sed iment c o n c e n t r a t i o n v a r i a t i o n s o v e r 

f l o o d e v e n t s i n the N a r r a t o r Brook. Peak sed iment con­

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

r i s i n g s t a g e s sed iment c o n c e n t r a t i o n undergoes a r i s i n g 

t r e n d f o l l o w e d by a f a l l i n g t r e n d . F o r f a l l i n g s t a g e s t he 

c o r r e l a t i o n w i t h d i s c h a r g e i s s t r o n g e r because sed iment 

c o n c e n t r a t i o n s d e c l i n e th roughou t the f l o o d r e c e s s i o n from 

peak d i s c h a r g e to b a s e f l o w ; t h e r e i s no r e v e r s a l o f t r e n d . 

P a r a d o x i c a l l y , c l o c k w i s e h y s t e r e s i s a l s o means t h a t 

g e n e r a l l y the g r e a t e r p a r t o f f l o o d p e r i o d suspended s e d i ­

ment i s d i s c h a r g e d d u r i n g t he r i s i n g s t a g e so t h a t f o r t h i s 

s t a g e o f the hydrograph e s t i m a t i o n o f sed iment c o n c e n t r a ­

t i o n s becomes more c r i t i c a l than f o r t he f a l l i n g s t a g e . The 

f o u r s e p a r a t e sed iment r a t i n g p l o t s , w i n t e r f a l l i n g s t a g e s , 

summer f a l l i n g s t a g e s , w i n t e r r i s i n g s t a g e s and summer 

r i s i n g s t a g e s a r e a l l b e t t e r d e f i n e d than a s i n g l e combined 

p l o t ( f i g 5 . 5 ) , However, o n l y i n the c a s e o f the w i n t e r 

f a l l i n g r a t i n g p l o t i s the s t a n d a r d e r r o r s m a l l enough 

(0.37 l o g u n i t s ) to p e r m i t m e a n i n g f u l p r e d i c t i o n of s e d i ­

ment c o n c e n t r a t i o n from s t r e a m d i s c h a r g e ( t a b l e 5 . 2 ) . 

F o r ca t chmen ts i n wh ich s l o p e s c o n t r i b u t e s i g n i f i c a n t l y 

t o suspended sed iment , h y d r o m e t e o r o l o g i c a l v a r i a b l e s a r e 

l i k e l y to be much more v a l u a b l e than s t r e a m d i s c h a r g e f o r 

d e f i n i n g v a r i a t i o n s i n suspended sed iment c o n c e n t r a t i o n . 

A m u l t i v a r i a t e approach i s a l s o l i k e l y to be more s u c c e s s ­

f u l t han a b i v a r i a t e one. 

5.2.2 Multivariate Analysis 

C o r r e l a t i n g i n s t a n t a n e o u s sed iment c o n c e n t r a t i o n s w i t h 

h y d r o m e t e o r o l o g i c a l f a c t o r s i s not p o s s i b l e because o f a 

v a r i a b l e l a g between p r o d u c t i o n o f sed iment by s h e e t e r o s i o n 

on the ca tchment s u r f a c e and s t r e a m sed iment c o n c e n t r a t i o n s 
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o b s e r v e d a t the ca tchment o u t l e t . Mean d i s c h a r g e we igh ted 

suspended sed iment c o n c e n t r a t i o n o f q u i c k f l o w f o r i n d i v i d u a l 

f l o o d e v e n t s , computed from e q u a t i o n s 3.2 and 3.3, e l i m i ­

n a t e s t he problem o f l a g and a l s o removes t he e f f e c t o f 

v a r i a b l e d i l u t i o n of s torm r u n o f f c o n c e n t r a t i o n s by b a s e -

f l ow . S i n c e sed iment i s s u p p l i e d to the s t r e a m c h a n n e l 

l a r g e l y by s torm r u n o f f , t he h i g h e r the b a s e f l o w component 

o f s t r eam d i s c h a r g e , the lower o b s e r v e d s t r e a m sed iment 

c o n c e n t r a t i o n s a r e l i k e l y t o be. T h i s i m p a i r s c o r r e l a t i o n 

w i t h the h y d r o m e t e o r o l o g i c a l c o n t r o l s wh ich govern the 

supp ly o f sed iment i n s torm r u n o f f . 

Mean d i s c h a r g e we igh ted sed iment c o n c e n t r a t i o n o f 

q u i c k f l o w was t e s t e d by m u l t i p l e r e g r e s s i o n a n a l y s i s a g a i n s t 

s e v e r a l h y d r o l o g i c a l and h y d r o m e t e o r o l o g i c a l v a r i a b l e s . A 

l a r g e measure o f i n t e r r e l a t i o n i s a p p a r e n t among t h e s e 

v a r i a b l e s ( t a b l e 5 . 3 ) . The independent a f f e c t of each 

v a r i a b l e was a s s e s s e d from the r e s u l t s o f p a r t i a l F - t e s t s 

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

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

a t t he 0.01 l e v e l o r b e t t e r , v; i th mean q u i c k f l o w sed imen t 

c o n c e n t r a t i o n . Only two, however, c o n t r i b u t e s i g n i f i c a n t l y 

a t t he 0.01 l e v e l , t o e x p l a n a t i o n o f v a r i a n c e i n mean q u i c k -

f l ow sed iment c o n c e n t r a t i o n . These a r e maximum two hour 

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

( t a b l e 5 . 4 ) . These two v a r i a b l e s t o g e t h e r accoun t f o r 70% 

of o b s e r v e d v a r i a n c e i n mean d i s c h a r g e we igh ted sed iment 

c o n c e n t r a t i o n o f q u i c k f l o w i n the N a r r a t o r Brook a t the 

main gauging s i t e ove r the p e r i o d o f o b s e r v a t i o n ( e q u a t i o n 

5.1) 

LOG Y = 2.81 + 1,11 LOG X, - 0.48 LOG^X^ (5.1) 

e e l e 2 

n = 3 7 r = 0.83 S.E = 0.493 l o g ^ u n i t s 

Y = mean d i s c h a r g e we igh ted sed iment c o n c e n t r a t i o n o f 

quickflow(mg/£) 

X^ = maximum 2-hour p r e c i p i t a t i o n (mm) 

X 2 =• b a s e f l o w d i s c h a r g e p r e c e e d i n g f l o o d e v e n t {t/s) 

I t i s u n l i k e l y t h a t t h e r e a r e any o t h e r major c o n t r o l s wh ich 
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T a b l e 5.3 C o r r e l a t i o n m a t r i x showing the degree o f i n t e r ' 
r e l a t i o n between h v d r o l o a i c a l and hvdrometeoro' 
l o g i c a l v a r i a b l e s f o r 37 f l o o d e v e n t s i n t h e 
N a r r a t o r ca tchment ( d a t a l o g t r a n s f o r m e d ) . 

1 2 3 4 5 6 1 8 

2 -0.41 

S i g n i f i c a n c e 0.01 O.OOl 
3 -0,66 

r 0.42 0.53 
4 -O. 10 0, 52 0.37 n . = 37 

5 -0,53 0, 54 0,47 0.32 

6 -O. 13 0.41 0.33 0.39 0.33 

7 0.46 0. 19 -0.28 0,45 -O. 14 0.42 

6 0.41 0. lO -0.01 0,60 -0.27 0,56 0.29 

9 0, 71 -0.20 '0,46 -0.08 -0,60 • -0.07 0.20 0.36 

lO -0.24 a. 73 0,50 0,95 0.45 0.34 0.25 0.49 

1 Maximum two hour p r e c i p i t a t i o n 

2 Baseflow d ischarge preceeding f l ood event 

3 Seasonal index 

4 Peak d ischarge 

5 Antecedent p r e c i p i t a t i o n (API^^) 

6 Quckflow runof f 

7 T o t a l p r e c i p i t a t i o n 

8 I n t e n s i t y of f lood r i s e 

9 Mean p r e c i p i t a t i o n i n t e n s i t y 

10 Mean d ischarge 

F igu res i n i t a l i c s i n d i c a t e s i g n i f i c a n t c o r r e l a t i o n s a t the O.Ol l e v e l 

or b e t t e r 
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T a b l e 5.4 R e s u l t s o f m u l t i p l e r e g r e s s i o n a n a l y s i s o f 
v a r i a t i o n s i n mean d i s c h a r g e we igh ted suspended 
sed iment c o n c e n t r a t i o n o f q u i c k f l o w a t S t 1, 
N a r r a t o r Brook. 

DEPENDENT VARIABLE 

Mean d ischarge weighted suspended sediment concen t ra t i on of quickf low, 

Independent V a r i a b l e s C o e f f i c i e n t s 

T o t a l 9 t h Order P a r t i a l 
C o r r e l a t i o n C o r r e l a t i o n P a r t i a l 

C o e f f i c i e n t s F Values 

1 Maximum two hour 
p r e c i p i t a t i o n 0 . 7 7 

2 Baseflow d ischarge p re-
ceeding f lood event - 0 . 6 1 

3 Seasonal index - 0 . 4 6 

4 Peak d ischarge - 0 . 0 7 

5 Antecedent p r e c i p i t a t i o n 
( A P I ^ Q ) - 0 . 5 8 

6 Quickf low runof f - 0 . 1 3 

7 T o t a l p r e c i p i t a t i o n 0 . 4 0 

8 I n t e n s i t y of f lood r i s e 0 . 3 5 

9 Mean p r e c i p i t a t i o n i n ­
t e n s i t y 0 . 5 4 

10 Mean d ischarge - 0 . 2 8 

0 . 5 8 

- 0 . 4 1 

0 . 3 9 

0 . 3 1 

- 0 . 1 2 

- 0 . 2 5 

-O. 2 0 

- 0 . 1 7 

0 . 1 4 

- 0 . 1 3 

4 9 . 0 8 

12.00 

34 
0 o Z 

7. 34 CT 
ifi 

on 0 

CJ- O rr w 
3. 36 

O r( H-
3. 36 < H-

o 0 O* 
a r- H-

a rr t-tl 
< H- H-

30 
3 0 n 1 . 30 rr n D ai 1 . 

H- 3 
< c; rr 

73 
D O 

2. 73 O 73 iab O 

0. 45 

le 

0.89 

0.30 

0.42 

LEVEL OF 
SIGNIFICANCE 0.01 

0.42 

7.44 fo r 1 to 7.72 fo r 10 

O.OOl 

0.53 

12.95 to 13.74 

n = 37 Percent Exp lana t ion ( a l l v a r i a b l e s ) 81.4% 
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have been unaccounted f o r ; much of t he r e m a i n i n g unex­

p l a i n e d v a r i a n c e i s p r o b a b l y due to e x p e r i m e n t a l e r r o r , 

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

Both independent v a r i a b l e s i n e q u a t i o n 5.1 a r e r e a d i l y 

o b t a i n e d from r a i n and wa te r l e v e l c h a r t s , and t h i s e q u a t i o n 

can p r o v i d e a c o n v e n i e n t e s t i m a t e o f sed iment c o n c e n t r a t i o n 

f o r i n d i v i d u a l f l o o d e v e n t s where sed iment d a t a i s not 

a v a i l a b l e . P r e d i c t e d v a l u e s can be m u l t i p l i e d by q u i c k f l o w 

r u n o f f to o b t a i n sed iment y i e l d f o r the f l o o d e v e n t . I n ­

d i v i d u a l e v e n t s can then be summed to o b t a i n long term 

y i e l d s . Wi th r e s p e c t to the N a r r a t o r ca tchment t h i s method 

i s c l e a r l y v a s t l y s u p e r i o r to t he sed iment r a t i n g c u r v e / f l o w 

d u r a t i o n c u r v e method. E q u a t i o n 5.1 can be ex tended beyond 

the p e r i o d o f r e c o r d w i t h some c o n f i d e n c e s i n c e t h i s p e r i o d 

c o v e r e d a wide range o f h y d r 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 . I t 

i s a d v i s a b l e , however, t o renew t h e e q u a t i o n p e r i o d i c a l l y on 

the b a s i s o f f r e s h o b s e r v a t i o n s s i n c e the r e l a t i v e c o n t r i ­

b u t i o n from the sed iment s o u r c e s i n the catchment may 

change ove r t i m e . 

The s i g n i f i c a n c e o f p r e c i p i t a t i o n i n t e n s i t y can be r e ­

l a t e d to supp l y o f sed iment from catchment s l o p e s . R a i n 

s p l a s h b r e a k s down s o i l a g g r e g a t e s and t h e r e b y makes s e d i ­

ment a v a i l a b l e f o r t r a n s p o r t by o v e r l a n d f l o w . R a i n 

s p l a s h i s de te rm ined by the k i n e t i c energy o f p r e c i p i t a t i o n 

which i n t u r n i s a f u n c t i o n o f p r e c i p i t a t i o n i n t e n s i t y 

(Hudson 1971, Morgan 1979 ) . Sediment c o n c e n t r a t i o n s i n 

the N a r r a t o r Brook a r e more s e n s i t i v e t o maximum two hour 

p r e c i p i t a t i o n ( r = 0.77, n = 37) than to mean p r e c i p i t a t i o n 

i n t e n s i t y ( r = 0.54, n = 3 7 ) . T h i s i s due to the d i s t r i ­

b u t i o n o f k i n e t i c energy ove r a s torm e v e n t . K i n e t i c 

energy i n c r e a s e s e x p o n e n t i a l l y w i t h p r e c i p i t a t i o n i n t e n s i t y 

and f o r a g i v e n r a i n f a l l amount o f a g i v e n d u r a t i o n , more 

energy w i l l be expended when the r a i n i s p a r t i a l l y concen ­

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

I t i s l i k e l y t h a t s h o r t e r i n t e n s i t i e s t h a n the two hour 

p e r i o d s used i n t h i s a n a l y s i s would be s t i l l more s u c c e s s f u l ; 

h a l f - h o u r i n t e n s i t i e s a r e employed, f o r example, i n t he 

U n i v e r s a l S o i l L o s s E q u a t i o n (Wischmeier & Smi th 1 9 5 8 ) . 
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Two hour i n t e n s i t y , however, i s t he minimum p e r i o d i n t e n s i t y 

t h a t can be r e l i a b l y a b s t r a c t e d from week ly a u t o g r a p h i c 

r a i n c h a r t s . 

S a t u r a t i o n o v e r l a n d f l o w i s w i d e s p r e a d i n the N a r r a t o r 

ca tchment , p a r t i c u l a r l y i n t he moor land r e g i o n of t he 

ca tchmen t . A n a l y s i s o f s o i l w e l l d a t a r e v e a l s t h a t p r e ­

c i p i t a t i o n i n t e n s i t y has l i t t l e i n f l u e n c e upon s o i l s a t u r a ­

t i o n ; t he c h i e f c o n t r o l i n t h i s r e g a r d i s t o t a l s to rm 

p e r i o d p r e c i p i t a t i o n . T h i s f a c t o r , however, has no s i g n i ­

f i c a n t i ndependent e f f e c t upon sed iment c o n c e n t r a t i o n ( 9 t h 

o r d e r p a r t i a l c o r r e l a t i o n c o e f f i c i e n t = -0.20, n = 3 7 ) . 

T h i s s u g g e s t s t h a t o v e r l a n d f l o w may be e s s e n t i a l l y a 

t r a n s p o r t i n g agent removing the sed iment made a v a i l a b l e by 

r a i n s p l a s h ; i t i s l a r g e l y i n e f f e c t i v e a s an e r o s i o n agen t 

i n i t s own r i g h t . T h i s c o n f l i c t s w i t h the r e s u l t s o f 

l a b o r a t o r y e x p e r i m e n t a l i n v e s t i g a t i o n s o f B ryan (1976,77) 

but i s i n a c c o r d w i t h the v i ew o f most a u t h o r i t i e s on t h i s 

ma t t e r (Hudson 1971, S t o c k i n g & E l w e l l 1976, Wischmeier 

1977, Morgan 1979 ) . 

As w e l l a s making sed iment a v a i l a b l e f o r t r a n s p o r t by 

o v e r l a n d f l ow on catchment s l o p e s , r a i n s p l a s h on exposed 

c h a n n e l banks may be r e s p o n s i b l e f o r s u p p l y i n g sed iment 

d i r e c t l y t o the s t ream w i t h o u t t he a s s i s t a n c e o f o v e r l a n d 

f l o w . D i r e c t c o n t r i b u t i o n o f sed iment by r a i n s p l a s h may 

a l s o o c c u r a t c a t t l e c r o s s i n g p o i n t s where t r a m p l i n g has 

c r e a t e d l o c a l i z e d a r e a s o f ba re e a r t h immed ia te l y a d j a c e n t 

to the s t r eam. 

E x p l a n a t i o n f o r the emergence o f a n t e c e d e n t b a s e f l o w 

d i s c h a r g e a s a s i g n i f i c a n t i ndependen t c o n t r o l of mean f l o o d 

p e r i o d sed iment c o n c e n t r a t i o n s i n the N a r r a t o r Brook i s not 

a s s t r a i g h t f o rwa rd a s a p p e a r s a t f i r s t s i g h t . Guy (1964) 

and W a l l i n g & Teed (1971) a r e among the few s t u d i e s wh ich 

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

m u l t i v a r i a t e a n a l y s i s o f s t r e a m sed iment dynamics . I n both 

c a s e s i t was used as a s u r r o g a t e f o r ca tchment w e t n e s s and 

i n both c a s e s i t proved t o be an i m p o r t a n t c o n t r o l o f s u s ­

pended sed iment dynamics . The s i g n i f i c a n c e o f ca tchment 

we tness i s u s u a l l y i n t e r p r e t e d i n te rms o f e r o d i b i l i t y o f 
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the s o i l s u r f a c e and the consequen t a v a i l a b i l i t y o f s e d i ­

ment f o r s h e e t e r o s i o n . M o i s t u r e improves the c o h e s i o n o f 

s o i l t h u s r e d u c i n g i t s s u s c e p t i b i l i t y to e r o s i o n . A n t e c e ­

dent p r e c i p i t a t i o n i s more commonly used as an index o f 

ca tchment w e t n e s s . I n a m u l t i p l e r e g r e s s i o n a n a l y s i s o f 

sed iment dynamics i n an E a s t Devon ca tchment , a n t e c e d e n t 

p r e c i p i t a t i o n and season emerged a s s i g n i f i c a n t i ndependent 

c o n t r o l s ( W a l l i n g 1974b) . S i m i l a r l y i n a m u l t i v a r i a t e 

a n a l y s i s o f suspended sed iment v a r i a t i o n s i n an E a s t Yo rk ­

s h i r e ca tchment , a n t e c e d e n t p r e c i p i t a t i o n and s e a s o n combined 

t o form the p r i n c i p l e component (Imeson 1971a ) . Season i s 

i m p o r t a n t w i t h r e s p e c t t o ca tchment we tness because i t de­

t e r m i n e s r a t e s o f e v a p o t r a n s p i r a t i o n ; c a t c h m e n t s w i l l be 

d r i e r i n summer f o r a g i v e n a n t e c e d e n t p r e c i p i t a t i o n t han i n 

w i n t e r . A l t hough a n t e c e d e n t p r e c i p i t a t i o n i s s i g n i f i c a n t l y 

c o r r e l a t e d w i t h q u i c k f l o w sed iment c o n c e n t r a t i o n ( r = -0.58, 

n = 37) i t s independent a f f e c t i n t h e p r e s e n c e o f a n t e c e d e n t 

b a s e f l o w d i s c h a r g e i s minor (9 th o r d e r p a r t i a l c o r r e l a t i o n = 

-0.12, n = 3 7 ) . An teceden t p r e c i p i t a t i o n i s p r o b a b l y a 

more s e n s i t i v e measure o f ca tchment we tness than a n t e c e d e n t 

b a s e f l o w d i s c h a r g e . P r e c i p i t a t i o n f a l l i n g on a dry c a t c h ­

ment may be l a r g e l y absorbed by t he s o i l w i t h n e g l i g i b l e 

c o n t r i b u t i o n t o groundwater s t o r a g e , so t h a t a r a i n s to rm 

e v e n t may f u n d a m e n t a l l y a l t e r ca tchment we tness w i t h o u t t h i s 

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

t h e r e i s a s t r o n g s e a s o n a l t r e n d i n the sed iment dynamics o f 

the N a r r a t o r Brook, w i t h h i g h e r c o n c e n t r a t i o n s d u r i n g summer 

months ( r = -0,46, n = 37) t h i s i s e n t i r e l y a r e f l e c t i o n o f 

s e a s o n a l v a r i a t i o n s i n p r e c i p i t a t i o n i n t e n s i t y ( r = -0.66, 

n = 3 7 ) . The 9 th o r d e r p a r t i a l c o r r e l a t i o n c o e f f i c i e n t r e ­

l a t i n g s e a s o n a l index to mean q u i c k f l o w sed iment c o n c e n t r a ­

t i o n (0.39 n = 37) i s p o s i t i v e r a t h e r t han n e g a t i v e . 

The l a c k o f any s i g n i f i c a n t i ndependent c o r r e l a t i o n o f 

a n t e c e d e n t p r e c i p i t a t i o n and s e a s o n w i t h sed iment c o n c e n t r a ­

t i o n i n the N a r r a t o r Brook s u g g e s t s t h a t the s i g n i f i c a n c e o f 

a n t e c e d e n t b a s e f l o w d i s c h a r g e does no t r e l a t e t o ca tchment 

we tness and supp l y o f sed iment from s h e e t e r o s i o n . I t 
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p robab l y r e l a t e s i n s t e a d to s u p p l y o f sed iment from bank 

e r o s i o n wh ich has been shown to be an i m p o r t a n t s o u r c e f o r 

suspended sed iment i n t he N a r r a t o r ca tchment . S tage i n 

a l l r i v e r s r i s e s more r a p i d l y , f o r a g i v e n i nc remen t o f 

d i s c h a r g e , a t lower i n i t i a l d i s c h a r g e s . C o n s e q u e n t l y , the 

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

a r e a o f bank t h a t w i l l be i n u n d a t e d f o r a g i v e n q u i c k f l o w 

r u n o f f and the g r e a t e r the s u p p l y o f sed iment t h a t can be 

e x p e c t e d from t h i s s o u r c e . I n v e s t i g a t i o n s conce rned w i t h 

p r o c e s s e s o f bank e r o s i o n have r e v e a l e d t h a t on exposed 

bank s u r f a c e s sed iment i s made p o t e n t i a l l y a v a i l a b l e f o r 

f l u v i a l t r a n s p o r t by s u b - a e r i a l w e a t h e r i n g (Wolman 1959, 

H i l l 1973, McGreal & G a r d i n e r 1977 ) . T h i s sed iment e n t e r s 

f l u v i a l t r a n s p o r t when nex t t he bank i s submerged. B a s e -

f l ow d i s c h a r g e i s a l s o an i n d i c a t i o n o f the r e l a t i v e ex ­

t e n s i o n o f the d r a i n a g e ne t i n the ca tchmen t . A l a r g e 

p r o p o r t i o n o f t he c h a n n e l network i n t he N a r r a t o r ca tchment 

i s ephemera l (2.68 km ou t o f a t o t a l o f 9.88 km - t a b l e 2.4^ 

f i g 2 . 9 ) . L a r g e amounts o f f i n e sed iment may be f l u s h e d 

out o f t h e s e c h a n n e l s when they become o c c u p i e d by s t r e a m -

f l o w d u r i n g f l o o d e v e n t s . I n v iew o f i t s r e l a t i o n t o t he 

s u p p l y o f f i n e s from w i t h i n t he c h a n n e l sys tem, a n t e c e d e n t 

b a s e f l o w d i s c h a r g e i s p o t e n t i a l l y a v e r y v a l u a b l e pa rame te r 

f o r m o d e l l i n g suspended sed iment dynam.ics; one t h a t has 

been o v e r l o o k e d i n many p r e v i o u s s t u d i e s . 

A l though the s i g n i f c a n c e o f a n t e c e d e n t b a s e f l o w d i s ­

cha rge i s u n r e l a t e d to ca tchment we tness t h i s does not 

n e c e s s a r i l y imply t h a t ca tchment we tness has no e f f e c t upon 

s o i l e r o d i b i l i t y and a v a i l a b i l i t y o f sed iment on ca tchment 

s l o p e s . S o i l s a t u r a t i o n and r a t e o f o v e r l a n d f l ow i n 

t he moor land r e g i o n o f t he N a r r a t o r ca tchment i n c r e a s e s s i g ­

n i f i c a n t l y w i t h ca tchment w e t n e s s . Both a n t e c e d e n t p r e ­

c i p i t a t i o n and season a r e s i g n i f i c a n t l y r e l a t e d to maximum 

s o i l w e l l l e v e l s i n t h i s s o i l t y p e . I t may be t h a t t h i s 

l a r g e l y c a n c e l s out the e f f e c t o f we tness upon s o i l e r o d i ­

b i l i t y e x p l a i n i n g the poor per fo rmance o f a n t e c e d e n t p r e ­

c i p i t a t i o n and season i n m u l t i v a r i a t e a n a l y s i s o f suspended 
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sediment dynamics . A l though more sed iment may become 

a v a i l a b l e on the ca tchment s u r f a c e d u r i n g d r y p e r i o d s t h i s 

i s o f f s e t by r e d u c t i o n i n the r a t e o f o v e r l a n d f l ow wh ich 

t r a n s p o r t s a v a i l a b l e sed iment t o the s t ream c h a n n e l . T h i s 

may a l s o e x p l a i n the i n c o n s i s t e n t pe r fo rmance o f a n t e c e d e n t 

p r e c i p i t a t i o n i n a t t e m p t s to model s o i l l o s s which i s r e ­

f e r r e d t o by Morgan ( 1 9 7 9 ) . . 

-The. r e l a t i v e l y poor per fo rmance o f the s t r e a m f l o w 

v a r i a b l e s i n c l u d e d i n the r e g r e s s i o n a n a l y s i s , peak d i s ­

c h a r g e , mean d i s c h a r g e , i n t e n s i t y o f f l o o d r i s e and q u i c k -

f l o w r u n o f f , s u g g e s t s t h a t bed m a t e r i a l does no t c o n t r i b u t e 

g r e a t l y t o t o t a l suspended sed iment t r a n s p o r t . S t r e a m f l o w 

d e t e r m i n e s t he s t r e a m power a v a i l a b l e to e n t r a i n sed iment 

p a r t i c l e s from t he s t r e a m bed. I f bed m a t e r i a l were a 

s i g n i f i c a n t s o u r c e o f suspended sed imen t , s t r e a m f l o w p a r a ­

mete rs would be e x p e c t e d to p l a y a more prominent r o l e i n 

i n f l u e n c i n g v a r i a t i o n s i n mean q u i c k f l o w sed iment c o n c e n t r a ­

t i o n . 

I n a d d i t i o n t o t he a n a l y s i s at- t he main gauging s i t e , 

mean d i s c h a r g e we igh ted q u i c k f l o w sed iment c o n c e n t r a t i o n s , 

a t S t s 11 and 21 were a l s o t e s t e d a g a i n s t h y d r o l o g i c a l and 

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

s u l t s w i t h t h o s e a t S t 1. S i n c e the number o f f l o o d 

e v e n t s i n c l u d e d i n the a n a l y s i s i s the same a t a l l t h r e e 

s t a t i o n s (n = 3 7 ) , c o r r e l a t i o n c o e f f i c i e n t s can be d i r e c t l y 

compared ( t a b l e 5 . 5 ) . Mean q u i c k f l o w sed iment c o n c e n t r a ­

t i o n s a t S t 11 a r e s i m i l a r t o t h o s e a t S t 1, 1000 m down­

s t ream, a l t h o u g h t h e r e i s some degree o f independent v a r i a ­

t i o n . The r a t i o o f mean q u i c k f l o w c o n c e n t r a t i o n a t S t 11 

to mean q u i c k f l o w c o n c e n t r a t i o n a t S t 1 v a r i e s from 0.33 t o 

4.11 ove r 37 e v e n t s . The d i f f e r e n c e s i n mean q u i c k f l o w 

c o n c e n t r a t i o n s between S t 21 and S t 11, 1220 m downstream 

a r e a l s o a p p r e c i a b l e . The r a t i o o f mean q u i c k f l o w con­

c e n t r a t i o n a t S t 21 to mean q u i c k f l o w c o n c e n t r a t i o n a t S t 

11 v a r i e s from 0.21 to 1.34. As t h e s e r a t i o s i n d i c a t e , 

mean q u i c k f l o w c o n c e n t r a t i o n a t S t 21 a r e g e n e r a l l y l ower 

than those a t S t s 11 and 1, i n some i n s t a n c e s v e r y much 
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T a b l e 5,5 P r o d u c t moment c o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g 
mean d i s c h a r g e we igh ted suspended sed iment con ­
c e n t r a t i o n o f q u i c k f l o w to h y d r o l o g i c a l and 
h y d r o m e t e o r o l o g i c a l v a r i a b l e s f o r the t h r e e gaug­
i n g s t a t i o n s on the N a r r a t o r Brook (da ta l o g 
t r a n s f o r m e d ) . 

INDEPENDENT VARIABLES St 1 S t 11 St 21 

Maximum two hour p r e c i p i t a t i o n 0. 
** 

.77 
** 

0.69 0. 
* 

60 
Baseflow d ischarge preceeding f lood event -o. 

** 
,61. -0.51* -0. 

* 
52 . 

Antecedent p r e c i p i t a t i o n (API^^) -0. 
• * 

58 
* * 

54 

-0.47 -o. 
* 

52 
Mean p r e c i p i t a t i o n i n t e n s i t y O. 

• * 
58 

* * 
54 0.52 0. 49* 

Seasonal index -O. * 
48 -0.48* -0. 38 

T o t a l p r e c i p i t a t i o n 0. 40 0.33 0. 16 

Mean f lood per iod d ischarge -0. 28 -0.25 .o. 29 

I n t e n s i t y of f lood r i s e 0. 35 0.31 0. 18 

Quickf low runof f -0. 13 -0.12 -0. 20 

Peak d ischarge •-0. 07 -0.07 ^o. 17 

Percent exp lana t ion ( a l l v a r i a b l e s ) 81. 4 73.2 64. 8 

S i g n i f i c a n c e l e v e l s * 0.01 ** 0.001 n = 37 throughout 

l ower . F o r example, a f l o o d e v e n t wh ich took p l a c e on the 

14th t o 16th o f Oc tobe r 1976 r e s u l t e d i n a mean d i s c h a r g e 

we igh ted q u i c k f l o w sed iment c o n c e n t r a t i o n of 4.0 mg/1 a t 

S t 21 compared w i t h 19.2 mg/1 and 15.9 mg/1 a t S t s 11 and 1 

r e s p e c t i v e l y . Lower c o n c e n t r a t i o n s a t S t 21 have r e s u l t e d i n 

a lower sed iment y i e l d i n compar ison t o t h e o t h e r two gaug ing 

s i t e s and t h e r e a s o n s f o r t h i s a r e d i s c u s s e d i n c h a p t e r 7. 

The ten independent v a r i a b l e s i n c l u d e d i n a n a l y s i s t o ­

g e t h e r p r o v i d e d a b e t t e r e x p l a n a t i o n o f v a r i a n c e i n mean 

q u i c k f l o w sed iment c o n c e n t r a t i o n s a t S t 1 (81.4%) than a t 

S t s 11 and 21 (73.2% and 64.8% r e s p e c t i v e l y ) . The r e a s o n 

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

1 70 



samples c o l l e c t e d a t S t 1 p e r m i t t i n g more a c c u r a t e e s t i m a t e s 

o f mean d i s c h a r g e we igh ted q u i c k f l o w sed iment c o n c e n t r a t i o n s 

At S t 1, i n a d d i t i o n to the s t a n d a r d a u t o m a t i c vacuum 

o p e r a t e d s t ream samp le r and r i s i n g s t a g e s a m p l e r s i n use a t 

a l l t h r e e gauging s i t e s , t h e r e i s a l s o an a u t o m a t i c vacuum 

o p e r a t e d s t r e a m samp le r d e s i g n e d t o c o l l e c t samples a t h a l f -

hour i n t e r v a l s d u r i n g f l o o d e v e n t s . At S t 21, the p e r c e n ­

tage e x p l a n a t i o n i s l o w e s t f o r t he t h r e e gaug ing s t a t i o n s . 

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

s t a t i o n , n e c e s s i t a t i n g e s t i m a t i o n o f d i s c h a r g e and r u n o f f 

from f l ow r e c o r d s a t S t 11, has p r o b a b l y i m p a i r e d t he 

a c c u r a c y o f e s t i m a t e d mean q u i c k f l o w c o n c e n t r a t i o n s to some 

degree and t h i s i s r e f l e c t e d i n the r e l a t i v e l y h i g h p ropo r ­

t i o n o f u n e x p l a i n e d v a r i a n c e . 

C o r r e l a t i o n c o e f f i c i e n t s f o r the . th ree gauging s i t e s 

a r e s i m i l a r , a l t h o u g h v a l u e s a r e g e n e r a l l y lower a t S t s 11 

and 21 than a t S t 1 f o r r e a s o n s d i s c u s s e d above ( t a b l e 5 . 5 ) . 

At a l l t h r e e gauging s i t e s , maximum two-hour p r e c i p i t a t i o n 

i s t he most i m p o r t a n t independent v a r i a b l e ( r = 0.77, 0.69 

and 0,60 f o r S t s 1, 11 and 21 r e s p e c t i v e l y ) . The major 

c o n t r a s t between the s t a t i o n s r e l a t e s to the per fo rmance o f 

a n t e c e d e n t b a s e f l o w d i s c h a r g e . At S t 1 c o r r e l a t i o n o f 

t h i s v a r i a b l e w i t h mean q u i c k f l o w sed iment c o n c e n t r a t i o n i s 

a p p r e c i a b l y g r e a t e r than f o r the o t h e r two s t a t i o n s 

( r = 0.61, -0.51 and -0,52 f o r S t s 1, 11 and 21 r e s p e c ­

t i v e l y ) . Wh i le a n t e c e d e n t b a s e f l o w d i s c h a r g e adds s i g n i f i ­

c a n t l y to e x p l a n a t i o n o f v a r i a n c e i n mean q u i c k f l o w s e d i ­

ment c o n c e n t r a t i o n p r o v i d e d by maximum two-hour p r e c i p i t a ­

t i o n a t S t 1 ( p a r t i a l F v a l u e = 12.0) i t f a i l s t o do so a t 

S t s 11 and 2 1 . ( p a r t i a l F v a l u e s = 3.6 and 3.5 r e s p e c t i v e l y ) 

Maximum two-hour p r e c i p i t a t i o n i s the o n l y s i g n i f i c a n t i n ­

dependent c o n t r o l a t S t s 11 and 21. S i n c e the s i g n i f i c a n c e 

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

o f sed iment from s t ream banks, t h e s e r e s u l t s sugges t t h a t 

t h i s supp l y i s c o n c e n t r a t e d i n the f o r e s t r e g i o n of the 

N a r r a t o r ca tchment between S t s 1 and 11. T h i s i s e n t i r e l y 

c o n s i s t e n t w i t h measurements o f bank e r o s i o n t h a t have been 
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made a l o n g t h e N a r r a t o r B r o o k , a n d w h i c h a r e d i s c u s s e d i n 

c h a p t e r 4. 

C o r r e l a t i o n o f t o t a l p r e c i p i t a t i o n w i t h mean q u i c k f l o w 

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

t h e t h r e e g a u g i n g s t a t i o n s . The c o r r e l a t i o n a t S t 21 i s 

o n l y 0.16 c o m p a r e d w i t h 0 .40 a t S t 1. The d r a i n a g e a r e a 

a b o v e S t 21 i s 99% m o o r l a n d w h i c h a p p e a r s f r o m s o i l w e l l 

o b s e r v a t i o n s t o be s u b j e c t t o s a t u r a t i o n o v e r l a n d f l o w . 

L e v e l o f s a t u r a t i o n i n t h i s r e g i o n i s d e t e r m i n e d more by 

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

i n t e n s i t y . The r e l a t i v e l y l ow c o r r e l a t i o n o f t o t a l p r e ­

c i p i t a t i o n t o mean q u i c k f l o w s e d i m e n t c o n c e n t r a t i o n a t S t 

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

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

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

n o t e f f e c t i v e a s an a g e n t o f e r o s i o n on p e a t y s o i l s ; i t s 

ma in r o l e i s t o t r a n s p o r t s e d i m e n t p a r t i c l e s t h a t h a v e b e e n 

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

H a v i n g e x a m i n e d t h e p a t t e r n of. v a r i a t i o n i n s e d i m e n t 

t r a n s p o r t f o r f l o o d e v e n t s g e n e r a t e d by r a i n f a l l , i t i s 

p o s s i b l e t o a s s e s s t h e e x t e n t t o w h i c h t h e two s m a l l e v e n t s 

g e n e r a t e d by s n o w m e l t ( 6 - 7 / 2 / 7 6 a n d 7 -8 /2 /76 ) d e v i a t e 

f r o m t h i s p a t t e r n . S i n c e b o t h e v e n t s . w e r e c a u s e d by r a i n ­

f a l l upon m e l t i n g snow, t h e c o n t r i b u t i o n o f s n o w m e l t t o 

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

c i s i o n . Some i d e a o f t h e c o n t r i b u t i o n o f s n o w m e l t c a n be 

o b t a i n e d by c o m p a r i n g o b s e r v e d q u i c k f l o w r u n o f f f o r t h e two 

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

g r e s s i o n e q u a t i o n b a s e d upon o b s e r v e d r u n o f f f o r a l l 71 

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

p e r i o d o f o b s e r v a t i o n ( e q u a t i o n 5 . 2 ) . 

LOG Y = 2.391 LOG X +0.052 LOG X- + 1.109 LOG X . - 6 . 6 0 5 . . (5 . 2) 
e e l e 2 e 3 

Y= Q u i c k f l o w r u n o f f a s a p e r c e n t a g e o f p r e c i p i t a t i o n 

X^= T o t a l p r e c i p i t a t i o n o f s t o r m e v e n t 

X2= A n t e c e d e n t p r e c i p i t a t i o n ( A P I ^ Q ) 

X^= S e a s o n a l i n d e x 

r = 0 .80 , n = 71 , S . E . = 0 .158 l o g ^ u n i t s 
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F o r b o t h s n o w m e l t e v e n t s , o b s e r v e d q u i c k f l o w r u n o f f 

e x c e e d s t h e r a n g e o f v a l u e s b e t w e e n two s t a n d a r d e r r o r s 

a b o v e and b e l o w p r e d i c t e d q u i c k f l o w r u n o f f ( t a b l e 5 . 6 ) . 

T a b l e 5,6 R u n o f f and s e d i m e n t y i e l d f o r two s n o w m e l t 
g e n e r a t e d f l o o d e v e n t s i n c o m p a r i s o n t o e x p e c t e d 
v a l u e s . 

F l o o d 
E v e n t 

6- 7/2/76 

7- 8/2/76 

6- 7/2/76 

7- 8/2/76 

6- 7/2/76 

7- 8/2/76 

Obse rved 
V a l u e 

659 

6765 

6.4 

12.4 

4.2 

30.4 

Q u i c k f l o w r u n o f f 

Mean d i s c h a r g e 
w e i g h t e d sed imen t 
c o n c e n t r a t i o n o f 
quickflow(mg/£) 

T r a n s p o r t o f sed imen t 
by q u i c k f l o w (Kg) 

+ 2 
S t a n d a r d 

E r r o r s 

209 

667 

8.9 

22.9 

1.9 

15.3 

P r e d i c t e d 
V a l u e 

9 

29 

2.9 

7.5 

0.02 

0.2 

S t a n d a r d 
E r r o r s 

0.4 

1.2 

0.9 

2.4 

0.0004 

0.003 

* P r e d i c t e d v a l u e s o b t a i n e d f rom e q u a t i o n s 5.1 and 5.2 

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

75% (450m^) o f q u i c k f l o w i s c o n t r i b u t e d by s n o w m e l t a n d f o r 

t h e s e c o n d e v e n t t h i s c o n t r i b u t i o n i s a t l e a s t 90% (6100mM 

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

f o r t h e two e v e n t s (6 .4 a n d 12.4 mq/l f o r 6-7/2/76 a n d 

7-8 /2 /76 r e s p e c t i v e l y ) b o t h f a l l w i t h i n t h e e x p e c t e d r a n g e 

o f v a l u e s o b t a i n e d f r o m e q u a t i o n 5 ,1 . However , a s a r e ­

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

p o r t o f s e d i m e n t by t h e two e v e n t s e x c e e d s t h e r a n g e o f e x ­

p e c t e d v a l u e s ( t a b l e 5 . 6 ) . The s e c o n d o f t h e two e v e n t s 
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n o t o n l y h a s a g r e a t e r q u i c k f l o w r u n o f f t h a n t h e f i r s t , b u t 

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

h a p s b e . e x p l a i n e d by t h e g r e a t e r a r e a o f c a t c h m e n t c l e a r e d 

o f snow and e x p o s e d t o e r o s i o n d u r i n g t h e c o u r s e o f t h e 

s e c o n d e v e n t . The .two s n o w m e l t e v e n t s t o g e t h e r c o n t r i b u t e d 

0 .13% o f t o t a l r u n o f f o v e r t h e p e r i o d o f o b s e r v a t i o n a n d 

0 -18% o f t o t a l s e d i m e n t y i e l d . 

5.2.3 Variations in Particle Size Composition 

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

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

s i z e a n a l y s i s . Minimum c o n c e n t r a t i o n s r e q u i r e d f o r t h e 

p i p e t t e a n d h y d r o m e t e r m e t h o d s a r e 2 0 0 0 and 25 000 mg/£ 

r e s p e c t i v e l y ( A . S , C . E . 1 9 6 9 b ) . The maximum c o n c e n t r a t i o n 

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

was 330 mg£ / ; g e n e r a l l y f l o o d p e r i o d c o n c e n t r a t i o n s a r e 

b e l o w 50 m g / £ . 

To o v e r c o m e t h e p r o b l e m o f l ow c o n c e n t r a t i o n s i n t h e 

N a r r a t o r B r o o k s u s p e n d e d s e d i m e n t was c o l l e c t e d f o r p a r t i c l e 

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

s u p p o r t e r e c t e d on t h e s t r e a m bed a t t h e m a i n g a u g i n g s i t e 

( p l a t e 3 . 9 ) . The c o n t a i n e r i s a 350ml c y l i n d r i c a l . 

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

25 mm i n d i a m e t e r t o p e r m i t t h e e n t r y o f s e d i m e n t p a r t i c l e s . 

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

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

o r i f i c e was s e t a t a h e i g h t o f 18 cm a b o v e t h e s t r e a m bed 

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

t i o n . Due t o t h e s m a l l s i z e o f o r i f i c e i n r e l a t i o n t o t h e 

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

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

c o n t a i n e r i s a l l o w e d t o become a l m o s t f u l l . O v e r a p e r i o d 

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

a t a r a t e d e t e r m i n e d by t h e r a t e o f s t r e a m s e d i m e n t d i s ­

c h a r g e and t h e s i z e o f t h e c o n t a i n e r o r i f i c e . B o t h t h e 

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

p a r t i c l e s i z e a n a l y s i s by c o n v e n t i o n a l m e t h o d s . By e x ­

p e r i m e n t an o r i f i c e d i a m e t e r o f 25 mm c o m b i n e d w i t h a 

w e e k l y c o l l e c t i o n p e r i o d p r o v e d t o be t h e mos t s u i t a b l e 

s cheme . D u r i n g d r y p e r i o d s i n w h i c h s e d i m e n t c o n c e n t r a ­

t i o n s r e m a i n e d c o n s t a n t l y b e l o w 1 mq/l, t h e p e r i o d o f 

c o l l e c t i o n was e x t e n d e d t o up t o t h r e e w e e k s t o e n s u r e t h e 

r e q u i s i t e amount o f s e d i m e n t . T h e s e d i m e n t c o l l e c t e d was 

d r i e d a t 105°C a n d w e i g h e d . P a r t i c l e s i z e d i s t r i b u t i o n 

was d e t e r m i n e d by g e n t l y b r u s h i n g t h e d r i e d s e d i m e n t 

t h r o u g h a s e r i e s o f t e s t s i e v e s w i t h mesh s i z e s r a n g i n g 

f r o m 2 mm t o 75 m i c r o n s . The p a r t i c l e s i z e d i s t r i b u t i o n 

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

v a r i e s c o n s i d e r a b l y . F o r 2 o f t h e t o t a l o f 22 p e r i o d s o f 

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

100% f i n e r t h a n 300y , w h i l e f o r 4 p e r i o d s o f c o l l e c t i o n 

s e d i m e n t i n c l u d e s p a r t i c l e s e x c e e d i n g 1 mm i n s i z e . The 

p e r c e n t a g e o f p a r t i c l e s f i n e r t h a n 75p v a r i e s f r o m 3 7 . 4 % t o 

9 7 , 1 % . T h i s v a r i a t i o n i n p a r t i c l e - s i z e c o m p o s i t i o n a r i s e s 

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

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

o f p a r t i c l e s l a r g e r t h a n 300p r e c o v e r e d f r o m t h e s u b m e r g e d 

c o n t a i n e r f o r 22 p e r i o d s o f c o l l e c t i o n i s c l o s e l y r e l a t e d 

t o mean d i s c h a r g e f o r e a c h p e r i o d ( r = 0 . 6 1 , n = 2 2 ) . The 

c o r r e l a t i o n w i t h mean d i s c h a r g e becomes p r o g r e s s i v e l y w e a k e r 

w i t h d e c r e a s i n g p a r t i c l e s i z e ( t a b l e 5 . 7 ) . F o r s e d i m e n t 

T a b l e 5.7 P r o d u c t moment c o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g 
i n d i v i d u a l s i z e f r a c t i o n s o f s u s p e n d e d s e d i m e n t 
t o s t r e a m d i s c h a r g e a n d p r e c i p i t a t i o n 
i n t e n s i t y ( d a t a u n t r a n s f o r m e d ) . 

< 75p 75Vi-150M 150y-300p > 300p 

* ** ** 
P e r i o d mean s t r e a m d i s - 0.40 0.48 . 0.54 0.61 
c h a r g e 

P e r i o d maximum two hour ** * * 
p r e c i p i t a t i o n 0.64 0.53 • 0.48 0.39 

n = 22 

S i g n i f i c a n c e l e v e l * 0.05 ** O.Ol 
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f i n e r t h a n 15\i c o l l e c t e d i n t h e s u b m e r g e d c o n t a i n e r , 

c o r r e l a t i o n w i t h mean d i s c h a r g e i s n o t s i g n i f i c a n t a t t h e 

0.05 l e v e l ( r = 0 .40 , n = 2 2 ) . The r e l a t i o n o f t h e w e i g h t 

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

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

i s h i g h e s t f o r s e d i m e n t f i n e r t h a n 15\i ( r = 0 .64, n = 22) 

and d e c l i n e s w i t h i n c r e a s i n g p a r t i c l e s i z e t o o n l y r = 0 .39 

(n = 22) f o r s e d i m e n t c o a r s e r t h a n 300'g. F o r f l o o d e v e n t s 

w i t h l ow p e a k d i s c h a r g e b u t g e n e r a t e d by h i g h i n t e n s i t y p r e ­

c i p i t a t i o n s e d i m e n t t r a n s p o r t e d i n s u s p e n s i o n i s p r e d o m i ­

n a n t l y f i n e . The c o l l e c t i o n p e r i o d 16 /8 /76 t o 6 /9 /76 , f o r 

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

o f 169 l/s and a maximum t w o - h o u r p r e c i p i t a t i o n o f 21.7 mm. 

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

t h i s p e r i o d i s 231 mg a n d 9 6 . 8 % i s f i n e r t h a n 75y . The 

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

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

by l ow i n t e n s i t y p r e c i p i t a t i o n i s c o a r s e r . The c o l l e c t i o n 

p e r i o d 6 /12/76 t o 13 /12 /76 i n c l u d e d , a s i n g l e f l o o d e v e n t 

w i t h p e a k d i s c h a r g e 693 l/s and a maximum t w o - h o u r p r e c i p i ­

t a t i o n o f 6.0 mm. W e i g h t o f s e d i m e n t c o l l e c t e d i n t h e 

submerged c o n t a i n e r d u r i n g t h i s p e r i o d i s 660 mg and o n l y 

4 6 . 6 % i s f i n e r t h a n 75y , 

The d i f f e r i n g c o n t r o l s f o r c o a r s e a n d f i n e s e d i m e n t i n 

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

e v e r , i t i s a p p a r e n t f r o m t a b l e 5.7 t h a t t h e r e i s no c l e a r 

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

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

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

f r o m b e y o n d t h e c h a n n e l n e t w o r k . C o a r s e r s e d i m e n t i s 

p r o b a b l y d e r i v e d l a r g e l y f r o m w i t h i n t h e c h a n n e l . A 

l i k e l y s o u r c e f o r c o a r s e s u s p e n d e d p a r t i c l e s i s bed m a t e r i a l . 

Bed m a t e r i a l a l o n g t h e N a r r a t o r B r o o k c o n t a i n s an a b u n d a n t 

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

g rowan w h i c h u n d e r l i e s t h e N a r r a t o r c a t c h m e n t . S u s p e n d e d 

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

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

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

bed m a t e r i a l i n s u s p e n s i o n i s s e l e c t i v e i n t e r m s o f p a r t i c l e 

s i z e . W h i l e f i n e p a r t i c l e s s m a l l e r t h a n 300u were t r a n s ­

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

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

p a r t i c l e s l a r g e r t h a n 300p a r e o n l y t r a n s p o r t e d a b o v e c e r ­

t a i n c r i t i c a l d i s c h a r g e s ( f i g 5 . 6 ) , S u s p e n d e d p a r t i c l e s 

l a r g e r t h a n 600p , f o r e x a m p l e , a r e r e s t r i c t e d t o d i s c h a r g e s 

g r e a t e r t h a n 500 lis. The d u r a t i o n o f d i s c h a r g e s a t w h i c h 

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

( f i g 5 . 7 ) . D i s c h a r g e s g r e a t e r t h a n 500 £ / s , f o r e x a m p l e , 

o c c u r r e d d u r i n g o n l y 2% o f t h e p e r i o d o f o b s e r v a t i o n . As 
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f ' i g . 5,7 F l o w d u r a t i o n c u r v e , S t . 1, N a r r a t o r 

:3rook, 1975 /76 

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

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

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

i s m i n o r . P a r t i c l e s l a r g e r t h a n BOOy c o m p r i s e o n l y 7.7% 

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

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

t h a n 600y o n l y 1%, V a r i a t i o n s i n t h e c o n c e n t r a t i o n o f 

p a r t i c l e s l a r g e r t h a n SOOy t h u s h a v e l i t t l e e f f e c t upon 

v a r i a t i o n s i n t o t a l s u s p e n d e d s e d i m e n t c o n c e n t r a t i o n . I n 

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

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

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

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

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

s e d i m e n t 

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

i n t h e N a r r a t o r B r o o k a c c o u n t s f o r 14 .2% o f t o t a l s u s p e n d e d 

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

o f o b s e r v a t i o n . A l t h o u g h c o n c e n t r a t i o n s a r e low, 

g e n e r a l l y b e l o w ^mg/t c o m p a r e d w i t h a mean c o n c e n t r a t i o n i n 

q u i c k f l o w o f 20 .5mg/£ , b a s e f l o w r u n o f f e x c e e d s t h a t o f 

q u i c k f l o w by 7 t i m e s ( 1 1 5 0 and 162mm r e s p e c t i v e l y ) . Any r e l ­

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

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

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

D u r i n g t h e p e r i o d o f r e s e a r c h , 28 s a m p l e s o f b a s e f l o w 

w e r e c o l l e c t e d a t e a c h o f 30 s i t e s a l o n g t h e N a r r a t o r B r o o k 

a t a p p r o x i m a t e l y f o r t n i g h t l y i n t e r v a l s . S e d i m e n t concen-r 

t r a t i o n s i n t h e s e s a m p l e s a r e v e r y low i n c o m p a r i s o n t o 

f l o o d s a m p l e s . A t t h e m a i n g a u g i n g s i t e ( S t 1) s e d i m e n t 

c o n c e n t r a t i o n i n t h e 28 s a m p l e s c o l l e c t e d r a n g e s b e t w e e n 

2.2mg/^ on t h e 8 t h o f J u l y 1975 t o 0 .1mg/£ on t h e 3 0 t h o f 

S e p t e m b e r 1975 , and f o r 24 o f t h e 28 s a m p l e s c o n c e n t r a t i o n 

i s b e l o w ^mq/Z, A l t h o u g h s e d i m e n t t r a n s p o r t e d d u r i n g b a s e -

f l o w i s d e r i v e d f r o m t h e s t r e a m c h a n n e l t h e r e i s no s i g n i f i ­

c a n t c o r r e l a t i o n b e t w e e n b a s e f l o w c o n c e n t r a t i o n a t S t 1 a n d 

s t r e a m d i s c h a r g e a t t h e t i m e o f s a m p l i n g ( r = - 0 . 3 2 , n = 2 8 ) . 

.The l ow c o n c e n t r a t i o n s o f s u s p e n d e d s e d i m e n t d u r i n g b a s e f l o w 

p r e s e n t s a m a j o r d i f f i c u l t y i n a t t e m p t s t o a n a l y s e v a r i a - . 

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

t i o n method o f d e t e r m i n i n g s e d i m e n t c o n c e n t r a t i o n f r o m s t r e a m 

s a m p l e s i s p r o b a b l y a t b e s t - 0.3mg/^, T h i s a c c o u n t s f o r 

a l a r g e p r o p o r t i o n o f t h e r a n g e i n o b s e r v e d v a l u e s a t S t 1 

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

e x i s t -

An a l t e r n a t i v e method o f i n v e s t i g a t i n g s u s p e n d e d s e d i ­

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

c o n t a i n e r . The w e i g h t o f s e d i m e n t r e t a i n e d i n t h e s u b -

merged c o n t a i n e r p r o v i d e s an a c c u r a t e i n d i c a t i o n o f t h e d i s ­

c h a r g e o f s u s p e n d e d s e d i m e n t t h r o u g h t h e c h a n n e l c r o s s -
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s e c t i o n d u r i n g t h e p e r i o d o f c o l l e c t i o n ( r = 0 .98 , n = 9) 

( f i g 5 . 8 ) . O n l y t h o s e p e r i o d s o f s e d i m e n t c o l l e c t i o n 

w h e r e q u i c k f l o w r u n o f f f o r m e d a t l e a s t 5% o f t o t a l r u n o f f 

f o r t h e p e r i o d a r e i n c l u d e d i n f i g 5 .8 . C a l c u l a t i o n o f 

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

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

a s s u m e d b a s e f l o w s e d i m e n t c o n c e n t r a t i o n o f 0 .6mg/£ . S i n c e 

b a s e f l o w c o n c e n t r a t i o n may be s u b j e c t t o t e m p o r a l f l u c t u a ­

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

s c a t t e r i n f i g 5.8. S i n c e t h e w e i g h t o f s e d i m e n t c o l l e c t e d 

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

s e d i m e n t d i s c h a r g e , v a r i a t i o n s i n t h e w e i g h t o f s e d i m e n t 

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

c o n s i d e r e d t o r e p r e s e n t v a r i a t i o n s i n b a s e f l o w s e d i m e n t 
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F i g . 5.8 R e l a t i o n b e t w e e n w e i g h t o f s e d i m e n t 

r e t a i n e d i n a s u b m e r g e d c o n t a i n e r and 

d i s c h a r g e o f s u s p e n d e d s e d i m e n t , S t . 1, 

^ N a r r a t o r B r o o k 
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t r a n s p o r t . W e i g h t o f s e d i m e n t r e t a i n e d i n t h e s u b m e r g e d 

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

r u n o f f a c c o u n t s f o r a t l e a s t 99% o f t o t a l r u n o f f v a r i e s 

f r o m 26.1mg/day t o 1.3mg/day, T h e s e v a r i a t i o n s a r e v e r y 

c l o s e l y r e l a t e d t o v a r i a t i o n s i n maximum d i s c h a r g e f o r t h e 

p e r i o d s o f c o l l e c t i o n ( r = 0 .97 , n = 9 - f i g 5 . 9 ) . T h i s 

means t h a t a s d i s c h a r g e r i s e s more s e d i m e n t becomes a v a i l ­

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

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

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

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

i s f r om c h a n n e l b a n k s r a t h e r t h a n f r o m bed m a t e r i a l , 

O l d f i e l d e t a l ( 1 9 7 9 ) , by a n a l y s i s o f t h e r e m n a n t m a g n e t i s m 

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

a b l e t o t r a c e t h i s s e d i m e n t t o c h a n n e l b a n k s . I n t h e 

/ 
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N a r r a t o r c a t c h m e n t , i n c r e a s e d a v a i l a b i l i t y o f s e d i m e n t f r o m 

c h a n n e l b a n k s a s d i s c h a r g e r i s e s c a n e a s i l y be e x p l a i n e d i n 

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

a l s o a c c o u n t f o r t h e s l o w i n g down i n t h e r a t e o f i n c r e a s e 

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

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

g i v e n i n c r e m e n t o f d i s c h a r g e d e c r e a s e s w i t h d i s c h a r g e . A l ­

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

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

p e n d e d s e d i m e n t d e c r e a s e s w i t h d i s c h a r g e . F rom f i g 5.9, 

a t a d i s c h a r g e o f 500 £/s' , t h e w e i g h t o f s e d i m e n t 

c o l l e c t e d i n t h e submerged c o n t a i n e r i s i n t h e r e g i o n o f 

20mg/day. I f t h i s i s r e f e r r e d t o f i g 5.8 i t r e p r e s e n t s 

a s e d i m e n t d i s c h a r g e o f 18 Kg /day w h i c h a t a d i s c h a r g e o f 

500 t/s means a s e d i m e n t c o n c e n t r a t i o n o f 0 .42 mg/-£. A t 

a d i s c h a r g e o f 100 t/s e s t i m a t e d s e d i m e n t c o n c e n t r a t i o n 

r i s e s t o 0.63 mg/1. T h i s c o r r e s p o n d s t o t h e t r e n d w h i c h 

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

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

( r = - 0 . 3 2 , n = 2 8 ) . T h e c o r r e l a t i o n i s n e g a t i v e t h o u g h 

i n s i g n i f i c a n t . 

5.4 V a r i a t i o n s i n bedl .oad t r a n s p o r t 

S i n c e t h e S e c o n d W o r l d War, e q u a t i o n s t o p r e d i c t b e d -

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

h a v e p r o l i f e r a t e d ( e g . Meyer P e t e r & M u l l e r 1948, E i n s t e i n 

1950 , Y a l i n 1963 , B a g n o l d 1966 , Yang 1 9 7 3 ) . Most o f t h e s e 

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

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

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

m a j o r i t y a l s o o r i g i n a t e d w i t h i n t h e U n i t e d S t a t e s and w e r e 

d e s i g n e d f o r u s e on w i d e s a n d bed s t r e a m s . A p p l i c a t i o n o f 

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

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

( C o l b y & Hembree 1955 , H u b b e l l & M a t e j k a 1 9 5 9 ) , F o r 

s t r e a m s s u c h a s t h e N a r r a t o r B r o o k i n w h i c h bed m a t e r i a l i s 
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composed o f a s u b s t a n t i a l p r o p o r t i o n o f p a r t i c l e s l a r g e r 

t h a n 2 mms i t a p p e a r s t h a t c o n v e n t i o n a l b e d l o a d e q u a t i o n s 

a r e r a t h e r l e s s u s e f u l . T h e y a r e r e g a r d e d by many s e d i -

m e n t o l o g i s t s a s b e i n g o f l i t t l e p r a c t i c a l v a l u e ( H e r b e r t s o n 

1969, A l l e n 1970 , B l e n c h 1 9 7 3 ) . Where b e d l o a d e q u a t i o n s 

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

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

d i f f e r e n t e q u a t i o n s v a r y c o n s i d e r a b l y a n d t h a t none come 

c l o s e t o a c t u a l v a l u e s ( e g . F l e m i n g 1969 , H o l l i n g s h e a d 

1 9 7 1 ) . One r e a s o n f o r t h e i n a d e q u a c y o f e x i s t i n g e q u a t i o n s 

i s t h a t t h e y do n o t a c c o u n t f o r t h e v a r i a t i o n o f p a c k i n g o r 

a r r a n g e m e n t o f p a r t i c l e s on t h e s t r e a m bed w h i c h becomes an 

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

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

p o r t i s t h a t movement o f p a r t i c l e s t a k e s p l a c e when s h e a r 

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

and C a r s o n ( 1 9 7 6 ) , h o w e v e r , d i s c o v e r e d t h a t t h e r a t i o b e ­

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

v a r i e d f r o m 1.8 t o 6.1 on a g r a v e l bed s t r e a m d e p e n d i n g 

upon t h e t y p e o f p a c k i n g , S e r r ( 1 9 5 1 ) r e m a r k s t h a t u n t i l 

m a j o r a d v a n c e s a r e made i n p r e d i c t i v e t e c h n i q u e s , h e a v y r e ­

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

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

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

w i t h i n t h e c h a n n e l f r o m t h e a v a i l a b l e p o o l o f bed m . a t e r i a l . 

R a t e o f t r a n s p o r t t h u s d e p e n d s upon t h e power o f t h e s t r e a m 

t o e n t r a i n p a r t i c l e s on t h e s t r e a m b e d . S t r e a m power a s 

d e f i n e d by B a g n o l d ( 1 9 6 6 ) i s a p r o d u c t o f f o u r f a c t o r s , 

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

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

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

s i d e r e d c o n s t a n t ( e g , L e o p o l d & Emmet t 19 76, Gomez 

1 9 7 9 ) . Of t h e f o u r f a c t o r s w h i c h c o m p r i s e s t r e a m power , 

t h e r e f o r e , o n l y v e l o c i t y and d e p t h v a r y t o any l a r g e d e g r e e 

a t a s i t e ( S k i b i n s k i 1 9 6 8 ) , S t r e a m d i s c h a r g e i n r e c t ­

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

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

183 



power and c a n be c o n v e n i e n t l y u s e d a s a s u r r o g a t e . The 

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

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

m o d e l l i n g b e d l o a d d y n a m i c s ( H o l l i n g s h e a d 1 9 7 1 ) . B e d l o a d 

c o l l e c t e d i n a s t r e a m bed t r a p a t t h e ma in g a u g i n g s i t e on 

t h e N a r r a t o r B r o o k f o r 30 p e r i o d s , r a n g i n g i n d u r a t i o n f r o m 

7 t o 28 d a y s , i s c l o s e l y r e l a t e d t o p e a k d i s c h a r g e f o r e a c h 

c o l l e c t i o n p e r i o d ( r = 0 , 9 1 , n = 30 - f i g 5 , 1 0 ) . T h i s c o n ­

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

N a r r a t o r B r o o k f o r w h i c h t h e r a t i n g c u r v e a p p r o a c h i s 

c l e a r l y i n a p p r o p r i a t e . The r e g r e s s i o n e q u a t i o n r e l a t i n g 

b e d l o a d t r a n s p o r t t o p e a k d i s c h a r g e was o b t a i n e d by t h e 

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

v a r i a b l e was d e t e r m i n e d by t r i a l a n d e r r o r . V a l u e s 

c o r r e s p o n d i n g t o p e r i o d s when i t was s u s p e c t e d , f r o m i n ­

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

b e e n e x c e e d e d a r e a l s o p l o t t e d i n f i g 5.10 f o r c o m p a r a t i v e 

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

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

R e c o r d e d r a t e s o f b e d l o a d t r a n s p o r t f o r t h e N a r r a t o r 

B r o o k a r e e x c e e d i n g l y v a r i a b l e . A t one e x t r e m e , f o r t h e 

p e r i o d 1 -8 /12 /76 , d u r i n g w h i c h s t r e a m d i s c h a r g e r o s e t o 

1 303 1 / s , t h e c a p a c i t y o f b e d l o a d t r a p was e x c e e d e d . T h i s 

r e p r e s e n t s a b e d l o a d d i s c h a r g e f o r t h e 7 day p e r i o d o f a t 

l e a s t 75 ,6kg t h r o u g h t h e c h a n n e l c r o s s s e c t i o n a t t h e m a i n 

g a u g i n g s i t e w h i c h i s 2.4m w i d e . The g r e a t e r p a r t o f t h i s was 

p r o b a b l y d i s c h a r g e d i n t h e s p a c e o f a few h o u r s . A t t h e o t h e r 

e x t r e m e , f o r t h e 14 day p e r i o d 13 /4 /76 t o 1 1 / 5 / 7 6 , d u r i n g w h i c h 

s t r e a m d i s c h a r g e n e v e r r o s e a b o v e 94 1 / s , t o t a l r e c o r d e d 

t r a n s p o r t o f b e d l o a d a t t h e m a i n g a u g i n g s i t e was ohlyoO',;0-7kg. 

T h e b e d l o a d t r a p was n e v e r f o u n d t o be c o m p l e t e l y empty a f t e r 

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

i n c l u d e d no m a j o r f l o o d e v e n t s and s t r e a m d i s c h a r g e s r e m a i n e d 

c o n t i n u o u s l y b e l o w 100 1 / s . I t i s n o t p o s s i b l e on t h e b a s i s 

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

s i g n i f i c a n c e o f t h e s e low r e c o r d e d r a t e s o f b e d l o a d t r a n s p o r t 
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a t low s t r e a m d i s c h a r g e s . I t may be , f o r e x a m p l e , t h a t 

d i s t u r b a n c e s c r e a t e d by t r o u t i n t h e s t r e a m c o u l d c a u s e s m a l l 

q u a n t i t i e s o f g r a v e l t o e n t e r t h e b e d l o a d t r a p . I n a n y e v e n t 

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

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

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

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

w h o l e . S t r e a m d i s c h a r g e s l e s s t h a n 100 1/s o c c u r e d d u r i n g 

70% o f t h e p e r i o d o f o b s e r v a t i o n , b u t l e s s t h a n 1% o f t o t a l 

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

The b e d l o a d r a t i n g c u r v e f o r t h e N a r r a t o r B r o o k d i s ­

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

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

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

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

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

h a s p r e v i o u s l y b e e n u s e d w i t h some s u c c e s s by t h e I n s t i t u t e 

o f H y d r o l o g y i n c a t c h m e n t s i n M i d - W a l e s (N.E.R.C. 1 9 7 7 ) , 

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

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

t a i n e d ; n o t h i n g i s known r e g a r d i n g v a r i a t i o n s i n t r a n s p o r t 

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

two d i m e n s i o n s , d u r a t i o n a n d d i s c h a r g e . A t h i g h e r d i s ­

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

t o s m a l l c h a n g e s i n d i s c h a r g e a n d t h i s becomes t h e d o m i n a n t 

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

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

f i c a n t l y t o t h e e x p l a n a t i o n o f v a r i a n c e a c h i e v e d by p e a k 

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

( t a b l e 5 . 8 ) . 

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

b e d l o a d t r a n s p o r t h a s b e e n s t r e s s e d by C o l b y & S c o t t ( 1 9 6 5 ) 

and F r a n c o ( 1 9 6 8 ) . W i t h i n t h e r a n g e o f t e m p e r a t u r e s 

commonly o c c u r r i n g i n s t r e a m s , t h e r e i s l i t t l e m a t e r i a l 

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

power . S m a l l v a r i a t i o n s i n s t r e a m w a t e r t e m p e r a t u r e , c a n 
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T a b l e 5.8 R e s u l t s o f m u l t i p l e r e g r e s s i o n a n a l y s i s o f 
v a r i a t i o n i n b e d l o a d t r a n s p o r t by t h e N a r r a t o r 
B r o o k ( d a t a l o g t r a n s f o r m e d ) . 

DEPENDENT VARIABLE 

T o t a l b e d l o a d t r a n s p o r t e d p a s t S t . l f o r 30 p e r i o d s o f o b s e r v a t i o n , 

e a c h about tv/o weeks i n d u r a t i o n . The 5 p e r i o d s d u r i n g w h i c h t h e 

c a p a c i t y o f t h e b e d l o a d t r a p may have been e x c e e d e d a r e e x c l u d e d 

from t h e a n a l y s i s . 

T o t a l 
C o r r e l a t i o n 

I ndependen t V a r i a b l e s C o e f f i c i e n t s 

5 t h O r d e r P a r t i a l 
C o r r e l a t i o n P a r t i a l 

C o e f f i c i e n t s F V a l u e s 

1 Peak d i s c h a r g e 0.87 

2 T o t a l r u n o f f 0.71 

3 Mean w a t e r t e m p e r a t u r e -0.11 

4 I n t e n s i t y o f f l o o d r i s e 0.48 

5 Mean p a r t i c l e s i z e o f 
b e d l o a d -0.01 

6 Mean d i s c h a r g e 0.71 

0.76 

0.45 

0.40 

-0.27 

0.07 

•0.27 

89.51 

7.38 5 -&8 f 
Ci O rr u) 

4.46 < H-o 
(T> o cr 3 
D a c H-

. . , Q i rr M» 
1.11 (B • < H- H-

3 QJ O O 
ft M 3 0) 

H- 3 

0.86 

1.31 

< & (T rr 
0) 3 O 

LEVEL OF 
SIGNIFICANCE 

r 

F 

O.Ol 

0.46 

7.64 f o r 1 t o 7.88 f o r 6 

O.OOl 

0.57 

13.50 t o 14.19 

30 P e r c e n t E x p l a n a t i o n ( a l l v a r i a b l e s ) 86 .3% 

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

s t r e a m ' s a b i l i t y t o e n t r a i n p a r t i c l e s . I n t e n s i t y o f f l o o d 

r i s e h a s b e e n d e m o n s t r a t e d by S k i b i n s k i ( 1 9 6 8 ) t o be 

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

p o r t . Ke f o u n d t h a t d u r i n g s h a r p l y r i s i n g f l o o d s , w a t e r 
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s u r f a c e s l o p e and s t r e a m power a r e h i g h e r on the r i s i n g 

s t a g e o f the f l o o d f o r a g i v e n d i s c h a r g e than would nor ­

m a l l y be e x p e c t e d , t h u s promot ing h i g h e r r a t e s o f bed load 

t r a n s p o r t . 

N e i t h e r o f t h e s e two f a c t o r s , s t r e a m wa te r t e m p e r a t u r e 

and f l o o d i n t e n s i t y , c o n t r i b u t e s i g n i f i c a n t l y to t h e e x p l a ­

n a t i o n of v a r i a n c e i n bed load t r a n s p o r t i n the N a r r a t o r 

Brook and t h i s may be due t o t h e h y d r o l o g i c a l make-up o f 

the ca tchment . B a s e f l o w , wh ich i s s u p p l i e d a t l e a s t 

p a r t i a l l y from groundwater , c o m p r i s e s a lmos t 90% o f t he 

t o t a l r u n o f f from the N a r r a t o r ca t chmen t . Groundwater i s 

remote from a t m o s p h e r i c t e m p e r a t u r e f l u c t u a t i o n s e x p e r i e n c e d 

a t the ca tchment s u r f a c e and i t s e l f v a r i e s l i t t l e i n tem­

p e r a t u r e . C o n s e q u e n t l y s t r e a m wa te r t e m p e r a t u r e d u r i n g 

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

s t r i c t e d range between 5.6^C and 13.8°C, a range wh ich may 

not have been s u f f i c i e n t l y g r e a t t o s i g n i f i c a n t l y i n f l u e n c e 

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

low r a t e s o f q u i c k f l o w g e n e r a t i o n mean t h a t f l o o d r i s e s a r e 

r a r e l y v e r y i n t e n s e ; p r o b a b l y not i n t e n s e enough f o r t h i s 

f a c t o r to have any e f f e c t e i t h e r . 

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

bed load t r a n s p o r t , which i s i n c l u d e d i n a l l bed load 

e q u a t i o n s , i s p a r t i c l e s i z e o f bed m a t e r i a l . Mean p a r t i c l e 

s i z e o f bed load c o l l e c t e d i n the N a r r a t o r Brook over the 

p e r i o d o f r e s e a r c h v a r i e d o v e r a wide range from 0.1 mm to 

3.6 mm. I n c o n t r a s t to r a t e o f bed load t r a n s p o r t , the 

p a r t i c l e s i z e o f bed load t r a n s p o r t e d i s u n r e l a t e d t o peak 

d i s c h a r g e ( r = 0.13, n = 3 1 ) . T h i s s u g g e s t s t h a t o b s e r v e d 

v a r i a t i o n s i n the p a r t i c l e s i z e c o m p o s i t i o n o f bed load a r e 

not a r e s u l t o f v a r i a t i o n s i n s t r eam competence but i n s t e a d 

a r e l a r g e l y a r e f l e c t i o n of v a r i a t i o n s i n t he p a r t i c l e s i z e 

c o m p o s i t i o n o f bed m a t e r i a l . T h i s s u p p o r t s the b e l i e f ex ­

p r e s s e d e a r l i e r t h a t bed load t r a n s p o r t i n the N a r r a t o r Brook 

does not d i s c r i m i n a t e i n te rms o f p a r t i c l e s i z e , but r a t h e r 

i n v o l v e s movement o f bed m a t e r i a l more o r l e s s en masse. 

T h i s a c c o r d s w i t h o b s e r v a t i o n s made by B o g a r d i (1951) o f 
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bed load movement i n g r a v e l -bed s t r e a m s i n Hungary and by 

Lewin & B r i n d l e (1977) i n a s m a l l Welsh s t r e a m . Mean 

p a r t i c l e s i z e o f bed load c o l l e c t e d i n t he s t r e a m bed t r a p 

does no t c o n t r i b u t e s i g n i f i c a n t l y t o e x p l a n a t i o n o f v a r i a n c e 

i n r a t e s o f bed load t r a n s p o r t by t h e N a r r a t o r Brook i n d i c a ­

t i n g t h a t bed load t r a n s p o r t i s i n s e n s i t i v e t o changes i n 

the p a r t i c l e s i z e c o m p o s i t i o n o f bed m a t e r i a l . T h i s i s i n 

d i r e c t c o n t r a s t t o t h e o b s e r v a t i o n s o f L e o p o l d & Emmett 

(1976) i n t he E a s t F o r t R i v e r , Wyoming, where r a t e o f bed-

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

bed m a t e r i a l . Bed m a t e r i a l i n t he E a s t F o r k R i v e r i s p r e ­

dom inan t l y sand. I n t he N a r r a t o r Brook, where bed m a t e r i a l 

c o n t a i n s a l a r g e p r o p o r t i o n o f g r a v e l , i t may be t h a t pack ­

i n g o f p a r t i c l e s i n t h e s t r e a m bed h a s more i n f l u e n c e upon 

r a t e o f bed load t r a n s p o r t t h a n mean p a r t i c l e s i z e o f bed 

m a t e r i a l . 

M u l t i p l e . r e g r e s s i o n a n a l y s i s t h u s f a i l e d t o improve 

upon the p r e d i c t i v e power o f the. bed load r a t i n g c u r v e . 

N e v e r t h e l e s s t he r e l a t i o n o f bed load t o d i s c h a r g e i s 

s u f f i c i e n t l y s t r o n g t o be used f o r e s t i m a t i o n o f l ong te rm 

bed load y i e l d s by r e f e r e n c e t o w a t e r l e v e l r e c o r d s . 
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CHAPTER 6 

SOLUTE SOURCES AND TEMPORAL VARIATIONS 

IN SOLUTE CONCENTRATION 

6.1 S o l u t e s o u r c e c a t e g o r i e s and c h a r a c t e r i s t i c s 

6.1,1 Atmosphere 

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

ments a r e d i s s o l u t i o n o f s o l u b l e p a r t i c l e s and g a s e s i n t he 

atmosphere and w e a t h e r i n g o f ca tchment r o c k s . The s t r e a m 

i t s e l f l i e s between t h e s e two s o u r c e s sys tems and t e m p o r a l 

v a r i a t i o n s i n s t r eam s o l u t e c o n c e n t r a t i o n r e f l e c t the o p e r a ­

t i o n o f both s y s t e m s . 

There a r e s e v e r a l p o s s i b l e s o u r c e s f o r a t m o s p h e r i c 

p a r t i c l e s , i n c l u d i n g s e a s p r a y , wind blown s o i l p a r t i c l e s 

and p o l l u t a n t s . I n c o a s t a l l o c a t i o n s s e a s p r a y i s l i k e l y 

to be the most impo r t an t s o u r c e . E v a p o r a t i o n o f sea s p r a y 

p roduces t i n y s a l t c r y s t a l s wh ich become suspended i n the 

a tmosphere. These p a r t i c l e s can be t r a n s p o r t e d long d i s ­

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

d e c r e a s e away from the c o a s t due to p r o g r e s s i v e f a l l o u t . 

S tevenson ( 1 9 6 8 ) , examined s p a t i a l v a r i a t i o n s i n t he compo­

s i t i o n o f a t m o s p h e r i c p a r t i c l e s o v e r t he B r i t i s h I s l e s . She 

found t h a t i n c o a s t a l r e g i o n s s e a s a l t c r y s t a l s dominate and 

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

s a l t c r y s t a l s away from the windward west c o a s t o f B r i t a i n . 

F a l l o u t o f s a l t p a r t i c l e s from t h e atmosphere o c c u r s by t h r e e 

mechanisms: wet f a l l o u t , g r a v i t a t i o n a l d ry f a l l o u t , and 

i m p a c t i o n . 

Wet f a l l o u t , the f i r s t o f t h e s e t h r e e mechanisms, i n ­

v o l v e s t he i n c o r p o r a t i o n o f s o l u b l e p a r t i c l e s i n t he atmos­

phere a s s o l u t e s i n p r e c i p i t a t i o n . A d i s t i n c t i o n can be 

made between r a i n out and wash ou t ( B u r t & Day 1979) . R a i n 

out o c c u r s when s a l t c r y s t a l a c t a s r a i n drop n u c l e i and sub­

s e q u e n t l y become d i s s o l v e d by t he r a i n d rops wh ich form 

around them. Wash out r e f e r s t o the sweeping o f s a l t c r y s -
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t a l s from the atmosphere by f a l l i n g r a i n . B u r t & Day(1979) 

r e g a r d wash ou t as b e i n g g e n e r a l l y the more i m p o r t a n t . 

Measurement o f the supp l y o f s o l u t e s to t he ca tchment by 

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

a b o t t l e and f u n n e l assemb ly f o r t he c o l l e c t i o n of r a i n f a l l 

samples (Gregory & W a l l i n g 1973 ) . 

F a l l o u t of s a l t p a r t i c l e s from the atmosphere o c c u r s 

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

and i n some ca tchmen ts t h i s t ype o f f a l l o u t may c o n t r i b u t e 

s u b s t a n t i a l l y to t o t a l a t m o s p h e r i c s u p p l y . Swank & 

H e n d e r s o n ( 1 9 7 6 ) , f o r example, r e p o r t t h a t t h i s t ype o f a t ­

mospher i c f a l l o u t i s e q u i v a l e n t t o around 25% o f wet f a l l ­

ou t i n the Coweeta w a t e r s h e d (N. C a r o l i n a ) and c l o s e r to 

50% i n t h e Walker B ranch w a t e r s h e d ( T e n n e s s e e ) . G r a v i t a ­

t i o n a l d ry f a l l o u t i s r e t a i n e d i n a b o t t l e and f u n n e l a l o n g 

w i t h wet f a l l o u t , a l t h o u g h the c o l l e c t i o n e f f i c i e n c y o f 

t h e s e s low f a l l i n g p a r t i c l e s i n the p r e s e n c e of a i r t u r ­

b u l e n c e i s p r o b a b l y s e v e r e l y l i m i t e d . S o l u t e s r e t a i n e d i n 

a p r e c i p i t a t i o n sample r t h u s r e p r e s e n t a compos i te o f both 

wet f a l l o u t and d ry f a l l o u t i n i n d e t e r m i n a t e p r o p o r t i o n s 

and t o g e t h e r t h i s has been termed bu l k f a l l o u t (Whi tehead & 

F e t h 1964 ) . I f bu l k f a l l o u t i s composed p r e d o m i n a t e l y o f 

wet f a l l o u t then the p roduc t o f p r e c i p i t a t i o n amount and 

p r e c i p i t a t i o n s o l u t e c o n c e n t r a t i o n y i e l d s t o t a l mass o f 

d i s s o l v e d s o l i d s r e a c h i n g the ca tchment a s b u l k f a l l o u t 

d u r i n g the p e r i o d o f c o l l e c t i o n . As d ry f a l l o u t becomes a 

l a r g e r p r o p o r t i o n o f b u l k f a l l o u t , however, e s t i m a t i n g the 

a t m o s p h e r i c supp l y o f s o l u t e s by t h i s method becomes p r o ­

g r e s s i v e l y more u n r e l i a b l e . 

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

wind blown s a l t p a r t i c l e s upon v e g e t a t i o n d u r i n g d ry p e r i o d s . 

Sea s a l t p a r t i c l e s a r e h y g r o s c o p i c wh ich r e n d e r s them s t i c k y 

and they tend to adhere to f o l i a g e upon c o n t a c t (Gorham 

1961) . Subsequent r a i n f a l l removes i n s o l u t i o n t he s a l t s 

a ccumu la ted on the s u r f a c e o f t he v e g e t a t i o n d u r i n g the 

i n t e r v e n i n g d ry p e r i o d and e v e n t u a l l y by v a r i o u s pathways 

i t r e a c h e s t he s t r e a m t o augment s t r e a m s o l u t e s . S i n c e 
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t h i s t ype o f f a l l o u t i s not g r a v i t a t i o n a l i t i s not c o l l e c ­

t e d by a p r e c i p i t a t i o n samp le r , o r a t l e a s t r e p r e s e n t a t i v e 

samples canno t be o b t a i n e d i n t h i s way. U n l i k e g r a v i t a ­

t i o n a l d ry f a l l o u t i t v a r i e s c o n s i d e r a b l y ove r space depend­

ing upon s u r f a c e c o n d i t i o n s , p a r t i c u l a r l y the n a t u r e o f 

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

measurement o f the s u p p l y o f s o l u t e s by t h i s t ype o f f a l l ­

ou t has neve r been a t t e m p t e d . The r e s u l t s o f r e c e n t r e ­

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

by v e g e t a t i o n have been made from a n a l y s i s o f s t r e a m 

s o l u t e s show t h a t t h i s t ype o f f a l l o u t i s o f t e n of con ­

s i d e r a b l e s i g n i f i c a n c e i n te rms o f o v e r a l l supp l y (Juang & 

Johnson 1967, White e t a l 1971, Zeman 1 9 7 5 ) . Juang and 

Johnson ( 1 9 6 7 ) , f o r example, found t h a t a n n u a l i n p u t o f 

c h l o r i d e to the Hubbard Brook ca tchment New Eng land i n b u l k 

f a l l o u t i s o n l y 270 kg/km^ i n compar i son to ou tpu t o f 

410 kg/km^. S i n c e the r o c k s u n d e r l y i n g the ca tchment con­

t a i n no c h l o r i d e they a t t r i b u t e the d i f f e r e n c e between i n ­

put and ou tpu t t o i m p a c t i o n o f a t m o s p h e r i c s a l t s ( i . e . 52% 

of b u l k f a l l o u t ) . The p r e s e n c e o f i m p a c t i o n f a l l o u t i n 

the N a r r a t o r ca tchment can be r e a d i l y demons t ra ted ; i t s 

r e l a t i v e impor tance i s not so e a s y to d e t e r m i n e . I n the 

p r e s e n t s tudy the f u n n e l o f the b u l k f a l l o u t c o l l e c t o r a t 

r a i n gauge s i t e 1 was f i t t e d w i t h a n y l o n mesh w i t h t he 

i n i t i a l i n t e n t i o n o f e x c l u d i n g l e a v e s and i n s e c t s . From 

compar i son of the c o n c e n t r a t i o n o f p r e c i p i t a t i o n samp les i n 

t h i s c o l l e c t o r w i t h t h o s e from a s t a n d a r d c o l l e c t o r a t t he 

same s i t e i t a p p e a r s t h a t t h e n y l o n mesh i s r e s p o n s i b l e f o r 

t r a p p i n g a i r - b o r n e s a l t p a r t i c l e s by i m p a c t i o n r e s u l t i n g i n 

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

r a i n f a l l amounts and a n t e c e d e n t p r e c i p i t a t i o n a r e low ( f i g 

6 . 1 ) , A s i m i l a r e f f e c t was no ted by Juang & Johnson (1967) 

i n the Hubbard Brook ca tchment . I n ca t chmen ts where d ry 

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

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

mospher i c i n p u t o f s o l u t e s by d i r e c t measurement becomes 

v e r y d i f f i c u l t . 
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I 

10 2-0 a'o 
Ratio of weekly precipitation solute concentrations in two 
collectors (Collector with funnel covered by nylon mesh/ 
collector with open funnel) 

F i g , 6.1 The e f f e c t of a n y l o n mesh upon r e c o r d e d 

p r e c i p i t a t i o n s o l u t e c o n c e n t r a t i o n 

r a i n g a u g e s i t e 1, N a r r a t o r ca tchment 

The p r i n c i p l e i o n s c o n t r i b u t e d by f a l l o u t o f s o l i d s from 

the atmosphere a r e sodium and c h l o r i d e t o g e t h e r w i t h s m a l l e r 

p r o p o r t i o n s o f magnesium, s u l p h a t e , and o t h e r i o n s p r e s e n t 

i n s e a - w a t e r ( t a b l e 6 . 1 ) , I n a d d i t i o n t o f a l l o u t o f 

p a r t i c l e s i n t h e atmosphere c e r t a i n i o n s i n s t ream wa te r 

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

b i c a r b o n a t e and n i t r a t e . A tmosphe r i c p o l l u t i o n i n the form 

o f s u l p h u r d i o x i d e can c o n t r i b u t e s u l p h a t e t o the s t r e a m 

supp lemen t ing t he s u p p l y o f s u l p h a t e from s e a - s p r a y 

(Johnson e t a l 1 972} . 
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T a b l e 6.1 C h e m i c a l c o m p o s i t i o n o f N a r r a t o r s t r eam w a t e r , 
b u l k f a l l o u t , s e a w a t e r , and Dartmoor G r a n i t e . 

Sea 

Water 

B u l k A t m o s p h e r i c F a l l o u t 
Over N a r r a t o r Catchment 

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

s t r e a m Water 
N a r r a t o r Brook 

( D i s c h a r g e 
w e i g h t e d v a l u e s ) 

Dartmoor 

G r a n i t e 

C l 

Na 

Mg 

Ca 

K 

HCO. 

SiO, 

NO^ 

Fe 

A l 

55.3 

30.8 

7.5 

3.7 

1.2 

1.1 

0.4 

* 

52.2 

25.5 

10.8 

3.2 

5.1 

1.9 

1.3 

28.0 

19.6 

13.4 

2.4 

8.3 

3.0 

8.8 

15.1 

0.8 

0 . 6 

* 

2.5 

* 

0 . 5 

1.3 

4.8 

* 

79.7 

-* 

2.6 

8.6 

T o t a l 100% 100% 100% 100% 

* P r o p o r t i o n m i n i m a l 

1 De te rm ined f rom a mean o f 19 B u r r a t o r R e s e r v o i r s a m p l e s 

2 Da ta f rom Brammal l & Harwood (1923) 

6.1.2 Catchment Rocks 

I n a l l n a t u r a l ca t chmen ts some s t r e a m s o l u t e s a r e 

s u p p l i e d from r o c k w e a t h e r i n g - Supp ly from t h i s s o u r c e 

depends upon r o c k c o m p o s i t i o n and t he p r e v a i l i n g c l i m a t i c 

c o n d i t i o n s . Under t h e m o i s t t empera te c l i m a t e of B r i t a i n 

c a r b o n a t e r o c k s wea ther r a p i d l y and s u p p l y o f s o l u t e s from 

r o c k w e a t h e r i n g to s t r e a m s d r a i n i n g t h e s e r o c k s i s l a r g e i n 

compar i son t o a t m o s p h e r i c s u p p l y . Smi th & Newson(1974) , f o r 

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

s tone a r e a o f t he Mendips e x c e e d i n g 200 t/km^/yr. By con -
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t r a s t , y i e l d o f s o l u t e s from a s m a l l ca tchment on O l d Red 

Sands tone, a l s o i n the Mendips, i s o n l y 3.9 t/kmVy^ (Waylen 

1979) . I n the Old Red Sands tone ca tchment 3.1 t/km Vyi^ i s 

s u p p l i e d from the atmosphere and t h i s forms 80% of s o l u t e s 

e x p o r t e d from the ca tchment . I f t h i s a t m o s p h e r i c s u p p l y 

a l s o a p p l i e s to the l i m e s t o n e r e g i o n s o f the Mendips i t s 

c o n t r i b u t i o n r e l a t i v e to s u p p l y from r o c k w e a t h e r i n g i s 

n e g l i g i b l e . I n the humid tempera te c l i m a t e o f B r i t a i n 

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

s o l u t e s f o r s t r e a m t r a n s p o r t . Gorham (1957) a t t r i b u t e s 

the g r e a t e r p a r t o f s o l u t e s i n s t r e a m s d r a i n i n g the C a i r n ­

gorms t o a t m o s p h e r i c s u p p l y . 

G r a n i t e w e a t h e r s through the p r o c e s s o f h y d r o l y s i s 

whereby hydrogen i o n s i n p r e c i p i t a t i o n r e p l a c e the m e t a l 

c a t i o n s (magnesium, sodium, p o t a s s i u m and c a l c i u m ) i n 

s i l i c a t e m i n e r a l s . S o l u b l e s i l i c a i s a l s o r e l e a s e d from 

s i l i c a t e m i n e r a l s by t h i s r e a c t i o n . Most o f the d i s s o l v e d 

s i l i c a t r a n s p o r t e d by s t r eams o r i g i n a t e s th rough h y d r o l y s i s 

o f s i l i c a t e m i n e r a l s ; q u a r t z i s v i r t u a l l y i n s o l u b l e 

( B r i c k e r 1 9 6 8 ) . Not a l l the magnesium, sodium, p o t a s s i u m , 

c a l c i u m and s i l i c o n c o n t a i n e d i n ca tchment r o c k s i s r e ­

l e a s e d to the s t ream as s o l u t e s . Secondary m i n e r a l s wh ich 

form from d e c o m p o s i t i o n o f g r a n i t e c o n t a i n v a r y i n g p r o p o r ­

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

i n s t r e a m s o l u t e s r e l a t i v e to i t s p r o p o r t i o n i n ca tchment 

r o c k s i s known a s i t s m o b i l i t y and v a r i e s from e lement t o 

e lement and from r e g i o n t o r e g i o n . I n New Hampshire, f o r 

example, magnesium i s the most mob i l e e lement r e l e a s e d by 

g r a n i t e w e a t h e r i n g (Anderson & Hawkes 1958) w h i l e i n New 

Mexico magnesium comes second to c a l c i u m ( M i l l e r 1961) and 

i n the S i e r r a Nevada i t comes t h i r d beh ind c a l c i u m and s o ­

dium ( F e t h e t a l 1964 ) . The c o m p o s i t i o n o f s o l u t e s s u p p l i e d 

from g r a n i t e w e a t h e r i n g t hus depends upon the c o m p o s i t i o n o f 

the g r a n i t e and t he r e l a t i v e m o b i l i t y o f the e l e m e n t s . 

S i l i c a has a low m o b i l i t y i n r e l a t i o n to magnesium, c a l c i u m , 

sodium and p o t a s s i u m , but because i t forms such a l a r g e p r o ­

p o r t i o n i n g r a n i t e (70 .5% i n Dartmoor G r a n i t e ) i t s t i l l forms 
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a major c o n s t i t u e n t o f s t r eam s o l u t e s d r a i n i n g g r a n i t e a r e a s . 

I r o n and a lumin ium have lower m o b i l i t i e s t han s i l i c a and 

o n l y r e l a t i v e l y minor amounts o f t h e s e e l emen ts a r e s u p p l i e d 

to the s t ream from g r a n i t e w e a t h e r i n g . C h l o r i d e , s u l p h a t e , 

b i c a r b o n a t e and n i t r a t e a r e v e r y r a r e i n g r a n i t e and t h e s e 

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

a l m o s t e x c l u s i v e l y from the a tmosphere. 

6.1.3 Catchment Vegetation 

Another p o s s i b l e supp ly o f s t r eam s o l u t e s i s from vege ­

t a t i o n decay . P r o p e r l y , t h i s s h o u l d be r e g a r d e d a s a 

secondary s o u r c e s i n c e a l l t he s o l u t e s s t o r e d i n ca tchment 

v e g e t a t i o n a r e o r i g i n a l l y d e r i v e d from the atmosphere and 

from r o c k w e a t h e r i n g . There i s a c o n s t a n t f l u x o f n u t r i e n t s 

th rough v e g e t a t i o n (Bormann & L i k e n s 1967, Deevey 1 9 7 0 ) . I n 

s t a b l e ecosys tems i n p u t s and o u t p u t s b a l a n c e over t he l o n g 

term; t h e r e i s no change i n v e g e t a t i o n s t o r a g e and the 

s o l u t e ou tpu t o f s t r eam ca tchmen ts i s a t r u e r e f l e c t i o n o f 

a t m o s p h e r i c supp l y and r a t e s o f r o c k w e a t h e r i n g (Zeman & 

S laymaker 1978 ) . There may, however, be s h o r t term f l u c ­

t u a t i o n s i n v e g e t a t i o n s t o r a g e , p a r t i c u l a r l y on a s e a s o n a l 

l e v e l , l e a d i n g t o temporary i n b a l a n c e s i n i n p u t s and o u t p u t s . 

V a r i a t i o n s i n s t r eam c o n c e n t r a t i o n s may t h e r e f o r e r e f l e c t 

e cosys tem dynamics w i t h i n the ca tchment , a l t h o u g h t h e r e i s 

no ne t e f f e c t a s long a s the b iomass w i t h i n the ca tchment r e ­

mains unchanged. I n s i t u a t i o n s where the catchment b i o ­

mass i s r e g e n e r a t i n g or d e g e n e r a t i n g f o l l o w i n g d i s t u r b a n c e , 

ou tpu t of s t r eam s o l u t e s canno t be equa ted w i t h the s u p p l y 

from a t m o s p h e r i c s o u r c e s o r r o c k w e a t h e r i n g . T h i s i s an 

i m p o r t a n t c o n s i d e r a t i o n when u s i n g s o l u t e y i e l d to e s t i m a t e 

r a t e of c h e m i c a l d e n u d a t i o n . By d i s t u r b i n g v e g e t a t i o n man 

can e x e r t a p ro found i n f l u e n c e upon s t r e a m s o l u t e t r a n s p o r t . 

Fo r t h i s r e a s o n s t ream s o l u t e s a r e o f t e n employed i n e c o ­

l o g i c a l s t u d i e s to mon i to r the h e a l t h and o p e r a t i o n o f c a t c h ­

ment ecosys tems (eg. C r i s p 1966, Bormann e t a l 1968 ) . 

I n d i v i d u a l d i s s o l v e d c o n s t i t u e n t s a r e t a k e n up by vege-
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t a t i o n i n v a r y i n g p r o p o r t i o n s . Some c o n s t i t u e n t s wh ich 

form, major p l a n t n u t r i e n t s such as n i t r o g e n , phosphorus , 

c a l c i u m , magnesium and p o t a s s i u m a r e s t o r e d by v e g e t a t i o n 

i n l a r g e amounts. Supp ly o f t h e s e c o n s t i t u e n t s a r e p a r ­

t i c u l a r l y a f f e c t e d by changes i n v e g e t a t i o n . De Banc & 

Conrad ( 1 9 7 6 ) , f o r example, r e p o r t t h a t supp l y o f n i t r o g e n , 

phosphorus , c a l c i u m , magnesium and p o t a s s i u m from c h a p a r a l l 

c o v e r e d s l o p e s i n C a l i f o r n i a i n c r e a s e d from 210 kg /ha /y r be­

f o r e b u r n i n g to 7 300 kg/ha i n t he y e a r immed ia te l y a f t e r 

b u r n i n g . Supply o f o t h e r c o n s t i t u e n t s common i n s t r e a m 

wa te r ,wh i ch a r e not ma jor p l a n t n u t r i e n t s ( e . g . c h l o r i d e ) 

i s u n l i k e l y to be a f f e c t e d by v e g e t a t i o n dynamics t o the 

same degree . 

6.2 S o l u t e s o u r c e a n a l y s i s 

6.2.1 Chemical Mass Balance of Inputs and Outputs 

Having i d e n t i f i e d the p o s s i b l e s o u r c e s of s t r eam 

s o l u t e s , t he t a s k r ema ins t o de te rm ine t he r e l a t i v e con­

t r i b u t i o n o f each to the s o l u t e y i e l d o f the N a r r a t o r c a t c h ­

ment. Two major app roaches t o s t ream s o l u t e s o u r c e 

a n a l y s i s may be d i s t i n g u i s h e d . The f i r s t i n v o l v e s a 

c h e m i c a l mass b a l a n c e o f a t m o s p h e r i c i n p u t s and s t ream o u t ­

p u t s ; e x c e s s o f o u t p u t s ove r i n p u t s i s a t t r i b u t e d t o r o c k 

w e a t h e r i n g . A major draw-back e n c o u n t e r e d i n t h i s app roach , 

a l r e a d y d i s c u s s e d , l i e s i n a c c u r a t e measurement of t o t a l 

a t m o s p h e r i c i n p u t wh ich i s seldom p o s s i b l e . A second 

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

t ime p e r i o d s . I n s t ream ca tchmen ts where t h e r e i s a p p r e ­

c i a b l e s t o r a g e o f s o l u t e s i n groundwater and s o i l m o i s t u r e , 

a c c o u n t has t o be made o f any change i n s t o r a g e . W a l l i n g 

(1974a) and C r y e r (1976) a c c o u n t f o r changes i n groundwater 

s t o r a g e to de te rm ine s o l u t e budgets by s e l e c t i n g p e r i o d s 

f o r mass b a l a n c e a n a l y s i s which a r e bounded by b a s e f l o w d i s ­

cha rge o f s i m i l a r magni tude. I t i s assumed by t h i s method 

t h a t b a s e f l o w d i s c h a r g e i s a r e f l e c t i o n of groundwater 
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s t o r a g e and t h e r e f o r e ove r such p e r i o d s changes of s t o r a g e 

a r e e q u a l i z e d so t h a t i n p u t s and o u t p u t s can be d i r e c t l y 

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

than groundwater s t o r a g e i n most c a t c h m e n t s , s h o u l d a l s o 

be accoun ted f o r i f r e a s o n a b l y a c c u r a t e r e s u l t s a r e t o be 

a c h i e v e d . I n t he N a r r a t o r ca tchment the s o i l mant le can 

abso rb up to 5 0 mm of c o n t i n u o u s l i g h t r a i n a f t e r a d r y 

p e r i o d , w i t h o u t any a p p r e c i a b l e e f f e c t upon s t ream d i s c h a r g e 

One p o s s i b l e method o f a l l o w i n g f o r changes i n s o i l s t o r a g e 

i s t o s e l e c t a p e r i o d wh ich i s bounded by s i m i l a r a n t e c e d e n t 

p r e c i p i t a t i o n ; t he p e r i o d s h o u l d a l s o be t w e l v e months i n 

d u r a t i o n so t h a t r a t e s o f e v a p o r a t i o n a t s t a r t and f i n i s h 

a r e a p p r o x i m a t e l y e q u a l . An a n n u a l p e r i o d a l s o e n s u r e s 

t h a t s e a s o n a l c y c l e s o f up take and " r e l e a s e o f s o l u t e s by 

catchment v e g e t a t i o n a r e ave raged o u t . 

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

the N a r r a t o r ca tchment d u r i n g t he n i n e t e e n months o f o b s e r ­

v a t i o n i s the p e r i o d 5 S e p t . 1 9 7 5 to 4 S e p t . 1 9 7 6 i n c l u s i v e . 

B a s e f l o w d i s c h a r g e f o r t h e s e d a t e s a r e 6 0 lis and 5 9 t/s 

r e s p e c t i v e l y and a n t e c e d e n t p r e c i p i t a t i o n ( A P I ^ Q ) 6 . 1 mm 

and 6 . 3 mm. A n a l y s i s o f h y d r o l o g i c d a t a f o r t h i s p e r i o d 

i n d i c a t e s t h a t 7 6 . 5 % o f p r e c i p i t a t i o n was d i s c h a r g e d a s 

r u n o f f a t the main gauging s i t e w h i l e a t S t 11 the f i g u r e 

i s 9 6 . 7 % ( t a b l e 6 . 2 ) . These p e r c e n t a g e r u n o f f f i g u r e s a r e 

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

though s t r i n g e n t measures were o b s e r v e d i n an a t tempt t o 

T a b l e 6 . 2 Water b a l a n c e f o r t he N a r r a t o r ca tchment o v e r 
the p e r i o d 5 / 9 / 7 5 t o 4 / 9 / 7 6 . 

Sub-Catchment Above: St 21 St 11 St 1 

Drainage area (km^) 1.56 3.67 4.68 

P r e c i p i t a t i o n input (mm ) 885 885 885 

T o t a l stream output (mm ) 811 856 677 

Output/ Input % 91 .6 96.7 76.5 
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a c c o u n t f o r changes i n s t o r a g e , r e s u l t s o b t a i n e d from the 

N a r r a t o r ca tchment a r e u n r e l i a b l e . One r e a s o n may l i e i n 

the v e r y l a r g e volume o f groundwater s t o r a g e i n the N a r r a t o r 

ca tchment i n compar i son to a n n u a l i n p u t s and o u t p u t s . The 

r a t i o o f q u i c k f l o w r u n o f f to t o t a l r u n o f f from the N a r r a t o r 

ca tchment d u r i n g the p e r i o d of o b s e r v a t i o n i s o n l y 0.12. 

The l o w e s t r a t i o o f f i v e E a s t Devon ca t chmen ts i n v e s t i g a t e d 

by W a l l i n g (1971b) i s 0.16; t h i s p a r t i c u l a r ca tchment i s 

i n f i l l e d by p e r i g l a c i a l head d e p o s i t s . The head and 

growan i n f i l l o f t he N a r r a t o r ca tchment p r o v i d e s an e x c e l l e n t 

a q u i f e r , Sandeman ( 1 9 0 1 ) , a t t he t ime o f t he c o n s t r u c t i o n 

of the B u r r a t o r Dam, remarked upon the " e x t r a o r d i n a r y quan­

t i t y o f d ry weather f l o w " from the ca tchment a r e a o f the 

B u r r a t o r R e s e r v o i r , H e w l e t t & H i b b e r t (1967) a l s o o b t a i n 

low r a t i o s o f q u i c k f l o w to t o t a l f l ow from g r a n i t e c a t c h ­

ments i n Nor th C a r o l i n a and c o n c l u d e t h a t depth o f growan 

i s t he c r i t i c a l f a c t o r i n t h i s r e s p e c t . Because the 

volume o f s t o r e d groundwater i s l a r g e , b a s e f l o w d i s c h a r g e 

i s an i n s e n s i t i v e measure o f i t . A d d i t i o n s or s u b t r a c t i o n s 

t o groundwater , amounting to a l a r g e p e r c e n t a g e o f a v e r a g e 

a n n u a l r u n o f f , i n v o l v e s r e l a t i v e l y l i t t l e p r o p o r t i o n a l 

change i n s t o r a g e and l i t t l e impact upon b a s e f l o w d i s c h a r g e . 

The t w e l v e month t e s t p e r i o d 5/9/7 5 to 4/9/76 was u n u s u a l l y 

dry and may have w i t n e s s e d a l a r g e n e t d r a i n on groundwater 

r e s e r v e s even though b a s e f l o w d i s c h a r g e s b e f o r e and a f t e r 

were a lmos t i d e n t i c a l . The l o w e s t d i s c h a r g e r e c o r d e d i n 

the v e r y d ry summer of 1976, when p r e c i p i t a t i o n i n t he p r e -

c e e d i n g t w e l v e months was o n l y 796 mm, s t i l l e xceeds t h e 

l o w e s t d i s c h a r g e r e c o r d e d d u r i n g the summer of 1975 even 

though i n t h i s c a s e p r e c i p i t a t i o n i n the p r e c e e d i n g t w e l v e 

months was 1 705 mm and groundwater s t o r a g e i s l i k e l y t o 

have been c o n s i d e r a b l y g r e a t e r . I n t h i s s i t u a t i o n the s h o r t 

term mass b a l a n c e approach t o s o l u t e s o u r c e a n a l y s i s c a n n o t 

be e x p e c t e d to y i e l d m e a n i n g f u l r e s u l t s . 

These two d i f f i c u l t i e s , both o f a c c u r a t e measurement o f 

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

many p r e v i o u s c h e m i c a l mass b a l a n c e s t u d i e s , t o d i s c r e p a n c i e s 
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i n t he c h l o r i d e budget . S i n c e rock w e a t h e r i n g s u p p l i e s 

v e r y l i t t l e c h l o r i d e i n most c a t c h m e n t s , i n p u t s and o u t p u t s 

of c h l o r i d e s h o u l d match. . I n many s t u d i e s such a match 

has not been a c h i e v e d (eg . Zeman 1975, Spraggs 1976, Zeman 

& S laymaker 1978 ) . Zeman ( 1 9 7 5 ) , f o r example, e s t i m a t e d 

the i n p u t o f c h l o r i d e to a B r i t i s h Colombian catchment to 

be 23.1 kg /ha /y r compared w i t h an e s t i m a t e d ou tpu t o f 38.1 

kg /ha /y r . The d i s c r e p a n c y between i n p u t and ou tpu t canno t 

be a t t r i b u t e d to rock w e a t h e r i n g s i n c e t he catchment i s 

u n d e r l a i n by d i o r i t e wh ich c o n t a i n s no c h l o r i d e . I n 

s i t u a t i o n s such a s t h e s e , s e r i o u s doubt must be c a s t upon 

the r e l i a b i l i t y o f r e s u l t s from s o l u t e budget c a l c u l a t i o n s . 

U n l e s s a b a l a n c e can be a c h i e v e d i n t he c h l o r i d e budget , 

c a l c u l a t e d budgets f o r the o t h e r c o n s t i t u e n t s must be i n 

e r r o r . 

6,2.2 Analysis of the Chemical Composition of Stream 

Water 

The c h e m i c a l c o m p o s i t i o n o f s t r e a m wa te r t o a l a r g e ex ­

t e n t r e f l e c t s t he c o n t r i b u t i o n o f s o l u t e s from the major 

s o u r c e s . S i n c e sodium and c h l o r i d e a r e , a t l e a s t i n 

c o a s t a l r e g i o n s , the major i o n s i n b u l k f a l l o u t , and s i n c e 

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

sodium c h l o r i d e i n s t ream wa te r i s g e n e r a l l y c o n s i d e r e d t o 

r e p r e s e n t a t m o s p h e r i c i n f l u e n c e . W a l l i n g & Webb (1978) i n 

a s tudy o f c h e m i c a l denuda t i on w i t h i n t he Exe R i v e r B a s i n , 

mere ly s u b t r a c t sodium and c h l o r i d e from t o t a l s t ream 

s o l u t e s i n o r d e r to remove t he n o n - d e n u d a t i o n a l component. 

T h i s method i g n o r e s the f a c t t h a t o t h e r c a t i o n s b e s i d e s 

sodium a r e a l s o s u p p l i e d by bu l k f a l l o u t . F u r t h e r m o r e , a s 

Waylen (1979) p o i n t s o u t , the a n i o n s b i c a r b o n a t e , n i t r a t e 

and s u l p h a t e i n s t ream wate r a l s o o r i g i n a t e , a t l e a s t i n 

p a r t , from the atmosphere. I n t he p r e s e n t s t udy , s o l u t e 

s o u r c e a n a l y s i s i s approached by compar ing t he mean d i s ­

c h a r g e we igh ted c h e m i c a l c o m p o s i t i o n o f t he N a r r a t o r Brook 

w i t h both the mean p r e c i p i t a t i o n we igh ted c o m p o s i t i o n o f 

bu l k f a l l o u t ove r t he N a r r a t o r ca tchment and the g e o c h e m i s t r y 
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of Dartmoor G r a n i t e . 

The mean d i s c h a r g e we igh ted c h e m i c a l c o m p o s i t i o n o f 

the N a r r a t o r Brook was c o n v e n i e n t l y o b t a i n e d from a n a l y s i s 

o f samples drawn from the B u r r a t o r R e s e r v o i r . The compo­

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

ove r f l o o d e v e n t s , when wate r a r r i v i n g a t t he s t ream by 

d i f f e r e n t pathways and w i t h d i s s i m i l a r c h e m i c a l c o m p o s i t i o n 

i s mixed t o g e t h e r i n c o n t i n u a l l y v a r y i n g p r o p o r t i o n s . The 

r e s e r v o i r has a l a r g e c a p a c i t y i n r e l a t i o n t o i n f l o w and 

c o n s e q u e n t l y the t u r n o v e r o f wa te r i n s t o r a g e i s s low. The 

c h e m i s t r y o f the r e s e r v o i r wa te r t h u s r e p r e s e n t s a s h o r t 

term d i s c h a r g e we igh ted mean o f i n f l o w . R e s e r v o i r wa te r 

i s a l s o an i n t e g r a t e d mean o f i n f l o w from a l l p a r t s o f i t s 

ca tchment , o f which the N a r r a t o r ca tchment i s j u s t a p a r t , 

but s i n c e the p h y s i c a l c h a r a c t e r i s t i c s o f the r e s e r v o i r 

ca tchment as a whole a r e r e l a t i v e l y un i f o rm , t h i s i s no t be­

l i e v e d to be a s i g n i f i c a n t problem. 

The r e s e r v o i r o u t l e t i s s i t u a t e d a t t he bottom o f t he 

dam, wh ich e n s u r e s good c i r c u l a t i o n , o f r e s e r v o i r wa te r and 

i n h i b i t s t h e r m a l s t r a t i f i c a t i o n . T e s t s by t he South-West 

Water A u t h o r i t y i n 1976 d u r i n g the h o t t e s t , d r i e s t summer 

on r e c o r d , r e v e a l e d t h a t wa te r s u r f a c e t empera tu re was l e s s 

than two d e g r e e s c e n t i g r a d e g r e a t e r t han t e m p e r a t u r e a t t he 

bottom o f t he r e s e r v o i r . Water samples taken a t the s u r ­

f a c e can thus be r e g a r d e d a s r e p r e s e n t a t i v e o f the r e s e r v o i r 

a s a whole. E v a p o r a t i o n o f r e s e r v o i r wa te r may i n c r e a s e 

t o t a l s o l u t e c o n c e n t r a t i o n above t h a t i n i n f l o w i n g wa te r to 

a s m a l l degree but t h i s w i l l no t a f f e c t t he p r o p o r t i o n a l 

r e p r e s e n t a t i o n o f i n d i v i d u a l d i s s o l v e d c o n s t i t u e n t s upon 

which t h i s method o f s o u r c e a n a l y s i s r e l i e s . One prob lem 

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

s o u r c e a n a l y s i s a r i s e s from c e r t a i n c o n s t i t u e n t s i n s t o r e d 

wa te r b e i n g d r a ^ ^ i n t o the a q u a t i c e c o s y s t e m . The o n l y two 

c o n s t i t u e n t s which d i s p l a y any s e a s o n a l v a r i a t i o n s i n con­

c e n t r a t i o n i n the r e s e r v o i r i n d i c a t i n g e c o s y s t e m i n c o r p o r a ­

t i o n a r e n i t r a t e and s i l i c a . N i t r a t e and s i l i c a a r e t a k e n 

up by a l g a e and d ia toms r e s p e c t i v e l y d u r i n g e a r l y summer 
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and r e l e a s e d d u r i n g w i n t e r months ( f i g 6 . 2 ) . The r e l a t i v e 

p r o p o r t i o n s o f t h e s e two t o t o t a l d i s s o l v e d s o l i d s a r e de­

t e r m i n e d i n s t e a d from a n a l y s i s o f s e l e c t e d N a r r a t o r s t r e a m 

samp les . A l t hough t h i s i n v a r i a b l y i n t r o d u c e s a c e r t a i n 

amount o f e r r o r , t h i s i s no t b e l i e v e d t o g r e a t l y a f f e c t t he 

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

t he r e m a i n i n g major i o n s i s u n l i k e l y t o be s i g n i f i c a n t l y 

a f f e c t e d by s t o r a g e i n t he r e s e r v o i r . C r i s p (1977) c o u l d 

d e t e c t no d i f f e r e n c e i n t h e c o n c e n t r a t i o n s o f sodium, mag­

nesium, c a l c i u m , p o t a s s i u m , c h l o r i d e ' a n d s u l p h a t e between 

s t r e a m wa te r e n t e r i n g and l e a v i n g t he Cow Green Impoundment, 

Upper T e e s d a l e . 

B u r r a t o r R e s e r v o i r wa te r i s s u b j e c t e d t o a f u l l chemi-r 

c a l a n a l y s i s by t he South-West A u t h o r i t y on a r e g u l a r b a s i s 

a t a p p r o x i m a t e l y monthly i n t e r v a l s . R e s u l t s o f t he n i n e ­

t e e n such a n a l y s e s comp le ted d u r i n g t h e p e r i o d o f t h e 

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

I 
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0-2 
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F i g . 6,2 S e a s o n a l v a r i a t i o n s i n s i l i c a and n i t r a t e 

i n t h e B u r r a t o r r e s e r v o i r , 1975/76 
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t h e r e s e r v o i r i n d a m p e n i n g t e m p o r a l f l u c t u a t i o n s i n t h e 

c h e m i c a l c o m p o s i t i o n o f i n f l o w . E x c e p t i n g s i l i c a a n d n i ­

t r a t e , a mean o f t h e s e r e s u l t s was e m p l o y e d t o r e p r e s e n t 

t h e mean d i s c h a r g e w e i g h t e d c o m p o s i t i o n o f t h e N a r r a t o r 

B r o o k d u r i n g t h i s p e r i o d ( t a b l e 6 . 1 ) . The mean s p e c i f i c 

e l e c t r i c a l c o n d u c t a n c e o f t h e 19 s a m p l e s o f r e s e r v o i r water 

a n a l y s e d i s 58.1 m i c r o m h o s / c m a t 25*^C w h i c h c o m p a r e s 

f a v o u r a b l y w i t h t h e mean d i s c h a r g e w e i g h t e d v a l u e o f 56.2 

m i c r o m h o s f o r t h e N a r r a t o r B r o o k d e t e r m i n e d f r o m more t h a n 

one t h o u s a n d s t r e a m s a m p l e s . 

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

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

o f o b s e r v a t i o n . A l t h o u g h s p e c i f i c c o n d u c t a n c e o f t h e 11 

s a m p l e s v a r i e s c o n s i d e r a b l y o v e r a r a n g e f r o m 15 t o 144 

VJmhos, c h e m i c a l c o m p o s i t i o n i s more s t a b l e . The r a t i o s o f 

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

b u l k f a l l o u t , t o s p e c i f i c c o n d u c t a n c e f o r t h e 11 s a m p l e s 

t e s t e d v a r i e d f r o m 0.10 t o 0 .15 and 0.14 t o 0 ,25 r e s p e c ­

t i v e l y . The c o m p o s i t i o n o f b u l k f a l l o u t o v e r t h e N a r r a t o r 

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

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

i n b u l k f a l l o u t ( t a b l e 6 . 1 ) . The p e r c e n t a g e o f s o d i u m a n d 

c h l o r i d e t o t o t a l d i s s o l v e d s o l i d s i n b u l k f a l l o u t o v e r t h e 

N a r r a t o r c a t c h m e n t i s 7 7 . 7 % w h i c h i s a l i t t l e l o w e r t h a n 

t h i s p e r c e n t a g e i n s e a - w a t e r a t 8 6 . 1 % , i n d i c a t i n g t h a t a 

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

f r o m n o n - m a r i n e s o u r c e s . C a l c i u m and p o t a s s i u m , w h i c h b o t h 

h a v e a p p r e c i a b l y h i g h e r p r o p o r t i o n s i n b u l k f a l l o u t ( 5 . 1 % 

a n d 1.9% r e s p e c t i v e l y ) t h a n i n s e a - w a t e r ( 1 . 2 % and 1.1% 

r e s p e c t i v e l y ) , a p p e a r t o be t h e m a j o r i o n s s u p p l i e d f r o m 

t h e s e n o n - m a r i n e s o u r c e s . C h e m i c a l a n a l y s e s o f b u l k f a l l ­

o u t a t two o t h e r s i t e s i n S o u t h - W e s t E n g l a n d p r e s e n t e d i n 

S t e v e n s o n ( 1 9 6 8 ) s u p p o r t r e s u l t s f r o m t h e N a r r a t o r c a t c h ­

ment ( t a b l e 6 . 3 ) . B u l k f a l l o u t a t Camborne w h i c h i s 

c l o s e r t o t h e windv;ard ( w e s t ) c o a s t t h a n t h e N a r r a t o r c a t c h ­

ment i s d o m i n a t e d by c h l o r i d e and s o d i u m f r o m s e a - s p r a y 

w h i c h t o g e t h e r f o r m 8 2 . 6 % o f t o t a l d i s s o l v e d s o l i d s c o m p a r e d 
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T a b l e 6.3 C h e m i c a l c o m p o s i t i o n o f b u l k a t m o s p h e r i c f a l l ­
ou t a t t h r e e l o c a t i o n s i n South West E n g l a n d . 

• 2 
Cambourne 

Narra tor^ 
Catchment Newton 

2 
Abbot 

mg/̂  % mq/t % % 
CA MBORNE 

Ca 0.8 3.5 0.8 5.1 1.5 - '8.2 
NEWTON 

Na 7.7 33.5 4.0 25.5 5.5 30.2 ABBOT 

K 0.4 1.7 0.3 1.9 0.7 3.9 

Mg 0.6 2.6 0.5 3.2 0.6 3.3 

NO^ 0.3 1.3 0.2 1.3 0.7 3.9 

1.9 8.3 1.7 10 .8 2.9 15.9 c 
CI 11.3 49.1 8.2 52.2 6.3 34.6 NARRATOR 

CATCHMENT 
T.D.S. 23.0 1 0 0 15.7 1 0 0 18.2 1 0 0 

1 Per iod May 1975 to Dec. 1976, mean p r e c i p i t a t i o n weighted v a l u e s 

2 Per iod 1959-1964, median va lues (data from CM. Stevenson, 1968) 

w i t h 86.1% i n s e a - w a t e r . A t Newton Abbot sodium and 

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

64,8% o f t o t a l d i s s o l v e d s o l i d s , w h i l e t h o s e c o n s t i t u e n t s 

wh ich a r e d e r i v e d l a r g e l y from non-marine s o u r c e s , i n ­

c l u d i n g p o t a s s i u m and c a l c i u m , make up a r e l a t i v e l y g r e a t e r 

p r o p o r t i o n . Bu lk f a l l o u t o v e r t he N a r r a t o r ca tchment l y ­

i n g between t h e s e two s i t e s i s i n t e r m e d i a t e i n c o m p o s i t i o n . 

Compar ison o f the c h e m i c a l c o m p o s i t i o n o f s t r e a m w a t e r 

w i t h b u l k f a l l o u t and g r a n i t e bedrock e n a b l e s t h e r e l a t i v e 

impor tance o f the major s o u r c e s f o r s t r e a m s o l u t e s t o be 

e s t a b l i s h e d . The a n i o n s i n s t r e a m w a t e r , c h l o r i d e , s u l ­

pha te , b i c a r b o n a t e and n i t r a t e , a r e no t p r e s e n t i n g r a n i t e 

i n s i g n i f i c a n t p r o p o r t i o n s ( t a b l e 6.1) and a r e t h u s s u p p l i e d 

a l m o s t e x c l u s i v e l y from the atmosphere. C o n v e r s e l y , s i n c e 

s i l i c a and i r o n were no t d e t e c t e d i n b u l k f a l l o u t t h e y may 

be r e g a r d e d a s b e i n g d e r i v e d e n t i r e l y from r o c k w e a t h e r i n g . 

The f o u r c a t i o n s , sodium, magnesium, c a l c i u m and p o t a s s i u m 
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a r e s u p p l i e d from both t he atmosphere and r o c k w e a t h e r i n g 

i n unknown p r o p o r t i o n s . S i n c e c h l o r i d e i s e n t i r e l y atmos­

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

f o u r c a t i o n s can be used t o c a l c u l a t e t he r e l a t i v e p r o p o r ­

t i o n o f each c o n t r i b u t e d by t h e atmosphere and rock weath­

e r i n g . I f i t i s assumed t h a t t h e r e i s no n e t up take o r 

r e l e a s e o f s o l u t e s by ca tchment v e g e t a t i o n , any d e c r e a s e i n 

t h e c h l o r i d e / c a t i o n r a t i o f rom b u l k f a l l o u t t o s t r eam , 

wa te r i n d i c a t e s c o n t r i b u t i o n from r o c k w e a t h e r i n g . R a t i o s 

o f c h l o r i d e t o sodium, magnesium, c a l c i u m and p o t a s s i u m i n 

b u l k f a l l o u t a r e 2.0, 16.3, 10.2 and 27.5 r e s p e c t i v e l y ; 

t h e s e same r a t i o s i n s t r e a m w a t e r f a l l t o 1.4. 11.5, 3.3, 

and 9.3 r e s p e c t i v e l y . The c o n c e n t r a t i o n o f a c a t i o n i n 

s t r e a m wa te r o r i g i n a t i n g from a t m o s p h e r i c f a l l o u t can be 

o b t a i n e d from e q u a t i o n 6.1' 

A BF SW ( g ^ ^ j 

and t he c o n c e n t r a t i o n a t t r i b u t a b l e t o r o c k w e a t h e r i n g f rom 

e q u a t i o n 6.2 

where i s t h e c o n c e n t r a t i o n o f a c a t i o n i n s t r eam wa te r 

s u p p l i e d from the a tmosphere 

i s t he c o n c e n t r a t i o n o f a c a t i o n i n s t r eam wa te r 

s u p p l i e d from r o c k w e a t h e r i n g i n t h e ca tchment 

C1___ i s t he c o n c e n t r a t i o n o f c h l o r i d e i n bu l k f a l l o u t 
or 

Xgp i s t he c o n c e n t r a t i o n o f a c a t i o n i n bu l k f a l l o u t 

C l g ^ i s t he c o n c e n t r a t i o n o f c h l o r i d e i n s t r eam wa te r 

Xĝ ^ i s t h e c o n c e n t r a t i o n o f a c a t i o n i n s t r eam w a t e r . 

R e s u l t s o f t h e c a l c u l a t i o n s f o r t h e N a r r a t o r Brook r e ­

v e a l t h a t sodium and magnesium a r e s u p p l i e d l a r g e l y from t h e 

atmosphere (71% and 7 0 % " r e s p e c t i v e l y - t a b l e 6 . 4 ) . C a l c i u m 

and p o t a s s i u m on t he o t h e r hand, a r e s u p p l i e d m a i n l y f rom 
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r o c k w e a t h e r i n g ; o n l y 32% and 33% o f t h e s e two e l e m e n t s 

r e s p e c t i v e l y a r e s u p p l i e d from the a tmosphere. A c c o r d i n g 

t o Doug las ( 1 9 7 2 ) , t h i s s i t u a t i o n i s t o be e x p e c t e d i n 

c o a s t a l r e g i o n s where s e a s p r a y i s a major s o u r c e o f s t r e a m 

s o l u t e s s i n c e sodiiam and magnesium form l a r g e r p r o p o r t i o n s 

i n s e a wa te r (30 .8% and 3.7% r e s p e c t i v e l y ) t h a n c a l c i u m and 

p o t a s s i u m (1 .2% and 1.1% r e s p e c t i v e l y ) . Combining t h e 

s i l i c a and i r o n i n N a r r a t o r s t r eam wa te r w i t h the p r o p o r ­

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

d e n u d a t i o n a l component o f t h e s o l u t e l o a d t r a n s p o r t e d by 

t he N a r r a t o r Brook i s e s t i m a t e d a t o n l y 29.9%, S u b t r a c t i n g 

sodium and c h l o r i d e from t o t a l s o l u t e s i n t he N a r r a t o r Brook, 

i n the manner o f W a l l i n g & Webb 1978, g i v e s a d e n u d a t i o n a l 

component o f 52.4% wh ich i s a c o n s i d e r a b l e o v e r e s t i m a t e . 

T a b l e 6.4 R e l a t i v e impor tance o f t h e a tmosphere and r o c k 
w e a t h e r i n g a s s o u r c e s f o r s o l u t e s t r a n s p o r t e d 
by t he N a r r a t o r Brook ( f i g u r e s i n p e r c e n t o f 
t o t a l d i s s o l v e d s o l i d s ) 

Atmosphere Rock Weathering -Total 

Ca 

Na 

K 

Mg 

Fe 

HCO^ 

NO^ 

CI 

SiO^ 

T o t a l 

2.7 

13.7 

1.0 

1.7 

0 

8.8 

0 .8 

13.4 

28.0 

O 

70.1 

5.6 

5.9 

2.0 

0.7 

0.6 

O 

O 

O 

0 

15.1 

29.9 

8.3 

19.6 

3.0 

2.4 

0.6 

8.8 

0.8 

13.4 

28.0 

15.1 

100.0 
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The s o l u t e y i e l d o f the N a r r a t o r Brook f i t s s q u a r e l y 

i n t o the c a t e g o r y o f p r e c i p i t a t i o n dominance i n a scheme 

of c l a s s i f i c a t i o n proposed by G ibbs ( 1 9 7 0 ) . The N a r r a t o r 

conforms to t h e s t i p u l a t e d r e q u i r e m e n t s o f t h i s c l a s s by 

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

50mg/l w i t h sodium and c h l o r i d e b e i n g among t h e dominant 

i o n s . Catchments where t h i s s i t u a t i o n a r i s e s i n B r i t a i n 

a r e t y p i c a l l y l o c a t e d i n h i g h l a n d r e g i o n s c l o s e to t he wes t 

c o a s t where a t m o s p h e r i c i n p u t s a r e h i g h . P r e c i p i t a t i o n 

dominance i n s t r e a m s o l u t e s has p r e v i o u s l y been r e p o r t e d 

from ca t chmen ts i n Mid-Wales (Lewin e t a l 1974, C r y e r 1976 ) , 

the Lake D i s t r i c t (Gorham 1958, White e t a l 1971) t he C a i r n ­

gorms (Gorham 1957 ) , and t he Mendips (Waylen 1979) . 

The r e l a t i v e p r o p o r t i o n o f t he d i s s o l v e d c o n s t i t u e n t s 

wh ich a r e s u p p l i e d by r o c k w e a t h e r i n g r e f l e c t both t h e i r 

p r o p o r t i o n i n t he bedrock and t h e i r r e l a t i v e m o b i l i t y . 

V a r y i n g amounts of t h e s e c o n s t i t u e n t s i n s t e a d o f b e i n g r e ­

l e a s e d to s t r e a m s o l u t e s upon w e a t h e r i n g o f p r i m a r y m i n e r a l s 

form c l a y m i n e r a l s . R e l a t i v e mobi , l i t y i s c a l c u l a t e d a s 

the r a t i o o f the p r o p o r t i o n of a c o n s t i t u e n t i n t o t a l 

s o l u t e s s u p p l i e d from rock w e a t h e r i n g to i t s p r o p o r t i o n i n 

ca tchment r o c k s ( F e t h e t a l 1 9 6 4 ) . C a l c i u m has t he h i g h e s t 

m o b i l i t y i n the N a r r a t o r ca t chmen t . C a l c i u m c o m p r i s e s 

18.7% o f t o t a l s o l u t e s s u p p l i e d from r o c k w e a t h e r i n g i n com­

p a r i s o n to i t s p r o p o r t i o n i n g r a n i t e o f 1,3% g i v i n g a r a t i o 

o f 14.4. Sodium has the n e x t h i g h e s t m o b i l i t y w i t h a r a t i o 

o f 7.9 f o l l o w e d by magnesium ( 4 . 7 ) , p o t a s s i u m ( 1 . 4 ) , i r o n 

(0.8) and s i l i c a ( 0 . 6 ) , R e l a t i v e m o b i l i t i e s f o r the 

N a r r a t o r ca tchment conform i n g e n e r a l w i t h t h o s e from o t h e r 

s t u d i e s ( t a b l e 6 . 5 ) . 

I r o n i n t he N a r r a t o r ca tchment , however, a p p e a r s t o 

have an anama lous l y h i g h m o b i l i t y . The m o b i l i t y o f i r o n i n 

most ca t chmen ts i s low even though i t does not t ake p a r t t o 

any l a r g e e x t e n t i n the f o r m a t i o n o f c l a y m i n e r a l r e s i d u e s . 

I r o n i n i t s o x i d i s e d form i s i n s o l u b l e and d i s s o l v e d f e r r o u s 

i r o n i n groundwater becomes o x i d i s e d and p r e c i p i t a t e s upon 

r e a c h i n g t h e s t ream c h a n n e l . T h i s p r o c e s s i s e v i d e n c e d i n 
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T a b l e 6.5 R e l a t i v e i on m o b i l i t i e s i n the N a r r a t o r ca t ch ­
ment i n compar i son w i t h o t h e r g r a n i t e r e g i o n s 

G r a n i t e , Dartmoor Ca >Na >Mg >K >Fe >Si02 >>A1 P r e s e n t S tudy 

G r a n i t e , S i e r r a Nevada Ca >Na >Mg >Si03 >K >>Fe > A l F e t h e t a l , 1964 

G r a n i t e , New Mexico Ca >Mg >Na >K >Si02 >Fe >> A l M i l l e r , 1961 

G r a n i t e , New Hampshire Mg >Ca >Na >K >Si02 >Fe = A l Anderson SHawkes, 

1958 
Average VJorld Ca =Na >Mg >K >Si03 >Fe = A l Po l ynov , 1937 

= e q u a l t o > e q u a l t o o r g r e a t e r t h a n > g r e a t e r t h a n 

>> v e r y much g r e a t e r t h a n 

the N a r r a t o r Brook by a r e d d i s h g e l on the u n d e r s i d e o f t he 

l a r g e r b o u l d e r s on t h e s t r e a m bed wh i ch have remained 

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

o f i r o n i n the N a r r a t o r ca tchment where s t r e a m s commonly 

r i s e i n marshes i s r a t h e r g r e a t e r than would o t h e r w i s e be 

the c a s e due to the f o r m a t i o n o f i r o n - o r g a n i c complexes 

wh ich a r e t r a n s p o r t e d i n c o l l o i d a l s u s p e n s i o n by the s t r e a m 

T h i s phenomenon has p r e v i o u s l y been d e s c r i b e d by Lee e t a l 

(1975) i n a W i s c o n s i n ca tchmen t . 

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

N a r r a t o r s t r e a m wa te r than i n s e a - w a t e r s u g g e s t i n g t h a t 

s e a - s p r a y i s not the o n l y s o u r c e f o r t h i s s u l p h a t e ( t a b l e 

6 . 1 ) . The r a t i o o f s u l p h a t e to c h l o r i d e i n s e a - w a t e r i s 

0.14 but t h i s r a t i o i n b u l k f a l l o u t r i s e s t o 0.21. M u l l e r 

(1975) a s c r i b e s ove r 75% of s u l p h a t e i n l e a c h a t e from the 

s o i l o f a New Z e a l a n d catch.ment t o s u l p h u r d i o x i d e p o l l u ­

t i o n . S t u d i e s i n F i n l a n d (Haapa la e t a l 1975) and B r i t i s h 

Co lomb ia (Zeman & S laymaker 1978) r e v e a l t h a t i n some c a t c h ­

ments the g r e a t e r p a r t o f s u l p h a t e i n s t r eam wate r can a l s o 

be a t t r i b u t e d t o a t m o s p h e r i c p o l l u t i o n . Any s u l p h a t e from 

t h i s s o u r c e has to be matched by an e q u i v a l e n t we igh t o f 

c a t i o n s . T h i s r e a s o n i n g l e d Johnson e t a l (1972) t o t he 

c o n c l u s i o n t h a t n a t u r a l r a t e s o f r o c k w e a t h e r i n g ove r l a r g e 
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a r e a s o f t h e U.S.A. have been g r e a t l y a c c e l e r a t e d a s a r e ­

s u l t of s u l p h u r d i o x i d e p o l l u t i o n . Another p o s s i b l e s o u r c e 

f o r s u l p h a t e , however, i s from t h e d r y i n g ou t o f marshes 

and the consequen t o x i d a t i o n o f accumu la ted s u l p h i d e com­

pounds (Gorham 1961) . 

6.3 V a r i a t i o n i n b u l k f a l l o u t 

S i n c e bu l k f a l l o u t i s t he major s o u r c e o f s o l u t e s 

t r a n s p o r t e d from the N a r r a t o r ca tchment v a r i a t i o n s i n t he 

c o n c e n t r a t i o n o f bu l k f a l l o u t o v e r the ca tchment , and t h e 

f a c t o r s which govern t h e s e v a r i a t i o n s , might be e x p e c t e d 

to have an i m p o r t a n t b e a r i n g upon s t r e a m s o l u t e dynamics 

and c o n t r o l s . Fo r t h i s r e a s o n b u l k f a l l o u t was c o l l e c t e d 

ove r week ly i n t e r v a l s d u r i n g t he p e r i o d o f o b s e r v a t i o n a t a 

s i t e c l o s e t o r a i n g a u g e No 1 ( f i g 3.1; P l a t e 3 , 1 ) , The 

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

f u n n e l assemb ly a s used by C r y e r ( 1 9 7 6 ) , Zeman & S laymake r 

(1978) and o t h e r s . A l l samp les were a n a l y s e d f o r s p e c i f i c 

e l e c t r i c conduc tance , and 11 were s u b j e c t e d t o a f u l l ' 

c h e m i c a l a n a l y s i s . Sodium and c h l o r i d e t o g e t h e r make up 

t he b u l k o f t o t a l s o l u t e s i n t he 11 samples t e s t e d (77 .7% -

t a b l e 6,1) and v a r i a t i o n s i n t he c o n c e n t r a t i o n of both i o n s 

c o r r e s p o n d c l o s e l y t o v a r i a t i o n s i n s p e c i f i c conduc tance 

( f i g 3 . 8 ) . I n t h i s s i t u a t i o n , use o f s p e c i f i c conduc tance 

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

v a r i a t i o n s does not impose s e r i o u s l i m i t a t i o n s . 

One problem t h a t does a r i s e i s from the use o f a n y l o n 

mesh ove r the f u n n e l o f the b u l k f a l l o u t c o l l e c t o r i n the 

N a r r a t o r ca tchmen t . T h i s was found t o i n c r e a s e t he s p e c i ­

f i c conduc tance o f bu l k f a l l o u t samples by a s much a s t h r e e 

t i m e s ( f i g 6 . 1 ) , Fo r example, f o r the week 10-17/5/76 

the s p e c i f i c conduc tance o f p r e c i p i t a t i o n i n t he c o l l e c t o r 

w i t h a n y l o n mesh i s ISO pmhos compared w i t h 50.5 ymhos i n 

a c o l l e c t o r w i t h o u t a n y l o n mesh a t the same s i t e . To 

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

p e r i o d 10/5/76 - 13/12/76 were i n c l u d e d i n a n a l y s i s o f bu l k 
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f a l l o u t v a r i a t i o n s . Dur ing t h i s p e r i o d b u l k f a l l o u t c o l l e c ­

t o r s w i t h o u t a n y l o n mesh were i n o p e r a t i o n a t two s i t e s i n 

the catchment ( r a i n g a u g e gauge s i t e s 1 and 2 - f i g 3.1) i n 

a d d i t i o n to the c o l l e c t o r w i t h n y l o n mesh i n o r d e r t o p r o ­

v i d e a check on r e s u l t s . The b u l k f a l l o u t c o l l e c t o r s were 

not f i t t e d w i t h vapour t r a p s and t h e r e f o r e e v a p o r a t i o n may 

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

samples add ing a f u r t h e r p o s s i b l e s o u r c e o f e r r o r . Data 

f o r weeks i n wh ich p r e c i p i t a t i o n was l e s s t h a t 10 mm were 

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

e r r o r . T h i s l e f t 19 o b s e r v a t i o n s , v a l u e s v a r y i n g o v e r a 

wide range from 17 ymhos t o 83 ymhos. T h i s range i s some­

what s m a l l e r than t he range o f 7 ymhos t o 130 pmhos r e ­

p o r t e d by C r y e r (1976) f o r week ly bu l k f a l l o u t samples i n 

a Mid-Wales ca tchment but i n t h i s c a s e the p e r i o d o f b u l k 

f a l l o u t o b s e r v a t i o n s e x c e e d s 18 months, i n compar i son t o 

o n l y 7 months f o r t he N a r r a t o r ca tchmen t . 

A c c o r d i n g to Douglas (1968b ) , the s o l u t e c o n c e n t r a t i o n 

o f p r e c i p i t a t i o n commonly d e c r e a s e s ' d u r i n g t he c o u r s e o f a 

s torm even t because s a l t p a r t i c l e s i n t h e atmosphere be­

come p r o g r e s s i v e l y washed out by f a l l i n g r a i n d rops . F o r 

t h i s r e a s o n a l s o , Douglas (1968b) m a i n t a i n s t h a t p r e c i p i t a ­

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

e v e n t s w i t h low p r e c i p i t a t i o n t o t a l s and a l s o f o l l o w i n g d ry 

p e r i o d s when a v a i l a b i l i t y o f s a l t p a r t i c l e s i n the atmos­

phere i s h i g h . A c c o r d i n g t o Gorham ( 1 9 5 8 ) , where atmos­

p h e r i c f a l l o u t i s dominated by s a l t s d e r i v e d from s e a - s p r a y 

s o l u t e c o n c e n t r a t i o n s can be e x p e c t e d to be r e l a t e d to wind 

speed and d i r e c t i o n . With h i g h e r wind speed s e a - s p r a y i n ­

c r e a s e s and when the wind i s b low ing from the d i r e c t i o n o f 

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

s a l t p a r t i c l e s d e r i v e d from s e a - s p r a y can be e x p e c t e d . 

Records from the Mountbat ten m e t e o r o l o g i c a l s t a t i o n on 

the c o a s t a t Plymouth 15 km from the N a r r a t o r ca tchment were 

used to o b t a i n wind speed and d i r e c t i o n d u r i n g s torm e v e n t s . 

T e s t i n g the i n f l u e n c e o f wind d i r e c t i o n upon the s p e c i f i c 

conduc tance of bu l k f a l l o u t i n the N a r r a t o r ca tchment c a n n o t 
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be done s a t i s f a c t o r i l y . The p e n n i n s u l a r l o c a t i o n o f t he 

N a r r a t o r ca tchment means t h a t t he c o a s t i s i n c l o s e p r o x i ­

m i ty ove r a wide a r c from n o r t h - w e s t th rough south t o s o u t h ­

e a s t . A lmost a l l r a i n b e a r i n g winds a f f e c t i n g the c a t c h ­

ment come from d i r e c t i o n s w i t h i n t h i s a r c (appendix I I . 7 ) . 

The o n l y e x c e p t i o n d u r i n g the p e r i o d o f b u l k f a l l o u t o b s e r ­

v a t i o n s i s an e v e n t o c c u r r i n g on t he 29/8/76. Wind d i r e c ­

t i o n d u r i n g t h i s e v e n t , wh ich was a t h u n d e r s t o r m of h i g h 

i n t e n s i t y f o l l o w i n g a long d ry p e r i o d , was p r e d o m i n a n t l y 

n o r t h e a s t e r l y . The s p e c i f i c conduc tance f o r the week 

23-30/8/76, i n wh ich t h i s was the o n l y s to rm e v e n t , i s a 

l i t t l e h i g h e r than the p r e c i p i t a t i o n we igh ted mean f o r t he 

r e m a i n i n g 18 week ly samples (52 and 34 ymhoT r e s p e c t i v e l y ) . 

Because o f t he v a r i a b i l i t y i n t he s p e c i f i c conduc tance o f 

b u l k f a l l o u t (a = 17.3 umhos) no s i g n i f i c a n c e can be 

a t t a c h e d t o t h i s . 

Mean p r e c i p i t a t i o n we igh ted wind speed c o r r e s p o n d i n g 

to each o f t he 19 week ly b u l k f a l l o u t samples c o v e r s a 

wide range from 3.6 k n o t s to 29.0 Icnots . Both p r e c i p i t a ­

t i o n t o t a l s and a n t e c e d e n t p r e c i p i t a t i o n ( A P I ^ ^ ) a l s o c o v e r 

wide r a n g e s (12.0 mm t o 103.6 mm and O mm to 59,9 mm r e s p e c ­

t i v e l y ) . However, none o f t h e s e t h r e e v a r i a b l e s a r e s i g ­

n i f i c a n t l y c o r r e l a t e d w i t h t he s p e c i f i c conduc tance o f b u l k 

f a l l o u t ( r = 0.31, -0.13, and 0,29 r e s p e c t i v e l y , n = 19 -

t a b l e 6 . 6 ) . C r y e r ( 1 9 7 6 ) , i n a Mid-Wales ca tchment a l s o 

f a i l e d to o b t a i n any s i g n i f i c a n t c o r r e l a t i o n s between t he 

s p e c i f i c conduc tance o f week ly samples o f b u l k f a l l o u t and 

t h e s e t h r e e v a r i a b l e s . These r e s u l t s sugges t t h a t f a c t o r s 

a f f e c t i n g t he a v a i l a b i l t y o f s a l t p a r t i c l e s i n the atmos­

phere a r e l e s s i m p o r t a n t than those r e l a t e d to the mechanisms 

whereby a t m o s p h e r i c s a l t p a r t i c l e s become i n c o r p o r a t e d i n t o 

r a i n d r o p s . I s o l a t i n g the f a c t o r s wh ich i n f l u e n c e b u l k 

f a l l o u t c o n c e n t r a t i o n s c o u l d be u s e f u l i n r e v e a l i n g some­

t h i n g o f t h e s e mechanisms. R a i n f a l l i n t e n s i t y , f o r 

example, wh ich i s c l o s e l y r e l a t e d t o r a i n drop s i z e and 

v e l o c i t y , might be e x p e c t e d t o a f f e c t the e f f i c i e n c y o f 

f a l l i n g r a i n to wash s a l t p a r t i c l e s from the a tmosphere . 
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T a b l e 6.6 ;P.roduct moment c o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g 
t he s p e c i f i c conduc tance o f week ly samp les o f 
b u l k f a l l o u t t o wind speed, p r e c i p i t a t i o n charac ­
t e r i s t i c s and s e a s o n ( d a t a u n t r a n s f o r m e d ) . 

T o t a l C o r r e l a t i o n 
C o e f f i c i e n t s 

Mean wind speed d^rin^ 

p r e c i p i t a t i o n O.31 

T o t a l p r e c i p i t a t i o n - 0 . 1 3 

Antecedent p r e c i p i t a t i o n 

( A P I ^ Q ) 0 . 2 9 

Mean p r e c i p i t a t i o n i n t e n s i t y 0 , 1 5 

Seasonal index 0 . 2 3 

n = 19 

S i g n i f i c a n c e 0 . 0 5 0 . 0 1 

r 0 . 4 6 " 0 . 5 8 

Percent Exp lana t ion 

( a l l v a r i a b l e s ) 4 7 . 5 % 

R a i n f a l l i n t e n s i t y , however, a l s o f a i l e d t o s i g n i f i c a n t l y 

i n f l u e n c e the s p e c i f i c conduc tance o f b u l k f a l l o u t bo th i n 

the N a r r a t o r ca tchment and i n C r y e r * s (1976) r e s e a r c h 

( t a b l e 6 . 6 ) . C r y e r (1976) o b t a i n e d a s i g n i f i c a n t c o r r e ­

l a t i o n o f b u l k f a l l o u t c o n c e n t r a t i o n w i t h a s e a s o n a l i ndex 

i n h i s Mid-Wales ca tchment , bu t u s i n g t h e same s e a s o n a l 

i ndex i n t he N a r r a t o r ca tchment f a i l e d t o produce a s i g n i ­

f i c a n t c o r r e l a t i o n . I t may be t h a t t he p e r i o d of r e c o r d 

i n the N a r r a t o r ca tchment i s no t o f s u f f i c i e n t d u r a t i o n t o 

h i g h l i g h t any s e a s o n a l t r e n d . 

D e s p i t e the low c o r r e l a t i o n c o e f f i c i e n t s ^ t h e f i v e 

v a r i a b l e s t e s t e d , wind speed, t o t a l p r e c i p i t a t i o n , p r e c i t a -

t i o n i n t e n s i t y , a n t e c e d e n t p r e c i p i t a t i o n , and s e a s o n , t o ­

g e t h e r a c c o u n t f o r 47.5% o f v a r i a n c e i n b u l k f a l l o u t con­

c e n t r a t i o n s i n t he N a r r a t o r ca tchment , i n d i c a t i n g t h a t t he 

v a r i a b l e s e x e r t more i n f l u e n c e i n c o m b i n a t i o n than i n d i v i ­

d u a l l y . S i n c e b u l k f a l l o u t i s t h e major s o u r c e o f s o l u t e s 

t r a n s p o r t e d by t he N a r r a t o r Brook, f u t u r e r e s e a r c h c o u l d 

be u s e f u l l y d i r e c t e d towards imp rov ing t h i s l e v e l o f e x p l a ­

n a t i o n . P r i o r i t i e s i n t h i s r e g a r d a r e s a m p l i n g o v e r i n ­

d i v i d u a l s to rm e v e n t s , r a t h e r t han on a f i x e d t ime b a s i s , 

and s e p a r a t i o n o f wet f a l l o u t from d ry f a l l o u t . 
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6,4 V a r i a t i o n s i n s t r e a m s o l u t e 

c o n c e n t r a t i o n s 

6.4.1 Total Flow 

. Tempora l v a r i a t i o n s i n the s o l u t e c o n c e n t r a t i o n o f 

t o t a l s t r eam f l ow i s de te rm ined by t h e chang ing p r o p o r t i o n 

o f q u i c k f l o w and b a s e f l o w . These two components o f s t r e a m 

f l ow have v e r y d i f f e r e n t s o l u t e c h a r a c t e r i s t i c s , B a s e f l o w 

i s s u s t a i n e d by groundwater wh ich i n most ca tchmen ts i s 

a s s o c i a t e d w i t h r e l a t i v e l y h i g h c o n c e n t r a t i o n s - A l though 

a lmos t a l l g roundwater o r i g i n a t e s from p r e c i p i t a t i o n i t may 

remain w i t h i n t he ca tchment f o r a p r o l o n g e d p e r i o d p o s s i b l y 

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

i n c o n t a c t w i t h ca tchment r o c k s groundwater a c q u i r e s t he 

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

s o l u t e s s u p p l i e d by p r e c i p i t a t i o n . Q u i c k f l o w , on t he o t h e r 

hand, has r e l a t i v e l y l i t t l e r e s i d e n c e t ime on the ca tchment 

and c o n s e q u e n t l y c o n c e n t r a t i o n s o f q u i c k f l o w i n most s t r e a m s 

a r e r e l a t i v e l y low. Du r i ng s to rm e v e n t s , b a s e f l o w i s d i ­

l u t e d by an i n f l u x o f q u i c k f l o w so t h a t s o l u t e c o n c e n t r a t i o n 

can be e x p e c t e d t o d e c r e a s e w i t h r i s i n g d i s c h a r g e . L e s s 

commonly than i s the c a s e w i t h s t u d i e s o f suspended sed imen t 

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

s o l u t e c o n c e n t r a t i o n have been employed to d e f i n e s t r e a m 

s o l u t e dynamics ( C r i p p e n 1 967, Spraggs 1976, 0'Connor 1 976) , 

U s i n g the same t e c h n i q u e d e v i s e d f o r suspended sed iment , 

s o l u t e r a t i n g c u r v e s have been combined w i t h f l o w d u r a t i o n 

c u r v e s a s a method o f comput ing long term s o l u t e y i e l d s 

(Douglas 1968c, W a l l i n g & Webb 1978 ) . 

One problem f a c i n g t he r a t i n g c u r v e approach f o r de­

f i n i n g v a r i a t i o n s i n the c o n c e n t r a t i o n o f t o t a l s o l u t e s i n 

s t r eam wate r i s t h a t the i n d i v i d u a l d i s s o l v e d c o n s t i t u e n t s 

which make up t o t a l s o l u t e s v a r y i n d e p e n d e n t l y w i t h d i s c h a r g e 

F o s t e r ( 1 9 7 8 a ) , f o r example, work ing on a s m a l l s t r eam i n 

Devon, found t h a t w h i l e the c o n c e n t r a t i o n of most i o n s de­

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

i n c r e a s e s and n i t r a t e d i s p l a y s no c o n s i s t e n t v a r i a t i o n w i t h 
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d i s c h a r g e . D e s p i t e t h i s , F o s t e r (1978a) s t i l l o b t a i n e d 

71.9% e x p l a n a t i o n o f v a r i a n c e i n s p e c i f i c conduc tance from 

s t r e a m d i s c h a r g e . 

I n t h e N a r r a t o r Brook t h e e x p l a n a t i o n o f v a r i a n c e i n 

s p e c i f i c conduc tance f o r 210 Sciraples c o l l e c t e d d u r i n g f l o o d 

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

d i s c h a r g e a t t h e t ime o f samp l i ng i s o n l y 6.8% ( t a b l e 6 , 7 ) . 

T a b l e 6.7 C o r r e l a t i o n c o e f f i c i e n t s r e l a t i n g s p e c i f i c con­
d u c t a n c e o f s t r e a m samp les t o s t r e a m d i s c h a r g e 
a c c o r d i n g t o s e a s o n and s t a g e o f t he hyd rog raph , 
N a r r a t o r Brook, main gaug ing s i t e , 1975/76 ( d a t a 
l o g t r a n s f o r m e d ) . 

T o t a l s w WR WF SR SF 

Number of 
obse rva t i ons 210 66 144 120 90 .93 51 . 27 39 

C o r r e l a t i o n 

c o e f f i c i e n t -0.27 0.23 ^0.26 -0.32 -0.16 -0.32 -0.15 0.15 0.28 

Percentage 

exp lana t ion 6.8 5.3 6.8 10.2 2.6 10.2 2.3 2.3 7.8 

standard e r r o r 

( log u n i t s ) 0.05 0.07 0.03 0.04 0.07 0.03 0.03 0.07 0.09 

S-suramer, W-winter, R - r i s i n g s tage, F - f a i l i n g stage 

S e p a r a t i n g t he d a t a a c c o r d i n g t o s e a s o n and the s t a g e o f 

the hydrograph does no t m a t e r i a l l y improve t he e x p l a n a t i o n 

o f v a r i a n c e a s i t does i n t h e c a s e o f suspended sed imen t . 

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

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

N a r r a t o r Brook. A l though s t a n d a r d e r r o r s a r e v e r y much 

s m a l l e r t h a n i s t he c a s e w i t h t he suspended sed iment r a t i n g 

c u r v e s , t h i s i s e n t i r e l y a r e s u l t o f t h e lov;er range o f 

v a r i a t i o n f o r s p e c i f i c c o n d u c t a n c e . The inadequacy o f t he 

r a t i n g c u r v e i s t o some e x t e n t a r e f l e c t i o n o f s o l u t e 

s o u r c e s i n t he ca tchmen t . S i n c e 70% o f s t r e a m s o l u t e s a r e 
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s u p p l i e d from the a tmosphere, a s t r o n g and c o n s i s t e n t d i ­

l u t i o n o f s t r eam s o l u t e c o n c e n t r a t i o n d u r i n g s torm e v e n t s 

canno t be e x p e c t e d . 

B e s i d e s the problem of i n d i v i d u a l d i s s o l v e d c o n s t i t u e n t s 

v a r y i n g i n d e p e n d e n t l y i n c o n c e n t r a t i o n , a ma jo r drawback 

w i t h the s o l u t e r a t i n g c u r v e approach i s t h a t the p r o p o r t i o n 

o f q u i c k f l o w and b a s e f l o w i n a l l s t r e a m s v a r i e s g r e a t l y f o r 

a g i v e n d i s c h a r g e . C o n c e n t r a t i o n s o f b a s e f l o w and q u i c k -

f l o w may a l s o v a r y i n d e p e n d e n t l y o f each o t h e r . A more u s e ­

f u l approach i s to d e f i n e v a r i a t i o n s i n b a s e f l o w and q u i c k -

f l ow c o n c e n t r a t i o n s s e p a r a t e l y . E s t i m a t e d v a l u e s f o r each 

can then be fed i n t o a m i x i n g e q u a t i o n t o compute s t r e a m 

c o n c e n t r a t i o n ( e q u a t i o n 6 . 3 ) . 

T Q Q B B 3j 

C^ = s p e c i f i c conduc tance o f s t r e a m wate r 

CQ = s p e c i f i c conduc tance o f q u i c k f l o w 

QQ = q u i c k f l o w d i s c h a r g e 

C- = s p e c i f i c conduc tance o f b a s e f l o w 

= b a s e f l o w d i s c h a r g e 

= s t ream d i s c h a r g e 

From o b s e r v a t i o n s o f t he s p e c i f i c conduc tance o f s t r e a m 

f l ow , mean d i s c h a r g e we igh ted v a l u e s were de te rm ined f o r 

t h o s e 37 f l o o d e v e n t s f o r wh ich q u i c k f l o w c o m p r i s e s a t l e a s t 

20% of t o t a l f l o w . By s u b s t i t u t i o n i n e q u a t i o n 6.3 mean 

d i s c h a r g e we igh ted c o n c e n t r a t i o n o f q u i c k f l o w was o b t a i n e d 

f o r each o f t he 37 e v e n t s . The s p e c i f i c conduc tance o f 

b a s e f l o w d u r i n g each o f the e v e n t s (C_ i n e q u a t i o n 6.3) i s 

t a k e n to be t he s p e c i f i c conduc tance of b a s e f l o w no more 

than 8 hours from the s t a r t o f t he e v e n t ( o b t a i n e d from the 

s t a n d a r d a u t o m a t i c vacuum o p e r a t e d s t r e a m samp le r wh ich 

samples a t 8 hour i n t e r v a l s ) . 
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6.4.2 Base flow and Quickflow 

The groundwater i n the N a r r a t o r ca tchment which s u s ­

t a i n s b a s e f l o w i n the N a r r a t o r Brook, i s i t s e l f r e c h a r g e d 

by p e r c o l a t i o n o f the s u r f a c e and nea r s u r f a c e r u n o f f 

which g e n e r a t e s q u i c k f l o w d u r i n g f l o o d e v e n t s . As a r e -

s u i t , a c e r t a i n degree o f c o r r e s p o n d e n c e between. the s o l u t e 

c o n c e n t r a t i o n s o f q u i c k f l o w and b a s e f l o w can be e x p e c t e d . 

The s p e c i f i c conduc tance of both f l o w components f l u c t u a t e s 

about a s t a b l e v a l u e o f 55.5 umhos which may r e p r e s e n t some 

form of c h e m i c a l b u f f e r i n g i n t he N a r r a t o r ca tchment ( f i g 

6 . 3 ) . The s p e c i f i c conduc tance o f b a s e f l o w remained w i t h ­

i n 1 pmho . o f 55.5 ymhos d u r i n g 78% of the p e r i o d o f o b s e r ­

v a t i o n . A c c e p t i n g a c e r t a i n amount o f i n a c c u r a c y i n t he 

method, the s p e c i f i c conduc tance o f b a s e f l o w can be r e ­

garded a s c o n s t a n t ove r t h i s p e r i o d . No s e a s o n a l t r e n d i n 

b a s e f l o w s p e c i f i c conduc tance i s a p p a r e n t . The s p e c i f i c 

conduc tance of q u i c k f l o w a l s o remained c o n s t a n t a t 55,5 

umhos ove r 14 o f the 37 f l o o d e v e n t s which o c c u r r e d d u r i n g 

the p e r i o d o f o b s e r v a t i o n . The major c o n t r a s t between the 

two f l ow components i s i n the range o f v a r i a t i o n i n s p e c i f i c 

conductance. . V a l u e s f o r b a s e f l o w range from 53.5 ymhos t o 

65.0 ymhos; c o r r e s p o n d i n g l i m i t s f o r q u i c k f l o w a r e 47.2 

umhos and 152.5 pmhos. The more s t a b l e s p e c i f i c conduc­

t a n c e of b a s e f l o w s u g g e s t s t h a t c h e m i c a l b u f f e r i n g becomes 

more e f f e c t i v e as the r e s i d e n c e t ime o f wa te r on t he c a t c h ­

ment i n c r e a s e s . 

The mechanisms r e s p o n s i b l e f o r m a i n t a i n i n g s p e c i f i c 

conduc tance a t nea r c o n s t a n t l e v e l s i n the N a r r a t o r Brook 

a r e not a l t o g e t h e r c l e a r . D a v i s ( 1 9 6 4 ) , B r i c k e r ( 1 9 6 8 ) , 

and o t h e r s , have s u g g e s t e d t h a t c l a y m i n e r a l s i n growan may 

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

s i l i c a and c a t i o n s i n aqueous s o l u t i o n t h e r e b y keep ing t h e s e 

c o n c e n t r a t i o n s w i t h i n a nar row range . VJhen c o n c e n t r a t i o n 

o f t h e s e c o n s t i t u e n t s r i s e above a c r i t i c a l l e v e l , t he ex­

c e s s i f absorbed by c o n v e r s i o n o f g i b b s i t e t o k a o l i n i t e o r 

m o n t m o r i l l o m i t e and c o n v e r s e l y any d e f i c i t i s made good by 
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a r e v e r s e t r a n s f o r m a t i o n . B r i c k e r (1968) evoked t h i s 

mechanism to e x p l a i n nea r c o n s t a n t c o n c e n t r a t i o n s o f c a t i o n s 

and s i l i c a i n a Mary land ca tchment u n d e r l a i n by g r a n i t i c 

r o c k s , and c i t e d the p r e s e n c e o f both g i b b s i t e and k a o l i n i t e 

i n t he ca tchment a s s u p p o r t i v e e v i d e n c e . S i n c e even o v e r 

f l o o d e v e n t s c o n c e n t r a t i o n s o f c a t i o n s and s i l i c a v a r y 

l i t t l e i n t h i s ca tchment , B r i c k e r (1968) c o n c l u d e d t h a t t h i s 

b u f f e r i n g mechanism can o p e r a t e v e r y r a p d i l y . A s i m i l a r 

c o n c l u s i o n was r e a c h e d by Zeman & S laymaker (1978) i n a 

B r i t i s h Colombian ca tchmen t . A n a l y s e s o f Dartmoor growan 

r e p o r t e d by Eden & Green (1971) r e v e a l both g i b b s i t e and 

k a o l i n i t e to be p r e s e n t and t h i s has been c o n f i r m e d by 

subsequen t o b s e r v a t i o n s i n t he N a r r a t o r ca tchment (A. 

W i l l i a m s p e r s . comm.). T h i s means t h a t the c h e m i c a l r e ­

a c t i o n s d e s c r i b e d above may w e l l be an e f f e c t i v e b u f f e r i n g 

mechanism i n t h e N a r r a t o r ca tchmen t . However, t h e s e r e ­

a c t i o n s can o n l y p r o v i d e a p a r t i a l mechanism because 

c h l o r i d e , wh ich c o m p r i s e s about 25% o f t o t a l s o l u t e s i n t he 

N a r r a t o r Brook and hence c o n t r i b u t e s s u b s t a n t i a l l y t o 

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

Johnson e t a l (1969) a l s o r e p o r t a v e r y s t a b l e c o n c e n t r a ­

t i o n o f c h l o r i d e i n the Hubbard Brook, New Hampshire, f o r 

wh ich they were unab le t o o f f e r an e x p l a n a t i o n . Whatever 

t he mechanisms i n v o l v e d , the f a c t t h a t s torm r u n o f f d u r i n g 

some f l o o d e v e n t s i n the N a r r a t o r ca tchment s t a b i l i s e s a t 

55.5 ymhos b e f o r e e n t e r i n g the s t r e a m c h a n n e l means t h a t on 

c e r t a i n o c c a s i o n s b u f f e r i n g must be comp le ted w i t h i n t he 

space o f a few h o u r s . On o t h e r o c c a s i o n s , however, i t 

a p p e a r s to t a k e much l o n g e r . I t must be s t r e s s e d a g a i n a t 

t h i s p o i n t , however, t h a t s p e c i f i c conduc tance r e p r e s e n t s 

o n l y the i o n i z e d c o n s t i t u e n t s o f s t r e a m w a t e r . S i l i c a , 

wh ich does not c o n t r i b u t e t o s p e c i f i c conduc tance , ex ­

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

(Ternan & W i l l i a m s 1979) , 

On fou r o c c a s i o n s d u r i n g the p e r i o d o f o b s e r v a t i o n 

b a s e f l o w s p e c i f i c conduc tance r o s e above o r dropped below 

55.5 ymhos f o r p e r i o d s l a s t i n g up to 60 days ( f i g 6 , 3 ) . 
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T h i s a p p e a r s to be i n r e s p o n s e to f l o o d e v e n t s d u r i n g wh ich 

s p e c i f i c conduc tance d e v i a t e s marked ly from 55.5 umbos. 

On the f i r s t o c c a s i o n a f l o o d e v e n t on 7/7/75 r e c ­

o r d i n g a mean q u i c k f l o w s p e c i f i c conduc tance o f 86.5 ymhos 

c a u s e d b a s e f l o w s p e c i f i c conduc tance t o r i s e to . a peak o f 

64.5 umbos. S p e c i f i c conduc tance r e t u r n e d to 55.5 ijnihos 

20 days l a t e r . On the second o c c a s i o n a s e r i e s o f t h r e e 

s m a l l f l o o d s d u r i n g 25-29/11/75 a l l r e c o r d i n g mean q u i c k f l o w 

s p e c i f i c conduc tance l e s s than 55.5 ymhos (47.2, 50.1, and 

47.9 pmhos r e s p e c t i v e l y ) r e s u l t e d i n a f a l l o f b a s e f l o w 

s p e c i f i c conduc tance t o 54,0 umhos, bu t t h i s r e t u r n e d t o 

55.5 ymhos w i t h i n 15 d a y s . On the t h i r d o c c a s i o n a l a r g e 

f l o o d on 12/2/76 w i t h a mean q u i c k f l o w s p e c i f i c conduc tance 

of 52.1 umbos d e p r e s s e d b a s e f l o w s p e c i f i c conduc tance t o 

53.0 umbos and the v a l u e o f 55.5 unihos was not r e g a i n e d un­

t i l 30 days l a t e r . F i n a l l y i n September and October 1976, 

a f t e r a long d ry p e r i o d , 9 f l o o d s v a r y i n g i n mean q u i c k f l o w 

s p e c i f i c conduc tance from 152.5 un^hos t o 58.1 umhos pushed 

b a s e f l o w s p e c i f i c conduc tance up to- a peak o f 66.0 uinhos 

and v a l u e s remained above 55.5 umhos f o r 60 d a y s . 

O v e r a l l , the mean d i s c h a r g e we igh ted s p e c i f i c conduc­

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

s i m i l a r t o t he c o r r e s p o n d i n g v a l u e f o r q u i c k f l o w (55,9 

umhos and 58.4 umhos r e s p e c t i v e l y . I t would seem, t h e r e ­

f o r e , t h a t t h e r e i s l i t t l e c o n t r i b u t i o n o f s o l u t e s to 

groundwater from w e a t h e r i n g r e a c t i o n s below t he wate r 

t a b l e . As a r e s u l t , r e s i d e n c e t ime o f groundwater i n t he 

catchment a p p e a r s to have v e r y l i t t l e e f f e c t upon i t s 

s p e c i f i c conduc tance . Dur ing t he summer drought o f 1976 
» 

a f t e r s e v e r a l months w i t h o u t a p p r e c i a b l e p r e c i p i t a t i o n , t he 

N a r r a t o r Brook must have tapped deep and hence v e r y o l d 

r e s e r v e s o f groundwater to m a i n t a i n f l o w , y e t s p e c i f i c con­

d u c t a n c e showed no d e t e c t a b l e d e v i a t i o n from 55.5 umhos. 

F o r 23 o f the 37 f l o o d e v e n t s d u r i n g the p e r i o d o f ob­

s e r v a t i o n , mean q u i c k f l o w s p e c i f i c conduc tance d i f f e r s from 

55.5 umhos. Of t h e s e , 16 have v a l u e s f o r mean q u i c k f l o w 

s p e c i f i c conduc tance e x c e e d i n g 55.5 umhos and 7 have v a l u e s 
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l e s s t h a n 55.5 umhos. T h o s e e v e n t s f o r w h i c h mean q u i c k -

f l o w s p e c i f i c c o n d u c t a n c e e x c e e d s 55.5 ymhos may r e s u l t 

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

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

o f s o l u t e s may a r i s e f r o m b i o c h e m i c a l r e a c t i o n s w i t h i n t h e 

s o i l o r e l s e by d r y a t m o s p h e r i c f a l l o u t on t h e s u r f a c e . 

F l u s h i n g o f s o l u t e s f r o m s m a l l c a t c h m e n t s i n B r i t a i n h a s 

p r e v i o u s l y b e e n d e s c r i b e d by s e v e r a l w o r k e r s ( E d w a r d s 

1973b, W a l l i n g 1 9 7 4 a , S p r a g g s 1976 , F o s t e r 1 9 7 8 b ) . F o s t e r 

( 1 9 7 8 b ) w o r k i n g i n a s m a l l Devon c a t c h m e n t d i s c o v e r e d t h a t 

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

m o i s t u r e d e f i c i t . C o n s i s t e n t w i t h t h e p o s s i b l e e x i s t e n c e 

o f f l u s h i n g i n t h e N a r r a t o r c a t c h m e n t mean q u i c k f l o w 

s p e c i f i c c o n d u c t a n c e e x c e e d i n g 55.5 ymhos i s u s u a l l y 

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

n o r m a l c o n d i t i o n s , a t o t a l q u i c k f l o w r u n o f f o f 25 0 0 0 m̂  

f o r t h e e v e n t p l u s t h e p r e c e e d i n g 20 d a y s a p p e a r s t o be a 

t h r e s h o l d a b o v e w h i c h q u i c k f l o w s p e c i f i c c o n d u c t a n c e e x ­

c e e d i n g 55.5 ymhos i s u n l i k e l y ( f i g 6 . 4 ) , However , a f t e r 

t h e u n p r e c e d e n t e d summer d r o u g h t o f 1976 a p r o l o n g e d p e r i o d 

o f f l u s h i n g f o l l o w e d w h i c h i n v o l v e d a l l 9 o f t h e f l o o d 

e v e n t s o c c u r r i n g d u r i n g t h e p e r i o d 29 /8 /76 t o 21 /10 /76 

( f i g 6 , 3 ) . The l a s t o f t h e s e e v e n t s on 21 /10 /76 r e c o r d e d 

a mean q u i c k f l o w s p e c i f i c c o n d u c t a n c e o f 66.8 ymhos e v e n 

t h o u g h q u i c k f l o w r u n o f f o v e r t h e p r e c e e d i n g 20 d a y s r e a c h e d 

200 0 0 0 m^. A n d e r s o n & B u r t ( 1 9 7 8 ) r e p o r t a s i m i l a r p r o ­

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

t i o n s f o l l o w i n g t h e 1976 summer d r o u g h t i n some S o u t h e r n 

C o t s w o l d c a t c h m e n t s w h i c h p e r s i s t e d i n t o November 1 9 7 6 ; 

T h e f l o o d e v e n t s w i t h mean q u i c k f l o w s p e c i f i c c o n d u c ­

t a n c e l e s s t h a n 55 ,5 umhos i n t h e N a r r a t o r B r o o k a r e r e ­

s t r i c t e d t o t h e l a r g e r e v e n t s f o l l o w i n g we t p e r i o d s . A l l 

o f t h e . 7 s u c h e v e n t s w h i c h o c c u r r e d d u r i n g t h e p e r i o d o f 

o b s e r v a t i o n e x c e e d e d t h e q u i c k f l o w r u n o f f t h r e s h o l d o f 

25 0 0 0 m̂  . P u t t i n g a s i d e e v e n t s o c c u r r i n g d u r i n g t h e 

p e r i o d 29 /8 /76 t o 2 1 / 1 0 / 7 6 , t h e r e i s t h u s a c l e a r d i s t i n c ­

t i o n b e t w e e n e v e n t s w i t h mean q u i c k f l o w s p e c i f i c c o n d u c t a n c e 

220 



.100 

•50-^ 

2 -

3 
3-

•20H 

.10 H 

'5H 

HO 
CHANOE-JO-

-10-

INCREASED CONCENTRATION 

DILUTION 

10 20 50 
- J — 
100 200 1 2 5 

Total quickflow runoff for a flood event and over a preceeding period 

of 20 days (m^x 10^ 

F i g , 6.4 V a r i a t i o n i n mean d i s c h a r g e w e i g h t e d 

s p e c i f i c c o n d u c t a n c e o f q u i c k f i o w i n 

r e l a t i o n t o a n t e c e d e n t q u i c k f l c w r u n o f f . 

Open c i r c l e s r e p r e s e n t t h e n i n e f l o o d 

e v e n t s w h i c h o c c u r e d d u r i n g 

29 /8 /76 - 2 1 / 1 0 / 7 6 , 
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l e s s and g r e a t e r t h a n 55.5 ymhos i n t e r m s o f q u i c k f l o w 

r u n o f f v o l u m e s ( f i g 6 . 4 ) . However , t h e 14 e v e n t s w h i c h 

r e c o r d e d no d e v i a t i o n f r o m 55.5 umhos o c c u r on b o t h s i d e s 

o f t h e t h r e s h o l d . The d i f f e r e n c e b e t w e e n t h e s e 14 e v e n t s , 

and t h e . r e m a i n i n g 23 e v e n t s c a n n o t be e x p l a i n e d on t h e b a s i s 

o f h y d r o l o g i c a l o r h y d r o m e t e o r o l o g i c a l f a c t o r s . A s e r i e s 

o f Mann-Whi tney U t e s t s i n c o r p o r a t i n g p e a k d i s c h a r g e , 

q u i c k f l o w r u n o f f , f l o o d i n t e n s i t y , t o t a l p r e c i p i t a t i o n , mean 

p r e c i p i t a t i o n i n t e n s i t y , maximum two h o u r p r e c i p i t a t i o n , 

a n t e c e d e n t p r e c i p i t a t i o n ( A P I ^ q ) a n d s e a s o n f a i l e d t o t h r o w 

up any s i g n i f i c a n t d i f f e r e n c e s ( t a b l e 6 . 8 ) . 

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

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

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

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

b u l k f a l l o u t . The a n a l y s i s c o v e r s t h e p e r i o d 10 /5 /76 t o 

13 /12 /76 d u r i n g w h i c h t h e open f u n n e l b u l k f a l l o u t c o l l e c t o r 

a t r a i n gauge s i t e 1 was i n o p e r a t i o n . No s i g n i f i c a n t 

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

and q u i c k f l o w e x i s t s o v e r t h i s p e r i o d ( r = 0 .16 , n = 10; 

f i g 6 , 5 ) . T h i s r e s u l t i s s u r p r i s i n g i n v i e w o f t h e f a c t 

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

p o r t e d by t h e N a r r a t o r B r o o k . I n a M i d - W a l e s c a t c h m e n t , 

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

C r y e r ( 1 9 7 6 ) d i s c o v e r e d a v e r y c l o s e c o r r e s p o n d e n c e b e t w e e n 

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

w e e k l y p e r i o d s . I n t h e N a r r a t o r c a t c h m e n t i t a p p e a r s t h a t 

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

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

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

ment ; f o r t h e week 6 -13 /12 /76 t h e s p e c i f i c c o n d u c t a n c e o f 

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

( 8 3 , 0 ijmhos and 55.5 ymhos r e s p e c t i v e l y ) . 

The two f l o o d e v e n t s w h i c h w e r e g e n e r a t e d i n p a r t by 

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

t a n c e o f q u i c k f l o w e x c e e d i n g t h a t o f b a s e f l o w (128 .4 a n d 

74.1 pmhos f o r 6-7/2/76 and 7-8 /2 /76 r e s p e c t i v e l y ) . S i n c e 
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T a b l e 6.8 R e s u l t s o f Mann-Whi tney U t e s t s f o r d i f f e r e n c e s 
b e t w e e n t h o s e f l o o d e v e n t s r e c o r d i n g no d e v i a t i o n 
i n q u i c k f l o w s p e c i f i c c o n d u c t a n c e f r om b a s e f l o w 
s p e c i f i c c o n d u c t a n c e , a n d t h o s e e v e n t s r e c o r d i n g 
e i t h e r a r e d u c t i o n o r ^ a n i n c r e a s e i n q u i c k f l o w 
s p e c i f i c c o n d u c t a n c e 

S m a l l e r U V a l u e s ' 

A V B C V D 

Peak s t r e a m d i s c h a r g e 17 15 

Q u i c k f l o w r u n o f f 22 15 

F l o o d i n t e n s i t y 11 16 

T o t a l p r e c i p i t a t i o n 25 9 

Mean p r e c i p i t a t i o n i n t e n s i t y 23,5 18,5 

Maximum two hour p r e c i p i t a t i o n 22,5 17,5 

A n t e c e d e n t p r e c i p i t a t i o n ( A P I ^ ^ ) 14 9 

S e a s o n a l i ndex 25 15,5 

A Q u i c k f l o w s p e c i f i c c o n d u c t a n c e e x c e e d i n g b a s e f l o w (n = 7) 

B No d e v i a t i o n i n q u i c k f l o w s p e c i f i c c o n d u c t a n c e from b a s e f l o w ; 

t o t a l q u i c k f l o w r u n o f f f o r t h e _ e v e n t and o v e r a p r e c e e d i n g 

p e r i o d o f 20 d a y s < 25,000 m̂  (n = 8) 

C As f o r B b u t w i t h q u i c k f l o w r u n o f f f o r t h e e v e n t and p r e c e e d i n g 

p e r i o d o f 20 d a y s > 25,000 ra^ (n = 6) 

D Q u i c k f l o w s p e c i f i c c o n d u c t a n c e f a l l i n g be low b a s e f l o w (n = 7) 

1. E v e n t s d u r i n g the p e r i o d 29/8-21/10/76 e x c l u d e d f rom the a n a l y s i s . 

2. To r e a c h t h e 0,05 s i g n i f i c a n c e l e v e l U v a l u e s must be s m a l l e r t h a n 

10 f o r A V B and 6 f o r C v D. 

b o t h e v e n t s h a v e a 20 day a n t e c e d e n t q u i c k f l o w r u n o f f b e l o w 

25 0 0 0 {13044 and 19808 r e s p e c t i v e l y ) t h e y c o n f o r m 

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

g e n e r a t e d e n t i r e l y by r a i n f a l l . 

F o r t h e p u r p o s e o f e s t i m a t i n g l o n g t e r m mean a n n u a l s o l ­

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

c o n c e n t r a t i o n v a r i a t i o n s i n t h e N a r r a t o r B r o o k i n t e r m s o f 
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F i g . G . 5 R e l a t i o n b e t w e e n mean w e e k l y v a l u e s o f 

s p e c i f i c c o n d u c t a n c e f o r q u i c k f l o w and 

b u l k f a l l o u t . N a r r a t o r c a t c h m e n t , tMay -

D e c , 1976 

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

n e c e s s a r y . D e v i a t i o n s o f s p e c i f i c c o n d u c t a n c e f r om 55.5 

pmhos a r e l i k e l y t o be a v e r a g e d o u t o v e r t h e l o n g t e r m . The 

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

f o r t h e p e r i o d o f o b s e r v a t i o n i s 56,2 pmhos. R e f e r r i n g t o 

f i g 3.7 a s p e c i f i c c o n d u c t a n c e o f 55 .5 pmhos r e p r e s e n t s a 

s o l u t e c o n c e n t r a t i o n o f 41,6 mg /£ a n d t h i s c a n be c o m b i n e d 

w i t h mean a n n u a l r u n o f f f r o m t h e c a t c h m e n t t o o b t a i n l o n g 

t e r m mean a n n u a l s o l u t e y i e l d . W a l l i n g & Webb ( 1 9 7 8 ) a l s o 

d i s c o v e r e d t h a t f o r s t r e a m s i n t h e E x e R i v e r B a s i n w i t h 

t o t a l s o l u t e c o n c e n t r a t i o n l e s s t h a n 50mg/£ b a s e f l o w c o n ­

c e n t r a t i o n i s v i r t u a l l y i d e n t i c a l t o l o n g t e r m mean d i s ­

c h a r g e w e i g h t e d c o n c e n t r a t i o n . 
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CHAPTER 7 

S P A T I A L VARIATIONS IN SUSPENDED SEDIMENT AND SOLUTES 

7.1 Do'Amstroam v a r i a t i o n s i n c o n c e n t r a t i o n 

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

7.1.1 Suspended Sediment 

I n o r d e r t o i n v e s t i g a t e d o w n s t r e a m v a r i a t i o n s i n b o t h 

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

d u r i n g b a s e f l o w , s a m p l i n g s t a t i o n s w e r e e s t a b l i s h e d a t 30 

s i t e s a l o n g t h e m a i n c h a n n e l o f t h e N a r r a t o r B r o o k f r o m 

s o u r c e t o mouth ( f i g s . 2 .9, 2.11 and 3 . 1 ) . T h r e e o f t h e 

s t a t i o n s , s t a t i o n s 1, 11 and 21 , a r e t h e p e r m a n e n t g a u g i n g 

s i t e s on t h e N a r r a t o r B r o o k . N i n e a d d i t i o n a l s t a t i o n s b e ­

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

S a m p l e s a t e a c h s t a t i o n w e r e c o l l e c t e d by d i p p i n g a w i d e 

n e c k e d 600 ml p o l y t h e n e b o t t l e i n t o t h e s t r e a m a t t h e l o c a ­

t i o n o f maximum v e l o c i t y . A l l s i t e s w e r e v i s i t e d d u r i n g 

t h e same day on 27 s a m p l i n g d a t e s s p a c e d a t a p p r o x i m a t e l y 

f o r t n i g h t l y i n t e r v a l s . 

Of t h e t o t a l 810 o b s e r v a t i o n s o f s e d i m e n t c o n c e n t r a t i o n , 

693 a r e b e l o w 1mg/£ . L a b o r a t o r y a n a l y s i s o f s u c h low c o n ­

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

t e r m s a m o u n t i n g t o a p p r o x i m a t e l y 0 .5-0 .6mg/£ . T h i s i n ­

a c c u r a c y c l o a k s s m a l l v a r i a t i o n s i n s e d i m e n t c o n c e n t r a t i o n 

b e t w e e n s i t e s and a s a r e s u l t d o w n s t r e a m v a r i a t i o n s i n 

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

r e v e a l no c o n s i s t e n t t r e n d s . T h i s i s i l l u s t r a t e d by 

c o r r e l a t i o n o f d o w n s t r e a m v a r i a t i o n s f o r t h e 27 s a m p l i n g 

d a t e s ( t a b l e 7 . 1 ) . E x c l u d e d f r o m t h e c o r r e l a t i o n a n a l y s e s 

a r e d a t a f r o m s t a t i o n s 2 6 - 3 0 . T h e s e s t a t i o n s o f t e n h a v e 

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

r e a s o n s d i s c u s s e d l a t e r , and h e n c e d i s t o r t c o r r e l a t i o n r e ­

s u l t s . C o r r e l a t i o n s g e n e r a l l y a r e l ow ; none e x c e e d 0.66 

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

a s s o c i a t i o n i s a p p a r e n t . Of t h e 351 c o r r e l a t i o n s 11 r e a c h 

0-01 s i g n i f i c a n c e w h e r e a s o n l y 3 o r 4 w o u l d be e x p e c t e d i n a 
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1 2 3 4 5 6 7 ' 8 9 

2 0 . 2 1 

3 0 . 4 2 0 . 4 3 

4 0 . 4 6 0 . 01 0 . 3 3 

5 0 . 19 - 0 . 2 0 0 . 2 4 0 . 2 4 

6 - 0 . 0 1 - 0 . 10 - 0 . 0 1 - 0 . 2 0 - 0 . 0 5 

7 0 . 2 1 0 . 13 0 . 3 2 0 . 3 2 O . I O 0 . 1 6 

8 - 0 . 1 2 - 0 . 36 0 . 1 8 0 . 2 0 0 . 4 2 0 . 1 3 0 . 12 

9 - 0 . 14 - 0 . 2 7 0 . 1 3 - 0 . 1 5 - 0 . 2 1 - 0 . 0 4 - 0 . 0 1 0 . 3 7 

10 0 . 4 9 - 0 . 0 3 0 . 4 2 0 . 4 9 O . O B 0 . 1 3 0 . 16 0 . 1 9 o.n 

11 - 0 . 35 0 . 17 - 0 . 10 < 0 . 0 1 - 0 . 17 0 . 0 4 - 0 . 0 8 - 0 . 0 3 - 0 . 0 2 

12 - 0 . 1 3 0 . 12 0 . 1 3 - 0 . 1 2 - 0 . 3 9 0 . 3 9 0 . 1 0 - 0 . 0 5 0 . 0 4 

13 - 0 . 0 2 - 0 . 36 0 . 1 0 0 . 0 8 0 . 3 3 0 . 2 4 0 . 1 4 0 . 1 3 0 . 2 0 

14 0 . 3 3 0 . 0 4 0 . 1 6 0 . 6 5 < 0 . 0 1 - 0 . 0 7 0 . 1 8 0 . 2 2 - 0 . 1 3 

I S 0 . 4 0 0 . 34 0 . 0 3 0 . 1 8 - 0 . 3 8 0 . 1 6 - 0 . 0 3 - 0 . 2 7 - 0 . 1 8 

16 0 . 4 0 - 0 . 15 0 . 3 5 0 . 4 2 0 . 1 5 0 . 1 9 0 . 2 3 0 . 2 8 0 . 2 9 

17 0 . 2 9 0 . 25 0 . 4 9 0 . 1 8 0 . 4 7 - 0 . 0 2 0 . 1 2 0 . 4 3 - 0 , 0 5 

18 0 . 1 1 0 . 0 7 0 . 3 9 0 . 3 1 0 . 2 3 - 0 . 2 4 0 . 0 6 - 0 . 0 8 - 0 . 2 0 

19 - 0 . 0 6 0 11 0 . 2 0 0 . 0 1 0 . 1 3 - 0 . 0 3 - 0 . 0 9 0 . 2 8 0 . 3 2 

2 0 0 . 5 0 0 30 0 . 4 1 0 . 3 9 - 0 . 0 5 0 . 0 1 0 . 1 5 - 0 . 1 2 < 0 . 0 1 

21 0 . 1 5 0 . 20 0 . 1 7 0 . 1 3 0 . 0 1 0 . 2 4 - 0 . 0 3 - 0 . 2 0 - 0 . 1 9 

22 0 . 4 0 0 28 0 . 4 1 0 . 6 5 0 . 2 9 - 0 . 1 0 0 . 2 2 0 . 0 7 - 0 . 0 8 

2 3 0 . 6 6 0 . 31 0 . 1 7 0 . 1 7 - 0 . 0 5 - 0 . 1 0 - 0 . 0 4 - 0 . 4 7 - 0 . 2 5 

24 0 . 4 4 0 . 52 0 . 5 7 0 . 4 4 - 0 . 1 9 0 . 1 1 0 . 3 2 0 . 0 6 0 . 0 3 

25 0 . 17 0 . 17 0 . 3 2 0 . 0 7 0 . 4 4 < 0 . 0 1 0 . 2 1 0 . 1 1 - 0 . 0 3 

26 0 . 2 4 0 29 0 . 2 9 0 . 4 7 0 . 3 8 0 . 0 9 0 . 3 6 0 . 1 5 - 0 . 2 6 

27 0 . 4 9 0 10 0 . 3 1 0 . 5 0 0 . 19 - 0 . 1 1 0 . 2 0 0 . 2 2 - O . O l 

10 11 12 13 14 15 16 17 18 19 2 0 21 22 2 3 

0 . 1 0 0 . 0 6 

0 . 3 3 - 0 . 4 1 

- 0 . 1 0 - 0 . 1 7 

0 . 1 4 - 0 . 4 2 0 . 3 5 

0 . 1 5 0 . 3 5 0 . 1 3 - 0 . 0 5 

- 0 . 2 4 - 0 . 0 5 0 . 0 4 

0 . 1 3 - 0 . 0 7 - O . U - 0 . 0 3 0 . 4 1 

0 . 0 1 0 . 1 1 - 0 . 1 2 - 0 . 1 4 0 . 0 7 

, 2 8 0 . 0 7 0 . 4 3 0 . 0 2 0 . 1 4 0 . 2 5 

, 1 0 < 0 . 0 l 0 . 2 5 0 . 0 5 - 0 . 0 4 0 . 2 1 

0 . 0 7 - 0 . 0 8 0 . 3 3 0 . 0 3 - 0 . 0 5 0 . 2 3 0 . 3 2 - 0 . 1 3 

O . U - 0 . 1 2 0 . 1 0 - 0 . 0 4 0 . 0 2 

0 . 3 7 0 . 0 2 0 . 3 5 - 0 . 2 7 0 . 3 8 

0 . 0 3 - 0 . 0 8 - 0 . 2 0 0 . 2 4 0 . 2 8 - 0 . 1 6 

0 . 3 0 

0 . 4 2 

0 . 2 7 0 . 1 4 

• 0 . 1 9 

S l g n i r i c a n c n 0 . 0 5 0 - 0 1 

r 0 . 4 1 0 . 5 2 

n - 2 5 

• 0 . 2 4 0 . 1 0 

• 0 . 0 7 0 . 1 2 0 . 1 0 

24 2 5 26 

S a m p l I n n D a c c a 

1 8 / 7 / 7 5 

2 2 2 / 7 / 7 5 

3 5 / 8 / 7 5 
4 1 9 / 8 / 7 5 
5 2 / 9 / 7 5 

6 1 6 / 9 / 7 5 
7 3 0 / 9 / 7 5 

8 1 4 / 1 0 / 7 5 

9 2 8 / 1 0 / 7 5 

10 9 / 1 2 / 7 5 
11 2 1 / 1 2 / 7 5 
12 6 / 1 / 7 6 
13 2 0 / 1 / 7 6 

14 1 7 / 2 / 7 6 

15 2 / 3 / 7 6 

16 1 6 / 3 / 7 6 

17 3 0 / 3 / 7 6 

18 1 3 / 4 / 7 6 

19 2 7 / 4 / 7 6 
2 0 1 1 / 5 / 7 6 

21 2 5 / 5 / 7 6 
22 8 / 6 / 7 6 

2 3 6 / 7 / 7 6 
24 2 0 / 7 / 7 6 \D 
2 5 1 7 / 8 / 7 6 ( N 

2 6 3 1 / 8 / 7 6 CM 

27 1 4 / 9 / 7 6 

0 . 1 4 - 0 . 1 1 

0 . 0 1 0 . 0 7 - 0 0 5 

0 . 0 1 0 . 3 8 - 0 0 8 0 45 

0 . 4 5 0 . 3 5 - 0 0 8 0 54 0 . 2 9 

0 . 0 2 - 0 . 0 4 - 0 14 0 41 0 . 0 4 0 . 18 

0 . 1 7 0 . 0 2 0 19 0 6 0 0 . 1 4 0 . 2 5 0 . 2 3 

0 . 0 7 0 . 2 1 0 19 0 38 0 . 3 0 0 . 37 0 . 1 4 0 12 

0 . 1 3 0 . 0 8 0 10 0 4 4 0 . 1 5 0 . 59 0 . 1 5 0 32 

0 . 2 0 < 0 . 0 1 0 16 0 44 - 0 . 0 3 0 . 4 0 0 . 1 9 0 39 , 6 4 - O . l l - 0 . 0 7 0 - 2 4 0 . 3 4 0 . 2 8 O . i 

T a b l e 7,1 C o r r e l a t i o n m a t r i x s h o w i n g t h e d e g r e e o f s i m i l a r i t y i n d o w n s t r e a m b a s e f l o w s e d i m e n t 

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



c o m p l e t e l y random s e t o f d a t a . Of t h e 11 c o r r e l a t i o n s o n l y 

one d o e s n o t i n v o l v e any o f t h e l a s t 8 s a m p l i n g d a t e s ( n o s . 

20-27 - t a b l e 7 . 1 ) . T h i s p r o b a b l y r e f l e c t s a s l i g h t im­

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

s e d i m e n t c o n c e n t r a t i o n . The m a j o r i n a c c u r a c y s u s t a i n e d i n 

l a b o r a t o r y a n a l y s i s a r i s e s f r o m w e i g h i n g o f f i l t e r s . T h i s 

i n a c c u r a c y i s random and i s d i m i n i s h e d by t a k i n g a mean o f 

s e v e r a l s a m p l e s . An e x p e r i m e n t i n v o l v i n g a n a l y s i s o f two 

g r o u p s o f 10 s a m p l e s o f b a s e f l o w c o l l e c t e d a t a s i n g l e s i t e 

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

0,2mg/£ t o 0.9mg/£ b u t mean v a l u e s f o r t h e two g r o u p s ( 0 . 5 9 

mg/£ and 0 ,55mg/£) a r e v e r y s i m i l a r ( t a b l e 3 . 3 ) . F o r t h i s 

r e a s o n , d o w n s t r e a m v a r i a t i o n s i n t h e mean s u s p e n d e d s e d i m e n t 

c o n c e n t r a t i o n a t e a c h s i t e (n = 27) w e r e f i r s t e x a m i n e d t o 

i d e n t i f y any m a j o r t r e n d s p r e s e n t b e f o r e t u r n i n g t o i n d i v i ­

d u a l s a m p l i n g d a t e s . T h e s e mean s e d i m e n t c o n c e n t r a t i o n 

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

c e s a t l e a s t a s s m a l l a s 0 .1mg/£ . 

The mean b a s e f l o w s e d i m e n t c o n c e n t r a t i o n p r o f i l e c o v e r s 

a w i d e r a n g e o f v a l u e s f r o m 1.83mg/£ t o 0 .31mg/£ ( f i g 7 .1, 

t a b l e 7 . 2 ) . The d o m i n a n t f e a t u r e o f "the p r o f i l e i s t h e 

s h a r p i n c r e a s e i n mean c o n c e n t r a t i o n b e l o w S t 30 , f r o m 0,41 

mg/£ a t S t 30 t o 1,23mg/-^ a t S t 29, and t h e e q u a l l y s h a r p 

f a l l i n c o n c e n t r a t i o n b e l o w S t 27, f r o m 1.84mg/£ a t S t 27 t o 

0 .56mg/£ a t S t 25 . The c o e f f i c i e n t s o f v a r i a t i o n i n s e d i ­

ment c o n c e n t r a t i o n f o r S t s 29, 28 a n d 27 ( 9 8 . 3 % , 1 0 5 , 3 % a n d 

109 .0% r e s p e c t i v e l y ) a r e s i g n i f i c a n t l y h i g h e r ( a t t h e 0.001 

l e v e l ) t h a n t h e r e m a i n i n g 27 s t a t i o n s whe re v a l u e s r a n g e 

f r o m 5 0 . 3 % t o 77 ,7% ( t a b l e 7 . 2 ) . Mean s e d i m e n t c o n c e n t r a ­

t i o n a t t h e s e 27 s t a t i o n s i s b e l o w 1mg/£ a n d random w e i g h i n g 

e r r o r s i n t h e r a n g e + 0,3mg/£ c o u l d a c c o u n t e n t i r e l y f o r 

v a r i a t i o n i n c o n c e n t r a t i o n a t t h e s e s t a t i o n s . The r e l a t i v e l y 

l a r g e c o e f f i c i e n t s o f v a r i a t i o n a t S t s 2 7 - 2 9 , h o w e v e r , i n d i ­

c a t e t h a t t h i s v a r i a t i o n i s n o t e n t i r e l y random. B o t h 

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

r e a c h e s o f t h e N a r r a t o r B r o o k d u r i n g b a s e f l o w a r e c l e a r l y 

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

The b a s e f l o w s u s p e n d e d s e d i m e n t i n t h i s u p p e r r e a c h o f 
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7.1 Mean d o w n s t r e a m b a s e f l o w s u s p e n d e d s e d i m e n t 

c o n c e n t r a t i o n p r o f i l e . N a r r a t o r B r o o k , 1975 /76 

3500 

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

i r o n o r g a n i c c o m p l e x e s w h i c h i s f e d i n t o t h e s t r e a m by 

m a r s h e s w h i c h b o r d e r t h e c h a n n e l b e t w e e n S t s 30 and 27 . As 

t h e g r o u n d w a t e r f e e d i n g t h e m a r s h e s become o x y g e n a t e d upon 

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

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

t a t e s a n d c o m b i n e s w i t h h u m i c c o l l o i d s i n t he . b o g s . T h i s 

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

m a r s h e s i n W i s c o n s i n ( L e e e t a l 1 9 7 5 ) . T h e p r e s e n c e o f t h i s 

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

c o l o u r a t i o n t o s t r e a m w a t e r i n t h i s s e c t i o n o f t h e N a r r a t o r 

B r o o k d u r i n g b a s e f l o w . D u r i n g s t o r m f l o w much g r e a t e r 

q u a n t i t i e s o f t h i s m a t e r i a l i s m o b i l i s e d and t h e e n t i r e 

s t r e a m becomes d i s c o l o u r e d . 

The d e c r e a s e i n c o n c e n t r a t i o n b e y o n d S t 27 may p o s s i b l y 

be a t t r i b u t a b l e t o t h e f i l t e r i n g e f f e c t o f weed on t h e s t r e a m 

bed w h i c h i s u n u s u a l l y t h i c k i n t h e s e c t i o n betv;een S t s 28 a n d 

2 5 . D i s t u r b a n c e o f t h e weeds i s o b s e r v e d t o d i s c o l o u r t h e 

w a t e r by t h e r e l e a s e o f s t o r e d c o l l o i d a l m a t e r i a l . Down-
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T a b l e 7.2 Mean b a s e f l o w s u s p e n d e d s e d i m e n t c o n c e n t r a t i o n s 
and c o e f f i c i e n t s o f v a r i a t i o n r e c o r d e d a t 30 samp­
l i n g s i t e s a l o n g t h e N a r r a t o r B r o o k . 

Mean Mean 

Suspended C o e f f i c i e n t Suspe.nded C o e f f i c i e n t 

S t Sed iment ^ o f S t Sed iment ^ of * 
No. C o n c e n t r a t i o n V a r i a t i o n No. C o n c e n t r a t i o n V a r i a t i o n 

(mg/^) (%) (mg/^V (%) 

1 0.65 67.1 16 0.37 69.9 

2 0.60 64.9 17 0.40 53.2 

3 0.54 76.5 18 0.31 77.7 

4 0.53 66.5 19 0.29 76.5 

5 0.57 75.0 20 0.41 68.0 

6 0.56 76.0 21 0.37 60. 1 

7 0.52 66.5 22 0.59 59. 1 

8 0.53 51.1 23 0.60 50.3 

9 0.58 60.7 24 0.51 70.3 

10 0.57 61.9 25 0.56 52. 1 

11 0.54 62.7 26 0.87 55.8 

12 0.53 60.5 27 1 .84 109.0 

13 0.40 52.4 28 1.75 105.8 

14 0.47 70.4 29 1.23 98.3 

15 0.34 62.8 30 0.41 66.0 

* n = 27 

s t r e a m o f S t 25 , s t r e a m w a t e r i s v i r t u a l l y c o m p l e t e l y c l e a r e d 

o f c o l l o i d a l humus d u r i n g b a s e f l o w . The f a l l i n c o n c e n t r a ­

t i o n i n t h e s e c t i o n b e t w e e n S t s 27 a n d 26 w h e r e c h a n n e l weed 

i s a t i t s mos t d e n s e , mus t h a v e r e p r e s e n t e d an o v e r a l l l o s s 

o f a l m o s t one t o n n e o f c o l l o i d a l s u s p e n s i o n t o weed s t o r a g e 

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

a w h o l e . I t i s u n l i k e l y t h a t a b s o l u t e s t o r a g e i s a s g r e a t 

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

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

may be a t l e a s t p a r t i a l l y r e s p o n s i b l e f o r o b s e r v e d d i s c o l o u r a ­

t i o n t h r o u g h o u t t h e r e m a i n d e r o f t h e s t r e a m b e l o w S t 25 

d u r i n g f l o o d p e r i o d s . 

229 



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

p r o f i l e b e t w e e n S t s 30 a n d 25 v a r i e d c o n s i d e r a b l y o v e r t h e 

p e r i o d o f o b s e r v a t i o n . C o n c e n t r a t i o n a t S t 27 , w h i c h ' 

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

s t a t i o n s r e a c h e d 9.9mg/£ on 6/7/76 w h i l e t h e h i g h e s t c o n ­

c e n t r a t i o n f o r s t a t i o n s d o w n s t r e a m o f S t 26 on t h i s d a t e was 

1.5mg/£. By c o n t r a s t , f o r 11 o f t h e 27 s a m p l i n g d a t e s , con­

c e n t r a t i o n a t S t 27 was b e l o w 1mg/£ and 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 m c o n c e n t r a t i o n s a l o n g t h e r e m a i n d e r o f t h e 

s t r e a m ( f i g 7 . 2 ) . S e d i m e n t c o n c e n t r a t i o n a t S t 27 v a r i e s 

i n s y m p a t h y w i t h s t r e a m s t a g e a t t h i s s t a t i o n ( r =-0.62, n = 

2 7 ) . I t i s a t a maximum d u r i n g l ow d i s c h a r g e s w h i l e a t 

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

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

( f i g 7 . 2 ) . However , t h e r e i s a l s o a c e r t a i n amount o f 

v a r i a t i o n i n t h e s e d i m e n t c o n c e n t r a t i o n a t S t 27 w h i c h i s 

i n d e p e n d e n t o f d i s c h a r g e . F o r t h e t h r e e c o n s e c u t i v e samp­

l i n g d a t e s 8 /6 /76 , 6/7/76 and 20 /7 /76 no c h a n g e i n s t a g e 

c o u l d be d e t e c t e d a t S t 27 , y e t s e d i m e n t c o n c e n t r a t i o n s a t 

S t 27 f o r t h e s e s a m p l i n g d a t e s w e r e 1.5mg/£, 9.9mg/£ a n d 3.5 

mg/£ r e s p e c t i v e l y . T h i s c a n o n l y r e p r e s e n t f l u c t u a t i o n s i n 

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

f o r r e a s o n s w h i c h a r e n o t c l e a r . A d d i t i o n o f A P I ^ ^ a n d 

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

t o e x p l a n a t i o n o f v a r i a n c e i n s e d i m e n t c o n c e n t r a t i o n a t S t 

27 ( t a b l e 7 . 3 ) . 

D o w n s t r e a m o f S t 25 , w i t h t h e a b s e n c e o f c o l l o i d a l 

m a t t e r i n l a r g e q u a n t i t y , m i n e r a l f r a g m e n t s l a r g e r t h a n 1 

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

ment . From m i c r o s c o p e e x a m i n a t i o n o f t h e f i l t e r e d s e d i m e n t 

i t i s a p p a r e n t t h a t l a r g e r m i n e r a l f r a g m e n t s a b o v e 100 

m i c r o n s a r e d o m i n a t e d by b i o t i t e f l a k e s . Q u a r t z and 

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

and a r e g e n e r a l l y b e l o w 50 m i c r o n s i n s i z e d u r i n g b a s e f l o w . 

The m a j o r i t y o f t h e s e s e d i m e n t p a r t i c l e s p r o b a b l y do n o t 

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

c a t c h m e n t e x i t i n a s i n g l e j o u r n e y . P a r t i c l e s t r a v e l l i n g 
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F i g . 7.2 R e l a t i o n o f s e d i m e n t c o n c e n t r a t i o n a t S t , 

27 , N a r r a t o r B r o o k t o s t r e a m s t a g e , 

1975 t o S e p t . 1976 

M lay 

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

E i n s t e i n ( 1 9 6 8 ) , who s t u d i e d t h i s p r o c e s s e x p e r i m e n t a l l y i n 

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

o f s e d i m e n t p a r t i c l e s ^ s e d i m e n t c o n c e n t r a t i o n s c a n d e c l i n e by 

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

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

s e d i m e n t l o s t f r o m s u s p e n s i o n d u r i n g b a s e f l o w i s c o m p e n s a t e d 
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T a b l e 7.3 R e s u l t s o f m u l t i p l e r e g r e s s i o n a n a l y s i s o f 
s u s p e n d e d s e d i m e n t c o n c e n t r a t i o n a t S t 27 ( d a t a 
u n t r a n s f o r m e d ) . 

DEPENDENT VARIABLE 

Suspended sed imen t c o n c e n t r a t i o n a t S t 27 

T o t a l 5 t h O rde r P a r t i a l 
C o r r e l a t i o n C o r r e l a t i o n P a r t i a l 

I ndependen t V a r i a b l e s C o e f f i c i e n t s C o e f f i c i e n t s F V a l u e s 

1 S t ream s t a g e a t S t 27 -0.62 -0.45 15.63 

2 A n t e c e d e n t p r e c i p i t a t i o n = CT 8 o 
( A P I - ^ ) - 0 . 0 3 - 0 . 0 6 0 .03 a !? R « 

30 
3 S e a s o n a l i ndex - 0 . 4 9 - 0 . 1 7 0.71 n, g g:^ 

3 a c H -

o < H-
=> IIJ o o 
(T (-( 3 oi 

LEVEL OF < Q)' cr n 
SIGNIFICANCE O.Oi O.OOl ?! n ° 

r 0 . 49 0 .60 

F 7.77 f o r 1 t o 7.88 f o r 3 13.88 t o 14. 19 

n = 27 P e r c e n t E x p l a n a t i o n ( a l l v a r i a b l e s ) 40.4% 

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

m a i n l y f r o m submerged c h a n n e l b a n k s . S u s p e n d e d s e d i m e n t 

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

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

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

iMean s e d i m e n t c o n c e n t r a t i o n s f o r S t s 1-25 i n t h e 

N a r r a t o r B r o o k v a r y f r o m 0 .29mg/£ a t S t 19 t o 0 .65mg/£ a t 

S t 1 ( f i g 7 . 1 ) . The mean b a s e f l o w s e d i m e n t c o n c e n t r a t i o n 

p r o f i l e d o w n s t r e a m o f S t 25 shows s l o w a n d p r o g r e s s i v e 

c h a n g e s f r o m s t a t i o n t o s t a t i o n . The mean c o n c e n t r a t i o n a t 

a s t a t i o n i s c l o s e l y r e l a t e d t o t h e c o n c e n t r a t i o n a t t h e n e x t 

s t a t i o n u p s t r e a m ( r = 0 .71 , n = 2 4 ) , e v e n t h o u g h d i s t a n c e 

b e t w e e n s t a t i o n s r a n g e s up t o 275 m. T h i s means t h a t t h e 

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

I f s e d i m e n t c o n c e n t r a t i o n a t a s t a t i o n w e r e a r e s p o n s e t o 

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

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

a p p e a r more i r r e g u l a r a n d s e d i m e n t c o n c e n t r a t i o n a t a s t a t i o n 

w o u l d b e a r no r e l a t i o n t o t h e c o n c e n t r a t i o n a t any a p p r e c ­

i a b l e d i s t a n c e u p s t r e a m . T h i s h a s some i m p l i c a t i o n w i t h 

r e s p e c t t o t h e d i s t a n c e t r a v e l l e d by i n d i v i d u a l p a r t i c l e s i n 

t h e N a r r a t o r B r o o k and s u g g e s t s t h a t f o r t h e m a j o r i t y o f 

p a r t i c l e s t h i s d i s t a n c e e x c e e d s 110 m w h i c h i s t h e a v e r a g e 

d i s t a n c e b e t w e e n s a m p l i n g s t a t i o n s . 

I n a t t e m p t t o e x p l a i n d o w n s t r e a m v a r i a t i o n s i n mean 

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

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

t i o n a t a s t a t i o n a s t h e d e p e n d e n t v a r i a b l e and c o c e n t r a t i o n 

o f t h e n e x t s t a t i o n u p s t r e a m a s o n e o f t h e i n d e p e n d e n t 

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

l e n g t h o f t h e i n t e r v e n i n g c h a n n e l s e c t i o n , t o g e t h e r w i t h 

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

r a d i u s . O n l y c h a n n e l g r a d i e n t s u c c e e d s i n c o n t r i b u t i n g s i g ­

n i f i c a n t l y t o t h e e x p l a n a t i o n o f v a r i a n c e i n t h e d e p e n d e n t 

v a r i a b l e a c h i e v e d by t h e c o n c e n t r a t i o n o f t h e n e x t s t a t i o n 

u p s t r e a m ( t a b l e 7 . 4 ) . O v e r s t e e p s e c t i o n s o f t h e N a r r a t o r 

B r o o k c o n c e n t r a t i o n o f s e d i m e n t d e c l i n e s d o w n s t r e a m i n d i c a ­

t i n g t h a t t h e r e i s an i n c r e a s e i n t h e r a t e o f l o s s o f s e d i ­

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

I n l o w e r g r a d i e n t s e c t i o n s , on t h e o t h e r h a n d , s e d i m e n t c o n ­

c e n t r a t i o n s i n c r e a s e d o w n s t r e a m i n d i c a t i n g a d e c r e a s e i n t h e 

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

The g r e a t e r r a t e o f s e d i m e n t a t i o n i n s t e e p s e c t i o n s c a n 

p e r h a p s be e x p l a i n e d by t h e l a r g e number o f p l u n g e p o o l s i n 

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

become s u f f i c i e n t l y s t i l l t o a l l o w s e t t l i n g o u t o f s e d i m e n t 

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

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

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

ment . A t h i g h e r f l o w s , d u r i n g f l o o d p e r i o d s , t h e t u r b u l e n c e 
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T a b l e 7.4 R e s u l t s o f m u l t i p l e r e g r e s s i o n a n a l y s i s o f 
d o w n s t r e a m v a r i a t i o n s i n mean b a s e f l o w s u s p e n d e d 
s e d i m e n t c o n c e n t r a t i o n r e c o r d e d a t 30 s a m p l i n g 
s t a t i o n s a l o n g t h e N a r r a t o r B r o o k . 

DEPENDENT VARIABLE 

Mean b a s e f l o w susoended sed imen t c o n c e n t r a t i o n 

Independen t V a r i a b l e s 

T o t a l 
C o r r e l a t i o n 

C o e f f i c i e n t s 

4 t h O rde r P a r t i a l 
C o r r e l a t i o n P a r t i a l 

C o e f f i c i e n t s F V a l u e s 

Mean sed imen t c o n c e n ­
t r a t i o n a t n e i g h b o u r i n g 
ups t ream s t a t i o n 0.71 

Mean g r a d i e n t o f i n t e r ­
v e n i n g s t r e a m s e c t i o n -0.40 

Mean h y d r a u l i c r a d i u s 
o f i n t e r v e n i n g s t r e a m 
s e c t i o n -0.45 

Mean w i d t h / d e p t h r a t i o 
o f i n t e r v e n i n g s t r e a m 
s e c t i o n 0.57 

L e n g t h o f i n t e r v e n i n g 
s t r e a m s e c t i o n -0.18 

0.68 

-0.48 

-0.27 

-O.Ol 

-O. 12 

21.95 

9.52 

2.03 

o.oi 

0.24 

H- O O 2 
3 D* O O 

a o 
^ < 

3 
r r w 

ro 0) cr 3 
3 a c H -
a 
(0 
3 

< 
0) 

r r H 
H-

LEVEL OF 
SIGNIFICANCE 

r 

F 

0.01 

0.46 

7.64 f o r 1 t o 7.82 f o r 5 

O.OOl 

0.57 

13.50 t o 14.03 

n = 30 P e r c e n t E x p l a n a t i o n ( a l l v a r i a b l e s ) 69 .2% 

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

o v e r t h e p r e c e e d i n g p e r i o d o f l ow f l o w . The amount o f 

s e d i m e n t i n v o l v e d i s s m a l l . The g r e a t e s t d r o p i n mean s e d i ' 

ment c o n c e n t r a t i o n o c c u r s f r o m S t 22 ( 0 . 5 9 m g / l ) t o S t 21 

( 0 . 3 7 m g / £ ) . The i n t e r v e n i n g s t r e a m s e c t i o n f a l l s a t a r a t e 

o f 110.3 m/km and c o n s i s t s a l m o s t e n t i r e l y o f w a t e r f a l l s a n d 

p l u n g e p o o l s . D u r i n g a v e r a g e b a s e f l o w c o n d i t i o n s ( a b o u t 
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35 lis a t S t 21) n e t l o s s o f s e d i m e n t i s 700 gm/day s p r e a d 

o v e r t h e 110 m b e t w e e n S t s 22 and 21 . As w e l l a s i n c r e a s e d 

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

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

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

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

i s l i m i t e d . The l a r g e s t i n c r e a s e i n c o n c e n t r a t i o n b e t w e e n 

s t a t i o n s o c c u r s f r o m S t 13 (0.40mg/£) t o S t 12 (0.53mg/^) 

i n v o l v i n g a n e t g a i n o f 1 200 gm/day o v e r 189 m o f c h a n n e l 

d u r i n g b a s e f l o w . The s t r e a m s e c t i o n b e t w e e n S t s 12 a n d 13 

f a l l s a t a r a t e o f 17.9 m/km. 

C o n c e n t r a t i o n o f s e d i m e n t a t any p o i n t a l o n g t h e s t r e a m 

d u r i n g b a s e f l o w c a n be p r e d i c t e d w i t h i n c l o s e l i m i t s (+ 0 .13 

mg/£ w i t h 9 5 % c o n f i d e n c e ) on t h e b a s i s o f t h e c o n c e n t r a t i o n 

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

s t r e a m s e c t i o n ( e q u a t i o n 7 . 1 ) . 

Y = 0.189 + 0.734x^-0.00154X2 ( 7 . 1 ) 

n = 24 r = 0.81 S . E . = 0.063mg/^ 

Y = Mean b a s e f l o w s u s p e n d e d s e d i m e n t concen t ra t i on (mg /£ ) 

X^ = Mean b a s e f l o w s u s p e n d e d s e d i m e n t c o n c e n t r a t i o n o f an 

u p s t r e a m l o c a t i o n (mg/£) 

X^ = C h a n n e l g r a d i e n t o f t h e i n t e r v e n i n g s t r e a m s e c t i o n 

(m/km) 

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

t i o n a t any one l o c a t i o n , t h e d o w n s t r e a m s e d i m e n t p r o f i l e c a n 

be e x t r a p o l a t e d . S t a r t i n g f r o m a m e a s u r e d mean c o n c e n t r a ­

t i o n o f 0.41 ppm a t S t 30 , a p r e d i c t e d s e d i m e n t c o n c e n t r a t i o n 

p r o f i l e f o r t h e N a r r a t o r B r o o k was p r o j e c t e d d o w n s t r e a m by 

t h i s method ( f i g 7 . 3 ) . A l t h o u g h d a t a f r o m t h e s t r e a m s e c ­

t i o n a b o v e S t 25 w e r e n o t i n c l u d e d i n t h e r e g r e s s i o n a n a l y s i s , 

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

o v e r t h e l o w e r p a r t o f t h e s t r e a m , and s e r v e s t o h i g h l i g h t 

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

p e n d e d s e d i m e n t i n t h e u p p e r r e a c h e s . 

Mean b a s e f l o w s u s p e n d e d s e d i m e n t c o n c e n t r a t i o n s i n t h e 
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Compar ison o f o b s e r v e d and p r e d i c t e d 

downstream b a s e f l o w suspended sed iment 

c o n c e n t r a t i o n p r o f i l e s , N a r r a t o r Brook 

f o r e s t s e c t i o n o f the N a r r a t o r Brook ( S t s 1-11) range from 

0.52mg/£ a t S t 7 to 0.65mg/£ a t S t 1. These c o n c e n t r a t i o n s 

a r e somewhat h i g h e r than c o n c e n t r a t i o n s i n t he s e c t i o n be­

tween S t , 21 and S t 11 wh ich range from 0.29mg/-e a t S t 19 to 

0.54mg/£ a t S t 11. However, o b s e r v e d and p r e d i c t e d p r o f i l e s 

c o r r e s p o n d v e r y c l o s e l y f o r the s e c t i o n between S t s 11 and 1 

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

s e c t i o n a r e due a lmos t e n t i r e l y t o t he r e l a t i v e l y low g r a ­

d i e n t s . E r o d i n g banks and ephemera l c h a n n e l s i n the f o r e s ­

t e d r e g i o n o f t he ca tchment appear to have more i n f l u e n c e 

upon f l o o d p e r i o d sed iment t r a n s p o r t t han b a s e f l o w sed imen t 

t r a n s p o r t . 

A s i d e from the upper r e a c h e s o f the s t r e a m where 

c o l l o i d a l m a t e r i a l c o n t r i b u t e s s u b s t a n t i a l l y to suspended 

sed iment , the g r e a t e s t d i s p a r i t y between o b s e r v e d and p r e ­

d i c t e d v a l u e s i s a t S t 15 ( f i g 7 , 3 ) . Mean b a s e f l o w sed iment 

c o n c e n t r a t i o n a t t h i s s t a t i o n i s 0.34mg/£ whereas from con­

s i d e r a t i o n o f c o n c e n t r a t i o n a t S t 16 (0,37mg/£) and the low 
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g r a d i e n t between t h e s e two s t a t i o n s (27.5 m/km), c o n c e n t r a ­

t i o n a t S t 15 s h o u l d be i n t he r e g i o n o f 0.50mg/£. Between 

S t s 15 and 16 a t h i c k b r u s h l i n e s t he c h a n n e l and i n p l a c e s 

hangs i n t o t he s t r e a m t r a p p i n g l e a v e s and t w i g s to form tem­

p o r a r y d e b r i s dams. These dams may be r e s p o n s i b l e f o r 

f i l t e r i n g sed iment p a r t i c l e s from the s t ream d u r i n g b a s e f l o w 

and d e p r e s s i n g sed iment c o n c e n t r a t i o n a t S t 15. 

Data f o r i n d i v i d u a l s a m p l i n g d a t e s were a l s o r e g r e s s e d 

a g a i n s t t he sed iment c o n c e n t r a t i o n f o r t he n e i g h b o u r i n g 

s t a t i o n ups t ream and t he g r a d i e n t o f the i n t e r v e n i n g c h a n n e l 

s e c t i o n . M u l t i p l e c o r r e l a t i o n c o e f f i c i e n t s v a r y from 0.79 

t o 0.08; none exceed the 0.81 a c h i e v e d u s i n g mean v a l u e s 

f o r a l l s a m p l i n g d a t e s . T h i s means t h a t t he t r e n d wh ich 

emerges from a n a l y s i s o f mean v a l u e s i s masked t o some de­

g ree f o r i n d i v i d u a l samp l i ng d a t e s by i n a c c u r a c i e s i n t he 

d a t a . I t a l s o means t h a t t he t r e n d was more c o n s i s t e n t f o r 

the 27 samp l i ng d a t e s than the wide v a r i a t i o n i n m u l t i p l e 

c o r r e l a t i o n c o e f f i c i e n t s would s u g g e s t . I f t h i s were not 

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

mean c o n c e n t r a t i o n v a l u e s would be c l o s e r to a mean of t he 

m u l t i p l e c o r r e l a t i o n c o e f f i c i e n t s f o r i n d i v i d u a l samp l i ng 

d a t e s . To what e x t e n t the v a r i a t i o n s i n t he m u l t i p l e 

c o r r e l a t i o n c o e f f i c i e n t s f o r i n d i v i d u a l samp l i ng d a t e s r e ­

f l e c t t empo ra l changes i n s t r e n g t h o f t he t r e n d r e p r e s e n t e d 

by e q u a t i o n 7.1 i s not c e r t a i n . The 27 m u l t i p l e c o r r e l a t i o n 

c o e f f i c i e n t s were t e s t e d a g a i n s t d i s c h a r g e a t S t 1 f o r e a c h 

samp l i ng d a t e , s e a s o n , and a 30 day a n t e c e d e n t s torm p e r i o d 

sed iment d i s c h a r g e index c a l c u l a t e d i n the same f a s h i o n a s 

API^Q ( e q u a t i o n 3 . 4 ) . The low c o r r e l a t i o n c o e f f i c i e n t s 

( r = 0.13, -0.22 and 0.05 r e s p e c t i v e l y , n = 27) i n d i c a t e t h a t 

i f t he form of the mean b a s e f l o w suspended sediment concen ­

t r a t i o n p r o f i l e ( f i g 7.1) i s s u b j e c t t o t empora l changes , 

t h e s e changes a r e not i n f l u e n c e d by the t h r e e f a c t o r s t e s t e d 

and must be r e l a t e d to more s u b t l e c o n t r o l s . 
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7.1.2 Solutes 

The s t ream samples wh ich were c o l l e c t e d on 27 o c c a s i o n s 

a t 30 samp l i ng s i t e s a l o n g t he N a r r a t o r Brook a s d e s c r i b e d 

i n s e c t i o n 7.1.1 were a n a l y s e d f o r s p e c i f i c conduc tance as 

w e l l a s suspended sed iment c o n c e n t r a t i o n . S p e c i f i c conduc­

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

than suspended sed iment c o n c e n t r a t i o n . T h i s e n a b l e s mean­

i n g f u l i n t e r p r e t a t i o n o f downstream v a r i a t i o n s i n s p e c i f i c 

conduc tance f o r i n d i v i d u a l s a m p l i n g d a t e s whereas t h i s i s no t 

p o s s i b l e f o r suspended sed imen t . The low degree o f v a r i a ­

b i l i t y i n b a s e f l o w s p e c i f i c conduc tance a t t he main gaug ing 

s i t e has been d i s c u s s e d i n s e c t i o n 6,3.2. S p e c i f i c conduc­

t a n c e was e q u a l l y c o n s t a n t a t the o t h e r 29 s i t e s d u r i n g t he 

p e r i o d o f o b s e r v a t i o n . C o e f f i c i e n t s o f v a r i a t i o n f o r s p e c i ­

f i c conduc tance a t the 30 samp l i ng s t a t i o n s a r e v e r y low i n 

compar i son t o suspended sed iment r a n g i n g from o n l y 3.6% t o 

5.9% ( t a b l e 7 . 5 ) . As a r e s u l t o f t he low v a r i a b i l i t y a t a 

s t a t i o n the downstream s p e c i f i c conduc tance p r o f i l e changes 

v e r y l i t t l e . T h i s i s i l l u s t r a t e d by c o r r e l a t i o n o f down­

s t ream v a r i a t i o n s i n t he s p e c i f i c conduc tance f o r the 27 

samp l i ng d a t e s ( t a b l e 7 , 6 ) . I n s h a r p c o n t r a s t to the s e d i ­

ment c o n c e n t r a t i o n m a t r i x ( t a b l e 7.1) o n l y 62 o f the 351 

c o r r e l a t i o n c o e f f i c i e n t s a r e below 0.90 and 7 r e a c h 0.99. 

The o v e r a l l form of the b a s e f l o w s p e c i f i c conduc tance 

p r o f i l e f o r the N a r r a t o r Brook i s l e s s v a r i a b l e than i n d i v i ­

d u a l v a l u e s a t a s i t e . On two o f t he samp l i ng d a t e s 8/7/75 

and 31/8/76, b a s e f l o w s p e c i f i c conduc tance a t S t 1 was h i g h e r 

than normal ( f i g 6 . 5 ) . A l though f o r t h e s e samp l ing d a t e s 

s p e c i f i c conduc tance v a l u e s o v e r a l l a r e r e s p e c t i v e l y a p p r o x i ­

ma te l y 12% and 6% h i g h e r than normal the form of the s p e c i f i c 

conduc tance p r o f i l e rema ins r e l a t i v e l y unchanged ( f i g 7 . 4 ) . 

I n c l u d e d i n f i g 7.4 f o r c o m p a r a t i v e pu rposes i s the p r o f i l e 

f o r 20/7/76 wh ich i s t y p i c a l o f normal b a s e f l o w c o n d i t i o n s . 

The main f e a t u r e of the s p e c i f i c conduc tance p r o f i l e o f 

the N a r r a t o r Brook i s an i r r e g u l a r bu t pronounced i n c r e a s e 

downstream of S t 13 ( f i g 7 . 4 ) , T h i s c o i n c i d e s w i t h t he 
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T a b l e 7.5 Mean b a s e f l o w s p e c i f i c conduc tance and co ­
e f f i c i e n t s o f v a r i a t i o n r e c o r d e d a t 30 s a m p l i n g 
s i t e s a l ong the N a r r a t o r Brook. 

Mean Mean 

S p e c i f i c ^ S p e c i f i c ^ 

S t Conduc tance C o e f f i c i e n t ^ S t Conduc tance C o e f f i c i e n t 

No. 
(ymhos / cm Of. V a r i a t i o n (pmhos / cm Of V a r i a t i o n 

No. 
a t 25°C) (%) No. a t 25°C) (%) 

1 55.7 4.0 16 48.5 3.6 

2 55.5 4.2 17 48.0 3.7 

3 54.8 4.1 18 48.4 3.6 

4 52.4 4.1 19 48.0 3.6 

5 52.0 4.0 20 47.7 4.2 

6 52.0 4.2 21 47.9 4.5 

7 51.7 4.1 22 48.6 4.1 

8 51.6 4.1 23 48.6 4.2 

9 50.8 4.2 24 47.4 5.4 

lO 50.8 3.7 ,25 48.0 5.2 

11 51 .0 4.0 26 48.3 5.3 

12 50.3 3.6 27 48.9 5.3 

13 48.8 4.0 28 49.0 5.4 

14 48.8 4.0 29 49. 1 5.9 

15 48.3 3.7 30 46.5 4.1 

27 

appearance o f c o n i f e r s i n the ca tchment a r e a o f the N a r r a t o r 

Brook below S t 13. B a s e f l o w s p e c i f i c conduc tance p r o f i l e s 

were a l s o o b t a i n e d f o r t he o t h e r two major f e e d e r s t r e a m s o f 

the B u r r a t o r R e s e r v o i r , t he Meavy R i v e r and the Newleycombe 

Lake ( f i g 7 . 5 ) . Only the lower p a r t o f the Meavy R i v e r was 

sampled, below the p o i n t where t he r i v e r i s d i v e r t e d to the 

Devonport L e a t . Both s t r e a m s , l i k e t he N a r r a t o r Brook, 

have ca t chmen ts which a r e p a r t i a l l y f o r e s t e d a t t h e i r l ower 

ends. The Meavy R i v e r h a s p r o p o r t i o n a l l y more o f i t s 

ca tchment under f o r e s t (28.2%) than t h a t o f t he N a r r a t o r 
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2 6 0 . 9 7 0 . 9 6 0 . 9 5 0 . 6 2 0 . 9 4 0 . 9 4 0 . 9 4 0 . 9 6 0 . 9 3 0 . 9 6 0 . 9 7 0 . 9 6 0 - 9 8 0 . 9 7 0 . 8 9 0 . 9 7 

2 7 0 . 8 9 0 . 8 5 0 , 8 7 0 . 8 2 0 . 8 3 0 . 9 1 0 . 8 3 O . B O 0 . 7 7 0 . 8 1 0 . 8 7 0 . 8 0 0 . 9 1 0 . 8 9 0 . 6 8 0 . 8 6 

T a b l e 7.G C o r r e l a t i o n m a t r i x showing t he degree o f s i m i l a r i t 

conduc tance p r o f i l e s f o r i n d i v i d u a l samp l i ng d a t e s 

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 

2 0 . 9 5 
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S i g n i f i c a n c e 0 . 0 5 O.Ol 
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7 0 . 9 0 0 . 9 6 0 . 9 2 0 . 5 9 0 . 9 5 0 . 9 3 

B 0 . 9 2 0 . 9 6 0 . 9 4 0 . 4 9 0 . 9 7 0 . 9 3 0 . 9 6 

9 0 . 9 0 0 . 9 5 0 . 9 1 0 . 4 7 0 . 9 7 0 . 9 2 0 . 9 4 0 . 9 7 
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1 3 0 . 9 7 0 . 9 6 0 . 9 5 0 . 6 7 0 . 9 3 0 . 9 6 0 . 9 3 0 . 9 4 0 . 9 2 0 . 9 5 0 . 9 6 0 . 9 5 
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SnmpI inR D-itPH 

1 8 / 7 / 7 5 

2 2 2 / 7 / 7 5 

3 5 / 8 / 7 5 

4 1 9 / 8 / 7 5 

5 2 / 9 / 7 5 

6 1 6 / 9 / 7 5 

7 3 0 / 9 / 7 5 

8 1 4 / 1 0 / 7 5 

9 2 8 / 1 0 / 7 5 

1 0 9 / 1 2 / 7 5 

1 1 2 1 / 1 2 / 7 5 

1 2 6 / 1 / 7 6 

1 3 2 0 / 1 / 7 6 

1 4 1 7 / 2 / 7 6 

1 5 2 / 3 / 7 6 

1 6 1 6 / 3 / 7 6 

1 7 3 0 / 3 / 7 6 

1 8 1 3 / 4 / 7 6 

1 9 2 7 / 4 / 7 6 

2 0 1 1 / 5 / 7 6 

2 1 2 5 / 5 / 7 6 

2 2 8 / 6 / 7 6 

2 3 6 / 7 / 7 6 

2 4 2 0 / 7 / 7 6 

2 5 1 7 / 8 / 7 6 
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Compar ison of downstream b a s e f l o w s p e c i f i c 

conduc tance p r o f i l e s f o r t he N a r r a t o r Brook 

f o r s a m p l i n g d a t e s 3/7/75, 20/7/76 and 31/8/7G 

Brook ( 1 1 , 3 % ) , and the Newleycombe Lake ca tchment (2 .4%) has 

r a t h e r l e s s . The s o l u t e c o n c e n t r a t i o n p r o f i l e s of t h e s e 

two s t reams d i s p l a y the same g e n e r a l form a s the N a r r a t o r 

Brook ( f i g 7 . 6 ) . F o r a l l t h r e e s t r e a m s t h e r e i s no s i g n i ­

f i c a n t downstream i n c r e a s e i n s p e c i f i c conduc tance u n t i l 

each s t ream e n t e r s i t s r e s p e c t i v e f o r e s t e d sub-catchment 

from which p o i n t downstream i n c r e a s e i s s i g n i f i c a n t a t t he 

0.01 l e v e l o r b e t t e r . The downstream i n c r e a s e i n c o n c e n t r a ­

t i o n i s most pronounced i n the Meavy R i v e r , wh ich has t he 

g r e a t e s t p r o p o r t i o n o f i t s ca tchment under f o r e s t , and l e a s t 

marked i n the Newleycombe L a k e . R e s p e c t i v e r a t e s o f i n ­

c r e a s e downstream a r e 7.6, 5.9 and 4,8 pmhos pe r km o f r i v e r 

l e n g t h . From t h e s e o b s e r v a t i o n s t h e r e can be l i t t l e doubt 

t h a t i n some manner the p r e s e n c e o f f o r e s t c o v e r l o c a l l y i n ­

c r e a s e s b a s e f l o w s o l u t e c o n c e n t r a t i o n s . W a l l i n g and Webb 

(1975) i n a s tudy o f the s p a t i a l v a r i a t i o n o f b a s e f l o w 

s p e c i f i c conduc tance w i t h i n the Exe R i v e r B a s i n a l s o o b t a i n 

h i g h e r v a l u e s i n f o r e s t e d a r e a s than i n moor land a r e a s on 

the same l i t h o l o g y , but o f f e r no e x p l a n a t i o n * 
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F i g . 7.5 Dra inage b a s i n o f t he B u r r a t o r R e s e r v o i r showing 

the a r e a s under c o n i f e r o u s f o r e s t 

242 



60 

C o 

u 
« E 

50 

40 

A — 

SUBCATCHMENT 
PARTIALLY 
F O R E S T E D 

F O R E S T A B S E N T 
FROM 
SUBCATCHMENT 

— A Meavy River 
M........ • Narrator Brook 

o Newleycombe Lake 

-o-o, 

? Meavy River 

source 

.source 

\ •source 

agoo 

9 Narrator Brook 
3000 

9 Newleycombe Lake 3goo 

I 
Distance from Exit of Catchment (me t res ) 

CN 
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f o r t he N a r r a t o r Brook, Newleycombe Lake and Meavy R i v e r , J u l y 1976 



I n c r e a s i n g s o l u t e c o n c e n t r a t i o n downstream i s a c h a r a c ­

t e r i s t i c f e a t u r e o f many s t r e a m s . A s i d e from p o l l u t i o n , 

t h i s can r e s u l t from an i n c r e a s e downstream f i r s t l y i n t he 

supp l y o f s o l u t e from r o c k w e a t h e r i n g , s e c o n d l y i n t he 

supp l y o f s o l u t e s from the a tmosphere , o r - t h i r d l y i n t he 

r a t e o f e v a p o t r a n s p i r a t i o n , With r e s p e c t t o supp ly o f 

s o l u t e s from r o c k w e a t h e r i n g , i n ca t chmen ts c o n t a i n i n g two 

o r more rock t y p e s , the r o c k s more s u s c e p t i b l e t o c h e m i c a l 

denuda t i on o f t e n l i e i n the bottom o f t he catchment w i t h 

more r e s i s t a n t r o c k s o c c u p y i n g t he h i g h e r a l t i t u d e s . The 

Hodge Beck i n the Nor th Y o r k s h i r e Moors, f o r example, ex­

p e r i e n c e s r i s i n g s o l u t e c o n c e n t r a t i o n s downstream a f t e r t he 

s t ream p a s s e s from Lower O o l i t e and Upper L i a s i n t o M idd le 

and Lower L i a s (Imeson 1 9 7 3 ) . S i m i l a r l y t he downstream i n ­

c r e a s e i n s p e c i f i c conduc tance i n t he R i v e r Exe , Devon, i s 

a t t r i b u t e d by W a l l i n g & Webb (1975) t o the h i g h e r r a t e s o f 

denuda t i on o f t h e Permian and T r i a s s i c r o c k s u n d e r l y i n g t he 

lower p a r t s o f the d r a i n a g e b a s i n i n compar i son to t he more 

r e s i s t a n t Devonian r o c k s i n s t r e a m s o u r c e r e g i o n s . A l t hough 

the N a r r a t o r ca tchment i s u n d e r l a i n by a s i n g l e rock t y p e , 

the p o s s i b i l i t y canno t be e x c l u d e d t h a t the c o n i f e r o u s f o r e s t 

p l a n t a t i o n i n N a r r a t o r ca tchment , p o s s i b l y by a f f e c t i n g s o i l 

a c i d i t y , may be r e s p o n s i b l e f o r i n c r e a s i n g t h e r a t e o f 

c h e m i c a l denuda t i on i n the u n d e r l y i n g g r a n i t e . 

A second p o s s i b l e c a u s e f o r downstream i n c r e a s e i n 

s o l u t e c o n c e n t r a t i o n r e l a t e s t o s p a t i a l v a r i a t i o n s i n atmos­

p h e r i c f a l l o u t . Marked d e c l i n e s i n b u l k f a l l o u t c o n c e n t r a ­

t i o n s away from windward c o a s t s have been o b s e r v e d i n Sweden 

(Eriks-scrt 1955) , The U n i t e d S t a t e s (Junge & Werby 1958) , 

A u s t r a l i a (Hutton 1968) and B r i t a i n (S tevenson 1968) . A c c o r d ­

i ng to Rodda e t a l (1976) t he c h e m i c a l n a t u r e o f r i v e r s w i t h 

low s o l u t e c o n c e n t r a t i o n s i s i n f l u e n c e d by t he change i n 

c o m p o s i t i o n of r a i n f a l l a s the c o a s t i s approached. I t i s 

u n l i k e l y t h a t t h i s e x p l a n a t i o n can be a p p l i e d t o ca t chmen ts 

a s s m a l l as t h a t o f t he N a r r a t o r Brook. F o r the p e r i o d 

26/4/76 to 13/12/76 b u l k f a l l o u t was c o l l e c t e d a t s i t e above 

the f o r e s t p l a n t a t i o n c l o s e t o r a i n g a u g e 2 i n a d d i t i o n t o 
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the permanent samp l ing s i t e nea r r a i n g a u g e 1 a t the c a t c h ­

ment e x i t ( f i g 3 . 1 ) . A l though t he two s i t e s a r e s e p a r a t e d 

by a l m o s t two k i l o m e t r e s i n d i s t a n c e and 55 met res i n a l ­

t i t u d e , and a l s o have v e r y d i f f e r i n g e x p o s u r e s , c o n d u c t i v i ­

t i e s r e c o r d e d a t t h e two s i t e s a r e r e l a t i v e l y c o n s i s t e n t 

( f i g 7 . 7 ) . Weekly v a l u e s r a r e l y show more than 20% d i f f e r ­

ence and i n any c a s e t h e s e d i f f e r e n c e s a r e l a r g e l y random so 

t h a t mean p r e c i p i t a t i o n we igh ted s p e c i f i c conduc tance v a l u e s 

f o r the two s i t e s , o v e r the p e r i o d when both were i n o p e r a ­

t i o n , a r e v e r y s i m i l a r (34.0 and 33.6 ymhos a t r a i n g a u g e 

0 10 20 
Specific ctTKjuctance of bulk fanout. central catchment (micromhos/cm 

at 25*^:) 

F i g . 7.7 Compar ison of s p e c i f i c conduc tance o f b u l k 

f a l l o u t r e c o r d e d a t two s i t e s i n the 

N a r r a t o r ca tchment 
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s i t e s 1 and 2 r e s p e c t i v e l y ) . Johnson e t a l (1968) r e p o r t 

a s i m i l a r s p a t i a l u n i f o r m i t y i n c o n c e n t r a t i o n s o f b u l k f a l l ­

ou t w i t h i n a s m a l l New Eng land ca tchment a s does F o s t e r 

(1979) i n a s m a l l Devon ca tchmen t . However, where i m p a c t i o n 

o f wind blown s a l t p a r t i c l e s i s an i m p o r t a n t component o f 

a t m o s p h e r i c f a l l o u t , s p a t i a l v a r i a b i l i t y i s l i k e l y t o be 

much g r e a t e r s i n c e the e f f e c t i v e n e s s o f t h i s p r o c e s s i s de­

pendent upon the t ype o f v e g e t a t i o n c o v e r (Gorham 1 9 6 1 ) . 

A c c o r d i n g to E r i k s o n (1955) the n e e d l e l e a v e s o f c o n i f e r o u s 

t r e e s a r e p a r t i c u l a r l y e f f i c i e n t i n f i l t e r i n g s a l t p a r t i c l e s 

from t he atmosphere. C h e m i c a l mass b a l a n c e s t u d i e s o f 

s m a l l ca t chmen ts under c o n i f e r o u s f o r e s t , o f t e n r e v e a l an 

e x c e s s o f c h l o r i d e l e a v i n g the ca tchment i n s t r e a m wa te r o v e r 

t h a t e n t e r i n g the ca tchment i n bu l k f a l l o u t , and t h i s i s 

g e n e r a l l y a t t r i b u t e d t o i m p a c t i o n o f a t m o s p h e r i c s a l t s on t h e 

f o r e s t canopy (Juang & Johnson 1967, White e t a l 1971, 

Zeman 1975) . Spraggs ( 1 9 7 6 ) , on the o t h e r hand, i n a 

c h e m i c a l mass b a l a n c e s tudy o f a Hampshire ca tchment o b t a i n s 

g r e a t e r i n p u t s o f c h l o r i d e i n t he form o f b u l k f a l l o u t t h a n 

o u t p u t s i n s t ream wa te r even though t h e ca tchment i s d e n s e l y 

wooded, much o f i t c o n i f e r o u s , and a l s o l i e s c l o s e t o t he 

c o a s t . S i m i l a r r e s u l t s from some A u s t r a l i a n ca t chmen ts a r e 

d e s c r i b e d by Douglas (1968b ) . The s o l u t e c o n c e n t r a t i o n o f 

t h r o u g h f a l l ' from a c o n i f e r o u s f o r e s t canopy i s o f t e n 

a p p r e c i a b l y h i g h e r t han the s o l u t e c o n c e n t r a t i o n of b u l k 

f a l l o u t , and t h i s a l s o has been a s c r i b e d t o i m p a c t i o n o f 

a i r - b o r n e s a l t p a r t i c l e s (Tamm 1953, White & T u r n e r 1970, 

Ha r t & P a r e n t 1974 ) . However, A t t i w i l l (1966) m a i n t a i n s 

t h a t h i g h t h r o u g h f a l l c o n c e n t r a t i o n s can be a s much a r e s u l t 

o f f o l i a r l e a c h i n g a s i m p a c t i o n o f a t m o s p h e r i c s a l t s . The 

i n f l u e n c e o f f o l i a r l e a c h i n g upon s t ream s o l u t e c o n c e n t r a t i o n 

i s l i k e l y to be minor . F o s t e r ( 1 9 7 9 ) , i n a s m a l l Devon 

ca tchment , d i s c o v e r e d t h a t t he l a r g e i n c r e a s e i n p o t a s s i u m 

c o n c e n t r a t i o n i n t h r o u g h f a l l compared to b u l k f a l l o u t , wh ich 

he a t t r i b u t e s t o f o l i a r l e a c h i n g , does not a f f e c t t he 

p o t a s s i u m c o n c e n t r a t i o n o f s t r e a m wate r and c o n c l u d e d t h a t 

s o l u t e s r e l e a s e d by f o l i a r l e a c h i n g a r e r e c y c l e d , 
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The t h i r d p o s s i b l e mechanism t o e x p l a i n downstream i n ­

c r e a s e s i n s o l u t e c o n c e n t r a t i o n i n t he N a r r a t o r Brook i s 

d i f f e r e n t i a l e v a p o t r a n s p i r a t i o n and/or i n t e r c e p t i o n . I n ­

c r e a s e d r a t e s o f e v a p o t r a n s p i r a t i o n and i n t e r c e p t i o n by the 

f o r e s t p l a n t a t i o n i n compar i son t o o t h e r v e g e t a t i o n t y p e s i n 

the N a r r a t o r ca tchment would reduce t h e volume o f wa te r 

p a s s i n g th rough t he f o r e s t e d a r e a . I f t he a v a i l a b i l i t y o f 

s o l u t e s from r o c k w e a t h e r i n g and a t m o s p h e r i c f a l l o u t remained 

unchanged, the s o l u t e c o n c e n t r a t i o n o f wa te r d r a i n i n g the 

f o r e s t e d a r e a would be g r e a t e r t han u n f o r e s t e d a r e a s . T h i s 

e x p l a n a t i o n i s pe rhaps suppo r ted by the low b a s e f l o w r u n o f f 

from the f o r e s t e d a r e a o f the N a r r a t o r ca t chmen t . B a s e f l o w 

r u n o f f f o r the p e r i o d o f o b s e r v a t i o n i s 1 331 mm a t S t 11 

above the f o r e s t p l a n t a t i o n compared w i t h 1 151 mm a t the 

ca tchment e x i t . 

I t i s not p o s s i b l e to e s t a b l i s h w i t h any c o n f i d e n c e the 

r e l a t i v e impor tance o f the t h r e e mechanisms o u t l i n e d above 

a s f a r as the N a r r a t o r ca tchment i s c o n c e r n e d . Some i n -

i n s i g h t can be o b t a i n e d by compar i son o f t he c h e m i c a l 

c o m p o s i t i o n o f s p r i n g s , seeps and t r i b u t a r i e s d r a i n i n g 

f o r e s t a r e a s d u r i n g b a s e f l o w w i t h t h o s e d r a i n i n g g r a s s l a n d 

o r moorland a r e a s . S m a l l t r i b u t a r i e s , s p r i n g s and s e e p s 

p r o v i d e a more a c c u r a t e i n d i c a t i o n o f l o c a l groundwater 

c h e m i s t r y than t he main s t ream s i n c e they have s m a l l e r d r a i n ­

age a r e a s . The mean s p e c i f i c conduc tance o f samples drawn 

from s p r i n g s , seeps and t r i b u t a r i e s i n t he f o r e s t i s 74.6 ^ 

pmhos i n compar i son to 55.2 pmhos f o r n o n - f o r e s t a r e a s ( t a b l e 

7 . 7 ) , T h i s d i f f e r e n c e i s s i g n i f i c a n t a t b e t t e r than t he 

,001 l e v e l . The c o n c e n t r a t i o n s i n t h e s e samp les o f c h l o r i d e , 

wh ich i s s u p p l i e d e n t i r e l y from a t m o s p h e r i c f a l l o u t , and 

s i l i c a , wh ich i s d e r i v e d e n t i r e l y from r o c k w e a t h e r i n g , a r e 

both s i g n i f i c a n t l y g r e a t e r i n the f o r e s t e d r e g i o n o f the 

ca tchmen t . C h l o r i d e , however, undergoes a g r e a t e r p ropo r ­

t i o n a l i n c r e a s e than s i l i c a . The r a t i o o f s i l i c a t o 

c h l o r i d e i n the f o r e s t e d r e g i o n o f the ca tchment i s s i g n i f i ­

c a n t l y l e s s than t h i s r a t i o f o r the n o n - f o r e s t e d r e g i o n 

(0.61 and 0.71 r e s p e c t i v e l y ) . T h i s does not i n d i c a t e wh ich 
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T a b l e 7.7 S p e c i f i c conduc tance , c h l o r i d e and s i l i c a c o n c e n ­
t r a t i o n f o r t r i b u t a r i e s , s p r i n g s and seeps i n 
f o r e s t e d and n o n - f o r e s t e d r e g i o n s o f the N a r r a t o r 
ca tchment . 

R a t i o : 

F o r e s t 

67 

88 

79 

88 

57 

70 

66 

78 

63 

a 
a 
0 ) 

c 
fO 

yi 
c 

- H 

Q4 
tn 

74 

66 

74 

57 

89 

87 

71 

64 

89 

91 

Mean 74.6 

t 

S i g n i f i ­
c a n c e 

7.0 

001 

25°C) C h l o r i d e S i l i c a S i l i c a / C h l o r i d e 

open F o r e s t Open F o r e s t Open F o r e s t Open 

59 11.9 lO.O 6.9 7.5 0.58 0.75 

53 14.9 9.2 7.9 6.2 0.53 0.67 

59 13.6 9.9 8.4 6.0 0.62 0.61 

56 16.3 9.3 7.1 8.8 0.44 0.95 

52 10.3 8.9 7.1 5.4 0.69 0.61 

54 11.7 8.9 9.2 7.1 0.79 0.80 

54 11.4 9.1 9.9 7.1 .0.87 0.78 

53 12.8 9.4 7.1 6.0 0.55 0.66 

50 12.0 8.7 9.0 6.4 0.75 0.74 

47 8.4 5.8 0.69 

49 8.5 6.9 0.81 

48 8.5 5.6 0.66 

47 8.3 5.4 0.65 

46 8.4 5.6 0.67 

57 12.6 10.4 6.4 5.8 0.51 0.56 

57 10.6 lO.O 5.4 7.3 0.51 0.73 

53 12.1 9.3 8.8 5.1 0.73 0.55 

57 9.4 9.1 6.0 7.3 0.64 0.80 

58 14. 1 8.8 10.3 8.6 0.73 0.98 

62 1 .38 10.0 8.8 7.1 0.64 0.71 

55 12.2 9.1 6.6 6.4 0.54 0.70 

60 10.8 9.9 7.1 6.2 0.66 0.63 

58 15.1 9.6 6.6 7.5 0.44 0.78 

61 15.8 9.5 7.1 7.1 0.45 0.75 

58 8.8 6.9 0.78 

64 10. 1 6.2 0.61 

63 9.7 6.0 0.62 

55.2 12.7 9.3 7.7 6.6 0.61 0.71 

7.6 3.1 2.8 

.001 .Ol .01 

1 Samples c o l l e c t e d by a u t h o r 19/11/76 
2 Samples c o l l e c t e d by J . L . T e r n a n 14/3/77 
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i s t he dominant p r o c e s s r e s p o n s i b l e f o r i n c r e a s e d s t r e a m 

s o l u t e c o n c e n t r a t i o n s i n the f o r e s t e d r e g i o n o f the 

N a r r a t o r ca tchmen t . I t does s u g g e s t , however, t h a t p r e ­

f e r e n t i a l en t rapment o f a t m o s p h e r i c s a l t s by t he f o r e s t i s 

o f some s i g n i f i c a n c e . 

R e g a r d l e s s o f t h e p r o b a b l e mechanism r e s p o n s i b l e , down 

s t r e a m v a r i a t i o n s i n b a s e f l o w s p e c i f i c conduc tance p e r p e ­

t r a t e d by f o r e s t c o v e r i n the ca tchment can be mode l led on 

the b a s i s o f a s i m p l e m ix ing e q u a t i o n : 

Cy = A.C + A C 

A / ^ A / 

where C^ i s t he s p e c i f i c conduc tance o f b a s e f l o w a t any 

p o i n t a l o n g t he f o r e s t e d s e c t i o n o f the s t r eam; 

A- i s t he a r e a o f n o n - f o r e s t e d ca tchment above t he 
A 

p o i n t on the s t ream t o wh ich C^ r e f e r s ; 

C i s the s p e c i f i c conduc tance o f b a s e f l o w s u p p l i e d 

from n o n - f o r e s t e d r e g i o n s o f t h e ca tchment ; 

Ap i s the a r e a o f f o r e s t e d ca tchment above C^; and 

Cp i s t he s p e c i f i c conduc tance o f b a s e f l o w s u p p l i e d 
from the f o r e s t e d r e g i o n s o f t he ca tchmen t . 

T h i s i s e q u a l l y a p p l i c a b l e to o t h e r ca tchmen ts where 

s t ream s o l u t e c o n c e n t r a t i o n s a r e i n f l u e n c e d by a p a r t i a l 

c o v e r o f f o r e s t w i t h i n the ca tchmen t . I t i s , however, 

l i m i t e d t o ca t chmen ts u n d e r l a i n by a s i n g l e r o c k type and 

a l s o t o s m a l l ca t chmen ts ove r wh ich h y d r o m e t e o r o l o g i c a l con­

d i t i o n s can be c o n s i d e r e d r e l a t i v e l y u n i f o r m . The model 

can be t e s t e d by c o r r e l a t i o n o f the p r o p o r t i o n a l i n c r e a s e i n 

b a s e f l o w s p e c i f i c conduc tance C^ f o r v a r i o u s samp l ing s i t e s 

a l o n g the s t r e a m a g a i n s t the p r o p o r t i o n a l a r e a l r e p r e s e n t a ­

t i o n o f f o r e s t i n t he sub-ca tchment above each s i t e sampled 

F The s p e c i f i c conduc tance o f b a s e f l o w s u p p l i e d from 

"A * 

n o n - f o r e s t e d r e g i o n s o f t h e ca tchment C^ can be a p p r o x i -
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mated by a mean o f o b s e r v e d s t r e a m b a s e f l o w s p e c i f i c conduc­

t a n c e f o r a l l samp l ing s i t e s i n t h i s r e g i o n . Fo r t he 

N a r r a t o r Brook, Newleycombe Lake and Meavy R i v e r C v a l u e s 

o b t a i n e d i n t h i s way a r e 47.6, 47.8 and 52.2 ymhos r e s p e c ­

t i v e l y ( t a b l e 7 . 8 ) . V a l u e s f o r the N a r r a t o r Brook and 

Newleycombe Lake a r e v e r y s i m i l a r ; b a s e f l o w c o n c e n t r a t i o n s 

i n n o n - f o r e s t e d r e g i o n s p r o b a b l y do not d e v i a t e g r e a t l y from 

around 48 umbos ove r t he l a r g e r p a r t o f Dartmoor. The C^ 

v a l u e f o r t h e Meavy ca tchment i s h i g h e r p o s s i b l y due to t he 

p r a c t i c e o f s a l t i n g r oads on Dartmoor d u r i n g w i n t e r months. 

The Y e l v e r t o n to P r i n c e t o n road r u n s th rough the Meavy c a t c h ­

ment f o r a d i s t a n c e o f f o u r k i l o m e t r e s and s a l t washed from 

t h i s s t r e t c h o f road may be r e s p o n s i b l e f o r i n c r e a s i n g 

"groundwater c o n c e n t r a t i o n s i n t he ca tchment ( f i g 7 , 5 ) . 

S i n c e the t u r n o v e r i n groundwater s t o r a g e i s s low the r e s u l t ­

i ng e f f e c t upon s t r e a m b a s e f l o w c o n c e n t r a t i o n i s l i k e l y to be 

s u s t a i n e d th roughou t t he y e a r . Credence i s l e n t to t h i s 

e x p l a n a t i o n by a s t e a d i l y r i s i n g b a s e f l o w s o l u t e c o n c e n t r a t i o n 

i n an ups t ream d i r e c t i o n i n t h e Meavy R i v e r from 51,7 umbos 

T a b l e 7.8 E f f e c t of f o r e s t c o v e r upon b a s e f l o w s p e c i f i c 
conduc tance i n t he ca tchments of the N a r r a t o r Brook, 
Newleycombe Lake and Meavy R i v e r . 

N a r r a t o r Newleycombe Meavy 

Catchment Catchment Catchment 

Catchment a r e a (Km^) 4.68 4.70 
* 

3.58 

F o r e s t a r e a , (Km^) 0.53 0.115 1 .Ol 

L e n g t h o f f o r e s t marg in L(Km) 2.8 1.2 3.4 

o b s e r v e d C {umhos/cm a t 25*^C) 
A 

47.6 47.8 52.2 

C o r r e c t e d C^(pmhos/cm a t 25 C) 49.0 47.0 51.8 

Computed C^ (vimhos/cm a t 25 C) no.8 239. 1 97.5 

C /C 2.26 5.09 1 .88 
F A 

5.28 10.43 3.37 

* C o n t r i b u t i n g ca t chmen t a r e a o n l y ( s e e f i g 7 .5) 

2 50 



j u s t b e f o r e the s t ream e n t e r s t he f o r e s t t o 

58.6 pmhos clo.se t o i t s s o u r c e ; t he road c r o s s e s 

t he upper p a r t of t he ca tchmen t . The b a s e f l o w c o n c e n t r a t i o n 

o f the Har t Tor Brook, a t r i b u t a r y o f t he Heavy R i v e r wh ich 

has no r o a d s i n i t s ca tchment , i s around 47 to 48 ymhos 

match ing t h a t o f the N a r r a t o r Brook and Newleycombe L a k e . 

The e f f e c t o f road s a l t upon s t r e a m s o l u t e c o n c e n t r a t i o n has 

p r e v i o u s l y been d e s c r i b e d by Mulkowicz & Salem (1974) i n a 

ca tchment n e a r C h i c a g o , and by Edwards (1973a) i n a N o r f o l k 

ca tchmen t . 

F o r a l l t h r e e c a t c h m e n t s , t he pa ramete r F e x p l a i n s 

a t l e a s t 93% of v a r i a n c e i n b a s e f l o w s o l u t e c o n c e n t r a t i o n s 

i l l u s t r a t i n g the l a r g e measure o f s u c c e s s a c h i e v e d by t h e 

p roposed model ( e q u a t i o n 5.2; f i g 7 . 8 ) . Both the r e ­

g r e s s i o n c o e f f i c i e n t s and i n t e r c e p t v a l u e s , however, d i f f e r 

a p p r e c i a b l y f o r the t h r e e c a t c h m e n t s . 

F o r a l l t h r e e r e g r e s s i o n s , i n t e r c e p t v a l u e s d e v i a t e 

from u n i t y . A c c o r d i n g to the p roposed model ( e q u a t i o n 5.2) 

when f o r e s t i s a b s e n t i n t he catchment t h e r e s h o u l d be no 

i n c r e a s e i n s t ream s o l u t e c o n c e n t r a t i o n , so t h a t when 

e q u a l s z e r o , C^ s h o u l d e q u a l 1.0. T h i s may be a 

r e s u l t of some s l i g h t i n a c c u r a c y i n the e s t i m a t i o n o f C^ ob­

t a i n e d from mean b a s e f l o w s p e c i f i c conduc tance f o r non-

f o r e s t e d r e g i o n s i n each o f the t h r e e c a t c h m e n t s . When the 

r e g r e s s i o n c o n s t a n t s a r e a d j u s t e d to u n i t y , c o r r e c t e d C^ 

v a l u e s f o r the N a r r a t o r Brook. Newleycombe Lake and Meavy 

R i v e r a r e 49.0, 47.0, and 51.8 umhos r e s p e c t i v e l y wh ich a r e 

v e r y s i m i l a r t o the o b s e r v e d C^ v a l u e s o f 47.6, 47.8 and 

52.2 ijmhos ( t a b l e 7.8) . 

The d i f f e r i n g r e g r e s s i o n c o e f f i c i e n t s f o r the t h r e e 

s t r e a m s i n d i c a t e t h a t a l t h o u g h i n a l l t h r e e s t r e a m s b a s e f l o w 

s o l u t e c o n c e n t r a t i o n i n c r e a s e s i n r e s p o n s e to the p r o p o r t i o n 

o f ca tchment f o r e s t e d i t does so a t a d i f f e r e n t r a t e i n each 

c a s e . T h i s can o n l y mean t h a t t he s p e c i f i c conduc tance o f 

b a s e f l o w s u p p l i e d from the f o r e s t a r e a Cp d i f f e r s f o r t he 
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V 3 i 

CY 

CA 

X MEAVY RIVER 

« NEWLEYCOMBE L A K E 

o NARRATOR BROOK 

AF 

F i g . 7 . 8 

AA+AF 

R e l a t i o n o f b a s e f l o w s p e c i f i c conduc tance 

t o a r e a o f ca tchment f o r e s t e d f o r the 

N a r r a t o r Brook, Newleycombe Lake and Meavy 

R i v e r , See e q u a t i o n 7.2 f o r n o t a t i o n . 

t h r e e c a t c h m e n t s . V a l u e s o f , o b t a i n e d by s u b s t i t u t i o n 

i n e q u a t i o n 5.2 f o r t he N a r r a t o r , Newleycombe and Meavy 

ca t chmen ts a r e 1 10.8, 239.1 and 97.5 vimhos r e s p e c t i v e l y . 

The r a t i o of b a s e f l o w s p e c i f i c conduc tance from f o r e s t e d and 

n o n - f o r e s t e d r e g i o n s i s a measure o f the degree t o wh ich 

s o l u t e s have been c o n c e n t r a t e d by f o r e s t c o v e r ( t a b l e 7 , 8 ) , 

I n the N a r r a t o r ca tchment , f o r example, s p e c i f i c conduc tance 

o f b a s e f l o w s u p p l i e d from the f o r e s t has been i n c r e a s e d by a 
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f a c t o r o f 2.26, compared w i t h 5.09 and 1.88 f o r the Meavy 

and Newleycombe ca t chmen ts r e s p e c t i v e l y . 

These d i f f e r e n c e s i n Cp v a l u e s f o r t he f o r e s t e d a r e a s 

o f the t h r e e ca tchmen ts seems t o be r e l a t e d to the shape and 

s i z e o f the p l a n t a t i o n i n each ca tchment ( f i g 7 . 5 ) . I n ­

c r e a s e i n s p e c i f i c conduc tance i s g r e a t e r f o r f o r e s t p l a n t a ­

t i o n s wh ich have a l o n g e r p e r i m e t e r i n r e l a t i o n to a r e a l ex ­

t e n t ( t a b l e 7 . 8 ) . The i n f l u e n c e o f the l e n g t h o f f o r e s t 

p e r i m e t e r can be accommodated i n two o f t h e mechanisms p r e ­

v i o u s l y d i s c u s s e d to e x p l a i n h i g h e r s o l u t e c o n c e n t r a t i o n s 

w i t h i n t h e f o r e s t . I t might be e x p e c t e d t h a t i f i m p a c t i o n 

o f a t m o s p h e r i c s a l t s i s an i m p o r t a n t p r o c e s s i n the N a r r a t o r 

ca tchment h i g h e r r a t e s would o c c u r a l ong f o r e s t ma rg ins , 

s i n c e he re t h e r e i s a g r e a t e r s u r f a c e a r e a o f v e g e t a t i o n ex ­

posed t o s a l t b e a r i n g w inds . Exposu re t o w inds a l ong f o r e s t 

marg ins i s a l s o l i k e l y t o promote e v a p o t r a n s p i r a t i o n . F o r e s t 

i n t e r i o r s a r e more s h e l t e r e d and c i r c u l a t i o n i s reduced w i t h 

the r e s u l t t h a t t he atmosphere benea'th the f o r e s t canopy r e ­

mains more humid t h e r e b y i n h i b i t i n g e v a p o t r a n s p i r a t i o n . The 

margin e f f e c t means t h a t t he s p e c i f i c conduc tance o f b a s e f l o w 

from f o r e s t e d a r e a s i s no t s p a t i a l l y u n i f o r m and the v a l u e s 

quoted i n t a b l e 7.5 a r e mean a r e a l v a l u e s . The s p e c i f i c 

conduc tance o f samples o f groundwater drawn from s e v e r a l 

b o r e h o l e s w i t h i n t he f o r e s t a r e a o f the N a r r a t o r ca tchment 

range from 65 to 140 ymhos ( J . A l e x a n d e r , p e r s . comm.) com­

pared t o a computed v a l u e o f 110 pmhos. 

A l though the i n c r e a s e i n s p e c i f i c conduc tance downstream 

i n the lower h a l f o f the N a r r a t o r Brook i s a permanent 

f e a t u r e , s i g n i f i c a n t t e m p o r a l changes i n t he upper h a l f o f 

the s t r eam can be d e t e c t e d . These changes emerge v e r y 

c l e a r l y from a n a l y s i s o f the v a r i a b i l i t y i n s p e c i f i c conduc­

t a n c e v a l u e s a t each s i t e . I f v a r i a b i l i t y i n s p e c i f i c con­

d u c t a n c e a t each s i t e were the same, i t would i n d i c a t e t h a t 

t h i s v a r i a b i l i t y i s due e n t i r e l y to an upward or downward 

s h i f t i n the s p e c i f i c conduc tance p r o f i l e w i t h o u t any a p p r e ­

c i a b l e change i n form a s i l l u s t r a t e d i n f i g 7.4. I n r e a l i t y 
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the c o e f f i c i e n t o f v a r i a t i o n f o r each o f t he 30 s t a t i o n s i n ­

c r e a s e s s h a r p l y from S t 30 t o S t 29 ( f i g 7 . 9 ) . T h e r e a f t e r 

i t d e c r e a s e s g r a d u a l l y downstream u n t i l S t 19 beyond wh ich 

v a l u e s a r e r e l a t i v e l y c o n s t a n t . 

T h e ' r i s e i n s p e c i f i c conduc tance from S t 30 to S t 29 

which i s i l l u s t r a t e d by the p r o f i l e s i n f i g 7.4 i s due t o 

d i s c h a r g e o f wa te r from marshes j u s t ups t ream o f S t 29 w i t h 

a h i g h e r s p e c i f i c conduc tance than the s t r e a m . A sample o f 

the o u t f l o w from the l a r g e s t of t h e s e marshes c o l l e c t e d i n 

6/7/76 r e c o r d e d a s p e c i f i c conduc tance o f 49.5 ymhos i n com-' 

p a r i s o n t o 47.1 pmhos a t S t 29 and 44.9 ymhos a t S t 30 on 

the same day. The h i g h s p e c i f i c conduc tance a t S t 29 i s 

g r a d u a l l y d i l u t e d w i t h i n c r e a s i n g d i s c h a r g e downstream t o 

about S t 19. The h i g h c o e f f i c i e n t o f v a r i a t i o n a t S t 29 

means t h a t the supp l y o f s o l u t e s from marshes above S t 29 i s 

v a r i a b l e . The r a t e o f d e c l i n e i n s p e c i f i c conduc tance from 

S t 29 downstream i s c o r r e s p o n d i n g l y v a r i a b l e and i s r e f l e c t e d 

i n d e c l i n i n g v a l u e s f o r c o e f f i c i e n t o f v a r i a t i o n from 5.9% 

a t S t 29 to 3.6% a t S t 19. 

T h i s v a r y i n g t r e n d i n the s p e c i f i c conduc tance p r o f i l e 

6n 

I 5 
Of 

IV 

8^ 

F i q . 7.9 
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f o r the upper h a l f of the N a r r a t o r Brook i s b e s t i l l u s t r a t e d 

by the c o n t r a s t between samp l i ng d a t e s 13/4/76 and 14/9/76 

( f i g 7 ,10 ) . A l s o i n c l u d e d i n f i g 7.10 as i n f i g 7.4 i s the 

p r o f i l e f o r 20/7/76 f o r c o m p a r a t i v e p u r p o s e s . On 13/4/76 

the s p e c i f i c conduc tance p r o f i l e changes l i t t l e downstream 

from S t 30 w h i l e on 14/9/76 s p e c i f i c conduc tance r i s e s from 

45.5 ymhos a t S t 30 to 53.2 umhos a t S t 29. By S t 19 t he 

s p e c i f i c conduc tance p r o f i l e s f o r the two d a t e s merge t o ­

g e t h e r once more. T h i s a b e r r a t i o n i n the s p e c i f i c conduc­

t a n c e p r o f i l e , c a u s e d by v a r i a t i o n s i n t he s o l u t e d i s c h a r g e 

o f marshes ups t ream of S t 29, i s r e s p o n s i b l e f o r the few low 

c o r r e l a t i o n c o e f f i c i e n t s i n t a b l e 7.6. The c o r r e l a t i o n be­

tween samp l i ng d a t e s 13/4/76 and 14/9/76, f o r example, i s 

o n l y 0-79 (n = 3 0 ) . 

The c a u s e o f v a r i a t i o n s i n t he s o l u t e o u t f l o w from t h e 

marshes canno t be e s t a b l i s h e d from the l i m i t e d o b s e r v a t i o n s 

a v a i l a b l e . The d i f f e r e n c e i n s p e c i f i c conduc tance between 

S t 29 and 30 v a r i e s from 0.6 to 8.5 ymhos f o r t he 27 samp l i ng 

d a t e s . These v a r i a t i o n s a r e not s i g n i f i c a n t l y r e l a t e d to 
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v a r i a t i o n s i n the c o n c e n t r a t i o n o f sed iment a t S t 2 7 wh ich 

i s composed l a r g e l y of humic c o l l o i d s a l s o d i s c h a r g e d from 

marshes i n t h i s r e g i o n ( r = 0 . 3 2 , n = 2 7 ) . The f a c t t h a t 

h i g h e s t s p e c i f i c conduc tance o c c u r s a t S t 2 9 w h i l e h i g h e s t 

sed iment c o n c e n t r a t i o n i s f u r t h e r downstream a t S t 2 7 im­

p l i e s t h a t the marshes wh ich s u p p l y t h e b u l k o f the c o l l o i d a l 

humus a r e not the same as t h o s e wh ich a r e r e s p o n s i b l e f o r 

i n c r e a s i n g the s p e c i f i c conduc tance o f the s t r e a m . The 

d i f f e r e n c e i n s p e c i f i c conduc tance between S t s 2 9 and 3 0 was 

t e s t e d i n m u l t i p l e c o r r e l a t i o n a g a i n s t a n t e c e d e n t p r e c i p i t a ­

t i o n ( A P I ^ Q ) , s t a g e a t s t a t i o n 2 9 , and season ( t a b l e 7 . 9 ) . 

S t r o n g e s t c o r r e l a t i o n i s w i t h A P I ^ ^ ( r = 0 , 7 6 , n = 2 7 ) . The 

s i g n i f i c a n c e o f A P I ^ ^ i s p r o b a b l y r e l a t e d to the r a t e o f 

o u t f l o w from marshes . I n c r e a s e d o u t f l o w from marshes when 

the ca tchment i s wet r e i n f o r c e s t h e i r i n f l u e n c e upon s t r e a m 

c o n d u c t i v i t y . T h i s t r e n d i s opposed by chang ing s t a g e a t 

S t 2 9 wh ich a l s o c o n t r i b u t e s s i g n i f i c a n t l y to t he m u l t i p l e 

T a b l e 7 .9 R e s u l t s o f m u l t i p l e r e g r e s s i o n a n a l y s i s o f the 
d i f f e r e n c e i n s p e c i f i c conduc tance between S t s 
2 9 and 3 0 ( d a t a u n t r a n s f o r m e d ) . 

DEPENDENT VARIABLE 

D i f f e r e n c e i n s p e c i f i c c o n d u c t a n c e between S t s 29 and 30. 

T o t a l 2nd Orde r P a r t i a l 
C o r r e l a t i o n C o r r e l a t i o n P a r t i a l 

I ndependen t V a r i a b l e s C o e f f i c i e n t s C o e f f i c i e n t s F V a l u e s 

1 A n t e c e d e n t p r e c i p i t a ­
t i o n (API^^^") 0.76 0.81 33.42 

2 S t ream s t a g e a t S t 29 -0.36 -0.45 9.88 

3 S e a s o n a l i ndex -0.32 0.06 0.08 b §• o 0 
G j ft) r r tn 
fD ht (-i r -

LEVEL OF < H; 
S IGNIFICANCE 0.01 O.OOl § a c 
r 0.49 0.60 d £u b* o 

rr r CD 

F 7.77 f o r 1 t o 7.88 f o r 3 13.88 t o 14.19 < E" n- S 
tu :3 O n n 
CD 

n = 27 P e r c e n t E x p l a n a t i o n ( a i l v a r i a b l e s ) 69.8% cr 
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r e g r e s s i o n . When s t a g e a t S t 29 r i s e s more r a p i d l y i n 

r e l a t i v e terms than o u t f l o w from bog s o u r c e s t h e i r i n f l u e n c e 

becomes d i l u t e d . These two v a r i a b l e s t o g e t h e r a c c o u n t f o r 

70% of the v a r i a n c e i n the d i f f e r e n c e i n s p e c i f i c conduc tance 

between S t s 29 and 30. Season has no s i g n i f i c a n t i ndepen ­

dent e f f e c t . 

Ou t f l ow from marshes i n t he r e g i o n o f the N a r r a t o r Brook 

from S t 27 to S t 30 not o n l y c o n t r i b u t e s s u b s t a n t i a l l y t o 

s t r e a m f l o w d u r i n g b a s e f l o w c o n d i t i o n s but a l s o c o n t r i b u t e s 

even more s u b s t a n t i a l l y t o suspended sed iment and s o l u t e 

t r a n s p o r t . U n e x p l a i n e d f l u c t u a t i o n s i n t h i s c o n t r i b u t i o n 

have a marked e f f e c t upon the b a s e f l o w sed iment c o n c e n t r a t i o n 

and s p e c i f i c conduc tance p r o f i l e s i n the upper r e a c h e s o f 

the N a r r a t o r Brook. F o r t h e s e r e a s o n s t h i s phenomenon c e r ­

t a i n l y w a r r a n t s more d e t a i l e d r e s e a r c h . I d e a l l y t h i s would 

i n v o l v e m o n i t o r i n g the o u t f l o w from each o f the more i m p o r t ­

an t marshes . 

7,2 Ccmpar i son c f y i e l d s between sub-

ca t chmen ts 

7.2.1 Suspended Sediment 

Y i e l d o f sed iment o r s o l u t e s i s t he p r o d u c t o f concen ­

t r a t i o n and r u n o f f . Due to t he l i m i t a t i o n s o f the d i s ­

cha rge r a t i n g c u r v e s , d e t e r m i n a t i o n o f r u n o f f a t the t h r e e 

gaug ing s i t e s a l o n g t h e N a r r a t o r Brook i s s u b j e c t t o a 

c e r t a i n amount o f i n a c c u r a c y wh ich i s t r a n s f e r r e d to e s ­

t i m a t e d sed iment and s o l u t e y i e l d s . Recorded depth o f r u n ­

o f f a t S t 1 ove r the p e r i o d o f o b s e r v a t i o n i s 17% l e s s t h a n 

a t S t 11 (1 312 and 1 582 mm r e s p e c t i v e l y - t a b l e 7 . 1 0 ) . 

T h i s drop i n r u n o f f a t S t 1 c o u l d pe rhaps i n p a r t be 

a t t r i b u t e d t o h i g h e r r a t e s o f i n t e r c e p t i o n and/or e v a p o t r a n s -

p i r a t i o n by f o r e s t c o v e r i n compar i son to g r a s s l a n d o r moor­

l a n d . However, t h e r e i s s t r o n g e v i d e n c e to s u g g e s t t h a t 

t h e r e i s seepage of wa te r from the c h a n n e l i n t he f o r e s t s e c ­

t i o n o f the s t ream i n t o t he u n d e r l y i n g growan. 

On the 8 th of J u l y 1976 d u r i n g low b a s e f l o w and on t he 
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T a b l e 7.10 Outpu ts from t h r e e n e s t e d sub-ca tchments o f t h e 
N a r r a t o r Brook f o r the p e r i o d 26/5/75-13/12/76. 

Sub-catchment: above: S t 21 S t U S t 1 

D r a i n a g e a r e a (:<in= ) 2.56 3.67 4.68 

Mean s l o p e (°) 5.8 7.6 8.0 

D r a i n a g e d e n s i t y (Km/Km^) 0.89 1 .50 2.06 

M o o r l a n d / s t a g n o p o d s o l (%) 99.0 81.7 69.8 

G r a s s l a n d / b r o w n e a r t h (%) 1 .0 16.4 18.7 

F o r e s t / b r o w n e a r t h (%) 0 1.9 11.5 

T o t a l r u n o f f (mm) 1420 1582 1312 

B a s e f l o w r u n o f f (mm) 1148 1331 1150 

Q u i c k f l o w r u n o f f (ram) 272 251 162 

Suspended sed imen t ( t ) 5.2 19.0 18.8 

d i s c h a r g e Ct/Km^) 3.32 5.17 4.02 

S o l u t e d i s c h a r g e ( t ) 81 215 257 

it/Km' ) 51.9 58.5 54.9 

Bed load d i s c h a r g e ( t ) - - 0.43 

(t/Km') - - 0.09 

12th o f Oc tober 1976 'dur ing h i g h b a s e f l o w , s t r e a m d i s c h a r g e 

was measured a t 8 s i t e s a l o n g the N a r r a t o r Brook, These 

s i t e s a r e a t o r nea r S t s 28, 24, 21, 16, 13, 11, 7 and 1 

( f i g 2 . 9 ) . Downstream b a s e f l o w d i s c h a r g e p r o f i l e s on 

8/7/76 and 12/10/76 a r e b r o a d l y s i m i l a r i n form even though 

d i s c h a r g e s on 12/10/76 were much g r e a t e r than on 8/7/76 

( f i g 7 . 1 1 ) . On both d a t e s d i s c h a r g e d i s p l a y s a d e c l i n i n g 

t r e n d through the f o r e s t . On the 8 th J u l y d i s c h a r g e n e a r 

S t 7 was 48 l/s compared w i t h o n l y 44 i/s a t S t 1. On the 

12th Oc tober , d i s c h a r g e n e a r S t 7 and S t 1 were 219 l/s and 

182 Z/s r e s p e c t i v e l y . T h i s r e p r e s e n t s , i n the c a s e o f 

12/10/76, f o r example, a seepage l o s s o f a t l e a s t 133 mVhr 
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from the c h a n n e l between S t s 7 and 1, o r an ave rage r a t e o f 

52 mm/hr ove r the 2 560 m̂  o f c h a n n e l f l o o r between t h e s e 

s t a t i o n s . Compara t i ve downstream d i s c h a r g e p r o f i l e s f o r 

f l o o d p e r i o d s c o u l d not be o b t a i n e d s i n c e d i s c h a r g e measure­

ments a t the 8 s i t e s t a k e s a t l e a s t 6 hou rs to comple te and 

changes i n s t r e a m s t a g e d u r i n g t h i s t ime would p r e v e n t i n t e r -

s i t e c o m p a r i s o n s . Q u i c k f l o w r u n o f f r e c o r d e d a t S t s 11 and 1, 

however, can be d i r e c t l y compared. F o r 31 o f the 37 ma jor 

f l o o d e v e n t s which o c c u r r e d d u r i n g the p e r i o d o f o b s e r v a t i o n 

q u i c k f l o w r u n o f f a t S t 11 exceeds t h a t a t S t 1,^ F o r 

example, f o r an e v e n t wh ich took p l a c e on the 5 th t o 7 th o f 

Oc tober 1976 116 951 m̂  o f q u i c k f l o w r u n o f f was r e c o r d e d a t 

S t 11 i n compar i son t o o n l y 87 316 m̂  a t S t 1 r e p r e s e n t i n g 

a l o s s o f a t l e a s t 29 635 m̂  o f q u i c k f l o w by seepage. 

Seepage i n the f o r e s t s e c t i o n o f the N a r r a t o r Brook may have 
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been enhanced to some degree by a c c e l e r a t e d bank e r o s i o n i n 

t h i s s e c t i o n . A c c e l e r a t e d bank e r o s i o n has i n c r e a s e d the 

c h a n n e l f l o o r a r e a between S t s 1 and 11 from a p r o b a b l e 

I 925 m̂  b e f o r e a f f o r e s t a t i o n to 3 858 m̂  a t p r e s e n t . 

T o t a l measured r u n o f f a t S t 11 d u r i n g the p e r i o d of o b s e r v a ­

t i o n i s a l s o g r e a t e r than a t S t 21 (1 582 mm and 1 420 mm 

r e s p e c t i v e l y ) . The r e a s o n f o r t h i s i s not immed ia te l y 

a p p a r e n t . The d i f f e r e n c e may be l a r g e l y accoun ted f o r by 

e r r o r s i n e s t i m a t i o n o f r u n o f f i n c u r r e d by e x t r a p o l a t i o n o f 

d i s c h a r g e r a t i n g c u r v e s . 

Measured u n i t a r e a sed iment y i e l d s a t S t s 21, 11 and 1 

a r e 3.3, 5.2 and 4.0 t/km^ f o r t h e p e r i o d o f o b s e r v a ­

t i o n . A l though t h e s e d i f f e r e n c e s a r e s m a l l t hey exceed 

d i f f e r e n c e s i n r e c o r d e d r u n o f f and t h u s p r o b a b l y r e p r e s e n t 

a r e a l d i s p a r i t y i n sed iment p r o d u c t i o n between the t h r e e 

sub-ca tchments of the N a r r a t o r Brook. U n i t a r e a sed iment 

y i e l d i s l o w e s t f o r t he ca tchment a r e a above S t 21 wh ich 

c o n s i s t s o f 99% moor land. At S t 11 u n i t a r e a sed iment 

y i e l d i s 1.9 t/km^ (58%) g r e a t e r , even though the ca tchment 

a r e a above S t 11 c o n t a i n s 16% g r a s s l a n d . S o i l w e l l o b s e r ­

v a t i o n s i n d i c a t e t h a t o v e r l a n d f l o w i s more f r e q u e n t on 

moorland than on g r a s s l a n d . However, mean s l o p e f o r t he 

ca tchment a r e a above S t 11 i s g r e a t e r than f o r ca tchment 

a r e a above S t 21 (7.6° and 5.8*̂  r e s p e c t i v e l y ) and t h i s may 

promote a h i g h e r r a t e o f sed iment p r o d u c t i o n pe r u n i t a r e a 

o f ca tchment s l o p e s . I n a d d i t i o n t h e r e a r e s e v e r a l s p e c i f i c 

s o u r c e s o f sed imen t i n the ca tchment a r e a between S t s 21 and 

I I wh ich may h e l p t o a c c o u n t f o r t he r e l a t i v e l y l a r g e s e d i ­

ment y i e l d a t S t 11. There a r e 100 m o f e r o d i n g banks be­

tween S t s 21 and 11 but no e r o d i n g banks above S t 21 ( f i g 

2 . 1 1 ) . There i s an abundance of f i n e sandy bed m a t e r i a l i n 

the low g r a d i e n t s e c t i o n between S t s 13 and 11 wh ich may 

c o n t r i b u t e to suspended sed iment t r a n s p o r t a t S t 11. Above 

S t 21 the c h a n n e l i s s t e e p e r and bed m a t e r i a l r anges from 

c o a r s e g r a v e l t o b o u l d e r s . Between S t s 11 and 21 t h e r e a r e 

7 c a t t l e c r o s s i n g p o i n t s wh ich may c o n t r i b u t e sed iment 

d u r i n g heavy r a i n i n compar i son to o n l y 2 above S t 21 ( f i g 
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2 . 9 ) . Dur ing wet p e r i o d s a s p r i n g r i s e s i n the fa rmyard 

o f Deancombe Farm and f l u s h e s sed iment out o f the fa rmya rd 

v i a t he Deancombe Brook i n t o the N a r r a t o r Brook, 

The d i s c h a r g e o f suspended sed iment p a s s i n g S t 1 o v e r 

the p e r i o d o f o b s e r v a t i o n (18.8 t ) i s m a r g i n a l l y l e s s t han 

t h a t p a s s i n g S t 11 (19.0 t ) , c a u s i n g a drop i n c a l c u l a t e d 

u n i t a r e a y i e l d from 5.2 t/km' a t S t 11 to 4.0 t/km= a t S t 1. 

T h i s i s d e s p i t e the w i d e s p r e a d bank e r o s i o n a l ong t he main 

c h a n n e l between S t s 11 and 1 and a l s o t he d r a i n a g e d i t c h e s 

and l a n d r o v e r t r a c k s i n t he f o r e s t wh ich undoubted ly s u p p l y 

some sed iment . T h i s can pe rhaps be e x p l a i n e d t o some ex­

t e n t by d e p o s i t i o n o f sed iment i n t he c h a n n e l between S t s 

11 and 1. E r o s i o n p i n o b s e r v a t i o n s r e v e a l t h a t r a t e s o f 

a g g r a d a t i o n i n t he f o r e s t s e c t i o n between S t s 1 and 11 a r e 

s i g n i f i c a n t l y h i g h e r t han a l o n g t h e rema inder o f the s t r e a m . 

N e v e r t h e l e s s the r e l a t i v e l y low sed iment y i e l d a t S t 1 

s u g g e s t s t h a t sed iment p r o d u c t i o n from the f o r e s t e d r e g i o n o f 

the N a r r a t o r ca tchment i s not much g r e a t e r t han from o t h e r 

r e g i o n s o f the ca tchment . These r e s u l t s c o n t r a s t v e r y 

s h a r p l y w i t h r e s u l t s o f a s t u d y by P a i n t e r e t a l (1974) i n a 

moorland ca tchment i n Mid-Wales, wh ich l i k e the N a r r a t o r 

ca tchment has been p a r t i a l l y a f f o r e s t e d . They found y i e l d 

from the f o r e s t a r e a to be c o n s i d e r a b l y g r e a t e r than from 

moorland a r e a s and t h i s t hey a t t r i b u t e t o a c c e l e r a t e d c h a n n e l 

e r o s i o n i n t he f o r e s t a r e a . . A l though a f f o r e s t a t i o n has a l s o 

been r e s p o n s i b l e f o r a c c e l e r a t e d c h a n n e l e r o s i o n i n t h e 

N a r r a t o r Brook, e v i d e n c e i n d i c a t e s t h a t t h i s i s d e c l i n i n g a s 

c h a n n e l r e a d j u s t m e n t n e a r s c o m p l e t i o n . E r o s i o n p i n o b s e r v a ­

t i o n s and a n a l y s i s of c h a n n e l geometry i n d i c a t e t h a t con­

temporary r a t e of bank e r o s i o n i n t he f o r e s t i s i n f e r i o r t o 

the mean r a t e ove r the p e r i o d s i n c e a f f o r e s t a t i o n . C h a n n e l 

r e a d j u s t m e n t i n the Mid-Wales ca tchmen t s t u d i e d by P a i n t e r 

e t a l (1 974) may not be a s f a r advanced as t he N a r r a t o r Brook. 

7.2.2 Solutes 

U n i t a r e a s o l u t e y i e l d s a t S t s 21, 11 and 1 f o r t h e 

p e r i o d o f o b s e r v a t i o n d i f f e r l e s s i n r e l a t i v e terms than 
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suspended sed iment y i e l d s ( t a b l e 7 . 1 0 ) . V a l u e s a t the 

t h r e e s i t e s a r e 51.9, 58.5 and 54,9 t/km^ r e s p e c t i v e l y . 

These d i f f e r e n c e s between S t s 21, 11 and 1 c o r r e s p o n d c l o s e l y 

to d i f f e r e n c e s i n r u n o f f f o r the t h r e e gaug ing s t a t i o n s . 

T h i s means t h a t d i s p a r i t i e s i n s o l u t e p r o d u c t i o n between the 

t h r e e sub-ca tchments i n the N a r r a t o r ca tchment a r e v e r y 

s m a l l . S o l u t e y i e l d a t S t 11 i s 12.7% g r e a t e r than s o l u t e 

y i e l d a t S t 21, but t h i s i s a l m o s t e n t i r e l y accoun ted f o r by 

an 11,4% i n c r e a s e i n e s t i m a t e d r u n o f f a t S t 11. Runo f f a t 

S t 1, on the o t h e r hand, i s 17,1% l e s s t han a t S t 11 w h i l e 

s o l u t e y i e l d i s o n l y 6,2% l e s s . T h i s s u g g e s t s t h a t p roduc ­

t i o n o f s o l u t e s pe r u n i t a r e a i s g r e a t e r i n t he f o r e s t e d 

r e g i o n o f t h e ca tchment t h a n i n t h e moor land o r g r a s s ­

l a n d r e g i o n s . T h i s c o u l d be due to the e f f e c t of f o r e s t 

i n c r e a s i n g r a t e s of rock w e a t h e r i n g . A l t e r n a t i v e l y t he 

f o r e s t may be r e s p o n s i b l e , f o r l o c a l l y enhanc ing a t m o s p h e r i c 

f a l l o u t . 

The r e l a t i v e l y s m a l l d i f f e r e n c e s i n s o l u t e y i e l d be­

tween sub-ca tchments i n the N a r r a t o r Brook, d e s p i t e t he con­

t r a s t s i n v e g e t a t i o n , s o i l and topography between the sub-

ca t chmen ts , s u p p o r t s the c o n c l u s i o n s r e a c h e d by M i l l e r ( 1 9 6 1 ) 

and W a l l i n g & Webb (1975) t h a t r o c k t ype i s the predomi­

nan t c o n t r o l g o v e r n i n g s p a t i a l v a r i a t i o n s i n s o l u t e y i e l d . 

7,3 S p a t i a l Models 

S e v e r a l a t t e m p t s have been made t o model o b s e r v e d 

s p a t i a l v a r i a t i o n s i n both sed iment and s o l u t e y i e l d s w i t h 

the aim of p r e d i c t i n g y i e l d s from ungauged c a t c h m e n t s . These 

models t a k e the form of m u l t i p l e r e g r e s s i o n e q u a t i o n s wh ich 

i n c l u d e an a s s o r t m e n t o f c l i m a t i c , g e o l o g i c a l , p h y s i o g r a p h i c , 

v e g e t a t i o n a l and p e d o l o g i c a l v a r i a b l e s . A major o b s t a c l e 

e n c o u n t e r e d i n such a t t e m p t s i s s u c c e s s f u l q u a n t i f i c a t i o n o f 

the c o n t r o l l i n g f a c t o r s . T h i s i s l e s s o f a problem w i t h 

r e s p e c t to p h y s i o g r a p h y and c l i m a t e because the i n f l u e n c e o f 

t h e s e two f a c t o r s upon sed iment and s o l u t e y i e l d s i s r e l a ­

t i v e l y w e l l d e f i n e d . F o r t h i s r e a s o n c l i m a t i c and p h y s i o -
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