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A B S T R A C T

T h i s  p r o j e c t  r e p o r t  s t u d i e s  the e f f e c t  of r a i n f a l l  on 

the r a t e  of e r o s i o n  of g o l d  r e s i d u e  c a m  slopes. T h e  

i n v e s t i g a t i o n  w a s  i n s t i g a t e d , o n  the s u g g e s t i o n  of 

P r o f e s s o r  B l i g h t  of the U n i v e r s i t y  of the W i t w a t e r s r a n d ,  

by  the C h a m b e r  of M i n e s  ( l o l lution C o n t r o l )  s e c t i o n  

w h i c h  hes e v o l v e d  an e r o s i G n  t e s t e r  (2 T C 0 M) for 

r a p i d  a s s e s s m e n t  of e r o s i o n .  N o  c o r r e l a t i o n  has 

p r e v i o u s l y  b e e n  c a r r i e d  o u t  b e t w e e n  the E T C 0  M  

r e a d i n g s  and the a c t u a l  r a t e  of e r o s i o n .

The m e t h o d  of r e c o r d i n g  the a c t u a l  r a t e  of e r o s i o n  was 

by a s e r i e s  of g r i d s  ( m m  m i l d  s t e e l  bars, , m in 

length) on  s i t e s  of d i f f e r i n g  s l o p e  angle, a s p e c t  

and length. R a i n  g a u g e s  w « r e  set up and s h e a r  s t r e n g t h  

d e t e r m i n e d  u s i n g  the 'TORVANE' w i t h  a 5mm v a n e  height. 

G r a d i n g  and h y d r o m e t e r  a n a l y s e s  as w e l l  as m o i s t u r e  

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

R e s u l t s  f r o m  E T C 0 M r e a d i n g s  i n d i c a t e  that it is 

not s u i t a b l e  for d i r e c t  p r e d i c t i o n  of e r o s i o n  rate.

T h e  U n i v e r s a l  S o i l  Lo s s  E q u a t i o n  (U S L E) g i v e s  a 

b e t t e r  i n d i c a t i o n  of e r o s i o n  r a t e  but an a v e r a g i n g  

m e t h o d  u s i n g  i n d i v i d u a l  g r a p h s  for len g t h  of slope, 

a n g l e  and s h ear s t r e n g t h ,  * L ' # 'S' and '?*' g r a p h s  

g i v e  the b e s t  and m o s t  r e l i a b l e  m e t h o d  of 

p r e d i c t i n g  e r o s i o n .
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1.0 I N T R O D U C T I O N

I N T R O D U C T I O N

A m a j o r  p r o b l e m  on q o l d  r e s i d u e  d a m s  is t h e  Drevention of 

m a t e r i a l  b e i n g  w a s h e d  a w a y  or c a r r i e d  by w i n d  in t o  the 

a t m o s p h e r e .  By i n v e s t i g a t i n g  the p r o c e s s  of e r o s i o n  on 

the j a m s  it s h o u l d  be p o s s i b l e  to p r e d i c t  r a t e s  of 

e r o s i o n  and h e n c e  f o r m u l a t e  w a y s  of c o n t r o l l i n g  the 

loss. T h e  C h a m b e r  of M i n e s  has d e v e l o p e d  a d e v i c e  for 

m e a s u r i n g  the e r o d i b i l i t y  of the r e s i d u e  or r' s. T h e  

E r o s i o n  T e s t e r  of the C h a m b e r  of Mines, E T  .

had be e n  d e s i a n e d  for r a p i d  a s s e s s m e n t  of . ..esistance 

of s oils in r e l a t i o n  tc w a t e r  and w i n d  e r o s i o n .  No 

c o r r e l a t i o n  of E T C O M  r e a d i n g s  w i t h  r a t e s  of e r o s i o n  

has b e e n  c a r r i e d  out until the w o r k  r e p o r t e d  in this 

t h e s i s .

Rai n f a l l  .tulators can be  u s e d  to p r e d i c t  e r o s i o n  on 

s h a l l o w  a n g l e d  s l o p e s  but w o u l d  be to.' c u m b e r s o m e  to 

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

25° to 45°. E T C O M  w o u l d  g i v r  p o r t a b i l i t y  (2 

a d u l t s  c a n  o p e r a t e  the equ^p m e n '  ind s p e e d  of a s s e s s m e n t ,  

if a c o r r e l a t i o n  c o u l d  b e  f o u n d  . w e e n  a c t u a l  r a t e s  

of e r o s i o n  on m i n e  s ’imeb e.innc <.nd E T C O M  r e a d i n g s .

T h e  a u t h o r  u n d e r t o o k  a p r o j e c t  . •r- has t w o  o b j e c t i v e s

(1) C o r r e l a t i o n  of E r o s i o n  ?. > >' r e a d i n g s  w i t h

m e a s u r e d  r a t e s  of e r o s i o n  undt v j ral r a i n f a l l  

c o n d i t i o n s ;  a n d

I

I

I

(2) T h e  d e v e l o p m e n t  of a met nod w h e r e b y  the r e s u l t s  

o b t a i n e d  c a n  b e  i n c o r p o r a t e d  into a p r e d i c t i o n  of r a t e s  

of e r o s i o n .



1.2 L I M I T A T I O N S

T h e  l i m i t a t i o n s  of the p r o j e c t  w o r k  are j-

(1) E r o s i o n  d u e  to r a i n f a l l  on the slopes o f  s l i m e s  

d a m s  w a s  the m a i n  r e s e a r c h  o b j e c t  and m e a s u r e m e n t s  of 

w i n d  e r o s i o n  w e r e  not c a r r i e d  out.

(2) T h e  p r o j e c t  m a y  o n l y  be p e r t i n e n t  to the T r a n s v a a l  

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

r a i n f a l l  on the s l o p o s  and m a y  t h e r e f o r e  d e p e n d  on 

r a i n s t o r r  c h a r a c t e r i s t i c s .

(3) N o  p e v i o u s  w o r k  has b e e n  c a r r i e d  out o n  s l o p e s  

s t e e p e r  th a n  a p p r o x i m a t e l y  ° and t h e r e f o r e  the p r e s e n t  

r e s u l t s  h a v e  b e e n  a n a l y s e d  on the b a s i s  of e q u a t i o n s  

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

r e c o m m e n d a t i o n s  w h i c h  will be  p o i n t e d  out in due 

course.

1.3 T H E  P R O J E C T

It is the i n t e n t i o n  of the a u t h o r  to r e v i e w  the t h e o r y  

b e h i n d  the use of E T C 0  M w i t h  p r e v i o u s l y  p u b l i s h e d  

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

r e l a t i o n s h i p  b e t w e e n  r a t e s  of e r o s i o n  and E T C O M  

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

T h e  u s e  of 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  (U S I. E)

(Chapter 2.3) in the p r e d i c t i o n  of e r o s i o n  on  s t e e p

s l o p e s  is d i s c u s s e d ,  w i t h  its l i m i t a t i o n s .  Back

A n a l y s i s  of t h e  r e s u l t s  to d e t e r m i n e  o n e  of the

f a c t o r s  in the U S L E is c a r r i e d  out a n d  a m o d i f i e d

U S L E for s l i m e s  d a m  s l o p e s  for the T r a n s v a a l  H i g h v e l d  

is o b t a i n e d .



A  m e t h o d  is a l s o  d i s c u s s e d  for the a v e r a g i n g  of 

r e s u l t s  for the length of slope, a n g l e  and s h e a r  

s t r e n g t h  to g i v e  a p r e d i c t i o n  of the rate of 

e r o s i o n .

F i n a l l y  a d i s ~ u s s : o r  is g i v e n  of the r e s u ' t s  a nu t h e i r  

l i m i t a t i o n s  t o g e t h e r  w i t h  s u g g e s t i o n s  for r e f i n i n g  

th e  t e s t 3  and for f a r t h e r  r e s e a r c h .
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2 . 0  S T A T E  OF T H E  A R T

2.1 I N T R O D U C T I O N

T h e  s t a t e  of the art of the p r e d i c t i o n  of e r o s i o n  is 

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

l i m i t a t i o n s  of the use of the U n i v e r s a l  So i l  Loss 

E q u a t i o n  on s t e e p  s l i m e s  d a m  s l o p e s  in S o u t h  A f r i c a .  

M a n y  a u t h o r s  h a v e  liscussed and r e s e a r c h e d  the 

p r i n c i p a l  of e r o s i o n  and it is the i n t e n t i o n  to 

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

e r o s i o n  p r i n c i p l e  so :hat the r e s u l t s  o b t a i n e d  m a y  

be b e t t e r  u n d e r s t o o d .

2.2 R E V I E W

E r o s i o n  by w a t e r  c a n  be d e f i n e d  by two s u b - p r o c e s s e s

( ) d e t a c h m e n t  by r a i n f a l l

( ) d e t a c h m e n t  by r u n o f f

2 . 2 . 1  D E T A C H M E N T  BY R A I N F A L L

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

are t h e n  c a r r i e d  d o w n s l o p e  in i n c r e a s i n g  q u a n t i t i e s  as 

the f l o w  r a t e  i n c r e a s e s .  F r o m  the p r i n c i p l e  of 

m o m e n t u m ,  a s i n g l e  d r o p  f a l l i n g  on a s l o p e  in s t i l l  

air c o n d i t i o n s  has c o m p o n e n t s  n o r m a l  to, a n d  down, the 

slope. T h e  d o w n s l o p e  compot'ont of the w e i g h t  of the 

d r o p  is t r a n s f e r r e d  in f u l l  to the s u r f a c e  but o n l y  

a s m a l l  p r o p o r t i o n  of the c o m p o n e n t  n o r m a l  to the



s u r f a c e  is t r a n s f e r r e d  - the r e m a i n d e r  b e i n g  t e f l e c t e d .

T h e  t r a n s f e r e n c e  of m o m e n t u m  to the p a r t i c l e s  has two 

e f f e c t s .

(1) It p r o v i d e s  a c o n s o l i d a t i n g  force, c o m p a c t i n g  

the s u rface.

(2) It i m p a r t s  a v e l o c i t y  t o  s o m e  of the l o o s e n e d  

p a r t i c l e s  and l a u n c h e s  t h e m  in t o  the air. T h i s  p r o c e s s  

is c o n t i n u e d  d o w n  the s l o p e  by t r a n s f e r  of m o m e n t u m  

and the j u m p i n g  or s a l t a t i n g  p r o c e s s  is r e p e a t e d .

H u d s o n ^  e s t a b l i s h e d  the m a x i m u m  si z e  of d r o p s  to be 

5mm in d i a m e t e r  and th i s  u s u a l l y  is r e a c h e d  in high 

i n t e n s i t y  r a i n f a l l  t h a t  is p a r t i c u l a r  to the 

T r a n s v a a l .

W h e n  ra i n  is a c c o m p a n i e d  by w i n d  t h e r e  is the a d d e d

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

be  g r e a t e r  t h a n  for a d r o p  f a l l i n g  in s t i l l  air.

/  ( 2 )

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

in d i s l o d g i n g  p a r t i c l e s  as s l o p e  a n g l e  s t e e p e n s  

e s p e c i a l l y  w i t h  wind.

S t u d i e s  h a v e  s hown t h a t  as the s u r f a c e  w a t e r  d e p t h  

i n c r e a s e s  so d o e s  r a i n s p l a s h  ero s i o n .  T h i s  is b e l i e v e d  

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

imp a r t  to the wat e r .  H o w e v e r ,  t h e r e  is a c r i t i c a l  

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

e n e r g y  is d i s s i p a t e d  in the w a t e r  and d o e s  not d i s t u r b  

the s o i l  s u r f a c e .  H o l y  s t a t e s  that chis c r i t i c a l  d e p t h  

is a p p r o x i m a t e l y  e q u a l  to the d i a m e t e r  of the r a i n d r o p s .



Y a i r  el a l ^ 1 ^  o b s e r v e d  that a h i g h  c o n c e n t r a t i o n  of s e d i m e n t  

w a s  o b t a i n e d  d u r i n g  the i n i t i a l  s t a g e s  o f  a r a i n s t o r m  

and w a s  a t t r i b u t e d  to a th i n  l o ose s u r f a c e  l a yer 

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

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

p r o t e c t i v e  l ayer of s u r f a c e  w a t e r  was b u i l t  up. Th i s  

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

may h a v e  e x p l a i n e d  the d e c r e a s e  in 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  d u r i n g  the i n c r e a s e  of  flow to the p e a k  d i s c h a r g e .

A  s e c o n d  p e a k  w a s  o b s e r v e d  d u r i n g  the fall f r o m  p e a k  

d i s c h a r g e  w h i c h  w a s  a t t r i b u t e d  to the e r o s i o n  v e l o c i t y  

b e i n g  h i g h e r  t h a n  w a s  r e q u i r e d  for t r a n s p o r t a t i o n .

T h e  fine g r a i n e d  p a r t i c l e s  d e t a c h e d  by r a i n s p l a s h  d u r i n g  

the i n i t i a l  s t a g e s  c o n t i n u e  t o  be t r a n s p o r t e d  d u r i n g  the 

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

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 .

2.2.2 D E T A C H M E N T  BY R U N O F F

Th i s  c h a r a c t e r i s t i c  p r o b a b l y  c o n t r i b u t e s  to the bu l k  

o f  the e r o s i o n  on s l i m e s  dams. R u n o f f  o c c u r s  dui ng a 

r a i n s t o r m  w h e n  the m o i s t u r e  s t o r a g e  o r  i n f i l t r a t i  

c a p a c i t y  h a s  b e e n  e x c e e d e d .  For the flow o f  w a t e r  to 

d e t a c h  the p a r t i c l e s  a c e r t a i n  t r a c t i v e  force, has to 

be o v e r c o m e  b e f o r e  d e t a c h m e n t  can occur.

S a k t h i v a d i v e l ^ ^  d e f i n e s  the c r i t i c a l  t r a c t i v e  s t r e s s  

as "the u l t i m a t e  r e s i s t a n c e  of a b e d  c o m p o s e d  o f  l o ose 

s e d i m e n t  p a r t i c l e s  d e t e r m i n e d  by the e q u i l i b r i u m  of 

its t o p m o s t  layer. A s e d i m e n t  p a r t i c l e  in the top 

l a y e r  is at i n c i p i e n t  e q u i l i b r i u m  w h e n  the f o r c e  is 

just b a l a n c e d  by the r e s i s t i n g  i n t e r p a r t i c l e  f o rce on 

the bed. T h e  r e s u l t a n t  f o r c e  p e r  u n i t  b e d  a r e a  a c t i n g  

o n  a s e d i m e n t  w h i c h  is in a s t a t e  of i n c i p i e n t  m o t i o n  

is t e r m e d  the c r i t i c a l  t r a c t i v e  str e s s . "
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P a r t i c l e s  are s u b j e c t  to a t r a c t i v e  o r  d r a g  f orce w n i c h

is the r e s u l t a n t  of s u r f a c e  drag, and fo r m  drag, d u e  to

p r e s s u r e  d i f f e r e n c e s  in front a n d  b e h i n d  the p a r t i c l e ,

(Fig. 2.1.) T h e  p o i n t  of a p p l i c a t i o n  of  the d r a g  force

d e p e n d s  on the m a g n i t u d e  of the lift and dr a g  c o m p o n e n t s

w h i c h  are in t u r n  f u n c t i o n s  of s h a p e  and l o c a t i o n  of the

p a r t i c l e  and t.ie R e y n o l d s  Number. T h i s  n u m b e r  is an

i n d i c a t i o n  of the d e g r e e  of t u r b u l e n c e  of the w a t e r

f l o w i n g  o v e r  the slimes, the l o wer the n u m b e r  the less

t u r b u l e n c e  and t h e r e f o r e  less e r o s i o n .  A c r i t i c a l

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

(4)

i n t r o d u c e d  i n t o  the flow and B a g n o l d  c o m p a r e d  this 

c r i t i c a l  v e l o c i t y  to p a r t i c l e  size. He f o und t h a t  the 

c r i t i c a l  v e l o c i t y  i n c r e a s e d  as g r a ^ n  size i n c r e a s e d ,  

but b e l o w  a c e r t a i n  d i a m e t e r  ( , £mm' there w a s  a 

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

again. T h e  r e a s o n i n g  w a s  th a t  par e c o m e  s m a l l

e n o u g h  to s t o p  s h e d d i n g  e d d i e s  and t rag f o r c e  

b e c o m e s  a v i s c o u s  one c a r r i e d  by the w h o l e  s u r f a c e  and 

not j u s t  by the e x p o s e d  g r a ins. T h i s  p o i n t  is of 

p a r t i c u l a r  use in e x p l a i n i n g ,  to s o m e  part, t h e  d i f f e r e n c e s  

in r a t e s  of ero s i o n .

U = V e l o c i t y  P r o f i l e  

L = L i f t  c o m p o n e n t  of f o r c e  

F  D r a g  c o m p o n e n t  o f  f o r c e

W * W e i g h t  c o m p o n e n t  of f o r c e  

B = P o i n t  of a p p l i c a t i o n

Fig. 2.1 D i a g r a m m a t i c  P i c t u r e  of an E x p o s e d  G r a i n

s u b j e c t  to F l u i d  F o r c e



H j u l s t r o m  d e t e r m i n e d  a g r a p h  (Fig. 5.1) d e p i c t i n g  

t h e  g r a i n  si z e  a g a i n s t  c r i t i c a l  v e l o c i t y  for the t h r e e  

m o d e s  of e r o s i o n ,  t r a n s p o r t a t i o n  and s e d i m e n t a t i o n .

T h i s  g r a p h  g i v e s  an a p p r o x i m a t e  i n d i c a t i o n  of the s p e e d  

o f  flow r e q u i r e d  for the p a r t i c l e  s i z e s  c o n t a i n e d  in 

s l i m e s  slopes.

D u n n ^  a t t e m p t e d  to d e f i n e  a r e l a t i o n s h i p  b e t w e e n  the 

e r o s i o n  and the t r a c t i v e  for*.*. of c o h e s i v e  s o i l s  by 

the use o f  s u b m e r g e d  jets a c t i n g  on p r e p a r e d  surfaces.

He b a s e d  his m e a s u r e m e n t s  on the a s s u m p t i o n  that the 

t o t a l  force c a u s i n g  e r o s i o n  c o n s i s t e d  of t u r b u l e n t  form 

d r a g  and v i s c o u s  drag. R e s i s t a n c e  to t h e s e  fo r c e s  w a s  

t a k e n  to be the C o u l o m b  f a i l u r e  c r i t e r i o n  w h e r e

F r  = ( tan + C^) A

0 = a n g l e  o f  f r i c t i o n  

Li

C T = c o h e s i o n  r e s i s t i n g  h y d r a u l i c  s t r e s s

Lj

0 = n o r m a l  i n t e r g r a n u l a r  s t r e s s  o n  s u r f a c e  

A  = a r e a  of e r o d e d  soil p a r t i c l e

D u n n  o b s e r v e d  that the m a x i m u m  s h e a r  s t r e s s  and the 

s t a r t i n g  p o i n t  of e r o s i o n  o c c u r r e d  a s m all d i s t a n c e  

from the s a m p l e ,  p o i n t  A in Fig. 2.2.

(5)

Fig. 2.2 S t a r t i n g  P o i n t  of E r o s i o n  by S u b m e r g e d  jets
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T e s t s  w e r e  t a k e n  on v a r i o u s  s o i l s  i n c l u d i n g  sand s a m p l e s  

a n d  a s h e a r  v a n e  w a s  us e d  a f t e r  the jet a p p a r a t u s  w a s  

removed. His r e s u l t s  i n d i c a t e  that at a c r i t i c a l  h e a d  

of w a t e r  the rate of e r o s i o n  i n c r e a s e d  and o b s e r v a t i o n  

s h o w e d  t h a t  a c h a n g e  in s h a p e  of the so i l  c a u s e d  by 

e r o s i o n  p r o d u c e d  no c h a n g e  in the h e a d  of w a t e r  n e c e s s a r y  

t o  c o n t i n u e  ero s i o n .  D u n n  s h o w e d  that the c r i t i c a l  s h e a r  

s t r e s s  o f  the s u r f a c e  i n c r e a s e d  w i t h  the va n e  s h e a r  

s t r e n g t h  in a linear fashion.

He also o b s e r v e d  the e f f e c t  of g r a i n  s i z e  on the 

t r a c t i v e  r e s i s t a n c e  of the soil in i n c r e a s i n g  the 

r e s i s t a n c e  as the p r o p e r t i e s  of the s a m p l e s  b e c a m e  m o r e  

d e p e n d e n t  on s u r f a c e  a r e a  than on  weight.

H o w e v e r  a l t h o u g h  his r e s u l t s  are a c c u r a t e  for s o i l s  

w i t h  P l a s t i c i t y  I n d i c e s  of b e t w e e n  5 and 16, he s t a t e s  

t h a t  the a c c u r a c y  d e c l i n e s  for s o i l s  w i t h  no s a n d  

c o m p o n e n t .

D u n n ' s  j e t s  a c t e d  on s u b m e r g e d  s a t u r a t e d  so i l  w h e r e a s  

E T C 0  M is u s e d  on a dry soil. H e n c e  a p p a r e n t  

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

t a k e n  i n t o  account.

(7)

P a a s w e l l  a l s o  g i v e s  rise to d o u b t s  a b o u t  u s i n g  je t s  

in as m u c h  as the jet has c o m p o n e n t s  b o t h  t a n g e n t i a l  

and n o r m a l  to the s u r f a c e  and t h e r e f o r e  o r i e n t a t i o n  

of  the p a r t i c l e s  ia of less i m p o r t a n c e  t h a n  for 

p a r a l l e l  flow w h i c h  is the c a s e  of s u r f a c e  w a t e r  flow.

( )

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

o f  soil w e r e  e r o d e d  w h i c h  w a s  a t t r i b u t a b l e  to a h i g h l y  

no n  u n i f o r m  f o r c e  f i e l d  a c t i n g  on a s u r f a c e  w h i c h  is 

a l r e a d y  n o n - u n i f o r m ,  w h e r e a s  p a r a l l e l  flow t e n d s  to 

c a u s e  u n i f o r m i t y  of o r i e n t a t i o n  of the p a r t i c l e s .
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Z a s l a v s k y  and S i n a i  o b s e r v e d  a h o r i z o n t a l  s h i f t  of

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

c o n c l u d e d  that h o r i z o n t a l  fl o w  due to rain s p l a s h  can 

r e ach a m a g n i t u d e  of s e v e r a l  per cent of the rate of 

rainfall. Th i s  f a c t o r  b e c o m e s  m o r e  i m p o r t a n t  in s t e e p  

s h o r t  slopes.

The c l a s s i c a l  mo d e l ,  that r u n o f f  is f o r m e d  1) w h e n  rain 

e x c e e d  the a b s o r p t i v e  c a p a c i t y  of the s o i l  or w h e n  

) g r o u n d w a t e r  t a b l e  b u i l d s  up e v e n t u a l l y  p r o d u c i n g  

s e e p a g e s  is q u e s t i o n e d  by Z a s l a v s k y  and S i n a i w h o  

c o n c l u d e d  that this d o e s  not e x p l a i n  w h y  t h e r e  is ru n o f f  

c a u s e d  by r e l a t i v e l y  light rainfall.

T h e r e  s u g g e s t e d  e x p l a n a t i o n  is th a t  l a t e r a l  flow is not 

c a u s e d  by the p o s i t i o n  of t h e  w a t e r  t a b l e  but by soil 

a n i s o t r o p y  c a u s e d  by soil layering. W h e n  layers are at 

an a n g l e  the force of  g r a v i t y  p o i n t s  d o w n s t r e a m  fr o m  

the n o r m a l  g i v i n g  a flow c o m p o n e n t  p a r a l l e l  w i t h  the 

layers. T h e  w r i t e r s  p o s t u l a t e d  that the h o r i z o n t a l  flow 

c o m p o n e n t  w i l l  be p r o p o r t i o n a l  to the v e r t i c a l  c o m p o n e n t  

and the slope. T h i s  is i m p o r t a n t  on  the r e s i d u e  da m s  

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

rise to a l a y e r i n g  effect.

2.3 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  ( U S L E )

The m o s t  w i d e l y  u s e d  m e t h o d  of p r e d i c t i n g  soil e r o s i o n  

is the U n i v e r s a l  Soil Lo s s  E q u a t i o n  d e v e l o p e d  by 

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

E = 2,24 R K L S C P (14)
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