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T h e  e q u a t i o n  has b e e n  d e v e l o p e d  by soil c o n s e r v a t i o n i s t s  

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

s t a t i s t i c a l  a n a l y s i s  cf / ’<ts o v e r  m a n y  y e a r s  and the 

e q u a t i o n  has b e e n  d e v e l o p e d  and m o d i f i e d  a c c o r d i n g  to 

the a r e a  in q u e s t i o n ,  w h e t h e r  it be t e m p e r a t e ,  t r o p i c a l  

or s u b - t r o p i c a l . T h e  e q u a t i o n  t a kes into a c c o u n t  

g r a i n  size, b u l k  d e n s i t y  of m a t e r i a l ,  s l o p e  length, 

s l o p e  angle, p e r m e a b i l i t y  and, m o s t  i m p o r t a n t l y ,  the 

r a i n f a l l  c h a r a c t e r i s t i c s .

In t r y i n g  to a n a l y s e  the e r o s i o n  of sl i m e s  it b e c a m e  

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

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

(9)
W i s c h m e i e r  and S m i t h  c a r r i e d  o u t  the m o s t  s i g n i f i c a n t  

w o r k  on r a i n f a l l  b a s e d  on 22m p l o t s  on a 5 d e g r e e  s l o p e  

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

e q u a t i o n  b a s e d  on r a i n f a l l  i n t ensity.

KE « 1,213 + 0 , 8 9 0  l o g lQ I

w h e r e  KE * k i n e t i c  e n e r g y  In ^9 m / m  

and I * r a i n f a l l  i n t e n s i t y  in m m / h r
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H u d s o n o b s e i  'ed KF, = 29,8 - ^ J for t r o p i c a l

r a i n f a l l  in Z i m b a b w e .  T h e  K i n e t i c  E n e r g y  is b a s e d  on 

the s u m m a t i o n  of i n t e n s i t i e s  of r a i n f a l l  for d i f f e r e n t  

s t o r m  times. H o w e v e r  the r e a s u r e n e n t  and r e c o r d i n g  of 

t h e  s t o r m s  s b e v o n d  the s c o p e  oi this r e p o r t  and it is 

h o p e d  to s h o w  t h a t  a p r e d i c t i o n  can be m a d e  by back 

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

index R.

K is d e s c r i b e d  as the e r o d i b i l i t y  index a n d  a s s u m e s

that d i f f e r e n t  s o i l s  e r o d e  at d i f f e r e n t  r a t e s  b a s e d  on

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

co n t e n t .  T h e  n o m o g r a p h  s h o w n  in t a b l e  4,8 had b e e n

d e v e l o p e d  to c o v e r  d i f f e r i n g  t y p e s  of s o i l s  in

A m e r i c a  a n d  m a n y  l o c a t i o n s  w o r l d  w i d e  and I F

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

L E N G T H  A N D  G R A D I E N T

T h e  e f f e c t  of s l o p e  le n g t h  and g r a d i e n t  a r e  r e p r e s e n t e d  

b y  L and S but a r e  o f t e n  e v a l u a t e d  t o g e t h e r  as LS.

L is d e f i n e d  as the d i s t a n c e  of the p o i n t  of o r i g i n  of 

the f l o w  of w a t e r  to  the p o i n t  of d e p o s i t i o n  and s l o p e  

g r a d i e n t  is e x p r e s s e d  as a p e r c e n t a g e .  W i s c h m e i e r  and 

S m i t h  d e f i n e d  the factor,

LS - ( x )m (0,065 + 0 . 0 4 5 S  + 0 , 0 0 6 5 S 2 )

T T T H

w h e r e  x is the s l o p e  l e n g t h  a n d  m v a r i e s  a n d  is 

d e p e n d e n t  on s l o p e  a n g l e  but is e q u a l  to 0 , 5  for s l o p e s  

g r e a t e r  than 5 p e r  cent. M o r g a n  v 1  ̂ r e f i n e d  this to 

m o r e  m a n a g e a b l e  terms.
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Lf (0,136 + ,0 9 7 S  + 0 , 0 1 3 9 s 2 )

'.’he e q u a t i o n  has b e e n  d e v e l o p e d  for a n g l e s  of up  to 

25° t h e r e f o r e  it is w i t h  c a u t i o n  that th i s  e q u a t i o n  

m u s t  be u s e u  for a n g l e s  g r e a t e r  t h a n  t h i s  as n o  

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

a b o v e  25°. It is i n t e n d e d  t o  s h o w  t h a t  the e q u a t i o n  

is v a l i d  to an a n g l e  of 35° t h e r e a f t e r  o t h e r  f a c t o r s  

s h o u l d  be t a k e n  in t o  a c c o u n t  in the p r e d i c t i o n .  

W i s c h m e i e r  and M a y e r  w a r n e d  that b e y o n d  s o m e  c r i t i c a l  

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

loss.

C A N D  P

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

f a c t o r  P r e p r e s e n t  the soil loss from a s p e c i f i c  c o v e r  

c o n d i t i o n  eg. c r o p s  or g r a s s  and the soij. loss d u e  to 

b p e c i f i c  p r a c t i c e s  such as c o n t o u r i n g  or f u r r o w i n g .

T h e  f a c t o r s  d o  not a p p l y  to the c a s e  of s l i m e s  d a m  s l o p e s  

e x c e p t  p e r h a p s  for b e n c M n ^  of s l i m e s  but the f a c t o r s  

h a v e  b e e n  t a k e n  to be  for e a c h  s l i m e s  dam.

T h e  l i t e r a t u r e  s u r v e y  of a r t i c l e s  f r o m  1961 o n w a r d s  

t e n d e d  to r e i t e r a t e  the v i e w s  of e a r l i e r  a r t i c l e s  or 

w e r e  f ound not t o  be d i r e c t l y  r e l e v a n t  to the p r o b l e m  

a d d r e s s e d .

,T>



3.0 F I E L D  W<"

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

T h e  t h e o r y  b e h i n d  the d e v e l o p m e n t  of E T C O  M w a s  

t h a t  as the f l o w  of w a t e r  o v e r  the s u r f a c e  has a 

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

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

r e l a t e d  to the ra t e  of loss of soil from the slopes.

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

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

E T C O M  r e a d i n g  and r a t e  of soil loss.

3.2 E T C O M

Fig. 3.0 s h ows a d i a q r a m  of the layout of 

E T C O M  a n d  its a p p u r t e n a n c e s .  T h e y  c o n s i s t  of :

la) A p o r t a b l e  p u m p  w i t h  p r e s s u r e  g a u g e  r e a d i n g  to 

2 5 0 0  kPa,

(b) A b a c k p a c k  with a c c u m u l a t o r ,  and e l e c t r o n i c  p u m p  

re g u l a t o r .  W a t e r  is p u m p e d  in t o  the a c c u m u l a t o r  to a 

p r e s s u r e  of 2 0 0 0  kPa.

(c) L o w  and h i g h  p r e s s u r e  g a u g e s  on a d j u s t a b l e  tripod.

(d) F i x e d  t r i p o d  w i t h  0 , 8 m m  n o z z l e  c l a m p e d  2 5 , 4 m m  

a b o v e  surface.
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T h e  jets had b e e n  c a l i b r a t e d  b e f o r e  t a k e n  out into the 

field.

W a t e r  ii_ p u m p e d  in t o  the a c c u m u l a t o r  v e s s e l  on the 

b a c k p a c k  w h i c h  is then c o n n e c t e d  to the p r e s s u r e  g a u g e s  

on the t r i p o d  by m e a n s  of r u b b e r  tubing. The t r i p o d  and 

b a c k p a c k  is then t r a n s p o r t e d  to some p o s i t i o n  on the 

s l o p e  w h e r e  s e v e r a l  r e a d i n g s  are t a k e n  at p e a k  v a l u e s

i.e. the v a l u e s  at w h i c h  the r e t u r n  of the jet is 

v e r t i c a l .  R e a d i n g s  w e r e  t a k e n  in and a r o u n d  the c o n t r o l  

plots, in w i n t e r  a n d  summer. For this r e a s o n  w i n t e r  is 

d e f i n e d  as r u n n i n g  from A p r i l  to S e p t e m b e r  i n c l u s i v e  and 

a n d  s u m m e r  from O c t o b e r  to M a r c h  i n c lusive. T h e  p e r i o d  

o v e r  w h i c h  r e a d i n g s  w e r e  t a k e n  was fr o m  the b e g i n n i n g  of 

A p r i l  1984 to the end of M a r c h  1985. A p p e n d i x  B s h o w s  

the r e s u l t s  of f r e q u e n c y  i n t e r v a l s  of 25 kPa v e r s u s  the 

n u m b e r  of o b s e r v a t i o n s .

3.3 T A K I N G  E T C 0 M R E A D I N G S

(a) W h e n  the c o h e s i v e  v a l u e  of the m a t e r i a l  is low, 

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

the r e t u r n  of w a t e r  on the s u r f a c e  of the s l i m e s  f r o m  a 

s i d e w a y s  r e f l e c t i o n  to a n e a r  v e r t i c a l  one, thus
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(b) A s  the c o h e s i v e  v a l u e  i n c r e a s e s ,  the s u r f a c e  

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

m a r k e d  d r i l l i n g  of a h o l e  as in (a) and the d i r e c t i o n  

of the r e t u r n  o f  w a t e r  lifts at a m o r e  g e n t l e  a n g l e  

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

(c) W h e n  the c o h e s i v e  v a l u e  is a b o v e  the m a x i m u m  

d i s l o d g i n g  f o r c e  of E T C 0 M (400 k P a ) , the r e t u r n  

of w a t e r  hu g s  the s u r f a c e  of the sl i m e s



3.4 F I E L D  M E A S U R E M E N T S

3 . 4 . 1  T H E  P L O T S

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

m e a s u r i n g  9m by 9m (see Fig. 3.1 and 3.2 for 

location) w i t h i n  the J o h a n n e s b u r g  / Germistor. area.

T h e  p l o t s  w e r e  c h o s e n  for d i f f e r i n g  a s p ect, s l o p e  

length, and a n g l e  a n d  m e t h o d  of d e p o s i t i o n  (eg. 

b e n c h e d  or u n i f o r m  s l o p e ) .

m m  d i a m e t e r  m i l d  s t e e l  pegs, one m e t r e  in length w e r e  

d r i v e n  n o r m a l  to the s l o p e  at t h r e e  m e t r e  i n t e r v a l s  

g i v i n g  a 4 x 4 peg plot of 16 p e g s  in total. 2 5 0 m m  

of ea c h  peg, a c c u r a t e l y  m e a s u r e d ,  was l e f t  p r o u d  of the 

g r o u n d .  T h e  p o s i t i o n i n g  of the pl o t  is c r i t i c a l  

a s s u m i n g  an a v e r a g i n g  of r e s u l t s ,  so p l o t s  w e r e  

p o s i t i o n e d  a p p r o x i m a t e l y  in the m i d d l e  o f  the s l o p e  

length. It is a s s u m e d  t h a t  e r o s i o n  is least at the 

t o p  of the s l o p e  a n d  m o s t  at the b o t tom. T h e r e f o r e  

an a v e r a g i n g  v a l u e  s h o u l d  be o b t a i n e d  a t  the c e n t r e  

of the slope.

S i m i l a r l y  p e g s  w e r e  not a l w a y s  p l a c e d  in the s.r.all g u i l e y s  

or  r ills t h a t  o c c u r  on t h e  slopes, as it is p r e s u m e d  

t h a t  so m e  e r o s i o n  o c c u r s  o u t s i d e  of t h e s e  areas.

R a i n  g a u g e s  w e r e  i n t i a l l y  set up  on fi v e  of the s e v e n  

s l i m e s  d a m s  but d u e  t o  c o n s i s t e n t  v a n d a l i s m ,  o n l y  

two, w i t h  the e x c e p t i o n  of o n e  m o n t h  on  d a m  4L37, w e r e  

f o u n d  to be  r e c o r d i n g  t h r o u g h o u t  the w h o l e  of the p e r iod.

T h e  two w e r e  on d a m s  3L37 (Meyer and C h a r l t o n )  a n d  4 L 3 7 ,

It was f e l t  that d u e  to t i e  f a i r l y  c l o s e  p r o x i m i t y  of 

t h e  p l o t s  that the two g a u g e s  as w e l l  as r e a d i n g s  

r e c e i v e d  f r o m  the M e t r o l o g i c a l  O f f i c e  at R a n d  A i r p o r t  

in G e r m i s t o n  w o u l d  suf f i c e .
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T h e  r e a d i n g s  for e a c h  r a i n  g a u g e  a r e  s h o w n  b e l o w  

(with w i n t e r  r e a d i n g s  g i v e n  for the p e r i o d  A p r i l  to 

S e p t e m b e r ) .

R a i n f a l l
m m

Data S o u r c e W i n t e r S u m m e r T o t a  1

4L37 47 386 433

3L39 54 397 451

Rand A i r p o r t 53 545 598

X 51 443 494

T a b l e  3.0 R a i n  G a u g e  R e a d i n g s  - A p r i l  1984 - M a r c h  1985

In J a n u a r y  the r a i n  g a u a g e  on 4L37 was v a n d a l i s e d  and 

r e p l a c e d .  A n  a v e r a g e  r e a d i n g  of the R a n d  A i r p o r t ,

31.39 and two o t h e r  n e a r b y  s t a t i o n s  w e r e  t a ken and this 

is s h o w n  on the g r a p h  in Fig. 3.3 for t h e  year.

A p p e n d i x  3 s h o w s  r a i n f a l l  s t a t i s t i c s  f o r  the y e a r s  1979 

t o  1984 i n c l u s i v e  as w e l l  as the 25 y e a r  and 30 y e a r  

a v e r a g e  at J a n  S m u t s  A i r p o r t .  T h e  r a i n f a l l  for the 

p e r i o d  r e c o r d e d  at Ra n d  A i r p o r t  is 598mm. No  long 

t e r m  d a t a  e x i s t s  at this s t a t i o n  s i n c e  d i t a  has o n l y  be e n  

r e c o r d e d  for the pa s t  t h r e e  ye a r s .  H e n c e  the 30 y e a r  

a v e r a g e  of 7 2 6 m m  and the a v e r a g e  for y e a r s  1979 to 

1984 of 6 4 4 m m  at J a n  S m u t s  Is r e c o r d e d .  T h e  p e r c e n t a g e  

c o m p a r i s o n  o f  Rand A i r p o r t  to J a n  S m u t s  for the 30 y e a r  

and  y e a r  a v e r a g e  is 82% and 93% r e s p e c t i v e l y .

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

l ower d o e s  not a p p e a r  t o  be a b n o r m a l .
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R e a d i n g s  at the pe g s  w e r e  t a k e n  t h r o u g h o u t  the y e a r  and 

a g a i n  t h e s e  w e r e  s p l i t  into w i n t e r  and s u m m e r  readings. 

D u e  to v a n d a l i s m  of o n e  s i t e  a c o m p l e t e  n e w  p l o t  had 

to be set up  e l s e w h e r e  but on the o t h e r  p l o t s  

r e l a t i v e l y  few pe g s  d i s a p p e a r e d  (3 in total).

A n  a n a l y s i s  of the r e s u l t s  was c a r r i e d  out. T h e  

r e a d i n g s  w e r e  p l a c e d  in o b s e r v a t i o n  i n t e r v a l s  of 5mm 

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

r e s u l t s  and d e t e r m i n i n g  the s t a n d a r d  d e v i a t i o n .  The 

r e a d i n g s  w e r e  a l s o  s p l i t  into s u m m e r  and w i n t e r  r e a d i n g s .  

T h e  a v e r a g e  is b e l i e v e d  to be a tr u e  r e p r e s e n t a t i o n  

of the r a t e  of e rosion. A s  p r e v i o u s l y  d i s c u s s e d  

e r o s i o n  r a t e  w i l l  be lower o u t s i d e  of the s m a l l  

g u l l e y s  so the r e p r e s e n t a t i o n  of an a v e r a g e  is a m o r e  

r e a l i s t i c  view.

A bu l k  and d r y  d e n s i t y  was d e t e r m i n e d  from the s a m p l e s  

t a k e n  and the rate of e r o s i o n  of d r y  r e s i d u e  c a l c u l a t e d  

in tons per h ectare.

3.4.2 S A M P L I N G

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

c o n t e n t  w e r e  o b t a i n e d .  M o i s t u r e  c o n t e n t  s a m p l e s  from 

the top 50mm w e r e  t a k e n  at the end of the s u m m e r  

(April 1981 a n d  M a y  1985). V e r y  l i t t l e  d i f f e r e n c e  w a s  

e x p e r i e n c e d  in the m o i s t u r e  c o n t e n t s  ov e r  the year.

A l l  of w h i c h  w e r e  b e l o w  20%. A p p e n d i x  A s h o w s  the 

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

e a c h  of the six s l i m e s  dams. T a b l e  3.1 b e l o w  s h ows 

the m o i s t u r e  c o n t e n t  v a r i a n c e  t h r o u g h o u t  the year.



3L39 4L34 B a l m o r a l 4L37 4L36 4L24 4L40

A p r i l 84
-

9,8 18,4 5,5 7," 4,6

May 85 14,2 9,8 h •5 o 7 ,6 7,8 12,9 7,8

T a b l e 3.1 % M o i s t u r e C o n t e n t  at the S u r f a c e of S l i m e s

3L39 was not s a m p l e d  in 1984 a n d  it is a s s u m e d  that 

t h e r e  is li t t l e  d i f f e r e n c e  in m o i s t u r e  c o n t e n t  

t h r o u g h o u t  the year.

3.4.3 S H E A R  V A N E  R E A D I N G S

T h e  s h ear s t r e n g t h  of the s u r f a c e  of the s l i m e s  w a s  

d e t e r m i n e d  u s i n g  the 'TORVANE' s h o w n  in F i g .  3.11, a 

m i n i a t u r e  s h e a r  v a n e  w i t h  a v a n e  h e i g h t  of 5mm. A 

m i n i m u m  of six r e a d i n g s  w e r e  o b t a i n e d  per p l o t  on each 

si .,c;s dam. P r e - s o a k i n g  of the a r e a  was c a r r i e d  out 

b e f o r e  the s hear v a n e  test to e l i m i n a t e  c a p i l l a r y  

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

s h e a r  s t r e n g t h .  T h e  r e s u l t s  are s h o w n  in t a b l e  3.2.. 

N, E, S and W  r e f e r  to th® a s p e c t  of the slope.
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