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35.

V  in 3L39 r e f e r s  to r e a d i n g s  t a k e n  on the v e r t i c a l  fa c e  

of the b e n c h e d  s l i m e s  d a m  and is f o u n d  to h a v e  a h i g h e r  

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

of r a i n  w a t e r  has r e d u c e d  the s u r f a c e  s h ear stren g t h .

T h e  s h e a r  v a n e  r e a d i n g s  on i n d i v i d u a l  d a m s  v a r i e s  

w i d e l y  but the o v e r a l l  a v e r a g e  f r o m  d a m  to d a m  tends to 

be c o n s i s t e n t l y  in the 2 5 0  to 350 kPa range.

The r e s u l t s  w e r e  t h e n  p l a c e d  in f r e q u e n c y  b l o c k s  of 

50 kPa i n t e r v a l s  to o b s e r v e  a n y  o u t l i e r s  or any r a d i c a l  

d i f f e r e n c e s  from the average.

F r o m  the c o m p a r i s o n  of the f r e q u e n c y  o b s e r v a t i o n s  and 

the a v e r a g e  o n l y  one, 3L39 E, a p p e a r e d  to need 

a d j u s t m e n t  for an o u t l i e r .  T h i s  t h e n  g a v e  an a v e r a g e  

of 408 kPa w i t h  a s t a n d a r d  d e v i a t i o n  of 60 kPa.

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

for d e t e r m i n i n g  the s h e a r  s t r e n g t h  v a l u e  but w i t h  a 

c h e c k  c o m p a r i s o n  w i t h  f r e q u e n c y  b l o c k s  for o b s e r v a t i o n  

of p e a k i n g  and o u t l i e r s .

3.4.4 S L O P K  A N D  A N G L E  M E A S U R E M E N T

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

north, south, e a s t  or w e s t  f a c i n g  to d e t e r m i n e  if a s p e c t  

has any r e l a t i o n s h i p  w i t h  e r o s i o n .  S i m i l a r l y  the s l o p e  

of e a c h  d a m  w a s  m e a s u r e d  from the p r e s u m e d  w a t e r  d i v i d e  

w h i c h  in a l l  c a s e s  w a s  the top of the slope, to the toe 

of the s l o p e  of w h e r e  a s t i l l i n g  p o n d  w a s  b u i l t .  On 

3L39 w h i c h  is a b e n c h e d  s l o p e  the v e r t i c a l  and h o r i z o n t a l  

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

S i m i l a r l y  an i n c l i n o m e t e r  was u s e d  to m e a s u r e  the 

a v e r a g e  s l o p e  angle. A s  the s l o p e  r o u g h n e s s  w o u l d



d i s t o r t  the o v e r a l l  a n g l e  of the slope, a m e t r e  le n g t h  

of p l a n k  was u s e d  on w h i c h  the i n c l i n o m e t e r  was p l a c e d  

a n d  s e v e r a l  r e a d i n g s  ta en in m i d  s l o p e  t o  d e t e r m i n e  

the angle.

T h e  r e s u l t s  are s h o w n  in T a b l e  3.3

S l o p e  L e n g t n  (m) S l o p e  A n g l e  (Deg)

3L39 E 3 4 , 3 + 33,4°

4L34 S 25,1 37,1°

Ba l m o r a l 23 , 0 32,2°

4L37 N 34,9°

4L37 E 42 , 0 35,8°

4L36 N 49,4 32,7°

4L36 E 25,7 31,0°

4L24 S 25, 4 46,3°

4L40 S 25,4 24,7°

4L40 W 3 0 , 0 36,7°

Ta b l e  3.3 S l o p e  and A n g l e  m e a s u r e m e n t s

* The a v e r a g e  s l o p e  a n g l e  w a s  c a l c u l a t e d  fr o m  the. 

bwi.c'iing h e i g h t s  and w i d t h s ,  h e n c e  b e n c h  a n g l e

+ The •'\erage s l o p e  lon g c h  i n c l u d e s  v e r t i c a l  a n d  

h o r i z o n t a l  m e a s u r e m e n t s  of e a c h  br-^h.



4.0 R E S U L T S  A N D  P R E D I C T I O N S  OF  E R O S I O N

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

T h i s  c h a p t e r ,  t h r o u g h  s t a t i s t i c a l  and r e g r e s s i o n  

a n a l y s i s ,  tries to v a l i d a t e  the use of the e r o s i o n  

t e s t e r  E T C 0 M  for use in a d i r e c t  c o r r e l a t i o n  w i t h  

e r o s i o n  o n  s l i m e s  d a m s  slopes. T h e r e  a p p e a r s  h o w e v e r  

to be n o  d i r e c t  c o r r e l a t i o n  w i t h  e r o s i o n ,  the r e a s o n s  

for whi c h ,  w i l l  be d i s c u s s e d  later. T h e  c h a p t e r  a l s o  

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

and a d i s c u s s i o n  as to the m o s t  e f f e c t i v e  c o m b i n a t i o n  

of m e t h o d s  in the p r e d i c t i o n .

4.2 E T C 0 M S T A T I S T I C A L  A N A L Y S I S

In c h a p t e r  3 the f i e l d  w o r k  d e s c r i b e d  the p r o c e s s  of 

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

t h r o u g h o u t  the p e r i o d  of o n e  c a l e n d a r  y e a r  - A p r i l  

1984 t o  M a r c h  1985. A p p a n d i x  b  g i v e s  the 

o b s e r v a t i o n s  a n d  f r e q u e n c y  of t hese o b s e r v a t i o n s  £or 

w i n t e r  and summer.

In a s t a t i s t i c a l  a n a l y s i s  it is v e r y  e a s y  t o  g i v «  a 

d i s t o r t e d  v i e w  of the r e s u l t s  u n l e s s  all a s p e c t s  are 

looked at cl o s c l y .  T h i s  is c l e a r l y  se e n  by t a k i n g  

the a v e r a g e  of the r e a d i n g s  at the plot. T h i s  g i v e s  

a v e r a g e  v a l u e s  in w i n t e r  r a n g i n g  f r o m  48 kPa to 

j56 k P a  and in s u m m e r  fr o m  92 kPa to 260 k P a .

H o w e v e r  if i n d i v i d u a l  r e a d i n g s  a r e  p l a c e d  in i n t e r v a l s  

of 25 kPa as s h o w n }a d i f f e r e n t  p i c t u r e  a p p e a r s ,  A 

block h i s t o g r a m  t e n d e d  to c o n f u s e  the s u m m e r  and w i n t e r  

r e a d i n g s  so the g r a p h  r e p r e s e n t a t i o n  of o b s e r v a t i o n s  

g i v e s  a c l e a r e r  p i c t u r e .



Of t h e  t e n  w i n t e r  readi n g s ,  s e v e n  r e g i s t e r e d  d e f i n i t e  

p e a k s  in the r a n g e  50 to 7 4 kPa, one in the 100 to 

124 kPa range, o n e  in the 25 to 49 kPa r a n g e  a n d  one 

in the 75 to 99 kPa range.

In s u m m e r , t h e  r e a d i n g s , t e n d  to be m o r e  s c a t t e r e d  

and the pe a k  a l t h o u g h  not as w e l l  d e f i n e d  s p r e a d s  

o v e r  two o b s e r v a t i o n  i n t e r v a l s  in some cases.

T a b l e  4.1 shows the p e a k s  for w i n t e r  and s u m m e r  for 

the ten plots.

P l o t kPa

W i n t e r S u m m e r

3L39 N 75
-

99
- 124

4L34 S

rw - 74 75
-

99

B a l m o r a l  N 50 - 74 75 - 99

4L37 N 50 - 74
- 124

4L37 E 50
-

74 150
- 174

4L36 N - 124
- 149

4L36 E 25
-

49 50
- 74

4L24 S 50 - 74 - 124

4 L 4 0  S 50 - 74 50
- 74

4L 4 0  W 50
- 74 50 — 99

T a b l e  4.1 P e a k  E T C 0 M R e a d i n g s

T a b l e  4.2 and 4.3 s h ows the 95% c o n f i d e n c e  limit bas*-d on 

the a v e r a g e  of the I n d i v i d u a l  plots. In a N o r m a l  or 

G a u s s i a n  d i s t r i b u t i o n  o n e  w o u l d  e x p e c t  the 95% c o n f i d e n c e  

limit at a p p r o x i m a t e l y  1,96 s t a n d a r d  d e v i a t i o n s .  A l l  

e x c e p t  4L36 N s u m m e r  r e a d i n g  and 4 L 4 0  S w i n t e r  r e a d i n g s  

are a b o v e  2 s t a n d a r d  d e v i a t i o n s .  4L36 N has a l a rge 

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

and t h i s  is s h o w n  in A p p e n d i x  B  4 L 4 0  is the o n l y  

one to be s i m i l a r  \o a N o r m a l  d i s t r i b u t i o n .
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T h e  E T C 0 N> r e a d i n g s  w e r e  then p l o t t e d  v e r s u s  erosion. 

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

r a t e s  w e r e  t a k e n  as d e p i c t i n g  the t r u e  pi c t u r e .  T w o  

v a r i a t i o n s  w e r e  a n a l y s e d  to see if t h e r e  w a s  a n y  t r e n d  ;

(1) A v e r a g e  E T C 0 M v e r s u s  a v e r a g e  e r o s i o n  Fig. 4.1

(2) Pe a k  E T C 0 M v e r s u s  a v e r a g e  e r o s i o n  Fig. 4.°

The E T C 0 M r e a d i n g s  in Fig. 4.1 s h o w i n g  a v e r a g e  v a l u e s  

a r e  h i g h e r  th a n  the pe a k  v a l u e s  s h o w n  on Fig. 4.2. The 

r e a s o n  for this b e i n g  that the s c a t t e r  of v a l u e s  is 

ov e r  a w i d e  r a n g e  t e n d i n g  t o  put the a v e r a g e  h i g h e r  th a n  

the p e a k  value. T h i s  can c l e a r l y  be s h o w n  in the 

A p p e n d i x  g r a p h s  B.l - B.10.

In bo t h  g r a p h s  there is a g e n e r a l  t e n d e n c y  for 

i n c r e a s i n g  E T  C  0  M r e a d i n g s  w i t h  i n c r e a s i n g  er o s i o n .  

T h i s  is the r e v e r s e  of w h a t  one m i g h t  expect, as h i g h  

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

or c o n s o l i d a t i o n  of the o u t e r  s u r f a c e  and h e n c e  a 

l o w e r i n g  of the r a t e  of e r osion.

T he p r o c e d u r e  of r e a d i n g  E T C 0 M as it i m p i n g e s  on 

the dry s u r f a c e  is not r e p r e s e n t a t i v e  of the w a y  

e r o s i o n  is i n i t i a t e d  or p r o c e d e s .  T h e  p r e d o m i n a n t  

c h a r a c t e r i s t i c  of e r o s i o n  is that c a u s e d  by the s h e a r i n g  

e f f e c t  of p a r a l l e l  s* -face flow, d i s l o d g i n g  and 

t r a n s p o r t i n g  p a r t i c l e s  d o w n  slope. F l o w  o v e r  the 

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

no m o r e  i n f i l t r a t i o n  car. ta k e  p l a c e  w h e r e a s  E T C 0 M 

is u s e d  on a p a r t i a l l y  s a t u r a t e d  s l o p e  w h e r e  c a p i l l a r y  

a c t i o n  m a y  h a v e  a s i g n i f i c a n t  e f f e c t  in b i n d i n g  the 

surface. T h i s  m a y  a c c o u n t  for the c o n s i s t e n t  p e a k i n g  

in w i n t e r  w h e r e  li t t l e  r a i n  f a l l s  and the c a p i l l a r y  

e f f e c t  is g r e a t e r .  In s u m m e r  the g r e a t e r  s c a t t e r  m a y  

be by c y c l i c a l  h e a t i n g  and d r y i n g  c a u s e d  by i n t e n s e
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heat f o l l o w e d  by h i g h  i n t e n s i t y  r a i n s t o r m s .  T h i s  w o u l d  

g i v e  rise to an i n c r e a s e  in c a p i l l a r y  s t r e s s e s  d u r i n g  

the d r y  p e r i o d  f o l l o w e d  by a r e d u c t i o n  in c a p i l l a r y  

s t r e s s e s  d u r i n g  a r a i n s t o r m .

T h e  m a n n e r  in w h i c h  r e a d i n g s  are t a k e n  is a l s o  o p e n  to 

qu e s t i o n .  T h e  r e a d i n g s  are t a k e n  as the let of w a t e r  

r e L u r n s  v e r t i c a l l y ,  the p r e s s u r e  b e i n g  g r a d u a l l y  

i n c r e a s e d  u n t i l  this happens. T h e  jet l o o s e n s  m a t e r i a l  

at low p r e s s u r e s  and c o n t i n u e s  u n t i l  such t i m e  as t h e r e  

is a return. At e v e r y  i n c r e m e n t  of p r essure m a t e r i a l  

is w a s h e d  a w a y  so that e r o s i o n  by E T C 0 M is t i m e  as 

we l l  as p r e s s u r e  d e p e n d e n t .

Dunn n o t e d  that li t t l e  c h a n g e  in he a d  at this c r i t i c a l  

v a l u e  w a s  n e c e s s a r y  to c o n t i n u e  e r o s i o n  o n c e  it had 

started. A c o r r e l a t i o n  m a y  be d e t e r m i n e d  if a c o n s t a n t  

h e a d  of w a t e r  is a p p l i e d  and the t i m e  r e c o r d e d  for 

p e n e t r a t i o n  of the slimes. The p r e s s u r e  s h o u l d  p o s s i b l y  

be k e p t  at a p p r o x i m a t e l y  100 kPa and r e a d i n g s  t a k e n  in 

w i n t e r .

H u m a n  e r r o r  m a y  a r i s e  w h e n

(1) D e t e r m i n i n g  w h e n  the flow of the jet r e t u r n s  

v e r t i c a l l y  f r o m  the slimes;

(2) T h e r e  is a l apse in ti m e  b e t w e e n  o b s e r v i n g  jet 

r e t u r n  and r e a d i n g  of gauge.

R e a d i n g s  m a y  be i r r e g u l a r  if t a k e n  the d a y  a f t e r  a 

ra i n s t o r m .  T h i s  is s h own in the w i d e  s c a t t e r  of 

s u m m e r  r e a d i n g s .  T h e r e f o r e  it is c o n c l u d e d  that 

E T C 0 M on its o w n  c a n n o t  be used to p r e d i c t  the 

d i r e c t  soil loss fr o m  s l i m e s  d a m  slopes.



4.3 P R E D I C T I O N  BY U S L E A N D  *L' 'S' 'T' G R A P H S

4.3.1 EF.OSION R E S U L T S

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

s t r e n g t h  and s u r f a c e  s hear str e s s  a n d  h e n c e  a d i r e c t  

c o r r e l a t i o n  w i t h  erosion. It was w i t h  this in m i n d  that 

if it w a s  p o s s i b l e  m e a s u r e  the s h e a r  s t r e n g t h  as 

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

r e s u l t  b e t w e e n  s h e a r  and ero s i o n .  T h i s  r e s u l t e d  in the 

use of the 'TORVANE' w h i c h  was m e n t i o n e d  in c h a p t e r  3. 

With t h i s  and the r e s u l t s  of m e a s u r e m e n t  of s l o p e  and 

g r a d i n g  a n a l y s i s  it w i l l  be s h o w n  that it is p o s s i b l e  

to p r edict, w i t h  c e r t a i n  b o u n d a r y  c o n d i t i o n s ,  the 

e r o s i o n  on s t e e p  slopes.

From the a v e r a g e  r e a d i n g s  of the r e t r e a t  on the p l o t s  

and d e t e r m i n a t i o n  of the d r y  d e n s i t y  from the s a m p l e s  

taken, the r a t e  of the e r o s i o n  for summer, w i n t e r  and 

the t otal for the year has be e n  c o m p u t e d  in tons per 

h e c t a r e  per h a l f  year. T h e  dry d e n s i t i e s  a v e r a g e  a r o u n d  

the lb 0 0  k g / m  e x c e p t  for B a l m o r a l  w h i c h  is s till in use. 

S l i m e s  a r e  s t ill b e i n g  p u m p e d  in t o  this dam, h e n c e  the 

h i g h e r  bulk d e n s i t y .  A l l  the o t h e r  slimes d a m s  are out 

of c o m m i s s i o n .  T a b l e  4.4 s h ows the c h a r a c t e r i s t i c s  of 

the i n d i v i d u a l  slopes. T h e  a v e r a q e  e r o s i o n  was t a k e n  

at the end of w i n t e r  and the a v e r a g e  total r e a d i n g  at 

the end of summer. T h e  a v e r a g e s  w e r e  th e n  s u b t r a c t e d  

to g i v e  the s o i l  loss o v e r  the s u m m e r  m o n t h s .

T he so i l  loss was then d i v i d e d  by the a v e r a g e  r a i n f a l l  

of the t h r e e  gauges. T a b l e  3.0.

From the r e s u l t s  s h o w n  it is c l e a r l y  s e e n  t h a t  e r o s i o n  

in w i n t e r  is o n l y  s l i g h t l y  less o v e r a l l  t h a n  in s u m mer.
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In four out of the ten plots e r o s i o n  was m o r e  in w i n t e r  

th a n  in the summer. T h e  o v e r a l l  a v e r a g e  for the ten 

p l ots j dimmer was 149 T / h a  and w i n t e r  120 T / h a  g i v i n g  

an o/er a l l  a v e r a g e  w i n t e r  e r o s i o n  w h i c h  is 80% of 

the o v e r a l l  a v e r a g e  s u m m e r  e r osion.

R e a s o n s  f lis r e s u l t  may be

(1) W i n d  in w i n t e r  m a y  pl a y  a s u b s t a n t i a l  p a r t  in 

the r e m o v a l  of soil.

(2; T h r o u g h  a d e c r e a s e  in s u r f a c e  m o i s t u  a the e f f e c t  

of c a p i l l a r y  a c t i o n  m a y  be d e c r e a s e d  and c o m b i n e d  w i t h  

the wind, p a r t i c l e s  are l o o s e n e d  and t nsported. T h i s  

is s u b s t a n t i a t e d  by the lower E T C 0 M r e a d i n g s  in 

w i n t e r  in compari .on to s u m m e r  readings.

(3) S i l t i n g  a r o u n d  the pegs o c c u r r e d  in some c a s e s  in 

summer. T h i s  m a y  ) -jducc the o v e r a l l  m e a s u r e d  r a t e  of 

eras ion.

(4) T h e  i n t e n s e  h e a t  t e n d e d  to i n c r e a s e  the o x i d a t i o n  

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

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

w o u l d  n e e d  a h i g h e r  i n t e n s i t y  of ra i n  to p e n e t r a t e .  

H u d s o n * 1 0  ̂ in his c a l c u l a t i o n  for soil loss in Z i m b a b w e  

o n l y  to o k  into a c c o u n t  r a i n s t o r m s  w i t h  i n t e n s i t i e s  of 

25inm/hr or m o r e  as n e c e s s a r y  to s t art and p r o l o n g  erosion,

In the g r a p h s  for length, slope, s h e a r  s t r e n g t h  v e r s u s  

the r e s i d u e  loss the 'x' a x i s  has b e e n  c h o s e n  in all 

ca ses for the r e s i d u e  loss. A l t h o u g h  t h i s  t e nds t o  be 

a g a i n s t  conven t i o n , a .  the r e s i d u e  loss is se e n  to be a 

f u n c t i o n  of slope, le n g t h  a n d  s h e a r  stren g t h ,  it w a s  

d e p i c t e d  in t h e  w a y  s h o w n  to g i v e  p r o m i n e n c e  t o  t h e  ra t e  

of r e s i d u e  loss.



In all the g r a p h s  the z e r o  p o i n t  for the ax e s  hc.s b e e n  

s u p p r e s s e d  d e l i b e r a t e l y  for t w o  r e a s o n s  :

1. No  r e s u l t s  of r e s i d u e  loss w e r e  o b t a i n e d  b e l o w  

 t o n / h a / y e a r .

2. T h e  d a t a  at this s t a g e  t e n d s  to be l i m i t e d  a n d  

on l y  s hows a s m a l l  "wi n d o w "  of results.

O u t s i d e  t'.iC r e s u l t s  o b t a i n e d , a n d  until m o r e  d a t a  has 

be e n  c o l l e c t e d ,  it- is d e e m e d  i n a p p r o p r i a t e  to s p e c u l a t e  

on the t r e n d  of the g r a p h s  b e l o w  l O O T / h a / y e a r .

4.3.2 L E N G T H  A N D  S L O P E  A N G L E

The length and s l o p e  a n g l e  w e r e  p l o t t e d  s e p a r a t e l y  

a g a i n s t  e r o s i o n  and t h e n  c o m b i n e d  u sing the . S L E 

e q u a t i o n  : (Fig. 4.5).

T h e  r e c a l l s  sn o w  a l i n e a r  r e l a t i o n s h i p  in the l e n g t h  

of s l o p e  / e r o s i o n  Fig p l o t  4.3 w i t h  two o u t l i e r s  

v/i ich are 4L34 a n d  B a l m o r a l .  T h i s  m a y  be the r e s u l t  

■>f h i g h e r  b u l k  d e n s i t i e s .  E T C O M  r e a d i n g s  

.^ofendix B.2 and B. 3 s h o w  that in s u m m e r  the d e f i n i t e  

p jc.k o b s e r v a t i o n  is l o wer (75 - 99 kPa) s u g g e s t i n g  a 

v ' f i e r  c r u s t i n g  than normal, w h i c h  w o u l d  then be  m o r e  

p ’ort to e r o s i o n  by water.

The p l o t  of s l o p e  a n g l e  / e r o s i o n  also s h o w  a li n e a r  

rej.n J.onship t u t  takes a s t e e p e n i n g  c u r v e  for -limes 

da.’r.j 1 L 2 4 , 4i..40 W  and 41.37 N w h i c h  h a v e  a n g l e s  of 46° 

37° a n d  35° r e s p e c t i v e l y .  Fig. 4.4 T h e  r e l a t i o n s h i’ 

sh o w s  that ra t e  of e r o s i o n  b e c o m e s  a l m o s t  c o n s t a n t  lor 

all s l o p e  a n g l e s  o n c e  s l o p e  e x c e e d s  a b o u t  35° and

LS (0,136 + 0 , 0 9 7 S  + 0 ; 0 1 3 9 S 2 )
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a p p r o a c h e s  a v a l u e  of 150 T/ha/y.

T h i s  s hows th a t  t h e r e  is a c r i t i c a l  a n g l e  b e y o n d  w h i c h  

e r o s i o u  do e s  not o c c u r  in a li n e a r  r e l a t i o n s h i p  wi t h  

s l o p e  angle. Th i s  a n g l e  a p p e a r s  to be b e t w e e n  35° 

an d  37°.

T h e  iihape of the s l o p e  m a y  be e x p l a i n e d  by the fact 

that,  the s l o p e  a n g l e  i n c r e a s e s  t o w a r d s  n i n e t y  degrees, 

r e s i d u  loss m u s t  d e c r e a s e  due to a r e d u c t i o n  of the 

i m p a c t i n g  a n d  d i s l o d g i n g  e f f e c t  of ra i n  drops. At the 

same time, as the s l o p e  i n c r e a s e s  the r e s i d u e  loss m u s t  

i n c r e a s e  d u e  to the s h e a r i n g  e f f e c t  of the r a i n w a t e r  

fl o w  a c r o s s  the s u rface. T h e r e f o r e  of d o u b l e  b r a n c h e d  

f u n c t i o n  as s h o w n  in Fig. 4.4 m a y  be expected.
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