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SUMMARY 

T h i s  s t u d y  h a s  been  u n d e r t a k e n  t o  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  of t h e  
f a c t o r s  i n f l u e n c i n g  n a v i g a b l e  d e p t h s  i n  a  s i n g l e - c h a n n e l  e s t u a r y  a s  
r e p r e s e n t e d  by t h e  t i d a l  Thames. 

I n  March 1983,  two r e p o r t s  we re  p u b l i s h e d  t o  document t h e  changes  t h a t  h a v e  
t a k e n  p l a c e  f rom t h e  e a r l y  1 9 5 0 ' s  t h r o u g h  t o  t h e  l a t e  1 9 7 0 ' s .  The f i r s t  
r e p o r t ,  IT  241, p r e s e n t e d  a c c r e t i o n / e r o s i o n  c h a r t s  of f i v e  s e n s i t i v e  r e a c h e s  
o f  t h e  e s t u a r y  - Bugsbys ,  Woolwich, G a l l i o n s ,  Ba rk ing  and  Halfway Keaches - 
which embrace  t h e  s o - c a l l e d  "Mud Reaches"  where t h e  b u l k  of t h e  e s t u a r y  
m a i n t e n a n c e  d r e d g i n g  was c a r r i e d  o u t .  The second r e p o r t ,  IT 246, p r o v i d e d  
f a c t u a l  i n f o r m a t i o n  f o r  t h e  same p e r i o d  on v a r i a t i o n s  i n  t i d a l  l e v e l ,  f r e s h  
w a t e r  f l o w ,  w a t e r  s a l i n i t y ,  and c a p i t a l  and ma in t enance  d r e d g i n g .  

S i n c e  1983,  work h a s  been  u n d e r t a k e n  t o  e x t e n d  t h e  d o c u m e n t a t i o n  of  bed 
l e v e l  changes  down-r iver ,  and a c c r e t i o n / e r o s i o n  c h a r t s  have been  p r e p a r e d  
f o r  E r i t h  Reach,  E r i t h  Kands and  Upper and  Lower Long Reach.  T h i s  
i n f o r m a t i o n  i s  p r e s e n t e d  i n  a  t h i r d  r e p o r t ,  SR 45,  which a l s o  c o n t a i n s  
a c c r e t i o n / e r o s i o n  c h a r t s  r e s u l t i n g  f rom a  d e t a i l e d  e x a m i n a t i o n  of  bed l e v e l  
c h a n g e s  t h a t  have  o c c u r r e d  i n  Woolwich Reach d u r i n g  t h e  p e r i o d  of  Thames 
B a r r i e r  c o n s t r u c t i o n .  The a c c r e t i o n / e r o s i o n  s t u d y  i n d i c a t e d  t h a t  
supe r imposed  on t h e  c y c l i c a l  movements of s e d i m e n t  which o c c u r  a s  a result 
of  s e a s o n a l  v a r i a t i o n s  i n  r i v e r  f l o w  and  s a l i n e  i n t r u s i o n  of t h e  e s t u a r y ,  
t h e r e  i s  e v i d e n c e  of a  l ong - t e rm t r e n d  i n  s e d i m e n t  d i s t r i b u t i o n  which was 
p a r t i a l l y  masked by l a r g e - s c a l e  n a v i g a t i o n  c h a n n e l  m a i n t e n a n c e  d r e d g i n g  
c o n t i n u o u s l y  u n d e r t a k e n  i n  B a r k i n g  Reach up t o  t h e  mid-1960's .  The 
c e s s a t i o n  of d r e d g i n g  produced  a c c r e t i o n ,  e s p e c i a l l y  u p - r i v e r ,  where  t h e  
d i s t r i b u t i o n  of  t h e  a d d i t i o n a l  s e d i m e n t  was l a r g e 1  y  d e t e r m i n e d  by t h e  f l o w  
r e s i s t a n c e  a f f o r d e d  by j e t  t i e s  and t e r m i n a l  S.  

The a n a l y s i s  of d a t a  a b s t r a c t e d  s i n c e  t h e  e a r l y  1 9 7 0 ' s  d e m o n s t r a t e d  t h a t  
e a c h  s t a t i o n  h a s  a  c h a r a c t e r i s t i c  s h a p e  of  s i l t  c o n c e n t r a t i o n  - t i m e  c u r v e  
f o r  e a c h  q u a r t e r  of  t h e  y e a r  and  t h a t  changes  i n  t h e  d i s t r i b u t i o n  of s i l t  
c o n c e n t r a t i o n  r e s u l t i n g  f rom c i v i l  e n g i n e e r i n g  works ,  such  a s  j e t t y  
c o n s t r u c t i o n ,  r e c l a m a t i o n  o r  d r e d g i n g ,  c a n  be d i s t i n g u i s h e d  f rom changes  i n  
c o n c e n t r a t i o n  due  t o  v a r i a t i o n s  i n  n a t u r a l  f a c t o r s  s u c h  a s  r i v e r  d i s c h a r g e  
and s a l i n e  i n t r u s i o n .  T h i s  h a s  p a r t i c u l a r  s i g n i f i c a n c e  b o t h  i n  a t t e m p t s  t o  
r e s o l v e  t h e  r e c u r r e n t  problem of d e t e r m i n i n g  t h e  r e a s o n  f o r  a n  o b s e r v e d  
m o d i f i c a t i o n  t o  r i v e r  reg ime and i n  p r e d i c t i n g  t h e  l i k e l y ,  i f  t empora ry ,  
e f f e c t s  of a c i v i l  e n g i n e e r i n g  a c t i v i t y .  
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1 INTRODUCTION 
T h i s  is  t h e  t h i r d  i n  a  s e r i e s  of f o u r  r e p o r t s  
r e s u l t i n g  f rom a s t u d y  of changes  i n  water p r o p e r t i e s  
and sed imen t  d i s t r i b u t i o n  i n  t h e  t i d a l  Thames c a r r i e d  
o u t  between A p r i l  1982 and March 1985. 

The f i r s t  r e p o r t  (Ref 1 )  p u b l i s h e d  i n  F e b r u a r y  1983,  
demons t ra t ed  i n  t h e  form of a c c r e t i o n / e r o s i o n  c h a r t s  
t h e  bed l e v e l  changes  t h a t  had o c c u r r e d  d u r i n g  t h e  
s i x t h ,  s e v e n t h  and e i g h t h  decades  of t h i s  c e n t u r y  i n  
f i v e  s e n s i t i v e  r e a c h e s  of t h e  e s t u a r y  which i n c l u d e d  
t h e  "Mud Reaches" where t r a d i t i o n a l l y  most of t h e  
ma in tenance  d r e d g i n g  w a s  unde r t aken .  The second 
r e p o r t  (Ref 2 ) ,  p u b l i s h e d  a month l a t e r ,  p r e s e n t e d  
t h e  r e s u l t s  of p r o c e s s i n g  t h e  a v a i l a b l e  d a t a  on t i d a l  
l e v e l ,  r i v e r  f low,  w a t e r  s a l i n i t y  and d r e d g i n g .  

S i n c e  1983, t h e  s t u d y  of bed l e v e l  changes  between 
1952 and 1979 h a s  been extended t o  i n c l u d e  E r i t h  
Reach, E r i t h  Rands and Long Reach and a  d e t a i l e d  
examina t ion  h a s  been made of t h e  changes  t h a t  o c c u r r e d  
i n  Woolwich Reach d u r i n g  t h e  p e r i o d  of t h e  Thames 
B a r r i e r  c o n s t r u c t i o n  f rom 1974 t o  1982. The 
r e s p e c t i v e  a c c r e t i o n / e r o s i o n  c h a r t s  a r e  bound i.n a 
f o u r t h  r e p o r t  (Ref 3 ) .  

F i n a l l y  a n  a n a l y s i s  h a s  been made of d a t a  a b s t r a c t e d  
f rom f o u r  s i l t  m o n i t o r i n g  s t a t i o n s  which have been i n  
c o n t i n u o u s  o p e r a t i o n  i n  t h e  e s t u a r y  s i n c e  t h e  e a r l y  
1 9 7 0 ' s .  

2 BED LEVEL 
CHANGE S 

The f i r s t  p a r t  of t h i s  s e c t i o n  of t h e  r e p o r t  d e s c r i b e s  
t h e  bed l e v e l  changes  which o c c u r r e d  i n  E r i t h  Reach, 
E r i t h  Rands and Long Reach between 1952 and 1979,  
changes  b e i n g  a s s e s s e d  f rom a compar ison of s u c c e s s i v e  
s u r v e y s .  The second p a r t  of t h e  s e c t i o n  d e a l s  which 
IJoolwich Reach d u r i n g  t h e  y e a r s  of B a r r i e r  
c o n s t r u c t i o n  f rom 1974 t o  1982. A l l  F i g u r e s  r e f e r r e d  
t o  i n  t h i s  s e c t i o n  on bed l e v e l  changes  a r e  t o  be 
found i n  SR 45 (Ref 3 ) .  The a c c r e t i o n / e r o s i o n  c h a r t s  
i n  Ref 3 are c o n t o u r e d  i n  i n t e r v a l s  of 0.6m (2  f t ) ,  
a c c r e t i o n  b e i n g  shown i n  r e d ,  e r o s i o n  i n  b l u e .  

(i) E r i t h  Reach,  E r i t h  Rands and Long Reach,  
1952-1979 

The changes  o c c u r r i n g  between 195213 and 195718 
a r e  shown on F i g  1. Modera te  d e p t h  g a i n s  were 
r e c o r d e d  i n  t h e  n a v i g a t i o n  c h a n n e l  and a l o n g  t h e  
n o r t h  bank of E r i t h  Reach w h i l s t  a c c r e t i o n  
o c c u r r e d  a l o n g  t h e  s o u t h  bank a t  t h e  downstream 
end.  I n  E r i t h  Rands t h r e e  zones  of a c c r e t i o n  
o c c u r r e d  a c r o s s  t h e  r i v e r  a t  Coldharbour  P o i n t :  
one  caused a  s m a l l  d e p t h  l o s s  on t h e  n o r t h e r n  



s i d e  of t h e  n a v i g a t i o n  channe l ,  a n o t h e r  was 
l o c a t e d  j u s t  beyond t h e  s o u t h e r n  edge of t h e  
c h a n n e l ,  whi le  t h e  t h i r d  a f  f e c t e d  t h e  mud bank 
behind E r i t h  Deep Water Wharf. Another zone of 
a c c r e t i o n  developed i n  t h e  l e e  of Crayfordness .  
Elsewhere  i n  E r i t h  Rands changes were conf ined  t o  
minor p a t c h e s  of e r o s i o n  and a c c r e t i o n .  Dredging 
r e c o r d s  s u g g e s t  t h a t  no c a p i t a l  o r  maintenance 
works were c a r r i e d  o u t  d u r i n g  t h e  pe r iod  i n  
e i t h e r  r each .  

Modest bed l e v e l  changes were recorded i n  Long 
Reach which took t h e  form of s i x  e r o s i o n  zones 
and f o u r  a r e a s  of a c c r e t i o n .  No d redg ing  r e c o r d s  
a r e  a v a i l a b l e  f o r  t h i s  r each  but  t h e  i n d i c a t i o n s  
from t h e  F i g u r e  s u g g e s t  t h a t  t h e  bulk  of t h e  
e r o s i o n  could  be a t t r i b u t e d  t o  maintenance 
d redg ing  works a t  j e t t y  i n s t a l l a t i o n s .  Two a r e a s  
of a c c r e t i o n  l y i n g  on t h e  s o u t h  s i d e  j u s t  below 
D a r t f o r d  Creek a r e  worth n o t i n g ,  f o r  a l t h o u g h  
they  were r e l a t i v e l y  unimportant  i n  t h e  c o n t e x t  
of t h e  p e r i o d  1952-58 they  formed p a r t  of a n  
extended s h o a l  which developed i n  subsequent  
y e a r s .  

The o v e r a l l  changes recorded  between 1952 and 
1958 a r e  s m a l l ,  i n d i c a t i n g  t h a t  t h i s  s e c t i o n  of 
t h e  e s t u a r y  was f a i r l y  s t a b l e  a t  t h e  t ime.  

Between 1958 and 1963 ( F i g  2 )  t h e  a r e a  was 
s u b j e c t e d  t o  widespread moderate a c c r e t i o n .  I n  
E r i t h  Reach t h e  n a v i g a t i o n  channe l  a c c r e t e d  a t  
t h e  upst ream end whi le  a long  t h e  n o r t h  bank 
e r o s i o n  was recorded .  T h i s  e r o s i o n  was p robab ly  
t h e  r e s u l t  of d redg ing  c a r r i e d  o u t  i n  t h e  
v i c i n i t y  of t h e  pump-ashore u n i t  a t  Rainham. I n  
E r i t h  Rands t h e r e  was widespread r e d u c t i o n  i n  
dep th  of a t  l e a s t  2 f t  (0.6m) i n  s p i t e  of t h e  
removal of 44,000 m 3  of s i l t  from t h e  channe l  i n  
1962. The a c c r e t i o n  i n  Long Reach was p a r t l y  t h e  
r e s u l t  of d e p o s i t i o n  i n  dredged c u t s  and p a r t l y  
a t t r i b u t a b l e  t o  a n  e x t e n s i o n  of the  s h o a l  t h a t  
developed i n  t h e  v i c i n i t y  of D a r t f o r d  Creek 
between 1952 and 1958 ( F i g  1 ) .  

Bed l e v e l  changes between 1963 and 1968 (F ig  3 )  
g e n e r a l l y  took  t h e  form of moderate a c c r e t i o n  and 
e r o s i o n .  I n  E r i t h  Reach t h e r e  was ev idence  of 
l i g h t  a c c r e t i o n  i n  t h e  n a v i g a t i o n  channe l  and 
a l o n g  t h e  n o r t h  bank, w h i l e  i n  E r i t h  Rands 
a c c r e t i o n  o c c u r r e d  i n  t h e  channe l  and a l o n g  t h e  
s o u t h  bank. Minor improvements i n  d e p t h  were 
a l s o  recorded  i n  t h e s e  r e a c h e s ,  t h e  g r e a t e s t  
c o n c e n t r a t i o n  being l o c a t e d  on t h e  s o u t h  s i d e  
between J e n n i n g t r e e  P o i n t  and E r i t h .  I n  Long 
Reach t h e r e  was ev idence  of a  f u r t h e r  e x t e n s i o n  



of t h e  s h o a l  nea r  D a r t f o r d  Creek e n t r a n c e .  
Elsewhere  i n  t h e  r e a c h  t h e  changes of any 
s i g n i f i c a n c e  were t h e  r e s u l t  of c i v i l  e n g i n e e r i n g  
works and m o d i f i c a t i o n s  t o  d redg ing  p r a c t i c e .  
Some j e t t i e s  on t h e  n o r t h  s i d e  were extended 
towards t h e  channe l  t o  g a i n  t h e  b e n e f i t  of deeper  
water. A s  a r e s u l t  of t h e  c e s s a t i o n  of 
maintenance d redg ing  on t h e  o l d  j e t t y  l i n e ,  o t h e r  
j e t t i e s  n e a r e r  t h e  r i v e r  bank s t a r t e d  t o  
e x p e r i e n c e  h e a v i e r  s i l t a t i o n  and s o  they ,  i n  
t u r n ,  were r e b u i l t  f u r t h e r  o f f s h o r e  (Ref 4 ) .  
F i g  3  r e f l e c t s  t h e s e  e v e n t s  a l o n g  t h e  n o r t h  bank, 
e r o s i o n  being due t o  c a p i t a l  d redg ing  on t h e  new 
j e t t y  l i n e  and a c c r e t i o n  being t h e  r e s u l t  of 
d e p o s i t i o n  i n  former  dredged c u t s .  

Bed l e v e l  changes t h a t  o c c u r r e d  between 1968 and 
1973 a r e  shown on F i g  4. I n  E r i t h  Reach, 
mid-r iver  changes were v e r y  s m a l l  bu t  some 
s i l t a t i o n  occurred on t h e  n o r t h  and s o u t h  s i d e s .  
I n  upper  E r i t h  Rands s m a l l  i n c r e a s e s  i n  c h a n n e l  
d e p t h  occur red  w h i l s t  t h e r e  was a  r e d u c t i o n  i n  
d e p t h  o f f  Crayfordness .  On t h e  n o r t h  s i d e  of 
Long Reach t h e r e  was a n  u p - r i v e r  e x t e n s i o n  of 
banks ide  a c c r e t i o n .  E r o s i o n  o c c u r r e d  on t h e  
s o u t h  s i d e  i n  many of t h e  zones t h a t  had shoa led  
d u r i n g  t h e  1963-68 p e r i o d .  The e r o s i o n  on t h e  
s o u t h  s i d e  i n  t h e  middle  of t h e  r e a c h  r e f l e c t s  
t h e  c a p i t a l  d redg ing  c a r r i e d  o u t  f o r  t h e  new 
L i t t l e b r o o k  ' B '  power s t a t i o n  j e t t y .  A t  D a r t f o r d  
Creek e n t r a n c e ,  f u r t h e r  a c c r e t i o n  added t o  t h a t  
exper ienced  d u r i n g  t h e  p reced ing  two decades .  

F i g  5  shows t h e  changes t h a t  o c c u r r e d  between 
1973 and 1978. I n  t h e  main n a v i g a t i o n  channe l ,  
d e p t h s  i n  a l l  t h r e e  r e a c h e s  e i t h e r  remained t h e  
same o r  i n c r e a s e d  s l i g h t l y .  Along t h e  bank s i d e s  
t h e r e  were a  number of changes ,  some of which a r e  
r e a d i l y  exp la ined .  For  example, t h e  damming of 
Rainham Creek a s  p a r t  of t h e  f l o o d  de fence  
measures produced f o r e s h o r e  a c c r e t i o n  on t h e  
n o r t h  bank i n  E r i t h  Reach (Ref 5 ) ,  w h i l s t  
maintenance d redg ing  a t  t h e  Murex j e t t y  and t h e  
PLA pump-ashore u n i t  a t  Rainham f u r t h e r  
downstream had t h e  r e v e r s e  e f f e c t .  On t h e  s o u t h  
s i d e ,  banks ide  a c c r e t i o n  con t inued  bo th  behind 
t h e  E r i t h  Deep Water j e t t y  and i n  t h e  v i c i n i t y  of 
t h e  e n t r a n c e  t o  D a r t f o r d  Creek a t  t h e  upper end 
of Long Reach. S i m i l a r l y  banks ide  a c c r e t i o n  
con t inued  behind t h e  j e t t i e s  on t h e  n o r t h  s i d e  of 
lower  Long Reach, l a r g e l y  because  of t h e  
r e d u c t i o n  i n  maintenance d redg ing .  



( i i )  Woolwich Beach 1974-82 

A s  p a r t  of t h e  Thames B a r r i e r  P r o j e c t  t h e  G r e a t e r  
London Counc i l  commissioned t o p o g r a p h i c a l  s u r v e y s  
a t  r e g u l a r  i n t e r v a l s  t o  moni to r  r i v e r  bed l e v e l s  
between t h e  Western  E n t r a n c e  of t h e  Royal  Docks 
i n  Bugsby's  Reach and Royal  V i c t o r i a  Gardens a t  
t h e  e a s t e r n  end of Woolwich Reach. The f i r s t  
s u r v e y  was made i n  March 1974 p r i o r  t o  any r i v e r  
works and t h e  second su rvey  fo l lowed i n  Apr i l / t l ay  
1975 a f t e r  t h e  comple t ion  of t h e  c a p i t a l  d r e d g i n g  
f o r  t h e  Nor the rn  D i v e r s i o n  Channel  (NDC) which 
marked t h e  s t a r t  of t h e  i n s t a l l a t i o n  of t empora ry  
works f o r  B a r r i e r  c o n s t r u c t i o n .  S ince  t h e n ,  
s u r v e y s  have been c a r r i e d  o u t  a t  a n n u a l  
i n t e r v a l s ,  t h a t  f o l l o w i n g  comple t ion  of B a r r i e r  
c o n s t r u c t i o n  (No 1 0 )  be ing  made i n  
December 1982. 

F i g  6  sllows t h e  a c c r e t i o n  and e r o s i o n  t h a t  
o c c u r r e d  d u r i n g  t h e  pe r iod  of NDC dredg ing .  The 
c o n t o u r s  g i v e  bed l e v e l  changes  i n  i n t e r v a l s  of 
0.5m. ' T h e  predominant f e a t u r e  i s  t h e  new dredged 
c u t  a l o n g  t h e  n o r t h e r n  s i d e  of t h e  r i v e r .  A l s o  
shown a r e  a  number of s m a l l e r  a r e a s  of banks ide  
a c c r e t i o n  and e r o s i o n ,  e .g.  s i l t a t i o n  between t h e  
T a t e  and L y l e  j e t t i e s  and pocke t s  of a c c r e t i o n  
a long  t h e  s o u t h  s i d e  of upper  Woolwich Reach. 
The remainder  of t h e  changes ,  which a r e  l i b e r a l l y  
d i s t r i b u t e d  o v e r  t h e  r i v e r ,  r e s u l t  p a r t l y  from 
s m a l l  l a t e r a l  and l o n g i t u d i n a l  d i s p l a c e m e n t s  of 
s h a l l o w s  and deeps  a r i s i n g  from sediment  
r e d i s t r i b u t i o n  a s s o c i a t e d  w i t h  t h e  h igh  
f r e s h w a t e r  d i s c h a r g e  of t h e  w i n t e r  of 197415, and 
p a r t l y  from f low changes due t o  t h e  c a p i t a l  
d redg ing .  

F i g  7  shows t h e  bed l e v e l  changes  t h a t  had 
o c c u r r e d  by 1978 when o b s t r u c t i o n  due t o  
temporary works was g r e a t e s t .  The F i g u r e  
compares p r e - B a r r i e r  c o n d i t i o n s  ( s u r v e y  No 1 )  
w i t h  t h e  1978 s u r v e y  (No 6 ) .  Temporary works 
occup ied  t h e  s o u t h e r n  h a l f  of t h e  r i v e r  and t h e  
n o r t h e r n  i n t e r - t i d a l  bank, c a u s i n g  a  change i n  
t h e  l a t e r a l  d i s t r i b u t i o n  of f low i n  Woolwich 
Reach. 

The consequence of t h i s  f low r e d i s t r i b u t i o n  was 
t o  i n c r e a s e  e r o s i v e  f o r c e s  on t h e  n o r t h  s i d e  of 
t h e  r i v e r  and reduce  them on t h e  s o u t h  s i d e .  
A d d i t i o n a l  s c o u r i n g  occur red  i n  t h e  NL)C and a l o n g  
t h e  edge of t h e  n o r t h e r n  i n t e r - t i d a l  bank t o  a  
d e p t h  of abou t  l m  w h i l e  d e p o s i t i o n  took p l a c e  i n  
mid- r ive r  and a l o n g  t h e  s o u t h  bank. 



With t h e  g r a d u a l  removal of t h e  temporary works, 
l a t e r a l  f low d i s t r i b u t i o n  tended t o  r e v e r t  t o  t h e  
p r e - B a r r i e r  regime. F i g  8,  which compares t h e  
p r e - B a r r i e r  su rvey  (No 1 )  w i t h  t h e  B a r r i e r  
complet ion su rvey  (No 1 0 ) ,  shows t h a t  much of t h e  
n o r t h - s i d e  scour  and a  s i g n i f i c a n t  p r o p o r t i o n  of 
t h e  mid-r iver  and sou th - s ide  d e p o s i t i o n  had 
d i sappeared  by 1982. 

The main changes i n  sediment  d i s t r i b u t i o n  t h a t  
occur red  between t h e  complet ion of t h e  c a p i t a l  
d redg ing  f o r  t h e  NDC and t h e  complet ion of 
B a r r i e r  c o n s t r u c t i o n  were a  s m a l l  d e p t h  i n c r e a s e  
a t  t h e  w e s t e r n  end of t h e  NDC and s m a l l  d e p t h  
r e d u c t i o n s  i n  t h e  NDC above and below t h e  
B a r r i e r .  The pocket  of a c c r e t i o n  on t h e  
i n t e r - t i d a l  bank from t h e  North abutment ou t  t o  
P i e r  3 was due t o  rock  t i p p i n g  t o  p r e v e n t  t h e  
c i l l  u n i t s  of t h e  n o r t h e r n  spans  from be ing  
undermined. The a c c r e t i o n  which had occur red  
between t h e  T a t e  and L y l e  j e t t i e s  dur ing  t h e  
pe r iod  of NDC d r e d g i n g ,  con t inued .  On t h e  s o u t h  
s i d e  of t h e  r i v e r  i n  upper Woolwich Reach a  
moderate amount of banks ide  a c c r e t i o n  between 
Murphy's j e t t y  and t h e  B a r r i e r  a s  w e l l  a s  some 
i n f i l l i n g  of t h e  former  C h a r l t o n  barge  t i e r s  a l s o  
con t inued .  Below t h e  B a r r i e r ,  much of t h e  
e r o s i o n  i s  a t t r i b u t a b l e  t o  s p o t  d redg ing  
o p e r a t i o n s  under taken  t o  e n s u r e  adequa te  d e p t h s  
f o r  deep-draughted v e s s e l s  n a v i g a t i n g  through 
Span C .  A t  t h e  B a r r i e r  s i t e ,  a c c r e t i o n  from 
Span C t o  Span G was due t o  t h e  t i p p i n g  of rock  
bed p r o t e c t i o n  around t h e  c i l l s  t o  r a i s e  l o c a l  
bed l e v e l s  t o  c i l l  l e v e l  i n  a  n a t u r a l l y  deep 
a r e a .  

The changes mentioned above a r e  r e a d i l y  a p p a r e n t  
on F i g  9  which shows t h e  a c c r e t i o n  and e r o s i o n  
which o c c u r r e d  between t h e  post-NDC dredg ing  
su rvey  (No 2 )  and t h e  completed B a r r i e r  survey 
(No 1 0 ) .  

3 SUSPENDED SILT 
CONCENTRATION, 
1970-1984 

Since  the  e a r l y  1 9 7 0 ' s  t h e  c o n c e n t r a t i o n  of suspended 
s i l t  has been moni tored a t  f o u r  s t a t i o n s  a long  t h e  
e s t u a r y  - T i l b u r y  l a n d i n g  s t a g e  i n  Gravesend Reach, 
Crossness  j e t t y  i n  Halfway Reach and T a t e  and L y l e  and 
Cory ' s  j e t t i e s  i n  Woolwich Reach. Each s t a t i o n  is  
equipped w i t h  two o p t i c a l  s e n s o r s ,  one i n s t a l l e d  0.6m 
above t h e  bed, t h e  o t h e r  a t  a  h igher  l e v e l ,  j u s t  below 
MLWS, connected t o  a n  a u t o m a t i c  logg ing  system. 

T u r b i d i t y  i s  moni tored e v e r y  twelve  minutes  us ing  a n  
o p t i c a l - l i g h t  e x t i n c t i o n  t e c h n i q u e  where a  beam of 



l i g h t  i s  t r a n s m i t t e d  through t h e  w a t e r  t o  s h i n e  on a 
p h o t o - e l e c t r i c  c e l l .  The l i g h t  i n t e n s i t y  r e a c h i n g  t h e  
p.e. c e l l  i s  a  f u n c t i o n  of t h e  l i g h t  absorbed by s i l t  
p a r t i c l e s  i n  suspens ion .  Thus t h e  e l e c t r i c a l  ene rgy  
emiss ion  from t h e  c e l l  i s  a  measure of wa te r  t u r b i d i t y  
a long  t h e  l i g h t  pa th .  

Data a r e  s t o r e d  on magne t i c  t a p e  and r e t r i e v e d  from 
s i t e  a t  2-4 week i n t e r v a l s  depending on t h e  season.  
The t a p e s  a r e  t r a n s l a t e d  i n t o  a  computer-compatible 
format  and i n f o r m a t i o n  added t o  deno te  t i d a l  range and 
t imes  of h i g h  and low wate r .  The i n f o r m a t i o n  i s  t h e n  
i n t e r r o g a t e d ,  e d i t e d  t o  remove s p u r i o u s  r e a d i n g s  and 
f i n a l l y  ana lysed .  

F i g  1 a t  t h e  end of t h i s  r e p o r t  shows mean sil t :  
c o n c e n t r a t i o n s  0.6m above t h e  bed f o r  each  d a t a  ba tch :  
f l o o d  and ebb c o n c e n t r a t i o n s  a r e  p l o t t e d  r e s p e c t i v e l y  
above and below t h e  h o r i z o n t a l  a x i s .  The F i g u r e  a l s o  
g i v e s  a  r e c o r d  of monthly-averaged d a i l y  gauged f lows  
a t  Teddington we i r .  (From J u l y  1982 f low was recorded  
by a  new u l t r a s o n i c  f low gauge i n s t a l l e d  a t  Kings ton ,  
a  s h o r t  d i s t a n c e  up- r ive r  ) . 
During t h e  f i r s t  few y e a r s  of m o n i t o r i n g  t h e r e  was 
ev idence  of a n  annua l  c y c l e  of t u r b i d i t y ,  t h e  form of 
t h e  c y c l e  v a r y i n g  w i t h  p o s i t i o n  a l o n g  t h e  e s t u a r y .  A t  
t h e  two landward s t a t i o n s ,  t u r b i d i t y  was h igh  d u r i n g  
t h e  summer and lower d u r i n g  t h e  w i n t e r  w h i l s t  a t  
T i l b u r y ,  t h e  most seaward s t a t i o n ,  t h e  r e l a t i o n s h i p  
was r e v e r s e d .  A t  Crossness ,  t h e  c y c l e  was l e s s  
c o n s i s t e n t ,  sometimes resembl ing t h e  landward s t a t i o n s  
and sometimes a p p e a r i n g  t o  be more c l o s e l y  r e l a t e d  t o  
t h e  seaward s t a t i o n .  

From t h e  beg inn ing  of t h e  r e c o r d s  u n t i l  t h e  end of 
1975,  t h e  c y c l i c  v a r i a t i o n s  a t  t h e  two landward 
s t a t i o n s  r e s u l t e d  mainly  from changes i n  f l o o d  t i d e  
c o n c e n t r a t i o n s .  A t  T i l b u r y  they were mainly due t o  
changes i n  ebb c o n c e n t r a t i o n s .  A t  Crossness  t h e r e  was 
l i t t l e  d i f f e r e n c e  between t h e  p a t t e r n  of changes on 
f l o o d  and ebb. 

The w i n t e r  of 197516 was abnormal ly  d r y  and t h e  
t u r b i d i t y  c y c l e  e x h i b i t e d  an  i n c r e a s e  i n  
c o n c e n t r a t i o n s  a t  t h e  landward s t a t i o n s  d u r i n g  t h e  
w i n t e r  months and a  d e c r e a s e  i n  t h e  summer. Although 
t h e  f r e s h  wa te r  f low r e t u r n e d  t o  a  normal s e a s o n a l  
c y c l e  i n  t h e  w i n t e r  of 1976177 ( a l b e i t  wi th  f low r a t e s  
s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  s t a n d a r d  30-year 

- a v e r a g e ) ,  r e s t o r a t i o n  of t h e  u s u a l  c y c l e  of t u r b i d i t y  
occur red  o n l y  a t  T i l b u r y .  I n  1979, r e -es tab l i shment  
began a t  C o r y f s ,  t u r b i d i t y  a g a i n  be ing  mainly a f f e c t e d  
by v a r i a t i o n s  i n  f l o o d - t i d e  c o n c e n t r a t i o n s .  A t  T a t e  
and L y l e f s ,  a  new c o n d i t i o n  developed and s e a s o n a l  



changes were a f f e c t e d  e q u a l l y  by changes on b o t h  
h a l f - t i d e s .  C r o s s n e s s  responded i n  t h e  same manner 
and began t o  r e f l e c t  t h e  low w i n t e r  and h igh  summer 
c o n c e n t r a t i o n s  of t h e  landward s t a t i o n s .  T i l b u r y  
remained unchanged, t h e  form of t h e  a n n u a l  c y c l e  
c o n t i n u i n g  t o  be mainly  due t o  changes i n  ebb 
c o n c e n t r a t i o n s .  

There  a r e  two p o s s i b l e  r e a s o n s  f o r  t h e  m o d i f i c a t i o n  o f  
t h e  t u r b i d i t y  c h a r a c t e r i s t i c s  d u r i n g  t h e  p e r i o d  
1976-79 - n a t u r a l  f a c t o r s  and man-made changes .  The 
most i m p o r t a n t  n a t u r a l  f a c t o r  i s  f r e s h  w a t e r  f low 
which a f f e c t s  t h e  whole of t h e  e s t u a r y  t o  a  v a r y i n g  
d e g r e e .  Among man-made changes ,  c i v i l  e n g i n e e r i n g  
works s u c h  a s  t h e  c o n s t r u c t i o n  of t h e  Thames B a r r i e r  
and d redg ing  may i n t r o d u c e  l o c a l  o r  widespread 
e f f e c t s .  To a s s e s s  t h e  r e l a t i v e  impor tance  of t h e s e  
n a t u r a l  and a r t i f i c i a l  changes ,  r i v e r  f low d a t a  and 
s i l t  moni to r  r e c o r d s  were p r o c e s s e d  t o  show mean 
v a l u e s  i n  3-monthly p e r i o d s .  

F i g  2  g i v e s  p l o t s  of 3-monthly a v e r a g e  t u r b i d i t y  
l e v e l s  th roughou t  t h e  t i d a l  c y c l e  f o r  T i l b u r y  
( S t a t i o n  6 )  and i n c l u d e s  a l l  t i d e s  of 6.lm r a n g e  a t  
London Br idge .  The g r a p h s  r e f e r  t o  d a t a  o b t a i n e d  from 
1970 t o  1974 ( t o p  row) ,  1975 t o  1978 (middle  row),  and 
1979 t o  1982 (bo t tom row). The r e s u l t s  d e m o n s t r a t e  
t h a t  i n  any y e a r  t h e  q u a r t e r l y  t u r b i d i t y  
c h a r a c t e r i s t i c s  change a p p r e c i a b l y  d u r i n g  t h e  t i d a l  
c y c l e ,  and t h a t  i n  any g iven  q u a r t e r  t h e  t u r b i d i t y  
l e v e l s  va ry  s i g n i f i c a n t l y  from y e a r  t o  y e a r .  

F i g  3  shows a  p l o t  of 3-monthly a v e r a g e  d a i l y  n a t u r a l  
f low i n  t h e  R i v e r  Thames t o g e t h e r  w i t h  t h e  
c o r r e s p o n d i n g  30-year s t a n d a r d  ave rage .  Dur ing t h e  
p e r i o d  1970-1972, f lows  were f a i r l y  c l o s e  t o  t h e  
30-year s t a n d a r d ,  w h i l e  1973 was d r y e r  and 1974 
w e t t e r .  1975 was wet f o r  t h e  f i r s t  h a l f  of t h e  y e a r  
fo l lowed  by a  y e a r  of low f low.  From 1977 t o  1982,  
w i t h  t h e  e x c e p t i o n  of 1980 which recorded  
nea r - s t andard  f l o w ,  d i s c h a r g e s  were g e n e r a l l y  above 
a v e r a g e .  

C o n s i d e r i n g  t h e  t o p  row of F i g  2  and r e l a t i n g  i t  t o  
t h e  n a t u r a l  f r e s h  wa te r  f low d a t a  from F i g  3  i t  
emerges t h a t  t h e  January-March q u a r t e r  of 1973 was d r y  
and t h e  same q u a r t e r  i n  1974 wet compared w i t h  t h e  
30-year s t a n d a r d  d i s c h a r g e .  1973 had a  t u r b i d i t y  
l e v e l  t h a t  was r e l a t i v e l y  low on t h e  ebb and h i g h  on 
t h e  f l o o d ,  y i e l d i n g  a  n e t  landward t r a n s p o r t  of 
sed imen t .  The converse  was t r u e  i n  1974. S i m i l a r  
r e a s o n i n g  can be  a p p l i e d  t o  t h e  t h r e e  remaining 
q u a r t e r s  of t h e  y e a r  and t o  changes r ecorded  d u r i n g  
subsequen t  y e a r s .  I n  a l l  c a s e s  d i f f e r e n c e s  i n  
t u r b i d i t y  o b s e r v a t i o n s  can be accoun ted  f o r  by n a t u r a l  
changes i n  f r e s h  w a t e r  f low. 



F i g  4  shows t h e  3-monthly a v e r a g e  t u r b i d i t y  
c h a r a c t e r i s t i c s  a t  Cory ' s  ( S t a t i o n  7 ) .  I n  197314 
t h e r e  tended t o  be a  g r a d u a l  i n c r e a s e  i n  suspended 
sediment  from s l a c k  h i g h  w a t e r  t o  mean t i d e  f o l l o w e d  
by a  g r a d u a l  d e c r e a s e  t o  s l a c k  low wa te r .  
Sediment c o n c e n t r a t i o n s  b u i l t  up more r a p i d l y  on t h e  
f l o o d  t o  r e a c h  a  h i g h e r  peak l e v e l  a t  mid- t ide  b e f o r e  
r e t u r n i n g  t o  background c o n c e n t r a t i o n  l e v e l  a t  h i g h  
wa te r .  

I n  197314 t h e  d a t a  from C o r y ' s  does  n o t  r e g i s t e r  
changes i n  f r e s h  wa te r  f low q u i t e  a s  w e l l  a s  t h e  
o b s e r v a t i o n s  a t  T i l b u r y  b u t  t h e  e v e n t s  a r e  e x p l i c a b l e .  
I n  t h e  f i r s t  q u a r t e r  of 1974 r i v e r  f low was h igh 
( F i g  3 )  and much of t h e  r e a d i l y - e r o d i b l e  bed sed imen t  
s t o r e d  i n  t h e  r i v e r  above Cory 's  would have been 
f l u s h e d  downriver .  I n  t h e  second q u a r t e r  of 1973 and 
1974 f r e s h  w a t e r  f low was comparable b u t  below t h e  
30-year s t a n d a r d .  On b o t h  o c c a s i o n s  n e t  landward 
t r a n s p o r t  shou ld  have been a  consequence and t h i s  i s  
conf i rmed by t h e  F i g u r e :  t h e  base load  was, however, 
lower  i n  1974 due t o  t h e  f l u s h i n g  e f f e c t s  of t h e  
p r e v i o u s  q u a r t e r .  I n  t h e  t h i r d  q u a r t e r ,  f low was 
q u i t e  c l o s e  t o  t h e  s t a n d a r d  a v e r a g e  and l i t t l e  
d i f f e r e n c e  would be expec ted .  I n  t h e  f o u r t h  q u a r t e r  
of 1973 f low was low, l e a d i n g  t o  a  n e t  landward 
movement, b u t  i n  1974 i t  was ex t remely  h i g h ,  and t h i s  
shou ld  have r e s u l t e d  i n  a  v e r y  s t r o n g  n e t  seaward 
movement: t h a t  i t  d i d  n o t  may w e l l  be  a  consequence of 
t h e  l a r g e - s c a l e  d r e d g i n g  be ing  u n d e r t a k e n  on t h e  
o p p o s i t e  s i d e  of t h e  r i v e r  f o r  t h e  Thames B a r r i e r  NDC. 
T h i s  a c t i v i t y  removed a  s u b s t a n t i a l  s u p p l y  of sediment  
from t h e  system. 

A compar ison of t h e  d a t a  from t h e  t o p  and middle  rows 
of F i g  4  c l e a r l y  shows t h a t  th roughou t  t h e  t i d e  t h e  
form of t h e  t u r b i d i t y  c u r v e s  changed a p p r e c i a b l y  i n  
1975 and t h e r e a f t e r  c o n c e n t r a t i o n s  remained low. The 
bottom row of d a t a  a l s o  shows reduced t u r b i d i t y  but  
t h e r e  is  some e v i d e n c e  of a  slow p r o g r e s s i v e  r e t u r n  t o  
t h e  1973/4 s t a t e  e s p e c i a l l y  i n  t h e  summer and autumn 
q u a r t e r s .  

Three-monthly a v e r a g e  t u r b i d i t y  v a l u e s  a t  t h e  T a t e  and 
L y l e  j e t t y  ( S t a t i o n  5 )  a r e  shown on F i g  5. A s  a t  t h e  
Cory j e t t y ,  t h e  compar ison of d a t a  i n d i c a t e s  a change 
i n  t h e  t u r b i d i t y  c h a r a c t e r i s t i c s  from 1975. Two 
ebb- t ide  peaks  and one we l l -de f ined  f l o o d - t i d e  peak 
become obscured by t h e  s u p e r p o s i t i o n  of a  number of 
h igh-f requency harmonics ,  t h e  p a t t e r n  becoming s t i l l  
more complex d u r i n g  subsequen t  y e a r s .  

The three-monthly a v e r a g e  t u r b i d i t y  v a l u e s  f o r  
C r o s s n e s s  ( S t a t i o n  1 )  a r e  shown on F i g  6. The h igh  
ebb v a l u e s  d u r i n g  t h e  second q u a r t e r  of 1977 a r e  
u n c h a r a c t e r i s t i c  of t h i s  s i t e  and were n o t  r e g i s t e r e d  



on any o t h e r  monitor.  The even t  i s  a  c l e a r  r e f l e c t i o n  
of t h e  r i v e r  works being c a r r i e d  o u t  between T a t e  and 
L y l e ' s  j e t t y  i n  Woolwich Reach and Crossness  i n  
Halfway Reach. During t h i s  p e r i o d  sand was be ing  
pumped a s h o r e  about  2km upst ream of S t a t i o n  1 t o  
r e c l a i m  p a r t  of t h e  Thamesrnead s i t e ,  and t h e  d r a i n i n g  
w a t e r  was pumped back i n t o  t h e  r i v e r  caus ing  
d i s t u r b a n c e  t o  t h e  bed and a n  i n c r e a s e  i n  t u r b i d i t y .  

A comparison of t h e  t o p  row of c u r v e s  w i t h  t h o s e  i n  
t h e  middle  and bottom rows i n d i c a t e s  t h a t  t h e r e  was a  
g e n e r a l  r e d u c t i o n  i n  t u r b i d i t y  l e v e l s  d u r i n g  t h e  f i r s t  
two q u a r t e r s .  T h i s  is  probably  due t o  a  d e f i c i e n c y  of 
m a t e r i a l  from u p - r i v e r  s o u r c e s .  I n  t h e  t h i r d  q u a r t e r ,  
when n e t  sediment t r a n s p o r t  was u s u a l l y  i n  a  landward 
d i r e c t i o n  t h e  d i f f e r e n c e s  i n  t u r b i d i t y  between t h e  
y e a r s  became l e s s  pronounced. I n  t h e  l a s t  q u a r t e r ,  
t h e  predominant landward t r a n s p o r t  of t h e  p e r i o d  
1970-74 was modif ied  t o  g i v e  a  more even d i s t r i b u t i o n  
of t u r b i d i t y  between t h e  f l o o d  and ebb h a l f  t i d e s ,  
n e i t h e r  a  landward nor a  seaward t r a n s p o r t  of sediment  
being o b v i o u s l y  predominant.  

The o v e r a l l  c o n c l u s i o n  drawn from t h e  d a t a  on F i g s  2 ,  
4, 5  and 6  is  t h a t  w i t h i n  a  t i d a l  e x c u r s i o n  of 
Woolwich Reach, t u r b i d i t y  l e v e l s  a r e  c u r r e n t l y  
d i f f e r e n t  from t h o s e  which o b t a i n e d  i n  t h e  p r e - B a r r i e r  
p e r i o d .  The main reason  a p p e a r s  t o  be a  r e d u c t i o n  i n  
t h e  volume of sediment a v a i l a b l e  f o r  r e -e ros ion  on t h e  
ebb t i d e ,  a  d e f i c i e n c y  having a r i s e n  p a r t l y  a s  a  
r e s u l t  of t h e  l a r g e - s c a l e  c a p i t a l  d redg ing  under taken  
f o r  t h e  B a r r i e r  and p a r t l y  a s  a  consequence of t h e  
prolonged pe r iod  (1976 exc luded)  when r i v e r  f low was 
s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  30-year s t a n d a r d  
average .  

4 TIDAL LEVELS 
There  i s  c o n s i d e r a b l e  ev idence  t h a t  t i d a l  range and 
t i d a l  p e n e t r a t i o n  i n  t h e  Thames have i n c r e a s e d  i n  
h i s t o r i c a l  t imes  c a u s i n g  s i g n i f i c a n t  d i f f e r e n c e s  i n  
e s t u a r y  regime (Ref 5 ) .  During t h e  t w e n t i e t h  c e n t u r y ,  
however, changes i n  t i d a l  r ange  have been more modest ,  
amounting t o  an  i n c r e a s e  of about  0.5m a t  London 
Bridge on s p r i n g  t i d e s .  Most of t h i s  i n c r e a s e  has  
been a t t r i b u t e d  t o  subs idence  of SE England,  t h e  
removal of i n e r o d i b l e  o u t c r o p s  from t h e  r i v e r  and 
g e n e r a l  channe l  deepening c a r r i e d  o u t  d u r i n g  t h e  f i r s t  
of h a l f  of t h e  c e n t u r y  (Ref 6 ) .  S i n c e  1950, a n n u a l  
ave rage  changes i n  t h e  l e v e l s  of h igh  wa te r ,  mean 
wa te r  and low w a t e r  have been c o n t a i n e d  w i t h i n  a  band 
w i d t h  of 0.2m wi th  an o v e r a l l  i n c r e a s e  i n  h igh w a t e r  
l e v e l  d u r i n g  t h e  l a s t  t h i r t y  y e a r s  of abou t  0.06m 
( 0 . 0 0 2 l y r ) .  A s i m i l a r  t r e n d  i s  a l s o  e v i d e n t  i n  t i d a l  
range (Ref 7 ) .  The changes recorded  s i n c e  1950, 
though p r o g r e s s i v e ,  a r e  t h u s  s m a l l ,  and over  a  30-year 
pe r iod  amount t o  l e s s  t h a n  one p e r c e n t  of t i d a l  range.  



Regime changes due t o  t i d a l  l e v e l  and t i d a l  range must 
t h e r e f o r e  be e q u a l l y  s m a l l ,  and f o r  t h e  pe r iod  under 
review can be n e g l e c t e d .  

5 RIVER now 
Large v a r i a t i o n s  i n  r i v e r  f low over Teddington w e i r  
a f f e c t  wa te r  l e v e l s ,  s a l i n i t y  d i s t r i b u t i o n  and 
s i l t a t i o n .  

( i )  E f f e c t  on w a t e r  l e v e l  

F i g  3  of Ref 2  shows annua l  averaged d a i l y  r i v e r  
f low r a t e s  a t  Teddington f o r  t h e  pe r iod  
1950-1982. N a t u r a l  and gauged f lows  v a r i e d  
widely  from year  t o  y e a r  whi le  a b s t r a c t e d  f low 
i n c r e a s e d  p r o g r e s s i v e l y .  Because of t h e  
s t a t i s t i c a l l y  s h o r t  sampling p e r i o d ,  it  was 
assumed t h a t  t h e r e  was no s i g n i f i c a n t  t r e n d  i n  
n a t u r a l  f low,  but  t h a t  gauged f low e x h i b i t e d  a  
d e c r e a s i n g  t r e n d  t o  accoun t  f o r  t h e  i n c r e a s e d  
a b s t r a c t i o n  r a t e .  

Comparison of n a t u r a l  and gauged f low c u r v e s  
wi th  p l o t s  of annua l  ave rage  low wate r  and mean 
wa te r  (Ref 2 ,  F i g  2 )  r e v e a l s  t h a t  t i d a l  l e v e l s  a t  
Tower P i e r  (30km below Teddington Weir)  a r e  
s i g n i f i c a n t l y  i n f l u e n c e d  by f r e s h w a t e r  f low. 
Between Tower P i e r  and t h e  landward l i m i t  of 
Teddington,  l e v e l s  become i n c r e a s i n g l y  dependent  
on gauged upland f low r a t e s .  

High gauged f lows  c o i n c i d e n t  w i t h  s p r i n g  t i d e s  
can  produce ve ry  h igh  wa te r  l e v e l s  i n  t h e  upper  
r e a c h e s  of t h e  e s t u a r y .  H i s t o r i c a l l y ,  h igh  f l o w s  
have been r e s p o n s i b l e  f o r  bank o v e r s p i l l  and 
f l o o d i n g  b u t  w i t h  b e t t e r  r i v e r  management and 
improvements t o  t i d a l  d e f e n c e s ,  damage due t o  
t h i s  cause  has  been reduced i n  r e c e n t  y e a r s .  

Low gauged f lows  produce low t i d a l  l e v e l s  i n  t h e  
upper  r e a c h e s .  Between Teddington and Richmond 
t h e  problem h a s  been r e l i e v e d  by t h e  Richmond 
Lock and h a l f - t i d e  w e i r .  T h i s  s t r u c t u r e  a l l o w s  
wa te r  t o  be impounded from about  two hours  a f t e r  
h i g h  wa te r  u n t i l  abou t  two hours  b e f o r e  t h e  nex t  
h i g h  wa te r  t o  p rov ide  s a f e  n a v i g a b l e  wa te r  d e p t h s  
upst ream th roughout  t h e  t i d a l  c y c l e .  Below 
Richmond no f u r t h e r  con t inuous  t i d e  c o n t r o l  i s  i n  
o p e r a t i o n  ( a l t h o u g h  i t  i s  now t e c h n i c a l l y  
p o s s i b l e ,  u s i n g  t h e  Thames B a r r i e r  a s  t h e  c o n t r o l  
s t r u c t u r e )  and r i v e r  l e v e l s  r i s e  and f a l l  wi th  
t h e  t i d e .  I n  r e c e n t  y e a r s  t h e  c o i n c i d e n c e  of low 
r i v e r  d i s c h a r g e  w i t h  s p r i n g  t i d e s  has  caused 
s e v e r e  concern  t o  commercial b o a t  o p e r a t o r s  and 



up- r ive r  journeys  have r e q u i r e d  c a r e f u l  p lann ing  t o  
e n s u r e  adequa te  w a t e r  d e p t h s  d u r i n g  t h e  r e t u r n  t r i p .  

( i i )  E f f e c t  on s a l i n i t y  and s i l t a t i o n  

V a r i a t i o n s  i n  r i v e r  d i s c h a r g e  a f f e c t  s a l i n i t y  
i n t r u s i o n .  F i g s  3 and 4 of Ref 2 c l e a r l y  
i l l u s t r a t e  t h a t  s a l i n i t y  a t  Beckton sewage 
t r e a t m e n t  works v a r i e s  i n v e r s e l y  w i t h  n a t u r a l  
r i v e r  f low,  F i g  5  Ref 2 demons t ra t ing  t h e  
r e l a t i o n s h i p  a t  h i g h  wa te r  d e r i v e d  from d a t a  
spanning 30 y e a r s .  

Seasona l  v a r i a t i o n s  i n  r i v e r  f low a r e  l a r g e ,  
r a n g i n g  from near -ze ro  f low d u r i n g  t h e  1976 
summer d rough t  when w a t e r  a t  t h e  t i d a l  l i m i t  a t  
Tedd ing ton  was s a l i n e ,  t o  a  s e v e r e  w i n t e r  f l o o d  
when f r e s h w a t e r  can  be recorded  a s  f a r  down-river 
a s  Barking Reach. From c o n s i d e r a t i o n s  of e s t u a r y  
regime t h e s e  s a l i n i t y  changes a r e  s i g n i f i c a n t  
because  t h e  physico-chemical  p r o p e r t i e s  of wa te r  
and sed iments  change w i t h  s a l i n e  s t r e n g t h .  

I n  f r e s h w a t e r ,  f i n e  c l a y  p a r t i c l e s  can remain i n  
suspens ion  f o r  i n d e f i n i t e  p e r i o d s  even when t h e r e  
i s  no measurable  wa te r  movement. I n  s a l t  wa te r  a  
c a t i o n  exchange o c c u r s  between t h e  wa te r  and 
s i l t s  which encourages  c l a y  p a r t i c l e s  t o  bond 
t o g e t h e r  on c o l l i s i o n .  Subsequent  c o l l i s i o n s  
wi th  o t h e r  p a r t i c l e s  o r  c l u s t e r s  of p a r t i c l e s  
from l a r g e r  u n i t s ,  o r  f l o c s ,  wi th  h i g h e r  s e t t l i n g  
v e l o c i t i e s  which produce d e p o s i t i o n  i n  s l a c k  
wa te r .  

Research on t h e  s a l i n i t y  r e q u i r e d  f o r  t h e  
i n i t i a t i o n  of f l o c c u l a t i o n  has  i n d i c a t e d  a  v a l u e  
of abou t  1 .5  g / l  (Ref 8 ) .  The p r o c e s s  i n c r e a s e s  
r a p i d l y  w i t h  i n c r e a s i n g  s a l i n i t y  up t o  a  s a l i n e  
c o n c e n t r a t i o n  of a b o u t  5  g / l :  i t  becomes f u l l y  
e s t a b l i s h e d  t o  10 g / l  and t h e r e a f t e r  remains 
c o n s t a n t .  

A t  Beckton,  h igh  w a t e r  s a l i n i t y  v a l u e s  of 1.5 g/l 
and 10 g / l  r e s p e c t i v e l y  correspond t o  n a t u r a l  
r i v e r  f lows  of 220 m 3 / s  and 50 m 3 / s  (Ref 2 ,  
F i g  5 ) .  A t  low w a t e r ,  t h e  cor respond ing  f low 
r a t e s  a r e  85  m 3 / s  and 22 m 3 / s  (F ig  7 ) .  F i g  3  
shows t h e  30-year s t a n d a r d  average  f low r a t e  f o r  
t h e  f i r s t  q u a r t e r  of t h e  y e a r  t o  exceed 85 m 3 / s  
wh i l e  i n  t h e  f o u r t h  q u a r t e r  i t  is  j u s t  about  
85 m 3 / s .  F i g  8  shows d a i l y  low w a t e r  s a l i n i t i e s  



recorded a t  Beckton expressed  a s  q u a r t e r l y  
averages .  I n  t h e  f i r s t  q u a r t e r  of most y e a r s  and 
i n  t h e  second and f o u r t h  q u a r t e r  of some y e a r s ,  
s a l i n i t y  h a s  a  v a l u e  of 1.5 g / l  o r  l e s s .  The low 
w a t e r  s a l i n i t y  a t  Beckton t h u s  f a l l s  t o  1.5 g / l  
o r  l e s s  f o r  approx imate ly  4-5 months of t h e  
y e a r .  

S ince  s a l i n i t y  a t  Beckton f a l l s  t o  1.5 g / l  and 
l e s s  d u r i n g  t h e  lower p a r t  of t h e  t i d e  t h e  
f loc-bonding f o r c e s  i n  t h i s  p a r t  of t h e  r i v e r  and 
f u r t h e r  landward become v e r y  weak. S u r f a c e  
sediment d e p o s i t s  can be p a r t i a l l y  o r  whol ly  
d e f l o c c u l a t e d  and s i l t  p a r t i c l e s  r e - e n t r a i n e d  
i n t o  t h e  t i d a l  f low. The m a t e r i a l  r e - e n t r a i n e d  
can be t r a n s p o r t e d  seawards a s  suspended l o a d  t o  
a  l o c a t i o n  where s a l i n e  s t r e n g t h  i s  adequa te  t o  
encourage r e f l o c c u l a t i o n ,  some being r e d e p o s i t e d  
i n  zones where t i d a l  f low i s  weak. 

From l a t e  s p r i n g  through t o  e a r l y  autumn, when 
r i v e r  f low reduces  due t o  lower r a i n f a l l  and 
run-off ,  t h e  s a l i n i t y  a t  Beckton r i s e s  w e l l  above 
of 1.5 g / l  and f o r  most of t h e  t h i r d  q u a r t e r ,  
v a l u e s  between 5  g / l  and 10 g11 a r e  recorded - 
i d e a l  c o n d i t i o n s  f o r  f l o c c u l a t i o n  and d e p o s i t i o n  
t o  occur  i n  s l a c k  wa te r  zones  some d i s t a n c e  
upstream of Beckton. 

During t h e  t i d a l  c y c l e ,  c u r r e n t  v e l o c i t i e s  
a c h i e v e  peak s t r e n g t h  about  two hours  a f t e r  s l a c k  
wa te r  i . e .  b e f o r e  mean t i d a l  l e v e l s  a r e  reached.  
On t h e  f l o o d  t i d e ,  wa te r  l e v e l s  a r e  r i s i n g  from 
low w a t e r  and on t h e  ebb t h e y  a r e  f a l l i n g  from 
h igh  wa te r :  d e p t h s  two hours  a f t e r  s l a c k  wa te r  
a r e  t h e r e f o r e  s h a l l o w e r  on t h e  f l o o d  t h a n  on t h e  
ebb. Even on t h e  assumpt ion t h a t  mid-depth peak 
v e l o c i t i e s  a r e  t h e  same on bo th  f l o o d  and ebb, 
t h e  s h e a r  s t r e s s e s  on t h e  bed d u r i n g  t h e  f l o o d  
w i l l  t h u s  be h i g h e r  t h a n  on t h e  ebb. I n  f a c t ,  
f l o o d  v a l u e s  a r e  g e n e r a l l y  h i g h e r  than  ebb 
v a l u e s .  Fur thermore ,  t h e  d u r a t i o n  of t h e  f l o o d  
f low n e a r  t h e  bed i s  l o n g e r  t h a n  t h a t  of t h e  ebb 
i n  reaches  seaward of c e n t r a l  London (Ref 8) .  
(Above London Bridge t h e  s i n u s o i d a l  shape  of t h e  
t i d e  curve  g i v e s  way t o  i n c r e a s i n g  asymmetry w i t h  
d i s t a n c e  up- r ive r  and t h e  ebb h a l f - t i d e  a t  a l l  
d e p t h s  beg ins  t o  l a s t  l o n g e r  t h a n  t h e  f l o o d  
h a l f - t i d e . )  The combinat ion of t h e s e  f a c t o r s  
g e n e r a t e s  a  n e t  up- r ive r  d r i f t  of eroded bed 
sediments  d u r i n g  average  r i v e r  f lows.  



I n  p e r i o d s  of low r i v e r  f low,  both  s a l i n e  
i n t r u s i o n  and t h e  zone of n e t  up- r ive r  suspend 
sediment  t r a n s p o r t  move landwards ,  p rov id ing  a  
mechanism f o r  sediment d e p o s i t i o n  f u r t h e r  
up- r ive r .  During high r i v e r  f lows  t h e  converse  
a p p l i e s  and r e c e n t l y  d e p o s i t e d  s i l t s  i n  t h e  upper  
r e a c h e s  a r e  def l o c c u l a t e d ,  re-eroded and 
t r a n s p o r t e d  down-river w i t h  t h e  ebb 
t i d e .  T h i s  e f f e c t  i s  shown on F i g  1 where, i n  
g e n e r a l ,  sediment  c o n c e n t r a t i o n s  d u r i n g  low f lows  
a r e  low a t  T i l b u r y  and high a t  T a t e  and L y l e  and 
a r e  f lood-dominant.  During h i g h  f lows t h e y  a r e  
h i g h  a t  T i l b u r y ,  low a t  T a t e  and Lyle  and a r e  
ebb-dominant. 

6 CONCLUSIONS 
Since 1950, t h e  s e c u l a r  change i n  a n n u a l  ave rage  t i d a l  
l e v e l  and t i d a l  range a t  Tower P i e r  has  been 
s m a l l  - a b o u t  0.002 m/yr. T h i s  amounts t o  a n  i n c r e a s e  
of l e s s  t h a n  one p e r c e n t  i n  t i d a l  range i n  t h e  
t h i r t y - y e a r  p e r i o d  up t o  1980. Changes t h a t  nay have 
o c c u r r e d  t o  t h e  d i s t r i b u t i o n  of f low o r  sediment 
cannot t h u s  be a t t r i b u t e d  t o  n a t u r a l  changes i n  t i d a l  
c h a r a c t e r i s t i c s .  

V a r i a t i o n s  i n  r i v e r  f low a f f e c t  t i d a l  l e v e l s  a t  Tower 
P i e r .  I n  t h e  upper r e a c h e s ,  l e v e l s  a r e  ve ry  dependent  
on gauged upland f low r a t e s .  During p e r i o d s  of low 
f low over  Teddington w e i r  t h e  n a v i g a b l e  depth  a t  LW 
between Richmond and Kew i s  j u s t  adequa te  f o r  
commercial r i v e r  u s e r s .  

V a r i a t i o n s  i n  r i v e r  d i s c h a r g e  a f f e c t  s a l i n i t y  
i n t r u s i o n ,  and a n  i n v e r s e  r e l a t i o n s h i p  e x i s t s  between 
r i v e r  d i s c h a r g e  and s a l i n i t y  a s  r ecorded  a t  Beckton 
STW. During t imes  of near-zero  f low over  Teddington 
we i r  (summer drought  c o n d i t i o n s )  s a l i n e  wa te r  may 
p e n e t r a t e  t h e  e s t u a r y  t o  t h e  t i d a l  l i m i t .  Under 
w i n t e r  f l o o d  c o n d i t i o n s  f r e s h  wa te r  can be found a s  
f a r  down-river a s  Barking Reach. 

V a r i a t i o n s  i n  r i v e r  d i s c h a r g e ,  and hence i n  s a l i n i t y  
i n t r u s i o n ,  a f f e c t  e s t u a r i n e  s i l t a t i o n  through a  change 
i n  physico-chemical  p r o p e r t i e s  of t h e  l o c a l  w a t e r .  
Under low r i v e r  f low,  suspended sediments  have a  n e t  
up- r ive r  movement. During h i g h e r  f l o w s ,  d e p o s i t s  i n  
t h e  main d e p o s i t i o n  zone of t h e  Flud Reaches a r e  
d e f l o c c u l a t e d  and r e - e n t r a i n e d  i n  t h e  ebb t i d a l  f low 
f o r  d e p o s i t i o n  i n  q u i e s c e n t  a r e a s  f u r t h e r  down-river. 

A c c r e t i o n / e r o s i o n  c h a r t s  of t h e  e s t u a r y  from Bugsby 's  
Reach t o  Long Reach document t h e  changes i n  bed l e v e l s  
between s u c c e s s i v e  hydrograph ic  s u r v e y s  between 1952 



and 1978. I n  t h e  r e a c h e s  c o n s i d e r e d ,  most of t h e  
l o c a l  changes can  be a t t r i b u t e d  t o  man-made a c t i v i t i e s  
such  a s  j e t t y  c o n s t r u c t i o n ,  j e t t y  e x t e n s i o n ,  c a p i t a l  
d redg ing  o r  maintenance  d r e d g i n g .  

Although e v i d e n c e  p o i n t e d  t o  t h e  e x i s t e n c e  of a  
long-term n a t u r a l  t r e n d  i n  sediment  d i s t r i b u t i o n ,  t h i s  
was t o  some e x t e n t  masked by con t inuous  maintenance  
d r e d g i n g  be ing  under t aken  i n  t h e  n a v i g a t i o n  channe l  by 
t h e  P o r t  of London A u t h o r i t y  up t o  t h e  mid-1960's. 
Fo l lowing  t h e  c e s s a t i o n  of t h i s  r e g u l a r  mid-r iver  
d redg ing  between G a l l i o n s  Reach and Halfway Reach,  
r a p i d  a c c r e t i o n  o c c u r r e d  a l o n g  t h e  n o r t h  and s o u t h  
banks i n  Halfway, Bark ing ,  G a l l i o n s ,  Woolwich and 
Bugsby's  Reaches.  The d i s t r i b u t i o n  of a c c r e t i o n  was 
i n f l u e n c e d  by t h e  f low r e s i s t a n c e  a f f o r d e d  by t h e  
p r e s e n c e  of man-made s t r u c t u r e s .  A c c r e t i o n  a l s o  
o c c u r r e d  seaward of Halfway Reach - mainly  a l o n g  t h e  
banks of E r i t h  Reach and E r i t h  Rands - b u t  on a  much 
reduced s c a l e .  The d r e d g i n g  a c t i v i t y  ma in ta ined  
d e p t h s  deeper  t h a n  n a t u r a l  regime v a l u e s  and t h u s  
c r e a t e d  over-deep a r e a s  i n  which s i l t  was r e a d i l y  
d e p o s i t e d , '  t h e r e b y  r e d u c i n g  t h e  amount of sediment  
a v a i l a b l e  f o r  d e p o s i t i o n  e l s e w h e r e .  

Near D a r t f o r d  Creekmouth, p r o g r e s s i v e  a c c r e t i o n  was 
r e c o r d e d  th roughou t  t h e  p e r i o d .  The reason  i s  
unknown. I t  c o u l d  have been a  r e d u c t i o n  i n  c r e e k  
d i s c h a r g e  o r  some f o r e s h o r e  d i s p l a c e m e n t  r e s u l t i n g  
from i n c r e a s e d  b a n k s i d e  overburden  p r e s s u r e  due  t o  t h e  
r e c o n s t r u c t i o n  of a  s u b s t a n t i a l l y  improved f l o o d  
embankment f o l l o w i n g  t h e  d i s a s t r o u s  c o l l a p s e  t h a t  
o c c u r r e d  d u r i n g  t h e  1953 s to rm s u r g e .  

A n a l y s i s  of r e c o r d s  from c o n t i n u o u s  s i l t  moni to r s  h a s  
conf i rmed t h a t  i t  i s  p o s s i b l e  by t h i s  t e c h n i q u e  t o  
d i s t i n g u i s h  changes i n  l o c a l  regime due t o  
c i v i l  e n g i n e e r i n g  works from t h o s e  r e s u l t i n g  from 
v a r i a t i o n s  i n  r i v e r  f low.  
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