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1 BACKGROUND TO THE 
MACRO REVIEW 

I n  1985 t h e  M i n i s t r y  of A g r i c u l t u r e ,  F i s h e r i e s  and 
Food commissioned H y d r a u l i c s  Research,  Wal l ingford  t o  
c a r r y  o u t  an  o v e r a l l  review of t h e  beaches and c o a s t a l  
de fences  of England and Wales. The p r i n c i p a l  aim of 
t h e  r e p o r t  i s  t o  p rov ide  t h o s e  invo lved  i n  o r  having 
r e s p o n s i b i l i t y  f o r  c o a s t a l  p r o t e c t i o n  w i t h  i n f o r m a t i o n  
r e l e v a n t  t o  c o a s t a l  e n g i n e e r i n g .  I n e v i t a b l y ,  because  
of t h e  s c a l e  of such a  p r o j e c t ,  i t  has been n e c e s s a r y  
t o  d i v i d e  t h e  c o a s t l i n e  i n t o  r e g i o n s  i n  some way. 
Thus t h i s  volume i s  t h e  f i r s t  i n  a  s e r i e s  and c o v e r s  
t h e  c o a s t l i n e  of t h e  North Eas t  from S t  Abb's Head i n  
Berwicksh i re  t o  Tees Bay, Cleveland ( F i g  1 ) .  

When c o a s t a l  de fence  a t t r a c t s  a t t e n t i o n ,  i t  i s  o n l y  
t o o  o f t e n  focussed  on t h e  immediate l o c a l i t y  where t h e  
problem o c c u r s ,  be i t  f l o o d i n g ,  c l i f f  f a l l s ,  damage t o  
and d e t e r i o r a t i o n  of e x i s t i n g  d e f e n c e s  o r  l o s s  of 
beach m a t e r i a l .  These problems shou ld  r e a l l y  be 
viewed a s  t h e  r e s u l t  of t h e  dynamic i n t e r a c t i o n  of a  
range of n a t u r a l  and man-made p r o c e s s e s  o p e r a t i n g  
w i t h i n  t h e  wider  c o n t e x t  of the  c o a s t a l  system. Any 
i n b a l a n c e  w i t h i n  t h i s  sys tem may c r e a t e  new problems,  
e x a c e r b a t e  e x i s t i n g  ones  o r  merely t r a n s f e r  them a l o n g  
t h e  c o a s t .  Such problems on ly  become worse w i t h  t ime  
u n l e s s  a p p r o p r i a t e  remedia l  ' d e f e n s i v e '  a c t i o n  i s  
t aken  . 

H i s t o r i c a l l y  c o a s t a l  d e f e n c e  has  been approached i n  a  
' p i ecemea l '  f a s h i o n  w i t h  l i t t l e  c o n s i d e r a t i o n  f o r  t h e  
consequent  long  term s p a t i a l  o r  temporal  e f f e c t s .  
Th i s  has  been made worse ,  even i n  r e c e n t  t imes ,  by t h e  
l a c k  of comprehensive p lann ing  s t r a t e g i e s ,  p a r t i a l l y  
due t o  t h e  l a r g e  number of o r g a n i s a t i o n s  and a g e n c i e s  
r e s p o n s i b l e  f o r  c o a s t a l  de fence  and because of t h e  
l o c a t i o n  of sometimes i l l - p l a c e d  a d m i n i s t r a t i v e  
boundar ies .  

It has  been a  fundamental  o b j e c t i v e  of t h i s  r ev iew,  
t h e r e f o r e ,  t o  i d e n t i f y  a r e a s  ~ h i c h  can be c o n s i d e r e d  
a s  i n d i v i d u a l  c o a s t a l  u n i t s  o r  c e l l s  on an 
env i ronmenta l  b a s i s .  Such c e l l s  a r e  d e f i n e d  a s  
s t r e t c h e s  of c o a s t l i n e  w i t h i n  which beach changes t a k e  
p l a c e  l a r g e l y  independen t ly  of changes i n  a d j o i n i n g  
c e l l s .  A s  such ,  t h e  c e l l s  may be cons ide red  ' s e l f  
c o n t a i n e d '  and have d e f i n e d  t h e  c o a s t a l  u n i t s  covered 
by t h i s  and subsequen t  volumes of t h i s  review ( F i g  2 ,  
Table  1). Any one u n i t  may i n  f a c t  c o n s i s t  of s e v e r a l  
s m a l l e r  sub-un i t s .  For  example, a  long s t r e t c h  of 
sand c o a s t l i n e  may be d i v i d e d  by a  s t r e t c h  of rocky 
c l i f f  l i n e .  The two s t r e t c h e s  of sand c o a s t  can be 
cons ide red  a s  sub-un i t s  w i t h  l i t t l e  i n  the  way of 
sediment exchange between them. It i s  hoped t h a t  t h i s  
' g l o b a l '  view w i l l  enhance t h e  growing awareness and 
unders tand ing  of t h e  c o a s t a l  sys tem and u l t i m a t e l y  



l e a d  t o  a  more u n i f i e d  and sympathet ic  approach t o  the  
p lann ing  and d e s i g n  of c o a s t a l  de fence .  

C o a s t a l  e n g i n e e r i n g  has become an i n c r e a s i n g l y  p r e c i s e  
s t u d y ,  no t  only  a s  a  r e s u l t  of advances i n  technology 
but  a l s o  n e c e s s i t a t e d  by t h e  very  high c o s t  of new 
c o a s t a l  de fences  and t h e  maintenance of e x i s t i n g  
sys tems.  Thus", proposed schemes have t o  be c a r e f u l l y  
e v a l u a t e d .  T h i s  i n c r e a s i n g l y  i n v o l v e s  t h e  c o l l e c t i o n  
of comprehensive f i e l d  d a t a  and i n  some c a s e s  t h e  u s e  
of p r e d i c t i v e  o r  p h y s i c a l  models. A f u r t h e r  purpose  
of t h e s e  r e p o r t s  is thus  t o  h i g h l i g h t  s o u r c e s  of 
e x i s t i n g  d a t a  and t h e  a v a i l a b i l i t y  of such 
t echn iques .  

The major p o i n t s  d e r i v e d  from t h i s  s tudy  a r e  
summarised i n  Chapter  2. Here i n f o r m a t i o n  i s  drawn 
t o g e t h e r  about  t h e  impor tan t  f e a t u r e s  which 
c h a r a c t e r i s e  t h e  North E a s t ,  i t s  geology and 
geomorphology, c o a s t a l  development e t c .  From h e r e  
onwards t h e  v a r i o u s  c h a p t e r s  of t h e  r e p o r t  a r e  b road ly  
i n  sequence w i t h  r e s p e c t  t o  t ime,  beginning wi th  t h e  
e v o l u t i o n  of t h e  c o a s t  and ending wi th  a  d e s c r i p t i o n  
of p r e s e n t  day c o a s t a l  d e f e n c e s .  Chapter  3 d e s c r i b e s  
t h e  geology of t h e  c o a s t l i n e  i n  d e t a i l  and r e l a t e s  i t  
t o  e x i s t i n g  s e a  defence  problems. In fo rmat ion  abou t  
wind, waves and t i d a l  phenomena a r e  g iven  i n  Chapter  
4 .  I n  Chapter  5 t h e  c o a s t a l  p r o c e s s e s  a r e  d e s c r i b e d ,  
paying p a r t i c u l a r  a t t e n t i o n  t o  a r e a s  of sediment 
supply  ( s o u r c e s )  and a r e a s  of a c c r e t i o n  ( s i n k s ) .  An 
a n a l y s i s  of beach and s e a  bed sediment movement i s  
g i v e n  next  and t h i s  i s  fol lowed by a  "sediment budget"  
f o r  t h e  c o a s t l i n e .  A s y s t e m a t i c  r e g i o n a l  survey of 
c o a s t a l  f e a t u r e s  and de fences  f o l l o w s  i n  Chapter  6 .  

The c o n c l u s i o n s  a r e  found i n  Chapter  7 .  P o t e n t i a l  
f u t u r e  problem a r e a s  f o r  c o a s t a l  de fence  a r e  
h i g h l i g h t e d  h e r e ,  w i t h  emphasis being given t o  t h e  
d e f i n i t i o n  of c o a s t a l  c e l l s  i n  t h e  North E a s t .  The 
r e p o r t  f i n i s h e s  w i t h  an  e x t e n s i v e  a l though  p r e s e n t l y  
no t  e x h a u s t i v e  b i b l i o g r a p h y ,  which we hope t o  update  
r e g u l a r l y ,  a s  and when f r e s h  s o u r c e s  of i n f o r m a t i o n  
become a v a i l a b l e .  



EXECUTIVE SUMHARY 
T h i s  r e p o r t  a t t e m p t s  t o  draw t o g e t h e r  a v a i l a b l e  
knowledge and i n f o r m a t i o n  abou t  t h e  c o a s t  of t h e  
North E a s t  i n  such a  way a s  t o  be of p r a c t i c a l  u s e  t o  
c o a s t a l  e n g i n e e r s  i n  t h e  a r e a .  Fundamental t o  t h e  
aims of t h i s  r e p o r t  i s  an unders tand ing  of t h e  c o a s t a l  
sys tem a s  t h e  dynamic i n t e r a c t i o n  of a  range of 
n a t u r a l  and man-made p r o c e s s e s .  The b e a u t i f u l  and 
v a r i e d  c o a s t a l  s c e n e r y  of Northumberland and Durham i s  
a  r e f l e c t i o n  of t h e  g e o l o g i c a l  s t r u c t u r e  of t h e  
r e g i o n .  Much of t h e  u n d e r l y i n g  bedrock has been 
covered by t h i c k  d e p o s i t s  of r e l a t i v e l y  s o f t  b o u l d e r  
c l a y  d e p o s i t e d  dur ing  t h e  I c e  Age. D i f f e r e n t i a l  
e r o s i o n  h a s  r e s u l t e d  i n  t h e  fo rmat ion  of a head land  
and bay c o a s t l i n e .  Major c o a s t a l  r e c e s s i o n  o c c u r r e d  
d u r i n g  t h e  p o s t g l a c i a l  s e a  l e v e l  r i s e ,  and much of t h e  
a v a i l a b l e  beach m a t e r i a l  i s  thought  t o  have been 
accumulated i n  t h e  near-shore  zone d u r i n g  t h i s  t ime .  
R a t e s  of s e a  l e v e l  r i s e  a r e  c u r r e n t l y  s low and r e c e n t  
m o d i f i c a t i o n s  t o  t h e  c o a s t l i n e  a r e  s m a l l .  

The North E a s t  i s  exposed t o  a  v e r y  h igh  energy wave 
c l i m a t e  dominated by n o r t h  and n o r t h - e a s t e r l y  g a l e s ,  
and promoting a  n e t  t r a n s p o r t  of beach sediment  
southwards  a s s i s t e d  by t i d a l  c u r r e n t s .  However, t h e  
r a t e  i s  low and o f t e n  l i m i t e d  t o  movement w i t h i n  
i n d i v i d u a l  embayments. The n e t  volumes invo lved  may 
be s m a l l  compared wi th  s e a s o n a l  o n s h o r e / o f f s h o r e  
movements of beach m a t e r i a l  w i t h i n  t h e  l i t t o r a l  zone,  
and s h o r t  term v a r i a t i o n s  i n  longshore  d r i f t  due t o  
t h e  a c t i o n  of waves from d i f f e r e n t  d i r e c t i o n s  i n  
i n d i v i d u a l  e v e n t s .  F r e s h  s u p p l i e s  of beach m a t e r i a l  
a r e  c u r r e n t l y  l i m i t e d  t o  l o c a l i s e d  c l i f f  e r o s i o n  a l o n g  
t h e  open c o a s t .  The marked i n d e n t a t i o n s  a t  Holy 
I s l a n d  and t h e  Tees a c t  a s  major s i n k s  f o r  sand and 
f i n e r  sediment  f r a c t i o n s .  

Compared t o  some o t h e r  p a r t s  of t h e  B r i t i s h  c o a s t l i n e ,  
a  r e l a t i v e l y  s m a l l  p r o p o r t i o n  of t h e  North L a s t  c o a s t  
i s  a t  p r e s e n t  p r o t e c t e d  from t h e  s e a  by man-made 
d e f e n c e s .  The m a j o r i t y  of t h e  de fences  a r e  t o  be 
found s o u t h  of Lynemouth ( F i g  1 ) .  This  i s  i n  p a r t  a  
r e f l e c t i o n  of t h e  urban and i n d u s t r i a l  expans ion  of 
t h i s  a r e a ,  l a r g e l y  based on 1 9 t h  Century development 
of t h e  c o a l  and s t e e l  i n d u s t r y .  C o a s t a l  e n g i n e e r i n g  
works a r e  c o n c e n t r a t e d  a long  urban f r o n t a g e s  such a s  
Whi t l ey  Bay, Tynemouth, Seaham, Sunder land and 
H a r t l e p o o l .  Recent c o a s t a l  de fence  schemes have been  
implemented a t  B ly th  and Redcar. The remaining s e a  
d e f e n c e s  a r e  r e l a t i v e l y  s m a l l  and f ragmenta ry .  

There  a r e  a  number of f a c t o r s  r e l a t e d  t o  man's  
a c t i v i t i e s  t h a t  have i n  t h e  p a s t  o r  may c u r r e n t l y  be 
c o n t r i b u t i n g  t o  c o a s t a l  problems. The e x t e n s i v e  
t i p p i n g  of c o l l i e r y  was te  on t h e  f o r e s h o r e  over  a  
p e r i o d  of decades  has  r e s u l t e d  i n  widespread 



d e s p o l i a t i o n  and p o l l u t i o n  a t  Lynemouth and Cambois 
Bays and s o u t h  of Seaham f o r  example. While c e s s a t i o n  
of t i p p i n g  and t h e  i n t r o d u c t i o n  of r e c l a m a t i o n  schemes 
have r e s u l t e d  i n  some marked improvements, t h e r e  has 
been undoubted amenity l o s s  t o  some s t r e t c h e s  of 
c o a s t l i n e .  

The l a r g e  sand dune and sand l i n k  f e a t u r e s  t h a t  a r e  
c h a r a c t e r i s t i c  of t h i s  c o a s t l i n e  should  be regarded a s  
a  v a l u a b l e  r e s o u r c e  both i n  terms of supply  of beach 
m a t e r i a l  and a s  an  e f f e c t i v e  n a t u r a l  s e a  de fence .  
Dune systems w i l l  e rode r a p i d l y  i f  misused,  e i t h e r  by 
o v e r g r a z i n g  o r  t r ampl ing .  Sand e x t r a c t i o n  i s  a l s o  
known t o  t a k e  p l a c e .  Even s m a l l  q u a n t i t i e s  of sand 
removal,  i f  a l lowed t o  c o n t i n u e  u n r e s t r a i n e d ,  may 
c r e a t e  weaknesses i n  t h e  dunes and i n c r e a s e  t h e  
l i k e l i h o o d  of breachin'g and f l o o d i n g  under s e v e r e  wave 
c o n d i t i o n s .  The dune sys tems s u f f e r  a d d i t i o n a l  
p r e s s u r e s  a s  a  r e s u l t  of tour i sm and r e c r e a t i o n a l  use .  
Dune c o n s e r v a t i o n  and management schemes should  be 
c o n s i d e r e d  where problems a r i s e .  

S t .  Abb's Head a c t s  a s  a  p o i n t  of d i v e r g e n c e  f o r  
sediment movement under t h e  n o r t h - e a s t e r l y  wave 
c l i m a t e .  A t  t h e  s o u t h e r n  boundary of t h e  a r e a  
c o n s i d e r e d  i n  t h i s  r e p o r t ,  Tees Bay a c t s  a s  a  l a r g e  
s i n k  f o r  sed iments  and i t  i s  u n l i k e l y  t h a t  beach 
m a t e r i a l  moves s o u t h  of S a l t b u r n .  Thus t h e  l e n g t h  of 
c o a s t  from S t .  Abb's Head t o  Tees Bay forms a  l a r g e  
c o a s t a l  u n i t  some 175km i n  l e n g t h  i n  which c o a s t a l  
changes a r e  l i k e l y  t o  t a k e  p l a c e  independen t ly  of t h e  
a d j a c e n t  c o a s t  t o  n o r t h  o r  sou th .  Th i s  r e p o r t  has  
d i s t i n g u i s e d  a  number of s u b - c e l l s ,  namely: 

( 1 )  S t .  Abb's Head t o  t h e  Tyne; 
( 2 )  The Tyne t o  the  Wear; 
( 3 )  The Wear t o  Seaham; 
( 4 )  Seaham t o  H a r t l e p o o l ;  
( 5 )  H a r t l e p o o l  and Tees Bay. 

These d i v i s i o n s  a r e  based on l o c a l  v a r i a t i o n s  i n  
sediment  movement. The r i v e r  mouths of t h e  Tyne and 
Wear and a s s o c i a t e d  harbour  i n s t a l l a t i o n s  c r e a t e  
p a r t i a l  b a r r i e r s  t o  sediment inovement and a lmost  t o t a l  
b a r r i e r s  t o  d r i f t  w i t h i n  t h e  l i t t o r a l  zone i e .  w i t h  
t h e  10m i s o b a t h .  For t h e  most p a r t  t h e  d r i f t  i s  
u n i - d i r e c t i o n a l  a l o n g  t h e  North E a s t  c o a s t ,  i n  b o t h  
t h e  l i t t o r a l  zone and on t h e  near-shore  s e a  bed and 
t h e r e f o r e  any e f f e c t s  of c o a s t a l  works a r e  l i k e l y  t o  
be  found t o  t h e  sou th .  These e f f e c t s  should  be 
cons ide red  a t  t h e  p lann ing  and d e s i g n  s t a g e  of c o a s t a l  
s t r u c t u r e s .  Thus whi le  t h e s e  c e l l s  a r e  n o t  themselves  
independent  of t h e  l a r g e r  u n i t ,  they can be c o n s i d e r e d  
a s  fundamental  u n i t s  i n  c o a s t a l  e n g i n e e r i n g  terms.  



3 COASTAL 
GEOLOGY AND 
TOPOGWHY 

3 .  l G e o l o g i c a l  
framework 

The v a r y i n g  r e s i s t a n c e  of d i f f e r e n t  rocks  t o  wave 
a c t i o n  i s  fundamental  t o  t h e  e v o l u t i o n  of t h e  
s h o r e l i n e  and g i v e s  r i s e  t o  t h e  sequence of wide bays 
s e p a r a t e d  by rocky s t r e t c h e s  of c l i f f  l i n e  a long  t h e  
North E a s t  c o a s t .  The c o a s t a l  geology i s  very  complex 
and i s  covered i n  d e t a i l  i n  o t h e r  s o u r c e s  (Refs  1, 2 ,  

3 )  
A s i m p l i f i e d  geology of t h e  North E a s t  i s  shown i n  F ig  
3 .  The rocks  a r e  predominant ly  sed imenta ry ,  l a i d  down 
between 435 and 135 m i l l i o n  y e a r s  d e f o r e  P r z s e n t  ( s e e  
F i g  4 ) .  The o l d e r  rocks  ou tc ropp ing  i n  t h e  n o r t h  a r e  
o v e r l a i n  by s u c c e s s i v e l y  'younger '  rocks  towards ttie 
s o u t h  and t h e  s t r a t a  d i p  away i n  a  s o u t h - e a s t e r l y  
d i r e c t i o n .  However, t h e  occur rence  of igneous  r o c k s ,  
bo th  i n t r u s i v e  and e x t r u s i v e  i n  o r i g i n ,  g i v e s  r i s e  t o  
d i s t i n c t i v e  l o c a l  c o a s t a l  f e a t u r e s .  

From S t  Abb's Head t o  Burnmouth, S i l u r i a n  and Devonian 
( o r  Old Red Sandstone)  rocks  predominate .  From 
Burnmouth t o  Alnmouth, Carbon i fe rous  Limestones  
o u t c r o p  w i t h  many igneous  i n t r u s i o n s .  C a r b o n i f e r o u s  
M i l l s t o n e  G r i t s  and Coal Measure S e r i e s  ex tend  from 
Alnmouth t o  the  Tyne. Permian r o c k s ,  mainly 
sands tones  and Magnesian Limestones ,  form t h e  
c l i f f s  South  of t h e  Tyne t o  H a r t l e p o o l .  The T r i a s s i c  
( o r  New Red Sandstone)  u n d e r l i e s  t h e  Tees e s t u a r y  a r e a  
and i s  r e p l a c e d  by c l i f f s  of L i a s  f u r t h e r  s o u t h .  

However, i n  many p l a c e s  t h e s e  rocks  a r e  covered by 
t h i c k  s u p e r f i c i a l  d e p o s i t s  of more r e c e n t  o r i g i n .  The 
Tees e s t u a r y  a r e a  i s  f i l l e d  by f l u v i a l  and e s t u a r i n e  
d e p o s i t s .  The North E a s t  c o a s t l i n e  may have been 
covered by i c e  up t o  f o u r  t imes  ( f rom 1.8 m i l l i o n  t o  
10,000 y e a r s  Before  P r e s e n t ) ,  s c o u r i n g  t h e  bedrock and 
i n  p l a c e s  d e p o s i t i n g  t h i c k  s h e e t s  of g l a c i a l  d r i f t .  
G l a c i a l  d r i f t ,  t i l l  o r  boulder  c l a y  a r e  g e n e r a l  terms 
g i v e n  t o  t h e  he te rogeneous  m i x t u r e  of m a t e r i a l s  
d e p o s i t e d  e i t h e r  d i r e c t l y  by i c e  o r  s u b s e q u e n t l y  
r e d i s t r i b u t e d  by mel twa te r .  Where t h i s  u n c o n s o l i d a t e d  
m a t e r i a l  o u t c r o p s  a t  s e a  l e v e l ,  i t  has been s u b j e c t  t o  
f a i r l y  r a p i d  e r o s i o n ,  and i s  a  major  s o u r c e  of beach 
and dune m a t e r i a l  on t h e  North E a s t  c o a s t .  

3 .2  Reg iona l  geology 
A t  S t  Abb's Head t h e  f i n e  rugged c l i f f s ,  up t o  1OOn 
h i g h ,  a r e  formed of r e s i s t a n t  igneous  rock of 
e x t r u s i v e  o r i g i n .  The c l i f f s  a r e  p r e c i p i t o u s ,  d e e p l y  
f i s s u r e d  and d i s s e c t e d  by r a v i n e s .  There  a r e  numerous 
s t a c k s  and r e e f s  o f f s h o r e .  Between S t  Abb's Head and 
Burnmouth ( F i g  5 ) ,  rocks  of S i l u r i a n  and Devonian age  



predominate and a l t e r n a t e  i n  exposure  a t  s e a  l e v e l  a s  
a  r e s u l t  of f o l d i n g  i n  t h i s  a r e a .  Lower Old Red 
Sandstone forms t h e  c l i f f  S s o u t h  of S t  Abb's Head t o  
Coldingham Bay. Between Coldingham Bay and 
C u l l e r c o v e ,  S i l u r i a n  s h a l e s  o u t c r o p  a t  t h e  c o a s t  
t o g e t h e r  wi th  l o c a l l y  r e s i s t a n t  f e l s t o n e  i n t r u s i o n s  
which form s t a c k s .  The Lower Old ded Sandstones  
reappear  between Cul le rcove  and Eyemouth forming 
c l i f f s  up t o  30m i n  h e i g h t .  The bay a t  Eyemouth 
cor responds  wi th  a  f a u l t  l i n e  and s h a l e s  appear  once 
more and ex tend  s o u t h  t o  Burnmouth. Here, t h e  f o l d e d  
s t r a t a  a r e  e v i d e n t  i n  t h e  c l i f f s  and t h e  c o a s t  i s  
d i v e r s i f i e d  by igneous  i n t r u s i o n s  o r  dykes p rov id ing  
d i f f e r e n t i a l  r e s i s t a n c e  t o  e r o s i o n .  For example, 
Scout  Cave ( n e a r  Scout P o i n t )  has  formed where t h e  
lower p a r t  of a  dyke has  been hollowed o u t ,  whi le  a t  
Breeches Rock s i m i l a r  a c t i o n  has  c r e a t e d  a n  a r c h  form. 
A l l  a long  t h i s  p a r t  of t h e  c o a s t  t h e  s h o r e  p l a t f o r m  i s  
w e l l  developed.  

The deep r a v i n e  a t  Burnmouth i s  a s s o c i a t e d  wi th  a  
f a u l t  l i n e  which b r i n g s  down Lower Carbon i fe rous  rocks  
mainly s a n d s t o n e s ,  s h a l e s  and l i m e s t o n e s  t o  t h e  
c o a s t l i n e .  These s t r a t a  predominate a long  t h e  whole 
c o a s t a l  s t r e t c h  from Burnmouth t o  Alnmouth, w i t h  a  
number of Whin S i l l  i n t r u s i o n s  s o u t h  of Holy I s l a n d .  
From Burnmouth t o  Holy I s l a n d  t h e s e  Carbon i fe rous  
r o c k s  form low c l i f f s .  A t  Berwick t h e s e  c l i f f s  a r e  
c u t  through by t h e  River  Tweed t o  form a  deep ly  
i n c i s e d  v a l l e y .  A wide rocky wave c u t  p l a t f o r m  i s  
exposed a t  low t i d e  and c l e a r l y  shows t h e  g e o l o g i c a l  
s t r u c t u r e .  T h i s  rock p l a t f o r m  g r a d u a l l y  d i s a p p e a r s  a s  
one reaches  Cheswick Sands due t o  t h e  i n c r e a s i n g  
volume of beach d e p o s i t s  ( F i g  6 ) .  I n  t h e  a r e a  from 
Cheswick Rocks t o  Budle Bay, t h e  u n d e r l y i n g  
Carbon i fe rous  Limestone i s  covered by t h i c k  g l a c i a l  
d r i f t .  

R e s i s t a n t  sands tone  o u t c r o p s  form Holy I s l a n d ,  which 
i s  i n  f a c t  a  group of i s l a n d s  covered by g l a c i a l  d r i f t  
and l i n k e d  by s h i n g l e  beaches.  The sand and s h i n g l e  
banks e n c l o s e  a n  e x t e n s i v e  a r e a  of a c t i v e  accumulat ion 
of marine s i l t ,  mud and f i n e  sand,  which, when exposed 
a t  low wate r ,  a l l o w s  winds t o  blow t h e  sands  i n t o  
s i z e a b l e  dune sys tems 10 o r  more met res  h igh .  Dunes 
a r e  a l s o  e x t e n s i v e  on t h e  mainland from Cheswick Rocks 
t o  Ross Links and from Budle Bay a s  f a r  s o u t h  a s  
Seahouses.  A t  Ross Links ,  s o u t h  of Holy I s l a n d ,  t h e  
dunes r e a c h  a  h e i g h t  of 18m and p r o t e c t  t h e  low l y i n g  
l a n d  behind which is  s u s c e p t i b l e  t o  f l o o d i n g .  

To t h e  s o u t h  of Budle Bay, t h e  Whin S i l l  makes a  
d r a m a t i c  impact on t h e  c o a s t a l  l andscape ,  i n t r u d i n g  
th rough  t h e  predominant ly  Carbon i fe rous  rocks .  The 
igneous  c o a r s e  g r a i n e d  d o l e r i t i c  s i l l  i s  approx imate ly  
30m t h i c k  wi th  a  c h a r a c t e r i s t i c  columnar s t r u c t u r e .  It 



i s  r e l a t i v e l y  r e s i s t a n t  t o  wave a c t i o n  and t h u s  forms 
t h e  headlands  f l a n k i n g  Embleton and Beadne l l  Bays ( F i g  
7 ) ,  where more r a p i d  e r o s i o n  of t h e  Carbon i fe rous  
Limestones has  c r e a t e d  marked embayments. O f f s h o r e  
o u t c r o p s  of t h e  Whin S i l l  form t h e  Farne I s l a n d s .  
Between Embleton and C u l l e r n o s e  P o i n t  t h e  s i l l  
o u t c r o p s  a lmost  c o n t i n u o u s l y  a t  t h e  c o a s t l i n e ,  forming 
a landward west  f a c i n g  s c a r p .  Both Bamburgh C a s t l e ,  
j u s t  s o u t h  of Budle Bay and Dunstanburgh C a s t l e ,  n e a r  
Embleton a r e  s i t e d  on t h e  Whin S i l l  because of i t s  
n a t u r a l  commanding p o s i t i o n .  Some f a u l t i n g  a s s o c i a t e d  
w i t h  t h e  fo rmat ion  of t h e  s i l l  has  provided l o c a l  
p o i n t s  of weakness t h a t  have been e x p l o i t e d  by wave 
a c t i o n  t o  flora t h e  ha rbour  a t  C r a s t e r ,  Boulmer Haven 
and t h e  s m a l l  bay s o u t h  of Sea ton  P o i n t  ( F i g  8 ) .  

South of Alnmouth, t h e  c l i f f s  g e n e r a l l y  become lower .  
M i l l s t o n e  G r i t  i s  exposed between t h e  mouths of t h e  
Aln and Amble, and t h e  Coal Measure S e r i e s  predominate  
s o u t h  of Amble t o  t h e  Tyne ( F i g  9 ) .  The Coal Neasures  
c o n s i s t  of a v a r i e t y  of s t r a t a  i n c l u d i n g  s h a l e s ,  
s a n d s t o n e s  and p r o d u c t i v e  c o a l  seams. The Coal 
Measure rock may be b u r i e d  i n  p l a c e s  by a c o n s i d e r a b l e  
d e p t h  of bou lde r  c l a y .  Where t h i s  unconso l ida ted  
m a t e r i a l  i s  exposed a t  s e a  l e v e l  i t  h a s  been e roded  
t o  form a s e r i e s  of wide sweeping sandy bays ,  e .g .  
Alnuouth Bay and Drur idge Bay, f r i n g e d  w i t h  wind blown 
dunes up t o  15m h igh  ( F i g  8 ) .  Some of t h e  dune b e l t s  
a r e  l a r g e ,  a s  between B l y t h  and Seaton S l u i c e  where 
they  reach  ikm i n  wid th .  The dune sys tems ,  which a r e  
s o  c h a r a c t e r i s t i c  of t h e  Northumberland c o a s t ,  have 
been formed s i n c e  t h e  P i e i s t o c e n e  g l a c i a t i o n s .  i . e .  i n  
t h e  l a s t  10,000 y e a r s .  T h e i r  e x t e n s i v e  development a t  
Alnmouth, has  l e f t  t h e  former c l i f f  l i n e  ' s t r a n d e d '  
behind t h e  l i n k s .  The mouths of t h e  r i v e r s  Aln,  
Coquet,  Lyne, Wansbeck and Bly th  a r e  a l l  d e f l e c t e d  t o  
t h e  s o u t h  by sandy s p i t s ,  i n d i c a t i n g  t h e  n e t  movement 
of beach m a t e r i a l  southwards  ( s e e  Chapter  5 ) .  Loca l  
o u t c r o p s  of more r e s i s t a n t  s t r a t a  w i t h i n  t h e  Coal 
Xeasures  form promontor ies  and r e e f s ,  f o r  example 
Newbiggin P o i n t ,  S p i t a l  P o i n t  and Snab P o i n t .  The 
o f f s h o r e  i s l a n d s ,  Coquet I s l a n d ,  Hadstone C a r r s  and 
Cresswel l  S c a r s  f o r  example, a r e  of s i m i l a r  o r i g i n .  
From t h e  River  Coquet t o  t h e  Tyne, t h e  economic 
e x p l o i t a t i o n  of t h e  l o c a l  geology i s  a p p a r e n t .  Along 
t h i s  c o a s t  t h e  p r o d u c t i v e  Coal Measures a r e  mined by 
open-cast  and s h a f t  methods and t h e  waste  i s  t i p p e d  
d i r e c t l y  o n t o  t h e  beach i n  t h e  i n t e r t i d a l  zone a s  a t  
Lynemouth and fo rmer ly  a t  Cambois ( F i g  9 ) .  

J u s t  n o r t h  of t h e  River  Tyne, t h e  Coal Measure r o c k s  
g i v e  way t o  Permian s t r a t a  which ex tend  s o u t h  t o  
H a r t l e p o o l .  T h i s  t r a n s i t i o n  can be seen  a s  a marked 
unconformity  i n  t h e  c l i f f s  t o  t h e  s o u t h  of C u l l e r c o a t s  
Bay ( F i g  9 )  where Permian s a n d s t o n e  o v e r l i e s  Coal 
Measures. The t h i c k e s t  s t r a t a  of t h e  Permian p e r i o d  



a r e  t h e  l4agnesian Limestones.  These form f l a t - t o p p e d  
and o f t e n  v e r t i c a l  c l i f f s ,  15 t o  45m h igh  behind rocky 
wave c u t  p la t fo rms  and sandy beaches. The boulder  
c l a y  overburden i s  o f t e n  c l e a r l y  seen above t h e  w h i t e  
l imes tone  c l i f f s .  These c l i f f s  were formed under 
h igher  t i d a l  l e v e l s  than  a t  p r e s e n t  and a r e  now o n l y  
reached by high s p r i n g  t i d e s .  Hence s t a c k s ,  
ups tand ing  rocks ,  s e a  caves  and a r c h e s  a r e  f r e q u e n t  
a long  t h i s  s e c t i o n  of t h e  c o a s t .  Notable examples a r e  
t h e  Marsden Rocks, Parsons  Rocks and B l a c k h a l l  Xocks 
( F i g s  10 and 1 1 ) .  aetween Seaham and H a r t l e p o o l ,  
deeply  c u t  v a l l e y s  o r  ' denes '  eg a t  Horden, Ryhope, 
Seaham, Hawthorne, Foxhole,  C a s t l e  Eden, Hesledene and 
Crimdon, d i s s e c t  t h e  c l i f f  l i n e .  These a r e  i n c i s e d  
i n t o  boulder  c l a y  which f i l l  deeper  p r e g l a c i a l  
v a l l e y s .  The presence of c o a l  mining from t h e  
u n d e r l y i n g  Coal lkieasures i s  e v i d e n t  by t h e  l a r g e  waste  
t i p s  a s  a t  Horden and fo rmer ly  a t  B l a c k h a l l .  A t  
Eas ing ton  t h e  c l i f f  f a c e  i s  i n  p a r t  made up of c o a l  
waste .  The c l i f f s  become l e s s  pronounced s o u t h  of 
B l a c k h a l l ,  a t  which po in t  t h e  beach widens and t h e  
accumulat ion of wind blown sand forms l i n k s  ex tend ing  
t o  H a r t l e p o o l .  

H a r t l e p o o l ,  t o  t h e  n o r t h  of t h e  River Tees,  i s  
s i t u a t e d  on a  l imes tone  mass c a l l e d  t h e  Heugh and 
jo ined t o  t h e  mainland by t h e  accumulat ion of sand 
from t h e  north-west .  The Heugh is f r o n t e d  by 
l imes tone  s c a r s  ( r e e f s ) .  H a r t l e p o o l  Bay forms a  
sweeping i n d e n t a t i o n  and marks t h e  t r a n s i t i o n  from t h e  
Permian Magnesian Limestones t o  t h e  g e n e r a l l y  l e s s  
r e s i s t a n t  sands tones  and marls  of t h e  T r i a s s i c  p e r i o d .  
These form low c l i f f s  f r o n t e d  by sandy beaches between 
H a r t l e p o o l  and t h e  Tees. However, w i t h i n  Tees Bay 
i t s e l f  t h e r e  a r e  few s u r f a c e  rock exposures .  The 
r o c k s  have been covered by g l a c i a l  boulder  c l a y s  and 
a l l u v i a l  d e p o s i t s  up t o  a  t h i c k n e s s  of 30m. E s t u a r i n e  
d e p o s i t s  have accumulated p a r t l y  because of t h e  
c o n s t r i c t i o n  of t h e  r i v e r  mouth by sand accumula t ion  
from t h e  n o r t h  a t  Seaton Sands and from t h e  s o u t h  by 
Coatham Sands ( F i g  12) .  Within  t h e  e s t u a r y  i t s e l f  
t h e r e  i s  e x t e n s i v e  s a l t  marsh development and land 
rec lamat  ion .  

The e x t e n s i v e  sands  backed by l i n k s  s o u t h  of t h e  Tees  
extend t o  Redcar. R e s i s t a n t  sands tones  form r e e f s  a t  
Coatham and Redcar Rocks. The l and  behind i s  
r e l a t i v e l y  low l y i n g  i n  t h i s  r eg ion .  Between Redcar 
and S a l t b u r n ,  boulder  c l a y  forms low c l i f f s  i n  p l a c e s  
capped by wind blown sand and f r o n t e d  by a  good beach. 
To t h e  e a s t  of S a l t b u r n ,  t h e  c l i f f s  i n c r e a s e  i n  h e i g h t  
d e n o t i n g  t h e  appearance of Lower L i a s  rocks  of t h e  
J u r a s s i c  age .  Although n o t  i n  themselves  very  
r e s i s t a n t  rocks ,  t h e  c l a y s  and s h a l e s  are n e v e r t h e l e s s  
more r e s i s t a n t  than  t h e  boulder  c l a y  t o  t h e  west  and 



t h e r e f o r e  Hunt C l i f f  forms a  d i s t i n c t  promontory w i t h  
c l i f f s  of 1.20~1 behind a rocky wave c u t  p l a t f o r m .  

3.3 Recent g e o l o g i c a l  
p r o c e s s e s  and s e a  
l e v e l  changes 

The s h o r e l i n e  of t h e  B r i t i s h  I s l e s  as we know i t  has  
been formed r e l a t i v e l y  r e c e n t l y  i n  g e o l o g i c a l  h i s t o r y ,  
d u r i n g  and a f t e r  t h e  P l e i s t o c e n e  I c e  Ages ( 1 . 8 m i l l i o n  
t o  10,000 y e a r s  BP). Cur ren t  c o a s t a l  p r o c e s s e s ,  whicn 
a r e  of most i n t e r e s t  t o  t h e  c o a s t a l  e n g i n e e r ,  r e f l e c t  
t h i s  r e c e n t  g e o l o g i c a l  h i s t o r y  and t h e  p r e v a i l i n g  wave 
c l i m a t e .  A f u l l  accoun t  of mar ine  p r o c e s s e s  i s  g i v e n  
by King (Ref 4 )  but t h e  fo l lowing  p o i n t s  a r e  worth 
n o t i n g  i n  t h e  c o n t e x t  of t h e  North E a s t  c o a s t l i n e .  

The o p e r a t i o n  of c o a s t a l  p r o c e s s e s  has  been a f f e c t e d  
by changes i n  s e a  l e v e l .  These have o c c u r r e d  d u r i n g  
and a f t e r  t h e  P l e i s t o c e n e  a s  t h e  r e s u l t  of t h e  complex 
i n t e r a c t i o n  of i s o s t a t i c  and e u s t a t i c  p r o c e s s e s  
i n i t i a t e d  by t h e  m e l t i n g  of t h e  i c e  s h e e t s .  A 
e u s t a t i c  r i s e  i n  s e a  l e v e l  r e s u l t s  d i r e c t l y  from t h e  
volume of wa te r  added t o  t h e  oceans  f o l l o w i n g  m e l t i n g .  
I s o s t a t i c  u p l i f t  of t h e  l and  r e s u l t s  from a 
re-adjus tment  of t h e  E a r t h ' s  c r u s t  f o l l o w i n g  r e l e a s e  
from t h e  weight of i c e .  Evidence s u g g e s t s  t h a t  s e a  
l e v e l s  may have v a r i e d  by a s  much a s  l O O m  o r  more, b u t  
t h e  r a t e  of change is  p r e s e n t l y  low ( s e e  l a t e r ) .  

During p e r i o d s  of r e l a t i v e l y  h igh  s e a  l e v e l s ,  c o a s t a l  
r e c e s s i o n  proceeded r a p i d l y ,  forming much of t h e  c l i f f  
o u t l i n e  we s e e  today.  Many of t h e s e  c l i f f s  a r e  now 
n o t  s u b j e c t  t o  p r e s e n t  day wave a c t i o n  e x c e p t i n g  a t  
t h e  major promontor ies  a l o n g  t h e  c o a s t l i n e .  F u r t h e r  
e v i d e n c e  of h i g h e r  s e a  l e v e l s  i s  provided by f o s s i l  o r  
r a i s e d  beach d e p o s i t s  such a s  t h o s e  found a t  S a l t b u r n .  
S h e l l  d e p o s i t s  found a t  Eas ing ton  r a i s e d  beach ( 2 7 m )  
a r e  i n t e r g l a c i a l  i n  d a t e .  Evidence f o r  lower s e a  
l e v e l s  than  p r e s e n t  i s  provided by submerged f o s s i l  
f o r e s t  and pea t  d e p o s i t s  which a r e  f r e q u e n t l y  exposed  
a t  low t i d e s  i n  Drur idge Bay, H a r t l e p o o l  Bay and Tees  
Bay. During t h e  major pos t  g l a c i a l  r i s e  i n  s e a  l e v e l ,  
v e r y  l a r g e  volumes of g l a c i a l  sed iments  from t h e  bed 
of t h e  North Sea were d e l i v e r e d  t o  what i s  now t h e  
near-shore  zone,  making up much of t h e  p r e s e n t  day 
beach m a t e r i a l .  L i t t l e  i s  known abou t  t h e  mechanisms 
i n v o l v e d  i n  t h i s  p r o c e s s ,  but  i t  i s  thought  t o  be 
l a r g e l y  complete  under  p r e s e n t  r a t e s  of s e a  l e v e l  r i s e  
and t h e r e  i s  now l i t t l e  t r a n s f e r  of p o t e n t i a l  beach 
m a t e r i a l  from t h e  s e a  bed t o  t h e  c o a s t l i n e .  C u r r e n t  
r a t e s  of supp ly  t o  t h e  beach sys tem t h e r e f o r e  depend 
on r a t e s  of e r o s i o n  a t  t h e  c o a s t l i n e  and r a t e s  of 
d r i f t  ( s e e  Chapter  5 ) .  

Sea l e v e l  i s  r i s i n g  today a t  a r e l a t i v e l y  slow r a t e .  
An a n a l y s i s  of mean s e a  l e v e l  v a r i a t i o n  a t  North 



Sh ie ld s  f o r  t he  years  1895 t o  1982 shows an annual 
r i s e  of 2.8mmlyr (Ref 5 ) .  Th is  may i n  p a r t  be due t o  
a  su s t a ined  decrease  i n  atmospheric p r e s su re  over t h e  
l a s t  20 yea r s ,  a  t r end  t h a t  may or may no t  con t inue  
(Ref 6 ) .  While very smal l ,  such a  s ecu l a r  r i s e  i n  s e a  
l e v e l  must u l t i m a t e l y  c o n t r i b u t e  t o  c o a s t a l  r e ce s s ion  
i n  t h e  f u t u r e ,  a l b e i t  very slowly.  Th is  should be 
considered i n  t h e  planning and des ign  of c o a s t a l  
defences  and i n  p a r t i c u l a r  where c o a s t a l  i n s t a l l a t i o n s  
of a long o p e r a t i o n a l  l i f e  a r e  involved,  such a s  power 
s t a t i o n s .  
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i n c r e a s e d  t o  estimate o f f s h o r e  v a l u e s  has been 
produced by t h e  C l i m a t o l o g i c a l  S e r v i c e s  Branch of t h e  
Met O f f i c e  (Ref 8) .  

Such i n f o r m a t i o n  i s  wide ly  used by c o a s t a l  e n g i n e e r s  
and s c i e n t i s t s  t o  f o r e c a s t  wave c o n d i t i o n s  from wind 
d a t a .  For p r e d i c t i n g  p r o b a b l e  maximum h e i g h t s  f o r  a 
p a r t i c u l a r  s t o r m ,  wind speed v a l u e s  need t o  be 
averaged f o r  d u r a t i o n s  of t ime e q u a l  t o  t h e  t ime o v e r  
which t h e  wind i s  add ing  ene rgy  t o  t h e  s e a  s u r f a c e .  
Ana lys i s  of many s t o r m s  h a s  produced wind speed 
f a c t o r s  a l l o w i n g  mean wind speeds  t o  be e s t i m a t e d  ove r  
c o n s i d e r a b l y  l o n g e r  d u r a t i o n s  t h a n  t h e  1 hour wind 
r e c o r d i n g  i n t e r v a l .  Each s to rm,  w i l l  of c o u r s e  have 
i t s  own p a r t i c u l a r  c h a r a c t e r i s t i c s .  The f o l l o w i n g  
f a c t o r s  can  be used t o  g i v e  an "average"  s to rm 
p r o f i l e  :- 

where V t  i s  t h e  approx ima te  wind speed d u r i n g  t h r s  
and V 1  i s  t h e  mean h o u r l y  wind speed v a l u e .  
S t r i c t l y  speak ing  t h e  r a t i o s  have been c a l c u l a t e d  f o r  
a s to rm w i t h  a n  a v e r a g e  r e c u r r e n c e  p e r i o d  of 50 y e a r s  
(Xef 9 ) .  

4 .2  I n s h o r e  and 
O f f s h o r e  wave 
r e c o r d s  

Ac tua l  wave r e c o r d s  i n  t h i s  a r e a  a r e  r a t h e r  s p a r s e  and 
much of t h e  o f f s h o r e  wave i n f o r m a t i o n  has  been 
c o l l e c t e d  a t  o i l  and g a s  f i e l d s  and i s  t h u s  of a  
c o n f i d e n t i a l  n a t u r e .  The r e a d i l y  a v a i l a b l e  d a t a  which 
h a s  been r e c o r d e d  i n s t r u m e n t a l l y  i s  mainly  d e r i v e d  
from ship-borne  r e c o r d e r s  i n s t a l l e d  and a n a l y s e d  by 
t h e  I n s t i t u t e  of Oceanographic  S c i e n c e s .  The wave 
r e c o r d e r s  a r e  i n s t a l l e d  on l i g h t  v e s s e l s ,  t y p i c a l l y  
f o r  p e r i o d s  of one y e a r .  A d d i t i o n a l l y ,  some v e s s e l s  
a l s o  have v i s u a l  o b s e r v a t i o n s  which cove r  a  l o n g e r  
t imespan.  

Wave r e c o r d i n g s  o f f  t h e  Nor th  E a s t  are r e s t r i c t e d  t o  
j u s t  t h e  North Carr L i g h t  V e s s e l ,  s i t u a t e d  o f f  t h e  
F i f e  c o a s t  t o  t h e  n o r t h  of Berwick. Here i n s t r u m e n t a l  
r e c o r d s  were begun i n  June  1969 and c o n t i n u e d  t o  J u n e  
1973. A n a l y s i s  based on t h e  f i r s t  y e a r  of d a t a  h a s  
been p u b l i s h e d  by t h e  I n s t i t u t e  of Oceanographic  
S c i e n c e s  (Ref 1 0 ) .  

There  i s  a l s o  much i n f o r m a t i o n  i n  t h e  form of v i s u a l  
o b s e r v a t i o n s  of wave h e i g h t  and pe r iod  and t h i s  d a t a  
i s  h e l d  a t  t h e  M e t e o r o l o g i c a l  O f f i c e ,  B r a c k n e l l  (Ref 
1 1 ) .  These  estimates a r e  made from p a s s i n g  s h i p s  and 
as such are somewhat s u b j e c t i v e .  The v a l u e s  of  wave 



p e r i o d  i n  p a r t i c u l a r  should  on ly  be t r e a t e d  a s  o r d e r  
of magnitude e s t i m a t e s .  However, t h e  number of 
r e a d i n g s  a r e  h igh  ( t e n s  of thousands )  and they 
t h e r e f o r e  p rov ide  a  good d a t a  base  from which t o  
p r e d i c t  o f f s h o r e  wave h e i g h t s .  E x i s t i n g  d a t a  have 
a l s o  been ana lysed  t o  g i v e  p r e d i c t i o n s  of t h e  50 y e a r  
s to rm even t  around t h e  c o a s t l i n e  of t h e  Uni ted  
Kingdom. The r e s u l t s  have been p r e s e n t e d  by Noble and 
Denton f o r  t h e  Department of Energy i n  t h e  form of a  
con toured  c h a r t  (Ref 1 2 ) .  Th i s  is a n  upda te  
( i n c l u d i n g  a  wider  use of wave o b s e r v a t i o n s )  of t h e  
Department of Energy G u i d e l i n e s  f o r  o f f s h o r e  
i n s t a l l a t i o n s  (Ref 9 ) .  

Off t h e  North E a s t  c o a s t  t h o s e  wave h e i g h t  c o n t o u r s  
which a r e  r e l a t i v e l y  c l o s e  i n s h o r e  t end  t o  be n e a r l y  
p a r a l l e l  t o  t h e  g e n e r a l  c o n f i g u r a t i o n  of t h e  
c o a s t l i n e .  Between S t  ~ b b ' s  Head and Tees Bay t h e  
o f f s h o r e  50 y e a r  maximum wave h e i g h t  i s  l i k e l y  t o  be  
abou t  20 met res .  Tn i s  v a l u e  cor responds  t o  a  
s i g n i f i c a n t  wave of t h e  o r d e r  of 10 m e t r e s .  The 
" c r e s t  t o  c r e s t "  p e r i o d  a s s o c i a t e d  w i t h  t h e  ext reme 
wave h e i g h t  va lue  i s  abou t  15 t o  16 seconds .  The 
cor respond ing  i n s h o r e  wave c o n d i t i o n s  have much 
g r e a t e r  v a r i a t i o n  t h a n  t h e  o f f s h o r e  c o n t o u r s  would 
s u g g e s t .  Waves a r e  s t r o n g l y  i n f l u e n c e d  by s e a  bed 
topography (wave r e f r a c t i o n  and energy l o s s  due t o  bed 
f r i c t i o n )  and a l s o  by t h e  p resence  of o f f s h o r e  
i s l a n d s ,  l a r g e  head lands ,  submerged r e e f s  e t c  
( d i f f r a c t i o n  and wave b r e a k i n g ) .  F e a t u r e s  such a s  
head lands  w i l l  a l s o  tend t o  f o c u s  wave energy .  I t  i s  
n o t  s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  a r e a s  such a s  B l y t h  
harbour  e n t r a n c e  a r e  s u b j e c t  t o  s t r o n g  wave a c t i v i t y  
w h i l e  a r e a s  such a s  Budle Bay a r e  a lmost  devoid  of 
wave a c t i o n .  E s t i m a t i n g  i n s h o r e  wave h e i g h t s  on t h e  
North E a s t  ( a s  e l sewhere )  i s  t h e r e f o r e  a  complex and 
c o s t l y  e x e r c i s e .  

I n s h o r e  wave o b s e r v a t i o n s  a r e  a l s o  n o t a b l e  by t h e i r  
s c a r c i t y .  I n  o r d e r  t o  c a l c u l a t e  wave c o n d i t i o n s  
w i t h i n  the  l i t t o r a l  zone one t h e r e f o r e  has  t o  
t r a n s f o r m  measured waves from o f f s h o r e  u s i n g  
r e f r a c t i o n  models (Refs  13  and 1 4 ) ,  o r  one can u s e  one 
of t h e  number of i n s h o r e  wind p r e d i c t i o n  t e c h n i q u e s  
t h a t  a r e  now a v a i l a b l e  (Ref 1 5 ) .  The few r e c o r d s  t h a t  
a r e  i n  e x i s t e n c e  tend t o  be based on v i s u a l  
o b s e r v a t i o n s  t aken  a t  t h e  e n t r a n c e s  t o  p o r t s .  S i n c e  
t h i s  c o a s t l i n e  i s  l a r g e l y  unpopula ted such 
o b s e r v a t i o n s  a r e  t o o  few and f a r  a p a r t  t o  a l l o w  
r e l i a b l e  " i n t e r p o l a t i o n "  t o  be nade.  

One of t h e  b e s t  wave d a t a  s e t s  t o  be found i s  based on 
measurements a t  t h e  e n t r a n c e  t o  t h e  P o r t  of Tyne (Ref 
1 6 ) .  Here d a i l y  r e c o r d i n g s  were made of t h e  v e r t i c a l  
movement of buoys cover ing  t h e  p e r i o d  1908 t o  1929,  
bu t  e x c l u d i n g  t h e  war y e a r s  1914-1919. These were 



analysed by the  Por t  of Tyne Author i ty  and a  Weibull  
p r o b a b i l i t y  d i s t r i b u t i o n  p l o t t e d  so  a s  t o  a l low 
e x t r a p o l a t i o n  of extremes t o  be nade. From t h i s  d a t a  
i t  can be e s t i m a t e d ,  f o r  example, t h a t  a  wave h e i g h t  
of 5  metres  w i l l  be exceeded on average ,  on one day 
per  year .  L Draper of t h e  I n s t i t u t e  of Oceanographic 
Sc iences  has  examined the  Por t  of Tyne d a t a  and has 
s t a t i s t i c a l l y  e s t i m a t e d  t h e  nearshore  s i g n i f i c a n t  wave 
h e i g h t  wi th  a  50 year  r e t u r n  pe r iod  t o  be of t h e  o r d e r  
of 8m. Care should be taken i n  t h e  i n t e r p r e t a t i o n  of 
such e x t r a p o l a t e d  va lues  which do not a l l o w  f o r  any 
wave h e i g h t  l i m i t i n g  f a c t o r s  such a s  wave breaking and 
wave energy l o s s e s  by f r i c t i o n  over t h e  sea  bed. For 
t h e  case  of t h e  Tyne e n t r a n c e  t h e  t h e o r e t i c a l l y  
h i g h e s t  i n d i v i d u a l  wave h e i g h t  i n  a  50 y e a r  s t o r a  i s  
about  15m. S i n c e  the  dep th  of water  a t  t h e  wave 
measurement p o s i t i o n  i s  on ly  about 10 metres  below 
Chart  Datum, t h e  maximum wave he igh t  would i n  f a c t  be 
l i m i t e d  by dep th  t o  a  va lue  of approximately  10-13 
met res  depending upon the  t i d a l  s t a g e .  One can s e e ,  
t h e r e f o r e  t h a t  even i n s h o r e  measurements, when 
e x t r a p o l a t e d  t o  g i v e  extreme v a l u e s  may r e q u i r e  
m o d i f i c a t i o n  t o  t ake  wave energy l o s s e s  over  t h e  s e a  
bed i n t o  account .  

It is not recommended t h a t  such in format ion  should be 
used o t h e r  than  l o c a l l y  t o  the  P o r t  of Tyne. Although 
records  a l s o  e x i s t  a t  the  South Gare breakwater  a t  t h e  
mouth of the  Tees,  t h e  observed va lues  have not been 
t r e a t e d  s t a t i s t i c a l l y .  The wave h e i g h t  v a l u e s  have 
been c r u d e l y  grouped t o g e t h e r  and a  long term 
s t a t i s t i c a l  a n a l y s i s  would probably not  be v e r y  
a c c u r a t e .  For example, t h e  d a t a  i s  quoted i n  a n  e a r l y  
HR r e p o r t  (Ref 17)  where i t  s t a t e s  t h a t : -  

( i )  l e s s  than  0.3m f o r  70% of the  t ime 
( i i )  between 0.3m and 0.9m f o r  18Z of t h e  time 

( i i i )  between 0.9m and 1.5m f o r  9% of t h e  time 
( i v )  g r e a t e r  than 1.5m f o r  3% of t h e  t ime. 

Apart  from t h e s e  two s e t s  of v i s u a l l y  observed i n s h o r e  
d a t a  some i n s t r u m e n t a l  r e c o r d s  were a l s o  ob ta ined  a t  
Seahouses, North Sunderland i n  1969 (Ref 1 8 ) .  The 
p r e c i s e  d u r a t i o n  of r e c o r d i n g  i s  not known but  i s  
c e r t a i n l y  l e s s  than one y e a r .  The mean water  dep th  a t  
t h e  record ing  s i t e  is a l s o  not  recorded hence the  
records  a s  they s t a n d  a r e  a l s o  of dubious  v a l u e .  

I n  summary i n s h o r e  wave records  off  the  North E a s t  
c o a s t  a r e  s o  s p a r s e  t h a t  we would recommend t h a t  a  two 
s t a g e  approach be used f o r  e s t i m a t i n g  near-shore  wave 
h e i g h t s .  F i r s t l y  the  waves should be p r e d i c t e d  u s i n g  
wind-wave numerical  models o r  f o r e c a s t i n g  curves  (Refs  
15,  19, 20, 21).  Swell should  be t aken  i n t o  account  
by means of examining e x i s t i n g  s h i p  o b s e r v a t i o n s .  I f  
t h e  s c a t t e r  i n  the  d a t a  between t h e  v a r i o u s  h i n d c a s t s  



i s  l a r g e  t h e n  i t  may be n e c e s s a r y  t o  work from 
o f f s h o r e  wave c o n d i t i o n s  and t o  t r a n s l a t e  them t o  t h e  
p o i n t  of i n t e r e s t .  T h i s  l a t t e r  approach is somewhat 
c o s t l y  i n  t h a t  a  model such a s  t h e  M e t e r o l o g i c a l  
O f f i c e  wind-wave model would need t o  be run t o  o b t a i n  
t h e  o f f s h o r e  wave c l i m a t e ,  p o s s i b l y  f o r  a  number of 
s to rms .  A r e f r a c t i o n / b e d  f r i c t i o n  model would t h e n  
have t o  t r a n s l a t e  t h e  waves, p o s s i b l y  over a  wide s e a  
bed a r e a  t o  t h e  i n s h o r e  p o s i t i o n .  

4 . 3  T i d e s  and t i d a l  
c u r r e n t s  

Off t h e  E a s t  c o a s t  of B r i t a i n  t h e  t i d e  i s  
se in i -d iu rna l ,  f l o o d i n g  southwards  and ebb ing  
nor thwards  twice  d a i l y .  A s  each  t i d a l  wave p r o p a g a t e s  
southwards  s o  i t  i n c r e a s e s  i n  h e i g h t .  T h i s  i s  p a r t l y  
due t o  t h e  c o n s t r i c t i o n  produced by t h e  l a n d  masses 
converg ing  i n  a  southward d i r e c t i o n  and p a r t l y  because  
of wave a t t e n u a t i o n  i n  s h a l l o w e r  w a t e r .  Thus t h e  mean 
s p r i n g  t i d a l  r ange  i n c r e a s e s  from j u s t  over  4  m e t r e s  
o f f  S t  Abb's Head t o  over  44 m e t r e s  o f f  t h e  mouth of 
t h e  Tees. 

C u r r e n t s  a s s o c i a t e d  w i t h  t i d a l  mot ion f low i n  a  
southward d i r e c t i o n  d u r i n g  t h e  f l o o d  and i n  a  
nor thward d i r e c t i o n  d u r i n g  t h e  ebb (Ref 2 2 ) .  These 
c u r r e n t s  a r e  p r o p o r t i o n a l  t o  t h e  s i z e  of t h e  t i d a l  
range s o  t h a t  one f i n d s  t h a t  maximum c u r r e n t  speeds  
a l s o  i n c r e a s e  i n  a  southward d i r e c t i o n .  A t  any p o i n t  
t i d a l  c u r r e n t s  a l s o  i n c r e a s e  a s  t h e  range i n c r e a s e s  
from neap t i d e s  t o  s p r i n g  t i d e s .  

From t h e  view p o i n t  of sediment  t r a n s p o r t  i t  i s  t h e  
s p r i n g  t i d e s  which a r e  most i m p o r t a n t .  Off S t  Abb's 
Head n e a r s h o r e  maximum t i d a l  c u r r e n t s  d u r i n g  mean 
s p r i n g  t i d e s  a r e  of t h e  o r d e r  of 0.4m/s i n c r e a s i n g  t o  
abou t  0.7m/s o f f  Tees Bay. Because of t h e  
a s s y m e t r i c a l  n a t u r e  of t h e  t i d a l  wave t h e  maximum 
f l o o d  f low is g e n e r a l l y  h i g h e r  than  t h e  maximum ebb  
f l o w  and t h i s  has been found t o  produce a  n e t  movement 
of sediment  i n  a  southward d i r e c t i o n .  Thus, o f f  t h e  
North  East c o a s t  n o t  on ly  i s  t h e r e  a  n e t  l i t t o r a l  
d r i f t  i n  a  southward d i r e c t i o n  bu t  a l s o  a  n e t  
southward movement of s e a  bed m a t e r i a l .  T h i s  p a t t e r n  
of movement has  been conf i rmed by s e a  bed s u r v e y s  and 
a  map of n e t  sand t r a n s p o r t  d i r e c t i o n ,  around t h e  
B r i t i s h  I s l e s  h a s  been i n f e r r e d  from sand r i p p l e s  on 
t h e  s e a  bed and t h e  t i d a l  c u r r e n t  a s symet ry  r e f e r r e d  
t o  above (Ref 2 3 ) .  Th i s  a s symet ry  a l s o  e x p l a i n s  why 
f i n e  p a r t i c l e s  of c o l l i e r y  was te  which a r e  t r a n s p o r t e d  
seawards  i n  s u s p e n s i o n  then  d i f f u s e  southwards  from 
t h e  waste  t i p p i n g  p o i n t s  of t h e  c o a s t l i n e  of 
Northumberland and Durham (Ref 24) .  

While t i d a l  c u r r e n t  f low o f f s h o r e  i s  more o r  l e s s  
nor thward and southward,  t h a t  c l o s e  i n s h o r e  i s  



a f f e c t e d  by t h e  c o a s t a l  topography. For example, 
t i d a l  c u r r e n t s  a r e  s t r o n g e r  l o c a l l y  a s  they flow p a s t  
prominent head lands ,  g i v i n g  r i s e  t o  e d d i e s  w i t h i n  
embayments. Off Drur idge Bay, f o r  example, t h e  
o f f s h o r e  r e s i d u a l  c u r r e n t s  a r e  s o u t h e r l y  because of 
t h e  t i d a l  assymetry ,  but w i t h i n  t h e  bay a  weak 
c lockwise  c i r c u l a t i o n  i s  developed (Ref 6 ) .  Th i s  
c i r c u l a t i o n  i s  n o t  s u f f i c i e n t l y  s t r o n g  t o  a f f e c t  t h e  
p a t t e r n  of near-shore m a t e r i a l  movement, i e  beach 
sand.  A s i m i l a r  s i t u a t i o n  e x i s t s  i n  H a r t l e p o o l  where 
a  c l o c ~ w i s e  c i r c u l a t i o n  i s  so  s t r o n g  t h a t  i t  i s  
b e l i e v e d  t o  cause  a  c i r c u l a t i o n  of sediment w i t h i n  t h e  
bay. I n  g e n e r a l ,  however, t h e  movement of m a t e r i a l  
w i t h i n  t h e  l i t t o r a l  zone i s  dominated by wave a c t i v i t y  
and t i d a l  s t r eams  a r e  thought t o  be of l e s s  
s i g n i f i c a n c e  on s t r a i g h t  open c o a s t l i n e s .  I n  r i v e r  
mouths and e s t u a r i e s ,  on t h e  o t h e r  hand, c u r r e n t s  can 
a t t a i n  s u f f i c i e n t  speed t o  enab le  them t o  t r a n s p o r t  
f i n e  sands ,  s i l t s  and muds. 

I n  summary, t i d a l  c u r r e n t  a c t i v i t y  undoubtedly a f f e c t s  
t h e  movement of sediment w i t h i n  t h e  mouths of 
e s t u a r i e s  and w i t h i n  l a r g e  bays such a s  H a r t l e p o o l  Bay 
and Tees Bay. On t h e  open c o a s t  of t h e  North E a s t ,  
however, beach movement i s  dominated by wave 
a c t i v i t y .  

4 .4  Extreme water  
l e v e l s  and s u r g e s  

While t i d a l  v a r i a t i o n s  i n  s e a  l e v e l  a r e  w e l l  
p r e d i c t e d ,  t h e r e  a r e  a d d i t i o n a l  and cumulat ive  
v a r i a t i o n s  due t o  t h e  f l u c t u a t i o n  of a tmospher ic  
p r e s s u r e .  Th i s  may, under c e r t a i n  weather  c o n d i t i o n s ,  
have t h e  e f f e c t  of r a i s i n g  and lower ing t h e  water  
l e v e l  over  and above v a r i a t i o n s  due t o  the  t i d a l  c y c l e  
but  can only  be e f f e c t i v e l y  f o r e c a s t e d  a  few hours  i n  
advance.  Extremely h igh  l e v e l s  o r  s u r g e s  a r e  of 
importance  t o  t h e  c o a s t a l  e n g i n e e r .  For each mb 
r e d u c t i o n  i n  a tmospher ic  p r e s s u r e ,  t h e r e  may be a  
co r respond ing  i n c r e a s e  i n  water  l e v e l  of lcm o r  above.  
With t h e  p r e s s u r e  r e l a t e d  weather  systems of t h e s e  
m i d - l a t i t u d e s ,  t h i s  can have a  d ramat ic  e f f e c t  
e s p e c i a l l y  when a s s o c i a t e d  w i t h  wind s t r e s s  on t h e  
wa te r  s u r f a c e .  Surges  occur  r e l a t i v e l y  f r e q u e n t l y  
a l o n g  t h e  North Sea c o a s t s ,  i n c r e a s i n g  i n  h e i d h t  
towards t h e  sou th .  T y p i c a l l y  s u r g e s  occur  when a n  
i n t e n s e ,  f a i r l y  s t a t i c ,  low p r e s s u r e  a r e a  i s  s i t u a t e d  
t o  t h e  n o r t h  of Sco t l and  and s t r o n g  n o r t h e r l y  winds 
p e r s i s t  over  t h e  North Sea. The combined e f f e c t  of 
a tmospher ic  p r e s s u r e  and wind s t r e s s  cause  t h e  b u i l d  
up of water  i n  t h e  s o u t h  of t h e  North Sea. Extreme 
wave c o n d i t i o n s  a r i s e  i f  t h e s e  c o i n c i d e  w i t h  h i g h  
w a t e r  s p r i n g  t i d e s  a s  i n  1953 (Ref 25).  

R e s u l t s  of r e s e a r c h  and d a t a  c o l l e c t i o n  a t  IOS, 
B i d s t o n  i n d i c a t e s  a  maximum l i k e l y  50 y e a r  s torm s u r g e  



r e s i d u a l  e l e v a t i o n  f o r  t h e  North East c o a s t  of t h e  
o r d e r  of 1 . 5 ~  over  and above p r e d i c t e d  t i d a l  l e v e l s ,  
i n c r e a s i n g  from n o r t h  t o  s o u t h  (Kefs  12 ,  26). Nean 
h i g h  wa te r  s p r i n g  t i d e s  a t  t h e  Tees and Tyne a r e  5.5m 
and 5.0m above Char t  Datum r e s p e c t i v e l y .  These 
e l e v a t i o n s  do n o t ,  however, r e p r e s e n t  t h e  j o i n t  
p r o b a b i l i t y  of h i g h e s t  s u r g e ,  t i d e  l e v e l  and wave s e t  
up. Thus, t a k i n g  t h e s e  i n t o  accoun t  s e a  l e v e l s  may 
w e l l  be i n  e x c e s s  of 7m. Such extremes a r e  c l e a r l y  
impor tan t  i n  t h e  p lann ing  and d e s i g n  of c o a s t a l  
e n g i n e e r i n g  s t r u c t u r e s  and r e q u i r e  c a r e f u l  s tudy .  



5 COASTAL PROCESSES 

5 .1  Beach behaviour  
and geomorphology 

The dominant f a c t o r  c o n t r o l l i n g  beach p r o c e s s e s  on t h e  
North E a s t  c o a s t  i s  wave a c t i o n .  Ra tes  of e r o s i o n ,  
t r a n s p o r t  and e v e n t u a l  d e p o s i t i o n  of beach sediments  
a r e  a l l  i n t e r r e l a t e d  and dependent on t h e  a v a i l a b l e  
wave energy.  

Eros ion  over  a  long t imespan has  formed low but rugged 
c l i f f s ,  headlands  and r e e f s ,  a l t e r n a t i n g  w i t h  wide 
sandy bays backed by dunes.  However, t h e  supply  of 
beach m a t e r i a l  from c l i f f  e r o s i o n  i s  now l i m i t e d .  
Many of t h e  c l i f f  l i n e s  a r e  now " f o s s i l "  and n o t  
reached by wave a c t i o n .  The c l i f f s  of l . l i l l s tone  G r i t  
which back t h e  sand dunes s o u t h  of Alnmouth a r e  a n  
example of t h i s .  South of Seaham, Magnesian l imes tone  
c l i f f s  a r e  a l s o  s t r a n d e d ,  landwards of a  wide beach of 
c o l l i e r y  waste  pebbles .  Headland c l i f f s  which a r e  
s u b j e c t  t o  wave a c t i o n  a r e  u s u a l l y  formed of more 
r e s i s t a n t  rocks ,  thus  y i e l d i n g  l i t t l e  beach m a t e r i a l .  
The e r o s i o n  of red  sands tone  c l i f f s  and s t a c k s  a t  S t  
Abb's Head, f o r  example, does n o t  g i v e  r i s e  t o  t h e  
l a r g e  sandy beaches i n  t h i s  a r e a .  However, where 
t h e r e  a r e  boulder  c l a y  c l i f f s  some m a t e r i a l  i s  s t i l l  
added t o  t h e  beaches.  Boulder c l a y  i s  a  he te rogeneous  
mixture  of rock f ragments  va ry ing  g r e a t l y  i n  s i z e  and 
s e t  i n  a  s a n d y l c l a y  m a t r i x .  Thus many of t h e  pebb les  
s t rewn on t h e  beaches between Sunderland and Seaham 
a r e  d e r i v e d  from weather ing of t h e  bou lde r  c l a y  which 
o v e r l i e s  t h e  i b g n e s i a n  l imes tone  c l i f f s .  

A l a r g e  p r o p o r t i o n  of p r e s e n t  day beach d e p o s i t s  was 
d e r i v e d  from changes brought about  by a  d r a m a t i c  r i s e  
i n  s e a  l e v e l  a f t e r  t h e  l a s t  I c e  Age. A s  t h e  s e a  l e v e l  
r o s e  so  wave a c t i o n  pushed l a r g e  q u a n t i t i e s  of g l a c i a l  
d e b r i s  i n  a  landward d i r e c t i o n .  Now t h a t  t h e  r i s e  h a s  
been g r e a t l y  reduced t h i s  p r o c e s s  has  slowed down. 
Where t h e  l and  i s  low l y i n g  some r o l l i n g  back of beach 
d e p o s i t s  c o n t i n u e s  t o  t a k e  p l a c e ,  but  t h i s  occurs  a t  a  
very  slow r a t e .  Thus, t h e  s h i n g l e  s p i t  a t  North B l y t h  
has  a  tendency t o  move i n  a  landward d i r e c t i o n ,  g i v i n g  
r i s e  t o  e r o s i o n  problems a l o n g  t h e  f r o n t a g e  of Alcan 
CO ( s e e  Chapter  6 ) .  

The supply  of sand and s h i n g l e  from o f f s h o r e  d e p o s i t s  
on t h e  open c o a s t  i s  now f i n i t e  f o r  a l l  i n t e n t s  and 
purposes .  However, s i l t a t i o n  by f i n e s  c o n t i n u e s  t o  
t a k e  p lace  i n  e s t u a r i e s  and s h e l t e r e d  embayments and 
t h e  1911 Royal Commission on Coast E r o s i o n  
A f f o r e s t a t i o n  (Ref 27)  s u g g e s t s  t h a t  more l and  i s  
being won than  l o s t  i n  t h i s  manner. The most 
e x t e n s i v e  zone of s i l t a t i o n  a long  t h e  North E a s t  c o a s t  
i s  i n  t h e  s h e l t e r  of Holy I s l a n d  and i t s  a s s o c i a t e d  
o f f s h o r e  b a r r i e r s  and s p i t s .  The marked c o a s t l i n e  



i n d e n t a t i o n  e n c l o s e s  s h o a l i n g  w a t e r s  and t h e  
r e f r a c t i o n  of waves around t h e  i s l a n d  c r e a t e s  a  
convergence of longshore  d r i f t .  Thus t h e  a r e a  h a s  
developed wide sand s p i t s  r e c e n t l y  (on a  g e o l o g i c a l  
t i m e s c a l e ) .  Within  t h e  s p i t s  t h e  embayment a c t s  a s  a  
" s i n k "  f o r  f i n e  sed iments ,  w i t h  a s s o c i a t e d  growth of 
s a l t  marsh. Likewise Tees Bay and t h e  mouth of t h e  
Tees e s t u a r y  have sand ,  s i l t  and mud a c c r e t i o n  on a  
l a r g e  s c a l e .  

S t  Abb's Head by c o n t r a s t ,  is  a p o i n t  of d i v e r g e n c e  
f o r  bo th  beach and seabed sed iments .  The o r i e n t a t i o n  
of t h i s  promontory t o  predominant ly  n o r t h - e a s t e r l y  
waves is such t h a t  m a t e r i a l  i s  t r a n s p o r t e d  away from 
t h e  head,  bo th  north-westwards and southwards .  S t  
Abb's i s  a l s o  a  p o i n t  of d i v e r g e n c e  f o r  seabed 
sediment  t r a n s p o r t e d  by t i d a l  c u r r e n t s  (Ref 2 3 ) .  The 
f a c t  t h a t  t h e  beaches i n  t h i s  a r e a  a r e  not  e r o d i n g  
r a p i d l y  s u g g e s t s  t h a t  t h e  n e t  r a t e  of l i t t o r a l  d r i f t  
i s  very  low. South  of S t  Abb' S t o  t h e  Tees t h e  
g e n e r a l  n e t  d r i f t  i s  from n o r t h  t o  s o u t h .  Th i s  i s  
c o n f i r s e d  by t h e  s o u t h e r l y  d i r e c t i o n  of r i v e r  mouths 
over  a  long  t imespan i n  t h e  Aln and t h e  Bly th .  

T i d a l  c u r r e n t s  a r e  weak i n s h o r e ,  e s p e c i a l l y  where t h e  
c o a s t  i s  i n d e n t e d ,  and they  c o n t r i b u t e  l i t t l e  t o  t h e  
movement of beach sand.  O f f s h o r e  t i d a l  c u r r e n t s  c a r r y  
f i n e  p a r t i c l e s  southwards  i n  s u s p e n s i o n  because of t h e  
dominance of t h e  f l o o d  t i d e  a l o n g  t h i s  c o a s t .  Such 
c u r r e n t s  do h e l p  s i l t a t i o n  t o  t a k e  p l a c e  w i t h i n  t h e  
a r e a s  such a s  Holy I s l a n d .  I n  s t u d i e s  of t h e  
d i s p e r s a l  of c o l l i e r y  was te ,  c o a l  p a r t i c l e s  dumped on 
t h e  beaches and o f f s h o r e  have p rov ided  u s e f u l  t r a c e r ,  
c o n f i r m i n g  t h e  ne t  southward movement both  on t h e  
beaches and on t h e  s e a  bed (Kef 24 ) .  

Although t h e  North E a s t  c o a s t  i s  exposed t o  a  h i g h  
energy  wave environment ( g i v i n g  a  h i g h  p o t e n t i a l  f o r  
sediment  t r a n s p o r t ) ,  a c t u a l  volumes of m a t e r i a l  moved 
i n  an  a l o n g s h o r e  d i r e c t i o n  a r e  s m a l l .  T h i s  l a c k  of 
movement i s  v e r i f i e d  by t h e  r e l a t i v e l y  s m a l l  r e c e n t  
accumula t ions  of sand on t h e  beaches n o r t h  of t h e  
ha rbour  e n t r a n c e s  a t  Tynemouth, Wearmouth and Seaham. 
The beaches i n  t h e s e  a r e a s  a r e  s u b s t a n t i a l ,  but a s  f a r  
a s  i t  has  been a b l e  t o  a s c e r t a i n ,  a r e  no t  a c c r e t i n g .  
Alongshore movement i s  t h u s  mainly  conf ined  t o  
i n d i v i d u a l  embayments, where e x t e n s i v e  rock  p l a t f o r m s  
a t  headlands  p rov ide  a  p a r t i a l  b a r r i e r  t o  t h e  t r a n s f e r  
of m a t e r i a l  from one bay t o  a n o t h e r .  Thus, t h e r e  i s  
l i k e l y  t o  be l i t t l e  exchange of m a t e r i a l  between, f o r  
example, t h e  bays a t  South  S h i e l d s ,  Marsden and 
Whitburn.  There i s ,  of c o u r s e ,  much t r a n s f e r  of beach 
m a t e r i a l  between H a r t l e p o o l  and Tees Bays which 
c l e a r l y  should  be viewed a s  one geomorphologic u n i t .  
Both a r e  p a r t  of one l a r g e  embayment, s t r e t c h i n g  from 
H a r t l e p o o l  t o  Redcar.  



Actual alongshore movements in any particular storm 
will vary in direction depending on the direction of 
wave approach. Both northward and southward transport 
of beach material can take place although as has been 
said earlier the net drift is southwards. Where there 
is shelter from notherly waves there may in fact be a 
local reversal in net drift direction. The northward 
extension of Spittal beach into the entrance of the 
river Tweed is a case in point. 

Apart from alongshore movement, large volumes of 
sediment may be transferred in an onshore/offshore 
direction between a series of temporary storage 
'units' eg, dunes, backshore storm deposits, the 
intertidal zone and the near-shore littoral zone. 
Such responses occur on different time scales and are 
highly correlated with wave characteristics as shown 
by King in studies undertaken at Marsden 6ay and in 
related model studies (Ref 27). In the short term, 
changes may be related to the tidal cycle or to a 
particular storm event while seasonal fluctuations 
reflect seasonal changes in wave climate. The 
formation and migration of ridge and runnel features 
found on some sandy beaches in the North East, as at 
Druridge Bay, are a result of such variations in wave 
climate. Longer term chanses, however, may only be 
detected with confidence by the analysis of beach 
profile data collected over a period of several years. 
Such data can now be rapidly processed by computer 
methods to evaluate trends over time statistically 
(Ref 28). For the coastal engineer such information 
is particularly useful in planning decisions relating 
to the siting of outfalls, the renourishment of 
beaches or in the desizn of groyne systems. 

There is unfortunately very little information on 
volumetric beach changes along tne North East coast or 
rates of erosion or accretion. Traditionally, long 
term changes in beach plan shape have been identified 
by the comparison of various editions of Ordnance 
Survey maps. In view of what has been said earlier 
about the variability of beach profiles, such an 
analysis can only give order of magnitude of shoreline 
advance or retreat. 

Beach sediments are broken down by attrition and 
abrasion and sorted by the action of waves. Analyses 
of beach samples from a number of Northumbrian beaches 
show a high degree of sorting and a similar particle 
size composition with modal values in the medium sand 
range (0.25-0.4mm) (Ref 24). This testifies to the 
harsh hydr o-dynamic environment and implies the 
intense and long-term reworking of sediments within 
the bays. Beach sediments have thus been worked on by 
waves for a very long timespan and it is therefore not 
surprising they are in dynamic equilibrium with the 



o f f s h o r e  wave c l i m a t e  and t h a t  the  n e t  l i t t o r a l  d r i f t  
i s  now g e n e r a l l y  low. 

The b reaker  zone forms a  b a r r i e r  t o  t h e  o f f s h o r e  
t r a n s p o r t  of sediments  too c o a r s e  t o  move i n  
suspension ( 0.2 mm).  Under t h e  maximum wave h e i g h t  S 

exper ienced  a long t h e  North East c o a s t ,  beach 
sediments a r e  e f f e c t i v e l y  t r apped  i n s h o r e  of t h e  10m 
i s o b a t h .  Th is  i s  the  reason  why we c o n s i d e r  t h a t  
movement of beach m a t e r i a l  around the  e n t r a n c e s  t o  t h e  
Tyne and Wear and Seaham harbour  is  n e g l i g i b l e .  The 
harbour arms a t  t h e s e  p o r t s  extend a  long d i s t a n c e  
seawards and i n t o  water  dep ths  of 10 met res  o r  
g r e a t e r .  Under l e s s  s e v e r e  waves and w i t h  a  b r e a k e r  
zone a t  s m a l l e r  d e p t h s ,  a  break p o i n t  b a r  w i t h  a  
marked landward t rough may develop where sand moving 
landwards o u t s i d e  the  b reakpoin t  meets wi th  sand 
moving seawards from the  upper beach. Thus s h o r t  
groynes  on wide sand f o r e s h o r 2 s  a r e  r a r e l y  a f f e c t i v e  
i n  a r r e s t i n g  l i t t o r a l  d r i f t  whi le  o f t e n  c o n t r i b u t i n g  
t o  "downdri f t"  e r o s i o n  of the  upper p a r t s  of the  
beach. 

The occurrence of sand dunes and l i n k s  i s  a  p a r t i c u l a r  
f e a t u r e  of t h i s  c o a s t l i n e  e s p e c i a l l y  near  t h e  Holy 
I s l a n d  and Tees Bay. These have r e s u l t e d  from t h e  
a c t i o n  of wind i n  t h e  t r a n s p o r t i n g  and r e d e p o s i t i o n  of 
f i n e  sand-s ized m a t e r i a l  ( 0.2mm). The dunes a r e  a  
ve ry  important  component of t h e  beach system s i n c e  
they a c t  a s  ' r e s e r v o i r s '  f o r  beach m a t e r i a l ,  be ing  
b u i l t  up d u r i n g  p e r i o d s  of onshore winds bu t  r e t u r n i n g  
sand t o  the  f o r e s h o r e  under o f f s h o r e  c o n d i t i o n s .  They 
t h e r e f o r e  p rov ide  beach m a t e r i a l  a s  w e l l  a s  a c t i n g  a s  
a  n a t u r a l  c o a s t a l  de fence  which is  r e s i s t a n t  t o  and 
a b l e  t o  conform t o  long term c o a s t a l  e r o s i o n .  
However, sand removal may l e a d  t o  t h e  e v e n t u a l  
d e t e r i o r a t i o n  of the  dunes and i n c r e a s e  t h e  l i k e l i h o o d  
beaching and f l o o d i n g .  

5 . 2  Sediment budget 
f o r  t h e  North 
E a s t  c o a s t  

Having d e s c r i b e d  the  v a r i o u s  p r o c e s s e s  a f f e c t i n g  t h e  
e v o l u t i o n  of the  s h o r e l i n e  i t  is  necessa ry  t o  
determine t h e i r  r e l a t i v e  importance i n  shap ing  p r e s e n t  
day beach changes.  Th is  can be made by a  s o  c a l l e d  
budget of sediments ,  i n  o t h e r  words c o n s i d e r i n g  a l l  
t h e  v a r i o u s  i n p u t s  and l o s s e s  of beach m a t e r i a l .  
These i n p u t s  and l o s s e s  can be b racke ted  a s  fo l lows : -  

( i )  supply  of sediments  from c o a s t l i n e  e r o s i o n  
( i i )  l o s s e s  o r  g a i n s  a s  a  r e s u l t  of change i n  t h e  

volume of l i t t o r a l  d r i f t  i n  a  p a r t i c u l a r  a r e a  
( i i i )  i n p u t  of sediments  from r i v e r s  and e s t u a r i e s  

( i v )  supply  of sediments  from the  o f f s h o r e  s e a  bed 



( v )  a r t i f i c i a l  nour ishment  
( v i )  sand e x t r a c t i o n  

( v i i )  a d d i t i o n  of s p o i l  t o  t h e  beaches  
( v i i i )  i n l a n d  l o s s  by wind a c t i o n  o v e r  dunes  

( i )  Supply of sed imen t s  from c o a s t l i n e  e r o s i o n  

A s  has  been mentioned e a r l i e r ,  e r o s i o n  of ha rd  c l i f f s  
and near-shore  r e e f s  produces  l i t t l e  beach b u i l d i n g  
m a t e r i a l .  Thus on t h e  rocky c o a s t l i n e  t o  t h e  n o r t h  of  
Amble t h e r e  i s  l i t t l e  i n p u t  of f r e s h  sed imen t s  from 
t h e  c l i f f s  t o  t h e  beaches .  T h i s  i s  e v i d e n t  from t h e  
rocky s h o r e l i n e  p l a t f o r m s ,  many of which have o n l y  
small beaches  a t  t h e i r  t o e .  There  is ,  of c o u r s e ,  
i n t e r c h a n g e  of sand between t h e  beaches  and t h e  dunes 
i n  a r e a s  such as Holy I s l a n d ,  B e a d n e l l ,  Embleton and 
Alnmouth Bays. I n  s o  f a r  a s  one c a n  t e l l  t h e r e  i s  a 
dynamic ba lance  between t h e  movement of sand from t h e  
beaches  t o  t h e  dunes and v i c e  v e r s a .  However, shou ld  
e r o s i o n  be caused due t o  ove ruse  o r  mismanagement of 
t h e  dunes ,  t h i s  would undoubtedly  have a n  impact  on 
t h e  beaches  a l s o .  

South  of Amble t h e  wide sand beaches  a r e  backed by 
dune sytems which themse lves  a r e  u n d e r l a i n  by bou lde r  
c l a y .  Only i n  l o c a l  a r e a s  of e r o s i o n ,  such as t h e  
s o u t h  end of Drur idge  Bay, a r e  t h e  u n d e r l y i n g  s t r a t a  
exposed d u r i n g  s e v e r e  s t o r m s .  The e r o s i o n  of t h e  
u n d e r l y i n g  bou lde r  c l a y s  and p e a t  d e p o s i t s  under  such 
c o n d i t i o n s  i s  spasmodic and does  n o t  c o n t r i b u t e  much 
m a t e r i a l  t o  t h e  beach. (The bou lde r  c l a y s  i n  t h i s  
a r e a  c o n t a i n  mos t ly  f i n e s  and t h e s e  a r e  c a r r i e d  
o f f s h o r e ,  a s  d e s c r i b e d  e a r l i e r . )  The dune sys tems 
between Amble and Sea ton  S l u i c e  have been i n t e r f e r e d  
w i t h  t o  v a r y i n g  d e g r e e s .  A s  a r e s u l t  blow o u t s  i n  t h e  
sand dunes c a r r y  sand landwards  by onshore  winds and 
seawards  by o f f s h o r e  ones .  The o f f s h o r e  winds r e t u r n  
sand t o  t h e  beach bu t  onshore  winds t end  t o  " s t r a n d "  
i t  i n l a n d  thus  removing i t  from t h e  c o a s t a l  zone.  
S i n c e  t h e r e  i s  l i t t l e  i n  t h e  way of documentary 
ev idence  i t  i s  d i f f i c u l t  t o  a s s e s s  t h e  i a p a c t  of t h e  
damage t o  t h e s e  dunes .  

From Sea ton  S l u i c e  s o u t h  t o  Sunder l and  most of t h e  
c o a s t l i n e  i s  c l i f f e d  and l a r g e  s t r e t c h e s  a r e  p r o t e c t e d  
by s e a  w a l l s .  South  of t h e  Tyne t h e  c l i f f s  a r e  of 
Magnesian Limestone and c o n t r i b u t e  ve ry  l i t t l e  
m a t e r i a l  t o  t h e  beaches .  

Between Sunder land and Crimdon t h e  r o c k s  a r e  o v e r l a i n  
by t h i c k  d e p o s i t s  of bou lde r  c l a y .  Weather ing  of t h e  
c l a y  b r i n g s  p e b b l e s  a s  w e l l  a s  f i n e s  down t o  t h e  
beach.  The l a r g e s t  accumula t ion  of m a t e r i a l  d e r i v e d  
from e r o s i o n  of t h e  boulder  c l a y  can  be found t o  t h e  
n o r t h  of Seaham ha rbour .  Here p e b b l e s  form a  
s i g n i f i c a n t  p o r t i o n  of t h e  beach m a t e r i a l .  



The c l i f f s  between Seanam and B l a c k h a l l  Rocks a r e  
s t r a n d e d  landwards of a  v e r y  l a r g e  accumula t ion  of 
mine waste .  The high wa te r  l i n e  does  n o t  r e a c h  t h e  
t o e  of t h e s e  c l i f f s .  Any m a t e r i a l  which i s  e roded  
from t h e s e  c l i f f s  i s  s t r a n d e d  a t  t h e i r  t o e  and is  n o t  
s t r i c t l y  speak ing ,  i n c o r p o r a t e d  i n t o  t h e  a c t i v e  beach 
zone. Between B l a c k h a l l  and Crimdon t h e  s e a  washes 
t h e  c l i f f  t o e ,  but  l a c k  of s i g n i f i c a n t  q u a n t i t i e s  of 
pebb les  a t  t e s t s  t o  t h e i r  r e l a t i v e  unimportance  a s  a  
s o u r c e  of beach m a t e r i a l .  Moni to r ing  by H y d r a u l i c s  
Research over  a  15 y e a r  p e r i o d  has  shown no n o t i c e a b l e  
change i n  beach c h a r a c t e r  (Ref 2 9 ) .  

There a r e  e x t e n s i v e  sand beaches ,  i n  p l a c e s  backed by 
dune sys tems,  between Crimdon and t h e  Tees.  There  is 
no i n p u t  of f r e s h  sediment from e r o s i o n  of t h e  
h i n t e r l a n d  much of which i s  p r o t e c t e d  by s e a  w a l l s .  

Between Redcar and S a l t b u r n  wide sand beaches a r e  
backed by boulder  c l a y  c l i f f s .  The c l a y s  c o n t a i n  n o t  
on ly  sands  and g r a v e l s  b u t  a l s o  b o u l d e r s .  T h e i r  
con t inued  e r o s i o n  undoubtedly  adds s i g n i f i c a n t  
q u a n t i t i e s  of m a t e r i a l  t o  t h e  beach l o c a l l y .  S i n c e  n o  
measureraents have been made of t h e i r  r a t e  of e r o s i o n  
i t  i s  n o t  p o s s i b l e  t o  e s t i m a t e  t h e  volume of m a t e r i a l  
added.  

( i i )  L i t t o r a l  d r i f t  

A s  mentioned e a r l i e r  S t  Abb's  Head is  a  d i v i d e  a s  f a r  
a s  t h e  n e t  d i r e c t i o n  of l i t t o r a l  d r i f t  i s  concerned.  
From S t  Abb's Head t h e r e  i s  a  tendency f o r  beach 
m a t e r i a l  t o  be t r a n s p o r t e d  nor thwestwards  i n t o  t h e  
F i r t h  of F o r t h  and southwards  a l o n g  t h e  North E a s t  
c o a s t l i n e .  

The c o a s t l i n e  is rocky and has  s m a l l  pocket  b e a c h e s ,  
t h u s  t h e  n e t  volume of sand and pebb les  t r a n s p o r t e d  
southwards  from S t  Abb's i-lead t o  Berwick upon Tweed i s  
v e r y  s m a l l ,  of t h e  o r d e r  of s e v e r a l  thousand c u b i c  
met res  per  annum. Lack of c o n t i n u i n g  beach b u i l d  up 
t o  t h e  n o r t h  of Berwick harbour  a t t e s t s  t o  t h i s  f a c t .  

There  a r e  i n c r e a s i n g  q u a n t i t i e s  of sand a s  w e l l  a s  
s m a l l  volumes of pebbles  southwards  from Berwick t o  
Holy I s l a n d .  Beyond h e r e  sand beaches  and l i n k s  
ex tend  s o u t h  t o  Budle Bay. Holy I s l a n d  p r o j e c t s  o u t  
t o  s e a  s o  t h a t  beaches t o  t h e  n o r t h  a r e  exposed t o  
n o r t h e r l y  waves whi le  t h o s e  t o  t h e  s o u t h  a r e  exposed 
t o  e a s t e r l y  waves. There i s  t h u s  a  n e t  movement of  
beach m a t e r i a l  from both  n o r t h  and s o u t h  towards Holy 
I s l a n d .  The n e t  l i t t o r a l  movement i n  t h i s  a r e a  i s  
s m a l l  bu t  t h e  g r o s s  movement of sand may be s e v e r a l  
hundred thousand c u b i c  m e t r e s  pe r  annum. 



From Budle Bay s o u t h  t o  t h e  Tyne t h e r e  a r e  sand bays 
i n t e r s p e r s e d  w i t h  s t r e t c h e s  of rocky c o a s t l i n e .  There  
i s  a  ne t  n o r t h  t o  s o u t h  l i t t o r a l  d r i f t  which i s  not  
l a r g e  due t o  t h e  n a t u r a l  groyning e f f e c t  of t h e  
headlands  and t h e  nea r shore  rock p la t fo rms .  The 
harbour  arms a t  Seahouses ,  Amble, B ly th  and a t  
Tynemouth a l s o  a c t  a s  b a r r i e r s  t o  beach movement. An 
o r d e r  of magnitude e s t i m a t e  of t h e  volume of l i t t o r a l  
d r i f t  can be d e r i v e d  f r o a  t h e  dredging r e c o r d s  a t  
B ly th .  Here,  a s  p a r t  of a  s tudy  i n t o  t h e  causes  of 
beach e r o s i o n  BR ana lysed  d redg ing  r e t u r n s  f o r  t h e  
p e r i o d  1966 t o  1972 (Ref 30) .  While d redg ings  from 
t h e  e n t r a n c e  channe l  a r e  normal ly  dumped a t  s e a ,  
d u r i n g  t h i s  p e r i o d  some 91,500 c u b i c  metres  of sand 
were pumped a s h o r e  onto  t h e  s o u t h  beach. Undoubtedly 
some of t h i s  m a t e r i a l  found i t s  way back i n t o  t h e  
harbour  e n t r a n c e .  However, t h e  f i g u r e s  do sugges t  
t h a t  the  g r o s s  l i t t o r a l  d r i f t  r a t e  (more s t r i c t l y  
bypass ing m a t e r i a l  t rapped i n  t h e  e n t r a n c e )  dur ing  
t h i s  pe r iod  was about  15 ,000m3~a .  There i s  no 
s i g n i f i c a n t  b u i l d  up of m a t e r i a l  a t  l a r g e  b a r r i e r s  
such a s  t h e  P o r t  of Tyne harbour  arms, hence our 
e s t i m a t e  i s  t h a t  t h e  n e t  r a t e  of l i t t o r a l  d r i f t  i s  
c o n s i d e r a b l y  l e s s  than  t h i s  f i g u r e ;  of t h e  o r d e r  of 
s e v e r a l  thousand c u b i c  met res  pe r  annum. 

There i s  a  pocket  beach a t  South  S h i e l d s  which i s  
s i t u a t e d  immediately sou th  of t h e  harbour .  Beach 
movement i s  r e s t r i c t e d  by t h e  headland c a l l e d  Trow 
P o i n t  f u r t h e r  southward.  The i n t e r c h a n g e  between t h i s  
beach and Marsden Sands is  s m a l l  (Ref 31) .  A t  South 
S h i e l d s  t h e  l o s s  of m a t e r i a l  from t h e  beach dur ing  t h e  
p e r i o d  1962 t o  1979 has  been e s t i m a t e d  a s  being a lmost  
150,000m3. Some two t h i r d s  of t h i s  l o s s  can be 
accounted f o r  by sand e x t r a c t i o n  from t h e  s o u t h  end of  
t h e  beach. The remainder ,  some 3,000m3pa, can be 
t aken  a s  an  o r d e r  of magnitude e s t i m a t e  of the  n e t  
l i t t o r a l  d r i f t  o u t  of t h i s  a r e a .  

The n e t  southward d r i f t  between t h e  Tyne and t h e  Wear 
we b e l i e v e  i s  a l s o  of t h i s  o r d e r  of magnitude. 
F u r t h e r  s o u t h  between Sunder land and Seaham t h e  
c o a s t l i n e  i s  more open but t h e  n e t  d r i f t  southwards i s  
probably  no g r e a t e r  than  10 ,000m3~a .  The l a c k  of 
l a r g e  s c a l e  beach a c c r e t i o n  n o r t h  of Seaham i n d i c a t e s  
t h a t  t h e  r a t e  of l i t t o r a l  d r i f t  must be modest. The 
beach m a t e r i a l  c o n s i s t s  of a  mix tu re  of sand and 
pebbles .  Such a  mixture  i s  t r a n s p o r t e d  by waves l e s s  
r a p i d l y  t h a n  a  beach c o n s i s t i n g  pure ly  of sand.  On 
t h e  o t h e r  hand t h e r e  i s  l e s s  o b s t r u c t i o n  t o  movement 
a long  t h i s  c o a s t  than  a t  B ly th  o r  South S h i e l d s .  

Between Seaham and B l a c k h a l l  Rocks the beach s u r f a c e  
now c o n s i s t s  of a  mix tu re  of pebb les ,  g r i t  and sand a s  
a  r e s u l t  of l a r g e  s c a l e  t i p p i n g  of c o l l i e r y  waste .  
The ne t  r a t e  of l i t t o r a l  d r i f t  i s  modest ,  a s  a t t e s t e d  



by the  r e l a t i v e l y  small volumes of m a t e r i a l  bypass ing  
t h e  B l a c k h a l l  Rocks headland.  The m a t e r i a l  i s  c o a r s e r  
t h a n  on t h e  beaches t o  t h e  n o r t h  but  t h e  s p e c i f i c  
g r a v i t y  of t h e  sediments  is  lower .  The t r a n s p o r t  r a t e  
i s  no g r e a t e r  than  t h a t  of a  sand m a t e r i a l  and i s  
p robab ly  l e s s  than  1 0 , 0 0 0 m ~ ~ a .  Most of t h e  c o l l i e r y  
was te  dumped on t h e s e  beaches i s  ground down and 
c a r r i e d  o f f s h o r e .  

South of B l a c k h a l l  t o  Tees Bay t h e r e  a r e  wide sand 
beaches  and a  c o a s t l i n e  open t o  wave a c t i o n .  With a  
once p l e n t i f u l  supply  of sand and few major l i t t o r a l  
b a r r i e r s  t h e  d r i f t  i n  t h i s  a r e a  was p robab ly  of a n  
o r d e r  of magnitude g r e a t e r  t h a n  t h a t  f u r t h e r  n o r t h .  
C e r t a i n l y  i n  t h e  r e c e n t  p a s t  t h e  movement of sand was 
ve ry  h igh .  C a l c u l a t i o n s  based on t h e  a n a l y s i s  of 
c h a r t s  d a t e d  1891 and 1930 i n d i c a t e  t h a t  t h e  beaches 
a d j a c e n t  t o  t h e  mouth of t h e  Tees a c c r e t e d  ve ry  
r a p i d l y  f o l l o w i n g  t h e  c o n s t r u c t i o n  of t h e  North Gare 
and South Gare b reakwate r s .  Accre t ion  of t h e  n o r t h  
beach averaged a t  130,000m3~a and t h a t  of t h e  s o u t h  
beach a t  107,000m3~a (Ref 32) .  Thus, a c c r e t i o n  on 

.- t h e  n o r t h  s i d e  would have been caused by n o r t h e r l y  
waves, w i t h  t h e  breakwaters  s h e l t e r i n g  t h e  a r e a  from 
s o u t h e r l y  waves. On t h e  s o u t h  s i d e  t h e r e  would be a  
dominance of s o u t h e r l y  waves due t o  t h e  s h e l t e r  of t h e  
b reakwate r s .  Accre t ion  a t  Seaton Sands t o  t h e  n o r t h  
and a t  Coatham Sands t o  t h e  s o u t h  i s  b e l i e v e d  t o  be 
t a k i n g  p l a c e  now more s lowly  than  b e f o r e .  However, 
d r i f t  s t i l l  c o n t i n u e s  wi th  t h e  southward movement of 
sand i n c r e a s i n g  t h e  problems of c o a s t a l  e r o s i o n  i n  
H a r t l e p o o l  Bay. The n e t  southward d r i f t  i s  probably  
a b o u t  5 0 , 0 0 0 m ~ ~ a  and t h a t  n o r t h r a r d s  somewhat l e s s  
( e r o s i o n  a t  Redcar being l e s s  s e r i o u s  than  t h a t  i n  
H a r t l e p o o l  Bay). 

( i i i )  E s t u a r i n e  and r i v e r  i n p u t  of sed iment  

I n p u t  of m a t e r i a l  due t o  r i v e r  f low c o n s i s t s  mainly o f  
s i l t s  and uuds.  These a r e  t r a n s p o r t e d  o f f s h o r e ,  and 
w i t h  t h e  e x c e p t i o n  of ve ry  s h e l t e r e d  a r e a  such a s  Holy 
I s l a n d  Sands and Budle Bay, f i n e  m a t e r i a l s  c o n t r i b u t e  
l i t t l e  t o  s h o r e l i n e  development.  However, they  do 
p r e s e n t  problems of harbour  s i l t a t i o n ,  p a r t i c u l a r l y  
where approach channe l s  a r e  "over dredged" t o  a l l o w  
a c c e s s  f o r  s h i p p i n g .  It  is  o u t s i d e  t h e  scope of t h i s  
s t u d y  t o  a s s e s s  t h e  sediment  budget o t h e r  than  i n  
terms of beach m a t e r i a l ,  i e  sand and s h i n g l e .  However 
t h e r e  a r e  a  number of r e p o r t s  by H y d r a u l i c s  Research 
which d e a l  w i t h  t h i s  a s p e c t  i n  d e t a i l  ( s e e  
B i b l i o g r a p h y ) .  

( i v )  Of f shore  s e a  bed s u p p l y  

The supp ly  of sediments  from o f f s h o r e  i s  l i m i t e d .  
F i n e  m a t e r i a l  s t i r r e d  up from t h e  s e a  bed d u r i n g  



e x c e p t i o n a l l y  severe  wave a c t i v i t y  may s t a y  i n  
suspens ion  over  a  pe r iod  of t y p i c a l l y  a  t i d a l  c y c l e .  
With t h e  t i d a l  f l o v  c a r r y i n g  such m a t e r i a l  i n t o  and 
ou t  of e s t u a r i e s  and ve ry  s h e l t e r e d  embayments mud 
d e p o s i t i o n  may t a k e  p l a c e .  There i s ,  however, no 
evidence t h a t  m a t e r i a l  from t h e  o f f s h o r e  s e a  bed 
(beyond t h e  l O m  i s o b a t h )  is l i k e l y  t o  nave any th ing  
but  a  ve ry  s h o r t  r e s i d e n c e  t ime on t h e  open c o a s t l i n e .  
I n  f a c t ,  w i t h  t h e  slow r i s e  i n  s e a  l e v e l s  a  
r ead jus tment  of t h e  beach and seabed p r o f i l e  may t a k e  
p l a c e ,  r e s u l t i n g  i n  some c u t  back of t h e  beach and 
a c c r e t i o n  of t h e  near-shore  s e a  bed (Ref 33) .  Such 
changes whi le  slow and r e l a t i v e l y  modest, have 
i m p l i c a t i o n s  w i t h  regard  t o  t h e  s i t i n g  of s t r u c t u r e s  
such  a s  power s t a t i o n s  which g e n e r a l l y  have a  very  
long d e s i g n  l i f e .  C e r t a i n l y ,  t h e r e  i s  l i t t l e  
l i k e l i h o o d  of beaches being fed  from o f f s h o r e ,  but  
r a t h e r  t h e  r e v e r s e  may occur .  

( v )  A r t i f i c i a l  nour ishment  

A r t i f i c i a l  beach nourishment i s  very r a r e  on t h e  
North E a s t  c o a s t  and has  a s  f a r  a s  one can a s c e r t a i n  
been only c a r r i e d  out  a t  B ly th  and a t  Redcar.  A t  
B ly th  beach e r o s i o n  i s  being combatted by an 
exper imenta l  scheme i n v o l v i n g  t h e  c o n s t r u c t i o n  of two 
groynes  and beach f e e d i n g  on a  s m a l l  s c a l e .  The 
s i t u a t i o n  a t  Redcar is  l e s s  c l e a r ,  w i t h  s p o r a d i c  
nourishment having been made over  a  pe r iod  of y e a r s  
(Ref 34) .  

( v i )  Sand e x t r a c t i o n  

Beach sand removal has  been f a i r l y  i n t e n s i v e  and 
widespread.  E x t r a c t i o n  f o r  co~nmerc ia l  purposes  has  
been t a k i n g  p l a c e  i n  Drur idge Bay f o r  many y e a r s .  No 
d e t a i l s  have been found about  t h e  r a t e  of sand 
e x t r a c t i o n  from t h i s  a r e a .  To t h e  s o u t h  of B l y t h  
l a r g e  s c a l e  sand e x t r a c t i o n  has a l s o  t aken  p l a c e  s i n c e  
t h e  e a r l y  p a r t  of t h e  t w e n t i e t h  c e n t u r y .  There h a s  
been a  n e t  l o s s  of some 170,000m3 of sand from s o u t h  
of t h e  harbour  e n t r a n c e  and some 500,000m3 have a l s o  
been e x t r a c t e d  from t h e  beach f u r t h e r  s o u t h ,  towards  
Seaton S l u i c e  (Ref 30) .  Eros ion  has  been s e r i o u s  
enough t o  war ran t  beach p r o t e c t i o n  measures i n  t h e  
form of t h e  groynes and nourishment nen t ioned  above. 
A t  South S h i e l d s  e x t r a c t i o n  has a l s o  been on a  l a r g e  
s c a l e  i n  p a s t  y e a r s ;  some 150,000m3 of sand was 
removed from t h e  s o u t h  end of t h e  beach between 1962 
and 1979 (Ref 31).  E r o s i o n  of t h e  upper f o r e s h o r e  has  
proved t o  be t roublesome from a n  ameni ty  v iewpoin t .  
P r o t e c t i o n  measures have inc luded  t h e  use  of 
Maccafe r r i  gabion m a t t r e s s e s  t o  s t a b i l i s e  t h e  upper  
beach where i t  a d j o i n s  t h e  promenade. 



( v i i )  C o l l i e r y  waste  d i s p o s a l  

F i n a l l y ,  one must t a k e  i n t o  accoun t  t h e  ve ry  l a r g e  
i n p u t  of sed iments  t o  t h e  beach and s e a  bed from c o a l  
mining a c t i v i t i e s .  D i s p o s a l  of c o l l i e r y  s h a l e  o n t o  
t h e  beaches  a t  Lynemouth, Cambois and between Seaham 
and H a r t l e p o o l  over  t h e  l a s t  c e n t u r y  has  added many 
m i l l i o n s  of c u b i c  metre  of m a t e r i a l  t o  t h e  near-shore  
system. Lynemouth beach now c o n s i s t s  a lmos t  e n t i r e l y  
of c o l l i e r y  was te ,  a s  does  t h e  c o a s t l i n e  between 
Seaham and B l a c k h a l l  Kocks. D i s p e r s a l  of t h i s  
m a t e r i a l  by t h e  g r i n d i n g  a c t i o n  of waves t a k e s  p l a c e  
r a p i d l y .  Wi th in  s e v e r a l  decades  a f t e r  t h e  c e s s a t i o n  
of t i p p i n g  t h e  beach a t  Cambois has  l a r g e l y  been 
r e s t o r e d .  However, t h e  p o l l u t i o n  of t h e  seabed i s  
a u c h  more permanent s i n c e  t h i s  i s  where t h e  ground 
down f r a c t i o n s  f i n a l l y  come t o  r e s t .  During 
e x c e p t i o n a l l y  s e v e r e  s to rms  t h i s  was te  i s  resuspended 
and can be found on many of t h e  Durham beaches  a s  
t r a s h l i n e s .  P o l l u t i o n  i n  t h i s  manner w i l l  c o n t i n u e  
f o r  many decades  but  once t i p p i n g  c e a s e s  i t  w i l l  
g r a d u a l l y  become d i l u t e d  and become more of a n  ameni ty  
n u i s a n c e  t h a n  a h e a l t h  h a z a r d .  



6 REVIEW OF COASTAL 
DEFENCES 

6.1 The border to the 
River Tyne 

The rocky, indented coast from St Abb's dead to 
Berwick upon Tweed (Fig 5) is undeveloped and 
scenically attractive. From St Abb's south to 
Burnmouth the cliffs are some of the most spectacular 
in Scotland. The coastline has rock platforms and is 
strongly indented; sand beaches are found locally 
within areas such as Coldingham Bay and Eyemouth Bay. 
In more open parts, such as Burnmouth, there are rocKy 
beacnes. Although accretion of sand at Xyemouth 
Zarbour poses navigational problems this is not due to 
any strong influx of sand into the bay. The formation 
of sand bars within the harbour is linked to the 
suspension of sand from the sea bed within the bay 
itself and its redeposition in the entrance channel 
(Ref 35). 

From the border southwards the coast forms the 
northern most part of the North Northumberland 
Heritage coast. The high cliffs of Carboniferous 
Limestone extend seawards as wide rock ledges and have 
small pocket sand beaches at their base. The 
Department of the Environment's Coast Protection 
Survey (Ref 36) shows a very old concrete wall at 
Fisherman's Haven to the north of Berwick Pier. At 
the time of the survey this was the only sea defence 
between the border and the River Tweed. The net 
littoral drift along this stretch of coast, as 
elsewhere in the North East is generally from north to 
south. However, the lack of significant beach build 
up north of the pier and the general sparseness of the 
beaches, points to a low volume of littoral drift, 
(Plate 1). 

The market town of Berwick is centred around the old 
bridge over the Tweed, a short distance upstream of 
the river mouth. Coastal development is absent, 
except for some industrial and recreational facilities 
at Spittal south of the River Tweed entrance. There 
is some accretion within the mouth of the Tweed. 
Calot Shad is an area of shingle deposition on the 
inside of the last bend before the river flows into 
the sea. There is also sand accretion at Sandstell 
Point on the south bank of the Tweed. This is derived 
from the net drift of sand from south to north. This 
local reversal in drift is produced by the sheltering 
effect of the pier, which cuts down wave activity from 
the north and gives a local dominance of waves from 
the south. At Spittal the beach is sandy and 
considerably wider than those to the north and hence 
the rock platforms are less conspicuous. Spittal is 
situated on relatively low lying land subject to 



e r o s i o n .  A t  t h e  mouth of t h e  r i v e r  some d e r e l i c t  l a n d  
has  been "recla imed" and i s  p r o t e c t e d  by a  s h o r t  
l e n g t h  of rock armouring and gabion work, p l u s  some 
o l d  g roynes .  The gab ions  have s u f f e r e d  c o n s i d e r a b l e  
damage i n  t h e  p a s t  and w i l l  c o n t i n u e  t o  be a f f e c t e d  by 
wea the r ing  i n  t h e  f u t u r e .  The l i f e s p a n  of most gab ion  
work is  on ly  10 y e a r s  o r  s o  (Ref 37).  The c l i f f s  
s o u t h  of t h e  r e c l a m a t i o n  a r e a  a r e  a l s o  C a r b o n i f e r o u s  
Limestone and a t  t h e i r  f o o t  i s  a  lkm l e n g t h  of s e a  
w a l l  and promenade, approx imate ly  85 y e a r s  o l d  b u t  
s t i l l  i n  s a t i s f a c t o r y  c o n d i t i o n  (Ref 3 6 ) .  

South of S p i t t a l  t h e  c l i f f s  l o s e  h e i g h t  and t h e  c o a s t  
becomes a  l e v e l  p l a i n ,  wi th  " sea  c l i f f s "  being 
i n t e r m i t t e n t  and l o c a l i s e d  ( P l a t e  2 ) .  There a r e  wide 
sand beaches  banked by e x t e n s i v e  dune sys tems ,  beach 
m a t e r i a l  be ing  t r a n s p o r t e d  i n  a  n e t  southward 
d i r e c t i o n .  The c o a s t  i s  u n s p o i l t  and t h e r e  a r e  no s e a  
d e f e n c e s .  The c o a s t  from S p i t t a l  s o u t h  t o  Amble i s  a n  
a r e a  of o u t s t a n d i n g  n a t u r a l  beauty  (AONB) and i s  p a r t  
of t h e  North Northumberland H e r i t a g e  c o a s t .  

Holy I s l a n d  ( F i g  6 )  l i e s  t o  t h e  seaward of a  v e r y  
s t r o n g  c o a s t l i n e  i n d e n t a t i o n  and w i t h i n  t h i s  a r e a  
enormous q u a n t i t i e s  of sand ,  s i l t  and mud have 
accumulated.  Massive sand s p i t s  have been formed by 
wave a c t i o n  and t h e  wind has  blown sand landward t o  
form e x t e n s i v e  l i n k s  a t  Cheswick t o  t h e  west  and a t  
Ross t o  t h e  s o u t h  of t h e  i s l a n d .  Much of Holy I s l a n d  
i t s e l f  i s  covered by s u p e r f i c i a l  d e p o s i t s  of wind 
blown sand ,  bou lde r  c l a y  and a l luv ium.  The p e n i n s u l a  
a t  i t s  west  end i s  c a l l e d  The Snook; i t  c o n s i s t s  of 
sand dunes r e s t i n g  on a  base  of bou lde r  c l a y .  Mud h a s  
tended t o  accumulate  i n  t h e  s h e l t e r  of t h e  i s l a n d ,  and 
a l s o  i n  Budle Bay t o  t h e  s o u t h  of Ross Links .  There  
h a s  been e x t e n s i v e  s a l t a a r s h  development and n a t u r a l  
r e c l a m a t i o n  of t h e  f o r e s h o r e ,  p a r t i c u l a r l y  i n  Budle 
Bay. Most of t h i s  a r e a  i s  i n  a  v i r g i n  s t a t e  and h a s  
t h e  s t a t u s  of a  Nature  Reserve and a  s i t e  of S p e c i a l  
S c i e n t i f i c  I n t e r e s t  (SSSI) .  The on ly  s e a  d e f e n c e s  a r e  
a  s h o r t  l e n g t h  of f l o o d  bank and s l u i c e s  a t  South Low, 
n e a r  Holy I s l a n d  Sands. 

From Holy I s l a n d  s o u t h  a s  f a r  a s  Ainble t h e  c o a s t l i n e  
i s  u n s p o i l t .  Large s t r e t c h e s  a r e  owned by t h e  
N a t i o n a l  T r u s t  and t h e r e  a r e  numerous SSSI ' s .  An 
upda te  of t n e  l a t t e r  has  r e c e n t l y  been p repared  by t h e  
Nature  Conservancy (Ref 3 8 ) .  Most of t h e  c l i f f  l i n e  
i s  o v e r l a i n  by wind blown sand ,  forming e x t e n s i v e  sand 
l i n k s .  There  a r e  a l s o  e x t e n s i v e  sand beaches backed 
by dunes w i t h i n  a  s e r i e s  of s t r o n g l y  i n d e n t e d  bays 
between Beadne l l  and Amble. Both t h e  c l i f f e d  
s t r e t c h e s  of c o a s t  and t h e  embayments a r e  
c h a r a c t e r i s e d  by e x t e n s i v e  o f f s h o r e  r e e f s ,  i n  p l a c e s  
e x t e n d i n g  n e a r l y  a  k i l o m e t r e  seawards  a t  low w a t e r .  
Predominance of n o r t h e r l y  winds r e s u l t s  i n  a  n e t  



southward movement of beach sand.  However t h e  l a c k  of 
l a r g e  s c a l e  accumulat ion a g a i n s t  g roynes ,  j e t t i e s ,  
head lands  e t c  i n d i c a t e s  t h a t  t h e  r a t e  of l i t t o r a l  
d r i f t  a long  t h i s  s t r e t c h  of c o a s t  i s  low. The c o a s t a l  
p l a i n  i s  mainly devoted t o  farming and most of t h e  
developments c o n s i s t  of s m a l l  f i s h i n g  and fa rming  
communities.  Holiday development i s  on a  s m a l l  s c a l e ,  
t h e  l a r g e s t  being a t  Seahouses ,  a  v i l l a g e  which h a s  
become commercia l ised i n  r e c e n t  y e a r s .  

From Bamburgh t o  Beadne l l  ( F i g  7 )  t h e r e  a r e  few c o a s t  
p r o t e c t i o n  works, excep t  f o r  t h e  ha rbour  of Seahouses .  
There  a r e  sand dunes on both  s i d e s  of t h e  promontory 
on which t h e  ha rbour  i s  s i t u a t e d  bu t  no s t r o n g  
a c c r e t i o n  of sand t o  t h e  n o r t h  o r  e r o s i o n  t o  t h e  
s o u t h ,  which would i n d i c a t e  s i g n i f i c a n t  l i t t o r a l  d r i f t  
i n  t h i s  a r e a .  The c o a s t l i n e  i s  low l y i n g  and backed 
by dunes ( P l a t e  3 )  and t h e r e  a r e  wide rock p l a t f o r m s  
ou tc ropp ing  n e a r l y  +km seawards a t  low t i d e .  A t  
Beadne l l  t h e r e  i s  a  s h o r t  s t r e t c h  of c o a s t a l  d e f e n c e s  
s u p p o r t i n g  a  road.  

Beadne l l  i s  a  s m a l l  v i l l a g e  w i t h  a  h i g h  d e n s i t y  of 
h o l i d a y  development.  A t  p r e s e n t  beach e r o s i o n  i s  
l i m i t e d ,  but  could  be e x a c e r b a t e d  by overuse .  I n  
p a r t i c u l a r  t h e  sand dunes ,  a s  a t  Bamburgh, a r e  
s u s c e p t i b l e  t o  damage. 

Between Beadnel l  and Dunstanburgh t h e  s t r o n g l y  embayed 
c o a s t  has  wide sand beaches  backed by l i n k s  and t h e  
rock p l a t f o r m s  and o f f s h o r e  r e e f s  ou tc rop  g e n e r a l l y  
between t h e  embayments. Much of t h i s  s t r e t c h  of c o a s t  
i s  owned by t h e  N a t i o n a l  T r u s t .  The o f f s h o r e  r e e f s  i n  
t h i s  a r e a  a r e  ve ry  prominent and p ro tude  seawards  i n  a  
n o r t h - e a s t e r l y  d i r e c t i o n .  Sea d e f e n c e s  a l o n g  t h i s  
f i n e  s t r e t c h  of c o a s t  a r e  ve ry  f ragmenta ry  and a r e  
mos t ly  i n  p r i v a t e  ownership .  The embayed n a t u r e  of 
t h e  c o a s t l i n e  r e s t r i c t s  t h e  l i t t o r a l  d r i f t  of sand i n  
t h i s  a r e a .  

Between Dunstanburgh and C u l l e r n o s e  P o i n t  t h e  Whin 
S i l l  i n t r u s i o n  forms a  c o a s t a l  p l a t e a u  which i s  r a i s e d  
prominent ly  above t h e  su r round ing  c o a s t a l  p l a i n ,  t h e  
whole s t r e t c h  being d e s i g n a t e d  a n  SSSI. 'The p l a t e a u  
i s  unusua l  i n  having a  d i s t i n c t  escarpment  which 
s l o p e s  downwards i n  a  landward d i r e c t i o n .  The 
f o r e s h o r e  i s  rocky and t h e  c l i f f s  and r e e f s  a r e  
g e o l o g i c a l l y  ve ry  i n t e r e s t i n g .  The igneous  i n t r u s i o n  
h a s ,  f o r  example, columnar j o i n t i n g  whose top  s u r f a c e  
resembles  c r a z y  paving.  The rock  p l a t f o r m  i s  a lmos t  
f r e e  of sed iment ,  w i t h  t h e  e x c e p t i o n  of s m a l l  pebb le  
beaches  lodged w i t h i n  t h e  most s t r o n g l y  i n c i s e d  coves.  
The n e t  southward d r i f t  of beach material i s  weak. 
The Coast  P r o t e c t i o n  Survey i n d i c a t e s  t h a t  t h e r e  a r e  
no s e a  d e f e n c e s  i n  t h i s  a r e a .  



From C u l l e r n o s e  t o  Howick ( F i g s  7 and 8) t h e  c l i f f s  
a r e  a g a i n  of Carbon i fe rous  Limestone,  b u t  from Howick 
t o  f inmouth they  a r e  of M i l l s t o n e  G r i t  and bou lde r  
c l a y .  Along t h i s  s t r e t c h  t h e r e  a r e  v e r y  wide rock  
l e d g e s  some of which o u t c r o p  o f f s h o r e  a s  r ee f  l i k e  
i s l a n d s ,  e s p e c i a l l y  i n  t h e  v i c i n i t y  of Boulmer. The 
beaches a r e  sandy and backed by sand dunes.  E r o s i o n  
is  t a k i n g  p l a c e  i n  s e v e r a l  a r e a s  but  only  c h a l e t s  and 
beach h u t s  a r e  a t  r i s k .  Sea de fences  a r e  f r agmenta ry  
bu t  w i t h  some c o n c e n t r a t i o n  of c o a s t  p r o t e c t i o n  works 
a t  Alnmouth. The l a r g e s t  p r o t e c t e d  f r o n t a g e  is a t  
Marden, abou t  lkm n o r t h  of Alnmouth. Here s t o n e  and 
c o n c r e t e  b lock revetments  p r o t e c t  t h e  edge of t h e  g o l f  
c o u r s e .  The Coast  P r o t e c t i o n  Survey i n d i c a t e s  t h a t  
t h e r e  a r e  some d i l a p i d a t e d  groynes  i n  t h i s  a r e a .  
There i s  a l s o  a low gab ion  r e t a i n i n g  w a l l  p r o t e c t i n g  
t h e  road edge on t h e  n o r t h  s h o r e  of t h e  r i v e r  Aln. 
The w a l l  is of f l i m s y  c o n s t r u c t i o n  and u n l i k e l y  t o  
have any s e r i o u s  consequences on t h e  c o a s t a l  regime. 
The town of Alnwick i s  e s s e n t i a l l y  a medieval  
s e t t l e m e n t  i n  which l i t t l e  subsequent  growth has  t a k e n  
p l a c e .  Sea de fences  c o n s i s t  e s s e n t i a l l y  of bank 
p r o t e c t i o n  and a r e  of ve ry  modest s c a l e  and a s  such ,  
u n o b t r u s i v e .  

South  of t h e  Aln t h e  sand l i n k s  form a f l a t  a r e a  i n  
f r o n t  of t h e  former  s e a  c l i f f s  of  illst stone G r i t .  The 
wide sand beach and dunes extend s o u t h  t o  Warkworth 
Harbour a t  Amble. Behind t h e  dunes runs  t h e  r i v e r  
Coquet,  having been d e f l e c t e d  southward by t h e  
movement of beach m a t e r i a l  i n  t h a t  d i r e c t i o n .  It now 
e x i t s  th rough  Warkworth ha rbour .  The beach and dune 
sys tem a p p e a r s  t o  have s t a b i l i s e d  and t h e r e  i s  no 
ev idence  of s t r o n g  southward l i t t o r a l  d r i f t  t a k i n g  
p l a c e  p r e s e n t l y .  T h i s  harbour  is  somewhat d i l a p i d a t e d  
and is  s u b j e c t  t o  i n f i l l i n g  by beach sand which is  
c a r r i e d  over  t h e  n o r t h  breakwater  by over topp ing  waves 
and by wind blown sand d u r i n g  s to rms .  The f o r e s h o r e  
n o r t h  of t h e  ha rbour  is  r e l a t i v e l y  s t a b l e  but  t h e  base  
of t h e  dunes a d j o i n i n g  t h e  n o r t h  b reakwate r  do need 
p r o t e c t i o n  a g a i n s t  wave a t t a c k  (Ref 39) .  The f a c t  
t h a t  e r o s i o n  i s  t a k i n g  p l a c e  on t h e  n o r t h  s i d e  of t h e  
ha rbour  t e s t i f i e s  t o  a l a c k  of s t r o n g  southward beach 
d r i f t .  

Amble, immediately s o u t h  of Warkworth Harbour i s  
predominant ly  a mining town and t h e  c o a s t l i n e  f o r  
s e v e r a l  m i l e s  t o  t h e  s o u t h  i s  d e s p o i l e d  by former n i n e  
workings .  Sea de fences  a r e  f r agmenta ry ,  c o n s i s t i n g  of 
s h o r t  s t r e t c h e s  of c o n c r e t e  and rock reve tments .  

From Amble southwards  t o  t h e  Tyne, c l i f f s  a r e  of Coal  
Measures capped by d r i f t .  The d i p  of t h e  rocks  
r e s u l t s  i n  t h e  exposure  of t h e  d r i f t  (mainly  b o u l d e r  
c l a y )  i n  many of t h e  embayments. Thus from Amble 
s o u t h  t o  Seaton S l u i c e  t h e  c l i f f s  form rocky 



promontor ies  and o f f s h o r e  r e e f s  s e p a r a t e d  by wide, 
open sandy bays which a r e  backed by sand dunes.  The 
bays having a very open a s p e c t  a r e  s u b j e c t  t o  wave 
a t t a c k  from a  wide s e c t o r .  A t  t h e  s o u t h  end of 
Drur idge Bay, f o r  example, f o s s i l i s e d  t r e e s  embedded 
i n  c l a y  and p e a t  are r e g u l a r l y  uncovered d u r i n g  
s to rms  ( P l a t e  4 ) .  The s o u t h  p a r t  of the  bay has an 
SSSI which encompasses p a r t  of t h e  c o a s t a l  dune 
system. F u r t h e r  southwards t h e  Coal Measure rocks  a r e  
of g e o l o g i c a l  i n t e r e s t  and s t r e t c h e s  of c l i f f e d  c o a s t  
a t  Seaton s l u i c e  i n  Whitley Bay and a t  Tynenouth 
C a s t l e  a r e  a l s o  SSSI 's .  

The c o a s t  from Amble t o  Lynemouth (F ig  9 )  has  l i t t l e  
i n  t h e  way of " t r a d i t i o n a l "  c o a s t  p r o t e c t i o n  works. 
Beach and dune e r o s i o n  i s  t a k i n g  p l a c e  i n  Drur idge Bay 
and t h e  s i t u a t i o n ,  though not  s e r i o u s ,  i s  not  helped 
by t h e  p r a c t i c e  of sand e x t r a c t i o n  from t h e  f o r e s h o r e .  
The sand dunes a t  t h e  s o u t h e r n  end of t h e  bay a r e  a l s o  
overgrazed  ( P l a t e  5 ) .  The s c a l e  of t h e  e r o s i o n  i s  
such  t h a t  dune management needs t o  be implemented. 
D e f l e c t i o n  of s t ream mouths i n  a  southward d i r e c t i o n  
i n d i c a t e s  a  n e t  n o r t h  t o  sou th  l i t t o r a l  d r i f t .  
However t h e  r a t e  of d r i f t  i s  r e l a t i v e l y  low and t h e  
t r a n s f e r  of beach m a t e r i a l  between a d j a c e n t  bays is  
very l i m i t e d .  

At Lynemouth Bay t h e  beach and dune system i s  l a r g e l y  
u n r e c o g n i s a b l e  a s  a  r e s u l t  of i n d u s t r i a l  development. 
D e s p o l i a t i o n  due t o  t h e  t i p p i n g  of mine waste  on to  t h e  
f o r e s h o r e  has  t ransformed t h e  once sand beach i n t o  a  
pebb le  one. Lynemouth Power S t a t i o n  i s  i n  f a c t  b u i l t  
on recla imed land .  Were i t  not  f o r  t h e  con t inued  
t i p p i n g  of waste,  t h e  seaward boundary of the  Power 
S t a t i o n  would be a t  r i s k  from "beach" e r o s i o n .  

Newbiggin Bay, t o  the  s o u t h  of Lynemouth Bay has  a  
sand beach which is  s p o i l t  by f i n e  c o a l  p a r t i c l e s  
d e r i v e d  from t i p p i n g  of waste a t  Lynemouth Power 
S t a t i o n .  The c o a l  p a r t i c l e s  a r e  t r a n s p o r t e d  
southwards by waves and t i d a l  c u r r e n t s  and tend t o  
c o l l e c t  i n  the  s h e l t e r  of the  o l d  breakwater  a t  t h e  
n o r t h  end of the  beach ( P l a t e  6 ) .  The f r o n t a g e  a t  
Newbiggin has a s e a  w a l l  and promenade which has  had 
t o  be extended southwards i n  r e c e n t  y e a r s .  Eros ion  i s  
t a k i n g  p l a c e  a t  Newbiggin Noor, t h e  promontory n o r t h  
of t h e  town. Only ho l iday  camps a r e  b e l i e v e d  t o  be a t  
r i s k  ( P l a t e  7 ) .  South of Newbiggin, e r o s i o n  ex tends  
t o  the  mouth of t h e  r i v e r  Wansbeck. The s c a l e  of 
e r o s i o n ,  a s  f a r  a s  one can t e l l ,  has no t  been 
determined.  Recess ion of t h e  upper f o r e s h o r e  cou ld  
l e a d  t o  t h e  need f o r  ex tend ing  t h e  promenade i n  a  
southward d i r e c t i o n  i n  the  long term. The town 
f r o n t a g e  has  exper ienced  f l o o d i n g  by the  s e a  i n  r e c e n t  
y e a r s  and i n v e s t i g a t i o n s  a r e  underway i n t o  t h e  



f e a s i b i l i t y  of p r o t e c t i n g  i t  by o f f s h o r e  b reakwate r s  
(Ref 40) .  

The southward d e f l e c t i o n  of s p i t s  a t  t h e  e n t r a n c e  t o  
t h e  r i v e r  Wansbeck is an i n d i c a t i o n  of a  n e t  n o r t h  t o  
s o u t h  d r i f t .  S i m i l a r l y  t h e  d e f l e c t i o n  of t h e  r i v e r  
B l y t h  a l s o  i n d i c a t e s  a  dominant southward d r i f t  of 
beach m a t e r i a l  by wave a c t i o n  a l o n g  t h e  s t r e t c h  of 
c o a s t  from Newbigyin t o  Blyth .  

A t  Cambois, s o u t h  of t h e  Wansbeck, a  s p o i l  t i p  
a b u t t i n g  o n t o  t h e  f o r e s h o r e  has  been l e v e l l e d  and 
g r a s s e d  o v e r .  Th i s  " rec la imed  land"  i s  e r o d i n g  s lowly  
and i t s  seaward f a c e  has  had t o  be p r o t e c t e d  by a  rock 
reve tment .  Th i s  is n o t  a  s e r i o u s  p r o b l e n  e x c e p t  t h a t  
e r o s i o n  of t h e  c l i f f  of waste  p o l l u t e s  t h e  beach w i t h  
s m a l l  q u a n t i t i e s  of c o l l i e r y  was te .  The beach a t  
Cambois i s  wide and sandy and t h e  base  of t h e  
revetment  has  a  c a r p e t  of pebb les  of c o a l  measure 
s t o n e ,  t h e  f i n e r  p a r t i c l e s  of waste  be ing  t r a n s p o r t e d  
o f f s h o r e .  

The end of t h e  sand s p i t  running t o  t h e  e n t r a n c e  of  
B l y t h  ha rbour ,  i s  p r o t e c t e d  by a  rock revet inent ,  a  
s h o r t  l e n g t h  of o l d  t imber  b reas twork  and a n  o l d  
c o n c r e t e  s e a  w a l l .  The c o n c r e t e  w a l l  i s  n e c e s s a r y  t o  
p r e v e n t  t h e  s p i t ,  which is  very  narrow a t  t h i s  p o i n t ,  
from breaching.  The same s p i t  j u s t  t o  t h e  n o r t h  of 
t h e  Alcan f r o n t a g e  i s  a l s o  e r o d i n g  ( P l a t e  8 )  and t h e  
s i t u a t i o n  ought t o  be monitored i n  f u t u r e  y e a r s .  
These de fences  a r e  i n  t h e  ownership  of t h e  Alcan Co. 
The w a l l ,  b u i l t  i n  t h e  1900 ' s  i s  o c c a s i o n a l l y  
over topped by wave a c t i o n .  The Coast  P r o t e c t i o n  
Survey maps show t h a t  t h e  f o r e s h o r e  i n  f r o n t  of t h e  
s e a  w a l l  i s  groyned.  I n  view of t h e  s c a r c i t y  of beach 
m a t e r i a l  t h i s  groyning would appear  t o  be l a r g e l y  
redundant .  

There is  a  wide sand beach and dune sys tem between 
B l y t h  and Sea ton  s l u i c e .  S e r i o u s  e r o s i o n  h a s  been 
t a k i n g  p l a c e  s o u t h  of B ly th  Harbour and t h i s  has  been 
c a u s i n g  concern  f o r  some y e a r s .  Mechanical  removal of 
sand from t h e  approach channe l  t o  t h e  h a r b o u r ,  w h i l e  
n e c e s s a r y ,  has  n o t  helped m a t t e r s .  The beach has  a l s o  
been used f o r  sand e x t r a c t i o n  f o r  many y e a r s .  E r o s i o n  
of t h i s  s t r e t c h  of c o a s t  was s t u d i e d  by H y d r a u l i c s  
Research and a  t r i a l  scheme recommended, c o n s i s t i n g  of  
beach f e e d i n g  and t h e  c o n s t r u c t i o n  of groynes  (Ref 
3 0 ) .  The r e c e n t l y  c o n s t r u c t u r e d  sys tem c o n s i s t s  of 
t h r e e  150 metre  long groynes  s e t  o u t  a t  a  s p a c i n g  of 
120 m e t r e s .  Some 71 c u b i c  m e t r e s  of sand p e r  m e t r e  
run  of beach were a l s o  d e p o s i t e d  h e r e  between J a n u a r y  
1981 and January  1984 (Ref 34) .  

The scheme has  now been implemented and t h e  beach has  
s u b s e q u e n t l y  improved d r a m a t i c a l l y  a l t h o u g h  e r o s i o n  



has  occur red  down d r i f t  of t h e  groyne system. There 
i s  a  l o c a l  n o r t h e r l y  d r i f t  of sand i n  t h e  s h e l t e r  of 
t h e  Blyth  p i e r s ,  but  a long  t h e  main f r o n t a g e  t h e  d r i f t  
i s  i n  a  southward d i r e c t i o n .  L i t t l e  m a t e r i a l  a p p e a r s  
t o  be t r a n s p o r t e d  round t h e  rocky promontory a t  Seaton 
S l u i c e  and we b e l i e v e  t h a t  t h e  n e t  southward d r i f t  i s  
s m a l l .  

Seaton S l u i c e  harbour  l i e s  on a  promontory a t  t h e  
s o u t h  end of Blyth  Bay. The former v i l l a g e  has  
expanded and i s  now a  dormi to ry  f o r  Newcastle.  
R e s i d e n t i a l  development h e r e  e x t e n d s  c l o s e  t o  t h e  
c l i f f  edge,  which needs p r o t e c t i o n .  Sea w a l l s  a r e  
i n t e r m i t t e n t  and e r o s i o n  of s o f t  s l a t y  c l i f f s  w i t h i n  
Col lywel l  Bay immediately s o u t h  of t h e  harbour  i s  
posing problems. 

From Seaton southwards t o  t h e  r i v e r  Tyne t h e  head lands  
c o n s i s t  most ly  of massive beds of sands tone ,  o f t e n  
ex tend ing  seawards a s  o f f s h o r e  r e e f s .  Within t h e  bays  
t h e  rocks  a r e  covered by bou lde r  c l a y  and wind blown 
sand and t h e  low c l a y  c l i f f s  i n  Whitley Bay a r e  
p a r t i c u l a r l y  s u s c e p t i b l e  t o  e r o s i o n .  The c o a s t  i s  
very  h e a v i l y  b u i l t  up,  w i t h  r e s i d e n t i a l  development 
a lmost  t o  the  c l i f f  edge.  With t h e  e x c e p t i o n  of a  gap 
a t  i t s  n o r t h  end t h e  c o a s t l i n e  i n  Whitley Bay i s  
p r o t e c t e d  by c o n c r e t e  w a l l s ,  w i t h  t h e  c l i f f s  graded t o  
s t a b i l i s e  them. The e r o s i o n  of t h e  c l i f f s  a t  t h e  
n o r t h  end of t h e  bay poses no immediate t h r e a t  s i n c e  
a t  t h e  c l i f f  top  t h e r e  i s  p r e s e n t l y  amenity l and  (Ref 
35) .  A t  t h e  s o u t h  end of t h e  bay t h e r e  a r e  two a r e a s  
of sand beach.  C u l l e r c o a t s  bay i s  surrounded by s t e e p  
c l i f f s  and p r o t e c t e d  by p i e r s  t o  t h e  n o r t h  and s o u t h .  
Long Sands i s  a  c o n s i d e r a b l y  wider ,  more open sand 
beach bordered by s t e e p  c l a y  banks which a r e  graded 
and a t  i t s  n o r t h e r n  p a r t  f r o n t e d  by a  c o n c r e t e  
promenade. King Edwards Bay, j u s t  t o  t h e  n o r t h  of t h e  
North P i e r ,  Tynemouth i s  a  s m a l l  sand beach surrounded 
by s t e e p  c l i f f s .  A c c r e t i o n  h e r e  i s  ve ry  l i m i t e d  and 
t h i s  s u g g e s t s  t h a t  t h e  n e t  southward l i t t o r a l  d r i f t  
towards t h e  harbour  arm i s  very  weak. The s e a  
de fences  between Whitley Bay and t h e  North P i e r  a r e  
f ragmentary .  They c o n s i s t  of s e a  w a l l s  of v a r i o u s  
ages  and some c o n c r e t e  f a c i n g  t o  t h e  c l i f f s  around 
Tynemouth C a s t l e .  There  a r e  a l s o  e x t e n s i v e  s e a  w a l l s  
and a  s h o r t  l e n g t h  of rock  revetment  i n  t h e  o u t e r  
harbour  a r e a  a t  Tynemouth, t h e s e  l y i n g  mainly t o  the  
n o r t h  of t h e  r i v e r  mouth. 

6 . 2  The River  Tyne t o  
t h e  River  Wear 

The h e a v i l y  developed a r e a  a t  South S h i e l d s  does no t  
extend t o  t h e  c o a s t a l  f r i n g e ,  which h a s  a wide sand 
beach backed by sand dunes .  The beach i s  h e a v i l y  used 
and has r e q u i r e d  p r o t e c t i o n ,  which has  t aken  the  form 
of gabion m a t t r e s s e s .  The gab ions  a r e  by no means 



immune t o  g e n e r a l  wear and t e a r ,  o r  vandalism. Sand 
e x t r a c t i o n  from t h e  s o u t h  end of t h e  beach has  
r e s u l t e d  i n  beach e r o s i o n  t h u s  a g g r a v a t i n g  t h e  
s i t u a t i o n .  The beach a t  South S h i e l d s  is c o n t a i n e d  by 
t h e  very l a r g e  s o u t h  p i e r  of Tynemouth and by a rocky 
promontory a t  Trow P o i n t  (F ig  10) .  The n e t  l i t t o r a l  
d r i f t  i s  t h e r e f o r e  s m a l l  and beach l o s s e s  must be 
a t t r i b u t a b l e  t o  man's a c t i v i t i e s .  E r o s i o n  has  had a 
d e l e t r i o u s  e f f e c t  on t h e  beaches f r o n  a n  amenity 
viewpoint  but  no development i s  a t  t h r e a t .  

The c o a s t  t o  t h e  s o u t h  of Trow Rocks has e x c e p t i o n a l l y  
f i n e  c l i f f s  of i h g n e s i a n  Limestone which ex tend  t o  
Whitburn. Between South S h i e l d s  and Marsden t h e  
c l i f f s  a r e  f r o n t e d  by a narrow rock p l a t f o r m  w i t h  
l i t t l e  on i t  i n  t h e  way of beach m a t e r i a l .  I n  Narsden 
Bay t h e r e  a r e  deep caverns  i n c i s e d  a t  t h e  c l i f f  base 
by wave a c t i o n .  The beach i s  f i n e ,  wide and sandy and 
on i t  t h e r e  a r e  a number of s t a c k s .  The b e s t  known of 
t h e s e  i s  Harsden Rock, whose base  is  p i e r c e d  by a 
l a r g e  a r c h .  There a r e  no c o a s t a l  de fences  i n  t h i s  
a r e a .  The c l i f f s  between Trow P o i n t  and L iza rd  P o i n t  
a r e  of g e o l o g i c a l  i n t e r e s t  and t h e  a r e a  i s  an  SSSI. 
There i s  a l s o  a n a t u r e  r e s e r v e  a t  Nardsden Rock. 

Between Narsden Bay and Whitburn Bay t h e  Magnesian 
Limestone c l i f f s  a r e  f r o n t e d  by a rock p l a t f o r m  which 
i s  a lmos t  f r e e  of beach m a t e r i a l .  There i s  l i t t l e  
r e s i d e n t i a l  development near  t h e  c l i f f  edge but t h e r e  
i s  much evidence of mining a c t i v i t y .  Although t h e  
c o l l i e r i e s  a t  'Xhitburn and Ryhope a r e  c l o s e d ,  former  
t i p p i n g  of waste  mars t h e  c l i f f  t o p  scenery  s o u t h  of 
Whitburn c o l l i e r y .  The slow spread  of was te  i n  a 
southward d i r e c t i o n  i n d i c a t e s  a small n e t  n o r t h  t o  
s o u t h  d r i f t .  The c l i f f s  d e c r e a s e  i n  h e i g h t  southwards  
and a r e  capped by an  i n c r e a s i n g l y  t h i c k  overburden of 
bou lder  c l a y .  Eros ion  of t h e s e  c l i f f s  i s  no t  g i v i n g  
r i s e  t o  problems and t h e r e  a r e  no c o a s t a l  d e f e n c e s  i n  
t h i s  a r e a .  

Between Whitburn and t h e  River  Wear t h e  c o a s t  has  much 
r e s i d e n t i a l  development. Whitburn bay has  wide sand 
beaches which a r e  i n t e r s p e r s e d  w i t h  i s o l a t e d  rock 
p l a t f o r m s .  The beaches c o n t i n u e  t o  Roker on t h e  n o r t h  
s i d e  of t h e  Wear. They a r e  backed by o l d  s e a  w a l l s  
some of which a r e  i n  need of r e p a i r ;  however, as f a r  
a s  one can a s c e r t a i n  t h e r e  a r e  no s e r i o u s  beach 
e r o s i o n  problems w i t h i n  t h e  bay. The p i e r s  a t  t h e  
e n t r a n c e  t o  Sunderland harbour  ex tend  about  ;km 
seawards  and a s  a t  Tynemouth they g r e a t l y  r e s t r i c t  t h e  
t r a n s f e r  of beach m a t e r i a l  from n o r t h  t o  s o u t h .  The 
bay a p p e a r s  t o  be l a r g e l y  i n  e q u i l i b r i u m  w i t h  t h e  wave 
c l i m a t e  i n  t h i s  a r e a  and t h e  n e t  southward d r i f t  of 
sand a s  a t  South S h i e l d s  i s  low. 



6.3 The River  Wear t o  
t o  Tees Bay 

Immediately t o  t h e  s o u t h  of t h e  Wear t h e r e  a r e  dock 
i n s t a l l a t i o n s  and beyond t h a t  t o  Hendon heavy 
i n d u s t r i a l  development encroaches  upon t h e  c l i f f  l i n e .  
The Hendon f r o n t a g e  i s  p r o t e c t e d  by c o n c r e t e  w a l l s ,  
s h o r t  s t r e t c h e s  of rock revetment and groynes .  The 
beach is  sandy bu t  s p o i l t  by p o l l u t i o n  from Sunderland 
docks.  I n  t h e  p a s t  l a r g e  c o n c r e t e  breakwaters  were 
c o n s t r u c t e d  i n  a n  e f f o r t  t o  s t a b i l i s e  t h e  beach b u t  
t h e s e  gave r i s e  t o  s e r i o u s  e r o s i o n  t o  t h e  s o u t h  of 
each  one. Th is  has  r e s u l t e d  i n  t h e  development of t h e  
zig-zag c o a s t a l  p l a n  shape which can be seen  on l a r g e  
s c a l e  maps. C l i f f  r e c e s s i o n  t o  t h e  s o u t h  of the  
"breakwaters"  i s  an i n d i c a t i o n  of a  n e t  southward 
d r i f t .  Pebbles a r e  d e r i v e d  from t h e  e r o s i o n  of t h e  
c l i f f  overburden.  T h i s  source  of beach m a t e r i a l  has  
now been reduced wi th  t h e  c o n s t r u c t i o n  of s e a  w a l l s  a t  
Hendon. 

The Magnesian Limestone c l i f f s  s o u t h  of Hendon a r e  
o v e r l a i n  by a  t h i c k  cover  of d r i f t ,  which i s  u n s t a b l e .  
Erosion of t h i s  has  added pebb les  t o  t h e  beach a t  t h e  
f o o t  of t h e  c l i f f s  ( P l a t e  9 ) .  There has  been much 
d i f f e r e n t i a l  c l i f f  e r o s i o n .  For example, a t  S a l t f e r n  
Rocks t h e r e  i s  a  hard p o i n t  but  t o  t h e  s o u t h  t h e  
c l i f f s  have eroded f a i r l y  r a p i d l y .  These c l i f f s  a r e  
unpro tec ted  a s  f a r  s o u t h  a s  Seaham H a l l .  Eros ion  
poses  no s e r i o u s  t h r e a t  s i n c e  t h e  c o a s t  has  most ly  
farmland wi th  some amenity a r e a s ,  t h e  ch ie f  one being 
a t  Seaham H a l l .  The c o a s t  i s  i n t e r s e c t e d  by a  number 
of deeply  i n c i s e d  v a l l e y s  o r  denes i e .  a t  Hendon, 
Ryhope, and a t  Seaham H a l l .  There i s  some 
accumulat ion of pebb les  a t  Seaham H a l l ,  d e r i v e d  from 
e r o s i o n  of c l i f f s  t o  t h e  n o r t h .  The accumulat ion i s  
n o t  l a r g e  and t h e  ne t  southward d r i f t  i s  on a  modest 
s c a l e .  

From Seaham Hall sou th  t o  t h e  harbour  t h e r e  i s  a  
c o n c r e t e  w a l l  a t  t h e  base  of t h e  c l i f f s  and t h e  sand 
and s h i n g l e  beach i s  groyned. D i f f e r e n t i a l  e r o s i o n  
has taken p l a c e  between t h e  s o u t h  end of t h e  w a l l  and 
t h e  n o r t h  p i e r ,  Seaham. The embayment t h u s  formed has  
"ou t f l anked"  t h e  n o r t h  p i e r  and t h e  roo t  of i t  is 
p r o t e c t e d  by a  rubb le  revetment .  Had t h e  southward 
d r i f t  been h igh  then t h e  gap between t h e  n o r t h  p i e r  
and t h e  promenade would have had l a r g e  s c a l e  b u i l d  up 
of beach m a t e r i a l .  

The whole s t r e t c h  of c o a s t l i n e  between Hendon and 
Seahan i s  s u b j e c t  t o  e r o s i o n  (because  of t h e  s o f t n e s s  
of t h e  c l i f f s )  and t h i s  needs t o  be t aken  i n t o  account  
i n  f u t u r e  c o a s t  p r o t e c t i o n  works i n  t h i s  a r e a .  

South of Seaham t h e  s t r e n g t h  and d u r a b i l i t y  of t h e  
Magnesian l imes tone  rocks  and t h e  t h i c k n e s s  of t h e  



boulder  c l a y  cover  is  v a r i a b l e ,  r e s u l t i n g  i n  some 
d r a m a t i c  s c e n e r y ,  n o t  w i t h s t a n d i n g  t h e  d e s p o l i a t i o n  of 
t h e  beaches by c o l l i e r y  was te .  The c o a s t  i s  no t  
h e a v i l y  developed e x c e p t  a t  Seaham bu t  t h e  c l i f f s  and 
beach  a r e  h e a v i l y  d e s p o i l e d  by c o a l  heaps ,  t i p s ,  e t c  
a t  Dawdon, Eas ing ton ,  Horden and B l a c k h a l l  ( F i g  11). 
The t i p p i n g  a t  B l a c k h a l l  has now ended b u t  t h e  c o a s t a l  
d e s p o l i a t i o n  remains .  However, t h e  deep ly  i n c i s e d  
v a l l e y s  such a s  C a s t l e  Eden Dene, Hawthorn Dene and 
Crimdon Dene s t i l l  r e t a i n  much of t h e i r  o r i g i n a l  
charm. The dene a t  Hawthorn Hive i s  a  Nature  Reserve  
and a n  SSSI. The dagnes ian  l i m e s t o n e  c l i f f s  a r e  
g e o l o g i c a l l y  very  i n t e r e s t i n g  and a  g r e a t  p o r t i o n  of 
t h e  c l i f f  l i n e  t o  Crimdon and t h e  dune sys tem s o u t h  
t o  North Sands,  H a r t l e p o o l  a r e  d e s i g n a t e d  a s  S S S I ' s .  
There  i s  a  marked southward n e t  d r i f t  of m a t e r i a l  f rom 
t h e  waste  t i p p i n g  p o i n t s .  However moni to r ing  of t h i s  
s t r e t c h  of c o a s t  i n d i c a t e s  t h a t  when t i p p i n g  c e a s e s  
e q u i l i b r i u m  c o n d i t i o n s  a r e  soon reached and t h e  n e t  
southward d r i f t  i s  reduced t o  a  low v a l u e .  There a r e  
no major s e a  de fence  works s o u t h  of Seaham t o  
H a r t l e p o o l .  Indeed,  t h e  con t inuous  t i p p i n g  of 
c o l l i e r y  waste  f o r  more t h a n  a  c e n t u r y  has  l e d  t o  t h e  
development of ve ry  wide "pebble"  beaches  l e a v i n g  t h e  
o r i g i n a l  s e a  c l i f f s  i s o l a t e d  landwards ( P l a t e  10).  I n  
s e v e r a l  p l a c e s  t h e  c o a s t a l  r a i l w a y  embankment r u n s  
c l o s e  t o  t h e  c l i f f  edge,  a s  a t  Sh ippersea  Bay. Here 
t h e  b o u l d e r  c l a y  s l i p s  g i v e  r i s e  t o  some embankment 
i n s t a b i l i t y  b u t  a s  t h e  c l i f f s  a r e  s t r a n d e d  w e l l  t o  t h e  
landward of h i g h  wa te r  t h e s e  cannot  be deemed t o  be a  
c o a s t a l  e r o s i o n  problem. 

The headland a t  B l a c k h a l l  Rocks t r a p s  much of t h e  n e t  
southward d r i f t  of c o l l i e r y  waste  pebb les  ( P l a t e  11)  
and t h e  coves on e i t h e r  s i d e  of t h i s  headland a c t  a s  
s t i l l i n g  a r e a s  t o  t r a p  t h e  l i g h t e r  f r a c t i o n  of t h e  
t i p p e d  was te .  The d e s p o l i a t i o n  s o u t h  of B l a c k h a l l  
g r a d u a l l y  d e c r e a s e s  u n t i l  a t  Crimdon t h e  wide sand 
beach and dunes a r e  r e l a t i v e l y  f r e e  of was te .  
However, t h e  l i g h t ,  s m a l l  p a r t i c l e s  of c o a l  c o n t i n u e  
t o  p o l l u t e  t h e  beaches i n t e r m i t t e n t l y  a s  f a r  s o u t h  a s  
Tees  Bay. There i s  a  southward t r a n s p o r t  of m a t e r i a l  
b o t h  by waves and t i d a l  c u r r e n t s .  

South  of Crimdon t h e  c l i f f s  g i v e  way t o  low l y i n g  l a n d  
covered  by a  b e l t  of sand dunes s t r e t c h i n g  t o  
H a r t l e p o o l  ( P l a t e  1 2 ) .  Some e r o s i o n  of t h e  dunes h a s  
t a k e n  p l a c e  bu t  t h e r e  has  been no n o t i c e a b l e  l o s s  of 
beach m a t e r i a l  from t h e  beach a s  a  whole. 

I n d u s t r i a l  development beg ins  a t  H a r t l e p o o l  and 
a f f e c t s  most of t h e  low l y i n g  c o a s t l i n e  s o u t h  t o  t h e  
Tees.  Old H a r t l e p o o l  i s  b u i l t  on a  rocky o u t c r o p  of 
Magnesian Limestone,  c a l l e d  t h e  Heugh. Th i s  
promontory is  exposed t o  wave a c t i o n  and t h e  
r e s i d e n t i a l  f r o n t a g e  i s  p r o t e c t e d  by c o n c r e t e  s e a  



w a l l s .  A t  Middleton Sands between t h e  two dock 
sys tems t h e  backshore  is  p r o t e c t e d  by a  massive gab ion  
w a l l  which l o o k s  s u f f i c i e n t l y  r o b u s t  t o  have a  
r e l a t i v e l y  long l i f e s p a n .  

South of H a r t l e p o o l  docks t h e r e  i s  low l y i n g  l and  
which i s  h e a v i l y  d r i f t  covered.  The under ly ing  
sands tones  and mudstones o u t c r o p  a s  o f f s h o r e  r e e f s ,  
such a s  Long S c a r ,  i n  H a r t l e p o o l  Bay. The Bay a c t s  as 
a s t i l l i n g  b a s i n ,  t r a p p i n g  much of t h e  southward 
moving f i n e  p a r t i c l e s  of c o l l i e r y  waste .  Dredging of 
t h e  e n t r a n c e  t o  t h e  harbour  h e l p s  t o  remove these  b u t  
a l s o  removes muds and sand from t h e  system. However a  
p r o p o r t i o n  of t h e  waste  r e a p p e a r s  on t h e  beaches t o  
t h e  sou th  being l e f t  s t r a n d e d  a s  " t i d e  l i n e s " .  Some 
of t h i s  s e a  c o a l  i s  " rec la imed"  f o r  domest ic  use  and 
t h e  r e s t  e v e n t u a l l y  d i s a p p e a r s  seaward under wave 
a c t i o n .  The c o a s t l i n e  between H a r t l e p o o l  and Sea ton  
Sands i s  undergoing e r o s i o n  and t h i s  could  w e l l  be 
a s s o c i a t e d  w i t h  t h e  d redg ing  a t  t h e  harbour  e n t r a n c e .  
Almost a l l  t h e  s t r e t c h  of c o a s t  from H a r t l e p o o l  t o  
Seaton Carew i s  p r o t e c t e d  by c o n c r e t e  and masonry 
w a l l s .  Those t o  t h e  n o r t h  a r e  ve ry  o l d  and p a r t l y  
r e c o n s t r u c t e d  and t h e  s i t u a t i o n  i s  now made worse by 
t h e  lower ing of beach l e v e l s  a t  t h e i r  t o e .  From 
Seaton Carew t o  t h e  North Gare breakwater  a t  t h e  mouth 
of t h e  Tees t h e r e  i s  a  wide sand beach backed by 
e x t e n s i v e  dunes.  The d r i f t  of sand i n  Har t l epoo l  Bays 
and i n  t h e  n o r t h  p a r t  of Tees Bay i s  i n  a  southward 
d i r e c t i o n .  The sand dunes n o r t h  of t h e  Tees e n t r a n c e  
a r e  of b o t a n i c a l  i n t e r e s t  and t h e  a r e a  i s  des igna ted  
SSSI. 

Tees Bay a c t s  a s  a  v a s t  t r a p  f o r  sands ,  muds and s i l t s  
and t h e r e  is  i n t e r c h a n g e  between t h e  beaches and t h e  
n e a r s h o r e  s e a  bed. Th i s  i s  e v i d e n t  from t h e  
i n t e r m i t t e n t  p o l l u t i o n  of t h e  beaches by c o l l i e r y  
waste  which a l s o  a c t s  a s  a  good t r a c e r  m a t e r i a l .  Both 
t h e  beaches t o  t h e  west and t o  t h e  e a s t  of t h e  Tees 
e n t r a n c e  a r e  t h u s  a f f e c t e d  and f o r  t h i s  reason i t  i s  
necessa ry  t o  c o n s i d e r  t h e  c o a s t  from H a r t l e p o o l  t o  
S a l t b u r n  a s  p a r t  of t h e  same c o a s t a l  c e l l .  

Accre t ion  of sand has  a l s o  t a k e n  p l a c e  t o  t h e  e a s t  of 
t h e  Tees e n t r a n c e  a t  Coatham ( F i g  12), as a  r e s u l t  of 
l o c a l  r e v e r s a l  i n  t h e  g e n e r a l  southward d i r e c t i o n  of 
l i t t o r a l  d r i f t .  Here a l s o  t h e r e  is  a  wide sand beach 
and an e s t e n s i v e  dune system which i s  des igna ted  a n  
SSSI. F u r t h e r  e a s t ,  towards Redcar,  t h e  g e n e r a l  n o r t h  
t o  s o u t h  n e t  d r i f t  i s  a g a i n  e s t a b l i s h e d .  The Coast 
P r o t e c t i o n  Survey i n d i c a t e s  t h a t  t h e  sand beach a t  
Redcar has  p e r i o d s  of a c c r e t i o n  and e r o s i o n .  This  i s  
probably  l i n k e d  t o  t h e  p resence  of l a r g e  o f f s h o r e  
r e e f s .  Under normal wave and t i d a l  a c t i v i t y  t h e s e  
dampen wave energy and produce c o n d i t i o n s  conducive t o  
a c c r e t i o n .  During s torms c o i n c i d e n t  wi th  
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7 CONCLUSIONS 
There  a r e  s e v e r a l  prominent  b o u n d a r i e s  a l o n g  t h e  Nor th  
E a s t  c o a s t l i n e  which a l l o w  one t o  s u b d i v i d e  i t  i n t o  a  
number of independen t  c e l l s  w i t h  r e g a r d  t o  sediment  
t r a n s p o r t  and c o a s t a l  e n g i n e e r i n g  problems.  

S t  Abb's Head, n o r t h  of t h e  b o r d e r ,  acts as a p o i n t  o f  
d i v e r g e n c e  f o r  sed imen t  t r a n s p o r t .  Nor th  of i t  both 
s e a  bed and beach material t end  t o  be c a r r i e d  
north-westwards i n t o  t h e  F i r t h  of F o r t h .  South  of  
S t  Abb's Head t h e  movement of  s e d i m e n t s  i s  i n  a  
southward d i r e c t i o n .  The f a c t  t h a t  t h e  pocket  beaches  
i n  t h e  S t  Abb's area are n o t  e r o d i n g  r a p i d l y  i n d i c a t e s  
t h a t  t h e  c o a s t l i n e  h a s  a low r a t e  of  l i t t o r a l  d r i f t .  
S t  Abb's t h u s  forms a n a t u r a l  boundary where c o a s t a l  
p r o c e s s e s  nor th-west  of i t  t a k e  p l a c e  i n d e p e n d e n t l y  t o  
t h o s e  s o u t h  of i t .  

The whole s t r e t c h  of c o a s t  from S t  Abb's Head t o  t h e  
R i v e r  Tyne cou ld  be c o n s i d e r e d  as one u n i t  i n  t e r m s  of 
c o a s t a l  e n g i n e e r i n g  p o l i c y .  The ha rbour  arms a t  t h e  
mouth of  t h e  R ive r  Tyne a c t  a s  huge g roynes  and 
r e s t r i c t  t h e  n e t  southward  movement of beach m a t e r i a l .  
Hence c o a s t a l  d e f e n c e s  n o r t h  of t h e  Tyne have no 
s i g n i f i c a n t  e f f e c t  on t h o s e  t o  t h e  s o u t h  and v i c e  
v e r s a .  

Berwick ha rbour  which lies s o u t h  of S t  Abb's Head 
t r a p s  a p o r t i o n  of t h e  southward d r i f t  of beach 
m a t e r i a l .  I n  t h e  s h e l t e r  of  t h e  n o r t h  ha rbour  arm 
t h e r e  i s  a  l o c a l  r e v e r s a l  i n  d r i f t  d i r e c t i o n  and sand 
i s  t r a n s p o r t e d  nor thwards  from S p i t t a l  i n t o  t h e  mouth 
of  t h e  Tweed. The ha rbour  e n t r a n c e  a c t s  a s  a  t r a p  f o r  
b o t h  beach m a t e r i a l  and f i n e  s e d i m e n t s .  The d r i f t  
d i v i d e  a t  S p i t t a l  i s  an  a r e a  of e r o s i o n  and r e c l a i m e d  
l a n d  h e r e  i s  p r o t e c t e d  by a gab ion  sea wall; f u r t h e r  
e r o s i o n  is  t a k i n g  p l a c e  h e r e .  F u r t h e r  s o u t h  t h e r e  is  
a  lkm s t r e t c h  of s e a  w a l l .  T h i s  w a l l  c o n s t i t u t e s  t h e  
major  c o a s t a l  d e f e n s e  work between S t  Abb's Head and 
Berwick upon Tweed. 

South  of Berwick t h e  c o a s t l i n e  i s  open and u n p r o t e c t e d  
a s  f a r  a s  Holy I s l a n d  and h a s  few e r o s i o n  problems.  
The wide sand beaches  a r e  backed by dunes  and t h e  r o c k  
o u t c r o p s  d i m i n i s h  i n  a  southward  d i r e c t i o n .  The n e t  
l i t t o r a l  d r i f t  i s  i n  a  southward  d i r e c t i o n .  

At Holy I s l a n d  t h e  c o a s t  i s  s t r o n g l y  embayed and t h e  
a r e a  is  a  t r a p  f o r  sand and f i n e  sed imen t s .  Hany of 
t h e  sand and g r a v e l  beach d e p o s i t s  were formed by t h e  
reworking of g l a c i a l  d e b r i s  a f t e r  t h e  l a s t  I c e  Age. 
The s h e l t e r e d  a r e a s  w i t h i n  t h e  l e e  of Holy I s l a n d  and 
i n  Budle Bay s t i l l  a c t  a s  ve ry  e f f e c t i v e  s i l t  t r a p s .  
F i n e  m a t e r i a l  suspended by wave a c t i o n  and b rough t  i n  
by t h e  r a p i d l y  moving t i d a l  streams t e n d s  t o  s e t t l e  
o u t  h e r e ,  r e s u l t i n g  i n  c o n t i n u i n g  m u d f l a t  and s a l t  



marsh development.  The l a r g e  sand s p i t s  a d j o i n i n g  
Holy I s l a n d  merge i n  w i t h  a d j a c e n t  beaches.  Because 
of  t h e i r  exposed p o s i t i o n  t h e r e  i s  a g r e a t  d e a l  of 
i n t e r c h a n g e  between f o r e s h o r e  and backshore a r e a s  by 
wind a c t i o n .  The sand l i n k s  p r o j e c t  w e l l  seawards of 
t h e  o r i g i n a l  c o a s t l i n e  and a r e  a l s o  w e l l  exposed t o  
wave a c t i v i t y  from a l a r g e  o f f s h o r e  s e c t o r .  The g r o s s  
movements of beach m a t e r i a l  a r e  t h e r e f o r e  l a r g e  b u t  
t h e  n e t  southward d r i f t  i s  probably  on a modest s c a l e .  
Th i s  a r e a ,  l i k e  Berwick ha rbour  e n t r a n c e ,  shou ld  no t  
be t r e a t e d  i n  i s o l a t i o n  from a d j a c e n t  a r e a s  from a 
c o a s t  p r o t e c t i o n  p o i n t  of view. There a r e ,  however, 
few e r o s i o n  problems. 

From Holy I s l a n d  t o  h b l e  t h e r e  a r e  a s e r i e s  of sand 
bays bounded by rock p l a t f o r m s  and o f f s h o r e  r e e f s .  
There a r e  a l s o  rocky s t r e t c h e s  of c o a s t  l a r g e l y  f r e e  
of beach m a t e r i a l .  Urban development i s  v e r y  s p a r s e  
and i s  c e n t r e d  around a number of s m a l l  f i s h i n g  
ha rbours .  L i t t o r a l  movement of beach m a t e r i a l  i s  
l a r g e l y  c o n t a i n e d  w i t h i n  each bay and t h e  n e t  
southward d r i f t  i s  low. C o a s t a l  de fences  a long  t h i s  
undeveloped s t r e t c h  of c o a s t  a r e  few and f a r  between 
and e r o s i o n  problems a r e  no t  s e r i o u s .  There i s  a 
l o c a l  c o n c e n t r a t i o n  of c o a s t a l  de fences  f r o n t i n g  t h e  
sand l i n k s  n o r t h  of Alnmouth and some gabion w a l l s  a t  
t h e  r i v e r  e n t r a n c e .  The e r o s i o n  i n  t h i s  a r e a  i s  n o t  
s e r i o u s .  South of Alnmouth t h e r e  i s  a l a r g e  sand 
beach and dune sys tem which has  d e f l e c t e d  t h e  mouth o f  
t h e  r i v e r  Coquet i n  a southward d i r e c t i o n .  The Coquet 
now e x i t s  through Warkworth harbour  a t  Amble. t h e r e  
i s  no ev idence  of f u r t h e r ,  more r e c e n t  d e f l e c t i o n  of 
t h i s  r i v e r  i n  a southward d i r e c t i o n .  

Ainble i s  a s m a l l  mining town and c o a s t a l  d e f e n c e s  a r e  
c e n t r e d  on t h e  promontory on which i t  i s  s i t u a t e d .  
C o a s t a l  e r o s i o n  problems a r e  no t  s e r i o u s .  

South  of Amble t h e  bays a r e  more open than  t h o s e  t o  
t h e  nor th .  Rock promontor ies  and r e e f s  a r e  l e s s  w e l l  
developed,  hence t h e r e  i s  more i n t e r c h a n g e  of beach 
m a t e r i a l  between a d j a c e n t  bays.  For  example, 
d i s p e r s i o n  of c o l l i e r y  waste  from t h e  d i s p o s a l  p o i n t  
i n  Lynemouth Bay p o l l u t e s  t h e  beaches s o u t h  t o  B ly th  
and beyond. Sand winning a t  t h e  s o u t h  end of Drur idge  
Bay i s  t a k i n g  p l a c e  d e s p i t e  t h e  damage which t h e  
a d j a c e n t  dune sys tem h a s  s u f f e r e d .  Continued f u t u r e  
e x t r a c t i o n  and o v e r g r a z i n g  of t h e  mature dunes by 
c a t t l e  may pose s e r i o u s  e r o s i o n  problems i n  t h e  
f u t u r e .  

From Lynemouth s o u t h  t o  t h e  r i v e r  Tyne t h e  c o a s t  
becomes i n c r e a s i n g l y  i n d u s t r i a l i s e d  and t h e r e  i s  a 
heavy c o n c e n t r a t i o n  of urban development.  There a r e  
s u b s t a n t i a l  s t r e t c h e s  of c o a s t a l  de fences  a t  t h e  towns 
of Newbiggin, B l y t h ,  Seaton S l u i c e  and Whitley Bay. 



Both beach and backshore e r o s i o n  is  widespread,  
p a r t i c u l a r l y  a t  t h e  sou thern  ends  of each "defended" 
s t r e t c h  of c o a s t .  For example, beach and dune e r o s i o n  
i s  c u r r e n t l y  t a k i n g  p lace  sou th  of t h e  promenade a t  
B ly th  and a long  t h e  p r o t e c t e d  f r o n t a g e  a t  Newbiggin. 
I n  both a r e a s  c o a s t a l  de fences  have e i t h e r  r e c e n t l y  
been completed o r  a r e  under des ign .  While l i t t o r a l  
d r i f t  i s  g e n e r a l l y  low t h e r e  i s  c l e a r l y  i n t e r c h a n g e  of 
beach m a t e r i a l  between a d j a c e n t  bays. Thus t h e  c o a s t  
between Amble and the  Tyne should be t r e a t e d  a s  a n  
i n t e r d e p e n d e n t  u n i t .  

The p i e r s  a t  t h e  e n t r a n c e  t o  t h e  r i v e r  Tyne extend t o  
a  dep th  of abouth 10 metres  below Char t  Datum, t h a t  i s  
w e l l  beyond t h e  l i m i t  of onshore /o f f shore  beach 
movement. Hence l i t t o r a l  d r i f t  a c r o s s  t h e  harbour  
e n t r a n c e  i s  minimal, though f i n e  seabed m a t e r i a l  i s  
probably  t r a n s p o r t e d  southwards i n  suspension.  
C o a s t a l  de fences  n o r t h  of t h e  Tyne w i l l  have 
n e g l i g i b l e  e f f e c t  on t h e  beaches s o u t h  of t h e  Tyne, 
and v i c e  v e r s a .  The d r i f t  d i v i d e  a t  S t  Abb's Head and 
t h e  "ze ro  d r i f t  boundary" a t  t h e  Tyne make i t  
p r a c t i c a l  t o  c o n s i d e r  the  c o a s t l i n e  between a s  one 
c e l l  from a c o a s t a l  e n g i n e e r i n g  viewpoint .  

The c o a s t l i n e  between t h e  r i v e r s  Tyne and Wear should 
a l s o  be cons idered  a s  a  s i n g l e  u n i t .  L i t t l e  beach 
m a t e r i a l  i s  l i k e l y  t o  be t r a n s p o r t e d  a c r o s s  t h e  
e n t r a n c e  t o  t h e  Wear s i n c e  t h e  harbour arms extend 2km 
seawards and t o  a  dep th  of n e a r l y  10m r e l a t i v e  t o  
Char t  Datum. The t h r e e  major sand beaches a r e  
e f f e c t i v e l y  s e p e r a t e d  by rocky s t r e t c h e s  of c o a s t  and 
can  t h e r e f o r e  be cons idered  a s  s e l f  con ta ined .  
Eros ion  problems a long t h i s  s t r e t c h  of c o a s t  a r e  n o t  
s e r i o u s .  This  i s  l a r g e l y  due t o  t h e  f a c t  t h a t  urban 
development i n  t h e  n o r t h  p a r t  i s  w e l l  away from t h e  
c l i f f  edge. I n  t h e  sou th  p a r t  urban development 
w i t h i n  Whitburn Bay i s  p r o t e c t e d  by s e a  w a l l s .  
Eros ion  has  been t ak ing  p l a c e  a t  South S h i e l d s  beach 
f o r  many y e a r s .  Th i s  i s  b e l i e v e d  t o  be due t o  t h e  
p r a c t i c e  of e x t r a c t i n g  sand f o r  i n d u s t r i a l  use  a t  i t s  
s o u t h e r n  end,  near  Trow P o i n t .  Beach lowering h a s  had 
a  d e l e t r i o u s  e f f e c t  from a n  amenity viewpoint bu t  a t  
p r e s e n t  no housing o r  i n d u s t r i a l  development i s  a t  
r i s k .  There i s  l i t t l e  development a t  Marsden and t h e  
beach i s  backed by h igh  e r o s i o n  r e s i s t a n t  c l i f f s .  
The beach a t  Whitburn Bay i s  bounded by a  rocky c o a s t  
t o  t h e  n o r t h  and by t h e  harbour  p i e r s  t o  t h e  sou th  and 
i s  a l s o  b e l i e v e d  t o  be r e l a t i v e l y  s t a b l e .  

The Magnesian l imes tone  c l i f f s  between Sunderland and 
Seaham a r e  capped by boulder  c l a y  which i s  e a s i l y  
eroded.  Immediately s o u t h  of t h e  Wear t h e r e  is  heavy 
i n d u s t r i a l  development and t h e  c l i f f s  have s e a  w a l l s  
a t  t h e i r  f o o t .  The beaches a r e  g e n e r a l l y  t h i n  and 
c o n s i s t  of a  mixture  of sand and of pebbles  d e r i v e d  



from former c l i f f  e r o s i o n .  Eros ion  p r i o r  t o  
c o n s t r u c t i o n  of s e a  de fences  is  e v i d e n t  from t h e  z i g  
zag plan shape of t h e  c o a s t  i n  t h e  v i c i n i t y  of Hendon. 
South of t h i s  a  groyne system i n  r e c e n t  y e a r s  w i t h  t h e  
i n t e n t i o n  of r e t a i n i n g  the  e x i s t i n g  beach a s  f a r  a s  
t h i s  i s  p r a c t i c a b l e .  F u r t h e r  s o u t h  t h e  hard o u t c r o p  
a t  S a l t f e r n  Rocks a c t s  a s  a  n a t u r a l  groyne so  t h a t  t h e  
c o a s t  t o  t h e  s o u t h  has  tended t o  recede  f a s t e r  t h a n  
t h a t  t o  t h e  n o r t h .  Thus c o a s t a l  de fences  and n a t u r a l  
hard p o i n t s  between Sunderland and Seaham have tended 
t o  a c c e l e r a t e  e r o s i o n  t o  t h e  s o u t h  of them. Th is  
s t r e t c h  of c o a s t  should  c l e a r l y  be t r e a t e d  a s  one 
u n i t .  The harbour  arm a t  Seaham has  some a c c r e t i o n  t o  
t h e  n o r t h  of i t  though t h i s  on a  modest s c a l e .  The 
n e t  r a t e  of southward d r i f t  i s  t h e r e f o r e  moderate t o  
low. 

The harbour  arms a t  Seaham extend w e l l  seawards and 
p reven t  any major t r a n s f e r  of beach m a t e r i a l  a c r o s s  
t h e  harbour  e n t r a n c e .  From Seaham t o  B l a c k h a l l  t h e  
c o a s t l i n e  i s  h e a v i l y  d e s p o i l e d  by t h e  dumping of ve ry  
l a r g e  q u a n t i t i e s  of c o l l i e r y  waste  i n t o  t h e  i n t e r t i d a l  
zone. It would appear  t h a t  t h e  r a t e  of t i p p i n g  i s  now 
i n  balance w i t h  t h e  " d i g e s t i o n "  of t h e  c o l l i e r y  was te  
by waves and t i d a l  c u r r e n t s .  There i s  very  l i t t l e  i n  
t h e  form of c o a s t a l  defence works and indeed p a s t  
t i p p i n g  p r a c t i c e s  have l e d  t o  t h e  development of ve ry  
wide pebble beaches over  a  once sand f o r e s h o r e .  The 
beach now e x t e n d s  seawards t o  such an  e x t e n t  t h a t  wave 
a c t i o n  can c o n t i n u a l l y  work on t h e  c o l l i e r y  waste  and 
d i s p e r s e  i t  r a p i d l y  i n  a  southward d i r e c t i o n .  
However, t h e  o r i g i n a l  c l i f f  l i n e  l i e s  s t r a n d e d  w e l l  t o  
t h e  landward of t h e  i n t e r t i d a l  zone. It i s  l i k e l y  t o  
remain so  u n t i l  t h e  r a t e  of t i p p i n g  i s  reduced 
s i g n i f i c a n t l y .  The southward t r a n s p o r t  of c o l l i e r y  
waste  poses a  p o t e n t i a l  t h r e a t  t o  t h e  r e l a t i v e l y  c l e a n  
beaches t o  t h e  s o u t h  of B l a c k h a l l  Rocks. C o l l i e r y  
waste  can i n  f a c t  be found on t h e  beaches a s  f a r  s o u t h  
a s  H a r t l e p o o l  Bay and i n  s m a l l e r  q u a n t i t i e s  w i t h i n  
Tees Bay. The whole of t h e  c o a s t l i n e  from Seaham t o  
H a r t l e p o o l  should  t h e r e f o r e  be t r e a t e d  a s  one c o a s t a l  
u n i t .  There a r e  few e r o s i o n  problems i n  t h i s  a r e a  
w i t h  t h e  e x c e p t i o n  of some dune e r o s i o n  a t  t h e  mouth 
of Crimdon beck. 

H a r t l e p o o l  and Tees Bays a c t  a s  a  major s i n k  f o r  
sediments .  Following t h e  c o n s t r u c t i o n  of t h e  
breakwaters  a t  t h e  mouth of Tees ,  v a s t  q u a n t i t i e s  of 
sand accumulated both  t o  t h e  n o r t h  and t o  t h e  s o u t h  of 
t h e  Gare b reakwate rs .  Th i s  p a t t e r n  of a c c r e t i o n  
i n d i c a t e s  ve ry  l a r g e  g r o s s  movements of beach m a t e r i a l  
i n  opposing d i r e c t i o n s .  The beaches a d j a c e n t  t o  t h e  
Tees have now l a r g e l y  s t a b i l i s e d  and t h e  s c a l e  of 
beach t r a n s p o r t  i s  much more modest. There i s  a  n e t  
southward d r i f t  of m a t e r i a l  i n  both H a r t l e p o o l  and 
Tees Bays. Dredging i n  t h e  approaches  t o  H a r t l e p o o l  



harbour  i n t e r c e p t s  much of t h e  southward moving 
c o l l i e r y  waste  a s  w e l l  a s  beach m a t e r i a l .  There i s  
r eason  t o  s u s p e c t  t h a t  beaches i n  H a r t l e p o o l  Bay a r e  
being depr ived  of m a t e r i a l  a s  a  r e s u l t  of dredging i n  
t h e  approaches  t o  t h e  p o r t .  The beaches a t  Middle ton 
have been a f f e c t e d  p a r t i c u l a r l y  s e r i o u s l y  and h e r e  t h e  
s e a  w a l l s  a r e  l i k e l y  t o  be undermined i f  p r e s e n t  
t r e n d s  c o n t i n u e .  A c c r e t i o n  c o n t i n u e s  t o  t a k e  p l a c e  a t  
t h e  mouth of t h e  r i v e r  Tees though t h e  r a t e  of bu i ld  
up has now slowed down, a s  has  t h e  r a t e  of l i t t o r a l  
t r a n s p o r t  i n t o  t h e  a r e a .  E a s t  of t h e  e n t r a n c e  t h e r e  
is  s e a s o n a l  e r o s i o n  which is  caus ing  some concern  a t  
t h e  e a s t  end of Redcar. The sand beaches a t  Xedcar 
a r e  p r o t e c t e d  by s e a  w a l l s  and a  groyne sys tem,  though 
t h i s  has f a i l e d  t o  b u i l d  up beach l e v e l s  a s  much a s  
was hoped. F u r t h e r  e a s t  t h e  beach i s  u n p r o t e c t e d  and 
bou lde r  c l a y  c l i f f s  a t  i ia rske  a r e  e r o d i n g .  However, 
no development i s  immediately a t  r i s k .  The sand beach 
e x t e n d s  t o  S a l t b u r n  and f u r t h e r  movement of beach 
m a t e r i a l  i s  prevented by t h e  l a r g e  promontory of Hunts 
C l i f f .  The beach from t h e  Tees e n t r a n c e  t o  S a l t b u r n  
i s  con t inuous  and f o r  t h e  purposes  of c o a s t a l  
e n g i n e e r i n g  management should  be c o n s i d e r e d  a s  p a r t  of 
t h e  H a r t l e p o o l  and Tees Bay c o a s t a l  u n i t .  

Summarising t h e r e f o r e  our  su rvey  i n d i c a t e s  t h a t  t h e  
s t r e t c h  of c o a s t  from S t  Abb's Head t o  t h e  r i v e r  Tees 
can be cons ide red  a s  one l a r g e  c o a s t a l  c e l l .  Within  
t h i s  t h e r e  a r e  a  number of sub c e l l s  which can be 
cons ide red  a lmos t  independent  of each o t h e r  namely:- 

S t  Abb's t o  t h e  Tyne; ' 

The Tyne t o  t h e  Wear; 
The Wear t o  Seaham; 
Seaham t o  H a r t l e p o o l ;  
H a r t l e p o o l  t o  Tees Bay. 
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Fig 2 Proposed d ivision of coastline for the Macro- review 
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Legend for f igures 5 to 12 

These figures show the coastline in sections from 

St Abbes Head in the north to Tees Bay in the 

south. 
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=ig 6 Cheswick Sands to Barnburgh 
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Fig 8 Howick Haven to Snab  Point 



Fig 9 Snab Point to Tynemouth 
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Fig 10 Tynemouth to Seaham 





Fig 12 Tees Bay to Sal t  burn 






















