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1 INTRODUCTION 

In their natural state rivers are often considered to 

be in regime. This is a state of dynamic equilibrium 

where the channel dimensions are determined by 

sediment supply and type and the magnitude and 

frequency of occurrence of discharge. River 

improvement schemes often change the capacity of a 

channel to transport sediment causing areas of 

deposition and erosion. These effects lead to a long 

term maintenance commitment by the drainage authority 

to retain the design channel capacity. 

The purpose of this study is to identify the impact of 

river improvement schemes on the erosion and 

deposition of sediments with the aim of reducing the 

maintenance commitment required to maintain flood 

defence standards. The problems encountered range 

from the large scale sedimentation in the river Usk at 

Brecon where 5 to 8,000 tonnes of sediment has to be 

removed at least once a year, to bank instability 

along a 1.25 km river reach as a result of the 

deepening of the river Derwent at Matlock. 

The aim of the study is to produce guidelines for 

engineers to use so that they can take account of 

morphological changes at the design stage. 

This report describes the preliminary assessment which 

is the essential first stage of this study. 

2 WATER AUTBORITP 

SURVEY 

2.1 Execution 

A questionnaire was sent to the Welsh Water Authority 

and each of the nine English Water Authorities in 

order to assemble information on completed flood 

alleviation schemes. The information requested 



inc luded  scheme d e t a i l s ,  whether o r  no t  sediment  

problems were cons idered  a t  t h e  d e s i g n  s t a g e  and a  

subsequent  h i s t o r y  of t h e  scheme i n c l u d i n g  any 

maintenance requ i rements .  F i g u r e  1 i s  a  specimen of 

t h e  q u e s t i o n n a i r e  and F igure  2 i s  an example of a  

response  r e c e i v e d  from a  Water A u t h o r i t y .  

Completed q u e s t i o n n a i r e s  were r e c e i v e d  from seven  

Water A u t h o r i t i e s ;  t h e s e  covered a  t o t a l  of 41 

schemes. L e t t e r s  were r e c e i v e d ,  i n  r e p l y  t o  t h e  

r e q u e s t  f o r  i n f o r m a t i o n ,  from Thames Water A u t h o r i t y  

and t h e  North West Water A u t h o r i t y .  Thames Water do 

n o t  t a k e  account  of s e d i m e n t a t i o n  a t  t h e  d e s i g n  s t a g e  

of schemes, however, some poor ly  d e f i n e d  problems have 

o c c u r r e d  a s  a  r e s u l t  of r i v e r  works, The North West 

Water A u t h o r i t y  have c a r r i e d  o u t  a  l a r g e  number o f  

schemes i n  r e c e n t  y e a r s  bu t  found i t  d i f f i c u l t  t o  

i d e n t i f y  which of t h e s e  would be  of i n t e r e s t  t o  t h e  

s tudy .  Both l e t t e r s  i n v i t e d  HR s t a f f  t o  v i s i t  t o  

d i s c u s s  t h e  m a t t e r  f u r t h e r .  No r e p l y  was r e c e i v e d  

from t h e  Sou thern  Water A u t h o r i t y .  

Visits were made t o  f i v e  Water A u t h o r i t i e s  i n  o r d e r  t o  

d i s c u s s  t h e  a u t h o r i t i e s '  g e n e r a l  approach t o  t h e  

c o n s i d e r a t i o n  of sediment problems a t  t h e  d e s i g n  s t a g e  

of schemes and t o  a s c e r t a i n  t h e  t y p e s  of problems 

encountered a s  a  r e s u l t  of r i v e r  works. The 

maintenance commitment r e q u i r e d  t o  r e t a i n  d e s i g n  

c a p a c i t i e s  was a l s o  d i s c u s s e d .  Visits t o  s p e c i f i c  

schemes,  s e l e c t e d  from t h e  completed q u e s t i o n n a i r e s ,  

were combined w i t h  t h e  v i s i t s  t o  Water A u t h o r i t i e s .  

A s  wide a  range  of schemes a s  p o s s i b l e  were v i s i t e d .  

Schemes which c o n s i d e r e d  s e d i m e n t a t i o n  a t  t h e  d e s i g n  

s t a g e  a s  w e l l  a s  those  t h a t  d i d  n o t  were v i s i t e d .  

Schemes wi thou t  subsequent  problems a s  w e l l  a s  t h o s e  

w i t h  were s t u d i e d .  The aim of t h e s e  s i t e  v i s i t s  was 

t o  i d e n t i f y  schemes which shou ld  be s t u d i e d  i n  more 

d e t a i l  l a t e r  i n  t h i s  p r o j e c t .  A r e p o r t  i s  i n c l u d e d  i n  

Appendix A on each  of t h e  t h i r t e e n  schemes v i s i t e d .  



Work is still required to complete the Wacer Authority 

survey. The invitations from Thames Water Authority 

and the North West Water Authority should be taken 

up. Schemes in these two Water Authorities and also 

in the Northumberland Water Authority should be 

visited. Yorkshire and Southern Water Authorities 

should be contacted to establish their approach to 

considering sediment problems at the design stage of 

schemes and to investigate the possibility of site 

visits. 

2.2 Results 

Tables l and 2 are respectively detailed summaries of 

the schemes that were visited and the schemes that 

were not visited but for which completed question- 

naires were received. In these Tables design 

considerations have been sub-divided into sedimenta- 

tion and erosion. Sedimentation considerations 

usually relate to large-scale sediment deposition 

whilst erosion is generally only considered as a local 

phenomenon. 

Appendix B describes a statistical analysis of the 

data collected. It is concluded that the Water 

Authorities are better at judging whether 

sedimentation is likely to be a problem than they are 

at judging whether there will be erosion problems as a 

result of the river works. 

3 PROBLEMS AND 

MAINTENANCE 

A significant proportion of all river works result in 

some morphological problems. Most of these problems 

are minor and do not involve the Water Authority in a 

substantial maintenance commitment. In a few cases a 

long term and expensive maintenance commitment is 

required to retain the design standard. It is these 



schemes t h a t  a r e  of  p a r t i c u l a r  concern.  When the  

problem is one of l a r g e  s c a l e  s e d i m e n t a t i o n  t h e  

r e d u c t i o n  i n  channel  c a p a c i t y  between maintenance i s  

a l s o  of concern.  For t h e  schemes w i t h  t h e  most s e v e r e  

problems, f u r t h e r  r i v e r  works a r e  o f t e n  being 

cons idered  i n  a n  a t t e m p t  t o  reduce t h e  l e v e l  of 

maintenance.  

Problems which were a  d i r e c t  consequence of t h e  r i v e r  

works occur red  i n  3 1  of the  4 1  schemes s t u d i e d .  

Vege ta t ion  growth,  which r e q u i r e d  a  maintenance 

commitment, occur red  i n  two of t h e  remaining schemes. 

The problems encounte red  range  from l a r g e  s c a l e  

s e d i m e n t a t i o n  i n  t h e  r i v e r  Usk a t  Brecon where 5  - 8 

tonnes  of sediment h a s  t o  be removed a t  l e a s t  once a  

y e a r ,  t o  bank i n s t a b i l i t y  a l o n g  a  1 .25  km r i v e r  r e a c h  

a s  a  r e s u l t  of t h e  deepening of t h e  r i v e r  Derwent a t  

I4atlock. 

Maintenance i s  o n l y  execu ted  a s  p a r t  of a  r e g u l a r  

programme on t h e  schemes w i t h  t h e  most s e r i o u s  

problems. For a l l  o t h e r  schemes maintenance is  

ad-hoc; i t  i s  c a r r i e d  o u t  when t h e r e  h a s  been a  

s i g n i f i c a n t  r e d u c t i o n  i n  t h e  d e s i g n  channel  c a p a c i t y .  

I n  g e n e r a l ,  bank p r o t e c t i o n ,  t o  c o u n t e r  e r o s i o n ,  i s  

on ly  c a r r i e d  o u t ,  once a  scheme has  been commissioned, 

i f  f l o o d  defences  a r e  t h r e a t e n e d .  

Of t h e  water  a u t h o r i t i e s  v i s i t e d ,  on ly  t h e  South-West 

Water A u t h o r i t y  c a r r y  our  r e g u l a r  i n s p e c t i o n s  of a l l  

completed r i v e r  works t o  i d e n t i f y  maintenance 

requirements .  

The wors t  l a r g e  s c a l e  s e d i m e n t a t i o n  problem 

encountered i s  t h a t  on t h e  r i v e r  Usk a t  Brecon ( s e e  

P l a t e  1 ) .  5  - 8,000 tonnes  of g r a v e l  h a s  t o  be 

removed from a  500m r e a c h  of r i v e r  a t  l e a s t  once a  

year .  The c o s t  of t h e  sediment  removal i s  approxi-  

mate ly  £40,000. S e r i o u s  l a r g e  s c a l e  s e d i m e n t a t i o n  



problems also occur on a 80 m reach of the river 

Ecclesbourne at Duffield where 300-600 cubic metres of 

silt and gravel has to be removed every year (see 

Plate 2) and, a 1 km reach of the river Colne at East 

Mill, Colchester, where 10,000 cubic metres of silt 

had to be removed approximately ten years after the 

scheme was commissioned. In each of these schemes the 

channel cross-section had been greatly enlarged either 

by channel widening or deepening. 

Large scale sedimentation occurs in flood relief 

channels as well as the main river. Approximately 

5,000 tonnes of sediment was removed from the Cowley 

flood relief channel in Exeter in 1982183. This was 

subsequently replaced by further sediment which has 

resulted in a reduction in the capacity of the relief 

channel. The deposited sediment appears to have 

stabilised; there are no plans to carry out further 

sediment removal. 

In some cases information on the quantity of sediment 

that has been removed is uncertain as it is very rare 

for a survey to be carried out to check that all the 

intended material was removed at the construction 

stage and after any subsequent maintenance. 

Localised as well as large scale sedimentation occurs 

as the result of river works. The deposition of 

sediment on the bed of one of the culverts at the 

Grimsby Road bridge over Buck Beck is an example of 

localised sedimentation in bridge and flood relief 

culverts. The deposited sediment is only removed if 

there has been a significant reduction in the capacity 

of the culvert. 

Sediment deposition in the stilling basin downstream 

of a weir is a further example of localised sediment- 

ation. The stilling basin below the side weir at the 



head of the Trew's weir flood relief channel in Exeter 

suffers from this problem (see Plate 3). This 

sediment has to be removed every few years. The 

South-West Water Authority consider this to be an 

acceptable maintenance commitment. 

Localised sedimentation and erosion can occur at 

outfalls. The sediment deposited in this case does 

not usually result in a significant reduction in 

channel capacity so no maintenance is required. If 

serious bank erosion problems occur at outfalls some 

form of bank protection work is carried out (see Plate 

4 )  

Whilst large scale erosion (bed degradation) can 

result from flood alleviation schemes, it rarely does 

in the UK because of the type of river works. In 

general these reduce the flow velocity either by 

increasing the channel capacity or diverting a propor- 

tion of the flood flow from the main channel. Bed 

degradation could occur downstream of dams or when 

water is transferred from one river system to 

another. 

Of the schemes reported on the worst bank stability 

problems were found downstream of river structures, on 

bends and on reaches of the river which have been 

realigned. The schemes visited provided examples 

where erosion of protected as well as unprotected 

banks has occurred. The failure of interlocking 

concrete block bank protection downstream of Black 

Weir on the river Taff at Cardiff is an example of 

the former (see Plate 5 ) ,  whilst many examples of 

unprotected bank erosion can be found on the river Yeo 

as a result of the Thornford scheme (see Plate 6). 

The type of bank protection depends on the severity of 

the problem and the materials available. The most 

severe problems usually require sheet piles (see Plate 

7) or concrete walls: these are not always acceptable 



t o  l o c a l  r e s i d e n t s .  Minor e r o s i o n  problems a r e  o f t e n  

coun te red  by s t o n e  reve tments  ( s e e  P l a t e  8). I n  a r e a s  

where n a t u r a l  s t o n e  i s  not a v a i l a b l e  b u i l d i n g  w a s t e  i s  

sometimes used t o  c o n s t r u c t  t h e s e .  The Wessex Water 

A u t h o r i t y  have p l a n t e d  wi l lows t o  c o u n t e r  e r o s i o n  t h a t  

o c c u r r e d  a s  a  r e s u l t  of t h e  Thornford scheme. ( s e e  

P l a t e  9). S tone  gabions  have been used t o  p r o t e c t  

p a r t  of t h e  River  Exe i n  E x e t e r .  ( s e e  P l a t e  1 0 ) .  

Grass  h a s  been a l lowed t o  grow through t h e s e  gab ions  

t o  form what appears  t o  be a  n a t u r a l  g r a s s  covered 

bank. 

Eros ion  downstream of r i v e r  s t r u c t u r e s  such a s  w e i r s  

i s  widespread;  l a r g e  pools  o f t e n  develop.  The 

C o l c h e s t e r  d i v i s i o n  of t h e  Angl ian Water A u t h o r i t y  

f i n d  t h a t  e r o s i o n  i n  t h e s e  poo ls  becomes s t a b l e  and do 

n o t  c a r r y  o u t  bank p r o t e c t i o n .  The e r o s i o n  behind t h e  

s l u i c e  g a t e s  a t  the  head of t h e  Nayland f l o o d  r e l i e f  

channel  i s  a  f u r t h e r  example of e r o s i o n  downstream of 

s t r u c t u r e s .  Th i s  e r o s i o n  may i n  t ime r e s u l t  i n  t h e  

f a i l u r e  of t h e  s t r u c t u r e .  Eros ion  can a l s o  r e s u l t  

from f l o o d  f lows  by-passing s t r u c t u r e s ;  t h e  e r o s i o n  a t  

Henney w e i r ,  shown i n  P l a t e  11, i s  a n  example of t h i s  

problem. 

E r o s i o n  can occur  where f l o o d  r e l i e f  c h a n n e l s  r e j o i n  

t h e  main r i v e r .  T h i s  i s  i l l u s t r a t e d  by t h e  s e v e r e  

bank e r o s i o n  i n  t h e  r i v e r  S t o u r  a t  t h e  downstream end 

of  t h e  Nayland f l o o d  r e l i e f  channe l .  ( s e e  P l a t e  12) .  

T h i s  occur red  because  f l o o d  f lows from t h e  r e l i e f  

c h a n n e l  were a l lowed t o  s t r i k e  a n  u n p r o t e c t e d  bank. 

A t  t h e  downstream end of t h e  Exwick f l o o d  r e l i e f  

c h a n n e l ,  i n  E x e t e r ,  t h i s  form of e r o s i o n  was c o u n t e r e d  

by i n s t a l l i n g  b a f f l e  b locks  a t  t h e  base  of a  we i r  ( s e e  

P l a t e  13).  

Problems can  occur  when a  scheme r e s u l t s  i n  a  lower 

r i v e r  l e v e l .  Th i s  u s u a l l y  occurs  when a n  a g r i c u l t u r a l  

scheme i s  c a r r i e d  o u t  t o  improve l a n d  d r a i n a g e ,  b u t  i t  



a l s o  occurs  when a n  i n c r e a s e d  Freeboard c a n  o n l y  be 

ach ieved  by deepening t h e  channe l .  The scheme on t h e  

r i v e r  Derwent a t  Matlock,  which lowered r i v e r  l e v e l s  

by up t o  2m, r e s u l t e d  i n  l a r g e  s c a l e  bank i n s t a b i l i t y ;  

e x t e n s i v e  bank p r o t e c t i o n  was used t o  c o u n t e r  t h i s .  

The lower wa te r  l e v e l s  t h a t  o c c u r r e d  a s  a  r e s u l t  of 

t h e  Thornford  scheme caused a  r e d u c t i o n  i n  t h e  wa te r  

t a b l e  e l e v a t i o n  i n  t h e  a d j a c e n t  a q u i f e r .  T h i s  a q u i f e r  

i s  used f o r  wa te r  supp ly ;  m o d i f i c a t i o n s  t o  an  

a b s t r a c t i o n  w a l l  were r e q u i r e d  t o  a l l e v i a t e  t h e  

problem. 

The growth of a l g a e ,  weeds and l a r g e r  v e g e t a t i o n  was 

c o n s i d e r e d  t o  be a  problem i n  seven of t h e  schemes 

s t u d i e d .  R i v e r  works,  by changing t h e  v e l o c i t y  and 

d e p t h  of f low,  may encourage o r  d i s c o u r a g e  v e g e t a t i o n  

growth.  Vege ta t ion  removal i s  a  major  component of  

t h e  maintenance program of a l l  Water A u t h o r i t i e s .  I n  

s m a l l  c h a n n e l s  r eed  and weed growth i s  o f t e n  removed 

more t h a n  once a  yea r .  T h i s  c u t t i n g  and r a k i n g  w i l l  

r e s u l t  i n  t h e  removal of s m a l l  q u a n t i t i e s  of sed iment .  

The c u t t i n g  of g r a s s  and l a r g e r  v e g e t a t i o n  on t h e  bed 

and banks of f l o o d  r e l i e f  c h a n n e l s  i s  e s s e n t i a l  i f  t h e  

schemes which u t i l i s e  t h e s e  a r e  t o  o p e r a t e  success -  

f u l l y  a t  t h e i r  d e s i g n  d i s c h a r g e .  

The growth of v e g e t a t i o n  i n  c h a n n e l s  can  c a u s e  a  

r e d u c t i o n  i n  f low v e l o c i t i e s ;  t h i s  may encourage 

sediment  d e p o s i t i o n .  T h i s  t ends  t o  be a  s e a s o n a l  

problem s i n c e  h i g h  w i n t e r  f l o w s ,  when t h e  v e g e t a t i o n  

h a s  d ied  down, w i l l  e rode  d e p o s i t e d  sed iment .  

4 DESIGN 

CONSIDERATIONS 

S e d i m e n t a t i o n  o r  e r o s i o n  was e x p l i c i t l y  c o n s i d e r e d  a t  

t h e  d e s i g n  s t a g e  of 20 of  t h e  4 1  schemes f o r  which 

r e p l i e s  were r e c e i v e d .  D i s c u s s i o n s  w i t h  t h e  Water 

A u t h o r i t i e s  r e v e a l e d  p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  



f a i l u r e  t o  e x p l i c i t l y  c o n s i d e r  t h e s e  p r o c e s s e s  ar: t h e  

d e s i g n  s t a g e  of t h e  o t h e r  schemes. These e x p l a n a t i o n s  

f a l l  i n t o  two c a t e g o r i e s ,  f i r s t l y  those  due t o  d e s i g n  

p r a c t i c e ,  and secondly ,  t h o s e  due t o  p h y s i c a l  

s e t t i n g .  

The manner i n  which a  scheme is des igned  is dependent  

on t h e  d e s i g n e r s '  exper ience .  Exper ienced d e s i g n e r s  

a t t empt  t o  avoid  a l t e r a t i o n s  t o  t h e  low f low regime of 

a  r i v e r  s o  a s  t o  reduce t h e  p o t e n t i a l  f o r  subsequen t  

p r o b l e m .  T h i s  can be  achieved by t h e  c r e a t i o n  of a  

channe l  wi th  a  compound c r o s s - s e c t i o n  which l e a v e s  t h e  

low flow channel  u n a l t e r e d  b u t  i n c r e a s e s  t h e  c h a n n e l  

c a p a c i t y  a t  f l o o d  d i s c h a r g e s .  A compound c r o s s -  

s e c t i o n  i s  c r e a t e d  by t h e  c o n s t r u c t i o n  of a  f l o o d  berm 

o r  t h e  r a i s i n g  of f lood  embankments o r  w a l l s .  ( s e e  

P l a t e s  1 4  and 1 5 ) .  The use  of f l o o d  r e l i e f  c h a n n e l s  

which c a r r y  a  p r o p o r t i o n  of t h e  f l o o d  d i s c h a r g e  a r e  

a n o t h e r  way i n  which f l o o d  a l l e v i a t i o n  can be ach ieved  

wi thou t  a l t e r i n g  t h e  low f l o o d  regime of a  r i v e r  ( s e e  

P l a t e  1 6 ) .  I n  urban a r e a s  space  l i m i t a t i o n s  r a r e l y  

a l low t h e  c r e a t i o n  of a  compound channel  o r  t h e  

e x c a v a t i o n  of a  r e l i e E  channe l .  The r e q u i r e d  c a p a c i t y  

can u s u a l l y  on ly  be ach ieved  by a l t e r i n g  t h e  channe l .  

I n  t h e s e  c a s e s  s e d i m e n t a t i o n  and e r o s i o n  shou ld  be 

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

C e r t a i n  Water A u t h o r i t i e s  do n o t  e x p l i c i t l y  c o n s i d e r  

sediment ~ r o b l e m s  a t  t h e  d e s i g n  s t a g e  because of t h e  

n a t u r e  of t h e  m a j o r i t y  of r i v e r s  i n  t h e i r  r e g i o n .  

T h i s  i s  u s u a l l y  because of t h e  low n a t u r a l  sediment 

c o n c e n t r a t i o n s  i n  t h e  r i v e r s .  Any problems r e s u l t i n g  

from schemes on t h e s e  r i v e r s  w i l l  t a k e  a  long  t ime t o  

develop.  The South-West Water A u t h o r i t y  do n o t  

c o n s i d e r  sediment problems because ,  t y p i c a l l y ,  t h e i r  

r i v e r s  a r e  s t e e p  and f a s t  f lowing.  On t h e s e  r i v e r s  

e r o s i o n  shou ld  be cons idered  a t  t h e  d e s i g n  s t a g e  and 

s e d i m e n t a t i o n  shou ld  be c o n s i d e r e d  i f  a  scheme w i l l  

r e s u l t  i n  a r e d u c t i o n  i n  f low v e l o c i t y .  



A wide range of approaches  has  been used f o r  

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

A t  one extreme mobile- and fixed-bed h y d r a u l i c  models 

and numerical  mobile-bed r i v e r  models were used w h i l s t  

a t  t h e  o t h e r  t h e  f a c t  t h a t  a  problem w i l l  e x i s t  a s  t h e  

r e s u l t  of a  scheme i s  i d e n t i f i e d  bu t  no a t t e m p t  i s  

made t o  q u a n t i f y  the  magnitude of t h e  problem. T h i s  

l a t t e r  approach i s  worse than  f a i l i n g  t o  c o n s i d e r  

p o t e n t i a l  sediment  problems. Once a  problem has been 

i d e n t i f i e d  i t s  magnitude must be a s c e r t a i n e d  s o  t h a t  

t h e  maintenance r e q u i r e d  t o  r e t a i n  t h e  d e s i g n  channe l  

can  be e s t i m a t e d .  I d e a l l y  t h e  reason  f o r  t h e  problem 

s h o u l d  be i d e n t i f i e d  and ,  i f  p o s s i b l e ,  i t  shou ld  be 

coun te red  by modifying t h e  planned scheme. 

Mobile-bed h y d r a u l i c  models a r e  used t o  i n v e s t i g a t e  

bo th  l a r g e  s c a l e  and l o c a l  s e d i m e n t a t i o n  and e r o s i o n .  

They have been used t o  i d e n t i f y  a r e a s  of p o t e n t i a l  

s c o u r  and a c c r e t i o n  and a l s o  t o  a s s e s s  ways i n  which 

t h e  c a p a c i t y  of a  channel  c a n  be i n c r e a s e d  e.g. by 

channe l  widening o r  t h e  u s e  of a  f l o o d  r e l i e f  channe l .  

A t  t h e  d e s i g n  s t a g e  of t h e  Exwick f l o o d  r e l i e f  

c h a n n e l ,  E x e t e r ,  a  mobile-bed h y d r a u l i c  model was used 

t o  s t u d y  t h e  d i s t r i b u t i o n  of f low between t h e  r i v e r  

Exe and t h e  planned r e l i e f  channe l .  The model i l l u s -  

t r a t e d  t h a t  a Crump weir  c o n s t r u c t e d  a c r o s s  t h e  r i v e r  

and a  s i d e  s p i l l  weir  c o n t r o l l i n g  f low i n t o  t h e  r e l i e f  

channe l  would n o t  p rov ide  a  s a t i s f a c t o r y  d i s t r i b u t i o n  

of f low. During f l o o d  p e r i o d s  t h e  sediment l o a d  i n  

t h e  r i v e r  channe l  downstream of t h e  r i v e r  s t r u c t u r e  

would be unchanged w h i l s t  f lows would be diminished.  

A c c r e t i o n  would occur  i n  t h e  r i v e r  downstream of t h e  

w e i r .  These a c c r e t i o n  problems were minimised by t h e  

a d o p t i o n  of a  r e v i s e d  scheme i n  which f low,  i n  t h e  

r i v e r  channe l ,  i s  c o n t r o l l e d  d u r i n g  f l o o d  p e r i o d s  by 

a u t o m a t i c a l l y  c l o s i n g  s l u i c e  g a t e s .  One d i f f i c u l t y  

w i t h  mobile-bed h y d r a u l i c  models i s  o b t a i n i n g  s c a l e d  

bed sediment which bo th  a d e q u a t e l y  r e p r e s e n t s  and 

behaves i n  a  s i m i l a r  manner t o  t h a t  i n  t h e  p r o t o t y p e .  



Fixed bed hyd rau l i c  models have been used t o  i d e n t i f y  

p o t e n t i a l  e r o s i o n  problems r e l a t e d  t o  a  planned 

scheme. A t  t h e  de s ign  s t a g e  of the  Ca rd i f f  Elood 

r e l i e f  scheme a  h y d r a u l i c  model was used t o  i n v e s t i -  

g a t e  t h e  e f f e c t  of d i f f e r e n t  channe l  mod i f i c a t i ons  on 

t h e  hyd rau l i c  jump downstream of Black weir .  A de s ign  

was chosen which ensured t h a t  t h e  hyd rau l i c  jump was 

s t a b l e  w i th in  t h e  s t i l l i n g  b a s i n  i n  o r d e r  t o  reduce 

downstream e ro s ion .  The h y d r a u l i c  model used a t  t h e  

de s ign  s t a g e  of t h e  Trew's weir  scheme i n  Exe te r  

i l l u s t r a t e d  t h a t  f low over  t h e  s i d e  weir i n t o  the  

f lood  r e l i e f  channel  took t he  form of a  powerful 

s t r e am which would r e s u l t  i n  e r o s i o n .  Ways of 

d i f f u s i n g  the  f low by us ing  b a f f l e  b locks  a t  the  ba se  

of the  weir  were i n v e s t i g a t e d  us ing  t he  model. 

Flow v e l o c i t i e s  can be measured a t  a l l  p o i n t s  w i t h i n  a  

f ixed-bed h y d r a u l i c  model. Using t h e s e  measurements 

the l o c a t i o n s  most s u s c e p t i b l e  t o  e r o s i o n  can be 

i d e n t i f i e d  and d e c i s i o n s  on the  s t r e n g t h  of bank 

p r o t e c t i o n  r equ i r ed  taken .  I n  t he  Trew's weir scheme, 

E x e t e r ,  d i f f e r e n t  s t r e n g t h s  of bank p r o t e c t i o n  i n  t h e  

s t i l l i n g  ba s in  a t  t h e  head of t h e  r e l i e f  channel  were 

based on hyd rau l i c  model v e l o c i t y  measurements. J u s t  

downstream of t he  s i d e  we i r ,  where t h e  h i g h e s t  velo- 

c i t i e s  were recorded ,  s h e e t  p i l i n g  was used w h i l s t  

f u r t h e r  downstream t h e  bank p r o t e c t i o n  c o n s i s t e d  of 

s t o n e  revetments .  ( s e e  P l a t e  17) .  

Numerical mobile-bed r i v e r  models d i v i d e  t he  l e n g t h  of 

r i v e r  covered by a  scheme i n t o  a  number of reaches ;  

w i t h i n  each reach  t h e  flow and sediment t r a n s p o r t  i s  

c a l c u l a t e d .  They al low changes i n  both t h e  bed 

e l e v a t i o n  and t h e  composi t ion of bed m a t e r i a l  t o  be 

p r ed i c t ed .  I n  t h e  c a s e  of a g r a d a t i o n  t he se  models 

a l low the s i z e  of maintenance commitment t o  be 

a s c e r t a i n e d .  Loca l i s ed  e f f e c t s  such a s  e r o s i o n  round 

b r i dge  p i e r s  and bank i n s t a b i l i t y  cannot be  p r e d i c t e d  

u s ing  numerical  mobile-bed r i v e r  models. 



The use of physical and numerical models complement 

each other. Physical models are appropriate for local 

erosion and accretion problems whilst numerical models 

are appropriate for large scale bed agradation or 

degradation problems. Physical models allow the 

locations at which bank protection is required to be 

identified. The size of a sediment removal 

maintenance commitment can be ascertained using 

numerical models. 

The effect of a planned scheme can also be estimated 

by predicting the effect it has on the tractive force 

on the river bed. The tractive force is a measure of 

the pull of the water on the bed in the direction of 

the flow; an increase in tractive fore results in an 

increase in the potential for erosion whilst a 

decrease results in an increase in the potential for 

deposition. The tractive force is dependent on the 

hydraulic radius and the bed slope; by knowing how a 

scheme will effect these parameters the effect on the 

tractive force can be calculated. Sediment transport 

rates can be obtained from the tractive force by using 

a bed load formula such as that developed by Du Boys. 

The effect on tractive force of the scheme designed 

for the river Usk at Brecon was calculated. It was 

shown that the tractive force would increase upstream 

of Llanfaes bridge and decrease downstream of the 

bridge. No estimate of the effect these changes would 

have on sediment transport rates was however made. It 

was accepted that maintenance would be required as a 

result of the scheme but due to shortcomings in the 

modelling approach the magnitude of this commitment 

was not quantified. Detailed monitoring of river 

morphology was proposed in order to estimate the size 

of the maintenance commitment. As with numerical 

mobile-bed river models, tractive force calculations 

only allow large scale sedimentation and erosion 

effects to be ascertained. 



At the design stage of some schemes flow velocity 

calculations are made so that the locations where bank 

protection is required can be identified. The South- 

West Water Authority always uses this method for 

ascertaining the strength of required bank protection 

when a scheme alters the low flow regime of a river. 

In the Colchester division of the Anglian Water 

Authority schemes are designed with the aim of 

limiting the maximum velocities in order to reduce the 

potential for subsequent large scale erosion. This is 

usually achieved by the construction of new weirs. 

Potential energy losses, and thus erosion problems, 

are concentrated at these structures. These 

localised erosion problems can be countered by bank 

protection. 

In some cases sedimentation and erosion are 

considered in a very crude way without doing any 

calculations. The decision not to realign a channel 

is an example of this approach. The Buck Beck 

improvement scheme involved the deepening and widening 

of the channel to increase its capacity. Channel re- 

alignment was not carried out in an attempt to avoid 

subsequent problems. In the case of Buck Beck this 

approach appears to have been successful. 

At the design stage of some schemes the large scale 

effect of the scheme on the river channel is not 

considered but the local effect at structure is 

analysed. This can be done both numerically and by 

making scale models of the structure and testing them 

in a flume. 



5 CONCLUSIONS AND 

RECOWNDATIONS 

5.1 Conc lus ions  

1. Sediment problems c r e a t e d  a s  a  r e s u l t  of r i v e r  

works can  l e a d  t o  l a r g e  and unexpected 

maintenance commitments. These problems cou ld  i n  

many c a s e s  have been a n t i c i p a t e d  and i n  some 

c a s e s  avoided.  

2 .  Sedimenta t ion  o r  e r o s i o n  was e x p l i c i t l y  

c o n s i d e r e d  a t  t h e  d e s i g n  s t a g e  of 20 of  t h e  41 

schemes s t u d i e d .  

3. Problems which were a  d i r e c t  consequence of t h e  

scheme were i d e n t i f i e d  i n  3 1  of  t h e  4 1  schemes 

s t u d i e d .  

4. These problems ranged  from l a r g e  s c a l e  sediment-  

a t i o n  t o  bank i n s t a b i l i t y  o v e r  a  long  r i v e r  

r each .  

5. Water A u t h o r i t i e s  a r e  b e t t e r  a t  judging whether  

s e d i m e n t a t i o n  problems w i l l  occur  a s  t h e  r e s u l t  

of a  scheme than they a r e  a t  judging whether  

e r o s i o n  problems w i l l  r e s u l t .  

6. Sediment c o n s i d e r a t i o n s ,  a t  t h e  d e s i g n  s t a g e  of  

r i v e r  works, u s u a l l y  r e l a t e  t o  l a r g e  s c a l e  

sediment  d e p o s i t i o n  w h i l s t  e r o s i o n  i s  o n l y  

c o n s i d e r e d  a s  a  l o c a l  phenomenon. 

7. The major r eason  s e d i m e n t a t i o n  o r  e r o s i o n  i s  n o t  

c o n s i d e r e d  i s  because  t h e  scheme i s  des igned  s o  

a s  n o t  t o  a l t e r  t h e  low flow regime of t h e  r i v e r  

o r  because  of t h e  n a t u r e  of t h e  m a j o r i t y  of 

r i v e r s  i n  a n  area. 



8. For some schemes sedimentation was identified as 

being a problem but no attempt was made to 

estimate its magnitude. 

9. Both large scale and localised sedimentation 

problems result from river works. The most 

serious large scale sedimentation problems are 

associated with schemes in which the channel 

cross-section is greatly enlarged. 

10. When large scale sedimentation problems occur a 

significant, and very expensive, maintenance 

commitment is often required to retain the design 

standard. 

11. Because most UK river works result in a reduction 

in flow velocities large scale bed degradation is 

rarely a problem. 

12. Maintenance, of all schemes except those with the 

most severe problems is in general, 'ad-hoc'. 

13. Only the South-West Water Authority regularly 

inspect completed schemes. 

14. Techniques ranging fron the use of physical and 

numerical models to very crude consideration of 

sedimentation are used at the design stage of 

schemes. 

15. Physical models allow local effects to be 

identified whilst numerical models are 

appropriate for the consideration of the large 

scale effects of a scheme. 

5.2 Recommendations 

1. The Water Authority survey described in Section 

2.1 should be conpleted. 



2. Sedimentation should be considered at the design 

stage of any scheme which results in alterations 

to the low flow regime of a regime. 

3. If sediment deposition is identified as being a 

potential problem the magnitude of the problem 

and the maintenance commitment required to retain 

the design capacity should be estimated. 

4. Completed schemes should be inspected regularly. 

5. A post-construction survey of each scheme should 

be carried out to provide a baseline for future 

surveys. 

6. When sediment removal is carried out the affected 

reach should be surveyed. 

7. Some of the schemes described in Appendix A 

should be studied in more detail. Field work is 

required to better define the problem. The 

morphological behaviour of the schemes should be 

modelled and methods of reducing the maintenance 

commitment investigated. 
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Were s e d i m e n t  
p rob lems  c o n s i d e r e d  

- - - - - - - - - A -  1 yes 

BRECON FLOOD A L L E V I A T I O N  SCHEME 

D a t e  

Type o f  v o r k  
c a r r i e d  o u t  

1983 

Channel  e n l a r g e m e n t  and r e - e r a d i n g  and 
c o n s t r u c t i o n  o f  f l o o d  embankments and w a l l s  
.- 

Has m a i n t e n a n c e  b e e n  
n e c e s s a r y 7  I 

I f  s o ,  i n  wha t  way7 

I f  s o ,  what  was t h e  
n a t u r e  o f  t h e  problem7 

I 

Morpho log ica l  a n a l y s i s  o f  r i v e r  Usk a t  
Brecon by C o n s u l t a n t s  and a n a l y s i s  o f  e f f e c t s  
of  proposed scheme. 

Yes, t w i c e  s i n c e  c o m p l e t i o n  o f  scheme i n  1983 

E x c e s s i v e  a c c u m u l a t i o n s  o f  g r a v e l  i n  r i v e r  
c h a n n e l  w i t h i n  t h e  e x t e n t  o f  t h e  scheme. 

F u r t h e r  i n f o r m a t i o n  
o n  d e s i g n  o f  acheme,  
i f  a v a i l a b l e  

C o n s u l t a n t s  r e p o r t  a v a i l a b l e .  

Who t o  c o n t a c t  f o r  
f u r t h e r  i n f o r m a t i o n  

A .  Abrams, Area Land Dra inage  E n g i n e e r ,  
W W A  Sou th  E a s t  D i v i s i o n ,  Nelson.  































APPENDIX A 

Report on schemes visited 

A.l Buck Beck Anglian Water Authority: Lincoln Division 

improvement 

scheme Aim - 

Intensive urbanisation of the catchment was planned 

over the 25 year period from 1975 to 2000. The scheme 

was designed to increase the channel capacity, over 

that part classed as main river (6.8km), to contain 

the 100 year flood from the urbanised catchment. The 

100 year flood discharge, once urbanisation is 

complete, was estimated as approximately 28 cumecs. 

Design considerations 

Sedimentation 

Not considered at the design stage. It is not 

perceived to be a problem in this or any other of the 

rivers covered by the Lincoln division of the AWA. 

Bank stability 

Considered at the design stage. Bank protection of 

different kinds was installed at bridges and on bends 

e.g. stone revetment (Grimby Road bridge), sheet 

metal piles (Louth Road bridge) and timber planking 

(Kings Road bridge). River realignment was not 

carried out in order to avoid erosion and bank 

stability problems. 

Scheme details 

The existing tidal doors were modified and a new set 

installed. These close at high tides to stop tidal 



flow up the river. High river discharge can force the 

doors open at any tidal level. Throughout its length 

the river was deepened and widened to increase its 

capacity. A compound cross-section was created by 

constructing flood berms and raising flood 

embankments. Several new bridges with associated 

concrete culverts were constructed. The scheme was 

both designed and constructed by the AWA. 

Construction started in 1975; the river works were 

completed by 1979 and the bridge works by 1983. The 

scheme costs approximately flm. Two-thirds of the 

money was provided by Cleethorpes council and 

one-third by MAFF. 

Subsequent problems 

Very few problems are evident. The bed of one of the 

two culverts at Grimsby Road bridge has been covered 

with sediment but this is not significantly reducing 

the culverts capacity. There is weed growth 

throughout the channel. 

Maintenance 

Regular weed cutting and raking is carried out - this 
will result in the removal of a small amount of 

sediment. 

A.2 River Usk at Welsh Water Authority: South Eastern Division 

Brecon 

Aim - 

A flood in December 1979 caused extensive flooding in 

Brecon. This flood had a discharge of 610 cumecs and 

a return period of 45 years. Analysis revealed that 

existing -flood defences would only protect agalnst the 

15 year flood which has a discharge of 490 cumecs. A 



scheme was d e s i g n e d  t o  reduce  t h e  f requency  of 

f l o o d i n g  t o  once e v e r y  100 y e a r s .  The 100 yea r  f l o o d  

h a s  a  d i s c h a r g e  of 685 cumecs. 

Design C o n s i d e r a t i o n s  

Both s e d i m e n t a t i o n  and e r o s i o n  were c o n s i d e r e d  a t  t h e  

d e s i g n  s t a g e  by a n a l y s i n g  t h e  e f f e c t  t h e  scheme had on 

t h e  t r a c t i v e  f o r c e  a t  t h e  r i v e r  bed. I t  was conc luded  

t h a t  t h e r e  would b e  e r o s i o n  upst ream and d e p o s i t i o n  

downstream of  L l a n f a e s  b r i d g e  a s  a  r e s u l t  of  t h e  

scheme. No a t t e m p t  was made t o  q u a n t i f y  t h e  volume of 

m a t e r i a l  i n v o l v e d  i n  t h e s e  p r o c e s s e s .  It  was 

a c c e p t e d ,  a t  t h e  d e s i g n  s t a g e ,  t h a t  some main tenance  

would be needed. D e t a i l e d  m o n i t o r i n g  of r i v e r  

morphology was proposed t o  d e c i d e  t h e  form and 

f requency  of  t h e  main tenance . .  

Scheme d e t a i l s  

The scheme was des igned by S i r  M Macdonald 6 P a r t n e r s  

e n g i n e e r i n g  c o n s u l t a n t s .  There  is a  s i g n i f i c a n t  

d i f f e r e n c e  between what was proposed and t h e  work 

a c t u a l l y  c a r r i e d  o u t  - t h i s  was main ly  due t o  p r e s s u r e  

from e n v i r o n m e n t a l i s t s  who d i d  no t  want a  s h o a l ,  w i t h  

e s t a b l i s h e d  v e g e t a t i o n  growth,  removed from downstream 

of t h e  b r i d g e .  As a  r e s u l t  of t h i s  p r e s s u r e  no 

c h a n n e l  works were c a r r i e d  o u t  downstream of t h e  

b r i d g e .  The i n v e r t  a t  L l a n f a e s  b r i d g e  was lowered by 

0.75m and t h e  b r i d g e  p i e r s  were s t r e n g t h e n e d .  The bed 

and banks ups t ream of t h e  b r i d g e ~ w e r e  excava ted  t o  

c r e a t e  a  new c r o s s - s e c t i o n  and bed g r a d i e n t .  T h i s  

work was c a r r i e d  o u t  a s  f a r  a s  t h e  w e i r ;  a  d i s t a n c e  

o f  approx imate ly  500m. F l o o d w a l l  h e i g h t ,  bo th  up and  

downstream of  L l a n f a e s  b r i d g e  was i n c r e a s e d  by up t o  

0.8m. New f l o o d  w a l l s  and f l o o d  embankments were 

c o n s t r u c t e d  a t  some l o c a t i o n s . .  The r i v e r  Honddu was 

r e t r a i n e d  and t h e  r i v e r  Afon T a r e l l  r e - a l i g n e d  a t  



t h e i r  c o n f l u e n c e s  w i t h  t h e  r i v e r  Usk. The scheme was 

c o n s t r u c t e d  by Welsh Water and e x t e r n a l  c o n t r a c t o r s  

I t  c o s t  approx imate ly  20.9m and was commissioned i n  

1983.  

Subsequent Problems 

Grave l  s h o a l s  form i n  t h e  c h a n n e l  upst ream of  L l a n f a e s  

b r idge  c a u s i n g  a  s i g n i f i c a n t  r e d u c t i o n  i n  t h e  d e s i g n  

channe l  c a p a c i t y .  The s o u r c e  of  t h i s  g r a v e l  i s  n o t  

c l e a r  - some must come o v e r  t h e  w e i r  ( p o s s i b l e  on ly  

d u r i n g  t h e  h i g h e s t  f l o o d s ) ,  some i s  probab ly  eroded 

from t h e  i s l a n d  downstream of  t h e  we i r  and some must 

be brought  i n t o  t h e  Usk by i t s  two t r i b u t a r i e s .  

Maintenance 

Grave l  h a s  been removed from t h e  c h a n n e l ,  bo th  up and 

downstream of L l a n f a e s  b r i d g e ,  twice  s i n c e  t h e  scheme 

was commissioned. Each t ime  5-8,000 tonnes  of g r a v e l  

were removed a t  a  c o s t  of  240,000.  The scheme was 

v i s i t e d  abou t  f o u r  months a f t e r  g r a v e l  removal - a t  

t h i s  t ime  most of t h e  s h o a l s  had been r e - e s t a b l i s h e d  

i n d i c a t i n g  t h a t  g r a v e l  removal a t  l e a s t  once a  y e a r  

w i l l  be r e q u i r e d .  Smal l  g roynes  have been c o n s t r u c t e d  

i n  an  a t t e m p t  t o  p r e v e n t  s h o a l  f o r m a t i o n .  I n  o r d e r  t o  

be s u c c e s s f u l  t h e s e  would have t o  be s o  l a r g e  a s  t o  

themselves  c a u s e  a  r e d u c t i o n  i n  channe l  c a p a c i t y .  The 

s h o a l s  c a u s e  t h e  f l o w  t o  be d e f l e c t e d  a g a i n s t  

u n p r o t e c t e d  banks - reve tment  work h a s  been c a r r i e d  

ou t  t o  c o u n t e r  t h e  r e s u l t i n g  e r o s i o n .  Because of t h e  

s i g n i f i c a n t  maintenance commitment a  f u r t h e r  s t u d y  i s  

being c a r r i e d  o u t  w i t h  t h e  aim of modifying t h e  scheme 

t o  reduce t h e  maintenance.  I t  i s  expec ted  t h a t  t h i s  

s t u d y  w i l l  p ropose  c h a n n e l  works downstream of 

L l a n f a e s  b r i d g e .  



A.3 C a r d i f f  f l o o d  Welsh Water A u t h o r i t y :  South E a s t e r n  D i v i s i o n  

r e l i e f  scheme 

A i m  - 

I n  1960 C a r d i f f  was inunda ted  by a  f l o o d  i n  t h e  R i v e r  

T a f f .  Subsequent a n a l y s i s ,  done a s  p a r t  o f ,  b u t  p r i o r  

t o ,  t h e  scheme d e s i g n ,  r e v e a l e d  t h a t  t h i s  f l o o d  had a  

d i s c h a r g e  of  850 cumecs w i t h  a  r e t u r n  p e r i o d  o f  i n  

e x c e s s  of  100 y e a r s .  A scheme was des igned  t o  p r o t e c t  

C a r d i f f  a g a i n s t  a  s i m i l a r  s i z e  f l o o d .  

Design C o n s i d e r a t i o n s  

An h y d r a u l i c  model was used t o  t e s t  a l t e r n a t i v e  

d e s i g n s  f o r  t h e  f l o o d  a l l e v i a t i o n  scheme. 

S e d i m e n t a t i o n  

T h i s  was n o t  c o n s i d e r e d  w i t h i n  t h e  h y d r a u l i c  model. 

E r o s i o n  

The e f f e c t  of  d i f f e r e n t  c h a n n e l  m o d i f i c a t i o n s  on t h e  

p o s i t i o n  of  t h e  h y d r a u l i c  jump downstream o f  Black 

Weir was a n a l y s e d .  The scheme was modi f i ed  t o  e n s u r e  

t h a t  t h e  h y d r a u l i c  jump was s t a b l e  and c o n f i n e d  t o  t h e  

s t i l l i n g  b a s i n  i n  o r d e r  t o  minimise  downstream 

e r o s i o n .  

Scheme D e t a i l s  

R i v e r  works were c a r r i e d  o u t  from P e n a r t h  b r i d g e  t o  

upst ream of  Radyr w e i r ;  a  d i s t a n c e  of  a p p r o x i m a t e l y  

9km. The c h a n n e l  was graded t o  c r e a t e  a  uniform bed 

s l o p e .  Widening was used t o  i n c r e a s e  t h e  c h a n n e l  

c a p a c i t y .  A s  p a r t  of t h e  widening some c h a n n e l  

re-a l ignment  was c a r r i e d  o u t .  The m o d i f i e d  c h a n n e l  

had a  r e g u l a r  t r a p e z o i d a l  c r o s s - s e c t i o n .  D i f f e r e n t  



forms o f  bank p r o t e c t i o n  were used t o  s t a b i l i s e  t h e  

modi f i ed  channe l  e .g .  g a b i o n s ,  c o n c r e t e  m a t t i n g .  I n  

p l a c e s  v e r t i c a l  banks had t o  be used - a t  t h e s e  

l o c a t i o n s  s h e e t  p i l e s  f r o n t e d  by c o n c r e t e  b l o c k s  were 

used a s  p r o t e c t i o n .  New f l o o d  embankments were 

c o n s t r u c t e d  and e x i s t i n g  ones  modif ied.  I n  p l a c e s  

t h e s e  f l o o d  embankments were away from t h e  r i v e r  t o  

a l l o w  f o r  o f f s t r e a m  f l o o d  water  s t o r a g e  on t h e  

f l o o d p l a i n .  O b s t r u c t i o n s  under b r i d g e s  were removed 

t o  e n s u r e  t h e  maximum p o s s i b l e  a r e a  of f low. The 

scheme was des igned  by t h e  Hydrau l ics  Research S t a t i o n  

i n  1979. 

Subsequent  Problems 

Grave l  s h o a l s  a r e  d e p o s i t e d  i n  t h e  reach  between 

C a r d i f f  b r i d g e  and t h e  Wood S t r e e t  road b r i d g e  and 

a l s o  downstream of t h e  Wood S t r e e t  r a i l  b r i d g e .  The 

c o n c r e t e  mat t ing  apron  a t  the  Wood S t r e e t  road b r i d g e  

f a i l e d  and had t o  be r e p l a c e d  by a s o l i d  c o n c r e t e  

apron .  Bank f a i l u r e s  have occur red  downstream of 

Black Weir bo th  where c o n c r e t e  b lock  bank p r o t e c t i o n  

e x i s t s  and i n  a r e a s  vhere  t h e r e  i s  no bank 

p r o t e c t i o n .  

Maintenance 

4,500-5,000 tonnes  of sediment i s  removed every  f i v e  

y e a r s  from t h e  reach  between C a r d i f f  b r i d g e  and t h e  

Wood S t r e e t  road b r i d g e .  A s  f a r  a s  t h e  Water 

A u t h o r i t y  i s  concerned t h i s  i s  an a c c e p t a b l e  l e v e l  of 

maintenance.  T h i s  q u a n t i t y  of m a t e r i a l  i s  e q u i v a l e n t  

t o  a  dep th  of approx imate ly  0.75m a c r o s s  t h e  channe l  

wid th  throughout  t h e  reach .  M a t e r i a l  up t o  1 2 "  i n  

d iamete r  has  been removed. The sediment i s  removed 

from t h e  r i v e r  b y ~ t h e  Water A u t h o r i t y .  A g r a v e l  

c o n t r a c t o r  p rov ides  t r a n s p o r t a t i o n  t o  c a r r y  t h e  

m a t e r i a l  away from t h e  s i t e .  The g r a v e l  s h o a l  

downstream of t h e  Wood S t r e e t  r a i l  b r i d g e  i s  pushed t o  



t h e  bank when maintenance i s  c a r r i e d  o u t  ups t ream,  

however, t h e  g r a v e l  i s  n o t  a c t u a l l y  removed. 

Armouring i s  c a r r i e d  o u t ,  when r e q u i r e d ,  a t  s i t e s  of  

bank f a i l u r e .  Weed growth between t h e  b l o c k s  i n  t h e  

c o n c r e t e  b lock  bank p r o t e c t i o n  h a s  t o  be k e p t  under 

c o n t r o l  t o  p r e v e n t  i t  becoming u n s i g h t l y .  

A.4 TREFOREST Welsh Water A u t h o r i t y :  South  E a s t e r n  D i v i s i o n  

ESTATE FLOOD 

PROTECTION A i m  

SCBEPIE, RIVER 

TAFF, GLAMORGAN I n  December 1960 a  f l o o d  o c c u r r e d  which r e s u l t e d  i n  

damage c o s t i n g  approx imate ly  f3m. The peak d i s c h a r g e  

of t h i s  f l o o d  was e s t i m a t e d  t o  be 715 cumecs. A 

comprehensive  f l o o d  r e l i e f  scheme was d e s i g n e d  w i t h  

t h e  o b j e c t  of c o n t a i n i n g  a  f l o o d  d i s c h a r g e  of  t h e  1960 

magni tude.  

Design C o n s i d e r a t i o n s  

A f ixed-bed h y d r a u l i c  model of  t h e  comple te  scheme was 

developed t o  a s c e r t a i n  t h e  performance of t h e  

recommended d e s i g n .  A t  t h e  upst ream end of  t h e  scheme 

bed c o n f i g u r a t i o n  and bed-load behav iour  i n  t h e  

v i c i n i t y  of power s t a t i o n  i n t a k e s  were e s p e c i a l l y  

i m p o r t a n t .  A mobile-bed h y d r a u l i c  model was developed 

f o r  t h i s  p a r t  of t h e  scheme. Using t h i s  model 

a l t e r n a t i v e  ways of i n c r e a s i n g  t h e  c h a n n e l  c a p a c i t y  

a d j a c e n t  t o  t h e  power s t a t i o n  were  i n v e s t i g a t e d .  The 

e f f i c i e n c y  o f  channe l  widening and a  by-pass c h a n n e l  

were  a n a l y s e d .  I t  was conc luded ,  from t h e  mobile-bed 

model s t u d i e s ,  t h a t  a  f l o o d  berm would a c h i e v e  t h e  

same o b j e c t i v e  w i t h  no s i g n i f i c a n t  change i n  bed 

c o n f i g u r a t i o n  a t  t h e  power s t a t i o n  i n t a k e s .  The 

mobile-bed model i l l u s t r a t e d  t h a t  a  proposed bend 

rea l ignment  would r e s u l t  i n  bank s c o u r .  Based on t h e  

model r e s u l t s  bank p r o t e c t i o n  was proposed.  



Scheme D e t a i l s  

The w e i r  a t  T a f f ' s  Well was removed and t h e  bed i n  t h e  

v i c i n i t y  of t h e  weir  was regraded .  The bed s l o p e  was 

regraded  throughout  t h e  scheme. A new weir  was 

c o n s t r u c t e d  n e a r  t h e  power s t a t i o n  i n c a k e s  a t  

Nantgarw. Channel r ea l ignment  was c a r r i e d  o u t .  A 

t r a p i z o i d a l  channel  was c r e a t e d  by c h a n n e l  widening 

and m o d i f i c a t i o n  of bank s l o p e s  - t h i s  r e s u l t e d  i n  a  

s l i g h t  i n c r e a s e  i n  c r o s s - s e c t i o n a l  a r e a .  The modi f i ed  

c h a n n e l  was s t a b i l i s e d  by u s i n g  s h e e t  p i l e  and 

c o n c r e t e  mac bank p r o t e c t i o n .  Flood banks ,  up t o  2.5m 

h i g h ,  were c o n s t r u c t e d .  A f l o o d  berm was c r e a t e d  and 

s e r v i c e  b r i d g e s  removed c l o s e  t o  t h e  power s t a t i o n  

i n t a k e s .  A s i n g l e  t r a c k  r a i l w a y  b r i d g e  was r a i s e d  by 

0.5m. Channel m o d i f i c a t i o n s  c l o s e  t o  b r i d g e s  r e s u l t e d  

i n  t h e  opening of a r c h e s  which were n o t  p r e v i o u s l y  

used.  The mul t i -arched Gwaelod-Garth b r i d g e  was 

r e p l a c e d  by a  s ing le - span  s t r u c r u r e .  The scheme was 

d e s i g n e d  and t e s t e d  by t n e  H y d r a u l i c s  Research S t a t i o n  

i n  1968. 

Subsequent  Problems 

Grave l  accumulat ion o c c u r s  w i t h i n  t h e  c e n t r a l  p a r t  of 

t h e  scheme. On one bend s h e e t  p i l e  bank p r o t e c t i o n  

h a s  f a i l e d  - t h e s e  have been r e p l a c e d  by l o n g e r  s h e e t  

p i l e s  b u t  t h e  problem has  n o t  been so lved .  

Maintenance 

During scheme construction g r a v e l  was removed e v e r y  

2-3 y e a r s .  Fol lowing commissioning t h i s  i n t e r v a l  

i n c r e a s e d  t o  once every  4-5 y e a r s .  The g r a v e l  removal 

t a k e s  approx imate ly  f o u r  weeks and i n v o l v e s  2-3,000 

tonnes  of material. T h i s  material  i s  t r a n s p o r t e d  from 

t h e  s i t e  by a  g r a v e l ~ c o n t r a c t o r .  Grave l  i s  on ly  

removed from a n  800m r e a c h  i n  t h e  c e n t r a l  p a r t  of t h e  

scheme. 



A.5 EAST MILL A n g l i a n  Water A u t h o r i t y :  C o l c h e s t e r  D i v i s i o n  

IMPROVEMENT 

SCHEME, RIVER A i m  - 
COLNE , 
COLCBESTER The scheme was d e s i g n e d  f o r  w a t e r  s u p p l y .  I t  was 

p l anned  t o  impound r i v e r  d i s c h a r g e  and e x c l u d e  t i d e s  

s o  t h a t  w a t e r  c o u l d  b e  e x t r a c t e d  and t r e a t e d  f o r  w a t e r  

s u p p l y .  The impoundment c r e a t e d  a s e v e r e  man-induced 

f l o o d i n g  problem which  had t o  b e  a l l e v i a t e d .  

N a t u r a l l y  t h e r e  i s  no f l o o d i n g  p rob lem a s s o c i a t e d  w i t h  

t h e  r i v e r  Colne  i n  C o l c h e s t e r .  A scheme was d e s i g n e d  

t o  c o n t a i n  f l o o d s  w i t h  d i s c h a r g e s  up t o  114 cumecs.  

T h i s  f l o o d  had a r e t u r n  p e r i o d  i n  e x c e s s  of  1 0 0  

y e a r s .  

D e s i g n  C o n s i d e r a t i o n s  

S e d i m e n t a t i o n  w a s  n o t  c o n s i d e r e d  d e s p i t e  t h e  f a c t  t h a t  

r i v e r  d i s c h a r g e  w a s  b e i n g  impounded which  would r e s u l t  

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

t h e  p o t e n t i a l  f o r  d e p o s i t i o n .  The f a c t  t h a t  e r o s i o n  

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

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

p o t e n t i a l .  

Scheme Detai ls  

The scheme e x t e n d s  f o r  2.75km f rom t h e  t i d a l  l i m i t  o f  

t h e  r i v e r  Co lne  a t  E a s t  M i l l  t o  Middle  M i l l .  A new 

set  o f  a u t o m a t i c  s l u i c e  g a t e s  w e r e  i n s t a l l e d  a t  E a s t  

M i l l .  These  were d e s i g n e d  t o  e x c l u d e  a l l  b u t  t h e  v e r y  

h i g h e s t  t i d e s  ( h i g h e r  t h a n  t h e  1 9 5 3  s u r g e ) .  The 

s l u i c e  g a t e s  a u t o m a t i c a l l y  open  a t  h i g h  r i v e r  

d i s c h a r g e s .  A d j a c e n t  t o  t h e  downstream p a r t  o f  t h e  

scheme t h e  f l o o d p l a i n  i s  h e a v i l y  d e v e l o p e d  r e s u l t i n g  

i n  no  p o t e n t i a l  f o r  o f f s t r e a m  f l o o d  s t o r a g e .  Here t h e  

c h a n n e l  w a s  m a s s i v e l y  e n l a r g e d  ( b y  a f a c t o r  of two) t o  

c r e a t e  a  c h a n n e l  c a p a c i t y  o f  7 1  cumecs .  A compound 



channe l  c r o s s - s e c t i o n  w i t h  a  c a p a c i t y  of  114 cumecs 

was developed by c o n s t r u c t i n g  f l o o d  embankments up t o  

2.5m h igh .  F u r t h e r  ups t ream t h e r e  was p o t e n t i a l  f o r  

o f f s t r e a m  f l o o d  s t o r a g e .  I n  t h i s  a r e a  t h e  c h a n n e l  was 

no t  modi f i ed  and t h e  f l o o d  embankments were merged 

i n t o  h i g h e r  ground. The scheme was des igned  and 

c o n s t r u c t e d  by AWA. The scheme c o s t  a p p r o x i m a t e l y  

2100,000. 

Subsequent  Problems 

S i l t  accumula tes  i n  t h e  p a r t  of t h e  scheme where t h e  

c h a n n e l  was m a s s i v e l y  e n l a r g e d .  T h i s  accumula t ion  was 

f i r s t  n o t i c e d  by a n g l e r s  whose f i s h i n g  l i n e s  were  

f o u l e d  by t h e  s i l t .  E r o s i o n  h a s  o c c u r r e d  i n  t h e  pool 

j u s t  downstream of Middle  M i l l .  T h i s  a p p e a r s  t o  be 

s t a b l e  and no bank p r o t e c t i o n  i s  planned.  

Maintenance 

Approximate ly  t e n  y e a r s  a f t e r  t h e  scheme was 

commissioned 10,000 c u b i c  m e t e r s  of s i l t  (and some 

g r a v e l )  was removed from t h e  e n l a r g e d  c h a n n e l  a t  t h e  

downstream end of t h e  scheme. The s i l t  was pumped 

from t h e  c h a n n e l  t o  form a  mound a t  a  n e a r b y  l e i s u r e  

c e n t r e .  

A.6 RIVER STOUR Angl ian  Water A u t h o r i t y :  C o l c h e s t e r  D i v i s i o n  

IMPROVEMENT, 

BUMS TO A i m  - 
COBNARD 

The o b j e c t  of  t h e  scheme was t o  p r o t e c t  a g r i c u l t u r a l  

l a n d  from f l o o d i n g  over  a  d i s t a n c e  of a p p r o x i m a t e l y  

7km. A b e n e f i c i a l  s i d e  e f f e c t  was t h a t  i t  reduced t h e  

f l o o d i n g  r i s k  i n  Bures .  A t  i t s  ups t ream end t h e  

scheme merges w i t h  t h e  Sudbury u rban  f l o o d  a l l e v i a t i o n  

scheme. A c h a n n e l  w i t h  a  compound c r o s s - s e c t i o n  and a  

c a p a c i t y  of 50 cumecs was d e s i g n e d .  I t  was o r i g i n a l l y  



25 y e a r s  b u t  i t  has  subsequen t ly  proved t h a t  t h e  

r e t u r n  p e r i o d  f o r  t h i s  f l o o d  was 5-10 y e a r s .  

Design C o n s i d e r a t i o n s  

Sed imenta t ion  was not c o n s i d e r e d  a t  t h e  d e s i g n  s t a g e .  

P o t e n t i a l  e r o s i o n  problems were combated by l i m i t i n g  

t h e  maximum f low v e l o c i t i e s .  T h i s  was ach ieved  by 

c o n s t r u c t i n g  new w e i r s  t o  reduce  v e l o c i t i e s  and 

t h e r e f o r e  e r o s i o n .  Any e r o s i o n  t h a t  does occur  w i l l  

b e  c o n c e n t r a t e d  a t  t h e  w e i r s  where bank p r o t e c t i o n  can 

be c a r r i e d  o u t .  

Scheme D e t a i l s  

To a c h i e v e  t h e  f lood  a l l e v i a t i o n  i t  was planned t o  

o b t a i n  a  4 '  f r e e b o a r d  by channe l  deepening and t h e  

r a i s i n g  of f l o o d  embankments. No channe l  widening was 

c a r r i e d  o u t .  The w a t e r  l e v e l  a t  Bures m i l l  was 

dropped by 2 '  and bed m a t e r i a l  removed from ups t ream 

of t h e  m i l l .  A t  p l a c e s  where a  4 '  f r e e b o a r d  a l r e a d y  

e x i s t e d  new w e i r s  were i n s t a l l e d .  The modif ied 

c h a n n e l  had a  c a p a c i t y  of 25 cunecs  which i s  t h e  mean 

a n n u a l  f l o o d .  A f u r t h e r  advantage of t h e  lower w a t e r  

l e v e l s  i s  t h a t  i t  improves t h e  d r a i n a g e  of a d j a c e n t  

a g r i c u l t u r a l  l a n d .  S p o i l  removed from t h e  c h a n n e l  was 

used t o  c r e a t e  a  compound c r o s s - s e c t i o n  by t h e  

c o n s t r u c t i o n  of f l o o d  embankments. The c a p a c i t y  of 

t h e  channe l  t o  t h e  t o p  of t h e  f l o o d  embankments i s  50 

cumecs. The f l o o d  embankments a r e  l a r g e s t  i n  t h e  

c e n t r e  of t h e  scheme; up t o  5 ' .  A t  some l o c a t i o n s ,  

where t h e  farmer  d i d  n o t  want f l o o d  p r o t e c t i o n ,  t h e r e  

a r e  no f l o o d  embankments. A t  t h e s e  l o c a t i o n s  s p o i l  

from t h e  channe l  was t h i n l y  sp read  over  a d j a c e n t  

farmland.  A t  Rookery bend, j u s t  downstream of Bures ,  

s h e e t  m e t a l  revetment  work was c a r r i e d  o u t .  T h i s  was 

t o  e n a b l e  t h e  c o n s t r u c t i o n  of new l a n d i n g  s t a g e s  

compat ib le  w i t h  t h e  new r i v e r  l e v e l  r a t h e r  than  a s  



bank p r o c e c t i o n .  The scheme was des igned  and 

c o n s t r u c t e d  by AWA a t  a  c o s t  of £65,000. 

Subsequent Problems 

There is e r o s i o n  upst ream of Henney wei r  where t h e  

r i v e r  by-passes t h e  we i r  a t  h igh  d i s c h a r g e s .  Weed 

growth i s  v i s i b l e  w i t h i n  t h e  channe l  a t  Henney. Coypu 

h o l e s  may r e s u l t  i n  che d e s t a b i l i s i n g  of f l o o d  

embankments. A re-survey approx imate ly  t e n  y e a r s  

a f t e r  t h e  scheme was commissioned revea led  s i l t  

d e p o s i t s .  T h i s  s i l t  may n o t  have been removed d u r i n g  

t h e  schemes c o n s t r u c t i o n .  

Maintenance 

The on ly  maintenance h a s  been g r a s s  c u t t i n g  on t h e  

f l o o d  embankments. 

A.7 NAYLAND FLOOD Angl ian Water A u t h o r i t y :  C o l c h e s t e r  D i v i s i o n  

BELIEF CRBNNBL 

A i m  - 

The scheme was des igned  t o  c a r r y  f l o o d  f lows  b e n e a t h  

t h e  improved Sudbury t o  C o l c h e s t e r  road.  The work was 

c a r r i e d  o u t  a s  p a r t  of t h e  improvement scheme f o r  t h i s  

road. A t  Nayland t h e  road c r o s s e s  a  wide f l o o d p l a i n  

which o c c a s s i o n a l l y  c a r r i e s  a  l a r g e  volume of s h a l l o w  

f l o o d  water .  S i n c e  t h e  construction of a  v iaducc  is 

ex t remely  expens ive  i t  was dec ided  t o  c o n s t r u c t  a  

b r i d g e  f o r  t h e  r i v e r  f low and a  r e l i e f  channel  f o r  t h e  

f l o o d  flow. 

Design C o n s i d e r a t i o n s  

L i t t l e  i n f o r m a t i o n  is a v a i l a b l e  abou t  t h e  scheme b u t  

i t  i s  very u n l i k e l y  t h a t  s e d i m e n t a t i o n  would have been 

cons idered  a t  t h e  d e s i g n  s t a g e .  P o t e n t i a l  e r o s i o n  



problems were c o n s i d e r e d  s i n c e  s u b s t a n t i a l  

f o u n d a t i o n s  were  used f o r  t h e  f o o t b r i d g e  which c r o s s e s  

t h e  r e l i e f  channe l .  

Scheme D e t a i l s  

A 600m r e l i e f  channe l  w i t h  g r a s s  banks and bed was 

c o n s t r u c t e d  l i n k i n g  t h e  r i v e r  S t o u r  up and downstream 

of Nayland. The r e l i e f  channe l  i s  a  wide,  s h a l l o w  

f e a t u r e  w i t h  g e n t l y  s l o p i n g  banks and a  g e n t l e  bed 

g r a d i e n t .  On t h e  bed of t h e  r e l i e f  channe l  t h e r e  i s  a  

d i t c h .  Automat ic  g a t e s ,  a t  t h e  upst ream end,  c o n t r o l  

t h e  f low i n t o  t h e  r e l i e f  channe l .  These g a t e s  a r e  

c o n t r o l l e d  by t h e  r i v e r  l e v e l  - they  g r a d u a l l y  open a s  

b a n k f u l l  d i s c h a r g e  i s  approached.  

Subsequent  Problems 

There  has  been e r o s i o n  immediate ly  behind t h e  s l u i c e  

g a t e s .  The eroded m a t e r i a l  h a s  been d e p o s i t e d  i n  t h e  

r e l i e f  channe l .  The d i t c h  on t h e  r e l i e f  c h a n n e l  bed 

h a s  been g r e a t l y  e n l a r g e d  s i n c e  t h e  scheme was 

commissioned and t h e r e  i s  s t i l l  ev idence  of a c t i v e  

e r o s i o n .  A l a r g e  s c o u r  h a s  been formed i n  t h e  bank of 

t h e  r i v e r  S t o u r  o p p o s i t e  t o  where t h e  r e l i e f  c h a n n e l  

r e j o i n s .  E x c e s s i v e  weed growth o c c u r s  w i t h i n  t h e  

r e l i e f  c h a n n e l  - r e e d s  s e v e r a l  f e e t  h i g h  were p r e s e n t  

a t  t h e  t ime  of t h e  v i s i t .  

Maintenance 

There  i s  no ev idence  of any maintenance s i n c e  t h e  

scheme was commissioned. 



A.8 RIVER YE0 - Wessex Water A u t h o r i t y  - Somerset  D i v i s i o n  

THORNFORD 

SCHEHH A i m  - 

The scheme had two independent  o b j e c t i v e s ;  f i r s t l y  t o  

a l l e v i a t e  f l o o d s  up t o  30 cumecs and,  secondly ,  t o  

lower r i v e r  l e v e l s  i n  o r d e r  t o  improve the  d r a i n a g e  of  

a d j a c e n t  a g r i c u l t u r a l  l and .  Very l i t t l e  flow d a t a  was 

a v a i l a b l e  a t  t h e  d e s i g n  s t a g e .  A 30 cumec f l o o d  was 

b e l i e v e d  t o  have a  r e t u r n  p e r i o d  of 5 y e a r s .  

Subsequent moni to r ing  has  i l l u s t r a t e d  t h a t  t h e  r e t u r n  

p e r i o d  f o r  t h i s  f l o o d  i s  much l o n g e r  than 5 y e a r s .  

T h i s  may i n  p a r t  be due t o  t h e  improvement work 

c a r r i e d  o u t  a t  Sherborne Lake. T h i s  has r e s u l t e d  i n  

t h e  l a k e  a t t e n u a t i n g  f l o o d s  by a c t i n g  a s  a  s t o r a g e  

r e s e r v o i r .  The work a t  Sherborne Lake was p a r t  o f  a  

water  supply  scheme and was c a r r i e d  o u t  independen t ly  

o f  t h e  Thornford scheme. 

Design C o n s i d e r a t i o n s  

N e i t h e r  s e d i m e n t a t i o n  o r  e r o s i o n  were cons idered  a t  

t h e  d e s i g n  s t a g e .  

Scheme D e t a i l s  

The scheme ex tends  f o r  7km downstream of  Sherborne.  

Throughout t h i s  l e n g t h  t h e  r i v e r  was deepened by 

approx imate ly  one metre .  Channel widening was a l s o  

c a r r i e d  ou t  - t h i s  was g r e a t e s t  a t  t h e  upper and lower 

ends  where t h e  channe l  width  was approx imate ly  

doubled.  At t h r e e  l o c a t i o n s  meanders wee s t r a i g h t e n e d  

t o  i n c r e a s e  flow v e l o c i t i e s  and t h u s  t r a n s i t  t imes .  

T h e r e  appears  t o  have been l i t t l e  l o e i c  t o  t h i s  

s t r a i g h t e n i n g .  Large meander l o o p s  have been l e f t  

which cou ld  e a s i l y  have been s t r a i g h t e n e d  - t h i s  may 

have p a r t l y  been' due t o  p r e s s u r e  from fa rmers  who d i d  

n o t  wish t o  l o s e  l and .  S p o i l  from t h e  channe l  was 



used to create very low, gently sloping flood 

embankments on the right bank. Old farming structures 

were removed from the channel. A bridge was modified 

by strengthening its foundations and another bridge 

was reconstructed. A throttle and bank was 

constructed towards the bottom end of the scheme to 

prevent undesirable effects on the river downstream. 

The scheme was designed and constructed by WWA at a 

cost of 2150,000. 

Subsequent Problems 

In reaches where the channel was widened andfor 

straightened a meandering low flow channel has been 

established. Silt banks and gravel shoals have been 

deposited to create a co~opound cross-section - the 
deposited material becomes coarser towards the bottom 

end of the scheme. Vegetation is established on the 

deposited material - willows up to 15' high indicate 
that some of this material was deposited very shortly 

after the scheme was commissioned. There is evidence 

of erosion where the channel has been straightened. A 

particularly bad scour can be observed where a 

straightened reach meets meander infill. One 

surprising result of the scheme was on groundwater 

levels. In places the river is cut into floodplain 

gravels. The drop in river level resulted in a 

reduction of the water table elevation. An 

abstraction well had to be deepened to counter this 

effect. 

Maintenance 

The only maintenance has been willow planting and 

stone revetment work for bank protection. The removal 

of the larger vegetation from the channel, especially 

willow growth on deposited material, is urgently 

required. The Water Authority is not concerned about 



t h e  l o s s  of d e s i g n  c a p a c i t y  due  t o  d e p o s i t i o n  s i n c e  

t h e  c h a n n e l  a p p e a r s  t o  have o r i g i n a l l y  been o v e r  

e n l a r g e d .  

8.9 RIVER Severn-Trent  Water  A u t h o r i t y :  Derwent D i v i s i o n  

ECCLESBOURNE 

AT DUFPIELD Aim - 

The scheme was d e s i g n e d  t o  p r o t e c t  D u f f i e l d  a g a i n s t  a 

100  y e a r  f l o o d  i n  t h e  r i v e r  E c c l e s b o u r n e .  

Des ign  C o n s i d e r a t i o n s  

S e d i m e n t a t i o n  was no t  c o n s i d e r e d  a t  t h e  d e s i g n  s t a g e .  

E r o s i o n  was c o n s i d e r e d  and e x t e n s i v e  bank p r o t e c t i o n  

was p lanned  as p a r t  of t h e  scheme. 

Scheme D e t a i l s  

R i v e r  works were  c a r r i e d  o u t  on a lkm r e a c h  o f  t h e  

r i v e r  E c c l e s b o u r n e  th rough  t h e  c e n t r e  of D u f f i e l d .  I n  

t h e  c e n t r a l  p a r t  of t h e  scheme t h e  r i v e r  was c o n f i n e d  

t o  a  c o n c r e t e  c h a n n e l  w i t h  v e r t i c a l  banks. V e r t i c a l  

banks  had t o  be  used  t o  o b t a i n  t h e  r e q u i r e d  c a p a c i t y  

and c o n c r e t e  w a s  used  f o r  s t a b i l i t y .  Both up and 

downstream of t h i s  c o n c r e t e  c h a n n e l  s t o n e  r e v e t m e n t  

work was c a r r i e d  o u t  t o  p r o t e c t  t h e  banks of  t h e  

n a t u r a l  c h a n n e l .  A t  t h e  downstream end of t h e  scheme 

a meander bend was s t r a i g h t e n e d  and s h e e t  p i l i n g  w a s  

i n s t a l l e d  t o  p r o t e c t  t h e  r a i l w a y .  For  a p p r o x i m a t e l y  

l O O m  ups t r eam and  50m downstream of t h e  A6 r o a d  b r i d g e  

t h e  n a t u r a l  channe l  w i d t h  was a p p r o x i m a t e l y  doub led .  

O r i g i n a l l y  t h e  widened c h a n n e l  was s p l i t  i n t o  a  low 

f low and f l o o d  c h a n n e l  by s h e e t  p i l e s .  These had t o  

be removed a f t e r  t h e  scheme was commissioned due  t o  

p r e s s u r e  f rom l o c a l  r e s i d e n t s .  Br idges  o v e r  t h e  

widened c h a n n e l  were s t r e n g t h e n e d  by u n d e r p i n i n g .  

F lood walls which merge i n t o  h i g h e r  ground were  



c o n s t r u c t e d  a t  t h e  up and downstream ends of t h e  

scheme. The scheme was des igned  and c o n s t r u c t e d  by 

STWA. 

Subsequent  Problems 

Sediment accumula tes  i n  t h e  c o n c r e t e  channe l  u p s t r e a m  

of t h e  A6 road  b r i d g e .  The s t o n e  revetment  bank 

p r o t e c t i o n  i s  being eroded - t h i s  i s  e s p e c i a l l y  bad 

where t h e  revetment  a b u t t s  t h e  s h e e t  p i l e s  t h a t  

p r o t e c t  t h e  r a i l w a y .  

Maintenance 

I n  September/October each y e a r  300-600 c u b i c  m e t r e s  of  

sed iment  a r e  removed from t h e  c o n c r e t e  channe l  

ups t ream of t h e  A6 road b r i d g e .  An a c c e s s  ramp had t o  

be c o n s t r u c t e d  t o  a l l o w  t h i s  sediment  removal.  The 

q u a n t i t y  of m a t e r i a l  removed i s  e q u i v a l e n t  t o  a  1 

met re  d e p t h  even ly  sp read  over  t h e  channe l  w i d t h  f o r  a  

d i s t a n c e  of 80m. The m a t e r i a l  i s  mainly  s i l t  b u t  

g r a v e l  up t o  2" i n  d i a m e t e r  has  a l s o  been removed. 

The sediment  t h a t  i s  removed i s  dumped by t h e  Water 

A u t h o r i t y .  The sediment problem a t  D u f f i e l d  i s  t h e  

worse  i n  t h e  d i v i s i o n  t h a t  h a s  been g e n e r a t e d  by r i v e r  

works.  The Water A u t h o r i t y  i s  l o o k i n g  a t  ways of 

r e d u c i n g  i t s  maintenance commitment. It b e l i e v e s  t h a t  

t h e  s o u r c e  of sediment '  i s  t h e  r i v e r  Ecc lesbourne  j u s t  

ups t ream of D u f f i e l d  and p l a n s  t o  c a r r y  o u t  bank 

p r o t e c t i o n  work i n  t h i s  a r e a  i n  t h e  n e a r  f u t u r e .  A 

s i t e  upst ream of D u f f i e l d  was v i s i t e d  - v e r y  bad 

e r o s i o n  was v i s i b l e  b u t  t h e  sed iment  appeared  t o  be  of 

a  s m a l l e r  s i z e  than  t h a t  d e p o s i t e d  i n  D u f f i e l d .  



A.10 BLW3R DERWENT Severn  T r e n t  Water  A u t h o r i t y :  Derwent D i v i s i o n  

AT HATLOCK 

A i m  - 

The scheme was d e s i g n e d  t o  p r o t e c t  Elat lock a g a i n s t  a 

100 y e a r  f l o o d  i n  t h e  r i v e r  Derwent. T h i s  f l o o d  h a s  a 

d i s c h a r g e  of 320 cumecs. 

Des ign  C o n s i d e r a t i o n s  

N e i t h e r  s e d i m e n t a t i o n  o r  e r o s i o n  were c o n s i d e r e d  a t  

t h e  d e s i g n  s t a g e .  Sediment  t r a n s p o r t  was n o t  

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

s o  i t  was n o t  p e r c e i v e d  t o  be a  problem. 

Scheme D e t a i l s  

It was planned t o  a c h i e v e  t h e  p r o t e c t i o n  by i n c r e a s i n g  

t h e  c h a n n e l  c a p a c i t y  o v e r  a d i s t a n c e  of 1.25km and by 

c o n s t r u c t i n g  f l o o d  walls. Throughout t h i s  l e n g t h  t h e  

r i v e r  i s  c u t  i n t o  rock  ( l i m e s t o n e ) .  On one s i d e  of  

t h e  r i v e r  t h e r e  i s  a v e r t i c a l  r o c k  f a c e  w h i l s t  on t h e  

o t h e r  t h e  A6 h a s  been c o n s t r u c t e d .  The on ly  way t h e  

r e q u i r e d  c a p a c i t y  c o u l d  be a c h i e v e d  was by d e e p e n i n g  

t h e  r i v e r  - t h i s  would c a u s e  a r e d u c t i o n  i n  water 

l e v e l  and t h u s  a n  i n c r e a s e  i n  f r e e b o a r d .  The c h a n n e l  

was deepened by b l a s t i n g ,  and t h e n  removing t h e  r o c k  

( m a t e r i a l  t h a t  had f a l l e n  from t h e  a d j a c e n t  rock  f a c e  

was a l s o  removed).  The m a t e r i a l  removed was dumped a t  

t h e  s i d e  of  t h e  r i v e r  n e a r  t h e  downstream end of t h e  

scheme. A man-made and n a t u r a l  rock  w e i r  were  removed 

a t  t h e  downstream end of t h e  scheme and t h e  c h a n n e l  

was deepened t h r o u g h o u t .  The bed l e v e l  was reduced by 

a p p r o x i m a t e l y  3m a t  t h e  downstream end of t h e  scheme 

and by l m  a t  t h e  ups t r eam end.  A s e r v i c e  b r i d g e  was 

removed and a t  a n o t h e r  b r i d g e  a p i p e  was moved f r o n  

b e n e a t h  t o  b e s i d e  t h e  b r i d g e .  E x i s t i n g  f l o o d  walls 

were s t r e n g t h e n e d  by a d d i n g  m o r t a r  t o  d r y  s t o n e  w a l l s .  



A new f l o o d  w a l l  was c o n s t r u c t e d  round a  p a r k  towards  

t h e  upst ream end of t h e  scheme. A p r e v i o u s l y  unused 

a r c h  under t h e  main road b r i d g e  was opened by t h e  

c o n s t r u c t i o n  of a  ramp and f l o o d  w a l l .  Automat ic  

g a t e s  and pumps were i n s t a l l e d  a t  t h e  mouth of  a  

t r i b u t a r y .  The g a t e s  were t o  p r e v e n t  f l o o d  w a t e r s  

f lowing  up t h e  t r i b u t a r y  from t h e  Derwent. The pumps 

enab led  f l o o d  wate r  t o  be pumped from t h e  t r i b u t a r y  

i n t o  t h e  Derwent when the  w a t e r  l e v e l  i n  t h e  Derwent 

was h i g h e r  than  t h a t  i n  t h e  t r i b u t a r y .  The scheme was 

des igned  by STWA u s i n g  an h y d r a u l i c  model. The Water 

A u t h o r i t y  c o n s t r u c t e d  t h e  scheme. 

Subsequent  Problems 

The 3-5' d rop  i n  wa te r  l e v e l  t h a t  r e s u l t e d  from t h e  

channel  deepening caused bank i n s t a b i l i t y .  Very 

s h o r t l y  a f t e r  t h e  channel  was deepened e x t e n s i v e  bank 

p r o t e c t i o n  work had t o  be c a r r i e d  o u t .  T h i s  was done 

by b o t h  t h e  Water A u t h o r i t y  and t h e  Counc i l  ( t o  

p r o t e c t  t h e  A6). Stone reve tments  and s t o n e  g a b i o n s  

were used t o  c r e a t e  s t a b l e  banks. A l o t  of  p r o t e c t i o n  

had t o  be c a r r i e d  o u t  round t h e  b r i d g e  p i e r s .  

Maintenance 

No maintenance,  o t h e r  than  t h e  bank p r o t e c t i o n  

d e s c r i b e d  above,  h a s  been c a r r i e d  o u t  s i n c e  t h e  scheme 

was commissioned. 



A.ll RIVER EXE South-West Water A u t h o r i t y  

IMPROVEMENT 

SCBEME, EXETER - A i m  

TREW'S WEIR 

FLOOD RELIEF The scheme was des igned  t o  a l l e v i a t e  f l o o d i n g  i n  

CHANNEL E x e t e r  due t o  a n  e v e n t  of  s i m i l a r  magnitude t o  t h e  

1960 f l o o d .  T h i s  f l o o d  had a  d i s c h a r g e  of  

approx imate ly  715 cumecs and a  r e t u r n  p e r i o d  of  50  t o  

100 y e a r s .  

Design C o n s i d e r a t i o n s  

An h y d r a u l i c  model was used a t  t h e  d e s i g n  s t a g e .  

Sed imenta t ion  was no t  c o n s i d e r e d  w i t h i n  t h i s  model. 

Using t h e  model a  s t i l l i n g  b a s i n ,  i n  t h e  r e l i e f  

channe l  downstream of the  s i d e  w e i r ,  was des igned  t o  

e n s u r e  t h a t  t h e  h y d r a u l i c  jump was s t a b l e  t h u s  

reducing t h e  p o t e n t i a l  f o r  e r o s i o n  downstream. Based 

on v e l o c i t i e s  measured i n  t h e  h y d r a u l i c  model bank 

p r o t e c t i o n  of  d i f f e r e n t  types  was proposed.  The model 

i l l u s t r a t e d  t h a t  f l o w  over  t h e  s i d e  weir was a  

powerful  s t ream of wa te r  which cou ld  r e s u l t  i n  e r o s i o n  

problems i n  t h e  r e l i e f  c h a n n e l .  B a f f l e  b l o c k s  a t  t h e  

base  of t h e  s i d e  we i r  were proposed t o  d i f f u s e  t h i s  

f low.  

Scheme D e t a i l s  

A f l o o d  r e l i e f  c h a n n e l  approx imate ly  lkm i n  l e n g t h  was 

excavated - t h e  m a t e r i a l  removed was spread  o v e r  

a d j a c e n t  l and .  Water e n t e r s  t h e  r e l i e f  channe l  over  a  

s i d e  we i r  j u s t  upst ream of Trews Weir. The h e i g h t  of 

t h e  s i d e  weir i s  such  t h a t  two- th i rds  of  t h e  d e s i g n  

d i s c h a r g e  i s  c a r r i e d  by t h e  r i v e r  and one- th i rd  by t h e  

r e l i e f  channe l .  Downstream of  t h e  s i d e  w e i r ,  a d j a c e n t  

t o  Trews Weir ,  a  s i d e  channe l  , w i t h  au tomat ic  g a t e s ,  

was c o n s t r u c t e d  t o  minimise t h e  amount of  f low t h a t  

goes  i n t o  t h e  r e l i e f  channe l .  A new f i s h  p a s s  f o r  



Trew's  Weir was c o n s t r u c t e d .  I n  t h e  r e l i e f  channe l  

downstream of t h e  s i d e  weir  t h e r e  i s  a  l a r g e  s t i l l i n g  

b a s i n  wi th  bank p r o t e c t i o n  of d i f f e r e n t  t y p e s  - t h e s e  

were based on v e l o c i t y  measurements a t  t h e  d e s i g n  

s t a g e .  The r e l i e f  channe l  h a s  g r a s s  banks and bed. 

The scheme was des igned  s o  t h a t  t h e r e  i s  on ly  f low i n  

t h e  r e l i e f  channel  when t h e  r i v e r  d i s c h a r g e  i s  g r e a t e r  

than  two-thi rds  t h e  d e s i g n  f lood .  A t  t h e  s i d e s  of t h e  

r e l i e f  channe l  t h e r e  a r e  two s m a l l  d r a i n a g e  d i t c h e s .  

The scheme was des igned by t h e  H y d r a u l i c s  Research  

S t a t i o n .  

Subsequent Problems 

Stone p i t c h i n g  was o r i g i n a l l y  used a s  bank p r o t e c t i o n  

a t  t h e  downstream end of t h e  s t i l l i n g  b a s i n .  Vandals 

pushed t h e s e  s t o n e s  i n t o  t h e  s t i l l i n g  b a s i n  s o  t h e y  

were r e p l a c e d  by a  g r o u t e d  s t o n e  reve tment .  A s m a l l  

q u a n t i t y  of sediment  accumula tes  i n  t h e  s t i l l i n g  

b a s i n .  

Maintenance 

The g r a s s  bed and banks of t h e  r e l i e f  channe l  a r e  

r e g u l a r l y  c u t  - g r a z i n g  sheep have a l s o  been used f o r  

t h i s  purpose.  The sediment  from t h e  s t i l l i n g  b a s i n  i s  

removed e v e r y  few years .  T h i s  removal i s  c o n s i d e r e d  

t o  be a n  a c c e p t a b l e  l e v e l  of maintenance by t h e  Water 

A u t h o r i t y .  S t r u c t u r e  maintenance i s  c a r r i e d  o u t .  The 

d r a i n a g e  c h a n n e l s  i n  t h e  r e l i e f  channe l  a r e  c l e a n e d  

o u t .  A re-survey of t h e  r i v e r  i n  1986 r e v e a l e d  t h a t  

t h e r e  had been no s i g n i f i c a n t  change i n  r i v e r  

morphology s i n c e  t h e  scheme was commissioned. 



A.12 RIVER EXg Sauth-West Water A u t h o r i t y  

IWrnVEEIENT 

SCHEME, EXETER A i m  - 
EXWICK FLOOD 

RELIEF CEANNeL The scheme was des igned  t o  p r o t e c t  t h e  Exwick a r e a  of 

E x e t e r  a g a i n s t  a  f l o o d  of s i m i l a r  magnitude t o  t h a t  

which occur red  i n  December 1960. T h i s  f l o o d  had a  

peak d i s c h a r g e  of 715 cumecs and a  r e t u r n  p e r i o d  of 50 

t o  100  y e a r s .  

Design C o n s i d e r a t i o n s  

Fixed bed and mobile h y d r a u l i c  models were used a t  t h e  

d e s i g n  s t a g e .  The mobile bed model was used t o  

i n v e s t i g a t e  p o t e n t i a l  a r e a s  of scour  and a c c r e t i o n  and  

a l s o  t o  s t u d y  t h e  d i s t r i b u t i o n  of sediment load 

between t h e  r i v e r  and t h e  r e l i e f  channe l .  Based on 

t h e  r e s u l t s  of  h i s  model i t  was decided which types  of 

bank p r o t e c t i o n  t o  use  and a  s e t  of au tomat ic  f l o o d  

g a t e s  were des igned .  

Scheme D e t a i l s  

A f l o o d  r e l i e f  channe l  from Exwick M i l l  t o  B l a c k a l l e r  

Weir,  a  d i s t a n c e  of approx imate ly  1.5km, was excavated 

- t h e  m a t e r i a l  removed was s p r e a d  over  a d j a c e n t  

pa rk land .  The r e l i e f  channel  h a s  a  compound 

c r o s s - s e c t i o n ;  t h e  lower p a r t  i s  a  c o n c r e t e  channe l  

w h i l s t  t h e  upper p a r t  h a s  n a t u r a l  g r a s s  banks. A 

c o n s t a n t  f low is main ta ined  i n  t h e  c o n c r e t e  p a r t  of  

t h e  r e l i e f  channe l  by wate r  f e d  from t h e  r i v e r  

upst ream of Exwick M i l l ;  t h i s  f low does  no t  pass  o v e r  

t h e  s i d e  we i r  a t  t h e  upst ream end of t h e  r e l i e f  

channe l .  The f low d e p t h  is  one metre  a t  t h e  upst ream 

end and two mete r s  a t  t h e  downstream end o f  t h e  r e l i e f  

channel .  A t  t h e  upstream end of t h e  r e l i e f  channe l  

t h e r e  i s  a  s i d e  we i r  and s t i l l i n g  bas in .  The s t r e n g t h  

of t h e  bank p r o t e c t i o n  i n  t h e  s t i l l i n g  b a s i n  was based 



on v e l o c i t y  measurements made i n  t h e  h y d r a u l i c  models. 

A t  i t s  downstream end t h e  r e l i e f  c h a n n e l  r e j o i n s  t h e  

r i v e r  Exe by way of a  we i r ;  b a f f l e  b l o c k s  have been 

p laced  a t  t h e  base  of t h i s  weir t o  d i f f u s e  t h e  f low 

and thus  reduce t h e  p o t e n t i a l  f o r  e r o s i o n .  Flow i n t o  

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

t h e  r i v e r .  These c l o s e  a t  b a n k f u l l  d i s c h a r g e  

(approx imate ly  240 cumecs) t o  f o r c e  f low o v e r  t h e  s i d e  

w e i r  i n t o  t h e  r e l i e f  channe l .  Approximate ly  o n e - t h i r d  

of t h e  d e s i g n  d i s c h a r g e  w i l l  remain i n  t h e  r i v e r  

w h i l s t  two- th i rds  w i l l  pass  down t h e  r e l i e f  channe l .  

A 1 1  f lows  up t o  b a n k f u l l  d i s c h a r g e  must remain i n  t h e  

r i v e r  t o  p reven t  t h e  d e p o s i t i o n  of sed iment .  The 

c o n t r o l  g a t e s  were c o n s t r u c t e d  on l and  a t  t h e  i n s i d e  

of a  bend. When t h e y  were completed t h e  r i v e r  was 

r e a l i g n e d  t o  pass  th rough  them. The scheme was 

d e s i g n e d  by t h e  H y d r a u l i c s  Research S t a t i o n .  

Subsequent  PYoblems 

E x c e s s i v e  weed growth,  below t h e  wa te r  s u r f a c e ,  i n  t h e  

r e l i e f  c h a n n e l  sometimes o c c u r s  - t h i s  i s  o n l y  a  minor 

problem s i n c e  i t  can e a s i l y  be removed. 

Maintenance 

S t r u c t u r e s  a r e  r e g u l a r l y  main ta ined  and t h e  g r a s s  

banks of t h e  r e l i e f  channe l  a r e  c u t .  A re - su rvey  of 

t h e  r i v e r  i n  1986 showed t h a t  t h e r e  had been no 

s i g n i f i c a n t  change i n  c h a n n e l  morphology s i n c e  t h e  

scheme was commissioned. 



A . 1 3  RIVER EXE South-West Water A u t h o r i t y  
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SCHEHE. EXETER. Aim 

WORKS AT 

COWLBI The scheme was des igned  t o  p r o t e c t  t h e  Cowley r e g i o n ,  

on t h e  o u t s k i r t s  of E x e t e r ,  a g a i n s t  f l o o d s  w i t h  

d i s c h a r g e s  up t o  700 cumecs. The r e t u r n  pe r iod  of a  

700 cumec f l o o d  i s  50 t o  100 y e a r s .  H y d r a u l i c a l l y  

t h i s  a r e a  i s  ve ry  complex s i n c e  f l o o d i n g  r e s u l t s  from 

t h e  i n t e r a c t i o n  of two r i v e r s ,  t h e  Exe and t h e  Creedy,  

which have d i f f e r e n t  f l o o d  regimes.  Weirs and b r i d g e s  

f u r t h e r  add t o  the  complexi ty .  

Des ign  C o n s i d e r a t i o n s  

An h y d r a u l i c  model was used a t  t h e  d e s i g n  s t a g e .  

S e d i m e n t a t i o n  was not c o n s i d e r e d  w i t h i n  t h i s  model. 

Bank p r o t e c t i o n  was proposed a t  l o c a t i o n s  where h i g h  

v e l o c i t i e s  were measured i n  t h e  model. The model 

reduced t h e  c o s t  of t h e  scheme s i n c e  i t  i l l u s t r a t e d  

t h a t  a  s i d e  w e i r  a t  t h e  upstream end of t h e  f l o o d  

r e l i e f  c h a n n e l  was n o t  r e q u i r e d .  

Scheme D e t a i l s  

A s h o r t  f l o o d  r e l i e f  channe l  was excava ted  t o  l i n k  t h e  

Exe w i t h  t h e  Creedy. The channe l  has a  n a t u r a l  bed 

and banks.  There i s  no t  a  w e i r  a t  e i t h e r  end of t h e  

r e l i e f  channe l .  A c o n s t a n t  f low approx imate ly  one 

met re  deep i s  c o n t a i n e d  w i t h i n  t h e  channe l .  The 

c r e s t s  of Exwick Weir, on t h e  Creedy,  and Cowley Weir ,  

on t h e  Exe were reduced by 2 f e e t .  The r i g h t  hand 

a r c h  of t h e  road b r i d g e  over  t h e  Creedy was opened. 

High p o i n t s  on t h e  f l o o d p l a i n  between t h e  two r i v e r s ,  

downstream of t h e  road b r i d g e s ,  were removed. S t o n e  

revetment  bank p r o t e c t i o n  was c a r r i e d  o u t  a t  l o c a t i o n s  

where t h e  g r e a t e s t  v e l o c i t i e s  were measured i n  t h e  

h y d r a u l i c  model. The scheme was des igned  by t h e  

H y d r a u l i c  Research S t a t i o n .  



Subsequent P'roblems 

E r o s i o n  has o c c u r r e d  i n  t h e  Exe upst ream of the  r e l i e f  

channe l .  Th i s  may i n  p a r t  be due t o  t h e  post-scheme 

i n s t a l l a t i o n  of water  supp ly  p i p e s  beneath  t h e  r i v e r  

bed which a r e  having a  w e i r i n g  e f f e c t .  E r o s i o n  is  

o c c u r r i n g  on t h e  bank of t h e  Exe, downstream of t h e  

road b r i d g e ,  due t o  over land  flow from t h e  Creedy. 

Sediment has been d e p o s i t e d  on t h e  nose of l a n d  

between t h e  Exe and t h e  r e l i e f  channel .  T h i s  is 

s u r p r i s i n g  s i n c e  s t o n e  revetment  work was c a r r i e d  o u t  

a t  t h i s  l o c a t i o n  because  h i g h  v e l o c i t i e s  were measured 

i n  t h e  h y d r a u l i c  model. There  i s  ev idence  of 

s e d i m e n t a t i o n  ( e x c e s s i v e  r e e d  growth) a t  t h e  l e f t  hand 

s i d e  of t h e  r e l i e f  channe l .  The r i v e r  Creedy i s  

a t t e m p t i n g  t o  c l o s e  t h e  b r i d g e  a r c h  which was opened 

a s  p a r t  of t h e  scheme. 

Maintenance 

5,000 tonnes of sediment  were removed from t h e  nose of  

l a n d  between t h e  Exe and t h e  r e l i e f  channel  i n  

1982183. M a t e r i a l  was q u i c k l y  re-deposi ted  a t  t h i s  

l o c a t i o n  and subsequen t ly  a p p e a r s  t o  have s t a b i l i s e d .  

I t  was decided n o t  t o  remove t h i s  m a t e r i a l  i n  t h e  

f u t u r e .  One metre  h i g h  s t o n e  gab ion  groynes  have been 

p laced  a t  t h e  s i d e s  of t h e  r e l i e f  channe l  t o  i n c r e a s e  

t h e  f low v e l o c i t y  a t  t h e  c e n t r e  of t h e  channe l  f o r  t h e  

f i s h .  I t  i s  u n c l e a r  what ,  i f  any,  e f f e c t  t h e s e  w i l l  

have on the  e f f i c i e n c y  of t h e  scheme. 





APPENDIX B 

Statistical analysis of scheme information 

Table B.l is a numerical summary of schemes for which 

information was assembled. It relates the number of 

schemes with sedimentation and erosion problems to 

whether or not these processes were considered at the 

design stage. This survey is not, and was never 

intended to be, comprehensive so it is very difficult 

to draw any conclusions from the components of Table 

B.l which relate to individual Water Authorities. 

However, the totals can be used for further analysis 

since they are summaries of schemes with different 

design considerations and problems from a number of 

physical regions. A difference of means test was used 

for this analysis. In order to use this test two 

random samples are assumed to have been drawn from two 

normal (or approximately normal) populations. The 

hypothesis that is tested is that these populations 

have the same mean and standard deviation. In order 

to do this the T statistic is used, where: 

- 
x1 - Z2 n s 2 +  n S* 

T = and a = J 1 1  2 

1 1 
"1 + n 2  - 2 

a J - + -  
"2 "2 

- - 
XL, S n l  and X2, S 2, n 2  are respectively the mean, 

standard deviation and size of the two random samples. 

T is distributed as students t with n l  + n 2  -2 degrees 
of freedom. For both sedimentation and erosion the 

hypothesis tested was that it makes no difference 

whether or not the process is considered at the design 

stage to the number of schemes with problems. Table 

8.2 shows the details of the statistical analysis. 

The hypothesis is rejected for sedimentation and 

accepted for erosion. It can be concluded that the 

Water Authorities are better at judging whether 

sedimentation is likely to be a problem than they are 

at judging whether there will be erosion problems as a 

result of the river works. 
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TABLE B.2: Statistical Analysis 

Sedimentation 

Hypothesis: It makes no difference, to the number of schemes with problems, 

whether or not sedimentation is considered at the design stage. 

Sample 1 (Sedimentation considered): 0,0,1,1,2,0,0 

- 
X 1  = 0.57, S l = 0.79, n 1  = 7 

Sample 2 (Sedimentation not considered): 7,2,2 ,l ,1,2 ,l 

- 
X 2 =  2.29, s 2 =  2.14, n 2 =  7 

U = 1.74, T = -1.85, v = 12 

T is significant at the 95% level. Hypothesis rejected. 

Erosion -- 

Hypothesis: It makes no difference, to the number of schemes with problems, 

whether or not erosion is considered at the design stage. 

Sample 1 (Erosion considered): 3,0,0,2,2,1,0 

- 
X 1 =  1.14, s l =  1.21, n l =  7 

Sample 2 (Erosion not considered): 5,4,2,2,0,0,0 

- 
X = 1.86, S = 2.04, n = 7 

U = 1.81, T = -0.74, v = 12 

T is not significant at the 95% level. Hypothesis accepted. 






