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ABSTRACT

Thie rcport sunieriees the reaultc of a programc of work deaigned to:

(a) predict the hydraulic perforoanee of certaia engioecring structurea
in riverg end their conEeqscnces to the eavirooncnt; to optiniae the
deeign of the structurea ia terme of oefety and €cooonlo

(b) inprove techniquee for thc predict ioa of:

scdiment loeds eotering rceervoirs; the aggradation, dcgradatioa and
local lcour aeeociated uitb dane and othcr structureo; and the loog
tera Etability of flood relief chanaele or other neo-raade
ratersey8.

The sorL sac carried out uoder Cootact PECD 7l7l2g-2}4183, funded by the
Departneat of the Enviroonent.

A detailed account of the vork carried out under eacb part of the programe
hac been provided in ceparate reports.  Thege are l ieted io the appendir  of
th ie  repor t .
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1 rlftRoDuclrox

This report  descr ibes work part ly supported under

Contract PE}DTlTl29-204183, funded by the DePartment

of the Environment. This was a prograulme of work

des igned to :

(a) predict  the hydraul ic performance of certain

engineering structures in r ivers and their

consequences to the environment;  to

opt im ise  the  des ign  o f  the  s t ruc tu res  in

terms of safety and economyl

(b )  improve techn iques  fo r  p red ic t ion  o f :

sed imen t  l oads  en te r i ng  rese rvo i r s  I  t he

agg rada t i on ,  deg rada t i . on  and  l oca l  scou r

assoc ia ted  w i th  dams  and  o the r  s t ruc tu res ;

sed imen t  exc lus ion  a t  i n takes l  and  the  l ong

t e r m  s t a b i l i t y  o f  f l o o d  r e l i e f  c h a n n e l s  o r

other  man-made waterways .

The terms of  reference for  the study rdere:

(a )  Vo r tex  i nh ib i t o r s

Vor t i ces  a t  reservo i r  o r  pump in takes  may

severe ty  l in i t  the  opera t ion  and e f f i c iency

o f  s u c h  i n s t a l l a t i o n s .  A n  e x i s t i n g  l a r g e

exper imenta l  fac i l i t y  w i l l  be  used to  s tudy

the  fo rura t ion  o f  vor t i ces  I  and a  sys temat ic

study of the comparat ive performance of

var ious  des igns  o f  vor tex  inh ib i to rs  w i l l  be

c a r r i e d  o u t .  T h e  r e s u l t s  w i l l  b e  r e l a t e d  t o

ear l ie r  work  a t  HR L imi ted  and e lsewhere  on

vor tex  fo rmat ion  and suppress ion .



(b )  Energy  d iss ipa tors

Certain types of design of dam spi l lway and

other  reservo i r  ou t le ts  resu l t  in

f r e e - f a l l i n g ,  h i g h  e n e r g y  j e t s  o f  w a t e r

inpac t ing  on to  a  so l id  sur face .  A

labora tory  ins ta l la t ion  w i l l  be  cons t ruc ted

and experiments performed to measure

pressures  fo r  var ious  f low cond i t ions  and

t a i l w a t e r  l e v e l s .  S c a l i n g  l a w s  w i l l  b e

developed to inprove predict ion of protoEype

cond i t ions  f rom phys ica l  mode l  s tud ies .

( c )  O t h e r  s t r u c t u r e s

An ana l ys i s  w i l l  be  ca r r i ed  ou t  o f  t he  needs

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

au tho r i t i es  and  o the r  bod ies  f o r  f u r t he r

resea rch  i n  hyd rau l i c  s t rucEures .  A

su i t ab le  resea rch  p rog ramme w i l l  be

p r o p o s e d .

(d )  Rese rvo i r  sed imen ta t i on

Ioss  o f  s to rage  caused  by  sed imen ta t i on  i s  a

ma jo r  f ac to r  i n  de te rm in ing  the  use fu l  l i f e

o f  a  rese rvo i r .  Us ing  i n fo rma t i on  f rom

ear l i e r  expe r imen ta l  wo rk  and  ana l ys i s ,  an

ex i s t i ng  numer i ca l  mode l  w i l l  be  f u r the r

d e v e l o p e d  t o  s E u d y  r e s e r v o i r  s e d i m e n t a t i o n

and  sed imen t  f l ush ing .  E f fo r t s  w i l l  be  made

to  p red i c t  t he  shape  o f  r e -e roded  channe l s

us ing  reg ime  theo ry ,  see  (e ) ,  o r  o the r

t e c h n i c u e s .



(e) Regirne theory

Using recent developments in theories

describing sediment transport  and al luvial

f r ict ion, t tR has developed a regime theory

to predict  the size and shape of a stable

channel f lowing through an al luviuml this

theory  i s  more  ra t iona l l y  based than ear l ie r

versions which were dependent on empir ical

d a t a  c o l l e c t e d  f r o m  c a n a l s .  A  d e s k  s t u d y

wi l l  be  car r ied  ou t  to  assess  the  prob le rns

of applying regime theory to pract ical

s i t u a t i o n s ,  e s p e c i a l l y  i n  r i v e r s .

( f )  P h y s i c a l  p r o c e s s e s

Ex is t ing  in fo rna t ion  on  the  phys ics  o f

sed iment - re la ted  phenomena is  de f ic ien t  in

severa l  respec ts .  I t  w i l l  be  enhanced in

the  fo l low ing  l rays :

(  i )  F r i c t i o n a l  r e s i s t a n c e  .

Labora tory  exper iments  in  an

e x i s t i n g  i n s t a l l a t i o n  w i l l  b e

under taken to  inves t iga te  the

ef fec t  o f  a rmour ing  or  f ine

mater ia l  on  the  f r i c t iona l

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

channel s .

( i i )  Loca l  scour .  A  desk  s tudy  and

labora torY exPer iments  in  an

e x i s t i n g  i n s t a l l a t i o n  w i l l  b e

car r ied  ou t  to  invesEiga te  ra tes

o f  l o c a l  s c o u r  o f  a l l u v i a l

m a t e r i a l s  a n d  s o f t  r o c k .



YORTEX

ItrHIBITORS

( i i i )  Sca l ing  laws fo r  mob i le -bed

physical  models.  Information

wi l l  be exchanged with other

researchers as part  of  an IAHR

t a s k  f o r c e .

The work was funded pr incipal ly by the Department of

the Environment.  Work on the concract was also

under taken by  two fo re ign  v is i to rs  to  l t ydrau l i c

Research who, whi le they r i lere at.  I {ydraul ic Research

I{ere supported by their  respect ive governnents. Thus

the DOE contr ibut ion to the work nas approximately 752

whi le  tha t  ob ta ined f rom o ther  sources  was

approximately 257

Th is  repor t  p rov ides  a  b r ie f  in t roduc t ion  to  the

top ics  covered under  the  research  cont rac t  and

prov ides  a  b road ou t l ine  o f  the  work  done.

Comprehensive reports and papers have been produced on

each top ic  and these shou ld  be  re fe r red  to  fo r  fu r ther

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

produced under the contract is given in the Appendix.

In  the  c iv i l  eng ineer ing  f ie ld  most  p rob lems w i th

vor t i ces  occur  e i ther  a t  purnp ing  s ta t ions  or  a t

in takes  in  reservo i rs ,  r i vers  o r  the  sea.  Vor t i ces

are  normal ly  undes i rab le  because they  can cause

v ib ra t ions  in  in take  s t ruc tu res  and reduce the

ef f i c iency  o f  punps  and tu rb ines ;  the  en t ra inmenc o f

a i r  magn i f ies  these prob lems and can produce surg ing

in  p ipe l ines  downst ream o f  an  in take .  One o f  the

major  p rob lems assoc ia ted  w i th  the  des ign  o f  an  in take

is  tha t  o f  p red ic t ing  whether  vor t i ces  w i l l  occur

under  the  p lanned opera t ing  cond i t ions  and,  i f  they

do,  how bes t  to  p revent  them.  The most  sa t is fac to ry

ways  o f  so lv ing  the  prob lem are  e i ther  to  bu i ld  a



physical  rnodel or to use the results of previous

inves t iga t ions ,  wh ich  in  mosE cases  w i l l  have a lso

been car r ied  ou t  in  the  labora tory .  A  sa t is fac to ry

understanding of the scal ing laws which apply to

vor t i ces  is  there fore  needed i f  re l iab le  p red ic t ions

are to be obtained from model studies. Much research

has been done on this topic,  but so far i t  has not led

to  any  w ide ly -accepted  method o f  sca l ing .

A s tudy  has  been car r ied  ou t  on  a  var ie ty  o f  d i f fe ren t

types of vortex inhibi tor in order to coapare their

performance under a ser ies of standard test

condit ions. Some tests have been carr ied out at t r to

s c a l e s ,  e a c h  o f  t h e  t e s t  i n s t a l l a t i o n s  b e i n g  a  s c a l e d

vers ion  o f  the  o ther .

The s tudy  has  led  to  the  ident i f i ca t ion  o f  severa l

inh ib i to r  des igns  tha t  a re  compara t ive ly  success fu l  in

de lay ing  the  onset  o f  vor tex  ac t iv i t y .  Mount ing  the

in take  w i th  i t s  en t rance f lush  w i th  a  Large headwal l

was  found to  be  very  success fu l .  I f  the  in take

pro jec ts  in to  the  reservo i r ,  then a  number  o f  loca l

mod i f i ca t ions  a t  the  incake i t se l f  nere  found to  be

s u c c e s s f u l .

I f  vor t i ces  are  found to  occur  unexpected ly  a t  a  s i te ,

t$ro types of f loat ing inhibi tors were found to be

ef fec t i ve .  Fur ther  work  needs to  be  done on  some o f

these devices in order to determine the opt imum

geonet ry .

A  number  o f  d i f fe ren t  methods  fo r  p red ic t ing  c r i t i ca l

th resho ld  cond i t ions  were  examined,  in  the  l igh t  o f

da ta  ob ta ined f rom these exper iments .  Th is  ra ised  a

number of quest ions on the relat ionship between

d ischarge and c i rcu la t ion ,  and the  e f fec t  tha t  in take

geometry and submergence have on them. The need for

fu rEher  neasurements  i s  iden t i f ied .



Ef,ERGY

DISSIPATION

On a number of  dams,  nater  f rom the spi l lways is

d i scha rged  i n to  t he  a tuosphe re ,  f a l l i ng  f r ee l y  and

landing c lose to the foot  of  the dam. In many cases

concrete l ined p lunge pools are prov ided to absorb

some o f  t he  ene rgy  o f  t he  f a l l i nq  j e t :  i n  o the r  cases

the  j e t  f a l l s  on  the  na t i ve  bed  rock .  Wha teve r  t he

system adopted,  however,  there is  need for  in format ion

on the inpact  pressures generated.  There are numerous

caaes ,  repo r ted  i a  t he  l i t e ra tu re ,  o f  t he  seve re

damage  tha t  can  be  p roduced  by  h igh  ene rgy ,  f a l l i ng

j e t s .

The  f i r s t  pa r t  o f  t he  resea rch  r sas  a  rev iew  o f  t he

l i t e ra tu re  t o  de te rm ine  the  amoun t  o f  ava i l ab le

informat ion on i rnpact  pressures.  I t  was c lear  f rom

th i s  t ha t  ve ry  l i t t l e  was  known  i n  de ta i l  abou t  t he

magn i tudes  o f  t he  p ressu re  f l uc tua t i ons  and  the  e f f ec t

on  them o f  j e t  b reak -up  ( such  as  common ly  i s  t be  case

in  na tu re )  and  o f  t a i lwa te r  dep th .

A  resea rch  p rog ramme to  l ook  a t  some  o f  t hese  aspec ts

in  more  de ta i l  has  been  d rawn  up ,  and  an  expe r imen ta l

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

a  ve r t i ca l  r ec tangu la r  p ipe  whose  l eng th  i s

ad jus tab le ,  bu t  wh i ch  a t  i t s  max imum i s  rough l y  3 .5m

l o n g .  T h e  j e t  i s  2 0 0  x  6 7 m m  i n  s e c t i o n  a n d  v e l o c i t i e s

o f  up  to  5m/s  can  a t  p resen t  be  gene ra ted .  The  j e t  i s

d i scha rged  i n to  a  poo l ,  i n  t he  f l oo r  o f  wh i ch  a re

moun ted  p ressu re  t r ansduce rs .  S imu l taneous

measu remenEs  o f  p ressu re  can  be  made  a t  f i f t een

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

The a im of  the exper iments is  to  determine how the

p r e s s u r e s  b e n e a t h  t h e  j e t  v a r y  w i t h  v e l o c i t y ,

t u rbu lence  i n tens i t y ,  a i r  concen t ra t i on ,  p l unge  poo l

d e p t h ,  a n d  h e i g h t  o f  f r e e  f a l l .



4 EIDBAT'LIC

STRUCTURES:

RESEANCE f,EEIIS

The experiurental prograsme is now under nay, but so

far only a smal l  amount of data has been col lected.

In order to ensure that the research being carr ied out

at l lydraul ics Research is directed to the needs of the

c iv i l  eng ineer ing  indus t ry ,  the  v iews o f  p rac t is ing

eng ineers  a re  cont inua l l y  be ing  sought .  As  par t  o f

th is  exerc ise ,  a  ques t ionna i re  has  been c i rcu la ted

recent ly  to  a  var ie ty  o f  f i rms,  represent ing

consu l tan ts ,  water  and loca l  au thor i t ies .  Seventy

f ive di f ferent organisat ions were approached and

rep l ies  r re re  rece ived f rom f i f t y  one.

The pr ime aim of the survey t{as to determine the types

of  s t ruc tu res  in  wh ich  the  var ious  bod ies  were

interested and what research they considered to be

necessary .  On the  bas is  o f  the  rep l ies ,  a  number  o f

p roposa ls  fo r  fu r ther  research  have been puE fo rward .

S ix  top ics  fo r  research  were  ident i f ied ,  and the

r e s e a r c h  p r o p o s a l s ,  i n  o u t l i n e ,  e t e  a s  f o l l o w s :

1. To produce a manual on non-standard f low

measur ing  s t ruc tu res ,  based par t l y  on

rev iewing  ex is t ing  l i te ra tu re ,  and par t l y  on

exper imenta l  research .

2 .  T o  p r o d u c e  a n  i l l u s t r a t e d  g u i d e  t o  t h e

roughness  o f  Br i t i sh  r i vers .

3 .  To  produce a  manua l  on  the  des ign  o f  s rna l l

energy  d iss ipa tors ,  and car ry  ou t  research

on pro tec t ion  measures  downst ream f rom such

s t r u c t u r e s .



4 . Research on the hydraul ic character ist ics of

c i rcu la r  t ide  f laps .

Research on drowned, ventur i- type sluices.

Research on a number of aspects of sediment

remova l  dev ices .

I t  is  of  the nature of  the reservoi rs  that  they lead

to  a  reduc t i on  o f  bo th  t he  ve loc i t y  o f  f l ow  i n  a  r i ve r

and  the  na te r  su r face  s lope .  Th i s  reduces  the

capac i t y  o f  t he  r i ve r  t o  t r anspo r t  sed imen t  and

encou rages  the  depos i t i on  o f  sed imen t  i n  t he

rese rvo i r .  I t r e  accumu la t i on  o f  sed imen t  reduces  the

amount  of  water  s torage avai lable and hence the

u t i l i t y  o f  t he  rese rvo i r .  I n  ex t reme  cases

e f fec t i ve l y  a l l  t he  use fu l  s to rage  may  be  l os t  due  to

sedimentat ion.  Tt re rate at  which sediment  accr :mulates

has  a  na jo r  i r npac t  on  the  use fu l  l i f e  o f  a  rese rvo i r

and  so  i s  s i gn i f i can t  i n  assess ing  the  economics  o f  a

p roposed  rese rvo i r .  The re  i s ,  t he re fo re ,  t he  need  to

be  ab le  t o  assess  sed imen ta t i on  when  a  rese rvo i r  i s

be ing  p lanned .

In  cons ide r i ng  t he  impac t  o f  sed imen ta t i on  on  a

s to rage  scheme i t  i s  impo r tan t  t o  know the  l oss  o f

ava i l ab le  s to rage  a f t e r  a  g i ven  t i r ne  pe r i od  as  t h i s

d i r e c t l y  a f f e c t s  t h e  y i e l d  o f  t h e  r e s e r v o i r .  t h e

d i s t r i bu t i on  o f  t he  sed imen t  depos i t s  a f f ec t s  t he

stagel  s torage curve and so may have an impact  on the

ope ra t i ng  ru les  o f  t he  rese rvo i r .  Fo r  t he  des igne r ,

t he re fo re ,  t he re  i s  a  need  to  be  ab le  t o  p red i c t  bo th

the  amoun t  and  d i s t r i bu t i on  o f  sed imenEa t i on .

The  adve rse  e f f ec t s  caused  by  rese rvo i r  sed imen ta t i on

m a v  i n c l u d e :

5 .

6 .

RESERVOIR

SEDIUETTATIOT



(a) a reduct ion in the storage avai lable and

hence a reduct ion in the yield provided by

the  reservo i r ,

(b) degradat ion downstream of the dan. This nay

threaten structures associated ni th the dam

and lead to problems at structures further

downst ream such as  br idges  or  in takes ,

(c )  depos i t ion  a t  the  head o f  the  reservo i r

lead ing  to  an  inc rease in  f lood  leve ls  in

the contr ibut ing strearns upstream,

(d)  inc reased evapora t ion  losses  fo r  a  g iven

s torage vo lume.

Present  methods  o f  es t imat ing  reservo i r  sed imenta t ion

are  unre l iab le  as  they  do  no t  Lake in to  account

sed iment  s ize ,  the  de ta i le  o f  the  f low th rough the

reservo i r ,  the  d is t r ibu t ion  in  t ime and the  f lows in to

the reservoir  and the way that the reservoir  is

opera ted .  Two examples  o f  the  consequences  are :

(a) A storage reservoir  at  Osborne on the Salmon

r iver ,  Kansas  f i l l ed  w i th  sed iment  in  one

y e a r .

( b ) Yasuoka reservoir  on Teryu r iver in Japan

l o s t  8 5 2  o f  i t s  s t o r a g e  v o l u m e  i n  1 3  y e a r s .

These s imple methods cannot

on the r iver  upstream which

p red i c t  t he  consequences

may  be  d rama t i c :

(a )  S ign i f i can t  sed iment  depos i ts  were  found 55

miles upstream of the lurperial  dam on the

C o l o r a d o  R i v e r  1 0  y e a r s  a f t e r  c o n s t r u c t i o n .



(b)  Construct ion of  the Elephant  But te dam on

Che Rio Grande River  caused bed levels to

r ise upstream so that  the town at  San

Marc ia l  was  th rea tened  w i th  f l ood ing  and

f l ood  l evees  had  to  be  cons t ruc ted .

By contrast  a numer ical  model  takes account  of

sediment  s ize,  the nature of  f low in the reservoi . r ,

t he  d i s t r i bu t i on  i n  t i ne  o f  i n f l ows  i n to  t he  rese rvo i r

and  the  way  tha t  t he  rese rvo i r  i s  ope ra ted .  The

m o d e l s  c a n  p r e d i c t :

o  vo lume  o f  sed imen t  depos i t ed  ove r  a  spec i f i ed

pe r i od

o  l o c a t i o n  o f  s e d i m e n t  d e p o s i t s

o  annua l  s tage /s to rage  cu rves

.  l ong i t ud ina l  p ro f i l e  o f  t he  rese rvo i r  a t  spec i f i ed

E imes

P:u"*!_ 
"!g9:_

I n  t he  p resen t  s tudy  work  has  been  ca r r i ed  ou t  t o

improve  the  p red i c t i ve  capab i l i t y  o f  numer i ca l  mode ls

b y  m o r e  r e a l i s r i c a l l y  s i m u l a t i n g  t h e  p h y s i c a l

p rocesses  i nvo l ved .  The  top i cs  cons ide red  where :

(a )  t he  p red i c t i on  o f  changes  i n  t he  shape  o f

t he  c ross -sec t i ons  desc r i b i ng  the  geomet ry

o f  t he  rese rvo i r .  As  sed imen t  i s  depos i t ed

o r  re -e roded  the  shape  o f  a  c ross -sec t i on

may  change ,

(b )  t he  compac t i on  o f  depos i t ed  sed imen ts .

Depos i t ed  sed imen t  g radua l  1y  becomes

p r o g r e s s i v e l y  m o r e  d e n s e  t h r o u g h  t i m e ,

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

o n  t o p  o f  i t .
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REGIIIE THEORY

(c)  the  mode l l ing  o f  f ine  s i l t s .  In  rea l i t y  a

cont inuous range of sediment sizes are

present and since sediment transport  depends

upon sediment diameter a complete range of

sediment behaviour is present.  In any

numerical  model the behaviour of the

sediment must be described by at most a few

representat ive sediment diameters. The

problern is how to descr ibe this cont inuous

range of behaviour with a smal l  number of

d i s c r e t e  s e d i m e n t  s i z e s .

The s tudy  has  ident i f ied  how these e f fec ts  can be

included in a ntrmerical  model.  Ttr is has lead to an

improvement in the predict ive capabi l i ty of  such

m o d e l s .

The aim of  regi rne theory is  ro predict  the r rnatura l r l

o r  equ i l i b r i um d imens ions  o f  a  channe l  and  i t s  s l ope .

S tudy  o f  r eg ime  theo ry  f i r s t  began  i n  t he  l a te

nineteenth ceatury when Br i t ish engineers uere

requ i red  to  des ign  l a rge  i r r i ga t i on  cana l s  i n  t he

Indian sub-cont inent .  Tt re d i f f icu l ty  was to know what

was the appropr iate r r id th and depth of  channel  and the

app rop r i a te  ve loc i t y  t o  ca r r y  a  g i ven  f l ow .  I f  t he

channe l  we re  ove r - s i zed  sed imen t  depos i t i on  wou ld  t ake

p lace  and  channe l  capac i t y  reduced .  I f  t he  channe l s

l re re  t oo  sma l1  e ros ion  wou ld  t ake  p lace  th rea ten ing

the  banks  o f  t he  cana l .

The  theo r i es  deve loped  a t  t ha t  t ime  were  pu re l y

emp i r i ga l  and  re l i ed  on  da ta  co l l ec ted  f rom cana l s

tha t  appea red  to  be  s tab le  o r  i n  " reg ime" .  More

recent ly  as our  understanding of  the fundamental

processes of  sediment  mechanics has improved i t  has

become poes ib le  t o  base  a  reg ime  theo ry  on  the

equa t i ons  desc r i b i ng  the  dominan t  i nd i v i dua l  p rocesses
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such as sediment  t ransport ,  f low reeistance and bank

s tab i l i t y .  Hyd rau l i cs  Resea rch  deve loped  a  reg ime

theory of  th is  form in 1981.  Such a theory has been

cal led a rat ional  regi lne theory to d is t inguish i t  f ron

the  ea r l i e r  emp i r i ca l  app roach .  So  fa r  such  a

rat ional  approach has been based upon the select ion of

appropr iate equat ions descr ib ing sediment  t ransport

and a l luv ia l  f r ic t ion together  r r i th  an extremal

hypo thes i s .  T t rese  ex t rema l  hypo theses  a re  no rma l l y  o f

the form that  the width adjust  to  maximise or  n in in ise

a  quan t i t y  such  as  s l ope ,  sed imen t  concen t ra t i on ,

st ream poser or  uni t  s t ream power.

A number of  empir ica l  regime theor ies were developed

in  t he  pas t .  T t rese  were  va l i d  ove r  d i f f e ren t  ranges

and where those ranges over lapped were not  necessar i ly

i n  ag reemen t .  To  a l l  bu t  a  f ew  ve ry  f am i l i a r  w i t h  t he

f i e l d  t he re  \ r as  a  bew i l de r i ng  a r ray  o f  d i f f e ren t ,

appa ren t l y  i r r econc i l ab le  t heo r i es .  T t r i s  had  an  e f f ec t

on  the  accep tab i l i t y  and  use  o f  such  theo r i es .  The

deve lopmen t  o f  r a t i ona l  r eg ime  theo ry  he ld  ou t  t he

p rospec t  f o r  a  reg ime  theo ry  t ha t  was  bo th  accu ra te

and  cou ld  be  app l i ed  con f i den t l y  ove r  a  w ide  range  o f

cond i t i ons .  As ,  howeve t ,  a  number  o f  d i f f e ren t

sed imen t  re la t i ons  o r  ex t remum p r i nc ip les  cou ld  be

used in the same f ramework we foressw that  there was a

dange r  o f  ano the r  con fus ing  mu l t i p l i c i t y  o f  t heo r i es

a r i  s  i ng  .

The work undertaken under the present  contract

was  a imed  a t  es tab l i sh ing  the  accu racy  and  re l i ab i l i t y

of  the theory in  predict ing regime condi t ions and to

provide unequivocal  recommendat ions as to which

eediment  re lat ionship and extremal  hypothesis  prov ided

the  bes t  p red i c t i ons  i n  o rde r  t o  demons t ra te  t ha t  t he

me thod  cou ld  be  used  w i th  con f i dence  by  a l l .  A  number

o f  ex te rna l  hypo theses  and  sed imen t  re la t i onsh ips  we re

se lec ted  and  the  resu l t i ng  reg ime  p red i c t i ons  we re
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compared wi th observat . ions of  the s ize,  shape and

slope of  s table channels in  regime.  The combinat ion

o f  ex te rna l  hypo thes i s  and  sed imen t  re la t i ons  wh i ch

gave the best  agreement  wi th the observat ions l tas

i d e n t i f i e d .

The development  of  rat ional  regime theory has

emphas i sed  the  impor tance  o f  bo th  sed imen t  s i ze  and

sed imenE concen t ra t i on  i n  de te rm in ing  reg ime

condi t . ions.  In  prev ious empir ica l  regime theor ies

there has only been rudimentary a l lowance for  sediment

s i ze  and  sed imen t  concen t ra t i on .  Ou r  resu l t s  have

shown, however,  that  changes in sediment  concentrat ion

can  l ead  to  changes  o f  up  to  60Z  i n  t he  d imens ions  o f

t he  app rop r i a te  s tab le  channe l .

Reg ine  theo ry  was  f i r s t  deve loped  fo r  cana l s  wh i ch  a re

cha rac te r i sed  by  nea r  cons tan t  d i scha rges .  Unde r  t he

p resen t  con t rac t  we  have  a l so  s tud ied  the  d i f f i cu l t y

caused  by  t he  l a rge  f l ow  va r i ab i l i t y  o f  app l y i ng

reg ime  theo ry  t o  na tu ra l  r i ve rs .  I t  has  been

sugges ted  tha t  t he  e f f ec t  o f  t he  range  o f  f l ow  can  be

represented by one "dominantr r  d ischarge.  A number of

p rev ious l y  sugges ted  de f i n i t i ons  o f  dom inan t  d i scha rge

have been compared and a recommendat ion made as to

which provides the best  agreernent  wi th observat ions.

A  ra t i ona l  r eg ine  theo ry  based  upon  a  we l l - es tab l i shed

unde rs tand ing  o f  sed imen t  t r anspo r t  p rocesses  has  the

advan tage  tha t  i t  shou ld  have  a  w ide  range  o f

app l i cab i l i t y .  E rnp i r i ca l  r eg ime  theo r i es  a re  l i l n i t ed

to the renge of  the data on which they were

d eve I  oped .

Once  a  re l i ab le  ra t i ona l  r eg ime  theo ry  has  been

deve loped  i t  can  be  app l i ed  no t  on l y  t o  t he  des ign  o f

cana l s  bu t  t o  a  who le  range  o f  p rob lems .  P rob lems

s tud ied  a t  HR us ing  reg ime  theo ry  have  i nc luded :
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1 .

2 .

3 .

4 .

predict ing the size and shape of natural

r i vers

predict ion of plan form of r ivers

assees ing  morpho log ica l  change in  r i vers  as

a result  of  r iver engineering works

des ign  o f  mob i le -bed phys ica l  ruode ls

7 . L

P{YSICAL

PROCESSES

Fr ic t  iona I

res  i  s  tance

To  enab le  p red i c t i ons  t o  be  made  o f  sed imen t - re la ted

phenomena i t  is  important  to  understand the physics of

t he  dominan t  p roceeses  i nvo l ved .  Th i s  pa r t  o f  t he

contract  was a imed at  improving the understanding of

some  o f  t hese  Drocesses .

To  ca l cu la te  f l ow  o r  sed imen t  t r anspo r t  i n  an  a l l uv ia l

channel  an engineer is  faced wi th the problem of

de te rm in ing  the  f r i c t i ona l  l osses  on  the  bounda ry  o f

t h e  c h a n n e l .

Fo r  a r t i f i c i a l ,  r egu la r  channe l s  wh i ch  a re  f i xed  i n

shape  and  ca r r y  l i t t l e  sed imen t  t he re  i s  da ta  read i l y

ava i l ab le  wh i ch  can  be  used  as  a  bas i s  f o r  t he  
:

es t ima t i on  o f  app rop r i a te  f r i c t i on  f ac to rs .  When

na tu ra l  channe l s  a re  cons ide red  the  p rob lems  o f

es t ima t i ng  t he  f  r i c t i on  l osses  g ro r r r .  I n  t h i s  case ,

n o t  o n l y  m u s t  t h e  f r i c t i o n a l  l o s s e s  d u e  t o  t h e

composi t ion of  the banks and bed of  the channel  be

es t ima ted  bu t  a l so  due  a l l owance  mus t  be  g i ven  fo r  t he

e f fec t s  o f  channe l  i r r egu la r i t i es  and  o the r  f ac to rs .

I f  one  cons ide rs  channe l s  w i t h  movab le  beds  the

p rob lems  a re  compounded .  The  f r i c t i ona l  l osses  a re

dependen t  on  the  bed  fea tu res  p resen t ,  bu t  t hese  a re

in f l uenced  by  t he  t ranspo r t  o f  t he  sed imen t .  The

sed imen t  t r anspo r t ,  howeve r ,  depends  on  the  f l u i d

mo t i on  and  i s  hence  i nsepa rab le  f r om the  de te r rn ina t i on

o f  t h e  f r i c t i o n a l  l o s s e s .
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7 . 2 Loca l  scou r

The work undertaken for this contract started with

some experiment on the fr ict ional resistance of

sand-si l t  mixtures. This experimenEal work was

predominant ly carr ied out by A Bassi,  a vis i tor to I lR.

The analysis of the results of these experiments lead

to doubts about the previously derived relat ionships

which  descr ibed a l luv ia l  f r i c t ion  fo r  un i fo rm sands.

A further ser ies of experiments nere, therefore,

ins t i tu ted  to  look  fu r ther  a t  the  a l luv ia l  f r i c t ion  o f

uniform sands. Some of chese experiments were carr ied

out at higher Froude ntrmbers than had previously been

cons idered.  The regu l ts  lead  to  an  ex tens ion  o f  the

ex is t ing  theory  fo r  a l luv ia l  f r i c t ion  to  inc lude these

higher Froude number f lows. This lat ter se: ies of

experiments and subsequent analysis was predominant ly

carr ied out by Mr Wang Shiqiang, a vis i tor to I lR. The

work carr ied out has great ly extended the range of

cond i t ions  fo r  wh ich  re l iab le  p red ic t ions  o f

f r i c t iona l  res is tance can be  made.

F lowing  water  exer ts  a  shear  s t ress  on  the  bed o f  a

channel.  Due to the geometry and nature of the f low

th is  shear  s t ress  may be  inc reased in  a  loca l  a rea ,

fo r  example ,  when a  br idge p ie r  i s  p laced in  a  r i ver .

Th is  inc rease in  shear  s t ress  a f fec ts  the  sed iment

movemenc in the area and may lead to the removal of

sediment fron the area of increased shear stress.

This is known as local scour.  I lespite having been

stud ied  fo r  many years  s t ruc tu res  s t i l1  a re  f requent ly

endangered or  fa i l  due  to  loca l  scour ;  b r idges

co l lapse due to  p ie rs  be ing  undermined and there  are

numerous  cases  o f  ser ious  scour  p rob lems assoc ia ted

wi th  dams.  Frequent ly  when dea l ing  w i th  loca l  scour

prob lems on ly  the  f ina l  depth  o f  scour  i s  impor tan t

but there are cases when i t  ie important to know the

t ime evo lu t ion  o f  th is  scour .  For  example ,  dur ing

the  c los ing  o f  par t  o f  an  es tuary  scour  wou ld  no t  have
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7 .3 S c a l i n g  l a w s  f o r

mobi  I  e-bed

p h y s i c a l  m o d e l s

CONCLUSIOflS

t ine  to  deve lop  to  i t s  u l t ina te  depth .  In  cases  o f

scour associated with permanent structures then,

because of the unsteady nature of the f low, i t  may be

irnportant to be able to predict  the dependence of

scour  on  t ime.

A l i te ra tu re  rev ieq /  nas  car r ied  ou t  to  descr ibe  the

work that has been done on the development of local

scour  w i th  t ime.  Add i t iona l l y  a  ser ies  o f  exper iments

were  per fo rmed to  invesL iga te  the  ra te  o f  loca l  scour

under a vert ical  jet .  The work has improved our

knowledge o f  loca l  scour  and has  e luc ida ted  the

prob lem o f  p red ic t ing  the  ra te  o f  scour  in  a  p ro to type

f rom a  knowledge o f  the  ra te  o f  scour  measured in  a

m o d e l  s t u d y .

I t  was  i n tended  tha t  t h i s  pa r t  o f  t he  con t rac t  wou ld

support  an HR input  to  an IAITR ( Internat ional

Assoc ia t i on  f o r  l l yd rau l i c  Resea rch )  Task  Fo rce  on  the

des ign  o f  mob i l e -bed  phys i ca l  mode ls .  Un fo r tuna te l y ,

despi te pressure f rom HR there have been no

deve lopmen ts  on  th i s  s i nce  Ap r i l  L984 ,  t he  s ta r t  o f

t h e  p r e s e n t  c o n t r a c t .

The work carr ied out  on hydraul ic  s t ructures under the

c o n t r a c t  h a s  l e a d  t o  a n  i n c r e a s e d  a b i l i t y  t o  p r e d i c t

t he  hyd rau l i c  pe r fo rmance  o f  vo r tex  i nh ib i t o r s  and  the

p r e s s u r e s  a s s o c i a t e d  w i t h  f a l l i n g - j e t  e n e r g y

d i ss ipa t i on .  Th i s  w i l l  r esu l t  i n  improvemen ts  i n  t he

des ign  o f  s t ruc tu res  i n  t e rms  o f  sa fe t y  and  economy .

A  su rvey  has  a l so  been  ca r r i ed  ou t  t o  enab le  HR

resea rch  to  be  d i rec ted  towards  the  needs  o f  t he  o f

t he  C i v i l  Eng inee r i ng  i ndus t r y .
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9 RECOI.OTEtrDATIOXS

FOR FURTHER

RESEARCE

9.  L  Vor tex

inh ib i to rs

As a result  of  the work carr ied out on al luvial

p rocesses  the  pred ic t i ve  ab i l i t y  o f  reservo i r

sed iment ,a t ion  mode ls  has  been improved,  our  ab i l i t y  to

predict  the long-term stabi l i ty of  man made channels

has increased and our knowledge of the physical

processes underly ing sediment transport  phenomena has

improved,  par t i cu la r ly  in  the  pred ic t ion  o f  a l luv ia l

f r i c t i o n .

There are a number of  promis ing avenues for  fur ther

r e s e a r c h ;  t h e y  a r e ,  i n  o u t l i n e ,  a s  f o l l o w s :

(a)  Fur ther  meaaurements to invest igate whether

the  re la t i onsh ip  be tween  d i scha rge  and

c i r cu la t i on  i s  a  f unc t i on  o f  i n take  geomet ry

and  submergence  dep th .  A l so  t o  i nves t i ga te

whether  the Kol f  number can be assumed to be

cons tan t  f o r  t he  t h resho ld  cond i t i ons  f o r  a

p a r t i c u l a r  i n t a k e .

(b )  To  i nves t i ga te  t he  e f f ec t  o f  vo r tex

fo rma t i on  on  the  p ressu re  d i s t r i bu t i on

w i th in  an  i n take  and  on  i t s  coe f f i c i en t  o f

d i s c h a r g e .

( c )  To  s tudy  a l t e rna t i ve  geooe t r i es  f o r  t he

submerged  sc reen  t ype  o f  i nh ib i t o r .

( d )  T o  s t u d y  t h e  f e a s i b i l i c y  o f  t h e  v e r t i c a l

co rd  t ype  o f  i nh ib i t o r ,  and  to  deve lop  a

more  e f f ec t i ve  me thod  o f  moor ing  fo r  t he

f l o a t i n g  r a f t  i n h i b i t o r .
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9.2  Energy

d i s s i p a t o r s

9 . 3  H y d r a u l i c

s truc ture s

The Department of the Environment has agreed to

provide further funding for research on vortex

inhibi tors and this wi l l  enable work to be done on

some o f  the  aspec ts  l i s ted  above.

I t  is recommended that further measurements are taken

of  impact  p ressures  over  a  w ide  range o f  cond i t ions .

The main parameters that should be var ied are:

(a )  rhe  ve loc i ry  o f  rhe  je t

(b )  the  depth  o f  water  in  the  p lunge poo l

(c )  the  he igh t  o f  rhe  f ree  fa l l  ro  the  p lunge poo l

s u r f a c e

I n i t i a l l y  n a t u r a l l y  a e r a t e d  j e t s  s h o u l d  b e  s t u d i e d .

Subsequent ly  je ts  whose a i r  con ten t  has  been

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

S ix  top ics  fo r  research  were  ident i f ied ,  and the

r e s e a r c h  p r o p o s a l s ,  i n  o u t l i n e  a r e  a s  f o l l o w s :

1 .  To  produce a  manua l  on  non-s tandard  f low

measur ing  s t ruc tu res ,  based par t l y  on

rev iewing  ex is t ing  l i te ra tu re ,  and par t l y  on

exper imenta l  research .

2 .  To  produce an  i l lus t ra ted  gu ide  to  the

r o u g h n e s s  o f  B r i t i s h  r i v e r s .

3 .  To  produce a  manua l  on  the  des ign  o f  smal l

energy  d iss ipa tors ,  and car ry  ou t  research

on protect ion measures do!trnstream from such

s E r u c t u r e s .
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9 . 4  R e s e r v o i r

sedimentat ion

4. Research on the hydraul ic character ist ics of

c i r c u l a r  t i d e  f l a p s .

5 .  Research  on  drowned,  ventur i - type  s lu ices .

6. Research on a number of aspects of sediment

remova l  dev ices .

Ttre development  of  numer ical  reservoi r  models is

that  they now incorporate our  present  knowledge of  the

re levan t  sed imen t  mechan i cs .  P resen t  sbo r t com ings  o f

such  mode ls  such  as :

(a )  p red i c t i on  o f  movemen t  o f  f i ne  s i l t s  and

c l a y s

(b )  i nc lus ion  o f  uns teady  e f f ec t s

( c )  i n c l u s i o n  o f  s p a t i a l  v a r i a t i o n ,  p a r t i c u l a r l y

the  d i s t r i bu t i on  o f  depos i t ed  sed imen t

a c r o s s  a  s e c t i o n ,

ar ise f rom our  inadequate knowledge of  the re levant

p h y s i c a l  p r o c e s s e s .

Though numer ical  reservoi r  sedimentat ion models

p roduce  more  accu ra te  and  de ta i l ed  p red i c t i ons  t han

r re re  p rev ious l y  ava i l ab le  t he re  i s  s t i l l  a  need  fo r  a

qu i ck ,  r e l i ab le  me thod  to  es t ima te  rese rvo i r

sed imen ta t i on  wh i l e  a  number  o f  poss ib le  p roposa l s  a re

be ing  cons ide red  a t  t he  des ign  s tage .  Wha t  i s

requ i red  i s  a  rne thod  as  s i np le  as  t he  ea r l i e r  t r app ing

e f  f  i c i ency  app roach  bu t  more  re l i ab le .  I , l i t h  t he  a id

o f  t he  p resen t  numer i ca l  mode ls  i t  i s  poss ib le  t o

d e v e l o p  j u s t  s u c h  a  q u i c k ,  r e l i a b l e  m e t h o d  o f

assess ing  rese rvo i r  sed imen ta t i on .
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9 .5  Reg ime  theo ry

9 . 6  P h y s i c a l

p roces  se  s

In the rat ional regime theory discussed above an

ex t remal  hypothes is  i s  in t roduced e f fec t i ve ly  to

determine the l r idth of the channel and, therefore,

imp l ic i t  in  i t  i s  an  assumpt ion  about  the  d is t r ibu t ion

of shear stress across the bed and the banks of the

r iver .  A t  the  present  what  th is  assumpt ion  is ,  i s

unknown. If one were able to make this assumption

about  the  d is t r ibu t ion  o f  shear  exp t r i c i t  then  one

would be able to take account of the varying

compos i t ion  o f  bed and bank  ua ter ia l  and the  e f fec t ,

i f  a n y ,  o f  v e g e t a t i o n .

Exper iments need to be carr ied out  to  look at  the

t rans i t i on  be tween  l ower  and  uppe r  reg ime  f l ows ,  t o

de te rm ine  when  such  a  t r ans i t i on  t akes  p lace  and

whe the r  t he  sys tem exh ib i t s  hys te res i s .  Fo r  uppe r

regime f lows more exper iments are requi red to

de te rm ine  the  f r i c t i ona l  r e l a t i onsh ip  f o r  d i f f e ren t

s e d i m e n t  s i z e s ,  p a r t i c u l a r l y  c o a r s e  s e d i m e n t s .

More  ca re fu l  cons ide ra t i on  i s  requ i red  o f  t he  sca l i ng

laws  fo r  l oca l  scou r  expe r imen ts  t o  de te rm ine  the  way

tha t  l oca l  scou r  resu l t s  f r om a  mode l  s tudy  can  be

sca led  to  g i ve  p ro to t ype  va lues .
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