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ABSTRACT

This three-year research project hae been undertaken to estebl ieh the
condit ions under which f lu id mud ie created, to develop a general  theory
describing i te motion for incorporat ion in a uud transport  nodel,  to test
hypotheeee on i te formation and tranaport  in dredged navigat ion channele
including the developmeot and f ietd tr ia ls of a f lu id nud Eeter,  and to
explore neaaureE deeigned to nininise channel ai l tat ion attr ibute to f lu id
nud.

The present report  descr ibee the experiments carr ied out to invest igate
meens of prevent ing f tuid mud inf low to dredged channele. The other project
etudiee have been reported elaewhere (nefe 1-4).

Uono-frequency savea and a constant tidal current rrere geoerated. The
behaviour of nud suppl ied from a cont inuoua source area located up-f tow of
the channel wae monitored before and after the installation of inperneable
aod permeable Iow-level t raining sal la.

The reaulte conf irned the f indinga of the earl ier two-dimensional tests in
respect of the wave and tidal current conditioaa under shich fluid mud is
created and traneported. They further demonetrated thet an imperueable,
part ial ly peroeable (up to about 302),  los- level t raining ral l  was effect ive
in preventing fluid mud inflos to the channel. When increaeed foreehore
Ievels reeulted in over-topping of the wal l ,  the tests indicated that the
sudden discont inui ty in bed level destroyed the f lu id mud layer,  dispereing
the gedinent into general suspeneion throughout the sater column.
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1 INTRODUCTION

1 . 1

r .2

TIIE TEST

FACILITY

To  p rov ide  a  be t te r  unde rs tand ing  o f  t he  move rnen t  o f

f lu id nud under the act ion of  waves and t ida l  currer l ts

a 3-year  research study was formulated vr i th  four  main

o b j e c t  i v e s :

( i ) To establ ish by exper iment  Ehe range of  waves

and t ida l  currents under whlch near-bed f lu id

mud  suspens lons  a re  c rea ted  and  t ranspo r ted .

( i i 1 To develop a general  theory which descr ibes the

not ion of  a f lu id nud layer  and to incorporate

i t  i n  an  ex l s t i ng  mud  t ranspo r t  mode l .

( i i i . )  To fornulate Lhrough laboratory sEudies

engineer ing solut ions to inhib i t  or  prevent

f lu id nud f rom deposi t ing in  dredged navigat ion

c h a n n e l s .

( i v ) To develop and construct  a pract lca l  f ie ld

inst rument  capable of  accurate measurement  of

the f low of  f lu id mud layers so as to prov ide

benchmark  da ta  f o r  t he  p ro jec t .

Ob jec t i ves  ( i ) ,  ( i i )  and  (1v )  have  been  repo r red

sepa ra te l y  i n  Re fe rences  l - 4 .  Th i s  repo r t ,  desc r i bes

the laboratory s tudies undertaken to meet  the th i rd

o b j e c t i v e .

An exis t lng basin incorporat ing a L idal  current

generator  was equipped wl th a monochromat i -c  wave

maker and t .hen moulded to represent .  a typ ical  nuddy

fo resho re  wh i ch  was  v i r t ua l l y  l eve l .

2. r



l " l i dway  be tween  the  wave  gene ra to r  and  the  coas t l i ne  a

p i t r  2 m  s q u a r e ,  w a s  e x c a v a t e d  i n  t h e  f o r e s h o r e  a n d

f i l l e d  w i t h  m u d .  A  s h o r t  d i s t a n c e  d o w n - f l o w  o f  t h e

p i t ,  a  t r a o e z o i d a l  c h a n n e l  w i r h  s i d e  s l o p e s  1 : 5 ,  b e d

w i d c h  l m ,  l e n e t h  1 0 m ,  w a s  m o u l d e r l  a c r o s s  t h e  f o r e s h o r e

no rma l  t o  Ehe  wave  make r ,  t o  rep resen t  a  d redged

c h a n n e l .  A  d i a g r a m m a t i c  l a v o u t  o f  t h e  e x p e r i m e n t a l

bas in  i s  shown  i n  F ig  1 .

2 .2  The  he igh t  o f  t he  f o resho re  above  the  bas in  f l oo r  was

des igned  to  ensu re  t ha t  t he  wave  make r  pa< ld le  had  an

ope ra t i ona l  wa te r  dep th  o f  500  mmr  a  wo rk ing  dep th

a c r o s s  t h e  f o r e s h o r e  o €  1 8 i  m m  a n d  a  d r e d q e d  c h a n n e l

d e p t h  o f  3 3 3  m m .

3 TIDAL CURRENT AND

IilAVE CALIBRATION

TESTS

3 .1  On  comp le t i on  o f  cons t ruc t i on ,  t he  mud  p i t  was

tempora r i l v  f i 11ed  w i th  c l ose l y -packed  b r i cks  t o  t he

leve l  o f  t he  su r round ing  fo resho re  and  the  bas in

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

cu r ren ts  \ r e re  gene ra ted  and  a  se r i es  o f  ad jus tmen ts

ma< le  t o  t he  l ouve red  f l ow  r l i s t r i bu to rs  aE  the  ends  o f

t he  bas in  (E ig  1 )  t o  ensu re  a  reasonab l y  un i f o r rn

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

Th roughou t  t he  pe r i od  o f  ad jus tmen t r  cu r ren t  s t reng th

was  measu red  a t  t h ree  dep ths  i n  t he  ma in  a rea  o f

i n te res t  a t  t he  l oca t i ons  shown  on  F ig  2 .  The  checks

cove red  a  range  o f  f  l ows  an< l  a l t hough  the  f l ow

d is t r i buE ion  was  obse rved  to  va ry  s l i gh t l y  w i t h

cu r renL  s t reng th ,  t he  f i na l  l ouv re  ad ius tnen ts  ensu red

tha t  l a te ra l  f l ow  va r i a t i ons  rema ined  w i th in  5Z  o f

t he  mean  speed  ove r  a  w ide  range  o f  d i scha rges .

3.?-  The per formance of  the rdave generator  was examined and

wave  he igh ts  we re  ca l i b ra ted  ove r  a  w ide  range  o f



4 EXPLORATORY UUD

STI'DIES

f r e q u e n c i e s  a n d  p a d d l e  s t r o k e  s e t t i n q s  o n  s e v e r a l  5 m -

l o n q  t r a v e r s e s  i n  t h e  a r e a  o f  t h e  m u r l  o i t .

An  open -bo t tom se t t l i ng  chamber  was  used  to  a id  t he

se t t l emen t  and  conso l i da t i on  o f  a  mud  s lu r r v  i n  t he

p i t .  A  sma l l  measu red  samp le  o f  t he  mud /sa l i ne  na te r

m ix tu re  was  a l so  pou red  i n to  a  sEanda rd  se t t l i nq

co lumn  and  topped  up  w i th  sa l i ne  na te r  t o  a  dep th  o f

283mm -  t he  same sa l . i ne  s ra te r  deo th  as  i n  t he  3 -D  tes t

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

n a t e r  s t r e n q t h  -  a b o u t  3 0  g / 1 .  A f t e r  a  o e r i o d  o f  2 4

hou rs  measu remen ts  we re  made  o f  t he  ve r t i ca l  dens i t y

d i s t r i bu t i on  i n  t he  co lumn  us ing  a  rad ioac t i ve

t ransmiss ion  p robe .

A f te r  a  pe r i od  o f .  24  hou rs  t he  seEE l i ng ,  chamber  was

removed  f rom the  bas in  and  waves  and  cu r ren ts  we re

gene ra ted .  The  dens i t v  d i s t r i bu t i on  o f  t he  rnud  bed

unde r  t es t  was  assumed  to  be  i den t i ca l  t o  t ha t

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

t he  se t t l i ng  co lumn  con f i r ned  tha t  t he  re la t i ve

he igh t - re la t i ve  dens i t y  re la t i onsh ip  f o r  t he  mud  unde r

examinat ion remained unchanged €rom the sample used in

t h e  ? - D  w a v e  f l u m e  t e s r s  ( r i g  4 ,  R e f  3 ) .  F i g  3  s h o w s

a  ve r t i ca l  p ro f i l e  o f  t he  bed  bu l k  dens i t y  a f t e r  24

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

The  f  i r s t  exo lo ra to rv  t es t  was  run  ma in l v  t o  < le te r :n ine

the  op t imum ope ra t i ng  cond i t i ons  f o r  t he  deve lopmen t

and  t ransoo r t  o f  a  nea r -bed  tu rb id  l ave r .  Ap r r rop r i a te

cond i t i ons  we re  ach ieved  w i th  a  rdave  Der iod  o f  1 .71s

and  a  o rog ress i ve  r rave  he ieh t  i n  t he  a rea  o f  t he  mu< l

p i t  o f  0 .0241m,  comb ined  w i th  a  t r ansve rse  t i da l

c u r r e n t  o f  0 . 1 6 m / s .  F r o m  f  i r s t  o r , l e r  l i n e a r  w a v e

theo ry ,  t he  max imum ho r i zon ta l  o rb i t a l  ve loc iEv

4 . 1

4 .2
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4 . 4

4 . 5

4 . 6

genera ted  by  t he  waves  was  0 .08  m/s .  Thus  the  peak

shear sEress act ing on the mud sur face \das a summal lon

o f  t h e  n e a r - b e d  v e l o c i t i e s  -  0 . 2 4  n / s  -  a  v a l u e

s im i l a r  t o  t , ha t  wh i ch  ob ta ined  i n  uhe  2 -D  wave /cu r ren t

f l ume  fo r  t he  f o rma t i on  o f  a  nea r -bed  tu rb id  l ave r .

The test  condi t . ions just  descr ibed represent  nere ly

one of  several  combinat . ions of  waves and t ida l

currents conducive to the format ion of  a near-bed

uu rb id  l aye r .  The  va r i ous  re la t i onsh ips  be tween  wa te r

depth,  \ {ave height  and wave per iod in  whieh near-bed

ho r l zon ta l  ve loc i t i es  o f  0 .08  m/s  a re  c rea ted  a re

shown on Fig 4,  water  depths of  between 2 m and 4 m

being typ ical  of  rnany nuddy foreshores through which

navi .gat ion approach channels are dredged.

In a water  depth of  2 n,  low,  local ly-generated rdaves

et i th  per iods of  between 2 s and 4 s would f lu id ize t ,he

mud sur face,  as would longer-per iod waves arr iv ing

f rom a  more  d i s tanL  d i s tu rbance .  I n  4  m  o f  wa te r  t he

shorter-per iod waves are tending towards deep-water

l raves and the height  regui red to forrn a f lu ld layer  is

un reasonab l y  h igh .

Dur ing  these  exp lo ra to ry  t es t s  two  obse rva t i ons  we re

made .

( i ) F lu id mud t . ransported across the foreshore was

destroyed at  the leading edge of  the dredged

approach channel  and the sediment  load was

thrown into suspensi -on.  This observat i -on was

impor tan t  because  i t  i nd i ca ted  tha t  on l y  a

srnal l  in terrupt lon Lo f low was requi red to

destroy the near-bed turb id layer .

The per iod of  entra inment  and t ransport  of  mud

f rou  the  p i t  was  o f  l im i t ed  du ra t i on  and  once

the level  had been eroded by some 15 mm, the

( i i )



f lu id nud was t rapped wi th in the p i t  a fea and

sed imen t  cou ld  on l y  be  t ranspo r ted  as  a  f u l l y

suspended  l oad .

4 .7  The  fo l l ow ing  mod i f i ca t l ons  we re  the re fo re  made  to  t he

b a s  i n .

(1)  The dredged channel  sect , lon was changed f ron a

t rapezo lda l  shape  (F ig  f ,  Sec t i on  (a ) )  t o  a

less abrupt  t ransi t ion having no angles (F j -g I

S e c t i o n  ( b ) ) .

( i i )  The  p i t  was  f i t t ed  w i t . h  a  f a l se  f l oo r  hav lng  a

mud-t ight  seal  round the edges and a jack ing

ystem to a l low the f loor  to be ra ised in

incremental  s tages so that  the mud would remain

Bt ,  or  near  the level  of  the surrounding

fo resho re .

4.8 Fol towing t .hese modi f icat i .ons,  a new urud.  bed was

set t led in to the p i t  and then examined under wave and

cu r renE  ac t i on  w i th  t he  f a l se  f l oo r  ra i sed  i n  sma l l

i nc remen ts  o f  1 .5  mm a t  regu la r  f i ve -m inu te  i n te rva l s .

This resul ted in  the format ion and near-bed t ransport

o f  f l u i d  nud  f rom the  p1 t ,  ac ross  t he  fo resho re ,  and

in to  t he  d redged  channe l .

4.9 Al though i . t  was desi rable to cont . inue the test  by

regular ly  repleni .sh ing the p l t  wi th set t led mud,  the

procedure adopted before the star t  o f  the f i - rs t ,  test

$ras noL repeated because i - t ,  would have resul ted in

loss of  va luable exper i .menta l  t i rue dur ing the per lod

o f  se t t l emen t  and  bed  conso l i da t i on .  I ns tead ,  t r i , a l s

were carr ied out  in  whlch the p i t ,  sras successively

f i l led wi th d i f ferent  th ick nud s lurr ies of  known

densi t .y ,  the exper i ruenta l  basln ref  i l led hr i th  water ,

and tesEing begun imnediate ly .  The nud s lurr ies used

h a d  d e n s i t i e s  o f  t . Z  t / ^ 3 ,  1 . 1 5  t / m 3  a n d  1 . 1 7  t / m 3 ,

the last  s lurry  behaving under the act , ion of  waves and



UAIN I.IUD

STUDIES

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

obse rved  i n  t he  exp lo ra to ry  t es t  w i t h  mud  wh ich  had

b e e n  s e t t l e r l  i n t o  t h e  o i E  f r o m  s u s p e n s i o n  a n d  l e f t  t o

f o r m  a  b e d  ( m e a n  d e n s i t y ,  1 . 1 6  t / m 3 ) .  I t  w a s  t h e

l a s t  s l u r r y  t e s t e d  ( d e n s i t v  1 . 1 7  t l m 3 )  t h a t  w a s

E h e r e f o r e  u s e d  i n  a l l  s u b s e q u e n t  t e s t s .

Fo l l ow ing  the  p rocedu re  ou t l i ned  above ,  t he  f i r s t  o f

t he  ma in  t es t s  was  ca r r i ed  ou t .  Du r i ng  each  run ,

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

th ree  ve r t i ca l s  on  the  fo resho re  (ups t ream o f  t he  mud

samDle ,  ups t ream o f  t he  channe l  and  downs t ream o f  t he

channe l )  and  ano the r  i n  m id -channe l .  A t  t he  end  o f

t he  run ,  when  the  toD  o f  t he  f a l se  f l oo r  o f  t he  p i t

was  w i th in  a  f ew  m i l l i r ne t res  o f  t he  su r round ing

fo resho re  1eve1 ,  t he  bas in  was  ca re fu l l y  r l r a i ned  and

the  sa l i ne  wa te r  sEo red  i n  an  ad jacen t  sump  fo r

re -use .  Ove rhead  pho tog raphs  were  taken  o f  t he  mud

d is t r i bu t i on  on  the  fo resho re  and  i n  t he  d redged

channe l  and  no te  was  made  o f  t he  mud  th i ckness  a t

known points on a gr id.

T h e  f a l s e  f l o o r  w a s  l o w e r e d ,  E h e  m u d  p i t  r e f i l l e d  w i t h

mud  s lu r r y l  and  the  wa te r  s l ow lv  re tu rned  to  t he  bas in

fo r  a  second  run ,  repea t i ng  t he  obse rva t i ons  and

samp l i ns  ca r r i ed  ou t  du r i nq  and  a t  t he  end  o f  t he

f i r s t  r un .  Th i s  p rocedu re  was  repea ted  fo r  a  t h i r d

run .

T e s t  1  -  u n o b s t r u c t e d  f o r e s h o r e .  P l a t e  I  ( a ) ,  ( b )  ,

( c )  shows  the  d i s t r i bu t i on  o f  t he  mud  on  the  fo resho re

and in the channel  at  the end of  the f i rs t  second and

th i rd  runs  resDec t i ve l y .  T i r t a l  cu r ren ts  a re  qene ra te r l

a l ong  the  sho re  ( f r om top  Lo  bo t tom on  the

5 . 1

5 . 2

s.3



5 . 4

5 .5

5 . 6

5 . 7

Dho tog raDhs )  wh i l e  waves  a re  gene ra ted  o f f sho re  and

t r a v e l  o n s h o r e  ( f r o m  r i g h t  t o  l e f t ) .

T h e  p r o q r e s s i v e  b u i l d - u p  o f  m u d  o n  t h e  u p - f l o w  s i r l e

s lope  an< l  i n  t he  bo t tom o f  t he  channe l  i s  c l ea r l v

v i s i b l e ,  t he  sp read  ove r  t he  f o resho re  hav ing  a

comDonen t  i o  t he  d i rec t i - on  o f  t i da l  f l ow  and  an
-o f f sho re  

componen t  aga ins t  t he  d i rec t i on  o f  wave

t r a v e l .

Tes t  2  -  impe rmeab le  t r a i n ing  wa l1 .  An  impermeab le ,

l ow- leve l ,  ve r t i ca l  t r a i n i ng  wa l1  38  mm h igh  was

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

t he  d redged  channe l  t o  c rea te  an  obs t ruc t i on  i n  t he

lower  l aye rs  o f  f l ow .  Fo r  t he  cond i t i ons  unde r  t es t t

t he  wo rks  reDresen ted  a  wa11  he igh t - t o -wa te r  dep th

r a t i o  o f  a b o u t  0 . 2 .

The  mur l  d i s t r i bu t i ons  a t  t he  end  o f  t h ree  runs  a re

s h o w n  o n  P l a t e  2 ( a ) ,  ( U )  a n d  ( c ) .  A t  t h e  e n d  o f  t h e

f i r s t  r u n  ( P l a t e  2  ( a ) ) ,  t h e  d i s t r i b u t i o n  o n  m o s t  o f

t he  f o resho re  i s  qu i t e  s im i l a r  t o  t he  co r resoond ing

s t a g e  o f  t h e  p r e v i o u s  t e s t  ( P l a t e  1  ( a ) ) .  T h e  m a i n

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

up - f l ow  o f  t he  t r a in ing  wo rks  whe re  the  obs t ruc t i on

c rea ted  by  t he  wa l l  p reven ted  the  f l u i d  mud  f rom

f low ing  i n to  t he  d redged  channe l  and  resu l t ed  i ns tead

in  a  seaward  ex tens ion  o f  t he  depos i t .  The  p la te

shows  no  ev idence  o f  mud  depos i t i on  i n  Ehe  channe l  a t

t h i s  s t a g e .

Pho tog raohs  (b )  and  ( c )  ( l l a te  2 ) ,  t aken  a t  t he  end  o f

t he  second  and  th i rd  runs  resDec t i ve l v  a l so  show no

channe l  depos i t i on .  Howeve r ,  a l t hough  the  seaward

e x t e n s i o n  o f  t h e  d e p o s i t  u p - f l o w  o f  E h e  w a l 1  i s

i n t e n s i f i e d ,  c o m p a r i s o n  w i t h  P I a t e  1  ( b )  a n d  ( c ) ,

r evea l s  t ha t  mud  i s  now sDread ine  l andwards  a l so .



5 . 8 Ry the  end  o f  t he  t h i rd  run ,  t he  mud  bed  a t  t he

t ra in ing  wa l l ,  down- f l ow  anC seaward  o f  t he  p i t ,  had

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

( p l a t e  2  ( c ) ) .  T h e  t u r b i d i t y  o f  t h e  w a t e r  d u r i n g  t h e

th i rd  run  Dreven ted  accu ra te  obse rva t i ons  o f  Ehe  mud

behav iou r  bu t  a t  t h i s  po in t  i t  i s  be l i eved  tha t  t he

nea r -be r l  l aye r  app roach ing  the  wa l1  was  th rown  i n to

suspens ion  by  l oca l  i nc reases  i n  t u rbu lence  nea r  t he

wa l1  c res t  and  fu r the r  down- f l ow .

To  i nves t i ga te  t he  pe r fo rnance  o f  t he  t r a in ing  wa11

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

fou r th  run  nas  ca r r i ed  ou t .  A t  t he  end  o f  t he  run ,

the  p lan  d i s t r i bu t i on  o f  t he  mud  ove r  t he  f o resho re

was  s im i l a r  t o  t ha t  a t  t he  end  o f  t he  t h i rd  run  (P la te

2  ( c )  )  Uu t  t he  dep th  o f  < tepos i t i on  had  i nc rease r l .

! , l a te r i a l  had  ove r - t opped  the  wa l l  a l ong  a  1  m  -  l ong

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

in  t he  d redged  channe l .  As  expec ted r  f o l l ow ing  the

obse rva t i on  made  du r i ng  the  exp lo ra to rv  t es t s  ( sec t i on

4 .6 ) ,  t he  i nc rease r l  t u rbu lence  down- f  l ow  o f  Ehe  wa l1

was  su f f i c i en t  t o  b reak  uo  the  nea r -bed  l aYe r  an< l

en t ra in  i t  i n  t he  su r round ing  f l ow .

5 . 9

5 . 1 0  T e s t  3  -  p e r m e a b l e  t r a i n i n g  w a l l .  F o r  t h i s  t e s t r  t h e

low- leve l  wa11  was  removed  and  rep laced  w i th  a

pe rmeab le  sc reen  o f  s im i l a r  d imens ions  hav ing  a

u n i f o r m  d i s t r i b u t i o n  o f  v o i d s  v i e l d i n q  a n  o v e r a l l

p e r m e a b i l i c v  o f  3 7 . 5 2 .

5 . 1 1 The  mud  d i s t r i bu t i ons  a t  t he  end  o f  each  o f  t h ree  runs

a re  shown  on  P la te  3  (a )  r  ( t r )  and  ( c ) .  Du r i nq  the

second  and  th i rd  runs ,  (b )  and  ( c ) ,  t he  mud  bed

t h i c k n e s s  i u s t  s e a w a r d  o f  t h e  D i t  i n c r e a s e d

su f f i c i en t l y  f o r  t he  ove rbu rden  p ressu re  t o  f o r ce  the

mud  th rough  the  vo ids ,  bu t  t he re  $ ras  no  s ign i f i can t

depos i t i on  o f  ma te r i a l  on  t he  channe l  s i de  s l ope  and

no th ins  on  the  bed  o f  t he  channe l .



5 . I 2  A  c o m p a r i s o n  o f  P l a t e s  2  a n d  3  s u g g e s t s  t h a t  a

low- level  wal l  wi th some degree of  permeabi l i ty  would

be  v i r t . ua l l y  as  e f  f ec t i ve  as  an  imper rneab le  wa l l  i n

prevent . ing t ,he near-bed Lransport  of  f lu id mud into a

dredged channel .

6 SITSPENDED SEDII.IENT

6 . I  Th roughou t  t he  se r i es  o f  s tud ies  t he re  was  a

progressive bui ld-up ln  the amount  of  sediment .  in

suspenslon.  Depth-averaged concentrat ions up- f low of

the mud pi t  and down-f low of  the dredged channel  are

shown on Flg 5.  The area betrdeen t ,he up- f low and

down-f low concentrat ion curves d iv ided by the run

durat ion provides a nean value of  turb id l ty  increase

fo r  t he  run .  Fo r  t he  t h ree  tes t s ,  t he  f o l l ow ing  mean

values were obta ined:

T e s t Average increase in

dep th-Eean concentra ti.on

(m/er )

1 4 . 8

26.2  (3+ .S dur ing  4 th  run)

1 8 . 9

6 . 2 The movement of  sediment  f ron the near-bed layer  to

the general  body of  water  above t .herefore appears to

j - nc rease  w i th :  ( a )  an  j - nc rease  i n  obs t ruc t i on  t o

nea r -bed  f l ow ,  and  (b )  an  i nc rease  l n  t he  quan t l t y  o f

sedlment  over topping the wal l .

DISCUSSION OF

RESULTS

Although the mud th ickness at  the end of  each run was

measu red  on  a  g r i d ,  l i t t l e  use  cou ld  be  made  o f  t , he

data because i t  proved t .o be i rnpossib le to obta in

l .  No  works

2.  Impernneable wal l

3 .  Permeable wal l

7 . 1



enough  sa r rD les  f o r  l abo ra to ry  de te rm ina t i on  o f  bed

dens i t y .  Samp l i nq  damaged  the  bed  too  seve re l y  and  so

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

t e s t .  W h e n  p l o t t e d ,  t h e  r e s u l t s  d e m o n s t r a E e d  a  r a n d o m

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

3 5 0  k g / m 3  -  4 5 0  k e / m 3 .  I t  w a s  t h e r e f o r e  n o t  p o s s i b l e

t o  p r e D a r e  a  r e a l i s t i c  e s t i m a t e  o f  s e d i m e n E  w e i g h t  o n

anv  pa r t  o f  t he  f o resho re .

7 . 2  N o  c o m p l e t e l y  s a t i s f a c t o r y  e x p l a n a t i o n  h a s  b e e n  f o u n d

fo r  t he  marked  o f f sho re  componen t  i n  t he  d i rec t i on  o f

movemen t  o f  t he  nea r -bed  tu rb id  l aye r ,  i . e .  oppos i t e

to that  of  the approaching \ raves.  Dyed water  in- jected

into the study area demonstrated that  under the

comb ined  ac t i on  o f  waves  an . l  t i da l  cu r ren ts ,  r es idua l

f l ow  took  a  cou rse  pe rpend i cu la r  t o  t he  d redge

c h a n n e l ,  i . e .  i t  m o v e d  i n  t h e  d i r e c t i o n  o f  t h e  t i d a t

cu r ren t .  G ranu la r  ma te r i a l  p l aced  on  the  bed  j us t

downs t ream o f  t he  mud  p i t  was  a l so  t r anspo r ted  i n  t he

d i rec t i on  o f  t he  t i da l  cu r ren t .  Howeve r ,  s i nce  the

en t i r e  se r i es  o f  t es t s  p roduce< l  remarkab l v  cons i s ten t

r e s u l t s ,  t h e  m u d  d i s t r i b u t i o n  m u s E  b e  r e g a r d e d  a s

genu ine .

7 .3  One  poss ib le  cause  o f  t he  o f f sho re  sp read  m igh t  have

been  a  t u rb id i t v  cu r ren t  gene ra ted  by  va r i a t i ons  i n

b e d  d e n s i t y ,  a l t h o u g h  i t  i s  d i f f i c u l t  t o  e x p l a i n  t h e

repea tab i l i t v  o f  movemen t  o f  t he  mud  cen t ro id  g i ven

such a random desni ty  r l is t r ibut ion of  t t re mud becl  .

Ano the r  ooss ib l i l i t y  n i gh t  have  been  the  i n f l uence  o f

g rav i t y  had  the re  been  any  g rad ien t  be tween  fo resho re

and wave maker,  but  the foreshore in  the studv area

was  i n  f ac t  l eve l .  The  behav iou r  o€  bo th  t he  dye  and

the  q ranu la r  ma te r i a l  sugg ,es t  t ha t  t he  co r rec t

exp lana t i on  w i l l  no t  be  d i scove red  th rough  an

examina t i on  o f  t he  wa te r  movemen ts  a lone ,  t r u t  w i l t  be

found  on ty  a f t e r  f u r t he r  i nves t i ga t i on  o f  t he

p r o p e r t i e s  o f  t h e  m u d  i t s e l f .

1 0



8 CONCLUSTONS &

RECOUI.IENDATIONS

1 .  The  expe r imen ts  i n  t he  wave  bas in  con f i rmed  the

r e s u l t s  o f  t h e  e a r l i e r  t w o - d i m e n s i o n a l  t e s t s  t h a t

unde r  t he  comb ined  acE ion  o f  waves  and  t i da l

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

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

m i x i n g .

2 .  S u d d e n  d i s c o n c i n u i t i e s  i n  f o r e s h o r e  l e v e l  w h i c h

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

and  d i spe rse  the  nea r -bed  l aye r  i n to  gene ra l

suspens ion .

3 .  A  l ow- Ieve l ,  impe rneab le  t r a i n ing  wa l l  can  p reven t

the  i n f l ow  o f  f l u i d  mud  to  a  d redged  channe l :  i f

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

nea r -bed  l aye r  i s  des t royed  and  sed imen t  i s

en t ra ined  to  be  t ranspo r ted  as  f u l l y  suspended

l o a d .

4 .  A  l o w - l e v e l  t r a i n i n g  w a l 1  h a v i n g  a  p e r m e a b i l i t y  o f

up  to  abou t  302  cou l , c l  p rov ide  a  h igh  deg ree  o f

p ro tec t i on  t o  a  d redged  channe l  f r om the  i n f l ow  o f

f l u i d  m u d .

5 .  I n  o rde r  t o  i nc rease  con f i dence  i n  ex t rapo la t i ng

t h e s e  s m a l l - s c a l e  l a b o r a E o r y  s t u d i e s  t o  f u l l

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

ou t  t o  p rov ide  more  i n fo rma t i on  on  the  th i ckness

o f  nea r -bed  tu rb id  l aye rs  encoun te red  i n  t he

f i  e t  d .

6 .  The  l abo ra to ry  s tud ies  shou ld  be  ex tended  to

es tab l i sh  t he  op t imum comb ina t i on  o f  wa l l  he igh t /

w a t e r  d e p t h  r a t i o  a n d  w a l 1  p e r m e a b i l i t y  t o

u r i n im ise  cos t  wh i l s t  ua in ta in ing  adequa te  channe l

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

1 1
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