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ABSTRACT

The ablllty t,o predlct the novenent of cohestve eedlmeot wlthln coastal,
estuarlne or lnland eatera le cruclal to bot,b Ehe technlcal aad flnanclal
vlabl lLty of nany exlst lng and proposed engtneerlog works. In part lcular,
the capltal and Dalntenance dredglng regulrement of a proJect oay foro a
substaot lal  part  of  the overal l  cost of  that proJect.  Good predlct , lve
oeaaurea to forecast the llkely ratea of gettleneot of coheslve oedloeot
from euspenelon are easenttal to proJecta whlcb have an elenent of dredglag
wlthln them. The procegs of deposltlon of coheslve aedlnent ls coot,rolled
by a conpler conbloatlon of phyalcal and chenlcal factors shlch are oot
fully understood. The s1ze, sEreogEh and settllog veloelty of the settllag
unlts of a coheslve gedlneot are the reeults of flocculatlon. Theee unlts,
or floce conprlse aggregates of floce trhlcb 8tlck gogetber aa a reault, of
colllglons. The loweet order floc conprlses an aggregate of the prloary
ParElelee but nay have a settllng veloclty perhaps trlo or three orders of
magnltude greater.

Paranet,ers rvhlch tnflueaee flocculatlon lnclude the eLze, ulneralogy, ph aod
lonlc Bcreogth of the partlcles, the sollds concentraEloo of the euspeaalon,
the chenlcal eonposltloo of the euspendlng traBer and hydrodynanlc paraaeterg
such aa shearlng ratea wlthln the auepeoslon and the bed shear atress. The
study of che deposltlon of coheelve sedlment w1thln both the laboratory and
the f1e1d envLronmeots is a dlfflcult task. Although, the flrst
lnvest,lgatlons of coheslve eedlneota sere carrled out over twenty-flve years
ago (aee Delo aad Burt  ( f986) for a 'general  revlew of reaearch) 1t I .a
reasonable to conclude that there remalng conslderable areaa where the
knowledge of sedlneat behavlour 1s lacklng. The aln of the lnve8elgatloD
descrlbed ln thls report was to defloe more preclsely by experloental study
the dePosltloo of coheslve aedlment fron auspeaalon slth Bhe obJectlve of
lnprovlng the predlctlve t,echolques of esEtoatlng che slltat'loo 1n dredged
chaonels.

A subgtaottal nunber of tests were conducted ln the carousel flune to
exanlne the Bet,tllag of coheelve sedtneot fron flowlng eater. The loltlal
serles of test8 were at eteady flos 1n shlch the eoncept of proportlooal
settllog, t,he dlspereed partlcle alze gradlng of the suspenelon, the effecc
of eallolty and the effect aB the shear BLreea hletory were lnvestlgated. A
second serles of Eests sere uodertaken l'n decelerattng flos for the putpoge
of evaluatlog a theory of settllog teroed the dlstrlbuted sedluent oodel.

Proportlosal eettllng was obeerved ln t,he steady flos tests ln lrblch t,be
ratlo of the equlllbrlum eolldg coocentratlon at the reduced bed shear
stresa to the 1olt18l gollda concenBratlon at the hlgh bed shear streaa nas
found to be lndepeodenE of the lnltlal sollde concentratlon. The value of
Ehe raglo decreased slth decreaelng bed shear^atreaa untll lt reached zero
at a bed shear atresa of approxtnated 0.05N/nz.

No conelstent pattern-. ln the change ln dlspersed part lc le slze as a result
of deposlttoo could be ldeotl-fled. The effect of sallolEy on the settllng
of sedlnent frou a f lowlng suspenslon waa not cooslsteog. The lof luence of
shear streaa hlstory oa Ehe deposlt lon of mater lal  f ron suspensloo wa8
cons ls ten t .

Based on work by Mehta ( t986) a dlstr lbuted Bedlnent model was preeented.
The prloclpal assunptlooe of the nodel eeEe: that Ehe sedloeuc could be
dlvlded lnto N classes each havlng a unique sett l lng velocl ty,  conceotrat lon
and shear strength; that the dlstr lbuBton of sett l lng velocl t les 1s



analagous to the lnltlal dlsErlbutlon of coacentratlon; aod that the shearstreogth of the sedlneot ln a class ls relat,ed by a poslttve polrer law tot'he settllng veloclty. The noder was callbrated by flrec select,lng anapproprtate setgllng veloelty dlst,rlbutlon based on results fron a gulescentdeposlt loo teat.  The dlstr lbuted gedloeut nodel waa applted to predlet logthe depoeltloo of euspeoded naterlal durlng deceleracrni flow lu thecarousel' The predlctlons whea compared wlth the labor"tory data nereeouetlmes greater, but, overall were geoerally aonewhat 10wer.

Appllcatlon of the dlstrlbuted sedlneat nodel to tbe fleld sltuatloo aodpredlculon of slltatlon at a parBlcular potnt nlth1a a prescrlbed oear bedeuapended eollds conceot,ratlon aod bed ahear st,resa reglne waa preaented.conparleon between the dlstrlbuted and uolforn eedlnent nodels ror 
" 

rangeof typlcar conceotratlon and bed shear st,resa reglnes revealed that thedlstrlbuted oodel gave slltatloo rates half an order of nagnltude hlgher.

At thls atage' the dlsLrlbuted eedluent nodel lg recornneaded to be used ln aeecondary capaclty to the more usual unlforn sedlnent model. rts varue atpreseot 1s ln dr lv lng an upper bound estrr late of el l tat ton rateg. plerd
Deaaureaent of la-sltu changes ln bed level aod denelty coupled rlthconprehenslve descrlptloos of the veloelty aod eolld" too..otratlon profilesln the near bed regton of a nuddy eetuarlne ette ls atroogly needed to provethe Predlct lve capabl l l ty of  both the unlform and dlgtr lbuted eedlnentmodels.



CONTENTS

I INTRODUCTION

2 THE CAROUSEL

2 . L  D e s c r t p t l o n
2.2 Be<l shear suress measuremenE,
2 .3  Suspens lon  prepara t lon

3 INITIAL LASORIf|ORY TESTS

3.1  Concept ,  o f  p ropor t lona l  se t t l lng
3 .2  S lze  d ls t r lDut lon  o f  p r tnary  parc lc les
3 . 3  E f f e c t ,  o f  s a l l n l t y
3 . 4  E f f e c c  o f  s h e a r  s t r e s s  h l s t o r y

4 DISTRIBUTED SEDI},IENT MODEL

4.  I  Descr ip t lon
4.2  Ca l lb ra t , lon
4 . 3  P r e d l c t i o n

5 DISCUSSION

5.  I  Assunpt lons
5 .2  F l  e ld  app l  i ca t , lon

5 . 2 . L  I n p u t  p a r a m e E e r s
5 . 2 . 2  E x a r n p l e

6 CONCLUSIONS AND RECOI''MENDATIONS

6.  I  Conc lus ions
6.2  Recoomenc la t lons

7 REFERENCES

TAsLES

Page

I

4

4
6
7

8

8
9

I I
t 2

l 3

1 3
l 5
l 8

2 0

20
2 2

2 2
24

2 5

2 5
28

2 8

l .  Equl l tbr lum concentrat lon and bed shear at ress h ls tory for  s teady
f l ow  depos l t l on  t escs :  No  sa l l n l t y .

F IGURES

1.  The  Carouse l
2 .  Bec  shea r  s t resses  1n  ca rouse l
3.  F l l l lng and eopt ,y lng procedure ln  carousel
4.  Typlcal  carousel  data
5 .  P ropo r t l ona l  se t t l l ng :  bed  shea r  s t ress
6 .  P ropo r t . l ona l  se t c l l ng :  bec t  shea r  s t ress
7 .  P ropo r t , l ona l  se t t l t ng ;  bed  shea r  s t ress
8 .  P ropo r t l ona l  seE , t l l ng :  bed  shea r  s f , r ess
9 .  Equ l l i b r l u r  p ropo r t l ona l  concen t ra t l on
1 0 .  P r l m a r y  p a r t l c l e  s t z e  d l s t r l b u t l o n s :  C 0

c o r ( b )  =  0 . 3 6 t 1 / m 2

=  0 . 3 6 1 1 / n 2
=  0 . 2 3 N / n 2
= 0 .1  211/n2
=  0 . 0 7 N / n 2

wl th  bed shear  s t ress
=  0 . 6 3 3 r g / n 3 ,



CONTENTS (CONT/D)

FIGURES (conr /O)

1 1 .  P r i u r a r y  p a r t i c l e  s i z e  d i s t r i b u t i o n s :  C 0
t o r ( b )  =  0 . 1 2 N / m 2

1 2 .  P r i m a r y  p a r t i c l e  s i z e  d i s t r i b u t i o n s :  C 0
t o r ( b )  =  0 . 0 7 N / u 2

1 3 .  P r i m a r y  p a r t i c l e  s i z e  d i e t r i b u t i o n s :  C 0
t o r ( b )  =  0 . 0 7 N / m 2

=  0 .622kg ln3 ,

=  1 .141kg /n3 r

-  4 .586kg /u3 r

L 4 .  P r i n a r y  p a r t i c l e  s i z e  d i e t r i b u t i o n s :  n o  e a l i n i r y
1 5 .  E f f e c c  o f  s a l i n i t y :  b e d  e h e a r  s t r e s s  =  0 . 3 6 N / n 2 :  C 0

I  .Okg/m3
1 6 .  E f f e c t  o f  s a l i n i t y :  b e d  e h e a r  s t r e s s  =  0 . 0 2 N / n 2 :  C 0

1  . o k g / n 3
1 7 .  E f f e c t  o f  s a l i n t i y :  b e d  s h e a r  B t r e s s  =  0 . 0 0 N / n 2 :  C 0

1 . O k g / m 3
1 8 .  Q u i e s c e n t  s e t c l i n g  t e s t  t o  d e t e r m i n e  f l o c c u l a t e d  e e t E l i n g  v e l o c i t y

d i  s  t r i b u t  i o n
1 9 .  C a l i b r a t i o n  o f  t o r ( d l ) :  b e d  s h e a r  s t r e s s  =  0 . 3 6 N / n 2
2 0 .  C a l i b r a t i o n  o f  t o r ( d l ) :  b e d  s h e a r  s t r e s s  *  0 . 2 3 N / o 2
2 L .  C a l i b r a c i o n  o f  t o r ( d l ) :  b e d  t h e a r  s t r e s s  =  0 . 1 2 N 1 n 2
2 2 .  C a l i b r a t i o n  o f  c o r ( d l ) :  b e d  s h e a r  s t r e s s  =  0 . 0 7 N / n 2
2 3 .  C h a r a c t e r i s t i c  s h e a r  s c r e s c  t o r ( d l )  w i t h  b e d  s h e a r  s E r e s B
2 4 .  M o d e l  p r e d i c r i o n  T e s t  C l :  r o r ( b )  ( 6 0  m i n s )  =  0 . 2 3 N / n 2 r

C 0  =  1 . 7 9 k g l u r 3
2 5 .  M o d e l  p r e d i c t i o n  T e s r  C 2 :  t o r ( b )  ( 1 8 0  m i n s )  =  0 . 2 3 N / m 2 ,

C 0  =  1 . 9 5 k g / 8 3
2 6 .  M o d e l  p r e d i c t i o n  T e s r  C 3 :  t o r ( b )  ( 3 6 0  n i n s )  =  0 . 2 3 N / n 2 ,

CO = I  .72kgls3
2 7 .  M o d e l  p r e d i c r i o n  T e s t  C 4 :  t o r ( b )  ( 6 0  n i n s )  =  0 . 0 7 N / n 2 r

C 0  =  t . 8 6 k g / m 3
2 8 .  M o d e l  p r e d i c t i o n  T e s t  C 5 :  t o r ( b )  ( 1 2 0  n i n s )  =  0 . 0 7 N / n 2 ,

C0 =  1 .88kg/n3
2 9 .  M o d e l  p r e d i c t i o n  T e s t  C 6 :  t o r ( b )  ( 1 8 0  n i n s ;  =  g . g 7 N 1 n 2 r -

C 0  =  1 . 7 3 k g / n 3
3 0 .  M o d e l  p r e d i c t i o n  T e s t  C 7 :  t o r ( b )  ( 2 4 0  n i n s )  =  0 . 0 7 N / n 2 ,

C 0  =  1 . 7 0 k g / u 3
3 1 .  M o d e l  p r e d i c t i o n  T e s t  C 8 :  t o r ( b )  ( 3 6 0  n i n s )  =  0 . 0 7 N / n 2 r

C0 =  2 .25kg/ rn3
3 2 .  M o d e l  p r e d i c t i o n  T e s c  C 9 :  t o r ( b )  ( 6 0  n i n s )  =  0 . 0 0 N / n 2 ,

C 0  =  1 . 7 3 k g / m 3
3 3 .  M o d e l  p r e d i c t i o n  T e s r  C 1 0 :  r o r ( b )  ( 1 2 0  n i n s )  =  0 . 0 0 N / n 2 ,

C 0  =  1 . 7 6 k g / m 3
3 4 ,  M o d e l  p r e d i c t i o n  T e s t  C l l :  t o r ( b )  ( 1 8 0  m i n e )  =  0 . 0 0 N / n 2 ,

c 0  =  1 . 8 4 t g / m 3
3 5 .  M o d e l  p r e d i c t i o n  T e s t  C 1 2 :  t o r ( b )  ( 3 5 0  n i n s )  =  0 . 0 0 N / m 2 ,

C 0  =  1 . B 9 t g / m 3
3 6 .  Q u i e s c e n q .  s e t t l i n g  m o d e l  p r e d i c t i o n  T e s t  C 4
3 7 .  Q u i e s c e n t  s e t t l i n g  m o d e l  p r e d i c t i o n  T e s t  C 5

= apProx

= apProx

= aPProx



INTRODUCTION

The ab l l l t , y  to  p red lc t  the  novenent  o f  cohes lve

sediruenE withln coastal  ,  estuarlne or lnlancl  t raters is

cruclal  to bot,h the technlcal  and f lnanclal  v1abl l l ty

of nany exlst lng and proposed englneerlng works. In

part lcular,  the capltal  and malntenance dredglng

requlrement,  of  a proJect rnay forn a subst,ant, la l  parc

o f  the  overa l l  cos t  o f  Chat  p ro jec t , .  Good pred lcL lve

measures to forecasL the l lkely rates of seEtlenent of

coheslve sedlnent from suspenslon are easent, lal  to

proJects whlch have an elenenc of dredglng wlthln

then.

The process of deposlt , lon of cohesLve sedlnent 1s

controlled by a complex conbl-nat,lon of physteal and

chenlcal  faeLors whlch are not ful ly uncterstood. The

size, strength and set, t l lng velocl ty of t .he set, t l lng

unlLs of a coheslve sedlnent are the results of

f loccu la t lon .  These un l ts ,  o r  f locs  compr ls

aggregat,es of f locs whlch st , ick together as a result

of  col l ls lons. The lowest order f loc conprlses an

aggregate of the pr luary part lc les but nay.have a

sett l lng velocl ty perhaps two or three or<lers of

magnltude great,er.  Pararneters whlch lnf luence

f locculat lon lnclude the slze, rolneralogy, ph and

lon lc  s t rength  o f  the  par t l c les ,  the  so l lds

concentrat lon of the suspensl-on, t ,he chemlcal

composlt,lon of the suspendlng water and hydrocllmarulc

paraneters such as shearlng rates wlthln the

suspenslon and the bed shear stress.

The stuoy of t ,he deposit lon of cohesl-ve sedl-ment,

wlchln both the laboratory and the f le ld envlronoenca

ls  a  d l f f l cu l t  Lask .  A l though,  Lhe f l rs t

lnvest lgat lons of coheslve sedlment,s were carr led out

over twenty-f lve yeara ago (see Delo and Burt  (1986)

for a general  revlesr of research) l t  ls reasonable Lo

conclude that there reualns considerable areas where



tne knowledge of  sedluent ,  behavlour  1s lack lng.  Thls

com'uent  ls  more the resul t  o f  the conplex l ty  of  the

sCudy mater la l  rather  than the per fornance of  the

numerous researchers who have ln fact  great ly

cont , r lbuCed to at ta ln lng lns ights ln to the way 1n

whlch coheslve sedlments act , .

The set , t lement ,  or  deposl t lon of  coheslve sedl ruenc f ron

f l ow lng  rda t ,e r  was  f l r s t  i nves t l gaEed  by  lGone  (1962 ) ,

Pa r then lades  (1962 )  and  pos rna  (1962 ) .  S lnce  !hen ,

pr lnc lpal ly  l ' lehta and Parthenlades (1973),  Dlx i r  er  a l

(1982) and Burt ,  and Gane (1985) have conr lnued rhe

resea rch .  The  resu l t s  o f  t hese  s tud les  do  no t  need  to

be rev lewed ln deta l l  a l . though sone f lnd lngs are

dlscussecl  where necessary la ter  ln  the repor t .  I t  is

suf f lc lent  to  h lghl lght  at ,  th ls  s tage thel r  outcose ! .n

terms of  the a lgor l t ,hns whlch have evolved for

p red l cE lng  the  depos l t l on  o f  cohes l ve  sed lmen t .

It ls a well document,ed and accepted fact, that at, a

cer ta ln low value of  bed shear s t ress (denoted as rO)

al l  suspended coheslve sedlment ,  wl l l  deposl t  f ron a

f lowlng auspenslon.  The rate at  whlch the sedlnent

deposl t ,s  at  f lows below th ls  cr l t lca l  shear s t ress ls

eommonly expressec by:

dc
[ = - P w " c

( r )

tn  whlch c ls  the suspended sol lds concentrat lon,  p ls

the probabl l lcy of  a f loc st , lck lng to the bed and W
s

ls  t he  f l oc  se t t l l ng  ve loc lEy .  The  p robab l l l t y

funct lon ls  usual ly  l lnear  and takes t ,he value I  when

the f lord ls  s t ,at lonary and 0 when the bed shear sLress

l s  egua l  Eo  T - .  The  f l oc  seu t l l ng  ve loc l t y  can  be' d

det.ermlned by ln-sl tu f le ld measuremenc uslng the Oeren

tube,  as  repor ted  by  Owen (1971) .  A  med lan  va lue  can



be used as  a  representa t ive  se t t , I lng  ve loc l ty  fo r  use
1 n  E q u a t . l o n  ( l ) .

I t  has been recognlsed, however,  f rom laboratory

experlment,s that,  some coheslve sedlment,  does deposlt

at  bed shear stresses great,er t ,han rd. Al t ,hough thls
deposlt ,  1s only a proport lon of t ,he total  sedlment

or lginal ly tn suspenslon, l t  has been fbund t ,hat the
proport lon 1s somewhat,  independent of the sol ids

concent ra t ion .  The f rac t lon  wh lch  can depos l t  i s

lnversely proport , ional to the bect shear stress, belng

100% at,  a bed shear st ,ress of to,  and o% at a hlgh bed

shear stress def lned as Tm. Conpl lcated relat lonshlps

for determlnlng Ehe product pl ls ln EquaLion ( l ) ,  known

as the apparent,  sett l lng velocl ty,  have been derlved

by Hayter and Meht,a (19S2) for thelr  c lrcular f lurne.

The concept of proport , lonal sett l lng descr lbed above

ra lses  lopor tan t  l ssues  w i th  respec t  to  the

appl lcat, ion of t ,he probabl l lEy funct. l .on out l ined

earl ler which ln effect prevents deposlElon at,  a bed

shear stress equal to or above the value of tO.

Proport lonaL settLlng lndtcateE that a conslderable

anount of deposlt lon can occur at bed shear st ,resses

conslderbbly greater than the supposed l in i t  of  Td.

These dl f ferences have to some degree been recent ly

addressed by  Mehta  (19S6)  in  rhe  presenta t lon  o f  a

model to represent,  t .he set. t l lng of a dlst ,r ibuted

sedinent,  as opposed to a unlforn sedlment, .  Thls model

is descr ibed ln deEal l  laEer in the report  and tested

agalnst experlnentaL daca obtalned ln t ,hls present.

sLudy .

I t  1s reasonably clear from the precedlng dlscusslon

that there l ras a need for further research lnto the

deposlt lon of coheslve sedlment frou f lowlng water.

I lydraul lcs Research have recent ly comulssloned (Burt

and Gane, 1985) a large annular f l r : rue for the study of



2. r

TIIE CAROUSEL

Descr lp t , lon

cohes lve  sed iment  L ranspor t .  The a lm o f  the
lnves t lga t , lon  descr ibed 1n  th ls  reporc  was to  de f lne
more preclsely by experlmentar study the deposlt l0n of
coheslve sedlnent.  f ron suspension wlth the object lve
o f  lmprov tng  the  pred lc t rve  techn lques  o f  es t lmat lng
the sl l tat . lon ln dredged channels.

The carousel (Flg r)  conslst ,s of an annular frune,
wlth an outer dlanet,er of  6n, a channel wldth 0.4m and
depth  o f  0 .35n,  anc l  has  a  de tachab le  roo f  0 .09n t ,h lck .
The f lume stands approxlnately l . ln off  the ground,
supported by tZ br lck plLlars.  The channel and the
roo f  a re  cons t ruc ted  o f  f lb re  g lass ,  w l th  a  0 . l2n  long
perspex sect ion in the channel for v lewlng. The roof
f l ts into Lhe channel,  and f loats on the f lu ld.  Fluic l
motlon In the carousel ls lnduced and cont lnued by the
drag between the roof and the f lu ld surface as t ,he
r o o f  r o t a t e s .

The dr lv lng nechanlsm for the roof conslsts of a DC
Torque notor with a dr lve wheel,  whlch turns a
horlzontal  plate around t ,he central  splndle. I t  ls to
chis plate that t ,he dr lve arm Ls attached at one end
(vla the strain gauge) and to the roof at ,  the other.

The straln gauge is used to measure the force appl ied
t,o the roof of  t ,he carousel as i t ,  rotaCes. I t
conslsts of a spr ing and dlsplacement,  t ransducer
arrangement attached to the dr lv lng arm at the polnt
of contact wlth t .he roof .  The magnltude of t ,he
appl led force 1s determlned by Ehe dlsplacenent,
t ransducer  de f lec t l .on ,  wh lch  1s  d lsp layed on  a  char t
recorder.  The straln gauge ls cal lbrated by applylng
known forces vla a pul ley system.



The speed o f  the  motor ,  and hence roo f  speed,  l s

control led by a mlcrocomput,er.  The motor speed can be

set  to  an  accuracy  o f  0 . lZ  o f  the  max lnun speed.  Th ls

produces a mean wat,er velocl ty range ln Ehe f lune from

zero to approxfunately 0.7ns-I ,  with a correspondlng

appl led shear sLress range from zero to approxlnately

0 . 7 N / m 2 .

The sanpl lng syst,em ln the carousel conslst ,s of two

porE ho1es, one on each wal l  of  the f lume, 80nnn above

the f loor.  Through each of these port  holes protrudes

an 'L '  shaped s ta ln less  s tee l  saup l lng  tube,  wh ich  has

an lnt,ernal dlameter of 2mrn. The outer wall sanpllng

tube has l ts ent,rance faclng upst,ream and l ts

elevat lon can be al tere<l by rot,at , lng Lhe outer porLlon

of thls t ,ube acroes a scale correspondlng to 0- l00nm

above Ehe f lune f loor.

Fluid ls cont lnuously extracted from the carousel by a

perlstal t lc purnp and passed through a coast,ant

teoperat,ure wat,er bat,h and a denslometer before belng

ret,urned to the carousel. The densloneter works on

the pr lnelple of det,ermtnlng the freguency of a thln

vlbrat, lng glass tube through whlch the f lu ld ls punpec

and conparlng this Eo the frequeney of clean water

pumped t .hrough a second denslometer.  The readlngs

obtalned are analysed and dlsplayed on a chart

recorder.  Bott le sanples of the f lu ld are taken frou

t lme to Elne and analysed gravlneErical ly to oalntaln

an accura te  ca l lb ra t lon .  In  th ls  manner  l t  l s

posslble to neasure the suspended sediment

eoncentrat lon of the f lu id ln the carousel

cont lnuous ly  to  w lLh ln  a  few percent ,  I t  has  been

shown in prevlous meaaurements by BurL and Garoe (1985)

t ,hat,  the nean suspended sol lds concentrat lon of the

f luid ln the carousel ls very close to the suspended
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measurenent,

sol lds concent,rat lon at,  the centre
less  than 5% d l f fe rence.

o t  f low,  cer ta ln ly

The thlckness of the bed 1n t ,he carouser ls measured
from beneath the f l , rne at the perspex vlewlng sect l .n
by an ul t , rasonic transducer.  Thls lnstrunent,  dlsprays
a peak ln a slgnal whlch lndlcates the lnt ,erface
between t ,he nud bed and the overly lng f lu ld and
enables the Lhlckness of the bed to be det.ermlned to
wl t ,hln 0. lmm. The Cransducer ls cal lbrated t ,hrough a
f luid wlth a sal lnl ty sinl lar to that,  tn the mud bed.
A noveable nount,ing devlce holds t,he tranducer ln
contact wlth the underslde of che perspex sect lon and
is used to poslt lon the transducer at any polnt,  across
the  0 .4n  w ld th  o f  the  f lune .  In  th ls  way l t  l s
posslble to obtaln prof l les of t ,he bed and det,ermlne
the depth of eroslon at any t lne durlng t ,he t ,est.

Two met,hods were enployed for measurlng the average
shear slress exert ,ed by Lhe f luld on the bed. The
f irst  nethod was slrnple and involved dlrect

measureruent of t,he energy lnput to t,he roof through
the cal lbrated straln gauge for a nuuber of dl f ferent
speeds o f  ro ta t lon  o f  the  roo f .

The second and more complex way of deternlntng the bed
shear stresses was by measurement of the near bed
ve loc l ty  p ro f l les  in  the  f luue  us lng  laser  dopp ler

anemomet,ry.  The fr lct lon velocl ty at the bed was
deternolned from a log- l lnear plot.  of  helght.  above bed
and fangent, lal  velocl t ,y.  Veloctt les were determlned
at,  chree sect, tons across the width of uhe f lurne for
d l f fe ren t  speeds o f  roLat lon  o f  the  roo f .  The beo
shear stresses were then conput,ed from the logari tholc
por t lon  o f  the  ve loc lcy -depth  pro f l les .
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prepara t lon

The bed shear  s t ress  a t ,  the  th ree  sec t , lons  across  t ,he
wid t ,h  o f  the  f tume measured by  Ehe laser  ve loc l ty

Beter  l s  shown ln  F lgure  2 .  A lso  g lven 1n  F lgure  2  1s
the average shear stress on the wett ,ed perlmeter glven

by t ,he porder lnput measured through the straln gauge

and the wldth averaged shear stress fron the laser

measure!0ents. These two curves show reasonable

agreenent, and lnctlcate a st,eady lncrease ln bed shear

sLress  n i th  lnc reas lng  speed o f  ro ta t lon  o f  the  roo f .

For the purpose of est lmatlng t .he bed shear stress

durlng a deposlt lon t .est t ,he curve represent, ing the

bed shear st ,ress 0.06n fron the lnside wal l  of  the

carousel was used. Ic mus! be appreciated however,

that,  t ,he f lu lct  ln a test may have a hlgh concentrat lon

of suspended sol lds and wi l l  not exhlbl t  exact ly the

same hydrodynamlc behaviour as the clean lrater used in

the  ca l lb ra t ,1on.  Never t ,he less ,  1 t  1s  cons ldered tha t

for t .he concent,rat lons of suspended sol ids present,  1n

the  carouse l  dur ing  a  d ,epos l t lon  t ,es t  (<5kg/n3)  th ls

facLor would not,  s lgnl f lcant ly effect the est inat, ion ,

o f  the  bed shear  sc ress .

The f111lng and emptying processes lnvolved wlth t ,he

carousel are shown schenat lcal ly 1n Flgure 3. Before

a  suspens lon  ls  pu t  io to  the  carouse l ,  l t  l s  f l r s t

mlxed horuogeneously.  Thls ls achleved by putt lng the

mud and water lnto the mlxing tank and punplng the

f luid through t ,he reclrculaLory systen.

The suspension ls t.hen pumped into Lhe fltne frorn t,he

tank unt l l  the requlred depth of suspenslon 1n the

f lume ls reached. The roof ls lowered onto the

surface of the f lu ld ancl t ,he test ls ready to st ,art , .

Aft ,er t ,he tesL has been conpleted Ehe roof ls raised

and e i ther  the  suspens lon  ls  re - rn lxed by  hanc l  o r
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INITIAL

LABORATORY TESTS

Concep t  o f

p ropo r t , l ona l

se t  t l  lng

renoved fron the carousel

suspens lon  prepared.
E,hrough Lhe dra ln and a new

A nunber of tests were undertaken in the carousel to
ensure that Ehe results rdere conslst ,ent wlt .h t ,hose of
Burt  and Game (t9g5) and Mehra (1973) who had bor,h
observed proport lonal sett l lng. One Cypical  ser les
of results obtalned are shown in Flgure 4. The depth
o f  suspens lon  was O. lm,  the  ln l t la l  so l lds
concent ra t lon  was c lose  Eo I . l kg /n3 ,  the  sa l ln l ty  was
32kg/m3 and the suspenslon sras f l rsc st l rred by hand
and t ,hen rotated ln the carousel f lume for I  hr aE a
bed shear atresa of approxl trat ,ely 0.57N/n2, fol lowing
which the speed of rotat lon l ras reduced qulckly to
v a l u e s  o f  0 . 2 3 ,  0 . L Z ;  0 . 0 7 ,  0 . 0 5  a n d  0 . 0 0 N / m 2
respect ively.  The plots of the concentrat lon of
suspended sedlment, at t,he cent,re of the flow wlth
t, ioe (Ftg 4) indtcate the effect of  the preval l lng
bed shear  s t , ress .

At Che hlghest bed shear stress the concentrat l .on
fa l l s  on ly  s l lgh t ly  anc l  a t ta lns  an  equ i l tb r lum
concent ra t lon  Jus t  above 0 .gkg /m3.  Th ls  equ i l lb r lum
value ls further recluced as the bed shear st ,ress ls
redueed to  0 .12N/m2 and to  0 .07N/m2.  However ,  a
fu r ther  sna l l  reduc t lon  ln  the  bed shear  s t ress  to
0 .05N/m2 resu l ted  ln  t .he  cont . lnuous  depos l t lon  o f
mater la l  and no  equ l l lb r tum concenEra t lon  be tng
reached. rn fact, ,  alr  the mat,er lar woul_d event,ual ly
be  depos l ted  f ron  the  f low lng  suspens lon .

The ra t lo  o f  t ,he  equ l l lb r lun  concenLra t lon  ce ,  to  the



3 . 2  S i  z e  d i s t r i b u t , i o n s

of  p r lmary

par t , i c les

inl t ia l  concent.rat lon co was found to be reasonably

const,ant whlch was ln agreenent wlth other

researchers '  f lnd lngs  (see Mehta ,  1973 Bur t  and C,ame,

1985) .  Th ts  i s  i l l us t , ra ted  by  the  p lo ts  ln  F lgures  5

Co 8 whlch deplct  the var lat . lon ln t ,he dlnenslonless
proport lonal coneentraLLon parameter c(t) /co wtt tr

tlne for sudden reductlons ln bed shear stresses E,o

0 ,36 ,  0 .23 ,  0 .12  anc l  0 .07N/m2 respec t lve ly  f rom an

lnl t la l  value of 0.57N/m2. The lni t la l

concent,rat lons of the tests whleh are shonm Ln each

f lgure ranged bet,ween 0.5-5.Okg/n3. Alrhough, the

polnts glven ln each f lgure tend to vary fron test,  Eo

test t ,he general  lnpresslon ls that,  the f lnal

equl l lbr lum ratLo is senslbly lndependent of the

ln i t la l  concent ra t lon .

The equl l tbr lun proport lonal concentrat, ions of al t

t ,he tests conducted Ln whleh the bect shear stress was

suddenly reduced from an inltlal hlgh value are

plotteQ wlth bed shear st ,ress ln Flgure 9. A

t.entat ive l lne has been sketched through Che polnts

to l l lust,rate the l lkely overal l  relat lonshLp. Below

a certaln cr i t , lcal  shear st ,ress t . ,  a1l  the sedlment
o

ln suspenslon event,ual ly deposlts.  Thls cr l t lcal

value appears to be approximately 0.05N/rn2 whlch 1s

conslstent wtth the curves deplcted ln Flgure 4

showlng that,  at  a shear suress of 0.05N/rn2 al l  the

sed iment  appears  to  depos l t .

Al though l t  was not posslble to neasure t ,he ln-sl tu

s lze  d ls t r ibu t lon  o f  the  f locs  dur lng  depos l t , lon  l t ,

was possible to wlthdraw a snal l  quant lLy of the

suspenston fronu t ,he carousel and neasure the

d lspersed par t l c le  s lze  d ls t r lbu t , lon .  Sanp les  were

taken f ron  a  number  o f  tes ts  and the  resu l t ,s  o f  the



par t i c le  s lze  ana lys ls  used to  assess  Lhe l l ke ly

compos l t lon  o f  p r lmary  par t , l c les  ln  the  f locs  a t

equl l  lbr ium concentrat lons.

The palrs of curves sholcn in Flgures lO to 13 are the

d lspersed par t , l c le  s lze  d ls t r lbu t lons  a t  t ,he  in l t la l

suspended sedlment concentrat lon ( le at a bed shear

stress of 0.SZtt /m2) and t ,he equl l lbr luu suspended

sedlnent concentraLion at the reduced bed shear

st,ress. These exanples were selected as belng

l l lus t ra t l ve  o f  the  overa l l  resu l te  o f  Ehe s lze

d l s t r l b u t l o n s .

The general  lnpresslon obtalned from the curves

shown, and indeed fron al l  the results,  ls that,  there

does not appear to be a conslstent patt ,ern 1n the

d lspersed par t l c le  s lze  d ls t r lbu t lons .  In  sone tes t .s

t ,he slze dlstr lbut lon r ,enalned reasonably constant

t ,hroughout deposlt lon (eg Flgs t0 and 12) an<l ln

ot.her , test,s t ,he pr lnary parElcles were somewhat fLner

at the lower bed shear stress after deposlt loo

(eg  F lgs  l l  and  l3 ) .  In  on ly  a  few tes ts  d1d the

equl l lbr1r:n sedlment,  suspenslon have a coarser sLze

d ls t r ibu t lon  (F1g 1Z i l lus t ra tes  th ts  to  soEe

degree)  .

The varlat lon fron test Lo test Bay be accounte<l for

by a number of factors lnclucing di f ferences ln the

ln i t ia l  s lze  d ls t r lbu t lon  o f  sed iment ,

unrepresentat, lve sanpl lng due t ,o only snal l  volumes

being wlthdrawn and the effecC of conplex

f loccu la t lon  processes .  I t  1s  poss lb le  to  conc lude

f rom the  s lze  d is t r lbu t lons ,  however ,  tha t  depos i t lon

of the sedlment nust ln many cases be taklng place by

f locculat lon whlch 1s formlng f locs comprlslng Ehe

ent i re  range o f  p r lmary  par t l c le  s lzes .  Whet ,her  o r

no t  any  lnd lv ldua l  f loc  conta lns  a  range o f  s lzes  o f

p r lnary  par t l c les  o r  i s  composed pr lnc lpa l l y  o f  Jus t ,

1 0
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one s lze  wh lch  var les  f ron  f loc  to  f loc  cannot  be
deduced from the data.

The s lze  d is t r lbu t lons  o f  the  pr lnary  par t , l c les  fo r
t ,he t ,ests wlt ,h no sal lnl ty show a clear trend for
sort lng the sedlnent wlLh respect to parLlcle
dlameter for the glven bed shear st ,ress. An exarnple
of some typical  s lze dlstr lbut. tons for no sal lnl ty
are shown ln Flgure 14. In Lhls case, due to t ,he
reduced f locculat lon between the pr lnary part , lc les,
the bed shear stress t ,ends to control  the slze
dlst ,r lbut ion of Ehe suspenslon ln nuch the eane way
as  w l th  lnc lp len t  no t lon  o f  cohes lon lese  sed lnent .
As the bed shear st ,ress ls reduced the mlntnun
dlaneter of part , lc le whlch fal ls out,  of  suspenslon ls
decreased thus al lowlng fLner part . lc les t ,o be
deposlt ,ed at the lower bect shear sEressea.

The ln f luence o f  th ree  d l f fe ren t  sa l tn l t les  (32kg/m3,
5kg/n3 and zero) was assessed by runnlng test,s rr l t ,h
approxlnately the same inl t ia l  sol lds concentrat, lon
of suspenslon (-  I .0ke/n3) and reduclng the bed shear
s t r e s s ,  a f t e r  I  h o u r  a t  0 . 5 7 N / n 2 ,  t , o  0 . 3 6 N / m 2 ,
0 .07N/m2 and 0 .0 t t /n2  respec t lve ly .  The resu l ts  o f
selecEed t ,ypical  tests are shown ln Flgures 15, 16
and 17. The result ,s ln the f lgures do not,  glve a
conslstent pat, tern for t ,he lnf luence of sal lnl ty on
the deposlt lon of suspended sedlnoent, .  I t ,  appeare
that the effect of  sal lnl ty depends on the bed shear
s t , ress  dur lng  depos l t , lon ,  a l though,  1 t  must ,  be
polnted out,  that the results present,ed here are not,
exbaust ive .  AL a  bed shear  s t ress  o f  0 .361.1 /m2
(F ie  t5 )  a  suspens lon  w l th  no  sa l in l ty  depos l t ,s
sl lght ly more and a nuch qulcker rate t ,han a
suspens lon  w l th  a  sa l ln l ty  o f  5kg /n3 .  For  a  lower
bed shear  s t . ress  o f  0 .07N/a2 (p rs  16)  a  suspens lon
wi th  no  sa l ln t t , y  in l t ia l l y  depos l ts  fas te r  bur  has  a

t l



hlgher equl l lbr iuru concentrat lon than a corresponding

suspenslon wlEh 32kgln3 sal lnl . ty.  When the

deposlt lon of suspended sedlnent,  occurs ln gulescent

cond l t , lons  (F le  17) ,  the  e f fec t  o f  sa l tn l t , y  l s  more

narked with the rate of deposlt lon lncreaslng wlth

s a l l n 1 t y .
!;

3 . 4  E f f e c t  o f  s h e a r

s t r e s s  h l s t o r y

IE has been clear ly shown t ,hat,  the becl shear stresa

plays an lmportant,  role ln det,ermlnlng the

equl l lbr luu concentrat lon of suspended sedlnent.  The

t,ests which lndlcated thls response fol lowed a

slml lar pat, tern ln that,  the sedlment was lnl t la l ly

suspended for I  hour at e hlgh bed shear stress after

which t ,he bect shear stress was reduced abrupt ly.  Two

serles of t ,est,s were condueted, however,  to

lnvestLgate the effect,  of  t ,he bed shear st ,ress

hlstory on the equl l lbr lum concent,rat lon of suspended

sedinent.  These tests took the forrn of a Eero stage

reduct lon ln bed shear sLress. Each stage lasted

21 hours and t ,he equl l lbr lutr  concentrat lons are

presented ln Table I  wlth the bed shear stress.

The trend ln Lhe results ls c lear al though snal l  ln

magnitude. The effect of  the lntermedlaEe bed shear

stress value ls to i .ncrease the f lnal  equl l lbr lum

concentrat lon of suspended sedlment by an anount

whlch has a maxlnum value at a bed shear stress

sonewhere between the lnl t la l  hlgh value and the

f lna l  reduced va lue .  For  the  f l rs t  ser les  o f  tes ts

g lven ln  Tab le  I  ( le  D7/ f  to  D7 l4)  tne  f ina t  bed

shear st ,ress was O.O7N/rn2 and the lnteruedlate values

w e r e  0 . 3 6 ,  0 . 2 3  a n d  0 . 1 2 N / n 2  r e s p e c t l v e l y ,  w l t h  L e s E

D7 /4 La effect,  havlng an lntermedlate shear stress of

0.07N/m2. Because the tests began and ended at

equi l lbr lur suspended sol lda concent,rat, lons,

lnt ,ernedlaLe bed shear st ,resses very close to 0.57

l 2
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and 0 .07 t1 /m2 $ou ld  no t  by  de f ln l t lon  have any  e f fec [

on the f lnal  equi l lbr lum concentrat lon. In terns of

proport lonal concent,rat j .ons t ,he lntermedlate bed

shear st ,ress of 0.23N/m2 gave the maxlmum increase

wt th  a  f lna l  va lue  o f  0 .44  compared w i t ,h  0 .40  fo r  the

d l rec t  reduc t , lon  t ,o  0 .07N/m2.  In te rmed la te  s t resses

elther s1<te of 0.23N/rn2 gave correspondlng smal ler

lncreases ln che f lnal  equl l lbr lutr  concent,rat lon -

0 . 3 6 N / m 2  r e s u l t e d  t n  a  p r o p o r t l o n  o f  0 . 4 1  a n d

0 . 1 2 N / u 2  g a v e  0 . 4 2 .

A slml lar pat. tern was recorded ln the second serles

o f  tes ts  D l /5  to  D7 l7  t ,o t  wh lch  the  f lna l  bed shear

s t , ress  was 0 .12N/m2.  A  s t ra igh t  reduc t , lon  to

0. l2N/m2 produced an equl l lbr lun proport lonal

concentrat, lon of 0.53, whereas, an lntermedLate

sLress  o f  0 .23N/m2 ra lsed th ls  varue  to  0 .59  and a

s t r e s s  o f  0 . 3 6 N / n 2  l n c r e a s e d  l L  t o  0 . 5 6 .

At,  thls present t . lme lnt ,erpretat, lon of Ehese f lndlngs

ls  a  l l t t le  d i f f l cu l t  o ther  than to  pos t ,u la te  tha t

the f loc slze dlst ,r lbutLon or shear strength of f locs

must be effeeted by the Lnternedlate shear reglme.

This results Ln less sediment,  betng deposlted

comparecl to havlng no lnt ,ermedlat,e bed shear stress.

It may be concluded thau the flocs have become weaker

and less able to $r i thst,and the high shear rates near

the bed and/or smal ler ln size nl th lower effecLive

set t , I lng  ve loc l t les .

The or lg lnal  concept  of  a cr l t ica l  shear s t , ress Td,

and set t , l lng veloc l ty  l , ls ,  to  descr lbe the behavlour  of

deposl t , lon f rorn a suspended sediment  $r l th  a

4 . 1



concent ra t lon  be tneen 0 .1  to  l kg /13  propo"ed by  Krone

(1962)  and g lven as  Equat lon  ( I )  l s  adequate  fo r

hlghly coheslve clayey sedlments whlch form st,rong

aggregaLes o f  un t fo rm conpos l t lon .  When the  sed lment

ls  coarser ,  w l th  s l l t  par t l c les  as  we l l  as  c lay

part , lc les, and 1s lees coheslve, t ,he deposlt ,Lonal

behavlour 1s dl f ferent frorn a unlforn sedlnent ln Ehac

both  T-  and W,  have d ls t r lbu t lons  tha t  a re  p robab ly
o s

related ln some way t ,o el ther slze or concentrat lon.

A dlstr lbuted sedlmenE uodel based on thls assunpt lon

was present,ed by Mehta (1986) and has been adopted ln

thls study wlLh the object lves of deterolnlng l te

abl l l ty to predlct  deposlt lon fron cont, inuous

decel lerat lng f low ln Ehe carousel f tume and assesslng

1t .s  I j . ke ly  oenef tE  ln  p red lc t lng  s l l ta t lon  o f  cohes lve

sed lment  ln  the  f le ld .

The node l  has  t ,h ree  pr lnc lpa l  assunpt lono.  F1rs t ,  lhe

sedlment ls consldered to be dlvlded tnto N classes

each havlng a unlque set, t l lng veloci ty,  cooeent,rat lon

and c r l t l ca l  shear  s t ress  fo r  depos t t lon .  Hence,  the

so lu t lon  fo r  Equat lon  ( l )  can  be  redef lned as :

N
ct=r l rc t=

N
E

1=l
corexn[-, t-*,  ht . ( 2 )

where for al l  ' rO
"d i  

ln  a  g lven c lass  1 ,  C l  =  Co l .

The second assumpt,J.on ls that the relat lonshlp between

the sett , l lng velocl ty and suspended sediment,

concent ra t lon  can be  g lven by :

= k c
I

wl th  n  =

the  range

sedlments

I .

o f

1n

( 3 )

Th ls  1s  Lhe  s lmp les t  case  wh lch  l s  w l t h l n

values found for  wel l  aggregated

s e t t , l l n g  c o l u m n s  ( r e  0 . 8  t o  2 . 0 ) .  T h l s
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se lec t l on  lmp l i es  t ha r .  t he  d l sE . r l bu t l on  o f  se t , t l j . ng

ve loc i t , y ,  0 (W . ) ,  o f  t he  d l s t r l bu ted  sed lnoen t  wou ld  be
s 1

ana lagous  to  che  assoc la t , ed  d l s t r l bu t . 1on ,  0 (C^ .  ) ,  o t
U 1

ln l t . l a l  eoneen t ra t , l ons ,  COI  ,  hence

co l  =  O (co l ) . co  =  0 ( t l s l ) . c0

The th l rd assunpt lon ls  ChaE a power law

ex l s t s  be tween  the  c r l t l ca l  shea r  sc ress

e o r r e s p o n d l n g  W " t ,  s p e c l f l e d  a s :

T . .  =  k  W  
m

c t T s l

( 4 )

re la t lonsh lp

, Td1, ancl  the

(s)

where k_ would be numerlcal ly equal to T_, Ehe- d '

cr l t lcal  shear stress for unl form sedlnent, ,  for whlch

M = 0. Mehta def lnes t ,he lowest value of 
"dl  

as T 
dl

whlch ls the cr l t lcal  shear stress below whlch al l

sedlnenc eventual ly deposlts.  The assoclated olnLmum

set t l lng  ve loc l ty  l s  W" l .  L lkewlse ,  Ehe cor respond lng

maxlmum, values are TdN and W"*. Conblnlng Equat lons

2, 4 and 5 and substltut,lng for k- and rn leads to

N
t  c .

i = l  
1

r i- t
(lI

I^t
s 1 l-r-l t

( 6 )

N
= 

, lr  
o(wsr) exP{-[

r r  f tn ( "o r / "o t ) r
C#l 

L*qFrl
s 1

ac l

"o "o

For a unlform sedlnent,  thls reduces t ,o

c  =  co  . "o [ - ( t - ( 7 )

To use the nodel  l t  was necessary to determlne the

se t , t l l ng  ve loc l t y  d l s t r l buc lon  o f  t he  f l occu la t , ed

sedirnent .  ac the beglnnlng of  the test  ac the bed ahear

sEress  o f  0 .57N/m2 ,  t he  max lmum bed  shea r  s t ress ,  r dN ,

a W

{lt't '
4 . 2  C a L i b r a t , l o n
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above vrh lch no deposl t lon at ,  a l l  could take p lace and

Ehe  cha rac te r l s t , l c  m ln lmun  c r l t t ca l  bed  shea r  s t ress ,

Td l ,  be low  wh lch  a l l  sed lmen t  depos l t s .  These

paraneters r r rere deCermlned by exper loents 1n whlch Ehe

Ded shear s t , ress was suddenly reduced,  as descr lbed ln

t ,he precedlng chapcer.  Havlng cal lbraLea the nodel ,

l t ,  was appl led ln  s lnulat , lng che deposl t lon of  a 
' '

d l s t r l bu ted  f l occu la ted  sed luen t  f r on  a  con t l nuous l y

dece l l e ra t l ng  f l ow  ( see  fo l l ow lng  sec t l . on ) .

The  se t , t l l ng  ve loc l r , y  d l s t r l bu t l on ,  0 (Ws1) ,  was

der lved f rorn the resul t ,s  of  a qulescent  set t , l lng test

l n  wh l ch  a  suspens lon  o f  sed lnen t  w l t h  an  l n l t l a l

concen t ra t l on  o f  O .777kg /n3  
"a "  

m lxed  a t  a  bed  shea r

s t ress  0 .57N/m2  fo r  I  hou r  and  then  a l l owed  to  depos l t

at ,  zero f low.  The d lspersed s lze gradlng of  t ,he

suspended sedlnent  was used in conJunct lon wt t ,h St ,okes

set t l lng veloc l ty  equat lon and a factor  re lat ,ed to the

part lc le  s lze co g lve an est lnated f locculated

sedlnent ,  set t l lng veloc l ty  d ls t r lbut lon.  The veloc l ' ty

[ ,1" ,  o f  a f locculated sedlment  of  nedlan d lspersed

part lc le  s lze,  D56 ! i las found by Mlgnlot  ( f968)  Eo be

approxlnate ly  g lven by,

w"  *  0 .9  Dso2  F  (8 )

where  F ,  t he  f l occu la t l on  f ac to r  was  a  f unc t l on  o f

p a r t l c l e  s 1 z e ,  1 € ,

f - f
F=2O-Dso '  I  ( 9 )

&o ir"

u \
\ , t l t ,h  F  =  1 .8  fo r  D5g <  0 .020m;and f  =  0  ( te  n  =  11  fo r

r \

Dso  )  0 .02O,n /  Th l s  lmp l l ed  t ha t ,  t , he  f l occu la t , l on

ef fect ,  for  a sedlment  l r l t ,h  a medlan par t lc le  s lze of

great ,er  t ,han 20pm was negl lg lb le.

In the present  s tudy the value of  t ,he f locculat lon

facCor ,  F  was  ea l cu la ted  fo r  each  c lass  o f  d l sc r l buced

1 6



sedlnent for a part , lcular value of the coost.ant,  f  .  A

second oatheoat lcal  nodel was used to slmulate the

qulescent sett , l lng of a dlst ,r lbuted f locculaEed

sedlment ln suspenslon, assunlng no change ln the

f loccu la t lon  reg lme.  The resu l ts  f roo  th ls  mode l  a t

m 1 d - d e p t h ( 1 e t h e p o s 1 t 1 o n o f s a r u p 1 1 n g t u b e 1 n t ' h e

carousel)  were conpared wlth the experlnencal data and 
'

t ,he value of f  was adJusted unt, l l  a good f l t  wae

obta lned,  as  l l l us t ra t ,ed  ln  F lgure  18 .  The se t t l lng

ve loc l ty  d ls t r lbuL lon  v r l t ,h  f  =  0 .7  resu l ted  ln  a

o ln lnum se t t l lng  ve loc l t , y ,  W" l ,  o f  3 .08-06m/s  and a

max l -mum,  W - - ,  o f  I .5E-04m/s .
S N

The naxlnun bed shear stress, adN, was taken to be

equal to 1.0N/n2, slml lar to t ,he value adopted by

Meht,a (1986).  The nodel l ras not,  very senslt ive to

ehanges ln t ,hls parameter.

The charact.er lst , lc bed shear stress, adl  ,  was

det,erntrned by runnlng the dlstributed sedlnent, noclel

t ,o slmulate the test 's shown earl ler 1n Flgures 5 to 8

1n whlch the bed shear stress was reduced suddenly co

0 . 3 6 ,  0 . 2 3 ,  0 . 1 2  a n d  0 . 0 7 N / n 2  r e s p e c t l v e l y .  T h e  v a l u e

of t- ,  was var led unt l l  a good f l t  was obtalned
( l I

betneen the average of  the test  daca for  each

magnl tude of  bed shear at ress and the output  f rom the

uode l .  These  resu l t s  a re  shown  i n  F lgu res  19  Eo  22

respect lve ly .  Reasonably good f l ts  were obtatned 1n

each case but  the value of  
"Ol  

was found to vary wlrh

t . he  app l l ed  be< l  shea r  s t ress .  Th l s  re la t l onsh lp  1s

deplcted ln  F lgure 23 1n whlch lL  may be seen that  adl

gene ra l l y  l nc reases  as  t he  magn l tude  o f  Ehe  app l l ed

bed shear s t , ress ls  reduced.

Fo r  exanp le ,  a t  a  bed  shea r  s t ress  o f  0 .36N/m2 ,  Tc l

was  0 .0 t0N /n02 ,  whe reas ,  a t  a  bed  shea r  s t ress  o f

0 .07N/n2  the  cha rac te r l sE l c  sL ress  T . .  L tas  g rea te r  a t
O I

0.040N/m2. fui  approxlnaLe relat lonshlp was obcalned

by t l r , r lng  Ehe Equar lon  ( rn  u /m2) .
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4 . 3  P r e d l c t i . o n

" c l  
=  0 .008  ( "o  +  0 .e1 -+ ( t  0 )

Thls re lat , lonshlp was used ln the s l rnulat lon of  E,he

cont , inuously decel terat lng f low t ,ests to calculat ,e t ,he

appropr late t lme-vary lng value of  rd l  f rom the

p rese r tbed  va lue  o f  t o .

The perfornance of the dlstr lbuted sedlnent model was

assessed by comparlng the output.  f ron t ,he model wtth

t,he results of twelve decel lerat l_ng f low tests ln the

carousel.  These tests had l lnear rates of deereastng

bed shear stress fron an lnl f , lat  value of 0.57N/rn2

whlch was oalntained from a perlod of I  hour at the

beglnnlng of each Eest.  Three f lnal  bed shear

sLresses  were  adopted ,  1e  0 .23 ,  0 .07  and 0 .00N/n2

t,ogether wlt .h t , tnes of reduct lon, ie 60, lB0, and 360

mlnutes. In addit , lon, a t lme of reduct, i .on of 120

Dlnut,es qras run for the f lnal  bed shear stress of

0.00N/m2 and 120 and 240 nlnutes for t ,he bed shear

suress  o f  0 .07N/n2.  The va lues  o f  O(W"f ) ,  
"dN "nd  "d I

used 1n the model were as dlscussed ln the, preceedlng

sect lon and were che saoe ln each slnulaclon run.

Plots of the experlmental  and nodel data are presented

for  Tes t ,s  C l  to  C l2  in  F lgures  24  ro  35  respec t lve ly .

Predlct lon of the average suspended sol lds

concentrat, lon for t ,he decel lerat, lng f low test,s wlth a

f lna l  bed shear  s t ress  o f  0 .23N/u2 are  cons ls t ,en t ly

low compared to the experluencal data (see F1g 24 (60

m l n s ) ,  F l g  2 5  ( 1 8 0  m t n s ) ,  a n d  F l e  2 6  ( 3 6 0  n l n s ) .  T h e

dlscrepancy between moclel  and experlnental  reduces as

the t lne perlod for the l lnear reduct lon 1n bed shear

s t , ress  lnc reases .  For  lnscanee,  1n  Tes t  C l  (F1g 24)

t .he predlcted average concenErat, lon of suspended

so l lds  a f te r  6O n lnuces  1s  l .71kg/ rn3  compared w l fh  the

concentrat, ion ln the carousel experlnenc of 1.5lkg/rn3.

In Test C3 (FlC 26),  nowever,  t ,he predlcted and

l 8



exper luent ,a }  so l ids  concent ra t ions  a f t .e r  360 mlnu tes

a r e  l . 3 7 k e / m 3  a n d  1 . 4 5 k e / m 3  r e s p e c t . i v e l y .

T h e  f l v e  t e s t s ,  C 4  c o  C 8 , l n  w h l c h  t h e  b e d  s h e a r

scress  was reduced to  0 .07N/m2 over  t toe  per lods  o f

60 ,  120,  180,  240 and 360 n lnu tes  respec t lve ly  a re

shown in Flgures 27 t ,o 31. The model general ly 
! '

under-est lmated t ,he concentrat lon of suspended sol lds

for t lme periods of 60 and 180 nlnutes and

over-esElnated the concentrat lon for the naJorl ty of

the t ,est for t lne perlods of 120 and 240 mlnures.

Reasonably good agreement between Ehe nodel and the

experlmental  data was found for the longest t lne

per lod  (360 ro lnu tes)  as  l l l us t , ra ted  1n  F igure  31 .  In

predlct lng Lhe quant l ty of uater lal  deposltec durlng

these t ,ests,  t ,he model over-est lnates at worst by a

fac tor  o f  two.

Four t,ests were condueted tn whlch the bed shear

stress l ras rectuced to zero over t lne perlods of 60,

L?O,  180 and 360 mlnutes .  The resu l ts  o f  t ,hese tes ts

(C9 to  Ct2)  a re  shown ln  F lgures  32  to  35

respect lvely.  ExcepL for the sbortest,  t lne perlod the

moclel  conslstent ly under-esElmates the concentrat lon

of  suspended so l lds .  In  te rns  o f  mater la l  depos l ted ,

t .he model agaln predlcts,  on average, approxlruately

Ewlce as much as was deposlted ln Che carousel f lurne

tes t .  For  rhe  60  n lnu te  t ,es ts  (F lg  32) ,  the  pred lc ted

concent,rat lon ac Ehe end was l .2lkg/n3 conpared wlth

the experlmencal value of 0.96kg/m3 .

In sumoary, the dlscr lbuted sedlnent noclel ,  when

appl led to deceleraclng f low anc conpared wluh resulEs

from laboraEory tests gave predlcted suspended sol lds

concentrat lons whlch were general ly lower Ehan Ehose

measured experlmental ly.  Sone dlscusslon of the

assuapt ions made tn the model and the lmpl lcat ions for

l t s  app l l ca t lon  ln  t ,he  pred ic t lon  o f  s l l tac lon  f ron
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f lowlng water ln est,uar lne environnents are presented

1n the  fo l lowtng chapter .

5 DISCUSSION

5 1 .  A s s u n p t l o n s

The dlsCrlbuted sedlmenr ls founded on a number of
assumpt, lons. Mehta (1996) made t ,hree pr lnclpal

assunpt lons ln his derlvat, ion of the nodel (see

Sect lon  4 .1 ) ,  ie  l )  the  sed lnent ,  can  be  cons idered as
N d lsc re te  c lasses ,  2 )  the  se t t l ing  ve loc lcy  l s

dlrect ly proport lonal t ,o concentrat lon, ancl  3) a power

law rerat lonshlp holds bet lseen the shear strengch of a
sedtnent,  c lass and 1ts set, t l lng velocl ty.  These

assunpt tons  are  embod led  in  Equat lons  (2 ) ,  (3 )  anc t  (5 )

respec t lve ly .  Of  t ,hese,  l t  i s  the  t ,h l rd  assuopt lon

whlch  ls  the  nos t  d i f f i cu l t  to  jus t l f y .  In  fac t ,

t 'here 1s experlmental  evldence whlch contradlct ,s thls

assunpr , lon .  Krone (1963)  ln  h ls  rheo log lca l  s tudy  o f
the propert les of estuarlal  sedlments found that che

shear strength of aggregates decreased as thelr  orcler

lncreased, whereas, thelr  sett , r ing velocl ty lncreasect.

Furthernof,e, Krone's vlew on the role of lnternal

sheerlng both prooot lng and l lmtt lng the f loc stze

lmpl led a dynarnlc process of fornat lon and break up of

f1ocs, and hence, tends to weaken t,he argunent for

dlvldlng the sedimenE lnto dlscrete cl_asses.

In  the cal lbrat lon of  the nocel ,  addl t lonal

assumpt lons rsere nacie ln  order  to der lve a set , t , l lng

veloc i ty  d ls t r lbut lon for  the f locculated sedl rnen[  ac

the beglnnlng of  a test  and to laent l fy  a probable

va lue  o f  T - ^ , .  The  fac t , o r l ng  o f  t , he  s toke rs  se t t l l ng(lN

ve loc t ty  equar ton  fo l low lng  work  by  Mign toc  (196S)

(see Equat lon ( !))  ls soraewhat t ,enuous as the st ,udy by

MlgnloL was wlLh reasonably homogenous sedlments,

whereas ,  the  app l lca t lon  was ln  a  d ls t r lbuLed sec l lmenc,
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model .  The value for 
"dN 

was known not t ,o great, Iy

int luence the results of the nodel for values between

0 . 6  a n d  1 . 0 N / m 2 .

However,  the adopt lon of  such a h igh value for  rO* ln

compar lson wl t ,h  t ,he typ lcal  va lues of  Td of

0.06-O. l0 l l /m2 whlch have been wldely used to def  lne ! ,

t , he  shea r  sE ress  a t .  wh l ch  depos l t i on  f l r s t  t akes

p lace ,  c l ea r l y  l l l us t ra tes  t , ha t  depos l t l on  1s  assuned

to take p lace at  very much greater  shear s t ress that

has been previously  envlsaged.  This opens up the

quest lon of  s luulCaneous deposl t lon and eroslon.  At

present ,  the approach Eaken 1n th ls  respect  ln

model l lng ls  to  a l low deposl t , lon of  coheslve sedlnent

t ,o  occur  only  dur lng deceleraElng f lows and conversely

to a l low eroslon of  mauer la l  only  dur lng accelerat l -ng

f l ows  (Hay te r  and  Meh ta ,  1986 ) .

The per lod of  qulescenL set t l lng lumedlate ly  fo l lowlng

a decelerat , lng f low test  was recorded ln Tests C4 and

C5 and compared ri l l th the predlctlon fron the nodel

developed for  t ,he detern lnat lon of  the f locculaEed

sedlment  set t l lng veloc l ty .  The resul ts  ate shosln Ln

F lgu res  36  and  37  respec t l ve l y .  I t  1s  e lea r  t ha t  t he

sedlrnent  ln  suspenslon ln  the carousel  f lume deposl ts

more qulck ly  than Ehe predlcted value f ron the rnodel .

Th l s  lmp l l es  t ha t  t he  f l oc  s i zes  l n  t he  l abo ra to ry

f lume r /ere conslderably larger  and hence the seut l lng

veloc l t , les were h lgher ,  eonpared to those predlcted by

t ,he no<rel .  Thls  could have been the resul t  e t ther  of

rapld aggregat , lon dur lng the f l rs t  few nlnutes of

se t t l l ng  i n  qu lescen t  cond i t l ons  o r ,  more  l l ke l y ,

Ehese larger  f locs s lnoply ex lsEed 1n the suspenslon aE

t ,he encl  of  the decelerat lng f low per lod.
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5 . 2  F i e l d  a p p l j . c a t i o n

5.  2 .  I  Inpu t  paraueters -

The dlstr lbuted sedlment,  model requlres as l ts

f  undanental  lnput a hlstogram of t ,he seEtl ing velocl t ,y

d ls t r ibu t , lon  $(W"r ) .  Th ls  d ts r r lbur lon  ls  o f  r ,en

rea< l i l y  ava l lab le  f ron  f le ld  sec t l lng  ve loc l ty  tescs

whlch ln t ,he past have been used pr lnclpal ly to

decern lne  t ,he  med lan  seE. t I lng  ve loc l ty ,  W50.  However ,
ln the standard Owen cube procedure a complete

seCt l lng  ve loc l ty  d is t , r lbu t lon  Ls  ob ta lned f rom wh lch

WUO ls est i lnated. Thts may easLly be manlpulated to

glve, for a part lcular suspended sol ids concentrat lon,

a  d ls t r lbu t lon  across  N c lasses  w i th  the  va lues  o f  W" l

urd W"N approprlately ldent l f led.

The value of r , . ,  has been found co be reasonably
dN

unlmportant and l t  woulcl  be suggested thac a value of

O.8tt /n2 be adopted. 0n the other hand, the results

fron the dlstr lbut,ed sedlnent,  model are senslt , lve to

changes ln t_,  .  The tests ln the carousel tended toq t
lndtcate that  Trr  r f ,as a funct lon to sorDe degree of  the

C I

appl led bed shear stress and could f ,ake a value of

between 0.01 and 0.04N/n2 lnvereely dependent on the

appl led bed shear st ,ress. In the absence of any

fur t .her  ln fo rmat lon ,  iE  l s  suggested  tha t  the

re la t ionsh lp  g lven ln  Equat lon  (10)  be  used and t ,ha t

sens l t , i v l t y  ana lys ls  on  r . .  a re  conducted .
C I

In  t ,he conLext  of  predlct lng t ,he s l l ta t lon at  a

par t lcu lar  polnt  ln  a s t r rdy area 1n the f le ld the

usual  nethod would be to f l rs t  der lve the t l rue-vary lng

concent , rac ion of  suspended sol lds near  to the bed f rom

el t ,her  f le ld moniEor ing or  perhaps a depth-averaged

nuner lca l  model  .  over  a shor t  ln terval  of  t , l rDe the

IDass t ,o  the bed,  dM, would be calculated f rom

d M  =  W 5 0  C E  ( f  -  r O l T O . )  A t ,

2 2
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The med lan  se t t l ing  ve loc l ty ,  W50,  cou lc t  be  measured

ln the f le ld and relaEed Eo t ,he sol lds concentrat lon,

C.  The bed shear  s t ress ,  Tb ,  cou lc l  a lso  be  der lved

fron f le ld measurenent or determlned from a physlcal

scale rnodel or nunerlcal noctel . For all tine

lntervals Ln whlch rb was less than 
"a. 

(cypical ly

0.05 to O. f0t l /m2) the nass would be glven by

Equat , i .on  ( l l )  and sumDed to  g lve  a  toca l  over ,  say ,

one E ida1 cyc le .

In the dlstr lbuLed sedlment nodel the requlrenent for

the t lne varylng values of near bed suspended sol lds

concent,rat lon and bed shear stress are the same as ln

t.he st,andard, unifornn sedlnent, nodel approach

descrlbe<l above. However,  for any near-bed

concentrat, lon the dlst ,r lbut, lon of seE,t I lng velocLt les

ls also needed together wlt ,h approprlate values of 
"dl

anct T-. , .  Over each t lme lnterval  At,  the prescr lbed
(lN

sedlment ,  concentrat lon ls  d lv l< led ln to N c lasses of ,

W^ ,  and  t - - .  The  to ta l  sed lnen t  depos l t ed  on  the  bed
s] .  c t l

dur lng a t lme j .n terval  ls  g lven by the summat lon of

t ,he lndlv ldual  anounts deposlued f rom each c lass,  1e:

N
d l l  =  X  W . . 0c . . c r . ( I  -  t o l r o r ) .A t

l s l  
1

( 12 )

A sedlment  c lass would deposl t  1 f  
"d,  

,  
"b.  

As tdN ls

t yp l ca l l y  o f  uhe  o rde r  o f  0 .6  t o  l . 0W/n2  l t  l s  c l ea r

that  sooe sedlnent  wl l l  deposl t  a t  conslderably h lgher

bed shear s t resses than g lven by Equat , lon ( l l ) .  One

fu r the r  l l n l t  l n  Equa t l on  (12 )  1s  uha t  depos lE lon  i . s

assumed to occur  only  dur lng < lecelerat lng f lows,

whereas,  f  or  t ,he uni fornn sedlment  no such restr lc t , lon

i s  app l l ed  o the r  t han  tdc  ,  
" 0 .
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5 . 2 . 2  E x a m p l e

To assess  the  order  o f  nagn l tude o f  p red lc t lons  us lng

the dlstr lDut,ed sedlmenE oocel ln relat lon co those

nade wit,h the norual unlform sedlmenc model a number

of conparat ive runs of each model were conducted for

ldeal lsed t lne varylng patterns of near bed suspended

so l lds  coneent ra t lon  and bed shear  s t ress .  A  ha l f

t , ldal  cycle pertod of 6 hours was adopted ln whlch the

near bed suspended sol lds concent,rat lon and bed shear

suress both varled llnearly froro a maxlmun value at,

t = Ohrs to a mlnlnuo at, t = 3hrs whlch remained

constant unt l l  E = 3.5hrs and t ,hen lncreased l lnearly

to the prevlous maxlmum value aL t  = 6hrs. The value

of r ,  used was 0.07N/m2. In t ,he dlstr lbuted sedj.rDentc c
mode l  ,  t r , .  was  seE to  0 .02N/ rn2  and T . - -  Eo 0 .8N/ ru2 .q [  dN

The uedian sett l lng veloclry and sect l lng velocl ty

d ls t r lbu t , lons  as  a  func t , lon  o f  so l lds  concent ra t lon

were taken from Thanes f leld survey data (Burt  and

S t e v e n s o n , 1 9 8 5 )

For typlcal  maxlnum and mlnlmum values of the near bed

suspended sol lds concentrat lon and Ded shear stresg

the mass per unit  area deposlEed on the bed were

calculated $rlt,h t.he unlforn and dlst,rlbuted sedlnent,

models.  Maxlnun near bed concentrat ions were beEween

0.6  and l .okg /n3 ,  w l th  n ln lnun va lues  o f  be tween 0 .2

to 0.4kg/n3. Correspondlng naxlmum range for the bed

shear stress was 0.3 t ,o l .Ot l / rn2 wiE,h the ulnlrnuro bed

shear  s t ress  a lways  equa l  to  0 .Otq /m2.

The result  of  che nodels r ' rere concluslve tn that,
'a lEhough 

lhe  mass  pred ic ted  to  depos l t  on  the  bed

varled great ly ln both nodels dependlng on Ehe near

bed suspended sol lds concentrat lon and bed shear

sEress  reg lmes,  the  raE lo  o f  the  depos l ted  nass

predlcted by the dlstr lbuted sedlnenE model co that,

p red lcced by  the  un l fo rm sed lment  mode l  was  a t  leas t
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CONCLUSIONS AND

RECOMMENDATIONS

Conc lus ions

f ou r .  I n  some  cases ,  t he  ra t l o  was  much  h lghe r ,  bu t ,

on average 1t  was approxlnate ly  s lx .  For  low bed

shea r  s t , r esses ,  t he  ra t l o ,  as  wou ld  be  expec tec l ,  had

Iower  va lues .  As  Ehe  nax lmuu  shea r  g t ress  app roaches

a ,  t he  d l f f e rence  be tween  the  mode ls  w l l l  d lm ln l sh ,
d c

un t i t  a t  t he  l lm l t l ng  case  o f  
"b  

=  0 .On /m2  when  the

ra t l o  w l l l  be  un t t y .

These large d l f ferences beE$reen the d ls t r ibuted and

unl form sedlnent  models are st l l l  on ly  hypothet lca l  as

both nodels are < ler lved f rom the ln terpretat lon of

Iaboratory data together  wi th,  ln  che case of  the

dlst r lbuted sedlnent ,  a  nunber of  najor  assut t rpt lons

regardlng the set , t l lng veloc lLy,  shear s t rength and

dlst r lbut lon of  aggregates.  Both of  these nodels are

ln need of  ver l f lcat lon ln  the f le ld by carefu l ly

lnst rument ,ed test ,  s l tes.  Unt t l  euch a f le tc l  exerc lse

can  be  a t t eBp ted ,  t he  va lue  o f  t he  d i sL r l bu ted

sedlment ,  model  ls  l lml ted.  I ts  probable naln area of

worth aE present  would be ln  prov ld ing a secondary and

upper bound calculat lon of  s l l ta t lon by consider lng a

s l l gh t l y  d l f f e ren t  mechan l s rn ,  One  s lgn l f l canE

quest lon mark over  the d is t r lbuted sediment ,  uodel

reoalns the val ld l ty  of  assunlng that  large f locs wl th

hlgh set t l lng veloc l t les found ln the upper layers of

an estuar lne f low have h lgh shear s l rengths which

enable then to wlLhstand Ehe proport lonal ly  h lgher

shear lng rates near to bed and setEle ahead of  smal ler

f l o c s .

l .  A substant lal  nurnber of Lesta were conducted ln

the carousel f lume to exanlne the seLcl lng of

coheslve sedlment fron f lowlng waEer. The

6. r
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2 .

in l t , la l  ser les  o f  tesCs were  a t '  sceady  f low ln

wh lch  Ene concept  o f  p ropor r lona l  se t t l1ng ,  the

d lspersed par t l c le  s lze  grad lng  o f  t ,he

suspens lon ,  t ,he  e f  fec t ,  o f  sa l  1n l t , y  and the  e f  fec t

a t  the  shear  s t ress  h ls to ry  were  lnves t , lga ted .  A

second serles of cest,s were unclercaken ln

decelerat ing f low tor the purpose of evaluat lng a

theory  o f  se t t l lng  tenued the  d ls t r lbur ,ed

secllnenc noclel .

Proport ional sett l lng was observed ln Lhe steady

f low tes ts  1n  whLch Ehe ra t io  o f  L t re  equ i l lb r lum

soIlds concentrat lon at the reduced bed shear

stress co the lnl t . ia l  sol lds concentrat lon at the

hlgh bed shear stress nas found to be lndependent,

o f  che  ln l t ia l  so l lds  concent ra t lon  (F lgs  5  to

8) .  The va lue  o f  the  ra t lo  decreased w i th

decreas lng  bed shear  s t ress ,un t l l  l c  reached zero

a t  a  bed shear  s l ress  o f  approx lBated  0 .05N/n2

( F i e  e ) .

Sanples of suspenslon were withdrawn at,

equ1l lbr lLrrn concentrat lons of suspended sol lds

ancl analysect for dlspersed part lc le slze

d ls t r lbu t lon .  No cons ls ten t  pa t te rn  ln  the

change ln dlspersed part , lc le slze as a result  of

depos l t lon  cou ld  be  ldent l f led .  A l t ,hough,

var laE lon  ln  s lze  d ls t r lbu t lons  cou ld  be

attr tbuced 1n parL to experlmental  dl f f lcul t les

l t .  was argued that the f locs setEl lng to the bed

ln total  comprlsed al l  s lzes of prfunary

par t , l c les .

The e f fecc  o f  sa l ln i t y  on  the  se t , t l l ng  o f

sediment fron a f lowlng suspenslon was not

cons ls ten t .  A t  a  bed shear  sEress  o f  0 .36N/ rn2  a

suspens lon  w l t ,h  no  sa l in l ty  depos l ts  more  qu lck ly

t h a n  a  s u s p e n s l o n  o f  s a l l n l c y  5 k g / r 3  ( f f e  t 5 ) .

3 .

4 .
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5 .

In  qu lescent .  cond l t ions ,  a  suspens lon  w i th  a

sa l ln l ty  o f  32kg/u3  se t t led  ou t  ruore  qu lck ly  than

a suspens lon  o f  sa l ln l t y  5kg /n3 ,  wh lch  1n  t ,u rn

sett , Ied faster t ,han a suspenslon of zero sal lnt ty

( r l e  l 7 ) .

The ln f luence o f  shear  s t , ress  h ls to ry  on  the

deposlt lon of mater lal  f ron suspenslon r.ras

conslst ,ent.  For the pat, tern of successlve steady

f low shear stresses tnvest, lgaced l t  was found

that t ,he f lnal  equl l lbr lum concentrat lon could be

changed by up to approxlnat,ely l0% dependlng on

the  ln te rmed la te  bed shear  s t resses  (Tab le  l ) .

Basect on work by Meht,a (1986) a dlsLr lbut,ed

sedlment model was presented. The pr lnclpal

assunpt lons of model rrere: that the sedtment

could be divided lnto N classes each havlng a

unlque set, t l lng velocl ty,  concentrat lon and shear

sLrength ;  cha t  the  d ls t r lbu t lon  o f  se t t l lng

velocl t ies 1s analagous to the lnl t la l

dlst ,rLbut lon of concentrat ion; and t .hat Ehe shear

s t rength  o f  the  sed lnent  ln  a  c lass  ls ' re la ted  by

a poslt lve polrer law to the sett l lng velocl ty.

The nodel was cal lbrated by f l rst  select, lng an

appropr la te  se t t l lng  ve loc l ty  d ls t r lbu t ion  based

on resu l ts  f ron  a  qu lescent ,  depos lC lon  tes t , .

Values of , r- ,  were obtalned by f l t t lng the nodel(rI
result ,  to laboraEory t .est,  data for a constant

va lue  o f  t  . - -  o f  l .0N/n2.  The va lue  o f  ' c  . .  h ras
d N  d l

f o u n d  t o  v a r y  l n v e r s e l y  w l t , h  r b  ( F i g  2 3 ) .

7.  The d ls t , r lbuted sedlment  mocle l  was appl  led to

predlct lng the deposlElon of  suspended nater ia l

dur lng decelerat tng f low ln Ehe carousel .  The

predlet lons when coopared wlEh Ehe laborat ,ory

da ta  we re  somet lmes  g rea te r ,  bu t ,  ove ra l l  we re

general ly  somewhat  lower.

6 .

2 7



8 . The  assunp t l on  o f  Che  pos l t l ve  power  l aw

relat lonshlp bet ,ween t ,he shear s t rength of  Uhe

sediment  aggregates w1t ,h1n a c lass aod the

set . t , l lng veloc l ty  was ldent l f led as the !0ost

t .enuous.  Krone (1963) had in fact .  measured the

oppos lng  t rend .

Appl lcat lon of  t ,he d ls t r ibuted sedl rnent  oodel  t ,o

the  f l e l d  s lEua t l on  and  p red l c t t on  o f  s l l t a t . l on

at  a parL icular  polnt  $r l t ,h ln a prescr lbed near

bed suspended sol lds concentrat lon and bed shear

sLress reglme rdas presenced.  Conpar lson bet , rdeen

t ,he d ls t r ibuted and unl forn secl inent  models for  a

range of  typ lcal  concent , rat , ton and bed shear

s t ress  reg lnes  revea led  tha t  t he  d l s t r l buced

mocle l  gave s l l taElon races hal f  an order  of

nagn i t ude  h lghe r .

At, this stage, the dlstr lbuted sedlnent,  nodel 15

recommended to be used ln a secondary capaclty co

t.he more usual unl forn sedluent nodel.  I ts value

aC present 1s ln deriv lng an upper bound est, lnate

o f  s l l t a t , L o n  r a t e s .

F le ld  measurement  o f  ln -s l tu  changes ln  bed leve l

and dens l ty  coup led  w l th  conprehens lve

deser lp t lons  o f  the  ve loc l ty  and so l1ds

concent ra t lon  pro f l les  ln  the  near  bed reg lon  o f

a muddy estuarlne sl te ts strongly needed t ,o

prove t ,he  pred lc t l ve  capab l l i t y  o f  boCh the

un l fo rm and d lsc r lbu ted  sed lnent  oode ls .

9 .
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TABLE.





TABLE I Equlllbrlun concentatlon and bed shear atress hletory for steady I

f low deposit lon test,al  No sal lnLty

TEST TIME BED SHEAR EQUILIBRIUM PROPROTION

No HouTs STRESS CONCENTRATI0N C0NCENTRATION

I ' l /m2 kg /o3  c f l c0

D 7  l L  I

2 2

. 4 3

D 7  / 2  I

2 2

4 3

D7 /3 .  I

2 2

4 3

D 7  / 4  I

2 2

D 7  l s  I

2 2

4 3

D 7  / 6  r

2 2

4 3

D 7 / 7  I

22

0.s7

0 . 3 6

0 . 0 7

0.s7

0 . 2 3

0 . 0  7

0 . 5  7

0 .  r 2

0 .0  7

0 .5  7

0 .07

0 .57

0 .36

0 .12

0 .5  7

0 .23

0 .12

0 .5  7

0 .  l 2

0 . 9  8

0 . 8 1

0 . 4 0

r .0  t

0 . 6 4

0 . 4 4

1 . 0 3

0 . 5 5

0 . 4 3

0 . 9 8

0 .  3 B

I  . 0 2

0 .  8 9

0 . 5 8

1.0s

0 .70

0 . 6 2

r .03

0 . 5 5

0 . 4 1

0 . 4 4

0 .42

0 .  4 0

0 . 5 6

0 . 5  9

0 .  5 3
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