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ABSTRACT

The scudy of sedlmenE transport  general ly

the case of es[uarles because:

the water move[enta are contlnually
the t lde

ls  very d l f f lcu l t  but  more so ln

changlng wlth the rlse and fall of

cer ta lD
loads ln

a wlde range of sedlmenE exlsta on the bed and 1o suspenslon

sedloents are aots fouod lo gome Parts' leedlng to uosaturat'ed

the water .

In receot years sedlmenL transPort models have been developed and used for

mak!.ag englaeerlag aeaesslneots of ghe inpact of gorks on uhe sedlment

reglBe. At preseot the full potentlal of the oodels caoaot be reallsed

because of the lack of callbratlon and verif lcatLoo data, and gaps ln our

uoderstandlng of the fuodamental sedlmentatlon processea'

The baslc aln of Ehls reaearch was to toprove Ehe rePreaentatloo of eand

transportlog processes ln cosputer uodels. It 1s relevant to the ssod

traBsporE coosequeoces of c1vll eagloeerlng norks on Lhe operatloo of ports

and harbours asd on esvlronment 
""t""t", 

aod w111 ultleately beneflt '  the

lndusEry by helpi.ng to nlnlolse malnteoance dredglng of porta and navlgatlon

chanue l s .

The f l rs t  phase of  ghe pro ject ,  covered 1n repor t  sR 75(1) ,  conceotrated on

flndlag the best nuoerlcal model rePresentatlon of che exchaoge of saod

betneeo the bed and the flow, based on aaaesaoeots of Che avallable data and

theoret lca l  analyses.  The repor t  a lso conta lned descr lpt loos of  the

fuodamental  physlcal  processes af fect lng sand Braosport  ln  estuar les aad a

br lef  rev lew of  ex ls t lng ouoer lca l  oodels of  sand t raosPort '  A eand

transport  model ,  based oo theoret lca l  and eoplrLcaL re lat looshlps,  l .as

Eesced to ver l fy  that  lL  s lmulates the re levant  physlcal  proceaaes.  IE sas

fouod chat  che Eost  aPpropr late formulat lon for  eoLralnmeot  of  aaod at  the

bed eag ls terBs of an eotralnDeot rate. The connectloo betreen thls

eotralnmeoc rate aod the assoclaied aand transport las was consldered and 1t

wag coocluded thar  s t r lc t ly  only  ooe of  these ehould be apecl f led '  The

oodel nas coopared wlth aome flume data Co te8t lfs responae to a ChaOge 1o

the sedlnent load. It was shown that the oodel slmuLacl0n could be

calLbrated by adjust lsg the set t l lng veloc l ty  and ver t lca l  d l f fus lv l ty

Pa raoe te rs .

The second 6Lage of  the Project ,  covered ln th ls  repor t '  concentrates on Lhe

lnpllcatloos on Che suspended load due to Ehe unsteadlaess 1o acceleratlag

aod decelerat log f lon and the ouDer lca l  s lnulac los of  these ef fects '  The

ef f lcacy of  Che model  ls  demonstrated by coopar lson agalnst  aome sand f lux

observat lons f rom the Thaoes Bstuary.  in"  sork lnvolved use of  sEandard

aaod craosporL re lat loos and br lef  descr lpt lons are lncLuded of  three

pa r t l cu la r  so luc lon  P rocedu res '
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I INTRODUCTION

t .  I  R e s e a r c h  o b j e c t i v e s

The  s tucy  o f  sed imen t  t r anspo r t  gene ra l l y  i s  ve ry

d i f f l cu le  buL  more  so  i n  t he  case  o f  es tua r i es

because

- the water  aoveoenLs are cont inual ly  cnanglng

w i t h  L h e  r i s e  o f  t h e  t i d e

-  a wlde range of  sedimenLs exis t  on the bed and in

suspens  i oo

ce r ta lo  sed lmen ts  a re  noL  found  i n  some  pa r t s

leadlng Lo unsaturated loads in  the water

In recen!  years sedimenc t ransPort  rnodels have been

developed and used for  maklng eoglneer ing assessmencs

of  che lnpacL of  works on Ehe sediment  reglme.  At '

p resen t  t he  f u l l  Po tenL la l  o f  t he  mode ls  canno t '  be

rea l l sed  because  o f  t he  l ack  o f  ca l " i b raL ton  and

ve r i f l ca t i on  daca ,  and  gaps  i n  ou r  unde rs tand ing  o f

che  fundamen ta l  sed imen ta t i oo  p rocesses .

The  bas l c  a ln  o f  t h l s  resea rch  was  to  improve  the

r e p r e s e n t a t l o n  o f  s a n d  t r a o s P o r t i n g  p r o c e s s e s  i n

cot t rputer  models which involved some r ' rork to gain a

b e t t e r  u o d e r s t a n d i n g  o f  c h e  u n d e r l y i - n g  P h y s i c s '

T h e  f l r s c  p h a s e  o f  c h e  p r o j e c c ,  c o v e r e d  l n  r e p o r t

S R 7 5  ( I ) ,  c o n c e n t r a t e d  o n  f i n d i n g  E h e  b e s t  n u m e r i c a l

mode l  rep reseo ta t i on  o f  che  exchaoge  o f  sand  beLween

the  bed  and  the  f l ow ,  based  on  assessmen ts  o f  t he

a v a i l a b l e  d a t a  a n d  t h e o r e t i c a l  a n a l y s e s '  T h e  r e p o r c

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

p h y s i c a t  p r o c e s s e s  a f f e c t i n g  s a n d  t r a o s P o r t  i n

e s t u a r i e s  a n d  a  b r i e f  r e v i e w  o f  e x i s t i - n g  n u m e r i c a l

m o d e l s  o f  s a n c  L r a o s P o r t .



2 SAND FLUX

OBSERVATIONS AT

FOI'LNESS

T h e  s e c o n d  p h a s e  o f  t h e  p r o j e e t ,  c o v e r e d  i n  L h i s

r e p o r t ,  e o n c e n t r a t e s  o n  t h e  i n p l i c a c i o o s  o n  t h e

suspended  l oad  due  Lo  the  unsLead ioess  i n

acce le raL ing  and  dece le ra t i ng  f l ow  and  the  numer i ca l

s l m u l a t i o n  o f  L h e s e  e f f e c L s '  T h e  e f f i c a c y  o f  c h e

mode l  i s  demonsL raced  by  compar i son  aga ins t  some  sand

f l ux  obse rvaL ioos  f ro rn  che  Tnames  EsLua ry '  The  work

lnvo l ved  use  o f  S randa rd  sand  E ransPorL  re la t l ons  anc l

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

roe [hods  o f  so lu t l on .

Du r lng  wo rk  on  p roposed  nav igau i ' on  deve lop {nen ts  a t

Fou lness ,  I a rge  amounEs  o f  sand  f l ux  da ta  we re

c o l l e c L e d  l n  E h e  T h a n e s  e s t u a r y  L a  1 9 7 2  ( 2 ) '

S lmu l taneous  concenL raL ion  and  ve loc i t y  p ro f i l es  we re

obLa lned  us lng  the  equ lpmen t  desc r l bed  i n  Append l x  1  '

P rog rans  have  been  wr iL ten  to  sLo re  t he  Fou lness  da t ' a

l n  a  daLabase .  I n fo rma t i on  cao  be  ex t rac ted  f rom the

da tabase  acco rd ing  to  daLe  o r  measu r i ng  pos i t l on ;  new

process log  p rog raos  can  be  used  Lo  P loL  p ro f i l es  f o r

assess ing  Lhe  qua l i r y  o f  Lhe  da ta ,  Eo  sumnar i se  Lhe

dep th -neao  quanL i t l es  ( ve loc i t y ,  suspended  sed j 'men t

concen t raL ion ,  f l ux )  t h rough  Lhe  t i de '  and  co  re la te

the  f l ux  Lo  the  ve loc l t y '  These  ana l yses  can  be

ca r r i ed  ouE  fo r  s i ng le  measu reoenL  pos i c i ons  o r

resu l t s  f r om seve ra l  pos lL i -ons  can  be  co rob lned '

Examp les  o f  che  g raph l ca l  ou tpuL  f ro rn  t he  ana l yses

p rog rams  a re  sho \ tn  1n  F igu res  I  co  4 '  (The  p rocessed

resu l t s  a re  a l so  cabu laued  and  ava i l ab le  f o r  f u r t ' he r

a n a l y s l s  i f  r e q u i r e d ) .  T h e  h y s t e r e s i s  w h i c h  i s

cha racLe r i sL i c  o f  sand  t ranspo r t  l n  va ry ing  cu r ren ts

i s  appa ren t  i o  F igu res  3  and  4 ;  t he  sed imen t  f t ux  (and

concen t ra t i on )  a t  a  S i ven  rnagn i l ude  o f  t he  cu r ren t  i s

s m a l - l e r  w h e n  t h e  c u r r e o t  i s  l n c r e a s i n g  t h a n  w h e n  l t  l s

d e c  r e a s  i n  g .



Th is  i s  due  to  Lhe  f i n i t e  L lme  requ i red  fo r  che

sed imen t  l oad  to  reach  equ i l i b r i um fo l l ow ing  a  change

io  cu r ren t .  The re  a re  a l so  d i f f e rences  be tween  the

f l ood  and  ebb  s tages  o f  t he  t i de '  These  a r i se  f r oa

va r i a t i on  i o  t he  ava i l ab i l i ' t y  o f  mace r i a l  i n  t he  f l ood

and  ebb  d i recc ions  and  f ron  va r i a t i on  o f  t he

dependence of  current  on L ime belween r is lng and

fa l l i ng  L ides .

The  Fo t r l ness  sand  f l ux  dacabase  and  Lhe  se t  o f

p rocess ing  P rog rass  compr i se  a  ve rsa t i l e  sys tem fo r

the  Les t i ng  o f  nune r i ca l  sand  t ranspo r t  r oode l s '

THE SAND TRANSPORT

HODEL

The  sand  t ranspo rc  mode l  was  seL  up  acco rd ing  to  che

a n a l y s l s  d e s c r i o e d  b y  M i l e s  ( 1 9 8 6 )  ( l ) '  T h l s  w a s  a

so lu t l on  o f  a  s imp l i f i ed  t i ne  dePenden t  equa t l on  f o r

the  coocen t ra t i - on  l n  a  waLe r  co lumn  as  l t  apProaches

L h e  s a t u r a t l o n  p r o f i l e  f r o n  s o m e  i o i t l a l  p r o f i l e '

(Tne  i n i t i a l  concen t raL ion  i s  assumed  to  dec rease

exponenc ia l l y  w i ch  he lgh t  and  rep reseoLs  an

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

coocen t ra t i on ) .  As  Ehe  mode l  cao  dea l  w i t h  depa rEu res

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

fo r  use  w iLh  uos teady  f l ows  o r  non -un l f o rm  bed

c o m p o s i E l o n .  T h j - s  c o n t r a s L s  w t E h  o L h e r  s e d i n e n t

L ransPor !  mode ls  i t r  wh i ch  sa tu ra t l on  i s  assumed  and

enL ra inmenL  o r  depos l c  occu r  I nsLan taneous l y  co

m a l n L a i n  s a t u r a t i o n  i n  d i f f e r e n t  p a r L s  o f  c h e  f l o w '

A t  each  ce l l  and  t i nesceP  Lhe  mode l  de te rm ines  the

s a t u r a L i - o n  c o o c e o t r a t i o n '  I f  t h i s  i s  l e s s  L h a n  t h e

p red i c ted  coocen t ra t i on  t heo  sed imenL  i s  depos iLed '

t h e  q u a n t l t y  b e i n g  P r o P o r t i o n a l  c o  t h e  e x c e s s  o f

c o n c e n L r a L i o n  a b o v e  s a t u r a t i o o '  I f  t n e  p r e d i c t e d

c o n c e n t r a t i o n  i s  l e s s  t h a n  s a t u r a t i o n  a n d  L h e r e  i s

e r o d i b l e  B a t e r i a l  p r e s e n t  o n  t h e  b e d '  s e d i n e n t  i s

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



maLer ia l  iS  p resenL  no  exchange  w i th  che  be< l  occu rs '

The  amoun t  dePos i t ed  o r  en t ra ioed  i s  used  co  ca l cu la te

Lhe  new cooceoc ra t i on  wh i ch  i s  used  w i th  advec t i on  and

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

a t  L h e  n e x E  t i D e s t e P .  T h e  m o d e l  s L o r e s  t n e  n e t

d e p o s i L i o n  o r  e r o s i o o  a c c u r n u l a t e d  a !  e a c h  c e l l ;  L h i s

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

o a t . e r l a l  l s  d e p o s i c e d  o n ' a  r o c k y  s u r f a c e  a t  s o m e

s E a L e s  o f  c h e  L i d e  a n d  r e m o v e d  l a t e r '

The  consLanL  o f  p ropo rE iona l i - t y  i ' n  Lhe  mode l

connec t l ng  supe r  o r  subsa tu ra t t on  to  exchange  l s

r e l a t e d ,  a s  c i e s c r i b e d  i n  r e f e r e n c e  l ,  t o  w a t e r  d e p L h '

geL t . l e -n -e f i t  ve loe i . t y ,  ve rL i ca l  d i f  f  us ion  coe f  f  i c l en t

(and  hence  f r l c t i on  ve loc l cy )  and  t i r nes [ep  by  che

equa t  10n

s ( r ) /  ( ; o -  ; s )  =  F " D " " " - t  ( ' r " ' ( l  +  t 2 ; e r f  c (  t )

+  e r f  (  r )  -  ( 2 t / / r c )  ( 1  +  2 r z )  e x p ( - t 2 ; )

where

$ =

c
o

c s

B' s

ve r t i ca l  f l ux  pe r  un i !  a rea  i n teg ra ted  ove r  Lhe

L i0es tep  A t

=  i n i t i a l  dep t .h -ave raged  coocenL ra t i on

=  sa tu ra ted  dep th -ave raged  conceoL ra t i on

Propo r t l ona l i t y  f ac to r  
" r=o /6

( w  

" d / D  " )  

/ [ t  -  e x p ( - w " d / D r )  )

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

ku*d /6
x'

=  seL t l emen t  ve loc i cY



e r f c ( r )  =  I  -  e r f ( r )  =  1z / / n ) l l  " * p t - " 214 "

r  =  d i m e n s i o n l e s s  t i D e  =  w " / ( L t / 4 D " )

e r f ( t )  =  e r r o r  f u n c t i o n  =  ( 2 / / " ) l :  e x p ( - x 2 )  c *

d  =  L o t a l  d e p E h

u *  =  f r i c t i o n  v e l o c i c Y

k  =  v o n  K a r m a n t s  c o o s t a n E

The equat ion is  va l id  when t  (  l  '  An lmpl ic l t

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

n idd le  o f  Lhe  t i nes tep .  The  cond i t i on  t ha t  t  (  I  f o r

va l i d i t y  o f  t he  so lu t l on  l s  l ess  demand ing  than  Lhe

no rma l  cond j -L lon  fo r  numer i ca l  scab i l l c y  o f  che  f l n i t e

d l f f e renee  scneme,  A t '  (  Ax /u ,  whe re  u  i s  Lhe

dep th -ave raged  ve loc i tY .

The  exp ress loo  fo r  che  bed  exchange  requ i res  a  nunbe r

o f  pa ramece rs  wh i ch  may  be  supp l i ed  exp l i c l t l y  as  pa r t

o f  che  conc ro l  daca  fo r  t he  p rog ra ln  o r  ca l cu la led

w iLh in  t he  p rog rao :  dep ths  and  cu r ren ts  a re  supp l l ed

f rom ou tpuc  f ron  tne  2D  f l ow  mode ls ;  w "  l s  re laced  to

p a r t i c l e  s i z e  b y  S c o k e s '  l a w  a n d '  1 n  l t s  c u r r e n t

ve rs ion ,  t he  mode l  i s  supp l i ed  w l ch  a  Da rcy  We lsbach

f r i c t i o n  f a c L o r  ( f )  t o  c a l c u l a t e  t h e  f r i c t i o n  v e l o c l c y

f  r o m

r-7i-l
u *  =  u / t / 6

a n d  h e n c e  L h e  v e r L i c a l  d i f f u s i o o  c o e f f i c i e n c  D " '  a n d

b e d  f r i c c i o n  i f  r e q u i r e d '

T h e c a l c u l a t i o n o f s a t u r a L e d c o n c e o L r a E i o o i s o f g r e a c

imporLaoce .  A t  P resen l  che  mode l  a l l ows  a  cho i ce



o f  t h r e e  o e t h o d s ;  a  r n o d i f i c a t l o n  o f  t h a t  o f  O d d  ( 3 ) ,

c h o s e  o f  A c k e r s  a n d  l J n i t e  ( 4 ) ,  a n d  v a n  R i j n  ( 5 ) .

These  a re  a l l  sem i -e rnp i r i ca l  r e l a t i onsh ips  beLweeo

concen t ra t i ons  and  the  f l ow  pa raneEers ,  based  on

d i f f e r e n t  a s s u m p t i o n s  a n d  q t i t h  v a r y i n g  a p p l i e a b l l l t y .

4 SAND TRANSPORT

LAWS

4.  I  Power  l aw

Tne  app roach  used  by  Odd  (3 )  was  based  on  Bagno ld ' s

hypo t .hes i s  (6 )  Lha t  t ' he  ra te  o f  wo rk  done  l n  keep lng

sed inoen t  l n  suspens ion  l s  re la ted  to  t he  cu rbu len t

k ineu l c  ene rgy  o f  ghe  f l ow  and  hence  to  che  bed

s t ress .  Th l s  wo rk  i - s  assumed  Eo  be  Pa r t i t l oned

be tween  t . he  sed lnenc  f rac t i ons  acco rd ing  to  che

r e l a L j . v e  a r e a ,  1 ,  o f  t n e  b e d  o c c u p i e d  b y  t h e  f r a c L i o n .

An  equa t l on  i s  de r i ved  wh ich  i np l l es

-  E iTous  
E i -os f  . r 3

L = - - - ; - : - i - - - - . :
s  g ( s - 1 ) w " d  8 g ( s - l ) w "  d

where  s  l s  t he  spec i f i e  g rav l cy  o f  t he  sand  pa rE l c l es ,

Tb  Lhe  bed  s t ress ,  and  E  i s  a  pa rame te r  wh i ch  l s

weak l y  dependen t  on  f l ow  cond iL i . ons  and  wh ich  i s

tabu la ted  l n  re fe rence  3 .  As  the  bed  s t ress  depends

on  the  squa re  o f  t he  cu r ren t ,  i t  f o l l ows  EhaL  the

concen t ra t i on  essen t i a l l y  depends  on  the  cube  and  t ' he

sed lmen t  f l ux  on  the  fou r th  power  o f  t he  cu r renL .  The

se t . t l i ng  ve loc i t y  can  be  ob la ined  f ron  S tokes '  l aw  and

t h e  b e d  s t r e s s  f r o n ( e d t  =  p f v 2 / 8  L o  o b t a i n  a  c l o s e d
b

se t .  o f  equa t l ons .

The  cond iL ions  g i ven  fo r  app l i cab i l l c y  and  re levan t  t o

use  l n  t he  p resenL  node l  a re :  no  cohes i ve  ma te r i a l ;

S t o k e s r  l a w  a p p l i e s  ( s o  p a r t l c l e  s i z e  i s  b e c w e e n  6 0 p

and  300p ) ;  so r t i ng  coe f f i c i en t  o f  ma te r l a l  l@- /D -F



>  0 .80 ;  f l o t r  i s  we I I  n i xed  and  deep  compared  Lo  g ra in

s i z e .

The  pa ra rnece r  E  l nco rpo ra tes  an  e f f i c i ency  o f  t he

Lurbulence in keeping sand in suspension and a

th resho ld  ve loc i t y  f o r  i n i L i a t l on  o f  suspens ion '  The

mode l  app rox lma tes  t he  ch resho l c i  and  va r i a t i on  o f

e f f i c i encY  bY  us ing  the  equa t i on

u2
6 "  =  c o n s t  t r  -  

/

The  cons tan t  o f  P ropo r t l ona l l t y  and

can  be  eva lua ted  by  p lo t t i ng  E ips f /

ca lculated accordlng t 'o  reference 3

tak ing  the  i n te rcep t  and  g rad ienc '

A l chough  1n  re f  3  t he  f r i c c lon  fac to r  f  i s  g i ven  as  a

va r i ab le ,  cependen t  on  cu r ren t  as  we l l  as  g ra ln  s t ze '

l t  was  found  i n  t h i s  case  tha t  be t te r  resu lEs  were

ob ta lned  us ing  a  coosLao t  f  app rop r i a te  t o  a  o id - range

va lue  o f  cu r renc .  Th i - s  i s  because  the  rougnness

e lemen ts  a re  sand  T raves  wh ich  do  noL  va ry  w i -Lh  Cur ren t

over  the t ida l  cyc le in  the same way as Lhey would

v r i L n  a  s l o w l Y  v a r y i n g  c u r r e n t '

The  Acke rs - l . t h i t e  meLhod  (4  )  d i v i - des  the  t raosPor t  i n to

( i )  a  b e d  P r o c e s s  ( c o a r s e  s e d i m e n c )  i n  w h i c h  t h e

e f f e c L l v e  s L r e s s  o n  t h e  g r a l n s  i s  r e l a L e d  c o  t h e  m e a n

f  l o r , r  ve loc iLy ,  dep th  and  
.a  

roughness  Ieng th  (=  g ra ln

s i z e ) ;  a n d  ( i i )  a  s u s p e n d e d  p r o c e s s  ( f i n e  s e d i m e n t )  l n

wh ich  Lhe  suspended  concen t ra t i ons  a re  re la ted  to  t he

to ta l  t u rbu lence  and  nence  the  Lo ta l  eoe rgy

c ieg rada t i oo  as  de te rm i -ned  f ron  the  nyd rau l i c  g rad ieo t '

T h r s  d i s t i n g u i s h e s  b e t w e e n  t h e  L o t a l  s t r e s s  a c t i n g  o n

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

)  
- d ,

t h resho ld

I g ( s -1 )  w "

,  aga insc

ve loc lcy

] ,  " "
l / u 2  a n d

4 . 2 Acke rs -Wh ice

0ethod



4 . 3  v a n  R i j n  n e t h o d

o n  b e d  f o r m s )  a o d  s h e a r  s t r e s s  a c c t n g  o n  b e d  g r a i n s '

A  s e d i m e n L  t r a o s p o r t  p a r a n e t e r  i - s  d e r i v e d  w h i c h

l n c o r p o r a L e s  a n  e f f i c i e n c y  o f  c r a n s p o r t ,  e i t h e r  i n

Le rms  o f  r he  ra t i o  o f  (wo rk  done  t ransPor t i ng  coa rse

g r a i n s  a g a i n s c  b e d  f r l e L i o n ) : ( t o t a I  g r a i n  s h e a r )  o r '

i n  t he  case  o f  f l ne  sed i rDenL ,  (wo rk  keep ing  cne

s e d i m e n t  i o  s u s p e n s l o n )  : ( c o c a l  L u r b u l e n c e  w o r k ) '

A  s e f  o f  r e l a c i o n s h i p s ,  i n v o l v i n g  p a r a m e t e r s  $ t n o s e

fo rm depends  on  e the the r  che  sed lmen t  l s  coa rse

( i  Z . S n m )  o r  " L r a n s l s t i o n a l " , , { a r e  g i v e n  c o  c a l c u l a t e

sediment *t*frTlo--;;-; ; . ,o" of depth-mean currenL'

d e p t h ,  f r i c L l o n ,  v e l o c l t y '  p a r t l c l e  s l z e '  P a r L i c l e

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

are sho\^tn in  ApPendix 2.

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

f .haL  D35  can  be  used  as  a  rePresen ta t i ve  pa r t l c l e

s i . ze .  The  me thod  i s  no t  app rop r l a te  f o r  i nd l v i dua l

sand  f racL ions  i n  a  m lx tu re ,  no r  f o r  sed imenLs  f i ne r

t h a n  a b o u t  0 . l 5 m n  ( I 5 0 P ) .

The  van  R i j n  ne thod  (5 )  a l so  uses  sepa ra te  g ra in  shea r

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

be tween  i n i t i a t i on  o f  suspens lon  and  che  ma ln tenance

o f  an  equ i l i b r i un  p ro f i " l e .  The  so lu t i on  a l l ows  fo r

Lhe  ex i s tence  o f  l oca l l y  t u rbu len t  bu rs t s  o f

suspens ion ,  f o r  r educc ion  o f  se t c l emen t  ve loc i t y  a t

h igh  eoncenL ra t i on ,  damp lng  o f  t u rbu lence  by  sed lmen t

and  d i f f e rences  be tween  sed imen t  and  f l u i d  d i f f us l0n .

App rox ima t i ons  to  numer l ca l  so lu t i ons  f o r  t he

equ l l i b r i um p ro f l l e  a re  g i ven  toge the r  w i t r l  an

exp ress lon  fo r  concen t raL lon  a t  a  re fe rence  he ig ' h t

nea r  t o  Lhe  bed .  Th i s  a l l ows  ca l cu la t i ons  o f  che

ave rage  coocenEra t i on  and  sed inoen t  t r aospo r t  as  shown

in  Append i x  2 .



4 . 4 A v a i l a b i l l c y

meEhocls

o f

Tne  me thod  i s  va l i d  f o r  sed i rnen t  g ra in  s l zes  i n  t he

range  0 .1  mn  -  0 .5  nnn  (100p -500p )  and  a l l ows  fo r

n i x L u r e s  o f  s e d i n e n t s  b y  c h e  u s e  o f  a  r e p r e s e n L a t i v e

g r a i n  s i z e  c a l c u l a t e d  f r o m  D l 6 ,  D 5 O  a n d  D r U '  I t  i s

no t  su i t ab le  f o r  use  w i th  i nd i v i dua l  f r ac t l ons  1n  a

m ix tu re .  IC  i s  conpuLa l i ona l l y  more  coBP lex  and

Eherefore oore cost ly  chan the Ackers- ! {h i te  or  po$ter

l aw  meLhods  desc r i bed  i n  SecL lons  4 .1  and  4 .2 .

The  Acke rs -Wh i te  and  van  R i j n  ne thods  a re  bo th

ava i l ab le  1n  sub rou t i oes  w iLh  s tanda rd i sed  i npu t  and

ou tpu t  pa rame f ,e rs .  The  sub rouE ines  can  be  ca l l ed  oy

the  sand f l ux  node l l l ng  p rog ram o r  by  a  s lmp le  p rog ran

wh ich  a l l ows  the  use r  t o  t abu la te  f l uxes  fo r  a  range

o f  cu r ren ts  a t  spec i f i ed  pa r t i c l e  s l zes  and  dep ths '

Samp le  ou tpu t  f r on  che  rou t l nes ,  f o r  a  range  o f  wa te r

dep ths  and  pa rc l c l e  s l zes  a re  shown  1n  F lgu res  5  and

6 .  T n e  p r e d l e t l o n s  f r o m  b o c h  m e t h o d s  a r e  c o o p a r a b l e

f o r  g r a i n  s l z e s  d o w o  c o  a b o u l  0 . 2 r n n  ( 2 0 0 p ) '  A c

d i a m e c e r  0 . l 5 n n  ( 1 5 0 p )  c h e  A c k e r s - w h i t e  o e t h o d

p r e d i c c s  c o n s l d e r a b l y  g r e a c e r  f l u x e s  a n d  i c s  r u n a w a y

behav iou r  f o r  f l ne  sed imencs  i s  appa ren t  ac  d laBe te r

0 .  l m m  (  I 0 0 P )  .

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

c o n c e n c r a L i o n  a r e  s u n m a r i s e d  i n  r e f e r e n c e  7 '  I t  i s

i n tended  to  make  sooe  o f  t hese  ava i l ab le  t o  t he  sand

c r a n s p o r L  P r o g r a m  a s  p a r t  o f  c h e  f u t u r e  d e v e l o p n e n t

w o r k .



SIMULATION

CONDITIONS

FOULNESS

cond i  L  i ons

s  i nu la  L  ed

OF

AT

5 . 1

The  numer i ca l  node l  was  ruo  v r i t h  a  s rmp le  f l ume

geooeEry  f o r  compar i son  w iLh  the  Fou lness  da ta '  The

obse rved  cu r rencs  and  depLhs  were  app l i ed  un i f o rm ly

ac ross  and  a long  Lhe  channe l '  Pe r i od i c  bounc la ry

cond iL lons  ' , t e re  used  a t  Lhe  ends  o f  che  channe l  ( i e

na te r i a l  ca r r i ec t  o f f  one  end  was  re in t roduced  aL  the

upsL reao  end ) .  Th i s  a l l owed  rhe  bas l c  phys l cs  o f  Lhe

mode l  Eo  be  checked  aga insL  rea l  f i e l d  daca  aL  a  l ow

c o s c  p e r  r u a  o f  E h e  n o d e l '  T h e  e f f e c t s  o f  c w o

d imens lona l  f l ow  and  o f  va r i a t i ons  l n  bed

c h a r a c t e r i s t i c s ' p r e s e n t i n t h e d a L a ' c o u l d n o t b e

node l l ed  i n  ch i s  way '  The  cos ts  o f  r unn lng  a  f u l l y

two d inenslonal  nodel  would '  bowever '  have been

excess l ve  aL  cn i s  deve lop ruen ta l  s tage '

Tne re  was  a  w ide

d a t a  ( F i g  7 )  a n d

i n d i v i d u a l  f r a c L

s p e c f r u m  o f  P a r t i c l e  s i z e s  i n  t n e

Lhe nodel  was used Eo s inulate

i o n s .

5 . 2  R e s u l - t s

F lgu res  8  and  9  snow a  compar i son  o f  Lhe  mode l  and

obse rved  resu l cs '  On  the  co r respond ing  mode l  run  Lhe

L ranspo r t  o f  t he  75 -100p  sand  f rac t i on  was  s inu laLed '

The  sacu raL ion  concenEra t i on  was  ca l cu la ted  us ing

t h e  p o w e r  l a w  ( s e c t i o n  4 ' 1 ) '  T h e  r e s u l t s  a r e

p resen ted  as  p loLs  o f  obse rved  concenL raL loos  '  i n

pa r t s  pe r  m i t l i - on  by  we lgh t '  aga i -ns t  t ' 3 /d  *h t re  u  i s

the  dep th -ave raged  cu r renL  and  d  t he  to ta l  deP th '  (On

Lh i s  s i Le  and  a t  Lh i s  l oca t l on  Lhe  ave rage  dep th  was

approxioat 'e ly  16 rn and Lhe rqaximum current  \ ' ras I  n /s) '

T h e r e s u l t s a r e p l o t t e d a t h a l f - h o u r l y t r R c e r v a l s

Lh rough  the  t i de  w i t h  a  sequeoce  number  f o r  each  po in t

1 0



CONCLUSIONS AND

RECOMMENDATIONS

sho l t i ng  Ene  p rog ress ion  th rough  Lhe  L ide '  Ebb  and

f l ood  sgages  a re  shown  sepa race l y '  The  i o i t i a l

coneeo t ra t l on  i n  rhe  rnode l  was  ob ta lned  f rom tne

observat ions buL subsequent ly  va lues were cretermlned

enci re ly  by che nocie l  because of  rhe t rse of  per iodic

bounda ry  cond l c i ons '  I n  any  case  fo r  p rac t i ca l

pu rPoses '  aPa r t  f r om che  f i r sE  th ree  po in t s '  t he  node l

was  se l f - i n i t l aL lng  because  the  suspended

concen t ra t i oo  d ropped  co  e f f ecL i ' ve : l y  ze to  a t  s l ack

w a L e r .

I t  can be seen Ehat '  che nodel  resul ts  exhib l t  a

s i t o i l a r  hysLe res i s  e f f ecc  Lo  the  obse rva t i ons '  bo th  on

Lhe  f l ood  anc  ebb  E ides '  The  w iduh  o f  t he  l oop  i s  l n

good  ag reeoen t  w i t h  t he  obse rva t i ons  on  the  ebb  t l de '

The  obse rva t l oos  on  Lhe  f l ood  c ide  show an  anoma lous l y

Iow  conceo t raL ion  a t  sequence  oumber  22  wh lch  g l ves

r l se  t o  a  na r rower  l oop  chan  l n  t he  mode l  resu l t s ;

En i s  l s  p robab l y  due  to  sone  va r l aE lon  l n  Lhe  ups t reao

cond i c i ons  no t  rePresen ted  l n  Lhe  s lop le  oode l

g e o m e t r Y .

The  node l  sysLeoaL i ca l l y  unde resc loaLed  concen t ra t ' l on

oo  the  ebb  c ide ,  wh l l e  on  che  f l ood  che re  was  no

sys tesaL i c  d i f f e rence  f rom the  obse rvac lons '  The

va r i aL ioo  o f  obse rved  concen t raL i ' on  l s  snoo the r  on  Lhe

ebb  than  the  f l ood ;  Lh l s  suggesLs  Lha t  Lhe  cond rE rons

u P s t r e a l D  r n  L n e  e b b  d i r e c L i o n  a r e  m o r e  u n l f o r m  a n d '

che re fo re '  beLLe r  app rox i ' oaced  by  t he  s l rnp le  mode l '

I c  f o l l ows  LhaL  Lhe  unde res t l na te  l n  cne  mode l  l s

genu ine  and  Lha t  a  J ' a rge r  sa tu raL ion  concenc ra t l on

s h o u l d  b e  u s e d  l n  c h e  m o d e l  c a l c u l a t l o n s '

I L  l s  c l e a r  L h a t '  a s

m o d e l s ,  t h e  c o r r e c t

c o n c e n L r a L i o n  i s  o f

i s  Lhe  case  w iLh  Po tenL ia l  l oad

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

g r e a L  i m p o r L a n c e '  A c c u r a t e

1 l



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

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

d i m e n s i o n a l  f l o w  p a L c e r n s  a n d  v a r i a b l e  b e d

c h a r a c t e r i s t i c s .  N e v e r t h e l e s s ,  t h e  d e r n o n s t r a L i o n  o f

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

rnode l  geoneL ry  used  he re ,  i s  ve ry  encou rag ing  as  iC

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

t h i s  s a n d  L r a n s p o r t  o o d e l  ( t h e  n o n  l n s t a n t a n e o u s  b e d

e x c h a n g e  c a l c u l a t i o n )  1 n  a  o a t u r a l  s i L u a L i o n .

F u r t h e r m o r e ,  s l n c e  t h e  n o n  e q u t l i b r i u m  c o o c e o t r a L l o n

in  a  c lme  va ry lng  f l ow  i s  Ba the r l a t i ca l l y  s im i l a r  co

Lna t  l n  f l ow  ove r  a  oon  un l f o rm  bed ,  t he  use  o f  che

bec l  exchange  funcc lons  l n  a reas  o f  va r l ab le  sed i rnen t

s u p p l y  l s  a l s o  s u p p o r t e d  D y  L h e s e  r e s u l c s .

I n  o rde r  Lo  lBp rove  the  use fu lness  o f  t h i s  new rnode l

i n  eng lnee r i ng  app l i caC i .ons  a  nu rabe r  o f  deve lopmen ts ,

some  o f  wh l ch  a re  t he  sub jec t .  o f  conL iou lng  resea rch ,

a r e  r e q u l r e d :

A  r e a l l s t l c  t r e a t m e n t .  o f  B i x t u r e s  o f  s a n d s  o f

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

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

sa t ,u ra t i on  concen t ra t l ons  f o r  t he  d l f f e ren t

f racc ioos ;  d i f f e ren t .  bed  exehange  raLes  resu l t i ng

f  r om va r j . ab le  se t t . l i ng  ve loc i t . i es ;  va r i ab le  bed

conpos i t l on  a r i s i ng  f r on  d i f f e ren t i a l  e ros ion  and

d e p o s i t i o n ;  t h e  p o s s l b i l i t . y  o f  " a r m o u r i n g . .  o f

f i ne r  by  eoa rse r  pa r t i c l es .  (To  Ue  cons i c l e red

w i th in  Lhe  scope  o f  Resea rch  Con t rac t  PECD

7 /6/  r r2)

Ef f i c i en t  and  aecu ra te  me thods  o f  ca l cu la t i - ng

sa tu ra t i on  conceRt ra t i ons .  Th i s  has  to  De  done  a t

eve ry  t i nes tep  fo r  a l l  ac t i ve  ee l l s .  The  po rde r

l aw  o f  sec t i on  4 .1  i s  no t  ve ry  demaod ing  o f  t ime

bu t  o the r  me t .hods  such  as  t he  Acke rs -Wh i te  o r

v a n  R i j n  f o r m u l a e  u s e  s u b r o u t i n e s  o f  s e v e r a l  l i n e s

l )

L2

2 )



Lo  p rov ide  a  va lue .  Some fo rm o f  l ook -up  tab le

wou ld  be  des i rab le ;  i t  wou ld  have  Co  g i ve  Ehe

requ i red  accu racy  ove r  a  l a rge  range  o f  va lues .

(To  be  cons ide red .  w i t h i n  t he  scope  o f  Resea rch

Con t rac r  PECD 7 /6 / I LZ )

3 )  A  oe t .hod  o f  i n l c i a l l s i ng  t he  bed  compos l t l on  i . n  a

s j . t ua t i on  o f  va r i ab le  supp l y  o f  e rod ib le

m a t e r i a l .

4>  These  deve lopmen ts  shou ld  be  app l l ed  t . o  p rev ious l y

scudied escuar ies so th.at .  compar isons can be made

w i th  f i e l d  daca  and  w i t , h  ea r l i e r  mode ls  i n  t e rms

o f  c o s t  a n d  a c c u r a c y .
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APPENDIX 1

Sand fluxmeler (standard version)

l lcfore val id predicl ions can bc rnadc of lhc cffccts

lhal proposcd cnginecring u'r lrks arr:  l ikcly lo havc

on lhe accrcl i t tn-t ' rr tsi t ln prr lccsst 's in an eslt tarl" or

a  r i vc r  channc l .  i l  i s  i tnp t t r lan l  l t l  be  ab le  l t l  tncas t t rc

c r is l ing  scd in tcn l  ln tns l l r t r l  r : t tes .  l l  i s  par l i c t r la r l . r

i rnpr t r lan l  lo  h t 'a l l l c  l ( t  t t l c i t s t t rc  lhcsc  r : t l cs  c l t t se  l t t

lht bcd rvhcrc setl i tnenl t l tovctncnl is grcalesl.

l ' .qu ip rncn l  capab le  ( t l t  do ing  th is  l tas  l t ccn

dcvckrped b l  t l l d ra r r l i cs  l l csc : r r th .  Wal l ing ford .
' l ' l rc 

cqrr ipnrenl is t tnit ; t tc in i l tal  i t  c:tn l l t  t tscd in

rvalcr dt 'pl l ts dt lrvn lo 3(l  trr  nnd rvi l l  t t tcasttrc l l l rrr

vc loc i l ies  : tnd  sand c t lnccn l ra l io t ts  a l r tng  : ln )  \ ' c r -

t i ca l  p ro l ' i l c  s l l r l i ng  as  e l t l sc  l s  ( l - {15  t t l  r l l rn .c  lhe

t le r l .  A  l igh t r rc igh l  le rs i t ln  l i r r  sha lk ru  r ra le r  i s

r l cscr i l l cd  in  l ' .qu ipnrc r r t  Notc  12 .

1 The sand f luxmeter system

C o n t . o l  R o a d o u l  U n i l
P u m o  a n d  S e d i m o n l

ftrdmutlcs Research
Wallinqfond

Equipmerrt notes
l lcd frarne rrnil

1-hc equiprnent  cot ls is ts  o l 'a  tubular  l ' r 'a l l tc  rvh ic l r  is

lorvercd lo rest on tlrc scatrccl attd sttpporls a sanrl 'r l-

i r tg  i t t take at td currct t t  l t tc tcr  rv l tosc hc ight  a l lovc '  l l tc

lrctl is ct'ttttrolled l 'ront t ltr '  i l t tcl ldilt l l  stlrt 'cy vcsscl .
' l ' l r t '  

rvc ig l t t  o l ' thc l l 'ar l rc  is  l t< l j t rs tablc  bct rvccr t  [ . ]5

rnc l  400 kg to sui t  t l tc  s l ret tgt  l t  t l l ' t l rc  anlh ic t t l  c t t r -

rc i l  I  \ .

Figure 2 The bed frame unit

Scd i r t t c r t t  in  sus l ' t c t ts io t t  i s  t l ra r r t t  l i r ln l  l l t c  s l r t tp l i r lg

i n t a k e  l ( !  t h c  c l c c l  o l ' t l t c  v c s s c l  l r v  l r  2 4  V  p t r t t t p

c i t l t c r  o t tbo : t t 'd .  o r  s t th r t tc rgc t l  i l '  t l r c  rcq t r i rcd  l tose

l ( 'ng th  cscr ' cds  -5 ( )  r t t .  I ' t t t t tp  l ' l t l s  i s  r r tc tc rcc l  and

sc< l i r r rc r t t  g rc i l t c r  th l r r t  ,10  , r l l t  p i l l  l  i c l c  d ia t t t c ' t c r  i t

rcc t t r ,c rcd  l rv  t ln - l inc  l ' i l t l i t t i o r t .  I  l t l r t  r< l l t t t t l c -s  t lp  t t r

. { { )  |  a rc '  pu t t tpcc l  to  p r t tv ic lc  rc l ) rcsc l t t . t l i l c  t i t t t c -

avcragcd sa t r tp lcs  t r l  thc  s t tspc t tc [ -d  scd i t t t c t t t .  
- l  

hc5

also yiclcl  cttottglt  sct l i t t tctt t  l i rr  sizc-gratl i rrg tr1'

s i r n p l c  s i c v i r t g  n i l l t o t t l  c r c i t t i t t g  t l t e  s t o r : t g c  l t t t c l

I  ra l l sp( ) r l  i t t c ( ) t rvc t t i c t tcc r  t t t l r t t t l t l l l '  : t ssoc ia tcc l  r r  i l  l t

l i r rgc  rva tc r  sa t t tp lcs .

l l cadouts  l ' o r  c i thc r  a t l  i r r rpc l l c r  o r  a l l  c lcc -

t ro r t tagnc t ic  cur re t l l  l l l c l c r  i t rL '  l ' i t t cd  to  t l t c  o l tboard

c o n t r o l  u n i l .

Or t  the  t t l tde  rwater  t t t r i t  t  l t r - -  in takc  i t t rc l  cur rc t t t

ructcr are l taulecl up and dorvtt ott  at l  cttcl lcss clt l i t t

c l r i vc r t  t ry . 'an  in tcgra l  l2  \ t  t l l o (o r .  I ro r  sc t t i r lg  up ,

t l l c  n tL - : tsur i t rg  hc l< l  i s  d r ivc r t  dorv t ru ' l rds  u t l t i l  i t

t1
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rh
. lf*
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plat ! '  n lakcs c()ntAct  \ r ' i l l l  t l rc  bcr l  l t rd  ( )pcratcs : r
s r v i t ch  l ( )  i n t c r ru l ) t  t l r c  po rve l  sup l l l l ' . . l ' h i s  pos i r i o r r
is  takcrr  i ls  lhc l ' rc( l  d : r lur r r  lnc l  l l lc  ntc lsur i t rg hs: r t l  i r
ra iscd to t l tc  dc 's i rcc l  hc ight .  as i r rd icatc 'c l  b i . 'a
c()unlcr  ( ) l l  lhc c t>nl ro l  ur t i t .  

- l 'hc 
l rcd r r r r i t  is  u lso i r r -

s t runrcntcd tc l  s l t t l rv  i ts  Jr i tch unt l  ro l l  ar ru lcs rvhcrr
rcst ing 0n lhc l re(1.

Figure 3 Typical vertical profiles for velocity,
concentration and sand flux

Figure 4 Sand f luxmeter in use

nrc i lsurc( l  vc loc i t ics : r r tc l  c( )nccnl r i t t ions r ) l  in-
t l i r , idr r i r l  s izc l l ' r rc t ior rs  : i r r r . l  t l tcrcal ' tcr  t l tc  i r rs t l r r r -
t l u r c ( )u \  r c r l i r t t cn t  l l t t r .

, , \  pl l l ic:t  t  iorts

( )pcra l i t t r t  o l '  t l r c  c tp r ipnrc r t t  c : r l l s  l i r r  : t  s t r t l r le

l l o u t i r r s  ; r l : r t l i r r r r r  c l r p l r h l c  o l '  l r o l t l i n g  c l r t s c  s l r t l i o n

( ) \ c r  t l t c  l r e t l  l ' r : r r i l c .  l o u e l l t c r  r r i l l t  l r t t  c l r r l i c r  r c r : i o t l

I r r r r e t i o n i n g  o r r  t l r c  \ : l l l r c  g c n c n r l  . p l i n c i p l c  t h c  r : r t t c l

l l r r r r t rc tc l  l r i r r  uor r '  l r c r r t  t t rce l  ( )n  v : r r i ( )us  i rpp l i c l -

l i o n s  r r n  l l l r ) \ l  ( ) l  t h e  l r t i r - i o r  U K  c r t t n t r i c s .

l lc f t ' r t ' t tces

|  .  ( ' r i ck r r ro rc  N l  . l  iu tc l  . . \ kc t l  R  l ' .  l ' u t t t l ' r

s l rn rp lc rs  I 'o r  n rcasr r r ing  \an( l  t r i lnsp( ) r l  i r r  t i c l l r l

\ \ 'ul  cr\ .  I  t . .  R l . .  ( ' r l rr  I  c 'rcncc ()n I  rrsl  r trrt tcrt l  l r l  iort

i r r  ( )cc r t r tognrp l l \ ' .  l l i u lgor ,  N  W: t l cs ,  1975.
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APPENDIX 2

PREDICTION OF TOTAL BED MATERIAL LOAI)

(A) USING TIIE ACKERS AND CHITE (1973) FORI.flILAE

The  sed imen t  cooceo t ra t l on  i n  pa r t s  pe r  n i l l i on  by  we igh t  i s  ca l cu la ted

f  r o o :

d  d e p c h  ( m )

S  s u r f a c e  s l o p e

;  meao  ve loc i t y  (m /s )

D g S  g r a i n  s i z e  ( m n )

S _  s p e c i f l c  g r a v i t y  o f  p a r c i c l e s  ( c a n  b e  c a k e n  a s  2 . 6 5  f o r  s a n d )c
a n d  v  k i n e n a t i c  v i s c o s l L v

t .  C a l c u l a t e  D U . ,  t h e  d i m e n s i o n l e s s  p a r t i c l e  s i z e

D g s  . g ( S , - l ) ,  t u  g
or, = 

looo t--- l

2 .  I f  D g r >  6 0 ,  r h e n

n  =  0 . 0 ,  A  =  0 . 1 7 ,  m  =  1 . 5 ,  c  =  0 . 0 2 5

a n d i f l < D  ( 6 0 t h e n
g r

n - t - 0 . 5 6 l o g l o D g ,

A  =  o ' 2 3  
+  o . l 4

/ D
g r

9  - 6 6
n  =  

O  
+  1 . 3 4

g r

r o g l g c  =  2 . 8 6  l o g l 0  o r .  -  ( l o g t g  D g r ) 2  -  l . s l

3 .  r * = / g d S



4 .  C a l c u l a t e  m o b i l i t y  n u m b e r ,  F g r ,  f r o m  t h e  e q u a t i o n

n

F  =  {  ;  } l - ^srl f f i )rml
-  J J  g  " r u \  D : s '

5 .  C a l c u l a c e  G  f r o m  e q u a t i o n :
8 r

F n
G--  =  . { -S - r }

g r  A

( t ' t o te :  i f  a r ,  , "  nega t i ve  Lhen  the re  i s  no  sed imen t  novemen t  and

Xew = o)

6 .  And  f i na l l y  ca rcu la te  xo * ,  che  sed imen t  concen t ra t ron ,  f r om

xAw = rooo +3I {-:;}n oo,



PREDICTION OF TOTAL BED MATERIAL LOAD

(b) USING TTIE VAN RIJN (T984) FORMULAE

The  sed imen t  concen t ra t i on  i n  pa r t s  pe r  m i l l i on  by  we lgh r  l s  ca l cu la ted

f  r o m :

d e p t h  ( n )

s u r f a c e  s l o p e

hyd rau l i c  rad lus  (n ) ,  r he  re la r i on  r  =  
5 | *  

can  be  used

where  b  =  mean  w idcn  (n )

n e a a  v e l o c i t y  ( m / s )

D 5 0 '  D 9 0 ,  D l 6 ,  D 8 q  g r a i n  s i z e s  ( m n )

s p e c i f i c  g r a v t t y  o f  p a r t l c l e s  ( c a n  b e  t a k e n  a s  2 . 6 5  f o r

sand )

a n d  v  k i n e m a C i c  v i s c o s i . v

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

n  =  
Dso  

, - ( s *  
- t ) e1  

l / 3
g r  1 0 0 0  L  

v 2  
r

2 .  C o m p u t e  C l e z y  c o e f f i c i e n c  r e l a t e d  t o  g r a i n s :

c'  = 18 logle { f f i }  -  ro

3 .  C o m p u t e  e f f e c c i v e  b e o - s h e a r  v e l o c i c y :

, , '  - {e  J
u * - c '



4 .  C o m p u c e  c r i t i c a l  b e d - s h e a r  v e l o c i E y :  u * C ,

oa .  =  o .2a (D r r ) - l ' oo  f o r  D* ,  (  4

oa ,  =  o . l 4 (Dg r ) -o ' 64  f o r  4  <  D* .  <  l o

oa .  =  o .o4 (Dg r ) -o ' l o  f o r  (  D * .  (  20

o^  =  o .o I3  (D  ' o ' 29
u r  g r )  f o r  2o  t  o r ,  <  I 5o

O  =  0 . 0 5 5
C r

f o r  D  >  1 5 0
8 r

r *c .  =  {o .oo t  oa ,  (s r - t )  e  Ds  o l l /2

5 .  compu te  L raospo r t  scage  pa rao te r

( " 1 )2  -  ( u * . . ) ,
D_ s  ( . *a ,  ) ,

I f  TS  (  0  chen  Ehe re  i s  no  sec t imen t  movemen t

" . d X V R = 0 p p m

6.  Compu t .e  bed .  l oad  L ranspo r t :

x =LL-Ts2 ' l  /s - rouor - ,
o  I d t o 6 ( D  ) 0 . 3  I

8 r

7 .  C a l c u l a t e  r e f e r e n c e  l e v e l ,  a  :

a = maxi_mum of

D c n  0 . 3 .  - 0 . 5 T " 1
o.oo6e2 

"  iTI  [ r  -  u " ]  lzs -  r rJ

a n d  0 . 0 1  d



8 .  Compuce  re fe rence  concenEra t i oo ,  C "  f r on :

Q = 1 .5  x  ' .0 - ,  
ouo 

L-
a  a  D  0 . 3g r

9 .  Ca l cu la te  geone t r i c  sLanda rd  dev ia t i on  o f  pa r t i c l e  s i ze  f r on :

d e  =  / o s a / D 1 5
b e r

10 .  ConpuLe  pa rL i c l e  s l ze  o f  suspended  sed imen t :

Ds = ( t  +  o .or l (os-  r ) ( rs -  zs)  ruo ( m n )

l l .  O b L a i n  f a l l  v e l o c i c y  o f  r e p r e s e n E a t i v e  s e d l m e n t  s i z e  D r .  L e t  w  b e  f a l l

ve loc i cy  i n  n , /  s  .

L 2 .  C o m p u c e  o v e r a l l  b e d  s h e a r  s L r e s s  v e l o c i t y ,  u , t !

u* = /e;s

I  3 .  C o m p u t e  B  f a e t o r  :

f o r L c l
u*

B =  r+z  [ ! - ]2'  ' u * '

f o r L >  I  r a k e
t l *

F  =3



1 4 .  C o m p u t e  Q  f a c c o r  f r o m  t h e  f o l l o w i n g  e q u a t i o n :

p p m

, + .  _  .  .  f w  1 0 . 8  ; " a  1 0 . 4Y  -  L . r  t \ ,  1 0 . 6 5 J

1 5 .  C o a p u t e  s u s p e n s i " o n  p a r a m e t e r  o f  s u s p e n d e d  l o a d  c r a o s p o r t :

, _ V' y  -  
0 . 49u*

t 6 .  0 b t a i n  m o d i f i e d  s u s p e n s i o n  n u m b e r :

Z '=Z+6yv

1 7 .  C o m p u t e  F  f a c t o r :

F -
fe l ' ; -  ;a1 r .2t o ,  r d ,

z '
f r -e l  Yfr .z-z ' I

-  
v J

18 .  Compu t .e  t o ta l  suspended  l oad  concen t rac ion  (by  vo lume) ,  X " ,  f r om Ehe

f o l l o w i n g  r e l a L i o n :

X r = F C u

19 .  Add ing  the  bed  l oad  concen t raE . i . on ,  Xb ,  and  suspended  concen t rac ion ,  XS ,

we  gec  the  to ta l  l oad  concenL ra t , i on  (by  we lgh t ) :

xvR =  ( xb  +  xs )  sg  106




