
T H E  IM P A C T  O F FLO W  P A T T E R N  A N D  S E D IM E N T T R A N S P O R T  O N  M A IN T E N A N C E  D R E D G IN G
IN  T H E  K A L L O  AC C ESS C H A N N E L

S AS M .

CLAESSENS J .:

In te rn a t io n a l M a rin e  & D re dg in g  C o n su lta n ts  N .V  
W ilr i jk s t r a a t  37-45 bus 4 
B -  2200 A n tw e rp e n  -  B e lg iu m

M in is te r ie  van O penbare  W erken ,
A n tw e rp se  Z eed iensten  
T ave rn ie rska a i
B -  2000 A n tw e rp e n  -  B e lg iu m

7 6 5 5 4

A B S T R A C T
In th e  access channe l to  the  K a llo  lo c k , a s e d im e n ta tio n  ra te  o f  1.3 c m /d a y  e x its .  H e n ce  e la b o ra te
m a in te n a n ce  d redg ing  w o rks  are  re q u ire d .
To unders tand  how  s i l t  en te rs  the  access channe l and s e tt le s  o u t, one should know  a ll w a te r  m ove m e n ts . The
f lo w  p a tte rn  is ge n e ra te d  by th re e  fu n d a m e n ta l m echan ism s :

t id a l f i l l in g  and e m p ty in g  o f  th e  a rea
exchange o f  w a te r  be tw een  r iv e r  and basin caused by th e  passing f lo w  in  th e  r iv e r ,  w h ic h  c re a te s  a 
c irc u la t io n  in  th e  access channe l, so th a t  w a te r  Is e n tra in e d .
exchange o f  s a lt  and fresh  w a te r  by  d e n s ity  c u rre n ts  (due to  d iffe re n c e s  in  s a lin ity ) .

T h e re fo re  a p ro g ra m m e  o f  f ie ld  d a ta  c o lle c t io n  was c a rr ie d  o u t to  m easure t id a l le v e l,  c u rre n ts , s a lin ity  and
suspended se d im e n t c o n c e n tra tio n .
The a im s o f  th e  assoc ia ted  s tudy are  th re e fo ld :
(a) th e  a c q u is it io n  o f  da ta  to  re c o n s tru c t th e  lo c a l f lo w  p a t te rn , w ith  em phasis on th e  b e h a v io u r o f  b o tto m  

and s u rfa ce  la y e r
(b) th e  s e tt in g  up and te s tin g  o f  n u m e r ic a l f lo w  m odels
(c ) th e  fu tu re  s e t t in g  up o f a se d im e n t m ode l to  enab le  th e  p re d ic t io n  o f  se d im e n t f lo w  p a tte rn s  and th e ir

im p a c t on m a in te n a n ce  p rocedu res  and e q u ip m e n t.
T h is  paper describes th e  f ie ld  m easurem en ts  and the  re s u lts  o f the  f lo w  m ode ls .

1 . IN T R O D U C T IO N
The W este rn  S che ld t is the  m a r it im e  
approach  channe l to  th e  p o r t  o f  
A n tw e rp . B e tw een  th e  locks  and th e  
r iv e r ,  access channels have been 
dredged to  p ro v id e  the  re q u ire d  
m anoeuvring  a rea  fo r  the  vessels. The 
K a llo  lo c k  is s itu a te d  on th e  le f t  bank 
( F ig . l ) .  The c a p ita l d redg ing  w o rks  In 
th e  e n tra n ce  channe l w ere  c a rr ie d  o u t 
f ro m  June 1980 t i l l  M ay 1982. A t  
p re se n t a reduced  area is m a in ta in e d  
w ith  a w id th  o f  200 m and a d ep th  o f 
9m (F ig .2 ).
In  th is  n a v ig a tio n  channe l about 1.5 
106m ^ o f  s i l t a t  ion  occu rs  a n n u a lly .
The degree o f s i l ta t lo n  depends c le a r ly  
on th e  shape o f  the  s e d im e n ta tio n  
a rea , th e  d ep th  and th e  in flu e n c e  o f  
s a lin e -fre s h  w a te r  exchanges. The s i l t  
tra n s p o r t m echan ism  is co m p le x  and 
p re d ic t io n  o f  s i l ta t io n  depends o f te n  
on a num ber o f  u n c e rta in  hypotheses.
F u r th e rm o re  th e  b e hav iou r o f  s i l t  
ca n n o t e a s ily  be a ccom m oda ted  in  a 
h y d ra u lic  sca le  m o d e l, in  c o n tra s t w ith  
non -cohes ive  se d im e n t tra n s p o r t.
H ence  in  s itu  m easurem en ts  m ust 
p e rm it to  a cq u ire  enough d a ta  fo r  
a c c u rra te  s i l t  ba lances and fo r  
c a lib ra t in g  m a th e m a tic a l m odels.
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On the  basis o f  b o th  the  id e n t if ic a t io n  o f th e  s i l ta t io n  m ech a n ism  and th e  s im u la tio n  o f i t  by such m odels, 
the  e ffe c tiv e n e s s  o f  m easures ag a in s t s i l ta t io n  o r  a lte rn a t iv e  m a in te n a n ce  d redg ing  w o rks  can be 
e va lu a te d . , . i

KALLO : access channel
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S ILT  IN T R U S IO N  IN T O  T H E  AC C ESS C H A N N E L
The tra n s p o rt o f  s i l t  in to  th e  e n tra n ce  channe l can o c c u r in  d if fe re n t  w ays.
F irs t  o f a ll i t  can s e tt le  o u t f ro m  a hom ogeneous suspension a t ra th e r  lo w  c o n c e n tra tio n s . Secondly 
ir re g u la r  c louds o f  s i l t  m ov ing  in  th e  r iv e r  m ay e n te r  th e  ch a n ne l. And f in a lly  m ud la ye rs  can e n te r o ve r 
the  b o tto m .
I t  is a n tic ip a te d  th a t  these m echan ism s o c c u r to g e th e r  in  th e  e n tra n c e  channe l. H ence i t  is  hard  to  
genera te  a p ic tu re  o f  th e  in d iv id u a l tra n s p o r t phenom ena . A nd  p r io r  to  in v e s tig a te  th e  s i l t  b e h av iou r, one 
should unders tand  th e  f lo w  p a tte rn  in  th e  basin .

W A TE R  E X C H A N G E  IN  TH E  E N T R A N C E  C H A N N E L
The c u rre n ts  ins ide  th e  sem i-enc losed  access channe l to  th e  lo c k  are  m uch w e a ke r (and m ore  com p le x ) 
than  the  v e lo c it ie s  on th e  r iv e r .  Evenso th e  se d im e n t tra n s p o r t c a p a c ity  reduces la rg e ly  in  th e  basin. 
C onsequen tly  an im p o r ta n t p a rt  o f  th e  s e d im e n t c a rr ie d  by th e  p e n e tra t in g  w a te r  w i l l  s e t t le .
The exchange o f  w a te r  be tw een  th e  access channe l and th e  r iv e r  is caused by th re e  phenom ena (F ig .3 ).

1. the  t id a l p rism
2. th e  h o r iz o n ta l eddy a t  th e  e n tra n c e , g e n e ra te d  by th e  passing f lo w
3. th e  d e n s ity  c u rre n t,  due to  th e  d if fe re n c e  in  s a lin ity  b e tw e en  th e  w a te r  in  th e  r iv e r  and in  the 

basin

2. eddy 3. densityFIC.3



4 . F IE L D  P R O G R A M M E
Due to  the  c o m p le x ity  o f  th e  f lo w  p a tte rn  in  the  access channe l a f ie ld  s tu d y  was se t up. The p ro g ra m m e
was m ade up o f se ve ra l in d iv id u a l e xe rc ise s , w h ich  w i l l  be described  as se p a ra te  e le m e n ts  i

1. t id a l c u rre n ts , s a lin it ie s  and suspended sed im en t
2. f lo a t  tra c k in g
3. in  s itu  fa l l  v e lo c ity  o f  th e  m ud
4. v ib ro c o r in g

4.1 T id a l c u rre n ts , s a lin it ie s  and suspended se d im e n t c o n ce n tra tio n s
The o b je c t iv e  o f  th is  e xe rc is e  was to  m ake o bse rva tions  a t 3 se le c te d  p o s itio n s  fo r  b o th  sp ring  and 
neap t id e  c o n d it io n s , and h igh  and lo w  s a lin ity  va lues on th e  r iv e r .
A l l  p a rtie s  w e re  c o n v in ce d  th a t  s im u ltan e o u s  o ccu p a tio n  o f  as m any s ta tio n s  as p ra c t ic a l w as 
d e s ira b le . N e v e rth e le s s , no m ore  than  th re e  cou ld  be a tte m p te d  because o f  the  p rob lem s o f  f in d in g  
s u f f ic ie n t  s u ita b le  vessels and o f  assem bling  enough sets o f sp e c ia lise d  m easuring  e q u ip m e n t. 
F u r th e rm o re  f re e  passage to  th e  lo c k  had to  be gua ran teed , so th a t  th e  vessels w e re  anchored  ou ts ide  
th e  c e n tra l n a v ig a tio n  channels (b o th  on th e  r iv e r  and in  th e  basin) (F ig .2 ).
M ax im u m  s a lin ity  on th e  r iv e r  S che ld t o ccu rs  a t th e  end o f th e  sum m er (S ep tem ber), w h ich  is the 
pe riod  w ith  lo w  fre s h  w a te r  f ro m  th e  tr ib u ta r ie s .
M in im u m  s a lin ity  was e xp e c te d  in  M a rch  o r A p r i l .  To r e s t r ic t  the  num ber o f  obse rva tio n s  a neap and a 
sp ring  t id e  (3 /1 0 /B 6 ) w e re  chosen in  sum m er co n d itio n s  and a check  was e xe cu te d  e t  sp ring  t id e  a t 
m in im u m  s a lin ity  (3 0 /4 /8 7 ). F o r p ra c t ic a l reasons th e  neap t id e  was s p l i t  up in  an ebb (2 6 /9 /8 6 ) and a 
f lo o d  (3 0 /9 /8 6 ) e xe rc ise  w ith in  c lose  l im i ts  o f  t id a l range . H ence  d a ta  o b ta in e d  on d if fe re n t  days cou ld  
be cons ide red  s im u lta n e o u s .

As s ta te d  above , c u r re n t-m e te r in g  and suspended se d im e n t sa m p ling  w e re  rea lised  fro m  vessels a t 
anchor. The  u n d e rw a te r u n it  co m p rise d  2 c u rre n t m e te rs , a d ire c t io n  sensor, a s a lin o m e te r , a tu rb id it y  
probe and a w a te r  in ta k e . The la t te r  was used to  enable th e  pum ped c o lle c t io n  o f  suspended se d im e n t 
sam ples a t  th e  s u rfa c e , m id -d e p th  and n e a r-b e d . Readings w e re  o b ta in e d  o ve r th e  des ired  t id a l cyc le  
a t  30 m in u te s  in te rv a ls  and w ith  1 m  spacing in  th e  v e r t ic a l fo r  th e  dep th  p ro f ile s .

4.2 F lo a t tra c k in g
S pec ia l a t te n t io n  has been payed to  f lo a t  tra c k in g .  P r io r  in v e s tig a tio n s  reve a le d  th e  presence o f  tw o  
la ye rs  f lo w in g  in  o p p os ite  d ire c t io n s , m a in ly  d r iv e n  by d iffe re n c e s  in  d e n s ity . S ince th e  c u rre n t  data 
fro m  th e  anchored  vessel o b se rva tio n s  w e re  l im ite d  to  one cross s e c tio n , f lo a t  tra c k s  w e re  to  reve a l 
in fo rm a t io n  on th e  f lo w  p a tte rn  in  th e  basin . A g a in , t r a f f ic  in  th e  e n tra n ce  channe l c o u ld n 't be 
s topped, so a p ro ce d u re  w ith  one vessel was w o rked  o u t.
F lo a ts  o f  d i f fe re n t  typ e s  w e re  used :

s u rfa c e  f lo a ts :th e y  w e re  m ade o f  w ood , 1.65 m long  and b a lla s te d  to  have enough d ra u g h t. 
subsu rface  f io a ts :th e y  co n s is te d  o f  a subm erged a lu m in iu m  body co n n ec te d  to  a sm a ll su rfa ce  
f lo a t  by a th in  a d ju s ta b le  l in e .  The  im m e rse d  dep th  was chosen so th a t  in fo rm a t io n  was g a the re d  
on success ive  d ep ths  by re le a s in g  seve ra l f lo a ts  synch ro n o u s ly .

The f lo a ts  w e re  tra c k e d  by a vessel using th e  ra d io  p o s itio n in g  u n it  o f  an a u to m a tic  su rvey sys te m . In 
th is  w ay th e  vesse l co u ld  hand le  (and keep tra c k  o f)  up to  20 f lo a ts  w ith  a p o s it io n in g  fre q u e n c y  o f  a t 
le a s t once in  10 m in u te s , spread o ve r an a rea  o f  1.5 by 0.5 km .
Tw o surveys w e re  u n d e rta ke n  : one on 1 /1 0 /8 6  in  sum m er c o n d itio n s , one on 3 0 /4 /8 7 , c o n c u rre n tly  w ith  
the w in te r  s p r in g  t id e  c u r re n t ,  s a lin ity  and suspended se d im e n t o b se rva tio n s .

4 .3  In  s itu  fa i l  v e lo c ity  o f  m ud
The s e tt l in g  v e lo c ity  o f  f in e  cohes ive  se d im e n t p a rt ic le s  depends upon th e  degree  o f  f lo c c u la t io n ,  
w h ich  depends on th e  ty p e  o f  m ud , th e  w a te r  s a lin ity ,  the  c o n c e n tra t io n  o f  th e  suspension, th e  
te m p e ra tu re  and th e  degree  o f  tu rb u le n c e . In p r in c ip le  h ig h e r c o n c e n tra tio n  leads to  g re a te r  s e t t l in g  
v e lo c it ie s , caused by p rog re ss ive  f lo c c u la t io n .  T h is  a c c e le ra tio n  co n tin ue s  t i l l  th e  c o n c e n tra tio n  
becom es so h igh  th a t  h in d e re d  s e t t l in g  o ccu rs , ow ing  to  th e  w a te r  d is p la c e m e n t. The  l im i t  fo r  h inde red  
s e tt l in g  is o f te n  d e te rm in e d  a round 2000 to  5000 ppm.
O w en has shown th a t  e s p e c ia lly  due to  th e  e f fe c t  o f  tu rb u le n c e , th e re  are  g re a t d if fe re n c e s  be tw een  
th e  s e t t l in g  v e lo c it ie s  o f  m ud flo e s  in  n a tu re  and those m easured  in  la b o ra to ry  ( re f .  1).
F o r th is  reason a f ie ld  su rve y  was c a rr ie d  o u t in  th e  e n tra n ce  cha n ne l. The O w e n -tu b e  ( r e f .2) was used 
to  ta k e  u n d is tu rb e d  sam p les o f  th e  f lo w  w ith  m ud flo e s  in  th e ir  n a tu ra l s ta te . In  s itu a tio n s  w ith  
suspended c o n c e n tra tio n s  g re a te r  than  a bou t 50 m g/1, th is  in s tru m e n t a llo w s  a c c u ra te  e s t im a tio n  o f  
s e t t l in g  v e lo c it ie s .  F o r th is  reason 10 sam ples w ere  taken  nea r-bed  to  c a tc h  enough s o lid  m a t te r .
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A lth o u g h  the  b o tto m -w ith d ra w a l tube  ha3 been used w o r ld w id e , a new  f ie ld  in s tru m e n t has heen 
proposed, c a lle d  th e  s id e -w ith d ra w a l tu b e , w h ich  shows a c c u ra te  re s u lts  fo r  In i t ia l  c o n c e n tra tio n s  
la rg e r  than  20 mg/1 (re f.9 ). I t  is o u t o f  the  scope o f  th is  paper to  d iscuss fa c to rs  in f lu e n c in g  the 
s e t t l in g  v e lo c ity  ( re f .  3 ,4 ,5 ,6 ,7 ,8 ) o r th e  ch o ice  o f  an adequate  in s tru m e n t ( re f .  9 ,10), hence we re fe r  
to  l i te ra tu re .
In  genera l a reasonbale  assum ption  fo r  th e  s e tt l in g  v e lo c ity  in  b ra c k is h  w a te r  is 0 .5  m m /s  a t  lo w  s i l t  
c o n c e n tra tio n s . The o b je c tiv e  o f  th e  f ie ld  su rvey was to  check th e  o rd e r o f  m a g n itu d e  o f  th e  s e t t l in g  
v e lo c ity  and th e  v a r ia t io n  o f th is  s i l t  p ro p e r ty  w ith  in c rea s in g  c o n c e n tra t io n s .

4.4 Mud depos it ana lys is
I t  was recogn ised  th a t a lo t  o f  in fo rm a t io n  on th e  co m p o s itio n  o f  th e  m uddy bed had been c o lle c te d  in  
an e a r lie r  su rvey ( re f .  11). N e ve rth e le ss  a l im ite d  num ber o f  b o tto m  sam ples w e re  ta ke n , using a 
v ib ro c o r in g  te ch n iq u e . These sam ples w e re  used to  d e te rm in e  th e  in  s itu  d e n s ity  o f th e  bed by 8 
ra d io a c tiv e  p robe . H ence th e  mass o f  th e  se d im e n t on th e  bed and d e n s ity  p ro f i le  w e re  d e te rm in e d .

5 . RESULTS O F F IE L D  O BS ER V ATIO N S
5.1 T id a l c u rre n ts , s a lin it ie s  and suspended sed im e n t c o n c e n tra tio n s

In F ig . 4 th e  average t id a l cu rve s  a t  sp rin g , m ean and neap t id e  in  K a llo  a re  re p re se n te d  ( re f .  12).
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The t id a l e x tre m e s  on th e  re s p e c tiv e  days w e re  :

HW  (m +TA W ) LW  (m + T A W ) R ange (m )

2 6 & 3 0 /9 /8 6  O Ï OS 4 T ÏÏ
3 /1 0 /8 6  5.24 -0 .3 5  5.59
3 0 /4 /8 7  5.60 -0 .2 4  5.84

TAW  : lo c a l re fe re n c e  le v e l ( = 0.45 m  above c h a r t  da tum )

The c u rre n t v e lo c it ie s  on th e  r iv e r  S c h e ld t have  tw o  v e lo c ity  peaks d u rin g  flo o d  t id e ,  one s h o rt ly  a f te r  
lo w  w a te r  and th e  o th e r ju s t  b e fo re  h igh  w a te r .  The  ebb t id e  is c h a ra c te r is e d  by a som ew hat s m a lle r  
v e lo c ity  peak fo llo w e d  by a g ra d u a l re d u c t io n  (F ig .5)
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The f lo w  p a tte rn  in  th e  access ch a n ne l is m o re  c o m p lic a te d  (F ig .6) and a lm o s t independen t o f  the  
fre s h w a te r  in p u t in  the  r iv e r ,  and th e  sp rin g -n e a p  t id e  c y c le . The su rfa ce  la y e r  tends to  f lo w  o u t o f  the  
basin d u rin g  f lo o d  t id e  w ith  v e lo c it ie s  up to  0 .20  m /s  In th e  n o rth e rn  p a rt and a lm o s t n e g lig ib le  
v e lo c it ie s  in  th e  sou the rn  h a lf .  D u r in g  ebb t id e  th e  su rfa ce  la y e r  shows in co m in g  peak v e lo c it ie s  o f
0.35 m /s  a t  th e  n o rth e rn  p o s it io n  and a "s la c k  s itu a t io n "  in  th e  sou the rn  p a r t.
T h is  f lo w  p a tte rn  corresponds to  th e  in c o m in g  (sa lin e ) w a te r  in  th e  b o tto m  la y e r, w ith  s ig n if ic a n t 
v e lo c it ie s  d u rin g  flo o d  in  th e  so u th e rn  p o s it io n  (0 .4  m /s ) and reduced  va lues (0.20 m /s ) in  th e  n o rth . 
The v e lo c it ie s  d u rin g  ebb a re  m uch  w e a k e r : o u t f lo w  o ve r th e  w ho le  w id th  w ith  v e lo c it ie s  s m a lle r  than
0.15 m /s .



T I K E  ( H o u r s  r o t a t i v o  to
FIG. 6

R iv e r  s a lin ity  in  genera l changes w ith  t id a l range and fre s h w a te r  in p u t. N e a r K a llo  i t  w as found  th a t 
th e  s a lin ity  range doesn’t  change m uch  be tw een  sum m er and w in te r  c o n d itio n s . A  ty p ic a l c u rve  is 
shown in  F ig .5. The m ax im u m  o ccu rs  near the  h igh  w a te r  s la ck , the  m in im u m  a t th e  lo w  w a te r  s la ck . 
A lth o u g h  the  m ean s a lin ity  va lue  v a rie s  d u rin g  th e  y e a r, th e  range doesn’t  change m uch  : 7 ,5  o /o o  in  
sum m er (7,5 -  15 o /oo  ) and 6 o /o o  in  w in te r  ( 2 - 8  o /o o ).

W h ils t th e  v e r t ic a l s a lin ity  g ra d ie n ts  a re  sm a ll in  th e  r iv e r ,  th e re  is a m a rke d  d if fe re n c e  in  s a lin ity  
be tw een  su rfa ce  and b o tto m  in  th e  access channe l: up to  7 o /oo  near h igh  w a te r  (F ig .7)
Th is d if fe re n c e  in  de n s ity  is th e  d r iv in g  fo rc e  fo r  d e n s ity -c u rre n ts , w h ich  is  th e  p re d o m in a n t w a te r  
exchange m echan ism .
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FIG. 7 T IM E  ( h o u r s  r e l a t i v e  t o  HW)

The tu rb id ity  in  th e  access ch a n ne l reaches a m ax im u m  va lue  near h igh  t id e . E s p e c ia lly  nea r bed th e  
tu rb id ity  increases d u rin g  th e  p e rio d  o f  in f lo w in g  sa line  w a te r .  D u r in g  the  f ie ld  in v e s t ig a tio n s  i t  was
hard  to  observe an "ana lo g u e " p ic tu re  o f  tu rb id ity  in  th e  access channe l a t  sp ring  and neap t id e ,  as was
o b ta in e d  fo r  th e  f lo w  p a tte rn  and th e  s a lin ity .  T h is  seems to  i l lu s t r a te  th a t  an im p o r ta n t p a r t  o f  th e
s i l t  is e n tra in e d  in to  th e  basin as ir re g u la r  c louds.



5.2 F lo a t tra c k in g
The f lo a t  m easurem ents c o n firm e d  th e  obse rva tio n s  f ro m  th e  anchored  vessels. F ro m  about 4 hours 
be fo re  HW the  su rfa ce  and 6 m su bsu rface  f lo a ts  f lo w  to w a rd s  th e  r iv e r  S che ld t, w h ils t  th e  b o tto m  
la y e r  is f lo w in g  fro m  r iv e r  to  lo c k  ( 8 to  10m su bsu rface  f lo a ts ) .  A ro u n d  h igh  w a te r  s lack  ( lh  a f te r  
HW ), b o th  la ye rs  f lo w  o u t o f  th e  access cha n ne l. L a te r  on, th e  s u rfa ce  la y e r reve rses and a f te r  a 
pe rio d  o f  c ir c u la t io n  (a n t i-c lo c k w is e ) , w ith  s ta g n a n t w a te r  a t  th e  so u the rn  w a ll (4 to  5h a f te r  HW ), the  
v e lo c it ie s  reach  a m ax im u m  (0.35 up to  0 .40 m /s ) a t  th e  n o rth e rn  s ide o f  th e  access channe l. The 
in f lo w  in  the  su rfa ce  la y e r  co n tin ue s  o ve r LW  and L W -s la c k  and reve rses  about 4 hours b e fo re  HW . 
C o n c u rre n tly  th e  b o tto m  la y e r  flo w s  to  th e  r iv e r ,  d is ch a rg in g  th e  sa line  w a te r, w h ich  is s to re d  in  the 
access channe l d u ring  flo o d , in to  th e  b ra ck ish  w a te r  on th e  r iv e r .

5.3 In  s itu  fa l l  v e lo c ity  o f mud
The s e tt l in g  v e lo c ity  o f  m ud flo e s  w as d e te rm in e d  using an O w e n -tu b e . T h is  f ie ld  s tudy  gave ra th e r  
poo r re su lts . P robab ly  due to  th e  s m a ll v e lo c it ie s  and th e  lo w  c o n c e n tra tio n s  o f  suspended sed im en ts  in  
s itu , the  to ta l am oun t o f  so lids in  th e  tube  v a rie d  be tw e en  0 .07 to  0 .4  gram s. The co rrespond ing  
s e tt l in g  v e lo c it ie s  va rie d  fro m  0.02 to  1.5 m m /s . P re v io u s  in v e s tig a tio n s  re p o rte d  a va lue  o f  0.2 m m /s  
a t 300 ppm  fo r  r iv e r  S ch e ld t m ud ( re f.6 ) .

5.4 M ud depos it ana lys is  
A na lys is  o f th e  bed, p e rfo rm e d  on 
sam ples ta ke n  by v ib ro c o r in g , 
re ve a le d  an a lm o s t u n ifo rm  m ud - 
d e p os it, w ith  4% sand (0.06 -  2m m ),
65% s i l t  (0 .002-0 .06  m m ) and 31% 
f in e r  cohesive m a te r ia l.  O n ly  a t th e  
sou the rn  e n tra n ce  a som ew hat 
coaser deposit was fo u nd . T h is  
corresponds w ith  th e  obse rva tio n s  o f 
V o llm e rs  who found  th a t n o rm a lly  
th e  coarse m a te r ia l depos its  a t  th e  
o u te r  edge o f  the  p r im a ry  eddy ( re f .
13) (F ig -8 ).

The rh e o lo q ic a l p ro p e rtie s  o f  the  m ud w e re  d e te rm in e d  in  a B ro o k f ie ld -v is c o m e te r . The c r i t ic a l  y ie ld  
s tress va rie d  be tw een  0.12 and 0.95 N /m ^  fo r  d e n s itie s  b e tw e e n  1.08 kg/1 and 1.17 kg/1.
No d e p o s itio n , co n s o lid a tio n  o r e ros ion  te s ts  w e re  p e rfo rm e d . The e ros ion  and d e p os ition  
c h a ra c te r is t ic s  ( ra te  and c r i t ic a l  bed shear s tress) w e re  ta k e n , as a f i r s t  a p p ro x im a tio n  fro m  te s ts  in  
H y d ra u lic s  R esearch , W a llin g fo rd  (re f.1 4 )

F lo w  m odels

6.1 In tro d u c tio n
Based on the  observed c o n c e n tra tio n s  o f  suspended s e d im e n t, i t  w as judged th a t h yd ro d yn a m ic  and mud 
tra n s p o rt equa tions cou ld  be so lved uncoup led . S ince th e  r iv e r  S ch e ld t is a w e ll m ixe d  es tu a ry  i t  was 
dec ided  to  use a 2 D -h o r iz o n ta l m ode l to  s im u la te  f lo w  on th e  r iv e r ,  and t id a l exchange and eddy 
c irc u la t io n  in  th e  access channe l.
D e n s ity  c u rre n ts  in  th e  e n tra n ce  channe l i t s e l f  w e re  c a lc u la te d  in  a tw o  la y e r 1 d im ens iona l m odel 
(w ith  lo n g itu d in a l v a r ia t io n  o f  w id th  and d e p th -a ve ra g e d  f lo w  c h a ra c te r is t ic s ) .  The la t te r  m ode l was 
based on an im p lic i t  double sweep f in i t e  d if fe re n c e  m e th o d , th e  fo rm e r  on a f in i t e  e le m e n t s o lu tio n  
schem e. The f in a l f lo w  p a tte rn  in  th e  access channe l w as c o n s tru c te d  by su p e rp o s itio n  o f  th e  2D 
v e lo c ity  f ie ld  and the  d e n s ity  induced  v e lo c ity  in  each  la y e r  and g r id  p o in t.

coarse deposit 
primary eddv

F I G . 8



6.2 R esu lts
The exchange o f  w a te r  b e tw e en  th e  r iv e r  end th e  access channe l was m ode led  in  0  s im p lif ie d  w a y  : 
’de n s ity  c u rre n ts ' and 't id a l f i l l in g  and e d d y -fo rm a tio n *  w ere  cons ide red  in d ependen t. N eve rth e le ss  th e  
resu lts  o f  th e  m ode ls  w e re  in  a g re e m e n t w ith  the  f ie ld  o b se rva tio n s .
1) The v e lo c it ie s  in  th e  access channe l are  m uch s m a lle r  than  those on th e  r iv e r  5 c h e ld t: the  

m ax im u m  c a lc u la te d  va lu e  in  th e  b o tto m  la y e r was 0 .30 m /s , w hereas th e  observed m ax im um  
average v e lo c ity  was 0 .34  m /s .

2) The c u rre n ts  induced by d if fe re n c e s  in  de n s ity  p re d o m in a te d  th e  exchange phenom enon, as is 
I l lu s tra te d  in  n e x t ta b le .

E xchanged V o lum e  (10-^m^)

3/1U/ÜÓ 2 6 & 3 0 /9 /8 6 30 /4 /8 7

% % %

T id a l p rism 1285 20 945 16 1534 23
Eddy 299 5 184 3 267 4
D e n s ity 4857 75 4604 81 4729 73
cu rre n ts

T O T A L  : 6440 5773 6530

3) T he re  are  no s ig n if ic a n t d if fe re n c e s  be tw een  th e  exchanged vo lum es a t  sp ring  o r neap t id e ,  no r 
are  th e re  be tw een  su m m e r and w in te r .

4) A b o u t 4 hours b e fo re  HW  a lm o s t th e  w ho le  access channe l is " fre s h " , o n ly  in  the deepest p a rt  o f 
the  g u lly  rem a ins  s a lin e  w a te r .
F ro m  th a t  t im e  t i l l  h igh  t id e  th e  sa line  w a te r  e n te rs  the  access channe ls a t r e la t iv e ly  h igh 
v e lo c it ie s  and w ith  an in c re a s in g  th ickn e ss  o f  th e  s a lty  la y e r .  Ju s t b e fo re  s la ck  w a te r  on th e  
r iv e r  a lm o s t th e  w h o le  basin  is  sa lin e .
B e tw een  2 and 6 hours  a f te r  HW  fresh  w a te r  en te rs  the  access channe l in  the  su rfa ce  la y e r.

7. M A IN T E N A N C E  D R E D G IN G

7.1 S ed im en t tra n s p o rt
The c a lc u la t io n  o f  se d im e n t tra n s p o r t w i l l  be based on a n u m e ric a l m ode l to  so lve  th e  co n ve c tio n  
d if fu s io n  e q u a tio n . Th is  m ode l s im u la te s  tra n s p o r t by c o n v e c tio n  and by d if fu s io n , decay due to  
p h ys ica l, c h e m ic a l o r b io lo g ic a l processes and g ro w th  o r decay due to  lo c a l sources o r s inks.
A t  the  m om e n t o f  w r i t in g  th is  p a p e r, th e  re s u lts  o f th e  sed im e n t tra n s p o r t m ode l a re  n o t y e t a v a ila b le . 
T h e re fo re , a f i r s t  e s tim a te  o f  d a ily  s i l ta t io n  was c a lc u la te d .
B ijk e r  and de N e k k e r ( re f.1 5 )  c o m p u te  th e  t id a l com ponen t o f  th e  s i l ta t io n  (S tjd g ) by  m u lt ip ly in g  th e  
vo lum e  o f w a te r  exchanged in  one tid e  c y c le  by the  d if fe re n c e  in  se d im e n t c o n c e n tra tio n  be tw een  
in f lo w in g  and o u tf lo w in g  w a te r .
The in flu e n c e  o f  th e  d e n s ity  c u rre n t Is co m pu ted  using th e  v e lo c ity  o f th e  'd ry  bed c u rv e 1 :
V = 0.45 dgh w ith  d = th e  r e la t iv e  d e n s ity , g = g ra v ity  a c c e le ra tio n , h = th e  w a te r  d e p th .
H a lf  o f th e  exchanged w a te r  e n te rs  a long  th e  b o tto m , w ith  the in tru d in g  s a lt w edge and c a rr ie s  h igh 
s e d im e n t c o n c e n tra tio n s  (S j b o tto m ^
The o th e r  h a lf  en te rs  a long  fh e  s u rfa c e  when the sa line  w a te r  re tre a ts  ( S ^ s u r face).

F o r the  K a llo  e n tra n ce  ch a n ne l th e  s i l ta t io n  q u a n tit ie s  are :

S tide  = 72.50 to n / t id e
s d ,b o tto m  = 372.75 to n / t id e
s d ,su rfa ce  = 124.25 to n / t id e

T O T A L  : 569.50 to n / t id e

The d a ily  s i l ta t io n  ra te  v a r ie s  be tw een  2000 and 6000 m -V day, based on v a ria b le  freq u e n cy
fa th o m e te rs  (30 -  210 k H z ). The  above c a lc u la te d  s i l t  de p os ition  m a tches  w e ll w ith  th e  s i l ta t io n  ra te  
o f  th e  soundings (2070 m ’ / t id e ) ,  s ince  the co rrespond ing  in  s itu  d e n s ity  lie s  around 1.25 ton /in -^ .



7.2  Im p a c t o f f lo w  p a tte rn  on m a in te n a n ce  d redg ing
M ost o f the  e n tra n ce  channels a long th e  r iv e r  S che ld t are  m a in ta in e d  by a lo w  c o s t d redg ing  techn ique . 
W ith  a t r a i l in g  su c tio n  d redge r one can e x p e c t a l im ite d  e f f ic ie n c y  because access is d i f f ic u l t ,  the  area 
is sm a ll and the  in  s itu  d e n s ity  o f th e  s i l t  Is too  lo w . T h e re fo re  m ud la y e rs  a re  pushed to  th e  r iv e r  by a 
p lough tow ed  by a tu g  ( re f .  16).
H ence the  question  arised w h e th e r i t  c o u ld  be use fu l to  a g ita te  the se d im e n t loosened by the b lade o f 
th e  p lough so th a t  th e  m a te r ia l cou ld  be m oved by th e  c u rre n ts (w lth  o r w ith o u t  in s ta ll in g  an a i r l i f t ) .  
F ro m  th e  f lo w  m easurem ents and th e  f lo w  s im u la tio n s  some conc lus ions  w e re  d raw n  :

D u rin g  f lo o d  I t  Is o f  no use to  a g ita te  s i l t  In  such a w ay th a t  i t  s tays  in  th e  b o tto m  la y e r. A l l  s i l t  
In  suspension In th is  la y e r  Is c a rr ie d  to w a rd s  the lo c k  and w i l l  s e t t le  in  th e  bas in . I t  is a n tic ip a te d  
th a t e.g. a s ide ca s tin g  te c h n iq u e  can be b e n e fic ia l,  s ince  th e  upper la y e r  f lo w s  to w a rd s  the  r iv e r  
d u ring  th is  pe riod .
I t  is obvious th a t  the  e f f ic ie n c y  o f  such a d redg ing  m e th o d  depends m uch on the  d is tance  to  the

............... i r iv e r .  .The lo n g e r th e  d is ta n c e , th e  m ore  s i l t  w i l l  s e t t le  to  th e  b o tto m  la y e r  and hence be
tra n s p o rte d  in to  the access ch a n ne l.
D u rin g  ebb t id e  the v e lo c ity  in  th e  b o tto m  la y e r  is d ire c te d  to  th e  r iv e r  S c h e ld t. A  g re a t deal o f 
s i l t  b rough t in  suspension in th is  la y e r  w i l l  be c a rr ie d  o u t o f th e  e n tra n c e  channe l. A ga in  the 
d is tance  to  th e  e n tra n ce  o f  th e  basin  Is Im p o r ta n t in  d e te rm in in g  th e  f in a l e f f ic ie n c y  o f  the 
d redg ing  techn ique .

C O N C LU S IO N S
M ost o f th e  o b je c tiv e s  o f the  f ie ld  s tu d ie s  in  th e  access channe l to  the  lo c k  o f  K a llo  have been m e t.
F lo a t t ra c k in g , to g e th e r  w ith  c u rre n t d a ta  f ro m  anchored vesse l o b se rva tio n s  enabled  th e  id e n t if ic a t io n  o f 
th e  lo c a l f lo w  p a tte rn . I t  was found th a t  d e n s ity  c u rre n ts  p re d o m in a te  the  w a te r  exchange be tw een  basin 
and r iv e r ,  a lthough  th e  d e n s ity  d if fe re n c e s  are  s m a ll.
These d a ta  w e re  used to  c a líb ra te  a se t o f  m a th e m a tic a l h y d ro d y n a m ic  m ode ls .
F ro m  th e  f lo w  s im u la tio n s  i t  is a n t ic ip a te d  th a t  a g ita tio n  d red g in g  can be b e n e f ic ia l i f  p rope r dredg ing  
schem es are scheduled .
I t  is recogn ised  th a t  the  s i l ta t io n  s tu d y  to  d a te  was e x p lo ra to ry . F u r th e rm o re  I t  is expec ted  th a t  the 
s im u la tio n  o f  m ud tra n s p o r t by m a th e m a tic a l m o d e llin g  w i l l  p ro v id e  m ore  in fo rm a t io n  on n a tu ra l s i l ta t io n  
ra te s  and on th e  e f f ic ie n c y  o f  d i f fe re n t  lo w  co s t d redg ing  te chn iques  based on a g ita t io n .
P ro b a b ly  th is  exe rc ise  w i l l  re q u ire  m o re  in fo rm a t io n  on m ud d e p o s itio n  and e ros ion  and on the 
c o n s o lid a tio n  p rocess to  enable se d im e n t budge t c o m p u ta tio n s .
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