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STABILITY PARAMETERS OF WESTERN SCHELDT ESTUARY

by

H. de Jong1 and F. G err itsen2

1. INTRODUCTION

The Western Scheldt is  a major estuary in  the Southern pa rt of The 
Netherlands and the Northern pa rt o f Belgium. I t  is  an important navi­
gational route connecting the c i t y  o f  Antwerp w ith  the North Sea. At 
the entrance Vlissingen is  a major Dutch p o rt .  (Figure 1)
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Figure 1: Western Scheldt Estuary

During recent years much dredging work has been carried  out by the 
Belgian Government (16 m i l l io n  m3 in 1977) to  remove shoals and improve 
channel alignments in  the estuary, in  view o f increasing vessel d ra fts  
and t r a f f i c  dens ity  to the po rt o f  Antwerp (Belgium).

I t  is  o f great importance to  p re d ic t  the e f fe c ts  o f fu tu re  dredg­
ing operations, ca rr ied  out in  the outer shoals and in major navigation 
channels on t id a l  regime (t id e s  and cu rren ts ) and on morphological 
changes in other parts o f the estuary.
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Calculations based on de ta iled  hydrographic surveys have indicated 
tha t where the estuary used to be subject to sedimentation, the s i tu a ­
t io n  may now have changed to one o f  dominant erosion.

2. MORPHOLOGICAL STABILITY OF TIDAL CHANNELS

The s t a b i l i t y  equation

The morphological s t a b i l i t y  o f t id a l  channels has two major com­
ponents:

   (a) loca tion  s t a b i l i t y
...   (b) c ross-sectiona l s t a b i l i t y

The loca tion  s t a b i l i t y  has to do w ith  the meandering o f  channels, 
where the channel migrates gradua lly  w ith in  the physical boundaries o f 
the estuary. The nature o f th is  process is  strong ly  affected by the 
type o f estua'ry, by the nature o f bottom conditions (presence o f s i l t y  
layers) and by the type o f  coastal p ro tect ion  works ( i f  present) along 
the estuary 's boundaries.

Migration o f  t id a l  channels in  the outer part o f  the estuary is  
o f te n a c y c l ic p ro c e s s  w ith  a period o f  a number o f  years which is  
governed by the external boundary conditions re la ted to  t id e ,  waves and 
l i t t p r a l  d r i f t .  The process o f  c y c l ic  changes can be arrested or 
slowed down by high capacity  dredging operations.

The development and m igra tion  o f  t id a l  channels in an estuary is  
connected w ith  the system o f f lood  and ebb channels in  an estuary.
Flood channels are characterized by dominating flood f low ; they have a 
shoal at th e i r  inner end. In ebb channels the ebb flow dominates and a 
shoal is  usua lly  present a t  t h e i r  seaward ends* T idal channels are 
neutral when flood and ebb f low  are o f  equal magnitude.

Cross-sectional s t a b i l i t y  re la tes  to  the v a r ia b i l i t y  o f the cross- 
sectional area o f t id a l  channel and to  i t s  dependency on t id a l  flow 
ch a ra c te r is t ic s .

Tidal in le ts  are o ften characterized by a gorge, \n which the t id a l  
flow is  well organized and where channel m igration does not play a major 
ro le .

In th is  paper we w i l l  p a r t i c u la r ly  be concerned about the cross- 
sectional s t a b i l i t y  o f  t id a l  channels whereby we w i l l  examine the to ta l  
channel, as well as the in d iv id u a l f lood  or ebb channels, i f  they can be 
c le a r ly  id e n t i f ie d .

The cross-sectiona l s t a b i l i t y  o f  a t id a l  channel is  in general 
governed by the equation:

i f  Qs represents the sediment tra nspo rt ra te  (m3/sec) and x the mean
d ire c t io n  o f  the flow through a channel.

For (1) to  be v a l id  i t  is  necessary tha t the mean sediment concen­
t ra t io n  over the channel c ross-sec tion  does not vary w ith  time.

For channels sub ject to t id a l  f low  the s t a b i l i t y  equation must be 
in te rgra ted over time and gives the cond it ion  (T = t id a l  pe riod ):
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(2)

under the assumption tha t the transport process repeats i t s e l f  in  equal 
manner during subsequent t id a l  cycles.

In case a strong d if fe rence  e x is ts  between neap t id e  and spring 
t id e  cycles the in te g ra t io n  is  to be performed over a series o f  cycles 
to cover a sequencywhich repeats i t s e l f :

where t  »  T.

Unfortunately the de ta i led  knowledge about the sediment transport 
process is  not adequate enough at the present time to use equation (3) 
w ith confidence to p re d ic t  changes in bottom con figu ra tion .

Solutions to the s t a b i l i t y  problem

For many years the re la t io n  between the cross-section o f  a t id a l  
channel and the t id a l  f low  c h a ra c te r is t ic s  has been recognized.

A c la ss ica l paper is  th a t o f M.P. O'Brien (9) who a rr ived  a t  an
empirical re la t io n s h ip  between cross-sectiona l area and t id a l  prism fo r
in le ts  on the U.S. West Coast. The t id a l  prism was ca lcu la ted as the 
product o f  t id a l  storage area and t id a l  range. For the l a t t e r  the d i f ­
ference between MHHW and MLLW was assumed.

The re la t io n  obtained was pure ly  empirical because no considera­
t io n  was given to re levan t physical parameters such as:

- gra in s ize
-  l i t t o r a l  d r i f t  transpo rt in  re la t io n  to 

t id a l  t ra n sp o rt,
-  r iv e r  discharge
- re la t iv e  depth o f  channel (Chezy)
- presence o f  j e t t i e s  

presence o f  shoals, e tc .

Because o f  the complexity o f the problem i t  may be expected tha t 
certa in  empirical re la t io n s h ip s  would not be u n iv e rs a lly  v a l id  fo r  other 
s i tua tions .

In more recent papers O'Brien and several other authors recognized 
th is  problem and c e r ta in  m od if ica t ions  o f  the re la t io n sh ip  were pro­
posed.

In 1960 and in  subsequent years Bruun and Gerritsen (3) attempted 
to evaluate the e f fe c t  o f various physical parameters on the empirical 
s t a b i l i t y  equations. They introduced the concept o f  s t a b i l i t y  shear 
stress and found th a t th is  parameter was a useful parameter to  define 
in le t  s t a b i l i t y .  The v a r ia b i l i t y  o f  Ts w ith  a number o f  physical para­
meters a f fe c t in g  i n l e t  s t a b i l i t y  was thereby investiga ted . A comprehen­
sive analysis is  presented by Bruun (4 ).

(3)
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A s a t is fa c to ry  so lu t ion  to  the s t a b i l i t y  equation (3) can only be 
obtained i f  the process o f sediment transport through the channels can 
be accurately described by a sediment transport formula.

At present e x is t in g  knowledge does allow the descr ip t ion  and 
ca lcu la t ion  o f  t ides  and currents in  an estuary in  a s a t is fa c to ry  
manner. Work o f fundamental importance was done by Dronkers ( 6 ) fo r  
one-dimensional f low  and by Leendertse (8 ) fo r  two-dimensional t id a l  
problems. However the s ta te  o f  the a r t  regarding the descr ip t ion  o f 
the sediment transport phenomenon in  an estuary is  not accurate enough 
to p red ic t erosion and sedimentation rates according to equation (3).

The Kalinske and Morra form ula tion  has been used in  combination 
with a one-dimensional t id a l  model to  p red ic t morphological changes in 
the form o f erosion and sedimentation rates fo r  the Western Scheldt.
The one-dimensional t id a l  model does not adequately d is t in q u ish  between 
transport through channels and over shoals. Results o f th is  approach 
can at best be q u a l i ta t iv e .

The problem is  magnified in  the outer estuary where a form ula tion 
is  required describ ing the sediment transport as a func tion  o f  waves 
and currents combined. Such a form ula tion  was proposed by B i jk e r  (2 ).

U n ti l  a s u f f ic ie n t l y  accurate form ula tion fo r  the sediment trans­
port processes has been found an in te r im  so lu t ion  may be u t i l iz e d »  in 
which a mathematical model f o r  f low  is  u t i l i z e d  to  ca lcu la te  the 
changes in water leve ls  and cu rren ts , and where the changes in  bottom 
configura tion  are predicted from empirical re la t io n sh ip s  between flow 
parameters and channel dimensions. For th is ,  however, i t  is  necessary 
that these empirical re la t io n s h ip s ,  which have a s t a t is t i c a l  nature, 
are s u f f ic ie n t ly  accurate to  use them as a p re d ic t iv e  to o l .  The method 
to^ be applied is  an i t e r a t iv e  scheme: the changes in  t id e  conditions
are predicted using the numerical t id a l  hydrau lics model; then channel 
p ro f i le s  are adjusted based on .the empirical re la t io n s h ip  between t ide  
parameters and channel dimensions. The process is  repeated u n t i l  
s t a b i l i t y  conditions are f u l f i l l e d .  I t  is  the purpose o f  th is  paper 
to  investiga te  a number o f  em pirica l re la t io n sh ip s  f o r  the whole o f  the 
Western Scheldt, whereby the channel c ross-section  is  re la ted  t o  a 
va r ie ty  o f t id a l  parameters such as v e lo c i t y ,  t id a l  discharge, t id a l  
prism, bottom shear s tress , Chézy c o e f f ic ie n t ,  e tc .

The assumption is  made th a t c e r ta in  empirical re la t io n sh ip s  are not 
only va l id  fo r  the entrance area but are app licab le  to the inner t id a l  
channel s as wel1 .

I t  is  furthermore assumed and v e r i f ie d  th a t r i v e r  discharge is  
ne g lig ib le  compared to t id a l  discharge and th a t dens ity  d iffe rences have 
no appreciable e f fe c t  on the sediment transport equation.

The usefulness o f  various re la t io n sh ip s  w i l l  be evaluated from the 
calcu la ted values o f c o r re la t io n  c o e f f ic ie n ts  obtained from the regres­
sion analys is.

In the study the c ross-sec tiona l area is  trea ted  as the independent 
va r iab le , p lo t te d  on the ho rizon ta l ax is  o f  the regression diagrams.

4
De Jong and
Gerri tsen



Flow parameters are then considered as a function  of the cross- 
sectional area.

Furthermore i t  must be noted th a t a l l  t id a l  ch a ra c te r is t ics  re fe r  
to  mean t id a l  cond it ions , unless otherwise stated.

3. METHOD OF INVESTIGATION

Data used fo r  analysis

The data have been obtained from extensive f ie ld  measurements 
ca rr ied  out by the Hydraulic Advisory section o f  the R ijkswaterstaat at 
V lissingen over a number o f  years.

The basis is  the se t o f ve loc i t y  measurements, simultaneously 
carr ied  out in d i f fe r e n t  sfäTTons, at~cfëptiïs~rangïng from a l i t t l e  below 
the surface to a short distance above the bottom. Most o f  the measure­
ments were ca rr ied  out w ith  the Ott curren t meter, and i ncluded current 
d ire c t io n s . The measurements were always done twice on successive days. 

¿Velocity measurements were in tegra ted to f low  values and flow  values to 
Kt id a l  volumes. A l l  f low  data were reduced to mean t id e  conditions va lid  
fo r  the year in  which the measurements were ca rr ied  out. For th is  re ­
duction the t id a l  range o f the nearest t id a l  s ta t io n  was used as a r e f ­
erence. The reduction was done in  a l in e a r  fashion, which has been 
shown to be an adequate procedure. Simultaneous measurements were 
usually ca rr ied  out in  5-7 s ta t ions  in  one p r o f i le  in cross-sections 
numbered 1-11 in  Figure 1. Simultaneous measurements were ca rr ied  out 
in  a reference s ta t io n .  The ve r t i c al t id e  was measured (continuously)
a t 5 f ixed  t id a l  s ta t io ns  along the esTüäry.  A discussion on the t id a l
regime fo r  the Western Scheldt is  presented by Daamen (5 ) .  The bottom 
o f the Western Scheldt consis ts  o f  f in e  a l lu v ia l  sands, diameter d5Q =
40-450p. For the p ro f i le s  12 and 13, s itua ted  in  the outer pa rt o f the 
estuary (see Figure 1) in s u f f ic ie n t  v e lo c i ty  measurements were ava ilab le  
to form a re l ia b le  base fo r  the ca lcu la t io n  o f  t id a l  f low and t id a l  
prism. Therefore these values were ca lcu la ted from the flow values fo r  
P ro f i le  11, using .the c o n t in u i ty  equation. The possib le e r ro r  in  the 
flow data is  estimated a t  ± 10%.

The cross-sectiona l area was used in  two d i f fe re n t  ways in  the 
analysis of regression re la t io n s h ip s :

(1) the area A measured between bottom and the standardx ' c
reference leve l N.A.P. (approximately equal to Mean Sea 
le v e l)

(2) the area A¿ measured between the bottom and the water level
at the time the f low  (Q) has i t s  maximum value (Qm )max

Reference is  made to  Figure 2. For the ebb s i tu a t io n  A and A'
V W

are not much d i f f e r e n t .  For the f lo o d , however, there is  a considerable
d if fe rence  between and A '.c c
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Figure 2: Tide and Flow C haracte ris t ics

Method o f  Analysis

The fo l lo w in g  hydrau lic  and morphological parameters were included 
in  the ana lys is :

Q : maximum t id a l  f low  throuqh cross-section (m3/sec)max 3

^ f lo o d : volume (/Q d t )  during flood  (m3)

^ebb: volume during ebb (m3)

A : c ross-sectiona l area below NAP (~MSL) (m2)
V

A ':  cross sectiona l area below leve l a t  which Q occurs (m2)c max

ts : s t a b i l i t y  shear stress (N/m2)

C: Chézy c o e f f ic ie n t  ( m ^  sec

A regression ana lys is  between morphological and hydrau lic  para­
meters has been ca rr ied  out f o r  various cross-sections (F ig. 1). The 
s ta t is t ic a l  s ig n if ica n ce  o f  the re la t io n s h ip  tested is  expressed by the 
value o f the ca lcu la ted  c o r re la t io n  c o e f f ic ie n t .

In the regression ana lys is  the cross-section  is  used as the inde­
pendent parameter, and is  p lo t te d  h o r iz o n ta l ly  in  various graphs.

In Bruun and G err itsen  (3) the s t a b i l i t y  shear stress was used as 
a parameter o f  t id a l  i n l e t  c ross-sec tiona l s t a b i l i t y .  I t  was defined as 
the mean bottom shear stress along a c ross-sectiona l p r o f i le  a t maximum 
flow conditions during spring t id e .

v: mean v e lo c i ty  over t id a l  period (m sec" )

V : maximum v e lo c i ty  ^ 2 -̂ (m sec"^)
i l ia X  M
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The use o f s p r in g t id e  was selected because bedfonning flow condi­
t ions occur during th a t  phase o f the t id e .  To some degree th is  cor­
responds w ith  the c a lc u la t io n  o f  the t id a l  prism in  O'Brien (9) where 
fo r  the U.S. West Coast the d if fe rence  between MHHW arid MLLW is used 
as basis fo r  the c a lc u la t io n s .

In th is  study a l l  data have been referenced to  mean t id e  condi­
t io n s ; regarding the s t a b i l i t y  shear stress values w ith  reference to 
both mean t id e  and s p r in g t id e  were ca lcu la ted .

The general fo rm u la t ion  o f  the mean shear stress in  a channel 
cross-section may be given by:

t = pgRS (4)

where R is  the hydrau lic  radius o f the channel and S the slope o f  the 
energy gradient l in e .

Using the Chezy expression fo r  the average channel v e lo c ity  v:

V = C /RS (5)

The mean shear s tress can be expressed in terms o f v:

t  = pg — • (6)

and since v = ^ , a lso in  terms o f  Q:

Q2
T = pg c V  (7)

From equation (7) the s t a b i l i t y  shear stress is  defined by:
2

Qmax /0 *
t s = P9 ^  (

where Qmax is  the maximum t id a l  f low  during sp r in g t id e  fo r  e i th e r  ebb or 
flood cond it ions.

From equation (8 ) the cross-sectiona area A can be expressed in 
terms o f s t a b i l i t y  shear stress by the equation:

A = (9)
C / t s /  pg

In a c o r re la t io n  diagram between Qmax and A a l in e  under 45°

c >/ T¡7pg
w i l l  be obtained i f  proper values fo r  C and i s are introduced.

For the c ross-sec tion  value in equation (9) both the q u a n t it ie s  Ac 
and A¿ have been u t i l i z e d  in the regression a n a lys is . .
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S ta b i l i t y  shear stress fo r  a combined e f fe c t  o f  cu rren t and wave 
cond it ions.

In the outer pa rt o f the estuary the sediment transpo rt by t id a l  
currents is  a ffec ted  by waves.

As a f i r s t  attempt to  evaluate the e f fe c t  o f  wave action  on the 
s t a b i l i t y  shear stress parameter the formula developed by ß i jk e r  ( 2) was 
used to describe the bedload transport as a func tion  o f  waves and cur­
rents. I t  is  rea lized  tha t the bottom sediment in th is  area is  compara­
t i v e ly  f in e  and there fore  transport in suspension dominates. The use of 
the B i jke r  formula may s t i l l  be v a l id  because o f the re la t io n s h ip  bet­
ween bedload tra nspo rt and transport in suspension.

The B i jk e r  formula can be w r i t te n  in the form:

where Q5 = bedload transpo rt
B = dimensionless c o e f f ic ie n t  
C = Chézy c o e f f ic ie n t

t c  = bottom shear stress from currents only 
v = mean v e lo c i ty  over p r o f i le  

u0 = maximum o rb i ta l  v e lo c ity  near the bottom induced by waves
Pç — P

A = re la t iv e  sediment density = ----------J P
p = dens ity  o f  sea water 

Ps = dens ity  o f  sediment 
g = acce le ra tion  o f  g ra v ity  

p = r ip p le  c o e f f ic ie n t
£ = fa c to r  to  increase shear stress in  a combination o f  current

and waves

An equiva lent shear stress x* is  now defined in  such a manner tha t
transport by curren ts  and waves and shear stress x¿ is  equal to  the
transport w ithou t waves and shear stress xs .

This gives the re la t io n s h ip :

0.27ADpq

( 10)

0.27 ADpg

0.27 ADpq

( I D
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The values o f  Js can be calcu la ted using the above re la t ionsh ip  
and can be used in  s t a b i l i t y  re la t ionsh ips  fo r  the outer estuary (pro­
f i l e s  12, 13, Figure 1). The value of u0 is  re la ted to  wave height, 
wave period and depth.

4. RESULTS OF INVESTIGATIONS

Mean t id a l  v e lo c ity  (v)

In past studies (v .d . Kreeke and Haring, ( 7 ) ) ,  the mean t id a l  
v e lo c ity  has been used as a reference v e lo c ity  f o r  s t a b i l i t y .  I ts  
value is  defined by:

/
I v = ^ f lo od  + ^ebb; /

AT

where % lood , ^ebb are respective ly  the f lood  and ebb volumes o f a 
t id a l  cyc le , also ca lled  t id a l  prism.

Figure 3 shows the value o f  th is  v e lo c ity  along the axis o f  the 
estuary, as well as the cross-sectional areas a t  the same loca tions.

x i 03

Ac
1 0 0 - m

50- V (m/sec)

1 . 2 0

0.80

0.40

0 20 60 80 km
Figure 3: V a r ia t io n  in  cross-sectiona l area and t id a l  v e lo c ity ,

v , along lon g itu d in a l axis o f  the estuary«,

The geometry o f  the estuary shows p ro f i le s  a t  s ta t io ns  7 and 11 to 
be smaller than would be expected from the general trend due to  re ­
s t r ic t io n s  in  the natura l w idth a t these lo ca t io n s . The qraph fo r  the 
mean t id a l  v e lo c i t ie s  show bumps in  these loca tions  (7,11) accordingly.
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The general trend is  a f a i r l y  constant value o f 0.55 m/sec fo r  v 
f o r  the upper 30 km and a decrease in  value fo r  the outer po rtion  of 
the estuary (p ro f i le s  12, 13) to 0.45 m/sec.

Maximum t id a l  v e lo c i t ie s  (vmax)

The trend in  maximum v e lo c i t ie s  is  shown in  Figure 4. Maximum 
f lo o d  v e lo c i t ie s  are considerably higher than maximum ebb ve lo c it ie s  
and show greater modulations. Part o f  th is  is  due to  the width re­
s t r ic t io n s  in  p ro f i le s  7 and 11. In p r o f i le  7 the maximum flood 
v e lo c i ty  (averaged over p r o f i le )  is  1.25 m/sec.

Seaward o f  p r o f i le  11 maximum v e lo c i t ie s  also decrease s ig n i f i ­
c a n t ly  in seaward d ire c t io n .

x i  0 3
150

IO

100.

Ebb \
Flood max

1 . 2 0FI ood

to 9**> V m a *
Ebb 0.80

C. 40

20 40 60n

Figure 4: V a r ia t io n  in  c ross-sectiona l area and maximum t id a l
v e lo c i t y ,  Vmax, along lo n g itu d in a l axis o f the estuary.

Maximum flow  (Qmax)

In e a r l ie r  studies (Bruun and G err itsen , ( 3 ) ) ,  i t  was found tha t 
Qmax was a useful parameter to  characte rize  a s tab le  channel. This was 
confirmed in  th is  study.

I t  appears from the analysis th a t the use o f  Ac gives a s l ig h t ly  
b e tte r  re s u l t  than th a t o f  A¿ (con tra ry  to  expecta tions).

Figure 5 gives the regression using the A¿ fo r  f lood  and ebb.
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Figure 5: Regression Qmax versus Ae
(A) Flood; (B) Ebb,

The dotted l in e  is  f o r  Qmax = Ac { in  m etric  u n i ts ) .  Flood flows 
are somewhat higher and ebb flows somewhat lower than th is  dotted l in e  
re la t io n s h ip .

This corresponds to  higher maximum flood  currents compared to the 
maximum ebb cu rren t as shown in  Figure 4. The p ro f i le s  12 and 13 do 
f i t  the general re la t io n s h ip  fo r  f lood  but they do not f i t  the re la ­
t ionsh ip  fo r  ebb.
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A
The sinusoidal maximum flow  (Q)

Another useful parameter fo r  regression analysis is  the sinusoidal 

maximum flow , Q, defined by

Q = TT^flood + nebb^
2T

A

The co rre la t io n  Q versus Ac , has a co r re la t io n  c o e f f ic ie n t  o f 

0.990, fo r  p ro f i le s  1-11.

Van de Kreeke and Haring (7) found fo r  the re la t io n  between Q and 
Ac ( fo r  in le t  po rt ion  on ly ) :

Ac = 1.117 Q 
This study gives ( fo r  p ro f i le s  1-11 on ly)

A -  1.08 Q
w ith  p ro f i le s  12 and 13 dev ia ting  from th is  re la t io n sh ip .

Tidal prism (n)

The co rre la t io n  between t id a l  prism and cross-sectiona l area At»
is  shown in  Figure 6 fo r  f lood  and ebb.

The s o l id  l ines  represent the average regression fo r  p ro f i le s  
1-11. The d if fe rence  betweeen the l in e s  fo r  -jootj önc' ^or fiebb
very small.

Again the p ro f i le s  12 and 13 do not f i t -  the average re la t io n sh ip  
fo r  the p ro f i le s  1-11. The devia tions are almost equal f o r  f lood  and 
fo r  ebb.

S ta b i l i t y  shear s tress (x )

In order to  s a t is fy  the id e n t i t y  expressed in  equation (9) a 
ce rta in  value fo r  the s t a b i l i t y  shear stress must be selected. Again 
i t  was found th a t the behavior o f  p ro f i le s  12 and 13 d i f fe re d  from the 
other p ro f i le s  (1-11). The values o f  the s t a b i l i t y  shear stress which 
had to  be introduced to obta in a s a t is fa c to ry  id e n t i t y  are presented 
in  table 1. Values are given fo r  mean t id e  as well as fo r  spring t id e .
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Figure 6 : Regression Q versus A(
(A) Flood; (B) Ebb.
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Table 1. Values o f s t a b i l i t y  shear s tress , p ro f i le s  1-11 (li/m*)

Tide Average
( 1- 11)

'1 c (ebb) Ts ( f lood )

(1-5) ( 6- 11) ( 1- 11)

Mean t id e 3.90 4.00 4.90 3.30

Spring t id e 5.00 5.00 6.50 4.30

For the ca lcu la t io n  o f the required values o f  ts , values fo r  the 
Chézy c o e f f ic ie n t  must be introduced. Based on e a r l ie r  studies in  the 
Western Scheldt (Beyl (1 ) )® the fo l lo w in g  re la t ion sh ips  were used to 
ca lcu la te  C:

f lo o d : C = 56.9 v0-48 m1/ 2/sec.

ebb: C = 42.9 v° ' 28 m1/Z /sec.

The re su lts  o f the regression ana lys is  (based on A¿) are shown in 
Figure 7, in d ica t in g  good agreement f o r  p ro f i le s  1-11. In section 3 
i t  was proposed to ad just the s t a b i l i t y  shear stress in areas where 
currents and waves a f fe c t  the sediment transport.A-method to ca lcu la te  a 
representative shear s tress , based on the B i jk e r  formula, was suggested.

Introducing the modified s t a b i l i t y  shear stress as proposed in 
section 3, corrections fo r  the p ro f i le s  12 and 13 can be made. These 
are shown as 12a and 13a in  Figures 7A and B. Regarding Figure 7A which 
describes f lood  cond it ions , the co rrec t ions  fo r  p ro f i le s  12 and 13 to 
points 12a and 13a bring the l a t t e r  very well in  agreement w ith  the 
other p ro f i le s .  For the ebb, (Figure 7B) there is  considerable improve­
ment but the f i t t i n g  o f  12a and 13a in to  the general curve is  not qu ite  
s a t is fa c to ry .  A possib le reason fo r  the d if fe ren ce  between f lood and 
ebb may l i e  in  the way the Chezy c o e f f ic ie n ts  were ca lcu la ted . The 
C-values used in  the ca lcu la t ion s  may deviate from the actual C-values 
fo r  those p ro f i le s .

O vera ll,  however, the method suggested seems to be promising to 
bring a l l  data o f  the e n t i re  estuary in to  one regression re la t io n s h ip .

Flood and ebb channels

For various flow parameters c o r re la t io n s  have been determined fo r  
a number o f  well defined f loo d  and ebb channels.

In general c o r re la t io n  c o e f f ic ie n ts  o f  the same order o f  magnitude 
were found.
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5. CONCLUSIONS

^flood = 0.994

^■bb - C.995

Yflood = 0.988

Yebb = 0.991

Yflood = 0.978

Yebb = 0.985

The study o f  the s t a b i l i t y  re la t ionsh ips  fo r  the Western Scheldt 
Estuary has led to the fo l lo w in g  conclusions:

(1) The co rre la t io n  c o e f f ic ie n t  ( y ) fo r  the regression between various 
flow parameters and the cross-sectional area, fo r  p ro f i le s  1- 11, 
decreases in the fo l lo w in g  order:

1- 3 s x   versus A' :
c / Ts/pg

2. ft versus A : c

3- Qmax versus Ac

(2) For the separate t id a l  channels the same sequence is  found fo r  the 
flood channels. For the ebb channels the sequence is  1-3-2.

(3) P ro fi les  12 and 13 genera lly  deviate from the regression re la t io n ­
ships established fo r  p ro f i le s  1-11. Exceptions are the re la t io n ­
ships Q versus A and (I versus fo r  f lood .

ihoa l max ^
, . Umax
(4) P ro f i le s  12 and 13 a lso f i t  in  the re la t io n sh ip  ‘ ¡— versusC/Ts/pg

fo r  f lood i f  ts is  adjusted to is  accounting fo r  wave ac tion .

(5) The values fo r  t s  found fo r  the Western Scheldt corresponds very 
well w ith  the values established by Bruun and Gerritsen (3 ).

( 6 ) The established re la t io n sh ip s  have co rre la t io n  c o e f f ic ie n ts  
between 0.95 and 0.99. I t  appears tha t these re la t ion sh ips  may be 
u t i l iz e d  in one-dimensional t id a l  models f o r  the ca lcu la t io n  of 
changes in p ro f i le s  as a re s u lt  o f  changes in external boundary 
conditions such as in  dredging operations.
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