
Ministerie van Verkeer en Waterstaat 

Directoraat-Generaal Rijkswaterstaat 
Directie Zeeland 

Nummer: 

B i b f c ^ K o a * . 30. IJ: Oil 8486362, 
postbus 5014,4330 KA Middelburg 

DC- ^|bo 



Marsh Amelioration along the River Schelde (MARS). 
Dutch projectplan, Phase I (1995 & 1996) 

The restoration of estuarine 
Habitats in the Westerschelde 

EU-Project, 
Li f e Proposal NT.: LIFE94/B/A/01531/VLA. 
Contract N" . : B4-3200/94729. 

M i n i s t e r i e van de Vlaamse Gemeenschap 
Departement L e e f m i l i e u en I n f r a s t r u c t u u r 
A.M.I-N.A.L. 
A f d e l i n g Natuur 

M i n i s t e r i e van V e r k e e r en 
W a t e r s t a a t , 
D i r e c t i e Z e e l a n d 



" Marsh Amelioration along the River Schelde 

Dutch p r o j e c t p l a n : 

"The r e s t o r a t i o n o f e s t u a r i n e h a b i t a t s i n 
the W e s t e r s c h e l d e " 

Nota AX-95.072 

R i j k s w a t e r s t a a t , D i v i s i o n Z e e l a n d 
Drs. H. N i e s i n g , 
I r . L.L.P.A. Santbergen, 
Drs. S.A. de Jong 
( I n t e g r a l Water Management Department). 

M i d d e l b u r g , 4 J a n u a r y 1996. 



Preface 

The M i n i s t r y o f T r a n s p o r t , P u b l i c works and Water Manage­
ment, r e p r e s e n t e d by R i j k s w a t e r s t a a t D i v i s i o n Z e e l a n d and 
he r F l e m i s h p a r t n e r , t h e AMINAL-MINA' F o u n d a t i o n i n i t i a t e d a 
p r o j e c t t o g e t h e r . 
T h i s p r o j e c t , MARS, Marsh A m e l i o r a t i o n a l o n g t h e R i v e r 
S c h e l d e , i s a c o o p e r a t i o n between s e v e r a l p u b l i c a u t h o r i ­
t i e s and l o c a l n a t u r e c o n s e r v a t i o n o r g a n i z a t i o n s i n b o t h 
F l a n d e r s and t h e N e t h e r l a n d s . 

The aim o f t h e p r o j e c t i s t o d e v e l o p and implement d i f f e ­
r e n t t y p e s o f management measures f o r t i d a l marshes. T h i s , 
a l o n g t h e e n t i r e e s t u a r i n e g r a d i e n t o f t h e S c h e l d e e s t u a r y 
i n o r d e r t o b o t h p r o t e c t and improve t h e e c o l o g i c a l v a l u e 
o f t h e s e h a b i t a t s . The Dutch part of the project i s r e l a ­
t i n g to " the res t o r a t i o n of estuarine habitats i n the 
Westerschelde". 

I n t h e framework o f t h e n a t u r e c o n s e r v a t i o n f i e l d o f a c t i o n 
w i t h i n LIFE •94, t h e p r o j e c t i s s u p p o r t e d f i n a n c i a l l y by 
t h e European Community, r e p r e s e n t e d by t h e Commission o f 
t h e European Communities. 
I n o r d e r t o c o o r d i n a t e a c t i v i t i e s i n t h e d i f f e r e n t p r o j e c t 
s i t e s , t o s u p e r v i s e t h e s c i e n t i f i c q u a l i t y o f t h e p r o j e c t 
and t o i n f o r m t h e Commission, a s t e e r i n g committee has been 
s e t up i n August 1995 (Appendix I I I ) . 
This report concerns the a c t i v i t i e s and planning of the 
project s i t e s i n the Netherlands. 

'(Administration Environment-, Nature- Land- and Watermanagement, 
department of Nature). 
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Summary 

The MARS p r o j e c t (Marsh A m e l i o r a t i o n a l o n g t h e R i v e r 
S c h e l d e ) i s an i n i t i a t i v e o f g o v e r n m e n t a l o r g a n i z a t i o n s o f 
t h e N e t h e r l a n d s and F l a n d e r s , t o p r e s e r v e and manage an 
i m p o r t a n t ecosystem. The S c h e l d e e s t u a r y i n c l u d e s i n t e r ­
n a t i o n a l l y v a l u a b l e h a b i t a t s and s p e c i e s . An i n t r o d u c t i o n 
o f i t s s p e c i f i c f e a t u r e s i s g i v e n i n c h a p t e r 1. 

The p r o j e c t c o n s i s t s o f t h e p r e p a r a t i o n , a p p l i c a t i o n and 
e v a l u a t i o n o f s e v e r a l measures t o p r o t e c t o r r e s t o r e mars­
hes a l o n g t h e r i v e r S c h e l d e . 

I n s t e a d o f t h e a p p l i c a t i o n o f r o c k f i l l e d dams, a more 
n a t u r a l way t o p r o t e c t marshes and s w a l l o w s i s b e i n g s t u ­
d i e d ( c h a p t e r 2 ) . 
The r e s u l t s of former e x p e r i m e n t s ( i n c l u d i n g t e s t - s t a n d s ) 
w i t h s h o r e l i n e p r o t e c t i o n w i t h r e g a r d t o t h e ecosystem 
w i l l be i n t e g r a t e d i n f u t u r e management measures ( c h a p t e r 
3) • 
The management measures a p p l i e d i n t h i s p r o j e c t s h o u l d have 
a h i g h l y i n n o v a t i v e and d e m o n s t r a t i v e v a l u e . 
V a r i o u s measures t o p r o t e c t and r e s t o r e t i d a l marshes 
s h o u l d become an i n t e g r a l p a r t of p l a n s f o r waterway mana­
gement . 
The p r o j e c t i n c l u d e s f i v e t y p e s of management w i t h d i f f e ­
r e n t o b j e c t i v e s , c h a r a c t e r i s t i c s and a p p l i c a t i o n s t o d i f f e ­
r e n t f i e l d s i t e s ( c h a p t e r 4 ) . 

The objectives a r e : 

1. Reduction of marsh erosion. 

2. Restoration of degraded marsh areas. 

3. Creating new marshes on inland sites bordering the 
estuary as a compensation for reclaimed sites. 

I n F l a n d e r s t h r e e f i e l d s i t e s a r e s e l e c t e d , i n t h e N e t h e r ­
l a n d s two. The p r o j e c t i s d i v i d e d i n two phases between 
1995 and 2000. I n t h i s document t h e p r o j e c t p l a n n i n g o f t h e 
f i r s t phase (1995 & 1996), i n t h e N e t h e r l a n d s i s e x p l a i n e d . 
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R i j k s w a t e r s t a a t D i v i s i o n Z e e l a n d i n i t i a l l y p l a n n e d t o s t a r t 
t h e p r e p a r a t i o n of a sand s u p p l e t i o n e x p e r i m e n t a t t h e 
f i e l d s i t e B a t h . 
A n a v i g a t i o n c h a n n e l p r o t e c t i o n c o n s t r u c t i o n w i l l be r e a l i ­
zed i n f r o n t o f t h e s o - c a l l e d B a t h marsh, t h i s w i l l s t a b i ­
l i z e t h e n a v i g a t i o n c h a n n e l upto t h e b e g i n n i n g o f t h e t i d a l 
f l a t . T h i s , i n o r d e r t o p r e v e n t n a v i g a t i o n c h a n n e l m i g r a t i ­
on towards t h e s e a w a l l (marsh and mud f l a t ) . The i d e a was 
t o combine t h e n a v i g a t i o n c h a n n e l p r o t e c t i o n w i t h a sand 
s u p p l e t i o n i n o r d e r t o r e duce marsh e r o s i o n . 

T e c h n i c a l e n g i n e e r s , w a t e r system managers, m o r p h o l o g i s t s 
and e c o l o g i s t s o f t h e " N a t i o n a l I n s t i t u t e f o r C o a s t a l and 
M a r i n e Management (RIK Z ) " , n a t u r e c o n s e r v a t i o n o r g a n i z a t i ­
ons and t h e e x e c u t i v e managers d i s c u s s e d t h e s e t up o f t h e 
e x p e r i m e n t . 
The c o n c l u s i o n was t h a t t h e u n c e r t a i n t i e s of r e a c h i n g a 
s u c c e s s f u l r e s u l t were t o o many t o s t a r t t h e e x e c u t i o n o f 
t h e p r o j e c t . 
A more d e t a i l e d m o n i t o r i n g programme s h o u l d p r e c e d e t h e 
i m p l e m e n t a t i o n o f such an e x p e r i m e n t ( c h a p t e r 4.2). 
T h e r e f o r e R i j k s w a t e r s t a a t D i v i s i o n Z e e l a n d d e c i d e d t o s t a r t 
w i t h a f i e l d s i t e e x p e r i m e n t a t t h e 'Slufter b i j Kaloot'. 
Here t h e p r e p a r a t i o n a c t i v i t i e s , w hich were p l a n n e d i n t h e 
second phase of t h e p r o j e c t , s t a r t e d i n September 1995 
( c h a p t e r 4.1). 
R e l a t e d t o t h e above mentioned t o p i c s two o t h e r p r o j e c t s 
w i l l be r e a l i z e d i n t h e f i r s t phase. 
I n o r d e r t o g e n e r a t e a b e t t e r knowledge of t h e e f f e c t s of 
'navigation channel protection', a t t h e marshes and accom­
p a n y i n g mud f l a t s a s t u d y i s b e i n g c a r r i e d out ( c h a p t e r 
4.2). 
I n o r d e r t o make a s c i e n t i f i c i n t e r p r e t a t i o n o f t e s t s t a n d s 
t o be r e a l i z e d i n phase I I of t h e MARS p r o j e c t , s i t e speci­
f i c monitoring i s e s s e n t i a l ( c h a p t e r 4.3). 
The goal of t h i s projectplan i s to describe the a c t i v i t i e s 
and products in the f i r s t phase of the MARS project. 
The Dutch p a r t w i l l be c o n c e n t r a t e d on t h r e e t o p i c s : 

1. The f i e l d s i t e e x p e r i m e n t a t t h e ' S l u f t e r b i j K a l o o t ' . 

2. The ' n a v i g a t i o n c h a n n e l p r o t e c t i o n ' . 

3. ' S i t e s p e c i f i c m o n i t o r i n g " . 

5 
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1 Introduction 

The S c h e l d e e s t u a r y , s i t u a t e d between Gent and V l i s s i n g e n , 
i n c l u d i n g a f r e s h water t i d a l a r e a i s i n t e r n a t i o n a l l y spo­
ken, o f i m p o r t a n t e c o l o g i c a l v a l u e . E s t u a r i e s r e p r e s e n t 
ecosystems w i t h a h i g h b i o l o g i c a l p r o d u c t i v i t y due t o t h e 
c o n t i n u a l i n p u t , t r a p p i n g and r e c y c l i n g o f s e d i m e n t s coming 
b o t h from t h e r i v e r and t h e sea ( M e i r e , 1993). 

The t i d a l a r e a s a r e o f b i g i m p o r t a n c e f o r a l l k i n d s o f 
p l a n t s and a n i m a l s . Marshes and a s s o c i a t e d mud f l a t s p r o v i ­
de f e e d i n g grounds and n e s t i n g s i t e s f o r a wide range of 
wading b i r d s and a c t as i m p o r t a n t s t o p s over m i g r a t i o n 
s i t e s ( A l l a n and Pye, 1992). The t i d a l a r e a s a r e i m p o r t a n t 
f o r f i s h e s as n u r s e r i e s and f e e d i n g grounds f o r a d u l t s . The 
t i d a l a r e a s have s p e c i f i c v e g e t a t i o n c o m m u n i t i e s , w h i c h can 
adapt t h e m s e l v e s t o d i f f e r e n t c o n d i t i o n s (Hoffman, 1993). 

The p r e s e n c e of a number of f r e s h , b r a c k i s h and s a l t w a t e r 
marshes and s e v e r a l b i r d (and b o t a n i c a l ) s p e c i e s i s a c l e a r 
i n d i c a t i o n o f t h e v a l u e o f t h i s b i o t o p e . W i t h i n t h e e s t u a ­
r y , i n c l u d i n g t h e f r e s h w a t e r t i d a l a r e a o f t h e r i v e r e c o s y ­
stem, t h e marshes form a v e r y i m p o r t a n t h a b i t a t . A l o n g w i t h 
t h e p r e s e n c e o f r a r e and endangered s p e c i e s , t h e g r a d i e n t s 
p r e s e n t ( s a l t t o f r e s h , h i g h t o low and from sand t o mud) 
d e t e r m i n e t h e h i g h b o t a n i c a l v a l u e o f t h e t i d a l f l a t s i n 
t h e S c h e l d e r i v e r . 

E s p e c i a l l y t h e marshes and mud f l a t s form a p a r t o f t h e 
most i m p o r t a n t elements of t h e e s t u a r i n e ecosystem, bu t 
have been d e c r e a s i n g ( i n number and s u r f a c e ) d u r i n g t h e 
l a s t decades (Tank, 1994 & Storm, 1994). 
T h i s on one hand due t o t h e e n c l o s u r e o f s a l t m a r s h e s i n 
a g r i c u l t u r a l use and more r e c e n t l y f o r a w i d e r v a r i e t y o f 
i n d u s t r i a l and p o r t r e l a t e d , u rban, s a f e t y and r e c r e a t i o n a l 
p u r p o s e s . On t h e o t h e r hand t h e r e m a i n i n g s a l t m a r s h e s 
d e c r e a s e i n a r e a due t o e r o s i o n p r o c e s s e s ( M e i r e , 1993). 

The S c h e l d e e s t u a r y i s l o c a t e d on b o t h F l e m i s h and Dutch 
t e r r i t o r y . The i n t e r n a t i o n a l r i v e r b a s i n approach i s adap­
t e d by t h e two r i p a r i a n s t a t e s as a b a s i c p r i n c i p l e . I deas 
f o r a management p l a n f o r t h e whole e s t u a r y a r e b e i n g 
d i s c u s s e d between o r g a n i z a t i o n s i n b o t h c o u n t r i e s . 
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R e s t o r a t i o n o f e c o l o g i c a l v a l u e s i s a l s o one o f t h e o b j e c ­
t i v e s o f t h e I n t e r n a t i o n a l Commission on t h e P r o t e c t i o n o f 
t h e R i v e r S c h e l d e . F l a n d e r s and t h e N e t h e r l a n d s a r e p a r t i ­
c i p a t i n g i n t h i s p r o j e c t . 

The MARS p r o j e c t c o u l d be f u n c t i o n i n g as an i n c e n t i v e f o r 
f u r t h e r development o f i n t e g r a t e d management p l a n s f o r t h e 
e n t i r e S c h e l d e e s t u a r y i n t h e coming decades. 
S e c o n d l y t h e MARS p r o j e c t c o u l d be good example f o r r e s t o ­
r a t i o n measures i n o t h e r r i v e r systems i n Western-Europe. 

The "Westerschelde Nature Restoration Programme" which i s 
p r e p a r e d and w i l l be c a r r i e d out r e l a t e d t o t h e deepening 
o f t h e n a v i g a t i o n c h a n n e l t o t h e p o r t o f Antwerpen can 
b e n e f i t from a l l e x p e r i e n c e g a i n e d t h r o u g h MARS. 
I n t h i s p r o j e c t t h e h o l i s t i c water system approach i s ap­
p l i e d by t h e p u b l i c a d m i n i s t r a t i o n s as a b a s i c p r i n c i p l e 
f o r i n t e g r a l r i v e r b a s i n management. 

7 
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2 Restoration of estuarine habitats: The Dutch p o l i c y . 

The s u r f a c e o f marshes i s d e c r e a s i n g s i n c e t h e end o f t h e 
s e v e n t i e s t h i s c e n t u r y . I n t h e b e g i n n i n g of t h i s c e n t u r y 
(1930 - 1950) t h e a r e a o c c u p i e d by marshes was g r o w i n g , due 
t o t h e i n t r o d u c t i o n o f A n g l i c a S p a r t i n a (Tank, 1994) . 
Due t o t h e measures t a k e n by man, l i k e e n c l o s u r e s f o r a g r i ­
c u l t u r e and t h e c o n s t r u c t i o n o f d i k e s f o r s a f e t y , t h e 
b a l a n c e between t h e morphology and t h e p r o c e s s e s i n t h e 
r i v e r system has been d i s t u r b e d . 

The r i v e r t o o i s narrow compared t o t h e deepness, c a u s i n g 
an i n c r e a s e i n l o c a t i o n s w i t h h i g h c u r r e n t v e l o c i t i e s . 
The amount of l o c a t i o n s where t h e s i t u a t i o n i s f a v o u r a b l e 
f o r s e d i m e n t a t i o n i s r e d u c i n g . As a r e s u l t e r o s i o n 
v e l o c i t i e s on t h e marshes have i n c r e a s e d . The t o t a l s u r f a c e 
o c c u p i e d by marshes i n South West H o l l a n d ( i n c l u d i n g t h e 
W e s t e r s c h e l d e ) has d e c r e a s e d w i t h 60% s i n c e 1930 (Storm, 
1994) 
U n t i l t h e e i g h t i e s marshes were most f r e q u e n t l y c o n s i d e r e d 
as f o r e s h o r e p r o t e c t i o n and p o t e n t i a l a r a b l e l a n d . 
E r o s i o n c o n t r o l measures t o p r o t e c t t h e marshes were ap­
p l i e d from a l a n d s a f e t y p o i n t o f view. The marshes s i t u a ­
t e d a l o n g t h e s h o r e s o f t h e d i k e s break t h e waves and 
p r e v e n t u n d e r m i n i n g o f t h e d i k e . 
P r o t e c t i o n because of t h e h i g h e c o l o g i c a l v a l u e o f t h e s e 
a r e a s by g o v e r n m e n t a l b o d i e s i s becoming more i m p o r t a n t t h e 
l a s t decades. P r o t e c t i o n and i f p o s s i b l e r e s t o r a t i o n o f 
marshes and f l a t s , b e i n g i m p o r t a n t n a t u r a l a r e a s , a r e 
nowadays i n c l u d e d i n p o l i c y p l a n s , l i k e t h e P o l i c y p l a n f o r 
t h e W e s t e r s c h e l d e ( B e s t u u r l i j k K l a n k b o r d f o r u m W e s t e r s c h e l ­
de, 1991) . 
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I n d i f f e r e n t p o l i c y papers i t i s c l e a r l y s t a t e d t h a t t h e 
Dutch Government aims t o c o n s e r v e and r e s t o r e t h e r e m a i n i n g 
marshes. Managers of t h e marshes s h o u l d make use of p o s s i ­
b i l i t i e s , f o r t h e c o n s e r v a t i o n o r e x t e n s i o n o f t h e e x i s t i n g 
a r e a of marshes and mud f l a t s ( t h e t h i r d N a t i o n a l P o l i c y 
Document on Water Management, 1989). 
Marshes become main p o i n t s o f i n t e r e s t i n t h e p o l i c y , which 
means t h a t n a t u r a l v a l u e s s h o u l d be s a f e g u a r d e d or i f 
p o s s i b l e r e s t o r e d . T h i s , i n o r d e r t o p r o t e c t and r e s t o r e 
t h e q u a n t i t y and d i v e r s i t y o f t h e s e ecosystems. 

C l a s s i c a l s h o r e l i n e p r o t e c t i o n measures, which were a p p l i e d 
i n t h e N e t h e r l a n d s on a l a r g e s c a l e , c o n s i s t e d o f a s h o r e ­
l i n e p r o t e c t i o n of t h e marshes by means of a r o c k - f i l l e d 
dam, t h e s o - c a l l e d 'hard defences'. T h i s k i n d of measures, 
a l t h o u g h p r o t e c t i n g t h e marshes a g a i n s t f u r t h e r e r o s i o n , 
d i m i n i s h t h e c h a r a c t e r i s t i c dynamics and n a t u r a l p r o c e s s e s 
i n t h e system. I t does not p r o t e c t t h e mud f l a t s , w h i c h 
form an e s s e n t i a l p a r t i n t h i s h a b i t a t and t h e r e l a t i o n s 
between t h e marshes and t h e mud f l a t s a r e d i s t u r b e d . 
The p r e s e n t i n t e g r a l water management approach emphasizes 
t h e water system as a c e n t r a l element. Management measures 
a r e c a r r i e d out i n o r d e r t o r e s t o r e n a t u r a l o c c u r r i n g 
p r o c e s s e s . 
E c o l o g i c a l f u n c t i o n i n g of t h e w a t e r s y s t e m s e t s l i m i t s t o 
t h e e x t e n t o f t h e b o u n d a r i e s , i n which human i n t e r e s t s can 
t a k e p l a c e . 
I n t h i s c o n t e x t t h e n a t u r a l p r o c e s s e s a r e a c e n t r a l element 
i n water system management. T h e r e f o r e s e v e r a l e x p e r i m e n t s 
have been c a r r i e d out i n r e c e n t y e a r s p r o t e c t i n g t h e mars­
hes w i t h more n a t u r a l m a t e r i a l s t o g a i n knowledge i n t h i s 
f i e l d , t h e s o - c a l l e d 'soft defences' (Storm, 1994) 
( c h a p t e r 3 ) . 
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3 Results of recent projects 

R i j k s w a t e r s t a a t c a r r i e s out two p r o j e c t s a t t h e moment t o 
i n v e s t t h e dynamics and t h e p r o c e s s e s o f t h e marshes and 
t h e p o s s i b i l i t i e s f o r t h e c o n s e r v a t i o n and r e s t o r a t i o n o f 
e s t u a r i n e v a l u e s . 
These a r e t h e 'OostWest' p r o j e c t and t h e 'Lamsoor' p r o j e c t 
i n w h i c h marsh p r o t e c t i o n i n a n a t u r a l way and w i t h r e s p e c t 
t o t h e i n t e r t i d a l dynamics i s s t u d i e d . 

One o f t h e main p u r p o s e s i n t h e OostWest p r o j e c t i s t o 
s t u d y t h e impact o f human i n t e r f e r e n c e a t t h e e s t u a r i n e 
system. The OostWest p r o j e c t s t a r t e d i n October 1989 and 
w i l l be f i n i s h e d a t t h e b e g i n n i n g o f 1996. 
The p o s s i b i l i t i e s and e f f e c t s o f d e p o l d e r i n g o f e n c l o s e d 
a r e a s t o t h e sea and t h e r e d u c t i o n o f dumping dredged 
m a t e r i a l s a r e s t u d i e d , i n o r d e r t o r e s t o r e t h e n a t u r a l 
h a b i t a t s i n t h e W e s t e r s c h e l d e . 
E s p e c i a l l y t h e m o r p h o l o g i c a l p r o c e s s e s and t h e way i n w h i c h 
t h e s e can be i n f l u e n c e d a r e s t u d i e d . S e d i m e n t a t i o n , marsh 
e r o s i o n , c u r r e n t v e l o c i t i e s and r i v e r impoundings a r e 
s t u d i e d . 

I n 1992 t h e Lamsoor p r o j e c t , i n whi c h d i f f e r e n t a p p l i c a t i ­
ons t owards marsh p r o t e c t i o n were i n i t i a t e d , s t a r t e d . 
One a p p l i c a t i o n , made i n t h e O o s t e r s c h e l d e c o n s i s t e d o f a 
s l o p e made of c l a y a t t h e marsh t o t h e t i d a l f l a t t r a n s ­
i t i o n . 
The o t h e r c o n s t r u c t i o n , i n t h e W e s t e r s c h e l d e , was made o u t 
of wooden t r a i n i n g w a l l s . The t r a i n i n g w a l l s were p l a c e d 
p e r p e n d i c u l a r t o t h e m a r s h c l i f f , o v e r t h e mud f l a t . The 
o b j e c t i v e i s t o reduce t h e c u r r e n t v e l o c i t i e s , t o s t i m u l a t e 
t h e s e d i m e n t a t i o n between t h e t r a i n i n g w a l l s and reduce 
e r o s i o n a t t h e m a r s h c l i f f . 
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The c l a y c o n s t r u c t i o n reduced t h e e r o s i o n s i g n i f i c a n t l y , 
but needs a r e g u l a r maintenance. T h i s means r e g u l a r d i s t u r ­
bance o f t h e mud f l a t ( i n c l u d i n g l i f e communities) i n f r o n t 
of t h e marsh and h i g h maintenance c o s t s . 
The c o n s t r u c t i o n made of wooden t r a i n i n g w a l l s was not 
s t r o n g enough f o r t h e h i g h c u r r e n t v e l o c i t i e s i n Wester­
s c h e l d e (Storm, 1994). Several studies revealed that a 
general r e l a t i o n between the physical circumstances and the 
erosion v e l o c i t y i s d i f f i c u l t to f i n d (Tank, 1994; Jonkers, 
1991). One of the main conclusions i s that l o c a l circum­
stances are varying a l o t along the estuary. 
The r e s u l t s o f t h e s e p r o j e c t s and t h e g a i n e d knowledge w i l l 
be an e s s e n t i a l p a r t i n t h e i m p l e m e n t a t i o n of t h e t e s t 
s t a n d s i n MARS. 

11 



Marsh Amelioration along the 

River Schelde 

4 A c t i v i t i e s and products i n phase I 

The MARS p r o j e c t c o n s i s t s o f two phases (phase I ; 1995, 
1996, phase I I ; 1997,1998 & 1999), i n wh i c h f i v e p r o j e c t s 
a r e p l a n n e d , t h r e e i n F l a n d e r s and two i n t h e N e t h e r l a n d s . 
I n t h i s c h a p t e r t h e a c t i v i t i e s and p r o d u c t s i n phase I a r e 
d e s c r i b e d . 
I n Phase I (1995/1996), i n t h e N e t h e r l a n d s , t h e f o l l o w i n g 
a c t i v i t i e s w i l l be, or a r e a l r e a d y b e i n g , r e a l i z e d . 

- Restoration works at 'Slufter bij Kaloot'. 
- Inventory of the effects of 'navigation channel 

protection'. 
- Site specific monitoring. 

4.1 R e s t o r a t i o n works ' S l u f t e r b i j K a l o o t ' 

4.1.1 Present situation 

Owner: Dutch Government 
(Financial department 'de 
Domeinen'). 

S u r f a c e o f t h e a r e a 

Average h i g h t i d e 
Average low t i d e 

H e i g h t o f t h e 
' S l u f t e r b i j K a l o o t ' 

R e l a t e d O r g a n i z a t i o n s : 

± 8.5 hectares dunes & marsh 
and ± 18 hectares swallow (see 
Appendix I & I I ) . 

2.02 (meters above N.A.P.). 
1.80 (meters below N.A.P.). 

2.9 to 8.8 (meters above 
N.A.P.). 
Waterschap De Zeeuwse Eilanden, 
LNV1 d i r e c t i e Zuid-West and 
Rijkswaterstaat, d i v i s i o n Zee-
land. 

(' M i n i s t r y of A g r i c u l t u r e , N a ture C o n s e r v a t i o n and F i s h e ­
r i e s ) . 
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The ' S l u f t e r b i j K a l o o t ' (Gemeente B o r s e l l e , P r o v i n c i e 
Z e e l a n d , t h e N e t h e r l a n d s ) i s an e n c l o s u r e formed by dunes 
c o n n e c t e d t o t h e e s t u a r y t h r o u g h an op e n i n g (see Appendix I 
& I I ) . 
The t i d a l movement o f t h e water l e v e l s h o u l d cause a r e g u ­
l a r f l o o d i n g of a p a r t o f t h e a r e a , d u r i n g t h e h i g h t i d e . 
These f l o o d i n g p r o c e s s e s make t h a t t h e ' S l u f t e r s ' have a 
c h a r a c t e r i s t i c k i n d of f l o r a and fauna. 

A ' S l u f t e r 1 i s an c o a s t a l a r e a , e n c l o s e d by dunes o r t i d a l 
f l a t s , from which t h e lower l o c a t e d a r e a s a r e r e g u l a r l y 
f l o o d e d due t o t h e t i d a l f l o w . 

The p r e s e n c e of a ' S l u f t e r ' i s an i n d i c a t i o n of a dynamic 
system, which can be formed i n d i f f e r e n t ways. 
A ' S l u f t e r ' can appear i n a s i t u a t i o n where sand i s accumu­
l a t i n g a t t h e c o a s t , t h e beach can grow u n t i l i t i s p a r t o f 
t h e dunes. A ' S l u f t e r 1 i s t h e phase when dunes a r e p r e s e n t 
and t h e t i d e i s e n t e r i n g t h e e n c l o s e d a r e a . 
When e r o s i o n a l p r o c e s s e s a r e d o m i n a t i n g , t h e moment t h e sea 
c r e a t e s an opening a ' S l u f t e r ' i s c r e a t e d . 
S l u f t e r s a r e v e r y r a r e phenomena i n t h e N e t h e r l a n d s and 
Western Europe and t h e i r h a b i t a t s a r e seldom. 

The a s p e c t s which a r e c o n s i d e r e d as v a l u a b l e i n a ' S l u f t e r ' 
a r e (van G e l d e r e n & L o f f l e r , 1994): 

The h i g h v a r i e t y i n ( a b i o t i c a l ) e n v i ronments c o n t a i n i n g 
i m p o r t a n t g r a d i e n t s i n s o i l c o m p o s i t i o n , s a l t c o n t e n t , 
e x p o s i t i o n / m i c r o c l i m a t e , f l o o d i n g f r e q u e n c y and s h e l ­
t e r i n g . 

The p r e s e n c e s p e c i f i c b i r d - and p l a n t s p e c i e s r e l a t e d 
t o a l l t h e d i f f e r e n t c o n d i t i o n s . 

The morphology i s v e r y d i v e r s e i n t h i s k i n d of systems and 
i s s t r o n g l y r e l a t e d t o t h e e c o l o g y ( H o e k s t r a & P e d r o l i , 
1992) . 
The l o w e s t p a r t s have t h e h i g h e s t s a l t and mud c o n t e n t and 
a r e t h e most r e g u l a r l y f l o o d e d . The v e g e t a t i o n i s c o n t a i ­
n i n g s p e c i e s l i k e Salicornia sp., Suaeda marltima and Limo-
nium vulgare. 
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A l i t t l e b i t h i g h e r , p a s t u r e s a r e l o c a t e d , which a r e l e s s 
r i c h i n s a l t and mud; v e g e t a t i o n c o n s i s t s o f Puccinellia 
marltima, Plantago marltima and Limonium vulgare(Appendix 
V). The h i g h e s t s a l t p a s t u r e s a r e c h a r a c t e r i s e d by t h e 
Armeria marltima, Juncus gerardii and Glaux marltima. The 
h i g h e s t p a r t s have a low s a l t c o n t e n t , a r e l e s s f r e q u e n t l y 
f l o o d e d and a r e sandy. 

The ' S l u f t e r s ' a r e a l s o i m p o r t a n t p l a c e s as b r e e d i n g and 
f o r a g i n g a r e a s f o r b i r d s ( s t i l t - w a l k e r , b e a c h - b i r d , s e a ­
g u l l s and d i f f e r e n t k i n d of b i r d s of p r e y ) ( v a n G e l d e r e n & 
L o f f l e r , 1994) . 
A mosaic of habitats, r e s u l t i n g from the d i f f e r e n t kinds of 
gradients i s c h a r a c t e r i s t i c for t h i s kind of ecosystems. 

The ' S l u f t e r ' near K a l o o t i s l o c a t e d i n t h e marine ( s a l t ) 
p a r t of t h e e s t u a r y . Marshes a r e v e r y s c a r c e i n t h e marine 
p a r t o f t h e W e s t e r s c h e l d e . 
The dunes i n t h e S l u f t e r a r e damaged and t h e a p e r t u r e i s 
s h o a l e d . The e s t u a r i n e g r a d i e n t and t h e accompanying h a b i ­
t a t , w i t h i t s i n t r i n s i c n a t u r a l v a l u e a r e d i s t u r b e d . 

4.1.2 Objectives 

- R e s t o r a t i o n of t h e e s t u a r i n e g r a d i e n t 

The S l u f t e r can become a p a r t o f t h e n a t u r a l system where 
t h e t y p i c a l v e g e t a t i o n can d e v e l o p and b i r d s can f i n d a 
p l a c e t o r e s t o r breed. 
The dunes w i l l be r e p l a n t e d w i t h Ammophila arenaria t o 
p r o t e c t them and a v o i d e o l i c e r o s i o n . The r e p l a n t a t i o n w i l l 
a l s o p r e v e n t a c c r e t i o n of t h e i n l e t o p e n i n g . 
The a p e r t u r e o f t h e S l u f t e r w i l l be deepened, t o i n t e n s i f y 
t h e t i d a l i n f l u e n c e on t h e a r e a (Appendix V ) . The c r e e k s 
w i l l be deepened a g a i n and l i t t l e i s l a n d s w i l l be r e s t o r e d . 
I n t h i s way t h e c h a r a c t e r i s t i c t i d a l f l o o d i n g and d r a i n i n g 
p r o c e s s e s can t a k e p l a c e a g a i n , so t h e c h a r a c t e r i s t i c s o f 
an e s t u a r i n e environment can d e v e l o p a g a i n . 
T h i s i s , s p e c i a l l y i n t h e marine p a r t where few s a l t w a t e r 
marshes a r e p r e s e n t , a c r e a t i o n of a s p e c i a l e s t u a r i n e 
h a b i t a t i n t h e S c h e l d e . 
Two i n f o r m a t i o n p l a t e s w i l l be i n s t a l l e d on both s i d e s o f 
t h e d i k e a t t h e b o r d e r s of t h e s l u f t e r , t o i n f o r m p e o p l e 
about t h e g o a l of t h e p r o j e c t . And, d o i n g so p r e v e n t i n g 
d i s t u r b a n c e of t h e a r e a . 
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4.1.3 Activities and products 

I n o r d e r t o r e s t o r e t h e e s t u a r i n e g r a d i e n t i n t h e ' S l u f t e r ' 
t h e f o l l o w i n g a c t i v i t i e s , which w i l l s t a r t i n January 1996 
a r e p l a n n e d : 

The a p e r t u r e o f t h e " S l u f t e r " w i l l be deepened. 
The c r e e k s w i l l be deepened and l i t t l e i s l a n d s c r e a t e d 
t o encourage v e g e t a t i o n t o s p r o u t . (Jan/Feb 1996) 

The dunes w i l l be r e p l a n t e d (Ammophila arenaria) and i f 
n e c e s s a r y some s a n d t r a p s w i l l be i n s t a l l e d . 
(March/May 1996 ) 

The a r e a w i l l be c l e a n e d , u n n a t u r a l p a r t i c l e s f l o a t i n g 
around be removed. (Jan/Feb 1996) 

I n c o o r d i n a t i o n w i t h t h e e n v i r o n m e n t a l o r g a n i z a t i o n s 
t h e d i f f e r e n t k i n d of management measures w i l l be 
p l a n n e d . The e c o l o g i c a l s t a t u s of t h e a r e a w i l l a l s o be 
d e t e r m i n e d i n c o o r d i n a t i o n w i t h t h e s e o r g a n i s a t i o n s and 
th e l o c a l government. 

I n november/december 1996 a r e p o r t about t h e a c t i v i t i e s and 
t h e f i r s t r e s u l t s w i l l be p u b l i s h e d . F u r t h e r r e s u l t s and an 
e v a l u a t i o n o f t h e works u n d e r t a k e n w i l l be w r i t t e n and 
p u b l i s h e d l a t e r . 
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4.1.4 Finances 

The budget f o r t h e works a t t h e ' S l u f t e r ' i s g i v e n below, 
an e s t i m a t i o n f o r t h e c o s t s o f t h e boatdays i n c l u d i n g 
p e r s o n n e l , t h e m a t e r i a l expenses and t h e p l a n p r e p a r a t i o n 
and r e s u l t s i n t e r p r e t a t i o n i n g e n e r a l . 

Personnel 
The r e s t o r i n g o f t h e dunes; t h e r e p l a n t i n g a c t i v i t i e s and 
t h e c l e a n i n g (and t h e i n s t a l l a t i o n o f t h e s a n d t r a p s ) . 
These a c t i v i t i e s a r e t o g e t h e r ( f o r t h e e x e c u t i v e p e r s o n n e l ) 
e s t i m a t e d a t D f l 5.000.-. 
The p l a n n i n g , managing and w r i t i n g of t h e r e s u l t s w i l l c o s t 
about D f l 4.000.-. T o g e t h e r c o s t s f o r p e r s o n n e l a r e 
D f l 9.000.-
Material 
For t h e d r e d g i n g a c t i v i t i e s ( i n c l u d i n g t h e moving o f t h e 
sand coming from t h e deepened c r e e k s ) 7 days a r e s c h e d u l e d , 
r e s u l t i n g i n c l u d i n g p e r s o n n e l a t about D f l 15.000.-). 

F i n a n c i a l s c h e d u l e ' S l u f t e r b i j K a l o o t ' . 
C o s t s D f l 
X flOOO,-

P e r s o n n e l M a t e r i a l t o t a l 

1995 4 4 
1996 5 15 20 
t o t a l phase I 9 15 24 

The f i n a n c i a l s c h e d u l e f o r t h e deepening and r e s t o r a t i o n o f 
t h e ' S l u f t e r b i j K a l o o t ' . T o t a l c o s t s a r e e s t i m a t e d a t ± 
f l 24.000,-
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4.2 I n v e n t o r y e f f e c t s of ' n a v i g a t i o n c h a n n e l p r o t e c t i o n 1 

4.2.1 Present situation 

A t t h e l o c a t i o n near Bath, a t e s t s t a n d was i n i t i a l l y 
p l a n n e d i n t h e f i r s t phase of t h e p r o j e c t , but t h i s has 
been t h e s u b j e c t o f many d i s c u s s i o n s among t h e s p e c i a l i s t s . 
I n t h e o p i n i o n of t h e t e c h n i c a l e n g i n e e r s , e c o l o g i s t s , 
m o r p h o l o g i s t s and water system managers t h e c o m b i n a t i o n o f 
a n a v i g a t i o n c h a n n e l p r o t e c t i o n w i t h a sand s u p p l e t i o n 
needs a i n t e n s i v e s t u d y b e f o r e a d e c i s i o n can be t a k e n . 
I n o r d e r t o g e n e r a t e more knowledge about t h e e f f e c t s o f 
t h e n a v i g a t i o n c h a n n e l p r o t e c t i o n a t c u r r e n t v e l o c i t i e s , 
t h e mud f l a t and marsh l e v e l , s u r f a c e and e r o s i o n p r o c e s s e s 
need t o be examinated. 

The e f f e c t s of a n a v i g a t i o n c h a n n e l p r o t e c t i o n can be 
f a v o u r a b l e f o r t h e marsh and t h e mud f l a t w i t h o u t a sand 
s u p p l e t i o n . 

Two i m p o r t a n t q u e s t i o n s f o r t h i s s t u d y a r e : 

1. To which e x t e n d does t h e n a v i g a t i o n c h a n n e l p r o t e c t i o n 
r e d u c e s t h e e r o s i o n of t h e marsh and t h e mud f l a t ? . 

2. W i l l a c o m b i n a t i o n of a n a v i g a t i o n c h a n n e l p r o t e c t i o n 
and a sand s u p p l e t i o n have a p o s i t i v e e f f e c t on t h e 
r e d u c t i o n of t h e marsh and mud f l a t a r e a ? . 

A n a v i g a t i o n c h a n n e l p r o t e c t i o n was completed on s e v e r a l 
l o c a t i o n s i n t h e l a s t e i g h t y e a r s . The p r o t e c t i o n was 
m a i n l y l o c a t e d c l o s e t o a mud f l a t and sometimes 
accompanied by a r o c k f i l l e d t r a i n i n g w a l l . The t r a i n i n g 
w a l l s h o u l d a v o i d u n d e r m i n i n g a t t h e b a c k s i d e of t h e 
p r o t e c t i o n by r e d u c i n g t h e c u r r e n t v e l o c i t i e s . T h i s can 
reduce e r o s i o n a t t h e mud f l a t s and even s t i m u l a t e s e d ­
i m e n t a t i o n . 
A i n v e n t a r i z a t i o n of t h e f i e l d s i t e s of t h e n a v i g a t i o n 
c h a n n e l p r o t e c t i o n has been made. C o n s e q u e n t l y a e r i a l 
p hotos and l e v e l m o n i t o r i n g d a t a a r e b e i n g s t u d i e d . The 
d r e d g i n g and dumping l o c a t i o n s may a l s o i n f l u e n c e t h e 
p r o c e s s e s a t t h e marsh and mud f l a t . 
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When t h e l e v e l o f t h e m u d f l a t i s r i s i n g due t o sedimen­
t a t i o n p r o c e s s e s , c h a n g i n g as a consequence of t h e n a v i g a ­
t i o n c h a n n e l p r o t e c t i o n , t h e e f f e c t s on t h e bottom fauna 
need t o be s t u d i e d . In g e n e r a l t h e r e g e n e r a t i n g v e l o c i t y o f 
t h e benthos i s b e i n g s t u d i e d , because t h e y a r e an i m p o r t a n t 
f a c t o r i n t h e ecosystem, s p e c i a l l y f o r b i r d s and f i s h 
( m o n i t o r i n g program). 
I f a s u p p l e t i o n w i t h sand w i l l be r e a l i z e d , t h e t i m e r e q u i ­
r e d by t h e benthos i n t h e mud f l a t t o r e c o v e r from a d r a s ­
t i c change l i k e t h i s must be s t u d i e d . 

4.2.2 Objectives 

The o b j e c t i v e s o f t h i s s t u d y a r e : 

-To generate more knowledge about the e f f e c t s of a 
navigation channel protection at the marshes and accom­
panying mud f l a t s , i n order to have a more r e a l i s t i c 
idea about the consequences of the navigation channel 
protection projects for t i d a l f l a t s and marshes. 

-To make a better motivated decision about the executi­
on of a future sand suppletion at the Bath loca t i o n . 

T h i s s t u d y w i l l be c a r r i e d out under d i f f e r e n t c i r c u m s t a n ­
ces ( l o c a t i o n s , c u r r e n t v e l o c i t i e s , morphology, e x p o s i t i o n 
dumping o r d r e d g i n g o f m a t e r i a l a b s e nt o r p r e s e n t ) o f t h e 
seven d i f f e r e n t marshes and mud f l a t s where a n a v i g a t i o n 
c h a n n e l p r o t e c t i o n i s l o c a t e d . A broad s t o c k t a k i n g w i l l be 
made, a t each marsh and f l a t t h e e f f e c t s (the c u r r e n t 
v e l o c i t i e s , e r o s i o n / s e d i m e n t a t i o n p a t t e r n , changes i n 
s u r f a c e and bottom f a u n a , e t c ) w i l l be s t u d i e d . 

4.2.3 Activities and products 

The n e x t a c t i v i t i e s a r e p l a n n e d : 

-Data s t o c k t a k i n g ; g a u g i n g ( l e v e l , s u r f a c e ) , a e r i a l 
p h o t o s , b i o l o g i c a l d a t a , d i g i t i z e d maps ( s a t e l l i t e 
images e t c . ) l i t e r a t u r e (Sep/Oct 1995). 

-Data i n t e r p r e t a t i o n (Oct/Dec 1995) 

- R e p o r t (Jan/Feb 1996) 
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4.2.4 Finances 

Personnel 
The g a t h e r i n g and i n t e r p r e t a t i o n o f d a t a w i l l t a k e about 
100 man h o u r s , t h e w r i t i n g of t h e r e p o r t i s e s t i m a t e d a t 
about 140 hours making 240 hours t o g e t h e r t i m e s D f l 116.3.-
an hour « D f l 28.000.-. 
Material 
C o p y i n g , p r i n t i n g , p u b l i s h i n g and o t h e r m a t e r i a l c o s t s a r e 
e s t i m a t e d a t about D f l 3.000.-. 
F i n a n c i a l s c h e d u l e on ' N a v i g a t i o n Channel P r o t e c t i o n ' i n 
D f l . - . 

C o s t s D f l 
x flOOO,- P e r s o n n e l M a t e r i a l T o t a l 
1995 12 1 13 
1996 16 2 18 
T o t a l 28 3 31 

The f i n a n c i a l s c h e d u l e f o r t h e consequences o f t h e 'Naviga­
t i o n Channel P r o t e c t i o n * . T o t a l c o s t s a r e e s t i m a t e d a t ± 
D f l 31.000.-. 
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4.3 S i t e s p e c i f i c m o n i t o r i n g 

4.3.1 Present situation 

A. In General 
I n t h e second phase of t h e MARS p r o j e c t one o r more t e s t 
s t a n d s f o r t h e r e s t o r a t i o n o f e s t u a r i n e h a b i t a t s w i l l be 
r e a l i z e d . Because of t h e d i f f e r e n c e s o c c u r r i n g i n p r o c e s s e s 
a t t h e l o c a t i o n s where a t e s t s t a n d w i l l p o s s i b l y be r e a l i ­
zed, a b a s i c m o n i t o r i n g programme i s n e c e s s a r y . The t y p e of 
t e s t s t a n d (sand s u p p l e t i o n , wooden, c l a y or s t o n e con­
s t r u c t i o n ) and t h e b e s t l o c a t i o n f o r a t e s t s t a n d w i l l be 
s e l e c t e d , based on t h i s s i t e s p e c i f i c monitoring. 

-The s e l e c t i o n o f a c e r t a i n t y p e of measure ( c o n s t r u c ­
t i o n , m a t e r i a l ) r e q u i r e s i n f o r m a t i o n about t h e c i r c u m ­
s t a n c e s a t t h e marsh and mud f l a t . 

-To make a good i n t e r p r e t a t i o n o f t h e r e s u l t s o f t h e s e 
i n n o v a t i v e p i l o t s t u d i e s , s c i e n t i f i c m o t i v a t e d back­
ground i n f o r m a t i o n i s r e q u i r e d . W i t h o u t a r e f e r e n c e 
s i t u a t i o n , i t i s d i f f i c u l t t o i n t e r p r e t t h e r e s u l t s o f 
a management scheme a t a s p e c i f i c l o c a t i o n . 

I t should be emphasized that the s c i e n t i f i c motivation of 
the project could be doubted, i f a construction i s made, 
without a proper knowledge of the s i t u a t i o n before, during 
and a f t e r construction of the test stand. 

I n t h e S c h e l d e e s t u a r y , l o c a l v a r i a t i o n s i n e r o s i o n p r o c e s ­
s e s , f e t c h e s , c u r r e n t v e l o c i t i e s and m o r f o l o g y among t i d a l 
marshes and mud f l a t s a r e l a r g e ( B r u i j n e , 1994 & Tank, 
1994). 

A c c o r d i n g t o t h e p l a n n e d sand s u p p l e t i o n a t t h e B a t h 
l o c a t i o n m o n i t o r i n g , r e l a t e d t o t h e e f f e c t s o f a n a v i ­
g a t i o n c h a n n e l p r o t e c t i o n i s n e c e s s a r y . 

B. Marsh at Bath 
I f t h e s t u d y mentioned i n p a r a g r a p h 4.2, r e s u l t s i n t h e 
d e c i s i o n t h a t a s u p p l e t i o n w i l l be c a r r i e d out a t t h e B a t h 
l o c a t i o n , t h i s ' s i t e s p e c i f i c m o n i t o r i n g ' i s e s s e n t i a l . 
When t h e consequences of n a v i g a t i o n c h a n n e l p r o t e c t i o n on 
t h e d i f f e r e n t p r o c e s s e s a r e known, a s u p p l e t i o n can be 
c a r r i e d out and t h e r e s u l t s can be i n t e r p r e t e d . 
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When the conclusions of the navigation channel protection 
study w i l l r e s u l t i n the decision that the p i l o t study at 
the Bath location w i l l not be r e a l i z e d , one ore more loca­
t i o n w i l l be selected i n order to protect or restore estua­
ri n e habitats. 
A motivated s e l e c t i o n between the d i f f e r e n t s i t e s requires 
more detailed data of the above mentioned processes. 

The d i f f e r e n t l o c a t i o n s a l o n g t h e e s t u a r y show d i f f e r e n t 
e r o s i o n and s e d i m e n t a t i o n p a t t e r n s . The i n c r e a s e o f i n f o r ­
m a t i o n and improvement of knowledge o f p r o c e s s e s towards 
t h e i m p l e m e n t a t i o n of t e s t s t a n d s and i n t e r p r e t a t i o n of t h e 
r e s u l t s i s a n e c e s s i t y . 

4.3.2 Objectives 

The o b j e c t i v e s of ' S i t e s p e c i f i c m o n i t o r i n g ' a r e t h r e e f o l d : 

1 Determination of a reference s i t u a t i o n , necessary i n 
order to make a good interpretation of the r e s u l t s of 
the test stands. 

2 To motivate a selection of possible locations where 
restoration measures w i l l be undertaken i n phase I I . 

3 The generation of more knowledge on the occurring pro­
cesses, causing degradation and erosion of marshes and 
the adjacent mud f l a t s . Generated knowledge which w i l l 
be published and w i l l be used by Aminal and Rijkswater­
staat for the set up of restoration measures. 

4.3.3 Activities and products 

P r o c e s s o r i e n t a t e d measurements towards a t e s t l o c a t i o n 
s e l e c t i o n and an improvement i n t h e i n t e r p r e t a t i o n . The 
measurements w i l l be c a r r i e d out by t h e M o n i t o r i n g D i v i s i o n 
of R i j k s w a t e r s t a a t and i n t e r p r e t e d by t h e N a t i o n a l I n s t i t u ­
t e f o r C o a s t a l and Mar i n e Management (RIKZ). 

The measurements n e c e s s a r y f o r a b e t t e r knowledge i n t h e 
e r o s i o n p r o c e s s e s a r e t h e c u r r e n t v e l o c i t i e s a t d i f f e r e n t 
l o c a t i o n s , t h e d i r e c t i o n s of the c u r r e n t a t d i f f e r e n t 
d e p t h s , t h e impact of the waves i n d i f f e r e n t s i t u a t i o n s and 
the sediment c o m p o s i t i o n a t some l o c a t i o n s a t the mud f l a t . 
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For an i n t e r p r e t a t i o n o f t h e r e s u l t s o f t h e d o m i n a t i n g 
p r o c e s s e s d u r i n g t h e l a s t y e a r s , t h e h e i g h t of t h e marsh, 
t h e c l i f f and t h e f l a t w i l l be measured and compared w i t h 
t h e p r e v i o u s measurements. 

For t h e c o n s t r u c t i o n o f a t e s t s t a n d , t h e e x a c t l o c a t i o n o f 
t h e s t a b l e sand l a y e r i s needed. Some sediment p r o f i l e s may 
be r e q u i r e d . 

The marshes and a d j a c e n t f l a t s where t h e measurements w i l l 
be c a r r i e d out a r e (Appendix I and I V ) : 

-Bath 
-Zuidgors 
-Waarde 
-Paulinapolder 

The marsh c l i f f of f i r s t t h r e e l o c a t i o n s , show t h e h i g h e s t 
e r o s i o n r a t e s o f t h e l a s t decades (Tank, 1994). C o n s e r v a t i ­
on measures a r e most u r g e n t a t t h e s e l o c a t i o n s . 
The P a u l i n a p o l d e r marsh and t h e Z u i d g o r s marsh a r e l o c a t e d 
i n t h e marine p a r t o f t h e e s t u a r y , t h e t o t a l amount o f 
marshes i n t h e marine p a r t i s a s m a l l p e r c e n t a g e o f t h e 
t o t a l marsh a r e a of t h e e s t u a r y . 
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Bath 
T h i s marsh i s s i t u a t e d i n t h e b r a c k i s h p a r t o f t h e e s t u a r y . 
A t t h e l o c a t i o n near Bath t h e n a v i g a t i o n c h a n n e l i s m i g r a ­
t i n g towards t h e mud f l a t and t h e marsh. 
T h i s i s c a u s i n g h i g h c u r r e n t v e l o c i t i e s and t h i s i s one o f 
t h e r e a s o n s why t h i s n a t u r a l a r e a i s d i s a p p e a r i n g r a p i d l y . 
A n a v i g a t i o n c h a n n e l p r o t e c t i o n w i l l be r e a l i z e d h e r e soon 
(6.2) . 
The i d e a was t o make a c o m b i n a t i o n o f a sand s u p p l e t i o n 
w i t h t h e n a v i g a t i o n c h a n n e l p r o t e c t i o n . But, as mentioned 
b e f o r e , a s t u d y o f t h e e f f e c t s o f r e a l i z e d n a v i g a t i o n 
c h a n n e l p r o t e c t i o n i s r e a l i z e d a t t h e moment ( 4 . 2 ) . 
M o n i t o r i n g i n 1996, t o s t u d y t h e b e h a v i o u r of t h e mud f l a t , 
i n o r d e r t o have a good i n s i g h t i n t o t h e p r e s e n t s i t u a t i o n 
i s n e c e s s a r y t o i n t e r p r e t t h e r e s u l t s i f a ( c e r t a i n k i n d 
o f ) measure w i l l be r e a l i z e d h e r e . 
I t s h o u l d a l s o be mentioned t h a t a l t h o u g h b r a c k i s h marshes 
a r e v a r y s c a r c e on a Western European s c a l e , t h e Ba t h marsh 
i s o n l y a s m a l l p a r t of t h e t o t a l b r a c k i s h marsh a r e a i n 
t h e W e s t e r s c h e l d e . I n t h i s p o i n t of view, i t c o u l d be a 
good l o c a t i o n f o r a t e s t s t a n d . 

Zuidgors 

T h i s marsh i s s i t u a t e d i n t h e marine p a r t o f t h e e s t u a r y , 
where marshes a r e s c a r c e (see Appendix I V ) . The measure 
her e c o u l d be a r o c k f i l l e d t r a i n i n g w a l l , t r a n s v e r s e l y 
p l a c e d a g a i n s t t h e shore l i n e , p r o t e c t i n g t h e marsh and mud 
f l a t a t t h e s i d e where h i g h e s t c u r r e n t v e l o c i t i e s a r e 
found. 
As a consequence, i t i s e x p e c t e d t h a t c u r r e n t v e l o c i t i e s 
w i l l drop and f l o w l i n e s w i l l change, s t i m u l a t i n g so t h e 
s e d i m e n t a t i o n p r o c e s s and r e d u c i n g e r o s i o n p r o c e s s e s . 
A n o t h e r o p t i o n which i s s t u d i e d a t t h e moment i s t h e a d d i ­
t i o n o f a p a r c e l l y i n g b e h i n d t h e d i k e , which was u n t i l t h e 
f i f t i e s p a r t of t h e marsh. 
T h i s o p t i o n i s a p a r t of an i n t e r n a t i o n a l programme wh i c h 
has t o m i n i m i z e t h e e c o l o g i c a l and m o r f o l o g i c a l e f f e c t s o f 
t h e deepening of t h e r i v e r S c h e l d e , which w i l l be c a r r i e d 
out n e x t y e a r . A l l marsh, mud f l a t and p l a t e a r e a s l o s t due 
t o t h e deepening and r e l a t e d i n c r e a s e i n e r o s i o n w i l l be 
r e s t o r e d . 
A l l r e s u l t s o b t a i n e d i n t h e m o n i t o r i n g w i l l d i r e c t l y be 
used i n t h i s programme. 
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Waarde 

The marsh o f Waarde i s s i t u a t e d i n t h e b r a c k i s h p a r t o f t h e 
W e s t e r s c h e l d e . Waarde i s a r e c o g n i s e d and p r o t e c t e d 
n a t i o n a l ' n a t u r e ' a r e a , t h e v e g e t a t i o n i s v e r y d i v e r s e , 
t y p i c a l l y c o a s t a l s p e c i e s o c c u r t o g e t h e r w i t h more i n l a n d 
t y p e s (see Appendix I V ) . The marsh and mud f l a t s a r e i n t e n ­
s i v e l y used by d i f f e r e n t b i r d s p e c i e s . 
The marsh has been showing h i g h e r o s i o n r a t e s s i n c e 1988. 
The marsh s u r f a c e i s d e c r e a s i n g w i t h about 0.4 ha. each 
y e a r . E x a c t d a t a on t h e e r o s i o n r a t e s a r e not known. Some 
g e n e r a l m o n i t o r i n g i s b e i n g c a r r i e d o u t a t t h e moment, t h e 
r e s u l t s o f w h i c h w i l l be used. 
On t h i s l o c a t i o n , a l s o a p r o j e c t c o u l d be r e a l i z e d on 
b e h a l f o f t h e above mentioned programme. The r e s u l t s o f t h e 
m o n i t o r i n g i n t h e mars p r o j e c t w i l l p o s s i b l y have a d i r e c t 
feedback t o w a r d s e r o s i o n r e d u c i n g measures. 

Paulinapolder 

The marsh near P a u l i n a p o l d e r i s one o f t h e few marshes w i t h 
a s i g n i f i c a n t a r e a i n t h e marine p a r t o f t h e W e s t e r s c h e l d e . 
The v e g e t a t i o n i s v e r y d i v e r s e , t y p i c a l f o r a s a l t marsh, 
communities l i k e Suaedetum maritimae and Halimonetum portu-
lacoidis. The v e g e t a t i v e c o v e r shows a mosaic formed s t r u c ­
t u r e ( S c h a i k e t al.,1988) 
The e r o s i o n p r o c e s s e s i n t h i s marsh a r e d i f f e r e n t compared 
t o t h e o t h e r t h r e e , b o t h e r o s i o n and a c c u m u l a t i o n p r o c e s s e s 
o c c u r a l o n g t h e marsh edge on d i f f e r e n t p l a c e s (Tank, 
1994) . 
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These p a r a m e t e r s w i l l be measured: 

-Height determination of the marsh, i t s c l i f f and the 
t i d a l f l a t . (GPS, Sondings, i n c l u d e d i n a s p e c i a l 
h a b i t a t mapping p r o j e c t , 1996) . 

-Current v e l o c i t i e s , a frame w i l l be made and t h e 
measurements w i l l be c a r r i e d o u t d u r i n g a t l e a s t one 
week. Measurements d u r i n g a s p r i n g t i d e a r e n e c e s s a r y 
(March/ A p r i l 1996). 

-Flow l i n e measurements, u s i n g f l o a t e r s t h e f l o w l i n e s 
a t d i f f e r e n t depths w i l l be d e t e r m i n e d (March/ A p r i l 
1996). 

-Sediment composition on t h e f l a t s w i l l be d e t e r m i n e d 
u s i n g samples which w i l l be examined i n t h e l a b o r a t o r y 
(March/April 1996). 

-Determination of the sediment p r o f i l e at several mars­
hes (for location of the sand layer) i n o r d e r t o know 
a t what depth a c o n s t r u c t i o n s h o u l d be b u i l d . F i r s t 
t h e g e o l o g y a t t h e c o n s i d e r e d s i t e s w i l l be d e t e r m i n e d , 
w i l l be c a r r i e d out (March/April 1996). 

-The wave impact on t h e marsh/swallow w i l l be measured 
under d i f f e r e n t c i r c u m s t a n c e s (wind d i r e c t i o n s and 
v e l o c i t i e s ) a t t h e s i t e s (March/April 1996) . 
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4.3.4 Finances 

The f i n a n c i a l s c h e d u l e of t h e s i t e s p e c i f i c m o n i t o r i n g i s 
s e t up i n c o o p e r a t i o n w i t h t h e measuring s e r v i c e (Meet­
d i e n s t AXM) . 

Personnel 
F i e l d m e a s u r i n g s e r v i c e c o s t s about D f l 150.- an hour, 65 
hours t i m e s 150 g i v e s D f l 4950.-. 

Material 
A boatday i n c l u d i n g p e r s o n n e l c o s t s ± D f l 2500.- p e r day. 
To complete t h e d i f f e r e n t measurements t h e t o t a l amount o f 
42 boatdays i s r e q u i r e d . Each boatday i s about D f l 2500.-, 
so 42 days make D f l 105.000.-. 
D f l 30.000.- i s needed t o make t h e d i f f e r e n t c o n s t r u c t i o n s 
t o measure t h e c u r r e n t v e l o c i t i e s . 
T o g e t h e r m a t e r i a l c o s t s a r e D f l 135.000.-. 

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

C o s t s i n D f l 

(x 1000) 

P e r s o n n e l M a t e r i a l / 
Boatdays 

T o t a l 

Marsh & F l a t 
hight 

15 15 

Current ve­
l o c i t i e s 

65 65 

Flow l i n e 20 20 
Sedim. comp. 5 5 
Geology 15 15 
Wave impact 20 20 
Total 5 135 140 

C o s t s s c h e d u l e f o r t h e ' s i t e s p e c i f i c m o n i t o r i n g ' a t t h e 
f o u r l o c a t i o n s . T o t a l c o s t s a r e e s t i m a t e d a t 
± D f l 140.000.-. 
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5 Planning and finances. 

5.1 Overview o f a c t i v i t i e s and p r o d u c t s . 

Phase I (1995 & 1996): 

Realization 
schedule 

A c t i v i t y Product 

O c t o b e r / 
Decemberl995 

N a v i g a t i o n Channel 
P r o t e c t i o n . Data 

December/ 
J a n u a r y 
1996 

i n t e r p r e t / w r i t i n g Na­
v i g a t i o n Channel P r o ­
t e c t i o n . 

R e p o r t 

J a n u a r y / 
May 1996 

R e s t o r a t i o n 
' S l u f t e r b i j K a l o o t ' 

R e s t o r e d 
n a t u r a l a r e a 

March / 
May 1996 

' S i t e S p e c i f i c 
M o n i t o r i n g ' Data 

May / 
December 
1996 

W r i t i n g r e s u l t s 
' S l u f t e r b i j K a l o o t 1 R e p o r t 

J u l y / 
December 
1996 

Data i n t e r p r e t . + w r i ­
t i n g ' S i t e S p e c i f i c 
M o n i t o r i n g 1. 

Re p o r t 

27 



Marsh Amelioration along the 
River Schelde 

5.2 Overview f i n a n c e s . 

I n phase I , t h e t o t a l p r o j e c t expenses f o r MARS a r e 844.440 
ECU, the t o t a l f i n a n c i a l s u p p o r t i s 380.000 ECU, l e a v i n g 
464.440 ECU as the own expenses f o r t h e p a r t n e r s . 
The expenses i n the N e t h e r l a n d s a r e 89.522 ECU (± 13 % o f 
t o t a l i n phase I) and t h e s u p p o r t i s 40.285 ECU. 

The f i g u r e s and c a l c u l a t i o n s i n t h i s document, have been 
done i n Dutch g u i l d e r s due t o the s t a n d a r d amounts w h i c h 
a r e used by t h e d i f f e r e n t s e r v i c e s . 

Phase I, general overview Finances (In D f l . - ) . 
Including the d i f f e r e n t categories i n what kind of a c t i v i t y 
what amount of money i s spend. 

In the f i r s t phase, the t o t a l amount of expenses for The 
Netherlands calculated i n Dutch f l o r i n s are estimated at 
about D f l 195 . 000 . - . 
The f i n a n c i a l support by the European Community within the 
LIFE '94 program i s 45 % which i s D f l 87.750.-. 

I n the c o n t r a c t the P r o v i s i o n a l summary breakdown o f expen­
ses f o r t h e N e t h e r l a n d s t h e c a t e g o r i e s from " D e t a i l e d 
r e s o u r c e s a l l o c a t i o n " a r e g i v e n . (LIFE c o n t r a c t page 10). 

D i s t r i b u t i o n of expenses i n Phase I. 

D i v i s i o n s c h e d u l e of t o t a l c o s t s i n phase I f o r t h e N e t h e r ­
l a n d s ( f o r c a t e g o r i e s see LIF1 c o n t r a c t page 1 0 ) . 
Co s t s i n 
D f l . - x 
1000 

' S l u f t e r 
K a l o o t ' 

N a v i g a t i o n 

Channel 

S i t e S p e c i ­
f i c M o n i t o ­
r i n g ' 

T o t a l 

A l — 28 — 28 
C3 15 — 15 
F4 _ 30 30 
F5 — 3 — 3 
F l 9 110 119 
Total 24 31 140 195 
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Phase I t o t a l : 

R e s t o r a t i o n ' S l u f t e r b i j K a l o o t 1 : D f l 24.000.- / 11.009 ECU 
' N a v i g a t i o n Channel P r o t e c t i o n 1 : D f l 31.000.- / 14.222 ECU 
• S i t e S p e c i f i c M o n i t o r i n g ' : D f l 140.000.- / 64.291 ECU 

F i n a n c e s T o t a l Phase I : D f l 195.000.- / 89.522 ECU 
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Appendix V 

A characteristic slufter mouth (Photo Gelderen & Loffler, 1994). 

Some typical species for a marine Slufter/Marsh (Limonium vulgare, Salicornia 
europae and Artemisia maritima). (Photo Meire, Hoffmann and Ysebaert). 

Location 'Slufter bij Kaloot' (Photo RWS. Meetkundige Dienst Afdeling Grafische Technieken). 




