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H. Engel 

Before human in te r fe rence  i n  t h e  Del ta  of the  South-West Netherlands, 

the  hydro-ecological r e l a t i o n s  i n  the  waters of this Delta were taken 

very much f o r  granted. A s  a r e s u l t  of the  man-made changes, these  

na tu ra l  r e l a t i o n s  disappeared. The construction of the  Delta Works 

completely a l t e red  the  face of the Delta. This was not the  f i r s t  

occasion on which the  r e l a t i o n s  between the  waters of t h e  Delta had 

been affected.  Take f o r  example the  construction of the  Sloe Dam and 

Kreekrak Den i n  the  l a t t e r  half  of t h e  19th centurp, which resul ted  i n  

t h e  10s. of t h e  connection between the  Eastern and Western Scheldt. 

Nevertheless, the  Delta i n  its present form is largely  the  brair ,child 

of hydraulic engineers of t h e  l a t t e r  hal f  of the  present century. 

The o r i g i n a l  Delta Project  t r ea ted  the  Delta as a s i n g l e  e n t i t y ,  hut 

purely from the  poine of view of sa fe ty  and water control .  A t  t h a t  

time t h e  i n t e g r a l  approach of ecoldgical  i n t e r e s t s  had y e t  t o  he 

deaeloped. Although ecological  considerations have gained i n  

importance over the  years ,  the  present compartmentalization of the  

Delta i s  s t i l l  t o  a great  extent the  product of the  o r i g i n a l  Delta 

Project .  

The completion of t h e  water management i n f r a s t r a c t u r e  of t he  Del ta  

marks, f o r  the  time being a t  l e a s t ,  t h e  end a£ an e r a  of major 

hydraulic p ro jec t s  i n  the  Delta. But while these  works were being 

ca r r i ed  out ,  a new e r a  had a l ready begun; one which centred on c a r e f u l  

supervis ion and responsible management of the  newly-created systems. 



This approach w i l l  put t o  use what has been learned about the 

behaviour of campartmentalized systems. If w e  sespond t o  changes by 

making Lnformed use of the scope for  control and regulatibn presented 

by the Delta Works, we can develop these new systems t o  their  f u l l  

potential .  



RIVER WATER AND TRE QUALITY OF THE DELTA WATERS 

L. Bijlsnra and J.W.M. Kuipers 

ABSTRACT 

Extensive hydraulic engineeting projects  have been carr ied out over the  

l a s t  25 years i n  t h e  Del ta  area fannod by the  r i v e r s  Rhine, Meuse and 

Scheldt. This has resul ted i n  p a r t s  of t h e  Delta being divided up 

(compartmenr%lized) while other  p a r t s  have been closed of f .  The time a t  

which many of the operations tnvolved i n  dividing up these areas were 

carr ied out coincided with a period during which the  pol lut ion i n  the  

three  r i v e r s  reached its maximurn l e v e l  (1970-1975). 

Micropollutants (heavy metals and organic compounds) became attached t o  

t h e  f i n e s  i n  t h e  sediment ca r l i ed  by the  r ive r s ,  and t h i s  led t o  the 

Delta region a l so  being affected by these contaminants. Rowever, 

because of campartmentalization c e r t a i n  areas ,  namely Lake Grevelingen 

and the t i d a l  bas in  of the  Eastern Scheldt. escaped the wave of 

pollution. The q u a n t i t i e s  of nricropollutants i n  these  a reas  a r e  very 

c lose  CO na tu ra l  background levels .  The explanation f o r  t h i s  is  t h a t  

t h e  compartmentaliaation of these a reas  was completed before the 

pol lut ion i n  the  Rhine ana Meuse reached such high l eve l s .  

In contras t ,  the  c losure  of the  Haringvliet  estuary led t o  t h e  

formatioll of new sedimentatian areas  j u s t  p r io r  to  the  time a t  which 

the  po l lu t ion  i n  the  Rhine and Meuse reached a peak. Thus l ayers  of 

csntaminated mater ia l  have s e t t l e d  i n  these sedimentarion areas.  Almost 

30% of the t o t a l  adlount of s i l t  transported by the  r i v e r s  Rhine and 

Meuse i a  deposited in these areas.  



Esruaries that have not been influenced by closure operations can also 

undergo significant temporary sedimentation effecta. An example of this 

is the Land of Saeftinghe in the Western Scheldt estuary. As a result 

of a rise in the sea level and a deepening of the shipping channel, the 

difference between low and hegher water bap, increased which, in turn, 

has resulted in a significantly greater depoeition of silt on the 

mudflats and salt marshes. Almost 25%: of the silt transported by the 

rivet Scheldt settles in these areas. 

Although relatively little is known about the effects that contaminated 

beds have on the aquatic ecosystem, there are clear signs that 

ecological cowuities which are directly dependent on the river bed 

environment can be disrupted. Iu addition, the amounts of pollutants 

found in certain organisms and ~lants now exceed the maximum acceptable 

levels for human consumption. F-ture clean-up operations could be 

considered for the contaminated sedimentation areas when the level of 

pallution from discharges into the river basins has been sufficiently 

reduced. In view of the scale and extent of the sedimentation layer 

concerned, no solutions have yet been found to this prablem. 

The Delta region of the South-West Netherlands has been the scene of 

many extensive hydraulie engineering projects over the last few decades 

(Fig, 1). These operations Were largely a reactian to the storm tide 

disaster of 1953, in which large areas of the Delta region were 

inmeated. The plans which were drawn up after this catastrophe and 

which have now been implemented were primarily concerned with 

protecting the region against flooding. In addition, the plans also 

addressed specific water management objectives, in particular the need 

to control the problems of salinization. The basic approach was to 

close off the tidal gullies in the Delta and to create a series of 

freshvater lakes behind the dams. 
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Figure 1 The Delta Plan 

During the construction phase i t  was real ised that  it would be 

extremely undesirable t o  lose altogether the unique saltwater t i d a l  

systam tha t  existed i n  t h i s  region. Consequently, a decision was taken 

i n  the 1970's not t o  c lose off the  Eastern Scheldt t i d a l  basin a s  had 

or ig ina l ly  been intended, but CO i n s r s l l  a storm surge bar r ie r  instead. 

This meant that  the safety of the  region wuld he quaranteed while 

sti l l  preserving the essen t ia l  character of a saltwater t i d a l  system. 

While construction work on the Delta Project was i n  progress, pollution 

from the major r i r e r s  i n  the region rose t o  maximum levels.  This 

created a fur ther  problem. Closure of the estuar ies  has disturbed the 

morphological balance and led t o  the  formation of new sedimentation 

areas. The qual i ty  of the  lake and r iver  beds i n  the new sedimentation 

areas  deteriorated rapidly as the  suspended sediment carried by the 

water of the m a j o r  r i ve r s  contained micropollutanfs such a s  heavy 

metals and organic compounds. 



2 CHANGES IN TFIE DELTA 

The Delta area was formed by the interaction of the rivers Rhine, Meuse 

and Scheldt and the tidal movements of the North Sea. The average 

discharges from the Rhine, Meuse and Saheldt are 2200 m5/sec, 

260 m3Jsec and l00 m3/sec respectively. The original discharge 

distribution over the tidal gullies, prier to the Delta Project 

closures, is given in Figure 2. In the period before 1965, the 

influence of the Rhine and Mense extended to the Eastern Scheldt 

estuary. At that time the Delta wag in a state approaching 

morphological equilibrium. Until 1970. the amount of sand and silt 

brought down by the rivers Rhine and Meuse was roughly equal to that 

Figure 2 Discharge distribution over the major rivers 1965 (values 

in m3/sec) 



discharged through the mouths of the estuar ies  t o  the North 

However, loca l  var ia t ions were apparent, with fur ther  erosion taking 

place i n  the deeper t i d a l  gu l l i es  and corresponding increases i n  

sedimentation occurring i n  the  shallows. Moreover, sea-bome sediment 

was deposited i n  the western par t  of the Delta. The f i ne r  type of 

f l uv i a l  sediment was only deposited i n  more sheltered locations, with 

the majority of i t  floving through te the North Sea. Under the 

influence of the  paevailing long-shore current t h i s  f ine  f l u v i a l  

sediment was carried northwards, where sme of i t  was d e p ~ s i t e d  in the 

Wadden Sea, an extensive wetland area i n  the north of the Netherlands. 

Successive closures i n  the  Delta area prodticed changes i n  the flow 

dis t r ibut ion,  while flow r a t e s  tended to decline a s  a resu l t  of the  

complete o r  pa r t i a l  l o s s  of t i d a l  motion. This led t o  the formation of 

new sedimeatation areas within the Delta region. By 1965 the cen t ra l  

section of the Delta was no longer subject t o  the  influence of  the  

Rhine and Meuse. In  1965 and 1969 respectively the Grevelingan and 

Eastern Scheldt es tua i ies  were effect ively decaupled from these two 

r ivers .  The closure of the Haringvliet estuary i n  the  northern section 

of the Delta had the effect  of reducing t i d a l  motion over the whole of 

t h i s  area. I n  the south, the Vestern Scheldt estuary remained largely 

unchanged, although the  sand bars i n  the  estuary were dug out in the 

1970's t o  improve the shipping roure t o  Antwerp (Belgium). Final ly ,  i n  

1987, work i n  the eastern par t  of the  Delta led t o  the formation of a 

separate freshwater lake (Lake Zoom) i n  the Eastern Scheldt, with the 

specif ic  aim uf iimpoving water supplies f o r  agt icul tural  purposes. 

Lake Zoom i s  being flushed out with fresh water from the Hollands Diep. 

The overal l  effect  of a l l  these hydraulic engineering projects  has been 

to change s ignif icant ly  the d i s t r i h t i o n  of r i ve r  water, which has had 

implications f o r  the transport of f l uv i a l  sediment. Recent measurements 

of the  transport of f i ne  f l uv i a l  sediments are  shown i n  terms of tons 

per year i n  Figure 3. This f igure also gives the  yearly accumulation of 

r i ve r  sediment a t  par t i cu la r  locations. Region I represents the 

southern lower reaches of the Rhfne and the lower reaches of the Meuse. 

Following the closure of the Haringvliet estuary, flow r a t e s  i n  the 



a r ea  declined considerably, leading t o  extensive sedimentation. This 

has caused an inner de l ta  t o  form a t  t h i s  location, which is gradually 

moving i n  a westerly direct ion.  I n  the case of Region 11, the 

Haringvliet, closure has led t o  a th in  layer of silt being deposited 

over t h i s  area. 

From 1987 onwards, a new sedimentation area i s  developing i n  Lake Zom 

(Region 111). The sedimentation i n  t h i s  region is essen t ia l ly  s imilat  

t o  that  fouad i n  the Elaringvliet area and w i l l  mainly consist of silt. 

Finally,  colbparisons can be made with the  sedimentation area in the 

Western Scheldt (Region IV). In Ehis region mast of the silt carried by 

cldsurs dam 

water rnansgemwll sluice 

..IY.~v 1700 sededlmenlal~on reglon 

3 I .  number M the regron 

200: Sedrmental~on in 
l000 Ions r year 

Figure 3 Transport r a t e s  of f i ne  f l uv i a l  sediments 1987 (valuecl i n  

1000 tans p .a . )  



the  r i v e r  Scheldt is deposited i n  t h e  mudflars known a s  r b e  Land of 

Saef tipghe, 

The sedimentation areas  r e fe r red  t o  above w i l l  be discussed fu r the r  i n  

t h e  following sect ions .  

THE QUALITY OF RIVER SEDTMENTS 

Fram the  tu rn  of t he  century onwards, pol lu t ion i n  the  Rhine, Meuse and 

Scheldt basins increased rapidly  a s  a r e s u l t  of i n d u s t r i a l  expawion 

and fu r the r  population srowth (Salamone, 1981). The mount  of pol lu t ion 

i n  these areas  continued t o  increase  u n t i l  mexiaum l e v e l s  were reached 

during t h e  period 1970-1935. A s  a consequence l a r g e  amounts of heavy 

metals and organic compounds have become attached t o  t h e  r i v e r  

sediment. 

In order t q  monitor t h e  s i t u a t i o n  ovet t h e  last few decades, the 

assacia ted l e v e l s  have been aeasured at the points  where t h e  thrEe 

r i v e r s  cross t he  borders. A de ta i l ed  discussSon sf t he  d i s t r i b u t i o n  

and changes i n  the  l eve l s  of a l l  the  substances t h a t  a r e  monitored is 

beyond the  scope of the  present paper. It has therefore  been decided t o  

consider the  example of the  heavy metal cadmium a s  a mean of 

i l l u s t r a t i n g  t h e  subject .  This metal  can be regarded a s  a t r a c e r  fo r  

o ther  pol lu tants .  The change i n  associated cadmium leve l s  measured i n  

suspended sediment i s  shown as a funct ion of time i n  Figure 4. By using 

da ta  from core samples taken from olden sediments it has been poss ible  

t o  reconstruct  the  build-up of pol lut ion in the Rhine in the  f i r s t  p a r t  

of thxs  century. F ~ l l o w l n g  the  peak years  of the  eazly  1970's, clean-up 

measures in  t h e  Rhine basin have l e d  t o  a spectacular  reduct ioa  i n  t h e  

amount of cadmium pal lu t ion.  Concentrations have now been reduced t o  

those of the  he&innirrg of t h i s  century. In  the  case of t h e  risers Meuse 

and Scheldt,  more tnoderate reductions in contamiaation l e v e l s  have been 

detected.  

I f  the  upward trend i n  the  waoe of pol lu t ion i n  t h e  major r i v e r s  i s  

compared with t h e  sequence of c losure  operations involved i n  the  Delta 



Plan, then it is apparent t h a t  t h e  separation of the  Grevelingen and 

Eastern Scheldt e s tua r ies  occurred p r io r  t o  the  peak po l lu t i an  years  of 

the ear ly  seventies.  The formation of sedimentation regions I and 11, a 

r e s u l t  of t h e  c losure  of the  Haringvliet ,  took place immediately before 

the major wave of po l lu t ion  occurred, while sedimentation region 111, 

which w i l l  be  created by t h e  f lushing operations of Lake Zoom, w i l l  be 

affected now t h a t  contamination l eve l s  have been g rea t ly  reduced. 

Figure 4 Associated cadmium i n  suspended r i v e r  sedirnents a t  the points 

where the  r i v e r s  Rhine, Meuse and Scheldt cross the border 



Cormorant (Phalacrocorax carbo),  a fish eating b i r d  

Volkerak dam and locks 



Tidal flats of the Eastern Scheldt with "golddiggers" 

Flounder (Platichthys flesus) with abscesses 



4 TEE QUALITY OF LAKE BED AND BITER BED SEDIMENTS IN TRE 

SEDIMENTATION AREAS 

The series of events, described above, has produced differences in the 

quality of lake beds and river beds in the sedimentation areas 

(Salomons, et al. 1981; Beefting, et al, 1982). The situation regarding 

cadmium levels is illustrated in Figure 5. A regression analysis has 

been used in order to compare the meaeured concentrations in the 

various samples. 

Roff.rd.m L.k 
w.1.rw.y 

R",". 

l 
a full circle represents 
40 mg/kg cadm~um 

Figure 5 Cadmium concentrations in river bed sediments converted to 

an equivalent 50%-16 ym top lager (1986 levels). 

A relationship has been established between the measured concentration 

and the proportion of fines leas than 16 ym in the sediment. It was 



 erefo fore possible to convert the absolute measured concentrations to 

an equivalent concentration that would be expected in a standard river 

bed with 50% of the grain fraction less than 16 um. 

The separation of the Eastern Scheldt and Lake Erevelingen from the 

water flowing in the rivers Rhine and Meuse has resulted in remaining 

extremely low concentrations in these areas. The values found in the 

Eastern Scheldt are thought to approximate to natural badaround 

levels. The concentration in Lake Grevelingen is knom to be somewhat 

higher. Unlike the Eastern Scheldt, this lake became stagnant after its 

closnre. As a consequenue, there is less interaction between the water 

in the lake and the bed deposits (resuspension) in Lake Erevelingen 

than in the Eastern Scheldt. This explains why the concentration of 

contaminants in this lake still approaches the pre-1965 values. 

Xhe lake beds and river beds in the sedimentation areas in the northern 

part of the Delta are heavily pelluted. In the eastern part (Nienwe 

MerwedefAmer) high Contamination levels have been detected, affecting a 

layer at least 2 metres thick. This material was deposited between 1970 

and 1975. As an equilibrium has now developed between the hydraulic and 

marphological processes. it is unlikely that this layer will be covered 

by new sediments in the future. 

The central section of the Delta (Eollands Diep) has a thick layer of 

less polluted river sediment that was deposited in the years after 

1975. Eowever, more contaminated material fram the 1970-1975 period is 

contained below this layer. Underneath these layers can be found 

estuarine sediments from the period befo~e 1970. The different layers 

referred to above can be clearly distinguished f r m  core samples taken 

fram the area (Fig. 6). It is recognized that the qualiry of the top 

layer of sediment wlll improve as the quality of the surface water 

improves. 



L..d content in p.p.m. 

Figure 6 Contaninatlon in the Rollands Diep. The recently deposited 

contaminated layer can be clearly distinguished by the lead 

content. 

A relatively thin layer of polluted sediments (less than 0.1 m) is to 

be found in the western section of the Delta (Haringvliet) above older, 

mainly marine sediments. As sedimentation in this region takes place 

extremely slowly, no significant changes are expected in the near 

future (Fig. 7), although in the long term the quality of the top layer 

will improve as the main area of sedimentation shifts westward 

(Rijksvaterstaat, 1987). 



Figure 7 Changes in the cadmium content of the Rhine water (U) and in 

river bed sediment from the Haringvliet (H) oeer the period 

1971-1983 

As flushing operatlans are mly sehe4uled $0 comence in 1987,  the 

quality of the sediment in Lake Zoorn is still the same as that found in 

other parts of the Eastern Bcheldt. However, there is a small area 

behind the Volkerak loeks which has been affected by the influx of 

water from the Hollands Diep. For water management purposes it has been 

decided to restrict the flushing operations in Lake Zoom to a minimum 

(the salinity level in the lake will not exceed 400 mgll), to reduce 

the input of pollutants. 


































































































































































































































































































