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Dams in
the Delta
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The Monument
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The place where the Philips dam joins up with the Grevelingen dam is typical of the Delta works. It is a point where
three different water systems meet: the saltwater Grevelingenmeer, the freshwater Krammer/Volkerak and the estuary
of the Eastern Scheidt, each with its own environment and
its own function. The concrete anchor block, which was part
of the cableway used in the construction of the Grevelingen
dam, has been left as a monument to the new hydraulic
engineering techniques that have been developed. The
dams themselves symboiise the safety that the Delta Project
has brought to the southwest Netheriands.

More Information
A permanent exhibition on the Delta Project and the history
of flood defences in the Netherlands - the Delta Expo is housed in the Topshuis on the island Neeltje Jans in the
mouth of the Eastern Scheidt.
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e last dam in the Delta Project was completed in the
ng of 1987 and lies at the junction of the provinces of
land, North Brabant and South Holland. its completion
ed the end of thirty years' construction work on a chain
arns and other hydraulic engineering works to protect
the southwest Netherlands from flooding.

The Grevelingenmeer

The Haringvliet

•The construction of the Grevelingen dam (completed in
1965) entailed a more extertsive use of the seabed protection techniques that had been tested in the Zandkreek and
the Veerse Gat. The six-kilometre dam between SchouwenDuiveland and Goeree-Overflakkee crosses the channels on
either side of the Oude Tong sandbar. The section on the
sandbar itself was built by pumping sand onto it. The southern channel was dammed using the same type of small
caissons that had been used in the Zandkreek dam, but a
new technique was developed for the larger channel to the
north: a cableway was spanned across the channel and cable
cars tipped stone into the water.

The Volkerak dam separates the Hollandsch Diep and the
Haringvliet from the southern part of the Delta and prevents fresh water from the Rhine and the Maas flowing
southward. The Volkerak dam, completed in 1965, comprises
the Hellegatsplein, a dam extending to Goeree-Overflakkee
and a second dam with a large lock complex extending in
the direction of North Brabant. A road bridge has been built
from the Hellegatsplein to the Hoekse Waard. The dam to
Goeree-Overflakkee was built with pumped sand. Twelve
sluice caissons were needed to dam the southeastern channel.

A substantial part of the dam built across the Brouwershavense Gat, which forms the western boundary of the Grevelingenmeer, was also constructed on sandbars using the
pumping method. The northern channel was dammed with
sluice caissons. These remained open until the dam in the
southern channel, which was constructed using a cableway,
had risen well above the water level. Then the sluice gates
were closed and the dam across the two tidal channels was
completed using sand.
'The Brouwers dam was completed in 1971, and the area
behind it is now a lake, the Grevelingenmeer. The loss of the
tide and the gradual reduction in the salt content of the
water led to the death of many plants and animals. Within a
few years, though, nature adapted to the new conditions.
After a sluice had been constructed in the Brouwers dam to
allow water to flow between the Grevelingenmeer and the
North Sea, the lake developed into a very valuable area for
nature conservation, the fishing industry and recreational
purposes. A sluice has also been constructed in the Grevelingen Dam and the Grevelingenmeer can be 'flushed' with
water from the North Sea to keep the salt and oxygen content high.
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The Haringvliet dam on the western side of the Haringvliet
has two purposes. It must not only protect the waters
inland from high tides, but must also discharge excess water
from the Rhine and the Maas. The construction of the
4.5 kilometre Haringvliet dam therefore began with the
building of a large sluice complex. The 17 sluices can
discharge an enormous volume of water. Closing or opening
the sluices determines how much water has to be discharged by the alternative route via the New Waterway. By
channelling as much water as possible through the New
Waterway to the North Sea, saltwater is prevented from
penetrating deep inland and making the groundwater
saline. The sluice complex in the Haringvliet dam is called
the 'tap of the Netherlands' because of its vital significance
to the country's water management. The channel on the
southern side of the discharge sluices was dammed with
sand, and that on the northern side using the cableway
method. The dam was completed in 1971. There is now no
tide in the Haringvliet and it consist entirely of freshwater.

The Hollandse IJssel

The Veerse Meer

Engineers from the Public Works Department first turned
their attention to the Hollandse IJssel, a river with an open
passage to the sea via the Nieuwe Maas. A storm surge barrier was built at Krimpen to protect one of the lowest lying
and most densely populated areas of the Netherlands.
Under normal conditions, the gates of the barrier, which
was completed in 1958, are raised 12 metres above the
waterlevel, so that there is no obstruction to shipping. 1f the
tide rises to a dangerously high level, the gates can be lowered to dam the river. A lock allows ships to travel up or
downstream when the barrier is closed.

After the storm surge barrier in the Hollandse IJssel was
completed, a start was made on the first major dams in the
turbulent tidal inlets. In line with the principle of working
from small to large, the first project was the Three Islands
Project, which entailed the construction of dams in the
Zandkreek between North and South Beveland and in the
Veerse Gat between North Beveland and Walcheren. During
the construction of the Zandkreek dam asphalt was used for
the first time to cover the silI which would support the caissons, huge concrete structures which can be positioned
quickly to dam the tidal inlet. The Zandkreek dam was cornpleted in 1960.
The seven caissons used a year later to dam the Veerse Gat
were even larger. Sluices in the caissons allowed the tide to
ebb and flow without obstruction. This prevented the current from becoming too strong while the mouth of the
channel was gradually being dammed. When all seven were
in position the steel sluice gates were closed simultaneously
and the caissons filled with sand. A substantial part of the
dam had already been built on a sandbar in the Veerse Gat
by pumping sand onto it. The Veerse Meer, the lake formed
after the dam was completed, is partly brackish due to dilution by rainwater. Land that has been reclaimed is now used
for farming or recreational purposes and a few sandbars
have been left entirely to nature.

The vulnerability of the Netherlands

The Delta Project

Over half of the Netherlands lies below sea level. Just how
vulnerable the country is to flooding was demonstrated on the
night of 1 February 1953. The combination of a spring tide
and a persistent, violent northwesterly storm recreated on a
particularly large scale an event which happened many
times over the centuries. Waves destroyed the dykes and the
sea rushed into the polders. The results were catastrophic:
1835 people drowned and many thousands of cows, horses,
pigs and chickens were killed. The fl9ods destroyed 47000
homes, as well as schoois, churches and other buildings. Approximately 500 kilometres of dykes were completely or partially
destroyed and 200000 hectares of land was flooded. The bardest hit areas were the province of Zeeland, the southern part
of South Holland and the western part of North Brabant.

The outcome of this determination was the Delta Project.
The Project's principal goal was to improve the safety of the
southwest Netherlands by considerably shortening and reinforcing the coastline. It was decided that dams should be
constructed across inlets and estuaries, considerably reducing
the possibility of the sea surging into the land once more.
Freshwater lakes would form behind them. Roads along the
dams would improve access to the islands of Zeeland and
South Holland. Dams could not be constructed across the New
Waterway or the Western ScheIdt, as these important shipping
routes to the seaports of Rotterdam and Antwerp had to be
kept open. The safety of these areas was to be guaranteed by
substantially reinforcing the dykes.

The bewilderment and shock feit by people in the rest of the
Nietherlands when they learnt of the extent of the flooding
soon gave way to determination, and great efforts were made
to reseal the breached dykes. The last breach, near Ouwerkerk
on Schouwen-Duiveland, was resealed at the beginning of
November1953. Rarely have the people of the Netherlands
been so united as when they decided that such a catastrophe
should never happen again.

In the early 1970s the realization grew that it was important tc
preserve as much of the natural environment as possible, and
this point of view has left its mark on the Delta Project. As a
result the original plans were changed: not all of the inlets,
distributaries and estuaries between the Western ScheIdt and
the New Waterway have been transformed into freshwater
lakes as was initially intended; there are now very distinct
water systems, each with its own characteristic function.
You can now drive along the roads constructed on top of the
dams and visit all the major Delta works and water systems in
a single day. It does not matter where your journey begins or
which direction you take. There is no systematic route one
could follow to visit the dams and barriers in the same
sequence in which the project was carried Out. Yet the Delta
Project was carried out in anythingbut a random order. Work
began on the relatively simpler parts, so that the experience
gained could be used during the construction of larger, more
difficult dams across inlets and estuaries with strong tidal currents. That was how the Delta works progressed: new hydraulic engineering techniques were first applied on a small scale
and then used in the larger projects.
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The Delta Project is one of the largest hydraulic engineering
projects that has ever been carried out anywhere in the world
New hydraulic engineering techniques were gradually develop
ed for the construction of the eleven dams and barriers of
various sizes which were built over a period of thirty years.
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The Eastern Scheidt

The Storm Surge Barrier

While the Haringvliet dam and the Brouwers dam were nearing completion, preparations had already begun for the
construction of the dam across the mouth of the Eastern
Scheidt, the last, largest and also most complex part of the
Delta Project. Three islands were constructed: Roggenpiaat,
Neeltje Jans and Noordiand. A pumped sand dam was built
between the latter two. In the remaining channeis the first
steel towers were built for the cableway, as it was planned
to dam the Eastern Scheidt using this weli-tried method.
its compietion date was set for 1978.

A compromise was reached in 1976: a storm surge barrier,
which would stay open under normal conditions but which
could be closed at very high tides. The construction of the
storm surge barrier meant a break with the policy that the
Public Works Department and the hydraulic engineering
contractors in the Netheriands had pursued in working from
small to large and from reiatively simple to complex. The
storm surge barrier needed expertise that had yet to be
developed and experience that had yet to be gained. Extensive research was carried out to determine the feasibiiity of
building the storm surge barrier, taking full account of the
interests of the environment, flood protection, and the
fishing and shipping industries.
The actual construction of the storm surge barrier also had
to be thoroughiy studied. The solution was a barrier consisting of pre-fabricated concrete and steel components that
were assembied in the three channels at the mouth of the
Eastern Scheidt. 65 colossal concrete piers from the barrier's
backbone. A stone sili and a concrete sili beam were piaced
between each of the piers, and the openings could be closed
with steel gates. Concrete box girders were piaced on top of
the piers to form a road deck.

At the end of the 1960s however protests were voiced
about the project. Scientists became aware of the special
significance of the flora and fauna in and around the
Eastern Scheidt. The sandbars and mud flats exposed at low
tide are important feeding grounds for birds, and the
estuary is a nursery for fish from the North Sea. Fishermen
and action groups made sure that the scientific findings
were heard by the government and parliament. A heated
debate flared up. Opponents of the dam believed that the
safety of the region could be guaranteed by raising the
height of the dykes aiong the Eastern Scheidt. The inlet
would then remain open and saline. The equally vigorous
supporters of the solid dam, for example agricultural and
water boards, appeaied to the emotions of the Zeelanders,
asking whether the consequences of the fiood disaster of
1953, had already been forgotten.

The seabed also needed special consideration. A new technique was required to prevent the strong current in the
mouth of the river from washing away the sand on which
the piers were to stand. The solution was to place the piers
on mattresses filied with graded layers of sand and gravel
which would allow water to flow through but trap the sand.
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The Zoommeer
The construction of the storm surge barrier also required
the development of special equipment. The 'Mytilus' made
its appearance in the estuary to compact the seabed, followed by the 'Jan Heijmans' which laid asphalt and dumped
stones, the 'Cardium' which positioned the mattress. the
'Ostrea' to lift, transport and position the piers and the
mooring and cleaning pontoon 'Macoma'. These are very
special ships designed for just one purpose: to construct the
storm surge barrier. New measuring instruments and computer programs were also developed, so that engineers
working 30 to 40 metres below the surface could position
components with such precision that the maximum error
would be just one centimetre.
The Cardium laid the first mattress in November 1982 and
the Ostrea placed the first pier in August 1983. Work progressed quickly. There were virtually no technical setbacks;
only the cost turned out to be higher than expected. The
storm surge barrier was 300/o more expensive than estimated. On 4 October 1986 Her Majesty Queen Beatrix officially
opened the storm surge barrier. The Eastern Scheidt has
remained open and flood protection has been achieved. On
average the barrier has to be ciosed once a year because of
storms.

The storm surge barrier has narrowed the mouth of the
Eastern Scheidt, and less water now enters and leaves the
estuary with the tide. Special measures had to be taken to
ensure that this reduction in tidal movement would not lead
to a serious reduction in the difference between the high
and low water levels. Partly for this reason two dams were
built in the Eastern Scheidt iniand of the storm surge barrier.
These reduced the area of the estuary and ensured an adequate tidai range despite the construction of the storm
-surge barrier. Behind these two dams, the Oester dam and
•the Philips dam, an area of fresh water has formed with a
permanent water level, the long Krammer/Voikerak and the
Zoommeer. Another reason for constructing the Oester and
Philips dams was that shipping on this important route
would no longer be affected by tidai movements. Furthermore, these dams prevent fresh water from entering the
salt water of the Eastern Scheidt. The size of the Zoommeer
was reduced by the compietion of the Markiezaat dyke in
1983 and a canai was excavated to discharge excess fresh
water from the lake into the Western Scheidt. The protection provided by the Storm surge barrier aliowed the Oester
dam and the Philips dam to be constructed entirely of sand.
Tidal currents in the estuary can largeiy be eliminated by
ciosing the barrier's gates. The Oester dam was compieted
in 1986 and the Philips dam in the foiiowing year. The PhiEi lips dam has an unusual lock complex with a sait/freshwater
separation system that prevents sait water entering the
freshwater lake and fresh water entering the Eastern
Scheidt whenever a ship passes through the iocks.
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