Our flood defences

Working on storm safety

A land of water
A large proportion of the Netherlands lies below sea level. A great many big
rivers empty into the sea. Moreover, the sea level is rising, the ground is sinking
in many parts of the country and, because of climate change, we are increasingly
faced with storms, heavy rain and high water levels. So protection against
flooding remains of vital importance. For millions of Dutch people and for our
economy. Rijkswaterstaat monitors water levels along the coast, and in rivers
and lakes. We provide timely warning of storms and high water levels so that
water authorities can take action before there is a real danger. If necessary,
we close the storm surge barriers. This is how – together with other water
authorities like water authorities, provinces and municipalities – we work on
protecting the Netherlands against flooding. And ensure that our country
remains the safest delta in the world.

2 | Rijkswaterstaat

Storm surge barriers
Primary flood barriers such as dikes protect the Netherlands
from water from the sea, large rivers and lakes. Storm surge
barriers are enormous, movable flood defences that work with
dikes to protect multiple areas, including a large number of
primary flood barriers behind them. This makes it unnecessary
to further raise the level of dikes behind the storm surge barriers.
Rijkswaterstaat manages five storm surge barriers. In addition,
one barrier is managed by the Rivierenland water authority.
These are technically sophisticated structures that all work in
different ways to counteract high water levels.

Protection against storms
through the centuries
The battle against the water began when the first inhabitants
settled in the Netherlands. By the early Middle Ages, our
country already had primitive dikes to protect it from the sea.
Not a century went by without our country being afflicted by
flooding. For example, between 1000 and 1953, there were
111 severe and less severe storms in the West Netherlands.
They bore names like the Sint Aechtenvloed (1288),
Sint Elisabethvloed (1421), Sint Felixvloed (1530) and the
Allerheiligenvloed or All Saints’ Flood (1570). They claimed
many victims and large areas of land vanished into the sea.
There were floods in the Netherlands right up to the twentieth
century: in 1906, 1916 and 1953. To prevent flooding, in 1932 we
built the Afsluitdijk, which closes off the Zuiderzee (now called
the IJsselmeer) from the North Sea. On the advice of the Delta
Commission, Rijkswaterstaat began building the Netherlands’
biggest defence system against flooding: the Delta Works.
In 1997, the last of a total of thirteen dams and storm surge
barriers was completed. In 2014, the Minister of Infrastructure
and the Environment presented a new Delta Programme,
which included new requirements for flood defences and basic
safety for everyone living behind a dike. This reduced the risk
of death through flooding to less than 1:100.000 per year.

How they work
Although all of the barriers look different to each other and are
technically different, they all operate in the same way. When
the water rises to a particular level, the barrier is closed, either
automatically or manually. This means that the water on one
side of the barrier – where the threat of flooding comes from –
may rise even further but the water on the other side will remain
lower, so that the dikes behind it do not get overburdened and
less land is flooded outside the dike. Once the water level on the
high-water side has dropped to the same level as the other side,
the barrier is opened again.
Management and maintenance
Rijkswaterstaat ensures that the storm surge barriers satisfy the
safety requirements. We schedule all (major) maintenance for
the period before the storm season, so from April to October.
We also test the barriers regularly: the barriers are partially closed
every two weeks and fully closed once every three months or
once a year. We need to do this to check the equipment and
replace it preventatively where necessary. In addition, there are
training sessions for the operational team so that they know
exactly what to do at crucial moments. Regular maintenance
ensures that the barriers satisfy the standards for water safety
and failure rate.
Ready for the future
Sea levels are rising and the climate is changing. It’s wise to be
well-prepared for the future. This is why the Netherlands now
looks forward one hundred years to the future, to the climate
and water levels that we can expect around 2100. Acting on
the advice of the Delta Commission, and based on the KNMI’s
climate scenarios – which also take account of extreme weather
conditions such as super-storms – the cabinet decides the level
of water that the water defences should be able to handle. The
new requirements focus on a maximum mortality risk of once
in 100,000 years. Between 2017 and 2023, all water authorities,
including Rijkswaterstaat, will be checking whether the
barriers satisfy these new standards already at this moment.
By strengthening any weak spots, these standards should be
met everywhere in 2050. This should enable us to adequately
protect our country against flooding in the future too.
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Rijkswaterstaat works on water safety
together with other water authorities
Rijkswaterstaat manages
201 kilometres of flood
defences, including dunes, dikes
and dams, 91 lock complexes,
92 drainage and discharge
chambers, 20 pumping stations,
10 barrages and 6 storm surge
barriers. The water authorities
manage approximately
90 per cent of the primary flood
barriers and Rijkswaterstaat
approximately 10 per cent.
We also manage 527 kilometres
of regional flood defences
alongside main canals. Here we
show Rijkswaterstaat’s 6 big
movable flood barriers, as well
as the storm surge barrier
managed by the Rivierenland
water authority. Together with
the dikes behind them these
structures protect large areas of
the Netherlands against flooding.
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Built between 1976 and 1986.

Built between 1958 and 1970.

Built between 1990 and 1996.

x2

National listed building since 14 November 2016.

Closes simultaneously with the Maeslantkering.
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Built between 1989 and 1997.
Closes simultaneously with the Hartelkering.

4 | Rijkswaterstaat

x20

5 | Hollandsche IJsselkering

6 | Ramspol

7 | Kromme Nolkering

Built between 1954 and 1958.

Built between 1999 and 2002.

Built between 1998 and 2001.

National listed building since 8 September 2018.
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water authority.
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1 | Oosterscheldekering
The crowning achievement in the Delta Works
The Oosterscheldekering is nine kilometres long with a closable
section of three kilometres. The barrier has 65 pillars weighing
18,000 tonnes and 62 sluice gates that are 42 metres long and six to
12 metres high. The gates close in the event of an expected water
level of three metres above Normal Amsterdam Level (NAP) on
the North Sea. This can be done at the push of a button in the
‘Topshuis’ – the barrier’s control centre. The barrier is completely
closed 74 minutes later. Once the barrier is closed, it protects the
area around the Oosterschelde against water from the North Sea.

2 | Haringvlietsluizen
The tap of Europe
The Haringvlietsluizen lock complex forms part of the Haringvliet
Dam, which links Goeree-Overflakkee with Voorne-Putten. The
locks protect the islands of Goeree-Overflakkee and Voorne-Putten,
the north-western part of the province of Noord-Brabant, the
Hoeksche Waard and Dordrecht Island from storm surges from the
North Sea. In addition, the locks have the function of draining a
large proportion of the water from the Rhine and Maas systems that
collects in the Haringvliet to the North Sea.
The Haringvlietsluizen lock complex regulates the water level in a
way that can be compared with turning a tap on or off and, as a
result, is also known as ‘the tap of Europe’. The lock complex is
1 kilometre long, has 34 gates, 17 discharge openings, each
56.5 metres wide, and drains 30bn m3 of water per year. Shipping
passes through a separate lock, the Goereese Sluis. At high tide, the
lock gates are opened slightly; enough to allow the Haringvliet to
improve ecological functioning, particularly in terms of fish
migration. What the slight opening of the gates achieves is a more
natural transition between fresh and salt water.
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The lock on the back door
The Hartelkering is part of the Europoortkering, together with the
Maeslantkering, the dike at Rozenburg and parts of the A15 motorway.
The barrier has four oval towers, between which hang two elliptical
gates. The small gate is 49 metres and the large gate is 98 metres wide.
The barrier’s sluice gates hang 14 metres above sea level when the
barrier is open. Next to the barrier is a lock that can be used for higher
vessels. The lock also acts as a barrier in the storm season. Once the
barrier is closed, ships can no longer pass.

4 | Maeslantkering
The Rijnmond front door
The Maeslantkering has two half-moon, concave gates 22 metres
high and 210 metres wide. The ball-and-socket joints in the barrier
weigh 680 tonnes each and are 10 metres in diameter. When the
barrier closes, the floating gates shut and water is let in, causing
them to sink. The gates close automatically in the event of an
expected water level higher than three metres above NAP in
Rotterdam (or 2.90 metres above NAP in Dordrecht). They can then
hold back a water level of five metres above NAP. It takes two hours
to close the barrier. The operational team is called in hours before.

They monitor the closing process, inform shipping and intervene if
necessary. This is why technical specialists are in readiness on both
the south and north sides of the barrier. The barrier protects large
areas of South Holland and – together with the Hartelkering – the
Rotterdam-Rijnmond area against water from the North Sea. The
Europoortkering is tested a few weeks before the storm season to
check that it still operates correctly.
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The security lock of Holland and Utrecht
The Hollandsche IJsselkering has four towers 45 metres high.
Between these hang two independently movable sluice gates
80 metres wide and 12 metres high, each weighing 480 tonnes.
In the evening, the towers are illuminated with blue light, the stairs
white and the machine room amber. Once the gates are closed,
the lighting changes to red. This makes the population aware of
the necessary protection against flooding. In the event of an
expected water level of 2.25 metres above NAP at Krimpen aan
den IJssel, at least one gate should be closed down to the river bed.
This happens about three times a year on average. The barrier then
holds back the high water in the Nieuwe Maas and thus, together
with other barriers, protects the areas along the Hollandsche IJssel
against flooding. The other gate provides extra security and can
also be used if necessary. The gates are tested every month in
the storm season.

6 | Ramspol
Flood barriers with water and air
The Ramspol storm surge barrier lies invisible under water until it
closes. The barrier consists of three bellows – giant balloons – that
are pumped full with 3,500,000 litres of air and 3,500,000 litres of
water to close the barrier. Once the bellows are inflated, they form
a barrier 10 metres high and 80 metres long. In the event of a water
level 50 centimetres above NAP and an inshore current, the barrier
closes automatically and protects Northwest Overijssel against
flooding. The barrier is tested on the first Tuesday of September.

7 | Kromme Nolkering
A water authority storm surge barrier
The Rivierenland water authority owns and manages the
Kromme Nolkering. This storm surge barrier lies in the
Heusdensch canal and protects the Land van Heusden &
Altena and the Bommelerwaard against flooding. The barrier
has two towers with a movable gate between them. The gate
is 50 metres wide, nine metres high and weighs 350 tonnes.
In the event of an expected water level of 3.50 metres above
NAP, the barrier is closed. Shipping cannot then pass.
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Other barriers managed by Rijkswaterstaat
It’s not just storm surge barriers that protect against high water
from the sea and large lakes – there is also a system of coast
defences. These consist of the coastal foundations, dunes, sea dikes
and various larger and smaller barriers. Examples include the lock
complexes at IJmuiden and Terneuzen and the Afsluitdijk.

IJmuiden lock complex - Source: ZUS

The Afsluitdijk

International expertise

Innovations

There is a lot of interest from abroad in our knowledge and
expertise in protection against storm surge. Visitors and delegations
come to the Netherlands from all over the world to see how we
create weather and water models and manage our storm surge
barriers. Rijkswaterstaat has more than 200 years’ experience with
water safety and shares the knowledge it has accumulated with
countries such as Germany, the United Kingdom, China and the
United States, for instance in the aftermath of Hurricane Sandy in
New York. In addition, we work with I-STORM, the International
Network for Storm Surge Barriers. Barrier managers meet regularly
to learn from each other and share knowledge on management and
maintenance. Italy, the Netherlands and Great Britain are members
of this network, which is supported by Russia and the United States.

Rijkswaterstaat wants to continue to improve its work on water
safety in a sustainable, safe and efficient way. That is why we invest
in innovative solutions: so that we can protect ourselves and others
from high water levels in a world of rising sea levels and extremes in
river discharge. For example, we have dumped 450,000 cubic
metres of sand in the Oosterschelde to dampen wave action on the
Oesterdam behind it. This will make it possible to postpone
maintenance work on the dam for many years. Extra sand on the
coast near The Hague – the ‘Zandmotor’ – also ensures that we will
soon have new beach and dunes. These protect us from rises in sea
level and provide extra space for nature and recreation. It’s also
expected that we will need to apply less sand in the future. We call
this ‘building with nature’ – a concept in which there is also a lot of
international interest. In this way we continue the search for
innovative applications with which we can improve methods for
reinforcing embankments and sea walls so that, despite climate
change, the Netherlands can retain its position as one of the
best-protected deltas in the world.

Sand Motor near The Hague
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Flood defences
The Netherlands has more than 3,700 kilometres of flood
defences to protect the country from flooding. Some of
these are natural defences, such as dunes. In addition, there
are almost 1,500 man-made defences such a dikes, dams
and storm surge barriers. Without these defences, large
areas of the Netherlands would be under water.
Storms
Storms bring a major threat of flooding. These can occur
throughout the year, but there is a bigger chance that we will
have to close the storm surge barriers in the storm season
from October to April. Storms can cause water to back up,
causing water levels to rise. If this coincides with high tides
along the coast, water levels can be unusually high. The wind
direction and fetch, the duration of a storm and the timing of
a storm in relation to the tide (does the storm coincide with
ebb or flood?) are major factors in this. One special situation
is spring tides – the period in which the difference between
ebb and flood is at its greatest and the high water mark is
higher than normal. If a storm hits at exactly that moment,
it can produce extraordinarily high water levels.
Together with others
In the Netherlands Water Management Centre
(Watermanagementcentrum Nederland, WMCN) the water
authorities work together on such things as ensuring the
safety of the Netherlands and monitoring water levels
24 hours a day, seven days a week. They pay attention
to whether and when storms will arise and provide
information about them. They do this in co-operation with
the Royal Netherlands Meteorological Institute (KNMI).
If flooding is imminent, the WMCN warns the water
authorities and other relevant parties such as water
authorities and safety regions so that measures can be taken
in time. Examples are extra inspections of flood defences or
closing openings in dikes. They also inform citizens about
what they should do. For example, if it’s a wise idea to
remove cars parked close to quaysides. After a storm, the
Rijkswaterstaat and other water authorities check whether
flood defences have been damaged, decide which repairs
are most urgent and how much time there is to carry them
out. The fact is that there is always a risk of a further storm.
All managers of movable storm surge barriers in the
Netherlands are members of a national network of storm
surge barrier managers. They meet several times a year to
exchange experiences and know-how about managing and
maintaining these special flood defences.
Cooperation internationally
Rijkswaterstaat exchanges knowledge and experiences
about flood defences and nature conservation with
neighbouring countries and international partners.
This creates a strong international network with more
effective solutions for everyone.

Colour codes

The WMCN uses colour codes to denote the risk of high water
levels, plus the threat level (the possible consequences for
society). In this, the WMCN follows the National High Water
and Flood Response Plan.
Green
• In the case of regular, daily water management.
Yellow
• Expected water levels have risen here and there.
• Water authorities take standard measures.
•A
 ctivities on or near the water, such as shipping and activities
on floodplains or in other areas outside the dikes may
possibly be restricted.
• The yellow colour code may occur several times a year.
Orange
• The threat of flooding has increased or is expected to increase.
•W
 ater authorities take further measures. Large-scale
measures are prepared if necessary.
• Activities on or near the water are restricted.
• There may be slight damage to water defences.
• T he orange colour code occurs once every five years, on
average.
Red
• A serious and exceptional situation in the water system (is
expected).
• Large scale emergency measures are possibly taken.
• There may be damage.
• There may be a real threat to national safety. The red colour code
occurs once in every twenty to one hundred years on average
(depending on the area).
Crisis plans
Already in the case of code orange, it may be necessary for
water authorities to close flood barriers, repair slight
damage to dikes and prepare large-scale, national
measures based on crisis plans. In the case of code red,
they take all possible measures to combat flooding. Safety
regions focus on the safety of citizens and may decide to
evacuate them if necessary. Communication is one of the
other crisis management measures. Depending on the
seriousness of the crisis, a decision will be taken as to
which channels (such as radio, TV and crisis.nl) will be
used to inform citizens and local residents about what is
happening and what they should do. This also determines
whether a National Core Team for Crisis Communication
(NKC) will be put together, which will take care of all
communication from that point on.
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