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The most challenging 
aspect of climate change 

is its unpredictability. 
Dry periods are 

getting longer, rainfall 
more intense, and 

storms more extreme. 
Fortunately, our 
forecasts are also 

improving all the time 
and that makes it easier 

to prepare. As well as 
reducing casualties, 

this has financial 
benefits: every euro 

invested in sound flood 
and drought forecasts 
generates a return of 
four hundred euros. 
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L
ess - and slower - traffic, 
buildings that are climate- and 
energy-neutral, and smart 
water manage ment and 
greening: a sustainable city 

makes for pleasant surroundings, and 
creates space for new forms of working, 
housing, shopping and night life. It 
also reduces heat stress and carbon 
emissions. Deltares, TNO and Utrecht 
University will be teaming up with 

the Utrecht city authorities and the 
Jaarbeurs exhibition and convention 
centre to transform the heart of Utrecht 
into an iconic example of sustainable 
redevelopment. The project is part of 
the European Climate-KIC programme: 
Smart Sustainable Districts. In addition 
to Utrecht, the innovations will also be 
developed and tested in London, Berlin 
and Copenhagen. For more information: 
www.climate-kic.org.

REDUCING THE 
COSTS OF FLAWS IN 
FOUNDATION PILES
New measurement techniques for 
foundation piles are expected to 
provide more precise information 
about whether a foundation pile 
complies with all requirements. 
That cuts costs and it can also 
reduce delays in the construction 
process. Twenty piles with flaws 
have been installed at a testing 
field at the Deltares locations 
in Delft in order to test the new 
measurement techniques. The 
initial results show that including 
glass-fibre cables in the concrete 
is a simple and cheap way of 
identifying variations in the 
diameter of piles. Work is also 
continuing on the development of 
a promising acoustic technique.

HEART OF UTRECHT  
ICONIC SUSTAINABLE REDEVELOPMENT       

FILM ABOUT THE 
INNOVATIVE DESIGN 
OF ADAPTIVE CITIES
Empty and ageing properties, 
local flooding: pressure on cities is 
increasing, and building without 
too much disruption for the 
locality has become a challenge. 
Designing a city to reduce heat 
stress and freshwater shortages 
can be a source of headaches 
for administrators and policy 
consultants. Fortunately, solutions 
are available. They include intro-
ducing structure, establishing 
a clear picture of what is in the 
ground, and measures such as 
underground water storage. The 
animated film available using this 
QR code explains the role that 
Deltares can play in the innovative 
design of an adaptive city.
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MAKING SAVINGS 
ON DIKE UPGRADES 
WITH MORE PRECISE 
MEASUREMENTS
A better understanding of the 
strength of the peat below dikes 
could make it possible to reduce 
costs and take less drastic action 
when strengthening dikes. To 
achieve this, Deltares has devised 
an improved calculation and design 
method for dikes on peat on the basis 
of field trials. We teamed up with 
the Hoogheemraadschap Hollands 
Noorderkwartier water authority and 
Rijkswaterstaat on this project. The 
Markermeer Dikes project team is 
working hard on the implementation 
of the approach for the design of the 
Markermeer dikes.

SATELLITE DATA TO IMPROVE 
DRAIN MANAGEMENT

Drains in the soft soil of delta 
cities can subside, and that can 
prevent the removal of waste 
water. And the pipes can also get 
blocked when they crack. However, 
the precise measurement of 
subsidence in entire cities is 
very expensive using traditional 
methods. Satellites provide a 
solution. From space, measure-
ments that are precise to within 
a millimetre can show how 
quickly streets and buildings 

are subsiding. Because of our 
subsurface expertise, Deltares 
can use data about street-level 
subsidence to determine what is 
happening to the drains several 
metres below. We can also predict 
future subsidence. Deltares 
works closely with SkyGeo, the 
organisation responsible for the 
actual measurements, and we 
expect this satellite technology to 
be available soon for agencies that 
manage drains.

FOR MAPPING THE SEABED

There are many archaeological treasures on the seabed. But where? And how 
can you study them? To determine the most suitable geophysical techniques 
for conducting exploratory archaeological surveys out at sea and near the 
coastline, Deltares has conducted various types of seismic measurements, 
making it possible to map out archaeological hot spots. In collaboration 
with the University of Ghent, two research vessels, the Belgica and Simon 
Stevin of the Flanders Marine Institute, have sailed out to conduct the survey. 
The thinking is that the data will provide a more complete picture of the 
structure of the subsurface. The results will also be important for, among 
others, dredging companies looking for sand extraction sites, and they will 
provide us with more information about, and an improved insight into, future 
construction projects out at sea and near the coastline.

NEW MEASUREMENT TECHNIQUES 
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SATELLITE DATA TO IMPROVE 
DRAIN MANAGEMENT

The Netherlands is home to large numbers of 
farm animals. The manure that is spread on 
fields is the source of large amounts of nitrogen 
and phosphate in the soil, groundwater and 
surface water. To assess the status of the surface 
water in agricultural areas, water authorities 
conduct surveys. A national analysis of the 
resulting data by Deltares has shown that 
water quality in agricultural areas is improving 
slowly. However, samples from half of the 
173 monitoring sites in these areas still fail 
to comply with the standards set out in the 
Water Framework Directive for nitrogen and 
phosphorus. Not only does this involve risks 
for public health and nature, the European 
commission may also impose sanctions on 
the Netherlands. So steps need to be taken to 
improve water quality further. 

Roads are vulnerable to climate change because 
they are not designed to cope with intensive or 
long-lasting rainfall, or intense heat and dryness. 
In collaboration with our European partners, 
Deltares is developing methods and tools for 
European road management agencies to determine 
the impact of climate change and the measures 

required. One of these tools is the quick scan that 
will allow agencies to identify, in just a few quick 
steps, the sections of their road networks that are 
most vulnerable to extreme weather conditions. In 
that way they can decide which roads need work 
and when. 

QUICK SCAN FOR CLIMATE RESILIENCE OF ROADS 

WATER QUALITY IN 
AGRICULTURAL AREAS 
IMPROVING SLOWLY

ATLAS SHOWS  
NATURAL CAPITAL
Nature delivers services that are vital for people: drinking water or 
protection against flooding, for example. Just like all the other EU 
member states, the Netherlands is mapping out these ‘ecosystem 
services’ with the aim of presenting them clearly in a Digital Natural 
Capital Atlas. Deltares was asked by the Ministry of Infrastructure 
and the Environment to produce the atlas in collaboration with the 
National Institute of Public Health and the Environment (RIVM),  
Alterra and other research institutes. That involves the development  
of maps that show the extent to which the ecosystem is able to 
deliver eco system services and to what extent people use them. By 
monitoring the status of the natural system and determining the 
value it has for society as a whole, government agencies can take 
well-informed decisions about the use of water and the subsurface. 
The atlas will be opened officially on 22 September. 
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’SMART WAYS OF COPING 
WITH NATURE’S MOODS’

Ten dry years transformed Australian thinking about weather 
and water. The world can learn from their approach. Rob 
Vertessy, the director of the Bureau of Meteorology: ‘Our 
water-trading system makes a combination of long dry 

periods and economic growth possible.’
 BY PJOTR VAN LENTEREN / PHOTO KRISTIAN GEHRADTE

T
he fact that Dr Rob Vertessy now 
heads a meteorological institute 
is quite remarkable: he started 
out as a hydrologist. It’s hardly 
surprising that his institute has 
been led by meteorologists for more 

than a hundred years. But no longer, and that is 
a significant change. Australian scientists have 
developed multi-disciplinary, pioneering solutions 
for long-term water shortages. 

You are the first hydrologist to be 
appointed director of a meteorological 
institute. Surely meteorologists and 
hydrologists are like cats and dogs?
‘Not really, we are all dogs really and we get along  
fine: we complement one another. As a hydrologist, 
I studied forest water regimes and catchment 
modelling, and during the drought crisis I 
advised the government to set up a sound water 
information system. They asked me to do the job 
at the Bureau of Meteorology. And I’m still here.’ 

Has there been a change in the approach to 
water issues now that meteorologists and 
hydrologists have teamed up?
‘Absolutely. We used to forecast how much rain 
there would be, and where. At least, we did our 

best. Nowadays, we are an institute that uses 
accurate forecasts to help people to come up with 
smart ways of coping with nature’s moods. For 
example, we work out how much water you can 
remove from a catchment without damaging the 
local ecosystem. These are things that you may 
not think about in the short term but they make a 
world of difference in the long term.’

Australian nature can be a tough 
customer. 
‘That’s right. First we had a decade-long drought 
and then so much rain that we couldn’t get rid 
of the water for months. Of course, as such, 
droughts are nothing new but the population and 
the economy have grown so fast that we reached 
a tipping point at the end of the last century. We 
have enormous catchments on which four states 
depend at the same time. So disputes about water 
are always a possibility. One of the things that we 
have got good at is preventing situations of that 
kind.’

Which solutions are you proud of?
‘Australia has a healthy water market. To extract 
water, you need a permit and then it is possible 
to trade the water that has been extracted within 
regions. Of course, the drought put a lot of pressure  



on that water market. The government intervened 
by buying back some of the permits to ensure 
that water supplies remained adequate and 
also by making the strict rules for trading more 
flexible and efficient. That gave a boost to the 
trade which, in turn, was good for the economy: 
it continued to flourish despite the drought. As a 
result, we can still afford structural solutions such 
as investments in infrastructure, better planning 
for water consumption and a sound forecasting 
system for the Bureau of Meteorology.’ 

To what extent is water in Australia still  
a political challenge?
‘Much less so than in the past. We were used 
to sorting out problems like this regionally and 
so when Prime Minister John Howard set aside 
10 billion dollars in 2007 in order to make 
nationwide top-down interventions possible, 
there was a lot of very heated debate. These 
days, tackling issues together has become 
second nature. Of course, there are always 
discussions about costs. It is our job to use  
sound science and reliable numbers to show  
that investments of this kind really do pay.’

Why did you need outside help?
‘From a scientific point of view, that’s a good 
story. When it finally rained again after ten years, 
our computer systems literally couldn’t manage 
the floods any more. We were used to two floods  
a year lasting two months and now we had a  
flood covering more or less the entire continent 
for nine months. The Netherlands, including 
Deltares, came in to help: they have systems  
that can manage these enormous quantities of 
water and the associated data flows.’

What is the strength of an institute like 
the Bureau of Meteorology?
‘Our ability to compare solutions independently. 
It really is unbelievable how many conflicting 
interests and possible solutions a regional water 
manager has to cope with. We can help. Recently, 
there was a discussion about bringing excess 
water from the north of Australia to the south as 
an alternative to expensive freshwater plants. The 
public perception was that water would flow to the 
south on its own. In reality, of course, the water 
has to be pumped and that costs more money 
than making fresh drinking water from seawater.’

Don’t you get pushed into the role of 
preaching a message all the time?
‘I’m not really the preaching type, and I don’t think 
that is my role either. That’s the politicians’ job, 
and we supply them with the right numbers. I 
don’t see that as preaching; it’s more a question 
of helping people to make the right decisions.’

And has the general public’s behaviour 
changed?
‘Domestic water consumption has fallen 
dramatically. People find it normal now to buy 
an economical dishwasher, to sweep the streets 
rather than hose them down, and to clean the 
car in the garden so that the lawn is watered 
at the same time. What can be difficult is the 
general public’s very short memory. One of our 
major challenges continues to be keeping people 
properly informed about how the water system 
works. Almost half our population didn’t know 
what the words attachment or watershed meant. 
That is always a challenge for us.’

What can the world learn from your 
experience?
‘Nobody doubts that the challenges facing us this 
century will be the climate, and water and food 
safety. And that means, above all, the devilish 
combination of the three. The good news is that 
enormous progress has been made in water 
technology. Solving the problems begins with 
sound research and a reliable government that 
safeguards access to water and food. Australia 
has acquired a great deal of experience about how 
to encourage sound collaboration in that area.’

DELTARES, SEPTEMBER 2015



Climate adaptation

DOSSIER

Increased flood risks and longer dry periods require 
changes in infrastructure. But which changes are 

needed? Should we stop building in some places, or 
should we actually be building dikes? Or is it better to 

set aside flood-prone areas for agriculture and fishing? 
We do know that the climate is changing but we don’t 
know exactly how, or how quickly. Even so, action is 
needed. The solution? Climate adaptation pathways 

that take a range of scenarios into account and result in 
the right investment at the right time.

9



S
hould we stop building in some places, or should 
we actually be building dikes? Or is it better to 
set aside flood-prone areas for agriculture and 
fishing? The unpredictability of climate change 
makes it difficult to predict the best approach to 
infrastructure for the long term, particularly if an 

area under threat is economically important. 
Ad Jeuken, a climate adaptation expert, believes that this 
requires greater flexibility in decision-making about local and 
regional water management. ‘We should be concentrating 
less on getting everything arranged for generations to come, 
and more on taking different scenarios and the interactions 
between them into account. That includes demographic and 
socio-economic scenarios.’

Agencies managing water systems have to 
take decisions about infrastructure that will be 
in place for fifty or a hundred years. How do you 
go about achieving that?
‘To start with, you try and decide what you want to achieve 
during that time and which developments can undermine 
your objectives. Then you select a range of possible climate 
scenarios. You try to combine those as well as possible 
with the data that you already have about floods and water 
shortages. For example, let’s say that heavy rain now results 
in flooding once every twenty years. You combine that with 
data from the climate scenarios and you may find that the 
flood frequency for 2050, for example, increases to between 
once every ten years and once every five years. That means 
you need to take action.’

Doesn’t that just mean building or raising 
dikes? 
‘That is very much the question. You also have to keep 
demo  graphic and economic developments in mind. A flood 

frequency of once every five years may be acceptable in 
sparsely-populated agricultural areas. In that case, a warning 
system and damage repair may be enough. However, a lot of 
urban development is actually located in flood-prone deltas 
because it is there that the trade centres have traditionally 
been located. The trick is to strike exactly the right balance.’ 

Different climate scenarios often produce  
a picture that isn’t clear or straightforward. 
That makes adaptation even more difficult. 
‘What matters is to develop a strategy for the long term that 
is flexible enough to respond to unexpected developments. 
The traditional planning approach comes up short because 
you don’t know what you need to keep in mind. So that 
requires what we call an adaptive planning approach. That 
factors in not only different futures but also the different 
pathways leading to those futures. On the basis of the 
present scenarios for precipitation patterns, the first step 
will be, for example, to try to raise the discharge capacity 
of a river by creating overflow areas. If the river discharge 
increases more than expected, you can always decide to 
strengthen the dikes later. But you can also ensure that 
specific urban areas under threat are protected from flooding, 
depending on economic and spatial developments. The trick 
is to enhance your administrative and policy flexibility so 
that you can respond to change without pushing up costs, 
and also without taking more risks.’

It’s a long-term business. How do you get the 
public and politicians on board? You can’t 
maintain a permanent sense of urgency. 
‘That’s right. That’s why it’s important to combine flood 
risk management with other objectives. Jakarta is a case 
in point. As a result of land subsidence – and not even an 
actual increase in the sea level – the flood risk there has risen 

‘TRADITIONAL PLANNING 
METHODS COME UP SHORT’

Increased flood risks and longer dry periods require changes in infrastructure.  
‘But climate change is so unpredictable that administrative flexibility is  

really stretched’, says climate adaptation expert Ad Jeuken.
BY JOOST VAN KASTEREN

10 DOSSIER  
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River floods affect  
21 million people every 
year, costing an annual 
$96 billion worldwide.  

If current trends continue, 
those numbers will rise 
to 54 million people and 
$521 billion a year by 

2030.

 

The eleven countries 
where the people are 
worst hit by flooding 

are: India, Bangladesh, 
China, Vietnam, Pakistan, 

Indonesia, Egypt, 
Myan mar (Burma), 
Afghanistan, Nigeria  

and Brazil.

Two thirds of all countries 
affected every year by the 
effects of climate change 
are small island states.

The IPCC states, in its  
fifth climate report 

(2013-2014), that it is 
highly probable that there 

will be more extreme 
weather, longer droughts, 
more violent storms and 

more intense rainfall.      
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sharply. That is why the Great Garuda dam is now being built 
offshore. The dam is an enormous investment but combining 
it with land reclamation for the expansion of the city and a  
ring road means that the project is still economically viable.  
The Dutch Delta Programme combines flood risk management 
with freshwater supplies and also contributes to spatial 
develop ment and the strengthening of the regional economy,  
integrating flood risk management in the overall development 
of an area.’

To what extent does the type of measure play a 
role here?
‘That’s another thing you have to consider. On the one hand, 
you have low-regret interventions that are useful for several 
reasons, that can be applied flexibly when necessary, and 
that do not cost a great deal. On the other hand, there are 
interventions that require major investments and that are 
inflexible in the sense that they will be in place for decades to 
come. Climate change means that showers will become more 
frequent and heavy, causing local flooding. You can prevent 
that by making changes to the drains, but that does mean 
that you have to dig up roads. On top of that, drains have a 
lifetime of 50 or 60 years and so you won’t want to be doing 
that every five years. A more flexible alternative is to stop the 
rain being drained away as quickly by means of green roofs 
and gardens, or open car parks, or by allowing more water to 
be stored temporarily in cities in wadis and water squares. 
When it comes to coastal defences, it is worth considering 
forebanks or mangrove forests as an alternative to dikes and 
dams, or combining functions by, for example, integrating a 
car park in a dike.’ 

The difficulty remains that you have to know 
the right steps to take, and when. How do you 
go about that?
‘You can’t improve administrative and policy flexibility 
without a system for monitoring developments. You also 
need to be constantly asking whether the current strategy 
for water management is still effective given the various 
scenarios for climate change, and for democratic and socio-
economic developments. If it isn’t, we say that a tipping point 
has been reached: the point at which we have to conclude 
that one strategy is no longer adequate and that it is time 
to take additional measures to prevent damage. In that 
way, administrators and society as a whole can respond as 
effectively as possible to the unpredictability of the climate  
of the future, and to other natural and social changes.’

For more information:
ad.jeuken@deltares.nl

How does climate adap-
tation work in practice? 
Consultants William 
Oliemans and Herman 
van der Most talk about 
their work in Bangladesh 
and Thailand. ‘Climate 
adaptation is not just a 
one-off exercise.’
BY JOOST VAN KASTEREN

Senior ground and water 
consultant William Oliemans  
is working on Bangladesh’s 
Delta Plan.

‘Bangladesh is the world’s largest and 
most densely-populated delta. Rivers and 
floodplains account for approximately 
eighty per cent of the surface area of the 
country and they are essential to feed the 

FLEXIBLE PLANNING IN 
BANGLADESH AND THAILAND   

Bangladesh, photo: Lydia Cumiskey.

12 DOSSIER  
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expanding population and as the basis 
for economic development. 
Sea-level rise and cyclones make 
flooding more likely but, on the other 
hand, there are water shortages during 
dry periods.
To meet these challenges, the govern - 
ment teamed up with the Dutch 
embassy last year to start on the 
development of the Bangladesh Delta  
Plan. As in the Dutch Delta Programme, 
the aim is to produce a comprehensive 
plan based on a long-term vision of 
the delta’s future. It is being developed 
by a team of experts from Bangladesh 
and the Netherlands. 
The Delta Plan is adaptive and dyna  mic 
in the sense that it takes the unpre-
dic  ta bility of future developments 
into account, not only in terms of 
climate change, but also in terms of 
economic development, population 
rise and regional collaboration. So 
the Delta Plan is not just a one-off 
exercise: it will also establish the basis 
for the permanent management of the 

delta, emphasising socio-economic 
development.’

Senior water management 
consultant Herman van der 
Most is exploring possible 
ways of limiting flood risks  
in the area of the old capital 
of Thailand.

‘The area around Thailand’s old 
capital, Sukhotai, is flooded almost 
annually by the River Yom. The floods 
can some times be severe, as in 2011 
when almost 700 km² were inundated. 
With the Hydro and Agro Informatics 
Institute in Bangkok, Deltares 
modelled the floods on the basis 
of rainfall patterns and land data, 
factoring in the possible impact of 
climate change. 
We also looked at population growth 
and economic development. The 
region around Sukhotai is part of the 
Greater Mekong East-West Economic 
Corridor, which is planned to include a 

number of transport axes from Burma 
(Myanmar) to Vietnam. That means 
that the potential economic damage 
caused by floods could be much 
greater.
Another development is the possible 
construction of reservoirs in the upper 
reaches of the Yom for rice farming 
and electricity generation. Those 
reservoirs can also be used as storage 
basins. Other options could be to 
create overflow areas or the regular 
dredging of the river to increase the 
discharge capacity. 
A lot of options? That’s right. There 
are numerous possible measures and 
we have worked them out in possible 
adaptation pathways. However, 
our analysis shows that, once you 
have added everything up, the risk 
of flooding is not reduced greatly 
by these interventions. The best 
option in this case is to put a stop to 
urbanisation in the most flood-prone 
locations and to set them aside for 
agriculture, fishing or nature. 

FLEXIBLE PLANNING IN 
BANGLADESH AND THAILAND   
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Because traditional planning practices don’t  
work when the future is highly uncertain, Deltares 

developed climate adaptation pathways. The 
most striking element in our consultancy work is 
the ‘Underground map’ showing those different 

pathways. Each path refers to an interrelated 
series of policy changes and investments. 

Depending on the developments - objectives  
may not be achieved or population growth and

climate change may be faster or slower than 
anticipated - it may be decided to switch to a 
different path way or to follow several pathways  
at the same time. The points at which decisions  
of this kind have to be taken are referred to as  
‘transfer stations’. Decisions are taken on the  
basis of pre-agreed indicators. Sound, independent 
monitoring is an important part of working with 
climate adaptation pathways. 

READY FOR CLIMATE CHANGE WITH ‘UNDERGROUND MAP’

1414 DOSSIER  
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F
unding to prepare low-lying delta areas for 
the impact of climate change is available 
from financial institutions such as the World 
Bank and the Asian Development Bank, or 
from funds such as the Green Climate Fund. 
These organisations are happy to invest in 

projects of this kind but applicants do need to present 
strong arguments.
‘The problem with making adaptation projects 
bankable is that flood protection is a public good. 
Investments in the required infrastructure don’t 
immediately result in products or services that you 
can sell’, explains Cees. ‘Even so, the investment has 
to be paid back, preferably with interest.’

Secondary benefits
Start by looking at who benefits most from the 
investment, is his advice. ‘You could ask the people 
exposed to the risk to contribute, either in financial 
terms or by investing their labour. You could also look 
at the secondary benefits. Planting a mangrove forest 
to protect the coast creates fish breeding grounds 
at the same time. Fishermen benefit and so they 
could also pay some of the costs. The same applies 
to people who take twigs from the forest to make 
baskets.’

Quite often, it is possible to earn money by combining 
functions. A dam in a river to protect the downstream 
areas from flooding also creates a water reservoir that 
can be used to irrigate agricultural land. That same 
dam can also be used for the production of electricity 
or for drinking water. 
That is not a straightforward process. ‘Government 
authorities, but also financial institutions and funds, 
often have rules that make it impossible to transfer 
money from one sector, such as agriculture, to another.  
However, it can be done if you implement an integrated  
overall project as separate projects that you finance 
individually.’

Failure probability
It can sometimes be difficult to state the economic 
benefits of natural solutions in monetary terms, 
explains Cees. Not infrequently, financiers believe 
wrongly that natural solutions are more likely to 
fail than ‘concrete’ measures and so they ask for a 
higher rate of interest. ‘You can only get round that by 
establishing without doubt that the failure probability 
is the same and that the secondary benefits are 
greater. Deltares can help here. We can calculate failure 
probabilities for mangrove forests, sand dunes or a dike 
with asphalt cladding.’

There is more than enough money to cover investments in climate  
adaptation, says Cees van de Guchte, the head of the climate adap -
tation and risk management department at Deltares. But we have 
to convince banks that there will be a return on an investment, and 
that isn’t always straightforward. 
BY JOOST VAN KASTEREN 

‘FINANCIERS WANT 
GUARANTEED 
RETURNS’

READY FOR CLIMATE CHANGE WITH ‘UNDERGROUND MAP’
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Op onze campus in Del� beschikken we sinds kort over een nieuwe, unieke testfaciliteit waar op ware 
grootte kan worden getest wat het effect is van extreme golven op dijken, duinen of gol�rekers.
Wereldwijd is er een grote behoe�e om waterbouwkundige constructies in bepaalde situaties 
natuurgetrouw te testen. De Deltagoot is een veelzijdige en onmisbare faciliteit die voor talloze projecten 
kan worden ingezet: harde waterkeringen of oplossingen waarbij we gebruik maken van de natuur.  

Deltagoot

Verticaal golfschot
10 meter hoog. Kan tot 7 meter 
heen en weer bewegen. Bootst 
natuurlijke golven realistisch na 
(verschillende spectra: tsunami’s, 
regelmatige of gefocuste golven).

Hydraulisch systeem
Vier zuigers voor het transleren 
van het golfschot.

Hydraulic Power units
1,9 MW geïnstalleerd elektrisch vermogen 
voor het genereren van golven.

Waterreservoir
9 miljoen liter zoet water. Het vullen van 
de Deltagoot met water duurt tussen de 
1 à 3 uur (a�ankelijk van het gewenste 
waterniveau dat nodig is voor de proef.).

Golfgenerator

Waterreservoir

Golven
tot 4½ meter hoog

7 meter

Lengte: 
Diepte: 
Breedte:

300 m.
9½ m.
5 m.

On our campus in Del�, we now have a unique test facility where it will be possible to test at full scale the 
effect of extreme waves on dikes, dunes or breakwaters. There is considerable global demand for the 
realistic testing of hydraulic structures in particular situations. The Delta Flume is a versatile and 
indispensable facility that can be used for numerous projects: hard water defences or solutions that use 
natural forces.

Delta Flume

Vertical wave board
10 metres high. Can move up to 7 
metres in either direction. Simulates 
natural waves realistically (different 
spectrums: tsunamis, regular or 
focused waves).

Hydraulic system
Four pistons for wave-board 
translation.

Hydraulic power units
1.9 MW of installed power for 
wave generation.

Water reservoir
9 million litres of fresh water. It takes between 
one and three hours (depending on the 
desired amount of water needed for an 
experiment) to fill the Delta Flume with water.

Wave generator

Water reservoir

Waves
up to  4½ m. high

7 metres

Length: 
Depth: 
Width:

300 m.
9½ m.
5 m.
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Frédérik Ruys, Vizualism

Meetapparatuur
Ruimte in de wanden voor het 
verborgen aanbrengen van 
meetapparatuur.

Portaalkraan
op rails
met capaciteit 
van 25 ton. Meetwagen op rails

Voor flexibele posities en 
variatie aan meetapparatuur 
(mechanische profielvolgers, 
laserscanners en sonars).

zie de animatie op
www.deltares.nl/deltagoot

Drie pompstations
Verpompen het water tussen het 
reservoir en de goot met een 
capaciteit van 1000 liter per seconde 
om getijwerking te simuleren.

Bouwhal

Simulatie omgeving
Geleidelijk oplopend kustprofiel 
dat per proefopstelling anders 
ingericht kan worden. 

Frédérik Ruys, Vizualism

Measuring equipment
Recesses in the walls to 
contain measuring devices.

Gantry crane
on rails
capacity
25 tons. Measurement trolley

for flexible positions and 
variation for measurement 
equipment (mechanical profile 
sensors, laser scanners and 
sonars).

Watch the animation on
www.deltares.nl/deltaflume 

Pumping stations
There will be three pumping stations 
with a capacity of 1000 litres a 
second to pump the water between 
the reservoir and the flume in order to 
simulate tides.

Construction hall

Simulation of local conditions
Gradually-rising coastal profile that 
can be structured differently in each 
experimental set-up. 
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De onderzoeksmogelijkheden op een rij

Hydrodynamisch onderzoek
op ware grootte

Harde zeewering
Fabrikanten kunnen verschillende 
steensoorten en bouwmethodes testen.

Drijvende structuren
De sterkte en golfdempende werking van 
drijvende structuren, zoals rietmatrassen, 
kunnen worden onderzocht.

Wilgen en andere vegetatie
Onderzoek naar de golfdempende 
werking van wilgen en andere vegetatie. Bodemconstructie

Het is mogelijk om op de bodem verschillende bodem- 
beschermingsconstructies te testen (zandig of gro�orrelig).

Sponningen voor meetinstrumenten
Geprefabriceerde en afsluitbare gaten om 
meetinstrumenten te kunnen plaatsen.

Offshore projecten
Testen van funderingen van 
windmolens of olieplatforms.
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De Deltagoot biedt talloze mogelijkheden om waterbouwkundige constructies en 
natuurlijke oplossingen te onderzoeken.

Zachte zeewering
Sensoren meten de remmende werking van 
zachte zeewering op de dijk, zoals helmgras.

Energiewinning
Energiewinning uit golven 
op ware schaal beproeven.

Verweking
Verweking van ondergrond 
door gol�lappen.

Exacte hoeveelheid 
golfoverslag bij een 
superstorm

Portaalkraan
Voor aanvoer van materialen 
en inrichting testfaciliteit

The research options at a glance

Hydrodynamic research
at full scale

Hard coastal defences
Manufacturers can test various types 
of rock and construction methods.

Floating structures
The strength and wave-attenuation effect 
of floating structures such as reed 
mattresses can be studied.

Willows and other vegetation
Studies to determine how willows and 
other vegetation mitigate wave impact. Bed structure

It is possible to look at different types of bed protection 
structures located on the bed (including sandy or 
rough-grained types).

Recesses for measuring instruments
Prefabricated and sealable recesses to 
house measuring instruments.

Offshore projects
Testing foundations for wind 
turbines or oil platforms.
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The Delta Flume provides numerous options for studying hydraulic structures 
and natural solutions.

So� coastal defences
Sensors measure how so� structures such as 
marram grass on a dike can mitigate wave impact.

Energy production
Testing energy generation 
from waves at full scale

So�ening
So�ening of subsurface due 
to wave impact 

Exact amount of 
wave overtopping 
associated with a 
super-storm.

Gantry crane
For bringing in materials and 
setting up the test facility.
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DRILLING LONGER 
DISTANCES IN LOOSE SOIL

18

I
t’s called ‘horizontal directional drilling’ and we do 
it much more often than many people realise. For 
example to pull pipes or glass-fibre cables under a 
dike or canal, or to connect wind farms at sea to dry 
land. You can also relieve pressure on busy roads by 

not digging, and drilling under them. On top of that, if 
necessary, we can drill straight through mountains, as 
in Brazil and Colombia. And, closer to the poles, we even 
drill in frozen ground to install pipelines. But the biggest 
challenge is to drill longer distances in loose soil.

What is so special about horizontal 
directional drilling?
‘The main thing is that we can drill ever longer distances. 
Drilling fluid is used to remove the loose soil and to stop 

the borehole collapsing. The further you drill, the more 
pressure you need to maintain the flow of drilling fluid 
from the drilling head to the opening of the hole. The 
challenge with horizontal directional drilling is to keep 
the drilling fluid moving without the pressure getting 
too high. You can blow the whole thing up before you 
know it.’
 
Why are the Dutch so good at this?
‘Horizontal directional drilling emerged in the oil 
industry in the USA and then it made its way to 
Europe. More knowledge was needed to drill longer 
distances. Dutch contractors played a major role in 
developing that knowledge. They came up with the 
right research questions, shared their observational 

It would be a major step forward if we no longer needed to shut 
off roads to install new pipelines and cables. We are making 
considerable progress thanks to an improved understanding of 
how drilling fluids work. Geotechnical consultant Henk Kruse: 
‘Some amazing things happen below the surface during drilling.’
BY JANNEKE IJMKER

Frédérik Ruys, Vizualism

Meetapparatuur
Ruimte in de wanden voor het 
verborgen aanbrengen van 
meetapparatuur.

Portaalkraan
op rails
met capaciteit 
van 25 ton. Meetwagen op rails

Voor flexibele posities en 
variatie aan meetapparatuur 
(mechanische profielvolgers, 
laserscanners en sonars).

zie de animatie op
www.deltares.nl/deltagoot

Drie pompstations
Verpompen het water tussen het 
reservoir en de goot met een 
capaciteit van 1000 liter per seconde 
om getijwerking te simuleren.

Bouwhal

Simulatie omgeving
Geleidelijk oplopend kustprofiel 
dat per proefopstelling anders 
ingericht kan worden. 

Frédérik Ruys, Vizualism

Measuring equipment
Recesses in the walls to 
contain measuring devices.

Gantry crane
on rails
capacity
25 tons. Measurement trolley

for flexible positions and 
variation for measurement 
equipment (mechanical profile 
sensors, laser scanners and 
sonars).

Watch the animation on
www.deltares.nl/deltaflume 

Pumping stations
There will be three pumping stations 
with a capacity of 1000 litres a 
second to pump the water between 
the reservoir and the flume in order to 
simulate tides.

Construction hall

Simulation of local conditions
Gradually-rising coastal profile that 
can be structured differently in each 
experimental set-up. 
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DRILLING LONGER 
DISTANCES IN LOOSE SOIL

2.7 KM NOW, 5.5 KM IN THE FUTURE?

data and allowed researchers from Deltares to conduct 
measurements during their projects. And they weren’t 
afraid of experimenting.’
 
What do we still need to know?
‘In recent decades, we’ve learnt a lot about horizontal 
directional drilling. We know how the drill behaves and 
what pressure is needed to move forward below the 
surface. But now that we want to drill larger distances, 
we also need to understand the processes at the 
micro-scale better. For example, we don’t know how 
far the drilling fluid penetrates into the surrounding 
soil or what effect that has on soil strength. And we 
don’t understand entirely how the particles stay in 
the drilling fluid when the fluid is on the move. Every 
drilling fluid has a specific resistance that has to be 
overcome before the fluid starts to move. Once we 
understand better how these things work, we may be 
able to drill larger distances at lower pressures.’
 
What is Deltares contributing to the research?
‘Deltares has developed equipment for simulating 
flows of drilling fluid and the continuous monitoring 
of where the soil particles are located. That makes it 
possible to look for a drilling fluid that starts to move 
at low pressures and also transports the soil particles, 
allowing us to drill larger distances without the 
borehole collapsing, being forced outwards too much, 
or getting clogged with sediment.’
 
And how does that help?
‘Horizontal directional drilling makes it possible to 
install cables and pipelines closer to existing structures. 
Recently, Deltares was involved in the construction of a 

heat distribution grid for district heating in Rotterdam. 
The pipes were located close to a historical building 
and the foundations of a large building belonging to 
the Port Authority. Installation would have been totally 
impossible without this technology. Some amazing 
things happen below the surface during drilling.’
 
And what does the future have in store?
‘The longest drilling distance achieved in loose 
sediment is 2.7 kilometres. If we can learn more 
about borehole stability and drilling fluids, we may 
be able to manage up to 5.5 kilometres. That’s twice 
the distance! Studies are being conducted now to 
strengthen the wall of the borehole during drilling. If 
they are successful, borehole stability will no longer 
be a problem and it will be possible to drill longer 
distances. We may all have to work for a few decades 
before we can use the technology in this way.’

19

WHO DOES WHAT?
Deltares and our predecessors have been working 
with Cebo for twenty years now. Cebo organises 
courses and training for mud engineers. The 
company has experienced employees who can 
solve problems on location and it develops new 
ways of making advances in horizontal directional 
drilling. For example, drilling longer distances by 
improving the drilling fluids. Deltares is responsible 
for things like the calculations. We help to make 
risk estimates and we study the interaction 
between the drilling fluid and the ground so that 
Cebo can, in turn, make changes to the drilling  
fluid by using innovative products. 
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9
facts about 

MICROPLASTICS
CLOSER TO HOME THAN YOU THINK

Before a piece of plastic ends up in the plastic soup in the middle 
of the ocean, it usually completes a long journey on land. Closer to 

home, small particles of plastic are also a potential threat to health.  
 BY KARIN STONE / IMAGE MANDY BARKER



The micro- and nanoplastics we find in the environment 
start as packaging, car tyres, cosmetics, toothpaste, 
clothing fibres, artificial grass, coatings on cans, 
detergents, cigarette filters, or balloons. Sometimes, 
they are tiny from the very beginning as scrub 
particles in cosmetics or micro-fibres in fleece 
sweaters. 

Litter is the most noticeable type of plastic. However, 
many of the plastics around us are so small that we 
can’t even see them. Litter is degraded by sunlight and 
car tyres wear out as a result of contact with the road. 
We use the term ‘microplastics’ for particles smaller 
than five millimetres. Particles of less than 100 nano-
metres are referred to as ‘nanoplastics’.  

Microplastics such as scrub particles from cosmetics, 
or clothing fibres that enter our waste water through 
washing machines, are not all removed by water treat-
ment plants. After treatment, domestic waste water 
contains an average of 50 particles per litre, all of which 
enter the surface water. 

Microplastics are also found in the air. For example, 
if you run your hand over a fleece sweater, fibres will 
be released into the air as particulate matter, before 
entering the surface water when it rains. 

High concentrations of microplastics can already be 
found in river deltas and particularly in sediments, 
in fish and in shellfish such as mussels. On average, 

a Dutch person will consume an estimated 11,000 
microplastic particles every year by eating mussels. 
Plastics also get into other foods such as honey or milk 
through the air, the water and other organisms.  

Nanoplastics may be more dangerous than micro-
plastics. They are small enough to pass through the 
intestinal wall and to accumulate in places where they 
don’t belong. 

Plastics can also represent a danger to health because 
they contain poisonous substances or because 
orga nisms that can make us ill bond to the plastic, 
spreading easily as a result. It is still unclear how toxic 
this plastic is for people. 

Some cosmetics manufacturers and other industries 
are already working on making their products more 
environmentally friendly. Sewage treatment plants are 
also being improved to reduce the amount of plastics 
getting into the environment. A straightforward 
solution to stop the spread of synthetic clothing fibres 
involves installing filters on washing machines and, in 
the longer term, producing environmentally friendly 
and sustainable clothes. 

Deltares has been studying plastics in the coastal 
zone and in our seas since 2010. A few years ago,  
this field was extended to include rivers and the  
focus is now on urban environments. 

For more information: 
dick.vethaak@deltares.nl 
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Vertical pressure 
can be varied up to 
2000 kPa: that is 
the equivalent of a 
depth of 200 m.

Pressure 
meter.

Groundwater from 
the location under 
scrutiny is pumped 
into the array.

The shear stress in 
the the material is 
measured using a 
force transducer.

Lambert Smidt, a 
lab worker in the 
Geolab, places the 
core in the test 
array.

The membrane 
delivers an effective 
stress to the soil.
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Deltares is studying the strength and deformation of the subsurface by conducting 
load tests in the Geotechnical Laboratory.

In our search for renewable energy, we are building 
more and more wind farms at sea. It is important for 
wind turbines to stay straight and upright. To ensure 

that they do, contractors, engineering firms and energy 
suppliers need to know how strong the subsurface is 
and when it can weaken or collapse. The situation can be 
different in every location, depending on the structure 
of the sea floor and the wind turbine itself. In the end, 
wave loads, currents and the turbine exert a load on 
the subsurface. Furthermore, the structure of the sub-
surface can vary greatly and that affects the stability 
of the turbine. In order to determine the condition 

of the subsurface in a particular area as accurately 
as possible, test drilling is therefore taking place at 
different locations. Triaxial tests are being conducted 
to subject the drilled cores to static and cyclical loads, 
and to determine the strength of the ground. Designer 
will be able to use the resulting information to alter 
the structure, maximise the lifetime of the turbine and 
minimise maintenance costs. Deltares is conducting 
research of this kind for a range of European countries 
involved in building wind farms at sea such as Denmark, 
Germany and the Netherlands. 

STUDYING THE STRENGTH OF THE  
SEA FLOOR FOR WIND FARMS

TESTING GROUND
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io Tinto is an inter    -
national mining 
 company with 
its head offices in  
London. It has global 
operations, working 

with a wide range of minerals and 
raw materials such as aluminium, 
copper, diamonds, opals, gold, borate, 
titanium, salt, iron ore, coal and 
uranium. One of Rio Tinto’s main iron 
ore operations is in the Pilbara area 
in Australia. Every year, hundreds of 
millions of tonnes of high-grade iron 
ore are shipped from two ports to 
locations throughout the world.
Five years ago, all mining companies 
engaging in the export of iron ore fines 
were informed by the International 
Maritime Organisation (IMO) that 
these cargoes would be classified as 
being liable to liquefy during ocean 
transportation. 
The IMO’s decision was taken in 
response to fatalities caused by the 
capsizing of vessels carrying iron 
ore fines, and reports suggesting 

that the cause was the liquefaction 
of cargoes with high moisture 
contents as a result of the cyclic 
motion of the vessel at sea. The IMO’s 
intervention meant that shippers 
would be required to determine the 
transportable moisture limit (TML) for 
their iron ore fines and ensure that 
the moisture level of their cargoes 
would be below the TML. As Rio Tinto 
has shipped over 3 billion tonnes 
in more than 50 years without 
incident, the company wanted a 
detailed investigation of how its 
iron ore fines behave during ocean 
transportation to ensure continued 
safe transportation.  

After conducting a survey of research 
institutes throughout the world, 
Rio Tinto decided to call in Deltares 
and Marin from the Netherlands to 
conduct the research.
The research assignment proved 
to be quite challenging: the combi-
nation of ship movement, cargo 
properties and liquefaction was 
not well understood. The process 
of intensive teamwork involving 
Deltares, Marin and Rio Tinto Iron 
Ore ultimately delivered the technical 
and scientific evidence showing how 
iron ore fines can be transported 
safely. This evidence allowed the IMO 
to reclassify iron ore fines on the 
basis of sound scientific knowledge.
The principal benefit is that Rio Tinto 
has confirmed that its cargoes of iron 
ore fines are safe to transport and 
that the company now knows why. 
This result means that the company 
can continue to ship its iron ore 
fines as it has in the past without 
the constraints of TML and the costs 
associated with compliance. 

SAFE SHIPPING OF 
BULK SOLID CARGOES  

Alliance between Deltares and industry produces innovative techniques 
and creates new market opportunities for business.

KNOWLEDGE 
IN OPERATION



T
imely intervention when floods or droughts 
threaten can save lives and minimise economic 
damage. Every euro invested in sound flood and 
drought forecasts generates a return of four 
hundred euros. This is the conclusion of a recent 

study by Florian Pappenberger: The Monetary Benefit of Early 
Flood Warnings in Europe.
The results will interest management agencies and govern-
ment bodies, but also commercial companies and insurers. 
NGOs and organisations like the Red Cross need hydrological 
forecasts to target their aid and rescue operations. 

The global damage caused by droughts 
and floods already costs billions and  
that figure will only increase as climate 
change continues. The good news: 
hydro  logical forecasting systems are 
becoming increasingly refined and 
they earn back the investment many 
times over.  
BY DIMMIE HENDRIKS / PHOTO LARS VAN DEN BRINK

ACCURATE FORECASTS: 400 EUROS  
FOR EVERY EURO INVESTED 
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ACCURATE FORECASTS: 400 EUROS  
FOR EVERY EURO INVESTED ID-LAB: 

INTERACTIVE  
DATA  

LABORATORY
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If important decisions have 
to be taken quickly on the 
basis of large amounts of 
data, for example in an 

emergency situation, it is 
important to present the 
right data quickly. The 
Deltares iD-Lab brings 
together all the data 

that are relevant at that 
point in time, presenting 

them in an accessible 
way so that the people 
responsible can take 

sound decisions. Deltares 
has set up a special area 

for this purpose: the 
iD-Lab: the Interactive 

Data Laboratory. 
Administrators, decision-
makers and experts can 

work together here during 
emergencies. At other 

times, the iD-Lab can be 
staffed by people from 

Deltares and supply advice 
in emergencies. The 

iD-Lab is also suitable for 
training purposes. We can 
use real-time information 
to improve participants’ 
insight and expertise.
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Twitter
Modern forecasting systems combine up-to-date 
data from weather stations and information about 
river discharges, ground water and sea level with 
hydrological models, esta blishing a basis for 
predicting high-water levels in rivers, sea floods and 
imminent drought.
Systems like Delft-FEWS make forecasts faster, and the fore-
casts look further ahead and are more accurate than ever. As 
soon as a clear picture emerges of the risks for people, infra-
structure or agriculture, the system issues a precise warning. 
This is usually a few days in advance for floods, and even a 
few weeks or months for droughts. The emergence of big data 
also makes it possible to draw on more and more alternative 
sources of data such as Twitter and satellite images to make 
the warnings even more accurate.
The result: more and more time for local authorities to deploy 
the emergency services, to organise evacuations or to install 
additional protection on rivers or coasts, or to create extra 
water stocks to cope with a drought.

Intense rainfall 
A good example of a warning system for river floods is the 
National Flood Forecasting System for Great Britain and 
Wales. The NFFS produces forecasts for floods from the main 
rivers, reservoirs, estuaries and seas, taking surface water 
and groundwater into account. It does this by combining 
hydrological measurements and models with meteorological 
forecasts. On that basis, it is possible to state three days 
in advance whether the water-level limit will be exceeded 
at important locations and what the impact will be on the 
surrounding area and the local people. 
Even so, the major floods in central England and Wales in 
the summer of 2007 resulted in thirteen fatal casualties and 
caused material damage amounting to £3.2 billion. During 
the evaluation of the disaster, it was found that hydrologists 
and meteorologists should have collaborated better. The 
result was the Flood Forecasting Centre, a joint agency 
bringing together the Environment Agency and the Met Office. 
The first major test for the system was in the winter of 2014. 
The authorities were able to warn local people in time and 
provide them with adequate information, and so injuries and 
damage were reduced substantially.

Sea-level rise
On Mauritius, an island republic in the Indian Ocean, sea-
level rise and the increasing intensity of tropical storms are 
a threat: they could inflict serious damage in the future on 
infrastructure, farmland and housing. Most Mauritians live  
on the coastline and so they are particularly vulnerable.
To mitigate the risks of storm surges, the government of 
Mauritius set up the Climate Change Adaptation Programme  
in the Coastal Zone of Mauritius. 
An important part of this programme is a storm-surge 
warning system that will be operational for the cyclone 
season in January and February of next year. The system 

combines oceanography models with meteorological 
forecasts. The coastal inhabitants on the side 
of the islands where a storm surge is expected 
will be warned three days in advance. That gives 
them time to evacuate to safe places on the island 

and allows the authorities to deploy their limited 
resources and emergency services in the best possible 

way. The prevention of fatal casualties will be the priority 
here and economic damage can also be kept to a minimum. 

Peat fires
Both systems operate on Delft-FEWS, a software platform 
that will be celebrating its tenth anniversary this year. 
Enormous progress has been made during that time. The 
available data flows and hydrological models are being used 
ever more efficiently. The increasing availability of satellite 
data and databases with soil information has resulted in a 
major boost for the warning and forecasting systems. 
Delft-FEWS is a platform for processing and combining 
data flows and it was initially developed for hydrological 
forecasting and warning systems. A set of modules make 
it possible to develop systems that are tailored to the 
specific requirements of organisations in specific regions. 
The system can be used in areas such as water-quality 
forecasting, groundwater and reservoir management, 
operational management and the optimisation of sewage 
systems, and even for predicting peat fires. 

Social media
A recent development involves using social media for 
warning systems. The Floodtags company produces, in 
collaboration with Deltares, detailed real-time flood maps of 
cities in South-East Asia on the basis of tweets. The maps 
show which streets are flooded when the river bursts its 
banks and that in turn helps to predict the further course of 
the flood.
The recently opened iD-Lab in Delft is another important 
new facility where all the available data flows and computer 
models can be brought together in a warning and fore-
casting system. During emergencies, the iD-Lab is set up 
as a crisis centre that supports government agencies and 
emergency services by supplying up-to-date forecasts and 
warnings. 

No end in sight
The development of forecasting systems is destined to 
continue for a long time yet. Increasing amounts of infor-
mation from the social media, more detailed forecasts, 
more efficient software, improved hydrological models and 
support for the agencies involved: all these factors means 
that forecasting will become even more valuable in the years 
to come.

For more information:
Delft-FEWS: Simone.vanSchijndel@deltares.nl
iD-Lab: Annette.Zijderveld@deltares.nl 

mailto:Simone.vanSchijndel@deltares.nl
mailto:Annette.Zijderveld@deltares.nl
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LEARNING MORE ABOUT 
WATER SYSTEMS AND HEALTH 

BY WORKING TOGETHER

WATER AND HEALTH 
THREE REASONS TO TAKE  

A CLOSER INTEREST  
Diseases often spread through water in ditches, rivers and lakes. Even so,  

health factors often get overlooked in flood risk management. Three reasons  
why managers should take a closer interest.  

BY JOACHIM ROZEMEIJER

For more information:
gertjan.geerling@deltares.nl and    
bas.vanderzaan@deltares.nl 
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One child dies every twenty 
seconds in a developing country 
because of infected water. 
It is generally known that rivers are 
used as open sewers and waste 
dumps in developing countries: 
currently, a child dies every twenty 
seconds because of infected water. 
Changes in the water regime can 
make problems worse. For example 
in Cameroon, where the numbers of 
a species of snail with an infectious 
parasite increased rapidly after large-
scale deforestation. Investigating the 
interaction between health and the 
water system can both cut costs and 
prevent suffering. 

Contamination through water is 
also a risk in Western countries.
In Toledo in the USA, half a million 
people were unable to drink water 
from the tap in the summer of 2014 
because of the risk of disease. It didn’t 
take long before supplies of bottled 
water were exhausted and everyone 
was forced to go outside the city to 
find drinking water. The problem was 
a toxic plague of algae caused by 
excessive levels of fertiliser in the lake 

that was also used as a reservoir for 
drinking water. Another threat is the 
resistance acquired by bacteria in 
waste water and in treatment plants 
to the cocktail of medicines in sewage 
water. The resistant bacteria can then 
spread through the water system. 

Climate change, urbanisation, 
deforestation and the rising 
population are exacerbating  
the risks.
More and more people are living and 
working close to one another in flat 
deltas. Global warming is not only 
leading to more flooding, it also makes 
water systems more susceptible to 
toxic algal blooms. Tackling floods  
by storing water means that more 
water is retained in cities. That leads  
in turn to an additional risk of infection 
because it attracts more mosquitoes, 
which spread disease. When there are 
floods, the spread of disease through 
dirty water is often the biggest problem 
after the disaster itself. 
      

The first steps to study the 
relation ship between changes in 
water systems and health have 

been taken only recently. Deltares 
is contributing to this research 

effort by supplying its knowledge 
of water systems, water quality 

and the spread of disease through 
water. Important partners in the 
Netherlands include the National 

Institute of Public Health and 
the Environment (RIVM), KWR 
Watercycle Research Institute, 
Wageningen University and 

Radboud University. Outside the 
Netherlands, Deltares is at work in 

places including Indonesia, where we 
are studying water-related health 
risks with the Bandung Institute of 
Technology and the University of 

Bandung.
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King Willem-Alexander
interested in Aqueduct

The new Aqueduct tool, which predicts floods, makes it possible to take the appropriate measures in 
time to prevent a disaster or to limit damage. At the Global City Teams Challenge Expo in Washington, 
flood expert Hessel Winsemius of Deltares demonstrated the Aqueduct Global Flood Analyzer for King 
Willem-Alexander and Foreign Minister Bert Koenders. Aqueduct is a public tool that maps out river 
floods throughout the world. The demonstration included the development and application of Aqueduct, 
and it showed how stakeholders can use the tool to estimate and mitigate flood risks worldwide. 

A drone that can lift up 
to 8 kg, with the prospect 
of a machine that can 
manage up to 30 kg in the 
future. Deltares is using 
new technology to make 
research more economical 
and efficient. In this way, 
increasingly heavy specialist 
monitoring equipment and 
cameras can be used in the 
field to look at locations 
that are difficult to reach. 
Currently, the focus is 
primarily on investigating 
applications for geophysical 
fieldwork and sampling in 
open water. This approach 
will also make it possible 
to identify dike leaks 
better from the air. A water 
authority has already said 
they are interested in using 
drones for dike inspections. 
The precise approach required 
is now being studied.

Drones make 
field research 
easier

Delft-FEWS 
for water quality and ecology
Data about water quality and ecology are gene-
rally collected using samples. However, samples 
are difficult to manage in the water information 
systems available at present. In order to stream-
line data processing and analysis, new functio-
nalities have been developed in the Delft-FEWS 
software. The added functions make it easier to 
import, filter, save and export ecological data in 

a structured way. One of the new functions is a 
sample viewer. It generates an overview of the 
properties of each sample such as the sampling 
method and the laboratory. In addition, it is now 
possible to switch between the local and Latin 
names. The system gives users a quick overview 
of the data obtained during monitoring and 
helps to structure those data.



Delft Software 
Days 2015
Simulation software and integration 
platforms have to cope with ever-
increasing amounts of data. That is 
why model-data integration and data 
science will be centre stage at the Delft 
Software Days 2015. The models, 
the data and our top expertise will be 
brought together in the interactive 
data research laboratory (iD-Lab) at 
Deltares and displayed using the latest 
visualisation technologies. 
The new Delft3D Flexible Mesh 2016 
software will also be launched at the 
Next Generation Hydro Software 
conference. The strength of this new  
software is the integration, resulting  
in a simulation package for use in  
hydro logical, hydrodynamic, morpho-
logical and water-quality research. 
The Delft Software Days this year will 
be from 26 October to 6 November. 
With visitors from more than fifty 
countries, this will be the opportunity 
for developers and users to exchange 
knowledge and experience. There will 
be numerous conferences, work-
shops, user meetings, courses and 
presentations about the software 
developed by Deltares. 

For more information:
http://www.dsd-int.nl/
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NUSDeltares, the alliance 
between the National Univer-
sity of Singapore and Deltares,  
has won the DutchCham 
Winsemius Award in the water  
category. The prize is awarded  
annual ly to a prestigious 
organisation in the water 
industry. The condition is that  
the organisation must use  
resources from both Singapore  

and the Netherlands to bring  
about strong growth in activi-  
ties, innovative strategies and  
market leadership in this sec-
tor. The jury consisted of Mr 
Khoo Teng Chye (Operational 
Director, Centre for Liveable 
Cities), Harry Seah (Technical 
Director, Public Utilities Board) 
and Lennart Silvis (General 
Director, NWP). 

The Engineering Infra-
structure on Soft Soil course 
(25 and 26 September) is 
the successor to the Delft3D 
course at the UFRJ in Rio de 
Janeiro last year. Deltares 
colleagues Bruno Coelho and 
Suzanne van Eekelen will 
be talking about solutions 
for building roads, railways, 
navigation channels and 
ports on soft soils. Deltares 
expects two fruitful days 
with a central focus on 

sharing knowledge. The 
Netherlands has extensive 
experience with all sorts of 
innovative solutions such as 
piled embankments, models 
for long-term predictions 
of settlement, the dynamic 
behaviour of soft soils, 
light filling materials and 
geotextiles. Brazil has its 
own challenges and design 
approach, and so Deltares 
can also learn a lot. 

SHARING KNOWLEDGE WITH BRAZIL  

NUSDELTARES WINS  
WINSEMIUS WATER AWARD 

http://www.dsd-int.nl/
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A ban on pumping up groundwater and the introduction of 
appropriate legislation. These recommendations were one of 
the outcomes of international discussions about land subsi-
dence and an important step in ensuring that Jakarta does 
not subside further. Because, if no steps are taken, Jakarta will 
drop to between three and five metres below sea level within 
a few decades. Land subsidence will exacerbate the risk of 
flooding, and damage to roads, buildings and mains systems 
will increase along with maintenance costs. The discussions 
with international scientists were organised by the Indonesian 
government in collaboration with Deltares. Land subsidence 
is not a problem that is confined to Jakarta. Throughout the 
world, the impact of land subsidence is becoming apparent in 
more and more delta areas. This round-table forum gave people 
the opportunity to share their experiences with the reduction of, 
and adaptation to, land subsidence in other countries. 

COMBATTING LAND 
SUBSIDENCE IN 

JAKARTA

Deltares has been selected to advise  
the European Parliament about environ-
mental policy, climate change and 
sustainable development. The support 
will consist of briefings, in-depth ana-
lyses, research and workshops. The 
consultancy work will be on an ad hoc 
basis for the Environment, Public Health 
and Food Safety Committee (ENVI) of the  
European Parliament. Milieu, a consul-
tancy firm from Brussels, will lead the 
consortium that includes Deltares. 

DELTARES SELECTED  
TO SUPPORT THE 
EUROPEAN PARLIAMENT

China has the largest system of 
dikes and dams in the world. The 
country’s government wants to 
invest more in the quality of the 
system. Working with China in this 
area is interesting because it makes 
it possible to test innovations at a 
large scale. That is also important 

for the Dutch water sector and so 
Deltares has entered into agree-
ments with the Chinese Ministry 
of Water Resources and the Nanjin 
Hydraulic Research Institute to 
intensify their joint activities, learn 
from one another and apply each 
other’s knowledge in practice.

JOINT KNOWLEDGE 
DEVELOPMENT WITH CHINA

The new Deltares interactive data laboratory - the iD-Lab - is 
open to researchers, public bodies, consultants and policy makers. 
This demonstration, training and research centre provides fast, 
real-time access to Deltares data, models and software such as 
Delft3D, Delft-FEWS and GLOFRIS. The lab consists of a large 
control room and a demonstration room  linked to a modern ICT 
platform. Large quantities of data can be combined and presented 
clearly. The facility is also open to Deltares partners and clients 
in the civil and hydraulic engineering sectors. For more infor-
mation, see the article on page 24. 

REAL-TIME ACCESS TO DATA IN NEW ID-LAB
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Water managers are facing 
an enormous challenge:  
major investments are needed 
to provide flood protection 
while safeguarding water 
supplies and water quality 
in their regions. But how 
can the funds be spent as 
efficiently and effectively as 
possible and what innova-
tions make the difference? 
Working together with water 
manage ment agencies and 
other research institutes, 
Deltares is developing inno-
vative concepts with the aims 
of improving efficiency and 
quality, and cutting costs. We 
will be sharing our know ledge 
at our Knowledge Tasting 
on 26 November. The event 
has been organised for water 
authorities, provin cial autho-
rities and municipalities.

At the request of the World 
Bank, climate adaptation 
expert Ad Jeuken recently 
gave a presentation at a 
meeting in Washington about 
possible extreme changes in 
the climate and how water 
management can take this 
development into account. 
The World Bank organised 
the meeting to see how their 
procedures for the approval 
of financing applications 
can take a better approach 
to factoring in the risks 
of climate change in the 
projects. 

KNOWLEDGE TASTING: 
INSPI  RATION, INNOVA-
TION AND CO-CREATION

WORLD BANK 
DRAWS ON DELTARES 
EXPERTISE 

Deltares has a wide range of courses 
on offer. We can also organise them 

to cater to your specific requirements 
and on location. During the course of 
the year and specifically during large 
conferences, courses are arranged in 
clusters. For a full overview, see the 

Deltares Academy web page. A selection 
of our courses in 2015: 

WANDA | Pumps and Pump Cellars

MWell | Modelling well-point dewatering

D-Geo Stability | Stability of earth bodies

D-Sheet Piling | Designing sheet piling

WANDA | Control valves in piping 
systems

SOBEK 3 | Hydrodynamics in Rivers

Delft-FEWS | Configuration Course

Delft3D 4 | Hydrodynamic modelling

Delft3D 4 | Environmental modelling

Delft3D 4 | Sediment transport and bed 
dynamics

Delft3D Flexible Mesh | Python scripting 
course

Data Science in Delta Technology

WANDA | Modelling & Analysis

WANDA | Real-Time Control

For more information: 
http://www.deltares.nl/nl/ 

academy/cursusagenda  
academy@deltares.nl

JAN VERKADE 
received his doctorate on 1 June 2015  
at Delft University of Technology.
Subject: Estimating realtime predictive 
hydrological uncertainty
Supervisors: Professor J.K. Vrijling, 
Professor P.H.A.J.M. Han Gelder and 
Professor P. Reggiani

WIJBRAND SOMMER  
received his doctorate on 4 June at 
Wageningen University
Subject: Modelling and monitoring of 
aquifer thermal energy storage, impacts 
of heterogeneity, thermal interference and 
bioremediation
Supervisor: Professor H.H.M. Rijnaarts
Cosupervisors: Dr. J.T.C. Grotenhuis  
and Dr. J.R. Valstar

JOOST DELSMAN
received his doctorate on 15 June at  
the VU University of Amsterdam
Subject: Saline groundwater surface 
water interaction in coastal lowlands
Supervisor: Professor P.J. Stuijfzand 
Cosupervisor: Dr. G.P.H. Oude Essink 

PETER VOS
received his doctorate on 10 June at  
Utrecht University
Subject: Origin of the Dutch coastal 
landscape. Longterm landscape evolution 
of the Netherlands during the Holocene, 
described and visualized in national, regional 
and local palaeo geographical map series 
Supervisor: Professor P.L. De Boer

SUZANNE VAN EEKELEN
received her doctorate on 1 July at Delft 
University of Technology
Subject: Basal Reinforced Piled 
Embankments. Experiments, field studies 
and the development and validation of a 
new analytical design model
Supervisors: Professor A.F. van Tol and 
Professor A. Bezuijen 

For more information:
kennisproeverij@deltares.nl

DOCTORATES

http://www.deltares.nl/nl/
mailto:academy@deltares.nl
mailto:kennisproeverij@deltares.nl
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PHILIPPINES
The Philippines are one of the most vulnerable countries in 
the world. The archipelago, with an estimated 105 million 

inhabitants, is hit every year by about twenty typhoons. 
The storms seem to be getting ever stronger because 

of global climate change. The intense rainfall during the 
passage of these tropical storms is almost more than the 

rivers can manage. The urban agglomeration of Metro 
Manila alone has a population of more than ten million, 

it is located on fault lines and its low-lying location in the 
river delta exposes it to flooding from two sides. Strong 

population growth and economic development mean that 
water management faces particularly daunting challenges: 

clean drinking water, irrigation water for agri culture during 
periods of drought, and also adequate arrangements for 
removing excess water. The World Bank asked Deltares to 
make an assessment of the water management plans for 
all larger catchments. Do they take climate developments 
into account adequately? Are the costs of interventions 
reasonable in relation to the returns? Deltares can draw on 
many years of experience in the Philippines and the various 
models that have already been produced in the past. Of 
course, the hope is that the impact of super-typhoons such 
as Haiyan in 2013, when there were more than 7000 fatal 
casualties, will become a thing of the past.

For more information: 
Tjitte.nauta@deltares.com.
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