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ω Delft University of Technology, Civil Engineering: till 1997

Ph.D.-thesis: Impact of sea level rise on groundwater flow regimes

ω Utrecht University, Earth Sciences: till 2002

ω Free University of Amsterdam, Earth Sciences: till 2004

ω Deltares, Science Council
ω Utrecht University (Associate Professor): from 2014

Qualifications:
ω Groundwater resources management
ω Density-dependent groundwater flow and coupled solute transport
ω Salt waterintrusion in coastal aquifers
ω Assessment of climate change on groundwater resources
ω Numerical Modeling
ω Teaching and training

Deltares: gualbert.oudeessink@deltares.nl
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Á ~900 people, 125 Mú annual turnover

Á Foundation under Dutch law (no 

shareholders)

Á Not4Profit, independent

Á Open source and software policy

Á Applied research and specialized 

consultancy on floods, water resources, 

infra, delta planning

Á Large in-house research facilities and 

software

Á Strong links with the academia

Research institute on water, soil and infrastructure



Future deltas Sustainable deltas Safe deltas
Resilient 

infrastructure

Our mission areas



We work on:

ÅEnabling technologies 

Å Water and soil resources

Å Delta infrastructure

Å Adaptive delta planning 

Å Healthy water and soil systems

Å Flood risk management



Some of my present activities
ÅPart of (national) research programmesAquaConnect and GEOWAT

a. Key technologies for safeguarding regional water provision in fresh water stressed deltas 
b. A Global Assessment of the Limits of Groundwater Use
c. impact of sea-level rise in coastal groundwater systems

ÅSmall-scale ASR pilot projects in Netherlands (GO-FRESH Zeeland), Vietnam (FAME)

ÅNUFFIC Egypt (Smart Water in Agriculture and Food Security Desert and Delta)

ÅMapping fresh-saline groundwater by Airborne EM Surveys, FRESHEM

ÅSupervising MScs, 4 PhD, 3 Postdocs, on coastal groundwater issues: e.g.
Åfield studies Mekong and Nile deltas on water saving in agriculture
Åmodelling (parallel massive computing)
Åglobal groundwater modelling
Åinnovative monitoring techniques (ERT, AHDTS)

ÅJoining innovations to improve freshwater supply in coastal zones
ÅDesalinisation, solar energy and Aquifer Storage and Recovery!
ÅSeepcat, Coastal Collectors



Research on groundwater in the coastal zone

ω >25 years experience in modelling variable-density dependent 

groundwater flow and coupled solute transport in the coastal zone

ω incorporating monitoring campaigns results in numerical modeling 

tools

ω research on new fresh-saline phenomenae: salty seepage boils and 

shallow freshwater lenses in saline environments

ω knowledge on creating 3D initial chloride distribution, based on  

geostatisticsand geophysical data (analyses, VES, borehole measures, 

AEM)

ω quantifying effects of climate change and sea level rise on fresh 

groundwater resources

ω developing adaptive and mitigative measures to stop salinization in 

the coastal groundwater system (e.g. ASR, MAR: fresh keeper, coastal 

collectors, freshwater storage underground)



Lecture notes, practicalsand ppt on freshsalt.deltares.nl

1. Density dependent groundwater flow
http://publicwiki.deltares.nl/download/attachments/22183944/gwm2.pdf?version=1&modificationDate=1268

945548000

2. Groundwater modelling
http://publicwiki.deltares.nl/download/attachments/22183944/gwm1.pdf?version=1&modificationDate=1268

750652000

http://publicwiki.deltares.nl/display/FRESHSALT/Upload

http://publicwiki.deltares.nl/download/attachments/22183944/gwm2.pdf?version=1&modificationDate=1268945548000
http://publicwiki.deltares.nl/download/attachments/22183944/gwm2.pdf?version=1&modificationDate=1268945548000
http://publicwiki.deltares.nl/download/attachments/22183944/gwm1.pdf?version=1&modificationDate=1268750652000
http://publicwiki.deltares.nl/download/attachments/22183944/gwm1.pdf?version=1&modificationDate=1268750652000
http://publicwiki.deltares.nl/display/FRESHSALT/Upload


ω PMWIN

ω SEAWAT: variable-density groundwater flow and salt transport

ω Cases:
ς Rotating sharp interface

ς Freshwater lens

ς IŜƴǊȅΩǎ ŎŀǎŜ

ς ό9ƭŘŜǊΩǎ ŎŀǎŜύ

ω Setup practicals: 
ς try to work together in teams, e.g.of two persons

ς short report of findings (make screenshots)

ς deliver within two weeks after finish last SWI lectures

Deltares: gualbert.oudeessink@deltares.nl

Practicalsnumerical modelling
Introduction

http://freshsalt.deltares.nl

https://publicwiki.deltares.nl/display/FRESHSALT/Download



Possibilities for internships / MSc thesis at Deltares

1. Estimating geologic uncertainty in groundwater salinity modeling
2. How old is Dutch groundwater?
3. Exploring groundwater salinization effects of large-scale sea level rise 

adaptation in the Netherlands
4. Estimating groundwater salinity in the coastal zone of Africa, using 

machine learning techniques
5. Estimate groundwater use in Africa, using machine learning
6. Machine learning of airborne EM data to concurrently map groundwater 

salinity and lithology
7. Literature study of global surface water salinization 
8. Model study on islands in the Pacific Ocean using the SIDS groundwater 

modelling framework
9. Comparison of 2D and 3D groundwater flow model estimations in 

deltaic regions (with Utrecht University)
10.Economical and technical feasibility of offshore groundwater pumping 

(with Utrecht University)



Topics of density driven groundwater flow

Introduction

1.    Introduction
- water on earth
- salt water intrusion

ς freshwater head

2. Interface between fresh and saline groundwater

ς analytical formulae (BadonGhyben-Herzberg)

ς upconingexample

3. Numerical modelling

ς mathematical background

ς paleo-reconstructions

ς benchmark problems: Henry, Elder, Hydrocoin, etc.

4. Case-studies

ς hypothetical cases

ς 2D, 3D cases

ς real cases



Examples of variable-density groundwater flow

ωIŜƴǊȅΩǎ ǇǊƻōƭŜƳ

ωDutch 2D cases

ωEffect of Tsunami on groundwater resources

ωVertical interface

ωRotating interface

ωFreshwater lenses 

ωSalt waterpocket

ωRotating immiscible interface

ωHydrocoin

ωBroad 14 Basin, North Sea

ωHeat transport: Elder and Rayleigh=4000

ωDutch 3D cases



ω Rotating sharp interface

ω Freshwater lens

ω IŜƴǊȅΩǎ ŎŀǎŜ

ω ό9ƭŘŜǊΩǎ ŎŀǎŜύ

Practicals
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Salt Water Intrusion Meeting, since 1968

    http://www.swim -site.org/

Themes

ωWater systeem analysis

ωMonitoring

ωModelling

ωEffects

ωSolutions



www.swim-site.org
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www.swim-site.org



www.swim-site.org





Volumes of water on Earth: a scarce product

Fresh, continents

97%

3%

Salt, oceans

70%

30%

Glaciers, ice caps,
permafrost

Liquid water
Source: Perlman, USGS; Shiklomanov, 1993

Water in/on/above Earth

Liquid fresh water

Freshwater lakes rivers

frozen

liquid

fresh water

salt



Water Energy Food Nexus
Global water scarcity

All water
On earth

All lakes and 
rivers

CǊŜǎƘ ǿŀǘŜǊ ƛǎ ŀ ǎŎŀǊŎŜ ǊŜǎƻǳǊŎŜΧ

Saltwater 97%, Fresh water 3% 
Fresh water: Frozen 70%, Groundwater 29%, Surface water < 1%



CǊŜǎƘ ƎǊƻǳƴŘǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ƛƴ ŘŜƭǘŀΩǎ ǎŜǊƛƻǳǎƭȅ ǳƴŘŜǊ ǎǘǊŜǎǎ

Every year, about 2 million people worldwide die from diarrhea, caused

by bad drinking water quality; this is more than people dying from flooding

Events.

Groundwater is an important source of drinking water (now ~50% and 
increasing):

ω increase world population & economical growth

ω relatively easy-to-access and available in large quantities

ω high quality and still unpolluted (relative to surface water)

ω loss of surface water due to contamination

In the future, we have to cope which:

ω climate change and sea-level rise

ω increasing quantities groundwater extractions

ω land subsidence

ω politics, policy & watermanagement, affecting land use



Reasons and drawbacks of using groundwater

Advantage:
-no seasonal effects
-high quality
-low storage costs
-large quantities
-no spatial limitations 

Disadvantage:
-high extraction costs
-local droughts
-high mineral content
-ƭŀƴŘ ǎǳōǎƛŘŜƴŎŜΧΦ
-salt water intrusion ! 

Introduction



Threathsto deltas worldwide: 
subsidence, salinisation, depletion, sealing, sea level rise, CC

1/3 of the world population lives in the coastal zone



Fresh groundwater availability deltaic areas

Present Future without

measures

Future with

measures

1/3 world population lives in the coastal zone



1100 BCM (km3)
fresh groundwater

Netherlands

~30BCM/yr 
precipitation

~1.5BCM/yr 
extraction

yet 20% drinkingwater wells have 
been abandoned

860 BCM (km3)
fresh groundwater

~45BCM/yr 
precipitation

~1.0BCM/yr 
extraction

yet >0.2m subsidence over 25yr

(DEM Mekong delta on average: 
+0.8m)

Mekong Delta

Intermezzo: volumes of fresh groundwater and stresses 

1BCM=1km3



Many groundwater related stresses in deltas around the world

Towards improving groundwater 

management in subsiding deltas

Source: Van Engelen, J., 2020. Fresh 

groundwater reserves in major 

deltas, PhD UU

Nile delta

>50 million people

Bangladesh

>130 million people

Mekong

>20 million people

Rhine delta, NL

~17 million people



Towards improving groundwater 

management in subsiding deltas

Ågroundwater overexploitation

Å limited replenishment due to sealing 

of clay layers

Åsea-level rise

Åoverwashsaline water during storm 

surges and floodings

Groundwater

salinization



Absolute Sea-level rise versusSubsidence

Many changes in the Mekong delta 
(and other deltas around the world)

Subsidence
6-100 mm/yr

Relative sea-level rise!

Sea-level rise
3-10 mm/yr

Deltas are densely populated areas: >500 million people worldwide
High economic value
Crucial to global food security*

Minderhoud, 2019


