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Introduction

Curriculum Vitae

e

Delft University of Technology, Civil Engineering: till 1997
Ph.D-thesis: Impact of sea level rise on groundwater flow regimes
Utrecht University, Earth Sciences: till 2002

Free University of Amsterdam, Earth Sciences: till 2004

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

€€ g €

ualifications:
Groundwater resources management
Densitydependent groundwater flow and coupled solute transport
Salt watenntrusion in coastal aquifers
Assessment of climate change on groundwater resources
Numerical Modeling
Teaching and training
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http://freshsalt.deltares.nl
Deltares: gualbert.oudeessink@deltares.r



A

Deltares Research institute on water, soil and infrastructure

~900 people, 125

Foundation under Dutch law (no
shareholders)

Not4Profit, independent

Open source and software policy

Applied research and specialized
consultancy on floods, water resources,
infra, delta planning

Large in-house research facilities and
software

Strong links with the academia
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and Utrecht

Kantoren in Singapore, America’s
Washington, Jakarta, Abu Dhabi




-




A Flood risk management

A Healthy water and soil systems

A Water and soil resources

A Delta infrastructure

A Adaptive delta planning

A Enabling technologies




Some of my present activities

APart of (national) researghrogrammesAquaConnecand 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 sedevel rise in coastal groundwater systems

ANUFFIC EgypBinart Water in Agriculture and Food Security Desert and PDelta et

Brackish water

Salt water

AMapping freshsaline groundwater by Airborne EM Surveys, FRESHEM

ASupervising MScs, 4 PhD, 3 Postdocs, on coastal groundwater issues: e.g.
Afield studies Mekong and Nile deltas on water saving in agriculture
Amodelling (parallel massive computing)

Aglobal groundwater modelling
Ainnovative monitoring techniques (ERT, AHDTS)

AJoining innovations to improve freshwater supply in coastal zones
ADesalinisationsolar energy and Aquifer Storage and Recovery!
ASeepcatCoastal Collectors
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Research on groundwater in the coastal zone

w

w

>25 years experience in modelling variabensity dependent
groundwater flow and coupled solute transport in the coastal zone

Incorporating monitoring campaigns results in numerical modeling
tools

research on new freshalinephenomenae salty seepage boils and
shallow freshwater lenses in saline environments

knowledge on creating 3D initial chloride distribution, based on
geostatisticsand geophysical data (analyses, VES, borehole measures,
AEM)

guantifying effects of climate change and sea level rise on fresh
groundwater resources

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 notespracticalsandppt on freshsalt.deltares.nl

1. Density dependent groundwater flow
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2. Groundwater modelling

system characteristics
parameters

input - /‘ » output
variables X ’ variables

conditions: initial and boundary


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

Introduction

Practicalsnumerical modelling

w PMWIN
w_ SEAWAT: variabiensity groundwater flow and salt transport

w Cases:

Rotating sharp interface
Freshwater lens

| SYNBE Qa OIF &S
¢ 69f RSNQRa Otf
w Setuppracticals

¢ try to work together in teamse.g.of two persons

¢ short report of findings (make screenshots)
¢ deliver within two weeks after finish last SWI lectures

N N N

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

http://freshsalt.deltares.nl
Deltares: gualbert.oudeessink@deltares.r



Possibllities for internships / MSc thesis at Deltar

WnN -

o O1

0

9.

. Estimating geologic uncertainty in groundwater salinity modeling
. How old is Dutch groundwater?
. Exploring groundwater salinization effects of lasypale sea level rise

adaptation in the Netherlands

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

machine learning techniques

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

salinity and lithology

. Literature study of global surface water salinization
. Model study on islands in the Pacific Ocean using the SIDS groundwater

modelling framework
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)



Introduction

Topics of density driven groundwater flow

1. Introduction
- water on earth
- salt water intrusion

¢ freshwater head
2. Interface between fresh and saline groundwater
¢ analytical formulaeBadonGhybenHerzberg
¢ upconingexample
3. Numerical modelling
¢ mathematical background
¢ paleoreconstructions
¢ benchmark problems: Henry, Eldelydrocoin etc.
4. Casestudies
¢ hypothetical cases
¢ 2D, 3D cases
¢ real cases



Examples of variablelensity groundwater flow

w SYNEQa LINRPOfSY
wDutch 2D cases

wEffect of Tsunami on groundwater resources
wVertical interface

wRotating interface

wFreshwater lenses

wSalt watemocket

wRotating immiscible interface
wHydrocoin

wBroad 14 Basin, North Sea

wHeat transport: Elder and Rayleigh=4000
wDutch 3D cases
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Practicals

w Rotating sharp interface
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w Freshwater lens
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Salt WaterIntrusion Meeting, since1968

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

Themes
w Water systeem analysis

w Monitoring
w Modelling
w Effects

w Solutions




Salt Water Intrusion Meeting (SWIM)

Home ” History H Philesophy H Next meeting H Proceedings H Links

Welcome to the homepage of the Salt Water Intrusion Meeting

The Salt Water Intrusion Meeting (SWIM) conference series has been held in different countries on a biennial basis since 1968. Although the main focus
has traditionally been on seawater intrusion, contributions related to saline groundwater more broadly are also considered. The meetings are attended by
a multidisciplinary group of people with a wide variety of expertise, including chemistry, engineering, geclogy, geophysics, mathematics, physics, and
management.

Hydro eolo
Geolo%ca!
Greenland (GEUS)
Denmark 1

SWiM from Alphafilm & Kommunikation on Vimeo.

The long-lived success of the conference series reflects the relevance of managing saline groundwater problems around the world, especially in densely populated coastal areas. These
include:

increased demand due to economic development and population growth
over-exploitation of water resources, especially in arid and semi-arid areas - .
contamination and quality deterioration of water resources

characterization of groundwater systems and movement of saline groundwater WWW. WI - I .

management and prevention of salinization

natural and man-made environmental change

The main aims of this web site are to be the central and permanent source of information for people interested in the SWIM and 1o increase awareness and provide access of the excellent
work that is presented at the SWIM meetings




Salt Water Intrusion Meeting (SWIM)

Home History Philosophy Mext meeting Proceedings Links

The proceedings of the Salt Water Intrusion Meeting

The SWIM proceedings span a period of almost 40 years. The proceedings of the first informal meefing consisted of a few pages in German. Successive meetings all had regular procesdings.
They provide an excellent overview of the developments in the research of saling groundwater over the past decades.

At the 18th SWIM in Cartagena it was agreed that efforts will be undertaken to make all SWIM proceedings available through the internet. Currently, the proceedings of the Bth, 12th, 13th,
15th, 16th, 17th, 18th, 15th, 20th, and 21st SWIM and the abstracts of the 18th SWIM are available from this web site. The proceadings of other meetings will become available as soon as
they have been digitized. Some hardcopies of proceedings can still be ordered from various publishers. Links to these are provided an this page.

Available for download:

24th SWIM, Cairns, Australia, 2016

23nd SWIM, Husum, Germany, 2014

22nd SWIn, Buzios, Brazil, 2012

21st SWIN, S. Miguel, Azores, Portugal, 2010
20th SWiM, Maples, Florida, USA, 2008 {abstracts)
19th SWikd, Cagliari, Italy, 2006

13th SWIM, Cartagena, Spain, 2004 . -

18th SWikM, Cartagena, Spain, 2004 (abstracts) WWW SWI I I l—S Ite O r
17th Wik, Delff, The Metherlands, 2002 " .

16th SWIM, Wolin Island,_Poland 2000

15th SWikd, Ghent, Belgium, 1953

14th SWiM, Malmo, Sweden, 1996

13th SWIkd, Cagliari, Italy 1994

12th SWIk, Barcelona,_Spain, 1932

11th SWi, Danzig, Poland, 1950

10th SWikM, Ghent, Belgium, 1988

9th SWIM, Delit_The Metherlands, 1986

8th SWIM, _Bari, Italy, 1983

7th S'Ju'IM__JDDSUIE Sweden, 1931

Gth SWINM, Hanover,_Germany,_1979

Ath SWIM, Medmenham,_United Kingdom, 1977
4th SWIM, Ghent, Belgium, 1974

ard S'WIiM, Copenhagen, Denmark, 1972

2nd SWIM, Vogelenzang, The Metherlands, 1970
15t SWIM _Hannover_Germany,_1968

For sale {external links)

« Proceedings of the 12th Salt Water Intrusion Meeting, Barcelona, Soain,_ 1952
« Proceedings of the Gth Salt Water Intrusion Meeting, Hannover, Germany, 1978




Salt Water Intrusion Meeting (SWIM)

Home H History ” Mext meeting | Proceedings Links || About this site

Back to all proceedings

Proceedings of the 24th Salt Water Intrusion Meeting, Cairns, Australia, 2016

Preface

e WWW.Swim-site.org

Posters

5 Fatema, A Warandi C.Schiith Seawater Intrusion of the Coastal Groundwater: A Case Study in Cox's Bazar, Bangladesh

A, Kawachi,_C. Uchida, M. Kefi, J. Tarnouni, K. Kashiwagl Effect of Surface Water Use on Mitigation of GW Salinization in a2 Semi-Arid Coastal Shallow Aguifer Setting: A Case Study of
Lower Lebna Watershed, Tunisia

D. Vandevelde Increasing the Availability of Freshwater for Agriculture by Improving Local Hydro{geollogical Conditions

Elnaiem A E _Luc lebbe, F Sadooni,_Hamad Al Saad Potenfial Influence of Climate Change and Anthropogenic Effects, on Groundwater Resources in the Northern Groundwater
FProvince, Qatar

J. van Engelen, G.H.P. Cude Essink, M.F.P Bierkens Fresh Groundwater Reserves in 40 Major Deltas Under Global Change

Bernhard Siemon, Esiher van Baaren, Willem Dabekaussen, Joost Delsman, Jan Gunnink, Maries Karaoulis, Perry G.B. de Louw, G.H.P Oude Essink, Pieter Pauw, _Annika Steusr HEM
Survey in Zeeland (ML) to Delineate the 30 Groundwater Salinity Distribution - Filot Study: Canal Zone Gent-Terneuzen

Kees-Jan van der Made, Frans Schaars, Michel Groen Geophysical Field Measuremenis for Characterizing Sea Water Intrusion

Kouping Chen, Jiu Jimmy Jiao Hydrochemical Evolution of Groundwater in a Coastal Reclaimed Land in Shenzhen, China

GeorgJ. Houben, Willem Jan Zaadnoordijk, Klaus Hinsby, Lars Troldborg Water Supply on the Frisian Islands, Morth Sea

Wictaria Trglavenik, C. Robinson, Dean Morrow,_Darren White Viviane Paquin,_Kela Weber Effect of Tides, Waves and Precipitation on Groundwater Flow Dynamics on Sable Island,
Canada

Perry G.B. de Louw,_Guus Heselmans, Vincent Klap, Corstizan Kempenaar, Edvard Anlrichs, Jean-Pierre van Wesemael, _Joost Delsman In Search for a Salt Tolerant Potato to Reduce the
Freshwater Demand in Saline Coasial Areas

Yongcheol Kim, Heesung_Yoon, Gi-Pyo Kim Case Study on an Effective Method for Monitoring Temporal Change in the Freshwater-Saltwater Interface Location and Freshwater Lens
Thickness

Jason A. Thomann, Leanne K Morgan, Tony Miller,_Adrian D. Werner Mulnerability of Offshore Fresh Groundwater to Anthropogenic Impacts: Investigation Using Analytic and Numerical
Modelling Techniguas

A, Saha WK Lee A Bironne-Taisne, V. Babovic, L. Vonhdgen-Peeters, Esther van Baaren, P Vermeulen, G.H.P. Qude Essink, J.B. “alstar,_G. de Lange, B.M. Hoogendoorn, 5. Con
Utilization of Reclaimed Island as Groundwater Resenvair

I.L. Calvache J.P. Sanchez-Ubeda,_Carlos Dugue, M. Lopez-Chicano The Influence of the Heterogeneity and Variable Density in Theis and Cooper-Jacob Interpretation of Pumping
Tests: The Case of Motril-Salobrefia Aquifer (SE Spain)

J.P. 8anchez-Ubeda ML Calvache Carlos Duque, M. Lopez-Chicano Modelling Sea-Aquifer Contact in Salt Water Intrusion Scenarios: Conditions and Possibilities

J.P. Sanchez-Ubeda, ML Calvache, Carlos Duque, M. Lopez-Chicano Estimation of Hydraulic Diffusivity Using Tidal-Extracted Oscillations from Groundwater Head Affected by Tide

Elad Levanon, Eyal Shalev, Yoseph Yechieli, Haim Gvirtzman The Mechanism of Groundwater Fluctuations Induced by Sea Tides in Unconfined Aguifers

Gang_Li, Hailong Li,_Chunmiao Zheng, Kai Xiao, Manhua Luo, Meng_ Zhang_A Comparative Study of Two Transects at Dan'ao River's Estuary in Daya Bay, China

Auejing_Wang, Hailong Li, Chunmiao Zheng_Seasonal Distribution of Radium Isotopes and Submarine Groundwater Discharge in Laizhou Bay, China

Kai Xiao,_Hailong Li, Chunmiao £Zheng, Yanman Li,_WManhua Luo A Preliminary Study on Influence of Seawater-Groundwater Exchange on Nutrient Dynamics in a Tidal Mangrove Swamp
in Daya Bay, China

Ashraf Ahmed, Robert Gantley, Antoifi Abdoulhalik The Effect of Cutoff Walls on Saltwater Intrusion in Stratified Coastal Aguifers: An Experimental and Numerical Study

Andrew C. Knight, Leanne K. Morgan, Adrian D, Wemer Offshore Hydro-Siratigraphy of the Gambier Embayment and the Potenfial for an Cffshore Groundwater Resource

| Oz Eyal Shalev,_Yossph Yechiel,_Haim Gvirtzman Saltwater Circulation Patterns Within the Freshwater-Saltwater Interface in Coastal Aquifers

Sang Kil Park, Do Hoon Kim, Hong Bum Park The Invesiigation of Sea Water Intrusion on Cpening Estuary Barrage of Nakdong River Using Mumerical Simulation Model

Chengji Shen, Pei Xin,_Chenming_£hang, Ling Li Initiation of Unstable Flow in Salt Marshes

Session 1 - Managing Coastal Groundwater |

5.H.P. Oude Essink Fresh Groundwater Resources in Deligic Areas Under Climate and Global Stresses, with Examples from Wietnam, Egypt, Bangladesh and The Metherlands







Volumes of water on Earth: a scarce product

Water in/on/above Earth
Liquid fresh water

Freshwater lakes rivers

fresh water

3%
I 30%
97% 70%
- in, on, and . .
3 Waterl.n fln and above the Earth Salt 0ceans GlaCIGrS, ice caps,
'A # Liquid fresh water i‘;:z:’oie:;::xi; !
“ . Freshwater lakes and rivers Data: lgor Shiklomanov, 1993 - Fresh’ Continents pel’mafrOSt

B Liquid water

Source: Perlman, USGS; Shiklomanov, 1993



Water Energy FooNexus
Global waterscarcity
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Every year, about 2 million people worldwide die frdrarrhea caused

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

Groundwater is an important source of drinking water (now ~50% a
Increasing):

w Increase world population & economical growth

w relatively easyto-access andvailable in large quantities
w high quality and stilbinpolluted (relative to surface water)
w loss of surface water due to contamination T ERse

In thefuture, we haveao copewhich:
w climatechange angealevelrise
w increasingquantitiesgroundwaterextractions e e
w landsubsidence

w politics, policy & watermanagement, affecting lamske




Introduction

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

f YR &4dz0 aARSYOSXd®
-salt water intrusion !



Threathsto deltas worldwide:
subsidencesalinisation depletion, sealing, sea level rise, CC

-
climate change: hinterland
precipitation and evapotranspiration increase
increasing u;) s_trea(rjr} uie 34$8
population density economic O e 5=
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amplitude subsidence o, 28
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urbanisation, surface sealing:

~” reduced infiltration capacit Iy
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over-extracti eo\
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1/3 of theworld populationlivesin the coastalzone



Fresh groundwater availability deltaic areas

Present Future without
measures
Future with
measures
1/3 world population lives in the coastal zone
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Intermezzo: volumes ofreshgroundwaterand stresses

Netherlands Mekong Delta

~30BCMyr ~1.5BCMyr ~4SBCMyr

precipitation l extraction precipitation J

1BCM=1kr#

~1.0BCiwyr
extraction

1100 BCM (k&) fr86r(1) I?Cl\éld(kﬁ)t :
freshgroundwater esngroundawate
yet 20%drinkingwaterwellshave yet>0.2msubsidenceover 25yr

beenabandoned
(DEM Mekong delta oaverage
+0.8m)



~17milion:peeple

Bangladesh
>130million:people
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Towards improving groundwater
management in subsiding deltas

Many groundwater related stresses in deltas around the worlc



Groundwater
salinization

Krishna delta, India

GBM delta, Bangladesh

W |

Bangkok, Chao Phra‘ a delta

A groundwateroverexploitation

A limitedaeplenishment due-to ses
of clay-layers

A sealevelrise

A ovenwasbaline\water during stor
surges anfibodings
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Mississippi

" wose | || Mekong delta, Egypt
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Towards improving groundwater
management in subsiding deltas




Many changes in the Mekong delta

(and other deltas around the world)

)

/
1 Climate change
"¢ Population growth

Reduced discharge & urbanisation Sealevel rise
ediment supply flooding [T 3-10 mmfyr

.

Relative sedevel rise!

Minderhoud, 2019

Absolute Sealevel riseversusSubsidence  Deltas are densely populated areas: >500 million people worldwi
High economic value
Crucial to global food security*



