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Our core activities at Deltares

Ground Water System Analysis in the coastal zone
salt load fluxes

increase/decrease in fresh water volumes
rainwater lenses and salt boils

impact of global and climate change
impact of management measures

Monitoring water system
Traditional groundwater measurements

Geophysics

Rough estimations with 
analytical formulae

Solutions and responses
Climate Proof Areas
Freshkeeper concept

Knowledge for Climate

Stakeholders participation 
process

Numerical modeling
Variable density gw and 

salt transport

Deltas vulnerable to sea level rise

http://flood.firetree.net

New Orleans

Mississippi, USA

http://flood.firetree.net

Florida, USA
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http://flood.firetree.net

Nile Delta, Egypt

South Eas Asia
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http://flood.firetree.net

Learn from other areas

Want to get an idea about the effects of climate change in 
your delta?

Evaluate past and present water management in the 
Dutch delta

salty water fresh water

http://flood.firetree.net

~50km

The Netherlands: low-lying lands

Groundwater in the future

We have to cope which…:

• Groundwater extractions

• Development energy use/production (heat-cold)
• Climate change
• Land subsidence
• Development spatial land use
• Politics, Policy & Watermanagement

Direct anthopogenic influence on groundwater is more important than climate effect

From fresh water outflow to salt water inflow

+2.5m =
outflow

-3.0m =
intrusion

Historical subsidence of the 
ground surface in Holland

Ground surface

~1000 AD

13th century

17th century

19th century

outflow
inflow
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Present processes Future changes

The (Dutch) groundwater system under stress

- Change in piezometric head 
- Uplifting instable aquitards, creating (salt) boils
- Increase seepage and salt load to surface water system
- Decrease of fresh groundwater resources
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Salinisation processes

Upconing low-lying area

Shallow rainwaterlens

Upconing extraction

Salt water intrusion surface water

Salt water intrusion groundwater
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Salinisation processes

Upconing low-lying area

Shallow rainwaterlens

Upconing extraction

Salt water intrusion surface water

Salt water intrusion groundwater

Case 1: Sea level rise and salt water intrusion

extraction

extraction

Case 2: chloride concentration
Present distribution                                 Modelled fresh-saline distribution  

at 2990 AD and SLR=0.6 m/c

Tabasco, Mexico 20121010

Saltwater intrusion in the Dutch coastal zone

fingering
upconing
wells

salt inclusion

upconing 
polder

sea

dunes

polder

Theo Olsthoorn
Dana Jakovovic
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Saltwater intrusion in the Dutch coastal zone

14 december 2012 14 december 2012

Salinisation processes

Upconing low-lying area

Shallow rainwaterlens

Upconing extraction

Salt water intrusion surface water

Salt water intrusion groundwater

Upconing of brackish-saline groundwater

Stuyfzand, 1993

?
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Three types of upward groundwater seepage

Cl-conc seepage:
(Polder Noordplas)

Diffuse: 100mg/l
Paleochannel: 600mg/l
Boils: 1100mg/l

From: De Louw et al., 2010, J. Hydr.

14 december 2012

Tabasco, Mexico 20121010

Salty (hot) boils in deep polders
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Salinisation processes

Upconing low-lying area

Shallow rainwater lens

Upconing extraction

Salt water intrusion surface water

Salt water intrusion groundwater
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Fresh rainwater lenses under stress

0 300 m N

Schouwen-Duiveland

ditch

De Louw et al., Hydrol. Earth Syst. Sci. Discuss., 8, 7657-7707, 2011.

0.5-1.5m

Tabasco, Mexico 20121010

Evolution of a freshwater lens after flooding

Freshwater lens in a coastal aquifer with a brackish 
lagoon

Case Sri Lanka: lagoon setting
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Evolution of a freshwater lens after flooding
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Evolution of a freshwater lens after flooding

14 december 2012 Tabasco, Mexico 20121010

Fingering processes in the subsoil
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Monitoring and data assimilation
complex (fresh-brackish-saline) water systems

3
m

1.3m
1m

1.6m
2m

0.3m
0.5m

0.8m

Saturated zone

Unsaturated zone

2m

Ditch

4m
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Monitoring and data assimilation Comparison monitoring data with model results

5*5m2

a) Airborne EM

Tabasco, Mexico 20121010

Combination monitoring and modelling

• Airbone Electromagnetic geophysics

• Modeling

• Assessing climate change impacts

Tabasco, Mexico 20121010

From a 3D EC field to a 3D chloride field

Bulk EC + Groundwater EC + Formation Factor Cl concentration per cell

Gunnink et al. (2012)
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Numerical modelling of salt water intrusion

Characteristics:
• variable-density groundwater
• fresh, brackish and saline
• 3D, non-steady
• coupled solute transport
• heat transport

Assess combined effects:
• past land subsidence polders
• sea level rise
• changing recharge pattern
• land subsidence
• changing extraction rates
• adaption measures

Software (MODFLOW family):
SEAWAT, MOCDENS3D
MT3D, iMOD, link NHI, etc.
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National: salt load
Zuid-Holland, NHI
cell size=250m-1km

Different model cell sizes to consider several phenomena

Goal:
To take largest cell size possible to 
accurately model relevant salinisation 
processes

Local: rainwaterlenses, heat-cold
Tholen, Schouwen-Duiveland
cell size=5-25m

Regional:
Zeeland, Gujarat/India, Philippines
cell size=100m

Sub-local: fingering, salty sand boils
Sri Lanka (Tsunami 2004), Zandmotor
cell size=1cm-1m

Oude Essink (2001): TIPM
Oude Essink et al. (2010): WRR
Faneca et al. (2012): HESS

Modelstudy Zuid-Holland

• 100km * 92.5km * 300m depth
• ~4 million active cells
• Land subsidence
• Sea level rise
• Change in natural groundwater recharge

Top layer

Tegelen/Belfe lt

Enschede/Kedichem

Hydrogeologic base

Maassluis Kallo

Geology

Detailed fresh-saline
distribution

Digital Elevation Model

Modelstudy Zuid-Holland

• 100km * 92.5km * 300m depth
• ~4 million active cells, MOCDENS3D
• Land subsidence
• Sea level rise
• Change in natural groundwater recharge

Land subsidenc

GW recharge
mm/day

Present
2010

4 recharge scenarios
e.g. KNMI’06 W+
2100
Summer: -38%
Winter:+28%

Zone of influence of sea level rise

backwater
effect
surface
water

Oude Essink et al. (2010): WRR            
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Modelled Cl-concentration: different CC scenarios

green is too salty
to grow fresh crops

Tabasco, Mexico 20121010

Coupling uncertainties in Meteo-Geo-Hydro-Agro 
Modelling tools

oppervlakkige 
afspoeling

kwel

onverzadigd

zoet

brak
Deklaag
(klei en veen)

Watervoerend 
pakket

sorptie en
resuspensie

precipitation
evapotranspiration

Surface runoff

seepage

unsaturated

fresh

brackish
aquitard
(clat and peat)

aquifer

Sorption and
resuspension

Sprinkling

extraction

Water level management

Meteorology

Geology

Hydrogeology

Ecology
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Tabasco, Mexico 20121010

Delta Program and National Water Plan

Two main goals for water management of our national government:
• To protect The Netherlands from flooding
• To make Fresh Water Supply Climate Change Proof

Assessing the effects of:
• Changing water management (lake saline again, lake higher water level)
• Droughts
• Land subsidence
• Sea level rise and change precipitation pattern
• Coming years: nutrient emissions and pesticide leaching, etc.
• Adaptive and mitigative strategies

Tools: Deltamodel and Netherlands Hydrological modeling Instrument

Tabasco, Mexico 20121010

climate and global changeLocal solution fresh
groundwater supply

Solutions and responses

Tabasco, Mexico 20121010

What should be the response?
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Tabasco, Mexico 20121010

Many local solutions for fresh groundwater supply can have regional impact!

climate and global changeMany local solutions fresh
groundwater supply

Tabasco, Mexico 20121010

Key activities

-upscaling local cases to regional strategy
-assess economical feasibility
-increase impact: communicate our showcases
-working together

Tabasco, Mexico 20121010

Climate Proof Fresh Water Supply

Tabasco, Mexico 20121010

Changes for upscaling showcases (e.g. Zeeland)

AEM;
Perkpolder
ClWat

Coastal Laboratory

AEM 
Climate Proof Areas

NMDC
The Water Farm

Modelling groundwater; CLIWAT, €ureyeopener

PhD research

PhD research

PhD research

Interreg Scaldwin
Waterdunen

70*70km2

• GO-FRESH, Knowledge for Climate

• The Water Farm

• Climate Proof Areas

• CliWat

• The Coastal Laboratory

• The Creek Back

• The Sand Engine

Combining groundwater projects, e.g. in Proeftuin Zeeland

rural

nature

recreation

urban

fresh
saline

New creek

Initial situation

fresh
saline

The Creek Back

Remove ditches
To provide areas with fresh-salt issues 

enough and clean water
in a sustainable way and at the right moment of time

Can we make a difference?

Mission: Enabling Delta Life
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