Enabling Delta Life

Salinisation and freshening of the Southwestern Delta & Wadden
A. Case The Netherlands: national

B. Case Zeeland: regional & local
C. Case Wadden

Gualbert Oude Essink

We have to cope which...:

» Climate change
Groundwater extractions

Development energy use/production (heat-cold)
Land subsidence

Development spatial land use
« Politics, Policy & Watermanagement

Direct anthopogenic influence on groundwater is more important than climate effect
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Process 2; Boundary condition shore
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Process 1; Density driven flow
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Salinisation shallow groundwater and saline seepage leads to:

» Salinisation of surface water (salt load)

+ Salinisation of root zone (rainwater lenses on agricultural plots)
+ Smaller freshwater volumes (drinking water in sand dunes)

Main questions:

+ Spatial variation of saline seepage / fresh water bodies

+ Dynamics of saline seepage - rainwater lens

+ Effects of sea level rise and climatic change

+ Robust and feasible mitigation and adaptation strategies

Deltares

25 mei 2011

7 juni 2011



e
- L
F oclimate
't

1 CHIffidie

=
-
-

Modelling:

« variable-density

* 3D, non-steady

* groundwater flow

« coupled solute transport

Code:
MOCDENS3D (MODFLOW family)
similar to SEAWAT

Assessing effects:

+ autonomous salinisation

* sea level rise

+ changing recharge pattern
land subsidence

« changing extraction rates
+ adaption measures
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MOZART <=

130 main surface water units,
9000 local surface water units,
60000 weir level units

data on:

-water level

+hydraulic capacities .
.water management practices
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10000 - 12500

7500 - 10000
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5000 - 7500
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NHI fresh-salt: 2D

+10m Sea dunes Haarlemmermeer
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+10m Sea dunes Haarlemmermeer
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Salt load= _
seepage flux * chloride concentration

First aquifer

Salt load in kg/ha/year or ton Cl-/year
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* 64 bit compiler and pc

« 250 x 250 m2

+ 31 model layers

+ 20.6 million cells

+ 100 yr simulation: 3 days

Salt load in kg/ha/year
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Regional scale
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Province of Zuid-Holland, salinisation of the subsoil | Zoet, brak en zout grondwater (chloride verdeling mg CI-/l)
~2000 4D
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1. Land reclamation in front of the coast

2. Inundation of low-lying polders

3. Injection of fresh surface water

4.  Extraction of saline/brackish groundwater
5.  Creating physical barriers

Ada. b \‘k"‘l&' il i’hll;rwa:lzlrd’rvhdﬂ/'r e At

water divide —, T v 1yiog Tt low-lying
poider area
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Chloride distribution in several profiles
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Factors controlling fresh-salt interfac '
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Modelling:
* variable-density
* 3D, non-steady

+ groundwater flow & coupled solute transport
» model cell size: 5*5m?

Code:
MOCDENS3D

Assessing effects:

+ autonomous salinisation

* sea level rise

+ changing recharge pattern
* (adaption measures)
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Different model scales

Which one is good enough?
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