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Different model cell sizes to consider ‘'several phenomena

e —

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

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

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

National: salt load |
Goal: Zuid-Holland, NHI

To take largest cell size possible to ~ cell size=250m-1km *-%
accurately model relevant salinisation
processes
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Activiteiten tot nu toe

2009: Modelopzet NHI zoet-zout

* geologie: versie 2.0

* code MOCDENS3D (~SEAWAT)

20009: eerste schatting initiele zoetzout verdeling
2010: doorekenen KNMI06 klimaatscenarios
2011: implementatie zoute wellen

2012: start implementatie regionale modellen
2012: verschil met en zonder zoet-zout
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Proven technology for large-scale domains
Alternatives such as SEAWAT or SWI were not proven technology!

Can cope with large-scale domains and long simulation times (100yrs) within
reasonable computation times

Can consider:

* instable salt-fresh inversion
 hydrodynamic dispersion (for long-term simulations)
 salt loads to surface water system
Fully consistent with modelling approach NHI-kwaliteit
13 years of experience in modelling salt water intrusion with MOCDENS3D
Published 3D cases in numerous peer-reviewed journals, e.g.
+ Netherlands Journal of Geosciences, 2012
Hydrogeology, 2006, 2007
Hydrol. Earth Syst. Sci. Discuss, 2011, 2012
Water Resour. Res. 2010

J. of Hydrol. 2007
Transport in Porous Media, 2001

check a.o. publications on zoetzout.deltares.nl
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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):
MOCDENS3D, ~SEAWAT
MT3D, iMOD,; link NHI, etc.

20120606
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+ Klimaateffecten studie PBL

» Klimaatbestendig NL Waterland

» Klimaateffectatlas
* Interreg IV-B Cliwat
* Metastudie ZWD

» DP IJsselmeergebied (zoutvracht bij hoger peil)
+ DP ZW Knelpuntenanalyse 2.0

+ DP ZWD Effect ecologie (Alterra) kwetsbaarheid regenwaterlenzen
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NHI zoet-zout

Using the national subsoil parametrisation
« 6 layers based on REGIS and NHI

« 31 model layers with varying thicknesses: 2*5m; 10*2m; 8*5m en 11*20m
« cellsize 250x250m c
Using the national 3D salt concentration in groundwater
Fresh-saline REGIS: ~65000 measuring points (analyses, VES, Borehole)
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Zoet-zout verdeling en toekomst mode'lresultaat'
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Gebruik van regionale benaderingen zoals Zeeland

Regional approach
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Verschil met en zonder zoet-zout: fluxverschil onderkant deklaag
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Verschil met en zonder zoet-zout: % fluxverschil
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We hebben ook kaarten voor alleen kwel en alleen infiltratie...
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Verschil met en zonder zoet-zout: verspringen kwel<->infiltratie

Legend

Hinge zones

[ ] -2NHizz kwel en NHIzoet infi
|:| -1 NHIzz en NHIzoet infiltratie
- 0 NHIzz en NHIzoet kwel
- 1 NHIzz infiltratie en NHIzoet
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Plan van Aanpak

NHizoetzout 20120606
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* NHI zoetzout integreren in NHI versie 3.1
* Verbeteren initiele zoet-zout verdeling
* Check huidige verdeling
* Gebruikmaken van regionale kennis zoet-zout
* Implementatie deelmodellen ZL, PZH, FL, FR
* SEAWAT v4:
* NHI versie 3.0/3.1
* MOCDENS3D schematisatie a la SEAWAT
+ Parallisatie code a la NHI kwaliteit
« Samenwerking met NHI Kwaliteit
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Enkele regionale studies

nodelgebied van DSM-Delft
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maalveld (m tov NAP)
<s

«Cels 100*100 m?
*Top modellayers 0.5 m thickness
«Calibrated

sImproved 3D initial fresh saline field
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Chloride distribution in groundwater in Zeeland, the Nethertands [mg/l]
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» geintegreerd in MODFLOW USGS lijn

» pastin lijn NHI-kwaliteit (SEAWAT is MT3DMS plus dichtheid)
» parallellisatie in de toekomst

» advectie en hydrodynamische dispersie

* inclusief zoet-zout inversies
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tzoet inversies: Chloride
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Thank you for your attention!

zoutzout.deltares.nl
freshsalt.deltares.nl
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Simulated Cl-concentration: different-CC scenarids
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W+ 2100 + sea
level rise
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green is too salty
to grow fresh crops
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