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Deltares Our core activities at Deltares

Enabling Delta Life 7

Ground Water System Analysis in the coastal zone

impact of global and climate change
impact of management measures

Fresh-saline groundwater in the coastal zone

. Monitoring water systel
Gualbert Oude Essink | Tradiional groundwater measurer

P. de Louw, E. van Baaren, Marta Faneca, J. Delsman, P. Pauw o
Deltares, The Netherlands

Solutions and responses
Climate Proof Areas
{ Freshkeeper concept
Knowledge for Climate
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Mississippi, USA

Areas in the world vulnerable to a fise in sea level vl
- A Major river deltas of the world (J.M. Coleman, 1981)
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South Eas Asia
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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

From fresh water outflow to salt water

We have to cope which...: A ~1000 AD +2.5m=
‘primitively drained outflow
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Direct anthopogenic influence on groundwater is more important than climate effect
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The (Dutch) groundwater system under stress
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Present processes Future changes

more evapotranspiration in summer
natural more precipitation in winter
groundwater recharge low-lying I l l 1 | l
polder area
land subsidence

large industrial
extraction

itard
sea level - salt damage

brackish brackish

- Change in piezometric head

- Uplifting instable aqulmms creating (sal) boils

- Increase seepage and salt load 1o surface water sz
- Decrease of fresh groundwater resourt
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Salt water intrusion groundwater

lowefing phreatic
groundwater due to
jand reclamation |

Upconing extraction

Salt water intrusion surface water
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Case 1: Sea level rise and salt water.intrusion

rounduaterrecharge
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Salt water intrusion groundwater
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Impact of sea level rise on a coastal groundwater system:

a conceptual model of saltwater intrusion

beach land

Impact of sea level rise on a coastal groundwater system:
a conceptual model of saltwater intrusion

beach land
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Case 2: chloride concentration

Present distribution Modelled fresh-saline distribution

at 2990 AD and SLR=0.6 m/c
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Saltwater intrusion in Dutch coastal zone

—— Salinisation of the groundwater flow system
dunes
< caused due to groundwater extractions and lowering
of the ground surface of the Haarlemmermeer polder

Waterworks-Haar

Time= 1854 AD

Theo Olsthoorn
Dana Jakovovic
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Saltwater intrusion in the Dutch coastal zone ~~
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Salinisation of the groundwater flow system

caused due to groundwater extractions and lowering
of the ground surface of the Haarlemmermeer polder

Profile

Time= 1854 AD
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Upconing of brackish-saline S
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Stuyfzand, 1993
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Three types of upwar roundwater seepage S
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From: De Louw et al., 2010, J. Hydr.

U=l 0\68& " Noordplas)

(8]
66\ - Diffuse: 100mg/l
., Paleochannel: 600mg/
Boils: 1100mg/|
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Shallowrainwater lens
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Fresh rainwater lenses under stress :

pracipitation surplus

-
Sehouwien-Daiveland

eltares

De Louw et al., Hydrol. Earth Syst. Sci. Discuss., 8, 7657-7707, 2011.
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Evolution of a freshwater lens after flooding S

1. Before the Tsunami 2. Just before the Tsunami

Lowering of sea- and lagoonwater level

Well overfi
w Velloveriows Submerged well

3. Just before the Tsunami 4. During the Tsunami: Fiooding of island,
‘Subsurface pressure wave precedes surface wave  mixing of water due to sudden pressure changes

[ Nenston R:Imaz . Vr:mfm

5. After the Tsunami

6. Afer the Tsunami

o eltares

Case Sri Lanka: lagoon setting

sandy ridge
T abstraction ground surfac

sandy ridge
abstraction ground surfa
lagoon

After the Tsunami

[Before the Tsunami
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Effect of Tsunami on a freshwater lens

AtTime=0 yrs: 1.Increase of head of 3 m
2. duration2 hours
Natural groundwater recharge
seasonal variation

Maldives setting

Time= -3.72 yr

Depth [m]

500 1000
Length [m]
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Evolution of a freshwater lens after floodin

Fingering processes in the subsoil S

Effect of Tsunami on a freshwater lens. ‘

AtTime=0 yrs: 1. increase of head of 3 m
2 Guraion 2 hours

waa

o v Impact of the 2004 Tsumani on the salt concentration in a
freshwater lens

Tsunami characteristics: height 3 m, duration 2 hours

GRac, GoEwvet, 05
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Saltwater pocketin a fresh environm ent: fingering proce s

Ated0 sec
2.0 Time= 0.0 hour

very low-pemeable layers (k=0.000864m/d)

Total Dissolved Solids
[y

Medium sandy porous medium
00 1.0 [hydraulic cond.=8.64 m/d]
x [m] THO, Dude Essink 07
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core activities at Deltares

Ground Water System Analysis in the coastal zone
saltload flixes .
increase/decrease in fresh water volumes @2 pitch
raimwater lenses and salt boils T "4
impact of global and climate change - 0gm Unsauratedzone
impact of management measures i

4m 13m Saturated zone

am

onitoring water syster ough estimations witl

raditional groundwater measuremerts . A
e analytical formulae

Solutions and responses
Climate Proof Areas
Freshkeeper concept

Knowledge for Climate
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Monitoring a ata assimilation S
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From a 3D EC field to a 3D chloride field

m innovation
| for life mm|

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

Combination monitoring and modelling :

« Airbone Electromagnetic geophysics
* Modeling

s/

« Assessing climate change impacts

= ' Gunnink et al. (2012)

Deltares
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core activities at Deltares
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Numerical modelling of salt water intrusio :

Ground Water System Analysis in the coastal zone
saltload fluxes
increaseldecrease in fresh water \olumes
rainwater lenses and salt boils
impact of global and climate change
impact of management measures

Monitoring water systel
Traditional groundwater measuremert
Geophysics

ough estimations witl
analytical formulae '

Solutions and responses
Climate Proof Areas
Freshkeeper concept

Knowledge for Climate
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Characteristics: NHI freshsalt

« variable-density groundwater | 225 Texel (M

« fresh, brackish and saline 2010 230K, g
2501

« 3D, non-steady 20000 /)

« coupled solute transport Noord-Holland
62K

« heat transport 1250m
1989

Assess combined effects:
« past land subsidence polders
* sea level rise

« changing recharge pattern

« land subsidence

« changing extraction rates

« adaption measures

Rijnland
1.2

Zyid-Holland
5.9M

250m]
2004

2010
0,25 50 75 100 km

Software (MODFLOW family):
SEAWAT, MOCDENS3D
MT3D, iMOD, fink NHH, etc.

Name project
Number of cells
Size of cell

14 december2012 Date of release

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, Guijarat/India, Philippines
cell size=100m

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

National: salt load
Zuid-Holland, NHI |
cell size=250m-1km *

Goal:

To take largest cell size possible to
accurately model relevant salinisation
processes
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« 100km * 92.5km * 300m depth

« ~4 million active cells

« Land subsidence

«* Sea level rise

« Change in natural groundwater recharge

 kalo

Geology A
/// \‘J

"/ Hydrogeologic base

« 100km * 92.5km * 300m depth
« ~4 million active cells, MOCDENS3D

« Land subsidence

* Sea level rise

« Change in natural groundwater recharge

4 recharge scenarios

;B?;em e.g. KNMIoe W+
2100
GWrecharge

& mm/day

B o-os

Winter:+28%

Summer: -38%

ne of influence of sea level ris

25 km

o \

[ 1<10% . \Gd >

N 10-20% \\((\\

I 20 - 40 % B

I 40 - 60 % The, e O Utrgcht

B 60 % backwater
effect
surface
water

Oude Essink et al. (2010): WRR Delta res




. green is too salty
to grow fresh crops

5003000 5000 FECC 10000 ‘/000
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Meteorology

precipitation Water level management

evapotranspiration l

t

Sprinkling

extraction

e
A
=
\\//
brackish Hydrogeolo
uitard yarog QY
(clat and peat) Sorptionand /
L/' resuspension
1 Geology
aquifer seepage
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Our core activities at Deltares :

Ground Water System Analysis in the coastal zone
saltload fluxes
increaseldecrease in fresh water \olumes
rainwater lenses and salt boils
impact of global and climate change
impact of management measures

ARough estimations withBt
analytical formulae

Monitoring water systel
Traditional groundwater measuremerd§
Geophysics

Solutions and responses
Climate Proof Areas

Freshkeeper concept
Knowledge for Climate
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Delta Program and National Water Plan ™

Two main goals for water management of our national govern ment
« To protect The Netherands from flooding Q
« Tomake Fresh Water Supply Climate Chang%fﬂa

Assessing the effects of:

« Changing water management (Iake}&@ine a@? [ake hlgher water level)
« Droughts Q‘ Q .

« Land subsidence e\\a \)(0 v

* Sea level rise am{& %}u g’pltatlon pattern
« Coming y% ssions and pesticide leaching, etc.
. Adap d mlqétw‘e strategies

Tools Deltarf'lodel and Netherands Hydrological modeling Instrument

Solutions and responses :

Local solution fresh
groundwater supply

climate and global change

£

Tabasco, Mexico 20121010

What should be the response?

Deltares
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Many (liocal SDlutiDTS fresh climate and global change -upscaling local cases to regional strategy
t . Ly ers
groundwater supply -assess economical feasibility
% -increase impact: communicate our showcases
-working together
=g

I 3 iR gp 2
5 % 2t ;owcases B

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

Tabasco, Mexico 20121010 Tabasco, Mexico 20121010

Climate Proof Fresh Water Supp

@ Kima

WP-2 Local Fresh Water Supply

PhD resear
Groundwater — Surface Water E

WP-3 Effects salt on agriculture and nature

WP-4 Water technology

[ [ |

WP-6 Integrating cases

WP-5 Robust
strategies

70*70km?

|

Combining groundwater projects, e.qg. in Proeftuin Zeela

Initial situation

Deltares e . :
Enabling Delta Lie % Mission: Enabling Delta Life

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?

Deltares
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