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Enabling Detta Lie % Mission: Enabling Delta Life

Climate Proof Fresh Groundwater Supply

To provide areas with fresh-salt issues
Gualbert Oude Essink enough and clean water

P. de Louw, E. van Baaren, J. Delsman, P. Pauw . tainabl d at the right t of ti
Deltares, The Netherlands In a sustainable way and at the right moment or time

freshsalt.deltares.nl

zoetzout.deltares.nl Can we make a difference?
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Perry Esther Marta  Joost Pieter
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Our core activities e

Ground Water System Analysis in the coastal zone

rainwater lenses and saltboils
impactofglobal and climate change

salinisation__ geggeee
model
) S0UICeS

Monitoring water syste
Traditional groundwater meastremef
Geophysics

ough estimations wit
analytical formula

A fitribution

Solutions and responses
Climate Proof Aveas.
Freshkeeper concept
Knowledge for Climate
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Sense of Urgency

X Areas in the world vulnerable to  rise in sea level
‘»Q‘g\ A Major river deltas of the world (J.M. Coleman, 1981)
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Three areas of interest in Chi

Fresh groundwater ‘contaminates’ brines
Large coastal development

20 december 2012

UNFER L. 4TRSS TR RANEL L SRGYS R, IET. RUR
rRARTOAREREL. o
AARS SRR AR SRTEIAS, RLRSTARSAY<ELTNA

AR LRRATRRRE LR, YHRRAS. NARAAFSSEANANDHT AAS
T menan Ao,

e i R AR A

Learn from other areas

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

Evaluate past water management in the Dutch delta
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Legend
Depth brackish-saline interface

Based on:
* Analyses
* VES

120121010 « Borehole measurement

Salt in water is a problem '

From fresh water outflow to salt water inflow

-drinking water:
« taste (100-300 mg CI-/I)
« long term health effect
« norm: EC& WHO=150 mg Cl-/I (live stock=1500 mg CI-/I)

-industry:
« corrosion pipes

« preparation food

-irrigation/agriculture:
« production crops
« salt damage, e.g.

Grass 23606 mg Cl-/I
Grains 2 4801 mg CI-/I
Potatoes = 756 mg CI-/|

Tabasco, Mexico 20121010
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Present processes Future changes

more evapotranspiration in summer
natural more precipitation in winter
roundwater recharge low-lying
2 ? e e
| land subsidence
risk of uplifting

] Holocene aquitard
large industrial (1 st damage,
"

coastal erosion

sea level
extraction brackish e 1 1 flooding

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

Deltares

ure sea level rise inthe Netherlands
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rounduaterrecharge

thtlt

Salt water intrusion groundwater T

Shallow rainwaterlens

lowefing phreatic
roundwater dve to
}iand reclamation

Upconing extraction

Upconing low-lyingarea

Salt water intrusion surface water
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Zeeland, voorjaar 2011:
>1.000 euro per ha voor
water per tankwagen!

S
“Droogte: alle productenvan slechtere kwaliteit.

" e omhoog. In droge jaren 20-30% minder
Wateroverlast: minder product, wel hoge kwaliteit”

opbrengst.”

Model input (5/5): climate scenarios (KNMIO6) S

Zeespiegel kust Nederland

N__Gllﬂel'l opzichte van NAP
Jaargemiddelde
6 kuststations
10— - . = Lineaire trend
AT T T
-10— 1
-20-
-30-

1900 1920  1%40 1960 1980 2000 2020

Bron: RIKZ, MNF/MHGjun0S0E2s
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2100 ‘ G G+ w Wi © C+
Worldwide temperature rise in 2050 +1°C +1°C +2°C +2°C +3°C +3°C
Worldwide temperature rise in 2100 +2°C +2°C +4°C +4°C +6°C +6°C
Changeairstream pattern Western Europa no yes no yes no yes
Winter Averagetemperature +1,8°C | +2,3°C | +3,6°C | +4,6°C | +54°C | +6,9°C

Coldestwinter day each +2,1°C |+2,9°C| +4,2°C | +58°C| +63°C| +7.8°C

year

Average precipitation 7% 14% 14% 28% 21% 42%
Summer Averagetemperature +1,7°C | +2,8°C | +34°C| +56°C| +51°C| +84°C

Hottest summer day each +2,1°C | +3,8°C | +4,2°C | +7,6°C| +6,3°C | +11,4°C

year

Average precipitation 6% | -19% 12% -38% 18% -57%
s_ealevel Absoluterise (cm) 35-60 | 35-60 | 40-85 ‘ 40-85 | 45-110 | 45-110
rise
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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

(o goast beach _ land
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level ri n It water intrusion

Sea level rise and salt water intrusion

Impact of sea level rise on a coastal groundwater system:

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

Impact of sea level rise on a coastal groundwater system:

a conceptual model of saltwater intrusion
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Wadden islands
)

8 2D-profiles NL

Zone of influence SLR
Fresh-salt distribution

euws-Viaanderen
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http://repository.tudelft.nl

Oude Essink Ph.D.thesis (1996): Impact of sea level rise on groundwater flow regimes
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Chloride concentration
Present distribution

Modelled fresh-saline distribution
at 2990 AD and SLR=0.6 m/c
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Chloride concentratio, L] cl ‘ :

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

Depth below MS.L. [m]

5000 7500 10000 12500
Le of the systes

Conc: 40 150 300 1000 2500 5000 7500 10000 12600 15000 res

Saltwater intrusion in the Dutch coastal zone

Salinisation of the groundwater flow system

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

Profile A Waterworks-+ Idl

Depth below MS.L. [m]
8 &

g
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pconing of brackis ne g ndwater S

lowefing phreatic
groundwater due to
famation |

Upconing extraction

Upconing low-lyingarea
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groundwater recharge

e e

> extraction ground surface

=

Stuyfzand, 1993
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PhD Research

Adaptating to drought and salinisation in the
coupled groundwater — surface water system

« Whatadaptation strategies can we use, to cope with a drier and
more saline future?

« Evaluate effects of possible measures to drought / salinisation
« Knowledge gaps in (extreme) summer hydrology

v'How does the functioning of the hydrological system change in dry
summers?

v'What causes the spatial and temporal variation in salt load?
v'How can we adequately describe this system quantitatively?
v'How will climate change affect the hydrological system?

v'What is future water demand?

Deltares
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Holocene layer

upper aquier

tial scale: from local to regional

-

2 study sites:” <
-Schermer polder, field scale
-Haarlemmermeer, catchment scale
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End-member fractions

g End-member fractions of catchment discharge
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Fractions of chloride load : r core activities at Deltares

Chloride load at catchment outlet [tonnes/d]
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Monitoring and dafa assimilation .

Monitoring an 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

core activities at Deltares

Ground Water System Analysis in the coastal zone

saltload fls

impactofglot

cle/] impactof manags
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Solutions and responses
Climate Proof Areas
Freshkeeper concept

Knowledge for Climate

® Gunnink et al. (2012)

) Deltares Deltares
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del cell sizes to consider sever henomena

Numerical modelling of salt water intrusion :

Characteristics: NHI freshsalt Sub-local: fingering, salty sand boils
« variable-density groundwater | 225 Torel @5 Sri Lanka (Tsunami 2004), Zandmotor
« fresh, brackish and saline 2010 20K d cell size=1cm-1m
« 3D, non-steady 20000 /)
« coupled solute transport gglgm_m"and Ji Local: rainwaterlenses, heat-cold
+ heat transport 1250m Tholen, Schouwen-Duiveland
cell size=5-25m
Assess combined effects: mand =~

« past land subsidence polders
« sea level rise

« changing recharge pattern

« land subsidence

« changing extraction rates

« adaption measures

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

Zyid-Holland
59M

250m
2004

National: salt load
Goal: Zuid-Holland, NHI i
To take largest cell size possibleto  cell size=250m-1km *
Name project accurately model relevant salinisation
Number of cells processes

Size of cell
Date of release 20 december 2012

2010

Software (MODFLOW family):
SEAWAT, MOCDENS3D Q025,50 75 100 km
MT3D, iMOD, link NHI, etc.

20 december2012
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nisat d fre ning of groundwater system

[ = « 100km * 92.5km * 300m depth

reshening

ight freshering < ey | « ~4 million active cells
Possible freshening ¥ { i K
« Land subsidence

[ 8 s g
=l |
— e : { - Sea level rise

I Stong salnisation

« Change in natural groundwater recharge

* kally
Geology P A

\\.’
,///
/" wydrogeologic base

Source: NHI 250*25

= y g
Sourée: model Zeeland 100*100m?2
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« 100km * 92.5km * 300m depth
« ~4 million active cells, MOCDENS3D

« Land subsidence

« Sea level rise

« Change in natural groundwater recharge

4 recharge scenarios

e.g. KNMI'oe W+
2100

Present
2010

GWrecharge Summer: -38%
mm/day Winter:+28%
B o-os

[ 05-06

06-07
o708
B os-0s
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ne of influence of sea level ris
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Oude Essink et al. (2010): WRR Delta res

Zone of influence sea level rise

sea level ris
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D| thickness aquifer

hydraulic conductivity

X

—X/h
AY(X)= o€ Zone of influence X is equal to V/(kDc)
% = JKDG At x=3, only 5% of sea level rise is detectable
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Zone of influence of sea level rise:

Case 1 with Dutch subsoil parameters
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Many (burried) creeks are crossing the
Holocene aquitard in this Delta

Hydraulic resistance 4991 69991 94991
Holocene aquitard L e
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Salinisation and freshenin
Legend

(& sait load (kg/hary)
tntan
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<b%
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s
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Oude Essink et al. (2010): WRR
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Shallowrainwaterlens
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Effect climate scenarios in 2075 on salinity :

Legenda

[
B decrease conc

[ | dependson scenario

B increase cono

Deltares

Increase or decrease concentration for aII climate scenarios G, G+, W, W+

Oude Essink et al. (2010): WRR

Local model:
3D, MOCDENS3D
3 salt-fresh

5*5m2 cells

De Louw et al. (2011): HESS

s06page of saling groundwater

L
shallow fresh water lens

Com
¢) Cl-depth profiles
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a) Airborne EM
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Modelled Cl-concentration: different Climate scenarios

. green is too salty
to grow fresh crops
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Upscaling: areas with vulnerable rainwater lenses : Density dependent groundwater model :
innovation
e \m for life mem
s v MOCDENS3D
. 300 columns -
F T 300 rows
100x100m cells e
50 model layers .gﬁ"‘“’“"’“"““'
100 years
Summer and winter Lateral bouneary: constant
Legend o
Vulnerability rainwater lenses, 2010AD
] Not vulnerable
B Lo
— Medmam
. ion
Deltares Deltares

__ Results climate scenarios | "~ ___ Coupling uncertainties in Meteo-Geo-Hydro-Agro  ~~
tools

G{oundwater 5 inter 2010 | Head change to sea Meteorology

™ below surface elevation . precipitation Water level management
BN level I'ISQZ evapmranspiralionl Sprinkling

e .
o5 o 2 T
extraction

-

.o £
s

12518 Sommrsen

15178

unsaturated

lenses

- i Hydrogeolo
[ brackish - lydrog gy
— i (clat and peat) Sorptionand _ /

268 L/v resuspension

s
- : ? Geology

1 5 aquifer seepage
[
—
Deltares

Our core activities at Deltares : Delta Program and National Water Plan”

Two main goals for water management of our national govern ment
Ground Water System Analysis in the coastal zone ¢« To protect The Netherdands from ﬂDDdIﬂg Q
+ Tomake Fresh Water Supply Climate Chang fﬁ@

impactof global and
impactof managen

/\ Assessing the effects of: «\(L S P
2 « Changing water management (Iak@ﬁ@ine ake higher water level)

« Droughts Q G,
¢ Land subsidence \\Q OQ

(%) ‘
¢ Sealevel rise an QI Wﬁ%}ﬂatlon pattern

. Comlngy% ssmns and pesticide leaching, etc.
. Adap dgﬂ ’é strateg|es

Tools Deltyf‘fodel and Netherands Hydrological modeling Instrument

ough estimations witt
¥_analytical formula
<

Monitoring water systef

salunons and responses

Climate ProotAreas
Freahkesperconcept

Knowledge for Cimate

Deltares

20 december2012
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Local solution fresh

climate and global change
groundwater supply

t

Tabasco, Mexico 20121010

20 december 2012

What should be the response?

Deltares

Tabasco, Mexico 20121010

Many local solutions fresh
groundwater supply

B s

= %M

hoWCase

u‘%“ég‘

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

climate and global change

Tabasco, Mexico 20121010

-upscaling local cases to regional strategy
-assess economical feasibility

-increase impact: communicate our showcases
-working together

Tabasco, Mexico 20121010

Climate Proof Fresh Water Supp

WP-2 Local Fresh Water Supply
Groundwater — Surface Water

WP-3 Effects salt on agriculture and nature

WP-4 Water technology ‘

[ [ |

WP-6 Integrating cases

WP-5 Robust
strategies

ers al eno
Partners Stakeholders
* Deltares * RWS South-Holland
+ Wageningen University + City of Rotterdam
* KWR- Watercycle Research * Water Board Schieland
« VU University of Amsterdam * Province South-Holland
¢ University of Twente « Water Board Delfland
e Alterra * Municipality Westland
+ Delft University of Technology ~ * Municipality Pijnacker
« Utrecht University * Ministry of Economic Affairs,
« TNO - Env. Health and Safety Agriculture and Innovation
« AcaciaWater * Ministry of Infrastructure and
the Environment
« STOWA
« OASE

Budget 5Meuro, 4 years
« Water Board Rijnland Deltﬂ res

14



Changes for upscaling showcase

PhD researgj

Modelling groundwater; CLI eyeopener

20 december 2012

Combineren grondwater projects in Proeftuin ZWD :

4 GO-FRESH, Knowledge for Climate
@ De Waterhouderij

o« Climate Proof Areas

o Cliwat

o Kustlaboratorium

@« De KREEK TeRUG

4 Spin-off De Zandmotor
Deltares

regenwaterlensen bedrijging

kansen voor zoete
landbouw en zoute droogteschade
aquacultuur y

/ GO-FRESH, KvK3
UM

KUSTLABORATORI

=

KREEK teRUG

es

This requires a monitoring campaign and a flexible, high
resolution, transient, calibrated density dependent
groundwater model with coupled salt transport...

United
Kingdom

* Het Zeeuwse Landschap (NGO)
« Dutch Dream Fund Lottery
« 45 ha, on island Schouwen-Duiveland

Deutschland
(Gormany}

Pilot project for:

1. aquaculture

2. nature development
3. landscape experience

Old measurements

- Legenda
{9 5. ) & Boingen
A Sonderingen
A VESmetingen
a

Peibuizen
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Old + added measurements

monitoring well (14 locations, different depth)
TEC-probe measurements (43)
mperature and Electrical soil Conductivity

ECPT's (10)

lectrical Cone Penetration Tests
groundwater sampling (5)

Legenda
" @ sondeingen
®  Prkstokmetingen
®  Peibuizen

+ Boringen

Sonderingen
VES-metingen

Peilbuizen

20 december 2012

TEC-probe ‘

emperature and Electric

\

Locatie 7 (P6)

Locatie 3 (P3) Locatie 32 (T7.4)

@ =T

Depth [cm — surface]
300 200 100 O
] N |
L3
S
)
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) N N I N |
j
o
300 200 1
1111
°
°

Deltares

I g ] Clg] Clgh)

de Waterhouderij

zelfvoorzienend in water
=

s
() AEQUATOR Deltares
-7 innovatieNetwerk h & p PP Rijkswaterstaat

Giimrerteg g e ArE e ot groen & ruimte  FeeOee e % KGR et a———

KREEK teRUG: measure for local freshwater supply S

Goal The Creek Back:

« climate proof fresh water supply
« vital agricultural sector

« robust nature

« innovation & growth aquaculture

Initial situation

fresh

The Creek Back

2 Newcreek
A

/-
" 1: Removeditches

Creek 1500 m

De..2elge
% |

Kansrijke oplossingen lokale zoetwatervoorziening

Zuidwestelijke Delta

1. vergroten zoetwatervoorraad in kreekruggen
2. robuusteregenwaterlenzen in zoute kwelgebieden.

‘Local solutions with regional impacts’

é

GO-FRESH

Geohydralogical Opportunities
for FRESH Water Supply

KWR “'m@ Hogeston [y et

Deltares

s o

zoetwatervoorraad actief
vergroten in kreekruggen

zoetwatervoorraad
vergroten in kreekruggen

door infiltratie
"Gewone' situatic

zoetwatervoorraad
in stand houden in

b g dunne regenwaterlenzen
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Badon Ghyben-Herzberg (1889-1902) '

natuurlijke grondwater aanvulling

i 1 ll 1 iaai\'/teldll
o g

Deltares

20 december 2012

ces for storing fresh

« Ter Heijde peninsula: 128 hectares (256 football fields)
« Protection against rising sea levels and space for nature

store extra water

R MR RN ¢qu¢\;¢www¢
1 low-lying shift water divide

polder area ol low-lying

polder area

water divide

land reclamatios

Noordzee

Vot

Source: HDDW

Deltares

groundwater recharge

t oy 4

Innovatie

bty

ground surface

S
Symbols: IAN.umces.edu
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Ideas for Climate Proof Fresh

[ More knowledge of system
monitoring & modelling
DUNES L) g i
Freshening by New organisation of
adapting discharge fresh water management:

Increasing volume fresh
in creek by
Aquifer Storage and

Freshening by
Recovery (ASR)and by | | new drainage
reducting discharge to | | techniques:

dr: no discharge of
fresh water but
only saline water

Collecting fresh

groundwater surface water system| | The Water Farm

Reducing salinisation]
from salt pin boils

that flows
towards the sea

G SANDY
I CREEK
RAlNW4 ER LENS

Deltares

20 december 2012

cBrabant boordrand
<R N"..:-:v;:\ A
> oo 25
PN
L Mo, R vosseeer
L || Per deelgebied:

Wakcheren en Zuid-Beveland

\U(\VIA’QS \ >
< X
3 « 1 water/zoutbalans

oppervlaktewater (1 CI conc)

« Meerdere ‘hydrologische plots’
klei/zavel/zand, zoute kwel

Schadefuncties per deelgebied
Maatregelen vergelijken en afwegen

+
o)
e8I\
500 &
o W
eet ee
Q@
@,f deelgebied 1
?

Deltares

Deltares

Topsector Water '

Business cases with international challenges

11 water themes: safer, more sustainable, more efficient

e.g.
« Eco-engineering: Building with Nature

« Enabling Delta Life

« More Crop per Drop

* Water & Energie

« Water for all (drinking-industry water)

« Living with Salt

* Water & InformationCommunicationTechnology (sensing&monitoring)

Deltares

Key-players of Working together (Topsector Water): S

* Universities

* Research institutes

« Consulting companies
* Water managers

¢ End users!

Universities <-> knowledge institutes <-> companies <-> end users

Deltares
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Golden triangle :

Research
universities and knowledge institutes

Private sector
companies/end-users

Government
water managers

Deltares

20 december 2012

ntegration of sectors in case Living wit alt~

Agrotechnology

Land use

Economical
chances

Watertechnology Watermanagement

Deltares

Topsector Water: Living with Sal
Solutions — Technology responses e*o

Delta Technology o‘ee

Water system, water deman &h)ply, interaction
fresh-salt, models, smart- ors

Water Technology OQO
Desalinisation, hgR¥ disposal problems, Aquifer
Storage a overy, use of sewage water
ogy

Agro Té
i{& Istent crops, drainage innovations

Deltares

W NWO preproposal WATER NEXUS :

Deltares

s In Living wit alt

W atertechnology

« Paques, Voltea, WETSUS
Agrotechnology

« Prinse en Dingemanse

« Stichting Zeeuwse Tong
Sensortechniques watermanagement

« Dacom
NL consultancies

« Haskoning, Arcadis
Knowledge institutes

* Wageningen UR, Deltares, Acacia Water

Deltares
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