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» Impressions of the bigger picture of fresh water resources
¢ My perspective

¢ Threats in fresh water resources
* What can we do about it?

¢ Changes for us SWIMers
¢ 10 Steps Procedure Climate Proof Fresh Water Supply
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Enabling Delta Life 7.

Professional goal:
Local Climate Proof Fresh Groundwater Supply

Mission: Enabling Delta Life

Personal goal:
Working together with nice and interesting persons

Can we make a difference?
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Base idea

Many local solutions for fresh groundwater supply can have regional impact
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Local solution fresh groundwater supply
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climate and global change
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Local solution fresh

climate and global change
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What should be the response?
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Many local solutions fresh

climate and global change
groundwater supply

Many local solutions for fresh groundwater supply can have regional impact

SWIM22 2012

-upscaling local cases to regional strategy
-assess economical feasibility

-increase impact: communicate our showcases
-working together

s
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Key-players of Working together:

* Universities

* Research institutes en Geological Surveys
¢ Consulting companies

« Water managers

¢ End users!

b
Areas in the viorld wulnerable to a rise in sea level E pe
A Major river delias of the world (J.M. Coleman, 1981) L4 ~

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

www.delta-alliance.org
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A SWIM mission: We have to cope which...:
To provide areas with fresh-salt issues

Development energy use/production (heat-cold)
enough and clean water

in a sustainable way and at the right moment of time

¢ Groundwater extractions
Land subsidence

Climate change
SWIM community _ Development spatial land use
= - somewhat introvert, not yet enough impact

= + much experience and knowledge * Politics, PO'ICy & Watermanagement

« +young potentials

Direct anthopogenic influence on groundwater is more important than climate effect

Deltares Deltares

Global Change
1
» Throughout the world, more and more people
are settling in deltas, coastal areas and river
Deltares Deltares
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Living in deltas, coastal S and’river.basins '

On water use...

| rest my case and say no more

’ Délta ré Deltares

SWIM22 2012 SWIM22 2012

1500 litres.of water
per kg refined sugar
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- = 140 litres of water

€

Deltares

10 litres of water
for 1 sheet of Ad-paper

SWIM22 2012

The water footprint of cts :

1kg wheat 1 m3water Climate Change
1kgrice 3 m3 water
1 kg milk 1 m3 water 2
1kg cheese 5 m3water
1 kg pork 5 m3 water
1 kg beef 15 m?3 water
global averages ;
Deltares Deltares

The Netherlands: low-lying lands '
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submarine
groundwater ground surface

discharge
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Impact of sea level rise on a coastal groundwater system:

a conceptual model of saltwater intrusion

o Soast beach

land

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

o Soast beach

land
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ea level rise and salt water intrusion
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Impact of sea level rise on a coastal groundwater system:

a conceptual model of saltwater intrusion

o goast __beach land

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

o goast __beach land
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So: what can we do? in the Netherlands...
Deltares Deltares

Two main goals for water management of our national goverr- 0\

« To protect The Netherlands from flooding Q
¢ To make Fresh Water Supply Climate Chanr*'Q,\?,)’
Assessing the effects of: ‘@S(\

« Changing water management ”' (OQ
« Droughts
+ Land subsidence 0@
* Sealevelrise - e(\\
« Coming* \e

e higher water level)

Delta Technology

Water system, water demand & supply, interaction
fresh-salt, models, smart-sensors,

Water Technology

Desalinisation, brine disposal problems, ASR, use of
sewage water, brine disposal subsurface

Agro Technology
Salt-resistent crops, drainage innovations

Deltares

SWIM22 2012




Climate Proof Fresh Water Supply :

s

WP-2 Local Fresh Water Supply peitares
Groundwater — Surface Water %

WP-3 Effects salt on agriculture and nature

Koen Zuurbier

pioter suytzana WP-4 Water technology 1ZWR

L |

WP-6 Integrating cases

WP-5 Robust
strategies
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Valorisation measures local freshwater su

Southwestern Delta, The Netherlands

1. Storing water in creek ridges through infiltration and recovery
2. Optimizing freshwater volumes in shallow rainwater lenses

‘Local solutions with regional impacts’

Qoo

@ Kiimaat

SWIM22 2012

WP1b: Creek ridge Walcheren

Current situation; existng drainage

Freshwater infilration using &

contoled evedranage system o ™

Deep-well infiltration Land reclamation

new land

Technical
measures
to 3 impervious impervious
com pensate [Saline groundwater extraction | Artificial recharge area| recha:ge

19 £
salt
water
intrusion

...... impervious m— impervious
reduced
[Modifying pumping ratespxt 19 [Physical barrier|

Oude Essink, Ocean &
Coast. Man. 2001

impervious

a. land reclamation
offshore

Utrecht
c

b. inundation Io

polder R (5 sl
. 66\)\6 /. Amstérdam. . |Legend
é\((\e i ¥, i : [~ hinge area

5 gt [ infiltration

(Utrecht B cecrease > 50%
o |l cecrease 10 - 50¢

[ decrease 2 - 10%

S Jo

[ | increase 2- 10%

ST increase 10 - 20%

increase 20 - 50%

T Y,
Dordrecht

increase 50 - 100%

>
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The NL LAB: Enormous amount of data; fun to pla:

Chioride concentration (mg/l)
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# chloride samples per years/per.depth '

Choride concentration measurements
(>150 mg CI') in the N

Choride concentration measurements in the
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10 Steps Climate Proof Fresh Water Supply -~

1. Learn from the past

Deltares

SWIM22 2012

Want to get an idea about the effects of large extractions
in your coastal area?

Evaluate past water management in Spanish and USA aquifers

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

Evaluate past water management in the Dutch delta

Deltares
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9 m since 1930s

San Francisco

Los Angeles

Deltares
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Legend
Depth brackish-saline interface

¥
i
il

. 5850 BP
Max
transgression

Deltares
s

Based on:

* Analyses

*VES

« Borehole measurement

10



From fresh water outflow to salt water.inflow
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streams inthe lowlands  syampy lands

Historical subsidence of the A
ground surface in Holland primitvely drained ~1000 AD
ik windmill ‘mechanical B
buiding  drainage arinage poder poder
5 ¢ th
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T o | D
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s
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channels building __drainage drainage infitration

= Ground surface

seepage seepag|

infltration
seal_t_&_V_'_

no seepage, onlylitte infitration
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_ 10 Steps Climate Proof Fresh Water Supply "~

1. Learn from the past
2. Know that local processes can have regional to national impact

Deltares
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¥ —
Legenda Legenda =
[mg Gl per dag] [ma CI-1 per dag] -
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@ oiow

Deltares

SWIM22 2012

Salinisation processes

Blabla:

* 50% world population <60km coastline
< increase groundwater extraction

« increase economic and tourist activities
« land subsidence

« climate change and sea level rise

Shallow rainwaterlens

P St

hsplacement
wedge  sallwater wedges—

astlire

i
Salt water intrusion surface water

lowerng piveatc
o s la
1land reclamation
ot b

t b
tractor _oround suface

Vo

Upconing low-lying area . -
P 9 ving Upconing extraction

Salt water intrusion groundwategwzz 2012

Three t

es of upward groundwater seepage

Goes et elevation
deep polc peatland __ SIOVELO

Paleochannel seepage Diffuse seepage  Boil seepage =

5
g B % . .~ Cl-concseepage:
= ==l

' (Polder Noordplas)

- Diffuse: 100mg/I
Paleochannel: 600mg/|
Boils: 1100mg/I

flow direction groundwater = aquifer
I aquitarg
ool - From: De Louw et al., 2010, J. Hydr.
= i

“ 100 isoline chi boil

jonde
~ concentation (mg)
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10 Steps Climate Proof Fresh Water Supply

1. Learn from the past
2. Know that local processes can have regional to national impact

3. Understand present water system in order to properly assess
effect stresses on the future system

Deltares

SWIM22 2012
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The Dutch groundwater system under stress S

Present processes Future changes

more evapotranspiration in summer
natural more precipitation in winter

TR T Joutging. IS T
o
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totaal2000_2050.img
daling [m]
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I 001-0.1

Bl o1-03
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Il o5 2

land subsidence
tisk of uplifting

Holocene aquitard

sea level 1t fooding salt damage
rise

coastal erosion

large industrial
extraction

brackish
seep:

brackish
e

Deltares

Dutch example groundwater extraction

My first density dependent groundwater flow and
solute transport model in 1990!

Deltares Deltares
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Salt water intrusion along a typical Dutch profile

My first salt water intrusion model (1990)

natural
groundwater recharge low-lying
R Bt Position profile through Amsterdam Waterworks, Rijnland polders and

Haarlemmermeer polder
e industrial
traction

ioht infit

brackish

Haarlem

Cruquius
i

Hoofddorp

[ profile
H city Haarlemmermeer
polder
Deltares

SWIM22 2012
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Saltwater intrusion in the Dutch coastal zone :

Grondwater extractions out of the middle aquifer in the sand-
dune area of Amsterdam Waterworks

Stress period:

Ezol! 2 ' 314! !

& |iDeep groundwater extraction i

£ 15 - :

P

210 -

= '

2 5.

s

£ o e , : SR ; _

w 1860 1880 1900 1920 1940 1960 1980 2000
Time in years

Deltares
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Upconing of brackish-saline groundwater

FI R
ol
287 25C 25¢C
204 hses 25 i e
nap et
1852
gy o . &
w0-
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80 -
100 -
fresh
120 — oriy brackish /
@ Gty solt
- b0y
Stuyfzand, 1993 | ™ ga e
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Theo Olsthoorn
Dana Jakovovic

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

polder

Time= 1854 AD

2500 5000 7500 10000 12500
Length of the system [m]

Conc: 40 150

1000 2500 5000 7500 10000 12500 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 Amsterdam Waterworks-Haarlemmermeerpolder

Time= 1854 AD

Depth below MS.L. [m]
2 &
o o

a
S

5000 7500 10000 12500
Length of the system [m]

Conc: 40 150 300 1000 2500 5000 7500 40000 12500 15000

res

lowering phreatic
groundwater due to
1land reclamation
Verzilting onder de polder Groot-Mijdrecht: opwellen zout grondwater

Tijd=1872 AD

z [diepte m -N.A.P.]

2000 4000 5000 3000
lengte in hét Systeem [m]

TNO-BO, GOE, 06

Deltares

2012

lowering phreatic
groundwater due to
1land reclamation
Verzilting onder de polder Groot-Mijdrecht: opwellen zout grondwater

Tijd=1872 AD

z [diepte m -N.A.P.]

2000 4000 5000 3000
lengte in hét Systeem [m]

TNO-BO, GOE, 06

Deltares

2012
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1. Learn from the past
2. Know that local processes can have regional to national impact

Understand present water system in order to properly assess
effect stresses on the future system

4. Try to implement old but good ideas in our new setting

Deltares

SWIM22 2012
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Try to implement old ideas/concepts in our new setting y

Airborne EM: Fitterman, Sengpiel&Meiser 1970-1980s Q

> AEM + modelling (Cliwat 2008-2012) R
Scavenger wells: BGS 1960s (e.g. SWIM12)

-> ASR+desalinisation+optimalisation (KWR, Waternet, Haskoning)
Submarine groundwater discharge: Lebbe early 1980s

-> eutrophication, coastal collectors

SWIM22 2012

1. Learn from the past
2. Know that local processes can have regional to national impact

Understand present water system in order to properly assess
effect stresses on the future system

4. Trytoimplement old but good ideas in our new setting
5. Know that many small local solutions can have regional impact

Deltares

SWIM22 2012

g« The Water Farm

g« Climate Proof Areas

P~ Cliwat

P« Valorisation measures fresh groundwater supply
@« The Creek Back

a4 The Sand Engine

Deltares

SWIM22 2012

Aim of ‘The Water Farm’:
An cooperation of farmers, other landowners, local authority, water board and area residents in

order to manage the water (receive, store, use, process, deliver) such that no fresh water from
outsite the area is needed.

The Water Farm
self-sufficient in water

Deltares

SWIM22 2012

The Creek Back: measure for local freshwater supply

Goal The Creek Back:
« climate proof fresh water supply
« vital agricultural sector

« robust nature

« innovation & growth aquaculture

"

Initial situation

The Creek Back

- 2. New creek

r

1. Remove ditches
N,

O

DEL Deltare

SWIM22 2012

& |

14
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The Sand Engine: Changes of storag

CONC &) 150 300 500 1000 1600 3000 600D 10000 15000

3500 3800 3700

3300 3400 3500 800 3700 E 3500 3800 8700
| = e B rn wd oo PRl

CONC &) 150 300 500 1000 1600 3000 600D 10000 15000

20 dagen

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

Combining ideas for climate proof fresh'groundwate

More knowledge of system

Dyifetiiia S meeling Tncreasing volume fresh

Freshening by N Eaienat d in creek by
lew organisation of =

adapting discharge | |fresh water management szg§;§(7;asg§)a::d oy | [ ?,f;;:gg:_y

surface water system| | The Water Farm rastng dash ot et e

drain no discharge of

Reducing salinisation| fresh water but
\l/ T \l/ ’P \]/ T \L 'r = from salt pin boils only saline water |
1t g i . ,

store extra water

R

shift water

ALR ALt
Tt

low-lying
polder area

water divide low-lying RAINW)éER LENS

polder area

land reclamatiol

Noordzee

Deltares
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1. Freshening by 2. Freshening by new -
adapting surface drainage techniques . . Rainwater lenses

water osystem I Sandy ridges //

<;*:. brackioh No discharge of & ; / 3 . K
fresh but < " Pleistocene zanden

saline water
-
s 7
e s
i \ ' '
Searage

Sandy creek ' g

“brackish seepage
d
e 6. More knowledge of system

5. Collect fresh groundwater by monitoring & modellin:

that flows to the sea
| |
]\) .y

Wi F

.-+ fresh groundwat

alin

Fresh <

. 3. Increase fresh groundwater resources in creek by:
v, groundwater

-Aquifer Storage and Recovery (ASR)
-reduction discharge to ditches

Saline groundwater

4. New organisation of fresh watermanagement:
The Water Farm

15
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1. Learn from the past
2. Know that local processes can have regional to national impact

Understand present water system in order to properly assess
effect stresses on the future system

4. Trytoimplement old but good ideas in our new setting
5. Monitoring

Deltares

SWIM22 2012
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Monitoring&data assimilation&n almodelling

complex (fresh-brackish-saline) water syst:

0.3m

05m
0.8m Unsaturated zone|

am 1.3m

Monitoring

SWIM22 2012

Saturated zone

Ditch

4

2m

Site 11 - Renesse

_ 10 Steps Climate Proof Fresh Water Supply "~

1. Learn from the past
2. Know that local processes can have regional to national impact

Understand present water system in order to properly assess
effect stresses on the future system

4. Trytoimplement old but good ideas in our new setting
Monitoring
Modelling

o o

Deltares
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Different model cell sizes to

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

Local: rainwaterlenses, heat-cold

Tholen, Schouwen-Duiveland
cell size=5-25m

Regional:

Zeeland, Gujarat/India, Philippines

cell size=100m

Goal:

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

SWIM22 2012

con r henomena

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

Deltares

Numerical modelling of salt water'intrusion

Characteristics: NH freshsalt
« variable-density groundwater | 2351 Toxel o8
« fresh, brackish and saline 2010 §§3K g
« 3D, non-steady 2000 /)
« coupled solute transport Noord-Holland /i
« heat transport 1250m
1999 p
Assess combined effects: Rintand
« past land subsidence polders 250
+ sea level rise Zuid-Holland
« changing recharge pattern 5.8M

. 250m
« land subsidence 2004
« changing extraction rates

« adaption measures

Software (MODFLOW family):
SEAWAT, MOCDENS3D,
MT3DMS parallel

02550 75 100 km Name project

Number of cells
Size of cell

SWIM222012 Date of release

Salinisation and freshening of

Legenda

I Stong freshening
B Freshening

Light freshetiing
Possible freshening
[_] No change expected
[ Possible salinisation
[ Light salinisation
[ ssinicstion

I sirong safinisation

roundwater system

| Regional model

Deltares
ok %

[ e
— pey
i

&

g S L g
Source: model ‘Zg%{and 100*100m?

&
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precipitation surplus.

Areaof interest

Local model: Seapiage o1 it grounimter Local model:

3D e ’ s 3D
Schouwen-Duiveland

salt-fresh ! A salt-fresh

10*10m?2 cells 10*10m?2 cells

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

Deltares

SWIM22 2012 SWIM22 2012

Deltares

Modelled Cl-concentration: different CC scenarios Upscaling: areas with vulnerable rainwater lenses

Legend

Vulnerability rainwater lenses, 2010AD
L | Not vulnerable

1 Medium
. i1

=, green is too salty

s
e e | to grow fresh arops Deltares

Salt water pocket in a fresh environment

Saline pocket in fresh groundwater: fingering process
320160 cells

Time= 0 min

z [m]‘

Deltares eltares

SWIM22 2012
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Salt water pocket in a fresh environment y

1 juli 2012

= 2]
Spm B 5 elements| B 206j 10 elements S B 20 elements.
.
r
. - . =
Saline pocket in fresh groundwater: fingering process o0 s ry B i 0 B 5 0
i 60min £ 60min £ 60 min
© [6057 40 elements < <
320*160 cells el 160 bij 80 elements. '320 bjj 160 elements
Time= 0 min P P
g
0 0 05 0 o 05 70
60 min 60 min
Totl Dissolved Solutes [mg/l]
N
. 0" 350
. 0 1750 5250 8750 14000 . 17500 . 21000 26250 29750 33250 34650
1750 5250 8750 14000 17500 21000 26250 29750 33250 34650 35000
Size of cell has a large effect on modelling result!
a eltares
X [m]
[ ] SWIM22 2012
B = 2] = 2]
Spm B 5 elements| B 206j 10 elements S B 20 elements. Spm B 5 elements| B 206j 10 elements S B 20 elements.
. .
r r
X X X . .

00 3 o o 05 o 00 05 70 00 3 o o 05 o 00 05 70
i 60min £ 60min £ 60 min i 60min £ 60min £ 60 min
© [0°67 40 elemerts  [[160 bj 60 elements = [320 bij 160 etements © [FoBT a0 eremerts  [160 bj 80 elements “ [320 bjj 160 elements

X X g g
0 05 0 05 70 0 0 05 0 o 05 70
60 min 60 min 60 min 60 min
Totl Dissolved Solutes [mg/l] Totl Dissolved Solutes [mg/l]
N N
.u : 350 . - 350
.u . 1750 5250 8750 14000 . 17500 21000 26250 29750 33250 34650 .u . 1750 5250 8750 14000 . 17500 .21900 26250 29750 33250 34650
1750 5250 8750 14000 17500 21000 26250 29750 33250 34650 35000 1750 5250 8750 14000 17500 21000 26250 29750 33250 34650 35000
X=LOUSY models for predicting exact number of salt water fingers BUT: all models are GOOD for predicting moment of touching bottom!
Swiwzz 2012 Swiwzz 2012

_ 10 Steps Climate Proof Fresh Water Supply "~

1. Learn from the past
2. Know that local processes can have regional to national impact

Understand present water system in order to properly assess
effect stresses on the future system

Try to implement old but good ideas in our new setting
Monitoring

Modelling

Never trust a perfect fit, but keep on dreaming to get one
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AEM: we are dreaming! e L i
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1. Learn from the past

2. Know that local processes can have regional to national impact

3. Understand present water system in order to properly assess
effect stresses on the future system

Try to implement old but good ideas in our new setting
Monitoring

Modelling

Never trust a perfect fit, but keep on dreaming to get one
Consider and communicate uncertainties

© N o oA
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Uncertainties in Meteo-Agro-Geo-Hydro modelling tools

precipitation

evapotranspiration l Sprinkling

Meteorology

Water level
management

extraction

unsaturated
Drainage

fresh —>

i drogeolof i
Im:eklsha i Hydrogeology

(clat and peat) Sorption and "
L/’ resuspension
T Geology
‘ aquifer - seepage ¥
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5 individual simulations

Il CLAY
[ ] SAND
[ Shell-rich deposits

In total 50 simulations, equal certain
Swivzz 2002

_ 10 Steps Climate Proof Fresh Water Supply "~

1. Learn from the past
2. Know that local processes can have regional to national impact

Understand present water system in order to properly assess
effect stresses on the future system

. Try to implement old but good ideas in our new setting
Monitoring

Modelling

Never trust a perfect fit, but keep on dreaming to get one
Consider and communicate uncertainties

. Communicate and cooperate with (local) stakeholders, like
farmers, water boards and provinces. Make them tell your story!
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Public awareness of the effects of climate change
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Sense of

“Land subsidence is a threat: my house is
sinking and the roots of the crops are
losing space”

Mr. Van der Velde:

“In recent years more noticeable
extremes: wetter, colder and
drier.”

“We have little experience with
measures against drought.”

Mr. Rentmeester:
“Climate change is uncertain, hence not
relevant for the management of my farm.”

Deltares

SWIM22 2012

1 juli 2012
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1. Upsaling potential: from showcase to region
2. Parallelisation codes (SEAWAT -> PHT3D)

3. Implement uncertainties Meteo-Agro-Geo-Hydro

modelling tools

. S

* Major fresh-salt issues are facing us, worldwide

e ltis just started

¢ We can make a difference

« Work together in getting better solutions!

* Let us reorganize:
< Addressing our key issues (applied and science issues)
¢ Link with cross sciences:

4. Modelling & data assimilation & monitoring (e.g. > Agrology
) > Surface water-groundwater interaction
Airborne EM)
> Ecology
> Economic feasibility
Deltares Deltares
measure to stop salinisation'surface water
backwater effect|
sea level rise
ver bottom  displacemen|
wedge # coast line
~= air bubble screen
et oy L i
air
fresh salt
wltares Deltares

SWIM22 2012
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10. Always join next SWIM and thank the organizers for doing this great but

. Learn from the past
. Know that local processes can have regional to national impact
. Understand present water system in order to properly assess effect

. Try to implement old but good ideas in our new setting

. Monitoring

. Modelling

. Never trust a perfect fit, but keep on dreaming to get one

. Consider and communicate uncertainties

. Communicate and cooperate with (local) stakeholders, like farmers,

stresses on the future system

water boards and provinces. Make them tell your story!

ungrateful job!

Thank you!
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