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Fresh groundwater resources in delta’s seriously under stress

y

Every year, about 2 million people worldwide die from diarrhea, caused
by bad drinking water quality; this is more than people dying from flooding
events

Groundwater is an important source of drinking water in underdeveloped
countries, due to its high quality and relatively easy-to-access quantity (now
~30% and increasing)

In the future, delta’s have to cope which...:

 Climate change and sea-level rise

e Increasing quantities groundwater extractions

 Land subsidence

» Politics, Policy & Watermanagement, affecting land use

Deltares
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Threaths to deltas worldwide:

subsidence, salinisation
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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
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Impact of sea level rise on a coastal groundwater system:

a conceptual model of saltwater intrusion
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SOURCES OF SALTWATER

Infiltration from
tidal marshes, boat basins, Wellfield Leakage from Well field
estuaries, and bays unprotected canals

s o Fresh water & op = r o

20170301 GEO4-4425 Prinos, 2014



Stress 1. there is salt everywhere _

Legend
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Marine origin

Connate

Marine transgression

Lateral seawater intrusion
& up-coning

Combination of connate,
transgression and current
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Stress 2: Change in groundwater rechare‘b end of centur

- . B B | increasefromzero [

-100 -70 -30 -10 10 30 70 100 wetlands  using model means

Projected percent changes of groundwater recharge by the end of this

century with respect to present (1971-2000) Portmann et al, 2013, ERL
WaterGAP model with five different GCMs for RCP8.5 From: Wada



Stress 3: Population growth 1990-2025-needing water
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Stress 4: Serious overexploitation coastal aguifers worldwide
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Stress 5: Land subsidence in some major coastal cities
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Sinking delta cities

Absolute Sea | evel Rise versus

Relative sea level rise!
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Climate change induced
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Sea levelrise: t2m v
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% After farms and urban areas have

3 taken their water allotments, the
Colorado River slows to a trickle by the
time it reaches its delta. Sometimes it

The Po delta experienced a Bcm
annual subsidence rate, due to sea-
level rise and methane extraction. This
reduced dramatically once methane
extraction ended.

A
As deltas sink the risk of flooding rises,
In the Yellow River delta typhoons have
caused 5m-high storm surges

stops flowing altogether and then no
sediment is deposited.

Despite forest destruction, hy-
dro-electric dam projects and more
impacts upstream, the Amazon River
delta is in relatively good health. Near-
Iy 3 million people live on the delta but
its sheer size dampens human impacts

SOURCES

Syvitski J P M et al. (2009) Nature Geoscience 2: 681-686. doi:10.1038/ngeo629

Ericson J P et al. (2006) Global and Planetary Change 50: 63-B2. doi:10.1016/].gloplacha.2005.07.004

IPCC (2013) Summary for Policy Makers. In: Stocker T F et al. (eds) Climate Change 2013: The physical science basis.
Gontribution of Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge, UK and New York, USA. www.climatechange2013.org/images/report/WG1ARS_
SPM_FINAL pdf

Elevation Data: NASA Shuttle Radar Topography Mission Global 3 arc second V003

Cartography and design: Globaia

18 Nile

The Aswan Dam traps nearly 98% of

| sediment flow downstream. Without

those soils, the Nile Delta has com-
pacted and_sunk. Relative sea-level
fise-there\is 4.8-xifllimetres every year.
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11 Ganges-Brahmaputra

The delta is home to over 100 million
people making it the most populated
on Earth. Effective sea-level rise is up
to 18 millimetres per year. In 2007-08,

8 substantial flooding affected the B

Ganges, Mekong, Irrawaddy, Chao
Phraya, Brahmani, Mahanadi, Krishna

8l and Godavari. More than 100,000

died and meore than a million people
were displaced.
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23 Chao Phraya

In 201, the Chao Phraya river flooded
swamping Bangkok and leaving much
of the capital submerged for months
The city has been sinking for decades
due to groundwater extraction, Steep
taxes on groundwater have slowed
subsidence substantially.

Mekong have cut down mangroves
to create space for shrimp ponds.
Surveys indicate roughly half the [
mangrove forests have disappeared.
Mangroves help prevent erosion and
are important flood defences.
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Stress 6: Global Mean Sea Level Ri'e
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DeConto and Pollard. 2016. Contribution of Antarctica to past and future sea-level rise. Nature
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Factors determining fresh groundwater resources delta’'s

Current distribution 3. Groundwater

_ 4. Recharge
extraction

|. Extent marine 2. Clay cap
transgression on top

10. Length shoreline

| I. Area covered by surface water

9. Thickness total

|2. Surface-groundwater interaction
Future Distribution groundwater system

| 3. Extent salt water intrusion surface water

|5. Sea-level rise |4 Bathymetry

| 6. Land subsidence

| 7. Changing meteorological conditions See presentation D. Zamrsky at SWIN

SWIM-APCAMM 2016 See pOSter J. Van Eﬂg@len at SWI|



Orinoco,Venezuela
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Red River delta, Vietna
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Responsible
institutes data
collection

Data availability
salinity

Stresses, next to
salinisation, SLR, CC
People + increase
million

Extraction billion
m3/yr (=1km3/yr)

Estimated fresh GW
volume 10°ms3

Depletion factor
(volume/extraction)

Replenishment?

Vietnam

DWRPIS

Division for Water
Resources Planning
and Investigation for
the South of Viet Nam

Large amount
Overexploitation,

Subsidence

17
Increase 1.1%l/yr

0.75, increase

~750

~1000, but very limited

recharge thus
probably mining

limited,
thick clay layer

RIGW
Research Institute
for Groundwater

Very limited

Overexploitation

40
Increase 2.25%/yr

4, big increase ->8

450

~100 thus mining,
limited recharge

yes, indirect via
irrigation canals

Ganges-Brahma-
putra, Kulna area,
Bangladesh

DPHE

Department of Public
Health Engineering
BWBD: B.Wat.Dev.Board
BADC: B.Agri.Dev.Coor.

Pretty limited

Overexploitation,
Subsidence, Arsenic

163
Increase 1.2 %lyr

~2.5

>10000, but contaminated
with Arsenic

>>1000, but Arsenic in it

yes, large amount; small
scale only drinking water

Rhine-Meuse
Netherlands

TNO
Geological Survey of
The Netherlands

Large amount

Subsidence

16
Increase 0.3%/yr

1, stable

1000

~1000, no mining
and clean surface
water alternative

yes, large amounts
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Salt In water Is a problem

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

-industry:
* COrrosion pipes
* preparation food

-irrigation/agriculture:
 production crops
* salt damage

Grass 2 3606 mg ClI-/I
Cereals 24801 mg CI-/I
Potatoes 2 756 mg ClI-/I

Source: Proefstation voor de Akkerbouw en Groenteteelt, Lelystad

.'I I * - 'h' . . --;.
& - F‘ - .'|' " . [ s . . L : ~
. salty water | fresh water |-
: e - b
. - e A i - -
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damage to crops

Important parameters:
e Chloride concentration in the root zone
e Land use
e Sensitivity crops

Land use Threshold Gradient root

value root zone | zone

(mg CI-/) () I e
Grass 3606 0.0078 |
Potatoes 756 0.0163| .
Beet 4831 0.0057 | w-
Grains 4831 0.0058 | =
Horticulture 1337 00141 | b=/ — =
Orchard (trees) 642 0.0264 Source: MNP, 2005 T
Bulb 153 0.0182

Deltares

Source: Roest et al., 2003 en Haskoning 20170301 GEO4-4425
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Relation between salt concentration and damage to crops
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Definition of fresh and saline grou

mg TDS/I | Drinking- or irrigation water

Non-saline or
fresh water

Slightly saline 0.8-2 600-1.500 Irrigation water

Pri drai t d
VREOECOEE I 210  1.500-7.000 imary drainage water an
groundwater
' ' S dary drainage water and
SGIAEEINCINN 1025  7.000-15.000 econaary drainage w
groundwater

VEIWAILIVAEURER 25-45 15.000-35.000 Seawater is 35000 TDS mg/l

<0.8 <600 * Drinking and irrigation water

Deltares
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In 1 liter drinking water: about 0.6 gr salt is allowed

Deltares

20170301 GEO4-4425



Rice can grow well in water with a salt content less than
about 2.0 gr salt in 1 liter water

20170301 GEO4-4425



Sea levelrise: t2m v
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verlaging freatische
grondwialerstand
| door draag,egglng !

The (Dutch) groundwater system under stress

Present processes Future changes

more evapotranspiration in summer

natural more precipitation in winter

groundwater recharge low-lying l 1 l l 1 1 l
polder area
l 1 1 land subsidence
. risk of uplifting
dunes large industrial coastal erosion Holocene aquitard
t 1 extraction sea level 1 1 flooding salt damage
brackish rise ko /a) breackish
Noordzee IR infiltration | ihfiltration __ Seepans _.._more seepage saltload

- Change in piezometric head
- Uplifting instable aquitards, creating (salt) boils

- Increase seepage and salt load to surface water system
- Decrease of fresh groundwater resources




From fresh water outflow to salt water inflow

L@

. digging dlk windmill mechanical
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BEFORE CREATION POLDERS AFTER CREATION POLDERS memmmm Ground surface

. , ; Historical subsidence of the
infiltration infiltration _
SERRIRE seepage  ground surface in Holland

se-ai ——

no seepage, only little infiltration
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The Netherlands: low-lying lands and s‘al'ie roundwater

Legend

Depth brackish-saline interface
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Salinisation-freshening groundwater: measurements

Legenda Legenda
[mg CI-/l per dag] n lre [mg ClI-/l per dag]
sterke verzoeting
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Deltares 2016, GOE Deltares 2016, GOE
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Different model cell sizes to consider several phenomena

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: fresh groundwater resources
Nile Delta, BD, Zuid-Holland
cell size=250m-3km

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



Flexible Mesh/SOBEK

major features:

- salt water intrusion & surface water quality’

- 1D network or 2D horizontal grid

- powerful hydrodynamic simulation engine

- complex flows & water related processes

- dispersion coéfficiént calibrated with field
data & model results from DELFT3D

- also flood forecasting

iMOD-SEAWAT

major features:
-SEAWAT in iMOD setting
-cores are MODFLOW and MT3D

-3D variable-density

-salt water intrusion and heat transport
-easy to use graphical user interface
-interactive geologic schematisation
-supports participative processes
-compatible with other models & codes
-handles large data volumes

-creates and runs scenario’s

SUB-CR (subsidence)

major features:

- core is MODFLOW

- includes slow subsidence (creep)
- saturated and unsaturated zone

http://oss.deltares.nl/web/imod

20170301 GEO4-4425
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Salinisation & freshening under Climate & Global stress

Legenda

B strong freshening
I Freshening

I Light freshening
Possible freshening
:| No change expected

[ | Possible salinisation
|:| Light salinisation

[ salinisation

I strong salinisation

Deltares

Enabling Delta Life 7—

Source: NHI 250*250ny
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Regional mode

zone of influence
sea level rise
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3D Regional coastal groundwater mod'l studies
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Modelling:
« variable-density groundwater flow, coupled solute
transport

Simulating effects of:

e autonomous processes (change extraction rates)
» sea level rise, changing recharge pattern

 land subsidence

Quantifying:
* hydraulic head

» saline seepage / infiltration ;70301 cEos.4425
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Interaction fresh-saline roundwater-urface water

Salberater pecketin a frosh anvirenm ent: fingering precess

LE40 5ec
o Time= 400.0 hour
- - : SALINITY
CONCENTRATION
IN GROUNDWATER
{110 Ftinterval from G.L) I 3
Before Tide) \lel' v permeahlz larers (k=0.00086 bmid)
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Maedium sandy porsus medium
0.0 1.0 [Mhydradic cond =854 m/d]

- Bangladesh

a

a: t= 241s b:t =241 + 4883 s c: t=241+7126s
Figure 2.11. Fingering processes in a saturated porous medium (red = salt; blue = fresh).

(Johannsen et al, 2006) DElta res
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c) Cl-depth proflles

Dmix
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Palaeo-hydrogeographical modelling
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Palaeogeoqraphical development

5500 BC

Maximal transgression Peat development Reclaimed land, polder

Deltares

\tlas NL in het Holoceen (Vos et &l,/20LtEy**+



* Model profile Zandvoort - Hoofddorp — Hilversum

» Palaeogeographical development (Vos et al, 2011)

« 6500 BC - 2010 AD

e marine transgression

 Peat development, peat degradation, drainage, reclamation

s s s e @XEONE SHOWN IN MO PESUIS: - vvvvssmmiinis i gy

constant head

(sea level varying per time slice) recharge
drainage varying per time slice

gro
varying per time slice

uniform properties cell varying properties
Kh: 30 m/d dx: 100m
Kv: 3 m/d dz: 1m - 10m

300 m
no flow boundary
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no flow boundary

65 km Delsman et al., HESSD, 2013
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>20 m MSL

15-20 m MSL
10 - 15 m MSL
5-10m MSL
25-5mMSL
0-2.5mMSL
25-0mBSL
5-25mBSL
10-5mBSL

15-10 m BSL
20-15mBSL
>20 m BSL

Lake
Amsterdam IJssel

Lo polder
- I’ Haarlemmermeer

polder
Horstermeer

.=

Coastline

| © IRED000DNNNE

Model transect

depth [m MSL]

3 sand
E= Undifferentiated

EEl Maassluis formation
EEl Aquiclude (Tertiary)

Clay
1 Silty, fine sand

-300 . - -  —
100 105 110 115 120 125 130 135 140

x-coordinate [km] ta res
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Time-slice 1: 6500 BC - 4500 BC

- Sea level rise, linearly from 22 to 8 m BSL

- Maximum transgression extent reached

- Tidal area develops over Pleistocene surface,

o ) "basal" peat deposits left mostly intact
_is| ] - Surface drainage
2ol A | Time-slice 2: 4500 BC - 3300 BC
of " k ¥ y - Sea level rise, linearly from 8 to 5 m BSL
- Open system with strong marine influence
-5 E - Deposition of marine clay and sand
- Peat extent expands
-10} E
Time-slice 3: 3300 BC - 2100 BC
-15| & - Sea level at 3.5 m BSL
- Closed system, freshening of hinterland
2 — - Peat development behind barriers,
i peat elevation 3 m BSL
s} .
Time-slice 4: 2100 BC - 700 BC
—10} _ - Sealevel at 2 m BSL
- Peat development accelerates,
—15h | peat domes rise to 1 m MSL
B Ll — Time-slice 5: 700 BC - 500 AD
) S - Sealevel at 1 m BSL
- Peat elevation 1.5 m MSL
=5F T - River Vecht system develops (0.7 m BSL)
10| i

Time-slice 6: 500 AD - 1500 AD
- Sealevel at 1 m BSL
- Maximal peat elevation: 2 m MSL
- "Young dunes" develop,
coastal dunes rise to 12 m MSL

Time-slice 7: 1500 AD - 1850 AD

- Sea level at 0.3 m BSL

- Rapid degradation of peat due to peat extraction
and anthropogenic drainage (0 m MSL)

- Fresh water lakes develop

- Water level river Vecht 0.05 m BSL

Time-slice 8: 1850 AD - 1900 AD
- Sea level at 0.1 m BSL
- Reclamation of Haarlemmermeer (1852 AD)
and Horstermeer (1882 AD)
- Anthropogenic drainage through canals and ditches

Time-slice 9: 1900 AD - 1950 AD
- Sea level at 0.05 BSL
- Subsurface drains introduced

= - Groundwater (over-) abstraction in coastal dunes
sl 2 |
E Time-slice 10: 1950 AD - 2010 AD
20 EN - Present-day situation
K] - Sea level at 0 MSL
-15-§ 21 - Groundwater abstraction in ice-pushed ridge
time [ky AD] @ - Groundwater abstraction in coastal dunes decreased
=20 L 1 I 1

-6 -4 -2 0 2

— Model transect 1 Tidal flats [Z71 Beach barrier KN Embanked area
I3 Present coastline E=  Salt marsh Bl Peat E#3 Reclaimed area
Water course Dune area (high) 71 Fresh water lake = Urban area
20170301 GEO4144253 Ssea Dune area (low) 772 Floodplain Pleistocene deposits




-10 | -
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=20 1 1 1 1
_6 1 T T
»
-5 E
E
-10} o)
>
Q
=15} 8
time [ky AD] »
_20 1 1 1 1
-2 0 2

-6 -4

Time-slice 1: 6500 BC - 4500 BC

- Sea level rise, linearly from 22 to 8 m BSL

- Maximum transgression extent reached

- Tidal area develops over Pleistocene surface,
"basal" peat deposits left mostly intact

- Surface drainage

Time-slice 10: 1950 AD - 2010 AD

- Present-day situation

- Sea level at 0 MSL

- Groundwater abstraction in ice-pushed ridge

- Groundwater abstraction in coastal dunes decreased

Model transect
Present coastline
Water course
Sea

Tidal flats

Salt marsh

Dune area (high)
Dune area (low)

Beach barrier Embanked area
Peat

Fresh water lake

Reclaimed area
Urban area

Pﬁ' toceI]deposits

EENE

Floodplain
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sea level [m MSL]
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Chloride
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3 =2 =L
year [ky AD]

N

110

x-coordinate [km]

Timeslice 1: 6500 BC - 4500 BC

120

130

- Sea level rise, linearly from 22 to 8 m BSL
- Maximum transgression extent reached

- Tidal area develops over Pleistocene surface,

"basal" peat deposits left mostly intact

- Surface drainage
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- Sea level rise, linearly from 22 to 8 m BSL
- Maximum transgression extent reached

- Tidal area develops over Pleistocene surface,

"basal" peat deposits left mostly intact

- Surface drainage
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Model versus
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Model versus measurements
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Glacial - Freshening

Interglacial

Salinisation

20170301 GEO4-4425 Source: Nature, 2013



World map of topography and bathymetry s owmg
known occurrences of fresh and brackish offshore
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Possible locations of offshore (submarine) groundwater

Legend

ne_10m_bathymetry_K_200
- ne_1 Om_bathymetry_L_O
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Coastal zone cases around the world
[ irrence related to dvnami pa-leve

Peltier, Science, 1994
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Enabling Delta Life

L4

Dec. 2004 Sri Lanka

Global Quick Scan of the Vulnerability of
Groundwater systems to Tsunamis*

*or other flooding events

Daniel Zamrsky'?, Marta Faneca Sanchez!, Gu Oude Essink?3
Subsurface and Groundwater Systems
Deltares, The Netherlands
freshsalt.deltares.nl

=

Sense of Urgency

2. Approach
-vulnerability Tsunami index map

2 S,
n T — - Universiteit Utrecht -modelling salt groundwater
; 3. Preliminary results



Every year, about 2 million people worldwide die from diarrhea, caused
by bad drinking water quality

Groundwater is an important source of drinking water in
underdeveloped countries, due to its high quality and relatively
easy-to-access quantity (now 30% and increasing)

What will happen when a disaster like a tsunami hits a coastal area?

Salinization of fresh groundwater by tsunami inundations might lead to
a temporal stop of groundwater extractions in affected areas

Deltares
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Abstraction Abstraction

N

1. Before Tsunami 2. Just before Tsunami:
Lowering of sea- and lagoonwater level

Well waterlevel rises Submerged well
1

3. Just before Tsunami: 4. During Tsunami: Flooding of island,
Subsurface pressure wave precedes surface wave mixing of water due to sudden pressure changes
Abstraction Rainfall Abstraction
[ RIERER
e

5. After Tsunami 6. After Tsunami
Freshwater mixed with brackish water Recharge by rainfall replaces brackish water


http://svho-support.nl/index/images/new27.jpg
http://svho-support.nl/index/images/new32.jpg
http://svho-support.nl/index/images/new6.jpg

A. Present conditions

I.’T. T N . f

1'.!r"| 2 m invmlion
—F. abszrn nan kvl
Erash water 08 m MONHOFS groundwaler profis w
[in serrsadations | mfm
-

Appradimalely B00 m [Tealures rod 10 scals)
B. Eustatic sea-level rise

¥ ¥

reciuced land slevaton
Above now So2 Wvel

G

(TR pem———
. xio ingaon

L Cyclone washover after eustatic SLR
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Salinisation processes of fresh groundwater reserves

Impression of relevant salinisation processes in coastal aquifers:

« Contamination freshwater lens after sea water flooding
« Saline fingering processes in the subsoill

Effect of Tsunami on a freshwater lens

At Time=0 yrs: 1. increase of head of 3 m
2. duration 2 hours

Natural groundwater recharge
seasonal variation Time= -3.72 yr

Maldives setting

Depth [m]

conc.

15000
12500
10000
7500
5000
2500
1000
300
150
50

250 500 750 1000
Length [m]
IGRAC, G OE MWL, '05

20170301 GEO4-4425

Saltwater pocketin a fresh environm ent: fingering process

AtE40 sec
0 Time= 0.0 hour

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

Total Dissolred Solids
[mg/1]

34650
33250
29750
26250
21000
17500
14000
8750

5250

1750

Medium sandy porous medium
0.0 1.0 [hydraulic cond.=8.64 m/d]

* [m] THO, Oude Essink'07




D modelling variable-density groundwater

flow and coupled salt transport |

Normal system

Recharge rate

ERRR RNy e

_ 0m
—=1m

_ Om
~=1m

~-25m -25m

~=im ~-50m

* Focus on coastal deep and shallow fresh groundwater resources
 How long does it takes before the groundwater system is fresh again,
available for groundwater extractions?

Deltares
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e SRTM — DEM of the world
« Used to create:
» Slope
» Distance to coast
« Resampling
» Different resolution of other original
datasets (e.g. population density)

20170301 GEO4-4425

Name Type
SRTM raster
Population
. raster
density
Land use raster
Soil map raster
Precipitation raster
Tsunami point shape
occurrence file
Bathymetry raster
GDP raster

Resolution
90 m

= 4.6 km

300 m
=1 km

=1 km

=1 km

=1 km
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Combine topography, tsunami risk and socio-economic factors (poverty)

Topographical vulnerability index: Elevation,
Determine simple equation and ranges of values
« Literature review (e.g. regional studies Indonesia)
 Tsunami inundation extents and affected areas in history

Elevation

Distance to coast

IDelev

IDslope
IDdist

Slope, Distance to coast

[ vulnerability index = 4 * ID oy, + IDgise + IDgpgpe ]

Final index Variable 1D values and ranges
Variable /ID 1 2 3 4 5 30
Topographical elevation (m above sea level) min - 8 8-16 16-24 24 - 32 32-40 > 40
Topographical slope (°) 0-1 1-2 2-3 3-4 4-5 >5
Distance to coast (pixels) 0-7 7-15 15-25 25-40 40 - 55 >55
Distance to coast (m) 0-540 540- 1350 | 1350-2250 | 2250-3600 | 3600 - 4950 > 4950
Vulnerability level |Sum of IDs  [Vuln. ID
Very high 6-9 1
High 10-14 2
Medium 15-19 3
Low 20- 24 4
Verylow 25-29 5 D lt
P017030 INTE-4425 >30 6 e G re S
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Vulnerability Tsunami index example

Wiy 4y —an

Japan, Kesennuma

R i s Google-earth e e S4Ge0gle earth
’ 5 oz ! i W
Imagery Date: 8/19/2012  38°09'25.77" N 140°58'03.75"E elev. Om  eye.alt 30.28km. / ol Imagery Date: 8/21/2012  38°53'48.96" NH141234'34 31" Efelev™ dim eyelalt  9.04 km

Tacloban City
M Buildings des!

SOURCE:
this Vtilperability index

Cancabato Bay
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Socio-economic factor and parameter.values statistics

e Focus on poor areas (1$/day per capita)
» Combining the pop. density and
GDP datasets
» Parameter statistics for chosen areas
* Soil types
* Precipitation
» Population density

: Vuin. Index =2
Vuln.Index=1 4 vy

L,
ey,
Ay,
e 7

L7
ey
..." o,
gl
<

Input to model (total # simulations : 96) o s

Sketch of global tsunami hazard
°E B0°E O0FE 120°E 1S0°E 1B0° 150°W 120°W BOPW  BOPW 30w 0
: 1 | S

T \ \ 7| / /
o tsunamiriskmag” Deltares

Carlography UNEP/GRID-Ewrope, 20089
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Recharge 0.0001 m/d

Recharge = 0.001 m/d

Recharge = 0.0025 m/d

Recharge = 0.005 m/d

Kaquifer = 1m/d Kaquifer = 100 m/d

aquifer = 1m/d [ K aquifer = 100 m/d

Kaaquifer=1m/d

Kaquifer =100 m/d

Kaquifer=1m/d

Kaauifer = 100 m/d

=1.0m

GHB

K soil =0.05 m/d

Varlable parameters

Ksoil = 0.5 m/d

-—

K soil = 5.0 m/d

CHD fresh (m)

“ " K soil (m/d)

=5.0m

GHB

K soil = 0.5 m/d

K soil =5.0m/d

K soil = 50.0 m/d

=15.0m

GHB

K aqwfer (m/d)

Case (with Tsunami):
Ks0il=5.00, Ka qu.re.-lno o
C |I13 1.0, RCH=0,0050

Depth of the system [m]

-40

1000 2000 3000
Length of the system [m] )

Recharge (fresh) (m/d)

Value

h 'I'xun:lm i): 88
.00, aqulfrl I‘JU 0
L RCH=0.0

Depth of the system [m]

1000

0.001
5.0

3000 4000

2000
Length of the system [m] :

051 2 4 5751!12030.

B C
0.0025

15.0

Depth of the system [m]

D
0.005

- Lenglh olthe system [m]

| )

L
L

L
3
-
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1000 2000 3000 4000

Concentration (g/l) at :5.0yrs after tsunami.

1000 2000 3000 4000
Concentration (g/l) at :50.0yrs after tsunami.
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« Shallow groundwater system

Legend Time (yrs) before the shallow coastal groundwater system is
fresh enough again for drinking water extraction

- system stays saline >50yrs
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Vulnerability of groundwater aquifers to tsunami effects, evaluated as
time (yrs.) necessary for aquifer to reach 95% fresh-water
distribution of pre-tsunami state, indicating drinking water
availability using groundwater resources in coastal zones after
flooding disasters
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On approach

« Assessing vulnerability index on global scale is possible with free accessible
datasets and tools

« Methodology is tested in some regional studies and shows good fit with tsunami
run-up measurements

On fresh water resources:

« After a tsunami, groundwater in the coastal zone may stay salty and not
drinkable for many years

We want to:

» test approach in one specific regional area, with detailed information

We need.:

« global dataset on geology

Next steps are:

» upscale to other flooding events (e.g. storm surges)

« Climate Change, Sea Level Rise, Global Change (groundwater extractions)
« 3D approach for the top 25 deltas worldwide, including land subsidence
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Effect of size model cell on physical process
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Saline pocket in fresh groundwater: fingering process

40*20 cells

Time= 0 min

0 0.2 04 0.6 0.8 1
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Saline pocket in fresh groundwater: fingering process

40*20 cells

Time= 0 min

0 0.2 04 0.6 0.8 1
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Saline pocket in fresh groundwater: fingering process

320*160 cells

Time= 0 min

0 0.2 04 0.6 0.8 1
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Saline pocket in fresh groundwater: fingering process

320*160 cells

Time= 0 min

0 0.2 04 0.6 0.8 1
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Effect of model cell size on phvsical process.

0.5
0.5 m
0.5 m

o
o
o

1.0
60 min

o
o
o
e
o
o
o
o
.
o

60 min 60 min

05 Mo
05 meo
05 M.o

0.0 05 1.0 0.0 0.5 1.0 0.0 0.5 1.0
60 min 60 min 60 min
Total Dissolved Solutes [mg/l]:
< >
.o ) 35000
0 1750 5250 8750 14000 17500 21000 26250 29750 33250 34650
1750 B 5050 8750 14000 17500 21000 26250 29750 33250 34650 35000

Model size cell has a large effect on modelling result!
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Effect of size model cell on physical process

0.5
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0.5 m

o
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o
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o
o
o

60 min 60 min

05 meo
05 M.o

05 Mo

0.0 0.5 1.0 0.0 0.5 1.0 0.0 0.5 1.0
60 min 60 min 60 min

Total Dissolved Solutes [mg/l]:
< >

.o ) 35000
0 1750 5250 8750 14000 17500 21000 26250 29750 33250 34650
1750 B 5050 8750 14000 17500 21000 26250 29750 33250 34650 35000

X=LOUSY models for predicting exact number of salt water fingers

20170301 GEO4-4425



Effect of size model cell on physical process
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60 min 60 min 60 min
Total Dissolved Solutes [mg/l]:
< >
.o ) 35000
0 1750 5250 8750 14000 17500 21000 26250 29750 33250 34650
1750 B 5050 8750 14000 17500 21000 26250 29750 33250 34650 35000

All models are GOOD for predicting moment of touching bottom
(60min)!
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Saltwater pocket in a fresh environment: fingering process

At=10 sec

2.0

Time= 0.0 min

Total Dissolved Solids
[mg]

y [m]

34650
33250
29750
26250
21000
17500
14000
8750

5250

1750

0.0

X [m]

IGRAC, GOE/WvdL 05
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Saltwater pocket in a fresh environment: fingering process

At=10 sec
2.0

Time= 0.0 hour

y[m]
o

Total Dissolved Solids
[mg/T]

34650
33250
29750
- 26250
21000
17500
1 14000
— 8750
5250
1750

0.0 1.0 [hydraulic cond.=8.64 m/d]
X [m] IGRAC, GOE WudL 05
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Saltwater pocketin a fresh environment: fingering process

At=40 sec

20 Time= 0.0 hour

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

Total Dissolved Solids
[mgy/l]

¥ [m]
=

34650
33250
29750
26250
21000
17500
14000
8750

5250

1750

Medium sandy porous medium
0.0 1.0 [hydraulic cond.=8.64 m/d]

X [m] TNO, Oude Essink'07
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Effe

packgrounco

alinity: 0, 25%

0.0

Saltwater pocket in a fresh environment: fingering process

At=400 sec
Time= 57.8 hour

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

Total Dissolved Solids
[mgil]

34650
33250
29750
26250
21000
17500
14000
8750

5250

1750

Medium sandy porous medium
1.0 [hydraulic cond.=8.64 m/d]

x [m] TNO, Oude Essink '07

Saltwater pocket in a fresh environment: fingering process

At=10 sec
20 Time= 44.4 hour

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

&

y[m]

Total Dissolved Solids
[mg/l)

34850
33250
29750
26250
21000
17500
14000
8750

5250

1750

Medium sandy porous medium
1.0 [hydraulic cond.=8.64 m/d]

TNO, Oude Essink '07

0.0
x [m]

Saltwater pocket in a fresh environment: fingering process
At=400 sec

20 Time= 36.7 hour

.

S e

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

/

Total Dissolved Solids
[mall]

}I}I\lfl!!llrllll

L s L |

NI I [ I Medium sandy porous medium
0. 1.0 [hydraulic cond.=8.64 m/d
x [m] TNO, Oude Essink '07

y [m]

At=400 sec
2.0

0.0

a

in a fresh

t: fingering p

p

Time= 37.8 hour

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

Total Dissolved Solids
[mgil]

34650
33250
29750
26250
21000
17500
14000
8750

5250

1750

Medium sandy porous medium
1.0 [hydraulic cond.=8.64 m/d]

TNO, Oude Essink '07

x [m]

Saltwater pocket in a fresh environment: fingering process

At=400 sec
2.0 Time= 37.8 hour

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

7

Total Dissolved Solids
[mg/l)

y [m]

34850
33250
29750
26250
21000
17500
14000
8750

5250

1750

Medium sandy porous medium
1.0 [hydraulic cond.=8.64 m/d]

TNO, Oude Essink '07

0.0

x[m]

y [m]

Saltwater pocket in a fresh environment: fingering process

At=400 sec
2.0 Time= 41.1 hour

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

Total Dissolved Solids
[mgll]

Medium sandy porous medium
1.0 [hydraulic cond.=8.64 m/d|

TNO, Oude Essink '07

0.0

x [m]
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I F -
Base idea

Many local solutions for fresh groundwater
supply can have regional impact
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solution fresh groundwater supply
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Local solution fresh groundwater supply

-
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climate and global change
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Starrin
I EFE -

climate and global change
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Local solution fresh climate and global change
groundwater supply

-
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What should be the response?

20170301 GEO4-4425



Many local solutions fresh climate and global change
groundwater supply

’g"ﬁkm
"*m

3
&,é

Many local solutions for fresh groundwater supply can have regional impact
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-upscaling local cases to regional strategy
-assess economical feasibility

-INncrease impact: communicate our showcases
-working together
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More knowledge of system
by monitoring & modelling

Freshening by
adapting discharge
surface water system

New organisation of
fresh water management:
The Water Farm

1 aﬂmchﬂniaach iquel

Reducing salinisation
from salt pin boils

Increasing volume fresh
groundwater in creek by
Aquifer Storage and
Recovery (ASR) and by
reducting discharge to
drain

Freshening by
new drainage
technigues:

no discharge of

p

G SANDY

*r=-3pREEK

FtﬁlNWﬁg'ER LENS

fresh water but
only saline water




Aquifer Storage and Recovery / Managed AC uifer Recharge

Aquifer storage and Infiltration ponds,  Aquifer storage, transport
recovery (ASR) galleries and recovery (ASTR)
™ N N~

2 | |
2R w f
Dry wells Recharge weirs, Rainwater
releases harvesting
Ny Runoff harvesting
* 'k
L 2% 2\

A%
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Increase strategic freshwater reservoirsin the coastral zone

NatureCoast, Building with Nature, De Zandmotor
RO 2 2N ) VAL ALt rd it

dunes

. shift water divide
water divide t 1 lnxlying Y 1 1 low-lying
polder area land rechm@/J\_f{ poltler area
Noordzee o

Change in top elevation [m MSL] of the Sand Motor and surroundings

Development of the Sand Motor

e

P - =Y e — 5
C o - e — e e — ——
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0 years 5 years 10 years 20 years




| ocal model:

IMOD-SEAWAT Jurong Island Singapore
ey s

IMOD-solid modu

fresh groundwatemn

_
e o o B

saline groundwater

Available fresh groundwater Jurong Island

|
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5 40
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0 30

1

o

-5 20

o = <150 mg Cl/l (drinking water quality)
‘; 10

£ == <1000 mg Cl/I (quality agriculture)
s 0
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The Coastal Laboratory: aguaculture on fertile land

Impact study
Monitoring
Dimensionering saline pog
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GO-FRESH: Local measures to increase fresh water suppl

Winter period

Precipitation surplus

Interfaces going down (in figure: situation in Spring)
. 100-400 m

Present Future

TR T

1 )
15 SRR e e e e ;
: -
, = e . BB
The Freshmaker Drains2Buffer Creek Ridge Infiltration Te
Injection fresh Smart deep drainage Elevation ground water
water and protects thin level

extraction saline fresnwater lens by infiltration surface
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Increase rainwater lens volume to reduce root zone salinity

b b

drain tiles
) \

aquifer w————— aquitard ——»

——
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Increase of freshwater lens by active infiltration fresh

nardoppels
groente appels aardappels  groente appels
Bloem- bloem- | infiltratiebuizen
kool e | e
E | o

L ™
T - . .
_a = o # : e, &
;?:::‘; 5 4 o l i, g ':? tarwe/

r : 2 4 b F

e ’ e - % ",\,, J..!' aardappels
i e ” J g L
= s ¥l - w ./
3 P ) | . -
4
A 4
5

N zout woter Ml v ] zt:\ut\-w';el:1 EIE klmd
t ny t n

W zoet (grandiwater Bl zand W zoet (grondjwater B =
grond maatregel

artificial recharge using

controlled drainage fresh surface water
biackish collecting
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drainage
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creek deposits
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GO-FRESH

50 -500 m
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controlled drainage

artificial recharge using
fresh surface water

brackish
water ditch

collecting

well ™

creek deposits

50 - 500 m

20170301 GEO4-4425

woL-§

o slimlflex .
- sept 2013
-‘ -— feb 2014
-5]
-10
-15
~205 2 a 6

EC formatie mS/cm

Google eartiig
- i

0 min‘ifilterg .
==+ sept 2013
==+ feb 2014
-5
L ]
.
-10 i
"""-._
_15 .-..-----.-.-- .. ....
—205 10 20 30 40

EC grondwater mS/cm




Up-scaling: pote

Criterium 5 i
too shallow, unsuﬂabie

[ shallow, not suitbale

suitable

deep, not applicable

Criterium 1
Ml below MSL
Il above MSL

Infiltration
capacity

Criterium 2 | not applicable
B silt content<35% | Criterium 4 SElai insufficient
Il silt content>=35% | Il infiltration i L I sufficient

not applicable | Il seepage more than sufficient
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Up-scaling: potential and vulnerability maps

at different scales

Legend

Score

o1
-

Creek Ridge Infiltration
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Thank you for your attention!

More information:
freshsalt.deltares.nl
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