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Need more information?:

« Helga Wiederhold

¢ Yossi Yechieli

« Vincent Post

¢ Luc Lebbe/Alexander Vandenbohede

* Perry de Louw/Pieter Pauw
« Frans Schaars

« Carlos Duque
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Just impressions!

Introduction

» Basic stuff
» Stuff | like
« AEM
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« Geophysics can give nice information about aquifer, but
it remains indirect information, so interpretation is
needed

¢ There are many techniques and | do not know what is
good for me ... so shop and ask around
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Basic stuff
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__ Airborne measurements "~ -+ | @ &

Measuring system

Physical parameter

Geologylterrain
information

radar

EM traveltime

Terrain elevation

Infrared photography

Infrared radiation

Surface temperature

Time domain EM
Frequency domain EM

Electr. resistivity from
induced EM fields

Lithology
Water salinity

Magnetic gradiometer

Magnetic field (variations)

Lithology (magnetite)
Artefacts
Steel/lron objects

Spectral gamma

Source: Koos Groen

Radiation (gamma)

Soil type
Surface lithology
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Recent disturbence

__ Surface measurements "~ . [ @@ &

Measuring system

Physical parameter

Geology/terrain
information

Ground penetrating radar

EM traveltime, diaelectric
constant,

Lithology
Soil moisture

ERT

Electr. resistivity

Lithology
Water salinity

Time domain EM
Frequency domain EM

Electr. resistivity

Lithology
Water salinity

Magnetometer (total field,

Magnetic field (variations)

Lithology (magnetite)

Source: Koos Groen

gradiometer) magnetic susceptibility Artefacts
Steel/lron objects (UXO)
Spectral gamma Radiation (gamma) Soil type

Surface lithology
Recent disturbence

___ Cone Penetration Tests . [ = =

Measuring system

Physical p

logy/terrain information

mechanical CPT

Cone resistance
Friction resistance

Lithology
Geotechnical parameters

Electrical conductivity

Electrical formation
conductivity

Water salinity

Contnuous water pressure

Water pressure

Lithology
Piezometric head

Water pressure dissipation

Water pressure in time

Permeability clays

in clay layers

BAT sampling in CPT Water chemistry
casing

ROST, MIP Contamination of

hydrocarbons (high
concentration)

Camera sonde

Visual view

Lithology, contamination, gas

Source: Koos Groen
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Monitoring salt in groundwater: Direct methods ‘

Why monitoring? Method Advantage Disadvantage
« Mapping salt concentrations in the groundwater 1. Observation well +High accuracy +Costly
- Detection of trends (upconing near pumping +Detection trends Point measurement
stations) 2. Well screens in *High accuracy «Costly
PreTe observation well +Detection trends

« System and process knowledge

«High vertical resolution
< Input for a groundwater model - - -
P 3. Sediment sample *High accuracy *Very costly and time
(extraction milliliters of | eHigh vertical resolution | consuming

water)

Methods:
1. Direct: water sample available
2. Indirect: conductance of the subsoil ) Pumping stations

with salinisation

Direct methods 1 and 2

Pumping stations closed]|
. due to salinisation

Source: V. Post, 2007
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Monitoring salt in groundwater: Indirect methods Monitoring salt in groundwater: Indirect methods

Indirect methods measure the conductance of: Method Advantages Disadvantages
High conductance: 1. Electrical conductance | *High resolution (3D) | *Time consuming
saline groundwater measurements «Depth ~200 m

1. The groundwater - — -
Low conductance: 2. Electromagnetic *Fast «Limited vertical
fresh groundwater measurements resolution

AND «Sensitive for

High conductance: underground conductors
clay, sand (pipes)

2. The soil 3. Satellites «Suitable for large *Small vertical resolution
Low conductance: areas *Low accuracy
coarse sand, gravel

Hence information about the lithology (sand, clay etc) is needed!
Source: V. Post, 2007
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Electrical conductance measurements Electrical conductance measurements

Measuring:
¢ Inside a borehole
¢ From surface level (depth ~ 200 m)
» From the air :

Measuring:
« Inside a borehole
« From surface level
« From the air

Source: TNO

Source: Vitens

Source: V. Post, 2007

Source: V. Post, 2007
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Principle geo-elektrical measurement

I: currentelektrode, V: potentialelektrodes, Ra: appearant elektrical resistiuvity

Ra = constant * V/I
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Types geo-elektrical measurements

Vertical Electrical Sounding (VES)

4 elektrodes at surface
1D elektrical resistivity profile
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Labor intense
Accurate, great depths
Deep hydrogeology

| Continue Vertical Elektrical Sounding (CVES)

>80 elektrodes at surface
2D elektrical resistivity subsurface
Limited depth (~30 m)

4 kabels met ieder 21 elektrodes
3

2

Geo-elekirische meetapparaat

VES measurement end 1950s/begin 1960s

VES measurement end 1950s/begin 1960s
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Stuff | like

Resistivity in Cm

CVES transect L ouwerse 100

Depth (m)

] 00 750 200 250 E
Horizonta distance frem first e ectrode (m)
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A chirp is a signal in which the frequency increases (‘'up-
submarine ground surface chirp’) or decreases (‘down-chirp’) with time
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2D seismics: Example sparker data A
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2D seismics: Example sparker data A

A sparker is a marine seismic impulsive source used for high-
resolution seismic surveys.

Sparker_09
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A sparker is a marine seismic impulsive source used for high-
resolution seismic surveys.

— Seabed

Top weathered shal

- Top shale

submarine

groundwater ground surfa
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Interpreted sparker data showing thickness of deposits

Boomer survey Area

GPR image frontal dune (100 MHz)
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155300

155350

155400

155450

Slim and flexible
High resolution data
More data points
Easy to handle
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EM-slimflex
measurement

depth [m] NAP

Lithological Chloride
interpretation  Indication

[ soman

170t

depth [m] NAP
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EM31.: lateral variability of the subsurface bulk conductivity

» EM34

in subsurface
conductivity

*» EM39

borehole

generally used for
lateral variations

~EM31/34, but in
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ARS technology (TNO Industry):

Altitude: 0-150 m
Temp-detection using Thermal Infra Red sensors (only surface )

Deltares




1 juli 2012

Thermal infra-red results (blue is cold, red is warm)

AEM

RESOLVE (Fugro)

Receiver
X Transmitters Transmitter
Receivers

SkyTEM is helicopter-borne
time domain

a signal changes over time

HEM is helicopter-borne
frequency-domain

how much of the signal lies within

each given frequency band
Larger penetration. but slower
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o S o s

Key issues to achieve fresh water management:
¢ Characterize groundwater systems, identify fresh water
resources (quantity and quality) and make predictions of
changes in these resources
< Have cost-efficient tools such as geophysical methods
and numerical models =y

Advantages AEM:
< Collection data very fast (within 1 yr a distribution, not
just after 10’s of yrs)-> interesting for data-poor countries iy
< 3D result (standard methods are 0D, 1D or 2D)
< Change in fresh-saline distribution can be detected by
repetition measurement
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Electrical co e measurements

Measuring:
* Inside a borehole
«  From surface level
« Fromtheair

Deltares

Source: V. Post, 2007
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magnetometer,
laser altimeter

3040m

base station

Sikorsky S-768

video camera
gamma-ray spectrometer-

DGPS

‘radar
altimeter

EM transmitter
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Monitoring salt in groundwater: Indirect methods

Electrical conductance measurements

ps = resistance subsoil & groundwater
p, = resistance groundwater
F = formation factor

Lithology F
Gravel with sand |7
Coarse sand 5
Sand with silt 2-3

Clay 1-3* }
peat 1*

If the lithology is known AND the measurement is in an aquifer
- p,, can be calculated

F varies with the resistance
of the groundwater

Deltares
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Rainwater lenses in saline seepage areas .
Zeeland

precipitation surplus

f upper aquifer
f ! t f
'seepage of saline groundwater
t t t t
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-

< ifp6, ECPT 34

* TEC.probe, GW-sampiing, ECPT

cross section Fig. 3
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« ECPT
* CVES
®  TEC-probe
|:[ infiltration
seepage
Deltares
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AEM application: creation of a 3D chioride y

concentration field for numerical modeling

Deltares

20120622 SWIM22

1 juli 2012

N

I -

s

—— Surtoce vater
Sea andlakes

I Uoen arees

Logend
Surtace levation
mabore mean s lev
[P

Hariigen.

Deltares

20120622 SWIM22

Legend

® EcPr

4 Clmeasurements
—— HEM
—— skyTEM

= == Geological cross-section

German Federal Institute for Geosciences and
Natural Resources (BGR)

University of Aarhus, Denmark

TNO

?
ilometers
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2D bulk EC field =—— 3-D model of bulk EC for every cell of 100x100x0.5m
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Gunnink et al. (2012)
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Bulk EC + Groundwater EC + Formation Factor — Cl concentration per cell

) N Gunnink et al. (2012)
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2010AD

ano ares

300 columns
300 rows
100x100m cells
50 model layers

Calibrated
Validated

Density dependent

groundwater

Loteral boundary:
conztant flow.

Conclusions:

* AEM is an efficient method to map groundwater salinity

* The 3D fields can be used in numerical models and give
reliable information

* Models with a good initial 3D field give quality results and
can be used for prediction of the effects of the climate
change or strategy measures

Recommendations for follow up:

< Further investigation on the conversion of EC to chloride
concentration

< Further investigation on the uncertainties in EC field
generation

Deltares
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Areas in the we-"*
A Wazjor rver & N3]

www.delta-alliance.org
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Singapore: Aerial View of Marina Barrage

Shanne V
Channel S ~. East ‘
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This is the lowest area in the saline environment (see DEM)

Higher concentrations in Kallang Canal, relative far from Barrage
itself

Low-lying area (Winborne) is ‘managed as a polder’ and
discharges water with high salinities to Kallang Canal

Ground Penetration Radar executed last week, shows evidence of
salt water intrusion via groundwater (details later)

barrage

operation Ivi=100.3 mRL (99.7 mRL) 98.4-101.7 mRU

fresh to brackish to saline]

Kallang Alluvial

1 juli 2012

Seepage over The Barrage itself * saline water

Seepage over waterfront along the whole
Reservoir * fresh-brackish water

Seepage from the subsurface * brackish water
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arborty,  fispla cement
edge salt water wedge—
= % “0astlne

{a:

Figure: Mekong Delta: Simulation of saline intrusion during the dry season drought
conditions of 199, The map shows the duration of salinity levels greater than 1
gram per litre. The area affected exceeds half o the total 55,000 km? that defines
the main delta (Source: MRC 2003, State of the Basin Report)

Salinity intrusion affected at least 7million ha in dry season

1998 (MRC, 2003; Halcrow, 2004)
20120622 SWIM22
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1. Weifang
* Fresh groundwater ‘contaminates’ brines
* Large coastal development

2. Yellow River
« Salinisation of the delta

3. Qinhuangdao

« Salinisation of the coastal zone

20120622 SWIM22
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1. Weifang
* Impact coastal development on fresh-saline groundwater resources
* Huge land reclamation project
* Monitoring campaign (mainly observation wells)
* Main source: brine groundwater .
« Fresh groundwater ‘contaminates’ brines
* Water system analysis, flow situation
* Analysis monitoring campaign

* Dutch equivalents:

> effect on groundwater of Zandmotor project and land reclamation
at Solleveld

> brine disposal Zuid-Holland
> Knowledge for Climate: Climate Proof Fresh Water Supply
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Example of combining techniques
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Areaof interest
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Comparison monitoring data with model results

Average modelled Cl-conc

of top 6 m (g/l) — — oo — motes =
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Local 3D model of the agricult lot

Local approach: simulated Cl-conc. with different CC-scenarios

Modelling:
« variable-density
« 3D, non-steady
« groundwater flow & coupled solute transport
» model cell size: 5*5m?

Code:
MOCDENS3D

Assessing effects:
 autonomous salinisation

« sea level rise

« changing recharge pattern
 (adaption measures)

W+ 2100 + sea
level rise

500 300C 5000 7503 10000 14000

green is too salty
to grow fresh crops
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