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LS mechanism due to ground water overexploitation Eesa
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The Remah region, UAE

» Remabh is located 43km east of Al Ain
city.

» Desert, cover with sand dunes
disconnected by flat areas
(interdunes)

» Elevation ranges from 80 m a.s.l., in
the west, up to 200 m a.s.l., in the
east.

> In the east the Jabal Hafit and Al
Hajar Mountains can be identified.
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Geological Setting

The Remah area is occupied by three geological formations:

b i
f

GWP-058 GWP-060

100

24.200
T F=a
U 4
-

‘ Clay

150

Barzaman
Formation

200

250-

e e B

: Limestone interbedded with
| anhydrite, dolomite and mudstone. ﬁ

300

350

8 e N - L] .
3 — - p— , Barzaman formation (= 200m): fluvial sedimentary rocks
Legend y chematic Cross section . | th | t
T saon mainly with conglomerates
[ ] Low Dunes - %\
[ | Dune Ridge o, dow D Hili formation: three units (conglomerate and sandstone,
Star D P : : :
rbunes A | _ J/N ST, s v A siltstone and mudstone, sandstone and siltstone with
[ % | Sandstone: sandstone and siltstone with subordinate conglomerate ;%/—"j" _____‘ff'/;—fi*é—ﬁl—— TR
Conglomerate: conglomerate and sandstone _HL‘F“,"TEV L Conglomerate)
[ hz | Siltstone: siltstone and sandstone
A Water Wells Rub al Khali formation: sand dunes (unconsolidated fine to
medium grain sand) ,
N T il = N L = 111 D i = == = Il Z€ 2= E - B m [l » THE EUROPEAN SPACE AGENCY




Hydrogeological Setting

The geological formations of the wider Abu Dhabi Emirate bear four
hydrological units:

(1) the carbonate aquifers occupying the macro permeable carbonate
formations along the borders with Oman,

(2) the western gravel aquifer, along the foothill of the Al Hajar
Mountains

(3) the sand dune aquifer covering most of the Emirate, and

(4) the coastal aquifer at the coastal Sabkhas

» The narrow study area is located at the sand dune aquifers unit.

» The unconfined aquifers of the area occupy the coarse grain layers
of the formations

» The groundwater of the deep carbonate aquifer recharges the sand
dune aquifers either directly or through the western gravel aquifer.
The unconfined aquifers are fed laterally by the carbonate aquifers.

5

- =W 411 = 1011 O

= mm BN bm B 5% 22 EX == i imm [#] > THECUROPEAN SPACE AGENCY



Hydrogeological Setting

50% of the agricultural activities of the emirate are located in the Al-Ain region.

The area under investigation holds 524 active farms.

The agricultural activities are supported by a network of water wells exploiting the underground water, with annual
water discharge of 244 million m3.

The groundwater, although unsuitable for irrigation due to its high salinity, is the only source of water in the area.
The average depth of the water table in the shallow aquifer ranges between 52 and 67 m.

At the narrow study area, due to overexploitation, the aquifers form a depression cone reaching further down to the
depth of 120 m.
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Hydrogeological Setting
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Field Observation Survey

The field observation survey can be
considered crucial when studying land
subsidence as the low deformation rates of
the phenomenon can only be identified
through the deformations and the failures of
rigid constructions founded over the site.

Numerous land surface subsidence effects
have been captured in the study are:

{

» Leaning and fractured walls caused by the
deferential settlements of the foundations.
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» Buildings appear cracked by the
deferential settlements of the foundations.

» Well casings appear protrusion signs due
to the surface subsidence.

» Electrical pillars appear dislocated with the
wires tensioned due to the differential
surface movements.

— = 4 11

[
1|
I
il
1|
[

1

e Bl EE 2= E — e m 1] > THE EUROPEAN SPACE AGENCY



Interferometric Analysis

SAR dataset: Sentinel-1 dataset provided by the European Space Agency (ESA).
» Sentinel-1 operats in C-band (5.6 cm) and has a 12-day revisit period.

» The dataset consists of 37 Sentinel-1 Single Look Complex (SLC) images acquired along the ascending orbit from path 130
and frames 73 and 75, for a time span between February 2015 and May 2019.

Applied techniques: Multitemporal Interferometric Synthetic Aperture Radar (InSAR) techniques.

The footprints for the
Sentinel-1 path 130 are
shown in blue frame for 73
and red frame for 75.
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Interferometric Analysis

» The P-PSI technique for the Sentinel-1 stack managed to retrieve ground
deformation with an excellent PS density reaching up to 3977 PSs/km? AN (a)
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Interferometric Analysis
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Correlation of GWL & InSAR Data

Correlation of the water level time series at the
GWP-060 monitoring well with the land surface
&/, deformation at the surrounding PS pixels.
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Correlation of GWL & InSAR Data
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Conclusions

> In the absence of other known tectonic and geological processes, and based at the above correlations, we believe that the
land subsidence phenomenon is triggered by the overexploitation of the aquifers.

» The depression cone extends in areas with lower deformation rates. In areas expected to deform more rapidly in the future if
the depression continues extending.

» Unlikely as there are not any other alternative sources of fresh water available at the wider area. So, the phenomenon is
expected to continue extending and there are not any mitigation actions to be suggested.

» Considering that no any actions can be foreseen for the mitigation of the phenomenon the knowledge of its extend is crucial,
as all major infrastructure can avoid the subsiding areas, or they can be designed in a way that they can bear the
deformations.

» This study proved that the repeat-pass satellite SAR interferometry can provided substantial information about the actual
extent of the land subsidence phenomenon.

» Space-based technologies are cost effective, providing high spatial coverage. So, they are able to fill the data and knowledge
gaps and reduce the uncertainties by providing high spatial and temporal valuable information about the extend and the
progress of the subsidence.

» The information provided by these studies can give rise to focused geotechnical and hydrogeological studies.
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