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1. Challenges of water resources in the Kingdom of Saudi Arabia

+» Arid climate + High cost

conditions

of desalination

Low precipitation Hig-h PT | Exp: Ras Al-Khair desalination plant
(103mml/year) (2.43 m/year in Jaddah) (SR15.67 billion)

< Sediment « Groundwater

transport depletion

for dams

High drawdown
Exp: Manjour aquifer

» Artificial recharge is suggested as an adequate solution for water sustainability.
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Exp: Thamed dam Artesian wells
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2. Integrated solutions for water scarcity: Artificial recharge

> Rainwater

» Treated wastewater§ _»

Artificial recharge is the ]
practice of increasing the » Desalinated water

amount of water that enters

an aquifer through human-
controlled. > Infiltration devices

INnjecticorn Well

» Injection devices
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2. Integrated solutions for water scarcity: Artificial recharge

1 2 3 4 5

) ) ) )
\ I | |

|

Suitable areas and techniques
for artificial recharge.

Assessment of the
effectiveness of the
artificial recharge.
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2. Integrated solutions for water scarcity: Artificial recharge

Cumulative Rainfall Index.

Principal Component Analysis.
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Spatial variation of rainfall under an arid cllmate Case Gafsa region, Tunisia (Melki et al., 2018).
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2. Integrated solutions for water scarcity: Artificial recharge

Daily rainfall Frequency %
mm/day
Zone | Zone 2 Zone 3 Zone 4 Zone 5
. . l0.1-5 46.4 75.8 55.2 40.1 555 |
Scales (yearly, monthly and daily scale). ) e T YT R ra——
10-15 12.7 57 8.8 13.5 11.4
» Statistical tests (Standard Deviation Index, 15-20 7.6 238 6.1 55 44
Deciles distribution, Frequency...). 20-25 . 12 29 44 33
25-30 24 0.9 1.7 2.6 1.8
o o 30-35 1.9 0.5 1.0 23 1.1
* Characteristics of temporal variation 3540 11 02 0.9 0.7 0.6
(class of the vyear, frequency, duration, 40-45 0.6 0.1 03 12 0.9
severity and extension). 4530 01 01 03 05 02
=50 1.6 0.5 1.1 1.6 0.5
_ Very dry year
[—
I ol year
_Humidycur
_ Very humid year

Temporal variability of rainfall under an arid climate. Case Gafsa region, Tunisia (Melki et al., 2018).
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Estimation of hydrological components By WetSpass-M model

(Water and Energy Transfer between Soil, Plant and Atmosphere under quasi—Steady State)

Temperature map|—<}-_
Wind map |¢

~ This model is calibrated based on
PET mapil"i:;_ et the actual evapotranspiration

Precipitation mapl_--zi:,»- - estimated over a period of 50 years
Depth map |5 D to adapt to the arid climate of the
SLa_Tduse map|[-4- o studied region (Melki et al., 2017).
oil map [. =
Slope map lﬂl = - T I% 4=
Topographic| [ - -y 1 'g e Year
map ! ' | =
. .‘ . i Hydrological
e I components (mm)

Dry Normal

| [— == ([T Infiltration (1) 63.4 81.3
= — ' Runoff (R) 14.0 22.7
. Month Rainy days )
.;ahle of r:';"? 1 2,5 Actual evapotranspiration (AET) 60.2 71.8
ays number 3 0.0 Interception (In) 6.4 9.9
A 4 Rates of the different hydrological components in Northern Gafsa Aquifer, Tunisia
P=1In(5%)+ R (15.4 %) +AET(36.8 %) +| (42.8%) (Melki et al., 2019).
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2. Integrated solutions for water scarcity: Artificial recharge
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Spatial distribution of the different hydrological components under an arid climate.
Case Northern Gafsa Aquifer, Tunisia (Melki et al., 2017).

Technical Development Solutions Co.
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2. Integrated solutions for water scarcity: Artificial recharge

» Discharge Keeper is an optical flow measurement for
natural water streams, irrigation and wastewater channels.

» Key Features :

« Camera-based measurement system for acquisition
of the surface  velocity profile and the water level for
direct calculation of the discharge.

* Non-intrusive measurement method using only one sensor
(camera).

in Wadi Naqab UAE (03/01/2022).
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2. Integrated solutions for water scarcity: Artificial recharge
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' Groundwater recharge, discharge and
transition zones.(Genet et al., 2017).
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Piezometric map showing direction of
groundwater flow.(Mohamed Javad et al.,2018).
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2. Integrated solutions for water scarcity: Artificial recharge

DC-4500 Field & House

Workflow
Seismoelectric (SE)

Computer

L]

f ST

Recording Processing Water/Qil

Principle:

New technology based on the seismoelectric effect
to measure the electric potential signal at ground
surface with a seismic source for detecting
subsurface water properties.

Benefits:

. Rock porosity.

. Permeability.

. Fluid contents and their saturation.
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2. Integrated solutions for water scarcity: Artificial recharge
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h
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BMR Benefits:

« Lithology identification.

» Identify the storage properties: 3100
1. Porosity.
2. Specific storage.
3. Specific vyield and specific

v #M w\%ﬂm'h"

retention. ol — F
3300 CE" — g
* Flow properties: %
1. Transmissivity. oo I = q
2. Hydraulic conductivity. ;5 i{t -

Borehole data obtained from the well logging.
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2. Integrated solutions for water scarcity: Artificial recharge
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Observation wells distribution in Northern Gafsa Aquifer.
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2. Integrated solutions for water scarcity: Artificial recharge

festo
PERELEEE |' s
] R — Waterqua Ity monltorlng
i F W'M ‘;Mh:\ih:im* . p ,
e A5 S TN et e g ystemsfor goundandufce e
S L. E
o0 Ueree
— N e s o Watele v Redorptent v (horoptylla
Dby WelName
W) i _________________\z « Temperature « Ammoni v (janobacter
QO Installation of multi- A o : ‘ v (onductiiy o Nite  RhodamineWT
s B0 § g ’ y "
A : “Tote disobed sofids 105+ Chlride v Turbidt
parameter sensors. T J
W O = e e It o . :
2 kel m -Slny  Anmonm -t sspenced sl 1§
& @ 3oyt Tesls : .
i -Densty v Sodium
& M Dsieninigy
j%ﬁﬁ;jj:;mﬁ + Dssobed orygen v (ldum t
5 Wil o 1_| L . ; QZV et
e e -opgensaaton ~—~ + Fluorde b
g il E'f” “ £C: Electrical Concucthvty '
/MR il H [ l . PHVa‘Ue v otassum e PSHseqltmontog ¢ 506202
il T R T T

Examples of sensors output.
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3- Conclusion

» Worldwide demand for freshwater.

> Artificial recharge = water sustainability.

> Integration of several studies and applications = effective artificial recharge.
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