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UNEQUAL WATER USAGE ON A GLOBAL LEVEL

Water Uses for Main Income Groups of Countries (2003)
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Sectoral Water Use
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Water consumption (%) by sector in Arab
Countries (1996-2006)

X : \ e
fains \mmsu\!‘ $. 75
v n . / ey 2

N E‘

’ "‘\\”; 30°N

@) areas of abstraction 1670
> areas of abstraction 2000

20°N

20°N
20°€
B Agricultural water withdrawal [3% of total freshwater withdrowal) North-Western Saharan African Aquifer
B Domestic water withdrawa! (% of fotal freshwaoter withd rawal)
B Indusiricl water withdrawa! (% of tofal freshwaoter withdrawal) Hamed et al., (2013)

*Latest values for all 22 Arab countries
Soaree: UMDE 2009




Water scarcity 2025

Projected Water Scarcity in 2025
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Precipitation change (MENA)
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Priorities/solutions

* Treat wastewater &

reuse

* Increase efficiency

(agriculture)

e Virtual water

 Groundwater recharge




Solution: Groundwater Recharge

Groundwater Recharge is considered a process of water
movement downward through the saturated zone under the
forces of gravity and is divided into:

|.  Natural recharge (direct precipitation, riverbed, lakes...)

Il. Artificial recharge (injection wells, water spreading...)




Time factor in natural groundwater recharge

|.  Short-term recharge (heavy rainfall, ephemeral riverbed)

Il. Seasonal recharge (occurs regularly, snowmelt season,
seasonal river)

Ill. Perennial recharge (permanentriver, i.e., in the humid
tropics)

IV. Historical recharge (occurred long-time a go and contributed
to the formation of the present GW resources)

Simmers, (1988)
...



Recharge Estimation Techniques

Unsaturated zone:

|.  Lysimetric

Il. Soil-water content

Ill. Pressure head

V. Woater-retention and hydraulic conductivity curves
V. Zero-flux plane

VI. Darcy method

VIl. Unsaturated zone modeling (i.e., HYDRUS)



Recharge Estimation Techniques

Saturated zone:

|.  Water Table Fluctuation (WTF) technique

Il. Timeseries analysis

lll. Darcy Flux method

IV. Tracer technique (chemical and heat tracers)

V. Groundwater Modeling

Healy and Scanlon, (2010)



Water table fluctuation method
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Water table fluctuation method
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Darcy Flux method
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Tracer technique

< >

Physical techniques / heatflow
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Groundwater modeling
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EXAMPLE




Floodwater spreading system
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Floodwater Harvesting (Spreading) System
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Before FWS (1983)




After FWS (2003)




Project locations

‘Armenia~ Azerbaijan ©Baku \
. N
Turkmenistan J
Ash%abat
\/—-/N\\\ y
Mashhad
Tehran o (o) o 9 ’{Wf
O o. 1 J
00
Baghdad\, O o
Iraq Isfahan
%a
Iran
Ba's(;r'ah (o] d o
/e N Shiraz (o)
Kuwait o\ o .
Y O
o[Floodwater 0g© o
Spreading Station Persian Gulf
[|Study Area -
500 mi Bahrain Dubail
|2°0 km 1 Qatar 2SN

Floodwater spreading
(FWS) project locations
across Iran country.




350

300 - i\
A
— / —
P= 353 mm/ly P Y . P=207 mmly P=297 mmly
250 | ) \ "
! \ \ 1
L ' 1
i 1 v [
200 - " ! RRAURI
Iy ! vyt
- & -4J Lot } ‘J )
£ W 4 Mg W Vo N
150 - J s ;\', = [V ald
) \ g}
et Y s
100 - |/ \
)

50 - / "
£ A ) R , Al AI\A A A ==Rainfall

0 : f T ‘ 2 ¥
. 1993 1994 1995 1996 1997 1998 1999 ZO‘bd 12_091 2002 2003 2004 2005 2006 2007 e
\

]
50 - YYRN == GWL
v Y
1 “ Iy N
-100 "I\,w ‘l“ ’]!‘
150 - LAl A YA
V\ﬁJ NS W
ks o b oo/
-9 A\
“ ']
-250 - iy
.7
140
-300 -
350 120
Time (month)
100
4
Y80
3
[
g
s 60
Fd
40
20
0
1982 1990 1996 200

Year




Groundwater model

MODFLOW-2000

1) Steady-state  2) Transient

Data collection & field investigations ﬂ

Model setup & conceptualization ’=n

drock elevation cﬁ
Aquifer type Modeling technique & run
Aquifer property é] .
| parameterization Finite element/difference
MFe Argd ]
Discharge points Boundary condition Forward run
Starting head 10, 20 and 30 flow Inverse modeling

Sensitivity An, [ Confidence Int. k=3 Residuals . Calibration & post processing




Steady and unsteady state condition

» One way to simplify the model calibration is to choose steady-state time intervals
when aquifer parameters such as storativity and storage coefficient can be
ignored.

> In steady-state intervals the heads in observation wells are almost constant over
time.

» The estimated parameters can then be transferred to transient or unsteady
models.
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GWL (m)

Unsteady-state modeling
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Groundwater flow
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Recharge zones
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Recharge estimation
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Artificial vs. Natural recharge
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Conclusion

« The WH techniques are indigenous, parsimonious, and well
adapted to the social, economic, and environmental
properties of the arid world. The technique is multi-purpose
and multi-functional to overcome basic problems associated
with water availability in rural areas.

* The results also showed that the estimated total recharge
varied between about several hundred thousand to 4.5
million m3 per month for the rainy season.

e Results also show that extraction has a substantial effect on
GWL drawdown that needs to be taken into account in the
water resources management plan.




Questions for discussion!

* Can you give examples of groundwater recharge estimation in
Tunisia?

 Groundwater usage in Tunisia (urban, industry, and
agriculture)

» Artificial recharge projects in Tunisia?

* Water harvesting system for Artificial Recharge of
Groundwater?

* Irrigation efficiency, and groundwater use in Tunisia.
...



That s all for now!
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Assignment

* Collect rainfall and groundwater level timeseries (at least 5
years)

* Simple analysis of rainfall event and groundwater level
fluctuation (correlation)

e Discuss the groundwater condition in your target aquifer
during the study period

* Discuss whether the groundwater is influenced by rainfall or
consequent runoff in your target basin



