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Results and discussion

MAR efficiency in Khairat watershed

Objectives

• GIS-MCDA approach = useful tool for MAR suitability and feasibility mapping in
Enfidha plain as one of the most stressed aquifer systems in Tunisia.

• The obtained MAR feasibility of Enfidha plain shows that only around the fifth of its
total area have good to high potential for implementing a MAR system especially
near the central part which is dominated by porous formations and spare
vegetation.

• Water release from the hill dams is playing an important role in aquifer recharge
and the dam water contribution exceeds 70%, especially in zones close to the wadi.

• Integrated approach = effective solution to ameliorate the management of stressed
aquifers towards restoring their equilibrium and pledging their sustainability.

1- Propose an adapted approach to establish MAR
suitability and feasibility maps

2- Assess the efficiency of the existing MAR systems
and their impact on groundwater resources evolution

Thematic layers and standardized index

MAR feasibility map of Enfidha plain

Water Table Fluctuations (WTF) analysis
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MAR constraints:
• Occasional
• Strictly depending from the 

available resource
• Poorly monitored
• Practiced without scientific 

and technical optimization
• Experience not shared

Criteria:

Screening suitable recharge areas

Suitability mapping
GIS-MCDA

Decision rule - WLC

•Slope
•Soil
•Lithology
•LULC
•Drainage
•Lineaments
•Water source
•Water demand

Standardization

Weigh assignement

Sensitivity analysis

Existing MAR sites: Khairat
watershed

MAR efficiency in Khairat watershed

Intrinsic
param

eters

WTF method EMMA method

Khairat watershed (Enfidha plain)

Location: Enfidha plain, 
Northeast of Tunisia

Topography & hydrology: 
flat, coastal, ephemeral flow

Climate: semi‐arid (P = 98 –
583 mm/yr; T = 17 – 20 °C)

Hydrogeology: Underflow
and alluvial systems
composed by Plio‐quaternary
deposits

GW depletion because of 
overexploitation

Applied MAR: in‐channel
modification (recharge from
dam water release)

MAR 
Infrastructure:

•Hill dam (8Mm3)
•7 check dams
•3 recharge basins
•8 injection wells
•5 gaging stations
•12 piezometers

Criterias
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s: MAR intrinsic suitability index
w: weigh of the criteria
x: standardized criteria
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MAR Feasibility = 
1/3 Intrinsic suitability + 1/3 Water 
availability + 1/3 Water demand
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•2007: start with V = 7,9 Mm3, WT + 
1,6 – 4,1 m

•2008 – 2009: V = 9,43 Mm3, WT + 
1,2 – 2 m

•2009 – 2011: precipitation deficit + 
release stopped, WT – 4 m

•October 2011: flood + damages →
MAR project is stopped

•2013 – 2016:  MAR restart with
simple release on wadi channel, V = 
16,3 Mm3, Exploitation = 23,8 Mm3, 
WT - 4,5 m 

Use of End Member Mixing Analysis (EMMA) to quantify MAR impact

Summary and conclusion

Methodology


