






 
 
 

Figure 7.10.1 
 
Recharge Facility Plan in Tributaries of
the Gheris river 
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Figure 7.10.2 
Recharge Facility Plan (Small Scale 
Recharge pond, Hannabou Area) 
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Figure 7.10.3 
Recharge Facility Plan  
(Flood Diversion Canal, Sifa Area) 
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Figure 7.10.4 
Recharge Facility Plan  
(El Batha Area) 
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Figure 7.10.5 (1) 
Recharge Facility Plan (Recharge dam,
Fezzou、Ahasia Areas) 
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Figure 7.10.5 (2) 

Recharge Facility Plan (Recharge Dam) 

The Development Study on Rural Community Development Project 
in Semi-Arid Atlas Regions with Khettara Rehabilitation  

in the Kingdom of Marocco 
Japan International Cooperation Agency 

F - 55



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7.10.6 
Recharge Facility Plan (Flood
Irrigation, Boudenib Area） 
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Figure 7.10.7 
Recharge Facility Plan (Rechargedam,
Tanguerfa Area) 
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Figure 7.10.8 

Recharge Facility Plan (Flood dispersion
dike, midstream of Gheris river) 
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Figure 7.11.1 
Electric Conductivity of Potable
Pump Stations 
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 Figure 7.11.2 

Communal Pump Irrigation Development 

Khettara Discharge 

0 

0< Q <1.0 

1.0<Q<2.0 

2.0<Q<5.0 

Recharge area by dam 

Zone A 

Zone D 

Zone E 

Several khettaras are located, and aquifers (river
deposits) are thick.   

Several khettaras are located in shallow
base roch area 

Flood irrigation 
(Guir river basin,

Boudenib area) 

Pumping up from river  
(Guir river basin, Zone B) 

High salinity area (Deeper groundwater is not
suitable for irrigation) 

Zone F 

Zone G 

Recharge area by dam 

The Development Study on Rural Community Development Project 
in Semi-Arid Atlas Regions with Khettara Rehabilitation  

in the Kingdom of Marocco 

Japan International Cooperation Agency 

F - 60



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.12.1. 
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（Source of classifications of farmland devastation : Khettara inventory survey
by the JICA Study Team） 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.12.2 
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Figure 7.12.3 
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Figure 8.2.1  Implementation Schedule 

  Short Term Period (5 years) Intermediate term Period (5 years) 

No. Rehabilitation Works Year 1 2 3 4 5 6 7 8 9 10 

1. Khettara rehabilitation works            

 130 khettaras (discharge ≧2 lit/sec)  

 

 

 

 

         

 61 Khettaras  (discharge< 2 lit/sec)            

2. Irrigation canal rehabilitation works            

3. Groundwater recharge facility construction            

 Recharge pond (Hannabou)            

 Flood irrigation system (Boudenib)            

 Flood conveyance canal (Gheris)            

 Flood diversion canal (Sifa)            

 Recharge dam (Fezzou, Alnif)            

 Recharge dam (Ahassia, Alnif)            

 Recharge dam (Tanguerfa, Alnif)            

 Flood dispersion dike (Gheris)            

4. Afforestation            

5. Water saving irrigation (Drip irrigation)             

(Maximum 600 m rehabilitation, when total rehabilitation length
is more than 600m) 

(Rehabilitation of remaining length of more than 600m) 

Investigation./design

Total 150 ha planting (15 ha planting for 10 years) 

Construction work

Drip irrigation system is introduced by farmers themselves.  ORMVA/TF is responsible for technical assistance for the drip 
irrigation system.   
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Investigation./design Construction work

Investigation./design Construction work

Investigation./design Construction work



 
 
 

Figure 10.2.1 
Location Map of Selected
Khettaras for the Khettara
Rehabilitation Plan

Alnif Area

Tinejdad Area Monkara, Hannabou Area 

Erfoud 

Jorf 

Tinejdad 

Goulmima 

Alnif 

Rissani 

0 50km 

Khettara Lagrinia 

Khettara Oustania 

Khettara Lambarkia 

Khettara Diba 

Khettara Ait Ben Omar 

Khettara Jdida Taoumart 
Khettara Timarzit 

The Development Study on Rural Community Development Project 
in Semi-Arid Atlas Regions with Khettara Rehabilitation  

in the Kingdom of Marocco 

Japan International Cooperation Agency  

F - 65



 

 

 

 

 

 

 

 

 

 

 

Attachment 
 

 
























































	Figures
	Attachment



