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•• Background of the Project / Aim / TasksBackground of the Project / Aim / Tasks•• Background of the Project / Aim / Tasks Background of the Project / Aim / Tasks 
•• Description of Project AreaDescription of Project Area
•• Project Activities related to Project Component 2Project Activities related to Project Component 2•• Project Activities related to Project Component 2 Project Activities related to Project Component 2 
((delineation and implementation of GW protection zonesdelineation and implementation of GW protection zones))
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Project ActivitiesProject Activities

GoalGoal:: Major Risks for the Drinking Water Supply in the Greater BeirutMajor Risks for the Drinking Water Supply in the Greater BeirutGoalGoal: : Major Risks for the Drinking Water Supply in the Greater Beirut Major Risks for the Drinking Water Supply in the Greater Beirut 
Area are reduced by implementing measures to protect the groundwater Area are reduced by implementing measures to protect the groundwater 
contribution zone of the Jeita Spring from pollutioncontribution zone of the Jeita Spring from pollution..

1.1. Integration of water resources protection aspects into the Integration of water resources protection aspects into the 
investment planning and implementation process in theinvestment planning and implementation process in theinvestment planning and implementation process in the investment planning and implementation process in the 
wastewater sector (geoscientific advice in wastewater sector) wastewater sector (geoscientific advice in wastewater sector) 

2. Integration of water resources protection aspects into landuse 2. Integration of water resources protection aspects into landuse 
planning (delineation of GW protection zones)planning (delineation of GW protection zones)

3. Collection and use of monitoring data concerning quality and 3. Collection and use of monitoring data concerning quality and 
quantity of water resourcesquantity of water resourcesquantity of water resourcesquantity of water resources

4. Support of the partner institutions concerning the implementation 4. Support of the partner institutions concerning the implementation 
of urgent protective measuresof urgent protective measures
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Data AvailabilityData Availability GroundwaterGroundwater

•• Insufficient and inadequate Insufficient and inadequate meteorologicalmeteorological stations/stations/datadata (not heated (not heated 
> no snow data)> no snow data) no snow data) no snow data)

•• No No groundwatergroundwater monitoring > no water levels > no GW modelmonitoring > no water levels > no GW model
•• Spring dischargeSpring discharge monitoring stations not adequately designed, maintained   monitoring stations not adequately designed, maintained   
and monitoredand monitoredand monitoredand monitored

•• Surface waterSurface water gauging stations not adequately designed and maintainedgauging stations not adequately designed and maintained
►► lack of funds and stafflack of funds and staff
Water resources assessment needs monitoring system for all water balance Water resources assessment needs monitoring system for all water balance 
componentscomponents

i f ll /i f ll /•• rainfall / snowrainfall / snow
•• spring dischargespring discharge
•• runoff (surface water)runoff (surface water)
•• groundwater abstractiongroundwater abstraction
•• irrigation water use (return flow)irrigation water use (return flow)
•• domestic water use / losses (return flow)domestic water use / losses (return flow)domestic water use / losses (return flow)domestic water use / losses (return flow)

►► no data > no correct water resources assessmentno data > no correct water resources assessment
►► wrong water resources assessment leads to wrong planning !wrong water resources assessment leads to wrong planning !

Protection of Jeita SpringProtection of Jeita SpringProtection of Jeita Spring

►► wrong water resources assessment leads to wrong planning !wrong water resources assessment leads to wrong planning !
►► failed investments in the water sectorfailed investments in the water sector



Project AreaProject Area

DEMDEM
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Groundwater SystemGroundwater System New geological map prepared by BGR

Upper Aquifer

76 km76 km²²

Aquitard
87 km87 km²² 149 km149 km²²

Lower Aquifer
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Aquifers

LithostratigraphyLithostratigraphy

C4
C3

up to 1000 mUpper Aquifer
C3
C2b
C2a

C1

}

C1

J6
J7}

500 - 800 mAquitard

limited downward leakage J6

J4

J5

>1050 mLower Aquifer

limited downward leakage

J4>1050 mLower Aquifer
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Where does Beirut’s drinking water come fromWhere does Beirut’s drinking water come from

Importance of SnowImportance of Snow

C t l t (1 800 3 000 l)Cretaceous plateau (1,800 – 3,000 m asl):
2-4 m snow (2012: up to 10 m and more)
November – May

Very important for GW recharge (~ 75%)
Snow is the lifeline of Lebanon

Climate change may lead to a significantly 
lower groundwater resources availabilitylower groundwater resources availability

Regional climatic scenarios predict less rainfall (15-30%), 
higher summer and winter temperatures (up to 5°C)
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higher  summer and winter temperatures (up to 5°C)
and thus less snow and runoff, more evaporation



Where does Beirut’s drinking water come from Where does Beirut’s drinking water come from ––
Groundwater rechargeGroundwater recharge

- no major surface water runoff
- rapid infiltration into Cretaceous aquifer

G ou d ate ec a geG ou d ate ec a ge

rapid infiltration into Cretaceous aquifer
- high GW recharge from snow melt

C4 limestone
(upper aquifer)
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Where does Beirut’s drinking water come from Where does Beirut’s drinking water come from ––
Groundwater rechargeGroundwater rechargeGroundwater rechargeGroundwater recharge

doline

GW recharge via dolines
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assumed GW recharge 75% in C4assumed GW recharge 75% in C4



Where does Beirut’s drinking water come from Where does Beirut’s drinking water come from ––
Groundwater rechargeGroundwater recharge

High karstification in 
Cretaceous limestone

Groundwater rechargeGroundwater recharge

Cretaceous limestone 
(Faqra)
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Where does Beirut’s drinking water come from Where does Beirut’s drinking water come from ––
Groundwater rechargeGroundwater recharge

Overhanging CavityOverhanging Cavity

Karren Field (Tsingi)Karren Field (Tsingi)

SinkholeSinkhole
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Where does Beirut’s drinking water come from Where does Beirut’s drinking water come from ––
Groundwater dischargeGroundwater discharge

Jeita SpringJeita Spring
The main Source for Water Supply of BeirutThe main Source for Water Supply of BeirutThe main Source for Water Supply of BeirutThe main Source for Water Supply of Beirut

75 % of Beirut‘s water comes from Jeita75 % of Beirut‘s water comes from Jeita

Protection of Jeita SpringProtection of Jeita SpringProtection of Jeita SpringAwareness Movie „Beirut Waters“



Project Area = Groundwater CatchmentProject Area = Groundwater Catchment July 2010July 2010

Assumption (UNDP 1970): Assumption (UNDP 1970): p ( )p ( )
SW = GW catchmentSW = GW catchment

249 km249 km²²
75% recharge75% recharge

249 km249 km50% recharge50% recharge
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Project AreaProject Area August 2010August 2010Tracer TestsTracer Tests

150 km150 km²²
75% recharge75% recharge

50% recharge50% recharge
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Project AreaProject Area May 2011May 2011

??
93 km93 km²²

55 k55 k ²²55 km55 km²²

J4: 39.4 kmJ4: 39.4 km²²

??
EC 200 EC 200 µS/cmµS/cmEC 320EC 320--360 360 µS/cmµS/cm

all C4: 149 kmall C4: 149 km²² ??
EC > 1,000 EC > 1,000 µS/cmµS/cm

Beqa’a Graben
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total mineralization at Jeitatotal mineralization at Jeita
would need to be higherwould need to be higher



Project AreaProject Area September 2011 / April 2012September 2011 / April 2012

massive surface water 
i filt ti i N h Ib hi

!!
infiltration in Nahr Ibrahim

XX
J4: 87 kmJ4: 87 km²²

XX

all C4: 149 kmall C4: 149 km²²

► stable isotope analyses:
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p y
contribution from higher altitudes



Project AreaProject Area April / June 2012April / June 2012

Infiltration area
Upper Nahr Ibrahim
35% infiltration35% infiltration
= 50% of Jeita discharge

Final Jeita
Catchment: 
406 km²

Protection of Jeita SpringProtection of Jeita SpringProtection of Jeita Spring



Groundwater FlowGroundwater Flow
Mean travel timesMean travel timesMean travel timesMean travel times

150 m/h150 m/h~20 days~20 days

10 days10 days
Lower Lower 
Aquifer (J4)Aquifer (J4)

7070--200 m/h200 m/h

10 days10 daysAquifer (J4)Aquifer (J4)

4 days4 daysUpper Aquifer (C4)Upper Aquifer (C4)
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Groundwater Contribution ZoneGroundwater Contribution Zone

infiltration (35%) into 
Jurassic aquiferJurassic aquifer

recharge in 
Upper

C tCretaceous 
aquifer
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Groundwater Contribution ZoneGroundwater Contribution Zone

infiltration (35%) into 
Jurassic aquifer Q: ~120 MCM

R: ~80 MCM

Jurassic aquifer Q: ~120 MCM

recharge in 
Upper

C tCretaceous 
aquifer

A: ~30 MCM

L: ~12 MCM

Upper Cretaceous: 
Jurassic: 
50% GW recharge

J: ~180 MCM
75% GW recharge

50% GW recharge
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K: ~40 MCM



Groundwater FlowGroundwater Flow
controlled by controlled by 
-- structure (base) andstructure (base) and
-- tectonicstectonics
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Groundwater FlowGroundwater Flow
controlled by controlled by 
-- structure (base) andstructure (base) and
-- tectonicstectonics

key elements
to understanding of
groundwater flow :groundwater flow :

analysis of tectonic system
geological mappinggeological mapping 
tracer tests
stable isotope analyses
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Thank you for your Thank you for your y f yy f y
kind attentionkind attention

www.bgr.bund.de/jeitawww.bgr.bund.de/jeita

Dr. Armin Margane – Project Team Leader
Raifoun, Saint Roche Street
armin.margane@bgr.de +961 70 398027
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