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Importance of Water Resources ProtectionImportance of Water Resources Protection

Though water resources in Lebanon are abundant, they are Though water resources in Lebanon are abundant, they are 
increasingly at riskincreasingly at risk The rapid and uncontrolled urban expansionThe rapid and uncontrolled urban expansion hashasincreasingly at risk. increasingly at risk. The rapid and uncontrolled urban expansion The rapid and uncontrolled urban expansion has has 
caused a caused a severe deterioration of water quality severe deterioration of water quality over the past decades. over the past decades. 

The groundwater resources of Lebanon are mostly stored inThe groundwater resources of Lebanon are mostly stored inThe groundwater resources of Lebanon are mostly stored in The groundwater resources of Lebanon are mostly stored in 
limestone aquifers which are highly limestone aquifers which are highly karstickarstic. In many areas the . In many areas the karstkarst is is 
exposed at the surface (exposed at the surface (open open karstkarst) and rainfall infiltrates easily. ) and rainfall infiltrates easily. 
Groundwater flow velocities Groundwater flow velocities in the in the karstkarst system are system are extremely high extremely high 
(up to 2,000 m/h). This is the reason why any contamination will reach (up to 2,000 m/h). This is the reason why any contamination will reach 
the drinking water sources very fast and without any majorthe drinking water sources very fast and without any majorthe drinking water sources very fast and without any major the drinking water sources very fast and without any major 
attenuation. The attenuation. The main contamination riskmain contamination risk results from results from wastewaterwastewater that that 
is infiltrating the is infiltrating the karstkarst aquifers unhindered from aquifers unhindered from cesscess pits, sinkholes or pits, sinkholes or 
even wells. Contamination is extremely high at the even wells. Contamination is extremely high at the beginning of the beginning of the 
rainy seasonrainy season..

Due to the nature of the karst, the groundwater system dewaters Due to the nature of the karst, the groundwater system dewaters 
quickly so that at the quickly so that at the end of the dry season water shortages end of the dry season water shortages frequently frequently 
occuroccur
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occur.occur.



Project AreaProject Area

Jeita GW catchment
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50 km



Project AreaProject Area
Outcrop areas Upper Cretaceous (C4)Outcrop areas Upper Cretaceous (C4)

Jeita springJeita springJeita springJeita spring
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3084 m

prevailing wind direction

Area > 1600 m
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Importance of SnowImportance of Snow

high plateau - chateau d’eau 

C t l t (1 800 3 000 l)

g p
(main water source)

Cretaceous plateau (1,800 – 3,000 m asl):
~4 m snow (2011/12: up to 10 m and more)
December – April

Very important for GW recharge (~ 81%)
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) ► hift f hi li
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higher  summer and winter temperatures (up to 5°C) 
and thus less snow and runoff, more evaporation

► shift of orographic snow line
► water shortage in dry season



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

dolines
rapid infiltration into Cretaceous aquifer

- high GW recharge from snow melt
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C4 limestone
(upper aquifer)



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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GW recharge 81% in C4GW recharge 81% in C4



Groundwater SystemGroundwater System Based on new geological map prepared by BGR

Upper Aquifer
(C4)

Lower Aquifer
(J4)

www.bgr.bund.de/jeita



Tracer TestsTracer Tests

Geological structureGeological structure
T t iT t iTectonicsTectonics
Stable isotope analysisStable isotope analysis
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Contamination Risks from WastewaterContamination Risks from Wastewater

Currently wastewater is discharged Currently wastewater is discharged 
-- into injection wellsinto injection wells residences with no wastewater-- into open cess pits orinto open cess pits or
-- into nearby creeks/rivers/wadisinto nearby creeks/rivers/wadis

residences with no wastewater 
collection and treatment

Infiltration of untreated 
wastewater into
highly karstified
Jurassic limestoneJurassic limestone 
(Faitroun)

►► microbiological contaminationmicrobiological contamination►► microbiological contamination microbiological contamination 
of Jeita spring of Jeita spring 
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High and continuous microbiological contaminationDbayeh raw water
(treatment plant)

Escherichia Coli
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Groundwater VulnerabilityGroundwater Vulnerability

In porous aquifers:In porous aquifers:
relatively uniform infiltration and groundwater movementrelatively uniform infiltration and groundwater movement

travel time, e.g. 50 days (Germany) or 10 days (Switzerland)travel time, e.g. 50 days (Germany) or 10 days (Switzerland)

In In karstkarst systems groundwater protection is very difficult:systems groundwater protection is very difficult:
diffuse infiltration through fractures (matrix)diffuse infiltration through fractures (matrix)
concentrated infiltration through karst network (sinkholes dolines conduits)concentrated infiltration through karst network (sinkholes dolines conduits)concentrated infiltration through karst network (sinkholes, dolines, conduits)concentrated infiltration through karst network (sinkholes, dolines, conduits)
nonnon--uniform GW flowuniform GW flow

I t ti l tiI t ti l tiInternational practice:International practice:
Delineation using GW vulnerability mapsDelineation using GW vulnerability maps

EPIK (used in CH)EPIK (used in CH)
COP (proposed for entire EU), modifiedCOP (proposed for entire EU), modified

www.bgr.bund.de/jeita



Groundwater VulnerabilityGroundwater Vulnerability

COP Method
C C t ti f fl

VIAS et al. (2006)  [Univ. Malaga]
C – Concentration of flow,
O – Overlying layers and
P – Precipitation 

EU COST 620 project
Similar to GLA (1994) / PI (2002) methods

COP-Index :
COP-Index = (C score) * (O score) * (P score)( ) ( ) ( )

• soil 
• lithology and thickness of overlying rock layerslithology and thickness of overlying rock layers
• confined / unconfined GW
• infiltration in sinkholes
• infiltration by sinking streams• infiltration by sinking streams
• slope 
• vegetation cover

i f ll• rainfall amount
• rainfall intensity
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Project ActivitiesProject Activities Component 2Component 2

GW Vulnerability MappingGW Vulnerability Mapping
EPIK & COPEPIK & COPEPIK & COPEPIK & COP

-- Geology Geology ►► geological mappinggeological mapping
Karst featuresKarst features ►► karst feature mappingkarst feature mapping-- Karst features Karst features ►► karst feature mappingkarst feature mapping

-- Soil Soil ►► soil mappingsoil mapping

G d t V l bilit MG d t V l bilit MGroundwater Vulnerability MapGroundwater Vulnerability Map

+ groundwater travel time (+ groundwater travel time (tracer teststracer tests))
Groundwater Protection ZonesGroundwater Protection Zones
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Modified COP MethodModified COP Method

Each method must be adapted to the local conditions.

Factors that needed to be changed in the current COP method:

d i f it d t d ifd i f it d t d if (k t f t ) th COP th d• drainage from aquitards towards aquifersdrainage from aquitards towards aquifers (karst features): the COP method 
considers not only direct groundwater recharge but also flow concentration (surface 
water drainage) towards karst features with high infiltration. This flow concentration 
can also be generated in geological units overlying the J4 unit, namely the J5. Flow 
towards dolines, located near the contact of the J4 and J5, was therefore also 
considered in the vulnerability assessment.considered in the vulnerability assessment.
• The range of influence of concentrated flow towards dolinesrange of influence of concentrated flow towards dolines
> was reduced to 500 m (before 5,000 m) 
• The range of influence of riverbed infiltrationrange of influence of riverbed infiltration (sinking streams) was modified:• The range of influence of riverbed infiltrationrange of influence of riverbed infiltration (sinking streams) was modified:
now 0-500 m, before 0-100 m
• drainage from aquitards near identified infiltration zonesdrainage from aquitards near identified infiltration zones (introduction of S-factor)

f t fl t ( d d i )• fast flow component (underground river)
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Modified COP MethodModified COP Method

it daquitard
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aquifer



aquiferaquifer
doline
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aquitard



Modified COP MethodModified COP Method

Vulnerability on aquitards
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D i t d d li f it dD i t d d li f it dDrainage towards dolines from aquitardDrainage towards dolines from aquitard

Drainage towards sinking streamsDrainage towards sinking streamsDrainage towards sinking streamsDrainage towards sinking streams
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Groundwater VulnerabilityGroundwater Vulnerability

high riverbed infiltration
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t ti f fl t d i ki tconcentration of flow towards sinking stream

it daquitard

fast drainage from aquitard 
and aquifer

aquifer
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flow over uppermost J4

(highly karstified)
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Groundwater VulnerabilityGroundwater Vulnerability

Fast flow component: infiltration to underground river (250 m buffer zone)Fast flow component: infiltration to underground river (250 m buffer zone)
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Groundwater Protection ZonesGroundwater Protection Zones Groundwater Vulnerability Groundwater Vulnerability 
COP Method (modified)COP Method (modified)

Very high =   Zone 2A / 2Very high =   Zone 2A / 2
Hi h Z 2BHi h Z 2BHigh         =   Zone 2BHigh         =   Zone 2B

very high 70.9%
high 9.5%
moderate 0 7%moderate 0.7%
low 0.2%
very low 18.8%y

www.bgr.bund.de/jeita



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

10 days traveltime10 days traveltime

36 h36 h
264 h264 h 150 m/h150 m/h

42 h42 h 62 h62 h
96 h96 h

144 h144 h
96 h96 h

7070--200 m/h200 m/h
24 h24 h

19 km

62 h62 h33 h33 h
24 h24 h
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Groundwater Protection ZonesGroundwater Protection Zones for for Jeita, Afqa, Rouaiss, Jeita, Afqa, Rouaiss, 
Assal and Labbane  springsAssal and Labbane  springs

71% zone 2

2a 10.1%
2b 11 7%

71% zone 2

2b 11.7%
2 49.2%
3a 4 5%3a 4.5%
3b 24.5%
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Groundwater Protection ZonesGroundwater Protection Zones

zone 1: 50 m upstream, 15 m to each side, 10 m downstream of the spring 
and 10 m to each side of related water infrastructure, e.g. conveyor line, 
reservoir, etc. until entry into the actual water supply infrastructure; Zone 1 
includes the area over the cave and underground river with a rock cover ofincludes the area over the cave and underground river with a rock cover of 
less than 100 m;

zone 2A: groundwater travel time < 10 days, very high groundwater 
vulnerability, possible direct infiltration into underlying Jeita underground 
river: buffer zone 250 m from projected course;river: buffer zone 250 m from projected course;

zone 2B: groundwater travel time < 10 days, high groundwater vulnerability;

zone 3A: groundwater travel time > 10 days, very high groundwater 
vulnerability andvulnerability and

zone 3B: all other parts of the groundwater catchment.
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Groundwater Protection ZonesGroundwater Protection Zones Jeita SpringJeita Spring

New residential buildings should not be allowed to be built 
downgradient of the new wastewater collector line (escarpment 

ll t )collector). 

The stormwater drainage along the main road (Jeita - Faraiya highway) 
h ld b l d t th t ll t t b d i d tshould be enlarged to ensure that all stormwater can be drained to a 

location outside protection zone 2A. 

Th f ll i ti iti h ll t b ll d i 2A d 2BThe following activities shall not be allowed in zones 2A and 2B:

• Gas stations,
I d t i l it• Industrial sites,

• Commercial businesses using hazardous substances,
• Quarries, rock cutting facilities, brick factories, Q , g , ,
• Dumping of waste,
• Animal farms,

Sl ht h• Slaughterhouses, 
• Application of pesticides and chemical fertilizers.
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Groundwater Protection ZonesGroundwater Protection Zones Impact of Gas StationsImpact of Gas Stations

Zone 2B

Z 2A
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Zone 2A



Impact of Dump SitesImpact of Dump SitesGroundwater Protection ZonesGroundwater Protection Zones
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Thank you for your Thank you for your y f yy f y
kind attentionkind attention
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Dr. Armin Margane – Project Team Leader
Raifoun, Saint Roche Street
armin.margane@bgr.de +961 70 398027
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