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Groundwater Catchment of Jeita SpringGroundwater Catchment of Jeita Spring

groundwater groundwater gg
catchmentcatchment

406 km²406 km²

Nahr Ibrahim

surface water surface water 
catchmentcatchment

249 km²249 km²2628 m
Nahr el Kalb
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Groundwater VulnerabilityGroundwater Vulnerability

High karstification in 
Cretaceous limestoneCretaceous limestone 
(Faqra)
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Groundwater VulnerabilityGroundwater Vulnerability

open karstopen karst
mostly thin soil covermostly thin soil covermostly thin soil covermostly thin soil cover
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Groundwater Vulnerability Groundwater Vulnerability 
Lower CatchmentLower Catchment
J4 AquiferJ4 Aquifer

Groundwater VulnerabilityGroundwater Vulnerability
J4 AquiferJ4 Aquifer

The vulnerability of groundwater resourcesThe vulnerability of groundwater resources
to contamination was mapped by the project
It is high in 60% of the lower catchment and 
100% of the upper catchment These zones
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100% of the upper catchment. These zones 
have to be declared as groundwater 
protection zones 2.



Groundwater Vulnerability Groundwater Vulnerability 
Upper CatchmentUpper Catchment
C4 AquiferC4 Aquifer

Groundwater VulnerabilityGroundwater Vulnerability
C4 AquiferC4 Aquifer

Due to the high groundwater vulnerabilityDue to the high groundwater vulnerability 
in the upper catchment, the entire Upper 
Aquifer should not be developed !
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Groundwater Protection MeasuresGroundwater Protection Measures

What needs to be done to protect the groundwater resources ?What needs to be done to protect the groundwater resources ?

•• An An inventory of groundwaterinventory of groundwater hazards hazards helps to identify the helps to identify the 
pollution sourcespollution sourcespp

•• A A risk assessmentrisk assessment for critical pollution sources must be donefor critical pollution sources must be done
•• The raw water quality must be controlled to find out whether there is an The raw water quality must be controlled to find out whether there is an 
i t f th ll tii t f th ll tiimpact from the pollution sourceimpact from the pollution source

•• A A cleanclean--up operation (land reclamation)up operation (land reclamation) may be necessary, may be necessary, 
if technically and financially feasibleif technically and financially feasibley yy y

•• Contaminants from pollution sources must be collected and treatedContaminants from pollution sources must be collected and treated
((wastewater, waste, hazardous substanceswastewater, waste, hazardous substances))
G d t t tiG d t t ti t b t bli h d d th l t dt b t bli h d d th l t d•• Groundwater protection zonesGroundwater protection zones must be established and the related must be established and the related 
landuse restrictions be implemented and enforced. In protection zones landuse restrictions be implemented and enforced. In protection zones 
certain landuses and practices are not allowed (new landuse licensingcertain landuses and practices are not allowed (new landuse licensingp ( gp ( g
requests)requests)

Protection of Jeita SpringProtection of Jeita SpringProtection of Jeita Spring



Groundwater Hazards InventoryGroundwater Hazards Inventory

All point and nonAll point and non--point pollution sources point pollution sources pp p pp p
must be visited in order to assess the must be visited in order to assess the 
pollution risk. The critical sites must be pollution risk. The critical sites must be 
described as good as possible using adescribed as good as possible using adescribed as good as possible using a described as good as possible using a 
standard formsheet.standard formsheet.

Uncontrolled illegal dumping near 
Mar Roukoz school
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Groundwater Hazards InventoryGroundwater Hazards Inventory

WastewaterWastewater (cesspits untreated/treated)(cesspits untreated/treated) point sourcepoint source–– nonnon--point sourcepoint source

Important Groundwater Hazards

WastewaterWastewater (cesspits, untreated/treated)(cesspits, untreated/treated) point sourcepoint source–– nonnon--point sourcepoint source

Storage & Handling of Hazardous SubstancesStorage & Handling of Hazardous Substances
(gas stations, generators)(gas stations, generators)

point sourcepoint source
(gas stat o s, ge e ato s)(gas stat o s, ge e ato s)
Mineral Extraction & ProcessingMineral Extraction & Processing (quarries)(quarries) point source point source –– nonnon--point sourcepoint source

Waste DisposalWaste Disposal point sourcepoint sourceWaste DisposalWaste Disposal point sourcepoint source

Industry (spills, wastewater)Industry (spills, wastewater) point sourcepoint source

Agriculture (fertilizers, pesticides) Agriculture (fertilizers, pesticides) irrigation irrigation 
return flowreturn flow

nonnon--point sourcepoint source

Commercial Buildings (spills wastewater)Commercial Buildings (spills wastewater) point sourcepoint sourceCommercial Buildings (spills, wastewater)Commercial Buildings (spills, wastewater) point sourcepoint source
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Risk AssessmentRisk Assessment
Invest

1. Identification of hazards and possible 
associated substances.

2. Determination of the likelihood of a 
release of these substances. 

3. Determination of the possible points3. Determination of the possible points 
of release of the substances

4.  Evaluation of the toxicity of the used 
substances to human healthsubstances to human health 

5. Determination of the possible 
pathways of pollution.

6 If t i ti h d6. If a contamination has occurred 
already, what are the remediation goals. 

7. Determination of the “value” of the 
protection target and the remediation 
feasibility.

8. Evaluation of the costs for remediation.
9. Decision to protect/ remediate a 

resource/source or not (definition of goal).
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CleanClean--up of Contaminated Sitesup of Contaminated Sites

The experiences in Germany and the US with clean-up of contaminated sites 
have shown that costs for investigations and clean up are extremely highhave shown that costs for investigations and clean-up are extremely high.

Once polluted contaminated sites are difficult and expensive to clean up.p p p
In a karst system with an unsaturated zone of several 100 m (up to ~ 700 m)
clean-up is mission impossible.

Therefore it is important to prevent contamination by implementing 
landuse restrictions.
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Wastewater ManagementWastewater Management

In order to establish a wastewater scheme (collection & treatment), 
• a Wastewater Master PlanWastewater Master Plan (WMP) has to be developed. This WMP defines thea Wastewater Master PlanWastewater Master Plan (WMP) has to be developed. This WMP defines the 
target for a specific planning horizon (e.g. 25 years), i.e. what must principally be 
done to cover a certain area with adequate collection and treatment facilities. 
The WMP proposes several individual wastewater schemes It includes a roughThe WMP proposes several individual wastewater schemes. It includes a rough 
estimation of costs. 

• An initial site investigationinitial site investigation for the proposed wastewater treatment plants (WWTP) has 
t b d t d t d t i th i it bilit (d ft i t l i t tto be conducted to determine their suitability (draft environmental impact assessment 
(EIA), especially on water resources). Based on this draft EIA an update of the WMP 
is done.

• The agencies responsible for planning in the wastewater sector (here: CDR, MoEW), 
according to the available funds, define which wastewater schemes will be 
implemented, what are the exact boundaries of these schemes and what is the time p ,
line for implementation. 

• The municipalitiesmunicipalities involved in the proposed wastewater schemes have to agreehave to agree to 
the planned wastewater facilitiesthe planned wastewater facilities. 

• Tender documents are prepared and a consultant is contracted to build the 
wastewater scheme.
The EIA for the scheme is prepared by the consultant and discussed with all
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• The EIA for the scheme is prepared by the consultant and discussed with all 
stakeholders (public participation)

• The wastewater facilities are built and transferred to the agency operating it (WEBML)



Proposed Wastewater SchemesProposed Wastewater Schemes

WW scheme 3

WW scheme 1WW scheme 1
WW scheme 2
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Waste ManagementWaste Management

• Waste Disposal: waste should not be dumped ”at” (=in) the sea.
• Waste separation helps to reduce and recycle waste (paper, metal, glas, plastic). 

C ll ti i t f t d t d h d t ( i t b tt i i d• Collection points for separated waste and hazardous waste (paint, batteries, expired
drugs, tyres, …) should be established at central places in the catchment.
(e.g. Jeita, Ballouneh, Faitroun, Kfar Debbiane, Mayrouba).

• Sites for dumping of construction waste should be established at different points 
in the catchment (e.g. abandoned quarries). It must be ensured that only construction
waste is dumped there.p

• Industrial/hospital waste collection must be improved

waste glass collection paper, plastic, metal collection
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Hazardous SubstancesHazardous Substances

Hazardous substances are generated in the Jeita GW catchment from:g

• industries (e.g. galvanizing fluids)

• gas stations (leaking e g fuel tanks fuel/oil spills car wash)• gas stations (leaking e.g. fuel tanks, fuel/oil spills, car wash)

• commercial businesses (e.g. dry cleans, gas stations, car repair workshops)

• hospitals (radioactive substances/x-ray, infectious waste, drugs)

• quarries (fuel/oil leaks/spills)q ( p )

Often the collection system for generated hazardous waste is inadequate.

It must be improved and the implementation of pollution avoidance measuresIt must be improved and the implementation of pollution avoidance measures

must be controlled. 
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Groundwater Protection ZonesGroundwater Protection Zones ObjectiveObjective

Groundwater protection zones define areas where certain landuses are Groundwater protection zones define areas where certain landuses are 
not allowed in order to avoid groundwater contaminationnot allowed in order to avoid groundwater contaminationnot allowed in order to avoid groundwater contaminationnot allowed in order to avoid groundwater contamination

The dimensioning of the protection zones has to be done veryThe dimensioning of the protection zones has to be done very
carefully in order to balance the competing interests:carefully in order to balance the competing interests:
-- as large as necessary for safeguarding the water supply,as large as necessary for safeguarding the water supply,
-- as small as possible for avoiding inadequate restrictionsas small as possible for avoiding inadequate restrictions..p g qp g q

JordanianJordanian Guideline 2006 (similar in Syria)Guideline 2006 (similar in Syria)
Zone IZone I -- Immediate Protection ZoneImmediate Protection ZoneZone IZone I Immediate Protection ZoneImmediate Protection Zone

Protects the wells and their immediate environment from any Protects the wells and their immediate environment from any 
contamination and interference. No access for the public allowed.contamination and interference. No access for the public allowed.

Zone IIZone II Inner Protection Zone (50 days line)Inner Protection Zone (50 days line)Zone IIZone II -- Inner Protection Zone (50 days line)Inner Protection Zone (50 days line)
Protection against pathogenic micro-biological constituents Protection against pathogenic micro-biological constituents such as such as 
bacteria, viruses, parasites and worm eggs. bacteria, viruses, parasites and worm eggs. 

Z IIIZ III O t (Wid ) P t ti ZO t (Wid ) P t ti ZZone IIIZone III -- Outer (Wider) Protection ZoneOuter (Wider) Protection Zone
Protection from contamination affecting water over long distances Protection from contamination affecting water over long distances 
such as contamination by chemicals which are nonsuch as contamination by chemicals which are non-- or hardly degradable. or hardly degradable. 

Protection of Jeita SpringProtection of Jeita SpringProtection of Jeita Spring



Groundwater Protection ZonesGroundwater Protection Zones
Delineation

Example of groundwater 
protection zones from Jordanprotection zones from Jordan
(Wadi Shuayb; 
MARGANE et al., 2010)
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ImplementationImplementationGroundwater Protection ZonesGroundwater Protection Zones

AAwarenesswareness campaignscampaigns

BBoundariesoundaries of GW protection zones of GW protection zones 
have to be clearlyhave to be clearly markedmarked Zone IZone Ihave to be clearly have to be clearly markedmarked

CControlontrol mechanism mechanism 
(environmental rangers)(environmental rangers)

Zone IIZone II
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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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