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•• Project approachProject approach•• Project approachProject approach
•• Project area and specific problemsProject area and specific problems
•• Project activities in the wastewater sectorProject activities in the wastewater sectorjj
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Integrated Project ApproachIntegrated Project Approach

One of the main aims of wastewater projects is to protect (drinking)water resources.One of the main aims of wastewater projects is to protect (drinking)water resources.

In reality, however, many wastewater projects fail to meet this objective In reality, however, many wastewater projects fail to meet this objective because the the y, , y p j jy, , y p j j
planning of wastewater facilities does not sufficiently integrate the need for planning of wastewater facilities does not sufficiently integrate the need for 
water resources protectionwater resources protection..

►► failed investmentfailed investment

Reason: lacking Reason: lacking geoscientificgeoscientific expertise during planningexpertise during planning

The The combination of financial cooperation and technical cooperation projectscombination of financial cooperation and technical cooperation projects
is a new approach of the BMZ (German Ministry of Economic Cooperation and is a new approach of the BMZ (German Ministry of Economic Cooperation and 
D l t) th t i t thi l i d fi itD l t) th t i t thi l i d fi itDevelopment) that aims to overcome this planning deficit.Development) that aims to overcome this planning deficit.

First project of BGR in LebanonFirst project of BGR in LebanonFirst project of BGR in Lebanon.First project of BGR in Lebanon.
Similar approach in Syria for water supply of Damascus.Similar approach in Syria for water supply of Damascus.
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Project SetupProject Setup

TC project:
- Delineate GW/SW protection zones
Assessment of water quality problems (monitoring)- Assessment of water quality problems (monitoring)

- Risk assessment and recommendations for reduction of pollution risks
- Water balance ► propose management options

- Advice to FC project:
- wastewater master plan (wastewater schemes & priorities)
- WWTP site searching and related assessment of geoscientific risks

B
G

R

WWTP site searching and related assessment of geoscientific risks
(karst features, tectonic movements, landslides, flooding, soil stability)

- EIAs (hydrogeological parts) for planned WWTPs
- recommendations for treated wastewater reuse (standards; BMP)recommendations for treated wastewater reuse (standards; BMP)
- recommendations for sludge reuse/management (standards; BMP)

FC project:
- Wastewater master plan > supported by BGR
- wastewater facilities design
- wastewater facilities constructionK

fW
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- wastewater facilities operation (2 years) > handed over to WE



Project SetupProject Setup

DurationDuration

1st phase        2 years July 2010 – June 2012
extension        1.5 years July 2012 – December 2013 

PartnersPartners

- Council for Development and Reconstruction (CDR)p ( )
- Water Establishment of Beirut and Mount Lebanon (WEBML)
- Ministry of Energy and Water (MoEW)

FundingFunding

In form of a grant
1st phase        1.2 Mio EUR
extension        0.5 Mio EUR
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Jeita SpringJeita Spring
The 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
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Project AreaProject Area

Nahr IbraheemNahr Ibraheem

Jeita springJeita spring
Nahr el KalbNahr el Kalb

Nahr BeirutNahr Beirut

Jeita SW catchmentJeita SW catchment
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Aquifers

LithostratigraphyLithostratigraphy
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Groundwater Contribution ZoneGroundwater Contribution Zone

infiltration (50%) into 
Jurassic aquifer Q: ~120 MCM

recharge inrecharge in 
Upper

Cretaceous 
aquiferaquifer

A: ~30 MCM

L: ~12 MCM

U C t
Jurassic: 

J: ~160 MCM

Upper Cretaceous: 
80% GW recharge

50% GW recharge
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Tracer TestsTracer Tests

tracer injection sites
karst features (e.g. sinkholes)

surface water

direction of GW flow

spring
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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 risk. increasingly at risk. The rapid and uncontrolled urban expansion The rapid and uncontrolled urban expansion has has 

dd d t i ti f t litd t i ti f t lit th t d dth t d dcaused 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 in The groundwater resources of Lebanon are mostly stored in 
limestone aquifers which are highlylimestone aquifers which are highly karstickarstic In many areas theIn many areas the karstkarst isislimestone 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(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 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 

ff f ff fis 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 
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Importance of SnowImportance of Snow

Cretaceous plateau (1,800 – 3,000 m asl):
2-4 m snow2 4 m snow
November – May

Very important for GW recharge (~ 80%)Very important for GW recharge (  80%)
Snow is the lifeline of Lebanon

Climate change may lead to a significantly g y g y
lower groundwater resources availability

Regional climatic scenarios predict less rainfall, 
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higher  summer and winter temperatures 
and thus less snow



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

high GW recharge from snow melt- high GW recharge from snow melt

Protection of Jeita SpringProtection of Jeita SpringProtection of Jeita Spring

C4 limestone
(upper aquifer)



doline

GW recharge via dolines
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High karstification in 
Cretaceous limestone 
(Faqra)
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Contamination Risks from WastewaterContamination Risks from Wastewater

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

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

►► Bacteriological contamination Bacteriological contamination 
of Jeita spring of Jeita spring 
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Wastewater is typically „discharged“ through Wastewater is typically „discharged“ through 
i i j i lli i j i llopen cess pits or injection wellsopen cess pits or injection wells

Protection of Jeita SpringProtection of Jeita SpringProtection of Jeita Spring



Vill t i l tVillages on mountain plateau
Jeita Grotto under villages of Jeita, 
Sheile, Ballouneh, Daraya

J4 limestone
(lower aquifer)
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Underground RiverUnderground River Karst conduits

Jeita caveJeita cave
5 di taverage: 5 m diameter

Nahr el Kalb RiverNahr el Kalb RiverNahr el Kalb RiverNahr el Kalb River
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Specific Problems concerning Wastewater TreatmentSpecific Problems concerning Wastewater Treatment

•• TopographyTopography (WW must be pumped up at several locations; (WW must be pumped up at several locations; 

Jeita CatchmentJeita Catchment

extremely high gradients)extremely high gradients)

•• ElectricityElectricity not available 24/7 (max 50%)not available 24/7 (max 50%)

•• Large Large spacingspacing between residential areas (often only up to 70 % of a village between residential areas (often only up to 70 % of a village 

can be serviced by a wastewater scheme)can be serviced by a wastewater scheme)

•• Households cannot be forced to Households cannot be forced to connectconnect to WW collector linesto WW collector lines

•• Municipalities have begun to Municipalities have begun to constructconstruct WW collector lines without coordinatingWW collector lines without coordinating

ith th ibl i ( i di t WW t f th ill )ith th ibl i ( i di t WW t f th ill )with the responsible agencies (aim: divert WW out of the village)with the responsible agencies (aim: divert WW out of the village)

•• Their Their concept, materialconcept, material, etc. does not fit with KfW‘s/EIBs concept, material, ..., etc. does not fit with KfW‘s/EIBs concept, material, ...

•• GeologyGeology: karst, tectonics, landslides, rock slides, earthquakes: karst, tectonics, landslides, rock slides, earthquakes

►► wastewater master plan is urgently neededwastewater master plan is urgently needed
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►► wastewater master plan is urgently neededwastewater master plan is urgently needed



Wastewater Projects North of BeirutWastewater Projects North of Beirut Fragmented wastewater schemes

a wastewater master plan is urgently needed

g

a wastewater master plan is urgently needed

EIBEIB
ItalianItalian

EIBEIB

KfWKfW

KfWKfW

KfWKfW
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Project Component Project Component 11

Integration of Water Resources Protection Aspects into the Investment Planning Integration of Water Resources Protection Aspects into the Investment Planning 
and Implementation Process in the Wastewater Sectorand Implementation Process in the Wastewater Sectorand Implementation Process in the Wastewater Sectorand Implementation Process in the Wastewater Sector

Technical Report 1: Technical Report 1: Site Selection Site Selection for Wastewater Facilities in the for Wastewater Facilities in the 
Nahr el Kalb Catchment (January 2011)Nahr el Kalb Catchment (January 2011)Nahr el Kalb Catchment (January 2011)Nahr el Kalb Catchment (January 2011)

Technical Report 2: Technical Report 2: Best Management Practice GuidelineBest Management Practice Guideline
for Wastewater Facilites in Karstic Areas of Lebanon (March 2011)for Wastewater Facilites in Karstic Areas of Lebanon (March 2011)for Wastewater Facilites in Karstic Areas of Lebanon (March 2011)for Wastewater Facilites in Karstic Areas of Lebanon (March 2011)

Technical Report 3: Technical Report 3: Guideline for Guideline for Environmental Impact Assessments Environmental Impact Assessments related related 
to Wastewater Facilities (draft)to Wastewater Facilities (draft)( )( )

Special Report 4Special Report 4: Proposed National Standard for Treated Domestic Wastewater National Standard for Treated Domestic Wastewater 
Reuse for IrrigationReuse for Irrigationgg

And several joint reports with KfW (e.g. EIA for KfW WW facilities)And several joint reports with KfW (e.g. EIA for KfW WW facilities)
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Site Selection for Wastewater FacilitiesSite Selection for Wastewater Facilities
criteria catalogue

• General criteria
• Geological/hydrogeological criteria ← BGR

criteria catalogue

• Financial criteria
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Concept for Tracer Test 1Concept for Tracer Test 1
Vertical flow

injection sitesinjection sites land surface

Vertical flow 
through unsaturated zone

~ 360 m

monitoring sitesmonitoring sites
jj

5 kg

land surface 
560 m 

initially g
3.95 km 2.8 km

~200 m asl~200 m asl2.25 km

proposed 
WWTP

5 kg
70 m asl70 m asl

140 m asl140 m asl

land surface 
540 m 
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Results of Test 1Results of Test 1 Test 1A Test 1A -- Tracer uranineTracer uranine
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second flushing 20 hours second flushing 20 hours 

1.4
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injection 5 kg uranine
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Daraya tunnel Jeita :            6h

gg
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Proposed Wastewater SchemesProposed Wastewater Schemes

WW scheme 3

WW scheme 1
WW scheme 2

Protection of Jeita SpringProtection of Jeita SpringProtection of Jeita Spring



Groundwater Protection Zone 2Groundwater Protection Zone 2

Priority should be given to wastewater facilities in highPriority should be given to wastewater facilities in high--risk zonesrisk zones

HighHigh--risk zonerisk zone
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Planning of WW schemes Planning of WW schemes Ranking of Alternatives for WW schemes Ranking of Alternatives for WW schemes 
based on Water Resources Protection Aspectsbased on Water Resources Protection Aspects

Alternative Rank Main Advantages/Disadvantages

Principally acceptable solutions

B4b* 1 Lowest pollution risk because no Jeita WWTP – Mokhada bridge collector/conveyor 
would be required but poor feasibility prospects for coast WWTPB4a* 2

A2b 3 Special protective measures in protection zone 2 necessary for escarpment collector 
and Jeita WWTP – Mokhada bridge conveyor/collectorand Jeita WWTP Mokhada bridge conveyor/collector

A2a 4 Special protective measures in protection zone 2 necessary for Jeita WWTP –
Mokhada bridge conveyor/collector

A1b 5 Uncertain reuse concept for Kfar Debbiane

A1a 6

B2b 7 High costs for relatively small Jeita WWTP, poor feasibility prospects for coast 
WWTPB1b 8

B2a 9

B1a 10

Objected solutions

A3a The Daraya WWTP would be located in open karst where sinkholes are reported 
which are probably connected with Jeita cave. Discharge of treated effluent under 
these conditions is problematic.  A3b

B3a

B3b
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Best Management Practice GuidelineBest Management Practice Guideline

The guideline gives recommendations on the potential impact on water 
resources with regards to:resources with regards to:
• site selection and design process for wastewater treatment plants, collector 
lines and effluent discharge points
• selection of the optimal treatment method• selection of the optimal treatment method
• criteria for wastewater reuse
• criteria for sludge management
• proposal for monitoring of the treated wastewater effluent sludge qualityproposal for monitoring of the treated wastewater effluent, sludge quality 
and effects of wastewater reuse and sludge application

Protection of Jeita SpringProtection of Jeita SpringProtection of Jeita Spring



Proposed Standard for Treated WW ReuseProposed Standard for Treated WW Reuse

Recommendations:
• Treated industrial wastewater and treated domestic wastewater containing a g
large share (> 10%) of industrial or commercial wastewater, should not be reused 
for irrigation.

• Domestic wastewater reuse classes should be based on health concerns• Domestic wastewater reuse classes should be based on health concerns, 
hydrogeological criteria and soil characteristics of the area. 
Groundwater vulnerability maps should be used to decide where reuse can be 
allowedallowed.

• The concept for treated  wastewater reuse must be agreed upon with the 
potential users before the planning of a wastewater facility. Treated wastewater 
will often have to be pumped to the irrigation area so that treatment for reuse inwill often have to be pumped to the irrigation area so that treatment for reuse in 
agriculture will be significantly more costly.

• Public awareness for farmers is needed in order to provide an agricultural 
production which is safe for human consumption. Moreover the safety of farm 
workers and local population around farms needs to be taken into consideration. 
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Proposed Standard for Treated WW ReuseProposed Standard for Treated WW Reuse continued

Recommendations:

• Monitoring of treated wastewater quality is very important in order to provide that 
no pollution will occur. Monitoring will require a massive increase in laboratory 
capacities, which needs to be planned for now. 

where to monitor
what to monitor
how often to monitor

• The government agency responsible for the operation of the treatment plant 
should also be responsible for the monitoring of treated wastewater reuse. All 
impacts of treated domestic wastewater reuse for irrigation on soil, groundwater p g , g
and humans have to be monitored regularly.
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EIAs for Wastewater FacilitiesEIAs for Wastewater Facilities

Current situation:
• No clear procedure for EIAs (Min of Environment too weak) 
• No guidance how to prepare EIAs (some donors have their own guidance• No guidance how to prepare EIAs (some donors have their own guidance   
documents & rules) 

• No rules for which facilities and sizes EIAs have to be prepared
• No rules for public participation• No rules for public participation

Proposed EIA Guideline for WW Facilities:
• Standard outlineStandard outline
• Integration of all relevant geoscientific aspects

• impacts on water resources 
• impacts from geohazards (tectonic movements, earthquakes, landslides,impacts from geohazards (tectonic movements, earthquakes, landslides, 
rock falls, rock collapse structures, soil liquefaction, soil stability, flooding)

Potential negative impacts on the quality of water resources must be g p q y
considered separately for all individual components of a proposed 
wastewater facility or scheme (collector lines, treatment plant, effluent 
discharge location) and mitigation measures must be proposed for each of 
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Thank you for your Thank you for your 
kind attentionkind attention

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