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EXECUTIVE SUMMARY

INTRODUCTION

1.

Earth Link and Advanced Resources Development s.a.l. (ELARD) was subcontracted by
the Council for Development and Reconstruction (CDR), representing the Lebanese
Government (particularly the Ministry of Environment), in order to provide consultancy
services for the preparation of a Business Plan for Combating Pollution in the Lower Litani
River Basin (LLB), Lebanon. This plan is based on Law No. 63 of 2016 that budgeted
provisions for the execution of pollution-curbing projects and their associated
expropriations in the Litani River basin from its source to mouth. The Law came as an
implementation instrument for the Road Map for combatting sources of pollution of the
Upper Litani River, which was based on the “Business Plan for Combatting Pollution of the
Upper Litani” dating back to 2011. To complement this project, identification of the
sources of pollution in the Lower Litani River basin and mitigation measures in the form of
a business plan is provided in this report that involved desk and field data collection,
analysis and assimilation, as well as stakeholder engagement. This Business Plan, like the
Upper Litani plan, recommends well-fitted solutions that will serve as a tool for informed
decision-making.

The overall aim of this Business Plan is to document and bring a holistic approach to
remediate pollution sources of the Lower Litani River Basin in a sustainable way that
ensures its long-term protection.

LOWER LITANI BASIN (LLB) STUDY AREA CHARACTERISTICS

3.

The Lower Litani Basin (LLB) extends over an area of 637.20 km2, from the Qaraaoun Lake
Dam wall to the River mouth, across the four Governorates of Mount Lebanon, Bekag,
Nabatiye and South Lebanon; and 10 Districts (cazas).

A total of 992 municipalities and 7 mokhtars (based in villages without municipalities) have
jurisdiction over the 132 localities or villages within the Study Area. Most villages within the
LLB have municipalities that are grouped into 11 Unions. The LLB Study Area has a surface
area of 791.56 km2. It was extended beyond the borders of the watershed area to include
the full cadastral extent of villages, in order to emphasize the role of municipalities in
regulating the sources of pollution in their areas of jurisdiction. Figure 1 below shows the
administrative coverage of the Study Area.
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Figure 1 Administrative Map of the Lower Litani River Basin

5.  For the purpose of this Business Plan, the Study Area is divided into 5 zones governed by
sub-watershed areas drained by tributaries of the Litani River, and the cadastral extents of
localities (Figure 2).

Figure 2 Study Zones of the LLB Study Area
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POLLUTION PRESSURES, STATE OF RIVER WATER AND SEDIMENT QUALITY, AND
SITUATION ANALYSIS

6.

The scoped area was divided into multiple zones to assure a coherent examination and
assessment of the existing pressures and the quality of water and sediment to ensure an
effective responsive management scheme that considers the pre-existing cadastral and
administrative characteristics of localities within the Lower Litani Basin.

Information on the pollution pressures within the LLB Study Area was collected through an
extensive municipal survey and official data from public offices or officially commissioned
studies. The state of river water and sediment quality was determined through a survey of
the previous literature and study campaigns, as well as limited sampling of water and
sediment samples. These revealed a poor biological state and physico-chemical quality
of the river water quality, as well as heavy metals and organic compounds in river
sediments often exceeding world averages.

The existing sources of pollution affecting the state of the river ranges from: solid and
hazardous waste disposal, industrial and municipal wastewater discharge, agricultural
and recreational activities. The July 2006 War was also a potential source of metals in soil
and consequently in water as a result of the munitions used.

A graphical presentation of the pollution pressures is summarized in Figure 3.

Figure 3 Pollution pressure levels across the zones of the Study Area
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10. The pollution pressures discussed can all result in impacting the river's and waterhsed'’s

1.

health. This occurs when the pollution intensity and load over time exceed the capacity
of the river to ‘clean’ itself. The data assessed consisted of 3,854 concentration entries of
water quality parameters. These results were compared to various national and
international water quality guidelines for the different parameters and for different water
end uses. Thisincludes maintaining aquatic life, bathing, drinking water and irrigation. River
sediment results were also compared to the reference world averages and Dutch
intfervention values for soil and sediments.

Below is a summary on the existing pollution pressures located in the LLB:

Waste Management practices were assessed with municipal, industrial and healthcare
waste disposal practices analyzed across the five zones to assess the threat posed by
solid waste management to the Lower Litani River and its tributaries’ surface waters.
Poor management practices from open burning of hazardous (industrial, agricultural
and healthcare waste as well as hazardous household items) and non-hazardous
(domestic) wastes result in uncontrolled emissions to air, soil and water, posing a threat
to river water quality and ecology from leaching effects.

Wastewater management practices are considered the most vital contributors to the
water quality of the Lower Litani River. The inadequacy of the wastewater collection
and treatment infrastructure in urban settlements is deemed to be the most important
pollution threat to the quality of water in the Lower Litani River. Wastewater from
healthcare establishments is of similar quality to urban wastewater but may also
contain various potentially hazardous components. Within the study area, four hospitals
(3 public, 1 private) should be surveyed/audited to ensure their waste and wastewater
streams do not contain hazardous material. With regards to industrial wastewater, the
study zone contains factories (mainly olive mills, rock cutfting and shaping, and
concrete blocks manufacturing) producing effluents loaded with organic pollutants
that are conveyed to surface water without pre-treatment through either the nearby
fributary or the existing sewer networks. Classified and non-classified non-industrial
establishments discharging their waste and wastewater are mostly small businesses
such as pefrol stations, farms, vehicle repair shops, washing centers and butcheries that
generate waste and wastewater; in addition to quarries (mostly sand quarries) located
within close distances (< 500 m) from the Litani and tributaries’ courses, especially in
zone 2. In addition, recreational establisnments, mainly consisting of restaurants, can
be found along the river embankments stretching over a total of 5.7 km along therriver,
followed by farms. The main pollutant streams from recreational establishments are
litter and wastewater discharges of municipal/domestic nature. A toftal of 145
infringements (encroachments within a 10-meter buffer zone of the Lower Litani river
course) by various types of recreational establishments were recorded in 28 localities
in seven districts, covering 11% of the river length or 9.5 km in total length.

The pollution pressure from the 384 ITS sheltering 2,005 refugees located within the LLB
is considered low in all zones of the Study Area.

A main non-point pollution source in the region is due to agricultural activities that
constitute one of the main economic activities in the Lower Litani Basin (LLB). The most
important constituents of agricultural runoff and water seepage are agricultural
chemicals (ferfilizers) and non-degradable pesticides, which end up in waterways with
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irrigation overflows or deep percolation. One of the main concerns is due to pesticide
use where several pesticides are being applied in quantities that exceed
recommended rates.

POSSIBLE RESPONSES AND MITIGATION MEASURES

12. A priority-based approach to address the pollution sources is recommended to be
followed. The priority of the pollution pressure can be determined based on its impact as
reflected in water and sediment quality. Based on the literature available as well as the
studies assessed, solid waste and wastewater are the most pressing sources, followed by
industrial (olive mills and rock cutting, sand washing) and irrigated agriculture. Therefore,
mitigation measures taken into consideration should be thoroughly assessed by sector
(solid waste, wastewater, informal seftlements, etc.) and by zone.

13. Investments in infrastructure that are allocated in Law No. 63/2016 are expected to
contribute directly (wastewater) and indirectly to the improvements in the environmental
conditions of the Lower Litani River. The costs of the proposed measures are summarized
in Table 1 below.

Table 1 Costs of Proposed Measures across all Zones

Sector Total Cost (USS)
Municipal Solid Waste 24,204,250
Municipal Wastewater 34,341,000
Industrial Wastewater 2,622,000
Agricultural Improvement 2,570,000
Cross-sectoral and Governance 12,300,000
Total (USS) 76,037,250

SoLp WASTE

14. It is imperative to address the functionality of any dumping sites (zone 5 as a priority) that
confributes to the alteration of the Litani River Banks. Hence, the encouragement of
developing and implementing realistic and proper waste management initiatives and
alternatives. Fortunately, initiatives for the management of solid wastes in Zones 1 to 5 are
available and underway, yet more sanitary landfills are needed. As part of the EU-
financed SWAM | scheme and the ongoing PROMARE scheme, projects are underway
whereas some remain unfinanced after the cancellation of SWAM Il projects (Table 2).

Table 2 Planned Projects for SWM in Zones 1 to 5

Zone Project description Funding Source e Status
amount
Construction of a sanitary Not available €2.177.000 Project on hold after

landfill in Nabatiye cancellation of SWAM I

384 Construction of a sorting

and composting facility for Not available € 2,135,000
Bent Jbayl and Marjaayoun

Project on hold after
cancellation of SWAM I
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Zone Project description Funding Source Slnalss
amount
Construction of a sanitary
landfill for Bent Joayl and Not available € 2,471,000
Marjaayoun
Rehoblllfofloq of Ras el Ain Not available € 4,424,000
dump in Tyre
o Construction of a sorting
and composting facility in PROMARE (EU) Unknown

Sahel El Zahrani

Status

Project on hold after
cancellation of SWAM I

Project on hold after
cancellation of SWAM I

Project sfill in the study
and planning phase

15. Addifional proposed responses to manage pollution pressures from solid waste in the
future in each zone of the Lower Litani Basin are presented in Table 3. Nevertheless, direct
dumping and disposal of waste in the river should be completely banned through law

enforcement, and awareness activities at the local level.

Table 3 Proposed Responses to SWM in Zones 1to 5

Zone Proposed Response

Operation and maintenance of the Joub Jannine SWM complex.
Stop waste dumping at Majdel Balhis, Sohmor, Ain Et Tineh and

Rihane Jezzine dumps and transfer waste to the new Joub Jannine
sanitary landfill

1&2

Or close the above-mentioned dumps (excavate, line, cap and
close)

Constfruction of a sanitary landfill for Nabatiye district (capacity 75
t/d) to complement the Kfour sorting and composting facility

Construction of an integrated solid waste management complex
for Bent Jbayl and Marjaayoun including a sorting and composting
facility (capacity of 250 t/d) and a sanitary landfill of 100 t/d

3&4 capacity.

Stop waste dumping at Yohmor (Nabatiye), Aadchit el Qoussair,
Bani Haiyane, Kounine, Deir Siriane, Houla, and Rabb Et-Talatine
dumps and transfer the waste to Nabatiye or Bent
Jbayl/Marjaayoun sanitary landfills once implemented

Or close the above-mentioned (excavate, line, cap and close)

Construction of a sanitary landfill in Tyre caza and construction of a
new integrated solid waste management complex for Sahel El
Zahrani including a sorfing and composting facility (capacity of
150 t/d) and a sanitary landfill (capacity of 75 t/d)

Stop waste dumping at Borj Rahhal, Bedias, Deir Qanoun En-Nahr,
Maaroub, Hmairi, Sir El Gharbiyeh and Srifa dumps and fransfer the
S waste to Ras El Ain or Sahel el Zahrani sanitary landfills once
implemented

Or close the above mentioned (excavate, line, cap and close)

Proper segregation of medical waste to reduce the volume of
infectious waste; sending segregated infectious waste for disposal
at the Aabbassiyeh sterilization centre

Estimated amount

US$1.2 Million for
annual O&M

US$71.500

US$34,000

€6.78 Million

US$133,500

US$76,500

US$ 14.6 Million

US$139.000

US$102,500
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WASTEWATER

16. The largest wastewater pressures are identified by crossing the population pressure with
the presence of water supply sources, whether for drinking, irrigation or recreational
purposes. The top priority for response is indeed the municipal wastewater infrastructure
investments (Table 4).

Table 4 Proposed Infrastructure Investments in Wastewater Systems

Zone

Capital Investment

Project description (USD)

Prepare the feasibility/design studies and construct/ operate the
wastewater freatment system and collection networks for the Zilaya 8,573,000
WWTP and Majdel Balhis service area

Assess the coverage, operational status and treatment effectiveness
of the Rihane and Aaychiyeh wastewater freatment systems

Establish networks in Sejoud and connect to the Rihane or Aaychiyeh
plants

Assess the feasibility of wastewater collection and freatment systems
for the localities of Chbail, Mazraat Daraya, and Qatrani

Establish networks in unserved areas of Jdaideh, Dibbine, Blaft,
Bouyada, Qlaiaa and Borj El Mlouk and connect to the Marjaayoun
Plant

Assess the operational status and treatment effectiveness of the
Kaoukaba Plant, and complete the network coverage in Kaoukaba 16,013,000

Prepare the feasibility/design studies and construct/operate the
wastewater treatment system and collection networks for Aaramta
and Kfar Houneh to be served by the Sarafand system. The locality of
Zaoutar El Gharbiyeh in Zone 3 could be serviced by the Sarafand
system.

Prepare the feasibility/design studies and construct/operate the
wastewater freatment system and collection networks for Wadii El
Jarmagq

Prepare the feasibility/design studies and construct/operate the
wastewater treatment system and collection networks for Srayri to
serve Srayri, Dellafi, Bourghos and Qelaya from Zone 1

Prepare the feasibility/design studies and construct/operate the
wastewater freatment system and collection networks for Kfar
Roummane, Kfar Tibnit, and Arnoun as part of the Nabatiye
wastewater treatment system

Assess the coverage, operational status and treatment effectiveness
of the Deir Mimas Plant, and assess the expansion of the network to

Kfar Kila, Houra and Mazraat Doumiat 1,890,000

Assess the feasibility of collection networks in Zaoutar El Gharbiyeh
and Mazraat El Hamra and connection with the existing tfreatment
plant in Zaoutar Ech-Chargiyeh or with Sarafand Plant. Constfruct,
operate and maintain operations of the wastewater tfreatment and
collection system at Zaoutar.

Discern the service areas of the Wadi Slouki and Braigeaa
wastewater systems

Prepare the feasibility/design studies and construct/operate the 4,040,000

wastewater freatment system and collection networks for Maroun Er
Ras, Aaytaroun, Blida, Kounine, Beit Yahoun, Mhaibib, Chagra, Meiss
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Zone

Project description

Capital Investment

(USD)

Ej Jabal, Houla, Souaneh, and Qalaouiyeh, with the connection of
these villages to the planned Qaaqgaaiyet Ej Jisr Plant

Establish wastewater collection networks in Tiri and Aaynata and
connect them to the existing Bent Joayl treatment plant

Complete wastewater collection networks in Soultaniyeh and
Jmaijmeh and connect them to the existing Tibnine treatment plant

Expand the network coverage of the Sour wastewater treatment
system, by connecting it to the remaining areas of Maaroub, Borj
Rahhal, Ain Abou Abdallah, Deir Qanoun En-Nahr, Jennata, Bedias,
Arzoun, and the new locadlities of Bestiyat, Derdaghaiya, Chehour, Sir
El Gharbiyeh, Kfar Dounine, Halloussiyeh, Tayr Falsay, Hmairi and Srifa

Prepare the feasibility/design studies and construct/operate the 2,800,000
wastewater treatment system and collection networks for wastewater
freatment system in Sarafand

Complete the networks in the two localities of Zrariyeh and Kharayeb

Verify the network status in Kfar Sir and connect the network to the
existing Kfar Sir freatment plant

17. As for industrial wastewater, the pressures are seasonal, yet hold serious impacts on river

water quality and consequently on aquatic life. The majority of the wastewater
generating industries in the Lower Litani River catchment have small production scales
and cannot afford to treat their wastewaters individually because of space constraints
and financial limitations. MoE Decision No. 8/1/2001 sets wastewater discharge standards
into the sewer system that industries are required to abide by. To achieve this, industries
are required to (pre-)ireat their industrial effluents to reduce the pollution load to an
acceptable level so that the wastewater can be further treated in a biological treatment
plant. Table 5 presents the cost estimates for the (pre-)treatment of effluents from priority
1 industries.

Table 5 Cost Estimate for the (Pre-)treatment of Effluents from Priority Industries

Zone Priority 1 Wet processes (Pre-)ireatment = O&M cost Studies'
industries  (discharging wastewater effluents) Cost (USS) (USS) cost (USS)
Zone 1 11 Olive Mill (9), Stone Cutting (2) 600,000 90,000 57,000
Zone 2 1 Dairy industry (1) 60,000 9,000 5,000
Zone 3 11 Olive Mill (11) 520,000 78,000 42,000
Zone 4 9 Olive Mill (7) Stone cutting (1), 515,000 77,250 41,000
Dairy industry (1)
Zone 5 14 Olive Mill (9). Stone cutting (4) 805,000 120,750 72,000
Chocolate industry (1)
Total 46 2,500,000 375,000 217,000

18. The Ministry of Environment has set up the Lebanon Environmental Pollution Abatement

Project (LEPAP) that aims to assist Lebanese industrial companies to reduce pollution and
comply with the Lebanese Environment Protection Law No. 444/2002 through providing
them with technical assistance and subsidized loans to invest in end-of-pipe treatment
and pollution prevention.
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19. LEPAP is ajoint initiative between the MoE, the Ministry of Finance, Banque Du Liban (BDL),
the World Bank and the Italian Cooperation to set up a mechanism for financing the
abatement of industrial pollution in targeted industrial enterprises and fo provide
necessary technical assistance for ensuring the implementation and the sustainability of
these interventions.

20. In addition to the above, other sectors existing in the LLB also act as pollution pressure
sources on the Litani River. Table 6 presents a brief regarding these sectors along with the
proposed measures to minimize or prevent their pollution impact.

Table 6 Proposed Responses for Different Sectors

Zone Proposed Responses Cost (USD)

e Support healthcare establishments in establishing separate
waste and wastewater collection systems and strictly limit the
discharge of hazardous liquids to sewers.

e Advise healthcare establishments on pre-freatment systems
(primary, secondary and tertiary treatment, disinfection, and
anaerobic digestion of sludge)prior to discharge to the
municipal wastewater network.

e Healthcare establishments should ensure that their waste

Healthcare . . N 100,000
management effectively prevents the discharge of significant
quantities of toxic chemicals, pharmaceuticals, radionuclides,
cytotoxic drugs and antfibiofics in the drains through carrying
out the needed tfreatment

e Establish routine effluent monitoring programs at healthcare
establishments (temperature, pH, 1SS, BODS5, COD, Nitrates,
Total Phosphorous, E. Coli) to ensure compliance with
applicable discharge standards.

e Local authorities to ensure environmental compliance and

supervise establishments’ operational activities
e Capacity building training for local officials and police on

environmental regulations. 250,000
o Trade-focused media events and targeted technical

assistance in order to raise awareness on simple public

hygiene and resource conservation measures.

Classified and
Non-Classified
Non-Industrial
Establishments

o Enforcement of relevant legislation, to ensure quarrying
Quarries activities do not cause undue harm to third parties, and to -
the river ecology.

e Clarification of the river’s public domain among the DGUP,
MoEW and LRA and prevention of its infringement
e Application of rules for setback distances where these apply
by requesting and then enforcing demolition of built
structures that are encroaching on the public domain and
river/tributary courses, especially where these change the
river flow regime.
Recn_eo’rioncl e Establish guidelines and operational parameters for 530.000
Establishments recreational facilities of various sizes and activities to follow in '
the management of wastewater and solid waste
e Observe implementation of these measures through a
discharges custody process whereby facilities are required to
contract waste and wastewater collection services to
fransport their waste and wastewater to the nearest
processing facilities, with records maintained and
compliance enforced by municipalities
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Zone Proposed Responses

Cost (USD)

e Implement a strict no discharge policy of solid waste, anfi-
littering and wastewater info river water, and apply a penalty

system

e Ensure that waste and wastewater discharges are properly
directed to the formal and existing collection and treatment

Informal systems.
Tented e Relief agencies shall ensure that ITS are abiding by the
Settlements national and local legislation and coordinate the efforts with
(ITS) local authorities and governmental agencies to avoid
creating a burden of waste clean-up and property rights
infringements.
AGRICULTURAL SECTOR

21. The analysis has shown that agriculture does not constitute a major pressure on the River
pollution in the LLB. However, overuse of pesticides and fertilizers was noted for all crops
and eventually agricultural return flows will contribute to the river pollution as well as

groundwater and soil pollution.

22. Addressing pollution from agriculture would serve to improve surface water quality over
time, which would have positive implications on improving irrigation water quality. The
proposed responses to tackle pollution from agricultural practices are general and apply
to all zones. Several responses can be implemented to limit agricultural pollution pressures,
these include but not limited to those shown in Table 7. Ecological and land rehabilitation
(forests, rangeland, quarries, dumps, agricultural land) would also reduce soil erosion and
surface runoff, which would indirectly reduce contamination of surface water with

contaminated runoff.

Table 7 Selected Proposed Responses to Agricultural Pollution Pressures

Proposed Response

Development of integrated pest management (IPM) curricula of
important crops in the region

Intfroduction of new varieties/cultivars that are resistant to diseases and
pathogens

Familiarization of farmers with the different techniques and tools used in
IPM

Setting up a collection and disposal system for empty containers and
obsolete/unused pesticide stocks: training of farmers. Collection of used
containers, and disposal through recycling

Setting up demonstration plots in several areas of the LLB and providing
tfraining on GAP including IPM

Promotion of produce cultivated using IPM techniques and Good
Agricultural Practices (GAP)

Training on proper agrochemicals handling, application and storage

Performance of regular pesticide residue tests on certified IPM products
throughout the production season

Cost (USD)

201,500
(including relevant
assessments: current
practices, present pests
and their natural
enemies)

80,500

180,500

219,000

22,500

153,000

PREPARED BY ELARD



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI RIVER BASIN

CDR

FINAL BUSINESS PLAN REPORT

Proposed Response

Estimation of pollution loads by frequent soil and irrigation water sampling

and analysis

Field training on water management, water budgeting and scheduling,
and use of agro-meteorological data

Cost (USD)

84,500 + 99,500

22,500

Identification of potentially susceptible areas known as Nitrate Vulnerable

Zones (NVZs) and restricting farms within NVZs with regard fo how much
nifrogen fertilizer can be applied to the land

Estimation of land use — land cover changes between two base maps or
satellite images (e.g., 2005 and 2020); net primary productivity (NPP) and
soil organic Carbon (SOC)

Multiseasonal ecological assessment based on tactical sampling (core
and edge quadrates and fransects) over up fo 3 years

Land degradation assessment including establishment of a corridor

Topographic surveys of quarries and engineering studies to determine
rehabilitation requirements of quarries using construction and demolition
waste, and related Environmental Impact Assessments (EIAs)

108,000

69,000

35,000

57,000

575,000

23. In addition to the above-listed measures, the establishment of a well-functioning pesticide
registration scheme by the MoA would help to control the distribution and use of

pesticides.

CROSS-SECTORAL AND GOVERNANCE MEASURES

24. Table 8 presents the proposed cross-sectoral and governance measures for the LLB,
responsible entities, estimated budget and current and relevant planned activities.

Table 8 Proposed Cross-Sectoral and Governance Measures

Responsible Entity
(Coordinating

Entity)

Estimated
Budget

Description of the Proposed
Measure

Strengthening the

governance and law

enforcement procedures to LRA & Courts (All
ensure that technical Stakeholders)
measures are effectively

carried out.

$2,000,000

Systemizing and standardizing

data management to

effectively measure,

document and understand

how and where mitigation LRA (All
actions are leading to stakeholders)
improvements.

$2,000,000

Establishing a unified common
data room/system on all
pollution pressures in the basin

Improvement of public

administration management

and inter-agency Council of Ministers
coordination to carry out the (All Stakeholders)
proposed measures, through

capacity building.

$2,000,000

Current & Planned Activities

Implementing roadmap for
Upper Litani

Environmental Prosecutors
Environmental Police
Training of municipal police

None

None
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Description of the Proposed
Measure

Physical and chemical
monitoring systems for water
quality, water balance, and
river ecology baseline

Masterplan for the LL Basin
and creation/updating of
land zoning that will
determine river and fributary
course boundaries, and
permissible land uses (all
economic activities) that can
ensure river course integrity
(setback distances) and
protection from
encroachments

Responsible Entity

(Coordinating E;f:jr:atetd
Entity) ge
LRA (MOEW & MOE) $1,000,000
DGUP (Local
authorities, LRA $5,000,000

and Line Ministries)

Current & Planned Activities

None

Master plan for Upper Litani
Basin
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SOMMAIRE

INTRODUCTION

25. Earth Link and Advanced Resources Development s.a.l. (ELARD) a été engagée en sous-

26.

traitance par le Conseil de Développement et de Reconstruction (CDR), représentant le
Gouvernement Libanais (notamment le Ministere de I'Environnement), dans le but de
fournir des services de conseil pour I'élaboration d'un Plan d*Affaires pour Lutter Contre la
Pollution dans le Bassin Inférieur du Litani (BIL) au Liban. Ce plan est fondé sur la loi No. 63
de 2016 qui budgétise des provisions pour I'exécution de projets visant & réduire la
pollution, avec des expropriations y afférent dans le bassin du Litani, et ce, de la source &
I'embouchure. La loi sert d'instrument pour la mise en ceuvre de la feuille de route de lutte
contre les sources de pollution du cours supérieur du Litani. Cette loi se base sur le « Plan
d'Affaires pour Lutter Contre la Pollution dans le Bassin Supérieur du Litani » datant de
2011. Afin de compléter ce projet, ce rapport a été établi, comprenant le repérage des
sources de pollution dans le BIL et des mesures d'atténuation, sous forme d'un plan
d'affaires. Ce rapport inclut des données recueillies sur dossier et sur le terrain, ainsi que
des analyses et des assimilafions, avec I'implication des parties prenanfes. Le Plan
d'Affaires, tout comme le plan du Cours Supérieur du Litani, préconise des solutions
adaptées qui serviront pour la prise de décisions éclairées.

L'objectif ultime de ce Plan d'Affairesest de documenter et proposer une approche
globale pour remédier durablement aux sources de pollution dans le Bassin Inférieur du
Litani et ainsi le protéger & long terme.

CARACTERISTIQUES DU SECTEUR D’ETUDE DU BASSIN INFERIEUR DU LITANI

27.

28.

Le BIL s’étend sur une surface de 637,20 km2, du mur du barrage du lac Qaraoun jusqu'd
I'embouchure du fleuve. Il traverse quatre gouvernorats (le Mont-Liban, la Békaa,
Nabatiye et le Liban Sud), ainsi que 10 districts (cazas).

Au total, 99 municipalités et 7 maires (mokhtars - dans les villages sans municipalités) ont
compétence sur les 132 communautés et villages compris dans le secteur d'étude. La
plupart des villages au sein du BIL ont des municipalités regroupées en 11 unions. Le
secteur d'étude du BIL recouvre une surface de 791,56 km2. Ce secteur a été élargi au-
deld des frontieres de la zone de partage des eaux (watershed) pour inclure toute
I'étendue cadastrale des villages, de maniére & mettre I'accent sur le réle des
municipalités dans le contrdle des sources de pollution dans leurs zones de compétences.
La Figure 1 ci-dessous montre la couverture administrative du secteur d'étude.
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Figure 1 - Carte administrative du Bassin Inférieur du Litani

29. Au sens de ce Plan d'Affaires, le secteur d'étude est divisé en 5 zones de sous-bassins
drainés par les affluents du Litani ; et par I'étendue cadastrale des localités (Figure 2).

Figure 2 - Zones d'étude du secteur d’'étude du BIL
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PRESSIONS DE POLLUTIONS, ETAT DE L'EAU DU FLEUVE ET QUALITE DES SEDIMENTS ET
ANALYSE DE LA SITUATION

30.

31.

32.

33.

Le secteur compris dans I'étude a été divisé en une multitude de zones, afin de pouvoir
examiner et évaluer — de maniere cohérente - les pressions existantes et la qualité de I'eau
et des sédiments. Ceci permet de mettre en place un plan de gestion efficace et réactif
qui prend en compte les caractéristiques cadastrales et administratives préexistantes des
localités du BIL.

Les informations sur les pressions de pollution dans le secteur d'étude du BIL ont été
recueillies en menant une enquéte municipale approfondie et a partir de données
officielles fournies par des institutions publiques ou des études officielles. L'état de I'eau
du fleuve et la qualité des sédiments ont été cernés en examinant les campagnes de
documentation et d'études antérieures, ainsi qu'en menant un échantillongge limité
d'eau et de sédiments. Les résultats ont montré un mauvais état biologique et une
mauvaise qualité physico-chimique de I'eau du fleuve. lls ont également révélé la
présence de métaux lourds et de composés organiques dans les sédiments dépassant
souvent les moyennes mondiales.

Les sources de pollution existantes quiimpactent I'état du fleuve varient : I'élimination des
déchets solides dangereux et non dangereux, I'évacuation des eaux usées des usines et
des municipalités et les activités agricoles et récréatives. Le Conflit de 2006 a aussi été une
source potentielle de métaux dans le sol et par consequent dans les eaux a cause des
armes utilisées .

La Figure 3 représente un résumé des pressions de pollution.
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Figure 3 - Niveaux de pressions de pollution dans les différentes zones du secteur d'étude

34. Toutes les pressions de pollution abordées peuvent avoir une incidence sur la santé du
fleuve et de la ligne de partage (watershed) des eaux. Ceci se produit lorsque I'intensité
et la charge de pollution avec le temps dépassent la capacité du fleuve a « se nettoyer ».
Les données étudiées étaient constituées de 3854 entrées de concentration sur les
paramétres de qualité de I'eau. Ces résultats ont été comparés avec différentes lignes
directrices nationales et internationales sur la qualité de I'eau au niveau des différents
paramétres et pour différentes utilisations finales de I'eau. Ceci comprend le maintien de
la vie aquatique, la baignade, I'eau potable et I'irrigation. Les résultats des sédiments du
fleuve ont également été comparés aux moyennes mondiales de référence et aux
valeurs d'intervention danoises pour le sol et les sédiments.

35. Le bilan ci-dessous résume les pressions de pollution dans le BIL :

- Les pratiques de gestion des déchets ont été évaluées : les pratiques d'élimination des
déchets aux niveaux municipal, industriel et médical ont été analysées au niveau des
cing zones, afin d'évaluer la menace que représente la gestion des déchets solides
pour le cours inférieur du Litani et ses eaux de surface affluentes!. Les mauvaises
pratiques de gestion, qui comprennent la combustion a ciel ouvert de déchets
dangereux (les déchets industriels, agricoles et médicaux, ainsi que les déchets
ménagers dangereux) et non dangereux (les déchets ménagers), entrainent des
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émissions non maitrisées dans I'air, le sol et I'eau, ce qui représente une menace pour
la qualité de I'eau du fleuve et pour I'écologie d cause des effets de la lixiviation.

- Les pratiques de gestion des eaux usées sont le plus important contributeur a la qualité
de I'eau du cours inférieur du Litani. De plus, l'infrastructure de collecte et de
traitement des eaux usées dans les zones urbaines est inadéquate et représente la plus
grande menace pour la qualité d'eau du cours inférieur du Litani. Les eaux usées
provenant des établissements médicaux sont d'une qualité similaire d celle des eaux
usées urbaines, mais elles peuvent également contenir différents composants
potentiellement dangereux. Il existe quatre hopitaux (3 publics et 1 privé) dans le
secteur d'étude qui doivent étre recensés/audités pour vérifier que leurs flux de
déchets et d'eaux usées ne contiennent pas de substances dangereuses. Pour ce qui
est des eaux usées industrielles, la zone d'étude comprend des usines (principalement
des moulins & huile d'olives, la taille de pierre et la fabrication de parpaings) qui
produisent des effluents chargés de polluants organiques évacués jusqu'd I'eau de
surface sans aucun traitement préalable, via les affluents voisins ou les réseaux
d'égouts existants. Les établissements non industriels, classés ou non classés, qui
déversent leurs déchets et leurs eaux usées, sont surtout des petites entreprises telles
que des stations-services, des fermes, des garages, des stations de lavage et des
boucheries qui produisent des déchets et des eaux usées. Viennent s'ajouter a la liste
les carrieres (surtout les carrieres de sable) situées a proximité (G moins de 500 m) des
cours du Litani et de ses affluents, notamment en zone 2. De plus, les établissements de
récréation, consistant surtout de restaurants, se trouvent le long du fleuve, sur une
distance totale de 5,7 km, suivis des fermes. Les principaux flux de polluants provenant
des établissements de récréation sont constitués d'ordures et d'eaux usées
municipales ou domestiques. 145 empietements (dans une zone tampon de 10 métres
du cours du BIL) par plusieurs types d'établissements de récréation ont été enregistrés
dans 28 localités de sept districts, recouvrant 11% de la longueur du fleuve ou 9,5 km
au total.

- La pression de pollution provenant des 384 implantations sauvages abritant 2005
réfugiés, qui se situent dans le BIL, est considérée basse dans toutes les zones du secteur
d'étude.

- Les activités agricoles représentent une source de pollution principale non ponctuelle.
Elles sont l'une des activités économiques principales du BIL. Les principaux
composants du ruissellement agricole et des infiltrations d’eau sont les produits
chimiques agricoles (les engrais) et les pesticides non dégradables qui finissent dans
les cours d'eau a cause de surplus d'irigation ou de percolation profonde. Une
préoccupation principale est due a I'utilisation de pesticides, oU plusieurs pesticides
sont utilisés en quantités qui dépassent les dosages recommandés.

REPONSES ET MESURES D’ ATTENUATION POSSIBLES

36. Une approche axée sur les priorités est recommandée pour remédier aux sources de
pollution. La priorité de la pression de pollution peut étre déterminée en fonction de son
impact qui se fraduit dans la qualité de I'eau et des sédiments. Selon les documents
disponibles et les études examinées, les déchets solides et les eaux usées sont les sources
les plus préoccupantes, suivies des déchets industriels (moulins & huile d'olives, taille de

PREPARED BY ELARD XXXI



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI RIVER BASIN CDR

FINAL BUSINESS PLAN REPORT INTRODUCTION

pierre et lavage de sable) et de I'agriculture irriguée. Par conséquent, les mesures
d'atténuation considérées doivent étre soigneusement évaluées par secteur (déchets
solides, eaux usées, implantations sauvages, etc.) et par zone.

37. Les investissements dans I'infrastructure, alloués en vertu de la loi No. 63/2016, devraient
contribuer directement (eaux usées) et indirectement & I'amélioration des conditions
environnementales dans le cours inférieur du Litani. Les coUts des mesures proposées sont
résumés dans le Tableau 1 ci-dessous.

Tableau 1 - Coits des mesures proposées dans les zones

Secteur Cot total (en USD)
Déchets solides municipaux 24 204 250
Eaux usées municipales 34 341 000
Eaux usées industrielles 2 622 000
Amélioration de I'agriculture 2 570 000
Interventions intersectorielles et liées a la 12 300 000
gouvernance

Total (en USD) 76 037 250

LES DECHETS SOLIDES

38. Il est essentiel de s'intéresser au fonctionnement de fous les sites de décharge (en
considérant la zone 5 prioritaire) qui contribuent & I'altération des rives du Litani. D'ou
I'incitation & mettre en place et en ceuvre des initiatives et des alternatives réalistes et
adéquates pour la gestion des déchets. Heureusement, il existe déja des initiatives en
place ou en cours de construction pour la gestion des déchets solides dans les zones 1 &
5, mais I manque des décharges sanitaires supplémentaires. Dans le cadre du
programme SWAM | financé par I'UE (Programme de Gestion des Déchets Solides) et du
programme PROMARE (Protection et Développement Durable des Ressources Maritimes)
en cours, certains projets sont en cours, fandis que d'autres manquent de financement
aprés I'annulation des projets du SWAM Il (Tableau 2).

Tableau 2 - Projets prévus pour la gestion des déchets solides dans les zones 1 a 5

Source de

" Situation
financement

Zone Description du projet Montant estimé

Construction dune Projet en attente suite a

décharge sqm’rcure a Non disponible 2177 000 € Iannulation de SWAM II
Nabatiye
Construction d'une
3et installation de tri et de . . Projet en attente suite a
4 compostage pour Bent Non disponible 2135000 € I’annulation de SWAM I
Jbayl et Marjaayoun
Consfruction d'une Projet en attente suite a
décharge sanitaire pour Non disponible 2 471000 € , ! .
. I'annulation de SWAM I
Bent Jbayl et Marjaayoun
Rehabilitafion de la Projet en attente suite &
5 décharge dT?/rRos el Ain a Non disponible 4 424 000 € I'annulation de SWAM II
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Source de

. Montant estimé
financement

Zone Description du projet
Construction d'une
installation de tri et de
compostage a Sahel El

Zahrani

PROMARE (UE) Non disponible

Situation

Projet en cours d'étude

et de planification

39. Lesréponses supplémentaires proposées afin de gérer les pressions de pollution résultant
des déchets solides dans chagque zone du BIL sont présentées dans le Tableau 3.
Cependant, les déversements et I'évacuation directs des déchets dans le fleuve doivent
étre compléetement interdits par les forces de I'ordre en paralléle avec des activités de

sensibilisation au niveau local.

Tableau 3 - Réponses proposées pour la gestion des déchets solides dans les zones 1 a 5

Zone Réponse proposée
Exploitation et entretien du complexe de gestion des déchets
solides de Joub Jannine.

1 et | Cesserle déversement des déchets dans les décharges de Majdel
2 Balhis, Sohmor, Ain Et Tineh et Rihane Jezzine et transporter les
déchets & la nouvelle décharge sanitaire de Joub Jannine

Ou fermer les décharges mentionnées ci-dessus (déterrer, doubler,
recouvrir et fermer)

Construction d'une décharge sanitaire pour le district de Nabatiye
(capacité de 75 tonnes par jour) en complément de l'installation
de tri et de compostage de Kfour

Construction d'un complexe pour la gestion intégrée des déchets

solides pour Bent Jbayl et Marjaayoun, y compris une installation

de tri et de compostage (capacité de 250 tonnes par jour) et une
3 et décharge sanitaire (capacité de 100 tonnes par jour).

4 Cesser le déversement des déchets dans les décharges de
Yohmor (Nabatiye), Aadchit el Qoussair, Bani Haiyane, Kounine,
Deir Siriane, Houla et Rabb Et-Talatine et transporter les déchets
aux décharges sanitaires de Nabatiye ou Bent Jbayl/Marjaayoun
aprés leur mise en ceuvre

Ou fermer les décharges mentionnées ci-dessus (déterrer, doubler,
recouvrir et fermer)

Construction d'une décharge sanitaire dans le district de Tyr et
construction d'un nouveau complexe pour la gestion intégrée des
déchets solides pour Sahel El Zahrani, y compris une installation de

tri et de compostage (capacité de 150 tonnes par jour) et d'une
décharge sanitaire (capacité de 75 tonnes par jour).

Cesser le déversement des déchets dans les décharges de Borj
Rahhal, Bedias, Deir Qanoun En-Nahr, Maaroub, Hmairi, Sir El
5 Gharbiyeh et Srifa ; et transporter les déchets aux décharges
sanitaires de Ras El Ain ou Sahel El Zahrani apres leur mise en
oceuvre

Ou fermer les décharges mentionnées ci-dessus (déterrer, doubler,
recouvrir et fermer)

Séparation adéquate des déchets médicaux, afin de réduire le
volume de déchets infectieux ; Envoi des déchets infectieux
séparés au centre de stérilisation d’' Aabbassiyeh

Montant estimé

1,2 millions de Dollars
pour I'exploitation et
I'entretien annuels

71 500 $

34000 $

6,78 millions €

133 500 $

76 500 $

14,6 millions $

139 000 $

102 500 $
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40. Les principales pressions de pollution ont été identifiées en croisant la pression de la
population avec I'existence de sources d'approvisionnement en eau, que ce soit pour
I'eau potable, I'irrigation ou des fins récréatives. La priorité absolue en termes de réponse
est en effet celle des investissements dans I'infrastructure des eaux usées municipales
(Tableau 4).

Tableau 4 - Investissements Proposés dans I'Infrastructure des Systémes des Eaux Usées

Zone

Investissement en

Description du projet

Mener des études de faisabilité/conception et construire/exploiter le
systéme de traitement des eaux usées et les réseaux de collecte pour
la station Zilaya d'épuration des eaux usées et pour la zone de
service de Majdel Balhis

8 573 000

Evaluer I'étendue, I'état de fonctionnement et I'efficacité de
traitement des systémes de traitement des eaux usées de Rihane et
Aaychiyeh

Mettre en place des réseaux a Sejoud et les raccorder aux usines de
fraitement de Rihane et Aaychiyeh

Etudier la faisabilité de systémes de collecte et de traitement des
eaux usées pour les localités de Chbail, Mazraat Daraya et Qatrani

Mettre en place des réseaux dans les secteurs non desservis de
Jdaideh, Dibbine, Blat, Bouyada, Qlaiaa et Borj El Mlouk et les
raccorder a I'usine de Marjaayoun

Evaluer I'état de fonctionnement et I'efficacité de traitement de
I'usine de Kaoukaba et compléter la couverture du réseau a
Kaoukaba 16 013 000

Mener des études de faisabilité/conception et construire/exploiter le
systéme de traitement des eaux usées et les réseaux de collecte pour
Aaramta et Kfar Houneh qui seront desservis par le systéme Sarafand.
La localité de Zaoutar El Gharbiyeh dans la zone 3 peut éfre
desservie par le systéme Sarafand.

Mener des études de faisabilité/ conception et construire/exploiter le
systéme de traitement des eaux usées et les réseaux de collecte pour
Wadi El Jarmaq

Mener des études de faisabilité/ conception et construire/exploiter le
systéme de traitement des eaux usées et les réseaux de collecte pour
Srayri, afin de desservir Srayri, Dellafi, Bourghos et Qelaya dans la
zone 1

Mener des études de faisabilité/ conception et construire/exploiter le
systeme de fraitement des eaux usées et les réseaux de collecte pour
Roummane, Kfar Tibnit et Arnoun, dans le cadre du systéme de
traitement des eaux usées de Nabatiye

Evaluer la couverture, I'état de fonctionnement et I'efficacité de
traitement de I'usine Deir Mimas et évaluer I'élargissement du réseau

jusqu'a Kfar Kila, Houra et Mazraat Doumiat 1890 000

Etudier la faisabilité des réseaux de collecte & Zaoutar El Gharbiyeh
et Mazraat El Hamra et le raccord & I'usine de traitement qui existe &
Zaoutar Ech-Chargiyeh ou a I'usine de traitement de Sarafand.
Construire, exploiter et entretenir le systeme de fraitement et de
collecte des eaux usées a Zaoutar

capital (USD)
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Zone

Description du projet

Identifier les zones de service des systémes de traitement des eaux
usées de Wadi Slouki et Braigeaa

Mener des études de faisabilité/ conception et construire/exploiter le
systeme de fraitement des eaux usées et les réseaux de collecte pour
Maroun Er Ras, Aaytaroun, Blida, Kounine, Beit Yahoun, Mhaibib,
Chagra, Meiss Ej Jabal, Houla, Souaneh et Qalaouiyeh, ainsi que le
raccordement de ces villages a I'usine de traitement prévue &
Qaagaaiyet El Jisr

Mettre en place des réseaux de collecte des eaux usées & Tiri et
Aaynata et les raccorder d I'usine de traitement qui existe d Bent
Joayl

Compléter les réseaux de collecte des eaux usées a Soultaniyeh et
Jmaijmeh et les raccorder a I'usine de traitement qui existe & Tibnine

Elargir la couverture du réseau du systeme de traitement des eaux
usées de Tyr, en le raccordant aux secteurs restants de Maaroub, Borj
Rahhal, Ain Abou Abdallah, Deir Qanoun En-Nahr, Jennata, Bedias,
Arzoun et les nouvelles localités de Bestiyat, Derdaghaiya, Chehour,
Sir El Gharbiyeh, Kfar Dounine, Halloussiyeh, Tayr Falsay, Hmairi et Srifa

Mener des études de faisabilité/ conception et construire/exploiter le
systéme de traitement des eaux usées et les réseaux de collecte pour
le systéeme de traitement des eaux usées a Sarafand

Compléter les réseaux dans les deux localités de Zrariyeh et Kharayeb

Vérifier I'état du réseau a Kfar Sir et raccorder le réseau a I'usine de
traitement qui existe & Kfar Sir

Investissement en
capital (USD)

4 040 000

2 800 000

41. Quant aux eaux usées industrielles, les pressions sont saisonniéres, mais elles ont
cependant un grand impact sur la qualité d'eau du fleuve et, par conséquent, sur la vie
aquatique. La majorité des industries qui produisent des eaux usées dans le BIL produisent
a petite échelle et n'ont pas les moyens de traiter leurs eaux usées de maniere
individuelle, en raison de manque d'espace et de finances. La décision No. 8/1/2001 du
Ministere de I'Environnement définit les normes de déversement des eaux usées dans le
systeme d'égouts quxauelles les industries doivent se conformer. Afin d'y parvenir, les
industries doivent (pré-)traiter leurs effluents industriels pour réduire la charge polluante
jusqu'd un niveau acceptable. Les eaux usées peuvent par la suite étre traitées dans une
usine de traitement biologique. Le Tableau 5 présente les estimations des coUts de (pré-
Jiraitement des effluents provenant des industries prioritaires.

Tableau 5 - Estimations des coUts de (pré-)traitement des effluents provenant des industries

prioritaires
. Procédés par voie humide Coit de (pré- , COE” . Cout
Industries z ) . d’exploitation des
Zone s . (décharge des effluents d’'eaux  )traitement (en , X a
prioritaires usées) USD) et d’entretien etudes
(en USD) (en USD)
7one 1 n Moulin a hU|Ie.d olives (?), taille 400 000 90 000 57 000
de pierre (2)
Zone 2 1 Industrie laitiere (1) 60 000 9 000 5000
Zone 3 11 Moulin & huile d'olives (11) 520000 78 000 42000
Zone 4 9 Moulin a huile d'olives (7), taille 515000 77 250 41000
de pierre (1), industrie laitiere (1)
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. Procédés par voie humide Coit de (pré- , Coyt . cert
Industries p , . d’exploitation des
Zone . . (décharge des effluents d’'eaux  )raitement (en , . a
prioritaires usées) UsD) et d’entretien etudes
(en USD) (en USD)
Moulin & huile d'olives (9), taille
Zone 5 14 de pierre (4), industrie 805 000 120 750 72 000
chocolatiere (1)
Total 46 2 500 000 375 000 217 000

42.

43.

44.

Le Ministére de I'Environnement a mis en place le Projet LEPAP (Projet de Réduction de la
Pollution Environnementale au Liban) qui vise & aider les entreprises industrielles libanaises
a réduire la pollution et se conformer & la loi No. 444/2002 pour la protection de
I'environnement, en leur apportant une aide technique et des préts bonifiés, leur
permettant ainsi d'investir dans le traitement en aval et la prévention de la pollution.

Le projet LEPAP est une initiative commune entre le Ministére de I'Environnement, le
Ministére des Finances, la Banque du Liban, la Banque Mondiale et la Coopération
Italienne pour mettre en place un mécanisme permettant de financer la réduction de la
pollution industrielle dans les entreprises industrielles ciblées et de fournir I'aide technique
nécessaire pour garantir la réalisation et la durabilité de ces interventions.

En outre, d'autres secteurs dans le BIL sont également des sources de pression de pollution
sur le fleuve Litani. Le Tableau é présente un résumé de ces secteurs et des mesures
proposées pour minimiser ou éviter leurs effets polluants.

Tableau 6 - Réponses proposées pour les différents secteurs

Coit (en

Zone Réponses proposées UsD)

e Soutenir les établissements de santé en mettant en place des
systémes séparés pour la collecte des déchets et des eaux
usées et en limitant strictement le déversement de liquides
dangereux dans les égouts.

e Conseiller les établissements de santé sur les systémes de
prétraitement (le traitement primaire, secondaire et tertiaire,
la désinfection et la digestion anaérobie des boues) avant le
déversement dans le réseau municipal d'eaux usées.

e Les établissements de santé doivent faire en sorte que leur
gestion des déchets évite de maniére efficace le
déversement de grandes quantités de produits chimiques
toxiques, de produits pharmaceutiques, de radionucléides,
de substances cytotoxiques et d'antibiotiques dans les
égouts, en effectuant le traitement nécessaire

e Mettre en place un programme de contréle régulier des
effluents dans les établissements de santé (la température, le
pH, les matieres en suspension, la demande biochimique en
oxygene, la demande chimique en oxygene, les nitrates, le
phosphore total et la bactérie E. coli) pour vérifier la
conformité avec les normes de décharge en vigueur.

Santé 100 000

Etablissement

snon e Les autorités locales devraient contréler la conformité
industriels environnementale et surveiller les activités opérationnelles 250 000

classés et non des établissements

classés
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, 2 Coit (en
Zone Reponses proposees USD)

e Formation et développement des capacités pour les
fonctionnaires locaux et la police locale en matiére de
réglementation sur I'environnement.

e Evénements médiatiques axés sur le commerce et aide
technique ciblée, afin de sensibiliser le public sur I'nygiéne
publique simple et les mesures de conservation des
ressources.

e Application de la Iégislation pertinente, afin de s'assurer que
Carriéres les activités des carrieres ne causent aucun préjudice indu a -
des tiers et a I'écologie du fleuve.

e Clarification du domaine public du fleuve auprés de la
Direction Générale de I'Urbanisme, le Ministére de I'Energie
et de I'Eau et la LRA (Autorité du Fleuve Litani) et prévention
des fransgressions

e Application desregles des distances de recul, le cas
échéant, en demandant et ensuite imposant la démolition
des structures baties qui empietent sur le domaine public et
sur les cours du Litani et de ses affluents, notamment lorsque
ces structures altérent le régime d’écoulement du fleuve.

o Metire en place des lignes directrices et des parameétres

Etablissement opérationnels pour les établissements de récréation de
sde différentes tailles et activités, a suivre dans la gestion des 530000
récréation eaux usées et des déchets solides

Implantations

e Surveiller la mise en ceuvre de ces mesures par un procédé
de détention des décharges, dans le cadre duquel les
installations doivent engager des services de collecte de
déchets et d’eaux usées pour fransporter leurs déchets et
eaux usées aux installations de traitement les plus proches.
Les municipalités doivent tenir des registres et imposer la
conformité avec ce procédé .

e Mettre en ceuvre une politique stricte de non décharge de
déchets solides, de déchets sauvages et d’eaux usées dans
le fleuve, avec un systéme de sanctions.

e S'assurer que les décharges de déchets et d'eaux usées sont
correctement dirigées vers les systémes de collecte et de
fraitement officiels et existants.

e Les organismes humanitaires vérifient la conformité des
implantations sauvages avec les lois nationales et locales et -

sauvages coordonnent les efforts avec les autorités locales et les
organismes gouvernementaux pour éviter la charge de
nettoyage des déchets et la transgression sur les droits de
propriété.
LE SECTEUR AGRICOLE

45.

46.

L'analyse a montré que I'agriculture ne représente pas une pression importante sur la
pollution du fleuve dans le BIL. Cependant, une surutilisation de pesticides et d’engrais a
été constatée dans toutes les récoltes. Ainsi, les rejets agricoles contribuent
éventuellement a la pollution du fleuve et & la pollution des nappes phréatiques et du sol.

En siintéressant a la pollution résultant de I'agriculture, la qualité de I'eau de surface
s'‘améliorerait avec le temps, ce qui aurait des conséquences positives sur la qualité de
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I'eau d'irrigation. Les réponses proposées pour lutter contre la pollution résultant des
pratiques agricoles sont d'ordre général et s'appliquent & toutes les zones. Plusieurs
réponses peuvent étre mises en ceuvre pour limiter les pressions de pollution résultant de
l'agriculture. Elles comprennent,  titre d’'exemple, celles présentées dans le Tableau 7. La
réhabilitation écologique et des terrains (foréts ; p&turages ; carrieres ; décharges de
déchets ; terrains agricoles) permettrait de controler I'érosion des sols et le ruissellement
de surface, ce qui diminuerait indirectement la contamination des eaux de surface par
les ruissellements contaminés :

Tableau 7 - Quelques réponses proposées aux pressions de pollution résultant de I'agriculture

Réponse proposée Coot (en USD)
Elaboration de programmes d'études pour la gestion intégrée des 180 000
ravageurs (GIR) des récoltes de la région (y compris les

évaluations pertinentes :
les pratiques courantes,

Introduction de nouvelles variétés/cultivars qui résistent aux maladies et les ravageurs existants
aux pathogenes et leurs ennemis
naturels)

Familiarisation des agriculteurs avec les différentes techniques et les outils

utilisés pour la gestion intégrée des ravageurs (GIR) 80500

Etablir un systéeme de collecte et d'élimination pour les conteneurs vides
et les stocks périmés / non utilisés de pesticides : formation des 180 500
agriculteurs ; collecte des conteneurs utilisés ; et recyclage :

Etablir des lots de démonstration dans plusieurs régions & travers le BIL ; et
formation sur les Bonnes Prafiques Agricoles ; y compris la gestion 219 000
intégrée des ravageurs (GIR)

Promotion des produits cultivés en adoptant les techniques de gestion
intégrée des ravageurs et les bonnes pratiques agricoles

Formation sur les bonnes pratiques de manipulation, d'application et de

conservation des produits agrochimiques 22500

Rédalisation de tests réguliers des résidus de pesticides sur les produits

certifiés GIR (IPM), au cours de la saison de production 153 000

Estimation des charges de pollution en effectuant des échantillonnages

et des analyses de sol et d'eau d'irrigation 84000 + 99 500

Formation pratique sur la gestion de I'eau, I'hydrologie et la
programmation de I'eau et I'utilisation des données agro- 22 500
météorologiques

Identification des zones potentiellement sensibles, soit les zones
vulnérables aux nitrates, et mise en place de restrictions pour les fermes a
I'intérieur de ces zones quant a la quantité d'engrais azotés pouvant étre
utilisés

108 000

Estimation des changements dans I' ufilisation et la couverture des sols
entre deux cartes de base ou images satellites (ex: 2005 et 2020) ; de la 69 000
productivité primaire nette ; et du carbone organique dans le sol

Evaluation écologique multi-saisonniere basée sur I'échantillonage
tactique (quadrats et transectes du centre et des bords) sur une période 35000
allant jusqu’'a 3 ans

Relevés topographiaues des carrieres et études techniques afin de
déterminer les exigences de réhabilitation des carrieres en utilisant les
déchets de construction et de démolition ainsi que les études d'impact
environnemental liées

575000
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47. En plus des mesures ci-dessus, la mise en place d'un programme performant pour
I'enregistrement des pesticides par le Ministére de I'Agriculture aiderait & contréler la
distribution et I'utilisation de pesticides.

MESURES INTERSECTORIELLES ET DE GOUVERNANCE

48. Le Tableau 8 présente les mesures intersectorielles et de gouvernance proposées pour le
BIL, en fonction des entités responsables, du budget estimé et des activités actuelles et

futures.

Tableau 8 - Mesures intersectorielles et de gouvernance proposées

Description de la mesure
proposée

Renforcement des
procédures de gouvernance
et d'imposition des
dispositions des lois, de sorte a
garantir la mise en ceuvre
efficace des mesures
techniques.

Systémisation et normalisation
de la gestion des données,
afin de bien mesurer,
documenter et comprendre
comment et ouU les mesures
d’atténuation entrainent des
améliorations.

Mise en place d'une salle ou
d'un systéme communs unifiés
pour les données concernant
toutes les pressions de
pollution dans le bassin

Amélioration de la gestion de
I'administration publique et de
la coordination inter-agences,
afin de réaliser les mesures
proposées en développant
les capacités.

Systeémes de surveillance
physiques et chimiques pour
une base de référence pour
la qualité de I'eau, I'équilibre
de I'eau et I'écologie du
fleuve

Plan directeur pour le BIL et
mise en place/mise a jour
d'un zonage territorial qui
déterminera les limites du
fleuve et des affluents, ainsi
que I'utilisation autorisée des
terres (toutes les activités

Entité responsable
(entité de
coordination)

La LRA et les Cours
de Justice (toutes
les parties
prenantes)

La LRA (foutes les
parties prenantes)

Conseil des
Ministres (toutes les
parties prenantes)

La LRA (Ministere
de I'Energie et de
I'Eau et Ministere
de
I'Environnement)

La Direction
Générale de
I'Urbanisme
(autorités locales,
LRA et ministeres
de tutelle)

Budget estimé

2000 000 $

2000000 $

2000000 $

1 000 000 $

5000000 $

Activités actuelles et futures

Mise en ceuvre d'une
feuille de route pourle
cours supérieur du Litani

Procureurs spécialisés en
causes relatives a
I'environnement

Police de I'environnement

Formation de la police
municipale

Aucune

Aucune

Aucune

Plan directeur pour le cours
supérieur du Litani
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Entité responsable
(entité de Budget estimé  Activités actuelles et futures
coordination)

Description de la mesure
proposée

économiques) qui peuvent
garantir I'intégrité du cours du
fleuve (distances de recul) et
la protection contre
I'empietement
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1.
1.1

49.

50.

51.

52.

INTRODUCTION
CONTEXT AND GOAL OF THE CONSULTANCY

Earth Link and Advanced Resources Development s.a.l. (ELARD) signed a contract with
the Council for Development and Reconstruction (CDR) to provide consultancy services
for the preparation of a Business Plan for Combating Pollution in the Lower Litani River Basin
(LLB), Lebanon.

In the year 2016, the Parliament adopted Law No. 63 on budgeting provisions for the
execution of pollution-curbing projects — and their associated expropriations —in the Litani
River basin from its source to mouth. The execution of these projects serves to implement
the roadmap for combating sources of pollution of the Litani River, from its source to Lake
Qaraaoun, and which resulted from the preparation of the Business Plan for Combating
of the Upper Litani River Basin and the Qaraaoun Lake in 2010-2011. The Business Plan for
Combating Pollution in the Lower Litani River Basin complements the 2011 study.

The aim of this consultancy is o provide technical support for effective desk and field data
collection and analysis, and stakeholder engagement, leading to the design and
preparation of a Business Plan for Combating Pollution of the Lower Litani River Basin.

The Consultant shall assist the Government of Lebanon, represented by the Council for
Development and Reconstruction and the Ministry of Environment, in identifying the
pollution sources in the Lower Litani River Basin — and recommending well-fitted solutions
in the form of this Business Plan that will serve as a tool for informed decision making.

1.2 OBJECTIVES AND STRUCTURE OF THE BUSINESS PLAN REPORT

53.

This Business Plan Report:

describes background information on the Study Area from the administrative,
geographical, geological and hydrogeological, and hydrological perspectives;

presents the complete findings from the desktop and field data collection on the
pollution pressures and sources in the Lower Litani Basin Study Area in the form of tables
and maps;

diagnoses identified pressures and pollution sources based on thorough analyses of
collected data and analysis of the overall quality of the River water;

outlines the existing institutional/administrative, legal, and financial enabling
environment, along with the current and prospective initiatives towards pollution
abatement;

presents sector-specific responses tailored to the identified pressures in the Study Area
while presenting the existing and planned projects, which are proposed to be
complemented by the suggested measures; and

gives a roadmap for the prioritized and staged implementation of the proposed
measures to be used as a decision-making tool.
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54. Appendices are included in this Business Plan Report for further elaboration on the
methodologies and background data used to arrive at the analyses in all sections of this
document, and comprise:

- Geological and water resources map of the Lower Litani Basin Study;

- Municipal, Farmers’, and Agricultural Input Suppliers’” Questionnaires;

- Socio-economic and Environmental Profiles of Study Zones;

- Operating Industrial & Classified Establishments in the Study Area;

- Types, Application Rates, and Assessment of Pesticide and Fertilizer Use in Study Areaq;

- Methodology for Analysis of the Data in the Database of Past River Water and
Sediment Analysis Results + Summary of Data Analysis;

- Confirmatory and Complementary Sampling Plan and Analysis of Results;
- Legal Mandates and Roles of Different Public and Private Stakeholders;
- Sources of National and Donor Funding;

- Cost Calculations.
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2. LLB STUDY AREA CHARACTERISTICS

55. This section presents a description of the Lower Litani River Basin (LLB) in terms of its
administrative, geographic, geologic-hydrogeological and hydrological characteristics,
in addition to the annexures added to the LLB, and the LLB Study Zones, all making up the
LLB Study Areaq.

2.1 ADMINISTRATIVE EXTENT

56. The Litani River, which is the largest and the longest river in Lebanon, rises from the Olleiq
vilage, 10 km southwest of the city of Baalbeck, and flows 170 km in a south-western
direction, passing through the Bekaa valley and the Qaraaoun Reservoir before it reaches
the Mediterranean Sea in the area of Qasmiyeh in Tyre (Sour).

57. The Lower Litani Basin (LLB) extends over an area of 637.20 km2, extending from the
Qaraaoun Lake Dam wall to the River mouth, is distributed among the four Governorates
of Mount Lebanon, Bekaa, Nabatiye and South Lebanon, and comprises: 10 Districts (or
Cazas): Chouf (at Niha Mountain); West Bekaa; Rachaiya; Hasbaiya; Marjaayoun;
Nabatiye; Bent Joayl; Jezzine; Saida; and Tyre. A total of 99 municipalities and 7 mokhtars
in villages without municipalities have jurisdiction over the 132 localities or villages within
the Study Area. Most villages within the LLB have municipdlities that are grouped info
Unions:

- Union of Municipalities of Niha

Higher Chouf:

- Union of Municipalities of the
(Qaraaoun) Lake (El
Bouhayra):

Ain Ef Tineh, Aaytanit, Baaloul, Libbaya, Loussia, Machghara,
Maydoun, Qaraaoun, Qelaya, Sohmor, Yohmor, Zilaya

Kaoukaba Bou Aarab, Kfar Michki (incl. Nabi Safa), Majdel
Balhis, Rachaiya

Mhaiydseh, Rafid

- Union of Municipalities of
Jabal El-Sheikh:

- Union of Municipalities of
Qalaaet El-Istiklal:

- Union of Municipalities of
Jabal El-Rihane:

Aaramta, Aaychiyeh (incl. Mahmoudiyeh, Mazraat
Ouazaaiyeh, Mazraat Zighrine), Jarmaq (incl. Demachgiyeh,
Mazraat El Aargoub, Mazraat Tamra), Rihane (incl. Mazraat
Khallet Khazen, Mazraat Louzid (Louayziyeh), Mazraat Qrouh,
Ouardiyeh), Sejoud

- Union of Municipalities of Al-
Hasbani:

Bourghos, Dellafi, Hasbaiya, Kaoukaba, Mimess

- Union of Municipalities of
Jabal Aamel:

Aadaysseh, Aadchit (Qoussair), Bani Haiyane, Blida, Borj
Qalaouiyeh, Deir Siriane, Ghandouriyeh, Houla, Majdel Selm,
Markaba, Meiss Ej Jabal, Qabrikha, Qantara, Rabb Et Talatine,
Souaneh, Talloussa, Taybeh, Touline

- Union of Municipalities of El- Jmaijmeh, Kfar Dounine, Qalaouiyeh, Safad El Battikh,

Qalaa:

Union of Municipalities of El-
Chaqif:

Union of Municipalities of Bent
Joayl:

Soultaniyeh

Aali Ef Taher, Arnoun, Braigeaa, Zaoutar Ech Chargiyeh (incl.
Mazraart El Hamra); Kfar Roummane, Kfar Sir, Kfar Tibnit,
Qaaqgaaiyet Ej Jisr, Qsaibeh, Sir El Gharbiyeh, Yohmor, Zaoutar
El Gharbiyeh

Aaytaroun, Aaynata, Baraachit, Beit Yahoun, Bent Jbayl,
Chaqgra, Kounine, Maroun Er Ras, Tiri
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- Union of Municipalities of Niha
Higher Chouf:
- Union of Municipalities of Tyre Aabbassiyeh, Ain Abou Abdallah, Arzoun, Bedias, Borj Rahhal,
(Sour) Caza: Chehour, Deir Qanoun En-Nahr, Derdaghaiya, Halloussiyeh,

Hmairi Sour, Jennata, Maaroub, Srifa (incl. Marnaba, Mazraat
Tayr Semhat and Niha), Tayr Falsay & Touyari

58. The LLB Study Area was extended beyond the borders of the watershed area to include
the full cadastral extent of villages, in order to emphasize the role of municipalities in
regulating the sources of pollution in their areas of jurisdiction. The administrative and
cadastral extents of the LLB Study Area are presented in Figure 2-1 and Figure 2-2. The LLB
Study Area has a surface area of 791.56 kmz2.
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Figure 2-1. Administrative Map of the Lower Litani River Basin
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Figure 2-2. Unions of Municipalities within the Lower Litani River Basin
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2.2 PHyYsicAL GEOGRAPHY

59. The Lower Litani River is the central and southern extent of the Litani River starting at the
Qaraaoun Dam and reaching the Mediterranean Sea at Qassmiyeh. The damming of the
Litani River at Qaraaoun in 1959, led to the creation of the Qaraaoun Reservoir and
interruption of the River's flow in its natural course south of the dam. Hence the River course
beyond Qaraaoun dam is largely dry during the dry months, and is fed by fributaries and
springs in the wet months of the year. Unlike the Upper Litani River, the Lower Litani River
passes through steep valleys in the West Bekaa, Jezzine, Hasbaiya and Marjaayoun
districts. As it flows past the Nabatiye and Marjaayoun districts, the terrain becomes flatter,
and the River course is almost at sea level in the Tyre and Saida districts. The terrain through
which the Lower Litani River meanders is shown in Figure 2-3.
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Figure 2-3. The Lower Litani River Basin in 3-D
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23

60.

61.

62.

LOWER LITANI RIVER BASIN & SuB-WATERSHEDS

The Lower Litani River Basin (LLB) was delineated on the basis of the surface watershed
boundary of the Litani River, using 10 m contour lines for elevation and a Digital Elevation
Model (DEM). The watershed area was further divided into 11 sub-watersheds containing
one or more fributaries, based on different physical and administrative criteria, as shown
in Figure 2-4.

The LLB receives water from various tributaries along its path. Each of the fributaries has its
own drainage basin which was also delineated based on the topography and the use of
a Digital Elevation Model (DEM). Tributaries' drainage basins were considered to form the
boundaries of the sub-watersheds of the LLB. The sub-watersheds, their respective surface
areas, and the fributaries draining each sub-watershed, are presented in Table 2-1 below.
The total area drained by the Lower Litani River until it reaches the Mediterranean Sea at
Qasmiyeh is 637.20 km?2.

Itis to be noted that the terms basin, watershed, catchment, and drainage areas are used
inferchangeably throughout this document and refer to “an area surrounded by a
continuous ridge within which all runoff is expected to join in a single stream™!.

! Wilson, W.E & Moore, J.E. (ed.). 1998. “Glossary of Hydrology"”. American Geological Institute, Virginia,

USA.
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Figure 2-4. The Lower Litani River Basin, Sub-watersheds, Tributaries and Streams
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Table 2-1. LLB Sub-Watersheds and their Respective Surface Areas and Tributaries

Sub-watershed Sub-watershed Surface area Tributary name draining the Sub-watershed
(km?) (*)
1 62.63 Maabour, Mecheq
2 20.93 Joatb
3 71.55 Aassaf, Markabe, Moussa, Mazraa, Bougaa
4 84.89 Qotn, Haour, 'Sofsofe,’Hor.f QI Khanazh,
Soubaigh, Aaziz, Hidiane
5 34.88 Zaghrfne
6 74.75 Jall ed Dekhene, Maaigel, Aouainal
7 29.05 Braik
8 122.45 Khanoua, Slouki, Aaliga, Jamal, Nahle, Nhair
9 27.85 Qalssiya, Jaouz
10 47.59 Chemali, Ngaai, Arzoun, Hamra
11 60.63 Azahi, Hour, Tabel

* Names of tributaries exfracted from the Lebanese Army topographic maps of scale 1:20,000

63. At the northern and eastern limits of LLB, the surface watershed area boundary was
extended further north, east and south to overlap with the area extent of the Eocene e2b
geological Formation and aquifer where the e2b boundary falls outside the surface
watershed, as shown in Figure 2-5. This is because groundwater in the e2b aquifer flows
toward southeast on its western side and toward southwest in its eastern side because of
its synclinal structure even when outside the surface watershed.

Figure 2-5. Google Earth Satellite Image showing Southern Eocene Bekaa Basin (4) in yellow shading
and the Lower Litani River Hydrogeological Study Area Limit outlined in white
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64.

65.

For the remainder of the LLB, the surface water divide mostly coincides with groundwater
basin boundaries except for Naqgoura-Sarafand Cretaceous Basin (19a) where
groundwater flows towards southwest (Figure 2-6). This implies that the area up-gradient
from where the Litani River cuts across Basin 19a extends mostly northeast and beyond the
surface water divide between the Litani River and Abou Assouad River, which forms the
adjacent watershed north of the Litani. However, groundwater in this portion of Basin 192a
flows southwest and drains from the springs of Rachidiyeh and Tyre (Sour) rather than info
the Litani River itself. This is supported by the fact that no significant springs are reported
along the stretch of the Litani crossing Basin 19a between Ghandouriyeh in the east and
Qasmiyeh Sea Mouth in the west; any small springs located on the right bank of the River
are very likely to have small catchment areas falling within the surface watershed of the
River. The Litani River is a losing stream across this section of its watershed whereby river
water is recharging groundwater rather than the opposite as supported by historical river
flow data, that are laid out in Section 2.4.3.

The total area of the Lower Litani River Basin, along with its extended areas, due to
hydrogeological influences, measures 637.20 km?2.

Figure 2-4. Google Earth Satellite Image showing Basin 19a in green shading, the Lower Litani River

Hydrogeological Study Area boundary outlined in white, and three gauging stations along Litani River

(Ghandouriyeh, Tayr falsay, and Qasmiyeh S.M))

The final surface area of the LLB Study Area, taking into consideration surface hydrology,
hydrogeological infleunces, and administrative boundaries, is 791.56 km?2.
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2.4 HYDROLOGY

66. This sub-section presents a brief highlight of the hydrology of the Lower Litani River and its
watershed, based on a desk review of past hydrological studies and data collected
during previous studies undertaken by ELARD related to the Litani River.

2.4.1 Water Inputs

2.4.1.1 Physical Data of the Watershed

67. The hypsometric curves of the LLB as well as of the different sub-watersheds were
determined and illustrated in Figure 2-7. The highest point of the watershed is at around
1,800 masl in Machghara at the boundary of Niha (Chouf). Peaks that are above 1,400
masl, where snow constitutes a noteworthy water equivalent that contributes to the total
precipitation volume (Aouad-Rizk et al., 2005; UNDP, 2014), cover no more than 1.2% of
the total LLB area. These peaks are contained in a single sub-watershed (SW-02), which
has 24% of its surface area peaking above 1,400 masl. Snow is thus not a significant source
of water in the LLB.

1800
1600
1400

1200

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% SOZ) ‘SSS‘V 60% 65% 70% 75% 80% 85% 90% 95% 100%
umulafive BPercenf of Surface

SWS-4 SWS-5

SWS-3

e e |[-WS SWS-1 SWS-2

Figure 2-7. Hypsometry of the LLB and the 11 Sub-Watersheds
2.4.1.2 Tributaries

68. Lower Litani River receives flow from several small tributaries flowing from both sides of the
main river course at several locations, as listed in Table 2-1 and shown in Figure 2-4.. The
maijor fributary contributing to the Lower Litani is the Wadi Slouki/Wadi El Qalaouani
tributary. Originating from Marjaayoun and Bent Jbayl and flowing in the north direction
along the administrative border of these two districts. The Wadi Slouki tributary collects the
Wadi Qalaouani tributary at Ghandouriyeh (Bent Jbayl) and continues north fo join the
main river course at Qaaqaaiyet Ej Jisr.
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2.4.1.3 Springs

69.

70.

71.

Addifional flow is added to the Lower Litani River from about 150 springs discharging either
directly into its watercourse or through a drainage stream. Ain ez Zarqa is the spring with
the largest known discharge capacity in the Lower Litani Basin. It is noteworthy however
that Ain ez Zarga water is diverted from the river watercourse to supply water to nearby
vilages and to join the water flowing out of the Markaba / Abed el Aal Hydropower Plant
and into the Jezzine Tunnel. Water from the Markaba / Abed El Aal Hydropower Plant is
received from the Qaraaoun Reservoir through the Markaba Tunnel. Water in the Jezzine
Tunnel is thus essentially water from the Qaraaoun Reservoir combined with water from
Ain ez Zarqga. Jezzine Tunnel channels this flow fo Anan Reservoir and the Awali
Hydropower Plant.

During low river flow seasons, and when the flow to the Qassmiyeh/Ras El Ain Irrigation
Scheme is reduced, the Litani River Authority opens a valve at the Jezzine Tunnel bypass
(806 m downstream of Ain ez Zarga) to let a controlled volume of water from the
Qaraaoun Reservoir and Ain ez Zarga flow from the Jezzine Tunnel and into the Litani River
course.

South of Ain ez Zarga there are around 130 springs feeding into the Lower Litani River, most
of which are seasonal, and dry up during the summer months.

2.4.2 River Flow Regime

72.

73.

74.

1.

The temporal patterns of high and low flows are referred to collectively as a river's flow
regime. The flow regime plays a key role in regulating geomorphic processes that shape
river channels and floodplains, ecological processes that govern aquatic life, and is a
major determinant of the biodiversity found in river ecosystems. River classification
provides the foundation for comparing the hydrologic regimes of rivers and development
of hydro-ecological relationships to inform environmental flow management and river
restoration.

There are flow components that characterize the flow regime and factors that impact it.
The characterizing flow components are as follows:

1. Magnitude: the total amount of flow at any given time

2. Frequency: how often flow exceeds or is below a given magnitude

3. Duration: how long flow exceeds or is below a given magnitude

4. Predictability: regularity of occurrence of different flow events

5. Rate of change or flashiness: how quickly flow changes from one magnitude to
another

The flow-impacting factors are as follows:

Precipitation:

75. The amount and type of rainfall will affect a river’'s discharge. When precipitation
comprises snow, infiltration and sublimatfion count more than surface runoff and the
alimentation of the river is made progressively, except for when there is a sudden rise
in temperature. When precipitation only comprises rain, which is the case of the LLB
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that does not peak to high alfitudes, the surface runoff is more abundant and will
overflow onto land and reach the rivers. Floods may occur when the rain is heavy.
Antecedent rainfall which is rain that has already happened in the same season, can
make the earth become saturated so further rain will then flow as surface run-off
tfowards the river. Heavy continual rain, or melting snow, means more water flowing
into the river.

2. Land Use/Cover:

76.

Trees and plants intercept and stop some of the rain from reaching the ground.
Deforestation means less interception, so rain reaches the ground faster. The ground
is likely to become saturated and surface run-off will increase. Bare soil and rocks
speed up run off and reduces time lag. In urban areas, surfaces like roads are
impermeable, where water cannot soak info the ground. Instead, it runs info drains,
gathers speed and joins rainwater from other drains, eventually spilling into the river.
In rural areas, ploughing up and down (instead of across) hillsides creates channels
which allow rainwater to reach rivers faster increasing discharge.

3. Weather Conditions:

77.

Temperature affects the form of precipitation. If it is very cold, which occurs at high
altitudes, precipitation will form as snow. Hot dry weather can bake the soil, so that
when it rains the water cannot soak in. Instead, it will run off the surface, straight into
the river. High temperatures increase evaporation rates from water surfaces, and
franspiration from plants, thus reducing discharge. Long periods of extreme cold
weather can lead to frozen ground, so that water cannot soak in.

4. Slopes:

78.

79.

Steep slopes cause rapid surface runoff so water will reach the rivers quickly. Flat and
gently sloping land may lead to water sinking into the soil. Steep slopes mean that
rainwater is likely to run straight over the surface before it can infiltrate. On more
gentle slopes infiltration is more likely.

While water surface profiles are influenced by the channel slope, flow profiles are also
classified by the water surface slope. When the flow is uniform and steady these slopes
are the same. Since critical and normal depths vary with flow, the slope classification
is a function of change slopes classifications between mild, steep and critical slopes
as streamflow changes.

5. Soil type:

80.

81.

Impermeable rocks are more closely packed and thus will not allow water to sink info
the ground so it will speed up the runoff so that water reaches the river more quickly.
Permeable soil, on the contrary, allow infiltration of waterinto the bedrock and absorb
water easily which slows delivery of water into surface drainages and surface runoff
is rare.

Pervious rocks (like limestone) allow water to pass through joints, and porous rocks
(similar fo chalk) have spaces between the rock particles. At watershed level, deep,
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84.

permeable soils watersheds will be able to absorb more precipitation than
watersheds with thin, impermeable soils, and will thus tend to have less flashy floods
of lower magnitude and longer duration.

6. Human intervention:

82. Dams and reservoirs are the biggest human interventions in river regimes. By holding
back the discharge they reduce the downstream flow of water. Even though natural
flow regimes can be somewhat variable between nearby watersheds, rivers in regions
with similar climate, geology, and topography tend to have similar flow regimes. For
example, rivers draining high mountains, such as the Mount Lebanon Western Slope
Rivers, tend to have relatively infrequent, high magnitude, long duration, and
predictable flood events that have a slow rate of change. In contrast, rivers in arid
regions are often characterized by high magnitude, short durafion floods of low
predictability and high flashiness such as the streams in the Northern Beqaa.

83. Although general patterns in flow regime can be determined from watershed
characteristics, yearly variation in precipitation patterns means that many years of
flow monitoring will be required to fully characterize the flow regime of individual
rivers.

Based on the different cited factors influencing the flow regime, that of the Lower Litani
River will be studied to the extent possible.

2.4.2.1 Precipitation

85.

86.

87.

Lebanon exhibits a tfemperate climate with heavy rain in the winter season, and dry and
hot conditions during the rest of the year which is a typical pattern for the western shores
of the Mediterranean. Nevertheless, these conditions vary along the country due to ifs
topography (FORWARD, 2003). Accordingly, the Litani River catchment area, due to its
spatial extent, has abundant water resources, a variety of microclimates, and different
hydrologic characteristics. This is related to the diverse physical setting of the region,
mainly the collection bowl formed by the Beqaa depression between the two chains of
Mount Lebanon and the Anfi-Lebanon Mountains (IDRC, 2007), in addition to the influence
of the Syrian Desert to the North. This depression receives a considerable amount of the
captured water directly from precipitation (rainfall and snow) on the mountain chains,
mainly between December and February.

A substantial portion of the Litani River and its tributaries’ freshwater sources, mainly in the
upper catchment area, are stored temporarily in the form of snow. The upper part of the
River and the springs flowing in the Beqaa are fed by snowmelt from the surrounding
mountain chains. The Beqaa is characterised by the accumulation of a considerable
amount of snow on the mountain peaks; above altitudes of 1,400 m, snowfall exceeds 60
days/year and is retained for several months. On the contrary, in the lower part, snow
conftribution is practically negligible.

Rainfall, Snow Water Equivalent, fotal Precipitation, Surface Runoff, direct
Evapotranspiration and Infiltration estimation for four consecutive water cycles within the
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Litani and the Lower Litani River Catchment are summarised in Table 2-2 as reported in the
UNDP 2014 study.

Table 2-2. Hydrological Parameters for Four Water Cycles

Litani River Lower Litani River
Area (Km?) 2,090 608
2008- 2009- 2010- 2011- 2008- 2009- 2010- 2011-

Year 2009 2010 2011 2012 2009 2010 2011 2012
Rainfall 606 666 549 815 730 737 635 958
Snow 132 137 105 118 2 4 2 3
Precipitation 738 804 653 933 732 740 637 961
Runoff E 132 231 142 219 128 232 168 249
Real
Evapotranspira 160 154 153 147 156 134 129 120
tion
Infiltration 446 418 358 567 448 375 340 592
Rainfall 1,266 1,392 1,146 1,702 444 448 386 582
Snow 275 287 219 247 1 2 1 2
Precipitation 2,279 2483 2019 2882 445 450 387 584
Runoff ;E 275 483 297 458 78 141 102 151
Real
Evapotranspira 335 323 321 307 95 81 79 73
tion
Infiltration 932 874 748 1184 272 228 206 360
Infiltration Rate = % 60 52 55 61 61 51 53 62

2.4.2.2 Land Use/Cover

88. The Land Cover/Use in the Lower Litani River Watershed is shown in Table 2-3.

89. Most of the watershed is covered by dense and clear natural wooded land (47%). Around
9% is covered by field crops in medium to large fields and around 8% by olive trees.

PREPARED BY ELARD 17



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI RIVER BASIN CDR

FINAL BUSINESS PLAN REPORT LLB StuDY AREA CHARACTERISTICS

Table 2-3. Land Use/Cover of the Lower Litani Catchment Area

Type Area (m? & % of watershed)

Rock outcrop 114,396,740 17.95%
Citrus fruit trees 10,847,761 1.70%
Fruit trees 7,744,487 1.22%
Dense broadleaved wooded land 143,710 0.02%
Dense mixed wooded land 79,827 0.01%
Banana 7,345,708 1.15%
Port basin 45,812 0.01%
Field crops in medium to large fields 57,775,657 9.07%
Field crops in small fields/terraces 13,856,527 217%
Urban extension and/or construction site 469,073 0.07%
Clear broadleaved wooded land 38,099,029 5.98%
Dense oak forest 12,909,104 2.03%
Dense coniferous wooded land 979,245 0.15%
Sparse coniferous wooded land 6,575,203 1.03%
Clear mixed wooded land 8,733,445 1.37%
Dense mixed forest 6,335,393 0.99%
Large structures 324,495 0.05%
Large sports or leisure structures 72,097 0.01%
Hill Lake 144,989 0.02%
Urban sprawl on open field crop 15,431,545 2.42%
Urban sprawl on sparse forest 238,016 0.04%
Urban sprawl on field crops 12,164,341 1.91%
Urban sprawl on scrubland 613,305 0.10%
Olives 49,682,169 7.80%
Beaches 373,225 0.06%
Bare rocks 7,371,562 1.16%
Archaeological site 10,561 0.00%
Under shelter 1,709,116 0.27%
Abandoned farmland 6,964,520 1.09%
Vacant urban land 31,236 0.00%
Dense urban fabric 452,426 0.07%
Informal urban fabric moderately dense 173,422 0.03%
Low density informal urban fabric 37,360 0.01%
Moderately dense urban fabric 17,294,665 2.71%
Low density urban fabric 11,051,130 1.73%
Tree vegetation 5,077,967 0.80%
Scrubland with some dispersed bigger trees 218,664,416 34.32%
Vineyards 2,510,901 0.39%
Industrial or commercial zone 472,888 0.07%
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Type Area (m? & % of watershed)
Grand Total 637,203,071 100.00%

2.4.2.3 Weather Conditions

90. Average air temperature varies considerably in the Lower Litani Watershed from coastal
part to mountainous and internal zones.

91. Monthly average temperature levels recorded between 2004 and 2011 at the stations
operated by the Lebanese Meteorological Department in different locations in the
watershed are summarized in Table 2-4 and illustrated in Figure 2-8.

Table 2-4. Monthly Average Temperatures Recorded at Different Locations in the Watershed

Qaraaoun Jezzine Sour Qassmieh Saida
Jan 414 °C 4.81°C 9.06 °C 12.34 °C 12.25°C
Feb 5.27°C 5.09 °C 9.49°C 13.71 °C 12.48 °C
Mar 7.73°C 7.46°C 10.75 °C 14.39 °C 14.29 °C
Apr 10.31°C 10.58 °C 13.01°C 16.43 °C 16.41°C
May 13.32°C 13.44 °C 15.65 °C 20.39 °C 19.10 °C
Jun 17.23 °C 17.07 °C 19.32 °C 24 .46 °C 22.32°C
Jul 19.32°C 19.24 °C 22.66 °C 27.15°C 25.03 °C
Aug 19.54 °C 19.92 °C 23.55°C 27.26 °C 2593 °C
Sept 17.53 °C 17.30 °C 21.66 °C 25.92 °C 2523 °C
Oct 14.43 °C 15.16 °C 18.12°C 21.49 °C 21.45°C
Nov 8.70 °C 10.31°C 12.63 °C 16.32 °C 16.86 °C
Dec 542°C 6.57 °C 10.41 °C 13.38 °C 14.10 °C
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Figure 2-8. Monthly Average Temperatures Recorded at Different Locations in the Watershed
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2.4.2.4 Slope

92. Slopes are divided into types ranging from type 1 (0 to 12% or 0° to 7°) to type 5 (more
than 50% or 45°) as detailed in Table 2-5.

Table 2-5. Types of Slopes

Type Percentage Range Degrees Range
1 0-12% 0-7°

2 13-20% 7-12°

3 21-35% 12-20°

4 36-50% 20-45°

5 >50% >45°

2.4.2.4.1 Main Litani River Course

93. The average slope of the main watercourse is around 1% along the 86.8 km of its total
length varying from 0% to 70% in some short and specific parts as illustrated in Figure 2-9
and detailed in Figure 2-10.
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Figure 2-9. Profile of the Lower Litani Main River Course
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Figure 2-10. Lower Litani Main River Course Slopes

94. The section going from the coordinates (35.66639; 33.49986; 698.69) till (35.66640; 33.49952;
674.87) at the border of Yohmor and Machghara, along 40 m presents the steepest slope
of the Lower Litani River, reaching around 70% (Type 5) as detailed in Table 2-6 and Figure
2-11.

Table 2-6. Type 5 Slope Segment of the Lower Litani

Point Slope Long Lat z
773 53.08% 35.66639 33.49986 698.69
774 59.45% 35.66639 33.49978 693.1
775 69.83% 35.66640 33.49969 686.52
776 68.85% 35.66640 33.49961 680.04
777 54.95% 35.66640 33.49952 674.87

Figure 2-11. Location of Type5 Slope Segment of the Lower Litani
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95. Another section is infercepted between two sections located between the coordinates
(35.66637; 33.50028; 717.36) and (35.66636; 33.49929; 662.38), of length of around 40 m
presenting less steep slope with an average of 40% as detailed in Figure 2-7 and Figure
2-12.

Table 2-7. Type 4 Slope Segments of the Lower Litani

Point Slope Long Lat z
768 45.19% 35.66637 33.50028 717.36
769 37.13% 35.66637 33.50020 714.21
770 42.12% 35.66638 33.50011 710.63
771 40.97% 35.66638 33.50003 707.16
772 46.71% 35.66638 33.49994 703.2
778 49.63% 35.66641 33.49944 670.2
779 45.72% 35.66641 33.49935 665.9
780 37.40% 35.66636 33.49929 662.38

Figure 2-12. Location of Type 4 Slope Segment of the Lower Litani
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96. Six other sections varying from 20 to 30 m of length located between Machghara and
Sohmor, between Yohmor and Loussa, between Srayri and Bourghos, between Aaychiyeh
and Bouayda and between Mazraat Ouazaiye and Bouayda in addition to a strip
between Yohmor and Deir Mimas, as shown in Table 2-8 present slope of Type 3. Nine other
sections varying from 30 to 70 m present slope of Type 2 as detailed in Table 2-9.

97. The remaining parts of the river flow at gentle slopes from the first type of less than 12%.

Table 2-8. Type 3 slope segments of the Lower Litani

Point Slope Long Lat z
703 24.37% 35.67150 33.50281 753.63
704 26.42% 35.67140 33.50281 751.16
705 26.21% 35.67130 33.50281 748.72
706 23.41% 35.67120 33.50280 746.53
1044 23.38% 35.66138 33.48271 603.95
1045 22.87% 35.66148 33.48269 601.79
1046 21.00% 35.66156 33.48264 599.81
1970 29.55% 35.63087 33.42527 490.29
1971 31.11% 35.63081 33.42519 487.18
1972 29.81% 35.63076 33.42512 484.2
1973 24.35% 35.63070 33.42505 481.76

3000 24.29% 35.57412 33.38261 333.4

3001 20.17% 35.57402 33.38261 331.6

3002 20.17% 35.57392 33.38261 329.81

3029 25.42% 35.57127 33.38234 322.08

3030 26.91% 35.57118 33.38233 319.49

3031 24.71% 35.57108 33.38232 317.12
4342 25.23% 35.53083 33.29696 220.03
4343 26.13% 35.53074 33.29691 217.76
4344 27.74% 35.53066 33.29686 215.35
4345 20.64% 35.53058 33.29681 213.55

Table 2-9. Type 2 slope segments of the Lower Litani

Point Slope Long Lat 4
762 12.34% 35.66636 33.50078 730.87
763 12.10% 35.66635 33.50070 729.69
764 19.29% 35.66636 33.50062 727.82
765 12.13% 35.66636 33.50053 726.64
1024 19.75% 35.66000 33.48385 625.17
1025 18.73% 35.66007 33.48379 623.62
1026 16.86% 35.66015 33.48373 622.23
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Point
1027
1059
1060
1061

1062
1063
1134
1135
1136
1137
1938
1939
1940
1941

1956
1957
1958
1959
2814
2815
2816
2817
2818
3105
3106
3107
3108
3109
3110
3111

3112
6577
6578
6579
6580

Slope

13.08%
12.85%
13.57%
15.58%
15.71%
12.38%
13.08%
14.43%
16.87%
14.93%
13.95%
19.55%
18.51%
13.54%
14.99%
19.55%
19.75%
16.94%
12.44%
17.25%
18.16%
18.04%
15.12%
12.15%
12.34%
13.97%
16.68%
15.67%
15.81%
16.39%
13.59%
13.64%
16.97%
15.58%
17.36%

Long
35.66022
35.66261
35.66271
35.66281
35.66291
35.66301
35.66431
35.66439
35.66448
35.66456
35.63103
35.63096
35.63089
35.630%90
35.63105
35.63106
35.63106
35.63106
35.59070
35.59060
35.59050
35.59041
35.59031
35.56453
35.56450
35.56448
35.56445
35.56440
35.56434
35.56427
35.56420
35.37473
35.37466
35.37457
35.37447

Lat
33.48368
33.48199
33.48198
33.48197
33.48195
33.48194
33.47787
33.47783
33.47778
33.47774
33.42782
33.42776
33.42769
33.42761
33.42639
33.42630
33.42622
33.42614
33.38148
33.38147
33.38146
33.38145
33.38144
33.38061
33.38052
33.38044
33.38036
33.38029
33.38023
33.38017
33.38011
33.30510
33.30504
33.30503
33.30504

621.16
596.83
595.49
593.95
592.41
591.19
576.53
575.13
573.49
572.3
513.45
511.71
510.06
508.86
504.2
502.36
500.5
498.9
388.94
387.23
385.43
383.64
382.15
305.89
304.74
303.44
301.89
300.43
298.95
297.41
296.13
64.22
62.71
61.31
59.76
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2.4.2.42 Wadi Slouki/Wadi El Qalaouani Tributary Watercourse

LLB StuDY AREA CHARACTERISTICS

98. Wadi Slouki/Wadi El Qalaouani tributary are at around 1.7% of homogeneous slope over
the 35 km of combined length (25.7 km for Wadi Slouki and 9.3 for Wadi El Qalaouani) as

illustrated in Figure 2-13.

Figure 2-13. Profile of the Wadi Slouki/Wadi El Qalaouani Tributary Watercourse

2.4.2.5 Soil Type

99. The soil types prevalent in the Lower Litani River Watershed are detailed in Table 2-10.

100. More than 60% of the watershed soil is made of three soil types:

¢ Anthropic Regosols which can be used for capital-intensive irrigated farming but the
most common land use is low volume grazing. Regosols in mountain areas are best left

under forest.

¢ Humi-Eutric Cambisols which are developed in medium and fine-textured materials
derived from a wide range of rocks, mostly in alluvial, colluvial and aeolian deposits,
can make good agricultural land and are intensively used. Cambisols in temperate

climates are among the most productive soils on earth.

e Lithic Leptosols which are very shallow soils over hard rock or highly calcareous material
or a deeper soil that is extremely gravelly and/or stony. Leptosols are unattractive soils
for rainfed agriculture because of their inability to hold water, but may sometimes have
potential for free crops or extensive grazing. Leptosols are best kept under forest.

Table 2-10. Soil Types of the Lower Litani Basin

Soil Type

Lake
Hypereutric Vertisols
Calcaric Cambisols

Calcaro-Mollic Leptosols

Codes

Lake
VReuh
CMca

LPmo-ca

Depth (cm)

60-150
54-150
20-35

% of

Watershed

Area
0.00%
0.01%
0.04%
0.04%
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Soil Type

Hypocalcaric Fluvisols and Haplic Vertisols
Eutric Fluvisols and Eutric Vertisols
Rhodic Vertisols

Luvic Calcisols

Andic Cambisols

Cliffs

Eutric Luvisols

Hyperskeletic Leptosols

Vertic Cambisols

Calcaric Fluvisols

Calcaric Luvisols

Haplic Luvisols and Leptic Luvisols
Hypercalcaric Fluvisols and Hypereutric Vertisols
Haplic Fluvisols

Rendzic Leptosols

Haplic Calcisols

Eutric Fluvisols

Lithic Leptosols, Leptic Luvisols and Eutric Luvisols
Leptic Andosols

Calcaric Regosols and Rendzic Leptosols
Eutric Regosols

Eutric Gleysols

Calcaro-Hortic Anthrosols

Areno-Eutric Leptosols

Leptic Luvisols

Eutric Arenosols

Calcaric Leptosols

Calcaric Regosols

Lithic Leptosols

Humi-Eutric Cambisols

Anthropic Regosols

Grand Total

Codes

FLcaw/VRha
FLeu/VReu
VRro

CLIv

CMan
Cliffs

LVeu

LPhk

CMvr

FlLca

LVca
LVha/LVle
FLcah/VReuh
FLha

LPrz

CLha

FLeu
LPIi/LVIe/LVeu
ANle
RGcalLPrz
RGeu
GlLeu
ATht-ca
LPeu-ar
LVie

AReu

LPca
RGca

LPli
CMeu-hu
RGah

Depth (cm)

70-130
42-180
90-150
130-150
65-100

60-140
0-65
40-150
65-150
120-160
20-120
60-150
25-100
0-65
30-150
60-180
0-140
0-45
0-190
30-150
80-150
38-120
0-50
20-40
60-150
0-45
30-190
0-30
60-100
50-100

% of

Watershed

Area
0.05%
0.06%
0.08%
0.10%
0.15%
0.16%
0.17%
0.19%
0.20%
0.20%
0.22%
0.36%
0.37%
0.52%
0.67%
0.86%
0.95%
0.99%
1.07%
1.32%
1.33%
1.69%
1.92%
3.31%
4.18%
4.40%
5.17%
6.45%
16.17%
19.78%

26.81%
100.00%

2.4.2.6 Human Intervention

101. Besides the Qaraaoun Dam, there are currently two small dams along the Lower Litani

River and a further two dams are planned for construction.
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2.4.2.6.1 Qaraaoun Dam and Reservoir

102.

103.

Hydrologically, the Qaraaoun Lake has shown to be a dynamic system, as it receives
major input from the Litani River and a minor inflow from underlying groundwater along
extended faults and fractures in the Qaraaoun basin. Oxygen-18 and deuterium isotopes
were used to investigate the interrelation between lake water and underlying
groundwater. These two isotopes coupled with geochemical parameters have been used
to determine the percentage of recharge and its areal extent, which is limited to the
proximity of the dam in a southeast direction. As a result, Qaraaoun Lake was classified as
monomictic with summer stratification. Nitrate enrichment in the bottom cold and dense
lake water is a result of the strafification process in the summer season. Piezometers
located far from the dam showed a gradual decrease in lake water seepage content
(Saad et al., 2009).

The Qaraaoun Dam characteristics are summarised in Table 2-11 (FORWARD, 2003;
MENBO 2007, and Saad et al., 2005).

Table 2-11. Qaraaoun Lake and Dam Characteristics

Designation Value
Total length 1,090 meters
Height (from ground level) 62 meters
Altitude water level surface 858 meters
Maximum volume of the Lake 420 Mm?
Useful volume of the Lake 220 Mm?
Water used in irrigation and hydropower 160 Mm?
Area 12.3 km?
Width at top 6 meters
Width at bottom 162 meters
Concrete mask area 50,000 m2

2.4.2.6.2 Ainezlarga

104.

Downstream of the Abed El Aal Hydropower Plant, and at the discharge point of Ain ez
Zarga, a dam was built (see Figure 2-14) to divert Ain ez Zarga water info the Jezzine
Tunnel, and to be distributed as drinking and service water to nearby villages. The
presence of this dam prevents Ain ez Zarga water to flow into the Lower Litani river course.
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Figure 2-14. Dam at Ain ez Zarqa

2.4.2.6.3 LRA projects (Hydro-electrical Plants and Tunnels)

105.

106.

107.

108.

109.

Some of the water stored in the Qaraaoun Reservoir is channeled through a series of
tunnels to generate hydropower at three plants: Markaba / Abed El Aal Plant, Awali or
Paul Argash Plant and Joun or Charles Helou Plant.

Water is conveyed from the Qaraaoun Reservoir through the Markaba Tunnel, which
extends 6,400 m underground along the right river bank. The tunnel has a maximum
capacity of 22 m3/sec. Water is used to generate power at the Abed El Aal Plant which
has an overall power supply capacity of 34 MW.

On exit from the Abed ElI Aal Statfion turbines, water from the Qaraaoun Reservoir is
conveyed through the Jezzine or Awali Tunnel, where it is joined with the water from Ain
ez Zarga. The 17-km tunnel crosses under Jabal Niha, and receives an annual average of
1 m3/sec of water infilirating from the tunnel ceiling. The water is collected in the Anan
Lake which has a capacity ranging from 150,000 to 170,000 m3, and then flows in a 400 m
waterfall to the Awali Station to generate 108 MW of power.

Water discharged by the turbines of the Awali Plant, in addition to water flowing from Bisri
River are collected in the Awali Pond which has a capacity of 300,000 m3. Water is then
conveyed from the Awali Pond through the 6,800 m Joun Tunnel to the Bisri or Charles
Helou Plant that has an overall power capacity of 48 MW,

The hydroelectric plants are connected to the national power fransmission grid.
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Figure 2-15. Qaraaoun Reservoir Water Diversion through Tunnels for Hydroelectric Power Generation

Source: LRA, 2013

2.42.6.4 LRA Irrigation (Qassmieh-Ras El Ain)

110.The Qassmieh/Ras El Ain (QRA) is an open channel irrigation scheme working on demand.

111.

It has been executed and operated since 1942. The irrigation network starts at Zrariyeh
where there is a small dam, called the Main Dam, that diverts the river water into a 9 km
main distribution channel called Qassmieh Channel that splits info two branches at the
coastal junction. The northern system, which is 25 km in length, serves the coastal
agricultural areas in Saida. The southern system, 9 km in length, serves the Tyre coastal
agricultural areas. Nowadays the Qassmieh/Ras El Ain operates under the control of the
LRA. The maximum discharge capacity of the irrigation scheme is 4.5 m3/sec.

In the post-war period, the scheme was rehabilitated in 1999. The rehabilitation plan led
to an improvement in the water delivery performance through the addition of a new
regulation system. Furthermore, the irrigation consumption module was found to decrease
about 45% with the rehabilitation plan, compared with situation in the pre-rehabilitation
period.
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Figure 2-16. Qasmieh-Ras El Ain Irrigation Scheme (Left) starting at the Main Dam in Zrariyeh (Right)
Source: LRA, 2012

2.4.2.6.5 Canal 900

112.The current scheme with 2,000 ha irrigated area is the first phase development of the 8,600
ha lands to be serviced by the C%00 irrigation scheme on the left bank of the Litani River.
Conceived in the early 70s, the Canal 900 became operational only in 2000. It provides
only irrigation water. It is sited af 900m altitude and has 18 km of length (the first part). A
main pumping station feeds the canal by 30 Milion m3 of water from the Qaraaoun
Reservoir as well as four wells giving 75 Million m3. Secondary pumps send water to large
reservoirs situated at a higher level. Water is distributed to farmers in underground
pressurized canals with 3.5-4 kg/cm?2 of pressure. Most of the agricultural ownerships
serviced by the scheme are less than 2 ha.
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Figure 2-17. Canal 900 Irrigation Scheme
Source: LRA, 2012

2.4.2.6.6 Taybeh Pumping Stafion and Water Treatment Plant

113.

114.

Water from the Litani River is pumped via the Taybeh Pumping Station, which is located
within the cadastral area of the village of Taybeh (33.295556, 35.526111) at an elevation
of approximately 203 meters, to the Taybeh WTP, located at an altitude of 704 masl. The
pumping capacity of the Taybeh pumping statfion is 18,000 m3/day, however, the
capacity is rarely reached due to technical challenges with the pumps and the high
suspended solids content of the infake water where the pumping is stopped to avoid
damaging the pumps. The pumping station intake is estimated at 520 m3/h.

The Taybeh Water Treatment Plant was first built in 1962, and later expanded. It receives
water from the Litani River through the Taybeh Pumping Station and from the Wazzani
Spring. There are two treatment systems currently operational in the WTP — old and new.
The total freatment capacity is 25,000 m3/day. The WTP serves the following villages: Deir
Mimas, Deir Siriane, Kfar Kila, Taybeh, Qousseir, Adchit, Aimane, Qantara, Bani Haiyane,
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Qabrikha, Tamirieh, Touline, El Souwanet, Majdal Silm, Khirbet Selm, Kfar Dounine,
Chehabiyeh, Jouaiya, Markaba, Talloussa, and Chaqgra.

Figure 2-18. Litani River Water Intake at the Taybeh Pumping Station during Normal (top) and Turbid
Flows (bottom)

2.4.2.6.7 Recreational Activities

115. Recreational uses of the Lower Litani River include resthouses and restaurants along the
river shores at Ain ez Zarga, Qaagaaiyet Ej Jisr, Khardali Bridge, Wadi El Hujeir, Chehour,
Tayr Falsay, and the coastal area from Zrariyeh towards Qassmieh. Resthouse and
restaurant operators tend to create small ponds within or on the river banks to encourage
swimming and water dipping, and there are some water sport activities such as kayaking
along some stretches. These activities are seasonal at best, however many of the
structures along the river banks are in public lands infringing on the river domain.
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Figure 2-19. Recreational Activities along the Lower Litani River

2.4.2.6.8 KhardaliDam

116. A dam was proposed at Khardali Bridge area, at the boundary of Marjaayoun and
Nabatiye districts, in the middle of the Lower Litani River Basin, at the foot of Beaufort
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Castle, at an elevation varying from 180 to 233 m above sea level. The road connecting
Nabatiye to Marjaayoun passes on the north bank of the area.

117. A single or multiple dam system s still under study. The system is infended to store a
minimum volume of water of 80 Mm3 with a minimum height of 70 m. The dam system aims
at generating hydro power and securing water for domestic, drinking and irrigation needs.
The purpose from water storage is to fulfil the need for supplying irrigation water to
Nabatiye district and Jezzine western slopes area between the levels of 100 and 650 masl,
and complementing the supply from Canal 800 for the purpose of increasing available
irigated cropland. It also aims at meeting increased regional potable water demand and
generation of energy for pumping water to irrigated lands to be served.

118.The prospective flooded area will thus vary according to the chosen location from 200 ha
to 300 ha with a water level varying from 200 to 300 masl covering parts of Kfar Tibnit,
Arnoun, Blat, Deir Mimas and Qlaiaa administrative boundaries as shown in Figure 2-20.

Figure 2-20. Schematic Localization of the Kharadli Dam Study Area and the Irrigation Master Plan Area

2.4.2.6.9 Kfar Sir/Choumariyeh Dam

119. Adam was proposed at Choumariyeh area, located under and north of the Choumariyeh
hill, approximately 23 km to the northeast of the city of Tyre and south of Nabatiye, at an
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elevation of 110 masl. The project area is located in the South Litani River Basin, after the
turn of the Litani River towards the Mediterranean Sea. The Choumariyeh Dam lies
downstream of Qaraaoun and prospective Khardali dames.

120. The Choumariyeh Dam is still under study. It is infended to store a total volume of around
28 Mm?® and the area expected to be inundated is approximately 130 ha.

121.The proposed location for the dam axis, lies approximately 4 km to the east of Marnaba,
2 km to the southwest of Zaoutar Ech Chargiyeh and 1 km northeast of Aalmane. A
schematic showing the location of the project area is provided in Figure 2-21.

Figure 2-21. Schematic Localization of the Choumariyeh Dam and Irrigation Areas

2.42.6.10 Canal 800

122. Canal 800 area was militarily occupied until 2000. In 2001, the LRA launched a call for
proposals for the design of the Canal and in 2006 a call for proposal for the execution of
construction works was floated. Execution started in 2012.

123.This project is constituted of a main canal of 51 km in length and 56 km of secondary
canals for distribution. It allows the irrigation of the region situated between the Litani River
course and the south Lebanese border covering 1500 ha. The total cost of the C800
scheme is estimated at US$ 217M. The quantity of water transmitted by this project is 120
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Mm3 of which 90 MCM will be for irrigation. This project’s construction is expected to take
5years. A 6 MW hydropower plant is also a component of the C800 project.

Figure 2-22. Canal 800 Layout

2.4.3 Litani River Discharges

124.

125.

126.

The Litani River, which is the Iargest and the longest river in Lebanon has an estimated
annual discharge rate of 770 Mm3 (FORWARD, 2003 and AUB, 2008) of which 75% are
discharged in winter. However, this discharge is not constant and varies with precipitation
levels (Comair, 1998 as cited in Amery, 2000).

In fact, measurements of water discharge along the Litani River show large fluctuations
over time, with a variance of about 2 m3/s (Abd el Al, 1953). This fluctuation is attributed
to the temperature change that affects the snowmelt (IDRC, 2007). The highest discharge
values are recorded during February and March (MENBQO, 2007). These variations have led
to different discharge values in various references. Some studies reported an annual
discharge of about 700 Mm3, while others estimate it to be 360 Mm3/year (MENBO, 2007;
IDRC, 2007). Other studies consider that the total running water in the Litani River reaches
964 Mm3 (UNDP, 1970) and that its annual average flow is 9.34 m3/s with an average
annual discharge estimated at 920 Mm3 (Saad et al., 2006). The average discharge in El
Mansoura and Qaraaoun stations are 295 and 411 Mm3 respectively (IDRC, 2007).

A flow data summary is provided in Figure 2-12 for the Lower Litani River at the gauging
stations of Ghandouriyeh, Tayr Falsay, and Qassmieh Sea Mouth with Ghandouriyeh being
the most upstream station. River flow decreases between Ghandouriyeh and Qassmieh
even when comparing winter months when no withdrawals from the river for irrigation
purposes are expected.
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127. Historical river flow data show that the gauging station of Ghandouriyeh, which is af the
upstream side of this Litani section historically has a larger flow even during winter months
than the downstream gauging stafions of Tayr Falsay and Qassmieh. This suggests loss of
water along the river course.

Table 2-12. Summarized Litani River flow data at three Gauging Stations of Ghandouriyeh, Tayr Falsay,
and Qassmieh Sea Mouth

Average Yearly Discharge Average Yearly Discharge

. . . .
el s/ elilives (el before the Year 1975 (Mm3/y) after the Year 1990 (Mm?3/y)

Ghandouriyeh / 115 427.1 261.6
Tayr Falsay / 40 NA? 233.7
Qassmieh Sea Mouth / 3 418.0 216.4
Nofes:

1 Meter above sea level
2 Not Available

Source: LRA, 2018

128.1n addition, public wells data from wells close to the river suggest that piezometric
groundwater levels in the Cenomanian-Turonian Sannine-Maameltein karstic Limestone
aquifer (C4-C5) crossed by the river in this section are lower than the elevation of the river;
this also suggests that river water would be lost in favor of groundwater.

129.Last but not least, the Cenomanian Aquifer outcropping along this section of the Litani
has been reportedly identified and known since the UNDP 1970 study (and updated in the
UNDP 2014 study) as being part of the catchment basin feeding Al Ain and Rachidiyeh
springs in Sour (Basin 19a — Naqgoura-Sarafand Cretaceous Basin); this also supports the
same statement that the Litani River is recharging the Cenomanian-Maameltein C4-C5
aquifer in its lower section.

130.Based on data provided by LRA, purged and used in the UNDP (2014) study, yearly
average discharges of the River in different gauging stafions from year 1998 till 2013 are
reported in Table 2-13. Monthly averages for the same period are reported in Table 2-14
and their relative hydrographs are illustrated in Figure 2-24.
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Table 2-13. Annual Average Flows from 1998 till 2013 at different Gauging Stations on the Lower Litani River

Station
vour Joub Jannine Ainsiiiizrqa Qelaya Khardali Gh:r\:gﬂiriye Qassmieh El Zghir = glparii:;ne VY_IaJ‘}L:ErI'
MCM
1998-1999 73.19 47.54
1999-2000 102.03 90.46
2000-2001 85.91 38.93 84.56 77.64 62.38 1.47
2001-2002 139.96 56.16 166.57 160.39 178.67 1.70
2002-2003 645.90 79.21 792.75 1090.24 991.55 3.83
2003-2004 318.35 113.29 243.12 261.20 271.38 6.31 2.35
2004-2005 307.64 66.78 52.51 162.95 182.60 208.42 4.88 1.46
2005-2006 193.25 37.15 147.60 166.68 157.14
2006-2007 159.29 37.39 125.15 147.36 111.32
2007-2008 130.44 34.74 113.77 125.22 104.37
2008-2009 180.68 71.18 159.61 192.84 146.00
2009-2010 204.20 238.93 330.04 190.46 217
2010-2011 213.11 226.65 224.21 174.47 2.26 1.24
2011-2012 301.73 98.89 33.82 333.38 359.34 354.41 2.96 3.50
2012-2013 300.01 98.53 64.77 256.95 255.79 216.32 1.87 5.56

Source: LRA, 2018
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Table 2-14. Monthly Average Flows from 1998 till 2013 at different Gauging Stations on the Lower Litani River

Al Joub Jannine Ainst:;iﬁzrqa Qelaya Khardali Wadi Ghandoriye Qassmieh El Zghir EISMpariigzne VY_IaJ‘}L:ErI'

Month mi/s

Jan AW 11.94 3.26 1.80 8.62 9.22 11.80 0.17 0.08 0.02
Feb AW 23.07 4.25 3.34 19.90 2213 23.88 0.57 0.19 0.07
Mar AW 19.00 3.67 4.43 20.44 20.66 23.21 0.64 0.17 0.33
Apr AW 13.41 3.15 2.37 10.76 11.12 14.36 0.44 0.07 0.31
May AW 5.02 2.41 1.10 5.56 9.49 5.37 0.21 0.06 0.12
Jun AW 1.85 2.10 1.16 3.74 4.01 1.68 0.04 0.05 0.03
Jul AW 0.43 1.75 1.16 3.41 4.10 0.57 0.00 0.05 0.02
Aug AW 0.19 1.52 1.55 3.65 4.28 0.44 0.00 0.05 0.01
Sept AW 0.35 1.41 1.48 3.52 3.53 0.38 0.01 0.04 0.00
Oct AW 1.02 1.38 1.22 3.07 3.14 0.58 0.00 0.04 0.00
Nov AW 2.74 1.50 0.69 2.92 2.90 2.06 0.03 0.04 0.00
Dec AW 7.35 2.37 0.97 4.66 5.16 5.93 0.03 0.05 0.00

Source: LRA, 2018
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Figure 2-23. Hydrographs of Daily Flows from 1998 till 2013 at different Gauging Stations on the Lower

Litani River
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Figure 2-24. Hydrographs of Average Monthly Flows from 1998 till 2013 at different Gauging Stations on
the Lower Litani River
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Table 2-15. Distribution of the Gauging Results measured from 1998 till 2013 at different Gauging Stations on the Lower Litani River

LLB StuDY AREA CHARACTERISTICS

Station Joub Jannine
s s
GBS
sl e
s s
e
oo
BT o
Total 100%

Ain ez Zarga
Spring

0.14%

0.27%

99.18%

0.27%

0.14%

100%

Qelaya

0.08%

17.86%

22.43%

59.16%

0.39%

0.08%

100%

Khardali

45.15%

0.48%

45.15%

8.19%

1.02%

100%

Wadi Ghandoriye

43.41%

0.00%

0.21%

0.79%

43.41%

9.13%

3.05%

100%

Qassmieh

11.29%

7.65%

17.53%

5.18%

39.15%

16.73%

2.47%

100%

El Zghir

NDDA

NDDA

NDDA

NDDA

NDDA

NDDA

NDDA

El Maidane

Spring

NDDA

NDDA

NDDA

NDDA

NDDA

NDDA

NDDA

Hujeir

NDDA

NDDA

NDDA

NDDA

NDDA

NDDA

NDDA

Wadi El-

NDDA: No Daily Data Available

Source: LRA, 2018
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131. Water of the Litani River is used for irrigation and power generation. A total of 420
Mms3/year is used to generate 600 kWh in the Litani River's three hydroelectric power
plants: Markaba, Awali, and Joun. The largest single withdrawal from the Litani is the
diversion of 236 Mm3 annually through the Markaba tunnel to the Awali River for
hydroelectric generation to supply Beirut and other coastal areas.

132. Regarding irrigation, Canal 900 is designed to deliver 30 Mm3 per year. The main pump
delivering water from Lake Qaraaoun to the south end of Canal 900 delivers water at an
average flow of 4.5 m3/s. Then, three pump stations deliver water to regulating reservoirs
that subsequently service laterals af rates ranging from 0.17 to 0.89 m3/s. Water from the
laterals irrigates adjacent cropland totalling approximately 2,000 ha. Although not
currently operational, the total delivery capacity of water from the five wells at the north
end of the Canal is 0.275 m3/s. Water is delivered from May to September. The Canal is dry
for the remaining seven months of the year (BAMAS 2005 - Canal 00 Algae Control Testing
& Validation).

133. During the dry season, 30 Mm3/year of wateris channelled from the Jezzine or Awali Tunnel
to help meet the needs of the Qassmieh irrigation project (Amery, 2000).
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2.5

134.

135.

136.

GEOLOGY AND HYDROGEOLOGY

As explained in the sub-sections above, the LLB Study Area was defined based on the
surface watershed of the Litani River where it coincides with the groundwater divide or
based on the latter where it falls outside the surface watershed but with groundwater flow
tfoward and intfo the Litani River watershed. The Cenomanian-Turonian aquifer
outcropping along the lower and western portion of the Litani River close to the sea is an
exception; hence, only the portfion falling inside the surface catchment was considered
despite extending up-gradient and down gradient outside the surface water catchment.
This is because groundwater originating from the areas upstream and outside the surface
watershed is considered to be flowing deeper than the Litani River where aquifer rocks
are crossed by the Litani River. Accordingly, the Litani River is considered to be a losing
stream whereby its water recharges the Sannine-Maameltein aquifer and not vice versa
whereas groundwater is known to flow southwest until it drains from the main springs of
Rachidiyeh and Tyre as well as in submarine springs in that area.

The geological maps of Lebanon (scale 1:50,000) by Dubertret (1955) and UNDP (2014)
were used as basis to derive the geological and hydrogeological maps for this study
presented at a scale of 1:100,000. The original maps were upgraded and digifized using
GIS. The maps referred to in this section are provided in Appendix A at a scale of 1:100,000.

Lithostratigraphy is discussed below as part of hydrostratigraphy given the latter's direct
relevance to the objectives of the study. Structural geology is also discussed in the context
of its influence on groundwater flow. Springs and public wells are described and listed in
Table 2-17 and Table 2-18.

2.5.1 Hydrostratigraphy and Groundwater Flow Directions

Jurassic Kesrouane Aguifer

137.

The oldest rocks’ outcropping in the watershed area are the Jurassic rocks, starting with
the Middle Jurassic rocks of the Kesrouane Formation, then Bhannes Formation, leading
to the Bikfaya Formation and finally Salima Formation (Figure 2-25). The Kesrouane
Formation (J4) has a thickness of 1,500 m and is considered an important karstic aquifer
albeit with limited extent in the Study Area. Groundwater flows in preferential conduits and
along fractures. This karstic aquifer occupies the southern portion of the Barouk-Niha
range. It has high infiliration rates in recharge areas and steep recession graphs at the exit
points or springs where present. This karstic aquifer has high fransmissivity values
approximately ranging between 103 and 0.45 m2/s (UNDP, 1970). The main springs fed by
this aquifer are Ain ed Daiaa (39 I/s2) and potentially Ain Abou Zeid (35 I/s3), which issues
from the Cretaceous aquifer but suspected of also being fed from the Kesrouane aquifer
across the Yammouneh Fault (Table 2-17).

2 Average Minimum Discharge

3 Average Minimum Discharge
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Table 2-16. Hydrostratigraphic Units in the LLB Study Area

Formation /
Deposits / Age
(Dubertiret
Alphanumeric
Code)

Period Age

Quaternary

Quaternary Deposits

Upper
Miocene

Neogene (mcg)

Middle
Miocene (mL)

Pliocene

Pliocene Basalts (BP)

Tertiary
Upper Eocene
Formation
(e2b)

Lower Eocene
Formation
(e2q)

Paleogene

Paleocene
(Pa)

Chekka
Formation
(Cé)

Senonian

Maameltain
Formation
(CH)

Turonian

Sannine
Formation
(C4)

Cenomanian

Cretaceous Hammana

Formation
(C3)

Albian

Mdairej
Formation
(C2b)

Aptian

Barremian Abeih (C2a)

Chouf
Formation
(C1-BC1)

Valanginian/
Hauterivian

Thickness

Lithology (m)

Alluvial deposits
(gravel, sand, silt
and clay)

0-50

Sand and

Few meters
conglomerates

Limestone and

Few meters
marls

Basalts and

Few meters
agglomerates

Nummulitic
Limestone -
Cherty limestone

Up to 850

Marl limestone

and chalky marls o

White chalks,
marly chalks with
phosphate and
chert nodules
and bands

Up to 350

Massive to thin
bedded white-
gray limestone
and marly
limestone

Up to 300

Pale gray,
fractures fine and
thick bedded
limestone and
marly limestone
with geodes and
chert

600

Brown-green
marl, marly
limestone, and
localized basalts

150

Massive pale
Limestone, highly 60
jointed

Brown yellowish
limestone, marl,
and sandstone

100

Highly ferruginous
red to white

sandstone,
. . 150
with localized

volcanics RCI,
marls and lignites

Hydrogeological
Characterization

Semi-Aquifer

Quaternary deposits and
Miocene conglomerates
are considered to act as
one main porous aquiferous
system; however patchy
and of limited thickness fo
be of any significance in
Lower Litani area.

Aquiclude

Aquifer with transmissivity
ranging from 0.3x103 to 0.3
m2/s

Aquiclude

The e2a, Pa, and Cé
formations act as an
aquiclude in study area
and a confining unit for the
underlying Sannine-
Maameltein aquifer

Excellent karstic aquifer with
transmissivity ranging from
2.3x103 to 0.8 m2/s

Aquiclude

Yields limited quantities for
private use

May vyield very limited
quantities for private use

Semi-aquifer with
fransmissivity ranging from

3x104 1o 102 m2/s
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Formation /
Deposits / Age . "
Period Age (Dubertret Lithology Thlc(rI;r;ess gﬁi:%%?::i:g;g:
Alphanumeric
Code)
. Oolitic limestone
Salima

Jurassic Tithonian with marls and 35 Aquiclude

Formation (J7) shales

Pale massive
Bikfaya micritic limestone

Jurassic Kimmeridjian Formation (Jé) = with basalt and 50-90 Semi-Aquifer
fuff
Basalts and
volcanic tuff,
. . Bhannes . - .
Jurassic Oxfordian - yellowish oolitic 20-50 Aquiclude
Femmetien (s limestone, and
dark brown marl.
. . Massive grey Excellent karstic aquifer with
q Pliensbachian Kesrouane . B .
Jurassic to Callovian Formation (J4) limestone and 1,500 fransmissivity ranging from
dolomite 103 to 0.45 m2/s

Sannine-Maameltein Aquifer

138. Another major karstic aquifer is the Upper Cretaceous aquifer, the Cenomanian-Turonian

139.

aged (C4-C5) Sannine-Maameltein aquifer. It is around 900 m in thickness and it is
observed in four (4) main areas in the LLB Study Area: Machghara, Nabi Sejod-Jarmagqg,
Deir Mimas - Markaba, and along the Litani River gorge between Marnaba-Kfar Sir and
Jour En Nakhl along the shore.

Among the four areas where the aquifer is exposed at the surface, the Jarmaq area is
where the two springs of El Maidane (58.51/s) and El Aabbara (10.9 I/s) emerge while being
fed from the Cenomanian-Turonian rocks extending northeast (Table 2-17).

140. Similarly fo the Jurassic aquifer, the Sannine-Maameltein aquifer has high infiliration rates

141

in recharge areas and steep recession graphs at the exit points or springs when present.
This is also noticed in the high transmissivity rates and ranging between 2.3x103 and 0.8
mZ2/s (UNDP, 1970).

. Groundwater flow in the Sannine-Maameltein aquifer is summarized as follows:
e Machghara: groundwater flow is toward southwest.

¢ Nabi Sejod-Jarmag: groundwater flow is foward southwest where it drains from El
Maidane and El Aabbara springs.

e Deir Mimas — Markaba: groundwater flow is toward northwest.

e Litani River gorge between Marnaba-Kfar Sir and Jour En Nakhl: groundwater flow is
toward southwest.
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Eocene Aquifer

142. The Tertiary period has one maijor karstic aquifer in the Study Areaq, the 850 m thick Eocene
karstic aquifer (e2b). The Eocene, which includes two main units with the e2b aquifer
being the top most one is found in three major zones in the Study Area: the first one starts
north of Majdel Balhis in the northernmost portion of the Study Area and extends toward
the southwest until Dibbine; the second one is found between Arnoun-Yohmor and
Aaytaroun fo the south; the third zone is closer to the sea between Kharayeb and Mazraat
El Yahoudiyeh.

143. The first zone is predominantly composed of the e2b and is thus a very important aquifer
which feeds the most important spring in the Study Area: Ain ez Zarga with a minimum
average discharge of 1,278 1/s. Two other main springs, Ain Nassif (5.9 I/s) and Nabaa Zilaya
(3.51/s) also drain the Upper Eocene aquifer a bit further south from Ain ez Zarga.

144.The second and third zones, mostly comprise lower permeability Eocene rocks, and are
characterized by few springs and lower well discharges.

145.The e2b agquifer is characterized by high infiltration rates and flow in conduits and
fractures, and also high rates of depletion at the resurgence points when present. It has
high transmissivity values between 103 and 0.3 m2/s (UNDP 1970).

146. Groundwater flow in the Eocene aquifer is summarized as follows:
e Majdel Balhis to Dibbine: groundwater flow is toward southwest.

e Arnoun-Yohmor to Aaytaroun: groundwater flow is toward southwest in the portion
north of the Litani River and toward northwest in the portion south of the Litani River.

e Kharayeb to Mazraat El Yahoudiyeh: groundwater flow is toward southwest.

Semi-Aquifers

147.In addition to the main aquifers described above, several semi-aquifers exist in the Study
Area and are able to yield water albeit with limited quantities because of either their
limited permeability or limited extent and recharge. They are briefly described hereafter.

148.The Lower Cretaceous formation, mainly the Chouf Sandstone Formation (C1), forms a
semi-aquifer. This aquifer is around 150 m in thickness and it is a porous medium aquifer,
which is able of yielding limited quantities of water. It is mostly exposed between Daraiya-
Rihane and Qlaiaa south of the Study Area, which is where it mostly yields water albeit
with limited quantities. Flow in this aquifer is slow and transmissivity values range between
104 and 102 m2/s (UNDP, 1970).

149.The Bikfaya Formation (Jé) of Jurassic age is a karstic formation with the ability fo form
caves in the Study Area such as the Shataweh Cave in Mazraat Khallet Khazen despite
the formation’s limited thickness (50 m). The Shataweh Cave also yields water seasonally,
which underscores the infermittent and limited water quantities such a semi-aquifer can
yield.
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150. The last of the semi-aquifers is the Quaternary aquifer (Q), which is only found along the
coast around the mouth of the Litani River. This is because the Quaternary is very thin and
patchy in the rest of the Study Area, and accordingly does not yield water. Along the
coast, it is a porous medium aquifer with thickness not expected to exceed 50 m and is
affected by seawater infrusion.

2.5.2 Structural Geology

151. The main structural features affecting the LLB Study Area are described as follows:

Faulting

¢  Yammouneh Fault: main Dead Sea Transform Fault (DSTF) also known as Levant Fault trace
in Lebanon. It has a strike-slip movement and dip-slip component. It crosses the eastern
portion of the Study Area from Aaytanit in the northeast to Houla in the southwest where
it joins with another expression of the DSTF, which is the Roum Fault. This fault has resulted
in vertical displacements exceeding 1,000 m (as shown in the Geology map and cross-
section A-A’ —refer to Appendix A) whereby it places the Jurassic Kesrouane Formation in
contact with Cretaceous Cenomanian rocks of the Sannine Formation and even Terfiary
Eocene rocks of the Upper Eocene Formation (e2b).

e Roum Fault: structural surface expression of the DSTF in Lebanon crossing the LLB Study
Area from Jarmaqg and joining the Yammouneh Fault in Houle. It has a strike-slip movement
and dip slip component. This fault also has reported vertical displacement exceeding 600
m whereby Turonian rocks are placed against Eocene rocks in the area of Arnoun-Yohmor
(as shown in the Geology Map - refer to Appendix A).

e  NE-SW Faults: secondary faults fo main DSTF with mainly right-lateral movements with dip-
slip component rarely exceeding 100 m. These faults are expected to result in preferential
groundwater drainage directions from the higher area toward the coast along the same
directions.

Folding

152. Two main synclines distinctively characterize the two main outcrops of Eocene rocks east
and west of the Yammouneh Fault (as shown in the Geology Map and Cross-Sections —
refer to Appendix A). These synclines have a determining effect on groundwater flow
whereby groundwater in the Upper Eocene aquifer (e2b) east of the Yammouneh Fault
flows toward and then along the syncline axis toward the southwest until it mostly drains
from Ain ez Zarka and further south but to a lesser extent from Ain Nassif and Ain Zilaya.
The Eocene located south of Ain Nassif and Ain Zilaya but east of Yammouneh Fault is
expected to drain info the Litani River.

153.The other Eocene rocks west of the Yammouneh Fault and affected by a synclinal
structure also tend to drain north toward the Litani River similar to the surface water
network.

154. Another small syncline affects the Cenomanian Sannine aquifer and focuses drainage of
the aquifer from El Maidane and El Aabbara springs in Jarmag area.
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155.Smaller anficlinal structures can be found in the area and those can have localized
groundwater influences.

2.5.3 Springs

156.The main springs with data identified in the LLB Study Area are shown in Table 2-17. Most
springs were described as part of the relevant aquifers in section 2.5.1 above. There are
about 154 springs within the Study Area, 150 of them are within the watershed. The Ain ez
Zarga spring is the largest known spring in the basin.

Table 2-17. Main Springs with Data in LLB Study Area

Geographic Average

Name SLIED Z(m) I\{unlmum Aquifer Name / Basin Name
Discharge
Long Lat (1/sec)
Ain AbOU Cenomanian-Turonian Sannine-
7eid 35.65402 | 33.52028 1,004 35.0 Maalmeltein Aquifer (C4-5) / Southern
Bekaa Basin

Ain Ed Daiaa | 35.65234  33.53062 1,048 39.0 Jurassic Kesrouane (J4) / Barouk Niha
Ain El Cenomanian-Turonian Sannine-
Aabbara 35.53090 | 33.39285 399 10.9 Maalmeltein (C4-5) / Jezzine Basin
Ain Et 3565313 33.50047 1 003 43 Chouf Son.dsTone'Sem|-AqU|fer/
Tannour Unproductive Basin
AinezZarqa 3565978 3349457 686 1,278.4 ggsﬁ.fr Eocene (e2b) / Southern Bekaa
Ain Nassif 35.66995 33.47532 675 5.9 opper Focene (62b) /Southern Bekad
Nabaa El Cenomanian-Turonian Sannine-
Maidane 35.52489 | 3340459 422 585 Maalmeltein (C4-5) / Jezzine Basin
Noboo 35.66446  33.46044 653 35 Upper Eocene (e2b) / Southern Bekaa
Zilaya Basin

2.5.4 Public Wells

157.The main public wells identified in the LLB Study Area total 62 wells as shown in Table 2-18.
All public wells tap the three main aquifers of the Eocene, Cenomanian-Turonian Sannine-
Maameltein, and Jurassic Kesrouane, in addition to one well tapping the Chouf Sandstone

Semi-Aquifer.
Table 2-18. Public Wells in LLB Study Area
Geographic Geogra
(‘:’i‘;':a Well Name Coordinates c%r:)i::di Usage D(en?;h Aquifer Tapped
Long Long nates
$BJ0O7 Ay”fggy?em 3546020  33.12126 738 Domestic 570 Eocene €2
SBJO08 Aaytaroun 35.46277 33.12045 711 Domestic 455 Eocene e2
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Geographic Geogra
Well Coordinates phic Depth .
Code Well Name Coordi Usage (m) Aquifer Tapped
Long Long nates
SBJOO9 Khirbet SelIm 35.42432 33.22903 455 Domestic 460 Eocene e2
SBJO17 Ain Maalouli 35.43097 33.22903 454 Domestic 590 Eocene e2
SBJ020 Maroun El Rass 35.45221 33.09871 900 Domestic 400 Eocene e2
SBJO21 Wadi Slouqi 1 35.48584 | 33.18239 490 Domestic NA Eocene e2
SBJ022 Wadi Slouqi 2 35.48604 | 33.18260 490 Domestic NA Eocene e2
SBJ023 Wadi Slouqi 3 35.48610 @ 33.18242 490 Domestic NA Eocene e2
SJE024 Srireh 3561963  33.44267 939 Drinking- 400 Kesrouane J4
Domestic
Drinking- Sannine-
SJE026 Sejoud 35.54756 33.44309 894 9 480 Maameltein C4-
Domestic 5
SJE027 Aychieh 35.55364 = 33.40777 661 Drinking- 520 Chouf $5t C1
Domestic
Sannine-
SNAOO5 Kfar Sirl 35.39680 33.32078 376 Domestic 455 Maameltein C4-
5
. Sannine-
sNaoos | YA G:‘C’rb'yeh 3536435 3332888 193 Domestic NA Maameltein C4-
5
SNAO028 Yohmor 1 35.52003 33.32143 519 Domestic 520 Eocene e2
SNAQ3]  LooufarEch 35.48214 3332263 488 Domestic 580 Focene e2
Chargiyeh 1
sNa032 ~— LooufarEch 35.45840  33.32097 444 Domestic 560 Eocene e2
Chargiyeh 1
Sannine-
SNA040 Brayke 1 35.38150 33.33825 295 Domestic 350 Maameltein C4-
5
. Sannine-
sNAo4l  SYTA Ggorb'yeh 3538464 = 33.32798 359 Domestic 485  Maameltein C4-
5
SMAQOT Souwanet 3543323 3323347 535 Domestic 460 Eocene e2
Marje'ounl
SMAQ002 Wadi Al Hjah 35.44661 33.26917 244 Domestic 280 Eocene e2
SMAQ03 = Mayss Al Jaball 35.50420 | 33.16465 629 Domestic 550 Eocene e2
Sannine-
SMAQ004 Houlal 35.51340 33.20433 630 Domestic 650 Maameltein C4-
5
Sannine-
SMAO005 Houla2 35.50868 33.20098 676 Domestic 630 Maameltein C4-
5
Sannine-
SMAO006 Deir Mimas 35.54814 33.29690 517 Domestic 320 Maameltein C4-
5
SMAQ07 Deir Mimas] 35.54962 | 3329365 494 Domestic 270 Kesrouane

Formation J4

PREPARED BY ELARD 49



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI RIVER BASIN

CDR

FINAL BUSINESS PLAN REPORT

LLB StuDY AREA CHARACTERISTICS

Geographic Geogra
Well Coordinates phic Depth .
Code Well Name Coordi Usage (m) Aquifer Tapped
Long Long nates
Sannine-
SMAQ008 Kfar Kila 35.55824 33.27211 520 Domestic 370 Maameltein C4-
5
Sannine-
SMAO013 Touline 35.43596 33.25259 465 Domestic 470 Maameltein C4-
5
SMAO14 Tlousseh 35.48676 33.23526 525 Domestic 570 Eocene e2
Sannine-
SMAQO16 Qabrikha 35.45727 33.24826 459 Domestic 460 Maameltein C4-
5
SMAQ022 Blat 35.61341 33.38548 620 Domestic NA Eocene e2
SMA023 Bany Hayyan 35.49203 33.24930 517 Domestic 570 Eocene e2
SMAQ024 Maijdel Selm 35.48247 | 33.20624 496 Domestic 600 Eocene e2
SMA025 Chagra 35.48400 = 33.20312 435 Domestic 310 Eocene e2
BRAO13 New well 3575406  33.52669 977 Drinking- 380 Eocene e2b
Domestic
BRAO1 4 old well 3575250  33.52973 984 Drinking- 180 Eocene e2b
Domestic
BRAO15 NA 3574502  33.52042 942 Drinking- 296 Eocene e2b
Domestic
BRAO39 ~ KawkabaNew  a55,a70 3354217 1075 | Dinking- 600 Eocene e2b
Well Domestic
Drinking- Sannine-
SSA058 Al Zrahrieh 1 35.33015 33.34547 304 9 350 Maameltein C4-
Domestic 5
Drinking- Sannine-
SSAQ59 Al Zrahrieh 4 35.32027 33.34162 294 9 350 Maameltein C4-
Domestic 5
Drinking - sannine-
SSA060 Al Zrahrieh 3 35.33413 33.34115 272 9 350 Maameltein C4-
Domestic 5
SSA074 Khrayeb 1 3530307 = 33.34374 206 Drinking - 585 Eocene €2
Domestic
Drinking - Sannine-
SSO013 Berj Rahale3 35.27138 33.31312 125 g 182 Maameltein C4-
Domestic 5
. L. Sannine-
550016 DErQAnOUnEn- 554001 3330145 220 Drinking - 450  Maameltein C4-
Nahr 2 Domestic 5
. . Sannine-
ssop17 | DEMQANOUNEN- 5540004 3329568 268 DMKNS- 460 Maameltein C4-
Nahr 1 Domestic 5
. . Sannine-
ssootg  Hallousyeh Al s 50657 3330119 208 RINKING- a0 Vigameltein c4-
fawkal Domestic 5
Drinking - Sannine-
SSO020 Berj Rahale 2 35.28887 33.31505 220 9 470 Maameltein C4-
Domestic 5
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Well
Code

SSO021

S$SO022

SSO046

SSO047

SSO048

SSO049

SSO071

BWB026

BWBO027

BWB028

BWB029

BWBO032

BWBO033

BWB034

BWBO035

BWBO036

Well Name

Barghaliyeh 1

Barghaliyeh 2

Berj Rahale 1

Tayr Falsay 1

Hmairi 1

Ma'roub 1

Bedias 1

NA

Valley well

School well

Playground well

NA

NA

NA

NA

Yohmor New
Well

Geographic
Coordinates
Long Long
3524811 | 33.31868
3524053 | 33.31112
3528794 | 33.31256
35.34948 | 33.30408
35.35263 | 33.30038
35.35667 | 33.27918
3530115 | 33.31322
35.65133 | 33.53022
35.68703 | 33.51703
35.68864 | 33.51944
35.70060 | 33.52343
35.63555 | 33.47146
35.68079 | 33.48593
35.63774 | 33.49447
35.67246 | 33.48440
35.67943 | 33.48289

Geogra
phic
Coordi
nates

448

20

170

292

291

361

177

1,078

823

839

907

955

939

1,029

893

947

Usage

Drinking -
Domestic
Drinking -
Domestic

Drinking -
Domestic

Drinking -
Domestic

Drinking -
Domestic

Drinking -
Domestic

Drinking -
Domestic

Drinking-
Domestic
Drinking-
Domestic
Drinking-
Domestic
Drinking-
Domestic
Drinking-
Domestic
Drinking-
Domestic
Drinking-
Domestic
Drinking-
Domestic
Drinking-
Domestic

Depth
(m)

165

60

525

590

580

490

450

20

306

256

154

153

336

250

350

315

Aquifer Tapped

Eocene e2

Eocene e2

Sannine-
Maameltein C4-
5

Sannine-
Maameltein C4-
5

Sannine-
Maameltein C4-
5

Sannine-
Maameltein C4-
5

Sannine-
Maameltein C4-
5

Kesrouane J4

Eocene e2b

Eocene e2b

Eocene e2b

Kesrouane J4

Eocene e2b

Kesrouane J4

Eocene e2b

Eocene e2b

NA: Not Available

It is believed that there are many private wells, licensed and licensed, tapping the aquifers at
different depths, and being pumped for various uses (agricultural, industrial, domestic,
recreational (fo fill swimming pools)), however, information on the number, legal status,
location and discharge capacity could not be collected for the purpose of the study.
Understanding the total discharges of groundwater within the basin is a necessary element in

order to construct the water balance and study the water and river flow regime.
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2.6 LLB STUDY ZONES

158. Given the large number of sub-watersheds and the differences in their sizes, some of the
sub-watersheds were merged to create ‘zones’. Zones are considered aggregate units of
the Study Area governed by the sub-watershed areas drained by tributaries and the
cadastral extents of localities within the Study Area. Study zones are developed fo
examine the existing pressures, to assess the current state of water and sediment quality,
and to devise, at a later stage, a management scheme that considers the pre-existing
cadastral and administrative characteristics of localities within the LLB. A single zone can
consist of a single sub-watershed or more, as outlined in Table 2-19 below.

Table 2-19. Study Zones and their Respective Surface Area and Sub-watersheds

Zone Surface area (km2) Sub-watershed
1 203.33 1,2,3
2 144.07 4,5
3 85.52 6
4 231.27 7,89
5 127.38 10, 11
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Figure 2-25. Study Zones of the LLB Study Area
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2.7 DEMOGRAPHY

159. As shown in previous sections, the LLB Study Area comprises 132 localities in 10 districts. The
upper reaches of the Lower Litani River from the Qaraaoun Dam unfil the Khardali bridge
are predominantly rural or semi-rural areas. The urban populated areas are in Sour and
Nabatiye districts, while Marjaayoun and Bent Jbayl districts are largely semi-urban. The
most populous areas by governorate within the Study Area are Nabatiye governorate
(districts of Marjaayoun, Nabatiye, Bent Jbayl and Hasbaiya), followed by South Lebanon
(Sour, Saida, then Jezzine), and Bekaa (West Bekaa and Rachaiyal).

160. Data on population count were collected from two main sources: the CAS population
count by village for the year 2004, as cited in the NPMPLT, and the municipal survey
conducted for this study in 2018. The population figures for the year 2018, based on the
CAS 2004 data, were calculated as follows:

- The resident population annual growth rate for the years 2004-2015 was considered o
be 1.684% as per the Word Population Prospects 20174, and applied to the CAS 2004
data

- Theresident population annual growth rate for the years 2016-2018 was considered 1o
be 0.567% as per the Word Population Prospects 2017, and applied to the estimated
population of 2015

- The Syrian Displaced Persons data as of March 2018 was obtained from the UNHCR for
each village within the Study Area

- The population of villages where less than 50% of the land was included within the Study
Area boundaries was excluded from the total population

161. Municipalities were asked to report permanent resident Lebanese population, additional
seasonal resident Lebanese population, Syrian DPs and foreign residents. The following
table (Table 2-20) shows the estimated population data per village, and the population
datareported by municipalities. Municipalities where less than 50% of land area falls within
the Study Area were not interviewed and three municipalities did not cooperate to
answer the questionnaire despite repeated requests — these are Rihane, Sejoud and
Aaytanit.

162.The reported total population figures in the municipal survey were more than twice (2.33
times) the estimated/projected figures as per the CAS 2004 data. The permanent residents
reported in the municipal survey, excluding Syrian DPs, were 23% more than the estimated

4 United Nations, Department of Economic and Social Affairs, Population Division (2017). World Population Prospects:

The [June] 2017 Revision - "Average annual rate of population change by region, subregion and country, 1950-2100
(percentage) - Medium fertility variant, 2015 - 2100". Available online:

https://esa.un.org/unpd/wpp/DVD/Files/1 Indicators%20(Standard)/EXCEL FILES/1 Population/WPP2017 POP FO2 P
OPULATION GROWTH RATE.xIsx.

Although the 2010-2015 average annual rate of population change (percentage) for Lebanon is estimated at 5.99%,
the authors considered it fo be 1.684% (i.e., similar to the 2005-2010 rate), since the high rate of increase is aftributed
to the influx of Syrian DPs, whose numbers are accounted for separately for the year 2018
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figures based on the CAS 2004 data. The figure for Syrian DPs reported in the municipal
survey was 83% higher than the figure reported by the UNHCR.

163. As per the UN estimated population figures for 2018, the population of Lebanon is
6,093,509, including Syrian DPs>. Considering the total surface area of Lebanon to be
10,452 km?2, the population density is estimated at 583 persons/km?2,

164.The total area of the LLB Study Area is measured at 791.57 km2, or 7.6% of the total surface
area of Lebanon. A total resident population of 498,948 (including seasonal residents and
Syrian DPs) as reported by municipalities, calculated at 8.2% of the total UN-estimated
population, yields a population density of 630 persons/km?2, which is higher than the
natfional population density. Nonetheless, if we are to use the resident Lebanese
populatfion, added to it the Syrian DPs and foreigners, then the population density figure
would be 425 persons/km?2.

165.On the other hand, calculating the population density using the estimated population
figure based on the CAS 2004 data, which is 213,129, calculated at 3.5% of the total UN-
estimated population, yields 269 persons/km?2, which is much lower than the national
population density.

166. Given the nature of land use, the pre-dominant semi-rural nature, level of urbanization,
and the historically low population residency due to security issues in the South, the overall
populafion density in the Lower Litani Basin study area is definitely not higher than the
national population density. The municipalities-reported figure for total population is
judged to be overestimated, while the municipality-reported figures for resident
population (excluding Syrian DPs) and CAS-based estimates might seem more realistic
given the nature of the area and population movement due to security issues over the
years.

167.1n the absence of official census data, the authors of this report have judged to use the
estimated figures based on the CAS 2004 data and the UNHCR data for March 2018, and
where these are missing the municipality-provided figures are used.

168.Hence, a medium-estimate of the resident (permanent and foreign) population of the
Lower Litani Basin Study Area is calculated at 336,398 inhabitants (425 inhabitants/km?2).

5 United Nations, Department of Economic and Social Affairs, Population Division (2017). World Population Prospects:

The [June] 2017 Revision - “Total population (both sexes combined) by region, subregion and country, annually for
1950-2100 (thousands) - Medium fertility variant, 2015 - 2100". Available online:
https://esa.un.org/unpd/wpp/DVD/Files/1 Indicators%20(Standard)/EXCEL FILES/1 Population/WPP2017 POP FO1 1
TOTAL POPULATION BOTH SEXES.xlsx
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Table 2-20. Population Counts in Lower Litani Study Area per Locality

Projection Total
% Land ) of CAS Registered Total Municipal Survey Population (2018) Resident
. o Population Population . . Population
. Village within Syrian DPs Resident
Village (EN) Count (CAS, Count to . as per
(AR) Study 2004 (UNHCR Population . e
) 2018 Municipal
Area R Mar 2018) (2018) .
(without Permanent  Seasonal ¢ . =~ Resident Survey
Syrian DPs) Resident Resident v Non- (2018)
DPs
Lebanese Lebanese Lebanese
Mount Lebanon - Chouf - -
NIHA (CHOUF) )il lrso) 14.95% 2,688 3,285 199 3,484 - - - - -
Bekaa - West Bekaa 21,833 26,684 6,402 33,086 31,600 13,300 9,530 280 54,710
AAYTANIT Cigig 100% 689 842 20 862 - - - - -
AIN ET TINEH (B-G) - E;.“.?O@ 100% 1,249 1,527 75 1,602 1,500 1,500 150 - 3,150
LIBBAYA I 100% 2,301 2,812 46 2,858 3,000 3,000 150 - 6,150
LOUSSIA g gl 100% 1 1 548 549 - - - - -
MAYDOUN U5 100% - - 8 8 1,300 200 150 - 1,650
MACHGHARA B g e 99.92% 6,793 8,302 505 8.807 8,000 6,000 3,000 150 17,150
QARAAOQUN Usgod 100% 4,208 5,143 3,958 9,101 5,200 300 4,800 30 10,330
QELAYA I3 100% 654 799 36 835 1,300 200 100 - 1,600
SOHMOR B aSy 100% 3,994 4,882 956 5,838 8.500 1,000 900 100 10,500
YOHMOR (B-G) Ye-<( ez 100% 1,765 2,157 226 2,383 2,500 500 200 - 3,200
ZILAYA (&5} 100% 179 219 24 243 300 600 80 - 980
BAALOUL (B-G) Je-(dsg— 38.10% 1,219 1,490 784 2,274 - - - - -
Bekaa - Rachaiya 3.524 4,307 743 5,050 2,170 350 850 0 3,370
KAOUKABA BOU AARAB g sddd | 99 97% 749 915 405 1,320 970 50 500 - 1,520
KFAR MICHKI iie ud 100% 671 820 99 919 600 100 200 - 900
NABI SAFA ldasy 100% 36 44 - 44 - - - - =
MAJDEL BALHIS sasddze 100% 1,183 1,446 120 1,566 600 200 150 - 950
MHAIYDSEH (RACHAIYA) Vgho(edge | 74.04% 885 1,082 119 1,201 - - - - -
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Projection Total
% Land ) of CAS Registered Total Municipal Survey Population (2018) Resident
. . Population Population - ! Population
. Village within Syrian DPs Resident
Village (EN) Count (CAS, Count to . as per
(AR) Study 2004) 2018 (UNHCR Population Municioal
Area . Mar 2018) (2018) _ P
(without Permanent  Seasonal . =~ Resident Survey
Syrian DPs) Resident Resident v Non- (2018)
DPs
Lebanese Lebanese Lebanese
RACHAIYA EL FOUKHAR gt 0.04% - - 70 70 - - - - -
RAFID (RACHAIYA) Vgd( s | 18.47% 2,193 2,680 1,261 3,941 - - - - -
South Lebanon - Jezzine 2,648 3,236 627 3,863 1,260 4,340 462 10 6,072
AARAMTA ST 100% 980 1,198 89 1,287 500 3,000 180 - 3,680
AAYCHIYEH bglise 100% 364 445 152 597 150 550 120 10 830
MAHMOUDIYEH (JEZZINE) Yogz( 3esece 100% 12 15 - 15 - - - - -
MAZRAAT OUAZAAIYEH AR B 100% 1 1 - 1 - - - - -
MAZRAAT ZIGHRINE USE I 3E e 100% - - - = - - - - =
CHBAIL Jigi 100% - - - = - - - - =
JARMAQ Get 100% 16 20 25 45 50 150 42 - 242
DEMACHQIYEH Bgyp 100% 20 24 - 24 - - - - -
MAZRAAT EL AARQOUB CuBgdbe e 100% - - - = - - - - =
MAZRAAT TAMRA opkig e 100% - - - - - - - - -
MAZRAAT DARAYA Il 3¢ e 100% 12 15 - 15 - - - - -
QATRANI Sdibs 100% 231 282 133 415 400 600 120 - 1,120
RIHANE (JEZZINE) Joge(Ulzso | 100% 793 969 182 1,151 - - - - -
MAZRAAT KHALLET KHAZEN oI sEsE e 100% - - 12 12 - - - - -
MAZRAAT LOUZID (LOUAYZIYEH) Rrd 100% - - - - - - - - -
Yosad(
MAZRAAT QROUH T3¢ e 100% - - - = - - - - =
OUARDIYEH JE3Y] 100% 1 1 - 1 - - - - -
SEJOUD Zo 100% 218 266 34 300 - - - - -
SRAYRI 805 Do 100% - - - - 160 40 - - 200
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Projection Total
% Land ) of CAS Registered Total Municipal Survey Population (2018) Resident
. o Population Population . . Population
. Village within Syrian DPs Resident
Village (EN) Count (CAS, Count to . as per
(AR) Study (UNHCR Population . e
2004) 2018 Municipal
Area R Mar 2018) (2018) .
(without Permanent  Seasonal . =~ Resident Survey
Syrian DPs) Resident Resident y Non- (2018)
DPs
Lebanese Lebanese Lebanese
KFAR HOUNEH o | 22.80% 1,363 1,666 90 1,756 - - - - -
South Lebanon - Saida 12,526 15,310 2,933 18,243 24,500 7,300 5,000 3,190 39,990
ARZAI s 86.81% 1,810 2,212 401 2,613 5,000 300 500 140 5,940
JAZIRA (SAIDA) )< s g 100% 74 90 6 96 - - - - =
MATARIYET ECH CHOUMAR e suiligybe 100% 381 466 57 523 - - - - -
KHARAYEB (SAIDA) Ve <z | 65.23% 3,478 4,251 1,362 5,613 12,000 3,000 3,500 2,900 21,400
MAZRAAT EL AAITANIYEH seghigdise e
(YAHOUDIYEH) Voo wal 73.05% 301 368 116 484 - - - - -
MAZRAAT EL OUASTA slagbsJlg e 100% 1.195 1,461 17 1,478 - - - - =
MAZRAAT JAMJIM pEeT B e 65.34% 301 368 - 368 - - - - -
ZRARIYEH Beol) 33.40% 4,986 6,094 974 7,068 7,500 4,000 1,000 150 12,650
South Lebanon - Sour 22,609 27,635 2,772 30,407 56,100 17,600 7,390 5,555 86,645
ARZOUN ISS) 100% 601 735 101 836 1,700 600 150 - 2,450
BEDIAS g 100% 1,166 1,425 50 1,475 1,700 400 100 5 2,205
BESTIYAT Slgin 100% 134 164 23 187 350 150 50 - 550
BORJ RAHHAL Jzozoe 100% 2,712 3,315 324 3,639 9,500 1,500 2,700 5,300 19,000
AIN ABOU ABDALLAH oddg sbag 100% 2,630 3.214 405 3,619 - - - - -
CHEHOUR By S 100% 1,603 1,959 21 2,050 11,500 4,000 200 - 15,700
DEIR QANOUN EN-NAHR »dosdig 100% 3,243 3,964 226 4,190 8,000 1,000 1,000 - 10,000
DERDAGHAIYA Idgam 100% 577 705 47 752 1,500 500 280 150 2,430
HALLOUSSIYEH b 100% 1,301 1,590 68 1,658 2,000 2,000 100 - 4,100
HMAIRI (SOUR) D3RS ST 100% 583 713 26 739 1,000 300 80 - 1,380
JENNATA Idéz 100% 525 642 59 701 1,350 150 160 70 1,730
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Projection Total
% Land ) of CAS Registered Total Municipal Survey Population (2018) Resident
. o Population Population . . Population
. Village within Syrian DPs Resident
Village (EN) Count (CAS, Count to . as per
(AR) Study (UNHCR Population . e
2004) 2018 Municipal
Area R Mar 2018) (2018) .
(without Permanent  Seasonal ¢ . =~ Resident Survey
Syrian DPs) Resident Resident v Non- (2018)
DPs
Lebanese Lebanese Lebanese
MAAROUB g 100% 1,807 2,209 566 2,775 3,500 5,000 1,500 - 10,000
SRIFA ls yoa 100% 3,441 4,206 668 4,874 9,000 1,000 950 - 10,950
MARNABA leye 100% 6 7 4 11 - - - - =
MAZRAAT TAYR SEMHAT MR 007 - - - - - - - - -
e
NIHA (SOUR) )osu4 o 100% 327 400 - 400 - - - - -
TAYR FALSAY sgrcds 100% 1,953 2,387 114 2,501 5,000 1,000 120 30 6,150
TOUAYRI - 100% - - - - - - - - -
AABBASSIYEH (SOUR) Jos igrler | 8.19% 11,925 14,575 1,877 16,452 - - - - -
Nabatiye — Hasbaiya 844 1,031 142 1,173 600 650 80 0 1,330
BOURGHOS JEoe 100% 55 67 79 146 50 250 - - 300
DELLAFI 5 100% - - 10 10 150 100 30 - 280
KAOUKABA (HASBAIYA) Wezdz(1dsd | 100% 789 964 53 1,017 400 300 50 - 750
HASBAIYA o 22.05% 7,744 9,465 643 10,108 - - - - -
MIMESS P 4.06% 1,319 1,612 86 1,698 - - - - -
Nabatiye - Nabatiye 25,731 31,450 6,077 37,527 68,300 16,475 8,855 50 93,680
AALI ET TAHER »hd g 38.35% - - - - - - - - -
ARNOUN Qs 100% 511 625 111 736 600 - 300 - 900
BRAIQEAA Fdpe 35.99% 1,271 1,553 216 1,769 3,000 1,000 700 - 4,700
KFAR ROUMMANE e od 100% 3,324 4,063 2,107 6,170 12,000 4,000 2,500 - 18,500
KFAR SIR g d 100% 4,330 5,292 597 5,889 10,000 5,000 1,280 - 16,280
KFAR TIBNIT Cigyiayd 100% 3,005 3,673 996 4,669 11,000 - 600 - 11,600
QAAQAAIYET EJ JISR BT A R) 100% 3,594 4,393 439 4,832 6,000 4,000 600 50 10,650

PREPARED BY ELARD 59



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI RIVER BASIN CDR

FINAL BUSINESS PLAN REPORT LLB StupY AREA CHARACTERISTICS
Projection Total
% Land ) of CAS Registered Total Municipal Survey Population (2018) Resident
. o Population Population . . Population
. Village within Syrian DPs Resident
Village (EN) Count (CAS, Count to . as per
(AR) Study (UNHCR Population . e
2004) 2018 Municipal
Area X Mar 2018) (2018) .
(without Permanent  Seasonal ¢ . =~ Resident Survey
Syrian DPs) Resident Resident v Non- (2018)
DPs
Lebanese Lebanese Lebanese
QSAIBEH (NABATIYE) Yool g 100% 3,335 4,076 641 4,717 9,000 200 1,200 - 10,400
SIR EL GHARBIYEH beoed sge | 98.58% 2,393 2,925 522 3,447 8,000 1,000 1,100 - 10,100
YOHMOR (NABATIYE) Yl ez | 100% 1,475 1,803 121 1,924 2,700 300 250 - 3,250
ZAOUTAR ECH CHARQIYEH s uitrhs) 100% 1,618 1,978 34 2,012 3,500 500 300 - 4,300
MAZRAAT EL HAMRA Lezdse LJe 100% - - 8 8 - - - - -
ZAQOUTAR EL GHARBIYEH bsogd shs) 100% 875 1,069 285 1,354 2,500 475 25 - 3,000
Nabatiye - Marjaayoun 40,939 50,035 3,542 53,577 56,689 55,735 7,519 663 120,606
AADAYSSEH (MARJAAYOUN) )oiu;%e( 100% 1,910 2,334 201 2,535 3,000 2,000 355 73 5,428
AADCHIT (QOUSSAIR) )i@zf&!: 100% 444 543 - 543 1,150 540 - 10 1,700
AALMANE (MARJAAYOUN) .u?% 100% - - 10 10 12 - 13 - 25
osgzse(
BANI HAIYANE Jg s 100% 217 265 26 291 300 2,200 63 20 2,583
L
BLAT (MARJAAYOUN) ol 100% 746 912 154 1,066 500 1,400 100 - 2,000
osgzse(
BLIDA lagh 100% 1,540 1,882 150 2,032 1,200 3,000 350 30 4,580
BORJ EL MLOUK dsddzoe | 48.03% 735 898 158 1,056 300 300 150 - 750
BOUAYDA (MARJAAYOUN) .Su"*’%' 99.79% 138 169 - 169 200 245 5 - 450
sz e (
DEIR MIMAS wlagog 100% 1,154 1,410 44 1,454 427 4,000 73 - 4,500
MAZRAAT DOUMIAT Llgase o 100% - - - - - - - - -
HOURA (332 100% 68 83 - 83 - - - - -
DEIR SIRIANE Jous 100% 703 859 - 859 3,000 50 50 10 3,110
DIBBINE gy 100% 1,217 1,487 173 1,660 700 2,300 400 - 3,400
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Village (EN)

HOULA
KFAR KILA
MAJDEL SELM
MARKABA
MEISS EJ JABAL
MHAIBIB
QABRIKHA

QANTARA (MARJAAYOUN)

QLAIAA
RABB ET TALATINE

SOUANEH (MARJAAYOUN)
TALLOUSSA
TAYBEH (MARJAAYOUN)
TOULINE
JDAIDEH (MARJAAYOUN)

Nabatiye - Bent Jbayl
AAYNATA (BENTJBAYL)
AAYTAROUN
BEIT YAHOUN
BORJ QALAOUIYEH
CHAQRA

Village
(AR)

Sl yud
addze

[
Jedoe
—age
[«TB SR
LBV
)osgze(
sed
ol o,
3 s0a
sz e (
B
b
)osgze(
g
i
Josgz

Idig
U048
Ozl
o3 7 92

1@

Projection
of CAS
%v:-t?\?nd Population Population
stud Count (CAS, Count to
Are;’ 2004) 2018
(without
Syrian DPs)
99.98% 3.487 4,262
100% 4,566 5,581
100% 4,100 5,011
100% 1,640 2,004
100% 3.100 3.789
100% 678 829
100% 1,683 2,057
100% 26 32
70.64% 3.857 4,714
100% 482 589
100% 1,746 2,134
100% 518 633
100% 3.915 4,785
100% 2,269 2,773
10.42% 4,031 4,927
22,354 27,320
100% 3.542 4,329
100% 4,239 5,181
100% 222 271
100% 851 1,040
100% 4,086 4,994

Registered

Syrian DPs
(UNHCR
Mar 2018)

30
484
253
144
383

113
13

143
109

106
30
226
592
1,161

2,883
283
241
111

63
581

Total

Resident
Population
(2018)

4,292
6,065
5,264
2,148
4,172
829
2,170

45

4,857
698

2,240
663
5011
3,365
6,088

30,203

4,612
5,422
382
1,103
5,575

Municipal Survey Population (2018)

Permanent

Resident
Lebanese

5,000
6,000
10,000
8,000
500
1,200

1,000

2,500
500

3,500
1,000
4,500
2,200
2,000

36,850
4,000
7,000

800
600
7,000

Seasonal
Resident
Lebanese

8.000
1,500
5,000

10,000
750
500

1,600

1,000
3.250

400
3,000
3.500
1,200

300

46,800
4,000
10,000
1,200
700
6,000

Syrian
DPs

200
2,000
500

1,000

300
50

120
300

200
40
450
800
1,450

7,985
1,500
500
500
100
1,500

Resident
Non-
Lebanese

15

200

30

30
10
150

20
30
10
20
200

910
200
125

30
500

Total
Resident
Population
as per
Municipal
Survey
(2018)

13,215
9.500
15,700
19,030
1,250
2,030

2,660

3.770
4,055

4,120
4,070
8,460
4,220
3,950

92,545
9.700
17,625
2,500
1,430
15,000
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Projection Total
% Land ] of CAS Registered Total Municipal Survey Population (2018) Resident
. o Population Population . . Population
. Village within Syrian DPs Resident
Village (EN) Count (CAS, Count to . as per
(AR) Study (UNHCR Population . e
2004) 2018 Municipal
Area R Mar 2018) (2018) .
(without Permanent  Seasonal ¢ . =~ Resident Survey
Syrian DPs) Resident Resident y Non- (2018)
DPs
Lebanese Lebanese Lebanese
FROUN s 100% 821 1,003 64 1,067 2,500 - 60 - 2,560
GHANDOURIYEH (BENTJBAYL) Q‘fjﬁ;ﬂ% 100% 595 727 55 782 450 350 50 - 850
JMAIJMEH 2aTYT 100% 1,434 1,753 390 2,143 2,900 100 780 - 3.780
KFAR DOUNINE Ot e 100% 2,312 2,826 312 3,138 1,200 2,300 375 - 3.875
KHIRBET SELM pdsbg 100% 1,644 2,009 409 2,418 5,000 14,000 2,000 - 21,000
KOUNINE O 100% 289 353 104 457 1,000 2,500 150 30 3.680
MAROUN ER RAS b ol 100% 341 417 39 456 1,000 1,000 50 - 2,050
QALAOUIYEH e 100% 867 1,060 16 1,076 1,300 1,150 20 15 2,485
SOULTANIYEH (BENT JBAYL) Bghla 100% 754 921 131 1,052 1,500 2,000 300 10 3.810
TIRI S 100% 357 436 84 520 600 1,500 100 - 2,200
BARAACHIT e 16.07% 1,496 1,828 149 1,977 - - - - -
BENT JBAYL dg < | 27.96% 9,238 11,291 1,077 12,368 - - - - -
SAFAD EL BATTIKH Cbdxda | 12.23% 555 678 345 1,023 - - - - -
TOTAL POPULATION in STUDY AREA 153,008 187,008 26,121 213,129 278,069 162,550 47,671 10,658 498,948

The population count of villages in italics are not accounted for in the sub-total and total population counts.
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3. POLLUTION PRESSURES, STATE OF RIVER WATER AND SEDIMENT
QUALITY, AND SITUATION ANALYSIS

3.1 POLLUTION PRESSURES

3.1.1 General

169.The generation of a socio-economic and environmental profile for each of the zones was

made possible through:

- Athorough desk review of previous studies and databases which hold socio-economic
data on the villages and information on pollution pressures within the Study Area;

- Lidisons with stakeholders and coordinators of on-going projects who hold current data
on the status of current and planned projects for pollution abatement with the Study

Areq;

- Extensive field data collection for desk data validation and confirmation of the
geographical coordinates of pollution sources throughout the Spring of 2018.

170. A large part of the field data collected on economic activities in each zone was made
possible through custom-made survey questionnaire tools, which were specifically

prepared for this project.

Table 3-1. Sources of Information on Pollution Pressures in the Lower Litani River Basin

Information Fields

Municipalities and Villages

Population & Growth Rates

Refugee Population and Distribution

of Informal Tented Settlements

Industries
Classified & Non-classified Non-
industrial Establisnments

Hospitals & Dispensaries

Recreational Establishments

Solid Waste Dumpsites and Solid
Waste Management Facilities

Wastewater networks' status and
coverage
Wastewater Treatment Plants

Wastewater Discharge Points

Sources of Information
MolM Website

National Physical Master Plan of the Lebanese Territory
(NPMPLT), 2004

UNHCR Refugee Population by Village, March 2018
UN World Population Prospects 2017

Ministry of Industry database by caza
ELARD Municipal Survey & Field Survey 2018

ELARD Municipal Survey & Field Survey 2018

Ministry of Public Health Database

Ministry of Environment — South Regional Auhority
ELARD Municipal Survey & Field Survey 2018

GIS & Remote Sensing Study aft Islamic University of Lebanon
and CNRS

ELARD Municipal Survey 2018 & UNDP/MOE/ELARD 2016
Updated Master Plan for the Closure and Rehabilitation of
Dumpsites

ELARD Municipal Survey 2018

ELARD Municipal Survey 2018, CDR and MoEW Meetings
ELARD Municipal Survey & Field Survey 2018
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Information Fields Sources of Information

ABQUAR Project Field Survey 2005/2006 & ELARD Municipal

Quarries
Survey

ELARD Farmers’ Survey and Interviews with Agricultural Input

Agriculture - Pesticides and Fertilizers Suppliers - 2018

Land Use / Land Cover Map, 2017 (based on 2013 satellite

Land Use / Land Cover .
images)

171.The data from the field surveys and desk data review are presented by zone in five tables
that appear in Appendix C. The data are also put in a GIS platform which allowed for the
generation of a map per zone that shows the pollution sources that may influence surface
water quality in the Litani River.

3.1.1.1 Zone ]l

172.Zone 1 is in the upper northern part of the Study Area and is bounded by the Qaraaoun
Lake dam wall in the north, along with the villages of Aaytanit, Qaraaoun, Baaloul, and
Rafid (Rachaiya). It extends over a surface area of approximately 204.33 km2 which makes
up 25.7% of the total surface area of the LLB Study Areq; the second largest Zone among
all five. Zone 1 comprises 24 villages, all managed by municipal councils. The dominant
land cover in Zone 1 is grassland (30%), followed by natural land (25%) and agricultural

land (21%).
Table 3-2. Villages and Localities within Zone 1
village (EN) village (AR) District Municipality % V""’gz‘z :;91“ bl
Aaytanit e West Beqaa Yes 100.00
Ain Et Tineh sl g West Beqaa Yes 100.00
Libbaya Ibd West Begaa Yes 100.00
Qaraaoun UsEU3 West Begaa Yes 100.00
Sohmor By West Begaa Yes 100.00
Yohmor BG Js#IeGH ez West Begaa Yes 100.00
Zilaya (&8 West Begaa Yes 100.00
Kfar Michki el iayd Rachaiya Yes 100.00
Nabi Safa N Rachaiya ves — with Kfar 100.00
Michki
Majdel Balhis sasddize Rachaiya Yes 100.00
Kaoukaba Bou Aarab G skl Rachaiya Yes 99.97
Machghara g e West Begaa Yes 99.92
Qelaya (=Y West Beqaa Yes 86.32
Loussia lgs gl West Begaa | Yes —with Maydoun 84.94
Mhaiydseh g Rachaiya Yes 74.04
Maydoun BT West Begaa Yes 57.51
Baaloul Jsge West Begaa Yes 38.10
Rafid D) Rachaiya Yes 18.47
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village (EN) village (AR) District Municipality % V"'agz‘f) :6[91" b
Niha iz Chouf Yes 14.95
Hasbaiya g4 Hasbaiya Yes 14.92
Mimess g Hasbaiya Yes 4.06
Dellaofi 5 Hasbaiya Yes 3.55
Kfar Houneh By s Jezzine Yes 3.54
Rachaiya (159 Rachaiya Yes 0.04
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Figure 3-1. Sources of Pollution Pressure in Zone 1
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3.1.1.2 Zone 2

173.Zone 2 spreads over a surface area of 144.07 km?2 that constitutes 18.2% of the LLB Study
Area extent. A total of 35 localities villages make up Zone 2. However, it is noteworthy that
12 of these are farms with their own cadastral extents where the lands are
owned/managed by nearby villages, as is the case for Jarmaq, Rihane and Aaychiyeh in
Jezzine. Six of the localities are managed by a mokhtar, and the gae’'magam. The
dominant land cover is wooded land (39%), followed by grassland (26%) and agricultural

land (16%).
Table 3-3. Villages and Localities within Zone 2
village (EN) village (AR) District Municipality % V"'“%i :;92" i
Jarmaq R Jezzine Yes 100.00
Demachgiyeh EWRVRY Jezzine Yes — with Jarmaqg 100.00
Mazraat El Aargoub Al as) Jezzine Yes — with Jarmaqg 100.00
Mazraat OQuazaaiyeh Lejlgll as)ze Jezzine Yes — with Jarmaqg 100.00
Mazraat Tamra Lol de)ze Jezzine Yes — with Jarmaq 100.00
Rihane Ol i Jezzine Yes 100.00
Mazraat Khallet Khazen Ol als as5 Jezzine Yes — with Rihane 100.00
Mazraat Qrouh Tt By Jezzine Yes — with Rihane 100.00
A/}féLOGOJZbOeUﬁ;d (i) ) 2o Jezzine Yes — with Rihane 100.00
Ouardiyeh &), Jezzine Yes — with Rihane 100.00
Aaychiyeh il Jezzine Yes 100.00
Mahmoudiyeh &3 gameall Jezzine ATgyslc_hvi\;/”ehh 100.00
Mazraat Zighrine SR Jezzine ATgyslc_hvi\;/”ehh 100.00
Sejoud R Jezzine Yes 100.00
Aaramta S Jezzine Yes 100.00
Chbail Ja Jezzine No 100.00
Srayri 8y Jezzine No 100.00
Qatrani Slkd) Jezzine No 100.00
Mazraat Daraya Wl ds)5e Jezzine No 100.00
Blat L3 Marjaayoun Yes 100.00
Dibbine o Marjaayoun Yes 100.00
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% Village Area within

Village (EN) Village (AR) District Municipality Zone 2
Kfar Roummane Olsypas” Nabatiye Yes 100.00
Bourghos o Hasbaiya No 100.00
Kaoukaba LSS Hasbaiya Yes 100.00
Dellafi BY> Hasbaiya Yes 96.45
Bouayda izg Marjaayoun No 81.32
Mazraat Doumiat Lbloes asje Marjaayoun ves ;AmfgsDeir 50.83
Maydoun O West Begaa Yes 42.49
Loussia Les ) West Begaa | Yes —with Maydoun 15.06
Qelaya LE West Beqaa Yes 13.68
Aali Et Taher Al s Nabatiye = Y3 ‘Evlvg‘omzo”ye 38.35
Kfar Tibnit xS Nabatiye Yes 28.55
Kfar Houneh Ly iS Jezzine Yes 19.26
Jdaideh (Marjaayoun) (Ogenmmyn) Bk Marjaayoun Yes 9.95
Hasbaiya Lo~ Hasbaiya Yes 7.13
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Dellafi Bridge.
The western
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photo) is fed
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Figure 3-2. Sources of Pollution Pressure in Zone 2
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3.1.1.3 Zone 3

POLLUTION PRESSURES, STATE OF RIVER & SEDIMENT QUALITY & SITUATION ANALYSIS

174.The surface area of Zone 3 is 85.52 km?2, which is 10.8% of the LLB Study Area in cadastral
extent. A total of 23 localities are included in Zone 3, and are all managed by
municipalities except for two. The dominant land cover is grassland, natural land and
wooded land, combined totalling 62%, followed by agricultural land use (32%). The built-
up area covers merely 6% of the entire surface area of Zone 3.

Table 3-4. Villages and Localities within Zone 3

Village (EN)

Arnoun

Zaoutar Ech Charqiyeh

Mazraat El Hamra

Yohmor
Aadaysseh

Deir Mimass

Mazraat Doumiat

Houra

Kfar Kila
Aalmane
Kfar Tibnit

Qlaiaa

Deir Siriane
Zaoutar El Gharbiyeh
Borj El Mlouk
Taybeh
Rabb Ef Talatine
Bouayda
Markaba
Houla
Qaagaaiyet Ej Jisr

Aadchit (Qoussair)

Village (AR)

syl
gl by

Lood! 2550

dgde
ud\a.:ﬂﬁé

bl desa

e
S i
Olade
S S
Ol 23
Bl b

Rty

Loy

() its

District

Nabatiye
Nabatiye
Nabatiye
Nabatiye
Marjaayoun

Marjaayoun

Marjaayoun

Marjaayoun

Marjaayoun
Marjaayoun
Nabatiye
Marjaayoun
Marjaayoun
Nabatiye
Marjaayoun
Marjaayoun
Marjaayoun
Marjaayoun
Marjaayoun
Marjaayoun
Nabatiye

Marjaayoun

Municipality
Yes

Yes

Yes — with Zaoutar
Ech Chargiyeh

Yes
Yes

Yes

Yes — with Deir
Mimas

Yes — with Deir
Mimas & Kfar Kila

Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes

Yes

% Village Area within
Zone 3

100.00

100.00
100.00

100.00
100.00

100.00

49.17

100.00

100.00
77.57
71.45
70.64
61.04
54.12
48.03
44.10
32.13
18.47
12.65
6.74
4.74

2.40
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% Village Area within

Village (EN) Village (AR) District Municipality Zone 3

Jdaideh (Marjaayoun) (Ogerpo) S Marjaayoun Yes 0.47

Informal
Tented
Settlements in
Khiyam

Litani River
near Khardali
bridge

Resthouses
at the
riverbank at
Qaagaaiyet Ej
Jisr

Taybeh
Pumping
Station
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Figure 3-3. Sources of Pollution Pressure in Zone 3
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3.1.1.4 Zone 4

175.Zone 4 spans a surface area of 231.27 km2, the largest Zone within the study Area in ferms

of surface area (29.2%). Zone 4 comprises 35 villages, which have independent municipal
councils except for the villages of Mhaibib and Aalmane. Zone 4 is administratively split
between the Cazas of Bent Jbayl and Marjaayoun. The area is drained by a major
fributary which feeds the Lower Litani River at Qaaqgaaiyet Ej Jisr, which however is dry
year-round and is home to the Wadi El Hujier Nature Reserve. The dominant land use is
agricultural (40%), followed by grassland (21%). natural land (20%), wooded land (13%)
and built-up areas constituting 7% of the surface area.

Table 3-5. Villages and Localities within Zone 4

% Village Area within

Village (EN) Village (AR) District Municipality Zone 4
Borj Qalaouiyeh sl - Bent Jbayl Yes 100.00
Blida [ENE Marjaayoun Yes 100.00
Bani Haiyane Ol Marjaayoun Yes 100.00
Beit Yahoun O~k ey Bent Jbayl Yes 100.00
Touline Ay Marjaayoun Yes 100.00
Jmaijmeh S e Bent Jbayl Yes 100.00
Khirbet Selm s B Bent Joayl Yes 100.00
Soultaniyeh alales Bent Jbayl Yes 100.00
Chaqgra ik Bent Joayl Yes 100.00
Souaneh Ly Marjaayoun Yes 100.00
Talloussa sl Marjaayoun Yes 100.00
Tiri b Bent Joayl Yes 100.00
Aaytaroun 09 s Bent Jbayl Yes 100.00
Aaynata bles Bent Jbayl Yes 100.00
Qabrikha ey d Marjaayoun Yes 100.00
Qalaouiyeh 44l Bent Jbayl Yes 100.00
Qantara 3 kais Marjaayoun Yes 100.00
Kfar Dounine P9 AS Bent Joayl Yes 100.00
Kounine oS Bent Jbayl Yes 100.00
Maroun Er Ras AN ogle Bent Jbayl Yes 100.00
Majdel Selm b e Marjaayoun Yes 100.00
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% Village Area within

Village (EN) Village (AR) District Municipality Zone 4
Mhaibib o Marjaayoun No 100.00
Meiss Ej Jabal Sl s Marjaayoun Yes 100.00
Aadchit (Qoussair) (eadl) csae Marjaayoun Yes 97.60
Houla Y5> Marjaayoun Yes 93.24
Markaba LSy Marjaoayoun Yes 87.35
Ghandouriyeh &) gis Bent Jbayl No 84.73
Rabb Et Talatine Rrp bR Marjaayoun Yes 67.87
Taybeh b Marjaayoun Yes 55.90
Deir Siriane Sl 22 Marjaayoun Yes 38.96
Bent Jbayl o e Bent Jbayl Yes 27.96
Froun 03 Bent Joayl Yes 27.65
Aalmane Oleds Marjaayoun No 22.43
Baraachit R Bent Joayl Yes 16.07
Safad El Battikh Gl i Bent Joayl Yes 12.23
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Figure 3-4. Sources of Pollution Pressure in Zone 4
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3.1.1.5 Zone b5

POLLUTION PRESSURES, STATE OF RIVER & SEDIMENT QUALITY & SITUATION ANALYSIS

176.Zone 5 extends over a surface area of 127.38 km2, which makes up nearly 16.1% of the LLB
Study Areaq, in surface area. Zone 5 comprises a total of 35 localities, 23 of which have
independent municipal councils. Zone 5 is the largest zone by number of inhabitants, and
9% of its surface area is built-up. The dominant land use is agriculture at 38%, followed by
grassland (19%), wooded land (17%) and natural land (17%).

Table 3-6. Villages and Localities within Zone 5

% Village Area within

Village (EN) Village (AR) District Municipality Zone 5

Qsaibeh Fad Nabatiye Yes 100.00

Kfar Sir o A Nabatiye Yes 100.00

Arzoun O35 Sour Yes 100.00

Bestiyart ol Sour No 100.00

Bedias e Sour ves 100.00

Borj Rahhal ) e Sour Yes 100.00

Yes — with Borj

Ain Abou Abdallah e o e sour Rahhal 100.00

Jazira (Saida) Sur Saida Yes — with Arzai 100.00

Jennata bl Sour Yes 100.00

Halloussiyeh gl Sour Yes 100.00

Hmairi o> Sour ves 100.00

Derdaghaiya Lies) Sour Yes 100.00

Deir Qanoun En-Nahr s 06 2 Sour Yes 100.00

Chehour o Sour ves 100.00

Tayr Falsay el b Sour Yes 100.00

Srifa ad Sour ves 100.00

Marnaba Ly Sour Yes — with Srifa 100.00

Mazraat Tayr Semhat Sloans g 3550 Sour Yes — with Srifa 100.00

Niha o Sour Yes — with Srifa 100.00

Touayri Srs Sour No 100.00

Mazraat El Ouasta Aoyl 550 Saida Yes — with Kharayeb 100.00

Matariyet Ech Choumar 3} Byl Saida Yes — with Arzai 100.00

Maaroub o Sour Yes 100.00
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Village (EN)

Sir El Gharbiyeh
Qaaqgaaiyet Ej Jisr
Arzqi

Mazraat El Aaitaniyeh
(Yahoudiyeh)

Froun
Mazraat Jamjim
Kharayeb (Saida)
Zaoutar El Gharbiyeh
Braigeaa
Zrariyeh
Ghandouriyeh

Aabbassiyeh

Village (AR)

District

Nabatiye
Nabatiye

Saida

Saida

Bent Joayl
Saida
Saida

Nabatiye

Nabatiye
Saida

Bent Jbayl

Sour

Municipality
Yes

Yes

Yes

Yes — with Kharayeb

Yes
Yes — with Kharayeb
Yes
Yes
Yes
Yes
No

Yes

% Village Area within
Ione 5

98.58
95.26

86.81

73.05

72.35
65.34
65.23
45.88
35.99
33.40
15.27

8.19

PREPARED BY ELARD

81



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI RIVER BASIN CDR

FINAL BUSINESS PLAN REPORT

Litani River
ata
resthouse
(left) and
municipal
solid waste
dumping in
Bedias (right)

Litani River
at Borj
Rahhal

Al Sadd Al
Raeesi in
Zrariyeh (left)
LRA
Qassmieh
Station

(right)

Resthouse at
the riverbank
in Chehour,
and (left)
resthouse in
Tayr Falsay

(right)

POLLUTION PRESSURES, STATE OF RIVER & SEDIMENT QUALITY & SITUATION ANALYSIS

PREPARED BY ELARD

82



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI RIVER BASIN CDR

FINAL BUSINESS PLAN REPORT

Litani River
ata
resthouse
(left) and
municipal
solid waste
dumping in
Bedias (right)

Solid waste
littering in
Tabel
tributary at
Matariyet
Ech
Choumar

POLLUTION PRESSURES, STATE OF RIVER & SEDIMENT QUALITY & SITUATION ANALYSIS

PREPARED BY ELARD

83



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI RIVER BASIN CDR

FINAL BUSINESS PLAN REPORT POLLUTION PRESSURES, STATE OF RIVER & SEDIMENT QUALITY & SITUATION ANALYSIS

Figure 3-5. Sources of Pollution Pressure in Zone 5
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3.1.2 Pollution Pressures from Solid Waste Disposal Practices

177.

178.

179.

180.

Municipal, industrial and healthcare waste disposal practices were analysed across the
five zones to assess the threat posed by solid waste to the Lower Litani River and its
fributaries’ surface waters through littering and surface runoff. While it is acknowledged
that leachate from solid waste dumpsites constitutes a threat to groundwater sources
where aquifers are shallow and geologic formations allow infiltration of the leachate, the
threat to groundwater from leaching and to surface water from the deposition of
micropollutants generated from open burning practices in dumpsites outside of the
watershed boundary were not considered in the analysis.

For each dumpsite and ‘potentially’ threatening solid waste disposal practice, the
susceptibility of the surface water to be affected by the pressures was assessed based on
the pressure’s distance to the surface water stream or body (within 200 m from a surface
water course), expert judgement from the field examination and likelihood of the
dumpsite receiving solid wastes of hazardous nature from nearby pressure sources. The
susceptibility indicator is represented by a low-medium-high rating. The overall pressure
level rating for each zone was determined based on an average rating of solid waste
pressures given across the zone in question.

Across the five zones, the surveyed dumps were reported to receive 219.2 fonnes per day,
while the total generation rate was reported by municipalities to be 296.4 tonnes per day.
The largest discrepancies between dumped and generated waste quantities are noted
in Zones 1, 3 and 5. Sources of discrepancies could be due to mis-estimation of the
quantities of waste in dumpsites, mis-reporting of quantities generated by municipalities,
and/or presence of dumpsites outside of the LL river basin that could be receiving waste
from villages within the basin. Although there are sorting and composting facilities with
gross tfreatment capacity of 58 tonnes per day throughout the basin area (52 tonnes are
in Zone 4), rejects from these facilities are received in dumpsites.

It is noteworthy that the types of wastes received by these dumspites are mixed wastes
that could contain hazardous wastes such as household hazardous wastes, industrial
waste, used oils, agricultural and household pesticides containers, that are mixed with
municipal waste due to the absence of collection of sorted waste. It is reported by the
hospitals that infectious healthcare waste is being collected by licensed private operators,
nonetheless, it may be possible that such wastes from other healthcare facilities such as
primary healthcare centers or clinics may be ending up in the mixed municipal waste
stfream that is disposed of in open dumps.
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181.In this first zone of the Lower Litani River Basin, there are 21 dumpsites for MSW as shown in
Table 3-7, and one dumpsite for construction and demolition wastes (currently non-
operational). Four of the MSW dumpsites were abandoned within the past few years and
are non-operational. The majority of the 17 MSW dumps are operating for more than 10
years and are currently receiving around 43.1 t/d of wastes of different kinds (municipal,
industrial and slaughterhouse) that are disposed of in a haphazard manner.

182.1n all of these dumps, open burning of wastes is practiced without any conftrol to create
space in the dump, often leading to complaints and air pollution (as per example shown
in Figure 3-6). Except for Ain El Tineh, Sohmor and Majdel Balhis dumps (D22, D10 and D3),
these dumps do not have a direct impact on the pollution of the River since they are
relatively far from the main river or any of its fributaries.

Table 3-7. Characteristics of MSW Dumps in Zone 1

ID Name

D22 F5-Ain el Tine-00
D13 G5-Aitanit-00
D16 F5-Qelia-00

D1 Gé-Kaoukaba-02
D2%* Gé-Kaoukaba-01
D10 G5-Sohmor-01n

Dé Gé-Kfarmeshki-O1n

D5** G6-Kfarmechki-00
D7 F5-Libbaya-00
D8 LLB-Libbaya

D20 G5-Machghara-00
D3 LLB-Majdel Balhis
D4 Gé-Majdel Balhis-00

D23 F5-Maidoun-00
D9 G5-Qaraoun-00
D14*** G5-Sohmor-00
D12 F5-Sohmor-03n
D18 F5-Yohmor-00
D19 LLB-Yohmor BG
D17 LLB-Zilaya
D15 F5-Zellaya-00

Latitude

33.492213
33.560442
33.43742
33.545019
33.524643
33.525579
33.523682
33.521047
33.49374
33.490627
33.503458
33.548083
33.544606
33.45551
33.545821
33.503484
33.496595
33.497049
33.48737
33.463285
33.463087

Longitude

35.644073
35.6773
35.670111
35.77563
35.774865
35.70963
35.75886
35.759136
35.723437
35.723093
35.664665
35.771672
35.763112
35.642338
35.718462
35.676555
35.697218
35.667627
35.66486
35.668674

35.675674 ' Non-operational

Current Status

Operational
Operational
Operational

Operational

Non-operational

Operational

Operational

Non-operational

Operational
Operational
Operational
Operational
Operational
Operational

Operational

Non-operational

Operational
Operational
Operational

Operational

Waste
Dumped
(t/d)

2
0.3
1
0.5
0
0.5
0.5

Distance (m) to
Litani River or

Tributary

7 Markabe
1,893 Litani River
1,649  Litani River
580 Mecheq
1,809 Mecheq
42 Mecheq
396 Mecheq
584 Mecheq
1,711 Moussa
1,441 Moussa
278  Litani River
80 Mecheq
248 Mecheq
1,162 Bougaa
218 Maabour
253  Litani River
1,030 Moussa
315  Litani River
509  Litani River
387  Litani River
414 Mazraa

** Reported in UNDP/MoE/ELARD (2017) study as Rehabilitated and Covered
*** Reported in UNDP/MOoE/ELARD (2017) study as Not Rehabilitated
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183.

184.

185.

186.

187.

Figure 3-6. Open Burning of Waste at Sohmor Dump (D10)

The three dumps of concern (Ain El Tineh, Sohmor and Majdel Balhis) are all located at
close distance (less than 200 m) to one of the tributaries of the Litani River in this zone. They
are relatively small in size and receive a small amount of waste from their respective
villages.

Ain El Tineh dump (D22) is directly located on Markabe tributary and consequently poses
a direct pressure to the pollution of the Litani River. The dump is located on a piece of land
owned by the municipality. It occupies an area of 1,500 m2 and receives around 2 t/d of
mixed municipal wastes from the village of Ain El Tineh. Usually, wastes are piled up in the
dump without any confrol to reach about Tm in height. Once the volume of waste in the
dump increases, open burning is practiced to create new space for the disposal of fresh
wastes.

Sohmor dump (D10) is located at 42 m from the Mecheq tributary and consequently poses
a direct pressure to the pollution of the Litani River. The dump is located on a piece of land
owned by the municipality. It occupies an area of 500 m2 and receives a small portion (0.5
t/d) of the mixed municipal wastes generated in Sohmor. Usually, wastes are piled up in
the dump without any control. Once the volume of waste in the dump increases, open
burning is practiced to create new space for the disposal of future wastes.

Majdel Balhis dump (D3) is also located at 80m from the Mecheq fributary and is located
on a piece of land owned by the municipality. It occupies an area of 500 m2 and receives
around 0.5 t/d of mixed municipal wastes from the village of Sohmor. Usually, wastes are
piled up in the dump without any control and then burned to create new space for fresh
waste.

Medical wastes generated from the only hospital in this zone (West Bekaa Hospital) are
collected and treated by a local company (SAFE Contracting) at the sterilization center
in Aabbassiyeh. According to SAFE Confracting, 200 kg/month of infectious medical
waste from West Bekaa Governmental Hospital are collected and freated through
autoclaving and shredding at their facility. Other primary health care centres present in
the region are mainly located in Machghara and consequently do not pose a threat on
the Litani River since they are located far from the River and wastes are expected to be
either burned on site or dumped in Machghara dump (D20).
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188. Other potential sources of pollution to the Litani River include industrial solid wastes that
might be disposed of in any of the three dumps of concern or are directly disposed of in
the River, especially during the dry season (af locations where industries are very close o
the Litani River). Types of solid wastes include organic wastes, packaging wastes, oil cans,
wood and plastics, construction debris; as well as some hazardous industrial wastes such
as used oils, grease, used batteries, and wastes potentially contaminated with traces of

heavy metals.

189. Pollution of the River's water might also be caused by littering and disposal of waste
directly along the river banks, from recreational areas, surface water runoff and drainage
of leachate to the River during summer and winter times.

190. The pressures to the Litani River from improper solid waste disposal practices in Zone 1 are
summarised in Table 3-8. The overall pressure level exerted by the solid waste practices in

Zone 1 is deemed to be low.

Table 3-8. Pressures Exerted in Zone 1 due to Solid Waste Disposal Practices

Pressure Pathway

Leachate and
surface runoff into
D22 — Ain El Markabe tributary
Tineh

Falling solid
garbage in River

Leachate and
D10-Sohmor @ surface runoff into
Mecheq tributary

Leachate and

D3 - Majdel .
Balhis surface run_off info
Mecheq tributary
Direct Dumping of solid
dumping of garbage in Litani
wastes in River River

Susceptibility

Low

Low

Low

Low

Indicator

Aesthetic
deterioration
through litter

High BOD, COD,
nitrites and heavy
metals in river
water

Aesthetic
deterioration
through litter

High BOD, COD,
nitrites and heavy
metals in river
water

Aesthetic
deterioration
through litter

High BOD, COD,
nitrites and heavy
metals in river
water

Aesthetic
deterioration
through litter

Impact

Pollution of the river
water: Littering on the
river banks, Increase in
the organic content of

the river water and

potential contamination
with heavy metals and oils

Pollution of the river
water: Littering on the
river banks, Increase in
the organic content of

the river water and

potential contamination
with heavy metals and oils

Pollution of the river
water: Littering on the
river banks, Increase in
the organic contfent of

the river water and

potential contamination
with heavy metals and oils

Pollution of the river
water: littering on the river
banks, Increase in the
organic confent of the
river water and potential
contamination with heavy
metals and oils
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3.1.2.2 Zone 2

191.In Zone 2 of the Lower Litani Basin, there are 15 MSW dumps and three non-operational
CDW dumps. Ten of the MSW dumps are operational while five were abandoned since
almost six years (Table 3-9). The operational dumps receive around 20.3 t/d of mixed
municipal wastes. Apart from Hasbaiya dump (D21) which receives around 6 t/d of waste,
most of the dumps are very small and receive small quantities of wastes.

192.In all of these dumps, open burning of wastes is practiced without any control. Except for
the Rihane-Jezzine dump (D34), these dumps do not have a directimpact on the pollution
of the River since they are relatively far from the river or any of its tributaries and surface
runoff is not expected to reach the River.

Table 3-9. Characteristics of MSW Dumps in Zone 2

q . b Distance (m) to
ID Name Latitude Longitude Current Status Du(rt'r;g)ed Litani or Tributary
D35 F4-Aaychiye-00 33.396737  35.549203 Operational 0.2 1,705  Zaghrfne
D31 F4-Aaramta-00 33.444398 35.583075 Operational 1 562 Aaziz
* E4-Blat Marjeyoun-00 33.395893  35.614185 Non-operational 0 31 Haour
D30 E4-Dibbine-01 33.373435 35.584135 Operational 1 680  Litani River
D27 F5-Dellafe-00 33.42504 | 35.633405 Operational 0.1 225  Litani River
* E4-Dibbine-02 33.371698 35.585015 Non-operational 0 877  Litani River
* E4-Dibbine-03 33.369766 35.588291 Non-operational 0 1,145 Litani River
D21 E5-Hasbaya-00 33.420469  35.663684 Operational 6 1,842 Qotn
D26  E5-Kaoukaba Hasbaya-01  33.396059  35.634233 Operational 2 1,872 Haour
D24** E5-Kaoukaba Hasbaiya-02  33.393229 @ 35.638478 Non-operational 0 2,087 Haour
D47 E4-Kfar Roummane-00 33.372351  35.515666 Operational 4 1,336 Litani River
D41 E4-Kfar Tibnit-00 33.358317  35.53265 Operational 3 674  Litani River
D40 LLB-Arnoun 33.354746 35.534374 Operational 1 653 Litani River
D28 LLB-Qatrani 33.440638 35.597034 Non-operational 0 470  Soubaigh
D34 F4-Rihane Jezzine-00 33.44156 35.550651 Operational 2 172  Zaghrfne

* Reported in UNDP/MOoE/ELARD (2017) study as Rehabilitated and Removed
** Reported in UNDP/MOoE/ELARD (2017) study as Rehabilitated and Covered

193.Rihane-Jezzine dump (D34) is located at 172 m from the Zaghrfne ftributary and
consequently poses pressure to the pollution of the Litani River. The dump is located on a
piece of land owned by the municipality. It occupies an area of 700 m2 and receives
around 2 t/d of mixed municipal wastes generated from Rihane and the Syrian refugees
present there. Usually, wastes are piled up in the dump without any control. Once the
volume of waste in the dump increases, open burning is practiced to create new space
for the disposal of future wastes.
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194.

195.

196.

Pollution of the Litani River in this zone is mainly from direct dumping of different types of
waste in the water stream especially during the dry seasons. These might include some
light industrial solid wastes such as organic waste, packaging waste, oil cans, wood and
plastics; and some hazardous industrial wastes such as used oils, batteries and
contaminated packaging.

In this zone, there is only one hospital - Marjaayoun Governmental Hospital (45 beds). This
hospital has a confract with SAFE Contracting for the collection and treatment of its
infectious waste at Aabbassiyeh freatment center. The average monthly quantity tfreated
is 750 kg. Thus, no pollution of the Litani River from medical wastes is expected especially
that the hospital is far away from any of its fributaries.

The potential pressures to the Litani River from improper solid waste disposal practices in
Zone 2 are summarised in Table 3-10. The overall pressure level exerted by the solid waste
practices in Zone 2 is deemed to be Low.

Table 3-10. Pressures Exerted in Zone 2 due to Solid Waste Disposal Practices

Pressure Pathway Susceptibility Indicator Impact
Aesthetic
deterioration
through litter Pollution of the river water:
Leachate and Littering on the river banks,
D34 - Rihane- surface runoff L ) Increase in the organic
Jezzine into Zaghrfne ow High BOD, content of the river water
tributary COD, nitrites and potential contamination
and heavy with heavy metals and oils
metals in river
water

Pollution of the river water:
Littering on the river banks,

Direct Dumping of solid Aessthetic - .
- ; . . Increase in the organic
dumping of garbage in Low deterioration .
L o T - content of the river water
wastes in River Litani River through litter

and potential contfamination
with heavy metals and oils

3.1.2.3 Zone 3

197.1n Zone 3 of the Lower Litani Basin, there are eight MSW dumps and three CDW dumps

(two of which are non-operational). Six of the MSW dumps are operational while two were
abandoned in 2004 and 2012, respectively. The operational dumps receive collectively a
small amount of mixed municipal wastes (around 10.3 t/d). All of the dumps are relatively
small and receive small quantities of wastes as described in Table 3-11.

198.In all of these dumps, open burning of wastes is practiced without any conftrol. Except for

Yohmor En Nabatiye dump (D48), these dumps do not have a direct impact on the
pollution of the River since they are relatively far from the river or any of its tributaries and
surface runoff is not expected to reach the River.

PREPARED BY ELARD 90



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI BASIN CDR
FINAL BUSINESS PLAN REPORT POLLUTION PRESSURES, STATE OF RIVER WATER AND SEDIMENT QUALITY

Table 3-11. Characteristics of MSW Dumps in Zone 3

. . LIEBE Distance (m) to Litani or
ID Name Latitude Longitude Current Status Du(:\;g)ed Tributary
D39 C4-Aadaysse Marjeyoun-00 = 33.236066 @ 35.538066 Operational 2 220 Maaigel
D38 D4-Deir Mimas-00 33.289929 35.540052 Operational 0.8 743 Maaigel
D37 LLB-Deir Mimas 33.28525  35.545639 Operational 0.5 764  Jall ed Dekhene
D36** D4-Kfar Kila-00 33.277362  35.54571 | Non-operational 0 839  Jall ed Dekhene
D59 LLB-Zaoutar Ech-Chargiye  33.317578  35.488889 Operational 1 443 Aouainal
D33 E4-Qlaiaa-00 33.337499  35.556797 Operational 5 1,288 Litani River
D48 LLB-Yohmor en-Nabatieh 33.320003 35.506032 Operational 1 24 Aouainal
* D3-Zaoutar El-Gharbiye-00 = 33.318647  35.444334 Non-operational 0 795 Litani River

* Reported in UNDP/MOE/ELARD (2017) study as Rehabilitated and Removed
** Reported in UNDP/MOoE/ELARD (2017) study as Rehabilitated and Covered

199. Yohmor En Nabatiye dump (D48) is located at 24 m from the Aouainal fributary and
consequently poses pressure to the pollution of the Litani River. The dump is relatively new
(less than 2 years old) and is located on a private land. The dump receives around 1 t/d
of mixed municipal wastes generated in parts of Yohmor where wastes are burnt on a
regular basis.

200. There are no hospitals in this zone. Only one health care center is present in Kfar kila. This
center generates small amounts of medical wastes (around 35 kg/month) and is
expected to dispose of it in Deir Mimas dump (D37) which is far away from the Litani River
and does not pose any threat to the River.

201. Pollution of the Litani River in this zone is mainly from direct dumping of waste of different
types in the water stream especially during the dry seasons. These might include some light
industrial solid wastes such as organic waste, packaging waste, oil cans, wood and
plastics; and some hazardous industrial wastes such as used oils, batteries and
contaminated packaging.

202.The potential pressures to the Litani River from improper solid waste disposal practices in
Zone 3 are summarised in Table 3-12. The overall pressure level exerted by the solid waste
practices in Zone 3 is deemed to be low.

Table 3-12. Pressures Exerted in Zone 3 due to Solid Waste Disposal Practices

Pressure Pathway Susceptibility Indicator Impact
Aesthetic Pollution of the river
deterioration water: Littering on the
Leachate and through litter river banks, Increase in
D48 - Yohmor surface runoff L the organic content of
. . 3 ow ;
(Nabatiye) into Aouainal High BOD, COD, the river water and
fributary nitrites and potential contamination

heavy metals in with heavy metals and
river water oils
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Pressure Pathway Susceptibility Indicator Impact
Pollution of the river
water: Littering on the
Direct dumping | DUmPing of soid pesthetic T tent of
PINg garbage in Litani Low deterioration 9

of wastes in River

the river water and
potential contamination
with heavy metals and
oils

River through litter

3.1.2.4 Zone 4

203. Despite the presence of the largest number of solid waste freatment facilities, this zone of
the Lower Litani Basin is characterized by the highest number of dumps. In this zone, there
are 40 MSW dumps and 19 CDW dumps (eight of the CDW dumps are non-operational),
as shown in Table 3-13. From the 40 MSW dumps, 15 are non-operational while 25 receive
around 85.3 t/d of mixed municipal solid wastes. The reason for having this high number of
operational and non-operational dumps is since Kfour Nabatiye sorting and composting
facility that serves the Nabatiye district was operated and shut down at several occasions,
thus municipalities had to resort to new dumps for the disposal of their waste in the
absence of any alternatives.
204.The existing SWM facilities in this area are mainly small-scale sorting and composting
facilities that were built more than 15 years ago by USAID and have been refurbished and
upgraded in the last five years through European funding through OMSAR or ESFD. These
facilities are the following: Aaytaroun, Meiss Ej Jabal, Khirbet Selm, Qabrikha and Taybeh.
The capacity varies between 5 t/d to 20 t/d. They are mostly of the drum composting type
excepft for Aaytaroun and Qabrikha that are based on windrow composting.
Table 3-13. Characteristics of MSW Dumps in Zone 4
q . L LhC Distance (m) to
ID Name Latitude  Longitude Current Status Dumped Litani or Tributary
(t/d)
Dé7 D3-Aadchit El-Qouassair-01 33.282028 35.476978 Operational 1.5 174 Braik
Dé9 LLB-Aadchit Qoussair 33.281857 35.475839  Non-operational 0 160 Braik
Déé6 LLB-Qantara 33.261521  35.478137 Operational 1 416  Litani River
Dé5 D3-Qantara-00 33.258992  35.478906 Operational 1 241 Nhair
D68 B3-Maroun Er Ras-03n 33.095285  35.476632 Operational 2 1,320 Khanoua
D61 C3-Bany Haiyane-00 33.25482  35.487522 Operational 0.3 145 Nhair
D89 B3-Beit Yahoun-01 33.168725  35.428962 Non-operational 0 1,999 Adliga
D90 LLB-Beit Yahoun 33.168447 = 35.428388 Operational 0.5 1,994 Adliga
D100 C3-Aaqita Ej-Jabal-00 33.165209  35.405846 Operational 5 2,930 Adliga
D49*** B3-Aitaroun-00 33.1258 | 35.505371 ' Non-operatfional 0 2,436 Litani River
D85 D3-Borj Qalaouiye-00 33.260443 = 35.433186 Operational 1 264  Litani River
Dé4 C3-Chagra-00 33.173933  35.479309 Operational 10 380 LitaniRiver
D75 B3-Kounine-01 33.159164  35.46727 Operational 3 129 Aadliga
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D63
D53
D52
D84
*
D44
D80**
D87***
D86***
*
D73
D72**
Dé2
D77**
D58
D70

D50

D60
D55
D51
D101
D102
D82

*

Name

C3-Baraachit-00
LLB-Deir Siriane

D3-Deir Siriane-00

D3-Ghandouriyet Bent Joayl-00

C4-Houla-01
LLB-Houla
C3-Safad LBattikh-01
C3-Jmaijme-01
C3-Jmaijme-02
C3-Kfar Dounine-00
B3-Aaynata Bent Joayl-02n
B3-Aaynata Bent Jbayl-00
C3-Majdel SelIm-03
B3-Maroun Er-Ras-01
C4-Meiss Ej-Jabal-00
C3-Qabrikha-01
D3-Qalaouiye-01
D3-Rabb Et-Tiatine-00
C3-Khirbet SelIm-00
C3-Soultaniyet Bent Jbayl-01
C3-Talloussa-00
C4-Markaba-00
D3-Taybet Marjeyoun-00
LLB-Tiri
B3-Tiri-00
C4-Touline-00

C3-Saouanet Marjeyoun-01

Latitude

33.15848
33.286947
33.285673
33.280045

33.19807
33.196965
33.200827
33.213134
33.212207
33.240916
33.147006
33.138209
33.215489
33.105749
33.169417
33.257455
33.251773
33.248004
33.212918
33.199355
33.235107
33.234398
33.278157
33.140429
33.139024
33.258268
33.244017

Longitude

35.480133
35.501022
35.501032
35.439674
35.523885
35.523956
35.455053
35.431978
35.432495
35.412905
35.471967
35.471976
35.48059
35.463855
35.494187
35.473293
35.424435
35.504616
35.420913
35.39675
35.488297
35.49682
35.501451
35.396021
35.395335
35.444518
35.430759

Current Status

Operational
Operational
Operational
Operational
Non-operational
Operational
Non-operational
Non-operational
Non-operational
Non-operational
Operational
Non-operational
Operational
Non-operational
Operational
Operational
Non-operational
Operational
Non-operational
Non-operational
Operational
Operational
Operational
Operational
Non-operational
Operational

Non-operational

Waste
Dumped
(t/d)

1
0.4
0.2
0.7

O 0 O O O O

o ° v

o M

Distance (m) to
Litani or Tributary

494
331
193
543
74
102
189
500
583
1,233
274
775
377
227
814
221
146
178
281
1,476
1,161
1,241
623
2,353
2,384
729
329

Litani River
Braik
Braik

Litani River

Jamal
Jamal
Nahle

Litani River

Litani River

Litani River

Adliga

Litani River

Litani River

Khanoua

Litani River

Litani River

Litani River
Nhair

Litani River

Litani River

Litani River
Nhair
Braik

Adliga
Adliga
Litani River

Litani River

* Reported in UNDP/MOoE/ELARD (2017) study as Rehabilitated and Removed
** Reported in UNDP/MOoE/ELARD (2017) study as Rehabilitated and Covered
*** Reported in UNDP/MOE/ELARD (2017) study as Not Rehabilitated

205.Out of the 25 operational dumps, six are expected to have a direct impact on the
pollution of the Litani River since they are at close distances from the River and its tributaries

(less than 200 m). These are:

¢ Aadchit El Quassair dump (Dé7) is located at 174 m from Braik tributary and receives
around 1.5 t/d of mixed MSW. The dump is located on a piece of land that is 500 m2in
size. The waste are piled up and burned when their volume increases.
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e Bani Haiyane dump (Dé1) is located at 145 m from Nhair tributary and receives 0.3 t/d
of mixed MSW from the village. The area of the dump is very small in size (100 m2).

e Kounine dump (D75) is located at 129 m from Aaliqga tributary and receives around 3
t/d of mixed MSW. The area of the dump is around 1,000 m2. Waste is often burned to
reduce volumes.

e Deir Siriane dump (D52) is located at 193 m from Braik tributary and receives 0.2 t/d of
mixed MSW.

e Houla dump (D44) is located at 102 m from Jamal fributary and receives 3.5 t/d of
mixed waste from Houla village. The dump is located along the valley and has a size
of 1,000 m2.

e Rabb Ef Talatine dump (D50) is located at 178 m from Nhair tributary and receives 0.5
t/d of mixed MSW. The dump has an area of 1,500 m2 and is located in the valley.

206.In all of the six dumps, open burning is often practiced to reduce the volume of waste in
the dumps.

207.Two governmental hospitals are present in this zone, these are Mays El Jabal (45 beds) and
Bent Jbayl (100 beds). These hospitals generate around 85 kg of infectious waste per day
that should be properly disposed of. According to SAFE Contracting, both hospitals have
a contract with arc-en-ciel for the collection and treatment of their infectious waste and
consequently they are not expected to cause any harm fo the Litani River. Small health
care centers in this zone exist but have contracts with SAFE to collect and treat their waste
in the Aabbassiyeh treatment center (Imam El Sader Center in Chagra and Deir Siriane,
and Borj Qalaouiyeh Center in Ghandouriyeh).

208.The potential pressures to the Litani River from improper solid waste disposal practices in
Zone 4 are summarised in Table 3-14. The overall pressure level exerted by the solid waste
practices in Zone 4 is deemed to be low.

Table 3-14. Pressures Exerted in Zone 4 due to Solid Waste Disposal Practices

Pressure Pathway Susceptibility Indicator Impact
Aesthefic Pollution of the river
deterioration water: Littering on the
Leachate and fhrough litter river banks, Increase in
D67 — Aadchit el surface runoff the organic content of
. . . Low -
Qoussair into Braik High BOD, COD, the river water and
tributary nitrites and potential contamination
heavy metals in with heavy .me’rols and
river water oils
Aesthefic Pollution of the river
deterioration water: Littering on the
Leachate and fhrough litter river banks, Increase in
Dé1 -Bany surface runoff the organic contfent of
. . . Low -
Haiyane info Nhair High BOD, COD, the river water and
tributary nitrites and potential contamination
heavy metals in with heavy .me’rols and
river water oils
Leachate and Aesthetic Pollution of the river
' surface runoff deterioration water: Littering on the
D75 - Kounine into Adliqa Low through litter river banks, Increase in

the organic content of

tributary :
the river water and

PREPARED BY ELARD 94



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI BASIN

CDR

FINAL BUSINESS PLAN REPORT

POLLUTION PRESSURES, STATE OF RIVER WATER AND SEDIMENT QUALITY

Pressure Pathway Susceptibility Indicator Impact
High BOD, COD, @ potential contamination
nitrites and with heavy metals and
heavy metals in oils
river water
Aesthetic Pollution of the river
deterioration water: Littering on the
Leachate and through litter river banks, Increase in
D52 — Deir Sifiane sur.foce rupoff Low the organic content of
info Braik High BOD, COD, the river water and
fributary nitrites and potential contamination
heavy metals in with heavy metals and
river water oils
Aesthetic Pollution of the river
deterioration water: Littering on the
Leachate and through litter river banks, Increase in
D44 — Houla suﬁoce runoff Low the organic content of
into Jamal High BOD, COD, the river water and
fributary nitrites and potential contamination
heavy metals in with heavy metals and
river water oils
Aesthefic Pollution of the river
deterioration water: Littering on the
Leachate and through litter river banks, Increase in
D50 - Rabb Et surface runoff the organic contfent of
- . . Low -
Talatine into Nhair High BOD, COD, the river water and
tfributary nitrites and potential contamination
heavy metals in with heavy metals and
river water oils
Aesthetic Pollution of the river
Dumping of solid deterioration water; littering on the river
Direct dumping = garbage in Litani fhrough litter banks, increase in the
Low organic content of the

of wastes in River

River or any of its
fributaries

River water
quality

river water and potential

contamination with
heavy metals and oils

3.1.2.5 Zone b

209. Similar to Zone 4, this zone of the LLB has a large number of dumps. In this zone, there are
27 MSW dumps and nine CDW dumps (five of which are non-operational). From the 27
MSW dumps, eight are non-operational while 19 receive around 60.2 t/d of mixed
municipal solid wastes (Table 3-15). The reason for having this high number of operational
and non-operational dumps is also due to the fact that Ain Baal sorting and composting
facility and Ras el Ain dump were operated and shut down at several occasions, thus
municipalities had to resort to new dumps for the disposal of their waste in the absence of
any alternatives.

210. SWM facilities serving parts of this zone exist but are located outside the Study Area. These
are Ain Baal sorting and composting facility and Zrariyeh thermal treatment center. Ain
Baal facility was built by OMSAR in 2009 and operated in 2011. The facility has a capacity
of 150 t/d and serves around 27 municipalities from the Union of Tyre Municipalities. This
facility faced several operational difficulties since the start. The other facility is the Green
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Ecotech facility in Zrariyeh. The facility has a capacity of 10 t/d and is mainly a sorting and
thermal treatment through pyrolysis. Waste are transformed to coal while syngas is
generated and used inside the facility. The facility serves four villages including Zrariyeh,
Aadchit, Kfar Roummane and Qsaibeh, but its operation has been officially stopped by
MoE.

Table 3-15. Characteristics of MSW Dumps in Zone 5

ID

D126
D123**
D122
D116
D120
D113
D103**
D104
D91
D111
D108
D107
*
D125
D114
D97
D93

*
*

*

D106
D95
D94

D112%**

D109

D78
D115**

. . LWEBE Distance (m) to
Name Latitude Longitude Current Status Du(:\;g)ed Litani or Tributary
D2-Borj Rahhal-02 33.322319  35.263269 Operational 7 157  Litani River
D2-Borj Rahhal-01 33.315074  35.271201 Non-operational 0 764  Litani River
D2-Arzai-00 33.326218 | 35.285754 Operational 6 288  Litani River
D2-Bedias-01 33.315967 35.311967 Operational 2 139 Hour
D2-Bedias-02 33.314912  35.306184 Operational 0.5 585 Hour
D2-Deir Qanoun En Nahr-00  33.298586 35.326845 Operational 6 15 Hour
D2-Derdaghaiya-02 33.274083 | 35.37846  Non-operational 0 787 Arzoun
D2-Derdaghaiya-03n 33.267335  35.377619 Operational 0.2 1,499 Arzoun
D3-Froun-00 33.303112  35.427084 Operational 3 709  Litani River
D2-Hallousiyeh-00 33.297771 | 35.333064 Operational 3 375 Hour
D2-Maaroub-05n 33.296235 35.337918 Operational 8 1 Hour
D2-Hmairi Sour-00 33.294706 35.345586 Operational 2 148 Hour
D2-Maaroub-01 33.294657 35.345527 Non-operational 0 140 Hour
D2-Quasmiye-02n 33.328604 @ 35.26486 Operational 1 413  Litani River
D2-Jannata-00 33.28231 | 35.322148 Operational 0.2 1,420 Hour
LLB-Kfar Sir 33.314576  35.408143 Operational 1.8 882  Litani River
LLB-Kfar Sir 33.310872 | 35.414612 Operational 2 265  Litani River
D2-Maaroub-03 33.28371 | 35.331612 Non-operational 0 1,069 Hour
D3-Qaagaaiyet Ej-Jisr-00 | 33.331636  35.450942 Non-operational 0 44 Chemali
D2-Sir El Gharbiye-00 33.321401  35.351813 Non-operational 0 264  Litani River
LLB-Sir El Gharbiyeh 33.317825 35.355159 Operational 3 4 Hamra
D3-Srifa-03 33.282273 | 35.409941 Operational 8 396 Ngaai
LLB-Srifa 33.27739  35.41102 Operational 3 198 Ngaai
D2-Tayr Falsay-00 33.322544 | 35.33003  Non-operational 0 225 Azahi
LLB-Tayr Falsay 33.298298 | 35.33707 Operational 2.5 232 Hour
LLB-Zaoutar El Gharbiyeh  33.337572 35.461098 Operational 1 831 Chemali
E2-Zrariye-00 33.336205  35.322062 Non-operational 0 1,229 Litani River

* Reported in UNDP/MOoE/ELARD (2017) study as Rehabilitated and Removed
** Reported in UNDP/MOE/ELARD (2017) study as Rehabilitated and Covered
*** Reported in UNDP/MOE/ELARD (2017) study as Not Rehabilitated
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211.0ut of the 19 operational dumps, seven are expected to have a direct impact on the
pollution of the Litani River since they are at close distances from the River and its

tributaries. These are:

Borj Rahhal dump (D126) is located at 157 m from Litani River and receives around 7
t/d of mixed MSW. The dump is located on a piece of land that is 600 m2 in size. The
wastes are piled up to 3 meters in height and then burned.

Bedias dump (D116) is located at 139 m from Hour fributary and receives 2 t/d of mixed
MSW. The size of this dump is very small (100 m2).

Deir Qanoun En-Nahr dump (D113} is located at 1 m from Hour tributary and receives
6 t/d of mixed MSW from the village. The area of the dump is around 600 m2 and is
expected to have a negative impact on the surface water pollution of the tfributary.

Maaroub dump (D108) is located at 1 m from Hour tributary and receives around 8 t/d
of mixed MSW. The area of the dump is around 1,000 m2. Waste is often burned to
reduce volumes.

Hmairi Sour dump (D017) is located at 148 m from Hour tributary and receives 2 t/d of
mixed MSW. The area of the dump is 600 m2.
Sir El Gharbiyeh dump (D106) is located at 4 m from Hara tfributary and receives 3 t/d

of mixed MSW from the village. The area of the dump is around 500 m2 and is expected
to have a negative impact on the surface water pollution of the tributary.

Srifa dump (D94) is located at 198 m from Nqgaai tributary and receives 3 t/d of mixed
MSW. The area of the dump is 600 m2.

212.No hospitals are present in this zone, consequently pollution from medical waste is not of

concern. There exists one primary health care center in Srifa that generates small amounts
of infectious waste. These should be sent for freatment at Aabbassiyeh treatment center,
as currently there is no such arrangement in place.

213. Industries dispose of their solid industrial wastes either at the operational dumps or directly
into the river. Wastes of concern include waste from food processing industries (organic
wastes), used oils, packaging waste containing contaminated materials, and waste from

rock cutting.

214.The potential pressures to Litani River from improper solid waste disposal practices in Zone
5 are summarised in Table 3-16. The overall pressure level exerted by the solid waste

practices in Zone 5 is deemed to be medium.

Table 3-16. Pressures Exerted in Zone 5 due to Solid Waste Disposal Practices

Pressure Pathway Susceptibility Indicator Impact
Aesthefic Pollution of the river
deterioration water: Littering on the
Leachate and through litter river banks, Increase in
D126 - Borj . the organic contfent of
Rahhal surface runoff Medium the i ;
anha info Litani River High BOD, COD, e river water and
nitrites and potential contamination
heavy metals in with heavy metals and
river water oils
Leachate and Aesthetic Pollu’riqn of the river
. surface runoff deterioration water: Littering on the
D116 - Bedias into Hour Low through litter river banks, Increase in
tributary the organic confent of

the river water and
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Pressure

D113 - Deir
Qanoun En-Nahr

D108 — Maaroub

D107 - Hmairi
Sour

D106 - Sir El
Gharbiyeh

D94 - Srifa

Direct dumping
of wastes in River

Pathway

Leachate and
surface runoff
info Hour
fributary

Leachate and
surface runoff
info Hour
tributary

Leachate and
surface runoff
info Hour
fributary

Leachate and
surface runoff
infto Hamra
fributary

Leachate and
surface runoff
info Ngaai
fributary

Dumping of solid
garbage in Litani
river and its
fributaries

Susceptibility

Medium

Medium

Low

Medium

Low

Low

Indicator

High BOD, COD,

nitrites and
heavy metals in
river water

Aesthetic
deterioration
through litter

High BOD, COD,

nitrites and
heavy metals in
river water

Aesthetic
deterioration
through litter

High BOD, COD,

nitrites and
heavy metals in
river water

Aesthetic
deterioration
through litter

High BOD, COD,

nitrites and
heavy metals in
river water

Aesthetic
deterioration
through litter

High BOD, COD,

nitrites and
heavy metals in
river water

Aesthetic
deterioration
through litter

High BOD, COD,

nitrites and
heavy metals in
river water

Aesthetic
deterioration
through litter

River water
quality

Impact

potential contamination
with heavy metals and
oils

Pollution of the river
water: Littering on the
river banks, Increase in
the organic content of

the river water and

potential contamination
with heavy metals and
oils

Pollution of the river
water: Littering on the
river banks, Increase in
the organic contfent of

the river water and

potential contamination
with heavy metals and
oils

Pollution of the river
water: Littering on the
river banks, Increase in
the organic contfent of

the river water and

potential contamination
with heavy metals and
oils

Pollution of the river
water: Littering on the
river banks, Increase in
the organic content of

the river water and

potential contamination
with heavy metals and
oils

Pollution of the river
water: Littering on the
river banks, Increase in
the organic content of

the river water and

potential contamination
with heavy metals and
oils

Pollution of the river
water: littering on the river
banks, increase in the
organic content of the
river water and potential
contamination with
heavy metals and oils
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3.1.3 Pollution Pressures from Liquid Waste Disposal Practices

3.1.3.1 Domestic Wastewater Discharges

215.

216.

217.

218.

219.

220.

Domestic wastewater discharges were calculated for each zone. Population, wastewater
collection and final disposal methods formed the basis for examining the nature and
degree of the wastewater threats to the Litani River and its fributaries. The wastewater
volume generated per capita are calculated at 150 |/capita/day, and the population is
that of residents in 2018.

The assessment of the severity of the threat from each urban settlement is based on the
discharge location of the wastewater outflow (surface water or cesspools), the estimated
wastewater outflow, the presence/absence of a wastewater network and the plans to
connect the settlement in question to a wastewater treatment plant in the future. The
threat to surface water was primarily considered, while the threat to groundwater
contamination was considered as a secondary threat to the quality of the River water,
which is the main target of this study. Susceptibility of pollution of the surface water from
the pressures is thus the measure chosen to define the severity of the threat. Susceptibility
of threat to surface water from each settlement was determined using the criteria
illustrated in Figure 3-7.

The analysis of pollution pressures from wastewater discharges across the LLB is carried
across the five zones of the study area. Current and approved Wastewater Masterplans
for the Bekaa and South Lebanon were reviewed, and the towns and villages located
within the five zones with a minimum population of 10 houses and above were identified.
The Master Plans’ provisions, Law No. 63/2016 programming for establishing wastewater
freatment plants and networks within the study area, as well as feedback from the CDR
and MoEW were the key information used in assessing whether there are gaps in
wastewater services that this Business Plan should address. Through the 2018 municipal
survey carried out for the purpose of this study, municipalities provided information on
wastewater network coverage, discharge points, as well as information on the existence
of small wastewater tfreatment plants within their jurisdiction.

The assessment assigned priority levels to the planned measures. The prioritization is based
on the resident population of 2018, estimated wastewater outflow, the presence/absence
of a wastewater network (Point pollution sources) and whether the settlement in question
is connected to a wastewater freatment plant.

Gaps in network coverage and plans to service the areas with wastewater freatment
were examined based on the association of the zones’ maps which portray population
figures and network coverage.

It is noted that many settlements continue to rely on the privy vault-cesspool system
operated in a decenftralised manner. Whenever it is indicated that a tfown lacks a sewer
network; it implies that cesspools are used. Privy vaults and cesspools are basically holing
in the ground, constructed in cellars, beneath or within proximity to residences. They are
designed to drain much of the wastewater into the surrounding soil, but they still require
periodic cleaning. The unplanned and unconftrolled drainage of wastewater from privy
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vaults and cesspools contaminates soils, ground and surface water. In most cases, privy
vaults and cesspools prove unable to manage urban wastewater effectively. This
implemented decentralised management technology does not prevent contamination
of nearby surface water or groundwater.

Discharged
EF = Estimated Flows (m3/d) Municipal
REF = Reduced Estimated Flows = 0.2 x EF (m?/d) Wastewater

(wastewater leakage from cesspools,
estimated at 20% of Estimated Flows)

Non

Treated Treafed
Pl = Pressure Index

SI = Suscepfibility Index Existing No Network SI=0

Network Pl = 3 Pl =2 (cesspools Very Low
exist) Suscepfibility
EF>5000 1000<EF<5000 0<EF<1000

S = 3 High $I'= 2 Medium SI= 1 Low REF>1000 200<REF<1.000 REF<200

susceptibility Susceptibility Susceptibility SI=3High Sl =2 Medium SI=1Low
Susceptibility Susceptibility Susceptibility

Figure 3-7. Determination of the Susceptibility Index for Wastewater Pressure in a Settlement

221.The determination of the overall level of susceptibility in each zone considers the total daily
estimated wastewater generated from all the settlements in the zone, in order to provide
the collective picture of the threat of municipal wastewater in each of the five zones. The
single criterion used is thus the total daily estimated flow, and threat level is determined
based on the flow ranges shown in Table 3-17.

Table 3-17. Pressure Threat Criterion from Domestic Wastewater in a Zone

Total Estimated Daily Pressure Level

Flow of MWW (m3/d)
< 1,000 Low (1)
1,001 - 5,000 Medium (2)
5,001 — 10,000 High (3)
>10,001 Very high (4)

222.Gaps in network coverage and plans to service the areas with wastewater treatment
were examined based on the association of the zones’ maps which portray population
figures and network coverage (Figure 3-1, Figure 3-2, Figure 3-3, Figure 3-4. and Figure 3-5).
While in the absence of WWTPs, the threat of pollution from wastewater discharges
remains, the analysis assumes that plans to construct these WWTPs and their associated
collectors and networks constitute a programmed solution which is expected to alleviate
the pollution threat in the medium to long term.

223.Indicators of pollution with domestic wastewater are common across all zones. Surface
waters that are polluted with domestic wastewater are characterised by high levels of
soluble organics (BODs and COD), Total Suspended Solids (TSS), elevated nutrient levels,
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phosphorus, ammonia nitrogen (NHs-N, NH4-N), faecal coliforms and E. coli. The main
impacts from such pollution in rivers are manifested through an increase in the organic
load of the river water, oxygen deficiency in the river water, growth of algal blooms in
waterways, obstruction of sunlight penetration info deep water for photosynthesis,
eutrophication, aesthetic impacts, human and animal health risk (during bathing),
pathogens and acute toxicity to fauna and flora.

3.1.3.1.1 Zonel

224.

225.

226.

227.

228.

In this first zone, seven villages have sewer networks, four of which are currently connected
to Aaytanit Plant (Aaytanit, Baaloul, Qaracaoun and Machghara), and three are
discharging directly info the River (Yohmor, Sohmor and Ain ET Tineh). Five of the localities
(Yohmor, Sohmor, Zilaya, Ain Et Tineh, Maydoun & Loussia) and Machghara Plain are
planned to be connected to the planned Zilaya WWTP (as per Law No. 63/2016 — US$ 15.4
M), three to the Majdel Balhiss WWTP (Majdel Balhis, Kaoukaba Bou Arab (25%) and Kfar
Michki (25%)), two (Kaoukaba Bou Arab (75%) and Kfar Michki (75%)) to the Haouche El
Qennabeh WWTP (outside the LLB Study Area), one (Libbaya) to Hasbaiya WWTP (outside
the LLB Study Area) and one (Qelaya) to the Srayri WWTP.

The total daily generation of MWW from Zone 1 is estimated at about 6,207 m3/d for the
populatfion of 2018, from which less than 3,156 m3/d are currently reaching the Aaytanit
WWTP for treatment before discharge. The daily untreated direct discharge volume into
the river is estimated at 1,472 m3, where the largest contributors are Sohmor and Yohmor
(B-G). The MWW volume discharged into cesspools is estimated at 1,579 m3/d. Table 3-18.
Domestic Wastewater Infrastructure and Discharges in Zone 1 summairises the status of
wastewater connections in villages of Zone 1.

The current collective discharges of raw MWW into the Litani River from villages of Zone 1
that have wastewater networks would rate the pressure level to be Medium (£5,000 m3/d).
Notwithstanding, the river flow in the upper reaches of the Lower Litani River from
Qaraaoun Dam until Ain ez Zarga is weak as water only flows in the rainy season, fed by
fributaries and springs in Machghara and Sohmor, and thus it is not acceptable that the
river receives raw wastewater discharge in that stretch. In addition, Zone 1 relies in its water
supply on Ain ez Zarga and therefore, wastewater discharges info cesspools within the
recharge zone of Ain ez Zarga should be stopped, and all villages should have networks
that connect to the planned Zilaya, Majdel Balhiss, Haouch El Qennabeh, Hasbaiya and
Srayri WWTPs. Wastewater from households, hospitals, industrial facilities and schools
located within the villages which are not yet connected, discharge into residential
cesspools or septic tanks which are in most cases technically unsuitable.

Given the low flows in this section of the Litani River, and the presence of the downstream
Ain ez Zarga spring which supplies surrounding villages with potable water and feeds
water info the Jezzine or Awali Tunnel, the wastewater pressure in Zone 1 is judged fo be
High.

The most recent feasibility study (October 2017) which assessed the wastewater schemes
that the Bekaa Wastewater Master Plan had set concludes the requirement for five WWTPs
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229.

230.

to serve the West Bekaa and Rachaiya villages south of the Qaraaoun dam. The proposed
WWTPs are Zilaya, Majdel Balhiss, Srayri, Haouch El Qennabeh and Hasbaiya. Law No.
63/2016 allocates funding for the Zilaya WWTP and its networks serving the villages of
Zilaya, Libbaya, Maydoun & Loussia, Ain Et Tineh, Qelaya, Sohmor, Yohmor (B-G) and
Dellafi as specified in the Law. The plantin Majdel Balhiss is planned to serve Majdel Balhiss,
Kfar Michki & Nabi Safa, and Kaoukaba Bou Arab, is mentioned in the Master plan but not
programmed for in Law No. 63/2016. The sewerage networks of these villages must be
designed and constructed in parallel to the wastewater tfreatment plant construction.

Hence, funding for the networks in the target villages of West Bekaa (Libbaya, Zilaya,
Maydoun & Loussia, Yohmor, Sohmor, Ain Et Tineh, Qelaya) as well as Dellafi, and the
Zilaya WWTP is allocated as part of Law No. 63/2016. The gap in funding for Zone 1 is the
Maijdel Balhiss WWTP and networks in Majdel Balhiss, Kaoukaba Bou Arab, Kfar Michki and
Nabi Safa. The planned plants of Hasbaiya and Haouch El Qennabeh are parts of the
Hasbani Spring and River basin, and their funding is not secured yet.

The villages of Niha (Chouf), Mhaiydseh, Rafid, Rachaiya, Hasbaiya and Mimess are
partially included within Zone 1 of the Study Areaq, since some of the cadastral outskirts of
these villages intersect with the Lower Litani watershed. However, the inhabited areas of
these villages are outside of the Study Area, and hence the wastewater pressure from
these villages is not considered in the scope of this assessment, and neither are the
planned WWTPs for these areas accounted for in this business plan.
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Table 3-18. Domestic Wastewater Infrastructure and Discharges in Zone 1

Type of Network Est. WW Pressure
YpP Village Sewer Network Planned Discharge Actual Discharge Population Flow rate
Pressure Coverage (m3/d) Level
3 Aaytanit Yes 100% Aaytanit Plant (existing) Aaytanit Plant 862 129 None
O
E Baaloul Yes 76% Aaytanit Plant (existing) Aaytanit Plant 2,273 341 Low
o) . . .
s Machghara Yes 95% AG‘F’,TO”” Plant (existing). Zilaya (4 it pignt 8,805 1,321 None
83 ant (Machghara Plain)
%D g Qaraooun Yes 62% Aaytanit Plant (existing) Aaytanit Plant 9.099 1.365 Low
<
2 Sohmor Yes 60% Zilaya Plant (Law No. 63/2016) RIVER 5,836 875 Medium
©
5 Yohmor Yes 70% Zilaya Plant (Law No. 63/2016) RIVER 2,382 357 Low
0]
5 Ain Et Tineh Yes 90% Zilaya Plant (Law No. 63/2016) RIVER 1,601 240 None
Ziaya No - Ziaya Plant (Law No. 63/2016) U”dfé%rkcs’und 924 139 Low
2 Libbaya No - Hasbaiya Plant Underground 2,857 429 Low
3 tanks
<
5 Maydoun No -
8 Annex to Zilaya Plant (Law No. 63/2016) U”dfrgrkound 2,056 308 Low
o) Loussia - anks
o Maydoun
3
8] . . Underground
g Qelaya No Srayri Plant tanks 835 125 Low
5 Maijdel Balhis No - Maidel Balhis Plant (25%) U”dfc;%g””d 1,565 235 Low
¢ Majdel Balhis Plant (25%) & Underaround
2 Kaoukaba Bou Aarab No - Haouche El Qennabeh Plant 9 1,320 198 Low
3] tanks
) (75%)
© s
k= Kfar Michki No - Majdel Balhis Plant (25%) &
Underground
Annex to Kfar Haouche El Qennabeh Plant tank 963 145 Low
Nabi Safa C o - (75%) anks
Michki °
PREPARED BY ELARD 103



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI BASIN CDR

FINAL BUSINESS PLAN REPORT POLLUTION PRESSURES, STATE OF RIVER WATER AND SEDIMENT QUALITY

3.1.3.1.2 Zone?2

231.

232.

233.

234.

235.

236.

237.

238.

Zone 2is sparsely inhabited. There are currently four small WWTPs serving individual villages.
These are Aaychiyeh, Rihane, Marjaayoun- Khiyam and Kaoukaba (Hasbaiya) WWTPs.
These plants’ capacities and treatment level effectiveness and their operational status
were not assessed.

In Zone 2, only five villages have sewer networks; four of them are connected to the
existing WWTPs in Aaychiyeh, Kaoukaba, Marjaayoun, and Rihane. Kfar Roummane, the
largest urban agglomeration in Zone 2, discharges the collected wastewater into Wadi El
Kfour (Nabatiye Plant). The rest of the localities are planned to be connected to the
planned Hasbaiya (only for Kaoukaba), Srayri, Wadi Jarmaqg and Nabatiye-2 (Wadi El
Kfour) plants, and to the existing Marjaayoun-Khiyam and Rihane WWTPs. The Wadi
Jarmag WWTP was included in the Master Plan but not programmed for construction in
Law No. 63/2016. The Wadi Jarmag WWTP would service the locality of Jarmagq,
surrounding farmlands and parts of Kfar Roummane.

The most recent feasibility study (October 2017) which assessed the wastewater schemes
that the South and Bekaa Wastewater Master Plans had set concludes the requirement
for a wastewater tfreatment plant in Srayri to serve the villages of Bourghos, Dellafi and
Srayri, as well as Qelaya from Zone 1.

Discussions with the CDR and MoEW representatives concluded that a plant for Wadi
Jarmag is needed as well as channeling the wastewater from Kfar Houneh and Aramta
to the planned Sarafand Plant instead of Nabeh El Tasseh Plant.

Table 3-19 summarises the status of the wastewater connections. Wastewater from the
households, hospitals, industrial facilities and schools located within these not yet
connected villages are discharged info residential cesspools or septic tanks which are in
most cases technically unsuitable.

The total estimated daily generation of MWW from Zone 2 is about 2,475 m3/d for the
population of 2018, from which less than 420 m3/d are diverted to treatment plants before
discharge. Nonetheless, the freatment effectiveness at the Rihane, Aaychiyeh,
Marjaayoun and Kaoukaba WWTPs should be evaluated. The Marjaayoun and Kaoukaba
WWTPs lie outside of the study area, however they receive wastewater from localities
located within the LLB Study Area.

It was reported during the field survey that there are two small WWTPs in Qatrani which
were privately developed in 2011-2012 to serve a residential complex with maximum
occupancy of 1,800 persons. Given the current low occupancy, these two plants are
running at below 10% of their capacity, and operate for 7-8 hours per day. They are
equipped with blowers, oil-water separators, tanks for sedimentation and chlorination
units.

Hence, funding for the networks in the villages of Marjaayoun (Dibbine, Blat and
Bouyada), Jezzine (Srayri and Jarmagq), Hasbaiya (Bourghos and Dellafi) is not allocated
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since Law No. 63/2016 did not identify the needed investments for these villages’
wastewater collection systems. The gap in funding for Zone 2 is also the Srayri and Wadi
Jarmag plants, as well as any upgrades to the Marjaayoun Plant.

239. Given the relatively low population pressure in Zone 2, the wastewater pressure is deemed
Low.
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Table 3-19. Domestic Wastewater Infrastructure and Discharges in Zone 2

. Est. WW
WP il Village Sewer Network SELTEILS Planned Discharge .Acfual el Flow rate TS
Pressure Coverage Discharge on (m3/d) Level
Aaychiyeh Yes
Mazraat Zighrine A'ang:eh)i( Tgh 95% Aaychiyeh Plant (exisiting Aaychiyeh 613 99 Very
yenty ° & Law No. 63/2016) Plant Low
. Annex to
ﬂt’ Mahmoudiyeh Aaychiyeh
O . .
i Jdaideh (Marjaayoun)* Yes 70% MO”OOYO.UH Plant Marjaayoun 6,086 9213 Low
3 (existing) Plant
O -
§ Kaoukaba Yes 50% Kaoukaba Plgnf (existing) Kaoukaba 1.017 153 Medium
P & Hasbaiya Plant Plant
£ Nabatiye-2 Plant (Law No.
g Kfar Roummane Yes 920% 63/2016) & Wadi Jarmaqg OPEN LAND 6,168 925 Medium
ol Plant
-
2 Rihane Yes
©
g Mazraat Khallet Khazen Annex to Rihane
5 Mazraat Louzid . : o
(Louayziyeh) Annex fo Rihane Not known R'hﬁgiﬂinlg%gqgg & Rihane Plant 1,164 175 Medium
Mazraat Qrouh Annex to Rihane
Ouardiyeh Annex to Rihane
2 v . ) Rihane Plant (existing & Underground ) ) )
o8¢, Chiail No Law No. 63/2016) (2) Tanks
0a9
z2 25 Rihane Plant (existing & Underground
0 . ; ; ;
532 Mazraat Daraya No Law No. 63/2016) (2) Tanks
0ED .
5 0 . ) Rihane Plant (exisiting & Underground
£= Sejoud No Law No. 63/2016) Tanks 300 45 Low
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Type of Actual Populati 2ok Pressure
YP Village Sewer Network Planned Discharge " P Flow rate
Pressure Discharge on g Level
(m?/d)
Sarafand Plant (Law No. Underground
Kfar Houneh No 63/2016) Tanks 1,755 263 Low
Sarafand Plant (Law No. Underground
Aaramtfa No 63/2016) Tanks 1,286 193 Low
Blat No Morjooyo.un Plant Underground 1,065 160 Low
(existing) Tanks
Dibbine No Morjooyo.un Plant Underground 1 660 249 Low
(existing) Tanks
Bouayda No Morjooyo.un Plant Underground 169 05 Low
(existing) Tanks
Bourghos No Srayri Plant Underground 146 22 Low
Tanks
Dellafi No Srayri Plant Underground  5q 44 Low
Tanks
Jarmaq No Wadi Jarmag Plant
Demachgiyeh Annex to Jarmaq Wadi Jarmagqg Plant
Mazraat El Aargoub Annex to Jarmaq Wadi Jarmagqg Plant UndTe(;%Losund 249 37 Low
Mazraat OQuazaaiyeh Annex to Jarmaq Wadi Jarmag Plant
Mazraat Tamra Annex to Jarmaq Wadi Jarmag Plant
i Two private
Qatrani No - WWTPs 415 62 Low
Srayri No Srayri Plant Underground 200 30 Low
Tanks
* Not more than 10% of Jdaideh Marjaayoun is located within the Study Area, and hence the wastewater pressure is deemed low
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3.1.3.1.3 Zone3

240.

241.

242.

243.

244.

245.

246.

247.

In Zone 3, six villages have sewer networks, one of which is connected to the existing Deir
Mimas Plant, a second is connected to Yohmor Plant, a third connected to Zaoutar Plant,
while two of the largest localities of Kfar Tibnit and Qlaiaa discharge directly onto land
leading to the river. The largest agglomeration of Kfar Kila does not have a sewer network
and discharges its wastewater intfo cesspools.

It is important to discern the wastewater pressures in Zone 3, given the planned Khardali
Dam and the downstream extraction of the river water at Taybeh, where the river water
is freated and supplied to users in the Bent Joayl and Marjaayoun Water Service Areas.

Table 3-20 summarises the status of the wastewater connections. Wastewater from the
households, hospitals, industrial facilities and schools located within these not yet
connected villages are discharged info residential cesspools or septic fanks which are in
most cases technically unsuitable.

The total estimated daily generation of MWW from Zone 3 is about 4,145 m3/d for the
population of 2018, from which less than 816 m3/d are sent to treatment plants before
discharge.

It can be considered that the two established lagoon WWTPs of Yohmor and Zaoutar are
operational, however, they are not receiving the entire flow from the towns they serve.
Zooutar El Gharbiyeh will be connected to the Zaoutar Plant in the future or to the planned
Sarafand Plant. As per Law No. 63/2016, the Wadi El Kfour at Nabatiye-2 Plant will serve
Kfar Tibnit. Based on discussions with CDR and MoEW, Arnoun will also be served by the
Wadi El Kfour Plant.

The two villages in Marjaayoun of Borj El Mlouk and Qlaiaa discharge their collected
wastewater in the River and on open land. Borj El Mlouk wastewater collection network is
incomplete. Both villages should be connected to the Marjaayoun plant upon assessing
the latter’s treatment capacity.

The two villages in Marjaayoun of Adaysseh and Deir Siriane were programmed within Law
No. 63/2016 to be piping their wastewater to Wadi El Slouki WWTP. Discussions with CDR
and MoEW led to the understanding the the two plants of Breigaa and Wadi El Slouki will
be merged into one plant at Qaaqgaaiyet Ej Jisr, which will serve the two villages of
Adaysseh and Deir Siriane. The networks are programmed for in Law No. 63/2016.

Deir Mimas has a treatment plant which was built by the UNIFIL and rehabilitated in 2016.
The treatment effectiveness at this plant is not known. It is noteworthy that Law No. 63/2016
programmed for a WWTP to received discharges from Deir Mimas, Kfar kila and Houra (a
locality that is under the joint administrative jurisdiction of Deir Mimas and Kfar Kila). The
plans should be aligned with the current conditions and the feasibility of expanding the
current plant at Deir Mimas should be studied.
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248.Hence, the funding gaps for Zone 3 are the networks for Borj El Mlouk and its connection
along with Qlaica to Marjaayoun Plant, and the completion of networks in Yohmor,
Zaoutar Ech Chargiyeh and Zaoutar El Gharbiyeh.

249. Given the location and nearby downstream uses of the river water at Taybeh, it is deemed
that the wastewater pressure in Zone 3 is Medium.
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Table 3-20. Domestic Wastewater Infrastructure and Discharges in Zone 3

Type of
Pressur Village Sewer Network AT Planned Discharge Actual Discharge Po'pula EAHC RIS
e Coverage tion rate (m3/d) Level
5 Kfar Tibnit Yes 80% Nabatiye-2 Plant (Law No. 63/2016) RIVER 4,667 700 Medium
g Qlaiaa Yes 100% Marjaayoun Plant (existing) OPEN LAND 4,855 728 Medium
3 Borj El Mlouk Yes 40% Marjaayoun Plant (existing) RIVER 1,056 158 Medium
©)
£
2 Deir Mimas Yes
o)
£ Annex to Deir Deir Mimas Plant (existing & Law No
« Houra . g . s
% Mimas 90% 63/2016) Deir Mimas Plant 1,494 224 Low
o} .
S Mazraat Doumiat Annex fo Deir
& Mimas
©
I3 Yohmor Yes 30% Yohmor Plant (existing) Yohmor Plant 1,923 289 Medium
0]
[ Zooutar Ech-Chargiyeh Yes Zaoutar Plant (existing)
50% Zaoutar Plant 2,019 303 Medium
Mazraat El Hamra Annex to Zcpu’ror Zooutar Plant (existing)
Ech-Chargiyeh
© . ) Deir Mimas Plant (existing & Law No. Underground
S Kfar Kila No 63/2016) Tanks 6,103 216 Low
Q
a Qaaqaaiyet Ej Jisr Plant (Law No. Underground
o) -
g Aadaysseh No 63/2016) Tanks 2,535 380 Low
O 6 . . .
E 2 Deir Siriane No ) Qaaqgaaiyet Ej Jisr Plant (Law No. Underground 859 129 Low
2 2 63/2016) Tanks
i)
5o . ) Zooutar Plant (existing) & Sarafand Underground
2 Zaoutar El Gharbiyeh No Plant (Law No. 63/2016) Tanks 1,354 203 Low
©
Q Aalmane* No - - Underground 35 5 Low
5 Tanks
<
Arnoun No - Nabatiye-2 Plant (Law No. 63/2016) U“dTe(;%L‘ZU”d 735 110 Low
* Vacant Land or Locality that has a very small Number of Houses (<10)
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3.1.3.1.4 Zone 4

250.

251.

252.

253.

254.

2565.

In Zone 4, only two villages have partial or incomplete sewer networks, and both are
connected to Tibnine Plant. The rest of the localities discharge of their wastewaters in
underground tanks. As per the South Lebanon Wastewater Master plan, these localifies
are planned to be served by the Wadi Slouki WWTP, Qaaqaaiyet Ej Jisr WWTP, Bent Joayl
WWTP, and Sour WWTP. On the other hand, the Law No. 63/2016 has programmed for the
Wadi Slouki and Braigeaa wastewater treatment systems to serve villages of Zone 4.
Discussions with the CDR and MoEW to align the plans, resulted in an understanding that
the Wadi Slouki and Braigeaa wastewater tfreatment systems will be combined into one
freatment system at Qaaqgaaiyet Ej Jisr.

Three localities are on the outskirts of Zone 4, and which are Bent Jbayl, Safad El Battikh
and Baraachit. Bent Joayl is served by its own existing WWTP to which Tiri and Aaynata are
planned to be connected. Safad El Battikh and Baraachit are planned to be connected
to the exisiting Tibnine Plant. Table 3-21 summarises the status of the wastewater
connections. Wastewater from households, hospitals, industrial facilities and schools
located within these not yet connected villages are discharged into residential cesspools
or sepftic tanks which are in most cases technically unsuitable.

The total estimated daily generation of MWW from Zone 4 is about 92,891 m3/d for the
population of 2018, from which less than 479 m3/d are diverted to a treatment plant before
discharge. Despite the relatively low volumes of wastewater generated from single
localities, the collective wastewater volume can generate a high contamination pressure
to water supplies in the region. The Bent Jbayl area relies mostly on surface water from the
Litani River through the Taybeh water treatment plant and on groundwater sources to
augment this supply. Hence, it is important fo ensure that the same localities being
supplied with freshwater from the underground wells are not polluting their own sources
with wastewater.

It is understood that the feasibility study for the wastewater treatment plants and network
systems in the Bent Jbayl area is currently being updated.

Hence the funding gap for the Zone 4 are networks in Maroun Er Ras, Aaytaroun, Blida,
Kounine, Beit Yahoun, Mhaibib, Chagra, Meiss Ej Jabal, Houla, Souaneh, and Qalaouiyeh,
and connection of these villages to the planned Qaaqgaaiyet Ej Jisr Plant, in addition to
Aaynata and Tiri which do not have wastewater collection networks and would need to
be connected to the existing Bent Joayl WWTP.

Based on the estimated wastewater volumes generated in Zone 4, and given that the
freatment plans await clarification, the wastewater pressure level in Zone 4 is rated High.
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Type of Sewer Network Populati 2ok Suscepti
YP Village Planned Discharge Actual Discharge P Flow rate cep
Pressure Network Coverage (m3/d) bility
O o . . T . ..
2% .. Tibnine Plant (existing) & Qaaqaaiyet Ej Jisr - .
N E 5 Jmaijmeh Yes 10% Plant (Law No. 63/2016) Tibnine Plant 2,142 321 Medium
o0 3
Do
525 | . . -
25 Soultaniyeh Yes 80% Tibnine Plant (existing) Tibnine Plant 1,052 158 None
-O (%]
Maroun Er Ras No - Qaagaaiyet Ej Jisr Plant (Law No. 63/2016) U”d%ﬁﬁund 456 68 Low
Aaytaroun No - Qaagaaiyet Ej Jisr Plant (Law No. 63/2016) U”d%ﬁﬁund 5,420 813 Low
g
2 Aaynata No - Bent Jbayl Plant (existing) Underground 4,611 692 Low
< Tanks
©
2 Blida No - Qaaqaaiyet Ej Jisr Plant (Law No. 63/2016) Underground 2,032 305 Low
o} Tanks
Q
§ Kounine No - Qaaqgaaiyet Ej Jisr Plant (Law No. 63/2016) UndTeC;%LcS)und 457 69 Low
5
S Beit Yahoun No - Qaaqgaaiyet Ej Jisr Plant (Law No. 63/2016) U”dTe;%LCS’U“d 382 57 Low
o
o Mhaibib No - Qaaqgaaiyet Ej Jisr Plant (Law No. 63/2016) U”dTe;%LCS’U“d 828 124 Low
e)
9] . - Underground
o Chaagra No - Qaaqgaaiyet Ej Jisr Plant (Law No. 63/2016) Tanks 5,573 836 Low
©
£
Meiss Ej Jabal No - Qaaqgaaiyet Ej Jisr Plant (Law No. 63/2016) U”dTe(;%LCS’U”d 4171 626 Low
Houla No - Qaaqgaaiyet Ej Jisr Plant (Law No. 63/2016) UndTe(;%Lc;und 4,290 644 Low
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Type of . Sewer Network . . Populati 2ol Suscepti
Pressure Village Network Coverage Planned Discharge Actual Discharge Fl(on\:ls/rg;e bility
Maijdel Selm No ; Qaagaaiyet Ej Jisr Plant (Law No. 63/2016) U”dTe;%EU”d 5,262 789 Low
Khirbet Selm No - Qaagaaiyet § Jist Plant (Law No. 63/2016) U”dTe;%EU”d 2,418 363 Low
Souaneh No - Qaagaaiyet Ej Jisr Plant (Law No. 63/2016) U”d%ﬁﬁund 2,239 336 Low
Talloussa No - Qaagaaiyet Ej Jisr Plant (Law No. 63/2016) U”d%ﬁﬁund 663 100 Low
Markaba No ; Qaagaaiyet Ej Jisr Plant (Law No. 63/2016) U”dTeCE%LZU”d 2,148 322 Low
Qalaouiyeh No - Qaaqadaiyet E Jisr Plant (Law No. 63/2016) U”d%%[g““d 1,075 161 Low
Touline No - Qaaqadaiyet B Jisr Plant (Law No. 63/2016) U”dTeC;%EU“d 3,364 505 Low
Qabrikha No - Qaaqgaaiyet Ej Jisr Plant (Law No. 63/2016) U”dTe;%LCS’U“d 2,169 325 Low
Bani Haiyane No - Qaaqgaaiyet Ej Jisr Plant (Law No. 63/2016) U”dTe;%LCS’U“d 291 44 Low
TRQGIZlTDing No - Qaagaaiyet Ej Jisr Plant (Law No. 63/2016) U”dTe;%LCS’U“d 698 105 Low
Borj No - Qaaqaaiyet B Jist Plant (Law No. 63/2016) | Jnderground 1,103 166 Low

Qalaouiyeh Tanks
Ghandouriyeh No - Qaaqgaaiyet Ej Jisr Plant (Law No. 63/2016) UndTe(;%Lc;und 782 17 Low
Qantara No - Qaaqgaaiyet Ej Jisr Plant (Law No. 63/2016) UndTe(;%Lc;und 2,613 392 Low
(ggﬁfsg;) No ; Qaagaaiyet E Jisr Plant (Law No. 63/2016) U”"%ﬁg““d 542 81 Low
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. Est. WW .

Type of Village SO AT Planned Discharge Actual Discharge et Flow rate Sus.c.eph
Pressure Network Coverage (m3/d) bility
Taybeh No - Qaagaaiyet £ Jisr Plant (Law No. 63/2016) U”dTe;ﬁEU”d 5,009 751 Low
Kfar Dounine No - Sour-2 Plant (Law No. 63/2016) UndTeCr‘%chund 3.137 471 Low
Tiri No - Bent Jbayl Plant (existing) Underground 520 78 Low

Tanks
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3.1.3.1.5 Zone5

256.

257.

258.

259.

260.

In Zone 5, nine villages have sewer networks, but none are connected to a freatment
plant. They are programmed under Law No. 63/2016 to be connected to Srifa WWTP, the
second phase of Sour WWTP, and to the Sarafand WWTP.

There are two wastewater plants currently serving this Zone, which are the Kfar Sir WWTP
and the Sour WWTP. The connection of the served villages to these two plants is yet to be
finalized, and it was understood that the two plants are currently not operational.

The rest of the localities are planned to be connected to Sour-2 WWTP, Braigeaa WWTP,
Halloussiyeh WWTP, and Wadi Slouki as per Law No. 63/2016. Based on discussions with
CDR and MoEW, it is understood that the Halloussiyeh and Srifa wastewater tfreatment
systems will be merged with Sour treatment system. The Sarafand planned system will
receive wastewater from additional villages as summarized in Table 3-22. Wastewater from
the households, hospitals, industrial facilities and schools located within these not yet
connected villages are discharged into residential cesspools or sepfic tanks which are in
most cases technically unsuitable.

No funding gaps are identified in Zone 5.

The total estimated daily generation of MWW from Zone 5 is about 10,553 m3/d for the
population of 2018. Given the high population density in Zone 5, and the presence of
recreational facilities and irigated agriculture land in Zone 5, it is imperative that
wastewater is properly collected and treated prior to discharge into surface water. In
addition, the treated wastewater may be considered for use in irrigated agriculture if the
quality meets the irrigation water quality standards. The wastewater pressure level in Zone
5is rated High.
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Table 3-22. Domestic Wastewater Infrastructure and Discharges in Zone 5

W2 Network Popula Est. WW Pressure
Pressur Village Sewer Network Planned Discharge Actual Discharge P Flow rate
Coverage tion Level
e (m3/d)
Srifa Yes Sour-2 Plant (Law No. 63/2016)
Marnaba Annex to Srifa Sour-2 Plant (Law No. 63/2016)
65% OPEN LAND 5,283 793 Medium
Mazraat Tayr Semhat Annex to Srifa Sour-2 Plant (Law No. 63/2016)
Niha Annex to Srifa Sour-2 Plant (Law No. 63/2016)
Arzoun Yes 20% Sour-2 Plant (Law No. 63/2016) RIVER 835 125 Medium
g Maaroub Yes 920% Sour-2 Plant (Law No. 63/2016) OPEN LAND 2,774 416 Medium
q;) Jennata Yes 60% Sour-2 Plant (Law No. 63/2016) SEA 700 105 Low
Q
RS} Deir Qanoun En-Nahr Yes 80% Sour-2 Plant (Law No. 63/2016) SEA 4,188 628 Low
-]
o Bedias Yes 60% Sour-2 Plant (Law No. 63/2016) OPEN LAND 1,475 221 Medium
c
g Borj Rahhal Yes
o : 0% Sour-2 Plant (Law No. 63/2016) RIVER 7,255 1,088 Medium
£ Ain Abou Abddllah Annex fo Borj
& Rahhal
©
3 Kharayeb (Saida) Yes
0
&) Mazraat El Acitaniyeh Annex to
(Yahoudiyeh) Kharayeb
Annex 1o 60% Sarafand Plant (Law No. 63/2016) OPEN LAND 7,940 1,191 \}frg
Mazraat El Ouasta g
Kharayeb
. Annex to
Mazraat Jamjim Kharayeb
Zrariyeh Yes 80% Sarafand Plant (Law No. 63/2016) RIVER 7,066 1,060 Medium
g 2 S Arzai No
= 0= - Sour-2 Plant (Law No. 63/2016) Underground Tanks 3.231 485 Low
23z Jazira (Saida) Annex to Arzai
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Type of
Pressur Village Sewer Network
e

Matariyet Ech Annex to Arzai

Choumar
Halloussiyeh No
Tayr Falsay No
Hmairi No
Bestiyat No
Derdaghaiya No
Chehour No
Sir El Gharbiyeh No
Braigeaa No
Kfar Sir No
Qsaibeh No
Qaagaaiyet Ej Jisr No
Froun No
Touyari* No

Network
Coverage

Planned Discharge

Sour-2 Plant (Law No. 63/2016)
Sour-2 Plant (Law No. 63/2016)
Sour-2 Plant (Law No. 63/2016)
Sour-2 Plant (Law No. 63/2016)
Sour-2 Plant (Law No. 63/2016)
Sour-2 Plant (Law No. 63/2016)
Sour-2 Plant (Law No. 63/2016)
Braigeaa Plant (Law No. 63/20146)
Kfar Sir Plant (existing)
Sarafand Plant (Law No. 63/2016)

Qaaqgaaiyet Ej Jisr Plant (Law No.
63/2016)

Qaaqgaaiyet Ej Jisr Plant (Law No.
63/2016)

Sour-2 Plant (Law No. 63/2016)

Actual Discharge

Underground Tanks
Underground Tanks
Underground Tanks
Underground Tanks
Underground Tanks
Underground Tanks
Underground Tanks
Underground Tanks
Underground Tanks

Underground Tanks

Underground Tanks

Underground Tanks

Popula
tion

1,658
2,500
738
187
752
2,050
3,446
1,769
5,887
4,716

4,830

1,067

Est. WW
Flow rate
(m3/d)

249
375
111
28
113
308
517
265
883
707

725

160

Pressure
Level

Low
Low
Low
Low
Low
Low
Low
Low
Low

Low

Low

Low

Low

* Vacant Land or Locality that has a very small Number of Houses (<10)
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3.1.3.2 Industrial Wastewater Discharges

261.While domestic wastewater contains contaminants, industrial wastewater may contain
both contaminants and pollutants. Industrial wastes contain a large variety of pollutants
which are categorised as follows:

262.Inorganic pollutants. These include alkalis, mineral acids, inorganic salts, free chlorine,
ammonia, hydrogen sulphide, salts of chromium, nickel, zinc, cadmium, copper, silver,
etc., anions such as phosphates, sulphates, chlorides, nitrites and nitrates, cyanides;
cations such as calcium, magnesium, sodium, potfassium, iron, manganese, mercury,
arsenic, etfc.

263. Organic pollutants. These include high molecular weight compounds such as sugars, oils
and fats, proteins, hydrocarbons, phenols, detergents, and organic acids.

264.1n all zones of the Study Area there are factories producing effluents loaded with organic
pollutants. These effluents are conveyed to surface water through either the nearby
fributary or the existing sewer networks. Most of the generated wastes, whether liquid or
solid, are of biodegradable organic nature. Despite their characteristics, these wastes,
when found in high concentration, can still contribute to the natural imbalance of
ecosystems. Other industries within the same zones produce a mixture of organic and
inorganic effluents and which may contain hazardous compounds (herbicides, pesticides
and metal granulate). Effluents containing hazardous compounds should not be
discharged into the environment without proper tfreatment.

265. Unlike the Upper Litani Basin, the manufacturing industries in the LLB area are mainly small
scale and are concentrated in Zones 1, 4 and 5 as presented in Table 3-23. The majority
of the industries present in the LLB are olive mills, rock cutting and shaping, and concrete
blocks manufacturing (168 out of 223 industrial establishments).

Table 3-23. Distribution of Industrial Establishments across Zones

Number of establishments Percent Distribution (%)

Zone 1 47 21.1
Zone 2 20 9.0
Zone 3 34 15.2
Zone 4 57 25.6
Zone 5 65 29.1
TOTAL 223 100.0

266. Each establishment was assigned one or more ISIC codes (UN, 2008) depending on the
products manufactured at the premises. The manufacturing processes identified to be
present in the Study Area, and the distribution of these processes across the five zones are
shown in Table 3-24.

PREPARED BY ELARD 118



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI BASIN CDR

FINAL BUSINESS PLAN REPORT POLLUTION PRESSURES, STATE OF RIVER WATER AND SEDIMENT QUALITY

Table 3-24. Distribution of Manufacturing Processes across Zones

ISIC Zone 1ZIone Zone Zone IZone

Code ISIC Sector/Sub-sector 1 2 3 4 5 TOTAL

C-1040 Manufacture of vegetable and animal oils 14 10 20 29 23 89
and fats

C-1050 Manufacture of dairy products - 2 - 3 2 7

C-1061 Manufacture of grain mill products - - - - 1 1

C-1071 Manufacture of bakery products 2 - - 1 1 4

Manufacture of sugar / Manufacture of
C-1072 - - - - 1 1
other food products n.e.c.

C-1073 Manufacture of cocoo,.chocolofe and ) 1 ) ) o 3
sugar confectionery

Manufacture of soft drinks; production of
mineral waters and other bottled

Manufacture of wearing apparel, except

C-1410 - - 1 - 1 2
fur apparel
C-1610 Sawmilling and planing of wood - 2 1 1 - 4
C-1709 Manufacture of other articles of paper ) . ! ! ! 3
and paperboard
C-1811 Printing - - - 1 1 2
C-2220 Manufacture of plastics products 2 - - 1 1 4
C-2392 Manufacture of clay building materials - - - - 1 1
C-2395 Manufacture of articles of concrete, 16 ! 8 12 14 51
cement and plaster
C-23%96 Cutting, shaping and finishing of stone 9 1 - 9 9 28

C-2399 Monufo.cfure of other non-metallic ! . . ! ) 2
mineral products n.e.c.

C-2511 Manufacture of structural metal products 2 1 2 2 1 8

C-2512 Manufacture of tanks, reservoirs and . ) ) . 5 2
containers of metal

C-2733 Manufacture of wiring devices - - - - 1 1
C-3100 Manufacture of furniture - 2 - 1 1 4
E-3600 Water collection, treatment and supply 1 - - - - 1

G466 Wholesale of solid, liquid and gaseous . ) ) 5 ! 3
fuels and related products

N-8292 Packaging activities - - - - 1 1
Total number of industries in each zone 47 20 34 57 65 223

267. Pollution pressures from the industries located in the different zones were identified based
on a desk review of international and national studies on the characteristic pollutants
expected to be found in the discharges from such types of manufacturing processes. The
identification was also based on expert knowledge about the scale of manufacturing
processes carried out in the Lebanese context.
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268.In the absence of production data and data on the quantity and quality of effluents

generated in most industries present in the area of study, a diagnostic analysis was
conducted to prioritise polluting industries and to determine the pre-treatment processes
required and their associated costs. This section presents the methodology used to select
the priority industrial pressures and the resulis of the prioritisation, while section 5.2.2.3
presents the proposed mitigation measures and their estimated costs.

Categorisation of industries

269.The type and quantities of effluents generated from the different industries in the Lower

Litani River catchment area vary from one establishment to the other based on the type
of manufacturing process and the size of the industry. Some industries use dry process
manufacturing such as, plastic tfransformation, grain milling, concrete blocks making,
bakeries, and metal working and shaping among others, thus producing no wastewater.
Others use wet processes, which result in the discharge of variable amounts of wastewater
effluents that are loaded with organic and non-organic pollutants. Wet process
manufacturing is used in industries such as dairy production, olive mills, paint production,
rock and stone cutting, etc. Since the field industrial survey conducted by ELARD in spring
of 2018 consisted of collecting physical data about industries including their geographic
coordinates and the types of products produced along with photographic
documentation, it was possible to define the processes in each industry as one of two

types: wet and dry, as shown in Table 3-25.

Table 3-25. Nature of Manufacturing Processes

B Manufacturing process Categ.ory G
Code manufacturing process
C-1040 Manufacture of vegetable and animal oils and fafts Wet process
C-1050 Manufacture of dairy products Wet process
C-1061 Manufacture of grain mill products Dry process
C-1071 Manufacture of bakery products Dry/wet process
C-1072 Manufacture of sugar / Manufacture of other food products Dry process
C-1073 Manufacture of cocoa, chocolate and sugar confectionery Dry/wet process
C-1104 mﬁgggjocfngg of soft drinks; production of mineral waters and Wet process
C-1410 Manufacture of wearing apparel, except fur apparel Dry process
C-1610 Sawmilling and planing of wood Dry process
C-1709 Manufacture of other articles of paper and paperboard Dry process
C-1811 Printfing Dry process
C-2220 Manufacture of plastics products Dry process
C-2392 Manufacture of clay building materials Dry process
C-2395 Manufacture of articles of concrete, cement and plaster Dry process
C-239%96 Cutting, shaping and finishing of stone Wet process
C-2399 Manufacture of other non-metallic mineral products Dry process
C-2511 Manufacture of structural metal products Dry process
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C-2512 Manufacture of tanks, reservoirs and containers of metal Dry process
C-2733 Manufacture of wiring devices Dry process
C-3100 Manufacture of furniture Dry process
E-3600 Water collection, treatment and supply Wet process
G466 évrgglis:?sle of solid, liquid and gaseous fuels and related Dry process
N-8292 Packaging activities Dry process

Prioritisation of industries

270.Due to the large number of industries present in the area of study, it was necessary to
prioritise industries according to their potential direct impact on the water quality of the
Litani River. Two priority groups were identfified in each zone:

O_

Priority Group 1: This group includes all wet process industries falling within the
watershed area discharging info the Lower Litani Basin and are located in villages
having an existing wastewater network in good condition (refer to Table 3-26). These
were considered as the most potentially threatening to surface water quality since
these industries produce industrial effluents and probably discharge them either
directly to the sewers which end up discharging in open channels or through pipes laid
for short distances to reach the nearest flowing water stream or body.

Table 3-26. Condition of Existing Wastewater Networks as reported by Municipalities

Name of Village! Existing Network Condition
Qlaiaa Average Condition
Yohmor (B-G) Good Condition
Yohmor (Nabatiye) Good Condition
Machghara Good Condition
Sohmor Good Condition
Soultaniyeh Good Condition
Kfar Tibnit Good Condition
Zaoutar Ech-Chargiyeh Average Condition
Kfar Roummane Good Condition
Deir Qanoun En-Nahr Good Condition
Jmaijmeh Good Condition
Srifa Average Condition
Maaroub Good Condition
Jennata Good Condition
Kaoukaba (Hasbaiya) Good Condition
Qatrani Good Condition
Borj El Mlouk Bad Condition
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Name of Village'

Deir Mimas

Jdaideh (Marjaayoun)
Bedias

Kharayeb (Saida)
Zrariyeh

Qaraaoun

Existing Network Condition
Good Condition
Average Condition
Good Condition
Good Condition
Good Condition
Good Condition

1 Only villages with an existing wastewater network as reported by the municipalities are included

b- Priority Group 2: All wet process industries located within less than 400 m from Litani River
or any of its fributaries and that were not covered under Priority Group 1 above. It was
judged that small industries that are located farther than 400m from a surface water
body pose insignificant pollution threat to the surface water even if their effluents are
discharged info the sewer network due to the dilution factor that increases with
distance and mixing.

271.The results of the prioritisation of industries are presented in Table 3-27, and are further
broken down by the nature of the process whether it is a wet, wastewater-generating
process or a dry process where no liquid effluents from the manufacturing processes are
known to be generated.

Table 3-27. Prioritisation of Industries within the Area of Study

Total number of

Group industries Wet processes Dry processes
Priority Group 1 50 21 29
Priority Group 2 46 25 21
Total 96 46 50

272.Table 3-27 shows that there are 96 priority industries, 46 of them generate varying amounts
of wastewater while the remaining 50 industries produce no or little quantity of effluents
(dry process type). Only wet process industries will be considered later for their pollution
potential of the Litani River.

273.The priority industries in each zone, along with their categorisation, estimated daily
wastewater quantities generated and the effluents’ characteristics are listed in the tables
hereafter.

274.The overall pressure from industrial wastewater discharges is determined based on the
number of priority industries in each zone and estimated daily wastewater discharge from
all pricrity industries in the relevant zone. The different industrial pressure levels for each
zone were assigned based on the industrial effluents discharge brackets shown in Table
3-28.
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Table 3-28. Pressure Threat Criterion from Industrial Wastewater in a Zone

Total Estimated Daily Flow of

IWW (m?/d) from Priority Pressure Level
Industries in a Zone
<500 Low
501 - 1,500 Medium
1,501 — 2,500 High
= 2,501 Very high
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Figure 3-8. Priority Sources of Indusrial Pollution Pressure

PREPARED BY ELARD 124



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI BASIN

CDR

FINAL BUSINESS PLAN REPORT

3.1.3.2.1 Zonel

POLLUTION PRESSURES, STATE OF RIVER WATER AND SEDIMENT QUALITY

275.The total estimated daily flow from priority industries in Zone 1 is calculated at 132 m3/day
of effluents that are mainly of the organic, biodegradable nature. The flow from olive mills,
estimated at 72 m3/day is seasonal and is limited to no more than 60 days per year,
however the nature of the OMWW (high organic load and presence of non-
biodegradable organic compounds such as long-chain fatty acids and phenols) can
result in acute river pollution, accumulation of phenols in sediments and high organic
loads that could overload the wastewater treatment functions if the OMWW is discharged

with municipal wastewater streams.

276.The pressure from Industrial Wastewater in Zone 1 is accordingly deemed to be Medium.

Table 3-29. Priority Industries in Zone 1

Tvpe of Estimated
ID Village A)::F;ivify WW volume
(m?/d)
A023 Kaoukaba Rock cutting 30
AQ027 Sohmor Olive Mill 6
A029 Sohmor Olive Mill 6
Priority 1 | A034 Sohmor Olive Mill 6
A038 Yohmor Olive Mill 9
A024 Machghara Olive Mill 9
A028 Sohmor Olive Mill 9
A026 Maijdel Balhis Olive Mill 9
AQ31 Maijdel Balhis Olive Mill 6
Priority 2
A043 Zillaya Olive Mill 12
A048 Qelaya Rock Cutting 30

Effluent Characteristics

BOD,
BOD,
BOD,
BOD,
BOD,
BOD,
BOD,
BOD,
BOD,

TSS, Turbidity

COD

COD

, oil and grease,
COD,
COD,
COD,
COD,
COD,
COD,
COD,

, oil and grease,

TSS, Turbidity

oil and grease,
oil and grease,
oil and grease,
oil and grease,
oil and grease,
oil and grease,

oil and grease,

TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS

3.1.3.22 Zone?2

277.The total estimated daily flow from priority industries in Zone 2 is calculated at 20 m3/day
of effluents that are mostly of the organic, biodegradable nature, and hence the overall

threat is deemed to be low.

Table 3-30. Priority Industries in Zone 2

Estimated WW

ID Village LycF;i?/i?f volume
Y (m?/d)
Priority 1 | A066 Kfar Tibnit Dairy Products 20

Effluent Characteristics

BOD, COD, oil and grease,

TSS

3.1.323 1Zone3

278.The total estimated daily flow from priority industries in Zone 3 is calculated at 73 m3/day
of seasonal effluents from the olive mills imited to no more than 60 days per year, however
the nature of the OMWW (high organic load and presence of non-biodegradable organic
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compounds such as long-chain fatty acids and phenols) can result in acute river pollution,
accumulation of phenols in sediments and high organic loads that could overload the
wastewater treatment functions if the OMWW is discharged with municipal wastewater

streams.

279.The pressure from Industrial Wastewater in Zone 3 is accordingly deemed to be Medium.

Table 3-31. Priority Industries in Zone 3

ID

A118
Al19
A091
A145
A147
A148
A156
Priority 2

A160

Al44

Al46

A165

Priority 1

Village

Deir Mimas

Deir Mimas

Yohmor (Nabatiye)

Kfar Kila
Kfar Kila
Kfar Kila
Kfar Kila
Kfar Kila
Kfar Kila
Kfar Kila
Aadaysseh

Type of
Activity
Olive Mill
Olive Mill
Olive Mill
Olive Mill
Olive Mill
Olive Mill
Olive Mill
Olive Mill
Olive Mill
Olive Mill
Olive Mill

Estimated

WW volume

(m3/d)

O O O O O O O O O O~ O

Effluent Characteristics

BOD,
BOD,
BOD,
BOD,
BOD,
BOD,
BOD,
BOD,
BOD,
BOD,
BOD,

COD,
COD,
COD,
COD,
COD,
COD,
COD,
COD,
COD,
COD,
COD,

oil and grease,
oil and grease,
oil and grease,
oil and grease,
oil and grease,
oil and grease,
oil and grease,
oil and grease,
oil and grease,
oil and grease,

oil and grease,

1SS
TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS
TSS

3.1.3.2.4 Zone 4

280. The total estimated daily flow from priority industries in Zone 4 is calculated at 96 m3/day
of effluents, partly seasonal from the olive mills. Although the discharge is estimated to be
limited to 51 m3/day and for no more than 60 days per year, however the nature of the
OMWW (high organic load and presence of non-biodegradable organic compounds
such as long-chain fatty acids and phenols) can result in acute river pollutfion,
accumulation of phenols in sediments and high organic loads that could overload the
wastewater freatment functions if the OMWW is discharged with municipal wastewater

streams.

281.The pressure from Industrial Wastewater in Zone 4 is accordingly deemed to be Medium.

Table 3-32. Priority Industries in Zone 4

Tvbe of Estimated
ID Village AycF:ivity WW volume Effluent Characteristics
(m?3/d)
Priority T | A201 = Jmaijmeh Olive Mill 6 BOD, COD, oil and grease, TSS
Priority 2 = A140 Taybeh Olive Mill 6 BOD, COD, oil and grease, TSS
Al167 Borj Qalaouiyeh | Olive Mill 6 BOD, COD, oil and grease, TSS
A169  Borj Qalaouiyeh = Rock Cutting 30 TSS, Turbidity
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ID Village

A200
A213
A218
A222
A220

Houla
Kounine
Aaytaroun
Aaytaroun

Aaytaroun

Type of
Activity

Olive Mill
Olive Mill
Olive Mill
Olive Mill
Dairy Products

Estimated
WW volume Effluent Characteristics
(m3/d)
6 BOD, COD, oil and grease, TSS
6 BOD, COD, oil and grease, TSS
6 BOD, COD, oil and grease, TSS
15 BOD, COD, oil and grease, TSS
15 BOD, COD, oil and grease, TSS

3.1.325 1Zone5

282. The total estimated daily flow from priority industries in Zone 5 is calculated at 202 m3/day

of effluents. The maijority of effluents are from the rock cutting industries that generate
highly turbid and solids-laden effluents. Then there are seasonal effluents from the olive
mills limited fo no more than 60 days per year, however the nafure of the OMWW (high

organic load and presence of non-biodegradable organic compounds such as long-
chain fatty acids and phenols) can result in acute river pollution, accumulation of phenols
in sediments and high organic loads that could overload the wastewater treatment
functions if the OMWW is discharged with municipal wastewater streams.

283. The pressure from Industrial Wastewater in Zone 5 is accordingly deemed to be High, due
to the presence of rock cutting and olive mill wastewater discharges.

Table 3-33. Priority Industries in Zone 5

Estimated WW

ID Village Type of Activity volume (m?3/d) Effluent Characteristics
Priority 1 = A068 = Kharayeb (Saida) @ Rock Cutting 30 TSS, Turbidity
A072  Kharayeb (Saida) | Olive Mill 6 BOD, COD, oiland grease, TSS
AQ79  Zrariyeh Olive Mill 6 BOD, COD, oil and grease, TSS
A082  Zrariyeh Olive Mill 6 BOD, COD, oil and grease, TSS
A104 Bedias Rock Cutting 30 TSS, Turbidity
Deir Qanoun-En .
Al16 Nahr Rock Cutting 30 1SS, Turbidity
Deir Qanoun-En . .
A4 \ahr Olive Mil 12 BOD, COD, oil and grease, TSS
Deir Qanoun-En . .
ATS0 \iahr Olive Mil 12 BOD, COD, oil and grease, TSS
Deir Qanoun-En . .
ATS \ahr Olive Mil ? BOD, COD, oil and grease, TSS
AQ%94  Kfar Sir Chocolate 10 BOD, COD, oiland grease, TSS
A089  Qsaibeh Olive Mill 9 BOD, COD, oiland grease, TSS
Priority 2 = A101 | Tayr Falsay Rock Cutting 30 TSS, Turbidity
A102  Tayr Falsay Olive Mill 6 BOD, COD, oiland grease, TSS
A106  Tayr Falsay Olive Mill 6 BOD, COD, oiland grease, TSS
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3.1.3.3 Healthcare Wastewater Discharges

284.

285.

286.

287.

Water consumption in healthcare facilities depends heavily on factors such as the kind of
healthcare services provided, number of beds, accessibility to water, climate, level of
care and local water-use practices (WHO, 2014). According to the United Kingdom's
Department of Health, the average water consumption in hospitals is between 0.531 m3
and 0.710 m3 per bed per day (Department of Health, 2013).

Considering a conservative water consumption rate of 0.71 m3 per bed per day, the
hospitals in the LLB Study Area could be consuming around 258 m3 of water per day or
around 94,331 m3 per year. Wastewater generation usually constitutes between 70% and
90% of water use. Assuming an 80% return rate, it is estimated that the hospitals generate
an average of around 207 m3 of wastewater per day or around 75,464 m3 per year, as
shown in Table 3-34.

Wastewater from healthcare establisnments is of similar quality to urban wastewater, but
may also contain various potentially hazardous components (WHO, 1999):

¢ Microbiological pathogens - enteric pathogens, including bacteria, viruses and

helminths

¢ Hazardous chemicals — from cleaning and disinfection operations.
e Pharmaceuticals — including antibiotics and genotoxic drugs from hospital pharmacies

and various wards.

¢ Radioactive isotopes — from oncology departments.
e Related hazards, e.g. from epidemics such as cholera

Common pollutants from hospitals are (Dodd, 2008):

e Silver from x-rays and mammograms

¢ Oil and grease and BOD from kitchen and cafeterias

e On-site laundry facility

e Unused pharmaceuticals and personal care products flushed to drain and may be

potential endocrine disruptors

288.Important chemicals in  hospital wastewater include anaesthetics, disinfectants

(formaldehyde, glutaraldehyde), chemicals from laboratory activities, photochemical
solutions  (hydroquinone), and X-ray confrast media containing absorbable
organohalogen compounds (AOX); mercury from dental amalgams or lab chemicals;
excessive nufrients and nitrates; pharmaceuticals including antibiotics; radioactive
wastes; infectious agents, including bacteria, viruses and parasites (UNDP/GEF).

Table 3-34. Hospitals’ Wastewater Generation in LLB Study Area

Estimated Average Estimated Average

T @1l E L Water Consumption Wastewater

Primary Healthcare Number of beds at

3 i 3
Zone Centers, Medical hospitals (m?) per Zone_ per Generation (m°) per
- day by Hospitals Zone per day from
Clinics and Labs :
only Hospitals only

1 Hospital

3 Dispensaries
Zone 1 151 beds 107.2 85.8

30 Medical Clinics
7 Medical Labs
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Zone

Zone 2

Estimated Average Estimated Average
Water Consumption Wastewater
(m3) per Zone per Generation (m3) per
day by Hospitals Zone per day from
only Hospitals only

Number of Hospitals,
Primary Healthcare Number of beds at
Centers, Medical hospitals
Clinics and Labs

1 Hospital

10 Dispensaries
22 Medical Clinics
3 Medical Labs

49 beds 34.8 27.8

13 dispensaries

Zone 3 28 Medical Clinics - - -

2 Medical Labs
2 Hospitals

Zone 4 60 Medical Clinics 64 beds & 100 beds 116.4 93.2

4 Medical Labs

16 dispensaries

Zone 5 91 Medical Clinics - - -

7 Medical Labs

289.

290.

The hospitals are located far from Litani River or its tributaries, and in localities where sewer
networks are established, except for Meiss Ej Jabal in Zone 4. The estimated quantities of
wastewater generated by hospitals are considered low, and therefore the pressure threat
from hospital wastewater is low. It is imperative however that hospitals separate the
hazardous liquid waste from the domestic-like wastewater, similar to the practice in solid
waste management. It was not established if the hospitals separate their hazardous liquid
waste, or if they are connected to the sewer or to underground tanks. The presence of
sewer networks does not reduce the threat from hazardous healthcare wastewater
discharges to surface water since there are no operational wastewater tfreatment plants
that treat the collected wastewater.

Establishing the quality of healthcare wastewater from each hospital will aid in the
decision whether pre-treatment of wastewater is required prior fo draining the wastewater
to the municipal sewer.

3.1.4 Pollution Pressures from Classified and Non-Classified Non-Industrial

291.

292.

Establishments

The largest pollution sources are from the domestic and industrial sectors in the LLB Study
Area, whether for waste or wastewater. The count of facilities reported in this sub-section
as summarized in Table 3-35 is collected from the municipal survey where municipality
officials and mokhtars were interviewed, and hence, the correct numbers could not be
verified due to the absence of readily available and consolidated databases at the
ministry, governorate or Qaim’'magam levels.

For peftrol stations, vehicle repair shops and vehicle wash facilities, the Consultants
collected information that was reported municipalities during the survey on the number
of facilities operating in their jurisdiction, however no specific activity data on number of
vehicles serviced, water consumption, waste and wastewater generations, method of
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293.

disposal and the presence of settling or decantation tanks and oil-water separators were
collected, and which would permit the quantification of the pollution load from those
facilities. However, it is noted that given the poor infrastructure of wastewater and
stormwater collection in the LLB Study Areaq, it can be assumed that the polluted
wastewater from these facilities is more likely than not making its way to the watercourses
or seeping underground. It is noted that there is informal collection of used waste oils and
lubricants, however the size and comprehensiveness of this activity were not established.

The permitting of these facilities is managed by governorates and municipalities, where
environmental conditions for the operations are set forth by the Inifial Environmental
Examination (if requested) and its Environmental Management Plan, and the general and
sector-specific environmental guidelines set forth in the Lebanese legislation. The
observation and compliance with permit rules and general environmental conditions are
seldom and inconsistently enforced by the regulators and officers as it is common practice
that due to resource constraints, public officials respond to complaints instead of regular
checks.

Table 3-35. Petrol Stations, Vehicle Repair Shops, Vehicle Wash Facilities, Farms, Slaughterhouses and

Butchery Shops Reported by Municipalities in LLB Study Area

Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 TOTAL

Petrol Stations 22 16 22 45 41 146
Vehicle Repair 72 45 20 53 127 317
Garages
Vehicle Wash 22 14 10 61 65 172
Facilities
Poultry Farms 22 10 15 59 83 189
(nb. of birds) (186,200) (212,800) (180,000) (122,900) (213,000)
Cattle Farms 60 10 12 63 23 168
(nb. of heads) (527) (257) (1,925) (775) (330)
Sheep & Goat 54 22 14 36 21 147
(nb. of heads) (37,400) (6,330) (9,575) (3,150) (3,270)
Slaughterhouses 3 0 1 5 8 17
Meat Butcheries:

- Beef&Lamb 25 16 25 61 103 230

- Chicken 13 0 8 42 25 88

294.

The number of farms (pouliry, cattle and sheep & goats) was also collected through the
municipal survey with the municipality officials who were interviewed. The numbers could
have been under or overestimated, however they provide an insight on the size of these
sectors and anindication for future detailed surveying. Geographical coordinates of some
farms and slaughterhouses are included in Appendix D, Table D-3. Informatfion on the
number of birds and heads is also incomplete, and should not be taken at face value prior
to more detailed surveying. The main environmental pressures from these farms and pens,
include wastewater with organic load (BOD, Nitrogen) and ammonia from the excreta of
animals and birds, and the manure waste itself which can however be treated and re-
purposed to serve as fertilizer in agricultural uses or in biogas production depending on
collected quantities. A more detailed field survey of the current practices in these farmes,
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the practices in the use of rangeland and farmland and the waste outputs should be
investigated in more detail fo determine the magnitude of the pressure and develop
targeted responses.

295. Information on slaughterhouses and butcheries in the LLB study area were also collected
from the municipal survey. The permitting conditions for these activities are set forth by the
general and specific environmental legislation, and within the Environmental
Management Plans of Environmental Impact Assessments or Inifial Environmental
Examinations, if these were requested in the permitting for construction of such facilities.

296.Solid and liquid discharges from these facilities are organic in nature, however include
animal pathogens, and therefore open disposal of animal remains may constitute a
biological hazard. Liquid discharges of wastewater, mainly blood and animal excretq,
could be discharged with wastewater if the quantities are not large, provided that
wastewater is being treated and not discharged untreated in watercourses. For solid
discharges, consisting of bones, guts and unrecyclable parts, their separate collection
can allow for small incinerators operated within centralized and properly solid waste
management facilities.

297.The level of pressure from the slaughternouses and butcheries could not be ascertained
as more information is needed on the size of operations and the measures taken to
separate, recycle, reuse and dispose of the wastes at each of the facilities, and which
could not be realized as part of this study. A more detailed survey should be undertaken
to document the level of pressure and determine the compliance of facilities with their
permit and general environmental conditions.

3.1.5 Pollution Pressures from Quarries

298. Quarrying activities in the Lower Litani River basin are mostly prevalent in Zones 1 and 2.
Information on the license presence and validity was not available at the time of the field
survey. However, it was observed that there are sand quarries within close distances (<
500 m) from the Litani and tributaries’ courses, mostly within Zone 2, and fewer in Zone 4.
Active quarrying was more observed in vilages where no municipalities exist. A total of 63
quarrying sites were recorded; some active and some inactive. At the time of surveying,
the environmental prosecution had started investigation in the status of quarries, and
therefore surveying this matter proved to be difficult, and most information was collected
from the municipalities.

3.1.6 Pollution Pressures from Recreational Establishments

299.As shown in the maps of Section 3.1.1, several structures, mostly recreational
establishments, can be found along the river embankments. For the purposes of this
business plan, secondary and primary data were collected on the presence of these
encroachments within a 10 m buffer zone of the Lower Litani River course.

300. A Master’s thesis project carried out in 2017 by Survey Engineering students at the Islamic
University of Lebanon and with guidance from researchers at the National Center for
Remote Sensing, examined the existing structures along the Lower Litani River using
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301.

302.

303.

304.

available cadastral maps, remote sensing techniques, GIS tools, satellite images and field
verification. The encroachments were defined as built infrastructure within a 10 m buffer
zone of the river polygon, which was defined as the public domain. A fotal of 145
infringements were recorded in 28 localities in seven districts, covering 11% of the river
length or 9.5 km in total length. The largest number of encroachments were recorded in
Tayr Falsay, followed by Kfar Sir, Ain Abou Abdallah, Qaaqgaaiyet Ej Jisr and Jazira (Saida).
The types of encroachments recorded were: restaurants, fisheries, farms, campsites,
hotels, farm houses, mineral extraction sites, plastic houses, military site, and parking. The
maijority of the recorded types were restaurants stretching over a total of 5.7 km along the
river, followed by farms.

The South Regional Department within the Ministry of Environment conducted a detailed
field survey of recreational establishments along the Litani River in the Governorates of
South Lebanon and Nabatiye in August 2017, and identified 35 establishments along the
river embankment in the districts of Tyre and Nabatiye, their operational status, built
structure, water supply and wastewater freatment and disposal practices.

The municipal and field survey carried out for the purposes of this study in 2018, identified
a fotal of 181 recreational establishments in the Study Area within the vicinity of the River
and its fributaries. The majority of these establishments, numbering 153, were adjacent to
the water course. Evaluating whether the establishment is encroaching the river domain
was not possible within the scope of this study, as this exercise requires a detailed
examinafion of the zoning and cadastral maps, fopographic surveying to identify the
boundaries of existing structures and verification with the planning and administrative
authorities whether the occupants or land users are legally or illegally using the domain
(by legal agreement / concession on land and water use). Nonetheless, based on article
12 of Law 646/2004, the establishments within 10 m from the river course were identified as
completely encroaching on the legal boundary of the river, followed by those that were
partially located within the 10 m boundary, and those outside the 10 m boundary. A
complete list of the recreational establishments is included in Appendix D; Table D-5.

The recreational establishments are actfive during the months from April/May through
September/October, and are mostly shut for the rest of the year. The main pollutant
streams from recreational establishments are litter and wastewater discharges of the
municipal/domestic nature.

Considering the number and concenfration of recreational establishments which are
within 10 m from the river course, the pressure from the presence of recreational
establishment is rated high in Zone 5, Medium in Zone 1, and Low in Zones 2, 3 and 4. The
distribution of recreational establishments across zones and relative to the river boundary
is shown in Table 3-36.
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Table 3-36. Recreational Facilities in the Vicinity of the Lower Litani River

Camp Site

Zone 1 - - -
Zone 2 - - -
Zone 3 1 1 1
Zone 4 - - -
Ione 5 2 1 1

Total -

N
N

| Hotel/Restaurant ‘ Restaurant ‘ Restaurant/Fishery ‘ Public Garden ‘ Recreational

- - -1 - 8| 2 - 72 R N
- - - 1 3 - - - - - - - - - -
- - S < T T - e 2
- - - 7 - - - - - - - - - - -
-2 - |31 24 18] - - -l - - -3 5 2

‘ Resort ‘ Unspecified

II Within 10 m boundary
Partially
Out of 10 m boundary

Total

25

17
1
122
181
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3.1.7 Pollution Pressures from Informal Tented Settlements

305. As per the UNHCR, the number of tents recorded in March 2018 within the LLB Study Area
was 384 tents sheltering 2,005 refugees or Syrian displaced persons (DPs). The largest
number (294 tents, 1,552 DPs) was recorded in the Qaraaoun Village (Zone 1), followed
by Kharayeb, Jazira, Matariyet Ech Choumar and Mazraat El Ouasta in the district of
Saida, and Aabbassiyeh and Aain Abou Abdallah in the district of Sour (Zone 5 — 55 tents
and 302 DPs). The lowest number (35 tents, 151 DPs) was recorded in Zone 2, in the villages
of Blat Marjaayoun and Kaoukaba Hasbaiya. A list of the numbers of ITS recorded across
the LLB in provided in Table D-6. The pollution pressure from ITS is hence considered Low in
all zones.

3.1.8 Pollution Pressures from Agricultural Sources

306. Agriculture is one of the main economic activities in the Lower Litani Basin (LLB), it
constitutes about 33.1% of the land use as per the 2013 Land Use/Land Cover Map. The
most common agricultural crops cultivated in the study area are field crops (49%) and
olives (32.8%) as shown in Table 3-37 below.

Table 3-37. Type of Crops/Crop Categories and Total Areas in the LLB

Open . Fruit . Field
Horficulture Citrus Grapes Trees Olives Crops Banana Total
Areas (ha) 216 1,441 1,536 819 9,092 13,595 1,044 27,743
A 0.8% 5.2% 5.5% 3.0% 32.8% 49.0% 3.8% 100.0%

Source: Land Use/Land Cover Map (2013)

307. Agriculture is generally one of the main sources of non-point source pollution affecting
surface or groundwater flows. Pollutants of that source are transported fo surface or
groundwater flows. The most important constituents of agricultural runoff and water
seepage are agricultural chemicals (fertilizers) and non-degradable pesticides which end
up in waterways with irrigation overflows or deep percolation.

308. For the purpose of this Business Plan, two surveys were prepared as tools to collect
information about pesticides and fertilizers used per crop:

a) Farmers’ surveys (Appendix B): the farmers’ surveys included farm information (farmer
name, location, areas, etc.), crop information (type, area, planting date, irigation
technique, expected yields, etc.) and pesticides & ferfilizers information (name, type,
quantity, price, date of application, efc.). The survey also included information about
farmers’ attitude regarding pollution.

b) Agricultural input suppliers’ surveys (Appendix B): that was conducted through
interviews with major agricultural input suppliers and included the types and quantities
of pesticides and fertilizers sold per crop in the study areaq, the tfrade and common
names of pesticides and fertilizers, their concentration and/or formulation, the target
crop or pest to which they are applied, and the application rates as per the labels and
as used by the farmers according to the providers’ field knowledge.
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309.

310.

311.

312.

For the farmers/crops’ surveys, Atlas Agricole du Liban and the Agricultural Census 2010
were used to determine the main agricultural crops at districts and villages level. Seven
main crops or crop categories were identified in the Study Area: olives, bananas, citrus,
fruit frees, vineyards, field crops and horticultural crops including 19 different crops.

The Land Use/Land Cover (LUC) Map was used to determine the main agricultural areas
in the LLB, and to select the villages from which the farmers will be selected for each crop.
For each crop or crop category, 8 to 10 farmers were interviewed to collect information
about their use of pesticides and fertilizers as well as their understanding and attitude
towards water pollution.

A total of 49 farmers were interviewed in the different districts of the Study Area: West
Bekaa, Rachaiya, Hasbaiya, Jezzine, Marjaayoun, Nabatiye, Bent Joayl, Saida and Sour.

For the agricultural input suppliers’ surveys, six main suppliers in the Study Area were
contacted and interviewed in order to explore the types and quantities of fertilizers and
pesticides sold in the study area per crop. This survey was used also to cross-check the
authenticities of the data supplied by surveyed famers and fill the gaps including the trade
and common names of the fertilizers and pesticides, their concenfrafion and/or
formulation, the target crop or pest to which they are applied, and the application rates
as per the labels and as used by the farmers according to the providers’ field knowledge.

3.1.8.1 Pesticides

313.

314.

During the field survey and data collection, it was noticed that many pesticides are being
applied in more than recommended rates, applying more than three times in a season
which somehow leads to pesticide resistance. Some farmers sometimes double the dose
per application when the pesticide is close to expiry date or have expired. Most of the
farmers did not know the name or type of the pesticides, and insecticides are called
“poisons” without differentiating what insects they are meant to target.

It was clear from the survey that the Lebanese famer lacks knowledge about pests,
pesticides and alternative pest management techniques which are the main factors
contributing to pesticide misuse. A wide list of pesticides is being used in the Study Area
including some of the banned fertilizers by the MoA. The fate in water of these pesticides
are shown in Table 3-38 and Table 3-39 where pesticides’ degradation differs in the
environment. Some may last from 10 weeks to two months, while others may resist for years
such as Propargite and 2,4-D.

Table 3-38. Fate in Water of the Used Insecticides and Acaricides

Insecticides/Acaricides

Active ingredient Fate in water

Abamectin No bio-accumulation

Acetamiprid

Relatively non persistent and though it is mobile rapid degradation will reduce
its potential to leach to groundwater
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Active ingredient
Alpha-cypermethrin
Chlorpyriphos
Cypermethrin

Deltamethrin
Dimethoate

Endosulfon

Flufenoxuron

Imidacloprid

Indoxacarb

Lufenuron

Methamidiphos

Methiocarb

Methomyl
Mevinphos
Propargite

Thiomethoxam

Insecticides/Acaricides
Fate in water
Moderately to fast degradation
DT50: 35 - 78 days at pH =7 and 25°C
DT50: 50 days at pH =7
No residues detected

Dimethoate is not expected to adsorb to sediments or suspended particles,
hydrolysis half-lives of 3.7 and 118 days at pH 9 and pH 7

DT50: 20 days at pH =7 and 20°C
DT50 (25°C): 112 days at pH 5, 104 days at pH 7, 36.7 days at pH 9

DT50: 30 days at pH 7 and 25°C in surface water, in ground water it may range
from 45 - 190 days

Minimal environmental residues of this chemical in water resources are
expected

Lufenuron is not persistent in water

DT50: 5 days at pH =7 and 20°C

Moderately persistent and relatively immobile in soil, and is not likely to
contaminate groundwater. DT50: 24 days at pH = 7 and 20°C, 321 days at pH
5,0.21 days at pH 9 and 25°C

DT50 at pH's 6.0, 7.0, 8.0 and 9.0 have been experimentally determined to be
54, 38, 20 weeks and 5 weeks, respectively, at 25°C

DT50: 1.4 hrat pH 11, 3 days at pH 9, 35 days at pH 7, and 120 days at pH 6

The aqueous hydrolysis half-lives in aqueous buffer were 120 -702, 48 - 78 and 2
-3 days af pH 5, 7 and 9 respectively

DT50: stable pH 1 to pH 7, 11.5 days at pH 9, all at 20°C

Table 3-39. Fate in Water of the Used Herbicides and Fungicides

Active ingredient

2,4-D

Glyphosate

Oxyfluorfen
Paraquat
Benomyl
Carbendazim

Copper hydroxide

Herbicides/Fungicides

Fate in water

Hydrolysis (pH 7): 1 to 2 years in buffer solutions (sterile water); The half-life of
2.4-D in water ranges from 10 to 50 days. One study detected significant
residues of 2,4-D in ponds and reservoirs as long as 6 months after treatment.

Stable in water at pH 3, 5, 6, and ? at 35°C, and pH 5 to 8 at 25°C; in pond
water DT50 ranges from 12 days to 10 weeks

Rapidly decomposed by light, DT50: 5.6 days at pH =7 and 20°C
Stable pH 5 to pH 9, 30 days at 25 and 40°C

DT150: 0.8 day at pH =7 and 20°C, 2 months in water surface
Stable at pH 5 to pH 7, DT50: 22-124 days at pH 9 and 20°C
Stable at 20°C and pH 7
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Herbicides/Fungicides

Active ingredient Fate in water

Copper oxychloride = Stable at 20°C and pH 7

Cyproconazole DT50: 40 days at pH =7 and 20°C

Hexaconazol Stable, not sensitive to pH

Mancozeb DT50: 2-36 hours at pH 5, 5.5-55 hours at pH 7, 15 hours at pH 9 at 20°C
Myclobutanil Stable

Sulfur Stable, not a main degradation route

Triadimenol Stable pH 4 to pH 9 at 20 and 40°C

7ineb Stable, usually does not move below the upper layer of soil. For this reason,

zineb is unlikely to contaminate groundwater

315.The following remarks were noted during the field surveys:

In general, there is a weak knowledge about pesticides and alternatfive pest
management techniques that could contribute to pesticide misuse and/or overuse.

Most of the farmers do not know the names of the used pesticides; they use what the
providers recommend.

Regardless of occurrence of diseases, most of the pesticides are used as preventive
measures leading to high usage.

Maijority of farmers rely on their experience in pesticides application: regardless of
occurrence of pests, if they are used to spray certain pesticides, they will continue to
doiit.

Many generic names are found in the market corresponding to one active ingredient
and different concentrations which may be misleading to farmers sometimes.

Many farmers were unable to differentiate between the different types of pesticides
and their appropriate uses.

Absence of proper handling and use of the pesticides according to labels’ instructions.

There is a lack of appropriate use of adequate protective gear: no precaution is taken
on health and safety and farmers tend to be careless in dealing with the pesticides.

After application, no proper cleaning of application equipment and proper disposal
of empty containers take place. Some even use the empty bottles for drinking water.

No respect of pre- and post-harvest intervals, where some farmers tend to spray then
cultivate immediately afterwards thus increasing the risk of having residues of
pesticides exceeding the maximum recommended residue levels.

The prices of pesticides are a concern. Older generic products are flooding the
Lebanese market because they are cheaper than their more modern replacements,
but at the same time these older products pose a risk because of their higher intrinsic
hazard and the manner in which they are applied. Sometimes, farmers look for
cheaper pesticides regardless of their effectiveness or adequacy.
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316.

317.

318.

A tendency to apply more pesticides and buy expensive pesticides was noticed in the
case of some cash crops such as vegetables and fruit trees.

Many farmers lack crop information and proper production practices, they rely mostly
on the recommendations from providers.

Overuse and inappropriate pesticide handling can lead to the weakening of effective
natural control and development of pesticide resistance cases. The main environmental
concerns about pesticides, especially herbicides, relate to water and soil contamination
which lead to bioaccumulation in the food chain hence indirectly affecting human
health.

Sediment and water sampling were carried out in June 2018 and samples were analyzed
for traces of Organic Chlorinated Pesticides, Phosphor Pesticides, Nitrogen Pesticides and
other miscellaneous pesticides. Although overuse of pesticides was noted during the
surveys, all these pesticides were found to be below detection limits and no fraces in the
ecosystem. Since water and sediments samples were taken before and after major
agricultural areas, this reveals low impact of pesticides on river pollution. It is important to
note that the agricultural area in Zone 5 is concentrated around the river, but is more or
less a flat area and extending along the coast. Therefore, the agricultural returns are
possibly going directly to the sea and not into the river hence no pesticide residues were
found in the samples.

However, it is also important to note that sampling at critical times of the year that are
linked fto periods of pesticide use could potentially reveal different results. Concentrations
usually decrease to a minimum during rainfalls and low agricultural activity periods.
Sampling was done in June, which is considered a low activity period for olives and some
field crops which are dominant is the Study Area. Significant amounts of pesticides can
only be detected shortly after application. Therefore, for better tracing of the effect of
pesticides, monitoring has to be done on a weekly and monthly basis coinciding with
agricultural activities to give better information about the fate and concentrations of
specific pesticides of concern.

3.1.8.2 Fertilizers

319.

320.

321.

In Lebanon, the soil profiles are classified as calcareous and gypsiferous which generally
are very low in phosphorus (P) due fo the immobilization of added phosphorus. Applied P
reverts quickly to insoluble forms, and phosphate retention is more severe in gypsiferous
soils because of their higher calcium (Ca) activity. It is often reported in the literature that
because P is immobile in the soil, surface applications after the crop is planted will not
lead to movement of P near the zone of root activity and will be of little value to annual
crops in the year of application. Therefore, placement of P nearer to the roofts is
recommended.

The addition of N fertilizers is essential in calcareous soils as their organic matter content is
relatively low - around 0.4 to 1.5% for surface layers and negligible in subsurface layers.

The problems associated with application of N fertilizers are losses through leaching of
nitrates and ammonia volatilization and/or fixation by soil clay minerals. To prevent the loss
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of ammonia, N fertilizers should be incorporated well into soils, especially in soil conditions
where the pH is higher than 7.

322.Three main factors should be considered in the management of fertilizer applications:

1) applied forms of the fertilizers,
2) nutfrient content and clay mineralogy of the soil, and
3) the amount and type of CaCOs present in the soil.

323. During the field survey, investigations were done to assess the amount of fertilizers applied
by crop. The applied amounts were compared to the practical recommendations and
guidelines on nutrient management for specific crops from the Food and Agriculture
Organization (FAQO). These guidelines are based on balanced crop nutrition for sustaining
medium to high yields of crops under similar conditions fo the environment of the Study
Areaq.

324.The data on fertilizer use was analyzed per crop, where the N-P-K values were derived
from the application rates and frequencies, and then compared to the recommended
rates (as shown in Table 3-40). Analysis of the data revealed the following:

- Farmers apply the same amount of ferfilizers regardless of their expected yields, and
the recommendations they are given by the providers do not take into consideration
crop nutrient uptake. Therefore, most of the times, the applied fertilizers exceed the
recommended dose.

- Very few farmers have done soil analysis, and there is no reliance on available soil
nutrients when applying ferfilizers.

- Thereis a common understanding among farmers, that the more fertilizers are applied,
the higher the yields. Also, more fertilizers are applied for what is considered cash crops
(vegetables, grapes, and some fruit trees).

- Nitrogen fertilization ranged from 1.86 (for citrus crops) to 5.55 (fruits frees) times the
recommended dose, except for banana and olives where the N application rates
were close to the recommended dose as per crop uptake and utilization that would
generate the expected yield.

- Phosphorus fertilization ranged from 1.43 (olives) to 5.18 (vegetables) times the
recommended doses.

- Potassium (K) fertilization was mostly high in case of fruits tfrees where it reaches 4 times
the recommended dose.

325.1t could be concluded that farmers are over-fertilizing their crops and doses are being
applied without proper soil and water analysis and interpretation. Nutrient demands are
being exceeded and crop yields are comparably low with respect to the input of fertilizers.
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Table 3-40. Average Rates of Fertilizers used by Farmers compared to Recommended Doses

Applied by Farmers

Recommended by FAO

Crop N P20s K20 N P20s K20
Orange 50.7 29.6 45.2 10-20 3.5-4.5 5-16
Lemon 23.9 14.9 22.4 10-20 3.5-4.5 5-16
Banana 27.8 10.9 29.1 20-40 4.5-6 24-48
Olive 25.3 10.0 17.2 20-25 5.5-7 16-21
Watermelon 42.3 51.7 49.8 8-10 2.5-6 3.5-8
Melon 58.1 81.8 45.3 8-10 2.5-6 3.5-8
Tomato 40.1 34.2 22.1 10-15 6.5-11 16-24
Pepper 15.0 15.0 15.0 10-17 2.5-5 5.5-10
Beans 40.0 32.0 15.6 2-4 4-6 5-12
Cucumber 27.1 22.5 15.0 15-20 16-18 25-40
Eggplant 14.3 12.9 14.5 10-15 6-10 20-30
Grape 34.5 13.0 27.7 10-16 4-6 16-23
Onion 12.4 - 3.2 6-10 2.5-4.5 4.5-8
Tobacco 45.0 22.0 29.5 4-8 3-9 5-11
Sesame 745 745 7.5 3.5-5 2-3 2-3
Wheat 19.8 3.1 5.8 15 3.5-4.5 2.5-5
Almond 67.5 12.5 30.3 8-10 3-5 8-15
Peach 66.4 26.3 98.1 10-15 6-10 10-20
Apple 82.3 43.0 102.7 10-15 3-6 10-20

* Highlighted cells represent values that exceed recommended doses

326.

327.

328.

329.

Water samples showed low levels of nitrates, phosphate and potassium and the salinity
levels are low for agriculture purposes (less than 400 ppm in all samples) which is not
reflecting the amounts of applied fertilizers in the Study Area.

However, it is noticed that the salinity is increasing as we go downstream especially in SP14
and SP15 that are located in Zone 5 close to the river end and where the agricultural area
is concentrated. When examining the cations and anions, it is noticed that the major
increase in total dissolved solids is coming from the increase of sodium (Na) and chloride
(Cl). This is an indication that the reason of this increase is due to sea water intrusion rather
than agricultural return flows especially that potassium, phosphate and nitrate levels are
not increasing a lot.

It is important to note that the agricultural area in Zone 5 is more or less a flat area and
extending along the coast. Therefore, the agricultural returns are possibly going directly to
the sea and not into the river hence the low salinity and nutrients levels in the samples.

However, sampling at critical times of the year that are linked to periods of fertilizers use
would reveal different results. Sampling was done in June, which is considered low activity
period for olives and some field crops which are dominant is the Study Area.
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3.1.8.3 Farmers' Attitudes to River Pollution

330.The farmers’ survey explored the attitudes of famers towards pollution of the River's waters
and its sources. The majority of responses (82%) indicated wastewater as the main
pollution stream, followed by industries (11%) and garbage (5%). A minority of responses
(less than 2%) indicated agricultural chemicals as sources of water pollution. Also, during
the survey, it was noted that most of the farmers consider that pollution is coming from the
Upper Litani Basin rather than the Lower basin.

331. Farmers were asked to rate their approval of four statements regarding pollution on a
scale of 1 (strongly agree) to 5 (strongly disagree). The results are shown in Table 3-41.
Overall, the group of 57 farmers agreed that the River water’s pollution is a concern, but
that fertilizers and pesticides are not a main contributor to this problem (47% disagree that
there is a negative effect of agricultural inputs on water quality. Irrigation with the nutrient-
rich water was not viewed inconvenient by 44% of the surveyed farmers. Farmers tended
to agree (72%) that over-fertilization could negatively influence the soil quality.

Table 3-41. Weighted-average Scores on Farmers’ Attitudes towards River Water Pollution

1- Strongly Disagree > 5-

Strongly Agree
The Litani River water is polluted 435
Fertilizers and pesticides negatively influence the River's water quality 2.68
Irigation with nutrient-rich River water is beneficial to the soil and crops 3.19
Overuse of fertilizers and pesticides negatively influences soil quality 3.84

332.Farmers also face an array of environmental problems that negatively influence their
cultivation practices. The most cited problems, as per the survey, were irrigation water
quantities and quality (30% of responses), soil fertility issues (9%) and soil salinity (7%). With
regard to practices, 35% of the interviewed farmers revealed that they practice
fertigation, and 80% do nof regularly perform soil analysis.

3.1.9 Summary of Identified Pollution Pressures

333.The pollution pressures studied as part of the Business Plan are evaluated quantitatively
and qualitatively. It is important to mention that the pathway of contamination reaching
the river and the scale and nature of the pressure are key determinants in the evaluation
of the pressure.

334.1t is noteworthy, though evident, that larger population and more economic activities,
such asin Zones 4 and 5, result in greater pollution discharges and loads; however, it is not
amiss that when this is combined with poor or inadequate public infrastructure and poor
governance in land use and enforcement of rules, the pollution pressure is unmitigated
and will find a pathway fo pollute land, surface water and ground water.

The pollution pressures are summarized in Table 3-42 and Figure 3-9.
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Table 3-42. Summary of the Pollution Pressure Levels across the Zones

Pressure Solid Municipal Industrial Adriculture Recreational
Zone Waste Wastewater Wastewater 9 Activities

| B

Ione 5

- Low Pressure

Medium Pressure

- High Pressure
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Figure 3-9. Summary of the Pollution Pressure Levels across the Zones
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3.2 STATE OF RIVER ECOLOGY, WATER AND SEDIMENT QUALITY

335. Studies that reported on surface water and sediments’ quality in the Lower Litani River and
its tfributaries were compiled and analyzed, as shown in Table 3-43. Samples taken across
time, i.e. different years and seasons, and space, i.e. different locations, are expected to
give insights on the state and variation of pollution in the water bodies of the Lower Litani
catchment area.

336. 1t is essential to note that the various studies’ sampling locations, along with the sampled
parameters do not cover all areas of interest in the Lower Litani River Basin. In many
instances, the areas of interest are found covered with insufficient consistency and
repetitiveness in the parameters tested, or, the same parameter is tested for in various
studies but covered in different locations. This has led to, in some cases, finding an
exceedance of a certain parameter but not enough data to frace the parameter in a
keystone area downstream. This inconsistency in data collection should be corrected for
by establishing a scientific and effective water and sediment water quality monitoring
program that is consistently adhered to.

Table 3-43. Studies with Water and Sediment Analysis Results
Study Sampling Year(s) Matrix
Diab 2016 2015 River Water
ELARD 2018 2018 River Water, River Sediments, Spring Water
Houri et al 2007 2004 River Water
IDRC 2007 2003-2006 River Water, River Sediments
Kodeih 2016 2016 River Water, Spring Water
LRA 2007-2014 2007-2014 River Water
Nehme et al 2014 2012 River Water, River Sediments
Nehme et al 2014a 2013 River Water
OPTIMA 2006 2005 River Water
337.The samples’ analysis results were compiled in one spreadsheet where each reported

result was included as one enftry. For example, a sample analyzed for five parameters
resulted in five entries. An example of the entries of the spreadsheet appears in Figure
3-10. Each entry had the following attributes:

ID: A numeric ID was given to each entry;

Study: Author name and year of publication;

Sample ID/Description: As it appears in the source document;

Year: Year of sample collection;

Season: WET or DRY, where WET signifies that a sample was collected in the months
between December and May inclusive, and DRY is attributed to the samples collected
in the months between June and November inclusive;

Matrix: Surface Water, Sediments, Spring Water;
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- Type of Parameter;

- Parameter and Unit;

- Geographical Coordinates;
- Result;

- Sub-Watershed

Samp!e I.D/ YEAR SEASON MATRIX Type of Parameter Parameter and Unit RESULT Latitude  Longitude Sl
Descripfion watershed

4687  ELARD_Field_Sampling W-SP2 2018  Dry Surface Water ~ Chemical (C) Dissolved Oxygen (mg/l) 8.52 33.4944640 35.6595060 SW-03
Figure 3-10. Example of a Data Entry in the Water and Sediment Results’ Database

ID STUDY

338. Each sample was assigned to one of the 11 sub-watersheds within the Study Area based
on its location. Two sub-watersheds (SW-06 and SW-11) were further sectioned to give
emphasis to certain tributaries or sources of pollution located within those two sub-
watersheds. The analysis results from close locations for the same parameter were
averaged for the specific years and seasons during which they were collected. The sub-
watersheds or sections, represent the space dimension in the analysis of the results, while
the year and season represent the time dimension. The sections are drawn over the Study
Area for reference as shown in Figure 3-11.

Figure 3-11. Sub-watersheds and Sections Drawn over the Lower Litani River and Tributaries
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339.The database contains 3,854 entries, which were compiled from the nine different sources
that are listed in Table 3-43. Studies with Water and Sediment Analysis Results. Given that
different studies report the parameters differently, provide measurements in different
scales and record the geographical locations in different coordinate systems or through
map depictions, the data were freated to harmonize parameters’ listing and
measurement units. The geographical coordinates were also harmonized, or were
determined using the images provided in the studies in which the coordinates were not
explicitly provided. The database retains the original sample identification, which the
authors of the various studies had given the samples. The data were entered into Microsoft
Excel, and analyzed using Excel's Pivot Table tools to create summary tables and charts.

340. The following sub-sections provide a summarized and visual overview of the overall state
of surface water quality, and sediment quality across the different sections of the water
bodies of the Lower Litani River catchment area.

341.1tis important to note that several assumptions were made by the authors of this report in
analyzing the data. Where recent results provide a different conclusion from past results,
the newer data was favored. Inconclusive results are duly noted. The methodology used
to generate the conclusions appearing in sections 3.2.1 and 3.2.2 is explained briefly within
the sub-sections and in details in Appendix F, which also contains the summary tables of
the analysis. Detailed reports of the analysis with charts and explanation of the
assumptions made were separately generated.

342. Applicable water quality guidelines for various parameters and for different end uses of
water — aquatic health, bathing, drinking and irrigation — were collected from the national
and international guideline values and permissible levels. As for the sediments, the river
sediment results were compared to the reference world averages and Dutch intervention
values for soil and sediments. The guidelines against which previous and the most recent
water and sediment results were compared to are presented in Table G-8 and Table G-9
of Appendix G.

3.2.1 State of River Water Quality

343.The Lower Litani River Basin consists of eleven sub-watersheds. For the purpose of viewing
and analyzing the data to reveal the influence of certain pressures, two sub-watersheds
were further divided into two or three parts yielding fourteen river sections in total. The
sequence in which the water streams are numbered is inftended to show how the different
main river sections or sub-watersheds and tributaries link together or feed into each other.
This water course sectioning illustrates how the state of water quality varies along the river
from the Qaraaoun Dam, all the way to its outlet in Qassmieh. The different sections are
described in Table 3-44.
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Table 3-44. Sections of the Lower Litani River

SEEE Section Name Description I EnENE) Slo-
Number P watersheds
Main River Section Extends from the Qaraaoun Dam to the point
01 01 just before a tributary joins the Main River. SW-01 & SW-02
Starts down the River from Section 01 at
Main River Section >ONMOr and extends all the way to Dellafi gy o1 w00 & sw-
03 03 bridge. It includes five fributaries that 03
intersect with the Litani River main course. This
section includes many quarry sites.
Extends from Dellafi Bridge down right before
Main River Section The intersection of amain |_.ITC|I’]I Rlyer Tr!bufory SW-01, SW-02, SW-03
04 in Mazraat Doumiat. This section is also
04 - . . & SW-04
characterized with many quarries and
springs.
Jarmaqg River and its fributaries starting in
05+ Jarmagq River = Rihane area. It flows to the point where it SW-05
Section 05 intersects with the main Litani River course in
Mazraat Doumiat.
Section of the River extending from Khardali
. . . Brldge to Toybeh Pump.lng §TOT|on. Th!s SW.0T, SW-02, SW-
Main River Section @ section contains two fributaries and is
06-01 ; . . 03, SW-04, SW-05 &
6-01 characterized by olive mills. The largest SW-06-01
fributary originates in Bent Jbayl and
intersects in Deir Mimas with the main course.
ExTends.Wes’r Qf.fhe Taybeh Pum.pmg Station SW.0T, SW-02, SW-
. . . to Wadi el Hujeir just before a tributary from
Main River Section . S . Lo 03, SW-04, SW-05,
06-02 Wadi Al Saluki joins with the main Litani River
06-02 ; . ) SW-06-01 & SW-06-
course. This section has springs located on or 02
near the main river course.
Extends from the point where two ftributaries
from Bent Jbayl meet to flow towards
07 Qaagaaiyet Ej Jisr Qaaqgaaiyet Ej Jisr unfil the main tributary = SW-07, SW-08 & SW-
Tributary Section 07 = meefts the main Litani River at Qaaqgaaiyet Ej = 09
Jisr. This section includes many municipal
dumpsites.
Originates in Aaytaroun, flows through Wadi
08* Nhair Tributary | Slouki untfil it joins in with both Section 09 and SW-08
Section 08 07 in Touline. This section includes many
dumpsites and quairry sites.
. Passes through Qalaouyieh, Khirbet Selm,
09* éggﬁén 09 ToUIArY - g Soultaniyeh, before joining with the = SW-09
tfributary of Wadi Slouki.
Starts from Qaaqgaaiyet Ej Jisr and extends SW-01, SW-02, SW-
. . . . . 03, SW-04, SW-05,
Main River Section = west to Tayr Falsay. The section contains
10 10 various dumpsites and touristic | SY¥-06-01, SW-06-02,
establishments olgn side the river SW-07, SW-08, SW-09
9 . & SW-10
Extends from Tayr Falsay area to the point SW-01, SW-02, SW-
) .. . 03, SW-04, SW-05,
. . . before the Maaroub tributary joins the main
Main River Section L . . A SW-06-01, SW-06-02,
11-01 Litani River course. This area is saturated with
11-01 restaurants and touristic establishments alon SW-07, SW-08, SW-
; 9 09, SW-10 & SW-11-
the riverbanks. 01
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SEEE Section Name Description I EnENE) Slo-
Number P watersheds
After the Maaroub tributary intersection with SW-01, SW-02, SW-
R . . 03, SW-04, SW-05,
. . . the main Litani River course until Bourj Rahhal
Main River Section . . : A SW-06-01, SW-06-02,
11-02 Tributary intersects with the main Litani River.
11-02 . . ; - . SW-07, SW-08, SW-
This section includes various touristic
establishments as well as agricultural fields 09, SW-10, SW-11-01,
9 T &SW-11-02
SW-01, SW-02, SW-
03, SW-04, SW-05,
Main River Section The last sectfion starts from Bourj Rahhal | SW-06-01, SW-06-02,
11-03 11-03 bridge all the way to the Litani River outlet at | SW-07, SW-08, SW-
sea. This area is mainly agricultural. 09, SW-10, SW-11-01,
SW-11-02, & SW-11-
03
* Tributary Section
344.The data collected on the biological state of the river is limited to a unique sampling event

345.

346.

347.

in the dry season of the year 2016 (Kodeih, 2016) in the reviewed literature. The ELARD
sampling campaign complements the above findings with results for E. coli and Fecal
Coliform exceeding National (NL 161:2016) and International (WHO, 2011) standards for
drinking water. The biological state of the river water quality is found to be poor in all of
the sub-watersheds with exceedances of Enterococci, Fecal Coliform, and Total Coliform
for the respective drinking and bathing standards; with the addition to an exceedance of
irigation standards for wastewater reuse categories |, Il, and Il (Lebanon-FAO Proposed
Guidelines) in the sub-watersheds 06-01 and 11-03.

Between 2003 and 2018, from the reviewed literature sampling events up until the ELARD
2018 campaign, the physico-chemical condifion of the Lower Litani River varies
considerably. The chemical quality of the Lower Litani River, where aquatic standards
apply, has shown poor and inadequate levels to support aquatic life with exceedances
in BOD levels to the standard in all sampled sub-watersheds unanimously. Nitrite, a highly
leachable compound usually found in ferfilizers and sewage, exceeds aquatic standards
in all sub-watersheds for the exceptions of sub-watershed 03 and the dry season
concentrations in sub-watershed 07. Where physico-chemical parameters are detected
in the Lower Litani River across the sampling events and years, following the respective
standards for swimming, no exceedances have been found.

The quality of the Litani River surface water is considered poor for drinking usage
according to National and International standards. Aside from high turbidity and total
dissolved solids exceeding drinking standards, the majority of findings point towards
exceedances of Nitrate and Nitrite for drinking water standards and detection of Sulfate
and Potassium in the Litani River Water in most sub-watersheds.

Based on a study done in the Lower Litani River Basin, strong correlation is found between
sulfate and potassium, most likely due to potassium sulfate used by farmers. Sulphate,
Phosphate, Nitrate, Nitrite, COD, Ammonium, Magnesium, Chlorides, and Sodium are
detected along the sampling events analyzed and fall within the usual range of water for
irigation use. Potassium, Calcium and Carbonate have been also detected all along the
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sampled sites in the LLB and show notable exceedance of the FAO usual range of water
for irrigation use.

348. Copper along with Zinc, are detected at high concentrations in five sub-
watersheds (03, 06-01, 10, 11-01, 11-03) during the wet and dry seasons, making the
river water quality inadequate for aquatic life in all cases of detection with an
exception of Zinc found in one instance complying with the aquatic standard in sub-
watershed 11-01 and 11-03. The following metals have been repeatedly detected
across many sub-watersheds exceeding drinking standards and conftributing to the
poor quality of the Litani River water: Cadmium, Iron, Lead, Chromium, and Mercury.
Cadmium and Chromium seem to be correlated and linked to the same source due
to their detection in various sub-watersheds (03, 06-01, 06-02, 11-01, and 11-03)
simultaneously at high concentrations. The latter also exceeds the FAO proposed
guidelines of water for irrigation use for wastewater reuse (Lebanon-FAO Proposed
guidelines (2010)). In sub-watershed 06-01 and 06-02, an unusual amount and variety
of metals are detected, some of which exceeding drinking (Lead, Mercury, Aluminum,
Cadmium, and Chromium) and irrigation guidelines (Arsenic, Cadmium, and
Chromium). Other metals worth notfing are found either complying with given
standards or no standards apply such as: Silver, Barium, Copper, Manganese,
Vanadium and Nickel. Vanadium in the form of Vanadium Oxide and Zinc are both
components of steel used for alloys, which can also be found in auto parts, springs and
ball bearings. Chromium is mainly used in steel making and Lead results from burning
fossil fuels, and the manufacture of batteries and metal products. Although there could
be various uses and sources to the above detected metals ending up in the surface
water, industrial discharge and municipal solid waste open dumps and burning, and
leaching could also be major contributors. The July 2006 War was also a potential
source of metals in soil and consequently in water as a result of the munitions used:
smear samples taken by UNEP from a number of locations following the war showed
elevated levels of heavy metals, originating from the source of explosion (i.e., bombs)
or from the targets. These were probably carried to the River from nearby targeted
sites.

349. Organic compounds are only found and reported in the 2018 ELARD sampling campaign.
Although this was a one-time sampling event, the given data confirms the presence of
such compounds and highlights the importance of future monitoring of water quality alll
along the Litani River Basin. Pentachlorobenzene, generally found in pestficides, is
detected in sub watersheds 03, 04, 06-01, 06-02, and 11-03 and can be generated when
organic compounds are burned or exposed to a large source of energy. Through open
burning of municipal waste, chlorobenzenes can be formed and released info the
environment. Following the municipal survey, it was found that dumpsites practice open
burning which could be contributors fo chlorobenzene detection. Petroleum
hydrocarbons are only found in the surface water sampled in sub-watershed 03. TPH C21-
C32is found in crude oil and automotive gasoline. It is found in higher concentrations in
unleaded gasoline than it is found in the leaded counterpart, both of which are readily
used in gas stations in the area. Petroleum hydrocarbons are toxic, and have high motility
in their environment potfentially reaching groundwater. Sub-watershed 06-02 contains
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detected phenols, PCBs, and volatile halogenated hydrocarbons other than the already
mentioned chlorobenzenes. Furthermore, three types of volatile hydrocarbon compounds
are detected in sub-watershed 11-01: Trichloroethane, Ethylbenzene, and o-Xylene. Urban
run-off is suspected to be the main conftributor along with waste leachate and agricultural
runoff where such sources are present.

350. The state of surface water quality in the River and its tributaries is summarized in Table 3-45
and Figure 3-12.

Table 3-45. State of Surface Water Quality in the Lower Litani River and its Tributaries

State Physico-
chemical

. . Aesthetic Metals Biological
River Section

Main River Section 01 _

Main River Section 03 _—

Main River Section 04 _—_

Main River Section 06-01 _—_
]

Main River Section 06-02

Qaaqgaaiyet Ej Jisr Tributary Section 07 _
Main River Section 10 _

Main River Section 11-01 _—_
Main River Section 11-02 _—

Main River Section 11-03 ___

Average

Poor

- Good
]

No Analysis Results
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Figure 3-12. State of Surfface Water Quality in the Lower Litani River and its Tributaries

PREPARED BY ELARD 151



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI BASIN CDR

FINAL BUSINESS PLAN REPORT POLLUTION PRESSURES, STATE OF RIVER WATER AND SEDIMENT QUALITY

3.2.2 State of River Sediments Quality

351.The sediments’ results allow for general conclusions to be drawn regarding the heavy
metals detected and those exceeding world average standards for metals in river
sediments. The sediment quality data are attributed to the years 2004-2018, and portray
results for both wet and dry seasons. The most recent 2018 wet season sampling campaign
conducted by ELARD tested sediments for traces of pesticides, phenols and a wide range
of hydrocarbons and other micro-pollutants. The results from past and more recent studies
are shown in summary tables by river section in Appendix F, Table F-12 through Table F-20
and Appendix G, Table G-6 for the ELARD 2018 results. The detected concentrations for
metals were compared to the world averages or the Dutch intervention values for soil and
sediments where world averages were missing (Table G-9). Micro-pollutant concentrations
are reported as detected and pertain to one sampling campaign only.

352.Table 3-46 presents the metals that were found exceeding the world average in the
different sections in summary.

353. Cadmium, detected in all sub-watersheds except for sub-watersheds 04, 06-02, and 11-
02, exceeds the World Average in all instances (Chapman 1996-UNESCO/WHP/UNEP). The
detection of Chromium is simultaneous with that of Cadmium with concentrations found
below the World Average standards except for in sub-watershed 06-01. Cadmium is a
frace metal from pesticides and phosphate fertilizers and is found exceeding the
standards both in surface water and in sediment samples. Silver, Aluminum, Iron, Lead,
and Manganese are all detected in the following sub watersheds: 03, 06-01, 10, 11-01, and
11-03; no exceedances have been noted with the exception of Lead exceeding World
Averages in both sub-watershed 10 and 11-03. The trend in which the latter metals are
detected raises suspicion on a joint source of pollution common to Silver, Aluminum, Iron,
Lead, and Manganese. Section 06-01 of the main Litani River, after Khardali Bridge, shows
exceedances in the following parameters: Aluminum, Arsenic, Cadmium, Chromium,
Manganese, Strontium, Titanium, Yitrium and Zinc. The July 2006 Conflict is a probable
source of heavy meaftls, as mentioned in Section 3.2.1. Furthermore, fraces of organic
compounds, phthalates, and PAH are detected. Sub-watersheds 06-01 and 06-02 host
several olive mills mainly in Deir Mimas and Kfar Kila. The tributary, where MSW is dumped
coming from Yohmor (Nabatiye), is associated with the factors leading to the presence
of heavy metals. The river sediments of sub-watershed 07 are exceeding world averages
in Arsenic concentration. Sub-watersheds 10, and 11-01/02/03 are all part of a heavily
agricultural and touristic zone, showing exceedances in heavy metals concentrations.
Although the agricultural survey has portrayed overuse of pesticides, all were found to be
below detection limits.
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Table 3-46. Metals’ Presence and Exceedances in River Sediments across the Different Sections

Ag

X

Al

X

Al203

X
X

As
X

X
X

Ba
X

X

Cd
X

X

Co
X

Cr
X

(2]
c

X X X X X X X X X

Fe

Fe203

Ga

Mn
X

MnO

z

X X X X X X X X X

Pb Rb
X
X X
X
X
X
X
X X

Sr

TiO2

<

N
=}

X X X X X X X X X

Zr

Bolded enfries show exceedance of the standards
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354. The results of analysis of sediment samples for organic pollutants are shown in Table 3-47.
It is noteworthy that these results are from a one-time sampling campaign (ELARD 2018)
and there are no past results o compare against.

355. Sub-watershed 03 is the first area that receives water from the Qaraaoun Lake through
the Jezzine Tunnel Outlet, where the releases are adhoc and provided on request from
the Qassmieh Irrigation Project. As there are very few sources of direct industrial discharges
upstream of this point, it is deemed that the sediments of sub-watershed 03 reflect
cumulative pollution from the Qaraaoun Lake water discharging at this point.

Table 3-47. Organic Compounds Detected in River Sediments across the Different Sections in June 2018

River/Tributary Section

03 06-02
Miscellaneous Organic Compounds
Biphenyl X
Petroleum Hydrocarbons
EPH (C12-C16)
EPH (C16-C21)
EPH (C21-C30)
EPH (C30-C35)
EPH (C35-C40)
EPH Sum (C10-C40)

Phenols

X X X X X X
X X X X X

X

Cresols (sum)

x

p-Cresol
Phenol X

Phthalates (sum)

Bisethylhexylphtalate X X
Phtalates (sum) X X
Polycyclic Aromatic Hydrocarbons

Benzo(b)fluoranthene X
Naphthalene

PAH 10 VROM (sum)

PAH 16 EPA (sum) X

Phenanthrene

X X X X X

Pyrene
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3.2.3 State of Groundwater Quality (Public Wells)

356.

The quality of water extracted from public wells is studied using records of samples
collected and analyzed by the South Lebanon Water Establishment (SLWE) for the period
from January 2016 to May 2018. Analysis results of samples from 36 wells within the Study
Areaq, from the South and Nabatiye Governorates, were compiled and summarized for
the parameters showing exceedances, as shown in Table 3-48. It is evident that
bacteriological pollution of public wells is prevalent, indicating the contamination of
groundwater through seepage of sewage water into the fapped aquifers.

3.2.4 State of Spring Water Quality

357.

358.

359.

360.

The quality of water from springs is studied using a limited number of samples collected
and analyzed by the SLWE for the period from August 2016 to March 2018. Analysis results
of samples from three springs — Ain ez Zarga, Aaychiyeh, and Qsaibeh — were compiled
and summarized, as shown in Table 3-49. Contamination with Total Coliform and E. coliis
apparent, indicating that the quality of water supplies of communities is compromised
due to poor handling of wastewater.

Further to the secondary data from the SLWE, and as part of this study, two samples were
collected from Ain Al Dayaa in Machghara and Ain ez Zarga. The results are shown in
Table 3-48. The presence of Barium in both springs is noted, as well as the presence of
Vanadium in low quantities in Ain ez Zarga. The sources of Ba and V in spring water should
be investigated further.

In terms of bacteriological quality, the detection of high TDS, Total Coliform and Fecal
Coliform in both springs, and Enterococci sp. in Ain ez Zarga is further evidence of the
contamination of the spring water with raw sewage. Nitrate levels in Ain ez Zarqa were
also noted to be above the US EPA Drinking Water Standards, where nifrate is an indication
of agricultural pollution.

Given the importance of Ain ez Zarga in water supply of nearby villages and in feeding
water to the Awali Conveyor at a later stage, the protection of the catchment area of
Ain ez Zarga and curbing pollution of this water source should be a priority.
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Table 3-48. Summary of Groundwater Analysis Results of Public Wells

Zone 2 Zone 3 lone 4 Zone 5
No. of No. of 7 No. of No. of No. of 7 No. of No. of No. of 7 No. of No. of No. of 7 No. of
excee wells excee wells excee wells excee wells
sample Excee sample Excee sample Excee sample Excee
dance sample dance sample dance sample dance sample
3 dance 3 dance 3 dance s dance
3 d 3 d 3 d s d
Total ] ] 100% ] 13 17 76% 5 12 16 75% 10 102 178 57% 20
Coliform S =2 Lo =
E. coli 0 1 0% 1 6 17 35% 5 6 16 38% 10 32 176 18% 20
Pse:i:mo _ _ _ — 8 13 62% 4 13 15 87% 9 79 150 53% 19
Acidity 1 6 17% 3 - - - - - - - - - - - -
Ca - - - - - - - - 1 10 10% 10 3 83 4% 18
Hardness
Chloride -- -- -- -- -- -- -- -- -- -- -- -- 1 82 1% 18
Fluoride - - - - - - - - 3 10 30% 10 1 82 1% 18
Iron - - - - - - - - 2 21 10% 10 1 86 1% 18
Mg - - - - ] 8 13% 3 2 10 20% 10 2 83 2% 18
Hardness 2 = £2
Nitrate - - - - - - - - 1 21 5% 10 - - - -
Nitrite -- -- -- -- -- -- -- -- 3 21 14% 10 - - - --
Orthophos _ _ . . B B B B _ _ _ _ ! 82 1% 18
phate
Total
Hardness - - - - - - - - 1 10 10% 10 1 83 1% 18
Total
Phosphate - - - - h h h B - - - - 2 56 4% 16
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Zone 2 Zone 3 Ione 4 Ione 5
No. of No. of 7 No. of No. of No. of 7 No. of No. of No. of 7 No. of No. of No. of 7 No. of
excee wells excee wells excee wells excee wells
sample Excee sample Excee sample Excee sample Excee
dance sample dance sample dance sample dance sample
s dance S dance 3 dance s dance
s d S d 3 d s d
Turbidity - - - - - - - - 5 21 24% 10 2 178 1% 20
Table 3-49. Summary of Water Analysis Results of Springs
Zone 1 - Ain ez Zarqa Zone 2 - Aaychiyeh Zone 5 - Qsaibeh
No. of No. of % No.' el No. of No. of % Nq. of No. of No. of % No'. -
springs springs springs
exceedanc sampl Exceedan exceedanc @ sampl Exceedan exceedanc sampl Exceedan
sample sample sample
es es ce es es ce es es ce
d d d
Total
! 2 2 100% 1 0 1 0% 1 2 2 100% 1
Coliform
E. coli 2 2 100% 1 0 1 0% 1 2 2 100% 1
Pseudomon _ _ _ _ _ _ _ _ ! ! 100% !
as -
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3.2.5 State of River Ecology

361.

362.

363.

364.

The state of the river’s health from an ecocentric perspective was not assessed as part of
this study. Such an assessment requires the undertaking of an ecological baseline study
that would investigate the presence, proliferation and health of indicator species -
aqguatic fauna and flora, benthic and plankton varieties, and seasonal monitoring of the
river's biodiversity.

All pollution pressures stated in section 3.1 can result in stressing the river’s and watershed's
health if the pollution intensity and load over time exceed the capacity of the river to
‘clean’ itself. It is evident from the water and sediment quality that anthropogenic
activities are leaving a frace, and therefore the first pre-requisite to restoring the river's
health is to reduce waste loads from all sources. Communities, economic agents and local
governments should be aware that the river is not a waste repository, and that its integrity
is vital to the local environment’s health.

The quality of the river's water and its ‘health’ status are also largely dependent on the
quantity of water in the river course. Water diversions, such as the stretch of river after the
Qaraaoun Dam and after the dam in Zrariyeh, mess with the river’s flow regime and stress
the ecosystem to adapt to low-flow conditions which may cause imbalances in the micro-
environments of the watershed. Structural diversions may also have unintended
consequences for downstream communities and river sedimentation. Failure to study and
understand the river's ecosystem can lead to incomplete comprehension of the effects
from water diversions and water stress.

Ecological restoration of the Lower Litani river needs careful studying and should
commence from an ecological baseline study, followed by setting a long-term restoration
program that is led by technical water managers, supported by consistent monitoring of
physical indices and water chemistry, data interpretation and scientific assessment of
improvements and investments, leading to informed decision making. In an attempft to
kick-start river ecology restoration in the Upper Litani basin and Qaraaoun Lake, a Dutch
mission (Outboter and Moria, 2018) proposed a principles-based prioritization strategy for
ecological restoration (February 2018):

0. Waste load reduction to stop the flow of nutrients and pollutants to the river

1. Establishing a healthy hydrological function through maintaining base flow and
stfream bed morphology, and establishing the water balance within the watershed
(groundwater and surface water).

2. Ensuring that nutrient loading does not exceed the carrying capacity of the river

3. Reducing toxicological pressures.
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3.3

365.

366.

367.

368.

SITUATION ANALYSIS: POLLUTION PRESSURES VERSUS STATE OF RIVER WATER AND SEDIMENT
QUALITY

Thorough examination of the river water quality across the river and tributary sections has
revealed and mirrored contaminant trends related to municipal, agricultural and industrial
pressures. It is notable that the bacteriological state throughout the entirety of the Lower
Litani River with the exception of Sections 01 and 03, where the river is dry for most of the
year, is poor and exceeds national and international drinking standards. The major driver
behind the poor bacteriological state of the surface water quality is wastewater discharge
in the main river course, or its tributaries.

It is significant to note that during the sampling campaign the river looked extremely turbid
with a brownish color mostly in all sampling sites and the field team has been informed by
locals on site that this could be due to attempts of clearing accumulated sections
upstream by locals by excavating and letting the sediments flow downstream.

The heavy metals detected in the river sediments along the main river bed are also
portrayed in the river water. The middle section (Sub-watersheds 06-01/02) shows the most
diversity and types of heavy metals detected in river water.

Olive mills are heavily present in the Lower Litani area; although it is important to note that
the operation of such an industry is seasonal (up to 60 days per year), traces of phenols,
in river sediments were detected. The presence of phthalates, EPH, and PAHSs in sediments
indicates the effect from urban runoff, municipal discharge and leachate from municipal
waste dumps. Phthalates are a residue from plastics, which can leach from plastic (PVC
mainly) wastes. Sources of TPH are numerous and TPH can be found in municipal
wastewater, urban runoff, crude oil and gasoline. Phenols along with BOD, COD, and TSS
are identified as an olive pressing pollutant in wastewater. However, due fo the close
proximity of the detection area and the point where occasionally on scheduled instances
water from the Upper Litani/Qaraaoun Lake mixes with the Lower Litani, phenols and
organic pollutants could have originated from the Upper Litani Catchment Area.

3.3.1 Pollution Loads of Tested Parameters

369.

Based on the most recent water analysis results obtained for the 2018 dry season (see
Appendix G) and the flow values measured at the fime of sampling, the daily loads of the
different parameters were calculated. This was done by first converting the flow values
intfo daily flow figures, then multiplying the daily flow by the pollutant concentrations. The
results are shown in Table 3-50. The calculation of the loading of various pollutants serves
to uncover the parameters that might have been dismissed because they are within the
standards for one or more uses. The latter metals are circulating in the water at below
standard concentrations, but that will eventually settle onto the river bed, accumulate
and then flag as exceeding soil standards or world averages in sediments. Olive mills and
other industries being in close proximity to tfributaries or even the main river course have
been reflected in the presence of related pollutants in the sediment analysis. Parameters
such as phenols (attributed to olive mills runoff), TPH and heavy metals (pollutants resulting
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from various industrial activities), are flowing in the main river course (Table 3-50) and are
detected in the sediments as well (Table G-6).
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Table 3-50. Estimated Daily Load Values of the Different Pollutants in June 2018

Sample

Flow (I/s)

Sub-Watershed
Influences
BOD:s (kg/d)
Ca (kg/d)
Cl (kg/d)
COD (kg/d)

Dissolved Oxygen
(kg/d)

Fe (kg/d)
HCOs (kg/d)
K* (kg/d)

Mg (kg/d)
Na* (kg/d)
NO2 (kg/d)
NOs (kg/d)
PO4% (kg/d)
Salinity (kg/d)
SiO2 (kg/d)
SO+ (kg/d)
DS (kg/d)

Total Hardness
(kg/d)

Total Solids (kg/d)

SPO3
583

1,2

10,560
3,978
9205
251

476

11,666
60
362
488

523

10,560
262
503

13,320

11,415

166

SP04
202

1,2,3

3,491
1,330
262
68

3.718

4,732

SP05
1,000

1,2,3,4

15,984
6,117
1,210

359

742

7
17,885
71
484
605

17,280

20,365

Calculated Daily Load

SP06
1,160

1.2,3, 4,
5
23,432
6,746
1,269
625

860

19,038
39
576
703

1,025

18,453
781
683

20,903

19,234

21,358

SPO7
1,160

1,23,
4,5
24,408
6,532
1,172
791

19,331
36
566
713

840
19
17,867
859
683
20,688

18,648

22,185

SPO9
799

1,2,3,4,5,6

13,807
4,156
967
284

594

12,633
50
435
463

518
14
11,529
601
621
13,551

12,150

14,563

SP10
799

1,.2,3,4,
56
13,462
4,101
828
270

4
11,943
37
421
476

704

11,598
621
621

14,028

12,012

16,282

SP11
1,260

1,234
56,78,
9,10

24,494
6,053
1,415

454

922

8
18,507
57
653
762

1,067
13
17,418
1,056
980
20,662

17,854

23,129

423
525

715

11,595
707
656

13,542

11,813

16,458

15

571
1.23
39
24
0.11
17
0.74
513
29
29
586

548

591

PREPARED BY ELARD



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI BASIN

CDR

FINAL BUSINESS PLAN REPORT

POLLUTION PRESSURES, STATE OF RIVER WATER AND SEDIMENT QUALITY

Calculated Daily Load

Sample SP03 SP04 SPO5 SP06 SPO7 SP09 SP10 SP11 SP12 SP13
Flow (I/s) 583 202 1,000 1,160 1,160 799 799 1,260 844 258
1,2, 3,4, 1,2,3,4, 1,234,
Y flvences 1.2 123 1234  VE3A 123 g 55456 VEYY 5678 5678 5678
! ! 9,10 9.1 9,10, 11
1SS (kg/d) 166 98 397 449 1,494 1,008 2,251 2,460 2917 5
o-Xylene (g/d) - - - - - - - - 12 -
1,1,1-
Trichloromethane - - - - - - - - 190 -
(g/d)
1, 1-Dichloroethane ) . . ) ) . 8 ) ) )
(g/d)
Ba (g/d) 1,911 768 3,024 3,612 3,417 2,485 2,554 4,136 3,573 169
Cr (g/d) 121 - - - - - - - - -
Ethylbenzene (g/d) - - - - - - - - 9.48 -
Nitrobenzene (g/d) - - - - - - - 87 - -
Pentachlorobenzen 0.86 0.24 1.04 1.66 127 1.04 0.97 - - 0.04
e (g/d)
TPH C21-C32 (g/d) 1,157 - - - - - - - - -
Trichloroethane ) . . ) . ) ) ) 190 )
(sum) (g/d)
V (g/d) 111 44 - - - - - - 321 5
Zn (g/d) - - - - - - - - 649 -
PREPARED BY ELARD 162



BUSINESS PLAN FOR COMBATING POLLUTION OF THE LOWER LITANI BASIN CDR

FINAL BUSINESS PLAN REPORT POLLUTION PRESSURES, STATE OF RIVER WATER AND SEDIMENT QUALITY

3.3.2 Linkages between Pollution Pressures and State of Water and Sediment Quality

370.

371.

372.

The poor bacteriological state of the Lower Litani porfrayed throughout various sampling
events across the years and seasons is an indicator of habitual and continuous
wastewater discharge throughout the study area. Although the Lower Litani Study Area is
not as heavily industrialized like the Upper Litani region, the exceedance in BOD, TSS, and
the high turbidity is indicative of industrial (mostly rock-cutting, quarrying and sand
washing activities) and municipal discharges.

Repeated exceedances in ammonia and phosphates, especially in the coastal region of
the Lower Litani are indicative of a strongly dependent economy on agriculture in the
region, and a runoff of pollutants that have travelled along the river course. During the
wet season when agricultural runoff is highest, exceedances are detectable through the
elevated levels of phosphates, sulphates, and nitrates. Heavy metals in the sediments,
especially Cadmium, which is a common trace element in pesticides and phosphate
fertilizers, are also indicative of agricultural pollution.

Some organic pollutants of concern were found in the most recent sampling conducted
in 2018. While these results cannot be generalized, as these compounds were not
analyzed for but once, a note is due. Forinstance, the occurrence of phenols in sediments
and water indicate the presence of olive mills effluent accumulating throughout time in
the river sediments.

3.3.3 Suitability of Current-State River Water Quality for Different Uses

373.

374.

As noted in Appendix F, the state of water quality was determined to be good, average
or poor based on the number of exceedances of standards or guideline values for
different end uses. In this section, the exceedances were counted within the category of
end use to determine whether the surface water is fit, moderately fit or totally unfit for
maintaining aquatic life, swimming, drinking without treatment or irigation. Some
assumptions were made to arrive at the color coding that appears in the map and visuals
associated with the determination of suitability of the surface water for various end uses.
For example, water quality was the decisive factor on whether the water is fit for swimming
or not without considering low-flow issues, which are a concern during the dry season
when swimming could be practiced.

Swimming in the Litani River in some stretches or drinking directly from the River's waters is
not recommended due fo the bacteriological counts in the waters. The possibility of
having a ‘healthy’ aquatic life that is able to survive in the waters of the Litani
uncompromised is average, however a word of caution is warranted here since very few
aquatic health parameters were measured. Irrigation from the Litani River waters and
those of the fributaries is commonly practiced, however some restrictions need to be
applied on the crops that can be watered using these sources due to presence of fecal
coliforms in some sections. From a physico-chemical point of view the water is generally
fit for irrigation with slight to moderate restrictions.
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375.The suitability of water for the various indicated uses is shown for the different sections in
Table 3-51 and Figure 3-13.

Table 3-51. Suitability of the Lower Litani River Water for Different End Uses

Uses
Aquatic Swimmin Drinkin Irrigation
River Section a 9 9 9

Main River Section 01 _

Main River Section 03
Main River Section 04 _
Main River Section 06-01
Main River Section 06-02
Qaagaagqgiyet Ej Jisr Tributary Section 07 _
Main River Section 10 _
Main River Section 11-01
Main River Section 11-02

Main River Section 11-03

- Fit for Indicated Use

Moderately Fit for the Indicated Use
- Unfit for the Indicated Use

No Analysis Result
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Figure 3-13. Suitability of the Lower Litani River Water for Different End Uses
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4. THE ENABLING ENVIRONMENT

4.1 INSTITUTIONAL FRAMEWORK

376.The institutions involved in the overall management, infrastructure development and

monitoring of activities from an environmental viewpoint in the solid waste, wastewater,
agriculture and human settlement sectors are overviewed in this section. In addition fo this
institutional overview, the overall mandates of the public stakeholders and roles of non-
public stakeholders are presented in Appendix H.

4.1.1 Solid Waste Sector

377.

378.

379.

380.

Several governmental institutions play regulation, facilitation, and oversight roles in the
process of environmental safeguarding and integrated solid waste management in
Lebanon, causing institutional hindrances to relevant plans’ and projects’ implementation
in the public sector due to overlapping responsibilities. The legal framework assigns the
Ministry of Environment (MoE) with the responsibility of regulating the sector and the
municipalities with collection and disposal of waste within their municipal jurisdiction as
dictated by Law No. 118/1977. In addition, the Council for Development and
Reconstruction (CDR), in coordination with the MoE, was appointed by the Council of
Ministers (CoM) to develop a country-wide plan and to launch international tenders for its
implementation, thus presenting a clear overlap in institutional responsibilities.

The Ministry of Environment oversees the implementation of the ISWM Framework Law that
was passed by the Parliament in October 2018 as Law No. 80/2018. This law brings the
various stakeholders together into a single independent Solid Waste Management
Authority responsible for planning and decision making at the national level. The Authority
is fo be headed by the MoE, and includes members from relevant public authorities as
well as the private sector. Until the Framework Law enters fully into force, fragmentation in
responsibility remains.

Non-governmental organizations (NGOs) also play an important role in the solid waste
management sector across Lebanon by spreading awareness, implementing projects,
building the communities’ and local authorities’ capacities, and monitoring the
government's performance in solid waste management.

The role and responsibilities of the major players in the solid waste sector are reviewed in
Table 4-1 below.

Table 4-1. Major Stakeholders in the Solid Waste Sector

Institution Role & Responsibilities

- Implementation of national planning & infrastructure projects
- Mobilising external financing for projects within the investment plan

CDR - Implementation of projects related to SWM on alarge scale in Greater

Beirut and parts of Mount Lebanon (Collection, sorting, freatment and
landfiling through private contractors), and in Zahlé, Tripoli and
Baalbeck (through the World Bank SWEMP project)
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Institution

OMSAR

Ministry of Environment
(MoE)

Ministry of Inferior and
Municipalities (MolM) /
Municipalities and
Unions of Municipalities

Ministry  of  Finance

(MoF)

Ministry of Public Health
(MoPH)

Donor
and

International
Organisations
Funding agencies

Role & Responsibilities

Preparation and Implementation of the SWM master plan

Financing and implementation of projects for collection, sorting,
composting and landfilling (through EU funding) in rural areas
Management of Lebanese Governemnt funding for the operation
and maintenance of SWM facilities constructed through grants
Setting the strategy related to solid waste management

Setting master plans, proposing decrees and promulgating ministerial
decisions related to solid waste management

Setting & monitoring compliance with environmental standards,
specifications and guidelines

Assessment and Approval of EIAs and other environmental studies

Monitoring & controlling environmental protection; preservation of
natural sites & amenities

Prevention of pollution, protection of wildlife & preservation of
environmental balance

Managing natural resources & amenities

Coordination & encouragement of environmental
programmes

awareness

Enforcing legislation

Confribution to sfrengthening decentralisation & activation of local
government

Supervision of municipal federations & ensuring conformity with
administrative & financial regulations

Providing technical assistance & support to municipal federations (or
unions)

Cooperation & coordination with other administrations on issues
related to municipal & rural affairs

Implementation of waste management activities

Allocatfion of budgets to municipalities through the Independent
Municipal Fund

Protection of public health & prevention of the spread of diseases

Formulation of laws & regulations pertaining to all fields of public
health

European Union as a main funding agency for OMSAR and ESFD
projects

E.g. USAID, Italian Development Cooperation, Spanish Agency for
International  Development  Cooperation, UNIFIL, efc., with
implementation through international NGOs

Financing environmental project activities including solid waste
projects for sorting and composting of waste at municipal levels
(through OMSAR, ESFD or through NGOs such as YMCA, Pontfifical
Mission, CHF International, Mercy Corps, etc.)

Raising funds

Natfional and Local - Undertaking awareness campaigns
NGOs - Implementation of environmental projects at the local & national
levels
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4.1.2 Wastewater Sector

381. Major players in the Wastewater Sector are the Ministry of Energy and Water and the
Regional Water Establishments, the CDR, Ministry of Public Health and Ministry of
Environment, the Directorate General of Urban Planning, Municipalities and the
international donor organizations supporting wastewater infrastructure.

4.1.3 Agriculture Sector

382.The Ministry of Agriculture (MoA) is the main institutional player in the field of agricultural
development and regulation of the pesticides and ferfilizers. The MoA through its 2015-
2019 strategy, is aiming to improve the value chains and increase the value-added for
products of plant origin by strengthening the management of agricultural inputs including
pesticides and fertilizers.

383. Many projects were targeted by the MoA to improve the overall performance of the
agricultural sector and improve livelihoods of rural and farming communities by promoting
good agricultural practices thus, aiming to achieve sustainable food security, agriculture
and rural development. Brief descriptions of some of the current projects that are relevant
to the management of agrochemicals are provided in Section 5.7.1.

384.Besides MoA, MOE is responsible for the pesticides regulated under international
conventions such as Methl Bromide and POPs.

385. The Litani River Authority (LRA), as per Law No. 221/2000, continues to manage and exploit
irrigation water within its field of exploitation (South Bekaa and South Lebanon). Therefore,
it is responsible for irrigation management of Qasmiyeh-Ras el Ain scheme. In addition to
water distribution in these schemes, LRA plays an important role in monitoring water quality
through its Environmental Unit who also has an objective of building capacities to be able
to detect pollutants and their sources at an early stage, by finding a legal framework o
monitor factories, agricultural activities, crushers and liquid and solid wastes.

386. Furthermore, Canal 800 is planned to provide water from Qaraaoun Lake fo irrigate about
13,250 ha of the agricultural highlands of the western sheds of Southern Lebanon (250 to
800 m a.s.l. elevation) in addition to providing drinking water for about 100 villages. Once
completed, Canal 800 irrigation schemes will be managed by the LRA.

4.1.4 Informal Tented Settlements

387.Since the beginning of the Syrian conflict in 2011 a large number of displaced refugees
moved to Lebanon for safety. Some of those displaced families dwell in informal tented
settlements that increase the environmental pressures on the Lower Litani Basin, however
the maijority are renting houses. In order to properly respond to the various stresses
imposed by the Syrian conflict on Lebanon, several public administrations, international
organizations, and NGOs play a major role in managing the livelihood of displaced
persons in fented settlements.
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Table 4-2. Major Stakeholders in Managing Response to Displaced Refugees & Settlements

Institution

Ministry of Social Affairs (MoSA)

Ministry of Interior and Municipalities
(MolM) / Municipalities and Unions of
Municipalities

Ministry of Public Health (MoPH)

Ministry of Environment (MoE)

United Nations

International Donor
and Funding agencies

Organisations

National and Local NGOs

Role & Responsibilities

Main governmental entity in charge of the overall
coordination of the refugee response in Lebanon
Ensuring security and protection

Enforcing legislation

Providing fechnical assistance & support fo municipal
federations (or unions)

Protection of public health & prevention of the spread of
diseases

Formulation of laws & regulations pertaining to all fields of
public health

Conducting studies to assess the environmental impact of
the Syrian refugees in Lebanon

Determine priority intervention targets

Several agencies of the UN play a major role such as the

UNHCR, UNICEF, UNDP, UN-HABITAT, and coordinating
international initiatives and funding

E.g. USAID, Italian Development Cooperation, Spanish
Agency for International Development Cooperation, etfc.
Raising funds

Implementation of human relief and assistance projects at
the local & national levels

4.2 LeGAL FRAMEWORK

388. This sub-section examines the legal framework that governs the overall management of
the pollution pressures that influence the current and future state of the Litani River basin,

summarizing and listing the regulations related to:

e solid waste and wastewater from municipal, industrial and healthcare sources,
e various industrial and non-industrial classified establishments,

e quarries,

e recreatfional establishments and their buildings,

¢ informal settlements,

e agricultural water use, pesticides and fertilizers usage, and

e cross-sectoral themes related to assessment studies, financing, governance and law

enforcement.

4.2.1 Solid Waste Sector

CDR
THE ENABLING ENVIRONMENT

389. An Integrated Solid Waste Management Framework Law was drafted in 2005, approved
by the Council of Ministers in January 2012, tfransferred to the Parliament through Decree
No. 8003/2012 and enacted by Parliament in October 2018 as Law No. 80/2018. It
represents the most comprehensive legal text that promulgates a well-structured, legal
and institutional framework for solid waste management in Lebanon. The law defines solid
waste management responsibilities and institutional framework, planning, permitting,

information management, environmental

insurance, private sector

participation,
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financing and cost recovery mechanisms. It addresses several waste management
principles that are widely accepted internationally such as: Principles of ISWM, Proximity
Principle, Polluter Pays Principle, Producer Responsibility and Precautionary Principle.

390.The ISWM law is structured in seven main parts:

- Part 1 addresses the general principles and provisions for ISWM. It includes the purpose
and scope of the law, definitions, in addition to the principles and priorities of Integrated
SWM.

- Part 2 details the roles and responsibilities of SWM including the institutional framework. It
consists of four sub-sections: Planning, General Responsibilities, Commissioning and
Execution, and Information Management.

- Part 3 addresses the activities involving non-hazardous SWM.

- Part 4 deals with hazardous SWM including the rules governing its import, export and
fransit.

- Part 5 tackles the financing, cost recovery and incentives for SWM in three sub-sections.

- Parts 6 and 7 set the penal provisions, and fransitional and final provisions of the draft
framework law.

391. Areview of the current legislative framework governing the SW sector reveals the following
(Mansour et al., 2017):

- Prior to the enactment of the Integrated Solid Waste Management Framework Law, the
MSW sector was governed by fragmented legal and institutional frameworks
compounded by a lack of a national policy, strategy or plans that defined overall goals
and provided direction to MSW initiatives or programmes. Lebanon relied on indirectly
related legislation such as public health acts or anfi-litter decrees, or early regulations
which assigned the responsibility of MSW management to the municipalities.

- Enforcement of regulations remains relatively weak and responsibilities are ill-defined with
minimal coordination between authorities. Enforcement is practically non-existent mostly
due to staffing constraints, lack of proper training, low levels of fines, and political
interferences. Equally important is the lack of awareness of regulations amongst personnel
who are supposed to enforce them; i.e. health inspectors, police officers, as well as the
general public that is supposed to abide by them.

The 2010 MoE Strategy for SWM

392. Implementation of the legislation to achieve proper solid waste management was set on
course through the SWM Master Plan put in 2006 by the CDR and MoE and decreed by
the Government through CoM Decision No. 55/2010.

393.1n 2009, a Ministerial Committee was assigned by the Council of Ministers to address the
emerging Solid Waste Management problems at the national level (short and long term).
The main mandate of this Committee was to review the 2006 Master Plan and propose
new adaptable solutions for the current context noting that the available landfill capacity
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has shrunk and search for new fechnology is needed for the short and long terms. The
Committee proposed the following actions:

- Build Waste-to-Energy (W1E) facilities including sorting and landfilling of rejects for the
maijor cities;

- Adapt the CDR/MoE Master Plan of 2006 to allow for the infroduction of new
technologies such as WtE in urban settings;

- Provide financing through BOT confracts for 20 years on condition that gate fees
should not exceed US$55/t and electricity to be sold at US$0.11/kWh;

- Provide incentives to municipalities to host such facilities.

The 2013 Draft National SWM Plan

394.

395.

396.

As per the SWM Strategy set forth in 2010, the MoE and CDR jointly prepared a draft SWM
plan in 2013 in response to an urgent need to devise a plan that can be effectively
implemented across the country, however the plan was not endorsed due to several
political obstacles that Lebanon was suffering from during that period. The draft plan
focused namely on the following issues:

Dividing Lebanon into seven service regions, with four W1E facilities to be constructed
in three of them (South Lebanon and Nabatiye/ North/ Beirut and Mount Lebanon).

- Assigning the municipalities with the responsibility of solid waste collection and
sweeping, and developing a standard reference for contractors to be adopted by
all municipalities across Lebanon.

- Government financing of solid waste management tfreatment facilities as well as
provision of incentives to municipalities that will host such facilities.

- Cdlling for international tenders for the W1E facilities, and determining a site for the
disposal of waste generated from the incineration plant allocated for South Lebanon
and Nabatiye governorates.

- Adopting an intfegrated approach in solid waste management, and expediting the
promulgation of the draft SWM law and relevant decrees prepared by the MoE.

- Cadlling for tenders for international consultants to oversee the construction,
maintenance, and operation of the waste management treatment facilities.

In January 2015 CoM issued Decision No. 1, amending CoM Decision No. 46/2014, in an
aftempt to reprioritize solid waste management in Lebanon. The decision redefined the
distribution of the service areas, set waste recovery targets via recycling, composting, and
energy generation; requesting contractors to propose the waste treatment technology to
be used, and limiting the proposed landfill sites to those identified by the MoE.

Following the MSW collection and disposal crisis in the areas of Greater Beirut and Mount
Lebanon in 2015, and that was friggered by the surpassed landfiling capacity of the
Naameh Landfill and its final closure in May 2016, the MoE Circular No. 8/1/2015, later
amended by Circular No. 7/1/2017, was issued providing guidance on integrated solid
waste management, and MSW sorting. In January 2018, a new policy on ISWM approved
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by the CoM was issued setting specific tasks and principles in order to provide a holistic
solution for the solid waste sector in Lebanon. The main principles pointed out in the ISWM

policy are:

Considering the Environmental Protection Law No. 444/2002 as the basis for future
activities related to SWM.

Recovering as much as possible of waste through material or energy recovery.

Ensuring the fundamental role of the MoE in managing the solid waste sector in
Lebanon in partnership and cooperation with other relevant public administrations
and communities.

Administrative decentralization of solid waste management.
Affirming the central government’s duties in allocating the required resources.
Equitable development in all of the service areas.

Adopting internationally proven technologies and standards for waste management
and treatment.

Implementing outreach and awareness programs across Lebbanon to disseminate the

principles of ISWM amongst the public.

397.Legal texts that set rules and responsibilities for solid waste management are shown in
Table 4-3, along with a brief description of their relevant content.

Table 4-3. Legislation Pertinent to Solid Waste

Legislation Date Brief Description
Decree No. 2775 1928 - Dumping of pollutants into public water courses is prohibited
Decree No. 7975 193] - Waste should not be fjgmped around houses, but be buried or
removed by the municipality
- Garbage must be placed in plastic bags for disposal
Decision No. .
425/1 1971 - Waste must not be dumped on the street or other public places
- Itis the responsibility of municipalities to collect waste
- Preservation of public cleanliness
- Municipalities are responsible for