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Executive Summary 

²Ƙŀǘ ŦƛǊǎǘ ŎƻƳŜǎ ǘƻ ƳƛƴŘ ǿƘŜƴ ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ǘƘŜ ¦ǇǇŜǊ [ƛǘŀƴƛ wƛǾŜǊ .ŀǎƛƴΩǎ ό¦[w.ύ ƘȅŘǊƻƭƻƎȅ ƛǎ 
the large surface water basin formed by the Litani River and its tributaries. The less known fact 
is that groundwater constitutes a large resource in this basin and provides the largest share of 
its actual water needs, including 65% of water supply for irrigation and the largest share of 
domestic and industrial water supply.  

Groundwater has long been used by ULRB residents and facilitated populations without access 
to rivers and springs to ensure their irrigation and domestic water needs. Prior to the 1960s, 
ǿŀǘŜǊ ǘŀōƭŜǎ ǿŜǊŜ ǾŜǊȅ ǎƘŀƭƭƻǿ ƛƴ ŀƭƭ ƻŦ ǘƘŜ ōŀǎƛƴΩǎ ŀǉǳƛŦŜǊǎΦ DǊƻǳƴŘǿŀǘŜǊ ǳǎŜŘ ǘƻ ǊŜǎǳǊƎŜ ƛƴ 
large wetlands and small springs in the plain (the Quaternary aquifer), and discharge through 
many medium and large springs from both mountain ranges surrounding the Bekaa Valley (the 
carbonate aquifers). Outside the command areas of the spring and river-based irrigation 
systems, farmers would dig shallow wells in the alluvium areas, which allowed them to extract 
important amounts of water and ensure a constant supply of water for irrigated agriculture 
during the summer season. Groundwater was also an important resource for livestock owners, 
especially the Bedouin tribes crossing the Bekaa Valley and who used to dig ditches in the plain 
to water their animals.  

Following the expansion of drilling technology in the early 1960s that went parallel to the 
mechanization of agriculture and the surge of agricultural demand in the Gulf countries, 
groundwater started to be heavily exploited by individual users. During this period, while 
shallow wells were still being used in the plain, tube wells expanded rapidly in the carbonate 
aquifers and contributed to the substantial increase of irrigated areas between the 1960s and 
the 1970s. 

In the meantime, the Lebanese Government was planning the development of large-scale 
modern irrigation systems, projected to be partly supplied by the Qaraoun artificial reservoir 
and to a large extent by groundwater. With the support of the US Government (in the 1950s), 
and the French Government (in the 1960s and 1970s), a substantial number of hydrological 
studies and engineering plans were produced, which resulted in the establishment of an 
ΨIrrigation Plan for the South-BekaaΩΦ ¢ƘŜ ¦[w.Ωǎ ƘȅŘǊƻ-geologic potential was also largely 
investigated by the national assessment produced by UNDP, resulting in the first major 
characterization of aquifers across the country. The Lebanese War (1975-1990), hindered the 
execution of irrigation systems planned by the government. During the reconstruction period 
(1990-2005), only a small part of the South-Bekaa Irrigation Project was executed (2,000 ha). 
However, the command area, projected to be entirely supplied by surface water from the 
artificial reservoir in Qaraoun, is still irrigated to a large extent through private individual wells 
(more than 1,000 ha), which is due to an under-sizing of the pumping stations.  

From the 1960s until today, private irrigation wells expanded widely, allowing to put into 
irrigation most of the rain-fed lands that did not have access to surface water. Their number is 
difficult to appraise, but was estimated to be somewhere between 5,000 and 10,000. 
Municipalities drilled domestic wells where state supply was absent or unreliable. House 
domestic wells also widely proliferated and thousands of them can now be found on the ULRB. 
During the reconstruction period, the Lebanese State drilled more domestic wells as part of a 
rehabilitation project for domestic water supply systems. In the last 4 years, the influx of Syrian 
refugees further increased pressure on water demand and, as a result, required the drilling of 
new wells both in municipalities and refugee settlements. Over the years, increased 
groundwater abstractions led to a situation of groundwater overexploitation. Water tables 
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began lowering in all aquifers of the basin and resulted in the drying-out of many small and 
medium springs. Shallow wells dug in the plain dried out since the mid-1970s and were replaced 
by tube wells. 

However, the situation of groundwater resources in the ULRB and the impact overexploitation 
has had on users has remained almost unknown by decision and policymakers for more than 40 
years, since the period of the early hydro-geological studies (1960s to 1970s). In recent years, 
substantial studies assessing the current situation of groundwater were conducted with the 
support of international organizations. The UNDP and the Ministry of Energy and Water 
conducted a new national groundwater assessment in 2014. In cooperation with the Litani River 
Authority, a USAID-funded program focused on supporting the development of the ULRB and 
conducted a hydro-geologic assessment for the basin in 2012 and 2013. It located and 
characterized around 125 production wells across the basin, established potentiometric maps 
(water levels) and a groundwater model estimating future drawdown on water tables.   

These studies have provided an updated understanding of the current physical situation of 
groundwater resources after many years of almost a total lack of scientific assessments, raising 
the alarm about the risk of further water table drawdown and the necessity to improve 
groundwater management and reduce abstractions. They also revealed information gaps 
related to many of the essential aspects to be taken into account, in order to develop a 
comprehensive and informed reflection on groundwater management policies. At the level of 
groundwater use, these include: withdrawal rates for both private and public wells; the 
management types of private and municipal wells; the costs of well drilling, operation and 
maintenance; the impacts water-level declines had on users; the adaptation strategies 
developed by users; their perception of the problem; their non-compliance with state 
regulations; their readiness to compromise their current individual access to water and reduce 
their water consumption, etc. At the level of state management, although many studies address 
the general institutional problems pertaining to the water sector, a direct focus on groundwater 
policies and the organizational aspects of groundwater management is missing.   

The present research focuses on the drivers of groundwater use and the impact of groundwater 
overexploitation on users. It takes (as a specific case study) a limited geographic area of the 
basin identified with an important water table drawdown. It traces back the evolution of 
groundwater use in space and time since the 1960s, with a focus on irrigation supply based on 
interviews with farmers (50), mayors and municipal officials (21) and other informants (8), as 
well as on a literature review, compilation of well data and direct field observations. It also looks 
at the institutional framework of groundwater management and its problems based on a 
literature review and interviews with state officials from the different water authorities (11 
persons from The Ministry of Energy and Water [MEW], the Bekaa Water Establishment [BWE], 
the Litani River Authority [LRA] and the Ministry of Agriculture [MOA]).  

The study area is located between the Litani River and the Anti-Lebanon Mountain Chain. It is 
bounded by the towns of Ryak to the north and Anjar to the south. It includes several important 
rivers (Hala Yahfoufa and Litani), large springs (Anjar and Chamsine), several dried-out springs 
(Ras-El-Ain of Terbol and Nabeh El Faour) and three groundwater sources (the Quaternary, 
Eocene and Cretaceous aquifers). It has a total area of around 14,000 ha including 8,000 ha of 
agricultural lands. It was further divided into seven sub-areas identified according to their own 
specific groundwater use evolution. The evolution of groundwater use and its impacts on and 
between users in each of these sub-areas can be summarized as follows:  
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1. Sub-area Hala Yahfoufa: Water for irrigation and domestic use remained mainly supplied 

by gravity from Hala Yahfoufa River until the 1970s. Around this period, water 
availability from the river was substantially reduced due to increased upstream 
abstractions, pushing users to drill wells in the Quaternary aquifer. At present, farmers 
mostly rely on wells. Residents have been using house wells to complement domestic 
water supply from the public network, until a new municipal well was drilled in the 
Eocene aquifer. Water levels in the Quaternary aquifer decreased from 1-5 m in the 
1960s to 15-20 m at present. Well depths vary between 50 and 150 m. Given the 
important water capacity of the Quaternary aquifer in this area, well yields are still 
sufficient to irrigate water consumptive crops throughout the summer. However, users 
request the equitable allocation of water from this river to reduce their pumping costs. 
In the upcoming years, the Bekaa Water Establishment (BWE) plans to increase 
allocation for domestic supply from Hala Yahfoufa River as part of its recent ΨWater 
Supply and Wastewater systems Master Plan for the Bekaa Water Establishment (2015). 
However, this would further reduce surface water availability for irrigation and increase 
groundwater abstraction. Farmers in this area contribute to the overexploitation of the 
Quaternary aquifer. Hala Yahfoufa users also have an indirect impact on the Eocene 
aquifer users, since a substantial amount of the latter aquifer recharge comes from 
infiltration from the former river.     

 
2. Sub-area Litani-Fourzol:  Water for irrigation used to be supplied by the Litani River (first 

by gravity, then pumping). Starting in the mid-1970s, farmers started to drill wells in the 
Quaternary aquifer as an alternative to the reduction of water availability from the Litani 
River. Due to the poor capacity of the Quaternary aquifer, well yields are low and most 
of the area is planted with grapes. With increased abstractions over the years, water 
levels now reach 40 m b.g.l in the summer and well depths range between 50 and 100 
m. Well yields have been reduced further, leading to drilling more wells and building 
storage infrastructure. Some large-scale farmers were also reported to have accessed 
the deeper aquifer (Eocene). In the upcoming years, water shortage in the Quaternary 
aquifer is expected to further decline. However, most of the farmers will not be able to 
afford to drill deep wells, which would force them to decrease their irrigated areas. The 
farmers of this area are negatively impacted by upstream users of the Litani River and 
contribute to the overexploitation of the Quaternary aquifer. Accessing the Eocene 
aquifer would increase the pressure on that aquifer and negatively impact its current 
users.   

 
3. Sub-area Litani-Maallaqa: The reduction of water availability from the Litani River, which 

started in the mid-1970s, also necessitated farmers to rely on the Quaternary aquifer. 
The important water capacity of that aquifer allowed farmers to cultivate all types of 
crops throughout the summer. However, water levels have been decreasing steadily and 
now reach 25 m b.g.l in the summer. Well depths vary between 50 and 200 m. In recent 
years, well yields have substantially reduced, especially at the middle of the irrigation 
season, which has compelled farmers to reduce their cropping areas. Wells have not 
multiplied since most of the farmers are tenants renting lands from absent landlords.  
Accessing of the deeper aquifer was not reported. It is, however, being considered as a 
solution by the rare land owners still cultivating their lands. The farmers of this area 
were also negatively impacted by upstream users of the Litani River. They contribute to 
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the overexploitation of the Quaternary aquifer. Accessing the Eocene aquifer in the 
upcoming years would also have a negative impact on its users.    

 
4. Sub-area Litani-Barr Elias: In this area, the poor capacity of the Quaternary aquifer did 

not allow the use of groundwater as an alternative to the reduction of water availability 
from the Litani River. Several wells were drilled but did not provide sufficient yields, and 
were thus abandoned. Moreover, the predominance of land tenancy is also a constraint 
to the multiplication of wells. The only alternative for farmers is to irrigate with 
wastewater, which accumulates in the Litani River during summer. However, this 
represents a serious risk of crop contamination. The farmers in this area are the most 
negatively impacted both by upstream water users and polluters.  

 
5. Sub-area Ghozayel: Until the early 1970s, water for irrigation was provided by gravity 

from the Naher El Faour River originating from springs located in the Eocene aquifer. 
With the increased abstractions in that aquifer, water tables were substantially reduced 
leading to the permanent drying-out of these springs. This forced farmers to start 
pumping water from the Ghozayel River located downstream. Only some wells were 
drilled in the small part of the Eocene aquifer that has protruded in to this area. Over 
the years, the large flow of the Ghozayel River facilitated in extending irrigated areas 
and cultivating all types of crops throughout the summer. In recent years, however, 
water availability in this river has substantially decreased due to increased pressure on 
the river springs (Anjar and Chamsine). Only few farmers are able to rely on 
groundwater as an alternative due to financial and logistic constraints, while most of 
them are already forced to reduce the extent of their agricultural areas, especially in 
years of low rainfall. The BWE is also planning to increase water allocation from Anjar 
and Chamsine springs for domestic supply. This would substantially reduce surface 
water availability and force farmers, either to further reduce their irrigated areas or to 
ensure their access to groundwater. Farmers of this area are thus directly impacted by 
upstream users of Anjar and Chamsine springs.  

 
6. Sub-area Anjar-Chamsine: This area is characterized as important because of the 

availability of water both from surface water (Anjar and Chamsine springs originating 
from the Cretaceous aquifer) and groundwater (the Cretaceous aquifer). The Chamsine 
Spring has long been used by the state to supply domestic networks in several villages in 
Central and South-Bekaa. The Anjar Spring has been used by the Anjar community since 
the settlement of the Armenian community (in the late 1930s), both for irrigation and 
local domestic supply. The large water availability of the Cretaceous aquifer has been 
exploited since the 1970s for irrigation purposes in Kfarzabad, and to a lesser degree in 
Anjar. Water tables in the Cretaceous aquifer have substantially reduced since the 1970s 
and pushed farmers to deepen their wells. Well yields are still sufficient to practice 
irrigation throughout the irrigation season, but are substantially reduced in the dry 
years. Both spring discharges seem to be negatively impacted, and it has led to the 
drilling of wells in spring vicinities to complement, both domestic supply (next to 
Chamsine) and irrigation supply (next to Anjar Spring). The most important driver of 
future pressure on groundwater is the BWE Project to reallocate water from the Anjar 
Spring. This, however, would deprive Anjar farmers from a substantial discharge of the 
Anjar Spring, and will push them to look for groundwater sources.  
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7. Sub-area Eocene: Three different evolutions in groundwater use were identified in this 
area. They depend on the different social histories of the villages of Hoshmosh, Terbol 
and Faour and are closely linked to their respective land organizations. The common 
trend is the evolution of water supply from surface water (Hala Yahfoufa for Hoshmosh 
and springs originating from the Eocene for Terbol and Faour) and groundwater (wells in 
the Quaternary aquifer) strictly restrictive to groundwater. The heavy exploitation of the 
Eocene aquifer starting the 1960s led to the drying-out of the springs, but allowed an 
important extension of irrigated areas and the establishment of large family farms. The 
Quaternary aquifer is also an important resource that has allowed the establishment of 
small and medium farms. Today, water tables in the Eocene have substantially 
decreased and reach 30 m in years of normal rainfall. Wells have been deepened and 
sometimes reaching more than 200 m b.g.l. In Terbol, however, irrigation from Eocene 
wells was reduced due to land fragmentation and, it had led to the multiplication of 
wells in the Quaternary aquifer. The latter aquifer is also overexploited, resulting in 
substantially lowering the well yields. In this area, most farmers are able to drill more 
wells and many have shifted to cultivating grapes. However, further groundwater 
abstractions are likely to lead to a water shortage in the upcoming years.  

  
The unpacking of drivers and impacts of groundwater overexploitation in each of the seven sub-
areas (as mentioned above) revealed clear interrelations, both between the users of the same 
sub-area and between users of the different sub-areas: groundwater overexploitation in a 
certain sub-area is often a result of surface water and/or groundwater use and abstraction in 
another (upstream) sub-area, and can in turn impact water availability in a third (downstream) 
hydraulically interconnected sub-area. This creates a complex system of interrelated water uses, 
where reducing groundwater overexploitation and balancing its negative impacts among the 
different users requires the integrated understanding and management of surface and 
groundwater resources. 

Looking at the management strategies developed by users on the one hand, and by the different 
water authorities on the other, reveals many obstacles to establishing and enforcing 
appropriate and coordinated allocations from both surface and groundwater. At the user level, 
the obstacles to collective groundwater management are linked to the individualistic nature of 
groundwater use and the lack of clarity of water rights, and are reinforced by the general 
absence of collective action among users of the same community, or between the different user 
communities. This reveals that substantial challenges pertaining to water planning are to be 
faced by the state in the upcoming years.  

However, examining the actions of the different water authorities responsible showed that 
many problems hinder the needed integrated planning and coordination of abstractions. These 
obstacles include inadequate groundwater regulations adopted by the MEW, an almost absence 
of enforcement on the part of the MEW (Ministry of Energy and Water) and the MI (Ministry of 
Interior), delayed/limited groundwater monitoring by LRA (Litani River Authority) and, most 
importantly, the current incapacity of the BWE (Bekaa Water Establishment) to coordinate 
water abstractions at the level of its territory. The underlying problems are linked to structural 
ǇǊƻōƭŜƳǎ ƻŦ ǘƘŜ ǿŀǘŜǊ ǎŜŎǘƻǊΩǎ ƛƴǎǘƛǘǳǘƛƻƴŀƭ ŦǊŀƳŜǿƻǊƪ όŘƛƭǳǘƛƻƴ ƻŦ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ŀƴŘ ŀōǎŜƴŎŜ 
of coordination mechanisms) in addition to the general lack of human, technical and financial 
capacities of water authorities. 

In conclusion, analyzing the historical drivers of groundwater overexploitation and its 
governance framework showed that, the problem of groundwater management is broader than 
a problem of inadequacy of groundwater legislation and of its enforcement, and must be looked 
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at as a result of a wider problem of water supply and uncoordinated water abstractions and 
access. A number of general recommendations can be drawn from this study and add to those 
commonly issued by studies and research addressing water management problems in Lebanon. 
They include the strengthening of public institutions in terms of human resources and technical 
capacities, defining clearer responsibilities and removing overlaps and duplication, improving 
coordination between authorities, updating obsolete legal texts, etc. 

In the short term, two main points must be addressed by decision-makers and discussed with 
water user representatives during the upcoming dialogue that will be held as part of the current 
IWMI project. The first concerns the importance of reviewing the future water allocation 
projects planned as part of BWE Master Plan, in the light of the revealed situations of surface 
water over allocation and groundwater overexploitation. The second is to make use of these 
concrete examples of groundwater exploitation to reflect on more constraining and better 
adapted conditions for provision of permits.  
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A conceptual figure of the actual state of water use in the study area  
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1 Introduction  

What first comes to ƻƴŜΩǎ ƳƛƴŘ ǿƘŜƴ ǘƘƛƴƪƛƴƎ ŀōƻǳǘ ǘƘŜ ¦ǇǇŜǊ [ƛǘŀƴƛ wƛǾŜǊ .ŀǎƛƴΩǎ (ULRB) 
hydrology is the large surface water basin formed by the Litani River and its tributaries. The less 
known fact is that groundwater also constitutes a large resource in this basin and provides the 
largest share of its water needs. In fact, the locals explain that the name Ψ.ŜƪŀŀΩ is due to the 
fact that it is used to be all covered by ΨspotsΩ (the translation of the Arabic word Ψ.ŜƪŀŀΩ), large 
wetlands formed by natural groundwater resurgence. Since the 1950s until today, however, 
water tables have gradually declined due to groundwater abstraction from wells drilled to 
supply the growing domestic water demand in the basin and irrigation needs for agriculture in 
the Bekaa Plain. This led to increased groundwater abstraction costs and, in springs, to a 
substantial flow reduction or the drying-out of several of them, causing indirect impacts on 
downstream users (USAID-LRBMS 2012b, d, f). 

For more than 40 years since the first general study on groundwater in Lebanon was conducted 
by the UNDP and the Lebanese Government (UNDP 1970), there has been a lack of 
comprehensive assessments of the ŎƻǳƴǘǊȅΩǎ groundwater resources. After this period, several 
studies have recently been conducted by Lebanese public authorities in cooperation with 
international projects, with the purpose of assessing the present situation of groundwater 
resources in Lebanon (USAID-LRBMS 2012b, d, f; 2013; UNDP 2014). At the level of the ULRB, 
two recent technical studies have collected new field data on groundwater wells in the basin. 
These new observations included the geo-referencing of productive wells, water level 
measurements, and observations about the general geographic distribution of wells, giving an 
updated picture of the general situation of groundwater levels in the basinΩǎ ŀǉǳƛŦŜǊǎ. They also 
provided a general estimate of groundwater volumes abstracted for different uses (irrigation, 
domestic and industrial) and established a model simulating what groundwater levels will be by 
the year 2030. 

This study aims to present a more complete picture of groundwater use and management both 
at the level of the ULRB and at the local level, with the purpose of proposing better tailored 
management strategies. These will be discussed by users and decision-makers during a 
'dialogue' that will be organized within the framework of a USAID-funded International Water 
Management Institute (IWMI) Project to be launched in April 2016. By focusing on a particular 
area of the basin, identified by the above-mentioned hydrological studies as experiencing 
serious water table drawdown, the objective of this study is to understand the different drivers 
leading to the situation of groundwater over-exploitation and the factors hindering its 
management both for users and decision-makers. 

The hydrogeology of the basin is complex, resulting in regionally interrelated impacts in 
groundwater use and the connection between groundwater and surface water. This creates a 
complex system, which calls for strong coordination between both groundwater and surface 
water management. One of the objectives of this research is to identify the type of users 
exploiting common or interconnected water resources, understand their water needs, assess 
the impact their groundwater abstractions have on other users of the system, and/or how they 
are being impacted by other users. Furthermore, this study also looks at the drivers and actors 
of groundwater over-exploitation, the impact it has had on water access and supply, and actors' 
knowledge and perception of the problem. It also examines the strategies developed by users to 
adapt to lowering water tables, the reasons why most of them do not conform to or follow 
regulations, and their readiness to engage in collective action with each other or with decision-
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makers in order to reduce groundwater abstraction. At the level of decision-making, the study 
questions the difficulty faced by water authorities to enforce groundwater legislation on the 
ground and explores the institutional factors impeding groundwater monitoring and abstraction 
control, assessing their readiness to engage in a dialogue with users. 

The final objective of this report is to analyze in detail the  interrelations between users in order 
to identify concrete situations of present or projected groundwater overexploitation that would 
require improved coordination between water uses and possibly, higher-level regulatory action. 
The results are to be presented to both decision-makers and water users in a dialogue to be 
held in the framework of this project and are expected to serve as material for improving the 
ongoing water management plans for the Upper Litani River Basin. 

2. The general state of groundwater resources in the ULRB 

2.1. Water supply on the Upper Litani River Basin 

Covering 20% of the Lebanese territory, the Litani River Basin is the largest river basin in 
Lebanon. The Litani, sprouts from several springs located in the Town of Alleik, next to Baalbek 
in the northeast of the basin. The river is then gradually fed by several lateral tributaries 
originating from both Mount-Lebanon and Anti-Lebanon mountain ranges, respectively, (the 
name of the western and eastern Lebanese mountain chains) before it discharges in to the 
Mediterranean Sea, next to the Town of Tyre. 

The study area is the Upper Litani River Basin (ULRB), limited by the Alleik Springs to the north, 
the Qaraoun artificial lake to the south, and bounded to the east and west by the two mountain 
chains (Figure 1). It comprises the major and most fertile part of the Bekaa Plain (around 40,000 
ha). The latter is the largest agricultural region of the country and extends over the northern 
limits of the basin, to the region of Hermel (Upper Orontes basin). 

Figure 1. The Upper Litani River Basin. 

 
Source: USAID-LRBMS 2013b. 
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There are about 400,000 residents living in the ULRB, distributed in around 100 small and 
medium-sized towns with populations ranging from a few hundreds to more than 75,000 
(USAID-LRBMS 2013b). Administratively, most of these towns are in the cazas of Zahle and 
West-Bekaa, part of the Bekaa Governorate (Mohafaza). The rest of the towns are in the Caza of 
Baalbeck, which is part of the Baalbek-Hermel Governorate.1 

Agriculture is the main economic sector in the Bekaa, followed by the industrial sector and 
services. Agriculture was developed between the 1960s and the 1970s. During that period, the 
industrial and services sectors also developed due to the strategic geographic location of the 
Bekaa near the border with Syria, and also because [ŜōŀƴƻƴΩǎ liberal economy contrasted with 
the controlled Syrian one at that time. The service sector experienced important growth rates 
during the Lebanese War (1975-1990), due to accessibility problems of .ŜƛǊǳǘΩǎ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ 
banking facilities for the Bekaa residents. The industrial sector mainly developed during the 
post-war period (1990-2005) with the establishment of several new dairy industries and 
wineries. Migrant remittances are also a substantial source of income for the Bekaa residents 
(Bennafla 2006). 

Nowadays, with the increase in population and the development of agricultural and industrial 
activities, the Litani River Basin suffers from many problems. The most pressing and visible one 
is water pollution, as most of the towns and industries remain unequipped with water 
treatment plants (USAID-LWWSS 2015a). With the discharge of substantial volumes of 
untreated domestic and industrial effluents into the rivers, the Litani River and several of its 
tributaries have become polluted and, as such, pose a threat to public health and have turned 
out to be an obstacle to the socioeconomic development and the well-being of riparian 
communities (USAID-LRBMS 2011; USAID-LRBMS 2012b). 

The lack of funds and governance problems at the level of water authorities is the cause for the 
delay in implementing water-treatment plants and the control of pollution. During the last 
decade, many aid organizations have attempted to address the problem through diverse 
actions, ranging from technical studies, cleaning of river beds, conducting awareness campaigns, 
technical assistance to water authorities, to the implementation of large-scale water treatment 
plants (USAID-BAMAS 2005; USAID-LRBMS 2011 a, b, c, d; USAID-LWWSS 2015 a, b, c). However, 
despite the substantial efforts and money invested, most of the waterways remain highly 
polluted. The problem has been further exacerbated by the arrival of Syrian refugees to the 
Bekaa and the establishment of thousands of refugee families in settlements next to river banks, 
which has resulted in causing direct discharges of more untreated domestic sewage into the 
rivers. 

Water supply in terms of quantity is also a major problem. With regard to drinking/domestic 
water supply, only two-thirds of the Bekaa population is connected to state water supply 
networks. In Zahle and West-Bekaa, the two principal cazas of the Upper Litani Basin, 25% and 
27% of the villages, respectively, are not served by any public water network (USAID-LWWSS 
2015a). Even in the villages connected to public networks, water supply is not reliable due to the 
deterioration of old networks, electricity rationing limiting pumping hours, and the struggle of 
the Bekaa Water Establishment (the state authority responsible for the provision of domestic 

                                                        
1 The Bekaa Governorate comprises the three cazas of Zahle, West Bekaa and Rachaiya, while the Baalbeck/Hermel 

Governorate comprises the two cazas of Baalbeck and Hermel. According to the Water Supply and Wastewater Master 
Plan produced by USAID-LWWSS (2015 c), the total population of the two governorates is 1,058,903 residents.   
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and irrigation supply in the Bekaa) to provide good operation and maintenance (O&M) services 
due to financial, technical and understaffing problems (USAID-LWWSS 2015a; 2015c).2 

There is only one state-run irrigation system in the ULRB. This system, known as 'Canal 900', is 
the first phase of the South Bekaa Irrigation System, a long-planned state irrigation system 
projected to irrigate around 22,000 ha in the South and Central Bekaa with water from the 
Qaraoun reservoir, springs, and groundwater. Its current command area (2,000 ha spanning 
across the towns of Joub Jannine, Kamed El Loz, Lala, Baaloul and Qaraoun) is, however, modest 
compared to the total planned area (around 21,500 ha, according to CDR 2003). Currently, less 
than half of it is irrigated by the Qaraoun Lake due to undersized pumping stations, whereas the 
rest of the command area is irrigated by private wells (Hill 2010; USAID-LRBMS 2012g). 

The remaining irrigated areas are supplied by three types of irrigation systems. The first type 
includes long-established collective open-canal irrigation systems diverting water by gravity 
from springs and rivers. These systems are managed by committees of local farmers with more 
or less cooperation with their respective municipalities, and generally originate from historical 
spring-fed irrigation systems.3 The second type includes land irrigated by individual or collective 
pumps abstracting water from rivers (observed to occur mainly from the Litani at the level of 
Zahle Maallaqa, Barr Elias and Marj, and from the Ghozayel at the level of Barr Elias and Marj). 
The third type is irrigation by private wells which makes up the largest share of irrigated lands in 
the Upper Litani River Basin (Verdeil et. al. 2007). The different types of irrigation systems are 
shown in Figure 2. 

Although less apparent (yet) than the problem of pollution, quantitative water supply has 
gradually declined due to increasing demand and the lack of proper allocation management. 
Several large rivers that used to flow all year round (such as the Litani and the Berdaouni) now 
dry-out in the summer and turn into open sewers. Groundwater tables that used to be very 
shallow before the 1960s (less than 10 m in the plain) have seriously declined in all of the 
aquifers of the ULRB, resulting in flow reduction and permanent drying-out of several springs 
(USAID-LRBMS 2012b, 2012d, 2012f). Today, groundwater over-exploitation can be added to the 
problems of waterways pollution and water supply management as a major concern in the 
ULRB. 

                                                        
2 Most of the mayors and municipal officials we interviewed reported that their municipalities contribute to a large extent 

to the operation and maintenance of water supply facilities that are theoretically under the responsibility of the Bekaa 
Water Establishment. These municipalities are, Qabb Elias, Kfarzabad, Lala, Qaraoun, Saadnayel and Jdita. These mayors or 
municipal officials have been interviewed, respectively, on 26/6/2013; 18/9/2013; 23/11/2013; 27/11/2013; 9/12/2013; 
and 15/12/2014. 
3 The main spring-based systems are in Zahlé and Saadnayel, irrigated from the Berdaouni Spring; Qabb Elias, irrigated 

from the Qabb Elias Spring; in Jdita and Chtaura from the Jdita Spring; Anjar from the Anjar Spring; Sarraine, Nassryeh and 
Ryak from the Hala Yahfoufa River. 
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Figure 2. Irrigation types on the Upper Litani River Basin. 

 

Source: Author. 

2.2. The importance of groundwater in the history of water supply in the Bekaa 

2.2.1. Groundwater as the main engine of irrigation development 

Before the 1950s and the introduction of modern drilling technology, the Bekaa Plain was 
characterized by shallow groundwater levels. This allowed communities without access to 
springs and rivers to abstract water for irrigation, drinking and domestic use, by digging shallow 
wells in the alluvial plain of the Bekaa. At that time, agriculture was not very developed outside 
of the areas irrigated by surface water, but abstracting groundwater through shallow wells 
allowed a relative level of agricultural development in these areas (Baldy 1960). 
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Starting in the 1950s and not long after [ŜōŀƴƻƴΩǎ independence, the government, assisted by 
American and French engineering firms, conducted several technical investigations with the 
ǇǳǊǇƻǎŜ ƻŦ ƘŀǊƴŜǎǎƛƴƎ ǘƘŜ [ƛǘŀƴƛ .ŀǎƛƴΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŦƻǊ ƘȅŘǊƻ-power production and 
agriculture development. While surface water constituted the largest share of the projected 
supply, the basinΩs geologic units were also subjected to several investigations aiming at 
assessing the potential of aquifers from which groundwater abstraction for irrigation would be 
feasible. The principal technical investigation was conducted at that time by the US Bureau of 
Reclamation for the Lebanese Government and led to the establishment of a 'Development Plan 
for the Litani River Basin' (Bureau of Reclamation, 1954). A few years later, another assessment 
targeting more specifically groundwater use and availability in Central Bekaa, was conducted by 
a French Mission in cooperation with the Lebanese Agriculture Research Center, to assess the 
potential of using springs and groundwater by building smaller infrastructure facilities (Baldy 
1960). 

In the early 1970s, the Lebanese State contracted a French consulting firm to conduct a 
feasibility study based on the study produced by the Bureau of Reclamation. This led to the 
establishment of an ΨIrrigation Plan for the South-BekaaΩ, where groundwater was projected to 
supply the South Bekaa Irrigation System in addition to water pumped from the Qaraoun Lake 
and diverted from springs (Mission Gersar 1972). The plan was adopted by the Lebanese 
Government. A presidential decree (No. 14522) was issued in 1970, which defined the amount 
of water to be abstracted from various water sources of the basin for the implementation of this 
project. Groundwater was a major resource to be harnessed, since the plan allocated 30 MCM 
from the Qaraoun Lake and 95 MCM from groundwater (CDR 2003, P36). However, the 
outbreak of the Lebanese War in 1975 stopped the implementation of this project. 

Meanwhile, since the early 1960s, groundwater began to be heavily exploited by private 
initiatives in different areas of the Bekaa following the introduction of drilling technologies and 
the mechanization of agriculture and general expansion of agriculture. These initiatives were 
dependent on groundwater availability and investment capacity. Between the 1960s and the 
1970s, irrigated areas substantially increased, fed by groundwater abstraction from shallow dug 
wells and tube wells. During the Lebanese War, in the absence of state control, the number of 
irrigation wells further increased, bringing most of the rain-fed agricultural areas under 
irrigation. After the end of the Lebanese War in 1990, the Irrigation Plan for the South Bekaa 
was updated, and its first phase was implemented and operational in 2001 (the 2,000 ha 
described above). The study for the second phase (6,700 ha) was conducted in 2003 and 
projected to abstract 14 MCM from groundwater sources (CDR 2003). Due to lack of funds, this 
project was never executed and its actual status remains unclear. In this context, groundwater 
availability, even though heterogeneous in space, hence, not accessible equitably to all 
communities to the same degree, was an alternative to the absence of state irrigation services 
for communities having lands outside of the areas historically supplied by spring-based systems, 
or located next to river-banks. 

Nowadays, groundwater irrigates the largest share of agricultural areas in the Bekaa, estimated 
at 65% of the total irrigated area in 2007, against 35% by surface water (Verdeil et al. 2007). The 
number of irrigation wells on the Upper Litani River Basin is unknown and difficult to estimate, 
as most of them are unlicensed. The Litani River Basin Management Support Program, which 
recently conducted various studies on different aspects of water management at the level of the 
Upper Litani River Basin, estimated that there are between 5,000 and 10,000 wells in the Upper 
Litani Basin, including approximately 2,000 licensed private wells (USAID-LRBMS 2012b). The last 
general assessment targeting groundwater resources conducted by UNDP (2014) and the 
Ministry of Energy and Water at the level of the Lebanese territory counted 2,732 private 
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licensed wells in the area managed by the Bekaa Water Establishment (i.e., in the two 
Mohafazas of Bekaa and Baalbek-Hermel), and estimated the number of private unlicensed 
wells at 18,228 (UNDP 2014). The total volume abstracted yearly for irrigation use is 
consequently difficult to estimate and, is somewhere between 130 MCM/year (Verdeil et al. 
2007) and 200 MCM/year (USAID-LRBMS 2012d). 

2.2.2. Groundwater, the major resource for domestic supply 

Potable and domestic needs are also supplied to a large extent by groundwater. As described by 
the 'Water Supply and Wastewater Systems Master Plan' that was recently conducted for the 
.Ŝƪŀŀ ²ŀǘŜǊ 9ǎǘŀōƭƛǎƘƳŜƴǘΣ άUntil the adoption by the Council of Ministers of Resolution 35 
dated 17/10/2010 of the NWSS [National Water Sector Strategy], no systematic strategy had 
existed in Lebanon for the management of water resources and the provision of a potable water 
supply to the population. Water supply and distribution systems developed historically in an 
organic fashion around population centers as the needs increased. Local springs were tapped 
when available and wells were dug when the need increasedέ (USAID-LWWSS 2015c: P8). Hence, 
just like in the case of irrigation supply, municipalities drilled wells for potable supply wherever 
surface water was not available. Out of a total number of 196 independent potable water supply 
systems identified ōȅ ǘƘŜ ǎŀƳŜ ǎǘǳŘȅΣ άup to 36 systems are supplied from small, medium or 
local springs, whereas the other 160 systems are supplied from an estimated 238 wells. Small 
village systems are typically supplied from a single well whereas larger systems are supplied by 
group of wellsέ (USAID-LWWSS 2015c: P6). 

In addition to the municipal collective wells that supply domestic/drinking water, there are 
hundreds of house wells established individually by the residents in most of the towns of the 
Upper Litani River Basin as an alternative to the unreliable public network supply. These were 
reported in most of the towns we visited during our 'Key Informant Survey'.4 

Moreover, groundwater is also a major resource for the population of Syrian refugees settled in 
the Bekaa. Since the beginning of the ΨSyrian CrisisΩ, many new wells have been drilled, and 
older ones have been equipped with larger pumps and connected to the public networks of 
several towns hosting Syrian refugees. For example, an emergency aid program managed by 
OTI/Chemonix drilled and equipped three wells for domestic use in Qabb-Elias, Ghazze and 
Kherbet Kanafar during the summer of 2014, according to the engineer that was in charge of the 
project. A substantial number of wells have also been drilled inside the settlements with the 
support of many local and international non-governmental organizations (NGOs). The total 
volume abstracted from groundwater for drinking water was estimated at 21 MCM/year 
(USAID-LRBMS 2012d). 

Supplying irrigation water to ǘƘŜ ƭŀǊƎŜǎǘ ǎƘŀǊŜ ƻŦ ǘƘŜ ¦ǇǇŜǊ [ƛǘŀƴƛ .ŀǎƛƴΩǎ ŀƎǊƛŎultural area, and 
providing its growing population with domestic water has resulted in groundwater over 
exploitation. Today, the water table has substantially lowered compared with the situation in 
the 1960s, thereby ƛƳǇŀŎǘƛƴƎ ǎǇǊƛƴƎǎΩ ŦƭƻǿǎΣ ǿŜǘƭŀƴŘǎ (hence, ecosystems) and access to water 
for farmers and local residents. Addressing the problem of groundwater over-exploitation 
ǊŜǉǳƛǊŜǎ ŀ ƎƻƻŘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ ōŀǎƛƴΩǎ ƘȅŘǊƻƎŜƻƭƻƎȅΦ In the Upper Litani River Basin 
groundwater cannot be considered as a single resource exploited by all users. Groundwater is, 
in fact, found in several aquifers with different hydro-geologic characteristics. Understanding 
these characteristics, as well as the geographic location of these aquifers and their 
interconnectedness is a prerequisite to analyzing, both the relation of users to their 
environment and their relations with one another. 

                                                        
4 See below section on methodology for details on key informant surveys. 
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2.3. Hydrogeology, geographic distribution of wells, and drawdown of water tables 

2.3.1. Past and present knowledge about the ULRB hydrogeology 

Research on the hydrogeology of the Litani Basin started with investigations launched by the 
Lebanese State in cooperation with western states (mainly the US and France), aimed at 
ƘŀǊƴŜǎǎƛƴƎ ǘƘŜ ōŀǎƛƴΩǎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŦƻǊ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ƛǊǊƛƎŀǘƛƻƴ ŀƴŘ hydro-electric 
production. Between the 1950s and 1970s, several hydrogeologic studies were conducted by 
the Lebanese state institutions, public research centers, and universities with the purpose to 
characterizŜ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŀquifers and assess their exploitation potential (Antoine 1964; Abd-
el-Al, 1967; Bureau of Reclamation 1954; Din 1971; UNDP 1970; Mission Gersar 1972; Hours et 
al. 1982; Williaime 1967ύΦ ¢ƘŜ Ƴƻǎǘ ŎƻƳǇǊŜƘŜƴǎƛǾŜ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ¦ǇǇŜǊ [ƛǘŀƴƛ wƛǾŜǊ .ŀǎƛƴΩǎ 
hydrogeology was conducted in 1970 by the UNDP within the framework of a nationwide 
assessment. This 9-year project, involving international technical expertise and substantial 
ǘŜŎƘƴƻƭƻƎƛŎŀƭ ŀƴŘ ŦƛƴŀƴŎƛŀƭ ǊŜǎƻǳǊŎŜǎΣ ŎƻƴŘǳŎǘŜŘ ŀƴ ŜȄƘŀǳǎǘƛǾŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƻŦ [ŜōŀƴƻƴΩǎ 
aquifer units, with a focus on the Coastal and the Bekaa aquifers. The project resulted in 
important reports and maps that remain the main references ŦƻǊ ǳƴŘŜǊǎǘŀƴŘƛƴƎ [ŜōŀƴƻƴΩǎ 
hydrogeology (UNDP 1970). 

As the main agricultural region of the country, the Bekaa was a strategic area, notably its 
southern and central parts. The Lebanese Government was interested in investigating the 
groundwater abstraction potential to supply projected large-scale irrigation projects therein 
(UNDP 1970: P75). Drilling and pumping tests and geophysical surveys produced considerable 
data and allowed the characterization of the main aquifers of the Bekaa. To date, however, the 
hydrogeology of the Bekaa continues to be poorly understood at many levels, including the 
depths of the different geologic formations, their recharge mechanisms, their relations to 
springs and their interconnectedness both to each other and to transboundary groundwater 
basins (El Hakim 2005; Kehdy 2013; USAID 2012d; UN-ESCWA and BGR 2013). Knowledge of the 
karst geology, the main constituent of both Mount-Lebanon and Anti-Lebanon Mountain ranges 
bordering the Bekaa Valley, is described to be very general, notably in the Anti-[ŜōŀƴƻƴΣ άǘƘŜ 
ƭŜŀǎǘ ƪƴƻǿƴ ƎŜƻƭƻƎƛŎ ǎŜŎǘƻǊ ƛƴ ǘƘŜ ǿƘƻƭŜ ŎƻǳƴǘǊȅέ ŀŎŎƻǊŘƛƴƎ ǘƻ 9ƭ IŀƪƛƳ όнллр: P18). 

The alluvial aquifers (Quaternary and Neogene formations) forming the youngest layers of the 
Bekaa Plain, are also insufficiently known in terms of their geologic constituents, depths and 
hydraulic characteristics, according to Dr. Naji Kehdy.5 After the 1970s period in which extensive 
research was done on .ŜƪŀŀΩǎ ƘȅŘǊƻƎŜƻƭƻƎȅ by the Lebanese Government and public research 
institutes, studies have been very limited or even absent. Although several academic projects 
were conducted, they were mainly concerned with specific aquifer units or particular 
hydrogeologic phenomena (Chalhoub et al. 2009; El Hakim 2005; Chreim et al. 2012; Kehdy 
2013). 

Recently, the UNDP conducted a ΨGroundwater Assessment and Database ProjectΩ for the 
Ministry of Energy and Water with the objective of assessing groundwater resources at the 
national level after more than 40 years since the 1970 previous UNDP study. The project also 
initiated a groundwater resources database and identified sites for potential recharge. The 
project was much shorter and involved substantially limited financial resources (2.5 years with 

                                                        
5 Dr. Naji Kehdy is a Researcher and Professor of Hydrology at the Faculty of Geography at the Lebanese University in 

Zahle. He has been monitoring water levels variations in the Quaternary aquifer since 2011. He conducts real time 
measurements in four monitoring wells drilled in the Quaternary aquifer in Terbol, Ryak, Qoussaya and Ablah, using a 
monitoring device that he invented himself and for which he obtained an invention certificate from the Ministry of 
Economy. His results have not been published yet. He was interviewed on March 17, 2015.  
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USD 2,400,000) compared to the study conducted in 1970 by UNDP (9 years and USD 
20,275,000) (UNDP 2014: P5). 

The second UNDP project focused on surveying the number of wells and their characteristics, 
reviewing and grouping existing information in order to identify gaps and assessing artificial 
recharge sites. It produced a substantial number of reports and maps, visited and located 
13,000 licensed wells across the country, and surveyed the characteristics of 841 wells. In the 
Bekaa, the project located around 1,700 wells, and monitored variations in water levels during 
one year in two wells in the towns of Zahle and Labwe (Central and North Bekaa). 

Additional technical studies, recently conducted within the framework of the Litani River Basin 
Management Support Program, provide the most recent and detailed understanding of the 
actual state of groundwater resources in the basin. They summarized technical information 
from previous hydrogeologic studies, performed pumping tests in all aquifers (although limited 
in number) and conducted two water level measurement campaigns (dry and wet seasons) for 
125 wells across the bŀǎƛƴΩǎ ŘƛŦŦŜǊŜƴǘ ŀǉǳƛŦŜǊǎ, from which they developed an understanding of 
groundwater flow conditions. The project also developed a groundwater model that was used to 
estimate future water level variations (USAID-LRBMS 2012d; USAID-LRBMS 2013b), and 
established 14 monitoring wells that are now being monitored by the Litani River Authority 
(USAID-LRBMS 2012f; USAID-LRBMS 2013a). These reports have been published by USAID, along 
with the complete data base of the surveyed wells. The data generated constitutes an important 
reference in this study, especially as it provides a general idea of the geographic distribution of 
wells and areas of significant water table drawdown, the basis for the selection of our case 
study.  

2.3.2. Aquifer characteristics and geographic distribution of wells 

The characteristics of the different aquifers and their location play a major role in understanding 
the geographic distribution of wells and their characteristics. The geographic distribution of 
aquifers and their description as well as spring discharges are presented in Figure 3 and Table 1, 
respectively. 

The Quaternary aquifer: This aquifer constitutes most of the agricultural soils of the Bekaa and 
covers the central part of the ULRB north of Joub Jannine. It is composed of unconsolidated 
sediments constituted of fine-grained silts and clays with sand and gravel, which have mainly 
been eroded from the mountains over the last 2.5 million years. The depth of the Quaternary 
formation varies in space and remains unknown due to the absence of geophysical surveys (El 
Hakim 2005). It is assumed to vary between 200 and 2,500 m (depending on the location), with 
estimations differing from one study to another. It is described in many studies to be 
constituted by several layers (Baldy 1960; UN-ESCWA and BGR 2013).6 Its lithology is also very 
heterogeneous, resulting in different hydraulic characteristics (water capacity and 
transmissivity), and are translated into a wide range of well yields. According to the survey 
conducted by USAID-LRBMS (2012d), well yields drilled in the Quaternary aquifer vary from 5 to 
as much as 30 liters per second (LPS). 

Through fieldwork and interviews it was possible to observe a wide heterogeneity in the 
distribution of wells across the Quaternary formation, with some areas covered with wells 
drilled within very close proximity, and other areas (where surface water resources are 
inaccessible) almost completely devoid of wells. Yet, we were able to identify areas where well 

                                                        
6 According to Dr. Naji Kehdy, the Quaternary aquifer comprises three independent strata, each constituting an 

independent aquifer unit. They are separated by an impermeable clay layer and are located at 14 m, 45 m and 85 m 
depths, respectively. 
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yields were in a close range. In the Barr Elias Plain, for example, several farmers have tried 
drilling wells in the plain and in lands located along the Litani River reaching depths of 100 m, 
without obtaining more than 5 LPS, a discharge judged in most cases as insufficient to use the 
well.7 In Zahle Maallaqa and Dalhamyeh, just north of the Barr Elias Plain, many wells are found 
along the Litani River and were reported to yield from 30 to 40 LPS8 whereas, just further north 
in Fourzol along the Litani River, water availability decreases again with well yields ranging from 
5 to 10 LPS.9 The former area, which is neighboring Zahle Maallaqa and Dalhamyeh, is well 
known for its exceptional water availability and has been already identified in the 1960s and 
surveyed, with άa layer of sediments that could reach 1,000 mέ ό.ŀƭŘȅ мфсл: P3). This 
exceptionally deep layer of sediments explains the abundant water availability in this area, in 
contrast to other areas of the Quaternary aquifer that are also subject to water infiltration from 
the Litani River, without retaining much water. There are other examples of the heterogeneity 
of water availability in the Quaternary aquifer observed during our discussions with farmers and 
informants. A very limited number of wells was reported, for instance, in the towns of Marj and 
Saadnayel, despite several attempts made by farmers to drill wells with sufficient yields.10 

In spite of these heterogeneities, at the basin level, the Quaternary aquifer is an important 
source for irrigation and for domestic wells. Since collective wells require higher yielding wells, 
municipal and state wells are drilled in more important water-bearing aquifer units such as the 
Cretaceous, Eocene and Jurassic units. Until the 1970s and 1980s many small springs used to 
flow from the Quaternary aquifer. The Alleik Springs at the origin of the Litani River is an 
example, albeit recharged from deeper aquifer layers that sprout from the Quaternary 
formation (Baldy 1960: P62). As with many others, these springs have, however, dried out due 
to heavy groundwater abstractions from deep wells located near the springs.11 

The Neogene aquifer: This aquifer lies below the Quaternary aquifer and consists of older 
alluvial deposits and conglomerates deposited over 20 million years ago. The outcrop area of 
the Neogene formation is smaller than the Quaternary formation and is, for the most part, 
found in the eastern part of the basin. On the east side of the Upper Basin, the Neogene is 
present north of Rayak up to Baalbek and on the west side from Chtaura up to the Chmistar 
area. The Neogene is less extensive on the west side of the Upper Basin. There is also a small 
Neogene outcrop area located southwest of the basin area (Figure 3). The depth of the Neogene 
layer is poorly known at many places, but it is described to be up to 300 m thick or more (USAID-
LRBMS 2012d). The Neogene formation serves as an important aquifer system for irrigation 
purposes, with hundreds of irrigation wells drilled reaching this formation and reportedly with a 
wide range of yields, varying from less than 10 LPS to as much as 30 LPS (USAID-LRBMS 2012d). 

The Eocene aquifer: This aquifer is located below the Neogene aquifer, separated by a low 
transmissivity layer (the Upper Eocene Marl). It is constituted of older sediments deposited 30 
to 50 million years ago and has been transformed into karstic limestone. It has a depth of 
around 250 m. It outcrops in bands that are generally less than 1 km on both the east and west 
sides of the Bekaa Valley, and in a broader area in the southern part of the valley in the region 

                                                        
7 According to Farmer No. 2 and Farmer No. 25 interviewed, respectively, on June 23, 2014-November 27, 2015 and 

January 23, 2015-November 18, 2015. 
8 According to Farmer No. 5 from Zahle Maallaqa, interviewed on June 25, 2014 and November 26, 2015. 
9 According to Farmer No. 7 from Fourzol interviewed on June 26, 2014 and November 27, 2015. 
10 According to Farmer No. 1 from Saadnayel, interviewed on September 12, 2013 and the Mayor of Marj interviewed on  

November 10, 2013.  
11 According to Farmer No. 9, there are seven wells drilled in Alleik with a depth of 150 m. These wells usually yield around 

100 LPS each. However, their yield was reduced to 35 LPS at the time of the survey, because of an exceptionally dry year.  
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of Joub Jannine and Kamed El Loz. On the eastern side of the Upper Basin, the Eocene outcrops 
from the Terbol area up to Baalbeck, and on the west side from Zahle to Chmistar. As per its 
karstic nature, the Eocene aquifer has higher levels of transmissivity and specific capacity when 
compared to the Quaternary and Neogene aquifers, translating in substantially higher well 
yields (around 50 LPS). 

There are hundreds of high-yielding irrigation wells completed in this formation, with the most 
significant development being on the east side of the Upper Litani River Basin, i.e., from 
Baalbeck down to Kamed El Loz (USAID-LRBMS 2012d). Described later for the Terbol region, 
these wells are typically drilled at the border of the Eocene hills and convey water through 
pipes, sometimes for more than 2 km, in order to irrigate lands located in the plain (on the 
Quaternary aquifer). The Eocene aquifer is also an important source of domestic water. For 
example, in Hoshmosh (an administrative territory only constituted of agricultural lands and 
having no residential area), one well supplies the Town of Ryak-Haouch Hala with domestic 
water (USAID-LWWSS 2015a: P106). In Terbol, two municipal wells drilled in the Eocene aquifer 
supply the town with drinking and domestic water. In Faour, a village located sƻǳǘƘ ƻŦ ¢ŜǊōƻƭΩǎ 
administrative territory, many house wells are drilled in the Eocene aquifer to provide the 
residents with domestic and drinking water as the area is not connected to the public drinking 
water supply network.12 Before the 1960s, several springs used to flow from the Eocene 
formation from Hoshmosh to Faour, and also at the level of the small outrcrop of the Eocene 
aquifer in Barr Elias (called the hill of ΨJbailyΩ). Three of these springs, which used to flow 
permanently no longer flow today, except during the spring season if it has been preceded by 
abundant snowfall in the winter. 

The Cretaceous aquifer:  This aquifer is located below the Eocene aquifer and is also constituted 
of karstic limestone dating from 65 to 145 million years ago. It is up to 600 meters thick and 
outcrops extensively on both the west and east sides of the Upper Basin in relatively higher 
elevation areas, and in the southern part of the Upper Basin under and north of Lake Qaraoun. 
The Cretaceous aquifer is characterized by high infiltration rates and important levels of specific 
capacity and transmissivity. Wells drilled in this aquifer have important yields that can reach 150 
LPS. Many irrigation and municipal wells are drilled in this unit (USAID-LRBMS 2012d). Many 
high yield springs flow from the Cretaceous aquifer on the eastern side of the Upper Litani River 
such as Yahfoufa, Anjar and Chamsine springs. 

The Jurassic aquifer: This aquifer is constituted of limestone and dolomite rocks, which are 145 
to 200 million years old. It surfaces in the western part of the Upper Litani Basin from Chtaura 
down to Lake Qaraoun. It is characterized by the highest levels of specific capacity and 
transmissivity, translating into high yielding wells that can reach 150 LPS. As for the Eocene and 
Cretaceous aquifers, many irrigation and municipal wells are drilled in the Jurassic aquifer, 
notably in the region located between Chtaura and Lake Qaraoun (USAID-LRBMS 2012d). The 
Jurassic aquifer is a source of high yielding springs such as the Ras El Ain Spring of Qabb Elias, 
and Ammiq Spring. 

                                                        
12 ¢Ƙƛǎ ƛƴŦƻǊƳŀǘƛƻƴ Ƙŀǎ ōŜŜƴ ƻōǘŀƛƴŜŘ ŦǊƻƳ ŦŀǊƳŜǊǎ ǊŜǎƛŘƛƴƎ ƛƴ ǘƘƛǎ ȊƻƴŜΣ ŘǳǊƛƴƎ ŀ ΨCƻŎǳǎ DǊƻǳǇΩ ƳŜŜǘƛƴƎ ǘƘŀǘ ǘƻƻƪ ǇƭŀŎŜ ƛƴ 

the center of Beirut Arab University on January 23, 2015. 
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Figure 3. !ǉǳƛŦŜǊǎΩ ŘƛǎǘǊƛōǳǘƛƻƴ ƻƴ ǘƘŜ ¦ǇǇŜǊ Litani River Basin. 

 

Source: Adapted from USAID-LRBMS (2012d). 
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Table 1. Description and hydraulic characteristics of the ULRB aquifers.  

Aquifer Units Lithology 
Thickness 

(m) 

Transmissivity 
(m2/s) 

(UNDP 1970) 

Transmissivity 
(m2/s)-Pumping tests 

Surface area 
(Km2) 

% of infiltration from 
precipitations 
(UNDP 1970) 

Quaternary 
Aquifer 

Alluvial deposits 
(gravel, sand, silt 
and clay) 

More than 
500 

10-4 to 10-3 3.4 x 10-4  to 2.0 x 10-4 415 ~5 

Neogene 
Aquifer 

Sand 
conglomerates, 
limestone and 
marls 

Up to 300 Less than 10-3 1.3 x 10-4 ς 2.2 x 10-4 186 ~5 

Eocene 
Aquifer 

Nummelitic and 
cherty limestone, 
marly limestone 
and chalky marl 

Up to 250 10-4 ς  10-2 3.9 x 10-4 ς 2.9 x 10-3 110 38 

Cretaceous 
Aquifer 

Alternating 
sequence of finely 
bedded limestone 
and dolomitic 
limestone 

750-950 10-2 ς 1 
3 x 10-4 ς 9.15 x 10-3 

 
564 41 

Jurassic 
Aquifer (J4) 

Limestone-
Dolomitic 
limestone 

~ 1,000 10-3 ς 1 2.35 x 10-4 ς 1.6 x 10-1 124 41 

Source: USAID-LRBMS (2013b). 
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2.3.3. Understanding aquifer recharge, a prerequisite to analyze groundwater governance 

The basinΩǎ total groundwater recharge has been estimated in several studies following different 
methodologies. The most extensive methodologies have been used by UNDP (1970) and the 
recent USAID-LRBMS studies (2012d; 2013b). These studies have estimated groundwater 
recharge, respectively, at 200 MCM/Yr and 220 MCM/Yr.13 Most of the recharge takes place in 
the three carbonate aquifers, given their permeable structure (140 MCM), while lower 
precipitation volumes infiltrate and recharge the Quaternary and Neogene aquifers, given their 
alluvial structure (80 MCM). These shallow aquifers are also recharged from water infiltrating 
from surface water sources and from the carbonate aquifers. Water infiltration coming from 
carbonate aquifers occurs both from the surface in a downward direction (from zones where 
carbonate aquifers outcrop toward shallow aquifers located at lower levels) and from the 
underground in an upward direction (from deep layers of carbonate aquifers toward shallow 
aquifers) where water is under pressure in the carbonate aquifers (Figure 4). At the level of the 
Jurassic and Cretaceous aquifers, even though generally separated by thick aquiclude 
formations, water exchange also occurs between them due to faulting and erosion (El-Hakim 
2005; UN-ESCWA-BGR 2013). 

Figure 4. DŜƴŜǊŀƭ ŀǉǳƛŦŜǊǎΩ ǊŜŎƘŀǊƎŜ ŀƴŘ ǿŀǘŜǊ ōŀƭŀƴŎŜ. 

 

 

MCM/year 
Recharge from 
precipitation 

Pumping Springs Transfers + to GW Balance 

Quaternary-
EoceneEocene 

80 -120 0 
17 (-7 to Litani River, 

+24 from lateral 
aquifers) 

-21 

Cretaceous-
Jurassic 

140  -30 -130 
- 24 (laterally to 
upper aquifers) 

-44 

Total 220 -150 -130 -7 -65 

Source: USAID-LRBMS (2013b). 

 

                                                        
13 Two other studies gave substantially higher estimations: USAID-BAMAS (2005) with 388 MCM/Yr and JICA (2003) with 

484 MCM/Yr. These numbers were demonstrated by USAID-LRBMS (2012d: P5) to be overestimated.  
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Importantly, given the heterogeneity of the disposition of aquifers and surface water courses in 
space, and within the hydrogeologic characteristics in each of the aquifers, water exchange 
mechanisms are complex and vary from one place to another. Previous studies have attempted 
to understand some of these mechanisms in some specific areas, believed to be suitable for 
groundwater exploitation in the 1960s and 1970s. They delineated several areas with specific 
recharge mechanisms limited in space and identified them as independent aquifers; we can cite 
among these zones the Ammiq Aquifer (UNDP 1970), the Terbol Aquifer (Baldy 1960; UNDP 
1970; Mission Gersar 1972), the Anjar-Chamsine Aquifer (El-Hakim 2005), and the Ryak Aquifer 
(Kehdy 2013). These recharge mechanisms need to be well understood for aquifer and 
groundwater management at the basin level. Moreover, the interconnectedness of some of 
these aquifers with others located in Syria would require establishing transboundary agreements 
for groundwater allocation (UN-ESCWA and BGR 2013). 

The reduction of flow from a source recharging an aquifer not only impacts its capacity but also 
water availability at the level of the water source recharged by that aquifer. As will be illustrated 
later, this interconnectedness between different water sources translates into an 
interdependency between different water uses and, consequently, between the respective 
users. Analyzing groundwater governance starts with the identification of the different users 
accessing and using common or interdependent water resources. Thus, locating the physical 
interconnectedness between surface courses and aquifers, and/or among aquifers being used by 
different users is a prerequisite for understanding the governance framework and improving 
groundwater management. In our case study there are several zones that are connected to 
others through interrelated recharge mechanisms: 

Terbol Aquifer (part of the Eocene aquifer): This aquifer was identified in the framework of the 
1970 UNDP study. It is located between Terbol and Haour Tala and has a surface area of 27 Km2. 
Its main recharge sources were found to be water infiltrating from the Neogene aquifer located 
at the level of Ryak as well as losses from the Hala Yahfoufa River. The volume infiltrating from 
these two water sources was estimated at 15 MCM/year, against only 6 MCM/year originating 
from rainfall (UNDP 1970: P110). 

Ryak Aquifer (part of the Quaternary aquifer): It was studied as part of a PhD thesis and was 
described to be recharged partially with water infiltrating from the Hala Yahfoufa River and from 
the Sarghaya Aquifer in Syria, while the major part of the recharge comes from local sources 
(Kehdy 2013: P50-52). 

Dalhamyeh Aquifer (part of the Quaternary aquifer): Identified and explored by Baldy (1960) in 
Central Bekaa, it is a small aquifer located south of Ryak-Ablah Road along the Litani River. This 
aquifer has a substantially larger storage capacity compared with surrounding Quaternary 
aquifer areas as mentioned earlier. It is described as a multilayer aquifer with an important 
sedimentation area and with a storage capacity of 3 MCM (200 m3/day/well). Recharge was not 
quantified, but was assumed to be partly constituted by water infiltrating from the Berdaouni 
River (on the right bank of the Litani), and from deeper aquifers located under the Quaternary 
aquifer (Baldy 1960: P60) 

Anjar-Chamsine Aquifer (part of the Cretaceous aquifer): It was studied in depth by El-Hakim 
(2005) as part of a modeling exercise carried out to understand the functioning of the 
Cretaceous Basin discharging through Anjar and Chamsine springs. It was also included in the 
'Inventory of shared water resources in West Asia' developed by UN-ESCWA and BGR (2013). It is 
described as a karstic basin extending over 216 Km2, limited by the Yahfoufa River to the north, 
Aita El Foukhar to the south, the Quaternary aquifer to the east and a fault separating it from the 
Jurassic aquifer to the west (El-Hakim 2005: P54). Most of the recharge comes from precipitation 
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(51 MCM) and a relatively small part as losses from the Hala Yafoufa River (4.75 MCM). Water 
budget calculations indicated that further recharge may take place from the Jurassic aquifers or 
from the C4-C5 aquifers at the bottom of the Bekaa Plain. The limits and conceptual recharge 
mechanisms of this aquifer are presented in Figure 5. 

Figure 5. Limits and conceptual recharge mechanisms of the Anjar-Chamsine Aquifer. 

 

Source: El Hakim (2005). 

2.3.4.  Water level drawdown 

Over the past decades, the exploitation of the ULRB aquifers ensured domestic and irrigation 
water needs to its growing population, even in the absence or unreliability of public services 
during the war and the delays in the reconstruction of infrastructure services. Similarly, private 
groundwater abstraction led to the wide development of irrigation in the Upper Basin since the 
1960s, and allowed farmers without access to surface water not only to sustain their agricultural 
practices but also to increase yields through irrigation. Today, as described by the recent 
technical assessments, water tables have significantly declined and are expected to come under 
extreme stress given the increasing rates of abstraction through time (USAID-LRBMS, 2013b). 
Yet, water levels have not decreased in a similar fashion across the basin due to the 
heterogeneity of aquifers and their specific hydrogeologic characteristics. Additionally, different 
abstraction rates linked to the natural accessibility of surface and groundwater as well as the 
specific social and economic development trajectories of the different groups of water users (as 
it will be later presented) are also responsible for such heterogeneity in abstraction levels. 

The last survey14 conducted by the LRBMS Project noted that in the Quaternary aquifer water 
levels are still relatively shallow (between 7 to 14 meters below surface level) in the northern 
and southern parts of the basin. Also, for the Neogene aquifer in the central part of the basin, 
there are more important decreases in water levels, with a reduction ranging between 20 and 50 
meters since the 1970s. For the Eocene and Cretaceous aquifers, located in the eastern part of 
the basin between Terbol region and South of Anjar, water levels were reported to have 
dropped more than 30 meters over the past 10 years, resulting in the drying-out of several 
springs sprouting from the Eocene aquifer. However, water table levels had not dropped 

                                                        
14 The survey was based on water-level measurements in about 200 wells distributed among the different aquifers and 

information given by farmers and drillers (USAID-LRBMS 2012d). 




































































































































































































