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Executive Summary

2 KFG FANRG O2YSa (2 YAYR g9KSYy GKAY1lAy3 |o2dzi
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 basid 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 residentdamilitated populationswithout acess
to rivers and spring$o ensure their irrigation and domestic wateeeds Prior to the 1960s,
g1 GSNJ GFroftSa 6SNBE OSNE akKrtftz2¢ Ay Fff 2F (GKS
large wdlands and small springs in the plain (tQeaternary auifer), and discharge through
many mealium and large springs from bothountain mangessurrounding the Bekaa Valleyh&
carbonate aquifers). Outsidehe command areas of the springnd riverbased irrigation
systems, farmersvould dig shallow wells in the alluviumreas which allowed them to extract
important amounts of water anegknsure a constant supply of water farigated agriculture
during thesummer season. Groundwater was also an important resourcéviestockowners,
egecially the Bedouin tribesrossing theBekaa Valleand who used to dig ditches in the plain
to water their animals.

Following the expansion of drillinggchnology in the early 1960s that wemparallel to the
mechankation of agriculture and theusge d agricultural demand in theGulf countries,
groundwater started tobe heavily exploited by inddual users During this period, while
shallow wells were still being used in the plain, tube wells expanded rapidly icathenate
aquifers and contributedo the substantial increase of irrigated areas between the 1960s and
the 1970s.

In the meaime, the Lebanese Government was planning the development of fscgke
modern irrigation systemsprojected to be partly supplied by the Qaraoun artificial resarv
andto a large extent by groundwater. With the support of the US Government (in the 1950s),
and the French Government (in tHE960s and1970s), a substantial number of hydrologiic
studies and engineering plans were produceshich resulted in the esthlishment of an
Ytrigation Plan for he SouthBeka& ¢ KS | [ ageolfgic pdtedtidINds also largely
investigatel by the nationalassessment produced by UNDFResulting in the first major
characterization of aquiferacross the countryThe Lebanesg/ar (19751990) hindered the
execution of irrigation systems planned by tgevernment. During the reconstruction period
(199062005), only a small part of the SodBekaalrrigation Project was executed (2,000 ha).
However, the command area, projected te entirely supplied by surface water from the
artificial reservoir inQaraoun is still irrigatedo a large extentthrough private individual wells
(morethan 1,000 h§ which isdue to an undessizing of the pumping stations.

From the 1960s until todg private irrigation wells expanded widelg/lowing to put into
irrigation most of the rairfed 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.
Municipalties 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 wellsrasf@a
rehabilitation project for domestigvater supply systems. In the ladtyears, the influx of Syrian
refugees further increased pressure on watBsmandand, as a resultrequired the drilling of

new wells both in municipalities and refugee settlembs. Over the years, increased
groundwater abstractions led to a situation of groundwater overexploitation. Water tables
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began bwering in all aquifersof the basinand resulted in the dryingut of many small and
medium springs. Shallow wells dug in fhlain dried out since the mid970s and were replaced
by tube wells.

However, the sitation of groundwater resources ithe ULRB and the impact overexploitation
has hadon users hagsemained almost unknown by decision and policymakers for more than 40
years since theperiod of the early hydragyeological studie$1960s t01970s). In recent years,
substantial studies assessing the current situation of groundwater were conducted with the
support of international organizationsThe UNDP and the Ministry oEnergy and Water
conducted a new national groundwater assessmar2014 In cooperation with the Litani River
Authority, a USAHunded program focused on supporting the development of the UaRB
conducted a hydrayeologic assessment for the basim 2012 and 2013. It located and
characterized around 125 production wells across basin, established potentiometric maps
(water levels) and a groundwater model estimating future drawdown on water tables.

These studieave providedan updatedunderstandng of the current physical situation of
groundwater resources after many years of almadbtal lack of scientific assessments, raggs

the alarm about the risk of further water table drawdown and the necessity to improve
groundwater management and reducabstractions. They also revealedinformation gaps
related to many of the essential aspects to be taken into accoumt order to develop a
comprehensive and informeceflection on groundwater management policies. At the level of
groundwater use, these ihade: withdrawal rates for both private and public wellhe
management types of private and municipal wellse costs of well drilling, operation and
maintenance the impacts wateflevel declines had on usershe adaptation strategies
developed by usex their perception of the problem their noncompliance 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 iwfpg@undwater
overexploitation on users. It takgas a specific case studg limited geographic area of the
basin identified withan important water table drawdown. It traces back the evolution of
groundwater use in space and time since the 1960t a focus on irrigation supply based on
interviews with farmers (50), mayors and municipal officials (21) and other informants (8), as
well as ora literature review, compilation of well data and direct field observations. It also looks
at the institutonal framework of groundwater management and its problems basedaon
literature review and interviews witlstate officials from the different water authorities (11
persons from The Ministry of Energy and WEMEW], the Bekaa Water EstablishmeBWE]

the Litani River Authoritijt RAJand the Ministry of AgriculturgMOA]).

The study area is located between the Litani River and thel&tanon Mountain Chain. It is
bounded by the towns of Ryak to tmerth and Anjar to thesouth. It includes several ingptant
rivers (Hala Yahfoufa and Litani), large springs (Anjar and Chamsine), severautdsedngs
(RaskE}AIn of Terbol and Nabeh El Faour) and three groundwater sourcesQié&rnary,
Eoceneand Cretaceousaquifers). It has a total area of arourdd,000 ha including 8,000 ha of
agricultural lands. It was further divided into seven subas identified according to their own
specific groundwater use evolution. The evolution of groundwater useitridcpacts on and
between users in each of these sateas can be summarized as follows:

11
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Subarea Hala Yahfouf&Vater for irrigation and domestic use remad mainly supplied

by gravity from Hala Yahfoufa River until the 1970&round this period, water
availability from the river was substantially reduced due to increased upstream
abstractions, pushing users to drill wells in Qeaternary aquifer. At present, farmers
mostly rely on wells. Residents have been using house teeli®rmplement domestic
water supply from the public networkuntil a new municipal well was drilled in the
Eoceneaquifer. Water levels in thQuaternary aquifer decreased from3 m in the
1960s to 1520 m at present. Well depths vary between 50 and 150Giventhe
important water capacity of theQuaternary 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 fromidiriver to reduce theipumping 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 ré@éater
Supply and Wastewater systems MastéarPfor the Bekaa Water Establishmgg015).
However, his would further reduce surface water availability for irrigation and increase
groundwater abstractionFarmers in this area contribute to the overexploitation of the
Quaternary aquifer.Hala Yahfoufa users also have an indirect impacth@nBocene
aquifer users since a substantial amount of the latter aquifer recharge comes from
infiltration from the formerriver.

Subarea LitaniFourzol: Water for irrigation used to be supplied by the Litani River (first
by gravity,then pumping) Starting in the miel970s, 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 tiguaternary aquifer, well yields are low and most
of the areais planted with grapes. With increased abstractions over the years, water
levels now reach 40 m b.g.l in the summer and well depamgebetween 50 and 100

m. Well yields have beereduced further leading to drilling more wells and building
storage infastructure. Some largscalefarmers were also reported to have accessed
the deeper aquifer Eoceng. In the upcoming years, water shortage in Qeaternary
aquifer is expected to furthedecline However, most of the farmemsill not be able to
afford to drill deep wells, which would force them to decrease their irrigated arEaes.
farmers of this area are negatively impacted by upstream users of the Litani River and
contribute to the overexploitation of theQuaternary aquifer. Accessing theacene
aquifer would increase the pressure on that aquifer and negatively impact its current
users.

Qub-area LitaniMaallaga:The reduction of water availability from the Litani Rjwehich
started in the mid1970s also necessitatedfarmers to rely on he 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 decreatgadilyand
now reach 25 m b.g.l in the summer. Well depths vary betws@mand 200 m. In recent
years, well yieldhave substantiallyeduced especially athe middle of the irrigation
season, whicthas compelledarmers to reduce their cropping areas. Weflave not
multiplied since mosbf the farmers are tenants renting mhals from absent landlords.
Accessingf the deeper aquifer was not reported. It isowever, being considered as a
solution by the rare land owners still cultivating their landfie firmers of this area
were also negatively impacted by upstream userghefLitani River. They contribute to

12
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the overexploitation of theQuaternary aquifer. Accessing tHeoceneaquifer in the
upcoming years would also have a negative impact on its users.

Subarea LitaniBarr Elias:In this area, the poor capacity of th@uaternary aquifer did

not allow the useof groundwater as amlternative to the reduction of water availability
from the Litani River. Several wells were drilled but did not provide sufficient yaaids
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 accumulaés in the Litani River during summeHowever, his
represents a serious risk of crop contaminatidine airmers in this area are the most
negatively impacted both by upstream water users and polluters.

Subarea GhozayelUntil the early 1970s, water for irrigation was provided by gravity
from the Naher EIFaour River originating from springs located in theceneaquifer.

With the increased abstractions in that aquifer, water tables were substantially reduced
leading to the permanent dryingut of these springs. Thiforced farmers to start
pumping water fom the Ghozayel River located downstream. Only some wells were
drilled in the small part of th&oceneaquifer that hasprotruded in to this area. Over

the years, the large flow of the Ghozayel Rifamilitated in extendingrrigated areas

and cultivatingall types of crops throughout the summer. In recent yedmswever,
water availability in tis 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 #@@rnative due to financial and logistic constraints, while most of
them are already forced to redudie extent oftheir agricultural areasespeciallyin

years of low rainfall. The BWE is also planning to increase water allocation from Anjar
and Chamsinesprings for domestic supply. This would substantially reduce surface
water availability and force farmergither to further reduce their irrigated areas or to
ensure their access to groundwater. Farmers of this area are thus directly impacted by
upstreamusers of Anjar and Chamsine springs.

Subarea AnjatChamsine:This area is characterizeds important because of the
availability ofwater both from surface water (Anjar and Chamsine springs originating
from the Cretaceousaquifer) and groundwater (th€etaceousaquifer). The Chamsine
Soring has long been used by thate to supply domestic networks in several villages in
Central and SoutiBekaa.TheAnjar Yring has been used lilie Anjarcommunity since

the settlement of the Armenian community (in thate 1930s)both for irrigation and
local domestic supply. The large water availability of @retaceousaquifer has been
exploited since the 1970s for irrigation purposes in Kfarzabad to alesser degreén
Anjar. Water tables in th€retaceousqufer havesubstantially reduced since the 1970s
and pushed farmers to deepen their wells. Well yields are still sufficient to practice
irrigation throughout the irrigation seasorbut are substantially reduce in the dry
years. Both spring discharges seémbe negatively impactedand it hasled to the
drilling of wells in spring vicinities to complemerioth domestic supply (next to
Chamsine) and irrigation supply (next to Anfgaring). The most important driver of
future pressure on groundwater is tHBWEProject to reallocate water fronthe Anjar
Soring. This however,would deprive Anjar farmers from a substantial discharg¢hef
Anjar Soring, and will push them to look for groundwater sources.
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7. SubareaEocene Three different evolutions in groundser use were identified in this
area. They depend on the different social historieghef villages oHoshmosh, Terbol
and Faour and are closely linked to their respective land organizations. The common
trend is the evolution of water supply from surfasater (Hala Yahfoufa for Hoshmosh
and springs originating from theocendor Terbol and Faour) and groundwater (wells in
the Quaternary aquifer) strictlyestrictive togroundwater. The heavy exploitation of the
Eoceneaquifer starting the 1960s led td¢ dryingout of the springsbut allowed an
important extension of irrigated areas and the establishment of large family farms. The
Quaternary aquifer is also an important resourttet hasallowed the establishment of
small and medium farms. Today, water tables in tBecene have substantially
decreased and reach 30 m in years of normal rainfall. Wee® beendeepened and
sometimes reacimg more than 200 m b.g.l. In Terbdlowever, irrigation from Eocene
wells was reduced due to land fragmentation anidhadled to the multiplication of
wells in theQuaternary aquifer. The latter aquifer is also overexplojtegsulting in
substantially loweng the well yields. In this area, most farnmgeare able to drill more
wells and many have shifted toultivating grapes. However, further groundwater
abstractions are likely to lead swater shortage in the upcoming years.

The wpackingof drivers and impacts of groundwater overexploitation ach of the seven sub
areas(as mentioned abovelevealed clear interrelations, both between the users of the same
subarea and between users of the different sateas: groundwater overexploitation in a
certain subarea is often a result of surface watenddor groundwater use and abstraction in
another (upstream) sularea, and can in turn impact water availability in a third (downstream)
hydraulically interconnected suérea. This creates a complex system of interrelated water,uses
where reducing groundwar 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 haddy thedifferent

water authorities on the other,reveals many obstacles to establishing and enforcing
appropriate and coordinated allocations from both surface and groundwater. Auseelevel,

the obstacles to collective groundwater management are linkechtindividualistic 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 substantadallenges pertaining to water planning are to be
faced by thestate in the upcoming years.

However, examiningthe actions of the different water authoritiesesponsibleshowed that

many problems hinder the needed integrated planning and coordinaticebsfractions. These
obstacles include inadequate groundwater regulations adopted by the MEW, an almost absence
of enforcement on the part of the ME\Wlinistry of Energy and Wateand the MI(Ministry of
Interior), delayed/limited groundwater monitoring biRA(Litani River Authorityand, most
importantly, the current incapacity of the BWMBekaa Water Establishmentd) coordinate

water abstractions at the level of its territory. The underlying problems are linked to structural
LINPOofSYa 2F GKS g1 GSNJI AaSO02NNa AyadAaddziazyl f
of coordination mechanisms) in addition toettgeneral lack of human, technical and financial
capacities of water authorities.

In conclusion, analyzing the historical drivers of groundwater overexploitation and its
governance framework showed thahe problem of groundwater management is broader itha
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 abstractioms
accessA number of general recommendations can be drawn from thislystand 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 amanoving overlaps and duplication, improving
coordination between authorities, updating obsolete legal texts, etc.

In the short term, two main points must be addressed by decisiakers and discussed with
water user representatives during the upcomingldguethat 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 ath groundwater overexploitation. The second is to make use of these
concrete examples of groundwater exploitation to reflect on more constraining and better
adapted conditions foprovision ofpermits.
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A onceptualfigure of the actual state of water use in the study area
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1 Introduction

What first comes to2 Yy SOy R g KSyYy GKAY {1 Ay3 | 062dzi (ULRBH |
hydrology is the largsurfacewater basin formed by the Litani River andtiibutaries. The less
known fact is that groundwater also constitutes a large resource inbdss andprovidesthe
largest shareof its water needs. In fact, the locals explain that the na#eS | is ldu@ to the
fact thatit is used to be all coverenly WpotL)the translation of the Arabic word S 1 )i ldrg@
wetlands formed bynatural groundwater resurgence.Since the 1950s until todayowever,
water tables have graduallgeclined due to groundwater abstraction from welldrilled to
supplythe growingdomestic waterdemandin the basin and irrigation needsr agriculture in
the BekaaPain. This ledto increasedgroundwater abstraction costand, in springs to a
substantial flow reduction otthe dryingout of severalof them, causing indirecimpact on
downstream usergUSAIELRBMS 2012 d, ).

Formore than40 years since théirst general study on groundwateén Lebanon wasonducted

by the UNDP and the Lebanese GovernmdghiNDP 1970)there has beena lack of
comprehensive assessmertf the O 2 dzy grdlBdWéter resourcesAfter this periog several
studies have recently beerconducted by Lebanese public authorities in cooperation with
international projects with the purpose of assessing the present situation of groundwater
resources inLebanon(USAIELRBMS 201, d, f;2013; UNDP 2014At the level of theULRB
two recent technical studiebave collected new fielddata on groundwater wells in the basin.
These new observationsncluded the georeferencing of productive wells, water level
measurements, and observations about the general geographic distribution of wells, giving an
updated picture of thegeneralsituation of groundwater levels the basi & | |j TzayRISONE
provided a geneal estimat of groundwater volumes abstracted for different uses (irrigation,
domestic and industrial) and establestha model simulatingvhat groundwater levelsvill be by

the year2030.

Thisstudy aims tgpresenta morecomplete pictureof groundwater us and managemenboth
at the level of the ULRB and at the local levéth the purpose 6 proposng better tailored
management strategiesThese will bediscussedby users and decisiemakers during a
‘dialogué that will be organizedvithin the frameworkof a USAIBunded International Water
Management Institute (IWMIProjectto be launchedn April 2016 By focusing on a particular
area of the basin identified by the abovementioned hydrological studieas experiencing
seriouswater tabledrawdown,the objectiveof this study is to understande different drivers
leading to the situation ofgroundwater wer-exploitation and the factors hindering its
management botHor users andlecisionmakers.

The hydrogeology of the basin is complex, resultingregionally interrelated impacts in
groundwater use andhe comection between groundwater and surface watefrhiscreates a
complex systemwhich calls for strong coordination between both groundwater and surface
water management One of the objectives adthis research is to identify the type of users
exploiting common oiinterconnectedwater resources, understand their water needs, assess
the impact their groundwater abstractions have on other users of the sysa@aor how they

are being impacted by o#r users.Furthermore this studyalsolooksat the driversand actors

of groundwater oveexploitation the impact ithas hadon wateraccessand supply,andactors’
knowledge and perception of the probleith also examineghe strategiesdevelopedby usesto
adapt to lowering water tables, the reasons why most of themndd conform to or follow
regulations, and their readiness to engage in collective actitih each other or with decision
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makers in order to reduce groundwater abstractidt.the levelof decisioamaking, the study
guestiors the difficulty faced bywater authorities to enforce groundwater legislation on the
groundand exploreghe institutional factors impeding groundwater monitoring and abstraction
control, assessintheir readiness t@ngage in a dialogue with users.

The finalobjectiveof this reportis toanalyze in detaihhe interrelations between users in order

to identify concrete situations of present or projected groundwater overexploitation that would
requireimprovedcoordingion between water useand possibly, highelevel regulatoryaction.

The resultsare to be presented to both decisiemakers 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 gneral state of groundwater resources in the ULRB

2.1. Water supply on the Upper Litani River Basin

Covering 2% of the Lebanese territory, the Litani River Basin is the largest basin m
Lebanon.The Litanj sprous from several springs located in tA@wn of Alleik, next to Baalbek
in the northeast of thebasin The river is thergradually fed by severdhteral tributaries
originating from both MountLebanon and Ardiebanonmountain anges respectively (the
name of thewestern andeastern Lebanese mountain chains) before it discharge® ithe
Mediterranean Sea, next to thEown of Tyre.

The study areds the Upper Litani River BagidLRB)limited by the Alleik3orings to thenorth,
the Qaraoun artificial lake to theouth, and bounded to theast andwest by the two mountain
chains Figurel). It comprises the major and most fertile part thie BekaaPain (around 40,000
ha). The latter is the largest agricultural region of the country and extends ovendhbern
limits of thebasin to the region of Herme{Upper Orontes basin)

Figurel. The Upper Litani River 8ia
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There are about 400,000 residents livingtire ULRB distributed in around 100small and

mediumsized towns with populatiors ranging froma few hundreds to more than 75,000
(USAIELRBMS 2018. Administratively, most of these towns are in thazasof Zahle and

WestBekaapart of the Bekaa Governorat®phafazg. The rest of the towns are in ti@aza of

Baalbeck, which is part of the Baalddkrmel Governoraté

Agriculture is the main econam sector in the Bekaa, followed by the industrsgctor and

services. Agriculturevasdeveloped between the 1960s and the 1970s. During that period, the
industrial and services secwalso developediue to the strategic geographic location of the
Bekaanear the border withSyria, andalsobecausd S o | yiiResalzdonomy contrasd with

the controlled Syrian one at that time. The service sector experiemgdrtant growth rates

during the LebanesWar (19751990), due taaccessibility problems of S A NHzi Q&4 O2 YY S ND.
banking facilitiesfor the Beka residents. The industrial sector mainly developgaring the

postwar period (199€2005) with the establishment of several new dairy industries and
wineries. Migrant remittances are also a substansiaurce of income for th&ekaaresidents

(Bennafla 2006).

Nowadays with the increasean population and the development of agricultural and industrial
activities, the Litani River Basin suffémsm many problems. The most pressing and visible one
is water pollution, as most of the towns and industries remain unequipped with water
treatment plants (USAHDWWSS 2015a). With the discharge of substantial volumes of
untreated domestic and industrial effluents into the rivers, the Litani River and several of i
tributaries have becomeolluted and, as sucghposea threat to public health antiave turned

out to be an obstacle to the socioeconomic development atmed well-being of riparian
communities (USAHDRBMS 2031 1JSAIELRBMS 2013b

The lack of funsland governance problems at the level of water authoritiegshe cause for the
delay inimplementing water-treatment plants and the control of pollution. During the last
decade, many aidrganizations have attempted to address the problem through diverse
actions, rangingfrom technical studies, cleaning of river bedsenductingawareness campaigns,
technical assistance to water authorities, ttte implementation of largescale water treatment
plants (USAHBAMAS 2005; USALRBMS 2014, b, ¢, d USAIELWWSS R15a, b, §. However,
despite the substantiakfforts and money invested, most of the waterways remain highly
polluted. The problem has been further exacerbategthe arrival of Syrian refugees to the
Bekaaandthe establishmenbf thousandf refugee &miliesin settlements next to river banks
which has resulted iwausing direct dischargeof more untreated domestic sewageto the
rivers

Water supply in terms of quantity is also a major probléffith regard todrinking/domestic
water supply, onlytwo-thirds of the Bekaa population is connected to state water supply
networks.In Zahle and WedBekaa, the two principal cazas of the Upper Litani Basin, 25% and
27% of the villages, respectively, are not served by any public water network (UBAUIS
2015a).Even in the villages connected to public networks, water supply is not reliable due to the
deterioration of old networks, electricity rationingniting pumping hoursand the struggle of

the Bekaa Water Establishment (the state authority respoasibl the provision of domestic

1 The BekaaGovernorate 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 USAIDNWS$2015 g, 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 mainten@D&®1) services
due to financial, technical and understaffing problems (USMEVSS 2015a; 2015¢).

There is only one stataun irrigation systemn the ULRBThis systemknown asCanal 900 is

the first phase of the South Bekaa Irrigation System, a-pdagned state irrigation system
projected to irrigate around 22,000 ha the South and Central Bekaaith water from the
Qaraoun reservoir, sprgs, and groundwater. Itsurrent command area (2,000 hgpanning
acrossthe towns of Job Jannine, Kamed El Loz, Lala, Baaloul and Qaragtopisver, modest
compared to the totaplannedarea (around 21,500 ha, according to CDR 2008jrently less

than half of it is irrigated by the Qaraoun Lake due to undersized pumping stations, whereas the
rest of the command are irrigated by private wells (Hill 2010SAIELRBMS 201).

The remaining irrigated areas are supplied by three types of irrigatieteis The first ype
includes long-established collective opecanal irrigation systems diverting water by gravity
from springs and rivers. These systems are managembimnittees oflocal farmers with more

or less cooperation with therespective municipalitiesand generallyoriginate from historical
springfed irrigation system&The second typéncludesland irrigated by individual or collective
pumps abstractingvater from rivers (observed to occur mainly from the Litani at theelesf

Zahle Maallaga, Barr Elias and Marj, and from the Ghozayel at the level of Barr Elias and Matrj)
The third type is irrigation by private welghichmakes up the largest share of irrigated lands in

the Upper Litani River Basin (Verdeil &t.2007).The different types of irrigation systems are
shown inFigure2.

Although lessapparent (yet) than the problem of pollutionquantitative watersupply has
graduallydeclined due to increasing demand and the lackpadper allocation management.
Several large rivers that used to flow all year roswaich as the Litani and the Berdacunow
dry-out in the summer andurn into open severs. Groundwater tables that usedtbe very
shallow before the 1960s (less than 10 m in the plain) have seriously declined in all of the
aquifers of theULRB resulting in flow reduction and permanent dryiogt of several springs
(USAIELRBMS 201 2012, 201%). Todaygroundwater ovefexploitation can be addetb the
problems of waterways pollution and water supply managemasta major concern inthe

ULRB

2 Most of the mayorsand municipal officialsve interviewed reported that their municipalities contribute a large extent

to the operation and maintenance of water supply facifitihat are theoretically under the responsibility of the Bekaa

Water EstablishmeniThese municipalities are, Qabb Elias, Kfarzabad, Lala, Qaraoun, Saadnayel and Jdita. These mayors or
municipal officials have been interviewed, respectively, on 26/6/2a839/2013; 23/11/2013; 27/11/2013; 9/12/2013,;

and 15/12/2014.

3 The main springpased systems are in Zahlé and Saadnayel, irrigated from the Berdaouni Spring; Qabb Elias, irrigated
from the Qabb Elias Sprinig; Jdita and Chtaura frothe JditaSoring; Anjar from the Anjar Spring; Sarraine, Nassryeh and

Ryak from the Hala Yahfoufa River.
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Figure2. Irrigation types on the Upper Litani River Basin
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2.2. The importance of groundwater in the history of water suppiy the Bekaa

2.2.1.Groundwater as the main engine of irrigation development

Before the 1950s and the introduction efiodern drilling technology, the BekaBlain was
characterized by shallow groundwatéevels Ths 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 irgated 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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Startingin the 1950sand not long after] S 6 | yirdlgp€hdence, the government, assisted by
American and French engineering firntonducted several technical investigations with the

LJdzN1J32 aS 2F KIFINySaaiay3a GKS [ A dpbwehproductiamighdda & I

agriculture development. While surface water constituted the largest sharthefprojected

supply, the basi® 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 @8uBofr
Reclamation for theebanese Government and led to the establishment @evelopmentlan

for the Litani River Basi(Bureau of Reclamation, 1954).few years later, another assessment
targeting more specifically groundwater use and availahitit¢entral 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 infrastrudtacgities (Baldy

1960).

In the early 1970s, théebanese State contracted a French consulting firm to conduct a
feasibility study based on the study produced by the Bureakemlamation. This led to the
establishment of artHrigation Plan for the SoutkFBeka#® where groundwater was projected to
supplythe South Bekaa Irrigation System in addition to water pumped from the Qaraoun Lake
and diverted from springsMission Gersarl972). The plan was adopted by the Lebanese
Government. A presidential decreeqNL4522) was issued in 197®&hichdefined the anount

of water to be abstracted from various water sources of lasin 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 208@). Plowever, the
outbreak of the Lebanese War in 1975 stopped the implementation of this project.

Meanwhile, since the early 1960s, groundwataeganto be heavily exploited by private
initiatives in different areas of the Bekd@llowing the introductionof drilling technologies and

the mechanization of agriculture and general expansion of agriculture. These ingiatere
dependent ongroundwater availability and investment capacity. Between the 1960s and the
1970s, irrigated areas substantially incsed fed bygroundwater abstractiorirom shallow dug
wells andtube wells. During the Lebanese War, in the absence of state control, the number of
irrigation wells further increased, bringing most of the ré@d agricultural areasunder
irrigation. Afterthe end of the Lebanese War 199Q the Irrigation Plan for the South Bekaa
was updated and its first phase was implemented amgberational in 2001 (the 2000 ha
describedabove. The study for the second phase,7®0 ha) was conducted in 2003 and
projeded to abstractl4 MCM from groundwatesources(CDR2003). 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 spatence not accessible equitably to all
communitiesto the same degree, was an alternative to the absence of state irrigation services
for communities having lands outside of the areas historically supplied by dpasey systems

or located next to rivetbanks.

Nowadays groundwater irrigates the largest share of agricultural areas in the Bekaa, estimated
at 65% of the total irrigated area in 200against 35% by surface water (Verdeil et al. 2007). The
number of irrigation wells on the Upper Litani River Basinnknown and difficulto 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, estimedtthat there are between 5,000 and 10,000 wells in the Upper
Litani Basin, includingpproximately2,000 licensed private wel{§) SAIELRBMS 201). The last
general assessment targeting groundwater resources conducted by URM@M) and the
Ministry of Eergy and Water at the level of the Lebanese territory counted 2,732 private
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licensed wells in thearea managed bythe Bekaa Water Establishment (j.en the two
Mohafazas of Bekaa and Baaldd&rmel) 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 ands somewhere between 130 MCM/year (Verdeil et al.
2007) and 200 MCM/yealJSAIELRBMS 2010).

2.2.2.Groundwater, the major resource for domastsupply

Potable and domestic needs are also suppl@d large extent by groundwat. As described by

the 'Water Qupply andWastewater SystemsMaster Plan' that wasrecently conducted for the

S FE 21 4SSN Qatlthecatloptirk by $hg Caunoé Ministers of Resolution 35
dated 17/10/2010 of the NWSSlational Water Sector Strategyno 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 éistribution systems developed historically in an
organic fashion around populatiotenters as the needs increased. Local springs were tapped
when available and wells were dug when the need increa@&8AIBLWWSS 2015€.8). Hence,

just like in the casef irrigation supply, municipalities drilled wells for potable supply wherever
surface water was not availabl®ut of a total number of 196 independent potable water supply
systemsidentified6 & (1 KS & lup ® 36isysteRS are sapplied from smaikedium 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 wells (USAIELWWSS 2015&6).

In addition tothe municipal collective wells that supply domestic/drinking waterthere are
hundreds of hous wells established individually by the residents in most of the towns of the
Upper Litani River Basin as an alternativghe unreliable public network supplyThese were
reported in most of the towns we visited during dieylnformant Qurvey.*

Moreover, groundwater is also a major resoufoethe population of Syrian refugees seitlin

the Bekaa. Since the beginning of tyrianQisiQ) many new wells have been drilled, and
older oneshave beenequipped with larger pumps and connected to the public networks of
several towns hosting Syrian refugees. For example, an emergency aid progrargechdnya
OTI/Chemonix drilled andquipped threewells for domestic use in QaHflias, Ghazze and
Kherbet Kanafar durinthe summerof 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 loal and international noigovernmental organization$NGOs) The total
volume abstracted from groundwater for drinking water was estimatad21 MCM/year
(USAIELRBMS 201).

Supplying irrigatiowater tod KS £ F NASad aKIF NB 2 F uliirkl &reglahdlJS NJ [ A
providing its growing population with domestic water has resulted in groundwater over
exploitation. Today, the water table has substantially lowered compavigd the situationin

the 1960stherebyA YL OG0 Ay 3 & LINR (rBrieecobyistensand acdess lof watygt R &

for farmers andlocal residents. Addressing the problem of groundwater eggploitation

NBIljdzA NBa | 3J22R dzy RSNA (I y RitiledUpprLitadi RiSer Babiit A Y Q &
groundwater cannot be considered as agle resource exploited by all users. Groundwater is

in fact found in several aquifersvith different hydro-geologiccharacteristics. Understanding

these characteristics, as well as the geographic location of these aquifers and their
interconnectedness si a prerequisite toanalyzing both the relation of users to their
environment and their relationg/ith one another.

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

2.3.1.Past and present knowledge about the ULRB hydrogeology

Researh on the hydrogeology of the Litani Basin started with investigations launched by the
Lebanese State in cooperation with western states (mainly the US and Franoe}l at
KFENYySaaAay3a GKS olFaAyQa ¢l G§SNI NBa2aideecric F2 NJ G|
production. Between the 19%0and 1970s, several hydrogeologic studies were conducted by

the Lebanesestate institutions, public researchenters and universitieswith the purposeto

characterid ( KS Og@uideys amilag3éss theexpbitation potential (Antoine 1964; Abd

el-Al, 1967;Bureau of Reclamation 195Bin 1971;UNDP 1970Mission Gersal972 Hourset

al. 1982 Williaime 1968 ® ¢ KS Y2ald O2YLINBKSyaA@dS SOt dzr GA 2y
hydrogeology was conducted im970 bythe UNDPwithin the framework of a nationwide
assessment. Ais 9-year project, involving international technical expertise and substantial
G§SOKy 2t 23A0!I f YR FAYIlI YyOAL NEa2dz2NODSas 02y Rdx
aquifer units, witha focus on the Coastal and the Bekaguifers. The project resulted in

important reports and maps that remain the main refereace2 NJ dzy RSNAR Gl yRA Yy 3
hydrogeology (UNDP 1970).

As the main agricultural region of the country, the Bekaas a strateg area notably its

southern and central partsThe Lebanese Government was interested in investigating the
groundwater abstractiorpotential to supply projected largscale irrigation projectsherein

(UNDP 1970P75). Drillingand pumpingtests and geoptysical surveys produced considerable

data and allowedhe characteriation ofthe main aquifers of the Bekad@o date however, the
hydrogeology of the Bekaeontinues to bepoorly understood at many levels, includitige

depths of the different geologi¢dormations, their recharge mechanisms, their relations to

springs and their interconnectedness both to each other and to transboundary groundwater
basins EIHakim 2005; Kehd®013 USAI2012d;UN-ESCWA and BGR 2013). Knowlexfgke
karstgeology the main constituent of both Mount.ebanon and Ariebanon Mountaimanges

bordering the Bekad/alley, is described to be very general, notaibolgthe Anti-] Sol y2y > &K
fSFad 1y2sy 3S2t23A0 aSO02NI Ay (#®8). sK2f S 02 dzy

The dluvial aquifers Quaternaryand Neogene formations) forming th@ungest layers of the
BekaaPlain, are also insufficiently known in terms tfeir geologic constituents, depths and
hydraulic characteristics, according to Dr. Naji Kehilfter the 1970speriodin whichextensive
researchwas doneon. S{1 I I Qa K &RMNHEb&2se Ba/érnmeand public research
institutes, studieshave beenvery limited or even absent. Although several acadepnajects
were conducted, they weremainly concerned with specific aquifer units or particular
hydrogeologic phenomen(Chalhoubet al. 2009; El Hakim 2005; Chreinet al. 2012; Kehdy
2013.

Recently,the UNDP conducted & roundwater Assessment andatabase ProjectQfor the
Ministry of Energy and Water with thebjective of assessing groundwater resourcaes the
national levelafter more than40 yearssincethe 1970 previousUNDPstudy. The project also
initiated a groundwater resources database aitkntified sites for potential rechargeThe
project was muchlsorter and involved substantiallyntited financial resource$2.5 years with

5pr. 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 motaring 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 ietwas interviewed on March 17, 2015.
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USD 2,400,000) compared to thestudy conducted in 1970 by UNDP (9 yeasd USD
20,275,000 (UNDP2014:P5).

The second UNDP projefdcused on surveying the number of wells atheir characteristics,
reviewing and grouping existing information in order to identify gaps and assessing artificial
rechargesites It produced a substantial number of reports and maps, visited and located
13,000 licensed wallacrossthe country, and sweyed the characteristics of 841 wells.the
Bekaa, the project located around7D0 wells, and monitored variations in water levdlging

one year in two wells in the towns of Zahle and Labwe (Central and North Bekaa).

Additional technical studiesecently conducted witm the framework of the Litani River Basin
Management Support Progranprovide the most recentind detailed understandingf the
actual state of groundwater resources the basin. They summarized technical information
from previous hgrogeologic studies, performed pumping tests in all aquifers (although limited
in number)and conducted two water level measurement campaigns (dry and wet seasons) for
125 wellsacross thebl & A Y Q& R A F, F@rNaBighithey dgvetdpgdSaNdnderstaing of
groundwater flow conditionsThe project alsdeveloped a groundwater model that was used to
estimate future water level variations (USAIBBMS 2012 USAIELRBMS 201, and
established 14 monitoring wells that are now being monitored by the LiRiner Authority
(USAIELRBMS 20I2USAIELRBMS 20E3. These reports have been published by USAID, along
with the complete data base of the surveyed wells. Thta generated anstitutes an important
reference inthis study, especiallyas it provides @eneral ideaof the geographic distribution of
wells andareasof significantwater 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 playajor role in understanding
the geographic distribution of wells and their characteristithe geographic distribution of
aquifers and their descriptioas well as spring discharga® presented irFigure3 and Tablel,
respectively

TheQuaternary aquifer This aquiferconstitutes most of the agricultural soils of the Belaad
covers the central part of the lURBnorth of Joub Janninelt is composed of unconsolidated
sediments constituted of fingrained silts and clays with sand and gravel, which havelynain
been eroded from the mountains over the last 2.5 million yedie depth of theQuaternary
formation varies in space and remains unknogue to the absence of geophysical sured¥l
Hakim 2005). It is assumed to vary between 200 ab@@ m(dependingon the location) with
estimations differing from one study to another. It is described in many studies to be
constituted by several layers (Baldy 1960;-BSICWA and BGR 2048} lithology is also very
heterogeneous, resulting n different hydraulic characteristics (water capacity and
transmissivity), andare translated into a wide range of well yields. According to the survey
conducted by USAIDRBMS (201, well yields drilled in theQuaternary aquifer varfrom 5 to

as much a 30liters per second (FS)

Through fieldvork and interviewsit was possible to observe wide heterogeneity in the
distribution of wells across theQuaternaryformation, with someareas covered with wells
drilled within very closeproximity, and other areas (where surface water resources are
inaccessible) almost completetievoid ofwells. Yet, we were able to identireaswhere 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 mnd586ra
depths, respectively.
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yields werein a close rangeln the Barr EliagPain, for example, several farmers have tried
drilling wellsin the plain and in lands located along the Litani River reaching a@egtiiOOm,
without obtaining more than 5 LP§,discharggudged in most caseasinsufficientto use the
well.” In Zahle Maallaga and Dalhamyeh, just norttirgf Barr Elia$lain, many wellsare found
along the Litani River and were reported to yield from 30 to 43 Wh8reas, just further north

in Fourzol along the Litani River, water availability decreases again with wedlrgietiingfrom

5 to 10 LPS The formerarea, which is neighborig Zahle Maallaga and Dalhamyehwisl
known for itsexceptional water availabilitand has beenalready identified in the 1960s and
surveyed, withda layer of sediments that could reach0Q0 n¥ 0. I f :RRB). Thishc n
exceptionally deep layer of sedimsnexplains 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 watérhere are other examples of the heterogeneity
of water availability in theQuaternary aquifer observed during our discussions with farmers and
informants. A very limited number of wellgasreported, for instance in the towns of Marj and
Saadnagl, despite several attemptsiadeby farmers tadrill wells with sufficient yields®

In spite of these heterogeneities, at the basin levtle Quaternary aquifer is an important
source for irrigation andor domesticwells. Since collective wells require higher yielding wells,
municipal and state wells are ded inmore important waterbearingaquifer units such as the
CretaceousEoceneand Jurassic units. Until the 1978sd 1980s many small springs used to
flow from the Quaternary aquifer The Alleik Sorings at the origin of the Litani Rives an
example albeit recharged from deeper aquifer layethat sprout from the Quaternary
formation (Baldy 1960P62).Aswith many others, lhese springs haydéowever, dried out due

to heavygroundwaterabstractions from deep wells located avehe spring !

The Neogere aquifer This aquiferlies below theQuaternary aquifer and consists of older
alluvial deposits and conglomerates deposited ovemdllion years ago. The outcrop area of
the Neogeneformation issmaller than the Quaternaryformation and is for the most part,
found inthe 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 dipiper Basin. There is also a small
Neogene outcrop arebbcatedsouthwestof the basin aregFigure3). The depth of the Neogene
layer is poorly known at many placédsit it is described to be up to 300 m thiokmore (USAID
LRBMS 201). The Neogendormation serves as an important aquifer system for irrigation
purposes, with hundreds of irrigation wells drilleshchingthis formationand reportedlywith a

wide range ofyields,varyingfrom less than 10.PSo as much as 30 LPS (USARBMS 2010).

The Eoceneaquifer. This aquiferis located below the Neogene aquifer, separated bipwa
transmissivitylayer ¢he UpperEoceneMarl). It is constituted of oldesediments deposited 30

to 50 million yearsago and has beentransformedinto 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 Bekasalley, and in a broadermraa in the southem part of thevalley in the region

" According to Farmer No. 2 and Farmer No. 25 interviewed, respectively, on June 23J@&@ber 27, 2015 and
January 23, 201Blovember 18, 2015.

8According to Farmer No. 5 from Zahle Maallaga, interviewed on June 25, 2014 and November 26, 2015.

9According to Farmer No. 7 from Fourzol interviewed on June 26, 2014 and November 27, 2015.

10 According to Farmer No. 1 from Saadnayel, interviewed oneBamtr 12, 2013 and the Mayor of Marj interviewed on
November 10, 2013.

1 According to Farmer N@, 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 35tltR&Stane of the survey, because of an exceptionally dry year.
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of Joub Jannine and Kamed El Loz. On theegaside of the Upper Basin, tHeéoceneoutcrops

from the Terbol areaip to Baalbeck, and on the west side from Zahle to Chmistar. As per its
karstic nature the Eoceneaquifer has higher levels tfansmissivity andpecificcapacitywhen
compared to theQuaternaryand Neogene aquifers, translating in substantially higher well
yields(around 50 LPS

There are hundreds of higyielding irrigation wells complet in this formation, with the most
significant development being on the east side of the Upper Litani River,Basinfrom
Baalbeck down to Kamed El Loz (USARBMS 201). Described later forthe Terbol region,
these wells are typically drilled at eéhborder of theEocenehills and convey water through
pipes sometimes formore than 2km, in order to irrigate lands located in the plaion(the
Quaternary aquifer). Thdeoceneaquifer is also an important source domesticwater. For
example, in Hoshmosh (an administrative territory only constitueédagricultural lands and
having no residential area), one well supplies ffevn of RyakHaouch Hala with domestic
water (USAIRWWSS015a: P106).In Terbol, two municipal wesl drilled in theEoceneaquifer
supply the town with drinking and domestic water. In Faowjllagelocateds? dzi K 2 F ¢ SNDb 2
administrative territory, many howswells are drilled in theEoceneaquifer to provide the
residents with domestic and drinkingater asthe area isnot connected tothe public drinking
water supply network!? Before the 1966, several springs used to flow from tHeocene
formation from Hoshmosh to Faour, and also at the level of the small outrcrop oEtieene
aquifer in Barr Els (called the hill of@bail\p. Three of these springswhich used to flow
permanently no longer flow todayexceptduring the springseasonif it has been preceded by
abundant snovall in the winter.

TheCretaceousquifer. This aquifeiis located below th&oceneaquifer and is also constituted

of karstic limestonedating from 65 to 145million yearsaga It is up to 600 meters thick and
outcrops extensively on both the west and east sides of the Upper Basin in relatively higher
elevatin areas, and in the southern part tife Upper Basin under anmabrth of Lake Qaraoun
TheCretaceousquifer is characterized by high infiltration rates and important levekpetific
capacity andransmissivity. Wedldrilled in this aquifer have impaant yields that can reach 150
LPS. Many irrigation and municipal wells are drilled in this unit (USRHEMS 201). Many

high yield springfow from the Cretaceousquifer on theeastern side of the Upper Litani River
such as Yahfoufa, Anjar and Chamspengs.

TheJurassic aquifeiThis aquifetis constituted of limestone and dolomite rocksvhich arel45

to 200 million years old. It surfaces in theestern part of the Upper Litani Basin from Chtaura
down to Lake Qaraoun. It is characterizeg the highest levels ofpecific capacity and
transmissivityfranslating intohigh yielding wells that can reach 150 LPS. As foEtwneand
Cretaceousaquifers, many irrigation and municipal wells are drilled in the Jurassic aquifer,
notably in the regin located between Chtaura and Lake Qaraoun (USRIBMS 201). The
Jurassic aquifer is a source of high yr&dsprings such as thRas El Ailgoring of Qabb Elias,
and AmmigSpring.

PekAa AYTF2NNIGAZ2Y KFa 085Sy 200GFAYSR FTNRBY FFENYSNE NBaARAY3
the center of Beirut Arab University on January 23, 2015.
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Limits of Upper Litani River Basin

Rivers
Municipalities of Upper Litani River Basin

Geology and Major Aquifers

- Other Unts

B c:scs cretaceous (Doimtx Limestone)

- J4-J7 Jurassic (Doimitic limestone)
Neogene

| Eocene (White Marl and Limestone)

Quatemary

Source Adapted fromUSAIELRBMS (2012d)
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Tablel. Description and hydraulic characteristics of the ULRB aquifers

. Transmissivity o % of infiltration from
. . . Thickness 2 Transmissivity Surface area o
Aquifer Units Lithology (m) (m4/s) (M?/s)-Pumping tests (Kird) precipitations
(UNDP 1970) ping (UNDP 1970)

Alluvial deposits
Quaternary o vel, sand, st~ “ore than 10%to 103 3.4x10* to 2.0x 10° 415 ~5
Aquifer 500

and clay)

Sand
Neogene conglomerates, Up to 300 Less than 18 1.3x10%¢ 2.2x 10* 186 ~5
Aquifer limestone and

marls

Nummelitic and
Eocene cherty limestone, ;4 o5 10%¢ 102 3.9 x104¢ 2.9 x 167 110 38
Aquifer marly limestone

and chalky marl

Alternating

sequence of finely 4
Cretaceous o ided limestone 750950 102¢ 1 3x10%¢9.15x 16 564 41
Aquifer o

and dolomitic

limestone
Jurassic Limestone

) Dolomitic ~ 1,000 10%¢ 1 2.35x10%¢1.6 x 16 124 41

Aquifer (J4)

limestone

Source USAIELRBMS (2013.



2.3.3.Understanding aquifer recharge, a prerequisite &malyzegroundwater governance

The basiQ ttal groundwater recharge has been estimated in several studiésving different
methodologies. The mostxtensivemethodologies have kEn used by UNDP (1970) and the
recent USAILRBMS studies (2042 2013). These studies have estimated groundwater
recharge respectivelyat 200 MCM/Yrand 220 MCM/Y*® Most of the recharge takes place in
the three carbonate aquifers given their permeatd structure (140 MCM), while lower
precipitation volumegnfiltrate and rechargehe Quaternary and Neogene aquifergiven their
alluvial structure (80 MCM). These shallow aquifers also rechargd from water infiltrating
from surface water sources arfdom the carbonate aquifers. Water infiltration coming from
carbonate aquifers occursoth from the surface ina downward direction (from zones where
carbonate aquifers outcrop toward shallow aquifers located at lower levels) feoxd the
underground inan upward direction (from deep layers of carbonate aquifers toward shallow
aquifers) whee water is under pressure in the carbonate aquiféfggred). At the level of the
Jurassic andCretaceous aquifers, even though generally separated by thick aquiclude
formations, water exchange also occurs between them due to faulting and erosibtakkh
2005; UNESCW/BGR 2013).

Figure4 DSY SNI f | jdA FSNBRQ NBOKFNEBS FyR 6FGSNI okl y
Inflows/Outflows for Quat./ Recharga Recharge Inflows/ouflows for
Neogene/Eocene {from rain) {from rain} Cretace ous/Jurassic
50 MCm Pumping {mostly E;:'w:":g gl‘l‘l?lﬂg 140 mch

for irrigation)
r.

T Groundwater flows 120 MCM 30 MCM Springs
-25 MCM +25MCM 130 MCM

Litani river

Quaternary

Cretaceous
+Neogene

Eocene Jurassic

Recharge from

MBI precipitation

Springs Transfers + to GW  Balance

Quaternar 17 ¢7 to LitaniRver,
¥ 80 -120 0 +24 from lateral 21
Eocen&ocene .
aquifers)
Cretac_e-ous 140 30 130 -24 (Iatera_lly to a4
Jurassic upper aquifers)
Total 220 -150 -130 -7 -65

Source USAIELRBMS (2013.

13 Two othe studies gave substantially higher estimatiobttsSAIBBAMAS (208) with 388 MCM/Yr and JICA (2003) with
484 MCM/Yr. These numbers were demonstrated by USRBMS (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 mechanisimssome specific areatelieved to be suitabldor
groundwater exploitation in the 1960and 1970s. They delineated sevei@leas with specific
recharge mechanisms limited in space and identified them as independent aquiizn cite
among these zonethe Ammiqg Aquifer (UNDP 1970Yhe Terbol Aquifer (Baly 1960; UNDP
1970; Mission Gersafl972), the AnjarChamsineAquifer (EdHakim 2005)and the RyakAquifer
(Kehdy 2013). These recharge mechanisms need to be well understoodqiuier and
groundwater managementat the basinlevel Moreover, the interconnetedness of some of
these aquifers with others located in Syria would require establishing transbouadeegments

for groundwater allocation (UJESCWA and BGR 2013).

The reductionof flow from a source rechargingneaquifer not only impacts its capacibut also
water availability at the level of the water source recharged by that aquifer. Abanilustrated
later, this interconnectedness between different water sources translates imatio
interdependency between different water uses antbnsequently,between the respective
users.Analyzinggroundwater governance starts with the identification of the differargers
accessing and usingpmmon or interdependent water resources. Thus, locating the physical
interconnectedness between surface courses aqdifers, and/or among aquifers being used by
different users is a prerequisitlor understanding thegovernance frameworland improving
groundwater managementln our casestudy there are several zones that are connected to
others through interrelated recrge mechanisms:

Terbol Aquifer (part of theEoceneaquifer): This aquifer was identified in the framework of the
1970 UNDP study. It is located between Terbol and Haour Tala andshéaee areaf 27 K.

Its main recharge sources were found to be water infiltrating from the Neogene aquifer located
at the level of Ryak as well as losses fitwe Hala Yahfoufa River. The volume infiltrating from
these two water sources was estimatetl 15 MCM/year, againsbnly 6 MCM/year originating
from rainfall (UNDP 197@110).

Ryak Aquifer (part of th€uaternary aquifer)It was studiedas part of aPhD thesis and was
described to be rechargeghrtially with water infiltrating fromthe Hala Yahfoufa River and from
the Sarghayaiquifer in Syriawhile the major part of the recharge comes from local sources
(Kehdy 2013P5052).

DalhamyebAquifer (part of theQuaternary aquifer)identified and exploredy Baldy(1960)in
Central Bekaait is asmall aquifer locatedaith of RyakAblahRoad along the Litani River his
aquifer has asubstantially largerstorage capacity comparedwith surrounding Quaternary
aquifer areasas mentioned earlier. It is described as a multilayer aquigh an important
sedimentation area anwith a storagecapacity of 3 MCM (206%/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@naternary
aquifer (Baldy 1960P60)

AnjarChamsine Aquifer (part of th€retaceousaquifer): It was studied in depth by Hakim
(2005) as part of amodeling exercise carried out to understand thkinctioning of the
CretaceousBasin discharging through Anjar and Chamsspeangs It was also includeth the
'Inventory of shared water resources in West Adeveloped by UNESCWA and BGR (2013). It is
described as karstic basin extendingver 216 Km, limited bythe Yahfoufa Rier to the north,
Aita El Foukhar to thsouth, the Quaternary aquifer to theeastand a fault sepaating it from the
Jurassic aquifer to therest (EFHakim 2005P54).Most of the rechargeomes from precipitation
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(51 MCM) and a relatively small paslossesfrom the Hala Yafoufa River (4.75 MCMyater
budget calculations indicated that further recharge may take place from the Jurassic aquifers or
from the C4C5 aquifers at the bottom of the Bekaa Plaiime limits and conceptual recharge
mechanisms othis aquifer are presented iRigureb.

Figureb. Limits and conceptual recharge mechanismghefAnjarChamsinéiquifer.

oty &
Limite du systéme
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1300m
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16001

Source El Hakn (2005).

2.3.4. Water level dawdown

Over the past decades, thexploitation of theULRBaquifersensured domestic and irrigation
water needs to itggrowing population, even in the absence or unreliability of public services
during the war and the delayin the reconstruction ofnfrastructureservicesSimilarly, private
groundwater abstraction led to the wide development of irrigatin the Upper Basin since the
1960s, and allowed farmesgithout access to surface wat@ot onlyto sustaintheir agricutural
practices but alsoto increase yields through irrigationToday, as described by the recent
technical assessments, water tables have significantly declined arekpeeted tocomeunder
extreme stresgyiventhe increasing rates of abstraction thrdudime (USAILRBMS, 2013.
Yet, water levels have not decreased a similar fashion acrossthe basin due to the
heterogeneity of aquiferand theirspecific hydrogeologic characteristigsdditionally,different
abstraction rates linked to the naturakceessibilityof surface andgroundwater as well as the
specific social and economic development trajectories of the different groups of water (asers
it will be later presenteflare also responsible for such heterogeneity in abstraction levels

The lastsurvey* conductedby the LRBMS3oject noted thatin the Quaternary aquifer water
levels are still relatively shallow (between 7 to 14ters below surfaceevel) in the northern

and southern parts of the basiilso, br the Neogene aquifer in the centrphrt of the basin,
there are more importantdecreasesn water levels, wittareduction ranging between 20 and 50
meters since the 1970s. For tliceneand Cretaceousaquifers, located in the eastern part of
the basin between Terbol region and South of Anjar, water levels were reported to have
dropped more than 30meters over the past 10 years, resulting in the dryiogt of several
springs sprouting from theeoceneaquifer. However, water table levels had nalropped

14 The survey wabased on watetevel measurementsn about 200 wells distributed among the different aquifers and
information given by farmers and drillefld SAIELRBM2012d)
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