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EXECUTIVE SUMMARY

Context and study aea

The Upper Litani River Basin covers the central and south Bekaa Valleyoagsbkiackm wide
valley which extends from Baalbeck in the north (at altitude 1000m) to the Qaraoun Lake in the
south (altitude 800m). It lies between Mount Lebanog teest and the atitebanon range to the
east and is drained by the Litani River and its tribukagese(J).
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Figure 1 Study Area

It is an agricultural region with close to 400,000 inhabitants. Most surface waters have been
harnessed since the 1960s for hydropower (Qaraoun Lake) or direct irrigation (from springs and
rivers). Over the past 50 years, irrigation has expendedstgnifrom a few thousand hectaoes
over40,000 ha today of partially or fully irrigated croplands. This was chiefly achieved by farmers
drilling private (and often unlicensed) wells and increasingly tapping into groundwater resources.
Very limited grundwater monitoring occurred during this time, but interviews and limited
measurements show that groundwater tables and spring flows have significantly lowered as a
consequence.

Many small and mi&lze industrieslso use groundwatarthe basin areagtmajorityoeingagre

food industries (such as dairy factories). Domestic water supply is provided by the Bekaa Water
Establishment, which operates about 100 public wells.



The USAIDfunded Litani River Basin Management Support (LRBMS) program recally ins
fifteen observation wells for groundwater monitoring (quality and level) to be operated by the Litani

River Authority (LRA). In paralldie LRBMSprogramalso developed a groundwater model to:

T
T
T

Better understand the characteristics of the vagoifers;
Evaluate flow interactions between these aquifers and with surface water; and

Consider future development scenarios and assess their consequences in terms of
groundwater levels and availability.

Hydrogeology (study of groundwater)

The study arezontaindive maingeological underground layers which all contain extractable

groundwater. These layers are also called aquifers. Going down from the surface these layers

correspond to older time perio&fgglre 2 and 3:

T

The Quaternary aquifer is a layer of unconsolidated sedimewgsifiee silts and clays

with sand and gravel), which have mainly been eroded from the mountains and deposited by
the rivers in the center of the vatlggrthe last 2.5 million years. $beleposits cover the

center of the Bekaa valley and constitute most of the agricultural soils.

The Neogene (or Upper Miocene) aquifer lies below the Quaternary and consists of older
alluvial deposits and conglomerates (deposited over 20 Million yeatayealso

surfaces (outcrops) on both sides of the valley: at the foot of Mount Sannine up to Zahle,

and from Baalbeck to Rayak.

The Eocene aquifer is under, and separated from the Neogene and Quaternary aquifers by a
low transmissivitiayer the Upgr (later) Eocene Marl. The Eocene is made up of older
sediments (30 to 50 million years ago) which have been compressed into karstic limestone; it
surfaces mainly around Joub Jenine and in thin bands (less thamvidtnon the east

(north of Anjay and west (nortbf Zahle) sides of the valley.

The Cretaceous aquifer is also made of karstic limestone, but evéh twddéb (million

years ago); it covers all the eastern flank of theehathon range, and the nentbstern

flank d Mount LebanorfMount Sannine).

The Jurassic aquif@4b to200 million years old) surfaces on the western flank of Mount
Lebanon, from Chtaura to Lake Qaraoun.
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Figure 3 Hydrogeological Cross Sections of the Aquifer Units in the Study Area

Existing data and information

As mentioned earlier, limited information existslasttwical groundwatzvels (before significant
groundwater abstraction started in the late 1960s), except to satgthavels were at the time
reasonably shallow (less than 20m) and at ground surface at places as evidenced from topographic
maps that show the presence of extensive wetland areas in the valley and drainage ditches to lower
the water table for agricultuuge. The Litani River used to originally flow from springs next to



Haouch Barada, which have dried since. The main source of historical hydrogeologic information is
the 1970 UNDP Report on Groundigr in Lebanon.

More recent groundwater level and ugglinformation was generated through two field surveys

carried out by LRBMS in November 2010 and May/June 2011. Each survey collected water level
information from more than 100 wells over the Upper Litani River Basin, in order to:

1 Define current watendels after more than 40 years of extraction
1 Assess the seasonal fluctuation (annual variation between winter and summer)

Conceptual model

Building a groundwater computer model is a complex endeavor as it is supposed to first represent a
3D volume with difrent aquifers. Good geological information is needed to know where these
aquifers are, how deep they are, where they meet, etc. Good groundwater information is also needed
to characterize how much water they can store and the rate of groundwatertnbxeungén

them.

Secondly, hydrological information is needed to assess how this volume exchanges water with the
surface (inflows through seeping from precipitations and rivers, losses through springs and well
abstraction).

Based on thkevel ofaccuratelata for the Cretaceous and Jurassic aquifers, and also on the fact that
most (80% or more) of the current groundwater abstraction occurs from the superficial aquifers, the
modelhas beetimited to the Quaternary, Neogene, and Eocene aquifers. Asfonoration

becomes available, it will be possible to extend the model to the Cretaceous and Jurassic aquifers.
The boundaries of the modeé

1 To the north, matching the river basin divide (the crest/line that separates waters flowing to
the Litani Riveto the south from those flowing to the Asbntes River to the north) and
considered as a4flow boundary

1 To the east and west, the foot of the two mountains rgnogesiariesf the valley
aquifers), with edributions from the mountains being frboth the Jurassic and
Cretaceouaquifers; and

1 To the south, thaorthern side of Qaraoun Lake, whereglhaternary, Neogene, and
Eocene Aquiferthin out and aranderlain by bbow permeabilitiayer(called aquicludey
the two mountain rages convetgas formingalow-flow boundary.

For each aquifer the conservation equation is:
Inflows - Outflows = DS (variation of storage)
Where inflowsind outflowsnclude Figure 4):

1 Recharganflows(precipitations that seep through theigdowhere the aquifeurfaces
1 Exchanges (inflows or outflows) vtk surface streams d®tween aquifers;

1 Springs (outflows as resurgences of groundwater in the valley after seeping through the
mountains);



1 Withdrawals (outflows) for irrigation, industrial and domespiogas:.

The table and graph below present the average annual outflows and inflows, as known from available
data and the water balance estimated for the upper Litani river basin{DRB&I&L1)and

confirmed by the model

M m3/year Recharge Pumping Springs Transfers + to Balance
GW**
Quaternary - 80 -120 0 17 (-7 to Litani river, -21
Eocene +24 from lateral
aquifers

Cretaceous - 140 -30 -130 -24 (laterally to upper -44

Jurassic aquifers)

Total 220 -150 -130 -7 -65
Inflows/Qutflows for Quat. Recharge Recharge Inflows/ouflows for
Neogene/Eocene {from rain} {from rain) Cretaceous/Jurassic

MM pumping mosty PUMPIng fmostly 140 Meh
for irrigation) or water supply)
A 1
Groundwater flows 120 MCM 30 MCM Springs

25 MCM  +25MCM 130 MCM
S Litani river

?ﬁ::g:ﬁ;y Cretaceous
Eocene Jurassic
Figure 4 Schematic cross -section of the annual groundwater flows between

aquifers of the Upper Litani Basin

Computer model: construction and calibration

The computer mod#tat wasused is calle@MS (Groundwater Modeling Systefhg software

operates on the MORIOW code whichvas developed by the U.S. Geological Survey to simulate

the flow of groundwater through aquifdtss considered worldwide as the de facto standard code

for aquifer simulation

The model of the Upper Litani River Basin was built usiluggab maps (scale 1/50,000),

topographical maps (scale 1/20,000), hydrogeological maps (scale 1/100,000sesttbosoks

the study area. The data were digitized using GIS (Geographic Information System) and merged to

produce a scatter point distition of aquifer thickness and top elevation. The scatter points



generated by GIS were utilized to gémer8D geological model using@MsS software for the

study area. The 3D model includes the aquifedapuand thickness, ands built with aanstant

grid size equal ®@00by500m. This waghe best representation for the study area, taking into
consideration the limited amount of data, computational capacity, and resolution of the model. A
smaller grid would have increased the computagguoaiements but would have resulted in the
same resolution due the lack of available data; while a larger grid size would have decreased the
computational requirements to generate the model, but decreased the resolution of the model.
The representatiowith limited datagf real life geological aqusfesith a mathematical model

requirs reasonable assumptions. Here the following assumtions were adopted:

1 The elevation is constant for each grids@m x 50@). The following assumption does
not repreent localized hills or valleys;

1 Bottom and south interactions are limited, and have here been neglected (these boundaries
are considered fitow);

1 Interactions alondné east and west boundarggsesenthe interchangowsbetweerihe
Jurassic and Cretaceous aquafedithe Eocene, Quaternary and Neogene aq(itiess
assumption puthie interchangdowsbetween aquifeed| alonghe sides, while these flows
maybe concetrated at faults/fracture greas

1 Regarding withdrawailsformation ioonlyavailable regarding the location of public wells
and licensed private wel&thouttheir actual withdrawal rafegich have beastimate)
on the other hand, thousands of unlicenseedtp wells also exist, for whom
information ebst, information on on irrigated areas was used to locate and estimate the
abstraction rates of these.
Calibration is the next and most important step in constructing a computer mogidwidwater
systemlt is the process of modifying the characteristics that are unknown (such as the porosity of
the aquifers) so that the model produces output data (such as water levels) that are very close to the
data collected in the field. If the model, fed with iiguiat from the field, provides output data
similar to field measurements/data,ntoelelis well calibrated, that is a faithful computer copy of
reality. It can then be used to extrapolate.

Two cdibrations were carried out

1 First a steady state calilomatiadjusting aquifer parameters to get model results to match the
data from the November 2010 field survey; and

1 Second a transient calibration, where these parameters wanedinsing the changes in
groundwater levels between the November 2010aaAgtiyMay 2011 field survey.
The final results in both cases were considered satisfactory, with differences between observed and
calculated groundwater levels being within 10 m, and often within 5 m.
A final verification was made by usheglimited dat available frorh970 to represent the overall

evolution of groundwater levels over the past 40 years, and proved satisfactdrigasavill (
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Figure 5 Changes in Water Level between 1970 and 2010

Future groundwater evolutions
The calibrated modets then used to envision future groundwater levels over alffligear

While the overall geography and geology of the model would not change, the model parameters that

were varied included:

1 Groundwater abstraction, for which two scenarios were ch{icde 1):
0 A 0Business as wusual o6 30% increase (1.5¢

current expansion trend; and



0 A reduced 10% increase (0.5% per year), resulting from better groundwater

management, increasing pumping costs, better irrigatiarepradécreasing land
availability, or a combination of these;

1 Recharge, for which two scenarios were modeled:
o No change with precipitation and infiltration remaining the same; and

0 A somewhat extreme 20% decrease (0.5% per year), reflectinueasionisgtic
impact of climate change.

Four scenarios (1 to 4) were thus chosen, 1 being the most optimistic, 4 being the most pessimistic,

and 2 being the most probable (not much change in recharge, and significantly increased abstraction).

Table 1 Different ScenarioUsed

Groundwater
abstraction +10% +30%
Recharge
0
-20% 3

The modeled results show tA@B0 watdeves will be down anothém to 25m, with the

maximum drawdown in the northeast and nortipeetst of the study arg@himstar, Ferzol and
Kfar Dane irthe east; Britel ithhe west The minimum drawdownill bein the southern part of
the study area with a minimum drawdown offsguie 6to Figure 19.



Figure 6 Change in Water Level between 2010 and 2030 for Scenario 2 (most
probable)




















































































































































































































































































