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CHAPTER 8 - NAHR EL KABIR BASIN

Nahr El Kabir Basin

EXECUTIVE SUMMARY

The Nahr el Kabir rises from numerous springs
in Syria and in the Lebanon Mountain range. It
runs a westerly course forming a natural border
between northern Lebanon and Syria. The Nahr
el Kabir maintains most of its natural seasonal
characteristics as water regulation is limited on
the main river stem and in the runoff generation
area in Lebanon and Syria.

Environmental degradation is a major issue

in the basin: the river is severely polluted by
widespread discharge of untreated sewage

and uncontrolled solid waste disposal. Other
threats include recurrent floods and the spread
of water hyacinth along the whole river course.
The two countries cooperate on the basis of a
2002 water-sharing agreement, with several
joint technical sub-committees tackling various ! e J .
issues related to the watershed. Overlooking the Bgaiaa Plain near the village of Chadra, Lebanon, 2010. Source: Eileen Maternowski.

BASIN FACTS MAIN AGREEMENTS
RIPARIAN COUNTRIES Lebanon, Syria 2002 - Agreement between Lebanon and Syria to
LEBANON - SYRIA share the water of the Nahr el Kabir and build a joint
BASIN AREA SHARES Lebano.n 26% dam on the main stem.
Syria 74%
BASIN AREA 954 km?
KEY CONCERNS
RIVER LENGTH 77.8 km
WATER QUALITY
MEAN ANNUAL 377 MCM
FLOW VOLUME The Nahr el Kabir is severely polluted. The absence of sound agricultural
_ practices, the uncontrolled discharge of untreated wastewater and the random
DAMS 3 [max. storage capacity disposal of solid waste by both riparians has led to widespread environmental
75 MCM) degradation and poses a serious threat to public health. Concerns over water
PROJECTED 230001 quality are not addressed in the Syrian-Lebanese water agreement.
IRRIGATED AREA ' @
BASIN POPULATION 530,000
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CHAPTER 8 - NAHR EL KABIR BASIN GEOGRAPHY

$ Geography

The Nahr el Kabir is a shared river that forms
the north-south border between Lebanon and
Syria. The basin covers 954 km?, of which 26%
lie in Lebanon and 74% lie in Syria (Figure 1).
Generally, the basin is divided into four
geomorphological zones: the mountain region in
the upper catchment shared between Lebanon
and Syria, the intra-mountainous cross-border
Bqaiaa Plain, the central plateau/gorge area
running along the border, and the coastal cross-
border Akkar/Hamidiye Plain.!

Figure 1. Distribution of the Nahr el Kabir
Basin area

244 km?

Lebanon

M Syria

Source: Compiled by ESCWA-BGR.

RIVER COURSE

As a coastal Mediterranean river, the Nahr

el Kabir flows from east to west over an
approximate distance of 52 km if the Ain Es-Safa
Spring is considered the source, or 78 km if

the Es-Safa tributary is included (see Overview
Map). The river forms the international border
between the Akkar region in Lebanon and the
Syrian governorate of Tartous over much of

its course.?

The river rises from numerous karstic springs
and wadis (including the springs Ain Nassiriya,
Ain Farash, Ain Es-Safa and Ain Khalifah) in the
northern part of the Lebanon Mountain range.?
Upon reaching the intra-mountainous Bgaiaa
Plain, the Nahr el Kabir turns westward and
traverses a basaltic central plateau where it
forms steep gorges. It then meanders through
the extensive alluvial flatlands of the coastal
Akkar/Hamidiye Plain and discharges into the
Mediterranean Sea near the Lebanese town of
Arida.

Several tributaries discharge into the Nahr el
Kabir on both sides of its course, including the
Wadi al Atchane, the Nassiriya (formed by the
confluence of the Raweel and the Mzeineh) and
the Arous on the Syrian side. On the Lebanese

The Great Southern River

The name Nahr el Kabir al Janoubi means
Great Southern River. Known as Eleutherus
in ancient times, the river is mentioned in the
Bible. It is also referred to as Nahr al Kebeer,
Nahr el Kebir or simply the Kebir.

side, the main tributaries are the Wadi Khaled,
Es-Safa and Chadra. The Lebanese mountain
Qarnat Araba constitutes the highest point of the
catchment with an altitude of 2,215 m asl.*

CLIMATE

The climate in the Nahr el Kabir Basin is
characterized by Mediterranean winter
precipitation with increasing intensity and
quantity from the coastal plain towards the
mountainous areas and dry, hot summers.®
The mean annual air temperature measured in
Tripoli, Lebanon to the south of the basin is
20°C (Figure 2).

Mean annual precipitation in the whole basin
ranged from 600 to 1,000 mm® from 2001 to
2006 (Table 1).7 It is estimated that 40%-50% of
precipitation is lost to evapotranspiration and
30% contributes to river runoff.? Other sources
estimate the mean annual basin precipitation
at about 854 mm,’ but observed data suggests
a complex spatial pattern of precipitation
throughout the basin, most likely caused by the
intricate micro-climate'® induced by the Homs
Gap."

Figure 2. Climate diagram for Tripoli, Lebanon,
to the south of the Nahr el Kabir Basin
(°c)

Tripoli, Lebanon (6 m) (mm)
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Source: Compiled by ESCWA-BGR based on data provided by
WorldClim, 2011; Climate Diagrams, 2009; Phytosociological
Research Center, 2009.
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w
Table 1. Mean annual precipitation data from meteorological stations in the basin in Lebanon since 2000

ELEVATION a
(m asl) 2001 2002 2003 2004 2005 2006 [200:_/'2'5&'2]
Al Qliaat (5) 907 1,002 896 698 876 879 876 (99)
Al Qubayat (540) 963 775 776 867 1,006 987 895 (105)
Halba (119) 980 767 670 770 605 910 783 (141)
Al Aabde (40) 988 904 961 768 814 768 867 (97)
Al Minia (10) 976 990 889 769 876 755 875 (99)
Sir Edenyeh (915) 1,003 956 894 869 991 934 941 (53)

Source: Compiled by ESCWA-BGR based on data provided by NCRS and UN-ESCWA, 2002.
(a) Standard deviations in parentheses.

POPULATION

The basin has an estimated total population of
530,000. Settlements, which range from 200

to 5,500 inhabitants, are made up of mixed
urban and rural communities.' About 19% of
the basin population lives in the area of the
basin in Lebanon, while about 81% of the basin
population lives in Syria.

Bridge over the Nahr el Kabir near Hekr al Dahri, Lebanon, 2010. Source: Andreas Renck

Table 2. Estimated basin population

ESTIMATED POPULATION

IN THE BASIN
COUNTRY POPULATION

RIPARIAN COUNTRY (MILLIONS) AS PERCENTAGE OF SOURCE

THOUSANDS TOTAL BASIN

POPULATION
Central Administration of Statistics
Lebanon 4.5 100 19 in Lebanon, 2011.2
g Central Bureau of Statistics in the

Sl AL el Syrian Arab Republic, 2005.>
Total 530

Source: Compiled by ESCWA-BGR.

(a) The population estimate for the area of the basin that lies in Lebanon is based on a 2007 study.
[b) The population estimate for the area of the basin that lies in Syria is based on a 2010 estimate and includes populations living in the Syrian governorates of Tartous

and Homs.
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CHAPTER 8 - NAHR EL KABIR BASIN HYDROLOGICAL CHARACTERISTICS

(3 Hydrological
~ Characteristics

ANNUAL DISCHARGE VARIABILITY

The annual flow volume of the Nahr el Kabir
has been measured since 1955 (Table 3). At the
outlet monitoring station near Hekr al Dahri,
mean annual flow volume is estimated at
approximately 377 MCM (1969-2011). Farther
upstream at the Arida monitoring station in the
Bgaiaa Plain it is 180 MCM (1955-2011]. In the
Syrian-Lebanese agreement, the mean annual
flow volume at Noura al Tahta, where a damis
planned, is estimated at 150 MCM."™ In the small
Chadra tributary, a mean annual flow volume of
about 9.3 MCM was measured during the period
from 1966 to 2011.

Figure 3 shows river discharge data from

the gauging stations near Hekr al Dahri and
the upstream station of Arida in the Bgaiaa
Plain over the period from 1955 to 2011. Both
station records show a large gap in the 1970s
and 1980s, when most of the hydrometric
network was abandoned in Lebanon. In terms
of discharge anomalies (Figure 3c), a major wet
period in 2002 is the most noteworthy compared
with the overall mean, and values from recent
years lie below the average.

FLOW REGIME

Figure 4 shows the mean flow regime of the
Nahr el Kabir, with a high-flow season from
November to May and a low-flow season from
June to October. Minimum flow is generally
reached in August/September. The river regime
cannot be considered entirely natural, but as
flow regulation is limited on the river’'s main
stem and in the runoff generation area in both
Syria and Lebanon (only three smaller dams
are operational), the river maintains most of its
natural seasonal characteristics. The increased
discharge during the high-flow period is typically
generated by increased rainfall throughout the
rainy Mediterranean winter season and also by
snow-melt that flows from the mountains to the
basin area in springtime. The river’s flow regime
is maintained entirely by groundwater discharge
during the dry summer months, as indicated

by the groundwater flow regime of the Ain Es-
Safa Spring shown in Figure 4. Furthermore,
peak spring discharge caused by maximum
groundwater recharge rates occurs in March
and peak river discharge caused by surface
runoff occurs in February.

Table 3.

Summary of annual flow volume statistics for the Nahr el Kabir

in Lebanon (1955-2011)

STATIO

N

(DRAINAGE PERIOD [TAE:AMN] MIN[LTCUI\% MA)}L;"&% Ve (-)
AREA, km?)

E}%ﬁ? el el 11996999'_12907141' 377 73 1,578 0.91
el 'lz?zq 1a]iaa presy i L 3 R
E_r]‘adra 11996961'_12907141' 9.3 1.7 235 0.61

Source: Compiled by ESCWA-BGR based on Ministry of Energy and Water in Lebanon, 2011.

(a) Coeffici

ent of Variation. For information on definition and calculation of the CV see "Overview &

Methodology: Surface Water’ chapter.

Figure 3. a) Mean annual discharge, b) specific mean annual discharge
and c) discharge anomaly time series of the Nahr el Kabir (1955-2011)
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GROUNDWATER

Groundwater significantly contributes to

river runoff of the Nahr el Kabir." About 70
perennial springs' ensure that the river’'s main
channel maintains a continuous flow, even
during the dry summer months. The springs’
discharge depends on groundwater recharge
from precipitation and snow-melt in the upper
catchment zone, which mainly occurs towards
the end of the rainy season in winter and spring.
The bedrock in the basin is highly fractured and
has good aquifer properties.” The mean annual
flow rates of the Ain Farash, Ain Nassiriya, Ain
Khalifah and Ain Es-Safa Springs are shown in
Table 4. The mean annual flow volume of the
Ain Es-Safa Spring for the period of record from
1969 to 2011 is 39.2 MCM.

Geological setting

The aquifers in the Nahr el Kabir Basin were
formed through complex tectonic events related
to the opening of the Red Sea, and subsequently
the Dead Sea. The Yammouneh Fault, which
belongs to the Dead Sea Transform Fault (DSTF)
System, separates the elevated catchment zones
to the east from the Bqgaiaa and Akkar/Hamidiye
Plains to the west."’

The headwaters of the Lebanese basin area
feature a complex sedimentary aquifer system.
The central part of the Nahr el Kabir Basin is

a gorge carved from a volcanic aquifer system,
composed of an upper basalt aquifer that is
hydraulically connected to the overlying alluvial
sediments, and a lower aquifer separated by a
two-metre-thick aquitard clay layer. Finally, an
alluvium aquifer system dominates both sides

Figure 4. Mean monthly stream-flow and
groundwater flow regime of the Nahr el Kabir
and the Ain Es-Safa Spring (1955-2011)

50
— Hekr al Dahri

— Avrida, Bqaiaa Plain
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Source: Compiled by ESCWA-BGR based on data provided by the
Ministry of Energy and Water in Lebanon, 2011.

of the basalt flow (i.e. in the coastal Akkar/
Hamidiye Plain and the interior Bgaiaa Plain).'
Groundwater recharge areas in the basin are
difficult to identify, but empirical observations
of different geological settings or subunits
indicate their presence. For example, despite
the steep slopes in the Chadra area, the Chadra
has not shown a significant discharge response
to intense rain events. The Chadra sub-basin
thus appears to be one of the main regional
groundwater'® recharge areas, most likely due to
the major fault system.?

Table 4. Mean flow rate of main springs in the Nahr el Kabir Basin

SPRING

2000 2001 2002
Ain Farash 0.58
Ain Nassiriya 0.43
Ain Khalifah 0.37
Ain Es-Safa® 0.71 0.79 1.66

Source: Compiled by ESCWA-BGR based on Central Bureau of Statistics in the Syrian Arab Republic, 2010; Ministry of Energy and Water in Lebanon, 2011.

2003

0.33
0.92
0.31
2.62

FLOW RATE (m?/s)

2004 2005 2006 2007 2008
0.57 11:33 11:33 0.75
0.81 2.45 2.45 0.69
0.36 1.09 0.34 0.64 0.38
2.19 2.19

(a) Available flow data for Ain Es-Safa Spring covers the period 1969-2010 and suggests an average flow rate of 1.4 m%/s

2009

0.75
0.69
0.33
0.54

o

AVERAGE
(2000-2009)

0.81
1.21
0.48
1.53
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CHAPTER 8 - NAHR EL KABIR BASIN WATER RESOURCES MANAGEMENT

iss Water Resources
Management

Despite increasing socio-economic activity
along the main service road between Lebanon
and Syria, the Akkar region in the Nahr el Kabir
Basin remains one of the poorest Lebanese
districts. This has increased pressure on natural
resources in the basin.?' The main source of
income is traditional agricultural production,
which depends on irrigation in the lowland areas
during summer. As a result, a dense network

of irrigation and drainage canals has been
constructed in the coastal and inner plains.

DEVELOPMENT & USE: LEBANON

In Lebanon, water in the basin is mainly used for
domestic purposes and for irrigation. To date,
there are no dams in the Lebanese part of the
basin.

There are two main irrigation schemes in the
area: the Bgaiaa Plain (990 ha) and the Machta
Hassan/ Machta Hammoud/ Chadra lands

(730 ha).?2 Construction of the planned Noura

al Tahta Dam would support the irrigation of
another 4,959 ha in the Akkar Plain in Lebanon
and higher surrounding zones, of which 3,500 ha
will be reclaimed agricultural lands.?

DEVELOPMENT & USE: SYRIA

Syria started constructing dams in the Nahr el
Kabir Basin in the 1980s. To date three main
dams have been built with a total capacity of

75 MCM (Table 5). The dams irrigate the Bgaiaa
Plain and the coastal region through three main
irrigation schemes: the Tell Hosh and Khalifah
Dams provide water for 6,820 ha and 700 ha

of farmland respectively, while water from the
Mzeineh Dam irrigates 4,000 ha.?

A pumping station planned at the Ain Farash
Spring will deliver 0.25 m%/s of water to irrigate
319 ha in the Bqgaiaa Plain. Water from this
spring will also be used to supply the Tell Hosh
Dam through a planned diversion canal.® In
addition, a groundwater irrigation scheme in
place since 2000 supplies 2,138 ha through

the exploitation of 92 wells with a total yield

Table 5. Constructed and planned dams in the Nahr el Kabir Basin in Syria

Khalifah 1985

Irrigation of 700 ha.

Mzeineh 2003

Located on the Mzeineh River. Irrigation of 4,000 ha.
The dam will be supplied with 14 MCM from the
Raweel River through a water diversion canal.

Source: Compiled by ESCWA-BGR based on Ministry of Irrigation in the Syrian Arab Republic, 2011; Syrian Economic News, 2010;
Al-Thawra, 2011; E-Homs, 2011.
(a) Irrigation () and Flood Control (FC).
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Table 6. Mean salinity, nutrients, bacteria and heavy metals in the Nahr el Kabir Basin (2001-2002)

SALINITY NUTRIENTS COLIFORM BACTERIA
(uS/cm) (mg/L) (cfu/100 mU)
Total Faecal
B 7 Ro Al AL coliform coliform
Upper Kabir 470 8.02 0.58 0.03 173,609 18,684
Bgaiaa Plain 520 15.82 0.04 0.05 64,056 29,489
Region
Chadra 510 15.05 0.03 0.02 39,756 18,177
Coastal plain 670 17.64 0.08 0.08 37,500 19,924
Total range 10-680 0.05-31.4 0-15.6 0-0.15  0-26,999,800 0-1,890,000
<700 In the 0 (drinking water)
Guidelines? (irrigation) 0.1 0.2  order of 1000 (irrigation)
9 0.001 10,000 (bathing)

Source: Compiled by ESCWA-BGR based on Hassan et al., 2005; IDRC, 2003; Thomas et al., 2005.
Note: Salinity values, nutrients and bacterial concentrations were analysed from water samples in 2001-2002. Heavy metals were analysed from sediment samples in 2001.
(a) For further information on the different water quality parameters and their respective guidelines, see ‘Overview & Methodology: Surface Water’ chapter.

(b) World average values are based on Chapman, in IDRC, 2003, p. 28.

of 20 MCM/yr.?¢ The total irrigated area in
the Syrian part of the Nahr el Kabir Basin is
estimated at about 13,660 ha.

WATER QUALITY &
ENVIRONMENTAL ISSUES

Water quality is a serious issue in the basin.
The absence of sound agricultural practices,
the uncontrolled discharge of untreated
wastewater and the random disposal of solid
waste from both riparians cause widespread
environmental degradation and pose a severe
threat to public health.?”’

Sampling and analysis of water and sediments
in the watershed? in 2001-2002 showed high
levels of nitrate-nitrogen (NO,-N) and in
particular extremely high levels of phosphates
(PO,-P)and nitrite (NO,-N] (Table 6).” Nutrient
pollution results from settlements in the
basin that discharge sewage and solid waste
directly into the river or dispose of it nearby.
Agricultural fertilizers are another source

of nutrient pollution.®® In addition, counts of
coliform bacteria from sewage waste exceed
international guidelines whether for drinking,
irrigation or bathing.*

While salinity is not an issue of concern, in the
upstream area, Electrical Conductivity (EC)
values of the river water increase towards the
coastal plain as a result of intensive irrigation
practices.’? DDT parent compound was found

in the river sediments at higher levels than its
residual compound DDE, indicating that this
banned substance was still being used as an
insecticide in 2001-2002 in agricultural areas in
the watershed.®® High levels of the heavy metals
chromium (Cr) and nickel (Ni) were also found in
sediments, indicating anthropogenic enrichment

that can be attributed to small-scale leather
tanning and metal plating industries in the
watershed.? Other pollutants from point sources
were found including seasonal residues and
waste from olive presses in Syria and traces of
oil products from fuel tanks in Lebanon.*®

The wide-ranging pollution in the basin poses a
risk to groundwater, particularly to the shallow
aquifers® in the Bgaiaa and Akkar/Hamidiye
Plains, which are currently being tapped by
wells. Nutrients and coliform bacteria were
detected in certain springs, indicating that
contamination through localized upstream land
use practices may already have reached the
aquifer.®” In these coastal plains, the aquifer lies
15-20 m below the surface in the border area.®®

Apart from severe pollution, flooding is a
recurrent issue in the basin, causing losses to
farmers and damage along the Nahr el Kabir
on both sides of the border.?? In 1979, floods
destroyed the iron bridge in the village of Arida
and in 2003 the river flooded villages, destroying
several houses, damaging crops and causing
the loss of livestock.“? As a result, Lebanon built
a two-metre-high flood wall over a distance of
4.5 km in the Bgaiaa Plain, starting at the Ain
Farash Spring.“" In Syria, the construction of
dams has somewhat reduced flood risks. By
contrast, regularly occurring flash floods in the
Lebanese part of the basin continue to cause
significant damage to the agricultural sector,
especially in the deprived Akkar region.*?

Another environmental problem that appeared
more recently is the spread of the invasive water
hyacinth (Eichhornia sp.), known as ‘Zahret el Nil’
in Arabic. It was first discovered in the basin

in 2006, clogging the irrigation canals of the
Arous river in Syria. Subsequently, it quickly
spread to the Nahr el Kabir, clogging waterways
throughout the river course and spreading

XX

HEAVY METALS

(ppm)

Cr Ni
1,150 BY5
702 459
5[[8 562
686 319
443-1,150 306-640
120 80
(world (world
average)®  average)®
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over a distance of 13 km.*® It is not known how
this non-native aquatic weed was introduced

in Syria.** The damage caused is considerable
since it can double its population in two weeks
and it rises to a height of up to one metre above
the water surface, blocking sunlight to and
oxygenation of aquatic organisms and disturbing
river flow. It is therefore considered a potential
cause of flooding. The plant also creates a prime

habitat for mosquitoes, which are potential
vectors of disease in the basin. Both riparian
countries have attempted to use excavators to
remove the plant from the river and thus control
its spread. However, despite continuous joint
efforts to control it, the nutrient-rich discharge
of agricultural runoff and sewage waste into the
Nahr el Kabir has favoured the survival of this
invasive plant.

The invasive water hyacinth, which is clogging water channels in the basin, 2009. Source: Ministry of Energy and Water in Lebanon.
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«/® Agreements,
Cooperation & Outlook

AGREEMENTS

The Fraternity, Cooperation and Coordination
Treaty signed and ratified by Lebanon and Syria
in 1991 provides the formal basis for cooperation
in the domain of water and in other sectors.
Several joint entities were established in the
same year to supervise the implementation of
the treaty’s provisions and agreements.”® This
includes the Lebanese-Syrian Joint Committee
for Shared Water, in which the Lebanese
Ministry of Energy and Water and the Syrian
Ministry of Irrigation are represented.

In April 2002, after an eight-year negotiation
process,“ both countries agreed to share the
water of the Nahr el Kabir. The agreement
draws on the United Nations Convention on the
Law of Non-Navigational Uses of International
Watercourses,*’ to which both countries are
signatories. The agreement is centred on the
joint construction of a multi-purpose dam near
Noura al Tahta with a planned storage capacity
of 70 MCM that will provide water mainly for
irrigation and domestic use. According to the
agreement, water allocation follows each
riparian country’s share in the catchment area
that drains to the dam location (representing

a total area of 591 km?).%¢ Thus Lebanon and

Syria respectively receive 40% and 60% of

the river’s total annual yield (Article 3 of the
agreement). The origin of the water, i.e. the
respective contribution of each basin riparian to
river flow is not taken into account. The amount
of water used upstream of the dam (within the
limit of the respective allocation proportions)

is to be deducted from the riparian countries’
share of stored water (article 12). Costs of dam
construction and engineering studies are to be
equally divided between both countries

(Article 10).0

Both countries consider the agreement as a
model for bilateral cooperation over shared
water resources in the Arab region. According to
Annex 3 of the agreement, the joint committee
is to prepare an annual programme for water
use in the basin. However, these annual
programmes have yet to be drafted, pending
construction of the dam, which have not yet
started.

COOPERATION

The Lebanese-Syrian Joint Committee for
Shared Water is the central entity through which
the two countries cooperate over issues related
to shared water resources. The membership of
the special joint committee for the Nahr el Kabir
is drawn from both countries. The committee
comprises two subcommittees. The Sub-
Committee for the Control of Water Hyacinth

The Nahr el Kabir near the river mouth at Arida, Lebanon, 2010. Source: Andreas Renck.
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was created in 2009 with the aim of assessing
and controlling the spread of this invasive plant.
The Sub-Committee for River Protection and
Environmental Preservation is responsible for
coordinating and supervising issues related

to river hydrology, river pollution and river
infringements (Figure 5).

Members of the sub-committees usually
hold monthly meetings in Lebanon or Syria
to exchange data, discuss issues related to
the basin and specify joint measures in order
to tackle problems such as illegal acts and
violations along the river course and river
pollution.®

OUTLOOK

The quality of both surface and groundwater
in the Nahr el Kabir watershed is rapidly
deteriorating due to uncontrolled disposal of
untreated domestic sewage, animal waste and
solid waste, and unsustainable agricultural
practices. To date, joint government efforts

to tackle water pollution, floods and illegal
activities in the watershed have only offered
temporary solutions to recurrent problems.
An overall joint plan for the integrated and
sustainable management of the basin’s natural
resources is still lacking.

Plans for the construction of new wastewater
treatment plants in the watershed are under
preparation for the region of Al Bireh/Mounjez
in Lebanon®' and Tartous Governorate in Syria.®
Both countries have solicited international
donors for assistance in water supply
management and hydrological monitoring, and
various projects were launched. However, with
the ongoing crisis in Syria since March 2011, it is
likely that some of these projects are currently
on hold.

Figure 5. Organizational structure and roles of the Nahr el Kabir joint
sub-committees
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