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1

BACKGROUND

1.1

International context
The Lebanon Crisis Response Plan (LCRP, Government of Lebanon and United Nations, 2017)
provides an extensive overview of the current crisis: “For the last six years, Lebanon has been at the
forefront of one of the worst humanitarian crises of our time. Despite increasing economic, social,
demographic, political, and security challenges, Lebanon has shown exceptional commitment and
solidarity and has welcomed around 1.5 million refugees fleeing war-torn Syria. Lebanese
communities have opened their schools, their clinics and even their homes to hundreds of thousands
of Syrians who have fled their country and in many cases lost everything. Despite the concerted
efforts of the government, the international community and civil society to mitigate the impact of the
Syrian crisis on Lebanon and the large-scale response underway, the needs of the affected
populations, both displaced and host communities, are outpacing the Government of Lebanon and its
partners’ ability to provide adequate services, and coping strategies are being tested. Lebanon’s
experience shows that we need innovative responses that target Lebanese and persons displaced
from Syria alike to address the protracted nature of the crisis and avoid a further deterioration of the
humanitarian situation. Refugees want to go home. But, when displaced, they should be able to live in
dignity. When they return home, they must be able to quickly contribute to rebuilding their country.
At the same time, Lebanon needs to be supported to manage the impact of the crisis but also make it
an anchor for stability and driver for reconstruction in the region.” The LCRP addresses all aspects of
the crisis, including water supply, which is the focus of the current study. The LCRP goal is defined as
“By 2020, more vulnerable people in Lebanon are accessing sufficient, safe water for drinking and
domestic use with reduced health and environmental impacts from unsafe wastewater
management.”. Although the current study will focus on temporary water supply for Informal
Settlements (also referred to as Informal Tented Settlements or ITS) it takes into account the short
and long term goals for all people in Lebanon.
The 2018 LCRP water sector chapter states: “61 percent of the 272,000 people residing in informal
settlements still rely on trucked water that is unregulated and often from illegal sources, while the
rest meet needs from unsafe wells or illegal network tapping. This activity has cost the humanitarian
response in the last 12 months an estimated $17 million".
The previous experience with Palestinian refugees has led to a strategy where settlement of refugees
is discouraged. As a consequence, the Syrian refugees are not housed in large camps, but spread
around in houses, various other buildings and small ITS. Permanent infrastructure for water and
sanitation is not provided, since this might encourage settlement. This has led to inefficient and
ineffective water systems for ITS. The majority of ITS is provided drinking water through water
trucking which is costly, inefficient and decreases water quality. UNICEF is leading the WASH support
to Informal Tented Settlements in Lebanon. Water trucking however is costly and cannot be
sustained over many years.
The Oxfam study “Feasibility assessment for water service provision to informal tented settlements
(ITS) in Lebanon” (Oxfam 2017) identified alternative scenarios to provide ITS with water. It provides
an overview of the governance, social and economic challenges both in the current situation and for
the transition to a more efficient system. It concludes: “Humanitarian agencies should transition to
sustainable water-provision modalities to Syrian refugees. Namely, the current model of providing
water to Syrian ITS households through private trucking is not financially sustainable, has negative
impacts on local and national resource management, and strengthens an unregulated informal water
market. Instead of perpetuating this situation, humanitarian agencies should be encouraged to work
Lebanon, water supply informal settlements, May 2018
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with RWEs in order to align their humanitarian interventions with regional and national water
policies. Using the inflows of international humanitarian funding should be framed as an opportunity
to repair and upgrade existing water infra-structure and distribution networks, and in turn provide
long-term benefits to both Lebanese and Syrian communities.” We refer to that study for more
details on the governance, social and economic aspects.
The current desk study provides insight in the technical and economic feasibility and potential of the
alternatives for water supply to ITS, using already available information and data. The methodology is
applied in cases at Caza and water network scale as an example for other systems as more
information becomes available.
1.2

Context of Bekaa and Akkar region
Most ITS are located in the Bekaa valley in the east and the Akkar region in the north. The ITS
consist of 1 to 100 tents with an average of 60 persons per camp. The high number of camps, and
their spread across the regions complicates the water provision.
Sector partners are providing ITS with tankered drinking water, however the costs are too high to
sustain for years and this way of water provision cannot be considered as ‘safely managed water’
(JMP).
Although the study focuses on water supply quantity, the water quality issues both in residences and
ITS cannot be ignored and indeed are interlinked.
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2

DSS WATER MISSION

2.1

Introduction
DSS water (Dutch Surge Support) responds to the needs during water related disasters around the
globe by deploying excellent experts from the Dutch water sector. DSS water offers a one-stop-shop
for international humanitarian organizations in need of water expertise. Topics include (urban) water
and sanitation, water resources management and water supply. UNICEF requested its standby
partners to provide an expert for three months to find more sustainable and safe solutions for water
supply to ITS. The DSS proposed a team of water experts to study this problem including the various
required technical disciplines. This led to the current DSS mission for improved water supply for
Syrian refugees in Lebanon.

2.2

Scope of Work
UNICEF provides more than 66% of existing informal settlements (also referred to as Informal Tented
Settlements or ITS) with temporary drinking water services. Nonetheless the efficiency and cost
effectiveness of this initiative has been questioned: trucking water to ITS has been estimated to cost
more than 7 million USD per year to UNICEF, and some surveys seem to show a lack of treatment of
the water provided.
Therefore UNICEF has been requested by the Ministry of Energy and Water to find alternative
technical solutions to optimize water trucking and more globally to propose a strategy on UNICEF
response in providing safe water services in Informal Settlement in close collaboration with the
Ministry of Energy and Water.
UNICEF and UNHCR are providing the Ministry of Energy and Water with hydrogeological surveys
that will help on the decision making. These surveys inform on the production capacity of the
aquifers, and therefore on the possibilities to identify closer source of safe water to provide the
Syrian Refugees without depleting the resources for the Lebanese population. These hydrogeological
surveys would be the basis to develop the strategy.
It is expected that sector partners investment in informal settlements will shift and follow the
proposed strategy. One of the purposes of this study is to find cost effectiveness in the UNICEF
approach.
The focus of this study is on water supply to the Syrian refugees in the ITS and does not include
sanitation. Since the ITS are close to or embedded in Lebanese communities, the interaction with the
Lebanese water supply and availability needs to be taken into account. However, the evaluation,
restoration or design of the Lebanese water supply system is beyond the scope of this study.
There may be many other aspects that will impact the success of an intervention besides the
technical aspects, such as social tensions, governance and cost recovery. The study will focus on
technical and cost aspects only, although the other factors are taken into account evaluating
technological options. We refer to the Oxfam study (Oxfam 2017) for a detailed assessment of
governance, social and economic aspects.
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2.3

Approach
A team of two DSS experts, Jeroen Helder (Arcadis) and Patrick Smeets (KWR Watercycle Research
Institute), visited Lebanon from 2 to 11 August 2017 for a scoping mission. Goal of this mission was
to clarify the needs of UNICEF and the Lebanese government and to assess the current situation.
They also made an inventory of the available data on water supply, demand and quality. Based on
this mission, a study was planned on how to improve the water supply to ITS which was presented to
the Ministry of Energy and Water (MoEW) and UNICEF at the end of the mission.
After approval of the study plan, the team returned to the Netherlands to process the obtained
information, collect additional information and perform the study. This is therefore a desk study,
based on the obtained information.
A methodology was developed in the study to identify which is the optimal solution for each ITS and
to estimate the total impact of these improvements on water availability for both the Lebanese and
Syrian population. It also provides an overview of the costs and economic benefits for the various
stakeholders. The first step is to make a water balance of the study area to assess if water needs can
be met by available water resources. Locations where the current groundwater abstraction capacity
needs to be increased are identified, including options for how to achieve this. Next the ITS that
could be provided from the distribution system through a communal water point (CWP) are
identified, and costs for installing and connecting a communal water point near the ITS are
estimated. The capacity of the water network to provide this extra water demand is evaluated.
Alternative scenarios for water supply to remote ITS which cannot be provided by a public tap may
be a local borehole and adequate treatment, or continuation of water trucking. The most economic
scenario is identified. Thus for each ITS the optimal solution is identified based on the available data.
The clear insight in the overall impact of these measures can convince the various stakeholders to
adopt and fund these measures. Implementation will require a field assessment to verify the
information used in the desk study and make a detailed design and tender documents for the work.
Case examples at various scales of water supply are provided as a practical guide on how to apply the
methodology. These studies are performed based on the information obtained during the scoping
mission and the subsequent data requests. This report is the result of this study and will be
presented to the MoEW and UNICEF upon request.

2.4

Objectives
Goal of the study is to identify alternatives for tankered water supply to ITS within the following
context:
 The safety of the water should not decrease, and preferably increase
 The Lebanese population should not experience negative effects, and preferably profit in sense of
quality and service level
 The costs of the alternative should not exceed the current costs of tankered water over the
planning period
 The alternatives fit into the geographical and technical infrastructure
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3

FINDINGS FROM SCOPING MISSION

3.1

Information sources identified during the scoping mission
Goal of the scoping mission was to gain insight in the actual situation in the field and to obtain
information and data sources. In this chapter we summarize the various findings obtained through
interviews, observations, reports, data files and communications before, during and after the scoping
mission. First the various stakeholders for water supply to ITS that we obtained information from are
briefly introduced. Key literature is also introduced. We intend not to repeat or rewrite the content
of other reports. We use direct citations to highlight relevant findings and use key data from the
reports without extensive discussion on their origin. For some reports we refer to the draft versions
that were available during the study. We also obtained various data and GIS files with up to date
information on population and water use. Although we found some discrepancies between the
various data sources, we didn’t discuss these in detail. In general we don’t expect that they will
impact the outcome of this high level study.

3.1.1

Stakeholders
Syrian refugees in ITS
There are some 1.5 million displaced persons from Syria in Lebanon of which 272,000 live in informal
settlements (ITS). They largely depend on the landlords and the NGO’s to provide sufficient water. In
some cases they obtain water through other means such as hand dug wells or water vendors. The ITS
we visited all had a water committee responsible for water division over the storage tanks, testing
chlorine levels and registering the amount of water provided. According to WAP baseline data,
approximately 25% of all sites have a water committee. This is often supported by a system of
vouchers which are provided by the NGOs, collected by the water committee and then handed over
to the water truckers as proof of sufficient provided water. We’ve spoken with some of the Water
Committee members in the ITS, and in some cases with families about their experiences and
expectations with water supply in ITS.
MoEW
The Ministry of Energy and Water is responsible for the water supply system in Lebanon. We’ve met
with Randa Nemer, advisor to the minister, at the start and the end of the mission.
Regional Water Establishments (RWE)
Four water establishments were started in 2000 to centralize water supply service provision.. Many
Water Authorities and municipalities transferred their water systems to the water establishment,
however this process is still ongoing. The progress is hampered by the municipalities that want to
keep charge of their water systems and the lack of capacity at the water establishments to manage
more systems. We’ve spoken with the directors of the Bekaa Water Establishment (BWE) and North
Lebanon Water Establishment (NLWE).

Lebanon, water supply informal settlements, May 2018
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Figure 3-1 Visit of NLWE

Municipalities
There are 1092 municipalities in Lebanon. Traditionally the municipalities managed the drinking
water supply systems and the registration of private wells. These responsibilities are now transferred
to the water establishments. Municipalities also manage the location of ITS and can decide to
evacuate locations for various reasons. We didn’t have the opportunity to meet with a municipality.
UNICEF
UNICEF coordinates the WASH activities for the ITS, including the tankered water supply. UNICEF
requested this study to identify more economically sustainable temporary water supply to ITS. Part
of our work was performed at the Beirut head office, where we met relevant UNICEF staff. We also
visited the regional offices in Zahle and Akkar where we met with local WASH officers. UNICEF
provided most of the data for this study.
UNICEF implementing partners (NGO’s)
Various International/local NGOs and Red cross/crescent in the area execute the WASH activities in
the ITS. These UNICEF implementing partners are referred to as NGO’s in this study. Each year the
implementing partners of UNICEF propose a plan to UNICEF on how to provide water to the various
ITS. UNICEF then funds these plans. They train and guide the community on WASH and also regularly
check the quality of stored water in tanks, tankered water and locally used wells. The UNICEF
implementing partners provide quarterly reports on water quantity and quality provided to the ITS.
Water sector partners that we met or communicated with:
 CISP Comitato Internazionale per lo Sviluppo dei Popoli –(International Committee for the
Development of Peoples)
 Concern Worldwide
 Medair
 Mercy Corps
 Oxfam
 SHA Swiss Humanitarian Aid Unit
 Solidarités International
 UNICEF
 UNHCR
 World Vision
Lebanon, water supply informal settlements, May 2018
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Figure 3-2 NGO meeting during the scoping mission at UNICEF head office Beirut

Landlords
Most ITS are located on lands owned by landlords. Some landlords may allow refugees to use local
groundwater wells. Refugees may need to pay for this service, or it is included in their rent. These
wells are mostly used for domestic purposes, due to the quality of the water. Water is tested by the
NGOs. We didn’t meet any of the landlords.
Water truckers
Water truckers obtain water from a protected groundwater well and in many cases from private
wells or unprotected wells or even from public networks. They add chlorine to the water to meet
requirements. They provide water to the ITS upon request and receive vouchers for their delivery.
The vouchers are handed in with the NGOs to receive payment. We didn’t meet any of the water
truckers.
3.1.2

Summary of key literature

Various literature about the water situation in Lebanon was collected before, during and after the
scoping mission in August 2017. Key literature is introduced and summarized here to provide an
overview of studies that are already available.
Bekaa Water Establishment Business Plan 2013-2017
Defines the strategic objectives and action plans for performance improvement. It contains baseline
information about the BWE assets. ITS are not specifically addressed in this plan.

Lebanon, water supply informal settlements, May 2018
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Elard Lebanon 2016 Hydrogeological Characterization of Akkar, LB-GEO-UNC-WSP-15
(Revision 2 02-04-2016)
There is a perception that groundwater resources across Lebanon are being depleted as a
consequence of uncontrolled groundwater withdrawal practices. An increasing number of public and
private water supply wells have been installed across the Caza resulting in increased interference
effects and rapid groundwater level decline. This study describes the hydrogeological situation in
Akkar, current level of groundwater stress and the potential for further extraction to meet increasing
demand.
Elard Lebanon 2017 Hydrogeological Characterization of Zahle Caza, LB-GEO-UNC-WSP-16
(Final 19-02-2017)
This study assesses the hydrogeological situation in Zahle Caza, including: current level of
groundwater stress; and the potential zones for further groundwater extraction to meet
increasing demand. The study builds on existing information, and ensures that local drivers of
change, such as population increase, water quality decline and water scarcity are
accounted for.
Oxfam 2017 Feasibility of Water Provision to ITS Summary Note (002) (17-07-2017)
This study looks at building an evidence base on the socio-economic causes and impacts of current
water service provision modalities to both Lebanese residents and Syrian refugees living in Informal
Tented Settlements (ITS ), taking nine villages in North Bekaa as a case study area. Furthermore, the
findings of this study are utilised to un-pack the obstacles to providing more sustainable solutions,
namely extending piped public water to ITS , by focusing on the financial, social and legal feasibility
requirements. In light of the study findings, a multi-level governance approach will be recommended
to address the water supply to all concerned communities.
Oxfam 2017 Feasibility Assessment for Water Service Provision to Informal Tented Settlements
(ITS) in Lebanon.
To assess the social, economic, and political feasibility of transitioning the provision of Syrian ITS
households away from informal water trucking towards public water provision, this study makes a
robust socioeconomic and political assessment of nine villages located in Lebanon’s Northern Bekaa
Valley. The nine villages fall under Oxfam’s Water Sanitation and Hygiene (WaSH) sector areas of
coverage. By using these villages as a case study, the study fills information gaps such as those
related to demand, supply and cost dynamics, willingness to pay for reliable and good quality water
supply as well as attitudes and perceptions of Lebanese communities towards public water supply to
Syrian ITS households.
USAID 2015 WATER SUPPLY AND WASTEWATER SYSTEMS MASTER PLAN
FOR THE BEKAA WATER ESTABLISHMENT, Management summary and supporting
documents (May 2015)
The plan is based on a detailed study of the current water systems and needs. In order to increase
the coverage of potable water service by the BWE, from two thirds of the
population and localities to full coverage, it was estimated that the BWE would need a total
capital investment of $429 million USD by 2035 in addition to about $113 million USD which
The Council for Development and Reconstruction has already committed on projects under
study, tendering or construction. System-wide production, distribution and subscribers
metering was also urgently recommended.
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WHO/UNICEF 2017 Joint Monitoring Programme (JMP) Lebanon (Draft 17-07-2017)
Provides an overview of the water quality at the point of supply or use in both Lebanese properties
and ITS. General conclusion is that a large proportion of the drinking water is fecally contaminated
and may cause disease.
3.1.3

Summary of key data

Data files were provided by various organizations and sometimes we received various versions or
dates of the same or similar data. In some cases this led to differences in the numbers needed for
this study, especially since data on refugee populations are inaccurate and can change rapidly. Goal
of the study was not to determine ‘the most accurate’ data, therefore we worked with the data as it
was. Here we briefly list some of the key data we received.
GIS files from BWE and the Elard studies (2016, 2017) included:
 Existing and planned water sources
 Existing and planned reservoirs
 Drinking water network
 Waste water network
 Caza and cadaster borders
IAMP-40_ListofInformalSettlements_30_June_2017.xlsx
Contains the key parameters on ITS location (coordinates), the governorate, district and cadaster
they are located in, their status (active), number of tents, population and current source of water.
LEBANESE POPULATION PER CADASTER-CDR 2002.xlsx
Overview of Lebanese population per governorate, district and cadaster. However this is slightly
outdated. If more recent information was available on Lebanese population is was used instead.
SYRIAN REFUGEES by cadastral 2017_06_30.xlsx
Overview of the total number Syrian refugees per governorate, district and cadaster, both in the
communities and ITS (without distinction). The subdivision in sex and age group was not used.
UNICEF list of Water projects since 2014.xlsx
Overview of water supply and wastewater infrastructure projects by various organizations (UNICEF,
UNHABITAT, CISP) organized per governorate, district and cadaster including a short description,
costs, number of beneficiaries and funding agencies.

Lebanon, water supply informal settlements, May 2018
- 14 -

3.2

Water supply in Bekaa and Akkar regions
Most residences in Lebanon are connected to a piped water supply, whereas some use additional or
alternative water sources such as bottled water, private (often illegal) wells, springs or surface water.
Lower quality waters are mostly used for domestic use. USAID (2015): “The MEW adopted an expedient
and practical approach of equipping villages with one or two wells and a distribution reservoir that
would supply the local network. This was done also to avoid the technical and political complications
of developing large systems that supply multiple localities and different communities from one single
large spring that may be considered by locals, albeit erroneously, as theirs to use as they wish. As a
result of this approach, many contiguous systems are not connected, and many others rely on
pumping water from wells in spite of the presence of an ample supply from a large surface water
source in a nearby locality.”

Various plans have been developed to improve the water supply system in Lebanon:
 BWE business plan
 Water supply and wastewater master plan Bekaa valley (USAID 2015)
 BWE Infrastructure Coordination: Water/Wastewater, provides an overview of ongoing
water supply projects dated 17 August 2017
 UNICEF list of water projects since 2014 provides an overview of ongoing and finished
activities
 The draft National Water Master Plan (NWMP) is a set of regional plans to map and plan
activities for regional water establishments, it is being put together with the support of
international development agencies.
These plans provide insight in the current state of the water supply systems in Lebanon. We focused
on the Bekaa and Akkar regions in this study, with the majority of the available information relating
to Bekaa. The current study didn’t review the design of the permanent water supply systems in these
plans. We assume the plans are adequate to provide the predicted water demand they were based
on.
3.2.1

Water sources and treatment

The majority of the drinking water is obtained from groundwater, either thought springs or wells.
The hydrogeological situation is characterized extensively in the reports by Elard (2016, 2017). Water
treatment only consists of chlorination to disinfect the water in case the source is contaminated and
to provide a disinfectant residual to protect the water during distribution. The findings on water
quality indicate that this treatment isn’t very effective (see 3.2.6). However further studies are
needed to identify if the contamination originates from the source, inadequate treatment,
contamination during distribution or during storage in rooftop tanks.
The lack of reliable power supply leads to intermittent running of groundwater pumps and thus to
intermittent supply of drinking water. The effect of intermittent water supply is discussed in 3.2.2
and 3.2.6. Water sources are being rehabilitated in various projects with new equipment, power
supply and generators to improve the water availability. However progress is hampered by lack of
funds and capacity. In addition, the generators need fuel to run for which costs need to be covered.
The List of Water Projects (UNICEF 2017) provides an overview of various costs of rehabilitating
water supply systems based on the information of recent projects. This only provides a very general
indication, since costs will be impacted by the local situation.

Lebanon, water supply informal settlements, May 2018
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Apart from the public wells a great number of registered and unregistered (illegal) private wells are
used both for water supply and for agriculture. Information about private wells is therefore
unreliable. The Elard studies (2016, 2017) have included estimations of the privately abstracted
water to make water balances and identify potential areas of over-abstraction. The current study
uses these findings.

Figure 3-3 Private borehole currently used for domestic water, will be treated by POE treatment for drinking water

3.2.2

Distribution networks and reservoirs

The overview in the BWE master plan shows that most distributions systems are old and in a poor
state. It is expected that the water losses in the old, damaged Lebanese systems are significant,
although actual data is missing. Water losses occur due to leakages in the piped system and
operational water use (flushing, fire fighting etc.). Estimates of non-revenue water for BWE are
around 50% (Oxfam 2017) but don’t distinguish between water loss through leakage, illicit
withdrawals and non-payment of bills. A leakage rate of 50% means that an increase of water supply
through additional sources or longer operating ours results in an equal amount of water lost, which is
very inefficient. This increases the stress on the aquifer, causing a drop of groundwater levels. This
affects the population relying on groundwater wells, who would need to invest in deeper wells or
alternative sources. Simply increasing abstraction capacity could thus result in a negative spiral of
continuing investments needed from various stakeholders to provide their water needs. On the other
hand, network rehabilitation provides an opportunity to increase water availability on long term,
without increasing the stress on water resources. Potentially it could even reduce this stress. Projects
to reduce water loss therefore have a much higher return on investment than simply increasing
water abstraction. The motto should be “Water saving, not water mining”.

Lebanon, water supply informal settlements, May 2018
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This has been recognized by the authorities and network rehabilitation programs have been and are
being executed. A good functioning network is essential for a successful implementation of water
supply to ITS from the network. The ultimate goal is to operate a continuously pressurized system to
protect water safety, reduce the peak stress on water distribution networks and increase the service
level . This is only feasible in systems where leakage is low, preferably less than 10%, even when
continuously pressurized. With 24/7 pressurized system, the actual estimated water demand will
therefore be 110% of the water demand based on population.
In this study we suggest to start ITS projects in networks that are in good condition, or where
rehabilitation is ongoing. Next networks could be identified where the cost-benefit of leakage
reduction is highest, also considering the temporary supply to ITS. The cost of network rehabilitation
depends on the size of the network, which is related to the population served. Figure 3-4 shows this
relation based on UNICEF cost information. The equation provides a rough estimate of the average
cost of network rehabilitation based on the population served. This estimate is provided in the cost
benefit analysis as a ball park figure to put the costs and benefits of the scenarios for ITS water
supply in perspective.

Figure 3-4 Costs of network rehabilitation versus number of beneficiaries based on UNICEF overview of
projects since 2014

Apart from network rehabilitation, other improvements may be needed to provide sufficient water. Table
3-1 summarizes the costs reported in the UNICEF overview of projects since 2014. These costs strongly
depend on the local situation which is indicated by the sometimes very wide cost ranges. There is no clear
relationship between the number of beneficiaries and the costs. Reporting of other cost-determining
characteristics such as pump or reservoir capacity in this overview was insufficient to establish a
relationship.
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Table 3-1 General cost information for rehabilitation of water supply systems (based on UNICEF overview of
projects since 2014)

Average
Network rehabilitation
117000+18,7*c
Generator
$35.000
Well equipping
$225.000
Chlorinator
$16.000
Reservoir
$290.000
Pumping
$200.000
Fuel cost generators $/m3/y PM

3.2.3

Min

max

$20.000
$30.000
$11.000
$115.000
$12.500

$45.000
$500.000
$35.000
$500.000
$950.000

Current water supply to ITS

The current ITS water supply situation is described extensively in various reports (Oxfam 2017, WHO
and UNICEF JMP 2017) and is only summarized here. The ITS are generally not connected to a piped
water supply. In the Bekaa valley most ITS are provided by water trucking, whereas in the Akkar area,
the majority is supplied by wells and about one third receives water through trucking. Water trucks
generally fill their water tanks at a groundwater pumping station, where they also add chlorine to the
water. They transport the water to the various ITS by request or a fixed schedule. At the ITS local
storage tanks of 1 to 3 m3 are filled once or twice a week. Typically each tent or family has its own
tank. A local ITS water committee checks the amount of water provided and the chlorine level in the
water and hands over water vouchers to the water truckers accordingly. The water provision is
managed by NGO’s, that regularly check the water truckers on the used water source, do additional
water testing (faecal coliforms, NO3 and free chlorine) and manage the voucher system. The MoEW
leads the sector, UNICEF supports on coordination. Additional or alternative water sources are used
in ITS including bottled water, private (often illegal) wells, springs or surface water. An average Syrian
ITS household spends $150 per year on 75 m3 of these additional water sources (Oxfam 2017).
Normally 35 l/c/d of tankered drinking water is ensured and reflects the minimum standard agreed
by sector. In many cases the full amount is trucked to sites that have no alternative sources.. This
may be reduced to 10 l/c/d/ if a local source is available for domestic use. In many cases beneficiaries
purchase additional amounts aside from what agencies provide. This can be of lesser quality and unit
cost.
The costs for water trucking reported by the NGO’s (UNICEF implementing partners) vary per
situation, ranging from $3,33 to $6,50 per m3. The NGO hands out sufficient vouchers to the ITS to
cover the agreed water demand as mentioned above. The ITS water committee hands over the
relevant amount of vouchers to the water trucker for the supplied water per visit. The water trucker
hands over the vouchers to the NGO and is paid by the NGO.
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Figure 3-5 NGO's work with local ITS water committee to manage water supply and quality

3.2.4

On-going ITS water supply initiatives

Recognizing the inefficiency and costs of water trucking, various initiatives have been taken to
provide water in an alternative, more efficient way. These projects are generally initiated by the NGO
on individual ITS basis. Two examples are:
 Solidarités implemented 8 Sky Hydrant treatment systems to make safe drinking water
from local source, another 15 are planned for the next year.
 Swiss Humanitarian Aid Unit has studied ITS that receive water from the drinking water
network by placing water meters (see water demand). An estimated 942 refugees in ITS
in Bekaa valley get water through the network. They also submitted a project to provide
ITS water from the drinking water network, this is still pending.
3.2.5

Water quantity requirements

The amount of water needed depends on various factors such as presence of water appliances (flush
toilet, shower, washing machine) and the activities and the habits of the consumers. USAID (2015)
estimated the water demand of the general Lebanese population to be 180 l/c/d in 2013 up to 195
l/c/d in 2035 which includes all types of uses and connections (households, industry, offices etc.).
These were the basis for their designs of the water supply system (source and network). In the
current study we will estimate the water quantity requirements based on population in the area. The
study is based on the current Lebanese demand per capita. As their demand rises in time, the Syrian
refugees are expected to gradually leave the area, thus their share eventually becomes available to
cover the increase of Lebanese water demand.
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The minimum standard of 35 l/c/d of tankered drinking water doesn’t cover the water demand in all
cases, and refugees may acquire additional water from commercial water truckers, local (unsafe?)
wells and springs. Oxfam (2017) found that the total demand of tankered and other sources was 373
l/household/day so approximately 65 l/c/d when assuming 5.7 persons per household. When water
becomes more accessible from a communal water point in the ITS it is expected that this total water
demand in the ITS will be taken from the communal water point. A preliminary study by SHA found
that water demand increased from 200 l/tent/d (35 l/c/d) to 400 l/tent/d (70 l/c/d) after improving
access to drinking water from the distribution network. It seems that the SHA only included trucked
water as current use and didn’t take into account other sources. Therefore the actual use may not
have increased, but now all water is taken from the easily available supply. Restricting supply from a
communal point to 35 l/c/d is expected to lead to continued use of additional unsafe sources, and
therefore the water safety would not increase. Also continued use of alternative water sources
would deprive the RWE from income. For the total water balance in the area, supply form the
network or alternative sources has no effect, since both are likely to be abstracted from the same
nearby aquifer. It is the preferred scenario to provide all the water from the network, since
abstraction and quality can then be managed safely by the RWE. In many cases the cost for water
supply by the RWE will be lower than an alternative supply (commercial water truckers or payment
for use of well or irrigation water). For the current study we therefore assume a water demand of 70
l/c/d for ITS when access to water is improved, e.g. through a communal water point connected to
the network. A supply of 35 l/c/d is assumed for trucked water supply.
A large proportion of the Syrian refugees don’t live in ITS. “In total 71% of Syrian refugees live in
residential buildings (houses or apartments), while 12% live in non-residential structures (worksites,
garages and shops) and the remaining 17% dwell in informal tented settlements.” (Oxfam 2017). Out
of 232,190 Syrian refugees in the Bekaa Governorate, less than half (102,706) live in ITS. The other
refugees live in houses, substandard buildings (SSB) or substandard units (SSU). Those living in
houses are expected to have similar water demand as the local Lebanese population, while the water
demand in SSB and SSU may be more similar to ITS. In the current study we assumed that all Syrian
refugees not living in ITS have the same water demand as the Lebanese population, which is probably
an over-estimation. The water demand of the various population types is summarized in Table 3-2
(l/c/d = liter per capita per day)
Table 3-2 Assumed water demand per capita assumed for this study (l/c/d = liter per capita per day)

Population

Water demand
l/c/d
Lebanese
180
Syrian in ITS improved supply
70
Syrian in ITS trucked water supply
35
Syrian in house, SSB, SSU
180
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Continuity of supply
Water demand varies over the day, with maximum demands in mornings and evenings and minimal
demands during nights. In the Netherlands, with a continuous supply, this leads to a hourly maximum
demand of approximately 2.7 times the annual mean hourly demand. This is therefore the basis for
designing distribution systems. Variations at the water sources and production sites are balanced out
by clear water reservoir, resulting in approximately 1.5 peak factor for design. However in the
studied areas water supply is discontinuous, resulting in water supply only 2.75 to 4.75 times a week
(Oxfam 2017). Therefore each household has a private storage tank. As a consequence, all these
tanks start filling up at the same time when water supply starts. This puts enormous stress on the
water distribution system, leading to low pressures in the distribution system. About two days of
demand have to be supplied within a few hours, resulting in an estimated peak factor of 24, ten
times higher than in a continuous pressurized system. This requires either larger pipe diameters, or
leads to low or no pressure in most of the system, which is currently the case. People resolve the low
pressure by abstracting water from the network through pumps. This increases energy demand and
costs but also affects water quality since negative pressure in the system will create influx of
contamination.
Seasonal aspects
Water demand and availability varies with seasons. Water needs during the dry season are generally
higher and water availability lower. Seasonal workers affect the population according to where they
can find work, thus affecting total water demand. Oxfam 2017: “…. during the dry season when
Syrian ITS households use 30 percent more water each month than they do during the wet season.”.
Water availability is also affected by agricultural cycles. Please refer to the hydrogeological studies
(Elard 2016, 2017) and governance study (Oxfam 2017) for more discussion on competing water
uses such as agriculture.
3.2.6

Water quality requirements

Safe and wholesome water is a prerequisite for any community in order to thrive. WHO therefore
defines water standards for contaminations (or minimum levels for some parameters) that prevent
negative health outcomes in the Guidelines for Drinking Water Quality (WHO 2011). The Lebanese
Standards Institution (LIBNOR) has set values for the drinking water standard as shown in Table 3-3
(Libnor 1999).
Table 3-3 Lebanese water quality standards and results from JMP study (WHO 2017)

Parameters
E. coli or Thermotolerant
Coliform
Free Chlorine
Nitrate (NO3-)

Unit

Value Non-compliant at
tap
CFU/100ml 0*
53%

Non-compliant in
ITS
59%

mg/L
mg/L

92%
ND

0.2*
45*

93%
5%

The 2016 JMP monitoring campaign revealed that a high percentage of the drinking water is faecally
contaminated, indicated by the presence of E. coli in water samples (WHO 2017). 53% of the water at
the residence tap (point of distribution) is contaminated with E. coli, with 10% exceeding 100 E.
coli/100 ml indicating high risk. In ITS 59% of the water at the tap was contaminated, with 29%
indicating high risk. Although the level of contamination is higher in the ITS than in residences, both
are very high compared to levels in industrialized countries. In well-developed water supply systems
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in Europe, between 0.01% and 1% of samples are positive for E. coli, even in countries where water is
not chlorinated (e.g. the Netherlands).
In this section we discuss key issues of water quality. Water quality monitoring for all relevant
parameters isn’t feasible, and therefore often an indicator parameter is used, for example E. coli for
fecal contamination or a single pesticide to represent all pesticides. The relation between monitored
parameters and actual water safety will be discussed in the following sections. WHO distinguished
between microbial, chemical, radiological and acceptability aspects which will shortly be discussed.
Fecal contamination and E. coli as indicator
Drinking water can form a route of exposure for fecal pathogenic micro-organisms. Human and
animal feces (and sewage) can contain high levels, and only a small amount of contamination is
needed to cause a drinking water outbreak. E. coli is present in all feces, and its detection in drinking
water indicates that the water is fecally contaminated. This means that also pathogens may be
present in the water. However. E. coli isn’t very persistent in the environment and absence of E. coli
is not a guarantee that pathogens are also absent and the water is safe. E. coli is also easily killed by
free chlorine residual, whereas protozoa (Cryptosporidium and Giardia) and some viruses are less or
not at all affected by chlorine. Finding E. coli in chlorinated water is an indication of a large
contamination.
Therefore a risk based approach should be the basis of water supply risk management. By
systematically assessing the risks, implementing measures to reduce these risks (preferably multiple
barriers) and proper management provision of safe water can be achieved. E. coli monitoring should
only be seen as a verification of proper risk management, and not as a goal in itself. The high
percentage of detected E. coli in Lebanon (WHO 2017 JMP) is an indication that the microbial risks
aren’t sufficiently managed yet.
Chemical water quality
Chemical contaminants can be naturally present in water (e.g. Arsenic or Fluoride), can be introduced
by humans (e.g. through wastewater, pesticide use or industrial waste dumping) or can be a
consequence of the reaction between water and its environment (e.g. dissolving lead from piping).
Acute health effects from chemicals through drinking water are rare, as relatively high
concentrations are needed to reach an effective dose. On long term chemicals can have various
adverse health effects such as affecting skin, teeth or growth (arsenic, fluoride, pesticides) or cancer.
There are thousands of potential harmful chemicals, and every year new substances are developed
by industry. Most of these will not exceed target concentrations for lifetime exposure, but
monitoring for all potential substances is still costly, since advanced techniques are often needed.
There are no indications that arsenic or fluoride play a role in Lebanon. Some locations have high
nitrate levels, indicating impact from agriculture. Therefore the pesticides might also be an issue in
these areas, however this has not been studied. For the current study, pesticide and industrial
chemical contamination isn’t considered but a risk assessment is advised. The JMP recommends
replacement of asbestos and galvanized pipes, however it is unclear if there is a known impact of
these materials on water quality.
The government of Lebanon (GoL) requires 0.2 to 0.5 mg/l of free residual chlorine in the water. The
JMP (WHO 2017) showed that over 90% of the water in Lebanon contains less than 0.2 mg/l at the
point of distribution (see Table 3-3). Since chlorine decays over time, this may be due to long time
between chlorine dosing (at the source) and moment of use. It may also mean that water is
contaminated after chlorination, and the chlorine reacts with the organic materials in the
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contamination. In combination with the high percentage of detected E. coli, it shows that the current
chlorination practice is insufficient to guarantee water safety.
Radiological contamination
There has been no mention of radiological contamination of water in Lebanon. This is therefore
excluded from this study.
Acceptability aspects
Acceptability aspects are water quality as it is perceived by the end user and have no health effect.
Main parameters are turbidity, color, odor and taste. Turbidity was monitored in the JMP and largely
complied with the WHO guideline of 5 NTU (WHO 2017). Consumers complain about the taste and
odor caused by chlorination (mostly by-products from reaction with organics). Bottled water is used
for tea and cooking, and in some ITS water is kept in large bottles for some days to allow the chlorine
to disappear, improving the taste. Note that poor acceptability of provided safe water can drive
people to use unsafe, but more attractive water sources such as springs.
Drinking water versus domestic water
Water is used for various purposes, and only 1 to 5 liters is actually used for drinking. Preferably all
the water used around the house is of drinking water quality, so that accidental misuse or exposure
doesn’t lead to health effects. Water of lower quality may be used when insufficient drinking water is
available. This is common practice in ITS where water from (illegal) wells, springs or surface water are
used for domestic purposes. There are no set water quality guidelines for this type of water, but
waters with >100 E. coli should be avoided.

Figure 3-6 Water from a local well, only used for domestic applications
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Water quality monitoring
Water quality monitoring is part of safe water management. The JMP report (WHO 2017) states:
“MoPH have equipped laboratories to test bottled water (as per their regulatory authority) with
trained technicians. Focus by MoPH is on testing for water (and food) related diseases, which are
published on their epidemiological website. There are no laboratories in Lebanon, either private or
public, able to test for viruses found in water.” And “The WE’s each have equipped laboratories able
to test water quality for key drinking water parameters and have trained lab technicians. Water
samples are regularly tested on an ad-hoc basis from water sources (i.e. public wells and springs),
often in response to a registered complaint about quality. Data is generally not well archived nor
shared in response to requests from external stakeholders seeking information about water quality.”
The NGO’s and ITS water committee’s perform water quality analysis of the trucked water. Both the
abstracted water used to fill the trucks and the water from the trucks at the point of delivery is
tested for free chlorine, nitrate, nitrite and E. coli regularly using field equipment or a field laboratory
at an NGO office.
In this study we have not come across a national water quality monitoring program. The JMP results
(WHO 2017) and the hydrogeological studies (Elard 2016, 2017) formed the basis for the discussion
of the water quality in this chapter.
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4

METHODOLOGY AND ASSUMPTIONS OF THE STUDY

4.1

Vision on safe, sufficient water supply in Lebanese and ITS context
The information in Chapter 3 makes clear that the water quantity and quality issues are closely
related. The measures in this study aim to provide sufficient safe water on the short and long term.
WHO suggests a pro-active risk based approach from catchment to cup for providing safe drinking
water in Lebanon to both the Lebanese and ITS population. The Water Safety Plan approach is
promoted by WHO for this purpose and is extensively described in the WSP manual (WHO, 2011). In
this paragraph we briefly discuss relevant aspects for the context of this study for both the water
supply system and the ITS water supply. This forms the basis for the approach of the study and the
suggested measures.

4.1.1

Source

Groundwater from wells or springs is the main source of water in the studied areas (Elard 2016,
2017). In general, groundwater can be a clean, safe water source, since this is infiltrated rainwater
which is purified as it travels through the soil for several up to thousands of years. However for
Lebanon the JMP (WHO 2017) states: “The high permeability due to geological features, such as
existing faults and sink holes results in more than 80 percent of the Lebanese territory considered as
“vulnerable” and “very vulnerable” to water related contamination.” Currently wells are evaluated
based on E. coli and nitrate analysis. However these analysis only provide a snapshot of the quality in
time. Especially the karstic aquifers can be affected by short impacts like leaking septic tanks, high
contamination due to grazing livestock and/or heavy rainfall events. Therefore the area within at
least 60 days travel time around the well should be kept free of contamination. Deeper wells, in
sandy aquifers which are covered by an impermeable clay layer would be preferred. The RWE can
incorporate sanitary inspections and negotiate groundwater protection zones around aquifers.
Sanitary inspections can also be performed by water committees supported by NGOs for local wells
used for ITS, preferably in cooperation with the landlord or well owner. This promotes awareness in
the community to prevent water contamination.
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Figure 4-1 Filling station for water trucks, with protected groundwater well

4.1.2

Treatment

If an unsafe water source is used, sufficient treatment is needed to make the drinking water safe.
Chlorination is a commonly applied step both for water entering the distribution system and for
trucked water. When properly performed and controlled, chlorination will kill most pathogenic
bacteria and viruses, however pathogenic protozoa such as Cryptosporidium and Giardia are not
affected by chlorine. A filtration step can remove these persistent pathogens and also the pathogenic
bacteria and viruses. Membrane filtration with sufficiently small pores, such as ultrafiltration or
reverse osmosis, can remove virtually all pathogenic microorganisms. Media filtration such as rapid
sand filtration or slow sand filtration only partially remove pathogens when properly operated.
A combination of filtration and chlorination provides a multiple barrier system, which significantly
increases the safety of the produced water.
In the Lebanese context, the water is likely to be contaminated during piped distribution, secondary
distribution and household storage, as explained below. Treatment at the point of entry to the ITS or
at the household level could be considered to deal with these recontaminations.
Some NGO’s have implemented point of entry treatment of local well water based on membrane
filtration (for example the Sky Hydrant® and Village Pump® systems). After a year of operation of the
Sky Hydrant®, they have had good experiences and are implementing them at other ITS too. Given
the high level of contamination of the water at the point of supply reported in the JMP (WHO 2017),
such treatment could be considered also for water from the supply network. Note that there are
many different suppliers of these systems and not all may be as effective or robust. Also these
systems need adequate operation and sufficient maintenance to function properly. It is essential that
NGOs share their experiences, both good and bad, to find out what works in the field. UNICEF could
provide a platform for that, potentially worldwide.
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Point of entry treatment is not effective against recontamination during secondary transport from
the standpipe or reservoir in the ITS to the tent. Household water treatment systems (HWTS) treat
the water at point of use and are often combined with safe storage in order to prevent
recontamination. WHO has an ongoing testing program to assess how effective the various available
systems are in removing pathogens (WHO 2016). During interviews it was mentioned that some
HWTS have been tested, but were not popular for various reasons. However, the HWTS have
developed rapidly over the last years, also focusing more on ease of use and robustness. Providing
HWTS to ITS could be considered especially when water borne diseases are frequent or there is an
outbreak.
4.1.3

Distribution and storage (network and reservoirs)

Safe distribution and storage should protect water in the water supply system against contamination
from outside. Physical and hydraulic integrity are essential to meet this requirement. Physical
integrity means that the physical infrastructure should be intact and seal the water from the
environment. Drinking water reservoirs need to be covered and not leak. Ventilation points should
be protected from animals entering the reservoir. Distribution pipes shouldn’t leak, however
unfortunately the leakage rate is high in the current systems, with 40% to 70% of leakage mentioned
during interviews. These leaks provide an entry point for contaminants when the distribution system
isn’t pressurized. Hydraulic integrity means that distribution pipelines should always be pressurized,
24/7. Thus water will flow out through leaks, preventing contamination to enter the system.
Safe water supply can only be reached by reducing leakage and continuous pressure in the system, or
post treatment at point of entry or point of use (HWTS).
4.1.4

Secondary distribution and in-house storage

Collecting the water at a communal water point, transporting it to the home and home storage are
all known risks of contamination. Proper hygiene education is paramount to prevent this
contamination. In addition the technological requirements need to be in place such as sufficient
fencing to keep away animals (and children) and drainage of excess water (concrete slab). Closed
vessels for transportation and household storage that can be cleaned need to be provided. Water in
the home should be tapped from the storage and not scooped out. Household water treatment with
integrated storage provides a barrier against (re)contaminated water close to the point of use or cup.
4.1.5

Water trucking

Water truckers need to keep trucks clean, and dedicate them to drinking water transport. Only water
from a safe source should be used to fill or clean the tank. Adding chlorine before transportation
provides some protection against contamination that may have entered during filling of the truck. It
also provides some residual protection against contamination during filling of ITS tanks and
subsequent storage and secondary transport. However, chlorine levels decrease rapidly under hot
weather conditions, especially when organics enter the water with the contamination and quickly
use up all the free chlorine. Therefore prevention of contamination is paramount, even when
chlorination takes place.
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4.1.6

Point of entry water treatment

Point of entry treatment is a decentralized form of treatment that takes place where the water
enters the ITS, either through a network or water truck or local well/borehole.. This treatment should
provide one or more barriers against pathogenic microorganisms. So far NGO’s have used membrane
based systems in the ITS which can provide highly protective barriers. The advantage of a point of
entry system over a household treatment system is that the scale is larger, and therefore the cost per
cubic meter of treated water is substantially lower. It can be operated by the ITS water committee
that can build experience and expertise with the technology, as opposed to a household leader who
has many other tasks at hand and little time available to learn about water treatment and
consistently apply it. A disadvantage of point of entry water treatment is that water can be
recontaminated during secondary transport to the individual tent and local storage.

Figure 4-2 Point of entry (POE) treatment system at an ITS
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4.1.7

Household water treatment

Household water treatment (HWT) is a small, user friendly system designed to be used by untrained
individuals without technical skills. Many different technologies are used in various formats.
Therefore the level of barrier against pathogenic microorganisms varies greatly between systems, as
do the costs, ease of use, safety and robustness. WHO has initiated a testing program to objectively
assess the efficacy of these systems against various pathogens (WHO 2011). The first round of testing
has shown that only a few systems provide a high level of protection (WHO 2016). More technologies
are being tested each year. A good HWT combines treatment with safe storage, to prevent
contamination after the water has been treated. Thus HWT can provide protection at the point of
use or cup. Disadvantage of HWT is the relatively high cost per cubic meter, the potential for wrong
operation, the lack of incentive to use the system (well documented in various studies) and the
logistics needed for replacement and spare parts.

Figure 4-3 Household water treatment systems are tested according to WHO requirements to assess their level of
protection

4.1.8

Water quality Monitoring

Water quality monitoring is essential to verify that barriers against pathogens are effective. E. coli
testing provides some information about the safety of the water. However, testing for E. coli requires
specific materials and some training. Also the costs are significant, at least $10 per test. The current
role of the NGO’s in testing water seems to be a good approach to identify water sources with a
relatively high risk. In order to actually assess the risk, the pathogens themselves should be
monitored in water sources. However, currently there is not even laboratory capacity to test for
viruses, Cryptosporidium and Giardia. In addition these tests are expensive, even when the
laboratory capacity is available. It is recommended to perform a scoping study using external water
labs to assess the presence of pathogens in the various water sources in Lebanon in order to perform
risk assessment and then target risk management towards the highest health risks.
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4.2

Applied methodology
Although the goal of the study is to identify solutions for more effective water supply to ITS, this
cannot be addressed separately from the water supply to the communities. Water supply through
a network is more economic and safer than water supply through water trucking or private wells.
In this study we build on initiatives and plans to improve the centralized water supply in Lebanon.
By providing the ITS with water from the centralized system, the revenues for the RWE will increase,
allowing an increase of service level. It also prevents drainage of scarce funds towards the water
truckers.
Providing water to the ITS from the public water supply is only feasible if this system has sufficient
capacity to provide the total water demand, so that no negative impact on the water supply to the
Lebanese population will occur. Both the source capacity, storage capacity and network
transportation capacity must be sufficient. Although the current study applies general assumptions
about water needs and availability, there is also an aspect of social acceptance by the local
community which may allow connections even when not all conditions are met. Since ITS s are nonpermanent the connection to the network can be non-permanent. A non-permanent communal
water point is therefore a satisfactory solution to provide the ITS with water from the network. By
metering the water supply to the ITS, the amount of water used can be monitored. Programs to
promote water saving can be implemented by the NGOs to avoid over-use of the resource. The
suggested program for ITS can be a driver to increase the speed of rehabilitation of water supply
systems that currently have insufficient capacity. It is expected that in time the Syrian population will
decrease, thus allowing the expected growth of the Lebanese water demand.
In the study we present the methodology to identify the optimal solution for each ITS. The data
availability limits the extent to which the method can be applied. We therefore focus on cases where
sufficient data on the water supply system has been made available. The methodology considers four
scenarios of ITS water supply, similar those recommended by Oxfam (2017).
Scenario 1a is the preferred scenario to supply the ITS from the public water supply network
operated by a RWE through a communal water point. This is a possible alternative when the
following criteria are met:
 Sufficient water resources are connected to the network for both residential population and ITS.
 Pumping, storage and transportation capacity are sufficient
 Leakage rate is acceptable (preferably <10%)
 Water sources are protected so that chlorination is sufficient treatment from a health perspective
(RA/RM approach)
 A tariff is paid to the water supply operator to generate revenues for the water used
Scenario 1b is similar to 1a but rehabilitation of part of the water supply system is needed to meet
these requirements. These can be minor or major rehabilitations, for example
 Placing a generator to increase the operation time of a well if the well capacity is sufficient, but
power supply limits the daily yield.
 Equipping wells with new pumps, power supply or electronics
 Placing chlorinators
 Restoring reservoirs
 Replacing pumps
 Reducing leakage
 Building new infrastructure (wells, pumps, reservoirs, pipes)
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Scenario 2 is to connect to a public water supply network managed by the Municipality or Water
Committee. Further this scenario is identical to Scenario 1.
Scenario 3 is applied if Scenario 1 or 2 is not possible or is not cost effective. Drinking water is
provided through a local well/spring and point of entry treatment (POE)may be implemented:
 Water is supplied from a licensed local well or spring of sufficient quality (domestic) and quantity
 A POE water treatment system is implemented if there are doubts about the safety of the well
water. In the cost-benefit analysis we always assumed POE treatment was needed.
 Costs for connecting pipe from the well to the ITS and central storage are included in the costbenefit analysis
 The well, piping and Point of Entry (POE) treatment is implemented and maintained by the RWE
in close cooperation with the NGOs
 Daily operation of the system by the ITS water committee
 A tariff is paid to the RWE to generate revenues for the water used
 Many local wells are not registered, therefore not all ITS can be identified from the current data.
Local investigation or NGO registers may be needed to identify suitable wells. This should also
consider well ownership
Scenario 4, providing water by water trucks, is suggested if Scenarios 1, 2 and 3 are not feasible.
 In some cases water trucking will be the only feasible option of water supply, both physically and
financially.
 Putting water trucking in the hands of the RWE, could improve source, quality and price
management and in addition generate revenues for the RWE.
 However there appear to be some barriers before this can be implemented, therefore the current
approach of water trucking was assumed in the cost-benefit analysis
 The time span will impact the cost-benefit analysis, a longer evaluation time will favor Scenario’s
1, 2 and 3 as longer continuation of water trucking would increase costs.
The time span for the cost benefit analysis was set to two years, since future developments are
uncertain even on such a short term. The case studies in this study show that even on such a short
term, the benefits outweigh the costs of investments in many cases. The same methodology can be
applied for longer time periods. Return on investments for water supply will increase when the
applied time span is increased.
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The methodology for the identification of the most appropriate solution for each ITS consists of the
following steps:
1. Determine water availability and demand at water supply network scale
2. Determine distance of the ITS to the closest network
3. Estimate cost for connecting the ITS based on
o Length of temporary connecting pipe
o Realization of communal water point with water meter
o Placement of a generator at the network water source if needed
o Tariff for the water supply
4. If the cost for connecting the ITS is less than the cost for 2 years water trucking (based on population)
then Scenario 1/2 of connecting the ITS to the public network is chosen
5. Otherwise, if there is a well within 100 m of the ITS,
o Costs for using the local well with treatment is calculated
o If costs are less than 2 years of water trucking, this Scenario 3 is chosen
6. Otherwise, water trucking is continued and its costs are calculated (Scenario 4)
7. The costs for the optimal combination of scenarios for all ITS in the studied area are summed and
compared to the current costs of water trucking.
8. The total revenue for the RWE from the connected ITS is calculated
Thus for each ITS the optimal way of supplying water is estimated. Fuel costs for the generator have
not been included since energy requirements depend on many local factors such as groundwater
depth, operating hours, elevations and head loss in the network. We suggest to only connect to
networks in good or reasonable condition to prevent excess water loss through leakage. Since the
(three-)daily water demand would be supplied over a longer time period (preferably 24 hours), the
peak water demand would be lower than current. This puts less stress on the network and we
assume that the network capacity will be sufficient to provide the additional demand. Costs
estimation for water supply rehabilitation are discussed in this study to provide an indication of the
required investment and compare this to continued water trucking. However the actual need for
rehabilitation and related costs can only be determined by an assessment in the field.
Water treatment at the household level could be an alternative for small ITS where a well is
available, but costs for a POE treatment is too high. However this level of detail is beyond the scope
of this study, as detailed data on these ITS and the local costs of HWTS are not available

4.2.1

Water availability and demand per supply area

The available water quantity per day is estimated based on the existing groundwater wells connected
to the network considering:
 The reported water discharge rate including the reported operation hours
 The sustainable abstraction capacity (based on hydrogeological studies)
 We assume all wells are protected against contamination (no data available)
 The maximum water availability is estimated assuming 24/7 operation
The daily extraction rates of 2016 were reported in Elard (2016, 2017) based on BWE/NLWE data.
These are based on a limited amount of operational hours per day (4-12 hours). For the current
study we assume that placing a generator will allow the wells to be operational for 24 hours 7 days a
week. In practice there might be some limitations for this, but for the scope of the study this
approach is sufficient to assess the potential improvements and benefits. This way the use of existing
infrastructure and equipment is maximized, reducing the cost of investment in new wells.
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We assume that the drinking water reservoir capacity of the system is sufficient to balance out
day/night variations in demand.
The Elard hydrogeological studies (Elard 2016, 2017) show that groundwater as a resource is under
pressure and that aquifers in Lebanon are being depleted. The lower groundwater levels reported,
wells that stop giving water and the reported salinization in the coastal aquifers are all indicators that
groundwater extraction is larger than natural recharge. For the long term this should be a major
concern for all Lebanese water establishments. Groundwater should be preserved and protected as a
drinking water resource. Other studies have pointed out that agriculture is the main cause of overabstraction of groundwater (Elard 2016, 2017, Oxfam 2017).
We therefore suggest to focus on limiting those abstractions in order to reach sustainable
groundwater management. From the water supply side, minimizing leakage through network
rehabilitation and promoting water saving measures both with the residential and ITS population
are recommended in order not to waste precious groundwater.
The current approach relies on clean, safe groundwater with only chlorine as a barrier against
pathogenic microorganisms and no treatment for chemical contaminations. This requires good
protection of the water abstraction zones, especially in karstic areas. In order to determine if wells
are sufficiently protected, a site specific risk assessment would be required. This would include:
- The depth of the well
- Protecting layers and soil composition
- Well construction and protection
- Vicinity of contaminating activities
- Water quality monitoring
4.2.2

Water demand per supply area, including losses

Logical water supply areas were defined based on the GIS data on water supply systems and the
cadastral boundaries, but for follow up studies, should be defined by the network operator. The
water demand per area was based on the water quantity demand as discussed in 3.2.5 (Table 3-2)
and the number of people living in the water supply area based on the spatial data on Lebanese
population, Syrian refugees in the area and Syrian refugees in ITS. No spatial data on water
demanding industries or other activities was available, however these demands were included in the
per capita use based on USAID (2015) presented in Table 3-2.
4.2.3

Selection of ITS

The ITS assessment was performed for all ‘Active’ ITS that receive water by trucking according to the
IAMP 40 assessment (UNICEF 2017). Small ITS of less than four tents were not included since their
continuation is less certain and conditions are very specific. Due to the low population and thus
water demand in small camps, the costs for a communal water point will generally exceed savings
from discontinuing water trucking. Therefore they won’t affect the study conclusions. When a site
assessment is performed for implementation, connecting these small ITS can be evaluated on a case
to case basis.
When assigning ITS to a WSS the cadaster boundaries are used for a first estimate of the water
demand and availability. In the second cycle the distance from each ITS to the closest distribution
pipeline is determined. The cost for implementing a communal water point per ITS and payment of
two years of water tariff is plotted against the % of ITS population served. This provides an indication
of the costs for connecting all or a percentage of the ITS. This is compared to costs for two years of
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water trucking to individual ITS, based on the per capita demand and the number of inhabitants in an
ITS. If these costs exceeded the costs for connecting the ITS, the ITS was selected for connecting to
the network. We didn’t consider if any excluded ITS were close to a supply system in a different
cadaster and could be connected to that system.
For the remaining ITS, the presence of a registered public or private well in the vicinity (100m) was
assessed based on GIS data. If a well was available, the costs for connecting to the ITS and installing a
POE treatment was calculated. If these costs were less than two years of water trucking to this ITS,
then local source and treatment was selected. The identification of a suitable source actually requires
a site specific study, since local opportunities are not reliably available in databases and the
feasibility depends on social factors such as the well- and land owners position. The current desk
study was performed to obtain a rough estimate of potential solutions based on the available
(unreliable) data without considering the social factors.
For the remaining ITS it was assumed that water trucking needs to be continued and the costs for
this are estimated.
The active ITS that currently obtain water from a well or spring according to the IAMP 40 assessment
are likely to use other water sources for drinking water (UNICEF 2017). By treating the well water
through a POE system, it can be used for drinking. This would save expenses for potable water. The
costs for POE realization in these systems was estimated as an indication of its potential. For small
ITS with less than 4 tents HWTS could be considered as a more economic way to obtain potable
water. However this level of detail is beyond the scope of this study.
This assessment provides an overview of the potential cost savings by reducing water trucking, taking
into account the investments needed to build communal water points and the tariff for the water. It
also provides an estimate of the potential revenue for the WE. This information can be used by the
various stakeholders to negotiate who will bear which costs or receive the revenues.
4.3

Cost estimation and comparison

4.3.1

Rehabilitating water supply infrastructure

We suggest to start with public water systems that have sufficient capacity. However, for the current
study little information was available about the actual capacity and condition of the public drinking
water network. Although the costs for rehabilitation of water supply network are not included in the
cost-benefit evaluation for the ITS solutions, we have summarized the available cost information as
an indication of the magnitude of investments IF rehabilitation is needed. The overview of UNICEF
water projects 2014 onwards contains the costs and number of beneficiaries (Lebanese and Syrian)
for 190 projects. We assigned the main activity to each post (e.g. network, transport pipe,
chlorinator) and summarized the costs. Thus we arrived at the cost overview presented in paragraph
3.2.2 with the unit costs in Table 3-1 and the network rehabilitation costs per beneficiary in Figure
3-4. Although this is a very rough estimate and actual costs for a specific system can only be assessed
through a site-specific assessment, this approach provides insight in the magnitude of cost
rehabilitation of systems. Other studies have looked in more detail at the site-specific costs for
network rehabilitation (USAID 2015) and optimization of systems.
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4.3.2

Communal water point at ITS

The goal of the cost-benefit analysis is to compare costs for continued water trucking to the cost of
alternative solutions, in this case a communal water point per ITS supplied from the drinking water
network. A time horizon of two years was chosen, since the ITS are temporary and refugees are
expected to return to Syria when the crisis there is over. The cost-benefit analysis for the study areas
will show that costs generally can be recovered in this short time frame. The methodology can also
be applied for shorter or longer time frames.
In this study the cost of the pipe connecting the communal water point to the network is an
important factor. The cost information we received varied strongly. Oxfam standard cost for placing
network piping add up to $22.50 to $53 per meter total costs excluding valves etc. Solidarites
mentioned the cost for 200m of pipeline to connect a communal water point in an ITS to the network
were USD 500.-, which equals in $2.50 per meter. This highlights the difference in cost between a
temporary pipe and permanent network construction. In our cost benefit analysis we applied a
conservative estimate of $22.50 per meter to allow for local challenges and some additional costs
including valves.
Table 4-1 Cost calculation basis for realization of a communal water point in an ITS connected to the network and
average cost per ITS for one and two years of supply

Investments
Water demand ITS
Connecting pipe
Water meter in box
Communal water point
Annual costs
Tariff connection
Tariff additional water use
Tariff ITS (<70 l/c/d)
Example for average ITS
Capita/tent (average)
Water demand per tent (average)
Average capita per ITS
Average water demand per ITS
Actual average water cost

4.3.3

Basis

Unit

1 year 2 years Unit
0
0
25.55 51.1
m3

70
$22.50
$47
$1,250

l/c/d
/m
/ITS
/ITS

$162
$1.47
0.44

/ITS/y
/m3
$/m3

5.6
392
60
4,200

c
l/tent/d 143
c
l/ITS/d 1,533
$1.23

Comments

distance to network *130%
one water meter per ITS

$162 $324
$/ITS
$1,717 $3,434 $/ITS
680
1,361 $

up to 1 m3/d = 365 m3/y
ITS at standard tariff
ITS proposed tariff
average family size in ITS

286

m3/tent

3,066
$1.23

m3/ITS
/m3

ITS at standard tariff

Local well + point of entry treatment

A rough cost estimation for developing a water supply system for a single or group of ITS using a local
protected well and a point of entry treatment system is made based on general assumptions. The
costs of implementing this system goes up in steps since the number of equipment mostly
determines the cost and not the dimensions. As can be seen in Table 4-2 the cost of this solution isn’t
driven by the treatment technology. Cost components for well construction and equipping strongly
depend on the local situation and it is expected that these are too high to make this solution feasible.
Therefore we only consider this solution when an existing local (private) well is available.
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We based the cost estimation on the information provided by Solidarités International for the
systems they have used. There are many other system providers and therefore costs can vary, this
should therefore be considered one example. Alternative systems would need to be checked for
efficacy, robustness, ease of use etc. and not be chosen on a cost basis only. The cost of the skyHydrant filter is 1550 $. The cost of installation will be different from one site to the other and is
assumed to be 1250 $. The smallest capacity of this system is 6,000 liters per day which would serve
85 people at 70 l/c/d which is more than the average size of an ITS. Table 4-2 shows the estimated
investment costs for such a POE system. It also provides an indication of the costs for an average ITS.
Solidarités International also tested an alternative POE system, the Villagepump, which is fed by
pumping by hand instead of a high and low reservoir. The cost of that filter is $4.700 and $600 for
installation. Capacity is 8 liters per minute and thus potentially 11.500 liters per day. However, since
the system is driven by hand, like a groundwater pump, it is more realistic to assume 6 hours of hand
pumping per day, resulting in 2,880 liters per day. This indicates how costs and specifications can
differ between systems. This system has not been included in the cost-benefit analysis since this is
the first time it is implemented in Lebanon and at this moment is appears to be more costly.
Table 4-2 Cost estimate ITS local water source and treatment

Based on existing well
Piping well to ITS
Untreated (high) tank
Treated (low) tank
Sky-hydrant system
Installation
Total
Fuel/energy cost
Water demand ITS improved supply
Average capita per ITS
Average water demand per ITS
Average investment per m3
4.3.4

Cost
PM
2,250
150
150
1,550
1,250
5,100
PM
70
60
1,533
3

Unit

Comments

$
$/ITS
$/ITS
$/85c
$
$
$/y
l/c/d
persons
m3/y
$/m3/y

100m
1000l
1000l
Per 15 tents approx.
investment
Operational cost

investment

Water trucking

Paragraph 3.2.3 already discussed that price per m3 of water trucking varies due to local
circumstances. As more ITS are supplied through a communal water point from the network, the
remaining ITS to be supplied will be more remote and further apart. This will increase the distance
travelled and time needed per supply and thus increase the price of water trucking. However there
will also be more competition between water truckers. Therefore the estimated price in the costbenefit analysis is at the upper end of the current water price of $6.00 per m3.
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4.3.5

Tariff and revenue for RWE

The water tariff can have a large impact on the cost-benefit analysis. In our meeting with NLWE the
tariff for ITS with a communal water point wasn’t discussed, therefore we base the tariff on BWE
numbers. For house connections BWE applies a flat rate of $ 162/y for a connection with a maximum
consumption of 1 m3/d, so 365 m3/y. Any excess use is charged at a tariff of $1.47/m3. This way
water saving is promoted as the basic water need is very affordable but excessive water use becomes
more expensive. Assuming a household of 5 persons, each person could use 200 l/d. If the same tariff
structure is applied to an ITS-connection, the amount paid per capita is much higher than for a
person in a household. This is caused by the fact that the total water use in an ITS will exceed 1 m3/d
since many more people will use the same connection.
Table 4-1 illustrates this for an average sized ITS, but this effect will vary with the ITS size. The
standard tariff structure would put a higher financial burden on the vulnerable ITS population than
on the Lebanese residents. However, the water use per capita is already limited in the ITS, and
therefore the charge for excess water use would be inappropriate. For the cost-benefit analysis a
more fair tariff of $0.44 /m3 is used based on the flat rate of $162 and 365 m3/y.
Table 4-1 provides an overview of the cost basis for the cost-benefit analyses. Oxfam (2017)
discusses the tariff, the affordability and the willingness to pay for water supply in detail. Although
the proposed fair tariff was used in costs calculations in the current study, this does not implicate
that this tariff is the most desirable.

4.4

Need for site specific field assessment
Selecting the most appropriate scenario for each ITS is a complex task. Technical, financial, social,
governance and logistic aspects all play a role and may be site specific. The current study provides
a methodology and examples to select the optimal solution for each individual ITS with regard to
technical and financial aspects based on the available data. This provides insight in the potential
savings, benefits and costs for the various stakeholder. This provides decision support for
prioritization and discussions with stakeholders within specific regions or locations. These
discussions should also include governance, social and economic aspects which are addressed
extensively in the Oxfam report (Oxfam 2017). In order to implement the suggested adaptations in
this study, a site specific field assessment is needed to identify local challenges and options.
Tender document can then be developed based on the site visit.
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5

BEKAA VALLEY STUDY
The Bekaa Valley is the agricultural area of Lebanon where a large number of Syrian refugees found
shelter because they used to work in the Bekaa valley as seasonal workers. In the Bekaa valley the
Bekaa Water Establishment is responsible for drinking water distribution whereas the Litani River
Authority is responsible for surface water and irrigation. The BWE is an active and pro-active
organization that searches support for example from UNICEF or the Dutch support project with the
Dutch water authority “Waternet”. The BWE is responsible for multiple water distribution networks.

5.1

Caza level assessment Zahle
The study area Zahle caza in the Bekaa valley area was selected because of the presence of sufficient
data to perform the analysis both on large scale as the small-scale network connections and because
the area is a priority for MoEW and for UNICEF.

Figure 5-1 location of Zahle caza and its cadasters

The BWE has several networks within Zahle caza. The status from the networks varies from bad to
good. There is detailed information from the cadasters Qab Elias and Barr Elias which makes those
suitable for further analysis. In these cadasters the potential for connection is high since the capacity
of the network is relatively good.
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Figure 5-2: water distribution networks from BWE in Zahle Caza

5.1.1

Introduction

For the assessment of water supply to ITS through a communal water point we considered the water
supply and demand, and the costs of a communal water point versus costs of water trucking. The
assessment is based on the assumptions and numbers in tables 3-1 and 3-2 for supply and demand
and the costs mentioned in 4.3.
There is some uncertainty about the numbers reported since part of the well extraction rates are
based on averages. This study did not perform a check on the data of public well extractions nor on
the numbers of the hydrogeological study.
5.1.2

System assessment

Water supply and resources
Water resources in Zahle caza are mainly public wells and springs. There are quite a lot of licensed
private wells and according to the geohydrological study about three times as many unlicensed
private wells. The hydrogeological study of Elard (2017) provides data of the well extraction rates.
Water demand
The water demand based on population and the assumptions in Chapter 4 are given Table 5-1. In
Figure 5-3 the numbers from Table 5-1 are represented graphical. This shows the relative small
amount of water demand from the ITS compared to the other groups in this area.
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Figure 5-3: population(orange) and water demand (blue) for Zahle caza

A spatial distribution of water demand per cadaster is given in Figure 5-4. The high water demand in
Barr Elias and Qab Elias are explained by the high number of both Lebanese population and non ITS
Syrian refugees. These cadasters are studied in detail in paragraph 5.2 and 5.3.

Qab Elias

Bar Elias

Figure 5-4: Water demand per cadaster in Zahle caza
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Potential of connecting all ITS
The potential of connecting ITS on caza scale is performed with a GIS analysis to determine the
distance between ITS and the nearest drinking water network. This will provide insight in the
potential for connecting ITS to the network considering the assumptions in the previous chapters
The distance from ITS to network is calculated to be between 1 m and 2934 m for the 471 (active) ITS
locations in the database where water supply is through water trucking. A total distance of 324,284
m is calculated. The cumulative costs are graphically presented below. The costs include connecting
pipe, water meter, communal point and estimated water supply tariff over two years.

Figure 5-5: Cumulative costs for connecting all ITS in Zahle caza (blue), the lines give cumulative costs of water trucking
for 1 year (orange) and 2 years (grey)

If we look at connection costs versus water trucking for the individual ITS the results are presented
in Figure 5-6. Here the ITS locations are ordered by length of pipe to connect the communal water
point to the network (324248m in total). Since the costs for two years water supply depend on
population, the ranking of total costs per ITS differs from the ranking by pipe length. For the locations
where the orange bar is below the blue bar the costs for two years of water trucking are lower than
investing in a communal water point.

Figure 5-6: costs of connection vs costs of water trucking over a two year period
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Table 5-1 Summary of Zahle casa level cost-benefit analysis

Area name

Zahle caza

Water demand

pop.

design
demand
3

m /d
Lebanese

182,269

32,808

Syrian housed

161,644

29,096

Syrian ITS

76,354

5,345

safe yield

67,249
current
operation

current
yield

h/d

m /d

m /24h

51,346

-

Total demand for design
Water availability

3

m /h
Source capacity
Licensed private wells

1579 wells average 66
3
m /day

Unlicensed wells

4500 wells

Springs

3

potential
yield
3

99,000
not
included
not
included

ITS supply

number

tents

population

Costs

Current ITS situation

#
603

#
69,363

$/2 years

Total ITS (Active)

#
11,962

ITS currently trucking (Active)
ITS currently borehole/spring
(Active)

459

9,879

57,719

$9,585,683

118

1,721

9,621

PM

ITS currently water network

23

338

1,913

$39,539

ITS currently other

3

24

110

PM

Changes to ITS situation

number

tents

population

investment

operation

ITS add to network
ITS treatment of borehole
water

271

7,393

44,223

$1,851,436

$ 995,164

118

1,721

9,621

$601,800

PM

ITS remain water trucking

234

-

20,649

$-

$ 3,165,492

$2,453,236

$ 4,160,656

Total ITS costs
Total ITS revenue for WE

Lebanon, water supply informal settlements, May 2018
- 42 -

$ 995,164

5.1.3

Discussion

At caza scale (Figure 5-5) the costs for the realization of communal water points in more than 90% of
the ITS and two years of water supply are lower than the costs of two years of water trucking.
However, evaluating the cost-benefit per ITS provides insight in which investments are cost efficient.
When looking at an individual ITS scale in Figure 5-6 it can be concluded that for 271 ITS out of 471
realization of a communal water point an providing water from the drinking water network the ITS to
network is economically more feasible than water trucking within a planning period of two years.
The number of beneficiaries in those 271 ITS is 44,223 people. The cost for water supply of these ITS
would be reduced from $6.7 million to $4.1 million, thus saving approximately $2.6 million. Each
following year approximately $2.6 million will be saved, although this will gradually decrease as
refugees return to Syria and ITS are abandoned.
In addition, the total revenue for BWE based on one water meter per ITS and the water demand as
explained in paragraph 0 will increase by $1.0 million over two years. This provides resources to
further improve the water supply system and increase the service level for the Lebanese people on
the long term.
Since the communal water point provides sufficient water for all needs, ITS families no longer need
to buy water from other sources. Assuming that a family spends $150 per year on buying safe water,
they would save $1.95 million in two years by only using water from the communal water point.
The estimated costs for POE treatment of water from currently used wells and springs are $0.61
million. At this level of assessment it is unclear if such treatment is actually needed, or if the wells are
safe for drinking without treatment. Assuming that a family spends $150 per year on buying safe
potable water (Oxfam 2017), they would save $0.52 million in two years by drinking POE treated
water. Thus in the third year the investment in POE would be paid off, resulting in future savings.
POE treatment could also provide a solution for a proportion of the ITS that are now classified as
“continue water trucking”. However this also requires a site specific assessment for the availability of
public or private wells as a source of supply.
The 855 small ITS of less than 4 tents were not included in this assessment since their use is highly
variable. Investing in improved water supply therefore runs a high risk of becoming obsolete on short
term. Their scale is too small for efficient POE treatment, but HWTS could be considered to improve
water quality in these ITS. Due to the various circumstances in practice, these evaluations can best be
done by NGOs in the field.
On a caza level the used GIS analysis gives insight in the potential of communal water supply for ITS
in the region. However the scale of the analysis is to coarse to define actual projects. The straight
distance between an ITS and the network provides an indication on a caza scale but actual terrain
conditions determine the distance in reality.
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5.2

Supply system level assessment Barr Elias

5.2.1

Introduction

Barr Elias is a rather densely populated area. The water supply system is described in “The Water
supply and wastewater systems master plan for the BWE” (USAID 2015).

Figure 5-7: Cadaster Barr Elias with water distribution network and ITS locations
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5.2.2

System assessment

Water demand
The water demand in Table 5-2 was based on the population data available in this study and the
assumptions in paragraph 3.2.5 The supply area of Chamsine system is larger than the municipality of
Bar Elias. It includes at least 17 other municipalities ( Marj BG, Raouda (Istabel), Aanjar (Haouch
Moussa), Harimé Es-SoughraOuaqf BG, Jazira BGMajdel Aanjar, Haouch El-HarimeKhiara El-Aatiqa,
Dakoué, Khiara, Souairi, Ghazzé, Soltan Yacoub el Aradi, Soultan Yaacoub Faouqa, Manara
(Hammara) BG). The water demand in these other areas supplied by this system is unknown.
Water supply
The water sources are the Chamsine wells, the Anjar wells and 12 public wells. Barr Elias receives
most of its water from “Chamsine station” with a reported safe yield of 214 l/s (770 m3/h). The
“hydrolgeological study in priority Cazas, Zahle” reports slightly different yield. This report also states
that the pumps operate only for 3.75 hours a day. Since the total water demand in the area is
unknown, it is unclear if the current water supply meets the demand. However the yield of Chamsine
could be increased by increasing operation hours.
Distribution network
The distribution network of Barr Elias is relatively good, although there are some issues (USAID
2015). The Water supply and wastewater systems management plan for the BWE defines several
activities both for resource and distribution that are finished or planned. We assume that after
finalization of the work, the leakage in the network will be sufficiently low, as mentioned in 4.2.
Connecting communal water points to the network
For all ITS in the Barr Elias cadaster that have more than 4 tents it’s economically feasible to build a
communal water point that is connected to the public water network. Since multiple ITS are close to
each other it is not always needed to connect each individual ITS to the network, often multiple ITS
can be connected through one pipeline. A map exercise was conducted to find the best route to
connect the ITS to the existing network. This would require a little over 9km of pipe.
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Figure 5-8: Distribution systems for water supply to communal water point.

Local well and point of entry treatment
For those ITS locations where the distance to the network is too big to be economically feasible the
scenario of a well and point of entry treatment system is looked into. Within the Bar Elis cadaster
there are several ITS that already have a borehole, some get water from the public water network
and for some the source is unknown (see Table 5-2). For those active ITS that receive water from a
borehole (16 locations) Scenario 3 of a point of entry treatment system can be considered. For 11
locations a single POE setup is sufficient (< 85 c) the biggest 5 ITS respectively need 2,3,3,4 and 9
POE setups bringing the total to 32 POE setups. Since piping for connecting to a well is already
present at these ITS, the costs per setup are $3,100 (lower than estimated in 4.3.3). For the 54 setups
the total cost are estimated at $ 167,400. Building a communal water point or a well with POE
treatment system isn’t efficient for the ITS with less than 4 tents. HWTS could be considered to
improve water safety in these ITS.
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Table 5-2 Summary of Barr Elias cadaster level cost-benefit analysis

Area name
Water demand

Barr Elias
pop.

design demand
m3/d

Lebanese

12,610

2,270

Syrian housed

17,848

3,213

Syrian ITS

13,293

931

Total demand for design
Water availability
Source capacity

6,413
safe yield current operation current yield potential yield
m3/h

h/d

m3/d

m3/24h

770

3.75

16,200

103,680

Supply to other areas

?

Expansion of well capacity
ITS supply

NA
number

tents

population

Cost

#

#

#

$ / 2 years

132

2,322

13,293

ITS currently trucking (active)

64

1,832

10,535

$1,615,016

ITS currently trucking (<4 tents)

15

25

157

$24,068

ITS currently borehole

37

404

2,307

PM

ITS currently water network

11

49

251

$10,614

5

12

43

PM

tents population
1,832
10,535
404
2,307
25
157
49
251

investment operation
$285,508 $238,934
$167,400 $52,323
$- $24,068
$- $10,614
$452,908 $325,939
$301,871
$870,851

Current ITS situation
Total ITS (active + <4))

ITS currently other
Changes to ITS situation

number
ITS add to network (active)
64
ITS treatment of borehole water
37
ITS remain water trucking (<4 tents)
15
ITS continue water network
11
Total ITS costs
Total ITS revenue for RWE
Cost-benefit (versus current)
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5.2.3

Discussion

Realizing communal water points at the all the ITS (>4 tents) that currently receive water through
trucking and providing them with water from the network would result in saving almost $0.9 million
over a two-year time span. In addition this would raise $0.3 million revenue for BWE. Incorporating
this as part of the ongoing network upgrade in the Barr Elias cadaster could result in additional
savings and reduce disturbances through building activities. The presented adaptations would mean
a shift of resources and capacity from water trucking for ITS to sustainable water supply for all.
By providing the ITS that are currently using a borehole with a point of entry treatment system to
improve water safety, the need for buying safe water would be reduced in these ITS. For the largest
ITS (735 c) it might be more feasible to change water supply to a communal water point if the water
from the current well isn’t safe and POU treatment is needed.
The 15 ITS with less than 4 tents that receive water by trucking are all very near the network, or
proposed connections. A field study may identify the optimal solution for these ITS.
5.3

Supply system level assessment Qabb Elias

5.3.1

Introduction
As well as Bar Elias, Qab Elias is densely populated. Population and ITS are given in Table 5-3

Figure 5-9: Cadaster Qab Elias with water distribution network and ITS locations

There are no GIS data from the Qabb Elias network, but the documentation of the network
rehabilitation projects does contain some maps with network layout.
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5.3.2

System assessment

Water supply
The water supply in Qabb Elias comes from a number of wells and springs. Total safe yield is 341 l/s
(Water capital investment plan)

Water demand
Water demand based on population numbers is given in Table 5-3
Distribution network
The network in Qabb Elias was recently rehabilitated. When the ongoing project is finished the
network capacity is sufficient for the estimated future increase in demand. Therefore network
capacity is considered sufficient to include the current, temporary water supply to ITS communal
water points.
Costs for establishing a communal water point
Although the distances cannot be calculated due to missing data the ITS locations can be projected
on the available image of the network. A visual check shows that all the ITS are in close distance of
the network so connecting them is considered feasible.

Figure 5-10: Distribution systems for water supply to communal water point (estimated).

For the cost estimation the total length of the pipe needed is estimated at 3,600 m.
Local well and point of entry treatment
There are 6 ITS with status active that currently receive water from a borehole. Equipping the 6
ITS that receive borehole water with a point of entry treatment system will cost $ 16,000.-Lebanon, water supply informal settlements, May 2018
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In Qabb Elias there are some ITS location currently connected to the network and some that
receive water from a borehole and two from a spring. Those ITS are all smaller than 85 capita
and could benefit from a single setup POU treatment.
Table 5-3: cost estimate connecting ITS in Qabb Elias

Area name
Water demand

Qabb Elias
population

Lebanese
Syrian housed
Syrian ITS
Total demand for design

11,249
21,926
5,617

Water availability

Safe yield
m3/h
1,228

Source capacity
Supply to other areas
Expansion of well capacity
ITS supply
Current ITS situation
Total ITS
ITS currently trucking (active)
ITS currently trucking (<4 tents)
ITS currently borehole
ITS currently water network
ITS currently other
Changes to ITS situation
ITS add to network (active)
ITS treatment of borehole
water
ITS remain water trucking (<4
tents)
Total ITS costs
Total ITS revenue for RWE

design demand
m3/d
2,025
3,947
393
6,365
Current
operation
Current yield Potential yield
h/d
m3/d
m3/24h
?
?
29,462
0
NA

number
#
39
33
22
6
number
33

tents
#
795
763
36
32
tents
763

population
#
4,850
4,646
263
204
population
4.646

investment
$204,051

$712,232
$40,318
PM
$PM
operation
$105,307

6

32

204

$16,050

PM

22

36

263

$$220,101

$40,318
$145,625
$105,307

Cost-benefit (versus current)
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Cost
$/2y

$386,824

5.3.3

Discussion

In the Qabb Elias cadaster realizing a communal water points would save almost $0.4 million over a
two year period and raise $0.1 million revenue for BWE. Based on cost estimation the saving will be
sufficient to include point of entry treatment systems for the ITS that have a borehole as water
source.
By providing the ITS that are currently using a borehole with a point of entry treatment system to
improve water safety, the need for buying safe water would be reduced in these ITS. In Qab Elias
these are all smaller ITS that could be supplied with a single setup.
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6

AKKAR REGION STUDY

6.1

Caza level assessment Akkar
The study area Akkar caza in the north of Lebanon was selected because of the known water scarcity
issues, which is why the area is a priority for MoEW and for UNICEF.

Figure 6-1: Akkar caza and its cadasters

6.1.1

Introduction

Data availability in the Akkar caza is less than in the Zahle caza. The water supply in the region
depends more on wells and less on network. The North Lebanon Water Establishment is a relative
small organization and could benefit from revenues to strengthen its organization.
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6.1.2

System assessment

The geohydrological study shows that the aquifers in Akkar are being depleted. The report mentions
“Generally Groundwater levels in the Akkar plain is not expected to drop significantly despite
increase pumping. The increase in groundwater exploitation is most likely compensated by increase
in sea water intrusion.”
The sea water intrusion will make groundwater in the coastal area unsuitable for drinking. And since
in coastal plains sweet water floats on salt water, the reduction of drinkable water is much more
than the drop in groundwater levels indicate. Due to the density difference in sweet and sea water
the decrease is approximately 40 times as much as the drop in levels indicate.
In this study we will assume current yields can be maintained, but on the longer term this will not be
the case since salt levels will rise due to seawater intrusion. We strongly recommend the NLWE and
the MoEW to implement integrated water management solutions for maintaining a sustainable
drinking water resource. This includes upstream measures especially in agriculture to maintain
sufficient water of good quality. It also includes solutions to restore the coastal aquifer such as:
 The temporary storage of freshwater in saline groundwater and its subsequent unmixed recovery
for crop irrigation (the ASR-Coastal concept)
 The prevention of water-well salinization through the simultaneous abstraction of fresh and
intruding saline groundwater (the Freshkeeper® concept).
(http://www.alliedwaters.com/collab/salutions/ )
Water supply
For the availability of water the hydrogeological study of Elard (2016) provides data of the well
extraction rates.
There is some uncertainty about the numbers reported since part of the well extraction rates are
based on averages. This study did not perform a check on the data of public well extractions nor on
the numbers of the hydrogeological study.
Beside the public wells and the licensed private wells there are 27 springs with a total discharge of
544 l/s (47,000 m3 /day)
Water demand
The population of Akkar caza is given in Table 6-2 based on 180l/c/day for residential population and
35l/c/day for ITS population. Total demand exceeds the supply from wells in Table 6-2. However, if
the springs are included water supply is sufficient (98,313 m3 /day)
In Figure 6-2 the numbers from Table 6-2 are represented graphical. This shows the relative small
amount of water demand from the ITS compared to the other groups.
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Population and water demand
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10000
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0

0

Figure 6-2: water demand (Blue) and population (Orange)

Current water supply to ITS
An overview of the various water supply sources in Akkar is provided in Table 6-1. The majority of ITS
are provided from boreholes, and only one third is supplied by water trucking. This reflects the
general water supply situation in Akkar which is mostly based on wells. Generally well water isn’t
treated. Some initiatives for POE treatment of wells used for domestic water supply have made this
water suitable for drinking. Thus water trucking to these ITS is no longer needed (see 3.2.4).
Table 6-1: Water supply sources of ITS in Akkar region

Source

Number of ITS

Borehole
River

359
1

Network
Trucking

2
165

Total ITS

527
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Distribution network
The water supply in Akkar depends much more on (private) wells than it does in the Bekaa Valley.
The water supply networks are therefore smaller or non-existent. Therefore the distance from ITS to
the closest network is likely to be longer. In Akkar, Scenario 1 or 2 of supplying a communal water
point from a public network is therefore expected to be the optimal scenario in less cases.
In the Akkar region the water distribution networks are mainly property of the municipalities and not
of the North Lebanese Water Establishment. GIS data of the network was not available for this study.
Therefore, an analysis of connecting the ITS to the drinking water network could not be made.
However, there is some information of projects on water supply improvement funded by UNICEF in
the municipalities of Qobayat, Kfarnoun, Barqayel, Chadra - Machta Mammoud, Habsheet, Dahr El
Laysini, Halba, Birquayel, Machha, Koubayat, Bebnin. These projects include network improvements
for which NLWE is counterpart. Implementing communal water points at ITS close to public water
supply networks would certainly lead to a reduction of costs for water trucking and an increase of
revenues for the NLWE, based on the experiences in the Bekaa study.
Costs for establishing a communal water point
Because of the absence of network data an analysis was performed what distance ITS have to the
nearest public well or spring. This analysis shows that without network water trucking is
economically more feasible than connecting each ITS to the nearest public well or spring.

Figure 6-3: costs of connection each ITS to a public well compared to costs of water trucking over a two year period

Connecting to a private well might provide a more economic feasible solution since they are more
abundant than public wells. We are aware that legislation demands licensing of private wells and that
a lot of well do not have the license. For the (economic) feasibility we do not consider this, although
we are aware that connection will only be possible with licensed wells.
In Figure 6-5 the ITS locations that rely on water trucking are plotted as well as the public wells and
springs and the private wells. From analysis presented in Figure 6-3 and the map in Figure 6-5 it is
clear that distances to public wells are very long. But distances to private wells are expected to be
much shorter. However not every well owner will be willing to provide water to an ITS from his
source, even when paid.
In Figure 6-4 the costs for connecting ITS to the nearest private well are compared to water trucking.
There where the orange column in the graph is higher than the blue line water trucking is more
expensive and establishing a connection to the well is considered feasible.
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Figure 6-4: costs of connecting to a private well compared with water trucking for two years

Figure 6-5: Akkar, public wells and springs, private wells and ITS locations that have status active and rely on water
trucking

Due to the lack of data, the best solution per ITS couldn’t be determined. An estimate of the total
impact when the same solution is applied to all the ITS that currently receive water trucking is
provided in Table 6-2. The investment costs for realization of a communal water point was based on
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the average cost estimated for Zahle caza of $5,100 per ITS. Based on this estimate, providing treated
borehole water is most economically feasible.
Table 6-2 Summary table for Akkar caza with estimated impact of solutions applied to all ITS currently supplied by water
trucking

Area name
Water demand

Akkar
caza
populati
on

design
demand
3

m /d
Lebanese

199,748

35,955

Syrian housed

103,445

18,620

Syrian ITS

39,072

2,735

safe
yield

57,310
current
operation

current
yield

h/d

m /d

m /24h

35,193

?

Unlicensed wells

?
?
806 wells average 20
m3/day
>4300
wells

Springs

27

47,000

Total demand for design
Water availability

3

m /h
Source capacity
Licensed private wells

?

Total availability

3

potential yield
3

16,120
not
included
98,313

ITS supply

number

tents

population

Costs

Current ITS situation

#

#

#

$/2y

Total ITS (Active)

527

6,080

34,677

ITS currently trucking (Active)
ITS currently borehole/spring
(Active)

165

2,107

12,289

$1,883,904

359

3,959

22,311

PM

ITS currently water network

2

8

47

$389

ITS currently other
Scenarios for ITS with water
trucking

1

6

30

PM

number

tents

population

investment

operation

1/2 ITS CWP from network/well

165

2,107

12,289

$2,338,565

$241,298

3 ITS borehole water+POE

165

2,107

12,289

$841,500

PM

4 ITS remain water trucking

165

2,107

12,289

$-

$1,883,904
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6.1.3

Discussion

In Akkar the depletion of groundwater resources and the resulting seawater intrusion is a major
concern. Most ITS are supplied with borehole water, and increased salinity of this water is expected.
One third of the ITS is currently served with water trucking at an estimated cost of $1.9 million.
Switching these ITS to supply from existing boreholes with POE treatment seems to be the most
economic solution on caza level and could potentially save $1.1 million of water trucking cost over a
two year period. Water supply for ITS through networks has only been established in two ITS so far.
Estimated costs for implementing communal water points in ITS equals the costs of two years of
water trucking. However, these cost estimates are based on the Bekaa situation. Due to the lack of
data on both location, condition, rehabilitation and extension of water networks in Akkar, an optimal
solution per ITS could not be determined.
Water supply from public wells is in most cases not feasible due to the distance of the ITS to the
public wells. For 75 out of 165 ITS connecting them to the nearest private well and treatment with a
POE system is less costly than two years of water trucking. This would save $ 1,1 million over two
years based on the assumptions in 4.3. The availability of private wells for water supply to ITS is
uncertain since the owner needs to agree. Therefore the cost estimates in the Akkar region is highly
uncertain.
The seawater intrusion is leading to an increase in salinity of the groundwater, threatening both
supply from private wells and the water supply system that also uses groundwater. For Akkar it is
essential to invest in sustainable water management addressing all sectors using water. Agriculture is
the main water user and more efficient irrigation methods are expected to be most effective and
efficient to reduce over abstraction of groundwater (although this is beyond the scope of this study).
The NLWE should focus on reducing water losses through leaking distribution networks and increase
awareness of the population by promoting water saving measures.
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7

CONCLUSIONS AND RECOMMENDATIONS

7.1

Conclusions
The transparent methodology presented in this study was applied to provide insight in the cost and
benefits of various ways to provide ITS with safe, reliable drinking water. The methodology can be
applied at various scales. The global assessment at caza scale shows that sufficient water is available
to serve the water demand of both the Lebanese and Syrian refugee population. It highlights the
cost-inefficiency of water trucking versus the efficiency of water supply through communal water
points connected to the public water network. For the Bekaa caza, sufficient data was available to
estimate the cost-benefits. Implementing this solution for 90% of all ITS in the caza is cost efficient
within two years. A more detailed assessment on caza level identified the individual ITS for which a
communal water point is beneficial. Connecting only these ITS would result in $ 2.6 million saved in
two years at caza level. A detailed study on cadaster level allows further optimization of the solution
by identifying logical layout of piping from the network to multiple ITS. A study of the Barr Elias
system showed that almost $0.9 million could be saved in two years in this single cadaster. For the
Qabb Elias cadaster almost $0.4 million could be saved in two years, although this couldn’t be
determined accurately due to lack of network data.
Another important benefit of implementing communal water points at ITS is that financial resources
for water are shifted from commercial water truckers to the water establishments. The BWE is
expected to raise $1.0 million of revenues in two years in the Bekaa caza. For the Barr Elias cadaster,
the revenues are estimated at $0.3 million. These revenues would strengthen the position of the
water establishment, allowing them to raise the service level for Lebanese population in the long
term.
By supplying the ITS with sufficient safe water, the residents would no longer need to spend money
on alternative water sources. Families that are provided through a communal water point in the
Bekaa caza could save $1.95 million in two years.
ITS that are currently supplied with well or spring water also buy safe water from other suppliers. By
installing point of entry (POE) water treatment, the local water from the well or spring would be safe
to drink. Families could save $0.52 million in two years by drinking POE treated water, which is equal
to the investment in POE treatment.
This desk study shows that water supply through a communal water point is a feasible solution for
those ITS in areas where water distribution networks are present and are in good state. Recently
several networks have been rehabilitated and several projects are on-going. Therefore ITS projects
should start at existing networks in good condition and thereafter could follow the network
rehabilitation progress. The cost savings and revenues from communal water points in ITS could be
used to speed up the progress of network rehabilitation.
This desk study also shows the value of adequate data collection and management. The available
data for Barr Elias allowed a detailed assessment and therefore an accurate estimate of costs and
benefits. However, important data for Qab Elias, such as the distribution system layout was missing,
limiting the accuracy of the estimated costs. For the Akkar region data was insufficient to prioritize
individual ITS and only a global, high level assessment of potential costs and benefits could be made.
The study focused on large ITS with more than 4 tents, since small ITS are more volatile and investing
in these small ITS is unlikely to be efficient. However, during field studies to prepare tender
documents for implementation of communal water point, specific small ITS might easily be included
when close to larger ITS.
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7.2

Recommendations
As the Syrian crisis continues, the emergency funding is expected to decrease. The shift from water
trucking to communal water points or local source with point of entry treatment can be used in the
transition from aid for Syrian refugees to development for all people in Lebanon. To make the shift
from trucking to communal water points network improvement is a precondition that benefits all
population and secures the water supply for future Lebanese population growth and increased water
demand. It also provides revenues for the water establishments that will strengthen their position
resulting in improved governance of water resources. This is badly needed in order to reduce water
wasting and arrive at a sustainable use of water resources.
For other cadasters or municipalities there needs to be information about the network status and GIS
data needs to be available before the analysis can be performed. Strengthening the authorities in
(GIS) data management will improve the speed and the quality of the analysis for the proposed
methodology but also for future projects
The results of this study can be used to convince the various stakeholders to implement the
suggested changes in water supply to ITS as they will benefit all stakeholders in some way. The Barr
Elias case could serve as a pilot to tender network improvement along with realization of communal
water points in ITS to verify the costs analysis in this study. A design and built tender could be
submitted or the design could be done before tendering. Combination of works on network
improvement and the realization communal water points will probably reduce the costs.
The alternative solutions for ITS should be incorporated in various processes:
 institutional strengthening of the water establishment;
 water resource protection, both quantity and quality;
 implementation of a national water masterplan that covers the depletion of groundwater
resources and defines measures restore aquifer capacity and to protect groundwater as a
drinking water resource;
 prioritization of drinking water network rehabilitation;
 improvement of data collection and data management of water supply systems
 identify the optimal solution for each ITS using the methodology presented in this study
For the over-all water need of Lebanon it is clear that natural groundwater resources are being
stressed. Although the influx of Syrian refugees has increased the water demand at point of use, we
recommend not to increase the abstraction from these resources, but to focus on reducing water
losses and wastage. Thus the temporary increase of demand is easily covered, and a more
sustainable water system is implemented.
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ANNEX A – DSS WATER

DSS water: A rapid response to water related disasters
DSS water (Dutch Surge Support) responds to the needs during water related disasters around the
globe by deploying excellent experts from the Dutch water sector. DSS water offers a one-stop-shop
for international humanitarian organizations in need of water expertise. Topics include (urban) water
and sanitation, water resources management and water supply.
International Responsibility
The Netherlands is a frontrunner in the field of water management. Dutch experts are involved in
many water projects worldwide. This expertise can help save lives and livelihood of communities.
With the DSS water facility the Netherlands aims to contribute to a better international response to
water and sanitation related disasters and assist in building up knowledge in dealing with these
emergencies.
How does DSS water work?
DSS water is an initiative of the Dutch Government, in close cooperation with the Dutch Water Sector
and the Netherlands Red Cross. A dedicated surge support team is mandated to coordinate the
contacts with international humanitarian organizations and a pre-selected pool of Dutch Water
Experts. Together with the organizations requesting experts, the team organises trainings and
prepares the necessary standby agreements to ensure a quick and adequate deployment of experts
in case of a disaster.
When a humanitarian organization requests assistance, the surge support team decides whether or
not DSS water experts are deployed to a stricken area. Initial deployment will last up to 30 days and
will focus on providing assistance to reduce the direct impact of the disaster and alleviate suffering of
the affected population. The DSS experts can be involved in direct implementation, in making
recommendations for interventions and possibly determining long term strategies.
From emergency response to recovery and prevention
DSS water is complementary to the existing DRR instrument (DRR-Teams) that focuses on prevention
and recovery from water related disasters. With the addition of the DSS instrument the Netherlands
will be able to cover the entire disaster management cycle from mitigation, preparedness and
response to recovery.
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ANNEX B – TEAM MEMBERS

Patrick Smeets (KWR Watercycle Research Institute)
Water Quality and Health expert (microbial)
Water Safety Planning and
Quantitative Microbial Risk Assessment
22 years experience in (drinking) water

Jeroen Helder (Aveco de Bondt)
Hydrological and geohydrological expert
Groundwater assessments and flood prevention, environmental
impact studies
17 years of experience in hydrology
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ANNEX C – TERMS OF REFERENCE
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ANNEX D – MISSION PROGRAMME

Date
2-8-2017
3-8-2017
4-8-2017
5-8-2017
6-8-2017
7-8-2017
8-8-2017
9-8-2017
10-8-2017
11-8-2017

Activity
Flight Amsterdam-Beirut
UNICEF Head Officice +Ministry of Energy and Water
Field visit Zahle area
Field visit Zahle area
Fee Sunday
UNICEF head office
Field visit Akkar
Field visit Akkar
UNICEF head office +Ministry of Energy and Water
Flight Beirut-Amsterdam
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