
With the support of:

Assessment of engineering 
solutions for solid waste removal 
from irrigation canals 
in North Lebanon

Waste management in Lebanon is a significant issue 
anticipating cascading and spill-over effect on livelihood, 
environment and agriculture. Water resources are parti-
cularly vulnerable to the on-going dynamics, as waste 
mismanagement leads to faster spreading pollution. 
Applying a pilot approach, the project mainly focuses on 
Akkar irrigation scheme to introduce both hard 
investment and soft measures in response to the waste 
crisis. Following a multi-criteria assessment approach, 
the current report maps waste removal technologies and 
provides recommendations on their functions and suita-
bility in the context of the target area. Based on broader 
understanding of the feasibility, it helps come to a deci-
sion on technology selection. 

Assessment of engineering 
solutions for solid waste removal 
from irrigation canals 
in North Lebanon

CB3181EN/1/02.21

ISBN 978-92-5-133919-0

9 7 8 9 2 5 1 3 3 9 1 9 0





Assessment of engineering solutions 
for solid waste removal from irrigation 
canals in North Lebanon

By 
Maher Salman, Eva Pek and Camilla Simongini 
FAO, Rome  
and 
Youssef Bizri, Nour El-Korek, and Enrico Lucca, 
FAO, Lebanon

FOOD AND AGRICULTURE ORGANIZATION OF THE UNITED NATIONS  
Beirut, 2021



Required citation: 
Salman, M., Pek, E., Simongini, C., Bizri, Y., El-Korek, N. and Lucca, E. 2021. Assessment of engineering solutions 
for solid waste removal from irrigation canals in North Lebanon. Beirut, FAO. https://doi.org/10.4060/cb3181en
 
 

The designations employed and the presentation of material in this information product do not imply the expression of any opinion 
whatsoever on the part of the Food and Agriculture Organization of the United Nations (FAO) concerning the legal or development status of 
any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers or boundaries. The mention of specific 
companies or products of manufacturers, whether or not these have been patented, does not imply that these have been endorsed or 
recommended by FAO in preference to others of a similar nature that are not mentioned. 
 
The views expressed in this information product are those of the author(s) and do not necessarily reflect the views or policies of FAO.  
 
ISBN 978-92-5-133919-0 
© FAO, 2021 

 
 
Some rights reserved. This work is made available under the Creative Commons Attribution-NonCommercial-ShareAlike 3.0 IGO licence 
(CC BY-NC-SA 3.0 IGO; https://creativecommons.org/licenses/by-nc-sa/3.0/igo/legalcode).  
 
Under the terms of this licence, this work may be copied, redistributed and adapted for non-commercial purposes, provided that the work is 
appropriately cited. In any use of this work, there should be no suggestion that FAO endorses any specific organization, products or 
services. The use of the FAO logo is not permitted. If the work is adapted, then it must be licensed under the same or equivalent Creative 
Commons licence. If a translation of this work is created, it must include the following disclaimer along with the required citation: “This 
translation was not created by the Food and Agriculture Organization of the United Nations (FAO). FAO is not responsible for the content or 
accuracy of this translation. The original [Language] edition shall be the authoritative edition.” 
 
Disputes arising under the licence that cannot be settled amicably will be resolved by mediation and arbitration as described in Article 8 of 
the licence except as otherwise provided herein. The applicable mediation rules will be the mediation rules of the World Intellectual Property 
Organization http://www.wipo.int/amc/en/mediation/rules and any arbitration will be conducted in accordance with the Arbitration Rules of 
the United Nations Commission on International Trade Law (UNCITRAL). 
 
Third-party materials. Users wishing to reuse material from this work that is attributed to a third party, such as tables, figures or images, 
are responsible for determining whether permission is needed for that reuse and for obtaining permission from the copyright holder. The risk 
of claims resulting from infringement of any third-party-owned component in the work rests solely with the user. 
 
Sales, rights and licensing. FAO information products are available on the FAO website (www.fao.org/publications) and can be purchased 
through publications-sales@fao.org. Requests for commercial use should be submitted via: www.fao.org/contact-us/licence-request. 
Queries regarding rights and licensing should be submitted to: copyright@fao.org. 
 
 
 
Cover photos: ©FAO/Eva Pek, © FAO/ Enrico Lucca 
 



iii

Contents

Foreword iii

Acknowledgement iv

Symbols vi

Units vii

Acronyms viii

Figures ix

Tables xi

Introduction 1

About the report 2
 

Overview of Akkar irrigation scheme 5

The command area 5
 

Solid Waste Management Outlook in North Lebanon 13

Policy background and responsibility share 14
Stakeholder analysis of solid waste management in Akkar 17

 
Assessing water resources vulnerability to solid waste 21

Growing need for irrigation water 21
Irrigation network as alleged actor of spreading waste 23
Impact of solid waste and sediment load on water resources 24

 
Engineering solutions to protect water resources 31

A twofold intervention assessment 32
Rapid identification of implementation sites 33
Assessment of engineering solutions for solid waste removal 35
Assessment of engineering solutions for sediment control 51
Optimal strategy for a twofold intervention of MSW 62

 
Conclusions 66

A pathway to combat water pollution 66
Future perspectives 68

 
References 70



iv

Figures
Figure 1: Average monthly precipitation rate in long, medium and short-term   6 
in North Lebanon 

Figure 2: Watersheds in North Lebanon 7

Figure 3: El-Bared River map view  8

Figure 4: Water volume of El-Bared River in million m3 between 2010-2015  8

Figure 5: El-Bared dam 9

Figure 6. Canal outlet to the sea, 2019 10

Figure 7: Soil type classification in El-Bared watershed 11

Figure 8: Distribution of MSW generation in North and Akkar governorates 15

Figure 9: Removed MSW from irrigation canals 18

Figure 10: Final destination of disposed waste in Lebanon 19

Figure 11: Greenhouses in Akkar region 22

Figure 12: Solid waste reaching the fields through irrigation canals 23

Figure 13: MSW course in Akkar main irrigation canal 24

Figure 14: Relationship of sediment size diameter and                  26 
sand transport in Akkar main canal 

Figure 15: Sediment removal from canal bottom in Akkar 27

Figure 16: Canal cleaning campaign in Akkar 28

Figure 17: Bacteria trend in Akkar main canal 28

Figure 18. Overview of solid waste control solutions within Akkar command area 34

Figure 19. Overview of sediment control solutions within Akkar command area 35

Figure 20: Grab rake on high-mounted rails 36

Figure 21: Schematic design of an automated trash rack structure with continuous         38 
travelling screen 

Figure 22: Front view of automated trash rack structure with continuous                        39 
travelling screen 

Figure 23: Back view of automated trash rack structure with                                               39 
continuous travelling screen 

Figure 24: Debris bin - fixed structure 41

Figure 25: Debris bin - flexible structure 42



v

Figure 26: Debris bin – semi-flexible structure 42

Figure 27: Net trash trap 44

Figure 28: Proposed location of net trash trap in canal outlet 44

Figure 29: Bar screens functioning as manual trash rack 46

Figure 30: Proposed bar screens for manual trash rack 47

Figure 31: Proposed inspection space for existing bar screens 48

Figure 32: Design of the manual rake tool 48

Figure 33: Design of an HDPE netting system installed on the existing screen 49

Figure 34: Net trash trap 50

Figure 35: Sedimentation depth in main canal 51

Figure 36: Open check dam 52

Figure 37: Sediment settling basin of open check dam 53

Figure 38: Sediment trap with an open check dam 53

Figure 39: Sequential Cipolletti weirs 55

Figure 40: Sedimentation basin with baffles 57

Figure 41: Design of settling basin in irrigation canal 60

Figure 42: Vortex tube-type sediment 60

Figure 43: Tunnel-type sediment extractors 61

Figure 44: Dewatering bag for sediment removal 62

Figure 45: Comparison of solid waste removal structures 64

Figure 46: Comparison of upstream sediment control structures 65



vi

Tables
Table 1: Generated daily waste volume per cities in North and Akkar governorates 14

Table 2: Responsibility share of different stakeholders 15

Table 3: Advantages and disadvantages of fixed trash rack with automated rake 37

Table 4: Advantages and disadvantages of self-cleaning trash racks 40

Table 5: Advantages and disadvantages of debris bin 43

Table 6: Advantages and disadvantages of net trash trap 45

Table 7: Advantages and disadvantages of manual trash rack 46

Table 8: Advantages and disadvantages of the steel basket system 49

Table 9: Advantages and disadvantages of the water drone technology 51

Table 10: Advantages and disadvantages of the open check dam 54

Table 11: Advantages and disadvantages of the Cipolletti weir 56

Table 12: Advantages and disadvantages of the sediment basin 57

Table 13: Potential sediment management practices at El-Bared dam  58

Table 14: Advantages and disadvantages of dewatering bags 62

Boxes
Box 1: Sediment transport in Akkar main canal    25

Box 2: Biological analysis - Alerting side story    29



vii

Foreword

Waste management in Lebanon is a significant issue anticipating cascading and spill-over effect 
on livelihood, environment and agriculture. North Lebanon has been experiencing population 
growth spurts due to humanitarian crises in neighbouring countries that contributes to the 
urgency of finding sustainable solutions. Adequate delivery of response measures is beyond the 
capacities of local authorities. Consequently, waste crisis has reached its historical peaks. It is 
unlikely that upcoming years can bring radical shifts related to the trends in rapidly increasing 
waste generation. However, the seemingly uncontrollable mechanisms should not lead to inac-
tion, but concentrated efforts should be stepped up to eliminate harmful consequences.

Water resources are particularly vulnerable to the on-going dynamics, as waste mismanagement 
leads to faster spreading pollution. Waste disposed in irrigation canals is involuntarily carried 
towards adjacent parts of the water network, including lower level canals and ultimately the sea. 
Due to the increasing waste volume worldwide, the phenomenon can be observed across the 
globe. North Lebanon is no exception. Irrigation canals are extensively used as easy-to-reach 
dumpsites. The course of accumulating waste crosses through multiple villages and reach the 
sea, while leaving disruptive and uncontained damages in the status of natural resources. 

The project “Rehabilitation and waste management of El-Bared Canal Irrigation System to 
reduce source-to-sea pollution and improve livelihoods in the Akkar Region of Lebanon”, 
financed by the Government of Norway, has been formulated to ensure minimal discharges of 
waste from El-Bared System to the Mediterranean Sea, thus improving the livelihoods of the 
people depending on the system through irrigation canal system rehabilitation, solid waste dis-
posal, and improved agricultural output and job creation. Applying a pilot approach, the project 
mainly focuses on Akkar irrigation scheme to introduce both hard investment and soft measures 
in response to the waste crisis. Following a multi-criteria assessment approach, the current 
report maps waste removal technologies and provides recommendations on their functions and 
suitability in the context of the target area. Based on broader understanding of the feasibility, it 
helps come to a decision on technology selection. 
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Introduction

Waste management in Lebanon is a significant issue that keeps fuel environmental and socio-
economic crisis, exacerbated by rapid urbanization and limited environmental awareness. The 
competition over available resources and finances is at an all-time peak in Lebanon, counting 
6 855 713 inhabitants in 2019 (World Bank, 2019). Demographic priorities have been restruc-
tured, thus entailing significant change in land and water use. Based on national research, 
between 1994 and 2017, the urban cover in North Lebanon replaced 10.2 percent of its agricul-
tural cover and 5.3 percent of its natural cover (Husseini, 2020). As a result, this area has wit-
nessed an increase in population, aggravated by being the second largest host of Syrian refugee 
population in Lebanon since the onset of the conflict. This urbanization trend and the rapid 
increase in population size contribute to the change in livelihood patterns – a factor that has 
pushed communities to adopt a more consumerist culture, requiring continuous renewable and 
non-renewable resources and generating larger volume of solid waste. Municipal solid waste 
(MSW) trends have attained new heights in Lebanon with the total daily amount reaching 6 500 
tonnes (MoE, 2018).
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Under the first pillar of Lebanon Crisis Response Plan (2017-2020), integrated MSW manage-
ment is identified as critical investment need to reduce social tensions. Throughout the last 
20 years, MSW in Lebanon has witnessed significant technical, legal and institutional changes 
(MoE et al., 2011). The private sector executed a number of small and medium size sorting and 
composting facilities at a municipal level, but the projects have known limited success due to the 
lack of financing of the operation and maintenance services and the lack of technical capabilities 
of the municipalities to ensure efficient MSW management. (MoE et al., 2011). According to the 
Updated Master Plan for the Closure and Rehabilitation of Uncontrolled Dumpsites through-
out the Country of Lebanon by the UNDP and the Ministry of Environment (MoE), Akkar 
and North Lebanon had experienced significant drop in the number of operational dumpsites 
between 2011 and 2016. On the contrary, the volume of dumpsites had increased from 606 007 
m3 to 2 2246 797 m3 in the same period. This is due, in particular, to structural changes, as open 
dumping activities were centrally controlled in the area (MoE and UNDP, 2017). However, only 
five solid waste management facilities are operational in Akkar and North Lebanon, which are 
not likely to be enough to support the sudden increase in MSW generation.

The cascading effects of MSW crisis are currently uncontained and have adverse impacts on 
several aspects including public health, environment and agriculture. Only 55 percent of MSW 
in Lebanon is disposed in managed landfills (MoE et al., 2019), while the remaining half is col-
lected in open dumpsites or abandoned in the environment, along streets and rivers. Moreover, 
several major open dumpsites are not properly closed or rehabilitated, thus involving long-
standing risk (World Bank, 2011). Several of them are situated in sensitive areas, in proximity of 
rivers, streams, irrigation canals and sea as well as urban centres and communities, contributing 
to groundwater contamination, pollution of soil and water, coastal degradation, public health 
damage and agricultural issues. In addition, illegal dumping and open burning of MSW are com-
mon throughout Lebanon, causing serious direct and indirect impacts on human health because 
of the dangerous emissions of pollutants into the air. Equally worrying, most of wastewater 
produced in Lebanon is discharged without prior treatment (World Bank, 2011) and rivers are 
adversely impacted by sewage and MSW together. Therefore, the water resources – of which 
64 percent is used for agriculture and 26 percent is for domestic demand (World Bank, 2011) 
– are being contaminated by bacteria, heavy metals and hydrocarbons and, due to fertilizers 
and pesticides infiltration in the agricultural areas, they are exposed to further environmental 
degradation (MoE et al., 2011). The pre-existing pressures on Lebanon’s natural resources are 
therefore extremely increased by incorrect disposal of MSW and water pollution – which affects 
freshwater, irrigation and coastal water.

Significant efforts are required towards the elimination of MSW pollution through translating 
national policy recommendations into on-ground actions. Proposed approaches must be built 
on solid evidence base that can be confidently transferred to further stakeholders. 

About the report
This report introduces multi-criteria assessment of engineering solutions for MSW removal 
from irrigation canal, in order to minimize the pollution discharge into the sea. The report 
builds on twofold aspect, incorporating technologies for MSW and sediment removal to maxi-
mize the positive spillovers and dilute the negative ones. The report is produced in the frame-
work of FAO’s project “Rehabilitation and waste management of El-Bared Canal Irrigation 
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System to reduce source-to-sea pollution and improve livelihoods in the Akkar Region of 
Lebanon” implemented in Akkar, El-Bared watershed under the authority of North Lebanon 
Water Establishment (NLWE), with the overall objective to:

• Contribute to the existing literature about impact assessment of MSW crisis in Lebanon in 
the context of water management;

• Obtain comprehensive overview of the interactions between MSW and water resources in 
the context of irrigation water;

• Identify available engineering solutions for MSW and sediment control in waterways that 
can be taken into account in the command area;

• Construct a high-rigor methodology for multi-criteria analysis of engineering solutions; 
and

• Provide expert-crafted recommendations on combined technologies for MSW and sediment 
control in the command area. 

The report is structured as the following:

• The first section provides an outlook for the multiple impacts of MSW on agriculture, 
environment and water resources. Starting with the overview of the command area, the 
section narrows the scope to the complex interaction between MSW and water management. 

• Following the stocktaking of available engineering solutions, the report presents multi-
criteria assessment for technology prioritization in Akkar command. It finally provides 
recommendations of combined technologies and proposes future actions for effective 
implementation. 
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Overview of Akkar  
irrigation scheme

The command area
Akkar Governorate is located in the far North of Lebanon and has a total surface area of 79 800 
ha with the Mediterranean Sea on its western border, Hermel to the East, Syria to the North 
and the El-Bared River and the district of Minieh-Dinnieh to the South. It is composed mainly 
of six areas: Al-Sahel, Middle and Higher Dreib, Joume, Shaffat, and Qaytaa (Mouchref, 2008). 
Akkar topography is extremely diverse, with three principal zones: the plain, the mid-elevation 
plateau and the mountains, with an altitude ranging from 0 to 2 100 m. This results in significant 
heterogeneity of climate, hydrology, soil and vegetation.

The population size in Lebanon has gradually increased over the years, from 1 804 941 inhabit-
ants in 1960 to 6 855 713 residents in 2019 (World Bank, 2019). One of the most impacted and 
deprived regions in the country is North Lebanon, with high poverty levels, which remains to 
register the second largest host of Syrian refugees in Lebanon due to its geographical location 
bordering Syria (UNHCR, 2020). North Lebanon, composed of the North and Akkar gover-
norates, cumulatively hosts a population size of 1 163 912 people of which 532 000 live under the 
poverty line: 341 000 deprived Lebanese, over 140 000 Syrian refugees, 51 000 Palestine refugees 
and almost 15 000 Lebanese returnees (OCHA, 2018).
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Climatic conditions
In Lebanon, climate is characterized by a Mediterranean-type weather, with hot and dry sum-
mers, and cool and rainy winters. The average annual temperature is 15 °C, having January the 
coldest month by average temperature of 5 to 10 °C (MoE et al., 2011). The mean annual rainfall 
of North Lebanon has been changing over the last decades. The annual values range between 
500 and 1 000 mm, with an average around 800 mm. However, the rainfall pattern shows uneven 
distribution over the year, as around 85 percent of the annual rainfall is expected between 
November and March. Figure 1 displays monthly average rainfalls in long-term (1971-2000), 
medium-term (1991-2016) and short-term (2006-2011) trends. The monthly precipitation rate 
of North Lebanon has been extrapolated from Central Administration for Statistics of Lebanon 
Council of Ministry (CAS), CLIMWAT and Climate Knowledge portal of World Bank, incor-
porating the data from Tripoli Station and three other weather stations in North Lebanon. It 
can be already observed that there is a decrease in annual rainfall, from 848 mm per year in long 
term data to 803 mm per year in short term data. The major decrease is recorded from January 
to May – except February –with a mean decrease of 11 mm.

Water and land resources
North Lebanon consists of 13 watersheds, of which El-Bared is the second largest with its 277 
km2 area. El-Bared watershed belongs to Akkar together with three other major perennial rivers 
(El Kabir, Ostouene and Arka) and the seasonal stream of Wadi Awik (ELARD and NLWE, 
2016). El-Bared River is one of the most impacted with an estimated area of 1 477 ha and length 
of 24 km. Sourced by multiple springs, it supplies major agricultural areas such as the Union of 
Al-Qaytaa (including Mhamara and Bebnie) and Minieh. Based on the land use maps generated 
for Akkar Governorate, approximately 133 ha out of 1 477 ha total command area is covered by 
water bodies and rivers (ELARD and NLWE, 2016). 

Figure 1: Average monthly precipitation rate in long, medium and short-term in 
North Lebanon 

 

Source: CAS, CLIMWAT and World Bank, 2020
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Figure 2: Watersheds in North Lebanon 

 

Source: FAO, 2018.

 
Due to its topography, the available water resources per capita is higher than of the neighbour-
ing countries. Groundwater is an essential source of domestic water use, especially in Akkar 
where not all villages are linked to NLWE networks. NLWE network coverage reaches 60 
percent in the North with Akkar still not fully covered, making some municipalities to have 
their independent water systems. The remaining 40 percent either utilize water from communal 
wells, private wells, water trucking or springs. Furthermore, it covers 50 percent of irrigation 
water which comes from wells and boreholes (MoE et al., 2011). However, about 65 percent of 
the aquifers in Lebanon are of karstic limestone – that are affected by high level of fissures and 
fractures controlling groundwater flows and determining the infiltration and the transport of 
pollutants, also including fertilizers and pesticides. This together already poses significant health 
risk. Still worse, urban expansion and increasingly growing demand of irrigation water further 
contributes to the uncontrolled well drilling. More than 42 000 private wells are currently in use 
(MoE et.al, 2011). This might have contiguous effects on water quality, as depleted aquifers can 
experience high salinity level. Coastal groundwater is also threatened by the sea water intrusion 
and rising sea level. Current trends show increased intensity of sea water intrusion that must be 
taken into account in future water management strategies (MoEW and UNDP, 2014). Sea levels 
have been continuously rising at an average rate of roughly 20 mm per year in the Levantine 
basin of Mediterranean Sea, and it can reach up to a total of 30–60 cm in 30 years (MoE et al., 
2011).

Irrigated areas in North Lebanon are supplied by four major irrigation canals with varying 
lengths. Although Akkar primary canal is the shortest amongst them with 14 km, it supplies the 
largest portion of agricultural lands in the region. The canal sources water from El-Bared dam, 
which stores the natural river flow. 
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Figure 3: El-Bared River map view

Source: Google Earth, 2020, elaborated by the authors.

 
Water volume of El-Bared River can be considered largely fluctuating in terms of both inter-
annual and intra-annual variation. For example, water volume reached as low as 1.037 million 
m3 in October, but 32.054 million m3 in April in 2011. 

El-Bared dam is a central core rock dam currently relying on gravity water. The dam operation 
is affected by a hydropower dam upstream. The catchment area is estimated at around 270 km2 
with 72 million m3 annual runoff. With large storage capacity, the dam supplies irrigation water 
and drinking water to the poorest cazas in Lebanon, Akkar, Minieh and Dannieh (World Bank, 
2003). 

Figure 4: Water volume of El-Bared River in million m3 between 2010-2015 

Source: FAO, 2020.
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Figure 5: El-Bared dam, 2019

Akkar sources water from El-Bared Dam through gated intakes. The open-canal system distrib-
utes water from one main canal into lower level network. Irrigation canals in the command area 
cover a length of about 97 km, of which about 14 km belong to the main canal and 86 km to 
the lower-level canals and drains. Throughout the last decades, the irrigation network remained 
unsecured from the adverse impacts of urbanization. Today, the previously separated municipal 
and agricultural water networks are involuntarily interconnected. Irrigation and storm-water 
drains are conjunct before reaching the sea. However, this multiple use of system is uninten-
tional and lacks any kind of engineering considerations. The long-term trend of multiple use led 
to severely deprived infrastructure along the total lengths of the irrigation network. According 
to the original network profile, the canal network has around three formal outlets along the 
estimated 7 km of coastline. Further informal outlets are identified though. However, they are 
heavily deteriorated, and some of them are non-functional anymore due to human interference. 
The outlets are devoid to have any function to convey or control flow, and to trap trash. This 
overload on the system poses risk not only on the infrastructure but on environment, agricul-
ture and human health. 
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Figure 6. Canal outlet to the sea, 2019

 

Marine ecosystem in Lebanon is considered Mediterranean with some sub-tropical elements 
(MoE et al., 2011) characterized by various ecosystems, like coralligenous habitats, seagrass 
meadows, vermetid reefs, and deep-sea ecosystems such as underwater canyons (Bigagli et al., 
2018). On the base of an IUCN analysis on underwater canyons, six main habitat types exist over 
a broad depth ranging between 36 -1050 m: coralligenous habitats and rhodolithper maërl beds, 
rocky bottom areas, muddy and sandy-muddy bottoms, sandy bottoms, canyon heads, and 
bathyal muds (IUCN, 2018). However, Lebanese marine ecosystems are threatened by multiple 
sources. Sand and gravel extraction, sewage discharge, marine letter, unsustainable and illegal 
fisheries, habitat degradation, recreational uses and coastal urbanisation are the major risk fac-
tors in the command area (IUCN, 2018).

Generally, soils in Lebanon are young and typically Mediterranean, characterized by fragility, 
poor consistency and shallowness (especially on sloping terrains) that prone them to erosion 
and environmental degradation. El-Bared watershed has extremely divesre soil types, consisting 
mostly of cambisols, fluvisols, luvisols, leptosols, arenosols, anthrosol, hyperskeletic and cliffs.  
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11Overview of Akkar irrigation scheme

Figure 7: Soil type classification in El-Bared watershed 

 

Source: FAO, 2018.

 
In Akkar region, there are two areas mainly used for agriculture: the plain and the mid-elevation 
plateau. The first is characterized by shallow slopes, and it is composed of sandy soils formed 
suitable for agriculture (FAO, 2008). The middle area covers about 50 percent of Akkar region 
and is used for agriculture pastures and forest (MoA, 2003). This fertile land has enormous 
agriculture potential, making Akkar and northern areas the second largest agricultural region in 
terms of total cultivated area after Baalbeck-Hermel and Bekaa (FAO and MoA, 2010).





Solid Waste Management Outlook 
in North Lebanon 

Poverty, high numbers of refugees and high unemployment rate make Northern Lebanon one 
of the most deprived regions of the country. North Governorate accounts 1 163 912 inhabit-
ants, of which 328 408 are registered refugees from Syria and Palestine (OCHA, 2018). The 
public service capacities related to MSW management are not yet prepared to accommodate the 
intense population growth. Due to enormously increasing consumption and relatively weak 
policy regulations on sustainable production, the volume of waste generation has approximately 
doubled in the country and has contributed to public outrage over 5-year period between 2005 
and 2010 (MoE et al., 2011). MSW makes up most of the waste amount in Lebanon. Estimation 
shows that around 6 500 tonnes per day MSW is generated in Lebanon, of which the governor-
ates of the North and Akkar shares 17 percent (MoE, 2018). The volume of waste generation is 
imbalanced, as rural areas account around 0.8 kg per capita compared to 0.95-1.2 kg per capita 
in urban areas. Together, the rural and urban areas, average 1.05 kg per capita waste (SWEEP-
NET, 2014). Table 1 presents theoretical analysis of MSW production in main cities and villages 
of North and Akkar governorates. The calculated volume of waste production considers the 
population and the average waste generation per capita. Centralized efforts should be taken to 
extend the public services in order to create safe environment particularly in this region, where 
vulnerable communities are exposed to poor public facilities. 
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Table 1: Generated daily waste volume per cities in North and Akkar governorates  
City kg per day City kg per day
Akroum 11 331 Machha 5 434
Al-Mehamra 36 099 Machta Hammoud 12 266
Al-Mina Jardins 21 978 Mejdlaya 10 596
Al-Mina 12 399 Miniyeh 39 683
Amioune 5 018 Ouadi Khaled 20 699
Batroune 5 667 Tripoli Al Haddadin 56 601
Bakhaoun 11 465 Tripoli Al-Kobbé 68 742
Bebnine 18 612 Tripoli Al-Nouri 2 720
Berkayel 10 690 Tripoli Al-Souéka 10 315
Chekka 12 648 Tripoli Al-Tabbaneh 27 659
Deir-Daloum 5 415 Tripoli Al-Tal 64 721
El Beddaoui 44 387 Tripoli Al-Zehrieh 7 032
El Khraibé 6 314 Tripoli Jardins 5 174
El-Biré 5 057 Tripoli Zeitoun 23 613
Halba 17 567 Zghorta 16 363

However, the estimated daily 596 tonne waste generated in the indicated cities is distrib-
uted unevenly in the region. As the heat map shows, the largest cities such as Tripoli, Minieh, 
Mhammaret, are the hotspots of waste load. The concentration of waste is even more critical in 
the sense that all these cities are located in the coastal areas that have no significant infrastructure 
to prevent MSW disposal.

Figure 8: Distribution of MSW generation in North and Akkar governorates

 

 
 

Source:  Google Earth, 2020, elaborated by the authors.
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Policy background and responsibility share
Governmental bodies and private entities are at the heart of MSW management. Accordingly, 
the Ministry of Environment, Ministry of Interior and Municipalities (MoIM), Municipalities, 
and the Council of Development and Reconstruction (CDR) are mandated by law to govern 
the sector. As shown in Table 2, municipalities governed by MoIM are mainly tasked with the 
responsibility of waste collection, disposal and overall management at the sub-national level. 
This is not the case however, for municipalities in Beirut, Tripoli and the majority of Mount 
Lebanon that take on a less extensive role and assist CDR with overseeing the work of private 
contractors selected by CDR. Municipalities tend to play a more central role in waste manage-
ment in the North of Lebanon especially in Akkar and Minieh. In 1974, Decree 8735 was put 
into force on the topic of public hygiene and included 39 articles with the purpose of controlling 
the discharge of domestic, agricultural, and industrial waste. It should be highlighted that this 
decree places the main responsibility of waste collection and disposal on municipalities. Also, 
it prevents waste dumping in public and private areas including adjacent roads and waterways, 
and it states that official disposal sites require approval from the province authorities. Adding 
to the above, Municipal law No 118, that dates back to 30 June 1977, also assigns municipalities 
the responsibility of MSW.

 
Table 2: Responsibility share of different stakeholders 

Stakeholder Main Responsibilities
Waste Management Board Developing waste strategy and authorizing waste 

management plans

Ministry of Environment Initiating waste management standards and 
guidelines and implementing waste management 
programs

Ministry of Interior and Municipalities • Participation in the National Strategy and plan 
and implementation of local waste management 
plans

• Establishing/ implementing waste management 
programs

Municipalities •  Participation in the National strategy and plan 
through the Waste Management Board

•  Proposing and implementing local waste man-
agement plans for non-hazardous municipal 
waste

•  Establishing / implementing waste 
Management programs

•  Management of waste collection
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Stakeholder Main Responsibilities
Council of Development and 
Reconstruction

•  Assistance in procurement of WM projects upon 
request

•  Assistance in the development of WM plans 
upon request

Private Sector / the Public •  Abiding by laws, regulations and guidelines on 
waste management

• Prohibition of littering, illegal bumping and burn-
ing

•  Participation in the National strategy and plan 
through the Waste Management Board

•  Participation in the development and imple-
mentation of local waste management plans

•  Participation of facility and generator manage-
mentplans

Source: MoE et al., 2011; Massoud, 2016; Abbas et al., 2017.

The recent waste crisis was instantly followed by early response from decision-makers to 
adopt more efficient integrated solid waste management. Law 80 was issued by the council of 
Ministers in 2018 as a means to ensure an integrated framework for MSW management and to 
safeguard the environment. Though no action plan was put in place to make its implementa-
tion more efficient, it highlighted the importance of the principles of integrated household 
MSW management (reduction, reuse and recycle) and the concepts of sustainability, aware-
ness and transparency (MoE, 2018). In the last few years, more and more organizations and 
institutions have tended to focus primarily on preventing MSW accumulation and its spread 
on land or water. Common practices include the provision or restoration of sanitary landfills/
waste disposal facilities, the supply of compactors trucks or bins to collect household waste 
and prevent it from seeping in waterways or spreading, and the promotion of recycling and 
reusing and reducing polluted water quality. In the North, for example, most organizations 
(local or international), specialized in MSW, tend to focus mostly on sorting or waste collection 
at source level, in addition to awareness and capacity building at the local and municipal level.

Stakeholder analysis of solid waste  
management in Akkar
In order to conduct exploratory analysis of the current situation of solid waste in Akkar, semi-
structured face-to-face interviews were conducted with main stakeholders over the period May 
2020 to July 2020. The overall objective of this qualitative analysis is to establish causal relation-
ships based on identified synergies (Green et al., 2003). The structured questionnaire consists 
of three main modules:
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• General overview:

§	 stakeholders and their role in waste management

• Mechanisms of MSW management

§	 Sources of waste

§	 Collection of waste

§	 Sorting of waste

§	 Disposal of waste

• Capacity bottlenecks

 
In Lebanon, MSW management is divided into zones under the responsibilities of different 
Municipalities and Union of Municipalities. Therefore, stakeholders’ involvement included two 
main Union of Municipalities of the North Lebanon (UoM) and the belonging municipalities 
along El-Bared River: (1) UoM of Minieh, including 5 main municipalities; (2) UoM of Al 
Qaytaa, including 15 municipalities; and (3) Municipality of Mhamara, along El-Bared river.

1. General overview
The survey results show that MSW activities undertaken by municipalities outside of Beirut 
and Mount Lebanon are not streamlined nor equivalent; they are rather autonomous (affected 
by available support and in accordance to their share from the municipal fund), where each 
municipality relies on its own waste collection protocols. This is the case of the municipality 
of Mhamara, Union of Jurd Al Qaytaa and Union of Minieh, which all benefit from El-Bared 
watershed. The stakeholders take similar responsibilities regarding day-to-day to activities such 
as municipal cleaning, waste collection, etc. However, prioritization of activities might be differ-
ent from one to another. For example, the focus of the municipality of Mhamara is on enhancing 
water services through the implementation of various activities, while the rest might prioritize 
MSW management. In addition, collection and disposal services might differ between munici-
palities. The frequency of provided services also differs amongst stakeholders. While some 
collects waste on a daily basis (sometimes twice a day), others only collect waste once a week. 
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Figure 9: Removed MSW from irrigation canals, 2019

 

 
This fact gives clear explanation why some villages are put behind the others. Infrequent waste 
collection leads to waste accumulation, thus forcing inhabitants to dispose their waste randomly 
and use irrigation canals as means of waste transport. Until regulations for all are not effectively 
monitored and enforced, and universally applicable protocols are not introduced, the current 
practices further aggravate the tension. Still worse, the cascade effect of MSW pollution contin-
ues to induce adverse impact on the surrounding environment. However, mainstreaming MSW 
management into policy and enforce its implementation might not be easily forthcoming. It is 
important not only to impose new intervention strategy for MSW management in theory, but to 
showcase real-term implementation that matches social reality and delivers immediate remedial 
measures.

2. Mechanisms of waste management and capacity gaps
In terms of waste generation, the Union of Minieh and Al-Qaytaa alone can generate around 
130 tonnes per day. According to the Union of Minieh, the quantities of waste generated has 
increased by 33 percent in the last five years – from 60 tonnes per day to 80 tonnes per day. 
Similarly, for Mhamara, a village that falls under the Union of Al-Qaytaa, quantities of MSW 
have doubled for the same period. Regarding waste disposal, half of the volume of MSW was 
mostly openly dumped, while 35 percent was disposed in sanitary landfills, and negligible rate 
of 15 percent was treated or recycled (MoE, 2018). Increasing social awareness together with 
recycling capacities would certainly provide effective intervention strategy to champion the 
cause of healthy environment.
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Figure 10: Final destination of disposed waste in Lebanon

Source: MoE, 2018. 

In Akkar, the Union of Minieh relies primarily on a treatment facility for sorting and compost-
ing (SWEEP-NET, 2014). This facility has been operational since 2016 and receives around 
90 tonnes of waste per day, whereas its capacity is 100 tonnes per day. Sorting activities occur 
manually after waste is transferred to the facility not at source level. After treatment, recyclables 
can be sold while the rest used to be disposed of in Adweh dumpsite, which is currently not 
operational (MoE and UNDP, 2017). Adweh was an unregulated large dumpsite at an estimated 
volume of 255 372 m³ (MoE and UNDP, 2017). Not only did Adweh receive waste from the 
North and the rejects from Minieh’s sorting facility, it used to take on waste from municipali-
ties outside of the Caza, which contributed to a lot of tension between municipalities (MoE 
and UNDP, 2017). Moreover, medical waste from the three major hospitals of the Union was 
disposed by a local non-governmental organization (NGO), in a separate manner, to Adwen 
landfill. In 2019, the dumpsite was shut down and was substituted with a new proposed sanitary 
landfill, which is still pending approval and it is causing major public outrage. Without an alter-
native, the result would be a larger number of open landfills scattered throughout the region, 
making any land reform plans a technical and financial issue (OMSAR, 2018). The Union of 
Al-Qaytaa, on the other hand, directly disposes waste in Srar landfill, which can absorb around 
daily 300 tonnes of waste. Finally, in the municipality of Mhamara, MSW is collected through 
pick-ups or compactor and then transported to Srar Landfill. A sorting facility project was 
started in the area, although, it has been suspended.

Open-dumping Sanitary land�lls

Treated/recycled
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In conclusion, the MSW-induced problems are stemming from the following major factors:

• Rapid population growth that exceeds the capacities of the current public services;

• Institutional gaps that leads to unequal access to MSW-related services;

• Deteriorated infrastructure of facilities that does not allow the proper disposal of MSW; and

• Lacking awareness of communities that results in environmental degradation. 

 



Assessing water resources  
vulnerability to solid waste

Growing need for irrigation water
Agriculture is considered to be one of the main mainstays in Akkar. Agriculture and fishery 
absorb around 29.6 percent of active population in the region (Mouchref, 2008). The sector also 
has long depended on Syrian workers in various forms of agricultural activities, and more than 
20 percent of Syrian refugee families rely on employment in the agricultural sector (IRC et al., 
2013). Thus, agriculture as a sector is a source of income to some of the most vulnerable com-
munity. However, agriculture faces multiple challenges including climatic changes, water avail-
ability and downward market trends. The country’s cereal production meets only 20 percent of 
domestic demand, thus making the country import-dependent. The profitability of agriculture 
is severely constrained by the high input costs, as most of the agricultural inputs, including 
seeds, fertilizers, plant protection materials are imported (FAO, 2020). The currency floating 
poses further risks, as the rapidly devaluating exchange rate has caused trade disruptions. The 
field risks together with market risks require productivity increase to enable farmers to cope 
with mounting uncertainties. It can be readily accepted that improving access to reliable irriga-
tion services is a cornerstone to stabilize and increase yields. 
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Figure 11: Greenhouses in Akkar region, 2020 

Akkar and the North of Lebanon have a total cultivated area of 26 percent with the majority of 
holdings having an average area size of less than 1 ha (FAO and MoA, 2010). The main crops 
grown in Akkar are cereals, vegetables (mainly potatoes, green beans, tomato and eggplants), 
citrus, pome fruits (mainly apples) and stone fruits (FAO and MoA, 2010). In parallel, the 
sources of water used for irrigation purposes are both surface and groundwater. Out of the total 
irrigated area in the Caza of Akkar, 54 percent is mainly originating from rivers and springs, 
while 41.5 percent is from wells (FAO and MoA, 2010). Around 850 ha out of 1 500 ha are cur-
rently used for agricultural purposes in Akkar command area, thus making up 58 percent of the 
total area size. Considering an average irrigation value of 4 500 m3 per ha, the theoretical annual 
crop water requirement of the area is around 3.7 million m3. Current trends show the increas-
ing dominancy of greenhouses driven by farmers’ efforts as an adaptation strategy to challenges 
related to water and the shrinking land availability. However, poor water management still 
significantly hampers the farmers’ ability to establish well-organized greenhouse production. 
Beside the water quality issue, greenhouse production is further restricted by unreliable flow-
rates, low flexibility, and lack of flow control.

Though water resources from rivers and springs can be considered abundant, access to these 
resources is hindered due to the outdated or absent networks responsible for its delivery. As a 
result, rather than being used, water from rivers and springs ends-up being wasted in the sea. 
To compensate the loss, farmers are increasingly relying on groundwater to irrigate their lands. 
A large number of these wells are illegal in nature and cannot be properly monitored, thus put-
ting groundwater resources at risk of depletion. Whether sources originate from rivers or wells, 
more than 70 percent of the total agricultural area is irrigated using surface irrigation techniques, 
which are considered less efficient compared to drip and sprinkler irrigation (FAO and MoA, 
2010). Though available, water resources are not efficiently used in the Caza because of the lack 
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of proper infrastructure and absence of proper management knowledge or guidance, with nega-
tive consequences on agricultural yields and quality. Amplifying the situation further is the pro-
jected change in climatic patterns. According to Lebanon’s Second National Communication 
to the United Nation Framework Convention on Climate Change, temperatures are expected 
to increase by 1 percent while precipitation is expected to decrease by 10-20 percent by 2040 
(UNFCCC, 2011). With every 1 percent increase in temperature, the total volume of water 
resources is expected to reduce by 6-8 percent contributing to water shortages and drier weather 
(MoE et al., 2011). The projection assumes sharp increase in agricultural water demand. Hence, 
a mixture of excessive use, pollution and climatic change can be detrimental to the available 
resources and ultimately to the agricultural sector. In order to sustain agricultural production 
and farming livelihoods, effective measures should be introduced to preserve water resources 
both in terms of quantity and quality. 

Irrigation network as alleged actor of spreading waste
The growing agricultural water demand is compounded by the urban water use. Irrigation infra-
structure interconnected with sewage and storm-water infrastructure proves to be hazardous to 
the environment, agriculture, and human health. To make matters worse, irrigation canals run-
ning through urbanized areas are commonly used as means for MSW disposal. Consequently, 
waste is delivered through the adjacent irrigation network. Due to the smaller dimensions of 
lower level canals, the largest share of the waste volume remains in Akkar main canal, thus being 
carried towards the Mediterranean Sea. Smaller size waste can intrude into the secondary and 
tertiary canals and end up in the agricultural fields.

Figure 12: Solid waste reaching the fields through irrigation canals, 2019
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In order to protect both water and land resources, gradual intervention should be planned, 
starting from the main reaches of irrigation system to lower level networks. However, such 
intervention must avoid the disruption of irrigation and allow for further system development 
to improve conveyance efficiency increase. 

Impact of solid waste and sediment load on water re-
sources
In 2014, alone population pressure has contributed to a 15 percent increase in MSW, 14 per-
cent in wastewater and 12 percent in water demand (GoL and UN, 2019). According to Jaffar 
(2019), at the watershed level, watersheds in Lebanon show a crisis-induced increase in water 
stress of 2–10 percent. The vulnerability assessment can be approached from two perspectives: 
water availability and water quality. Water availability refers to the actual capacity of the system 
to deliver the required water amount; while water quality is defined as set of physical, chemi-
cal and biological parameters that support safe water use for both beneficial and non-beneficial 
purposes. 

Impact of solid waste on water availability
MSW has direct impact on the system capacity, as accumulated MSW blocks the canals, gated 
offtakes and outlets. The current engineering design does not include any equipment to inten-
tionally trap and/ remove MSW. The main canal has narrow sections, where parts of the MSW 
volume is retained. The water distribution into irrigation zones is equally impacted by the MSW 
as gated offtakes are often blocked and damaged.

Figure 13: MSW course in Akkar main irrigation canal, 2019
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However, larger flows can easily flush the accumulated MSW to downstream stretches and 
finally to the sea. However, this way of sea pollution is not an isolated incident. It has been esti-
mated that around 80 percent of marine litter comes from river inflows (Jambeck et al., 2015). 
Consequently, it can be assumed that at this rate and in the absence of any mitigation strategies, 
waste will continuously be dispersed contaminating much larger areas (MoE et al., 2014). As 
their surface area is enlarged, oceans and marine life are to be considered at high risk level.

The issue of unregulated groundwater use is, here, reiterated in order to discuss the indirect 
impact of MSW on water availability. The impacts on surface water are no more significant than 
those on groundwater sources that are also at risk of diminishing as water abstraction trends 
increase. Due to the lack alternative water resources, poor management of surface water hit by 
MSW crisis and the absence of proper monitoring, people often bypass the procedure of well 
permit application and dig-up illegal wells which might not be environmentally acceptable 
(Farajalla et al., 2015). Hence, the current number of wells spread out in Akkar can be consid-
ered contributing to the decrease in water levels and the increase of sea water intrusion risk. In 
addition, farmers in Akkar are known for their extensive use of pesticides and fertilizers that 
infiltrates into groundwater and ultimately contaminates it. In addition, fertilizer bags and pes-
ticide containers are often seen floating on the surfaces of irrigation canals.

Impact of sediment deposit on water availability
In addition to the MSW crisis, canal capacity is further decreased by the significant sediment 
deposit in the bottoms. Seasonal averaging is difficult as no meaningful measurement has been 
conducted on sediment transport in the irrigation system. However, it can be assumed that 
the main source of sediment is the dam, collecting water from El-Bared River and multiple 
springs. In order to increase the canal capacity, sediment concentration entering the canal must 
be reduced (ODA, 1993). Based on field experiences, general estimation shows that 1 m long 
trapezoidal prism with average 45 cm sediment depth, 150 cm bottom width and 250 cm top 
width, retains 0.9 m3 sediment. Along the 14 km main canal, the total volume would reach 9 900 
m3 sediment. The dynamic building-up of sediment bed decreases the capacity, causes backwater 
effect, while large part is flushed away to the sea. Without effective filtering and sediment extrac-
tion, MSW is also stuck in the mud, thus further increasing the trash volume.

Box 1: Sediment transport in Akkar main canal   
 
Up to date, no regular and consistent sediment removal was carried out in the canal. The 
accumulated sediment taking around 40 – 50 percent of the canal dimension does not 
enable proper measurement of sediment transport and deposit rate. Therefore, theoreti-
cal calculation is established on estimated values of sediment transport in Akkar main 
canal. In case of missing values, standard values or estimation replace the actual ones. 
Based on Engelund-Hansen equation, the bedload volume is calculated as the following 
(Engelund-Hansen, 1967):
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Where, S0 is the bottom slope, D is the hydraulic depth, V is the mean velocity, B is the 
canal width, d50 is the average particle fall diameter, Ss is the specific gravity, qs is the total 
sediment volume and Qs is the sediment weight in unit meter of the canal width. 

The calculation is applied to the upstream stretch of Akkar main canal, directly at the 
dam. The lined subsection is of rectangular shape with flat slope. Based on the canal 
dimensions of 0.87 m average flow depth and 1.6 m canal width, the area of subsection is 
1.392 m2. The average velocity measured by surface structure image velocimetry method 
is 1.8 m/s in the subsection. As actual measurement of sediment density is not available, 
theoretical value of 2 600 kg/m3 is applied. Average bed roughness of 0.0007 ks is derived 
from standard value for concrete canals. Also, actual sediment mean diameter is replaced 
with estimated values ranging from 0.0002 – 0.0005 m. 

The theoretical volume of total bedload sediment weight varies from 3.29 to 27.7 kg/s. 

Figure 14: Relationship of sediment size diameter and sand transport in 
Akkar main canal

 
By increased fallen particle diameter, the transport of bedload sediment significantly 
decreases, thus ending up in permanent accumulation in the canal bed. The deposited 
sediment reduces the canal conveyance capacity and requires regular removal. Sediment 
extracting equipment is required upstream to retain the larger size particles, thus 
decreasing allowing better sediment transport in the irrigation canal. Sufficient capac-
ity of the sediment extracting equipment can be, however, defined only based on trend 
analysis. Since the canal has been deteriorated due to the lack of maintenance work, the 
first step of proper equipment sizing is the clean-up of sediment deposit accumulated 
throughout the years.
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Figure 15: Sediment removal from canal bottom in Akkar, 2020

The first campaign of canal cleaning was carried out in July 2020. Based on expert observa-
tions, the canal capacity improved by 50 percent after the maintenance work, including clean-
ing of vegetation, removal of MSW and sediment remediation from canal banks and bottoms. 
However, occasional cleaning is not sufficient to maintain improved conditions. Further engi-
neering solutions are required to ensure regular clean-up of MSW and sedimentation. Twofold 
intervention, whereas trash-and-remove mechanism is coupled with sediment extraction, will 
be introduced within the context of this report as remedial measure to achieve long-standing 
solution.

Impact of solid waste and sediment load on water quality
Soaring trend of improper MSW disposal has deleterious impact likewise on water quality. In 
fact, water quality is the proxy of any susceptible mechanism before effects become visible. An 
FAO-developed water quality monitoring system has established a protocol for regular data 
acquisition and analysis. The quality system consists of multiple monitoring sites in Akkar part 
covering the course of the main canal. The following parameters are defined to assess irrigation 
water quality:

• Bacterial Count: Total Coliform, Fecal Coliform, E-coli

• Turbidity 

• Electrical Conductivity (EC)
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• pH

• Soluble cations: Na, K, Ca, Mg

• Soluble anions: HCO3, Cl, NO3, SO4

• Heavy metals: Pb, Fe, Zn, Cu, Mn, Ni

 
The physical and chemical analysis registered slightly fluctuating values of measured parame-
ters, but the values are within the acceptable threshold over the main canal. The turbidity results 
show strong correlation with external factors such as industrial works that temporary increased 
the values. However, turbidity values also can be considered acceptable in general. Regarding 
the salinity values, the monitoring results consistently re-approved that surface water has good 
to excellent quality for irrigation. Therefore, reliable irrigation service is highly important to 
assist in shifting farmers’ preferences from groundwater to surface water use.

Sediment transport has multiple and distinct effects on water quality. On one hand, it absorbs 
certain level of pollutions thus improving water quality. On the other hand, sediment load car-
ries and spreads pollutants such as pesticides, fertilizer residues, organic compounds and other 
hazardous pollutants that adversely affects the water quality. Before-, post-analyses are required 
in order to determine the role of current sediment levels in the irrigation network.

Figure 16: Canal cleaning campaign in Akkar, 2020
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Box 2: Biological analysis - Alerting side story   
 
The results of the biological analysis are discussed to shape further actions built on the 
MSW and sediment management. The proximity of urban areas entails another source 
of heavy contamination. In lack of solid urban planning processes, the surrounding 
houses are directly connected to the irrigation canals, and many of the plumbing systems 
discharge sewage into the canals. Consequently, as final receiver, the sea collects more 
than 60 percent of the total sewage load of Lebanon from at least 53 sewage outfalls 
(MoE et al., 2011), and most of the MSW and pollutants transported along the rivers and 
artificial waterways. Biological analysis, applying measurements of total coliform, fecal 
coliform and E-coli resulted in utterly critical impacts of this common phenomenon. 
Corresponding to the population density around Akkar main canal, the bacterial count, 
already high at the head works, is enormously growing. The heat map of bacteria trend 
displays the count values along the main canal.

Figure 17: Bacteria trend in Akkar main canal produced by the authors, 
10.09.2020)

 
Such level of contamination has eventually multiple impacts on health and environment. 
Although the bacterial contamination is attributed to sewage disposal, actions cannot 
be taken until the overall condition of the irrigation network is recovered. Build on it, 
successive measures can be introduced to mitigate the impacts and eliminate pollution 
sources.





Engineering solutions  
to protect water resources

There are ample numbers of available engineering solutions to manage MSW and sediment. 
Despite of the marvellous technology advances, adoption is often slow due to the possible 
deployment limits though. The concept of “no-one-size-fits-all” is neither new nor philosophi-
cal in the context of engineering solutions. Compiling a comprehensive set of engineering solu-
tion was done systematically reviewing existing technologies. Beyond the literature review of 
MSW and sediment management in irrigation systems, the search involves the available sources 
demonstrating the implementation of the technologies. However, the compiled toolbox of 
engineering solutions is not merely a repository of readily available technologies. It proposes 
re-engineering process to align the technologies to local context.

Efficient technology uptake must consider several limiting factors related to scalability, func-
tionality, economies of scale, social acceptance, and degree of usefulness. For example, overly 
complex systems can put unnecessary burden on users and operators, while too simple struc-
tures might narrow the scope of functionality. However, trialability of large-size and fixed 
equipment is often troublesome since they are less flexible to any modification. Although some 
of the relevant technologies are scale-neutral, most of the trash removal equipment falls under 
the aforementioned category and requires significant resource mobilization. Consequently, 
they require rigorous assessment prior to implementation. In order to identify the most fitting 
technology, a multi-criteria analysis (MCA) method was developed to prioritize technologies in 
the context of Akkar irrigation scheme. It is worth mentioning that the current analysis is con-
ducted in well-defined frames: what works in the targeted area, might not work in other area. 
The current approach does not aim to establish universally acceptable priority order of available 
technologies, but rather presents stepwise logics for contextualized decision-making.
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A twofold intervention assessment
A twofold intervention was set focusing mainly on techniques that minimize MSW and sedi-
ment deposit, and a number of engineering solutions are selected to intercept and remove MSW 
in irrigation canals and control sediment. To support the selection of adequate technologies, 
procedure of rapid site identification was, first, presented. A synthesis of an extensive literature 
review was, subsequently, provided to introduce existing waste and sediment removal technolo-
gies. The applied MCA to evaluate the suitability of technologies involved four selection cri-
teria: engineering design, operation and maintenance (O&M), investment, and socio-economic 
impacts.

1. The engineering dimension focuses on analysing the default engineering design, its 
suitability and the flexibility of construction. Regarding the engineering design, assessing 
the potential impacts of the proposed structure is inevitable since the deployment of 
new constructions can significantly modify the hydraulic performance of the system. 
For example, the suggested design might affect the speed and the flow of water in the 
irrigation canals which might, in turn, change the required water delivery to farmlands. 
In other cases, the implementation of a new technological design might require structural 
modifications of the irrigation canals (e.g. foundation, mounting structure etc.), imposing 
an additional level of examination to its feasibility on-ground.

2. In O&M dimension, multiple factors have to be taken into account to ensure the smooth 
operation and ease of maintenance of systems in place. According to the Reference 
Guide for Asset Management Tools (EPA, 2020), O&M should equally take into account 
rudimentary operational activities and upkeep drills to ensure that assets are in viable 
conditions. O&M factors that are looked at include the system’s susceptibility to erosion, 
impacts of debris on engineering solutions, necessity and frequency of cleaning, and 
degree of required maintenance.

3. Investment dimension considers both the capital and operating expenses of the 
technology, upon which decision-makers should be alerted before implementation. 
Accordingly, when conducting the analysis, factors such as cost of construction, cost of 
O&M, and system lifespan are deeply evaluated.

4. Regarding socio-economic dimension, the potential effect and consequence of technology 
deployment on the community is at focus. Experiences show that induced flooding is 
common phenomenon while installing equipment in the canals. In the case of Akkar, 
specifically, the primary consequences of flooding risks can lead to yield loss, damage in 
public places, deterioration of irrigation infrastructure, and soil erosion.

 
Strengths and limitations were defined to understand the potential challenges that could be 
encountered during implementation, and a qualitative assessment was followed by scoring in 
5-point Likert scale, whereas aggregated score is assigned to each selection criterion. The scoring 
is based on an all-encompassing discussion of an expert pool that took into account the context 
of the command area and the community’s response to such interventions. It is worth mention-
ing that technologies with relatively simple design were not scored per dimension due to their 
limited assessment perspective. Finally, the findings were summarized, and the techniques were 
ranked accordingly.
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Rapid identification of implementation sites
The irrigation system in Akkar is currently accumulating large amounts of debris, organic waste, 
plastics and sediments. The site identification considered a set of criteria based on prevailing 
conditions:

1. Accumulation dynamics observed in field visits were imbalanced between upstream and 
downstream reaches. As the upstream parts are out of urbanized areas, MSW disposal in 
the canal is negligible. Reaching the first village and beyond, the MSW volume greatly 
increases. Therefore, the first criterion of site selection was the degree of urbanization in 
the surrounding environment.

2. Depending on the type of MSW, whether it is floating or submerged, the site selection must 
consider the trapping mechanism. Based on trapping mechanism, the second criterion was 
the suitability of canal section to be equipped by full-dimension or fractional trash traps.

3. The applicability of technology largely depends on the MSW load. While small volume can 
be manually removed within defined frequency, large MSW volume requires automated 
system. Accordingly, the third criterion built on the site suitability to construct large 
structure.

4. Surface area size is severely constraining factor of technology selection. For example, 
extended water surface such as El-Bared dam requires scale-neutral trash removal 
techniques that are flexible and mobile enough to cover the area. The fourth criterion of 
site selection was, therefore, the size of water surface.

5. Finally, the fifth criterion was based on the existing facilities in Akkar command area. 
Some canal sections are already equipped with bar screens acting as trash trap, thus 
upgrading might provide inexpensive solution to maximize their impact.

 
Based on the defined set of criteria, rapid identification of implementation sites was carried out. 
The map in Figure 15 depicts suggested sediment and waste control solutions along with their 
adequate intervention sites. It provides an overview of the identified MSW removal solutions 
and illustrates their role as an integrated MSW control system within Akkar command area. 
These solutions are grouped in four categories:

1. Automated solid waste removal structures;

2. Manual solid waste removal structures;

3. Upgrades to the existing bar screens; and

4. Other solid waste control solutions. 
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Figure 18. Overview of solid waste control solutions within Akkar command area 

Source: Google Earth, 2020, elaborated by the authors.

 
These solutions are not limited to the main and secondary canals; they also include adequate 
interventions for El-Bared dam. In order to ensure the minimum discharge of MSW into the sea, 
the outlets of the main and lower level canals were identified as final safeguards of preventing 
sea pollution. 

Sediment build-ups have multiple direct and indirect impacts on the water network, drastically 
reducing the conveyance capacity of the irrigation scheme, and ultimately affecting water deliv-
ery and availability at the level of end-users. Thus, removing the sediments already contained 
in Akkar main canal and preventing the future formation of large sediment deposits are crucial 
measures to enhance the performance of the irrigation scheme and to improve its sustainability. 
El-Bared River conveys debris and sediments from the upstream watershed to the dam, where 
sediments settle in the bottom of the reservoir. From there, the finest sediments (fine sand and 
silt) enter the head reach of the main canal through the water intake. Removal of sediments 
from the dam is currently undertaken by the North Lebanon Water Establishment (NLWE) at 
a frequency that is lower than needed. Hence, sedimentation upkeep is generally unaccounted-
for. Sediment management for dams and irrigation schemes comprises a wide range of strategies 
that can be broadly grouped in five categories: 

1. Methods to reduce sediment inflow from the upstream catchment;

2. Methods to trap sediments upstream of the dam;

3. Methods to pass sediment through the dam;



35Engineering solutions to protect water resources

4. Methods to remove sediment deposits from the dam and water intakes; and

5. Methods to remove sediments from the irrigation canals.

 
Assessment of engineering solutions  
for solid waste removal

The engineering solutions toolbox corresponds to the four categorized groups discussed earlier. 
Each solution is illustrated with a brief description of its main objectives, design, and function. 
Furthermore, the location of the technology deployment is proposed in order to assign it to 
the most fitting site. Arbitrary evaluation of technology efficiency is presented with respect to 
the proposed site condition. Finally, a technical sheet of the MCA is enclosed to present main 
strengths and limitations of the proposed solution.

Automated solid waste removal structures
Option 1. Fixed trash rack with automated rake

The trash rack is a fixed steel structure used to trap debris and prevent its migration further 
downstream. The trash rack can be cleaned manually, or it can be equipped with an automated 
mechanical/hydraulic rake. The automated rake scrapes the rack and conveys the collected 
debris into the disposal unit.

Figure 19. Overview of sediment control solutions within Akkar command area 

 

Source: Google Earth, 2020, elaborated by the authors.
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Design and Function

Typical trash rack design consists of rows of parallel rectangular steel bars with a clear spacing 
between the bars varying in the range of 5-30 cm, depending on the size of the debris present 
on site. The steel bars are welded on a steel frame, which is bolted into the concrete banks and 
bed of the canal. The trash rack is usually placed in the canal at a 45°-60° angle to the flow to 
reduce the head loss through the structure. Automated systems can be powered with renewable 
energy and conveyor belts that transport collected trash directly into trash bin. This advanced 
technology helps retaining the collected trash and easing the trash collection by public service. 

Proposed application

This solution is recommended to be installed at the downstream end of Akkar main canal 
to intercept and remove large and continuous debris load before the discharge into the river. 
As downstream parts are the hotspots of waste accumulation, collecting the waste from four 
upstream villages, the automated systems are required to provide sufficient capacity and fre-
quency of waste removal.

Efficiency

Very High - this solution is effective for both floating and submerged debris and it is flexible to 
a wide range of debris size.

Figure 20: Grab rake on high-mounted rails, 2020 

Source: Reproduced from ENERQUIP, 2020.
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Advantages and disadvantages 

Table 3: Advantages and disadvantages of fixed trash rack with automated rake 
 

Strengths Limitations
Engineering

Large removal capacity, in terms of both 
debris load and size

Design is moderately flexible to different canal 
shapes and dimensions

Robust solution

Allows maximum flow to avoid flooding

Stand-alone solution for waste removal 
(interception, collection and disposal)

Fixed structure, cannot be easily replaced or 
removed

Complex design

May require private-public land acquisition

Require source of electricity

1. Operation and Maintenance

Fully automated operation (little human 
labour force required)

The rack can be still cleaned manually, in case 
of automation’s failure

Mechanical and electrical components – 
Specialized maintenance is required (know-
how of the system is essential)

Larger repair works are expected compared to 
less automated systems

Vulnerable to vandalism

2. Investment

Low operation costs

Co-benefiting sectors

Large investment need (design, fabrication 
and installation)

High maintenance costs

Short lifespan 

3. Socio-economic

Minimum health and safety risks during oper-
ation and maintenance

 
Option 2. Self-cleaning trash rack

The self-cleaning trash rack consists of a fixed steel, concrete frame and a travelling steel com-
ponent that collects the debris and discharge it at the top of the structure. A conveyor belt then 
conveys the debris to the disposal unit.

Design and Function 

Two main design solutions are available for the travelling component of the structure:

• Automated and continuous chain of raking beams that travel up the rack face and return 
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along a guided path at the back of the rack. The raking beams contain a plate with teeth cut 
to match the trash rack bars. When raking, the teeth are perpendicular to the trash rack. At 
the top of the rake travel, debris is dropped into a conveyor belt. 

• Automated and continuous travelling screen. The screen is usually placed in the canal at an 
angle lower than 45° to the flow to reduce the water head loss through the structure and to 
allow effective collection of debris. The screen elevates the debris from the water and drops 
it into a conveyor belt

 
Proposed application

This solution is recommended to be installed at the downstream end of Akkar main canal 
to intercept and remove large and continuous debris load before the discharge into the river. 
Similar to the trash rack, the high capacity and frequency cleaning can be guaranteed by self-
cleaning racks to eliminate accumulation hotspots. 

Figure 21: Schematic design of an automated trash rack structure with continuous 
travelling screen, 2020

 

Source: Reproduced from Duperon Corporation, 2020; ENERQUIP, 2020.
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Figure 22: Front view of automated trash rack structure with continuous travelling 
screen, 2020

Figure 23: Back view of automated trash rack structure with continuous travelling 
screen, 2020

 

 
Efficiency

High - This solution is effective for both floating and submerged debris. However, it is gener-
ally recommended for small- to medium-sized debris and it is only moderately flexible to wide 
range of debris size.
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Advantages and disadvantages

Table 4: Advantages and disadvantages of self-cleaning trash racks

Strengths Limitations
1. Engineering

Large removal capacity, mostly in terms of 
debris load

Stand-alone solution for waste removal 
(interception, collection and disposal)

Allows maximum flow to avoid flooding

Fixed structure, cannot be easily replaced or 
removed

Complex design, not flexible to different canal’s 
shapes and dimensions

Moderate head-loss through the structure – 
increased water levels upstream

May require private-public land acquisition 

Source of electricity is required

2. Operation and Maintenance

Fully automated operation (little human 
labour force required)

Vulnerable to jamming

Cannot be operated in case of automation’s fail-
ure

Mechanical and electrical components-special-
ised maintenance is required

Larger repair works are expected compared to 
less automated systems

Vulnerable to vandalism

3. Investment

Low-moderate operation costs (human 
labour will be required occasionally)

Large investment need (design, fabrication and 
installation)

High maintenance costs

Short lifespan

3. Socio-economic

Minimum health and safety risks during 
operation and maintenance

 
Manual solid waste removal structures
Option 3: Debris Boom and Bin

Debris booms are floating structures used to trap debris and prevent downstream migration 
in rivers, waterways, canals and at sea. The boom on its own only traps and directs the debris 
into a collection area. A complementary technique is, therefore, required to collect the debris 
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and convey it to the disposal unit. In addition to the “debris bin/basket”, other complementary 
techniques include: 

• Grab bucket mounted on lifting machinery per digger.

• Work boat debris boom applications at sea and in wide rivers.

 
Design and Function

Heavy-duty polyethylene cylinders/pipes allow the debris boom to float on the water. The 
boom is installed perpendicular to the flow and it is anchored to the banks of the canal or to 
steel pilings. A polyethylene curtain can also be installed beneath the waterline to prevent debris 
escaping under the main float. The debris boom traps the debris and directs it towards the 
mouth of a floating basket/bin, where debris is temporarily collected and stored. Once full, the 
basket is lifted out of the trap by a lifting machine and the debris is disposed. Fixed, flexible and 
semi-flexible debris bins slightly differ in their design. While fixed structures have rigid screen 
walls, the flexible and semi-flexible technologies can be moderately extended to increase their 
capacity. Manhole for unloading can be created in the top of the structure in order to ensure 
continuous flow while cleaning. 

Proposed application

This solution is recommended to be installed at the downstream end of Akkar main canal 
to intercept and remove large and continuous debris load before the discharge into the river. 
Although the technology is not automated, the flexible design can compensate the limited 
capacity.

 
Figure 24: Debris bin - fixed structure, 2020 

Source: Reproduced from Storm Water Systems, 2020.
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Figure 25: Debris bin - flexible structure, 2020 

Source: Reproduced from Storm Water Systems, 2020.

 
Figure 26: Debris bin – semi-flexible structure, 2020  

 
Source: Reproduced from Storm Water Systems, 2020 

Efficiency

Moderate - This solution is effective for capturing debris only, while removal requires further 
manual/automated work. Over spilling may occur if debris load is too large.
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Advantages and disadvantages

Table 5: Advantages and disadvantages of debris bin  
Strengths Limitations
1. Engineering

• Simple design and installation

• Can be manufactured locally

• Design is flexible to different canal’s 
shapes and dimensions

• Does not require source of electricity

• Lower capacity removal

• Limited removal possibility of non-
floating debris 

• Vulnerable to lager debris load – system 
can jam and waste overspill

• Requires complementary technique for 
waste removal 

2. Operation and Maintenance

• Little human labour force required

• Lower maintenance requirements 
compared to more automated systems

• Vulnerable to jamming

• Requires constant monitoring of the 
capacity

• Requires lifting machine/device to 
remove the collected waste

3. Investment

• Low investment need (design, fabrication 
and installation)

• Low maintenance costs 

• Operation costs may be higher than 
more automated solutions 

3. Socio-economic

• Moderate health and safety risks during 
operation and maintenance that can 
however be mitigated through the 
design

 
Option 4: Net trash trap

The net trash trap is a trash screen system used to intercept debris (vegetation, trash, etc.), and 
prevent migration further downstream. It is mostly used at the outlet of culverts and pipes, 
but it has also been installed in open channels. A complementary lifting machine is generally 
required to lift the net out and dispose the waste. 

Design and Function

The net trash trap consists of a stainless-steel frame with support legs and a removable heavy-
duty polyethylene filtration net that can be lifted out for cleaning and maintenance using a small 
crane per lifting machine. 

Proposed application

This solution could be installed at the outlets from the drains, lower level network and outlet 
of the main canal. 
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Figure 27: Net trash trap, 2020

 

Source: Reproduced from Storm Water Systems, 2020.

Figure 28: Proposed location of net trash trap in canal outlet, 2020 
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Efficiency

Moderate to high – it is effective mostly for submerged debris but can be designed to eliminate 
floating trash if spillways are constructed. However, it is not suitable for large debris as these 
would easily clog the net and cause upstream flooding.

 
Advantages and disadvantages 

Table 6: Advantages and disadvantages of net trash trap  
Strengths Limitations
Simple design and installation

Design is flexible to different canal’s 
shapes and dimensions

Low investment need

Limited trapping capacity

Vulnerable to large-sized debris – the net may clog 
and cause upstream flooding

Regular monitoring/inspection is crucial to flag 
need for waste removal and disposal

Regular emptying of the net is required to avoid 
upstream flooding

Conditionally to the debris load, a lifting machine 
may be required to lift the net out and dispose the 
waste

May require spillway for water to bypass the 
jammed net

 
Option 5: Fixed trash rack with manual rake

The trash rack is a fixed steel structure used to trap debris (vegetation, trash, etc.) and prevent 
downstream migration. In this solution, the trash rack is cleaned with a manual rake. Design 
features are included in the structure to facilitate the manual O&M.

Design and Function

In addition to the design features commonly used in fixed trash racks, additional design details 
are usually included to facilitate the manual operation and maintenance. Rack is inclined at a 
45° angle to the flow and to not exceed 2 m in length. Bars have a return length at the top to 
facilitate scraping. Grid working platform span across the canal, and handrails to be provided at 
the back of the working platform.

Application

This solution could be installed:

• Along the upstream stretch of Akkar main canal in Bibnieh as a complementary technique 
to the automated structures, whereas hotspots of waste accumulation are not critical.



46 Assessment of engineering solutions for solid waste removal from irrigation canals in North Lebanon

 
Figure 29: Bar screens functioning as manual trash rack, 2020 

 

• At the outlets of the main secondary canals in Akkar command area as an alternative 
solution to the net trash trap, if high-capacity traps are installed upstream from the outlets. 

 
Efficiency

Moderate - This solution is effective for both floating and submerged debris. However, the 
removal capacity (load and size of debris) is significantly limited by the manual operation, espe-
cially if installed along the main canal in Akkar.

Advantages and disadvantages 

Table 7: Advantages and disadvantages of manual trash rack  
Strengths Limitations
Simple design and installation

Design is flexible to different canal’s shapes 
and dimensions

Low to moderate investment need

Lower maintenance costs compared to more 
automated systems

Removal capacity (debris load and size) is lim-
ited by the manual operation 

Requires significant human labour force – high 
operation costs

Regular monitoring and operation is crucial to 
avoid clogging and risk of upstream flooding
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Option 6: Upgrades to existing bar screens 

Horizontal bar screens are installed in the upstream and middle stretch of Akkar main canal to 
act as water flow tranquilizer. As the water flows through the screen, poor velocity profiles are 
broken up and a laminar flow is restored. Nevertheless, the bar screens also effectively act as 
trash racks since they trap floating debris and prevent downstream migration. 

Field observation shows that the design of the screens could be complemented to overcome 
some of challenges encountered during operation and maintenance, amongst which is:

• the cleaning of the lower part of the screen is not easily achieved;

• the significant safety risks for the operators; and

• the screen’s bars being damaged during the cleaning process.

 
Working platform and manual rake tool

As upgrade strategy, platforms at all bar screens can be installed along the main canal. The 
working platform spans across the canal immediately downstream of the bar screen as per the 
draft design shown in. The platform would facilitate cleaning of the screen by providing an easy 
access to both banks of the canal. The current horizontal bars can be either replaced by vertical 
bars or additional vertical bars can be installed at the front to facilitate the waste removal by 

human force.

Figure 30: Proposed bar screens for manual trash rack, 2020 
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Figure 31: Proposed inspection space for existing bar screens, 2020

 
Custom-designed raking tool is proposed to scrape the horizontal bar screen and allow the 
operator to reach the lower part of the screen. 

Figure 32: Design of the manual rake tool, 2020
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When used in combination, the working platform and the manual rake help address the chal-
lenges currently experienced during the operation of the bar screen. However, a significant 
labour force input is still required. With the aim of providing a complementary solution that 
reduces human labour force input and that enables a quicker and more efficient cleaning of the 
bar screen, additional design features have been developed.

High-density polyethylene net

High-density polyethylene (HDPE) net can be installed on the upstream face of the existing 
screen, extending to the concrete channel. By working from the platform, the operator is able 
to pick up the corners of the net and pull it towards the road-side bank. A system of pulleys 
and levers included in the design facilitates the manual operation. Once emptied, the net will be 
put back into the canal.

 
Figure 33: Design of an HDPE netting system installed on the existing screen, 2020

Table 8: Advantages and disadvantages of the steel basket system  
Strengths Limitations
Flexible solution that can be easily modi-
fied to fit conditions

Enables quick removal of debris

Heavy-weight solution – a system of pulley and 
levers will be required to enable operation by a 
single person 

Increased maintenance requirements

The flow tranquilising function of the original bar 
screen may be compromised - increased turbu-
lence

Flow’s cross-sectional area is reduced - might 
cause excessive head loss through the structure 
and upstream flooding
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Other solid waste control solutions
Option 7: Mobile devices

Mobile devices such as innovative aqua drones can be introduced. Drones are autonomous 
surface vessel used to clear floating plastics and other debris from calm water environments. 
It can be operated manually via an onshore operator (radio controlled) or autonomously with 
online control and access (Ranmarine, 2020). Likewise, mobile drones are suitable to cover large 
surface area such as the dam. 

Design and function 

Floating trash trapping devices are remotely operated, on-the-spot solutions to carry out 
occasional cleaning. The drones are mobile; therefore the technology transfer from one site to 
another is easy. The drones are manoeuvred around the water surface and directly capture the 
floating waste.

Proposed application

This solution is to be used in larger water surface, such as at the dam to collect floating debris 
before entering the river and the irrigation canals and along the shoreline. 

 
Figure 34: Floating drone for waste collection, 2020 

Source: Reproduced from Wasteshark, 2020.

Efficiency

High - this solution is effective for small- to medium-sized floating plastic debris
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Advantages and disadvantages 

Table 9: Advantages and disadvantages of the water drone technology  
Strengths Limitations
Mobile system – it can be used at different 
locations (e.g. dam, shoreline)

It covers large and extended surface area

Low investment need

Fully automated - little human labour force 
required 

Water quality monitoring functionality

Not suitable for large debris 

It requires a source of energy to recharge the 
battery pack

Only suitable for relatively calm water environ-
ment (reservoir, ports, marinas, calm sea)

It requires  complementary technique for waste 
removal

 
 
Assessment of engineering solutions for sediment 
control 
Removing the sediments already contained in the Akkar main canal and preventing the future 
formation of large sediment deposits is crucial to enhance the operational performance of the 
irrigation scheme and to improve its sustainability. Sediment control must be introduced right 
at the source. As El-Bared dam is the main container and distributor of sediment, cleaning the 
canals occasionally is not efficient enough to provide long-standing and sustainable solution. 
Therefore, sediment techniques are proposed at the dam, more specifically upstream the dam 
and right in the dam. As complementary solution, methods to control sediment in the canals are 
presented to maximize the effects. 

Figure 35: Sedimentation depth in main canal, 2020 
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Upstream sediment control structures 
Option 1. Open check dam

Open check dams are overflow structures installed perpendicular to the channel flow to reduce 
flow velocities, prevent erosion, and moderately trap sediment.

Design and Function

Check dam types vary by composition and installation approach. Check dam materials may 
include rock, fibre logs (e.g. wattles), triangular sediment dikes, wood, sandbags, and other 
materials or prefabricated systems (Minnesota Control Pollution Agency, 2019). Depending on 
the materials, minimum infiltration is allowed in the case of rocks, fibre logs or wood. Check 
dams are often installed in sequences, with the spacing between them varying in accordance with 
slope and soil type. Design including sediment settling captures the sediment spilling over thus 
providing double fences. The sediment is trapped in the upstream part of the dam and right at 
the downstream part. Dams equipped with topping prevents the overspill of floating trash. 

Proposed application

This solution is recommended in El-Bared River immediately upstream of the dam to trap the 
sediments before they enter the reservoir. It can be installed as a stand-alone structure or in a 
series of dispersed structures along the most downstream end of the river. 

Figure 36: Open check dam, 2020 

 

Source: Reproduced from Malesu et al., 2008.
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Figure 37: Sediment settling basin of open check dam, 2020 

Source: Reproduced from Government of Andhra Pradesh, Department of Rural Development, 2014. 

Figure 38: Sediment trap with an open check dam, 2020 

 
 

Source: Reproduced from Zollinger, 1983.
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Efficiency

Moderate - The primary objective of the check dam is to reduce velocity and temporary reserve 
water by elevating water level flow control, it reduces sediment intake as secondary objective

Advantages and disadvantages

Table 10: Advantages and disadvantages of the open check dam  
Strengths Limitations
1. Engineering

Flexible design

Large variety of construction materials

Velocity control co-benefit

Relatively simple construction

Possible backwater effect / flooding upstream 

Decreased water velocity into the dam / water sup-
ply threat 

Not suitable in extreme events

2. Operation and Maintenance

No moving items – low maintenance 
requirements

No erodible parts

Rocks can be replaced

Regular sediment removal is required

Access road for excavator is required for sediment 
removal

Need of harmonization of reservoir operation 
(upstream hydro power plant)

3. Investment

Low-to-Moderate investment need

Long lifespan

Fast return

Could be productive asset – if upstream 
irrigation facilities are improved

Long-term planning process

Required investment in discharge monitoring (for 
design and operation phase)

4. Socio-economic

Potential for creation of new irrigation 
facilities upstream of the dam

More reliable water flows upstream

Necessary flood prevention measures upstream

 
Option 2: Cipolletti weir

Cipolletti weirs are overflow structures installed perpendicular to the channel flow to control 
flow, reduce velocity and moderately trap sediment (Raudkivi, 1993). Cipolletti weirs are rec-
ommended for high velocity flows, whereas check dams could more likely cause flooding and 
water level control is required. Weirs can be installed in cascade in order to maximize the impact. 
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Design and function

Cipolletti weir is generally trapezoidal in shape and constructed from reinforced concrete. 
Additional design adjustments may include wave-breakers to be installed downstream from 
the weir in order to avoid erosion at the intake. Automated weirs with opening gates are more 
efficient to control both the velocity and sediment.

Proposed application

This solution represents an alternative to the open check dam presented above. Installation 
immediately upstream of the dam allows to trap the sediments before they enter the reservoir. 

Efficiency

Moderate - The primary objective of the Cipolletti weir is flow control, it reduces sediment 
intake as secondary objective. Moreover, sediment can overflow if the crest is too deep and can 
be deposited in the gates. 

 
Figure 39.Sequential Cipolletti weirs, 2020 

Source: Reproduced from Bongers, 2013.
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Advantages and disadvantages 

Table 11: Advantages and disadvantages of the Cipolletti weir  
Strengths Limitations
1. Engineering

Robust design (capable of withstanding 
extreme events)

Water level control benefit

It can include discharge measurement func-
tion

Possible backwater effect / flooding upstream 

Decreased water flows into the dam / water 
supply threat in case of available upstream 
storage facility 

Rigid solution made of reinforced concrete

2. Operation and Maintenance

Low human force requirement for operation 
and can be automated

Regular sediment removal is required

Access road for excavator is required for sedi-
ment removal

Need of harmonization of reservoir operation 
(upstream hydro power plant)

3. Investment

Moderate investment need

Long lifespan

Could be productive asset – if upstream irri-
gation facilities are improved

Long-term planning process

Required investment in discharge monitoring 
(for design and operation phase)

4. Socio-economic

Potential for creation of new irrigation facili-
ties upstream of the dam

More reliable water flows upstream in case 
of available storage capacity upstream

Necessary flood prevention measures upstream

 
Option 3: Sedimentation basin

Sedimentation basins are settling ponds excavated in depression points to retain sediment-laden 
runoff through concentrating sediment in smaller bottom surface, while the principle is the same 
as dam operation and cleaning.

Design and function

Sedimentation basins function by intercepting and retaining surface runoff, allowing particles to 
settle prior to discharge downstream. They may feature earthen/rock embankments that retain 
runoff and stream flows for longer periods of time and allows fine sediments to settle. Their 
overall function is similar to the one exercised by the dam, however, they aim to concentrate 
the sediments over a smaller area. Baffles can be installed within the sedimentation basin to have 
controlled and fragmented concentration of deposit thus saving time and cost of cleaning.
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Figure 40: Sedimentation basin with baffles, 2020

Source: Reproduced from Department of Environment and Science, Queensland, 2018 and Sides Seeding and Erosion Control, 2018.

 
Proposed application

The solution is proposed to be installed right in the check dam or at the entry of El-Bared River 
to trap the sediments before they enter the reservoir.

Efficiency

High - sediment trapping is the primary objective (scaled to small and medium-sized sediment).

 
Advantages and disadvantages

Table 12: Advantages and disadvantages of the sediment basin  
Strengths Limitations
1. Engineering

Flexible design

No backwater effect

No considerable change in flow regime

Not suitable in high-velocity conditions

Requires land acquisition
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Strengths Limitations
2. Operation and Maintenance

No moving items – low maintenance require-
ments

No erodible parts

Easy flagging of necessary sediment removal 
(no need for measurement)

Facilitated dredging work by collecting a large 
amount of sediment

Regular vegetation removal is essential

Access road for excavator is required for regu-
lar sediment removal

Requires soil compacting

Gully erosion threat

3. Investment

Low-to-Moderate investment need

Long lifespan – in case of regular mainte-
nance

Hydraulic structures not required – except 
for a dam at the downstream end to hold the 
water back

Stand-alone solution

Non-productive asset

Single objective of sediment trapping

No significant additional value/function com-
pared to the existing dam

Sediment management at the dam
The North Lebanon Water Establishment (NLWE) leads the sediment removal activities at 
El-Bared dam. Sediment removal is carried out only occasionally through a combination of dry 
excavation and empty flushing. Water level in the reservoir is lowered to a riverine flow causing 
scour and release of the previously deposited sediments. Simultaneously, dry excavation is used 
to increase the extent of the scour. Nonetheless, most of the sediment removal is limited to the 
flushing channel, leaving behind large sediment deposits across the rest of the reservoir. 

Based on the outline of sediment management alternatives provided by Annandale et al. (2016), 
a list of methods to manage sediments applicable to El-Bared dam is presented in Table 13.

Table 13: Potential sediment management practices at El-Bared dam  
Name Description Comments

Reservoir 
drawdown and 
sluicing

It involves drawing down the water 
level during periods of high discharge 
and sediment load to increase flow 
velocity in the reservoir. The increase in 
flow velocity leads to reduced sediment 
trapping and scour of previously depos-
ited sediments.

Hydrological data and modelling 
is required to accurately guide 
this method and to ensure the 
discharge from the dam does not 
cause downstream flooding.

Sedimentation transport to the 
downstream irrigation system 
and water treatment facilities 
must be solved.
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Name Description Comments
Dry excavation The reservoir level is lowered to allow 

access to deposits by earth-moving 
equipment. Dry excavation can be 
undertaken on a seasonal basis at sites 
with predictable seasonal water level 
variation (dry summer and wet winter).

Dry excavation is generally costly 
and requires availability of land 
for sediment disposal, unless 
sediments are reused in agricul-
ture or other applications.

Dredging A range of techniques used to remove 
sediment from beneath the water, 
including: hydraulic dredging by suction 
dredger and siphon dredging (gravity 
driven).

Usually not cost-effective for 
small reservoirs.

Flushing • Pressure flushing occurs when 
a submerged low-level outlet is 
opened to release sediment while 
the reservoir level is high, producing 
a localised scour cone around the 
intake.

• Empty flushing consists in opening 
a low-level outlet to completely 
empty the reservoir, thereby 
scouring sediment deposits.

• Pressure flushing is applicable 
to dams that have a low-level 
in the immediate vicinity of 
the intake.

• Empty flushing is currently 
being used at El-Bared dam in 
combination with excavation.

• Sedimentation transport to 
the downstream irrigation 
system and water treatment 
facilities must be solved.

Modify intake Raising or otherwise modifying intakes 
(e.g. provision of sluices and low-level 
outlets to handle the sediment).

Source: Annandale, 2016

Sediment control structures on the main canal
A number of engineering solutions have been developed to facilitate the extraction of sediments 
from the head reach of irrigation canals. These include settling basins and sediment extractors.

Settling basins are concrete structures used to remove solid particles from water flows. When 
water enters the basins, the velocity is sufficiently reduced to allow solid particles to settle. The 
reduction in the velocity is achieved by a change in the bottom slope and in the cross-sectional 
area of the canal. 

Sediment extractors function by separating, and then ejecting, the sediment-laden bottom layer 
of flow in a canal. They are usually located in the head reach of canals where head is available 
so that the extracted water and sediment can be conveyed back to the river (Wallingford, 1993).
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Figure 41: Design of settling basin in irrigation canal, 2020 

 

Source: Reproduced from FAO, 2003

 
Figure 42: Vortex tube-type sediment, 2020 

 

Source: Reproduced from Wallingford, 1993.
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Figure 43: Tunnel-type sediment extractors, 2020 

 
 
 
Source: Reproduced from Wallingford, 1993.

 
Settling basins and sediment extractors can be efficient structural measures to control bed mate-
rial sediments in irrigation systems, where water is directly diverted from the river into the 
canals, e.g. Wadi system. They are most effective in the accumulation and removal of the coarser 
sediments, fine gravel and sand. In the case of El-Bared dam, it is expected that coarse sediments 
accumulate on the upstream part of the reservoir and that most of the sediment load entering the 
water intakes is constituted by fine sand, silt and clay. In order to evaluate the applicability of 
settling basins and sediment extractors in the upstream reach of Akkar main canal, the efficiency 
of these systems in the removal of fine sediments should be further explored and assessed. 

Other sediment control structures
Option 4: Dewatering bags

Dewatering bags are a filtration system used to contain silt and sediment during dewatering 
operations. They are commonly used during temporary works on construction sites.

Design and function

The dewatering bags are constructed of high strength woven geotextile. Water/sludge is pumped 
through the bag and as the liquid escapes from the bag, solid particles are trapped inside. Once 
the load capacity of the bag is reached, the entire bag and its contents it is disposed of to a sani-
tary landfill. However, reusable models of dewatering bags are also available. 

Proposed application

It could be used during the dam’s dewatering operations in order to prevent discharge of large 
sediment load into the river.
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Figure 44: Dewatering bag for sediment removal, 2020 

Source: Reproduced from ULTRATECH International Inc., 2020.

 
Efficiency

Moderate - This solution is effective for fine sediments (sand, silt)

Advantages and disadvantages

Table 14: Advantages and disadvantages of dewatering bags  
Strengths Limitations
Side-process of cleaning/dewatering

Low investment need

Removed pollution

No civil works required

Requires pumping and transportation

Short-term solution

Low capacity

Requires disposal to dumping site

High operation costs

 
Optimal strategy for a twofold intervention of MSW
Although the stocktaking resulted in robust technologies, default design requires re-configu-
ration to understand how it fits best the local conditions. Furthermore, stand-alone technolo-
gies are often constrained by having single objective, while multifunctional technologies imply 
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necessary trade-off amongst multiple objectives. In order to ensure a more cohesive waste 
removal system, implementing a combination of technologies is recommended. For example, 
installing an automated waste removal structure at the downstream end of the main canal would 
ensure that the large load of debris is seized and removed prior to reaching the river or the sea. 
However, having large-capacity systems in accumulation hotspots should not lead to neglecting 
other parts of the system. Otherwise, smaller accumulation spots might have multiplier effect 
and cause ultimately similar magnitude of negative impact. The major challenge in technology 
selection is the right understanding how the different components of the irrigation system are 
interrelated. In order to reach optimal combination of the equipment, the complex technology 
categories are evaluated per dimension in 5-point Likert-scale and drawn on radar chart to allow 
comparison. The scoring is carried out by an expert pool and given scores are aggregated in final 
score. According to the scoring guide, 0 indicates the lowest score and 4 the highest. Based on 
the evaluation results, complementary equipment and strategies are proposed. 

Recommended solid waste management technologies
Considering the solid waste removal structures with large-capacity, the fixed trash rack with 
automated rake, and the debris boom and bin are deemed the most suitable solutions for the 
removal of MSW at the downstream end of Akkar main canal. Drawing on the strengths and 
limitations of all three presented, the self-cleaning trash rack was assessed least favourable. 
Although the self-cleaning trash rack may represent an efficient stand-alone solution for the 
interception and removal of solid waste, it shows several limitations related to operation and 
investment: requirement for a continuous source of energy, vulnerability to jamming and large 
debris, requirement for specialised maintenance, large investment need and high maintenance 
costs. The fixed trash rack with automated rake also presents similar disadvantages which 
are intrinsic of the automation component, for example larger investment need, requirement 
for specialised maintenance, requirement for source of energy and larger maintenance cost. 
However, it shows the highest removal efficiency, as it is able to intercept and remove large loads 
of both floating and submerged debris. It can still be operated manually when the automated 
rack fail operating. On the contrary, the debris boom and bin solution has a reduced removal 
capacity, it is less efficient in the removal of submerged debris and it necessitates a comple-
mentary technique to lift the bin out of the canal and dispose the collected waste. However, it 
requires considerably smaller investment need, lower maintenance costs and the design is more 
flexible to different canal’s shapes and dimensions. It should be noted that the debris boom and 
bin would require a complementary technique to lift and unload the bin. The following radar 
chart displays the scoring results of the technologies. 

In order to minimize the seepage of debris further downstream, the technologies should be 
combined with lower-capacity, manual equipment. Intervention strategy can build on exist-
ing efforts through the upgrading of existing bar screens. In fact, the installation of a working 
platform on already constructed bar screens and installation of vertical bars will allow manual 
cleaning works to run smoothly, lowering any safety concerns. Further upgrades can multiply 
the effect to overcome some of the challenges encountered during the O&M of the bar screens 
already installed on Akkar main canal.  Three technical solutions are also considered as comple-
mentary addition to the existing bar screen: HDPE net, tilting vertical bars and tilting steel 
tray. Although vertical bars and steel tray may represent robust systems for a time-efficient 
removal of the accumulated waste, they both show the disadvantages of increasing maintenance 
requirements and potentially compromising the function of the screen as flow tranquiliser. On 
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the other hand, installing an HDPE net on the upstream face of the existing bar screen could 
represent a cost-effective and simple upgrade with the additional advantage of being flexible to 
different canal’s dimensions. It is, therefore, suggested to develop the design of the HDPE net 
system further and to test it at a selected location along Akkar main canal.

Two manually operated structures are presented as complementary solid waste removal solu-
tions for the outlet of main secondary canals in Akkar command area: net trash trap and fixed 
trash rack with manual rake. Although the first solution requires lower investment need and 
enables quick removal of the accumulated waste, it is more prone to clogging and to causing 
upstream flooding if regular monitoring and operation is not performed. The fixed trash rack 
with manual rake has the advantages of being a robust solution and of higher efficiency in the 
interception of waste, however it requires larger investment need and may lead to higher opera-
tion and maintenance costs. It should also be noted that the net trash trap is most suitable in 
small rectangular canals, whereas the trash rack is highly flexible to different canal’s shapes and 
dimensions. The final selection between the net trash trap and the trash rack is based on site-
specific characteristics, including shape, size and material of the canal, availability of vehicular 
access, and likely debris load. Field observation proved that while trash tracks are more suitable 
in canal sections, net trash traps perform better in outlets to the sea. 

Finally, the provision of mobile devices such as drones is recommended as a cost-efficient and 
fully automated measure to collect and remove floating solid waste from El-Bared reservoir. 

 
Figure 45: Comparison of solid waste removal structures, 2020
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Figure 46: Comparison of upstream sediment control structures, 2020

 

 
Recommended sediment removal technologies
To efficiently and sustainably reduce the problem of sedimentation in Akkar irrigation scheme, 
different strategies should be considered with the aim of controlling source and fate of sediments. 
Three methods are considered to trap sediments before entering El-Bared dam: open check dam, 
Cipolletti weir, and sedimentation basin. The radar chart displays the results of technology scoring.  
 
The sedimentation basin shows the highest trapping efficiency as water is retained for a longer 
period allowing fine sediments to settle. However, it performs poorly on O&M, as it requires 
regular removal of vegetation and accumulated sediment. This has a direct impact on the opera-
tion and maintenance costs. Indeed, the sedimentation basin would not show a significant added 
value to the current sediment removal activities in the dam, except from the fact that it helps 
accumulate part of the sediment load over a smaller area upstream of the dam. Although the 
primary function of open check dams and Cipolletti weirs is flow control, they show moderate 
efficiency in trapping coarse sediment, especially when deployed sequentially. Their installation 
upstream of El-Bared dam would help reduce sediment inflow and consequently, would redi-
rect the need for sediment removal from the dam to smaller deposits accumulated upstream of 
the new structures. The open check dam should be preferred over the Cipolletti weir as it is a 
more flexible solution in terms of geometry and construction material, and it generally requires 
a lower investment need. It should be noted that open check dams and Cipolletti weirs might 
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lead to a detrimental impact to the natural flow regime causing a rise in upstream water level and 
a discontinuous water supply to the dam and, consequently to the irrigation scheme. However, 
these advantages can be reduced and mitigated during the design of the structure, which needs 
to be preceded by a thorough hydrological and sediment transport study of El-Bared watershed. 
A hybrid solution consisting of a sequence of sediment traps and open check dams is deemed 
the most suitable method to trap sediments upstream of El-Bared dam. The construction of a 
sediment trap immediately upstream of the check dam can significantly decrease the surface area 
of cleaning and it allows additional sediment storage. 

Potential management methods to control sediment in El-Bared dam are complementary strate-
gies to increase the impact of any equipment. Some consists of regulating water and sediment 
flows within the impoundment to limit deposition and to scour previously deposited sediments. 
Others involve removing sediment deposits from beneath the water or in dry conditions through 
machinery. Although dredging and excavation may require large capital investment and operat-
ing costs, other management method such as empty flushing and reservoir drawdown should 
be further considered as low-cost complementary techniques to sediment trapping upstream of 
the dam. However, the impact of flushing reservoir strategy on agriculture production, potable 
water plants O&M and groundwater aquifer level and quality should be considered.

Settling basins and sediment extractors are examined as potential complementary solutions for 
trapping sediments along the upstream reach of Akkar main canal. Their trapping efficiency is 
highly dependent on the grain size distribution of the sediments present in the canal. Although 
both structures have proven to be efficient in the removal of coarse sediments at the head of 
many run of river irrigation schemes, their ability to trap fine sediments (fine sand, silt and 
clay) in reservoir fed irrigation canals may be limited. It is worth to note that sediment manage-
ment strategies are built on data-intensive planning process. Data and information involving 
particle counting, measurement of sedimentation rate, particle and characterisation analysis and 
topographical surveying are all required parameters to established informed decision-making. 
It is important to mention that sediment removal upstream of the dam must be prioritized for 
principal development strategy and deployment of downstream facilities must be harmonized 
according to it.

 



Conclusions

A pathway to combat water pollution
Water resources are under immense pressure in Lebanon. In parallel, MSW keeps on pilling-up 
affecting both the water availability and quality. Adopted strategies of collection and waste dis-
posal have changed massively over the years, with varying efficiency levels. At present, the role 
of waste collection and disposal falls mainly under the responsibility of municipalities, entities 
that are under-resourced and act independently. Despite of the numerous attempts to tackle this 
issue, the MSW situation reached its tipping point. Adequate delivery of effective measures is 
beyond the capacities of local authorities. As the cascading effect extend to both livelihood and 
environment, the counting back has begun. Adopting optimal combination of technologies are 
much desired in North Lebanon to eliminate the impacts until shift in consumption brings radi-
cal changes in waste generation. 

Water resources are particularly vulnerable to MSW, as habitants, voluntarily or forcedly 
involved in pollution, consider waterways as vehicle for waste transport. The domino effect of 
improper disposal ends up in spreading waste pollution around the irrigation network and the 
sea. Hence, when different forms of litter reach waterways, it cannot be overlooked as its conse-
quences are tremendous on the quality of water reaching ultimately marine life. The magnitude 
of the problem is aggravated by heavy sediment load that reduces the conveyance capacity, con-
tributes to the MSW retaining in irrigation canals, and affects the overall conditions of irrigation 
system. In order to minimize the impacts, two-folds and multi-layered system design is required 
that collectively resolve the current crisis. 
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Based on a comprehensive review of possible engineering solutions, it can be concluded that 
there is a need to explore and invest in new technologies. As the implementation of such tech-
niques in Lebanon is almost non-existing, pathways of technology adoption must be critically 
pre-evaluated. Assessment built on multi-criteria can highlight both strengths and limitations 
that must be exploited and tackled during implementation. Any configuration of explored 
technologies can be context-tailored in order to achieve maximum functionality. Combined 
systems involving automated technologies in high-density spots with complementary tech-
niques constitute a robust and complex solution to address MSW crisis together with sediment 
control. However, the role of complementary techniques should not be undermined, as easy-to-
implement design can act as “wild-card” to recover any error of large equipment. Sediment con-
trol is approached from different perspective than MSW management. While MSW is sourced 
from multiple locations along the irrigation system, sediment originates from some typical and 
well-defined sources. The system layout follows site selection process based on multiple criteria 
such as number of emission sources, suitability of canal section, volume of removable waste and 
sediment, territorial coverage and degree of recent system equipment. 

Large equipment such as trash-racks or debris booms are selected as high-capacity, labour-
independent technologies to eliminate large MSW volume. Complementary, manual equipment 
such as trash racks, upgraded bar screens and trash nets are recommended to minimize the 
remaining waste volumes and break the trend of improper disposal almost right at the source. 
Sedimentation must be controlled by properly sized check dams with sediment basins. Targeting 
its source, sediment removal structures are the most effective when deployed in sequence.

Future perspectives
Just as the problem of solid waste and sediment is complex, so too the definition of strategies 
that address the entire cycle from source of generation to transportation and storage. The steps 
of waste and sediment life cycle require integrated management, involving a large number of 
actors. The removed waste from irrigation canals without collection, transportation and pro-
cessing can be considered only halfway measure. Strengthening the collaboration amongst 
actors, such as NWLE, municipalities, unions, local communities and other stakeholders is a 
key step forward to provide sustainable solutions. In order to create a win-win position for 
all stakeholders, beneficial strategies must be identified. For example, treated sediment can be 
used for agricultural, construction, habitat restoration or structural application (Regional Water 
Authority of Schieland and Krimpenerwaard, 2016). Depending on its composition, removed 
solid waste can be recycled or composted. The learning process of turning waste into benefit is 
still in its infancy in Lebanon, where yet only 8 percent of the MSW is recycled (SWEEP-NET, 
2014). Future perspectives, therefore, must embrace the entire life cycle of solid waste and sedi-
ment management to improve sustainability of proposed solutions. 

Though hard measures are key in these types of situations, soft measures are required to create 
better management plans. In the case of Akkar, one can perceive that individual liability in rela-
tion to waste management is lacking. The vicious cycle of being both the source and victim of 
the MSW crisis has not been broken yet. Strengthening the sense of ownership is certainly just 
as important as investing in technology. If only too little attention is paid by local communities, 
any effort put into hard measure development might decay. Hence, pilot technology interven-
tions must be twinned with sufficient awareness-raising and capacity-building of locals. As a 
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first step to ensure the message gets through, educational awareness campaigns should be orga-
nized for communities. These should be developed taking into account various socio-economic 
and educational levels. Campaigns should also be built on the lessons learnt from past experi-
ences, what has not worked previously should be the basis of a more inclusive and better tar-
geted soft intervention. This can be accomplished through the establishment of collaborations 
with local, national and international actors who interact and approach communities differently. 
The current report sets the scope on MSW and sediment induced water pollution. However, fur-
ther efforts are required to address the water quality deterioration by sewage discharge. Holistic 
awareness-raising campaigns can achieve more pro-environmental attitude. 

Implementation is just a first step towards long-standing MSW management. Due to its inter-
disciplinary nature, responsibility allocation of O&M should be agreed amongst key stakehold-
ers. Mainstreaming the system management into day-to-day activities of relevant entities and 
local communities must be properly planned since a single weak link in the chain might cause 
complete failure. As a means to ensure better response from the community, bottom-up par-
ticipatory approach is recommended; it should engage various stakeholders including munici-
palities and end-users. Finally, achieved results should be institutionalized and mainstreamed 
into national policies that encompass monitoring and enforcement mechanism. Upscale and 
out-scale of the implemented technologies is of paramount importance in order to transfer 
evidence-based practices and technologies to areas facing similar challenges.
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