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1. Introduction and Background 

1.1 Nahr el-Bared camp before the conflict 
 
Nahr el-Bared camp is located in North Lebanon on the coastal strip about 20 km north of Tripoli. The Camp is 

surrounded by the Mediterranean Sea to the west, Nahr el-Bared River to the south, a residential area to the east 

and agricultural land to the north.  The adjacent residential area is separated from the camp by the railway, which 

was previously used for transport of goods and passengers between Tripoli and Syria.  The Camp elevation is 

between sea level and 25m and the approximate area of the official Camp boundary is 200 dunums.   

 

Access to and from the camp is primarily via the Tripoli-Abda road which passes through the camp.  The main 

coastal highway bypasses the camp approximately 1 km to the east.  The camp shelters varied in size and 

quality.  The majority of those shelters consisted of concrete block walls with reinforced concrete roofs.  Some 

had corrugated galvanized steel sheet roofs. Several shelters were of four and five storey buildings.  UNRWA 

provided education, health, relief and sanitation services to the camp refugees. 

  
1.2 Adjacent Areas of the camp 

 
The majority of those areas are populated by Palestine refugees. The adjacent areas of the camp belong to the 

nearby Lebanese Municipalities. 

    
1.3  Situation after the conflict 

         
The conflict between Fateh al-Islam and the Lebanese Army which took place from May to September 2007 

resulted in the total destruction of the camp. Over 30,000 people were displaced from Nahr el-Bared camp (NBC) 

and the Adjacent Area.   

 

UNRWA in coordination and cooperation with all relevant stakeholders is taking the lead to prepare a Preliminary 

Master Plan for the reconstruction of the camp.  The Preliminary Master Plan and cost estimate will be presented 

to the donors to seek funding for the reconstruction. 

 

This Feasibility Study deals with the infrastructure component covering the preliminary engineering design and 

cost estimate and is included as part of the Preliminary Master Plan. 

2. Scope of the Feasibility Study 
 
This Feasibility Study covers the following areas: 

• Infrastructure systems conceptual design and layout 

• Preliminary design of water supply, sewerage, storm water drainage and road pavement systems. 

3. Additional Needed/Suggested Studies and Works 
 
The following studies and related works also should be conducted/implemented in addition to the items designed 

under this feasibility study. 

 

a. Electricity and telephone networks; 

b. Hydrological  study and practical testing of the proposed water wells; 
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d. Shallow sewer systems 

  

Shallow sewer systems are designed to carry all types of domestic wastewater, and consist of a network of small 

diameter pipes laid at flat gradients in locations that are not subjected to heavy loads. This makes them 

appropriate for high-density, low-income housing areas where the pipes can be laid in the narrow alleys and 

backyards of unplanned areas lacking vehicular access as shown in the figure below. 

 

The very high rates of user connection, which may be achieved through community involvement at the planning 

and implementation stages, ensure that a comprehensive sanitation solution is provided for the entire 

community, and that maximum positive health impact is achieved immediately upon completion of the scheme. 

Besides being cheaper than conventional sewerage, shallow sewers do not require excessive quantities of flush 

water for functional operation.  

5.2.4     Evaluation 
 
The level of water consumption in Nahr el-Bared camp is close to that in Tripoli Municipality, and certainly higher 

than consumption levels often found in low-income areas of developing countries.  For that reason alternative 

sanitation options developed for relatively water-scarce conditions in developing countries are not necessarily 

applicable here.   
 

As Nahr el-Bared camp is already under design for rehousing of residents in new proper plots (buildings), it 

would be a logical step to use conventional sewer system. Also, the fact that Tripoli Municipality – where facilities 

exist – is provided with conventional sewers, would render the selection of this technology more appropriate for 

future integration of wastewater conveyance facilities in the camp into those of the municipality.  The single most 

important disadvantage of conventional sewerage is its relatively high construction cost.  As mentioned in above 

paragraph, small-bore sewers are hardly more economical, however, in addition to being less suitable due to 

space constraints.  Apart from conventional sewerage only on-site disposal methods and shallow sewer systems 

should therefore be taken into consideration.  

 

A percolation pit system will not function properly because of a general lack of space and high risk of pollution 

and irreversible damage to the shallow water aquifers in the area.  Other on-site disposal options are not feasible 

in the Nahr el-Bared camp. 

The shallow sewer system (see Appendix A) is attractive for alleys and footpaths of the camp, in as far as there is 

no vehicle traffic.  However, in the new design, there are actually no alleys and narrow pathways.  For that 

reason it is proposed that the wastewater collection system be based on the principle of conventional sewers for 

the main and secondary sewer lines, and that the smaller sewers (multi-house connections) be implemented on 

the principle of the shallow sewer system. However, when possible, steeper appropriate slopes should be 

achieved, keeping pipes at shallow depths, for maximum effectiveness of the system.  This implies that these 

multi-house connections are built with relatively small-diameter pipes and laid at shallower depth than normal 

sewers, but only in those areas where vehicle transport is not possible. This refers particularly to the internal 

public spaces between the houses in the camp. In the roads (4.5 m and above) conventional sewers have been 

projected.  
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5.2.5     Sizing of sewerage pipes 

 

To determine the required diameters of sewer pipes: 

Qs.design = [Qbranch + (peak factor*contributed area*density*consumption/1000*24*3600)]* seasonal variation 
factor = m3/s 

The discharge Qs. des will be used in determination of the required pipes diameters and maximum velocity 

corresponding to the calculated discharge in year 2028.  The minimum velocity will be checked in year 2008 as 

corresponding to minimum discharge.  In some special cases (Vmin less than 0.75 m/s) the minimum velocity will 

be checked as corresponded to average discharge to have one cleaning per day. 

5.2.6 Sewage pumping station 

The proposed sewage pumping station shall serve about 60,000 persons up to year 2033 as it is assumed that 

part of the sewage generated in the Adjacent Area will discharge to the pumping station. The pumping station will 

mainly consist of two submersible pumps with a total discharge of 640 m3/hr and one as standby, 20″ steel 

pressure line, wet pit, inlet channels, mechanical bar screen, manual bar screen, grit removal, generator, 

electrical panels, transformer and services building including guard and toilet rooms.    The following assumptions 

were made in sizing the components of the pumping station: 
  
Fp: Peak Factor = 2.5 

n:  Number of years  

          25 year for wet pit and pressure main. 

 15 year for pumps, electrical and generator. 

Pd:  Design population. 

Cwc Water consumption in year 2028 = 150 L/c.d 

S: Slope of hydraulic grade line. 

h: Head loss,   m. 

∆: Flow factor correction. 

C: Hazen Williams roughness coefficient  

Q: Discharge, m3/h 

5.3 Stormwater Drainage System 

5.3.1      General  

 
The Design concept encompasses draining storm water run-off (utilising a separate system from that for 

sewerage) to three points: two leading to the sea and one discharging to Nahr el-Bared river.  Run-off will be 

designed to flow in the middle roads (sloping inward) of 4.5m and 6m width. V-shaped channels at both sides will 

be used for the run-off flow in streets 9m wide and above.  Run-off will be interpreted by underground pipes 

through grated gullies in streets of 6m width and above.  For 4.5m wide streets the surface of the road will be 

used to convey the run-off to a grated gully at the intersection with a wider street.  

 

The above mix of underground piping and surface conveyance systems was used mainly to decrease the cost of 

construction and practical considerations but without jeopardizing the functional appropriateness of the system. 

The catchments area of internal roads is small and so is the amount of drained water, where the road can carry it 

without considerable wetted depth.  The internal roads have a small width, which makes the installation of 

sewerage and water supply services very difficult. 
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5.3.2 Design Criteria 
 
• Design horizon is the year 2028 

• Rational Method was used in calculations since the catchments area of the camp is 20 hectare 

• Run-off was calculated on the basis of Duration-Intensity curves (see Appendix B) on for Tripoli, Lebanon2.  

Probability 2-years curve was selected.  At the detailed design stage it is recommended to consider the 

higher intensity curves and validate feasibility of the design or otherwise 

• Cast in-situ reinforced concrete circular or rectangular manholes are used 

• Storm water grated inlets shall be of 25 tonne bearing capacity 

• The height of cast-in situ or pre-cast concrete curb is 20 cm above the street level. 

• Min. velocity is 0.75m/s 

• Max. velocity is 3 m/s 

• Max. Wetted. width of road  55% of the width for roads 4.5m & 6m and 60% for higher widths 

• Manning roughness coefficient, n = 0.013 for the culvert and concrete pipes, 0.010 for UPVC 

5.4 Road Pavement 

 5.4.1     Technical Options and System Selection 
 
• Alternative 1: Asphalt Road 

• Alternative 2: Interlock Road 

• Alternative 3: Concrete Road  

 

Asphalt was used for roads 8m to 16m wide for easiness of construction, maintenance and drainage purposes. 

 

Interlock block pavers are more suitable for internal road (width from 4.5 to 8m).  Asphalt pavement cannot be 

easily mechanized at this width. Interlock pavers are labour intensive and thus contributes to the objective of 

reviving economic livelihoods of the camp’s community. 

 

Concrete is used in small pathways and alleys in the camp, this is not applicable at Nahr El- Bared.  For internal 

spaces inside the blocks are recommended also to use interlock block pavers.   

5.4.2      Assumptions and Road Classification 

 
The road could be classified to four categories as follows: 

 

Road 
Class 

Road No Road Width Range Type of Pavement Road (ESAL) x106 

I 

M1,M2,M3,M4, M7, 

M8,M8’, M9, Ring 

Road 

8<width ≤ 16m Asphalt 1< ESAL ≤  2 

II 
M5, M6 and internal 

Road 
6≤ width<8  Interlock Block Pavers 0.5< ESAL ≤  1 

III internal Road of 4.5≤ Width<6m   Interlock Block Pavers 0.5< ESAL≤ 0.15 

                                      
2 Source: CDR Lebanon 
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width of 4.5 and 6 m 

IV 

Side walk for Main 

Road and all internal 

pathways 

≤ 3m  Interlock Block Pavers ESAL≤ 0.15 

 

5.4.3      Pavement Classes 

The pavement of roads can be classified into the following classes: 

 

 a. Class I (Asphalt Pavement) 

• Two crushed aggregate base-courses are used (Total thickness 30cm.) 

• Two asphalt layers are used ( layer thickness 4.0 cm. each)   
 

 b. Class II (Interlock Block Pavers Pavement) 

• Min. thickness of block pavers is 8.0 cm for road 

• Two crushed aggregate base-courses are used (Total thickness 20cm.) with 8.0cm interlock tiles 

• A bedding layer of clean sand of 5.0cm thickness is used under the block pavers 
 

 c. Class III (Interlock Block Pavers Pavement) 

• Min. thickness of block pavers is 8.0 cm for road 

• One crushed aggregate base-courses is used (total thickness 15cm) with 8.0cm interlock tiles 

• A bedding layer of clean sand of 5cm thickness is used under the block pavers 
 

d. Class IV (Interlock Block Pavers Pavement) 

• Min. thickness of block pavers is 6.0 cm for sidewalk and pathways. 

• one crushed aggregate base-courses are used (Total thickness 15cm.) with 6.0cm interlock tiles 

• A bedding layer of clean sand of 5.0cm thickness is used under the block pavers 

5.4.4      Design Criteria 

• Design horizon (year 2028)  = 20 years 

• Two-way Average Daily Traffic (ADT) is saturated  

• Equivalent Single Axle Load (ESAL) estimated for two ways i.e. two directions based on the population 

density and expected activities of camp residence, and the design figure has been shown in the table of road 

classification for each type. 

• Number of Lanes in Each Design Direction = 1 

• Percent of All Trucks in Design Lane = 100% 

• Percent Trucks in Design Direction = 50% 

• Serviceability   

• Initial Serviceability =Present Serviceability Index (PSIο) = 4.2 

• Terminal Serviceability =Present Serviceability Index (PSIt) = 2.2 

• Reliability level = 95% for class I, 90% for class II and 80% for other classes 

• Overall standard deviation = 0.40 
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• Roadbed Soil Resilient Modules (MR) obtained from =1500 x CBR for CBR less than 10 or   2555 x CBR (0.64) for 

CBR wide range  

• Traffic Data, (18-kip (80 KN)) Equivalent Single Axle Load (ESAL) calculation 

W18-Kips(80 KN) = DD x DL x ESAL            

 Where  

DD = Direction Factor = 50% 

DL = Lane Factor         = 100% 

W18-Kips (80 KN) = 0.5x1x4000000 = 2,000,000 ESAL  

• Material Properties 

Sub-grade type according to the data obtained from GEMALAB report (Lebanon) is classified as 

Silty Clay with medium to coarse Gravel, which means it is Gravelly Clay (GC) soil according to 

ASTM classification and A-1-b according to AASHTO classifications. The properties for this class 

of soil involves CBR ranged between 20% and 60%. To ensure safety, we consider the  lowest 

value 20% and use 1.33 factor of safety, so CBR for this soil will be  20/1.33 = 15% for Road 

design3. 

During the constriction stage if it is found that the existing sub-grade have CBR value less than 

15%, replacement for existing soil shall be applied.  

Roadbed Soil Resilient Modules (MR) =2555 x CBR (0.64) for CBR wide range 

         (MR) =2555 x 15 (0.64) =14457psi use 15000 psi 

  Crushed Aggregate Base Course: C.B.R. > 80% 

  Asphalt base & wearing course: Asphalt Concrete 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                      
3 To ensure the value of CBR is 15% telephone call took place with Engineer Islam Hamad for GEMALAB (GEO-
Materials- Environment Technical Laboratories) in Lebanon who confirmed that CBR for Naher El-Bared is 
between 10% and 15% and it is preferable to consider it 15% which  meets the above  estimated value . 
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Appendix A: Shallow sewerage 
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Appendix B: Duration intensity curves 
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