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PREAMBLE 
 
 
 
 
The EIA draft decree specifies that any EIA report should take into 

consideration and study all following elements (font : black, arabic). 

 

The EIA we are submitting hereby is trying to deal with the contents of this 

decree (font : blue, English). 

 

The contents of our EIA study are all these annexed reports together binded, in 

our report dated July 201, we are submitting hereby to your approval. 
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Outline of EIA studies as per EIA draft Decree  

  تقرير تقييم ا�ثر البيئيھيكلية 
  
  

ل��يس بالض��رورة وفق��اً للتسلس��ل (يج��ب أن يتض��من النق��اط التالي��ة "  تقي��يم ا�ث��ر البيئ��ي" إن تقري��ر 
  ):الملحوظ أدناه

  
 ملخص تنفيذي -1

Refer to EIA study-Executive Summary Report, attached in annex A 
 
  
  قائمة المحتويات -2

Refer to: 
• EIA study - Final Report, attached in annex B 
• EIA study - Annex to Final Report, attached in annex C 
• EIA study – Abstract, attached in annex D 
• A1 tender documents (main drawings), attached a CD  

  
 مقدمة  -3
  

 :الھدف وتبرير المشروع •
Refer to: 

• EIA study – Abstract, attached in annex D 
 تحديد المشروع وصاحب المشروع -

Refer to: 
• EIA study - Annex to Final Report, attached in annex C,  page 1/12 – 

paragraphs 1-A & 1-C  and 
• A1 tender documents, attached a CD 

 وصف مختصر لنوعية وحجم وموقع المشروع -
Refer to: 

• EIA study - Final Report, attached in annex B, page 1 - paragraph 1-A 
 أھمية المشروع للبلد -

Refer to: 
• EIA study – Abstract, attached in annex D 

 
  ويشمل الشخص او الوكالة التي أعدت  الدراسة"  تقييم ا�ثر البيئي" نطاق دراسة  •

Refer to: 
• EIA study - Annex to Final Report, attached in annex C, page 1/12 - 

paragraph 1-C 
 
  
 :إطار السياسات وا6طر القانونية وا5دارية -4
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 المؤسسة ذات الص9حية وإمكانياتھا على المستوى المحلي والوطني •

Refer to: 
• EIA study - Annex to Final Report, attached in annex C, page 1/12 - 

paragraphs 1-A till 1-C 
 

 التشريعات البيئية وتلك المتعلقة بالبيئة والتنظيمات والسياسة المتبعة في البلد •
Refer to: 

• EIA study - Final Report, attached in annex B  , see Annex A and 
• EIA study - Annex to Final Report, attached in annex C, page 8/12 - 

paragraph 2-3-H related to decree 52/1 
 التشريعات التي تحكم القطاع الذي يندرج تحته المشروع •

Refer to: 
• EIA study - Annex to Final Report, attached in annex C, page 8/12 - 

paragraph 2-3-H and  
• Decree 52/1  

 المتطلبات البيئية 6ي من المشاركين في التمويل •
Lebanese Ministry of Environment no objection for A1 Rehabilitation and 
Widening between Nahr El-Kalb and Tabarja 
 

  ا?تفاقيات أو المعاھدات البيئية المطبقة والتي انضم إليھا البلد •
Lebanon is adhering to the international protocol for climate change, refer to:  
EIA study - Final Report, attached in annex B, page 4.  

 
 
 :مشاركة العامة -5

Refer to: 
• EIA study - Final Report, attached in annex B  , see Annex G - Public 

Consultation meetings and minutes with Municipalities, shop owners 
committees and private land owners, along A1 highway  

  الوكا?ت الرسمية  •
  المنظمات غير الحكومية   •
  المجموعات المتضررة من المشروع  •

 
  
 :وصف المشروع المقترح -6

Refer to: 
• EIA study - Annex to Final Report, attached in annex C, page 2/12  

paragraph 2-1-A, page 3/12 paragraph 2-1-G  and pages 6/12  till  8/12 
• A1 tender documents including traffic management deviations, as well as 

Tender specs and Bill of Quantities 
  نوع المشروع  •
 الخرائط التي تشير إلى موقع المشروع ومدى تأثيره: موقع المشروع •

 
Refer to: 

• EIA study - Final Report, attached in annex B  , see Annex B and C 
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  حجم المشروع بما فيه النشاطات المرتبطة به المطلوبة منه أو له •
  البرنامج المقترح لFنشاء والتشغيل •

  
  
  :وصف البيئة المحيطة بالمشروع -7

  :البيئة الفيزيائية والكيميائية) 7-1  
أو غيرھا  ***ودراسة تأثير الز?زل **وجيولوجية ا6رض *طوبوغرافية ا6رض •

 من ا6خطار
* Refer to: 

• EIA study - Final Report, attached in annex B, see Annex B and  
• A1 tender documents 

** Refer to: 
• EIA study - Final Report, attached in annex B,  page 31 paragraph V.1.2 

*** Refer to: 
• EIA study - Final Report, attached in annex B, Chapter VI - page 35 till 

page 43 and Annex E 
 **والمياه الجوفية *دراسة المياه السطحية •

 
* Refer to: 

• EIA study - Final Report, attached in annex B, page 32 paragraph V-1-5 
and annex D 

** Refer to: 
• EIA study - Annex to Final Report, attached in annex C, page 7/12 and 

8/12. 

 لمواد ضارة في البيئة البحرية او المياه السطحية  صرفلا مياه مبتذلة من الجبل ولا 
 

 **والساحلية *المقاييس البحرية •
 

*The A1 road project is not concerned by checking sea measures or 
measurements 
Refer to: 

• EIA study - Annex to Final Report, attached in annex C, page 8/12 
paragraph §2-3-H / in relation with Annex 8. 

** Refer to: 
• EIA study - Final Report, attached in annex B,  Chapter V 

 
 الوسائل الموجودة لصرف المياه الملوثة ونوعية المياه •

Refer to: 
• EIA study - Final Report, attached in annex B, page 45 paragraph VII-4 

and 
•  EIA study - Annex to Final Report, attached in annex C, page 8/12 

paragraph §2-3-H (paragraphs related to Annex 5, 7 and 8) 
 
 

 الموجودةنوعية الھواء المحيط ومصادر تلوث الھواء  •
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Refer to: 
• EIA study-Final Report,attached in annex B, paragraph III-3, page 17 till 

25 
 المناخ والرصد الجوي •

Refer to: 
• EIA study- Final Report, attached in annex B, page 31 paragraph V-1-1 

 الضجيج •
Refer to: 

• EIA study - Final Report, attached in annex B, Chapter IV 
  

  :البيئة البيولوجية) 7-2  
 النباتات والحيوانات •

Refer to: 
• EIA study - Final Report, attached in annex B, page 33 & 34 

 ا6سماك والكائنات الحية المائية •
Refer to: 

• EIA study - Final Report, attached in annex B, page 34, paragraph V-3 
 ا6نواع  النادرة أو المعرضة للخطر  •

Refer to: 
• EIA study-Final Report, attached in annex B, page 33, paragraph V-2-1 

  .)الخ-منتزھات طبيعية –محميات طبيعية  -غابات (المناطق الحساسة   •
Absence of sensible areas along A1 widening project 

  
  :البيئة ا?جتماعية وا?قتصادية) 7-3  

توزي���ع  -العمال���ة  - *النس���يج ا?جتم���اعي -الس���كان (العنص���ر ال���ديموغرافي  •
 .)الخ-**تطلعات السكان –العــادات والتقاليد  -المداخيل 

Not completely developed, since it concerns also population 
in transit Beirut - North Lebanon in both directions as well. 
 
* Refer to: 

• EIA study - Final Report, attached in annex B, page - Annex G 
 
** See public consultation + information related to decrees - 
Refer to: 

• EIA study - Final Report, attached in annex B, page 5, paragraph II-7 
 

 –المؤسسـ��ـات  -الزراعـ��ـة  -الصناع��ـة  -البنيـ��ـة التحتيـ��ـة (نش��اطات التنمي��ة  •
 .)الخ -الترفيـــــه  -الســـــياحة 

Refer to: 
• EIA study - Final Report, attached in annex B, page 1, paragraph I-3 

 
 استعمال ا6راضي •

Refer to: 
• EIA study - Final Report, attached in annex B, page 46 and 47 

paragraphs VII-7 & 8 and page 5, paragraph II-7 and page 44 paragraph 
VII-3 



A1 Highway - Environmental Impact Assessment  CDR 

GICOME Sarl July 2011 6 of 9 

 حركة السير •
Refer to: 

• EIA study - Final Report, attached in annex B, page 4, paragraph II-5   
• Economic Evaluation Report - Final Report including sensitivity analysis, 

attached in annex G 
 

 الصحة العامة •
Refer to: 

• EIA study - Final Report, attached in annex B 
o Security (page 44, paragraphs VII-2 and VII-3), 
o Actions (page 46, paragraph VII-7), 
o Gas polluants (Chapter III) 

 
 التراث ا6ثري والتاريخي •

Refer to: 
• EIA study - Annex to Final Report, attached in annex C, page 5/12, 

paragraph 2-2-B 
 القيم الجمالية •

Refer to: 
• EIA study - Final Report, attached in annex B, page 6, paragraph II-8 

and page 44, paragraph VII-3 
 

 ) عادات وتقاليد وتطلعات(القيم الحضارية والثقافية  •
Construction of sidewalks, of pedestrian overpasses, of service roads for 
commercial malls and shops and of elevators for disabled persons 
 

 :اNثار البيئية المحتملة للمشروع  -8
Refer to: 

• EIA study - Annex to Final Report, attached in annex C, page 6/10 till 
10/12 

 **والكيميائية *البيئة الفيزيائية) 8-1  
* Air quality (Vehicle emissions) : 

- less of car jam 
- less of time in travelling and in fuel consumption 

Noise : 
- Final mitigation measures : 

. enlarging highway � dispersed noise 

. barriers and wall separations construction 
- Temporary noise due to works as per legal hours 
Dust during works : using of water sprinklers 

** No chemical use during excavation and pouring 
Refer to: 

• EIA study - Annex to Final Report, attached in annex C, page 8/12, 
paragraph 2-3-H related to Annex 9 

 
 البيئة البيولوجية) 8-2  

We are in an urban area prior to A1 rehabilitation and widening=> 
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No added impact 
 

  البيئة ا?جتماعية و ا?قتصادية) 8-3  
Refer to: 

• EIA study - Final Report, attached in annex B, page 44 and 45 - Chapter 
VII 

  
  
  :تحليل البدائل للمشروع -9

 في حال عدم إنشاء المشروع  •
Refer to: 

• EIA study - Final Report, attached in annex B, page 48 and 49 - Chapter 
VIII 

 
  *مشاريع بديلة ذات ا6ھداف نفسھا  •
 * المشروع ذاته مع تقنيات بديلة •

* This is rehabilitation and a widening of an existing highway 
+ Refer to: 

• EIA study - Annex to Final Report, attached in annex C, page 11/12 - 
Complementary projects 

 
 وبيئياً  **ا5مكانيات المختلفة اقتصادياً  *مقارنة •

* We recommend strongly that A1 widening and Rehabilitation should be 
completed by specific projects listed, refer to:  

• EIA study - Annex to Final Report, attached in annex C, page 11/12 
** See Economic Evaluation Report - Final Report including sensitivity analysis, 
attached in annex G, page 15/15: 

o A1 widening + rehabilitation (IRR=19.3% and NPV=25.5 Million $) 
o A1 widening + rehabilitation + Mass transit system (IRR = 14.4% 

and NPV = 6.5 Million $) 
o Construction cost = 40 Million USD 

 
  

  :خطة ا5دارة البيئية -10
  :برنامج التخفيف من اNثار السلبية) 10-1  

 ملخص عن اNثار البيئية المھمة •
Refer to EIA study-Executive Summary Report, attached in annex A 
Still negative environment impacts expected are: 
- Noise during excavation works on part time basis 
- Gaz emissions from heavy trucks circulation, from generators (if needed) 30 
KVA or less and from asphalt layers when lay out. 
- Daily waste water from site workers, still decree respect in this matter will be 
thoroughly followed up. 

عل��ى أي أث��ر ي�تم تطبيقھ��ا وم��ا   ھ��ي (تفص�يل تقن��ي لك��ل م��ن الت�دابير التخفيفي��ة  •
  )إجراءات التشغيل -تفصيل التجھيزات  -تصاميمھا  -شروط تطبيقھا 

  اNثار البيئية المحتملة لھذه التدابير •
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  ارتباط ھذه التدابير ببرامج تخفيفية أخرى •
  من اNثار السلبية كلفة برنامج التخفيف •

  
  :برنامج الرصد والمراقبة) 10-2  

أس��اليب  -المع��ايير الخاض��عة للمراقب��ة (تفص��يل تقن��ي مح��دد لوس��ائل المراقب��ة  •
 -إج�راء القياس�ات  -أم�اكن المراقب�ة  -المراقبة المطلوبة   دورية -المراقبة 

  ) الطوارئ  إجراءات  -حفظ المعلومات وتحليلھا 
  إجراءات رفع التقارير •
  موازنة مفصلة وبرنامج اقتناء التجھيزات وا5مدادات ال9زمة •
  كلفة برنامج الرصد والمراقبة •

  
  :برنامج تقوية القدرات المؤسساتية) 10-3  

وصف مفصل للتدابير المؤسساتية ال9زم�ة للقي�ام ب�ا5جراءات البيئي�ة الم�ذكورة  •
 .)بة الخالمسؤولية عن القيام بالتدابيــر التخفيفية وإجراءات المراق(

شهراً  30مدة المشروع  -مراقب مهندس بيئي   

Environmental Engineer - Project duration 30 months  
 

  برامج المساعدة التقنية •
  اقتناء التجھيزات وا5مدادات •
  التعدي9ت التنظيمية •
  كلفة برنامج تقوية القدرات المؤسساتية •

 
  

  :خ9صة -11
 تطبيق المشروعالربح الصافي العام الذي يبرر  •

Refer to: 
• Economic Evaluation Report - Final Report including sensitivity analysis, 

attached in annex G; taking into consideration the basic assumptions: 
o yearly (VOC + VOT) is 11 Million USD/year (2012) till 16 Million 

USD/year (2030) (direct impact on road user) and 
o IRR = 19.3% and NPV = 25.5 Million USD 

 
 شرح كيفية تخفيف اNثار السلبية •

Refer to EIA study-Executive Summary Report, attached in annex A 
 

 ا?ستعدادات المسبقة لمتابعة المراقبة •
The supervision will be done: 
- by the CDR as the Client 
- by the Engineer as CDR representative  
- by the MOE or the MOE representative (The Environmental Engineer) 

  
  :الم9حق -12

 محاضر مشاركة العامة •
Refer to: 
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• EIA study - Final Report, attached in annex B, see Annex G - Minutes of 
meeting / Public consultation 

 
 ملخص عن المستندات المرتبطة بالمشروع •

• A1 tender drawings (main drawings are included in the CD attached) 
• A1 specifications, BOQ, geotechnical report … 
• Economic Evaluation Report - Final Report including sensitivity analysis, 

attached in annex G  
• EIA Reports : 

- Executive Summary Report, see annex A attached 
- Final Report, see annex B attached 
- Annex to Final Report, see annex C attached 
- Abstract, see annex D attached 
- Draft Final Report (Rev. A) , see annex E attached 
- Interim Report, see annex F attached 

 جداول وبيانات بالمعلومات •
 ?ئحة بالتقارير ذات الصلة •

• EIA Reports : 
- Executive Summary Report, see annex A attached 
- Final Report, see annex B attached 
- Annex to Final Report, see annex C attached 
- Abstract, see annex D attached 
- Draft Final Report (Rev. A) , see annex E attached 
- Interim Report, see annex F attached 

 ?ئحة بالمراجع العلمية وغير العلمية التي استعملت •
Refer to: 
• EIA study - Final Report, attached in annex B, pages 50 and 51 
 

  )أفراداً ومؤسساتٍ " ( تقييم ا�ثر البيئي" ?ئحة بأسماء معدي تقرير  •
• GICOME - Antoine SALAME & Associés Sarl and  
• Dr Dunia Jawad AOUN (Lebanese University Professor)  
And Refer to: 
• EIA study - Annex to Final Report, attached in annex C, page 1/12 

paragraph 1E. 
 
  
  
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Annex A 
Executive Summary Report 

 
  



BEIRUT - LEBANON



A1 Highway - Environmental Impact Assessment  CDR 

GICOME Sarl May 2011  1 of 3 

 

Executive Summary  

 

This executive summary summarizes the environmental impacts encountered for the widening 
and rehabilitation of the existing A1 highway between Tabarja & Nahr el Kalb in both 
directions. 

 

Series of public consultation was done with Municipalities, with shops owners along the A1 
highway, with private land owners… and is received positively by population (as per public 
consultation). 

 

Widening and rehabilitation of the A1 highway will contribute: 

 

 In diminishing the quantity of emitted gases in the atmospheric (facilitating the traffic and 
avoiding traffic jam)  

 In reducing noises and vibrations on the inhabitants, after works.  
 In improving economic situation (transit between Beirut and North, local economy) and 

tourism activities  
 In savings in gasoline consumption on roads  
 In dealing with structure - borne highway noise such as: 

- providing smooth, fine grained road finish, 
- no expansion joints in the roadway near critical buildings, 
- no drainage grills running across the roadway. 

 In mitigating noise harms (car jam, horns, cars exhaust, motors noise) and decrease 
pollutants emissions such as CO2 emissions or other emissions from cars. 

 In creating accessible roads; allow a freely circulation, respect drivers security and 
pedestrian safety. 

 In leading to less traffic congestion which will lead to better breathing air. 
 In solving the problem of car jam for the next decade and saving time of travelers; it will 

link coastal cities in a more efficient way. 
 In giving best quality for night vision with the lighting (electrical poles) and lowering as 

much as possible vehicles and pedestrian accidents. 
 In undertaking some adjustment works such as : 

-  Management of new roads and of service roads 
-  Widening of nearby roads 
-  Construction of intersections and overpasses 
-  Widening of secondary roads 
-  Standardization of the highway width 
-  Adjustment of internal roads for commercial malls 
-  Construction of sidewalks (actually very rare to find) 
having economical, aesthetic and security positive impacts. 

 In constructing nine pedestrian bridges. 
 In creating services roads which is safety for commercial visitors. They will give positive 

evolution and positive impact on commercial and economic activities of owners along this 
highway. These service roads will develop the activities. 
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 In efforts regarding non aesthetics damages ranging from reduced atmospheric visibility 
to reduced property values. 

 

 

 

Widening and rehabilitation of the A1 highway will not affect: 

 

 The coastal line with its head lands, cliffs, tides and terraces,  
 The Nahr El-Kalb River, 
 The preservation of rare plants, plant species and diversity,  
 The fauna and flora,  
 Fishes, forests, natural preserved areas, gardens, since the project is not concerned by 

these elements, 
 The expropriation decrees on this highway done in 205 and 2008 (remaining unchanged), 
 The historical, archaeological and cultural heritage. 
 The Fresh water resources and quality 
 The existing green areas or lands; instead creation of new green areas will occur. 
 The nearby population along the existing highway, in displacing the inhabitant.  

 

 

The tender documents for the widening and rehabilitation of the A1 highway are including 
the following precautions: 

 

 Traffic management and deviation during works is included in the tender documents, by 
the Consultant to be followed by Contractor. 

 Security and health management procedures and specifications are part of the 
administrative documents to be signed by Contractor to respect during works. 

 Working hours will be during periods where traffic is low to avoid negative impacts on 
road users, with intervals to avoid: Peak hours, official day-offs, Saturdays, Sundays, 
night (for noise purposes) 

 Program of works will be submitted by Contractor prior to works, based on environmental 
expectation as well, and will be examined and agreed by the Supervision Team prior to 
works. 

 The Site Supervision Team includes the Client (CDR) , the A1 Supervision Consultant 
and the Environmental Engineer  

  All overpasses, underpasses and walls took an effective seismic acceleration equal to 
0.2g m/s2. 

 Gravels excavated will be stocked or reused in rehabilitation road works. 
 Electric and metal products removed will be disposed as per law. 
 Materials and refusals related to widening will be reused or stocked or disposed as per 

law. 
 Only ready mixed concrete and ready mixed asphalt will be used. 
 Raw materials such as sand and aggregates will be extracted from licensed quarries. 
 Preparation of concrete and asphalt will be done exclusively inside the legal factories. No 

chemicals will be used. 
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 Sprinkles will be used continuously during excavation works, backfill and compaction 
works, to prevent dust spreading in the atmosphere. 

 Excavation products will be disposed as imposed in appropriate licensed fills. 
 Old networks are maintained in function till new networks are operational. 
 Explosives will not be used. 
 Discharge in maritime or river environment will not occur. 
 Waste water will not occur from pouring. 

 

 

 

Negative Impacts foreseen during construction, as well as mitigation measures are as 
follows: 

  

 Noise is now between 25 and 76 dB, it will increase during excavation works, 
programmed on daily part times.  
All Engines and motors for site civil works must have acceptable noise level and will be 
working during working hours only. 

 Pollution during works is expected from gas emissions. It has been limited to:  
- Heavy trucks circulating, 
- Generators (if necessary); power limitation will be 30 KVA or less. 
- Asphalt layers when lay out (occasionally) 

 In regards to daily waste water pollution per Contractor’s workers, the Contractor will 
respect decree 52/1 Annex 5 related to this item and will follow instructions to where 
these waste water will be connected; avoiding savage connection. 

 

 

Future impacts: What kind of projects and which policy should be implemented? 

 

 Projects related to public transportation, by rail, by train and regular buses should be 
implemented. 

 The A1 widening and rehabilitation project should be completed with other projects (that 
we have named in the EIA report, some of them being under study in CDR, such as the 
maritime service road rehabilitation).  
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 CHAPTER I - INTRODUCTION TO ENVIRONMENTAL IMPACT OF A1 HIGHWAY 
 

 
I-1 Introduction 
 
This report presents an environmental assessment report (EAR) of the A1 Highway located 
on the coastal zone of Lebanon. In this introductory chapter, we reviewed the objectives of 
this EAR, identified the coastal zone study area, discussed the methodology used to conduct 
this report and described the organization of the report.  
 
 
 
I-2 Objectives of EAR 

 
The main purpose of this EAR is to study the environmental impact of the A1 highway, the 
present conditions, future developments, recommended actions to take, to protect and to 
rehabilitate coastal highway circulation.  
A public consultation related to A1 Widening and rehabilitation project has been done and 
results are included in Annex G. 
 
 
 
I-3 A1 Highway definition 
 
The A1 highway is the main entrance from the north and Mount Lebanon to Beirut and vice-
versa. Project starts at nahr el-kalb in Dbayé and ends at Tabarja highway exit. 
 
The A1 highway is a North-South highway, extending from Beirut to the Lebanese border 
with Syria.  
 
The 10.3 Km highway is a vital artery of the Lebanese Transportation Network. 
 
The rehabilitation and widening project of A1 Highway would increase the capacity of 
passengers’ circulation annually from Beirut and Metn villages towards Kesrouan, Jbeil and 
surroundings, northern villages till Tripoli and Tripoli and vice-versa.  This highway will 
connect a great part of Lebanese population to: 
 
- Touristics and sports clubs, seaport and marinas activities (Nahr el Kalb, Jounieh, Kaslik, 

Tabarja),  
- Restaurants, several hotels,  
- Commercial Mall, shopping center,  
- Clinics, medical centers, hospitals (Notre Dame du Liban hospital, Saint Louis Hospital, 

both at Jounieh), 
- Notre Dame University (Zouk), Kaslik University (Kaslik). 
- Jeita Grotto and Harissa. 
This highway will improve the local and national economy through transit and transport. 
 
 
I-3-1 Environmental status of transport applied in Lebanon 
 
Several parameters can describe the environmental status of transport applied in Lebanon 
(Ministry of Environment) (see Annex A: Reglementation): 
- Norms on atmospheric pollutants emissions. 
- Management of solid and liquid wastes that are produced by civil works. 
- Noise norms. 
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- Soil protection. 
- Natural sites protection. 
The above policies will be described and detailed in chapter III. 
 
 
 
I-4 EAR Methodology 

 
In order to achieve the EAR objectives, we will expose actual status, major problems such 
civilian security, economical and environmental impacts.  
 
We will identify the “hot spots” in terms of environmental sensitivity and potential hazard, 
propose potential mitigation measures and formulate recommendations. 

 
 
 

I-5 Land use Maps 
 

Maps could identify contour lines of various altitudes. 
 
- Topographic map of the coastal zone  (see Annex B) 
- Recent aerial photo (see Annex C). 
 
 
 

I-6 Organization of the report 
 

This report is organized into seven chapters followed by annexes, and includes photos and 
tables as follows: 
 
- Chapter I is this introduction; 
 
- Chapter II reviews the actual status of A1 Highway; 
 
- Chapter III provides a description of the coastal environment including automobile 

emission, analysis and results; 
 
- Chapter IV reviews noise and vibration impacts; 
 
- Chapter V describes the current status of A1 highway regarding biological diversity; 
 
- Chapter VI describes the climatological and seismic study of the A1 highway; 
 

- Chapter VII evaluates cumulative impacts on A1 highway and gives the necessary 
recommendations; 

 
- Annexes A to F; 
 
- Bibliography. 
 



A1 Highway - Environmental Assessment Impact Final Report 

GICOME Sarl April 2010 Page 3

  
CHAPTER II - ACTUAL STATUS OF A1 HIGHWAY 

 
 
 
II-1 Introduction 

 
The demand for passenger cars in Lebanon, like in any other community, is affected by 
many factors including lifestyle, income, labor structure and cost of fuel, urban development 
patterns and transportation policy. 
 
These parameters have been changing over the past two decades due to the drastic 
developments, both political and social, that took place in the country. UNDP- Lebanon has 
reported in 2002, that the number of vehicles will have an annual increase of around 1.5%.  
 
As a result, the energy use for transport has been growing depending on combustible nature 
(fuel oil, diesel etc…) and has been increasing the pollution problems caused by the 
combustion processes.  
 
Lebanon’s transport sector constitutes a fleet of around 1.2 million registered vehicles. With a 
ratio of around one car for three persons (Table II-1), the car owner-ship rate in Lebanon is 
one of the highest in the world (UNDP- Lebanon Report, July 2002).This fleet is causing 
serious local air pollution problems especially in major cities and regions of permanent traffic 
congestion in addition to Greenhouse gases (GHG).  

   
 

 
Table II-1 Car owner ship rate in different countries (UNDP- Lebanon, 2002) 

 
Personal cars, trucks, and buses used inside the country can only run on gasoline. A ban on 
the use of diesel has been enforced since the sixties. In 1994, only 5% of the drivers used 
unleaded fuel. Mitigation measures such as alternative fuels and catalytic converters are 
absent. Moreover, catalytic converters are still regarded as being luxury items despite taxes 
they are still being used. The percentages of fuel consumption in Lebanon are about 75% 
(Octane 95 Index) and 25% (Octane 98 index) as reported by Water and Energy Ministry 
(Table III-5). 
 
In providing short and long term projections, the following factors are taken into 
consideration: 
 
- Average age of private vehicle is 10 years, 
- Annual increase of private cars is about 1.5%, 
- Annual increase of taxis, microbuses, buses and trucks is about 1%, 
- A ban has been issued related to importing cars older than eight years. 
- The annual distance traveled is expected to increase from 15000 Km in 2004 to 18000 

Km by 2040 (UNDP-Lebanon Report, 2002).  
 

Country 
Car ownership 

Number of citizens 

Philippines 1/124 
China 1/250 
Japan 1/25 
USA 1/125 

Europe 1/5 
Lebanon 1/3 
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II-2 Cars categories regarding pollutant emission 
 
Cars categories can be classified in two classes: 
1- Private cars, tourist cars, road freight cars, buses, touristics buses. 
2- Trucks: (agricultural trucks, public works trucks...) 
 
The first category represents nearly all cars running on A1 highway. 
 
 
 

II-3 Control – Present situation 
 
The Lebanese laws do not prescribe air pollution control stations, knowing that the ministry of 
environment is assigned studying and controlling these rates. 
 
Lebanon is adhering to the international protocol for climate change. The mission of 
emissions control was attributed to the meteorological center of the general directorate of 
civil aviation. This center studies the meteorological status in different areas of Lebanon, 
data analyses and previsions of the biosphere. 
 
 
 
II-4 Green areas – Present situation 
 
Towards Tripoli: just after the tunnel, green area is limited. Between Adonis and Jounieh, 
urban zone is very intensive. Then natural area (non urban area, no constructions) is 
prevalent towards Tabarja.  
 
Towards Beirut: urban area is restricted to Tabarja. After a while, urban area starts to 
develop all the way to Jounieh. 
 
From Jounieh to Nahr el Kalb, commercial centers are predominant. 
 
Near the highway, the limited green area concerns some trees, shrubs and weeds. 
Maintained green areas stay too limited. 
 
 
 
II-5 Congestion of traffic 
 
The A1 Highway is frequented by 80000 vehicles per day (GICOME data, 2005). The annual 
increase of the car jam is approximately of 1.7% per year.  
 
By year 2030 traffic jam may reach 110.000 vehicles per day. 
 
During traffic jam, cars running slowly produce a high pollutants level which leads to a close 
contact of drivers with gases exhaust of surrounding vehicles. A multitude of factors 
including, weather conditions, roadway type and vehicles type can modify the air quality.  
 
Widening will lead to less congestion which will lead to better breathing air. 
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II-6 Impacts related to pollution 
 
The distribution of pollutants across regions and their effects on economic activity have been 
the subject of many studies. Research indicates that (Chaaban et al, 2001): 
 

a- Numerous studies confirm the existence of a close association between health, as 
measured by mortality and morbidity rates, and air pollution (Delfino et al. 1994; 
Schwartz, 1994; Sunyer et al, 1997); 

b- Health problems associated with exposure to pollutants often necessitate expenditures 
on health care, absence from work and, in extreme cases, cause permanent disability 
or death. A review of the literature reveals that approximately four percent of the death 
rate in the United States can be attributed to air pollution. 

c- Pollutants can also have damaging effects on materials and vegetation through 
influencing deterioration rates of materials and agricultural productivity of land. 

d- Improvements in environmental quality would mean reducing the magnitude of these 
adverse effects.  

e- Investigation of the quantitative significance of these effects is integral to the 
formulation and implementation of environmental policies aimed at improving quality of 
life. 

 
 
 
II-7 Decrees related to A1 widening 
 
The following table is giving the expropriation areas per region for the A1 highway widening 
and rehabilitation, constructed or not constructed areas, as per decrees issued in 2005 and 
2008. Annex F is giving some elements of reading related to Urbanism and to laws applied 
for expropriation purposes. 
 

NORTHERN  BEIRUT  ENTRANCE  TABARJA - DBAYIE  (A1) 

COAST AND NATURE OF EXPROPRIATED AREAS  FOR DIFFERENT LAYOUTS (USD) 

SECTION 
STATION 

At Km 

CONSTRUCTION AREAS BUILT UP BUILDINGS 
TOTAL 

IN MILLION 
OF USD 

AREA 
(sq.m) 

UNIT 
COAST 
(usd) 

COAST 
(usd) 

AREA
(sq.m)

UNIT 
COAST 
(usd) 

COAST 
(usd) 

Zouk 
Mosbeh 

0+000 - 0+800 103 1600 164800 0 900 0 164800 

Zouk Mikael 0+800 - 2+025 2578 1600 4124800 2512 900 2260800 6385600 

Sarba 2+025 - 3+425 1805 1600 2888000 3578 900 3220200 6108200 

Ghadir 3+425 - 4+425 376 1600 601600 858 900 772200 1373800 

Haret Sakhr 4+420 - 6+500 198 1600 316800 268 900 241200 558000 

Sahel Alma 6+500 - 7+050 32 1600 51200 0 900 0 51200 

Ghazir 7+050 - 8+200 0 1600 0 0 900 0 0 

Adma - 
Dafné 

8+200 - 8+700 0 1600 0 621 900 558900 558900 

TOTAL   5092  8147200 7837  7053300 15,200,500 

Decrees 14308 in 2005 & 872 in 2008

 
Table II-2 List of the coast and nature of expropriated areas for different layouts (USD) 
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II-8 Conclusion 
 
The observation done along the A1 Highway and the noise measurements as well have 
showed the importance of this project. 
 
The actual conditions of the A1 Highway show many harmful conditions: 
 
- Aesthetics: Pollutants impose aesthetic damages ranging from reduced atmospheric 

visibility to reduced property values.  
In the present state, the billboards are not organized; the malls are constructed directly 
on the highway, the variations of two and a half lanes to four lanes highway in certain 
places; landfill and used tires in certain places, landfill of gravels, wild plants and trees. 

 An effort should be done on all those above points. 
 
- Sounds: Currently, the noise measurement exceeds the 50-60 dbs    authorized by 

norms. Measurements taken during June 2009 reveal 53-65 dbs at peak hour inside 
first floor attending commercial spaces. The A1 Highway widening and rehabilitation will 
mitigate noise harms. 

 
- Gaseous pollutants emissions: the traffic jam and the slow down of cars on the 

highway contribute to an increase of gas emissions (CO) emitted by car exhausts and 
other gas such as hydrocarburants. 
Widening is one of the solutions to decrease pollutants emissions. 

 
- Economics: Pollutants impose a wide range of adverse effects on economic activity, 

directly or indirectly, through variety of channels.  
At the actual status, the traffic of cars on A1 highway represents major      constraints at 
morning, afternoon or at night. 
Workers going to Beirut have a lot of difficulties to arrive at work offices on morning or 
to come home at night. 
The A1 highway connects many regions having a high touristic activity because it is 
parallel to the Lebanese coastline. 
Even in winter, this region is visited for its commercial activities, universities, schools 
and entertainments (night clubs, restaurants, theaters, cinemas.) 
For all these reasons, we consider that the A1 highway must be developed to create 
accessible roads, allow a freely circulation, respect drivers security, and pedestrian 
safety. These last have actually only two pedestrian bridges laid over 10.7 Km. These 
facts, solved during A1 highway widening, will have positive consequences on the 
economy of the country and improve the conditions of traveling on this highway. 
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Photo II- 1a Electrical and phone very near road circulation. 
 
 

 
 

Photo II-1 b Electrical cables very near A1 highway 
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Photo II-2 Tires dump located beside the A1 highway 
 
 
 

 
 

Photo II-3 Gravel discharge beside the A1 highway. 
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Photo II-4a  Points of sale directly implanted on the highway 
 
 
 

 
 

Photo II-4b Points of sale directly implanted on the highway. 
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\  
 

Photo II-5  A1 highway is parallel to the seaside road which leads 
to hotels and holiday resorts. 

 
 
 

 
 

Photo II-6 Green spaces beside the A1 highway towards Beirut. 
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Photo II-7  Unaesthetic place beside the A1 highway towards Beirut. 
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CHAPTER III - VEHICLE TRANSPORTATION ENVIRONMENTAL IMPACT 

 
 
 
III-1 Introduction 
 
To describe the composition of the atmosphere is to describe the distribution of matter within 
it. Although this matter can be seen only when clouds, plumes of smoke, or layers of dust or 
photochemical smog are formed, even air that is pure and clean is not the nothingness that it 
appears to be; rather, it is composed of molecules of various gases of known ratio. This ratio 
is maintained by constant change, constant removal and replenishment, and constant 
interaction of the gases. 
 
Even the purest, most natural air in the days before man began to change the earth’s surface 
and burn fossil fuels contained solid particles as well as gases. Volcanic eruptions sent great 
streams of particles high into the atmosphere and, closer to the surface; particles were 
produced by wind erosion of the land, forest fires, seasonal plant deposits, salt tossed up by 
the sea, fossil fuel burning, and vehicle transportation emission ( Chovin &  Roussel, 1973). 
 
 
 
III-2 Automobile gas emission 
 
The considerable development of all the means of transport, land, maritime, air has involved 
the concomitant production of considerable specific pollution.  
 
We will tacke especially here below the problem related to land. Two types of vehicles are 
distinguished: 
- The driving known as “lighting command” (petrol engines with a lighting by spark plugs), 
- The driving “lighting by compression” (diesel engines feed by fuel oil). 
 
With regard to the engines “lighting command”, the sources of the emitted pollutants are the 
following: 

- The exhaust gases  
-  The gases of breathing of the casing  
- The hydrocarbons coming from the ventilation of the tank  
- The hydrocarbons rejected by the carburetor by important rise in the temperature under 

the cap after stopping the engine.  
 
The emissions of the diesel engines come only from the exhaust gases. 
 
Thus, the normal functioning of the petrol engine leads to emit important quantities of 
residues compared to the diesel engine which will emit, but only under overload operation, 
soots coming from the cracking of gazoil vapors, and unburnt liquid residues.  
 
The pollutants emitted by the two classes of engine are (Chovin & Roussel, 1973): 

- Carbon monoxide.  
- Nitrogen oxides.  
- Sulfur oxides. 
- Hydrocarbons.  
- Organic materials oxides (aldehydes, acids).  
- Soots / particles  
- Derivatives of lead. 
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III-2-1 Carbon monoxide 
 
The carbon monoxide is the result of the majority of combustions of organic matters realized 
in presence of an insufficient quantity of oxygen. We will thus meet it not only in the gas 
effluents of the combustion chambers using coal or fuel, but also like result of the operation 
of the engines of the motor vehicles, of fires of the drills…( Chovin &  Roussel, 1973). The 
carbon monoxide is the pollutant whose emissions are most abundant all over the world. The 
motor vehicles are responsible alone of almost 60% of the carbon monoxide emissions 
estimated during 1968 in the United States. Les proportions of carbon monoxide found in 
combustion gases are in general of a few % for the fixed hearths feed with coal and badly 
supervised, but can reach 10% and same to exceed this value in the exhaust gases of the 
motor vehicles especially when the carburetor is badly regulate. 
 
On one side, being particularly diffusible, emissions of the exhaust gases of the motor 
vehicles are practically with the short-nap cloth of the ground; on another side, it is 
conceivable that CO, measured in the city streets with the height of a man respiratory 
system, comes for the greatest part from the cars emissions. On the other hand, CO coming 
from the domestic and industrial hearths is emitted, in general, in altitude and is immediately 
sweeps by the winds. Another aspect of pollution by carbon monoxide is that presented by 
the road tunnels or the underground road passages. As soon as the tunnels exceed a length 
of approximately 500 m, it is necessary that they will be provided by a powerful ventilation to 
replace the vided air by a new air (Chovin & Roussel, 1973). 
 
Till now, relatively little country has put into force quality standards of ambient air. France is 
only within the proposal phase.  
 
 
III-2-2 Nitrogen oxides 
 
There exist several varieties of nitrogen oxides: protoxide, N2O; the monoxide NO or nitric 
oxide; dioxide, NO2; sesquioxide, N2O3 or nitrous anhydride; pentoxide N2O5 or nitric 
anhydride. Only NO and NO2 play a big role in the problems of atmospheric pollution. 
 
The monoxide NO is emitted in great quantity by many biological processes particularly by 
bacterial actions. The natural sources set out, about uniformly on the sphere, so that the 
basic pollution for which they are responsible is much weaker than pollution due to the 
human activities, concentrated in urban and industrial areas. It was established that an 
output of nitric oxide 90% can be obtained only if the gas mixture is cooled at least with a 20 
000 ºC/s speed.  
 
This condition is met in the furnaces and, well better still, in the cylinders of the engines of 
the motor vehicles since, for a turning engine has 2000 turns/min, we also calculated that the 
speed of cooling reached 100 000 ºC/s. In the engines with lighting order, the richness of the 
mixture, the spark duration, the pressure in the pipe air admission, the pressure ratio, the 
number of revolutions of the engine, are factors which influence the rate of NO formed: we 
have observed that the proportion of NO in the exhaust gases decrease with the richness 
and the number of revolutions and it increases with advance to lighting, pressure of 
compression and pressure of admission. For the engines lighting by compression; it is 
especially the richness of the mixture carburizes which is the determining factor, as for the 
petrol engines, but when the load increases, the content of NO believes. Fixed sources of 
production of nitrogen monoxide are the hearths of thermal production; all the installations in 
which we burn as well the coal as the fuel oil. With regard to the nitrogen dioxide, its 
formation in the atmosphere results from the direct oxidation of NO.  
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However, reaction: 2NO + O2 → 2NO2 is very slow and as soon as NO is dilutes in the 
atmosphere it escaped to the oxidation. More or less large quantities of NO2 which are in the 
atmosphere come from:  
- The weak effect of direct production in the hearths and by the cars.  
- The oxidation of NO in NO2 at the leaving of the chimneys or the exhaust pots when dilution 

is not yet rather strong so that the concentration of NO became very low.  
- Finally, photochemical reactions in which the hydrocarbons intervene.  
 
It is advisable to recall here that the diurnal variations of the concentration of the nitrogen 
oxides follow the automobile traffic: 
- Before the rising of the sun, the monoxide NO and dioxide NO2 are in the atmosphere at 

concentrations which are slightly higher at least daily.  
- Between 6:00 and 8:00 AM, when starts the human activities and more especially when 

develops the automobile traffic, the concentration of NO increases and an hour after 
approximately, solar energy in the ultraviolet field becomes sufficient so that the 
transformation of NO into NO2 starts. We see the NO concentration decrease to values 
lower than 0, 1 ppm and correlatively but with a shift of approximately 2-3 hours, 
concentration in NO2 grows. The maximum is reached towards 9:00 to 10:00 AM.  

- During the afternoon hours, between 5:00  and 8:00 AM, the automobile traffic continuous 
to pour in the atmosphere significant amounts of NO whereas solar intensity decreases. It 
follows a new increase in the concentration of NO and hardly perceptible increases in the 
NO2 in consequence of the deceleration of the formative photochemical reactions of this 
body.  

 
 
III-2-3 Sulfur oxides 
 
Emitted sulfur oxides as polluting come, for the greatest part, of the combustion of the fossil 
fuels, solid or liquid, which all contain more or less high proportions of sulfur. The coals 
contains more than 10% in weight of sulfur before combustion and less than 1 % is emitted 
under SO2  after combustion. During combustion a high percentage of the sulfur of coal is 
sulfur dioxide oxide, SO2 and in trioxide, SO3.  
 
Part of sulfur oxides, able to write SOx, combines with the fly-ashes and the brittle residues, 
but the majority is emitted in the chimneys in gas form. If combustion is badly regulated, with 
hydrogen sulfurized form, H2S. The oxidation of sulfur in oxide sulfur is similar to the 
oxidation of coal. So if great quantities of carbon monoxide are detected, we can also 
suppose the presence of H2S. The majority of sulfur should in theory be oxidized in SO2 in 
the modern furnaces.  
 
 
III-2-4 Hydrocarbons 
 
In atmospheric pollution, we consider: 
- Light hydrocarbons belonging to the three usual classes: acyclic hydrocarbons, saturate or 

not; acyclic hydrocarbons, saturate or not; aromatic hydrocarbons. They go from methane, 
the first term, most abundant in the atmosphere, with hydrocarbons in C11-C12, the volatility 
of these composites beyond C12 being insufficient for their presence in the atmosphere in 
considerable quantity.  

- Polyaromatic hydrocarbons polycondensed, type of benzopyrene, benzofluoranthene… 
present in black soot that accompanied a certain number of combustions and which are 
found in the atmosphere in the form of sedimentable particles or in suspension.  
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III-2-5 Organic materials oxides (aldehydes, acids) 
 
Knowledge on aldehydes is less developed that those relating to the other pollutants and 
their importance in general pollution, except the photochemical fog oxidizing. The aldehydes 
are formed by incomplete hydrocarbons oxidation and accordingly, the engines emit 
considerable quantities of them, mainly the engines lighting by compression. But in the areas 
where are developed photochemical reactions leading to the fog oxidizing, aldehydes are 
formed in the atmosphere starting from hydrocarbons, mainly starting from ethylene 
hydrocarbons. The only aldehydes which have an importance in atmospheric pollution are 
the formaldehyde and the acrolein, first term of ethylene aldehydes. 
 
This pollution will not be part of this report since no standard at international level is 
available. 
 
 
III-2-6 Particles 
 
Under the name of particles, the takes-off as well as the coming gases from the combustion 
chambers as the tar, soot particles of smoke, the sulfuric acid particles being able to come 
from SO2 oxidation, are designated. We distinguish the sedimentable particles that fall down 
on the ground more or less far from the emission sources; according to their size. The 
suspended particles that constitute the aerosols and reach the ground after an atmospheric 
precipitation. The size of the first corresponds to a diameter of 5 to 10 microns and above 
while the seconds have diameters ranging between 5 and possibly 10 microns, and below. 
The emission sources of the particles are extremely numerous, without of course counting 
the natural sources such as the volcano and dust of the streets, the roads and the ground 
which can be given moving in the atmosphere by action of the winds. 
 
As well, we meet in the atmosphere particles coming from the metal vapor condensation, the 
particles of soot, cement, asbestos… The specific nature of the particles has to take into 
account with the vicinity of the sources, but when the sources are diffuse, form a part of a 
large-sized unit and are various, we just consider the emitted particles, that means faulted 
particles, particles remaining in suspension, without distinctions which would be elsewhere 
quite difficult to carry out by the ordinary analytical ways (Chovin and Roussel, 1973).  
 
 
III-2-7 Derivatives of lead 
 
Combustion in the gasoline engines containing derived alkyls of lead constitutes the primary 
source of the emissions of this metal or its derivatives, but it is not the only source: the 
foundries proceeding to industrial operations of fusion of lead, even for its obtaining or that of 
manufactures objects, in particular of the pipes and the drains, even for alloys obtaining; emit 
metal particles of size ranging between 0,001 and 100 μ, the particles constituting smoke 
itself stage between 0,01 and 2 μ. There is thus, in the vicinity of these foundries, an intense 
pollution of the air and also of the ground in consequence of repercussions of large particles. 
The production of brass intervenes for approximately 2% of the total leads emissions and the 
production of derived alkyls of lead for 0.4%. The handling of gasoline, like the transfer from 
a tank in another, constitutes a considerable source and, as lead is practically found in all 
fuels, the combustion of coal and of fuel also intervenes for a small portion. Lastly, waste 
incineration and especially the destruction by incineration of worn oils of draining of engines, 
are also considerable sources. However, emissions by the exhaust gases of the motor 
vehicles account for approximately 97% of the total lead emissions in France (Chovin and 
Roussel, 1973).  
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Gas Sources Norms 

Carbon 
monoxide 
CO 

• Transport, Motor vehicles: 60% 
• Combustion of coal, fuel oil, 

natural gas, wood. 
• Incineration  
• Forest fires 
• Industrial processes 
 

• Federal US norms has 2 stages: 
- 10 mg/m3: max. average 

concentration over 8 hours. 
- 15 mg/m3: max. average 

concentration over 1 hour.  
• California state norms has 2 

stages: 
- 10 ppm ~11.2 mg/m3 average 

concentration over 1 hour 
- 40 ppm ~ 45 mg/m3 average 

concentration over 1 hour 
 

Nitrogen 
Oxides NOx 

• Transport: 
- Gasoline vehicles 
- Gas oil vehicles 
- Planes 
- Ships 
- Various 
• Combustion 
• Incineration 
• Forest fires 
• Industrial processes 

• Federal US norms has 2 stages: 
- 100 �µg/m3: annual arithmetic 

average concentration. 
- 250 �µg/m3: concentration over 24 

hours.  
• California state norms has 2 stages: 

- 900 �µg/m3 average concentration 
over 1 hour. 

• Canada has 2 stages: 
- 0.20 ppm: average concentration 

over 1 hour 
- 0.10 ppm average concentration 

over 24 hours 
 

 
 
 
Sulfur oxides 
 

•Transport 
- Motor vehicles 

• Combustions 
• Industrial process 
• Incineration 

• France  
- 750 µg/m3 is the max. not to exceed. 

• Federal US Norms: 
Primary norms 
- 80 µg/m3: annual arithmetic mean, 
- 365 µg/m3: content over 24 hours 
Secondary norms: reduction of 
primary norms simultaneously to 60 
µg/m3 and 260 µg/m3. 

• California state 
- 0.5 ppm ~ 1.250 µg/m3. 

 
 
 
 
Hydrocarbons 

• Transport: 
- Gasoline vehicles 
- Gas oil vehicles 
- Planes 
- Ships 
- Various 

• Exhaust gas liberated 1g/m3 

unburned hydrocarbons 
• Loss by evaporation on the 

carburetor 
• Exhaust gas engines 

• USA Norms: 
125  µg/m3. 
 

Organic 
materials 
oxides 
(aldehydes, 
acids) 

• Engines especially those lighting 
by compression 

• Incomplete oxidation of 
hydrocarbons   

No standards proposed 
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Gas Sources Norms 
Particles 
TSP 
(Total 
Suspended 
particles) 

 Volcanism 
 Soil and highway dust 
 Incineration 
 Industrial operation: petrol, 

foundry. cement 
 Transport 

- Motor vehicle 

• Federal US Norms annually: 
-260 µg/m3 as a limit over 24 hours. 
- As a secondary norm: 150 µg/m3 

over 24 hours. 
• California state  

100 µg/m3 as a limit over 24 hours. 
• France 

150 µg/m3 as a limit over 24 hours. 
 
 

Lead 
95 octane 
 

 Combustion in petrol engines : 
97% Pb emission 

 Foundry for obtaining lead of 
manufactured objects (pipes, 
alloy like the brass): 2% Pb 
emission. 

 96.4% correspond to Pb alkyls 
 

• Japan Norms: 
- 5 µg/m3 as a limit over 24 hours. 

• California state  

1.5 µg/m3 monthly average 
• URSS 

0.7 µg/m3 monthly average 

 
Table III-1 The main sources and norms of pollutants emitted  

 
 
 
III- 3 Air quality determination along A1 Highway by Ozone O3, nitrogen dioxide NO2, 

and sulfur dioxide SO2 analyze 
 
III- 3-1 SO2 concentrations 

 
Ambient Sulfur dioxide (SO2) concentrations were measured near the Zouk power plants. 
SO2 concentrations are all higher than the annual average standard of 75 µg/m3 applicable in 
United States. 
 
In Lebanon, compared to the 80 μg/m3 in the United States, there are very high SO2 

concentrations near Zouk, an area with high population density (Chaaban and Ayoub, 1996). 
 
The results was giving SO2 concentrations less than 156 µg/m3   for some of the samples (at 
minimum altitude of 15 m above sea level)still as we can see later on in Table III-3, only 3% 
of the SO2  emission is coming from transportation sector and are included in the above SO2  

concentration.  
 
 
III- 3-2 Other air polluants concentrations 
 
Selected air pollutants emissions in coastal zone were estimated proportionally to energy 
consumption (table III-). Data on energy consumption are from the Association Libanaise 
pour la maîtrise de l’Energie (ALME, 1996). This study assumes that 67 percent of gasoline 
(same proportions of Lebanon’s coastal zone population) 96.9 percent of fuel oil (all power 
plants and most factories), and 85 percent of other fuel types (85 percent of industries are in 
the coastal zone) are consumed in the coastal zone. 
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Fuel type Use 

(1000t/year) 
Pollutant emissions (t/year) in Lebanon 

CO2 SO2 NOx TSP 
Coal 153 100 980 7 650 734 153 

Fuel oil 1 387 1 178 858 69 345 14 424 1 387 
Gas oil 870 745 204 17 391 3 913 652 

Kerosene 208 178 672 125 458 208 
Gasoline 863 737 865 2 589 22 611 557 
Asphalted 
products 

57 45 560 2 848 422 57 

LPG 99 19 720 131 1 303 0 
Total 3637 3 006 859 100 079 43 865 3 014 

 
Table III-2: Estimated emissions of select air pollutants in 1995. 

Source:  ALME 
LPG: Liquid Pressured Gas 

 
 
Energy consumption is estimated assuming that coastal zone use of gasoline is 67% of 
national total use of coal, gas oil, asphalt products and LPG is 85 of national totals, and use 
of fuel is 96.9% of the national total. 

 
Energy consumption increases proportionally to several activities such as: industry, energy, 
and transportation (table III-3). 
 
The worst air quality is due to the combines effects of energy consumption and temperature 
inversion. It is found near Zouk power plant. 

 
As shown in table III-3, industry, energy and transportation contribute almost equally to 
emissions of CO2 and Total Suspended Particulate (TSP), while industry and energy are the 
primary sources of SO2 emissions and transportation is the primary source of NOx and lead 
emissions. Traffic emissions have a big impact on Lebanon’s air quality, especially in the 
coastal zone. Vehicle emissions, particularly in urban areas, are likely to be causing elevated 
regional ozone concentrations, especially during hot days when pollutants are tapped and 
photosynthesized due to air temperature inversion. 
 

Sector 
Pollutant emissions (t/year) in Lebanon 

CO2 SO2 NOx TSP HC 

Industry 1 128 734 40 801 9 030 1 118 unknown 

Transportation 916 537 2 714 23 069 765 - 

Energy 961 588 56 564 11 765 1 131 - 

Total 3 006 859 100 079 43 864 3 014 - 
 

Table III-3: Estimated Air Pollution Loads from different sectors (1995) 
Source : ECODIT – IAURIF estimates 

 
 

If we consider that the transport sector constitutes a fleet of around 1.2 x 106 registered 
vehicles (see chapter 2) and if we suppose that 90 % of pollutants are emitted by vehicles, 
the table III-4 exposes the approximate quantities of pollutants vehicle gases. 
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Pollutant per 
vehicle 

CO2 

(t/year) 
SO2 

(t/year) 
NOx 

(t/year) 
TSP 

(t/year) 
HC 

(t/year) 
 

Quantity 
 

0.687 
 

0.002 
 

0.017 
 

0.00057 
 

unknown
 

Table III-4 Estimated pollutants quantities emitted by vehicles in Lebanon 
 
 

The Table III-5 gives the quantities of fuel imported to Lebanon. 
 

Fuel type Fuel quantities imported to Lebanon 
Tones/year 

Fuel (octane index 95) 825000 
Fuel (octane index 98) 275000 

Diesel oil 350000 
Gas oil  No indicated 

 
Table III-5 Fuel quantities imported to Lebanon per year as reported by the Ministry of Water 

and Energy (2009). 
 
Gas oil is imported only by the Ministry of Water and Energy. Fifteen companies are 
recognized to sell fuel on Lebanese territory in 2200 different gas station. (Maroun Chammas 
- Interview on July 29th 2009 to Al-Nahar journalist). 
 
 
III-4 Analysis and Results  
 
We have conducted a statistical study over one hundred cars running on A1 highway. The 
figure III-1 shows that 60 % of these cars are older than 9 years, 4 % circulates since 2000 
and 36 % since 2001. We can consider that the transportation fleet is relatively old. (Figure 
III-1) 
 

36%

60%

4%

>2000 

<2000

2000
 

Figure III-1 Age percentage of transportation fleet in Lebanon. 
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Personal cars, trucks, and buses used inside the country can only run on gasoline. A ban on 
the use of diesel has been enforced since the sixties (UNDP-Lebanon, 2002).  
 
 
III-4-1 Gas analyzer Results of CO and HC vehicle emission 

 
Carbon monoxide CO and Hydrocarbons HC have been determined by “Gasanalyser” 
directly from vehicles exhausts. Figures III-2 and III-4 describe percentage of emissions. 
Results show that 73% of CO vehicle emission and 72% of HC vehicle emission are 
simultaneously respecting the norms. 
 

Figure III-2 Percentage of CO emitted by vehicles exhausts 

 
Figure III-3 Percentage of HC emitted by vehicles exhausts 

CO

73%

27% 

Respecting the norms

Not respecting the norms

HC

72%

28% 

Respecting the norms

Not respecting the
norms 
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Ozone O3, nitrogen dioxide NO2, sulfur dioxide SO2, have been analyzed.  
 
They have been collected by filters known as “Radiello”.  
 
Radiello consists of two paramount parts:  

- An adsorbent cartridge.  
- A diffusive body.  

 
Its cylindrical form enables to have an exponential rate of absorption that supports a better 
quality of the analyses. 
 
 
III-4-2 Ozone analyze 

 
The filters have been immersed in a hydrochloride 3-methyl-2-benzothiazolinonehydrazone 
(MBTH) solution which helps with the ozone desorption. They are left 1 day to have a 
complete desorption. The yellowier the solution becomes, the more the ozone concentration 
is high.  
 
The solutions are thus measured by visible spectroscopy. 
 
 
III-4-3 NO2 and SO2 analyze 

 
The chemical adsorbent used is the triethaloamine (TEA). It adsorbs NO2 in nitrite NO2

-, and 
adsorbs SO2 in sulfites and sulfates respectively. 
 
But under the action of the light and of the presence of ozone, the nitrite is oxidized out of 
nitrate NO2

- + O3 + hυ → NO3 +O2. 

 
For that, during the analysis, the nitrate concentration has been measured in the place of the 
nitrite.  
 
To analyze these 2 types of pollutants, the ionic chromatography is applied, since they are 
adsorbed in the form of ions. A solution called DIONEX is used; it is an anion which leads to 
the desorption of the pollutants. The analysis must be done under vacuum, for this reason 
helium is used like splashing gas. 
 
Along A1 Highway, samples have been collected during 14 days and analyzed by visible 
spectrophotometer for ozone O3 determination and Ionic Chromatography for Nitrogen oxide, 
Nitrates NO3 and Sulfur oxide SO2 determination.  Table III-6 exposes the results and 
European norms of emission: 
 



A1 Highway - Environmental Assessment Impact Final Report 

GICOME Sarl April 2010 Page 22

  
 

Sample/parameter 
(Ponctuel test) 

European norms 

O3 μg/m3

 
79 μg/m3 

NO2 μg/m3

 
40 μg/m3 

SO2 μg/m3 

 
10 μg/m3 

1 13 12 0.1 

2 15 35 0.3 

3 22 29 0.1 

4 26 38 5 

5 74 38 6 

6 77 45 7 

7 63 5 2 

 
Table III-6 Gas pollutants analyses NO2, SO2, and O3 emitted by vehicles along A1 Highway. 

 
 
III-4-4 Results 
 
Our results show that gas concentrations are respecting the European norms except near 
Zouk power plant. Nitrogen dioxide NO2 and Sulfur oxide SO2 generate acid rain if they 
exceed the norm limit. 
 
Beside this last, SO2 and NO2 could generate acid rain if cumulative parameters exist in the 
same time such as excess in norm limit, rain and humidity. 
 

 
III-4-5 Particles 
 
III-4-5-1 Sampling 
 
a- PM10 and PST 
 
To measure the concentration of the PM10, it is necessary to carry out samplings. For that, 
filters called “filter watman” are used. They are protected by metal roofing. This cover 
depends on the sampling of Total Suspended Particulate TSP or PM10. 
 

                  
      Photo III-1 TSP Sampling                                   Photo III-2   PM10 Sampling 
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These filters need collecting air with great volume.  
The difference between these 2 filters is the diameter of the pores: the first allow passing 
particles which diameter is bigger than 10 microns, whereas the second allows only particles 
with diameter lower than 10 microns.  
These 2 types of particles are later measured by an electronic balance and it is always 
necessary to note the volume of air collected to be able to calculate the concentration of the 
particles. 
 
b- PM2.5 
 
This apparatus allows passing particles which diameter is lower than 2,5μ used in the 
sampling differs from that used in the case of the PM10 and PST; it is a sensor of air with low 
volume (Photo III-3). 
 

 
 

Photo III-3 PM2.5 Apparatus sampling 
 

Filters of “watman” type are used but of lower size than those used in the case of the 
particles studied above. This apparatus collects the PM2.5 during one week. 
The measurement of the PM2.5 is done using an apparatus called refract meter based on 
the measure of light (Photo III-4). More the PM2.5 concentration increases, the light quantity 
decreases, and then refract meter value decreases.  
 

 
 

Photo III-4 Apparatus called refract meter based on the measure of light. 
 
III-4-5-2 Results of particles determination 
 
In Lebanon there are no yet standards for these types of pollutants. If one compares these 
results with the French standards (150μg/m3 over 24 hours) we find that pollution in Lebanon 
respects the European standards, except in certain zones where pollution exceeds the 
standards under the effect of many different and various industrial pollutants on A1 highway 
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Results of average concentration of different particles are represented by figures III-4, III-5 
and III-6. 
 
 

 
   

Figure III-4 Average of Total Suspended Particulate Concentration 
 
 

 
    

Figure III-5 PM10  concentration 
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Figure III-6  PM2.5 concentration 

 

 
Meaning  that average concentration is as follows (Table III-7): 
 

Locally on A1 Highway 
μg/m3 

European norms 
μg/m3 

TSP 70 150 

PM 10 60 40 

PM 2.5 15 15 
 

Table III-7 Average concentration of particles and European norms according to the «Ministère 
de l’écologie, de l’énergie, du développement durable et de l’aménagement du territoire - 

République Française» 
 
The analysis of pollution along A1 Highway indicates that the rate of the particles is in 
relation to various criteria, such as the temperature, the speed of the wind, the humidity, the 
rain, etc. But when we analyze the variation of the concentration of the PM through the years 
there are other factors which must be added with the precedents like the population if it is 
increases or decreases, and its distribution. Also should be added tankers activities and 
industrial activities effects. 
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CHAPTER IV - NOISE AND VIBRATION 
 
 
 
IV-1 Criteria for vibration in buildings and vehicles 
 
No recent definitive work has been done on the acceptability of buildings of vehicles from the 
standpoint of vibration. For example, a building vibration that would be imperceptible in the 
daytime in a home might be quite bothering at night when everything else is quite. 
 
When noises are of an acceptable character, the listener is usually not aware of their 
existence. Annoyance is usually small unless the noise level is great enough to interfere with 
conversation or in some other way force themselves upon the listener’s attention. 
 
 
IV-1-1 Criteria for noise in vehicles  
 
The criteria that have been developed for noise in vehicles are largely empirical and are 
based in part on economic and practical limits. Nevertheless, there are clearly some 
differences with the requirements for quietness in offices. These requirements are: 
 
1. Conversation among members of a group sharing adjacent seats to be done normally 
2. The noise should have no strong tonal components within a few cycles in each frequency 

which might produce a disturbing beat note. 
3. There should be no prominent single component that is observable as a persistent 

singing tone. 
4. There should be no rattles or clatter arising from loose objects or mechanisms. 
 
 
IV-1-2 Structure-borne Railroad, Subway, Highway, Noise in Buildings 
 
Another type of vehicular-noise problem which involves some buildings is the noise and 
vibration produced by near by trains, subways, and automobile. In this discussion, we will 
assume that the control of air-borne noise from these vehicles can be taken care of with 
correct selection of wall thickness and wall designs.  
 
In A1 highway widening and rehabilitating, only some few underpasses for local 
transportation will be constructed. 
 
 
IV-1-2-1 Structure-borne Highway noise 
 
With the increasing use of high-speed express ways leading into and through the centers of 
our cities and with the rapidly decreasing amount of space available in the centers of our 
cities, it becomes more and more the practice to place high-speed, high-traffic-density, truck, 
bus, and automobile express ways near occupied buildings. 
Our limited data indicate that structure-borne noise levels in buildings, located beside or over 
medium-speed (25 to 40 mph) high-ways, fall in the range of 60 to 80 db in the 20- to 75-cps 
band and drop off with frequency at the rate of about 10 db/octave. Noise levels can range 
higher if there are expansion joints, drainage grills, bumps, or rough sections in the road. 
Some general suggestions for reduction of earth-borne and structure-borne noise and 
vibration due to automobile and truck traffic true-borne noise and vibration due to automobile 
and truck traffic are as follows: 
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1. Provide smooth, fine-grained road finish. 
2. Have no expansion joints in the roadway near critical buildings. 
3. Have no drainage grills running across the roadway. 
4. Provide suitable vibration-isolation joined between the roadbed and the structural 

members of adjoining buildings (Beranek, 1960).  
These elements are dealed with in the A1 widening project. 
 
 
 
IV-2 Damage Risk Criteria for Hearing 
 
It is well known that a person exposed to a sound of sufficient intensity may suffer a degree 
of permanent hearing loss. By “degree” is meant that the hearing acuity of the exposed 
person will be somewhat less than it was prior to his exposure to the noise; by “permanent”, 
we mean that his loss will not disappear as the result of rest away from noise. 
 
There is a definite need to specify the physical acoustical characteristics of noises that are 
safe with regard to their effect upon hearing acuity and noises that are potentially unsafe 
(Beranek, 1960). 
 
 
IV-2-1 Present damage risk criteria 
 
We see in this following graph that a damage-risk criterion rests upon the concept of a 
statistical distribution of hearing acuities and the acceptance as insignificant of some 
arbitrary increase in the degree of hearing losses in some fraction of the total population. 
This graph was constructed on the assumption that the noise exposures described in the 
legend will increase the percentage of people having a hearing loss of greater than 15 db, 
from 0.3 per cent to 1 per cent, and that this increase should be considered unimportant for 
practical purposes. However a damage risk criterion based on noise exposure lasting for 25 
years at 8 hr/workday, while useful as a limiting case, may require refinement and 
modification to meet other situations. Two major questions to be asked in this regard are: 
 

1. Should the damage-risk criterion be the same for work periods that are to be shorter 
than 25 years? 

2. What intensity level of noise can the ear safely tolerate for periods of time shorter 
than 8 hr? 
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Figure IV-1 Average hearing acuity 
 
 
 
IV-3  Attenuation and noise reduction  
 
IV-3-1 Measurement of attenuation 
 
Attenuation is defined as the decrease in sound power between two points in a system. 
Because there is no commercially available acoustic wattmeter, it is possible only to make 
measurements of sound pressure (Beranek, 1960). 
 
Attenuation is the decrease of sound power in decibels between two points in an acoustical 
system. The concept of attenuation is used by most writers in describing wave propagation in 
lined ducts. In many cases, the attenuation can be measured by determining the decrease in 
sound–pressure level (in decibels) per unit length of duct and multiplying by the total length 
of the duct. 
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Attenuation is a useful concept for describing the loss of power of a sound wave traveling in 
a muffler. However, the transmission loss, the insertion loss, and the noise reduction of the 
mufflers are not uniquely determined by the attenuation. Put in other way, attenuation is a 
useful concept for describing what is going on inside of a muffler, but it does not by itself tell 
the entire story of how effective a muffler is in a given system. 
 
It is important to note also that insertion loss, transmission loss, and noise reduction are not 
uniquely related to the physical properties of a muffler. 
(Beranek, 1960). 
 
 
IV-3-2 Performance of noise reduction component 
 
There are several ways in which sound is reduced between the source and the receiver:  
 

1. Absorption of sound due to transmission through walls into spaces  
2. Absorption of sound in wall linings. 
3. Division of sound among several branches. 
4. Reflection of sound back towards the source. 
5. Spreading of sound into the open space. 
6. Absorption of sound in a room where sound ends. 

 
 
IV-3-3 Conclusion 
 
The noise measurements in decibel exceed the authorized norms which are between 50 and 
60 db (according to the Lebanese ministry of environment, see table IV-1a & table IV1b). 
 
Our measurements about noise level on A1 highway are represented on Table 2 and three. 
The A1 highway rehabilitation will mitigate noise harms. 

  
 

 Towards Tripoli 
(Decibel) 

Towards Beirut 
(Decibel) 

Nahr el kalb tunnel 
 
 

Zouk exchange 
 
 
 

Kaslik exchange 
 
 
 
 

Sarba exchange 
 
 
 
 
 

93.7 
87.4 
93.1 
97,9 
84.3 
95.9 
99.4 
94.4 
94.1 
97.7 
82.8 
76 
78 

82.3 
88.2 
95.8 
83.9 
97* 

86.4 
89.2 
86.7 
85.2 
83.8 
88.4 
84.8 
89.1 
83.4 
81.6 
79.9 
88.4 
84.8 
91.6 
80.2 
91.2 
88.2 
85.0 
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Jounieh exchange 

 
 
 
 

stadium exchange 
 
 
 
 

Adma exchange 
 
 

Maameltein exchange 
 

Kfarhebab exchange 
Casino 

 
Tabarja 

82.4 
76.3 
85.8 
99.5 
90.7 
89.9 
83.8 
90.4 
91.1 
96.3 
90.2 
91.8 
83.7 
90.5 
95.2 
85.0 
90.9 
88.6 
96.9 
91,3 
98.9 

88.6 
90.8 
91.2 
86.8 
91.3 
87.5 
84.6 
86.1 
82.6 
84.1 
85.9 
87.9 
91.9 
86.7 
91.2 
94.7 
89.8 
86.7 
84.2 
83.8 
90.0 

 
 

Table IV.a Noise level on A1 highway in both directions at peak hours,  
taken at road level, just near asphalt 

 
 

 
Area 

Towards 
Tripoli 

(Decibel) 

 
Area 

Towards Beirut 
(Decibel) 

Nahr el kalb  
(Abi Saab tools) 
 
Adonis (building) 
 
Sarba (Showbiz) 
 
Kaslik exchange 
 
Jounieh exchange 
(wooden Bakery) 
 
 

69 
 
 

58 
 

65 
 

60 
 

60.2 

Ghazir (building) 
 
 

Jounieh (Shoping 
center) 

 
Adonis (Mc 
Donalds) 

 
Zouk (Kozaily) 

 
Nahr el Kalb 
(Crepaway) 

53.5 
 
 

54.5 
 
 

52.1 
 
 

75.6 
 

60.5 

 
Table IV.b Noise level on A1 highway, at peak hours, taken inside apartments  

and commercial center located at first floor 
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CHAPTER V - CURRENT STATUS OF THE COASTAL ENVIRONMENT  
OF A1 HIGHWAY 

 
 
 
V-1 Description of the environment 
 
V-I-1 Climate 

 
The global climate of the coast (A1 Highway zone) is thermo-mediterranean humid. The 
temperature’s annual average of air under cover is 20.1�C (Table V-1); 
 
- annual average of precipitation is 741 mm; 
- annual average number of rainy days is 74;  
- average relative to the atmospheric humidity is 68 percent. 

 
 
Parameter 

(unit) 
J F M A M J J A S O N D 

Temperature 
˚C 

13.6 14 15.3 18 21 24 26 27 25 23 19 15 

Precipitation 
(mm) 

183 111 102 44 18 0.7 0.6 0.6 5 36 95 145 

Rainy Days 15 12 10 6 2 0 0 0 1 4 9 13 

Relative 
Humidity % 

67 64 64 67 69 71 73 73 66 66 64 68 

 
Table V-1: Average monthly climate Data (Climatology service,  

Beirut International Airport) 
 
June through September are the hottest months, with mean average temperature ranging 
between 13 and 14 �C. 
The yearly rainfall average is 650 mm in the south, compared to 900 mm in the north. 
 
 
V-1-2 Headlands and Cliffs 

 
The coastline studied in this report from Nahr el Kalb to Tabarja, is composed mostly by 
Cenomanian dolomitic limestone. 
 
The sea cliffs are normally associated with wave washed terraces that show typical erosion 
patterns with potholes, blowholes and narrow channels. They form typical terraces of algae, 
worms, mollusks, etc… their morphology; fauna and flora are typical of the eastern 
Mediterranean. 
 
 
V-1-3 Tides and Terraces 

 
Results of reported observations from the region record tides at 15 to 20 cm - (Fevret and 
Sanlaville, 1965; Emery and George, 1963) – Tides contribute to diurnal fluctuations in near 
stores currents. Although tides are not significant in magnitude, their effect can be felt in 
diurnal currents and on terraces. 
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Diurnal currents contribute to reduce the ambient temperature of air and to dilute by 
dispersion the pollutants far from their emission point. 
 

Terraces are highly dynamic as a result of wave action. The terraces are typically Levantine 
with various mollusks and coralline algae. Brown algae are particularly abundant. There is 
abundance of life; hence the need to protect certain zones. 
The widening and the rehabilitation of A1 Highway will not affect this part of the coastal line. 
 
 

V-1-4 Brackish Zones 
 
Brackish zones are at the mouth of major rivers. Most coastal rivers were reduced to a trickle 
during summer. This biotype is generally colonized by organisms of great osmoregulatory 
capacity (i.e., with a high degree of tolerance to salinity changes). Brackish zones act also as 
barriers for organisms without a high ability of osmoregulation are unable to inhabit such 
zones. 
 
Brackish zones are intermediate between marine and fresh water habitats. They provide a 
continual water environment extending from sea zones into deep river valleys, along the 
transect of an W.E axes the variety of life and their transition should be studied and such 
zones protected. Particularly, Nahr el Kalb needs special priority attention. 
Nahr el kalb river is not affected by the A1 widening an rehabilitation since this last is starting 
northern Nahr el Kalb. 
 
 
V-1-5 Fresh water Resources and Quality 
 
A total of 14 rivers discharge about 2 000 million m3 of fresh water annually into the 
Mediterranean sea, the longest coastal river (58Km) is Nahr el Kalb. Rivers in the north are 
better supplied and continue to flow at summer due to the snow meltdown. Most coastal 
rivers nowadays dry up completely during summer. 
 
Other major fresh water sources are springs wells and boreholes. According to Humphreys 
studies (1995), 23 out of 34 springs and boreholes (used for public water supply) at altitudes 
of 300 meters or less are contaminated with fecal coliforms. Primary causes of contamination 
are the uncontrolled disposal of wastewater into the ground, infiltration of waste water from 
cesspits and soak ways into ground water aquifers, and animals polluting water sources. 
Contaminated springs and boreholes represent about 85 percent of the combined yields of 
all tapped freshwater sources in the coastal zone (382.90 m3/day compared to a total of 
452.210 m3/day total) (Hamzé et al., 1996). 
 
Another major cause of pollution is excessive pumping of ground water near the coast and 
the resulting saltwater intrusion into underground aquifers. 
Because of Lebanon’s topography and geology, there are numerous freshwater springs 
offshore (e.g, Jounieh Bay). Most of these are clearly visible in spring during snow meltdown. 
The National Council for Scientific Research has commissioned a study of these offshore 
freshwater springs using aerial infrared photography. 
 
As to the water resources for Metn and Kesrouan, refer to Annex D-Water Ressources. 
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V-2 Biological Description of the coastal zone 
 

The special climatic and topographic characteristics of Lebanon have made it an “island 
refuge” for a host of organisms during the last glaciations. The high mountains and the cold 
water courses have completed this relative ecological isolation of Lebanon in the Middle 
East, as attested by the richness and diversity of fauna and flora. Terrestrial fauna and flora 
have been discussed by numerous authors since the early part of this century (Pabot, 1959, 
Emery and George, 1963). 
 
Urbanization, human behavior and excessive use of agrochemicals are the main factors 
threatening coastal flora and fauna. Most animals species are aggressed by human beings 
who ignore their importance; for example, reptiles are killed because they are considered 
poisonous, when in reality the majority are not. Deforestation, harvesting of wild plants, fires 
due to negligence, and hunting are all contributing factors. Birds, various mammals and 
insects, arboreal species of reptiles (e.g. Chameleon) and insectivores, such as squirrels, are 
all threatened by high dosages of chemical products (insecticides, fungicides, and 
herbicides). 

 
 

V-2-1 Diversity 
 

A few localized coastal areas shelter some rare plants. Some of them occur at the limit of 
their bio-geographical range, other became rare because of their natural habitats 
disappeared due to coastal erosion, sand quarring on beaches and galloping urbanization. 
 
Different plant species are in need of preservation in different parts of the coastal zone of A1 
Highway (Nahr el Kalb and Jounieh areas): 
 
Mediterranean twitch, goosefoot, Fuller’s teasel, fleabane, eryngo, lotier, common myrtle, 
rest harrow, knotweed, white broom, sage, aquatic germander, sea squil should clearly 
answer if expropriating for the widening is putting in danger the preservation of above 
species.  
 
Expropriation for the widening and rehabilitation of A1 highway is not putting in danger the 
preservation of above species. Since expropriation is done beside the existing roads and 
highway where wild herbs exists. 
 
 
V-2-2 Coastal Terrestrial Fauna 
 
This section discusses the current status of herpetofauna (amphibians and reptiles), avifauna 
(birds), mammals, and freshwater fauna I the coastal zone. 
 
V-2-2-1 Herpetofauna (Amphibians and reptiles) 
 
Four species of amphibians have been identified in the coastal zone near water flows : 
- Pelobates syriacus Boettger, Syrian Spadefoot (endangered) 
- Hyla arbore or H. Savignii, common tree frog (endangered) 
- Rana Rudibunda Pallas, lake frog 
- Bufo Virdis L. 
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Some 40 species of reptiles have been observed in coastal Lebanon (Hraoui S. 1981). Most 
are insectivores. Some live in specific biotypes which are being destroyed by urbanization, 
thus decreasing their number. Following are some examples of coastal lizards :  
- Acanthodactyles shreiberi, Shreiber’s lizard, lives in sand dunes near the sea; 
- Ptyodactylus hasselquistii, ptyodactyle; 
- Lacerta trilineata Bed, giant green Lizard; 
- Chameleo chameleon (L), chameleon; 
- Ophisops elegans, snake-eyed lizard; 
- Chalcides ocellatus, (Forskal), ocellated stink, lives in sand dunes near the sea; 
- Estudo graeca L. Greek tortoise, the only terrestrial turtle species, widespread 

geographically; 
- Mauremys caspica (Gemelin), Caspian terrapin freshwater turtle, lives in clear water, 

streams, rivers, or muddy – bottom ponds (endangered); 
- Trionyx triunguis (Forskal), soft-shell turtle, freshwater species, found in mouths of rivers 

and in the sea. 
 
The endangered reptiles include Shereiber’s lizard, the chameleon, the giant green lizard, 
the snake-eyed lizard, the Greek tortoise, and the green marine turtle. 
Widening and rehabilitation of A1 highway is not putting in danger amphibians and reptiles 
species of the coastline. 

 
 

V-2-2-2 Avifauna (Birds) 
 
Very few bird species breed in the coastal belt of Lebanon as compared to other east 
Mediterranean countries; none of them are considered threatened on a pan-Mediterranean 
scale.  This relatives poverty in breeding birds can be attributed to (Tohme G et H, 1986): 

1. Lack of coastal wetlands such as lagoons, lakes deltas; 
2. extensive urban development along the coastline; and  
3. hunting and continuous disturbance by man in coastal habitats 

 
Less species of birds are found near river mouths and beaches and threatened by 
urbanization. 
 
 
V-2-2-3 Mammals 

 
Thirty six species of mammals have been identified in the coastal region: hedgehog, four 
species of shrews, twelve of bats, seven of carnivores, hyrax, cape hare, and ten species of 
rodents (Harrison, 1972, Atallah, 1975, and Tohme et al, 1985). 

 
 
 

V-3 Conclusion 
 
The widening and rehabilitating of A1 Highway will not affect fauna and flora. 
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CHAPTER VI - SISMIC STUDY OF LEBANON 
 
 
 
VI-1 Introduction 
 
Seismology studies the earthquakes, natural shocks of the basement. It tries to determine 
the geographical distribution, the tectonic and geodynamic significance, the mechanics and 
effects on the landscapes and the populations. It also tries to approach the forecast of the 
seism and defense against their effects. The study of the remote earthquakes informs us 
moreover about the structure of in-depth sphere. The seismology should not be confused 
with the seismic one which studied the structure of the lithosphere with artificial shocks; it is 
also used for fuel prospecting. Of all the manifestations of planetary dynamics, the 
earthquakes or seism are, undoubtedly those which have more marked the popular 
conscience. 
 
 
 
VI-2 Definition of a seism 
 
It is a brutal shock of the ground causes by the arrival of elastic in-depth waves, after a 
rupture and an abrupt relative movement of two lithosphere compartments. It results in an 
instantaneous release of its elastic energy which was slowly accumulated. We call hearth or 
hypocenter, the major point where begins the initial movement and releases energy. The 
epicenter is its projection on terrestrial surface; it corresponds to the place where the jolt is 
maximal. In a general way, the earthquake is known as surface if the hearth has less than 60 
km of depth, intermediary of 60 to 300 km, and major beyond 300 km. In fact the surface 
earthquakes are most frightening (Harajli 2002).  
 
 
 
VI-3 Seismicity of Lebanon 
 
The Dead Sea fault system is a major tectonic feature that accounts for the bulk of seismic 
activities in the Eastern Mediterranean. It forms a plate boundary that links the Arabian plate 
convergence in south Turkey with the active seafloor spreading in the Red sea (Figure VI-1). 
The corresponding fault system, known as the Levant fracture system, forms the boundaries 
of the Arabian plate to the east and the Levantine plate to the west which includes part of the 
Eastern Mediterranean. (refer to Annex E – Seismic Data) 
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Fig.VI-1 The Levantine fracture (Harajli, 2002 taken from Beydoun,1988) 
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When entering Lebanon through the Galilee heights, the Dead Sea fault system forks out into 
a series of major active faults (Figure VI-2). While the Yammouneh fault, forming the western 
boundary of the Bekaa valley, and which represents the main northward continuation of the 
Dead Sea fault system, is considered the most prominent, the other subsidiary major faults 
(known as Roum, Hasbaya, Rachaya and Serghaya) are of almost equal significance. 
 
 

 
 

Figure VI-2 Fault setting in Lebanon 
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The Levant fracture system bears a close similarity to the San Andreas Fault system of 
California: historically, it has given rise, at different segments along its length and in different 
time intervals, to major destructive earthquakes of varying magnitudes. A major earthquake 
with an estimated intensity equal to IX on the Modified Mercalli scale struck Lebanon (Bekaa 
Valley) in 1759 causing severe destruction in many areas inside Lebanon. Since the early 
19th century, more than 6 major earthquake events of Richter magnitude between about 6 
and 7 had occurred along or close to the main Levant fracture system. Their epicenter was 
estimated near the south and north ends of the Dead Sea (1834, 1927); north of Lake 
Tiberias inside Palestine and close to the southern Lebanese border (1837); inside Lebanon 
(1956). 
 
Earthquake events on the sea bed between Cyprus and Lebanon and some times close to 
the coastal line are very frequent. These earthquakes may affect almost all cities and towns 
along the coastal belt of Lebanon from the far north to the far south and may reach the coast 
with intensities between IV and VI. 
 
The last major inland earthquake which struck Lebanon in this century is the double chock 
earthquake of 16 March, 1956. The epicenter was estimated in the town of Bisri close to the 
northern tip of the Roum fault. While the United States Geological Survey estimated the 
earthquake magnitude at 7, it was measured as 5.8 by Ksara Seismological Observatory in 
Lebanon. This earthquake left 136 dead, 6000 homes destroyed and about 17000 heavily 
damaged. It should be emphasized that because of the drastic urbanization growth that the 
country has experienced since 1956, and with the dramatic increase in tall building 
structures, an inland earthquake with similar intensity to that of 1956 is expected to take a 
much larger toll in human lives, and to cause much more structural and non-structural 
damage if it were to strike today. 
 
Given the earthquake history of the Eastern Mediterranean region and the location of 
Lebanon on the seismic map, it can be stated that Lebanon on the seismic map is indeed a 
seismic prone country. The fact that this area of the world has been inactive for some time 
should not mask the potential risks.  
 
 
 
VI-4 Tectonic Setting of Lebanon 
 
Lebanon lies right over an estimated 1000 km long fracture system which extends from the 
sea floor spreading in the Red Sea to Taurus Mountains in southern Turkey (Figure VI-3). 
This 1000 km long fault system, named the Levant Fracture system (Beydoun, 1977), is an 
extremely important tectonic feature that accounts for the bulk of the seismicity in the Eastern 
Mediterranean. This system evolved since mid Cenozoic time due to the breakup of the 
Arabian plate from the African plate. As a result of a long-strike variation in the orientation of 
this predominantly left-lateral fault system, important structures including Mount Lebanon and 
Anti- Lebanon mountains have developed since Miocene time along this plate boundary. 
 
The Levant Fracture system is divided conventionally into three portions, from south to north 
(see figure VI-3): the Dead Sea fault, the Yammouneh fault, and Ghab fault. 
 
The Dead Sea which strikes in a more or less N-S direction extends from the Gulf of Aqaba 
to the Sea of Galilee and Hula depression in south Lebanon.  
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In its northern continuation inside Lebanon territory through the Galilee heights, the Dead 
Sea fault changes into a complex system of braided strike-slip faults. Most prominent among 
these faults are: 
 

(i) Yammouneh fault: it has a NNE trending and it represents the main northward 
continuation of the Dead Sea fault into the N-S trending Ghab fault in northwest 
Syria. It is seismically calm at present. 

(ii) Serghaya fault: it originates from the northern end of the Dead Sea fault and runs 
along the Easrtern edge of the Hermon uplift in the western Syria.  

 
(iii) Roum fault: it originates from the location where the N-S trending Dead Sea fault 

intersects with the N30E trending Yammouneh fault. This fault is a poorly known 
branch of the Levant fracture and appears to be seismically active at present. 

 
Other faults which constitute a part of the complex fault system in Lebanon as described by 
Walley (1988) include: 
 

(iv) Akar fault: is the least known of all major faults. It runs in SW-NE direction in north 
Lebanon marking the edge of Mount Lebanon range and seems to pass into the 
Levant Fracture under young basalts just where there is a reversion to a N-S 
trend of the Yammouneh fault to the Ghab fault. 

 
(v) Hasbaya fault: it forks out from the Yammouneh fault in south Lebanon and runs 

in a north-eastward direction across the Bekaa valley into the Anti-Lebanon.It is 
poorly documented. 

 
(vi) Rachaya fault: it branches out from the end of the Dead Sea fault in a north-

eastward direction and forms the western edge of the Hermon uplift. 
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Figure VI-3 Main faults and area of uplifts in Lebanon-Southwest Syria region 
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Studies of the Lebanese main faults have shown that they are of strike-slip nature, 
particularly the Yammouneh, Serghaya and Roum features (figure VI-4). Lateral movement 
has not yet been proven on Akar, Hasbaya, and Rachaya faults but most probably they are 
also sinistral in nature. 
In addition to these major faults indicated above, there is a number of small scale faults in 
Mount Lebanon. Some of these are composed of faults sub-parallel to the Roum structure 
between the Roum fault northward until the latitude of Beirut with evidence of sinistrial motion 
on some of them. The others, characterized by dextral fault system, are spread mainly in 
ENE-WSW direction north of Beirut until the fault of Akar. 

 

 
 

Figure VI-4 Map of the Lebanon-Southwest Syria general area showing main faults with 
their demonstrated or inferred direction of strike-slip. 
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VI-5 Proposed seismic zoning map  
 

Based on the results of this investigation, it would be possible to zone Lebanon into two 
zones of seismic hazard corresponding to 10 percent probability of exceedance in 50 years 
(Figure VI-5): 
 

 One zone along the eastern and western territories with effective PGA equal to 0.2 g, 
where g is the gravitational acceleration. 

 The second zone is parallel to the Yammouneh fault line within about 15 km distance 
on either side of the fault, and having effective PGA equal to 0.3 g.  

 
These correspond respectively to zone 2 and 3 of the Uniform Building Code UBC 94 of the 
United States. Note that most of the Lebanon’s population (about 75 percent) and capital 
investments are located on the country’s west coast. 
 
The recommended ground accelerations above are minimum that should be used in seismic 
design and may be taken conservatively as the ground acceleration on rock. The final design 
acceleration may be amplified depending on the type of soil overlying the bedrock, and the 
dynamic characteristics of the structure (Harajli, 1994).  
 
 

 
 

Figure VI-5 Proposed seismic zonation map for Lebanon 
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VI-6 Conclusion 
 
Design study of overpasses, underpasses and walls took an effective seismic acceleration 
equal to 0.2g. 
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CHAPTER VII - EVALUATION OF CUMULATIVE IMPACTS OF A1 HIGHWAY 

 
 
 
VII-1 Introduction 
 
The transportation sector is characterized by road traffic congestion, especially in the coastal 
line. Traffic congestion in urban area is severe, especially in the entrances of Jounieh, Kaslik 
and Nahr El-Kalb on both sides of A1 highway. 
 
Rehabilitation and widening of A1 Highway would improve economic situation, Tourism 
activities and allowed savings in time and gasoline consumption on roads.  
 
 
 
VII-2 Security 
 
VII-2-1 Pedestrian security 
 
The elements regarding pedestrian security have been respected in this project.  
 
Actually, the pedestrian bridges are two and will increase to reach eleven with special 
installations for disabled persons (such as elevators). 
 
The pedestrian bridges will be distributed as follows: 
- Three from Dbayeh to Kaslik, 
-  Four from Kaslik to Jounieh, 
- Two from jounieh to chnanair, 
- Two from chnanair to Adma. 

 
 
VII-2-2  Lighting 

 
The A1 highway widening and rehabilitation project has taken into consideration the lighting 
of the highway using electrical poles 10 to 12m high placed on both sides of the road  or/and 
at the midst. Also overpasses and underpasses received same treatment. All lighting has 
been placed at distances (less than 50m) to get the best quality for night vision and to lower 
as much as possible vehicles and pedestrian accidents. 
 
 
 
VII-3 Adjustments works 
 

The adjustments work concerns:  
- management of new roads and of service roads, 
- the widening of nearby roads, 
- construction of intersections, overpasses, 
- widening of secondary roads, 
- standardization of the width of the highway, 
- adjustment of internal roads for commercial malls 
- Construction of sidewalks which are actually very rare to find. 

These adjustments works will have on economy, aesthetic, security positive impacts. 
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VII-4 Evacuation of rain water and waste water 

 
The networks for the evacuation of rain water have been thought to evacuate maximum 100 
m3 per hour. The diameters of the pipes are between 30 and 40 cm according to the sites 
and the architecture of the roads. 

 
- The city has in charge the network related to waste water. No work will be performed for 

the waste network under A1 widening project. 
 
Table VII-1 resumes the potential impacts of the adjustments related to the A1 highway on 
environment. 
 
 
  

 
 
 
 
 
 
 
 
 

 
 

 
Table VII-1 Impact potential of adjustment of the A1 highway 

 
 
 
VII-5 Mitigation measures 

 
Emissions of GHG from the transportation sector are in general related to: 
- the fuel type and its emission rate,  
- the technical status of the vehicle and its fuel consumption rate,  
- the distance traveled and time needed for every trip. 
 

Several actions should be taken to reduce emissions released by transport sector: 
- switching to fuel with Lower Emission Rates, 
- shift to Travel modes with Lower Emissions, 
- Promoting public transport, 
- shortening time spent on road in case of car jam. 

 
The main goal of A1 highway is to solve the problem of car jam and to save time of travelers. 
 
 

Parameters Insufficient Positive
Very 

appreciated 

Green Spaces +   

Esthetics  ++  

Economics  ++  

Civil security   +++ 
Draining of rain 

water   +++ 

Transit   +++ 

Tourism   +++ 
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VII-6 Noise management  
 

Noise management requires: 
- Limitation of the noise resulting from different uses, 
- Urban planning and land management that restraint the noise rate by separating 

industrial plants from urban areas and by forbidding different sonorous uses in these 
areas. 

 
In the national laws, texts do not clearly define sonorous harms. Most of these texts define 
pollutants in general which restricts their emissions. 
In Lebanon, especially alongside A1 HIGHWAY, several sectors: industrial, touristics and 
commercial, are located in close proximity to A1 highway. Sonorous harms caused by the 
different sectors are unavoidable. 
 
The A1 management will mitigate the sonorous harms by reducing sonorous factors: car jam, 
horns, cars exhaust, motors noise etc… 
 
 
 
VII-7 Recommendations 
 
During this study, we insist on the importance of adding a few actions to improve the aspect 
of A1 highway: 
 
- To cultivate areas on both sides of the highway for many reasons to improve the 

aesthetic aspect of the most frequent highway of Lebanon on both touristics (transit 
towards Syria) and commercial points. Efforts were done in the design to include green 
areas as such as needed; 

- To include in concrete separations, on both ways, ornamental trees that can survive in 
urban areas and that has the advantage of absorbing a part of dust and particles emitted 
by urban activities especially transportation.    

- To move away electrical and phone poles from the highway (photo 1a &1b). 
- To move away trash bins from the highway: in some places towards Beirut a tires dump 

is located near the highway; another of gravel is also located and should be dismantled. 
These aspects causes damage on both aesthetic and security levels. 

- To retreat the points of sale which are directly implanted on the highway (see attached 
photos). 

- To reorganize in a better way the billboards randomly implemented and often 
implemented on both sides of the highway.  

 
 
 

VII-8 Conclusion 
 
This report shows the impact study of the widening and rehabilitating of A1 Highway. 
 
Many parameters were considered such as: 
- Air quality, nature of gases emitted by vehicles, determination of the quantities emitted 

and particles. 
- Noise and vibrations impacts on buildings and vehicles. 
- Physical and biological description of the coastal environment of A1 Highway. 
- Seismic study of Lebanon. 
- Evaluation of cumulative impacts on A1 Highway. 
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The transportation sector is an important source of pollutants gases like CO, NOx, SO2, HC, 
organic materials oxides, soot, particles and derivatives of lead. 
 
From May till September, Lebanon’s climate is atmospherically stable, which leads to an 
accumulation of gases in the lowest atmospheric layers. 
 
In the opposite, maritime streams on the entire coast allow temperatures softening especially 
during the nights and an ascending movement of accumulated gases during the day, which 
contribute to reduce pollutants concentrations in lowest atmospheric layers. 
 
We insist on the role of the vegetation in the “cleaning” phenomena of the atmosphere and in 
absorbing greenhouse effect gases alike CO2 and CH4. 
 
We consider that widening and rehabilitating of A1 Highway will contribute in diminishing the 
quantity of emitted gases in the atmosphere by facilitating the traffic and avoiding traffic jam. 
Also, it will have a positive effect on reducing noises and vibrations on the constructions, 
since in the widening and rehabilitation works of this highway it is considered raising up 
separation walls between the highway and the service roads which will lead to a reduction of 
noises and vibrations on the surrounding buildings. 
 
Concerning the fauna and flora nearby A1 Highway, the coastal line is occupied by 
diversified fauna and flora located in non urban area, behind buildings for example,  which 
needs to be preserved. The expropriation, the widening and rehabilitating of A1 Highway will 
not affect the fauna and the flora of this part of the coastal line. 
 
The seismic study has noticed that Lebanon is located in an active region. The risks of 
earthquake exist at every moment, they are most important nearby the Yammouneh fault, 
and the major faults known as Roum, Hasbaya, Rachaya and Serghaya. As reporting by the 
geophysical of Bhannés, connected to the Lebanese National Scientific Research Council 
(CNRSL), the south of Lebanon is particularly active from seismic point of view. The 
earthquakes are unforeseeable, they could happen at any time in any region of Lebanon. 
The widening and rehabilitating of A1 Highway took in consideration a seismic acceleration 
equal to 0.2g for the design of overpasses, underpasses, walls, piles,... 
 
A1 widening and rehabilitating will have a positive economical impact on several sectors 
such as: 
- Transit between Beirut and other countries through the North,  
- Local economy, 
- Easier link between Lebanese coastal and mountains region; 
- Time savings for passengers using A1 Highway. 
 
The widening and rehabilitating of A1 Highway needs some expropriations about  5092 m2 of 
construction which will be done according to the Decrees 14308 in 2005 and 872 in 2008 
(Table II-2 previously given). 
 
Finally we consider that the widening and rehabilitating of A1 Highway will improve aesthetic 
aspect along this part of the coastal line of Lebanon.  
 
Public Transportation, by rail, tramway and regular buses should be implemented to relieve 
the traffic on A1 in the next decade. This policy should be implemented in order to link 
coastal cities, in a more efficient way. 
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CHAPTER VIII - THE DO-NOTHING SCENARIO 
 
 
 
VIII-1 Introduction 
 
Vehicles circulation on A1 Highway is a major problem for passengers, local population and 
transit population to Beirut or to the North. Jam cars increase vehicle gas emissions, 
deteriorate air quality, loose passengers' time and decrease national economy rate. 
 
In the next 10 years, the do-nothing scenario could be dramatic on national scale. 
 
 
 
VIII-2 Status of A1 Highway in the next ten years 
 
The annual increase of cars is between 1.2 to 2.2 % every year as reported in 2002 by 
UNDP - Lebanon. One citizen over three has a car in Lebanon and the car ownership rate in 
Lebanon is one of the highest in the world (UNDP - Lebanon Report 2002). These figures are 
the basis for the future.  
 
A heavy congestion is observed starting 2003 and we estimate that the traffic congestion on 
A1 Highway will continue increasing every year. Travel time between Jounieh and Beirut 
increases every year. 
 
The key parameter is the delay. The conception of widening and rehabilitation of A1 Highway 
is an emergency need for local residents and for transit population activities and population 
travel time. 
 
Actually, vehicles running on A1 Highway need approximately 30 minutes to cross 10 Km 
from Tabarja to Dbayeh. It is important to notice that in the morning during office hours and 
afternoon, vehicles crossing may spend more than one hour to move for 20 Km towards 
Beirut. Time loss of vehicles is remarkable along the day. Environmental quality as well as 
national and local economy is affected. Traffic congestion will increase vehicles gas 
emissions, noise and vibration along A1 Highway. 
 
If nothing is done, air quality will deteriorate. Population especially children, eldest persons 
and pregnant women will be exposed to several respiratory diseases, such as asthma, 
emphysema and other diseases related to the presence of pollutants gazes and particles in 
the air. 
 
 
 
VIII-3 Conclusion 
 
Knowing that Lebanon is exposed from May to September even in October to anticyclones' 
situation which is favorable to an accumulation of pollutant gases in the lower atmospheric 
layers, population will be close to these layers and will breathe polluted air and will be 
affected by pollutants gases present. 
 
The cost for medical treatment of population touched by this air pollution will be very 
expensive on health scale, national economy, local economy and individual income when 
looking to figures crossing daily Tabarja  Nahr El Kalb. 
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The drastic situation of the A1 Highway region will have a negative impact on life and 
economical population especially families which will prefer to move out and live far away 
avoiding the A1 Highway. A displacement of population will occur to avoid further daily time 
loss. 
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Annex B - Topographic map 
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Annex C - Aerial photo 
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Annex D - Water resources 



 
 
The main sources in Kesrouan are as follows : 
 
 

Name of the source Flow (l/s) 
Name of the 

village 
Remarks 

Nabaa El Madiq 1000 Bazhel Drinkable water from Kesrouan coastline, 
electricity, irrigation 

Nabaa El Khdaira 1 20 Bazhel Irrigation  
Sources of Ghochraya 100 Ghochraya Irrigation  
Ain Es Saide 6 Ghbale Irrigation  
Nabaa El Qattine 25 El Qattine Irrigation  
Nabaa El Mghara 
Ghazir 

important Ghazir Drinkable water, irrigation 

Nabaa Batha El 
Tehtani 

20 Batha Irrigation  

Nabaa Qachqouch 1800 Jiita Drinkable water, irrigation 
Nabaa Mgharet jiita 3000 Jiita Drinkable water, irrigation, electricity 
Ain El jaouze 1  Chouane  
Ain El jaouze 2 25 Chouane 3 ramifications, all having a flow of  

20-25 l/s 
Ain El jaouze 3  Chouane  
Nabaa El maanbouaa 20 Qorqraiya Irrigation, slow during summer 
Nabaa Ed Delbe 35 Faraya Irrigation 
Nabaa Ed Hadid 15 Qamez Irrigation 
Mihqqane el mazloum 5 Ouata el jawz Drinkable water, irrigation 
Nabaa El Qana (El 
Hraif) 

15 Hrajel Irrigation 

Nabaa El Qana (El 
wastani) 

35 Hrajel Irrigation 

Nabaa El Qana (El 
Kraide) 

15 Hrajel Irrigation 

Nabaa El Ouadi 7 Faraya Irrigation 
Nabaa El Assal 500 Faraya Drinkable water, irrigation 
Nabaa El Mghara 20 Hrajel Irrigation, use by many restaurants 
Nabaa El Saqie 1 7 Mazaraat 

Kfardibiane 
Irrigation 

Nabaa El Saqie 2 0.5 Mazaraat 
Kfardibiane 

Irrigation 

Nabaa El Labane 500 Mazaraat 
Kfardibiane 

Irrigation 

Ain ej Jnainat 10 Bqaatouta Irrigation (in summer: 1-1.5 l/s) 
 



 
The most important sources of water in Kesrouan are:  
 

 Nabaa El Aassal : 500 l/s 
 Nahr El Labane : 500 l/s 
 Nahr El Mghara : 20 l/s 
 Nahr es Saqie : 4 l/s 
 Nahr Hadid : 15 l/s 
 
 

The dam of Chabrouh, situated in Kesrouan assures the needs in water for two important 
regions: Metn and Kesrouan. 
 
The capacity of the dam is reckon 8 Million cubic meters. It assure day to day the supply in 
water for both regions. This supply is estimated to 56000 cubic meters till 2015. 
 
The perspective of a new dam for the Metn is in study for 2015. 
 
The region of Metn is supplied by 12000 to14000 cubic meters and Kesrouan is supplied by 
40000 to 44000 cubic meters per day. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Annex E - Seismic data 













 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Annex F – Urbanism 
 









 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Annex G – Public Consultation 
 
 
 





















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Annex C 
Annex to Final Report 

 
  



BEIRUT - LEBANON



  بين طبرجا وضبيه A1توسيع وتأهيل الأوتوستراد     المهندس أنطوان سلامه وشركاه ش.م.م. - جيكوم 

  2010آب 

 
CONTENTS 

 
 
 
 
INTRODUCTION 
 
 

MOE LETTER DATED JUNE 1ST 2010 
SENT TO CDR 
 
 
 
ANSWERS TO MOE LETTER 
 
 

  محتويات التقرير
  
  

  مقدمة
  

كتاب وزارة البيئة لمجلس الإنماء والإعمار تاريخ 
1/6/2010   
  

توضيحات الإستشاري حول كتاب وزارة البيئة 
  والموجه الى مجلس الإنماء والإعمار

  
 
 
 
 
 
 



  بين طبرجا وضبيه A1توسيع وتأهيل الأوتوستراد     المهندس أنطوان سلامه وشركاه ش.م.م. - جيكوم 

  1/  1     2010آب 

 
INTRODUCTION 

 
 
 
 
This Annex to Final Report is to be 

considered as part of the Final Report 

related to the Environmental Impact 

Assessment study of the A1 Highway 

between Tabarja and Dbayeh. 

 

 

This Annex to Final Report follows the 

MOE remarks issued on June 1st 2010 

and sent to CDR and includes answers to 

MOE remarks. 

 

 

Elements included in this Annex will be 

introduced during the launch of Bid Calls 

for submission and are to be followed 

during the construction period 

(Rehabilitation and Widening of the A1 

between Dbayeh and Tabarja). Related 

elements will be considered as part of the 

Contract documents. 

 

  مقدمـــة
  
  

ان هذا الملحق للتقرير النهائي هو جزء لا يتجزأ من 
التقرير النهائي للتأثير البيئي العائد لدراسة توسيع 

  بين طبرجا وضبيه. A1وتأهيل الأوتوستراد 
  

ان هذا الملحق يلي ملاحظات وزارة البيئة بتاريخ 
النهائي للتأثير البيئي العائدة للتقرير  1/6/2010

المهندس أنطوان  -الذي وضعه الإستشاري جيكوم 
ش.م.م. والعائد لمشروع دراسة  وشركاه سلامه

بين طبرجا وضبيه.  A1توسيع وتأهيل الأوتوستراد 
ستشاري ويحتوي هذا الملحق على توضيحات الإ

 1/6/2010جواباً على كتاب وزارة البيئة تاريخ 
  مجلس الإنماء والإعمار.والموجه ل

  
ان النقاط التي وردت في هذا الملحق ستوَضح لدى 
كافة المتعهدين الذين سيتقدمون بالعروض لتنفيذ 

وستكون هذه أشغال توسيع وتأهيل هذا الأوتوستراد 
  جزءً من ملف إلتزام الأشغال. النقاط

  

 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

MOE letter dated June 1st 2010 sent to CDR 

  1/6/2010كتاب وزارة البيئة لمجلس الإنماء والإعمار تاريخ 
 
 
  















 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Answers to MOE letter 

 توضيحات الإستشاري حول كتاب وزارة البيئة 
والإعماروالموجه الى مجلس الإنماء  1/6/2010تاريخ   
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 فيما يتعلق بهيكلية التقرير )1

  
A-1 

 يندرج هذا المشروع تحت قطاع النقل وبرعاية مجلس الإنماء والإعمار.

 
B-1 

إن خطّة الإدارة البيئية هي خطة مجلس الانماء والاعمار البيئية ولسنا في صدد هذه الدراسة بإعادة 
  تفصيل خطّة الإدارة.

  
C-1 

 –ان الاستشاري المكلف من قبل مجلس الانماء والاعمار للقيام بدراسة تقييم الاثر البيئى هو جيكوم 
المهندس أنطوان سلامة وشركاء  ش.م.ل. وهو مصنف لدى المجلس فئة اولى دروس  وهو من اوائل 
المكاتب الاستشارية العاملة في لبنان وله خبرة لا تقل عن خمسون عاماَ في هذا المجال. وقد سبق له 

المصاعب التي قد  القيام بعدة دراسات ومراقبة تنفيذ اشغال على المحور المذكور، وهو يدرك تماما كافة
رر. تعترض تنفيذ الاشغال.  كما ان هذا الاستشاري هو مسؤول عن صحة كافة المعلومات الواردة في التق

 واردة في التقرير هي افضل ما ورد له للحفاظ على الموارد الطبيعية.لاكما ان المعلومات والتقنيات 

  
D-1 

المناقصة بالتزامه تطبيق شروط الحفاظ  على البيئة  ان ابراز كتاب تعهد من قبل المتعهد الذي ترسو عليه
هذا التعهد في ملفات التلزيم. كما اننا نلفت انتباهكم ان دفتر الشروط العائد   هو شىء ايجابي وسوف نورد

  للالتزام يتضمن ملحقا خاصا للسلامة والبيئة.
  
E-1 

هندس أنطوان سلامه وشركاه التي تم الم -إن دراسة تقييم الأثر البيئي قد أُعِد من قبل شركة جيكوم 
في هندسة البيئة الدكتور جواد الأخصائيين بمشاركة كل من الإستشاريين و 1961تأسيسها في لبنان سنة 

 فرنسا. -شامبري  -وجامعة السفواه  7عون والدكتورة دنيا بوعون من جامعتي باريس 
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  فيما يتعلق بوصف المشروع المقترح )2

  
A-1-2 

. اما بالنسبة للبرنامج  التفصيلي شروط لتنفيذ الاشغال هي ثلاثين شهراً الفترة الزمنية المحددة في دفتر ال نّ إ
للتنفيذ فسوف يقدم من قبل المتعهد الذي ترسو عليه المناقصة ويصار الى تقييمه من قبل المهندس 

ها في شروط الالتزام المتعلقة الاستشارى ومجلس الانماء والاعمار وذلك على ضوء المواصفات المنوه عن
ة الخطية المعطاة للمتعهد. أما بالنسبة الى اوقات العمل فيجب ان تكون قبالبيئة. و يبدأ التنفيذ بعد المواف

ازعاج السائقين. ويمنع العمل خلال ساعات  تى يكون فيها السير ضئيلاَ لتفاديمحصورة في الساعات ال
والعطل الرسمية. كما انه يمنع العمل خلال الليل بواسطة آليات تسبب  الزروة وخلال ايام الاحاد والاعياد

ر يعود الى متعهد التنفيذ ضجيجاَ وازعاجا للمجتمع المحلي. أما حجم فريق العمل وعدد الاليات فهذا التدبي
 تقييم حجم فريق العمل والاليات الضرورية لحسن تنفيذ الشغال وفقا لمواصفات المشروع. إذ عليه

  
B-1-2 

الجهة المراقبة للمشروع هي الجهة المنتدبة من قبل مجلس الانماء والاعمار في حينه، أي بعد تلزيم 
الأعمال. فقد تعود المراقبة للاستشاري الذي وضع الدراسة أو قد لا تكون وذلك حسب مقتضيات وحاجات 

 مجلس الانماء والاعمار.

 
C-1-2 

استحصل عليها الاستشاري بطريقة رسمية من قبل طات دقيقة ملف التلزيم العائد لمشروع يتضمن مخط نّ إ
ه شفة، مياه امطار، لكافة شبكات البنية التحتية الموجودة حاليا من مياالإدارات الرسمية وهي مخططات 

صرف صحي ومختلف. كما ان ملف التلزيم يلحظ الشبكات الجديدة المنوي انشاؤها  ،كهرباء، هاتف
كل منها على حدى. ومن البديهي لدى تنفيذ اي مشروع توسيع اوتوستراد ان ويتتضمن خرائط تفصيلية ل

يحافظ على تشغيل الشبكات القديمة لحين استبدالها بالشبكات الجديدة. اذ ان الشبكات الجديدة تنشأ دائما 
 الشبكات القديمة. سيعه ويصار الى تشغيلها قبل ازالةفي القسم المراد تو 

  
D-1-2 

في المنطقة وترتكز  يالشبكات الجديدة ترتكز على معطيات مستقبلية عائدة للنمو السكانكما ان دراسة 
دراسة شبكات صرف مياه الامطار على مساحة الحوض الجامع وتساقطات الامطار القصوى خلال 
خمسون عاما والمسجلة لدى الارصاد اللبنانية الرسمية. وبالتالي فان هذه الشبكات مدروسة لاستيعاب 

 مطار الغزيرة التى تتساقط في اوقات قصيرة .الا
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E-1-2  
هو ذات عرض متفاوت يتراوح ما بين و راد الحالي  قد جرى تنفيذه على عدة مراحل زمنية توتوسالأ نّ إ

خطين وثلاث خطوط سير في كل اتجاه. وهذا التفاوت في العرض يشكل خطرا كبيرا على السلامة العامة 
  الاماكن التى ينتقل فيها  السير من ثلاث خطوط الى خطين. ويسبب حوادث سير كثيرة في
ا التفاوت فى العرض اذ يصبح الاوتوستراد ذات عرض موحدد يستوعب كليّ  ان توسيع الاوتوستراد يلغي

نحيطكم علماً انه ورد في خرائط ملف التلزيم انه سيؤمن خلال التنفيذ  ثلاث خطوط سير في كل اتجاه.
  كل اتجاه على طول مدة التنفيذ. على الأقل مسارين في

اما بالنسبة للممرات السفلية (الجسورة الكائنة تحت الاوتوستراد) فقد لحظ توسيعها لتستوعب ثلاث مسارب 
ثلاث  سير في كل اتجاه. اما الممرات العلوية  (الجسورة الكائنة فوق الاوتوستراد) في غالبيتها تستوعب

 سوف يعاد اعمارها.ويين خطوط سير باستثناء ممرين عل

 
F-1-2 

الحالية تتضمن بعض المساحات الخضراء ومشروع توسيع هذا الطريق لن يقضي على  A1إنّ الطريق 
اية مساحة خضراء بل بالعكس سوف يتم استحداث مساحات خضراء جديدة قرب محول عجلتون لجهة 
البحر، مخرج الكسليك، مخرج صربا، ومن جهتي الجسر السفلي في شننغير، على محول أدما، وغير ذلك 

المستحدثة قرب الطرقات الجانبية. لمزيد من التفاصيل يرجى مراجعة خرائط الدراسات  من المستديرات
  النهائية للمشروع.

  
G-1-2 

 دفتر الشروط العائد للمشروع يطلب من المتعهد عدم احداث زحمات سير وعدم العمل خلال ساعات نّ إ
  ا للسائقين.زعاجً ون الأشغال أقل إالامنية المولجة بالسير لتك القوى الذروة والتنسيق الكلي الدائم مع

 
H-1-2 

لقد اعتمدنا عند تحضير دراسة الأثر البيئي "نظام استصدار التشريعات البيئية وتطبيقها في لبنان 
(SELDAS) - 2004."  

دائرة  -بـ "وزارة البيئة  II.3يرجى استبدال "مصلحة الأرصاد الجوية" المذكورة في الصفحة الرابعة فقرة 
  نوعية الهواء في مصلحة تكنولوجيا البيئة".
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I-1-2 

مقابل كنيسة سيدة النجاة في الذوق وجسر علوي  A1حالياً هناك جسر حديدي وحيد للمشاة على طريق 
 للسيارات من الباطون المسلح يستعمله المشاة لعبور الطريق، اي ان مجموع الجسور المستعملة من قبل

. (حالياً 2المشاة هي اثنان. يرجى قراءة جسرين للمشاة عوضاً عن ثلاثة جسور من الملخص الصفحة 
  فإنّ الجسور بكاملها مستعملة من قبل المشاة وذلك دون تجهيزها خصيصاً لعبور المشاة).
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   فيما يتعلق بوصف البيئة المحيطة بالمشروع  )3

  
A-2-2  

  تقسيمه الى قسمين:وقاية منه يمكن خطر الزلازل وال
والعبارات الموجودة حاليا ضمن المشروع والتي لا يدخل عليها اى تعديل. ان هذه  القسم الاول هو الجسور

لعدة زلازل صغيرة  مسون عاما وخلال هذه الفترة تعرضتالجسورة والمنشات قد تم  بناؤها منذ اكثر من خ
 g 0.2لقد تمّ دراسة كل الجسور والعبارات الموجودة لتحمل زلازل قد تبلغ قوة تسارعها بحالة جيدة.  وبقيت

m/s²  المهندس انطوان سلامه وشركاه وهي الآتية : جسر  -جسور من قبل شركة جيكوم  3وقد تمّ دراسة
نان زينو لبا، جسر ك2006بعد غارة  Indevcoالذي أعيد ترميمه من قبل  P2محول جونية، جسر غزير 

P3  الذي أعيد ترميمه من قبلFreyssinet  وقد ساهم الإستشاري جيكوم في وضع الدراسات الزلزالية
  لهذه الجسور.

 Seismic acceleration( :اـغ قوة تسارعهـة لتحمل زلازل قد تبلـدة فهي مدروسـت الجديأما بالنسبة للمنشآ

0.2g m/s2 (للزلازل على طول الأوتوسترادة وافية وكافية  وهذا التدبير يؤمن سلام.  
  
B-2-2  
 ن دراسة كافة الجسور العليا والسفلى وكافة جدران الدعم أخذت في الاعتبار في دراسة الإستشاري إ

  من التقرير. 43صفحة  VI-6كما مبين في الفقرة  (g 0,2)وفي تصميمه النهائي عامل الزلازل 
  سيتم توسيع وإعادة تأهيل طريقA1  ولن يقوم هذا المشروع  2008و  2005ضمن مراسيم سنة

  على أية إستملاكات إضافية.
  وبما يخص نشاطات التنمية فإن هذا المشروع سيخصص طريق خدماتي على كل جهة من

الأوتوستراد. حالياً فإن المؤسسات التجارية تقع مباشرة على الطريق وهذا وضع غير آمن للزائرين. 
  دماتية تدخل ضمن إطار تنمية كل هذه المؤسسات.فإن هذه الطريق الخ

 ما بما يخص التراث الأثري والتاريخي بما فيها آثارات نهر الكلب فهي خارج إطار مخطط التوسيع أ
  ولابد من الإشارة بأن عامل التلوث سوف ينخفض قبالة هذه الآثار.

  ب هذا المشروع.ولن يكون هناك من نزوح للسكان بسب 2008إن إستملاكات تمت قبل سنة  
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  فيما يتعلق بالآثار البيئية المحتملة للمشروع  )4
  

A-3-2  
أن يقدم برنامج عمل لحفظ نوعية البيئة عند قيامه بهذه  A1على متعهد أشغال تأهيل وتوسيع طريق 

الأعمال والأشغال وعلى الإستشاري المعين من قبل مجلس الإنماء والإعمار مراقبة حسن تنفيذ هذه 
  الأشغال.

  
B-3-2  

وينحصر على أعمال حفريات وردميات  موجود حالياً يكمن المشروع بالأساس على توسيع أوتوستراد 
  ثير خفيف على محيطها.بسيطة ذات تأ

  إن تنفيذ أعمال هذا المشروع سوف يتم خلال ساعات العمل المعتمدة حسب القوانين اللبنانية.
فلن يقوم هذا المشروع على فتح كسارة او مجبل باطون او مجبل زفت. فإن تحضير الباطون والزفت سيتم 

  في المعامل المرخصة على الأراضي اللبنانية.
سوف يتم معالجة وإعادة استعمال العديد من ملوثات البيئة  A1خلال أعمال توسيع وإعادة تأهيل طريق 

  ونخص بالذكر:
 الغبار الناتجة عن أعمال الحفر والتي سيتم معالجتها ببخاخ ماء لمنهعا من الانتشار في الهواء. -

مكبّات متخصصة من قبل المتعهد الردم الناتج عن أعمال الحفر والذي سوف يتم تجميعه ورميه في  -
 وتحت إشراف مكتب الاستشاري.

 البحص الناجم من الحفريات سوف يتم استعماله في الأعمال التأهيلية للطريق. -

المواد الكهربائية والمعدنية القديمة التي سوف يتم نزعها وإعادتها للجهات الرسمية لأنها ملكاً للدولة  -
  اللبنانية.

 

 : أيضاً 

  : عن الضجيج
الضجيج في مواقع  المشروع محصور فقط باليات الحفر والردم والحدالة. وهذه الاليات لها ضجيج  نّ إ

مقبول خلال دوام تشغيلها في ساعات النهار ولا تسبب ازعاجا للسكان المجاورين. كما ان هذه الاليات 
  ع.سوف تعمل خلال فترة معينة في موقع معين لحين انجاز الاشغال العائدة لهذا الموق

يحق  ه لاأما كسارات الصخور وجبالات الباطون والزفت فهي تقع في اماكن بعيدة جدا عن المشروع اذ ان
للمتعهد انشاءها في حرم المشروع. وهذه الاماكن مرخص لها شرعيا وفقا للقوانين المرعية الاجراء، وبالتالي 

  فهي بعيدة عن الاماكن السكنية ولا تشكل ازعاجا للسكان.
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  : بارعن الغ
غبار في مواقع المشروع اذ انه يمكن تجنب الغبار الناتج عن الحفر والردم والحدالة واشغال الباطون  لا

وذلك برش المياه بواسطة بخاخات من مضخات بدون توقف. وهذا التدبير كفيل بالغاء الغبار كليا عن 
  المشروع.

بعيدة جدا عن  فت فهي تقع في اماكناما الغبار الناتج عن كسارات الصخور وجبالات الباطون والز 
يحق للمتعهد انشاءها في حرم المشروع. وهذه الاماكن مرخص لها شرعيا وفقا للقوانين  المشروع اذ انه لا

زعاجا للسكان. مع العلم ان الغبار دة عن الاماكن السكنية ولا تشكل إالمرعية الاجراء، وبالتالي فهي بعي
  جنبه بواسطة بخاخات مياه.الناتج عن تشغيلها يمكن ايضا ت

  يحصل في المعمل وليس على الموقع. لا مياه مبتذلة من الجبل الذي:  المياه المبتزلة من الجبل
يتوجب على المتعهد احترام كافة شروط سلامة العمال والسلامة العامة  : والسلامة العامة سلامة العمال

  قة على هذا المشروع.طبّ الانماء والاعمار والمامة لمجلس كما هي مبينة في دفاتر الشروط الع
  مصادرها من كسارات مرخّصة على الأرض اللبنانية. : مصادر المواد الاولية من بحص ورمل

 
C-3-2 

إن كمية المواد والنفايات الناتجة عن مختلف أعمال التوسيع سيتم إعادة استعمالها، تصريفها وتخزينها 
  لاستعمالها من جديد.حسب نوعيتها والحاجة 

 
D-3-2 

سوف يستحضر باطون جاهز للإستعمال مما لن يستدعي إنتاج ومن ثم معالجة مياه مبتذلة على ارض 
  المشروع.

  
E-3-2  

لن يكون هناك من أعمال تلغيم وان آليات الحفر هي آليات معتمدة على الأراضي اللبنانية، ومولدات 
قطع التيار الكهربائي؛ إن آليات الحفر ستعمل ضمن ساعات العمل الطاقة، اذا تم الإستعانة بها بسبب 

  المحددة في القانون اللبناني.
  
F-3-2 

على متعهد الأشغال تأمين مصادر للمواد الأولية من بحص ورمل من مقالع أو غيرها مرخص لها قانونياً 
قة المسبقة لمجلس الإنماء كل هذا خاضع للمواف وهذا ما وضع في دفتر شروط إلتزام الأشغال والأعمال.

 والإعمار او لجهاز المراقبة المنتدب.
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G-3-2 

هذا المشروع سوف يتم  تنفيذه تحت إشراف ورعاية مجلس الإنماء والإعمار، وسيتم تعيين الإستشاري 
  والجهة المنفذة وهيئة المراقبة من قبل هذا المجلس.

  
H-3-2 

 52/1رقم قرار 

  فات المياه المبتذلة الحضرية بما يخص مواص 5ملحق  52/1على متعهد الأشغال أن يحترم القرار
التلوث اليومي لكل فرد) وأخذ الإرشادات اللازمة الإدارية لتحويل المياه نحو شبكة الصرف (أي 

 الصحي ولن يكون هذا التحويل عشوائي.

  لطمر أو تصريف النفايات السائلة أو الصلبة، 7بما يخص الملحق رقم أما 

لن يكون من إنتاج لنفايات سائلة علماً أن المتعهد سيأتي بالباطون والزفت جاهزين الاستعمال من  -
 المعمل مباشرةً.

أما بما يخص تصريف النفايات الصلبة فقد تم توضيح سبل معالجة هذه النفايات في الفقرات رقم  -
2-3-B 

 فلن يكون من صرف لمواد ضارة في البيئة البحرية أو المياه السطحية. 8لحق رقم أما بما يخص الم 

  لن تستعمل المواد الكيمائية في أعمال الحفر والباطون. تجدر الإشارة 9أما بما يخص الملحق رقم ،
إلى أنّ تزفيت الطريق سيتم بإرشادات المهندس المراقب من قبل مجلس الإنماء والإعمار وبتطبيق 

 روط الصحية للمحافظة على صحّة العمّال.الش

  10أما بما يخص الملحق رقم:  
) إن معدل شدّة  IV.b، الجدول32لقد اتضح خلال الدراسة (راجع الدراسة البيئية، صفحة  -

 76و  25، حالياً، بين لتجارية تتراوح عند ساعات الذروةالضوضاء داخل الأماكن السكنية وا
 ديسيبيل.

ضوضاء خلال أعمال الحفر. ولكن التنفيذ سيتم على مراحل مبرمجة لمنع إنتاج لا مفرّ من إنتاج  -
 ضوضاء خلال فترات طويلة يومياً.

  فإن ملوثات الهواء الخارجي محصورة في الانبعاثات الغازية الناتجة  14أما بما يخص الملحق رقم ،
 من:

 المركبات الثقيلة -

 30KVAدى المولدات الكهربائية (إذا دعت الحاجة) لا تتع -
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 طبقات الزفت بعد فلشها في حالتها النصف صلبة -

  فتأهيل الطريق غير معني بها. 13، 12، 11، 6، 4، 3، 2، 1يخص الملحقات رقم  بماأما  
  

  8/1قرار رقم 
بين طبرجا ونهر الكلب لا يندرج تحت إطار مؤسسة مصنفة أو  A1إن مشروع تأهيل وتوسيع الأوتوستراد 

  محطة معالجة للمياه المبتذلة.
 
I-3-2 

لقد حددت مدّة الأشغال بثلاثين شهراً وذلك نظراً لضيق وقت التنفيذ اليومي ولكي تكون النتائج السلبية 
شهراً  30ولكن الأعمال لن تدوم الأقل ضرراً على مستعملي الأوتوستراد والساكنين والعاملين على طوله. 

 على طول الأوتوستراد بكامله. فهناك خرائط توضح سياسة تحويل السير ضمن فترة الأشغال.

 
J-3-2 

ان الطريق الحالية تشهد إزدحام للسير يومياً صباحاً ومساءً واذا لم يتم تنفيذ هذا المشروع فإن محافظة 
عون عاجلاً عن محافظة بيروت. لذلك لابد من تأهيل هذا كسروان وفتوح كسروان ومحافظة الشمال سينقط

  بأسرع وقت ممكن. ،الطريق
ان الطريق الحالي هو على كامله مسارين في كل اتجاه حالياً. هذه الخصائص وهذا الوضع سيظل على 

ي كل حاله طوال مدة تنفيذ المشروع، اي ان الأعمال التنفيذية تشترط الوجود الدائم لمسارين على الأقل ف
  اتجاه وذلك طوال مدة تنفيذ المشروع مما لن يسبب زيادة في ازدحام السير خلال فترة الأعمال.

  
K-3-2 

 9/14جدول يحدد نوع الأثر وأهميته وذلك في الصفحة  (Interim Report)لقد تضمن التقرير الأولي 
 (Matrice avec impacts positifs et négatifs) من هذا التقرير.

 
L-3-2 

ن مختلف الآثار البيئية ستكون إيجابية من حيث كمية الإنبعاثات من السيارات والضجيج ومن حيث إ
  سيارة يومياً بكل اتجاه). 80000كسب الوقت لمستخدمي هذا الطريق (بحدود 

  
M-3-2 

ك تضمن لقد قمنا بجردة للعديد من المراجع العلمية التي تتناول موضوع النقل والإنبعاثات الناتجة عنه. لذل
التقرير مراجع قديمة كما الحديثة. بالنسبة لموضوع الضجيج المرجع الوحيد الذي تضمن دراسة شاملة عن 

مطبوعة في الولايات المتحدة الأميركية لأن هذا الموضوع لم نجد له  1960هذا الموضوع تعود لسنة 
في لبنان، لقد ذكرنا في التقرير في مراجع علمية منشورة اخرى. بالنسبة لدراسة الإنبعاثات من قطاع النقل 
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نتائج لتحاليل تمت فعلاً في لبنان على أبرز ملوثات الهواء  III-4-5الى فقرة  III-4-1الفصل الثالث فقرة 
  الناتجة عن قطاع النقل. لم نستعين إلاّ بالنتائج التي حصلنا عليها من متابعتنا الشخصية لهذه التحاليل.

  
N-3-2 

يأخذ في عين الإعتبار العديد من الإنبعاثات الناتجة عن عدة قطع  III-2إن الوصف الوارد في الفقرة 
تشغيلية في المركبات الآلية. وفي تفاصيل هذه الإنبعاثات تجدر الإشارة الى أن التلوث البيئي الجوي يكون 

لى طبيعة الهواء وعلى الإحتباس نتيجة لعدة نشاطات صناعية التي تبعث في الجو غازات قد تؤثر سلباً ع
  الحراري وغلاف الأوزون.

  
O-3-2 

لقد عالجنا موضوع الضجيج بشكل شامل في المدن والمقصود من هذه الفقرة أن الضجيج الناتج عن قطاع 
النقل يبقى أخف وطأة على المنطقة من المدن الكبرى في البلاد الأجنبية. كما وإن الضجيج وتحديد 

  .IV-3مكانها التخفيف منه قد ذُكِرت بالتفصيل في الفقرة العوامل التي بإ
  
P-3-2 

ديسبل. وهذا  60و  50الى أن الحد الأقصى للضجيج هو بين  31صفحة  IV-3-3لقد أشرنا في الفقرة 
هو الحد المسموح به لشدة الصوت نهاراً في المناطق السكنية وبها بعض الورش او الأعمال التجارية او 

 ).annexe 285(صفحة  1996الصادر عام  52/1على طريق عام بحسب قرار وزير البيئة رقم 
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 بتحديد البدائل للمشروعفيما يتعلق   )5

  
2.4 

 3على  ال الاوتوستراد الحالي الذي سيصبحلسنا بصدد شق طريق جديدة فإننا فقط بصدد تحسين استعم
ستقام طريق جانبية لتخديم كامل المؤسسات على طول و المسارين الحالين عن ا رات على طوله عوضً مم

مع مشاريع أخرى  يتكاملأن  يجبالأوتوستراد. فيعتبر هذا المشروع تأهيل لأوتوستراد حالي. وهذا المشروع 
  منها:

إضافة إلى تنفيذ وصل الطرق المحلية بعضها ببعض  استخدام الطريق البحري بين طبرجا ونهر الكلب -
 قية من الأوتوستراد.على طول الجهة الشر 

 تحسين وسائل النقل العام -

 تنظيم أوقات السير -

وإن هذه المشاريع هي مشاريع قيد الدرس في مجلس الانماء والاعمار وهي ليست ببدائل لتحسين إداء 
 الأوتوستراد الحالي بل هي مشاريع ضرورية تدخل ضمن خطّة متكاملة.
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 للمشروعفيما يتعلق بخطة الإدارة البيئية   )6

  
A-5-2  

سوف يتم معالجة وإعادة استعمال العديد من ملوثات البيئة  A1خلال أعمال توسيع وإعادة تأهيل طريق 
  ونخص بالذكر:

 الغبار الناتجة عن أعمال الحفر والتي سيتم معالجتها ببخاخ ماء لمنهعا من الانتشار في الهواء. -

تجميعه ورميه في مكبّات متخصصة من قبل المتعهد الردم الناتج عن أعمال الحفر والذي سوف يتم  -
 وتحت إشراف مكتب الاستشاري.

 البحص الناجم من الحفريات سوف يتم استعماله في الأعمال التأهيلية للطريق. -

المواد الكهربائية والمعدنية القديمة التي سوف يتم نزعها وإعادتها للجهات الرسمية لأنها ملكاً للدولة  -
 اللبنانية.

  
B-5-2  

ستلحظ ضمن  A1إن إدارة المشروع في إطار تنفيذ أعمال توسيع وإعادة تأهيل طريق خلاصةً، ف
الأشخاص المعنيين بإدارة ومراقبة تنفيذ الأعمال مهندس بيئي يقوم بتحضير تقارير شهرية بيئية تقدم 
للإدارة وتتضمن البرامج المتبعة من قبل المتعهد للتخفيف من الآثار السلبية والإجراءات الضرورية المتخذة 

  في حينها من قبل الإستشاري.
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  ملخص
 
  

يشكل سير المركبات والآليات من نهر الكلب إلى طبرجا مشكلة يوميّة لجميع الركّاب على هذا الأوتوستراد وفي 
  الاتجاهين:

  
إن إزدحام السيارات يسبب عدّة مشاكل صحية وبيئية: إرتفاع الانبعاثات كالرصاص والكبريت وغاز ثاني أوكسيد 

الهواء والأمراض الناتجة عن هذا التدهور (ربو، حساسية مفرطة،...) الكربون مما يساهم في تدهور حالة 
وبخاصة عن السكان المحليين. كما ونذكر الوقت الضائع للعاملين والموظفين والنتائج الناجمة عن هذا الوقت 

  الضائع.
  

السير ستخفف سيحلّ المشكلة ويساهم في تسهيل نقل المواطنين؛ سهولة  (A1)إن توسيع وإعادة تأهيل الطريق 
ر الوقت على فالانبعاثات الضارّة وتخفف الضجيج الناتج عن محركات السيّارات، كما وبشكل أساسي ستو 

  المواطنين.
  

أخذ بعين الاعتبار سلامة المارّة؛ فهناك أحد عشرة جسراً للمشاة سوف يتمّ بناؤها على  (A1) تأهيل إنّ مشروع
حالياً لا يوجد سوى ثلاثة جسور للمشاة على  د والمراكز التجارية.طول الطريق وستكون فاصلة بين الاوتوسترا

  عدد غير كافٍ نسبة لطول الطريق وعدد المارّة. وهوكلم  10بلغ ي طريق طولها
  

المراكز التجارية مقامة بجانب الاوتوستراد، في بعض الأماكن، المنظر التجميلي بوضعٍ سيءٍ وهذا أمرٌ ليس بجيّد 
 أصلح عدة جوانب مشار إليها بهذا التقرير. (A1)إن مشروع تأهيل  لبلادنا.للصورة العامة 

  
  عدّة منتجعات بحرية.بقربه يشكّل خطّ سير كبير على الساحل فقد قامت  (A1)وبما أنّ أتوستراد 

  
حية للبنانيين والأجانب وللنشاطات السيالخلاصة القول، إنّ هذا المشروع هو حاجة وطنية ملحّة لما فيه خيرٌ 

  وأعمال الترانزيت.
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Abstract 
 
Vehicles circulation from Nahr el-Kalb to Tabarja is a daily problem for all passengers 
running on this highway in both directions: towards Beirut in the morning and towards 
Tabarja afternoon and evening. Jam cars cause several problems such as : increase of 
vehicles gas emissions, air quality deterioration, waste of time of drivers, negative impact on 
health of local resident, on economy, etc… 
 
Rehabilitation and widening of A1 highway will solve this problem and will contribute towards 
passenger facilities in circulation and shopping. Fluid car circulation will limit gas emission by 
cars will decrease level of exhaust, noise by horns and exhausts of vehicles and will save 
passengers time in their daily works. 
 
A1 Highway project have considered pedestrian security: Eleven over pass will be build. 
Actually, only 3 pedestrian bridges exist on a distance of 10Km of A1 Highway which is very 
insufficient. 
 
There will be a separation between shops and highway line. Shops and sales center are set 
up very near the A1 Highway. Aesthetic view in some places is very bad, which is very bad to 
public image of our country. A1 widening is dealing with most of these relevant points. 
 
A1 Highway constitutes a major circulation coastal line. Several resorts are set up near A1 
Highway. 
 
For all these reasons the rehabilitation and widening of A1 Highway is a national needs, to 
Lebanese, to tourists, foreigners, touristic activities and transit. 
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 صملخ

 
يشكل سير المركبات والآليات من نهر الكمب إلى طبرجا مشكمة يوميّة لجميع الركّاب عمى هذا الأوتوستراد وفي 

 الاتجاهين:
 

إن إزدحام السيارات يسبب عدّة مشاكل صحية وبيئية: إرتفاع الانبعاثات كالرصاص والكبريت وغاز ثاني أوكسيد 
واء والأمراض الناتجة عن هذا التدهور )ربو، حساسية مفرطة،...( الكربون مما يساهم في تدهور حالة اله

وبخاصة عن السكان المحميين. كما ونذكر الوقت الضائع لمعاممين والموظفين والنتائج الناجمة عن هذا الوقت 
 الضائع.

 
عادة تأهيل الطريق  ير ستخفف سيحلّ المشكمة ويساهم في تسهيل نقل المواطنين؛ سهولة الس (A1)إن توسيع وا 

ر الوقت عمى فالسيّارات، كما وبشكل أساسي ستو  الانبعاثات الضارّة وتخفف الضجيج الناتج عن محركات
 المواطنين.

 
أخذ بعين الاعتبار سلامة المارّة؛ فهناك أحد عشرة جسراً لممشاة سوف يتمّ بناؤها عمى  (A1) تأهيل إنّ مشروع

حالياً لا يوجد سوى ثلاثة جسور لممشاة عمى  المراكز التجارية.طول الطريق وستكون فاصمة بين الاوتوستراد و 
 غير كافٍ نسبة لطول الطريق وعدد المارّة. عدد وهوكمم  01بمغ ي طريق طولها

 
المراكز التجارية مقامة بجانب الاوتوستراد، في بعض الأماكن، المنظر التجميمي بوضعٍ سيءٍ وهذا أمرٌ ليس بجيّد 

 أصمح عدة جوانب مشار إليها بهذا التقرير. (A1)إن مشروع تأهيل  ا.لمصورة العامة لبلادن

 
 عدّة منتجعات بحرية.بقربه يشكّل خطّ سير كبير عمى الساحل فقد قامت  (A1)وبما أنّ أتوستراد 

 
ممبنانيين والأجانب ولمنشاطات السياحية لخلاصة القول، إنّ هذا المشروع هو حاجة وطنية ممحّة لما فيه خيرٌ 

 عمال الترانزيت.وأ
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Abstract 
 
Vehicles circulation from Nahr el-Kalb to Tabarja is a daily problem for all passengers 
running on this highway in both directions: towards Beirut in the morning and towards 
Tabarja afternoon and evening. Jam cars cause several problems such as : increase of 
vehicles gas emissions, air quality deterioration, waste of time of drivers, negative impact on 
health of local resident, on economy, etc… 
 
Rehabilitation and widening of A1 highway will solve this problem and will contribute towards 
passenger facilities in circulation and shopping. Fluid car circulation will limit gas emission by 
cars will decrease level of exhaust, noise by horns and exhausts of vehicles and will save 
passengers time in their daily works. 
 
A1 Highway project have considered pedestrian security: Eleven over pass will be build. 
Actually, only 3 pedestrian bridges exist on a distance of 10Km of A1 Highway which is very 
insufficient. 
 
There will be a separation between shops and highway line. Shops and sales center are set 
up very near the A1 Highway. Aesthetic view in some places is very bad, which is very bad to 
public image of our country. A1 widening is dealing with most of these relevant points. 
 
A1 Highway constitutes a major circulation coastal line. Several resorts are set up near A1 
Highway. 
 
For all these reasons the rehabilitation and widening of A1 Highway is a national needs, to 
Lebanese, to tourists, foreigners, touristic activities and transit. 
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 CHAPTER I - INTRODUCTION TO ENVIRONMENTAL IMPACT OF A1 HIGHWAY 
 

 
I-1 Introduction 
 
This report presents an environmental assessment report (EAR) of the A1 Highway located 
on the coastal zone of Lebanon. In this introductory chapter, we reviewed the objectives of 
this EAR, identified the coastal zone study area, discussed the methodology used to conduct 
this report and described the organization of the report.  
 
 
 
I-2 Objectives of EAR 

 
The main purpose of this EAR is to study the environmental impact of the A1 highway, the 
present conditions, future developments, recommended actions to take, to protect and to 
rehabilitate coastal highway circulation.  
A public consultation related to A1 Widening and rehabilitation project has been done and 
results are included in Annex G. 
 
 
 
I-3 A1 Highway definition 
 
The A1 highway is the main entrance from the north and Mount Lebanon to Beirut and vice-
versa. Project starts at nahr el-kalb in Dbayé and ends at Tabarja highway exit. 
 
The A1 highway is a North-South highway, extending from Beirut to the Lebanese border 
with Syria.  
 
The 10.3 Km highway is a vital artery of the Lebanese Transportation Network. 
 
The rehabilitation and widening project of A1 Highway would increase the capacity of 
passengers’ circulation annually from Beirut and Metn villages towards Kesrouan, Jbeil and 
surroundings, northern villages till Tripoli and Tripoli and vice-versa.  This highway will 
connect a great part of Lebanese population to: 
 
- Touristics and sports clubs, seaport and marinas activities (Nahr el Kalb, Jounieh, Kaslik, 

Tabarja),  
- Restaurants, several hotels,  
- Commercial Mall, shopping center,  
- Clinics, medical centers, hospitals (Notre Dame du Liban hospital, Saint Louis Hospital, 

both at Jounieh), 
- Notre Dame University (Zouk), Kaslik University (Kaslik). 
- Jeita Grotto and Harissa. 
This highway will improve the local and national economy through transit and transport. 
 
 
I-3-1 Environmental status of transport applied in Lebanon 
 
Several parameters can describe the environmental status of transport applied in Lebanon 
(Ministry of Environment) (see Annex A: Reglementation): 
- Norms on atmospheric pollutants emissions. 
- Management of solid and liquid wastes that are produced by civil works. 
- Noise norms. 
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- Soil protection. 
- Natural sites protection. 
The above policies will be described and detailed in chapter III. 
 
 
 
I-4 EAR Methodology 

 
In order to achieve the EAR objectives, we will expose actual status, major problems such 
civilian security, economical and environmental impacts.  
 
We will identify the “hot spots” in terms of environmental sensitivity and potential hazard, 
propose potential mitigation measures and formulate recommendations. 

 
 
 

I-5 Land use Maps 
 

Maps could identify contour lines of various altitudes. 
 
- Topographic map of the coastal zone  (see Annex B) 
- Recent aerial photo (see Annex C). 
 
 
 

I-6 Organization of the report 
 

This report is organized into seven chapters followed by annexes, and includes photos and 
tables as follows: 
 
- Chapter I is this introduction; 
 
- Chapter II reviews the actual status of A1 Highway; 
 
- Chapter III provides a description of the coastal environment including automobile 

emission, analysis and results; 
 
- Chapter IV reviews noise and vibration impacts; 
 
- Chapter V describes the current status of A1 highway regarding biological diversity; 
 
- Chapter VI describes the climatological and seismic study of the A1 highway; 
 

- Chapter VII evaluates cumulative impacts on A1 highway and gives the necessary 
recommendations; 

 
- Annexes A to F; 
 
- Bibliography. 
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CHAPTER II - ACTUAL STATUS OF A1 HIGHWAY 

 
 
 
II-1 Introduction 

 
The demand for passenger cars in Lebanon, like in any other community, is affected by 
many factors including lifestyle, income, labor structure and cost of fuel, urban development 
patterns and transportation policy. 
 
These parameters have been changing over the past two decades due to the drastic 
developments, both political and social, that took place in the country. UNDP- Lebanon has 
reported in 2002, that the number of vehicles will have an annual increase of around 1.5%.  
 
As a result, the energy use for transport has been growing depending on combustible nature 
(fuel oil, diesel etc…) and has been increasing the pollution problems caused by the 
combustion processes.  
 
Lebanon’s transport sector constitutes a fleet of around 1.2 million registered vehicles. With a 
ratio of around one car for three persons (Table II-1), the car owner-ship rate in Lebanon is 
one of the highest in the world (UNDP- Lebanon Report, July 2002).This fleet is causing 
serious local air pollution problems especially in major cities and regions of permanent traffic 
congestion in addition to Greenhouse gases (GHG).  

   
 

 
Table II-1 Car owner ship rate in different countries (UNDP- Lebanon, 2002) 

 
Personal cars, trucks, and buses used inside the country can only run on gasoline. A ban on 
the use of diesel has been enforced since the sixties. In 1994, only 5% of the drivers used 
unleaded fuel. Mitigation measures such as alternative fuels and catalytic converters are 
absent. Moreover, catalytic converters are still regarded as being luxury items despite taxes 
they are still being used. The percentages of fuel consumption in Lebanon are about 75% 
(Octane 95 Index) and 25% (Octane 98 index) as reported by Water and Energy Ministry 
(Table III-5). 
 
In providing short and long term projections, the following factors are taken into 
consideration: 
 
- Average age of private vehicle is 10 years, 
- Annual increase of private cars is about 1.5%, 
- Annual increase of taxis, microbuses, buses and trucks is about 1%, 
- A ban has been issued related to importing cars older than eight years. 
- The annual distance traveled is expected to increase from 15000 Km in 2004 to 18000 

Km by 2040 (UNDP-Lebanon Report, 2002).  
 

Country 
Car ownership 

Number of citizens 

Philippines 1/124 

China 1/250 

Japan 1/25 

USA 1/125 

Europe 1/5 

Lebanon 1/3 
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II-2 Cars categories regarding pollutant emission 
 
Cars categories can be classified in two classes: 
1- Private cars, tourist cars, road freight cars, buses, touristics buses. 
2- Trucks: (agricultural trucks, public works trucks...) 
 
The first category represents nearly all cars running on A1 highway. 
 
 
 

II-3 Control – Present situation 
 
The Lebanese laws do not prescribe air pollution control stations, knowing that the ministry of 
environment is assigned studying and controlling these rates. 
 
Lebanon is adhering to the international protocol for climate change. The mission of 
emissions control was attributed to the meteorological center of the general directorate of 
civil aviation. This center studies the meteorological status in different areas of Lebanon, 
data analyses and previsions of the biosphere. 
 
 
 
II-4 Green areas – Present situation 
 
Towards Tripoli: just after the tunnel, green area is limited. Between Adonis and Jounieh, 
urban zone is very intensive. Then natural area (non urban area, no constructions) is 
prevalent towards Tabarja.  
 
Towards Beirut: urban area is restricted to Tabarja. After a while, urban area starts to 
develop all the way to Jounieh. 
 
From Jounieh to Nahr el Kalb, commercial centers are predominant. 
 
Near the highway, the limited green area concerns some trees, shrubs and weeds. 
Maintained green areas stay too limited. 
 
 
 
II-5 Congestion of traffic 
 
The A1 Highway is frequented by 80000 vehicles per day (GICOME data, 2005). The annual 
increase of the car jam is approximately of 1.7% per year.  
 
By year 2030 traffic jam may reach 110.000 vehicles per day. 
 
During traffic jam, cars running slowly produce a high pollutants level which leads to a close 
contact of drivers with gases exhaust of surrounding vehicles. A multitude of factors 
including, weather conditions, roadway type and vehicles type can modify the air quality.  
 
Widening will lead to less congestion which will lead to better breathing air. 
 



A1 Highway - Environmental Assessment Impact Draft Final Report 

GICOME Sarl October 2009 Page 7 
 

  
 

II-6 Impacts related to pollution 
 
The distribution of pollutants across regions and their effects on economic activity have been 
the subject of many studies. Research indicates that (Chaaban et al, 2001): 
 

a- Numerous studies confirm the existence of a close association between health, as 
measured by mortality and morbidity rates, and air pollution (Delfino et al. 1994; 
Schwartz, 1994; Sunyer et al, 1997); 

b- Health problems associated with exposure to pollutants often necessitate expenditures 
on health care, absence from work and, in extreme cases, cause permanent disability 
or death. A review of the literature reveals that approximately four percent of the death 
rate in the United States can be attributed to air pollution. 

c- Pollutants can also have damaging effects on materials and vegetation through 
influencing deterioration rates of materials and agricultural productivity of land. 

d- Improvements in environmental quality would mean reducing the magnitude of these 
adverse effects.  

e- Investigation of the quantitative significance of these effects is integral to the 
formulation and implementation of environmental policies aimed at improving quality of 
life. 

 
 
 
II-7 Decrees related to A1 widening 
 
The following table is giving the expropriation areas per region for the A1 highway widening 
and rehabilitation, constructed or not constructed areas, as per decrees issued in 2005 and 
2008. Annex F is giving some elements of reading related to Urbanism and to laws applied 
for expropriation purposes. 
 

NORTHERN  BEIRUT  ENTRANCE  TABARJA - DBAYIE  (A1) 
COAST AND NATURE OF EXPROPRIATED AREAS  FOR DIFFERENT LAYOUTS (USD) 

SECTION STATION 
At Km 

CONSTRUCTION AREAS BUILT UP BUILDINGS 
TOTAL 

IN MILLION 
OF USD 

AREA 
(sq.m) 

UNIT 
COAST 
(usd) 

COAST 
(usd) 

AREA 
(sq.m) 

UNIT 
COAST 
(usd) 

COAST 
(usd) 

Zouk 
Mosbeh 

0+000 - 0+800 103 1600 164800 0 900 0 164800 

Zouk Mikael 0+800 - 2+025 2578 1600 4124800 2512 900 2260800 6385600 

Sarba 2+025 - 3+425 1805 1600 2888000 3578 900 3220200 6108200 

Ghadir 3+425 - 4+425 376 1600 601600 858 900 772200 1373800 

Haret Sakhr 4+420 - 6+500 198 1600 316800 268 900 241200 558000 

Sahel Alma 6+500 - 7+050 32 1600 51200 0 900 0 51200 

Ghazir 7+050 - 8+200 0 1600 0 0 900 0 0 

Adma - 
Dafné 

8+200 - 8+700 0 1600 0 621 900 558900 558900 

TOTAL   5092  8147200 7837  7053300 15,200,500 
Decrees 14308 in 2005 & 872 in 2008 

 
Table II-2 List of the coast and nature of expropriated areas for different layouts (USD) 
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II-8 Conclusion 
 
The observation done along the A1 Highway and the noise measurements as well have 
showed the importance of this project. 
 
The actual conditions of the A1 Highway show many harmful conditions: 
 
- Aesthetics: Pollutants impose aesthetic damages ranging from reduced atmospheric 

visibility to reduced property values.  
In the present state, the billboards are not organized; the malls are constructed directly 
on the highway, the variations of two and a half lanes to four lanes highway in certain 
places; landfill and used tires in certain places, landfill of gravels, wild plants and trees. 

 An effort should be done on all those above points. 
 
- Sounds: Currently, the noise measurement exceeds the 50-60 dbs    authorized by 

norms. Measurements taken during June 2009 reveal 53-65 dbs at peak hour inside 
first floor attending commercial spaces. The A1 Highway widening and rehabilitation will 
mitigate noise harms. 

 
- Gaseous pollutants emissions: the traffic jam and the slow down of cars on the 

highway contribute to an increase of gas emissions (CO) emitted by car exhausts and 
other gas such as hydrocarburants. 
Widening is one of the solutions to decrease pollutants emissions. 

 
- Economics: Pollutants impose a wide range of adverse effects on economic activity, 

directly or indirectly, through variety of channels.  
At the actual status, the traffic of cars on A1 highway represents major      constraints at 
morning, afternoon or at night. 
Workers going to Beirut have a lot of difficulties to arrive at work offices on morning or 
to come home at night. 
The A1 highway connects many regions having a high touristic activity because it is 
parallel to the Lebanese coastline. 
Even in winter, this region is visited for its commercial activities, universities, schools 
and entertainments (night clubs, restaurants, theaters, cinemas.) 
For all these reasons, we consider that the A1 highway must be developed to create 
accessible roads, allow a freely circulation, respect drivers security, and pedestrian 
safety. These last have actually only two pedestrian bridges laid over 10.7 Km. These 
facts, solved during A1 highway widening, will have positive consequences on the 
economy of the country and improve the conditions of traveling on this highway. 
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Photo II- 1a Electrical and phone very near road circulation. 
 
 

 
 

Photo II-1 b Electrical cables very near A1 highway 
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Photo II-2 Tires dump located beside the A1 highway 
 
 
 

 
 

Photo II-3 Gravel discharge beside the A1 highway. 
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Photo II-4a  Points of sale directly implanted on the highway 
 
 
 

 
 

Photo II-4b Points of sale directly implanted on the highway. 
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\  
 

Photo II-5  A1 highway is parallel to the seaside road which leads 
to hotels and holiday resorts. 

 
 
 

 
 

Photo II-6 Green spaces beside the A1 highway towards Beirut. 
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Photo II-7  Unaesthetic place beside the A1 highway towards Beirut. 
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CHAPTER III - VEHICLE TRANSPORTATION ENVIRONMENTAL IMPACT 

 
 
 
III-1 Introduction 
 
To describe the composition of the atmosphere is to describe the distribution of matter within 
it. Although this matter can be seen only when clouds, plumes of smoke, or layers of dust or 
photochemical smog are formed, even air that is pure and clean is not the nothingness that it 
appears to be; rather, it is composed of molecules of various gases of known ratio. This ratio 
is maintained by constant change, constant removal and replenishment, and constant 
interaction of the gases. 
 
Even the purest, most natural air in the days before man began to change the earth’s surface 
and burn fossil fuels contained solid particles as well as gases. Volcanic eruptions sent great 
streams of particles high into the atmosphere and, closer to the surface; particles were 
produced by wind erosion of the land, forest fires, seasonal plant deposits, salt tossed up by 
the sea, fossil fuel burning, and vehicle transportation emission ( Chovin &  Roussel, 1973). 
 
 
 
III-2 Automobile gas emission 
 
The considerable development of all the means of transport, land, maritime, air has involved 
the concomitant production of considerable specific pollution.  
 
We will tacke especially here below the problem related to land. Two types of vehicles are 
distinguished: 
- The driving known as “lighting command” (petrol engines with a lighting by spark plugs), 
- The driving “lighting by compression” (diesel engines feed by fuel oil). 
 
With regard to the engines “lighting command”, the sources of the emitted pollutants are the 
following: 

- The exhaust gases  
-  The gases of breathing of the casing  
- The hydrocarbons coming from the ventilation of the tank  
- The hydrocarbons rejected by the carburetor by important rise in the temperature under 

the cap after stopping the engine.  
 
The emissions of the diesel engines come only from the exhaust gases. 
 
Thus, the normal functioning of the petrol engine leads to emit important quantities of 
residues compared to the diesel engine which will emit, but only under overload operation, 
soots coming from the cracking of gazoil vapors, and unburnt liquid residues.  
 
The pollutants emitted by the two classes of engine are (Chovin & Roussel, 1973): 

- Carbon monoxide.  
- Nitrogen oxides.  
- Sulfur oxides. 
- Hydrocarbons.  
- Organic materials oxides (aldehydes, acids).  
- Soots / particles  
- Derivatives of lead. 
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III-2-1 Carbon monoxide 
 
The carbon monoxide is the result of the majority of combustions of organic matters realized 
in presence of an insufficient quantity of oxygen. We will thus meet it not only in the gas 
effluents of the combustion chambers using coal or fuel, but also like result of the operation 
of the engines of the motor vehicles, of fires of the drills…( Chovin &  Roussel, 1973). The 
carbon monoxide is the pollutant whose emissions are most abundant all over the world. The 
motor vehicles are responsible alone of almost 60% of the carbon monoxide emissions 
estimated during 1968 in the United States. Les proportions of carbon monoxide found in 
combustion gases are in general of a few % for the fixed hearths feed with coal and badly 
supervised, but can reach 10% and same to exceed this value in the exhaust gases of the 
motor vehicles especially when the carburetor is badly regulate. 
 
On one side, being particularly diffusible, emissions of the exhaust gases of the motor 
vehicles are practically with the short-nap cloth of the ground; on another side, it is 
conceivable that CO, measured in the city streets with the height of a man respiratory 
system, comes for the greatest part from the cars emissions. On the other hand, CO coming 
from the domestic and industrial hearths is emitted, in general, in altitude and is immediately 
sweeps by the winds. Another aspect of pollution by carbon monoxide is that presented by 
the road tunnels or the underground road passages. As soon as the tunnels exceed a length 
of approximately 500 m, it is necessary that they will be provided by a powerful ventilation to 
replace the vided air by a new air (Chovin & Roussel, 1973). 
 
Till now, relatively little country has put into force quality standards of ambient air. France is 
only within the proposal phase.  
 
 
III-2-2 Nitrogen oxides 
 
There exist several varieties of nitrogen oxides: protoxide, N2O; the monoxide NO or nitric 
oxide; dioxide, NO2; sesquioxide, N2O3 or nitrous anhydride; pentoxide N2O5 or nitric 
anhydride. Only NO and NO2 play a big role in the problems of atmospheric pollution. 
 
The monoxide NO is emitted in great quantity by many biological processes particularly by 
bacterial actions. The natural sources set out, about uniformly on the sphere, so that the 
basic pollution for which they are responsible is much weaker than pollution due to the 
human activities, concentrated in urban and industrial areas. It was established that an 
output of nitric oxide 90% can be obtained only if the gas mixture is cooled at least with a 20 
000 ºC/s speed.  
 
This condition is met in the furnaces and, well better still, in the cylinders of the engines of 
the motor vehicles since, for a turning engine has 2000 turns/min, we also calculated that the 
speed of cooling reached 100 000 ºC/s. In the engines with lighting order, the richness of the 
mixture, the spark duration, the pressure in the pipe air admission, the pressure ratio, the 
number of revolutions of the engine, are factors which influence the rate of NO formed: we 
have observed that the proportion of NO in the exhaust gases decrease with the richness 
and the number of revolutions and it increases with advance to lighting, pressure of 
compression and pressure of admission. For the engines lighting by compression; it is 
especially the richness of the mixture carburizes which is the determining factor, as for the 
petrol engines, but when the load increases, the content of NO believes. Fixed sources of 
production of nitrogen monoxide are the hearths of thermal production; all the installations in 
which we burn as well the coal as the fuel oil. With regard to the nitrogen dioxide, its 
formation in the atmosphere results from the direct oxidation of NO.  
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However, reaction: 2NO + O2 → 2NO2 is very slow and as soon as NO is dilutes in the 
atmosphere it escaped to the oxidation. More or less large quantities of NO2 which are in the 
atmosphere come from:  
- The weak effect of direct production in the hearths and by the cars.  
- The oxidation of NO in NO2 at the leaving of the chimneys or the exhaust pots when dilution 

is not yet rather strong so that the concentration of NO became very low.  
- Finally, photochemical reactions in which the hydrocarbons intervene.  
 
It is advisable to recall here that the diurnal variations of the concentration of the nitrogen 
oxides follow the automobile traffic: 
- Before the rising of the sun, the monoxide NO and dioxide NO2 are in the atmosphere at 

concentrations which are slightly higher at least daily.  
- Between 6:00 and 8:00 AM, when starts the human activities and more especially when 

develops the automobile traffic, the concentration of NO increases and an hour after 
approximately, solar energy in the ultraviolet field becomes sufficient so that the 
transformation of NO into NO2 starts. We see the NO concentration decrease to values 
lower than 0, 1 ppm and correlatively but with a shift of approximately 2-3 hours, 
concentration in NO2 grows. The maximum is reached towards 9:00 to 10:00 AM.  

- During the afternoon hours, between 5:00  and 8:00 AM, the automobile traffic continuous 
to pour in the atmosphere significant amounts of NO whereas solar intensity decreases. It 
follows a new increase in the concentration of NO and hardly perceptible increases in the 
NO2 in consequence of the deceleration of the formative photochemical reactions of this 
body.  

 
 
III-2-3 Sulfur oxides 
 
Emitted sulfur oxides as polluting come, for the greatest part, of the combustion of the fossil 
fuels, solid or liquid, which all contain more or less high proportions of sulfur. The coals 
contains more than 10% in weight of sulfur before combustion and less than 1 % is emitted 
under SO2  after combustion. During combustion a high percentage of the sulfur of coal is 
sulfur dioxide oxide, SO2 and in trioxide, SO3.  
 
Part of sulfur oxides, able to write SOx, combines with the fly-ashes and the brittle residues, 
but the majority is emitted in the chimneys in gas form. If combustion is badly regulated, with 
hydrogen sulfurized form, H2S. The oxidation of sulfur in oxide sulfur is similar to the 
oxidation of coal. So if great quantities of carbon monoxide are detected, we can also 
suppose the presence of H2S. The majority of sulfur should in theory be oxidized in SO2 in 
the modern furnaces.  
 
 
III-2-4 Hydrocarbons 
 
In atmospheric pollution, we consider: 
- Light hydrocarbons belonging to the three usual classes: acyclic hydrocarbons, saturate or 

not; acyclic hydrocarbons, saturate or not; aromatic hydrocarbons. They go from methane, 
the first term, most abundant in the atmosphere, with hydrocarbons in C11-C12, the volatility 
of these composites beyond C12 being insufficient for their presence in the atmosphere in 
considerable quantity.  

- Polyaromatic hydrocarbons polycondensed, type of benzopyrene, benzofluoranthene… 
present in black soot that accompanied a certain number of combustions and which are 
found in the atmosphere in the form of sedimentable particles or in suspension.  
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III-2-5 Organic materials oxides (aldehydes, acids) 
 
Knowledge on aldehydes is less developed that those relating to the other pollutants and 
their importance in general pollution, except the photochemical fog oxidizing. The aldehydes 
are formed by incomplete hydrocarbons oxidation and accordingly, the engines emit 
considerable quantities of them, mainly the engines lighting by compression. But in the areas 
where are developed photochemical reactions leading to the fog oxidizing, aldehydes are 
formed in the atmosphere starting from hydrocarbons, mainly starting from ethylene 
hydrocarbons. The only aldehydes which have an importance in atmospheric pollution are 
the formaldehyde and the acrolein, first term of ethylene aldehydes. 
 
This pollution will not be part of this report since no standard at international level is 
available. 
 
 
III-2-6 Particles 
 
Under the name of particles, the takes-off as well as the coming gases from the combustion 
chambers as the tar, soot particles of smoke, the sulfuric acid particles being able to come 
from SO2 oxidation, are designated. We distinguish the sedimentable particles that fall down 
on the ground more or less far from the emission sources; according to their size. The 
suspended particles that constitute the aerosols and reach the ground after an atmospheric 
precipitation. The size of the first corresponds to a diameter of 5 to 10 microns and above 
while the seconds have diameters ranging between 5 and possibly 10 microns, and below. 
The emission sources of the particles are extremely numerous, without of course counting 
the natural sources such as the volcano and dust of the streets, the roads and the ground 
which can be given moving in the atmosphere by action of the winds. 
 
As well, we meet in the atmosphere particles coming from the metal vapor condensation, the 
particles of soot, cement, asbestos… The specific nature of the particles has to take into 
account with the vicinity of the sources, but when the sources are diffuse, form a part of a 
large-sized unit and are various, we just consider the emitted particles, that means faulted 
particles, particles remaining in suspension, without distinctions which would be elsewhere 
quite difficult to carry out by the ordinary analytical ways (Chovin and Roussel, 1973).  
 
 
III-2-7 Derivatives of lead 
 
Combustion in the gasoline engines containing derived alkyls of lead constitutes the primary 
source of the emissions of this metal or its derivatives, but it is not the only source: the 
foundries proceeding to industrial operations of fusion of lead, even for its obtaining or that of 
manufactures objects, in particular of the pipes and the drains, even for alloys obtaining; emit 
metal particles of size ranging between 0,001 and 100 μ, the particles constituting smoke 
itself stage between 0,01 and 2 μ. There is thus, in the vicinity of these foundries, an intense 
pollution of the air and also of the ground in consequence of repercussions of large particles. 
The production of brass intervenes for approximately 2% of the total leads emissions and the 
production of derived alkyls of lead for 0.4%. The handling of gasoline, like the transfer from 
a tank in another, constitutes a considerable source and, as lead is practically found in all 
fuels, the combustion of coal and of fuel also intervenes for a small portion. Lastly, waste 
incineration and especially the destruction by incineration of worn oils of draining of engines, 
are also considerable sources. However, emissions by the exhaust gases of the motor 
vehicles account for approximately 97% of the total lead emissions in France (Chovin and 
Roussel, 1973).  
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Gas Sources Norms 

Carbon 
monoxide 
CO 

• Transport, Motor vehicles: 60% 
• Combustion of coal, fuel oil, 

natural gas, wood. 
• Incineration  
• Forest fires 
• Industrial processes 
 

• Federal US norms has 2 stages: 
- 10 mg/m

3
: max. average 

concentration over 8 hours. 
- 15 mg/m

3
: max. average 

concentration over 1 hour.  
• California state norms has 2 

stages: 
- 10 ppm ~11.2 mg/m

3
 average 

concentration over 1 hour 
- 40 ppm ~ 45 mg/m

3
 average 

concentration over 1 hour 
 

Nitrogen 
Oxides NOx 

• Transport: 
- Gasoline vehicles 
- Gas oil vehicles 
- Planes 
- Ships 
- Various 
• Combustion 
• Incineration 
• Forest fires 
• Industrial processes 

• Federal US norms has 2 stages: 
- 100  µg/m

3
: annual arithmetic 

average concentration. 
- 250  µg/m

3
: concentration over 24 

hours.  
• California state norms has 2 stages: 

-  00  µg/m
3 

average concentration 
over 1 hour. 

• Canada has 2 stages: 
- 0.20 ppm: average concentration 

over 1 hour 
- 0.10 ppm average concentration 

over 24 hours 
 

 
 
 
Sulfur oxides 
 

•Transport 
- Motor vehicles 

• Combustions 
• Industrial process 
• Incineration 

• France  
- 750 µg/m

3
 is the max. not to exceed. 

• Federal US Norms: 
Primary norms 
- 80 µg/m

3
: annual arithmetic mean, 

- 365 µg/m
3
: content over 24 hours 

Secondary norms: reduction of 
primary norms simultaneously to 60  
µg/m

3
 and 260 µg/m

3
. 

• California state 
- 0.5 ppm ~ 1.250 µg/m

3
. 

 

 
 
 
Hydrocarbons 

• Transport: 
- Gasoline vehicles 
- Gas oil vehicles 
- Planes 
- Ships 
- Various 

• Exhaust gas liberated 1g/m
3 

unburned hydrocarbons 
• Loss by evaporation on the 

carburetor 
• Exhaust gas engines 

• USA Norms: 
125  µg/m

3
. 

 

Organic 
materials 
oxides 
(aldehydes, 
acids) 

• Engines especially those lighting 
by compression 

• Incomplete oxidation of 
hydrocarbons   

No standards proposed 
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Gas Sources Norms 

Particles 
TSP 
(Total 
Suspended 
particles) 

 Volcanism 

 Soil and highway dust 

 Incineration 

 Industrial operation: petrol, 
foundry. cement 

 Transport 
- Motor vehicle 

• Federal US Norms annually: 
-260 µg/m

3
 as a limit over 24 hours. 

- As a secondary norm: 150 µg/m
3 

over 24 hours. 
• California state 

 

100 µg/m
3
 as a limit over 24 hours. 

• France 
150 µg/m

3
 as a limit over 24 hours. 

 
 

Lead 
95 octane 
 

 Combustion in petrol engines : 
97% Pb emission 

 Foundry for obtaining lead of 
manufactured objects (pipes, 
alloy like the brass): 2% Pb 
emission. 

 96.4% correspond to Pb alkyls 
 

• Japan Norms: 
- 5 µg/m

3
 as a limit over 24 hours. 

• California state 
 

1.5 µg/m
3
 monthly average 

• URSS 
0.7 µg/m

3
 monthly average 

 
Table III-1 The main sources and norms of pollutants emitted  

 
 
 
III- 3 Air quality determination along A1 Highway by Ozone O3, nitrogen dioxide NO2, 

and sulfur dioxide SO2 analyze 
 
III- 3-1 SO2 concentrations 

 
Ambient Sulfur dioxide (SO2) concentrations were measured near the Zouk power plants. 
SO2 concentrations are all higher than the annual average standard of 75 µg/m3 applicable in 
United States. 
 
In Lebanon, compared to the 80 μg/m3 in the United States, there are very high SO2 

concentrations near Zouk, an area with high population density (Chaaban and Ayoub, 1996). 
 
The results was giving SO2 concentrations less than 156 µg/m3   for some of the samples (at 
minimum altitude of 15 m above sea level)still as we can see later on in Table III-3, only 3% 
of the SO2  emission is coming from transportation sector and are included in the above SO2  

concentration.  
 
 
III- 3-2 Other air polluants concentrations 
 
Selected air pollutants emissions in coastal zone were estimated proportionally to energy 
consumption (table III-). Data on energy consumption are from the Association Libanaise 
pour la maîtrise de l’Energie (ALME, 1  6). This study assumes that 67 percent of gasoline 
(same proportions of Lebanon’s coastal zone population)  6.  percent of fuel oil (all power 
plants and most factories), and 85 percent of other fuel types (85 percent of industries are in 
the coastal zone) are consumed in the coastal zone. 
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Fuel type Use 
(1000t/year) 

Pollutant emissions (t/year) in Lebanon 

CO2 SO2 NOx TSP 

Coal 153 100 980 7 650 734 153 

Fuel oil 1 387 1 178 858 69 345 14 424 1 387 

Gas oil 870 745 204 17 391 3 913 652 

Kerosene 208 178 672 125 458 208 

Gasoline 863 737 865 2 589 22 611 557 

Asphalted 
products 

57 45 560 2 848 422 57 

LPG 99 19 720 131 1 303 0 

Total 3637 3 006 859 100 079 43 865 3 014 

 
Table III-2: Estimated emissions of select air pollutants in 1995. 

Source:  ALME 
LPG: Liquid Pressured Gas 

 
 
Energy consumption is estimated assuming that coastal zone use of gasoline is 67% of 
national total use of coal, gas oil, asphalt products and LPG is 85 of national totals, and use 
of fuel is 96.9% of the national total. 

 
Energy consumption increases proportionally to several activities such as: industry, energy, 
and transportation (table III-3). 
 
The worst air quality is due to the combines effects of energy consumption and temperature 
inversion. It is found near Zouk power plant. 

 
As shown in table III-3, industry, energy and transportation contribute almost equally to 
emissions of CO2 and Total Suspended Particulate (TSP), while industry and energy are the 
primary sources of SO2 emissions and transportation is the primary source of NOx and lead 
emissions. Traffic emissions have a big impact on Lebanon’s air quality, especially in the 
coastal zone. Vehicle emissions, particularly in urban areas, are likely to be causing elevated 
regional ozone concentrations, especially during hot days when pollutants are tapped and 
photosynthesized due to air temperature inversion. 
 

Sector 
Pollutant emissions (t/year) in Lebanon 

CO2 SO2 NOx TSP HC 

Industry 1 128 734 40 801 9 030 1 118 unknown 

Transportation 916 537 2 714 23 069 765 - 

Energy 961 588 56 564 11 765 1 131 - 

Total 3 006 859 100 079 43 864 3 014 - 

 
Table III-3: Estimated Air Pollution Loads from different sectors (1995) 

Source : ECODIT – IAURIF estimates 
 
 

If we consider that the transport sector constitutes a fleet of around 1.2 x 106 registered 
vehicles (see chapter 2) and if we suppose that 90 % of pollutants are emitted by vehicles, 
the table III-4 exposes the approximate quantities of pollutants vehicle gases. 
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Pollutant per 
vehicle 

CO2 

(t/year) 
SO2 

(t/year) 
NOx 

(t/year) 
TSP 

(t/year) 
HC 

(t/year) 

 
Quantity 

 
0.687 

 
0.002 

 
0.017 

 
0.00057 

 
unknown 

 
Table III-4 Estimated pollutants quantities emitted by vehicles in Lebanon 

 
 

The Table III-5 gives the quantities of fuel imported to Lebanon. 
 

Fuel type Fuel quantities imported to Lebanon 
Tones/year 

Fuel (octane index 95) 825000 

Fuel (octane index 98) 275000 

Diesel oil 350000 

Gas oil  No indicated 
 

Table III-5 Fuel quantities imported to Lebanon per year as reported by the Ministry of Water 
and Energy (2009). 

 
Gas oil is imported only by the Ministry of Water and Energy. Fifteen companies are 
recognized to sell fuel on Lebanese territory in 2200 different gas station. (Maroun Chammas 
- Interview on July 29th 2009 to Al-Nahar journalist). 
 
 
III-4 Analysis and Results  
 
We have conducted a statistical study over one hundred cars running on A1 highway. The 
figure III-1 shows that 60 % of these cars are older than 9 years, 4 % circulates since 2000 
and 36 % since 2001. We can consider that the transportation fleet is relatively old. (Figure 
III-1) 
 

36%

60%

4%

>2000 

<2000

2000

 
Figure III-1 Age percentage of transportation fleet in Lebanon. 
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Personal cars, trucks, and buses used inside the country can only run on gasoline. A ban on 
the use of diesel has been enforced since the sixties (UNDP-Lebanon, 2002).  
 
 
III-4-1 Gas analyzer Results of CO and HC vehicle emission 

 
Carbon monoxide CO and Hydrocarbons HC have been determined by “Gasanalyser” 
directly from vehicles exhausts. Figures III-2 and III-4 describe percentage of emissions. 
Results show that 73% of CO vehicle emission and 72% of HC vehicle emission are 
simultaneously respecting the norms. 
 

 
Figure III-2 Percentage of CO emitted by vehicles exhausts 

 
Figure III-3 Percentage of HC emitted by vehicles exhausts 

CO 

73% 

27% 

Respecting the norms 

Not respecting the norms 

HC 

72% 

28% 

Respecting the norms 

Not respecting the 
norms 
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Ozone O3, nitrogen dioxide NO2, sulfur dioxide SO2, have been analyzed.  
 
They have been collected by filters known as “Radiello”.  
 
Radiello consists of two paramount parts:  

- An adsorbent cartridge.  
- A diffusive body.  

 
Its cylindrical form enables to have an exponential rate of absorption that supports a better 
quality of the analyses. 
 
 
III-4-2 Ozone analyze 

 
The filters have been immersed in a hydrochloride 3-methyl-2-benzothiazolinonehydrazone 
(MBTH) solution which helps with the ozone desorption. They are left 1 day to have a 
complete desorption. The yellowier the solution becomes, the more the ozone concentration 
is high.  
 
The solutions are thus measured by visible spectroscopy. 
 
 
III-4-3 NO2 and SO2 analyze 

 
The chemical adsorbent used is the triethaloamine (TEA). It adsorbs NO2 in nitrite NO2

-, and 
adsorbs SO2 in sulfites and sulfates respectively. 
 
But under the action of the light and of the presence of ozone, the nitrite is oxidized out of 
nitrate NO2

- + O3 + hυ → NO3 +O2. 

 
For that, during the analysis, the nitrate concentration has been measured in the place of the 
nitrite.  
 
To analyze these 2 types of pollutants, the ionic chromatography is applied, since they are 
adsorbed in the form of ions. A solution called DIONEX is used; it is an anion which leads to 
the desorption of the pollutants. The analysis must be done under vacuum, for this reason 
helium is used like splashing gas. 
 
Along A1 Highway, samples have been collected during 14 days and analyzed by visible 
spectrophotometer for ozone O3 determination and Ionic Chromatography for Nitrogen oxide, 
Nitrates NO3 and Sulfur oxide SO2 determination.  Table III-6 exposes the results and 
European norms of emission: 
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Sample/parameter 
(Ponctuel test) 

European norms 

O3 μg/m
3 

 
79 μg/m

3
 

NO2 μg/m
3 

 
40 μg/m

3
 

SO2 μg/m
3 

 
10 μg/m

3
 

1 13 12 0.1 

2 15 35 0.3 

3 22 29 0.1 

4 26 38 5 

5 74 38 6 

6 77 45 7 

7 63 5 2 

 
Table III-6 Gas pollutants analyses NO2, SO2, and O3 emitted by vehicles along A1 Highway. 

 
 
III-4-4 Results 
 
Our results show that gas concentrations are respecting the European norms except near 
Zouk power plant. Nitrogen dioxide NO2 and Sulfur oxide SO2 generate acid rain if they 
exceed the norm limit. 
 
Beside this last, SO2 and NO2 could generate acid rain if cumulative parameters exist in the 
same time such as excess in norm limit, rain and humidity. 
 

 
III-4-5 Particles 
 
III-4-5-1 Sampling 
 
a- PM10 and PST 
 
To measure the concentration of the PM10, it is necessary to carry out samplings. For that, 
filters called “filter watman” are used. They are protected by metal roofing. This cover 
depends on the sampling of Total Suspended Particulate TSP or PM10. 
 

                  
      Photo III-1 TSP Sampling                                   Photo III-2   PM10 Sampling 
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These filters need collecting air with great volume.  
The difference between these 2 filters is the diameter of the pores: the first allow passing 
particles which diameter is bigger than 10 microns, whereas the second allows only particles 
with diameter lower than 10 microns.  
These 2 types of particles are later measured by an electronic balance and it is always 
necessary to note the volume of air collected to be able to calculate the concentration of the 
particles. 
 
b- PM2.5 
 
This apparatus allows passing particles which diameter is lower than 2,5μ used in the 
sampling differs from that used in the case of the PM10 and PST; it is a sensor of air with low 
volume (Photo III-3). 
 

 
 

Photo III-3 PM2.5 Apparatus sampling 

 
Filters of “watman” type are used but of lower size than those used in the case of the 
particles studied above. This apparatus collects the PM2.5 during one week. 
The measurement of the PM2.5 is done using an apparatus called refract meter based on 
the measure of light (Photo III-4). More the PM2.5 concentration increases, the light quantity 
decreases, and then refract meter value decreases.  
 

 
 

Photo III-4 Apparatus called refract meter based on the measure of light. 

 
III-4-5-2 Results of particles determination 
 
In Lebanon there are no yet standards for these types of pollutants. If one compares these 
results with the French standards (150μg/m3 over 24 hours) we find that pollution in Lebanon 
respects the European standards, except in certain zones where pollution exceeds the 
standards under the effect of many different and various industrial pollutants on A1 highway 
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Results of average concentration of different particles are represented by figures III-4, III-5 
and III-6. 
 
 

 
   

Figure III-4 Average of Total Suspended Particulate Concentration 

 
 

 
    

Figure III-5 PM10  concentration 
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Figure III-6  PM2.5 concentration 

 

 
Meaning  that average concentration is as follows (Table III-7): 
 

Locally on A1 Highway 
μg/m3 

European norms 
μg/m3 

TSP 70 150 

PM 10 60 40 

PM 2.5 15 15 

 
Table III-7 Average concentration of particles and European norms according to the «Ministère 

de l’écologie, de l’énergie, du développement durable et de l’aménagement du territoire - 
République Française» 

 
The analysis of pollution along A1 Highway indicates that the rate of the particles is in 
relation to various criteria, such as the temperature, the speed of the wind, the humidity, the 
rain, etc. But when we analyze the variation of the concentration of the PM through the years 
there are other factors which must be added with the precedents like the population if it is 
increases or decreases, and its distribution. Also should be added tankers activities and 
industrial activities effects. 
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CHAPTER IV - NOISE AND VIBRATION 
 
 
 
IV-1 Criteria for vibration in buildings and vehicles 
 
No recent definitive work has been done on the acceptability of buildings of vehicles from the 
standpoint of vibration. For example, a building vibration that would be imperceptible in the 
daytime in a home might be quite bothering at night when everything else is quite. 
 
When noises are of an acceptable character, the listener is usually not aware of their 
existence. Annoyance is usually small unless the noise level is great enough to interfere with 
conversation or in some other way force themselves upon the listener’s attention. 
 
 
IV-1-1 Criteria for noise in vehicles  
 
The criteria that have been developed for noise in vehicles are largely empirical and are 
based in part on economic and practical limits. Nevertheless, there are clearly some 
differences with the requirements for quietness in offices. These requirements are: 
 
1. Conversation among members of a group sharing adjacent seats to be done normally 
2. The noise should have no strong tonal components within a few cycles in each frequency 

which might produce a disturbing beat note. 
3. There should be no prominent single component that is observable as a persistent 

singing tone. 
4. There should be no rattles or clatter arising from loose objects or mechanisms. 
 
 
IV-1-2 Structure-borne Railroad, Subway, Highway, Noise in Buildings 
 
Another type of vehicular-noise problem which involves some buildings is the noise and 
vibration produced by near by trains, subways, and automobile. In this discussion, we will 
assume that the control of air-borne noise from these vehicles can be taken care of with 
correct selection of wall thickness and wall designs.  
 
In A1 highway widening and rehabilitating, only some few underpasses for local 
transportation will be constructed. 
 
 
IV-1-2-1 Structure-borne Highway noise 
 
With the increasing use of high-speed express ways leading into and through the centers of 
our cities and with the rapidly decreasing amount of space available in the centers of our 
cities, it becomes more and more the practice to place high-speed, high-traffic-density, truck, 
bus, and automobile express ways near occupied buildings. 
Our limited data indicate that structure-borne noise levels in buildings, located beside or over 
medium-speed (25 to 40 mph) high-ways, fall in the range of 60 to 80 db in the 20- to 75-cps 
band and drop off with frequency at the rate of about 10 db/octave. Noise levels can range 
higher if there are expansion joints, drainage grills, bumps, or rough sections in the road. 
Some general suggestions for reduction of earth-borne and structure-borne noise and 
vibration due to automobile and truck traffic true-borne noise and vibration due to automobile 
and truck traffic are as follows: 
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1. Provide smooth, fine-grained road finish. 
2. Have no expansion joints in the roadway near critical buildings. 
3. Have no drainage grills running across the roadway. 
4. Provide suitable vibration-isolation joined between the roadbed and the structural 

members of adjoining buildings (Beranek, 1960).  
These elements are dealed with in the A1 widening project. 
 
 
 
IV-2 Damage Risk Criteria for Hearing 
 
It is well known that a person exposed to a sound of sufficient intensity may suffer a degree 
of permanent hearing loss. By “degree” is meant that the hearing acuity of the exposed 
person will be somewhat less than it was prior to his exposure to the noise; by “permanent”, 
we mean that his loss will not disappear as the result of rest away from noise. 
 
There is a definite need to specify the physical acoustical characteristics of noises that are 
safe with regard to their effect upon hearing acuity and noises that are potentially unsafe 
(Beranek, 1960). 
 
 
IV-2-1 Present damage risk criteria 
 
We see in this following graph that a damage-risk criterion rests upon the concept of a 
statistical distribution of hearing acuities and the acceptance as insignificant of some 
arbitrary increase in the degree of hearing losses in some fraction of the total population. 
This graph was constructed on the assumption that the noise exposures described in the 
legend will increase the percentage of people having a hearing loss of greater than 15 db, 
from 0.3 per cent to 1 per cent, and that this increase should be considered unimportant for 
practical purposes. However a damage risk criterion based on noise exposure lasting for 25 
years at 8 hr/workday, while useful as a limiting case, may require refinement and 
modification to meet other situations. Two major questions to be asked in this regard are: 
 

1. Should the damage-risk criterion be the same for work periods that are to be shorter 
than 25 years? 

2. What intensity level of noise can the ear safely tolerate for periods of time shorter 
than 8 hr? 
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Figure IV-1 Average hearing acuity 

 
 
 
IV-3  Attenuation and noise reduction  
 
IV-3-1 Measurement of attenuation 
 
Attenuation is defined as the decrease in sound power between two points in a system. 
Because there is no commercially available acoustic wattmeter, it is possible only to make 
measurements of sound pressure (Beranek, 1960). 
 
Attenuation is the decrease of sound power in decibels between two points in an acoustical 
system. The concept of attenuation is used by most writers in describing wave propagation in 
lined ducts. In many cases, the attenuation can be measured by determining the decrease in 
sound–pressure level (in decibels) per unit length of duct and multiplying by the total length 
of the duct. 
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Attenuation is a useful concept for describing the loss of power of a sound wave traveling in 
a muffler. However, the transmission loss, the insertion loss, and the noise reduction of the 
mufflers are not uniquely determined by the attenuation. Put in other way, attenuation is a 
useful concept for describing what is going on inside of a muffler, but it does not by itself tell 
the entire story of how effective a muffler is in a given system. 
 
It is important to note also that insertion loss, transmission loss, and noise reduction are not 
uniquely related to the physical properties of a muffler. 
(Beranek, 1960). 
 
 
IV-3-2 Performance of noise reduction component 
 
There are several ways in which sound is reduced between the source and the receiver:  
 

1. Absorption of sound due to transmission through walls into spaces  
2. Absorption of sound in wall linings. 
3. Division of sound among several branches. 
4. Reflection of sound back towards the source. 
5. Spreading of sound into the open space. 
6. Absorption of sound in a room where sound ends. 

 
 
IV-3-3 Conclusion 
 
The noise measurements in decibel exceed the authorized norms which are between 50 and 
60 db (according to the Lebanese ministry of environment, see table IV-1a & table IV1b). 
 
Our measurements about noise level on A1 highway are represented on Table 2 and three. 
The A1 highway rehabilitation will mitigate noise harms. 

  
 

 Towards Tripoli 
(Decibel) 

Towards Beirut 
(Decibel) 

Nahr el kalb tunnel 
 
 

Zouk exchange 
 
 
 

Kaslik exchange 
 
 
 
 

Sarba exchange 
 
 
 
 
 

93.7 
87.4 
93.1 
97,9 
84.3 
95.9 
99.4 
94.4 
94.1 
97.7 
82.8 
76 
78 

82.3 
88.2 
95.8 
83.9 
97* 

86.4 
89.2 
86.7 
85.2 
83.8 
88.4 
84.8 
89.1 
83.4 
81.6 
79.9 
88.4 
84.8 
91.6 
80.2 
91.2 
88.2 
85.0 
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Jounieh exchange 

 
 
 
 

stadium exchange 
 
 
 
 

Adma exchange 
 
 

Maameltein exchange 
 

Kfarhebab exchange 
Casino 

 
Tabarja 

82.4 
76.3 
85.8 
99.5 
90.7 
89.9 
83.8 
90.4 
91.1 
96.3 
90.2 
91.8 
83.7 
90.5 
95.2 
85.0 
90.9 
88.6 
96.9 
91,3 
98.9 

88.6 
90.8 
91.2 
86.8 
91.3 
87.5 
84.6 
86.1 
82.6 
84.1 
85.9 
87.9 
91.9 
86.7 
91.2 
94.7 
89.8 
86.7 
84.2 
83.8 
90.0 

 

 
Table IV.a Noise level on A1 highway in both directions at peak hours,  

taken at road level, just near asphalt 

 
 

 
Area 

Towards 
Tripoli 

(Decibel) 

 
Area 

Towards Beirut 
(Decibel) 

Nahr el kalb  
(Abi Saab tools) 
 
Adonis (building) 
 
Sarba (Showbiz) 
 
Kaslik exchange 
 
Jounieh exchange 
(wooden Bakery) 
 
 

69 
 
 

58 
 

65 
 

60 
 

60.2 

Ghazir (building) 
 
 

Jounieh (Shoping 
center) 

 
Adonis (Mc 
Donalds) 

 
Zouk (Kozaily) 

 
Nahr el Kalb 
(Crepaway) 

53.5 
 
 

54.5 
 
 

52.1 
 
 

75.6 
 

60.5 

 
Table IV.b Noise level on A1 highway, at peak hours, taken inside apartments  

and commercial center located at first floor 
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CHAPTER V - CURRENT STATUS OF THE COASTAL ENVIRONMENT  
OF A1 HIGHWAY 

 
 
 
V-1 Description of the environment 
 
V-I-1 Climate 

 
The global climate of the coast (A1 Highway zone) is thermo-mediterranean humid. The 
temperature’s annual average of air under cover is 20.1 C (Table V-1); 
 
- annual average of precipitation is 741 mm; 
- annual average number of rainy days is 74;  
- average relative to the atmospheric humidity is 68 percent. 

 
 

Parameter 
(unit) 

J F M A M J J A S O N D 

Temperature 
˚C 

13.6 14 15.3 18 21 24 26 27 25 23 19 15 

Precipitation 
(mm) 

183 111 102 44 18 0.7 0.6 0.6 5 36 95 145 

Rainy Days 15 12 10 6 2 0 0 0 1 4 9 13 

Relative 
Humidity % 

67 64 64 67 69 71 73 73 66 66 64 68 

 
Table V-1: Average monthly climate Data (Climatology service,  

Beirut International Airport) 

 
June through September are the hottest months, with mean average temperature ranging 
between 13 and 14  C. 
The yearly rainfall average is 650 mm in the south, compared to 900 mm in the north. 
 
 
V-1-2 Headlands and Cliffs 

 
The coastline studied in this report from Nahr el Kalb to Tabarja, is composed mostly by 
Cenomanian dolomitic limestone. 
 
The sea cliffs are normally associated with wave washed terraces that show typical erosion 
patterns with potholes, blowholes and narrow channels. They form typical terraces of algae, 
worms, mollusks, etc… their morphology; fauna and flora are typical of the eastern 
Mediterranean. 
 
 
V-1-3 Tides and Terraces 

 
Results of reported observations from the region record tides at 15 to 20 cm - (Fevret and 
Sanlaville, 1965; Emery and George, 1963) – Tides contribute to diurnal fluctuations in near 
stores currents. Although tides are not significant in magnitude, their effect can be felt in 
diurnal currents and on terraces. 



A1 Highway - Environmental Assessment Impact Draft Final Report 

GICOME Sarl October 2009 Page 34 
 

  
 

Diurnal currents contribute to reduce the ambient temperature of air and to dilute by 
dispersion the pollutants far from their emission point. 
 

Terraces are highly dynamic as a result of wave action. The terraces are typically Levantine 
with various mollusks and coralline algae. Brown algae are particularly abundant. There is 
abundance of life; hence the need to protect certain zones. 
The widening and the rehabilitation of A1 Highway will not affect this part of the coastal line. 
 
 

V-1-4 Brackish Zones 
 
Brackish zones are at the mouth of major rivers. Most coastal rivers were reduced to a trickle 
during summer. This biotype is generally colonized by organisms of great osmoregulatory 
capacity (i.e., with a high degree of tolerance to salinity changes). Brackish zones act also as 
barriers for organisms without a high ability of osmoregulation are unable to inhabit such 
zones. 
 
Brackish zones are intermediate between marine and fresh water habitats. They provide a 
continual water environment extending from sea zones into deep river valleys, along the 
transect of an W.E axes the variety of life and their transition should be studied and such 
zones protected. Particularly, Nahr el Kalb needs special priority attention. 
Nahr el kalb river is not affected by the A1 widening an rehabilitation since this last is starting 
northern Nahr el Kalb. 
 
 
V-1-5 Fresh water Resources and Quality 
 
A total of 14 rivers discharge about 2 000 million m3 of fresh water annually into the 
Mediterranean sea, the longest coastal river (58Km) is Nahr el Kalb. Rivers in the north are 
better supplied and continue to flow at summer due to the snow meltdown. Most coastal 
rivers nowadays dry up completely during summer. 
 
Other major fresh water sources are springs wells and boreholes. According to Humphreys 
studies (1995), 23 out of 34 springs and boreholes (used for public water supply) at altitudes 
of 300 meters or less are contaminated with fecal coliforms. Primary causes of contamination 
are the uncontrolled disposal of wastewater into the ground, infiltration of waste water from 
cesspits and soak ways into ground water aquifers, and animals polluting water sources. 
Contaminated springs and boreholes represent about 85 percent of the combined yields of 
all tapped freshwater sources in the coastal zone (382.90 m3/day compared to a total of 
452.210 m3/day total) (Hamzé et al., 1996). 
 
Another major cause of pollution is excessive pumping of ground water near the coast and 
the resulting saltwater intrusion into underground aquifers. 
Because of Lebanon’s topography and geology, there are numerous freshwater springs 
offshore (e.g, Jounieh Bay). Most of these are clearly visible in spring during snow meltdown. 
The National Council for Scientific Research has commissioned a study of these offshore 
freshwater springs using aerial infrared photography. 
 
As to the water resources for Metn and Kesrouan, refer to Annex D-Water Ressources. 
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V-2 Biological Description of the coastal zone 
 

The special climatic and topographic characteristics of Lebanon have made it an “island 
refuge” for a host of organisms during the last glaciations. The high mountains and the cold 
water courses have completed this relative ecological isolation of Lebanon in the Middle 
East, as attested by the richness and diversity of fauna and flora. Terrestrial fauna and flora 
have been discussed by numerous authors since the early part of this century (Pabot, 1959, 
Emery and George, 1963). 
 
Urbanization, human behavior and excessive use of agrochemicals are the main factors 
threatening coastal flora and fauna. Most animals species are aggressed by human beings 
who ignore their importance; for example, reptiles are killed because they are considered 
poisonous, when in reality the majority are not. Deforestation, harvesting of wild plants, fires 
due to negligence, and hunting are all contributing factors. Birds, various mammals and 
insects, arboreal species of reptiles (e.g. Chameleon) and insectivores, such as squirrels, are 
all threatened by high dosages of chemical products (insecticides, fungicides, and 
herbicides). 

 
 

V-2-1 Diversity 
 

A few localized coastal areas shelter some rare plants. Some of them occur at the limit of 
their bio-geographical range, other became rare because of their natural habitats 
disappeared due to coastal erosion, sand quarring on beaches and galloping urbanization. 
 
Different plant species are in need of preservation in different parts of the coastal zone of A1 
Highway (Nahr el Kalb and Jounieh areas): 
 
Mediterranean twitch, goosefoot, Fuller’s teasel, fleabane, eryngo, lotier, common myrtle, 
rest harrow, knotweed, white broom, sage, aquatic germander, sea squil should clearly 
answer if expropriating for the widening is putting in danger the preservation of above 
species.  
 
Expropriation for the widening and rehabilitation of A1 highway is not putting in danger the 
preservation of above species. Since expropriation is done beside the existing roads and 
highway where wild herbs exists. 
 
 
V-2-2 Coastal Terrestrial Fauna 
 
This section discusses the current status of herpetofauna (amphibians and reptiles), avifauna 
(birds), mammals, and freshwater fauna I the coastal zone. 
 
V-2-2-1 Herpetofauna (Amphibians and reptiles) 
 
Four species of amphibians have been identified in the coastal zone near water flows : 
- Pelobates syriacus Boettger, Syrian Spadefoot (endangered) 
- Hyla arbore or H. Savignii, common tree frog (endangered) 
- Rana Rudibunda Pallas, lake frog 
- Bufo Virdis L. 
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Some 40 species of reptiles have been observed in coastal Lebanon (Hraoui S. 1981). Most 
are insectivores. Some live in specific biotypes which are being destroyed by urbanization, 
thus decreasing their number. Following are some examples of coastal lizards :  
- Acanthodactyles shreiberi, Shreiber’s lizard, lives in sand dunes near the sea; 
- Ptyodactylus hasselquistii, ptyodactyle; 
- Lacerta trilineata Bed, giant green Lizard; 
- Chameleo chameleon (L), chameleon; 
- Ophisops elegans, snake-eyed lizard; 
- Chalcides ocellatus, (Forskal), ocellated stink, lives in sand dunes near the sea; 
- Estudo graeca L. Greek tortoise, the only terrestrial turtle species, widespread 

geographically; 
- Mauremys caspica (Gemelin), Caspian terrapin freshwater turtle, lives in clear water, 

streams, rivers, or muddy – bottom ponds (endangered); 
- Trionyx triunguis (Forskal), soft-shell turtle, freshwater species, found in mouths of rivers 

and in the sea. 
 
The endangered reptiles include Shereiber’s lizard, the chameleon, the giant green lizard, 
the snake-eyed lizard, the Greek tortoise, and the green marine turtle. 
Widening and rehabilitation of A1 highway is not putting in danger amphibians and reptiles 
species of the coastline. 

 
 

V-2-2-2 Avifauna (Birds) 
 
Very few bird species breed in the coastal belt of Lebanon as compared to other east 
Mediterranean countries; none of them are considered threatened on a pan-Mediterranean 
scale.  This relatives poverty in breeding birds can be attributed to (Tohme G et H, 1986): 

1. Lack of coastal wetlands such as lagoons, lakes deltas; 
2. extensive urban development along the coastline; and  
3. hunting and continuous disturbance by man in coastal habitats 

 
Less species of birds are found near river mouths and beaches and threatened by 
urbanization. 
 
 
V-2-2-3 Mammals 

 
Thirty six species of mammals have been identified in the coastal region: hedgehog, four 
species of shrews, twelve of bats, seven of carnivores, hyrax, cape hare, and ten species of 
rodents (Harrison, 1972, Atallah, 1975, and Tohme et al, 1985). 

 
 
 

V-3 Conclusion 
 
The widening and rehabilitating of A1 Highway will not affect fauna and flora. 
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CHAPTER VI - SISMIC STUDY OF LEBANON 
 
 
 
VI-1 Introduction 
 
Seismology studies the earthquakes, natural shocks of the basement. It tries to determine 
the geographical distribution, the tectonic and geodynamic significance, the mechanics and 
effects on the landscapes and the populations. It also tries to approach the forecast of the 
seism and defense against their effects. The study of the remote earthquakes informs us 
moreover about the structure of in-depth sphere. The seismology should not be confused 
with the seismic one which studied the structure of the lithosphere with artificial shocks; it is 
also used for fuel prospecting. Of all the manifestations of planetary dynamics, the 
earthquakes or seism are, undoubtedly those which have more marked the popular 
conscience. 
 
 
 
VI-2 Definition of a seism 
 
It is a brutal shock of the ground causes by the arrival of elastic in-depth waves, after a 
rupture and an abrupt relative movement of two lithosphere compartments. It results in an 
instantaneous release of its elastic energy which was slowly accumulated. We call hearth or 
hypocenter, the major point where begins the initial movement and releases energy. The 
epicenter is its projection on terrestrial surface; it corresponds to the place where the jolt is 
maximal. In a general way, the earthquake is known as surface if the hearth has less than 60 
km of depth, intermediary of 60 to 300 km, and major beyond 300 km. In fact the surface 
earthquakes are most frightening (Harajli 2002).  
 
 
 
VI-3 Seismicity of Lebanon 
 
The Dead Sea fault system is a major tectonic feature that accounts for the bulk of seismic 
activities in the Eastern Mediterranean. It forms a plate boundary that links the Arabian plate 
convergence in south Turkey with the active seafloor spreading in the Red sea (Figure VI-1). 
The corresponding fault system, known as the Levant fracture system, forms the boundaries 
of the Arabian plate to the east and the Levantine plate to the west which includes part of the 
Eastern Mediterranean. (refer to Annex E – Seismic Data) 
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Fig.VI-1 The Levantine fracture (Harajli, 2002 taken from Beydoun,1988) 
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When entering Lebanon through the Galilee heights, the Dead Sea fault system forks out into 
a series of major active faults (Figure VI-2). While the Yammouneh fault, forming the western 
boundary of the Bekaa valley, and which represents the main northward continuation of the 
Dead Sea fault system, is considered the most prominent, the other subsidiary major faults 
(known as Roum, Hasbaya, Rachaya and Serghaya) are of almost equal significance. 
 
 

 
 

Figure VI-2 Fault setting in Lebanon 
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The Levant fracture system bears a close similarity to the San Andreas Fault system of 
California: historically, it has given rise, at different segments along its length and in different 
time intervals, to major destructive earthquakes of varying magnitudes. A major earthquake 
with an estimated intensity equal to IX on the Modified Mercalli scale struck Lebanon (Bekaa 
Valley) in 1759 causing severe destruction in many areas inside Lebanon. Since the early 
19th century, more than 6 major earthquake events of Richter magnitude between about 6 
and 7 had occurred along or close to the main Levant fracture system. Their epicenter was 
estimated near the south and north ends of the Dead Sea (1834, 1927); north of Lake 
Tiberias inside Palestine and close to the southern Lebanese border (1837); inside Lebanon 
(1956). 
 
Earthquake events on the sea bed between Cyprus and Lebanon and some times close to 
the coastal line are very frequent. These earthquakes may affect almost all cities and towns 
along the coastal belt of Lebanon from the far north to the far south and may reach the coast 
with intensities between IV and VI. 
 
The last major inland earthquake which struck Lebanon in this century is the double chock 
earthquake of 16 March, 1956. The epicenter was estimated in the town of Bisri close to the 
northern tip of the Roum fault. While the United States Geological Survey estimated the 
earthquake magnitude at 7, it was measured as 5.8 by Ksara Seismological Observatory in 
Lebanon. This earthquake left 136 dead, 6000 homes destroyed and about 17000 heavily 
damaged. It should be emphasized that because of the drastic urbanization growth that the 
country has experienced since 1956, and with the dramatic increase in tall building 
structures, an inland earthquake with similar intensity to that of 1956 is expected to take a 
much larger toll in human lives, and to cause much more structural and non-structural 
damage if it were to strike today. 
 
Given the earthquake history of the Eastern Mediterranean region and the location of 
Lebanon on the seismic map, it can be stated that Lebanon on the seismic map is indeed a 
seismic prone country. The fact that this area of the world has been inactive for some time 
should not mask the potential risks.  
 
 
 
VI-4 Tectonic Setting of Lebanon 
 
Lebanon lies right over an estimated 1000 km long fracture system which extends from the 
sea floor spreading in the Red Sea to Taurus Mountains in southern Turkey (Figure VI-3). 
This 1000 km long fault system, named the Levant Fracture system (Beydoun, 1977), is an 
extremely important tectonic feature that accounts for the bulk of the seismicity in the Eastern 
Mediterranean. This system evolved since mid Cenozoic time due to the breakup of the 
Arabian plate from the African plate. As a result of a long-strike variation in the orientation of 
this predominantly left-lateral fault system, important structures including Mount Lebanon and 
Anti- Lebanon mountains have developed since Miocene time along this plate boundary. 
 
The Levant Fracture system is divided conventionally into three portions, from south to north 
(see figure VI-3): the Dead Sea fault, the Yammouneh fault, and Ghab fault. 
 
The Dead Sea which strikes in a more or less N-S direction extends from the Gulf of Aqaba 
to the Sea of Galilee and Hula depression in south Lebanon.  
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In its northern continuation inside Lebanon territory through the Galilee heights, the Dead 
Sea fault changes into a complex system of braided strike-slip faults. Most prominent among 
these faults are: 
 

(i) Yammouneh fault: it has a NNE trending and it represents the main northward 
continuation of the Dead Sea fault into the N-S trending Ghab fault in northwest 
Syria. It is seismically calm at present. 

(ii) Serghaya fault: it originates from the northern end of the Dead Sea fault and runs 
along the Easrtern edge of the Hermon uplift in the western Syria.  

 
(iii) Roum fault: it originates from the location where the N-S trending Dead Sea fault 

intersects with the N30E trending Yammouneh fault. This fault is a poorly known 
branch of the Levant fracture and appears to be seismically active at present. 

 
Other faults which constitute a part of the complex fault system in Lebanon as described by 
Walley (1988) include: 
 

(iv) Akar fault: is the least known of all major faults. It runs in SW-NE direction in north 
Lebanon marking the edge of Mount Lebanon range and seems to pass into the 
Levant Fracture under young basalts just where there is a reversion to a N-S 
trend of the Yammouneh fault to the Ghab fault. 

 
(v) Hasbaya fault: it forks out from the Yammouneh fault in south Lebanon and runs 

in a north-eastward direction across the Bekaa valley into the Anti-Lebanon.It is 
poorly documented. 

 
(vi) Rachaya fault: it branches out from the end of the Dead Sea fault in a north-

eastward direction and forms the western edge of the Hermon uplift. 
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Figure VI-3 Main faults and area of uplifts in Lebanon-Southwest Syria region 
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Studies of the Lebanese main faults have shown that they are of strike-slip nature, 
particularly the Yammouneh, Serghaya and Roum features (figure VI-4). Lateral movement 
has not yet been proven on Akar, Hasbaya, and Rachaya faults but most probably they are 
also sinistral in nature. 
In addition to these major faults indicated above, there is a number of small scale faults in 
Mount Lebanon. Some of these are composed of faults sub-parallel to the Roum structure 
between the Roum fault northward until the latitude of Beirut with evidence of sinistrial motion 
on some of them. The others, characterized by dextral fault system, are spread mainly in 
ENE-WSW direction north of Beirut until the fault of Akar. 

 

 
 

Figure VI-4 Map of the Lebanon-Southwest Syria general area showing main faults with 
their demonstrated or inferred direction of strike-slip. 
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VI-5 Proposed seismic zoning map  
 

Based on the results of this investigation, it would be possible to zone Lebanon into two 
zones of seismic hazard corresponding to 10 percent probability of exceedance in 50 years 
(Figure VI-5): 
 

 One zone along the eastern and western territories with effective PGA equal to 0.2 g, 
where g is the gravitational acceleration. 

 The second zone is parallel to the Yammouneh fault line within about 15 km distance 
on either side of the fault, and having effective PGA equal to 0.3 g.  

 
These correspond respectively to zone 2 and 3 of the Uniform Building Code UBC 94 of the 
United States. Note that most of the Lebanon’s population (about 75 percent) and capital 
investments are located on the country’s west coast. 
 
The recommended ground accelerations above are minimum that should be used in seismic 
design and may be taken conservatively as the ground acceleration on rock. The final design 
acceleration may be amplified depending on the type of soil overlying the bedrock, and the 
dynamic characteristics of the structure (Harajli, 1994).  
 
 

 
 

Figure VI-5 Proposed seismic zonation map for Lebanon 
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VI-6 Conclusion 
 
Design study of overpasses, underpasses and walls took an effective seismic acceleration 
equal to 0.2g. 
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CHAPTER VII - EVALUATION OF CUMULATIVE IMPACTS OF A1 HIGHWAY 

 
 
 
VII-1 Introduction 
 
The transportation sector is characterized by road traffic congestion, especially in the coastal 
line. Traffic congestion in urban area is severe, especially in the entrances of Jounieh, Kaslik 
and Nahr El-Kalb on both sides of A1 highway. 
 
Rehabilitation and widening of A1 Highway would improve economic situation, Tourism 
activities and allowed savings in time and gasoline consumption on roads.  
 
 
 
VII-2 Security 
 
VII-2-1 Pedestrian security 
 
The elements regarding pedestrian security have been respected in this project.  
 
Actually, the pedestrian bridges are two and will increase to reach eleven with special 
installations for disabled persons (such as elevators). 
 
The pedestrian bridges will be distributed as follows: 
- Three from Dbayeh to Kaslik, 
-  Four from Kaslik to Jounieh, 
- Two from jounieh to chnanair, 
- Two from chnanair to Adma. 

 
 
VII-2-2  Lighting 

 
The A1 highway widening and rehabilitation project has taken into consideration the lighting 
of the highway using electrical poles 10 to 12m high placed on both sides of the road  or/and 
at the midst. Also overpasses and underpasses received same treatment. All lighting has 
been placed at distances (less than 50m) to get the best quality for night vision and to lower 
as much as possible vehicles and pedestrian accidents. 
 
 
 
VII-3 Adjustments works 
 

The adjustments work concerns:  
- management of new roads and of service roads, 
- the widening of nearby roads, 
- construction of intersections, overpasses, 
- widening of secondary roads, 
- standardization of the width of the highway, 
- adjustment of internal roads for commercial malls 
- Construction of sidewalks which are actually very rare to find. 

These adjustments works will have on economy, aesthetic, security positive impacts. 
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VII-4 Evacuation of rain water and waste water 

 
The networks for the evacuation of rain water have been thought to evacuate maximum 100 
m3 per hour. The diameters of the pipes are between 30 and 40 cm according to the sites 
and the architecture of the roads. 

 
- The city has in charge the network related to waste water. No work will be performed for 

the waste network under A1 widening project. 
 
Table VII-1 resumes the potential impacts of the adjustments related to the A1 highway on 
environment. 
 
 
  

 
 
 
 
 
 
 
 
 

 
 

 
Table VII-1 Impact potential of adjustment of the A1 highway 

 
 
 
VII-5 Mitigation measures 

 
Emissions of GHG from the transportation sector are in general related to: 
- the fuel type and its emission rate,  
- the technical status of the vehicle and its fuel consumption rate,  
- the distance traveled and time needed for every trip. 
 

Several actions should be taken to reduce emissions released by transport sector: 
- switching to fuel with Lower Emission Rates, 
- shift to Travel modes with Lower Emissions, 
- Promoting public transport, 
- shortening time spent on road in case of car jam. 

 
The main goal of A1 highway is to solve the problem of car jam and to save time of travelers. 
 
 

Parameters Insufficient Positive 
Very 

appreciated 

Green Spaces +   

Esthetics  ++  

Economics  ++  

Civil security   +++ 

Draining of rain 
water   +++ 

Transit   +++ 

Tourism   +++ 
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VII-6 Noise management  
 

Noise management requires: 
- Limitation of the noise resulting from different uses, 
- Urban planning and land management that restraint the noise rate by separating 

industrial plants from urban areas and by forbidding different sonorous uses in these 
areas. 

 
In the national laws, texts do not clearly define sonorous harms. Most of these texts define 
pollutants in general which restricts their emissions. 
In Lebanon, especially alongside A1 HIGHWAY, several sectors: industrial, touristics and 
commercial, are located in close proximity to A1 highway. Sonorous harms caused by the 
different sectors are unavoidable. 
 
The A1 management will mitigate the sonorous harms by reducing sonorous factors: car jam, 
horns, cars exhaust, motors noise etc… 
 
 
 
VII-7 Recommendations 
 
During this study, we insist on the importance of adding a few actions to improve the aspect 
of A1 highway: 
 
- To cultivate areas on both sides of the highway for many reasons to improve the 

aesthetic aspect of the most frequent highway of Lebanon on both touristics (transit 
towards Syria) and commercial points. Efforts were done in the design to include green 
areas as such as needed; 

- To include in concrete separations, on both ways, ornamental trees that can survive in 
urban areas and that has the advantage of absorbing a part of dust and particles emitted 
by urban activities especially transportation.    

- To move away electrical and phone poles from the highway (photo 1a &1b). 
- To move away trash bins from the highway: in some places towards Beirut a tires dump 

is located near the highway; another of gravel is also located and should be dismantled. 
These aspects causes damage on both aesthetic and security levels. 

- To retreat the points of sale which are directly implanted on the highway (see attached 
photos). 

- To reorganize in a better way the billboards randomly implemented and often 
implemented on both sides of the highway.  

 
 
 

VII-8 Conclusion 
 
This report shows the impact study of the widening and rehabilitating of A1 Highway. 
 
Many parameters were considered such as: 
- Air quality, nature of gases emitted by vehicles, determination of the quantities emitted 

and particles. 
- Noise and vibrations impacts on buildings and vehicles. 
- Physical and biological description of the coastal environment of A1 Highway. 
- Seismic study of Lebanon. 
- Evaluation of cumulative impacts on A1 Highway. 
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The transportation sector is an important source of pollutants gases like CO, NOx, SO2, HC, 
organic materials oxides, soot, particles and derivatives of lead. 
 
From May till September, Lebanon’s climate is atmospherically stable, which leads to an 
accumulation of gases in the lowest atmospheric layers. 
 
In the opposite, maritime streams on the entire coast allow temperatures softening especially 
during the nights and an ascending movement of accumulated gases during the day, which 
contribute to reduce pollutants concentrations in lowest atmospheric layers. 
 
We insist on the role of the vegetation in the “cleaning” phenomena of the atmosphere and in 
absorbing greenhouse effect gases alike CO2 and CH4. 
 
We consider that widening and rehabilitating of A1 Highway will contribute in diminishing the 
quantity of emitted gases in the atmosphere by facilitating the traffic and avoiding traffic jam. 
Also, it will have a positive effect on reducing noises and vibrations on the constructions, 
since in the widening and rehabilitation works of this highway it is considered raising up 
separation walls between the highway and the service roads which will lead to a reduction of 
noises and vibrations on the surrounding buildings. 
 
Concerning the fauna and flora nearby A1 Highway, the coastal line is occupied by 
diversified fauna and flora located in non urban area, behind buildings for example,  which 
needs to be preserved. The expropriation, the widening and rehabilitating of A1 Highway will 
not affect the fauna and the flora of this part of the coastal line. 
 
The seismic study has noticed that Lebanon is located in an active region. The risks of 
earthquake exist at every moment, they are most important nearby the Yammouneh fault, 
and the major faults known as Roum, Hasbaya, Rachaya and Serghaya. As reporting by the 
geophysical of Bhannés, connected to the Lebanese National Scientific Research Council 
(CNRSL), the south of Lebanon is particularly active from seismic point of view. The 
earthquakes are unforeseeable, they could happen at any time in any region of Lebanon. 
The widening and rehabilitating of A1 Highway took in consideration a seismic acceleration 
equal to 0.2g for the design of overpasses, underpasses, walls, piles,... 
 
A1 widening and rehabilitating will have a positive economical impact on several sectors 
such as: 
- Transit between Beirut and other countries through the North,  
- Local economy, 
- Easier link between Lebanese coastal and mountains region; 
- Time savings for passengers using A1 Highway. 
 
The widening and rehabilitating of A1 Highway needs some expropriations about  5092 m2 of 
construction which will be done according to the Decrees 14308 in 2005 and 872 in 2008 
(Table II-2 previously given). 
 
Finally we consider that the widening and rehabilitating of A1 Highway will improve aesthetic 
aspect along this part of the coastal line of Lebanon.  
 
Public Transportation, by rail, tramway and regular buses should be implemented to relieve 
the traffic on A1 in the next decade. This policy should be implemented in order to link 
coastal cities, in a more efficient way. 
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CHAPTER VIII - THE DO-NOTHING SCENARIO 
 
 
 
VIII-1 Introduction 
 
Vehicles circulation on A1 Highway is a major problem for passengers, local population and 
transit population to Beirut or to the North. Jam cars increase vehicle gas emissions, 
deteriorate air quality, loose passengers' time and decrease national economy rate. 
 
In the next 10 years, the do-nothing scenario could be dramatic on national scale. 
 
 
 
VIII-2 Status of A1 Highway in the next ten years 
 
The annual increase of cars is between 1.2 to 2.2 % every year as reported in 2002 by 
UNDP - Lebanon. One citizen over three has a car in Lebanon and the car ownership rate in 
Lebanon is one of the highest in the world (UNDP - Lebanon Report 2002). These figures are 
the basis for the future.  
 
A heavy congestion is observed starting 2003 and we estimate that the traffic congestion on 
A1 Highway will continue increasing every year. Travel time between Jounieh and Beirut 
increases every year. 
 
The key parameter is the delay. The conception of widening and rehabilitation of A1 Highway 
is an emergency need for local residents and for transit population activities and population 
travel time. 
 
Actually, vehicles running on A1 Highway need approximately 30 minutes to cross 10 Km 
from Tabarja to Dbayeh. It is important to notice that in the morning during office hours and 
afternoon, vehicles crossing may spend more than one hour to move for 20 Km towards 
Beirut. Time loss of vehicles is remarkable along the day. Environmental quality as well as 
national and local economy is affected. Traffic congestion will increase vehicles gas 
emissions, noise and vibration along A1 Highway. 
 
If nothing is done, air quality will deteriorate. Population especially children, eldest persons 
and pregnant women will be exposed to several respiratory diseases, such as asthma, 
emphysema and other diseases related to the presence of pollutants gazes and particles in 
the air. 
 
 
 
VIII-3 Conclusion 
 
Knowing that Lebanon is exposed from May to September even in October to anticyclones' 
situation which is favorable to an accumulation of pollutant gases in the lower atmospheric 
layers, population will be close to these layers and will breathe polluted air and will be 
affected by pollutants gases present. 
 
The cost for medical treatment of population touched by this air pollution will be very 
expensive on health scale, national economy, local economy and individual income when 
looking to figures crossing daily Tabarja  Nahr El Kalb. 
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The drastic situation of the A1 Highway region will have a negative impact on life and 
economical population especially families which will prefer to move out and live far away 
avoiding the A1 Highway. A displacement of population will occur to avoid further daily time 
loss. 
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Annex A – Regulations 









































































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Annex B - Topographic map 
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Annex C - Aerial photo 
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Annex D - Water resources 



 
 
The main sources in Kesrouan are as follows : 
 
 

Name of the source Flow (l/s) 
Name of the 

village 
Remarks 

Nabaa El Madiq 1000 Bazhel Drinkable water from Kesrouan coastline, 
electricity, irrigation 

Nabaa El Khdaira 1 20 Bazhel Irrigation  
Sources of Ghochraya 100 Ghochraya Irrigation  
Ain Es Saide 6 Ghbale Irrigation  
Nabaa El Qattine 25 El Qattine Irrigation  
Nabaa El Mghara 
Ghazir 

important Ghazir Drinkable water, irrigation 

Nabaa Batha El 
Tehtani 

20 Batha Irrigation  

Nabaa Qachqouch 1800 Jiita Drinkable water, irrigation 
Nabaa Mgharet jiita 3000 Jiita Drinkable water, irrigation, electricity 
Ain El jaouze 1  Chouane  
Ain El jaouze 2 25 Chouane 3 ramifications, all having a flow of  

20-25 l/s 
Ain El jaouze 3  Chouane  
Nabaa El maanbouaa 20 Qorqraiya Irrigation, slow during summer 
Nabaa Ed Delbe 35 Faraya Irrigation 
Nabaa Ed Hadid 15 Qamez Irrigation 
Mihqqane el mazloum 5 Ouata el jawz Drinkable water, irrigation 
Nabaa El Qana (El 
Hraif) 

15 Hrajel Irrigation 

Nabaa El Qana (El 
wastani) 

35 Hrajel Irrigation 

Nabaa El Qana (El 
Kraide) 

15 Hrajel Irrigation 

Nabaa El Ouadi 7 Faraya Irrigation 
Nabaa El Assal 500 Faraya Drinkable water, irrigation 
Nabaa El Mghara 20 Hrajel Irrigation, use by many restaurants 
Nabaa El Saqie 1 7 Mazaraat 

Kfardibiane 
Irrigation 

Nabaa El Saqie 2 0.5 Mazaraat 
Kfardibiane 

Irrigation 

Nabaa El Labane 500 Mazaraat 
Kfardibiane 

Irrigation 

Ain ej Jnainat 10 Bqaatouta Irrigation (in summer: 1-1.5 l/s) 
 



 
The most important sources of water in Kesrouan are:  
 

 Nabaa El Aassal : 500 l/s 
 Nahr El Labane : 500 l/s 
 Nahr El Mghara : 20 l/s 
 Nahr es Saqie : 4 l/s 
 Nahr Hadid : 15 l/s 
 
 

The dam of Chabrouh, situated in Kesrouan assures the needs in water for two important 
regions: Metn and Kesrouan. 
 
The capacity of the dam is reckon 8 Million cubic meters. It assure day to day the supply in 
water for both regions. This supply is estimated to 56000 cubic meters till 2015. 
 
The perspective of a new dam for the Metn is in study for 2015. 
 
The region of Metn is supplied by 12000 to14000 cubic meters and Kesrouan is supplied by 
40000 to 44000 cubic meters per day. 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Annex E - Seismic data 













 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Annex F – Urbanism 
 









 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Annex G – Public Consultation 
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Environmental Impact Assessment Report 

 
 
 
1. Introduction 

 
The demand for passenger cars in Lebanon, like in any other community, is 
affected by many factors including lifestyle, income, labor structure, cost of fuel, 
urban development patterns and transportation policy. 
 
These parameters have been changing over the past two decades due to the 
drastic developments, both political and social, that took place in the country. 
UNDP- Lebanon has reported in 2002, that the number of vehicles will have an 
annual increase of around 1.5%.  
 
As a result, the energy use for transport has been growing depending on 
combustible nature (fuel oil, diesel etc…) and has been increasing the pollution 
problems caused by the combustion processes.  
 
Lebanon’s transport sector constitutes a fleet of around 1.2 million registered 
vehicles. With a ratio of around one car for three persons (table 1), the car 
owner-ship rate in Lebanon is one of the highest in the world (UNDP- Lebanon 
Report, July 2002).This fleet is causing serious local air pollution problems 
especially in major cities and regions of permanent traffic congestion in addition 
to Greenhouse gases (GHG).  

 
   

Country    Car  ownership__ 
Number of citizens 

Philippines 1/124 
China 1/250 
Japan 1/25 
USA 1/125 
UE 1/5 

Lebanon 1/3 
 

Table 1. Car owner ship rate in different countries  
(UNDP- Lebanon, 2002) 

 
 

Personal cars, trucks, and buses used inside the country can only run on 
gasoline. A ban on the use of diesel has been enforced since the sixties. In 
1994, only 5% of the drivers used unleaded fuel. Mitigation measures such as 
alternative fuels and catalytic converters are absent. At the present time, the 
drivers using unleaded fuel are about 40% of the fuel consumers as reported by 
gas station employees.  Moreover, catalytic converters are still regarded as 
being luxury items despite taxes they are still being used. 
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In providing short and long term projections, the following factors are taken into 
consideration: 
- Average age of private vehicle is 10 years, 
- Annual increase of private cars is about 1.5%, 
- Annual increase of taxis, microbuses, buses and trucks is about 1%, 
- A ban has been issued related to importing cars older than eight years. 
- The annual distance traveled is expected to increase from 16000 Km in 2005 

to 18000 Km by 2040 (UNDP-Lebanon Report, 2002).  
 
 
 
2. A1 Highway Localization 
 

The A1 highway is the main entrance from the north and Mount Lebanon to 
Beirut and vice-versa. Project starts at nahr el-kalb in Dbayé and ends at 
Tabarja highway exit. 
 
The A1 highway is a North-South highway, extending from the Capital Beirut to 
the Lebanese border with Syria.  
 
The 10.3 Km highway is a vital artery of the Lebanese Transportation Network. 

 
The rehabilitation and extension project of A1 Highway would increase the 
capacity of passengers’ circulation annually from Beirut and Metn villages till 
Kesrouan, Jbeil and surroundings, northern villages till Tripoli and Tripoli and 
vice-versa.  This highway will connect a great part of Lebanese population to: 
 
- Touristics and sports clubs, seaport and marinas activities (Nahr el Kalb,  

Jounieh, Kaslik, Tabarja),  
- Restaurants, several hotels,  
- Commercial Malls, shopping centre,  
- Clinics, medical centers, hospitals (Notre Dame du Liban hospital, Saint  Louis 

Hospital, both at Jounieh), 
- Veterinary clinic (Jounieh). 
- Notre Dame University (Zouk), Kaslik University (Kaslik). 

 
This highway will improve the local and national economy through transit and 
transport. 

 
 
 
3. Environmental Status of Transport Applied in Lebanon 
 

Several parameters can describe the environmental status of transport applied 
in Lebanon (Ministry of Environment): 
- Norms on atmospheric pollutants emissions. 
- Management of solid and liquid wastes that are produced by civil works. 
- Noise norms. 
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- Soil protection. 
- Natural sites protection. 
Applied policies will be detailed during the draft interim report preparation. 

 
 

3.1 Cars categories regarding pollutant emission 
 

Cars categories can be classified in two classes: 
1- Private cars, tourist cars, road freight cars, buses, touristics buses. 
2- Trucks: (agricultural trucks, public works trucks...) 
The first category represents the great part of cars running on A1 highway. 

 
3.2 Mitigation measures 

 
Emissions of GHG from the transportation sector are in general related to: 
- the fuel type and its emission rate,  
- the technical status of the vehicle and its fuel consumption rate,  
- the distance traveled and time needed for every trip. 

 
Several actions should be taken to reduce emissions released by transport 
sector: 
- switching to fuel with Lower Emission Rates, 
- shift to Travel modes with Lower Emissions, 
- Promoting public transport, 
- shortening time spent on road in case of car jam. 

 
The main goal of A1 highway is to solve the problem of car jam and to save 
time of travelers. 

 
 

3.3 Noise management  
 

Noise management requires: 
- Limitation of the noise resulting from different uses, 
- Urban planning and land management that restraint the noise rate by 

separating industrial plants from urban areas and by forbidding different 
sonorous uses in these areas. 

  
In the national laws, texts do not clearly define sonorous harms. Most of 
these texts define pollutants in general which restricts their emissions. 
 
In Lebanon, especially alongside A1 HIGHWAY, several sectors such as: 
industrial, touristics and commercial, are located in close proximity to A1 
highway. Sonorous harms caused by the different sectors are unavoidable. 
 
The A1 management will mitigate the sonorous harms by reducing 
sonorous factors: car jam, horns, cars exhaust, motors noise, etc… 
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4. Control – Present Situation 
 

The Lebanese laws do not prescribe air pollution control stations, knowing that 
the ministry of environment is assigned studying and controlling these rates. 
 
Lebanon is adhering to the international protocol for climate change. The 
mission of emissions control was attributed to the meteorological center of the 
general directorate of civil aviation. This center studies the meteorological status 
in different areas of Lebanon, data analyses and previsions of the biosphere. 

 
 
 
5. Green Areas – Present Situation 
 

Towards Tripoli: just after the tunnel, green area is limited. Between Adonis and 
Jounieh, urban zone is very intensive. Then natural area (non urban, no 
constructions) is prevalent towards Tabarja.  
 
Towards Beirut: urban area is restricted to Tabarja. After a while, urban area 
starts to develop all the way to Jounieh. 
 
From Jounieh to Nahr el Kalb, commercial centers are predominant. 
 
Near the highway, the limited green area concerns some trees, shrubs and 
weeds. Maintained green areas stay too limited. 
 
 
 

6- Impacts related to Pollution 
 

The distribution of pollutants across regions and their effects on economic 
activity have been the subject of many studies. Research indicates that 
(Chaaban et al, 2001): 
 
a- Numerous studies confirm the existence of a close association between 

health, as measured by mortality and morbidity rates, and air pollution 
(Delfino et al. 1994; Schwartz, 1994; Sunyer et al, 1997); 

 
b- Health problems associated with exposure to pollutants often necessitate 

expenditures on health care, absence from work, and, in extreme cases, 
cause permanent disability or death. A review of the literature reveals that 
approximately four percent of the death rate in the United States can be 
attributed to air pollution. 

 
c- Pollutants can also have damaging effects on materials and vegetation 

through influencing deterioration rates of materials and agricultural 
productivity of land. 
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d- Improvements in environmental quality would mean reducing the magnitude 
of these adverse effects.  

 
e- Investigation of the quantitative significance of these effects is integral to the 

formulation and implementation of environmental policies aimed at improving 
quality of life. 

 
 
 
7- Congestion of Traffic 
 

The A1 Highway is frequented by 80000 vehicles per day per direction 
(GICOME data, 2005). The annual increase of the cars is approximately 1.7% 
per year.  
 
By year 2030 the traffic may reach 110000 vehicles per day per direction. 
 
During car jam, cars running slowly produce a high pollutant level which leads to 
a close contact of drivers with gases exhaust of surrounding vehicles. A 
multitude of factors including weather conditions, roadway type and vehicle type 
can modify the air quality.  
 
Widening A1 will lead to less congestion which will lead to better breathing air. 

 
 
 
8- Pedestrian Security 

 
The elements regarding pedestrian security have been respected in this project.  
 
Actually, the pedestrian bridges are two and will increase to reach eleven with 
special installations for disabled persons (such as elevators). 

 
The pedestrian bridges will be distributed as follows: 
- Three from Dbayeh to Kaslik, 
-  Four from Kaslik to Jounieh, 
- Two from jounieh to chnanair, 
- Two from chnanair to Adma. 

 
Rehabilitating A1 is taking into account pedestrian security and is including 
pedestrian crossover facilities. 

 
 
 
9- Adjustment Works 
 

The adjustment work concerns:  
- management of new roads and of service roads, 
- the widening of nearby roads, 
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- construction of intersections, overpasses, 
- widening of secondary roads, 
- standardization of the width of the highway, 
- adjustment of internal roads for commercial malls 
- Construction of sidewalks which are actually very rare to find. 

 
These adjustment works, that will be made on A1 highway, will have positive 
impacts on economy, aesthetic and security.. 

 
 
 

10- Evacuation of Rain Water and Waste Water 
 

The network for rain water evacuation have been thought for a maximum daily 
rainfall as follows: 
 

Frequence Maximum daily rainfall 

10 years 110 mm 
20 years 125 mm 
50 years 135 mm 
100 years 145 mm 

 
The diameters of the pipes vary between 30 and 80 cm depending on surface to 
be evacuated and road length.  
 
As to the waste water network, the city has in charge this network and no work, 
unless relocation of existing waste water encountered during execution, will be 
performed for the waste network under A1 widening project. 
 
 

 
11- Recommendations 
 

During this study, we insist on the importance of adding some few actions to 
improve the A1 highway aspect: 

 
- To cultivate areas on both sides of the highway for many reasons to improve 

the aesthetic aspect of the most frequent highway of Lebanon on both 
touristics (transit towards Syria) and commercial points. Efforts were done in 
the design to include green areas as such as needed; 

- To include in concrete separations, ornamental trees that can survive in 
urban areas and that has the advantage of absorbing part of the dust and 
particles emitted by urban activities especially transportation.    

- To move away electrical and phone poles from the highway (photo 1a &1b). 

- To move away trash bins from the highway: in some places towards Beirut a 
tires dump is located near the highway; also a gravel dump is located and 
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both should be dismantled. These aspects are causing damage on both 
aesthetic and security levels. 

- To retreat the points of sale which are directly implanted on the highway (see 
attached photos). 

- To reorganize in a better way the billboards randomly implemented and often 
implemented on both sides of the highway.     

 
 
 
12- Conclusion 
 

The observation done along the A1 Highway and the noise measurements as 
well have showed the importance of this project. 
 
The actual conditions of the A1 Highway show many harmful conditions: 

 
- Esthetics: Pollutants impose esthetic damages ranging from reduced 

atmospheric visibility to reduced property values.  
At the present time, the billboards are not organized; the malls are 
constructed directly on the highway side, the variations of two and half to 
four lane highway in certain places; as well as landfill and used tires in 
certain places, landfill of gravels, wild plants and trees; all above should be 
thought again. 
An effort should be done on all those above points. 

 
- Sounds: the noise measurements in decibel exceed the authorized norms 

which are between 50 and 60 db (according to the Lebanese ministry of 
environment, see attached table). 
Our measurements about noise level on A1 highway are represented on 
Table 2a and 2b. All values, on ground floor level, (except one value) are < 
65 db. 
The A1 highway rehabilitation will mitigate noise harms. 

 
- Gaseous pollutants emissions: the car traffic and the slow down of cars 

on the highway contribute to an increase of gas emissions (CO) emitted by 
car exhausts and other gas such as hydrocarburants. 
Widening A1 is one of the solutions to decrease pollutants emissions. 

 
- Economics: Pollutants impose a wide range of adverse effects on economic 

activity, directly or indirectly, in different ways:  
Regarding the actual status, the traffic of cars on A1 highway represents 
major      constraints at morning, afternoon or at night. 
Workers going to Beirut have a lot of difficulties to arrive at work on morning 
or to come home at night at regular time. 
The A1 highway connects many regions having a high touristic activity 
because it is part of the Lebanese coastline. 
Even in winter, this region is visited for its commercial activities, universities, 
schools and entertainments (night clubs, restaurants, theaters, cinemas..) 
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For all these reasons, we consider that the A1 highway must be developed 
to create an accessible road, allow a freely circulation, respect drivers’ 
security, and pedestrian safety. These facts, if solved during A1 highway 
widening, will have positive consequences on the economy of the country 
and improve the conditions of traveling on this highway. 
 
Table 3 resumes the potential impacts of the adjustments related to A1 
highway on environment. 

 
 Towards Tripoli 

(Decibel) 
Towards Beirut 

(Decibel) 
Nahr el kalb tunnel 

 
 

Zouk exchange 
 
 
 

Kaslik exchange 
 
 
 
 

Sarba exchange 
 
 
 
 
 
 

Jounieh exchange 
 
 
 
 

stadium exchange 
 
 
 
 

Adma exchange 
 
 

Maameltein exchange 
 

Kfarhebab exchange 
Casino 

 
Tabarja 

93.7 
87.4 
93.1 
97,9 
84.3 
95.9 
99.4 
94.4 
94.1 
97.7 
82.8 
76 
78 

82.3 
88.2 
95.8 
83.9 
97* 
82.4 
76.3 
85.8 
99.5 
90.7 
89.9 
83.8 
90.4 
91.1 
96.3 
90.2 
91.8 
83.7 
90.5 
95.2 
85.0 
90.9 
88.6 
96.9 
91,3 
98.9 

86.4 
89.2 
86.7 
85.2 
83.8 
88.4 
84.8 
89.1 
83.4 
81.6 
79.9 
88.4 
84.8 
91.6 
80.2 
91.2 
88.2 
85.0 
88.6 
90.8 
91.2 
86.8 
91.3 
87.5 
84.6 
86.1 
82.6 
84.1 
85.9 
87.9 
91.9 
86.7 
91.2 
94.7 
89.8 
86.7 
84.2 
83.8 
90.0 

 
Table 2a.  Noise level on A1 highway in both directions at peak hours, taken at road level, just 

near asphalt. 
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Area 
Towards 
Tripoli 
(Decibel) 

 
Area 

Towards Beirut 
(Decibel) 

Nahr el kalb  
(Abi Saab tools) 
 
Adonis (building) 
 
Sarba (Showbiz) 
 
Kaslik exchange 
 
Jounieh exchange 
(wooden Bakery) 
 
 

69 
 
 

58 
 

65 
 

60 
 

60.2 

Ghazir (building) 
 
 

Jounieh (Shoping 
center) 

 
Adonis (Mc 
Donalds) 

 
Nahr el Kalb 
(Crepaway) 

53.5 
 
 

54.5 
 
 

52.1 
 
 

60.5 

 
Table 2b. Noise level on A1 highway, at peak hours, taken inside apartments and 

commercial center located at ground floor level. 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
Table 3. Impact potential of adjustment on A1 highway 
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Photo 1a. Electrical and phone poles very near to road circulation 
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Photo 1 b- Electrical cables very near to A1 highway 
 
 

 
 

Photo 2 - Tires dump located beside the A1 highway 
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Photo 3 - Gravel discharge beside the A1 highway 
 
 
 

 
 

Photo 4a - Points of sale directly implanted on the highway 
 



Council for Development and Reconstruction June 2009 A! HIGHWAY  

GICOME – Antoine SALAME & Associés Sarl 13/14 EIA Report 

 
 

Photo 4b - Points of sale directly implanted on the highway 
 
 

 
 

Photo 5.  A1 highway is parallel to the seaside road which leads 
to hotels and holiday resorts 
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Photo 6.  Green spaces beside the A1 highway towards Beirut 
 
 
 

 
 

Photo 7.  Unaesthetic place beside the A1 highway towards Beirut 
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Economic Evaluation Report 
 
 
 
1- BRIEF PRESENTATION 
 

The A1 Highway is the main entrance from the North and Mount Lebanon to 
Beirut and vice-versa. Our Project starts at Nahr el-Kalb in Dbayé and ends at 
Tabarja highway exit. 
 
The A1 Highway is a North-South Highway, extending from the Capital Beirut to 
the Lebanese border with Syria. The section under study Nahr el-Kalb – Tabarja 
is divided as follows: 
 
- Nahr el-Kalb – Jeïta Interchange: 0.5 Km, 
- Jeïta Interchange – Jounieh Interchange: 4.7 Km, 
- Jounieh Interchange – Tabarja highway exit: 5.1 Km. 

 
This report follows the 2011 traffic survey done by Gicome. 

 
2- PROJECT OBJECTIVES 

 
The 10.3 Km Highway is a vital artery of the Lebanese Transportation Network. 
The objectives of this project are: 
 

- To separate the local traffic from the transit traffic, the local traffic representing 
55% of the total traffic, 

- To provide a faster and safer connection between Lebanon and the North. 
Accesses to the highway and Exits from the highway will be controlled. Once 
in operation, it will need less time to cross Jounieh Bay from North to South 
and vice-versa. 

- To ameliorate the traffic on this part of the Highway, traffic more fluidified and 
more comfortable. 

- To control the access and exit using lateral roads (4m + sidewalks + urgent 
stop lane if possible). 

 
Very localized areas will be expropriated for the lateral roads. This Highway will 
enhance the national economy through transit and transport. 
 
Transit: 
 
Crossing Lebanon from North to South or vice-versa as described above shall 
enhance the safe transit operation due to time-savings. 
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Transportation: 
 
As to the transportation network, it will relieve the actual Tripoli Highway from the 
heavy loads traffic congestion. Future traffic forecast, for the next 15 years, 
needs to adopt this Highway, linking the North to Beirut, which will encourage 
population decentralization enhancing National economy. 
 
 
 

3- THE PROJECT 
 
3a- A1 widening and rehabilitation 

 
 The Council for Development and Reconstruction (CDR), representing the 

Lebanese Government is in the process of construction of the A1 Highway linking 
Beirut to Tripoli and servicing the towns of Antelias, Dbayé, Adonis, Zouk Mikael, 
Kaslik, Sarba, Jounieh, Adma and Tabarja 

 
 The works shall consist of widening and upgrading of the existing Beirut – Tripoli 

Highway from Nahr el-Kalb to Tabarja. The length of this road section is 10.3 Km, 
the road project consists of a divided 2x2 lanes highway with 2 lateral roads. 
Each of these lateral roads consists of a 4m width singular lane with 2 shoulders 
of 1 m each. These elements are to be considered as a minimum. 
The A1 highway will be equipped with all necessary infrastructure, street 
lightening and traffic signs. 
 

 The Lebanese Government will be financing the right of way costs, nearly 15.2 
Million US Dollars. The above section of the A1Highway is to be considered as a 
vital and indispensable part of the Lebanese Transportation Network. Its 
construction needs a funding of 45.3 Million US Dollars. 

 
  

3b- Eastern and Western Relief roads 
 
The following eastern relief roads will be constructed: Wadi Hantouche, Sahel-
Ghazir, Ghazir-Adma and Kfaryassin relief roads. Western relief roads will be 
constructed and development of railway platform will be done.  
 
The cost of right of way is 4.8 Million US Dollars, and construction needs a 
funding of 17 Million US Dollars. 
 
 
 
This report highlights the benefits of the project as a whole, its financial viability 
and its positive effect on the economy. Some cross sections are included in the 
annexes identifying the actual and the future highway. 
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4- TECHNICAL JUSTIFICATION OF NAHR EL KALB – TABARJA SECTION 
 
 a- Traffic counting and traffic forecast: 
 

Following traffic count in 1994, 1997 and 2003, the Table 1 attached shows the 
different growth rates.  
   
In year 2003, the existing Beirut – Tripoli road is having an estimated mean of 
traffic AWD equal to 81305 vehicles /day in each direction at the Nahr el Kalb 
Tunnel (see Table 3). Also, it has a mean estimated of traffic equal to 36590 
vehicles /day in each direction north the Highway exit towards Tabarja. 

 
Table 3 includes the 2011 traffic survey done by GICOME and the future growth 
rates. These last could be adopted as follows: 
 

 2% between Nahr el Kalb and Jeita interchange 
 2.5% between Jeita interchange and Maameltein 
 3.5% between Maameltein and Tabarja exit , as well as north Tabarja exit. 

 
 
b- Traffic data – Vehicle classification breakdown 

 
 
 The data of the Average Daily Traffic (ADT) used in the study was taken from the 

traffic counts conducted in June 2011.The vehicle classification breakdown is 
adopted as follows: 

 
 

Location Passengers 
cars 

Taxis  Pickup/ 
4 W/D 

Buses Light 
Trucks 

Medium/ 
Heavy Trucks 

A1 80.2% 1.65% 13% 2.35% 1.55% 1.25% 
 

 
The calculation of K (UVP/h = vehicles/h x K) is giving the following value:  
100 K = (1x 80.2) + (1x 1.65) + (2.5x 13) + (2.5x 2.35) + (2.5x 1.55) + (2.5x 1.25) 
   K = 1.27225 

 
 

c- First conclusions: 
 

Observations of existing traffic flows though automatic traffic count ATC and 
automatic classification and manual classified counts taken on hourly and daily 
basis is identifying periods of maximum flow levels and whether traffic levels are 
operating close to capacity or if it is already in congestion stage. 
 
At Nahr el Kalb, the average traffic volume is 95,000 vehicles/day in each 
direction and the peak hour traffic is about 7000 vehicles. 
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The maximum Road Capacity is based on a maximum capacity per lane of 
carriageway of 18,000 vehicles/day. 
 
Thus 95,000/18,000, the current needs is at least 5 lanes in each direction. 
 
The recapitulation of the traffic volume surveyed and the number of lanes 
currently needed are in the following table: 

 
Location Average Daily

Traffic
Current 
Number of 
Lanes

Needed 
Number 
of Lanes

Nahr el Kalb 95,000 2x3 - 2x4 2x5
Just North Kesrwan 
Interchange

80,000 2x3 2x5

Sarba 72,000 2x2 2x4
Just South Jounieh 
interchange

78,000 2x3 2x4

Just North Jounieh 
interchange

73,000 2x3 2x4

Ghazir Bridge 72,000 2x2 2x4
Just North Tabarja 
interchange

52,000 2x3 2x3

 
 
 

Kesrouan exit at Kesrouan Interchange for the traffic heading from Beirut shows 
an important traffic volume of 45,000 vehicles/day, about 47% of the highway 
traffic and thus the traffic heading from Kesrouan towards Tripoli becomes 25,000 
vehicles/day. 
 
By adding the traffic of the Maritime road at Nahr el Kalb about 10,000 
vehicles/day, the traffic figure becomes 105,000 vehicles/day at Nahr el Kalb and 
52,000 vehicles/day at Tabarja which means that 53,000 vehicles/day about 50% 
of the traffic are operating in Kesrouan area. 

 
The A1 highway development and upgrading (increasing the 15000 
UVP/day/lane to 20000 UVP/day/lane as for a saturated one way lane) is not 
sufficient to release from congestion. 

 
Coastal road development, as well as secondary road construction solutions 
must be studied. 
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5- CONSTRUCTION COST 
  
 
The construction cost is estimated as follows: 

 

REFERENCE DIVISION  TITLE AMOUNTS (US$) 

    

BILL N° 1.A GENERAL REQUIREMENTS 467,500.00 

BILL N° 1.B SUBSURFACE INVESTIGATION AND LABORATORY TESTING 158,626.00 

BILL N° 2 EARTHWORKS 5,035,452.50 

BILL N° 3 AGGREGATE BASE COURSE 392,925.00 

BILL N° 4 BITUMINOUS CONSTRUCTION 16,592,440.54 

BILL N° 5 REINFORCED CONCRETE STRUCTURES  14,054,504.42 

BILL N° 6 INCIDENTAL CONSTRUCTIONS 3,986,095.00 

BILL N° 7 LIGHTING AND ELECTRICAL  INSTALLATION 1,863,527.50 

BILL N° 10 ENVIRONMENTAL WORKS -  DRAINAGE NETWORK 2,016,775.00 

BILL N° 11 PEDESTRIAN FOOTBRIDGE AND TOWERS 600,125.00 

BILL N° 1-C DAYWORKS 118,510.00 

TOTAL U. S. $. 45,286,480.96 

VAT 4,528,648.09 

GRAND TOTAL U. S. $. 49,815,129.05 

 
 
 
6 - MAINTENANCE COST – RIGHT OF WAY COST  
 

As per Table 4: 
 The routine (yearly) maintenance cost is 804,789 $/year and  
 The periodic maintenance is: 

o 1,755,280 $  per 10 years 
o 10,459,889 $  per 15 years 
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On the other hand, the Right of Way (ROW) costs are estimated at 20,000,000 USD, 
see Table 5-. 
 
 
 

7- TRAVEL TIME COST 
 

1. The BUTP – Economic Analysis Report done for October 2000 by Team 
regarding the Traffic study and Transportation Plan in Beirut gives the 
following table of the Value of Time (VOT) , expressed in U.S. Dollars 
per hour (Time savings are correlated to time-of-day and trip purpose): 

 
Vehicle Class         Value of Time ($/hr) 

 
AM (7:00 till 10:00)              4.10 
Mid-day (10:00 till 14:00) 3.10 
PM (14:00 till 20:00)        3.60 
Night (20:00 till 7:00)  1.55 

 
Based on these above elements, Table 6 is giving a mean value of 2.90 $/hr. 

 
 

2. The Road User Charging study for the PIU done in March 2000 by SHAER 
and Partners gives the following information regarding of the Value of Time 
(VOT) , expressed in U.S. Dollars per hour: 

 
 

Vehicle Class 
Value of Time 

($/hr)-per 
occupant 

Average occupancy VOT/car 
($/hr) 

Passenger car 2.9 1.6 persons / vehicle 4.64 
Taxi 2.9 3 persons / vehicle 8.7 
Bus/Minibus / Van 
passenger 

2.9 15 persons / vehicle 43.5 

Truck (all types, 
including pickup 
trucks) 

2.9 1 persons / vehicle 2.9 

 
 
Since traffic is dispatched as follows:  
 

Location Passengers 
cars 

Taxis  Pickup/ 
4 W/D 

Buses Light 
Trucks 

Medium/ 
Heavy 
Trucks 

Nahr El-Kalb - 
Tabarja 
Highway 

80.20% 1.65% 13% 2.35% 1.55% 1.25% 
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Then the VOT for a vehicle will be: 
 
100% VOT= (80.2%x4.64) + (1.65%x8.7) + (13%x2.9) + (2.35%x43.5) + 
((1.55%+1.25%) x2.9). 
 
=> VOT / vehicle = 5.34$/hr 
 
 

8- VEHICLE OPERATING COSTS CALCULATION 
 
 Six vehicle types were considered as representing the mix of vehicles that will be 

using the highway, namely: 
 

1. Passenger vehicles, which include cars and taxis. 
2. Pickups, vans, 4 W/D vehicles and minibuses. 
3. Buses with more than 35 seat capacity, 
4. One-axle (light) trucks, 
5. Medium goods vehicles (2-axle),  
6. Heavy goods vehicles (3-axle or more). 
 
All vehicle types were then classified into two categories: light vehicles, heavy 
vehicles. 
 
Vehicle operating costs are the summation of the following costs: fuel, engine oil, 
tires, maintenance, depreciation, interest and wages of operators. 
 
Economic and financial costs will be calculated for fuel, diesel, engine oils and 
tires at current prices and existing tax structure. Economic costs do not include 
element of taxation, import duties, subsidies and other taxes, which are 
considered transfer payments and do not reflect the real costs to the economy. 
Financial costs, however, include all these taxes. 
 
 
1. The Economic Comparison Report done in March 2004 by ACE regarding the 

Traffic study and Transportation Plan for the East entrance to Beirut gives the 
following table of the Vehicle Operating Costs, expressed in U.S. Dollars per 
1000 Km, for different road conditions : 

 
IRI  Passengers 

Car 
Pickup 
/ 4WD 

Buses Light Truck Medium / 
Heavy Truck 

2.0 – 3.9 177 229 925 409 503/899 

4.0 – 4.9 203 264 990 460 560/981 
 
2. The Economical feasibility study for Taanayel-Masnaa highway done in 

October 2002 by TEAM gives the following table of the Vehicle Operating 
Costs, expressed in U.S. Dollars per 1000 Km: 
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VOC 

(fuel: 0.21$/l- 
April 2002) 

Average 
Passengers 

Car 

Utility 
vehicle and 

Van 

Standard 
Bus 

Average 
Truck 

 108 215 206 598 
 
 
3. The Road User Charging study for the PIU done in March 2000 by SHAER 

and Partners gives the following table of the Vehicle Operating Costs, 
expressed in U.S. Dollars per 1000 Km: 

 
VOC 

(fuel: 0.34$/l, 
diesel 0.18$/l) 

Passengers 
Car 

Pickup 
/ 4WD 

Buses 2 Axle 
Truck 

3 Axle / 
Articulated 

Truck 

IRI=2m/km 
(1997 prices) 

79 108 305 520 785/976 

 
 

An IRI (International Roughness Index –m/Km) range of: 
 
-  2.0 to 3.9 classifies the road condition as Good 
-  4.0 to 5.0 classifies the road condition as Fair 
 
We assumed in this Report that the New Highway will have an IRI of less 
than 3.9 while the present road is having an IRI greater than 4. 

 
 

4. We estimated the Economic Vehicle Operating Costs for the different types of 
vehicles (passenger cars, light, medium and heavy articulated truck) with the 
June 2011 economical indicators.  Here after the results of the assumptions 
and calculation:  
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Passenger Car (2) 
Old vehicle price 5000 USD 
New tire price 50$ per 50000 Km 
Maintenance labor Cost 7$ /h 

Fuel Cost 
36000 LL (Tax of 13000LL included) 
per 20 liters/150 Km 

Lubricant Cost 3.5$/liter par 5000 Km 
Life duration 7 years 
Residual value of car 2500 USD 
Km done per year 15000 Km/year 
Annual Interest Rate (personal loan) 6% 
Depreciation 357 $/year 
    
Fuel Cost 1000 Km = 133 l = 160$ 
Lubricant Cost  1000 Km = 3.5/5*4=2.8$ 
Tires 4*50/50 = 4$ 
Spare parts  20 $/month = 1250 Km => 16$ 
Maintenance Labor  2h/1000 Km = 14$ 
Depreciation 2500 USD/7years/15 = 23.8$ 
Interest 3750 USD*6%/15 = 15$ 

Economic VOC/1000 Km 236 USD 

 
 

Passenger Car (1) 
New vehicle price 15000 USD 
New tire price 80$ per 50000 Km 
Maintenance labor Cost 10$ /h 

Fuel Cost 
36000 LL (Tax of 13000LL included) per 
20 liters/200 Km 

Lubricant Cost 5.5$/liter par 5000 Km 
Life duration 10 years 
Residual value of car 4000 USD 
Km done per year 15000 Km/year 
Annual Interest Rate (car loan) 6% 
Depreciation 1100 $/year 
    
Fuel Cost 1000 Km = 100 l = 115000LL= 76.6$ 
Lubricant Cost  1000 Km = 1.1$x4 =4.4$ 
Tires 4*80/50 = 6.4$ 
Spare parts  20 $/month = 1250 Km => 16$ 
Maintenance Labor  1h/1000 Km = 10$ 
Depreciation 1100/15= 73$ 
Interest 7500 USD*6%/15 = 30$ 

Economic VOC/1000 Km 216 USD 
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Medium Truck 
New vehicle price 100000 USD 
New tire price 250$ per 30000 Km - 6 wheels 
Maintenance labor Cost 25$ /h 

Fuel Cost 
29500 LL (Tax of 3500LL included) per 
20 liters/50 Km, 0.86 $ per liter 

Lubricant Cost 6$/liter per 3000 Km 
Life duration 15 years 
Residual value of car 20000 USD 
Km done per year 70000 Km/year 
Annual Interest Rate (personal loan) 6% 
Depreciation 5350 $/year 
Crew Cost 800$/month - 9600$/70000 Km 
    
Fuel Cost 1000 Km =400 l = 344$ 
Lubricant Cost  1000 Km = 8Kg*6$/3 = 16$ 
Tires 1500/30=50$ 

Spare parts  
120$/month for 70000Km/12=5800Km 
=>20$ 

Maintenance Labor  2h/1000 Km = 50$ 
Crew Cost 9600$/70= 137.2$ 
Depreciation 5350 $ / 70 = 76.5$ 
Interest 60000 USD*6%/70 = 51.6$ 

Economic VOC 608 – 745 USD 

 

Bus (3.5T-5T) - Light Truck 
New vehicle price 40000 USD 
New tire price 100$ per 30000 Km - 6 wheels 
Maintenance labor Cost 15$ /h 

Fuel Cost 
29500 LL (Tax of 3500LL included) per 20 
liters/150 Km, 0.86 $ per liter 

Lubricant Cost 6$/liter per 5000 Km 
Life duration 10 years 
Residual value of car 10000 USD 
Km done per year 70000 Km/year 
Annual Interest Rate (personal loan) 6% 
Depreciation 2000 $/year 
Crew Cost 400$/month - 4800$/70000 Km 
    
Fuel Cost 1000 Km =135 l = 116$ 
Lubricant Cost  1000 Km = 8Kg*6$/5 = 10$ 
Tires 600/30=20$ 
Spare parts  60$/month for 70000Km/12=5800Km =>10$ 
Maintenance Labor  2h/1000 Km = 30$ 
Crew Cost 4800/70 =68.5$ 
Depreciation 2000 $ / 70 = 28.5$ 
Interest 20000 USD*6%/70 = 32.3$ 

Economic VOC/1000 Km 247 - 315 USD 
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Heavy Articulated Truck 

New vehicle price 250000 USD 
New tire price 500$ per 30000 Km - 18 wheels 
Maintenance labor Cost 50$ /h 

Fuel Cost 
29500 LL (Tax of 3500LL included) 
per 20 liters/50 Km, 0.86 $ per liter 

Lubricant Cost 6$/liter per 3000 Km 
Life duration 15 years 
Residual value of car 75000 USD 
Km done per year 70000 Km/year 
Annual Interest Rate (personal loan) 6% 
Depreciation 11670 $/year 
Crew Cost 800$/month - 9600$/70000 Km 
    
Fuel Cost 1000 Km = 400 l = 344 $ 
Lubricant Cost  1000 Km = 8Kg*6$/3 =16 $ 
Tires 18*500/30=300 $ 

Spare parts  
200$/month for 70000Km/12=5800Km 
=>34.5$ 

Maintenance Labor  2h/1000 Km = 100 $ 
Crew Cost 9600$/70= 137.2 $ 
Depreciation 11670 $ / 70 = 167 $ 
Interest 150000 USD*6%/70 =  128.5 $ 

Economic VOC 1090 -  1227 USD 

 
 
A resume of the estimation is as follows:  
 

VOC 
Passengers 

Car 
Bus (3.5-5T) 

and Light 
Truck 

Medium 
Truck 

Heavy 
Articulated 

Truck 

 In U.S. 
Dollars per 
1000 Km 

216-236 247-315 608-745 1090-1227 

 
 
The new highway will give opportunities for: 

 Decreasing fuel consumption 
 Increasing tire life duration 
 Decreasing the use of spare parts and maintenance 
 Increasing lifetime of vehicles 

 
We estimate the VOC savings with the new highway as follows: 
 

VOC 
Passengers 

Car 
Light Truck Medium Truck Heavy Articulated 

Truck 

 In U.S. Dollars 
per 1000 Km 

20 25 60 109 
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9- SUMMARY 
 
 In this report the economic viability of the construction of the highway will be 

compared to the present condition of the existing highway serving the towns and 
villages of the area. 

 
 The benefits of the A1 highway construction will be achieved through savings in 

Vehicle Operating Costs (VOC) and decrease in travel times. 
 
 Benefits will also be derived form accident reductions and other unquantifiable 

elements such as comfort and convenience of road users. Better and safer roads 
system will contribute to economic, rural and urban development and enhance 
the process of decentralization from major cities. 

 
 A benefit cost analysis study was simulated and the Internal Rate of Return (IRR) 

of the project was calculated over a period of 20 years. 
 
 
 
10- IRR RESULTS SUMMARY 
 

 The Internal Rate of Return (IRR) result of the A1 highway construction for a 
20 year period is 18.3%. 

 The Net Present Value (NPV) of the project for a 20 year period and 
discounted at 12% is nearly U.S. Dollars 33.4 Million. 

 
These results clearly indicate savings in vehicle operating costs, travel time costs 
and the enhancement of the quality of the road network justifying the costs of the 
highway construction. 
 
 
 

11- OTHER BENEFITS 
 
 Other benefits of the highway construction include increased comfort and 

convenience during travel, which would translate in economical value in 
increased productivity of road users. 

 
 Other benefits that were not considered in this report, in economic terms, are the 

social and environmental benefits derived from a global road network program: 
 

- The environmental benefits include the decrease in fumes emission and 
noise level, which are harmful to road users, the inhabitants living in the 
vicinity of the roads and trees and vegetation. 
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- The social benefits derived from the A1 highway construction include the 

social development of towns and villages and the promotion of a 
decentralization process, which encourages the migration of the cities' 
inhabitants to the countryside. 

 
 
 
12- ECONOMIC IMPACT 
 

- The resulting increase in land prices in the vicinity of the highway will translate 
in economic terms, in higher taxes and levies collected by the Government on 
land sales and transfers. 

 
- The resulting increase in economic growth for the agriculture and food 

industries transferred from the North to the South and vice versa will translate 
in economic terms, in higher revenue for the local population and higher taxes 
collected by the Government on trade (VAT, taxes …) 

 
 
 
13- CONCLUSION AND RECOMMENDATIONS 
 
 The results of this Economic Evaluation Report clearly highlight the economic 

and financial viability of the proposed highway construction based on 20 year IRR 
and NPV analyses discounted at 12%. 

 
 The savings made in vehicle operating and travel time costs, accident reductions 

and the preservation of the quality and capital of the roads justify the construction 
and maintenance costs of the highway, which include construction, routine 
maintenance and periodic works. 

 
 A peculiar characteristic of the Lebanese road network is that it is relatively dense 

and that most of its roads interconnect. The construction of the highway will 
encourage road users to utilize it and go beyond it to their final destinations by 
altering their previous planned routes. 

 
 Since the traffic generated by the construction of the highway is an important 

element in the study, traffic and origin and destination surveys should additionally 
be carried out after the completion of the highway to assess the traffic generated 
by its construction. 
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14- SENSITIVITY ANALYSIS RESULTS 
 

 IRR NPV 

Basic assumption – see Annex Report A1a     18.30% 33,408,429 USD 

 

The IRR goes under 12% in the following cases: 

 Increase of civil works cost and consulting services cost by more than 70 % – 
see Annex Report A1b. 

 Increase of costs as defined above + maintenance cost by more than 62 %.– see 
Annex Report A1c   

 Decrease of savings in VOC by more than 85 %.– see Annex Report A1d   

 Decrease of savings in VOC and VOT by more than 46.6 %.– see Annex 
Report A1e   

 Increase of civil works cost, consulting services cost by more than 25.4 % and 
decrease of savings in VOC and value of VOT by more than 25.4 %.– see 
Annex Report A1f   

 
 
 

15- SUPPLEMENTARY SENSITIVITY ANALYSIS 
 
Two supplementary sensitivity analyses were performed: 
 

 Assuming a mass transit system (light railway or bus way) operational 
starting 2020 introducing a reduction on traffic demand by 30%. The IRR 
is estimated at 15.8% and the NPV at 17,414,089 USD (see Annex 
Report A1g). 

 
 Assuming a mass transit system (light railway or bus way) operational 

starting 2020 introducing a reduction on traffic demand by 30% and a 
construction cost of 40 million USD in 2019. The IRR is estimated at 
12.7% and the NPV at 2,989,688 USD (see Annex Report A1h). 
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Tables 1 to 7 
 

 



Designation 1994 - AWD 1994 - AWED 04/1997 - AWD 04/1997 - AWED 07/2003 - AWD 07/2003 - AWED
Nahr el Kalb Bridge - From Beirut to Tripoli 70972 67829 73324 71646 78524 71386
Nahr el Kalb Bridge - From Tripoli to Beirut 73869 62611 77194 65597 84086 78381
Before Jounieh Interchange  - From Beirut to Tripoli 51200 50243 59294 57161 62468 60037
Before Jounieh Interchange - From Tripoli to Beirut 43616 42800 53900 48566 64547 61361
After Jounieh Interchange  - From Beirut to Tripoli 43681 44085 53757 51959 55732 55650
After Jounieh Interchange  - From Tripoli to Beirut 45465 42357 55117 50340 55687 56439
At tabarja interchange  - From Beirut to Tripoli 30675 33214 35000 33490 37436 34078
At tabarja interchange - From Tripoli to Beiru 29473 26096 30767 26754 35747 37792

Vehicles per day
Growth rate 

between 1994 and 
1997

Growth 
rate 

between 
1997 and 

2003

Growth rate 
between 
1994 and 

2003

We adopt for 
the future a 
growth rate 

of:

AWD 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Nahr el Kalb Bridge - From Beirut to Tripoli 70972 0 0 73324 1.10% 0 0 0 0 0 78524 1.15% 1.14% 1.2%
Nahr el Kalb Bridge - From Tripoli to Beirut 73869 0 0 77194 1.45% 0 0 0 0 0 84086 1.45% 1.45% 1.2%
Before Jounieh Interchange  - From Beirut to Tripoli 51200 0 0 59294 5.00% 0 0 0 0 0 62468 0.87% 2.24% 2.2%
Before Jounieh Interchange - From Tripoli to Beirut 43616 0 0 53900 7.30% 0 0 0 0 0 64547 3.05% 4.45% 2.2%
After Jounieh Interchange  - From Beirut to Tripoli 43681 0 0 53757 7.15% 0 0 0 0 0 55732 0.60% 2.75% 2.2%
After Jounieh Interchange  - From Tripoli to Beirut 45465 0 0 55117 6.65% 0 0 0 0 0 55687 0.15% 2.27% 2.2%
At tabarja interchange  - From Beirut to Tripoli 30675 0 0 35000 4.50% 0 0 0 0 0 37436 1.15% 2.26% 2.2%
At tabarja interchange - From Tripoli to Beiru 29473 0 0 30767 1.45% 0 0 0 0 0 35747 2.55% 2.17% 2.2%

AWED 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Nahr el Kalb Bridge - From Beirut to Tripoli 67829 0 0 71646 1.85% 0 0 0 0 0 71386 0.57%
Nahr el Kalb Bridge - From Tripoli to Beirut 62611 0 0 65597 1.55% 0 0 0 0 0 78381 3.00% 2.53%
Before Jounieh Interchange  - From Beirut to Tripoli 50243 0 0 57161 4.40% 0 0 0 0 0 60037 0.82% 2.00%
Before Jounieh Interchange - From Tripoli to Beirut 42800 0 0 48566 4.30% 0 0 0 0 0 61361 4.00% 4.10%
After Jounieh Interchange  - From Beirut to Tripoli 44085 0 0 51959 5.60% 0 0 0 0 0 55650 1.15% 2.64%
After Jounieh Interchange  - From Tripoli to Beirut 42357 0 0 50340 5.90% 0 0 0 0 0 56439 1.90% 3.25%
At tabarja interchange  - From Beirut to Tripoli 33214 0 0 33490 0.30% 0 0 0 0 0 34078 0.30% 0.30%
At tabarja interchange - From Tripoli to Beiru 26096 0 0 26754 0.80% 0 0 0 0 0 37792 5.95% 4.20%

Designation 07/2003 - AWD 07/2005 - AWD 07/2010 - AWD 07/2015 - AWD 07/2020 - AWD 07/2025 - AWD
Nahr el Kalb Bridge - From Beirut to Tripoli 78524 80420 85362 90608 96177 102088
Nahr el Kalb Bridge - From Tripoli to Beirut 84086 86116 91409 97026 102989 109319
Before Jounieh Interchange  - From Beirut to Tripoli 62468 65247 72747 81109 90432 100827
Before Jounieh Interchange - From Tripoli to Beirut 64547 67418 75168 83808 93442 104183
After Jounieh Interchange  - From Beirut to Tripoli 55732 58211 64902 72363 80681 89955
After Jounieh Interchange  - From Tripoli to Beirut 55687 58164 64850 72304 80616 89882
At tabarja interchange  - From Beirut to Tripoli 37436 39101 43596 48607 54194 60424
At tabarja interchange - From Tripoli to Beiru 35747 37337 41629 46414 51749 57698

No traffic counting performed No traffic counting performed

Table 1 - Previous Traffic campaigns



 ATC Station Towards Beyrouth Towards Tripoli  ATC Station Towards Beyrouth Towards Tripoli  ATC Station Towards Beyrouth Towards Tripoli

1 Rimal 18 Jounieh 28 Casino
AWED(July 2003) 79639 76731 AWED(July 2003) 61361 60037 AWED(July 2003) 38002
AWD(July 2003) 77774 66961 AWD(July 2003) 64547 62468 AWD(July 2003) 45934

We 78813 60730 We 64664 62531 We 43987
Thu 82038 81281 Thu 65278 62980 Thu 47643
Fri 74995 81539 Fri 65865 65364 Fri 49476
Sat 77454 77864 Sat 63178 65967 Sat 34968
Su 81824 75598 Su 59543 54106 Su 41035
Mo 82005 83940 Mo 64528 60223 Mo 44690
Tu 71020 27316 Tu 62401 61242 Tu 43874

6 Shrimpy 19 Haret Sakhr 41 Nahr el Kalb
AWED(July 2003) 61118 60035 AWED(July 2003) 56494 59683 AWED(July 2003) 78381 71386
AWD(July 2003) 63909 59129 AWD(July 2003) 57030 56963 AWD(July 2003) 84086 78524

We 64786 58841 We 55493 55776 We 83971 83486
Thu 64988 59615 Thu 58372 56401 Thu 84090 83568
Fri 65325 60716 Fri 58823 59688 Fri 83659 59066
Sat 61692 60929 Sat 54649 57505 Sat 79228 70374
Su 60543 59140 Su 58339 61861 Su 77534 72398
Mo 60045 57941 Mo 58507 56414 Mo 85267 82437
Tu 64402 58530 Tu 53957 56536 Tu 83441 84065

11 Kababji 23 Party Land 42 Tabarja
AWED(July 2003) 74957 80202 AWED(July 2003) 56439 55650 AWED(July 2003) 37792 34078
AWD(July 2003) 88205 72544 AWD(July 2003) 55687 55732 AWD(July 2003) 35747 37436

We 86866 61668 We 55331 54964 We 36093 36128
Thu 100784 62739 Thu 55698 53761 Thu 36095 39565
Fri 93443 66054 Fri 56147 58571 Fri 34488 39326
Sat 80633 81046 Sat 57154 55613 Sat 37905 33409
Su 69281 79358 Su 55723 55686 Su 37678 34746
Mo 76382 87545 Mo 55388 55679 Mo 35929 35929
Tu 83548 84713 Tu 55872 55686 Tu 36128 36231

14 Sarba-Kaslik 25 Maameltein
AWED(July 2003) 58666 55117 AWED(July 2003) 47867 48032
AWD(July 2003) 55340 57262 AWD(July 2003) 47430 47951

We 61790 58012 We 46723 47060
Thu 32710 58472 Thu 47388 48715
Fri 61125 58139 Fri 47746 50978
Sat 62131 59197 Sat 47450 52445
Su 55201 51036 Su 48283 43618
Mo 59543 54212 Mo 47928 45467
Tu 61531 57475 Tu 47363 47537

ACE - July 2003 Traffic Survey and Transportation Plan in 
Caza of Keserwan

Table 2 - 2003 Traffic survey



Table 3 ‐ 2011 traffic survey and future growth rates

1994‐AWED 1994‐AWD 1997‐AWED 1997‐AWD 2003‐AWED 2003‐AWD 2011‐AWED 2011‐AWD 2009 2011 2011
Maritime Road ‐ Beyrouth 7930 forecast survey
Maritime Road ‐ Tripoli 8800 174675 178892.4 194244 2.00%
Nahr el Kalb ‐ Beyrouth 62611 73869 65597 77194 78381 84086 88983 95493 Jeita Interchange ‐ Jounieh Interchange 144730 151168.2 151389 2.50%
Nahr el Kalb ‐ Tripoli 67829 70972 71646 73324 71386 78524 91901 95380 Jounieh Interchange ‐ Maameltein passage 126959 132606.6 137978 2.50%
Shrimpy ‐ Beyrouth 61118 63909 76622 82429 Maameltein passage ‐ Tabarja Exit 139904 3.50%
Shrimpy ‐ Tripoli 60035 59129 69074 74653 83390 87100 102624 3.50%
Sarba ‐ Beyrouth 58666 55340 69001 71707 Calculated Real numbers Medium and Long term
Sarba ‐ Tripoli 55117 57262 66480 69500

Haret Sakhr ‐ Beyrouth 42800 43616 48566 53900 56494 57030 73823 79993

2.20%

Nahr El Kalb ‐ Jeita Interchange

North Tabarja Exit

Future growth rate
Traffic growth rate adopted  in 

the previous study
1.20%
2.20%
2.20%

Haret Sakhr   Beyrouth 42800 43616 48566 53900 56494 57030 73823 79993
Haret Sakhr ‐ Tripoli 50243 51200 57161 59294 59683 56963 70644 71164

After Jounieh ‐ Beyrouth 42357 45465 50340 55117 56439 55687 68875 72938
After Jounieh ‐ Tripoli 44085 43681 51959 53757 55650 55732 65860 68283
Maameltein ‐ Beyrouth 47867 47430 67834 71204
Maameltein ‐ Tripoli 48032 47951 68904 71866
Tabarja ‐ Beyrouth 26096 29473 26754 30767 37792 35747 51133 51693
Tabarja ‐ Tripoli 33214 30675 33490 35000 34078 37436 50870 51551

AWED 1994‐AWED 1997‐AWED 2003‐AWED 2011‐AWED % 94‐97 % 97‐2003 %2003‐2011 %1994‐2011
Nahr el Kalb ‐ Beirut 62611 65597 78381 88983 1.57 3.01 1.60 2.09
Nahr el Kalb Tripoli 67829 71646 71386 91901 1 84 0 06 3 21 1 80

90000

100000

Nahr el Kalb ‐ Beirut
Nahr el Kalb ‐ Tripoli 67829 71646 71386 91901 1.84 ‐0.06 3.21 1.80
Shrimpy ‐ Beirut 61118 76622 2.87
Shrimpy ‐ Tripoli 60035 69074 1.77
Sarba ‐ Beirut 58666 69001 2.05
Sarba ‐ Tripoli 55117 66480 2.37

Haret Sakhr ‐ Beirut 42800 48566 56494 73823 4.30 2.55 3.40 3.26
Haret Sakhr ‐ Tripoli 50243 57161 59683 70644 4.39 0.72 2.13 2.02
After Jounieh ‐ Beirut 42357 50340 56439 68875 5.92 1.92 2.52 2.90
After Jounieh ‐ Tripoli 44085 51959 55650 65860 5.63 1.15 2.13 2.39
Maameltein ‐ Beirut 47867 67834 4.45
Maameltein ‐ Tripoli 48032 68904 4.61
T b j B i t 26096 26754 37792 51133 0 83 5 93 3 85 4 04

0
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80000 Nahr el Kalb ‐ Tripoli

Shrimpy ‐ Beirut
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Sarba ‐ Beirut
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After Jounieh ‐ TripoliTabarja ‐ Beirut 26096 26754 37792 51133 0.83 5.93 3.85 4.04
Tabarja ‐ Tripoli 33214 33490 34078 50870 0.28 0.29 5.14 2.54

AWD 1994‐AWD 1997‐AWD 2003‐AWD 2011‐AWD % 94‐97 % 97‐2003 %2003‐2011 %1994‐2011 We adopt:
Nahr el Kalb ‐ Beirut 73869 77194 84086 103423 1.48 1.44 2.62 2.00
Nahr el Kalb ‐ Tripoli 70972 73324 78524 104180 1.09 1.15 3.60 2.28
Shrimpy ‐ Beirut 63909 82429 3.23
Shrimpy ‐ Tripoli 59129 74653 2.96
Sarba ‐ Beirut 55340 71707 3.29 2‐3.6%
Sarba ‐ Tripoli 57262 69500 2.45

Haret Sakhr ‐ Beirut 43616 53900 57030 79993 7.31 0.95 4.32 3.63

2.00%

2.50%

1.8‐3.2%

1994‐AWED 1997‐AWED 2003‐AWED 2011‐AWED
After Jounieh  Tripoli
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b lHaret Sakhr ‐ Tripoli 51200 59294 56963 71164 5.01 ‐0.67 2.82 1.96
After Jounieh ‐ Beirut 45465 55117 55687 72938 6.63 0.17 3.43 2.82
After Jounieh ‐ Tripoli 43681 53757 55732 68283 7.16 0.60 2.57 2.66
Maameltein ‐ Beirut 47430 71204 5.21
Maameltein ‐ Tripoli 47951 71866 5.19
Tabarja ‐ Beirut 29473 30767 35747 51693 1.44 2.53 4.72 3.36
Tabarja ‐ Tripoli 30675 35000 37436 51551 4.49 1.13 4.08 3.10
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Direction of traffic  1 2 3 4 5 6 7 8 9 10 11 12
Nahr el Kalb ‐ > Beirut 123 66179 162 1003 155 48 0 116 24 76 1 27

0.2 97.4 0.2 1.5 0.2 0.1 0 0.2 0 0.1 0 0
Nahr el Kalb ‐ > Tripoli  387 51368 317 1828 505 180 9 210 146 92 10 13

0.7 93.3 0.6 3.3 0.9 0.3 0 0.4 0.3 0.2 0 0
Tabarja ‐ > Beirut 79 45632 61 1795 241 64 2 90 55 34 0 9

0.2 94.9 0.1 3.7 0.5 0.1 0 0.2 0.1 0.1 0 0
Tabarja ‐ > Tripoli 47 37825 82 2836 156 34 3 127 72 41 1 23

0.1 91.7 0.2 6.9 0.4 0.1 0.0 0.3 0.2 0.1 0.0 0.0

Lundi ‐ comptage de 5 heures 7‐9&4‐7
Total 

number 
of cars

Class2
Cars

% partiel % total Class 4 2 Axle‐truck

Nahr el Kalb ‐ > Beirut 3712 27215 26507 23205 87.5 85.3 408 Bus 2AT
Jeep‐4WD‐Pick up 2883 10.9 10.6

Taxi 419 1.6 1.5
Bus Public 410 0 100 0

Vendredi ‐ comptage de 5 heures 7‐9&4‐7
Total 

number 
of cars

Class2
Cars

% partiel % total Class 4 2 Axle‐truck

Nahr el Kalb ‐ > Tripoli  4524 26004 24262 20280 83.6 78.0 858
Jeep‐4WD‐Pick up 3506 14.5 13.5

Taxi 476 2.0 1.8
Bus Public 542 316 63 37

Mardi ‐ comptage de 5 heures 7‐9&4‐7
Total 

number 
of cars

Class2
Cars

% partiel % total Class 4 2 Axle‐truck

Tabarja ‐ > Beirut 2821 15337 14555 12103 83.2 78.9 567
Jeep‐4WD‐Pick up 2200 15.1 14.3

Taxi 252 1.7 1.6
Bus Public 369 198 65 35

Mercredi ‐ comptage de 5 heures 7‐9&4‐7
Total 

number 
of cars

Class2
Cars

% partiel % total Class 4 2 Axle‐truck

Tabarja ‐ > Tripoli 2416 13674 12539 10550 84.1 77.2 944
Jeep‐4WD‐Pick up 1757 14.0 12.8

Taxi 232 1.9 1.7
Bus Public 427 517 45.2567339 55

Class of traffic 1 2 2 2 3 4 4 5 6 7 8 9 10 11 12

Direction of traffic / Vehicles Moto Cars 4WD Taxi
Car + 
Trailer

Bus 
2 Axle Truck‐ 
Medium 
Truck

3 Axle Truck‐ 
Medium 
Truck

4 Axle 
Truck‐ 
Medium 
Truck

Nahr el Kalb ‐ > Beirut
0.2 85.3 10.6 1.5 0.2 1.5 0.0 0.2 0.1 0 0.2 0 0.1 0 0

Nahr el Kalb ‐ > Tripoli 
0.7 78.0 13.5 1.8 0.6 2.1 1.2 0.9 0.3 0 0.4 0.3 0.2 0 0

Tabarja ‐ > Beirut
0.2 78.9 14.3 1.6 0.1 2.4 1.3 0.5 0.1 0 0.2 0.1 0.1 0 0

Tabarja ‐ > Tripoli
0.1 77.2 12.8 1.7 0.2 3.1 3.8 0.4 0.1 0 0.3 0.2 0.1 0 0

We adopt  (in %):  0.2 80 13 1.65 0.25 2.35 1.3 0.5 0.2 0 0.25 0.2 0.1 0 0

97.8

4.5

4.3

7.492.0

95.2

94.6

1.8

3.1 3.8

% total

Heavy Truck

0.6

0.4

0.9

0.3

1.5 0.0

2.1 1.2

2.4 1.3

Table 4 ‐ 2011 Vehicle Classification

95.1 0.554.35

99.9
41247
100

Total

Bus 2AT

67914
99.9
55065
100.0
48062

% partiel



AREA
(sq.m)

UNIT 
COAST
(usd)

COAST
(usd)

AREA
(sq.m)

UNIT 
COAST
(usd)

COAST
(usd)

Zouk Mosbeh 0+000 - 0+800 103 1600 164800 0 900 0 164800
Zouk Mikael 0+800 - 2+025 2578 1600 4124800 2512 900 2260800 6385600

Sarba 2+025 - 3+425 1805 1600 2888000 3578 900 3220200 6108200
Ghadir 3+425 - 4+425 376 1600 601600 858 900 772200 1373800

Haret Sakhr 4+420 - 6+500 198 1600 316800 268 900 241200 558000
Sahel Alma 6+500 - 7+050 32 1600 51200 0 900 0 51200

Ghazir 7+050 - 8+200 0 1600 0 0 900 0 0
Adma - Dafné 8+200 - 8+700 0 1600 0 621 900 558900 558900

TOTAL 5092 8147200 7837 7053300 15,200,500

2,000,000

COST OF EXPROPRIATION (USD)

20,000,000

Table 5 - Expropriation Cost

NORTHERN  BEIRUT  ENTRANCE  TABARJA - DBAYIE  (A1) - Decrees 14308 in 2005 & 872 in 2008
COST AND NATURE OF EXPROPRIATED AREAS  FOR DIFFERENT LAYOUTS (USD)

SECTION
STATION

At Km

TOTAL
IN MILLION 

OF USD

CONSTRUCTION AREAS BUILT UP BUILDINGS

Eastern Relief roads Wadi Hantouche + Sahel Alma Ghazir + Ghazir Adma + Kfaryassin link roads

2,800,000

Western Relief road + Railway platform



$/h
7:00AM-
10:00AM

10:00AM-
14:00PM

14:00PM-
20:00PM

Night

VOT 4.1 3.1 3.6 1.55

AWED 1994-AWED1997-AWED2003-AWED2011-AWED

7:00AM-
10:00AM

10:00AM-
14:00PM

14:00PM-
20:00PM

Night 
20:00PM-
7:00AM

Partial 
VOT

VOT

Nahr el Kalb - Beirut 62611 65597 78381 88983 9972 14825 27724 36462
11.2% 16.7% 31.2% 41.0% 2.7

Nahr el Kalb - Tripoli 67829 71646 71386 91901 10964 23653 27478 29806
11.9% 25.7% 29.9% 32.4% 2.9

Shrimpy - Beirut 61118 76622 7927 13605 23667 31423
10.3% 17.8% 30.9% 41.0% 2.7

Shrimpy - Tripoli 60035 69074 8318 16379 21394 22983
12.0% 23.7% 31.0% 33.3% 2.9

After Jounieh - Beirut 42357 50340 56439 68875 7548 12013 21946 27368
11.0% 17.4% 31.9% 39.7% 2.8

After Jounieh - Tripoli 44085 51959 55650 65860 7460 16742 20570 21088
11.3% 25.4% 31.2% 32.0% 2.9

Maameltein - Beirut 47867 67834 7659 12133 22283 25759
11.3% 17.9% 32.8% 38.0% 2.8

Maameltein - Tripoli 48032 68904 7385 18138 22062 21319
10.7% 26.3% 32.0% 30.9% 2.9

AWD 1994-AWD 1997-AWD 2003-AWD 2011-AWD

7:00AM-
10:00AM

10:00AM-
14:00PM

14:00PM-
20:00PM

Night 
20:00PM-
7:00AM

Partial 
VOT

VOT

(Nahr el Kalb + Maritime Road) - Beirut 73869 77194 84086 103423 21314 21048 29834 31227
20.6% 20.4% 28.8% 30.2% 3.0

(Nahr el Kalb + Maritime Road) - Tripoli 70972 73324 78524 104180 10732 23556 40571 29321
10.3% 22.6% 38.9% 28.1% 3.0

Shrimpy - Beirut 63909 82429 13410 15127 24507 29385
16.3% 18.4% 29.7% 35.6% 2.9

Shrimpy - Tripoli 59129 74653 9007 16932 26082 22632
12.1% 22.7% 34.9% 30.3% 2.9

After Jounieh - Beirut 45465 55117 55687 72938 10516 13754 21890 26778
14.4% 18.9% 30.0% 36.7% 2.8

After Jounieh - Tripoli 43681 53757 55732 68283 8360 14439 25940 19544
12.2% 21.1% 38.0% 28.6% 3.0

Maameltein - Beirut 47430 71204 14032 14281 21472 21419
19.7% 20.1% 30.2% 30.1% 3.0

Maameltein - Tripoli 47951 71866 8644 15415 27747 20060
12.0% 21.4% 38.6% 27.9% 3.0

Adopted value is: 2.90 USD / h

2.81

2.94

Table 6 ‐ 2011 traffic survey ‐ value of VOT

Towards Tripoli 
Mean value

3.1

Towards Beirut
Mean value

3.1



Item of the BoQ Description of works Amount of Works ($) Periodic Maintenance Routine Maintenance

4.02.2 Bituminous tack coat 633,750 every 15 years
4.05.1.a Bituminous wearing course 5,915,000 every 15 years
4.10.2 Milling - 5cm 552,500 every 15 years
5.18 Bridge expansion joints 225,675 every 10 years
5.19 Bridge bearings 74,840 every 10 years

6.16.a Steel guardrails 162,500 15% per year
6.16.b Concrete safety barriers 1,142,500 5% per year
6.01 Concrete curbs, gutters, sidewalks and paved median 1,742,420 5% per year
6.10 Maintenance of traffics and detours 159,770 every 5 years
6.11 Traffic signs and sign boards 394,455 20% per year
6.12 Roadway marking 380,250 every 5 years
7.10 Road lighting installation 891,150 every 10 years
10 Drainage network 2,016,775 5% per year
11 Pedestrian footbridge and towers 600,125 15% per year

14,891,710

Every 5 years: 540,020, 
every 10 years: 

1,191,665 and every 15 
years: 7,101,250

Every year: 438,370

540,020 438369.5

A1 widening and 
rehabilitation

Eastern Relief roads + 
Western Relief roads + 

Railway platform + Kaslik 
Underpass

Bill 4 every 15 years 7,101,250 3,358,639 10,459,889
Bill 5 every 10 years 300,515 142,133 442,648

Bill 6A 5% per year 2,884,920 1,364,464 4,249,384
20% per year 934,475 441,973 1,376,448
15% per year 162,500 76,857 239,357

Bill 7 every 10 years 891,150 421,482 1,312,632
Bill 10 5% per year 2,016,775 953,863 2,970,638
Bill 11 15% per year 600,125 283,838 883,963
Total 14,891,710 7,043,249 21,934,959

Initial amount 42,286,480 20,000,000 62,286,480
% 35.22 35.22 Total of Civil Works (CW) 

Results :
Every 10 years: 

1,755,280 and every 15 
years: 10,459,889

Every year: 804,789

Table 7 - Maintenance fees repartition
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View in Plan 
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A B C D E F G H I J K L M N O P Q
Value of 

time VOT 
$

Location A1 Highway
Nahr el Kalb - 

Jeita 
Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb 
- Jeita 

Interchange

Jeita 
Interchange -

Jounieh 
Interchange

Jounieh 
Interchange 

- 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb -
Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

K 1.27225

Road length (km) 10.3 0.5 4.7 2.6 2.5 0.5 4.7 2.6 2.5 2.9

Yearly Maintenance ($/year) 804,789 39,067 367,234 203,151 195,337

Periodic maintenance ($/every 10 years) 1,755,280 85,208 800,953 443,080 426,039

Periodic maintenance ($/every 15 years) 10,459,889 507,762 4,772,959 2,640,360 2,538,808

Total number of vehicles in 2011 per day 194244 151389 137978 139904

Percent Passenger Cars 80.20% 80.20% 80.20% 80.20% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 4.64 1

Percent Taxis 1.65% 1.65% 1.65% 1.65% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 8.7 1

Percent Pickup - 4WD 13.00% 13.00% 13.00% 13.00% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 2.9 1

Percent Buses 2.35% 2.35% 2.35% 2.35% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 43.5 1

Percent Light Trucks 1.55% 1.55% 1.55% 1.55% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 2.9 1

Percent Medium to Heavy Trucks 1.25% 1.25% 1.25% 1.25% 2.00% 2.50% 2.50% 3.50% 85 0.5 4.7 2.6 2.5 2.9 1

Sum of percentages 100% 100% 100% 100%

Discount rate 12%

Speed before rehabilitation (Km/h) 70

Speed after rehabilitation (Km/h) 80

Travel Time (minutes) 0.05 0.50 0.28 0.27

Designation
Nahr el Kalb - Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

North 
Tabarja Exit

Total number of vehicles in 2011 194244 151389 137978 139904 102624

Designation Amount Amount
Total of Civil Works (CW) in Millions of U.S. 
$ 42.3+3+7+10 62.30
Total of Consulting Services (CS)in Millions 
of U.S. $ 2%*(CW+Contingencies) 1.3083
Physical Contingencies in Millions of U.S. $ 2.5%(CW) 1.5575

Price Contingencies in Millions of U.S. $ 2.5%(CW) 1.5575

Land acquisition in Millions of U.S. $ 15.2+2.8+2 20.00

Total in Millions of U.S. $ 86.7233

Daily Kms per vehicleTraffic growth rate per year
VOC 

Savings 
($/1000 

Km)

Reduction 
factor

Assumption Sheet

Report A1a



Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Passengers cars

Nahr el Kalb - Jeita Interchange

Number of vehicles 155784 158899 162077 165319 168625 171998 175438 178946 182525 186176 189899 193697 197571 201523 205553 209664 213858 218135 222497 226947 231486 236116 240838

Travel Length 77892 79450 81039 82659 84313 85999 87719 89473 91263 93088 94950 96849 98786 100761 102777 104832 106929 109067 111249 113474 115743 118058 120419

Saving VOC 517202 527546 538097 548859 559836 571033 582453 594102 605984 618104 630466 643075 655937 669056 682437 696086 710007 724207 738692 753465 768535 783905 799584

Saving Travel Time 214269 218555 222926 227384 231932 236571 241302 246128 251051 256072 261193 266417 271745 277180 282724 288378 294146 300029 306029 312150 318393 324761 331256

Jeita Interchange - Jounieh Interchange

Number of vehicles 121414 124449 127561 130750 134018 137369 140803 144323 147931 151629 155420 159306 163288 167371 171555 175844 180240 184746 189364 194098 198951 203925 209023

Travel Length 570646 584912 599535 614523 629886 645633 661774 678318 695276 712658 730475 748737 767455 786641 806307 826465 847127 868305 890013 912263 935069 958446 982407

Saving VOC 3789087 3883815 3980910 4080433 4182444 4287005 4394180 4504034 4616635 4732051 4850352 4971611 5095901 5223299 5353881 5487728 5624922 5765545 5909683 6057425 6208861 6364082 6523185

Saving Travel Time 1569765 1609009 1649234 1690465 1732727 1776045 1820446 1865957 1912606 1960421 2009432 2059667 2111159 2163938 2218037 2273487 2330325 2388583 2448297 2509505 2572242 2636548 2702462

Jounieh Interchange - Maamaltein passage

Number of vehicles 110658 113425 116260 119167 122146 125200 128330 131538 134826 138197 141652 145193 148823 152544 156357 160266 164273 168380 172589 176904 181327 185860 190506

Travel Length 287712 294905 302277 309834 317580 325519 333657 341999 350549 359313 368295 377503 386940 396614 406529 416692 427110 437787 448732 459950 471449 483235 495316

Saving VOC 1910406 1958166 2007120 2057298 2108731 2161449 2215485 2270872 2327644 2385835 2445481 2506618 2569283 2633516 2699353 2766837 2836008 2906908 2979581 3054071 3130422 3208683 3288900

Saving Travel Time 791454 811240 831521 852309 873617 895457 917844 940790 964310 988417 1013128 1038456 1064417 1091028 1118304 1146261 1174918 1204291 1234398 1265258 1296889 1329312 1362544

Maamaltein passage-Tabarja Exit

Number of vehicles 112203 116130 120195 124401 128756 133262 137926 142754 147750 152921 158273 163813 169546 175481 181622 187979 194558 201368 208416 215710 223260 231074 239162

Travel Length 280508 290325 300487 311004 321889 333155 344815 356884 369375 382303 395684 409532 423866 438701 454056 469948 486396 503420 521040 539276 558151 577686 597905

Saving VOC 1862570 1927760 1995231 2065065 2137342 2212149 2289574 2369709 2452649 2538492 2627339 2719296 2814471 2912978 3014932 3120454 3229670 3342709 3459704 3580793 3706121 3835835 3970089

Saving Travel Time 771636 798643 826596 855527 885470 916462 948538 981737 1016097 1051661 1088469 1126565 1165995 1206805 1249043 1292760 1338006 1384836 1433306 1483471 1535393 1589132 1644751

Taxis

Nahr el Kalb - Jeita Interchange

Number of vehicles 3205 3269 3335 3401 3469 3539 3609 3682 3755 3830 3907 3985 4065 4146 4229 4314 4400 4488 4578 4669 4763 4858 4955

Travel Length 1603 1635 1667 1701 1735 1769 1805 1841 1878 1915 1953 1993 2032 2073 2114 2157 2200 2244 2289 2335 2381 2429 2477

Saving VOC 10641 10854 11071 11292 11518 11748 11983 12223 12467 12717 12971 13230 13495 13765 14040 14321 14607 14900 15198 15501 15812 16128 16450

Saving Travel Time 8266 8431 8599 8771 8947 9126 9308 9494 9684 9878 10076 10277 10483 10692 10906 11124 11347 11574 11805 12041 12282 12528 12778

Jeita Interchange - Jounieh Interchange

Number of vehicles 2498 2560 2624 2690 2757 2826 2897 2969 3043 3120 3198 3277 3359 3443 3529 3618 3708 3801 3896 3993 4093 4195 4300

Travel Length 11740 12034 12335 12643 12959 13283 13615 13955 14304 14662 15028 15404 15789 16184 16589 17003 17428 17864 18311 18769 19238 19719 20212

Saving VOC 77955 79904 81902 83949 86048 88199 90404 92664 94981 97355 99789 102284 104841 107462 110148 112902 115725 118618 121583 124623 127738 130932 134205

Saving Travel Time 60554 62068 63620 65210 66841 68512 70224 71980 73780 75624 77515 79453 81439 83475 85562 87701 89893 92141 94444 96805 99225 101706 104249

Jounieh Interchange - Maamaltein passage

Number of vehicles 2277 2334 2392 2452 2513 2576 2640 2706 2774 2843 2914 2987 3062 3138 3217 3297 3380 3464 3551 3640 3731 3824 3919

Travel Length 5919 6067 6219 6374 6534 6697 6865 7036 7212 7392 7577 7767 7961 8160 8364 8573 8787 9007 9232 9463 9699 9942 10190

Saving VOC 39304 40286 41294 42326 43384 44469 45580 46720 47888 49085 50312 51570 52859 54181 55535 56924 58347 59805 61301 62833 64404 66014 67664

Saving Travel Time 30531 31294 32076 32878 33700 34543 35406 36291 37199 38129 39082 40059 41060 42087 43139 44218 45323 46456 47617 48808 50028 51279 52561

Maamaltein passage-Tabarja Exit

Number of vehicles 2308 2389 2473 2559 2649 2742 2838 2937 3040 3146 3256 3370 3488 3610 3737 3867 4003 4143 4288 4438 4593 4754 4920

Travel Length 5771 5973 6182 6398 6622 6854 7094 7342 7599 7865 8141 8426 8720 9026 9342 9669 10007 10357 10720 11095 11483 11885 12301

Saving VOC 38320 39661 41049 42486 43973 45512 47105 48753 50460 52226 54054 55946 57904 59930 62028 64199 66446 68771 71178 73670 76248 78917 81679

Saving Travel Time 29766 30808 31886 33002 34157 35353 36590 37871 39196 40568 41988 43458 44979 46553 48182 49869 51614 53421 55290 57226 59228 61301 63447

Pick-Up and 4 WD

Nahr el Kalb - Jeita Interchange

Number of vehicles 25252 25757 26272 26797 27333 27880 28438 29006 29586 30178 30782 31397 32025 32666 33319 33985 34665 35359 36066 36787 37523 38273 39039

Travel Length 12626 12878 13136 13399 13667 13940 14219 14503 14793 15089 15391 15699 16013 16333 16660 16993 17333 17679 18033 18393 18761 19137 19519

Saving VOC 83836 85512 87223 88967 90746 92561 94413 96301 98227 100191 102195 104239 106324 108450 110619 112832 115088 117390 119738 122133 124575 127067 129608

Saving Travel Time 21707 22142 22584 23036 23497 23967 24446 24935 25434 25942 26461 26990 27530 28081 28643 29215 29800 30396 31004 31624 32256 32901 33559

Jeita Interchange - Jounieh Interchange

Number of vehicles 19681 20173 20677 21194 21724 22267 22823 23394 23979 24578 25193 25823 26468 27130 27808 28503 29216 29946 30695 31462 32249 33055 33882

Travel Length 92499 94811 97181 99611 102101 104654 107270 109952 112701 115518 118406 121366 124400 127510 130698 133966 137315 140748 144266 147873 151570 155359 159243

Saving VOC 614191 629546 645285 661417 677952 694901 712274 730080 748332 767041 786217 805872 826019 846669 867836 889532 911770 934565 957929 981877 1006424 1031584 1057374

Saving Travel Time 159032 163007 167083 171260 175541 179930 184428 189039 193765 198609 203574 208663 213880 219227 224708 230325 236083 241985 248035 254236 260592 267107 273784

Jounieh Interchange - Maamaltein passage

Number of vehicles 17937 18386 18845 19316 19799 20294 20802 21322 21855 22401 22961 23535 24123 24727 25345 25978 26628 27293 27976 28675 29392 30127 30880

Travel Length 46637 47802 48998 50222 51478 52765 54084 55436 56822 58243 59699 61191 62721 64289 65896 67544 69232 70963 72737 74556 76419 78330 80288

Saving VOC 309667 317408 325344 333477 341814 350360 359119 368096 377299 386731 396400 406310 416467 426879 437551 448490 459702 471195 482975 495049 507425 520111 533113

Saving Travel Time 80182 82186 84241 86347 88505 90718 92986 95311 97693 100136 102639 105205 107835 110531 113294 116127 119030 122006 125056 128182 131387 134672 138038

Maamaltein passage-Tabarja Exit

Number of vehicles 18188 18824 19483 20165 20871 21601 22357 23140 23949 24788 25655 26553 27483 28444 29440 30470 31537 32641 33783 34966 36189 37456 38767

Travel Length 45469 47060 48707 50412 52176 54003 55893 57849 59874 61969 64138 66383 68706 71111 73600 76176 78842 81602 84458 87414 90473 93640 96917

Saving VOC 301913 312480 323417 334736 346452 358578 371128 384117 397562 411476 425878 440784 456211 472178 488705 505809 523513 541836 560800 580428 600743 621769 643531

Saving Travel Time 78174 80910 83742 86673 89706 92846 96096 99459 102940 106543 110272 114131 118126 122260 126540 130968 135552 140297 145207 150289 155549 160994 166628

Buses

Nahr el Kalb - Jeita Interchange

Number of vehicles 4565 4656 4749 4844 4941 5040 5141 5243 5348 5455 5564 5676 5789 5905 6023 6144 6266 6392 6520 6650 6783 6919 7057

Travel Length 2282 2328 2375 2422 2471 2520 2570 2622 2674 2728 2782 2838 2895 2952 3012 3072 3133 3196 3260 3325 3391 3459 3528

Saving VOC 18944 19323 19709 20103 20505 20915 21334 21760 22196 22639 23092 23554 24025 24506 24996 25496 26006 26526 27056 27597 28149 28712 29286

Saving Travel Time 58861 60038 61239 62463 63713 64987 66287 67612 68965 70344 71751 73186 74649 76142 77665 79219 80803 82419 84067 85749 87464 89213 90997

Jeita Interchange - Jounieh Interchange

Number of vehicles 3558 3647 3738 3831 3927 4025 4126 4229 4335 4443 4554 4668 4785 4904 5027 5153 5281 5413 5549 5687 5830 5975 6125

Travel Length 16721 17139 17567 18007 18457 18918 19391 19876 20373 20882 21404 21939 22488 23050 23626 24217 24822 25443 26079 26731 27399 28084 28786

Saving VOC 138784 142253 145810 149455 153191 157021 160946 164970 169094 173322 177655 182096 186649 191315 196098 201000 206025 211176 216455 221866 227413 233098 238926

Saving Travel Time 431220 442001 453051 464377 475987 487886 500084 512586 525400 538535 551999 565799 579944 594442 609303 624536 640149 656153 672557 689371 706605 724270 742377

Jounieh Interchange - Maamaltein passage

Number of vehicles 3242 3324 3407 3492 3579 3669 3760 3854 3951 4049 4151 4254 4361 4470 4582 4696 4813 4934 5057 5184 5313 5446 5582

Travel Length 8430 8641 8857 9079 9306 9538 9777 10021 10272 10528 10792 11061 11338 11621 11912 12210 12515 12828 13149 13477 13814 14160 14514

Saving VOC 69973 71722 73515 75353 77237 79168 81147 83176 85255 87386 89571 91810 94106 96458 98870 101341 103875 106472 109134 111862 114659 117525 120463

Saving Travel Time 217415 222851 228422 234133 239986 245986 252135 258439 264900 271522 278310 285268 292400 299710 307202 314882 322754 330823 339094 347571 356261 365167 374296

Maamaltein passage-Tabarja Exit

Number of vehicles 3288 3403 3522 3645 3773 3905 4041 4183 4329 4481 4638 4800 4968 5142 5322 5508 5701 5900 6107 6321 6542 6771 7008

Travel Length 8219 8507 8805 9113 9432 9762 10104 10457 10823 11202 11594 12000 12420 12855 13305 13770 14252 14751 15267 15802 16355 16927 17520

Saving VOC 68221 70608 73080 75637 78285 81025 83861 86796 89834 92978 96232 99600 103086 106694 110428 114293 118294 122434 126719 131154 135745 140496 145413

Saving Travel Time 211971 219390 227069 235017 243242 251756 260567 269687 279126 288895 299007 309472 320303 331514 343117 355126 367555 380420 393735 407515 421778 436541 451820

Light Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 3011 3071 3132 3195 3259 3324 3391 3458 3528 3598 3670 3744 3818 3895 3973 4052 4133 4216 4300 4386 4474 4563 4655

Travel Length 1505 1535 1566 1598 1629 1662 1695 1729 1764 1799 1835 1872 1909 1947 1986 2026 2067 2108 2150 2193 2237 2282 2327

Saving VOC 12495 12745 13000 13260 13525 13795 14071 14353 14640 14932 15231 15536 15846 16163 16487 16816 17153 17496 17846 18202 18567 18938 19317

Saving Travel Time 2588 2640 2693 2747 2802 2858 2915 2973 3032 3093 3155 3218 3282 3348 3415 3483 3553 3624 3697 3771 3846 3923 4001

Jeita Interchange - Jounieh Interchange

Number of vehicles 2347 2405 2465 2527 2590 2655 2721 2789 2859 2930 3004 3079 3156 3235 3316 3398 3483 3571 3660 3751 3845 3941 4040

Travel Length 11029 11304 11587 11877 12174 12478 12790 13110 13437 13773 14118 14471 14832 15203 15583 15973 16372 16781 17201 17631 18072 18524 18987

Saving VOC 91538 93827 96172 98577 101041 103567 106156 108810 111530 114319 117177 120106 123109 126186 129341 132574 135889 139286 142768 146337 149996 153746 157589

Saving Travel Time 18961 19436 19921 20419 20930 21453 21989 22539 23103 23680 24272 24879 25501 26139 26792 27462 28148 28852 29573 30313 31071 31847 32644

Jounieh Interchange - Maamaltein passage

Number of vehicles 2139 2192 2247 2303 2361 2420 2480 2542 2606 2671 2738 2806 2876 2948 3022 3097 3175 3254 3336 3419 3504 3592 3682

Travel Length 5561 5700 5842 5988 6138 6291 6448 6610 6775 6944 7118 7296 7478 7665 7857 8053 8255 8461 8673 8889 9112 9339 9573

Saving VOC 46152 47306 48489 49701 50943 52217 53522 54861 56232 57638 59079 60556 62070 63621 65212 66842 68513 70226 71982 73781 75626 77517 79454

Saving Travel Time 9560 9799 10044 10295 10553 10816 11087 11364 11648 11939 12238 12544 12857 13179 13508 13846 14192 14547 14911 15283 15665 16057 16458

Maamaltein passage-Tabarja Exit

Number of vehicles 2169 2244 2323 2404 2488 2576 2666 2759 2856 2955 3059 3166 3277 3391 3510 3633 3760 3892 4028 4169 4315 4466 4622

Travel Length 5421 5611 5807 6011 6221 6439 6664 6897 7139 7389 7647 7915 8192 8479 8775 9083 9400 9729 10070 10422 10787 11165 11556

Saving VOC 44997 46572 48202 49889 51635 53442 55312 57248 59252 61326 63472 65694 67993 70373 72836 75385 78024 80754 83581 86506 89534 92667 95911

Saving Travel Time 9321 9647 9985 10334 10696 11070 11458 11859 12274 12703 13148 13608 14084 14577 15087 15615 16162 16728 17313 17919 18546 19195 19867

Medium/Heavy Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 2428 2477 2526 2577 2628 2681 2734 2789 2845 2902 2960 3019 3079 3141 3204 3268 3333 3400 3468 3537 3608 3680 3754

Travel Length 1214 1238 1263 1288 1314 1340 1367 1395 1422 1451 1480 1509 1540 1570 1602 1634 1667 1700 1734 1769 1804 1840 1877

Saving VOC 34058 34739 35434 36143 36866 37603 38355 39122 39905 40703 41517 42347 43194 44058 44939 45838 46755 47690 48644 49616 50609 51621 52653

Saving Travel Time 2087 2129 2172 2215 2259 2304 2351 2398 2446 2494 2544 2595 2647 2700 2754 2809 2865 2923 2981 3041 3102 3164 3227

Jeita Interchange - Jounieh Interchange

Number of vehicles 1892 1940 1988 2038 2089 2141 2195 2249 2306 2363 2422 2483 2545 2609 2674 2741 2809 2879 2951 3025 3101 3178 3258

Travel Length 8894 9116 9344 9578 9817 10063 10314 10572 10837 11108 11385 11670 11962 12261 12567 12881 13203 13533 13872 14219 14574 14938 15312

Saving VOC 249515 255753 262147 268701 275418 282304 289361 296595 304010 311610 319401 327386 335570 343959 352558 361372 370407 379667 389159 398887 408860 419081 429558

Saving Travel Time 15292 15674 16066 16467 16879 17301 17733 18177 18631 19097 19574 20064 20565 21080 21606 22147 22700 23268 23850 24446 25057 25683 26325

Jounieh Interchange - Maamaltein passage

Number of vehicles 1725 1768 1812 1857 1904 1951 2000 2050 2101 2154 2208 2263 2320 2378 2437 2498 2560 2624 2690 2757 2826 2897 2969

Travel Length 4484 4596 4711 4829 4950 5074 5200 5330 5464 5600 5740 5884 6031 6182 6336 6495 6657 6823 6994 7169 7348 7532 7720

Saving VOC 125802 128947 132171 135475 138862 142334 145892 149539 153278 157110 161037 165063 169190 173420 177755 182199 186754 191423 196208 201114 206141 211295 216577

Saving Travel Time 7710 7903 8100 8303 8510 8723 8941 9164 9394 9628 9869 10116 10369 10628 10894 11166 11445 11731 12025 12325 12633 12949 13273

Maamaltein passage-Tabarja Exit

Number of vehicles 1749 1810 1873 1939 2007 2077 2150 2225 2303 2383 2467 2553 2643 2735 2831 2930 3032 3139 3248 3362 3480 3602 3728

Travel Length 4372 4525 4683 4847 5017 5193 5374 5562 5757 5959 6167 6383 6606 6838 7077 7325 7581 7846 8121 8405 8699 9004 9319

Saving VOC 122652 126945 131388 135987 140746 145672 150771 156048 161509 167162 173013 179068 185336 191822 198536 205485 212677 220121 227825 235799 244052 252594 261434

Saving Travel Time 7517 7780 8052 8334 8626 8928 9240 9563 9898 10245 10603 10974 11358 11756 12167 12593 13034 13490 13962 14451 14957 15480 16022

TOTAL SAVINGS VOC 10,578,221 10,863,677 11,157,056 11,458,583 11,768,493 12,087,025 12,414,426 12,750,951 13,096,862 13,452,429 13,817,930 14,193,651 14,579,886 14,976,939 15,385,122 15,804,757 16,236,176 16,679,718 17,135,736 17,604,592 18,086,658 18,582,317 19,091,966

TOTAL SAVINGS TRAVEL TIME 4,807,839 4,937,580 5,070,922 5,207,967 5,348,822 5,493,596 5,642,401 5,795,352 5,952,570 6,114,177 6,280,298 6,451,065 6,626,610 6,807,072 6,992,593 7,183,318 7,379,400 7,580,991 7,788,253 8,001,350 8,220,450 8,445,729 8,677,367

A1 Highway - Section Nahr el Kalb-Tabarja
Savings Breakdown Schedule 
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Year Year Capital costs
Discounted 

Capital Costs
Maintenance 

Costs

Discounted 
Maintenance 

Costs

Discounted Total 
Costs

Total Savings VOC
Discounted 

Savings VOC
Time Savings

Discounted Time 
Savings

Discounted Total 
Savings

Undiscounted Net 
Cash Flow

2011 1 20,000,000 17,857,143 17,857,143 -20,000,000

2012 2 22,241,100 17,730,469 17,730,469 -22,241,100

2013 3 22,241,100 15,830,776 15,830,776 -22,241,100

2014 4 22,241,100 14,134,621 804,789 511,458 14,646,079 11,458,583 7,282,137 5,207,967 3,309,757 10,591,894 -6,379,339

2015 5 804,789 456,659 456,659 11,768,493 6,677,759 5,348,822 3,035,065 9,712,824 16,312,526

2016 6 804,789 407,731 407,731 12,087,025 6,123,663 5,493,596 2,783,227 8,906,889 16,775,831

2017 7 804,789 364,046 364,046 12,414,426 5,615,656 5,642,401 2,552,335 8,167,991 17,252,037

2018 8 804,789 325,041 325,041 12,750,951 5,149,895 5,795,352 2,340,646 7,490,541 17,741,514

2019 9 804,789 290,215 290,215 13,096,862 4,722,860 5,952,570 2,146,557 6,869,416 18,244,643

2020 10 804,789 259,121 259,121 13,452,429 4,331,322 6,114,177 1,968,601 6,299,923 18,761,817
2021 11 804,789 231,358 231,358 13,817,930 3,972,325 6,280,298 1,805,436 5,777,760 19,293,439

2022 12 804,789 206,569 206,569 14,193,651 3,643,157 6,451,065 1,655,828 5,298,984 19,839,926

2023 13 2,560,069 586,702 586,702 14,579,886 3,341,334 6,626,610 1,518,648 4,859,982 18,646,427
2024 14 804,789 164,676 164,676 14,976,939 3,064,578 6,807,072 1,392,862 4,457,440 20,979,222

2025 15 804,789 147,032 147,032 15,385,122 2,810,804 6,992,593 1,277,521 4,088,325 21,572,926

2026 16 804,789 131,279 131,279 15,804,757 2,578,098 7,183,318 1,171,755 3,749,853 22,183,287

2027 17 804,789 117,213 117,213 16,236,176 2,364,707 7,379,400 1,074,768 3,439,475 22,810,786

2028 18 11,264,678 1,464,854 1,464,854 16,679,718 2,169,024 7,580,991 985,829 3,154,853 12,996,031

2029 19 804,789 93,441 93,441 17,135,736 1,989,575 7,788,253 904,269 2,893,844 24,119,200

2030 20 804,789 83,430 83,430 17,604,592 1,825,011 8,001,350 829,474 2,654,485 24,801,152

2031 21 804,789 74,491 74,491 18,086,658 1,674,094 8,220,450 760,882 2,434,976 25,502,319

2032 22 804,789 66,510 66,510 18,582,317 1,535,689 8,445,729 697,976 2,233,666 26,223,257
2033 23 2,560,069 188,902 188,902 19,091,966 1,408,757 8,677,367 640,285 2,049,042 25,209,264

Total 86,723,300 65,553,008 30,066,229 6,170,726 71,723,735 299,204,215 72,280,444 135,989,381 32,851,719 105,132,164 318,404,067

10% NPV 33,408,429 IRR 18.3%
12%

MIRR 14%

Annual interest % for the initial cost

Annual interest % for the reinvested profits

Cash Flow and Financial Indicators
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A B C D E F G H I J K L M N O P Q
Value of 

time VOT 
$

Location A1 Highway
Nahr el Kalb - 

Jeita 
Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb 
- Jeita 

Interchange

Jeita 
Interchange -

Jounieh 
Interchange

Jounieh 
Interchange 

- 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb -
Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

K 1.27225

Road length (km) 10.3 0.5 4.7 2.6 2.5 0.5 4.7 2.6 2.5 2.9

Yearly Maintenance ($/year) 804,789 39,067 367,234 203,151 195,337

Periodic maintenance ($/every 10 years) 1,755,280 85,208 800,953 443,080 426,039

Periodic maintenance ($/every 15 years) 10,459,889 507,762 4,772,959 2,640,360 2,538,808

Total number of vehicles in 2011 per day 194244 151389 137978 139904

Percent Passenger Cars 80.20% 80.20% 80.20% 80.20% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 4.64 1

Percent Taxis 1.65% 1.65% 1.65% 1.65% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 8.7 1

Percent Pickup - 4WD 13.00% 13.00% 13.00% 13.00% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 2.9 1

Percent Buses 2.35% 2.35% 2.35% 2.35% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 43.5 1

Percent Light Trucks 1.55% 1.55% 1.55% 1.55% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 2.9 1

Percent Medium to Heavy Trucks 1.25% 1.25% 1.25% 1.25% 2.00% 2.50% 2.50% 3.50% 85 0.5 4.7 2.6 2.5 2.9 1

Sum of percentages 100% 100% 100% 100%

Discount rate 12%

Speed before rehabilitation (Km/h) 70

Speed after rehabilitation (Km/h) 80

Travel Time (minutes) 0.05 0.50 0.28 0.27

Designation
Nahr el Kalb - Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

North 
Tabarja Exit

Total number of vehicles in 2011 194244 151389 137978 139904 102624

Designation Amount Amount
Total of Civil Works (CW) in Millions of U.S. 
$ original : 62.3 million USD 105.91
Total of Consulting Services (CS)in Millions 
of U.S. $ 2%*(CW+Contingencies) 2.2241
Physical Contingencies in Millions of U.S. $ 2.5%(CW) 2.6478

Price Contingencies in Millions of U.S. $ 2.5%(CW) 2.6478

Land acquisition in Millions of U.S. $ 15.2+2.8+2 20.00

Total in Millions of U.S. $ 133.4296

Daily Kms per vehicleTraffic growth rate per year
VOC 

Savings 
($/1000 

Km)

Reduction 
factor

Assumption Sheet
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Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Passengers cars

Nahr el Kalb - Jeita Interchange

Number of vehicles 155784 158899 162077 165319 168625 171998 175438 178946 182525 186176 189899 193697 197571 201523 205553 209664 213858 218135 222497 226947 231486 236116 240838

Travel Length 77892 79450 81039 82659 84313 85999 87719 89473 91263 93088 94950 96849 98786 100761 102777 104832 106929 109067 111249 113474 115743 118058 120419

Saving VOC 517202 527546 538097 548859 559836 571033 582453 594102 605984 618104 630466 643075 655937 669056 682437 696086 710007 724207 738692 753465 768535 783905 799584

Saving Travel Time 214269 218555 222926 227384 231932 236571 241302 246128 251051 256072 261193 266417 271745 277180 282724 288378 294146 300029 306029 312150 318393 324761 331256

Jeita Interchange - Jounieh Interchange

Number of vehicles 121414 124449 127561 130750 134018 137369 140803 144323 147931 151629 155420 159306 163288 167371 171555 175844 180240 184746 189364 194098 198951 203925 209023

Travel Length 570646 584912 599535 614523 629886 645633 661774 678318 695276 712658 730475 748737 767455 786641 806307 826465 847127 868305 890013 912263 935069 958446 982407

Saving VOC 3789087 3883815 3980910 4080433 4182444 4287005 4394180 4504034 4616635 4732051 4850352 4971611 5095901 5223299 5353881 5487728 5624922 5765545 5909683 6057425 6208861 6364082 6523185

Saving Travel Time 1569765 1609009 1649234 1690465 1732727 1776045 1820446 1865957 1912606 1960421 2009432 2059667 2111159 2163938 2218037 2273487 2330325 2388583 2448297 2509505 2572242 2636548 2702462

Jounieh Interchange - Maamaltein passage

Number of vehicles 110658 113425 116260 119167 122146 125200 128330 131538 134826 138197 141652 145193 148823 152544 156357 160266 164273 168380 172589 176904 181327 185860 190506

Travel Length 287712 294905 302277 309834 317580 325519 333657 341999 350549 359313 368295 377503 386940 396614 406529 416692 427110 437787 448732 459950 471449 483235 495316

Saving VOC 1910406 1958166 2007120 2057298 2108731 2161449 2215485 2270872 2327644 2385835 2445481 2506618 2569283 2633516 2699353 2766837 2836008 2906908 2979581 3054071 3130422 3208683 3288900

Saving Travel Time 791454 811240 831521 852309 873617 895457 917844 940790 964310 988417 1013128 1038456 1064417 1091028 1118304 1146261 1174918 1204291 1234398 1265258 1296889 1329312 1362544

Maamaltein passage-Tabarja Exit

Number of vehicles 112203 116130 120195 124401 128756 133262 137926 142754 147750 152921 158273 163813 169546 175481 181622 187979 194558 201368 208416 215710 223260 231074 239162

Travel Length 280508 290325 300487 311004 321889 333155 344815 356884 369375 382303 395684 409532 423866 438701 454056 469948 486396 503420 521040 539276 558151 577686 597905

Saving VOC 1862570 1927760 1995231 2065065 2137342 2212149 2289574 2369709 2452649 2538492 2627339 2719296 2814471 2912978 3014932 3120454 3229670 3342709 3459704 3580793 3706121 3835835 3970089

Saving Travel Time 771636 798643 826596 855527 885470 916462 948538 981737 1016097 1051661 1088469 1126565 1165995 1206805 1249043 1292760 1338006 1384836 1433306 1483471 1535393 1589132 1644751

Taxis

Nahr el Kalb - Jeita Interchange

Number of vehicles 3205 3269 3335 3401 3469 3539 3609 3682 3755 3830 3907 3985 4065 4146 4229 4314 4400 4488 4578 4669 4763 4858 4955

Travel Length 1603 1635 1667 1701 1735 1769 1805 1841 1878 1915 1953 1993 2032 2073 2114 2157 2200 2244 2289 2335 2381 2429 2477

Saving VOC 10641 10854 11071 11292 11518 11748 11983 12223 12467 12717 12971 13230 13495 13765 14040 14321 14607 14900 15198 15501 15812 16128 16450

Saving Travel Time 8266 8431 8599 8771 8947 9126 9308 9494 9684 9878 10076 10277 10483 10692 10906 11124 11347 11574 11805 12041 12282 12528 12778

Jeita Interchange - Jounieh Interchange

Number of vehicles 2498 2560 2624 2690 2757 2826 2897 2969 3043 3120 3198 3277 3359 3443 3529 3618 3708 3801 3896 3993 4093 4195 4300

Travel Length 11740 12034 12335 12643 12959 13283 13615 13955 14304 14662 15028 15404 15789 16184 16589 17003 17428 17864 18311 18769 19238 19719 20212

Saving VOC 77955 79904 81902 83949 86048 88199 90404 92664 94981 97355 99789 102284 104841 107462 110148 112902 115725 118618 121583 124623 127738 130932 134205

Saving Travel Time 60554 62068 63620 65210 66841 68512 70224 71980 73780 75624 77515 79453 81439 83475 85562 87701 89893 92141 94444 96805 99225 101706 104249

Jounieh Interchange - Maamaltein passage

Number of vehicles 2277 2334 2392 2452 2513 2576 2640 2706 2774 2843 2914 2987 3062 3138 3217 3297 3380 3464 3551 3640 3731 3824 3919

Travel Length 5919 6067 6219 6374 6534 6697 6865 7036 7212 7392 7577 7767 7961 8160 8364 8573 8787 9007 9232 9463 9699 9942 10190

Saving VOC 39304 40286 41294 42326 43384 44469 45580 46720 47888 49085 50312 51570 52859 54181 55535 56924 58347 59805 61301 62833 64404 66014 67664

Saving Travel Time 30531 31294 32076 32878 33700 34543 35406 36291 37199 38129 39082 40059 41060 42087 43139 44218 45323 46456 47617 48808 50028 51279 52561

Maamaltein passage-Tabarja Exit

Number of vehicles 2308 2389 2473 2559 2649 2742 2838 2937 3040 3146 3256 3370 3488 3610 3737 3867 4003 4143 4288 4438 4593 4754 4920

Travel Length 5771 5973 6182 6398 6622 6854 7094 7342 7599 7865 8141 8426 8720 9026 9342 9669 10007 10357 10720 11095 11483 11885 12301

Saving VOC 38320 39661 41049 42486 43973 45512 47105 48753 50460 52226 54054 55946 57904 59930 62028 64199 66446 68771 71178 73670 76248 78917 81679

Saving Travel Time 29766 30808 31886 33002 34157 35353 36590 37871 39196 40568 41988 43458 44979 46553 48182 49869 51614 53421 55290 57226 59228 61301 63447

Pick-Up and 4 WD

Nahr el Kalb - Jeita Interchange

Number of vehicles 25252 25757 26272 26797 27333 27880 28438 29006 29586 30178 30782 31397 32025 32666 33319 33985 34665 35359 36066 36787 37523 38273 39039

Travel Length 12626 12878 13136 13399 13667 13940 14219 14503 14793 15089 15391 15699 16013 16333 16660 16993 17333 17679 18033 18393 18761 19137 19519

Saving VOC 83836 85512 87223 88967 90746 92561 94413 96301 98227 100191 102195 104239 106324 108450 110619 112832 115088 117390 119738 122133 124575 127067 129608

Saving Travel Time 21707 22142 22584 23036 23497 23967 24446 24935 25434 25942 26461 26990 27530 28081 28643 29215 29800 30396 31004 31624 32256 32901 33559

Jeita Interchange - Jounieh Interchange

Number of vehicles 19681 20173 20677 21194 21724 22267 22823 23394 23979 24578 25193 25823 26468 27130 27808 28503 29216 29946 30695 31462 32249 33055 33882

Travel Length 92499 94811 97181 99611 102101 104654 107270 109952 112701 115518 118406 121366 124400 127510 130698 133966 137315 140748 144266 147873 151570 155359 159243

Saving VOC 614191 629546 645285 661417 677952 694901 712274 730080 748332 767041 786217 805872 826019 846669 867836 889532 911770 934565 957929 981877 1006424 1031584 1057374

Saving Travel Time 159032 163007 167083 171260 175541 179930 184428 189039 193765 198609 203574 208663 213880 219227 224708 230325 236083 241985 248035 254236 260592 267107 273784

Jounieh Interchange - Maamaltein passage

Number of vehicles 17937 18386 18845 19316 19799 20294 20802 21322 21855 22401 22961 23535 24123 24727 25345 25978 26628 27293 27976 28675 29392 30127 30880

Travel Length 46637 47802 48998 50222 51478 52765 54084 55436 56822 58243 59699 61191 62721 64289 65896 67544 69232 70963 72737 74556 76419 78330 80288

Saving VOC 309667 317408 325344 333477 341814 350360 359119 368096 377299 386731 396400 406310 416467 426879 437551 448490 459702 471195 482975 495049 507425 520111 533113

Saving Travel Time 80182 82186 84241 86347 88505 90718 92986 95311 97693 100136 102639 105205 107835 110531 113294 116127 119030 122006 125056 128182 131387 134672 138038

Maamaltein passage-Tabarja Exit

Number of vehicles 18188 18824 19483 20165 20871 21601 22357 23140 23949 24788 25655 26553 27483 28444 29440 30470 31537 32641 33783 34966 36189 37456 38767

Travel Length 45469 47060 48707 50412 52176 54003 55893 57849 59874 61969 64138 66383 68706 71111 73600 76176 78842 81602 84458 87414 90473 93640 96917

Saving VOC 301913 312480 323417 334736 346452 358578 371128 384117 397562 411476 425878 440784 456211 472178 488705 505809 523513 541836 560800 580428 600743 621769 643531

Saving Travel Time 78174 80910 83742 86673 89706 92846 96096 99459 102940 106543 110272 114131 118126 122260 126540 130968 135552 140297 145207 150289 155549 160994 166628

Buses

Nahr el Kalb - Jeita Interchange

Number of vehicles 4565 4656 4749 4844 4941 5040 5141 5243 5348 5455 5564 5676 5789 5905 6023 6144 6266 6392 6520 6650 6783 6919 7057

Travel Length 2282 2328 2375 2422 2471 2520 2570 2622 2674 2728 2782 2838 2895 2952 3012 3072 3133 3196 3260 3325 3391 3459 3528

Saving VOC 18944 19323 19709 20103 20505 20915 21334 21760 22196 22639 23092 23554 24025 24506 24996 25496 26006 26526 27056 27597 28149 28712 29286

Saving Travel Time 58861 60038 61239 62463 63713 64987 66287 67612 68965 70344 71751 73186 74649 76142 77665 79219 80803 82419 84067 85749 87464 89213 90997

Jeita Interchange - Jounieh Interchange

Number of vehicles 3558 3647 3738 3831 3927 4025 4126 4229 4335 4443 4554 4668 4785 4904 5027 5153 5281 5413 5549 5687 5830 5975 6125

Travel Length 16721 17139 17567 18007 18457 18918 19391 19876 20373 20882 21404 21939 22488 23050 23626 24217 24822 25443 26079 26731 27399 28084 28786

Saving VOC 138784 142253 145810 149455 153191 157021 160946 164970 169094 173322 177655 182096 186649 191315 196098 201000 206025 211176 216455 221866 227413 233098 238926

Saving Travel Time 431220 442001 453051 464377 475987 487886 500084 512586 525400 538535 551999 565799 579944 594442 609303 624536 640149 656153 672557 689371 706605 724270 742377

Jounieh Interchange - Maamaltein passage

Number of vehicles 3242 3324 3407 3492 3579 3669 3760 3854 3951 4049 4151 4254 4361 4470 4582 4696 4813 4934 5057 5184 5313 5446 5582

Travel Length 8430 8641 8857 9079 9306 9538 9777 10021 10272 10528 10792 11061 11338 11621 11912 12210 12515 12828 13149 13477 13814 14160 14514

Saving VOC 69973 71722 73515 75353 77237 79168 81147 83176 85255 87386 89571 91810 94106 96458 98870 101341 103875 106472 109134 111862 114659 117525 120463

Saving Travel Time 217415 222851 228422 234133 239986 245986 252135 258439 264900 271522 278310 285268 292400 299710 307202 314882 322754 330823 339094 347571 356261 365167 374296

Maamaltein passage-Tabarja Exit

Number of vehicles 3288 3403 3522 3645 3773 3905 4041 4183 4329 4481 4638 4800 4968 5142 5322 5508 5701 5900 6107 6321 6542 6771 7008

Travel Length 8219 8507 8805 9113 9432 9762 10104 10457 10823 11202 11594 12000 12420 12855 13305 13770 14252 14751 15267 15802 16355 16927 17520

Saving VOC 68221 70608 73080 75637 78285 81025 83861 86796 89834 92978 96232 99600 103086 106694 110428 114293 118294 122434 126719 131154 135745 140496 145413

Saving Travel Time 211971 219390 227069 235017 243242 251756 260567 269687 279126 288895 299007 309472 320303 331514 343117 355126 367555 380420 393735 407515 421778 436541 451820

Light Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 3011 3071 3132 3195 3259 3324 3391 3458 3528 3598 3670 3744 3818 3895 3973 4052 4133 4216 4300 4386 4474 4563 4655

Travel Length 1505 1535 1566 1598 1629 1662 1695 1729 1764 1799 1835 1872 1909 1947 1986 2026 2067 2108 2150 2193 2237 2282 2327

Saving VOC 12495 12745 13000 13260 13525 13795 14071 14353 14640 14932 15231 15536 15846 16163 16487 16816 17153 17496 17846 18202 18567 18938 19317

Saving Travel Time 2588 2640 2693 2747 2802 2858 2915 2973 3032 3093 3155 3218 3282 3348 3415 3483 3553 3624 3697 3771 3846 3923 4001

Jeita Interchange - Jounieh Interchange

Number of vehicles 2347 2405 2465 2527 2590 2655 2721 2789 2859 2930 3004 3079 3156 3235 3316 3398 3483 3571 3660 3751 3845 3941 4040

Travel Length 11029 11304 11587 11877 12174 12478 12790 13110 13437 13773 14118 14471 14832 15203 15583 15973 16372 16781 17201 17631 18072 18524 18987

Saving VOC 91538 93827 96172 98577 101041 103567 106156 108810 111530 114319 117177 120106 123109 126186 129341 132574 135889 139286 142768 146337 149996 153746 157589

Saving Travel Time 18961 19436 19921 20419 20930 21453 21989 22539 23103 23680 24272 24879 25501 26139 26792 27462 28148 28852 29573 30313 31071 31847 32644

Jounieh Interchange - Maamaltein passage

Number of vehicles 2139 2192 2247 2303 2361 2420 2480 2542 2606 2671 2738 2806 2876 2948 3022 3097 3175 3254 3336 3419 3504 3592 3682

Travel Length 5561 5700 5842 5988 6138 6291 6448 6610 6775 6944 7118 7296 7478 7665 7857 8053 8255 8461 8673 8889 9112 9339 9573

Saving VOC 46152 47306 48489 49701 50943 52217 53522 54861 56232 57638 59079 60556 62070 63621 65212 66842 68513 70226 71982 73781 75626 77517 79454

Saving Travel Time 9560 9799 10044 10295 10553 10816 11087 11364 11648 11939 12238 12544 12857 13179 13508 13846 14192 14547 14911 15283 15665 16057 16458

Maamaltein passage-Tabarja Exit

Number of vehicles 2169 2244 2323 2404 2488 2576 2666 2759 2856 2955 3059 3166 3277 3391 3510 3633 3760 3892 4028 4169 4315 4466 4622

Travel Length 5421 5611 5807 6011 6221 6439 6664 6897 7139 7389 7647 7915 8192 8479 8775 9083 9400 9729 10070 10422 10787 11165 11556

Saving VOC 44997 46572 48202 49889 51635 53442 55312 57248 59252 61326 63472 65694 67993 70373 72836 75385 78024 80754 83581 86506 89534 92667 95911

Saving Travel Time 9321 9647 9985 10334 10696 11070 11458 11859 12274 12703 13148 13608 14084 14577 15087 15615 16162 16728 17313 17919 18546 19195 19867

Medium/Heavy Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 2428 2477 2526 2577 2628 2681 2734 2789 2845 2902 2960 3019 3079 3141 3204 3268 3333 3400 3468 3537 3608 3680 3754

Travel Length 1214 1238 1263 1288 1314 1340 1367 1395 1422 1451 1480 1509 1540 1570 1602 1634 1667 1700 1734 1769 1804 1840 1877

Saving VOC 34058 34739 35434 36143 36866 37603 38355 39122 39905 40703 41517 42347 43194 44058 44939 45838 46755 47690 48644 49616 50609 51621 52653

Saving Travel Time 2087 2129 2172 2215 2259 2304 2351 2398 2446 2494 2544 2595 2647 2700 2754 2809 2865 2923 2981 3041 3102 3164 3227

Jeita Interchange - Jounieh Interchange

Number of vehicles 1892 1940 1988 2038 2089 2141 2195 2249 2306 2363 2422 2483 2545 2609 2674 2741 2809 2879 2951 3025 3101 3178 3258

Travel Length 8894 9116 9344 9578 9817 10063 10314 10572 10837 11108 11385 11670 11962 12261 12567 12881 13203 13533 13872 14219 14574 14938 15312

Saving VOC 249515 255753 262147 268701 275418 282304 289361 296595 304010 311610 319401 327386 335570 343959 352558 361372 370407 379667 389159 398887 408860 419081 429558

Saving Travel Time 15292 15674 16066 16467 16879 17301 17733 18177 18631 19097 19574 20064 20565 21080 21606 22147 22700 23268 23850 24446 25057 25683 26325

Jounieh Interchange - Maamaltein passage

Number of vehicles 1725 1768 1812 1857 1904 1951 2000 2050 2101 2154 2208 2263 2320 2378 2437 2498 2560 2624 2690 2757 2826 2897 2969

Travel Length 4484 4596 4711 4829 4950 5074 5200 5330 5464 5600 5740 5884 6031 6182 6336 6495 6657 6823 6994 7169 7348 7532 7720

Saving VOC 125802 128947 132171 135475 138862 142334 145892 149539 153278 157110 161037 165063 169190 173420 177755 182199 186754 191423 196208 201114 206141 211295 216577

Saving Travel Time 7710 7903 8100 8303 8510 8723 8941 9164 9394 9628 9869 10116 10369 10628 10894 11166 11445 11731 12025 12325 12633 12949 13273

Maamaltein passage-Tabarja Exit

Number of vehicles 1749 1810 1873 1939 2007 2077 2150 2225 2303 2383 2467 2553 2643 2735 2831 2930 3032 3139 3248 3362 3480 3602 3728

Travel Length 4372 4525 4683 4847 5017 5193 5374 5562 5757 5959 6167 6383 6606 6838 7077 7325 7581 7846 8121 8405 8699 9004 9319

Saving VOC 122652 126945 131388 135987 140746 145672 150771 156048 161509 167162 173013 179068 185336 191822 198536 205485 212677 220121 227825 235799 244052 252594 261434

Saving Travel Time 7517 7780 8052 8334 8626 8928 9240 9563 9898 10245 10603 10974 11358 11756 12167 12593 13034 13490 13962 14451 14957 15480 16022

TOTAL SAVINGS VOC 10,578,221 10,863,677 11,157,056 11,458,583 11,768,493 12,087,025 12,414,426 12,750,951 13,096,862 13,452,429 13,817,930 14,193,651 14,579,886 14,976,939 15,385,122 15,804,757 16,236,176 16,679,718 17,135,736 17,604,592 18,086,658 18,582,317 19,091,966

TOTAL SAVINGS TRAVEL TIME 4,807,839 4,937,580 5,070,922 5,207,967 5,348,822 5,493,596 5,642,401 5,795,352 5,952,570 6,114,177 6,280,298 6,451,065 6,626,610 6,807,072 6,992,593 7,183,318 7,379,400 7,580,991 7,788,253 8,001,350 8,220,450 8,445,729 8,677,367

A1 Highway - Section Nahr el Kalb-Tabarja
Savings Breakdown Schedule 
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Year Year Capital costs
Discounted 

Capital Costs
Maintenance 

Costs

Discounted 
Maintenance 

Costs

Discounted Total 
Costs

Total Savings VOC
Discounted 

Savings VOC
Time Savings

Discounted Time 
Savings

Discounted Total 
Savings

Undiscounted Net 
Cash Flow

2011 1 20,000,000 17,857,143 17,857,143 -20,000,000

2012 2 37,809,870 30,141,797 30,141,797 -37,809,870

2013 3 37,809,870 26,912,319 26,912,319 -37,809,870

2014 4 37,809,870 24,028,856 804,789 511,458 24,540,314 11,458,583 7,282,137 5,207,967 3,309,757 10,591,894 -21,948,109

2015 5 804,789 456,659 456,659 11,768,493 6,677,759 5,348,822 3,035,065 9,712,824 16,312,526

2016 6 804,789 407,731 407,731 12,087,025 6,123,663 5,493,596 2,783,227 8,906,889 16,775,831

2017 7 804,789 364,046 364,046 12,414,426 5,615,656 5,642,401 2,552,335 8,167,991 17,252,037

2018 8 804,789 325,041 325,041 12,750,951 5,149,895 5,795,352 2,340,646 7,490,541 17,741,514

2019 9 804,789 290,215 290,215 13,096,862 4,722,860 5,952,570 2,146,557 6,869,416 18,244,643

2020 10 804,789 259,121 259,121 13,452,429 4,331,322 6,114,177 1,968,601 6,299,923 18,761,817
2021 11 804,789 231,358 231,358 13,817,930 3,972,325 6,280,298 1,805,436 5,777,760 19,293,439

2022 12 804,789 206,569 206,569 14,193,651 3,643,157 6,451,065 1,655,828 5,298,984 19,839,926

2023 13 2,560,069 586,702 586,702 14,579,886 3,341,334 6,626,610 1,518,648 4,859,982 18,646,427
2024 14 804,789 164,676 164,676 14,976,939 3,064,578 6,807,072 1,392,862 4,457,440 20,979,222

2025 15 804,789 147,032 147,032 15,385,122 2,810,804 6,992,593 1,277,521 4,088,325 21,572,926

2026 16 804,789 131,279 131,279 15,804,757 2,578,098 7,183,318 1,171,755 3,749,853 22,183,287

2027 17 804,789 117,213 117,213 16,236,176 2,364,707 7,379,400 1,074,768 3,439,475 22,810,786

2028 18 11,264,678 1,464,854 1,464,854 16,679,718 2,169,024 7,580,991 985,829 3,154,853 12,996,031

2029 19 804,789 93,441 93,441 17,135,736 1,989,575 7,788,253 904,269 2,893,844 24,119,200

2030 20 804,789 83,430 83,430 17,604,592 1,825,011 8,001,350 829,474 2,654,485 24,801,152

2031 21 804,789 74,491 74,491 18,086,658 1,674,094 8,220,450 760,882 2,434,976 25,502,319

2032 22 804,789 66,510 66,510 18,582,317 1,535,689 8,445,729 697,976 2,233,666 26,223,257
2033 23 2,560,069 188,902 188,902 19,091,966 1,408,757 8,677,367 640,285 2,049,042 25,209,264

Total 133,429,610 98,940,114 30,066,229 6,170,726 105,110,841 299,204,215 72,280,444 135,989,381 32,851,719 105,132,164 271,697,757

10% NPV 21,323 IRR 12.0%
12%

MIRR 12%

Annual interest % for the initial cost

Annual interest % for the reinvested profits

Cash Flow and Financial Indicators
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A B C D E F G H I J K L M N O P Q
Value of 

time VOT 
$

Location A1 Highway
Nahr el Kalb - 

Jeita 
Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb 
- Jeita 

Interchange

Jeita 
Interchange -

Jounieh 
Interchange

Jounieh 
Interchange 

- 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb -
Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

K 1.27225

Road length (km) 10.3 0.5 4.7 2.6 2.5 0.5 4.7 2.6 2.5 2.9

Yearly Maintenance ($/year) 1,303,758 63,289 594,919 329,104 316,446

Periodic maintenance ($/every 10 years) 2,843,554 138,037 1,297,544 717,790 690,183

Periodic maintenance ($/every 15 years) 16,945,020 822,574 7,732,194 4,277,384 4,112,869

Total number of vehicles in 2011 per day 194244 151389 137978 139904

Percent Passenger Cars 80.20% 80.20% 80.20% 80.20% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 4.64 1

Percent Taxis 1.65% 1.65% 1.65% 1.65% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 8.7 1

Percent Pickup - 4WD 13.00% 13.00% 13.00% 13.00% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 2.9 1

Percent Buses 2.35% 2.35% 2.35% 2.35% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 43.5 1

Percent Light Trucks 1.55% 1.55% 1.55% 1.55% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 2.9 1

Percent Medium to Heavy Trucks 1.25% 1.25% 1.25% 1.25% 2.00% 2.50% 2.50% 3.50% 85 0.5 4.7 2.6 2.5 2.9 1

Sum of percentages 100% 100% 100% 100%

Discount rate 12%

Speed before rehabilitation (Km/h) 70

Speed after rehabilitation (Km/h) 80

Travel Time (minutes) 0.05 0.50 0.28 0.27

Designation
Nahr el Kalb - Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

North 
Tabarja Exit

Total number of vehicles in 2011 194244 151389 137978 139904 102624

Designation Amount Amount
Total of Civil Works (CW) in Millions of U.S. 
$ original : 62.3 million USD 100.93
Total of Consulting Services (CS)in Millions 
of U.S. $ 2%*(CW+Contingencies) 2.1194
Physical Contingencies in Millions of U.S. $ 2.5%(CW) 2.5232

Price Contingencies in Millions of U.S. $ 2.5%(CW) 2.5232

Land acquisition in Millions of U.S. $ 15.2+2.8+2 20.00

Total in Millions of U.S. $ 128.0917

Daily Kms per vehicleTraffic growth rate per year
VOC 

Savings 
($/1000 

Km)

Reduction 
factor

Assumption Sheet
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Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Passengers cars

Nahr el Kalb - Jeita Interchange

Number of vehicles 155784 158899 162077 165319 168625 171998 175438 178946 182525 186176 189899 193697 197571 201523 205553 209664 213858 218135 222497 226947 231486 236116 240838

Travel Length 77892 79450 81039 82659 84313 85999 87719 89473 91263 93088 94950 96849 98786 100761 102777 104832 106929 109067 111249 113474 115743 118058 120419

Saving VOC 517202 527546 538097 548859 559836 571033 582453 594102 605984 618104 630466 643075 655937 669056 682437 696086 710007 724207 738692 753465 768535 783905 799584

Saving Travel Time 214269 218555 222926 227384 231932 236571 241302 246128 251051 256072 261193 266417 271745 277180 282724 288378 294146 300029 306029 312150 318393 324761 331256

Jeita Interchange - Jounieh Interchange

Number of vehicles 121414 124449 127561 130750 134018 137369 140803 144323 147931 151629 155420 159306 163288 167371 171555 175844 180240 184746 189364 194098 198951 203925 209023

Travel Length 570646 584912 599535 614523 629886 645633 661774 678318 695276 712658 730475 748737 767455 786641 806307 826465 847127 868305 890013 912263 935069 958446 982407

Saving VOC 3789087 3883815 3980910 4080433 4182444 4287005 4394180 4504034 4616635 4732051 4850352 4971611 5095901 5223299 5353881 5487728 5624922 5765545 5909683 6057425 6208861 6364082 6523185

Saving Travel Time 1569765 1609009 1649234 1690465 1732727 1776045 1820446 1865957 1912606 1960421 2009432 2059667 2111159 2163938 2218037 2273487 2330325 2388583 2448297 2509505 2572242 2636548 2702462

Jounieh Interchange - Maamaltein passage

Number of vehicles 110658 113425 116260 119167 122146 125200 128330 131538 134826 138197 141652 145193 148823 152544 156357 160266 164273 168380 172589 176904 181327 185860 190506

Travel Length 287712 294905 302277 309834 317580 325519 333657 341999 350549 359313 368295 377503 386940 396614 406529 416692 427110 437787 448732 459950 471449 483235 495316

Saving VOC 1910406 1958166 2007120 2057298 2108731 2161449 2215485 2270872 2327644 2385835 2445481 2506618 2569283 2633516 2699353 2766837 2836008 2906908 2979581 3054071 3130422 3208683 3288900

Saving Travel Time 791454 811240 831521 852309 873617 895457 917844 940790 964310 988417 1013128 1038456 1064417 1091028 1118304 1146261 1174918 1204291 1234398 1265258 1296889 1329312 1362544

Maamaltein passage-Tabarja Exit

Number of vehicles 112203 116130 120195 124401 128756 133262 137926 142754 147750 152921 158273 163813 169546 175481 181622 187979 194558 201368 208416 215710 223260 231074 239162

Travel Length 280508 290325 300487 311004 321889 333155 344815 356884 369375 382303 395684 409532 423866 438701 454056 469948 486396 503420 521040 539276 558151 577686 597905

Saving VOC 1862570 1927760 1995231 2065065 2137342 2212149 2289574 2369709 2452649 2538492 2627339 2719296 2814471 2912978 3014932 3120454 3229670 3342709 3459704 3580793 3706121 3835835 3970089

Saving Travel Time 771636 798643 826596 855527 885470 916462 948538 981737 1016097 1051661 1088469 1126565 1165995 1206805 1249043 1292760 1338006 1384836 1433306 1483471 1535393 1589132 1644751

Taxis

Nahr el Kalb - Jeita Interchange

Number of vehicles 3205 3269 3335 3401 3469 3539 3609 3682 3755 3830 3907 3985 4065 4146 4229 4314 4400 4488 4578 4669 4763 4858 4955

Travel Length 1603 1635 1667 1701 1735 1769 1805 1841 1878 1915 1953 1993 2032 2073 2114 2157 2200 2244 2289 2335 2381 2429 2477

Saving VOC 10641 10854 11071 11292 11518 11748 11983 12223 12467 12717 12971 13230 13495 13765 14040 14321 14607 14900 15198 15501 15812 16128 16450

Saving Travel Time 8266 8431 8599 8771 8947 9126 9308 9494 9684 9878 10076 10277 10483 10692 10906 11124 11347 11574 11805 12041 12282 12528 12778

Jeita Interchange - Jounieh Interchange

Number of vehicles 2498 2560 2624 2690 2757 2826 2897 2969 3043 3120 3198 3277 3359 3443 3529 3618 3708 3801 3896 3993 4093 4195 4300

Travel Length 11740 12034 12335 12643 12959 13283 13615 13955 14304 14662 15028 15404 15789 16184 16589 17003 17428 17864 18311 18769 19238 19719 20212

Saving VOC 77955 79904 81902 83949 86048 88199 90404 92664 94981 97355 99789 102284 104841 107462 110148 112902 115725 118618 121583 124623 127738 130932 134205

Saving Travel Time 60554 62068 63620 65210 66841 68512 70224 71980 73780 75624 77515 79453 81439 83475 85562 87701 89893 92141 94444 96805 99225 101706 104249

Jounieh Interchange - Maamaltein passage

Number of vehicles 2277 2334 2392 2452 2513 2576 2640 2706 2774 2843 2914 2987 3062 3138 3217 3297 3380 3464 3551 3640 3731 3824 3919

Travel Length 5919 6067 6219 6374 6534 6697 6865 7036 7212 7392 7577 7767 7961 8160 8364 8573 8787 9007 9232 9463 9699 9942 10190

Saving VOC 39304 40286 41294 42326 43384 44469 45580 46720 47888 49085 50312 51570 52859 54181 55535 56924 58347 59805 61301 62833 64404 66014 67664

Saving Travel Time 30531 31294 32076 32878 33700 34543 35406 36291 37199 38129 39082 40059 41060 42087 43139 44218 45323 46456 47617 48808 50028 51279 52561

Maamaltein passage-Tabarja Exit

Number of vehicles 2308 2389 2473 2559 2649 2742 2838 2937 3040 3146 3256 3370 3488 3610 3737 3867 4003 4143 4288 4438 4593 4754 4920

Travel Length 5771 5973 6182 6398 6622 6854 7094 7342 7599 7865 8141 8426 8720 9026 9342 9669 10007 10357 10720 11095 11483 11885 12301

Saving VOC 38320 39661 41049 42486 43973 45512 47105 48753 50460 52226 54054 55946 57904 59930 62028 64199 66446 68771 71178 73670 76248 78917 81679

Saving Travel Time 29766 30808 31886 33002 34157 35353 36590 37871 39196 40568 41988 43458 44979 46553 48182 49869 51614 53421 55290 57226 59228 61301 63447

Pick-Up and 4 WD

Nahr el Kalb - Jeita Interchange

Number of vehicles 25252 25757 26272 26797 27333 27880 28438 29006 29586 30178 30782 31397 32025 32666 33319 33985 34665 35359 36066 36787 37523 38273 39039

Travel Length 12626 12878 13136 13399 13667 13940 14219 14503 14793 15089 15391 15699 16013 16333 16660 16993 17333 17679 18033 18393 18761 19137 19519

Saving VOC 83836 85512 87223 88967 90746 92561 94413 96301 98227 100191 102195 104239 106324 108450 110619 112832 115088 117390 119738 122133 124575 127067 129608

Saving Travel Time 21707 22142 22584 23036 23497 23967 24446 24935 25434 25942 26461 26990 27530 28081 28643 29215 29800 30396 31004 31624 32256 32901 33559

Jeita Interchange - Jounieh Interchange

Number of vehicles 19681 20173 20677 21194 21724 22267 22823 23394 23979 24578 25193 25823 26468 27130 27808 28503 29216 29946 30695 31462 32249 33055 33882

Travel Length 92499 94811 97181 99611 102101 104654 107270 109952 112701 115518 118406 121366 124400 127510 130698 133966 137315 140748 144266 147873 151570 155359 159243

Saving VOC 614191 629546 645285 661417 677952 694901 712274 730080 748332 767041 786217 805872 826019 846669 867836 889532 911770 934565 957929 981877 1006424 1031584 1057374

Saving Travel Time 159032 163007 167083 171260 175541 179930 184428 189039 193765 198609 203574 208663 213880 219227 224708 230325 236083 241985 248035 254236 260592 267107 273784

Jounieh Interchange - Maamaltein passage

Number of vehicles 17937 18386 18845 19316 19799 20294 20802 21322 21855 22401 22961 23535 24123 24727 25345 25978 26628 27293 27976 28675 29392 30127 30880

Travel Length 46637 47802 48998 50222 51478 52765 54084 55436 56822 58243 59699 61191 62721 64289 65896 67544 69232 70963 72737 74556 76419 78330 80288

Saving VOC 309667 317408 325344 333477 341814 350360 359119 368096 377299 386731 396400 406310 416467 426879 437551 448490 459702 471195 482975 495049 507425 520111 533113

Saving Travel Time 80182 82186 84241 86347 88505 90718 92986 95311 97693 100136 102639 105205 107835 110531 113294 116127 119030 122006 125056 128182 131387 134672 138038

Maamaltein passage-Tabarja Exit

Number of vehicles 18188 18824 19483 20165 20871 21601 22357 23140 23949 24788 25655 26553 27483 28444 29440 30470 31537 32641 33783 34966 36189 37456 38767

Travel Length 45469 47060 48707 50412 52176 54003 55893 57849 59874 61969 64138 66383 68706 71111 73600 76176 78842 81602 84458 87414 90473 93640 96917

Saving VOC 301913 312480 323417 334736 346452 358578 371128 384117 397562 411476 425878 440784 456211 472178 488705 505809 523513 541836 560800 580428 600743 621769 643531

Saving Travel Time 78174 80910 83742 86673 89706 92846 96096 99459 102940 106543 110272 114131 118126 122260 126540 130968 135552 140297 145207 150289 155549 160994 166628

Buses

Nahr el Kalb - Jeita Interchange

Number of vehicles 4565 4656 4749 4844 4941 5040 5141 5243 5348 5455 5564 5676 5789 5905 6023 6144 6266 6392 6520 6650 6783 6919 7057

Travel Length 2282 2328 2375 2422 2471 2520 2570 2622 2674 2728 2782 2838 2895 2952 3012 3072 3133 3196 3260 3325 3391 3459 3528

Saving VOC 18944 19323 19709 20103 20505 20915 21334 21760 22196 22639 23092 23554 24025 24506 24996 25496 26006 26526 27056 27597 28149 28712 29286

Saving Travel Time 58861 60038 61239 62463 63713 64987 66287 67612 68965 70344 71751 73186 74649 76142 77665 79219 80803 82419 84067 85749 87464 89213 90997

Jeita Interchange - Jounieh Interchange

Number of vehicles 3558 3647 3738 3831 3927 4025 4126 4229 4335 4443 4554 4668 4785 4904 5027 5153 5281 5413 5549 5687 5830 5975 6125

Travel Length 16721 17139 17567 18007 18457 18918 19391 19876 20373 20882 21404 21939 22488 23050 23626 24217 24822 25443 26079 26731 27399 28084 28786

Saving VOC 138784 142253 145810 149455 153191 157021 160946 164970 169094 173322 177655 182096 186649 191315 196098 201000 206025 211176 216455 221866 227413 233098 238926

Saving Travel Time 431220 442001 453051 464377 475987 487886 500084 512586 525400 538535 551999 565799 579944 594442 609303 624536 640149 656153 672557 689371 706605 724270 742377

Jounieh Interchange - Maamaltein passage

Number of vehicles 3242 3324 3407 3492 3579 3669 3760 3854 3951 4049 4151 4254 4361 4470 4582 4696 4813 4934 5057 5184 5313 5446 5582

Travel Length 8430 8641 8857 9079 9306 9538 9777 10021 10272 10528 10792 11061 11338 11621 11912 12210 12515 12828 13149 13477 13814 14160 14514

Saving VOC 69973 71722 73515 75353 77237 79168 81147 83176 85255 87386 89571 91810 94106 96458 98870 101341 103875 106472 109134 111862 114659 117525 120463

Saving Travel Time 217415 222851 228422 234133 239986 245986 252135 258439 264900 271522 278310 285268 292400 299710 307202 314882 322754 330823 339094 347571 356261 365167 374296

Maamaltein passage-Tabarja Exit

Number of vehicles 3288 3403 3522 3645 3773 3905 4041 4183 4329 4481 4638 4800 4968 5142 5322 5508 5701 5900 6107 6321 6542 6771 7008

Travel Length 8219 8507 8805 9113 9432 9762 10104 10457 10823 11202 11594 12000 12420 12855 13305 13770 14252 14751 15267 15802 16355 16927 17520

Saving VOC 68221 70608 73080 75637 78285 81025 83861 86796 89834 92978 96232 99600 103086 106694 110428 114293 118294 122434 126719 131154 135745 140496 145413

Saving Travel Time 211971 219390 227069 235017 243242 251756 260567 269687 279126 288895 299007 309472 320303 331514 343117 355126 367555 380420 393735 407515 421778 436541 451820

Light Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 3011 3071 3132 3195 3259 3324 3391 3458 3528 3598 3670 3744 3818 3895 3973 4052 4133 4216 4300 4386 4474 4563 4655

Travel Length 1505 1535 1566 1598 1629 1662 1695 1729 1764 1799 1835 1872 1909 1947 1986 2026 2067 2108 2150 2193 2237 2282 2327

Saving VOC 12495 12745 13000 13260 13525 13795 14071 14353 14640 14932 15231 15536 15846 16163 16487 16816 17153 17496 17846 18202 18567 18938 19317

Saving Travel Time 2588 2640 2693 2747 2802 2858 2915 2973 3032 3093 3155 3218 3282 3348 3415 3483 3553 3624 3697 3771 3846 3923 4001

Jeita Interchange - Jounieh Interchange

Number of vehicles 2347 2405 2465 2527 2590 2655 2721 2789 2859 2930 3004 3079 3156 3235 3316 3398 3483 3571 3660 3751 3845 3941 4040

Travel Length 11029 11304 11587 11877 12174 12478 12790 13110 13437 13773 14118 14471 14832 15203 15583 15973 16372 16781 17201 17631 18072 18524 18987

Saving VOC 91538 93827 96172 98577 101041 103567 106156 108810 111530 114319 117177 120106 123109 126186 129341 132574 135889 139286 142768 146337 149996 153746 157589

Saving Travel Time 18961 19436 19921 20419 20930 21453 21989 22539 23103 23680 24272 24879 25501 26139 26792 27462 28148 28852 29573 30313 31071 31847 32644

Jounieh Interchange - Maamaltein passage

Number of vehicles 2139 2192 2247 2303 2361 2420 2480 2542 2606 2671 2738 2806 2876 2948 3022 3097 3175 3254 3336 3419 3504 3592 3682

Travel Length 5561 5700 5842 5988 6138 6291 6448 6610 6775 6944 7118 7296 7478 7665 7857 8053 8255 8461 8673 8889 9112 9339 9573

Saving VOC 46152 47306 48489 49701 50943 52217 53522 54861 56232 57638 59079 60556 62070 63621 65212 66842 68513 70226 71982 73781 75626 77517 79454

Saving Travel Time 9560 9799 10044 10295 10553 10816 11087 11364 11648 11939 12238 12544 12857 13179 13508 13846 14192 14547 14911 15283 15665 16057 16458

Maamaltein passage-Tabarja Exit

Number of vehicles 2169 2244 2323 2404 2488 2576 2666 2759 2856 2955 3059 3166 3277 3391 3510 3633 3760 3892 4028 4169 4315 4466 4622

Travel Length 5421 5611 5807 6011 6221 6439 6664 6897 7139 7389 7647 7915 8192 8479 8775 9083 9400 9729 10070 10422 10787 11165 11556

Saving VOC 44997 46572 48202 49889 51635 53442 55312 57248 59252 61326 63472 65694 67993 70373 72836 75385 78024 80754 83581 86506 89534 92667 95911

Saving Travel Time 9321 9647 9985 10334 10696 11070 11458 11859 12274 12703 13148 13608 14084 14577 15087 15615 16162 16728 17313 17919 18546 19195 19867

Medium/Heavy Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 2428 2477 2526 2577 2628 2681 2734 2789 2845 2902 2960 3019 3079 3141 3204 3268 3333 3400 3468 3537 3608 3680 3754

Travel Length 1214 1238 1263 1288 1314 1340 1367 1395 1422 1451 1480 1509 1540 1570 1602 1634 1667 1700 1734 1769 1804 1840 1877

Saving VOC 34058 34739 35434 36143 36866 37603 38355 39122 39905 40703 41517 42347 43194 44058 44939 45838 46755 47690 48644 49616 50609 51621 52653

Saving Travel Time 2087 2129 2172 2215 2259 2304 2351 2398 2446 2494 2544 2595 2647 2700 2754 2809 2865 2923 2981 3041 3102 3164 3227

Jeita Interchange - Jounieh Interchange

Number of vehicles 1892 1940 1988 2038 2089 2141 2195 2249 2306 2363 2422 2483 2545 2609 2674 2741 2809 2879 2951 3025 3101 3178 3258

Travel Length 8894 9116 9344 9578 9817 10063 10314 10572 10837 11108 11385 11670 11962 12261 12567 12881 13203 13533 13872 14219 14574 14938 15312

Saving VOC 249515 255753 262147 268701 275418 282304 289361 296595 304010 311610 319401 327386 335570 343959 352558 361372 370407 379667 389159 398887 408860 419081 429558

Saving Travel Time 15292 15674 16066 16467 16879 17301 17733 18177 18631 19097 19574 20064 20565 21080 21606 22147 22700 23268 23850 24446 25057 25683 26325

Jounieh Interchange - Maamaltein passage

Number of vehicles 1725 1768 1812 1857 1904 1951 2000 2050 2101 2154 2208 2263 2320 2378 2437 2498 2560 2624 2690 2757 2826 2897 2969

Travel Length 4484 4596 4711 4829 4950 5074 5200 5330 5464 5600 5740 5884 6031 6182 6336 6495 6657 6823 6994 7169 7348 7532 7720

Saving VOC 125802 128947 132171 135475 138862 142334 145892 149539 153278 157110 161037 165063 169190 173420 177755 182199 186754 191423 196208 201114 206141 211295 216577

Saving Travel Time 7710 7903 8100 8303 8510 8723 8941 9164 9394 9628 9869 10116 10369 10628 10894 11166 11445 11731 12025 12325 12633 12949 13273

Maamaltein passage-Tabarja Exit

Number of vehicles 1749 1810 1873 1939 2007 2077 2150 2225 2303 2383 2467 2553 2643 2735 2831 2930 3032 3139 3248 3362 3480 3602 3728

Travel Length 4372 4525 4683 4847 5017 5193 5374 5562 5757 5959 6167 6383 6606 6838 7077 7325 7581 7846 8121 8405 8699 9004 9319

Saving VOC 122652 126945 131388 135987 140746 145672 150771 156048 161509 167162 173013 179068 185336 191822 198536 205485 212677 220121 227825 235799 244052 252594 261434

Saving Travel Time 7517 7780 8052 8334 8626 8928 9240 9563 9898 10245 10603 10974 11358 11756 12167 12593 13034 13490 13962 14451 14957 15480 16022

TOTAL SAVINGS VOC 10,578,221 10,863,677 11,157,056 11,458,583 11,768,493 12,087,025 12,414,426 12,750,951 13,096,862 13,452,429 13,817,930 14,193,651 14,579,886 14,976,939 15,385,122 15,804,757 16,236,176 16,679,718 17,135,736 17,604,592 18,086,658 18,582,317 19,091,966

TOTAL SAVINGS TRAVEL TIME 4,807,839 4,937,580 5,070,922 5,207,967 5,348,822 5,493,596 5,642,401 5,795,352 5,952,570 6,114,177 6,280,298 6,451,065 6,626,610 6,807,072 6,992,593 7,183,318 7,379,400 7,580,991 7,788,253 8,001,350 8,220,450 8,445,729 8,677,367

A1 Highway - Section Nahr el Kalb-Tabarja
Savings Breakdown Schedule 
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Year Year Capital costs
Discounted 

Capital Costs
Maintenance 

Costs

Discounted 
Maintenance 

Costs

Discounted Total 
Costs

Total Savings VOC
Discounted 

Savings VOC
Time Savings

Discounted Time 
Savings

Discounted Total 
Savings

Undiscounted Net 
Cash Flow

2011 1 20,000,000 17,857,143 17,857,143 -20,000,000
2012 2 36,030,582 28,723,359 28,723,359 -36,030,582
2013 3 36,030,582 25,645,857 25,645,857 -36,030,582
2014 4 36,030,582 22,898,086 1,303,758 828,562 23,726,648 11,458,583 7,282,137 5,207,967 3,309,757 10,591,894 -20,667,790
2015 5 1,303,758 739,787 739,787 11,768,493 6,677,759 5,348,822 3,035,065 9,712,824 15,813,557
2016 6 1,303,758 660,524 660,524 12,087,025 6,123,663 5,493,596 2,783,227 8,906,889 16,276,862
2017 7 1,303,758 589,754 589,754 12,414,426 5,615,656 5,642,401 2,552,335 8,167,991 16,753,068
2018 8 1,303,758 526,566 526,566 12,750,951 5,149,895 5,795,352 2,340,646 7,490,541 17,242,545
2019 9 1,303,758 470,148 470,148 13,096,862 4,722,860 5,952,570 2,146,557 6,869,416 17,745,674
2020 10 1,303,758 419,775 419,775 13,452,429 4,331,322 6,114,177 1,968,601 6,299,923 18,262,848
2021 11 1,303,758 374,799 374,799 13,817,930 3,972,325 6,280,298 1,805,436 5,777,760 18,794,470

2022 12 1,303,758 334,642 334,642 14,193,651 3,643,157 6,451,065 1,655,828 5,298,984 19,340,957

2023 13 4,147,312 950,457 950,457 14,579,886 3,341,334 6,626,610 1,518,648 4,859,982 17,059,184
2024 14 1,303,758 266,775 266,775 14,976,939 3,064,578 6,807,072 1,392,862 4,457,440 20,480,253

2025 15 1,303,758 238,192 238,192 15,385,122 2,810,804 6,992,593 1,277,521 4,088,325 21,073,957

2026 16 1,303,758 212,671 212,671 15,804,757 2,578,098 7,183,318 1,171,755 3,749,853 21,684,318
2027 17 1,303,758 189,885 189,885 16,236,176 2,364,707 7,379,400 1,074,768 3,439,475 22,311,817
2028 18 18,248,778 2,373,064 2,373,064 16,679,718 2,169,024 7,580,991 985,829 3,154,853 6,011,931
2029 19 1,303,758 151,375 151,375 17,135,736 1,989,575 7,788,253 904,269 2,893,844 23,620,231
2030 20 1,303,758 135,156 135,156 17,604,592 1,825,011 8,001,350 829,474 2,654,485 24,302,183
2031 21 1,303,758 120,675 120,675 18,086,658 1,674,094 8,220,450 760,882 2,434,976 25,003,350
2032 22 1,303,758 107,746 107,746 18,582,317 1,535,689 8,445,729 697,976 2,233,666 25,724,288
2033 23 4,147,312 306,022 306,022 19,091,966 1,408,757 8,677,367 640,285 2,049,042 23,622,021

Total 128,091,746 95,124,445 48,707,291 9,996,576 105,121,022 299,204,215 72,280,444 135,989,381 32,851,719 105,132,164 258,394,559

10% NPV 11,142 IRR 12.0%
12%

MIRR 12%

Annual interest % for the initial cost

Annual interest % for the reinvested profits

Cash Flow and Financial Indicators
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A B C D E F G H I J K L M N O P Q
Value of 

time VOT 
$

Location A1 Highway
Nahr el Kalb - 

Jeita 
Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb 
- Jeita 

Interchange

Jeita 
Interchange -

Jounieh 
Interchange

Jounieh 
Interchange 

- 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb -
Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

K 1.27225

Road length (km) 10.3 0.5 4.7 2.6 2.5 0.5 4.7 2.6 2.5 2.9

Yearly Maintenance ($/year) 804,789 39,067 367,234 203,151 195,337

Periodic maintenance ($/every 10 years) 1,755,280 85,208 800,953 443,080 426,039

Periodic maintenance ($/every 15 years) 10,459,889 507,762 4,772,959 2,640,360 2,538,808

Total number of vehicles in 2011 per day 194244 151389 137978 139904

Percent Passenger Cars 80.20% 80.20% 80.20% 80.20% 2.00% 2.50% 2.50% 3.50% 11 0.5 4.7 2.6 2.5 4.64 1

Percent Taxis 1.65% 1.65% 1.65% 1.65% 2.00% 2.50% 2.50% 3.50% 11 0.5 4.7 2.6 2.5 8.7 1

Percent Pickup - 4WD 13.00% 13.00% 13.00% 13.00% 2.00% 2.50% 2.50% 3.50% 11 0.5 4.7 2.6 2.5 2.9 1

Percent Buses 2.35% 2.35% 2.35% 2.35% 2.00% 2.50% 2.50% 3.50% 14 0.5 4.7 2.6 2.5 43.5 1

Percent Light Trucks 1.55% 1.55% 1.55% 1.55% 2.00% 2.50% 2.50% 3.50% 14 0.5 4.7 2.6 2.5 2.9 1

Percent Medium to Heavy Trucks 1.25% 1.25% 1.25% 1.25% 2.00% 2.50% 2.50% 3.50% 46 0.5 4.7 2.6 2.5 2.9 1

Sum of percentages 100% 100% 100% 100%

Discount rate 12%

Speed before rehabilitation (Km/h) 70

Speed after rehabilitation (Km/h) 80

Travel Time (minutes) 0.05 0.50 0.28 0.27

Designation
Nahr el Kalb - Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

North 
Tabarja Exit

Total number of vehicles in 2011 194244 151389 137978 139904 102624

Designation Amount Amount
Total of Civil Works (CW) in Millions of U.S. 
$ 42.3+3+7+10 62.30
Total of Consulting Services (CS)in Millions 
of U.S. $ 2%*(CW+Contingencies) 1.3083
Physical Contingencies in Millions of U.S. $ 2.5%(CW) 1.5575

Price Contingencies in Millions of U.S. $ 2.5%(CW) 1.5575

Land acquisition in Millions of U.S. $ 15.2+2.8+2 20.00

Total in Millions of U.S. $ 86.7233

VOC 
Savings 
($/1000 

Km)

Reduction 
factor

Assumption Sheet

Daily Kms per vehicleTraffic growth rate per year
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Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Passengers cars

Nahr el Kalb - Jeita Interchange

Number of vehicles 155784 158899 162077 165319 168625 171998 175438 178946 182525 186176 189899 193697 197571 201523 205553 209664 213858 218135 222497 226947 231486 236116 240838

Travel Length 77892 79450 81039 82659 84313 85999 87719 89473 91263 93088 94950 96849 98786 100761 102777 104832 106929 109067 111249 113474 115743 118058 120419

Saving VOC 279289 284875 290572 296384 302311 308358 314525 320815 327232 333776 340452 347261 354206 361290 368516 375886 383404 391072 398893 406871 415009 423309 431775

Saving Travel Time 214269 218555 222926 227384 231932 236571 241302 246128 251051 256072 261193 266417 271745 277180 282724 288378 294146 300029 306029 312150 318393 324761 331256

Jeita Interchange - Jounieh Interchange

Number of vehicles 121414 124449 127561 130750 134018 137369 140803 144323 147931 151629 155420 159306 163288 167371 171555 175844 180240 184746 189364 194098 198951 203925 209023

Travel Length 570646 584912 599535 614523 629886 645633 661774 678318 695276 712658 730475 748737 767455 786641 806307 826465 847127 868305 890013 912263 935069 958446 982407

Saving VOC 2046107 2097260 2149691 2203434 2258520 2314983 2372857 2432178 2492983 2555308 2619190 2684670 2751787 2820581 2891096 2963373 3037458 3113394 3191229 3271010 3352785 3436605 3522520

Saving Travel Time 1569765 1609009 1649234 1690465 1732727 1776045 1820446 1865957 1912606 1960421 2009432 2059667 2111159 2163938 2218037 2273487 2330325 2388583 2448297 2509505 2572242 2636548 2702462

Jounieh Interchange - Maamaltein passage

Number of vehicles 110658 113425 116260 119167 122146 125200 128330 131538 134826 138197 141652 145193 148823 152544 156357 160266 164273 168380 172589 176904 181327 185860 190506

Travel Length 287712 294905 302277 309834 317580 325519 333657 341999 350549 359313 368295 377503 386940 396614 406529 416692 427110 437787 448732 459950 471449 483235 495316

Saving VOC 1031619 1057410 1083845 1110941 1138715 1167182 1196362 1226271 1256928 1288351 1320560 1353574 1387413 1422098 1457651 1494092 1531444 1569731 1608974 1649198 1690428 1732689 1776006

Saving Travel Time 791454 811240 831521 852309 873617 895457 917844 940790 964310 988417 1013128 1038456 1064417 1091028 1118304 1146261 1174918 1204291 1234398 1265258 1296889 1329312 1362544

Maamaltein passage-Tabarja Exit

Number of vehicles 112203 116130 120195 124401 128756 133262 137926 142754 147750 152921 158273 163813 169546 175481 181622 187979 194558 201368 208416 215710 223260 231074 239162

Travel Length 280508 290325 300487 311004 321889 333155 344815 356884 369375 382303 395684 409532 423866 438701 454056 469948 486396 503420 521040 539276 558151 577686 597905

Saving VOC 1005788 1040990 1077425 1115135 1154165 1194560 1236370 1279643 1324430 1370785 1418763 1468420 1519814 1573008 1628063 1685045 1744022 1805063 1868240 1933628 2001305 2071351 2143848

Saving Travel Time 771636 798643 826596 855527 885470 916462 948538 981737 1016097 1051661 1088469 1126565 1165995 1206805 1249043 1292760 1338006 1384836 1433306 1483471 1535393 1589132 1644751

Taxis

Nahr el Kalb - Jeita Interchange

Number of vehicles 3205 3269 3335 3401 3469 3539 3609 3682 3755 3830 3907 3985 4065 4146 4229 4314 4400 4488 4578 4669 4763 4858 4955

Travel Length 1603 1635 1667 1701 1735 1769 1805 1841 1878 1915 1953 1993 2032 2073 2114 2157 2200 2244 2289 2335 2381 2429 2477

Saving VOC 5746 5861 5978 6098 6220 6344 6471 6600 6732 6867 7004 7144 7287 7433 7582 7733 7888 8046 8207 8371 8538 8709 8883

Saving Travel Time 8266 8431 8599 8771 8947 9126 9308 9494 9684 9878 10076 10277 10483 10692 10906 11124 11347 11574 11805 12041 12282 12528 12778

Jeita Interchange - Jounieh Interchange

Number of vehicles 2498 2560 2624 2690 2757 2826 2897 2969 3043 3120 3198 3277 3359 3443 3529 3618 3708 3801 3896 3993 4093 4195 4300

Travel Length 11740 12034 12335 12643 12959 13283 13615 13955 14304 14662 15028 15404 15789 16184 16589 17003 17428 17864 18311 18769 19238 19719 20212

Saving VOC 42096 43148 44227 45332 46466 47627 48818 50039 51290 52572 53886 55233 56614 58029 59480 60967 62491 64054 65655 67296 68979 70703 72471

Saving Travel Time 60554 62068 63620 65210 66841 68512 70224 71980 73780 75624 77515 79453 81439 83475 85562 87701 89893 92141 94444 96805 99225 101706 104249

Jounieh Interchange - Maamaltein passage

Number of vehicles 2277 2334 2392 2452 2513 2576 2640 2706 2774 2843 2914 2987 3062 3138 3217 3297 3380 3464 3551 3640 3731 3824 3919

Travel Length 5919 6067 6219 6374 6534 6697 6865 7036 7212 7392 7577 7767 7961 8160 8364 8573 8787 9007 9232 9463 9699 9942 10190

Saving VOC 21224 21755 22299 22856 23427 24013 24613 25229 25859 26506 27169 27848 28544 29258 29989 30739 31507 32295 33102 33930 34778 35648 36539

Saving Travel Time 30531 31294 32076 32878 33700 34543 35406 36291 37199 38129 39082 40059 41060 42087 43139 44218 45323 46456 47617 48808 50028 51279 52561

Maamaltein passage-Tabarja Exit

Number of vehicles 2308 2389 2473 2559 2649 2742 2838 2937 3040 3146 3256 3370 3488 3610 3737 3867 4003 4143 4288 4438 4593 4754 4920

Travel Length 5771 5973 6182 6398 6622 6854 7094 7342 7599 7865 8141 8426 8720 9026 9342 9669 10007 10357 10720 11095 11483 11885 12301

Saving VOC 20693 21417 22166 22942 23745 24576 25437 26327 27248 28202 29189 30211 31268 32362 33495 34667 35881 37137 38436 39782 41174 42615 44107

Saving Travel Time 29766 30808 31886 33002 34157 35353 36590 37871 39196 40568 41988 43458 44979 46553 48182 49869 51614 53421 55290 57226 59228 61301 63447

Pick-Up and 4 WD

Nahr el Kalb - Jeita Interchange

Number of vehicles 25252 25757 26272 26797 27333 27880 28438 29006 29586 30178 30782 31397 32025 32666 33319 33985 34665 35359 36066 36787 37523 38273 39039

Travel Length 12626 12878 13136 13399 13667 13940 14219 14503 14793 15089 15391 15699 16013 16333 16660 16993 17333 17679 18033 18393 18761 19137 19519

Saving VOC 45271 46177 47100 48042 49003 49983 50983 52002 53043 54103 55185 56289 57415 58563 59734 60929 62148 63391 64659 65952 67271 68616 69988

Saving Travel Time 21707 22142 22584 23036 23497 23967 24446 24935 25434 25942 26461 26990 27530 28081 28643 29215 29800 30396 31004 31624 32256 32901 33559

Jeita Interchange - Jounieh Interchange

Number of vehicles 19681 20173 20677 21194 21724 22267 22823 23394 23979 24578 25193 25823 26468 27130 27808 28503 29216 29946 30695 31462 32249 33055 33882

Travel Length 92499 94811 97181 99611 102101 104654 107270 109952 112701 115518 118406 121366 124400 127510 130698 133966 137315 140748 144266 147873 151570 155359 159243

Saving VOC 331663 339955 348454 357165 366094 375247 384628 394243 404099 414202 424557 435171 446050 457201 468632 480347 492356 504665 517282 530214 543469 557056 570982

Saving Travel Time 159032 163007 167083 171260 175541 179930 184428 189039 193765 198609 203574 208663 213880 219227 224708 230325 236083 241985 248035 254236 260592 267107 273784

Jounieh Interchange - Maamaltein passage

Number of vehicles 17937 18386 18845 19316 19799 20294 20802 21322 21855 22401 22961 23535 24123 24727 25345 25978 26628 27293 27976 28675 29392 30127 30880

Travel Length 46637 47802 48998 50222 51478 52765 54084 55436 56822 58243 59699 61191 62721 64289 65896 67544 69232 70963 72737 74556 76419 78330 80288

Saving VOC 167220 171401 175686 180078 184580 189194 193924 198772 203741 208835 214056 219407 224892 230515 236278 242185 248239 254445 260806 267326 274010 280860 287881

Saving Travel Time 80182 82186 84241 86347 88505 90718 92986 95311 97693 100136 102639 105205 107835 110531 113294 116127 119030 122006 125056 128182 131387 134672 138038

Maamaltein passage-Tabarja Exit

Number of vehicles 18188 18824 19483 20165 20871 21601 22357 23140 23949 24788 25655 26553 27483 28444 29440 30470 31537 32641 33783 34966 36189 37456 38767

Travel Length 45469 47060 48707 50412 52176 54003 55893 57849 59874 61969 64138 66383 68706 71111 73600 76176 78842 81602 84458 87414 90473 93640 96917

Saving VOC 163033 168739 174645 180758 187084 193632 200409 207423 214683 222197 229974 238023 246354 254976 263901 273137 282697 292591 302832 313431 324401 335755 347507

Saving Travel Time 78174 80910 83742 86673 89706 92846 96096 99459 102940 106543 110272 114131 118126 122260 126540 130968 135552 140297 145207 150289 155549 160994 166628

Buses

Nahr el Kalb - Jeita Interchange

Number of vehicles 4565 4656 4749 4844 4941 5040 5141 5243 5348 5455 5564 5676 5789 5905 6023 6144 6266 6392 6520 6650 6783 6919 7057

Travel Length 2282 2328 2375 2422 2471 2520 2570 2622 2674 2728 2782 2838 2895 2952 3012 3072 3133 3196 3260 3325 3391 3459 3528

Saving VOC 10230 10434 10643 10856 11073 11294 11520 11751 11986 12225 12470 12719 12974 13233 13498 13768 14043 14324 14610 14903 15201 15505 15815

Saving Travel Time 58861 60038 61239 62463 63713 64987 66287 67612 68965 70344 71751 73186 74649 76142 77665 79219 80803 82419 84067 85749 87464 89213 90997

Jeita Interchange - Jounieh Interchange

Number of vehicles 3558 3647 3738 3831 3927 4025 4126 4229 4335 4443 4554 4668 4785 4904 5027 5153 5281 5413 5549 5687 5830 5975 6125

Travel Length 16721 17139 17567 18007 18457 18918 19391 19876 20373 20882 21404 21939 22488 23050 23626 24217 24822 25443 26079 26731 27399 28084 28786

Saving VOC 74943 76817 78737 80706 82723 84791 86911 89084 91311 93594 95934 98332 100790 103310 105893 108540 111254 114035 116886 119808 122803 125873 129020

Saving Travel Time 431220 442001 453051 464377 475987 487886 500084 512586 525400 538535 551999 565799 579944 594442 609303 624536 640149 656153 672557 689371 706605 724270 742377

Jounieh Interchange - Maamaltein passage

Number of vehicles 3242 3324 3407 3492 3579 3669 3760 3854 3951 4049 4151 4254 4361 4470 4582 4696 4813 4934 5057 5184 5313 5446 5582

Travel Length 8430 8641 8857 9079 9306 9538 9777 10021 10272 10528 10792 11061 11338 11621 11912 12210 12515 12828 13149 13477 13814 14160 14514

Saving VOC 37785 38730 39698 40691 41708 42751 43819 44915 46038 47189 48368 49578 50817 52087 53390 54724 56092 57495 58932 60405 61916 63464 65050

Saving Travel Time 217415 222851 228422 234133 239986 245986 252135 258439 264900 271522 278310 285268 292400 299710 307202 314882 322754 330823 339094 347571 356261 365167 374296

Maamaltein passage-Tabarja Exit

Number of vehicles 3288 3403 3522 3645 3773 3905 4041 4183 4329 4481 4638 4800 4968 5142 5322 5508 5701 5900 6107 6321 6542 6771 7008

Travel Length 8219 8507 8805 9113 9432 9762 10104 10457 10823 11202 11594 12000 12420 12855 13305 13770 14252 14751 15267 15802 16355 16927 17520

Saving VOC 36839 38129 39463 40844 42274 43753 45285 46870 48510 50208 51965 53784 55667 57615 59631 61718 63879 66114 68428 70823 73302 75868 78523

Saving Travel Time 211971 219390 227069 235017 243242 251756 260567 269687 279126 288895 299007 309472 320303 331514 343117 355126 367555 380420 393735 407515 421778 436541 451820

Light Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 3011 3071 3132 3195 3259 3324 3391 3458 3528 3598 3670 3744 3818 3895 3973 4052 4133 4216 4300 4386 4474 4563 4655

Travel Length 1505 1535 1566 1598 1629 1662 1695 1729 1764 1799 1835 1872 1909 1947 1986 2026 2067 2108 2150 2193 2237 2282 2327

Saving VOC 6747 6882 7020 7160 7303 7449 7598 7750 7905 8063 8225 8389 8557 8728 8903 9081 9262 9448 9637 9829 10026 10226 10431

Saving Travel Time 2588 2640 2693 2747 2802 2858 2915 2973 3032 3093 3155 3218 3282 3348 3415 3483 3553 3624 3697 3771 3846 3923 4001

Jeita Interchange - Jounieh Interchange

Number of vehicles 2347 2405 2465 2527 2590 2655 2721 2789 2859 2930 3004 3079 3156 3235 3316 3398 3483 3571 3660 3751 3845 3941 4040

Travel Length 11029 11304 11587 11877 12174 12478 12790 13110 13437 13773 14118 14471 14832 15203 15583 15973 16372 16781 17201 17631 18072 18524 18987

Saving VOC 49431 50666 51933 53231 54562 55926 57324 58757 60226 61732 63275 64857 66479 68141 69844 71590 73380 75214 77095 79022 80998 83023 85098

Saving Travel Time 18961 19436 19921 20419 20930 21453 21989 22539 23103 23680 24272 24879 25501 26139 26792 27462 28148 28852 29573 30313 31071 31847 32644

Jounieh Interchange - Maamaltein passage

Number of vehicles 2139 2192 2247 2303 2361 2420 2480 2542 2606 2671 2738 2806 2876 2948 3022 3097 3175 3254 3336 3419 3504 3592 3682

Travel Length 5561 5700 5842 5988 6138 6291 6448 6610 6775 6944 7118 7296 7478 7665 7857 8053 8255 8461 8673 8889 9112 9339 9573

Saving VOC 24922 25545 26184 26839 27509 28197 28902 29625 30365 31124 31903 32700 33518 34356 35214 36095 36997 37922 38870 39842 40838 41859 42905

Saving Travel Time 9560 9799 10044 10295 10553 10816 11087 11364 11648 11939 12238 12544 12857 13179 13508 13846 14192 14547 14911 15283 15665 16057 16458

Maamaltein passage-Tabarja Exit

Number of vehicles 2169 2244 2323 2404 2488 2576 2666 2759 2856 2955 3059 3166 3277 3391 3510 3633 3760 3892 4028 4169 4315 4466 4622

Travel Length 5421 5611 5807 6011 6221 6439 6664 6897 7139 7389 7647 7915 8192 8479 8775 9083 9400 9729 10070 10422 10787 11165 11556

Saving VOC 24298 25149 26029 26940 27883 28859 29869 30914 31996 33116 34275 35475 36716 38001 39331 40708 42133 43607 45134 46713 48348 50040 51792

Saving Travel Time 9321 9647 9985 10334 10696 11070 11458 11859 12274 12703 13148 13608 14084 14577 15087 15615 16162 16728 17313 17919 18546 19195 19867

Medium/Heavy Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 2428 2477 2526 2577 2628 2681 2734 2789 2845 2902 2960 3019 3079 3141 3204 3268 3333 3400 3468 3537 3608 3680 3754

Travel Length 1214 1238 1263 1288 1314 1340 1367 1395 1422 1451 1480 1509 1540 1570 1602 1634 1667 1700 1734 1769 1804 1840 1877

Saving VOC 18391 18759 19134 19517 19908 20306 20712 21126 21549 21979 22419 22867 23325 23791 24267 24752 25248 25752 26268 26793 27329 27875 28433

Saving Travel Time 2087 2129 2172 2215 2259 2304 2351 2398 2446 2494 2544 2595 2647 2700 2754 2809 2865 2923 2981 3041 3102 3164 3227

Jeita Interchange - Jounieh Interchange

Number of vehicles 1892 1940 1988 2038 2089 2141 2195 2249 2306 2363 2422 2483 2545 2609 2674 2741 2809 2879 2951 3025 3101 3178 3258

Travel Length 8894 9116 9344 9578 9817 10063 10314 10572 10837 11108 11385 11670 11962 12261 12567 12881 13203 13533 13872 14219 14574 14938 15312

Saving VOC 134738 138107 141559 145098 148726 152444 156255 160161 164165 168270 172476 176788 181208 185738 190382 195141 200020 205020 210146 215399 220784 226304 231961

Saving Travel Time 15292 15674 16066 16467 16879 17301 17733 18177 18631 19097 19574 20064 20565 21080 21606 22147 22700 23268 23850 24446 25057 25683 26325

Jounieh Interchange - Maamaltein passage

Number of vehicles 1725 1768 1812 1857 1904 1951 2000 2050 2101 2154 2208 2263 2320 2378 2437 2498 2560 2624 2690 2757 2826 2897 2969

Travel Length 4484 4596 4711 4829 4950 5074 5200 5330 5464 5600 5740 5884 6031 6182 6336 6495 6657 6823 6994 7169 7348 7532 7720

Saving VOC 67933 69631 71372 73157 74985 76860 78782 80751 82770 84839 86960 89134 91363 93647 95988 98387 100847 103368 105953 108601 111316 114099 116952

Saving Travel Time 7710 7903 8100 8303 8510 8723 8941 9164 9394 9628 9869 10116 10369 10628 10894 11166 11445 11731 12025 12325 12633 12949 13273

Maamaltein passage-Tabarja Exit

Number of vehicles 1749 1810 1873 1939 2007 2077 2150 2225 2303 2383 2467 2553 2643 2735 2831 2930 3032 3139 3248 3362 3480 3602 3728

Travel Length 4372 4525 4683 4847 5017 5193 5374 5562 5757 5959 6167 6383 6606 6838 7077 7325 7581 7846 8121 8405 8699 9004 9319

Saving VOC 66232 68550 70950 73433 76003 78663 81416 84266 87215 90268 93427 96697 100081 103584 107210 110962 114846 118865 123025 127331 131788 136401 141175

Saving Travel Time 7517 7780 8052 8334 8626 8928 9240 9563 9898 10245 10603 10974 11358 11756 12167 12593 13034 13490 13962 14451 14957 15480 16022

TOTAL SAVINGS VOC 5,712,239 5,866,386 6,024,810 6,187,635 6,354,986 6,526,993 6,703,790 6,885,513 7,072,305 7,264,312 7,461,682 7,664,571 7,873,138 8,087,547 8,307,966 8,534,569 8,767,535 9,007,048 9,253,298 9,506,480 9,766,795 10,034,451 10,309,662

TOTAL SAVINGS TRAVEL TIME 4,807,839 4,937,580 5,070,922 5,207,967 5,348,822 5,493,596 5,642,401 5,795,352 5,952,570 6,114,177 6,280,298 6,451,065 6,626,610 6,807,072 6,992,593 7,183,318 7,379,400 7,580,991 7,788,253 8,001,350 8,220,450 8,445,729 8,677,367

A1 Highway - Section Nahr el Kalb-Tabarja
Savings Breakdown Schedule 
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Year Year Capital costs
Discounted 

Capital Costs
Maintenance 

Costs

Discounted 
Maintenance 

Costs

Discounted Total 
Costs

Total Savings VOC
Discounted 

Savings VOC
Time Savings

Discounted Time 
Savings

Discounted Total 
Savings

Undiscounted Net 
Cash Flow

2011 1 20,000,000 17,857,143 17,857,143 -20,000,000

2012 2 22,241,100 17,730,469 17,730,469 -22,241,100

2013 3 22,241,100 15,830,776 15,830,776 -22,241,100

2014 4 22,241,100 14,134,621 804,789 511,458 14,646,079 6,187,635 3,932,354 5,207,967 3,309,757 7,242,111 -11,650,287

2015 5 804,789 456,659 456,659 6,354,986 3,605,990 5,348,822 3,035,065 6,641,055 10,899,019

2016 6 804,789 407,731 407,731 6,526,993 3,306,778 5,493,596 2,783,227 6,090,004 11,215,800

2017 7 804,789 364,046 364,046 6,703,790 3,032,454 5,642,401 2,552,335 5,584,790 11,541,401

2018 8 804,789 325,041 325,041 6,885,513 2,780,943 5,795,352 2,340,646 5,121,589 11,876,077

2019 9 804,789 290,215 290,215 7,072,305 2,550,344 5,952,570 2,146,557 4,696,901 12,220,087

2020 10 804,789 259,121 259,121 7,264,312 2,338,914 6,114,177 1,968,601 4,307,515 12,573,700
2021 11 804,789 231,358 231,358 7,461,682 2,145,055 6,280,298 1,805,436 3,950,491 12,937,191

2022 12 804,789 206,569 206,569 7,664,571 1,967,305 6,451,065 1,655,828 3,623,132 13,310,847

2023 13 2,560,069 586,702 586,702 7,873,138 1,804,320 6,626,610 1,518,648 3,322,968 11,939,679
2024 14 804,789 164,676 164,676 8,087,547 1,654,872 6,807,072 1,392,862 3,047,734 14,089,830

2025 15 804,789 147,032 147,032 8,307,966 1,517,834 6,992,593 1,277,521 2,795,355 14,495,770

2026 16 804,789 131,279 131,279 8,534,569 1,392,173 7,183,318 1,171,755 2,563,928 14,913,098

2027 17 804,789 117,213 117,213 8,767,535 1,276,942 7,379,400 1,074,768 2,351,710 15,342,145

2028 18 11,264,678 1,464,854 1,464,854 9,007,048 1,171,273 7,580,991 985,829 2,157,102 5,323,361

2029 19 804,789 93,441 93,441 9,253,298 1,074,371 7,788,253 904,269 1,978,640 16,236,762

2030 20 804,789 83,430 83,430 9,506,480 985,506 8,001,350 829,474 1,814,980 16,703,040

2031 21 804,789 74,491 74,491 9,766,795 904,011 8,220,450 760,882 1,664,892 17,182,456

2032 22 804,789 66,510 66,510 10,034,451 829,272 8,445,729 697,976 1,527,249 17,675,392
2033 23 2,560,069 188,902 188,902 10,309,662 760,729 8,677,367 640,285 1,401,014 16,426,959

Total 86,723,300 65,553,008 30,066,229 6,170,726 71,723,735 161,570,276 39,031,440 135,989,381 32,851,719 71,883,159 180,770,128

10% NPV 159,425 IRR 12.0%
12%

MIRR 12%

Annual interest % for the initial cost

Annual interest % for the reinvested profits

Cash Flow and Financial Indicators
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A B C D E F G H I J K L M N O P Q
Value of 

time VOT 
$

Location A1 Highway
Nahr el Kalb - 

Jeita 
Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb 
- Jeita 

Interchange

Jeita 
Interchange -

Jounieh 
Interchange

Jounieh 
Interchange 

- 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb -
Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

K 1.27225

Road length (km) 10.3 0.5 4.7 2.6 2.5 0.5 4.7 2.6 2.5 2.9

Yearly Maintenance ($/year) 804,789 39,067 367,234 203,151 195,337

Periodic maintenance ($/every 10 years) 1,755,280 85,208 800,953 443,080 426,039

Periodic maintenance ($/every 15 years) 10,459,889 507,762 4,772,959 2,640,360 2,538,808

Total number of vehicles in 2011 per day 194244 151389 137978 139904

Percent Passenger Cars 80.20% 80.20% 80.20% 80.20% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 4.64 0.682

Percent Taxis 1.65% 1.65% 1.65% 1.65% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 8.7 0.682

Percent Pickup - 4WD 13.00% 13.00% 13.00% 13.00% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 2.9 0.682

Percent Buses 2.35% 2.35% 2.35% 2.35% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 43.5 0.682

Percent Light Trucks 1.55% 1.55% 1.55% 1.55% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 2.9 0.682

Percent Medium to Heavy Trucks 1.25% 1.25% 1.25% 1.25% 2.00% 2.50% 2.50% 3.50% 85 0.5 4.7 2.6 2.5 2.9 0.682

Sum of percentages 100% 100% 100% 100%

Discount rate 12%

Speed before rehabilitation (Km/h) 70

Speed after rehabilitation (Km/h) 80

Travel Time (minutes) 0.05 0.50 0.28 0.27

Designation
Nahr el Kalb - Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

North 
Tabarja Exit

Total number of vehicles in 2011 194244 151389 137978 139904 102624

Designation Amount Amount
Total of Civil Works (CW) in Millions of U.S. 
$ 42.3+3+7+10 62.30
Total of Consulting Services (CS)in Millions 
of U.S. $ 2%*(CW+Contingencies) 1.3083
Physical Contingencies in Millions of U.S. $ 2.5%(CW) 1.5575

Price Contingencies in Millions of U.S. $ 2.5%(CW) 1.5575

Land acquisition in Millions of U.S. $ 15.2+2.8+2 20.00

Total in Millions of U.S. $ 86.7233

Daily Kms per vehicleTraffic growth rate per year
VOC 

Savings 
($/1000 

Km)

Reduction 
factor

Assumption Sheet
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Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Passengers cars

Nahr el Kalb - Jeita Interchange

Number of vehicles 155784 158899 162077 165319 168625 171998 175438 178946 182525 186176 189899 193697 197571 201523 205553 209664 213858 218135 222497 226947 231486 236116 240838

Travel Length 77892 79450 81039 82659 84313 85999 87719 89473 91263 93088 94950 96849 98786 100761 102777 104832 106929 109067 111249 113474 115743 118058 120419

Saving VOC 352732 359786 366982 374322 381808 389444 397233 405178 413281 421547 429978 438577 447349 456296 465422 474730 484225 493909 503788 513863 524141 534624 545316

Saving Travel Time 146132 149054 152035 155076 158178 161341 164568 167859 171217 174641 178134 181696 185330 189037 192818 196674 200607 204620 208712 212886 217144 221487 225917

Jeita Interchange - Jounieh Interchange

Number of vehicles 121414 124449 127561 130750 134018 137369 140803 144323 147931 151629 155420 159306 163288 167371 171555 175844 180240 184746 189364 194098 198951 203925 209023

Travel Length 570646 584912 599535 614523 629886 645633 661774 678318 695276 712658 730475 748737 767455 786641 806307 826465 847127 868305 890013 912263 935069 958446 982407

Saving VOC 2584158 2648762 2714981 2782855 2852426 2923737 2996831 3071751 3148545 3227259 3307940 3390639 3475405 3562290 3651347 3742631 3836197 3932101 4030404 4131164 4234443 4340304 4448812

Saving Travel Time 1070580 1097344 1124778 1152897 1181720 1211263 1241544 1272583 1304397 1337007 1370432 1404693 1439811 1475806 1512701 1550518 1589281 1629013 1669739 1711482 1754269 1798126 1843079

Jounieh Interchange - Maamaltein passage

Number of vehicles 110658 113425 116260 119167 122146 125200 128330 131538 134826 138197 141652 145193 148823 152544 156357 160266 164273 168380 172589 176904 181327 185860 190506

Travel Length 287712 294905 302277 309834 317580 325519 333657 341999 350549 359313 368295 377503 386940 396614 406529 416692 427110 437787 448732 459950 471449 483235 495316

Saving VOC 1302897 1335469 1368856 1403077 1438154 1474108 1510961 1548735 1587453 1627140 1667818 1709514 1752251 1796058 1840959 1886983 1934158 1982512 2032074 2082876 2134948 2188322 2243030

Saving Travel Time 539772 553266 567097 581275 595807 610702 625969 641619 657659 674101 690953 708227 725933 744081 762683 781750 801294 821326 841859 862906 884479 906590 929255

Maamaltein passage-Tabarja Exit

Number of vehicles 112203 116130 120195 124401 128756 133262 137926 142754 147750 152921 158273 163813 169546 175481 181622 187979 194558 201368 208416 215710 223260 231074 239162

Travel Length 280508 290325 300487 311004 321889 333155 344815 356884 369375 382303 395684 409532 423866 438701 454056 469948 486396 503420 521040 539276 558151 577686 597905

Saving VOC 1270273 1314732 1360748 1408374 1457667 1508685 1561489 1616142 1672707 1731251 1791845 1854560 1919469 1986651 2056183 2128150 2202635 2279727 2359518 2442101 2527574 2616040 2707601

Saving Travel Time 526256 544675 563738 583469 603891 625027 646903 669544 692978 717233 742336 768318 795209 823041 851847 881662 912520 944458 977515 1011728 1047138 1083788 1121720

Taxis

Nahr el Kalb - Jeita Interchange

Number of vehicles 3205 3269 3335 3401 3469 3539 3609 3682 3755 3830 3907 3985 4065 4146 4229 4314 4400 4488 4578 4669 4763 4858 4955

Travel Length 1603 1635 1667 1701 1735 1769 1805 1841 1878 1915 1953 1993 2032 2073 2114 2157 2200 2244 2289 2335 2381 2429 2477

Saving VOC 7257 7402 7550 7701 7855 8012 8173 8336 8503 8673 8846 9023 9204 9388 9575 9767 9962 10161 10365 10572 10783 10999 11219

Saving Travel Time 5637 5750 5865 5982 6102 6224 6348 6475 6605 6737 6872 7009 7149 7292 7438 7587 7739 7893 8051 8212 8376 8544 8715

Jeita Interchange - Jounieh Interchange

Number of vehicles 2498 2560 2624 2690 2757 2826 2897 2969 3043 3120 3198 3277 3359 3443 3529 3618 3708 3801 3896 3993 4093 4195 4300

Travel Length 11740 12034 12335 12643 12959 13283 13615 13955 14304 14662 15028 15404 15789 16184 16589 17003 17428 17864 18311 18769 19238 19719 20212

Saving VOC 53165 54494 55857 57253 58685 60152 61655 63197 64777 66396 68056 69758 71501 73289 75121 76999 78924 80897 82920 84993 87118 89296 91528

Saving Travel Time 41298 42331 43389 44474 45585 46725 47893 49090 50318 51576 52865 54187 55541 56930 58353 59812 61307 62840 64411 66021 67672 69363 71098

Jounieh Interchange - Maamaltein passage

Number of vehicles 2277 2334 2392 2452 2513 2576 2640 2706 2774 2843 2914 2987 3062 3138 3217 3297 3380 3464 3551 3640 3731 3824 3919

Travel Length 5919 6067 6219 6374 6534 6697 6865 7036 7212 7392 7577 7767 7961 8160 8364 8573 8787 9007 9232 9463 9699 9942 10190

Saving VOC 26805 27475 28162 28866 29588 30328 31086 31863 32660 33476 34313 35171 36050 36951 37875 38822 39793 40787 41807 42852 43923 45022 46147

Saving Travel Time 20822 21342 21876 22423 22984 23558 24147 24751 25369 26004 26654 27320 28003 28703 29421 30156 30910 31683 32475 33287 34119 34972 35846

Maamaltein passage-Tabarja Exit

Number of vehicles 2308 2389 2473 2559 2649 2742 2838 2937 3040 3146 3256 3370 3488 3610 3737 3867 4003 4143 4288 4438 4593 4754 4920

Travel Length 5771 5973 6182 6398 6622 6854 7094 7342 7599 7865 8141 8426 8720 9026 9342 9669 10007 10357 10720 11095 11483 11885 12301

Saving VOC 26134 27049 27995 28975 29989 31039 32125 33250 34414 35618 36865 38155 39490 40872 42303 43784 45316 46902 48544 50243 52001 53821 55705

Saving Travel Time 20301 21011 21746 22508 23295 24111 24955 25828 26732 27668 28636 29638 30676 31749 32860 34010 35201 36433 37708 39028 40394 41808 43271

Pick-Up and 4 WD

Nahr el Kalb - Jeita Interchange

Number of vehicles 25252 25757 26272 26797 27333 27880 28438 29006 29586 30178 30782 31397 32025 32666 33319 33985 34665 35359 36066 36787 37523 38273 39039

Travel Length 12626 12878 13136 13399 13667 13940 14219 14503 14793 15089 15391 15699 16013 16333 16660 16993 17333 17679 18033 18393 18761 19137 19519

Saving VOC 57176 58319 59486 60676 61889 63127 64389 65677 66991 68331 69697 71091 72513 73963 75442 76951 78490 80060 81661 83295 84960 86660 88393

Saving Travel Time 14804 15101 15403 15711 16025 16345 16672 17006 17346 17693 18047 18408 18776 19151 19534 19925 20323 20730 21144 21567 21999 22439 22887

Jeita Interchange - Jounieh Interchange

Number of vehicles 19681 20173 20677 21194 21724 22267 22823 23394 23979 24578 25193 25823 26468 27130 27808 28503 29216 29946 30695 31462 32249 33055 33882

Travel Length 92499 94811 97181 99611 102101 104654 107270 109952 112701 115518 118406 121366 124400 127510 130698 133966 137315 140748 144266 147873 151570 155359 159243

Saving VOC 418878 429350 440084 451086 462363 473922 485771 497915 510363 523122 536200 549605 563345 577429 591864 606661 621827 637373 653307 669640 686381 703541 721129

Saving Travel Time 108460 111171 113950 116799 119719 122712 125780 128924 132147 135451 138837 142308 145866 149513 153251 157082 161009 165034 169160 173389 177724 182167 186721

Jounieh Interchange - Maamaltein passage

Number of vehicles 17937 18386 18845 19316 19799 20294 20802 21322 21855 22401 22961 23535 24123 24727 25345 25978 26628 27293 27976 28675 29392 30127 30880

Travel Length 46637 47802 48998 50222 51478 52765 54084 55436 56822 58243 59699 61191 62721 64289 65896 67544 69232 70963 72737 74556 76419 78330 80288

Saving VOC 211193 216473 221884 227431 233117 238945 244919 251042 257318 263751 270345 277103 284031 291132 298410 305870 313517 321355 329389 337623 346064 354716 363583

Saving Travel Time 54684 56051 57452 58889 60361 61870 63416 65002 66627 68293 70000 71750 73544 75382 77267 79198 81178 83208 85288 87420 89606 91846 94142

Maamaltein passage-Tabarja Exit

Number of vehicles 18188 18824 19483 20165 20871 21601 22357 23140 23949 24788 25655 26553 27483 28444 29440 30470 31537 32641 33783 34966 36189 37456 38767

Travel Length 45469 47060 48707 50412 52176 54003 55893 57849 59874 61969 64138 66383 68706 71111 73600 76176 78842 81602 84458 87414 90473 93640 96917

Saving VOC 205905 213111 220570 228290 236280 244550 253109 261968 271137 280627 290449 300614 311136 322026 333297 344962 357036 369532 382465 395852 409707 424046 438888

Saving Travel Time 53315 55181 57112 59111 61180 63321 65537 67831 70205 72662 75205 77838 80562 83382 86300 89321 92447 95682 99031 102497 106085 109798 113641

Buses

Nahr el Kalb - Jeita Interchange

Number of vehicles 4565 4656 4749 4844 4941 5040 5141 5243 5348 5455 5564 5676 5789 5905 6023 6144 6266 6392 6520 6650 6783 6919 7057

Travel Length 2282 2328 2375 2422 2471 2520 2570 2622 2674 2728 2782 2838 2895 2952 3012 3072 3133 3196 3260 3325 3391 3459 3528

Saving VOC 12920 13178 13442 13710 13985 14264 14550 14841 15137 15440 15749 16064 16385 16713 17047 17388 17736 18091 18452 18821 19198 19582 19973

Saving Travel Time 40143 40946 41765 42600 43452 44321 45207 46112 47034 47975 48934 49913 50911 51929 52968 54027 55108 56210 57334 58481 59650 60843 62060

Jeita Interchange - Jounieh Interchange

Number of vehicles 3558 3647 3738 3831 3927 4025 4126 4229 4335 4443 4554 4668 4785 4904 5027 5153 5281 5413 5549 5687 5830 5975 6125

Travel Length 16721 17139 17567 18007 18457 18918 19391 19876 20373 20882 21404 21939 22488 23050 23626 24217 24822 25443 26079 26731 27399 28084 28786

Saving VOC 94650 97017 99442 101928 104476 107088 109765 112510 115322 118205 121161 124190 127294 130477 133739 137082 140509 144022 147622 151313 155096 158973 162947

Saving Travel Time 294092 301445 308981 316705 324623 332739 341057 349583 358323 367281 376463 385875 395522 405410 415545 425933 436582 447496 458684 470151 481905 493952 506301

Jounieh Interchange - Maamaltein passage

Number of vehicles 3242 3324 3407 3492 3579 3669 3760 3854 3951 4049 4151 4254 4361 4470 4582 4696 4813 4934 5057 5184 5313 5446 5582

Travel Length 8430 8641 8857 9079 9306 9538 9777 10021 10272 10528 10792 11061 11338 11621 11912 12210 12515 12828 13149 13477 13814 14160 14514

Saving VOC 47721 48914 50137 51391 52676 53992 55342 56726 58144 59598 61087 62615 64180 65785 67429 69115 70843 72614 74429 76290 78197 80152 82156

Saving Travel Time 148277 151984 155784 159678 163670 167762 171956 176255 180662 185178 189808 194553 199417 204402 209512 214750 220119 225621 231262 237044 242970 249044 255270

Maamaltein passage-Tabarja Exit

Number of vehicles 3288 3403 3522 3645 3773 3905 4041 4183 4329 4481 4638 4800 4968 5142 5322 5508 5701 5900 6107 6321 6542 6771 7008

Travel Length 8219 8507 8805 9113 9432 9762 10104 10457 10823 11202 11594 12000 12420 12855 13305 13770 14252 14751 15267 15802 16355 16927 17520

Saving VOC 46527 48155 49840 51585 53390 55259 57193 59195 61267 63411 65630 67927 70305 72765 75312 77948 80676 83500 86422 89447 92578 95818 99172

Saving Travel Time 144565 149624 154861 160281 165891 171697 177707 183926 190364 197027 203923 211060 218447 226093 234006 242196 250673 259446 268527 277925 287653 297721 308141

Light Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 3011 3071 3132 3195 3259 3324 3391 3458 3528 3598 3670 3744 3818 3895 3973 4052 4133 4216 4300 4386 4474 4563 4655

Travel Length 1505 1535 1566 1598 1629 1662 1695 1729 1764 1799 1835 1872 1909 1947 1986 2026 2067 2108 2150 2193 2237 2282 2327

Saving VOC 8521 8692 8866 9043 9224 9408 9596 9788 9984 10184 10388 10595 10807 11023 11244 11469 11698 11932 12171 12414 12662 12916 13174

Saving Travel Time 1765 1800 1836 1873 1911 1949 1988 2028 2068 2110 2152 2195 2239 2283 2329 2376 2423 2472 2521 2571 2623 2675 2729

Jeita Interchange - Jounieh Interchange

Number of vehicles 2347 2405 2465 2527 2590 2655 2721 2789 2859 2930 3004 3079 3156 3235 3316 3398 3483 3571 3660 3751 3845 3941 4040

Travel Length 11029 11304 11587 11877 12174 12478 12790 13110 13437 13773 14118 14471 14832 15203 15583 15973 16372 16781 17201 17631 18072 18524 18987

Saving VOC 62429 63990 65589 67229 68910 70633 72398 74208 76064 77965 79914 81912 83960 86059 88211 90416 92676 94993 97368 99802 102297 104855 107476

Saving Travel Time 12932 13255 13586 13926 14274 14631 14997 15372 15756 16150 16554 16968 17392 17827 18272 18729 19197 19677 20169 20673 21190 21720 22263

Jounieh Interchange - Maamaltein passage

Number of vehicles 2139 2192 2247 2303 2361 2420 2480 2542 2606 2671 2738 2806 2876 2948 3022 3097 3175 3254 3336 3419 3504 3592 3682

Travel Length 5561 5700 5842 5988 6138 6291 6448 6610 6775 6944 7118 7296 7478 7665 7857 8053 8255 8461 8673 8889 9112 9339 9573

Saving VOC 31476 32263 33069 33896 34743 35612 36502 37415 38350 39309 40292 41299 42332 43390 44475 45586 46726 47894 49092 50319 51577 52866 54188

Saving Travel Time 6520 6683 6850 7021 7197 7377 7561 7750 7944 8143 8346 8555 8769 8988 9213 9443 9679 9921 10169 10423 10684 10951 11225

Maamaltein passage-Tabarja Exit

Number of vehicles 2169 2244 2323 2404 2488 2576 2666 2759 2856 2955 3059 3166 3277 3391 3510 3633 3760 3892 4028 4169 4315 4466 4622

Travel Length 5421 5611 5807 6011 6221 6439 6664 6897 7139 7389 7647 7915 8192 8479 8775 9083 9400 9729 10070 10422 10787 11165 11556

Saving VOC 30688 31762 32873 34024 35215 36447 37723 39043 40410 41824 43288 44803 46371 47994 49674 51413 53212 55074 57002 58997 61062 63199 65411

Saving Travel Time 6357 6579 6809 7048 7295 7550 7814 8088 8371 8664 8967 9281 9605 9942 10290 10650 11022 11408 11808 12221 12649 13091 13549

Medium/Heavy Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 2428 2477 2526 2577 2628 2681 2734 2789 2845 2902 2960 3019 3079 3141 3204 3268 3333 3400 3468 3537 3608 3680 3754

Travel Length 1214 1238 1263 1288 1314 1340 1367 1395 1422 1451 1480 1509 1540 1570 1602 1634 1667 1700 1734 1769 1804 1840 1877

Saving VOC 23228 23692 24166 24649 25142 25645 26158 26681 27215 27759 28314 28881 29458 30048 30648 31261 31887 32524 33175 33838 34515 35205 35910

Saving Travel Time 1424 1452 1481 1511 1541 1572 1603 1635 1668 1701 1735 1770 1805 1841 1878 1916 1954 1993 2033 2074 2115 2158 2201

Jeita Interchange - Jounieh Interchange

Number of vehicles 1892 1940 1988 2038 2089 2141 2195 2249 2306 2363 2422 2483 2545 2609 2674 2741 2809 2879 2951 3025 3101 3178 3258

Travel Length 8894 9116 9344 9578 9817 10063 10314 10572 10837 11108 11385 11670 11962 12261 12567 12881 13203 13533 13872 14219 14574 14938 15312

Saving VOC 170169 174424 178784 183254 187835 192531 197344 202278 207335 212518 217831 223277 228859 234580 240445 246456 252617 258933 265406 272041 278842 285813 292959

Saving Travel Time 10429 10690 10957 11231 11511 11799 12094 12397 12706 13024 13350 13683 14026 14376 14736 15104 15482 15869 16265 16672 17089 17516 17954

Jounieh Interchange - Maamaltein passage

Number of vehicles 1725 1768 1812 1857 1904 1951 2000 2050 2101 2154 2208 2263 2320 2378 2437 2498 2560 2624 2690 2757 2826 2897 2969

Travel Length 4484 4596 4711 4829 4950 5074 5200 5330 5464 5600 5740 5884 6031 6182 6336 6495 6657 6823 6994 7169 7348 7532 7720

Saving VOC 85797 87942 90141 92394 94704 97071 99498 101986 104535 107149 109827 112573 115387 118272 121229 124260 127366 130550 133814 137159 140588 144103 147706

Saving Travel Time 5258 5390 5524 5662 5804 5949 6098 6250 6406 6567 6731 6899 7072 7248 7430 7615 7806 8001 8201 8406 8616 8831 9052

Maamaltein passage-Tabarja Exit

Number of vehicles 1749 1810 1873 1939 2007 2077 2150 2225 2303 2383 2467 2553 2643 2735 2831 2930 3032 3139 3248 3362 3480 3602 3728

Travel Length 4372 4525 4683 4847 5017 5193 5374 5562 5757 5959 6167 6383 6606 6838 7077 7325 7581 7846 8121 8405 8699 9004 9319

Saving VOC 83649 86576 89607 92743 95989 99348 102826 106425 110149 114005 117995 122125 126399 130823 135402 140141 145046 150122 155377 160815 166443 172269 178298

Saving Travel Time 5126 5306 5492 5684 5883 6089 6302 6522 6750 6987 7231 7484 7746 8017 8298 8589 8889 9200 9522 9856 10200 10557 10927

TOTAL SAVINGS VOC 7,214,347 7,409,028 7,609,112 7,814,754 8,026,112 8,243,351 8,466,638 8,696,148 8,932,060 9,174,557 9,423,828 9,680,070 9,943,482 10,214,272 10,492,653 10,778,844 11,073,072 11,375,568 11,686,572 12,006,332 12,335,100 12,673,140 13,020,721

TOTAL SAVINGS TRAVEL TIME 3,278,946 3,367,430 3,458,369 3,551,833 3,647,897 3,746,632 3,848,117 3,952,430 4,059,653 4,169,869 4,283,163 4,399,626 4,519,348 4,642,423 4,768,948 4,899,023 5,032,750 5,170,236 5,311,589 5,456,920 5,606,347 5,759,987 5,917,964

A1 Highway - Section Nahr el Kalb-Tabarja
Savings Breakdown Schedule 
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Year Year Capital costs
Discounted 

Capital Costs
Maintenance 

Costs

Discounted 
Maintenance 

Costs

Discounted Total 
Costs

Total Savings VOC
Discounted 

Savings VOC
Time Savings

Discounted Time 
Savings

Discounted Total 
Savings

Undiscounted Net 
Cash Flow

2011 1 20,000,000 17,857,143 17,857,143 -20,000,000

2012 2 22,241,100 17,730,469 17,730,469 -22,241,100

2013 3 22,241,100 15,830,776 15,830,776 -22,241,100

2014 4 22,241,100 14,134,621 804,789 511,458 14,646,079 7,814,754 4,966,417 3,551,833 2,257,254 7,223,672 -11,679,302

2015 5 804,789 456,659 456,659 8,026,112 4,554,232 3,647,897 2,069,914 6,624,146 10,869,220

2016 6 804,789 407,731 407,731 8,243,351 4,176,338 3,746,632 1,898,160 6,074,499 11,185,194

2017 7 804,789 364,046 364,046 8,466,638 3,829,877 3,848,117 1,740,693 5,570,570 11,509,967

2018 8 804,789 325,041 325,041 8,696,148 3,512,228 3,952,430 1,596,320 5,108,549 11,843,790

2019 9 804,789 290,215 290,215 8,932,060 3,220,990 4,059,653 1,463,952 4,684,942 12,186,924

2020 10 804,789 259,121 259,121 9,174,557 2,953,962 4,169,869 1,342,586 4,296,548 12,539,636
2021 11 804,789 231,358 231,358 9,423,828 2,709,125 4,283,163 1,231,307 3,940,433 12,902,203

2022 12 804,789 206,569 206,569 9,680,070 2,484,633 4,399,626 1,129,274 3,613,907 13,274,907

2023 13 2,560,069 586,702 586,702 9,943,482 2,278,789 4,519,348 1,035,718 3,314,507 11,902,761
2024 14 804,789 164,676 164,676 10,214,272 2,090,042 4,642,423 949,932 3,039,974 14,051,906

2025 15 804,789 147,032 147,032 10,492,653 1,916,969 4,768,948 871,269 2,788,238 14,456,813

2026 16 804,789 131,279 131,279 10,778,844 1,758,263 4,899,023 799,137 2,557,400 14,873,079

2027 17 804,789 117,213 117,213 11,073,072 1,612,730 5,032,750 732,992 2,345,722 15,301,033

2028 18 11,264,678 1,464,854 1,464,854 11,375,568 1,479,274 5,170,236 672,335 2,151,610 5,281,126

2029 19 804,789 93,441 93,441 11,686,572 1,356,890 5,311,589 616,711 1,973,602 16,193,372

2030 20 804,789 83,430 83,430 12,006,332 1,244,658 5,456,920 565,701 1,810,359 16,658,463

2031 21 804,789 74,491 74,491 12,335,100 1,141,732 5,606,347 518,921 1,660,653 17,136,659

2032 22 804,789 66,510 66,510 12,673,140 1,047,340 5,759,987 476,020 1,523,360 17,628,339
2033 23 2,560,069 188,902 188,902 13,020,721 960,772 5,917,964 436,674 1,397,447 16,378,616

Total 86,723,300 65,553,008 30,066,229 6,170,726 71,723,735 204,057,275 49,295,263 92,744,758 22,404,873 71,700,136 180,012,503

10% NPV -23,599 IRR 12.0%
12%

MIRR 12%

Annual interest % for the initial cost

Annual interest % for the reinvested profits

Cash Flow and Financial Indicators
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A B C D E F G H I J K L M N O P Q
Value of 

time VOT 
$

Location A1 Highway
Nahr el Kalb - 

Jeita 
Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb 
- Jeita 

Interchange

Jeita 
Interchange -

Jounieh 
Interchange

Jounieh 
Interchange 

- 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb -
Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

K 1.27225

Road length (km) 10.3 0.5 4.7 2.6 2.5 0.5 4.7 2.6 2.5 2.9

Yearly Maintenance ($/year) 804,789 39,067 367,234 203,151 195,337

Periodic maintenance ($/every 10 years) 1,755,280 85,208 800,953 443,080 426,039

Periodic maintenance ($/every 15 years) 10,459,889 507,762 4,772,959 2,640,360 2,538,808

Total number of vehicles in 2011 per day 194244 151389 137978 139904

Percent Passenger Cars 80.20% 80.20% 80.20% 80.20% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 4.64 0.797448

Percent Taxis 1.65% 1.65% 1.65% 1.65% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 8.7 0.797448

Percent Pickup - 4WD 13.00% 13.00% 13.00% 13.00% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 2.9 0.797448

Percent Buses 2.35% 2.35% 2.35% 2.35% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 43.5 0.797448

Percent Light Trucks 1.55% 1.55% 1.55% 1.55% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 2.9 0.797448

Percent Medium to Heavy Trucks 1.25% 1.25% 1.25% 1.25% 2.00% 2.50% 2.50% 3.50% 85 0.5 4.7 2.6 2.5 2.9 0.797448

Sum of percentages 100% 100% 100% 100%

Discount rate 12%

Speed before rehabilitation (Km/h) 70

Speed after rehabilitation (Km/h) 80

Travel Time (minutes) 0.05 0.50 0.28 0.27

Designation
Nahr el Kalb - Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

North 
Tabarja Exit

Total number of vehicles in 2011 194244 151389 137978 139904 102624

Designation Amount Amount

Total of Civil Works (CW) in Millions of U.S. 
$

Original: 62.3 Million $ 
(42.3+3+7+10)

78.12

Total of Consulting Services (CS)in Millions 
of U.S. $

2%*(CW+Contingencies) 1.6406

Physical Contingencies in Millions of U.S. $ 2.5%(CW) 1.9531

Price Contingencies in Millions of U.S. $ 2.5%(CW) 1.9531

Land acquisition in Millions of U.S. $ 15.2+2.8+2 20.00

Total in Millions of U.S. $ 103.6710

VOC 
Savings 
($/1000 

Km)

Reduction 
factor

Assumption Sheet

Daily Kms per vehicleTraffic growth rate per year
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Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Passengers cars

Nahr el Kalb - Jeita Interchange

Number of vehicles 155784 158899 162077 165319 168625 171998 175438 178946 182525 186176 189899 193697 197571 201523 205553 209664 213858 218135 222497 226947 231486 236116 240838

Travel Length 77892 79450 81039 82659 84313 85999 87719 89473 91263 93088 94950 96849 98786 100761 102777 104832 106929 109067 111249 113474 115743 118058 120419

Saving VOC 412442 420690 429104 437686 446440 455369 464476 473766 483241 492906 502764 512819 523076 533537 544208 555092 566194 577518 589068 600850 612867 625124 637626

Saving Travel Time 170869 174286 177772 181327 184954 188653 192426 196274 200200 204204 208288 212454 216703 221037 225458 229967 234566 239257 244043 248923 253902 258980 264160

Jeita Interchange - Jounieh Interchange

Number of vehicles 121414 124449 127561 130750 134018 137369 140803 144323 147931 151629 155420 159306 163288 167371 171555 175844 180240 184746 189364 194098 198951 203925 209023

Travel Length 570646 584912 599535 614523 629886 645633 661774 678318 695276 712658 730475 748737 767455 786641 806307 826465 847127 868305 890013 912263 935069 958446 982407

Saving VOC 3021601 3097141 3174569 3253934 3335282 3418664 3504131 3591734 3681527 3773565 3867905 3964602 4063717 4165310 4269443 4376179 4485583 4597723 4712666 4830483 4951245 5075026 5201902

Saving Travel Time 1251806 1283101 1315179 1348058 1381760 1416304 1451711 1488004 1525204 1563334 1602418 1642478 1683540 1725628 1768769 1812988 1858313 1904771 1952390 2001200 2051230 2102511 2155073

Jounieh Interchange - Maamaltein passage

Number of vehicles 110658 113425 116260 119167 122146 125200 128330 131538 134826 138197 141652 145193 148823 152544 156357 160266 164273 168380 172589 176904 181327 185860 190506

Travel Length 287712 294905 302277 309834 317580 325519 333657 341999 350549 359313 368295 377503 386940 396614 406529 416692 427110 437787 448732 459950 471449 483235 495316

Saving VOC 1523450 1561536 1600574 1640589 1681603 1723643 1766735 1810903 1856175 1902580 1950144 1998898 2048870 2100092 2152594 2206409 2261570 2318109 2376062 2435463 2496350 2558758 2622727

Saving Travel Time 631143 646922 663095 679672 696664 714081 731933 750231 768987 788212 807917 828115 848818 870038 891789 914084 936936 960359 984368 1008978 1034202 1060057 1086558

Maamaltein passage-Tabarja Exit

Number of vehicles 112203 116130 120195 124401 128756 133262 137926 142754 147750 152921 158273 163813 169546 175481 181622 187979 194558 201368 208416 215710 223260 231074 239162

Travel Length 280508 290325 300487 311004 321889 333155 344815 356884 369375 382303 395684 409532 423866 438701 454056 469948 486396 503420 521040 539276 558151 577686 597905

Saving VOC 1485303 1537289 1591094 1646782 1704419 1764074 1825817 1889720 1955860 2024315 2095167 2168497 2244395 2322949 2404252 2488401 2575495 2665637 2758934 2855497 2955439 3058880 3165940

Saving Travel Time 615340 636877 659167 682238 706117 730831 756410 782884 810285 838645 867998 898377 929821 962364 996047 1030909 1066991 1104335 1142987 1182992 1224396 1267250 1311604

Taxis

Nahr el Kalb - Jeita Interchange

Number of vehicles 3205 3269 3335 3401 3469 3539 3609 3682 3755 3830 3907 3985 4065 4146 4229 4314 4400 4488 4578 4669 4763 4858 4955

Travel Length 1603 1635 1667 1701 1735 1769 1805 1841 1878 1915 1953 1993 2032 2073 2114 2157 2200 2244 2289 2335 2381 2429 2477

Saving VOC 8485 8655 8828 9005 9185 9369 9556 9747 9942 10141 10344 10551 10762 10977 11196 11420 11649 11882 12119 12362 12609 12861 13118

Saving Travel Time 6591 6723 6858 6995 7135 7277 7423 7571 7723 7877 8035 8195 8359 8527 8697 8871 9048 9229 9414 9602 9794 9990 10190

Jeita Interchange - Jounieh Interchange

Number of vehicles 2498 2560 2624 2690 2757 2826 2897 2969 3043 3120 3198 3277 3359 3443 3529 3618 3708 3801 3896 3993 4093 4195 4300

Travel Length 11740 12034 12335 12643 12959 13283 13615 13955 14304 14662 15028 15404 15789 16184 16589 17003 17428 17864 18311 18769 19238 19719 20212

Saving VOC 62165 63719 65312 66945 68619 70334 72092 73895 75742 77636 79577 81566 83605 85695 87838 90034 92284 94592 96956 99380 101865 104411 107022

Saving Travel Time 48289 49496 50734 52002 53302 54635 56000 57400 58835 60306 61814 63359 64943 66567 68231 69937 71685 73477 75314 77197 79127 81105 83133

Jounieh Interchange - Maamaltein passage

Number of vehicles 2277 2334 2392 2452 2513 2576 2640 2706 2774 2843 2914 2987 3062 3138 3217 3297 3380 3464 3551 3640 3731 3824 3919

Travel Length 5919 6067 6219 6374 6534 6697 6865 7036 7212 7392 7577 7767 7961 8160 8364 8573 8787 9007 9232 9463 9699 9942 10190

Saving VOC 31343 32126 32930 33753 34597 35461 36348 37257 38188 39143 40121 41124 42153 43206 44287 45394 46529 47692 48884 50106 51359 52643 53959

Saving Travel Time 24347 24955 25579 26219 26874 27546 28235 28940 29664 30406 31166 31945 32744 33562 34401 35261 36143 37046 37972 38922 39895 40892 41914

Maamaltein passage-Tabarja Exit

Number of vehicles 2308 2389 2473 2559 2649 2742 2838 2937 3040 3146 3256 3370 3488 3610 3737 3867 4003 4143 4288 4438 4593 4754 4920

Travel Length 5771 5973 6182 6398 6622 6854 7094 7342 7599 7865 8141 8426 8720 9026 9342 9669 10007 10357 10720 11095 11483 11885 12301

Saving VOC 30558 31628 32734 33880 35066 36293 37564 38878 40239 41647 43105 44614 46175 47791 49464 51195 52987 54842 56761 58748 60804 62932 65135

Saving Travel Time 23737 24568 25428 26318 27239 28192 29179 30200 31257 32351 33483 34655 35868 37124 38423 39768 41160 42600 44091 45634 47232 48885 50596

Pick-Up and 4 WD

Nahr el Kalb - Jeita Interchange

Number of vehicles 25252 25757 26272 26797 27333 27880 28438 29006 29586 30178 30782 31397 32025 32666 33319 33985 34665 35359 36066 36787 37523 38273 39039

Travel Length 12626 12878 13136 13399 13667 13940 14219 14503 14793 15089 15391 15699 16013 16333 16660 16993 17333 17679 18033 18393 18761 19137 19519

Saving VOC 66855 68192 69556 70947 72366 73813 75289 76795 78331 79897 81495 83125 84788 86484 88213 89978 91777 93613 95485 97395 99342 101329 103356

Saving Travel Time 17311 17657 18010 18370 18738 19112 19495 19884 20282 20688 21101 21524 21954 22393 22841 23298 23764 24239 24724 25218 25723 26237 26762

Jeita Interchange - Jounieh Interchange

Number of vehicles 19681 20173 20677 21194 21724 22267 22823 23394 23979 24578 25193 25823 26468 27130 27808 28503 29216 29946 30695 31462 32249 33055 33882

Travel Length 92499 94811 97181 99611 102101 104654 107270 109952 112701 115518 118406 121366 124400 127510 130698 133966 137315 140748 144266 147873 151570 155359 159243

Saving VOC 489786 502030 514581 527446 540632 554148 568001 582201 596756 611675 626967 642641 658707 675175 692054 709356 727090 745267 763898 782996 802571 822635 843201

Saving Travel Time 126820 129990 133240 136571 139985 143485 147072 150749 154517 158380 162340 166398 170558 174822 179193 183672 188264 192971 197795 202740 207809 213004 218329

Jounieh Interchange - Maamaltein passage

Number of vehicles 17937 18386 18845 19316 19799 20294 20802 21322 21855 22401 22961 23535 24123 24727 25345 25978 26628 27293 27976 28675 29392 30127 30880

Travel Length 46637 47802 48998 50222 51478 52765 54084 55436 56822 58243 59699 61191 62721 64289 65896 67544 69232 70963 72737 74556 76419 78330 80288

Saving VOC 246943 253117 259445 265931 272579 279394 286378 293538 300876 308398 316108 324011 332111 340414 348924 357647 366589 375753 385147 394776 404645 414761 425130

Saving Travel Time 63941 65539 67178 68857 70579 72343 74152 76005 77905 79853 81849 83896 85993 88143 90346 92605 94920 97293 99726 102219 104774 107394 110078

Maamaltein passage-Tabarja Exit

Number of vehicles 18188 18824 19483 20165 20871 21601 22357 23140 23949 24788 25655 26553 27483 28444 29440 30470 31537 32641 33783 34966 36189 37456 38767

Travel Length 45469 47060 48707 50412 52176 54003 55893 57849 59874 61969 64138 66383 68706 71111 73600 76176 78842 81602 84458 87414 90473 93640 96917

Saving VOC 240760 249186 257908 266935 276277 285947 295955 306314 317035 328131 339616 351502 363805 376538 389717 403357 417474 432086 447209 462861 479061 495828 513182

Saving Travel Time 62340 64521 66780 69117 71536 74040 76631 79313 82089 84962 87936 91014 94199 97496 100909 104441 108096 111879 115795 119848 124043 128384 132878

Buses

Nahr el Kalb - Jeita Interchange

Number of vehicles 4565 4656 4749 4844 4941 5040 5141 5243 5348 5455 5564 5676 5789 5905 6023 6144 6266 6392 6520 6650 6783 6919 7057

Travel Length 2282 2328 2375 2422 2471 2520 2570 2622 2674 2728 2782 2838 2895 2952 3012 3072 3133 3196 3260 3325 3391 3459 3528

Saving VOC 15107 15409 15717 16031 16352 16679 17012 17353 17700 18054 18415 18783 19159 19542 19933 20331 20738 21153 21576 22007 22448 22897 23354

Saving Travel Time 46938 47877 48835 49811 50808 51824 52860 53917 54996 56096 57218 58362 59529 60720 61934 63173 64436 65725 67039 68380 69748 71143 72566

Jeita Interchange - Jounieh Interchange

Number of vehicles 3558 3647 3738 3831 3927 4025 4126 4229 4335 4443 4554 4668 4785 4904 5027 5153 5281 5413 5549 5687 5830 5975 6125

Travel Length 16721 17139 17567 18007 18457 18918 19391 19876 20373 20882 21404 21939 22488 23050 23626 24217 24822 25443 26079 26731 27399 28084 28786

Saving VOC 110673 113440 116276 119182 122162 125216 128346 131555 134844 138215 141670 145212 148843 152564 156378 160287 164294 168402 172612 176927 181350 185884 190531

Saving Travel Time 343876 352473 361285 370317 379575 389064 398791 408760 418979 429454 440190 451195 462475 474037 485888 498035 510486 523248 536329 549737 563481 577568 592007

Jounieh Interchange - Maamaltein passage

Number of vehicles 3242 3324 3407 3492 3579 3669 3760 3854 3951 4049 4151 4254 4361 4470 4582 4696 4813 4934 5057 5184 5313 5446 5582

Travel Length 8430 8641 8857 9079 9306 9538 9777 10021 10272 10528 10792 11061 11338 11621 11912 12210 12515 12828 13149 13477 13814 14160 14514

Saving VOC 55800 57195 58625 60090 61592 63132 64711 66328 67986 69686 71428 73214 75044 76920 78843 80815 82835 84906 87028 89204 91434 93720 96063

Saving Travel Time 173378 177712 182155 186709 191376 196161 201065 206091 211244 216525 221938 227486 233174 239003 244978 251102 257380 263814 270410 277170 284099 291202 298482

Maamaltein passage-Tabarja Exit

Number of vehicles 3288 3403 3522 3645 3773 3905 4041 4183 4329 4481 4638 4800 4968 5142 5322 5508 5701 5900 6107 6321 6542 6771 7008

Travel Length 8219 8507 8805 9113 9432 9762 10104 10457 10823 11202 11594 12000 12420 12855 13305 13770 14252 14751 15267 15802 16355 16927 17520

Saving VOC 54402 56307 58277 60317 62428 64613 66875 69215 71638 74145 76740 79426 82206 85083 88061 91143 94333 97635 101052 104589 108249 112038 115959

Saving Travel Time 169036 174952 181076 187413 193973 200762 207789 215061 222588 230379 238442 246788 255425 264365 273618 283195 293106 303365 313983 324972 336346 348119 360303

Light Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 3011 3071 3132 3195 3259 3324 3391 3458 3528 3598 3670 3744 3818 3895 3973 4052 4133 4216 4300 4386 4474 4563 4655

Travel Length 1505 1535 1566 1598 1629 1662 1695 1729 1764 1799 1835 1872 1909 1947 1986 2026 2067 2108 2150 2193 2237 2282 2327

Saving VOC 9964 10163 10366 10574 10785 11001 11221 11445 11674 11908 12146 12389 12637 12889 13147 13410 13678 13952 14231 14516 14806 15102 15404

Saving Travel Time 2064 2105 2147 2190 2234 2279 2324 2371 2418 2467 2516 2566 2618 2670 2723 2778 2833 2890 2948 3007 3067 3128 3191

Jeita Interchange - Jounieh Interchange

Number of vehicles 2347 2405 2465 2527 2590 2655 2721 2789 2859 2930 3004 3079 3156 3235 3316 3398 3483 3571 3660 3751 3845 3941 4040

Travel Length 11029 11304 11587 11877 12174 12478 12790 13110 13437 13773 14118 14471 14832 15203 15583 15973 16372 16781 17201 17631 18072 18524 18987

Saving VOC 72997 74822 76692 78610 80575 82589 84654 86770 88940 91163 93442 95778 98173 100627 103143 105721 108364 111073 113850 116697 119614 122604 125669

Saving Travel Time 15121 15499 15886 16283 16691 17108 17535 17974 18423 18884 19356 19840 20336 20844 21365 21899 22447 23008 23583 24173 24777 25397 26032

Jounieh Interchange - Maamaltein passage

Number of vehicles 2139 2192 2247 2303 2361 2420 2480 2542 2606 2671 2738 2806 2876 2948 3022 3097 3175 3254 3336 3419 3504 3592 3682

Travel Length 5561 5700 5842 5988 6138 6291 6448 6610 6775 6944 7118 7296 7478 7665 7857 8053 8255 8461 8673 8889 9112 9339 9573

Saving VOC 36804 37724 38667 39634 40625 41640 42681 43748 44842 45963 47112 48290 49497 50735 52003 53303 54636 56002 57402 58837 60308 61815 63361

Saving Travel Time 7624 7814 8010 8210 8415 8626 8841 9062 9289 9521 9759 10003 10253 10509 10772 11041 11317 11600 11890 12188 12492 12805 13125

Maamaltein passage-Tabarja Exit

Number of vehicles 2169 2244 2323 2404 2488 2576 2666 2759 2856 2955 3059 3166 3277 3391 3510 3633 3760 3892 4028 4169 4315 4466 4622

Travel Length 5421 5611 5807 6011 6221 6439 6664 6897 7139 7389 7647 7915 8192 8479 8775 9083 9400 9729 10070 10422 10787 11165 11556

Saving VOC 35882 37138 38438 39784 41176 42617 44109 45653 47250 48904 50616 52387 54221 56119 58083 60116 62220 64397 66651 68984 71399 73897 76484

Saving Travel Time 7433 7693 7962 8241 8529 8828 9137 9457 9788 10130 10485 10852 11231 11625 12031 12453 12888 13339 13806 14290 14790 15307 15843

Medium/Heavy Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 2428 2477 2526 2577 2628 2681 2734 2789 2845 2902 2960 3019 3079 3141 3204 3268 3333 3400 3468 3537 3608 3680 3754

Travel Length 1214 1238 1263 1288 1314 1340 1367 1395 1422 1451 1480 1509 1540 1570 1602 1634 1667 1700 1734 1769 1804 1840 1877

Saving VOC 27160 27703 28257 28822 29399 29986 30586 31198 31822 32458 33108 33770 34445 35134 35837 36553 37284 38030 38791 39567 40358 41165 41988

Saving Travel Time 1664 1698 1732 1766 1802 1838 1874 1912 1950 1989 2029 2070 2111 2153 2196 2240 2285 2331 2377 2425 2473 2523 2573

Jeita Interchange - Jounieh Interchange

Number of vehicles 1892 1940 1988 2038 2089 2141 2195 2249 2306 2363 2422 2483 2545 2609 2674 2741 2809 2879 2951 3025 3101 3178 3258

Travel Length 8894 9116 9344 9578 9817 10063 10314 10572 10837 11108 11385 11670 11962 12261 12567 12881 13203 13533 13872 14219 14574 14938 15312

Saving VOC 198975 203950 209049 214275 219632 225122 230750 236519 242432 248493 254705 261073 267600 274290 281147 288176 295380 302765 310334 318092 326044 334196 342550

Saving Travel Time 12194 12499 12812 13132 13460 13797 14142 14495 14857 15229 15610 16000 16400 16810 17230 17661 18102 18555 19019 19494 19982 20481 20993

Jounieh Interchange - Maamaltein passage

Number of vehicles 1725 1768 1812 1857 1904 1951 2000 2050 2101 2154 2208 2263 2320 2378 2437 2498 2560 2624 2690 2757 2826 2897 2969

Travel Length 4484 4596 4711 4829 4950 5074 5200 5330 5464 5600 5740 5884 6031 6182 6336 6495 6657 6823 6994 7169 7348 7532 7720

Saving VOC 100321 102829 105399 108034 110735 113504 116341 119250 122231 125287 128419 131629 134920 138293 141750 145294 148927 152650 156466 160378 164387 168497 172709

Saving Travel Time 6148 6302 6459 6621 6786 6956 7130 7308 7491 7678 7870 8067 8269 8475 8687 8904 9127 9355 9589 9829 10074 10326 10584

Maamaltein passage-Tabarja Exit

Number of vehicles 1749 1810 1873 1939 2007 2077 2150 2225 2303 2383 2467 2553 2643 2735 2831 2930 3032 3139 3248 3362 3480 3602 3728

Travel Length 4372 4525 4683 4847 5017 5193 5374 5562 5757 5959 6167 6383 6606 6838 7077 7325 7581 7846 8121 8405 8699 9004 9319

Saving VOC 97809 101232 104775 108442 112238 116166 120232 124440 128795 133303 137969 142798 147796 152968 158322 163864 169599 175535 181679 188037 194619 201430 208480

Saving Travel Time 5994 6204 6421 6646 6878 7119 7368 7626 7893 8169 8455 8751 9058 9375 9703 10042 10394 10758 11134 11524 11927 12345 12777

TOTAL SAVINGS VOC 8,435,583 8,663,220 8,897,174 9,137,626 9,384,763 9,638,776 9,899,861 10,168,222 10,444,069 10,727,615 11,019,083 11,318,701 11,626,703 11,943,332 12,268,837 12,603,475 12,947,508 13,301,211 13,664,861 14,038,749 14,423,172 14,818,435 15,224,853

TOTAL SAVINGS TRAVEL TIME 3,834,002 3,937,464 4,043,797 4,153,084 4,265,408 4,380,858 4,499,522 4,621,493 4,746,866 4,875,739 5,008,212 5,144,390 5,284,378 5,428,287 5,576,230 5,728,324 5,884,689 6,045,448 6,210,728 6,380,662 6,555,383 6,735,031 6,919,750

A1 Highway - Section Nahr el Kalb-Tabarja
Savings Breakdown Schedule 
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Year Year Capital costs
Discounted 

Capital Costs
Maintenance 

Costs

Discounted 
Maintenance 

Costs

Discounted Total 
Costs

Total Savings VOC
Discounted 

Savings VOC
Time Savings

Discounted Time 
Savings

Discounted Total 
Savings

Undiscounted Net 
Cash Flow

2011 1 20,000,000 17,857,143 17,857,143 -20,000,000
2012 2 27,890,339 22,234,008 22,234,008 -27,890,339
2013 3 27,890,339 19,851,793 19,851,793 -27,890,339
2014 4 27,890,339 17,724,815 804,789 511,458 18,236,273 9,137,626 5,807,127 4,153,084 2,639,360 8,446,486 -15,404,418
2015 5 804,789 456,659 456,659 9,384,763 5,325,167 4,265,408 2,420,307 7,745,474 12,845,382
2016 6 804,789 407,731 407,731 9,638,776 4,883,304 4,380,858 2,219,479 7,102,783 13,214,844
2017 7 804,789 364,046 364,046 9,899,861 4,478,194 4,499,522 2,035,355 6,513,550 13,594,594
2018 8 804,789 325,041 325,041 10,168,222 4,106,774 4,621,493 1,866,544 5,973,318 13,984,926
2019 9 804,789 290,215 290,215 10,444,069 3,766,236 4,746,866 1,711,768 5,478,003 14,386,146
2020 10 804,789 259,121 259,121 10,727,615 3,454,005 4,875,739 1,569,858 5,023,862 14,798,565
2021 11 804,789 231,358 231,358 11,019,083 3,167,723 5,008,212 1,439,741 4,607,464 15,222,506

2022 12 804,789 206,569 206,569 11,318,701 2,905,229 5,144,390 1,320,437 4,225,665 15,658,301

2023 13 2,560,069 586,702 586,702 11,626,703 2,664,540 5,284,378 1,211,043 3,875,583 14,351,012
2024 14 804,789 164,676 164,676 11,943,332 2,443,842 5,428,287 1,110,735 3,554,578 16,566,831

2025 15 804,789 147,032 147,032 12,268,837 2,241,471 5,576,230 1,018,756 3,260,227 17,040,279

2026 16 804,789 131,279 131,279 12,603,475 2,055,900 5,728,324 934,414 2,990,313 17,527,010
2027 17 804,789 117,213 117,213 12,947,508 1,885,731 5,884,689 857,072 2,742,803 18,027,408
2028 18 11,264,678 1,464,854 1,464,854 13,301,211 1,729,684 6,045,448 786,148 2,515,831 8,081,980
2029 19 804,789 93,441 93,441 13,664,861 1,586,583 6,210,728 721,108 2,307,691 19,070,801
2030 20 804,789 83,430 83,430 14,038,749 1,455,352 6,380,662 661,463 2,116,814 19,614,622
2031 21 804,789 74,491 74,491 14,423,172 1,335,003 6,555,383 606,764 1,941,767 20,173,766
2032 22 804,789 66,510 66,510 14,818,435 1,224,633 6,735,031 556,600 1,781,233 20,748,677
2033 23 2,560,069 188,902 188,902 15,224,853 1,123,411 6,919,750 510,594 1,634,005 19,584,534

Total 103,671,018 77,667,758 30,066,229 6,170,726 83,838,484 238,599,853 57,639,908 108,444,482 26,197,543 83,837,451 213,307,088

10% NPV -1,033 IRR 12.0%
12%

MIRR 12%

Annual interest % for the initial cost

Annual interest % for the reinvested profits

Cash Flow and Financial Indicators
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A B C D E F G H I J K L M N O P Q
Value of 

time VOT 
$

Location A1 Highway
Nahr el Kalb - 

Jeita 
Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb 
- Jeita 

Interchange

Jeita 
Interchange -

Jounieh 
Interchange

Jounieh 
Interchange 

- 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb -
Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

K 1.27225

Road length (km) 10.3 0.5 4.7 2.6 2.5 0.5 4.7 2.6 2.5 2.9

Yearly Maintenance ($/year) 804,789 39,067 367,234 203,151 195,337

Periodic maintenance ($/every 10 years) 1,755,280 85,208 800,953 443,080 426,039

Periodic maintenance ($/every 15 years) 10,459,889 507,762 4,772,959 2,640,360 2,538,808

Total number of vehicles in 2011 per day 194244 151389 137978 139904

Percent Passenger Cars 80.20% 80.20% 80.20% 80.20% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 4.64 1

Percent Taxis 1.65% 1.65% 1.65% 1.65% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 8.7 1

Percent Pickup - 4WD 13.00% 13.00% 13.00% 13.00% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 2.9 1

Percent Buses 2.35% 2.35% 2.35% 2.35% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 43.5 1

Percent Light Trucks 1.55% 1.55% 1.55% 1.55% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 2.9 1

Percent Medium to Heavy Trucks 1.25% 1.25% 1.25% 1.25% 2.00% 2.50% 2.50% 3.50% 85 0.5 4.7 2.6 2.5 2.9 1

Sum of percentages 100% 100% 100% 100%

Discount rate 12%

Speed before rehabilitation (Km/h) 70

Speed after rehabilitation (Km/h) 80

Travel Time (minutes) 0.05 0.50 0.28 0.27

Designation
Nahr el Kalb - Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

North 
Tabarja Exit

Total number of vehicles in 2011 194244 151389 137978 139904 102624

Designation Amount Amount
Total of Civil Works (CW) in Millions of U.S. 
$ 42.3+3+7+10 62.30
Total of Consulting Services (CS)in Millions 
of U.S. $ 2%*(CW+Contingencies) 1.3083
Physical Contingencies in Millions of U.S. $ 2.5%(CW) 1.5575

Price Contingencies in Millions of U.S. $ 2.5%(CW) 1.5575

Land acquisition in Millions of U.S. $ 15.2+2.8+2 20.00

Total in Millions of U.S. $ 86.7233

Daily Kms per vehicleTraffic growth rate per year
VOC 

Savings 
($/1000 

Km)

Reduction 
factor

Assumption Sheet
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Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Passengers cars

Nahr el Kalb - Jeita Interchange

Number of vehicles 155784 158899 162077 165319 168625 171998 175438 178946 182525 127768 130323 132930 135588 138300 141066 143887 146765 149700 152694 155748 158863 162040 165281 168587

Travel Length 77892 79450 81039 82659 84313 85999 87719 89473 91263 63884 65162 66465 67794 69150 70533 71944 73383 74850 76347 77874 79432 81020 82641 84293

Saving VOC 517202 527546 538097 548859 559836 571033 582453 594102 605984 432673 441326 450153 459156 468339 477706 487260 497005 506945 517084 527426 537974 548734 559708

Saving Travel Time 214269 218555 222926 227384 231932 236571 241302 246128 251051 179250 182835 186492 190222 194026 197907 201865 205902 210020 214221 218505 222875 227333 231879

Jeita Interchange - Jounieh Interchange

Number of vehicles 121414 124449 127561 130750 134018 137369 140803 144323 147931 103552 106141 108794 111514 114302 117159 120088 123091 126168 129322 132555 135869 139266 142747 146316

Travel Length 570646 584912 599535 614523 629886 645633 661774 678318 695276 486693 498861 511332 524116 537219 550649 564415 578526 592989 607813 623009 638584 654549 670912 687685

Saving VOC 3789087 3883815 3980910 4080433 4182444 4287005 4394180 4504034 4616635 3312436 3395247 3480128 3567131 3656309 3747717 3841410 3937445 4035881 4136778 4240198 4346203 4454858 4566229

Saving Travel Time 1569765 1609009 1649234 1690465 1732727 1776045 1820446 1865957 1912606 1372295 1406602 1441767 1477811 1514757 1552626 1591441 1631227 1672008 1713808 1756653 1800570 1845584 1891724

Jounieh Interchange - Maamaltein passage

Number of vehicles 110658 113425 116260 119167 122146 125200 128330 131538 134826 94379 96738 99156 101635 104176 106781 109450 112186 114991 117866 120812 123833 126929 130102 133354

Travel Length 287712 294905 302277 309834 317580 325519 333657 341999 350549 245384 251519 257807 264252 270858 277630 284570 291685 298977 306451 314112 321965 330014 338265 346721

Saving VOC 1910406 1958166 2007120 2057298 2108731 2161449 2215485 2270872 2327644 1670085 1711837 1754633 1798498 1843461 1889547 1936786 1985206 2034836 2085707 2137849 2191296 2246078 2302230

Saving Travel Time 791454 811240 831521 852309 873617 895457 917844 940790 964310 691892 709189 726919 745092 763720 782813 802383 822442 843003 864079 885680 907823 930518 953781

Maamaltein passage-Tabarja Exit

Number of vehicles 112203 116130 120195 124401 128756 133262 137926 142754 147750 103425 107045 110791 114669 118683 122836 127136 131585 136191 140958 145891 150997 156282 161752 167413

Travel Length 280508 290325 300487 311004 321889 333155 344815 356884 369375 258562 267612 276978 286673 296706 307091 317839 328964 340477 352394 364728 377493 390706 404380 418534

Saving VOC 1862570 1927760 1995231 2065065 2137342 2212149 2289574 2369709 2452649 1776944 1839137 1903507 1970130 2039084 2110452 2184318 2260769 2339896 2421792 2506555 2594285 2685085 2779063

Saving Travel Time 771636 798643 826596 855527 885470 916462 948538 981737 1016097 736163 761928 788596 816197 844763 874330 904932 936604 969386 1003314 1038430 1074775 1112392 1151326

Taxis

Nahr el Kalb - Jeita Interchange

Number of vehicles 3205 3269 3335 3401 3469 3539 3609 3682 3755 2629 2681 2735 2790 2845 2902 2960 3019 3080 3141 3204 3268 3334 3400 3468

Travel Length 1603 1635 1667 1701 1735 1769 1805 1841 1878 2629 2682 2735 2790 2846 2903 2961 3020 3080 3142 3205 3269 3334 3401 3469

Saving VOC 10641 10854 11071 11292 11518 11748 11983 12223 12467 17807 18163 18526 18897 19274 19660 20053 20454 20863 21281 21706 22140 22583 23035

Saving Travel Time 8266 8431 8599 8771 8947 9126 9308 9494 9684 6915 7053 7194 7338 7485 7634 7787 7943 8102 8264 8429 8598 8769 8945

Jeita Interchange - Jounieh Interchange

Number of vehicles 2498 2560 2624 2690 2757 2826 2897 2969 3043 2130 2184 2238 2294 2352 2410 2471 2532 2596 2661 2727 2795 2865 2937 3010

Travel Length 11740 12034 12335 12643 12959 13283 13615 13955 14304 10013 10263 10520 10783 11053 11329 11612 11902 12200 12505 12818 13138 13466 13803 14148

Saving VOC 77955 79904 81902 83949 86048 88199 90404 92664 94981 68149 69852 71599 73389 75223 77104 79031 81007 83032 85108 87236 89417 91652 93944

Saving Travel Time 60554 62068 63620 65210 66841 68512 70224 71980 73780 52937 54260 55617 57007 58432 59893 61391 62925 64498 66111 67764 69458 71194 72974

Jounieh Interchange - Maamaltein passage

Number of vehicles 2277 2334 2392 2452 2513 2576 2640 2706 2774 1942 1990 2040 2091 2143 2197 2252 2308 2366 2425 2486 2548 2611 2677 2744

Travel Length 5919 6067 6219 6374 6534 6697 6865 7036 7212 5048 5175 5304 5437 5573 5712 5855 6001 6151 6305 6462 6624 6790 6959 7133

Saving VOC 39304 40286 41294 42326 43384 44469 45580 46720 47888 34360 35219 36099 37002 37927 38875 39847 40843 41864 42910 43983 45083 46210 47365

Saving Travel Time 30531 31294 32076 32878 33700 34543 35406 36291 37199 26690 27357 28041 28742 29461 30197 30952 31726 32519 33332 34166 35020 35895 36793

Maamaltein passage-Tabarja Exit

Number of vehicles 2308 2389 2473 2559 2649 2742 2838 2937 3040 2128 2202 2279 2359 2442 2527 2616 2707 2802 2900 3002 3107 3215 3328 3444

Travel Length 5771 5973 6182 6398 6622 6854 7094 7342 7599 5320 5506 5698 5898 6104 6318 6539 6768 7005 7250 7504 7766 8038 8320 8611

Saving VOC 38320 39661 41049 42486 43973 45512 47105 48753 50460 36558 37838 39162 40533 41951 43420 44939 46512 48140 49825 51569 53374 55242 57175

Saving Travel Time 29766 30808 31886 33002 34157 35353 36590 37871 39196 28398 29392 30420 31485 32587 33728 34908 36130 37394 38703 40058 41460 42911 44413

Pick-Up and 4 WD

Nahr el Kalb - Jeita Interchange

Number of vehicles 25252 25757 26272 26797 27333 27880 28438 29006 29586 20710 21125 21547 21978 22418 22866 23323 23790 24266 24751 25246 25751 26266 26791 27327

Travel Length 12626 12878 13136 13399 13667 13940 14219 14503 14793 10355 10562 10774 10989 11209 11433 11662 11895 12133 12375 12623 12875 13133 13396 13664

Saving VOC 83836 85512 87223 88967 90746 92561 94413 96301 98227 70134 71537 72967 74427 75915 77434 78982 80562 82173 83817 85493 87203 88947 90726

Saving Travel Time 21707 22142 22584 23036 23497 23967 24446 24935 25434 18160 18523 18893 19271 19657 20050 20451 20860 21277 21703 22137 22579 23031 23492

Jeita Interchange - Jounieh Interchange

Number of vehicles 19681 20173 20677 21194 21724 22267 22823 23394 23979 16785 17205 17635 18076 18528 18991 19466 19952 20451 20962 21486 22024 22574 23139 23717

Travel Length 92499 94811 97181 99611 102101 104654 107270 109952 112701 78890 80863 82884 84956 87080 89257 91489 93776 96120 98523 100986 103511 106099 108751 111470

Saving VOC 614191 629546 645285 661417 677952 694901 712274 730080 748332 536928 550352 564110 578213 592669 607485 622672 638239 654195 670550 687314 704497 722109 740162

Saving Travel Time 159032 163007 167083 171260 175541 179930 184428 189039 193765 139026 142502 146064 149716 153459 157295 161228 165258 169390 173625 177965 182414 186975 191649

Jounieh Interchange - Maamaltein passage

Number of vehicles 17937 18386 18845 19316 19799 20294 20802 21322 21855 15298 15681 16073 16475 16886 17309 17741 18185 18639 19105 19583 20073 20574 21089 21616

Travel Length 46637 47802 48998 50222 51478 52765 54084 55436 56822 39775 40770 41789 42834 43905 45002 46127 47281 48463 49674 50916 52189 53494 54831 56202

Saving VOC 309667 317408 325344 333477 341814 350360 359119 368096 377299 270712 277480 284417 291527 298815 306286 313943 321791 329836 338082 346534 355198 364077 373179

Saving Travel Time 80182 82186 84241 86347 88505 90718 92986 95311 97693 70095 71847 73644 75485 77372 79306 81289 83321 85404 87539 89728 91971 94270 96627

Maamaltein passage-Tabarja Exit

Number of vehicles 18188 18824 19483 20165 20871 21601 22357 23140 23949 16765 17351 17959 18587 19238 19911 20608 21329 22076 22848 23648 24476 25333 26219 27137

Travel Length 45469 47060 48707 50412 52176 54003 55893 57849 59874 41912 43379 44897 46468 48095 49778 51520 53323 55190 57121 59120 61190 63331 65548 67842

Saving VOC 301913 312480 323417 334736 346452 358578 371128 384117 397562 288033 298115 308549 319348 330525 342093 354067 366459 379285 392560 406299 420520 435238 450471

Saving Travel Time 78174 80910 83742 86673 89706 92846 96096 99459 102940 74580 77190 79892 82688 85582 88578 91678 94887 98208 101645 105203 108885 112696 116640

Buses

Nahr el Kalb - Jeita Interchange

Number of vehicles 4565 4656 4749 4844 4941 5040 5141 5243 5348 3744 3819 3895 3973 4052 4133 4216 4300 4386 4474 4564 4655 4748 4843 4940

Travel Length 2282 2328 2375 2422 2471 2520 2570 2622 2674 1872 1909 1948 1986 2026 2067 2108 2150 2193 2237 2282 2327 2374 2422 2470

Saving VOC 18944 19323 19709 20103 20505 20915 21334 21760 22196 15848 16165 16488 16818 17154 17497 17847 18204 18568 18939 19318 19704 20099 20501

Saving Travel Time 58861 60038 61239 62463 63713 64987 66287 67612 68965 49241 50226 51230 52255 53300 54366 55453 56562 57693 58847 60024 61225 62449 63698

Jeita Interchange - Jounieh Interchange

Number of vehicles 3558 3647 3738 3831 3927 4025 4126 4229 4335 3034 3110 3188 3268 3349 3433 3519 3607 3697 3789 3884 3981 4081 4183 4287

Travel Length 16721 17139 17567 18007 18457 18918 19391 19876 20373 14261 14617 14983 15358 15741 16135 16538 16952 17376 17810 18255 18712 19179 19659 20150

Saving VOC 138784 142253 145810 149455 153191 157021 160946 164970 169094 121325 124358 127467 130654 133920 137268 140700 144218 147823 151519 155306 159189 163169 167248

Saving Travel Time 431220 442001 453051 464377 475987 487886 500084 512586 525400 376975 386399 396059 405961 416110 426512 437175 448104 459307 470790 482559 494623 506989 519664

Jounieh Interchange - Maamaltein passage

Number of vehicles 3242 3324 3407 3492 3579 3669 3760 3854 3951 2765 2835 2905 2978 3053 3129 3207 3287 3369 3454 3540 3629 3719 3812 3908

Travel Length 8430 8641 8857 9079 9306 9538 9777 10021 10272 7190 7370 7554 7743 7937 8135 8338 8547 8761 8980 9204 9434 9670 9912 10160

Saving VOC 69973 71722 73515 75353 77237 79168 81147 83176 85255 61170 62700 64267 65874 67521 69209 70939 72712 74530 76394 78303 80261 82268 84324

Saving Travel Time 217415 222851 228422 234133 239986 245986 252135 258439 264900 190065 194817 199688 204680 209797 215042 220418 225928 231576 237366 243300 249382 255617 262007

Maamaltein passage-Tabarja Exit

Number of vehicles 3288 3403 3522 3645 3773 3905 4041 4183 4329 3031 3137 3246 3360 3478 3599 3725 3856 3991 4130 4275 4424 4579 4740 4906

Travel Length 8219 8507 8805 9113 9432 9762 10104 10457 10823 7576 7842 8116 8400 8694 8998 9313 9639 9977 10326 10687 11061 11448 11849 12264

Saving VOC 68221 70608 73080 75637 78285 81025 83861 86796 89834 65084 67362 69720 72160 74686 77300 80005 82806 85704 88703 91808 95021 98347 101789

Saving Travel Time 211971 219390 227069 235017 243242 251756 260567 269687 279126 202227 209305 216630 224212 232060 240182 248588 257289 266294 275614 285261 295245 305578 316274

Light Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 3011 3071 3132 3195 3259 3324 3391 3458 3528 2469 2519 2569 2620 2673 2726 2781 2836 2893 2951 3010 3070 3132 3194 3258

Travel Length 1505 1535 1566 1598 1629 1662 1695 1729 1764 1235 1259 1285 1310 1336 1363 1390 1418 1447 1476 1505 1535 1566 1597 1629

Saving VOC 12495 12745 13000 13260 13525 13795 14071 14353 14640 10453 10662 10875 11092 11314 11541 11771 12007 12247 12492 12742 12997 13257 13522

Saving Travel Time 2588 2640 2693 2747 2802 2858 2915 2973 3032 2165 2208 2253 2298 2344 2391 2438 2487 2537 2588 2639 2692 2746 2801

Jeita Interchange - Jounieh Interchange

Number of vehicles 2347 2405 2465 2527 2590 2655 2721 2789 2859 2001 2051 2103 2155 2209 2264 2321 2379 2438 2499 2562 2626 2692 2759 2828

Travel Length 11029 11304 11587 11877 12174 12478 12790 13110 13437 9406 9641 9882 10129 10383 10642 10908 11181 11461 11747 12041 12342 12650 12967 13291

Saving VOC 91538 93827 96172 98577 101041 103567 106156 108810 111530 80023 82024 84074 86176 88330 90539 92802 95122 97500 99938 102436 104997 107622 110313

Saving Travel Time 18961 19436 19921 20419 20930 21453 21989 22539 23103 16576 16991 17415 17851 18297 18754 19223 19704 20196 20701 21219 21749 22293 22850

Jounieh Interchange - Maamaltein passage

Number of vehicles 2139 2192 2247 2303 2361 2420 2480 2542 2606 1824 1870 1916 1964 2013 2064 2115 2168 2222 2278 2335 2393 2453 2514 2577

Travel Length 5561 5700 5842 5988 6138 6291 6448 6610 6775 4742 4861 4983 5107 5235 5366 5500 5637 5778 5923 6071 6223 6378 6538 6701

Saving VOC 46152 47306 48489 49701 50943 52217 53522 54861 56232 40346 41355 42389 43449 44535 45648 46790 47959 49158 50387 51647 52938 54262 55618

Saving Travel Time 9560 9799 10044 10295 10553 10816 11087 11364 11648 8357 8566 8781 9000 9225 9456 9692 9934 10183 10437 10698 10966 11240 11521

Maamaltein passage-Tabarja Exit

Number of vehicles 2169 2244 2323 2404 2488 2576 2666 2759 2856 1999 2069 2141 2216 2294 2374 2457 2543 2632 2724 2820 2918 3020 3126 3236

Travel Length 5421 5611 5807 6011 6221 6439 6664 6897 7139 4997 5172 5353 5540 5734 5935 6143 6358 6580 6811 7049 7296 7551 7815 8089

Saving VOC 44997 46572 48202 49889 51635 53442 55312 57248 59252 42928 44431 45986 47595 49261 50985 52770 54616 56528 58507 60554 62674 64867 67138

Saving Travel Time 9321 9647 9985 10334 10696 11070 11458 11859 12274 8892 9203 9526 9859 10204 10561 10931 11313 11709 12119 12543 12982 13437 13907

Medium/Heavy Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 2428 2477 2526 2577 2628 2681 2734 2789 2845 1991 2031 2072 2113 2156 2199 2243 2287 2333 2380 2427 2476 2526 2576 2628

Travel Length 1214 1238 1263 1288 1314 1340 1367 1395 1422 996 1016 1036 1057 1078 1099 1121 1144 1167 1190 1214 1238 1263 1288 1314

Saving VOC 34058 34739 35434 36143 36866 37603 38355 39122 39905 28492 29062 29643 30236 30841 31457 32087 32728 33383 34051 34732 35426 36135 36857

Saving Travel Time 2087 2129 2172 2215 2259 2304 2351 2398 2446 1746 1781 1817 1853 1890 1928 1966 2006 2046 2087 2129 2171 2215 2259

Jeita Interchange - Jounieh Interchange

Number of vehicles 1892 1940 1988 2038 2089 2141 2195 2249 2306 1614 1654 1696 1738 1782 1826 1872 1918 1966 2016 2066 2118 2171 2225 2280

Travel Length 8894 9116 9344 9578 9817 10063 10314 10572 10837 7586 7775 7970 8169 8373 8582 8797 9017 9242 9473 9710 9953 10202 10457 10718

Saving VOC 249515 255753 262147 268701 275418 282304 289361 296595 304010 218127 223580 229170 234899 240772 246791 252961 259285 265767 272411 279221 286202 293357 300691

Saving Travel Time 15292 15674 16066 16467 16879 17301 17733 18177 18631 13368 13702 14045 14396 14756 15125 15503 15890 16287 16695 17112 17540 17978 18428

Jounieh Interchange - Maamaltein passage

Number of vehicles 1725 1768 1812 1857 1904 1951 2000 2050 2101 1471 1508 1545 1584 1624 1664 1706 1749 1792 1837 1883 1930 1978 2028 2078

Travel Length 4484 4596 4711 4829 4950 5074 5200 5330 5464 3825 3920 4018 4119 4222 4327 4435 4546 4660 4776 4896 5018 5144 5272 5404

Saving VOC 125802 128947 132171 135475 138862 142334 145892 149539 153278 109977 112726 115544 118433 121394 124429 127539 130728 133996 137346 140780 144299 147906 151604

Saving Travel Time 7710 7903 8100 8303 8510 8723 8941 9164 9394 6740 6908 7081 7258 7440 7626 7816 8012 8212 8417 8628 8843 9064 9291

Maamaltein passage-Tabarja Exit

Number of vehicles 1749 1810 1873 1939 2007 2077 2150 2225 2303 1612 1668 1727 1787 1850 1915 1982 2051 2123 2197 2274 2353 2436 2521 2609

Travel Length 4372 4525 4683 4847 5017 5193 5374 5562 5757 4030 4171 4317 4468 4624 4786 4954 5127 5307 5492 5685 5884 6090 6303 6523

Saving VOC 122652 126945 131388 135987 140746 145672 150771 156048 161509 117014 121109 125348 129735 134276 138975 143840 148874 154084 159477 165059 170836 176815 183004

Saving Travel Time 7517 7780 8052 8334 8626 8928 9240 9563 9898 7171 7422 7682 7951 8229 8517 8815 9124 9443 9774 10116 10470 10836 11215

TOTAL SAVINGS VOC 10,578,221 10,863,677 11,157,056 11,458,583 11,768,493 12,087,025 12,414,426 12,750,951 13,096,862 9,425,605 9,681,634 9,944,820 10,215,370 10,493,496 10,779,417 11,073,359 ######## ######## ######## ######## ######## ######## ########

TOTAL SAVINGS TRAVEL TIME 4,807,839 4,937,580 5,070,922 5,207,967 5,348,822 5,493,596 5,642,401 5,795,352 5,952,570 4,279,924 4,396,209 4,515,745 4,638,627 4,764,950 4,894,815 5,028,323 5,165,580 5,306,694 5,451,777 5,600,945 5,754,315 5,912,011 6,074,157

A1 Highway - Section Nahr el Kalb-Tabarja
Savings Breakdown Schedule 

Introducing a mass 
transit system 

reducing 30% traffic
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Year Year Capital costs
Discounted 

Capital Costs
Maintenance 

Costs

Discounted 
Maintenance 

Costs

Discounted 
Total Costs

Total Savings VOC
Discounted 

Savings VOC
Time Savings

Discounted Time 
Savings

Discounted Total 
Savings

Undiscounted Net Cash 
Flow

2011 1 20,000,000 17,857,143 17,857,143 -20,000,000

2012 2 22,241,100 17,730,469 17,730,469 -22,241,100

2013 3 22,241,100 15,830,776 15,830,776 -22,241,100

2014 4 22,241,100 14,134,621 804,789 511,458 14,646,079 11,458,583 7,282,137 5,207,967 3,309,757 10,591,894 -6,379,339

2015 5 804,789 456,659 456,659 11,768,493 6,677,759 5,348,822 3,035,065 9,712,824 16,312,526

2016 6 804,789 407,731 407,731 12,087,025 6,123,663 5,493,596 2,783,227 8,906,889 16,775,831

2017 7 804,789 364,046 364,046 12,414,426 5,615,656 5,642,401 2,552,335 8,167,991 17,252,037

2018 8 804,789 325,041 325,041 12,750,951 5,149,895 5,795,352 2,340,646 7,490,541 17,741,514

2019 9 804,789 290,215 290,215 13,096,862 4,722,860 5,952,570 2,146,557 6,869,416 18,244,643

2020 10 804,789 259,121 259,121 9,425,605 3,034,793 4,279,924 1,378,021 4,412,814 12,900,740

2021 11 804,789 231,358 231,358 9,681,634 2,783,238 4,396,209 1,263,805 4,047,043 13,273,054

2022 12 804,789 206,569 206,569 9,944,820 2,552,588 4,515,745 1,159,079 3,711,667 13,655,777

2023 13 2,560,069 586,702 586,702 10,215,370 2,341,099 4,638,627 1,063,054 3,404,153 12,293,928

2024 14 804,789 164,676 164,676 10,493,496 2,147,177 4,764,950 975,003 3,122,181 14,453,658

2025 15 804,789 147,032 147,032 10,779,417 1,969,359 4,894,815 894,264 2,863,624 14,869,443

2026 16 804,789 131,279 131,279 11,073,359 1,806,305 5,028,323 820,228 2,626,533 15,296,892

2027 17 804,789 117,213 117,213 11,375,552 1,656,785 5,165,580 752,337 2,409,122 15,736,343

2028 18 11,264,678 1,464,854 1,464,854 11,686,236 1,519,673 5,306,694 690,080 2,209,754 5,728,252

2029 19 804,789 93,441 93,441 12,005,658 1,393,938 5,451,777 632,988 2,026,926 16,652,646

2030 20 804,789 83,430 83,430 12,334,069 1,278,633 5,600,945 580,632 1,859,265 17,130,225

2031 21 804,789 74,491 74,491 12,671,733 1,172,891 5,754,315 532,617 1,705,508 17,621,259

2032 22 804,789 66,510 66,510 13,018,916 1,075,916 5,912,011 488,583 1,564,499 18,126,137

2033 23 2,560,069 188,902 188,902 13,375,896 986,980 6,074,157 448,200 1,435,180 16,889,983

Total 86,723,300 65,553,008 30,066,229 6,170,726 71,723,735 231,658,101 61,291,344 105,224,779 27,846,479 89,137,824 220,093,350

10% NPV 17,414,089 IRR 15.8%
12%

MIRR 13%

Annual interest % for the initial cost

Annual interest % for the reinvested profits

Cash Flow and Financial Indicators
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A B C D E F G H I J K L M N O P Q
Value of 

time VOT 
$

Location A1 Highway
Nahr el Kalb - 

Jeita 
Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb 
- Jeita 

Interchange

Jeita 
Interchange -

Jounieh 
Interchange

Jounieh 
Interchange 

- 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

Nahr el Kalb -
Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

K 1.27225

Road length (km) 10.3 0.5 4.7 2.6 2.5 0.5 4.7 2.6 2.5 2.9

Yearly Maintenance ($/year) 804,789 39,067 367,234 203,151 195,337

Periodic maintenance ($/every 10 years) 1,755,280 85,208 800,953 443,080 426,039

Periodic maintenance ($/every 15 years) 10,459,889 507,762 4,772,959 2,640,360 2,538,808

Total number of vehicles in 2011 per day 194244 151389 137978 139904

Percent Passenger Cars 80.20% 80.20% 80.20% 80.20% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 4.64 1

Percent Taxis 1.65% 1.65% 1.65% 1.65% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 8.7 1

Percent Pickup - 4WD 13.00% 13.00% 13.00% 13.00% 2.00% 2.50% 2.50% 3.50% 20 0.5 4.7 2.6 2.5 2.9 1

Percent Buses 2.35% 2.35% 2.35% 2.35% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 43.5 1

Percent Light Trucks 1.55% 1.55% 1.55% 1.55% 2.00% 2.50% 2.50% 3.50% 25 0.5 4.7 2.6 2.5 2.9 1

Percent Medium to Heavy Trucks 1.25% 1.25% 1.25% 1.25% 2.00% 2.50% 2.50% 3.50% 85 0.5 4.7 2.6 2.5 2.9 1

Sum of percentages 100% 100% 100% 100%

Discount rate 12%

Speed before rehabilitation (Km/h) 70

Speed after rehabilitation (Km/h) 80

Travel Time (minutes) 0.05 0.50 0.28 0.27

Designation
Nahr el Kalb - Jeita 

Interchange

Jeita 
Interchange - 

Jounieh 
Interchange

Jounieh 
Interchange - 
Maamaltein 

passage

Maamaltein 
passage - 

Tabarja Exit

North 
Tabarja Exit

Total number of vehicles in 2011 194244 151389 137978 139904 102624

Designation Amount Amount

Total of Civil Works (CW) in Millions of U.S. 
$ 42.3+3+7+10 62.30

Total of Consulting Services (CS)in Millions 
of U.S. $ 2%*(CW+Contingencies) 1.3083

40.00

Physical Contingencies in Millions of U.S. $ 2.5%(CW) 1.5575

Price Contingencies in Millions of U.S. $ 2.5%(CW) 1.5575

Land acquisition in Millions of U.S. $ 15.2+2.8+2 20.00

Total in Millions of U.S. $ 86.7233

Total in Millions of U.S. $

Introducing a mass transit system, 
reducing 30% traffic, L=10Km, 20m width, 

2*2 lanes

VOC 
Savings 
($/1000 

Km)

Reduction 
factor

Assumption Sheet

Daily Kms per vehicleTraffic growth rate per year
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Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Passengers cars

Nahr el Kalb - Jeita Interchange

Number of vehicles 155784 158899 162077 165319 168625 171998 175438 178946 182525 127768 130323 132930 135588 138300 141066 143887 146765 149700 152694 155748 158863 162040 165281 168587

Travel Length 77892 79450 81039 82659 84313 85999 87719 89473 91263 63884 65162 66465 67794 69150 70533 71944 73383 74850 76347 77874 79432 81020 82641 84293

Saving VOC 517202 527546 538097 548859 559836 571033 582453 594102 605984 432673 441326 450153 459156 468339 477706 487260 497005 506945 517084 527426 537974 548734 559708

Saving Travel Time 214269 218555 222926 227384 231932 236571 241302 246128 251051 179250 182835 186492 190222 194026 197907 201865 205902 210020 214221 218505 222875 227333 231879

Jeita Interchange - Jounieh Interchange

Number of vehicles 121414 124449 127561 130750 134018 137369 140803 144323 147931 103552 106141 108794 111514 114302 117159 120088 123091 126168 129322 132555 135869 139266 142747 146316

Travel Length 570646 584912 599535 614523 629886 645633 661774 678318 695276 486693 498861 511332 524116 537219 550649 564415 578526 592989 607813 623009 638584 654549 670912 687685

Saving VOC 3789087 3883815 3980910 4080433 4182444 4287005 4394180 4504034 4616635 3312436 3395247 3480128 3567131 3656309 3747717 3841410 3937445 4035881 4136778 4240198 4346203 4454858 4566229

Saving Travel Time 1569765 1609009 1649234 1690465 1732727 1776045 1820446 1865957 1912606 1372295 1406602 1441767 1477811 1514757 1552626 1591441 1631227 1672008 1713808 1756653 1800570 1845584 1891724

Jounieh Interchange - Maamaltein passage

Number of vehicles 110658 113425 116260 119167 122146 125200 128330 131538 134826 94379 96738 99156 101635 104176 106781 109450 112186 114991 117866 120812 123833 126929 130102 133354

Travel Length 287712 294905 302277 309834 317580 325519 333657 341999 350549 245384 251519 257807 264252 270858 277630 284570 291685 298977 306451 314112 321965 330014 338265 346721

Saving VOC 1910406 1958166 2007120 2057298 2108731 2161449 2215485 2270872 2327644 1670085 1711837 1754633 1798498 1843461 1889547 1936786 1985206 2034836 2085707 2137849 2191296 2246078 2302230

Saving Travel Time 791454 811240 831521 852309 873617 895457 917844 940790 964310 691892 709189 726919 745092 763720 782813 802383 822442 843003 864079 885680 907823 930518 953781

Maamaltein passage-Tabarja Exit

Number of vehicles 112203 116130 120195 124401 128756 133262 137926 142754 147750 103425 107045 110791 114669 118683 122836 127136 131585 136191 140958 145891 150997 156282 161752 167413

Travel Length 280508 290325 300487 311004 321889 333155 344815 356884 369375 258562 267612 276978 286673 296706 307091 317839 328964 340477 352394 364728 377493 390706 404380 418534

Saving VOC 1862570 1927760 1995231 2065065 2137342 2212149 2289574 2369709 2452649 1776944 1839137 1903507 1970130 2039084 2110452 2184318 2260769 2339896 2421792 2506555 2594285 2685085 2779063

Saving Travel Time 771636 798643 826596 855527 885470 916462 948538 981737 1016097 736163 761928 788596 816197 844763 874330 904932 936604 969386 1003314 1038430 1074775 1112392 1151326

Taxis

Nahr el Kalb - Jeita Interchange

Number of vehicles 3205 3269 3335 3401 3469 3539 3609 3682 3755 2629 2681 2735 2790 2845 2902 2960 3019 3080 3141 3204 3268 3334 3400 3468

Travel Length 1603 1635 1667 1701 1735 1769 1805 1841 1878 2629 2682 2735 2790 2846 2903 2961 3020 3080 3142 3205 3269 3334 3401 3469

Saving VOC 10641 10854 11071 11292 11518 11748 11983 12223 12467 17807 18163 18526 18897 19274 19660 20053 20454 20863 21281 21706 22140 22583 23035

Saving Travel Time 8266 8431 8599 8771 8947 9126 9308 9494 9684 6915 7053 7194 7338 7485 7634 7787 7943 8102 8264 8429 8598 8769 8945

Jeita Interchange - Jounieh Interchange

Number of vehicles 2498 2560 2624 2690 2757 2826 2897 2969 3043 2130 2184 2238 2294 2352 2410 2471 2532 2596 2661 2727 2795 2865 2937 3010

Travel Length 11740 12034 12335 12643 12959 13283 13615 13955 14304 10013 10263 10520 10783 11053 11329 11612 11902 12200 12505 12818 13138 13466 13803 14148

Saving VOC 77955 79904 81902 83949 86048 88199 90404 92664 94981 68149 69852 71599 73389 75223 77104 79031 81007 83032 85108 87236 89417 91652 93944

Saving Travel Time 60554 62068 63620 65210 66841 68512 70224 71980 73780 52937 54260 55617 57007 58432 59893 61391 62925 64498 66111 67764 69458 71194 72974

Jounieh Interchange - Maamaltein passage

Number of vehicles 2277 2334 2392 2452 2513 2576 2640 2706 2774 1942 1990 2040 2091 2143 2197 2252 2308 2366 2425 2486 2548 2611 2677 2744

Travel Length 5919 6067 6219 6374 6534 6697 6865 7036 7212 5048 5175 5304 5437 5573 5712 5855 6001 6151 6305 6462 6624 6790 6959 7133

Saving VOC 39304 40286 41294 42326 43384 44469 45580 46720 47888 34360 35219 36099 37002 37927 38875 39847 40843 41864 42910 43983 45083 46210 47365

Saving Travel Time 30531 31294 32076 32878 33700 34543 35406 36291 37199 26690 27357 28041 28742 29461 30197 30952 31726 32519 33332 34166 35020 35895 36793

Maamaltein passage-Tabarja Exit

Number of vehicles 2308 2389 2473 2559 2649 2742 2838 2937 3040 2128 2202 2279 2359 2442 2527 2616 2707 2802 2900 3002 3107 3215 3328 3444

Travel Length 5771 5973 6182 6398 6622 6854 7094 7342 7599 5320 5506 5698 5898 6104 6318 6539 6768 7005 7250 7504 7766 8038 8320 8611

Saving VOC 38320 39661 41049 42486 43973 45512 47105 48753 50460 36558 37838 39162 40533 41951 43420 44939 46512 48140 49825 51569 53374 55242 57175

Saving Travel Time 29766 30808 31886 33002 34157 35353 36590 37871 39196 28398 29392 30420 31485 32587 33728 34908 36130 37394 38703 40058 41460 42911 44413

Pick-Up and 4 WD

Nahr el Kalb - Jeita Interchange

Number of vehicles 25252 25757 26272 26797 27333 27880 28438 29006 29586 20710 21125 21547 21978 22418 22866 23323 23790 24266 24751 25246 25751 26266 26791 27327

Travel Length 12626 12878 13136 13399 13667 13940 14219 14503 14793 10355 10562 10774 10989 11209 11433 11662 11895 12133 12375 12623 12875 13133 13396 13664

Saving VOC 83836 85512 87223 88967 90746 92561 94413 96301 98227 70134 71537 72967 74427 75915 77434 78982 80562 82173 83817 85493 87203 88947 90726

Saving Travel Time 21707 22142 22584 23036 23497 23967 24446 24935 25434 18160 18523 18893 19271 19657 20050 20451 20860 21277 21703 22137 22579 23031 23492

Jeita Interchange - Jounieh Interchange

Number of vehicles 19681 20173 20677 21194 21724 22267 22823 23394 23979 16785 17205 17635 18076 18528 18991 19466 19952 20451 20962 21486 22024 22574 23139 23717

Travel Length 92499 94811 97181 99611 102101 104654 107270 109952 112701 78890 80863 82884 84956 87080 89257 91489 93776 96120 98523 100986 103511 106099 108751 111470

Saving VOC 614191 629546 645285 661417 677952 694901 712274 730080 748332 536928 550352 564110 578213 592669 607485 622672 638239 654195 670550 687314 704497 722109 740162

Saving Travel Time 159032 163007 167083 171260 175541 179930 184428 189039 193765 139026 142502 146064 149716 153459 157295 161228 165258 169390 173625 177965 182414 186975 191649

Jounieh Interchange - Maamaltein passage

Number of vehicles 17937 18386 18845 19316 19799 20294 20802 21322 21855 15298 15681 16073 16475 16886 17309 17741 18185 18639 19105 19583 20073 20574 21089 21616

Travel Length 46637 47802 48998 50222 51478 52765 54084 55436 56822 39775 40770 41789 42834 43905 45002 46127 47281 48463 49674 50916 52189 53494 54831 56202

Saving VOC 309667 317408 325344 333477 341814 350360 359119 368096 377299 270712 277480 284417 291527 298815 306286 313943 321791 329836 338082 346534 355198 364077 373179

Saving Travel Time 80182 82186 84241 86347 88505 90718 92986 95311 97693 70095 71847 73644 75485 77372 79306 81289 83321 85404 87539 89728 91971 94270 96627

Maamaltein passage-Tabarja Exit

Number of vehicles 18188 18824 19483 20165 20871 21601 22357 23140 23949 16765 17351 17959 18587 19238 19911 20608 21329 22076 22848 23648 24476 25333 26219 27137

Travel Length 45469 47060 48707 50412 52176 54003 55893 57849 59874 41912 43379 44897 46468 48095 49778 51520 53323 55190 57121 59120 61190 63331 65548 67842

Saving VOC 301913 312480 323417 334736 346452 358578 371128 384117 397562 288033 298115 308549 319348 330525 342093 354067 366459 379285 392560 406299 420520 435238 450471

Saving Travel Time 78174 80910 83742 86673 89706 92846 96096 99459 102940 74580 77190 79892 82688 85582 88578 91678 94887 98208 101645 105203 108885 112696 116640

Buses

Nahr el Kalb - Jeita Interchange

Number of vehicles 4565 4656 4749 4844 4941 5040 5141 5243 5348 3744 3819 3895 3973 4052 4133 4216 4300 4386 4474 4564 4655 4748 4843 4940

Travel Length 2282 2328 2375 2422 2471 2520 2570 2622 2674 1872 1909 1948 1986 2026 2067 2108 2150 2193 2237 2282 2327 2374 2422 2470

Saving VOC 18944 19323 19709 20103 20505 20915 21334 21760 22196 15848 16165 16488 16818 17154 17497 17847 18204 18568 18939 19318 19704 20099 20501

Saving Travel Time 58861 60038 61239 62463 63713 64987 66287 67612 68965 49241 50226 51230 52255 53300 54366 55453 56562 57693 58847 60024 61225 62449 63698

Jeita Interchange - Jounieh Interchange

Number of vehicles 3558 3647 3738 3831 3927 4025 4126 4229 4335 3034 3110 3188 3268 3349 3433 3519 3607 3697 3789 3884 3981 4081 4183 4287

Travel Length 16721 17139 17567 18007 18457 18918 19391 19876 20373 14261 14617 14983 15358 15741 16135 16538 16952 17376 17810 18255 18712 19179 19659 20150

Saving VOC 138784 142253 145810 149455 153191 157021 160946 164970 169094 121325 124358 127467 130654 133920 137268 140700 144218 147823 151519 155306 159189 163169 167248

Saving Travel Time 431220 442001 453051 464377 475987 487886 500084 512586 525400 376975 386399 396059 405961 416110 426512 437175 448104 459307 470790 482559 494623 506989 519664

Jounieh Interchange - Maamaltein passage

Number of vehicles 3242 3324 3407 3492 3579 3669 3760 3854 3951 2765 2835 2905 2978 3053 3129 3207 3287 3369 3454 3540 3629 3719 3812 3908

Travel Length 8430 8641 8857 9079 9306 9538 9777 10021 10272 7190 7370 7554 7743 7937 8135 8338 8547 8761 8980 9204 9434 9670 9912 10160

Saving VOC 69973 71722 73515 75353 77237 79168 81147 83176 85255 61170 62700 64267 65874 67521 69209 70939 72712 74530 76394 78303 80261 82268 84324

Saving Travel Time 217415 222851 228422 234133 239986 245986 252135 258439 264900 190065 194817 199688 204680 209797 215042 220418 225928 231576 237366 243300 249382 255617 262007

Maamaltein passage-Tabarja Exit

Number of vehicles 3288 3403 3522 3645 3773 3905 4041 4183 4329 3031 3137 3246 3360 3478 3599 3725 3856 3991 4130 4275 4424 4579 4740 4906

Travel Length 8219 8507 8805 9113 9432 9762 10104 10457 10823 7576 7842 8116 8400 8694 8998 9313 9639 9977 10326 10687 11061 11448 11849 12264

Saving VOC 68221 70608 73080 75637 78285 81025 83861 86796 89834 65084 67362 69720 72160 74686 77300 80005 82806 85704 88703 91808 95021 98347 101789

Saving Travel Time 211971 219390 227069 235017 243242 251756 260567 269687 279126 202227 209305 216630 224212 232060 240182 248588 257289 266294 275614 285261 295245 305578 316274

Light Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 3011 3071 3132 3195 3259 3324 3391 3458 3528 2469 2519 2569 2620 2673 2726 2781 2836 2893 2951 3010 3070 3132 3194 3258

Travel Length 1505 1535 1566 1598 1629 1662 1695 1729 1764 1235 1259 1285 1310 1336 1363 1390 1418 1447 1476 1505 1535 1566 1597 1629

Saving VOC 12495 12745 13000 13260 13525 13795 14071 14353 14640 10453 10662 10875 11092 11314 11541 11771 12007 12247 12492 12742 12997 13257 13522

Saving Travel Time 2588 2640 2693 2747 2802 2858 2915 2973 3032 2165 2208 2253 2298 2344 2391 2438 2487 2537 2588 2639 2692 2746 2801

Jeita Interchange - Jounieh Interchange

Number of vehicles 2347 2405 2465 2527 2590 2655 2721 2789 2859 2001 2051 2103 2155 2209 2264 2321 2379 2438 2499 2562 2626 2692 2759 2828

Travel Length 11029 11304 11587 11877 12174 12478 12790 13110 13437 9406 9641 9882 10129 10383 10642 10908 11181 11461 11747 12041 12342 12650 12967 13291

Saving VOC 91538 93827 96172 98577 101041 103567 106156 108810 111530 80023 82024 84074 86176 88330 90539 92802 95122 97500 99938 102436 104997 107622 110313

Saving Travel Time 18961 19436 19921 20419 20930 21453 21989 22539 23103 16576 16991 17415 17851 18297 18754 19223 19704 20196 20701 21219 21749 22293 22850

Jounieh Interchange - Maamaltein passage

Number of vehicles 2139 2192 2247 2303 2361 2420 2480 2542 2606 1824 1870 1916 1964 2013 2064 2115 2168 2222 2278 2335 2393 2453 2514 2577

Travel Length 5561 5700 5842 5988 6138 6291 6448 6610 6775 4742 4861 4983 5107 5235 5366 5500 5637 5778 5923 6071 6223 6378 6538 6701

Saving VOC 46152 47306 48489 49701 50943 52217 53522 54861 56232 40346 41355 42389 43449 44535 45648 46790 47959 49158 50387 51647 52938 54262 55618

Saving Travel Time 9560 9799 10044 10295 10553 10816 11087 11364 11648 8357 8566 8781 9000 9225 9456 9692 9934 10183 10437 10698 10966 11240 11521

Maamaltein passage-Tabarja Exit

Number of vehicles 2169 2244 2323 2404 2488 2576 2666 2759 2856 1999 2069 2141 2216 2294 2374 2457 2543 2632 2724 2820 2918 3020 3126 3236

Travel Length 5421 5611 5807 6011 6221 6439 6664 6897 7139 4997 5172 5353 5540 5734 5935 6143 6358 6580 6811 7049 7296 7551 7815 8089

Saving VOC 44997 46572 48202 49889 51635 53442 55312 57248 59252 42928 44431 45986 47595 49261 50985 52770 54616 56528 58507 60554 62674 64867 67138

Saving Travel Time 9321 9647 9985 10334 10696 11070 11458 11859 12274 8892 9203 9526 9859 10204 10561 10931 11313 11709 12119 12543 12982 13437 13907

Medium/Heavy Trucks

Nahr el Kalb - Jeita Interchange

Number of vehicles 2428 2477 2526 2577 2628 2681 2734 2789 2845 1991 2031 2072 2113 2156 2199 2243 2287 2333 2380 2427 2476 2526 2576 2628

Travel Length 1214 1238 1263 1288 1314 1340 1367 1395 1422 996 1016 1036 1057 1078 1099 1121 1144 1167 1190 1214 1238 1263 1288 1314

Saving VOC 34058 34739 35434 36143 36866 37603 38355 39122 39905 28492 29062 29643 30236 30841 31457 32087 32728 33383 34051 34732 35426 36135 36857

Saving Travel Time 2087 2129 2172 2215 2259 2304 2351 2398 2446 1746 1781 1817 1853 1890 1928 1966 2006 2046 2087 2129 2171 2215 2259

Jeita Interchange - Jounieh Interchange

Number of vehicles 1892 1940 1988 2038 2089 2141 2195 2249 2306 1614 1654 1696 1738 1782 1826 1872 1918 1966 2016 2066 2118 2171 2225 2280

Travel Length 8894 9116 9344 9578 9817 10063 10314 10572 10837 7586 7775 7970 8169 8373 8582 8797 9017 9242 9473 9710 9953 10202 10457 10718

Saving VOC 249515 255753 262147 268701 275418 282304 289361 296595 304010 218127 223580 229170 234899 240772 246791 252961 259285 265767 272411 279221 286202 293357 300691

Saving Travel Time 15292 15674 16066 16467 16879 17301 17733 18177 18631 13368 13702 14045 14396 14756 15125 15503 15890 16287 16695 17112 17540 17978 18428

Jounieh Interchange - Maamaltein passage

Number of vehicles 1725 1768 1812 1857 1904 1951 2000 2050 2101 1471 1508 1545 1584 1624 1664 1706 1749 1792 1837 1883 1930 1978 2028 2078

Travel Length 4484 4596 4711 4829 4950 5074 5200 5330 5464 3825 3920 4018 4119 4222 4327 4435 4546 4660 4776 4896 5018 5144 5272 5404

Saving VOC 125802 128947 132171 135475 138862 142334 145892 149539 153278 109977 112726 115544 118433 121394 124429 127539 130728 133996 137346 140780 144299 147906 151604

Saving Travel Time 7710 7903 8100 8303 8510 8723 8941 9164 9394 6740 6908 7081 7258 7440 7626 7816 8012 8212 8417 8628 8843 9064 9291

Maamaltein passage-Tabarja Exit

Number of vehicles 1749 1810 1873 1939 2007 2077 2150 2225 2303 1612 1668 1727 1787 1850 1915 1982 2051 2123 2197 2274 2353 2436 2521 2609

Travel Length 4372 4525 4683 4847 5017 5193 5374 5562 5757 4030 4171 4317 4468 4624 4786 4954 5127 5307 5492 5685 5884 6090 6303 6523

Saving VOC 122652 126945 131388 135987 140746 145672 150771 156048 161509 117014 121109 125348 129735 134276 138975 143840 148874 154084 159477 165059 170836 176815 183004

Saving Travel Time 7517 7780 8052 8334 8626 8928 9240 9563 9898 7171 7422 7682 7951 8229 8517 8815 9124 9443 9774 10116 10470 10836 11215

TOTAL SAVINGS VOC 10,578,221 10,863,677 11,157,056 11,458,583 11,768,493 12,087,025 12,414,426 12,750,951 13,096,862 9,425,605 9,681,634 9,944,820 10,215,370 10,493,496 10,779,417 11,073,359 ######## ######## ######## ######## ######## ######## ########

TOTAL SAVINGS TRAVEL TIME 4,807,839 4,937,580 5,070,922 5,207,967 5,348,822 5,493,596 5,642,401 5,795,352 5,952,570 4,279,924 4,396,209 4,515,745 4,638,627 4,764,950 4,894,815 5,028,323 5,165,580 5,306,694 5,451,777 5,600,945 5,754,315 5,912,011 6,074,157

A1 Highway - Section Nahr el Kalb-Tabarja
Savings Breakdown Schedule 

Introducing a mass 
transit system 

reducing 30% traffic
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Year Year Capital costs
Discounted 

Capital Costs
Maintenance 

Costs

Discounted 
Maintenance 

Costs

Discounted Total 
Costs

Total Savings VOC
Discounted 

Savings VOC
Time Savings

Discounted Time 
Savings

Discounted Total 
Savings

Undiscounted Net Cash 
Flow

2011 1 20,000,000 17,857,143 17,857,143 -20,000,000

2012 2 22,241,100 17,730,469 17,730,469 -22,241,100

2013 3 22,241,100 15,830,776 15,830,776 -22,241,100

2014 4 22,241,100 14,134,621 804,789 511,458 14,646,079 11,458,583 7,282,137 5,207,967 3,309,757 10,591,894 -6,379,339

2015 5 804,789 456,659 456,659 11,768,493 6,677,759 5,348,822 3,035,065 9,712,824 16,312,526

2016 6 804,789 407,731 407,731 12,087,025 6,123,663 5,493,596 2,783,227 8,906,889 16,775,831

2017 7 804,789 364,046 364,046 12,414,426 5,615,656 5,642,401 2,552,335 8,167,991 17,252,037

2018 8 804,789 325,041 325,041 12,750,951 5,149,895 5,795,352 2,340,646 7,490,541 17,741,514

2019 9 40,000,000 14,424,401 804,789 290,215 14,714,616 13,096,862 4,722,860 5,952,570 2,146,557 6,869,416 -21,755,357

2020 10 804,789 259,121 259,121 9,425,605 3,034,793 4,279,924 1,378,021 4,412,814 12,900,740

2021 11 804,789 231,358 231,358 9,681,634 2,783,238 4,396,209 1,263,805 4,047,043 13,273,054

2022 12 804,789 206,569 206,569 9,944,820 2,552,588 4,515,745 1,159,079 3,711,667 13,655,777

2023 13 2,560,069 586,702 586,702 10,215,370 2,341,099 4,638,627 1,063,054 3,404,153 12,293,928

2024 14 804,789 164,676 164,676 10,493,496 2,147,177 4,764,950 975,003 3,122,181 14,453,658

2025 15 804,789 147,032 147,032 10,779,417 1,969,359 4,894,815 894,264 2,863,624 14,869,443

2026 16 804,789 131,279 131,279 11,073,359 1,806,305 5,028,323 820,228 2,626,533 15,296,892

2027 17 804,789 117,213 117,213 11,375,552 1,656,785 5,165,580 752,337 2,409,122 15,736,343

2028 18 11,264,678 1,464,854 1,464,854 11,686,236 1,519,673 5,306,694 690,080 2,209,754 5,728,252

2029 19 804,789 93,441 93,441 12,005,658 1,393,938 5,451,777 632,988 2,026,926 16,652,646

2030 20 804,789 83,430 83,430 12,334,069 1,278,633 5,600,945 580,632 1,859,265 17,130,225

2031 21 804,789 74,491 74,491 12,671,733 1,172,891 5,754,315 532,617 1,705,508 17,621,259

2032 22 804,789 66,510 66,510 13,018,916 1,075,916 5,912,011 488,583 1,564,499 18,126,137

2033 23 2,560,069 188,902 188,902 13,375,896 986,980 6,074,157 448,200 1,435,180 16,889,983

Total 126,723,300 79,977,409 30,066,229 6,170,726 86,148,136 231,658,101 61,291,344 105,224,779 27,846,479 89,137,824 180,093,350

10% NPV 2,989,688 IRR 12.7%
12%

MIRR 12%

Annual interest % for the initial cost

Annual interest % for the reinvested profits

Cash Flow and Financial Indicators
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