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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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Qutline of EIA studies as per EIA draft Decree

(i) Y anil o i AdS
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(oLl Lo gLl

2T padle -1

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

b ginall 4408 -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
» Al tender documents (main drawings), attached a CD
4286 -3

g s el iy aagd) .

Refer to:

» EIA study — Abstract, attached in annex D

g sodall aliay @ g pdall paas -

Refer to:

* EIA study - Annex to Final Report, attached in annex C, page 1/12 —

paragraphs 1-A & 1-C and
» Al tender documents, attached a CD

g s el disa s ann g doe sl jaide Cay -

Refer to:
* EIA study - Final Report, attached in annex B, page 1 - paragraph 1-A
All g 5 pisall dgaal -
Refer to:

» EIA study — Abstract, attached in annex D

Aul Al el Al AAS G ) (adiill Jady s " Al AP anli " A o Gl .
Refer to:
 EIA study - Annex to Final Report, attached in annex C, page 1/12 -
paragraph 1-C
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b sl 5 Aaall (5 siuall e LeililSa) g LaSlall I3 A gall
Refer to:
* EIA study - Annex to Final Report, attached in annex C, page 1/12 -
paragraphs 1-Atill 1-C

ALl (b Angiall Agud)  coilagaitl g Aigally Ailarial) Sl 5 e a0
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
Refer to:
 EIA study - Annex to Final Report, attached in annex C, page 8/12 -
paragraph 2-3-H and
» Decree 52/1
Josaill A S Ll e Y Al cldlaidl)
Lebanese Ministry of Environment no objection for A1 Rehabilitation and
Widening between Nahr El-Kalb and Tabarja

Al Lgl) il 5 Afadaal) i) Cilaalaal) ) clglEy)
Lebanon is adhering to the international protocol for climate change, refer to:
EIA study - Final Report, attached in annex B, page 4.

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 Al highway
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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
» Al tender documents including traffic management deviations, as well as
Tender specs and Bill of Quantities
goiadle s .
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Refer to:
* EIA study - Final Report, attached in annex B , see Annex B and C
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* Refer to:
* EIA study - Final Report, attached in annex B, see Annex B and
» Al 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
**:\:\é‘g;j\ DLJ-A.“} *Z\ga.b.ml\ bl:bd‘ :\.ua\JJ .

* 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.

Gadand) sluall gl Apad Al 8 5l gl Cipea Wy diall (e Alina olsa Y
sreddaladl 5 iy ) uulial .

*The Al 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 82-3-H / in relation with Annex 8.
** Refer to:
* EIA study - Final Report, attached in annex B, Chapter V

aw\@y}ﬁ)m‘ ow\dﬂﬁdﬁ}d\ da\...u)” .

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 82-3-H (paragraphs related to Annex 5, 7 and 8)

BA};}J\ «;\‘5.@_\\ &)ﬁ‘)dhaa_jw\ 6‘-“}@\:\%9)3 .

GICOME Sarl July 2011 40f 9



Al Highway - Environmental Impact Assessment CDR

Refer to:
* EIA study-Final Report,attached in annex B, paragraph 1lI-3, page 17 till
25
ol aa il g Flall .
Refer to:

» EIA study- Final Report, attached in annex B, page 31 paragraph V-1-1

@_;..'an °
Refer to:

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

s sl sl A2l (2-7
bl gaadl g bl o
Refer to:
» EIA study - Final Report, attached in annex B, page 33 & 34
Al al) <l el
Refer to:
* EIA study - Final Report, attached in annex B, page 34, paragraph V-3
shall dca gl g 5,0l g 1Y) .
Refer to:
» EIA study-Final Report, attached in annex B, page 33, paragraph V-2-1
((F-danb Gl jiie — Aanka Glieas - Glle) Aubual) Bhla)
Absence of sensible areas along A1 widening project

byl Lol Al (3-7
=05 - Adleall - ke Ladial) sl - G ) Al e g ) paiall
(& Gl clallas — adlal) g clalall - Juslaall
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

_ gl - Ae 3l - el - A gl A ) Al bl .
(& - b il - dal )

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

=l Y Jleaind
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
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ool A< a0
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

Al dAaall .
Refer to:
* EIA study - Final Report, attached in annex B
0 Security (page 44, paragraphs VII-2 and VII-3),
o Actions (page 46, paragraph VII-7),
o Gas polluants (Chapter I11)

ER PR RN
Refer to:
 EIA study - Annex to Final Report, attached in annex C, page 5/12,
paragraph 2-2-B
llaal adll
Refer to:
* EIA study - Final Report, attached in annex B, page 6, paragraph 11-8
and page 44, paragraph VII-3

Construction of sidewalks, of pedestrian overpasses, of service roads for
commercial malls and shops and of elevators for disabled persons

L g s oall Alaiaall Al Y -8

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

#rAglaasll g +Al sal) 4l (1-8
* 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

A ol sl 2l (2-8

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

Aplai®Y) 5 duelaiay) 2l (3-8

Refer to:
* EIA study - Final Report, attached in annex B, page 44 and 45 - Chapter
Vil
;&})..h.\.\ Joladl Qa5 -9
g 9 piall oLl are Js (&
Refer to:
» EIA study - Final Report, attached in annex B, page 48 and 49 - Chapter
VIII

» Lguaii Cilaa1 3 ALy oyl
*abiny Qs ae A g g plall
* 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

Ui g+ Galiat) dabiaal) ol 46 jlie o
* We recommend strongly that Al 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 Al widening + rehabilitation (IRR=19.3% and NPV=25.5 Million $)

0 Al widening + rehabilitation + Mass transit system (IRR = 14.4%

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

Al 3 Hlay) 4l -10
Al JUY) (e Candddl) =t (1-10
Aagall ) JBY e Gadle
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.
Lo Lt 1 3 (gl o) Al ol (e JSI 565 Joaii
(sl e ya) o agail ol - Lol - Lgilas a5 55
il sded Alaiaall dinl) HEY)
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Environmental Engineer - Project duration 30 months
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Aada 211
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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
0 IRR =19.3% and NPV = 25.5 Million USD

dnludl HBY) Casds dws CoA .
Refer to EIA study-Executive Summary Report, attached in annex A

48) yall dayliad dnudl Cildlaainy) o
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)

32l -12
Refer to:
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 EIA study - Final Report, attached in annex B, see Annex G - Minutes of
meeting / Public consultation

g 9 pially ddasi jall o) e (adla o
» Al tender drawings (main drawings are included in the CD attached)
» Al 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
Gila slaall Gliln g Jglaa
* 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
Gilaatin) (Sl dpalell pe g dpalall aal jalbh 422y
Refer to:
* EIA study - Final Report, attached in annex B, pages 50 and 51

(Slsns s s 121 31) ) ) a8 ame clandy A3y
* GICOME - Antoine SALAME & Associés Sarl and
e Dr Dunia Jawad AOUN (Lebanese University Professor)
And Refer to:
e EIA study - Annex to Final Report, attached in annex C, page 1/12
paragraph 1E.
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Executive Summary

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

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

Widening and rehabilitation of the A1 highway will contribute:

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

¢ Inreducing noises and vibrations on the inhabitants, after works.

e In improving economic situation (transit between Beirut and North, local economy) and
tourism activities

e Insavings in gasoline consumption on roads

e 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.

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

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

e Inleading to less traffic congestion which will lead to better breathing air.

e 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.

e 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.

e 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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e 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:

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

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

e 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)

e 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.

e The Site Supervision Team includes the Client (CDR) , the A1l Supervision Consultant
and the Environmental Engineer

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

e Gravels excavated will be stocked or reused in rehabilitation road works.

e Electric and metal products removed will be disposed as per law.

e Materials and refusals related to widening will be reused or stocked or disposed as per
law.

e Only ready mixed concrete and ready mixed asphalt will be used.

e Raw materials such as sand and aggregates will be extracted from licensed quarries.

e 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 KVVA 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 Al 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 | - INTRODUCTION TO ENVIRONMENTAL IMPACT OF Al HIGHWAY

-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.

-2 Objectives of EAR

The main purpose of this EAR is to study the environmental impact of the Al 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.

-3 A1l Highway definition

The Al 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 Al 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.

-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 1.

-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.

-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).

-6 Organization of the report

This report is organized into seven chapters followed by annexes, and includes photos and
tables as follows:

- Chapter | is this introduction;
- Chapter Il reviews the actual status of A1 Highway;

- Chapter Il 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 Al highway and gives the necessary
recommendations;

- Annexes Ato F;

- Bibliography.
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CHAPTER Il - ACTUAL STATUS OF A1 HIGHWAY

[1-1 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 1I-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).

Car ownership
Country Number of citizens

Philippines 1/124

China 1/250
Japan 1/25

USA 1/125
Europe 1/5
Lebanon 1/3

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).
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[I-2 Cars cateqories 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 Al highway.

[I-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.

[1-4 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.

[I-5 Congestion of traffic

The Al 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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The

Impacts related to pollution

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 Al 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)
CONSTRUCTION AREAS BUILT UP BUILDINGS
STATION |AREA | UNIT | COAST | AREA| UNIT | COAST | TOTAL
SECTION At Km (sg.m) | COAST (usd) (sg.m) | COAST (usd) INMILLION
(usd) (usd) OF USD
Zouk  |0+000 - 0+800| 103 1600 | 164800 0 900 0 164800
Mosbeh
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- |[8+200-8+700| © 1600 0 621 900 558900 | 558900
Dafné
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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[I-8 Conclusion

The observation done along the Al 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 Al 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 Al 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 Al 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 A1l 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 A1l 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 IlI-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.

GICOME Sarl April 2010 Page 10



Al Highway - Environmental Assessment Impact Final Report

Photo II-7 Unaesthetic place beside the A1 highway towards Beirut.

GICOME Sarl April 2010 Page 11



Al Highway - Environmental Assessment Impact Final Report

CHAPTER Ill - VEHICLE TRANSPORTATION ENVIRONMENTAL IMPACT

[1I-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).

[1I-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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[11-2-1 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.

[11-2-2 Nitrogen oxides

There exist several varieties of nitrogen oxides: protoxide, N,O; the monoxide NO or nitric
oxide; dioxide, NO;; sesquioxide, N,Os; or nitrous anhydride; pentoxide N,Os or nitric
anhydride. Only NO and NO, 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 °C/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 °C/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 + O, — 2NO, is very slow and as soon as NO is dilutes in the

atmosphere it escaped to the oxidation. More or less large quantities of NO, 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 NO, 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 NO, 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 NO, 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 NO, 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
NO, in consequence of the deceleration of the formative photochemical reactions of this
body.

[11-2-3 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 SO, after combustion. During combustion a high percentage of the sulfur of coal is
sulfur dioxide oxide, SO, and in trioxide, SOs.

Part of sulfur oxides, able to write SO,, 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, H,S. 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 H,S. The majority of sulfur should in theory be oxidized in SO, in
the modern furnaces.

[11-2-4 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 Cy;-Cy,, the volatility
of these composites beyond C;, 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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[11-2-5 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.

[11-2-6 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 SO, 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, asbhestos... 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).

[11-2-7 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 p, the particles constituting smoke
itself stage between 0,01 and 2 y. 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 * Transport, Motor vehicles: 60% * Federal US norms has 2 stages:
monoxide » Combustion of coal, fuel oil, |- 10 mg/m?: max. average
CcoO natural gas, wood. concentration over 8 hours.
* Incineration - 15 mg/m3: max. average
* Forest fires concentration over 1 hour.
* Industrial processes e California state norms has 2
stages:

- 10 ppm ~11.2 mg/m® average
concentration over 1 hour

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

Nitrogen * Transport:  Federal US norms has 2 stages:
Oxides NOx - Gasoline vehicles - 100 Hg/m®  annual arithmetic
- Gas oil vehicles average concentration.
- Planes - 250 pg/m®: concentration over 24
- Ships hours.
- Various « California state norms has 2 stages:
» Combustion - 900 pg/m® average concentration
* Incineration over 1 hour.
* Forest fires « Canada has 2 stages:
* Industrial processes - 0.20 ppm: average concentration
over 1 hour

- 0.10 ppm average concentration
over 24 hours

*Transport * France
- Motor vehicles - 750 pg/m? is the max. not to exceed.
» Combustions * Federal US Norms:
Sulfur oxides | ¢ Industrial process Primary norms
* Incineration - 80 pg/m?®: annual arithmetic mean,

- 365 ug/m3: content over 24 hours
Secondary norms: reduction  of
primary norms simultaneously to 60
pg/m3 and 260 ug/m3.

« California state
- 0.5 ppm ~ 1.250 ug/ms.

* Transport: * USA Norms:
- Gasoline vehicles 125 pg/m®.
- Gas oil vehicles

Planes

- Ships

Various

« Exhaust gas liberated 1g/m®
unburned hydrocarbons

* Loss by evaporation on the

Hydrocarbons

carburetor
» Exhaust gas engines
Organic * Engines especially those lighting | No standards proposed
materials by compression
oxides * Incomplete oxidation of
(aldehydes, hydrocarbons

acids)
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Gas Sources Norms
Particles e Volcanism  Federal US Norms annually:
TSP e Soil and highway dust -260 pg/m? as a limit over 24 hours.
(Total e Incineration - As a secondary norm: 150 pg/m?®
Suspended e Industrial operation: petrol, | OVer 24 hours.
particles) foundry. cement * California state

e Transport 100 pg/m?® as a limit over 24 hours.

- Motor vehicle *France .
150 pg/m* as a limit over 24 hours.

Lead e Combustion in petrol engines : | * Japan Norms:
95 octane 97% Pb emission -5 pg/m3 as a limit over 24 hours.
e Foundry for obtaining lead of | * California state

manufactured objects (pipes, | 1.5 pg/m° monthly average

alloy like the brass): 2% Pb | * URSS

emission. 0.7 pg/m® monthly average

e 96.4% correspond to Pb alkyls

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

[1I- 3 Air quality determination along Al Highway by Ozone Os;, nitrogen dioxide NO,,
and sulfur dioxide SO, analyze

[1I- 3-1 SO, concentrations

Ambient Sulfur dioxide (SO;) concentrations were measured near the Zouk power plants.
SO, concentrations are all higher than the annual average standard of 75 pg/m? applicable in
United States.

In Lebanon, compared to the 80 ug/m® in the United States, there are very high SO,
concentrations near Zouk, an area with high population density (Chaaban and Ayoub, 1996).

The results was giving SO, concentrations less than 156 pg/m® for some of the samples (at
minimum altitude of 15 m above sea level)still as we can see later on in Table 111-3, only 3%
of the SO, emission is coming from transportation sector and are included in the above SO,
concentration.

[1l- 3-2 Other air polluants concentrations

Selected air pollutants emissions in coastal zone were estimated proportionally to energy
consumption (table IllI-). Data on energy consumption are from the Association Libanaise
pour la maitrise de I'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 Pollutant emissions (t/year) in Lebanon
(1000t/year) CO; SO, NOy TSP
Coal 153 100 980 7 650 734 153
Fuel ol 1387 1178 858 69 345 14 424 1387
Gas ol 870 745 204 17 391 3913 652
Kerosene 208 178 672 125 458 208
Gasoline 863 737 865 2589 22 611 557
Asphalted 57 45 560 2 848 422 57
products
LPG 99 19 720 131 1303 0
Total 3637 3 006 859 100 079 43 865 3014

Table Ill-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 111-3).

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 IlI-3, industry, energy and transportation contribute almost equally to
emissions of CO, and Total Suspended Particulate (TSP), while industry and energy are the
primary sources of SO, emissions and transportation is the primary source of NO 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/lyear) in Lebanon
CO, SO, NOy TSP HC
Industry 1128 734 40 801 9 030 1118 unknown
Transportation 916 537 2714 23 069 765 -
Energy 961 588 56 564 11 765 1131 -
Total 3 006 859 100 079 43 864 3014 -

Table 11I-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 10° registered
vehicles (see chapter 2) and if we suppose that 90 % of pollutants are emitted by vehicles,
the table 1ll-4 exposes the approximate quantities of pollutants vehicle gases.
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Pollutant per CO, SO, NO, TSP HC
vehicle (t/year) (t/year) (t/year) (t/year) (t/year)
Quantity 0.687 0.002 0.017 0.00057 unknown

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

The Table 1lI-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 ail 350000
Gas all No indicated

Table 1lI-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 29" 2009 to Al-Nahar journalist).

[11-4 Analysis and Results

We have conducted a statistical study over one hundred cars running on Al highway. The
figure I1I-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

I1-1)

4%

36%

@ >2000
OO0 <2000
02000
Figure lll-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).

[11-4-1 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 IlI-2 and IlI-4 describe percentage of emissions.
Results show that 73% of CO vehicle emission and 72% of HC vehicle emission are
simultaneously respecting the norms.

CO

27%

73%

o Respecting the norms

o Not respecting the norms

Figure llI-2 Percentage of CO emitted by vehicles exhausts

HC

28%

12%

@ Respecting the norms

O Not respecting the
norms

Figure IlI-3 Percentage of HC emitted by vehicles exhausts

GICOME Sarl April 2010 Page 20



Al Highway - Environmental Assessment Impact Final Report

Ozone Og, nitrogen dioxide NO,, sulfur dioxide SO,, have been analyzed.
They have been collected by filters known as “Radiello”.
Radiello consists of two paramount parts:
- An adsorbent cartridge.
- Addiffusive body.
Its cylindrical form enables to have an exponential rate of absorption that supports a better

quality of the analyses.

[11-4-2 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.

[11-4-3 NO,and SO, analyze

The chemical adsorbent used is the triethaloamine (TEA). It adsorbs NO; in nitrite NO,", and
adsorbs SO, 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 NO, + O; + hu — NO; +0O,.

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 Al Highway, samples have been collected during 14 days and analyzed by visible
spectrophotometer for ozone O3 determination and lonic Chromatography for Nitrogen oxide,
Nitrates NO3; and Sulfur oxide SO, determination. Table 11l-6 exposes the results and
European norms of emission:
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Sample/parameter O; ug/m*® NO, yg/m°® SO, ug/m®
(Ponctuel test)
European norms 79 pg/m? 40 pg/m? 10 pg/m?
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 IlI-6 Gas pollutants analyses NO,, SO, and Oj;emitted by vehicles along A1 Highway.

[lI-4-4 Results

Our results show that gas concentrations are respecting the European norms except near
Zouk power plant. Nitrogen dioxide NO, and Sulfur oxide SO, generate acid rain if they
exceed the norm limit.

Beside this last, SO, and NO, could generate acid rain if cumulative parameters exist in the
same time such as excess in norm limit, rain and humidity.

l11-4-5 Particles

[11-4-5-1 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 Ill-1 TSP Sampling Photo 1lI-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 2,5y 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 1lI-3).

Photo IlI-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 IlI-4). More the PM2.5 concentration increases, the light quantity
decreases, and then refract meter value decreases.

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

[11-4-5-2 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 (150ug/m° 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 Al highway
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Results of average concentration of different particles are represented by figures Il1-4, IlI-5
and I11-6.
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Meaning that average concentration is as follows (Table 111-7):

T PR

wom s ' -

Locally on A1 Highway

European norms

ug/m’ ug/m’
TSP 70 150
PM 10 60 40
PM 2.5 15 15

TR

Table 1lI-7 Average concentration of particles and European norms according to the «Ministere
de I'écologie, de I'énergie, du développement durable et de I'aménagement du territoire -
République Francaise»

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 Al 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:

GICOME Sarl April 2010 Page 26



Al Highway - Environmental Assessment Impact Final Report

Provide smooth, fine-grained road finish.

Have no expansion joints in the roadway near critical buildings.

Have no drainage grills running across the roadway.

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.

hoNE

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

V-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:

Absorption of sound due to transmission through walls into spaces
Absorption of sound in wall linings.

Division of sound among several branches.

Reflection of sound back towards the source.

Spreading of sound into the open space.

Absorption of sound in a room where sound ends.

ok wNE

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 1V-1a & table 1V1b).

Our measurements about noise level on Al highway are represented on Table 2 and three.
The Al highway rehabilitation will mitigate noise harms.

Towards Tripoli Towards Beirut
(Decibel) (Decibel)
Nahr el kalb tunnel 93.7 86.4
87.4 89.2
93.1 86.7
Zouk exchange 97,9 85.2
84.3 83.8
95.9 88.4
99.4 84.8
Kaslik exchange 94.4 89.1
94.1 83.4
97.7 81.6
82.8 79.9
76 88.4
Sarba exchange 78 84.8
82.3 91.6
88.2 80.2
95.8 91.2
83.9 88.2
97* 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
911
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 Al highway in both directions at peak hours,

taken at road level, just near asphalt

Towards .
Area Tripoli Area TowgrdsbBlelrut
(Decibel) (Decibel)
Nahr el kalb 69 Ghazir (building) 53.5
(Abi Saab tools)
Adonis (building) 58 Jounieh (Shoping 54.5
center)
Sarba (Showbiz) 65
Adonis (Mc 52.1
Kaslik exchange 60 Donalds)
Jounieh exchange 60.2 Zouk (Kozaily) 75.6
(wooden Bakery)
Nahr el Kalb 60.5
(Crepaway)

Table IV.b Noise level on Al 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 (Al 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 J F M A M J J A S @] N
(unit)
Temperature | 13.6 14 | 153 | 18 | 21 | 24 26 27 25 23 19 15
°’C
Precipitation | 183 | 111 | 102 | 44 | 18 | 0.7 | 0.6 | 0.6 5 36 95 145
(mm)
Rainy Days 15 12 10 6 2 0 0 0 1 4 9 13
Relative 67 64 64 67 | 69 | 71 73 73 66 66 64 68
Humidity %

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 milion m® 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 m*/day compared to a total of
452.210 m®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 Al
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 | 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.
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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
19" 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 Agaba
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 ¢

hanges into a complex system of braided strike-slip faults. Most prominent among

these faults are:

(i)

(ii)

(iii)

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.

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.

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)

v)

(vi)

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.

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.lt is
poorly documented.

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.

> |

S MAJTH MORMAL

DEMONSTRATED
STRIEE -SL1P

FROBABLE
GTRIEE-%L @
FRULT

MULEL = {EART
BaSiNG

el

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.

e 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).

ERIFLT

FONME |l | ZONE N
0.2 g LSl g

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 Al highway.

Rehabilitation and widening of Al 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 Al 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
m?® 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 Al highway on
environment.

Parameters Insufficient | Positive Very
appreciated
Green Spaces +
Esthetics ++
Economics ++
Civil security +++
Draining of rain
water +++
Transit +++
Tourism +++

Table VII-1 Impact potential of adjustment of the Al 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.
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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 Al 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 Al 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).

- Toreorganize 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 Al Highway.
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The transportation sector is an important source of pollutants gases like CO, NOy, SO,, 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 CO,and CH,,

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 Al 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,...

Al 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 m? of
construction which will be done according to the Decrees 14308 in 2005 and 872 in 2008
(Table 11-2 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 Al 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 VIl - THE DO-NOTHING SCENARIO

VIII-1 Introduction

Vehicles circulation on Al 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 Al 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
Al 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 Al 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 patrticles 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 S Nahr El Kalb.
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The drastic situation of the Al 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 Al Highway. A displacement of population will occur to avoid further daily time
loss.
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Annex B - Topographic map



! PEDESTRIAN
OVERPASS PO.1

ISTING AAJALTOUN
INTERCHANGE OVERPASSES i /.
. e .y R

I

74
i

PEDESTRIAN
OVERPASS PO.3

bk

" ':_ | "
PEDESTRIAN '] hﬂ.‘_l.
= OVERPASS PO.! o
2 i T ]

d UP.12
AN PEDES?RI
4 OVERPASS PO.4 |_I.| "
RN T

L S
| &l ‘ (' OVERPASS
F 0.P.3.1 n

d 1 ) 5%
o '|_l.|._
L i
A T:I'- E b I'._r.
B * - h_
L B am @ “ip, T
i (o ) ﬂ‘ Ly h
OVERPASS ) L
1 & or.a2 Igg
e, g iy !I
AN -t‘
N SN
- Sy I-. 0
JOUNIEH " s
INTERCHANGE o

o N -

N =
' { '~ OVERPASS PO.8
| L ] .
]

-
PEDESTRIAN

b
L 4

= | +
PEDESTRIAN
OVERPASS PO.10

T 7,

' l',
P
- 7
PEDESTRIAN <% g
VERPASS PO.11 w x
- ! o &
% - i
I o

OVERPASS |
7.

Lont reveon Ges  (Devigned |

=

o
a]
O

WIDENING OF

THE EXISTING HIGHWAY A1
IN THE CAZA OF KESRWAN

Drown by | Vorified by
= | =~

REPUBLIC OF LEBANON

COUNCIL FOR DEVELOPMENT
AND RECONSTRUCTION

I T
JOUNIEH

Giggme =

ANNEX - B

|| FnaLDWG

|| oy 2007 Dasigned by
CC. Borouthy
Cabeiel Abdooour ||

AL g4l bl par 2eth

— Honno Helou

dppeomd uy | Antoine Salamé

el




Annex C - Aerial photo
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Annex D - Water resources



The main sources in Kesrouan are as follows :

Name of the

Name of the source Flow (I/s) 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 important | Ghazir Drinkable water, irrigation
Ghazir
Nabaa Batha El 20 Batha Irrigation
Tehtani
Nabaa Qachqgouch 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
20-251/s
Ain El jaouze 3 Chouane
Nabaa El maanbouaa | 20 Qorgraiya Irrigation, slow during summer
Nabaa Ed Delbe 35 Faraya Irrigation
Nabaa Ed Hadid 15 Qamez Irrigation
Mihqgane el mazloum |5 Quata el jawz Drinkable water, irrigation
Nabaa El Qana (EI 15 Hrajel Irrigation
Hraif)
Nabaa El Qana (El 35 Hrajel Irrigation
wastani)
Nabaa El Qana (EI 15 Hrajel Irrigation
Kraide)
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 Sagie 1 7 Mazaraat Irrigation
Kfardibiane
Nabaa El Sagie 2 0.5 Mazaraat Irrigation
Kfardibiane
Nabaa El Labane 500 Mazaraat Irrigation
Kfardibiane
Ain ej Jnainat 10 Bgaatouta Irrigation (in summer: 1-1.5 I/s)




The most important sources of water in Kesrouan are:

Nabaa El Aassal : 500 I/s
Nahr El Labane : 500 I/s
Nahr El Mghara : 20 I/s
Nahr es Sagqie : 4 I/s
Nahr Hadid : 15 I/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 t014000 cubic meters and Kesrouan is supplied by
40000 to 44000 cubic meters per day.



Annex E - Seismic data
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Annex F — Urbanism
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Annex G — Public Consultation



ol =
|GCHT1E:

.o JRA R S TR A . 1
L RN P N L I SE LT N T " g ™ |I'|,|;_.l

e .f:l')j S | .

P g el vt 44'._',_1__...._,

j—n'-i‘i‘g AR ) R — f”— A TRV LN L ol ob il
JLJ\I‘II‘HI‘I‘":’L ;‘._Il.l HJ"—-—;‘JI — 1—h—] 4.|.|| s LRl i'_ I,__,.:lq i HJ—IJJ
iy, ——u TR T NI R e TP

L ] Lt ) — up‘l’i

. 1
W1 o

T FV L B . I " S PUNT B LY A E_ o

ve sl Al il el el 3 e,

el T L PR I WA LY G WU R XA SR PR

- "-‘.'” - I.fl"' ¥ Bl L-'h o ot 2 I‘f.}_.,,j'l

|'| ,.l:'l.i] J.\.f:'__l._-pll-'l':pl.n—'l.'l..lJ

Autthed gkl atipall = gk oE

il Flhﬁ i'u_?; ]

- ST
a— —

T ol eripad

.. Achratioh, Giorgt Mg Kt - Sog Bidg © ROURok 11 8218 Tat (0] 333997 /8 + (0] 2008305 « Fax: (01] 200594 - Emnil: it ghe.man oo,



= ( Yoa ““"‘" r
g [
"'_:" s _‘::/ " l
il 3 --,"'-Fjﬂ--hll CRURT
o L AT AT

J\Jr-mu...laf-

I-’I _;J.Iﬁ .J_b.ﬁ.u .\r-l.'l. _I.Il.‘l.l.ll ,"ﬂ; ;.-I A'I | }_'...J'iJLJr' ._I..\.-...: C#---& F_ .*-"lq T ?;M

L o et el et} TP o ""I"ll';.-""'-'q et I.II."I"n'i \.J"—u" ul |'-+d_'." ‘—""1""'. i — L l"'—i

|.|I'H l‘_',..l'l -_,'llf:.l'fl !..un.ll .5.“..:: I.'th_L}? .,._E.Ijl J“" u'!'} '-|.|.!| [ L | .-'_.1 L\-‘_ll_m_:l_l” -l_ﬁ'“"'}ll“;‘-” I_-_|

.‘—Irm] :.'h.'l ‘JILII-IFI-IIH _';.u.’ _rTI_n_Llll _,.h.'l '\_IIJ.'I*_lllI' -lJ-l. . h_u_'l.l.h._‘].l \.1'.1 .l".il:. ‘:II.J‘.l :.'-:_;1. 1 i.l-'h.n-\

‘-..H_#:H.If _nll—lﬂ-'ln'fh LA ELE_;} Jw.;_u_- :..,u._i A I T _'.|_|_;‘.g_".'l f'l' -\..:.Hj'u H_:I
|_|..|._'|:| _;_,.hj.iﬂ 1aa o ;..l.ll.l.lll| ‘_:IJI1 _-,ntj'”l, "'l,ﬂ-“ e _j.“_-l- "i’j I...P:L....q Laa 10 I'_!.lll nh;_q_,iil ;Lu£_|-|_|

;'dl-;l'-h-ﬂ::l.lll :‘-r!ﬂ-l-u:L IM ;Jl | ) '\.‘1‘ I.'hi': .._._HJ.'l_n_Ill _';E.u.h i—u‘l—l’l. ..|_|H _.ll-dl-l .1:‘"...] t. | rl}p _;ﬁﬁ. iu.‘,,,l,_;,.‘-h

e PR KT WP U I W e WAL S S N L P

i I_IIH-'M‘I 'iilﬁ;l s lall la o Il-ll'—,i '\-'llﬂ. a1 -.'r|__'.'l.-nl_l|'l_,('f'l .,_;-H:i: ,'-.,',l.,','_l_' l:L-.-u_j:I ,_:!

e sy el Skt g 0 AT Ay e el B ekl e e el

S RN TR IR RPUPIE VC P I -Sp B [N IS L IO LR R RR:
S E N I N

Al g bead aad AT pg 0 s hledy e g ate B e LT ALY

e e Sl 30 g el e R FOR S YN/ FPRE A FY! B RV S 2al o il -

A g Y o e L) gl



_;!':.ll _;.llll ‘_\-Ili_-l I|J_L'I Lal

o UH‘ |_u_'..| 1...]-. daliall iy 5|_'-.|.|||
yoal! - Tl gy bl e el e ) e

h.,?.l_h. Il—l.ll.\_'l.q.n.d_’j

__"_Il _,_Il EEEATIN | T R '-fi _.'lﬂfi p:Li:-.'l_g
".u ’.l.u.rd i+ ‘I d-:l‘-l-‘l ‘—l—_‘r_l.ll e L".’II. PR il ;.II I\_-‘.-I-_I b i J.:I |_.'|

by il £ e WDl Gl ey
PO TR I R T T L

_,._._ﬂl l::_a_. ‘-.I—IIJII '\J"I’I' _I‘-A—I-Lu I_"'.I . .
MR '.|.I|_|.

.,;.' .;"'.'l_:'.':" .\“_'i A_L ._l .- I..rl.a..’. IJ.h.l
‘JII_lll.h_ o L i - al _:u...{n{ﬂ |ix Vo el .'i.,l,.L'n.'.]F F:.'ll_.-n.'lll dnia i ki -l 'fu_,....J'l,'l J e Wy
ST L T BT SR T Y :._ul:nt'- 1— PRI i :l,i.'l'l.u..'lll 5\...:.||.|.'| e e i ._,,."_'..'

LR

st gt e ] ATl hablidely ey 2 )
" - . O T

T AT
- h
. :|_'\.|.LlJII |.LI|.|.. ;—l_'J"d\—la-ll ':Iil:J.n.'l.A.'H}lllJ I.\.Il\.'. I. e '|I|-'||

T Y B Y U v I T S v S SN P % LT S SR
N _;__u..f. ddrgia A )

:-dq_.,r,u 'J_|| IJI.IL I'_I _:j_l:‘l‘—l.’ _'Hillll .,.I.th.H”'! .__;._l.f.l_‘t.ll.llﬂ _l:i_’ Id.l_lil_'lh |.l_]_'.|_u.) :h.lj.lll

.I..‘.I.:Illl|"l1.-llh ql';.lrﬁ!\.' .’ .llill\hll_l..-:lll LiIL—Jl L.-I-I.l‘ F- 1. ,_..ﬂ 1—‘ ¥ et |'I|.||.I'J.|r
.r“ T M.'. '-l‘l’ill .ul _]Jl '."I ;l_i-ll o Il.a."ln. .\: ,_‘-;l-h 1.".& .Ilzl.l.‘ll-.l L-\.IJ __'.Hl.l.lhl \jlll T J -\'_III -.S'.LI-I'
e. ﬁ.q.ﬁ -r; I_'I_"l_l‘;l

. A r,--II T RERET

ookl Um" JELP T gUEN: ) u--”.i

i, *.‘, f\L
J—-iw-m,-uaj,
N



ol =N
icoOm

._-_,_-|_'I_||-|_--l-l_|'1—h- I
i

dargimE Ialgemd g dppgabdr d ¢ 5

AL 3 fe i ) Sy e i g e et i e g Ll 0 3y i ] i e

J....':'l_'.j,_...'_ld.'...l'.h..,.]-ula.i.ﬂ -il-I:..l'-i'._l;.J-lq nﬁ-'l.'-i‘-q hjﬂh ._!’l-nl_.ll l__‘-|_|-5. ._!:p-l-__.-l-

G dpald Sdalla ! A b s ol f g S Sl Sad gy e B Al e e S5l
e

.,Lﬂﬂ-_'...l#dd-:n ..:_Fij '_Jl_l_i-illl-i - Feh l'|-j__1l_.-Ia :IJ—I'ilrLl wn L '|:'-I.i-I
S e g il gDl ) o D Sk

A g g e skl angt aT e e Al e WD M D e M)
ol 5 AL B g iyl LAl

_.u-J._'.|=l-EHHJ-H%_#J-;L?'U&F;J-:M@JQFH:J:,ﬁl

o 3o 3 A0 5 J3h R 00 s 5615 A o T e R el kel iy g

anpatall Gy M) g gpagd T gy Apded O i i Aded A
A a0 e Ty e Dty A e Ty oy

R 1 PREYT 3 VR TR s TN [ (RO B | T PRPIEne Q= 0 Y < (TR
il ) win O iie) e el (i

e 8 demicl sl e lukal gl e e b 0 ) b o gad 38 iy
AN s e antlt Ay e e 3y i gy W Bl N g el e el i it
M) s e

|-|.I".|.'J-|J -'ﬁ-lﬂ iJ-.rI,.-,_'I-,] rrh}ﬁ‘JﬁH“M'ﬂJﬂﬁhj
il p Ry e e gl o el b S gl e e gl D S e e ol ey
poadS Gagieg (30 TN dady Aoy iy apedd gt o JF plief JJ i Auad

e i e Ak gl e e e Lt e e iy




pr— [ —
L TiEOme

ol e ey e ey bl WD W p ) Ay JA Ly e b
o gyl il el laaly el g LS sl o e fde S b ey

il o i g1

Food G ups TV A g

e —
I
_d-__'_—=.=

S [ el poilgpd



T T e e e s

Lo el Jpmn i (e Jpne i) g8 yme o gl Al pmnnad Had J i

e ey A il e e g mpnl e dghgs Ay e b e o el DD Zo

iy Ase A S e ai dpng L Uty RS sin b ulyiead ey Ll
v e ) e e e bt gl &y dadd cladd g DY

il i LAy A g g o Sl B el e g g il e e

e N P R T T PR, e P B T S e e T L

el g te gl A0 S g Ralh e e e W0 gl e L Al ae ity
iy s e ude e deala B0y HE S Lle R E g e el

a ol (i ey odead Sgiow Al pe 480 Gl ) e AT uia D L iy
1 el

e g gl hladend A Ate i Aglaad (3 e ASly e ) L) Audad 3T dai g
gl A el 1 e

Sl b e ey cah R LD peadl S e ) A e gl Zhdmdniead b daaly i 2
St

Sl g g e AR e ped A Ueen Cdeliptl ole D W LE
b g a0 e i (L 0 gl y o i U il e e il el e
oo et ot 0 lakied Sl b ol 5 0 i S i o gl y g e

Ly b Apai® th e it phaia¥ Pl U b 2l Sl e o gad (45 Lazic
GR TP, I AU FRFTR PRS JE WETY JCT PG PP N RALT ICE 5. L [ Pe
Sptacal cSae g ST




|'_" rﬂf_l-:ﬂ-;'
e JICOmMmea

o A iy 1 Al gy il gl e s ] Ty B Vit A R gy

R NS T I T UV, - . SUMORR T T B Y

sl A il dedd Rl Lind y agis aie s B oty Sa Lo il 3 e 30,
A gt e Akl fa i i g e e il e i

A ey et |y i Ay e By WD e g A S Ly e b ey
o e 1 150 e 50 S0l gy T i kg e A i) e il 5

oot ) e Y

e
d—i— ————

A gt el




F=l=
icames

g, ol W B T el e Sl

) A el

o ek LASy e b mea e e L Wb D g D Al ple e

e Spaey [libee Jpne o) gt i Jwodgmgd Al gaed S8 J i gl

B e R T R i e e N
Algn ey f o8 B

heali bl Zhfad e 2 oy el alal plaen wlan! g ey B Al e D i e
el F gl e e b ed el Slladdy dDY1 claedd ey Tl ey
P TR W |

AL A Ao LAy e e g ot il e S e 1D e T e e by
R -

wed e el el lal Al e e AR R B gy B A gl = ey

shh e gy o paall A P hanld st U e g b B 0 Slladl Sy 0l

I g ke ) ADed helaat B WSy Ay Sladd e dlnind Agdad b

Sl g femal el Rl Lose o (i eelall oy il a g gagal s S p gt
A s i g g s By lasd

g lia S Lt U ey il e U y S J08 Sageia gl (il ] Uae! iy
ol et aia DG sl Sl Jalal L.

B b oaeand Cdell Lo pladadl Fia e b Sl el e ol el S Lace
N gy e gt A e e g ey e S Al MY ey et e Sl oY e
S PP [




icomea

el el il 58 Alad g 1 gl e Ll Uy i Ui b S gy

a0 g e i glaad i el Gl i ik B e gl T i ey e il gy

s gty A Il dan Aablady iy i g gt Jpb I pliad JY b Gkl
g ) s e il gl ) ] g e iy

i-l'—'—-!:--—'li‘-ﬂ-&‘i—'-ﬂ.ﬂ Pl-h--l.-q-“ﬂ'.ﬂpﬂ &t‘ﬁq J__ﬂ Ly i 7

EPCIL TR ) PR gV JSE g o B L. EUSTI B [ T TR NI Ja . S P .
o s g U g

Voo d Qg G Y g e




Annex C
Annex to Final Report



REPUBLIC OF LEBANON

COUNCIL FOR DEVELOPMENT AND RECONSTRUCTION
BEIRUT - LEBANON

A1 HIGHWAY
BETWEEN TABARJA AND DBAIYE

Environmental Impact Assessment Study - Annex to Final Report
- G PaSZD 1 MDY L) -
ICOM@  wone s & ASso0Es s o |

August 2010




s Lyl om AL aigis¥) Jalis s gl 0Ly Al (gl (udigall — agSia

CONTENTS &) @bgl

INTRODUCTION

480

MOE LETTER DATED JUNE 1°T 2010 E0b lee Yy el uladd &34l 5)f55 S
SENT TO CDR

2010/6/1

ANSWERS TO MOE LETTER Al 5ylys QS Joa o)liiuY) Glapag

e Yls e L) (e I 4sally

2010 I



iy b on AL alinsis¥) Jally o

cae O 0Ly Al Glghall Luadigal) — asSin

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 Al Highway

between Tabarja and Dbayeh.

This Annex to Final Report follows the
MOE remarks issued on June 1% 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
(Rehabilitation and Widening of the Al
between Dbayeh and Tabarja). Related

construction period

elements will be considered as part of the

Contract documents.
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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.

Al 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 Al Highway. Aesthetic view in some places is very bad, which is very bad to
public image of our country. Al widening is dealing with most of these relevant points.

Al Highway constitutes a major circulation coastal line. Several resorts are set up near Al
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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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.

Al 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. Al widening is dealing with most of these relevant points.

Al Highway constitutes a major circulation coastal line. Several resorts are set up near Al
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 | - INTRODUCTION TO ENVIRONMENTAL IMPACT OF A1l HIGHWAY

-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.

-2 Objectives of EAR

The main purpose of this EAR is to study the environmental impact of the Al 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.

-3 Al Highway definition

The Al 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 Al 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 Al 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.

-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 Ill.

-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.

-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).

-6 Organization of the report

This report is organized into seven chapters followed by annexes, and includes photos and
tables as follows:

- Chapter | is this introduction;
- Chapter Il reviews the actual status of A1 Highway;

- Chapter IlIl 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 Al highway and gives the necessary
recommendations;

- Annexes Ato F;

- Bibliography.
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CHAPTER Il - ACTUAL STATUS OF Al HIGHWAY

[1-1 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 1I-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).

Car ownership
Country Number of citizens
Philippines 1/124
China 1/250
Japan 1/25

USA 1/125
Europe 1/5
Lebanon 1/3

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 II-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).
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[1-2 Cars cateqories 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 Al highway.

[1-3 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.

[I-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.

[1-5 Congestion of traffic

The Al 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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[1-6

The

Impacts related to pollution

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

-7

The
and

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);

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.

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

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

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

Decrees related to A1 widening

following table is giving the expropriation areas per region for the Al highway widening
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)
CONSTRUCTION AREAS BUILT UP BUILDINGS
STATION |AREA| UNIT | COAST | AREA| UNIT | COAST |, TOTAL
SECTION AtKm | (sq.m)| COAST | (usd) |(sq.m)| COAST | (usd) |/NMILLION
(usd) (usd) OF USD
Zouk  |0+000-0+800| 103 | 1600 | 164800 | © 900 0 164800
Mosbeh
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- |8+200-8+700| 0 1600 0 621 900 | 558900 | 558900
Dafné
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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[1-8 Conclusion

The observation done along the Al 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 Al 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 Al 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 Al 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 A1l 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 Al 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 1I-3 Gravel discharge beside the A1 highway.
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Photo II-4b Points of sale directly implanted on the highway.
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Photo II-5 Al highway is parallel to the seaside road which leads
to hotels and holiday resorts.

Photo II-6 Green spaces beside the A1l highway towards Beirut.
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Photo II-7 Unaesthetic place beside the Al highway towards Beirut.
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CHAPTER Il - VEHICLE TRANSPORTATION ENVIRONMENTAL IMPACT

I1I-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).

I1I-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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[1I-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.

[11-2-2 Nitrogen oxides

There exist several varieties of nitrogen oxides: protoxide, N,O; the monoxide NO or nitric
oxide; dioxide, NO,; sesquioxide, N,Os; or nitrous anhydride; pentoxide N,Os or nitric
anhydride. Only NO and NO, 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 °C/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 °C/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 + O, — 2NO, is very slow and as soon as NO is dilutes in the

atmosphere it escaped to the oxidation. More or less large quantities of NO, 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 NO, 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 NO, 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 NO, 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 NO, 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
NO; in consequence of the deceleration of the formative photochemical reactions of this
body.

[11-2-3 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 SO, after combustion. During combustion a high percentage of the sulfur of coal is
sulfur dioxide oxide, SO, and in trioxide, SOs.

Part of sulfur oxides, able to write SO,, 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, H,S. 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 H,S. The majority of sulfur should in theory be oxidized in SO, in
the modern furnaces.

I11-2-4 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 C4;-Cy,, the volatility
of these composites beyond C;, 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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[11-2-5 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.

[11-2-6 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 SO, 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 patrticles 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).

I11-2-7 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 u, the particles constituting smoke
itself stage between 0,01 and 2 y. 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 * Transport, Motor vehicles: 60% * Federal US norms has 2 stages:
monoxide * Combustion of coal, fuel oil, |- 10 mg/m?; max. average
CcO natural gas, wood. concentration over 8 hours.
* Incineration - 15 mg/ms: max. average
* Forest fires concentration over 1 hour.
* Industrial processes « California state norms has 2
stages:
- 10 ppm ~11.2 mg/m® average
concentration over 1 hour
- 40 ppm ~ 45 mg/m® average
concentration over 1 hour
Nitrogen * Transport: * Federal US norms has 2 stages:
Oxides NOx - Gasoline vehicles - 100 pg/ms: annual arithmetic

- Gas oil vehicles

- Planes

- Ships

- Various

* Combustion

* Incineration

* Forest fires

* Industrial processes

average concentration.
- 250 pg/m* concentration over 24
hours.
+ California state norms has 2 stages:
- 900 yg/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 ug/m3 is the max. not to exceed.
* Federal US Norms:
Primary norms
- 80 pg/m®: annual arithmetic mean,
- 365 ug/mg: content over 24 hours
Secondary norms: reduction of
primary norms simultaneously to 60
ng/m® and 260 pg/m?®.
« California state
- 0.5 ppm ~ 1.250 pg/m®.

» Transport:
- Gasoline vehicles
- Gas oil vehicles

* USA Norms:
125 pg/m’.

Hydrocarbons - Planes
- Ships
- Various
« Exhaust gas liberated 1g/m®
unburned hydrocarbons
* Loss by evaporation on the
carburetor
» Exhaust gas engines
Organic * Engines especially those lighting | No standards proposed
materials by compression
oxides * Incomplete oxidation of
(aldehydes, hydrocarbons
acids)
GICOME Sarl October 2009 Page 18




Al Highway - Environmental Assessment Impact Draft Final Report

Gas Sources Norms
Particles e Volcanism * Federal US Norms annually:
TSP e Soil and highway dust -260 pg/m3 as a limit over 24 hours.
(Total e Incineration - As a secondary norm: 150 pg/m?®
Suspended e Industrial operation: petrol, | OVer 24 hours.
particles) foundry. cement * California state
« Transport 100 pg/m® as a limit over 24 hours.
- Motor vehicle *France o
150 pg/m* as a limit over 24 hours.
Lead e Combustion in petrol engines : | * Japan Norms:
95 octane 97% Pb emission -5 ug/m3 as a limit over 24 hours.
e Foundry for obtaining lead of | * California3state
manufactured objects (pipes, | 1.5 ug/m” monthly average
alloy like the brass): 2% Pb | * URSS .
emission. 0.7 ug/m™ monthly average
e 96.4% correspond to Pb alkyls

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

I1I- 3 Air quality determination along Al Highway by Ozone O, nitrogen dioxide NO,,
and sulfur dioxide SO, analyze

[1l- 3-1 SO, concentrations

Ambient Sulfur dioxide (SO;) concentrations were measured near the Zouk power plants.
SO, concentrations are all higher than the annual average standard of 75 pg/m?® applicable in
United States.

In Lebanon, compared to the 80 pg/m® in the United States, there are very high SO,
concentrations near Zouk, an area with high population density (Chaaban and Ayoub, 1996).

The results was giving SO, concentrations less than 156 pg/m® for some of the samples (at
minimum altitude of 15 m above sea level)still as we can see later on in Table I1I-3, only 3%
of the SO, emission is coming from transportation sector and are included in the above SO,
concentration.

[1l- 3-2 Other air polluants concentrations

Selected air pollutants emissions in coastal zone were estimated proportionally to energy
consumption (table 1ll-). Data on energy consumption are from the Association Libanaise
pour la maitrise de I'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 Pollutant emissions (t/year) in Lebanon
(1000t/year) CO, SO, NO TSP
Coal 153 100 980 7 650 734 153
Fuel ol 1387 1178 858 69 345 14 424 1387
Gas oil 870 745 204 17 391 3913 652
Kerosene 208 178 672 125 458 208
Gasoline 863 737 865 2 589 22 611 557
Asphalted 57 45 560 2 848 422 57
products
LPG 99 19 720 131 1303 0
Total 3637 3 006 859 100 079 43 865 3014

Table lll-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 111-3).

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 IlI-3, industry, energy and transportation contribute almost equally to
emissions of CO, and Total Suspended Particulate (TSP), while industry and energy are the
primary sources of SO, emissions and transportation is the primary source of NO, 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
CO, SO, NOy TSP HC
Industry 1128734 40 801 9 030 1118 unknown
Transportation 916 537 2714 23 069 765 -
Energy 961 588 56 564 11765 1131 -
Total 3 006 859 100 079 43 864 3014 -

Table 111-3: 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 10° registered
vehicles (see chapter 2) and if we suppose that 90 % of pollutants are emitted by vehicles,
the table 111-4 exposes the approximate quantities of pollutants vehicle gases.
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Pollutant per CO, SO, NO TSP HC
vehicle (t/year) (t/year) (t/year) (t/year) (t/year)
Quantity 0.687 0.002 0.017 0.00057 unknown

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

The Table 1lI-5 gives the quantities of fuel imported to Lebanon.

Fuel type Fuel gquantities imported to Lebanon
Tones/year
Fuel (octane index 95) 825000
Fuel (octane index 98) 275000
Diesel oil 350000
Gas oll No indicated

Table 1lI-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 29" 2009 to Al-Nahar journalist).

[11-4 Analysis and Results

We have conducted a statistical study over one hundred cars running on Al highway. The
figure 111-1 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

I-1)

4%

0 >2000
O <2000
02000
Figure lll-1 Age percentage of transportation fleet in Lebanon.
GICOME Sarl October 2009 Page 21



Al Highway - Environmental Assessment Impact Draft Final Report

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).

[11-4-1 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 IlI-2 and IlI-4 describe percentage of emissions.
Results show that 73% of CO vehicle emission and 72% of HC vehicle emission are
simultaneously respecting the norms.

CO

27%

73%

o Respecting the norms

o Not respecting the norms

Figure 1lI-2 Percentage of CO emitted by vehicles exhausts

HC

28%

12%

@ Respecting the norms

O Not respecting the
norms

Figure 11I-3 Percentage of HC emitted by vehicles exhausts
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Ozone Og, nitrogen dioxide NO,, sulfur dioxide SO,, have been analyzed.
They have been collected by filters known as “Radiello”.
Radiello consists of two paramount parts:
- An adsorbent cartridge.
- Adiffusive body.
Its cylindrical form enables to have an exponential rate of absorption that supports a better

quality of the analyses.

I11-4-2 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.

11-4-3 NO,and SO, analyze

The chemical adsorbent used is the triethaloamine (TEA). It adsorbs NO, in nitrite NO,’, and
adsorbs SO 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 NO, + 03 + hu — N03 +0,.

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 Al Highway, samples have been collected during 14 days and analyzed by visible
spectrophotometer for ozone O; determination and lonic Chromatography for Nitrogen oxide,
Nitrates NO; and Sulfur oxide SO, determination. Table 1lI-6 exposes the results and
European norms of emission:
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Sample/parameter O; ug/m’® NO, ug/m® SO, ug/m°®
(Ponctuel test)
European norms 79 ug/m® 40 pg/im’® 10 pg/m®
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 11I-6 Gas pollutants analyses NO,, SO, and Oz emitted by vehicles along Al Highway.

llI-4-4 Results

Our results show that gas concentrations are respecting the European norms except near
Zouk power plant. Nitrogen dioxide NO, and Sulfur oxide SO, generate acid rain if they
exceed the norm limit.

Beside this last, SO, and NO, could generate acid rain if cumulative parameters exist in the
same time such as excess in norm limit, rain and humidity.

[11-4-5 Particles

[11-4-5-1 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 IlI-1 TSP Sampling

Photo IlI-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 2,5y 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 1lI-3).

Photo 1lI-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 IlI-4). More the PM2.5 concentration increases, the light quantity
decreases, and then refract meter value decreases.

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

[11-4-5-2 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 (150ug/m? 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 1l1-4, 11I-5
and III-6.

Figure llI-4 Average of Total Suspended Particulate Concentration

Figure 1lI-5 PM;, concentration
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Figure lll-6 PM,sconcentration

Meaning that average concentration is as follows (Table I11-7):

Locally on Al Highway

European norms

pg/m® pg/m®
TSP 70 150
PM 10 60 40
PM 2.5 15 15

Table IlI-7 Average concentration of particles and European norms according to the «Ministére
de I’écologie, de I’énergie, du développement durable et de I'aménagement du territoire -
République Francaise»

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 Al 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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Provide smooth, fine-grained road finish.

Have no expansion joints in the roadway near critical buildings.

Have no drainage grills running across the roadway.

Provide suitable vibration-isolation joined between the roadbed and the structural
members of adjoining buildings (Beranek, 1960).

These elements are dealed with in the Al widening project.

PR

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
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V-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:

Absorption of sound due to transmission through walls into spaces
Absorption of sound in wall linings.

Division of sound among several branches.

Reflection of sound back towards the source.

Spreading of sound into the open space.

Absorption of sound in a room where sound ends.

ogkwnE

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 1V-1a & table IV1b).

Our measurements about noise level on Al highway are represented on Table 2 and three.
The Al highway rehabilitation will mitigate noise harms.

Towards Tripoli Towards Beirut
(Decibel) (Decibel)
Nahr el kalb tunnel 93.7 86.4
87.4 89.2
93.1 86.7
Zouk exchange 97,9 85.2
84.3 83.8
95.9 88.4
99.4 84.8
Kaslik exchange 94.4 89.1
94.1 83.4
97.7 81.6
82.8 79.9
76 88.4
Sarba exchange 78 84.8
82.3 91.6
88.2 80.2
95.8 91.2
83.9 88.2
97* 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
911
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 Al highway in both directions at peak hours,
taken at road level, just near asphalt

Towards .
Area Tripoli Area Tow[a;rdsbBIelrut
(Decibel) (Decibel)
Nahr el kalb 69 Ghazir (building) 53.5
(Abi Saab tools)
Adonis (building) 58 Jounieh (Shoping 54.5
center)
Sarba (Showhiz) 65
Adonis (Mc 52.1
Kaslik exchange 60 Donalds)
Jounieh exchange 60.2 Zouk (Kozaily) 75.6
(wooden Bakery)
Nahr el Kalb 60.5
(Crepaway)

Table IV.b Noise level on Al highway, at peak hours, taken inside apartments
and commercial center located at first floor

GICOME Sarl

October 2009

Page 32



Al Highway - Environmental Assessment Impact Draft Final Report

CHAPTER V - CURRENT STATUS OF THE COASTAL ENVIRONMENT
OF Al HIGHWAY

V-1 Description of the environment

V-I-1 Climate

The global climate of the coast (Al Highway zone) is thermo-mediterranean humid. The
temperature’s annual average of air under cover is 20.1C (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 J F M A M J J A S O N
(unit)

Temperature | 13.6 14 153 | 18 | 21 24 26 27 25 23 19 15
°'C

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

(mm)

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

Relative 67 64 64 | 67 | 69 | 71 73 73 66 66 64 68

Humidity %

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.

Nabhr 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 milion m® 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 m®day compared to a total of
452.210 m®/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 Al
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 | 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 Al 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.
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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
19" 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 Agaba
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)

(ii)

(iii)

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.

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.

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)

v)

(vi)

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.

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.lt is
poorly documented.

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.
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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.

e 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).
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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 Al 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 Al highway.

Rehabilitation and widening of Al 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 Al 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
m® 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 A1l highway on
environment.

Parameters Insufficient | Positive Ver_y
appreciated
Green Spaces +
Esthetics ++
Economics ++
Civil security +++
Draining of rain
water +++
Transit +++
Tourism +++

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 Al highway is to solve the problem of car jam and to save time of travelers.
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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 Al 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 &1Db).

- 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).

- Toreorganize 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 patrticles.

- 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, NO,, SO,, 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 CO, and CH,,

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 Al 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,...

Al 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 Al Highway.

The widening and rehabilitating of A1 Highway needs some expropriations about 5092 m? of
construction which will be done according to the Decrees 14308 in 2005 and 872 in 2008
(Table 1I-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 Al 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 VIl - THE DO-NOTHING SCENARIO

VIII-1 Introduction

Vehicles circulation on Al 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
Al 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 Al 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 Al 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 Al 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

Name of the source Flow (I/s) 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 important | Ghazir Drinkable water, irrigation
Ghazir
Nabaa Batha El 20 Batha Irrigation
Tehtani
Nabaa Qachqgouch 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
20-251/s
Ain El jaouze 3 Chouane
Nabaa El maanbouaa | 20 Qorgraiya Irrigation, slow during summer
Nabaa Ed Delbe 35 Faraya Irrigation
Nabaa Ed Hadid 15 Qamez Irrigation
Mihqgane el mazloum |5 Quata el jawz Drinkable water, irrigation
Nabaa El Qana (EI 15 Hrajel Irrigation
Hraif)
Nabaa El Qana (El 35 Hrajel Irrigation
wastani)
Nabaa El Qana (EI 15 Hrajel Irrigation
Kraide)
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 Sagie 1 7 Mazaraat Irrigation
Kfardibiane
Nabaa El Sagie 2 0.5 Mazaraat Irrigation
Kfardibiane
Nabaa El Labane 500 Mazaraat Irrigation
Kfardibiane
Ain ej Jnainat 10 Bgaatouta Irrigation (in summer: 1-1.5 I/s)




The most important sources of water in Kesrouan are:

Nabaa El Aassal : 500 I/s
Nahr El Labane : 500 I/s
Nahr El Mghara : 20 I/s
Nahr es Sagqie : 4 I/s
Nahr Hadid : 15 I/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 t014000 cubic meters and Kesrouan is supplied by
40000 to 44000 cubic meters per day.



Annex E - Seismic data
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Annex F — Urbanism
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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.

GICOME — Antoine SALAME & Associés Sarl 1/14 EIA Report
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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. Al Highway Localization

The Al 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 Al 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.

GICOME — Antoine SALAME & Associés Sarl 2/14 EIA Report
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- Soil protection.
- Natural sites protection.
Applied policies will be detailed during the draft interim report preparation.

3.1

3.2

3.3

Cars cateqories 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 Al highway.

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 Al highway is to solve the problem of car jam and to save
time of travelers.

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 Al
highway. Sonorous harms caused by the different sectors are unavoidable.

The Al management will mitigate the sonorous harms by reducing
sonorous factors: car jam, horns, cars exhaust, motors noise, etc...
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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.

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.

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.

Congestion of Traffic

The Al 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 Al will lead to less congestion which will lead to better breathing air.

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 Al is taking into account pedestrian security and is including
pedestrian crossover facilities.

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 Al highway, will have positive
impacts on economy, aesthetic and security..

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.

Recommendations

During this study, we insist on the importance of adding some few actions to
improve the Al 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 Al highway are represented on
Table 2a and 2b. All values, on ground floor level, (except one value) are <
65 db.

The Al 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 Al 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 Al 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 Al 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 Al 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 Al
highway on environment.

Towards Tripoli Towards Beirut
(Decibel) (Decibel)
Nahr el kalb tunnel 93.7 86.4
87.4 89.2
93.1 86.7
Zouk exchange 97,9 85.2
84.3 83.8
95.9 88.4
99.4 84.8
Kaslik exchange 94.4 89.1
94.1 83.4
97.7 81.6
82.8 79.9
76 88.4
Sarba exchange 78 84.8
82.3 91.6
88.2 80.2
95.8 91.2
83.9 88.2
97* 85.0
82.4 88.6
Jounieh exchange 76.3 90.8
85.8 91.2
99.5 86.8
90.7 91.3
89.9 87.5
stadium exchange 83.8 84.6
90.4 86.1
91.1 82.6
96.3 84.1
90.2 85.9
Adma exchange 91.8 87.9
83.7 91.9
90.5 86.7
Maameltein exchange 95.2 91.2
85.0 94.7
Kfarhebab exchange 90.9 89.8
Casino 88.6 86.7
96.9 84.2
Tabarja 91,3 83.8
98.9 90.0

Table 2a. Noise level on Al highway in both directions at peak hours, taken at road level, just
near asphalt.
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Towards Towards Beirut
Area Tripoli Area (Decibel)

(Decibel)
Nahr el kalb 69 Ghazir (building) 53.5
(Abi Saab tools)
Adonis (building) 58 Jounieh (Shoping 54.5

center)
Sarba (Showbiz) 65
Adonis (Mc 52.1

Kaslik exchange 60 Donalds)
Jounieh exchange 60.2 Nahr el Kalb 60.5
(wooden Bakery) (Crepaway)

Table 2b. Noise level on Al highway, at peak hours, taken inside apartments and
commercial center located at ground floor level.

Parameters Insufficient | Positive app\r/eecriyated
Green Spaces -
Esthetics ++
Economics ++
Civil security 4+
Draining of rain water +++
Transit 4+
+++

Table 3. Impact potential of adjustment on Al 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 4a - Points of sale directly implanted on the highway
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Photo 5. Al highway is parallel to the seaside road which leads
to hotels and holiday resorts
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Photo 6. Green spaces beside the Al highway towards Beirut

Photo 7. Unaesthetic place beside the A1 highway towards Beirut
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Economic Evaluation Report

1- BRIEF PRESENTATION

The Al 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 Al 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 — Jeita Interchange: 0.5 Km,

- Jeita 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.

GICOME - Antoine SALAME & Associés Sarl 2/15 Economic Evaluation Report



Council for Development and Reconstruction August 2011 Al HIGHWAY

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.

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 Al 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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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| Taxis Pickup/ | Buses Light Medium/
cars 4 W/D Trucks Heavy Trucks
Al 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 Current Needed

Traffic Number of | Number
Lanes of Lanes

Nahr el Kalb 95,000 2x3 - 2x4 2x5

Just North Kesrwan 80,000 2X3 2x5

Interchange

Sarba 72,000 2x2 2x4

Just South Jounieh 78,000 2x3 2x4

interchange

Just North Jounieh 73,000 2x3 2x4

interchange

Ghazir Bridge 72,000 2x2 2x4

Just North Tabarja 52,000 2Xx3 2x3

interchange

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 Al 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:

e The routine (yearly) maintenance cost is 804,789 $/year and

e 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:

Value of Time
Vehicle Class ($/hr)-per Average occupancy Vé%f;"
occupant
Passenger car 2.9 1.6 persons / vehicle 4.64
Taxi 2.9 3 persons / vehicle 8.7
Bus/Minibus / Van 2.9 15 persons / vehicle 43.5
passenger
Truck (all types, 2.9 1 persons / vehicle 2.9
including pickup
trucks)

Since traffic is dispatched as follows:

Location Passengers | Taxis Pickup/ | Buses Light Medium/

cars 4 W/D Trucks Heavy

Trucks

Nahr El-Kalb - 80.20% 1.65% 13% 2.35% | 1.55% 1.25%
Tabarja
Highway

GICOME - Antoine SALAME & Associés Sarl 7115 Economic Evaluation Report



Council for Development and Reconstruction August 2011 Al HIGHWAY

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:

Passenger vehicles, which include cars and taxis.
Pickups, vans, 4 W/D vehicles and minibuses.
Buses with more than 35 seat capacity,

One-axle (light) trucks,

Medium goods vehicles (2-axle),

Heavy goods vehicles (3-axle or more).

ok wNE

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 oll,
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 | Pickup . Medium /
Car [/ AWD Buses | Light Truck Heavy Truck
2.0-3.9 177 229 925 409 503/899
40-4.9 203 264 990 460 560/981

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 Average Utility
(fuel: 0.21%/I- Passengers | vehicle and Stag]::rd A-\r/ﬁ;gge
April 2002) Car Van
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 . 3 Axle/
(fuel: 0.34%/, Pass(;a;rgers F/’l:\l/(\/qu Buses %;AJ:;IE Articulated
diesel 0.18%/1) Truck

IRI=2m/km 79 108 305 520 785/976
(1997 prices)

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 (1)

New vehicle price 15000 USD
New tire price 803% 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 | = 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

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 $lyear

Fuel Cost 1000 Km = 133 | = 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
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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
29500 LL (Tax of 3500LL included) per 20

Fuel Cost 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 =1351=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

Medium Truck
New vehicle price 100000 USD
New tire price 250% per 30000 Km - 6 wheels
Maintenance labor Cost 25% /h

29500 LL (Tax of 3500LL included) per
Fuel Cost 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$/70000 Km
Fuel Cost 1000 Km =400 | = 344%
Lubricant Cost 1000 Km = 8Kg*6$/3 = 16$
Tires 1500/30=50%
120%/month for 70000KmM/12=5800Km
Spare parts =>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
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August 2011

Heavy Articulated Truck

New vehicle price

250000 USD

New tire price

500$ per 30000 Km - 18 wheels

Maintenance labor Cost

508% /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 $lyear

Al HIGHWAY

Crew Cost 800%/month - 9600$/70000 Km
Fuel Cost 1000 Km=4001=344 %
Lubricant Cost 1000 Km = 8Kg*6$/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:

Passengers | Bus (3.5-5T) Medium Heavy
VOC Car and Light Truck Articulated
Truck Truck
In U.S. 216-236 247-315 608-745 1090-1227
Dollars per
1000 Km

The new highway will give opportunities for:

e Decreasing fuel consumption
e Increasing tire life duration

e Decreasing the use of spare parts and maintenance
e Increasing lifetime of vehicles

We estimate the VOC savings with the new highway as follows:

VOC Passengers Light Truck | Medium Truck Heavy Articulated
Car Truck
In U.S. Dollars 20 25 60 109
per 1000 Km

GICOME - Antoine SALAME & Associés Sarl
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11-

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.

IRR RESULTS SUMMARY

e The Internal Rate of Return (IRR) result of the Al highway construction for a
20 year period is 18.3%.

e 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.

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 Al 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 Ala 18.30% 33,408,429 USD

The IRR goes under 12% in the following cases:

e Increase of civil works cost and consulting services cost by more than 70 % —
see Annex Report Alb.

¢ Increase of costs as defined above + maintenance cost by more than 62 %.— see
Annex Report Alc

e Decrease of savings in VOC by more than 85 %.— see Annex Report Ald

e Decrease of savings in VOC and VOT by more than 46.6 %.— see Annex
Report Ale

e 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 Alf

15- SUPPLEMENTARY SENSITIVITY ANALYSIS

Two supplementary sensitivity analyses were performed:

e 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 AlQ).

e 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 Alh).
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Table 1 - Previous Traffic campaign:

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
Growth Growth rate |We adopt for
Growth rate rate between the future a
Vehicles per day No traffic counting performed between 1994 and No traffic counting performed between
1994 and | growth rate
1997 1997 and 2003 of:
2003 i
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




Table 2 - 2003 Traffic survey

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
ngt géigi ggig? g.::lt gzgg 224914712 ACE - July 2003 Traffic Survey and Transportation Plan in
Su 55201 51036 Su 48283 43618 Caza of Keserwan
Mo 59543 54212 Mo 47928 45467
Tu 61531 57475 Tu 47363 47537




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 | Traffic growth rate adopted in | 2011 2011
— N Future growth rate
Maritime Road - Beyrouth 7930 the previous study forecast survey
Maritime Road - Tripoli 8800 Nahr El Kalb - Jeita Interchange 174675 1.20% 178892.4 194244 2.00%
Nahr el Kalb - Beyrouth 62611 73869 65597 77194 78381 84086 88983 95493 Jeita Interchange - Jounieh Interchange 144730 2.20% 151168.2 151389 2.50%
Nahr el Kalb - Tripoli 67829 70972 71646 73324 71386 78524 91901 95380 Jounieh Interchange - Maameltein passage 126959 2.20% 132606.6 137978 2.50%
Shrimpy - Beyrouth 61118 63909 76622 82429 Itein passage - Tabarja Exit 139904 3.50%
Shrimpy - Tripoli 60035 59129 69074 74653 North Tabarja Exit 83390 2.20% 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
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
in - 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 100000
Nahr el Kalb - Beirut 62611 65597 78381 88983 157 3.01[1.60 2.09) !
90000 el Kalb - Beirut
Nahr el Kalb - Tripoli 67829 71646 71386 91901 1.84 -0.06 3.21 1.80 N o
Shrimpy - Beirut 61118 76622 80000 el Kalb - Tripoli
Shrimpy - Tripoli 60035 69074 70000 = Shrimpy - Beirut
Sarba - Beirut 58666 69001 60000 =>=Shrimpy - Tripoli
Sarba - Tripoli 55117 66480 50000 - Sarba - Beirut
Haret Sakhr - Beirut 42800 48566 56494 73823 4.30 2.55 40000 o
Haret Sakhr - Tripoli 50243 57161 59683 70644 4.39 0.72 ——Sarba - Tripoli
After Jounieh - Beirut 42357 50340 56439 68875 592 192 2.52[2.90 30000 ——Haret Sakhr - Beirut
After Jounieh - Tripoli 44085 51959 55650 65860 5.63 1.15 2.13 2.39) 20000 —— Haret Sakhr - Tripoli
in - Beirut 47867 67834 4.45 10000 ; .
- —— e After Jounieh - Beirut
Maameltein - Tripoli 48032 68904 4.61 0
- Be —a— After Jounieh - Tripoli
Tabarja - Beirut 26096 26754 37792 51133 0.83 5.93 1994-AWED 1997-AWED 2003-AWED 2011-AWED
Tabarja - Tripoli 33214 33490 34078 50870 0.28 0.29
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) 120000
~—&—Nahr el Kalb - Beil .8-3.. .
Nahr el Kalb - Tripoli 70972 73324 78524 104180 1.09 1.15[3.60 2.28 100000 __u ahr el Kalb - Beirut ksins 2.00%
Shrimpy - Beirut 63909 82429 #—Nahr el Kalb - Tripoli
Shrimpy - Tripoli 59129 74653 80000 - —#—Shrimpy - Beirut
Sarba - Beirut 55340 71707 —s<=Shrimpy - Tripoli
Sarba - Tripoli 57262 69500 60000 !
! = —#—Sarba - Beirut 2.50%
Haret Sakhr - Beirut 43616 53900 57030 79993 7.31 0.95! 40000 i o
Haret Sakhr - Tripoli 51200 59294 56963 71164 5.01 -0.67 —@—Sarba - Tripoli
After Jounieh - Beirut 45465 55117 55687 72938 6.63 0.17)3.43 2.82] 20000 ~+—Haret Sakhr - Beirut
After Jounieh - Tripoli 43681 53757 55732 68283 7.16 0.60 2.57| 2.66) —— Haret Sakhr - Tripoli
in - Beirut 47430 71204 5.21 0 ' ' ' After Jounieh - Beirut
Maameltein - Tripoli 47951 71866 5.19 1994-AWD 1997-AWD 2003-AWD 2011-AWD ) o 2.50%
Tabarja - Beirut 29473 30767 35747 51603 144 253 = After Jounieh - Tripoli =
Tabarja - Tripoli 30675 35000 37436 51551 4.49 1.13

Medium term Long term




Table 4 - 2011 Vehicle Classification

Direction of traffic 1 2 3 4 5 6 7 8 9 10 11 12 Total
Nahr el Kalb - > Beirut 123 66179 162 1003 155 48 0 116 24 76 1 27 67914
0.2 97.4 0.2 1.5 0.2 0.1 0 0.2 0 0.1 0 0 99.9
Nahr el Kalb - > Tripoli 387 51368 317 1828 505 180 9 210 146 92 10 13 55065
0.7 93.3 0.6 3.3 0.9 0.3 0 0.4 0.3 0.2 0 0 100.0
Tabarja - > Beirut 79 45632 61 1795 241 64 2 90 55 34 0 9 48062
0.2 94.9 0.1 3.7 0.5 0.1 0 0.2 0.1 0.1 0 0 99.9
Tabarja - > Tripoli 47 37825 82 2836 156 34 3 127 72 41 1 23 41247
0.1 91.7 0.2 6.9 0.4 0.1 0.0 0.3 0.2 0.1 0.0 0.0 100
Total
Lundi - comptage de 5 heures 7-984-7 | number | Class2 % partiel %total  Class 4 % partiel % total
of cars Cars
Nahr el Kalb - > Beirut 3712 27215 26507 23205 87.5 85.3 408 Bus 2AT Bus 2AT
Jeep-4WD-Pickup 2883 10.9 10.6
Taxi 419 1.6 1.5
Bus Public 410 100 0 15 oo |
Total
Vendredi - comptage de 5 heures 7-9&4-7 | number | Class2 % partiel % total Class 4
of cars Cars
Nahr el Kalb - > Tripoli 4524 26004 24262 20280 83.6 78.0 858
Jeep-4WD-Pickup 3506 145 13.5
Taxi 476 2.0 1.8
Bus Public 542 63 37 2.1 12|
Total
Mardi - comptage de 5 heures 7-9&4-7 | number | Class2 % partiel % total  Class 4
of cars Cars
Tabarja - > Beirut 2821 15337 14555 12103 83.2 78.9 567
Jeep-4WD-Pickup 2200 15.1 143
Taxi 252 1.7 1.6
Bus Public 369 65 35 2.4 13 ]
Total
Mercredi - comptage de 5 heures 7-984-7 | number | Class2 % partiel % total Class 4
of cars Cars
Tabarja - > Tripoli 2416 13674 12539 10550 84.1 77.2 944
Jeep-4WD-Pickup 1757 14.0 12.8
Taxi 232 1.9 1.7
Bus Public 427 ST 452567339 55 3.1 _ 38 |
Class of traffic 1 2 2 2 3 4 4 5 6 7 | 8] 9 Jw|u|1
2 Axle Truck- | 3 Axle Truck- 4 Axle
. . . . . Car + X X Truck-
Direction of traffic / Vehicles Moto Cars 4WD Taxi ) Bus Medium Medium ) Heavy Truck
Trailer Medium
Truck Truck
Truck
Nahr el Kalb - > Beirut 97.8 1.8 0.3
0.2 853 | 106 15 [ o2 15 [ o0 [ 02 [ o1 0 Jo2] o Joi1Jo]Jo
Nahr el Kalb - > Tripoli 94.6 4.5 0.9
0.7 780 | 135 18 [ 06 22 [ 12 [ o9 [ o3 0 JosaJo3Jo2]o]Jo
Tabarja - > Beirut 95.2 4.3 0.4
0.2 789 | 143 16 | o1 24 | 13 [ o5 | 01 0 Jo2Joi1Jo1Jo]Jo
Tabarja - > Tripoli 92.0 7.4 0.6
0.1 772 | 1238 17 [ o2 30 [ 38 [ 04 J o1 0 Jo3Jo2Jo1]JoJo
We adopt (in %): 0.2 80 ‘ 13 1.65 | 0.25 2.35 | 13 ‘ 0.5 ‘ 0.2 0 | 0.25 | 0.2 | 0.1 | 0 | 0
95.1 4.35 0.55




Table 5 - Expropriation Cost |

NORTHERN BEIRUT ENTRANCE TABARJA - DBAYIE (Al) - Decrees 14308 in 2005 & 872 in 2008
COST AND NATURE OF EXPROPRIATED AREAS FOR DIFFERENT LAYOUTS (USD)
CONSTRUCTION AREAS BUILT UP BUILDINGS
STATION UNIT UNIT TOTAL
SECTION AREA COAST | AREA COAST |  INMILLION
AtKm (sq.m) COAST (usd) (sq.m) COAST (usd) OF USD
) (usd) ) (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 |

Eastern Relief roads Wadi Hantouche + Sahel Alma Ghazir + Ghazir Adma + Kfaryassin link roads

2,800,000

Western Relief road + Railway platform

2,000,000

COST OF EXPROPRIATION (USD)

20,000,000




Table 6 - 2011 traffic survey - value of VO1

Towards Tripoli

Towards Beirut

$h 7:00AM- | 10:00AM- | 14:00PM- Night Mean value Mean value
10:00AM | 14:00PM | 20:00PM
VOT 4.1 3.1 3.6 1.55 3.1 Sl
7:00AM- | 10:00AM- | 14:00PM- Night
10:00AM | 14:00PM 20:00PM | 20:00PM-
AWED 1994-AWELL997-AWELR003-AWER011-AWEQ 7:00AM
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% 2.9 281
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
7:00AM- | 10:00AM- [ 14:00PM- Night
10:00AM | 14:00PM 20:00PM | 20:00PM-
AWD 1994-AWD|1997-AWD|2003-AWD|2011-AWD 7:00AM
(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% 2.9 294
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 valueis: 2.90 USD/h



Table 7 - Maintenance fees repartitior

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
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
6.11 Traffic signs and sign boards 394,455
6.12 Roadway marking 380,250
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
Every 5 years: 540,020,
every 10 years: .
14,891,710 1,191,665 and every 15 Every year: 438,370
years: 7,101,250
Eastern Relief roads +
Western Relief roads +
Railway platform + Kaslik
lindernass
Bill 4 every 15 yearg 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
934,475 441,973 1,376,448
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 11 600,125 283,838 883,963
Total 14,891,710 7,043,249 21,934,959
Initial amount 20,000,000 62,286,480
% 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
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Report Ala




Assumption Sheet

Report Ala

Jeita Jounieh
- Nabhr el Kalb - Jeita - : North
Designation P4 =B passage - 3 q
Interchange Jounieh Maamaltein Tabarja Exit 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 US. $ 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



Report Ala

AT Highway - Section Nahr el Kalb-Tabarj

Savings Schedule

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

[Travel Length

saving voc]

Saving Travel Tim

seita Interchange - Jounieh interchange
Number of vehicles

[Travel Length

saving voc]

Saving Travel Tim

[0unien interchange - Maamaitein passage

[Number of vehicles

[Travel Length

saving voc]

Saving Travel Timd

Maamaltein passage-Tabarja Exit

[Number of vehicles

[Travel Length

saving voc]

Saving Travel Timd

Taxis

Nahr el Kalb - Jeita Interchange

[Number of vehicles

[Travel Length

saving voc]

Saving Travel Tim

[seita Interchange - Jounieh interchange
Number of vehicles

[Travel Length

saving voc]

Saving Travel Tim

[0unien interchange - Maamaitein passage

Number of vehicles

[Travel Length

saving voc]

Saving Travel Tim

Maamaltein passage-Tabarja Exit

[Number of vehicles

[Travel Length

saving voc]

Saving Travel Tim

Pick-Up and 4 WD
INahr el Kalb - Jeita Interchange
Number of vehicles 25252 | o551 | oear2 | serer | ovsss [ oveso | omass | ooooe | zoses | soue [ somee | awsor | asops | asess | sasmo [ asess | oaees | asaso [ asoss | serer | armes | amors | asom
[Travel Length weo | 127 | amae | ssse | aseer [ sseo | 1ei0 | uasos | sares | ssom [ ssasr | 1seoo | eors | sesss | seseo [ seoos | ivass | wrere [ ssoss | mses [ serer | sevyr | om0
savingvoc| ssss | sssi2 | era2s | esesr | ooras | omser [ essss | oesor | oseor [ soorer | ozeos [ sosos0 | sosaes | somso [ 1ot | wizess [ sisoss | wzaeo | soras [ 120198 | soasvs [ sovosr | zoeos
Saving Travei Tind 21707 | 22142 | ooses | a0 | oseor | osesr | oasss | oaess [ sasa | ssesz | oeast | aese0 | ovsa0 [ oeom | osses | oosss | zomoo | soses | soos | awes | sase [ meos | sasme
Jeita Interchange - Jounieh Interchange
Number of vehicles wesr | soirs | ooer7 | oues | owme [ zoser | ooee | oases | aser | oasve [ asies | osees | oeass | a7z | o7sos [ aesos | cooie | oemas [ aoees | suaee [ s | csoss | same
[Travel Length o409 | oass | omer | oo | o201 [ sossse | sorr0 | soese | s1ovor | wissie [ sieace | 1maaes | somaco | so7s10 | saosos [ sssese | sarais | seoras | seszes | sarers [ ssisro | sssaso | ssones
savingvoc| ewto1 | eooses | oasaes | eswu7 | errose | esasor [ 7azora | 7aooso | vasssz | verom | smeorr [ soser2 | soeoss | saeses | wermse | ssess2 [ ourmo | omeses | osvors | emisrr | 06424 | sosuses | sosrara
Saving Travel Tind 15032 | 163007 | 67083 | 17io60 | arssar | arooso | 1ssezs | seose [ sosres | soseoo | 2o3s7a | sosess | oiseso | 210207 | ozeros | ososes | oscoss | pasces | aesoss [ osezss | oeoser | zerior | oraves
[30unien Interchange - Maamaltein passage
Number of vehicles arowr | 1sss | eses | some | soree [ oover | cosor | o192 | ouess | omon [ st | ossas | owes | oarer | osws [ o | oeezs | orees [ avere | omers [ zese | aouzr | sosso
[Travel Length agosr | areor | asoos | sozee | sume [ soves | saoms | ssase | sewe | smoas [ seses | emer | eorar | eamo | esees [ ersse | cors | 00es [ vorar | vasse [ veass | 7mss0 | soces
savingvoc| sosser | aiaos | sossss | sssar7 | susese | ssoseo [ asenso | sesoss | a7roes | assrar | seesoo [ acesio | asessr | acesre | asross | asseco [ asoror | aruies | aspors | aosoa | somazs [ soouss | sssna
Saving Travei Tind_sow2 | w2185 | eaar [ ssawr | essos | ooms | ocess | osuus [ orees | soouss | sovess | 10505 | ormss | siossr | uisres | wiersr [ s1o0s0 | 12008 | sosose [ szeer | sssewr [ ssser2 | sasoss
Maamaltein passage-Tabarja Exit
Number of vehicles soies | 1s2 | oass | sores | ooem [ zeor | ooesr | oo [ assas | oarms [ asess | oesss | orass | oesss | oo [ s | awsar | aews [ asres | saces [ ssiee | orase | swrer
[Travel Length astoo | aroeo | asror | sz | soure [ saoos | sseos | s7eeo | sosra | eroes [ easss | eesss | esros | 7ums | 7asoo [ vewe | 7sssz | seor [ saass | grase | ooars | essan | osorr
savingvoc| sowsws [ im0 | seoarr | ssarss | sassse | ssesre [ aros | swnwr | sovses | anare | assere [ asores | aserus | araire | assros | soseon [ sossss | sassss | seosoo | ssows | eooras [ e2izes | edsser
Saving Travei Tind 7614 | soswo | ssa2 | ssers | woros | ooses | ocoss | osase [ soseso | soesas | mopre [ sumsr | wieize | womeeo | 1zesao | ssooes | ssssse | saoper | sescor | ssome | ssssas [ 1e00es | sesecs
Buses
INahr el Kalb - Jeita Interchange
Number of vehicles a6 456 4749 v o1 s00 5101 203 38 siss 5564 5676 5789 5905 023 14 6266 6302 6520 6650 o783 6910 7057
[Travel Length 282 2328 2375 222 21 2520 2570 2622 2674 2128 2782 2038 2005 2052 012 072 a3 3196 3260 325 3301 3450 528
savingvoc| soas | som2s | 1000 | oomos | 20605 | ooos | 2134 | oweo | o206 | zoes | oaoe | owsa | oaozs | oaso6 | 2aoos | osae | 2e006 | ossze | ovoss | ovsor | osuo | zemz | ooes
Saving Travel Tind sess1 | Goss | 61230 | eaass | earis | oaosr | eoer | oveie | esoss | 7ossa | 7zt | 7aies | 7asas | emaz | 7oess | soz0 | soeos | searo | saosr | msav | evass | soma | oooer
Jeita Interchange - Jounieh Interchange
Number of vehicles 3558 3647 738 831 3027 4025 a1z 220 4335 aasy a5 68 785 4904 s027 5153 261 su13 5549 5687 5630 so75 o125
[Travel Length 167210 | amao | weer | woor | seasr | wsote | oser | soere | oors | oomse | ouaoa | 210w | zoass | o0 | oaees | 2amz | oasze | zoass | ssore | oevar | 2rae0 | osoms | zeves
Savingvoc| 1se78 | 1azpss | waseio | saoass | sssior | aswoer | seooss | seasro | seooos | 17ame | a7zess | seooo6 | ameess | sorsss | 106006 | oomoo0 | 206025 | ouize | oseass | oouess | o2vas | 2aaoes | oases
Saving Travel Tind 431220 | aszoos | assoss | asasry | arsowr | asress | soooss | sioses | sosaoo | sassss | ssiooo | sesroo | o7ooas | sosssz | oo | eoasas | csomo | eserss | evassr | eevans | 7oesos | raazro | vaamt
[30unien Interchange - Maamaltein passage
Number of vehicles 242 3524 407 92 3570 3669 760 354 3051 4049 151 251 4361 aamo ase 496 an13 av34 5057 s160 sa13 5445 ss62
[Travel Length a0 611 857 o079 o308 o538 o7 | wom | ooz | so2 | o2 | moms | wess | mes | wmore | 1o | soss | azess | s | ssarr | aame | sae | sasme
savingvoc| eoors | 71722 | 7asis | ossss | 77z | vowes | suar | emze | esoss | svass | eosm | owwo | omos | oeass | osero | sonams | somers | sooazz | somms | snese | aasso | s | szoass
Saving Travel Tind 217415 | 20251 | ooeaze | 2om133 | o3ooss | oasoms | 22135 | oseaso | 2ea000 | omasze | ovesio | ossoen | oopaoo | 20070 | sovzor | suamer | soorsa | saomes | aseoss | sarsrs | aseoer | assier | srazos
Maamaltein passage-Tabarja Exit
Number of vehicles 3268 403 3522 35615 a3 3005 a0 4183 4320 aapy a3 4800 4968 512 322 5508 701 5900 6107 321 52 o1 7008
[Travel Length s210 8507 8605 ous a2 o2 | 10104 | soms7 | toses | uoe | smsos | 12000 | soa0 | sosss | s | sero | sasse | savst | wser | asse | seass | seorr | arso
savingvoc| 221 | 7oeos | 7aoe0 | sesr | 7eees | eiozs | ssess | eevos | eosas | ocore | oos2 | oveoo | 10308 | soseos | 110w | 114200 | saeoos | 122a3a | o670 | ssusa | as7as | saoase | sasas
Saving Travel Tind 211071 | 210300 | 27060 | 235017 | oasesz | osurse | zeoser | oeomsr | 2verze | omeeos | 00007 | aoowr2 | soaos | smsie | sasur | assize | sevsss | seoaeo | soaras | aovsis | azarre | asesar | asiseo
Light Trucks
INahr el Kalb - Jeita Interchange
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
[seita Interchange - Jounieh interchange
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
[30unien Interchange - Maamaltein passage
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
Maamaltein passage-Tabarja Exit
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
Medium/Heavy Trucks
INahr el Kalb - Jeita Interchange
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
[seita Interchange - Jounieh interchange
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
[30unien Interchange - Maamaltein passage
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
Maamaltein passage-Tabarja Exit
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
[ToTAL savinGs voc [ 20578221 | 10,863,677 | 11,157,056 | 11,458,503 | 11,768,493 | 12,067.025 | 12,414,426 | 12.750,951 | 13,006,862 | 13452429 | 13817920 | 14,195,651 | 14,579,886 | 14,9769 | 15,385,122 | 15804757 | 16236176 | 16,679,718 | 17.035.736 | 17,604,592 | 16,086,656 | 16562317 | 1909166 |
[TOTAL SAVINGS TRAVEL TIME [ w0839 | 4537580 | 5070922 | 5207967 | 5348822 | 549359 | 5602401 | 5795352 | 5952570 | 6114177 | 6260298 | 6450065 | 6626610 | 6,807,072 | 69925503 | 7.083.318 | 7,379,400 | 7.560.991 | 7786253 | 5001350 | 6220450 | Bads 29 | merraer |




Cash Flow and Financial Indicators
. Discounted Maintenance Dl_scounted Discounted Total . Discounted ) . Discounted Time |Discounted Total | Undiscounted Net
Year Year |Capital costs : Maintenance Total Savings VOC ; Time Savings . .
Capital Costs Costs Costs Costs Savings VOC Savings Savings 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

Annual interest % for the initial cost 10% NPV IRR 18.3%
Annual interest % for the reinvested profits 12%
MIRR 14%

Report Ala




Report Alb




Assumption Sheet

Report Alb

Jeita Jounieh A
BeshEiEn Nabhr el Kalb - Jeita Interchange - Interchange - M::\:It:l_n North
9 Interchange Jounieh Maamaltein Tl;bar' :Exit Tabarja Exit|
Interchange passage L
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 US. $ 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



AT Highway - Section Nahr el Kalb-Tabar]:
Savings Schedule
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

[Travel Length

saving voc]
Saving Travel Tim

seita Interchange - Jounien Interchange

Number of vehicles

[Travel Length

saving voc]
Saving Travel Timg
[0unien interchange - Maamaitein passage
Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit
Number of vehicles
[Travel Length

saving voc]

Saving Travel Tim

Taxis
Nahr el Kalb - Jeita Interchange
Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

seita Interchange - Jounien Interchange

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

[0unien interchange - Maamaitein passage

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim
Pick-Up and 4 WD
Nahr el Kalb - Jeita Interchange

INumber of vehicles 25052 | o571 | 6272 | 26797 | o733 | o7eso | 2eass | o006 | 2058 | soi7e | 3ore2 | assr | axops | asess | ssa0 | 3soms | sases | 3seso | asoss | ae7er | azszs | smvs | 3sose
Travel Length 1226 | 12878 | 13136 | 13390 | 13667 | 1340 | 14210 | 14503 | saves | 1s0s9 | sseer | 1seoo | 6013 | 16333 | eee0 | 16003 | 17as3 | avero | 1s0a3 | smses | sever | se1mr | 1es10
SavingvOC| 83836 | sssi2 | 7223 | ssoer | ocoras | ooser | oaass | osaor | oseor | sootor | 102105 | oa2a0 | 106324 | oseso | 11010 | 1183 | sisoss | 117as0 | tovas | 122193 | 12as7s | 127067 | 120608
Saving Travel Tmg 21707 | 22142 | 29584 | a0 | 23497 | 23067 | oaass | paoss | osase | osou> | zeass | 2000 | 27530 | osomt | omeas | o215 | oosoo | aoaee | 31004 | 3te2a | seose | 3zoor | assso
Jeita Interchange - Jounieh Interchange
INumber of vehicles 10681 | 20173 | 0677 | 21194 | ouiaa | 2267 | 223 | 2304 | 23070 | oas7s | 25103 | osep3 | oeaes | o7as0 | oveos | 2es03 | 20216 | 20046 | aosos | awer | acpas | smoss | 3sser
Travel Length o209 | oasiy | omer | ooe11 | 102101 | toaese | 107270 | 100952 | 112701 | wissis | 118406 | 121386 | 124400 | 127510 | 13008 | 133066 | sa73ts | 1a0748 | 1aazes | savers | ssisro | assaso | 150243
SavingvOC| 614101 | 620546 | edsoss | esrarr | evres> | eoasor | 71274 | 7acoso | 7asaz> | 7erosr | 7ee2ir | sosers | soeo10 | saseeo | se7eas | ssossp | ouivro | osases | os7ezo | esierr | ooeaza | 1o3isss | ios7ara

Saving Travel Tind 150032 | 163007 | 67083 | 17160 | urssar | arooso | 1ssezs | seeose | soares | 1oseoo | 203s7a | sosess | oiseso | 210207 | ozaros | ososes | oscoss | oasces | aesoss [ osezss | oeoser [ zerior | oraves
[0unien interchange - Maamaitein passage

Number of vehicles arowr | 1ss | eses | some | soree [ oover | cosor | o192 | owess | omor [ st | ossas | oaes | sarer | osws [ o | oeezs | orees [ avere | omers [ zese | aouzr | sosso
[Travel Length asosr | areor | asoos | sozee | sume [ soves | saoms | ssase | sewe | smoas [ seses | emer | eovar | eamo | esss [ ersse | cors | 00es [ vorar | vasss [ veass | 7mss0 | soces
savingvoc| sosser | aiaos | sossss | sssar7 | suese | ssoseo [ asenso | sesoss | a7roes | assrar | ssesoo [ acesio | asessr | acesre | asross | asseco [ asoror | aruies | aspors | sosoa | somazs [ soouss | sssua
Saving Travei Tind_sow2 | w2185 | saar [ ssawr | essos | ooms | ocess | osuus [ orees | soouss | sovess | 10505 | ormss | siossr | uisres | wiersr [ s1cos0 | 12008 | sosose [ szeer | sssowr [ ssser2 | sasoss
Maamaltein passage-Tabarja Exit
Number of vehicles sotes | 1s2 | oass | sores | ooem [ zweor | ooesr | oo [ assas | oarms [ asess | oesss | orass | oesss | oo [ s | awsar | avews [ ases | saces [ sstee | arase | swrer
[Travel Length asteo | aroeo | asror | sz | soure [ saoos | sseos | s7eeo | sosra | eroes [ eass | eesss | esros | 7ums | 7asoo [ vewe | 7sssr | smeor [ sasss | erare | ooars | emsan | osorr
savingvoc| sowsws | im0 | seoarr | ssarss | sassse | ssesre [ ares | swnwr | sevses | anare | assere | asores | aserus | araire | assros | soseon [ sossis | sassss | seosoo [ ssows | eooras [ e2izes | eassar
Saving Travei Tind 7614 | soswo | ssa2 | ssers | woros | ooses | ocoss | oosase [ soseo | soesas | wopre | sumsr | wieize | some0 | szesao | ssooes | ssssse | saoper | sescor | ssome | ssssas [ se00es | sesecs
Buses
Nahr el Kalb - Jeita Interchange
Number of vehicles ass5 4656 arag 4844 aga1 5040 s141 523 5348 5455 5564 5676 5789 5905 023 6144 6265 6302 6520 6650 6783 6919 7057
[Travel Length 28 238 2375 222 2471 2520 2570 2622 2674 2128 2180 263 2605 2052 3012 2072 3133 3196 3260 3305 301 3450 3528
savingvoc| 1ess | 1003 | 1079 | o003 | 20s0s | s01s | o1ss | oame0 | 2106 | aoes0 [ o302 | sesss | caoes | oasos | cases | osass | seoos | oesos | ovoss [ omsor | semeo | osmio [ oeoms
Saving Travel Timg_ sese1 | Gooss | 6123 | eoae3 | esmia | eaosr | eoomr | erer2 | emses | 7osss | 7t | vams | 7asss | e | 7oess | o210 | momos [ soaro | msosr | es7as | s7ass | eos [ o0oer
Jeita Interchange - Jounieh Interchange
Number of vehicles 558 3647 3138 3831 3007 025 a126 220 335 aaa3 as54 4688 a785 504 s027 5153 s281 5413 5549 s687 5630 5075 6125
[Travel Length 6721 | ams | wrser | wmoor | seasy | st | seser | 1osr6 [ o0srs | somsr | oraos | o130 [ omams | ssoso [ omees | oamz | saser | oseas | ceore [ oerm | ovae0 [ omoms | ce7es

savingvoc| 1ss7es | 1az0s3 | 1asero | 1aoass | ssmor | 157001 | seooss | 1esoro | seovos | 17asa [ arzess | 1soos | messs | sorars | 1osoom | sorooo | cosozs | o11176 | oseass [ ooumss | sorass | ossoon | psmers
Saving Travel Tim¢_ 431220 | azoon | assost | asasrs | a7sosr | asvems | soooss | sisms | sosaoo | semsas | ssioo | seso0 | sooas | soassr | eossos [ ecasse | eaonss | eserss | erassr | emears [ 7ossos | 7aaer0 | 7acam
[0unien interchange - Maamaltein passage

Number of vehicles 324 3324 3407 3402 3579 3689 760 854 3051 049 a151 254 azs1 aa70 582 469 813 834 s057 5184 5313 sadc 5582
[Travel Length 8430 861 ses7 %079 9306 9538 o077 1001 | 10072 | 1058 [ 10702 | ot | wass [ se; | wiep [ a0 | woss [ amees | semao [ wmerr | seme | se1e0 [ sasne
savingvoc| eewrs | 77o | 7ssis | 7ssss | rosr | 7eres | s1iar | esize | ssoss | erase | eosms | owmo [ oasos | osass | omsro | sorsas | sosers [ sosars | sooas [ sumeer | 1saeso [ a17ses | 1o0ass
Saving Travel Timg_ 217415 | 2051 | 2oma20 | osmsas | 2a0om | oasoms | osorss | osease | oeasoo | o7aseo | o7esto [ oesoes | sopao0 | seo7io | soraoe | svamsr | aoorse [ saomes | aseoss | sarsrs | aseoer | sesier | a7azes
Maamaltein passage-Tabarja Exit
Number of vehicles 3268 3408 3522 365 173 3005 001 183 320 aag1 4630 4800 4068 5142 322 5508 s701 5900 6107 a1 512 6771 7008
[Travel Length 219 8507 8605 o113 o432 o762 10104 | 10a57 | soms [ 11000 | mses [ 12000 | 1oa0 | 1oess [ sases | 1ario [ sazse | warss [ asoer | sser [ esss | sesar [ s
savingvoc| es2or | o608 | 7som0 | 7se3r | 7moss | ewoos | saser | eeros | somss | ooore | o2s | ooson [ s0s0ss | toesss | 1104 | 11420 | atevos [ womasa | 126m0 [ ssmsa | 1asres | saoase | sasars
Saving Travel Timg_ 211071 | 210300 | 207080 | 235017 | oassar | os17s6 | oeoser | oeoswr | ororos | oemsos | soooor | aosars | soses | sssia | sasnsz [ assios | aersss | ssoaco | aoaras | aorsis | assze | aseser [ asieeo

Light Trucks
Nahr el Kalb - Jeita Interchange
Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

seita interchange - Jounien Interchange

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

[0unien interchange - Maamaitein passage

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim
Medium/Heavy Trucks
Nahr el Kalb - Jeita Interchange
Number of vehicles
[Travel Length
saving voc]

Saving Travel Tim
seita Interchange - Jounien Interchange

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

[0unien interchange - Maamaitein passage

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

[FoTAL SAVINGS Voo T os7221 | wnsenrs | 11157000 | 11asomes | remsss | 1200 0zs | vzaveae | srsngss | wooomee | assaze | ramingan | waoasen | soarases | wearosse | mawsaz | samoarsr | sozsoare | serorss | 1730 | u7oousen | somnsse | woezarr | wooenoes |
TOTAL SAVINGS TRAVEL TiE Taona0 | asorsoo | somze | sovmse | siuaszz | saasee | soszaon | sronsse | 5952570 | aarears | ozanzse | ousnoos | aszmeso | oonore | 6aoases | 7amaame | 77000 | vsonses | 77oa2ss | aooroso | azzneso | nassres | msrroer |

Report Alb



Cash Flow and Financial Indicators
. Discounted Maintenance Dl_scounted Discounted Total . Discounted ) . Discounted Time |Discounted Total | Undiscounted Net
Year Year |Capital costs : Maintenance Total Savings VOC ; Time Savings . .
Capital Costs Costs Costs Costs Savings VOC Savings Savings 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

Annual interest % for the initial cost 10% NPV IRR 12.0%
Annual interest % for the reinvested profits 12%
MIRR 12%
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Assumption Sheet

Report Alc

Jeita Jounieh .
Designation Nahr el Kalb - Jeita Interchange - | Interchange - "g:i’s":;f'_n North
Interchange Jounieh Maamaltein Tabarja Exit Tabarja Exit
9f
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 US. $ 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



AT Highway - Section Nahr el Kalb-Tabar]
Savings Schedule
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
[Travel Length

Saving voc]
Saving Travel Ti
seita Interchange - Jounieh interchange

Number of vehicles
[Travel Length

saving voc]
Saving Travel Timg
[0unien interchange - Maamaitein passage

Number of vehicles
[Travel Length

saving voc]
Saving Travel Ti

Maamaltein passage-Tabarja Exit

Number of vehicles
[Travel Length

saving voc]
Saving Travel Timd

Taxis
Nahr el Kalb - Jeita Interchange

Number of vehicles
[Travel Length

Saving vod]
Saving Travel Tim:
seita Interchange - Jounieh interchange

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim
[0unien interchange - Maamaltein passage

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim
Maamaltein passage-Tabarja Exit

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim
Pick-Up and 4 WD
Nahr el Kalb - Jeita Interchange

INumber of vehicles 25052 | o575t | o272 | 26797 | o733 | o7eso | 2eass | o006 | 2058 | so17e | 3ore2 | assr | axoes | asess | ssa0 | 3soms | sases | 3ssso | asoss | se7er | azszs | smvs | 3sose
Travel Length 1226 | 12878 | 13136 | 13390 | 1367 | 340 | 14210 | 14503 | saves | 1089 | sseer | 1seoo | 6013 | 16333 | eee0 | 16003 | 17as3 | avere | 1s0a3 | smses | sever | se1mr | 1es10
SavingvOC| s3s35 | sssi2 | 7223 | seoer | ocoras | ooser | oaass | osaor | oseor | sootor | 102105 | o420 | 106324 | oseso | 11010 | 11263 | sisoss | 117as0 | tovas | 122103 | 124575 | 127067 | 120608
Saving Travel Tmg 21707 | 22142 | 29584 | o303 | 23497 | 23067 | oaass | paoss | osase | osoa> | geass | 2eee0 | 27530 | osost | omeas | 20215 | oosoo | aoae | 31004 | 3te2a | seose | 3zoor | assso

Jeita Interchange - Jounieh Interchange
INumber of vehicles 10681 | 20173 | 0677 | 21194 | ouiaa | 22267 | o283 | 2304 | 2s070 | oas7s | 25103 | osep3 | oeaes | o7as0 | oveos | 2es03 | 20216 | 20046 | aosos | awer | acpas | smoss | 3aser
Travel Length o209 | oasiy | omer | ooe11 | 102101 | toaese | 107270 | 100952 | 112701 | wissis | 118406 | 121386 | 124400 | 127510 | 13008 | 133066 | sa73ts | 1a0748 | 1aazes | savers | ssisro | assaso | 150243

savingvoc| ewtor | eooses | osaes | eswu7 | errose | esasor [ 7azora | 7aooso | vasss2 | verom | smeorr [ soser2 | seoss | saeses | mermse | ssesss | ourmo | omses | osvors | ewisrr | 006424 | soases | sosrara
Saving Travel Tind 15032 | 163007 | 67083 | a7io60 | urssar | arooso | 1saezs | sseose [ soares | soseoo | 2o3s7a | sosess | oiseso | 210207 | ozeros | ososs | pscoss | oasces | aesoss [ osezss | oeoser [ zerior | oraves
[0unien interchange - Maamaitein passage

Number of vehicles arowr | 1sss | eses | some | soree [ oover | cosor | o192 [ owess | omon [ st | ossas | owes | sarer | osws [ o | oeezs | orees [ avere | omers [ zesee | aoszr | sosso
[Travel Length agosr | areor | asoos | sozee | sume [ soves | seoms | ssase | sewe | smoas [ seses | emer | eovar | eam | esses [ erssa | eors | 00es [ vorar | vasse [ veass | 7mss0 | soces
savingvoc| sosser | aiaos | sossss | sssar7 | suese | ssoseo [ asenso | sesoss | a7roes | assrar | seesoo [ acesio | asessr | acesre | asross | asseco [ asoror | aruies | aspors | sosoa | somazs [ soouss | sssna
Saving Travei Tind_sow2 | w2185 | saar | ssar | essos | ooms | ocess | osuus [ orees | soouss | sovess | 10505 | sormss | siossr | usres | wiersr [ s1o0s0 | 12008 | sosose [ szeer | sssewr [ ssser2 | sasoss
Maamaltein passage-Tabarja Exit
Number of vehicles soies | 1s2 | oass | sores | oom [ zeor | ooesr | om0 [ assas | oarms [ asess | oesss | orass | oesss | oo [ s | awsar | aews [ asres | saces [ sste0 | orase | swrer
[Travel Length astoo | aroso | asror | sz | soure [ saoos | sseos | s7eeo | sosra | eross [ easss | essss | esros | 7ums | 7asoo [ vewe | 7sssz | seor [ saass | grare | ooars | emsan | osorr
savingvoc| sowsis [ im0 | seurr | ssarss | sassse | ssesve [ aros | swnwr | sevser | anare | assere [ asores | aserus | araire | assros | soseon [ sossss | sassss | seosoo [ ssows | eooras [ e2izes | eassar
Saving Travei Tind 7614 | soswo | ssa2 | ssers | woros | ooses | ocoss | oosase [ soseso | soesas | mopre [ sumsr | wieize | somee0 | 1zesao | ssooes | ssssse | saoper | sescor | 1somes | ssssas [ se00es | sesecs
Buses
Nahr el Kalb - Jeita Interchange
Number of vehicles ass5 4656 arag 4844 aga1 s040 s141 523 5348 5455 5564 5676 5789 5905 023 6144 6265 6302 6520 6650 6783 6910 7057
[Travel Length 28 238 2375 222 2471 2520 2570 2622 2674 2128 2180 263 2605 2052 3012 2072 3133 3196 3260 3305 301 3450 3528
savingvoc| 1ess | 1003 | 1or9 | o003 | 20s0s | s01s [ o1ss | oare0 | 2106 | aoes0 [ o302 | sesss | oaoes | oasos | cases | osass | seoos | oeses | ovoss [ omsor | semeo | osmio [ 2eoms
Saving Travel Timg_ sese1 | Gooss | 6123 | eoas3 | e | eaosr | eoomr | emer2 | emses | vosss | 7t | vamms | 7asss | e | 7oess | 210 | momos [ soaro | msosr | es7as | s7ass | eo1s [ o0oer
Jeita Interchange - Jounieh Interchange
Number of vehicles 558 3647 3138 3831 3007 025 a126 220 4335 aaa3 as54 4688 a785 504 s027 5153 s281 5413 5549 s687 5630 5075 6125
[Travel Length 6721 | ams | wrser | wmoor | weasy | st | seser | 10w [ o0srs | somsr | oraos | o130 [ omams | ssoso [ omees | oamr | saser | osaas | ceore [ oerm | ovae0 [ omoms | ce7es

savingvoc| 1ss7es | 1a20s3 | 1asero | 1aoass | ssmor | 157001 | seooss | 1esoro | seovos | 17asa [ a7ress | 1so0s | messo | sorars | 1osoom | sotooo | cosozs | o11176 | oseass [ ooumss | sorass | ssoon | pemers
Saving Travel Tim¢_ 431220 | azoon | assost | asasrs | a7sonr | asvems | soooss | sizsms | sosaoo | semsas | ssiooo | sesro0 | sooas | soassr | eossos [ ecasse | eaonss | eserss | erassr | emears [ 7ossos | 7aeer0 | racam
[0unien interchange - Maamaitein passage

Number of vehicles 204 3324 3407 3402 3579 3689 760 854 3051 049 a151 254 azs1 aa70 58 469 813 834 s057 5184 5313 sadc 5582
[Travel Length 8430 861 ses7 %079 9306 9538 o077 1001 | 10072 | 1058 [ 10702 | ot | wass [ mem | wiep [ a0 | wosms [ amees | semas [ wmerr | seme | se1e0 [ sasne
savingvoc| eers | 77o | 7ssis | 7ssss | rosr | 7ores | s1iar | esize | ssass | erase | eosms | owmo [ oasos | osass | omsro | sorsas | sosers [ sosars | soonas [ suseer | 1iasso [ a17sos | 1o0ass

Saving Travel Timd 217415 | 20851 | 208422 | 234133 | 2s0oms | oasoss | 252135 | oseaso | osason | ovase | oremo | ossess | 202ao0 | ooomao | aovaoz | smasss | acovss | asoses | sseoos | sarsms | aseesy | assier | avaces

Maamaltein passage-Tabarja Exit

Number of vehicles 3268 3408 3522 365 173 3005 001 183 320 a1 463 4800 4068 5142 322 5508 s701 5900 6107 a1 512 771 7008
[Travel Length 219 8507 8605 o113 o432 o762 10104 | 10a57 | soms [ 11000 | mses [ 12000 | soa0 | 1zess [ sases | 1ario [ sazee | sarss [ asoer | ssmr [ esss | sesar [ s
savingvoc| eszor | 7008 | 7som0 | 75637 | 7moms | ewoos [ saser | eeros | somss | ooore | os2s | ooson [ 10s0ss | toess | 1104 | 11420 | atevos [ womasa | 126m0 [ ssmsa | 1asres | saoase | sasars

Saving Travel Tim¢_ 211071 | 210300 | 227080 | 235017 | oassar | os17s6 | oeoser | oeoswr | ororos | oemsos | ooooor | aosars | sposes | sssna | sasnrz [ assios | aersss | ssoaco | aoaras | aorsis | asszre | aseser | asieeo

Light Trucks
Nahr el Kalb - Jeita Interchange

Number o vehicles
[Travel Length

Saving voc]
Saving Travel Tim:
seita Interchange - Jounieh interchange

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim
[0unien interchange - Maamaitein passage

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim
Maamaltein passage-Tabarja Exit

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim
Medium/Heavy Trucks
Nahr el Kalb - Jeita Interchange
Number of vehicles
[Travel Length
saving voc]

Saving Travel Tim:
seita Interchange - Jounieh interchange

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim
[0unien interchange - Maamaitein passage

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim
Maamaltein passage-Tabarja Exit

Number of vehicles

[Travel Length
Savng vod]
Saving Travel T
[FoTAL SAVINGS Voo T os7221 | wnsenrs | 11557000 | 1iasomen | remsss | 22007 02s | vzaveae | srsnges | wooomee | vassaze | raminsan | waoaosn | soarases | waarosse | awsaz | samoarsr | sozsoare | smeroris | 113730 | u7oousen | somnsse | woezarr | wooenoes |
TOTAL SAVINGS TRAVEL TiE Taona0 | asorsoo | somze | sovmse | siwaszz | aasee | soszaon | sronsse | 5952570 | aarears | ozanzse | ousnoos | aszmeso | oonore | 6a0ases | 7amaame | 77000 | vsonses | 77o92ss | aooroso | azznsso | nassres | msrroer |
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Cash Flow and Financial Indicators
. Discounted Maintenance D|§counted Discounted Total . Discounted . . Discounted Time | Discounted Total | Undiscounted Net
Year Year |Capital costs ; Maintenance Total Savings VOC . Time Savings . .
Capital Costs Costs Costs Costs Savings VOC Savings Savings 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 2,652,335 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
Annual interest % for the initial cost 10% NPV IRR 12.0%
Annual interest % for the reinvested profits 12%
MIRR 12%
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Jeita Jounieh A
BeshEien Nabhr el Kalb - Jeita Interchange - Interchange - M:g‘:“:'_" North
9 Interchange Jounieh Maamaltein Tgbar' :Exit Tabarja Exit|
Interchange passage !
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 US. $ 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



AT Highway - Section Nahr el Kalb-Tabar]:
Savings Schedule
[ 2011 ] 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033

Year

Passengers cars
Nahr el Kalb - Jeita Interchange
Number of vehicles

[Travel Length

Saving voc]
Saving Travel Timd
seita Interchange - Jounieh interchange

Number of vehicles
[Travel Length

saving voc]
Saving Travel Ti
[0unien interchange - Maamaitein passage

Number of vehicles
[Travel Length

saving voc]
Saving Travel Timd

Maamaltein passage-Tabarja Exit
Number of vehicles
[Travel Length

saving voc]

Saving Travel Ti

Taxis
Nahr el Kalb - Jeita Interchange
Number of vehicles

[Travel Length

Saving vod]
Saving Travel Tim:
seita Interchange - Jounieh interchange

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim
[0unien interchange - Maamaitein passage

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim
Pick-Up and 4 WD
Nahr el Kalb - Jeita Interchange

INumber of vehicles 2552 | o571 | 272 | 26797 | o733 | o7eso | 28438 | o005 | o5 | soi7e | sovex | suser | 302 | azess | asao | asess | aases 36066 | 3ever | arses | 3sers
Travel Length 1226 | 12878 | 13136 | 13390 | 13667 | 1340 | 14210 | 1503 | 1aves | 15089 | 1saer | seos | 6013 | 1633 | seee0 | 1603 | a7ass 033 | 1s33 | e | sewr
Savingvoc| asgri | asir | amioo | asosr | acoos | asoss | sooss | s2o0> | swoas | 4103 | ssues | seoeo | s7ats | seses | soraa | eoss | e2um 64650 | esos2 | erri | eseis
Saving Travel Tmg 21707 | 22142 | 29584 | 303 | 23497 | 2a0e7 | oaass | 4035 | osase | oseaz | zeass | o0 | 27530 | ososn | omsas | 2025 | 2em00 31004 | aweea | 2256 | 32001

Jeita Interchange - Jounieh Interchange
INumber of vehicles 19681 | 20173 | 0677 | 21194 | ouaa | 20267 | 22823 | o304 | %070 | pasve | 2s103 | o523 | zeaes | o7iso | o7eos | 2ssos | oe21e 0605 | auee | a0 | 33085
Travel Length o209 | oasiy | omer | ooe11 | 102101 | 1oaese | 07270 | 100952 | 112701 | s1ssis | 118406 | 121366 | 124400 | 12710 | 130608 | 133066 | sa7ais aaazes | 1arers | ssisro | sssaso

35359
7679
63301
30396
20046
140748
savngvoc| astess | sasess | awmase | as7ies | aseoss | arsoar | ssases | soaras | aoaoos | amezoe | azassr | assim [ assoso | asroon | aeseso | asosar | asosse | soases
Saving Travel Timg_ 150032 | 163007 | 167083 | 171260 | a7sser | 170030 | 1saazs | 1eo0s0 | 10a765 | someoo | ooss7a | oomses | onasmo [ 21027 | ooaron | osomes | oseoms | oaross [ oamoss | asazas | aeosor | serior
27293
0963
250445
122006
2541
81502

[0unien interchange - Maamaitein passage

Number of vehicles arowr | 1sss | eses | some | om0 [ ooser | como | o1ae [ owess | omaor [ st | omsas | owes | oarar | oswes [ oo | osens 2976 | osers | 20302 | amar
[Travel Length asosr | areor | asoon | sozee | sume [ soves | saoms | ssase | sewe | s [ seses | emer | eovar | eame | esses [ ersas | o vra | 7asse | eas | 7830
savingvoc| 167220 | s7iaon | arsess | seoors | 1seseo | seeses [ soseps | ser72 | sosrar | comsss | o1aose [ owsaor | omaser | asosis | ossers | oazees [ pasess 260006 | 267326 | 274010 | 200860
Saving Travei Tind _sow2 | w2185 | eaar | ssar | essos | ooms | ocess | osuus [ orees | soouss | sovess | s0se0s | soress [ siosar | wspes | wierzr [ sie0m0 wsos6 | womer | amzwr | sz
Maamaltein passage-Tabarja Exit
Number of vehicles oien | 1s2 | soass | sores | oosm [ zeor | ooesr | osueo [ pasas | oarms [ asess | oesss | orass | ossss | a0 [ soarm | s st | aasee | aews | avase
[Travel Length asaco | aroso | asror | sz [ soire | saoos | sswos | s7ess | sosra | etoss | earse | essms | esros [ 7aams | vse0 | 7errs [ 7esar suss | sraia | ooars | oseao | esowr
savingvoc| sesoss | sesras | sraess | seorss | 1srost | essss [ sooaoo | coracs | auems | ozsrer | osesra [ pswons | ossase | asaere | cesoor | ormiar [ amsesr | cesser | somems [ awsas | spason [ assrss | sarsor
Saving Travei Tind 7614 | soswo | ssa2 | ssers | woros | ooses | ocoss | ooase [ soseso | soesas | wopre [ sumsr | wieize | somee0 | szesao | ssooes | ssssse | saoper | sescor | ssomes | ssssas [ se00es | sesecs
Buses
Nahr el Kalb - Jeita Interchange
Number of vehicles ass5 4656 arag 4844 aga1 5040 s141 523 5348 5455 5564 5676 5789 5905 023 6144 6265 6302 6520 6650 6783 6910 7057
[Travel Length 28 238 2375 222 2471 2520 2570 2622 2674 2128 2180 263 2605 2052 3012 2072 3133 3196 3260 3305 301 3450 3528
savingvoc| 1020 | 10434 | soses | 106 | 107 | 11004 [ a1so0 | s [ aoms | woms [ 1maro | 1omo | 1oera [ a0 | 1s40s [ saves | 1aoss [ 1asea | waero [ nae0s | ssoor | 1ssos [ ssers
Saving Travel Timg_ sese1 | Gooss | 61230 | eoas3 | esria | eaosr | eoomr | erer2 | emses | vosss | 7t | vams | 7asss | e | 7oess | o210 | momos | soaro | msosr | esas | s7ass | eoss [ oooer
Jeita Interchange - Jounieh Interchange
Number of vehicles 3558 3647 3138 3831 3007 025 a126 220 335 aaa3 as54 4688 a785 504 s027 5153 s21 5413 5549 s687 5630 5075 6125
[Travel Length 6721 | ams | wrser | wmoor | weasy | st | seser | 10wt [ o0srs | somsr | oraos | o109 [ omams | seoso [ omees | oamz | caser | oseas | ceore [ oerm | ovase [ omoms | ce7es
savingvoc| 7ass | 7esr | 7erar | eoros | mors | earer [ ssom | eooss | o1sm | esses [ ososs | esssr [ so0re0 | soasio | osmes | somsao | 111264 [ 114035 | 1temse | 110808 | 12003 [ 12se73 | 120020
Saving Travel Tim¢_ 431220 | azoon | assost | asasrs | a7sonr | asvems | soooss | sizsms | sosaoo | semsas | ssiooo | sesro0 | sooas | soassr | eossos [ evasse | eaonss | eserss | erassr | emears [ 7ossos | 7aeer0 | racam
[0unien interchange - Maamaitein passage
Number of vehicles 204 3324 3407 3402 3579 3689 760 854 3051 049 a151 254 azs1 aa70 58 469 813 834 s057 5184 5313 sadc 5582
[Travel Length 8430 861 ses7 %079 9306 9538 o077 1001 | 10072 | 1058 [ 10702 | ot | wiass [ me; | wierp [ 1oar0 | woss [ amees | semao [ wmerr | seme | 1e1e0 [ sasne
savingvoc| a7es | sara0 | ases | aosor | arros | aover | assro | assrs | asoss | a7eo [ asses | assre | sosr | soom | ssso | saraa | seor | erass | seowr [ eoaos | er016 | eases [ esoso
Saving Travel Timg_ 217415 | oooms1 | 2oma20 | osm1as | 2a0om | oasoms | osorss | osease | oeasoo | o7aseo | o7esto | oesoes | sopao0 | seo7io | soraoe | svamsr | aoorse | saomes | aseoss | sarsrs | aseoer | sesier | a7azes
Maamaltein passage-Tabarja Exit
Number of vehicles 3268 3408 3522 365 173 3005 001 183 320 a1 463 4800 4068 5142 322 5508 s701 5900 6107 a1 512 771 7008
[Travel Length 219 8507 8605 o113 o432 o762 10104 | 10a57 | soms [ 11000 | mses [ 12000 | oa0 | 1omss [ sases | 1ario [ sasse | warss [ asoer | sser [ esss | sesar [ s
savingvoc| aesso | smzo | seass | aosss | azora | asrss | asoms | asewo | amsio | sorom [ sroes | ssres | sseer | s7ers | sosst | errse | esro | esua | esam | 7oses | vase | 7sees | 7esas
Saving Travel Tim¢_ 211071 | 210300 | 227080 | 235017 | oassar | os17se | oeoser | oeosmr | ororcs | oemsos | ooooor | aosars | sposes | sssia | sasnsz [ assios | aersss | ssoaco | aoaras | aorsis | assze | aseser | asieeo
Light Trucks
Nahr el Kalb - Jeita Interchange
Number of vehicles
[Travel Length
saving voc]

Saving Travel Tim:
[seita Interchange - Jounien interchange

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim
[0unien interchange - Maamaitein passage

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim
Medium/Heavy Trucks
Nahr el Kalb - Jeita Interchange
Number of vehicles
[Travel Length
saving voc]

Saving Travel Tim:
[seita Interchange - Jounieh interchange

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim
[0unien interchange - Maamaitein passage

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

[FoTAL SAVINGS Voo 571220 | ssoeso | oueasmo | osrems | azsises | ose0ms | oronreo | wasmrs | 7orzoos | vassons | 7assess | voousn | varasse | oowow | asoroes | asasses | eorsm | aseros | ozsazss | osondeo | avsares | soooesst | wmoeser |
TOTAL SAVINGS TRAVEL TiE T om0 | asorso0 | somszz | savmser | suasez | sasee | soszaon | sronzse | 5952570 | aasears | ozanzse | oasnoos | aazneso | ooonore | 6aoases | 7amame | 77000 | vsonses | 77e0zss | sooroso | azznsso | oassreo | mrroer |
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Cash Flow and Financial Indicators
. Discounted Maintenance Dl_scounted Discounted Total . Discounted ) . Discounted Time |Discounted Total | Undiscounted Net
Year Year |Capital costs : Maintenance Total Savings VOC ; Time Savings . .
Capital Costs Costs Costs Costs Savings VOC Savings Savings 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

Annual interest % for the initial cost 10% NPV IRR 12.0%
Annual interest % for the reinvested profits 12%
MIRR 12%
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Assumption Sheet

Report Ale

Jeita Jounieh .
PESTERETE Nahr el Kalb - Jeita Interchange - | Interchange - M:ern:lfl_" North
9 Interchange Jounieh Maamaltein T‘;ba!.fExit Tabarja Exit
Interchange assage L
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 US. $ 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
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AT Highway - Section Nahr el Kalb-Tabarj

Savings Schedule

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
[Travel Length

saving voc]
Saving Travel Tim

seita interchange - Jounien Interchange

Number of vehicles

[Travel Length

saving voc]
Saving Travel Timg
[0unien interchange - Maamaitein passage
Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit
Number of vehicles
[Travel Length

saving voc]
Saving Travel Timd

Taxis

Nahr el Kalb - Jeita Interchange
Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim

seita Interchange - Jounien Interchange

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

[0unien interchange - Maamaitein passage

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit

Number of vehicles

[Travel Length

Number of vehicles
[Travel Length

saving voc]
Saving Travel Tim

seita Interchange - Jounien Interchange

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

[0unien interchange - Maamaitein passage

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim
Medium/Heavy Trucks
Nahr el Kalb - Jeita Interchange
Number of vehicles
[Travel Length
saving voc]

Saving Travel Tim
seita Interchange - Jounien Interchange

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

[0unien interchange - Maamaitein passage

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

saving voc]
Saving Travel Tim
Pick-Up and 4 WD
Nahr el Kalb - Jeita Interchange
Number of vehicles 2252 | osvsr | eara | aevor | oraza | oveso | osass | 20006 | 29ses | aowrs | aoree | sy | apoos | azees | 33310 | aaoes | ases | asaso | aeoes | ao7er | avsza | asera | asoa
[Travel Length were | 1o | amae | ssse | aseer [ sseo | 1ei0 | uesos | sares | ssom [ ssasr | 1seoo | eors | sesss | seseo [ seoos | 1vass | wrere [ ssoss | mses [ serer | sevyr | om0
savingvoc| smre | semo | sesss | eosre | ewmss | a7 [ essso | eserr | ecor | esss | eossor | 7o | 7esis | aoes | 7sesr | veoss | 7easo | sooso | siess | swes | ssoso | meeso | sases
Saving Travei Tind 14801 | 1sio1 | asaos [ asma | seoes | seses [ seer2 | sroos [ arase | srees | swowr | sesos | e [ sewss | soss | seos | somes | covs0 [ oues | owser | ziee0 [ 2oas | ooeer
Jeita Interchange - Jounieh Interchange
Number of vehicles wesr | soirs | ooer7 | oues | owme [ 2oser | ooees | ases | aser | oasve [ osies | osees | oeass [ o7is0 | o7sos [ aesos | cooie | oemas [ aoees | suaee [ s | csoss | sssee
[Travel Length o409 | oasus | omer | oo | ozs01 [ soasse | sor2m0 | soese | siovor | wissie [ sieace | 1:aaes | somaco | so7s10 | saosos [ sssese | sarais | seoras | seszes | sarers [ ssisro | sssaso | asones
savingvoc| aissre | acesso | aooss | astoms | aspsss | arssrs [ assrms | aorers | sioses | sosize | sasoo | saseos | sesass | s7raze | sosmse | eveser | e2iser | earaza | esssor | esseao | esesss | vosser | 7auize
Saving Travel Tim¢ 10840 | 111171 | 11350 | 116700 | 110710 | 120712 [ sos7e0 | 1omoa | aspar | sssess | 1sesar | waaos | nasese | waosis | 1saost [ ssvomr | 161000 [ sesose | tesweo | arasse | 17772a | marer [ seerar
[0unien interchange - Maamaitein passage
Number of vehicles arowr | 1sss | eses | some | soree [ oover | cosor | o192 [ owess | omon [ st | ossas | oaes | sarer | osws [ o | oeezs | orees [ avere | omers [ zese | aouzr | sosso
[Travel Length agosr | areor | asoos | sozee | sume [ soves | saoms | ssase | sewe | smoas [ seses | emer | eorar | eamo | esses [ ersa | cors | 00es [ vorar | vasss [ veass | 7mss0 | soces
savingvoc| 211103 | aiears | oaumss | oorast | ossusr | ossess [ owasio | osier | asveis [ sewrst | orosss [ o7rios | omoss | emsm | sessso | sosero [ auasir | saass | asesms [ sarers | asseoes [ asarse | sesses
Saving Travei Tind _sasss | seost | swas | sesss | coses | esro | esus | esons [ eser | emos | o000 | 7arso | 7asss [ sase | 7raer | eues | murs | ewos [ sszes | wrazo | soeos [ owmss | omee
Maamaltein passage-Tabarja Exit
Number of vehicles soies | 1s2 | soass | sores | ooem [ zeor | ooesr | oo [ assas | oarms [ asess | oesss | orass | oesss | coao [ s | awsar | aews [ asres | saces [ sstee | arase | swrer
[Travel Length astoo | aroeo | asror | sz | souve [ saoos | sswos | s7eeo | sosra | eross [ easss | eesss | esros | 7ams | 7asoo [ vewe | 7sssr | seor [ sasss | grase | ooars | emsan | osorr
savingvoc| 20s00 | 21auur | 220570 | 2ome0 | ossze0 | oeasso [ asawoo | oeices | o7assr | osoeor | oosss [ acosss | suuiss | aseose | sssror | ssaser | asrose | seoss | asmaes | cossse | acoror | aveoss | assess
Saving Travei Tind _sasis | ssier | sz | seus | euso | essar [ esssr | emssy [ voses | 7eeer | seos [ 77mss | eosee | msase | eesoo | sessr | oosar | osem [ ooos | soseor [ sososs | soores | sisem
Buses
Nahr el Kalb - Jeita Interchange
Number of vehicles ass5 4656 a7ag 4844 aga1 5040 s141 523 5348 5455 5564 5676 5789 5905 023 6144 6265 6302 6520 6650 6783 6919 7057
[Travel Length 28 238 2375 222 2471 2520 2570 2622 2674 2128 2180 263 2605 2052 3012 2072 3133 3196 3260 3305 301 3450 3528
savingvoc|] 12020 | 137 | ssae | 1smo | ssoms | 1aves | wasso | wammr [ 113 | ssaso [ 15740 | seoss | sesss | sems | wror [ arsms | 17ss [ amoer | wease [ wmeer | sores | 1ose [ 1007
Saving Travel Timg_ 40143 | aosas | atzes | aseoo | assso | asssr | asoor | asmio | avoss | arors | assss [ asers | soos | s1000 | sooen | saopr | ssion [ searo | s7ass | smam | seeso | eosms [ ecom
Jeita Interchange - Jounieh Interchange
Number of vehicles 3558 3647 3138 3831 3007 025 a126 220 4335 aaa3 as54 4688 a785 504 s027 5153 s21 5413 5549 s687 5630 5075 6125
[Travel Length 6721 | am3 | wrser | wmoor | weasy | st | seser | 1osr6 [ o0srs | somsr [ oraos | o130 [ omams | seoso [ omees | oamz | saser | osaas | ceore [ oerm | ovae0 [ omoms | ce7es
savingvoc| essso | oro1r | oosr | 101028 | soasre | 107088 | soores | 11os10 | 1520 | 1ieeos [ somer | somsso [ 1oraes | 1sars | ass0 | ssvom | saoso0 | seoer | rarere | sssis | 1ssose | sssers | sevear
Saving Travel Tim¢_ 204092 | sotaas | sosom | aeros | spases | asorss [ sasosr | asssms | ssesss | seroms | svesss | assers | sossoo | aosaro | asssas [ azeess | aseswr | aazase | aswsma | arorss [ assoos | assoso | soeaor
[0unien interchange - Maamaitein passage
Number of vehicles 204 3324 3407 3402 3579 3689 760 854 3051 049 a151 254 azs1 aa70 582 469 813 834 s057 5184 5313 546 5582
[Travel Length 8430 861 ses7 %079 9306 9538 o077 1001 | 10072 | 1058 [ 10702 | ot | wiass [ se; | wiep [ 1oar0 | woss [ amees | semas [ 1merr | seme | re1e0 [ sasne
savingvoc| arra1 | assta | sorsr | sws | soere | ssew | sssar | seras | ssias | soson [ eromr | esers | ewso | estms | eraz0 | eowss | 7omas | 7era | 7aazo [ vese0 | smier | eorsr [ souse
Saving Travel Tim¢ 148277 | 151084 | 155784 | 1se7s | tessr0 | 16772 | a7aose | 17eass | soes> | 1ssire | 1somon | soassa | 100417 | s0aa0r | sossto | ovareo | soomse [ ossear | osros | osross | sazero | aasoss | assoro
Maamaltein passage-Tabarja Exit
Number of vehicles 3268 3408 3522 365 3173 3005 001 183 320 a1 4630 4800 4068 5142 322 5508 s701 5900 6107 a1 512 771 7008
[Travel Length 219 8507 8605 o113 o432 o762 10104 | 10a57 | soms [ 11000 | mses [ 12000 | soa0 | 1oess [ sases | 1aro [ sazse | sarss [ asoer | sser [ esss | sesar [ s
savingvoc| assz7 | amss | asewo | sises | saseo | sssso | 710 | soros | eroer | esas [ essa | eror | 7oms | ores | 7sm> [ 7oas | moere | essoo | msaze [ soaar | oose | osers [ omm
Saving Travel Tim¢_ 144565 | 140624 | 15ame1 | 1eoom | sessor | 171607 | 77707 | 1ssere | 1o0mea | soroer | oos2s [ ouoeo | otessr [ 206003 | osaove [ oazres | ososrs | osoass | semsor | orreas [ seress | sorrar | somsar
Light Trucks
Nahr el Kalb - Jeita Interchange

[ToTAL savinGs voc

[z | o | ooz | vovaren | somess | sz | assosr | sworin | osvnomn | oxmesr | aszamm | aseoono | somann | woazrs | sosmmess | sorrme | srorsora | swovesen | 1iomere | saonnze | smmmeioo | serasio | smororas |

[ TOTAL SAVINGS TRAVEL TIME

Tamase | asora00 | sasmaee | sssion | aeumsor | arseme | assnarr | assaan | 40500 | aseoses | azmres | asosae | asiosus | amoaes | azonseo | amsnges | sovarso | sumzse | sorrses | suseseo | saonswr | srsaomn | soars |




Cash Flow and Financial Indicators
. Discounted Maintenance Dl_scounted Discounted Total . Discounted ) . Discounted Time |Discounted Total | Undiscounted Net
Year Year |Capital costs : Maintenance Total Savings VOC ; Time Savings . .
Capital Costs Costs Costs Costs Savings VOC Savings Savings 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

Annual interest % for the initial cost 10% NPV IRR 12.0%
Annual interest % for the reinvested profits 12%
MIRR 12%
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Assumption Sheet

Jeita Jounieh \
" o Nahr el Kalb - Jeita Ir ge - Ir ge - _ North
DESTEEm Interchange Jounieh Maamaltein T';isasr'aagéxit Tabarja Exit|
Interchange passage [
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 $ 78.12
$ (42.3+3+7+10) :
l’foltiil sﬂf$Consu|t|ng Services (CS)in Millions 29+(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
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AT Highway - Section Nahr el Kalb-Tabar]
Saving: dule

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

[Travel Length

saving voc]
Saving Travel Ti
seita Interchange - Jounien Interchange
Number of vehicles
[Travel Length

saving voc]
Saving Travel Ti
[0unien interchange - Maamaitein passage
Number of vehicles
[Travel Length

Maamaltein passage-Tabarja Exit
Number of vehicles
[Travel Length

saving voc]
Saving Travel Ti

Taxis
Nahr el Kalb - Jeita Interchange
Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

seita Interchange - Jounien Interchange

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

[0unien interchange - Maamaitein passage

Number of vehicles

[Travel Length

saving voc]
Saving Travel Tim

Maamaltein passage-Tabarja Exit

Number of vehicles

[Travel Length

Saving vod]
Saving Travel Tim:
Pick-Up and 4 WD
INahr el Kalb - Jeita Interchange
Number of vehicles 25252 | o551 | oear2 | serer | ovsss [ oveso | omass | ooooe | zoses | sous [ somee | awsor | asoss | asess | saso [ asess | osees | asaso [ asoss | serer | armes | amors | asom
[Travel Length weoe | 1o | amae | ssse | aseer [ sseo | 1et0 | uesos | sares | ssom [ ssasr | 1seoo | eors | sesss | seseo [ seoos | 1vass | wrere [ ssoss | mses [ serer | sevyr | om0
savingvoc| essss | esior | cosse | oser | 7osss | 7asms [ vsees | veres | mssr | voser | ewes [ ssios | earss | eeass | msmis | eoors [ o | essrs | osass [ orass | eosee [ so1ap0 | sosase
Saving Travei Tind _a7si1 | wesr | sowo [ seso | serss | sz [ sosss | soems [ ooser | sosss | ouon [ oumes | ovess [ 20ses | oo | owes [ swres | owse [ oaraa | asais | s [ aewr | e
Jeita Interchange - Jounieh Interchange
Number of vehicles oot | soirs | ooer7 | oues | owme [ 2oser | ooee | ases [ aser | oasve [ asies | osees | oeass [ o7is0 | osos [ aesos | coote | oemas [ aoees | suaee [ acmas | ssoss | samee
[Travel Length o409 | oass | omer | oo | o201 [ sossse | 7m0 | soese | siovor | wissie [ sieace | 1:aaes | om0 | so7s10 | saosos [ sssese | sarais | seoras | seszes | sarers [ ssisro | sssaso | ssonas
savingvoc| asorss | soross | swser | sorass | sacesz | ssuiss [ sesoor | smoor | seerss | emers | eoever | eaesr | eseror | ersis | cocoss | oosse [ 7oroso | 7asser | veases | 7msoes | sozsms [ momess | saseor
Saving Travei Tind 126620 | 120000 | 133240 [ sses7s | 1sooss | sasess | saror2 | ssorae [ ssassz | usesso | sesso | sessen | srosss | srasse | sreres | sssers | sswrer | secems | sevres [ coorao | ooveos [ 2uacos | sisae
[30unien Interchange - Maamaltein passage
Number of vehicles wrowr | 1sss | eses | some | soree [ oover | cos | 2192 | owess | omor [ st | ossas | owes [ oarer | oses [ o | oeezs | orees [ avere | omers [ zeser | aouzr | sosso
[Travel Length agosr | areor | asoos | sozee | sume [ soves | saoms | ssase | sewe | smoas [ seses | emer | eorar | eamo | esses [ erssa | eors | 00es [ vorar | vasse [ veass | 7mss0 | soces
savingvoc| ass1s | asauz | osomss | sesess | orasre | oreses [ zsesre | cossss | soosre | sosses | siewos [ sssow | swuus | ssone [ oasoos | ssverr [ aseswo | srsrss | assir [ searze | acsss [ avezer | azsiso
Saving Travei Tind _esssr | essss | ems | esssr | 7osr | osas [ sasse | veoos | 77eos | 7esss | sieeo | mswes | esoss | ssias | oosss | ooeos | easeo | omes | oores | 02210 [ soarra | so7ses | sioons
Maamaltein passage-Tabarja Exit
Number of vehicles soies | 1s2 | soass | sores | oom [ zweor | ooesr | oo [ assas | oarms [ asess | oesss | orass | oesss | oo [ s | awsar | avews [ ases | saces [ sstee | arase | swrer
[Travel Length asteo | aroeo | asror | sz | souve [ saoos | sswos | s7eeo | sosra | eross [ easss | eesss | esros | 7ums | 7asoo [ vewe | 7sssz | seor [ saass | grare | ooars | essan | osorr
savingvoc| 240760 | aasuss | osreos | sesess | oveerr | ossowr [ zosess | sossis | siross | sersr | ssosie [ asisor | sesmos | aresss | asersr | acsssy | avrara | assoss | aaroos | secmsr | arooer | assers | sisier
Saving Travei Tind 62340 | easor | oo | eousr | 7asss | gaos0 [ veess | 7oms [ mooso | saser | s7ose | owoms | oaswe [ orase | 00000 | sossar | sosoos | suere | sisves | siosss [ soaoas | szesss | ssoers
Buses
INahr el Kalb - Jeita Interchange
Number of vehicles a6 456 4749 v o1 s00 5101 203 s34 siss 5564 5676 5789 5905 023 104 6266 6302 6520 6650 o783 6910 7057
[Travel Length 282 2328 2375 222 21 2520 2570 2622 2674 2128 2782 2038 2005 2052 012 072 a3 3196 3260 325 3301 3450 528
savingvoc| 107 | asie | ssmr | aeom | sessz | seero | iz | wrass | arioo | ssose | s | seves | sovs0 | sosaz | 1ooss | oosm | oo | omss | s | zooor | oass | zeeor | o
Saving Travel Tind acoss | azers | assss | aoerr | sosos | siees | somso | saoir | oaoo6 | seoo | o7as | sease | soszo | eore0 | ewosa | eamwrs | oaase | esrzs | erom0 | esseo | eoms | 7awam | 7ses
Jeita Interchange - Jounieh Interchange
Number of vehicles 3558 3647 738 831 3027 4025 a1z 220 4335 aasy a5 468 azes 4904 s027 5153 261 su13 5549 5687 5630 so75 o125
[Travel Length 6720 | 1m0 | weer | woor | seasr | wsote | oser | sosre | oors | oomse | ouaos | o10m9 | zoass | o0 | osees | 2amz | oasze | zoass | ssore | oe7ar | 2ras0 | osoms | zevs
savingvoc| 11067 | 11340 | 116276 | siowee | 1ooez | o216 | somses | 1msss | soaeas | 1seers | sasero | sasoro | uasess | ssoses | 1seare | soooer | soazos | sssavz | avasre | wreorr | ewsso | sesms | soosar
Saving Travel Tind sase76 | asaars | se1zss | swom7 | srosrs | seooes | sosror | aoeveo | aweoro | azoasa | asosoo | asiios | aszars | avavsr | assess | aceoss | sioss | soman | swewo | saors | seassn | svrses | soeoor
[30unien Interchange - Maamaltein passage
Number of vehicles 242 3324 407 92 3570 3669 3760 3854 3051 4049 151 251 4361 aamo ase 496 an13 av34 5057 s160 sa13 s4a5 ss62
[Travel Length a0 61 857 o079 o306 o538 o7 | w0m | ooz | so2 | o2 | mom | wems | mes | wmore | aaw | soss | azess | s | ssarr | aame | saeo | sasme
savingvoc| sseoo | s705 | seses | eoowo | ewsor | ;s | ears | esazs | evome | eoess | 7aaze | 7a214 | 7soas | eoo0 | 7eses | eomss | somss | oaoos | evoce | sooos | orase | owao | oeoes
Saving Travel Tind 173378 | 177712 | s2155 | 1e6709 | 19137 | soe1er | 201065 | 06001 | 211004 | otesos | 2210 | covase | oamra | 230003 | passr | osmop | osvaso | osmeua | zvomo | arziro | zeavse | corz0r | oomaee
Maamaltein passage-Tabarja Exit
Number of vehicles 3268 403 3522 35615 ama 3005 a0 4183 4320 aapy a3 4800 4968 512 322 5508 701 5900 6107 321 52 o1 7008
[Travel Length s210 8507 8805 ous a2 o2 | 10104 | soms7 | tomes | aoe | ssos | 12000 | soa0 | sosss | s | sero | sasse | savst | wser | asse | seass | seorr | ars0
savingvoc| swoz | ssar | sezrr | eom7 | eoazs | ewsis | esers | eoms | oiews | vares | voan | oa2s | eoo0s | esoms | msoss | omas | oasss | oveas | soose | tosseo | oseas | 11zoss | ussoso
Saving Travel Tind 169036 | 174052 | 181076 | 1e7a13 | 10373 | o072 | 207789 | o1soer | zoosee | oaoaro | osease | oasves | ossazs | zoases | oraets | 2eios | 203106 | sosses | ausoms | spaore | ssesas | aamno | ssoaos
ght Trucks
INahr el Kalb - Jeita Interchange
Number of vehicles
[Travel Length
Saving voc
Saving Travel Tim:
seita Interchange - Jounieh interchange
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
[30unien Interchange - Maamaltein passage
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
Maamaltein passage-Tabarja Exit
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
Medium/Heavy Trucks
INahr el Kalb - Jeita Interchange
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
seita Interchange - Jounieh interchange
Number of vehicles
[Travel Length
Saving voc
Saving Travel Tim:
[30unien Interchange - Maamaltein passage
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
Maamaltein passage-Tabarja Exit
Number of vehicles
[Travel Length
Saving voc]
Saving Travel Tim:
[ToTAL savinGs voc | sass.503 | sesa220 | meorara | oasrzs | 9asarea | 936776 | 0690861 | 10160222 | 10.444069 | 10.727,615 | 11,019,083 | 11,316,701 | 11,626,703 | 11,043:332 | 12,268,837 | 12,608,475 | 12.047,508 | 13301211 | 13,664,861 | 14.038.749 | 14423172 | 10816435 | 15224853 |
[TOTAL SAVINGS TRAVEL TIME [ 2830002 | 3637464 | aoaa797 | 4155084 | 4265408 | 4360850 | 4499522 | 4621493 | 4746866 | 4675739 | 5008212 | 5144390 | 5264378 | 5426267 | 5576230 | 5726324 | 5684689 | 604548 | 6210728 | 6380662 | 6555383 | 6735081 | 6919750 |
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Cash Flow and Financial Indicators
. Discounted Maintenance D|§counted Discounted Total . Discounted . . Discounted Time | Discounted Total | Undiscounted Net
Year Year |Capital costs ; Maintenance Total Savings VOC . Time Savings . .
Capital Costs Costs Costs Costs Savings VOC Savings Savings 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 3,654,578 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
Annual interest % for the initial cost 10% NPV IRR 12.0%
Annual interest % for the reinvested profits 12%
MIRR 12%
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Jeita Jounieh .
PESTERETE Nahr el Kalb - Jeita Interchange - | Interchange - M:ern:lfl_" North
9 Interchange Jounieh Maamaltein T';b 'agExit Tabarja Exit|
Interchange passage al)
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 US. $ 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



AL Highway - Section Naht el Kalb Tabarja
Savings Breakdown Schedule
Year 2011 2012 2013 2014 2015 2016 2017 2018 2019 | Introducing a mass | 2020 2021 | 2022 | 2023 2024 2025 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033
B transit system
Nahr el Kalb —Jeita Iterch: reducing 30% traffic
Number of veicies ass7as | sesoo | teomr | essio | weass | imioos | arsass | szewss | 1eoses 127768 o023 | 1mes | wasses | 1mssoo | sasoss | sasssr | ssves | waoroo | sasos | issvas | ssesss | ssaow | sesaer | sesser
[Teavel Lengin 77892 0450 81030 82050 sas1s 85000 7710 s0a73 1263 esasa esis2 eoss | oo | eviso 0533 71904 7s3es | vamso | 7eswr | 7rera | 7omse | sioo | sseas | sazos
saungvoc] sirave | sorss | sasoor | sumsso | ssosse | srioss | smasss | soaror | eosoms aszers | anszs | asoiss | asois | asssso | arrmos | asmaso | asvoos | sveoss | siross | soraze | swrora | swsrsa | ssoros
savngTave i zuze0 | owsss | oaors | zovs | gmow | osesm | owsee | aasizs | zsiom w0 | msss | weeawse | 10022 | soaocs | sovoor | oowess | coso0r | 21000 [ 214221 [ zumsos | zoomrs | zovsss | asweme
Jeita Interchange - Jounieh Interchange
Number of veicles suns | spaass | soset | oo | ssaois | ssraso | saosos | sasses | sarom 103852 wostar | tosro | wiswe | susoe | umso | oooes | 1zso; | woeres | 1oosze | wsosss | ssseso | ssozes | sazvar | sassss
[Teavel Lengin 0646 | ssaoiz | sovsss | ewuses | evosss | oasess | cewrra | evams | eosers asos03 aosser | susw | saaus | sao | ssoswo | soamss | svesas | sopoms | eorers | exaooo | esmses | esasas | erosnz | emvess
saungvoc| amoosr | assseis | sosoowo | sososss | awsoass | azeroos | asossso | asoaoss | astesss o203 | asvsar | sasoizs | sserisi | sssssoo | sariz | semsano | sesvass | aoasess | arssros | speorss | aseeaos | assesss | asssazo
Savng Travei Tind 1560765 | 1600000 | teaspsa | seoouss | 1rsziar | irveoss | 1sposs | sesos | ouzeos o205 | 1avesoz | vaarrer | sareu | ssurs | sssaees | wsoreas | vemizer | sevaoos [ a7iseos | s7sesss [ ssoos7o | ssssses | teorras
[sounien interchange - Maamaltein passage
Number of veicies sosss | wmzs | mezo | wower | wooues | 1xao0 | smesso | ssisss | ssame sas1o 95738 ooise | towess | somrs | e | osaso | wzies | wacor | viees | 1eomsz | 1oasss [ 126020 | sso102 | sssasa
[Teavel Lengin 2z | ooaoos | aoeerr | soesss | siso | sassio | sssess | suow | ssosis 205381 5519 | osraor | ceazse | oromss | o7emo | owaso | oowsss | oosors | soessi | sz | spioss | ssoous | aseass | ssrar
saungvoc| toiomws | tossies | aoo7iz0 | zosroos | zuosrar | ziewass | oosass | zovosr2 | zszmeas asrooss | 1ruissr | wrsasss | 1rosion | ieasier | 1esosa7 | tossres | 1omszos | oasss | zoms7or | 21svess | 210106 | 2aesors | 2sozaso
savng Trave Timd 70154 | euze0 [ ewsser | esoae | emsewr [ eosast [ ouees | oaorso | sessio eoissz | 7oviss | 7aeors | 7asvr | 7esmo | vesis | eocsss | soass | sasoos | ssaoro | ssseso | covess | ososis | ossrer
Maamaltein passage-Tabarja Exit
Number of veicles nz0s | wewo | so0105 | sossor | vowms | sswer | ssess | sazvse | sarmso 103125 oross | moror | viases | vsess | sosse | 1omise | assss | waeion | vaooss | eseor | ssoowr | ssese | sewrse | sevass
[Teavel Lengin 2oos0s | o025 | aoossr | suoos | spsso | sssiss | sassss | ssesss | ssors 2sas62 stz | oreors | osesrs | 2060 | soross | sieso | sasoss | saoars | ssaser | searas | s7ravs | svoros | avssso | aresua
saungvoc| sezsro | tozr7e0 | oosest | zossoss | zusaz | opious | oomosza | zsseron | sasaeas arisoss | 1swoisr | wossor | soroiso | zoaoss | zuosse | zisasis | zosoves | 2saveos | 2421792 | zsoesss | zsoazss | sessoss | arronss
sawngTaveiind 77ies | 7osess | sposos | msssor | mssao | owose | oassss | omar | sowsoor 7osies | vewzs | essos | sicior | ssares | svasmo | ooaose | osesos | ososse | 100s31a | soseaso | ovars | aisesee | misisas
Taxis
Nahr el Kalb - Jeita Interchange

Number of veicles 2620
[Teavel Lengin 2620
Saving vod]
Saving Travel Tim
[seita nterchange - Jounieh nterchange
[Number of vehicles 2130
[Teavel Lengin 0013
Saving vod]
‘Saving Travel Tim
[sounien interchange - Maamaltein passage
[Number of vehicles 1002
[Travel Lengin s0ta
Saving vod]
‘Saving Travel Tim
Maamaltein passage-Tabarja Exit
Number of veicles 2128
[Teavel Lengin a0
Saving vod]
Saving Travel Tim
Pick-Up and 4 WD
Nahr el Kalb - Jeita Interch:

[Number of vehicles 25252 25757 26212 26797 2 27880 23 20006 20580 200 2125 250 | zom | zes 22880 zz zm0 | s | sy | zsoan | osvsy | zeess | zems | v
[Teavel Lengin 12626 2878 15130 1s390 15087 15910 0210 4503 10793 10385 10582 worra | sooss | iz 11433 1682 nees | o | o | sees | veers | amm | mass | amems
saungvoc| _sssss sss12 87223 8067 ooris 2581 saas o501 o527 o134 75w | 7eoer | qaser 5015 77434 ez | eossz | sara | seew | eswss | e | ssew | oo
‘Saving Travel Timd__ 21707 2102 22584 23030 25107 25067 205 20935 25134 18150 w23 | ssses | soms 10057 20050 21 | o0 | 2o | s | oew | zsw | zaom | zum
Jeita Interchange - Jounieh Interchange
[Number of veicies 10681 P 20617 21190 21720 22287 282 2z Z9m9 16785 7205 wes | s | aeses 10991 10466 w2 | o1 | zoome | oues | ceoes | zsma | zmm |z
[Teavel Lengin 2430 oan1 oris1 oot | topior | owsss | oo | sows2 | weron e300 soas3 smsa | sioss | swoso sozs7 1489 oarts | ooiz0 | omses | woves | oasn | 106009 | soerst | muam
sangvoc] ewasr | ewsis | ewsss | esusr | eros | eowoor | mioera | 7soom0 | vamsse swozs | ssoos2 | seewo | svezia | sozees | eorass | czzerz | camean | esmaws | evosso | ewvane | vosswr | 7emoe | vamsn
savngTaveiTind tso0sz | 1es00r | eroms | smizeo | wmsss | om0 | sewzs | sswoss | sosmes w26 | sazsvz | weoms | sesms | asuso | asrows | aewzm | osose | esaso | wraees | azvoes | ssaass | sscers | sowses
[sounien interchange - Maamaltein passage
[Number of vehicles e 1m0 eas o316 0799 20294 20002 232 21885 15298 681 w03 | sears | aeess 7309 a1 aees | s | 1005 | soses | ooora | oo | ziom | zews
[Travel Lengin aso37 7o az08 0222 1478 s2765 4084 ssi30 sea22 30775 o170 as0 | aosss | asoos asoz w121 a1 | anass | soore | sowe | seies | saase | sesm | sexe
saungvoc] soossr | siraos | sassas | ssarr | susis | ssoseo | ssomo | sseoss | srrews 2oz | omem | sy | omsor | zeemis | aoeese | auwses | sumr | aveeas | ssoee | asesa | assise | asaorr | arawe
‘Saving Travel Timd__sots2 s210 4201 57 8505 oor1s o2086 st o7693 70005 mmr | 7seas | 7oass 1372 9300 @z | swer | osaoe | erson | eores | oo | sezo | osemw
Maamaltein passage-Tabarja Exit
[Number of veicles 1180 o820 083 20165 20811 21600 2237 Z0 Z009 6785 731 woso | seser | o o011 20608 230 | 2o | zess | zaean | owrs | zswma | zeewn | enm
[Teavel Lengin asis0 7050 agro7 soaz 2176 54003 ssa93 s7a19 soa7a a9z azam0 aanor | asass | asoos o778 1520 s | s | snz | sz | ouw | eamm | s | e
saungvoc] soois | siso | spsar | ssrse | swewsz | ssesm | smuzs | ssanr | sorsee s | ooens | womses | awsase | awosss | aaows | aseows | someso | avevms | aoeseo | aveews | scoseo | aasess | asoem
Saving Travel Timd__ 78174 o010 sz 85673 sor0s ozms 95096 ooso | 1070a0 4580 o0 | 7osee | soess sss2 ses78 o670 | ouser | omon | womees | 0203 | sosmes | 11zeee | mesao
Buses

Nahe el Kalb - Jeita Interch:

Number of vehicles asss 4556 a7 ana a1 00 101 5243 s araa 80 3005 073 052 am 215 a0 s | s | aser | asss | ams | s | a0
[Teavel Lengin 2282 2528 2375 2022 2071, 2520 2570 2620 267 1572 1900 1908 1986 2026 2067 2108 2150 29 | 2w | zee | zm | o | e | am
saingvoc| _1e01a 19323 19700 20103 20505 20015 21334 21750 22106 15048 16165 ssims | sais 17150 17497 woar | 04 | eses | esa | 1ome | sovos | zooss | zosm
Saving Travel Timd__ssas1. o0ss 61230 62483 6313 sas87 65287 67012 085 as2a1 sz | sz | swss ss00 4386 sstsa | sosez | svoms | seswr | ooos | eizes | eeass | esee
Jeita Interchange - Jounieh Interchange
[Number of vehicies s 3647 a7 01 027 025 a1z a2 s 0 a0 218 260 320 e 50 3007 07 | a9 | sees | me | aom | wm | amr
[Teavel Lengin 16721 17130 17567 18007 18457 18918 19301 19875 20373 4261 14617 14983 sss | asran 16135 16538 w952 | arare | w0 | eess | emz | some | toese | zmso
savngvoc] ssares | sazess | wasso | s | ssswor | sswer | seosss | ssaoo | 1sooss o125 | oamse | worawr | saosss | amween | sase | saoo | sese | sareza | asisio | ssaos | soweo | seawee | sevees
saving Travei Tind _asiz20 | aszoor | assos | asssr | arsosr | asvsss | soooes | swsss | sasaon areors | amsoes | aoeoss | aosom | im0 | azesiz | aarwrs | asmos | aseaor | avorso | amosso | svseza | sosems | sises
[sounien interchange - Maamaltein passage
Number of vehicles 242 e 2007 2102 s 3060 760 o5 051 2765 2635 2005 207 2053 3120 3207 287 w0 | wst | w0 | o | amo | wmw | awe
[Teavel Lengin 8130 8641 857 o070 9306 o535 o777 10021 10272 7190 7370 7554, 7743 7037 8135 sz 57 aor | e | wos | oam | oo | omz | om0
saungvoc| _esors 71722 3515 75353 77237 o168 1147 85170 85255 1m0 ez | owzer | esara 6751 o200 09 | 72z | vas | 7swmss | vmws | eozss | eeaee | meaze
savngTraveiTnd 217415 | zoosst | oomize | zsuss | gsooss | oesoms | osoiss | zswass | asesoo 190065 | o7 | 1oose | oose0 | oowrer | zisosr | zooms | zosose | zmse | zavass | zemaoo | zesame | zsserr | zsaoor
Maamaltein passage-Tabarja Exit
Number of veicles 280 2402 522 30t ama 905 001 a8 420 031 2137 3245 3360 2 3500 arzs 3050 w0 | am | e | sz | sn | ao | e
[Teavel Lengin 8210 8507 8505 o113 132 o762 10100 10057 10823 7576 7842 8116 8400 ss0u. 8008 a3 9630 oor | wme | weer | noss | nas | ues | 1z
saingvoc| _esz21 70508 73080 5637 5285 81025 ssast 85796 soa3a = o2 | om0 | 7m0 74680 77300 o005 | eoeos | esios | sevos | omeos | osos | seawr | soaee
savngTraveiTind _zuio7 | zws0 | ozioss | gwsowr | sasar | osies | ososer | ossesr | zroize 2z | aows | mesm | sewzz | zozoe0 | zaowse | oamsen | zsvame | zoeves | zvsmsa | zesss | zsees | aossve | aweera

Light Trucks
Nahe el Kalb - Jeita Interch:

Namber ofvfices i | on [ sw | aw | e | s | wn | s | s 20 i | mw | o | wn | om | owm | ww | e | e | o0 | o | ow | s | wm
el Lengin P I N T I T I e Y 25 o | e | o | e | e | ww | wae | swr | e | s | ssw | e | s | o
saongvod] szwss | s | w0 | wweeo | s | woros | o | | e woiss | woser | oors | wwosr | v | wsn | | veoor | sz | sowwe | sme | oo | ssesr | sz
S tvel Tz |20 | oon | o | g | g | os | zm | som P T e e I N B I e I e R O
Yo erehange Jounieh mrchange
Nomber ofvfices N T N N = N I e =) oo P R PR e I I e P T R e T R
el Lengin oz | e | wser | e | e | swrw | e | o | s ou0e oo | o | oo | aowss | o | wows | e | aves | awer | voou | oss | a0 | sower | swm
Saongvod] _sisss | wwer | oo | sesrr | oo | o7 | somss | om0 | sussso soo2s | woooe | wore | ooare | om0 | oossw | ooss | ossze | orso0 | oooss | soaase | souoer | somees | saomas
Savng Trovel T _sooes | souss | sos | zomo | zowso | zuss | oo | oo | omon sosro | seosr | arass | s | uweor | sorse | awees | aoros | zouoe | cormn | zizo | eumao | zezs | oo
Souien inerchange - aamalian passae
Namber ofvfices s | v | mo | mw | wa | o | aw | me | e oo | e | ww | s | ww | o | aw | oo | oo | o | ow | om | mw | wm
el Lengin s | oo | s | s | om | ew | ew | w0 | om a2 P N T e R I T e e T e R TR
samavoc] sz | asos | ey | o | soows | war | s | st | swew wosts | s | o | sosao | wasss | asow | o0 | avoso | aoisa | sowr | rewr | eoom | oo | wseus
St tind _oss0 | oo | oo | aoeos | aosss | soms | wowr | s | em wosr | o | wm | oo | o | o | o | oose | toiss | sossr | o | rooee | s | e
Woamaten passage Tabara i
Namber ofvfices s | wa | ww | aw | aw | mn | we | ow | e o o | mm | e | e | wow | aw | s | o | ome | oo | oo | ew | s |
el Lengin sor | s | s | eon | wn | ew | ww | en | uw wonr e | e | s | wme | ww | e | e | w0 | o | ro0 | vows | st | ws | oow
samavoc] _wow | w2 | wsor | wosso | suoss | swwr | sz | s | soom oo | sy | asoss | amos | wooss | coms | sermo | saess | sesen | sesor | eosss | aore | omer | omss
st tind _sso1 | osr | ooss | aosse | aowos | mow | s | e | 1eem s | o | o | oo | o | o | oows | wame | a0 | oo | oses | voow | ssr | soer
WedtumHeay Tricka
o o Kalb et merchange
anberof eices oo
el Lengin a0
Savmgvod
Saving TrvelTim
et merchangs Joumen merchange
unber o venices o
el Lengin 500
Savmgvod
Saving TrvelTim
Souien inerchange - aamaiian passage
nber o veices o
el Lengin sz
Savmgvod
Saving TrvelTim
Woamaton passage Tabara i
unber o vehices o
el Lengin o0
Savmgvod
Saving TrvelTim
[ForaL savnGs Voo T omremn [ omsery | o | tiaseses | mimseis | veomams | szaeazs | izmsover | ssomees | [ sasams | wooion | swase |z | ommses | ormoars | iarssss [swwssen | sesesvn | sonenes | suseees | svevervs | svvvem | sosoes |
TOTAL SAVINGS TRAVEL T [ samem | ssmsoo | soroee | saumser | saimsm | savaewm | soszam | srosome | sosaso | T aarosas | assoam [aswsous [ aswezr | avouoso | assuors | soamms |savssan | someoe | sasnrrr | summos [ srsuss [sorzon [aorasst |
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Cash Flow and Financial Indicators

Report Alg

Year Year |Capital costs Dis.counted Maintenance N?;?r?ti;r:r?ge Discounted Total Savings VOC Disfcounted e Saviins Discoun'Fed Time Discoun'Fed Total| Undiscounted Net Cash
Capital Costs Costs Costs Total Costs Savings VOC Savings Savings 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

Annual interest % for the initial cost 10% NPV IRR 15.8%
Annual interest % for the reinvested profits 12%
MIRR 13%
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Assumption Sheet

Report Alh

Jeita Jounieh
. . Nabhr el Kalb - Jeita Ir ge - Ir ge - _ North
PESEEED Interchange Jounieh Maamaltein TZ?)S;?EXII Tabarja Exit|
Interchange passage !
Total number of vehicles in 2011 194244 151389 137978 139904 102624
Designation Amount Amount Introducing a mass transit system,
i ffic, L=10Km, 2 idth,
Total of Civil Works (CW) in Millions of U.S. B S0 e, L= 0, o
$ 42.3+3+7+10 62.30
Total of Consulting Services (CS)in Millions Total in Millions of U.S. $ 40.00
of US. $ 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



A1 Highway - Section Naht el Kalb Tabarja
Sa

wings Breakdown Schedule
vear 2011 2012 | 2013 2014 | 2015 2016 | 2017 2018 | 2019 | Introducing amass | 2020 2021 | 2022 | 2023 2024 | 2025 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033
Passengers cars transit system
Nan el Kalb - Jeia Interch: reducing 30% trafic
umber of veficles oo | seeoo | teoorr | tesao | seseos | iiowe | wame | tresss | sessas 127758 3023 | tsow | osews | a0 | samons | sasswr | seeres | wioroo | ssasos | sssvas | sssess | reooso | sesoms | sesser
[Travel Lengin e | w0 | siose o | s N w3 | owes eses esisz osies | ormoa | oo 053 | 7i0aa 7w | vasso | 7esr | 7rere | 7oase | s | moear | ewzes
savngvoc] suao | sevsss | samosr | sessso | sosss | oriom | swdsa | seawe | cosoms aspers | amsos | asorss | asowss | asssmv | armros | asaso | asroos | soooss | stwoss | sorazs | swrora | samrsa | ssoros
Soving Trave Tmd 214260 | owesss | ozaose | zovsma | omom | s | oaxe | saeize | ssws wrozs0 | esss | weeawr | w0z | souzs | soroor | oowess | os0r | 2a00e0 | ovazer | oaesos | zosers | zevams | oswers
Jeita Interchange - Jounieh Interchange
umber of veficles o | s | vrsm | soorso | ssaoe | s | taoss | sasszs | sarem 103552 et | weros | wsw | wese | umso | soooss | oo | soetes | oo | rassss | wsseeo | wswese | sazvar | aeme
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Nahr el Kalb - Jeita Interchange
Number of vehicles 2620
[Teavel Lengin 2620
Saving vod]
‘Saving Travel Tim
[seita nterchange - Jounieh Interchange
[Number of vehicies 2130
[Teavel Lengin 0013
Saving vod]
‘Saving Travel Tim
[sounien interchange - Maamaltein passage
[Number of vehicles 1002
[Teavel Lengin s0ta
Saving vod]
‘Saving Travel Tim
Maamaltein passage-Tabarja Exit
[Number of veicles 2128
[Travel Lengin a0
Saving vod]
Saving Travel Tim
Pick-Up and 4 WD
Nahe el Kalb - Jeita Interch:

[Number of vehicles 25252 25757 26212 26797 2 2780 203 20006 20580 200 21125 250 | zom | zes 22880 zz zm0 | s | sy | zson | ovsy | zeess | zems | ez
[Teavel Lengin 12626 2878 15130 1z 15067 15910 0210 4503 10793 10385 10582 worra | sooss | iz 11433 162 nees | o | e | sees | veers | amm | mass | ssems
saingvoc| _sssss sss12 87223 8067 ooris 2581 saas o501 o527 o134 75w | 7ooer | qasr 5015 77434 ez | eossz | sara | seew | esuss | e | ssew | oo
‘Saving Travel Timd__ 21707 2102 22584 25030 25107 25067 20415 20935 25134 18150 w23 | ssses | soms 10057 20050 21 | o0 | 2o | s | oew | s | zaom | zum
Jeita Interchange - Jounieh Interchange
[Number of vehicles 10681 ) 20617 21190 21720 22287 28 2z Z9m9 16785 725 wes | s | e 10991 10460 w2 | zoas1 | zoome | oues | zeos | zsma | zmm |z
[Travel Lengin 2430 oan1 oris1 ooeut | sopior | ossss | oo | sowse | weron e300 soas3 smsa | sioss | swoso sozs7 1489 oarts | ooiz0 | omses | woves | oasn | o009 | soerst | muam
sangvoc] ewasr | ewses | ewsss | eswsr | eros | eowoo | mioera | 7soom | vamsse swozs | ssoos2 | seewo | svezia | sozees | eorass | czzerz | camean | esmws | evosso | ewvawe | vosswr | 7emos | vamse
saungTaveiTind tso0sz | tes00r | eroms | smizeo | wmsss | om0 | ewzs | sssoss | sosmes wooozs | sazsvz | weoms | sesrs | asuso | asrows | aewzze | osose | esawo | wraees | avvoes | ssaass | sscors | sowses
[s0unien interchange - Maamaltein passage
[Number of vehicles e e300 eas o316 0799 20294 20002 232 21885 15298 681 w03 | sears | aeess 7309 71 aees | s | 1005 | soses | ooora | oo | ziom | zews
[Teavel Lengin aso37 7o az08 0222 1478 s2765 4084 ssi30 sea22 30775 o170 as0 | azsss | asoos asoz w121 a1 | aoass | soore | sowe | seies | saase | sesm | sexe
saungvoc] soossr | simaos | sassas | ssarr | susis | ssoseo | ssomo | sseoss | srrews 2oz | omem | zeaasr | omsor | zeems | aoeess | auwses | soumr | aveeas | ssoee | asesa | assise | asaorr | arawe
Saving Travel Timd__sotsz s210 4201 57 8505 oor1s o2986 osaut o7693 70005 mmr | 7seas | 7oass 1372 9300 @z | swer | osaoe | erson | eores | oo | seeo | osezw
Maamaltein passage-Tabarja Exit
[Number of veicles 10 o820 083 20165 20811 21600 2237 Z0 Z009 6785 731 woso | seser | oz 10011 20608 230 | 2o | zess | zaean | owwrs | s | zeewn | enw
[Teavel Lengin asis0 7050 agro7 soarz 2176 54003 ssa93 s7a19 soa7a a9z azam0 aanor | asass | asoos o778 1520 s | s | snz | sz | ouw | eamm | s | e
saungvoc] sowois | siso | spsar | ssrse | swewsz | ssesm | smuzs | ssanr | sorsee s | ooens | womses | awase | awoss | aaows | aseows | someso | avesms | aoeseo | aveews | seosen | aaseas | asoem
Saving Travel Timd__ 78174 o010 sz 85673 sor0s ozms 95096 ooso | 10700 7450 o0 | 7osee | soess sss2 sss78 o670 | ouser | omon | 1ouees | 0203 | sosmes | 1zeee | e
Buses

Nahe el Kalb - Jeita Interch:

Number of vehicles asss 4556 aza9 ana a1 00 101 5243 s 74 80 3005 073 052 am 215 a0 was | s | aser | asss | ame | s | a0
[Teavel Lengin 2282 2528 2375 2022 201 2520 2570 2620 267 1572 1900 1908 1986 2026 2067 2108 2150 29 | 2w | zee | zm | s | e | am
savingvoc| _1e01a 19323 19700 20103 20505 20015 21334 21750 22106 15048 16165 ssms | sais 17150 17497 woar | 04 | eses | esa | 1ome | sovos | zoose | zosm
Saving Travel Timd__ssas1. 6o0ss 61230 62483 6313 sas87 5287 67012 085 as2a1 sz | s | swss ss00 4386 sstsa | sosez | swoms | seswr | ooos | eizes | eeass | esese
Jeita Interchange - Jounieh Interchange
[Number of veicies s 3647 a7 61 021 025 a1z a2 s 0 a0 218 260 320 e 50 3007 w07 | a0 | sees | me | awom | wm | amr
[Teavel Lengin 16721 17130 17567 18007 18457 18918 19301 19875 20373 4261 14617 14983 sss | asan 16135 16538 w952 | arare | w0 | eess | emz | some | soese | zmso
saingvoc] isares | sazess | wasso | s | ssswr | sswer | seosss | isaowo | 1svons o2 | omse | womawr | saosss | amween | samse | saoo | sasie | sareza | asisio | ssaos | asoweo | e | sevees
saving Travei Tind _asiz20 | aszoor | assos | asssr | arsosr | asvsss | soooes | swsss | sasaoo areors | amsoss | aveoss | aosom | im0 | azesiz | aarwrs | asmos | aseaor | avorso | amosso | svaeza | sosems | sises
[sounien interchange - Maamaltein passage
[Number of vehicles 242 e 2007 2102 s 3060 760 o5 051 2765 2635 2005 207 2053 3120 3207 287 w0 | wst | a0 | o | amo | mw | awe
[Teavel Lengin 8130 8641 857 o070 9306 o535 o777 10021 10272 7190 7370 7554, 7743 7037 8135 sz 57 aor | e | wos | oam | oo | omz | om0
savngvoc| _eso73 71722 3515 75353 77237 o168 1147 85170 85255 10 ez | euzer | esara 6751 69200 9 | 72z | vas | 7swss | vmws | eozes | eeaee | meaze
savngTaveiTind 21415 | zoosst | oomize | zsuss | gsooss | oesoms | oseiss | zswasm | asesoo 190065 | o7 | 1oose | osee0 | oowrer | zisosr | zooms | zosose | zmsve | cavass | zemaoo | zesame | zsserr | zsaoor
Maamaltein passage-Tabarja Exit
[Number of veicles 280 2402 522 30t ama 905 001 a8 420 031 2137 3245 3360 ) 3500 arzs 3050 w0 | e | s | sz | aw | em | s
[Teavel Lengin 8210 8507 8505 o115 132 o762 10100 10057 10823 7576 7842 8116 8400 E 8008 a3 9630 o7 | wme | weer | noss | nas | ues | 1z
saingvoc| _esz21 70508 73080 5637 5285 81025 ssast 85706 soasa = o2 | om0 | 7m0 74686 77300 o005 | eoeos | esos | sevos | oson | osos | seawr | soavee
savngTaveiTind _zuio7 | zws0 | ozioss | gwsowr | sasar | osiss | ososer | ssses | zroize 22z | oows | zesa | seazz | zazoe0 | zaowse | oamsen | zsvame | zoeves | zvsmaa | zesess | zesess | aossve | aweera

Light Trucks
Nahr el Kalb - Jeita Interch:

Number of veicles o1 071, 3132 3195 3250 e En 3058 3528 2060 2510 2560 2620 2673 2726 B 2835 205 | 20m | aow0 | o | s | s | s
[Teavel Lengin 1505 1535 1565 1508 1620 1562 1605 1720 1764 1235 1250 1285 1510 1535 1563 1590 1018 s | aars | wss | wsws | asee | wsor | e
saving voc| 12495 zmas 15000 15280 15525 15795 4071 4383 4510 10453 ooz | tosrs | iom 131 usu | o007 | szoar | sawse | womae | weowr [ wesr | wsse
Saving Travel Timd__ 2588 2640 2603 2747 2000 2058 2015 2073 3032 2165 2208 2253 2208 B 2501 2038 27 | o537 | oses | gew | asw | oms | o
Jeita Interchange - Jounieh Interchange
Number of veicles 2047 2005 2065 2527 2500 2655 2721 2780 2850 2001 2051, 2105 2155 2200 2260 2521 2570 2 | 0 | zse2 | zee | asw | oveo | oms
[Teavel Lengin 11020 11300 uiser nsTr 12174 12478 12790 15110 157 405 9541 o552 o120 | 0383 10602 10008 st | wue | wrar | seom | azsee | wesw | v | 1sr
savngvoc| _sisss osa7 o617z o7 | woiosr | osser | womss | sosso | susw o023 o020 | swora | swire ss330 90539 oz | osiz | omsoo | oooss | woaass | oaosr | soveze | 1ioms
‘Saving Travel Timd__ 1961 10430 0021 20410 20030 2183 21980 2253 25108 16576 oo | sras | amess 18207 15750 10223 | 1o0a | 20106 | goror [ 21210 [ orva [ 22203 | zems0
[3ounien interchange - Maamaltein passage
Number of veicies 2130 219 2247 2503 2581, 2020 2080 2512 2605 1020 1570 1016 1064 2013 2060, 2115 2168 220 | 2oi8 | 23w | zsws | aass | s | osm
[Teavel Lengin sso1. 5700 S84z S 6135 6201 sass 610 6775 742 as61] 083 5107 5235 E 5500 5637 s | sozs | eom | es | eam | esm | eow
savingvoc| _ssis2 7308 a0 aoro1 o013 2217 ss522 sams1 se232 o3t e I T aasss ot asto0 | amoso | sotse | soser | siowr | sooss | sz | ssews
Saving Travel Tind__ 560 o799 0014 10205 10553 o816 11087 1380 e 8357 o5 B 9000 o225 sass) 9502 o3 | toms | soss7 | osos | oo | miza0 | msar
Maamaltein passage-Tabarja Exit
Number of veicles 2160 2244 2525 2000 2085 2576 2665 2750 2055 1000 2060 2101 2216 220 257 2057 2513 23 | 220 | om0 | zow | a0 | sizs | sem
[Teavel Lengin 5021 s611. 5507 6o 6221 6430 e 6507 7130 007 5172, 5353 S50 B 5035 6143 = oo | eon | 7owo | 72 | 7ss1 | e | soss
saving voc|_adger ass72 as202 om0 s1635 sz ssa12 s7218 soz52 2928 aust | asoms | amsos o261 o085 sz | suews | seszs | smsor | eosst | ezera | eassr | eviss
Saving Travel Timd__ 321 9647 o085 10334 10606 1070 148 1m0 12214 8502 920 9526 950 10200 10581 woost | mas | wroo | seno [ ases [ woome [ 1w | sseor
MediumiHeavy Trucks
Nahr el Kalb - Jeita Interchange
[Number of vehicles 001
[Teavel Lengin 9%
Saving vod]
‘Saving Travel Tim
[seita nterchange - Jounieh nterchange
[Number of vehicies 1614
[Teavel Lengin 7585
Saving vod]
‘Saving Travel Tim
[sounien interchange - Maamaltein passage
[Number of vehicles 1
[Teavel Lengin 3025
Saving vod]
‘Saving Travel Tim
Maamaltein passage-Tabarja Exit
Number of veicles 162
[Teavel Lengin a0
Saving vod]
‘Saving Travel Tim

[ForaL savnGs Voo T omremn [ omser | o | tiaseses | mimseis | veomams | szaeazs | izmsover | ssommes | [ sasams | wooion | swase |z | ommsen | ormoars | arssss [swwssen | sesesrn | snenes | suseees | svevervs | svvvem | sosoes |
TOTAL SAVINGS TRAVEL T [ eamem | ssmsoo | sorome | samser | saimsm | savaewm | soszam | srosome | sosaso | T aarosas | assoam [aswsous [ aswezr | avouoso | aosuors | sommms |sasssan | someoe | sasurrr | summoss [ srsuss [sorzon [aorasst |

Report Alh



Report Alh

Cash Flow and Financial Indicators
. Discounted Maintenance D|§counted Discounted Total . Discounted . ’ Discounted Time |Discounted Total | Undiscounted Net Cash
Year Year |Capital costs ; Maintenance Total Savings VOC R Time Savings . R
Capital Costs Costs Costs Costs Savings VOC Savings Savings 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

Annual interest % for the initial cost 10% NPV IRR 12.7%
Annual interest % for the reinvested profits 12%
MIRR 12%
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