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• The connection of the S.Akkar WF to the 220kV grid was conceptualized to with twin transformers with the purpose of load sharing and additional reserve capacity. 

Nevertheless, the final rated capacity of each transformer along with their complementary equipment shall be determined in the detailed design phase. 

This will follow the securing of the locations and selecting the models of the wind turbines, which define the MV collection system. 

The figures noted in the preliminary SLD are indicative only. 
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1. INTRODUCTION 

1.1 Background 

The Lebanese government has committed to provide 12% of the country’s electricity demand from 
renewable energy sources by 2020, during the 2009 Climate Summit in Copenhagen. Accordingly the 
Ministry of Energy and Water (MOEW)/ Lebanese Center for Energy Conservation (LCEC)1 prepared a 
‘Policy Paper for the Electricity Sector’ (2010), which was followed by ‘The National Energy Efficiency 
Action Plan for Lebanon’ (NEEAP 2011-2015) and finally ‘The National Renewable Energy Action Plan 
for the Republic of Lebanon’ (NREAP 2016-2020). The overall strategy comprises four main paths to 
reach the 12% target: Solar energy, Hydropower, Biomass, and Wind energy. 

Invitations to bid on wind power projects were launched in 2013. In July 2017, the Council of 
Ministers (COM) approved three permits for private companies to operate wind farms in Akkar, 
North of Lebanon, with a total capacity of approximately 200 MW. 

Sustainable Akkar (SA) is one of the three private investors, selected to build an 82.5 MW Wind farm 
power plant.2 SA has partnered with Tefirom İnşaat Enerji Sanayive Ticaret A.Ş (Tefirom), a Turkish 
construction, engineering and contracting firm with experience in wind energy projects. See Project 
Proponent details in Table 1. Sustainable Akkar will be responsible for all aspects of the Wind farm 
Project including financing, design, construction, operation, maintenance, and decommissioning. The 
farms will be connected to the national grid and the generated power will be purchased by the 
government for a period of 20 years, subject to terms and conditions defined in the relevant Power 
Purchase Agreement (PPA). 

Given the type and scale of the development, and according to the requirements of the PPA, 
selected contractors must complete an Environmental Impact Assessment (EIA), which must be 
finalized within 18 months from PPA signature. Accordingly the Consortium has selected ECODIT 
Liban to conduct the required environmental study.  

Table 1- Project Proponent Details 

Composition Nationality Description 

Sustainable Akkar SAL Lebanon Project Proponent, and owner 

Tefirom Turkey Engineering firm, and contractor  

ECODIT LIBAN Lebanon  Environmental Consultant 

 

1.2 Study Objectives 

Power generation and supply projects are listed in Annex 1 of the Ministry of Environment (MOE) 
Decree 8633/2012 “Fundamentals of Environmental Impact Assessment (EIA)”. The Project thus 
requires a full EIA study.  

1.3 EIA Requirements 

SA will seek international financing for the Project; concerned lenders thus require the development 
of an Environmental and Social Impact Assessment (ESIA). As such, the ESIA report will be prepared 
in accordance with Lebanese legislation, as well as international funding requirements.  

                                                           
1 The LCEC is a governmental organization affiliated to the Lebanese MOEW, and is the Ministry’s 
technical arm in all subjects related to energy efficiency, renewable energy, and green buildings. 
2 The two remaining investors, Hawa Akkar and Lebanon Wind Power, also intend to build a 60MW 
wind farm each, in Akkar. Relevant EIA studies are currently underway. 
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The regulations and guidelines governing the ESIA implementation will include the following: 

 “Fundamentals for Environmental Impact Assessment”; Decree no. 8633/2012. 

 Guideline report on “Environmental Impact Assessment for Wind Farm Developments”, 
developed by UNDP CEDRO in 2012. 

 International Finance Corporation (IFC) Performance Standards on Environmental and Social 
Sustainability. 

 IFC / World Bank Environmental Health and Safety (EHS) Guidelines. 

This scoping report provides an overview of the proposed project, delineates the ESIA scope, and 
identifies key project impacts to be assessed in detail at the ESIA stage. 
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2. DESCRIPTION OF THE PROJECT AND STUDY AREA 

The Project is located in Jabal Akroum - Akkar Caza/North Governorate, and consists of installing 
approximately 25 wind turbines along the Jabal Akroum ridge, which would generate a total installed 
power capacity of 82.5MW. The budgetary size of the project investment is USD 125 million 
including procurement, construction, and operation. 

The project will be based on European Wind Systems Technology, using the 3 MW wind turbine 
platform (i.e., turbines with larger capacity may be installed so the total number of turbines used can 
be reduced). These wind turbines will have a hub height varying between 80 and 100 m.  

Jabal Akroum is a prominent mountainous area characterized by high wind speeds (>9m/s at 80m 
a.g.l.), and corresponding high power density - See Figure 1 (Project location in Cyan polygon). 

Figure 1- Central Estimate Wind Map (Left) and Corresponding Power Density (Right) at 80m a.g.l. 

 
Source: National Wind Atlas of Lebanon (CEDRO, 2011). 

The overall Project area is approximately 10KM2, which has been secured by SA with 25-year 
extendable lease agreements from local owners. We note that lands in Akroum have not been 
surveyed yet so all property claims are documented by “ilm wa khabar” (علم وخبر), duly signed by the 
local mokhtars.  

Large nearby towns include Kfartoun and Akroum to the East, as well as Aandqet and Qoubaiyat to 
the West. The site is close to the international border between Lebanon and Syria, with the 
narrowest distance to the border, at the South of the site, being about 1KM - See Figure 2.  

The project proponent is currently conducting a wind measurement campaign by installing three 
meteorological masts on site. ENISOLAR, a Turkish engineering firm, supplied and installed these 
masts, fully equipped with solar-powered data loggers and calibrated sensors. The data generated 
by those masts will serve as a final warranty validation by the manufacturer. They will be correlated 
to the data obtained from the first measurement campaign that was conducted by SA in 2013.  
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Figure 2- Project Location and Nearby Towns 

 

The Project Proponent has conducted a preliminary road survey to explore routes for transporting 
the equipment from the Tripoli seaport through Abboudieh, Fraidis-Khalsa road network arriving at 
Jabal Akroum. The transport route from Tartous, Syria, is currently not a feasible option due to 
security issues. Other alternative transportation methods and routes are under consideration. 

The final Project layout is expected to be completed beginning 2018, based on which a geotechnical 
survey will be conducted to determine the soil conditions for the design and construction of the 
wind turbine foundations, access roads, compound and hard stands.  

The generated electric power will be connected to the grid by installing either: 

i. A 34.5/66kV substation on site substation on site that is connected directly by a 66kV line to 
the overhead line that recently crossed the wind farm, or  

ii. A 34.5/220kV substation on site that is connected directly by a 220kV line to the overhead 
line that crosses the wind farm.  

Sensitive ecological sites have been identified to consist of migratory birds’ bottlenecks of Wadi 
Oudine, which was also mentioned in the Strategic Environmental Assessment of Lebanon’s 
Renewable Energy Sector (2014). In fact, the Project site falls at the ridge adjacent to the East of 
Wadi Oudine as shown in Figure 3. 
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Figure 3- Aerial (Top) and 3D (Bottom) View of the Project site w.r.t. Wadi Oudine 
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3. SCOPE OF WORK 

The main  objective  of  an Environmental Assessment study  is  to  provide  a basis for understanding 
the proposed Project, provide a comprehensive description  of  the  environmental  baseline  
conditions,  assess  the  potential  impacts  of  the project  and  recommend  appropriate  mitigation  
and  monitoring  measures  to  avoid or minimize  any adverse effects. Herewith we outline the key 
methods and steps in carrying out the required study. 

3.1 Policy, Legal & Administrative Setting 

ECODIT will review pertinent legislation and regulations governing the different aspects of power 
generation projects in Lebanon, and specifically the Project in question. These will include, but are 
not exclusive to, the following: 

 Environment Protection Law (Law no. 444/2002). 

 “Fundamentals for Environmental Impact Assessment” (Decree no. 8633/2012). 

 Guideline report on “Environmental Impact Assessment for Wind Farm Developments” 
(UNDP/CEDRO, 2012). 

 International Finance Corporation Performance Standards on Environmental and Social 
Sustainability. 

 IFC / World Bank Environmental Health and Safety (EHS) Guidelines. 

 Policy Paper for the Electricity Sector, adopted as a national strategy for Lebanon. 

 ‘The National Energy Efficiency Action Plan for Lebanon’ (NEEAP 2011-2015), and ‘The 
National Renewable Energy Action Plan for the Republic of Lebanon’ (NREAP 2016-2020). 

 Strategic Environmental Assessment (SEA) of Lebanon’s Renewable Energy Sector 
(MOE/UNDP, 2014). 

 Power Purchase Agreements (PPA).  

ECODIT will also look at the role of the different institutions and stakeholders in relation to the 
permitting and operation of the Project. Relevant stakeholders include but are not limited to: 

 Ministry of Environment (MOE). 

 Ministry of Energy and Water (MOEW). 

 Lebanese Center for Energy Conservation (LCEC). 

 The Country Energy Efficiency & Renewable Energy Demonstration Project for the Recovery 
of Lebanon (CEDRO) 

 Electricité du Liban (EDL). 

 Ministry of Public Works and Transport (MOPWT). 

 Ministry of Interior and Municipalities (MOIM). 

 Council of Ministers (COM). 

3.2 Project Description 

The project description will include a detailed review of the Wind farm design and layout, in addition 
to land ownership, technology used and underlying costs. This section will also describe the Project 
in terms of the following phases:  

 Construction. We will look at (i) civil works including land clearance and excavation, (ii) 
equipment transport and installation, and (iii) electric works. The construction duration is 
expected to last up to 18 months. 

 Operation. This will include (i) maintenance and cleaning procedures, (ii) environment health 
and safety (EHS) measures including site access, and (iii) farm management. The operation is 
expected to last at least 20 years. 



SUSTAINABLE AKKAR WIND FARM PROJECT

 
 

 

ECODIT Liban | SCOPING REPORT 7 

 

3.3 Public Participation 

In order to facilitate public acceptance of the Project, ECODIT has conducted a public meeting during 
the Scoping stage with local stakeholders including residents and local authorities, in the presence of 
representatives from the MOE and MOEW, to inform them about the Project and solicit feedback. 
The public hearing was organized at Al-Intilaqua Private School in the village of Kfartoun on the 13th 
February 2013 and was attended by 19 persons representing the following institutions and towns:  

 Ministry of Environment (represented by Ms. Hala Mounajjed). 

 Village of Mouanse (municipality, mokhtar, and landowner). 

 Village Qenia (municipality and landowner). 

 Village of Mrah el Khaoukh (municipality and landowner). 

 Village of Sahle (municipality and landowner). 

 Village of Kfartoun (municipality and landowner). 

 Village of Akroum (landowner). 

The notification letters to the MOE and MOEW are inserted in Appendix A, the list of participants to 
the Scoping Session in Appendix B, the scoping session slides in Appendix C, and the scoping session 
meeting notes in Appendix D. 

The most significant concerns raised during the public hearing are summarized below:  

 Does the wind farm impact public health in anyway? 

 How will the wind turbines be transported to the site? The roads leading to the project site 
are in poor condition and meander through difficult terrain. 

 How will the wind farm and individual wind turbines limit access and use of private lands? 
Can the land owner build a house nearby? Grow crops? 

 Lebanon is not the first country to implement a wind farm. Therefore, SA and this ESIA study 
should review past experiences and documentation from other countries and adapt those 
findings to Lebanon. 

 SA must provide local jobs and income to people living in the area, during both the 
construction and operation phases of the project. Will the local population have preferential 
access to electricity generated by the wind farm? 

The ESIA will aim to address the above concerns raised by the local community, in addition to any 
other concerns received during Project development including informal feedback received during 
the team’s presence onsite. ECODIT will conduct a second and final public hearing to present the 
ESIA findings and solicit further feedback during the final stages of the study. 

3.4 Analysis of Project Alternatives 

ECODIT will consider advantages and disadvantages associated with the following alternatives: 

 “No-project” alternative. 

 Alternatives positions and/or siting configurations of wind turbines. 

 Alternative renewable energy resources and technologies, such as Solar PV. 

3.5 Assessment of Baseline Conditions 

The environmental baseline conditions for the project area will be based on field assessments 
and/or literature review of available studies. This will include the following: 

 Physical environment: 
- Project location and topography. 
- Climatic conditions and air quality. 
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- Geology and soils, based on field investigation and a review of existing geological studies 
and maps. 

- Noise. 

 Biological environment:  
- Sensitive habitats including any protected areas and natural sites. 
- Biodiversity baseline assessment (fauna and flora). 

 Socio-economic environment:  
- Population demography and economic activity. 
- Landuse and land expropriation.  
- Cultural features and aesthetic values. 
- Traffic and access roads. 

Field Monitoring Surveys 

We will undertake site surveys for the following aspects:   

Biodiversity 

Species Mortality and Disturbance: Birds and Bats 
Species mortality is one of the most important adverse impacts associated with Wind farming 
projects, in general.  

In order to assess the impact of the Project on avian species based on a solid understanding of the 
existing conditions, ECODIT will conduct baseline avifauna surveys in the study area. We will locate 
transit and micro routes, measure the migratory flow, and determine possible stop zones. For this 
purpose, the 20-minute point-count method will be used, whereby all species noted during this time 
period are recorded at different places and different times in the most characteristic habitats of a 
given area. This method is semi-quantitative and changes in abundance of a species are estimated by 
changes in the frequency of this species over a series of point counts. All investigations will be 
validated at various weather conditions. The survey will be conducted for a total duration of one 
year in order to cover resident breeding species, summer breeding species, wintering species, as 
well as fall and spring migratory birds. We note that the avifauna survey will not be limited to the 
Project site; some observations will be conducted in Oudine valley and the eastern flyway 
(bottleneck). 

ECODIT will investigate the presence of mammal species, mainly consisting of bats at or near the 
Project site. In general, the activity of bats decreases significantly for wind speeds above 6m/s. 
Therefore we will conduct a rapid preliminary baseline bat survey covering the project site and 
complemented by a review of existing published and unpublished data, as well as stakeholder 
consultation when required. The survey will focus on both hibernating and active periods (autumn 
and spring), and will be based on acoustic detection tools and targeted investigation tools (night 
vision, nets, etc.). 

Terrestrial Ecology: Flora 
ECODIT will undertake terrestrial flora sampling based on line transects or quadrats, capturing up to 
95% of plant species growing in the area. Sampling will be carried out primarily in Spring. 

Noise 

The Consultant will conduct a noise monitoring exercise at selected locations at the project site and 
the nearest sensitive receptors to obtain an accurate characterization of the initial baseline sound 
levels (day and night measurements).  

  

dsanioura
Highlight



SUSTAINABLE AKKAR WIND FARM PROJECT

 
 

 

ECODIT Liban | SCOPING REPORT 9 

 

3.6 Overview of Potential Environmental Impacts 

ECODIT will identify and analyze potential significant adverse impacts that may arise from project 
implementation during construction and operation. We will also describe the importance of the 
project for the country and in relation to Lebanon’s energy policy. Assessment of the key impacts is 
further described below. 

Impact significance will be assessed according to a specific methodology that takes into account 
impact severity (based on likelihood, magnitude, duration, and extent), and the receptor sensitivity. 
The assessment methodology will be described in detail in the ESIA report. 

Biodiversity 

Species Mortality and Disturbance: Birds and Bats 
Based on the baseline assessment conducted, ECODIT will examine collision fatalities of birds and 
bats and potential for significant mortality of migrants at wind turbines at transmission power lines. 
The impact of ‘thermals’ (updrafts of warm air that rise from the ground) will be assessed on 
migrating soaring birds, which is a specific concern when wind farms are developed on mountain 
ridges. 

Terrestrial Ecology: Flora 
The construction and operation of wind turbines can lead to habitat alteration from the construction 
of roads (if needed) and the turbines footprint. This will be assessed in detail in the ESIA study. 

Air Quality 

Air quality may be affected during construction works mainly due to a surge in dust and particulate 
matter caused by excavation works and vehicle movement, as well as vehicle emissions. During 
operation, the Project will have positive impacts on air quality from the use of wind energy for 
power generation as opposed to more traditional electricity sources (such as fuel). 

Noise 

Although noise will be generated during construction works and turbine transport, the most 
important impacts from noise will be during the operation phase. The noise level contribution from 
each of the turbines will be predicted by employing the noise model WindPRO which is developed 
for calculation of wind farm noise. The model calculates noise impact according to ISO 9613. Typical 
results of a modelling are shown in Figure 4, presenting noise contour lines. 

Shadow Flicker 

Shadow flicker occurs when the sun passes behind the wind turbine and casts a shadow on nearby 
residences. Shadow flicker modelling will be performed (also using WindPRO) to assess potential 
impacts of shadow flicker on nearby local settlements. Typical results are presented in Figure 5, 
indicating the area where shadow flicker can be expected and the number of hours this nuisance will 
last. This will in turn inform the mitigation measures required (if any) to avoid significant impacts in 
terms of flickering effect (such as blades shutdown). 

Soils & Groundwater 

Soil and water quality may be affected, mainly during construction works, due to soil compaction 
caused by the flow of heavy vehicles, as well as potential contamination associated with accidental 
spills during machine maintenance. 

Electromagnetic Interference 

ECODIT will assess qualitatively interference with aviation radar and telecommunication systems, in 
addition to public exposure to high voltage in transmission stations, during operation. 
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Figure 4- Example of Noise Contours 

 

Figure 5- Example of Spatial Occurrence of Shadow Flicker and Duration 

 

Landscape & Visual  

In order to assess the Project impacts related to Aesthetic intrusion from the installed turbines, 
photomontage images of the development will be prepared. The Photomontages illustrate the likely 
view of the Project from different viewpoints as would be seen with a photograph (see example of 
Visualization in Figure 6). For each viewpoint, a computer-rendered image will be generated from a 
digital model of the wind farm by using WindPRO (Module VISUAL). 
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Figure 6- Example of Visualization 

 
 

Traffic and Transport 

During construction, the Project may have an impact on traffic due to the passage of heavy and long 
vehicles transporting turbines on primary and local roads all the way from the Tripoli or Beirut port 
to the project site(s). Therefore ECODIT will review the transport routes for the wind turbines and 
wind blades from the concerned port of entry (Tripoli or Beirut) to the project site, and determine 
any necessary considerations to ensure safe transport of materials and equipment. 

Socio-economy 

Based on consultation with the local community, ECODIT will highlight Project impacts on socio-
economy including potential for physical displacement, loss of agricultural land and potentially 
integrating farms with the Project (co-usage of the site), among others. Positive impacts during 
Project construction and operation include creation of jobs. Moreover, the proposed wind farm has 
the potential to become a tourism attraction in the future, luring visitors to Akkar, as well as serve as 
a platform for environmental education. In this section, ECODIT will also highlight any occupational 
and public health risks related to the installation of wind turbines. 

Waste 

ECODIT will assess project impacts on existing waste infrastructure, specifically during Project 
construction. The Project shall aim to reuse all cut/fill material onsite. 

Cultural Heritage and Archaeology 

ECODIT will research available heritage sites in the Project area and assess any impacts on those that 
may arise from Project implementation. 

3.7 Environmental & Social Management Plan 

Based on the impact assessment, a detailed and comprehensive Environmental and Social 
Management Plan (ESMP) will be recommended for the Wind farm. The ESMP will cover both 
construction and operation phases of the project, and will include the following components: 

 Mitigation Plan: cost-effective actions to mitigate the significant negative effects and 
maximize or further enhance positive ones. The mitigation hierarchy to be adopted shall 
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prioritize avoidance, followed by minimization, and last of all compensation for any 
remaining negative impacts. The mitigation plan will include proposed actions, schedule, 
responsible party for implementation, etc. 

 Monitoring/Control Program: indicators for monitoring the project during each project 
phase, including parameters, method, location, frequency/schedule, as well as cost 
implications. 

 Institutional capacities and needs: review of the institutional capabilities and ability to 
implement the measures outlined in the ESMP, and development of suitable 
recommendations to bridge the gaps such as training, developing new legislations, new 
agency functions, etc. 

 

4. ESIA REPORT STRUCTURE 

The ESIA report will be structured as follows: 

1) Executive Summary, in English and Arabic. 

2) Project Description. 

3) Legal and Institutional Framework. 

4) Analysis of Alternatives. 

5) Terrestrial Ecology. 

- Description of the baseline environment. 
- Assessment of potential impacts. 

i. Construction. 
ii. Operation. 

6) Birds. 

- … 
7) Bats. 

8) Air quality. 

9) Noise. 

10) Shadow flicker. 

11) Soils & Groundwater. 

12) Electromagnetic Interference. 

13) Landscape & Visual. 

14) Traffic & Transport. 

15) Socio-economy. 

16) Waste. 

17) Cultural heritage & Archaeology. 

18) Environmental and Social Management Plan (ESMP). 
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5. ESIA TEAM 

ECODIT has assembled the following key personnel for this project.  

- Joy Jadam (ESIA Team Leader). 

- Norbert Raschke (Technical Expert – ESIA of Wind Farm Projects). 

- Dana Sanioura (Project Coordinator). 

- Ghassan Jaradi (Ornithologist). 

- Mounir Abi Said (Mammologist). 

- Jean Stephan (Biodiversity Conservation). 

- Safwat Said (Hydrogeologist). 

- Naji Tannous (Energy Expert). 

- Rita Stephan (GIS and Mapping Specialist). 

- Tobias Wild (Modeler). 
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APPENDIX B:  LIST OF PARTICIPANTS FOR SCOPING SESSION  

 , قضاء عكار أكروم، بلدة في ميجاوات 84لمشروع إنشاء مزرعة رياح بطاقة  دراسة تقييم الأثر البيئي

 جلسة عامة لتحديد نطاق الدراسة

  :المشاركون 

 رقم الهاتف المنصب الإسم 

 572110 03 رئيس بلدية المونسة أحمد نعمان 
 444026 03 رئيس بلدية قنية غازي حسن خالد 

  مالك أرض محمد حسن صلاح 

 850350 06 مالك أرض محمد خليل 

 850176 06 مالك أرض مصطفى عبّارة

 850077 06 مختار مراح الخوخ ناصر عدرا

 850555 06 مالك أرض خالد الأدرع 

 381980 70 مختار بلدة السهلة مطيع الخطيب

 173287 03 مالك أرض فارس 

 850057 06 مالك أرض معروف ضاهر
 855260 70 مالك أرض خضر ضاهر 

 128953 03 مالك أرض حسين الأدرع

 - مختار كفرتون الحج حسين علي يوسف 

 - مالك أرض أحمد ضاهر

 210020 03 السهلة -مواطن  عامر الخطيب 

 372331 03 مالك أرض محمد الأدرع 

 850407 06 مالك أرض أحمد حسن صلاح

 424454 70 مالك أرض بلال صلاح

 420411 70 مالك أرض فيصل خضر ضاهر
 704541 76 وزارة البيئة  حلا منجد

  عكّار مشروع الرياح في عاممدير  ناجي شامية

 (Sustainable Akkar) 
03 343511 

 مستشار خالد ضاهر 
 (Sustainable Akkar) 

01 374287 

 مدير شركة إيكوديت  كريم الجسر 

(ECODIT Liban) 
05 458012 

 مستشارة بيئية  لمى عبد الصمد

(ECODIT Liban) 
03 937950 

 خبيرة بيئية  كابريسيا شبارخ 

(ECODIT Liban) 
05 458012 
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APPENDIX C: SLIDE PRESENTATION AT THE PUBLIC HEARING 
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لبيئي  ا الأثر  تقييم  دراسة 

بطاقة  رياح  مزرعة  إنشاء   84مشروع 
عكار قضاء  أآروم،  بلدة  في  ميجاوات 

ة ا لد ا نطاق د د لت ة ا ة الدراسة  ل نطاق  لتحديد  عامة  جلسة 

اط  13 2013شب
آفرتون ة،  لإنطلاق ا ة  وي ن ا ث

ملخص عن هذا العرض

أهداف الجلسة وفريق العمل1.
المشروع2 وصف

2

وصف المشروع2.

نطاق الدراسة3.
إطار السياسات والأطر القانونية والإدارية

وصف البيئة المحيطة للمشروع
تحديد الآثار البيئية المحتملة للمشروع

للمشروع البدائل تحليل البدائل للمشروعتحليل
خطة الإدارة البيئية 

نقاش4.

أهداف الجلسة وفريق العمل. 1

:أهداف الجلسة
بطاقة رياح مزرعة إنشاء لمشروع البيئ الأثر تقييم دراسة نطاق 84تحديد

3

 84تحديد نطاق دراسة تقييم الأثر البيئي لمشروع إنشاء مزرعة رياح بطاقة 
)  2012( 8633ميجاوات في بلدة أآروم، قضاء عكار وفقاً للمرسوم 

)2012( 444ولقانون حماية البيئة  
إعلام العامة بالمشروع

تحديد المسائل البيئية الأساسية المرتبطة بالمشروع
المشروع حول نقاش حول المشروعنقاش

:فريق العمل
عكّار ساستينبل Sustainable Akkar– ) اللبنانية(شرآة SAL:المستثمر

)تابع(أهداف الجلسة وفريق العمل . 1
4

ر بل  ي ي(ر  Sustainable Akkar ) ب SAL:ر

مقاول لمشروع الرياح في بلدة أآروم): الترآية(شرآة تيفيروم 

مصمم ومزود توربينات الرياح للمشروع): الدانمارآية(شرآة فيستاس 

مكلف من شرآة ساستينبل عكّار لإعداد دراسة تقييم ): اللبنانية(شرآة إيكوديت لبنان 
الأثر البيئي للمشروع
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وصف المشروع. 2

:المشروع
لرياح عرضة الأآثر المنطقة ه عكار ، الوطن الرياح لأطلس وفقاً

5

وفقا لأطلس الرياح الوطني، عكار هي المنطقة الأآثر عرضة لرياح  
متر فوق سطح الأرض 80ث على ارتفاع  /م 9.5تتخطى ال

:المشروع
رياح28  VESTAS  V90 3MWتوربين

)تابع(وصف المشروع . 2
6

 VESTAS  V90 3MWتوربين رياح28

ميجاوات من الطاقة المتجددة 84إنتاج 
3Km2المساحة حوالي 

أصحاب الأراضي بصدد توقيع عقود آجار مع 
SA  عاماً قابلة للتجديد   25لمدة

تث ال ة ت ال الطاقة ا ش ة اتفاقية شراء الطاقة المتجددة بين المستثمراتفاق
عاما 20والحكومة اللبنانية لمدة 

7

محيط توربينات الرياح

8

:  يقع المشروع في منطقة عكار
اللبنانية الدولة قبل من المنسية

موقع المشروع

المنسية من قبل الدولة اللبنانية
المحرومة من البنية التحتية الأساسية بما فيها الكهرباء حيث يسجل التقنين 

ساعة في اليوم   16
على صفوح جبلية تطل على سهل عكار والمنطقة الحدودية

مناظر طبيعية مميزة
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9

مرحلة البناء  –وصف المشروع . 2

:   سيتضمن المشروع في مرحلة البناء
ات ال آ ت ف ال ات تطل ذلك ف ا ة ان ال ال أعمال الميدانية بما في ذلك متطلبات الحفر وترآيب المعداتأ

آيفية نقل معدات البناء والتوربينات إلى الموقع
ترآيب التوربينات ووصلها بالشبكة الكهربائية فيه  شغال الكهربائية بماالأ

)شهراً 15 -  13(الجدول الزمني لمرحلة البناء 

حالياً  

بتثبيت  ) المقاول(تقوم شرآة تيفيروم 
لمراقبة)wind masts(هوائيات

10

)(
م عن 60-80سرعة الرياح على ارتفاع 

سطح الأرض

11

مرحلة التشغيل  –وصف المشروع . 2

:   سيتضمن المشروع في مرحلة التشغيل
ة ال ة ل ال ات ا الإ ة ال ة ف آيفية معالجة الإجراءات العملية اليوميةآ

خطة إدارة المشروع 
إجراءات صيانة المعدات

إجراءات الرصد البيئي والصحة والسلامة

نطاق الدراسة . 3

إطار السياسات والأطر القانونية والإدارية
البيئة حماية )2002(444قانون

12

)2002(444قانون حماية البيئة
)2012( 8633مرسوم تقييم الأثر البيئي  

)2002( 462قانون تنظيم قطاع الكهرباء  
)سيارات الشحن 141المادة )  (2012( 243قانون السير الجديد 

  646القانون  ملغى بموجب) 1983( 148مرسوم اشتراعي  - قانون البناء 
)2004(

تحديد المواصفات والنسب الخاصة للحد من  -) 1996( 52/1قرار وزارة البيئة 
)الحدود المسموحة لشدة الصوت -   4ملحق رقم (تلوث الهواء والمياه والتربة 

Purchase Power Agreementوزارة الطاقة والمياه  -اتفاقية شراء الطاقة  
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:البيئة الفيزيائية تشمل
، وجهة استعمال الأراضي والطرقات )تضاريس(موقع المشروع والطوبوغرافيا •

13

وصف البيئة المحيطة للمشروع  -نطاق الدراسة . 3

ع ي)(ع
المؤدية إلى الموقع؛

الظروف المناخية ونوعية الهواء؛•
) تتضمن مصادر المياه(والهيدروجيولوجية ) نوعية الأرض(المميزات الجيولوجية •

في منطقة المشروع؛
)baseline noise model(الضجيج •

:البيئة البيولوجية تشمل
الحيوانات• ذلك ف بما الدراسة منطقة ف البيولوج التنوع وصف

14

)  تابع(وصف البيئة المحيطة للمشروع  -نطاق الدراسة . 3

وصف التنوع البيولوجي في منطقة الدراسة بما في ذلك الحيوانات •
توزيع الأنواع (والنباتات ) الطيور ومسارات هجرتها، والوطاويط(

)المهددة بالانقراض، إلخ/ النباتية، النادرة 
وصف وتقييم الموائل الطبيعية في منطقة الدراسة •
 

:البيئة الإقتصادية والإجتماعية تشمل
ا إلال الأ ل ال ة ال ا للال طة ال ة ط ال

15

)  تابع(وصف البيئة المحيطة للمشروع  -نطاق الدراسة . 3

في المنطقة المحيطة للمشروع) الفئات العمرية، العمل، الأجور، إلخ(السكان•
)عقاري، علم وخبر، طابو سندي، إلخ(ملكية الأراضي •

إستثمارفي منطقة عكار وزيادة فرص العمل فيها
عكار ف الكهربائ التقنين تقليص

16

الآثار البيئية الإيجابية للمشروع  -نطاق الدراسة . 3

تقليص التقنين الكهربائي في عكار
إنتاج طاقة نظيفة ومتجددة

مساهمة المشروع بإلتزام لبنان
من الطاقة المتجددة بحلول%   12بتأمين 

)آوبنهاجن( 2020العام 
يمكن اعتبار مزرعة الرياح معلم ترفيهي

يستقطب الزوار  
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):على سبيل المثال لا الحصر( التربة -مرحلة البناء 

17

الآثار البيئية السلبية المحتملة للمشروع  -نطاق الدراسة . 3

التأثير المحتمل النشاط
ضغط وترآيز التربة مرور الشاحنات الثقيلة ونقل المعدات 

تلوث التربة بمكونات آيميائية عمليات الصيانة/ تنظيف الآلات 
)تسرب النفط ا فيهابم(

18

):على سبيل المثال لا الحصر(نوعية المياه  -مرحلة البناء 

)  تابع(الآثار البيئية السلبية المحتملة للمشروع  -نطاق الدراسة . 3

التأثير المحتمل النشاط
)في الشتاء(وحول  الحفر

السطحية والجوفية  تلوث المياه
بمكونات آيميائية

عمليات الصيانة / تنظيف الآلات 
)تسرب النفط ا فيهابم(

19

):على سبيل المثال لا الحصر(نوعية الهواء  -مرحلة البناء 

)  تابع(الآثار البيئية السلبية المحتملة للمشروع  -نطاق الدراسة . 3

التأثير المحتمل النشاط
زيادة مستويات الغبار والجسيمات أعمال الحفر

زيادة مستويات ملوثات الهواء الناجمة عن 
عوادم الآليات

النقل في المنطقة زيادة

20

):على سبيل المثال لا الحصر(العامة –مرحلة البناء 

)  تابع(الآثار البيئية السلبية المحتملة للمشروع  -نطاق الدراسة . 3

التأثير المحتمل النشاط
والاهتزاز   إرتفاع مستويات الضجيج

خلال الحفريات
أعمال الحفر

في  زيادة في حرآة المرور والإزدحام
الدراسة منطقة

نقل آلات البناء وتوربينات 
إلى طرابلس مرفأ من منطقة الدراسةالرياح الرياح من مرفأ طرابلس إلى

محتمل وقوع حوادثموقع المشروع 
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21

صورة نقل توربين في أنجلترا

22

):على سبيل المثال لا الحصر(الصحة والسلامة المهنية –مرحلة البناء 

)  تابع(الآثار البيئية السلبية المحتملة للمشروع  -نطاق الدراسة . 3

التأثير المحتمل النشاط
عمل  حوادث وقوع ترآيب و نقل الآليات الثقيلة

توربينات الرياح ووصلها 
بالشبكة الكهربائية

23

):على سبيل المثال لا الحصر(الموائل والتنوع البيولوجي –مرحلة البناء 

)  تابع(الآثار البيئية السلبية المحتملة للمشروع  -نطاق الدراسة . 3

التأثير المحتمل النشاط
التنوع البيولوجي والموائل في التأثر على 

منطقة الدراسة وهروب بعض الحيوانات 
زيادة مستويات الضجيج 

، ومستويات )حفر، إلخ(
الاهتزاز، وحرآة الإنسان في 

المنطقة

):على سبيل المثال لا الحصر( العامة - مرحلة التشغيل 

24

)  تابع(الآثار البيئية السلبية المحتملة للمشروع  -نطاق الدراسة . 3

التأثير المحتمل النشاط
إرتفاع مستويات الضجيج في وحوالى 

منطقة الدراسة
حرآة توربينات الرياح

تأثير الظل على المباني المجاورة 
فيتقد الأراضي استعمال وجهة تغير بكامله تغير وجهة استعمال الأراضي  فيتقدالمشروع

موقع المشروع ومحيطه
المشروع بكامله
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25

):على سبيل المثال لا الحصر( الصحة والسلامة المهنية  - مرحلة التشغيل 

)  تابع(الآثار البيئية السلبية المحتملة للمشروع  -نطاق الدراسة . 3

التأثير المحتمل النشاط
حريق في التوربينات  اندلاع التشغيل والصيانة 
حوادث عمل  وقوع

26

):على سبيل المثال لا الحصر(الموائل والتنوع البيولوجي – مرحلة التشغيل 

)  تابع(الآثار البيئية السلبية المحتملة للمشروع  -نطاق الدراسة . 3

التأثير المحتمل النشاط
مستويات الضوضاء وزيادة حرآة الإنسان ارتفاع 

هجرة الحيواناتفي المنطقة تؤدي إلى 
حرآة توربينات الرياح 

اصطدام الطيور والوطاويط مع توربينات الرياح 
)خاصة في مواسم الهجرة(

27

)  تابع(الآثار البيئية السلبية المحتملة للمشروع  -نطاق الدراسة . 3

):على سبيل المثال لا الحصر(التوسع المدني   - مرحلة التشغيل 

التأثير المحتمل النشاط
التوسع العمراني على حساب المناظر الطبيعية 

)على المدى الطويل(
المشروع 

زيادة في العمالة الأجنبية في المنطقة التي تتطلب 
الإقامة والخدمات

عدم إنشاء المشروع

28

تحليل البدائل للمشروع -نطاق الدراسة . 3

بدائل للطاقة المتجددة والتكنولوجيات، مثل 
الطاقة الشمسية وغيرها

 3MWاستخدام قدرات التوربينات البديلة، 
2MWمقابل 
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المحتملة البيئية الآثار لتخفيف تدابير

29

خطة الإدارة البيئية -نطاق الدراسة . 3

ي  بي ر  ي  بير 

خطة الرصد البيئي

خطة الإدارة البيئية

إعداد تقرير تقييم الأثر البيئي للمشروع

فريق العمل
آريم الجسر، مستشار في التقييم البيئي ومدير شرآة إيكوديت لبنان

ة ال ل

www.ecodit.com

30

لمى عبد الصمد، خبيرة بيئية
إختصاصية في تلوث الهواء/ آابريسيا شبارخ، منسقة المشروع 

صفوت سعيد، جيولوجي وهيدرولوجي
منى جرادي، متخصص في التنوع البيولوجي، الطيور/غسان

منير أبي سعيد، متخصص في التنوع البيولوجي، الخفافيش
ناجي طنوس، خبير في الطاقة المتجددة  

الجدول الزمني

التقرير    التسليمتاريخ
2013شباط   18  تحديد نطاق تقييم الأثر البيئي
2013 أيار   تقرير تقييم الأثر البيئي

31

شكراً

32

نقاش . 4



 SUSTAINABLE AKKAR WIND FARM PROJECT

 

 

8 SCOPING REPORT | ECODIT Liban 

 

APPENDIX D: NOTES FROM SCOPING SESSION, 13 FEBRUARY 2013 

Project Description 

 Leasing contract between SA and Land owners is based on several environmental laws and 

regulations  

 The leasing contract includes that the land will be returned to its original state after 

excavation and installation phases 

 The Power Purchase Agreement between SA and the GOL will be for 20 years. The SA-Land 

owners leasing contract is for 25 years; 5 years are added to decommission the project and 

return the land to its original state (stated also in the contract) 

ECODIT will request a copy of the SA-Land owners contract 

Legal & Institutional Setting for Project Implementation 

 Is there any role for the Ministry of Public Health? 

ECODIT will investigate if the MOPH has any health requirement for wind turbines  

Impact/concerns related to construction/installation 

 Transport of materials and wind turbines will present Operational Health & Safety issues. 

Need to coordinate transportation between the municipalities, Lebanese army and security 

forces 

 Land owners and local citizens requested that the labor force during construction (and 

operation phases) has to be from Akroum, Mouwanse, Kfartoun, Mrah al Khokh, Sahle and 

Qoniyeh 

Impact/concerns related to operation 

 Noise is a major and critical impact of the project. Locals fear the noise impact of the 

turbines on their health 

ECODIT will search for minimal required distances between residential buildings and wind turbines in 
other countries 

 Land owners would like to have extra benefits since the project is located in their lands. 

What kind of benefits? As a response from the project developer: SA will invest in 

development projects (environmental and social projects) in the villages of Akroum, 

Mouwanse, Kfartoun, Mrah al Khokh, Sahle and Qoniyeh including supporting electricity bills 

of land owners 

 Locals would like to graze and cultivate their lands during operation of the wind turbines.  

 Locals would like SA to setup a local office in Kfartoun and employ locals 

 



 

APPENDIX F  
SAMPLE HOUSEHOLD SURVEY  



 

 ءرباالمولدة للكھطواحين الھواء  مشروع–الاستبيان مناطقي 

 

 

  

  

  

  

  

  

 

  .سيس"" مع المنظمة اسمي __________________________ .مرحبا  
و  ھرباءفي الك و المرجوة في المنطقة لتحديد الاحتياجات الحالية احصائيبتقييم  أقوم

  .البيوت و الاعمال اقتصاديا و اجتماعيا   تأثيرھا على

واحين ط"نفيذ تھدفنا ھو اخذ معلومات تفيدنا و انتم عل ان نساعد الشركة المسؤولة عن 
 فھم احتياجات و الصعوبات مع التوقعات المرتقبة من ھذا المشروع النوعيعلى  "الھواء

. 
 

 . تم أعدادھا من فريق متخصص لذلك أود أن أطلب وقتك لمناقشة بعض الأسئلة التي
   .دقائق ١٥الاستبيان أكثر من يجب ألا يستغرق 

  

  لتعاونكم معنامع جزيل الشكر 

 



 للمزارعين و اصحاب الاراضي الزراعية الانتاجية, تعاونيات

 التاريخ:_______________________البلدة:______________________                    ____سم:___________________الا

 للمزارعين و اصحاب الاراضي الزراعية الانتاجية, تعاونيات
  □تجارة    □    تكنولوجيا       □  سياحة        □  حدمات      □  صناعة       □  زراعة 

  ما ھي طبيعة عملك؟

  أو على مدار السنة؟ موسميھل عملك  □     غير□               موسمي □                سنوي

  اشرح:□    نعم□     كلا
ھل يعتمد عملك على الكھرباء سواء كان الدولة أو 

  الاشتراك؟

  ________________-:____________     ليرة:$$
  

  امبير:                                     كيلو وات:

  ما ھي نفقات الطاقة الخاصة بك في الشھر؟
 

  اشرح:□    نعم□     كلا
ھل سيساعد الإمداد الطاقة الھوائية الأرخص للطاقة 

على تحسين سبل المعيشة وعمليات الشركات في 
  المنطقة؟

  اشرح:□    نعم□     كلا
 ھل تملك ھذه الارض؟

  

  ________________-:____________     ليرة:$$
  

  امبير:                                     كيلو وات:

ما ھو استھلاكك للطاقة التي تحتاجھا لكل شھر / 
 موسم؟ حدد كمية و كلفة؟

 

  اشرح:   □   اشتراك□     مولد خاص
 تمتلك مولدًا أو تستخدم الاشتراك؟ ھل
  

  اشرح:
 ماذا كانت تكلفة الوقود عليك؟

  

  اشرح:□    نعم□     كلا
 ھل يتأثر عملك بتكلفة و تقنين الكھرباء ھنا؟

 
  

  اشرح:□    نعم□     كلا
 ھل تعتقد أنه يمكن أن يكون حلا؟ً

 
  

  اشرح:□    نعم□     كلا
 ؟المناطق الريفية ما ھو السيناريو الأفضل للشركات في

 
  

  اشرح:□    نعم□     كلا
 م الطاقة البديلة في قريتك؟ كيف ھل ستدع

 
  

ھل أنت على علم بأي نموذج ناجح يتم فيه تنفيذ الطاقة   اشرح:□    نعم□     كلا
 الخضراء؟

 
  



  
 ماذا كان التأثير؟    اشرح:

  

الكھرباء وإمدادات ھل ستزيد ساعات العمل إذا كانت   اشرح:□    نعم□     كلا
 الطاقة الفعالة موجودة؟

 
  

ھل سيؤدي ھذا إلى حدوث تحسن في حالة المعيشة   اشرح:□    نعم□     كلا
 بشكل عام نتيجة لذلك؟

 
 
  

 

في المنزل الحكومية ما ھو مستوى استھلاك الكھرباء 
 /  kwشھريا  / القيمة 

   الاعلى
  
 القيمة؟                     الطاقة: 

  الادنىا
  
 القيمة؟                     الطاقة: 

  كم ساعة انقطاع الكھرباء في اليوم؟

 نعم  مولد للمنزل؟ اشتيراكھل لديك 
  كلا

 
/ القيمة  KWما ھي القدرة التي تطلبھا من اشتيراك / 

/ بالشھر
القيمة:_______________               Ampere:_____________ KWA:_____________      

ھل السعة المطلوبة من اشتيراك كافية لتلبية الحاجات 
لمنزلك؟

 اشرح ؟     □نعم□        كلا

 القيمة:                            عالية:  او مقبولة؟ ھل تسيعرة الكھرباء الاشتراك مرتفعة

 ھل يتغير استھلاكك للطاقة من موسم إلى آخر؟ شرح
اشرح ؟   □  نعم□         كلا
  

ھل لديك عمل تجارية او صناعي, زراعي  تعتمد على 
  الاشتراك؟

اشرح ؟   □  نعم□         كلا
  

ما ھي القدرة التي تطلبھا من اشتيراك / القيمة / 
 بالشھر

     _____________:Ampere:_____________ KWA                  القيمة:_______________  

السعة المطلوبة من اشتيراك كافية لتلبية الحاجات ھل 
لمنزلك؟

 اشرح ؟□    نعم□        كلا 

 ھل تعتقد أن شبكة الكھرباء الاشتراك جيدة؟
  اشرح ؟□    نعم□        كلا 

  
ھل تعتقد أن شبكة الكھرباء الاشتراك تصل إلى 

  الجميع؟
 اشرح؟□    نعم□        كلا

  الخضراء او الطاقة البديلة؟ماذا تعرف عن الطاقة 

 

   



 

  للشركاتطواحين الھواء  -الطاقة البديلةاسئلة عن 

  ماذا تعرف عن طواحين الھواء المولدة للطاقة؟

ھل تعتقد أن قريتك مستعدة لھذا النوع من الحلول في 
 الطاقة البديلة؟ إذا نعم ، لماذا

   

ھل تعتقد أن طاقة طواحين الھواء يمكن أن توفر 
إمدادات كافية من الكھرباء إلى قريتك؟ إذا كان الجواب 

نعم ، كيف
  

ھل تعتقد أن ھذه التكنولوجيا سيكون لھا تأثير على 
 القرية والاقتصاد؟ و كيف

، كيف  □ ايجابي     □  سلبي      

ھل تفضل أن يتم إدارة طواحين الھواء من قبل شركة 
 خاصة؟ لماذا ا

  

   المشروع إذا حدث؟ اشرحما ھي توقعاتك من ھذا 

    ھل تؤيد و تدعم ھذه الفكرة وتروج لھا؟ و كيف

□ نعم□         كلا ھل لديك أي مشاكل مع أصحاب المولدات " اشتراك"؟

ھل تتسبب المولدات الكبيرة في أي ضرر تعرفه او 
 ممكن تصوره؟

□         كلا
  □ نعم

  □ بيئيا      □   صحيا       
  

عبئا ماليا على ميزانية المنزل؟ في قيمة  ھل ھذا يسبب
أو نسبة الدخل

كيف؟    □  نعم□        كلا

ھل تشجع على ان يكون ھناك إمدادات كھربائية أرخص 
 وفعالة اكثر؟

  اشرح؟□     نعم□        كلا 

ھل تؤمن بدور البلدية لتنظيم ھذا القطاع " قطاع 
  الكھرباء"؟

  اشرح؟□     نعم□        كلا

دارة طواحين الھواء في حال على ا ھل تشجع البلدية
  وجدت؟

  اشرح؟□     نعم□        كلا

ھل ھناك قطاعات اقتصادية تعتمد على الكھرباء في 
منطقتك؟

اشرح؟□     نعم□        كلا

ھل تعتقد أن طواحين الھواء سيكون لھا تأثير مالي 
إيجابي على الأسر؟ إذا كان الجواب نعم ، كيف

اشرح؟□     نعم□        كلا

    



تعاونكمشكرا على   

  اسم الباحث:_____________________________

 

  امضاء الباحث:___________________________

 

 

  

  ملاحظات:
__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________  

سوف توفر طواحين   .يھدف المشروع إلى توفير إمدادات الطاقة الخضراء لثلاث بلديات من خلال تركيب طواحين الھواء المولدة للطاقة

. وھي تھدف إلى تحسين حالة الانتاجية و المعيشية ٢٠٢٠كون ھذه الشبكة جاھزة عام ست .الھواء الطاقة من الجو ومن خلال شبكة جديدة

 .في المنطقة وتحسين حياة الأسرة المعيشية في المنطقة عن طريق توفير كھرباء لساعات اكثر و اقل كلفة

 

 

 

 



 احصاء مبدئي اولي -المعلومات المنزلية العامة 

 ٢٠١٨_____/______/تاريخ المقابلة:       الاسم رب الأسرة المعيشية 
  

        العمر 

        البلدية

        الجنس

        الوضع العئلي 

 ھل تملك البيت او اجار؟
  قرض:_____________________:__________________ اجار: _____________________ ملك

  

 ؟المقيمين عدد افراد العائلة
   ا:________________________موسميي    ______________________عدد:

  

 ________________________انثى: __________________ذكر: "١٦عدد الاولاد في العائلة " دون ال 

  مدخول تقديريا  عاطل عن العمل  مزارع  صاحب عمل موظف   المھنة

     كلا     نعم ؟ ماذا  ھل تعمل الزوجة؟

  غير؟  ثانوي  عمل الزوجة؟  اساسي  عمل الزوج ما ھوالمصدر المالي  الاساسي للعائلة؟

  ھل تملك الارض؟و العائلة مزارعة تعملفي 
  نعم

   
 كلا

   
  

 ھل ھناك مدخول من اقارب في الغربة؟
  نعم

  
 كلا

  
    

 الاجمالي في الشھر؟مدحول الاعائلة 
   
  

 
 تقريبيا في حال لا يريدون الاجابة

 ما طبيعة الاقامة في البلدة ؟ بالاشھر 
  دائمة

  
 موسمية

  
 اخر

  

ما ھو أعلى تحصيل تعليمي (أبدا ، ابتدائي ،  
 متوسط ، ثانوي ، مھني ، جامعي)

  

 في ھل تستخدم الكھرباء للتدفئة والتبريد
  ؟المنزل

اشرح؟ □     نعم□        كلا  

 

في المنزل الحكومية ما ھو مستوى استھلاك الكھرباء 
 /  kwشھريا  / القيمة 

   الاعلى
  
 القيمة؟                     الطاقة: 

  الادنىا
  
 القيمة؟                     الطاقة: 

  كم ساعة انقطاع الكھرباء في اليوم؟

 نعم  مولد للمنزل؟ اشتيراكھل لديك 
  كلا

 
/ القيمة  KWما ھي القدرة التي تطلبھا من اشتيراك / 

/ بالشھر
القيمة:_______________               Ampere:_____________ KWA:_____________      

ھل السعة المطلوبة من اشتيراك كافية لتلبية الحاجات 
لمنزلك؟

 اشرح ؟     □نعم□        كلا

 القيمة:                            عالية:  او مقبولة؟ تسيعرة الكھرباء الاشتراك مرتفعة ھل

 ھل يتغير استھلاكك للطاقة من موسم إلى آخر؟ شرح
اشرح ؟   □  نعم□         كلا
  

ھل لديك عمل تجارية او صناعي, زراعي  تعتمد على 
  الاشتراك؟

اشرح ؟   □  نعم□         كلا
  

ما ھي القدرة التي تطلبھا من اشتيراك / القيمة / 
 بالشھر

     _____________:Ampere:_____________ KWA                  القيمة:_______________  



ھل السعة المطلوبة من اشتيراك كافية لتلبية الحاجات 
لمنزلك؟

 اشرح ؟□    نعم□        كلا 

 الكھرباء الاشتراك جيدة؟ھل تعتقد أن شبكة 
  اشرح ؟□    نعم□        كلا 

  
ھل تعتقد أن شبكة الكھرباء الاشتراك تصل إلى 

  الجميع؟
 اشرح؟□    نعم□        كلا

  ماذا تعرف عن الطاقة الخضراء او الطاقة البديلة؟

 

  ماذا تعرف عن طواحين الھواء المولدة للطاقة؟

لھذا النوع من الحلول في ھل تعتقد أن قريتك مستعدة 
 الطاقة البديلة؟ إذا نعم ، لماذا

   

ھل تعتقد أن طاقة طواحين الھواء يمكن أن توفر 
إمدادات كافية من الكھرباء إلى قريتك؟ إذا كان الجواب 

نعم ، كيف
  

ھل تعتقد أن ھذه التكنولوجيا سيكون لھا تأثير على 
 القرية والاقتصاد؟ و كيف

، كيف  □ ايجابي     □  سلبي      

ھل تفضل أن يتم إدارة طواحين الھواء من قبل شركة 
 خاصة؟ لماذا ا

  

   ما ھي توقعاتك من ھذا المشروع إذا حدث؟ اشرح

    ھل تؤيد و تدعم ھذه الفكرة وتروج لھا؟ و كيف

□ نعم□         كلا ھل لديك أي مشاكل مع أصحاب المولدات " اشتراك"؟

المولدات الكبيرة في أي ضرر تعرفه او ھل تتسبب 
 ممكن تصوره؟

□         كلا
  □ نعم

  □ بيئيا      □   صحيا       
  

ھل ھذا يسبب عبئا ماليا على ميزانية المنزل؟ في قيمة 
أو نسبة الدخل

كيف؟    □  نعم□        كلا

ھل تشجع على ان يكون ھناك إمدادات كھربائية أرخص 
 وفعالة اكثر؟

  اشرح؟□     نعم□        كلا 

ھل تؤمن بدور البلدية لتنظيم ھذا القطاع " قطاع 
  الكھرباء"؟

  اشرح؟□     نعم□        كلا

دارة طواحين الھواء في حال على ا ھل تشجع البلدية
  وجدت؟

  اشرح؟□     نعم□        كلا

ھل ھناك قطاعات اقتصادية تعتمد على الكھرباء في 
منطقتك؟

اشرح؟□     نعم     □   كلا

 اذا كان من اصحاب العمل او مزارع او شركة خاصة

   



 

 للمزارعين و اصحاب الاراضي الزراعية الانتاجية, تعاونيات

  □تجارة    □    تكنولوجيا       □  سياحة        □  حدمات      □  صناعة       □  زراعة 
  ما ھي طبيعة عملك؟

  أو على مدار السنة؟ موسميھل عملك  □     غير□               موسمي □                سنوي

  اشرح:□    نعم□     كلا
ھل يعتمد عملك على الكھرباء سواء كان الدولة أو 

  الاشتراك؟

  ________________-:____________     ليرة:$$
  

  كيلو وات:امبير:                                     

  ما ھي نفقات الطاقة الخاصة بك في الشھر؟
 

  اشرح:□    نعم□     كلا
ھل سيساعد الإمداد الطاقة الھوائية الأرخص للطاقة 

على تحسين سبل المعيشة وعمليات الشركات في 
  المنطقة؟

  اشرح:□    نعم□     كلا
 ھل تملك ھذه الارض؟

  

  ________________-ليرة::____________     $$
  

  امبير:                                     كيلو وات:

ما ھو استھلاكك للطاقة التي تحتاجھا لكل شھر / 
 موسم؟ حدد كمية و كلفة؟

 

  اشرح:   □   اشتراك□     مولد خاص
 ھل تمتلك مولدًا أو تستخدم الاشتراك؟

  

  اشرح:
 ماذا كانت تكلفة الوقود عليك؟

  

  اشرح:□    نعم□     كلا
 ھل يتأثر عملك بتكلفة و تقنين الكھرباء ھنا؟

 
  

  اشرح:□    نعم□     كلا
 ھل تعتقد أنه يمكن أن يكون حلا؟ً

 
  

  اشرح:□    نعم□     كلا
ما ھو السيناريو الأفضل للشركات في المناطق 

 الريفية؟
 
  

  اشرح:□    نعم□     كلا
 م الطاقة البديلة في قريتك؟ كيف ھل ستدع

 
  

ھل أنت على علم بأي نموذج ناجح يتم فيه تنفيذ   اشرح:□    نعم□     كلا
 الطاقة الخضراء؟

 
  



  
 ماذا كان التأثير؟    اشرح:

  

ھل ستزيد ساعات العمل إذا كانت الكھرباء وإمدادات   اشرح:□    نعم□     كلا
 الطاقة الفعالة موجودة؟

 
  

ھل سيؤدي ھذا إلى حدوث تحسن في حالة المعيشة   اشرح:□    نعم □    كلا
 بشكل عام نتيجة لذلك؟

 
 
  

 

  ( للمنازل أيضا)  للشركاتطواحين الھواء  -الطاقة البديلةاسئلة عن 

  

 ماذا تعرف عن الطاقة الخضراء او الطاقة البديلة؟

  

 ماذا تعرف عن طواحين الھواء المولدة للطاقة؟

  
  

أن قريتك مستعدة لھذا النوع من الحلول في ھل تعتقد 
 الطاقة البديلة؟ إذا نعم ، لماذا

  

  

ھل تعتقد أن طاقة طواحين الھواء يمكن أن توفر 
إمدادات كافية من الكھرباء إلى قريتك؟ إذا كان 

 الجواب نعم ، كيف
 

  

ھل تعتقد أن ھذه التكنولوجيا سيكون لھا تأثير على 
  كيفالقرية والاقتصاد؟ و 

  
 

  

ھل تعتقد أن طواحين الھواء سيكون لھا تأثير مالي 
 إيجابي على الأسر؟ إذا كان الجواب نعم ، كيف

 

  

الھواء من قبل شركة ھل تفضل أن يتم إدارة طواحين 
 خاصة؟ لماذا 

 

  

 ما ھي توقعاتك من ھذا المشروع إذا حدث؟ اشرح
 

  

 ھل تؤيد و تدعم ھذه الفكرة وتروج لھا؟ و كيف
 

 

   



 

  تعاونكمشكرا على 

  اسم الباحث:_____________________________

 

  امضاء الباحث:___________________________

  

  ملاحظات:
__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________

__________________________________________________________________________________________________  

سوف توفر طواحين   .يھدف المشروع إلى توفير إمدادات الطاقة الخضراء لثلاث بلديات من خلال تركيب طواحين الھواء المولدة للطاقة

المعيشية . وھي تھدف إلى تحسين حالة الانتاجية و ٢٠٢٠ستكون ھذه الشبكة جاھزة عام  .الھواء الطاقة من الجو ومن خلال شبكة جديدة

 عن طريق توفير كھرباء لساعات اكثر و اقل كلفة. في المنطقة وتحسين حياة الأسرة المعيشية في المنطقة

 

 

 

 



 

APPENDIX G  
LAND LEASE AGREEMENTS 
 

  



Republic of Lebanon         Form number: 
Ministry of Finance         Land registry and Cadastre  
General Directorate of Land Registry and Cadastre 
 

Property Claim 
Law issued with the 

Registry and cadastre offices in Legislative decree number 12 dated 28/2/1930 
……………………………………      Article 12   

Governorate: Akkar, District: Akkar, Real estate zone: Aydamoun, location: Karm Shbat Raes El Maabour 

Parcel number in the old Lebanese land registry: …. Or number of governance zone: …. Area:7409 m2/ seven 
thousand four hundred 9 meters square. 

Derham: ………………………………………Carat: …………………………………Piece: …………………………… 

Type of property (Private/Public) ……………. 

Property borders: North: Mount Atal, Watercourse 
East: Mount Atal, Valley  
South: Mount Atal, Kamel Jaafar 
West: Kamel Jaafar 

Parcel contents: Barren Land 

Way of ownership: ……………… Previous Owner: …………... 

Ownership duration: ………………. (Ownership source: ………;……....) 

Works accomplished by the owner:…………………………. 

Reason for the property claim (Sale, gift, procurement): ………………………… 

Owner or Contractor: Full name: ……………… Mother’s name: ………………… Registry number: …………………. 

Date and Place of Birth: ……1995… Place of Residence: ….Rouayme... Address: …Rouayme… Contractor Signature:  

Abbas Jaafar 

Contract Beneficiary: Full Name: Abbas Bassam Jaafar, Mother’s name: Khadijah, Registry Number: …20…. 
Date & Place of Birth:Jouar el Hashish. Place of Residence:Rouayme. Address:Rouayme. Contract Beneficiary 
Signature:  

Abbas Jaafar 

Part to be registered:……………………………………Cost or Price:………………………………………..(L.L.) 

Mayoralty Council Members Names and Signatures:    Mayor signature and Stamp 

Al-Qaimqam Signature 
Stamp of Governor of Akkar 

Imad Labaki 



Republic of Lebanon      Ownership Certificate  
Ministry of Finance      Stamp 
General Directorate of Land Registry and Cadastre  
 
Real Estate Judge in the: North 
Based on the request of: ……………………………………………………………………………………………Date: 11/10/2018 
After revising the land registry this certificate (total/partial) is given to: ……………………………………………. 
Real estate Area: Fnaidek……………………. Judiciary Type: Public……………………….. 
                                      

Parcel 
number 

Signer name Content and 
parcel 
description 

Right in rem 
and 
occurrences  

Area in 
square 
meters 

Partition Owners names 
and partition 
on 2400 
shares 

shares decimal 

24 Kornet el 
Kamoua 

Barren Land   2400  Fnaidek 
municipality 

        
        
        
        
        

This document is under ongoing study and may be modified 

 

 

 

 

Stamps 

 

 

 

Tripoli  in: 11/10  year: 2018 
Real Estate Judge:        Fee was paid as required  
Office Director         Stamp 
Raghda Adra 
Stamp 
Signature 



His Excellency the Governor of Akkar 

Name: Abbas Jaafar                                                                                           Phone number: 71/660465 

Objective: approval of the property claim 

I kindly ask for the approval and ratification of the attached notice of recognition in the area of: 
Karm Shbat; Aydamoun 

Yours sincerely 

Signature of owner 

Stamp of governorate of Akkar 



Sublease Agreement عقد إیجار ثانوي 
  
This agreement (the “Agreement”) is entered into 
by and between: 

 :نفي ما بیموقعَ  ")العقد" فیما یلي(إن ھذا العقد 

  
1- Company/Individual  Name 

a limited partnership company, registered in 
the commercial register of ……… on …….. 
under number /……/, having elected domicile 
for the purpose of this Agreement in….., …….,  

 شركة  -1
 ..…مسجلة في السجل التجاري في  شركة توصیة بسیطة

المتخذة محل اقامة لزوم و  ..…تاریخ  ..…تحت الرقم 
 .………العقد الحاضر في 

  
Duly represented by its General Manager ……..by 
virtue of commercial circular dated ……., 

ة ذاعة تجاریإبموجب  ..……ممثلة بمدیرھا العام السید 
 ،………تاریخ 

 
  

 Hereinafter referred to as the “First Party”  الفریق الأول"فیما یلي" 
  
And  
  
2- Company name 

a joint stock company registered at the 
commercial register of …….. under number 
/………/, having elected domicile for the 
purpose of this Agreement in ………. 

 شركة  -2
مسجلة في السجل التجاري في بیروت تحت  شركة مغفلة

المتخذة محل اقامة لزوم العقد الحاضر في  .………رقم 
……………. 

  
Duly represented by its Chairman – General 
Manager Mr. …………..by virtue of commercial 
circular dated [●], 

 ………المدیر العام السید - ممثلة برئیس مجلس الادارة
 ،]●[ إذاعة تجاریة تاریخ بموجب 
 

  
   Hereinafter referred to as the “Second Party”  الفریق الثاني"فیما یلي" 

  
The First Party and the Second Party shall each be 
referred to as a “Party” and together as the 
“Parties”. 

یشُار في ما یلي إلى الفریق الأول والفریق الثاني 
بـ    " وكل على حدة الفریقین" أو "الفریقانمُجتمعین بـ "

 0"الفریق"
  
Preamble  المقدمة 
  
Whereas the First Party has declared that:  َح الفریق الاول بما یلي:بعد أن صر 
  
- It is a company with experience in the real 

estate field and the sale, purchase, management, 
investment, development, lease and rental of 
real estate properties; 

أنھ شركة ذات خبرة في المجال العقاري وبیع وشراء  -
وادارة العقارات واستثمارھا وتطویرھا وتأجیرھا 

 واستئجارھا،

  
- It has leased certain plots located in the Akkar 

area directly from their respective owners (the 
“Owners”), as shown on the map signed by the 
First Party enclosed herewith as Annex 1, by 
virtue of duly executed lease agreements with 
which are enclosed all the relevant legal and 
official documents evidencing ownership (the 
“Plots”); 

انھ استأجر عقارات واقعة في منطقة عكار ومحددة  -
والموقعة  1رقم  ملحق – في الخریطة المرفقة ربطاً 

فیما یلي ( منھ وذلك مباشرة من مالكي كل منھا
بموجب عقود ایجار منظمة أصولاً  ")مالكینال"

وموقعة ومرفق بھا كافة المستندات القانونیة 
 ")،العقاراتوالرسمیة المثبتة للملكیة (فیما یلي "



2 
 

  
- The Plots subject of the abovementioned lease 

agreements are free from any occupant, 
liabilities, rights, liens, or encumbrances; 

ان العقارات موضوع عقود الایجار المذكورة اعلاه  -
خالیة من أي شاغل كما ومن أیة أعباء أو حقوق أو 

 قیود أو إشارات،
  
- The abovementioned lease agreements authorize 

the First Party to sublease all or part of the Plots 
as per the terms and conditions the First Party 
deems appropriate; 

ان عقود الایجار المذكورة اعلاه أجازت لھ تأجیر  -
كامل أو جزء من العقارات موضوعھا إجارة ثانویة 

 ممن یشاء بالشروط والأحكام التي یراھا مناسبة،

  
Whereas the Second Party has declared that: :وبعد ان صرح الفریق الثاني بما یلي 
  
- It is a company with experience in the 

development of renewable energy power 
projects, namely wind energy, and wishes to 
lease plots in Akkar to implement a project for 
the generation of electricity through wind 
energy governed by the power purchase 
agreement entered into between the Second 
Party and the Lebanese Government on 
01/02/2018 as subsequently novated, amended 
and restated as of 13/07/2018 (the “PPA”) (the 
“Project”), as per the terms and conditions 
detailed herein; 

انھ شركة ذات خبرة في تنمیة مشاریع في مجال  -
مرافق تولید الكھرباء بواسطة الطاقة المتجددة، لا 
سیما طاقة الریاح، ویرغب بإستئجار عقارات في 

من  كھرباءانتاج  عومشرمنطقة عكار لأجل تنفیذ 
ع في ما عقد شراء الطاقة الموقَ الخاضع ل طاقة الریاح

 1/2/2018تاریخ  اللبنانیةبین الفریق الثاني والدولة 
 دعقفیما یلي "( 13/07/2018تاریخ  وتعدیلاتھ

وفقا للشروط  )"المشروعفیما یلي "( )"شراء الطاقة
 والأحكام المفصّلة فیما بعد،

  
- It has reviewed the Plots’ condition and the 

primary lease agreements executed between the 
First Party and the respective Owners of the 
Plots (the “Primary Lease Agreements”); 

انھ اطلع على اوضاع العقارات المذكورة أعلاه كما  -
وعلى أصل عقود الایجار الموقعة في ما بین الفریق 

عقود الایجار "فیما یلي ( الاول ومالكي ھذه العقارات
 ،)"الأساسیة

  
- It wishes to rent a number of square meters of 

such Plots as shown on the map duly signed by 
both Parties enclosed herewith as Annex 1, as 
per the terms and conditions of this Agreement, 
in order to implement one of its projects 
thereon; 

انھ یرغب باستئجار امتار من ھذه العقارات وفقاً لما  -
 ،1 رقم ملحق -ربطاً  ھو مبین في الخریطة المرفقة

والموقعة من الفریقین ووفقا لأحكام ومدرجات العقد 
 مة احد مشاریعھ علیھا،االحاضر، لاجل اق

  
Therefore,  ،علیـــــــــــــــــــــھ 
  
Based on the above preamble, and in consideration 
of the mutual promises and agreements herein, the 
Parties agree to the following: 

وبناء على ما تقدم، فقد تم الاتفاق بالرضى والقبول 
 :المتبادل بین الفریقین على ما یلي

 :  1المـــادة  
Article 1:   
  
The above preamble and the enclosed annexes and 
documents mentioned herein shall form an integral 
part of this Agreement and have the same effect. 

تعتبر مقدمة ھذا العقد اعلاه وكافة المرفقات والمستندات 
المذكورة في متنھ كما وكافة والملاحق المرتبطة فیھ، 

 منھ، تأخذ حكمھ ومفاعیلھ.جزءاً لا یتجزأ 
  
Article 2:   2المـــادة:  
  
The First Party hereby leases and the Second Party  ،في  أمتارأجّر الفریق الأول للفریق الثاني، الذي قبل
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accepts to take up a lease of a number of square 
meters of the Plots, as shown on the enclosed map 
signed by the Parties (the square meters in 
questions are hereinafter referred to as the 
“Premises” or “Land”), located in [●]/ Akkar with 
an approximate area of [●]m2. 

، كما ھي محددة في الخریطة ات المستثمرة منھالعقار
الفریقین (وتسمى ھذه الأمتار المرفقة ربطاً والموقعة من 

--")،  والواقعة في منطقة العقار" أو "المأجورفیما یلي "
---------عكار والتي تبلغ مساحتھا التقریبیة حوالى /----
 .2م ---

  
Article 3:   3المـــادة: 
  
- The First Party grants the Second Party the 

exclusive right to use and occupy the Premises, 
including its airspace, in accordance with the 
terms and conditions of this Agreement. 

یمنح الفریق الاول للفریق الثاني الحق الحصري  -
ذلك مجالھ بإستخدام المأجور وإشغالھ، بما في 

 الجوي، وذلك وفقاً لشروط وأحكام العقد الحاضر.

  
- The Second Party shall use and occupy the 

Premises for purposes of generating electricity 
through wind energy conversion systems in 
order to store, transmit and sell such converted 
electricity. For purposes of this Agreement, the 
generation of electricity through wind energy 
conversion systems (including all facilities that 
convert wind energy into electrical energy) is 
referred to as the "Renewable Energy 
Conversion Facilities". 

یتمّ استخدام المأجور وإشغالھ من قبل الفریق الثاني  -
لغایة تولید الطاقة الكھربائیة بواسطة أنظمة تحویل 
الطاقة الھوائیة ولغایة جمع ونقل وبیع ھذه الطاقة 
الكھربائیة المحولة. ولأھداف ھذا العقد، یشار إلى 

بواسطة أنظمة تحویل  عملیة تولید الطاقة الكھربائیة
ل الطاقة الھوائیة (بما في ذلك المرافق كافةً التي تحوِ 

مرافق الطاقة الھوائیة إلى طاقة كھربائیة)، بـ "
 ".تحویل الطاقة المتجددة

  
- The Second Party shall be entitled to develop, 

build, rebuild, establish, construct, improve, 
replace, transport, remove, use, maintain, repair, 
operate and monitor the following items on the 
Premises, noting that such enumeration is 
indicative and not limitative: 

یحق للفریق الثاني القیام في المأجور بتطویر وبناء  -
وإعادة بناء وإقامة وإنشاء وتحسین واستبدال ونقل 
وإزالة وإستخدام وصیانة وإصلاح وتشغیل ومراقبة 

على سبیل المثال لا علما بأن التعداد ھو  -ما یلي 
 : الحصر

  
• Components and units of the Renewable 

Energy Conversion Facilities (including but 
not limited to wind turbines generators, 
energy storage facilities, if any, and the 
foundations attached thereto, support 
structures, clamps and all other ancillary 
equipment) irrespective of their type and/or 
size and/or specifications and/or technology; 

مكونات ووحدات مرافق تحویل الطاقة المتجددة (بما  •
في ذلك على سبیل المثال لا الحصر توربینات 

مرافق ، (Wind.turbines generators)الریاح 
تخزین الطاقة إن وجدت، والأساسات المرتبطة بھا 
وھیاكل الدعم والمشابك وجمیع المعدات الأخرى 

مھما كان نوعھا و/أو حجمھا و/أو ذات الصلة)، 
 ؛ مواصفاتھا و/او تكنولوجیتھا

  
• Energy storage facilities on the Land for the 

electricity generated and distributed, 
including for example: underground 
distribution and collection wires, cables, 
pipes, conduits, foundations, transformers 
and above-ground wires at the generating 
facilities’ site; 

والموزعة في مرافق جمع الطاقة للكھرباء المولدة  •
على سبیل المثال: أسلاك توزیع  العقار، بما في ذلك

وجمع تحت الأرض والكابلات والمواسیر والمواطئ 
والأساسات والمحولات والأسلاك فوق سطح 

 الأرض في مواقع مرافق التولید؛ 

  
• Meteorological measurements for the 

assessment of renewable energy resources 
and extraction of soil samples; 

قیاسات الارصاد الجویة لتقییم موارد الطاقة المتجددة  •
 واستخراج عینات من التربة؛ 

  
• Underground control cables, communication •  كابلات التحكم تحت الأرض، ومعدات الاتصالات
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equipment, wired and wireless 
telecommunications equipment, provided 
that the use of such equipment is necessary 
for the execution of this Agreement; 

والاتصالات السلكیة واللاسلكیة، شرط أن یرتبط أي 
 استخدام من ھذا القبیل بضرورات تنفیذ ھذا العقد؛

  
• Road control and soil erosion facilities; •  مرافق التحكم بالطرق وتآكل التربة؛ 

  
• Facilities’ equipment; •  تجھیزات المرافق؛ 

  
• Installation and equipment’s spaces; •  ساحات للتركیب والصیانة؛ 

  
• Signs; •  اللافتات؛ 

  
• Fences, gates and other protection and safety 

facilities; and 
ومرافق الحمایة والسلامة الأسوار والبوابات  •

 الأخرى؛
  

• Other improvements, facilities, devices, 
machines and equipment related to the 
aforementioned. The Renewable Energy 
Conversions Facilities and all related 
facilities, electricity storage networks, 
transformers and other equipment installed 
by the Second Party on the Land are 
collectively referred to as "Renewable 
Energy Equipment". 

أیة تحسینات أخرى، ومرافق، وأجھزة، وآلات،  •
ومعدات ترتبط بأي شكل بأي مما سبق. إن مرافق 

میع المرافق المرتبطة بھا، تحویل الطاقة المتجددة وج
وشبكات جمع الكھرباء والمحولات وجمیع المعدات 
الأخرى التي نفذھا الفریق الثاني في العقار تعُرف 

 ".تعزیزات الطاقة المتجددةمجتمعة بـ "

  
- By virtue of this Agreement, the First Party 

grants the Second Party the right to access and 
enter the Land (the "Access Right") in order to 
enable the Second Party to exercise the 
aforementioned rights granted to it under article 
3 above, whether through existing roads and 
passages if they are useful for the intended 
purpose of the Second Party, or in case such 
roads and passages do not exist, through the 
construction of roads which the Second Party 
may build for purposes of mobility, transport of 
equipment and machineries, or maintenance. 
The Access Right to the Land shall benefit the 
Second Party, and inure and be binding to its 
transferees, successors and assignees. 

الفریق الاول للفریق الثاني بموجب ھذا العقد  یمنح -
حق الوصول والدخول إلى العقار والخروج منھ 

") لتأمین ممارسة الحقوق الممنوحة لھ حق النفاذ("
طرق والممرات إذا أعلاه، سواءً عبر ال 3في المادة 

وجدت وكانت صالحة لغایات الفریق الثاني، أو في 
عبر شق و استحداث الطرق التي  ،حال عدم تواجدھا

للتنقلّ أو نقل المعدات قد یبنیھا الفریق الثاني، وذلك 
. یسري حق النفاذ على والآلات، أو لأسباب الصیانة

العقار، وذلك لصالح الفریق الثاني، والمتفرغ لھم، 
 خلفائھم، والمتنازل لھم، ویكون ملزماً لھم. و

  
- The First Party grants the Second Party the right 

to transport all equipment, devices and 
machineries of any type and/or size whatsoever 
on the Land, beneath its surface and through it, 
as well as other rights under this Agreement, for 
purposes of the construction, building, 
rebuilding, replacement, transportation, 
removal, maintenance and use, from time to 
time, of the following items related to the 
Renewable Energy Equipment, noting that 
such enumeration is indicative and not 

كما یمنح الفریق الاول للفریق الثاني على العقار  -
وتحتھ وعبره حق  نقل المعدات والتجھیزات 

الآلیات مھما كان نوعھا وحجمھا و غیرھا من و
الحقوق موضوع العقد الحاضر من أجل تشیید وبناء 
وإعادة بناء واستبدال ونقل وإزالة وصیانة واستخدام 
من وقتٍ إلى آخر ما یلي فیما یتعلق بتعزیزات الطاقة 

ً المتجددة،  بأن التعداد ھو على سبیل المثال لا  علما
 الحصر: 
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limitative: 
  

• One or more lines from the towers, with 
wires and cables attached thereto from time 
to time, and/or underground wires and 
cables, for the transmission of electrical 
energy and/or for communication purposes, 
and all necessary and appropriate 
foundations, conduits and other devices and 
equipment used in connection with such 
towers, and the wires and cables on the Land 
and its surroundings. 

خط أو خطوط من الأبراج، مع الأسلاك والكابلات  •
التي تعُلقّ بھا من وقتٍ إلى آخر، و/أو أسلاك 

ة و/أو وكابلات تحت الأرض، لنقل الطاقة الكھربائی
لأغراض الإتصالات، وجمیع الأساسات اللازمة 
والمناسبة والمواطئ والأذرعة وغیرھا من الأجھزة 
والتجھیزات التي تسُتخدم فیما یتعلق بھذه الأبراج 

 والأسلاك والكابلات في العقار وبمحاذاتھ.

  
• One or more substations, electrical 

connection points, and conversion facilities 
that enable the Second Party to connect to a 
transmission system or to another 
transmission system belonging to another 
buyer of electrical energy. 

المحطات الفرعیة أو الربط واحدة أو أكثر من  •
ل التي تمكّن الفریق الثاني یالكھربائي أو مرافق التحو

بالربط بنظام نقل مرفق أو بنظام نقل تابع لمشتري 
 آخر للطاقة الكھربائیة.

  
The transportation right on the Land shall benefit 
the Second Party, and inure and be binding to its 
transferees, successors and assignees. 

الفریق الثاني، یسري حق النقل على العقار، وذلك لصالح 
والمتفرغ لھم، وخلفائھم، والمتنازل لھم، ویكون ملزماً 

 لھم.
  
The duration of the Access Right and the 
aforementioned transportation right shall be 
equivalent to the term of this Agreement. 

 د.إن مدة حق النفاذ وحق النقل اعلاه ھي نفس مدة ھذا العق

  
The Access Right and the transportation right shall 
automatically cease upon the expiry or termination 
of this Agreement. 

ینتھي حق النفاذ وحق النقل تلقائیاً عند انتھاء أو إنھاء ھذا 
 .العقد

  
Article 4:  4المـــادة: 
  
The Second Party shall, at its own expense, build, 
install and operate all Renewable Energy 
Equipment on the Land, and such equipment shall 
remain the sole property of the Second Party who 
is entitled to dispose of and/or remove the same at 
its own discretion. 

الفریق الثاني سیقوم على نفقتھ من المتفق علیھ أن 
الخاصة ببناء وتركیب وتشغیل جمیع تعزیزات الطاقة 
المتجددة على المأجور، مع العلم بأن كافة ھذه التعزیزات 
تبقى ملكا للفریق الثاني وحده ویحق لھ التصرف بھا و/أو 

 إزالتھا ساعة وكیفما یشاء. 

  
The First Party shall not bear any expense or any 
commitment or liability of any kind whatsoever in 
connection with the ownership, construction, 
operation, maintenance, repair or reconstruction of 
the Second Party's Renewable Energy Equipment. 
 
The Second Party shall be solely responsible for 
the payment of all taxes, fees and any other charges 
of any kind whatsoever due in connection of the 
Second Party's Renewable Energy Equipment. 
 
The First Party shall be liable for any costs 

لا یتوجب على الفریق الاول دفع أیة نفقة، أو تحمل اي 
التزام أو أي مسؤولیة من أي نوع كان في ما یتعلق بملكیة 

یح أو إعادة بناء أو بناء أو تشغیل أو صیانة أو تصل
 .تعزیزات الطاقة المتجددة الخاصة بالفریق الثاني

 
ویكون الفریق الثاني وحده مسؤولاً عن تسدید كافة 
الضرائب والرسوم واي أعباء أخرى من أي نوع كانت 

 یتم فرضھا بنتیجة تعزیزات الطاقة المتجددة الخاصة بھ.
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incurred by the Second Party to repair or 
reconstruct any Renewable Energy Equipment that 
is damaged as a result of the First Party’s actions or 
failure to act. 

یكون الفریق الاول مسؤولاً عن ایة تكالیف او مصاریف 
صلاح او اعادة بناء تعزیزات لإیتكبدھا الفریق الثاني 

تضررت بسبب فعل او عدم تكون قد الطاقة المتجددة التي 
 فعل الفریق الاول.

  
Article 5:  5المـــادة: 
  
The term of this Agreement is 28 years, starting on 
[●]/[●]/[●] and ending on [●]/[●]/[●] as per the 
terms  set out below.  

 ----/--/--سنة، تبدأ بتاریخ  28إن مدة ھذا العقد ھي 
 وذلك وفقاً للشروط الواردة ادناه. ----/--/--وتنتھي في 

 
  
The term of the Agreement shall be divided into 
three phases as follows: 

 أدناه: تقسم المدة إلى ثلاثة مراحل على النحو المحدد

  
A. Phase 1: Technical Studies and Installation 

Phase 
 المرحلة الأولى: مرحلة الدراسات الفنیة والتركیب -أ

  
The technical studies and installation phase shall 
begin at the start of the term of this Agreement and 
end upon completion of the installation of the wind 
turbines generators on the Premises. 

مرحلة الدراسات الفنیة والتركیب في تاریخ بدء مدة تبدأ 
ھذا العقد وتنتھي عند استكمال عملیة تركیب الفریق الثاني 

على  (Wind-Turbines Generators)لتوربینات الریاح 
 المأجور.

  
The technical studies phase shall comprise the 
following activities (enumerated indicatively and 
not limitatively): 

تسُتخدم مرحلة الدراسات الفنیة لإجراء النشاطات التالیة 
 ):معددة على سبیل المثال لا الحصر(

  
- To collect data and analyze the wind 

measurements; 
  ،جمع البیانات وتحلیل قیاسات الریاح -

- To conduct environmental and social impact 
studies; 

 ،القیام بدراسات التأثیر البیئي والاجتماع -

- To conduct geotechnical studies; - القیام بدراسات جیوتقنیة، 
- To carry out civil and electrical design studies; - القیام بدراسات تصمیم مدني وكھربائي، 
- To conduct road surveys; - القیام بمسح الطرقات، 
- To install one or more wind measuring masts; - تركیب واحد أو أكثر من صواري قیاس الریاح، 
- To carry out other preliminary works; and - القیام بغیرھا من الأعمال التحضیریة، 
- To supply, transport, build and install 

Renewable Energy Equipment, especially wind 
turbines generators. 

العرض، النقل، البناء، وتركیب تعزیزات الطاقة  -
 .المتجددة لا سیما توربینات الریاح

  
The Parties agree that the Second Party may 
terminate this Agreement at any time during the 
technical studies and installation phase if it deems 
that the conditions (technical, financial, logistical, 
economic, legal, etc.) for the implementation of the 
project on the Premises are unavailable or 
unfavorable, and such termination shall not entail 
any rights to the First Party. 

من المتفق علیھ بین الفریقین انھ یحق للفریق الثاني فسخ 
عقد الإیجار ھذا في أي وقت خلال مرحلة الدراسات 

ن لھ أن ظروف إقامة الفنیة والتركیب في حال تبیَ 
المشروع (ظروف تقنیة، مالیة، لوجیستیة، إقتصادیة، 
قانونیة، إلخ...) على المأجور غیر متوافرة أو غیر مؤاتیة 

 دون ان یرتب ذلك أیة حقوق للفریق الاول.    

  
B. Phase 2: Project Execution Phase المرحلة الثانیة: مرحلة تنفیذ المشروع -ب 
  
The project execution phase shall start on the date 
of completion of the wind turbines generators’ 

مرحلة تنفیذ المشروع من تاریخ اتمام تركیب  تبدأ مدة
 Wind-Turbines)الفریق الثاني لتوربینات الریاح (
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installation on the Premises and the trigger of the 
operation and maintenance of the Renewable 
Energy Equipment resulting in the generation, 
storage, transmission and sale of electricity through 
wind energy conversion systems. 

Generators  على المأجور وبدء تشغیل تعزیزات الطاقة
المتجددة وصیانتھا وبالتالي تولید الطاقة الكھربائیة 
بواسطة أنظمة تحویل الطاقة الھوائیة وجمعھا ونقلھا 

 وبیعھا.

  
The project execution phase shall end on the day 
preceding the 27th anniversary of the signature date 
of this Agreement. 

تنتھي مرحلة تنفیذ المشروع في الیوم الذي یسبق الذكرى 
 .السابعة والعشرین لتاریخ توقیع ھذا العقد

  
C. Phase 3: Decommissioning Phase الثالثة: مرحلة الإزالةالمرحلة  -ت 
  
The decommissioning phase shall be the 28th year 
of the term of the Agreement. 

ان مرحلة الإزالة ھي كامل السنة الثامنة والعشرون من 
 مدة ھذا العقد.

  
The Parties agree that the Second Party may 
terminate this Agreement before the expiry of its 
term and during any of the phases, by sending a 
written notice to the First Party and without any 
liability or compensation due to the latter, for 
reasons exclusively related to the termination or 
non-extension of the Project by the Lebanese 
Government (through the Ministry of Energy and 
Water or otherwise), or the termination of the PPA. 

إنھاء  من المتفق علیھ بین الفریقین انھ یحق للفریق الثاني
ب دون ان یرتِ  فسخ العقد الحاضر و الاجارة قبل أوانھا

وذلك في  ،تعویض للفریق الاول مسؤولیة تجاه أو ذلك أي
أي مرحلة من مراحل ھذا العقد وذلك حصراً لأسباب 

وزارة من خلال لا سیما (متعلقة بوقف الدولة اللبنانیة 
للمشروع أو عدم تمدیدھا لھ كما وفي  و المیاه) الطاقة

حالات فسخ عقد شراء الطاقة، على ان یرسل الفریق 
 الثاني إلى الفریق الاول إشعارا خطیا بذلك.

  
In the case of such termination, the Parties shall 
duly enter into a financial settlement agreement, 
and the year following the termination shall be 
considered as the decommissioning phase in 
respect of which the First Party shall not be entitled 
to any rental fee. 

و  ،توقیع مخالصة مالیة بین الفریقین أصولاً  یتم عندھا
تعتبر السنة التي تلي الفسخ مرحلة الازالة دون ان 

 یحتسب للفریق الاول ایة بدلات خلال ھذه المرحلة. 

  
On the other hand, the Second Party shall be 
entitled, within a maximum period of six (6) 
months prior to the expiry of the term of the PPA, 
and in the event of extension or renewal of the 
PPA, to send a written notice informing the First 
Party of its intention to extend the term of this 
Agreement for an additional period equal to the 
extension or renewed term of the PPA, in 
accordance with the conditions set out hereunder.  

من جھة اخرى، یحق للفریق الثاني، في غضون مھلة 
، ھر قبل حلول اجل عقد شراء الطاقة) أش6اقصاھا ستة (
تمدید و/او تجدید مدة عقد شراء الطاقة  وفي حال تمَ 

المذكور اعلاه، ، أن یرسل إلى الفریق الاول إشعارا 
خطیا  یعلمھ من خلالھ برغبتھ تمدید مدة العقد الحاضر 

دید و/او تجدید لفترة إضافیة موازیة للفترة المحددة في تم
 ، وذلك وفقا للشروط المحددة ادناه. عقد شراء الطاقة

  
Within fifteen (15) days from the date of receipt by 
the First Party of the notice from the Second Party 
regarding the extension and/or of this Agreement 
pursuant to the extension and/or renewal of the 
PPA, the Parties shall enter into an extended and/or 
renewed lease agreement which shall be considered 
as an addendum to this Agreement and form an 
integral part thereof.  

(خمسة عشر یوما) من تاریخ  /15خلال مھلة اقصاھا /
تبلغ الفریق الاول لكتاب الفریق الثاني القاضي بتمدید 

مدید و/او تجدید عقد الحاضر تبعاً لتو/او تجدید العقد 
عقد ایجار ، یوقع الفریقان المتعاقدان على شراء الطاقة

یعتبر بمثابة ملحق تعدیلي للعقد الحاضر  ممدد و/او مجدد
 ویعتبر جزء لا یتجزأ منھ.

  
The aforementioned addendum shall reflect the 
same conditions, rights and obligations set out in 
this Agreement, unless the extension and/or 

الملحق التعدیلي لنفس الشروط والحقوق یخضع 
والموجبات المنصوص عنھا في العقد الحاضر ما لم 
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renewal agreement of the PPA provides for new 
conditions that affect this Agreement, in which 
case the extended and/or renewed lease agreement 
shall be amended to account for such new 
conditions. 

ینص عقد تمدید و/او تجدید عقد شراء الطاقة على شروط 
جدیدة ، حیث یعدل عندھا عقد الایجار الممدد و/او المجدد 

علیھا في عقد  المنصوصلیتطابق مع الشروط الجدیدة 
نھا أن تؤثر على العقد شراء الطاقة و التي من شأ

 الحاضر.
  
As for the rental fees payable during the extended 
and/or renewed term, the Parties hereby mutually 
agreed, without any right of objection, to determine 
the rental fees as follows:  

عن الفترة الممددة اما فیما یتعلق ببدلات الایجار المترتبة 
و/او المجددة، فقد اتفق الفریقان المتعاقدان منذ الآن، ومن 
دون اي حق بالاعتراض، على تحدید بدلات الایجار على 

 الشكل التالي:
   
- A proportional increase of [●] % on the rental 

fees determined in this Agreement for the 
entire extended and/or renewed term.  

على بدلات الایجار % ] ●[زیادة نسبیة وقدرھا  -
المحددة في العقد الحاضر وذلك عن كامل الفترة 

 التعاقدیة الممددة و/او المجددة.
  
Article 6:   6المـــادة    : 
  
The Parties determined the rental fees as follows:   ًلما یلي:حدد الفریقان بدلات الایجار وفقا 
  
A. Phase 1: Technical Studies and Installation 

Phase 
 :الدراسات الفنیة والتركیبمرحلة  -أ

 
  
The Parties have determined the annual rental fee 
at a lump sum of USD /700/ (Seven Hundred US 
Dollars) to be settled in two equal installments 
every six months. 

ح��������دد الفریق��������ان ب��������دل الایج��������ار الس��������نوي بمبل��������غ 
دولار  س��������������بعمایة( د.أ. /700مقط��������������وع وق��������������دره /

) متس��������اویتین 2یسُ��������دد عل��������ى دفعت��������ین (امیرك��������ي)، 
 أشھر. 6كل 

  
The first installment shall be settled on [●].  تسدد الدفعة الاولى بتاریخ[●]. 
  
B. Phase 2: Project Implementation Phase مرحلة تنفیذ المشروع -ب: 
  
• The Parties have determined the annual rental 

fee at an amount calculated on the basis of 
USD 7,000 (Seven Thousand US Dollars) for 
each megawatt of Installed Capacity (as 
defined below) of wind turbines installed by 
the Second Party on the Premises (the “Base 
Rent”), to be settled in two equal installments 
every six months. The “Installed Capacity” 
shall be the nominal capacity of wind turbines 
installed on the Premises, as certified by an 
independent engineer appointed by the Second 
Party. 

ح������دد الفریق������ان ب������دل الایج������ار الس������نوي بمبل������غ  •
 إل����������ىمقط����������وع، ی����������تم احتس����������ابھ بالاس����������تناد 

د.أ.(س���������������بعة الاف دولار امیرك���������������ي)  /7000/
 ب���������ةالطاق���������ة المركَ م���������ن للمیغ���������اواط الواح���������د 

ي ت��������الف��������ة ادن��������اه) لتوربین��������ات الری��������اح  (معرَ 
(ف�����ي م�����ا  الفری�����ق الث�����اني عل�����ى الم�����أجور قامھ�����اأ

د عل���������ى یسُ���������دَ ، ")الاساس���������يالایج���������ار یل���������ي "
ن إأش���������ھر.  6) متس���������اویتین ك���������ل 2دفعت���������ین (

ھ��������ي ق��������درة توربین��������ات  "ب��������ةالطاق��������ة المركَ "
الری�������اح المقام�������ة عل�������ى الم�������أجور، كم�������ا ش�������ھد 

ن م�������ن قب�������ل تھا مھن�������دس مس�������تقل مع�������یَ بص�������حَ 
 الفریق الثاني.

  
• The Parties agree that the Base Rent will be 

increased by 2% (two per cent) per annum. 
Such annual increase shall apply for the first 
time on the first anniversary of the completion 
of installation of the wind turbines on the 
Premises and shall apply on each anniversary 
thereof. 

الایج������ار م������ن المتف������ق علی������ھ ب������ین الف������ریقین ان  •
 س���������نویة خض���������ع لزی���������ادةالاساس���������ي س���������وف ی

ھ�������ذه الزی�������ادة الس�������نویة تطب�������ق . % 2بمع�������دل 
للم�����رة الاول�����ى عن�����د م�����رور س�����نة واح�����دة عل�����ى 
اس��������تكمال تركی��������ب توربین��������ات الری��������اح عل��������ى 

 المأجور، ویستكمل تطبیقھا سنة بعد سنة. 
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C. Phase 3: Decommissioning Phase مرحلة الإزالة -ت: 
  
The Parties agree to calculate a daily rental fee 
during this phase, on the basis of the number of 
turbines that are still producing electricity on the 
Premises. 

اتف�����ق الفریق�����ان عل�����ى احتس�����اب ب�����دل إیج�����ار مرحل�����ة 
الإزال�����ة یومی�����ا عل�����ى أس�����اس ع�����دد التوربین�����ات الت�����ي 

ف����ي ك�����ل الم�����أجور لا ت����زال تن�����تج فعلی����ا كھرب�����اء ف����ي 
 مرحلة الإزالة. یوم من

  
Accordingly, the Second Party shall pay a monthly 
rental fee to the First Party calculated on the basis 
of an annual rent of USD 7,000 (Seven Thousand 
US Dollars), as escalated in accordance with 
Article 6(b), for each megawatt of the Installed 
Capacity of wind turbines that remain installed by 
the Second Party on the Premises. The monthly 
rental fee will therefore be USD 583.33 (five 
hundred and eighty three Dollars and thirty three 
cents), as escalated in accordance with Article 6(b) 
multiplied by the Installed Capacity of wind 
turbines remaining installed by the Second Party on 
the Premises at the end of each month during the 
decommissioning period, as such Installed 
Capacity is certified by an independent engineer 
appointed by the Second Party. 

 شھري، یقوم الفریق الثاني بتسدید بدل إیجار بناءً علیھ
الایجار  إلىیتم احتسابھ بالاستناد إلى الفریق الاول 
د.أ.(سبعة الاف دولار  /7000/ السنوي المحدد بـ

للمیغاواط  ب اعلاه،-6سنداً للمادة والمتصاعدة  امیركي)
لتي ما زالت من الطاقة المركبة لتوربینات الریاح االواحد 

وعلیھ، حدد بدل الایجار الشھري قائمة على المأجور. 
د.أ. (خمسمایة وثلاثة وثمانون دولاراً  /583،33بمبلغ /

 6امیركیاً وثلاثة وثلاثون سنتاً)، والمتصاعدة سنداً للمادة 
لتوربینات الریاح ب اعلاه، مضروبة بالطاقة المركبة  –

نھایة كل شھر خلال في  التي ما زالت قائمة على المأجور
مرحلة الازالة، على ان یشھد بصحة ھذه الطاقة المركبة 

 .مھندس مستقل معین من قبل الفریق الثاني

  
Such rental fee shall be paid at the end of each 
month during this phase, noting that the first 
payment shall be settled one month following the 
decommissioning date. 

ویسُدد ھذا البدل في نھایة كل شھر خلال مرحلة الإزالة، 
على أن یسدد في المرة الأولى بعد شھر من تاریخ بدء 

 الإزالة.

  
Article 7:   7المـــادة:  
  
The First Party acknowledges and agrees to the 
following, without any reservation: 

یق���رّ الفری���ق الاول ویواف���ق دون أي تحف���ظ عل���ى ك���ل م���ا 
 یلي: 

  
- Notwithstanding the presence of the Renewable 

Energy Equipment on the Premises, the Second 
Party is the sole owner and operator of the 
Renewable Energy Equipment, and may 
relocate such equipment within the Premises, 
and remove or add any equipment at any time at 
its own discretion.  

أن����������ھ ب����������الرغم م����������ن أن تعزی����������زات الطاق����������ة  -
موج���������ودة عل���������ى الم���������أجور، ف���������إنّ  المتج���������ددة

الفری�����������ق الث�����������اني ھ�����������و المال�����������ك والمش�����������غّل 
تغیی������ر لھ������ذه التعزی������زات ویح������ق ل������ھ  الحص�����ري

افة مكانھ��������ا ض��������من العق��������ار أو إزال��������ة أو إض��������
واح�����د أو أكث�����ر م�����ن ھ�����ذه المراف�����ق وذل�����ك ف�����ي 

 .أي وقت كان ووفقاً لتقدیره الخاص
  
- Notwithstanding the presence of the Renewable 

Energy Equipment on the Premises, the Second 
Party is the sole owner of the kilowatt/hour of 
electricity generated by the Renewable Energy 
Equipment and of the environmental features 
and/or environmental incentives related to the 
Renewable Energy Equipment. 

أن�����ھ عل�����ى ال�����رغم م�����ن وج�����ود تعزی�����زات الطاق�����ة  -
ق الم���������أجور، ف���������إنّ الفری��������� المتج���������ددة ض���������من

الث����������اني ھ����������و المال����������ك الحص����������ري والوحی����������د  
الكھرب��������اء الت��������ي تول��������دھا  س��������اعة -لكیل��������وواط 

تعزی�������زات الطاق�������ة المتج�������ددة ومال�������ك الس�������مات 
البیئی���������ة و/أو التحفی���������زات البیئی���������ة لتعزی���������زات 

 الطاقة المتجددة.
  
The First Party also acknowledges and undertakes: :كما یقر ویتعھد الفریق الاول بما یلي 
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- To comply with all its obligations stipulated in 

this Agreement. 
 الالت�������زام بكاف�������ة موجبات��������ھ المنص�������وص عنھ��������ا -

 في ھذا العقد.
  
- To keep confidential any information related to 

the Second Party and its Project, the 
performance of its services, and work methods 
that becomes available to it during the initial or 
renewed term of this Agreement. 

المحافظ��������ة عل��������ى الس��������ریة التام��������ة بخص��������وص  -
ب����������الفریق الث�����������اني  ای����������ة معلوم����������ات تتعل����������ق

وبمش���������روعھ او بطریق���������ة تأدیت���������ھ خدمات���������ھ او 
بطریق�������ة عمل�������ھ والت�������ي ق�������د یستحص�������ل علیھ�������ا 

 المجددة.دة ھذا العقد الاصلیة او خلال م
  
- To refrain from any act that may directly or 

indirectly damage and/or affect the rights of the 
Second Party under this Agreement. 

أو و/أن یمتن����ع ع����ن القی����ام ب����أي عم����ل ق����د یض����ر  -
ی�������ؤثر بش�������كل مباش�������ر او غی�������ر مباش�������ر عل�������ى 

 .حقوق الفریق الثاني في ھذا العقد
  
- To guarantee the right of the Second Party to 

use and exploit the Premises without the 
objection of any third party, and in general, to 
guarantee any event that may prevent the 
Second Party from enjoying the possession of 
the Premises or deprive it from the rights it is 
entitled to under this Agreement.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              

ض������مان انتف������اع الفری������ق الث������اني  م������ن الم������أجور  -
والتص���������رف ب���������ھ دون معارض���������ة أي ش���������خص 
ثال����ث وبش����كل ع����ام ض����مان ك����ل ام����ر م����ن ش����أنھ 
ان یح�����ول دون وض�����ع ی�����د الفری�����ق الث�����اني عل�����ى 
الم������أجور أو یحرم������ھ المن������افع الت������ي ك������ان یح������ق 

 .ان یعول علیھا بحسب العقد الحاضرلھ 
  
- To guarantee any challenge by any third party, 

during the term of this Agreement, whether with 
respect to the ownership of the Premises or the 
works to be performed by the Second Party on 
the Premises particularly in connection with the 
Renewable Energy Equipment. 

ض��������مان أي تع��������رّض م��������ن قب��������ل اي ش��������خص  -
ثال������ث طیل������ة م������دة ھ������ذا العق������د س������واء لناحی�������ة 

او لناحی��������ة الاعم��������ال الت��������ي  الم��������أجورملكی��������ة 
لا  الم������أجورس������یقوم بھ������ا الفری������ق الث������اني داخ������ل 

 .لناحیة تعزیزات الطاقة المتجددة سیما

  
- To hold harmless the Second Party against any 

legal, judicial or administrative dispute 
concerning the Premises. 

ض������مان اخ������راج الفری������ق الث������اني م������ن اي ن������زاع  -
ق���������انوني او قض���������ائي او اداري فیم���������ا یخ���������تص 

 .المأجور
  
- To secure the written approval of the Owners of 

the Premises on this Agreement and all the 
terms thereof before the execution of the latter, 
through the inclusion in the Primary Lease 
Agreements of the relevant provisions that 
would guarantee the rights of the Second Party 
under this Agreement and its continuity. 

ض�����مان ت�����أمین موافق�����ة مال�����ك الم�����أجور الخطی�����ة  -
عل��������ى العق��������د الحاض��������ر وكاف��������ة بن��������وده قب��������ل 
التوقی�������ع علی�������ھ م�������ن خ�������لال ادراج ف�������ي عق�������د 
الایج������ار الأساس������ي جمی������ع البن������ود الت������ي ت������ؤمن 

العق������د الحاض������ر و حق������وق الفری������ق الث������اني ف������ي 
 .استمراریتھ

  
- To hand over the Premises to the Second Party 

free from any occupant, liabilities, rights, liens, 
or encumbrances. 

تس�����لیم الم�����أجور للفری�����ق الث�����اني ش�����اغر م�����ن أيّ  -
 .شاغل أو أعباء أو حقوق أو إشارات

  
- To assist the Second Party by all possible and 

available means, in remedying any situation that 
may affect the use and exploitation of the 
Premises by the Second Party, especially any 
objection by any third party that may prevent 
the Second Party from enjoying the possession 
of the Premises or deprive it from the rights it is 
entitled to under this Agreement. 

بكاف����������ة  الفری����������ق الث����������اني دع����������م و مس����������اعدة -
الوس������ائل الممكن������ة والمتاح������ة، للقی������ام بك������ل م������ا 
م�����ن ش�����أنھ معالج�����ة ای�����ة ظ�����روف او مس�����ائل ق�����د 

الفری������ق الث������اني وانتفاع������ھ  تص������رف ت������ؤثر عل������ى
م������ن قب������ل معارض������ة  ای������ة بالم������أجور، لا س������یما 

وض�����ع  ع�����دم ال�����ى اي ش�����خص ثال�����ث ق�����د ت�����ؤدي
ال��������ى ی�������د الفری�������ق الث�������اني عل�������ى الم�������أجور أو 
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المن������افع الت�����ي ك������ان یح�����ق ل������ھ ان  حرمان�����ھ م�����ن
 .یعول علیھا بحسب العقد الحاضر

  
Article 8:   8المـــادة: 
  
 The Second Party undertakes: :یتعھد الفریق الثاني بما یلي 
  
- To comply with all its obligations stipulated in 

this Agreement. 
الالت�������زام بكاف�������ة موجبات��������ھ المنص�������وص عنھ��������ا  -

 في ھذا العقد.
  
- To obtain all governmental permits, licenses, 

certificates, approvals, authorizations and other 
necessary rights of use for the construction, 
installation and operation of the Renewable 
Energy Equipment. 

ستحص�������������ال عل�������������ى جمی�������������ع التص�������������اریح الا -
الحكومی�����������������ة والت�����������������راخیص والش�����������������ھادات 
والموافق������ات والإج������ازات وغیرھ������ا م������ن حق������وق 
الاس��������تخدام اللازم��������ة لأج��������ل بن��������اء تعزی��������زات 

 تركیبھا وتشغیلھا.و الطاقة المتجددة
  

In this context, the First Party, acting personally 
and as an authorized representative of the 
Owners, hereby grants its prior and final consent 
to any action taken by the Second Party in order 
to apply for any permit deemed necessary or 
appropriate for the construction, installation and 
operation of the Renewable Energy Equipment. 
To this end, the First Party, acting personally 
and as an authorized representative of the 
Owners, hereby mandates the Second Party to 
apply for the aforementioned permits and to 
undertake all necessary procedures with the 
official authorities and private parties. The First 
Party undertakes to issue a power of attorney in 
this regard (in the form enclosed as Annex 2) 
when necessary immediately upon the Second 
Party’s request. 

وف���������ي ھ���������ذا الاط���������ار یعط���������ي الفری���������ق الاول 
ب�����ل بص�����فتھ الشخص�����یة وبص�����فتھ مفوض�����ا م�����ن ق

م���������الكي العق���������ارات الم���������ؤجرة بموج���������ب ھ���������ذا 
أي  العق��������د موافقت��������ھ المس��������بقة والنھائی��������ة عل��������ى

م بطل�����ب إج����راء یتخ�����ذه الفری�����ق الث����اني ف�����ي التق�����دُ 
للحص�������������ول عل�������������ى أي تص�������������اریح یراھ�������������ا 

و  تركی�������بو بن�������اءل  ض�������روریة أو مناس�������بة
ولھ��������ذه  .تش�������غیل تعزی��������زات الطاق�������ة المتج��������ددة

ض الفری�������������ق الاول بص�������������فتھ الغای�������������ة یف�������������وِ 
وبص������فتھ مفوض������ا م������ن قب������ل م������الكي الشخص������یة 

ل��������ھ الفری��������ق الث��������اني ویوكِ  العق�������ارات الم��������ؤجرة
بموج������ب ھ������ذا العق������د للتق������دم بطل������ب الحص������ول 
عل����������ى ھ����������ذه الت����������راخیص وللقی����������ام بجمی����������ع 
المع�������املات اللازم�������ة ل�������دى المراج�������ع الرس�������میة 
والخاص�������ة، ویتعھ�������د بتنظ�������یم وكال�������ة (المرف�������ق 

) بھ�����ذا 2ملح�����ق رق�����م  - عنھ�����ا ربط�����اً  مس�����ودة
الإقتض�������اء ف�������ور أول طل�������ب الخص�������وص عن�������د 

 من الفریق الثاني.
  
- To carry out its activities in accordance with the 

applicable laws and regulations, especially 
environmental laws.  

 نش����������اطھ وفق����������اً للق����������وانین والقواع����������دتنفی����������ذ  -
والق������������وانین المرعی������������ة الاج������������راء لا س������������یما 

 القوانین البیئیة. 
  
The Second Party undertakes during the 
decommissioning phase or upon the early 
termination of this Agreement as set out below, to: 

خ�����لال مرحل������ة الإزال������ة كم�����ا یتعھ������د الفری�����ق الث������اني 
الم����ذكورة أع����لاه أو عن����د فس����خ ھ����ذا العق����د قب����ل أجل����ھ 

 وفقاً لما سیرد أدناه، بما یلي:
  
- Ensure the decommissioning to the maximum 

extent possible of the Renewable Energy 
Equipment situated above and below the ground 
on the Premises in a manner aimed at reducing 
the damage that may affect the Land.  

ت�����امین إزال�����ة م�����ا یمك�����ن م�����ن تعزی�����زات الطاق�����ة  -
المتج����������ددة الموج����������ودة ف����������وق س����������طح الأرض 
وتحتھ��������ا، وبطریق��������ة تقل��������ل الض��������رر اللاح��������ق 

 بالعقار.

  
- Repair any damage to the Land caused by the 

activity of the Second Party and restore the 
ب تس�����بَ عل�����ى العق�����ار ت�����أمین إص�����لاح أي ض�����رر  -
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Premises to their original state, inasmuch as 
practically possible. 

ب����ھ نش����اطھ واع����ادة الح����ال ال����ى أق����رب م����ا یمك����ن 
 عملیاً إلى حالتھا الأصلیة.

 
  
The Parties agree that the Second Party does not 
have any obligation to remedy any situations or 
circumstances that affect the Premises if these are 
not caused directly by the activities of the Second 
Party on the Premises. 

غیر انھ من المتفق علیھ بین الفریقین ان لا الزام أو 
موجب على عاتق الفریق الثاني بمعالجة أیة ظروف 

مباشرة ن كانت غیر ناتجة إومسائل تؤثر على العقار أ
 عن نشاطھ علیھا.

  
Article 9:   9المـــادة:  
  
The Parties agree that the following event is 
considered as a breach by the Second Party of its 
contractual obligations under this Agreement: 

م������ن المتف������ق علی������ھ ب������ین الف������ریقین ان الحال������ة أدن������اه 
ف الفری�������ق الث�������اني ع�������ن إنف�������اذ تعتب�������ر حال�������ة تخلُ�������

موجبات�������ھ التعاقدی�������ة المنص�������وص عنھ�������ا ف�������ي ھ�������ذا 
 العقد:

  
- The Second Party’s default in payment of any 

rental fee due to the First Party, if such default 
is not remedied within sixty (60) days as of the 
date of receipt of a written notice from the First 
Party in this regard. 

تخلّ��������ف الفری��������ق الث��������اني ع��������ن دف��������ع أي ب��������دل  -
إل�������ى الفری�������ق الاول، عل�������ى أن یك�������ون متوجُ�������ب 

) ی������وم 60ھ������ذا التخلّ������ف اس������تمر لم������دة س������تین (
م�����ن ت�����اریخ تلق�����ي الفری�����ق الث�����اني إش�����عاراً خطی�����اً 

 .ن قبل الفریق الاول بھذا الخصوصم
  
The Parties agree that the following events are 
considered as a breach by the First Party of its 
contractual obligations under this Agreement: 

الح�����الات أدن�����اه م�����ن المتف�����ق علی�����ھ ب�����ین الف�����ریقین ان 
ف الفری�������ق الاول ع�������ن إنف�������اذ تخلُ������� تح�������الاتعتب�������ر 

موجبات�������ھ التعاقدی�������ة المنص�������وص عنھ�������ا ف�������ي ھ�������ذا 
 العقد:

  
- The breach by the First Party, at any time, of its 

obligations or undertakings under this 
Agreement, if such breach is not remedied 
within twenty (20) days as of the date of receipt 
of a written notice from the Second Party in this 
regard; and 

ری�����������ق الاول ف�����������ي أي وق�����������ت أي اخ�����������لال الف -
الأوق��������ات بإلتزامات��������ھ أو تعھدات��������ھ المنص��������وص 
عنھ�����ا ف�����ي العق�����د الحاض�����ر وإس�����تمرار الإخ�����لال 

) ی�����وم إعتب�����ارا م�����ن ت�����اریخ 20( ونلم�����دة عش�����ر
 تلقیھ إشعارا خطیا بذلك من الفریق الثاني. 

  
- A breach of any of the First Party’s obligations 

towards the Owners according to the terms of 
the Primary Lease Agreements, especially the 
payment of the rental fees to the Owners on 
their due date.  

تخل������ف الفری������ق الاول ع������ن اي م������ن الموجب������ات  -
الملق��������اة عل��������ى عاتق��������ھ تج��������اه اي م��������ن م��������الكي 

 ق��������ود الایج��������ار الأساس��������یةلعالعق��������ارات س��������ندا 
س�����یما دف�����ع ب�����دلات الایج�����ار  الموقع�����ة معھ�����م، لا

المترتب��������ة علی��������ھ ف��������ي موع��������دھا ال��������ى م��������الكي 
 العقارات.

  
Article 10:   10المـــادة: 
  
• The First Party acknowledges and agrees 

without any reservation that the Second Party 
may assign any of its rights, duties or 
obligations under this Agreement as a security 
to a bank and/or financial institution (or 
whoever is designated by the latter) in the 
context of obtaining financing for the Project. 

 

اخذ الفریق الاول علماً، ووافق من دون اي تحفظ من  •
التنازل عن اي لفریق الثاني ل ھ یحقاي نوع كان، ان

كضمانة من حقوقھ او واجباتھ بموجب ھذا العقد 
یمنحھا الى مصرف و/او مؤسسة مالیة (او اي 
طرف یحدده ھذا الاخیر) وذلك بھدف الاستحصال 

 على تمویل للمشروع.
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In the event the Second Party fails to settle any 
rental fee due to the First Party as per Article 9 
of this Agreement, the First Party shall notify 
such default in writing to the representative of 
the financing parties of the Project. The 
financing parties may elect, following receipt 
of said notice or if they otherwise become 
aware of the failure by the Second Party to 
settle any rental fee due to the First Party under 
this Agreement, to (a) settle the unpaid rental 
fee(s) on behalf of the Second Party within 60 
days from the date they become aware of the 
fact, and/or (b) to replace the Second Party in 
all its rights and obligations under this 
Agreement as stipulated here below. Should 
the financing parties settle the overdue rental 
fees, the Second Party shall not be deemed in 
breach of Article 9 of this Agreement. 
 
The Second Party shall notify the First Party in 
writing of the name and contact details of the 
representative of the financing parties of the 
Project. 

ف الفریق الثاني عن تسدید اي بدل في حال تخلَ  •
من ھذا  9 ایجار متوجب للفریق الاول سنداً للمادة

العقد، على الفریق الاول ابلاغ ممثل الجھات الممولة 
للمشروع خطیاَ بھذا التخلف. یعود للجھات الممولة 
بعد استلامھا الكتاب الخطي المذكور اعلاه او عند 
علمھا بتخلف الفریق الثاني عن تسدید اي بدل من 

ن أبدلات الایجار الى الفریق الاول بموجب ھذا العقد 
عوضاً عن الفریق المستحقَة د بدلات الایجار (أ) تسد

ستین یوماً من تاریخ علمھا  /60الثاني خلال مھلة /
بواقعة التخلف، و/او (ب) الحلول مكان الفریق 
الثاني في جمیع حقوقھ وموجباتھ موضوع ھذا العقد. 
في حال سددت الجھات الممولة بدلات الایجار 

من  9خالفاً للمادة ة، لا یعتبر الفریق الثاني مالمستحقَ 
 ھذا العقد.

 
 
 

یعُلم الفریق الثاني خطیاً الفریق الاول بإسم ممثل الجھات 
 الممولة للمشروع و تفاصبل الإتصال بھ.

 

  
• Moreover, the Parties agree that the Second 

Party shall be entitled to assign any of its rights, 
duties or obligations under this Agreement 
whereby the assignee shall replace the Second 
Party in all its rights and obligations under this 
Agreement, without the need to obtain the 
approval of the First Party, without any right of 
the latter to object or modify any of the terms 
and conditions of this Agreement, and without 
entailing any additional conditions and/or rights 
to the First Party other than those expressly 
stipulated in this Agreement, in the cases set 
out hereunder, and the First Party shall sign all 
the necessary documents in this regard 
immediately upon the request of the Second 
Party: 

ین انھ من المتفق علیھ بین الفریقفضلاً عن ذلك،  •
عن أي من حقوقھ أو  تنازلیحق للفریق الثاني ال

بحیث  ضرواجباتھ أو التزاماتھ بموجب العقد الحا
محل الفریق الثاني في كل من لھ  المتنازلحل ی

دون الإستحصال على  ھذا العقدحقوقھ وموجباتھ في 
خیر ھذا الأوافقة الفریق الاول ودون أي حق لم

 بالاعتراض أو بتعدیل أي من الشروط المتفق علیھا
دون ان یرتب ذلك أیة شروط و/أو و ،ھذا العقدفي 

غیر تلك المنصوص حقوق إضافیة للفریق الاول 
على ان یكون  عنھا صراحة في متن ھذا العقد،

الفریق الاول ملزما بالتوقیع على كافة المستندات 
اللازمة بھذا الخصوص فور طلب الفریق الثاني 

 ذلك، وذلك في الحالات التالیة:

  
- To its subsidiary or affiliate of the Second Party. - لفریق الثانيل إلى شركة تابعة او شقیقة.  
  
- To a bank and/or financial institution (or 

whoever is designated by the latter) that 
provides financing for the Project in the event 
the security granted to said bank/financial 
institution is enforced. 

مؤسس�������ة مالی�������ة (او م�������ن مص�������رف و/أو إل�������ى  -
مؤسس��������ة المص��������رف و/أو م��������ن الین��������ھ یتعی��������تم 
، ف�����ي للمش�����روعتم�����ویلاً  ال�����ذین ی�����وفرون) مالی�����ة

ح�����������ال تنفی�����������ذ الض�����������مانة الممنوح�����������ة ال�����������ى 
  .المصرف/المؤسسة المالیة

  
- To the Lebanese Government or any other 

institution designated by the latter in the event 
the ownership of the Project is assigned as per 
the PPA to the Lebanese Government or any 
other institution designated by the latter.  

 دھانی�������ة أو أي مؤسس�������ة تح�������دِ ال�������ى الدول�������ة اللبنا -
 دعق�����وفق�����اً ل  ف�����ي ح�����ال انتقل�����ت ملكی�����ة المش�����روع

نی��������ة أو أي ال��������ى الدول��������ة اللبنا ش��������راء الطاق��������ة
 .مؤسسة تحددھا
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- To another company to whom the PPA has been 

assigned in accordance with its terms, and 
subject to the approval of the Lebanese 
Government. 

 دعق�����ق�����د ت�����مَ التن�����ازل ع�����ن  ش�����ركة اخ�����رىإل�����ى  -
الیھ�������ا وفق�������اً لمن�������درجات ھ�������ذا  ش�������راء الطاق�������ة

عل������ى  الدول������ة اللبنانی������ة الأخی������ر و بع������د موافق������ة
 .ھذا التنازل

  
The Parties also agreed on the following: :ًمن المتفق علیھ بین الفریقین ایضا 
  
- The Second Party is entitled to grant any public 

or private entity the right to build, operate 
and/or maintain electrical transmission facilities, 
[●] or [●] on the Land. 

ان�������ھ یح�������ق للفری�������ق الث�������اني م�������نح أي مؤسس�������ة  -
عام��������ة او خاص���������ة ح��������ق بن���������اء أو تش���������غیل أو 

الت�������رابط أو  ص�������یانة مراف�������ق نق�������ل الكھرب�������اء أو
 . التبدیل على العقار

  
- The sale of the Land or any part thereof by its 

owner does not affect the rights and obligations 
of the Second Party stipulated in this 
Agreement, which shall remain in force towards 
the new owner. The First Party undertakes to 
obtain from the buyer of the Land or any part 
thereof a written acknowledgement and 
approval, under penalty of nullity of the sale 
agreement, of all the terms of this Agreement 
without any reservation. 

إن بی�����ع العق�����ار م�����ن قب�����ل مالك�����ھ لا ی�����ؤئر عل�����ى  -
حق������وق وموجب������ات الفری������ق الث������اني المنص������وص 
عنھ�������ا ف�������ي ھ�������ذا العق�������د الت�������ي تس�������تمر بوج�������ھ 
الم���������الكین الج���������دد. ویتعھ���������د الفری���������ق الاول أن 
یستحص��������ل م��������ن ش��������اري العق��������ار أو أي ج��������زء 

تح������ت طائل������ة بط������لان  ،منھ������ا إق������رار وموافق������ة
كاف������ة بن�������ود ھ������ذا العق�������د دون اي عل�������ى  البی������ع،

 .ظتحفُ 

  
Article 11:  11المـــادة: 
  
The Parties agree to the following:  :توافق الفریقان على ما یلي 
  
- The breach by the First Party of part or all of its 

obligations under this Agreement shall be 
subject to an irrevocable penalty amounting to 
USD [●], to be settled to the Second Party 
within fifteen (15) days following the latter’s 
written notification to the First Party of the 
occurrence of such breach, the damage resulting 
therefrom and the non-remedy thereof as per the 
terms of this Agreement. The enforcement of 
this penalty clause does not preclude the 
execution and validity of the other terms and 
conditions of this Agreement which shall 
remain in full force and effect. 

بتنفی����������ذ بع����������ض او ان نك����������ول الفری����������ق الاول  -
كام��������ل موجبات��������ھ موض��������وع العق��������د الحاض��������ر 
یلزم�����ھ بتس�����دید بن�����داً جزائی�����اً غی�����ر قاب�����ل للتع�����دیل 

 /15د.أ. یس���������دد بع���������د م���������رور /]/ ●[/وق���������دره 
یوم�������اً عل��������ى اب��������لاغ الفری��������ق الث��������اني الفری��������ق 
الاول، خطی����������اً، ب����������النكول وبالض����������رر الن����������اجم 

وفق����اً لم����ا ھ����و  و ع����دم اص����لاح ھ����ذا الخل����ل عن����ھ
. ان ثب�������وت منص�������وص علی�������ھ ف�������ي ھ�������ذا العق�������د

ب البن�������د الجزائ��������ي لا یح�������ول دون تنفی��������ذ توجُ�������
س��������ائر بن���������ود وش��������روط العق���������د الحاض���������ر ولا 

 یؤثر على سریانھ وسریان مفاعیلھ.  

  
- The breach by the First Party of part or all of its 

obligations under this Agreement or the breach 
by the First Party of part or all of its obligations 
under the Primary Lease Agreements, shall 
entitle the Second Party at its own discretion, to 
either (1) replace the First Party in all of its 
rights and obligations under the Primary Lease 
Agreements whereby the contractual 
relationship becomes directly between the 
Second Party and the Owners, or (2) replace the 
First Party in any of the obligations and/or 

عن��������د نك��������ول الفری��������ق الاول بتنفی��������ذ بع��������ض او  -
كام������ل موجبات������ھ موض������وع العق������د الحاض������ر، او 
عن��������د نك��������ول الفری��������ق الاول بتنفی��������ذ بع��������ض او 

 ركام���������ل موجبات���������ھ موض���������وع عق���������د الایج���������ا
الموق��������ع فیم��������ا ب��������ین الفری��������ق الاول  الأساس��������ي

واي م��������ن م��������الكي العق��������ارات، یع��������ود عن��������دھا 
للفری�������ق الث�������اني كام�������ل الح�������ق والس�������لطة وفق�������ا 

) یح�������ل مك�������ان 1لاستنس�������ابیتھ الفردی�������ة، ب�������أن: (
الفری���������ق الاول ف���������ي جمی���������ع عق���������ود الایج���������ار 
الموقع��������ة فیم��������ا ب��������ین الفری��������ق الاول وم��������الكي 
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rights that the Second Party selects under the 
Primary Lease Agreements, in which case the 
First Party shall remain liable for the remainder 
of the obligations and rights not taken up by the 
Second Party. 

 العق��������ارات بحی��������ث تص��������بح العلاق��������ة التعاقدی��������ة
مباش�������رة فیم�������ا ب�������ین الفری�������ق الث�������اني وم�������الكي 

)  یح�����������ل مك�����������ان الفری�����������ق 2العق�����������ارات، او (
الاول ف����������ي اي م����������ن الموجب����������ات او الحق����������وق 
الت������ي یراھ������ا مناس������بة تج������اه م������الكي العق�������ارات 
بحی�������ث یبق�������ى الفری�������ق الفری�������ق الاول مس�������ؤولا 
ع�������ن م�������ا تبق�������ى م�������ن موجب�������ات وحق�������وق ل�������م 

 یمارسھا الفریق الثاني. 
  

In any event, the Second Party may elect to 
settle the rental fees to the Owners in 
accordance with the terms of the Primary Lease 
Agreements. 

أن  لفری��������ق الث��������انيل ح��������قف��������ي جمی��������ع الاح��������وال، ی
ب���������دلات الایج���������ار ال���������ى م���������الكي  یق���������رر تس���������دید

عق�������ود ف�������ي ال�������واردة  الش�������روطالعق�������ارات بحس�������ب 
 .الأساسیةالایجار 

  
- Failure by either Party to require the 

performance by the other Party of any of its 
obligations under this Agreement shall not be 
deemed to be an acceptance or a waiver of any 
of its contractual or legal rights.  

الاخ��������ر ان س��������كوت أي منھم��������ا ع��������ن مخالف��������ة  -
لأي م��������ن موجبات��������ھ المنص��������وص عنھ��������ا ف��������ي 
العق�����د الحاض�����ر لا یعتب������ر قب�����ولاً أو تن�����ازلاً م������ن 
قبل�������ھ ع�������ن أي ح�������ق م�������ن حقوق�������ھ التعاقدی�������ة او 

 القانونیة.
  
- Except as provided under Article 5 above, this 

Agreement shall not be subject to the legal 
extension of rent, and can only be extended by 
the written and express consent of the Parties. 

باس�������تثناء م�������ا نص�������ت علی�������ھ الم�������ادة الخامس�������ة  -
اع���������لاه، ان ھ���������ذا العق���������د لا یخض���������ع للتمدی���������د 
الق������انوني ویم������دد فق������ط بمش������یئة وارادة الف������ریقین 

 الخطیة والصریحة. 
  
Article 12:  21المـــادة: 
  
Each Party shall bear its own costs (including legal 
fees) incurred in connection with this Agreement. 
 
The First Party shall be solely responsible for the 
settlement of any and all taxes due by it under law 
as a result of the entering into and performance by 
the First Party of this Agreement. 

جراء العقد یتحمل كل فریق ما یصیبھ من تكالیف 
 الحاضر.

 
یتحمل الفریق الاول وحده تسدید أي وجمیع الضرائب 

 المتوجبة علیھ قانوناً نتیجة توقیع وتنفیذ العقد الحاضر.

  
Article 13:  31المـــادة: 
  
This Agreement is governed by applicable 
Lebanese Laws. 

یخض�����������ع العق�����������د الحاض�����������ر للق�����������وانین اللبنانی�����������ة 
 المرعیة الاجراء.

  
All disputes or litigation arising out of or in 
connection with the interpretation, implementation 
or termination of this Agreement shall be finally 
settled by the competent civil or criminal courts.  

ان ك������ل ن������زاع أو خ������لاف ن������اتج أو متعل������ق بتفس�������یر 
ھ�������ذا العق��������د أو تنفی��������ذه أو إلغائ�������ھ أو فس��������خھ یح��������ل 

المح������اكم المدنی������ة او الجزائی������ة نھائی������اً ع������ن طری������ق 
  المختصة.

  
Article 14:  41المادة : 
  
The Second Party shall be entitled to register this 
Agreement at the relevant real estate registrar 
and/or municipality. 

ش������ارة ھ������ذا العق������د إیح������ق للفری������ق الث������اني ان یض������ع 
و/أو ف����������ي  عل����������ى الص����������حیفة العینی����������ة للعق����������ارات

  . البلدیة
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This Agreement has been executed on     /    /2019 
in one original copy, to be kept with Me. Adele 
Halabi, and a true copy of the same has been 
delivered to each Party to be used when necessary. 

عل�������ى  2019ح�������رر ھ�������ذا العق�������د بت�������اریخ       /     /
نس�������خة اص��������لیة واح��������دة اودع��������ت ل��������دى المحامی��������ة 

وق��������د اس��������تلم ك��������ل فری��������ق الاس��������تاذة ادال الحلب��������ي، 
ص�����ورة طب�����ق الاص�����ل عنھ�����ا للعم�����ل بموجبھ�����ا عن�����د 

 .الاقتضاء
  
Any stamp duty payable on this Agreement shall be 
settled [●]. 

 [●]یسدد رسم الطابع المالي المتوجب على ھذا العقد 

  
Company/Individual Name  شركة………………………… 
  
Mr. ……………………………  السید………………………… 
  
Date: :تاریخ 
  
Signature: :توقیع 
  
  
  
For …………………………  شركة………………………. 
  
Mr. ………………………… السید صلاح ماھر طبارة 
  
Date: :تاریخ 
  
Signature: :توقیع 
  
  
  
In acknowledgment and approval: :للاطلاع والموافقة 
  
[Owner’s Name] ] المالكاسم[ 
  
Date: :تاریخ 
 
Signature: 

 
 توقیع:

 



Land type Land / Owner Number of plots Associated documents 
Kornet el Kamoua / Fnaidek Municipality 2 Ownership certificate
El maabour el abiad/ Fnaidek Municipality 1 Ownership certificate
Makil Kenaan / Fnaidek Municipality 2 Ownership certificate
Kerranet ein el farrouj / Fnaidek Municipality 4 Ownership certificate

Police report as proof of ownership (5 pages)
Official correspondence related to file approval (4 at 
police station level, 2 at district level, 4 at governorate 
level)
Letter of request of approval for property claim
Final property claim
2 official maps
Police report as proof of ownership (5 pages)
Official correspondence related to file approval (4 at 
police station level, 2 at district level, 4 at governorate 
level)
Letter of request of approval for property claim
Final property claim
2 official maps
Police report as proof of ownership (5 pages)
Official correspondence related to file approval (4 at 
police station level, 2 at district level, 4 at governorate 
level)
Letter of request of approval for property claim
Final property claim
2 official maps
Police report as proof of ownership (5 pages)
Official correspondence related to file approval (4 at 
police station level, 2 at district level, 4 at governorate 
level)
Letter of request of approval for property claim
Final property claim
2 official maps
Police report as proof of ownership (5 pages)
Official correspondence related to file approval (4 at 
police station level, 2 at district level, 4 at governorate 
level)
Letter of request of approval for property claim
Final property claim
2 official maps
Police report as proof of ownership (5 pages)
Official correspondence related to file approval (4 at 
police station level, 2 at district level, 4 at governorate 
level)
Letter of request of approval for property claim
Final property claim
2 official maps

Public lands 

Private lands 1

1

1

1

1

1

Land belonging to Abbas Jaafar

Land belonging to Kamel Jaafar

Land belonging to Hsein Jaafar

Land belonging to Ali Jaafar

Land belonging to Mohammad,Ahed, Youssef Jaafar

Land belonging to Ahmad, Midhat, Abbas, 
Mohammad,Ali Jaafar  (Two Land Parts)
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DISCLAIMER 

This report has been prepared by Dr. Charbel Afif with all reasonable skill, care and diligence within the terms 

of the contract with the client, incorporating our General Terms and Conditions of Business and taking into 

account the resources devoted to it by agreement with the client. The information contained in this report 

is, to the best of our knowledge, correct at the time of submittal to the client. The interpretations and 

recommendations are based on our experience, using reasonable professional skill and judgment, and based 

upon the information that was available to us. The author does not guarantee the accuracy of the 

information delivered to him by the client. The author reserves the right to modify the contents of this 

report, in whole or in part, to reflect any new information that becomes available. This report is confidential 

to the client and we accept no responsibility whatsoever to third parties to whom this report, or any part 

thereof, is made known. Any such party relies on the report at their own risk.  
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Executive summary 

In February 2018, Lebanon signed its power purchase agreement (PPA) for wind energy with three separate 

consortiums that will build and operate wind farms in Akkar. Sustainable Akkar (SA) and Lebanon Wind 

Power (LWP) are two of the three private investors, selected to build Wind Farms Power Plant (WFPP) in 

Akkar, North of Lebanon.  

The assessment of emissions and the air quality resulting from the construction, operation and 

decommissioning of the Wind farms was conducted.  

Allowed increment in air quality based on the background values showed a comfortable margin for the 

project. The emissions calculation for the construction, operation, and decommissioning showed that unlike 

CO, NOx, and SO2, PM resulting from fugitive emissions might constitute a concern. When carefully looking 

at the location of the receptors, the impact that the PM emissions would have is low since all receptors are 

located >350m from the construction sites and only one receptor is located at 40m from the construction 

road. The cumulative impact shows an increase of around 20% for NOx, 2% for CO and less than 1% for SO2 

is expected as an increment on the emissions background. PM emissions are very high compared to the 

background emissions. Mitigation measures are to be taken and can easily reduce fugitive emissions by 75%, 

lowering further the impact. 

The GHG emissions showed that the main GHG from this project is CO2 with the construction phase being 

again the highest emitter. 
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1. Introduction 

Lebanon has embarked on the path of sustainable energy since the commitment launched in 
Copenhagen in 2009 by the Lebanese Government to develop renewable energy. That commitment is 
defined in the 2010 Ministry of Energy and Water (MoEW) Policy Paper for the Electricity Sector. The 
National Energy Efficiency Action Plan for Lebanon (NEEAP 2011-2015) clarified quantitatively rather than 
qualitatively-all the individual targets for the different renewable energy technologies needed to reach the 
12% target first set in 2009. 

In February 2018, Lebanon signed its power purchase agreement (PPA) for wind energy with three 

separate consortiums that will build and operate wind farms in Akkar. This PPA with the private sector in 

electricity generation as part of efforts to close an estimated 1 GW gap between current electrical supply 

and demand in the country. Combined the wind farms will have a total generation capacity of 180-200 MW. 

Sustainable Akkar (SA) and Lebanon Wind Power (LWP) are two of the three private investors, selected 

to build Wind Farms Power Plant (WFPP) in Akkar, North of Lebanon. As part of the ESIA, SA has engaged 

the services of Charbel Afif to assess the air quality and emissions resulting from the construction, operation 

and decommissioning of the Wind farms.  

This standalone study comes also in support to the Environmental and Social Impact Assessment study being 

prepared by Ramboll. 

 

2. Assessment methodology 

SA and LWP will be operating the two wind farms. The IFC guidelines will be applied to the project. The 

construction, operation, and decommissioning of the two wind farms will emit pollutants into the 

atmosphere from different sources. The assessment will consist on estimating the monthly emissions for the 

air quality pollutants and the GHG emissions for the three phases of the project. The results will be discussed 

for each wind farm and assessed regarding air quality. Mitigation measures will be presented as appropriate. 

 

3. Location Map 

The Wind Farms are located in Akkar area North of Lebanon, around 1-2 km from the Syrian borders. Several 

villages are located within the first few kilometers, i.e. AkroumChadra, Kobayat, Aandqet, etc. (Figure 1).  
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Figure 1. Map of the 3 wind farms in Akkar and the surrounding villages (Google Earth ®, 2019) 

 

 

4. Background concentrations  

Till 2013, there has not been a centralized data collection process, through a formal air quality monitoring 

network; measurements of criteria pollutants in Lebanon have been relying on individual initiatives and 

remain scattered in time and space. Few studies have been conducted and focused mainly on Beirut.  

Nonetheless, in 2013 MoE launched real time air quality monitoring in five sites using online analyzers 

connected to a supervisory control and data acquisition system located at MOE. The current network 

includes around 16 urban background stations. In order to get background concentrations, the AQMN needs 

to operate at least one full year with high data completeness and validity. In all cases, an AQMN is not 

installed in the project area by MoE. On the other hand, MoE coordinated with the Italian National Agency 

for New Technologies, Energy and Sustainable Economic Development (ENEA, Italy) and Saint Joseph 

University (SJU, Lebanon) an ensemble air quality modeling exercise to determine yearly background 

concentrations of some of the pollutants to enable consultants to account for background concentrations in 

Environmental Impact Assessments (MoE, 2015). The modelling exercise had only one common part which 

is the highly resolved emission inventory prepared by Waked and his coworkers (Waked et al., 2012, Waked 
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and Afif, 2012). Figure 2 shows the different cells where yearly background concentrations where 

determined.     

  
Figure 2. Cells considered to calculate the background concentration for the different pollutants for the 
BAE study 

 

Annual background average concentrations in µg.m-3 as provided by the Lebanese Ministry of Environment 

are presented in Table 1. Values show generally low concentrations of primary pollutants, well below 

values encountered in Tripoli for example (Annual averages of PM10 above 80 µg.m-3 based on “Lebanon’s 

National Strategy for Air Quality Management for 2030” (2017)).   

1 

3 2 
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6 
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Table 1. Annual background values for the different pollutants (µg.m-3) as provided by the Lebanese MoE 

Cell ID NO2 O3 PM10 PM2.5 SO2 CO 

1 9.169 83.319 17.740 15.420 10.070 201.113 

2 11.879 81.668 17.613 15.469 10.554 206.054 

3 10.483 81.116 17.116 15.061 9.950 199.545 

4 11.097 82.540 16.436 14.555 9.555 201.673 

5 9.995 82.868 15.382 13.658 8.592 195.067 

6 12.006 81.465 16.219 14.296 9.761 203.033 

7 6.460 85.945 14.304 12.484 6.356 185.880 

8 7.000 85.618 14.078 12.452 6.512 184.593 

9 4.694 87.115 13.383 11.665 4.988 175.124 

10 7.071 85.847 14.283 12.369 6.463 183.716 

 

5. Pollutants and air quality guidelines 

The impact of air pollution on human health has long been recognized. The World Health Organization 

(WHO) developed a set of guidelines for air quality that could serve as an international benchmark and offers 

guidance in reducing the health impacts of air pollution (WHO, 2006). They are set based on a review of the 

accumulated scientific evidence. The guidelines help nations worldwide in setting their own guidelines and 

implementing them according to their socio-economic situation. Table 2 presents the WHO air quality 

guidelines for some pollutants (WHO, 2006). The International Finance Corporation/World Bank Group 

(IFC/WB) adopts the WHO air quality guidelines in the absence of national air quality regulations.   

Table 2. WHO air quality guidelines (WHO, 2006)  

Pollutant Maximum concentration Averaging period 

Sulfur dioxide (SO2) 500 µg.m-3 10 minutes 

 20 µg.m-3 24 hours 

Nitrogen dioxide (NO2) 200 µg.m-3 1 hour 

 40 µg.m-3 1 year 

Ozone (O3) 100 µg.m-3 8 hours 

Carbon monoxide (CO) 100,000 µg.m-3 15 minutes 

 60,000 µg.m-3 30 minutes 

 30000 µg.m-3 1 hour 

 10,000 µg.m-3 8 hours 

Total suspended particles (TSP) Not available 

Particulate matter smaller than 

10 µm (PM10) 

50 µg.m-3 24 hours 

 20 µg.m-3 1 year 

Particulate matter smaller than 

2.5 µm (PM2.5) 

25 µg.m-3 24 hours 

 10 µg.m-3 1 year 

Lead 0.5 µg.m-3 1 year 

Benzene no safe level of exposure can be 

recommended 

excess lifetime risk of leukemia 

at a concentration of 1 μg.m-3 is 

6 × 10–6 
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The Lebanese Ministry of Environment has issued in 1996 Decision 52 over 1 proposing national air quality 

guidelines. Annex 14 of the Decision provides ambient air standards (averaging periods and values) as per 

Table 3 below, presenting standards for sulfur dioxide, nitrogen dioxide, ozone, carbon monoxide, total 

suspended particles, particulate matter smaller than 10 µm, Lead, and Benzene. Based on the IFC/WB EHS 

guidelines, since Lebanese regulations exist, they shall apply to this project.  

Table 3. Air quality guidelines according to Lebanese decision 52/1 

Pollutant Maximum concentration Averaging period 

Sulfur dioxide (SO2) 350 µg.m-3 1 hour 

 120 µg.m-3 24 hours 

 80 µg.m-3 1 year 

Nitrogen dioxide (NO2) 200 µg.m-3 1 hour 

 150 µg.m-3 24 hours 

 100 µg.m-3 1 year 

Ozone (O3) 150 µg.m-3 1 hour 

 100 µg.m-3 8 hours 

Carbon monoxide (CO) 30,000 µg.m-3 1 hour 

 10,000 µg.m-3 8 hours 

Total suspended particles (TSP) 120 µg.m-3 24 hours 

Particulate matter smaller than 

10 µm (PM10) 

80 µg.m-3 24 hours 

Lead 1 µg.m-3 1 year 

Benzene 5 ppb 1 year 

 

Moreover, the IFC/WB indicates that emissions resulting from a project shall not contribute to more than 

25% of the applicable air quality standards to allow additional, future sustainable development in the same 

airshed. Consequently, based on the IFC guidelines which indicates the use of the national air quality 

standards, the project shall not result in more than the values presented in Table 4.  

 Table 4. Maximum allowed concentrations increment resulting from the project 

Pollutant Maximum allowed 

concentration 

Averaging period 

Sulfur dioxide (SO2) 87.5 µg.m-3 1 hour 

 30 µg.m-3 24 hours 

 20 µg.m-3 1 year 

Nitrogen dioxide (NO2) 50 µg.m-3 1 hour 

 37.5 µg.m-3 24 hours 

 25 µg.m-3 1 year 

Carbon monoxide (CO) 7500 µg.m-3 1 hour 

 2500 µg.m-3 8 hours 

Total suspended particles (TSP) 30 µg.m-3 24 hours 

Particulate matter smaller than 

10 µm (PM10) 

20 µg.m-3 24 hours 
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6. Sensitive Receptors 

Many villages and houses exist near the sites but are all more than 350 m from the wind turbines locations 

for SA and LWP (Figure 3), and generally more than 50 m from the road except for one in LWP which is 

located at around 40m from the road (Figure 4). 

 

Figure 3. Location of the sensitive receptors within the project area. 
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Figure 4. Location of a house under construction in LWP around 40 m away from the road 

7. Emissions estimation 

The assessment considers the emissions calculation for the construction phase, the operation phase 

(including maintenance), and the decommissioning phase of the project.  

The sources considered for the three phases are combustion of fuel and fugitive emissions. The combustion 

sources encompass vehicle tailpipe and stacks, while the fugitive emissions consider mainly the dust 

entrainment generated by vehicles while running, and emissions from loading/unloading of material, 

bulldozing, etc. Emission factors were acquired from the EMEP/EEA guidebook (2016) for on-road and off-

road vehicles, while the fuel consumption was provided by actual contractors (MAN and DAKO). The sulphur 

content used is the upper limit of the Lebanese regulations: 10 ppm maximum for automotive fuel while it 

is of 350 ppm for diesel used for boilers and reciprocating engines. The activity data assumed was acquired 

from Sustainable Akkar based on the project details and planning. 

The emission sources are presented in Table 5while the details are presented in Appendix A for the activity 

data for all phases and in Appendix B for the emission factors and fuel consumption used.     

Table 5. Emission sources considered and some of their characteristics 

Emission source Emission type Fuel type 

Main crane Exhaust Diesel 

Auxiliary crane Exhaust Diesel 
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LDV for personnel movement on site and out of site Exhaust Gasoline 

Tractor FH440 Exhaust Diesel 

Bus Exhaust Gasoline 

Trucks 20m3 Exhaust Diesel 

Jackhammer Exhaust Diesel 

Caterpillar D9 Exhaust Diesel 

Excavator Exhaust Diesel 

Concrete Mixer Truck Exhaust Diesel 

Concrete Pump Exhaust Diesel 

Skidoo Exhaust Gasoline 

Bulldozing Moisture 1%, silt 5% Fugitive - 

Loading/Unloading Fugitive - 

Dust entrainment from paved roads - Truck 40t on average, silt 5g/m2 Fugitive - 

Dust entrainment from paved roads - LDV 1.8 t, silt 5g/m2 Fugitive - 

Dust entrainment from paved roads - Bus 5t, silt 5g/m2 Fugitive - 

Dust entrainment from unpaved roads - Trucks 40t on average Fugitive - 

Dust entrainment from unpaved roads - LDV 1.8t Fugitive - 

Dust entrainment from unpaved roads - Bus 5t Fugitive - 

 

8. Results 

This section presents the emissions estimation of the three wind farms with a focus on LWP and SA. Then a 

cumulative assessment of the three is conducted. 

8.1. Lebanon Wind Power  

LWP Wind Farm encompasses 16 wind turbines and is located at a higher altitude than SA and HA. During 

November to April, the site is mainly covered with snow which makes the construction stop during these 

months. During the operation phase, the site is only accessible with the skidoos. Results of the emissions 

estimation are presented in Table 6. The construction phase exhibits generally the highest emissions of the 

pollutants. The highest emissions are those of the PM and originate mainly from fugitive emissions (>99%).  

Table 6. Emissions from the different phases of LWP 

Emissions in kg NOx PM10 PM2.5 SO2 CO 

Construction 12651.2 583330.8 117504.3 86.3 3288.6 

Operation (1yr) 232.1 11762.4 1821.5 19.1 4456.6 

Decommissioning 1307.8 21771.9 4225.4 1.0 471.0 

 

Figure 5 shows the monthly variation of the NOx emissions from the construction and operation phases. 

NOx comes from the combustion of fuel (transport but also reciprocating engines and boilers). The 

increase around mid-2020 is due to the platforms construction and turbines erection. 
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Figure 5. NOx emissions during construction and operation of LWP 

8.2. Sustainable Akkar 

SA Wind Farm encompasses 21 wind turbines and is the largest wind farm among the three, namely LWP, 

HA, and SA. The site is not expected to close during winter. Results of the emissions estimation are presented 

in Table 7. Like for LWP, the construction phase exhibits generally the highest emissions of the pollutants. 

The highest emissions are those of the PM and originate mainly from fugitive emissions (>99%).  

Table 7. Emissions from the different phases of SA 

Emissions in kg NOx PM10 PM2.5 SO2 CO 

Construction 18669.7 833429.9 167621.2 137.1 4845.2 

Operation (1yr) 223.4 45182.4 6702.0 19.4 256.5 

Decommissioning 1745.6 27705.1 5415.3 1.2 615.6 

 

Figure 6 shows the monthly variation of the NOx emissions from the construction and operation phases. 

Like for LWP, the increase around mid-2020 is due to the platforms construction and turbines erection. 

Moreover, one can notice that during winter, works will still be running unlike LWP. 

 

Figure 6. NOx emissions during construction and operation of SA 
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8.3. Hawa Akkar 

HA comprises 16 WT and is located at an altitude lower than LWP. Due to lack of data on HA, LWP activity 

data was used except that during winter HA site is still accessible like SA.  Results of the emissions estimation 

are presented in Table 8. Like for LWP and SA, the construction phase exhibits generally the highest 

emissions of the pollutants. The highest emissions are those of the PM and originate mainly from fugitive 

emissions (>99%). The emissions during construction are slightly higher than those of LWP since the since is 

not closed during winter and the contractor and owner personnel are always present on site. SO2 emissions 

originate from fuel combustion and are relatively low since sulphur content in automotive fuel is 10 ppm in 

Lebanon. 

Table 8. Emissions from the different phases of HA 

Emissions in kg NOx PM10 PM2.5 SO2 CO 

Construction 13783.7 590858.1 118689.7 125.2 3498.6 

Operation (1yr) 215.8 24138.5 3614.5 19.2 191.9 

Decommissioning 1307.8 21771.9 4225.4 1.0 471.0 

 

Figure 7 shows the monthly variation of the NOx emissions from the construction and operation phases. 

Like for LWP, the increase around mid-2020 is due to the platforms construction and turbines erection. 

Moreover, one can notice that during winter, works will still be running unlike LWP. 

 

Figure 7. NOx emissions during construction and operation of HA 

 

8.4. Impact of PM 

The fugitive emissions constitute one of the main concerns in construction and demolition activities (IAQM, 

2014). The earthworks have large impacts on a human receptor in LWP and SA since large quantities of 

material is excavated and moved. On the other hand, the construction has limited impact since a substation 

is built in each site along with the erection of the turbines. As for the trackout, it has a medium impact since 

the vehicles speed is generally low especially the Heavy-Duty Vehicles with around 15-16 km/hr and with 

less than 50 HDV passing on the roads per day. The sensitivity of the area is low but the workers are mainly 

impacted resulting in a medium impact. 
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On the other hand, according to IAQM “Guidance on the assessment of dust from demolition and 

construction” (2014), particles originating from a construction site have low impact if a “human receptor” is 

located beyond 350 m. This is the case for most of the receptors in this project, mainly in SA but not in LWP 

where a sensitive receptor is located 40 m from the road used by the construction vehicles. Therefore, the 

above-mentioned impact applies before the implementation of any mitigation measures even though it is of 

short duration and reversible. 

8.5. Cumulative impact 

The total emissions originating from the three wind farms are presented in Table 9.The construction phase 

will emit the most but is also of short period when compared to the project lifetime. When compared to the 

emissions of Waked et al. (2012) for Akkar area (emissions of cells 1 and 2 for HA, 4 and 5 for SA, and 6, 7, 

and 10 for LWP since their emissions will be local), the increment of the emissions of NOx is less than 20%, 

the one for CO is less than 2% and less than 1% for SO2. On the other hand, the PM emissions are more than 

an order of magnitude higher than those calculated by Waked et al. (2012). That means that the CO, NOx, 

and SO2 incremental emissions are not expected to breach the air quality standards in any of the phases. On 

the other hand, PM which originates mainly from fugitive emissions shall be mitigated especially during 

construction even though receptors are generally beyond 350m from the construction site.  

Table 9. Cumulative emissions resulting from the three wind farms in Akkar for the different phases 

Emissions in kg NOx PM10 PM2.5 SO2 CO 

Construction 45104.6 2007618.8 403815.1 348.6 11632.4 

Operation (1yr) 671.2 81083.3 12138.0 57.7 4905.0 

Decommissioning 4361.3 71249.0 13866.0 3.1 1557.7 

 

In addition to that, the operation of the wind farms emits less than the power barge at Zouk (198 MW) 

running on Heavy Fuel Oil since the latter emits a lot more for all pollutants with no exception, even PM 

without abatement (Table 10). 

Table 10. Emissions of the Zouk Power Barge for the year 2016 

Zouk Power 
Barge 

NOx PM10 PM2.5 SO2 CO 

Year 2016 (kg/yr) 20478010.5 137709.2 133405.8 6262367 318905.7 

 

9. Mitigation measures 

The main concern in the mitigation measures to implement is due to PM emissions and specifically fugitive 

PM. 

IAQM (2014) and Mojave Desert (2013) suggest effective measures: 

- use of wind screens or enclosures around dusty activities or the site boundary. Mojave Dessert Air 

Quality Management District assumes that complete coverage by wind screens (on the 

windward side) will provide a control efficiency of 75 percent. 

- Water spray is also used to reduce fugitive dust as it increases the moisture content of the material. 

Therefore, and according to Mojave Desert too, Water spray (Application point) will ensure a control 

efficiency of 75%. This is very useful for exaction for example. 
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- For unpaved roads, water flushing is the essential with 0.48 gallons per square yard twice per day to 

maintain a control efficiency above 50%. 

- For paved roads, water flushing with 0.48 gallons per square yard followed by sweeping is very 

effective and can reach 96%. If conducted directly before the passage of the turbines convoy or the 

morning and evening passages of the project vehicles to and from the site, a consequent decrease 

will occur.      

- A combination of the different above-mentioned measures will give a higher control efficiency that 

when applied individually. 

Practically, fugitive PM can be easily decreased by 75% lowering the impact further.  

10. Green House Gases emissions 

GHG emissions are estimated using the IPCC Tier 1 methodology (IPCC, 1997, 2000) using the quantity of 

fuel burnt by source category for CO2, CH4, N2O. Fuel consumption was estimated based on activity data in 

Appendix A and Appendix B for the three phases of the project and the different wind farms. 

The emission factors for each category are presented in Table 11. 

Table 11. GHG emission factors 

Source Unit CO2 CH4 N2O 

Transport – diesel g/L 2652.42 0.1498 0.06656 

Transport – Gasoline g/L 2287.15 0.6675 0.01997 

Energy - diesel g/L 2645.60 0.1082 0.02155 

 

To calculate the CO2eq. emissions, a Global Warning Potential (GWP) of 1 was used for CO2, 21 for CH4 and 

310 for N2O. 

Table 12 presents the quantities emitted with the CO2 being the main pollutant emitted and SA the highest 

emitter. 

Table 12. GHG emissions for the different phases of the wind farms life 

Wind farm Phase CO2 em. (kg) CH4 em. (kg) N2O em. (kg) CO2eq. em. (kg) 

HA Construction 2030449.5 127.1 39.8 2045451.0 

Operation (1yr) 162145.3 23.8 1.5 163111.7 

Decommissioning 151051.4 14.1 3.4 152402.5 

SA Construction 2632223.2 161.1 54.9 2652619.6 

Operation (1yr) 199744.9 34.8 1.8 201043.5 

Decommissioning 193826.4 16.5 4.5 195561.0 

LWP Construction 1763656.7 106.6 37.6 1777547.2 

Operation (1yr) 168357.1 25.6 1.6 169378.4 

Decommissioning 151051.4 14.1 3.4 152402.5 

 

11. Conclusion 

Sustainable Akkar (SA) and Lebanon Wind Power (LWP) are two of the three private investors, selected to 

build Wind Farms Power Plant (WFPP) in Akkar, North of Lebanon. The assessment of emissions and the air 

quality resulting from the construction, operation and decommissioning of the Wind farms was conducted.  
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Allowed increment in air quality based on the background values showed a comfortable margin for the 

project. The emissions calculation for the construction, operation, and decommissioning showed that unlike 

CO, NOx, and SO2, PM resulting from fugitive emissions might constitute a concern. When carefully looking 

at the location of the receptors, the impact that the PM emissions would have is low since all receptors are 

located >350m from the construction sites and only one receptor is located at 40m from the construction 

road. The cumulative impact shows an increase of around 20% for NOx, 2% for CO and less than 1% for SO2 

is expected as an increment on the emissions background. PM emissions are very high compared to the 

background emissions. Mitigation measures are to be taken and can easily reduce fugitive emissions by 75%, 

lowering further the impact. 

The GHG emissions showed that the main GHG from this project is CO2 with the construction phase being 

again the highest emitter.  
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Appendix A: Assumptions for emissions calculations 

Construction 

 

Source Lebanon Wind Power Sustainable Akkar Hawa Akkar  

Contractor and owner 
cars to supervise work 

Exhaust. 
LDV. 
From May to October. 
Contractor 7 cars, 3 cars 
for owner, contractor 50 
km/d, owner 65 km/day, 
6d/w, 26 d/m, totals 
14170 km/m 

Exhaust. 
LDV. 
From June 2019 to 
December 2020 
Contractor 7 cars, 3 cars 
for owner, contractor 50 
km/d, owner 65 km/day, 
6d/w, 26 d/m, totals 
14170 km/m 

Exhaust. 
LDV. 
From June 2019 to 
December 2020 
Contractor 7 cars, 3 cars 
for owner, contractor 50 
km/d, owner 65 km/day, 
6d/w, 26 d/m, totals 
14170 km/m 

Contractor and owner 
cars to supervise work 

Fugitive paved road. 
LDV. 
From May to October. 
Contractor 7 cars, 3 cars 
for owner, contractor 40 
km/d, owner 40 km/day, 
6d/w, 26d/m, totals 
10400 km/m 

Fugitive paved road. 
LDV. 
From June 2019 to 
December 2020 
Contractor 7 cars, 3 cars 
for owner, contractor 40 
km/d, owner 40 km/day, 
6d/w, 26d/m, totals 
10400 km/m 

Fugitive paved road. 
LDV. 
From June 2019 to 
December 2020 
Contractor 7 cars, 3 cars 
for owner, contractor 40 
km/d, owner 40 km/day, 
6d/w, 26d/m, totals 
10400 km/m 

Contractor and owner 
cars to supervise work 

Fugitive unpaved road. 
LDV. 
From May to October. 
Contractor 7 cars, 3 cars 
for owner, contractor 10 
km/d, owner 25 km/day, 
6d/w, 26d/m, totals 
3770 km/m 

Fugitive unpaved road. 
LDV. 
From June 2019 to 
December 2020 
Contractor 7 cars, 3 cars 
for owner, contractor 10 
km/d, owner 25 km/day, 
6d/w, 26d/m, totals 
3770 km/m 

Fugitive unpaved road. 
LDV. 
From June 2019 to 
December 2020 
Contractor 7 cars, 3 cars 
for owner, contractor 10 
km/d, owner 25 km/day, 
6d/w, 26d/m, totals 
3770 km/m 

Bus for labors Exhaust. 
Bus. 
From May to October. 
50 km/d, 6d/w, 26d/m, 
totals 1300 km/m 

Exhaust. 
Bus. 
From June 2019 to 
December 2020 
50 km/d, 6d/w, 26d/m, 
totals 1300 km/m 

Exhaust. 
Bus. 
From June 2019 to 
December 2020 
50 km/d, 6d/w, 26d/m, 
totals 1300 km/m 

Bus for labors Fugitive paved road. 
Bus. 
From May to October. 
40 km/d, 6d/w, 26d/m, 
totals 1040 km/m 

Fugitive paved road. 
Bus. 
From June 2019 to 
December 2020 
40 km/d, 6d/w, 26d/m, 
totals 1040 km/m 

Fugitive paved road. 
Bus. 
From June 2019 to 
December 2020 
40 km/d, 6d/w, 26d/m, 
totals 1040 km/m 

Bus for labors Fugitive unpaved road. 
Bus. 
From May to October. 
10 km/d, 6d/w, 26d/m, 
totals 260 km/m 

Fugitive unpaved road. 
Bus. 
From June 2019 to 
December 2020 
10 km/d, 6d/w, 26d/m, 
totals 260 km/m 

Fugitive unpaved road. 
Bus. 
From June 2019 to 
December 2020 
10 km/d, 6d/w, 26d/m, 
totals 260 km/m 

Road Opening Exhaust. Exhaust. Exhaust. 
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Caterpillar D9. 
June 2019. 
11 km, 1 km in 2 days, 
10h of operation per 
day, totals 220 hours 

Caterpillar D9. 
June 2019. 
26 km, 1 km in 2 days, 
10h of operation per 
day, totals 520 hours 

Caterpillar D9. 
June 2019. 
11 km, 1 km in 2 days, 
10h of operation per 
day, totals 220 hours 

Road Opening Fugitive from bulldozing 
and grading. 
11 km 

Fugitive from bulldozing 
and grading. 
26 km 

Fugitive from bulldozing 
and grading. 
11 km 

Construction camp Exhaust. 
Concrete mixer truck. 
June 2019. 
16 km, 1 truck, 1d 

Exhaust. 
Concrete mixer truck. 
June 2019. 
16 km, 1 truck, 1d 

Exhaust. 
Concrete mixer truck. 
June 2019. 
16 km, 1 truck, 1d 

Construction camp Fugitive paved road. 
Concrete mixer truck. 
June 2019. 
8 km, 1d 

Fugitive paved road. 
Concrete mixer truck. 
June 2019. 
8 km, 1d 

Fugitive paved road. 
Concrete mixer truck. 
June 2019. 
8 km, 1d 

Construction camp Fugitive unpaved road. 
Concrete mixer truck. 
June 2019. 
8 km, 1d 

Fugitive unpaved road. 
Concrete mixer truck. 
June 2019. 
8 km, 1d 

Fugitive unpaved road. 
Concrete mixer truck. 
June 2019. 
8 km, 1d 

Construction camp Exhaust. 
Auxiliary crane. 
June 2019.  
10 hours of operation, 1 
d 

Exhaust. 
Auxiliary crane. 
June 2019.  
10 hours of operation, 1 
d 

Exhaust. 
Auxiliary crane. 
June 2019.  
10 hours of operation, 1 
d 

Construction camp Exhaust. 
Trailors. 
June 2019.  
145 km each, 7 trucks, 
1d, totals 1015 km 

Exhaust. 
Trailors. 
June 2019.  
160 km each, 7 trucks, 
1d, totals 1120 km 

Exhaust. 
Trailors. 
June 2019.  
145 km each, 7 trucks, 
1d, totals 1015 km 

Construction camp Fugitive unpaved road. 
Trailors. 
June 2019. 
11km each, 7 trucks, 1d, 
totals 77 km 

Fugitive unpaved road. 
Trailors. 
June 2019. 
26km each, 7 trucks, 1d, 
totals 182 km 

Fugitive unpaved road. 
Trailors. 
June 2019. 
11km each, 7 trucks, 1d, 
totals 77 km 

Construction camp Fugitive paved road. 
Concrete mixer truck. 
June 2019. 
134 km each, 7 trucks, 1 
d, totals 938 km 

Fugitive paved road. 
Concrete mixer truck. 
June 2019. 
134 km each, 7 trucks, 1 
d, totals 938 km 

Fugitive paved road. 
Concrete mixer truck. 
June 2019. 
134 km each, 7 trucks, 1 
d, totals 938 km 

Construction camp Exhaust. 
Generator. 
From May till October. 
24h/d, 7d/w, totals 720 
h/m 

Exhaust. 
Generator. 
From June 2019 to 
August 2020 
24h/d, 7d/w, totals 720 
h/m 

Exhaust. 
Generator. 
From June 2019 to 
August 2020 
24h/d, 7d/w, totals 720 
h/m 

Construction camp Exhaust. 
Concrete pump. 
June 2019. 
1d, 5 h 

Exhaust. 
Concrete pump. 
June 2019. 
1d, 5 h 

Exhaust. 
Concrete pump. 
June 2019. 
1d, 5 h 

Construction camp Fugitive paved road. 
Concrete pump. 
June 2019. 

Fugitive paved road. 
Concrete pump. 
June 2019. 

Fugitive paved road. 
Concrete pump. 
June 2019. 
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16 km, totals 1hr 16 km, totals 1hr 16 km, totals 1hr 

Construction camp Fugitive unpaved road. 
Concrete pump. 
June 2019. 
16km, totals 1hr 

Fugitive unpaved road. 
Concrete pump. 
June 2019. 
16km, totals 1hr 

Fugitive unpaved road. 
Concrete pump. 
June 2019. 
16km, totals 1hr 

Substation Exhaust. 
Jackhammer. 
June 2019. 
1 jackhammer, 150 
hours, 10h/d, 20000 m3 

Exhaust. 
Jackhammer. 
June 2019. 
2 jackhammers, 520 
hours, 10h/d each, 
70000 m3 

Exhaust. 
Jackhammer. 
June 2019. 
1 jackhammer, 150 
hours, 10h/d, 20000 m3 

Substation Exhaust. 
Excavator. 
June 2019. 
1 excavator, 150 hours, 
10h/d, 20000m3 

Exhaust. 
Excavator. 
June 2019. 
2 excavators, 520 hours, 
10h/d, 70000m3 

Exhaust. 
Excavator. 
June 2019. 
1 excavator, 150 hours, 
10h/d, 20000m3 

Substation Fugitive 
loading/unloading. 
Excavator/truck. 
June 2019. 
20000 m3, 1.4 tons/m3, 
totals 28000 tonnes 

Fugitive 
loading/unloading. 
Excavator/truck. 
June 2019. 
70000 m3, 1.4 tons/m3, 
totals 98000 tonnes 

Fugitive 
loading/unloading. 
Excavator/truck. 
June 2019. 
20000 m3, 1.4 tons/m3, 
totals 28000 tonnes 

Substation Exhaust. 
Truck. 
June 2019. 
20000m3, 20m3 per 
truck, 1000 trucks, 50 
km, totals 50000 km 

Exhaust. 
Truck. 
June 2019. 
70000m3, 20m3 per 
truck, 3500 trucks, 50 
km, totals 175000 km 

Exhaust. 
Truck. 
June 2019. 
20000m3, 20m3 per 
truck, 1000 trucks, 50 
km, totals 50000 km 

Substation Fugitive unpaved road. 
Truck. 
June 2019. 
1000 trucks, 16 km 
unpaved per truck, 
totals 16000 km  

Fugitive unpaved road. 
Truck. 
June 2019. 
3500 trucks, 16 km 
unpaved per truck, 
totals 56000 km  

Fugitive unpaved road. 
Truck. 
June 2019. 
1000 trucks, 16 km 
unpaved per truck, 
totals 16000 km  

Substation Fugitive paved road. 
Truck. 
June 2019. 
1000 trucks, 34 km 
paved per truck, totals 
34000 km 

Fugitive paved road. 
Truck. 
June 2019. 
3500 trucks, 34 km 
paved per truck, totals 
119000 km 

Fugitive paved road. 
Truck. 
June 2019. 
1000 trucks, 34 km 
paved per truck, totals 
34000 km 

Substation Exhaust. 
Concrete mixer truck. 
July-August 2019. 
100 trucks, 32 km, totals 
3200 km 

Exhaust. 
Concrete mixer truck. 
July-August 2019. 
100 trucks, 32 km, totals 
3200 km 

Exhaust. 
Concrete mixer truck. 
July-August 2019. 
100 trucks, 32 km, totals 
3200 km 

Substation Fugitive unpaved road. 
Concrete mixer truck. 
July-August 2019. 
100 trucks, 16km 
unpaved, totals 1600 km  

Fugitive unpaved road. 
Concrete mixer truck. 
July-August 2019. 
100 trucks, 16km 
unpaved, totals 1600 km  

Fugitive unpaved road. 
Concrete mixer truck. 
July-August 2019. 
100 trucks, 16km 
unpaved, totals 1600 km  

Substation Fugitive paved road. 
Concrete mixer truck. 
July-August 2019. 

Fugitive paved road. 
Concrete mixer truck. 
July-August 2019. 

Fugitive paved road. 
Concrete mixer truck. 
July-August 2019. 
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100 trucks, 16km paved, 
totals 1600 km 

100 trucks, 16km paved, 
totals 1600 km 

100 trucks, 16km paved, 
totals 1600 km 

Substation Exhaust. 
Steel truck. 
July-August 2019. 
5 trucks, 145 km, totals 
725 km total 

Exhaust. 
Steel truck. 
July-August 2019. 
5 trucks, 145 km, totals 
725 km total 

Exhaust. 
Steel truck. 
July-August 2019. 
5 trucks, 145 km, totals 
725 km total 

Substation Fugitive unpaved road. 
Steel truck. 
July-August 2019. 
5 trucks, 11 km 
unpaved, totals 55km 

Fugitive unpaved road. 
Steel truck. 
July-August 2019. 
5 trucks, 11 km 
unpaved, totals 55km 

Fugitive unpaved road. 
Steel truck. 
July-August 2019. 
5 trucks, 11 km 
unpaved, totals 55km 

Substation Fugitive paved road. 
Steel truck. 
July-August 2019. 
5 trucks, 134 km paved, 
totals 670km 

Fugitive paved road. 
Steel truck. 
July-August 2019. 
5 trucks, 134 km paved, 
totals 670km 

Fugitive paved road. 
Steel truck. 
July-August 2019. 
5 trucks, 134 km paved, 
totals 670km 

Substation Exhaust. 
Concrete pump. 
July-August 2019. 
6 d, 6h/d, + 6 hours of 
transport, totals 42 
hours total 

Exhaust. 
Concrete pump. 
July-August 2019. 
6 d, 6h/d, + 6 hours of 
transport, totals 42 
hours total 

Exhaust. 
Concrete pump. 
July-August 2019. 
6 d, 6h/d, + 6 hours of 
transport, totals 42 
hours total 

Substation Fugitive unpaved road. 
Concrete pump. 
July-August 2019. 
16km, 6d, 96 km, speed 
16km/h, totals 12h 

Fugitive unpaved road. 
Concrete pump. 
July-August 2019. 
16km, 6d, 96 km, speed 
16km/h, totals 12h 

Fugitive unpaved road. 
Concrete pump. 
July-August 2019. 
16km, 6d, 96 km, speed 
16km/h, totals 12h 

Substation Fugitive paved road. 
Concrete pump. 
July-August 2019. 
16km, 6d, 96 km, speed 
16km/h, totals 12h 

Fugitive paved road. 
Concrete pump. 
July-August 2019. 
16km, 6d, 96 km, speed 
16km/h, totals 12h 

Fugitive paved road. 
Concrete pump. 
July-August 2019. 
16km, 6d, 96 km, speed 
16km/h, totals 12h 

Substation Exhaust. 
Construction material 
truck. 
July-August 2019. 
5 trucks, 32 km, totals 
160 km 

Exhaust. 
Construction material 
truck. 
July-August 2019. 
5 trucks, 32 km, totals 
160 km 

Exhaust. 
Construction material 
truck. 
July-August 2019. 
5 trucks, 32 km, totals 
160 km 

Substation Fugitive unpaved road. 
Construction material 
truck. 
July-August 2019. 
5 trucks, 16 km, totals 
80km 

Fugitive unpaved road. 
Construction material 
truck. 
July-August 2019. 
5 trucks, 16 km, totals 
80km 

Fugitive unpaved road. 
Construction material 
truck. 
July-August 2019. 
5 trucks, 16 km, totals 
80km 

Substation Fugitive paved road. 
Construction material 
truck. 
July-August 2019. 
5 trucks, 16 km, totals 
80km 

Fugitive paved road. 
Construction material 
truck. 
July-August 2019. 
5 trucks, 16 km, totals 
80km 

Fugitive paved road. 
Construction material 
truck. 
July-August 2019. 
5 trucks, 16 km, totals 
80km 

Platform Exhaust. 
Jackhammer. 

Exhaust. 
Jackhammer. 

Exhaust. 
Jackhammer. 
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July-October 2020. 
3 jackhammers, 400000 
m3 of excavation, 1.4 
tons/m3, 10h/d, 
6d/platform, totals 2880 
hours for the 16 
platforms  

July-October 2020. 
3 jackhammers, 525000 
m3 of excavation, 1.4 
tons/m3, 10h/d, 
6d/platform, totals 3780 
hours for the 21 
platforms  

July-October 2020. 
3 jackhammers, 400000 
m3 of excavation, 1.4 
tons/m3, 10h/d, 
6d/platform, totals 2880 
hours for the 16 
platforms  

Platform Exhaust. 
Excavator. 
July-October 2020. 
1 excavator, 10h/d, 
6d/platform, totals 960 
hours operation 

Exhaust. 
Excavator. 
July-October 2020. 
1 excavator, 10h/d, 
6d/platform, totals 1260 
hours operation 

Exhaust. 
Excavator. 
July-October 2020. 
1 excavator, 10h/d, 
6d/platform, totals 960 
hours operation 

Platform Fugitive 
loading/unloading. 
Excavator/truck. 
July-October 2020. 
400000 m3, 1.4 t/m3, in 
totals 560000 tons 

Fugitive 
loading/unloading. 
Excavator/truck. 
July-October 2020. 
525000 m3, 1.4 t/m3, in 
totals 735000 tons 

Fugitive 
loading/unloading. 
Excavator/truck. 
July-October 2020. 
400000 m3, 1.4 t/m3, in 
totals 560000 tons 

Platform Exhaust. 
Truck. 
July-October 2020. 
400000 m3, 20 m3/ 
truck, 20000 trucks, 
50km, totals 1000000 
km 

Exhaust. 
Truck. 
July-October 2020. 
525000 m3, 20 m3/ 
truck, 26250 trucks, 
50km, totals 1312500 
km 

Exhaust. 
Truck. 
July-October 2020. 
400000 m3, 20 m3/ 
truck, 20000 trucks, 
50km, totals 1000000 
km 

Platform Fugitive unpaved road. 
Truck. 
July-October 2020. 
400000 m3, 20 m3 per 
truck, 20000 trucks in 
total, 16km unpaved, 
totals 320000 km 

Fugitive unpaved road. 
Truck. 
July-October 2020. 
525000 m3, 20 m3 per 
truck, 262500 trucks in 
total, 16km unpaved, 
totals 420000 km 

Fugitive unpaved road. 
Truck. 
July-October 2020. 
400000 m3, 20 m3 per 
truck, 20000 trucks in 
total, 16km unpaved, 
totals 320000 km 

Platform Fugitive paved road. 
Truck. 
July-October 2020. 
400000 m3, 20 m3 per 
truck, 20000 trucks, 
34km paved, totals 
680000 km 

Fugitive paved road. 
Truck. 
July-October 2020. 
000 m3, 20 m3 per 
truck, 20000 trucks, 
34km paved, totals 
892500 km 

Fugitive paved road. 
Truck. 
July-October 2020. 
400000 m3, 20 m3 per 
truck, 20000 trucks, 
34km paved, totals 
680000 km 

Platform Exhaust. 
Steel truck. 
July-October 2020. 
43 trucks, 145 km, totals 
6235 km 

Exhaust. 
Steel truck. 
July-October 2020. 
57 trucks, 160 km, totals 
9120 km 

Exhaust. 
Steel truck. 
July-October 2020. 
43 trucks, 145 km, totals 
6235 km 

Platform Fugitive unpaved road. 
Steel truck. 
July-October 2020. 
40 trucks, 11 km, totals 
440km 

Fugitive unpaved road. 
Steel truck. 
July-October 2020. 
57 trucks, 26 km, totals 
1482km 

Fugitive unpaved road. 
Steel truck. 
July-October 2020. 
40 trucks, 11 km, totals 
440km 

Platform Fugitive paved road. 
Steel truck. 
July-October 2020. 

Fugitive paved road. 
Steel truck. 
July-October 2020. 

Fugitive paved road. 
Steel truck. 
July-October 2020. 
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40 trucks, 134 km, totals 
5360km 

57 trucks, 134 km, totals 
7638km 

40 trucks, 134 km, totals 
5360km 

Platform Exhaust. 
Concrete mixer truck. 
July-October 2020. 
1200 trucks, 32 km, 
totals 38400 km 

Exhaust. 
Concrete mixer truck. 
July-October 2020. 
1800 trucks, 32 km, 
totals 57600 km 

Exhaust. 
Concrete mixer truck. 
July-October 2020. 
1200 trucks, 32 km, 
totals 38400 km 

Platform Fugitive unpaved road. 
Concrete mixer truck. 
July-October 2020. 
1200 trucks, 16km, 
totals 19200 km  

Fugitive unpaved road. 
Concrete mixer truck. 
July-October 2020. 
1800 trucks, 16km, 
totals 28800 km  

Fugitive unpaved road. 
Concrete mixer truck. 
July-October 2020. 
1200 trucks, 16km, 
totals 19200 km  

Platform Fugitive paved road. 
Concrete mixer truck. 
July-October 2020. 
1200 trucks, 16km, 
totals 19200 km 

Fugitive paved road. 
Concrete mixer truck. 
July-October 2020. 
1800 trucks, 16km, 
totals 28800 km 

Fugitive paved road. 
Concrete mixer truck. 
July-October 2020. 
1200 trucks, 16km, 
totals 19200 km 

Platform Exhaust. 
Concrete pump. 
July-October 2020. 
16d, 12h/d, transport to 
each platform 2 h, totals 
224 h of operation 

Exhaust. 
Concrete pump. 
July-October 2020. 
21d, 12h/d, transport to 
each platform 2 h, totals 
294 h of operation 

Exhaust. 
Concrete pump. 
July-October 2020. 
16d, 12h/d, transport to 
each platform 2 h, totals 
224 h of operation 

Platform Fugitive unpaved road. 
Concrete pump. 
July-October 2020. 
16km, 16d, totals 256 
km 

Fugitive unpaved road. 
Concrete pump. 
July-October 2020. 
16km, 21d, totals 336 
km 

Fugitive unpaved road. 
Concrete pump. 
July-October 2020. 
16km, 16d, totals 256 
km 

Platform Fugitive paved road. 
Concrete pump. 
July-October 2020. 
16km, 16d, totals 256 
km 

Fugitive paved road. 
Concrete pump. 
July-October 2020. 
16km, 21d, totals 336 
km 

Fugitive paved road. 
Concrete pump. 
July-October 2020. 
16km, 16d, totals 256 
km 

Transport of turbines Exhaust. 
Tractor FH440. 
July-October 2020. 
11 vehicles each time, 
145 km, 16 WT, totals 
25520 km 

Exhaust. 
Tractor FH440. 
July-October 2020. 
11 vehicles each time, 
160 km, 21 WT, totals 
36960 km 

Exhaust. 
Tractor FH440. 
July-October 2020. 
11 vehicles each time, 
145 km, 16 WT, totals 
25520 km 

Transport of turbines Fugitive unpaved road. 
Tractor FH440. 
July-October 2020. 
11 vehicles each time, 
11 km, 16 WT, totals 
1936 km 

Fugitive unpaved road. 
Tractor FH440. 
July-October 2020. 
11 vehicles each time, 
26 km, 21 WT, totals 
6006 km 

Fugitive unpaved road. 
Tractor FH440. 
July-October 2020. 
11 vehicles each time, 
11 km, 16 WT, totals 
1936 km 

Transport of turbines Fugitive paved road. 
Tractor FH440. 
July-October 2020. 
11 vehicles each time, 
134 km, 16 WT, totals 
23584 km 

Fugitive paved road. 
Tractor FH440. 
July-October 2020. 
11 vehicles each time, 
134 km, 21 WT, totals 
30954 km 

Fugitive paved road. 
Tractor FH440. 
July-October 2020. 
11 vehicles each time, 
134 km, 16 WT, totals 
23584 km 

Erection of turbines Exhaust. 
Main crane. 

Exhaust. 
Main crane. 

Exhaust. 
Main crane. 
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July-October 2020. 
3d/platform, 10h/d, 16 
platforms, totals 480 
hours 

July-October 2020. 
3d/platform, 10h/d, 21 
platforms, totals 630 
hours 

July-October 2020. 
3d/platform, 10h/d, 16 
platforms, totals 480 
hours 

Erection of turbines Exhaust. 
Auxiliary crane. 
July-October 2020. 
5d/platform, 10h/d, 16 
platforms, totals 800 
hours 

Exhaust. 
Auxiliary crane. 
July-October 2020. 
5d/platform, 10h/d, 21 
platforms, totals 1050 
hours 

Exhaust. 
Auxiliary crane. 
July-October 2020. 
5d/platform, 10h/d, 16 
platforms, totals 800 
hours 

 

 

Operation 

Source Lebanon Wind Power Sustainable Akkar Hawa Akkar  

Operation 

Exhaust. 
LDV. 
Beginning August 2020 
(except Nov-April due to 
snow). 
1 LDV 60 km/d, 22d/m, 1 
LDV 55km/d, 22d/m, 6 
LDV, 50 km/d, 30d/m, 
totals 11530 km/m 

Exhaust. 
LDV. 
Beginning August 2020 
1 LDV 70 km/d, 22d/m, 1 
LDV 65km/d, 22d/m, 6 
LDV, 60 km/d, 30d/m, 
totals 13770 km/m 

Exhaust. 
LDV. 
Beginning August 2020 
1 LDV 60 km/d, 22d/m, 1 
LDV 55km/d, 22d/m, 6 
LDV, 50 km/d, 30d/m, 
totals 11530 km/m 

Operation 

Fugitive unpaved road. 
LDV. 
Beginning August 2020 
(except Nov-April due to 
snow). 
1 LDV 20 km/d, 22d/m, 1 
LDV 15km/d, 22d/m, 6 
LDV, 20 km/d, 30d/m, 
4370 km/m 

Fugitive unpaved road. 
LDV. 
Beginning August 2020 
1 LDV 30 km/d, 22d/m, 1 
LDV 25km/d, 22d/m, 6 
LDV, 20 km/d, 30d/m, 
4810 km/m 

Fugitive unpaved road. 
LDV. 
Beginning August 2020 
1 LDV 20 km/d, 22d/m, 1 
LDV 15km/d, 22d/m, 6 
LDV, 20 km/d, 30d/m, 
4370 km/m 

Operation 

Fugitive paved road. 
LDV. 
Beginning August 2020 
(except Nov-April due to 
snow). 
1 LDV 40 km/d, 22d/m, 1 
LDV 40km/d, 22d/m, 6 
LDV, 40 km/d, 30d/m, 
totals 8960 km/m 

Fugitive paved road. 
LDV. 
Beginning August 2020 
1 LDV 40 km/d, 22d/m, 1 
LDV 40km/d, 22d/m, 6 
LDV, 40 km/d, 30d/m, 
totals 8960 km/m 

Fugitive paved road. 
LDV. 
Beginning August 2020 
1 LDV 40 km/d, 22d/m, 1 
LDV 40km/d, 22d/m, 6 
LDV, 40 km/d, 30d/m, 
totals 8960 km/m 

Operation 

Exhaust. 
LDV. 
Every Nov-April beginning 
Nov 2020 due to snow. 
2 LDV 40km/d, 22d/m, 6 
LDV, 40 km/30d/m, totals 
8960 

- - 

Operation 
Fugitive unpaved road. 
LDV. 

- - 
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Every Nov-April beginning 
Nov 2020 due to snow. 
0 km 

Operation 

Fugitive paved road. 
LDV. 
Every Nov-April beginning 
Nov 2020 due to snow. 
2 LDV 40km/d, 22d/m, 6 
LDV, 40 km/30d/m, totals 
8960 km/m 

- - 

Operation 

Exhaust. 
Skidoo. 
Every Nov-April beginning 
Nov 2020 due to snow. 
11km/d, 2 skidoos for 
management team, 
14L/100km gasoline, 
22d/m, totals 484 km/m 

- - 

Operation 

Exhaust. 
LDV for security. 
Beginning August 2020 
(except Nov-April due to 
snow). 
2 veh., 128km/d, 30d/m, 
totals 7680km/m 

Exhaust. 
LDV for security. 
Beginning August 2020  
2 veh., 250km/d, 30d/m, 
totals 15000 km/m 

Exhaust. 
LDV for security. 
Beginning August 2020  
2 veh., 128km/d, 30d/m, 
totals 7680km/m 

Operation 

Fugitive unpaved road. 
LDV for security. 
Beginning August 2020 
(except Nov-April due to 
snow). 
2 veh., 88km/d, 30d/m, 
totals 5280 km/m 

Fugitive unpaved road. 
LDV for security. 
Beginning August 2020  
2 veh., 210km/d, 30d/m, 
totals 12600 km/m 

Fugitive unpaved road. 
LDV for security. 
Beginning August 2020  
2 veh., 88km/d, 30d/m, 
totals 5280 km/m 

Operation 

Fugitive paved road. 
LDV for security. 
Beginning August 2020 
(except Nov-April due to 
snow). 
2 veh., 40km/d, 30d/m, 
totals 2400 km/m 

Fugitive paved road. 
LDV for security. 
Beginning August 2020  
2 veh., 40km/d, 30d/m, 
totals 2400 km/m 

Fugitive paved road. 
LDV for security. 
Beginning August 2020  
2 veh., 40km/d, 30d/m, 
totals 2400 km/m 

Operation 

Exhaust. 
LDV. 
Every Nov-April beginning 
Nov 2020 due to snow. 
2 veh., 40km/d, 30d/m, 
totals 2400km 

- - 

Operation 

Fugitive unpaved road. 
LDV for security. 
Every Nov-April beginning 
Nov 2020 due to snow. 
0 km 

- - 

Operation 
Fugitive paved road. 
LDV for security. 

- - 
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Every Nov-April beginning 
Nov 2020 due to snow. 
2 veh., 40km/d, 30 d/m, 
totals 2400 km 

Operation 

Exhaust. 
Skidoo for security. 
Every Nov-April beginning 
Nov 2020 due to snow. 
88km/d each, 4 skidoos, 
totals, 10560 km/m 

- - 

Operation 

Exhaust. 
Boiler 75 KW. 
Every Nov-April beginning 
Nov 2020. 
24h/d, 30d/m, totals 720 
h/m 

Exhaust. 
Boiler 75 KW. 
Every Nov-April beginning 
Nov 2020. 
24h/d, 30d/m, totals 720 
h/m 

Exhaust. 
Boiler 75 KW. 
Every Nov-April beginning 
Nov 2020. 
24h/d, 30d/m, totals 720 
h/m 

Maintenance 

Exhaust. 
LDV. 
Beginning June 2021. 
1 LDV 90 km/d, 100d/yr, 
average 750 km/m 

Exhaust. 
LDV. 
Beginning June 2021. 
1 LDV 105 km/d, 100d/yr, 
average 875 km/m 

Exhaust. 
LDV. 
Beginning June 2021. 
1 LDV 90 km/d, 100d/yr, 
average 750 km/m 

Maintenance 

Fugitive unpaved road. 
LDV. 
Beginning June 2021. 
1 LDV 50 km/d, 100d/yr, 
average 417km/m 

Fugitive unpaved road. 
LDV. 
Beginning June 2021. 
1 LDV 65 km/d, 100d/yr, 
average 542km/m 

Fugitive unpaved road. 
LDV. 
Beginning June 2021. 
1 LDV 50 km/d, 100d/yr, 
average 417km/m 

Maintenance 

Fugitive paved road. 
LDV. 
Beginning June 2021. 
1 LDV 40 km/d, 100d/yr, 
average 333km/m 

Fugitive paved road. 
LDV. 
Beginning June 2021. 
1 LDV 40 km/d, 100d/yr, 
average 333km/m 

Fugitive paved road. 
LDV. 
Beginning June 2021. 
1 LDV 40 km/d, 100d/yr, 
average 333km/m 

Maintenance 

Exhaust. 
Main crane. 
Beginning June 2021, once 
per year. 
2d/yr, 10h/d, totals 20 
hours 

Exhaust. 
Main crane. 
Beginning June 2021, 
once per year. 
2d/yr, 10h/d, totals 20 
hours 

Exhaust. 
Main crane. 
Beginning June 2021, 
once per year. 
2d/yr, 10h/d, totals 20 
hours 

Maintenance 

Exhaust. 
Auxiliary crane. 
Beginning June 2021, once 
per year. 
4d, 10h/d, totals 40 hours 

Exhaust. 
Auxiliary crane. 
Beginning June 2021, 
once per year. 
4d, 10h/d, totals 40 hours 

Exhaust. 
Auxiliary crane. 
Beginning June 2021, 
once per year. 
4d, 10h/d, totals 40 hours 

Maintenance 

Exhaust. 
Tractor FH440. 
Beginning June 2021, once 
per year. 
3 vehicles once per year, 
145 km, 1 WT/yr, totals 
435 km 

Exhaust. 
Tractor FH440. 
Beginning June 2021, 
once per year. 
3 vehicles once per year, 
160 km, 1 WT/yr, totals 
480 km 

Exhaust. 
Tractor FH440. 
Beginning June 2021, 
once per year. 
3 vehicles once per year, 
145 km, 1 WT/yr, totals 
435 km 

Maintenance 

Fugitive unpaved road. 
Tractor FH440. 
Beginning June 2021, once 
per year. 

Fugitive unpaved road. 
Tractor FH440. 
Beginning June 2021, 
once per year. 

Fugitive unpaved road. 
Tractor FH440. 
Beginning June 2021, 
once per year. 
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3 vehicles once per year, 
11 km, totals 33 km 

3 vehicles once per year, 
26 km, totals 78 km 

3 vehicles once per year, 
11 km, totals 33 km 

Maintenance 

Fugitive paved road. 
Tractor FH440. 
Beginning June 2021, once 
per year. 
3 vehicles once per year, 
134 km, totals 402 km 

Fugitive paved road. 
Tractor FH440. 
Beginning June 2021, 
once per year. 
3 vehicles once per year, 
134 km, totals 402 km 

Fugitive paved road. 
Tractor FH440. 
Beginning June 2021, 
once per year. 
3 vehicles once per year, 
134 km, totals 402 km 

 

Dismantling 

Source Lebanon Wind Power Sustainable Akkar Hawa Akkar  

Dismantling 

Exhaust. 
Main crane. 
1.5d/platform, 10h/d, 16 
platforms, totals 240 
hours 

Exhaust. 
Main crane. 
1.5d/platform, 10h/d, 21 
platforms, totals 315 
hours 

Exhaust. 
Main crane. 
1.5d/platform, 10h/d, 16 
platforms, totals 240 
hours 

Dismantling 

Exhaust. 
Auxiliary crane. 
4d/platform, 10h/d, 16 
platforms, totals 640 
hours 

Exhaust. 
Auxiliary crane. 
4d/platform, 10h/d, 21 
platforms, totals 840 
hours 

Exhaust. 
Auxiliary crane. 
4d/platform, 10h/d, 16 
platforms, totals 640 
hours 

Dismantling 

Exhaust. 
Tractor FH440. 
11 vehicles each time, 145 
km, 16 WT, totals 25520 
km 

Exhaust. 
Tractor FH440. 
11 vehicles each time, 160 
km, 21 WT, totals 36960 
km 

Exhaust. 
Tractor FH440. 
11 vehicles each time, 145 
km, 16 WT, totals 25520 
km 

Dismantling 

Fugitive unpaved road. 
Tractor FH440. 
11 vehicles each time, 11 
km, 16 WT, totals 1936 km 

Fugitive unpaved road. 
Tractor FH440. 
11 vehicles each time, 26 
km, 21 WT, totals 6006 km 

Fugitive unpaved road. 
Tractor FH440. 
11 vehicles each time, 11 
km, 16 WT, totals 1936 km 

Dismantling 

Fugitive paved road. 
Tractor FH440. 
11 vehicles each time, 134 
km, paved roads, 16 WT, 
totals 23584 km 

Fugitive paved road. 
Tractor FH440. 
11 vehicles each time, 134 
km, paved roads, 21 WT, 
totals 30954 km 

Fugitive paved road. 
Tractor FH440. 
11 vehicles each time, 134 
km, paved roads, 16 WT, 
totals 23584 km 

Dismantling 

Exhaust. 
LDV. 
8 LDV, 120 km/d each, 
80d, totals 76800 km 

Exhaust. 
LDV. 
8 LDV, 120 km/d each, 
80d, totals 76800 km 

Exhaust. 
LDV. 
8 LDV, 120 km/d each, 
80d, totals 76800 km 

Dismantling 

Fugitive unpaved road. 
LDV. 
8 LDV, 80 km/d each, 80d, 
totals 51200 km 

Fugitive unpaved road. 
LDV. 
8 LDV, 80 km/d each, 80d, 
totals 51200 km 

Fugitive unpaved road. 
LDV. 
8 LDV, 80 km/d each, 80d, 
totals 51200 km 

Dismantling 

Fugitive paved road. 
LDV. 
8 LDV, 40 km/d each, 80d, 
totals 25600 km 

Fugitive paved road. 
LDV. 
8 LDV, 40 km/d each, 80d, 
totals 25600 km 

Fugitive paved road. 
LDV. 
8 LDV, 40 km/d each, 80d, 
totals 25600 km 
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Appendix B: Emission factors used 

Emission factors used 

Emission source 
Fuel 
type 

EF unit EF CO EF Nox EF PM 
EF 

PM10 
EFPM2.

5 
EF SO2 

Fuel 
Cons. 

Fuel 
Cons. 
unit 

Reference 

Main crane Diesel g/hr 914.32 2769.02 178.55 178.55 178.55 1.70 102 l/hr 
EMEP/EEA (2016) and 

Contractor 

Aux crane Diesel g/hr 224.09 678.68 43.76 43.76 43.76 0.42 25 l/hr 
EMEP/EEA (2016) and 

Contractor 

LDV for personnel movement 
on site and out of site 

Gasoline g/km 0.53 0.06 0.0014 0.0014 0.0014 0.0020 0.135 l/km EMEP/EEA (2016) 

Tractor FH440 Diesel g/km 2.64 8.01 0.52 0.52 0.52 0.0050 0.295 l/km 
EMEP/EEA (2016) and 

Contractor 

Bus Gasoline g/km 0.22 5.42 0.0462 0.0462 0.0462 0.0020 0.135 l/km EMEP/EEA (2016) 

Trucks 20m3 Diesel g/km 1.49 6.27 0.13 0.13 0.13 0.0233 0.333 l/km EMEP/EEA (2016) 

Jackhammer Diesel g/hr 116.53 352.91 22.76 22.76 22.76 0.2163 13 l/hr EMEP/EEA (2016) 

Caterpillar D9 Diesel g/hr 690.22 2090.34 134.79 134.79 134.79 1.2818 77 l/hr 
EMEP/EEA (2016) and 

Contractor 

Excavator Diesel g/hr 116.53 352.92 22.76 22.76 22.76 0.2163 13 l/hr 
EMEP/EEA (2016) and 

Contractor 

Concrete Mixer Truck Diesel g/km 1.49 6.27 0.13 0.13 0.13 0.0233 0.333 l/km EMEP/EEA (2016) 

Concrete Pump Diesel g/hr 71.71 217.18 14.00 14.00 14.00 0.1331 8 l/hr 
EMEP/EEA (2016) and 

Contractor 

Skidoo Gasoline g/km 64.74 0.29 0.39 0.39 0.39 2.09E-07 0.14 l/km EMEP/EEA (2016) 

Bulldozing Moisture 1%, silt 
5% 

- g/hr 0 0 10342 5032.83 1535.67 0 -  
Mojave desert (2013), 
based on USEPA AP42 

Loading/Unloading - g/tonne 0 0 14.50 7.00 2.00 0 -  
Mojave desert (2013), 
based on USEPA AP42 



 
Emissions and Air quality assessment for SA and LWP Wind farms  34   Dr. Charbel Afif 

 
 

Dust entrainment from paved 
roads - Truck 40t on average, 

silt 5g/m2 
- g/km 0 0 2038.36 396.97 98.54 0 -  

Mojave desert (2013), 
based on USEPA AP42 

Dust entrainment from paved 
roads - LDV 1.8 t, silt 5g/m2 

- g/km 0 0 19.71 3.80 0.96 0 -  
Mojave desert (2013), 
based on USEPA AP42 

Dust entrainment from paved 
roads - Bus 5 t, silt 5g/m2 

- g/km 0 0 90.09 17.60 4.50 0 -  
Mojave desert (2013), 
based on USEPA AP42 

Dust entrainment from 
unpaved roads - Trucks 40t 

on average 
- g/km 0 0 3102.58 732.01 106.99 0 -  

Mojave desert (2013), 
based on USEPA AP42 

Dust entrainment from 
unpaved roads - LDV 1.8t 

- g/km 0 0 658.81 211.16 30.97 0 -  
Mojave desert (2013), 
based on USEPA AP42 

Dust entrainment from 
unpaved roads - Bus 5 t 

- g/km 0 0 1098.01 318.14 47.86 0 -  
Mojave desert (2013), 
based on USEPA AP42 

Sulfur content in automotive fuel in Lebanon: 10 ppm max. 

Sulfur content in diesel for boilers and reciprocating engines: 350 ppm ma 
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1. REPORT PURPOSE AND COVERAGE 

 

This report is the "Geophysical Ground Survey Report" of the wind power plant that will be 

built by S.AKKAR Company. 

 

The report has been prepared in order to determine the engineering parameters of the wind 

power plant foundations, platforms and roads to be constructed. in this context, a total of 506 

Multichannel Analysis Surface Waves (MASW) measurements were taken in the field. in the 

report, 2D-3D models and evaluations are presented. 

 

The project site location map and satellite images are shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 Project site satellite image (Highurce: Google Earth) 
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2. GEOLOGY 

2.1 THE GEOLOGY OF LEBANON 

2.1.1 THE MAiN FEATURES OF LEBANON 

Figure 2 gives a basic geological map of Lebanon. Figure 3 shows the main structural features 

and Figure 4 gives a sketch cross section across the region. 

2.1.1.1 THE LANDSCAPE 

The three main divisions of Lebanon are; A Western Mountain rising to 3083 meters is 

known as Lebanon, a Bekaa Valley and an East Jebel Lubnan al Sharqi or Anti-Lebanon with 

Mount Hermon of 2814 m. it is worth remembering that the Bekaa is almost everywhere 

above 850m in altitude and that this is as high as some of the highest mountains of many 

countries. One other feature should mentioned at this point because it is frequently 

overlooked. This is that the continental shelf of Lebanon is very narrow indeed (it has a 

maximum width of ten kilometres, see Fig 4) and drops down abruptly to water depths of 

1500m. We know very little about what lies off the coast of Lebanon and the area has not 

been mapped in. Beyond this shelf break, which is cut by deep canyons, lies what must be 

ancient ocean crust. 

The rivers of Lebanon can be divided into two groups. The first group is made up of the east-

west rivers, mostly cut into steep gorges, which drain Mount Lebanon. The second group is 

that of the two large rivers of the Bekaa; the Litani, which flows south and eventually cuts 

through to the Mediterranean and the Nahr al Assi which flows northwards into Syria. 

2.1.1.2 FOLDS 

There is a hierarchy of folds in Lebanon. The major geological structures of the area, Mount 

Lebanon, the Bekaa 3 and the Anti-Lebanon (see Figs. 2 and 3) are basically two very large 

NNE-SSW trending anticlines separated by a large syncline. They have however been broken 

up and disrupted later by a series of major and minor faults. These form what we can call the 

first order structures or megastructures. 

Smaller folds occur locally but, in general, the brittle limestone rocks of the region have 

deformed more by faulting than folding. Perhaps the most spectacular folds are the overturned 

beds at Nabi Ayoub along the southwestern part of the Baruk-Niha ridge. immediately east of 

the Yammouneh Fault a number of small NE-SW trending anticlines occur. Other good folds 

occur in the Tripoli area (i.e. at Jebel Terbol). 

A major fold that is widely seen is the NNE-SSW trending Western Lebanon Flexure which 

runs from the western edge of the Chouf up to the latitude of Tripoli inland of the coast. This 

feature is technically a monocline and in places gives steep and even vertical dipping rocks. 

2.1.1.3 FAULTS 

Lebanon is cut by faults of every scale. Figure 3 merely shows some of the main ones. The 

longest fault in Lebanon is the Yammouneh Fault that runs along the western margin of the 

Bekaa and links the major fault of the Jordan Valley to the Ghab Valley Fault of Northern 

Syria. This is a lateral, or strike slip fault and is the Lebanese segment of the Dead Sea 

Transform Fault (see Section 2.1.5). it originated around 12 to 10 million years ago as the 
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boundary between the Arabia Plate and the Levantine part of the African Plate and has ben 

moving since. The result of this is that the Bekaa has moved some 50 km northwards with 

respect to Mount Lebanon. The evidence suggests that the Yammouneh Fault has not moved 

for many thousands of years; and whether it is dead or dormant is not clear. We would dearly 

love to know will move again. Like many large faults the Yammouneh Fault is not actually 

very impressive on the ground and is often only marked by a wide breccia zone. 

The Roum Fault, which runs from near Marjayoun towards Beirut is probably where most of 

the plate tectonic motion is going on now and may be the present plate boundary between the 

Arabian and the African Plate. One model is that the plate motion has fairly recently (in 

geological terms) switched from the Yammouneh to the Roum Fault. The last recent 

earthquakes in Lebanon have been along this fault including the Chhim earthquake of 1956 

that caused many deaths and much damage. One slightly worrying point is that the Roum 

Fault seems to be on line for Beirut. if it does have an active fault segment near (or even 

under) the capital then that must raise the earthquake risk. Earthquakes are discussed below in 

Section 2.1.7. 

There are other major faults particularly in the Anti-Lebanon. The main highway to Damascus 

shows a good deal of faulting in the road cuts as it passes through this area. The Serghaya 

Fault in particular is apparently another major strike slip fault. 

There many other faults in Lebanon with displacements ranging from a few centimetres to 

several kilometres. Working out which are major faults, and which are minor, is not easy. 

2.1.1.4 IGNEOUS FEATURES 

There is no current volcanic activity within Lebanon. However within the last ten million 

years there was large-scale basaltic volcanism both in the extreme north of Lebanon with the 

Homs Basalts, which extend into the Akkar and in the extreme southeast where the Golan and 

Jebel Druze volcanics occur round Mount Hermon. The Golan volcanism in particular seems 

to have died out very recently, probably within the last 10,000 years. The very much older 

Jurassic and Cretaceous volcanics are discussed in connection with the geological history in 

Section 2.2. 

Older and subtler volcanic features can be seen exist in a number of Late Jurassic volcanic 

vents. There is a good one at Aintoura on the Dour Choueir-Zahle road. But even here you 

need a lot of imagination to see it as smoking volcano emitting lava. 

2.1.2 ROCK TYPES in LEBANON 

Almost all the rocks in Lebanon are sedimentary rocks and most of these are pale limestones. 

These and/or the snow cover may be the origin of the name as L-B-N is 'white' in the Semitic 

languages. Despite the vast thicknesses of limestone i have to say that the variation in 

limestone types is rather limited; much of it is so fine grained that it needs a microscope to 

show any interesting features. The most varied sequence of sediments is that which extends 

from Late Jurassic to the Medium Cretaceous (see Fig. 6) and shows a considerable variety of 

limestones, sandstones, clays and volcanic ashes. The ashes tend to weather to a bright red or 

purple colour and to give fertile grounds. 
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The only igneous rocks are basaltic flows and intrusions of a variety of ages. The only 

metamorphic rocks are confined to narrow bands around the edges of the intrusions. 

2.1.3. FOSSILS OF LEBANON 

Given that Lebanon is largely Jurassic and Cretaceous limestones and rocks of this period are 

generally very fossiliferous the sequence here is frankly disappointing. in the Jurassic there 

are, especially towards the top, beds with corals and sponges (often turned into brown 

weathering silica), enormous echinoid spines and the odd bivalve. The Lower Cretaceous 

sandstones have plant debris and occasional amber lumps. These are rather dull and cracked 

and certainly not of jewellery quality. These contain good insects but the reports of preserved 

DNA in them (and in any other rocks) have now been more or less discounted; Jurassic Park 

is pure fiction. The rest of the Cretaceous has a number of bivalves and gastropods in it, 

particularly at specific levels. There are some ammonites in the higher beds. The redeeming 

feature of the Lebanese fossil record is, of course, the famous Late Cretaceous 'Fish Beds'. 

These are world class features and probably rank in the top twenty or thirty localities in the 

world. They are also very important historically; some of the earliest reports of fossils refer to 

'fish in the rocks of the mountains of Lebanon'. The four outcrops known present a 

remarkable picture of life in the sea a hundred million years ago complete with worms, 

squids, the occasional octopus, prawns and of course fish. Although we might expect to have 

dinosaur fragments in our thick Jurassic and Cretaceous rocks and as far as i know no 

dinosaurs have been found in Lebanon, probably because the rocks were mainly marine 

during these times. 

The Cenozoic rocks have some fossils. The Eocene limestones is often rich in the giant coin 

shaped foraminifera Nummulites. There are some vertebrate bones in the Late Cenozoic 

gravels. Highme of the cave systems have good mammal fossils, including those of the bear. 

One feels that there should be fossils of Neanderthal man but i think there are no reports from 

Lebanon 

A useful little guide book to local fossils is 'Les Fossiles du Liban: Guide Practique' by 

Arslan, S.; Gèze, R. and Abdul-Nour, H. published in 1995. 

2.1.4. MINERALS OF LEBANON 

There are few 'exciting' minerals in Lebanon. Good crystals of calcite are common and 

sometimes calcite or quartz filled geodes occur in rocks. Metallic minerals appear to be 

confined to the iron ores of haematite and limonite. 

2.1.5 LEBANON in its REGIONAL PLATE TECTONIC SETTING 

i find it useful to explain what is happening in the modern Medium East in plate tectonic 

terms. Firstly, it helps them understand Lebanon Secondly the Medium East area provides 

excellent examples of plate tectonic processes. 

Figure 5 shows the region diagrammatically. The overall theme for the last sixty million years 

has been that the great oceanic seaway, the Tethys, which once lay to the north of the Arabia, 

has almost been entirely consumed as Africa and Arabia have collided with Eurasia. 

The first main collision between what we can call the Africa-Arabia Plate and Eurasia took 

place around 40 million years ago. As it continued it gave rise to the Taurus and Zagros 
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Mountain Ranges. For reasons not yet fully explained, but possibly due to the nature of the 

collision the Arabia part of the African Plate kept on moving north and rifted away from the 

larger African body. The spreading ocean that resulted is the Red Sea and Gulf of Aden. The 

movement of this new plate past the Levantine protrusion of the African Plate has given rise 

to the Dead Sea Transform Fault zone. 

in summary we have 

A. A divergent or spreading boundary is well shown by the Red Sea which now forms 

what can be called an embryonic ocean. 

B. The continent-continent type of destructive or convergent boundary is well seen in the 

Taurus and Zagros ranges which represents where the old Tethys ocean has been completely 

destroyed. An ocean-continent collision can be seen along the northern part of the Gulf of 

Oman along the edge of the Makran and along the arc which extends from Cyprus to the 

northeast. in both cases fragments of the Tethys are still being consumed. 

C. The Dead Sea Fault System forms an excellent transform margin between the Arabian 

Plate and the Levantine part of the African Plate. Both are moving northwards but the Arabian 

plate is moving faster. 

The Medium East has therefore all three types of plate boundary and if textbooks were written 

here rather than in the States we would doubtless be in it as a wonderful example. 

2.1.6. RESOURCES OF LEBANON 

Lebanon has only limited geological resources. iron oxides occur locally in the mountains and 

were some of the first iron ores to be exploited; by the 7th century BC Lebanese iron was 

being exported to Babylon. Unfortunately iron smelting requires high temperatures and as 

wood was the only fuel this was a major factor in the catastrophic deforestation. The 

limestone has also been used as a building stone and for fertiliser and cement. The last two 

processes also use wood and have contributed to the deforestation. 

There is no oil known and the general opinion is rather negative about prospects. The main 

problem seems to be that the heavy faulting has fractured any possible oil reservoirs and 

allowed water to get in. However drilling programs have been minimal and oil may exist at 

depth. The narrow continental shelf means that any offshore oil fields, even if they exist are 

not likely to be extensive. Highme bitumen has been recorded along the southern flanks of the 

Bekaa but this may only be a leakage of immature oil and may be no indicator of major oil 

fields at depth. 

The chief natural resource is water. The mountains give a high rainfall (widely over a meter a 

year in Mount Lebanon), and the porous fractured limestone makes an excellent aquifer which 

are refilled over spring and early summer by the slow melting of snow. The resulting 

abundant springs and rivers, unique to the Arab world, gave the country its once abundant 

forests and legendary fertility. However due to the steep slopes and the stony, shallow 

grounds this fertility has proved hard to harness for agriculture and the removal of the forests 

has tended to produce only short lived farming land. 

Stone for building and cement can also be accounted a resource and the frequently enormous, 

visually and environmentally appalling quarries bear witness to this. i am not against all 
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quarries but there are ways of designing and planning them so that they have minimal impact 

on the environment. This is - to say the least -not the practice here. 

2.1.7 GEOLOGIC HAZARDS OF LEBANON 

A main concern in Lebanon is that of earthquakes as the area is in an active region. Beirut has 

been destroyed many times by earthquakes and tsunami ('tidal waves') most notably in 551 

AD. Lesser quakes have occurred since. Unfortunately prediction of such events is still in its 

infancy and we have no way of knowing when the next major quake may occur. Even small 

earthquakes may trigger landslides. 

A subtler hazard is that of ground erosion. The steep slopes of Lebanon and the high rainfall 

means that the grounds, in many cases the product of thousands of years of formation, are 

easily eroded. Deforestation and the reckless building of the last ten years, has made this 

problem even worse. These grounds are not now being replaced. Related to this are 

widespread landslides on various scales due to the steep slopes and wet winters. The loss of 

trees, and extensive urbanisation has again only made this worse. 

A final geological concern is of the pollution and contamination of the underground water 

supplies due to poor waste disposal practices. The complex network of underground fissures 

that makes up the main aquifers means that pollutants can circulate rapidly and unpredictably. 

The chief dangers here come from the 'ordinary' unspectacular pollution of aquifers by 

sewage and agricultural chemicals. The widespread use of large quantities of pesticides are a 

major concern. The seems little doubt that the uncontrolled shooting of the birds has caused 

such an explosion in insect numbers that people are forced to use pesticides. A far better 

practice would be to leave the birds to naturally control the insects and so keep pesticides out 

of our drinking water. 

2.1.8 THE IMPORTANCE OF GEOLOGY in LEBANON 

it can be said that it is the geology that has largely controlled the history of Lebanon. 

it has given Lebanon its high mountains and inaccessible valleys. Positively, this makes the 

area an excellent refuge for minorities. Negatively, this leads to isolationism, a clan system 

and makes a centralised state difficult. 

it has given the country good ports. This is in marked contrast to the coast of Palestine. The 

Lebanon region is also protected by Cyprus from worst winter storm waves. 

it has given the region its fertility with the high rainfall and excellent springs. However this is 

localised, demands hard work to farm due to the steep slopes and is easily destroyed. As a 

result wealth based on agriculture has not proved easy and many Lebanese have traditionally 

migrated or gone into commerce. This has been encouraged by the lack of mineral wealth. 

2.2 AN OUTLiNE OF THE GEOLOGICAL HISTORY OF LEBANON 

2.2.1 INTRODUCTION 

This is a summary of the geological history of Lebanon modified extensively from a longer 

(and more technical) guide. The most recent summary for Lebanon is the stratigraphic table 

(Figure 6). 
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Rather than go through the sequence unit by unit presented the geological history of Lebanon 

here in terms of five broad summary episodes each distinguished by varying plate tectonic 

and depositional style. Each episode more or less corresponds to a 50 million year interval 

starting from around 250 ma (million years ago). 

The oldest rocks seen at the surface in Lebanon are Early Jurassic, perhaps 200 million years 

old. This is a very recent age when set against the 4.6 billion year age of the earth. The 

handful of wells drilled for oil prior to 1975 never penetrated any older rocks. This level of 

ignorance about the subsurface, coupled with the only rudimentary geophysical data, means 

that Lebanon is very poorly studied indeed. There are few, if any, other countries in the world 

whose geological history goes no further back than the surface rocks and there are certainly 

very few whose pre-Jurassic history is so sketchy. 

On the basis of the adjacent countries we can speculate at what must have happened in 

Lebanon before the Triassic. There was probably a major mountain building episode around 

800-600 million years ago, deposition of an interrupted sequence of sandstone and clays 

during the Early Paleozoic, some sort of uplift during the Devonian and Carboniferous and a 

flooding by shallow limestone seas during the Permian. in terms of plate tectonics the 

Lebanon area was part of the supercontinent Gondwana during Paleozoic to Triassic time. 

2.2.2 EPISODE 1: 250-200 MA (END PERMIAN TO LATE TRIASSIC) THE FIRST 

RIFTING 

Although there are no rocks of this time period known in Lebanon we can make a fairly good 

guess as to what events took place in this area from data from surrounding countries. 

After the relatively high sealevels in the Permian the seas began to fall during the Triassic so 

that by the end of the Triassic evaporites and shallow water limestones were probably being 

deposited. 

During the Late Permian to Triassic the supercontinent Gondwana began to break up with the 

formation of a series of rifts and opening oceanic seaways. This trend towards breakup was to 

continue until the middle of the Cretaceous. During the Triassic the Tethyan Ocean 

progressively opened westwards round the northeastern to northwestern margins of what is 

now Arabia. it is probable that by the Late Triassic sea floor spreading had opened a narrow 

NE-SW aligned ocean whose eastern margin lay just to the west of the present day continental 

slope, some 10-20 km west of the modern shoreline (Fig 7a). 

2.2.3 EPISODE 2: 200-150 MA (EARLY - LATE JURASSIC) STABILITY AND 

WARM CLEAR SEAS 

The oldest rocks seen in Lebanon are Lower Jurassic in age. The main part of the Jurassic 

sequence in Lebanon is extremely thick (possibly greater than two km) but poorly known 

largely due to the cliff forming and monotonous character. This massive Jurassic sequence 

(the Kesrouane Formation) occurs essentially in three main areas. These are a) Mount 

Lebanon north of the Damascus Road (the Metn and Kesrouane), b) the Chouf and Jebel 

Barouk and c) the central and southern Anti-Lebanon. 

For most of the Jurassic time (210-144 million years ago) the Lebanon region appears to have 

been a stable area upon which marine limestones were deposited. Over this area sea levels 
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gradually rose during the Early and Medium Jurassic so that shoreline and tidal flat 

limestones and evaporites were gradually replaced by shallow marine limestone muds and 

sands with local patches of corals and sponge reefs. 

Whether any seafloor spreading occurred offshore Lebanon at this time is unclear, but until 

the Late Jurassic the region appears to have been tectonically quiet. 

2.2.4 EPISODE 3: 150-100 MA (END JURASSIC - MID CRETACEOUS) UPLIFT, 

VOLCANOES AND DELTAS 

At the start of the Late Jurassic further tectonism began to occur in the region. This probably 

mainly involved the break up of the area into a distinct series of blocks, some of which rose 

above the sea and became covered by grounds. There was the widespread eruption of basalt 

lava and ashes from a number of vents. it is probable that this tectonism is related to a 

renewed phase of breakup of Gondwana; similar Late Jurassic rifting is known across Africa 

and into southern Arabia. This volcanic and tectonic phase was relatively temporary and there 

was renewed flooding of the Lebanon area during the last part of the Jurassic to give further 

limestone deposition. However sometime, either at the very end of the Jurassic or during 

earliest Cretaceous time, the area underwent more block faulting giving emergence and 

erosion that possibly lasted for 10 or so million years. The result of this is that the sandy 

Lower Cretaceous sandstones of the Chouf Formation rest unconformably upon the Jurassic 

limestones. Associated with this pre-Chouf Sandstone uplift was another phase of basaltic 

volcanism which continued in places into the middle part of the Cretaceous. in addition to this 

it seems tectonism it seems as if seafloor spreading continued in the offshore area until mid 

Cretaceous time. 

During the Early Cretaceous Lebanon was covered by a series of swamps, rivers and deltas 

which has given a widespread sequence of sands and shales up to 500m thick. These Early 

Cretaceous strata are widely worked for building sand. They also contain good fossil amber 

with well preserved insects. 

During the later part of the Early Cretaceous sea levels began to rise and marine incursions 

became increasingly prominent. The supply of sands into the Lebanon area began to wane 

switching off almost totally during the middle Cretaceous when a sea level rise brought in a 

widespread pure limestone deposition, locally with reefs, across the area. After a brief return 

to sandstone and clay deposition sea levels rose further to give a return to widespread 

limestones. 

2.2.5 EPISODE 4: 100-50 MA (LATE CRETACEOUS - EARLY EOCENE) HIGH 

SEALEVELS AND GENTLE FOLDING 

After the seafloor spreading which marked the first three episodes the Late Cretaceous saw a 

major switch in the tectonic pattern as Eurasia and the Africa-Arabia Plate began to come 

closer together causing the start of the closure of the Tethyan Ocean. Although any collision 

zone was well offshore and far to the north and northwest of the Lebanon area the first 

compressional effects seem to have been felt across the area during the Late Cretaceous. This 

gave rise to the first gentle uplifting of the Mount Lebanon and Anti-Lebanon area so that the 

main features of Lebanon started to form at this time. 
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A more obvious feature was that of the very high sea levels which dominated most of Late 

Cretaceous and Early Tertiary time. These contributed to thick sequences of pale fine 

limestones and chalks. it is during this time the 'fish beds' formed in local areas of oxygen 

shortage close to the edge of the carbonate platform. The fine grained limestones seem to 

cross the Cretaceous-Tertiary boundary with no major change. Whatever did kill off the 

dinosaurs and ammonites left no obvious signs of its action here. 

2.2.6 EPISODE 5: 50-0 MA (MID EOCENE TO THE RECENT) TECTONIC 

UPLIFT AND CLIMATIC COOLING 

The last fifty million years has seen an enormous change in the area from the Mid Eocene 

time when the area was covered by shallow seas in which limestones were being deposited to 

its present state of being an emergent and eroding land mass. 

At the start of this episode the Africa-Arabian Plate was just beginning to collide with Eurasia 

and there was still a substantial Tethyan Ocean present (Fig 6b). As the plates collided the 

geology changed. Substantial uplift occurred in the Late Eocene and Oligocene giving a major 

emergence and the marking out of the threefold NNE-SSW trending pattern of modern 

Lebanon. During this time the sea was progressively pushed out of the Bekaa depression and 

restricted to shallow marine incursions along the line of the present day coast. The erosion of 

some of the main river valleys of Mount Lebanon may have started at this time. 

Perhaps ten million years ago the area began to be dissected by the first motions along the 

faults of the Dead Sea Transform Fault System. These caused new tilting and uplift and 

caused major disruption of drainage patterns. At the end of the Miocene the Mediterranean 

dried up and during this time the river valleys may have cut down across the continental shelf. 

There has been continued uplift and local tilting over the last five million years and some 

major disruption of river courses as various blocks slide against one another due to the strike 

slip faulting. Uplift and local tilting is evidently continuing; evidences for this are the 

numerous raised beach levels and the continuing seismicity. A classic case of this is the Litani 

River which, at one point, probably originally flowed due south into the Hula and Jordan 

valley areas but which had its path blocked by uplift and basaltic volcanism, redirecting it 

eastwards to the Mediterranean. 

Superimposed on the effects of these tectonic events have been the major climatic and sea 

level changes of the last part of the Cenozoic. The lowering of temperatures over the last two 

million years gave rise to frequently wetter and colder conditions during the Pleistocene . 

Highme of the best evidence for this can be seen in the way that the southern part of the 

Bekaa (from Rayak southwards) appears to have been sporadically covered by a large lake 

with a well marked shoreline at around 970m. The last remains of this lake system can be 

seen in the Aammiq Wetlands area. The extent to which glaciers were present on the tops of 

the highest peaks during the Pleistocene glacial periods is uncertain. The evidence suggests 

that limited glacier systems existed at altitudes above 2500m at the coldest times giving 

glacial moraines at such places as the Cedars at Bcharré. 
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From 10,000 years ago the area warmed up and reforestation occurred. Human activity 

however started to negatively affect the environment on a large scale from around 4000 BC 

onwards; a process that has increased alarmingly in the 20th Century. 

 

Figure 1 Geology Map of Lebanon  
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Figure 2 Simplified structural map of Lebanon 
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Figure 3 Schematic east-west cross section across Northern Lebanon 

 

 

 
Figure 4 Modern day regional tectonic map 
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 Figure 5 Summary stratigraphic table 
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Figure 6a: Schematic models for the 

plate tectonic evolution of the Lebanon 

region in Early Jurassic (200 millions 

years ago) 

  

 

Figure 7b: Schematic models for the 

plate tectonic evolution of the 

Lebanon region in Early Tertiary time 

(50 million years ago) 
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3. FIELD AND OFFICE OPERATION METHODS 

Seismic study (fracture (P wav) - active source surface wave) has been performed along 1 

profile to determine the seismic velocities (P and S), thicknesses and dynamic engineering 

parameters of the basement-forming units in the study area. 

in the studies DOREMi brand SEiSMiC-DRM12 model recorder 4.5 hertz vertical geophones 

and cables was used. And 8 kg sledgehammer was used as seismic source. 

in the seismic studies, 2 m. geophone range was selected and a shot was made for the 12 

channel recording was taken. 

Offset distance 4 m. total length of single profile (including offset) 26 m. d. The number of 

sampling records is 256 in milliseconds, and the recording length is 1024 ms.  

Signals and land records belonging to all geophysical works, evaluation results are presented 

in Attechments. 

General information about Active Resource Masw Survey 

Surface waves have been characterized as noise in other seismic methods until recently and 

have been removed. Later, thanks to the developing technology and software, the information 

carried by surface waves began to be examined. The indication of the strength of the ground 

has been an effective way to calculate shear waves and has played an important role in 

various investigations. The Vs30 value can be calculated with MASW (Multichannel Analysis 

Surface Waves) technique from the surface wave analysis methods. Vs30, UBC and 

Eurocode-8 are the main parameters used in international standards. in surface wave analysis 

methods, the shear wave of underground layer constructions exploits the dispersive property 

of the Rayleigh wave for the purpose of calculating the variation of Velocity (Vs). Surface 

wave methods can be grouped into two main groups, active-source and passive-source 

methods. Passive methods have deeper population power. Particularly, it can be used 

effectively in areas where the depth of the bedrock should be reached. in addition to the 

advantages of easy-to-apply method at first glance, there are disadvantages of geometry-

related problems during data processing and the fact that there is a margin of error in finding 

layers near the surface. in addition to this, the MASW method has more limited population 

depth and more effective results are obtained by using efficient resources. in particular, Vs30 

has effective usage because it gives 30 healthy and very healthy results in detection of thin 

lines. The greatest advantage over other methods is that the source is controlled. S wave 

velocity structure can be determined by using active and passive source surface wave 

methods. 

There are two steps to this. The first is to determine the dispersion curve for the area studied. 

The purpose of all surface wave methods is to obtain the dispersion curve of the studied area. 

The derivation of the dispersion curve is different for all methods. The second step is reverse-

solution. During this process, the layer parameters of 1B medium are obtained by using the 

dispersion curve. 

Determining S-wave velocities from geophysical studies carried out in the scope of the 

Ground Survey Report and for the purpose of in order to reveal the dynamic - elastic 
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properties of the place which can not be calculated by geotechnical studies the density (r), 

maximum shear modulus (Gmax), young modulus (Ed), poisson's ratio (n), bulk modulus (K), 

seismic velocity ratio (Vp / Vs) and Vs30 (m / sec) were calculated for each determined layer. 

(Ercan,2001). 

DOREMi brand SEiSMiC-DRM12 model recorder was used in the process of taking the 

records in field works. 

Technical specifications of DOREMI brand SISMIK-DRM12 Tool 

Multy Channel Analysis of SurfaceWaves (MASW) technique was used for S-type seismic 

velocity analysis. Geophones with a natural frequency of 4.5 Hz were used during the data 

acquisition phase. The method is based on the principle that Rayleigh type surface waves 

present in P-type field recording are separated into plane-wave components. The dispersion 

curve is determined from the phase Velocity - frequency spectrum obtained after the analysis 

and an S - type velocity - depth model is constructed iteratively following an initial model. 

A 12-channel DOREMi engineering seismograph recorder was used for the Masw studies. it 

consists of a tablet PC for system records, a sensor for detecting seismic tracks, a trigger, a 

sledgehammer, 12 vertical geophones (4.5 Hz geophone) and special connection units. 

 

Figure 6 image of the seismic device 

 

Figure 7 Schematic representation of the field application of the Fracture - Masw method. 
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Seismic Refraction and interpretation of Masw 

There are different methods to investigate various parts of the globe. However, they are very 

expensive and provide local information. Geophysical methods determine changes in a wide 

area of the earth very quickly. Geophysical searches do remove the need for drilling. 

However, it helps to reduce the time and economic factors to the minimum by better directing 

the search / research program. 

When a basic drilling well is opened, many static features of the opening are determined. But 

the characteristics of a movement can not be determined. Since the earthquake is a dynamic 

phenomenon, it must be known depending on the motion of the ground. 

in the interpretation phase; 

in order to obtain the values of the P and S waves which vary greatly from the digital 

recordings obtained as a result of field studies; a special software program is used to 

transform the Rayleigh wave spectrum to the S wave and the P wave spectra with fourier 

analysis in the firecance environment to obtain the P and S velocity values of the working 

ground. 

The environment modeling is performed. The number of layers, layer thicknesses and slopes 

and positions of layers in the modeling resultant environment are determined. Seismic 

recorded seismic fault data was evaluated with SurfSeis1.5 software. At the end of the 

evaluation, layer thicknesses, underground speed structure and topography were revealed. 

Depending on the P and surface wave velocities, the ground dynamic elastic parameters and 

the Vs velocities, Vibration Periods, ground amplitudes were calculated. Waveforms of 

seismic studies, road-time plots and sections are given in Appendix. 
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4 ENGINEERING PARAMETERS  

4.1.  Seismic P wave velocity(Compressional Wave Velocity (Vp)) 

 

-  Seismograph is the first earthquake wave that 

reaches first. 

- The speed varies between 1.5 km / h and 8 km / h    

depending on the structure of the shell. 

- Destructive effects are low. 

- They spread in every environment (solid-liquid-gas). 

- Longitudinal wave. 

  

Today, it is impmiddlent for the project to determine the removability and removability of the 

grounds and rocks in projects that require medium and large-scale excavation and removal 

works such as road, railway, water structures, mining, tunnel construction, subway, sewerage. 

Excavation: simple removal of floors from the ground. Detachability: can be defined as the 

process of removing rocks, whether by means of vehicles or by compressor or dynamite 

fragmentation Pre-determination of the removability / excavability conditions of rocks and 

grounds with the aid of geophysical-geotechnical data; machine park selection and calculation 

of unit excavation costs. Depending on the properties of rock or floor material and rock mass; 

direct excavation, drilling-blasting or pre-loosening mechanical excavation with mechanical 

excavation tools constitute the main excavation methods. (Göktan and iphar, 2013).  

“The concept of "removability" is related to the degree of ease / difficulty encountered in the 

process of loosening a consumable material by the remover-dozer in the appropriate part 

sizes. (Eskikaya and Göktan, 1988). 

4.2.  Seismic S wave velocity (Transverse wave Velocity (Vs)) 

 

-  Seismography is the second wave of seismic waves. 

- -The speed varies between 60% and 70% of the P-

wave velocity. 

- Demolition effects are high. 

- They only spread in solid medium. 

- -They are waves. (Shear Wave) 

 

During the propagation of the slip waves, deformations occur on the rocks. The reason for this 

is that in the wave propagation, the direction of the vibration of the particles is perpendicular 

to the direction of the wave propagation. Naturally, shear wave velocities come into play if 

the material is resistant to distortion or distortion. Normally, the P wave and the S wave 

increase together and tend to decrease together, but when the P wave in the water takes a 

value of about 1500 m / s, the S speed is 0. This is because the P wave velocity is high 

because the water is not compressible, and the reason why the S velocity is 0 in water is that 

water does not have a resistance against twisting and shape change and it can be cut. 

P Wave 

S-Wave 
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4.3.  Surface Waves 

 

The closest point to the image is the wave surface waves 

that spread from the area called the epicentre. 

Surface Waves Properties; 

- Earthquakes are the slowest waves in waves. 

- Surface waves propagate along the earth's surface. 

- P and S are recorded after the waves. 

- The effect is great because the ground moves during the 

formation of surface waves. 

Surface waves there are two types of waves, Rayleigh 

Waves and Lowe Waves. 

 

Properties of Rayleigh Waves; 

it is called the wave of Rayleigh wave that acts on the earth 

as the water ripples on the ocean. Most of the vibrations felt 

during an earthquake are caused by this Rayleigh wave, 

which carries much more energy than other waves. 

 

Features of Lowe Waves; 

The surface waves that move the floor in the horizontal plane 

are called Lowe waves. it is the fastest surface wave. Moving 

the ground in a horizontal plane causes splits on the earth. 

 

The Vs30 value can be calculated with MASW 

(Multichannel Analysis Surface Waves) technique from the 

surface wave analysis methods. Vs30, UBC and Eurocode-8 are the main parameters used in 

international standards. 

in the surface wave analysis methods, the shear wave of underground-stratified structures 

utilizes the dispersive property of the Rayleigh wave for the purpose of calculating the 

Waveness (Vs) variation. 

Surface wave methods can be grouped into two main groups, active-source and passive-

source methods. Passive methods have deeper population power. Particularly, it can be used 

effectively in areas where the depth of the bedrock should be reached. in addition to the 

advantages of easy-to-apply method at first glance, disadvantages are the disadvantages of 

geometry-induced problems during data handling and the fact that there is a margin of error in 

the detection of near-surface layers. 

in addition to this, the MASW method has more limited penetration depth and more effective 

results are obtained by using the effective source. in particular, Vs30 has an effective use 

because it provides the first 30 metronomes in the study and gives very healthy results in the 

detection of thin layers. The greatest advantage over other methods is that the source is 
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controlled. S wave velocity structure can be determined by using active and passive source 

surface wave methods 

According to the NEHRS Provisions and the Uniform Building Code (UBC), the Ground 

Classification (Ground Classification according to Eurocode 8 to Vs30) 

              

GROUND GROUPS DEFiNiTiON FEATURES (m/sec) 

A Rock Or Other Similar Formations Vs30>800 

B High hard sand pebbles very hard clay 360<Vs30<800 

C Tight to medium tight sand, gravel or hard clay 180<Vs30<360 

D Cohesionless ground from loose to medium tight 180>Vs30 

 

The interpretations made for the Turbines shall be made by evaluating the following data 

according to these tables. 

4.4.  Shear Modulus-G (kg/cm²) 

it shows resistance to shear stresses, that is, resistance against horizontal forces. This 

parameter is zero because the liquids are not resistant to shear. The higher the shear modulus, 

the greater the resistance to shear stresses of the formation, that is, the horizontal forces 

(horizontal earthquake load). 

 The Shear Modulus according to seismic data is calculated as 2. 

1) µ = *Vs
2 calculated from the formula. From here  = n/g calculated from the 

formula.  
 

=density,   

n= Natural (total) unit volume weight 

g= acceleration of gravity (9.8m/sn2). 

 

2) specific gravity d=0.31*Vp
0.25 from here G =(d*Vs

2)/100 (kg/cm2) 

 

 According to the above model, Shear Modulus is calculated as follows. 

4.5.  Elasticity Modulus-E (kg/cm²) 

The ratio of the elongation to the unit length applied to the unit cross-sectional area is called 

Elastic Modulus. in a certain direction, the stresses are defined as the ratio to the 

deformations. 

 E=2µ(1+σ) kg/cm2                                             E=G*(3*Vp
2-4*Vs

2)/( Vp
2-Vs

2) 

4.6.  Poisson’s Ratio - (б) 

it is defined as the ratio of unit variation of the formation to the longitudinal unit change. This 

ratio varies from 0 to 0.25 in non-porous media, from 0.25 to 0.35 in moderate porous media, 

and from 0.35 to 0.50 in porous media. The Poisson's ratio expresses the porosity of units in 

other words. Unitless. 

б=(Vp
2-2*Vs

2)/(2* Vp
2-2*Vs

2) 
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4.7.  Density -  ρ (gr/ cm3) 

The density given by Telford (1976) as the empirical value according to the longitudinal wave 

velocity is calculated from the following formula. 

ρ =d=0.31*Vp
0.25(gr/cm3) 

4.8. Modulus of Subgrade Reaction – D Y K (ton/m3) 

The bearing coefficient is resistance to unit displacement of the unit area of the floor under 

load. The bearing coefficient (kV) is calculated from the nearest approximation of the 

pressure-settlement curve using the largest possible plate diameters from the near-elastic 

properties of the floor. 

4.9. Bearing Capacity qu (kg/cm2) / Allowable Bearing Capacity qa (kg/cm2) 

it is called the foundation which provides direct contact with the ground and transfers the 

loads from the building to the ground. The settlement values for a healthy base must remain 

within the secure boundary and provide adequate resistance to slip. For this reason, the basic 

design is dimensioned according to the sensitivity of the structure on it and the properties of 

the ground. Carrying capacity conditions are met if these criteria are adhered to. High 

Carrying capacity is the greatest burden that the ground can carry without sitting and 

immigrating. Safe Carrying capacity is obtained by dividing the Carrying capacity by a 

Secure factor without a unit. 

4.10. Vibration Period - T0 (sec) / Ground Amplification (Ak)  

Period is natural or artificial factors, period is between 0,05-2 seconds earth vibrations. 

(Ercan, 2001) in a certain number of occurrences of a certain period is the maximum number 

of repetitions. The period with the maximum repetition is defined as the dominant period. 

(Kanai, 1984). 

T0=4h/Vs (sec)  ve Ta=T0/1,5 ve Tb=T0*1,5 

The dominant vibration of earthquake motion on soft ground has a greater displacement 

amplitude, in other words more oscillation. On the hard ground this is the opposite. 

if the vibrational frequency of the structure on the ground coincides with the floor vibration 

frequency, the energy that is emitted by triggering each other is reflected twice as much as the 

structure. To avoid this situation, these frequencies must be different from each other. The 

When an earthquake strikes, different seismic waves begin to spread at different speeds in the 

earth from the source. These waves produce vibrations for a few seconds to a minute when 

they reach the ground surface. The duration and intensity of the vibration in a particular place; 

the earthquake size, the distance from the source, the physical characteristics of the 

environment where the waves travel, and the ground properties of the site in depends. Seismic 

waves travel a considerable part of their travel from the source to the earth in the hard 

bedrock, which forms the earth's crust. The last stage of their travel takes place in loosely 

adhered ground layers, whose characteristics are quite different from that of the main rock, 

and the physical properties of these ground layers largely determine the character of the 

vibration observed on earth. The ground strata are almost like a filter for seismic waves. The 

changes that seismic waves have in the ground layers are called ground effect. Since this 

change is generally observed as an increase in amplitudes, the ground effect is also referred to 

as a ground growth (Ak) 
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5. EVALUATION AND INTERPRETATION 

The study area is divided into 7 regions for better health evaluation of the data. The application of 

the general plan of these 7 regions is given below. Also all values of the measurements taken are 

presented in the area of 3 layers. Two-dimensional cross-sections for each area are prepared and 

presented within the area concerned. 
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5. 1. AREA 1 

There are 41 measurements were taken on the Area 1. Three layers were seen in this scale. 

Layer 1 thickness varies between 1,49 m and 6,85 m. The beginning of the layer 2 is between 

1.49 m and 6.85 m, and the ending is between 6,68 m and 18,29 m. The beginning of the layer 

3 is between 6,68 m and 18,29 m.  

Detailed soil structure was observed in the 10 layers solutions. Accordingly, in the profiles 

taken in the region, cracks with cracks and voids were observed in the first 6.00 meters in 

general. More detailed work should be done under the constructions to be made here. 

Profile points should be viewed in engineering parameters section for detailed values 

considering the following application.  
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5.1.1. AREA01 Seismic P wave velocity (Compressional Wave Velocity (Vp)) 

Vp VELOCiTY 

PROFILES LAYERS DEPTH Vp_ Velocity STRiPPABiLiTY 

PROFILE-30 

1. LAYER -5,05 1577 High Difficult Strippability 

2.LAYER -15,87 1854 High Difficult Strippability 

3.LAYER -34,13 3241 Explosive Strippability 

PROFILE-31 

1. LAYER -3,67 1363 Medium Strippability 

2. LAYER -11,52 2117 High Difficult Strippability 

3. LAYER -38,48 4258 Explosive Strippability 

PROFILE-32 

1. LAYER -3,78 1058 Simple Strippability 

2. LAYER -16,91 1631 High Difficult Strippability 

3. LAYER -33,09 3235 Explosive Strippability 

PROFILE-33 

1. LAYER -2,83 1026 Simple Strippability 

2. LAYER -12,67 1545 High Difficult Strippability 

3. LAYER -37,33 3140 Explosive Strippability 

PROFILE-34 

1. LAYER -5,82 1333 Medium Strippability 

2. LAYER -18,29 1531 High Difficult Strippability 

3. LAYER -31,71 2941 Explosive Strippability 

PROFILE-35 

1. LAYER -6,85 1324 Medium Strippability 

2. LAYER -15,70 1741 High Difficult Strippability 

3. LAYER -34,30 3413 Explosive Strippability 

PROFILE-36 

1. LAYER -6,61 1260 Medium Strippability 

2.LAYER -15,14 1631 High Difficult Strippability 

3.LAYER -34,86 3009 Explosive Strippability 

PROFILE-37 

1. LAYER -2,16 740 Simple Strippability 

2. LAYER -9,69 1687 High Difficult Strippability 

3. LAYER -40,31 3710 Explosive Strippability 

PROFILE-38 

1. LAYER -5,71 1523 Medium Strippability 

2. LAYER -13,10 2480 Explosive Strippability 

3. LAYER -36,90 4686 Explosive Strippability 

PROFILE-39 

1. LAYER -3,34 1014 Simple Strippability 

2. LAYER -10,49 1859 High Difficult Strippability 

3. LAYER -39,51 3795 Explosive Strippability 

PROFILE-40 

1. LAYER -4,27 1392 Medium Strippability 

2. LAYER -13,42 1787 High Difficult Strippability 

3. LAYER -36,58 3426 Explosive Strippability 

PROFILE-41 

1. LAYER -6,16 1343 Medium Strippability 

2. LAYER -14,12 1932 High Difficult Strippability 

3. LAYER -35,88 3484 Explosive Strippability 

PROFILE-42 

1. LAYER -5,05 704 Simple Strippability 

2. LAYER -11,59 1176 Simple Strippability 

3. LAYER -38,41 2225 Explosive Strippability 

PROFILE-43 

1. LAYER -5,03 1499 Medium Strippability 

2. LAYER -15,80 2147 Explosive Strippability 

3. LAYER -34,20 4023 Explosive Strippability 

PROFILE-44 

1. LAYER -5,08 1211 Simple Strippability 

2. LAYER -11,64 2037 High Difficult Strippability 

3. LAYER -38,36 3732 Explosive Strippability 

PROFILE-45 

1. LAYER -4,79 1275 Medium Strippability 

2. LAYER -15,05 2316 Explosive Strippability 

3. LAYER -34,95 4504 Explosive Strippability 

   PROFILE-46 1. LAYER -3,48 1050 Simple Strippability 
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2.LAYER -10,94 1997 High Difficult Strippability 

3.LAYER -39,06 3972 Explosive Strippability 

PROFILE-47 

1. LAYER -3,38 1737 High Difficult Strippability 

2. LAYER -15,13 2242 Explosive Strippability 

3. LAYER -34,87 4393 Explosive Strippability 

PROFILE-48 

1. LAYER -2,81 738 Simple Strippability 

2. LAYER -8,83 1247 Medium Strippability 

3. LAYER -41,17 2508 Explosive Strippability 

PROFILE-49 

1. LAYER -5,10 1089 Simple Strippability 

2. LAYER -11,68 1708 High Difficult Strippability 

3. LAYER -38,32 3286 Explosive Strippability 

PROFILE-50 

1. LAYER -4,39 1440 Medium Strippability 

2. LAYER -13,81 2191 Explosive Strippability 

3. LAYER -36,19 4311 Explosive Strippability 

PROFILE-51 

1. LAYER -2,90 1265 Medium Strippability 

2. LAYER -12,97 2424 Explosive Strippability 

3. LAYER -37,03 5546 Explosive Strippability 

PROFILE-52 

1. LAYER -3,99 1348 Medium Strippability 

2. LAYER -12,55 1879 High Difficult Strippability 

3. LAYER -37,45 3772 Explosive Strippability 

PROFILE-53 

1. LAYER -2,57 1036 Simple Strippability 

2.LAYER -11,50 1601 High Difficult Strippability 

3.LAYER -38,50 3417 Explosive Strippability 

PROFILE-54 

1. LAYER -5,56 2021 High Difficult Strippability 

2. LAYER -17,48 2573 Explosive Strippability 

3. LAYER -32,52 4715 Explosive Strippability 

PROFILE-55 

1. LAYER -4,67 1087 Simple Strippability 

2. LAYER -10,70 1778 High Difficult Strippability 

3. LAYER -39,30 3296 Explosive Strippability 

PROFILE-56 

1. LAYER -3,33 955 Simple Strippability 

2. LAYER -10,48 1831 High Difficult Strippability 

3. LAYER -39,52 3675 Explosive Strippability 

PROFILE-57 

1. LAYER -3,52 1210 Simple Strippability 

2. LAYER -11,08 1933 High Difficult Strippability 

3. LAYER -38,92 3898 Explosive Strippability 

PROFILE-58 

1. LAYER -3,96 1349 Medium Strippability 

2. LAYER -12,44 2184 Explosive Strippability 

3. LAYER -37,56 4334 Explosive Strippability 

PROFILE-59 

1. LAYER -3,31 818 Simple Strippability 

2.LAYER -10,42 1393 Medium Strippability 

3.LAYER -39,58 2956 Explosive Strippability 

PROFILE-60 

1. LAYER -4,20 1424 Medium Strippability 

2. LAYER -13,19 2091 High Difficult Strippability 

3. LAYER -36,81 4154 Explosive Strippability 

PROFILE-61 

1. LAYER -5,51 1517 Medium Strippability 

2. LAYER -17,33 2270 Explosive Strippability 

3. LAYER -32,67 4625 Explosive Strippability 

PROFILE-62 

1. LAYER -3,44 1767 High Difficult Strippability 

2. LAYER -15,41 2954 Explosive Strippability 

3. LAYER -34,59 6332 Explosive Strippability 

PROFILE-63 

1. LAYER -4,36 1440 Medium Strippability 

2. LAYER -13,70 1972 High Difficult Strippability 

3. LAYER -36,30 3884 Explosive Strippability 
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PROFILE-64 

1. LAYER -4,31 2365 Explosive Strippability 

2. LAYER -13,56 3109 Explosive Strippability 

3. LAYER -36,44 6130 Explosive Strippability 

PROFILE-65 

1. LAYER -5,11 1423 Medium Strippability 

2. LAYER -11,72 1887 High Difficult Strippability 

3. LAYER -38,28 3548 Explosive Strippability 

PROFILE-66 

1. LAYER -1,49 583 Simple Strippability 

2. LAYER -6,68 873 Simple Strippability 

3. LAYER -43,32 1819 High Difficult Strippability 

PROFILE-67 

1. LAYER -2,76 1383 Medium Strippability 

2. LAYER -12,34 2304 Explosive Strippability 

3. LAYER -37,66 4729 Explosive Strippability 

PROFILE-68 

1. LAYER -1,89 887 Simple Strippability 

2. LAYER -8,44 1204 Simple Strippability 

3. LAYER -41,56 2537 Explosive Strippability 

PROFILE-69 

1. LAYER -4,35 1519 Medium Strippability 

2.LAYER -13,69 2572 Explosive Strippability 

3.LAYER -36,31 5411 Explosive Strippability 

PROFILE-70 

1. LAYER -3,74 945 Simple Strippability 

2. LAYER -11,77 1420 Medium Strippability 

3. LAYER -38,23 2787 Explosive Strippability 

 

P wave velocities of the grounds in the study area and strippability 

The above table shows the change table and strippability properties of Vp velocity depth 

values in the direction of the seismic data obtained from the field studies.  

 

 

 

 

 

 

 

  P Wave Velocity (m/sec) Strippability   

  Vp<458 High Simple Strippability   

  458<Vp<1220 Simple Strippability   

  1220<Vp<1525 Medium Strippability   

  1525<Vp<1830 Difficult Strippability   

  1830<Vp<2135 
High Difficult 
Strippability 

  

  Vp>2135 Explosive Strippability   

Strippability of floors with P wave velocity (Church, 1981) 
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5.1.2. AREA01 Seismic S wave velocity (Transverse Wave Velocity (Vs)) 

Vs VELOCiTY 
PROFILES LAYERS DEPTH Vs_ Velocity GROUND GROUPS 

PROFILE-53 

1. LAYER -2,57 370 C 

2.LAYER -11,50 777 A 

3.LAYER -38,50 1520 A 

PROFILE-54 

1. LAYER -5,56 711 A 

2. LAYER -17,48 1088 A 

3. LAYER -32,52 2023 A 

PROFILE-55 

1. LAYER -4,67 370 C 

2. LAYER -10,70 897 A 

3. LAYER -39,30 1404 A 

PROFILE-56 

1. LAYER -3,33 421 B 

2. LAYER -10,48 949 A 

3. LAYER -39,52 1549 A 

PROFILE-57 

1. LAYER -3,52 473 B 

2. LAYER -11,08 967 A 

3. LAYER -38,92 1710 A 

PROFILE-58 

1. LAYER -3,96 539 B 

2. LAYER -12,44 1050 A 

3. LAYER -37,56 1936 A 

PROFILE-59 

1. LAYER -3,31 317 C 

2.LAYER -10,42 697 B 

3.LAYER -39,58 1234 A 

PROFILE-60 

1. LAYER -4,20 585 B 

2. LAYER -13,19 1046 A 

3. LAYER -36,81 1708 A 

PROFILE-61 

1. LAYER -5,51 547 B 

2. LAYER -17,33 1128 A 

3. LAYER -32,67 2062 A 

PROFILE-62 

1. LAYER -3,44 711 A 

2. LAYER -15,41 1484 A 

3. LAYER -34,59 2820 A 

PROFILE-63 

1. LAYER -4,36 527 B 

2. LAYER -13,70 952 A 

3. LAYER -36,30 1622 A 

PROFILE-64 

1. LAYER -4,31 795 A 

2. LAYER -13,56 1468 A 

3. LAYER -36,44 2594 A 

PROFILE-65 

1. LAYER -5,11 420 B 

2. LAYER -11,72 939 A 

3. LAYER -38,28 1509 A 

PROFILE-66 

1. LAYER -1,49 217 C 

2. LAYER -6,68 391 C 

3. LAYER -43,32 747 A 

PROFILE-67 

1. LAYER -2,76 508 B 

2. LAYER -12,34 1123 A 

3. LAYER -37,66 1944 A 

PROFILE-68 

1. LAYER -1,89 332 C 

2. LAYER -8,44 541 B 

3. LAYER -41,56 1218 A 

PROFILE-69 

1. LAYER -4,35 570 B 

2.LAYER -13,69 1280 A 

3.LAYER -36,31 2255 A 

PROFILE-70 

1. LAYER -3,74 357 C 

2. LAYER -11,77 703 A 

3. LAYER -38,23 1135 A 
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  S Wave Velocity (m/sec) Ground group   

  Vs<200 D   

  200<Vs<400 C   

  400<Vs<700 B   

  700<Vs A   

Ground groups according to slip wave velocity(Abyyhy, 1998) 

S wave velocities of the grounds in the study area and ground group 

Ground Group Ground group and top ground layer thickness(h1) 

Z1 (A) Ground group h1< 15 m  (B) Ground group 

Z2 h1> 15 m  (B) Ground group h1< 15 m  (C) Ground group 

Z3 15 m < h1< 50 m  (C) Ground group h1< 10 m  (D) Ground group 

Z4 h1> 50 m  (C) Ground group h1> 10 m  (D) Ground group 

Ground Group Class 

The above table shows that Vs velocity values in the direction of the seismic data obtained in 

the field studies are the absolute change tables and that the layers are included in the ground 

groups. 

5.1.3. AREA01 Vs30  

 

 

 

 

 

 

 

 

 

 

 

 

 

Vs30 values in the direction of the seismic data obtained from the field studies are given in 

the table above. 

PROFILES Vs30 (m/sn) PROFILES Vs30 (m/sn) 

PROFILE-30 1345 PROFILE-51 1921 

PROFILE-31 1519 PROFILE-52 1439 

PROFILE-32 1231 PROFILE-53 1275 

PROFILE-33 1193 PROFILE-54 1785 

PROFILE-34 1239 PROFILE-55 1285 

PROFILE-35 1311 PROFILE-56 1362 

PROFILE-36 1208 PROFILE-57 1485 

PROFILE-37 1362 PROFILE-58 1606 

PROFILE-38 1708 PROFILE-59 1606 

PROFILE-39 1458 PROFILE-60 1652 

PROFILE-40 1375 PROFILE-61 1640 

PROFILE-41 1350 PROFILE-62 2257 

PROFILE-42 831 PROFILE-63 1514 

PROFILE-43 1559 PROFILE-64 2317 

PROFILE-44 1429 PROFILE-65 1390 

PROFILE-45 1627 PROFILE-66 708 

PROFILE-46 1463 PROFILE-67 1797 

PROFILE-47 1733 PROFILE-68 1054 

PROFILE-48 1463 PROFILE-69 1850 

PROFILE-49 1223 PROFILE-70 1081 

PROFILE-50 1592   
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5.1.4. AREA01 Shear Modulus-G (kg/cm²) 

PROFILES LAYERS DEPTH G(kg/cm2) ENDURANCE 

PROFILE-30 

1. LAYER -5,05 6217 Sturdy 
2.LAYER -15,87 12079 Rock Highlid 

3.LAYER -34,13 47333 Rock Highlid 

PROFILE-31 

1. LAYER -3,67 4906 Sturdy 
2. LAYER -11,52 25403 Rock Highlid 

3. LAYER -38,48 82955 Rock Highlid 

PROFILE-32 

1. LAYER -3,78 2962 Medium 
2. LAYER -16,91 11349 Rock Highlid 

3. LAYER -33,09 48847 Rock Highlid 

PROFILE-33 

1. LAYER -2,83 2458 Medium 
2. LAYER -12,67 10889 Rock Highlid 
3. LAYER -37,33 45061 Rock Highlid 

PROFILE-34 

1. LAYER -5,82 5532 Sturdy 
2. LAYER -18,29 10238 Rock Highlid 
3. LAYER -31,71 34291 Rock Highlid 

PROFILE-35 

1. LAYER -6,85 5709 Sturdy 
2. LAYER -15,70 17203 Rock Highlid 
3. LAYER -34,30 54470 Rock Highlid 

PROFILE-36 

1. LAYER -6,61 4434 Sturdy 

2.LAYER -15,14 11837 Rock Highlid 
3.LAYER -34,86 52979 Rock Highlid 

PROFILE-37 

1. LAYER -2,16 1971 Medium 

2. LAYER -9,69 16661 Rock Highlid 
3. LAYER -40,31 58659 Rock Highlid 

PROFILE-38 

1. LAYER -5,71 7590 Sturdy 
2. LAYER -13,10 36129 Rock Highlid 

3. LAYER -36,90 100837 Rock Highlid 

PROFILE-39 

1. LAYER -3,34 4019 Sturdy 
2. LAYER -10,49 19588 Rock Highlid 

3. LAYER -39,51 83129 Rock Highlid 

PROFILE-40 

1. LAYER -4,27 5396 Sturdy 
2. LAYER -13,42 13367 Rock Highlid 

3. LAYER -36,58 58624 Rock Highlid 

PROFILE-41 

1. LAYER -6,16 5201 Sturdy 
2. LAYER -14,12 16286 Rock Highlid 
3. LAYER -35,88 47231 Rock Highlid 

PROFILE-42 

1. LAYER -5,05 1558 Medium 
2. LAYER -11,59 6669 Sturdy 
3. LAYER -38,41 18558 Rock Highlid 

PROFILE-43 

1. LAYER -5,03 6182 Sturdy 
2. LAYER -15,80 19699 Rock Highlid 
3. LAYER -34,20 74530 Rock Highlid 

PROFILE-44 

1. LAYER -5,08 6226 Sturdy 

2. LAYER -11,64 20547 Rock Highlid 
3. LAYER -38,36 57351 Rock Highlid 

PROFILE-45 

1. LAYER -4,79 7003 Sturdy 

2. LAYER -15,05 27045 Rock Highlid 
3. LAYER -34,95 101244 Rock Highlid 

PROFILE-46 

1. LAYER -3,48 4277 Sturdy 

2.LAYER -10,94 23118 Rock Highlid 
3.LAYER -39,06 70120 Rock Highlid 

PROFILE-47 

1. LAYER -3,38 7349 Sturdy 
2. LAYER -15,13 23223 Rock Highlid 

3. LAYER -34,87 71966 Rock Highlid 

PROFILE-48 

1. LAYER -2,81 1486 Low 
2. LAYER -8,83 6685 Sturdy 

3. LAYER -41,17 27224 Rock Highlid 

PROFILE-49 

1. LAYER -5,10 3558 Sturdy 
2. LAYER -11,68 16050 Rock Highlid 
3. LAYER -38,32 45636 Rock Highlid 
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PROFILE-50 

1. LAYER -4,39 5533 Sturdy 
2. LAYER -13,81 24493 Rock Highlid 

3. LAYER -36,19 86421 Rock Highlid 

PROFILE-51 

1. LAYER -2,90 6199 Sturdy 
2. LAYER -12,97 38557 Rock Highlid 

3. LAYER -37,03 147531 Rock Highlid 

PROFILE-52 

1. LAYER -3,99 4277 Sturdy 
2. LAYER -12,55 18435 Rock Highlid 
3. LAYER -37,45 61068 Rock Highlid 

PROFILE-53 

1. LAYER -2,57 2528 Medium 
2.LAYER -11,50 12596 Rock Highlid 
3.LAYER -38,50 54752 Rock Highlid 

PROFILE-54 

1. LAYER -5,56 11080 Rock Highlid 
2. LAYER -17,48 26318 Rock Highlid 
3. LAYER -32,52 105114 Rock Highlid 

PROFILE-55 

1. LAYER -4,67 3464 Sturdy 

2. LAYER -10,70 16517 Rock Highlid 
3. LAYER -39,30 46320 Rock Highlid 

PROFILE-56 

1. LAYER -3,33 3331 Sturdy 

2. LAYER -10,48 18951 Rock Highlid 
3. LAYER -39,52 57927 Rock Highlid 

PROFILE-57 

1. LAYER -3,52 4294 Sturdy 
2. LAYER -11,08 20119 Rock Highlid 

3. LAYER -38,92 71609 Rock Highlid 

PROFILE-58 

1. LAYER -3,96 5850 Sturdy 
2. LAYER -12,44 23850 Rock Highlid 

3. LAYER -37,56 94309 Rock Highlid 

PROFILE-59 

1. LAYER -3,31 1773 Medium 
2.LAYER -10,42 9692 Sturdy 

3.LAYER -39,58 34780 Rock Highlid 

PROFILE-60 

1. LAYER -4,20 6569 Sturdy 
2. LAYER -13,19 24379 Rock Highlid 
3. LAYER -36,81 72619 Rock Highlid 

PROFILE-61 

1. LAYER -5,51 5895 Sturdy 
2. LAYER -17,33 28686 Rock Highlid 
3. LAYER -32,67 108740 Rock Highlid 

PROFILE-62 

1. LAYER -3,44 11134 Rock Highlid 
2. LAYER -15,41 55010 Rock Highlid 
3. LAYER -34,59 219838 Rock Highlid 

PROFILE-63 

1. LAYER -4,36 5332 Sturdy 

2. LAYER -13,70 19453 Rock Highlid 
3. LAYER -36,30 64393 Rock Highlid 

PROFILE-64 

1. LAYER -4,31 13985 Rock Highlid 

2. LAYER -13,56 51063 Rock Highlid 
3. LAYER -36,44 184615 Rock Highlid 

PROFILE-65 

1. LAYER -5,11 5126 Sturdy 

2. LAYER -11,72 18493 Rock Highlid 
3. LAYER -38,28 54481 Rock Highlid 

PROFILE-66 

1. LAYER -1,49 721 Low 
2. LAYER -6,68 2741 Medium 

3. LAYER -43,32 11293 Rock Highlid 

PROFILE-67 

1. LAYER -2,76 4928 Sturdy 
2. LAYER -12,34 28236 Rock Highlid 

3. LAYER -37,66 97118 Rock Highlid 

PROFILE-68 

1. LAYER -1,89 1870 Medium 
2. LAYER -8,44 5853 Sturdy 
3. LAYER -41,56 32662 Rock Highlid 

PROFILE-69 

1. LAYER -4,35 6539 Sturdy 
2.LAYER -13,69 38004 Rock Highlid 
3.LAYER -36,31 135184 Rock Highlid 

PROFILE-70 

1. LAYER -3,74 2209 Medium 
2. LAYER -11,77 9685 Sturdy 
3. LAYER -38,23 29028 Rock Highlid 
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  Shear Modulus (kg/cm2) Dayanim   

  G<400 High Weak   

  400<G<1500 Weak   

  1500<G<3000 Medium   

  3000<G<10000 Sturdy   

  10000<G Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  G =(d*Vs2)/100    

Shear modules and endurance of the grounds in the study area 

Calculation of shear Modulus values in the direction of the seismic data obtained in the field 

studies and the table of variation are given in the table above.  

5.1.5. AREA01 Elasticity Modulus-E (kg/cm²) 

ELASTiC MODULUS 
PROFILES LAYERS DEPTH E(kg/cm2) ENDURANCE 

PROFILE-30 

1. LAYER -5,05 17714 Sturdy 

2.LAYER -15,87 33425 Rock Highlid 

3.LAYER -34,13 130703 Rock Highlid 

PROFILE-31 

1. LAYER -3,67 13677 Sturdy 

2. LAYER -11,52 67396 Rock Highlid 

3. LAYER -38,48 230320 Rock Highlid 

PROFILE-32 

1. LAYER -3,78 8306 Medium 

2. LAYER -16,91 30934 Rock Highlid 

3. LAYER -33,09 134356 Rock Highlid 

PROFILE-33 

1. LAYER -2,83 6816 Medium 

2. LAYER -12,67 29302 Sturdy 

3. LAYER -37,33 124132 Rock Highlid 

PROFILE-34 

1. LAYER -5,82 15365 Sturdy 

2. LAYER -18,29 27615 Sturdy 

3. LAYER -31,71 95666 Rock Highlid 

PROFILE-35 

1. LAYER -6,85 15625 Sturdy 

2. LAYER -15,70 45086 Rock Highlid 

3. LAYER -34,30 150018 Rock Highlid 

PROFILE-36 

1. LAYER -6,61 12449 Sturdy 

2.LAYER -15,14 31985 Rock Highlid 

3.LAYER -34,86 140816 Rock Highlid 

PROFILE-37 

1. LAYER -2,16 5255 Medium 

2. LAYER -9,69 43694 Rock Highlid 

3. LAYER -40,31 163434 Rock Highlid 

PROFILE-38 

1. LAYER -5,71 20693 Sturdy 

2. LAYER -13,10 95535 Rock Highlid 

3. LAYER -36,90 280520 Rock Highlid 

PROFILE-39 

1. LAYER -3,34 10590 Sturdy 

2. LAYER -10,49 51521 Rock Highlid 

3. LAYER -39,51 223533 Rock Highlid 

PROFILE-40 

1. LAYER -4,27 15156 Sturdy 

2. LAYER -13,42 36586 Rock Highlid 

3. LAYER -36,58 160232 Rock Highlid 

PROFILE-41 

1. LAYER -6,16 14496 Sturdy 

2. LAYER -14,12 44373 Rock Highlid 

3. LAYER -35,88 132470 Rock Highlid 
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PROFILE-42 

1. LAYER -5,05 4204 Low 

2. LAYER -11,59 17662 Sturdy 

3. LAYER -38,41 51708 Rock Highlid 

PROFILE-43 

1. LAYER -5,03 17415 Sturdy 

2. LAYER -15,80 54082 Rock Highlid 

3. LAYER -34,20 206502 Rock Highlid 

PROFILE-44 

1. LAYER -5,08 16526 Sturdy 

2. LAYER -11,64 55096 Rock Highlid 

3. LAYER -38,36 160311 Rock Highlid 

PROFILE-45 

1. LAYER -4,79 18462 Sturdy 

2. LAYER -15,05 72966 Rock Highlid 

3. LAYER -34,95 278969 Rock Highlid 

PROFILE-46 

1. LAYER -3,48 11273 Sturdy 

2.LAYER -10,94 60741 Rock Highlid 

3.LAYER -39,06 194906 Rock Highlid 

PROFILE-47 

1. LAYER -3,38 20865 Sturdy 

2. LAYER -15,13 63090 Rock Highlid 

3. LAYER -34,87 203420 Rock Highlid 

PROFILE-48 

1. LAYER -2,81 4090 Low 

2. LAYER -8,83 18051 Sturdy 

3. LAYER -41,17 74982 Rock Highlid 

PROFILE-49 

1. LAYER -5,10 9796 Medium 

2. LAYER -11,68 42289 Rock Highlid 

3. LAYER -38,32 126884 Rock Highlid 

PROFILE-50 

1. LAYER -4,39 15492 Sturdy 

2. LAYER -13,81 65903 Rock Highlid 

3. LAYER -36,19 239630 Rock Highlid 

PROFILE-51 

1. LAYER -2,90 16378 Sturdy 

2. LAYER -12,97 100830 Rock Highlid 

3. LAYER -37,03 410362 Rock Highlid 

PROFILE-52 

1. LAYER -3,99 12180 Sturdy 

2. LAYER -12,55 49318 Rock Highlid 

3. LAYER -37,45 170100 Rock Highlid 

PROFILE-53 

1. LAYER -2,57 7114 Medium 

2.LAYER -11,50 33906 Rock Highlid 

3.LAYER -38,50 150751 Rock Highlid 

PROFILE-54 

1. LAYER -5,56 31072 Rock Highlid 

2. LAYER -17,48 72516 Rock Highlid 

3. LAYER -32,52 291629 Rock Highlid 

PROFILE-55 

1. LAYER -4,67 9700 Medium 

2. LAYER -10,70 43926 Rock Highlid 

3. LAYER -39,30 128688 Rock Highlid 

PROFILE-56 

1. LAYER -3,33 8863 Medium 

2. LAYER -10,48 49865 Rock Highlid 

3. LAYER -39,52 161262 Rock Highlid 

PROFILE-57 

1. LAYER -3,52 11891 Sturdy 

2. LAYER -11,08 53640 Rock Highlid 

3. LAYER -38,92 197767 Rock Highlid 

PROFILE-58 

1. LAYER -3,96 16037 Sturdy 

2. LAYER -12,44 64326 Rock Highlid 

3. LAYER -37,56 259406 Rock Highlid 

PROFILE-59 

1. LAYER -3,31 4891 Low 

2.LAYER -10,42 25858 Sturdy 

3.LAYER -39,58 97007 Rock Highlid 

PROFILE-60 

1. LAYER -4,20 18202 Sturdy 

2. LAYER -13,19 64596 Rock Highlid 

3. LAYER -36,81 203078 Rock Highlid 
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PROFILE-61 

1. LAYER -5,51 16696 Sturdy 

2. LAYER -17,33 76478 Rock Highlid 

3. LAYER -32,67 299230 Rock Highlid 

PROFILE-62 

1. LAYER -3,44 30130 Rock Highlid 

2. LAYER -15,41 145501 Rock Highlid 

3. LAYER -34,59 605146 Rock Highlid 

PROFILE-63 

1. LAYER -4,36 15135 Sturdy 

2. LAYER -13,70 52389 Rock Highlid 

3. LAYER -36,30 179574 Rock Highlid 

PROFILE-64 

1. LAYER -4,31 39944 Rock Highlid 

2. LAYER -13,56 138643 Rock Highlid 

3. LAYER -36,44 513564 Rock Highlid 

PROFILE-65 

1. LAYER -5,11 14493 Sturdy 

2. LAYER -11,72 49389 Rock Highlid 

3. LAYER -38,28 151410 Rock Highlid 

PROFILE-66 

1. LAYER -1,49 2042 Low 

2. LAYER -6,68 7512 Medium 

3. LAYER -43,32 31588 Rock Highlid 

PROFILE-67 

1. LAYER -2,76 13963 Sturdy 

2. LAYER -12,34 75857 Rock Highlid 

3. LAYER -37,66 271613 Rock Highlid 

PROFILE-68 

1. LAYER -1,89 5297 Medium 

2. LAYER -8,44 15844 Sturdy 

3. LAYER -41,56 88194 Rock Highlid 

PROFILE-69 

1. LAYER -4,35 18189 Sturdy 

2.LAYER -13,69 101572 Rock Highlid 

3.LAYER -36,31 377142 Rock Highlid 

PROFILE-70 

1. LAYER -3,74 6239 Medium 

2. LAYER -11,77 25919 Sturdy 

3. LAYER -38,23 81309 Rock Highlid 

 

Elasticity modules and endurance of the grounds in the study area 

 Calculation of the modulus of elasticity in the direction of the seismic data obtained in the 

field studies and the change table are given in the above table. 

 

 

 

 

 

  Elastic Modulus (kg/cm2) Dayanim   

  E<1000 High Weak   

  1000<E<5000 Weak   

  5000<E<10000 Medium   

  10000<E<30000 Sturdy   

  30000<E Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  E=G*(3*Vp
2-4*Vs

2)/( Vp
2-Vs

2)   
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5.1.6. AREA01 Poisson’s Ratio - (б) 

PROFILES LAYERS DEPTH (σ) POROSiTY 

PROFILE-30 

1. LAYER -5,05 0,43 High Porous 
2.LAYER -15,87 0,39 High Porous 
3.LAYER -34,13 0,38 High Porous 

PROFILE-31 

1. LAYER -3,67 0,42 High Porous 
2. LAYER -11,52 0,33 Medium Porous 
3. LAYER -38,48 0,39 High Porous 

PROFILE-32 

1. LAYER -3,78 0,41 High Porous 

2. LAYER -16,91 0,36 High Porous 
3. LAYER -33,09 0,38 High Porous 

PROFILE-33 

1. LAYER -2,83 0,42 High Porous 

2. LAYER -12,67 0,36 High Porous 
3. LAYER -37,33 0,38 High Porous 

PROFILE-34 

1. LAYER -5,82 0,40 High Porous 
2. LAYER -18,29 0,36 High Porous 

3. LAYER -31,71 0,39 High Porous 

PROFILE-35 

1. LAYER -6,85 0,39 High Porous 
2. LAYER -15,70 0,31 Medium Porous 

3. LAYER -34,30 0,38 High Porous 

PROFILE-36 

1. LAYER -6,61 0,41 High Porous 
2.LAYER -15,14 0,35 High Porous 
3.LAYER -34,86 0,33 Medium Porous 

PROFILE-37 

1. LAYER -2,16 0,35 High Porous 
2. LAYER -9,69 0,30 Medium Porous 
3. LAYER -40,31 0,39 High Porous 

PROFILE-38 

1. LAYER -5,71 0,40 High Porous 
2. LAYER -13,10 0,32 Medium Porous 
3. LAYER -36,90 0,39 High Porous 

PROFILE-39 

1. LAYER -3,34 0,35 High Porous 
2. LAYER -10,49 0,33 Medium Porous 
3. LAYER -39,51 0,34 Medium Porous 

PROFILE-40 

1. LAYER -4,27 0,41 High Porous 

2. LAYER -13,42 0,37 High Porous 
3. LAYER -36,58 0,37 High Porous 

PROFILE-41 

1. LAYER -6,16 0,41 High Porous 

2. LAYER -14,12 0,36 High Porous 
3. LAYER -35,88 0,40 High Porous 

PROFILE-42 

1. LAYER -5,05 0,37 High Porous 
2. LAYER -11,59 0,32 Medium Porous 

3. LAYER -38,41 0,39 High Porous 

PROFILE-43 

1. LAYER -5,03 0,42 High Porous 
2. LAYER -15,80 0,37 High Porous 

3. LAYER -34,20 0,39 High Porous 

PROFILE-44 

1. LAYER -5,08 0,35 High Porous 
2. LAYER -11,64 0,34 Medium Porous 

3. LAYER -38,36 0,40 High Porous 

PROFILE-45 

1. LAYER -4,79 0,35 High Porous 
2. LAYER -15,05 0,34 Medium Porous 
3. LAYER -34,95 0,38 High Porous 

PROFILE-46 

1. LAYER -3,48 0,35 High Porous 
2.LAYER -10,94 0,31 Medium Porous 
3.LAYER -39,06 0,39 High Porous 

PROFILE-47 

1. LAYER -3,38 0,43 High Porous 
2. LAYER -15,13 0,36 High Porous 
3. LAYER -34,87 0,41 High Porous 

PROFILE-48 

1. LAYER -2,81 0,40 High Porous 

2. LAYER -8,83 0,36 High Porous 
3. LAYER -41,17 0,38 High Porous 

PROFILE-49 

1. LAYER -5,10 0,40 High Porous 

2. LAYER -11,68 0,32 Medium Porous 
3. LAYER -38,32 0,39 High Porous 
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PROFILE-50 

1. LAYER -4,39 0,42 High Porous 
2. LAYER -13,81 0,36 High Porous 

3. LAYER -36,19 0,39 High Porous 

PROFILE-51 

1. LAYER -2,90 0,36 High Porous 
2. LAYER -12,97 0,30 Medium Porous 

3. LAYER -37,03 0,39 High Porous 

PROFILE-52 

1. LAYER -3,99 0,43 High Porous 
2. LAYER -12,55 0,33 Medium Porous 
3. LAYER -37,45 0,39 High Porous 

PROFILE-53 

1. LAYER -2,57 0,42 High Porous 
2.LAYER -11,50 0,34 Medium Porous 
3.LAYER -38,50 0,38 High Porous 

PROFILE-54 

1. LAYER -5,56 0,42 High Porous 
2. LAYER -17,48 0,38 High Porous 
3. LAYER -32,52 0,39 High Porous 

PROFILE-55 

1. LAYER -4,67 0,40 High Porous 

2. LAYER -10,70 0,33 Medium Porous 
3. LAYER -39,30 0,39 High Porous 

PROFILE-56 

1. LAYER -3,33 0,36 High Porous 

2. LAYER -10,48 0,31 Medium Porous 
3. LAYER -39,52 0,39 High Porous 

PROFILE-57 

1. LAYER -3,52 0,40 High Porous 
2. LAYER -11,08 0,33 Medium Porous 

3. LAYER -38,92 0,38 High Porous 

PROFILE-58 

1. LAYER -3,96 0,39 High Porous 
2. LAYER -12,44 0,34 Medium Porous 

3. LAYER -37,56 0,38 High Porous 

PROFILE-59 

1. LAYER -3,31 0,40 High Porous 
2.LAYER -10,42 0,33 Medium Porous 

3.LAYER -39,58 0,39 High Porous 

PROFILE-60 

1. LAYER -4,20 0,39 High Porous 
2. LAYER -13,19 0,33 Medium Porous 
3. LAYER -36,81 0,40 High Porous 

PROFILE-61 

1. LAYER -5,51 0,42 High Porous 
2. LAYER -17,33 0,34 Medium Porous 
3. LAYER -32,67 0,38 High Porous 

PROFILE-62 

1. LAYER -3,44 0,39 High Porous 
2. LAYER -15,41 0,33 Medium Porous 
3. LAYER -34,59 0,38 High Porous 

PROFILE-63 

1. LAYER -4,36 0,42 High Porous 

2. LAYER -13,70 0,35 High Porous 
3. LAYER -36,30 0,39 High Porous 

PROFILE-64 

1. LAYER -4,31 0,43 High Porous 

2. LAYER -13,56 0,35 High Porous 
3. LAYER -36,44 0,39 High Porous 

PROFILE-65 

1. LAYER -5,11 0,42 High Porous 

2. LAYER -11,72 0,34 Medium Porous 
3. LAYER -38,28 0,39 High Porous 

PROFILE-66 

1. LAYER -1,49 0,42 High Porous 
2. LAYER -6,68 0,37 High Porous 

3. LAYER -43,32 0,40 High Porous 

PROFILE-67 

1. LAYER -2,76 0,42 High Porous 
2. LAYER -12,34 0,34 Medium Porous 

3. LAYER -37,66 0,40 High Porous 

PROFILE-68 

1. LAYER -1,89 0,42 High Porous 
2. LAYER -8,44 0,37 High Porous 
3. LAYER -41,56 0,35 High Porous 

PROFILE-69 

1. LAYER -4,35 0,41 High Porous 
2.LAYER -13,69 0,33 Medium Porous 
3.LAYER -36,31 0,39 High Porous 

PROFILE-70 

1. LAYER -3,74 0,42 High Porous 
2. LAYER -11,77 0,33 Medium Porous 
3. LAYER -38,23 0,40 High Porous 
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Poisson’s Ratio;(σ) Porosity   

  0,00≤σ≤0,25 Nonporous   

  0,26≤σ≤0,35 Medium Porous   

  0,36≤σ≤0,50 High Porous   

Poisson ratio classification  

σ=(Vp2-2*Vs2)/(2* Vp2-2*Vs2) 

Poisson’s ratio values of the units in the study area, porosity 

Calculation of poisson’s ratio values in the direction of the seismic data obtained in the field 

studies and the change table are given in the above table. 

5.1.7. AREA01 Density -  ρ (gr/ cm3) 

DENSiTY 
PROFILES LAYERS DEPTH  ρ (gr/cm3) DEFiNiTiON 

PROFILE-30 
1. LAYER -5,05 1,95 High 
2.LAYER -15,87 2,03 High 
3.LAYER -34,13 2,34 Too High 

PROFILE-31 

1. LAYER -3,67 1,88 Medium 
2. LAYER -11,52 2,10 High 
3. LAYER -38,48 2,50 Too High 

PROFILE-32 
1. LAYER -3,78 1,77 Medium 
2. LAYER -16,91 1,97 High 
3. LAYER -33,09 2,34 Too High 

PROFILE-33 

1. LAYER -2,83 1,75 Medium 
2. LAYER -12,67 1,94 High 
3. LAYER -37,33 2,32 Too High 

PROFILE-34 

1. LAYER -5,82 1,87 Medium 
2. LAYER -18,29 1,94 High 
3. LAYER -31,71 2,28 Too High 

PROFILE-35 
1. LAYER -6,85 1,87 Medium 
2. LAYER -15,70 2,00 High 
3. LAYER -34,30 2,37 Too High 

PROFILE-36 

1. LAYER -6,61 1,85 Medium 
2.LAYER -15,14 1,97 High 
3.LAYER -34,86 2,30 Too High 

PROFILE-37 

1. LAYER -2,16 1,62 Medium 
2. LAYER -9,69 1,97 High 
3. LAYER -40,31 2,42 Too High 

PROFILE-38 
1. LAYER -5,71 1,94 High 
2. LAYER -13,10 2,18 High 
3. LAYER -36,90 2,56 Too High 

PROFILE-39 

1. LAYER -3,34 1,75 Medium 
2. LAYER -10,49 2,03 High 
3. LAYER -39,51 2,43 Too High 

PROFILE-40 
1. LAYER -4,27 1,89 Medium 
2. LAYER -13,42 2,01 High 
3. LAYER -36,58 2,37 Too High 

PROFILE-41 

1. LAYER -6,16 1,88 Medium 
2. LAYER -14,12 2,05 High 
3. LAYER -35,88 2,38 Too High 

PROFILE-42 

1. LAYER -5,05 1,60 Medium 
2. LAYER -11,59 1,81 Medium 
3. LAYER -38,41 2,13 High 

PROFILE-43 
1. LAYER -5,03 1,93 High 
2. LAYER -15,80 2,11 High 
3. LAYER -34,20 2,47 Too High 

PROFILE-44 

1. LAYER -5,08 1,83 Medium 
2. LAYER -11,64 2,08 High 
3. LAYER -38,36 2,42 Too High 

PROFILE-45 
1. LAYER -4,79 1,85 Medium 
2. LAYER -15,05 2,15 High 
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3. LAYER -34,95 2,54 Too High 

PROFILE-46 
1. LAYER -3,48 1,76 Medium 
2.LAYER -10,94 2,07 High 
3.LAYER -39,06 2,46 Too High 

PROFILE-47 

1. LAYER -3,38 2,00 High 
2. LAYER -15,13 2,13 High 
3. LAYER -34,87 2,52 Too High 

PROFILE-48 
1. LAYER -2,81 1,62 Medium 
2. LAYER -8,83 1,84 Medium 
3. LAYER -41,17 2,19 High 

PROFILE-49 

1. LAYER -5,10 1,78 Medium 
2. LAYER -11,68 1,99 High 
3. LAYER -38,32 2,35 Too High 

PROFILE-50 

1. LAYER -4,39 1,91 High 
2. LAYER -13,81 2,12 High 
3. LAYER -36,19 2,51 Too High 

PROFILE-51 
1. LAYER -2,90 1,85 Medium 
2. LAYER -12,97 2,16 High 
3. LAYER -37,03 2,68 Too High 

PROFILE-52 

1. LAYER -3,99 1,88 Medium 
2. LAYER -12,55 2,03 High 
3. LAYER -37,45 2,43 Too High 

PROFILE-53 

1. LAYER -2,57 1,76 Medium 
2.LAYER -11,50 1,95 High 
3.LAYER -38,50 2,37 Too High 

PROFILE-54 
1. LAYER -5,56 2,08 High 
2. LAYER -17,48 2,21 Too High 
3. LAYER -32,52 2,57 Too High 

PROFILE-55 

1. LAYER -4,67 1,78 Medium 
2. LAYER -10,70 2,01 High 
3. LAYER -39,30 2,35 Too High 

PROFILE-56 
1. LAYER -3,33 1,72 Medium 
2. LAYER -10,48 2,02 High 
3. LAYER -39,52 2,41 Too High 

PROFILE-57 

1. LAYER -3,52 1,83 Medium 
2. LAYER -11,08 2,05 High 
3. LAYER -38,92 2,45 Too High 

PROFILE-58 

1. LAYER -3,96 1,88 Medium 
2. LAYER -12,44 2,11 High 
3. LAYER -37,56 2,52 Too High 

PROFILE-59 
1. LAYER -3,31 1,66 Medium 
2.LAYER -10,42 1,89 Medium 
3.LAYER -39,58 2,29 Too High 

PROFILE-60 

1. LAYER -4,20 1,90 High 
2. LAYER -13,19 2,09 High 
3. LAYER -36,81 2,49 Too High 

PROFILE-61 

1. LAYER -5,51 1,93 High 
2. LAYER -17,33 2,13 High 
3. LAYER -32,67 2,56 Too High 

PROFILE-62 
1. LAYER -3,44 2,01 High 
2. LAYER -15,41 2,27 Too High 
3. LAYER -34,59 2,77 Too High 

PROFILE-63 

1. LAYER -4,36 1,91 High 
2. LAYER -13,70 2,06 High 
3. LAYER -36,30 2,45 Too High 

PROFILE-64 
1. LAYER -4,31 2,16 High 
2. LAYER -13,56 2,31 Too High 
3. LAYER -36,44 2,74 Too High 

PROFILE-65 

1. LAYER -5,11 1,90 High 
2. LAYER -11,72 2,04 High 
3. LAYER -38,28 2,39 Too High 

PROFILE-66 

1. LAYER -1,49 1,52 Medium 
2. LAYER -6,68 1,68 Medium 
3. LAYER -43,32 2,02 High 

PROFILE-67 
1. LAYER -2,76 1,89 Medium 
2. LAYER -12,34 2,14 High 
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3. LAYER -37,66 2,57 Too High 

PROFILE-68 
1. LAYER -1,89 1,69 Medium 
2. LAYER -8,44 1,82 Medium 
3. LAYER -41,56 2,20 Too High 

PROFILE-69 

1. LAYER -4,35 1,94 High 
2.LAYER -13,69 2,20 Too High 
3.LAYER -36,31 2,66 Too High 

PROFILE-70 
1. LAYER -3,74 1,72 Medium 
2. LAYER -11,77 1,90 High 
3. LAYER -38,23 2,25 Too High 

 

  Density: ρ (gr/cm3) Tanimlama   

  ρ<1,20 High low   

  1,20<ρ<1,40 Low   

  1,40<ρ<1,90 Medium   

  1,90<ρ<2,20 High   

  2,20<ρ Too High   

Density Classification of Ground Units: (Keçeli, 1990) 

ρ =d=0.31*Vp0.25 

Density values and description of the units in the study area 

Calculation of the density values of the geological units in the direction of the seismic data 

obtained in the field studies and the table of variation are given in the above table.  

5.1.8. AREA01 Modulus of Subgrade Reaction – D Y K (ton/m3) 

Modulus of Subgrade Reaction  
PROFILES LAYERS DEPTH D Y K  (ton/m3) 

PROFILE-30 

1. LAYER -5,05 4407 
2.LAYER -15,87 6191 
3.LAYER -34,13 13079 

PROFILE-31 

1. LAYER -3,67 3796 
2. LAYER -11,52 8912 
3. LAYER -38,48 18248 

PROFILE-32 
1. LAYER -3,78 2989 
2. LAYER -16,91 5911 
3. LAYER -33,09 13283 

PROFILE-33 

1. LAYER -2,83 2656 
2. LAYER -12,67 5665 
3. LAYER -37,33 12697 

PROFILE-34 
1. LAYER -5,82 4088 
2. LAYER -18,29 5518 
3. LAYER -31,71 10968 

PROFILE-35 
1. LAYER -6,85 4102 
2. LAYER -15,70 7300 
3. LAYER -34,30 14154 

PROFILE-36 

1. LAYER -6,61 3691 
2.LAYER -15,14 6098 
3.LAYER -34,86 13678 

PROFILE-37 
1. LAYER -2,16 2438 
2. LAYER -9,69 7087 
3. LAYER -40,31 14914 

PROFILE-38 

1. LAYER -5,71 4687 
2. LAYER -13,10 10942 
3. LAYER -36,90 20574 

PROFILE-39 

1. LAYER -3,34 3385 
2. LAYER -10,49 7693 
3. LAYER -39,51 17832 

PROFILE-40 
1. LAYER -4,27 4054 
2. LAYER -13,42 6488 
3. LAYER -36,58 14693 
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PROFILE-41 

1. LAYER -6,16 3950 
2. LAYER -14,12 7230 
3. LAYER -35,88 13227 

PROFILE-42 

1. LAYER -5,05 2148 
2. LAYER -11,59 4515 
3. LAYER -38,41 7808 

PROFILE-43 

1. LAYER -5,03 4349 
2. LAYER -15,80 8003 
3. LAYER -34,20 17086 

PROFILE-44 

1. LAYER -5,08 4232 
2. LAYER -11,64 8148 
3. LAYER -38,36 14763 

PROFILE-45 
1. LAYER -4,79 4449 
2. LAYER -15,05 9412 
3. LAYER -34,95 20420 

PROFILE-46 

1. LAYER -3,48 3471 
2.LAYER -10,94 8548 
3.LAYER -39,06 16529 

PROFILE-47 

1. LAYER -3,38 4743 
2. LAYER -15,13 8672 
3. LAYER -34,87 17117 

PROFILE-48 
1. LAYER -2,81 2086 
2. LAYER -8,83 4426 
3. LAYER -41,17 9574 

PROFILE-49 

1. LAYER -5,10 3230 
2. LAYER -11,68 7042 
3. LAYER -38,32 12872 

PROFILE-50 

1. LAYER -4,39 4043 
2. LAYER -13,81 8754 
3. LAYER -36,19 18677 

PROFILE-51 

1. LAYER -2,90 4212 
2. LAYER -12,97 11068 
3. LAYER -37,03 26019 

PROFILE-52 

1. LAYER -3,99 3625 
2. LAYER -12,55 7578 
3. LAYER -37,45 15266 

PROFILE-53 
1. LAYER -2,57 2732 
2.LAYER -11,50 6147 
3.LAYER -38,50 14193 

PROFILE-54 

1. LAYER -5,56 5832 
2. LAYER -17,48 9407 
3. LAYER -32,52 21037 

PROFILE-55 

1. LAYER -4,67 3240 
2. LAYER -10,70 7196 
3. LAYER -39,30 12975 

PROFILE-56 
1. LAYER -3,33 3088 
2. LAYER -10,48 7677 
3. LAYER -39,52 14793 

PROFILE-57 

1. LAYER -3,52 3564 
2. LAYER -11,08 7909 
3. LAYER -38,92 16639 

PROFILE-58 

1. LAYER -3,96 4124 
2. LAYER -12,44 8782 
3. LAYER -37,56 19534 

PROFILE-59 

1. LAYER -3,31 2286 
2.LAYER -10,42 5390 
3.LAYER -39,58 11054 

PROFILE-60 

1. LAYER -4,20 4502 
2. LAYER -13,19 8700 
3. LAYER -36,81 16981 

PROFILE-61 
1. LAYER -5,51 4254 
2. LAYER -17,33 9550 
3. LAYER -32,67 21297 

PROFILE-62 

1. LAYER -3,44 5683 
2. LAYER -15,41 13500 
3. LAYER -34,59 33052 
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PROFILE-63 

1. LAYER -4,36 4066 
2. LAYER -13,70 7810 
3. LAYER -36,30 15767 

PROFILE-64 

1. LAYER -4,31 6740 
2. LAYER -13,56 13417 
3. LAYER -36,44 29983 

PROFILE-65 

1. LAYER -5,11 3952 
2. LAYER -11,72 7622 
3. LAYER -38,28 14253 

PROFILE-66 

1. LAYER -1,49 1524 
2. LAYER -6,68 2852 
3. LAYER -43,32 5998 

PROFILE-67 
1. LAYER -2,76 3900 
2. LAYER -12,34 9536 
3. LAYER -37,66 20236 

PROFILE-68 
1. LAYER -1,89 2412 
2. LAYER -8,44 4099 
3. LAYER -41,56 10501 

PROFILE-69 
1. LAYER -4,35 4435 
2.LAYER -13,69 11174 
3.LAYER -36,31 24734 

PROFILE-70 
1. LAYER -3,74 2611 
2. LAYER -11,77 5436 
3. LAYER -38,23 10016 

 

kv= 40*(Gs)*qu ton/m3 (Bowles 1984) 

 

The above table shows the Modulus of Subgrade Reaction obtained for each layer in the 

direction of the data obtained after the seismic measurements made in the study area. 

 

5.1.9. AREA01 Bearing Capacity qu (kg/cm2) / Allowable Bearing Capacity qa 

(kg/cm2) 

PROFILES LAYERS DEPTH BEARiNG 

CAPACiTY 

(qu,kg/cm2) 

ALLOWABLE 

BEARiNG 

CAPACiTY 

(qa,kg/cm2) 

PROFILE-30 

1. LAYER -5,05 11,02 3,67 
2.LAYER -15,87 15,48 5,16 
3.LAYER -34,13 32,70 10,90 

PROFILE-31 

1. LAYER -3,67 9,49 3,16 

2. LAYER -11,52 22,28 7,43 
3. LAYER -38,48 45,62 15,21 

PROFILE-32 

1. LAYER -3,78 7,47 2,49 

2. LAYER -16,91 14,78 4,93 
3. LAYER -33,09 33,21 11,07 

PROFILE-33 

1. LAYER -2,83 6,64 2,21 
2. LAYER -12,67 14,16 4,72 

3. LAYER -37,33 31,74 10,58 

PROFILE-34 

1. LAYER -5,82 10,22 3,41 
2. LAYER -18,29 13,79 4,60 

3. LAYER -31,71 27,42 9,14 

PROFILE-35 

1. LAYER -6,85 10,26 3,42 
2. LAYER -15,70 18,25 6,08 

3. LAYER -34,30 35,38 11,79 

PROFILE-36 

1. LAYER -6,61 9,23 3,08 
2.LAYER -15,14 15,24 5,08 
3.LAYER -34,86 34,20 11,40 

PROFILE-37 

1. LAYER -2,16 6,09 2,03 
2. LAYER -9,69 17,72 5,91 
3. LAYER -40,31 37,28 12,43 

PROFILE-38 
1. LAYER -5,71 11,72 3,91 
2. LAYER -13,10 27,36 9,12 
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3. LAYER -36,90 51,43 17,14 

PROFILE-39 

1. LAYER -3,34 8,46 2,82 

2. LAYER -10,49 19,23 6,41 
3. LAYER -39,51 44,58 14,86 

PROFILE-40 

1. LAYER -4,27 10,13 3,38 

2. LAYER -13,42 16,22 5,41 
3. LAYER -36,58 36,73 12,24 

PROFILE-41 

1. LAYER -6,16 9,88 3,29 
2. LAYER -14,12 18,07 6,02 

3. LAYER -35,88 33,07 11,02 

PROFILE-42 

1. LAYER -5,05 5,37 1,79 
2. LAYER -11,59 11,29 3,76 

3. LAYER -38,41 19,52 6,51 

PROFILE-43 

1. LAYER -5,03 10,87 3,62 
2. LAYER -15,80 20,01 6,67 
3. LAYER -34,20 42,72 14,24 

PROFILE-44 

1. LAYER -5,08 10,58 3,53 
2. LAYER -11,64 20,37 6,79 
3. LAYER -38,36 36,91 12,30 

PROFILE-45 

1. LAYER -4,79 11,12 3,71 
2. LAYER -15,05 23,53 7,84 
3. LAYER -34,95 51,05 17,02 

PROFILE-46 

1. LAYER -3,48 8,68 2,89 

2.LAYER -10,94 21,37 7,12 
3.LAYER -39,06 41,32 13,77 

PROFILE-47 

1. LAYER -3,38 11,86 3,95 

2. LAYER -15,13 21,68 7,23 
3. LAYER -34,87 42,79 14,26 

PROFILE-48 

1. LAYER -2,81 5,21 1,74 

2. LAYER -8,83 11,06 3,69 
3. LAYER -41,17 23,94 7,98 

PROFILE-49 

1. LAYER -5,10 8,08 2,69 
2. LAYER -11,68 17,61 5,87 

3. LAYER -38,32 32,18 10,73 

PROFILE-50 

1. LAYER -4,39 10,11 3,37 
2. LAYER -13,81 21,88 7,29 

3. LAYER -36,19 46,69 15,56 

PROFILE-51 

1. LAYER -2,90 10,53 3,51 
2. LAYER -12,97 27,67 9,22 
3. LAYER -37,03 65,05 21,68 

PROFILE-52 

1. LAYER -3,99 9,06 3,02 
2. LAYER -12,55 18,95 6,32 
3. LAYER -37,45 38,16 12,72 

PROFILE-53 

1. LAYER -2,57 6,83 2,28 
2.LAYER -11,50 15,37 5,12 
3.LAYER -38,50 35,48 11,83 

PROFILE-54 

1. LAYER -5,56 14,58 4,86 
2. LAYER -17,48 23,52 7,84 
3. LAYER -32,52 52,59 17,53 

PROFILE-55 

1. LAYER -4,67 8,10 2,70 

2. LAYER -10,70 17,99 6,00 
3. LAYER -39,30 32,44 10,81 

PROFILE-56 

1. LAYER -3,33 7,72 2,57 

2. LAYER -10,48 19,19 6,40 
3. LAYER -39,52 36,98 12,33 

PROFILE-57 

1. LAYER -3,52 8,91 2,97 
2. LAYER -11,08 19,77 6,59 

3. LAYER -38,92 41,60 13,87 

PROFILE-58 

1. LAYER -3,96 10,31 3,44 
2. LAYER -12,44 21,96 7,32 

3. LAYER -37,56 48,84 16,28 

PROFILE-59 
1. LAYER -3,31 5,71 1,90 
2.LAYER -10,42 13,47 4,49 
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3.LAYER -39,58 27,63 9,21 

PROFILE-60 

1. LAYER -4,20 11,26 3,75 

2. LAYER -13,19 21,75 7,25 
3. LAYER -36,81 42,45 14,15 

PROFILE-61 

1. LAYER -5,51 10,64 3,55 

2. LAYER -17,33 23,87 7,96 
3. LAYER -32,67 53,24 17,75 

PROFILE-62 

1. LAYER -3,44 14,21 4,74 
2. LAYER -15,41 33,75 11,25 

3. LAYER -34,59 82,63 27,54 

PROFILE-63 

1. LAYER -4,36 10,16 3,39 
2. LAYER -13,70 19,52 6,51 

3. LAYER -36,30 39,42 13,14 

PROFILE-64 

1. LAYER -4,31 16,85 5,62 
2. LAYER -13,56 33,54 11,18 
3. LAYER -36,44 74,96 24,99 

PROFILE-65 

1. LAYER -5,11 9,88 3,29 
2. LAYER -11,72 19,06 6,35 
3. LAYER -38,28 35,63 11,88 

PROFILE-66 

1. LAYER -1,49 3,81 1,27 
2. LAYER -6,68 7,13 2,38 
3. LAYER -43,32 15,00 5,00 

PROFILE-67 

1. LAYER -2,76 9,75 3,25 

2. LAYER -12,34 23,84 7,95 
3. LAYER -37,66 50,59 16,86 

PROFILE-68 

1. LAYER -1,89 6,03 2,01 

2. LAYER -8,44 10,25 3,42 
3. LAYER -41,56 26,25 8,75 

PROFILE-69 

1. LAYER -4,35 11,09 3,70 

2.LAYER -13,69 27,93 9,31 
3.LAYER -36,31 61,83 20,61 

PROFILE-70 

1. LAYER -3,74 6,53 2,18 
2. LAYER -11,77 13,59 4,53 

3. LAYER -38,23 25,04 8,35 
 

qu=(0,024*Vs*(J.B.K+0,002*Vp)*0,71)/G.K 

 

  
  

 

   

      

qa=qu/G.K              G.K=3 empirical value 
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5.1.10. AREA01 Vibration Period - T0 (sec) / Ground Amplification (Ak) 

PROFILES To (sec) Ta (sec) Tb (sec) Ak (Amplification) 

PROFILE-30 0,19 0,13 0,29 1,21 

PROFILE-31 0,14 0,09 0,21 1,07 

PROFILE-32 0,20 0,13 0,30 1,25 

PROFILE-33 0,19 0,13 0,29 1,27 

PROFILE-34 0,22 0,15 0,33 1,29 

PROFILE-35 0,19 0,13 0,29 1,20 

PROFILE-36 0,19 0,13 0,29 1,24 

PROFILE-37 0,16 0,11 0,24 1,18 

PROFILE-38 0,14 0,09 0,21 1,03 

PROFILE-39 0,15 0,10 0,23 1,11 

PROFILE-40 0,17 0,11 0,26 1,17 

PROFILE-41 0,19 0,13 0,29 1,21 

PROFILE-42 0,28 0,19 0,42 1,59 

PROFILE-43 0,16 0,11 0,24 1,09 

PROFILE-44 0,17 0,11 0,26 1,16 

PROFILE-45 0,14 0,09 0,21 1,04 

PROFILE-46 0,16 0,11 0,24 1,13 

PROFILE-47 0,15 0,10 0,23 1,06 

PROFILE-48 0,23 0,15 0,35 1,45 

PROFILE-49 0,19 0,13 0,29 1,26 

PROFILE-50 0,15 0,10 0,23 1,07 

PROFILE-51 0,12 0,08 0,18 0,95 

PROFILE-52 0,17 0,11 0,26 1,15 

PROFILE-53 0,18 0,12 0,27 1,22 

PROFILE-54 0,14 0,09 0,21 1,00 

PROFILE-55 0,18 0,12 0,27 1,23 

PROFILE-56 0,17 0,11 0,26 1,18 

PROFILE-57 0,15 0,10 0,23 1,12 

PROFILE-58 0,14 0,09 0,21 1,06 

PROFILE-59 0,21 0,14 0,32 1,37 

PROFILE-60 0,15 0,10 0,23 1,07 

PROFILE-61 0,15 0,10 0,23 1,03 

PROFILE-62 0,10 0,07 0,15 0,85 

PROFILE-63 0,16 0,11 0,24 1,12 

PROFILE-64 0,10 0,07 0,15 0,86 

PROFILE-65 0,17 0,11 0,26 1,18 

PROFILE-66 0,31 0,21 0,47 1,78 

PROFILE-67 0,13 0,09 0,20 1,01 

PROFILE-68 0,21 0,14 0,32 1,37 

PROFILE-69 0,12 0,08 0,18 0,97 

PROFILE-70 0,22 0,15 0,33 1,38 

 

𝑇𝑜 = ∑ 4𝐻 𝑉𝑠 𝑛 𝚤=1 (sec)……. (Zeevaert,1967)     

Ak=68*Vs30
-0,6……………………. (Midorikawa, 1987)   

 

The Vibration Period and Ground Amplification calculated in the direction of the parameters 

obtained during the seismic studies made during the field survey are presented in the table 

above. 
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5. 2. AREA 2 

There are 49 measurements were taken on the Area 1. Three layers were seen in this scale. 

Layer 1 thickness varies between 1,04 m and 10,94 m. The beginning of the layer 2 is 

between 1.04 m and 10,94 m, and the ending is between 4,64 m and 26,48 m. The beginning 

of the layer 3 is between 4,64 m and 26,48 m 

Detailed soil structure was observed in the 10 layers solutions. Accordingly, in the profiles 

taken in the region, cracks with cracks and voids were observed in the first 7.00 meters in 

general. More detailed work should be done under the constructions to be made here. 

Profile points should be viewed in engineering parameters section for detailed values 

considering the following application.  
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5.2.1. AREA02 Seismic P wave velocity (Compressional Wave Velocity (Vp)) 

Vp VELOCiTY 
PROFILES LAYERS DEPTH Vp_ Velocity STRiPPABiLiTY 

PROFILE-16 

1. LAYER -5,21 1556 High Difficult Strippability 
2.LAYER -16,38 2445 Explosive Strippability 
3.LAYER -33,62 5096 Explosive Strippability 

PROFILE-17 

1. LAYER -2,51 710 Simple Strippability 
2. LAYER -11,25 1560 High Difficult Strippability 
3. LAYER -38,75 3644 Explosive Strippability 

PROFILE-18 

1. LAYER -2,98 956 Simple Strippability 

2. LAYER -20,17 1517 Medium-High Strippability 
3. LAYER -29,83 3221 Explosive Strippability 

PROFILE-19 

1. LAYER -2,81 2035 High Difficult Strippability 

2. LAYER -12,58 2800 Explosive Strippability 
3. LAYER -37,42 5752 Explosive Strippability 

PROFILE-20 

1. LAYER -3,82 1664 High Difficult Strippability 

2. LAYER -17,11 2620 Explosive Strippability 
3. LAYER -32,89 5759 Explosive Strippability 

PROFILE-21 

1. LAYER -4,65 1662 High Difficult Strippability 
2. LAYER -20,79 3132 Explosive Strippability 

3. LAYER -29,21 6803 Explosive Strippability 

PROFILE-22 

1. LAYER -6,84 3128 Explosive Strippability 
2.LAYER -21,52 3888 Explosive Strippability 

3.LAYER -28,48 7508 Explosive Strippability 

PROFILE-23 

1. LAYER -8,42 2908 Explosive Strippability 
2. LAYER -26,48 3723 Explosive Strippability 
3. LAYER -23,52 6624 Explosive Strippability 

PROFILE-24 

1. LAYER -6,51 3631 Explosive Strippability 
2. LAYER -20,46 4012 Explosive Strippability 
3. LAYER -29,54 7198 Explosive Strippability 

PROFILE-25 

1. LAYER -3,05 1467 Medium-High Strippability 
2. LAYER -13,67 2302 Explosive Strippability 
3. LAYER -36,33 5119 Explosive Strippability 

PROFILE-26 

1. LAYER -4,09 1515 Medium-High Strippability 

2. LAYER -18,31 2242 Explosive Strippability 
3. LAYER -31,69 4729 Explosive Strippability 

PROFILE-27 

1. LAYER -5,26 1033 Simple Strippability 

2. LAYER -12,05 1395 Medium-High Strippability 
3. LAYER -37,95 2655 Explosive Strippability 

PROFILE-28 

1. LAYER -3,88 1484 Medium-High Strippability 

2. LAYER -17,39 2378 Explosive Strippability 
3. LAYER -32,61 4783 Explosive Strippability 

PROFILE-29 

1. LAYER -4,22 1314 Medium-High Strippability 
2. LAYER -18,88 2393 Explosive Strippability 

3. LAYER -31,12 4932 Explosive Strippability 

PROFILE-215 

1. LAYER -3,13 1257 Medium-High Strippability 
2.LAYER -13,99 1920 High Difficult Strippability 

3.LAYER -16,01 3952 Explosive Strippability 

PROFILE-216 

1. LAYER -5,26 1172 Simple Strippability 
2. LAYER -16,55 1875 High Difficult Strippability 
3. LAYER -13,45 3862 Explosive Strippability 

PROFILE-217 

1. LAYER -4,65 782 Simple Strippability 
2. LAYER -10,65 1240 Medium-High Strippability 
3. LAYER -19,35 2332 Explosive Strippability 

PROFILE-218 

1. LAYER -2,51 1010 Simple Strippability 
2. LAYER -16,97 2038 High Difficult Strippability 
3. LAYER -13,03 5136 Explosive Strippability 

PROFILE-219 

1. LAYER -4,70 939 Simple Strippability 
2. LAYER -21,03 1680 High Difficult Strippability 
3. LAYER -8,97 3936 Explosive Strippability 
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PROFILE-220 

1. LAYER -4,58 1243 Medium-High Strippability 
2. LAYER -20,50 1691 High Difficult Strippability 

3. LAYER -9,50 3685 Explosive Strippability 

PROFILE-221 

1. LAYER -2,13 1046 Simple Strippability 
2.LAYER -14,39 1419 Medium-High Strippability 

3.LAYER -15,61 3026 Explosive Strippability 

PROFILE-222 

1. LAYER -2,13 1046 Simple Strippability 
2. LAYER -14,39 1419 Medium-High Strippability 
3. LAYER -15,61 3026 Explosive Strippability 

PROFILE-223 

1. LAYER -3,38 1017 Simple Strippability 
2. LAYER -15,11 1630 High Difficult Strippability 
3. LAYER -14,89 3391 Explosive Strippability 

PROFILE-224 

1. LAYER -8,68 1507 Medium-High Strippability 
2. LAYER -19,89 1901 High Difficult Strippability 
3. LAYER -10,11 3548 Explosive Strippability 

PROFILE-225 

1. LAYER -6,76 2105 High Difficult Strippability 

2. LAYER -15,49 2171 Explosive Strippability 
3. LAYER -14,51 3840 Explosive Strippability 

PROFILE-226 

1. LAYER -4,01 1834 High Difficult Strippability 

2. LAYER -17,95 2076 High Difficult Strippability 
3. LAYER -12,05 4049 Explosive Strippability 

PROFILE-227 

1. LAYER -2,52 1365 Medium-High Strippability 
2. LAYER -17,05 2517 Explosive Strippability 

3. LAYER -12,95 5665 Explosive Strippability 

PROFILE-228 

1. LAYER -3,42 1970 High Difficult Strippability 
2. LAYER -15,31 2631 Explosive Strippability 

3. LAYER -14,69 5731 Explosive Strippability 

PROFILE-229 

1. LAYER -2,78 1395 Medium-High Strippability 
2. LAYER -18,81 2634 Explosive Strippability 

3. LAYER -11,19 5793 Explosive Strippability 

PROFILE-230 

1. LAYER -2,86 1388 Medium-High Strippability 
2. LAYER -19,36 2700 Explosive Strippability 
3. LAYER -10,64 6095 Explosive Strippability 

PROFILE-231 

1. LAYER -2,76 1369 Medium-High Strippability 
2.LAYER -12,35 2061 High Difficult Strippability 
3.LAYER -17,65 4138 Explosive Strippability 

PROFILE-232 

1. LAYER -2,86 1456 Medium-High Strippability 
2. LAYER -19,37 2564 Explosive Strippability 
3. LAYER -10,63 5752 Explosive Strippability 

PROFILE-233 

1. LAYER -2,24 798 Simple Strippability 

2. LAYER -15,17 1594 High Difficult Strippability 
3. LAYER -14,83 3862 Explosive Strippability 

PROFILE-234 

1. LAYER -2,96 752 Simple Strippability 

2. LAYER -13,27 1601 High Difficult Strippability 
3. LAYER -16,73 3807 Explosive Strippability 

PROFILE-235 

1. LAYER -2,70 887 Simple Strippability 

2.LAYER -18,25 1751 High Difficult Strippability 
3.LAYER -11,75 4199 Explosive Strippability 

PROFILE-236 

1. LAYER -1,93 988 Simple Strippability 
2. LAYER -8,62 1601 High Difficult Strippability 

3. LAYER -21,38 3584 Explosive Strippability 

PROFILE-237 

1. LAYER -4,94 1946 High Difficult Strippability 
2. LAYER -15,52 2303 Explosive Strippability 

3. LAYER -14,48 4401 Explosive Strippability 

PROFILE-238 

1. LAYER -10,94 723 Simple Strippability 
2. LAYER -25,07 1245 Medium-High Strippability 
3. LAYER -4,93 2287 Explosive Strippability 

PROFILE-239 

1. LAYER -2,40 1074 Simple Strippability 
2. LAYER -10,75 1959 High Difficult Strippability 
3. LAYER -19,25 4542 Explosive Strippability 

PROFILE-240 

1. LAYER -3,21 1167 Simple Strippability 
2. LAYER -14,38 2232 Explosive Strippability 
3. LAYER -15,62 4962 Explosive Strippability 
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PROFILE-241 

1. LAYER -1,68 524 Simple Strippability 
2.LAYER -7,51 911 Simple Strippability 

3.LAYER -22,49 2053 High Difficult Strippability 

PROFILE-242 

1. LAYER -1,75 525 Simple Strippability 
2. LAYER -7,84 703 Simple Strippability 

3. LAYER -22,16 1330 Medium-High Strippability 

PROFILE-243 

1. LAYER -1,04 436 Rahatça Kazinabilir 
2. LAYER -4,64 698 Simple Strippability 
3. LAYER -25,36 1461 Medium-High Strippability 

PROFILE-244 

1. LAYER -2,65 602 Simple Strippability 
2. LAYER -11,85 827 Simple Strippability 
3. LAYER -18,15 1747 High Difficult Strippability 

PROFILE-245 

1. LAYER -3,37 2067 High Difficult Strippability 
2. LAYER -15,07 2131 High Difficult Strippability 
3. LAYER -14,93 3972 Explosive Strippability 

PROFILE-246 

1. LAYER -5,33 2101 High Difficult Strippability 

2. LAYER -16,77 2171 Explosive Strippability 
3. LAYER -13,23 4062 Explosive Strippability 

PROFILE-247 

1. LAYER -3,23 2027 High Difficult Strippability 

2. LAYER -14,46 2479 Explosive Strippability 
3. LAYER -15,54 4618 Explosive Strippability 

PROFILE-258 

1. LAYER -4,23 1636 High Difficult Strippability 
2. LAYER -18,93 2205 Explosive Strippability 

3. LAYER -11,07 4228 Explosive Strippability 

PROFILE-259 

1. LAYER -5,14 1657 High Difficult Strippability 
2. LAYER -23,00 2075 High Difficult Strippability 

3. LAYER -7,00 3852 Explosive Strippability 

 

  P Wave Velocity (m/sec) Strippability   

  Vp<458 High Simple Strippability   

  458<Vp<1220 Simple Strippability   

  1220<Vp<1525 Medium Strippability   

  1525<Vp<11830 Difficult Strippability   

  1830<Vp<12135 
High Difficult 

Strippability 
  

  Vp>2135 Explosive Strippability   

Strippability of floors with P wave velocity (Church, 1981) 

P wave velocities of the grounds in the study area and strippability 

The above table shows the change table and strippability properties of Vp velocity depth 

values in the direction of the seismic data obtained from the field studies.  
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5.2.2. AREA02 Seismic S wave velocity (Transverse Wave Velocity (Vs)) 

Vs VELOCiTY 
PROFILES LAYERS DEPTH Vs_ Velocity GROUND GROUPS 

PROFILE-16 

1. LAYER -5,21 593 B 

2.LAYER -16,38 1237 A 

3.LAYER -33,62 2218 A 

PROFILE-17 

1. LAYER -2,51 328 C 

2. LAYER -11,25 803 A 

3. LAYER -38,75 1510 A 

PROFILE-18 

1. LAYER -2,98 301 C 

2. LAYER -20,17 722 A 

3. LAYER -29,83 1436 A 

PROFILE-19 

1. LAYER -2,81 719 A 

2. LAYER -12,58 1301 A 

3. LAYER -37,42 2247 A 

PROFILE-20 

1. LAYER -3,82 633 B 

2. LAYER -17,11 1333 A 

3. LAYER -32,89 2444 A 

PROFILE-21 

1. LAYER -4,65 780 A 

2. LAYER -20,79 1631 A 

3. LAYER -29,21 3060 A 

PROFILE-22 

1. LAYER -6,84 1148 A 

2.LAYER -21,52 1830 A 

3.LAYER -28,48 2936 A 

PROFILE-23 

1. LAYER -8,42 1031 A 

2. LAYER -26,48 1624 A 

3. LAYER -23,52 2694 A 

PROFILE-24 

1. LAYER -6,51 1247 A 

2. LAYER -20,46 1700 A 

3. LAYER -29,54 3520 A 

PROFILE-25 

1. LAYER -3,05 575 B 

2. LAYER -13,67 1179 A 

3. LAYER -36,33 2577 A 

PROFILE-26 

1. LAYER -4,09 507 B 

2. LAYER -18,31 1095 A 

3. LAYER -31,69 1908 A 

PROFILE-27 

1. LAYER -5,26 330 C 

2. LAYER -12,05 712 A 

3. LAYER -37,95 1149 A 

PROFILE-28 

1. LAYER -3,88 523 B 

2. LAYER -17,39 1116 A 

3. LAYER -32,61 2044 A 

PROFILE-29 

1. LAYER -4,22 550 B 

2. LAYER -18,88 1199 A 

3. LAYER -31,12 2143 A 

PROFILE-215 

1. LAYER -3,13 446 B 

2.LAYER -13,99 909 A 

3.LAYER -16,01 1743 A 

PROFILE-216 

1. LAYER -5,26 470 B 

2. LAYER -16,55 977 A 

3. LAYER -13,45 1654 A 

PROFILE-217 

1. LAYER -4,65 251 C 

2. LAYER -10,65 617 B 

3. LAYER -19,35 982 A 

PROFILE-218 

1. LAYER -2,51 461 B 

2. LAYER -16,97 1071 A 

3. LAYER -13,03 2134 A 
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PROFILE-219 

1. LAYER -4,70 370 C 

2. LAYER -21,03 862 A 

3. LAYER -8,97 1656 A 

PROFILE-220 

1. LAYER -4,58 450 B 

2. LAYER -20,50 835 A 

3. LAYER -9,50 1583 A 

PROFILE-221 

1. LAYER -2,13 304 C 

2.LAYER -14,39 662 B 

3.LAYER -15,61 1436 A 

PROFILE-222 

1. LAYER -2,13 304 C 

2. LAYER -14,39 662 B 

3. LAYER -15,61 1436 A 

PROFILE-223 

1. LAYER -3,38 393 C 

2. LAYER -15,11 758 A 

3. LAYER -14,89 1565 A 

PROFILE-224 

1. LAYER -8,68 492 B 

2. LAYER -19,89 965 A 

3. LAYER -10,11 1468 A 

PROFILE-225 

1. LAYER -6,76 799 A 

2. LAYER -15,49 905 A 

3. LAYER -14,51 1841 A 

PROFILE-226 

1. LAYER -4,01 910 A 

2. LAYER -17,95 915 A 

3. LAYER -12,05 1922 A 

PROFILE-227 

1. LAYER -2,52 524 B 

2. LAYER -17,05 1255 A 

3. LAYER -12,95 2556 A 

PROFILE-228 

1. LAYER -3,42 783 A 

2. LAYER -15,31 1285 A 

3. LAYER -14,69 2475 A 

PROFILE-229 

1. LAYER -2,78 579 B 

2. LAYER -18,81 1309 A 

3. LAYER -11,19 2414 A 

PROFILE-230 

1. LAYER -2,86 551 B 

2. LAYER -19,36 1361 A 

3. LAYER -10,64 2779 A 

PROFILE-231 

1. LAYER -2,76 506 B 

2.LAYER -12,35 966 A 

3.LAYER -17,65 1940 A 

PROFILE-232 

1. LAYER -2,86 561 B 

2. LAYER -19,37 1264 A 

3. LAYER -10,63 2572 A 

PROFILE-233 

1. LAYER -2,24 361 C 

2. LAYER -15,17 840 A 

3. LAYER -14,83 1681 A 

PROFILE-234 

1. LAYER -2,96 341 C 

2. LAYER -13,27 842 A 

3. LAYER -16,73 1586 A 

PROFILE-235 

1. LAYER -2,70 405 B 

2.LAYER -18,25 928 A 

3.LAYER -11,75 1861 A 

PROFILE-236 

1. LAYER -1,93 388 C 

2. LAYER -8,62 809 A 

3. LAYER -21,38 1500 A 

PROFILE-237 

1. LAYER -4,94 705 A 

2. LAYER -15,52 1024 A 

3. LAYER -14,48 2002 A 
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PROFILE-238 

1. LAYER -10,94 266 C 

2. LAYER -25,07 649 B 

3. LAYER -4,93 978 A 

PROFILE-239 

1. LAYER -2,40 443 B 

2. LAYER -10,75 1015 A 

3. LAYER -19,25 1895 A 

PROFILE-240 

1. LAYER -3,21 521 B 

2. LAYER -14,38 1222 A 

3. LAYER -15,62 2141 A 

PROFILE-241 

1. LAYER -1,68 225 C 

2.LAYER -7,51 459 B 

3.LAYER -22,49 902 A 

PROFILE-242 

1. LAYER -1,75 182 D 

2. LAYER -7,84 311 C 

3. LAYER -22,16 610 B 

PROFILE-243 

1. LAYER -1,04 168 D 

2. LAYER -4,64 312 C 

3. LAYER -25,36 693 B 

PROFILE-244 

1. LAYER -2,65 276 C 

2. LAYER -11,85 390 C 

3. LAYER -18,15 725 A 

PROFILE-245 

1. LAYER -3,37 1003 A 

2. LAYER -15,07 916 A 

3. LAYER -14,93 1563 A 

PROFILE-246 

1. LAYER -5,33 947 A 

2. LAYER -16,77 943 A 

3. LAYER -13,23 1746 A 

PROFILE-247 

1. LAYER -3,23 697 B 

2. LAYER -14,46 1103 A 

3. LAYER -15,54 1819 A 

PROFILE-258 

1. LAYER -4,23 574 B 

2. LAYER -18,93 993 A 

3. LAYER -11,07 1912 A 

PROFILE-259 

1. LAYER -5,14 568 B 

2. LAYER -23,00 947 A 

3. LAYER -7,00 1242 A 

 

  S Wave Velocity (m/sec) Ground group   

  Vs<200 D   

  200<Vs<400 C   

  400<Vs<700 B   

  700<Vs A   

Ground groups according to slip wave velocity(Abyyhy, 1998) 

S wave velocities of the grounds in the study area and ground group 

Ground Group Ground group and top ground layer thickness(h1) 

Z1 (A) Ground group h1< 15 m  (B) Ground group 

Z2 h1> 15 m  (B) Ground group h1< 15 m  (C) Ground 

group 
Z3 15 m < h1< 50 m  (C) Ground group h1< 10 m  (D) 

Ground group 
Z4 h1> 50 m  (C) Ground group h1> 10 m  (D) Ground 

group 

Ground Group Class 

The above table shows that Vs velocity values in the direction of the seismic data obtained in 

the field studies are the absolute change tables and that the layers are included in the ground 

groups. 
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5.2.3. AREA02 Vs30  

PROFILES Vs30 (m/sn) PROFILES Vs30 (m/sn) 

PROFILE-16 1819 PROFILE-226 1706 

PROFILE-17 1258 PROFILE-227 1966 

PROFILE-18 1145 PROFILE-228 2180 

PROFILE-19 2213 PROFILE-229 2043 

PROFILE-20 2072 PROFILE-230 2048 

PROFILE-21 2270 PROFILE-231 1620 

PROFILE-22 3085 PROFILE-232 1979 

PROFILE-23 2762 PROFILE-233 1338 

PROFILE-24 2835 PROFILE-234 1272 

PROFILE-25 1894 PROFILE-235 1428 

PROFILE-26 1716 PROFILE-236 1342 

PROFILE-27 1066 PROFILE-237 1782 

PROFILE-28 1722 PROFILE-238 817 

PROFILE-29 1773 PROFILE-239 1569 

PROFILE-215 1465 PROFILE-240 1749 

PROFILE-216 1410 PROFILE-241 788 

PROFILE-217 876 PROFILE-242 556 

PROFILE-218 1661 PROFILE-243 628 

PROFILE-219 1221 PROFILE-244 696 

PROFILE-220 1321 PROFILE-245 1775 

PROFILE-221 1135 PROFILE-246 1776 

PROFILE-222 1135 PROFILE-247 1923 

PROFILE-223 1262 PROFILE-258 1650 

PROFILE-224 1450 PROFILE-259 2002 

PROFILE-225 1726   

 Vs30 values in the direction of the seismic data obtained from the field studies are given in 

the table above. 

5.2.4. AREA02 Shear Modulus-G (kg/cm²) 

SHEAR MODULUS 
PROFILES LAYERS DEPTH G(kg/cm2) ENDURANCE 

PROFILE-16 

1. LAYER -5,21 6861 Sturdy 

2.LAYER -16,38 35102 Rock Highlid 

3.LAYER -33,62 128867 Rock Highlid 

PROFILE-17 

1. LAYER -2,51 1776 Medium 

2. LAYER -11,25 13618 Rock Highlid 

3. LAYER -38,75 54950 Rock Highlid 

PROFILE-18 

1. LAYER -2,98 1606 Medium 

2. LAYER -20,17 10826 Rock Highlid 

3. LAYER -29,83 48168 Rock Highlid 

PROFILE-19 

1. LAYER -2,81 10792 Rock Highlid 

2. LAYER -12,58 41286 Rock Highlid 

3. LAYER -37,42 136306 Rock Highlid 

PROFILE-20 

1. LAYER -3,82 8085 Sturdy 

2. LAYER -17,11 42815 Rock Highlid 

3. LAYER -32,89 161309 Rock Highlid 
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PROFILE-21 

1. LAYER -4,65 13338 Rock Highlid 

2. LAYER -20,79 67038 Rock Highlid 

3. LAYER -29,21 263683 Rock Highlid 

PROFILE-22 

1. LAYER -6,84 30956 Rock Highlid 

2.LAYER -21,52 84335 Rock Highlid 

3.LAYER -28,48 248733 Rock Highlid 

PROFILE-23 

1. LAYER -8,42 25466 Rock Highlid 

2. LAYER -26,48 64875 Rock Highlid 

3. LAYER -23,52 203007 Rock Highlid 

PROFILE-24 

1. LAYER -6,51 38155 Rock Highlid 

2. LAYER -20,46 74281 Rock Highlid 

3. LAYER -29,54 353870 Rock Highlid 

PROFILE-25 

1. LAYER -3,05 6758 Sturdy 

2. LAYER -13,67 32218 Rock Highlid 

3. LAYER -36,33 174088 Rock Highlid 

PROFILE-26 

1. LAYER -4,09 5032 Sturdy 

2. LAYER -18,31 27729 Rock Highlid 

3. LAYER -31,69 93606 Rock Highlid 

PROFILE-27 

1. LAYER -5,26 2897 Medium 

2. LAYER -12,05 9875 Sturdy 

3. LAYER -37,95 29394 Rock Highlid 

PROFILE-28 

1. LAYER -3,88 5698 Sturdy 

2. LAYER -17,39 27539 Rock Highlid 

3. LAYER -32,61 107733 Rock Highlid 

PROFILE-29 

1. LAYER -4,22 6158 Sturdy 

2. LAYER -18,88 32438 Rock Highlid 

3. LAYER -31,12 119299 Rock Highlid 

PROFILE-215 

1. LAYER -3,13 3984 Sturdy 

2.LAYER -13,99 18213 Rock Highlid 

3.LAYER -16,01 74713 Rock Highlid 

PROFILE-216 

1. LAYER -5,26 4109 Sturdy 

2. LAYER -16,55 20350 Rock Highlid 

3. LAYER -13,45 66892 Rock Highlid 

PROFILE-217 

1. LAYER -4,65 1577 Medium 

2. LAYER -10,65 7162 Sturdy 

3. LAYER -19,35 20764 Rock Highlid 

PROFILE-218 

1. LAYER -2,51 4122 Sturdy 

2. LAYER -16,97 26914 Rock Highlid 

3. LAYER -13,03 119496 Rock Highlid 

PROFILE-219 

1. LAYER -4,70 2398 Medium 

2. LAYER -21,03 15961 Rock Highlid 

3. LAYER -8,97 67360 Rock Highlid 

PROFILE-220 

1. LAYER -4,58 3779 Sturdy 

2. LAYER -20,50 15292 Rock Highlid 

3. LAYER -9,50 60514 Rock Highlid 

PROFILE-221 

1. LAYER -2,13 1663 Medium 

2.LAYER -14,39 8972 Sturdy 

3.LAYER -15,61 47413 Rock Highlid 

PROFILE-222 

1. LAYER -2,13 1663 Medium 

2. LAYER -14,39 8972 Sturdy 

3. LAYER -15,61 47413 Rock Highlid 

PROFILE-223 

1. LAYER -3,38 2724 Medium 

2. LAYER -15,11 11931 Rock Highlid 

3. LAYER -14,89 57927 Rock Highlid 

PROFILE-224 

1. LAYER -8,68 7539 Sturdy 

2. LAYER -19,89 19383 Rock Highlid 

3. LAYER -10,11 51593 Rock Highlid 
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PROFILE-225 

1. LAYER -6,76 19202 Rock Highlid 

2. LAYER -15,49 19654 Rock Highlid 

3. LAYER -14,51 82737 Rock Highlid 

PROFILE-226 

1. LAYER -4,01 16954 Rock Highlid 

2. LAYER -17,95 19907 Rock Highlid 

3. LAYER -12,05 91359 Rock Highlid 

PROFILE-227 

1. LAYER -2,52 5723 Sturdy 

2. LAYER -17,05 38534 Rock Highlid 

3. LAYER -12,95 175714 Rock Highlid 

PROFILE-228 

1. LAYER -3,42 12910 Rock Highlid 

2. LAYER -15,31 41255 Rock Highlid 

3. LAYER -14,69 165272 Rock Highlid 

PROFILE-229 

1. LAYER -2,78 7143 Sturdy 

2. LAYER -18,81 42626 Rock Highlid 

3. LAYER -11,19 157579 Rock Highlid 

PROFILE-230 

1. LAYER -2,86 6300 Sturdy 

2. LAYER -19,36 46789 Rock Highlid 

3. LAYER -10,64 211538 Rock Highlid 

PROFILE-231 

1. LAYER -2,76 5073 Sturdy 

2.LAYER -12,35 20740 Rock Highlid 

3.LAYER -17,65 93546 Rock Highlid 

PROFILE-232 

1. LAYER -2,86 6561 Sturdy 

2. LAYER -19,37 39020 Rock Highlid 

3. LAYER -10,63 178589 Rock Highlid 

PROFILE-233 

1. LAYER -2,24 2346 Medium 

2. LAYER -15,17 15817 Rock Highlid 

3. LAYER -14,83 69082 Rock Highlid 

PROFILE-234 

1. LAYER -2,96 1967 Medium 

2. LAYER -13,27 15122 Rock Highlid 

3. LAYER -16,73 61278 Rock Highlid 

PROFILE-235 

1. LAYER -2,70 3020 Sturdy 

2.LAYER -18,25 19881 Rock Highlid 

3.LAYER -11,75 86415 Rock Highlid 

PROFILE-236 

1. LAYER -1,93 2828 Medium 

2. LAYER -8,62 13658 Rock Highlid 

3. LAYER -21,38 53954 Rock Highlid 

PROFILE-237 

1. LAYER -4,94 10245 Rock Highlid 

2. LAYER -15,52 23794 Rock Highlid 

3. LAYER -14,48 101227 Rock Highlid 

PROFILE-238 

1. LAYER -10,94 1734 Medium 

2. LAYER -25,07 7935 Sturdy 

3. LAYER -4,93 20506 Rock Highlid 

PROFILE-239 

1. LAYER -2,40 3820 Sturdy 

2. LAYER -10,75 23344 Rock Highlid 

3. LAYER -19,25 91376 Rock Highlid 

PROFILE-240 

1. LAYER -3,21 5440 Sturdy 

2. LAYER -14,38 34519 Rock Highlid 

3. LAYER -15,62 119239 Rock Highlid 

PROFILE-241 

1. LAYER -1,68 813 Low 

2.LAYER -7,51 4041 Sturdy 

3.LAYER -22,49 16968 Rock Highlid 

PROFILE-242 

1. LAYER -1,75 537 Low 

2. LAYER -7,84 1644 Medium 

3. LAYER -22,16 6966 Sturdy 

PROFILE-243 

1. LAYER -1,04 404 Low 

2. LAYER -4,64 1650 Medium 

3. LAYER -25,36 9206 Sturdy 
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PROFILE-244 

1. LAYER -2,65 1185 Low 

2. LAYER -11,85 2837 Medium 

3. LAYER -18,15 10535 Rock Highlid 

PROFILE-258 

1. LAYER -4,23 6601 Sturdy 

2. LAYER -18,93 21891 Rock Highlid 

3. LAYER -11,07 91399 Rock Highlid 

PROFILE-259 

1. LAYER -5,14 6455 Sturdy 

2. LAYER -23,00 19585 Rock Highlid 

3. LAYER -7,00 37696 Rock Highlid 

 

  Shear Modulus (kg/cm2) Dayanim   

  G<400 High Weak   

  400<G<1500 Weak   

  1500<G<3000 Medium   

  3000<G<10000 Sturdy   

  10000<G Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  G =(d*Vs2)/100    

Shear modules and endurance of the grounds in the study area 

Calculation of shear Modulus values in the direction of the seismic data obtained in the field 

studies and the table of variation are given in the table above.  

5.2.5. AREA02 Elasticity Modulus-E (kg/cm²) 

ELASTiC MODULUS 
PROFILES LAYERS DEPTH E(kg/cm2) ENDURANCE 

PROFILE-16 

1. LAYER -5,21 19404 Sturdy 
2.LAYER -16,38 93030 Rock Highlid 
3.LAYER -33,62 356480 Rock Highlid 

PROFILE-17 
1. LAYER -2,51 4733 Low 
2. LAYER -11,25 35865 Rock Highlid 
3. LAYER -38,75 153451 Rock Highlid 

PROFILE-18 

1. LAYER -2,98 4614 Low 
2. LAYER -20,17 29094 Sturdy 
3. LAYER -29,83 132552 Rock Highlid 

PROFILE-19 
1. LAYER -2,81 30801 Rock Highlid 
2. LAYER -12,58 111759 Rock Highlid 
3. LAYER -37,42 384371 Rock Highlid 

PROFILE-20 
1. LAYER -3,82 22713 Sturdy 
2. LAYER -17,11 113189 Rock Highlid 
3. LAYER -32,89 448493 Rock Highlid 

PROFILE-21 

1. LAYER -4,65 34389 Rock Highlid 
2. LAYER -20,79 175713 Rock Highlid 
3. LAYER -29,21 724149 Rock Highlid 

PROFILE-22 
1. LAYER -6,84 87672 Rock Highlid 
2.LAYER -21,52 228549 Rock Highlid 
3.LAYER -28,48 701300 Rock Highlid 

PROFILE-23 

1. LAYER -8,42 71391 Rock Highlid 
2. LAYER -26,48 178951 Rock Highlid 
3. LAYER -23,52 568779 Rock Highlid 

PROFILE-24 

1. LAYER -6,51 108692 Rock Highlid 
2. LAYER -20,46 203487 Rock Highlid 
3. LAYER -29,54 950353 Rock Highlid 

PROFILE-25 
1. LAYER -3,05 18452 Sturdy 
2. LAYER -13,67 85194 Rock Highlid 
3. LAYER -36,33 463190 Rock Highlid 
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PROFILE-26 

1. LAYER -4,09 14416 Sturdy 
2. LAYER -18,31 74163 Rock Highlid 
3. LAYER -31,69 262612 Rock Highlid 

PROFILE-27 

1. LAYER -5,26 8126 Medium 
2. LAYER -12,05 26142 Sturdy 
3. LAYER -37,95 81404 Rock Highlid 

PROFILE-28 

1. LAYER -3,88 15783 Sturdy 
2. LAYER -17,39 74732 Rock Highlid 
3. LAYER -32,61 299123 Rock Highlid 

PROFILE-29 

1. LAYER -4,22 16473 Sturdy 
2. LAYER -18,88 86506 Rock Highlid 
3. LAYER -31,12 330134 Rock Highlid 

PROFILE-215 
1. LAYER -3,13 11024 Sturdy 
2.LAYER -13,99 48957 Rock Highlid 
3.LAYER -16,01 206084 Rock Highlid 

PROFILE-216 

1. LAYER -5,26 11437 Sturdy 
2. LAYER -16,55 53505 Rock Highlid 
3. LAYER -13,45 185640 Rock Highlid 

PROFILE-217 

1. LAYER -4,65 4367 Low 
2. LAYER -10,65 19139 Sturdy 
3. LAYER -19,35 57818 Rock Highlid 

PROFILE-218 
1. LAYER -2,51 10916 Sturdy 
2. LAYER -16,97 70440 Rock Highlid 
3. LAYER -13,03 333558 Rock Highlid 

PROFILE-219 

1. LAYER -4,70 6683 Medium 
2. LAYER -21,03 42215 Rock Highlid 
3. LAYER -8,97 187586 Rock Highlid 

PROFILE-220 

1. LAYER -4,58 10719 Sturdy 
2. LAYER -20,50 40565 Rock Highlid 
3. LAYER -9,50 167851 Rock Highlid 

PROFILE-221 

1. LAYER -2,13 4815 Low 
2.LAYER -14,39 24151 Sturdy 
3.LAYER -15,61 128458 Rock Highlid 

PROFILE-222 

1. LAYER -2,13 4815 Low 
2. LAYER -14,39 24151 Sturdy 
3. LAYER -15,61 128458 Rock Highlid 

PROFILE-223 
1. LAYER -3,38 7671 Medium 
2. LAYER -15,11 32394 Rock Highlid 
3. LAYER -14,89 158108 Rock Highlid 

PROFILE-224 

1. LAYER -8,68 20758 Sturdy 
2. LAYER -19,89 51437 Rock Highlid 
3. LAYER -10,11 144113 Rock Highlid 

PROFILE-225 

1. LAYER -6,76 51912 Rock Highlid 
2. LAYER -15,49 52663 Rock Highlid 
3. LAYER -14,51 223507 Rock Highlid 

PROFILE-226 
1. LAYER -4,01 44958 Rock Highlid 
2. LAYER -17,95 52841 Rock Highlid 
3. LAYER -12,05 247500 Rock Highlid 

PROFILE-227 

1. LAYER -2,52 15501 Sturdy 
2. LAYER -17,05 101592 Rock Highlid 
3. LAYER -12,95 482226 Rock Highlid 

PROFILE-228 

1. LAYER -3,42 36041 Rock Highlid 
2. LAYER -15,31 108940 Rock Highlid 
3. LAYER -14,69 457912 Rock Highlid 

PROFILE-229 

1. LAYER -2,78 18956 Sturdy 
2. LAYER -18,81 112700 Rock Highlid 
3. LAYER -11,19 439629 Rock Highlid 

PROFILE-230 

1. LAYER -2,86 17045 Sturdy 
2. LAYER -19,36 123225 Rock Highlid 
3. LAYER -10,64 579095 Rock Highlid 

PROFILE-231 
1. LAYER -2,76 14159 Sturdy 
2.LAYER -12,35 55515 Rock Highlid 
3.LAYER -17,65 254294 Rock Highlid 

PROFILE-232 

1. LAYER -2,86 17817 Sturdy 
2. LAYER -19,37 103137 Rock Highlid 
3. LAYER -10,63 491137 Rock Highlid 
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PROFILE-233 

1. LAYER -2,24 6091 Medium 
2. LAYER -15,17 41125 Rock Highlid 
3. LAYER -14,83 191091 Rock Highlid 

PROFILE-234 

1. LAYER -2,96 5246 Medium 
2. LAYER -13,27 39599 Rock Highlid 
3. LAYER -16,73 170959 Rock Highlid 

PROFILE-235 

1. LAYER -2,70 7828 Medium 
2.LAYER -18,25 51527 Rock Highlid 
3.LAYER -11,75 238125 Rock Highlid 

PROFILE-236 

1. LAYER -1,93 7694 Medium 
2. LAYER -8,62 36337 Rock Highlid 
3. LAYER -21,38 150409 Rock Highlid 

PROFILE-237 
1. LAYER -4,94 29166 Sturdy 
2. LAYER -15,52 64978 Rock Highlid 
3. LAYER -14,48 277258 Rock Highlid 

PROFILE-238 

1. LAYER -10,94 4674 Low 
2. LAYER -25,07 20850 Sturdy 
3. LAYER -4,93 56928 Rock Highlid 

PROFILE-239 

1. LAYER -2,40 10276 Sturdy 
2. LAYER -10,75 61544 Rock Highlid 
3. LAYER -19,25 254873 Rock Highlid 

PROFILE-240 
1. LAYER -3,21 14203 Sturdy 
2. LAYER -14,38 88899 Rock Highlid 
3. LAYER -15,62 330447 Rock Highlid 

PROFILE-241 

1. LAYER -1,68 2166 Low 
2.LAYER -7,51 10624 Sturdy 
3.LAYER -22,49 46848 Rock Highlid 

PROFILE-242 

1. LAYER -1,75 1491 Low 
2. LAYER -7,84 4445 Low 
3. LAYER -22,16 19042 Sturdy 

PROFILE-243 

1. LAYER -1,04 1134 Low 
2. LAYER -4,64 4519 Low 
3. LAYER -25,36 24945 Sturdy 

PROFILE-244 

1. LAYER -2,65 3182 Low 
2. LAYER -11,85 7546 Medium 
3. LAYER -18,15 29412 Sturdy 

PROFILE-258 
1. LAYER -4,23 18794 Sturdy 
2. LAYER -18,93 59352 Rock Highlid 
3. LAYER -11,07 250694 Rock Highlid 

PROFILE-259 

1. LAYER -5,14 18448 Sturdy 
2. LAYER -23,00 53175 Rock Highlid 
3. LAYER -7,00 108712 Rock Highlid 

 

  Elastic Modulus (kg/cm2) Dayanim   

  E<1000 High Weak   

  1000<E<5000 Weak   

  5000<E<10000 Medium   

  10000<E<30000 Sturdy   

  30000<E Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  E=G*(3*Vp
2-4*Vs

2)/( Vp
2-Vs

2)   

Elasticity modules and endurance of the grounds in the study area 

 Calculation of the modulus of elasticity in the direction of the seismic data obtained in the 

field studies and the change table are given in the above table 
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5.2.6. AREA02 Poisson’s Ratio - (б) 

POiSSON’S RATiO 
PROFILES LAYERS DEPTH (σ) POROSiTY 

PROFILE-16 
1. LAYER -5,21 0,41 High Porous 
2.LAYER -16,38 0,33 Medium Porous 
3.LAYER -33,62 0,38 High Porous 

PROFILE-17 

1. LAYER -2,51 0,35 High Porous 
2. LAYER -11,25 0,31 Medium Porous 
3. LAYER -38,75 0,40 High Porous 

PROFILE-18 
1. LAYER -2,98 0,44 High Porous 
2. LAYER -20,17 0,35 Medium Porous 
3. LAYER -29,83 0,38 High Porous 

PROFILE-19 

1. LAYER -2,81 0,43 High Porous 
2. LAYER -12,58 0,36 High Porous 
3. LAYER -37,42 0,41 High Porous 

PROFILE-20 

1. LAYER -3,82 0,41 High Porous 
2. LAYER -17,11 0,33 Medium Porous 
3. LAYER -32,89 0,39 High Porous 

PROFILE-21 
1. LAYER -4,65 0,33 Medium Porous 
2. LAYER -20,79 0,31 Medium Porous 
3. LAYER -29,21 0,37 High Porous 

PROFILE-22 

1. LAYER -6,84 0,42 High Porous 
2.LAYER -21,52 0,36 High Porous 
3.LAYER -28,48 0,41 High Porous 

PROFILE-23 
1. LAYER -8,42 0,42 High Porous 
2. LAYER -26,48 0,38 High Porous 
3. LAYER -23,52 0,40 High Porous 

PROFILE-24 
1. LAYER -6,51 0,43 High Porous 
2. LAYER -20,46 0,38 High Porous 
3. LAYER -29,54 0,34 Medium Porous 

PROFILE-25 

1. LAYER -3,05 0,40 High Porous 
2. LAYER -13,67 0,32 Medium Porous 
3. LAYER -36,33 0,33 Medium Porous 

PROFILE-26 
1. LAYER -4,09 0,44 High Porous 
2. LAYER -18,31 0,35 Medium Porous 
3. LAYER -31,69 0,40 High Porous 

PROFILE-27 

1. LAYER -5,26 0,41 High Porous 
2. LAYER -12,05 0,32 Medium Porous 
3. LAYER -37,95 0,38 High Porous 

PROFILE-28 

1. LAYER -3,88 0,42 High Porous 
2. LAYER -17,39 0,35 High Porous 
3. LAYER -32,61 0,39 High Porous 

PROFILE-29 
1. LAYER -4,22 0,37 High Porous 
2. LAYER -18,88 0,33 Medium Porous 
3. LAYER -31,12 0,38 High Porous 

PROFILE-215 

1. LAYER -3,13 0,42 High Porous 
2.LAYER -13,99 0,35 High Porous 
3.LAYER -16,01 0,38 High Porous 

PROFILE-216 
1. LAYER -5,26 0,40 High Porous 
2. LAYER -16,55 0,31 Medium Porous 
3. LAYER -13,45 0,39 High Porous 

PROFILE-217 
1. LAYER -4,65 0,41 High Porous 
2. LAYER -10,65 0,33 Medium Porous 
3. LAYER -19,35 0,39 High Porous 

PROFILE-218 

1. LAYER -2,51 0,36 High Porous 
2. LAYER -16,97 0,30 Medium Porous 
3. LAYER -13,03 0,40 High Porous 

PROFILE-219 
1. LAYER -4,70 0,40 High Porous 
2. LAYER -21,03 0,32 Medium Porous 
3. LAYER -8,97 0,39 High Porous 

PROFILE-220 

1. LAYER -4,58 0,42 High Porous 
2. LAYER -20,50 0,34 Medium Porous 
3. LAYER -9,50 0,39 High Porous 

PROFILE-221 

1. LAYER -2,13 0,45 High Porous 
2.LAYER -14,39 0,36 High Porous 
3.LAYER -15,61 0,35 High Porous 
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PROFILE-222 

1. LAYER -2,13 0,45 High Porous 
2. LAYER -14,39 0,36 High Porous 
3. LAYER -15,61 0,35 High Porous 

PROFILE-223 

1. LAYER -3,38 0,41 High Porous 
2. LAYER -15,11 0,36 High Porous 
3. LAYER -14,89 0,36 High Porous 

PROFILE-224 

1. LAYER -8,68 0,39 High Porous 
2. LAYER -19,89 0,32 Medium Porous 
3. LAYER -10,11 0,40 High Porous 

PROFILE-225 

1. LAYER -6,76 0,37 High Porous 
2. LAYER -15,49 0,38 High Porous 
3. LAYER -14,51 0,35 High Porous 

PROFILE-226 
1. LAYER -4,01 0,33 Medium Porous 
2. LAYER -17,95 0,37 High Porous 
3. LAYER -12,05 0,35 High Porous 

PROFILE-227 

1. LAYER -2,52 0,39 High Porous 
2. LAYER -17,05 0,33 Medium Porous 
3. LAYER -12,95 0,37 High Porous 

PROFILE-228 

1. LAYER -3,42 0,40 High Porous 
2. LAYER -15,31 0,34 Medium Porous 
3. LAYER -14,69 0,39 High Porous 

PROFILE-229 
1. LAYER -2,78 0,37 High Porous 
2. LAYER -18,81 0,33 Medium Porous 
3. LAYER -11,19 0,39 High Porous 

PROFILE-230 

1. LAYER -2,86 0,39 High Porous 
2. LAYER -19,36 0,33 Medium Porous 
3. LAYER -10,64 0,37 High Porous 

PROFILE-231 

1. LAYER -2,76 0,41 High Porous 
2.LAYER -12,35 0,35 High Porous 
3.LAYER -17,65 0,36 High Porous 

PROFILE-232 

1. LAYER -2,86 0,40 High Porous 
2. LAYER -19,37 0,33 Medium Porous 
3. LAYER -10,63 0,38 High Porous 

PROFILE-233 

1. LAYER -2,24 0,34 Medium Porous 
2. LAYER -15,17 0,31 Medium Porous 
3. LAYER -14,83 0,38 High Porous 

PROFILE-234 
1. LAYER -2,96 0,35 High Porous 
2. LAYER -13,27 0,30 Medium Porous 
3. LAYER -16,73 0,39 High Porous 

PROFILE-235 

1. LAYER -2,70 0,34 Medium Porous 
2.LAYER -18,25 0,31 Medium Porous 
3.LAYER -11,75 0,38 High Porous 

PROFILE-236 

1. LAYER -1,93 0,39 High Porous 
2. LAYER -8,62 0,32 Medium Porous 
3. LAYER -21,38 0,39 High Porous 

PROFILE-237 
1. LAYER -4,94 0,42 High Porous 
2. LAYER -15,52 0,38 High Porous 
3. LAYER -14,48 0,37 High Porous 

PROFILE-238 

1. LAYER -10,94 0,38 High Porous 
2. LAYER -25,07 0,31 Medium Porous 
3. LAYER -4,93 0,39 High Porous 

PROFILE-239 

1. LAYER -2,40 0,38 High Porous 
2. LAYER -10,75 0,31 Medium Porous 
3. LAYER -19,25 0,39 High Porous 

PROFILE-240 

1. LAYER -3,21 0,35 Medium Porous 
2. LAYER -14,38 0,28 Medium Porous 
3. LAYER -15,62 0,39 High Porous 

PROFILE-241 

1. LAYER -1,68 0,37 High Porous 
2.LAYER -7,51 0,33 Medium Porous 
3.LAYER -22,49 0,38 High Porous 

PROFILE-242 
1. LAYER -1,75 0,42 High Porous 
2. LAYER -7,84 0,37 High Porous 
3. LAYER -22,16 0,37 High Porous 

PROFILE-243 

1. LAYER -1,04 0,41 High Porous 
2. LAYER -4,64 0,37 High Porous 
3. LAYER -25,36 0,35 High Porous 
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PROFILE-244 

1. LAYER -2,65 0,36 High Porous 
2. LAYER -11,85 0,35 High Porous 
3. LAYER -18,15 0,40 High Porous 

PROFILE-245 

1. LAYER -3,37 0,34 Medium Porous 
2. LAYER -15,07 0,37 High Porous 
3. LAYER -14,93 0,41 High Porous 

PROFILE-246 

1. LAYER -5,33 0,37 High Porous 
2. LAYER -16,77 0,37 High Porous 
3. LAYER -13,23 0,39 High Porous 

PROFILE-247 

1. LAYER -3,23 0,43 High Porous 
2. LAYER -14,46 0,37 High Porous 
3. LAYER -15,54 0,41 High Porous 

PROFILE-258 
1. LAYER -4,23 0,43 High Porous 
2. LAYER -18,93 0,37 High Porous 
3. LAYER -11,07 0,37 High Porous 

PROFILE-259 

1. LAYER -5,14 0,43 High Porous 
2. LAYER -23,00 0,37 High Porous 
3. LAYER -7,00 0,44 High Porous 

 

  
Poisson’s Ratio;(σ) Porosity   

  0,00≤σ≤0,25 Nonporous   

  0,26≤σ≤0,35 Medium Porous   

  0,36≤σ≤0,50 High Porous   

Poisson ratio classification  

σ=(Vp2-2*Vs2)/(2* Vp2-2*Vs2) 

Poisson’s ratio values of the units in the study area, porosity 

Calculation of poisson’s ratio values in the direction of the seismic data obtained in the field 

studies and the change table are given in the above table. 

5.2.7. AREA02 Density -  ρ (gr/ cm3) 

DENSiTY 
PROFILES LAYERS DEPTH  ρ (gr/cm3) DEFiNiTiON 

PROFILE-16 
1. LAYER -5,21 1,95 High 
2.LAYER -16,38 2,17 High 
3.LAYER -33,62 2,62 Too High 

PROFILE-17 

1. LAYER -2,51 1,60 Medium 
2. LAYER -11,25 1,93 High 
3. LAYER -38,75 2,41 Too High 

PROFILE-18 
1. LAYER -2,98 1,72 Medium 
2. LAYER -20,17 1,93 High 
3. LAYER -29,83 2,34 Too High 

PROFILE-19 

1. LAYER -2,81 2,08 High 
2. LAYER -12,58 2,25 Too High 
3. LAYER -37,42 2,70 Too High 

PROFILE-20 

1. LAYER -3,82 1,98 High 
2. LAYER -17,11 2,21 Too High 
3. LAYER -32,89 2,70 Too High 

PROFILE-21 
1. LAYER -4,65 1,98 High 
2. LAYER -20,79 2,31 Too High 
3. LAYER -29,21 2,82 Too High 

PROFILE-22 

1. LAYER -6,84 2,32 Too High 
2.LAYER -21,52 2,44 Too High 
3.LAYER -28,48 2,89 Too High 

PROFILE-23 
1. LAYER -8,42 2,28 Too High 
2. LAYER -26,48 2,42 Too High 
3. LAYER -23,52 2,80 Too High 

PROFILE-24 
1. LAYER -6,51 2,41 Too High 
2. LAYER -20,46 2,47 Too High 
3. LAYER -29,54 2,86 Too High 
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PROFILE-25 

1. LAYER -3,05 1,92 High 
2. LAYER -13,67 2,14 High 
3. LAYER -36,33 2,62 Too High 

PROFILE-26 

1. LAYER -4,09 1,93 High 
2. LAYER -18,31 2,12 High 
3. LAYER -31,69 2,57 Too High 

PROFILE-27 

1. LAYER -5,26 1,76 Medium 
2. LAYER -12,05 1,89 Medium 
3. LAYER -37,95 2,23 Too High 

PROFILE-28 

1. LAYER -3,88 1,92 High 
2. LAYER -17,39 2,16 High 
3. LAYER -32,61 2,58 Too High 

PROFILE-29 
1. LAYER -4,22 1,87 Medium 
2. LAYER -18,88 2,16 High 
3. LAYER -31,12 2,60 Too High 

PROFILE-215 

1. LAYER -3,13 1,85 Medium 
2.LAYER -13,99 2,05 High 
3.LAYER -16,01 2,46 Too High 

PROFILE-216 

1. LAYER -5,26 1,81 Medium 
2. LAYER -16,55 2,03 High 
3. LAYER -13,45 2,44 Too High 

PROFILE-217 
1. LAYER -4,65 1,64 Medium 
2. LAYER -10,65 1,84 Medium 
3. LAYER -19,35 2,15 High 

PROFILE-218 

1. LAYER -2,51 1,75 Medium 
2. LAYER -16,97 2,06 High 
3. LAYER -13,03 2,62 Too High 

PROFILE-219 

1. LAYER -4,70 1,72 Medium 
2. LAYER -21,03 1,97 High 
3. LAYER -8,97 2,46 Too High 

PROFILE-220 

1. LAYER -4,58 1,84 Medium 
2. LAYER -20,50 1,98 High 
3. LAYER -9,50 2,42 Too High 

PROFILE-221 

1. LAYER -2,13 1,76 Medium 
2.LAYER -14,39 1,90 Medium 
3.LAYER -15,61 2,30 Too High 

PROFILE-222 
1. LAYER -2,13 1,76 Medium 
2. LAYER -14,39 1,90 Medium 
3. LAYER -15,61 2,30 Too High 

PROFILE-223 

1. LAYER -3,38 1,75 Medium 
2. LAYER -15,11 1,96 High 
3. LAYER -14,89 2,37 Too High 

PROFILE-224 

1. LAYER -8,68 1,93 High 
2. LAYER -19,89 2,04 High 
3. LAYER -10,11 2,39 Too High 

PROFILE-225 
1. LAYER -6,76 2,10 High 
2. LAYER -15,49 2,12 High 
3. LAYER -14,51 2,44 Too High 

PROFILE-226 

1. LAYER -4,01 2,03 High 
2. LAYER -17,95 2,09 High 
3. LAYER -12,05 2,47 Too High 

PROFILE-227 

1. LAYER -2,52 1,88 Medium 
2. LAYER -17,05 2,18 High 
3. LAYER -12,95 2,69 Too High 

PROFILE-228 

1. LAYER -3,42 2,07 High 
2. LAYER -15,31 2,21 Too High 
3. LAYER -14,69 2,70 Too High 

PROFILE-229 

1. LAYER -2,78 1,89 Medium 
2. LAYER -18,81 2,21 Too High 
3. LAYER -11,19 2,70 Too High 

PROFILE-230 
1. LAYER -2,86 1,89 Medium 
2. LAYER -19,36 2,22 Too High 
3. LAYER -10,64 2,74 Too High 

PROFILE-231 

1. LAYER -2,76 1,89 Medium 
2.LAYER -12,35 2,08 High 
3.LAYER -17,65 2,49 Too High 
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PROFILE-232 

1. LAYER -2,86 1,92 High 
2. LAYER -19,37 2,19 High 
3. LAYER -10,63 2,70 Too High 

PROFILE-233 

1. LAYER -2,24 1,65 Medium 
2. LAYER -15,17 1,94 High 
3. LAYER -14,83 2,44 Too High 

PROFILE-234 

1. LAYER -2,96 1,62 Medium 
2. LAYER -13,27 1,95 High 
3. LAYER -16,73 2,44 Too High 

PROFILE-235 

1. LAYER -2,70 1,69 Medium 
2.LAYER -18,25 1,99 High 
3.LAYER -11,75 2,50 Too High 

PROFILE-236 
1. LAYER -1,93 1,74 Medium 
2. LAYER -8,62 1,95 High 
3. LAYER -21,38 2,40 Too High 

PROFILE-237 

1. LAYER -4,94 2,06 High 
2. LAYER -15,52 2,14 High 
3. LAYER -14,48 2,52 Too High 

PROFILE-238 

1. LAYER -10,94 1,61 Medium 
2. LAYER -25,07 1,84 Medium 
3. LAYER -4,93 2,14 High 

PROFILE-239 
1. LAYER -2,40 1,77 Medium 
2. LAYER -10,75 2,05 High 
3. LAYER -19,25 2,54 Too High 

PROFILE-240 

1. LAYER -3,21 1,81 Medium 
2. LAYER -14,38 2,12 High 
3. LAYER -15,62 2,60 Too High 

PROFILE-241 

1. LAYER -1,68 1,48 Medium 
2.LAYER -7,51 1,69 Medium 
3.LAYER -22,49 2,09 High 

PROFILE-242 

1. LAYER -1,75 1,48 Medium 
2. LAYER -7,84 1,59 Medium 
3. LAYER -22,16 1,87 Medium 

PROFILE-243 

1. LAYER -1,04 1,42 Medium 
2. LAYER -4,64 1,59 Medium 
3. LAYER -25,36 1,92 High 

PROFILE-244 
1. LAYER -2,65 1,53 Medium 
2. LAYER -11,85 1,66 Medium 
3. LAYER -18,15 2,00 High 

PROFILE-245 

1. LAYER -3,37 2,09 High 
2. LAYER -15,07 2,10 High 
3. LAYER -14,93 2,46 Too High 

PROFILE-246 

1. LAYER -5,33 2,10 High 
2. LAYER -16,77 2,11 High 
3. LAYER -13,23 2,47 Too High 

PROFILE-247 
1. LAYER -3,23 2,08 High 
2. LAYER -14,46 2,18 High 
3. LAYER -15,54 2,56 Too High 

PROFILE-258 

1. LAYER -4,23 1,97 High 
2. LAYER -18,93 2,12 High 
3. LAYER -11,07 2,50 Too High 

PROFILE-259 

1. LAYER -5,14 1,98 High 
2. LAYER -23,00 2,09 High 
3. LAYER -7,00 2,44 Too High 

 

  Density: ρ (gr/cm3) Tanimlama   

  ρ<1,20 High low   

  1,20<ρ<1,40 Low   

  1,40<ρ<1,90 Medium   

  1,90<ρ<2,20 High   

  2,20<ρ Too High   

Density Classification of Ground Units: (Keçeli, 1990) 

ρ =d=0.31*Vp0.25 
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Density values and description of the units in the study area 

Calculation of the density values of the geological units in the direction of the seismic data 

obtained in the field studies and the table of variation are given in the above table. 

5.2.8. AREA02 Modulus of Subgrade Reaction – D Y K (ton/m3) 

Modulus of Subgrade Reaction  
PROFILES LAYERS DEPTH D Y K  (ton/m3) 

PROFILE-16 
1. LAYER -5,21 4634 
2.LAYER -16,38 10654 
3.LAYER -33,62 23759 

PROFILE-17 
1. LAYER -2,51 2335 
2. LAYER -11,25 6346 
3. LAYER -38,75 14385 

PROFILE-18 
1. LAYER -2,98 2205 
2. LAYER -20,17 5662 
3. LAYER -29,83 13181 

PROFILE-19 
1. LAYER -2,81 5898 
2. LAYER -12,58 11634 
3. LAYER -37,42 25274 

PROFILE-20 
1. LAYER -3,82 5004 
2. LAYER -17,11 11746 
3. LAYER -32,89 27504 

PROFILE-21 
1. LAYER -4,65 6173 
2. LAYER -20,79 15096 
3. LAYER -29,21 37054 

PROFILE-22 
1. LAYER -6,84 10452 
2.LAYER -21,52 17910 
3.LAYER -28,48 37240 

PROFILE-23 
1. LAYER -8,42 9198 
2. LAYER -26,48 15618 
3. LAYER -23,52 32226 

PROFILE-24 
1. LAYER -6,51 11865 
2. LAYER -20,46 16744 
3. LAYER -29,54 43761 

PROFILE-25 
1. LAYER -3,05 4453 
2. LAYER -13,67 10058 
3. LAYER -36,33 27648 

PROFILE-26 
1. LAYER -4,09 3946 
2. LAYER -18,31 9279 
3. LAYER -31,69 19867 

PROFILE-27 
1. LAYER -5,26 2979 
2. LAYER -12,05 5490 
3. LAYER -37,95 10016 

PROFILE-28 
1. LAYER -3,88 4055 
2. LAYER -17,39 9514 
3. LAYER -32,61 21373 

PROFILE-29 
1. LAYER -4,22 4194 
2. LAYER -18,88 10277 
3. LAYER -31,12 22667 

PROFILE-215 
1. LAYER -3,13 3375 
2.LAYER -13,99 7431 
3.LAYER -16,01 17044 

PROFILE-216 
1. LAYER -5,26 3524 
2. LAYER -16,55 7940 
3. LAYER -13,45 16052 

PROFILE-217 
1. LAYER -4,65 2160 
2. LAYER -10,65 4676 
3. LAYER -19,35 8297 

PROFILE-218 
1. LAYER -2,51 3406 
2. LAYER -16,97 8970 
3. LAYER -13,03 22927 

PROFILE-219 
1. LAYER -4,70 2708 
2. LAYER -21,03 6896 
3. LAYER -8,97 16170 
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PROFILE-220 
1. LAYER -4,58 3401 
2. LAYER -20,50 6686 
3. LAYER -9,50 15128 

PROFILE-221 
1. LAYER -2,13 2248 
2.LAYER -14,39 5128 
3.LAYER -15,61 12951 

PROFILE-222 
1. LAYER -2,13 2248 
2. LAYER -14,39 5128 
3. LAYER -15,61 12951 

PROFILE-223 
1. LAYER -3,38 2902 
2. LAYER -15,11 6010 
3. LAYER -14,89 14579 

PROFILE-224 
1. LAYER -8,68 4753 
2. LAYER -19,89 7838 
3. LAYER -10,11 13870 

PROFILE-225 
1. LAYER -6,76 7815 
2. LAYER -15,49 7564 
3. LAYER -14,51 17832 

PROFILE-226 
1. LAYER -4,01 7322 
2. LAYER -17,95 7587 
3. LAYER -12,05 18943 

PROFILE-227 
1. LAYER -2,52 4017 
2. LAYER -17,05 10970 
3. LAYER -12,95 28569 

PROFILE-228 
1. LAYER -3,42 6388 
2. LAYER -15,31 11348 
3. LAYER -14,69 27801 

PROFILE-229 
1. LAYER -2,78 4448 
2. LAYER -18,81 11590 
3. LAYER -11,19 27232 

PROFILE-230 
1. LAYER -2,86 4233 
2. LAYER -19,36 12150 
3. LAYER -10,64 32038 

PROFILE-231 
1. LAYER -2,76 3875 
2.LAYER -12,35 7992 
3.LAYER -17,65 19257 

PROFILE-232 
1. LAYER -2,86 4337 
2. LAYER -19,37 11078 
3. LAYER -10,63 28930 

PROFILE-233 
1. LAYER -2,24 2600 
2. LAYER -15,17 6699 
3. LAYER -14,83 16312 

PROFILE-234 
1. LAYER -2,96 2443 
2. LAYER -13,27 6687 
3. LAYER -16,73 15320 

PROFILE-235 
1. LAYER -2,70 2944 
2.LAYER -18,25 7534 
3.LAYER -11,75 18568 

PROFILE-236 
1. LAYER -1,93 2851 
2. LAYER -8,62 6407 
3. LAYER -21,38 14210 

PROFILE-237 
1. LAYER -4,94 5731 
2. LAYER -15,52 8676 
3. LAYER -14,48 20309 

PROFILE-238 
1. LAYER -10,94 2251 
2. LAYER -25,07 4921 
3. LAYER -4,93 8229 

PROFILE-239 
1. LAYER -2,40 3288 
2. LAYER -10,75 8390 
3. LAYER -19,25 19438 

PROFILE-240 
1. LAYER -3,21 3909 
2. LAYER -14,38 10374 
3. LAYER -15,62 22696 

PROFILE-241 
1. LAYER -1,68 1567 
2.LAYER -7,51 3370 
3.LAYER -22,49 7415 

PROFILE-242 
1. LAYER -1,75 1268 
2. LAYER -7,84 2220 
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3. LAYER -22,16 4655 

PROFILE-243 
1. LAYER -1,04 1157 
2. LAYER -4,64 2230 
3. LAYER -25,36 5363 

PROFILE-244 
1. LAYER -2,65 1939 
2. LAYER -11,85 2829 
3. LAYER -18,15 5780 

PROFILE-245 
1. LAYER -3,37 8259 
2. LAYER -15,07 7638 
3. LAYER -14,93 15307 

PROFILE-246 
1. LAYER -5,33 7826 
2. LAYER -16,77 7922 
3. LAYER -13,23 17221 

PROFILE-247 
1. LAYER -3,23 5716 
2. LAYER -14,46 9485 
3. LAYER -15,54 18771 

PROFILE-258 
1. LAYER -4,23 4526 
2. LAYER -18,93 8320 
3. LAYER -11,07 19124 

PROFILE-259 
1. LAYER -5,14 4486 
2. LAYER -23,00 7837 
3. LAYER -7,00 12044 

 

 

kv= 40*(Gs)*qu ton/m3 (Bowles 1984) 

 

The above table shows the Modulus of Subgrade Reaction obtained for each layer in the 

direction of the data obtained after the seismic measurements made in the study area. 

5.2.9. AREA02 Bearing Capacity qu (kg/cm2) / Allowable Bearing Capacity qa(kg/cm2) 

PROFILES LAYERS DEPTH BEARiNG 

CAPACiTY 

(qu,kg/cm2) 

ALLOWABLE 

BEARiNG 

CAPACiTY 

(qa,kg/cm2) 

PROFILE-16 
1. LAYER -5,21 11,58 3,86 
2.LAYER -16,38 26,63 8,88 
3.LAYER -33,62 59,40 19,80 

PROFILE-17 
1. LAYER -2,51 5,84 1,95 
2. LAYER -11,25 15,86 5,29 
3. LAYER -38,75 35,96 11,99 

PROFILE-18 
1. LAYER -2,98 5,51 1,84 
2. LAYER -20,17 14,16 4,72 
3. LAYER -29,83 32,95 10,98 

PROFILE-19 
1. LAYER -2,81 14,74 4,91 
2. LAYER -12,58 29,09 9,70 
3. LAYER -37,42 63,19 21,06 

PROFILE-20 
1. LAYER -3,82 12,51 4,17 
2. LAYER -17,11 29,37 9,79 
3. LAYER -32,89 68,76 22,92 

PROFILE-21 
1. LAYER -4,65 15,43 5,14 
2. LAYER -20,79 37,74 12,58 
3. LAYER -29,21 92,63 30,88 

PROFILE-22 
1. LAYER -6,84 26,13 8,71 
2.LAYER -21,52 44,78 14,93 
3.LAYER -28,48 93,10 31,03 

PROFILE-23 
1. LAYER -8,42 22,99 7,66 
2. LAYER -26,48 39,04 13,01 
3. LAYER -23,52 80,57 26,86 

PROFILE-24 
1. LAYER -6,51 29,66 9,89 
2. LAYER -20,46 41,86 13,95 
3. LAYER -29,54 109,40 36,47 

PROFILE-25 
1. LAYER -3,05 11,13 3,71 
2. LAYER -13,67 25,15 8,38 
3. LAYER -36,33 69,12 23,04 

PROFILE-26 
1. LAYER -4,09 9,87 3,29 
2. LAYER -18,31 23,20 7,73 
3. LAYER -31,69 49,67 16,56 
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PROFILE-27 
1. LAYER -5,26 7,45 2,48 
2. LAYER -12,05 13,72 4,57 
3. LAYER -37,95 25,04 8,35 

PROFILE-28 
1. LAYER -3,88 10,14 3,38 
2. LAYER -17,39 23,78 7,93 
3. LAYER -32,61 53,43 17,81 

PROFILE-29 
1. LAYER -4,22 10,48 3,49 
2. LAYER -18,88 25,69 8,56 
3. LAYER -31,12 56,67 18,89 

PROFILE-215 
1. LAYER -3,13 8,44 2,81 
2.LAYER -13,99 18,58 6,19 
3.LAYER -16,01 42,61 14,20 

PROFILE-216 
1. LAYER -5,26 8,81 2,94 
2. LAYER -16,55 19,85 6,62 
3. LAYER -13,45 40,13 13,38 

PROFILE-217 
1. LAYER -4,65 5,40 1,80 
2. LAYER -10,65 11,69 3,90 
3. LAYER -19,35 20,74 6,91 

PROFILE-218 
1. LAYER -2,51 8,52 2,84 
2. LAYER -16,97 22,42 7,47 
3. LAYER -13,03 57,32 19,11 

PROFILE-219 
1. LAYER -4,70 6,77 2,26 
2. LAYER -21,03 17,24 5,75 
3. LAYER -8,97 40,42 13,47 

PROFILE-220 
1. LAYER -4,58 8,50 2,83 
2. LAYER -20,50 16,71 5,57 
3. LAYER -9,50 37,82 12,61 

PROFILE-221 
1. LAYER -2,13 5,62 1,87 
2.LAYER -14,39 12,82 4,27 
3.LAYER -15,61 32,38 10,79 

PROFILE-222 
1. LAYER -2,13 5,62 1,87 
2. LAYER -14,39 12,82 4,27 
3. LAYER -15,61 32,38 10,79 

PROFILE-223 
1. LAYER -3,38 7,25 2,42 
2. LAYER -15,11 15,02 5,01 
3. LAYER -14,89 36,45 12,15 

PROFILE-224 
1. LAYER -8,68 11,88 3,96 
2. LAYER -19,89 19,59 6,53 
3. LAYER -10,11 34,68 11,56 

PROFILE-225 
1. LAYER -6,76 19,54 6,51 
2. LAYER -15,49 18,91 6,30 
3. LAYER -14,51 44,58 14,86 

PROFILE-226 
1. LAYER -4,01 18,31 6,10 
2. LAYER -17,95 18,97 6,32 
3. LAYER -12,05 47,36 15,79 

PROFILE-227 
1. LAYER -2,52 10,04 3,35 
2. LAYER -17,05 27,43 9,14 
3. LAYER -12,95 71,42 23,81 

PROFILE-228 
1. LAYER -3,42 15,97 5,32 
2. LAYER -15,31 28,37 9,46 
3. LAYER -14,69 69,50 23,17 

PROFILE-229 
1. LAYER -2,78 11,12 3,71 
2. LAYER -18,81 28,98 9,66 
3. LAYER -11,19 68,08 22,69 

PROFILE-230 
1. LAYER -2,86 10,58 3,53 
2. LAYER -19,36 30,37 10,12 
3. LAYER -10,64 80,10 26,70 

PROFILE-231 
1. LAYER -2,76 9,69 3,23 
2.LAYER -12,35 19,98 6,66 
3.LAYER -17,65 48,14 16,05 

PROFILE-232 
1. LAYER -2,86 10,84 3,61 
2. LAYER -19,37 27,70 9,23 
3. LAYER -10,63 72,32 24,11 

PROFILE-233 
1. LAYER -2,24 6,50 2,17 
2. LAYER -15,17 16,75 5,58 
3. LAYER -14,83 40,78 13,59 

PROFILE-234 
1. LAYER -2,96 6,11 2,04 
2. LAYER -13,27 16,72 5,57 
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3. LAYER -16,73 38,30 12,77 

PROFILE-235 
1. LAYER -2,70 7,36 2,45 
2.LAYER -18,25 18,83 6,28 
3.LAYER -11,75 46,42 15,47 

PROFILE-236 
1. LAYER -1,93 7,13 2,38 
2. LAYER -8,62 16,02 5,34 
3. LAYER -21,38 35,53 11,84 

PROFILE-237 
1. LAYER -4,94 14,33 4,78 
2. LAYER -15,52 21,69 7,23 
3. LAYER -14,48 50,77 16,92 

PROFILE-238 
1. LAYER -10,94 5,63 1,88 
2. LAYER -25,07 12,30 4,10 
3. LAYER -4,93 20,57 6,86 

PROFILE-239 
1. LAYER -2,40 8,22 2,74 
2. LAYER -10,75 20,98 6,99 
3. LAYER -19,25 48,60 16,20 

PROFILE-240 
1. LAYER -3,21 9,77 3,26 
2. LAYER -14,38 25,94 8,65 
3. LAYER -15,62 56,74 18,91 

PROFILE-241 
1. LAYER -1,68 3,92 1,31 
2.LAYER -7,51 8,42 2,81 
3.LAYER -22,49 18,54 6,18 

PROFILE-242 
1. LAYER -1,75 3,17 1,06 
2. LAYER -7,84 5,55 1,85 
3. LAYER -22,16 11,64 3,88 

PROFILE-243 
1. LAYER -1,04 2,89 0,96 
2. LAYER -4,64 5,57 1,86 
3. LAYER -25,36 13,41 4,47 

PROFILE-244 
1. LAYER -2,65 4,85 1,62 
2. LAYER -11,85 7,07 2,36 
3. LAYER -18,15 14,45 4,82 

PROFILE-245 
1. LAYER -3,37 20,65 6,88 
2. LAYER -15,07 19,09 6,36 
3. LAYER -14,93 38,27 12,76 

PROFILE-246 
1. LAYER -5,33 19,56 6,52 
2. LAYER -16,77 19,81 6,60 
3. LAYER -13,23 43,05 14,35 

PROFILE-247 
1. LAYER -3,23 14,29 4,76 
2. LAYER -14,46 23,71 7,90 
3. LAYER -15,54 46,93 15,64 

PROFILE-258 
1. LAYER -4,23 11,31 3,77 
2. LAYER -18,93 20,80 6,93 
3. LAYER -11,07 47,81 15,94 

PROFILE-259 
1. LAYER -5,14 11,22 3,74 
2. LAYER -23,00 19,59 6,53 
3. LAYER -7,00 30,11 10,04 

 

qu=(0,024*Vs*(J.B.K+0,002*Vp)*0,71)/G.K 

 

  
 

   

      

      

      

qa=qu/G.K              G.K=3 empirical value 
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5.2.10.  AREA02 Vibration Period - T0 (sec) / Ground Amplification (Ak) 

PROFILES To (sn) Ta (sn) Tb (sn) Ak (Amplification) 

PROFILE-16 0,13 0,09 0,20 0,98 

PROFILE-17 0,18 0,12 0,27 1,22 

PROFILE-18 0,22 0,14 0,33 1,28 

PROFILE-19 0,11 0,07 0,17 0,91 

PROFILE-20 0,12 0,08 0,18 0,91 

PROFILE-21 0,11 0,07 0,16 0,84 

PROFILE-22 0,10 0,06 0,14 0,75 

PROFILE-23 0,11 0,07 0,17 0,80 

PROFILE-24 0,09 0,06 0,13 0,75 

PROFILE-25 0,12 0,08 0,17 0,93 

PROFILE-26 0,15 0,10 0,23 1,03 

PROFILE-27 0,22 0,15 0,34 1,38 

PROFILE-28 0,14 0,10 0,21 1,02 

PROFILE-29 0,14 0,09 0,21 0,99 

PROFILE-215 0,11 0,08 0,17 0,86 

PROFILE-216 0,13 0,08 0,19 0,88 

PROFILE-217 0,18 0,12 0,27 1,17 

PROFILE-218 0,10 0,07 0,16 0,79 

PROFILE-219 0,15 0,10 0,22 0,96 

PROFILE-220 0,14 0,10 0,21 0,91 

PROFILE-221 0,15 0,10 0,22 1,00 

PROFILE-222 0,15 0,10 0,22 1,00 

PROFILE-223 0,13 0,09 0,20 0,94 

PROFILE-224 0,14 0,09 0,21 0,86 

PROFILE-225 0,10 0,07 0,15 0,78 

PROFILE-226 0,11 0,07 0,16 0,78 

PROFILE-227 0,09 0,06 0,13 0,72 

PROFILE-228 0,08 0,05 0,12 0,68 

PROFILE-229 0,09 0,06 0,13 0,70 

PROFILE-230 0,09 0,06 0,13 0,70 

PROFILE-231 0,10 0,07 0,15 0,81 

PROFILE-232 0,09 0,06 0,14 0,72 

PROFILE-233 0,13 0,08 0,19 0,90 

PROFILE-234 0,13 0,09 0,19 0,93 

PROFILE-235 0,12 0,08 0,18 0,87 

PROFILE-236 0,11 0,07 0,17 0,90 

PROFILE-237 0,10 0,07 0,15 0,76 

PROFILE-238 0,25 0,17 0,37 1,22 

PROFILE-239 0,10 0,07 0,15 0,82 

PROFILE-240 0,10 0,06 0,14 0,77 

PROFILE-241 0,19 0,12 0,28 1,24 

PROFILE-242 0,27 0,18 0,40 1,53 

PROFILE-243 0,22 0,15 0,33 1,42 

PROFILE-244 0,24 0,16 0,36 1,34 

PROFILE-245 0,11 0,07 0,16 0,76 

PROFILE-246 0,11 0,07 0,16 0,76 

PROFILE-247 0,09 0,06 0,14 0,73 

PROFILE-258 0,11 0,07 0,17 0,80 

PROFILE-259 0,13 0,09 0,20 0,71 

The Vibration Period and Ground Amplification calculated in the direction of the parameters 

obtained during the seismic studies made during the field survey are presented in the table 

above. 
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5. 3. AREA 3 

There are 34 measurements were taken on the Area 1. Three layers were seen in this scale. 

Layer 1 thickness varies between 1,96 m and 6,48 m. The beginning of the layer 2 is between 

1.96 m and 6.48 m, and the ending is between 10,92 m and 33,78 m. The beginning of the 

layer 3 is between 10,92 m and 33,78 m. 

Detailed soil structure was observed in the 10 layers solutions. Accordingly, in the profiles 

taken in the region, cracks with cracks and voids were observed in the first 6.00 meters in 

general. More detailed work should be done under the constructions to be made here. 

Profile points should be viewed in engineering parameters section for detailed values 

considering the following application.  
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5.3.1. AREA03 Seismic P wave velocity (Compressional Wave Velocity (Vp)) 

Vp VELOCiTY 
PROFILES LAYERS DEPTH Vp_ Velocity STRiPPABiLiTY 

PROFILE-276 

1. LAYER -3,47 745 Simple Strippability 

2.LAYER -10,92 1404 Medium-High Strippability 

3.LAYER -19,08 2951 Explosive Strippability 

PROFILE-277 

1. LAYER -3,54 1069 Simple Strippability 

2. LAYER -11,14 1533 High Difficult Strippability 

3. LAYER -18,86 3210 Explosive Strippability 

PROFILE-278 

1. LAYER -5,73 1724 High Difficult Strippability 

2. LAYER -25,64 3056 Explosive Strippability 

3. LAYER -4,36 6202 Explosive Strippability 

PROFILE-279 

1. LAYER -4,65 2705 Explosive Strippability 

2. LAYER -20,79 2976 Explosive Strippability 

3. LAYER -9,21 6292 Explosive Strippability 

PROFILE-280 

1. LAYER -4,05 955 Simple Strippability 

2. LAYER -18,12 1526 High Difficult Strippability 

3. LAYER -11,88 3346 Explosive Strippability 

PROFILE-281 

1. LAYER -4,12 953 Simple Strippability 

2. LAYER -18,45 1499 Medium-High Strippability 

3. LAYER -11,55 3323 Explosive Strippability 

PROFILE-282 

1. LAYER -6,14 916 Simple Strippability 

2.LAYER -19,29 1430 Medium-High Strippability 

3.LAYER -10,71 2801 Explosive Strippability 

PROFILE-283 

1. LAYER -3,47 1000 Simple Strippability 

2. LAYER -10,92 1408 Medium-High Strippability 

3. LAYER -19,08 2817 Explosive Strippability 

PROFILE-284 

1. LAYER -3,87 1458 Medium-High Strippability 

2. LAYER -12,18 2022 High Difficult Strippability 

3. LAYER -17,82 4067 Explosive Strippability 

PROFILE-285 

1. LAYER -1,96 1007 Simple Strippability 

2. LAYER -13,26 1772 High Difficult Strippability 

3. LAYER -16,74 3732 Explosive Strippability 

PROFILE-286 

1. LAYER -2,91 1022 Simple Strippability 

2. LAYER -13,03 1941 High Difficult Strippability 

3. LAYER -16,97 4215 Explosive Strippability 

PROFILE-287 

1. LAYER -3,85 1016 Simple Strippability 

2. LAYER -12,11 1902 High Difficult Strippability 

3. LAYER -17,89 3991 Explosive Strippability 

PROFILE-288 

1. LAYER -3,97 757 Simple Strippability 

2. LAYER -12,49 1173 Simple Strippability 

3. LAYER -17,51 2343 Explosive Strippability 

PROFILE-289 

1. LAYER -6,24 602 Simple Strippability 

2. LAYER -14,29 1218 Simple Strippability 

3. LAYER -15,71 2298 Explosive Strippability 

PROFILE-290 

1. LAYER -2,14 1589 High Difficult Strippability 

2. LAYER -14,47 3210 Explosive Strippability 

3. LAYER -15,53 7589 Explosive Strippability 

PROFILE-291 

1. LAYER -3,99 1020 Simple Strippability 

2. LAYER -17,84 2118 High Difficult Strippability 

3. LAYER -12,16 4831 Explosive Strippability 

PROFILE-292 

1. LAYER -3,45 2305 Explosive Strippability 

2.LAYER -15,46 3356 Explosive Strippability 

3.LAYER -14,54 6646 Explosive Strippability 

PROFILE-293 
1. LAYER -3,99 2351 Explosive Strippability 

2. LAYER -17,87 3062 Explosive Strippability 
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3. LAYER -12,13 6486 Explosive Strippability 

PROFILE-294 

1. LAYER -3,14 1261 Medium-High Strippability 

2.LAYER -14,04 2452 Explosive Strippability 

3.LAYER -15,96 5187 Explosive Strippability 

PROFILE-295 

1. LAYER -6,48 1440 Medium-High Strippability 

2. LAYER -14,86 2268 Explosive Strippability 

3. LAYER -15,14 4313 Explosive Strippability 

PROFILE-296 

1. LAYER -3,69 1317 Medium-High Strippability 

2. LAYER -16,51 1862 High Difficult Strippability 

3. LAYER -13,49 3596 Explosive Strippability 

PROFILE-297 

1. LAYER -3,45 1329 Medium-High Strippability 

2. LAYER -15,43 1887 High Difficult Strippability 

3. LAYER -14,57 3687 Explosive Strippability 

PROFILE-298 

1. LAYER -5,12 922 Simple Strippability 

2. LAYER -16,11 1334 Medium-High Strippability 

3. LAYER -13,89 2590 Explosive Strippability 

PROFILE-299 

1. LAYER -2,76 865 Simple Strippability 

2. LAYER -12,35 1062 Simple Strippability 

3. LAYER -17,65 2275 Explosive Strippability 

PROFILE-300 

1. LAYER -4,86 2103 High Difficult Strippability 

2.LAYER -21,73 3388 Explosive Strippability 

3.LAYER -8,27 7351 Explosive Strippability 

PROFILE-301 

1. LAYER -2,31 1130 Simple Strippability 

2. LAYER -15,61 2338 Explosive Strippability 

3. LAYER -14,39 5752 Explosive Strippability 

PROFILE-302 

1. LAYER -3,43 1311 Medium-High Strippability 

2. LAYER -23,22 3176 Explosive Strippability 

3. LAYER -6,78 7260 Explosive Strippability 

PROFILE-303 

1. LAYER -4,02 1189 Simple Strippability 

2. LAYER -18,01 2575 Explosive Strippability 

3. LAYER -11,99 6415 Explosive Strippability 

PROFILE-304 

1. LAYER -2,84 1031 Simple Strippability 

2. LAYER -19,19 2401 Explosive Strippability 

3. LAYER -10,81 6301 Explosive Strippability 

PROFILE-305 

1. LAYER -4,01 1241 Medium-High Strippability 

2. LAYER -27,12 3276 Explosive Strippability 

3. LAYER -2,88 7740 Explosive Strippability 

PROFILE-306 

1. LAYER -4,50 1280 Medium-High Strippability 

2. LAYER -30,47 3076 Explosive Strippability 

3. LAYER 0,47 7191 Explosive Strippability 

PROFILE-307 

1. LAYER -4,99 1229 Medium-High Strippability 

2. LAYER -33,78 2915 Explosive Strippability 

3. LAYER 3,78 6849 Explosive Strippability 

PROFILE-308 

1. LAYER -3,06 1050 Simple Strippability 

2. LAYER -20,69 2842 Explosive Strippability 

3. LAYER -9,31 7359 Explosive Strippability 

PROFILE-309 

1. LAYER -3,32 1693 High Difficult Strippability 

2. LAYER -14,86 3400 Explosive Strippability 

3. LAYER -15,14 7671 Explosive Strippability 
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  P Wave Velocity (m/sec) Strippability   

  Vp<458 High Simple Strippability   

  458<Vp<1220 Simple Strippability   

  1220<Vp<11525 Medium Strippability   

  1525<Vp<11830 Difficult Strippability   

  1830<Vp<12135 
High Difficult 

Strippability 
  

  Vp>2135 Explosive Strippability   

Strippability of floors with P wave velocity (Church, 1981) 

P wave velocities of the grounds in the study area and strippability 

The above table shows the change table and strippability properties of Vp velocity depth 

values in the direction of the seismic data obtained from the field studies.  

5.3.2. AREA03 Seismic S wave velocity (Transverse Wave Velocity (Vs)) 

Vs VELOCiTY 
PROFILES LAYERS DEPTH Vs_ Velocity GROUND GROUP 

PROFILE-276 

1. LAYER -3,47 339 C 

2.LAYER -10,92 750 A 
3.LAYER -19,08 1266 A 

PROFILE-277 

1. LAYER -3,54 383 C 
2. LAYER -11,14 764 A 

3. LAYER -18,86 1344 A 

PROFILE-278 

1. LAYER -5,73 689 B 
2. LAYER -25,64 1541 A 

3. LAYER -4,36 2611 A 

PROFILE-279 

1. LAYER -4,65 1030 A 
2. LAYER -20,79 1380 A 
3. LAYER -9,21 2707 A 

PROFILE-280 

1. LAYER -4,05 398 C 
2. LAYER -18,12 779 A 
3. LAYER -11,88 1489 A 

PROFILE-281 

1. LAYER -4,12 367 C 
2. LAYER -18,45 757 A 
3. LAYER -11,55 1512 A 

PROFILE-282 

1. LAYER -6,14 353 C 

2.LAYER -19,29 686 B 
3.LAYER -10,71 1160 A 

PROFILE-283 

1. LAYER -3,47 392 C 

2. LAYER -10,92 704 A 
3. LAYER -19,08 1229 A 

PROFILE-284 

1. LAYER -3,87 522 B 

2. LAYER -12,18 1007 A 
3. LAYER -17,82 1707 A 

PROFILE-285 

1. LAYER -1,96 344 C 
2. LAYER -13,26 847 A 

3. LAYER -16,74 1630 A 

PROFILE-286 

1. LAYER -2,91 430 B 
2. LAYER -13,03 956 A 

3. LAYER -16,97 1966 A 

PROFILE-287 

1. LAYER -3,85 443 B 
2. LAYER -12,11 992 A 
3. LAYER -17,89 1675 A 

PROFILE-288 

1. LAYER -3,97 301 C 
2. LAYER -12,49 583 B 
3. LAYER -17,51 974 A 
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PROFILE-289 

1. LAYER -6,24 252 C 
2. LAYER -14,29 662 B 

3. LAYER -15,71 1017 A 

PROFILE-290 

1. LAYER -2,14 723 A 
2. LAYER -14,47 1676 A 

3. LAYER -15,53 3254 A 

PROFILE-291 

1. LAYER -3,99 477 B 
2. LAYER -17,84 1138 A 
3. LAYER -12,16 2048 A 

PROFILE-292 

1. LAYER -3,45 818 A 
2.LAYER -15,46 1584 A 
3.LAYER -14,54 2617 A 

PROFILE-293 

1. LAYER -3,99 865 A 
2. LAYER -17,87 1489 A 
3. LAYER -12,13 2597 A 

PROFILE-294 

1. LAYER -3,14 576 B 

2.LAYER -14,04 1288 A 
3.LAYER -15,96 2234 A 

PROFILE-295 

1. LAYER -6,48 472 B 

2. LAYER -14,86 1152 A 
3. LAYER -15,14 1971 A 

PROFILE-296 

1. LAYER -3,69 495 B 
2. LAYER -16,51 853 A 

3. LAYER -13,49 1624 A 

PROFILE-297 

1. LAYER -3,45 449 B 
2. LAYER -15,43 870 A 

3. LAYER -14,57 1667 A 

PROFILE-298 

1. LAYER -5,12 348 C 
2. LAYER -16,11 644 B 

3. LAYER -13,89 1047 A 

PROFILE-299 

1. LAYER -2,76 386 C 
2. LAYER -12,35 513 B 
3. LAYER -17,65 978 A 

PROFILE-300 

1. LAYER -4,86 842 A 
2.LAYER -21,73 1657 A 
3.LAYER -8,27 3450 A 

PROFILE-301 

1. LAYER -2,31 524 B 
2. LAYER -15,61 1223 A 
3. LAYER -14,39 2480 A 

PROFILE-302 

1. LAYER -3,43 609 B 

2. LAYER -23,22 1688 A 
3. LAYER -6,78 3075 A 

PROFILE-303 

1. LAYER -4,02 531 B 

2. LAYER -18,01 1352 A 
3. LAYER -11,99 2675 A 

PROFILE-304 

1. LAYER -2,84 484 B 

2. LAYER -19,19 1247 A 
3. LAYER -10,81 2612 A 

PROFILE-305 

1. LAYER -4,01 592 B 
2. LAYER -27,12 1713 A 

3. LAYER -2,88 3227 A 

PROFILE-306 

1. LAYER -4,50 636 B 
2. LAYER -30,47 1628 A 

3. LAYER 0,47 3142 A 

PROFILE-307 

1. LAYER -4,99 559 B 
2. LAYER -33,78 1505 A 
3. LAYER 3,78 3130 A 

PROFILE-308 

1. LAYER -3,06 506 B 
2. LAYER -20,69 1476 A 
3. LAYER -9,31 3032 A 

PROFILE-309 

1. LAYER -3,32 761 A 
2. LAYER -14,86 1832 A 
3. LAYER -15,14 3285 A 
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  S Wave Velocity (m/sec) Ground group   

  Vs<200 D   

  200<Vs<400 C   

  400<Vs<700 B   

  700<Vs A   

Ground groups according to slip wave velocity(Abyyhy, 1998) 

S wave velocities of the grounds in the study area and ground group 

Ground Group Ground group and top ground layer thickness(h1) 

Z1 (A) Ground group h1< 15 m  (B) Ground group 

Z2 h1> 15 m  (B) Ground group h1< 15 m  (C) Ground group 

Z3 15 m < h1< 50 m  (C) Ground group h1< 10 m  (D) Ground group 

Z4 h1> 50 m  (C) Ground group h1> 10 m  (D) Ground group 

Ground Group Class 

The above table shows that Vs velocity values in the direction of the seismic data obtained in 

the field studies are the absolute change tables and that the layers are included in the ground 

groups. 

5.3.3. AREA03 Vs30  

PROFILES Vs30 (m/sec) PROFILES Vs30 (m/sec) 

PROFILE-276 1094 PROFILE-293 2490 

PROFILE-277 1184 PROFILE-294 1896 

PROFILE-278 2209 PROFILE-295 1587 

PROFILE-279 2409 PROFILE-296 1421 

PROFILE-280 1143 PROFILE-297 1407 

PROFILE-281 1156 PROFILE-298 983 

PROFILE-282 1031 PROFILE-299 918 

PROFILE-283 1132 PROFILE-300 2455 

PROFILE-284 1562 PROFILE-301 1972 

PROFILE-285 1402 PROFILE-302 2427 

PROFILE-286 1470 PROFILE-303 1918 

PROFILE-287 1387 PROFILE-304 1872 

PROFILE-288 892 PROFILE-305 2348 

PROFILE-289 806 PROFILE-306 2219 

PROFILE-290 2703 PROFILE-307 1821 

PROFILE-291 1593 PROFILE-308 2111 

PROFILE-292 2612 PROFILE-309 2738 

 

Vs30 values in the direction of the seismic data obtained from the field studies are given in 

the table above. 
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5.3.4. AREA03 Shear Modulus-G (kg/cm²) 

SHEAR MODULUS 
PROFILES LAYERS DEPTH G(kg/cm2) ENDURANCE 

PROFILE-276 

1. LAYER -3,47 2005 Medium 
2.LAYER -10,92 11194 Rock Highlid 

3.LAYER -19,08 36606 Rock Highlid 

PROFILE-277 

1. LAYER -3,54 2683 Medium 
2. LAYER -11,14 11936 Rock Highlid 
3. LAYER -18,86 42165 Rock Highlid 

PROFILE-278 

1. LAYER -5,73 10204 Rock Highlid 
2. LAYER -25,64 57050 Rock Highlid 
3. LAYER -4,36 187604 Rock Highlid 

PROFILE-279 

1. LAYER -4,65 24118 Rock Highlid 
2. LAYER -20,79 49135 Rock Highlid 
3. LAYER -9,21 202347 Rock Highlid 

PROFILE-280 

1. LAYER -4,05 3045 Sturdy 

2. LAYER -18,12 12840 Rock Highlid 
3. LAYER -11,88 52264 Rock Highlid 

PROFILE-281 

1. LAYER -4,12 2362 Medium 

2. LAYER -18,45 12175 Rock Highlid 
3. LAYER -11,55 53780 Rock Highlid 

PROFILE-282 

1. LAYER -6,14 2250 Medium 
2.LAYER -19,29 9444 Sturdy 

3.LAYER -10,71 30361 Rock Highlid 

PROFILE-283 

1. LAYER -3,47 2714 Medium 
2. LAYER -10,92 9970 Sturdy 

3. LAYER -19,08 34094 Rock Highlid 

PROFILE-284 

1. LAYER -3,87 5307 Sturdy 
2. LAYER -12,18 21960 Rock Highlid 

3. LAYER -17,82 72123 Rock Highlid 

PROFILE-285 

1. LAYER -1,96 2239 Medium 
2. LAYER -13,26 15397 Rock Highlid 
3. LAYER -16,74 64356 Rock Highlid 

PROFILE-286 

1. LAYER -2,91 3663 Sturdy 
2. LAYER -13,03 20752 Rock Highlid 
3. LAYER -16,97 96570 Rock Highlid 

PROFILE-287 

1. LAYER -3,85 3761 Sturdy 
2. LAYER -12,11 21155 Rock Highlid 
3. LAYER -17,89 69170 Rock Highlid 

PROFILE-288 

1. LAYER -3,97 1515 Medium 

2. LAYER -12,49 6318 Sturdy 
3. LAYER -17,51 20476 Rock Highlid 

PROFILE-289 

1. LAYER -6,24 1304 Low 

2. LAYER -14,29 8218 Sturdy 
3. LAYER -15,71 22208 Rock Highlid 

PROFILE-290 

1. LAYER -2,14 11198 Rock Highlid 

2. LAYER -14,47 73055 Rock Highlid 
3. LAYER -15,53 306383 Rock Highlid 

PROFILE-291 

1. LAYER -3,99 4297 Sturdy 
2. LAYER -17,84 29382 Rock Highlid 

3. LAYER -12,16 108368 Rock Highlid 

PROFILE-292 

1. LAYER -3,45 14570 Rock Highlid 
2.LAYER -15,46 61579 Rock Highlid 

3.LAYER -14,54 191628 Rock Highlid 

PROFILE-293 

1. LAYER -3,99 16751 Rock Highlid 
2. LAYER -17,87 54327 Rock Highlid 
3. LAYER -12,13 187603 Rock Highlid 

PROFILE-294 

1. LAYER -3,14 6763 Sturdy 
2.LAYER -14,04 38670 Rock Highlid 
3.LAYER -15,96 131292 Rock Highlid 

PROFILE-295 
1. LAYER -6,48 5969 Sturdy 
2. LAYER -14,86 29086 Rock Highlid 
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3. LAYER -15,14 97562 Rock Highlid 

PROFILE-296 

1. LAYER -3,69 4742 Sturdy 

2. LAYER -16,51 15579 Rock Highlid 
3. LAYER -13,49 63344 Rock Highlid 

PROFILE-297 

1. LAYER -3,45 4122 Sturdy 

2. LAYER -15,43 16336 Rock Highlid 
3. LAYER -14,57 67089 Rock Highlid 

PROFILE-298 

1. LAYER -5,12 2152 Medium 
2. LAYER -16,11 7932 Sturdy 

3. LAYER -13,89 24259 Rock Highlid 

PROFILE-299 

1. LAYER -2,76 2552 Medium 
2. LAYER -12,35 5376 Sturdy 

3. LAYER -17,65 20469 Rock Highlid 

PROFILE-300 

1. LAYER -4,86 15313 Rock Highlid 
2.LAYER -21,73 68398 Rock Highlid 
3.LAYER -8,27 341668 Rock Highlid 

PROFILE-301 

1. LAYER -2,31 5180 Sturdy 
2. LAYER -15,61 37668 Rock Highlid 
3. LAYER -14,39 165994 Rock Highlid 

PROFILE-302 

1. LAYER -3,43 7681 Sturdy 
2. LAYER -23,22 71107 Rock Highlid 
3. LAYER -6,78 270636 Rock Highlid 

PROFILE-303 

1. LAYER -4,02 5150 Sturdy 

2. LAYER -18,01 44428 Rock Highlid 
3. LAYER -11,99 198501 Rock Highlid 

PROFILE-304 

1. LAYER -2,84 4185 Sturdy 

2. LAYER -19,19 39180 Rock Highlid 
3. LAYER -10,81 188469 Rock Highlid 

PROFILE-305 

1. LAYER -4,01 7035 Sturdy 

2. LAYER -27,12 75682 Rock Highlid 
3. LAYER -2,88 302820 Rock Highlid 

PROFILE-30 

1. LAYER -4,50 8425 Sturdy 
2. LAYER -30,47 69481 Rock Highlid 

3. LAYER 0,47 281881 Rock Highlid 

PROFILE-307 

1. LAYER -4,99 6347 Sturdy 
2. LAYER -33,78 60038 Rock Highlid 

3. LAYER 3,78 276276 Rock Highlid 

PROFILE-308 

1. LAYER -3,06 4516 Sturdy 
2. LAYER -20,69 56491 Rock Highlid 
3. LAYER -9,31 263915 Rock Highlid 

PROFILE-309 

1. LAYER -3,32 11831 Rock Highlid 
2. LAYER -14,86 87763 Rock Highlid 
3. LAYER -15,14 313010 Rock Highlid 

 

  Shear Modulus (kg/cm2) Dayanim   

  G<400 High Weak   

  400<G<1500 Weak   

  1500<G<3000 Medium   

  3000<G<10000 Sturdy   

  10000<G Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  G =(d*Vs2)/100    

Shear modules and endurance of the grounds in the study area 

Calculation of shear Modulus values in the direction of the seismic data obtained in the field 

studies and the table of variation are given in the table above.  
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5.3.5. AREA03 Elasticity Modulus-E (kg/cm²) 

ELASTiC MODULUS 
PROFILES LAYERS DEPTH E(kg/cm2) ENDURANCE 

PROFILE-276 

1. LAYER -3,47 5307 Medium 
2.LAYER -10,92 29148 Sturdy 

3.LAYER -19,08 101565 Rock Highlid 

PROFILE-277 

1. LAYER -3,54 7564 Medium 
2. LAYER -11,14 31890 Rock Highlid 
3. LAYER -18,86 117527 Rock Highlid 

PROFILE-278 

1. LAYER -5,73 27734 Sturdy 
2. LAYER -25,64 151806 Rock Highlid 
3. LAYER -4,36 522384 Rock Highlid 

PROFILE-279 

1. LAYER -4,65 67850 Rock Highlid 
2. LAYER -20,79 130629 Rock Highlid 
3. LAYER -9,21 561071 Rock Highlid 

PROFILE-280 

1. LAYER -4,05 8117 Medium 

2. LAYER -18,12 33839 Rock Highlid 
3. LAYER -11,88 143890 Rock Highlid 

PROFILE-281 

1. LAYER -4,12 6628 Medium 

2. LAYER -18,45 32154 Rock Highlid 
3. LAYER -11,55 147307 Rock Highlid 

PROFILE-282 

1. LAYER -6,14 6267 Medium 
2.LAYER -19,29 25371 Sturdy 

3.LAYER -10,71 84795 Rock Highlid 

PROFILE-283 

1. LAYER -3,47 7602 Medium 
2. LAYER -10,92 26454 Sturdy 

3. LAYER -19,08 94272 Rock Highlid 

PROFILE-284 

1. LAYER -3,87 15064 Sturdy 
2. LAYER -12,18 58671 Rock Highlid 

3. LAYER -17,82 200951 Rock Highlid 

PROFILE-285 

1. LAYER -1,96 6300 Medium 
2. LAYER -13,26 41525 Rock Highlid 
3. LAYER -16,74 177903 Rock Highlid 

PROFILE-286 

1. LAYER -2,91 9737 Medium 
2. LAYER -13,03 54700 Rock Highlid 
3. LAYER -16,97 262850 Rock Highlid 

PROFILE-287 

1. LAYER -3,85 10000 Sturdy 
2. LAYER -12,11 55603 Rock Highlid 
3. LAYER -17,89 192710 Rock Highlid 

PROFILE-288 

1. LAYER -3,97 4213 Low 

2. LAYER -12,49 16880 Sturdy 
3. LAYER -17,51 57145 Rock Highlid 

PROFILE-289 

1. LAYER -6,24 3501 Low 

2. LAYER -14,29 21214 Sturdy 
3. LAYER -15,71 61212 Rock Highlid 

PROFILE-290 

1. LAYER -2,14 29013 Sturdy 

2. LAYER -14,47 191648 Rock Highlid 
3. LAYER -15,53 850126 Rock Highlid 

PROFILE-291 

1. LAYER -3,99 11211 Sturdy 
2. LAYER -17,84 76209 Rock Highlid 

3. LAYER -12,16 301369 Rock Highlid 

PROFILE-292 

1. LAYER -3,45 41444 Rock Highlid 
2.LAYER -15,46 166688 Rock Highlid 

3.LAYER -14,54 539734 Rock Highlid 

PROFILE-293 

1. LAYER -3,99 47082 Rock Highlid 
2. LAYER -17,87 145930 Rock Highlid 
3. LAYER -12,13 526995 Rock Highlid 

PROFILE-294 

1. LAYER -3,14 17613 Sturdy 
2.LAYER -14,04 101339 Rock Highlid 
3.LAYER -15,96 363977 Rock Highlid 

PROFILE-295 
1. LAYER -6,48 16819 Sturdy 
2. LAYER -14,86 77140 Rock Highlid 
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3. LAYER -15,14 266944 Rock Highlid 

PROFILE-296 

1. LAYER -3,69 13294 Sturdy 

2. LAYER -16,51 41982 Rock Highlid 
3. LAYER -13,49 173791 Rock Highlid 

PROFILE-297 

1. LAYER -3,45 11449 Sturdy 

2. LAYER -15,43 44059 Rock Highlid 
3. LAYER -14,57 184041 Rock Highlid 

PROFILE-298 

1. LAYER -5,12 5975 Medium 
2. LAYER -16,11 21345 Sturdy 

3. LAYER -13,89 68035 Rock Highlid 

PROFILE-299 

1. LAYER -2,76 6937 Medium 
2. LAYER -12,35 14074 Sturdy 

3. LAYER -17,65 56770 Rock Highlid 

PROFILE-300 

1. LAYER -4,86 42292 Rock Highlid 
2.LAYER -21,73 183774 Rock Highlid 
3.LAYER -8,27 928482 Rock Highlid 

PROFILE-301 

1. LAYER -2,31 13565 Sturdy 
2. LAYER -15,61 97989 Rock Highlid 
3. LAYER -14,39 460094 Rock Highlid 

PROFILE-302 

1. LAYER -3,43 19912 Sturdy 
2. LAYER -23,22 185175 Rock Highlid 
3. LAYER -6,78 752725 Rock Highlid 

PROFILE-303 

1. LAYER -4,02 13951 Sturdy 

2. LAYER -18,01 116362 Rock Highlid 
3. LAYER -11,99 553728 Rock Highlid 

PROFILE-304 

1. LAYER -2,84 11130 Sturdy 

2. LAYER -19,19 102715 Rock Highlid 
3. LAYER -10,81 526292 Rock Highlid 

PROFILE-305 

1. LAYER -4,01 18624 Sturdy 

2. LAYER -27,12 197976 Rock Highlid 
3. LAYER -2,88 844741 Rock Highlid 

PROFILE-306 

1. LAYER -4,50 21804 Sturdy 
2. LAYER -30,47 178775 Rock Highlid 

3. LAYER 0,47 779112 Rock Highlid 

PROFILE-307 

1. LAYER -4,99 16977 Sturdy 
2. LAYER -33,78 156520 Rock Highlid 

3. LAYER 3,78 755899 Rock Highlid 

PROFILE-308 

1. LAYER -3,06 12094 Sturdy 
2. LAYER -20,69 148136 Rock Highlid 
3. LAYER -9,31 737794 Rock Highlid 

PROFILE-309 

1. LAYER -3,32 31630 Rock Highlid 
2. LAYER -14,86 226946 Rock Highlid 
3. LAYER -15,14 868755 Rock Highlid 

 

  Elastic Modulus (kg/cm2) Dayanim   

  E<1000 High Weak   

  1000<E<5000 Weak   

  5000<E<10000 Medium   

  10000<E<30000 Sturdy   

  30000<E Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  E=G*(3*Vp
2-4*Vs

2)/( Vp
2-Vs

2)   

Elasticity modules and endurance of the grounds in the study area 

 Calculation of the modulus of elasticity in the direction of the seismic data obtained in the 

field studies and the change table are given in the above table 

 



 

 

SUSTAiNABLE AKKAR WiND POWER / AKKAR REGiON - NORTHERN RiDGE / LEBANON 
 

 MÜHENDiSLiK, MÜŞAViRLiK, iNŞAAT, TAAHHÜT 

                               SANAYi  TiCARET  LiMiTED  ŞiRKETi 

Turan Güneş Bulvari 664 Sk No:9/2 

ÇANKAYA/ANKARA 

Web: www.ozdeha.com 

93 

5.3.6. AREA03 Poisson’s Ratio - (б) 

POiSSON’S RATiO 
PROFILES LAYERS DEPTH (σ) POROSiTY 

PROFILE-276 

1. LAYER -3,47 0,36 High Porous 
2.LAYER -10,92 0,30 Medium Porous 

3.LAYER -19,08 0,39 High Porous 

PROFILE-277 

1. LAYER -3,54 0,42 High Porous 
2. LAYER -11,14 0,33 Medium Porous 
3. LAYER -18,86 0,39 High Porous 

PROFILE-278 

1. LAYER -5,73 0,39 High Porous 
2. LAYER -25,64 0,32 Medium Porous 
3. LAYER -4,36 0,39 High Porous 

PROFILE-279 

1. LAYER -4,65 0,41 High Porous 
2. LAYER -20,79 0,35 High Porous 
3. LAYER -9,21 0,39 High Porous 

PROFILE-280 

1. LAYER -4,05 0,37 High Porous 

2. LAYER -18,12 0,32 Medium Porous 
3. LAYER -11,88 0,38 High Porous 

PROFILE-281 

1. LAYER -4,12 0,41 High Porous 

2. LAYER -18,45 0,33 Medium Porous 
3. LAYER -11,55 0,37 High Porous 

PROFILE-282 

1. LAYER -6,14 0,41 High Porous 
2.LAYER -19,29 0,35 High Porous 

3.LAYER -10,71 0,40 High Porous 

PROFILE-283 

1. LAYER -3,47 0,41 High Porous 
2. LAYER -10,92 0,33 Medium Porous 

3. LAYER -19,08 0,38 High Porous 

PROFILE-284 

1. LAYER -3,87 0,42 High Porous 
2. LAYER -12,18 0,33 Medium Porous 

3. LAYER -17,82 0,39 High Porous 

PROFILE-285 

1. LAYER -1,96 0,43 High Porous 
2. LAYER -13,26 0,35 Medium Porous 
3. LAYER -16,74 0,38 High Porous 

PROFILE-286 

1. LAYER -2,91 0,37 High Porous 
2. LAYER -13,03 0,34 Medium Porous 
3. LAYER -16,97 0,36 High Porous 

PROFILE-287 

1. LAYER -3,85 0,36 High Porous 
2. LAYER -12,11 0,31 Medium Porous 
3. LAYER -17,89 0,39 High Porous 

PROFILE-288 

1. LAYER -3,97 0,40 High Porous 

2. LAYER -12,49 0,33 Medium Porous 
3. LAYER -17,51 0,40 High Porous 

PROFILE-289 

1. LAYER -6,24 0,36 High Porous 

2. LAYER -14,29 0,29 Medium Porous 
3. LAYER -15,71 0,38 High Porous 

PROFILE-290 

1. LAYER -2,14 0,34 Medium Porous 

2. LAYER -14,47 0,31 Medium Porous 
3. LAYER -15,53 0,39 High Porous 

PROFILE-291 

1. LAYER -3,99 0,34 Medium Porous 
2. LAYER -17,84 0,29 Medium Porous 

3. LAYER -12,16 0,39 High Porous 

PROFILE-292 

1. LAYER -3,45 0,43 High Porous 
2.LAYER -15,46 0,35 High Porous 

3.LAYER -14,54 0,41 High Porous 

PROFILE-293 

1. LAYER -3,99 0,42 High Porous 
2. LAYER -17,87 0,34 Medium Porous 
3. LAYER -12,13 0,40 High Porous 

PROFILE-294 

1. LAYER -3,14 0,34 Medium Porous 
2.LAYER -14,04 0,31 Medium Porous 
3.LAYER -15,96 0,39 High Porous 

PROFILE-295 
1. LAYER -6,48 0,41 High Porous 
2. LAYER -14,86 0,33 Medium Porous 



 

 

SUSTAiNABLE AKKAR WiND POWER / AKKAR REGiON - NORTHERN RiDGE / LEBANON 
 

 MÜHENDiSLiK, MÜŞAViRLiK, iNŞAAT, TAAHHÜT 

                               SANAYi  TiCARET  LiMiTED  ŞiRKETi 

Turan Güneş Bulvari 664 Sk No:9/2 

ÇANKAYA/ANKARA 

Web: www.ozdeha.com 

94 

3. LAYER -15,14 0,37 High Porous 

PROFILE-296 

1. LAYER -3,69 0,41 High Porous 

2. LAYER -16,51 0,36 High Porous 
3. LAYER -13,49 0,37 High Porous 

PROFILE-297 

1. LAYER -3,45 0,42 High Porous 

2. LAYER -15,43 0,36 High Porous 
3. LAYER -14,57 0,37 High Porous 

PROFILE-298 

1. LAYER -5,12 0,41 High Porous 
2. LAYER -16,11 0,34 Medium Porous 

3. LAYER -13,89 0,40 High Porous 

PROFILE-299 

1. LAYER -2,76 0,37 High Porous 
2. LAYER -12,35 0,34 Medium Porous 

3. LAYER -17,65 0,39 High Porous 

PROFILE-300 

1. LAYER -4,86 0,40 High Porous 
2.LAYER -21,73 0,34 Medium Porous 
3.LAYER -8,27 0,36 High Porous 

PROFILE-301 

1. LAYER -2,31 0,34 Medium Porous 
2. LAYER -15,61 0,32 Medium Porous 
3. LAYER -14,39 0,39 High Porous 

PROFILE-302 

1. LAYER -3,43 0,34 Medium Porous 
2. LAYER -23,22 0,30 Medium Porous 
3. LAYER -6,78 0,39 High Porous 

PROFILE-303 

1. LAYER -4,02 0,36 High Porous 

2. LAYER -18,01 0,31 Medium Porous 
3. LAYER -11,99 0,39 High Porous 

PROFILE-304 

1. LAYER -2,84 0,34 Medium Porous 

2. LAYER -19,19 0,31 Medium Porous 
3. LAYER -10,81 0,40 High Porous 

PROFILE-305 

1. LAYER -4,01 0,35 Medium Porous 

2. LAYER -27,12 0,31 Medium Porous 
3. LAYER -2,88 0,39 High Porous 

PROFILE-306 

1. LAYER -4,50 0,33 Medium Porous 
2. LAYER -30,47 0,31 Medium Porous 

3. LAYER 0,47 0,38 High Porous 

PROFILE-307 

1. LAYER -4,99 0,36 High Porous 
2. LAYER -33,78 0,32 Medium Porous 

3. LAYER 3,78 0,37 High Porous 

PROFILE-308 

1. LAYER -3,06 0,34 Medium Porous 
2. LAYER -20,69 0,31 Medium Porous 
3. LAYER -9,31 0,40 High Porous 

PROFILE-309 

1. LAYER -3,32 0,36 High Porous 
2. LAYER -14,86 0,30 Medium Porous 
3. LAYER -15,14 0,39 High Porous 

 

  Poisson’s Ratio;(σ) Porosity   

  0,00≤σ≤0,25 Nonporous   

  0,26≤σ≤0,35 Medium Porous   

  0,36≤σ≤0,50 High Porous   

Poisson ratio classification  

σ=(Vp2-2*Vs2)/(2* Vp2-2*Vs2) 

Poisson’s ratio values of the units in the study area, porosity 

Calculation of poisson’s ratio values in the direction of the seismic data obtained in the field 

studies and the change table are given in the above table. 
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5.3.7. AREA03 Density -  ρ (gr/ cm3) 

DENSiTY 
PROFILES LAYERS DEPTH  ρ (gr/cm3) DEFiNiTiON 

PROFILE-276 

1. LAYER -3,47 1,62 Medium 
2.LAYER -10,92 1,89 Medium 

3.LAYER -19,08 2,28 Too High 

PROFILE-277 

1. LAYER -3,54 1,77 Medium 
2. LAYER -11,14 1,93 High 
3. LAYER -18,86 2,33 Too High 

PROFILE-278 

1. LAYER -5,73 2,00 High 
2. LAYER -25,64 2,29 Too High 
3. LAYER -4,36 2,75 Too High 

PROFILE-279 

1. LAYER -4,65 2,24 Too High 
2. LAYER -20,79 2,28 Too High 
3. LAYER -9,21 2,76 Too High 

PROFILE-280 

1. LAYER -4,05 1,72 Medium 

2. LAYER -18,12 1,93 High 
3. LAYER -11,88 2,36 Too High 

PROFILE-281 

1. LAYER -4,12 1,72 Medium 

2. LAYER -18,45 1,92 High 
3. LAYER -11,55 2,35 Too High 

PROFILE-282 

1. LAYER -6,14 1,70 Medium 
2.LAYER -19,29 1,90 High 

3.LAYER -10,71 2,26 Too High 

PROFILE-283 

1. LAYER -3,47 1,74 Medium 
2. LAYER -10,92 1,89 Medium 

3. LAYER -19,08 2,26 Too High 

PROFILE-284 

1. LAYER -3,87 1,92 High 
2. LAYER -12,18 2,07 High 

3. LAYER -17,82 2,48 Too High 

PROFILE-285 

1. LAYER -1,96 1,75 Medium 
2. LAYER -13,26 2,00 High 
3. LAYER -16,74 2,42 Too High 

PROFILE-286 

1. LAYER -2,91 1,75 Medium 
2. LAYER -13,03 2,05 High 
3. LAYER -16,97 2,50 Too High 

PROFILE-287 

1. LAYER -3,85 1,75 Medium 
2. LAYER -12,11 2,04 High 
3. LAYER -17,89 2,46 Too High 

PROFILE-288 

1. LAYER -3,97 1,63 Medium 

2. LAYER -12,49 1,81 Medium 
3. LAYER -17,51 2,16 High 

PROFILE-289 

1. LAYER -6,24 1,53 Medium 

2. LAYER -14,29 1,83 Medium 
3. LAYER -15,71 2,15 High 

PROFILE-290 

1. LAYER -2,14 1,96 High 

2. LAYER -14,47 2,31 Too High 
3. LAYER -15,53 2,89 Too High 

PROFILE-291 

1. LAYER -3,99 1,75 Medium 
2. LAYER -17,84 2,09 High 

3. LAYER -12,16 2,58 Too High 

PROFILE-292 

1. LAYER -3,45 2,15 High 
2.LAYER -15,46 2,35 Too High 

3.LAYER -14,54 2,80 Too High 

PROFILE-293 

1. LAYER -3,99 2,16 High 
2. LAYER -17,87 2,29 Too High 
3. LAYER -12,13 2,78 Too High 

PROFILE-294 

1. LAYER -3,14 1,85 Medium 
2.LAYER -14,04 2,17 High 
3.LAYER -15,96 2,63 Too High 

PROFILE-295 
1. LAYER -6,48 1,91 High 
2. LAYER -14,86 2,14 High 
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3. LAYER -15,14 2,51 Too High 

PROFILE-296 

1. LAYER -3,69 1,87 Medium 

2. LAYER -16,51 2,03 High 
3. LAYER -13,49 2,40 Too High 

PROFILE-297 

1. LAYER -3,45 1,87 Medium 

2. LAYER -15,43 2,04 High 
3. LAYER -14,57 2,42 Too High 

PROFILE-298 

1. LAYER -5,12 1,71 Medium 
2. LAYER -16,11 1,87 Medium 

3. LAYER -13,89 2,21 Too High 

PROFILE-299 

1. LAYER -2,76 1,68 Medium 
2. LAYER -12,35 1,76 Medium 

3. LAYER -17,65 2,14 High 

PROFILE-300 

1. LAYER -4,86 2,10 High 
2.LAYER -21,73 2,35 Too High 
3.LAYER -8,27 2,87 Too High 

PROFILE-301 

1. LAYER -2,31 1,80 Medium 
2. LAYER -15,61 2,14 High 
3. LAYER -14,39 2,70 Too High 

PROFILE-302 

1. LAYER -3,43 1,86 Medium 
2. LAYER -23,22 2,31 Too High 
3. LAYER -6,78 2,86 Too High 

PROFILE-303 

1. LAYER -4,02 1,82 Medium 

2. LAYER -18,01 2,19 High 
3. LAYER -11,99 2,77 Too High 

PROFILE-304 

1. LAYER -2,84 1,76 Medium 

2. LAYER -19,19 2,14 High 
3. LAYER -10,81 2,76 Too High 

PROFILE-305 

1. LAYER -4,01 1,84 Medium 

2. LAYER -27,12 2,33 Too High 
3. LAYER -2,88 2,91 Too High 

PROFILE-306 

1. LAYER -4,50 1,85 Medium 
2. LAYER -30,47 2,29 Too High 

3. LAYER 0,47 2,85 Too High 

PROFILE-307 

1. LAYER -4,99 1,83 Medium 
2. LAYER -33,78 2,26 Too High 

3. LAYER 3,78 2,82 Too High 

PROFILE-308 

1. LAYER -3,06 1,76 Medium 
2. LAYER -20,69 2,24 Too High 
3. LAYER -9,31 2,87 Too High 

PROFILE-309 

1. LAYER -3,32 1,99 High 
2. LAYER -14,86 2,35 Too High 
3. LAYER -15,14 2,90 Too High 

 

Density values and description of the units in the study area 

Calculation of the density values of the geological units in the direction of the seismic data 

obtained in the field studies and the table of variation are given in the above table.  

  Density: ρ (gr/cm3) Tanimlama   

  ρ<1,20 High low   

  1,20<ρ<1,40 Low   

  1,40<ρ<1,90 Medium   

  1,90<ρ<2,20 High   

  2,20<ρ Too High   

Density Classification of Ground Units: (Keçeli, 1990) 

ρ =d=0.31*Vp0.25 
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5.3.8. AREA03 Modulus of Subgrade Reaction – D Y K (ton/m3) 

 

Modulus of Subgrade Reaction  
PROFILES LAYERS DEPTH D Y K  (ton/m3) 

PROFILE-276 

1. LAYER -3,47 2429 
2.LAYER -10,92 5800 

3.LAYER -19,08 11337 

PROFILE-277 

1. LAYER -3,54 2840 
2. LAYER -11,14 5999 
3. LAYER -18,86 12325 

PROFILE-278 

1. LAYER -5,73 5478 
2. LAYER -25,64 14072 
3. LAYER -4,36 30334 

PROFILE-279 

1. LAYER -4,65 9014 
2. LAYER -20,79 12548 
3. LAYER -9,21 31646 

PROFILE-280 

1. LAYER -4,05 2916 

2. LAYER -18,12 6129 
3. LAYER -11,88 13817 

PROFILE-281 

1. LAYER -4,12 2687 

2. LAYER -18,45 5937 
3. LAYER -11,55 13999 

PROFILE-282 

1. LAYER -6,14 2581 
2.LAYER -19,29 5316 

3.LAYER -10,71 10250 

PROFILE-283 

1. LAYER -3,47 2884 
2. LAYER -10,92 5445 

3. LAYER -19,08 10871 

PROFILE-284 

1. LAYER -3,87 4037 
2. LAYER -12,18 8307 

3. LAYER -17,82 16846 

PROFILE-285 

1. LAYER -1,96 2536 
2. LAYER -13,26 6829 
3. LAYER -16,74 15639 

PROFILE-286 

1. LAYER -2,91 3176 
2. LAYER -13,03 7852 
3. LAYER -16,97 19645 

PROFILE-287 

1. LAYER -3,85 3270 
2. LAYER -12,11 8095 
3. LAYER -17,89 16433 

PROFILE-288 

1. LAYER -3,97 2152 

2. LAYER -12,49 4383 
3. LAYER -17,51 8243 

PROFILE-289 

1. LAYER -6,24 1926 

2. LAYER -14,29 5002 
3. LAYER -15,71 8568 

PROFILE-290 

1. LAYER -2,14 5667 

2. LAYER -14,47 15737 
3. LAYER -15,53 41491 

PROFILE-291 

1. LAYER -3,99 3520 
2. LAYER -17,84 9537 

3. LAYER -12,16 21490 

PROFILE-292 

1. LAYER -3,45 6899 
2.LAYER -15,46 14842 

3.LAYER -14,54 31344 

PROFILE-293 

1. LAYER -3,99 7322 
2. LAYER -17,87 13646 
3. LAYER -12,13 30768 

PROFILE-294 

1. LAYER -3,14 4366 
2.LAYER -14,04 11148 
3.LAYER -15,96 24095 
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PROFILE-295 

1. LAYER -6,48 4257 
2. LAYER -14,86 9715 

3. LAYER -15,14 19847 

PROFILE-296 

1. LAYER -3,69 3776 
2. LAYER -16,51 6902 

3. LAYER -13,49 15407 

PROFILE-297 

1. LAYER -3,45 3425 
2. LAYER -15,43 7067 
3. LAYER -14,57 15930 

PROFILE-298 

1. LAYER -5,12 2535 
2. LAYER -16,11 4931 
3. LAYER -13,89 9072 

PROFILE-299 

1. LAYER -2,76 2797 
2. LAYER -12,35 3831 
3. LAYER -17,65 8218 

PROFILE-300 

1. LAYER -4,86 6955 

2.LAYER -21,73 15626 
3.LAYER -8,27 43319 

PROFILE-301 

1. LAYER -2,31 3913 

2. LAYER -15,61 10591 
3. LAYER -14,39 27891 

PROFILE-302 

1. LAYER -3,43 4650 
2. LAYER -23,22 15670 

3. LAYER -6,78 38385 

PROFILE-303 

1. LAYER -4,02 3992 
2. LAYER -18,01 11904 

3. LAYER -11,99 31537 

PROFILE-304 

1. LAYER -2,84 3572 
2. LAYER -19,19 10897 

3. LAYER -10,81 30556 

PROFILE-305 

1. LAYER -4,01 4494 
2. LAYER -27,12 16126 
3. LAYER -2,88 41547 

PROFILE-306 

1. LAYER -4,50 4860 
2. LAYER -30,47 15071 
3. LAYER 0,47 39044 

PROFILE-307 

1. LAYER -4,99 4245 
2. LAYER -33,78 13795 
3. LAYER 3,78 38014 

PROFILE-308 

1. LAYER -3,06 3742 

2. LAYER -20,69 13461 
3. LAYER -9,31 38087 

PROFILE-309 

1. LAYER -3,32 6030 

2. LAYER -14,86 17450 
3. LAYER -15,14 42102 

 

kv= 40*(Gs)*qu ton/m3 (Bowles 1984) 

 

The above table shows the Modulus of Subgrade Reaction obtained for each layer in the 

direction of the data obtained after the seismic measurements made in the study area. 
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5.3.9. AREA03 Bearing Capacity qu (kg/cm2) / Allowable Bearing Capacity qa(kg/cm2) 

PROFILES LAYERS DEPTH BEARiNG 

CAPACiTY 

(qu,kg/cm2) 

ALLOWABLE 

BEARiNG 

CAPACiTY 

(qa,kg/cm2) 

PROFILE-276 

1. LAYER -3,47 6,07 2,02 
2.LAYER -10,92 14,50 4,83 
3.LAYER -19,08 28,34 9,45 

PROFILE-277 

1. LAYER -3,54 7,10 2,37 
2. LAYER -11,14 15,00 5,00 
3. LAYER -18,86 30,81 10,27 

PROFILE-278 

1. LAYER -5,73 13,70 4,57 

2. LAYER -25,64 35,18 11,73 
3. LAYER -4,36 75,84 25,28 

PROFILE-279 

1. LAYER -4,65 22,54 7,51 

2. LAYER -20,79 31,37 10,46 
3. LAYER -9,21 79,12 26,37 

PROFILE-280 

1. LAYER -4,05 7,29 2,43 
2. LAYER -18,12 15,32 5,11 

3. LAYER -11,88 34,54 11,51 

PROFILE-281 

1. LAYER -4,12 6,72 2,24 
2. LAYER -18,45 14,84 4,95 

3. LAYER -11,55 35,00 11,67 

PROFILE-282 

1. LAYER -6,14 6,45 2,15 
2.LAYER -19,29 13,29 4,43 
3.LAYER -10,71 25,63 8,54 

PROFILE-283 

1. LAYER -3,47 7,21 2,40 
2. LAYER -10,92 13,61 4,54 
3. LAYER -19,08 27,18 9,06 

PROFILE-284 

1. LAYER -3,87 10,09 3,36 
2. LAYER -12,18 20,77 6,92 
3. LAYER -17,82 42,12 14,04 

PROFILE-285 

1. LAYER -1,96 6,34 2,11 
2. LAYER -13,26 17,07 5,69 
3. LAYER -16,74 39,10 13,03 

PROFILE-286 

1. LAYER -2,91 7,94 2,65 

2. LAYER -13,03 19,63 6,54 
3. LAYER -16,97 49,11 16,37 

PROFILE-287 

1. LAYER -3,85 8,18 2,73 

2. LAYER -12,11 20,24 6,75 
3. LAYER -17,89 41,08 13,69 

PROFILE-288 

1. LAYER -3,97 5,38 1,79 
2. LAYER -12,49 10,96 3,65 

3. LAYER -17,51 20,61 6,87 

PROFILE-289 

1. LAYER -6,24 4,82 1,61 
2. LAYER -14,29 12,50 4,17 

3. LAYER -15,71 21,42 7,14 

PROFILE-290 

1. LAYER -2,14 14,17 4,72 
2. LAYER -14,47 39,34 13,11 

3. LAYER -15,53 103,73 34,58 

PROFILE-291 

1. LAYER -3,99 8,80 2,93 
2. LAYER -17,84 23,84 7,95 
3. LAYER -12,16 53,72 17,91 

PROFILE-292 

1. LAYER -3,45 17,25 5,75 
2.LAYER -15,46 37,11 12,37 
3.LAYER -14,54 78,36 26,12 

PROFILE-293 

1. LAYER -3,99 18,31 6,10 
2. LAYER -17,87 34,12 11,37 
3. LAYER -12,13 76,92 25,64 

PROFILE-294 

1. LAYER -3,14 10,92 3,64 

2.LAYER -14,04 27,87 9,29 
3.LAYER -15,96 60,24 20,08 

PROFILE-295 

1. LAYER -6,48 10,64 3,55 

2. LAYER -14,86 24,29 8,10 
3. LAYER -15,14 49,62 16,54 
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PROFILE-296 

1. LAYER -3,69 9,44 3,15 
2. LAYER -16,51 17,25 5,75 

3. LAYER -13,49 38,52 12,84 

PROFILE-297 

1. LAYER -3,45 8,56 2,85 
2. LAYER -15,43 17,67 5,89 

3. LAYER -14,57 39,83 13,28 

PROFILE-298 

1. LAYER -5,12 6,34 2,11 
2. LAYER -16,11 12,33 4,11 
3. LAYER -13,89 22,68 7,56 

PROFILE-299 

1. LAYER -2,76 6,99 2,33 
2. LAYER -12,35 9,58 3,19 
3. LAYER -17,65 20,54 6,85 

PROFILE-300 

1. LAYER -4,86 17,39 5,80 
2.LAYER -21,73 39,07 13,02 
3.LAYER -8,27 108,30 36,10 

PROFILE-301 

1. LAYER -2,31 9,78 3,26 

2. LAYER -15,61 26,48 8,83 
3. LAYER -14,39 69,73 23,24 

PROFILE-302 

1. LAYER -3,43 11,62 3,87 

2. LAYER -23,22 39,18 13,06 
3. LAYER -6,78 95,96 31,99 

PROFILE-303 

1. LAYER -4,02 9,98 3,33 
2. LAYER -18,01 29,76 9,92 

3. LAYER -11,99 78,84 26,28 

PROFILE-304 

1. LAYER -2,84 8,93 2,98 
2. LAYER -19,19 27,24 9,08 

3. LAYER -10,81 76,39 25,46 

PROFILE-305 

1. LAYER -4,01 11,24 3,75 
2. LAYER -27,12 40,32 13,44 

3. LAYER -2,88 103,87 34,62 

PROFILE-306 

1. LAYER -4,50 12,15 4,05 
2. LAYER -30,47 37,68 12,56 
3. LAYER 0,47 97,61 32,54 

PROFILE-307 

1. LAYER -4,99 10,61 3,54 
2. LAYER -33,78 34,49 11,50 
3. LAYER 3,78 95,04 31,68 

PROFILE-308 

1. LAYER -3,06 9,36 3,12 
2. LAYER -20,69 33,65 11,22 
3. LAYER -9,31 95,22 31,74 

PROFILE-309 

1. LAYER -3,32 15,07 5,02 

2. LAYER -14,86 43,63 14,54 
3. LAYER -15,14 105,25 35,08 
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5.3.10.  AREA03 Vibration Period - T0 (sec) / Ground Amplification (Ak) 

PROFILES To (sec) Ta (sec) Tb (sec) Vs30 (m/sec) 
Ak 

(Amplification) 

PROFILE-276 0,14 0,10 0,22 1094 1,02 

PROFILE-277 0,13 0,09 0,20 1184 0,97 

PROFILE-278 0,09 0,06 0,14 2209 0,67 

PROFILE-279 0,08 0,05 0,12 2409 0,64 

PROFILE-280 0,15 0,10 0,23 1143 0,99 

PROFILE-281 0,15 0,10 0,23 1156 0,99 

PROFILE-282 0,18 0,12 0,27 1031 1,06 

PROFILE-283 0,14 0,09 0,21 1132 1,00 

PROFILE-284 0,11 0,07 0,16 1562 0,82 

PROFILE-285 0,12 0,08 0,18 1402 0,88 

PROFILE-286 0,11 0,07 0,16 1470 0,86 

PROFILE-287 0,12 0,08 0,17 1387 0,89 

PROFILE-288 0,19 0,12 0,28 892 1,15 

PROFILE-289 0,21 0,14 0,31 806 1,23 

PROFILE-290 0,06 0,04 0,09 2703 0,59 

PROFILE-291 0,11 0,07 0,17 1593 0,81 

PROFILE-292 0,07 0,05 0,10 2612 0,61 

PROFILE-293 0,08 0,05 0,11 2490 0,62 

PROFILE-294 0,09 0,06 0,13 1896 0,73 

PROFILE-295 0,11 0,07 0,16 1587 0,82 

PROFILE-296 0,13 0,08 0,19 1421 0,87 

PROFILE-297 0,12 0,08 0,18 1407 0,88 

PROFILE-298 0,18 0,12 0,28 983 1,09 

PROFILE-299 0,18 0,12 0,27 918 1,13 

PROFILE-300 0,07 0,05 0,11 2455 0,63 

PROFILE-301 0,09 0,06 0,13 1972 0,72 

PROFILE-302 0,08 0,05 0,12 2427 0,63 

PROFILE-303 0,09 0,06 0,13 1918 0,73 

PROFILE-304 0,09 0,06 0,14 1872 0,74 

PROFILE-305 0,08 0,06 0,13 2348 0,65 

PROFILE-306 0,09 0,06 0,14 2219 0,67 

PROFILE-307 0,11 0,07 0,16 1821 0,75 

PROFILE-308 0,08 0,06 0,13 2111 0,69 

PROFILE-309 0,06 0,04 0,09 2738 0,59 

 

𝑇𝑜 = ∑ 4𝐻 𝑉𝑠 𝑛 𝚤=1 (sec)……. (Zeevaert,1967)     

Ak=68*Vs30
-0,6……………………. (Midorikawa, 1987)   

The Vibration Period and Ground Amplification calculated in the direction of the parameters 

obtained during the seismic studies made during the field survey are presented in the table 

above. 
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5. 4. AREA 4 

There are 56 measurements were taken on the Area 1. Three layers were seen in this scale. 

Layer 1 thickness varies between 1,64 m and 9,63 m. The beginning of the layer 2 is between 

1.64 m and 9,63 m, and the ending is between 7,36 m and 29,23 m. The beginning of the layer 

3 is between 7,36 m and 29,23 m. 

Detailed soil structure was observed in the 10 layers solutions. Accordingly, in the profiles 

taken in the region, cracks with cracks and voids were observed in the first 5.00 meters in 

general. More detailed work should be done under the constructions to be made here. 

Profile points should be viewed in engineering parameters section for detailed values 

considering the following application.  
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5.4.1. AREA04 Seismic P wave velocity (Compressional Wave Velocity (Vp)) 

 

Vp VELOCiTY 
PROFILES LAYERS DEPTH Vp_ Velocity STRiPPABiLiTY 

PROFILE-185 

1. LAYER -2,23 1298 Medium-High Strippability 
2.LAYER -15,06 1808 High Difficult Strippability 

3.LAYER -14,94 4004 Explosive Strippability 

PROFILE-186 

1. LAYER -3,11 1647 High Difficult Strippability 
2. LAYER -13,93 2475 Explosive Strippability 
3. LAYER -16,07 5209 Explosive Strippability 

PROFILE-187 

1. LAYER -2,22 675 Simple Strippability 
2. LAYER -9,92 1041 Simple Strippability 
3. LAYER -20,08 2275 Explosive Strippability 

PROFILE-188 

1. LAYER -2,19 589 Simple Strippability 
2. LAYER -14,79 1370 Medium-High Strippability 
3. LAYER -15,21 3408 Explosive Strippability 

PROFILE-189 

1. LAYER -1,64 553 Simple Strippability 

2. LAYER -7,36 850 Simple Strippability 
3. LAYER -22,64 1791 High Difficult Strippability 

PROFILE-190 

1. LAYER -4,02 1246 Medium-High Strippability 

2. LAYER -12,63 1852 High Difficult Strippability 
3. LAYER -17,37 3750 Explosive Strippability 

PROFILE-191 

1. LAYER -2,86 1056 Simple Strippability 
2.LAYER -8,98 1520 Medium-High Strippability 

3.LAYER -21,02 3082 Explosive Strippability 

PROFILE-192 

1. LAYER -2,86 1056 Simple Strippability 
2. LAYER -8,98 1520 Medium-High Strippability 

3. LAYER -21,02 3082 Explosive Strippability 

PROFILE-193 

1. LAYER -2,26 1006 Simple Strippability 
2. LAYER -10,13 1646 High Difficult Strippability 

3. LAYER -19,87 3687 Explosive Strippability 

PROFILE-194 

1. LAYER -3,09 616 Simple Strippability 
2. LAYER -9,72 893 Simple Strippability 
3. LAYER -20,28 1607 High Difficult Strippability 

PROFILE-195 

1. LAYER -2,78 1020 Simple Strippability 
2. LAYER -12,46 1775 High Difficult Strippability 
3. LAYER -17,54 3702 Explosive Strippability 

PROFILE-196 

1. LAYER -3,13 1221 Medium-High Strippability 
2. LAYER -13,99 1950 High Difficult Strippability 
3. LAYER -16,01 4062 Explosive Strippability 

PROFILE-197 

1. LAYER -2,66 1126 Simple Strippability 

2. LAYER -11,92 1786 High Difficult Strippability 
3. LAYER -18,08 3792 Explosive Strippability 

PROFILE-198 

1. LAYER -2,45 1153 Simple Strippability 

2. LAYER -10,97 1721 High Difficult Strippability 
3. LAYER -19,03 3491 Explosive Strippability 

PROFILE-199 

1. LAYER -5,84 1971 High Difficult Strippability 

2. LAYER -26,12 3106 Explosive Strippability 
3. LAYER -3,88 6228 Explosive Strippability 

PROFILE-200 

1. LAYER -2,86 1222 Medium-High Strippability 
2. LAYER -12,80 1846 High Difficult Strippability 

3. LAYER -17,20 3886 Explosive Strippability 

PROFILE-201 

1. LAYER -3,04 1333 Medium-High Strippability 
2.LAYER -13,59 1971 High Difficult Strippability 

3.LAYER -16,41 3992 Explosive Strippability 

PROFILE-202 

1. LAYER -3,39 1306 Medium-High Strippability 
2. LAYER -15,18 2168 Explosive Strippability 
3. LAYER -14,82 4679 Explosive Strippability 

PROFILE-203 

1. LAYER -2,22 996 Simple Strippability 
2. LAYER -15,00 1733 High Difficult Strippability 
3. LAYER -15,00 3987 Explosive Strippability 
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PROFILE-204 

1. LAYER -4,01 1395 Medium-High Strippability 
2. LAYER -17,94 2294 Explosive Strippability 

3. LAYER -12,06 4889 Explosive Strippability 

PROFILE-205 

1. LAYER -4,10 2139 Explosive Strippability 
2. LAYER -18,35 3070 Explosive Strippability 

3. LAYER -11,65 5825 Explosive Strippability 

PROFILE-206 

1. LAYER -3,13 1457 Medium-High Strippability 
2. LAYER -14,02 1677 High Difficult Strippability 
3. LAYER -15,98 3492 Explosive Strippability 

PROFILE-207 

1. LAYER -2,36 595 Simple Strippability 
2. LAYER -10,56 1186 Simple Strippability 
3. LAYER -19,44 2511 Explosive Strippability 

PROFILE-208 

1. LAYER -1,65 563 Simple Strippability 
2. LAYER -7,39 958 Simple Strippability 
3. LAYER -22,61 2064 High Difficult Strippability 

PROFILE-209 

1. LAYER -1,83 569 Simple Strippability 

2. LAYER -8,20 1011 Simple Strippability 
3. LAYER -21,80 2164 Explosive Strippability 

PROFILE-210 

1. LAYER -2,52 584 Simple Strippability 

2. LAYER -11,28 1181 Simple Strippability 
3. LAYER -18,72 2432 Explosive Strippability 

PROFILE-211 

1. LAYER -5,25 1800 High Difficult Strippability 
2.LAYER -16,52 3125 Explosive Strippability 

3.LAYER -13,48 6666 Explosive Strippability 

PROFILE-212 

1. LAYER -6,48 1538 High Difficult Strippability 
2. LAYER -20,37 2170 Explosive Strippability 

3. LAYER -9,63 4482 Explosive Strippability 

PROFILE-213 

1. LAYER -6,31 1563 High Difficult Strippability 
2. LAYER -19,84 2123 High Difficult Strippability 

3. LAYER -10,16 4277 Explosive Strippability 

PROFILE-214 

1. LAYER -3,44 1393 Medium-High Strippability 
2. LAYER -15,40 2752 Explosive Strippability 
3. LAYER -14,60 6419 Explosive Strippability 

PROFILE-248 

1. LAYER -3,52 828 Simple Strippability 
2.LAYER -11,05 1222 Medium-High Strippability 
3.LAYER -18,95 2510 Explosive Strippability 

PROFILE-249 

1. LAYER -3,50 838 Simple Strippability 
2. LAYER -11,00 1242 Medium-High Strippability 
3. LAYER -19,00 2521 Explosive Strippability 

PROFILE-250 

1. LAYER -4,47 852 Simple Strippability 

2. LAYER -10,25 1175 Simple Strippability 
3. LAYER -19,75 2164 Explosive Strippability 

PROFILE-251 

1. LAYER -2,80 902 Simple Strippability 

2. LAYER -12,55 1678 High Difficult Strippability 
3. LAYER -17,45 3629 Explosive Strippability 

PROFILE-252 

1. LAYER -2,85 1677 High Difficult Strippability 

2. LAYER -19,25 2791 Explosive Strippability 
3. LAYER -10,75 6061 Explosive Strippability 

PROFILE-253 

1. LAYER -3,25 1364 Medium-High Strippability 
2. LAYER -14,53 2257 Explosive Strippability 

3. LAYER -15,47 4760 Explosive Strippability 

PROFILE-254 

1. LAYER -3,30 1376 Medium-High Strippability 
2.LAYER -14,76 2223 Explosive Strippability 

3.LAYER -15,24 4895 Explosive Strippability 

PROFILE-255 

1. LAYER -2,90 1327 Medium-High Strippability 
2. LAYER -12,98 2095 High Difficult Strippability 
3. LAYER -17,02 4393 Explosive Strippability 

PROFILE-256 

1. LAYER -4,08 1512 Medium-High Strippability 
2. LAYER -18,24 2216 Explosive Strippability 
3. LAYER -11,76 4603 Explosive Strippability 

PROFILE-257 

1. LAYER -2,41 1452 Medium-High Strippability 
2. LAYER -16,33 2503 Explosive Strippability 
3. LAYER -13,67 5860 Explosive Strippability 
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PROFILE-260 

1. LAYER -4,78 1757 High Difficult Strippability 
2. LAYER -15,04 2177 Explosive Strippability 

3. LAYER -14,96 4047 Explosive Strippability 

PROFILE-261 

1. LAYER -5,62 1823 High Difficult Strippability 
2. LAYER -17,66 2264 Explosive Strippability 

3. LAYER -12,34 4122 Explosive Strippability 

PROFILE-262 

1. LAYER -5,68 609 Simple Strippability 
2. LAYER -13,03 997 Simple Strippability 
3. LAYER -16,97 1842 High Difficult Strippability 

PROFILE-263 

1. LAYER -4,48 587 Simple Strippability 
2. LAYER -10,28 883 Simple Strippability 
3. LAYER -19,72 1662 High Difficult Strippability 

PROFILE-264 

1. LAYER -3,59 1697 High Difficult Strippability 
2.LAYER -16,06 2229 Explosive Strippability 
3.LAYER -13,94 4303 Explosive Strippability 

PROFILE-265 

1. LAYER -4,23 2036 High Difficult Strippability 

2. LAYER -28,61 3003 Explosive Strippability 
3. LAYER -1,39 6040 Explosive Strippability 

PROFILE-266 

1. LAYER -4,32 2141 Explosive Strippability 

2. LAYER -29,23 3122 Explosive Strippability 
3. LAYER -0,77 6262 Explosive Strippability 

PROFILE-267 

1. LAYER -9,63 2498 Explosive Strippability 
2. LAYER -22,08 3380 Explosive Strippability 

3. LAYER -7,92 5990 Explosive Strippability 

PROFILE-268 

1. LAYER -5,01 1432 Medium-High Strippability 
2. LAYER -22,43 2135 High Difficult Strippability 

3. LAYER -7,57 4032 Explosive Strippability 

PROFILE-269 

1. LAYER -5,40 1366 Medium-High Strippability 
2. LAYER -16,99 2128 High Difficult Strippability 

3. LAYER -13,01 3927 Explosive Strippability 

PROFILE-270 

1. LAYER -4,21 1425 Medium-High Strippability 
2. LAYER -28,51 2361 Explosive Strippability 
3. LAYER -1,49 5142 Explosive Strippability 

PROFILE-271 

1. LAYER -4,46 911 Simple Strippability 
2. LAYER -14,01 1890 High Difficult Strippability 
3. LAYER -15,99 3552 Explosive Strippability 

PROFILE-272 

1. LAYER -3,46 1224 Medium-High Strippability 
2. LAYER -15,49 1835 High Difficult Strippability 
3. LAYER -14,51 3806 Explosive Strippability 

PROFILE-273 

1. LAYER -4,36 1354 Medium-High Strippability 

2. LAYER -19,51 2005 High Difficult Strippability 
3. LAYER -10,49 4095 Explosive Strippability 

PROFILE-274 

1. LAYER -3,55 1373 Medium-High Strippability 

2.LAYER -15,90 1780 High Difficult Strippability 
3.LAYER -14,10 3569 Explosive Strippability 

PROFILE-275 

1. LAYER -3,08 1242 Medium-High Strippability 

2. LAYER -20,83 1961 High Difficult Strippability 
3. LAYER -9,17 4233 Explosive Strippability 

 
   P Wave Velocity 

(m/sec) 

Strippability   

   Vp<458 High Simple 

Strippability 

  
   458<Vp<1220 Simple Strippability   
   1220<Vp<11525 Medium 

Strippability 

  
   1525<Vp<11830 Difficult 

Strippability 

  

   1830<Vp<12135 High Difficult 
Strippability 

  
   Vp>2135 Explosive 

Strippability 

  

 Strippability of floors with P wave velocity (Church, 1981) 

P wave velocities of the grounds in the study area and strippability 

The above table shows the change table and strippability properties of Vp velocity depth 

values in the direction of the seismic data obtained from the field studies.  
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5.4.2. AREA04 Seismic S wave velocity (Transverse Wave Velocity (Vs)) 

 

Vs VELOCiTY 
PROFILES LAYERS DEPTH Vs_ Velocity GROUND GROUPS 

PROFILE-185 

1. LAYER -2,23 523 B 
2.LAYER -15,06 838 A 

3.LAYER -14,94 1754 A 

PROFILE-186 

1. LAYER -3,11 557 B 
2. LAYER -13,93 1223 A 
3. LAYER -16,07 2148 A 

PROFILE-187 

1. LAYER -2,22 270 C 
2. LAYER -9,92 517 B 
3. LAYER -20,08 992 A 

PROFILE-188 

1. LAYER -2,19 283 C 
2. LAYER -14,79 726 A 
3. LAYER -15,21 1420 A 

PROFILE-189 

1. LAYER -1,64 194 D 

2. LAYER -7,36 393 C 
3. LAYER -22,64 791 A 

PROFILE-190 

1. LAYER -4,02 453 B 

2. LAYER -12,63 933 A 
3. LAYER -17,37 1676 A 

PROFILE-191 

1. LAYER -2,86 360 C 
2.LAYER -8,98 696 B 

3.LAYER -21,02 1515 A 

PROFILE-192 

1. LAYER -2,86 360 C 
2. LAYER -8,98 696 B 

3. LAYER -21,02 1515 A 

PROFILE-193 

1. LAYER -2,26 380 C 
2. LAYER -10,13 838 A 

3. LAYER -19,87 1552 A 

PROFILE-194 

1. LAYER -3,09 232 C 
2. LAYER -9,72 392 C 
3. LAYER -20,28 641 B 

PROFILE-195 

1. LAYER -2,78 431 B 
2. LAYER -12,46 862 A 
3. LAYER -17,54 1636 A 

PROFILE-196 

1. LAYER -3,13 461 B 
2. LAYER -13,99 951 A 
3. LAYER -16,01 1682 A 

PROFILE-197 

1. LAYER -2,66 420 B 

2. LAYER -11,92 872 A 
3. LAYER -18,08 1621 A 

PROFILE-198 

1. LAYER -2,45 397 C 

2. LAYER -10,97 770 A 
3. LAYER -19,03 1747 A 

PROFILE-199 

1. LAYER -5,84 738 A 

2. LAYER -26,12 1477 A 
3. LAYER -3,88 2751 A 

PROFILE-200 

1. LAYER -2,86 421 B 
2. LAYER -12,80 890 A 

3. LAYER -17,20 1698 A 

PROFILE-201 

1. LAYER -3,04 446 B 
2.LAYER -13,59 944 A 

3.LAYER -16,41 1617 A 

PROFILE-202 

1. LAYER -3,39 533 B 
2. LAYER -15,18 1098 A 
3. LAYER -14,82 2063 A 

PROFILE-203 

1. LAYER -2,22 397 C 
2. LAYER -15,00 879 A 
3. LAYER -15,00 2012 A 
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PROFILE-204 

1. LAYER -4,01 553 B 
2. LAYER -17,94 1129 A 

3. LAYER -12,06 2129 A 

PROFILE-205 

1. LAYER -4,10 755 A 
2. LAYER -18,35 1390 A 

3. LAYER -11,65 2146 A 

PROFILE-206 

1. LAYER -3,13 637 B 
2. LAYER -14,02 788 A 
3. LAYER -15,98 1400 A 

PROFILE-207 

1. LAYER -2,36 274 C 
2. LAYER -10,56 598 B 
3. LAYER -19,44 1124 A 

PROFILE-208 

1. LAYER -1,65 234 C 
2. LAYER -7,39 458 B 
3. LAYER -22,61 934 A 

PROFILE-209 

1. LAYER -1,83 241 C 

2. LAYER -8,20 484 B 
3. LAYER -21,80 977 A 

PROFILE-210 

1. LAYER -2,52 250 C 

2. LAYER -11,28 586 B 
3. LAYER -18,72 1101 A 

PROFILE-211 

1. LAYER -5,25 713 A 
2.LAYER -16,52 1585 A 

3.LAYER -13,48 2779 A 

PROFILE-212 

1. LAYER -6,48 567 B 
2. LAYER -20,37 1104 A 

3. LAYER -9,63 1897 A 

PROFILE-213 

1. LAYER -6,31 569 B 
2. LAYER -19,84 1068 A 

3. LAYER -10,16 1799 A 

PROFILE-214 

1. LAYER -3,44 616 B 
2. LAYER -15,40 1468 A 
3. LAYER -14,60 2708 A 

PROFILE-248 

1. LAYER -3,52 306 C 
2.LAYER -11,05 629 B 
3.LAYER -18,95 1078 A 

PROFILE-249 

1. LAYER -3,50 321 C 
2. LAYER -11,00 645 B 
3. LAYER -19,00 1094 A 

PROFILE-250 

1. LAYER -4,47 267 C 

2. LAYER -10,25 580 B 
3. LAYER -19,75 926 A 

PROFILE-251 

1. LAYER -2,80 408 B 

2. LAYER -12,55 851 A 
3. LAYER -17,45 1706 A 

PROFILE-252 

1. LAYER -2,85 596 B 

2. LAYER -19,25 1307 A 
3. LAYER -10,75 2753 A 

PROFILE-253 

1. LAYER -3,25 499 B 
2. LAYER -14,53 1114 A 

3. LAYER -15,47 2031 A 

PROFILE-254 

1. LAYER -3,30 519 B 
2.LAYER -14,76 1121 A 

3.LAYER -15,24 2145 A 

PROFILE-255 

1. LAYER -2,90 471 B 
2. LAYER -12,98 1015 A 
3. LAYER -17,02 1900 A 

PROFILE-256 

1. LAYER -4,08 523 B 
2. LAYER -18,24 1054 A 
3. LAYER -11,76 1980 A 

PROFILE-257 

1. LAYER -2,41 636 B 
2. LAYER -16,33 1261 A 
3. LAYER -13,67 2557 A 
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PROFILE-260 

1. LAYER -4,78 670 B 
2. LAYER -15,04 1015 A 

3. LAYER -14,96 1461 A 

PROFILE-261 

1. LAYER -5,62 665 B 
2. LAYER -17,66 967 A 

3. LAYER -12,34 1693 A 

PROFILE-262 

1. LAYER -5,68 213 C 
2. LAYER -13,03 501 B 
3. LAYER -16,97 768 A 

PROFILE-263 

1. LAYER -4,48 200 C 
2. LAYER -10,28 463 B 
3. LAYER -19,72 721 A 

PROFILE-264 

1. LAYER -3,59 578 B 
2.LAYER -16,06 998 A 
3.LAYER -13,94 1826 A 

PROFILE-265 

1. LAYER -4,23 670 B 

2. LAYER -28,61 1427 A 
3. LAYER -1,39 2294 A 

PROFILE-266 

1. LAYER -4,32 817 A 

2. LAYER -29,23 1475 A 
3. LAYER -0,77 2725 A 

PROFILE-267 

1. LAYER -9,63 845 A 
2. LAYER -22,08 1663 A 

3. LAYER -7,92 2135 A 

PROFILE-268 

1. LAYER -5,01 514 B 
2. LAYER -22,43 956 A 

3. LAYER -7,57 1696 A 

PROFILE-269 

1. LAYER -5,40 515 B 
2. LAYER -16,99 969 A 

3. LAYER -13,01 1595 A 

PROFILE-270 

1. LAYER -4,21 504 B 
2. LAYER -28,51 1174 A 
3. LAYER -1,49 2261 A 

PROFILE-271 

1. LAYER -4,46 421 B 
2. LAYER -14,01 974 A 
3. LAYER -15,99 1519 A 

PROFILE-272 

1. LAYER -3,46 430 B 
2. LAYER -15,49 864 A 
3. LAYER -14,51 1765 A 

PROFILE-273 

1. LAYER -4,36 487 B 

2. LAYER -19,51 946 A 
3. LAYER -10,49 1777 A 

PROFILE-274 

1. LAYER -3,55 560 B 

2.LAYER -15,90 792 A 
3.LAYER -14,10 1563 A 

PROFILE-275 

1. LAYER -3,08 405 B 

2. LAYER -20,83 939 A 
3. LAYER -9,17 1715 A 

 

  S Wave Velocity (m/sec) Ground group   

  Vs<200 D   

  200<Vs<400 C   

  400<Vs<700 B   

  700<Vs A   

Ground groups according to slip wave velocity(Abyyhy, 1998) 

 

 

S wave velocities of the grounds in the study area and ground group 
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Ground Group Ground group and top ground layer thickness(h1) 

Z1 (A) Ground group h1< 15 m  (B) Ground group 

Z2 h1> 15 m  (B) Ground group h1< 15 m  (C) Ground 

group Z3 15 m < h1< 50 m  (C) Ground group h1< 10 m  (D) 

Ground group Z4 h1> 50 m  (C) Ground group h1> 10 m  (D) Ground 
group 

Ground Group Class 

The above table shows that Vs velocity values in the direction of the seismic data obtained in 

the field studies are the absolute change tables and that the layers are included in the ground 

groups. 

5.4.3. AREA04 Vs30  

PROFILES Vs30 (m/sn) PROFILES Vs30 (m/sn) 

PROFILE-185 1546 PROFILE-213 1601 

PROFILE-186 1934 PROFILE-214 2142 

PROFILE-187 887 PROFILE-248 962 

PROFILE-188 1160 PROFILE-249 990 

PROFILE-189 698 PROFILE-250 877 

PROFILE-190 1424 PROFILE-251 1333 

PROFILE-191 1202 PROFILE-252 2106 

PROFILE-192 1202 PROFILE-253 1747 

PROFILE-193 1362 PROFILE-254 1772 

PROFILE-194 642 PROFILE-255 1635 

PROFILE-195 1381 PROFILE-256 1656 

PROFILE-196 1534 PROFILE-257 2059 

PROFILE-197 1424 PROFILE-260 1700 

PROFILE-198 1376 PROFILE-261 1685 

PROFILE-199 2158 PROFILE-262 713 

PROFILE-200 1445 PROFILE-263 673 

PROFILE-201 1517 PROFILE-264 1709 

PROFILE-202 1665 PROFILE-265 2564 

PROFILE-203 1438 PROFILE-266 2491 

PROFILE-204 1733 PROFILE-267 2836 

PROFILE-205 2376 PROFILE-268 1558 

PROFILE-206 1416 PROFILE-269 1497 

PROFILE-207 957 PROFILE-270 1681 

PROFILE-208 821 PROFILE-271 1343 

PROFILE-209 843 PROFILE-272 1385 

PROFILE-210 930 PROFILE-273 1489 

PROFILE-211 2148 PROFILE-274 1453 

PROFILE-212 1605 PROFILE-275 1541 

  

Vs30 values in the direction of the seismic data obtained from the field studies are given in 

the table above. 
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5.4.4. AREA04 Shear Modulus-G (kg/cm²) 

 

SHEAR MODULUS 
PROFILES LAYERS DEPTH G(kg/cm2) ENDURANCE 

PROFILE-185 

1. LAYER -2,23 5118 Sturdy 
2.LAYER -15,06 16178 Rock Highlid 

3.LAYER -14,94 75861 Rock Highlid 

PROFILE-186 

1. LAYER -3,11 6238 Sturdy 
2. LAYER -13,93 34396 Rock Highlid 
3. LAYER -16,07 121495 Rock Highlid 

PROFILE-187 

1. LAYER -2,22 1162 Low 
2. LAYER -9,92 5315 Sturdy 
3. LAYER -20,08 21050 Rock Highlid 

PROFILE-188 

1. LAYER -2,19 1260 Low 
2. LAYER -14,79 11357 Rock Highlid 
3. LAYER -15,21 47743 Rock Highlid 

PROFILE-189 

1. LAYER -1,64 598 Low 

2. LAYER -7,36 2696 Medium 
3. LAYER -22,64 12625 Rock Highlid 

PROFILE-190 

1. LAYER -4,02 3848 Sturdy 

2. LAYER -12,63 18647 Rock Highlid 
3. LAYER -17,37 68125 Rock Highlid 

PROFILE-191 

1. LAYER -2,86 2469 Medium 
2.LAYER -8,98 10151 Rock Highlid 

3.LAYER -21,02 53019 Rock Highlid 

PROFILE-192 

1. LAYER -2,86 2469 Medium 
2. LAYER -8,98 10151 Rock Highlid 

3. LAYER -21,02 53019 Rock Highlid 

PROFILE-193 

1. LAYER -2,26 2635 Medium 
2. LAYER -10,13 14955 Rock Highlid 

3. LAYER -19,87 58149 Rock Highlid 

PROFILE-194 

1. LAYER -3,09 844 Low 
2. LAYER -9,72 2606 Medium 
3. LAYER -20,28 8053 Sturdy 

PROFILE-195 

1. LAYER -2,78 3556 Sturdy 
2. LAYER -12,46 15600 Rock Highlid 
3. LAYER -17,54 64733 Rock Highlid 

PROFILE-196 

1. LAYER -3,13 3975 Sturdy 
2. LAYER -13,99 19348 Rock Highlid 
3. LAYER -16,01 69984 Rock Highlid 

PROFILE-197 

1. LAYER -2,66 3312 Sturdy 

2. LAYER -11,92 16063 Rock Highlid 
3. LAYER -18,08 63886 Rock Highlid 

PROFILE-198 

1. LAYER -2,45 2924 Medium 

2. LAYER -10,97 12295 Rock Highlid 
3. LAYER -19,03 72765 Rock Highlid 

PROFILE-199 

1. LAYER -5,84 12116 Rock Highlid 

2. LAYER -26,12 52415 Rock Highlid 
3. LAYER -3,88 208390 Rock Highlid 

PROFILE-200 

1. LAYER -2,86 3364 Sturdy 
2. LAYER -12,80 17057 Rock Highlid 

3. LAYER -17,20 70576 Rock Highlid 

PROFILE-201 

1. LAYER -3,04 3778 Sturdy 
2.LAYER -13,59 19075 Rock Highlid 

3.LAYER -16,41 64397 Rock Highlid 

PROFILE-202 

1. LAYER -3,39 5833 Sturdy 
2. LAYER -15,18 26894 Rock Highlid 
3. LAYER -14,82 109089 Rock Highlid 

PROFILE-203 

1. LAYER -2,22 3008 Sturdy 
2. LAYER -15,00 17259 Rock Highlid 
3. LAYER -15,00 99674 Rock Highlid 
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PROFILE-204 

1. LAYER -4,01 6113 Sturdy 
2. LAYER -17,94 29751 Rock Highlid 

3. LAYER -12,06 117511 Rock Highlid 

PROFILE-205 

1. LAYER -4,10 12886 Rock Highlid 
2. LAYER -18,35 45904 Rock Highlid 

3. LAYER -11,65 124694 Rock Highlid 

PROFILE-206 

1. LAYER -3,13 8147 Sturdy 
2. LAYER -14,02 13852 Rock Highlid 
3. LAYER -15,98 46699 Rock Highlid 

PROFILE-207 

1. LAYER -2,36 1254 Low 
2. LAYER -10,56 7167 Sturdy 
3. LAYER -19,44 27745 Rock Highlid 

PROFILE-208 

1. LAYER -1,65 881 Low 
2. LAYER -7,39 3775 Sturdy 
3. LAYER -22,61 18223 Rock Highlid 

PROFILE-209 

1. LAYER -1,83 946 Low 

2. LAYER -8,20 4317 Sturdy 
3. LAYER -21,80 20166 Rock Highlid 

PROFILE-210 

1. LAYER -2,52 1049 Low 

2. LAYER -11,28 6731 Sturdy 
3. LAYER -18,72 26398 Rock Highlid 

PROFILE-211 

1. LAYER -5,25 10999 Rock Highlid 
2.LAYER -16,52 61280 Rock Highlid 

3.LAYER -13,48 216399 Rock Highlid 

PROFILE-212 

1. LAYER -6,48 6341 Sturdy 
2. LAYER -20,37 27109 Rock Highlid 

3. LAYER -9,63 91270 Rock Highlid 

PROFILE-213 

1. LAYER -6,31 6394 Sturdy 
2. LAYER -19,84 24917 Rock Highlid 

3. LAYER -10,16 81145 Rock Highlid 

PROFILE-214 

1. LAYER -3,44 7657 Sturdy 
2. LAYER -15,40 52463 Rock Highlid 
3. LAYER -14,60 203482 Rock Highlid 

PROFILE-248 

1. LAYER -3,52 1588 Medium 
2.LAYER -11,05 7610 Sturdy 
3.LAYER -18,95 25490 Rock Highlid 

PROFILE-249 

1. LAYER -3,50 1745 Medium 
2. LAYER -11,00 8034 Sturdy 
3. LAYER -19,00 26273 Rock Highlid 

PROFILE-250 

1. LAYER -4,47 1773 Medium 

2. LAYER -10,25 6240 Sturdy 
3. LAYER -19,75 18115 Rock Highlid 

PROFILE-251 

1. LAYER -2,80 3110 Sturdy 

2. LAYER -12,55 15606 Rock Highlid 
3. LAYER -17,45 70001 Rock Highlid 

PROFILE-252 

1. LAYER -2,85 7514 Sturdy 

2. LAYER -19,25 41248 Rock Highlid 
3. LAYER -10,75 207302 Rock Highlid 

PROFILE-253 

1. LAYER -3,25 4828 Sturdy 
2. LAYER -14,53 28977 Rock Highlid 

3. LAYER -15,47 106243 Rock Highlid 

PROFILE-254 

1. LAYER -3,30 5144 Sturdy 
2.LAYER -14,76 29419 Rock Highlid 

3.LAYER -15,24 119319 Rock Highlid 

PROFILE-255 

1. LAYER -2,90 4267 Sturdy 
2. LAYER -12,98 23232 Rock Highlid 
3. LAYER -17,02 91085 Rock Highlid 

PROFILE-256 

1. LAYER -4,08 5529 Sturdy 
2. LAYER -18,24 25496 Rock Highlid 
3. LAYER -11,76 100107 Rock Highlid 

PROFILE-257 

1. LAYER -2,41 8651 Sturdy 
2. LAYER -16,33 38737 Rock Highlid 
3. LAYER -13,67 177286 Rock Highlid 
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PROFILE-260 

1. LAYER -4,78 9220 Sturdy 
2. LAYER -15,04 22343 Rock Highlid 

3. LAYER -14,96 52765 Rock Highlid 

PROFILE-261 

1. LAYER -5,62 9361 Sturdy 
2. LAYER -17,66 20697 Rock Highlid 

3. LAYER -12,34 71232 Rock Highlid 

PROFILE-262 

1. LAYER -5,68 1049 Low 
2. LAYER -13,03 4430 Sturdy 
3. LAYER -16,97 11980 Rock Highlid 

PROFILE-263 

1. LAYER -4,48 904 Low 
2. LAYER -10,28 3723 Sturdy 
3. LAYER -19,72 10294 Rock Highlid 

PROFILE-264 

1. LAYER -3,59 6805 Sturdy 
2.LAYER -16,06 22078 Rock Highlid 
3.LAYER -13,94 83717 Rock Highlid 

PROFILE-265 

1. LAYER -4,23 10086 Rock Highlid 

2. LAYER -28,61 50518 Rock Highlid 
3. LAYER -1,39 143836 Rock Highlid 

PROFILE-266 

1. LAYER -4,32 14628 Rock Highlid 

2. LAYER -29,23 53455 Rock Highlid 
3. LAYER -0,77 204814 Rock Highlid 

PROFILE-267 

1. LAYER -9,63 22951 Rock Highlid 
2. LAYER -22,08 65973 Rock Highlid 

3. LAYER -7,92 124263 Rock Highlid 

PROFILE-268 

1. LAYER -5,01 5251 Sturdy 
2. LAYER -22,43 19445 Rock Highlid 

3. LAYER -7,57 71073 Rock Highlid 

PROFILE-269 

1. LAYER -5,40 5260 Sturdy 
2. LAYER -16,99 19840 Rock Highlid 

3. LAYER -13,01 62428 Rock Highlid 

PROFILE-270 

1. LAYER -4,21 5282 Sturdy 
2. LAYER -28,51 33110 Rock Highlid 
3. LAYER -1,49 134141 Rock Highlid 

PROFILE-271 

1. LAYER -4,46 3498 Sturdy 
2. LAYER -14,01 19824 Rock Highlid 
3. LAYER -15,99 55194 Rock Highlid 

PROFILE-272 

1. LAYER -3,46 3614 Sturdy 
2. LAYER -15,49 16241 Rock Highlid 
3. LAYER -14,51 75838 Rock Highlid 

PROFILE-273 

1. LAYER -4,36 4798 Sturdy 

2. LAYER -19,51 20087 Rock Highlid 
3. LAYER -10,49 78323 Rock Highlid 

PROFILE-274 

1. LAYER -3,55 5934 Sturdy 

2.LAYER -15,90 13884 Rock Highlid 
3.LAYER -14,10 58504 Rock Highlid 

PROFILE-275 

1. LAYER -3,08 3093 Sturdy 

2. LAYER -20,83 19888 Rock Highlid 
3. LAYER -9,17 73547 Rock Highlid 

 

  Shear Modulus (kg/cm2) Dayanim   

  G<400 High Weak   

  400<G<1500 Weak   

  1500<G<3000 Medium   

  3000<G<10000 Sturdy   

  10000<G Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  G =(d*Vs2)/100    

Shear modules and endurance of the grounds in the study area 

Calculation of shear Modulus values in the direction of the seismic data obtained in the field 

studies and the table of variation are given in the table above.  
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5.4.5. AREA04 Elasticity Modulus-E (kg/cm²) 

 

ELASTiC MODULUS 
PROFILES LAYERS DEPTH E(kg/cm2) ENDURANCE 

PROFILE-185 

1. LAYER -2,23 14331 Sturdy 
2.LAYER -15,06 43296 Rock Highlid 

3.LAYER -14,94 209570 Rock Highlid 

PROFILE-186 

1. LAYER -3,11 17817 Sturdy 
2. LAYER -13,93 92073 Rock Highlid 
3. LAYER -16,07 339597 Rock Highlid 

PROFILE-187 

1. LAYER -2,22 3256 Low 
2. LAYER -9,92 14012 Sturdy 
3. LAYER -20,08 58214 Rock Highlid 

PROFILE-188 

1. LAYER -2,19 3309 Low 
2. LAYER -14,79 29557 Sturdy 
3. LAYER -15,21 133203 Rock Highlid 

PROFILE-189 

1. LAYER -1,64 1687 Low 

2. LAYER -7,36 7353 Medium 
3. LAYER -22,64 34813 Rock Highlid 

PROFILE-190 

1. LAYER -4,02 10897 Sturdy 

2. LAYER -12,63 49530 Rock Highlid 
3. LAYER -17,37 187375 Rock Highlid 

PROFILE-191 

1. LAYER -2,86 6909 Medium 
2.LAYER -8,98 27446 Sturdy 

3.LAYER -21,02 142163 Rock Highlid 

PROFILE-192 

1. LAYER -2,86 6909 Medium 
2. LAYER -8,98 27446 Sturdy 

3. LAYER -21,02 142163 Rock Highlid 

PROFILE-193 

1. LAYER -2,26 7343 Medium 
2. LAYER -10,13 39687 Rock Highlid 

3. LAYER -19,87 161933 Rock Highlid 

PROFILE-194 

1. LAYER -3,09 2382 Low 
2. LAYER -9,72 7179 Medium 
3. LAYER -20,28 22638 Sturdy 

PROFILE-195 

1. LAYER -2,78 9540 Medium 
2. LAYER -12,46 41996 Rock Highlid 
3. LAYER -17,54 178485 Rock Highlid 

PROFILE-196 

1. LAYER -3,13 11169 Sturdy 
2. LAYER -13,99 51989 Rock Highlid 
3. LAYER -16,01 195476 Rock Highlid 

PROFILE-197 

1. LAYER -2,66 9253 Medium 

2. LAYER -11,92 43232 Rock Highlid 
3. LAYER -18,08 177384 Rock Highlid 

PROFILE-198 

1. LAYER -2,45 8316 Medium 

2. LAYER -10,97 33812 Rock Highlid 
3. LAYER -19,03 193967 Rock Highlid 

PROFILE-199 

1. LAYER -5,84 33369 Rock Highlid 

2. LAYER -26,12 141746 Rock Highlid 
3. LAYER -3,88 574661 Rock Highlid 

PROFILE-200 

1. LAYER -2,86 9555 Medium 
2. LAYER -12,80 46008 Rock Highlid 

3. LAYER -17,20 195072 Rock Highlid 

PROFILE-201 

1. LAYER -3,04 10813 Sturdy 
2.LAYER -13,59 51537 Rock Highlid 

3.LAYER -16,41 180558 Rock Highlid 

PROFILE-202 

1. LAYER -3,39 15657 Sturdy 
2. LAYER -15,18 71454 Rock Highlid 
3. LAYER -14,82 300951 Rock Highlid 

PROFILE-203 

1. LAYER -2,22 8099 Medium 
2. LAYER -15,00 45688 Rock Highlid 
3. LAYER -15,00 264986 Rock Highlid 
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PROFILE-204 

1. LAYER -4,01 16864 Sturdy 
2. LAYER -17,94 79124 Rock Highlid 

3. LAYER -12,06 325030 Rock Highlid 

PROFILE-205 

1. LAYER -4,10 35863 Rock Highlid 
2. LAYER -18,35 125605 Rock Highlid 

3. LAYER -11,65 354504 Rock Highlid 

PROFILE-206 

1. LAYER -3,13 21931 Sturdy 
2. LAYER -14,02 36762 Rock Highlid 
3. LAYER -15,98 131156 Rock Highlid 

PROFILE-207 

1. LAYER -2,36 3291 Low 
2. LAYER -10,56 18882 Sturdy 
3. LAYER -19,44 76275 Rock Highlid 

PROFILE-208 

1. LAYER -1,65 2366 Low 
2. LAYER -7,39 10207 Sturdy 
3. LAYER -22,61 49979 Rock Highlid 

PROFILE-209 

1. LAYER -1,83 2535 Low 

2. LAYER -8,20 11649 Sturdy 
3. LAYER -21,80 55340 Rock Highlid 

PROFILE-210 

1. LAYER -2,52 2805 Low 

2. LAYER -11,28 17849 Sturdy 
3. LAYER -18,72 72387 Rock Highlid 

PROFILE-211 

1. LAYER -5,25 30167 Rock Highlid 
2.LAYER -16,52 162765 Rock Highlid 

3.LAYER -13,48 603656 Rock Highlid 

PROFILE-212 

1. LAYER -6,48 17933 Sturdy 
2. LAYER -20,37 71892 Rock Highlid 

3. LAYER -9,63 253894 Rock Highlid 

PROFILE-213 

1. LAYER -6,31 18120 Sturdy 
2. LAYER -19,84 66365 Rock Highlid 

3. LAYER -10,16 225990 Rock Highlid 

PROFILE-214 

1. LAYER -3,44 20317 Sturdy 
2. LAYER -15,40 136694 Rock Highlid 
3. LAYER -14,60 566390 Rock Highlid 

PROFILE-248 

1. LAYER -3,52 4487 Low 
2.LAYER -11,05 20088 Sturdy 
3.LAYER -18,95 70706 Rock Highlid 

PROFILE-249 

1. LAYER -3,50 4903 Low 
2. LAYER -11,00 21130 Sturdy 
3. LAYER -19,00 72729 Rock Highlid 

PROFILE-250 

1. LAYER -4,47 5006 Medium 

2. LAYER -10,25 16712 Sturdy 
3. LAYER -19,75 50288 Rock Highlid 

PROFILE-251 

1. LAYER -2,80 8143 Medium 

2. LAYER -12,55 41308 Rock Highlid 
3. LAYER -17,45 190154 Rock Highlid 

PROFILE-252 

1. LAYER -2,85 21011 Sturdy 

2. LAYER -19,25 112101 Rock Highlid 
3. LAYER -10,75 568021 Rock Highlid 

PROFILE-253 

1. LAYER -3,25 13614 Sturdy 
2. LAYER -14,53 77108 Rock Highlid 

3. LAYER -15,47 295073 Rock Highlid 

PROFILE-254 

1. LAYER -3,30 14499 Sturdy 
2.LAYER -14,76 77741 Rock Highlid 

3.LAYER -15,24 329597 Rock Highlid 

PROFILE-255 

1. LAYER -2,90 12092 Sturdy 
2. LAYER -12,98 62356 Rock Highlid 
3. LAYER -17,02 252301 Rock Highlid 

PROFILE-256 

1. LAYER -4,08 15610 Sturdy 
2. LAYER -18,24 68500 Rock Highlid 
3. LAYER -11,76 277592 Rock Highlid 

PROFILE-257 

1. LAYER -2,41 22572 Sturdy 
2. LAYER -16,33 102922 Rock Highlid 
3. LAYER -13,67 490180 Rock Highlid 
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PROFILE-260 

1. LAYER -4,78 25869 Sturdy 
2. LAYER -15,04 60640 Rock Highlid 

3. LAYER -14,96 150389 Rock Highlid 

PROFILE-261 

1. LAYER -5,62 26208 Sturdy 
2. LAYER -17,66 57135 Rock Highlid 

3. LAYER -12,34 199231 Rock Highlid 

PROFILE-262 

1. LAYER -5,68 2880 Low 
2. LAYER -13,03 11795 Sturdy 
3. LAYER -16,97 33419 Rock Highlid 

PROFILE-263 

1. LAYER -4,48 2498 Low 
2. LAYER -10,28 9763 Medium 
3. LAYER -19,72 28494 Sturdy 

PROFILE-264 

1. LAYER -3,59 19391 Sturdy 
2.LAYER -16,06 60330 Rock Highlid 
3.LAYER -13,94 232765 Rock Highlid 

PROFILE-265 

1. LAYER -4,23 28459 Sturdy 

2. LAYER -28,61 135468 Rock Highlid 
3. LAYER -1,39 407259 Rock Highlid 

PROFILE-266 

1. LAYER -4,32 40787 Rock Highlid 

2. LAYER -29,23 143217 Rock Highlid 
3. LAYER -0,77 566584 Rock Highlid 

PROFILE-267 

1. LAYER -9,63 63694 Rock Highlid 
2. LAYER -22,08 176838 Rock Highlid 

3. LAYER -7,92 354715 Rock Highlid 

PROFILE-268 

1. LAYER -5,01 14760 Sturdy 
2. LAYER -22,43 53309 Rock Highlid 

3. LAYER -7,57 197936 Rock Highlid 

PROFILE-269 

1. LAYER -5,40 14645 Sturdy 
2. LAYER -16,99 54155 Rock Highlid 

3. LAYER -13,01 174950 Rock Highlid 

PROFILE-270 

1. LAYER -4,21 14752 Sturdy 
2. LAYER -28,51 87384 Rock Highlid 
3. LAYER -1,49 370288 Rock Highlid 

PROFILE-271 

1. LAYER -4,46 9169 Medium 
2. LAYER -14,01 52305 Rock Highlid 
3. LAYER -15,99 153235 Rock Highlid 

PROFILE-272 

1. LAYER -3,46 10106 Sturdy 
2. LAYER -15,49 43638 Rock Highlid 
3. LAYER -14,51 206742 Rock Highlid 

PROFILE-273 

1. LAYER -4,36 13286 Sturdy 

2. LAYER -19,51 53830 Rock Highlid 
3. LAYER -10,49 216793 Rock Highlid 

PROFILE-274 

1. LAYER -3,55 16605 Sturdy 

2.LAYER -15,90 37577 Rock Highlid 
3.LAYER -14,10 161637 Rock Highlid 

PROFILE-275 

1. LAYER -3,08 8863 Medium 

2. LAYER -20,83 53350 Rock Highlid 
3. LAYER -9,17 206198 Rock Highlid 

 
  Elastic Modulus (kg/cm2) Dayanim   

  E<1000 High Weak   

  1000<E<5000 Weak   

  5000<E<10000 Medium   

  10000<E<30000 Sturdy   

  30000<E Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  E=G*(3*Vp
2-4*Vs

2)/( Vp
2-Vs

2)   

Elasticity modules and endurance of the grounds in the study area 

 Calculation of the modulus of elasticity in the direction of the seismic data obtained in the 

field studies and the change table are given in the above table 
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5.4.6. AREA04 Poisson’s Ratio - (б) 

 

POiSSON’S RATiO 
PROFILES LAYERS DEPTH (σ) POROSiTY 

PROFILE-185 

1. LAYER -2,23 0,40 High Porous 
2.LAYER -15,06 0,36 High Porous 

3.LAYER -14,94 0,38 High Porous 

PROFILE-186 

1. LAYER -3,11 0,43 High Porous 
2. LAYER -13,93 0,33 Medium Porous 
3. LAYER -16,07 0,40 High Porous 

PROFILE-187 

1. LAYER -2,22 0,40 High Porous 
2. LAYER -9,92 0,34 Medium Porous 
3. LAYER -20,08 0,38 High Porous 

PROFILE-188 

1. LAYER -2,19 0,33 Medium Porous 
2. LAYER -14,79 0,30 Medium Porous 
3. LAYER -15,21 0,40 High Porous 

PROFILE-189 

1. LAYER -1,64 0,42 High Porous 

2. LAYER -7,36 0,36 High Porous 
3. LAYER -22,64 0,38 High Porous 

PROFILE-190 

1. LAYER -4,02 0,42 High Porous 

2. LAYER -12,63 0,33 Medium Porous 
3. LAYER -17,37 0,38 High Porous 

PROFILE-191 

1. LAYER -2,86 0,43 High Porous 
2.LAYER -8,98 0,37 High Porous 

3.LAYER -21,02 0,34 Medium Porous 

PROFILE-192 

1. LAYER -2,86 0,43 High Porous 
2. LAYER -8,98 0,37 High Porous 

3. LAYER -21,02 0,34 Medium Porous 

PROFILE-193 

1. LAYER -2,26 0,41 High Porous 
2. LAYER -10,13 0,32 Medium Porous 

3. LAYER -19,87 0,39 High Porous 

PROFILE-194 

1. LAYER -3,09 0,42 High Porous 
2. LAYER -9,72 0,38 High Porous 
3. LAYER -20,28 0,41 High Porous 

PROFILE-195 

1. LAYER -2,78 0,37 High Porous 
2. LAYER -12,46 0,34 Medium Porous 
3. LAYER -17,54 0,38 High Porous 

PROFILE-196 

1. LAYER -3,13 0,41 High Porous 
2. LAYER -13,99 0,34 Medium Porous 
3. LAYER -16,01 0,40 High Porous 

PROFILE-197 

1. LAYER -2,66 0,41 High Porous 

2. LAYER -11,92 0,34 Medium Porous 
3. LAYER -18,08 0,39 High Porous 

PROFILE-198 

1. LAYER -2,45 0,43 High Porous 

2. LAYER -10,97 0,37 High Porous 
3. LAYER -19,03 0,33 Medium Porous 

PROFILE-199 

1. LAYER -5,84 0,41 High Porous 

2. LAYER -26,12 0,35 Medium Porous 
3. LAYER -3,88 0,38 High Porous 

PROFILE-200 

1. LAYER -2,86 0,43 High Porous 
2. LAYER -12,80 0,35 Medium Porous 

3. LAYER -17,20 0,38 High Porous 

PROFILE-201 

1. LAYER -3,04 0,44 High Porous 
2.LAYER -13,59 0,35 Medium Porous 

3.LAYER -16,41 0,40 High Porous 

PROFILE-202 

1. LAYER -3,39 0,38 High Porous 
2. LAYER -15,18 0,32 Medium Porous 
3. LAYER -14,82 0,38 High Porous 

PROFILE-203 

1. LAYER -2,22 0,39 High Porous 
2. LAYER -15,00 0,32 Medium Porous 
3. LAYER -15,00 0,33 Medium Porous 
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PROFILE-204 

1. LAYER -4,01 0,40 High Porous 
2. LAYER -17,94 0,34 Medium Porous 

3. LAYER -12,06 0,38 High Porous 

PROFILE-205 

1. LAYER -4,10 0,42 High Porous 
2. LAYER -18,35 0,37 High Porous 

3. LAYER -11,65 0,42 High Porous 

PROFILE-206 

1. LAYER -3,13 0,37 High Porous 
2. LAYER -14,02 0,35 Medium Porous 
3. LAYER -15,98 0,40 High Porous 

PROFILE-207 

1. LAYER -2,36 0,35 Medium Porous 
2. LAYER -10,56 0,33 Medium Porous 
3. LAYER -19,44 0,37 High Porous 

PROFILE-208 

1. LAYER -1,65 0,38 High Porous 
2. LAYER -7,39 0,34 Medium Porous 
3. LAYER -22,61 0,37 High Porous 

PROFILE-209 

1. LAYER -1,83 0,37 High Porous 

2. LAYER -8,20 0,34 Medium Porous 
3. LAYER -21,80 0,37 High Porous 

PROFILE-210 

1. LAYER -2,52 0,37 High Porous 

2. LAYER -11,28 0,34 Medium Porous 
3. LAYER -18,72 0,37 High Porous 

PROFILE-211 

1. LAYER -5,25 0,39 High Porous 
2.LAYER -16,52 0,32 Medium Porous 

3.LAYER -13,48 0,39 High Porous 

PROFILE-212 

1. LAYER -6,48 0,42 High Porous 
2. LAYER -20,37 0,33 Medium Porous 

3. LAYER -9,63 0,39 High Porous 

PROFILE-213 

1. LAYER -6,31 0,42 High Porous 
2. LAYER -19,84 0,33 Medium Porous 

3. LAYER -10,16 0,39 High Porous 

PROFILE-214 

1. LAYER -3,44 0,36 High Porous 
2. LAYER -15,40 0,29 Medium Porous 
3. LAYER -14,60 0,39 High Porous 

PROFILE-248 

1. LAYER -3,52 0,42 High Porous 
2.LAYER -11,05 0,32 Medium Porous 
3.LAYER -18,95 0,39 High Porous 

PROFILE-249 

1. LAYER -3,50 0,41 High Porous 
2. LAYER -11,00 0,32 Medium Porous 
3. LAYER -19,00 0,38 High Porous 

PROFILE-250 

1. LAYER -4,47 0,41 High Porous 

2. LAYER -10,25 0,34 Medium Porous 
3. LAYER -19,75 0,39 High Porous 

PROFILE-251 

1. LAYER -2,80 0,35 Medium Porous 

2. LAYER -12,55 0,33 Medium Porous 
3. LAYER -17,45 0,36 High Porous 

PROFILE-252 

1. LAYER -2,85 0,42 High Porous 

2. LAYER -19,25 0,36 High Porous 
3. LAYER -10,75 0,37 High Porous 

PROFILE-253 

1. LAYER -3,25 0,42 High Porous 
2. LAYER -14,53 0,34 Medium Porous 

3. LAYER -15,47 0,39 High Porous 

PROFILE-254 

1. LAYER -3,30 0,41 High Porous 
2.LAYER -14,76 0,33 Medium Porous 

3.LAYER -15,24 0,38 High Porous 

PROFILE-255 

1. LAYER -2,90 0,42 High Porous 
2. LAYER -12,98 0,35 Medium Porous 
3. LAYER -17,02 0,38 High Porous 

PROFILE-256 

1. LAYER -4,08 0,43 High Porous 
2. LAYER -18,24 0,35 High Porous 
3. LAYER -11,76 0,39 High Porous 

PROFILE-257 

1. LAYER -2,41 0,35 High Porous 
2. LAYER -16,33 0,33 Medium Porous 
3. LAYER -13,67 0,38 High Porous 
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PROFILE-260 

1. LAYER -4,78 0,41 High Porous 
2. LAYER -15,04 0,36 High Porous 

3. LAYER -14,96 0,43 High Porous 

PROFILE-261 

1. LAYER -5,62 0,42 High Porous 
2. LAYER -17,66 0,39 High Porous 

3. LAYER -12,34 0,40 High Porous 

PROFILE-262 

1. LAYER -5,68 0,39 High Porous 
2. LAYER -13,03 0,33 Medium Porous 
3. LAYER -16,97 0,39 High Porous 

PROFILE-263 

1. LAYER -4,48 0,39 High Porous 
2. LAYER -10,28 0,31 Medium Porous 
3. LAYER -19,72 0,38 High Porous 

PROFILE-264 

1. LAYER -3,59 0,43 High Porous 
2.LAYER -16,06 0,37 High Porous 
3.LAYER -13,94 0,39 High Porous 

PROFILE-265 

1. LAYER -4,23 0,43 High Porous 

2. LAYER -28,61 0,35 High Porous 
3. LAYER -1,39 0,42 High Porous 

PROFILE-266 

1. LAYER -4,32 0,41 High Porous 

2. LAYER -29,23 0,35 Medium Porous 
3. LAYER -0,77 0,38 High Porous 

PROFILE-267 

1. LAYER -9,63 0,39 High Porous 
2. LAYER -22,08 0,34 Medium Porous 

3. LAYER -7,92 0,43 High Porous 

PROFILE-268 

1. LAYER -5,01 0,42 High Porous 
2. LAYER -22,43 0,37 High Porous 

3. LAYER -7,57 0,39 High Porous 

PROFILE-269 

1. LAYER -5,40 0,41 High Porous 
2. LAYER -16,99 0,36 High Porous 

3. LAYER -13,01 0,40 High Porous 

PROFILE-270 

1. LAYER -4,21 0,42 High Porous 
2. LAYER -28,51 0,33 Medium Porous 
3. LAYER -1,49 0,38 High Porous 

PROFILE-271 

1. LAYER -4,46 0,35 High Porous 
2. LAYER -14,01 0,32 Medium Porous 
3. LAYER -15,99 0,39 High Porous 

PROFILE-272 

1. LAYER -3,46 0,42 High Porous 
2. LAYER -15,49 0,36 High Porous 
3. LAYER -14,51 0,36 High Porous 

PROFILE-273 

1. LAYER -4,36 0,42 High Porous 

2. LAYER -19,51 0,35 High Porous 
3. LAYER -10,49 0,38 High Porous 

PROFILE-274 

1. LAYER -3,55 0,40 High Porous 

2.LAYER -15,90 0,38 High Porous 
3.LAYER -14,10 0,38 High Porous 

PROFILE-275 

1. LAYER -3,08 0,44 High Porous 

2. LAYER -20,83 0,35 Medium Porous 
3. LAYER -9,17 0,40 High Porous 

 
  

Poisson’s Ratio;(σ) Porosity 
  

  0,00≤σ≤0,25 Nonporous   

  0,26≤σ≤0,35 Medium Porous   

  0,36≤σ≤0,50 High Porous   

Poisson ratio classification  

σ=(Vp2-2*Vs2)/(2* Vp2-2*Vs2) 

Poisson’s ratio values of the units in the study area, porosity 

Calculation of poisson’s ratio values in the direction of the seismic data obtained in the field 

studies and the change table are given in the above table. 
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5.4.7. AREA04 Density -  ρ (gr/ cm3) 

 

DENSiTY 
PROFILES LAYERS DEPTH  ρ (gr/cm3) DEFiNiTiON 

PROFILE-185 

1. LAYER -2,23 1,86 Medium 
2.LAYER -15,06 2,01 High 

3.LAYER -14,94 2,47 Too High 

PROFILE-186 

1. LAYER -3,11 1,97 High 
2. LAYER -13,93 2,18 High 
3. LAYER -16,07 2,63 Too High 

PROFILE-187 

1. LAYER -2,22 1,58 Medium 
2. LAYER -9,92 1,75 Medium 
3. LAYER -20,08 2,14 High 

PROFILE-188 

1. LAYER -2,19 1,53 Medium 
2. LAYER -14,79 1,86 Medium 
3. LAYER -15,21 2,37 Too High 

PROFILE-189 

1. LAYER -1,64 1,50 Medium 

2. LAYER -7,36 1,67 Medium 
3. LAYER -22,64 2,02 High 

PROFILE-190 

1. LAYER -4,02 1,84 Medium 

2. LAYER -12,63 2,03 High 
3. LAYER -17,37 2,43 Too High 

PROFILE-191 

1. LAYER -2,86 1,77 Medium 
2.LAYER -8,98 1,93 High 

3.LAYER -21,02 2,31 Too High 

PROFILE-192 

1. LAYER -2,86 1,77 Medium 
2. LAYER -8,98 1,93 High 

3. LAYER -21,02 2,31 Too High 

PROFILE-193 

1. LAYER -2,26 1,75 Medium 
2. LAYER -10,13 1,96 High 

3. LAYER -19,87 2,42 Too High 

PROFILE-194 

1. LAYER -3,09 1,54 Medium 
2. LAYER -9,72 1,69 Medium 
3. LAYER -20,28 1,96 High 

PROFILE-195 

1. LAYER -2,78 1,75 Medium 
2. LAYER -12,46 2,00 High 
3. LAYER -17,54 2,42 Too High 

PROFILE-196 

1. LAYER -3,13 1,83 Medium 
2. LAYER -13,99 2,05 High 
3. LAYER -16,01 2,47 Too High 

PROFILE-197 

1. LAYER -2,66 1,80 Medium 

2. LAYER -11,92 2,01 High 
3. LAYER -18,08 2,43 Too High 

PROFILE-198 

1. LAYER -2,45 1,81 Medium 

2. LAYER -10,97 1,99 High 
3. LAYER -19,03 2,38 Too High 

PROFILE-199 

1. LAYER -5,84 2,07 High 

2. LAYER -26,12 2,31 Too High 
3. LAYER -3,88 2,75 Too High 

PROFILE-200 

1. LAYER -2,86 1,83 Medium 
2. LAYER -12,80 2,02 High 

3. LAYER -17,20 2,45 Too High 

PROFILE-201 

1. LAYER -3,04 1,87 Medium 
2.LAYER -13,59 2,06 High 

3.LAYER -16,41 2,46 Too High 

PROFILE-202 

1. LAYER -3,39 1,86 Medium 
2. LAYER -15,18 2,10 High 
3. LAYER -14,82 2,56 Too High 

PROFILE-203 

1. LAYER -2,22 1,74 Medium 
2. LAYER -15,00 1,98 High 
3. LAYER -15,00 2,46 Too High 
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PROFILE-204 

1. LAYER -4,01 1,89 Medium 
2. LAYER -17,94 2,14 High 

3. LAYER -12,06 2,59 Too High 

PROFILE-205 

1. LAYER -4,10 2,11 High 
2. LAYER -18,35 2,30 Too High 

3. LAYER -11,65 2,71 Too High 

PROFILE-206 

1. LAYER -3,13 1,92 High 
2. LAYER -14,02 1,98 High 
3. LAYER -15,98 2,38 Too High 

PROFILE-207 

1. LAYER -2,36 1,53 Medium 
2. LAYER -10,56 1,81 Medium 
3. LAYER -19,44 2,19 High 

PROFILE-208 

1. LAYER -1,65 1,51 Medium 
2. LAYER -7,39 1,72 Medium 
3. LAYER -22,61 2,09 High 

PROFILE-209 

1. LAYER -1,83 1,51 Medium 

2. LAYER -8,20 1,74 Medium 
3. LAYER -21,80 2,11 High 

PROFILE-210 

1. LAYER -2,52 1,52 Medium 

2. LAYER -11,28 1,81 Medium 
3. LAYER -18,72 2,18 High 

PROFILE-211 

1. LAYER -5,25 2,02 High 
2.LAYER -16,52 2,31 Too High 

3.LAYER -13,48 2,80 Too High 

PROFILE-212 

1. LAYER -6,48 1,94 High 
2. LAYER -20,37 2,11 High 

3. LAYER -9,63 2,54 Too High 

PROFILE-213 

1. LAYER -6,31 1,95 High 
2. LAYER -19,84 2,10 High 

3. LAYER -10,16 2,51 Too High 

PROFILE-214 

1. LAYER -3,44 1,89 Medium 
2. LAYER -15,40 2,23 Too High 
3. LAYER -14,60 2,77 Too High 

PROFILE-248 

1. LAYER -3,52 1,66 Medium 
2.LAYER -11,05 1,83 Medium 
3.LAYER -18,95 2,19 High 

PROFILE-249 

1. LAYER -3,50 1,67 Medium 
2. LAYER -11,00 1,83 Medium 
3. LAYER -19,00 2,20 High 

PROFILE-250 

1. LAYER -4,47 1,67 Medium 

2. LAYER -10,25 1,81 Medium 
3. LAYER -19,75 2,11 High 

PROFILE-251 

1. LAYER -2,80 1,70 Medium 

2. LAYER -12,55 1,97 High 
3. LAYER -17,45 2,41 Too High 

PROFILE-252 

1. LAYER -2,85 1,98 High 

2. LAYER -19,25 2,24 Too High 
3. LAYER -10,75 2,74 Too High 

PROFILE-253 

1. LAYER -3,25 1,88 Medium 
2. LAYER -14,53 2,13 High 

3. LAYER -15,47 2,57 Too High 

PROFILE-254 

1. LAYER -3,30 1,89 Medium 
2.LAYER -14,76 2,12 High 

3.LAYER -15,24 2,59 Too High 

PROFILE-255 

1. LAYER -2,90 1,87 Medium 
2. LAYER -12,98 2,09 High 
3. LAYER -17,02 2,52 Too High 

PROFILE-256 

1. LAYER -4,08 1,93 High 
2. LAYER -18,24 2,12 High 
3. LAYER -11,76 2,55 Too High 

PROFILE-257 

1. LAYER -2,41 1,91 High 
2. LAYER -16,33 2,17 High 
3. LAYER -13,67 2,71 Too High 
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PROFILE-260 

1. LAYER -4,78 2,01 High 
2. LAYER -15,04 2,11 High 

3. LAYER -14,96 2,47 Too High 

PROFILE-261 

1. LAYER -5,62 2,03 High 
2. LAYER -17,66 2,14 High 

3. LAYER -12,34 2,48 Too High 

PROFILE-262 

1. LAYER -5,68 1,54 Medium 
2. LAYER -13,03 1,74 Medium 
3. LAYER -16,97 2,03 High 

PROFILE-263 

1. LAYER -4,48 1,52 Medium 
2. LAYER -10,28 1,69 Medium 
3. LAYER -19,72 1,98 High 

PROFILE-264 

1. LAYER -3,59 1,99 High 
2.LAYER -16,06 2,13 High 
3.LAYER -13,94 2,51 Too High 

PROFILE-265 

1. LAYER -4,23 2,08 High 

2. LAYER -28,61 2,29 Too High 
3. LAYER -1,39 2,73 Too High 

PROFILE-266 

1. LAYER -4,32 2,11 High 

2. LAYER -29,23 2,31 Too High 
3. LAYER -0,77 2,76 Too High 

PROFILE-267 

1. LAYER -9,63 2,19 High 
2. LAYER -22,08 2,36 Too High 

3. LAYER -7,92 2,73 Too High 

PROFILE-268 

1. LAYER -5,01 1,91 High 
2. LAYER -22,43 2,10 High 

3. LAYER -7,57 2,47 Too High 

PROFILE-269 

1. LAYER -5,40 1,88 Medium 
2. LAYER -16,99 2,10 High 

3. LAYER -13,01 2,45 Too High 

PROFILE-270 

1. LAYER -4,21 1,90 High 
2. LAYER -28,51 2,15 High 
3. LAYER -1,49 2,63 Too High 

PROFILE-271 

1. LAYER -4,46 1,70 Medium 
2. LAYER -14,01 2,04 High 
3. LAYER -15,99 2,39 Too High 

PROFILE-272 

1. LAYER -3,46 1,83 Medium 
2. LAYER -15,49 2,02 High 
3. LAYER -14,51 2,43 Too High 

PROFILE-273 

1. LAYER -4,36 1,88 Medium 

2. LAYER -19,51 2,07 High 
3. LAYER -10,49 2,48 Too High 

PROFILE-274 

1. LAYER -3,55 1,89 Medium 

2.LAYER -15,90 2,01 High 
3.LAYER -14,10 2,40 Too High 

PROFILE-275 

1. LAYER -3,08 1,84 Medium 

2. LAYER -20,83 2,05 High 
3. LAYER -9,17 2,50 Too High 

 
  Density: ρ (gr/cm3) Tanimlama   

  ρ<1,20 High low   

  1,20<ρ<1,40 Low   

  1,40<ρ<1,90 Medium   

  1,90<ρ<2,20 High   

  2,20<ρ Too High   

Density Classification of Ground Units: (Keçeli, 1990) 

ρ =d=0.31*Vp0.25 

Density values and description of the units in the study area 

Calculation of the density values of the geological units in the direction of the seismic data 

obtained in the field studies and the table of variation are given in the above table.  
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5.4.8. AREA04 Modulus of Subgrade Reaction – D Y K (ton/m3) 

 

Modulus of Subgrade Reaction  
PROFILES LAYERS DEPTH D Y K  (ton/m3) 

PROFILE-185 

1. LAYER -2,23 3980 
2.LAYER -15,06 6804 

3.LAYER -14,94 17221 

PROFILE-186 

1. LAYER -3,11 4393 
2. LAYER -13,93 10581 
3. LAYER -16,07 23205 

PROFILE-187 

1. LAYER -2,22 1918 
2. LAYER -9,92 3853 
3. LAYER -20,08 8333 

PROFILE-188 

1. LAYER -2,19 1986 
2. LAYER -14,79 5649 
3. LAYER -15,21 13247 

PROFILE-189 

1. LAYER -1,64 1356 

2. LAYER -7,36 2856 
3. LAYER -22,64 6336 

PROFILE-190 

1. LAYER -4,02 3424 

2. LAYER -12,63 7572 
3. LAYER -17,37 16105 

PROFILE-191 

1. LAYER -2,86 2669 
2.LAYER -8,98 5457 

3.LAYER -21,02 13733 

PROFILE-192 

1. LAYER -2,86 2669 
2. LAYER -8,98 5457 

3. LAYER -21,02 13733 

PROFILE-193 

1. LAYER -2,26 2802 
2. LAYER -10,13 6679 

3. LAYER -19,87 14831 

PROFILE-194 

1. LAYER -3,09 1634 
2. LAYER -9,72 2851 
3. LAYER -20,28 5033 

PROFILE-195 

1. LAYER -2,78 3179 
2. LAYER -12,46 6936 
3. LAYER -17,54 15660 

PROFILE-196 

1. LAYER -3,13 3477 
2. LAYER -13,99 7793 
3. LAYER -16,01 16590 

PROFILE-197 

1. LAYER -2,66 3136 

2. LAYER -11,92 7032 
3. LAYER -18,08 15630 

PROFILE-198 

1. LAYER -2,45 2970 

2. LAYER -10,97 6154 
3. LAYER -19,03 16424 

PROFILE-199 

1. LAYER -5,84 6022 

2. LAYER -26,12 13524 
3. LAYER -3,88 32012 

PROFILE-200 

1. LAYER -2,86 3176 
2. LAYER -12,80 7224 

3. LAYER -17,20 16508 

PROFILE-201 

1. LAYER -3,04 3402 
2.LAYER -13,59 7744 

3.LAYER -16,41 15856 

PROFILE-202 

1. LAYER -3,39 4056 
2. LAYER -15,18 9224 
3. LAYER -14,82 21391 

PROFILE-203 

1. LAYER -2,22 2918 
2. LAYER -15,00 7101 
3. LAYER -15,00 19722 
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PROFILE-204 

1. LAYER -4,01 4249 
2. LAYER -17,94 9615 

3. LAYER -12,06 22446 

PROFILE-205 

1. LAYER -4,10 6262 
2. LAYER -18,35 12656 

3. LAYER -11,65 24264 

PROFILE-206 

1. LAYER -3,13 4931 
2. LAYER -14,02 6293 
3. LAYER -15,98 13158 

PROFILE-207 

1. LAYER -2,36 1927 
2. LAYER -10,56 4530 
3. LAYER -19,44 9667 

PROFILE-208 

1. LAYER -1,65 1636 
2. LAYER -7,39 3371 
3. LAYER -22,61 7687 

PROFILE-209 

1. LAYER -1,83 1687 

2. LAYER -8,20 3584 
3. LAYER -21,80 8119 

PROFILE-210 

1. LAYER -2,52 1761 

2. LAYER -11,28 4426 
3. LAYER -18,72 9396 

PROFILE-211 

1. LAYER -5,25 5718 
2.LAYER -16,52 14590 

3.LAYER -13,48 33342 

PROFILE-212 

1. LAYER -6,48 4422 
2. LAYER -20,37 9254 

3. LAYER -9,63 19366 

PROFILE-213 

1. LAYER -6,31 4449 
2. LAYER -19,84 8896 

3. LAYER -10,16 18066 

PROFILE-214 

1. LAYER -3,44 4735 
2. LAYER -15,40 13129 
3. LAYER -14,60 31937 

PROFILE-248 

1. LAYER -3,52 2212 
2.LAYER -11,05 4766 
3.LAYER -18,95 9265 

PROFILE-249 

1. LAYER -3,50 2320 
2. LAYER -11,00 4899 
3. LAYER -19,00 9411 

PROFILE-250 

1. LAYER -4,47 2345 

2. LAYER -10,25 4359 
3. LAYER -19,75 7695 

PROFILE-251 

1. LAYER -2,80 2970 

2. LAYER -12,55 6806 
3. LAYER -17,45 16224 

PROFILE-252 

1. LAYER -2,85 4719 

2. LAYER -19,25 11688 
3. LAYER -10,75 31661 

PROFILE-253 

1. LAYER -3,25 3826 
2. LAYER -14,53 9458 

3. LAYER -15,47 21200 

PROFILE-254 

1. LAYER -3,30 3977 
2.LAYER -14,76 9501 

3.LAYER -15,24 22625 

PROFILE-255 

1. LAYER -2,90 3590 
2. LAYER -12,98 8465 
3. LAYER -17,02 19257 

PROFILE-256 

1. LAYER -4,08 4066 
2. LAYER -18,24 8891 
3. LAYER -11,76 20411 

PROFILE-257 

1. LAYER -2,41 4920 
2. LAYER -16,33 11038 
3. LAYER -13,67 28983 
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PROFILE-260 

1. LAYER -4,78 5345 
2. LAYER -15,04 8475 

3. LAYER -14,96 14394 

PROFILE-261 

1. LAYER -5,62 5345 
2. LAYER -17,66 8145 

3. LAYER -12,34 16790 

PROFILE-262 

1. LAYER -5,68 1800 
2. LAYER -13,03 3691 
3. LAYER -16,97 6183 

PROFILE-263 

1. LAYER -4,48 1697 
2. LAYER -10,28 3368 
3. LAYER -19,72 5699 

PROFILE-264 

1. LAYER -3,59 4582 
2.LAYER -16,06 8390 
3.LAYER -13,94 18375 

PROFILE-265 

1. LAYER -4,23 5496 

2. LAYER -28,61 12997 
3. LAYER -1,39 26345 

PROFILE-266 

1. LAYER -4,32 6777 

2. LAYER -29,23 13524 
3. LAYER -0,77 31791 

PROFILE-267 

1. LAYER -9,63 8731 
2. LAYER -22,08 15516 

3. LAYER -7,92 24425 

PROFILE-268 

1. LAYER -5,01 3966 
2. LAYER -22,43 7943 

3. LAYER -7,57 16693 

PROFILE-269 

1. LAYER -5,40 3948 
2. LAYER -16,99 8032 

3. LAYER -13,01 15559 

PROFILE-270 

1. LAYER -4,21 3889 
2. LAYER -28,51 10091 
3. LAYER -1,49 24299 

PROFILE-271 

1. LAYER -4,46 3086 
2. LAYER -14,01 7907 
3. LAYER -15,99 14349 

PROFILE-272 

1. LAYER -3,46 3247 
2. LAYER -15,49 6996 
3. LAYER -14,51 17042 

PROFILE-273 

1. LAYER -4,36 3728 

2. LAYER -19,51 7805 
3. LAYER -10,49 17581 

PROFILE-274 

1. LAYER -3,55 4297 

2.LAYER -15,90 6385 
3.LAYER -14,10 14786 

PROFILE-275 

1. LAYER -3,08 3063 

2. LAYER -20,83 7733 
3. LAYER -9,17 17160 

 

kv= 40*(Gs)*qu ton/m3 (Bowles 1984) 

 

The above table shows the Modulus of Subgrade Reaction obtained for each layer in the 

direction of the data obtained after the seismic measurements made in the study area. 
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5.4.9. AREA04 Bearing Capacity qu (kg/cm2) / Allowable Bearing Capacity qa(kg/cm2) 

PROFILES LAYERS DEPTH BEARiNG 

CAPACiTY 

(qu,kg/cm2) 

ALLOWABLE 

BEARiNG 

CAPACiTY 

(qa,kg/cm2) 

PROFILE-185 

1. LAYER -2,23 9,95 3,32 
2.LAYER -15,06 17,01 5,67 
3.LAYER -14,94 43,05 14,35 

PROFILE-186 

1. LAYER -3,11 10,98 3,66 
2. LAYER -13,93 26,45 8,82 
3. LAYER -16,07 58,01 19,34 

PROFILE-187 

1. LAYER -2,22 4,80 1,60 
2. LAYER -9,92 9,63 3,21 
3. LAYER -20,08 20,83 6,94 

PROFILE-188 

1. LAYER -2,19 4,97 1,66 

2. LAYER -14,79 14,12 4,71 
3. LAYER -15,21 33,12 11,04 

PROFILE-189 

1. LAYER -1,64 3,39 1,13 

2. LAYER -7,36 7,14 2,38 
3. LAYER -22,64 15,84 5,28 

PROFILE-190 

1. LAYER -4,02 8,56 2,85 
2. LAYER -12,63 18,93 6,31 

3. LAYER -17,37 40,26 13,42 

PROFILE-191 

1. LAYER -2,86 6,67 2,22 
2.LAYER -8,98 13,64 4,55 

3.LAYER -21,02 34,33 11,44 

PROFILE-192 

1. LAYER -2,86 6,67 2,22 
2. LAYER -8,98 13,64 4,55 
3. LAYER -21,02 34,33 11,44 

PROFILE-193 

1. LAYER -2,26 7,01 2,34 
2. LAYER -10,13 16,70 5,57 
3. LAYER -19,87 37,08 12,36 

PROFILE-194 

1. LAYER -3,09 4,09 1,36 
2. LAYER -9,72 7,13 2,38 
3. LAYER -20,28 12,58 4,19 

PROFILE-195 

1. LAYER -2,78 7,95 2,65 
2. LAYER -12,46 17,34 5,78 
3. LAYER -17,54 39,15 13,05 

PROFILE-196 

1. LAYER -3,13 8,69 2,90 

2. LAYER -13,99 19,48 6,49 
3. LAYER -16,01 41,48 13,83 

PROFILE-197 

1. LAYER -2,66 7,84 2,61 

2. LAYER -11,92 17,58 5,86 
3. LAYER -18,08 39,08 13,03 

PROFILE-198 

1. LAYER -2,45 7,42 2,47 
2. LAYER -10,97 15,38 5,13 

3. LAYER -19,03 41,06 13,69 

PROFILE-199 

1. LAYER -5,84 15,05 5,02 
2. LAYER -26,12 33,81 11,27 

3. LAYER -3,88 80,03 26,68 

PROFILE-200 

1. LAYER -2,86 7,94 2,65 
2. LAYER -12,80 18,06 6,02 
3. LAYER -17,20 41,27 13,76 

PROFILE-201 

1. LAYER -3,04 8,50 2,83 
2.LAYER -13,59 19,36 6,45 
3.LAYER -16,41 39,64 13,21 

PROFILE-202 

1. LAYER -3,39 10,14 3,38 
2. LAYER -15,18 23,06 7,69 
3. LAYER -14,82 53,48 17,83 

PROFILE-203 

1. LAYER -2,22 7,29 2,43 
2. LAYER -15,00 17,75 5,92 
3. LAYER -15,00 49,30 16,43 
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PROFILE-204 

1. LAYER -4,01 10,62 3,54 
2. LAYER -17,94 24,04 8,01 

3. LAYER -12,06 56,11 18,70 

PROFILE-205 

1. LAYER -4,10 15,66 5,22 
2. LAYER -18,35 31,64 10,55 

3. LAYER -11,65 60,66 20,22 

PROFILE-206 

1. LAYER -3,13 12,33 4,11 
2. LAYER -14,02 15,73 5,24 
3. LAYER -15,98 32,90 10,97 

PROFILE-207 

1. LAYER -2,36 4,82 1,61 
2. LAYER -10,56 11,32 3,77 
3. LAYER -19,44 24,17 8,06 

PROFILE-208 

1. LAYER -1,65 4,09 1,36 
2. LAYER -7,39 8,43 2,81 
3. LAYER -22,61 19,22 6,41 

PROFILE-209 

1. LAYER -1,83 4,22 1,41 

2. LAYER -8,20 8,96 2,99 
3. LAYER -21,80 20,30 6,77 

PROFILE-210 

1. LAYER -2,52 4,40 1,47 

2. LAYER -11,28 11,07 3,69 
3. LAYER -18,72 23,49 7,83 

PROFILE-211 

1. LAYER -5,25 14,29 4,76 
2.LAYER -16,52 36,48 12,16 

3.LAYER -13,48 83,35 27,78 

PROFILE-212 

1. LAYER -6,48 11,05 3,68 
2. LAYER -20,37 23,13 7,71 

3. LAYER -9,63 48,42 16,14 

PROFILE-213 

1. LAYER -6,31 11,12 3,71 
2. LAYER -19,84 22,24 7,41 

3. LAYER -10,16 45,16 15,05 

PROFILE-214 

1. LAYER -3,44 11,84 3,95 
2. LAYER -15,40 32,82 10,94 
3. LAYER -14,60 79,84 26,61 

PROFILE-248 

1. LAYER -3,52 5,53 1,84 
2.LAYER -11,05 11,92 3,97 
3.LAYER -18,95 23,16 7,72 

PROFILE-249 

1. LAYER -3,50 5,80 1,93 
2. LAYER -11,00 12,25 4,08 
3. LAYER -19,00 23,53 7,84 

PROFILE-250 

1. LAYER -4,47 5,86 1,95 

2. LAYER -10,25 10,90 3,63 
3. LAYER -19,75 19,24 6,41 

PROFILE-251 

1. LAYER -2,80 7,43 2,48 

2. LAYER -12,55 17,01 5,67 
3. LAYER -17,45 40,56 13,52 

PROFILE-252 

1. LAYER -2,85 11,80 3,93 

2. LAYER -19,25 29,22 9,74 
3. LAYER -10,75 79,15 26,38 

PROFILE-253 

1. LAYER -3,25 9,56 3,19 
2. LAYER -14,53 23,65 7,88 

3. LAYER -15,47 53,00 17,67 

PROFILE-254 

1. LAYER -3,30 9,94 3,31 
2.LAYER -14,76 23,75 7,92 

3.LAYER -15,24 56,56 18,85 

PROFILE-255 

1. LAYER -2,90 8,98 2,99 
2. LAYER -12,98 21,16 7,05 
3. LAYER -17,02 48,14 16,05 

PROFILE-256 

1. LAYER -4,08 10,17 3,39 
2. LAYER -18,24 22,23 7,41 
3. LAYER -11,76 51,03 17,01 

PROFILE-257 

1. LAYER -2,41 12,30 4,10 
2. LAYER -16,33 27,60 9,20 
3. LAYER -13,67 72,46 24,15 
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PROFILE-260 

1. LAYER -4,78 13,36 4,45 
2. LAYER -15,04 21,19 7,06 

3. LAYER -14,96 35,99 12,00 

PROFILE-261 

1. LAYER -5,62 13,36 4,45 
2. LAYER -17,66 20,36 6,79 

3. LAYER -12,34 41,98 13,99 

PROFILE-262 

1. LAYER -5,68 4,50 1,50 
2. LAYER -13,03 9,23 3,08 
3. LAYER -16,97 15,46 5,15 

PROFILE-263 

1. LAYER -4,48 4,24 1,41 
2. LAYER -10,28 8,42 2,81 
3. LAYER -19,72 14,25 4,75 

PROFILE-264 

1. LAYER -3,59 11,45 3,82 
2.LAYER -16,06 20,97 6,99 
3.LAYER -13,94 45,94 15,31 

PROFILE-265 

1. LAYER -4,23 13,74 4,58 

2. LAYER -28,61 32,49 10,83 
3. LAYER -1,39 65,86 21,95 

PROFILE-266 

1. LAYER -4,32 16,94 5,65 

2. LAYER -29,23 33,81 11,27 
3. LAYER -0,77 79,48 26,49 

PROFILE-267 

1. LAYER -9,63 21,83 7,28 
2. LAYER -22,08 38,79 12,93 

3. LAYER -7,92 61,06 20,35 

PROFILE-268 

1. LAYER -5,01 9,92 3,31 
2. LAYER -22,43 19,86 6,62 

3. LAYER -7,57 41,73 13,91 

PROFILE-269 

1. LAYER -5,40 9,87 3,29 
2. LAYER -16,99 20,08 6,69 

3. LAYER -13,01 38,90 12,97 

PROFILE-270 

1. LAYER -4,21 9,72 3,24 
2. LAYER -28,51 25,23 8,41 
3. LAYER -1,49 60,75 20,25 

PROFILE-271 

1. LAYER -4,46 7,71 2,57 
2. LAYER -14,01 19,77 6,59 
3. LAYER -15,99 35,87 11,96 

PROFILE-272 

1. LAYER -3,46 8,12 2,71 
2. LAYER -15,49 17,49 5,83 
3. LAYER -14,51 42,60 14,20 

PROFILE-273 

1. LAYER -4,36 9,32 3,11 

2. LAYER -19,51 19,51 6,50 
3. LAYER -10,49 43,95 14,65 

PROFILE-274 

1. LAYER -3,55 10,74 3,58 

2.LAYER -15,90 15,96 5,32 
3.LAYER -14,10 36,96 12,32 

PROFILE-275 

1. LAYER -3,08 7,66 2,55 

2. LAYER -20,83 19,33 6,44 
3. LAYER -9,17 42,90 14,30 
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5.4.10. AREA04 Vibration Period - T0 (sec) / Ground Amplification (Ak) 

PROFILES To (sn) Ta (sn) Tb (sn) Ak (Amplification) 

PROFILE-185 0,11 0,07 0,17 0,83 

PROFILE-186 0,09 0,06 0,13 0,73 

PROFILE-187 0,18 0,12 0,26 1,16 

PROFILE-188 0,15 0,10 0,22 0,99 

PROFILE-189 0,21 0,14 0,31 1,34 

PROFILE-190 0,11 0,08 0,17 0,87 

PROFILE-191 0,12 0,08 0,19 0,97 

PROFILE-192 0,12 0,08 0,19 0,97 

PROFILE-193 0,11 0,08 0,17 0,90 

PROFILE-194 0,25 0,17 0,37 1,41 

PROFILE-195 0,12 0,08 0,18 0,89 

PROFILE-196 0,11 0,07 0,17 0,83 

PROFILE-197 0,11 0,08 0,17 0,87 

PROFILE-198 0,11 0,07 0,17 0,89 

PROFILE-199 0,09 0,06 0,14 0,68 

PROFILE-200 0,11 0,08 0,17 0,86 

PROFILE-201 0,11 0,08 0,17 0,84 

PROFILE-202 0,10 0,07 0,15 0,79 

PROFILE-203 0,11 0,08 0,17 0,87 

PROFILE-204 0,10 0,07 0,15 0,77 

PROFILE-205 0,08 0,06 0,13 0,64 

PROFILE-206 0,12 0,08 0,19 0,87 

PROFILE-207 0,16 0,11 0,24 1,11 

PROFILE-208 0,18 0,12 0,27 1,21 

PROFILE-209 0,18 0,12 0,26 1,19 

PROFILE-210 0,17 0,11 0,25 1,13 

PROFILE-211 0,08 0,05 0,12 0,68 

PROFILE-212 0,12 0,08 0,18 0,81 

PROFILE-213 0,12 0,08 0,18 0,81 

PROFILE-214 0,08 0,05 0,12 0,68 

PROFILE-248 0,17 0,11 0,25 1,10 

PROFILE-249 0,16 0,11 0,24 1,08 

PROFILE-250 0,18 0,12 0,27 1,17 

PROFILE-251 0,12 0,08 0,18 0,91 

PROFILE-252 0,08 0,06 0,13 0,69 

PROFILE-253 0,10 0,06 0,15 0,77 

PROFILE-254 0,10 0,06 0,14 0,76 

PROFILE-255 0,10 0,07 0,15 0,80 

PROFILE-256 0,11 0,07 0,16 0,80 

PROFILE-257 0,08 0,06 0,13 0,70 

PROFILE-260 0,11 0,07 0,17 0,78 

PROFILE-261 0,11 0,08 0,17 0,79 
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PROFILE-262 0,24 0,16 0,35 1,32 

PROFILE-263 0,24 0,16 0,35 1,37 

PROFILE-264 0,11 0,07 0,16 0,78 

PROFILE-265 0,10 0,06 0,15 0,61 

PROFILE-266 0,09 0,06 0,14 0,62 

PROFILE-267 0,08 0,06 0,13 0,58 

PROFILE-268 0,13 0,09 0,19 0,83 

PROFILE-269 0,12 0,08 0,18 0,85 

PROFILE-270 0,12 0,08 0,18 0,79 

PROFILE-271 0,13 0,08 0,19 0,90 

PROFILE-272 0,12 0,08 0,18 0,89 

PROFILE-273 0,12 0,08 0,19 0,85 

PROFILE-274 0,12 0,08 0,18 0,86 

PROFILE-275 0,13 0,08 0,19 0,83 

 

𝑇𝑜 = ∑ 4𝐻 𝑉𝑠 𝑛 𝚤=1 (sec)……. (Zeevaert,1967)     

Ak=68*Vs30
-0,6……………………. 

(Midorikawa, 1987) 
  

 

The Vibration Period and Ground Amplification calculated in the direction of the parameters 

obtained during the seismic studies made during the field survey are presented in the table 

above. 
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5. 5. AREA 5 

There are 14 measurements were taken on the Area 1. Three layers were seen in this scale. 

Layer 1 thickness varies between 2,16 m and 4,89 m. The beginning of the layer 2 is between 

2,16 m and 4,89 m, and the ending is between 9,66 m and 28,33 m. The beginning of the layer 

3 is between 9,66 m and 28,33 m.  

Detailed soil structure was observed in the 10 layers solutions. Accordingly, in the profiles 

taken in the region, cracks with cracks and voids were observed in the first 5.00 meters in 

general. More detailed work should be done under the constructions to be made here. 

Profile points should be viewed in engineering parameters section for detailed values 

considering the following application.  
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5.5.1. AREA05 Seismic P wave velocity (Compressional Wave Velocity (Vp)) 

Vp VELOCiTY 
PROFILES LAYERS DEPTH Vp_ Velocity STRiPPABiLiTY 

PROFILE-171 

1. LAYER -4,26 2095 High Difficult Strippability 

2.LAYER -28,83 3163 Explosive Strippability 
3.LAYER -1,17 7109 Explosive Strippability 

PROFILE-172 

1. LAYER -3,91 1662 High Difficult Strippability 
2. LAYER -12,29 2334 Explosive Strippability 

3. LAYER -17,71 4693 Explosive Strippability 

PROFILE-173 

1. LAYER -3,42 981 Simple Strippability 
2. LAYER -10,76 1386 Medium-High Strippability 

3. LAYER -19,24 2787 Explosive Strippability 

PROFILE-174 

1. LAYER -2,16 1023 Simple Strippability 
2. LAYER -9,66 1598 High Difficult Strippability 
3. LAYER -20,34 3149 Explosive Strippability 

PROFILE-175 

1. LAYER -3,14 1134 Simple Strippability 
2. LAYER -14,04 1839 High Difficult Strippability 
3. LAYER -15,96 3840 Explosive Strippability 

PROFILE-176 

1. LAYER -4,17 1344 Medium-High Strippability 
2. LAYER -13,12 2092 High Difficult Strippability 
3. LAYER -16,88 4278 Explosive Strippability 

PROFILE-177 

1. LAYER -3,27 1060 Simple Strippability 

2.LAYER -14,63 1812 High Difficult Strippability 
3.LAYER -15,37 3971 Explosive Strippability 

PROFILE-178 

1. LAYER -3,34 1104 Simple Strippability 

2. LAYER -10,51 1623 High Difficult Strippability 
3. LAYER -19,49 3358 Explosive Strippability 

PROFILE-179 

1. LAYER -3,46 1073 Simple Strippability 

2. LAYER -15,49 1817 High Difficult Strippability 
3. LAYER -14,51 4049 Explosive Strippability 

PROFILE-180 

1. LAYER -2,43 1183 Simple Strippability 
2. LAYER -16,45 1788 High Difficult Strippability 

3. LAYER -13,55 4042 Explosive Strippability 

PROFILE-181 

1. LAYER -4,36 842 Simple Strippability 
2. LAYER -13,70 1535 High Difficult Strippability 

3. LAYER -16,30 3013 Explosive Strippability 

PROFILE-182 

1. LAYER -2,74 820 Simple Strippability 
2. LAYER -18,55 1304 Medium-High Strippability 
3. LAYER -11,45 3149 Explosive Strippability 

PROFILE-183 

1. LAYER -4,89 1634 High Difficult Strippability 
2. LAYER -15,37 2127 High Difficult Strippability 
3. LAYER -14,63 4276 Explosive Strippability 

PROFILE-184 

1. LAYER -4,89 1634 High Difficult Strippability 
2. LAYER -15,37 2127 High Difficult Strippability 
3. LAYER -14,63 4276 Explosive Strippability 

 
  P Wave Velocity (m/sec) Strippability   

  Vp<458 High Simple Strippability   
  458<Vp<1220 Simple Strippability   
  1220<Vp<11525 Medium Strippability   

  1525<Vp<11830 Difficult Strippability   
  1830<Vp<12135 High Difficult 

Strippability 

  
  Vp>2135 Explosive Strippability   

Strippability of floors with P wave velocity (Church, 1981) 

P wave velocities of the grounds in the study area and strippability 

The above table shows the change table and strippability properties of Vp velocity depth 

values in the direction of the seismic data obtained from the field studies.  
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5.5.2. AREA05 Seismic S wave velocity (Transverse Wave Velocity (Vs)) 

Vs VELOCiTY 
PROFILES LAYERS DEPTH Vs_ Velocity GROUND GROUPS 

PROFILE-171 

1. LAYER -4,26 922 A 
2.LAYER -28,83 1521 A 

3.LAYER -1,17 3064 A 

PROFILE-172 

1. LAYER -3,91 578 B 
2. LAYER -12,29 1151 A 
3. LAYER -17,71 1963 A 

PROFILE-173 

1. LAYER -3,42 370 C 
2. LAYER -10,76 706 A 
3. LAYER -19,24 1185 A 

PROFILE-174 

1. LAYER -2,16 338 C 
2. LAYER -9,66 757 A 
3. LAYER -20,34 1515 A 

PROFILE-175 

1. LAYER -3,14 453 B 

2. LAYER -14,04 884 A 
3. LAYER -15,96 1681 A 

PROFILE-176 

1. LAYER -4,17 552 B 

2. LAYER -13,12 1099 A 
3. LAYER -16,88 1850 A 

PROFILE-177 

1. LAYER -3,27 435 B 
2.LAYER -14,63 950 A 

3.LAYER -15,37 1689 A 

PROFILE-178 

1. LAYER -3,34 395 C 
2. LAYER -10,51 811 A 

3. LAYER -19,49 1413 A 

PROFILE-179 

1. LAYER -3,46 449 B 
2. LAYER -15,49 967 A 

3. LAYER -14,51 1726 A 

PROFILE-180 

1. LAYER -2,43 491 B 
2. LAYER -16,45 844 A 
3. LAYER -13,55 1723 A 

PROFILE-181 

1. LAYER -4,36 378 C 
2. LAYER -13,70 748 A 
3. LAYER -16,30 1426 A 

PROFILE-182 

1. LAYER -2,74 382 C 
2. LAYER -18,55 680 B 
3. LAYER -11,45 1348 A 

PROFILE-183 

1. LAYER -4,89 567 B 

2. LAYER -15,37 1054 A 
3. LAYER -14,63 1794 A 

PROFILE-184 

1. LAYER -4,89 567 B 

2. LAYER -15,37 1054 A 
3. LAYER -14,63 1794 A 

 
  S Wave Velocity (m/sec) Ground group   

  Vs<200 D   
  200<Vs<400 C   
  400<Vs<700 B   
  700<Vs A   

Ground groups according to slip wave velocity(Abyyhy, 1998) 

S wave velocities of the grounds in the study area and ground group 

Ground Group Ground group and top ground layer thickness(h1) 
Z1 (A) Ground group h1< 15 m  (B) Ground group 
Z2 h1> 15 m  (B) Ground group h1< 15 m  (C) Ground group 

Z3 15 m < h1< 50 m  (C) Ground group h1< 10 m  (D) Ground group 
Z4 h1> 50 m  (C) Ground group h1> 10 m  (D) Ground group 

Ground Group Class 



 

 

SUSTAiNABLE AKKAR WiND POWER / AKKAR REGiON - NORTHERN RiDGE / LEBANON 
 

 MÜHENDiSLiK, MÜŞAViRLiK, iNŞAAT, TAAHHÜT 

                               SANAYi  TiCARET  LiMiTED  ŞiRKETi 

Turan Güneş Bulvari 664 Sk No:9/2 

ÇANKAYA/ANKARA 

Web: www.ozdeha.com 

138 

The above table shows that Vs velocity values in the direction of the seismic data obtained in 

the field studies are the absolute change tables and that the layers are included in the ground 

groups. 

5.5.3. AREA05 Vs30  

PROFILES Vs30 (m/sn) 

PROFILE-171 2542 

PROFILE-172 1769 

PROFILE-173 1095 

PROFILE-174 1268 

PROFILE-175 1438 

PROFILE-176 1668 

PROFILE-177 1456 

PROFILE-178 1257 

PROFILE-179 1445 

PROFILE-180 1487 

PROFILE-181 1099 

PROFILE-182 1131 

PROFILE-183 1630 

PROFILE-184 1630 

Vs30 values in the direction of the seismic data obtained from the field studies are given in 

the table above. 

5.5.4. AREA05 Shear Modulus-G (kg/cm²) 

SHEAR MODULUS 
PROFILES LAYERS DEPTH G(kg/cm2) ENDURANCE 

PROFILE-171 

1. LAYER -4,26 17875 Rock Highlid 
2.LAYER -28,83 62188 Rock Highlid 
3.LAYER -1,17 267218 Rock Highlid 

PROFILE-172 

1. LAYER -3,91 6746 Sturdy 
2. LAYER -12,29 29653 Rock Highlid 
3. LAYER -17,71 98906 Rock Highlid 

PROFILE-173 

1. LAYER -3,42 2453 Medium 

2. LAYER -10,76 9813 Sturdy 
3. LAYER -19,24 31602 Rock Highlid 

PROFILE-174 

1. LAYER -2,16 2222 Medium 

2. LAYER -9,66 12035 Rock Highlid 
3. LAYER -20,34 53266 Rock Highlid 

PROFILE-175 

1. LAYER -3,14 3893 Sturdy 

2. LAYER -14,04 16894 Rock Highlid 
3. LAYER -15,96 68996 Rock Highlid 

PROFILE-176 

1. LAYER -4,17 5750 Sturdy 
2. LAYER -13,12 26778 Rock Highlid 

3. LAYER -16,88 85808 Rock Highlid 

PROFILE-177 

1. LAYER -3,27 3558 Sturdy 
2.LAYER -14,63 19519 Rock Highlid 

3.LAYER -15,37 70226 Rock Highlid 

PROFILE-178 

1. LAYER -3,34 2851 Medium 
2. LAYER -10,51 13587 Rock Highlid 
3. LAYER -19,49 47092 Rock Highlid 

PROFILE-179 

1. LAYER -3,46 3931 Sturdy 
2. LAYER -15,49 20393 Rock Highlid 
3. LAYER -14,51 73680 Rock Highlid 
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PROFILE-180 

1. LAYER -2,43 4479 Sturdy 
2. LAYER -16,45 16063 Rock Highlid 

3. LAYER -13,55 73410 Rock Highlid 

PROFILE-181 

1. LAYER -4,36 2575 Medium 
2. LAYER -13,70 11053 Rock Highlid 

3. LAYER -16,30 46734 Rock Highlid 

PROFILE-182 

1. LAYER -2,74 2553 Medium 
2. LAYER -18,55 10036 Rock Highlid 
3. LAYER -11,45 42167 Rock Highlid 

PROFILE-183 

1. LAYER -4,89 6440 Sturdy 
2. LAYER -15,37 24376 Rock Highlid 
3. LAYER -14,63 80715 Rock Highlid 

PROFILE-184 

1. LAYER -4,89 6440 Sturdy 
2. LAYER -15,37 24376 Rock Highlid 
3. LAYER -14,63 80715 Rock Highlid 

 

  Shear Modulus (kg/cm2) Dayanim   

  G<400 High Weak   

  400<G<1500 Weak   

  1500<G<3000 Medium   

  3000<G<10000 Sturdy   

  10000<G Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  G =(d*Vs2)/100    

Shear modules and endurance of the grounds in the study area 

Calculation of shear Modulus values in the direction of the seismic data obtained in the field 

studies and the table of variation are given in the table above.  

5.5.5. AREA05 Elasticity Modulus-E (kg/cm²) 

 

ELASTiC MODULUS 
PROFILES LAYERS DEPTH E(kg/cm2) ENDURANCE 

PROFILE-171 

1. LAYER -4,26 49270 Rock Highlid 
2.LAYER -28,83 164282 Rock Highlid 

3.LAYER -1,17 740694 Rock Highlid 

PROFILE-172 

1. LAYER -3,91 19200 Sturdy 
2. LAYER -12,29 79470 Rock Highlid 

3. LAYER -17,71 275735 Rock Highlid 

PROFILE-173 

1. LAYER -3,42 6879 Medium 
2. LAYER -10,76 26018 Sturdy 
3. LAYER -19,24 87840 Rock Highlid 

PROFILE-174 

1. LAYER -2,16 6212 Medium 
2. LAYER -9,66 32095 Rock Highlid 
3. LAYER -20,34 143769 Rock Highlid 

PROFILE-175 

1. LAYER -3,14 10731 Sturdy 
2. LAYER -14,04 45457 Rock Highlid 
3. LAYER -15,96 190620 Rock Highlid 

PROFILE-176 

1. LAYER -4,17 15905 Sturdy 

2. LAYER -13,12 70008 Rock Highlid 
3. LAYER -16,88 237686 Rock Highlid 

PROFILE-177 

1. LAYER -3,27 9619 Medium 

2.LAYER -14,63 51227 Rock Highlid 
3.LAYER -15,37 195160 Rock Highlid 

PROFILE-178 

1. LAYER -3,34 8083 Medium 
2. LAYER -10,51 36267 Rock Highlid 

3. LAYER -19,49 131149 Rock Highlid 
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PROFILE-179 

1. LAYER -3,46 10400 Sturdy 
2. LAYER -15,49 53191 Rock Highlid 

3. LAYER -14,51 204675 Rock Highlid 

PROFILE-180 

1. LAYER -2,43 12371 Sturdy 
2. LAYER -16,45 43172 Rock Highlid 

3. LAYER -13,55 203920 Rock Highlid 

PROFILE-181 

1. LAYER -4,36 6840 Medium 
2. LAYER -13,70 29658 Sturdy 
3. LAYER -16,30 126700 Rock Highlid 

PROFILE-182 

1. LAYER -2,74 6698 Medium 
2. LAYER -18,55 26153 Sturdy 
3. LAYER -11,45 117048 Rock Highlid 

PROFILE-183 

1. LAYER -4,89 18361 Sturdy 
2. LAYER -15,37 65241 Rock Highlid 
3. LAYER -14,63 224893 Rock Highlid 

PROFILE-184 

1. LAYER -4,89 18361 Sturdy 

2. LAYER -15,37 65241 Rock Highlid 
3. LAYER -14,63 224893 Rock Highlid 

 

  Elastic Modulus (kg/cm2) Dayanim   

  E<1000 High Weak   

  1000<E<5000 Weak   

  5000<E<10000 Medium   

  10000<E<30000 Sturdy   

  30000<E Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  E=G*(3*Vp
2-4*Vs

2)/( Vp
2-Vs

2)   

Elasticity modules and endurance of the grounds in the study area 

 Calculation of the modulus of elasticity in the direction of the seismic data obtained in the 

field studies and the change table are given in the above table 

5.5.6. AREA05 Poisson’s Ratio - (б) 

 

POiSSON’S RATiO 
PROFILES LAYERS DEPTH (σ) POROSiTY 

PROFILE-171 

1. LAYER -4,26 0,38 High Porous 
2.LAYER -28,83 0,35 Medium Porous 
3.LAYER -1,17 0,39 High Porous 

PROFILE-172 

1. LAYER -3,91 0,43 High Porous 

2. LAYER -12,29 0,34 Medium Porous 
3. LAYER -17,71 0,39 High Porous 

PROFILE-173 

1. LAYER -3,42 0,41 High Porous 

2. LAYER -10,76 0,32 Medium Porous 
3. LAYER -19,24 0,39 High Porous 

PROFILE-174 

1. LAYER -2,16 0,43 High Porous 

2. LAYER -9,66 0,35 Medium Porous 
3. LAYER -20,34 0,35 Medium Porous 

PROFILE-175 

1. LAYER -3,14 0,40 High Porous 
2. LAYER -14,04 0,35 Medium Porous 

3. LAYER -15,96 0,38 High Porous 

PROFILE-176 

1. LAYER -4,17 0,39 High Porous 
2. LAYER -13,12 0,31 Medium Porous 

3. LAYER -16,88 0,38 High Porous 
PROFILE-177 1. LAYER -3,27 0,38 High Porous 
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2.LAYER -14,63 0,31 Medium Porous 
3.LAYER -15,37 0,39 High Porous 

PROFILE-178 

1. LAYER -3,34 0,42 High Porous 
2. LAYER -10,51 0,33 Medium Porous 
3. LAYER -19,49 0,39 High Porous 

PROFILE-179 

1. LAYER -3,46 0,37 High Porous 
2. LAYER -15,49 0,30 Medium Porous 
3. LAYER -14,51 0,39 High Porous 

PROFILE-180 

1. LAYER -2,43 0,39 High Porous 

2. LAYER -16,45 0,35 High Porous 
3. LAYER -13,55 0,39 High Porous 

PROFILE-181 

1. LAYER -4,36 0,35 High Porous 

2. LAYER -13,70 0,34 Medium Porous 
3. LAYER -16,30 0,36 High Porous 

PROFILE-182 

1. LAYER -2,74 0,34 Medium Porous 
2. LAYER -18,55 0,31 Medium Porous 

3. LAYER -11,45 0,39 High Porous 

PROFILE-183 

1. LAYER -4,89 0,43 High Porous 
2. LAYER -15,37 0,34 Medium Porous 

3. LAYER -14,63 0,39 High Porous 

PROFILE-184 

1. LAYER -4,89 0,43 High Porous 
2. LAYER -15,37 0,34 Medium Porous 
3. LAYER -14,63 0,39 High Porous 

 

  
Poisson’s Ratio;(σ) Porosity   

  0,00≤σ≤0,25 Nonporous   

  0,26≤σ≤0,35 Medium Porous   

  0,36≤σ≤0,50 High Porous   

Poisson ratio classification  

σ=(Vp2-2*Vs2)/(2* Vp2-2*Vs2) 

Poisson’s ratio values of the units in the study area, porosity 

Calculation of poisson’s ratio values in the direction of the seismic data obtained in the field 

studies and the change table are given in the above table. 

5.5.7. AREA05 Density -  ρ (gr/ cm3) 

DENSiTY 
PROFILES LAYERS DEPTH  ρ (gr/cm3) DEFiNiTiON 

PROFILE-171 

1. LAYER -4,26 2,10 High 
2.LAYER -28,83 2,31 Too High 
3.LAYER -1,17 2,85 Too High 

PROFILE-172 

1. LAYER -3,91 1,98 High 

2. LAYER -12,29 2,15 High 
3. LAYER -17,71 2,57 Too High 

PROFILE-173 

1. LAYER -3,42 1,73 Medium 

2. LAYER -10,76 1,89 Medium 
3. LAYER -19,24 2,25 Too High 

PROFILE-174 

1. LAYER -2,16 1,75 Medium 
2. LAYER -9,66 1,96 High 

3. LAYER -20,34 2,32 Too High 

PROFILE-175 

1. LAYER -3,14 1,80 Medium 
2. LAYER -14,04 2,02 High 

3. LAYER -15,96 2,44 Too High 

PROFILE-176 

1. LAYER -4,17 1,88 Medium 
2. LAYER -13,12 2,09 High 

3. LAYER -16,88 2,51 Too High 
PROFILE-177 1. LAYER -3,27 1,77 Medium 
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2.LAYER -14,63 2,01 High 
3.LAYER -15,37 2,46 Too High 

PROFILE-178 

1. LAYER -3,34 1,79 Medium 
2. LAYER -10,51 1,96 High 
3. LAYER -19,49 2,36 Too High 

PROFILE-179 

1. LAYER -3,46 1,77 Medium 
2. LAYER -15,49 2,01 High 
3. LAYER -14,51 2,47 Too High 

PROFILE-180 

1. LAYER -2,43 1,82 Medium 

2. LAYER -16,45 2,00 High 
3. LAYER -13,55 2,47 Too High 

PROFILE-181 

1. LAYER -4,36 1,67 Medium 

2. LAYER -13,70 1,93 High 
3. LAYER -16,30 2,30 Too High 

PROFILE-182 

1. LAYER -2,74 1,66 Medium 
2. LAYER -18,55 1,84 Medium 

3. LAYER -11,45 2,32 Too High 

PROFILE-183 

1. LAYER -4,89 1,97 High 
2. LAYER -15,37 2,10 High 

3. LAYER -14,63 2,51 Too High 

PROFILE-184 

1. LAYER -4,89 1,97 High 
2. LAYER -15,37 2,10 High 
3. LAYER -14,63 2,51 Too High 

 

  Density: ρ (gr/cm3) Tanimlama   

  ρ<1,20 High low   

  1,20<ρ<1,40 Low   

  1,40<ρ<1,90 Medium   

  1,90<ρ<2,20 High   

  2,20<ρ Too High   

Density Classification of Ground Units: (Keçeli, 1990) 

ρ =d=0.31*Vp0.25 

Density values and description of the units in the study area 

Calculation of the density values of the geological units in the direction of the seismic data 

obtained in the field studies and the table of variation are given in the above table. 

5.5.8. AREA05 Modulus of Subgrade Reaction – D Y K (ton/m3) 

Modulus of Subgrade Reaction 
PROFILES LAYERS DEPTH D Y K  (ton/m3) 

PROFILE-171 

1. LAYER -4,26 7616 
2.LAYER -28,83 14185 

3.LAYER -1,17 37864 

PROFILE-172 

1. LAYER -3,91 4566 
2. LAYER -12,29 9797 

3. LAYER -17,71 20383 

PROFILE-173 

1. LAYER -3,42 2721 
2. LAYER -10,76 5445 

3. LAYER -19,24 10451 

PROFILE-174 

1. LAYER -2,16 2499 
2. LAYER -9,66 5971 
3. LAYER -20,34 13811 

PROFILE-175 

1. LAYER -3,14 3385 
2. LAYER -14,04 7173 
3. LAYER -15,96 16284 

PROFILE-176 

1. LAYER -4,17 4211 
2. LAYER -13,12 9147 
3. LAYER -16,88 18579 

PROFILE-177 1. LAYER -3,27 3224 
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2.LAYER -14,63 7701 
3.LAYER -15,37 16540 

PROFILE-178 

1. LAYER -3,34 2941 
2. LAYER -10,51 6424 
3. LAYER -19,49 13123 

PROFILE-179 

1. LAYER -3,46 3335 
2. LAYER -15,49 7854 
3. LAYER -14,51 17011 

PROFILE-180 

1. LAYER -2,43 3685 

2. LAYER -16,45 6846 
3. LAYER -13,55 16974 

PROFILE-181 

1. LAYER -4,36 2733 

2. LAYER -13,70 5850 
3. LAYER -16,30 12849 

PROFILE-182 

1. LAYER -2,74 2753 
2. LAYER -18,55 5256 

3. LAYER -11,45 12288 

PROFILE-183 

1. LAYER -4,89 4471 
2. LAYER -15,37 8789 

3. LAYER -14,63 18017 

PROFILE-184 

1. LAYER -4,89 4471 
2. LAYER -15,37 8789 
3. LAYER -14,63 18017 

 

kv= 40*(Gs)*qu ton/m3 (Bowles 1984) 

 

The above table shows the Modulus of Subgrade Reaction obtained for each layer in the 

direction of the data obtained after the seismic measurements made in the study area. 

5.5.9. AREA05 Bearing Capacity qu (kg/cm2) / Allowable Bearing Capacity qa(kg/cm2) 

 

PROFILES LAYERS DEPTH 

BEARiNG 

CAPACiTY 

(qu,kg/cm2) 

ALLOWABLE 

BEARiNG 

CAPACiTY 

(qa,kg/cm2) 

PROFILE-171 

1. LAYER -4,26 19,04 6,35 

2.LAYER -28,83 35,46 11,82 

3.LAYER -1,17 94,66 31,55 

PROFILE-172 

1. LAYER -3,91 11,41 3,80 

2. LAYER -12,29 24,49 8,16 

3. LAYER -17,71 50,96 16,99 

PROFILE-173 

1. LAYER -3,42 6,80 2,27 

2. LAYER -10,76 13,61 4,54 

3. LAYER -19,24 26,13 8,71 

PROFILE-174 

1. LAYER -2,16 6,25 2,08 

2. LAYER -9,66 14,93 4,98 

3. LAYER -20,34 34,53 11,51 

PROFILE-175 

1. LAYER -3,14 8,46 2,82 

2. LAYER -14,04 17,93 5,98 

3. LAYER -15,96 40,71 13,57 

PROFILE-176 

1. LAYER -4,17 10,53 3,51 

2. LAYER -13,12 22,87 7,62 

3. LAYER -16,88 46,45 15,48 

PROFILE-177 

1. LAYER -3,27 8,06 2,69 

2.LAYER -14,63 19,25 6,42 

3.LAYER -15,37 41,35 13,78 

PROFILE-178 1. LAYER -3,34 7,35 2,45 
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2. LAYER -10,51 16,06 5,35 

3. LAYER -19,49 32,81 10,94 

PROFILE-179 

1. LAYER -3,46 8,34 2,78 

2. LAYER -15,49 19,63 6,54 

3. LAYER -14,51 42,53 14,18 

PROFILE-180 

1. LAYER -2,43 9,21 3,07 

2. LAYER -16,45 17,12 5,71 

3. LAYER -13,55 42,43 14,14 

PROFILE-181 

1. LAYER -4,36 6,83 2,28 

2. LAYER -13,70 14,63 4,88 

3. LAYER -16,30 32,12 10,71 

PROFILE-182 

1. LAYER -2,74 6,88 2,29 

2. LAYER -18,55 13,14 4,38 

3. LAYER -11,45 30,72 10,24 

PROFILE-183 

1. LAYER -4,89 11,18 3,73 

2. LAYER -15,37 21,97 7,32 

3. LAYER -14,63 45,04 15,01 

PROFILE-184 

1. LAYER -4,89 11,18 3,73 

2. LAYER -15,37 21,97 7,32 

3. LAYER -14,63 45,04 15,01 

 

qu=(0,024*Vs*(J.B.K+0,002*Vp)*0,71)/G.K 

 

  
 

  
  

      

      

      

qa=qu/G.K              G.K=3 empirical value 

 

5.5.10.  AREA05 Vibration Period - T0 (sec) / Ground Amplification (Ak) 

PROFILES To (sn) Ta (sn) Tb (sn) Vs30 (m/sn) 
Ak 

(Amplification) 

PROFILE-171 0,08 0,06 0,13 2542 0,62 

PROFILE-172 0,09 0,06 0,14 1769 0,77 

PROFILE-173 0,15 0,10 0,22 1095 1,02 

PROFILE-174 0,12 0,08 0,18 1268 0,93 

PROFILE-175 0,12 0,08 0,18 1438 0,87 

PROFILE-176 0,10 0,07 0,15 1668 0,79 

PROFILE-177 0,12 0,08 0,18 1456 0,86 

PROFILE-178 0,13 0,08 0,19 1257 0,94 

PROFILE-179 0,12 0,08 0,18 1445 0,86 

PROFILE-180 0,12 0,08 0,18 1487 0,85 

PROFILE-181 0,15 0,10 0,22 1099 1,02 

PROFILE-182 0,16 0,11 0,24 1131 1,00 

PROFILE-183 0,11 0,07 0,16 1630 0,80 

PROFILE-184 0,11 0,07 0,16 1630 0,80 

𝑇𝑜 = ∑ 4𝐻 𝑉𝑠 𝑛 𝚤=1 (sec)……. (Zeevaert,1967)     

Ak=68*Vs30
-0,6……………………. 

(Midorikawa, 1987) 
  

The Vibration Period and Ground Amplification calculated in the direction of the parameters 

obtained during the seismic studies made during the field survey are presented in the table 

above. 
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5. 6. AREA 6 

There are 38 measurements were taken on the Area 1. Three layers were seen in this scale. 

Layer 1 thickness varies between 1,91 m and 7,74 m. The beginning of the layer 2 is between 

1,91 m and 7,74 m, and the ending is between 6,02 m and 28,83 m. The beginning of the layer 

3 is between 6,02 m and 28,83 m. 

Detailed soil structure was observed in the 10 layers solutions. Accordingly, in the profiles 

taken in the region, cracks with cracks and voids were observed in the first 6.00 meters in 

general. More detailed work should be done under the constructions to be made here. 

Profile points should be viewed in engineering parameters section for detailed values 

considering the following application.  
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5.6.1. AREA06 Seismic P wave velocity (Compressional Wave Velocity (Vp)) 

 

Vp VELOCiTY 
PROFILES LAYERS DEPTH Vp_ Velocity STRiPPABiLiTY 

PROFILE-126 

1. LAYER -3,05 1717 High Difficult Strippability 
2.LAYER -13,66 2468 Explosive Strippability 

3.LAYER -16,34 4859 Explosive Strippability 

PROFILE-127 

1. LAYER -4,50 2647 Explosive Strippability 
2. LAYER -20,15 3692 Explosive Strippability 
3. LAYER -9,85 7511 Explosive Strippability 

PROFILE-128 

1. LAYER -1,91 1037 Simple Strippability 
2. LAYER -6,02 1748 High Difficult Strippability 
3. LAYER -23,98 3570 Explosive Strippability 

PROFILE-129 

1. LAYER -3,38 1186 Simple Strippability 
2. LAYER -10,63 1496 Medium-High Strippability 
3. LAYER -19,37 3026 Explosive Strippability 

PROFILE-130 

1. LAYER -4,30 1176 Simple Strippability 

2. LAYER -13,51 1903 High Difficult Strippability 
3. LAYER -16,49 3982 Explosive Strippability 

PROFILE-131 

1. LAYER -3,30 697 Simple Strippability 

2. LAYER -7,56 1196 Simple Strippability 
3. LAYER -22,44 2290 Explosive Strippability 

PROFILE-132 

1. LAYER -3,65 501 Simple Strippability 
2.LAYER -8,35 778 Simple Strippability 

3.LAYER -21,65 1451 Medium-High Strippability 

PROFILE-133 

1. LAYER -3,72 1053 Simple Strippability 
2. LAYER -11,69 1668 High Difficult Strippability 

3. LAYER -18,31 3475 Explosive Strippability 

PROFILE-134 

1. LAYER -3,52 2038 High Difficult Strippability 
2. LAYER -15,74 2761 Explosive Strippability 

3. LAYER -14,26 6162 Explosive Strippability 

PROFILE-135 

1. LAYER -3,35 843 Simple Strippability 
2. LAYER -14,98 1485 Medium-High Strippability 
3. LAYER -15,02 3363 Explosive Strippability 

PROFILE-136 

1. LAYER -3,62 833 Simple Strippability 
2. LAYER -11,40 1408 Medium-High Strippability 
3. LAYER -18,60 2941 Explosive Strippability 

PROFILE-137 

1. LAYER -2,47 803 Simple Strippability 
2. LAYER -11,04 1500 Medium-High Strippability 
3. LAYER -18,96 2995 Explosive Strippability 

PROFILE-138 

1. LAYER -2,93 916 Simple Strippability 

2. LAYER -13,11 1642 High Difficult Strippability 
3. LAYER -16,89 3412 Explosive Strippability 

PROFILE-139 

1. LAYER -3,43 1073 Simple Strippability 

2. LAYER -10,78 1554 High Difficult Strippability 
3. LAYER -19,22 3166 Explosive Strippability 

PROFILE-140 

1. LAYER -3,68 922 Simple Strippability 

2. LAYER -11,57 1577 High Difficult Strippability 
3. LAYER -18,43 3011 Explosive Strippability 

PROFILE-141 

1. LAYER -4,88 1349 Medium-High Strippability 
2. LAYER -15,35 1516 Medium-High Strippability 

3. LAYER -14,65 2613 Explosive Strippability 

PROFILE-142 

1. LAYER -4,78 1148 Simple Strippability 
2.LAYER -15,03 1493 Medium-High Strippability 

3.LAYER -14,97 2814 Explosive Strippability 

PROFILE-143 

1. LAYER -5,26 1082 Simple Strippability 
2. LAYER -16,54 1554 High Difficult Strippability 
3. LAYER -13,46 2936 Explosive Strippability 

PROFILE-144 

1. LAYER -6,22 1161 Simple Strippability 
2. LAYER -14,25 1519 Medium-High Strippability 
3. LAYER -15,75 2816 Explosive Strippability 
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PROFILE-152 

1. LAYER -3,42 1324 Medium-High Strippability 
2.LAYER -15,30 2550 Explosive Strippability 

3.LAYER -14,70 5551 Explosive Strippability 

PROFILE-153 

1. LAYER -2,68 595 Simple Strippability 
2. LAYER -6,14 859 Simple Strippability 

3. LAYER -23,86 1673 High Difficult Strippability 

PROFILE-154 

1. LAYER -3,23 1574 High Difficult Strippability 
2. LAYER -14,48 2433 Explosive Strippability 
3. LAYER -15,52 5164 Explosive Strippability 

PROFILE-155 

1. LAYER -7,74 2462 Explosive Strippability 
2. LAYER -17,74 3185 Explosive Strippability 
3. LAYER -12,26 6039 Explosive Strippability 

PROFILE-156 

1. LAYER -2,48 989 Simple Strippability 
2. LAYER -11,10 1527 High Difficult Strippability 
3. LAYER -18,90 3297 Explosive Strippability 

PROFILE-157 

1. LAYER -5,84 2303 Explosive Strippability 

2. LAYER -18,37 2928 Explosive Strippability 
3. LAYER -11,63 5990 Explosive Strippability 

PROFILE-158 

1. LAYER -1,91 907 Simple Strippability 

2.LAYER -8,57 1405 Medium-High Strippability 
3.LAYER -21,43 2921 Explosive Strippability 

PROFILE-159 

1. LAYER -2,97 1473 Medium-High Strippability 
2. LAYER -13,27 2403 Explosive Strippability 

3. LAYER -16,73 4920 Explosive Strippability 

PROFILE-160 

1. LAYER -2,97 1473 Medium-High Strippability 
2. LAYER -13,27 2403 Explosive Strippability 

3. LAYER -16,73 4920 Explosive Strippability 

PROFILE-161 

1. LAYER -1,99 788 Simple Strippability 
2. LAYER -8,92 1389 Medium-High Strippability 

3. LAYER -21,08 3101 Explosive Strippability 

PROFILE-162 

1. LAYER -3,77 988 Simple Strippability 
2. LAYER -11,83 1801 High Difficult Strippability 
3. LAYER -18,17 3656 Explosive Strippability 

PROFILE-163 

1. LAYER -3,05 813 Simple Strippability 
2. LAYER -13,65 1503 Medium-High Strippability 
3. LAYER -16,35 3368 Explosive Strippability 

PROFILE-164 

1. LAYER -4,13 628 Simple Strippability 
2. LAYER -18,48 1089 Simple Strippability 
3. LAYER -11,52 2290 Explosive Strippability 

PROFILE-165 

1. LAYER -2,30 668 Simple Strippability 

2. LAYER -10,29 890 Simple Strippability 
3. LAYER -19,71 2035 High Difficult Strippability 

PROFILE-166 

1. LAYER -4,67 2153 Explosive Strippability 

2. LAYER -20,88 2837 Explosive Strippability 
3. LAYER -9,12 5620 Explosive Strippability 

PROFILE-167 

1. LAYER -4,63 2094 High Difficult Strippability 

2. LAYER -20,70 2879 Explosive Strippability 
3. LAYER -9,30 5847 Explosive Strippability 

PROFILE-168 

1. LAYER -5,29 2119 High Difficult Strippability 
2.LAYER -16,62 2757 Explosive Strippability 

3.LAYER -13,38 5028 Explosive Strippability 

PROFILE-169 

1. LAYER -6,10 2485 Explosive Strippability 
2. LAYER -19,18 2902 Explosive Strippability 

3. LAYER -10,82 5549 Explosive Strippability 

PROFILE-170 

1. LAYER -6,44 2161 Explosive Strippability 
2. LAYER -28,83 3323 Explosive Strippability 
3. LAYER -1,17 7109 Explosive Strippability 
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  P Wave Velocity (m/sec) Strippability   

  Vp<458 High Simple Strippability   

  458<Vp<1220 Simple Strippability   

  1220<Vp<11525 Medium Strippability   

  1525<Vp<11830 Difficult Strippability   

  1830<Vp<12135 High Difficult 

Strippability 
  

  Vp>2135 Explosive Strippability   

Strippability of floors with P wave velocity (Church, 1981) 

P wave velocities of the grounds in the study area and strippability 

The above table shows the change table and strippability properties of Vp velocity depth 

values in the direction of the seismic data obtained from the field studies.  

5.6.2. AREA06 Seismic S wave velocity (Transverse Wave Velocity (Vs)) 

Vs VELOCiTY 
PROFILES LAYERS DEPTH Vs_ Velocity GROUND GROUP 

PROFILE-126 

1. LAYER -3,05 593 B 
2.LAYER -13,66 1119 A 

3.LAYER -16,34 2089 A 

PROFILE-127 

1. LAYER -4,50 883 A 
2. LAYER -20,15 1726 A 

3. LAYER -9,85 3114 A 

PROFILE-128 

1. LAYER -1,91 408 B 
2. LAYER -6,02 892 A 
3. LAYER -23,98 1511 A 

PROFILE-129 

1. LAYER -3,38 415 B 
2. LAYER -10,63 747 A 
3. LAYER -19,37 1341 A 

PROFILE-130 

1. LAYER -4,30 439 B 
2. LAYER -13,51 957 A 
3. LAYER -16,49 1670 A 

PROFILE-131 

1. LAYER -3,30 250 C 
2. LAYER -7,56 634 B 
3. LAYER -22,44 974 A 

PROFILE-132 

1. LAYER -3,65 176 D 

2.LAYER -8,35 349 C 
3.LAYER -21,65 655 B 

PROFILE-133 

1. LAYER -3,72 401 B 

2. LAYER -11,69 837 A 
3. LAYER -18,31 1458 A 

PROFILE-134 

1. LAYER -3,52 712 A 
2. LAYER -15,74 1342 A 

3. LAYER -14,26 2587 A 

PROFILE-135 

1. LAYER -3,35 357 C 
2. LAYER -14,98 805 A 

3. LAYER -15,02 1450 A 

PROFILE-136 

1. LAYER -3,62 321 C 
2. LAYER -11,40 700 A 
3. LAYER -18,60 1222 A 

PROFILE-137 

1. LAYER -2,47 323 C 
2. LAYER -11,04 724 A 
3. LAYER -18,96 1275 A 

PROFILE-138 

1. LAYER -2,93 369 C 
2. LAYER -13,11 785 A 
3. LAYER -16,89 1468 A 
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PROFILE-139 

1. LAYER -3,43 409 B 
2. LAYER -10,78 800 A 

3. LAYER -19,22 1343 A 

PROFILE-140 

1. LAYER -3,68 371 C 
2. LAYER -11,57 755 A 

3. LAYER -18,43 1263 A 

PROFILE-141 

1. LAYER -4,88 479 B 
2. LAYER -15,35 621 B 
3. LAYER -14,65 1277 A 

PROFILE-142 

1. LAYER -4,78 460 B 
2.LAYER -15,03 724 A 
3.LAYER -14,97 1008 A 

PROFILE-143 

1. LAYER -5,26 444 B 
2. LAYER -16,54 757 A 
3. LAYER -13,46 1084 A 

PROFILE-144 

1. LAYER -6,22 374 C 

2. LAYER -14,25 773 A 
3. LAYER -15,75 1190 A 

PROFILE-152 

1. LAYER -3,42 605 B 

2.LAYER -15,30 1360 A 
3.LAYER -14,70 2401 A 

PROFILE-153 

1. LAYER -2,68 190 D 
2. LAYER -6,14 439 B 

3. LAYER -23,86 727 A 

PROFILE-154 

1. LAYER -3,23 610 B 
2. LAYER -14,48 1186 A 

3. LAYER -15,52 2174 A 

PROFILE-155 

1. LAYER -7,74 794 A 
2. LAYER -17,74 1637 A 

3. LAYER -12,26 2694 A 

PROFILE-156 

1. LAYER -2,48 359 C 
2. LAYER -11,10 770 A 
3. LAYER -18,90 1381 A 

PROFILE-157 

1. LAYER -5,84 846 A 
2. LAYER -18,37 1474 A 
3. LAYER -11,63 2676 A 

PROFILE-158 

1. LAYER -1,91 325 C 
2.LAYER -8,57 643 B 
3.LAYER -21,43 1274 A 

PROFILE-159 

1. LAYER -2,97 558 B 

2. LAYER -13,27 1132 A 
3. LAYER -16,73 2167 A 

PROFILE-160 

1. LAYER -2,97 558 B 

2. LAYER -13,27 1132 A 
3. LAYER -16,73 2167 A 

PROFILE-161 

1. LAYER -1,99 327 C 

2. LAYER -8,92 690 B 
3. LAYER -21,08 1344 A 

PROFILE-162 

1. LAYER -3,77 410 B 
2. LAYER -11,83 923 A 

3. LAYER -18,17 1543 A 

PROFILE-163 

1. LAYER -3,05 354 C 
2. LAYER -13,65 804 A 

3. LAYER -16,35 1440 A 

PROFILE-164 

1. LAYER -4,13 273 C 
2. LAYER -18,48 541 B 
3. LAYER -11,52 961 A 

PROFILE-165 

1. LAYER -2,30 231 C 
2. LAYER -10,29 447 B 
3. LAYER -19,71 850 A 

PROFILE-166 

1. LAYER -4,67 729 A 
2. LAYER -20,88 1309 A 
3. LAYER -9,12 2624 A 
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PROFILE-167 

1. LAYER -4,63 721 A 
2. LAYER -20,70 1330 A 

3. LAYER -9,30 2676 A 

PROFILE-168 

1. LAYER -5,29 753 A 
2.LAYER -16,62 1188 A 

3.LAYER -13,38 2285 A 

PROFILE-169 

1. LAYER -6,10 1093 A 
2. LAYER -19,18 1333 A 
3. LAYER -10,82 2233 A 

PROFILE-170 

1. LAYER -6,44 935 A 
2. LAYER -28,83 1630 A 
3. LAYER -1,17 3064 A 

 

  S Wave Velocity (m/sec) Ground group   

  Vs<200 D   

  200<Vs<400 C   

  400<Vs<700 B   

  700<Vs A   

Ground groups according to slip wave velocity(Abyyhy, 1998) 

S wave velocities of the grounds in the study area and ground group 

Ground Group Ground group and top ground layer thickness(h1) 

Z1 (A) Ground group h1< 15 m  (B) Ground group 

Z2 h1> 15 m  (B) Ground group h1< 15 m  (C) Ground 

group Z3 15 m < h1< 50 m  (C) Ground group h1< 10 m  (D) 

Ground group Z4 h1> 50 m  (C) Ground group h1> 10 m  (D) Ground 

group 
Ground Group Class 

The above table shows that Vs velocity values in the direction of the seismic data obtained in 

the field studies are the absolute change tables and that the layers are included in the ground 

groups. 

5.6.3. AREA06 Vs30  

PROFILES Vs30 (m/sec) PROFILES Vs30 (m/sec) 

PROFILE-126 1883 PROFILE-153 679 

PROFILE-127 2759 PROFILE-154 1911 

PROFILE-128 1412 PROFILE-155 2417 

PROFILE-129 1203 PROFILE-156 1243 

PROFILE-130 1398 PROFILE-157 2248 

PROFILE-131 884 PROFILE-158 1131 

PROFILE-132 581 PROFILE-159 1835 

PROFILE-133 1278 PROFILE-160 1835 

PROFILE-134 2192 PROFILE-161 1144 

PROFILE-135 1158 PROFILE-162 1330 

PROFILE-136 1052 PROFILE-163 1180 

PROFILE-137 1155 PROFILE-164 812 

PROFILE-138 1260 PROFILE-165 750 

PROFILE-139 1229 PROFILE-166 2031 

PROFILE-140 1133 PROFILE-167 2066 

PROFILE-141 1086 PROFILE-168 1942 

PROFILE-142 1172 PROFILE-169 2425 

PROFILE-143 1218 PROFILE-170 2542 

PROFILE-144 1160   

PROFILE-152 1960   

Vs30 values in the direction of the seismic data obtained from the field studies are given in 

the table above. 
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5.6.4. AREA06 Shear Modulus-G (kg/cm²) 

 

SHEAR MODULUS 
PROFILES LAYERS DEPTH G(kg/cm2) ENDURANCE 

PROFILE-126 

1. LAYER -3,05 7318 Sturdy 
2.LAYER -13,66 28439 Rock Highlid 

3.LAYER -16,34 112937 Rock Highlid 

PROFILE-127 

1. LAYER -4,50 17633 Rock Highlid 
2. LAYER -20,15 73735 Rock Highlid 
3. LAYER -9,85 279797 Rock Highlid 

PROFILE-128 

1. LAYER -1,91 2948 Medium 
2. LAYER -6,02 16653 Rock Highlid 
3. LAYER -23,98 54692 Rock Highlid 

PROFILE-129 

1. LAYER -3,38 3215 Sturdy 
2. LAYER -10,63 11279 Rock Highlid 
3. LAYER -19,37 41360 Rock Highlid 

PROFILE-130 

1. LAYER -4,30 3702 Sturdy 

2. LAYER -13,51 19674 Rock Highlid 
3. LAYER -16,49 68659 Rock Highlid 

PROFILE-131 

1. LAYER -3,30 1683 Medium 

2. LAYER -7,56 7514 Sturdy 
3. LAYER -22,44 20332 Rock Highlid 

PROFILE-132 

1. LAYER -3,65 698 Low 
2.LAYER -8,35 2123 Medium 

3.LAYER -21,65 8197 Sturdy 

PROFILE-133 

1. LAYER -3,72 2894 Medium 
2. LAYER -11,69 14571 Rock Highlid 

3. LAYER -18,31 50608 Rock Highlid 

PROFILE-134 

1. LAYER -3,52 10773 Rock Highlid 
2. LAYER -15,74 44177 Rock Highlid 

3. LAYER -14,26 183766 Rock Highlid 

PROFILE-135 

1. LAYER -3,35 2378 Medium 
2. LAYER -14,98 13573 Rock Highlid 
3. LAYER -15,02 49638 Rock Highlid 

PROFILE-136 

1. LAYER -3,62 1830 Medium 
2. LAYER -11,40 9714 Sturdy 
3. LAYER -18,60 34113 Rock Highlid 

PROFILE-137 

1. LAYER -2,47 1867 Medium 
2. LAYER -11,04 10533 Rock Highlid 
3. LAYER -18,96 37268 Rock Highlid 

PROFILE-138 

1. LAYER -2,93 2480 Medium 

2. LAYER -13,11 12618 Rock Highlid 
3. LAYER -16,89 51075 Rock Highlid 

PROFILE-139 

1. LAYER -3,43 3068 Sturdy 

2. LAYER -10,78 13115 Rock Highlid 
3. LAYER -19,22 41952 Rock Highlid 

PROFILE-140 

1. LAYER -3,68 2533 Medium 

2. LAYER -11,57 11294 Rock Highlid 
3. LAYER -18,43 36608 Rock Highlid 

PROFILE-141 

1. LAYER -4,88 4373 Sturdy 
2. LAYER -15,35 7685 Sturdy 

3. LAYER -14,65 36126 Rock Highlid 

PROFILE-142 

1. LAYER -4,78 4004 Sturdy 
2.LAYER -15,03 10250 Rock Highlid 

3.LAYER -14,97 22918 Rock Highlid 

PROFILE-143 

1. LAYER -5,26 3598 Sturdy 
2. LAYER -16,54 11313 Rock Highlid 
3. LAYER -13,46 26801 Rock Highlid 

PROFILE-144 

1. LAYER -6,22 3800 Sturdy 
2. LAYER -14,25 11758 Rock Highlid 
3. LAYER -15,75 31988 Rock Highlid 
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PROFILE-152 

1. LAYER -3,42 7557 Sturdy 
2.LAYER -15,30 43677 Rock Highlid 

3.LAYER -14,70 154257 Rock Highlid 

PROFILE-153 

1. LAYER -2,68 838 Low 
2. LAYER -6,14 3321 Sturdy 

3. LAYER -23,86 10466 Rock Highlid 

PROFILE-154 

1. LAYER -3,23 7738 Sturdy 
2. LAYER -14,48 31808 Rock Highlid 
3. LAYER -15,52 124177 Rock Highlid 

PROFILE-155 

1. LAYER -7,74 20790 Rock Highlid 
2. LAYER -17,74 63915 Rock Highlid 
3. LAYER -12,26 198339 Rock Highlid 

PROFILE-156 

1. LAYER -2,48 2335 Medium 
2. LAYER -11,10 12203 Rock Highlid 
3. LAYER -18,90 44830 Rock Highlid 

PROFILE-157 

1. LAYER -5,84 15752 Rock Highlid 

2. LAYER -18,37 51927 Rock Highlid 
3. LAYER -11,63 195305 Rock Highlid 

PROFILE-158 

1. LAYER -1,91 1858 Medium 

2.LAYER -8,57 8093 Sturdy 
3.LAYER -21,43 36977 Rock Highlid 

PROFILE-159 

1. LAYER -2,97 6397 Sturdy 
2. LAYER -13,27 28834 Rock Highlid 

3. LAYER -16,73 121973 Rock Highlid 

PROFILE-160 

1. LAYER -2,97 6397 Sturdy 
2. LAYER -13,27 28834 Rock Highlid 

3. LAYER -16,73 121973 Rock Highlid 

PROFILE-161 

1. LAYER -1,99 1922 Medium 
2. LAYER -8,92 9551 Sturdy 

3. LAYER -21,08 41768 Rock Highlid 

PROFILE-162 

1. LAYER -3,77 3122 Sturdy 
2. LAYER -11,83 17925 Rock Highlid 
3. LAYER -18,17 57423 Rock Highlid 

PROFILE-163 

1. LAYER -3,05 2286 Medium 
2. LAYER -13,65 13431 Rock Highlid 
3. LAYER -16,35 48975 Rock Highlid 

PROFILE-164 

1. LAYER -4,13 1271 Low 
2. LAYER -18,48 5455 Sturdy 
3. LAYER -11,52 19796 Rock Highlid 

PROFILE-165 

1. LAYER -2,30 888 Low 

2. LAYER -10,29 3699 Sturdy 
3. LAYER -19,71 15033 Rock Highlid 

PROFILE-166 

1. LAYER -4,67 12155 Rock Highlid 

2. LAYER -20,88 41254 Rock Highlid 
3. LAYER -9,12 184874 Rock Highlid 

PROFILE-167 

1. LAYER -4,63 11839 Rock Highlid 

2. LAYER -20,70 43358 Rock Highlid 
3. LAYER -9,30 194182 Rock Highlid 

PROFILE-168 

1. LAYER -5,29 12686 Rock Highlid 
2.LAYER -16,62 32405 Rock Highlid 

3.LAYER -13,38 136296 Rock Highlid 

PROFILE-169 

1. LAYER -6,10 26839 Rock Highlid 
2. LAYER -19,18 44125 Rock Highlid 

3. LAYER -10,82 133413 Rock Highlid 

PROFILE-170 

1. LAYER -6,44 18537 Rock Highlid 
2. LAYER -28,83 70521 Rock Highlid 
3. LAYER -1,17 267218 Rock Highlid 
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  Shear Modulus (kg/cm2) Dayanim   

  G<400 High Weak   

  400<G<1500 Weak   

  1500<G<3000 Medium   

  3000<G<10000 Sturdy   

  10000<G Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  G =(d*Vs2)/100    

Shear modules and endurance of the grounds in the study area 

Calculation of shear Modulus values in the direction of the seismic data obtained in the field 

studies and the table of variation are given in the table above.  

5.6.5. AREA06 Elasticity Modulus-E (kg/cm²) 

ELASTiC MODULUS 
PROFILES LAYERS DEPTH E(kg/cm2) ENDURANCE 

PROFILE-126 

1. LAYER -3,05 20705 Sturdy 
2.LAYER -13,66 77722 Rock Highlid 
3.LAYER -16,34 313207 Rock Highlid 

PROFILE-127 

1. LAYER -4,50 50470 Rock Highlid 

2. LAYER -20,15 200444 Rock Highlid 
3. LAYER -9,85 781327 Rock Highlid 

PROFILE-128 

1. LAYER -1,91 8265 Medium 

2. LAYER -6,02 44135 Rock Highlid 
3. LAYER -23,98 152145 Rock Highlid 

PROFILE-129 

1. LAYER -3,38 9129 Medium 
2. LAYER -10,63 30044 Rock Highlid 

3. LAYER -19,37 113969 Rock Highlid 

PROFILE-130 

1. LAYER -4,30 10266 Sturdy 
2. LAYER -13,51 52399 Rock Highlid 

3. LAYER -16,49 191328 Rock Highlid 

PROFILE-131 

1. LAYER -3,30 4468 Low 
2. LAYER -7,56 19613 Sturdy 

3. LAYER -22,44 56508 Rock Highlid 

PROFILE-132 

1. LAYER -3,65 1911 Low 
2.LAYER -8,35 5768 Medium 
3.LAYER -21,65 22498 Sturdy 

PROFILE-133 

1. LAYER -3,72 8144 Medium 
2. LAYER -11,69 38840 Rock Highlid 
3. LAYER -18,31 141008 Rock Highlid 

PROFILE-134 

1. LAYER -3,52 30641 Rock Highlid 
2. LAYER -15,74 118305 Rock Highlid 
3. LAYER -14,26 511989 Rock Highlid 

PROFILE-135 

1. LAYER -3,35 6286 Medium 

2. LAYER -14,98 35144 Rock Highlid 
3. LAYER -15,02 137578 Rock Highlid 

PROFILE-136 

1. LAYER -3,62 5057 Medium 

2. LAYER -11,40 25964 Sturdy 
3. LAYER -18,60 95215 Rock Highlid 

PROFILE-137 

1. LAYER -2,47 5061 Medium 
2. LAYER -11,04 28422 Sturdy 

3. LAYER -18,96 103557 Rock Highlid 

PROFILE-138 

1. LAYER -2,93 6772 Medium 
2. LAYER -13,11 34137 Rock Highlid 

3. LAYER -16,89 141618 Rock Highlid 

PROFILE-139 

1. LAYER -3,43 8586 Medium 
2. LAYER -10,78 34628 Rock Highlid 

3. LAYER -19,22 116648 Rock Highlid 
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PROFILE-140 

1. LAYER -3,68 6934 Medium 
2. LAYER -11,57 30509 Rock Highlid 

3. LAYER -18,43 102014 Rock Highlid 

PROFILE-141 

1. LAYER -4,88 12422 Sturdy 
2. LAYER -15,35 21121 Sturdy 

3. LAYER -14,65 97050 Rock Highlid 

PROFILE-142 

1. LAYER -4,78 10999 Sturdy 
2.LAYER -15,03 27511 Sturdy 
3.LAYER -14,97 65385 Rock Highlid 

PROFILE-143 

1. LAYER -5,26 9894 Medium 
2. LAYER -16,54 30267 Rock Highlid 
3. LAYER -13,46 76177 Rock Highlid 

PROFILE-144 

1. LAYER -6,22 10648 Sturdy 
2. LAYER -14,25 31171 Rock Highlid 
3. LAYER -15,75 89008 Rock Highlid 

PROFILE-152 

1. LAYER -3,42 19631 Sturdy 

2.LAYER -15,30 113771 Rock Highlid 
3.LAYER -14,70 427270 Rock Highlid 

PROFILE-153 

1. LAYER -2,68 2350 Low 

2. LAYER -6,14 8790 Medium 
3. LAYER -23,86 28964 Sturdy 

PROFILE-154 

1. LAYER -3,23 21284 Sturdy 
2. LAYER -14,48 85579 Rock Highlid 

3. LAYER -15,52 345787 Rock Highlid 

PROFILE-155 

1. LAYER -7,74 58183 Rock Highlid 
2. LAYER -17,74 168795 Rock Highlid 

3. LAYER -12,26 545738 Rock Highlid 

PROFILE-156 

1. LAYER -2,48 6558 Medium 
2. LAYER -11,10 32489 Rock Highlid 

3. LAYER -18,90 124943 Rock Highlid 

PROFILE-157 

1. LAYER -5,84 44452 Rock Highlid 
2. LAYER -18,37 137905 Rock Highlid 
3. LAYER -11,63 537213 Rock Highlid 

PROFILE-158 

1. LAYER -1,91 5247 Medium 
2.LAYER -8,57 22135 Sturdy 
3.LAYER -21,43 102247 Rock Highlid 

PROFILE-159 

1. LAYER -2,97 17714 Sturdy 
2. LAYER -13,27 78253 Rock Highlid 
3. LAYER -16,73 336545 Rock Highlid 

PROFILE-160 

1. LAYER -2,97 17714 Sturdy 

2. LAYER -13,27 78253 Rock Highlid 
3. LAYER -16,73 336545 Rock Highlid 

PROFILE-161 

1. LAYER -1,99 5157 Medium 

2. LAYER -8,92 25567 Sturdy 
3. LAYER -21,08 115650 Rock Highlid 

PROFILE-162 

1. LAYER -3,77 8486 Medium 

2. LAYER -11,83 47409 Rock Highlid 
3. LAYER -18,17 159816 Rock Highlid 

PROFILE-163 

1. LAYER -3,05 6014 Medium 
2. LAYER -13,65 34946 Rock Highlid 

3. LAYER -16,35 135969 Rock Highlid 

PROFILE-164 

1. LAYER -4,13 3377 Low 
2. LAYER -18,48 14590 Sturdy 

3. LAYER -11,52 55158 Rock Highlid 

PROFILE-165 

1. LAYER -2,30 2513 Low 
2. LAYER -10,29 9864 Medium 
3. LAYER -19,71 41924 Rock Highlid 

PROFILE-166 

1. LAYER -4,67 33901 Rock Highlid 
2. LAYER -20,88 110958 Rock Highlid 
3. LAYER -9,12 503061 Rock Highlid 

PROFILE-167 

1. LAYER -4,63 32868 Rock Highlid 
2. LAYER -20,70 116606 Rock Highlid 
3. LAYER -9,30 531075 Rock Highlid 
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PROFILE-168 

1. LAYER -5,29 35485 Rock Highlid 
2.LAYER -16,62 89148 Rock Highlid 

3.LAYER -13,38 373412 Rock Highlid 

PROFILE-169 

1. LAYER -6,10 72957 Rock Highlid 
2. LAYER -19,18 117691 Rock Highlid 

3. LAYER -10,82 374458 Rock Highlid 

PROFILE-170 

1. LAYER -6,44 51289 Rock Highlid 
2. LAYER -28,83 185669 Rock Highlid 
3. LAYER -1,17 740694 Rock Highlid 

 

  Elastic Modulus (kg/cm2) Dayanim   

  E<1000 High Weak   

  1000<E<5000 Weak   

  5000<E<10000 Medium   

  10000<E<30000 Sturdy   

  30000<E Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  E=G*(3*Vp
2-4*Vs

2)/( Vp
2-Vs

2)   

Elasticity modules and endurance of the grounds in the study area 

 Calculation of the modulus of elasticity in the direction of the seismic data obtained in the 

field studies and the change table are given in the above table 

5.6.6. AREA06 Poisson’s Ratio - (б) 

POiSSON’S RATiO 
PROFILES LAYERS DEPTH (σ) POROSiTY 

PROFILE-126 

1. LAYER -3,05 0,43 High Porous 
2.LAYER -13,66 0,37 High Porous 

3.LAYER -16,34 0,39 High Porous 

PROFILE-127 

1. LAYER -4,50 0,44 High Porous 
2. LAYER -20,15 0,35 High Porous 

3. LAYER -9,85 0,40 High Porous 

PROFILE-128 

1. LAYER -1,91 0,41 High Porous 
2. LAYER -6,02 0,32 Medium Porous 
3. LAYER -23,98 0,39 High Porous 

PROFILE-129 

1. LAYER -3,38 0,43 High Porous 
2. LAYER -10,63 0,34 Medium Porous 
3. LAYER -19,37 0,38 High Porous 

PROFILE-130 

1. LAYER -4,30 0,41 High Porous 
2. LAYER -13,51 0,33 Medium Porous 
3. LAYER -16,49 0,39 High Porous 

PROFILE-131 

1. LAYER -3,30 0,36 High Porous 

2. LAYER -7,56 0,30 Medium Porous 
3. LAYER -22,44 0,39 High Porous 

PROFILE-132 

1. LAYER -3,65 0,39 High Porous 

2.LAYER -8,35 0,37 High Porous 
3.LAYER -21,65 0,37 High Porous 

PROFILE-133 

1. LAYER -3,72 0,41 High Porous 

2. LAYER -11,69 0,33 Medium Porous 
3. LAYER -18,31 0,39 High Porous 

PROFILE-134 

1. LAYER -3,52 0,43 High Porous 
2. LAYER -15,74 0,35 Medium Porous 

3. LAYER -14,26 0,39 High Porous 

PROFILE-135 

1. LAYER -3,35 0,36 High Porous 
2. LAYER -14,98 0,29 Medium Porous 

3. LAYER -15,02 0,39 High Porous 
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PROFILE-136 

1. LAYER -3,62 0,41 High Porous 
2. LAYER -11,40 0,33 Medium Porous 

3. LAYER -18,60 0,40 High Porous 

PROFILE-137 

1. LAYER -2,47 0,39 High Porous 
2. LAYER -11,04 0,34 Medium Porous 

3. LAYER -18,96 0,39 High Porous 

PROFILE-138 

1. LAYER -2,93 0,39 High Porous 
2. LAYER -13,11 0,35 Medium Porous 
3. LAYER -16,89 0,39 High Porous 

PROFILE-139 

1. LAYER -3,43 0,41 High Porous 
2. LAYER -10,78 0,32 Medium Porous 
3. LAYER -19,22 0,39 High Porous 

PROFILE-140 

1. LAYER -3,68 0,39 High Porous 
2. LAYER -11,57 0,35 Medium Porous 
3. LAYER -18,43 0,39 High Porous 

PROFILE-141 

1. LAYER -4,88 0,43 High Porous 

2. LAYER -15,35 0,39 High Porous 
3. LAYER -14,65 0,34 Medium Porous 

PROFILE-142 

1. LAYER -4,78 0,39 High Porous 

2.LAYER -15,03 0,34 Medium Porous 
3.LAYER -14,97 0,43 High Porous 

PROFILE-143 

1. LAYER -5,26 0,39 High Porous 
2. LAYER -16,54 0,34 Medium Porous 

3. LAYER -13,46 0,42 High Porous 

PROFILE-144 

1. LAYER -6,22 0,41 High Porous 
2. LAYER -14,25 0,32 Medium Porous 

3. LAYER -15,75 0,39 High Porous 

PROFILE-152 

1. LAYER -3,42 0,34 Medium Porous 
2.LAYER -15,30 0,30 Medium Porous 

3.LAYER -14,70 0,38 High Porous 

PROFILE-153 

1. LAYER -2,68 0,41 High Porous 
2. LAYER -6,14 0,32 Medium Porous 
3. LAYER -23,86 0,38 High Porous 

PROFILE-154 

1. LAYER -3,23 0,40 High Porous 
2. LAYER -14,48 0,34 Medium Porous 
3. LAYER -15,52 0,39 High Porous 

PROFILE-155 

1. LAYER -7,74 0,40 High Porous 
2. LAYER -17,74 0,32 Medium Porous 
3. LAYER -12,26 0,38 High Porous 

PROFILE-156 

1. LAYER -2,48 0,42 High Porous 

2. LAYER -11,10 0,33 Medium Porous 
3. LAYER -18,90 0,39 High Porous 

PROFILE-157 

1. LAYER -5,84 0,42 High Porous 

2. LAYER -18,37 0,33 Medium Porous 
3. LAYER -11,63 0,38 High Porous 

PROFILE-158 

1. LAYER -1,91 0,42 High Porous 

2.LAYER -8,57 0,36 High Porous 
3.LAYER -21,43 0,38 High Porous 

PROFILE-159 

1. LAYER -2,97 0,41 High Porous 
2. LAYER -13,27 0,35 High Porous 

3. LAYER -16,73 0,38 High Porous 

PROFILE-160 

1. LAYER -2,97 0,41 High Porous 
2. LAYER -13,27 0,35 High Porous 

3. LAYER -16,73 0,38 High Porous 

PROFILE-161 

1. LAYER -1,99 0,38 High Porous 
2. LAYER -8,92 0,33 Medium Porous 
3. LAYER -21,08 0,38 High Porous 

PROFILE-162 

1. LAYER -3,77 0,39 High Porous 
2. LAYER -11,83 0,32 Medium Porous 
3. LAYER -18,17 0,39 High Porous 

PROFILE-163 

1. LAYER -3,05 0,36 High Porous 
2. LAYER -13,65 0,29 Medium Porous 
3. LAYER -16,35 0,39 High Porous 
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PROFILE-164 

1. LAYER -4,13 0,36 High Porous 
2. LAYER -18,48 0,33 Medium Porous 

3. LAYER -11,52 0,39 High Porous 

PROFILE-165 

1. LAYER -2,30 0,43 High Porous 
2. LAYER -10,29 0,33 Medium Porous 

3. LAYER -19,71 0,39 High Porous 

PROFILE-166 

1. LAYER -4,67 0,42 High Porous 
2. LAYER -20,88 0,36 High Porous 
3. LAYER -9,12 0,36 High Porous 

PROFILE-167 

1. LAYER -4,63 0,42 High Porous 
2. LAYER -20,70 0,36 High Porous 
3. LAYER -9,30 0,37 High Porous 

PROFILE-168 

1. LAYER -5,29 0,42 High Porous 
2.LAYER -16,62 0,38 High Porous 
3.LAYER -13,38 0,37 High Porous 

PROFILE-169 

1. LAYER -6,10 0,37 High Porous 

2. LAYER -19,18 0,36 High Porous 
3. LAYER -10,82 0,40 High Porous 

PROFILE-170 

1. LAYER -6,44 0,38 High Porous 

2. LAYER -28,83 0,34 Medium Porous 
3. LAYER -1,17 0,39 High Porous 

 

  
Poisson’s Ratio;(σ) Porosity   

  0,00≤σ≤0,25 Nonporous   

  0,26≤σ≤0,35 Medium Porous   

  0,36≤σ≤0,50 High Porous   

Poisson ratio classification  

σ=(Vp2-2*Vs2)/(2* Vp2-2*Vs2) 

Poisson’s ratio values of the units in the study area, porosity 

Calculation of poisson’s ratio values in the direction of the seismic data obtained in the field 

studies and the change table are given in the above table. 

5.6.7. AREA06 Density -  ρ (gr/ cm3) 

DENSiTY 

PROFILES LAYERS DEPTH  ρ (gr/cm3) DEFiNiTiON 

PROFILE-126 

1. LAYER -3,05 2,00 High 

2.LAYER -13,66 2,18 High 
3.LAYER -16,34 2,59 Too High 

PROFILE-127 

1. LAYER -4,50 2,22 Too High 

2. LAYER -20,15 2,41 Too High 
3. LAYER -9,85 2,89 Too High 

PROFILE-128 

1. LAYER -1,91 1,76 Medium 
2. LAYER -6,02 2,00 High 

3. LAYER -23,98 2,40 Too High 

PROFILE-129 

1. LAYER -3,38 1,82 Medium 
2. LAYER -10,63 1,92 High 

3. LAYER -19,37 2,30 Too High 

PROFILE-130 

1. LAYER -4,30 1,82 Medium 
2. LAYER -13,51 2,04 High 
3. LAYER -16,49 2,46 Too High 

PROFILE-131 

1. LAYER -3,30 1,59 Medium 
2. LAYER -7,56 1,82 Medium 
3. LAYER -22,44 2,14 High 

PROFILE-132 

1. LAYER -3,65 1,47 Medium 
2.LAYER -8,35 1,63 Medium 
3.LAYER -21,65 1,91 High 
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PROFILE-133 

1. LAYER -3,72 1,77 Medium 
2. LAYER -11,69 1,97 High 

3. LAYER -18,31 2,38 Too High 

PROFILE-134 

1. LAYER -3,52 2,08 High 
2. LAYER -15,74 2,24 Too High 

3. LAYER -14,26 2,75 Too High 

PROFILE-135 

1. LAYER -3,35 1,67 Medium 
2. LAYER -14,98 1,91 High 
3. LAYER -15,02 2,36 Too High 

PROFILE-136 

1. LAYER -3,62 1,67 Medium 
2. LAYER -11,40 1,89 Medium 
3. LAYER -18,60 2,28 Too High 

PROFILE-137 

1. LAYER -2,47 1,65 Medium 
2. LAYER -11,04 1,92 High 
3. LAYER -18,96 2,29 Too High 

PROFILE-138 

1. LAYER -2,93 1,71 Medium 

2. LAYER -13,11 1,97 High 
3. LAYER -16,89 2,37 Too High 

PROFILE-139 

1. LAYER -3,43 1,77 Medium 

2. LAYER -10,78 1,94 High 
3. LAYER -19,22 2,33 Too High 

PROFILE-140 

1. LAYER -3,68 1,71 Medium 
2. LAYER -11,57 1,95 High 

3. LAYER -18,43 2,30 Too High 

PROFILE-141 

1. LAYER -4,88 1,88 Medium 
2. LAYER -15,35 1,93 High 

3. LAYER -14,65 2,22 Too High 

PROFILE-142 

1. LAYER -4,78 1,80 Medium 
2.LAYER -15,03 1,92 High 

3.LAYER -14,97 2,26 Too High 

PROFILE-143 

1. LAYER -5,26 1,78 Medium 
2. LAYER -16,54 1,94 High 
3. LAYER -13,46 2,28 Too High 

PROFILE-144 

1. LAYER -6,22 1,81 Medium 
2. LAYER -14,25 1,93 High 
3. LAYER -15,75 2,26 Too High 

PROFILE-152 

1. LAYER -3,42 1,87 Medium 
2.LAYER -15,30 2,19 High 
3.LAYER -14,70 2,68 Too High 

PROFILE-153 

1. LAYER -2,68 1,53 Medium 

2. LAYER -6,14 1,67 Medium 
3. LAYER -23,86 1,98 High 

PROFILE-154 

1. LAYER -3,23 1,95 High 

2. LAYER -14,48 2,17 High 
3. LAYER -15,52 2,63 Too High 

PROFILE-155 

1. LAYER -7,74 2,18 High 

2. LAYER -17,74 2,33 Too High 
3. LAYER -12,26 2,73 Too High 

PROFILE-156 

1. LAYER -2,48 1,74 Medium 
2. LAYER -11,10 1,93 High 

3. LAYER -18,90 2,35 Too High 

PROFILE-157 

1. LAYER -5,84 2,15 High 
2. LAYER -18,37 2,27 Too High 

3. LAYER -11,63 2,73 Too High 

PROFILE-158 

1. LAYER -1,91 1,70 Medium 
2.LAYER -8,57 1,89 Medium 
3.LAYER -21,43 2,28 Too High 

PROFILE-159 

1. LAYER -2,97 1,92 High 
2. LAYER -13,27 2,16 High 
3. LAYER -16,73 2,60 Too High 

PROFILE-160 

1. LAYER -2,97 1,92 High 
2. LAYER -13,27 2,16 High 
3. LAYER -16,73 2,60 Too High 
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PROFILE-161 

1. LAYER -1,99 1,64 Medium 
2. LAYER -8,92 1,88 Medium 

3. LAYER -21,08 2,31 Too High 

PROFILE-162 

1. LAYER -3,77 1,74 Medium 
2. LAYER -11,83 2,01 High 

3. LAYER -18,17 2,41 Too High 

PROFILE-163 

1. LAYER -3,05 1,66 Medium 
2. LAYER -13,65 1,92 High 
3. LAYER -16,35 2,36 Too High 

PROFILE-164 

1. LAYER -4,13 1,55 Medium 
2. LAYER -18,48 1,77 Medium 
3. LAYER -11,52 2,14 High 

PROFILE-165 

1. LAYER -2,30 1,58 Medium 
2. LAYER -10,29 1,68 Medium 
3. LAYER -19,71 2,08 High 

PROFILE-166 

1. LAYER -4,67 2,11 High 

2. LAYER -20,88 2,26 Too High 
3. LAYER -9,12 2,68 Too High 

PROFILE-167 

1. LAYER -4,63 2,10 High 

2. LAYER -20,70 2,27 Too High 
3. LAYER -9,30 2,71 Too High 

PROFILE-168 

1. LAYER -5,29 2,10 High 
2.LAYER -16,62 2,24 Too High 

3.LAYER -13,38 2,61 Too High 

PROFILE-169 

1. LAYER -6,10 2,19 High 
2. LAYER -19,18 2,27 Too High 

3. LAYER -10,82 2,68 Too High 

PROFILE-170 

1. LAYER -6,44 2,11 High 
2. LAYER -28,83 2,34 Too High 

3. LAYER -1,17 2,85 Too High 

 

  Density: ρ (gr/cm3) Tanimlama   

  ρ<1,20 High low   

  1,20<ρ<1,40 Low   

  1,40<ρ<1,90 Medium   

  1,90<ρ<2,20 High   

  2,20<ρ Too High   

Density Classification of Ground Units: (Keçeli, 1990) 

ρ =d=0.31*Vp0.25 

Density values and description of the units in the study area 

Calculation of the density values of the geological units in the direction of the seismic data 

obtained in the field studies and the table of variation are given in the above table.  
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5.6.8. AREA06 Modulus of Subgrade Reaction – D Y K (ton/m3) 

 

Modulus of Subgrade Reaction  
PROFILES LAYERS DEPTH D Y K  (ton/m3) 

PROFILE-126 

1. LAYER -3,05 4715 
2.LAYER -13,66 9639 

3.LAYER -16,34 21970 

PROFILE-127 

1. LAYER -4,50 7691 
2. LAYER -20,15 16627 
3. LAYER -9,85 39503 

PROFILE-128 

1. LAYER -1,91 3015 
2. LAYER -6,02 7154 
3. LAYER -23,98 14297 

PROFILE-129 

1. LAYER -3,38 3118 
2. LAYER -10,63 5829 
3. LAYER -19,37 12096 

PROFILE-130 

1. LAYER -4,30 3295 

2. LAYER -13,51 7809 
3. LAYER -16,49 16364 

PROFILE-131 

1. LAYER -3,30 2216 

2. LAYER -7,56 4782 
3. LAYER -22,44 8195 

PROFILE-132 

1. LAYER -3,65 1459 
2.LAYER -8,35 2511 

3.LAYER -21,65 5060 

PROFILE-133 

1. LAYER -3,72 2969 
2. LAYER -11,69 6664 

3. LAYER -18,31 13686 

PROFILE-134 

1. LAYER -3,52 5844 
2. LAYER -15,74 11986 

3. LAYER -14,26 29962 

PROFILE-135 

1. LAYER -3,35 2583 
2. LAYER -14,98 6309 
3. LAYER -15,02 13477 

PROFILE-136 

1. LAYER -3,62 2323 
2. LAYER -11,40 5418 
3. LAYER -18,60 10939 

PROFILE-137 

1. LAYER -2,47 2329 
2. LAYER -11,04 5654 
3. LAYER -18,96 11464 

PROFILE-138 

1. LAYER -2,93 2692 

2. LAYER -13,11 6220 
3. LAYER -16,89 13705 

PROFILE-139 

1. LAYER -3,43 3037 

2. LAYER -10,78 6291 
3. LAYER -19,22 12267 

PROFILE-140 

1. LAYER -3,68 2708 

2. LAYER -11,57 5927 
3. LAYER -18,43 11371 

PROFILE-141 

1. LAYER -4,88 3661 
2. LAYER -15,35 4828 

3. LAYER -14,65 11083 

PROFILE-142 

1. LAYER -4,78 3444 
2.LAYER -15,03 5630 

3.LAYER -14,97 8911 

PROFILE-143 

1. LAYER -5,26 3299 
2. LAYER -16,54 5926 
3. LAYER -13,46 9694 

PROFILE-144 

1. LAYER -6,22 3414 
2. LAYER -14,25 6030 
3. LAYER -15,75 10529 
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PROFILE-152 

1. LAYER -3,42 4614 
2.LAYER -15,30 11895 

3.LAYER -14,70 26612 

PROFILE-153 

1. LAYER -2,68 1632 
2. LAYER -6,14 3185 

3. LAYER -23,86 5748 

PROFILE-154 

1. LAYER -3,23 4776 
2. LAYER -14,48 10201 
3. LAYER -15,52 23405 

PROFILE-155 

1. LAYER -7,74 8294 
2. LAYER -17,74 15051 
3. LAYER -12,26 30935 

PROFILE-156 

1. LAYER -2,48 2641 
2. LAYER -11,10 6046 
3. LAYER -18,90 12765 

PROFILE-157 

1. LAYER -5,84 7131 

2. LAYER -18,37 13288 
3. LAYER -11,63 30621 

PROFILE-158 

1. LAYER -1,91 2365 

2.LAYER -8,57 4964 
3.LAYER -21,43 11378 

PROFILE-159 

1. LAYER -2,97 4324 
2. LAYER -13,27 9695 

3. LAYER -16,73 22905 

PROFILE-160 

1. LAYER -2,97 4324 
2. LAYER -13,27 9695 

3. LAYER -16,73 22905 

PROFILE-161 

1. LAYER -1,99 2347 
2. LAYER -8,92 5335 

3. LAYER -21,08 12201 

PROFILE-162 

1. LAYER -3,77 3017 
2. LAYER -11,83 7447 
3. LAYER -18,17 14715 

PROFILE-163 

1. LAYER -3,05 2549 
2. LAYER -13,65 6309 
3. LAYER -16,35 13390 

PROFILE-164 

1. LAYER -4,13 1930 
2. LAYER -18,48 4038 
3. LAYER -11,52 8086 

PROFILE-165 

1. LAYER -2,30 1636 

2. LAYER -10,29 3273 
3. LAYER -19,71 6974 

PROFILE-166 

1. LAYER -4,67 6058 

2. LAYER -20,88 11678 
3. LAYER -9,12 29237 

PROFILE-167 

1. LAYER -4,63 5950 

2. LAYER -20,70 11942 
3. LAYER -9,30 30313 

PROFILE-168 

1. LAYER -5,29 6231 
2.LAYER -16,62 10467 

3.LAYER -13,38 24349 

PROFILE-169 

1. LAYER -6,10 9369 
2. LAYER -19,18 11972 

3. LAYER -10,82 24746 

PROFILE-170 

1. LAYER -6,44 7776 
2. LAYER -28,83 15371 
3. LAYER -1,17 37864 

 
kv= 40*(Gs)*qu ton/m3 (Bowles 1984) 

 

The above table shows the Modulus of Subgrade Reaction obtained for each layer in the 

direction of the data obtained after the seismic measurements made in the study area. 
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5.6.9. AREA06 Bearing Capacity qu (kg/cm2) / Allowable Bearing Capacity qa(kg/cm2) 

PROFILES LAYERS DEPTH BEARiNG 

CAPACiTY 

(qu,kg/cm2) 

ALLOWABLE 

BEARiNG 

CAPACiTY 

(qa,kg/cm2) 

PROFILE-126 

1. LAYER -3,05 11,79 3,93 
2.LAYER -13,66 24,10 8,03 
3.LAYER -16,34 54,93 18,31 

PROFILE-127 

1. LAYER -4,50 19,23 6,41 
2. LAYER -20,15 41,57 13,86 
3. LAYER -9,85 98,76 32,92 

PROFILE-128 

1. LAYER -1,91 7,54 2,51 

2. LAYER -6,02 17,88 5,96 
3. LAYER -23,98 35,74 11,91 

PROFILE-129 

1. LAYER -3,38 7,80 2,60 

2. LAYER -10,63 14,57 4,86 
3. LAYER -19,37 30,24 10,08 

PROFILE-130 

1. LAYER -4,30 8,24 2,75 
2. LAYER -13,51 19,52 6,51 

3. LAYER -16,49 40,91 13,64 

PROFILE-131 

1. LAYER -3,30 5,54 1,85 
2. LAYER -7,56 11,95 3,98 

3. LAYER -22,44 20,49 6,83 

PROFILE-132 

1. LAYER -3,65 3,65 1,22 
2.LAYER -8,35 6,28 2,09 
3.LAYER -21,65 12,65 4,22 

PROFILE-133 

1. LAYER -3,72 7,42 2,47 
2. LAYER -11,69 16,66 5,55 
3. LAYER -18,31 34,21 11,40 

PROFILE-134 

1. LAYER -3,52 14,61 4,87 
2. LAYER -15,74 29,97 9,99 
3. LAYER -14,26 74,91 24,97 

PROFILE-135 

1. LAYER -3,35 6,46 2,15 
2. LAYER -14,98 15,77 5,26 
3. LAYER -15,02 33,69 11,23 

PROFILE-136 

1. LAYER -3,62 5,81 1,94 

2. LAYER -11,40 13,54 4,51 
3. LAYER -18,60 27,35 9,12 

PROFILE-137 

1. LAYER -2,47 5,82 1,94 

2. LAYER -11,04 14,14 4,71 
3. LAYER -18,96 28,66 9,55 

PROFILE-138 

1. LAYER -2,93 6,73 2,24 
2. LAYER -13,11 15,55 5,18 

3. LAYER -16,89 34,26 11,42 

PROFILE-139 

1. LAYER -3,43 7,59 2,53 
2. LAYER -10,78 15,73 5,24 

3. LAYER -19,22 30,67 10,22 

PROFILE-140 

1. LAYER -3,68 6,77 2,26 
2. LAYER -11,57 14,82 4,94 

3. LAYER -18,43 28,43 9,48 

PROFILE-141 

1. LAYER -4,88 9,15 3,05 
2. LAYER -15,35 12,07 4,02 
3. LAYER -14,65 27,71 9,24 

PROFILE-142 

1. LAYER -4,78 8,61 2,87 
2.LAYER -15,03 14,08 4,69 
3.LAYER -14,97 22,28 7,43 

PROFILE-143 

1. LAYER -5,26 8,25 2,75 
2. LAYER -16,54 14,82 4,94 
3. LAYER -13,46 24,23 8,08 

PROFILE-144 

1. LAYER -6,22 8,54 2,85 

2. LAYER -14,25 15,08 5,03 
3. LAYER -15,75 26,32 8,77 

PROFILE-152 

1. LAYER -3,42 11,54 3,85 

2.LAYER -15,30 29,74 9,91 
3.LAYER -14,70 66,53 22,18 
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PROFILE-153 

1. LAYER -2,68 4,08 1,36 
2. LAYER -6,14 7,96 2,65 

3. LAYER -23,86 14,37 4,79 

PROFILE-154 

1. LAYER -3,23 11,94 3,98 
2. LAYER -14,48 25,50 8,50 

3. LAYER -15,52 58,51 19,50 

PROFILE-155 

1. LAYER -7,74 20,74 6,91 
2. LAYER -17,74 37,63 12,54 
3. LAYER -12,26 77,34 25,78 

PROFILE-156 

1. LAYER -2,48 6,60 2,20 
2. LAYER -11,10 15,11 5,04 
3. LAYER -18,90 31,91 10,64 

PROFILE-157 

1. LAYER -5,84 17,83 5,94 
2. LAYER -18,37 33,22 11,07 
3. LAYER -11,63 76,55 25,52 

PROFILE-158 

1. LAYER -1,91 5,91 1,97 

2.LAYER -8,57 12,41 4,14 
3.LAYER -21,43 28,44 9,48 

PROFILE-159 

1. LAYER -2,97 10,81 3,60 

2. LAYER -13,27 24,24 8,08 
3. LAYER -16,73 57,26 19,09 

PROFILE-160 

1. LAYER -2,97 10,81 3,60 
2. LAYER -13,27 24,24 8,08 

3. LAYER -16,73 57,26 19,09 

PROFILE-161 

1. LAYER -1,99 5,87 1,96 
2. LAYER -8,92 13,34 4,45 

3. LAYER -21,08 30,50 10,17 

PROFILE-162 

1. LAYER -3,77 7,54 2,51 
2. LAYER -11,83 18,62 6,21 

3. LAYER -18,17 36,79 12,26 

PROFILE-163 

1. LAYER -3,05 6,37 2,12 
2. LAYER -13,65 15,77 5,26 
3. LAYER -16,35 33,48 11,16 

PROFILE-164 

1. LAYER -4,13 4,82 1,61 
2. LAYER -18,48 10,09 3,36 
3. LAYER -11,52 20,22 6,74 

PROFILE-165 

1. LAYER -2,30 4,09 1,36 
2. LAYER -10,29 8,18 2,73 
3. LAYER -19,71 17,44 5,81 

PROFILE-166 

1. LAYER -4,67 15,14 5,05 

2. LAYER -20,88 29,19 9,73 
3. LAYER -9,12 73,09 24,36 

PROFILE-167 

1. LAYER -4,63 14,87 4,96 

2. LAYER -20,70 29,85 9,95 
3. LAYER -9,30 75,78 25,26 

PROFILE-168 

1. LAYER -5,29 15,58 5,19 

2.LAYER -16,62 26,17 8,72 
3.LAYER -13,38 60,87 20,29 

PROFILE-169 

1. LAYER -6,10 23,42 7,81 
2. LAYER -19,18 29,93 9,98 

3. LAYER -10,82 61,87 20,62 

PROFILE-170 

1. LAYER -6,44 19,44 6,48 
2. LAYER -28,83 38,43 12,81 

3. LAYER -1,17 94,66 31,55 

PROFILE-68 

1. LAYER -1,89 6,03 2,01 
2. LAYER -8,44 10,25 3,42 
3. LAYER -41,56 26,25 8,75 

PROFILE-69 

1. LAYER -4,35 11,09 3,70 
2.LAYER -13,69 27,93 9,31 
3.LAYER -36,31 61,83 20,61 

PROFILE-70 

1. LAYER -3,74 6,53 2,18 
2. LAYER -11,77 13,59 4,53 
3. LAYER -38,23 25,04 8,35 
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qu=(0,024*Vs*(J.B.K+0,002*Vp)*0,71)/G.K 

 

  
 

  
  

      

      

      

qa=qu/G.K              G.K=3 empirical value 

5.6.10. AREA06 Vibration Period - T0 (sec) / Ground Amplification (Ak) 

PROFILES To (sec) Ta (sec) Tb (sec) Ak (Amplification) 

PROFILE-126 0,09 0,06 0,13 0,74 

PROFILE-127 0,07 0,05 0,10 0,59 

PROFILE-128 0,10 0,07 0,15 0,88 

PROFILE-129 0,13 0,09 0,20 0,96 

PROFILE-130 0,12 0,08 0,18 0,88 

PROFILE-131 0,17 0,11 0,25 1,16 

PROFILE-132 0,26 0,17 0,39 1,49 

PROFILE-133 0,13 0,08 0,19 0,93 

PROFILE-134 0,08 0,05 0,12 0,67 

PROFILE-135 0,14 0,10 0,22 0,99 

PROFILE-136 0,15 0,10 0,23 1,05 

PROFILE-137 0,14 0,09 0,21 0,99 

PROFILE-138 0,13 0,09 0,20 0,94 

PROFILE-139 0,13 0,09 0,19 0,95 

PROFILE-140 0,14 0,10 0,21 1,00 

PROFILE-141 0,16 0,11 0,24 1,03 

PROFILE-142 0,16 0,11 0,24 0,98 

PROFILE-143 0,16 0,11 0,24 0,96 

PROFILE-144 0,15 0,10 0,23 0,99 

PROFILE-152 0,09 0,06 0,13 0,72 

PROFILE-153 0,21 0,14 0,32 1,36 

PROFILE-154 0,09 0,06 0,13 0,73 

PROFILE-155 0,08 0,05 0,11 0,63 

PROFILE-156 0,13 0,09 0,19 0,95 

PROFILE-157 0,08 0,05 0,12 0,66 

PROFILE-158 0,13 0,09 0,20 1,00 

PROFILE-159 0,09 0,06 0,13 0,75 

PROFILE-160 0,09 0,06 0,13 0,75 

PROFILE-161 0,13 0,09 0,20 0,99 

PROFILE-162 0,12 0,08 0,18 0,91 

PROFILE-163 0,14 0,09 0,21 0,98 

PROFILE-164 0,22 0,15 0,34 1,22 

PROFILE-165 0,21 0,14 0,31 1,28 

PROFILE-166 0,09 0,06 0,14 0,70 

PROFILE-167 0,09 0,06 0,13 0,70 

PROFILE-168 0,09 0,06 0,14 0,72 

PROFILE-169 0,08 0,06 0,13 0,63 

PROFILE-170 0,08 0,06 0,13 0,62 

𝑇𝑜 = ∑ 4𝐻 𝑉𝑠 𝑛 𝚤=1 (sec)……. (Zeevaert,1967)     

Ak=68*Vs30
-0,6……………………. (Midorikawa, 1987)   

The Vibration Period and Ground Amplification calculated in the direction of the parameters 

obtained during the seismic studies made during the field survey are presented in the table 

above. 
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5. 7. AREA 7 

There are 77 measurements were taken on the Area 1. Three layers were seen in this scale. 

Layer 1 thickness varies between 1,73 m and 7,19 m. The beginning of the layer 2 is between 

1,73 m and 7,19 m, and the ending is between 5,44 m and 21,92 m. The beginning of the layer 

3 is between 5,44 m and 21,92 m.  

Detailed soil structure was observed in the 10 layers solutions. Accordingly, in the profiles 

taken in the region, cracks with cracks and voids were observed in the first 7.00 meters in 

general. More detailed work should be done under the constructions to be made here. 

Profile points should be viewed in engineering parameters section for detailed values 

considering the following application.  
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5.7.1. AREA07 Seismic P wave velocity (Compressional Wave Velocity (Vp)) 

 

Vp VELOCiTY 
PROFILES LAYERS DEPTH Vp_ Velocity STRiPPABiLiTY 

PROFILE-1 

1. LAYER -3,85 1787 High Difficult Strippability 
2.LAYER -17,22 2465 Explosive Strippability 

3.LAYER -32,78 5129 Explosive Strippability 

PROFILE-2 

1. LAYER -3,22 913 Simple Strippability 
2. LAYER -14,43 2370 Explosive Strippability 
3. LAYER -35,57 5577 Explosive Strippability 

PROFILE-3 

1. LAYER -4,51 1396 Medium-High Strippability 
2. LAYER -14,19 2295 Explosive Strippability 
3. LAYER -35,81 4753 Explosive Strippability 

PROFILE-4 

1. LAYER -3,68 1322 Medium-High Strippability 
2. LAYER -16,45 1641 High Difficult Strippability 
3. LAYER -33,55 3342 Explosive Strippability 

PROFILE-5 

1. LAYER -3,93 963 Simple Strippability 

2. LAYER -17,60 1301 Medium-High Strippability 
3. LAYER -32,40 2729 Explosive Strippability 

PROFILE-6 

1. LAYER -6,86 1754 High Difficult Strippability 

2. LAYER -21,55 2972 Explosive Strippability 
3. LAYER -28,45 6049 Explosive Strippability 

PROFILE-7 

1. LAYER -6,80 2209 Explosive Strippability 
2.LAYER -21,37 2485 Explosive Strippability 

3.LAYER -28,63 4805 Explosive Strippability 

PROFILE-8 

1. LAYER -4,38 2038 High Difficult Strippability 
2. LAYER -19,60 2197 Explosive Strippability 

3. LAYER -30,40 4258 Explosive Strippability 

PROFILE-9 

1. LAYER -3,10 648 Simple Strippability 
2. LAYER -9,76 1271 Medium-High Strippability 

3. LAYER -40,24 2585 Explosive Strippability 

PROFILE-10 

1. LAYER -2,79 583 Simple Strippability 
2. LAYER -8,78 1189 Simple Strippability 
3. LAYER -41,22 2497 Explosive Strippability 

PROFILE-11 

1. LAYER -6,35 1363 Medium-High Strippability 
2. LAYER -19,96 1630 High Difficult Strippability 
3. LAYER -30,04 3418 Explosive Strippability 

PROFILE-12 

1. LAYER -4,56 1012 Simple Strippability 
2. LAYER -14,33 1651 High Difficult Strippability 
3. LAYER -35,67 3435 Explosive Strippability 

PROFILE-13 

1. LAYER -7,19 1995 High Difficult Strippability 

2. LAYER -16,49 2317 Explosive Strippability 
3. LAYER -33,51 4185 Explosive Strippability 

PROFILE-14 

1. LAYER -4,85 1276 Medium-High Strippability 

2. LAYER -15,25 1860 High Difficult Strippability 
3. LAYER -34,75 3762 Explosive Strippability 

PROFILE-15 

1. LAYER -4,39 1171 Simple Strippability 

2. LAYER -13,79 1746 High Difficult Strippability 
3. LAYER -36,21 3403 Explosive Strippability 

PROFILE-71 

1. LAYER -2,90 672 Simple Strippability 
2. LAYER -6,63 1194 Simple Strippability 

3. LAYER -43,37 2305 Explosive Strippability 

PROFILE-72 

1. LAYER -1,73 688 Simple Strippability 
2.LAYER -5,44 958 Simple Strippability 

3.LAYER -44,56 1955 High Difficult Strippability 

PROFILE-73 

1. LAYER -4,10 1544 High Difficult Strippability 
2. LAYER -12,88 2276 Explosive Strippability 
3. LAYER -37,12 4238 Explosive Strippability 

PROFILE-74 

1. LAYER -5,19 2446 Explosive Strippability 
2. LAYER -16,33 3898 Explosive Strippability 
3. LAYER -33,67 7493 Explosive Strippability 
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PROFILE-75 

1. LAYER -3,52 1163 Simple Strippability 
2.LAYER -11,07 1692 High Difficult Strippability 

3.LAYER -38,93 3388 Explosive Strippability 

PROFILE-76 

1. LAYER -3,58 1239 Medium-High Strippability 
2. LAYER -11,24 1672 High Difficult Strippability 

3. LAYER -38,76 3396 Explosive Strippability 

PROFILE-77 

1. LAYER -4,44 2245 Explosive Strippability 
2. LAYER -13,95 2919 Explosive Strippability 
3. LAYER -36,05 5748 Explosive Strippability 

PROFILE-78 

1. LAYER -3,61 2156 Explosive Strippability 
2. LAYER -16,17 2887 Explosive Strippability 
3. LAYER -33,83 6175 Explosive Strippability 

PROFILE-79 

1. LAYER -4,90 2395 Explosive Strippability 
2. LAYER -21,92 3352 Explosive Strippability 
3. LAYER -28,08 7095 Explosive Strippability 

PROFILE-80 

1. LAYER -3,04 1170 Simple Strippability 

2. LAYER -13,60 2292 Explosive Strippability 
3. LAYER -36,40 5256 Explosive Strippability 

PROFILE-81 

1. LAYER -3,24 939 Simple Strippability 

2.LAYER -10,20 2043 High Difficult Strippability 
3.LAYER -39,80 4273 Explosive Strippability 

PROFILE-82 

1. LAYER -4,75 2083 High Difficult Strippability 
2. LAYER -14,94 3033 Explosive Strippability 

3. LAYER -35,06 5938 Explosive Strippability 

PROFILE-83 

1. LAYER -3,75 2225 Explosive Strippability 
2. LAYER -16,81 3027 Explosive Strippability 

3. LAYER -33,19 6721 Explosive Strippability 

PROFILE-84 

1. LAYER -3,99 1639 High Difficult Strippability 
2. LAYER -17,83 2893 Explosive Strippability 

3. LAYER -32,17 6371 Explosive Strippability 

PROFILE-85 

1. LAYER -2,65 1048 Simple Strippability 
2. LAYER -11,86 1551 High Difficult Strippability 
3. LAYER -38,14 3548 Explosive Strippability 

PROFILE-86 

1. LAYER -3,29 1256 Medium-High Strippability 
2. LAYER -10,35 1991 High Difficult Strippability 
3. LAYER -39,65 3942 Explosive Strippability 

PROFILE-87 

1. LAYER -2,26 3285 Explosive Strippability 
2. LAYER -7,12 5012 Explosive Strippability 
3. LAYER -42,88 10408 Explosive Strippability 

PROFILE-88 

1. LAYER -3,47 1300 Medium-High Strippability 

2. LAYER -10,90 1971 High Difficult Strippability 
3. LAYER -39,10 3832 Explosive Strippability 

PROFILE-89 

1. LAYER -3,60 1266 Medium-High Strippability 

2. LAYER -11,33 1681 High Difficult Strippability 
3. LAYER -38,67 3322 Explosive Strippability 

PROFILE-90 

1. LAYER -5,14 1841 High Difficult Strippability 

2. LAYER -16,16 2550 Explosive Strippability 
3. LAYER -33,84 5142 Explosive Strippability 

PROFILE-91 

1. LAYER -3,90 1736 High Difficult Strippability 
2.LAYER -17,46 2021 High Difficult Strippability 

3.LAYER -32,54 3997 Explosive Strippability 

PROFILE-92 

1. LAYER -2,50 661 Simple Strippability 
2. LAYER -7,87 1365 Medium-High Strippability 

3. LAYER -42,13 2747 Explosive Strippability 

PROFILE-93 

1. LAYER -5,22 2462 Explosive Strippability 
2.LAYER -16,41 3402 Explosive Strippability 
3.LAYER -33,59 6834 Explosive Strippability 

PROFILE-94 

1. LAYER -4,24 1406 Medium-High Strippability 
2. LAYER -13,34 2037 High Difficult Strippability 
3. LAYER -36,66 4052 Explosive Strippability 

PROFILE-95 

1. LAYER -6,87 2062 High Difficult Strippability 
2. LAYER -15,73 2280 Explosive Strippability 
3. LAYER -34,27 4244 Explosive Strippability 
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PROFILE-96 

1. LAYER -3,38 1074 Simple Strippability 
2. LAYER -10,62 1531 High Difficult Strippability 

3. LAYER -39,38 3085 Explosive Strippability 

PROFILE-97 

1. LAYER -4,56 1554 High Difficult Strippability 
2. LAYER -14,35 2130 High Difficult Strippability 

3. LAYER -35,65 4023 Explosive Strippability 

PROFILE-98 

1. LAYER -4,15 831 Simple Strippability 
2. LAYER -13,07 1603 High Difficult Strippability 
3. LAYER -36,93 3280 Explosive Strippability 

PROFILE-99 

1. LAYER -3,79 882 Simple Strippability 
2.LAYER -11,93 1569 High Difficult Strippability 
3.LAYER -38,07 3148 Explosive Strippability 

PROFILE-100 

1. LAYER -3,55 1233 Medium-High Strippability 
2. LAYER -11,16 1901 High Difficult Strippability 
3. LAYER -38,84 3675 Explosive Strippability 

PROFILE-101 

1. LAYER -2,56 785 Simple Strippability 

2. LAYER -8,05 1211 Simple Strippability 
3. LAYER -41,95 2478 Explosive Strippability 

PROFILE-102 

1. LAYER -3,50 770 Simple Strippability 

2. LAYER -11,02 1498 Medium-High Strippability 
3. LAYER -38,98 2986 Explosive Strippability 

PROFILE-103 

1. LAYER -3,14 824 Simple Strippability 
2. LAYER -9,87 1427 Medium-High Strippability 

3. LAYER -40,13 2921 Explosive Strippability 

PROFILE-104 

1. LAYER -6,03 2709 Explosive Strippability 
2. LAYER -18,97 3225 Explosive Strippability 

3. LAYER -31,03 5973 Explosive Strippability 

PROFILE-105 

1. LAYER -4,89 1871 High Difficult Strippability 
2. LAYER -15,38 2664 Explosive Strippability 

3. LAYER -34,62 5479 Explosive Strippability 

PROFILE-106 

1. LAYER -3,10 1017 Simple Strippability 
2. LAYER -9,74 1597 High Difficult Strippability 
3. LAYER -40,26 3101 Explosive Strippability 

PROFILE-107 

1. LAYER -4,36 1434 Medium-High Strippability 
2. LAYER -13,70 1732 High Difficult Strippability 
3. LAYER -36,30 3149 Explosive Strippability 

PROFILE-108 

1. LAYER -4,03 1432 Medium-High Strippability 
2. LAYER -12,67 1641 High Difficult Strippability 
3. LAYER -37,33 2912 Explosive Strippability 

PROFILE-109 

1. LAYER -2,68 985 Simple Strippability 

2.LAYER -8,44 1475 Medium-High Strippability 
3.LAYER -41,56 2884 Explosive Strippability 

PROFILE-110 

1. LAYER -3,14 1682 High Difficult Strippability 

2. LAYER -9,87 2272 Explosive Strippability 
3. LAYER -40,13 4453 Explosive Strippability 

PROFILE-111 

1. LAYER -4,55 1779 High Difficult Strippability 

2. LAYER -14,31 2719 Explosive Strippability 
3. LAYER -35,69 5403 Explosive Strippability 

PROFILE-112 

1. LAYER -3,50 1379 Medium-High Strippability 
2. LAYER -11,00 2346 Explosive Strippability 

3. LAYER -39,00 4656 Explosive Strippability 

PROFILE-113 

1. LAYER -4,57 2560 Explosive Strippability 
2. LAYER -14,37 3334 Explosive Strippability 

3. LAYER -35,63 6803 Explosive Strippability 

PROFILE-114 

1. LAYER -3,57 797 Simple Strippability 
2.LAYER -11,23 1584 High Difficult Strippability 
3.LAYER -38,77 3211 Explosive Strippability 

PROFILE-115 

1. LAYER -4,17 937 Simple Strippability 
2. LAYER -13,11 1451 Medium-High Strippability 
3. LAYER -36,89 2979 Explosive Strippability 

PROFILE-116 

1. LAYER -3,31 1178 Simple Strippability 
2. LAYER -10,40 1527 High Difficult Strippability 
3. LAYER -39,60 2635 Explosive Strippability 
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PROFILE-117 

1. LAYER -3,26 1294 Medium-High Strippability 
2. LAYER -10,25 1909 High Difficult Strippability 

3. LAYER -39,75 3817 Explosive Strippability 

PROFILE-118 

1. LAYER -3,98 943 Simple Strippability 
2. LAYER -12,51 1429 Medium-High Strippability 

3. LAYER -37,49 3031 Explosive Strippability 

PROFILE-119 

1. LAYER -4,82 1362 Medium-High Strippability 
2. LAYER -15,16 1830 High Difficult Strippability 
3. LAYER -34,84 3435 Explosive Strippability 

PROFILE-120 

1. LAYER -3,66 3247 Explosive Strippability 
2.LAYER -11,52 3671 Explosive Strippability 
3.LAYER -38,48 6534 Explosive Strippability 

PROFILE-121 

1. LAYER -5,40 3593 Explosive Strippability 
2. LAYER -16,96 4459 Explosive Strippability 
3. LAYER -33,04 8436 Explosive Strippability 

PROFILE-122 

1. LAYER -3,03 1051 Simple Strippability 

2. LAYER -9,53 1516 Medium-High Strippability 
3. LAYER -40,47 3122 Explosive Strippability 

PROFILE-123 

1. LAYER -2,66 823 Simple Strippability 

2. LAYER -8,36 1346 Medium-High Strippability 
3. LAYER -41,64 2787 Explosive Strippability 

PROFILE-124 

1. LAYER -3,05 888 Simple Strippability 
2. LAYER -9,59 1528 High Difficult Strippability 

3. LAYER -40,41 3139 Explosive Strippability 

PROFILE-125 

1. LAYER -2,83 791 Simple Strippability 
2. LAYER -8,91 1420 Medium-High Strippability 

3. LAYER -41,09 2993 Explosive Strippability 

PROFILE-145 

1. LAYER -3,67 827 Simple Strippability 
2. LAYER -11,54 1347 Medium-High Strippability 

3. LAYER -38,46 2784 Explosive Strippability 

PROFILE-146 

1. LAYER -2,68 779 Simple Strippability 
2. LAYER -11,99 1704 High Difficult Strippability 
3. LAYER -38,01 3795 Explosive Strippability 

PROFILE-147 

1. LAYER -3,22 1098 Simple Strippability 
2. LAYER -10,14 1553 High Difficult Strippability 
3. LAYER -39,86 3101 Explosive Strippability 

PROFILE-148 

1. LAYER -5,62 2042 High Difficult Strippability 
2. LAYER -17,66 2497 Explosive Strippability 
3. LAYER -32,34 4793 Explosive Strippability 

PROFILE-149 

1. LAYER -3,05 713 Simple Strippability 

2.LAYER -9,59 1125 Simple Strippability 
3.LAYER -40,41 2228 Explosive Strippability 

PROFILE-150 

1. LAYER -4,42 1124 Simple Strippability 

2. LAYER -13,89 2099 High Difficult Strippability 
3. LAYER -36,11 4095 Explosive Strippability 

PROFILE-151 

1. LAYER -5,74 1182 Simple Strippability 

2. LAYER -13,14 1384 Medium-High Strippability 
3. LAYER -36,86 2510 Explosive Strippability 

 

  P Wave Velocity (m/sec) Strippability   

  Vp<458 High Simple Strippability   

  458<Vp<1220 Simple Strippability   

  1220<Vp<11525 Medium Strippability   

  1525<Vp<11830 Difficult Strippability   

  1830<Vp<12135 High Difficult 

Strippability 
  

  Vp>2135 Explosive Strippability   

Strippability of floors with P wave velocity (Church, 1981) 

P wave velocities of the grounds in the study area and strippability 

The above table shows the change table and strippability properties of Vp velocity depth 

values in the direction of the seismic data obtained from the field studies.  
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5.7.2. AREA07 Seismic S wave velocity (Transverse Wave Velocity (Vs)) 

 

Vp VELOCiTY 
PROFILES LAYERS DEPTH Vp_ Velocity STRiPPABiLiTY 

PROFILE-1 

1. LAYER -3,85 1787 High Difficult Strippability 
2.LAYER -17,22 2465 Explosive Strippability 

3.LAYER -32,78 5129 Explosive Strippability 

PROFILE-2 

1. LAYER -3,22 913 Simple Strippability 
2. LAYER -14,43 2370 Explosive Strippability 
3. LAYER -35,57 5577 Explosive Strippability 

PROFILE-3 

1. LAYER -4,51 1396 Medium-High Strippability 
2. LAYER -14,19 2295 Explosive Strippability 
3. LAYER -35,81 4753 Explosive Strippability 

PROFILE-4 

1. LAYER -3,68 1322 Medium-High Strippability 
2. LAYER -16,45 1641 High Difficult Strippability 
3. LAYER -33,55 3342 Explosive Strippability 

PROFILE-5 

1. LAYER -3,93 963 Simple Strippability 

2. LAYER -17,60 1301 Medium-High Strippability 
3. LAYER -32,40 2729 Explosive Strippability 

PROFILE-6 

1. LAYER -6,86 1754 High Difficult Strippability 

2. LAYER -21,55 2972 Explosive Strippability 
3. LAYER -28,45 6049 Explosive Strippability 

PROFILE-7 

1. LAYER -6,80 2209 Explosive Strippability 
2.LAYER -21,37 2485 Explosive Strippability 

3.LAYER -28,63 4805 Explosive Strippability 

PROFILE-8 

1. LAYER -4,38 2038 High Difficult Strippability 
2. LAYER -19,60 2197 Explosive Strippability 

3. LAYER -30,40 4258 Explosive Strippability 

PROFILE-9 

1. LAYER -3,10 648 Simple Strippability 
2. LAYER -9,76 1271 Medium-High Strippability 

3. LAYER -40,24 2585 Explosive Strippability 

PROFILE-10 

1. LAYER -2,79 583 Simple Strippability 
2. LAYER -8,78 1189 Simple Strippability 
3. LAYER -41,22 2497 Explosive Strippability 

PROFILE-11 

1. LAYER -6,35 1363 Medium-High Strippability 
2. LAYER -19,96 1630 High Difficult Strippability 
3. LAYER -30,04 3418 Explosive Strippability 

PROFILE-12 

1. LAYER -4,56 1012 Simple Strippability 
2. LAYER -14,33 1651 High Difficult Strippability 
3. LAYER -35,67 3435 Explosive Strippability 

PROFILE-13 

1. LAYER -7,19 1995 High Difficult Strippability 

2. LAYER -16,49 2317 Explosive Strippability 
3. LAYER -33,51 4185 Explosive Strippability 

PROFILE-14 

1. LAYER -4,85 1276 Medium-High Strippability 

2. LAYER -15,25 1860 High Difficult Strippability 
3. LAYER -34,75 3762 Explosive Strippability 

PROFILE-15 

1. LAYER -4,39 1171 Simple Strippability 

2. LAYER -13,79 1746 High Difficult Strippability 
3. LAYER -36,21 3403 Explosive Strippability 

PROFILE-71 

1. LAYER -2,90 672 Simple Strippability 
2. LAYER -6,63 1194 Simple Strippability 

3. LAYER -43,37 2305 Explosive Strippability 

PROFILE-72 

1. LAYER -1,73 688 Simple Strippability 
2.LAYER -5,44 958 Simple Strippability 

3.LAYER -44,56 1955 High Difficult Strippability 

PROFILE-73 

1. LAYER -4,10 1544 High Difficult Strippability 
2. LAYER -12,88 2276 Explosive Strippability 
3. LAYER -37,12 4238 Explosive Strippability 

PROFILE-74 

1. LAYER -5,19 2446 Explosive Strippability 
2. LAYER -16,33 3898 Explosive Strippability 
3. LAYER -33,67 7493 Explosive Strippability 



 

 

SUSTAiNABLE AKKAR WiND POWER / AKKAR REGiON - NORTHERN RiDGE / LEBANON 
 

 MÜHENDiSLiK, MÜŞAViRLiK, iNŞAAT, TAAHHÜT 

                               SANAYi  TiCARET  LiMiTED  ŞiRKETi 

Turan Güneş Bulvari 664 Sk No:9/2 

ÇANKAYA/ANKARA 

Web: www.ozdeha.com 

177 

PROFILE-75 

1. LAYER -3,52 1163 Simple Strippability 
2.LAYER -11,07 1692 High Difficult Strippability 

3.LAYER -38,93 3388 Explosive Strippability 

PROFILE-76 

1. LAYER -3,58 1239 Medium-High Strippability 
2. LAYER -11,24 1672 High Difficult Strippability 

3. LAYER -38,76 3396 Explosive Strippability 

PROFILE-77 

1. LAYER -4,44 2245 Explosive Strippability 
2. LAYER -13,95 2919 Explosive Strippability 
3. LAYER -36,05 5748 Explosive Strippability 

PROFILE-78 

1. LAYER -3,61 2156 Explosive Strippability 
2. LAYER -16,17 2887 Explosive Strippability 
3. LAYER -33,83 6175 Explosive Strippability 

PROFILE-79 

1. LAYER -4,90 2395 Explosive Strippability 
2. LAYER -21,92 3352 Explosive Strippability 
3. LAYER -28,08 7095 Explosive Strippability 

PROFILE-80 

1. LAYER -3,04 1170 Simple Strippability 

2. LAYER -13,60 2292 Explosive Strippability 
3. LAYER -36,40 5256 Explosive Strippability 

PROFILE-81 

1. LAYER -3,24 939 Simple Strippability 

2.LAYER -10,20 2043 High Difficult Strippability 
3.LAYER -39,80 4273 Explosive Strippability 

PROFILE-82 

1. LAYER -4,75 2083 High Difficult Strippability 
2. LAYER -14,94 3033 Explosive Strippability 

3. LAYER -35,06 5938 Explosive Strippability 

PROFILE-83 

1. LAYER -3,75 2225 Explosive Strippability 
2. LAYER -16,81 3027 Explosive Strippability 

3. LAYER -33,19 6721 Explosive Strippability 

PROFILE-84 

1. LAYER -3,99 1639 High Difficult Strippability 
2. LAYER -17,83 2893 Explosive Strippability 

3. LAYER -32,17 6371 Explosive Strippability 

PROFILE-85 

1. LAYER -2,65 1048 Simple Strippability 
2. LAYER -11,86 1551 High Difficult Strippability 
3. LAYER -38,14 3548 Explosive Strippability 

PROFILE-86 

1. LAYER -3,29 1256 Medium-High Strippability 
2. LAYER -10,35 1991 High Difficult Strippability 
3. LAYER -39,65 3942 Explosive Strippability 

PROFILE-87 

1. LAYER -2,26 3285 Explosive Strippability 
2. LAYER -7,12 5012 Explosive Strippability 
3. LAYER -42,88 10408 Explosive Strippability 

PROFILE-88 

1. LAYER -3,47 1300 Medium-High Strippability 

2. LAYER -10,90 1971 High Difficult Strippability 
3. LAYER -39,10 3832 Explosive Strippability 

PROFILE-89 

1. LAYER -3,60 1266 Medium-High Strippability 

2. LAYER -11,33 1681 High Difficult Strippability 
3. LAYER -38,67 3322 Explosive Strippability 

PROFILE-90 

1. LAYER -5,14 1841 High Difficult Strippability 

2. LAYER -16,16 2550 Explosive Strippability 
3. LAYER -33,84 5142 Explosive Strippability 

PROFILE-91 

1. LAYER -3,90 1736 High Difficult Strippability 
2.LAYER -17,46 2021 High Difficult Strippability 

3.LAYER -32,54 3997 Explosive Strippability 

PROFILE-92 

1. LAYER -2,50 661 Simple Strippability 
2. LAYER -7,87 1365 Medium-High Strippability 

3. LAYER -42,13 2747 Explosive Strippability 

PROFILE-93 

1. LAYER -5,22 2462 Explosive Strippability 
2.LAYER -16,41 3402 Explosive Strippability 
3.LAYER -33,59 6834 Explosive Strippability 

PROFILE-94 

1. LAYER -4,24 1406 Medium-High Strippability 
2. LAYER -13,34 2037 High Difficult Strippability 
3. LAYER -36,66 4052 Explosive Strippability 

PROFILE-95 

1. LAYER -6,87 2062 High Difficult Strippability 
2. LAYER -15,73 2280 Explosive Strippability 
3. LAYER -34,27 4244 Explosive Strippability 
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PROFILE-96 

1. LAYER -3,38 1074 Simple Strippability 
2. LAYER -10,62 1531 High Difficult Strippability 

3. LAYER -39,38 3085 Explosive Strippability 

PROFILE-97 

1. LAYER -4,56 1554 High Difficult Strippability 
2. LAYER -14,35 2130 High Difficult Strippability 

3. LAYER -35,65 4023 Explosive Strippability 

PROFILE-98 

1. LAYER -4,15 831 Simple Strippability 
2. LAYER -13,07 1603 High Difficult Strippability 
3. LAYER -36,93 3280 Explosive Strippability 

PROFILE-99 

1. LAYER -3,79 882 Simple Strippability 
2.LAYER -11,93 1569 High Difficult Strippability 
3.LAYER -38,07 3148 Explosive Strippability 

PROFILE-100 

1. LAYER -3,55 1233 Medium-High Strippability 
2. LAYER -11,16 1901 High Difficult Strippability 
3. LAYER -38,84 3675 Explosive Strippability 

PROFILE-101 

1. LAYER -2,56 785 Simple Strippability 

2. LAYER -8,05 1211 Simple Strippability 
3. LAYER -41,95 2478 Explosive Strippability 

PROFILE-102 

1. LAYER -3,50 770 Simple Strippability 

2. LAYER -11,02 1498 Medium-High Strippability 
3. LAYER -38,98 2986 Explosive Strippability 

PROFILE-103 

1. LAYER -3,14 824 Simple Strippability 
2. LAYER -9,87 1427 Medium-High Strippability 

3. LAYER -40,13 2921 Explosive Strippability 

PROFILE-104 

1. LAYER -6,03 2709 Explosive Strippability 
2. LAYER -18,97 3225 Explosive Strippability 

3. LAYER -31,03 5973 Explosive Strippability 

PROFILE-105 

1. LAYER -4,89 1871 High Difficult Strippability 
2. LAYER -15,38 2664 Explosive Strippability 

3. LAYER -34,62 5479 Explosive Strippability 

PROFILE-106 

1. LAYER -3,10 1017 Simple Strippability 
2. LAYER -9,74 1597 High Difficult Strippability 
3. LAYER -40,26 3101 Explosive Strippability 

PROFILE-107 

1. LAYER -4,36 1434 Medium-High Strippability 
2. LAYER -13,70 1732 High Difficult Strippability 
3. LAYER -36,30 3149 Explosive Strippability 

PROFILE-108 

1. LAYER -4,03 1432 Medium-High Strippability 
2. LAYER -12,67 1641 High Difficult Strippability 
3. LAYER -37,33 2912 Explosive Strippability 

PROFILE-109 

1. LAYER -2,68 985 Simple Strippability 

2.LAYER -8,44 1475 Medium-High Strippability 
3.LAYER -41,56 2884 Explosive Strippability 

PROFILE-110 

1. LAYER -3,14 1682 High Difficult Strippability 

2. LAYER -9,87 2272 Explosive Strippability 
3. LAYER -40,13 4453 Explosive Strippability 

PROFILE-111 

1. LAYER -4,55 1779 High Difficult Strippability 

2. LAYER -14,31 2719 Explosive Strippability 
3. LAYER -35,69 5403 Explosive Strippability 

PROFILE-112 

1. LAYER -3,50 1379 Medium-High Strippability 
2. LAYER -11,00 2346 Explosive Strippability 

3. LAYER -39,00 4656 Explosive Strippability 

PROFILE-113 

1. LAYER -4,57 2560 Explosive Strippability 
2. LAYER -14,37 3334 Explosive Strippability 

3. LAYER -35,63 6803 Explosive Strippability 

PROFILE-114 

1. LAYER -3,57 797 Simple Strippability 
2.LAYER -11,23 1584 High Difficult Strippability 
3.LAYER -38,77 3211 Explosive Strippability 

PROFILE-115 

1. LAYER -4,17 937 Simple Strippability 
2. LAYER -13,11 1451 Medium-High Strippability 
3. LAYER -36,89 2979 Explosive Strippability 

PROFILE-116 

1. LAYER -3,31 1178 Simple Strippability 
2. LAYER -10,40 1527 High Difficult Strippability 
3. LAYER -39,60 2635 Explosive Strippability 
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PROFILE-117 

1. LAYER -3,26 1294 Medium-High Strippability 
2. LAYER -10,25 1909 High Difficult Strippability 

3. LAYER -39,75 3817 Explosive Strippability 

PROFILE-118 

1. LAYER -3,98 943 Simple Strippability 
2. LAYER -12,51 1429 Medium-High Strippability 

3. LAYER -37,49 3031 Explosive Strippability 

PROFILE-119 

1. LAYER -4,82 1362 Medium-High Strippability 
2. LAYER -15,16 1830 High Difficult Strippability 
3. LAYER -34,84 3435 Explosive Strippability 

PROFILE-120 

1. LAYER -3,66 3247 Explosive Strippability 
2.LAYER -11,52 3671 Explosive Strippability 
3.LAYER -38,48 6534 Explosive Strippability 

PROFILE-121 

1. LAYER -5,40 3593 Explosive Strippability 
2. LAYER -16,96 4459 Explosive Strippability 
3. LAYER -33,04 8436 Explosive Strippability 

PROFILE-122 

1. LAYER -3,03 1051 Simple Strippability 

2. LAYER -9,53 1516 Medium-High Strippability 
3. LAYER -40,47 3122 Explosive Strippability 

PROFILE-123 

1. LAYER -2,66 823 Simple Strippability 

2. LAYER -8,36 1346 Medium-High Strippability 
3. LAYER -41,64 2787 Explosive Strippability 

PROFILE-124 

1. LAYER -3,05 888 Simple Strippability 
2. LAYER -9,59 1528 High Difficult Strippability 

3. LAYER -40,41 3139 Explosive Strippability 

PROFILE-125 

1. LAYER -2,83 791 Simple Strippability 
2. LAYER -8,91 1420 Medium-High Strippability 

3. LAYER -41,09 2993 Explosive Strippability 

PROFILE-145 

1. LAYER -3,67 827 Simple Strippability 
2. LAYER -11,54 1347 Medium-High Strippability 

3. LAYER -38,46 2784 Explosive Strippability 

PROFILE-146 

1. LAYER -2,68 779 Simple Strippability 
2. LAYER -11,99 1704 High Difficult Strippability 
3. LAYER -38,01 3795 Explosive Strippability 

PROFILE-147 

1. LAYER -3,22 1098 Simple Strippability 
2. LAYER -10,14 1553 High Difficult Strippability 
3. LAYER -39,86 3101 Explosive Strippability 

PROFILE-148 

1. LAYER -5,62 2042 High Difficult Strippability 
2. LAYER -17,66 2497 Explosive Strippability 
3. LAYER -32,34 4793 Explosive Strippability 

PROFILE-149 

1. LAYER -3,05 713 Simple Strippability 

2.LAYER -9,59 1125 Simple Strippability 
3.LAYER -40,41 2228 Explosive Strippability 

PROFILE-150 

1. LAYER -4,42 1124 Simple Strippability 

2. LAYER -13,89 2099 High Difficult Strippability 
3. LAYER -36,11 4095 Explosive Strippability 

PROFILE-151 

1. LAYER -5,74 1182 Simple Strippability 

2. LAYER -13,14 1384 Medium-High Strippability 
3. LAYER -36,86 2510 Explosive Strippability 

 
  S Wave Velocity (m/sec) Ground group   

  Vs<200 D   

  200<Vs<400 C   

  400<Vs<700 B   

  700<Vs A   

Ground groups according to slip wave velocity(Abyyhy, 1998) 

S wave velocities of the grounds in the study area and ground group 

Ground Group Ground group and top ground layer thickness(h1) 

Z1 (A) Ground group h1< 15 m  (B) Ground group 

Z2 h1> 15 m  (B) Ground group h1< 15 m  (C) Ground group 

Z3 15 m < h1< 50 m  (C) Ground group h1< 10 m  (D) Ground group 

Z4 h1> 50 m  (C) Ground group h1> 10 m  (D) Ground group 
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Ground Group Class 

The above table shows that Vs velocity values in the direction of the seismic data obtained in 

the field studies are the absolute change tables and that the layers are included in the ground 

groups. 

5.7.3. AREA07 Vs30 

PROFILES Vs30 (m/sec) PROFILES Vs30 (m/sec) 

PROFILE-1 1215 PROFILE-94 1533 

PROFILE-2 1803 PROFILE-95 1799 

PROFILE-3 1723 PROFILE-96 1222 

PROFILE-4 1365 PROFILE-97 1531 

PROFILE-5 1042 PROFILE-98 1199 

PROFILE-6 1993 PROFILE-99 1165 

PROFILE-7 1996 PROFILE-100 1370 

PROFILE-8 1820 PROFILE-101 968 

PROFILE-9 965 PROFILE-102 1120 

PROFILE-10 932 PROFILE-103 1063 

PROFILE-11 1263 PROFILE-104 2377 

PROFILE-12 1180 PROFILE-105 1984 

PROFILE-13 1825 PROFILE-106 1214 

PROFILE-14 1424 PROFILE-107 1302 

PROFILE-15 1337 PROFILE-108 1203 

PROFILE-71 890 PROFILE-109 1149 

PROFILE-72 778 PROFILE-110 1683 

PROFILE-73 1679 PROFILE-111 2003 

PROFILE-74 1679 PROFILE-112 1721 

PROFILE-75 1313 PROFILE-113 2605 

PROFILE-76 1335 PROFILE-114 1163 

PROFILE-77 2313 PROFILE-115 1082 

PROFILE-78 2313 PROFILE-116 1072 

PROFILE-79 2521 PROFILE-117 1516 

PROFILE-80 1804 PROFILE-118 1085 

PROFILE-81 1510 PROFILE-119 1322 

PROFILE-82 2191 PROFILE-120 2993 

PROFILE-83 2435 PROFILE-121 3539 

PROFILE-84 2176 PROFILE-122 1189 

PROFILE-85 1263 PROFILE-123 1043 

PROFILE-86 1533 PROFILE-124 1150 

PROFILE-87 4116 PROFILE-125 1092 

PROFILE-88 1497 PROFILE-145 1063 

PROFILE-89 1366 PROFILE-146 1345 

PROFILE-90 1912 PROFILE-147 1988 

PROFILE-91 1662 PROFILE-148 1160 

PROFILE-92 1038 PROFILE-149 533 

PROFILE-93 2554 PROFILE-150 954 

  PROFILE-151 628 

Vs30 values in the direction of the seismic data obtained from the field studies are given in 

the table above. 
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5.7.4. AREA07 Shear Modulus-G (kg/cm²) 

 

SHEAR MODULUS 
PROFILES LAYERS DEPTH G(kg/cm2) ENDURANCE 

PROFILE-1 

1. LAYER -3,85 10733 Rock Highlid 
2.LAYER -17,22 31153 Rock Highlid 

3.LAYER -32,78 112914 Rock Highlid 

PROFILE-2 

1. LAYER -3,22 3341 Sturdy 
2. LAYER -14,43 36537 Rock Highlid 
3. LAYER -35,57 142367 Rock Highlid 

PROFILE-3 

1. LAYER -4,51 6429 Sturdy 
2. LAYER -14,19 31872 Rock Highlid 
3. LAYER -35,81 120785 Rock Highlid 

PROFILE-4 

1. LAYER -3,68 6341 Sturdy 
2. LAYER -16,45 11736 Rock Highlid 
3. LAYER -33,55 40634 Rock Highlid 

PROFILE-5 

1. LAYER -3,93 2585 Medium 

2. LAYER -17,60 7725 Sturdy 
3. LAYER -32,40 29235 Rock Highlid 

PROFILE-6 

1. LAYER -6,86 10532 Rock Highlid 

2. LAYER -21,55 54011 Rock Highlid 
3. LAYER -28,45 213964 Rock Highlid 

PROFILE-7 

1. LAYER -6,80 19736 Rock Highlid 
2.LAYER -21,37 31461 Rock Highlid 

3.LAYER -28,63 120689 Rock Highlid 

PROFILE-8 

1. LAYER -4,38 21129 Rock Highlid 
2. LAYER -19,60 22161 Rock Highlid 

3. LAYER -30,40 83240 Rock Highlid 

PROFILE-9 

1. LAYER -3,10 1434 Low 
2. LAYER -9,76 8332 Sturdy 

3. LAYER -40,24 27277 Rock Highlid 

PROFILE-10 

1. LAYER -2,79 1198 Low 
2. LAYER -8,78 7428 Sturdy 
3. LAYER -41,22 26439 Rock Highlid 

PROFILE-11 

1. LAYER -6,35 4658 Sturdy 
2. LAYER -19,96 14408 Rock Highlid 
3. LAYER -30,04 51264 Rock Highlid 

PROFILE-12 

1. LAYER -4,56 2536 Medium 
2. LAYER -14,33 13123 Rock Highlid 
3. LAYER -35,67 47517 Rock Highlid 

PROFILE-13 

1. LAYER -7,19 13825 Rock Highlid 

2. LAYER -16,49 27454 Rock Highlid 
3. LAYER -33,51 81724 Rock Highlid 

PROFILE-14 

1. LAYER -4,85 5005 Sturdy 

2. LAYER -15,25 19163 Rock Highlid 
3. LAYER -34,75 59518 Rock Highlid 

PROFILE-15 

1. LAYER -4,39 4507 Sturdy 

2. LAYER -13,79 15135 Rock Highlid 
3. LAYER -36,21 41989 Rock Highlid 

PROFILE-71 

1. LAYER -2,90 1468 Low 
2. LAYER -6,63 7077 Sturdy 

3. LAYER -43,37 21654 Rock Highlid 

PROFILE-72 

1. LAYER -1,73 936 Low 
2.LAYER -5,44 3972 Sturdy 

3.LAYER -44,56 13961 Rock Highlid 

PROFILE-73 

1. LAYER -4,10 6996 Sturdy 
2. LAYER -12,88 24024 Rock Highlid 
3. LAYER -37,12 67628 Rock Highlid 

PROFILE-74 

1. LAYER -5,19 22149 Rock Highlid 
2. LAYER -16,33 81266 Rock Highlid 
3. LAYER -33,67 304085 Rock Highlid 



 

 

SUSTAiNABLE AKKAR WiND POWER / AKKAR REGiON - NORTHERN RiDGE / LEBANON 
 

 MÜHENDiSLiK, MÜŞAViRLiK, iNŞAAT, TAAHHÜT 

                               SANAYi  TiCARET  LiMiTED  ŞiRKETi 

Turan Güneş Bulvari 664 Sk No:9/2 

ÇANKAYA/ANKARA 

Web: www.ozdeha.com 

182 

PROFILE-75 

1. LAYER -3,52 3132 Sturdy 
2.LAYER -11,07 14209 Rock Highlid 

3.LAYER -38,93 58168 Rock Highlid 

PROFILE-76 

1. LAYER -3,58 3839 Sturdy 
2. LAYER -11,24 14417 Rock Highlid 

3. LAYER -38,76 55562 Rock Highlid 

PROFILE-77 

1. LAYER -4,44 16001 Rock Highlid 
2. LAYER -13,95 46948 Rock Highlid 
3. LAYER -36,05 167100 Rock Highlid 

PROFILE-78 

1. LAYER -3,61 12555 Rock Highlid 
2. LAYER -16,17 48960 Rock Highlid 
3. LAYER -33,83 184057 Rock Highlid 

PROFILE-79 

1. LAYER -4,90 13863 Rock Highlid 
2. LAYER -21,92 68733 Rock Highlid 
3. LAYER -28,08 243479 Rock Highlid 

PROFILE-80 

1. LAYER -3,04 5459 Sturdy 

2. LAYER -13,60 35318 Rock Highlid 
3. LAYER -36,40 129493 Rock Highlid 

PROFILE-81 

1. LAYER -3,24 3682 Sturdy 

2.LAYER -10,20 24309 Rock Highlid 
3.LAYER -39,80 79043 Rock Highlid 

PROFILE-82 

1. LAYER -4,75 12774 Rock Highlid 
2. LAYER -14,94 46497 Rock Highlid 

3. LAYER -35,06 202873 Rock Highlid 

PROFILE-83 

1. LAYER -3,75 15260 Rock Highlid 
2. LAYER -16,81 57516 Rock Highlid 

3. LAYER -33,19 254301 Rock Highlid 

PROFILE-84 

1. LAYER -3,99 10306 Rock Highlid 
2. LAYER -17,83 56472 Rock Highlid 

3. LAYER -32,17 205597 Rock Highlid 

PROFILE-85 

1. LAYER -2,65 2305 Medium 
2. LAYER -11,86 12880 Rock Highlid 
3. LAYER -38,14 52362 Rock Highlid 

PROFILE-86 

1. LAYER -3,29 5668 Sturdy 
2. LAYER -10,35 21362 Rock Highlid 
3. LAYER -39,65 69235 Rock Highlid 

PROFILE-87 

1. LAYER -2,26 42210 Rock Highlid 
2. LAYER -7,12 177304 Rock Highlid 
3. LAYER -42,88 649897 Rock Highlid 

PROFILE-88 

1. LAYER -3,47 4740 Sturdy 

2. LAYER -10,90 17996 Rock Highlid 
3. LAYER -39,10 76660 Rock Highlid 

PROFILE-89 

1. LAYER -3,60 4931 Sturdy 

2. LAYER -11,33 14339 Rock Highlid 
3. LAYER -38,67 50688 Rock Highlid 

PROFILE-90 

1. LAYER -5,14 8664 Sturdy 

2. LAYER -16,16 36762 Rock Highlid 
3. LAYER -33,84 122624 Rock Highlid 

PROFILE-91 

1. LAYER -3,90 10573 Rock Highlid 
2.LAYER -17,46 17127 Rock Highlid 

3.LAYER -32,54 75621 Rock Highlid 

PROFILE-92 

1. LAYER -2,50 1617 Medium 
2. LAYER -7,87 9050 Sturdy 

3. LAYER -42,13 30601 Rock Highlid 

PROFILE-93 

1. LAYER -5,22 16755 Rock Highlid 
2.LAYER -16,41 70366 Rock Highlid 
3.LAYER -33,59 231748 Rock Highlid 

PROFILE-94 

1. LAYER -4,24 5036 Sturdy 
2. LAYER -13,34 20681 Rock Highlid 
3. LAYER -36,66 82106 Rock Highlid 

PROFILE-95 

1. LAYER -6,87 16491 Rock Highlid 
2. LAYER -15,73 30279 Rock Highlid 
3. LAYER -34,27 92355 Rock Highlid 



 

 

SUSTAiNABLE AKKAR WiND POWER / AKKAR REGiON - NORTHERN RiDGE / LEBANON 
 

 MÜHENDiSLiK, MÜŞAViRLiK, iNŞAAT, TAAHHÜT 

                               SANAYi  TiCARET  LiMiTED  ŞiRKETi 

Turan Güneş Bulvari 664 Sk No:9/2 

ÇANKAYA/ANKARA 

Web: www.ozdeha.com 

183 

PROFILE-96 

1. LAYER -3,38 3039 Sturdy 
2. LAYER -10,62 12381 Rock Highlid 

3. LAYER -39,38 43006 Rock Highlid 

PROFILE-97 

1. LAYER -4,56 6023 Sturdy 
2. LAYER -14,35 19760 Rock Highlid 

3. LAYER -35,65 63376 Rock Highlid 

PROFILE-98 

1. LAYER -4,15 3089 Sturdy 
2. LAYER -13,07 14479 Rock Highlid 
3. LAYER -36,93 57229 Rock Highlid 

PROFILE-99 

1. LAYER -3,79 2748 Medium 
2.LAYER -11,93 12600 Rock Highlid 
3.LAYER -38,07 46931 Rock Highlid 

PROFILE-100 

1. LAYER -3,55 4408 Sturdy 
2. LAYER -11,16 14032 Rock Highlid 
3. LAYER -38,84 63808 Rock Highlid 

PROFILE-101 

1. LAYER -2,56 1512 Medium 

2. LAYER -8,05 6834 Sturdy 
3. LAYER -41,95 24087 Rock Highlid 

PROFILE-102 

1. LAYER -3,50 2527 Medium 

2. LAYER -11,02 12534 Rock Highlid 
3. LAYER -38,98 41872 Rock Highlid 

PROFILE-103 

1. LAYER -3,14 1767 Medium 
2. LAYER -9,87 9751 Sturdy 

3. LAYER -40,13 33288 Rock Highlid 

PROFILE-104 

1. LAYER -6,03 18907 Rock Highlid 
2. LAYER -18,97 47399 Rock Highlid 

3. LAYER -31,03 141348 Rock Highlid 

PROFILE-105 

1. LAYER -4,89 9203 Sturdy 
2. LAYER -15,38 43144 Rock Highlid 

3. LAYER -34,62 146739 Rock Highlid 

PROFILE-106 

1. LAYER -3,10 2861 Medium 
2. LAYER -9,74 11964 Rock Highlid 
3. LAYER -40,26 41355 Rock Highlid 

PROFILE-107 

1. LAYER -4,36 6739 Sturdy 
2. LAYER -13,70 10514 Rock Highlid 
3. LAYER -36,30 43002 Rock Highlid 

PROFILE-108 

1. LAYER -4,03 4963 Sturdy 
2. LAYER -12,67 9271 Sturdy 
3. LAYER -37,33 46115 Rock Highlid 

PROFILE-109 

1. LAYER -2,68 2666 Medium 

2.LAYER -8,44 9038 Sturdy 
3.LAYER -41,56 37183 Rock Highlid 

PROFILE-110 

1. LAYER -3,14 6799 Sturdy 

2. LAYER -9,87 22481 Rock Highlid 
3. LAYER -40,13 89864 Rock Highlid 

PROFILE-111 

1. LAYER -4,55 9816 Sturdy 

2. LAYER -14,31 41392 Rock Highlid 
3. LAYER -35,69 129293 Rock Highlid 

PROFILE-112 

1. LAYER -3,50 6271 Sturdy 
2. LAYER -11,00 29362 Rock Highlid 

3. LAYER -39,00 101809 Rock Highlid 

PROFILE-113 

1. LAYER -4,57 18678 Rock Highlid 
2. LAYER -14,37 68565 Rock Highlid 

3. LAYER -35,63 242067 Rock Highlid 

PROFILE-114 

1. LAYER -3,57 2396 Medium 
2.LAYER -11,23 14788 Rock Highlid 
3.LAYER -38,77 45084 Rock Highlid 

PROFILE-115 

1. LAYER -4,17 2111 Medium 
2. LAYER -13,11 10697 Rock Highlid 
3. LAYER -36,89 36051 Rock Highlid 

PROFILE-116 

1. LAYER -3,31 3575 Sturdy 
2. LAYER -10,40 7837 Sturdy 
3. LAYER -39,60 27287 Rock Highlid 
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PROFILE-117 

1. LAYER -3,26 4070 Sturdy 
2. LAYER -10,25 18283 Rock Highlid 

3. LAYER -39,75 84128 Rock Highlid 

PROFILE-118 

1. LAYER -3,98 2111 Medium 
2. LAYER -12,51 10334 Rock Highlid 

3. LAYER -37,49 37306 Rock Highlid 

PROFILE-119 

1. LAYER -4,82 5207 Sturdy 
2. LAYER -15,16 14201 Rock Highlid 
3. LAYER -34,84 63464 Rock Highlid 

PROFILE-120 

1. LAYER -3,66 52077 Rock Highlid 
2.LAYER -11,52 58706 Rock Highlid 
3.LAYER -38,48 294550 Rock Highlid 

PROFILE-121 

1. LAYER -5,40 50401 Rock Highlid 
2. LAYER -16,96 107075 Rock Highlid 
3. LAYER -33,04 311213 Rock Highlid 

PROFILE-122 

1. LAYER -3,03 2505 Medium 

2. LAYER -9,53 11600 Rock Highlid 
3. LAYER -40,47 40004 Rock Highlid 

PROFILE-123 

1. LAYER -2,66 1807 Medium 

2. LAYER -8,36 8630 Sturdy 
3. LAYER -41,64 31104 Rock Highlid 

PROFILE-124 

1. LAYER -3,05 2124 Medium 
2. LAYER -9,59 11930 Rock Highlid 

3. LAYER -40,41 39751 Rock Highlid 

PROFILE-125 

1. LAYER -2,83 1973 Medium 
2. LAYER -8,91 10269 Rock Highlid 

3. LAYER -41,09 35672 Rock Highlid 

PROFILE-145 

1. LAYER -3,67 2041 Medium 
2. LAYER -11,54 10203 Rock Highlid 

3. LAYER -38,46 32665 Rock Highlid 

PROFILE-146 

1. LAYER -2,68 2245 Medium 
2. LAYER -11,99 17191 Rock Highlid 
3. LAYER -38,01 61278 Rock Highlid 

PROFILE-147 

1. LAYER -3,22 3758 Sturdy 
2. LAYER -10,14 13049 Rock Highlid 
3. LAYER -39,86 39755 Rock Highlid 

PROFILE-148 

1. LAYER -5,62 14774 Rock Highlid 
2. LAYER -17,66 32223 Rock Highlid 
3. LAYER -32,34 88740 Rock Highlid 

PROFILE-149 

1. LAYER -3,05 1304 Low 

2.LAYER -9,59 5800 Sturdy 
3.LAYER -40,41 18421 Rock Highlid 

PROFILE-150 

1. LAYER -4,42 5130 Sturdy 

2. LAYER -13,89 24068 Rock Highlid 
3. LAYER -36,11 76091 Rock Highlid 

PROFILE-151 

1. LAYER -5,74 4470 Sturdy 

2. LAYER -13,14 9475 Sturdy 
3. LAYER -36,86 22454 Rock Highlid 

 

  Shear Modulus (kg/cm2) Dayanim   

  G<400 High Weak   

  400<G<1500 Weak   

  1500<G<3000 Medium   

  3000<G<10000 Sturdy   

  10000<G Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  G =(d*Vs2)/100    

Shear modules and endurance of the grounds in the study area 

Calculation of shear Modulus values in the direction of the seismic data obtained in the field 

studies and the table of variation are given in the table above.  
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5.7.5. AREA07 Elasticity Modulus-E (kg/cm²) 

 

ELASTiC MODULUS 
PROFILES LAYERS DEPTH E(kg/cm2) ENDURANCE 

PROFILE-1 

1. LAYER -3,85 29922 Sturdy 
2.LAYER -17,22 83804 Rock Highlid 

3.LAYER -32,78 316654 Rock Highlid 

PROFILE-2 

1. LAYER -3,22 8980 Medium 
2. LAYER -14,43 95433 Rock Highlid 
3. LAYER -35,57 397763 Rock Highlid 

PROFILE-3 

1. LAYER -4,51 17602 Sturdy 
2. LAYER -14,19 83836 Rock Highlid 
3. LAYER -35,81 330688 Rock Highlid 

PROFILE-4 

1. LAYER -3,68 17436 Sturdy 
2. LAYER -16,45 31662 Rock Highlid 
3. LAYER -33,55 114486 Rock Highlid 

PROFILE-5 

1. LAYER -3,93 7118 Medium 

2. LAYER -17,60 20800 Sturdy 
3. LAYER -32,40 81495 Rock Highlid 

PROFILE-6 

1. LAYER -6,86 29155 Sturdy 

2. LAYER -21,55 142932 Rock Highlid 
3. LAYER -28,45 583676 Rock Highlid 

PROFILE-7 

1. LAYER -6,80 54076 Rock Highlid 
2.LAYER -21,37 83550 Rock Highlid 

3.LAYER -28,63 331417 Rock Highlid 

PROFILE-8 

1. LAYER -4,38 56154 Rock Highlid 
2. LAYER -19,60 58546 Rock Highlid 

3. LAYER -30,40 231032 Rock Highlid 

PROFILE-9 

1. LAYER -3,10 3826 Low 
2. LAYER -9,76 21982 Sturdy 

3. LAYER -40,24 75654 Rock Highlid 

PROFILE-10 

1. LAYER -2,79 3193 Low 
2. LAYER -8,78 19436 Sturdy 
3. LAYER -41,22 72973 Rock Highlid 

PROFILE-11 

1. LAYER -6,35 13144 Sturdy 
2. LAYER -19,96 38140 Rock Highlid 
3. LAYER -30,04 142146 Rock Highlid 

PROFILE-12 

1. LAYER -4,56 7091 Medium 
2. LAYER -14,33 35356 Rock Highlid 
3. LAYER -35,67 132840 Rock Highlid 

PROFILE-13 

1. LAYER -7,19 38331 Rock Highlid 

2. LAYER -16,49 73559 Rock Highlid 
3. LAYER -33,51 226357 Rock Highlid 

PROFILE-14 

1. LAYER -4,85 13683 Sturdy 

2. LAYER -15,25 50683 Rock Highlid 
3. LAYER -34,75 166085 Rock Highlid 

PROFILE-15 

1. LAYER -4,39 12271 Sturdy 

2. LAYER -13,79 40372 Rock Highlid 
3. LAYER -36,21 118374 Rock Highlid 

PROFILE-71 

1. LAYER -2,90 3924 Low 
2. LAYER -6,63 18672 Sturdy 

3. LAYER -43,37 59891 Rock Highlid 

PROFILE-72 

1. LAYER -1,73 2666 Low 
2.LAYER -5,44 10662 Sturdy 

3.LAYER -44,56 38877 Rock Highlid 

PROFILE-73 

1. LAYER -4,10 19690 Sturdy 
2. LAYER -12,88 65288 Rock Highlid 
3. LAYER -37,12 190898 Rock Highlid 

PROFILE-74 

1. LAYER -5,19 60812 Rock Highlid 
2. LAYER -16,33 221512 Rock Highlid 
3. LAYER -33,67 841952 Rock Highlid 
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PROFILE-75 

1. LAYER -3,52 8881 Medium 
2.LAYER -11,07 38114 Rock Highlid 

3.LAYER -38,93 158642 Rock Highlid 

PROFILE-76 

1. LAYER -3,58 10842 Sturdy 
2. LAYER -11,24 38442 Rock Highlid 

3. LAYER -38,76 152484 Rock Highlid 

PROFILE-77 

1. LAYER -4,44 45135 Rock Highlid 
2. LAYER -13,95 125870 Rock Highlid 
3. LAYER -36,05 462771 Rock Highlid 

PROFILE-78 

1. LAYER -3,61 35648 Rock Highlid 
2. LAYER -16,17 130770 Rock Highlid 
3. LAYER -33,83 512952 Rock Highlid 

PROFILE-79 

1. LAYER -4,90 39634 Rock Highlid 
2. LAYER -21,92 184000 Rock Highlid 
3. LAYER -28,08 680567 Rock Highlid 

PROFILE-80 

1. LAYER -3,04 14320 Sturdy 

2. LAYER -13,60 91727 Rock Highlid 
3. LAYER -36,40 360517 Rock Highlid 

PROFILE-81 

1. LAYER -3,24 9673 Medium 

2.LAYER -10,20 63931 Rock Highlid 
3.LAYER -39,80 220625 Rock Highlid 

PROFILE-82 

1. LAYER -4,75 35631 Rock Highlid 
2. LAYER -14,94 126290 Rock Highlid 

3. LAYER -35,06 554224 Rock Highlid 

PROFILE-83 

1. LAYER -3,75 42929 Rock Highlid 
2. LAYER -16,81 152071 Rock Highlid 

3. LAYER -33,19 699101 Rock Highlid 

PROFILE-84 

1. LAYER -3,99 27623 Sturdy 
2. LAYER -17,83 147999 Rock Highlid 

3. LAYER -32,17 570772 Rock Highlid 

PROFILE-85 

1. LAYER -2,65 6566 Medium 
2. LAYER -11,86 34330 Rock Highlid 
3. LAYER -38,14 146067 Rock Highlid 

PROFILE-86 

1. LAYER -3,29 15242 Sturdy 
2. LAYER -10,35 56911 Rock Highlid 
3. LAYER -39,65 192364 Rock Highlid 

PROFILE-87 

1. LAYER -2,26 116417 Rock Highlid 
2. LAYER -7,12 470362 Rock Highlid 
3. LAYER -42,88 1795652 Rock Highlid 

PROFILE-88 

1. LAYER -3,47 13172 Sturdy 

2. LAYER -10,90 48713 Rock Highlid 
3. LAYER -39,10 209102 Rock Highlid 

PROFILE-89 

1. LAYER -3,60 13719 Sturdy 

2. LAYER -11,33 38061 Rock Highlid 
3. LAYER -38,67 139772 Rock Highlid 

PROFILE-90 

1. LAYER -5,14 24656 Sturdy 

2. LAYER -16,16 98267 Rock Highlid 
3. LAYER -33,84 341559 Rock Highlid 

PROFILE-91 

1. LAYER -3,90 29465 Sturdy 
2.LAYER -17,46 46595 Rock Highlid 

3.LAYER -32,54 208891 Rock Highlid 

PROFILE-92 

1. LAYER -2,50 4303 Low 
2. LAYER -7,87 24163 Sturdy 

3. LAYER -42,13 85055 Rock Highlid 

PROFILE-93 

1. LAYER -5,22 47669 Rock Highlid 
2.LAYER -16,41 188082 Rock Highlid 
3.LAYER -33,59 645728 Rock Highlid 

PROFILE-94 

1. LAYER -4,24 14247 Sturdy 
2. LAYER -13,34 55632 Rock Highlid 
3. LAYER -36,66 225510 Rock Highlid 

PROFILE-95 

1. LAYER -6,87 44755 Rock Highlid 
2. LAYER -15,73 79751 Rock Highlid 
3. LAYER -34,27 253260 Rock Highlid 
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PROFILE-96 

1. LAYER -3,38 8508 Medium 
2. LAYER -10,62 32794 Rock Highlid 

3. LAYER -39,38 118562 Rock Highlid 

PROFILE-97 

1. LAYER -4,56 16953 Sturdy 
2. LAYER -14,35 53988 Rock Highlid 

3. LAYER -35,65 178180 Rock Highlid 

PROFILE-98 

1. LAYER -4,15 7977 Medium 
2. LAYER -13,07 37624 Rock Highlid 
3. LAYER -36,93 154907 Rock Highlid 

PROFILE-99 

1. LAYER -3,79 7317 Medium 
2.LAYER -11,93 33348 Rock Highlid 
3.LAYER -38,07 128768 Rock Highlid 

PROFILE-100 

1. LAYER -3,55 12203 Sturdy 
2. LAYER -11,16 38741 Rock Highlid 
3. LAYER -38,84 175894 Rock Highlid 

PROFILE-101 

1. LAYER -2,56 4258 Low 

2. LAYER -8,05 18286 Sturdy 
3. LAYER -41,95 66997 Rock Highlid 

PROFILE-102 

1. LAYER -3,50 6526 Medium 

2. LAYER -11,02 32637 Rock Highlid 
3. LAYER -38,98 114824 Rock Highlid 

PROFILE-103 

1. LAYER -3,14 4889 Low 
2. LAYER -9,87 26138 Sturdy 

3. LAYER -40,13 92988 Rock Highlid 

PROFILE-104 

1. LAYER -6,03 54044 Rock Highlid 
2. LAYER -18,97 129817 Rock Highlid 

3. LAYER -31,03 399999 Rock Highlid 

PROFILE-105 

1. LAYER -4,89 26018 Sturdy 
2. LAYER -15,38 114243 Rock Highlid 

3. LAYER -34,62 407288 Rock Highlid 

PROFILE-106 

1. LAYER -3,10 7944 Medium 
2. LAYER -9,74 32158 Rock Highlid 
3. LAYER -40,26 114621 Rock Highlid 

PROFILE-107 

1. LAYER -4,36 18678 Sturdy 
2. LAYER -13,70 28981 Sturdy 
3. LAYER -36,30 119132 Rock Highlid 

PROFILE-108 

1. LAYER -4,03 13937 Sturdy 
2. LAYER -12,67 25577 Sturdy 
3. LAYER -37,33 123878 Rock Highlid 

PROFILE-109 

1. LAYER -2,68 7380 Medium 

2.LAYER -8,44 24605 Sturdy 
3.LAYER -41,56 102440 Rock Highlid 

PROFILE-110 

1. LAYER -3,14 19194 Sturdy 

2. LAYER -9,87 61695 Rock Highlid 
3. LAYER -40,13 250004 Rock Highlid 

PROFILE-111 

1. LAYER -4,55 27121 Sturdy 

2. LAYER -14,31 110784 Rock Highlid 
3. LAYER -35,69 362024 Rock Highlid 

PROFILE-112 

1. LAYER -3,50 17152 Sturdy 
2. LAYER -11,00 78923 Rock Highlid 

3. LAYER -39,00 282561 Rock Highlid 

PROFILE-113 

1. LAYER -4,57 53059 Rock Highlid 
2. LAYER -14,37 182525 Rock Highlid 

3. LAYER -35,63 670969 Rock Highlid 

PROFILE-114 

1. LAYER -3,57 6269 Medium 
2.LAYER -11,23 38381 Rock Highlid 
3.LAYER -38,77 124856 Rock Highlid 

PROFILE-115 

1. LAYER -4,17 5909 Medium 
2. LAYER -13,11 28480 Sturdy 
3. LAYER -36,89 100380 Rock Highlid 

PROFILE-116 

1. LAYER -3,31 10000 Medium 
2. LAYER -10,40 21555 Sturdy 
3. LAYER -39,60 75994 Rock Highlid 
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PROFILE-117 

1. LAYER -3,26 11545 Sturdy 
2. LAYER -10,25 49122 Rock Highlid 

3. LAYER -39,75 226256 Rock Highlid 

PROFILE-118 

1. LAYER -3,98 5942 Medium 
2. LAYER -12,51 27539 Sturdy 

3. LAYER -37,49 103921 Rock Highlid 

PROFILE-119 

1. LAYER -4,82 14365 Sturdy 
2. LAYER -15,16 38483 Rock Highlid 
3. LAYER -34,84 171794 Rock Highlid 

PROFILE-120 

1. LAYER -3,66 141546 Rock Highlid 
2.LAYER -11,52 159914 Rock Highlid 
3.LAYER -38,48 786750 Rock Highlid 

PROFILE-121 

1. LAYER -5,40 140571 Rock Highlid 
2. LAYER -16,96 291120 Rock Highlid 
3. LAYER -33,04 879924 Rock Highlid 

PROFILE-122 

1. LAYER -3,03 7119 Medium 

2. LAYER -9,53 30990 Rock Highlid 
3. LAYER -40,47 111402 Rock Highlid 

PROFILE-123 

1. LAYER -2,66 4963 Low 

2. LAYER -8,36 23125 Sturdy 
3. LAYER -41,64 86587 Rock Highlid 

PROFILE-124 

1. LAYER -3,05 5853 Medium 
2. LAYER -9,59 31811 Rock Highlid 

3. LAYER -40,41 110887 Rock Highlid 

PROFILE-125 

1. LAYER -2,83 5301 Medium 
2. LAYER -8,91 27225 Sturdy 

3. LAYER -41,09 99519 Rock Highlid 

PROFILE-145 

1. LAYER -3,67 5603 Medium 
2. LAYER -11,54 26572 Sturdy 

3. LAYER -38,46 90473 Rock Highlid 

PROFILE-146 

1. LAYER -2,68 5927 Medium 
2. LAYER -11,99 44983 Rock Highlid 
3. LAYER -38,01 170848 Rock Highlid 

PROFILE-147 

1. LAYER -3,22 10300 Sturdy 
2. LAYER -10,14 34407 Rock Highlid 
3. LAYER -39,86 110614 Rock Highlid 

PROFILE-148 

1. LAYER -5,62 40517 Rock Highlid 
2. LAYER -17,66 86495 Rock Highlid 
3. LAYER -32,34 250591 Rock Highlid 

PROFILE-149 

1. LAYER -3,05 3629 Low 

2.LAYER -9,59 15490 Sturdy 
3.LAYER -40,41 51376 Rock Highlid 

PROFILE-150 

1. LAYER -4,42 13573 Sturdy 

2. LAYER -13,89 64029 Rock Highlid 
3. LAYER -36,11 211232 Rock Highlid 

PROFILE-151 

1. LAYER -5,74 12200 Sturdy 

2. LAYER -13,14 25118 Sturdy 
3. LAYER -36,86 63007 Rock Highlid 

 
  Elastic Modulus (kg/cm2) Dayanim   

  E<1000 High Weak   

  1000<E<5000 Weak   

  5000<E<10000 Medium   

  10000<E<30000 Sturdy   

  30000<E Rock Highlid   

The endurance of ground or rocks according to Slip Module values(Keçeli, 1990) 

  E=G*(3*Vp
2-4*Vs

2)/( Vp
2-Vs

2)   

Elasticity modules and endurance of the grounds in the study area 

 Calculation of the modulus of elasticity in the direction of the seismic data obtained in the 

field studies and the change table are given in the above table 
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5.7.6. AREA07 Poisson’s Ratio - (б) 

 

POiSSON’S RATiO 
PROFILES LAYERS DEPTH (σ) POROSiTY 

PROFILE-1 

1. LAYER -3,85 0,40 High Porous 
2.LAYER -17,22 0,36 High Porous 

3.LAYER -32,78 0,40 High Porous 

PROFILE-2 

1. LAYER -3,22 0,34 Medium Porous 
2. LAYER -14,43 0,30 Medium Porous 
3. LAYER -35,57 0,40 High Porous 

PROFILE-3 

1. LAYER -4,51 0,39 High Porous 
2. LAYER -14,19 0,32 Medium Porous 
3. LAYER -35,81 0,37 High Porous 

PROFILE-4 

1. LAYER -3,68 0,38 High Porous 
2. LAYER -16,45 0,37 High Porous 
3. LAYER -33,55 0,41 High Porous 

PROFILE-5 

1. LAYER -3,93 0,40 High Porous 

2. LAYER -17,60 0,35 High Porous 
3. LAYER -32,40 0,39 High Porous 

PROFILE-6 

1. LAYER -6,86 0,40 High Porous 

2. LAYER -21,55 0,34 Medium Porous 
3. LAYER -28,45 0,36 High Porous 

PROFILE-7 

1. LAYER -6,80 0,38 High Porous 
2.LAYER -21,37 0,36 High Porous 

3.LAYER -28,63 0,37 High Porous 

PROFILE-8 

1. LAYER -4,38 0,34 Medium Porous 
2. LAYER -19,60 0,37 High Porous 

3. LAYER -30,40 0,39 High Porous 

PROFILE-9 

1. LAYER -3,10 0,36 High Porous 
2. LAYER -9,76 0,32 Medium Porous 

3. LAYER -40,24 0,39 High Porous 

PROFILE-10 

1. LAYER -2,79 0,35 High Porous 
2. LAYER -8,78 0,32 Medium Porous 
3. LAYER -41,22 0,38 High Porous 

PROFILE-11 

1. LAYER -6,35 0,42 High Porous 
2. LAYER -19,96 0,32 Medium Porous 
3. LAYER -30,04 0,39 High Porous 

PROFILE-12 

1. LAYER -4,56 0,41 High Porous 
2. LAYER -14,33 0,34 Medium Porous 
3. LAYER -35,67 0,40 High Porous 

PROFILE-13 

1. LAYER -7,19 0,40 High Porous 

2. LAYER -16,49 0,35 High Porous 
3. LAYER -33,51 0,38 High Porous 

PROFILE-14 

1. LAYER -4,85 0,39 High Porous 

2. LAYER -15,25 0,32 Medium Porous 
3. LAYER -34,75 0,40 High Porous 

PROFILE-15 

1. LAYER -4,39 0,38 High Porous 

2. LAYER -13,79 0,33 Medium Porous 
3. LAYER -36,21 0,41 High Porous 

PROFILE-71 

1. LAYER -2,90 0,37 High Porous 
2. LAYER -6,63 0,32 Medium Porous 

3. LAYER -43,37 0,38 High Porous 

PROFILE-72 

1. LAYER -1,73 0,43 High Porous 
2.LAYER -5,44 0,34 Medium Porous 

3.LAYER -44,56 0,39 High Porous 

PROFILE-73 

1. LAYER -4,10 0,41 High Porous 
2. LAYER -12,88 0,36 High Porous 
3. LAYER -37,12 0,41 High Porous 

PROFILE-74 

1. LAYER -5,19 0,40 High Porous 
2. LAYER -16,33 0,37 High Porous 
3. LAYER -33,67 0,38 High Porous 
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PROFILE-75 

1. LAYER -3,52 0,43 High Porous 
2.LAYER -11,07 0,35 Medium Porous 

3.LAYER -38,93 0,36 High Porous 

PROFILE-76 

1. LAYER -3,58 0,42 High Porous 
2. LAYER -11,24 0,33 Medium Porous 

3. LAYER -38,76 0,37 High Porous 

PROFILE-77 

1. LAYER -4,44 0,41 High Porous 
2. LAYER -13,95 0,35 High Porous 
3. LAYER -36,05 0,38 High Porous 

PROFILE-78 

1. LAYER -3,61 0,43 High Porous 
2. LAYER -16,17 0,34 Medium Porous 
3. LAYER -33,83 0,39 High Porous 

PROFILE-79 

1. LAYER -4,90 0,44 High Porous 
2. LAYER -21,92 0,33 Medium Porous 
3. LAYER -28,08 0,40 High Porous 

PROFILE-80 

1. LAYER -3,04 0,35 Medium Porous 

2. LAYER -13,60 0,29 Medium Porous 
3. LAYER -36,40 0,39 High Porous 

PROFILE-81 

1. LAYER -3,24 0,34 Medium Porous 

2.LAYER -10,20 0,31 Medium Porous 
3.LAYER -39,80 0,40 High Porous 

PROFILE-82 

1. LAYER -4,75 0,42 High Porous 
2. LAYER -14,94 0,36 High Porous 

3. LAYER -35,06 0,37 High Porous 

PROFILE-83 

1. LAYER -3,75 0,41 High Porous 
2. LAYER -16,81 0,34 Medium Porous 

3. LAYER -33,19 0,37 High Porous 

PROFILE-84 

1. LAYER -3,99 0,37 High Porous 
2. LAYER -17,83 0,30 Medium Porous 

3. LAYER -32,17 0,39 High Porous 

PROFILE-85 

1. LAYER -2,65 0,43 High Porous 
2. LAYER -11,86 0,33 Medium Porous 
3. LAYER -38,14 0,39 High Porous 

PROFILE-86 

1. LAYER -3,29 0,37 High Porous 
2. LAYER -10,35 0,33 Medium Porous 
3. LAYER -39,65 0,39 High Porous 

PROFILE-87 

1. LAYER -2,26 0,40 High Porous 
2. LAYER -7,12 0,33 Medium Porous 
3. LAYER -42,88 0,38 High Porous 

PROFILE-88 

1. LAYER -3,47 0,41 High Porous 

2. LAYER -10,90 0,36 High Porous 
3. LAYER -39,10 0,36 High Porous 

PROFILE-89 

1. LAYER -3,60 0,40 High Porous 

2. LAYER -11,33 0,34 Medium Porous 
3. LAYER -38,67 0,38 High Porous 

PROFILE-90 

1. LAYER -5,14 0,43 High Porous 

2. LAYER -16,16 0,33 Medium Porous 
3. LAYER -33,84 0,39 High Porous 

PROFILE-91 

1. LAYER -3,90 0,39 High Porous 
2.LAYER -17,46 0,38 High Porous 

3.LAYER -32,54 0,38 High Porous 

PROFILE-92 

1. LAYER -2,50 0,35 Medium Porous 
2. LAYER -7,87 0,33 Medium Porous 

3. LAYER -42,13 0,39 High Porous 

PROFILE-93 

1. LAYER -5,22 0,43 High Porous 
2.LAYER -16,41 0,33 Medium Porous 
3.LAYER -33,59 0,39 High Porous 

PROFILE-94 

1. LAYER -4,24 0,42 High Porous 
2. LAYER -13,34 0,36 High Porous 
3. LAYER -36,66 0,37 High Porous 

PROFILE-95 

1. LAYER -6,87 0,38 High Porous 
2. LAYER -15,73 0,32 Medium Porous 
3. LAYER -34,27 0,37 High Porous 
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PROFILE-96 

1. LAYER -3,38 0,41 High Porous 
2. LAYER -10,62 0,32 Medium Porous 

3. LAYER -39,38 0,38 High Porous 

PROFILE-97 

1. LAYER -4,56 0,42 High Porous 
2. LAYER -14,35 0,36 High Porous 

3. LAYER -35,65 0,41 High Porous 

PROFILE-98 

1. LAYER -4,15 0,32 Medium Porous 
2. LAYER -13,07 0,33 Medium Porous 
3. LAYER -36,93 0,35 High Porous 

PROFILE-99 

1. LAYER -3,79 0,37 High Porous 
2.LAYER -11,93 0,34 Medium Porous 
3.LAYER -38,07 0,37 High Porous 

PROFILE-100 

1. LAYER -3,55 0,41 High Porous 
2. LAYER -11,16 0,38 High Porous 
3. LAYER -38,84 0,38 High Porous 

PROFILE-101 

1. LAYER -2,56 0,41 High Porous 

2. LAYER -8,05 0,34 Medium Porous 
3. LAYER -41,95 0,39 High Porous 

PROFILE-102 

1. LAYER -3,50 0,32 Medium Porous 

2. LAYER -11,02 0,32 Medium Porous 
3. LAYER -38,98 0,37 High Porous 

PROFILE-103 

1. LAYER -3,14 0,41 High Porous 
2. LAYER -9,87 0,34 Medium Porous 

3. LAYER -40,13 0,40 High Porous 

PROFILE-104 

1. LAYER -6,03 0,43 High Porous 
2. LAYER -18,97 0,37 High Porous 

3. LAYER -31,03 0,41 High Porous 

PROFILE-105 

1. LAYER -4,89 0,42 High Porous 
2. LAYER -15,38 0,32 Medium Porous 

3. LAYER -34,62 0,39 High Porous 

PROFILE-106 

1. LAYER -3,10 0,41 High Porous 
2. LAYER -9,74 0,36 High Porous 
3. LAYER -40,26 0,39 High Porous 

PROFILE-107 

1. LAYER -4,36 0,39 High Porous 
2. LAYER -13,70 0,39 High Porous 
3. LAYER -36,30 0,39 High Porous 

PROFILE-108 

1. LAYER -4,03 0,43 High Porous 
2. LAYER -12,67 0,39 High Porous 
3. LAYER -37,33 0,34 Medium Porous 

PROFILE-109 

1. LAYER -2,68 0,40 High Porous 

2.LAYER -8,44 0,37 High Porous 
3.LAYER -41,56 0,38 High Porous 

PROFILE-110 

1. LAYER -3,14 0,43 High Porous 

2. LAYER -9,87 0,37 High Porous 
3. LAYER -40,13 0,39 High Porous 

PROFILE-111 

1. LAYER -4,55 0,41 High Porous 

2. LAYER -14,31 0,33 Medium Porous 
3. LAYER -35,69 0,40 High Porous 

PROFILE-112 

1. LAYER -3,50 0,39 High Porous 
2. LAYER -11,00 0,34 Medium Porous 

3. LAYER -39,00 0,39 High Porous 

PROFILE-113 

1. LAYER -4,57 0,43 High Porous 
2. LAYER -14,37 0,33 Medium Porous 

3. LAYER -35,63 0,39 High Porous 

PROFILE-114 

1. LAYER -3,57 0,34 Medium Porous 
2.LAYER -11,23 0,30 Medium Porous 
3.LAYER -38,77 0,38 High Porous 

PROFILE-115 

1. LAYER -4,17 0,42 High Porous 
2. LAYER -13,11 0,33 Medium Porous 
3. LAYER -36,89 0,39 High Porous 

PROFILE-116 

1. LAYER -3,31 0,42 High Porous 
2. LAYER -10,40 0,39 High Porous 
3. LAYER -39,60 0,39 High Porous 
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PROFILE-117 

1. LAYER -3,26 0,42 High Porous 
2. LAYER -10,25 0,35 High Porous 

3. LAYER -39,75 0,34 Medium Porous 

PROFILE-118 

1. LAYER -3,98 0,42 High Porous 
2. LAYER -12,51 0,33 Medium Porous 

3. LAYER -37,49 0,39 High Porous 

PROFILE-119 

1. LAYER -4,82 0,41 High Porous 
2. LAYER -15,16 0,37 High Porous 
3. LAYER -34,84 0,35 High Porous 

PROFILE-120 

1. LAYER -3,66 0,36 High Porous 
2.LAYER -11,52 0,39 High Porous 
3.LAYER -38,48 0,34 Medium Porous 

PROFILE-121 

1. LAYER -5,40 0,40 High Porous 
2. LAYER -16,96 0,37 High Porous 
3. LAYER -33,04 0,41 High Porous 

PROFILE-122 

1. LAYER -3,03 0,43 High Porous 

2. LAYER -9,53 0,33 Medium Porous 
3. LAYER -40,47 0,39 High Porous 

PROFILE-123 

1. LAYER -2,66 0,40 High Porous 

2. LAYER -8,36 0,34 Medium Porous 
3. LAYER -41,64 0,39 High Porous 

PROFILE-124 

1. LAYER -3,05 0,40 High Porous 
2. LAYER -9,59 0,33 Medium Porous 

3. LAYER -40,41 0,39 High Porous 

PROFILE-125 

1. LAYER -2,83 0,38 High Porous 
2. LAYER -8,91 0,32 Medium Porous 

3. LAYER -41,09 0,39 High Porous 

PROFILE-145 

1. LAYER -3,67 0,39 High Porous 
2. LAYER -11,54 0,30 Medium Porous 

3. LAYER -38,46 0,38 High Porous 

PROFILE-146 

1. LAYER -2,68 0,35 Medium Porous 
2. LAYER -11,99 0,30 Medium Porous 
3. LAYER -38,01 0,39 High Porous 

PROFILE-147 

1. LAYER -3,22 0,39 High Porous 
2. LAYER -10,14 0,32 Medium Porous 
3. LAYER -39,86 0,39 High Porous 

PROFILE-148 

1. LAYER -5,62 0,40 High Porous 
2. LAYER -17,66 0,34 Medium Porous 
3. LAYER -32,34 0,41 High Porous 

PROFILE-149 

1. LAYER -3,05 0,40 High Porous 

2.LAYER -9,59 0,33 Medium Porous 
3.LAYER -40,41 0,39 High Porous 

PROFILE-150 

1. LAYER -4,42 0,35 High Porous 

2. LAYER -13,89 0,32 Medium Porous 
3. LAYER -36,11 0,39 High Porous 

PROFILE-151 

1. LAYER -5,74 0,39 High Porous 

2. LAYER -13,14 0,32 Medium Porous 
3. LAYER -36,86 0,40 High Porous 

 
  Poisson’s Ratio;(σ) Porosity   

  0,00≤σ≤0,25 Nonporous   

  0,26≤σ≤0,35 Medium Porous   

  0,36≤σ≤0,50 High Porous   

Poisson ratio classification  

σ=(Vp2-2*Vs2)/(2* Vp2-2*Vs2) 

Poisson’s ratio values of the units in the study area, porosity 

Calculation of poisson’s ratio values in the direction of the seismic data obtained in the field 

studies and the change table are given in the above table. 
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5.7.7. AREA07 Density -  ρ (gr/ cm3) 

 

DENSiTY 
PROFILES LAYERS DEPTH  ρ (gr/cm3) DEFiNiTiON 

PROFILE-1 

1. LAYER -3,85 2,02 High 
2.LAYER -17,22 2,18 High 

3.LAYER -32,78 2,62 Too High 

PROFILE-2 

1. LAYER -3,22 1,70 Medium 
2. LAYER -14,43 2,15 High 
3. LAYER -35,57 2,68 Too High 

PROFILE-3 

1. LAYER -4,51 1,89 Medium 
2. LAYER -14,19 2,14 High 
3. LAYER -35,81 2,57 Too High 

PROFILE-4 

1. LAYER -3,68 1,87 Medium 
2. LAYER -16,45 1,97 High 
3. LAYER -33,55 2,36 Too High 

PROFILE-5 

1. LAYER -3,93 1,73 Medium 

2. LAYER -17,60 1,86 Medium 
3. LAYER -32,40 2,24 Too High 

PROFILE-6 

1. LAYER -6,86 2,01 High 

2. LAYER -21,55 2,28 Too High 
3. LAYER -28,45 2,73 Too High 

PROFILE-7 

1. LAYER -6,80 2,13 High 
2.LAYER -21,37 2,19 High 

3.LAYER -28,63 2,58 Too High 

PROFILE-8 

1. LAYER -4,38 2,08 High 
2. LAYER -19,60 2,12 High 

3. LAYER -30,40 2,50 Too High 

PROFILE-9 

1. LAYER -3,10 1,56 Medium 
2. LAYER -9,76 1,84 Medium 

3. LAYER -40,24 2,21 Too High 

PROFILE-10 

1. LAYER -2,79 1,52 Medium 
2. LAYER -8,78 1,81 Medium 
3. LAYER -41,22 2,19 High 

PROFILE-11 

1. LAYER -6,35 1,88 Medium 
2. LAYER -19,96 1,96 High 
3. LAYER -30,04 2,37 Too High 

PROFILE-12 

1. LAYER -4,56 1,75 Medium 
2. LAYER -14,33 1,97 High 
3. LAYER -35,67 2,37 Too High 

PROFILE-13 

1. LAYER -7,19 2,07 High 

2. LAYER -16,49 2,15 High 
3. LAYER -33,51 2,49 Too High 

PROFILE-14 

1. LAYER -4,85 1,85 Medium 

2. LAYER -15,25 2,03 High 
3. LAYER -34,75 2,43 Too High 

PROFILE-15 

1. LAYER -4,39 1,81 Medium 

2. LAYER -13,79 2,00 High 
3. LAYER -36,21 2,37 Too High 

PROFILE-71 

1. LAYER -2,90 1,58 Medium 
2. LAYER -6,63 1,82 Medium 

3. LAYER -43,37 2,15 High 

PROFILE-72 

1. LAYER -1,73 1,59 Medium 
2.LAYER -5,44 1,72 Medium 

3.LAYER -44,56 2,06 High 

PROFILE-73 

1. LAYER -4,10 1,94 High 
2. LAYER -12,88 2,14 High 
3. LAYER -37,12 2,50 Too High 

PROFILE-74 

1. LAYER -5,19 2,18 High 
2. LAYER -16,33 2,44 Too High 
3. LAYER -33,67 2,88 Too High 
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PROFILE-75 

1. LAYER -3,52 1,81 Medium 
2.LAYER -11,07 1,98 High 

3.LAYER -38,93 2,37 Too High 

PROFILE-76 

1. LAYER -3,58 1,84 Medium 
2. LAYER -11,24 1,98 High 

3. LAYER -38,76 2,37 Too High 

PROFILE-77 

1. LAYER -4,44 2,13 High 
2. LAYER -13,95 2,27 Too High 
3. LAYER -36,05 2,70 Too High 

PROFILE-78 

1. LAYER -3,61 2,11 High 
2. LAYER -16,17 2,26 Too High 
3. LAYER -33,83 2,75 Too High 

PROFILE-79 

1. LAYER -4,90 2,17 High 
2. LAYER -21,92 2,35 Too High 
3. LAYER -28,08 2,85 Too High 

PROFILE-80 

1. LAYER -3,04 1,81 Medium 

2. LAYER -13,60 2,13 High 
3. LAYER -36,40 2,64 Too High 

PROFILE-81 

1. LAYER -3,24 1,71 Medium 

2.LAYER -10,20 2,07 High 
3.LAYER -39,80 2,51 Too High 

PROFILE-82 

1. LAYER -4,75 2,09 High 
2. LAYER -14,94 2,30 Too High 

3. LAYER -35,06 2,72 Too High 

PROFILE-83 

1. LAYER -3,75 2,13 High 
2. LAYER -16,81 2,29 Too High 

3. LAYER -33,19 2,81 Too High 

PROFILE-84 

1. LAYER -3,99 1,97 High 
2. LAYER -17,83 2,26 Too High 

3. LAYER -32,17 2,77 Too High 

PROFILE-85 

1. LAYER -2,65 1,76 Medium 
2. LAYER -11,86 1,93 High 
3. LAYER -38,14 2,39 Too High 

PROFILE-86 

1. LAYER -3,29 1,85 Medium 
2. LAYER -10,35 2,06 High 
3. LAYER -39,65 2,46 Too High 

PROFILE-87 

1. LAYER -2,26 2,35 Too High 
2. LAYER -7,12 2,60 Too High 
3. LAYER -42,88 3,13 Too High 

PROFILE-88 

1. LAYER -3,47 1,86 Medium 

2. LAYER -10,90 2,06 High 
3. LAYER -39,10 2,44 Too High 

PROFILE-89 

1. LAYER -3,60 1,85 Medium 

2. LAYER -11,33 1,98 High 
3. LAYER -38,67 2,35 Too High 

PROFILE-90 

1. LAYER -5,14 2,03 High 

2. LAYER -16,16 2,20 High 
3. LAYER -33,84 2,63 Too High 

PROFILE-91 

1. LAYER -3,90 2,00 High 
2.LAYER -17,46 2,08 High 

3.LAYER -32,54 2,46 Too High 

PROFILE-92 

1. LAYER -2,50 1,57 Medium 
2. LAYER -7,87 1,88 Medium 

3. LAYER -42,13 2,24 Too High 

PROFILE-93 

1. LAYER -5,22 2,18 High 
2.LAYER -16,41 2,36 Too High 
3.LAYER -33,59 2,82 Too High 

PROFILE-94 

1. LAYER -4,24 1,90 Medium 
2. LAYER -13,34 2,08 High 
3. LAYER -36,66 2,47 Too High 

PROFILE-95 

1. LAYER -6,87 2,09 High 
2. LAYER -15,73 2,14 High 
3. LAYER -34,27 2,50 Too High 
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PROFILE-96 

1. LAYER -3,38 1,77 Medium 
2. LAYER -10,62 1,93 High 

3. LAYER -39,38 2,31 Too High 

PROFILE-97 

1. LAYER -4,56 1,95 High 
2. LAYER -14,35 2,10 High 

3. LAYER -35,65 2,47 Too High 

PROFILE-98 

1. LAYER -4,15 1,66 Medium 
2. LAYER -13,07 1,96 High 
3. LAYER -36,93 2,35 Too High 

PROFILE-99 

1. LAYER -3,79 1,69 Medium 
2.LAYER -11,93 1,95 High 
3.LAYER -38,07 2,32 Too High 

PROFILE-100 

1. LAYER -3,55 1,84 Medium 
2. LAYER -11,16 2,04 High 
3. LAYER -38,84 2,41 Too High 

PROFILE-101 

1. LAYER -2,56 1,64 Medium 

2. LAYER -8,05 1,82 Medium 
3. LAYER -41,95 2,19 High 

PROFILE-102 

1. LAYER -3,50 1,63 Medium 

2. LAYER -11,02 1,92 High 
3. LAYER -38,98 2,29 Too High 

PROFILE-103 

1. LAYER -3,14 1,66 Medium 
2. LAYER -9,87 1,90 Medium 

3. LAYER -40,13 2,28 Too High 

PROFILE-104 

1. LAYER -6,03 2,24 Too High 
2. LAYER -18,97 2,33 Too High 

3. LAYER -31,03 2,73 Too High 

PROFILE-105 

1. LAYER -4,89 2,04 High 
2. LAYER -15,38 2,22 Too High 

3. LAYER -34,62 2,67 Too High 

PROFILE-106 

1. LAYER -3,10 1,75 Medium 
2. LAYER -9,74 1,95 High 
3. LAYER -40,26 2,31 Too High 

PROFILE-107 

1. LAYER -4,36 1,91 High 
2. LAYER -13,70 2,00 High 
3. LAYER -36,30 2,32 Too High 

PROFILE-108 

1. LAYER -4,03 1,91 High 
2. LAYER -12,67 1,97 High 
3. LAYER -37,33 2,28 Too High 

PROFILE-109 

1. LAYER -2,68 1,74 Medium 

2.LAYER -8,44 1,92 High 
3.LAYER -41,56 2,27 Too High 

PROFILE-110 

1. LAYER -3,14 1,99 High 

2. LAYER -9,87 2,14 High 
3. LAYER -40,13 2,53 Too High 

PROFILE-111 

1. LAYER -4,55 2,01 High 

2. LAYER -14,31 2,23 Too High 
3. LAYER -35,69 2,66 Too High 

PROFILE-112 

1. LAYER -3,50 1,89 Medium 
2. LAYER -11,00 2,15 High 

3. LAYER -39,00 2,56 Too High 

PROFILE-113 

1. LAYER -4,57 2,21 Too High 
2. LAYER -14,37 2,35 Too High 

3. LAYER -35,63 2,82 Too High 

PROFILE-114 

1. LAYER -3,57 1,65 Medium 
2.LAYER -11,23 1,95 High 
3.LAYER -38,77 2,33 Too High 

PROFILE-115 

1. LAYER -4,17 1,71 Medium 
2. LAYER -13,11 1,91 High 
3. LAYER -36,89 2,29 Too High 

PROFILE-116 

1. LAYER -3,31 1,82 Medium 
2. LAYER -10,40 1,94 High 
3. LAYER -39,60 2,22 Too High 
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PROFILE-117 

1. LAYER -3,26 1,86 Medium 
2. LAYER -10,25 2,04 High 

3. LAYER -39,75 2,44 Too High 

PROFILE-118 

1. LAYER -3,98 1,72 Medium 
2. LAYER -12,51 1,90 Medium 

3. LAYER -37,49 2,30 Too High 

PROFILE-119 

1. LAYER -4,82 1,88 Medium 
2. LAYER -15,16 2,03 High 
3. LAYER -34,84 2,37 Too High 

PROFILE-120 

1. LAYER -3,66 2,34 Too High 
2.LAYER -11,52 2,41 Too High 
3.LAYER -38,48 2,79 Too High 

PROFILE-121 

1. LAYER -5,40 2,40 Too High 
2. LAYER -16,96 2,53 Too High 
3. LAYER -33,04 2,97 Too High 

PROFILE-122 

1. LAYER -3,03 1,77 Medium 

2. LAYER -9,53 1,93 High 
3. LAYER -40,47 2,32 Too High 

PROFILE-123 

1. LAYER -2,66 1,66 Medium 

2. LAYER -8,36 1,87 Medium 
3. LAYER -41,64 2,25 Too High 

PROFILE-124 

1. LAYER -3,05 1,69 Medium 
2. LAYER -9,59 1,93 High 

3. LAYER -40,41 2,32 Too High 

PROFILE-125 

1. LAYER -2,83 1,64 Medium 
2. LAYER -8,91 1,90 Medium 

3. LAYER -41,09 2,29 Too High 

PROFILE-145 

1. LAYER -3,67 1,66 Medium 
2. LAYER -11,54 1,87 Medium 

3. LAYER -38,46 2,25 Too High 

PROFILE-146 

1. LAYER -2,68 1,64 Medium 
2. LAYER -11,99 1,98 High 
3. LAYER -38,01 2,43 Too High 

PROFILE-147 

1. LAYER -3,22 1,78 Medium 
2. LAYER -10,14 1,94 High 
3. LAYER -39,86 2,31 Too High 

PROFILE-148 

1. LAYER -5,62 2,08 High 
2. LAYER -17,66 2,19 High 
3. LAYER -32,34 2,58 Too High 

PROFILE-149 

1. LAYER -3,05 1,60 Medium 

2.LAYER -9,59 1,79 Medium 
3.LAYER -40,41 2,13 High 

PROFILE-150 

1. LAYER -4,42 1,79 Medium 

2. LAYER -13,89 2,09 High 
3. LAYER -36,11 2,48 Too High 

PROFILE-151 

1. LAYER -5,74 1,82 Medium 

2. LAYER -13,14 1,89 Medium 
3. LAYER -36,86 2,19 High 

 

  Density: ρ (gr/cm3) Tanimlama   

  ρ<1,20 High low   

  1,20<ρ<1,40 Low   

  1,40<ρ<1,90 Medium   

  1,90<ρ<2,20 High   

  2,20<ρ Too High   

Density Classification of Ground Units: (Keçeli, 1990) 

ρ =d=0.31*Vp0.25 

Density values and description of the units in the study area 

Calculation of the density values of the geological units in the direction of the seismic data 

obtained in the field studies and the table of variation are given in the above table.  
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5.7.8. AREA07 Modulus of Subgrade Reaction – D Y K (ton/m3) 

 

Modulus of Subgrade Reaction  
PROFILES LAYERS DEPTH D Y K  (ton/m3) 

PROFILE-1 

1. LAYER -3,85 5805 
2.LAYER -17,22 9921 

3.LAYER -32,78 22278 

PROFILE-2 

1. LAYER -3,22 3211 
2. LAYER -14,43 10768 
3. LAYER -35,57 25600 

PROFILE-3 

1. LAYER -4,51 4344 
2. LAYER -14,19 10037 
3. LAYER -35,81 22596 

PROFILE-4 

1. LAYER -3,68 4427 
2. LAYER -16,45 5812 
3. LAYER -33,55 12181 

PROFILE-5 

1. LAYER -3,93 2749 

2. LAYER -17,60 4766 
3. LAYER -32,40 10024 

PROFILE-6 

1. LAYER -6,86 5648 

2. LAYER -21,55 13454 
3. LAYER -28,45 32147 

PROFILE-7 

1. LAYER -6,80 7965 
2.LAYER -21,37 9823 

3.LAYER -28,63 22648 

PROFILE-8 

1. LAYER -4,38 8227 
2. LAYER -19,60 7925 

3. LAYER -30,40 18280 

PROFILE-9 

1. LAYER -3,10 2065 
2. LAYER -9,76 4981 

3. LAYER -40,24 9618 

PROFILE-10 

1. LAYER -2,79 1898 
2. LAYER -8,78 4637 
3. LAYER -41,22 9431 

PROFILE-11 

1. LAYER -6,35 3743 
2. LAYER -19,96 6601 
3. LAYER -30,04 13734 

PROFILE-12 

1. LAYER -4,56 2765 
2. LAYER -14,33 6343 
3. LAYER -35,67 13234 

PROFILE-13 

1. LAYER -7,19 6598 

2. LAYER -16,49 9370 
3. LAYER -33,51 18043 

PROFILE-14 

1. LAYER -4,85 3857 

2. LAYER -15,25 7731 
3. LAYER -34,75 15063 

PROFILE-15 

1. LAYER -4,39 3667 

2. LAYER -13,79 6880 
3. LAYER -36,21 12420 

PROFILE-71 

1. LAYER -2,90 2063 
2. LAYER -6,63 4645 

3. LAYER -43,37 8463 

PROFILE-72 

1. LAYER -1,73 1714 
2.LAYER -5,44 3448 

3.LAYER -44,56 6701 

PROFILE-73 

1. LAYER -4,10 4663 
2. LAYER -12,88 8882 
3. LAYER -37,12 16459 

PROFILE-74 

1. LAYER -5,19 8307 
2. LAYER -16,33 17562 
3. LAYER -33,67 41146 
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PROFILE-75 

1. LAYER -3,52 3079 
2.LAYER -11,07 6565 

3.LAYER -38,93 14608 

PROFILE-76 

1. LAYER -3,58 3410 
2. LAYER -11,24 6627 

3. LAYER -38,76 14282 

PROFILE-77 

1. LAYER -4,44 7238 
2. LAYER -13,95 12517 
3. LAYER -36,05 27978 

PROFILE-78 

1. LAYER -3,61 6337 
2. LAYER -16,17 12700 
3. LAYER -33,83 30005 

PROFILE-79 

1. LAYER -4,90 6711 
2. LAYER -21,92 15614 
3. LAYER -28,08 36118 

PROFILE-80 

1. LAYER -3,04 3938 

2. LAYER -13,60 10521 
3. LAYER -36,40 24015 

PROFILE-81 

1. LAYER -3,24 3246 

2.LAYER -10,20 8759 
3.LAYER -39,80 17827 

PROFILE-82 

1. LAYER -4,75 6280 
2. LAYER -14,94 12658 

3. LAYER -35,06 31127 

PROFILE-83 

1. LAYER -3,75 6999 
2. LAYER -16,81 13757 

3. LAYER -33,19 36242 

PROFILE-84 

1. LAYER -3,99 5449 
2. LAYER -17,83 13754 

3. LAYER -32,17 32026 

PROFILE-85 

1. LAYER -2,65 2642 
2. LAYER -11,86 6159 
3. LAYER -38,14 13973 

PROFILE-86 

1. LAYER -3,29 4049 
2. LAYER -10,35 8155 
3. LAYER -39,65 16399 

PROFILE-87 

1. LAYER -2,26 12067 
2. LAYER -7,12 27442 
3. LAYER -42,88 68594 

PROFILE-88 

1. LAYER -3,47 3743 

2. LAYER -10,90 7455 
3. LAYER -39,10 17157 

PROFILE-89 

1. LAYER -3,60 3879 

2. LAYER -11,33 6525 
3. LAYER -38,67 13590 

PROFILE-90 

1. LAYER -5,14 5217 

2. LAYER -16,16 11020 
3. LAYER -33,84 23232 

PROFILE-91 

1. LAYER -3,90 5787 
2.LAYER -17,46 7163 

3.LAYER -32,54 17187 

PROFILE-92 

1. LAYER -2,50 2180 
2. LAYER -7,87 5231 

3. LAYER -42,13 10264 

PROFILE-93 

1. LAYER -5,22 7438 
2.LAYER -16,41 15923 
3.LAYER -33,59 34791 

PROFILE-94 

1. LAYER -4,24 3918 
2. LAYER -13,34 7976 
3. LAYER -36,66 17960 

PROFILE-95 

1. LAYER -6,87 7063 
2. LAYER -15,73 9890 
3. LAYER -34,27 19240 
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PROFILE-96 

1. LAYER -3,38 3023 
2. LAYER -10,62 6121 

3. LAYER -39,38 12370 

PROFILE-97 

1. LAYER -4,56 4248 
2. LAYER -14,35 8008 

3. LAYER -35,65 15756 

PROFILE-98 

1. LAYER -4,15 2954 
2. LAYER -13,07 6478 
3. LAYER -36,93 14410 

PROFILE-99 

1. LAYER -3,79 2787 
2.LAYER -11,93 6072 
3.LAYER -38,07 12963 

PROFILE-100 

1. LAYER -3,55 3590 
2. LAYER -11,16 6644 
3. LAYER -38,84 15526 

PROFILE-101 

1. LAYER -2,56 2176 

2. LAYER -8,05 4523 
3. LAYER -41,95 8994 

PROFILE-102 

1. LAYER -3,50 2679 

2. LAYER -11,02 6030 
3. LAYER -38,98 12146 

PROFILE-103 

1. LAYER -3,14 2292 
2. LAYER -9,87 5438 

3. LAYER -40,13 10796 

PROFILE-104 

1. LAYER -6,03 7974 
2. LAYER -18,97 13041 

3. LAYER -31,03 26028 

PROFILE-105 

1. LAYER -4,89 5325 
2. LAYER -15,38 11956 

3. LAYER -34,62 25860 

PROFILE-106 

1. LAYER -3,10 2911 
2. LAYER -9,74 5954 
3. LAYER -40,26 12140 

PROFILE-107 

1. LAYER -4,36 4549 
2. LAYER -13,70 5715 
3. LAYER -36,30 12409 

PROFILE-108 

1. LAYER -4,03 3833 
2. LAYER -12,67 5317 
3. LAYER -37,33 12701 

PROFILE-109 

1. LAYER -2,68 2811 

2.LAYER -8,44 5223 
3.LAYER -41,56 11389 

PROFILE-110 

1. LAYER -3,14 4506 

2. LAYER -9,87 8586 
3. LAYER -40,13 19187 

PROFILE-111 

1. LAYER -4,55 5418 

2. LAYER -14,31 11828 
3. LAYER -35,69 24179 

PROFILE-112 

1. LAYER -3,50 4251 
2. LAYER -11,00 9752 

3. LAYER -39,00 20640 

PROFILE-113 

1. LAYER -4,57 7890 
2. LAYER -14,37 15594 

3. LAYER -35,63 35503 

PROFILE-114 

1. LAYER -3,57 2632 
2.LAYER -11,23 6710 
3.LAYER -38,77 12745 

PROFILE-115 

1. LAYER -4,17 2511 
2. LAYER -13,11 5681 
3. LAYER -36,89 11267 

PROFILE-116 

1. LAYER -3,31 3255 
2. LAYER -10,40 4895 
3. LAYER -39,60 9642 
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PROFILE-117 

1. LAYER -3,26 3523 
2. LAYER -10,25 7472 

3. LAYER -39,75 17959 

PROFILE-118 

1. LAYER -3,98 2524 
2. LAYER -12,51 5569 

3. LAYER -37,49 11490 

PROFILE-119 

1. LAYER -4,82 3844 
2. LAYER -15,16 6547 
3. LAYER -34,84 15295 

PROFILE-120 

1. LAYER -3,66 13665 
2.LAYER -11,52 14291 
3.LAYER -38,48 38645 

PROFILE-121 

1. LAYER -5,40 13619 
2. LAYER -16,96 20719 
3. LAYER -33,04 43510 

PROFILE-122 

1. LAYER -3,03 2766 

2. LAYER -9,53 5916 
3. LAYER -40,47 11953 

PROFILE-123 

1. LAYER -2,66 2300 

2. LAYER -8,36 5103 
3. LAYER -41,64 10368 

PROFILE-124 

1. LAYER -3,05 2498 
2. LAYER -9,59 6009 

3. LAYER -40,41 11925 

PROFILE-125 

1. LAYER -2,83 2393 
2. LAYER -8,91 5584 

3. LAYER -41,09 11215 

PROFILE-145 

1. LAYER -3,67 2482 
2. LAYER -11,54 5514 

3. LAYER -38,46 10623 

PROFILE-146 

1. LAYER -2,68 2578 
2. LAYER -11,99 7198 
3. LAYER -38,01 15310 

PROFILE-147 

1. LAYER -3,22 3338 
2. LAYER -10,14 6307 
3. LAYER -39,86 11903 

PROFILE-148 

1. LAYER -5,62 6684 
2. LAYER -17,66 10377 
3. LAYER -32,34 19408 

PROFILE-149 

1. LAYER -3,05 2000 

2.LAYER -9,59 4195 
3.LAYER -40,41 7780 

PROFILE-150 

1. LAYER -4,42 3809 

2. LAYER -13,89 8782 
3. LAYER -36,11 17329 

PROFILE-151 

1. LAYER -5,74 3615 

2. LAYER -13,14 5413 
3. LAYER -36,86 8696 

 

kv= 40*(Gs)*qu ton/m3 (Bowles 1984) 

 

The above table shows the Modulus of Subgrade Reaction obtained for each layer in the 

direction of the data obtained after the seismic measurements made in the study area. 
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5.7.9. AREA07 Bearing Capacity qu (kg/cm2) / Allowable Bearing Capacity qa(kg/cm2) 

PROFILES LAYERS DEPTH BEARiNG 

CAPACiTY 

(qu,kg/cm2) 

ALLOWABLE 

BEARiNG 

CAPACiTY 

(qa,kg/cm2) 

PROFILE-1 

1. LAYER -3,85 14,51 4,84 
2.LAYER -17,22 24,80 8,27 
3.LAYER -32,78 55,70 18,57 

PROFILE-2 

1. LAYER -3,22 8,03 2,68 
2. LAYER -14,43 26,92 8,97 
3. LAYER -35,57 64,00 21,33 

PROFILE-3 

1. LAYER -4,51 10,86 3,62 

2. LAYER -14,19 25,09 8,36 
3. LAYER -35,81 56,49 18,83 

PROFILE-4 

1. LAYER -3,68 11,07 3,69 

2. LAYER -16,45 14,53 4,84 
3. LAYER -33,55 30,45 10,15 

PROFILE-5 

1. LAYER -3,93 6,87 2,29 
2. LAYER -17,60 11,91 3,97 

3. LAYER -32,40 25,06 8,35 

PROFILE-6 

1. LAYER -6,86 14,12 4,71 
2. LAYER -21,55 33,64 11,21 

3. LAYER -28,45 80,37 26,79 

PROFILE-7 

1. LAYER -6,80 19,91 6,64 
2.LAYER -21,37 24,56 8,19 
3.LAYER -28,63 56,62 18,87 

PROFILE-8 

1. LAYER -4,38 20,57 6,86 
2. LAYER -19,60 19,81 6,60 
3. LAYER -30,40 45,70 15,23 

PROFILE-9 

1. LAYER -3,10 5,16 1,72 
2. LAYER -9,76 12,45 4,15 
3. LAYER -40,24 24,04 8,01 

PROFILE-10 

1. LAYER -2,79 4,75 1,58 
2. LAYER -8,78 11,59 3,86 
3. LAYER -41,22 23,58 7,86 

PROFILE-11 

1. LAYER -6,35 9,36 3,12 

2. LAYER -19,96 16,50 5,50 
3. LAYER -30,04 34,34 11,45 

PROFILE-12 

1. LAYER -4,56 6,91 2,30 

2. LAYER -14,33 15,86 5,29 
3. LAYER -35,67 33,09 11,03 

PROFILE-13 

1. LAYER -7,19 16,50 5,50 
2. LAYER -16,49 23,43 7,81 

3. LAYER -33,51 45,11 15,04 

PROFILE-14 

1. LAYER -4,85 9,64 3,21 
2. LAYER -15,25 19,33 6,44 

3. LAYER -34,75 37,66 12,55 

PROFILE-15 

1. LAYER -4,39 9,17 3,06 
2. LAYER -13,79 17,20 5,73 

3. LAYER -36,21 31,05 10,35 

PROFILE-71 

1. LAYER -2,90 5,16 1,72 
2. LAYER -6,63 11,61 3,87 
3. LAYER -43,37 21,16 7,05 

PROFILE-72 

1. LAYER -1,73 4,29 1,43 
2.LAYER -5,44 8,62 2,87 
3.LAYER -44,56 16,75 5,58 

PROFILE-73 

1. LAYER -4,10 11,66 3,89 
2. LAYER -12,88 22,21 7,40 
3. LAYER -37,12 41,15 13,72 

PROFILE-74 

1. LAYER -5,19 20,77 6,92 

2. LAYER -16,33 43,90 14,63 
3. LAYER -33,67 102,87 34,29 

PROFILE-75 

1. LAYER -3,52 7,70 2,57 

2.LAYER -11,07 16,41 5,47 
3.LAYER -38,93 36,52 12,17 
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PROFILE-76 

1. LAYER -3,58 8,53 2,84 
2. LAYER -11,24 16,57 5,52 

3. LAYER -38,76 35,71 11,90 

PROFILE-77 

1. LAYER -4,44 18,10 6,03 
2. LAYER -13,95 31,29 10,43 

3. LAYER -36,05 69,95 23,32 

PROFILE-78 

1. LAYER -3,61 15,84 5,28 
2. LAYER -16,17 31,75 10,58 
3. LAYER -33,83 75,01 25,00 

PROFILE-79 

1. LAYER -4,90 16,78 5,59 
2. LAYER -21,92 39,03 13,01 
3. LAYER -28,08 90,30 30,10 

PROFILE-80 

1. LAYER -3,04 9,85 3,28 
2. LAYER -13,60 26,30 8,77 
3. LAYER -36,40 60,04 20,01 

PROFILE-81 

1. LAYER -3,24 8,12 2,71 

2.LAYER -10,20 21,90 7,30 
3.LAYER -39,80 44,57 14,86 

PROFILE-82 

1. LAYER -4,75 15,70 5,23 

2. LAYER -14,94 31,64 10,55 
3. LAYER -35,06 77,82 25,94 

PROFILE-83 

1. LAYER -3,75 17,50 5,83 
2. LAYER -16,81 34,39 11,46 

3. LAYER -33,19 90,60 30,20 

PROFILE-84 

1. LAYER -3,99 13,62 4,54 
2. LAYER -17,83 34,39 11,46 

3. LAYER -32,17 80,06 26,69 

PROFILE-85 

1. LAYER -2,65 6,61 2,20 
2. LAYER -11,86 15,40 5,13 

3. LAYER -38,14 34,93 11,64 

PROFILE-86 

1. LAYER -3,29 10,12 3,37 
2. LAYER -10,35 20,39 6,80 
3. LAYER -39,65 41,00 13,67 

PROFILE-87 

1. LAYER -2,26 30,17 10,06 
2. LAYER -7,12 68,60 22,87 
3. LAYER -42,88 171,49 57,16 

PROFILE-88 

1. LAYER -3,47 9,36 3,12 
2. LAYER -10,90 18,64 6,21 
3. LAYER -39,10 42,89 14,30 

PROFILE-89 

1. LAYER -3,60 9,70 3,23 

2. LAYER -11,33 16,31 5,44 
3. LAYER -38,67 33,98 11,33 

PROFILE-90 

1. LAYER -5,14 13,04 4,35 

2. LAYER -16,16 27,55 9,18 
3. LAYER -33,84 58,08 19,36 

PROFILE-91 

1. LAYER -3,90 14,47 4,82 

2.LAYER -17,46 17,91 5,97 
3.LAYER -32,54 42,97 14,32 

PROFILE-92 

1. LAYER -2,50 5,45 1,82 
2. LAYER -7,87 13,08 4,36 

3. LAYER -42,13 25,66 8,55 

PROFILE-93 

1. LAYER -5,22 18,59 6,20 
2.LAYER -16,41 39,81 13,27 

3.LAYER -33,59 86,98 28,99 

PROFILE-94 

1. LAYER -4,24 9,80 3,27 
2. LAYER -13,34 19,94 6,65 
3. LAYER -36,66 44,90 14,97 

PROFILE-95 

1. LAYER -6,87 17,66 5,89 
2. LAYER -15,73 24,72 8,24 
3. LAYER -34,27 48,10 16,03 

PROFILE-96 

1. LAYER -3,38 7,56 2,52 
2. LAYER -10,62 15,30 5,10 
3. LAYER -39,38 30,93 10,31 
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PROFILE-97 

1. LAYER -4,56 10,62 3,54 
2. LAYER -14,35 20,02 6,67 

3. LAYER -35,65 39,39 13,13 

PROFILE-98 

1. LAYER -4,15 7,39 2,46 
2. LAYER -13,07 16,20 5,40 

3. LAYER -36,93 36,03 12,01 

PROFILE-99 

1. LAYER -3,79 6,97 2,32 
2.LAYER -11,93 15,18 5,06 
3.LAYER -38,07 32,41 10,80 

PROFILE-100 

1. LAYER -3,55 8,97 2,99 
2. LAYER -11,16 16,61 5,54 
3. LAYER -38,84 38,82 12,94 

PROFILE-101 

1. LAYER -2,56 5,44 1,81 
2. LAYER -8,05 11,31 3,77 
3. LAYER -41,95 22,48 7,49 

PROFILE-102 

1. LAYER -3,50 6,70 2,23 

2. LAYER -11,02 15,08 5,03 
3. LAYER -38,98 30,37 10,12 

PROFILE-103 

1. LAYER -3,14 5,73 1,91 

2. LAYER -9,87 13,60 4,53 
3. LAYER -40,13 26,99 9,00 

PROFILE-104 

1. LAYER -6,03 19,93 6,64 
2. LAYER -18,97 32,60 10,87 

3. LAYER -31,03 65,07 21,69 

PROFILE-105 

1. LAYER -4,89 13,31 4,44 
2. LAYER -15,38 29,89 9,96 

3. LAYER -34,62 64,65 21,55 

PROFILE-106 

1. LAYER -3,10 7,28 2,43 
2. LAYER -9,74 14,88 4,96 

3. LAYER -40,26 30,35 10,12 

PROFILE-107 

1. LAYER -4,36 11,37 3,79 
2. LAYER -13,70 14,29 4,76 
3. LAYER -36,30 31,02 10,34 

PROFILE-108 

1. LAYER -4,03 9,58 3,19 
2. LAYER -12,67 13,29 4,43 
3. LAYER -37,33 31,75 10,58 

PROFILE-109 

1. LAYER -2,68 7,03 2,34 
2.LAYER -8,44 13,06 4,35 
3.LAYER -41,56 28,47 9,49 

PROFILE-110 

1. LAYER -3,14 11,27 3,76 

2. LAYER -9,87 21,47 7,16 
3. LAYER -40,13 47,97 15,99 

PROFILE-111 

1. LAYER -4,55 13,55 4,52 

2. LAYER -14,31 29,57 9,86 
3. LAYER -35,69 60,45 20,15 

PROFILE-112 

1. LAYER -3,50 10,63 3,54 

2. LAYER -11,00 24,38 8,13 
3. LAYER -39,00 51,60 17,20 

PROFILE-113 

1. LAYER -4,57 19,73 6,58 
2. LAYER -14,37 38,99 13,00 

3. LAYER -35,63 88,76 29,59 

PROFILE-114 

1. LAYER -3,57 6,58 2,19 
2.LAYER -11,23 16,78 5,59 

3.LAYER -38,77 31,86 10,62 

PROFILE-115 

1. LAYER -4,17 6,28 2,09 
2. LAYER -13,11 14,20 4,73 
3. LAYER -36,89 28,17 9,39 

PROFILE-116 

1. LAYER -3,31 8,14 2,71 
2. LAYER -10,40 12,24 4,08 
3. LAYER -39,60 24,10 8,03 

PROFILE-117 

1. LAYER -3,26 8,81 2,94 
2. LAYER -10,25 18,68 6,23 
3. LAYER -39,75 44,90 14,97 
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PROFILE-118 

1. LAYER -3,98 6,31 2,10 
2. LAYER -12,51 13,92 4,64 

3. LAYER -37,49 28,73 9,58 

        PROFILE-119 

1. LAYER -4,82 9,61 3,20 
2. LAYER -15,16 16,37 5,46 

3. LAYER -34,84 38,24 12,75 

PROFILE-120 

1. LAYER -3,66 34,16 11,39 
2.LAYER -11,52 35,73 11,91 
3.LAYER -38,48 96,61 32,20 

PROFILE-121 

1. LAYER -5,40 34,05 11,35 
2. LAYER -16,96 51,80 17,27 
3. LAYER -33,04 108,77 36,26 

PROFILE-122 

1. LAYER -3,03 6,91 2,30 
2. LAYER -9,53 14,79 4,93 
3. LAYER -40,47 29,88 9,96 

PROFILE-123 

1. LAYER -2,66 5,75 1,92 

2. LAYER -8,36 12,76 4,25 
3. LAYER -41,64 25,92 8,64 

PROFILE-124 

1. LAYER -3,05 6,24 2,08 

2. LAYER -9,59 15,02 5,01 
3. LAYER -40,41 29,81 9,94 

PROFILE-125 

1. LAYER -2,83 5,98 1,99 
2. LAYER -8,91 13,96 4,65 

3. LAYER -41,09 28,04 9,35 

PROFILE-145 

1. LAYER -3,67 6,21 2,07 
2. LAYER -11,54 13,79 4,60 

3. LAYER -38,46 26,56 8,85 

PROFILE-146 

1. LAYER -2,68 6,45 2,15 
2. LAYER -11,99 18,00 6,00 

3. LAYER -38,01 38,28 12,76 

PROFILE-147 

1. LAYER -3,22 8,34 2,78 
2. LAYER -10,14 15,77 5,26 
3. LAYER -39,86 29,76 9,92 

PROFILE-148 

1. LAYER -5,62 16,71 5,57 
2. LAYER -17,66 25,94 8,65 
3. LAYER -32,34 48,52 16,17 

PROFILE-149 

1. LAYER -3,05 5,00 1,67 
2.LAYER -9,59 10,49 3,50 
3.LAYER -40,41 19,45 6,48 

PROFILE-150 

1. LAYER -4,42 9,52 3,17 

2. LAYER -13,89 21,95 7,32 
3. LAYER -36,11 43,32 14,44 

PROFILE-151 

1. LAYER -5,74 9,04 3,01 

2. LAYER -13,14 13,53 4,51 
3. LAYER -36,86 21,74 7,25 

 

qu=(0,024*Vs*(J.B.K+0,002*Vp)*0,71)/G.K 

 

  
 

  
  

  

 

  

      

      

qa=qu/G.K              G.K=3 empirical value 
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5.7.10 AREA07 Vibration Period - T0 (sec) / Ground Amplification (Ak) 

PROFILES To (sec) Ta (sec) Tb (sec) Vs30 (m/sec) 
Ak 

(Amplification) 

PROFILE-1 0,13 0,09 0,20 1215 0,96 

PROFILE-2 0,13 0,08 0,19 1803 0,97 

PROFILE-3 0,13 0,09 0,20 1723 1,00 

PROFILE-4 0,20 0,13 0,30 1365 1,23 

PROFILE-5 0,25 0,16 0,37 1042 1,40 

PROFILE-6 0,12 0,08 0,18 1993 0,90 

PROFILE-7 0,14 0,09 0,20 1996 0,95 

PROFILE-8 0,15 0,10 0,23 1820 1,02 

PROFILE-9 0,23 0,15 0,35 965 1,45 

PROFILE-10 0,23 0,16 0,35 932 1,47 

PROFILE-11 0,20 0,14 0,31 1263 1,23 

PROFILE-12 0,20 0,13 0,30 1180 1,27 

PROFILE-13 0,15 0,10 0,22 1825 1,02 

PROFILE-14 0,17 0,12 0,26 1424 1,16 

PROFILE-15 0,19 0,13 0,29 1337 1,23 

PROFILE-71 0,24 0,16 0,36 890 1,53 

PROFILE-72 0,28 0,19 0,42 778 1,68 

PROFILE-73 0,15 0,10 0,23 1679 1,08 

PROFILE-74 0,09 0,06 0,13 1679 0,77 

PROFILE-75 0,17 0,11 0,26 1313 1,19 

PROFILE-76 0,17 0,11 0,26 1335 1,19 

PROFILE-77 0,11 0,07 0,16 2313 0,87 

PROFILE-78 0,11 0,07 0,16 2313 0,86 

PROFILE-79 0,10 0,07 0,16 2521 0,81 

PROFILE-80 0,13 0,08 0,19 1804 0,98 

PROFILE-81 0,15 0,10 0,22 1510 1,10 

PROFILE-82 0,11 0,07 0,16 2191 0,87 

PROFILE-83 0,10 0,07 0,15 2435 0,82 

PROFILE-84 0,11 0,07 0,17 2176 0,87 

PROFILE-85 0,18 0,12 0,27 1263 1,23 

PROFILE-86 0,15 0,10 0,23 1533 1,11 

PROFILE-87 0,05 0,04 0,08 4116 0,61 

PROFILE-88 0,15 0,10 0,22 1497 1,11 

PROFILE-89 0,17 0,12 0,26 1366 1,19 

PROFILE-90 0,13 0,09 0,19 1912 0,96 

PROFILE-91 0,16 0,11 0,24 1662 1,07 

PROFILE-92 0,21 0,14 0,32 1038 1,39 

PROFILE-93 0,10 0,07 0,15 2554 0,81 

PROFILE-94 0,15 0,10 0,23 1533 1,09 

PROFILE-95 0,14 0,09 0,21 1799 1,01 

PROFILE-96 0,19 0,13 0,28 1222 1,27 

PROFILE-97 0,16 0,11 0,25 1531 1,12 

PROFILE-98 0,18 0,12 0,28 1199 1,24 

PROFILE-99 0,19 0,13 0,29 1165 1,28 

PROFILE-100 0,16 0,11 0,25 1370 1,17 

PROFILE-101 0,23 0,15 0,35 968 1,47 

PROFILE-102 0,20 0,13 0,30 1120 1,31 

PROFILE-103 0,21 0,14 0,32 1063 1,37 

PROFILE-104 0,12 0,08 0,18 2377 0,88 

PROFILE-105 0,12 0,08 0,18 1984 0,93 

PROFILE-106 0,19 0,13 0,28 1214 1,27 

PROFILE-107 0,19 0,13 0,29 1302 1,24 
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PROFILE-108 0,19 0,13 0,29 1203 1,26 

PROFILE-109 0,19 0,13 0,29 1149 1,31 

PROFILE-110 0,13 0,09 0,20 1683 1,04 

PROFILE-111 0,12 0,08 0,18 2003 0,94 

PROFILE-112 0,13 0,09 0,20 1721 1,02 

PROFILE-113 0,09 0,06 0,14 2605 0,80 

PROFILE-114 0,19 0,13 0,29 1163 1,28 

PROFILE-115 0,22 0,14 0,32 1082 1,35 

PROFILE-116 0,22 0,15 0,33 1072 1,39 

PROFILE-117 0,14 0,10 0,22 1516 1,09 

PROFILE-118 0,21 0,14 0,32 1085 1,34 

PROFILE-119 0,18 0,12 0,27 1322 1,18 

PROFILE-120 0,08 0,05 0,12 2993 0,74 

PROFILE-121 0,08 0,05 0,12 3539 0,70 

PROFILE-122 0,19 0,13 0,29 1189 1,29 

PROFILE-123 0,21 0,14 0,32 1043 1,39 

PROFILE-124 0,19 0,13 0,29 1150 1,31 

PROFILE-125 0,20 0,14 0,30 1092 1,35 

PROFILE-145 0,22 0,15 0,33 1063 1,37 

PROFILE-146 0,17 0,11 0,25 1345 1,18 

PROFILE-147 0,19 0,13 0,28 1988 1,27 

PROFILE-148 0,14 0,09 0,21 1160 0,99 

PROFILE-149 0,27 0,18 0,40 533 1,57 

PROFILE-150 0,16 0,10 0,24 954 1,11 

PROFILE-151 0,24 0,16 0,36 628 1,42 

 

𝑇𝑜 = ∑ 4𝐻 𝑉𝑠 𝑛 𝚤=1 (sec)……. (Zeevaert,1967)     

Ak=68*Vs30
-0,6……………………. (Midorikawa, 1987)   

The Vibration Period and Ground Amplification calculated in the direction of the parameters 

obtained during the seismic studies made during the field survey are presented in the table 

above. 
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6. SEISMICITY OF THE STUDY AREA AND LEBANON AT LARGE  

Table 1 shows the instrumentally recorded earthquakes of magnitude 4.5 or more that have 

occurred in Lebanon in the twentieth century. The earthquakes 3, 9, and 20 (events) are the 

main events of years 1907, 1956 and 1997, respectively, and all other events occurring in 

these years were either foreshocks or aftershocks. Therefore, in the following discussion, only 

the main events (3, 9, and 20) will be considered for these years. Various sources and 

references review different coordinates of the location of earthquake epicenters as well as 

other parameters. The uncertainty in the location of epicenters might exceed 20 km for most 

of the events. Nevertheless, Table 1 and Figure i show that the epicenters of the strongest 

three seismic events in this century (1907, 1956, and 1997) are located in the Roum fault zone 

including the Chouf region and its offshore area (Figure 1). Moreover, information issued by 

the Lebanese Geophysical Center through its seismological station at Bhannes (the only 

recording station in Lebanon) indicated that the distance from the epicenter of the main 1997 

event (20) to the station is only 33 km. This implies that the epicenter of this event could be 

relocated northward to become closer to the epicenters of its own aftershock (21) and of the 

1907 and 1956 events. Hence the Chouf area with its -complicated structural setting, 

probably, constitutes a locked (northern) segment of the Roum fault zone, which probably 

terminates near Damour river. 

The earthquakes of 1907, 1956, and 1997 occumng in the study area had a recurrence interval 

of 40 to 50 years. Searching in the available journals of the period between 1865 and 1875, i 

could not find any hints about seismic events of comparable, magnitude in that period. 

However, no major seismic events are known in Lebanon atter the destructive 1837 

earthquake, which has affected northern Palestine and southern Lebanon. The epicenter of 

thi's earthquake has been located by many investigators near Salad in the Huleh depression 

[e.g. Ben-Menahem, 1981; Amiran et al., 1994], where the Dead Sea Fault bifurcates into its 

Lebanese fault branches. However, in a recent study, Ambraseys [199.7] upgraded the 

magnitude of this earthquake from 6.2-6.4 to more than 7.0 and indicated that this earthquake 

could have originated along the Roum or the Yammouneh faults.  

There have been many destructive earthquakes inLebanese history, the strongest ofwhich in 

the past two millennia occurred m 551, 1202, and 1759 [e.g., Plassard and Kogoj, 1981; 

Beydoun, 1997; Griffiths et al., 2000; Khair et al., 2000]. The last two events were thoroughly 

studied by Ambraseys andMel•lie [ 1988], and Ambraseys and Barazangi [1989], 

respectively. The epicenters of these earthquakes have been located along the Yammouneh 

fault, whereas their respective magnitudes were estimated to be 7.6 and 7.4. This long 

recurrence period (~600 years) indicates that the past 100 years of insmunental record and the 

observation of microseismicity over shorter periods cannot represent of the long-term 

seismicity of the DSTF.  

Griffiths et al. [2000] compiled anew seismicity catalogue for the area of Lebanon (32ø-

35øN, 34ø-37øE) with 1725 events including both historical earthquakes and msmnnentally 

recorded tremors. They concluded that changing (decreasing northward) seismicity 

characteristics along the Roum fault zone suggest a change in faulting mechanism. The low b' 

value for SW Lebanon (0.75 + 0.07) compared to that of a "simple" section of the DSTF (0.88 

+ 0.09) reflects a slighfiy higher earthquake hazard for SW Lebanon [Griffiths et al., 2000]. 
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On the other hand,. b' value of 0.86 has been estimated for the whole Dead Sea Transform 

fault zone [Ben-Menahem and Aboodi, 1981; Ben-Menahem, 1991]. However, the lack and 

irregular distribution of seismological stations, especially in the northern segment of the 

DSTF, leave many events unrecorded or wrongly pinpointed, which severely limits the 

accuracy of calculated b'values.  

The seismicity in the southern segment of the DSTF (israelJordan) tends to cluster in areas 

with tensional phenomena such as left steps on the left-lateral strike-slip faults [van Eck and 

Hofi'tetter, 1990]. They also concluded that the seismicit)' and focal mechanism solutions 

near the branching of the Cannel-Faraa, which is similar to Roum fault, and the DSTF suggest 

a complicated tectonic breakup. HoJbtetter et al. [1996] concluded that seismic characteristics 

such as b' value, seismic moment estimates Mo, and Brune stress drop estimates Ac• along the 

Carmel-Tirtza fault system are comparable to those for events occumng along the main Dead 

Sea Transform fault. 
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8. ATTACHMENTS 

 

 MEASUREMENT POINTS COORDINATES 

 3D IMAGES 
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PROFILE X Y 

Profile-1 253497 3823764 

Profile-2 253465 3823740 

Profile-3 253415 3823695 

Profile-4 253357 3823584 

Profile-5 253332 3823551 

Profile-6 253283 3823498 

Profile-7 253221 3823507 

Profile-8 253243 3823453 

Profile-9 253360 3823409 

Profile-10 253389 3823469 

Profile-11 253405 3823540 

Profile-12 253429 3823581 

Profile-13 253488 3823663 

Profile-14 253466 3823519 

Profile-15 253514 3823557 

Profile-16 255476 3829195 

Profile-17 255450 3829143 

Profile-18 255435 3829074 

Profile-19 255405 3829015 

Profile-20 255356 3828962 

Profile-21 255319 3828883 

Profile-22 255282 3828837 

Profile-23 255252 3828759 

Profile-24 255229 3828690 

Profile-25 255208 3828593 

Profile-26 255182 3828517 

Profile-27 255104 3828456 

Profile-28 255093 3828398 

Profile-29 255083 3828329 

Profile-30 255097 3830948 

Profile-31 255010 3830809 

Profile-32 255138 3830875 

Profile-33 255221 3830836 

Profile-34 255125 3830728 

Profile-35 255061 3830745 

Profile-36 255124 3830655 

Profile-37 255259 3830746 

Profile-38 255254 3830671 

Profile-39 255152 3830582 

Profile-40 255288 3830576 

Profile-41 255252 3830508 

Profile-42 255246 3830421 

Profile-43 255154 3830504 

Profile-44 255137 3830430 

Profile-45 255106 3830341 

Profile-46 255206 3830322 

Profile-47 255151 3830235 

Profile-48 255048 3830239 

Profile-49 255012 3830165 

Profile-50 254974 3830092 

Profile-51 255132 3830166 

Profile-52 255094 3830084 

Profile-53 255077 3829999 

Profile-54 254941 3830030 

Profile-55 254935 3829927 

Profile-56 255060 3829926 

Profile-57 255022 3829824 

Profile-58 254988 3829738 

Profile-59 254903 3829823 

Profile-60 254853 3829734 

Profile-61 254822 3829635 

Profile-62 254849 3829556 

Profile-63 254884 3829463 

Profile-64 254910 3829389 

Profile-65 254970 3829636 

Profile-66 255032 3829567 

Profile-67 255112 3829566 

Profile-68 255081 3829432 

Profile-69 255063 3829350 

Profile-70 254946 3829301 

Profile-71 253572 3823297 

Profile-72 253490 3823407 

Profile-73 253442 3823267 

Profile-74 253416 3823349 

Profile-75 253440 3823811 

Profile-76 253545 3823848 

Profile-77 253450 3823885 

Profile-78 253544 3823947 

Profile-79 253468 3823985 

Profile-80 253501 3824058 

Profile-81 253581 3824117 
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Profile-82 253643 3824191 

Profile-83 253674 3824258 

Profile-84 253746 3824342 

Profile-85 253813 3824416 

Profile-86 253856 3824495 

Profile-87 253910 3824347 

Profile-88 253882 3824283 

Profile-89 253799 3824205 

Profile-90 253754 3824144 

Profile-91 253717 3824091 

Profile-92 253649 3824010 

Profile-93 254296 3825219 

Profile-94 254240 3825324 

Profile-95 254197 3825277 

Profile-96 254137 3825220 

Profile-97 254071 3825163 

Profile-98 254022 3825108 

Profile-99 253902 3824975 

Profile-100 253835 3824842 

Profile-101 253806 3824758 

Profile-102 253742 3824687 

Profile-103 255044 3824742 

Profile-104 253690 3824463 

Profile-105 253652 3824421 

Profile-106 253778 3824594 

Profile-107 253850 3824699 

Profile-108 253943 3824786 

Profile-109 253968 3824859 

Profile-110 254018 3824938 

Profile-111 254062 3825045 

Profile-112 254152 3825088 

Profile-113 254190 3825167 

Profile-114 254402 3825120 

Profile-115 254497 3825013 

Profile-116 254394 3824960 

Profile-117 254320 3825067 

Profile-118 254231 3825006 

Profile-119 254185 3824944 

Profile-120 254312 3824928 

Profile-121 254286 3824842 

Profile-122 254223 3824775 

Profile-123 254145 3824891 

Profile-124 254095 3824801 

Profile-125 254032 3824736 

Profile-126 255490 3825242 

Profile-127 255550 3825164 

Profile-128 255399 3825074 

Profile-129 255355 3824999 

Profile-130 255307 3824921 

Profile-131 255307 3825102 

Profile-132 255303 3825047 

Profile-133 255230 3824965 

Profile-134 255144 3824883 

Profile-135 255200 3824817 

Profile-136 255206 3824770 

Profile-137 255097 3824782 

Profile-138 255168 3824734 

Profile-139 255059 3824671 

Profile-140 255044 3824742 

Profile-141 254986 3824694 

Profile-142 254988 3824614 

Profile-143 254870 3824693 

Profile-144 254836 3824640 

Profile-145 253939 3824426 

Profile-146 253989 3824492 

Profile-147 254058 3824580 

Profile-148 254090 3824666 

Profile-149 254191 3824725 

Profile-150 253966 3824652 

Profile-151 253910 3824568 

Profile-152 254446 3823917 

Profile-153 254467 3823991 

Profile-154 254532 3824055 

Profile-155 254575 3824150 

Profile-156 254666 3824189 

Profile-157 254732 3824250 

Profile-158 254638 3824277 

Profile-159 254559 3824245 

Profile-160 254487 3824174 

Profile-161 254411 3824112 

Profile-162 254360 3824062 

Profile-163 254328 3823940 

Profile-164 254754 3824566 

Profile-165 254887 3824558 

Profile-166 254846 3824448 

Profile-167 254068 3827393 

Profile-168 254808 3824329 

Profile-169 254701 3824418 
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Profile-170 254685 3824356 

Profile-171 254656 3825604 

Profile-172 254731 3825559 

Profile-173 254811 3825533 

Profile-174 254782 3825694 

Profile-175 254844 3825668 

Profile-176 254937 3825635 

Profile-177 254892 3825472 

Profile-178 254947 3825426 

Profile-179 255017 3825591 

Profile-180 255085 3825544 

Profile-181 255050 3825401 

Profile-182 255116 3825374 

Profile-183 255139 3825498 

Profile-184 255175 3825433 

Profile-185 254361 3825873 

Profile-186 254339 3825933 

Profile-187 254348 3826033 

Profile-188 254318 3826120 

Profile-189 254302 3826213 

Profile-190 254169 3826220 

Profile-191 254197 3826149 

Profile-192 254208 3826062 

Profile-193 254209 3825953 

Profile-194 254212 3825856 

Profile-195 254210 3826303 

Profile-196 254176 3826408 

Profile-197 254319 3826334 

Profile-198 254320 3826419 

Profile-199 254366 3826507 

Profile-200 254379 3826610 

Profile-201 254227 3826502 

Profile-202 254227 3826595 

Profile-203 254207 3826683 

Profile-204 254162 3826752 

Profile-205 254346 3826676 

Profile-206 254250 3826744 

Profile-207 254141 3826831 

Profile-208 254247 3826836 

Profile-209 254233 3826925 

Profile-210 254132 3826904 

Profile-211 254086 3826997 

Profile-212 254190 3827015 

Profile-213 254210 3827127 

Profile-214 254065 3827077 

Profile-215 254952 3829155 

Profile-216 255072 3829116 

Profile-217 255049 3829012 

Profile-218 255050 3828921 

Profile-219 254909 3829074 

Profile-220 254889 3828969 

Profile-221 254895 3828871 

Profile-222 255028 3828848 

Profile-223 255013 3828766 

Profile-224 254994 3828672 

Profile-225 254954 3828607 

Profile-226 254909 3828503 

Profile-227 254907 3828789 

Profile-228 254869 3828706 

Profile-229 254840 3828623 

Profile-230 254812 3828553 

Profile-231 254762 3828470 

Profile-232 254674 3828394 

Profile-233 254841 3828441 

Profile-234 254800 3828362 

Profile-235 254804 3828287 

Profile-236 254742 3828191 

Profile-237 254697 3828113 

Profile-238 254661 3828307 

Profile-239 254611 3828217 

Profile-240 254544 3828147 

Profile-241 254654 3828032 

Profile-242 254610 3827983 

Profile-243 254579 3827940 

Profile-244 254482 3827813 

Profile-245 254492 3828071 

Profile-246 254398 3827976 

Profile-247 254314 3827928 

Profile-248 254444 3827686 

Profile-249 254439 3827621 

Profile-250 254419 3827520 

Profile-251 254424 3827423 

Profile-252 254426 3827331 

Profile-253 254414 3827271 

Profile-254 254394 3827163 

Profile-255 254384 3827074 

Profile-256 254352 3827001 

Profile-257 254315 3826904 
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Profile-258 254283 3827860 

Profile-259 254235 3827796 

Profile-260 254227 3827713 

Profile-261 254200 3827624 

Profile-262 254342 3827756 

Profile-263 254347 3827657 

Profile-264 254281 3827573 

Profile-265 254173 3827549 

Profile-266 254117 3827471 

Profile-267 254067 3827393 

Profile-268 254035 3827307 

Profile-269 254031 3827244 

Profile-270 254031 3827175 

Profile-271 254127 3827174 

Profile-272 254242 3827209 

Profile-273 254269 3827283 

Profile-274 254308 3827374 

Profile-275 254319 3827464 

Profile-276 255425 3828612 

Profile-277 255387 3828534 

Profile-278 255536 3828615 

Profile-279 255482 3828555 

Profile-280 255491 3828443 

Profile-281 255450 3828376 

Profile-282 255405 3828279 

Profile-283 255403 3828192 

Profile-284 255391 3828131 

Profile-285 255404 3828432 

Profile-286 255328 3828331 

Profile-287 255278 3828212 

Profile-288 255331 3828035 

Profile-289 255287 3827964 

Profile-290 255293 3827844 

Profile-291 255151 3827908 

Profile-292 255176 3828007 

Profile-293 255230 3828113 

Profile-294 255075 3827778 

Profile-295 255030 3827688 

Profile-296 254993 3827576 

Profile-297 254977 3827477 

Profile-298 254946 3827378 

Profile-299 254917 3827272 

Profile-300 254906 3827141 

Profile-301 254918 3827053 

Profile-302 255010 3827083 

Profile-303 255017 3827163 

Profile-304 255033 3827289 

Profile-305 255075 3827359 

Profile-306 255108 3827507 

Profile-307 255110 3827593 

Profile-308 255135 3827681 

Profile-309 255187 3827729 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

SUSTAiNABLE AKKAR WiND POWER / AKKAR REGiON - NORTHERN RiDGE / LEBANON 
 

 MÜHENDiSLiK, MÜŞAViRLiK, iNŞAAT, TAAHHÜT 

                               SANAYi  TiCARET  LiMiTED  ŞiRKETi 

Turan Güneş Bulvari 664 Sk No:9/2 

ÇANKAYA/ANKARA 

Web: www.ozdeha.com 

215 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

SUSTAiNABLE AKKAR WiND POWER / AKKAR REGiON - NORTHERN RiDGE / LEBANON 
 

 MÜHENDiSLiK, MÜŞAViRLiK, iNŞAAT, TAAHHÜT 

                               SANAYi  TiCARET  LiMiTED  ŞiRKETi 

Turan Güneş Bulvari 664 Sk No:9/2 

ÇANKAYA/ANKARA 

Web: www.ozdeha.com 

216 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



 

 

SUSTAiNABLE AKKAR WiND POWER / AKKAR REGiON - NORTHERN RiDGE / LEBANON 
 

 MÜHENDiSLiK, MÜŞAViRLiK, iNŞAAT, TAAHHÜT 

                               SANAYi  TiCARET  LiMiTED  ŞiRKETi 

Turan Güneş Bulvari 664 Sk No:9/2 

ÇANKAYA/ANKARA 

Web: www.ozdeha.com 

217 

 

 

 

 

 

 

 



 

APPENDIX J 
TRANSPORT AND TRAFFIC STUDIES   



SUSTAINABLE AKKAR 82.5MW & LWP 60MW
WIND POWER PLANTS - ROUTE SURVEY REPORT

1

SURVEY DATE: 02.04.2018 -05.04.2018
REPORT DATE: 30.04.2018



ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

Introduction

Magdenli was assigned to conduct a route survey in order to assess the conditions for the practical and safe transport of wind turbine
components for the two wind power plant project planned in the Akkar region, Lebanon. Considered to be jointly implemented, the
first project of 82,5MW is under SUSTAINABLE AKKAR SAL with an estimated number of 21 turbines, and the second is under
LEBANON WIND POWER with a total installed power of 60 MW, and an estimated number of 15 turbines.

This report has been prepared in order to demonstrate the observed conditions, determine the necessity of civil works and
precautions to be taken, starting from Tripoli Port to the Project Site entrance. The final route is estimated to be 65-70 km. For the
purpose of this study, turbines with 140m rotor diameter were considered from among the wind turbine models indicated by the
client.

The study was initialized by taking a basic map from the Google Maps and Google Earth applications, defining the project area and
also marking the previously advised route for transportation by the client. The route advised by the client was based on their initial
studies to optimize potential transport route alternatives.

Having this information, the site was visited and the route was evaluated from the transportation point of view. The potential
obstacles on the route were checked and defined, mitigation measures noted. Therefore, some critical turning points, bridges,
motorway bridges and pedestrian overpasses are also visually documented and defined. The orange line at the end of the route
shows the necessary alternative route segment to be constructed in order to reach the Project Site entrance.

North Lebanon is considered as a security sensitive area, in particular the areas of Tripoli and Akkar. Therefore, since the survey has
been conducted without necessary official permits, several military check-points along the route could not be adequately
documented by photos. Nevertheless observations have been noted with possible revision suggestions.

The ground clearances of a number of electric wires hanging over the road along route may not be meeting the transport
requirements of turbine suppliers and could pose a certain risk during transportation. Due to the complexity of the wires, another
survey may be required with the presence of a qualified professional to determine which wires are controlled by EDL and which
belong to private generator operators or individuals. Further assessment of this matter, and any method and apparatus which may be
utilized to safely pass under the hanging wires will be discussed once the wind turbine model is selected and relevant transport
dimensions are finalized.
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ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

General View of the Route
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ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

General View of Observation Points -1
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ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

General View of Observation Points - 2
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ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

General View of Observation Points - 3
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Observation : 01
N 34°27’29’’
E 35°49’45’’

Definition : Storage area in Tripoli Port 

Comment : It was informed that the required storage area 10.000 m² could be 
provided.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 01
N 34°27’29’’
E 35°49’45’’ 

Definition : Cranes in Tripoli Port 

Quantity : 2

Capacity : 150 ton

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 01
N 34°27’29’’
E 35°49’45’’ 

Definition : Exit road in Tripoli Port 

Comment : It is suitable for transportation

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 02
N 34°27’08’’
E 35°50’09’’
Km : 0+000

Definition : Port exit

Comment : Red hatched obstacles should be removed.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 02
N 34°27’08’’
E 35°50’09’’
Km : 0+000

Definition : Port exit

Comment : Red hatched obstacles should be removed.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 03
N 34°27’11’’
E 35°50’26’’
Km : 1+200

Definition : Public road in Tripoli

Comment : Second-row car park should not be allowed during the
transportation

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 04
N 34°27’06’’
E 35°50’33’’
Km : 1+450

Definition : Bridge Construction in Tripoli

Comment : Bridge height is over 6m. It is suitable for passing

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 05
N 34°26’44’’
E 35°50’47’’
Km : 2+400

Definition : Roundabout in Tripoli

Comment : Car park should not be allowed during the transportation

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 06
N 34°26’44’’
E 35°50’51’’
Km : 2+500

Definition : On-site cast bridge in Tripoli

No of Span : 1  / Distance of Span : 30m.

Comment : It is suitable for passing

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 07
N 34°26’48’’
E 35°51’04’’
Km : 2+900

Definition : Pedestrian overpass in Tripoli

Comment : Height is over 5,77m. It is suitable for passing

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 08
N 34°26’54’’
E 35°51’24’’
Km : 3+200

Definition : Highway overpass in Tripoli

Comment : Vertical curve should be checked during test drive.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 08
N 34°26’54’’
E 35°51’24’’
Km : 3+200

Definition : Highway overpass in Tripoli

No of Span : 6  / Distance of Span : 24m.

Comment : It is suitable for passing

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 09
N 34°27’07’’
E 35°51’46’’
Km : 4+100

Definition : Pedestrian overpass in Tripoli

Comment : Height is over 5,70 m. It is suitable for passing

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 10
N 34°27’13’’
E 35°51’60’’
Km : 4+500

Definition : Pedestrian overpass in Tripoli

Comment : Height is over 5,00 m. It should be checked after WTG selection.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 11
N 34°27’30’’
E 35°52’58’’
Km : 6+300

Definition : Overhead board in Tripoli

Comment : Height is over 5,50 m. It is suitable for passing

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 12
N 34°27’47’’
E 35°53’31’’
Km : 7+200

Definition : Deir Amar Army Control Point

Comment : Concrete and steel barriers should be removed during the
transportation

Photography was not allowed by the Authority.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 13
N 34°27’48’’
E 35°54’12’’
Km : 8+100

Definition : Pedestrian overpass

Comment : Height is over 5,60 m. It is suitable for passing

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 14
N 34°28’24’’
E 35°55’24’’

Km : 10+300

Definition : Pedestrian overpass

Comment : Height is over 5,15 m. It should be checked after WTG selection.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 15
N 34°28’50’’
E 35°56’11’’

Km : 11+800

Definition : Pedestrian overpass

Comment : Height is over 5,25 m. It should be checked after WTG selection.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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ROUTE SURVEY REPORT

Observation : 16
N 34°29’42’’
E 35°57’28’’

Km : 14+300

Definition : Pedestrian overpass

Comment : Height is over 5,19 m. It should be checked after WTG selection.
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Observation : 17
N 34°30’13’’
E 35°57’49’’

Km : 15+300

Definition : Overhead board

Comment : Height is over 5,60 m. It is suitable for passing

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 18
N 34°30’31’’
E 35°58’01’’

Km : 16+100

Definition : Pedestrian overpass

Comment : Height is over 5,40 m. It is suitable for passing

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 19
N 34°31’03’’
E 35°58’40’’

Km : 17+500

Definition : Roundabout (Alternative 1)

Comment : Red hatched area should be removed during the transportation
period.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 20
N 34°31’03’’
E 35°58’40’’

Km : 17+500

Definition : Roundabout (Alternative 2)

Comment : Red hatched area should be removed during the transportation
period.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 21
N 34°31’03’’
E 35°58’40’’

Km : 17+500

Definition : Roundabout (Alternative 2)

Comment : Poles and signboard should be removed during the transportation 
period.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 22
N 34°32’58’’
E 35°59’31’’

Km : 21+400

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

Definition : On-site cast bridge

No of Span : 3  / Distance of Span : 5-7m.

Comment : It is suitable for passing
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Observation : 23
N 34°35’46’’
E 36°03’46’’

Km : 30+400

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

Definition : On-site cast bridge

No of Span : 7  / Distance of Span : 5-6m.

Comment : It is suitable for passing
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Observation : 24
N 34°36’09’’
E 36°04’02’’

Km : 31+000

Definition : Trees

Comment : Trees should be pruned prior to transportation.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

34



Observation : 25
N 34°37’43’’
E 36°06’11’’

Km : 35+800

Definition : Car/Truck park 

Comment : Car/Truck park should not be allowed during the transportation
period

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 26
N 34°37’44’’
E 36°06’16’’

Km : 35+900

Definition : Old Customs Building (Alternative 1)

Comment : Red hatched section of the building should be removed.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 26
N 34°37’44’’
E 36°06’16’’

Km : 35+900

Definition : Old Customs Building (Alternative 2)

Comment : Red hatched area should be removed and yellow hatched pole 
should be displaced

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 26
N 34°37’44’’
E 36°06’16’’

Km : 35+900

Definition : Old Customs Building (Alternative 2)

Comment : Red hatched area should be filled and compacted
(L:20m / W: 3-4m.)
Yellow hatched pole should be removed during the transportation

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 27
N 34°37’53’’
E 36°06’47’’

Km : 36+800

Definition : Sharp Right Turning

Comment : Red hatched area should be filled/compacted
and yellow hatched pole should be removed during the
transportation period

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 28
N 34°36’39’’
E 36°13’32’’

Km : 48+400

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

Definition : On-site cast bridge

No of Span : 2  / Distance of Span : 12-15m.

Comment : It is suitable for passing. Side slopes to be checked during test drive 
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Observation : 29
N 34°36’46’’
E 36°14’27’’

Km : 50+300

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

Definition : On-site cast bridge

No of Span : 1  / Distance of Span : 12-15m.

Comment : It is suitable for passing
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Observation : 30
N 34°36’50’’
E 36°14’41’’

Km : 50+800

Definition : Army Control Point

Comment : Barrels and hut should be removed during the transportation

Photography was not allowed by the Authority.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 31
N 34°37’17’’
E 36°18’45’’

Km : 57+800

Definition : Chadra Army Control Point

Comment : All concrete blocks and huts should be removed during the
transportation

Photography was not allowed by the Authority.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 32
N 34°37’22’’
E 36°19’00’’

Km : 58+200

Definition : End point

Comment : The defined route is not convenient for transport after this point.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 33
N 34°36’58’’
E 36°17’16’’

Km : 55+500

Definition : Start point of alternative route. 

Comment : Red hatched area should be filled / compacted until road level.
(L: 30m. W: 8-10m.)
Yellow hatched pole and trees should be displaced/removed.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 34
N 34°37’08’’
E 36°17’22’’

Km : 56+000

Definition : Unpaved road

Comment : Road surface should be improved. Min road width should be 5 m.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 35 (Km: 56+500)
N 34°37’27’’ / E 36°17’17’’

Observation : 36 (Km: 61+500)
N 34°38’30’’ / E 36°19’02’’

Definition : New road between Observation 35 and 36

Comment : New road should be constructed from Obs. 35 and 36. 
Min. road width should be 5 m and dimensioning 
according to turbine transport guidelines.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

47



Observation : 37
N 34°39’02’’
E 36°18’44’’

Km : 62+750

Definition : Unpaved road

Comment : Road surface should be improved. Min road width should be 5 m.
Temporary or permanent relocation of electric poles and other 
obstacles must be studied separately

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 38
N 34°39’19’’
E 36°18’33’’

Km : 63+500

Definition : Right turn 

Comment : Red hatched soil should be removed.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 39
N 34°39’24’’
E 36°18’35’’

Km : 63+700

Definition : Sharp Right Turn

Comment : Either of the alternative by-pass roads should be constructed.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT
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Observation : 40
N 34°39’25’’
E 36°18’39’’

Km : 63+750

Definition : Unpaved road

Comment : The road should be improved from this point to OBS 41
about 3 km. There are unused railway tracks under the surface. 
Needs to be checked with railway authority for any revision.

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

51



Observation : 41
N 34°39’24’’
E 36°20’39’’

Km : 67+000

Definition : Start point  of 2 alternative roads

Comment : Alternative 1 : OBS41 – OBS 42 –OBS44 
Alternative 2 : OBS41 – OBS 43 –OBS44 

ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

52



Observation : 42
N 34°39’16’’
E 36°20’47’’

Km : 67+300

Definition : Alternative 1 : OBS41 – OBS 42 –OBS44 

Comment : New by-pass road of about 300 m., passing through the fields at 
each turn, should be constructed from OBS41 to OBS42.
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Observation : 43
N 34°39’22’’
E 36°21’02’’

Km : 67+600

Definition : Alternative 2 : OBS41 – OBS 43 –OBS44 

Comment : Yellow hatched area should be filled / compacted until road level.
(L: 40m. W: 15-20m.) Single field-crossing.
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Observation : 44
N 34°39’14’’
E 36°21’04’’

Km : 68+000

Definition : Same end point of 2 alternatives roads 

Note: Alternative 1 has three sharp turns to reach PSEP (OBS45)
Alternative 2 seems to be a better option.  It has a single right turn 
and reaches straight towards the Project Site entrance point (PSEP).
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Observation : 45
N 34°39’10’’
E 36°21’08’’

Km : 68+200

Definition : Project Site entrance point OBS 45.
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ROUTE SURVEY REPORT - S.AKKAR & LWP 142,5MW WIND POWER PLANT

CONCLUSION

The transport survey starts from Tripoli Port and ends at the Project Site entrance point. This report aims to demonstrate the major
concerns along the route, and several critical sections are indicated herein.

Nevertheless, any remaining obstacles or minor conditions which may potentially restrain transport activities shall be identified during
a test drive, which is to be scheduled following the selection of the final turbine model, and its transport dimensions.

The most significant concern during the route survey was the need for the construction of a new connection road between OBS35 and
OBS36. This segment is to be studied and designed separately.

Also;

• All electric and phone cables over the road must have a clearance of 6m above ground.

• The access and site road longitudinal gradient must be a maximum of 8° (14%).

• Additional pulling units are required during transportation for gradient above 14%.

• Minimum transverse inclination of road is to be 2 % to one or both sides in within the project site.

• The load bearing capacity of all site roads must have a compaction of min. 95%.

We hope our report meets your expectations and remain at your disposal for any clarification which you may require.

Yours Sincerely,

Magdenli Transport and Trade Co.

H. Emre VENEDIK - Civil Engineer
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Introduction 

Context 

Sustainable Environmental Solutions (SES) on behalf of their clients Sustainable Akkar (SA) and 
Lebanon Wind Power (LWP) has engaged the services of Dima Jawad to carry out Traffic Impact Study 
(TIS) for Akkar Wind Farms Project. Three wind farms will be built in the northern eastern region of 
Akkar in Lebanon. These farms will be built and operated by SA, LWP, and Hawa Akkar (HA) as licensed 
by the Lebanese government in July 2018 according to the Lebanese public private partnership (PPP) 
law. Combined the three wind farms is expected to have a total generation capacity of 180 megawatts.  

The Akkar Wind Farm project entails construction activities for the access, erection and installation of 
WTGs and other transformer facilities and storage facilities. The 60+ wind turbine generators (WTG) 
equipment and blades will be imported from outside Lebanon and will be shipped to Tripoli Port.   

Scope 

The scope of work of the study is to determine the traffic-related impacts associated with pre-
operation phases of SA and LWP Akkar Wind Farms (ie, HA wind farm is not covered by this study). 
These impacts are anticipated in the pre-operation phase due to the transport of the WTGs from 
Tripoli Port to the wind farm site, in addition to the impacts resulting from traffic generated by 
construction activities.  The report evaluates the following traffic conditions: 

- Trips generation and distribution as a result of the project; 
- Existing (2018) traffic conditions and capacity analysis; 
- Cumulative (2020) traffic conditions during the critical peak hours of project phases without 

and with the proposed project; 

TIS Guidelines 

The TIS will be conducted as per Institute of Transportation Engineers (ITE) published guidelines. The 
ITE TIS guidelines defines its main objective as to determine the impact of the generated traffic by the 
proposed project on the surrounding road network and identify the extent of required improvements, 
if any, to adequately and safely accommodate the additional generated traffic.  

Assessment Methodology    

To identify the road impacts of the project and associated mitigation measures, the following tasks 
were undertaken:  

 Review of previous studies and documents as provided by client   

 Inspection of the roads network from port of Tripoli to the site in addition to the surroundings 
of the proposed site   

 Identification of the spatial extents over which traffic associated with the project has the 
potential to “significantly‟ increase traffic volumes to delineate the study area  

 Review of road network planning undertaken for the surrounding road network   

 Conducting 3-day automatic traffic counts at key road links and manual counts at peak hours 
at critical junctions  

 Survey of existing peak hour traffic volumes at key study links and junctions  

 Review of historical traffic growth patterns to inform estimation of the likely traffic volume 
growth across the road network, excluding traffic generated by the project  
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 Estimation of the traffic demands likely to be generated by the activities associated with 
project  

 Estimation of the future traffic volumes  during the project phases including and excluding the 
project  

 Assessment of the future operation of junctions and links identified as potentially being 
significantly impacted by traffic associated with the project  

 Development of strategies to minimize and mitigate any significant road network 
performance impacts associated with traffic generated by the project.  

Provided Documents and Information  

Previous engineering studies were conducted to determine the best route for transporting WTGs from 
the port of Tripoli to the site in Akroum. These studies were conducted by consultants: Madgelni, Dako 
and Gifco.  

The following documents and information were reviewed in preparation of this report:  

 Dako Middle East: Preliminary road review Port of Tripoli to Akkar Sustainable Site 1- Date ~ 
December 2017 

 Dako Middle East: Preliminary road review Port of Tripoli to Akkar Sustainable Site 2- Date ~ 
December 2017 

 GIFCO: Initial Route Survey Report  
 Madgelni: Sustainable Akkar 82.5mw & Lwp 60mw Wind Power Plants - Route Survey Report 

– Date April 30, 2018 
 Mission Report: Road Survey’s for Lebanon Wind Power and Sustainable Akkar Sites – Date 

September 2018 
 Google earth-based features of the site and the proposed access routes 

The studies assessed the potential routes for the WTGs transport according to requirements, the 
existing geometric clearances with swept path analysis of potential routes, and identified the needed 
modifications and upgrades along the route so it can be suitable for transporting the WTGs. These 
studies concluded with the need to construct new roads in specific around the villages of Chadra, 
Mashta Hammoud and Sahle.  

Proposed Project Description and Location  

The project entails the construction and erection of two wind farms, SA farm and LWP farm in the 
northern eastern region of Akkar north Lebanon at the mountain top of Akroum in an area known as 
Bab el-Hawa (ie, Doors to the Wind) indicating the suitability of this area for harnessing the wind 
power.  

Figure 1 shows SA and LWP sites location within Akkar. As per the current configuration SA is located 
in the north, LWP in the south.  

SA site is bounded to the north by the village of Sahle and further Chadra, Mashta Hassan and Mashta 
Hammoud, and villages of Andaqt and further the city of Qoubaiyat to west. To the the east, there are 
Mrah el-Khoukh and Kfartoun villages. LWP is bounded by Qtalbe from the north and Akkar El-Attiaka 
to the west and further by Fnaidek and Qammoua. The nearest village at the west is Jawz.  
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Figure 1: Project Site Location 

The approximate area of the SA site is 8.7 km2 whereas the area of LWP is around 4.8 km2.  The 
suggested sites is at the peak of a series of mountains in the region as shown in Figure 2. 

 

Figure 2: SA Site Location at the Peak of the Mountains 

Each site will house the WTGs, transformer, substation, storage, control, management and operation 
facilities. The number of WTGs at SA farm is between 17 WTGs (GE 5,3 MW) and 24 WTGs (GE 3,8 
MW). As for LWP farm 13 WTGs (GE 5,3 MW) and 18 WTGs (GE 3,8 MW) making the maximum number 
of WTGs for the two sites at 42 WTGs. The exact sites layouts, the number and type of WTGs is not 
finalized yet at the time of preparing this study. Accordingly, and as a conservative measure, the study 
assumes the most critcal conditions. The dimensions of the WTG components were taken similar to a 
potential product Nordex N149-4.5MW. Its dimension is listed in Table 1.      
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Table 1:Nordex N149-4,5MW Turbine Transport Dimensions 

 

The construction and delivery of the wind farms is scheduled to begin in April 2019, with the wind 
farms planned to begin operations by the end of 2020. The project includes the following key work 
phases and indicative tasks: 

- Transport Route – includes the preparation of the WTGs transport route from Port of Tripoli 
to the site. This includes the rehabilitation and upgrading of existing routes and the 
construction of new roads from Chadra entrance to the sites. 

- Site Establishment – Includes establishment of the on-site quarry and temporary concrete 
batching plant, delivery of key plant and construction equipment, the construction of initial 
internal access roads required for the delivery of WTGs and construction materials.   

- Civil Construction Works – Includes the construction of The WTG site hardstand areas, WTG 
footings, other facilities, and internal power infrastructure. 

- WTGs Component Delivery 
- WTGs Erection.  

It is expected to have significant overlap between each work phase, with site preparation, WTG 
component delivery and erection to be executed on a rolling basis. 

 

Haulage Route 

External Roads 

As mention earlier, previous engineering studies were conducted to determine the most suitable 
route for transporting the WTGs from the port of Tripoli to the site in Akruom. The identified route 
was identified by the client as shown in purple in Figure 3. 

Description Length Width Height Weight 

Blade (x3) 72,4 m. 4,5 m. 3,2 m. 19,9 t 

Nacelle (x1) 12,8 m. 4,0 m. 4,3 m. 69,6 t 

Drivetrain (x1) 6,6 m. 3,2 m. 3,2 m. 75,4 t 

Hub (x1) 5,3 m. 4,6 m. 4,0 m. 62,0 t 

Tower Bottom Section (x1) 14,5 m. 4,4 m. 4,4 m. 79,4 t 

Tower MID1 Section (x1) 22,1 m. 4,3 m. 4,3 m. 76,5 t 

Tower MID2 Section (x1) 29,9 m. 4,3 m. 4,3 m. 75,3 t 

Tower TOP Section (x1) 35,0 m. 4,3 m. 4,3 m. 60,6 t 
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Figure 3: WTG Transport Route from Port of Tripoli to Site 

As per Magdelni report, the route must fulfil these requirement: 

- All electric and phone cables over the road must have a clearance of 6m above ground.  
- The access and site road longitudinal gradient must be a maximum of 8° (14%).  
- Additional pulling units are required during transportation for gradient above 14%.  
- Minimum transverse inclination of road is to be 2 % to one or both sides in within the 

project site.  
- The load bearing capacity of all site roads must have a compaction of minimum 95%. 
- In addition to the space required for the turning swept path of the 75m-long blades. 

Based on the assessment results, the transportation of the turbines will be initiated from Tripoli port 
and will be maneuvered along the coast through several Lebanese cities. The list of all the 
areas/cities the trucks will be passing through: Abou Ali Roundabout, Al Beddaoui, Deir Ammar, Al 
Minie, Al Nabi Kzaiber, Bhannine, Al Mahmra, Al Abde, Khane, Haret Al Jdideh, Ballaneh Al Hissa, 
Hissa, Tall Hmaire, Abboudiye, Nour El tahta, Dabbabiye, Fraidis, Menjez, Rmah En Nahriye, Chikhlar, 
Machta Hammoud and Mqabile. 

The length of the route up to site entrance is approximately 67 km with an additional 16 km inside 
the site (not shown in Figure).  The transport route is divided in three steps.  

Step 1: starts at Port of Tripoli until Chadra entrance (OBS32)     

This step entails preparation of existing roads:  

- Modification at turns to accommodate the 75- meter blades along with few new links that 
will be constructed to reach the project site.  

- The removal of concrete blocks, steel barriers, poles and signboard.  
- Second row car parks should not be allowed during transportation.  
- Trees should be pruned before transportation.  
- Bridges under 5.50-meter height should be checked after WTG selection  
- The turbines shall be transported at night to miss traffic jams and peak hours. 
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Step 2: starts at Chadra entrance (OBS32) to the water tank 

This step involve the use of some of the existing roads that were found to be compliant to 
requirements and the construction of few new roads and links in the area where the use of existing 
road was found not feasible. The final route and the layout of the new roads is not finalized yet where 
few options are being considered. Figure 4 shows the options considered for this step. It has to be 
noted that this area has generally very light traffic.  

Step 3: starts at water tank to the Sahle military check point. 

Similar to Step 2, use of existing road will be employed where feasible; otherwise, new roads or links 
will be constructed. Figure 4 shows the proposed alignment of this section. In Figure 4, all yellow Lines 
refers to existing roads with minimum obstacles as for the red lines they refer to new road 
construction. It has to be noted that all new roads constructed along the cities as part of this project 
will be permanent and for the use of the public. It is estimated that the length of the internal roads is 
approximately 15 km. 

 

Figure 4: WTG Transport Routes - Step 2 and Step 3 

Internal Roads 

In addition to external roads, internal roads (within the sites will be constructed) to facilitate haulage 
and transport inside the site during the construction and operation phase. These roads will be 
permanent for the use during operation. Also note that these roads will be used for transport 
activity of both farms. It is estimated that the length of the internal roads is approximately 50 km. 

These internal roads will be constructed according to geometric and structural requirements for 
WTG transport.  Figure 5 and Figure 6 show the alignment of the internal roads (in green) in site SA 
and LWP respectively. 
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Figure 5: Internal Roads in SA Site (green alignment) 

 

Figure 6: Internal Roads in LWP Site (green alignment)  
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Study Area 
Considering the size, type and the required activities of the proposed project. Two study areas are 
delineated based on the type of trips generated, the origin and destination of trips, and the time of 
these trip.  

The first study area is the area that is expected to be impacted due to the WTG transport from Port of 
Tripoli to the site. This study area includes the roads and links along the chosen haulage route.  

The second study area is delineated based on the expected impact of the new roads and site 
construction activity.  This area considers the access points to the sites and the trip generation levels. 
The extent of the study area is a rectangle of 14,000 x 8,000 m dimensions around the sites location. 
Figure 7 allocates the boundaries of the selected study areas to be covered by this Traffic Impact Study. 
The impacts in each study area will be assessed based on its operation time and peak hour. The green 
study area will be assessed during the time of WTG transport (10:00 pm – 5:00 am), while the second 
study area will be assessed during the site construction activity timing and the peak traffic hours along 
the impacted roads and junctions. 

 

Figure 7: Study Areas  

Within the green study area, six roads segments with different characteristics and traffic levels were 
identified. Within the second study area, three roads and three junctions were identified as key 
elements for assessment as part of the traffic impact study on the surrounding road network. The 
location of these road elements are displayed in Figure 8, whereas the location of junctions are shown 
in Figure 9.  

Detailed description of these elements is presented in existing conditions section.  
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Landuse 
The land use with the study area around the site is considered mainly as a rural with few villages 
housing rural communities. One city, Qobayat, which is considered as the largest city in Akkar is within 
4 km range from the site. Besides the villages, the landuse is either agricultural land, pastoral or limited 
residential landuse with few recreational and touristic facilities. The area includes also several 
quarries. The landuse of the site itself is shrub rangeland.     

Existing Road Network 
In order to assess and evaluate the existing and future traffic conditions of the study area, relevant 
data were obtained from concerned authorities and developer. Inspection of the roads was done 
through review of available maps (google maps and open street maps) and aerial imagery (google 
earth). Site investigation of the two study areas was done. Figure 10 shows images of the various road 
segments that was inspected.  

Roads 

Based on the collected information. Eight key road segment were identified. Six of these segments are 
along the transport route while three of them are within the site study area as shown in Figure 8 while 
Table 2 summarizes the characteristics of each selected road.  

 

 

Figure 8: Selected Roads 

- Tripoli Port - Abu Ali Roundabout (Rd A) is an urban major distributor, bidirectional and divided. 
Currently this road is in the vicinity of the construction site of the new Tripoli freeway. This road 
is shown on image 1 of Figure 9.   
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- Abu Ali Roundabout – Biddawi (Rd B) is an urban arterial, bidirectional, divided six lanes with a 
parallel parking on each side.  The majority of junctions along this road are grade-separated while 
other junctions still exists that are uncontrolled junctions. This road is shown in image 2 of Figure 
10.   

- Biddawi – Abdeh (Rd C) is an urban minor arterial, bidirectional and divided with raised median all 
with concrete blocks. Different sections of this road are shown on images 3, 4 and 5 of Figure 9.  
Few junctions along this road are grade-separated while other junctions still exists that are 
uncontrolled junctions or roundabouts (ie, junction with Halba road).  

- Abdeh – Mqaitea (Rd D) is an urban minor arterial, bidirectional, divided with concrete blocks. This 
road is shown in image 6 of Figure 9.   

- Mqaitea – Abboudieh (Rd E) is a rural arterial connecting to the Syrian border. It is bidirectional 
and undivided two lane road. This road is shown in images 7 and 8 of Figure 9. 

- Menjez – Chadra (Rd F) is rural distributor, bidirectional and undivided road. This road connects 
all the way to Chadra. This road is rolling/mountainous road with its grade varying up to 9%.  
Different sections of this road are shown on images 9, 10, 11 and 12 of Figure 9.   

- Andeqt – Qobayat (Rd G) is rural distributor, Bidirectional, undivided connecting Andeqt to 
Qobayat. This road is shown in image 13 of Figure 9.   

- Qobayat - Qtalbe (Rd H) beyond Qobayat area is rural distributor, bidirectional, undivided. This 
road is characterized as rolling as shown in image 16 of Figure 9.   
 

Table 2: Selected Roads Charateristics 

ID Road Description 
 # of 

Lanes 
Median Type Width 

A 
Tripoli Port - Abu Ali 
Roundabout  

Urban major distributor, 
Bidirectional, divided 
(construction site) 

4 
Concrete 
Jersey Blocks 

15 m 

B Abu Ali Roundabout – 
Biddawi 

Urban arterial, 
Bidirectional, divided  

6 
Raised Median 
varied width 1-
3m 

30 m 

C Biddawi - Abdeh Urban arterial, 
Bidirectional, divided 

4 Concrete 
Jersey Blocks 

18 m 

D Abdeh - Mqaitea Urban arterial, 
Bidirectional, divided 

4 Concrete 
Jersey Blocks 

16 m 

E Mqaitea - Abboudieh Rural arterial, 
Bidirectional, undivided 

2 Painted 10 m 

F Menjez - Chadra Rural distributor, 
Bidirectional, undivided  

2 Painted 9-10 m 

G Andeqt - Qobayat Rural distributor, 
Bidirectional, undivided  

2 Painted 9 m 

H Qobayat - Qtalbe 
(beyond Qobayat) 

Rural distributor, 
Bidirectional, undivided  

2 Painted 8 m 



  
TIS REPORT – AKKAR WIND FARMS PROJECT  
OCTOBER 2018 

11 

 



  
TIS REPORT – AKKAR WIND FARMS PROJECT  
OCTOBER 2018 

12 

 

 

Figure 9: Images of Selected Roads 

Junctions 

Within the study area of site, three key junctions are identified as might be impacted the 
construction-related activities. Table 3 summarizes these junctions along with their characteristics.   

Table 3: Key Selected Junctions 

 

 

 

 

 

No Junction Description 
Number of 
Directions 

1 Chadra Entrance – Mashta Hammoud Mini Roundabout 3 

2 Andaqt - Akkroum T-Junctions  3 

3 Qobaiat Roundabout Mini Roundabout 4 
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Figure 10 shows the location of these junction within the study area.  

Junctions along the transport study area are not included for analysis as long-haul transport along 
these junctions will goes travel delay to increase reaching a range between 100 – 300 seconds and 
ultimately their levels of service will be F. 

 

Figure 10: Location of Key Junctions 

Existing Traffic Conditions 

A 24-hr automatic traffic counts were conducted on different location along the selected road links 
for a period of three days between September 15, 2018 and September 30, 2018 inclusive. This period 
was chosen to ensure normal traffic operation without the special events related traffic. In addition, 
manual traffic counts were conducted at key junctions and links during the peak hours to determine 
turning movement counts. 

Figures 11 shows pneumatic tubes installed for automatic traffic counts while Table 4 summarizes the 
classified average daily traffic volumes along the key selected roads. On the other hand, Figure 12 
illustrates a chart representing the collected hourly traffic volumes at Abu Ali roundabout – Badawi to 
better characterize traffic peak hours occurring on these roads.  

Examining traffic counts and turning movement results along with the project activities and hours of 
operation, it is recommended to conduct detailed capacity analysis during the project’s peak hour trip 
generator which occur from 3:00 pm – 4:00 pm (PM peak hour) for construction activities related trips 
and between 10:00 pm and 11:00 pm for WTG transport trips. In addition, it is recommended to 
exclude traffic counts results of Sunday from calculations of project’s operation which will be halted 
on Sundays. 
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Figure 11: Images of Automatic Traffic Counts 

 

Table 4: Classified Average Daily Traffic along Selected Roads 

 

 

 

ID Road Designation ADT (PC) ADT (HV) ADT (Total) 

A Tripoli Port - Abu Ali Roundabout  12,740 1771 14,511 

B Abu Ali Roundabout – Biddawi 33,173 3,219 36,392 

C Biddawi - Abdeh 19,230 1350 20,580 

D Abdeh - Mqaitea 14,927 1080 16,007 

E Mqaitea - Abboudieh 11,350 720 12,070 

F Menjez - Chadra 2,265 28 2,293 

G Andeqt - Qobaiat 2,279 1,291 4,470 

H Qobayat - Qtalbe (beyond Qobayat) 670 110 780 
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Figure 12: Classified Average Hourly Volume along Abu-Ali Badawi Road 

 

Trips Generation 
The trips generated by the Wind Farm project are the results of two activities: 1) WTGs components 
transport from the port of Tripoli to the project site and 2) the construction activities at the site as 
well as the access roads. At this time and since many of the parameters are not yet finalized (ie, type 
of WTGs, construction material quantities, construction work schedule, etc), several assumptions are 
made. These assumptions are made based on most conservative value in terms of impacts on traffic 
conditions in order to provide guidance if found necessary when settling on possible options.    
 
Assumptions: 
With regards to WTG Transport: 

- Each WTG consists of 10-11 overweight / oversized components, each to be transported on 
a separate truck. 

- A full set of WTG components are to be transported in one night.   

With regards to construction material: 
- Rock excavation: 800.000-1.000.000 m³ 
- Backfilling (from excavation): 400.000-600.000 m³ 
- Surplus from excavation to be managed: 200.000-600.000 m³ 
- Ready-mixed concrete: 25.000-30.000 m³ 
- Construction steel: 2.500-3.500 tonnes 

With regards to construction activities: 
- A maximum of 200 staff will be working in construction at one day 
- Around 800 construction equipment to be transported to site  
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Table 5: Trips Generated by the Wind Farms Project 

Description Estimated 
Quantity 

Unit Vehicle Type 

Estimated Trips  
Two-way Trips 

Total 
Trips 

Maximum 
Daily Trips 

Construction Material 

Concrete Material cubic meters  30000 Semi- trailers 7500 24 

Reinforcing Steel Tonnes  3500 Semi- trailers 350 2 

Road Base Tonnes  184,000 Semi- trailers 18400 71 

Excavation cubic meters  600,000 Semi- trailers 84000 269 

Miscellaneous 
Equipment & Material -  Nominal Semi- trailers   

Wind Turbine Components 

Tower Sections 5 section/tower  210 Over size  420 10 

Nacelles 2 section/nacelle  84 Over size  168 4 

Hub 1 hub/turbine  42 Over size  84 2 

Blades 3 blades/turbine  126 Over size  252 6 

Substation 

Substation 
Transformer 

- 2 Over size  4 2 

Switch Gear & other - Nominal Semi- trailers    

Site Work Activities 

Employees Persons 100-200 Cars/ 4WD 58933 133 

Construction 
Equipment, Plant & 
Components 

unit 800 Various 1600 6 

Total trips- Traffic Movements 

Total Oversize 928 24 

Trucks 111850 372 

Passenger Cars 58933 133 

Total 171711 535 
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With regards to project timeframes: 
- Preparation of WTGs transport route   Weeks 1 – 28 
- Site Establishment     Weeks 1 – 10 
- Civil Construction Works    Weeks 4 – 80 
- WTGs Component Delivery    Weeks 52 – 75 
- WTGs Erection      Weeks 56 - 116 

Work phases will overlap and will be taken in tandem, with the WTGs component delivery to 
commence reasonably after the completion of the preparation of the transport roads and initial site 
works. 

Based on these assumptions, the total trips that will be generated are summarized in Table 5 along 
with the type of vehicles that will be used. The total trips are used to estimate the maximum number 
of daily trips according to the proposed work schedule.  

The results indicate that a total of 171,711 trips will be generated by the project divided as 928 trips 
using oversize vehicles, 111,850 trips using trucks and 58,933 trips using passenger cars.  

Trips Distribution & Assignment 
Trip distribution and assignment step is done for two separate cases based on the type of activity 
and the schedule since each one would entail different distribution and assignment.  

- For WTGs Transport: 

The origin and destination are set at port of Tripoli and the site access point around Sahle check 
point. The route is assigned based on oversize haulage criteria as discussed in Haulage Route 
sections. 

 

Figure 13: SA and LWP Sites Access Points 
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- For construction activities: 

Construction activities would generate two types of trips: construction material and workforce. It is 
expected that construction material (concrete, steel, aggregates, etc) will be procured from sources 
in Akkar region. Destination of excess earth material will also be Akkar region. Based on the location 
of the site access point, the closest city and villages are Qobayat, Andeqt, Chadra and Fnaidek are 
the destination points. Similarly, workforce will be coming from Akkar northern eastern region 
including Wadi Khaled.     

 

 

Figure 14: Results of Trip Assignment 

 

Project trips were distributed and assigned based on locations of construction related commercial 
entities, quarries and population density in the region. Figure 14 shows the trips assignment where 
roads designated with red will carry the majority of trips generated and the roads designated with 
the roads designated as yellow to a lesser extent. The trip distribution and assignment also took into 
account the type of vehicles (PC, trucks).  

Figure 15 shows the distribution and assignment results along the background traffic in the year 
2020 at three key junctions. 
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Figure 15: Assignment Results at Key Junctions (year 2020) 

Impacts 
Assessing the impacts of the project on the traffic conditions is done through doing the capacity 
analysis of the identified road links and junctions at three scenarios: 

- The existing traffic conditions (year 2018) 
This step is done using the existing traffic volume collected through automatic and manual 
counts 

- The background traffic conditions (year 2020) without the project 
This step is done using the projected traffic volumes. A geometric projection is applied using 
a conservative growth rate of 3% 

- The future traffic conditions (year 2020) with the project 
The step is done after assigning the project’s generated trips to the road links and junction in 
combination with the background traffic of year 2020  

Capacity analysis is done by utilizing two traffic analysis program that were developed based on the 
US Highway Capacity Manual (HCM). For capacity analysis of road segments, the HCS+ is utilized 
while for junctions’ analysis, Synchro 10 is used.  

The impacts of Akkar Wind Farms project were estimated in two cases: 

- Impacts resulting from the haulage of WTGS from port of Tripoli to site.  
- Impacts resulting from the construction activities of the Wind Farms. 
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Impacts due to haulage of WTGS 

The haulage process is planned to start at 10:00 pm from the port of Tripoli according to the route 
discussed in the haulage route section. The longest trip (ie, transporting blades) is expected to take 
between 6 and 8 hours due to maneuvering needed at curves and junctions. The length of trip is 
expected to get shorter after several times. Considering the schedule of transport process and 
looking the traffic volumes hourly distribution along the identified roads, it is concluded that  these 
impacts should be studies at the most critical hour. As such, the impacts are assessed using the 
background traffic at the peak hour of 10:00 pm – 11:00 pm. 

The impacts are studied for the identified road segments (Rd A, Rd B, Rd C, Rd D, Rd E and Rd F) 
which constitute Step 1: the route from port of Tripoli to Chadra Entrance. Beyond this point, most 
of the route will use newly constructed links for the transport process. 

For roads (Rd A, Rd B, Rd C and Rd E) which are divided roads (with median) and since traffic 
management plan is not yet in place, a conservative approach is followed which assumes that the 
traffic management plan will dedicate one whole direction (Northbound direction) for the WTGs 
transport, and divert all other background traffic to the other direction making a two-lane road. 

For roads (Rd E and Rd F), since these roads are two-lane roads, the WTGs transport vehicle will have 
to utilize these roads along with the background traffic. A special traffic management plan will be 
put in place where one lane will be dedicated for WTGs transport and the background traffic will use 
the other direction alternately. The length of the period for alternation will be decided based on the 
road characteristics, the location of junctions and the access points’ density.      

 

Table 6: Capacity Analysis Results of Roads Due to WTGs Transport 

Road 
Year 2018  

Existing Traffic 
 

Year 2020 
Traffic without 

Project 

Year 2020 
Traffic WITH Project 

N
o
. 

Description 
V/C* or  

D (pc/km/ln) 
LOS V/C* or  

D (pc/km/ln) 
LOS V/C* or  

D 
(pc/km/ln) 

LOS 

A Tripoli - Port  Abu Ali 
Roundabout  1.5 A 1.6 A 0.18* B 

B Abu Ali Roundabout - 
Biddawi 2.3 A 2.5 A 0.36* C 

C Biddawi - Abdeh 2.0 A 2.1 A 0.23* B 

D Abdeh - Mqaitea 1.6 A 1.7 A 0.17* A 

E Mqaitea - Abboudie 
0.16* A 

0.17* 
(36%) A 0.18* 

C (59% 
FOLLO
WING) 

F Menjez - Chadra 0.04* A 0.04* (10%) A 0.03* A 
(30%) 
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The results of the capacity analysis of road segments due to WTGs transport are summarized in 
Table 6 for the three scenarios. Different performance indicators are used for different analysis as 
types of these roads vary, volume to capacity ratio, density, percent time spent following. The 
analysis detailed report is included in the appendix. 

All roads have a configuration that is more than adequate to carry current and future background 
traffic at 10:00 pm. As a result of WTGs transport, the level of service of Rd(A) will be reduced from 
A to B, from A to C for Rd(B), and from A to B for Rd(D).      

As for junctions, the capacity analysis for junctions uses the average delay time as an indicator for 
the level of service. Transporting WTGs through junctions entails halting traffic at all directions until 
the WTG vehicle clear the junctions. This standstill will cause a delay time to be between 100-300 
seconds (LOS F).  

Along this route, several grade-separated junction exist. Transporting WTGs through these junctions 
will be done through the on-grade junction due to vertical clearance restrictions.  

Impacts due to Wind Farms Construction Activities 

Studying the expected construction activities at the wind farms based on type of works and the 
construction material needed along the exiting hourly traffic volume distribution, it is decided that 
the most critical hour is the PM peak hour between 3:00pm and 4:00pm. Accordingly, capacity 
analysis of roads and junctions is done for this hour. 

The impacted roads due to construction activities as shown in project’s trips assignment are Rd(F), 
Rd(G) and Rd(H). 

Table 7 summarizes the capacity analysis for the three scenarios while the detailed results output 
are included in the Appendix. 

The level of service of the three roads will remain the same for all three roads. The highest impact is 
noticed for Rd(G) where the volume to capacity ratio increases from 0.20 to 0.25 while maintaining 
the same level of service of B.   

Table 7: Capacity Analysis Results of Roads Due to Wind Farms Construction Activities 

Road 
Year 2018  

Existing Traffic 
 

Year 2020 
Traffic without 

Project 

Year 2020 
Traffic WITH Project 

ID Description V/C LOS V/C LOS V/C LOS 

F Menjez – Chadra  0.06 A 0.07 A 0.1 A 

G Andeqt to Qobaiat  0.20 B 0.22 B 0.25 B 

H 
Qobaiat to Qtalbe 
(beyond Qobaiat)  0.06 A 0.06 A 0.07 A 
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Capacity analysis of junctions was done using Synchro software. A summary of the results for the 
three scenarios is illustrated in Table 8.  

The level of service is expected to remain the same for all three junctions where the highest impact 
is expected at Andaqt-Akkroum junction where the average delay is expected to be increased from 
1.8 seconds to 3.0 seconds. At Qobayat roundabout, the westbound direction will witness an 
average delay of 11.5 seconds with a level of service of B as shown in the detailed analysis output. 

Table 8: Capacity Analysis Results of Junctions Due to Construction Activities of the Wind Farms 

Junction 
Year 2018  

Existing Traffic 
 

Year 2020 
Traffic without 

Project 

Year 2020 
Traffic WITH Project 

No. Description 
Average 
Delay (s) 

LOS Average 
Delay (s) 

LOS Average 
Delay (s) 

LOS 

1 Chadra Entrance 
Roundabout 4.2 A 4.2 A 4.5 A 

2 Andaqt - Akkroum 1.8 A 1.8 A 3.0 A 

3 
Qobaiat 
Roundabout 

7.9 A 8.3 A 9.0 A 

 

Proposed Mitigation Measures 
The impacts of the traffic due to Akkar Wind Farm project construction activities are found to be 
marginal and can be managed with proper planning and control. The level of service of all road 
segments and junction will continue to operate an adequate level of service (LOS C or better). The 
impacts of the WTGs transport will be heavily noticed at junctions along the transport route. Also, 
impacts on Rd(E) and Rd(F) are expected; however, due to the low traffic volume at the time of 
transport, capacity analysis results in an acceptable LOS on the average. 

Based on analyzing the impacts, certain measures are recommended in this section to mitigate the 
project impacts on traffic: 

With respect to WTGs transport traffic: 

- Provision of traffic control personnel, pilots and police escorts with specific control 
arrangements where abnormal vehicles (WTG transport) as per a Special Traffic 
Management Plan (TMP) that must be developed at the time 

- To develop the TMP, several test drives must be done ahead of time to control incidents or 
restrictions which can be discerned ahead of time 

- Restrictions on the timing of WTGs transport by starting at transport from Port of Tripoli at 
11:00 pm instead of 10:00 pm can mitigate the impacts resulting from higher volume of 
traffic   

- The implementation of a community information and awareness program will assist in 
managing the traffic impacts.  Ensuring a proper dissemination of information to the public 
regarding the traffic control measures through a timely communication plan  
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With respect to construction activities: 

- Limiting the movement of construction material vehicles (ie, trucks and heavy equipment) to 
off-peak hours. It is recommended to avoid 7:30 am – 8:30 am and 3:30 pm to 4:30 pm.     

- Proper training on safety issues in truck driving must be continuously provided for truck 
drivers. In addition, strict control and enforcement of safety regulations of truck driving 
must be adopted by the project. 

- Installation of general signposting of the vehicular access roads with appropriate heavy 
vehicle and construction warning signs  

- Access management with adequate warning system and control must be followed. 
- Controlling the truck loads to adequate limits and employing heavy vehicles that have low 

truck factor to limit unnecessary pavement deterioration. 
- Establishment of an inspection and maintenance program for the local road access network 

to ensure conditions of roads are maintained in safe state. 

Conclusions  
A traffic impact assessment was undertaken to determine the impact of Sustainable Akkar and 
Lebanon Wind Power Akkar wind farms projects generated traffic demands on the performance and 
safety of the road network. The intent of the assessment was to identify the locations at which 
traffic associated with the project has the potential to “significantly’ increase traffic demands to 
identify locations warranting detailed assessment and mitigation. 

The study indicated that impacts will be resulted from two activities: the WTGs and project 
construction activities. The study undertook the impact analysis of the two cases. The total trips 
generated by the project were found to be around 171,000 trips between passenger cars, trucks or 
heavy vehicles and over size (abnormal) vehicles. These trips will be conducted over a span of 24 
months during years 2019 and 2020 with the maximum daily trips occurring in year 2020. In the 
report, capacity analysis and determining the level of service were done for three scenarios: existing 
traffic, background future traffic and future traffic with project. 

Based on the study, trips generated by Akkar wind farms will cause minor impacts on the 
performance of the road network in the affected area. Most noticeable impact would be due to the 
WTGs transport. These impacts will be observed at junctions along the haulage route. 

Proper traffic management plan and control during the WTGs that is communicated well-ahead of 
time to the public will lessen these impacts and ensure safe and efficient transport of the WTGs. 
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli Port 
From/To Port to Abu Ali 
Jurisdiction North 
Analysis Year 2018 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 245 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 11 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.948 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.0 

 Access Points, A (A/km) 5 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 1.9 

 fA (km/h) 3.3 

 fM (km/h) 0.0 

 FFS (km/h) 94.8 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 143 

Speed, S (km/h) 94.8 

D (pc/km/ln) 1.5 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli Port 
From/To Port to Abu Ali 
Jurisdiction North 
Analysis Year 2018 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 245 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 4 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.980 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.0 

 Access Points, A (A/km) 5 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 1.9 

 fA (km/h) 3.3 

 fM (km/h) 0.0 

 FFS (km/h) 94.8 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 138 

Speed, S (km/h) 94.8 

D (pc/km/ln) 1.5 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Abu Ali Roundabout - Biddawi 
Jurisdiction North 
Analysis Year 2018 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 563 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 7 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 3 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.966 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.8 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 0.9 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 92.4 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 215 

Speed, S (km/h) 92.4 

D (pc/km/ln) 2.3 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Abu Ali Roundabout - Biddawi 
Jurisdiction North 
Analysis Year 2018 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 410 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 6 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 3 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.971 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.8 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 0.9 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 92.4 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 156 

Speed, S (km/h) 92.4 

D (pc/km/ln) 1.7 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Biddawi - Abdeh 
Jurisdiction North 
Analysis Year 2018 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 313 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 7 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.966 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.0 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 1.9 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 91.4 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 179 

Speed, S (km/h) 91.4 

D (pc/km/ln) 2.0 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Biddawi - Abdeh 
Jurisdiction North 
Analysis Year 2018 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 304 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 6 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.971 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.0 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 1.9 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 91.4 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 173 

Speed, S (km/h) 91.4 

D (pc/km/ln) 1.9 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Abdeh - Mqaitea 
Jurisdiction North 
Analysis Year 2018 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 250 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 8 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.962 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 1.8 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 2.1 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 91.2 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 144 

Speed, S (km/h) 91.2 

D (pc/km/ln) 1.6 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Abdeh - Mqaitea 
Jurisdiction North 
Analysis Year 2018 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 198 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 6 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.971 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 1.8 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 2.1 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 91.2 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 113 

Speed, S (km/h) 91.2 

D (pc/km/ln) 1.2 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 10 -11 pm

Highway Abboudieh Rd
From/To Mqaitea - Abboudieh
Jurisdiction North
Analysis Year 2018

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            434 veh/h 
Directional split                         55 / 45
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 10 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 1.7

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.935

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 516

vp * highest directional split proportion2 (pc/h) 284

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
7.5  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 65.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
59.4

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.1

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.990

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 487

vp * highest directional split proportion2 (pc/h) 268

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 34.8

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.1

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
35.0

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.16

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 1206
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
4340

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 20.3

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 3:00-4:00 pm

Highway Chadra Rd (6)
From/To Menjez - Chadra
Jurisdiction North
Analysis Year 2018

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            110 veh/h 
Directional split                         55 / 45
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 10 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 0.71

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 2.5

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.870

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 198

vp * highest directional split proportion2 (pc/h) 109

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
7.5  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 65.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
63.4

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 0.77

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.8

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.926

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 171

vp * highest directional split proportion2 (pc/h) 94

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 14.0

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.9

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
14.8

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.06

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 306
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
1100

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 4.8

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 10 -11 pm

Highway Chadra Rd
From/To Menjez - Chadra
Jurisdiction North
Analysis Year 2018

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            68 veh/h 
Directional split                         55 / 45
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 10 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 0.71

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 2.5

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.870

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 122

vp * highest directional split proportion2 (pc/h) 67

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
7.5  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 65.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
64.3

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 0.77

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.8

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.926

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 106

vp * highest directional split proportion2 (pc/h) 58

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 8.9

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 1.1

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
10.0

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.04

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 189
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
680

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 2.9

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 3:00-4:00 pm

Highway Andeqt Rd (7)
From/To Andeqt - Qobaiat
Jurisdiction North
Analysis Year 2018

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            431 veh/h 
Directional split                         50 / 50
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 30 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 0.93

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 1.9

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.787

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 654

vp * highest directional split proportion2 (pc/h) 327

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
4.9  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 68.4  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
60.3

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 0.94

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.5

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.870

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 586

vp * highest directional split proportion2 (pc/h) 293

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 40.3

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.0

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
40.3

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) B

Volume to capacity ratio, v/c=Vp/ 3,200 0.20

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 1197
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
4310

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 19.9

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 3:00-4:00 pm

Highway Qtalbe Rd (8)
From/To Qobaiat - Qtalbe
Jurisdiction North
Analysis Year 2018

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            78 veh/h 
Directional split                         60 / 40
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 30 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 0.71

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 2.5

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.690

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 177

vp * highest directional split proportion2 (pc/h) 106

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
7.5  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 65.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
63.6

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 0.77

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.8

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.806

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 140

vp * highest directional split proportion2 (pc/h) 84

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 11.6

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 1.9

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
13.5

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.06

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 217
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
780

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 3.4

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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HCM 2010 Roundabout Akkar Wind Farm Traffic Impact Study
Junction 1 October 2018

Future Background Traffic - Year 2020 Synchro 10 Report
PM Peak Hour Page 1

Intersection
Intersection Delay, s/veh 4.2
Intersection LOS A

Approach EB WB NB
Entry Lanes 1 1 1
Conflicting Circle Lanes 2 2 2
Adj Approach Flow, veh/h 82 38 74
Demand Flow Rate, veh/h 90 42 81
Vehicles Circulating, veh/h 18 59 22
Vehicles Exiting, veh/h 83 44 86
Follow-Up Headway, s 3.186 3.186 3.186
Ped Vol Crossing Leg, #/h 0 0 0
Ped Cap Adj 1.000 1.000 1.000
Approach Delay, s/veh 4.3 4.0 4.2
Approach LOS A A A

Lane Left Left Left
Designated Moves TR LT LR
Assumed Moves TR LT LR
RT Channelized
Lane Util 1.000 1.000 1.000
Critical Headway, s 4.113 4.113 4.113
Entry Flow, veh/h 90 42 81
Cap Entry Lane, veh/h 1116 1084 1113
Entry HV Adj Factor 0.911 0.900 0.914
Flow Entry, veh/h 82 38 74
Cap Entry, veh/h 1017 976 1017
V/C Ratio 0.081 0.039 0.073
Control Delay, s/veh 4.3 4.0 4.2
LOS A A A
95th %tile Queue, veh 0 0 0



HCM 2010 TWSC Akkar Wind Farm Traffic Impact Study
Junction 2 October 2018

Existing Traffic Year 2018 Synchro 10 Report
PM Peak Hour Page 1

Intersection
Int Delay, s/veh 1.8

Movement WBL WBR NET NER SWL SWT
Lane Configurations
Traffic Vol, veh/h 30 15 110 76 12 85
Future Vol, veh/h 30 15 110 76 12 85
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 92 92 92 92 92 92
Heavy Vehicles, % 40 10 10 40 10 10
Mvmt Flow 33 16 120 83 13 92
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 280 162 0 0 203 0
          Stage 1 162 - - - - -
          Stage 2 118 - - - - -
Critical Hdwy 6.8 6.3 - - 4.2 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.86 3.39 - - 2.29 -
Pot Cap-1 Maneuver 636 862 - - 1322 -
          Stage 1 783 - - - - -
          Stage 2 821 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 630 862 - - 1322 -
Mov Cap-2 Maneuver 630 - - - - -
          Stage 1 775 - - - - -
          Stage 2 821 - - - - -
 

Approach WB NE SW
HCM Control Delay, s 10.6 0 1
HCM LOS B
 

Minor Lane/Major Mvmt NET NERWBLn1 SWL SWT
Capacity (veh/h) - - 692 1322 -
HCM Lane V/C Ratio - - 0.071 0.01 -
HCM Control Delay (s) - - 10.6 7.8 0
HCM Lane LOS - - B A A
HCM 95th %tile Q(veh) - - 0.2 0 -



HCM 2010 Roundabout Akkar Wind Farm Traffic Impact Study
Junction 3 October 2018

Exsiting Traffic - Year 2018 Synchro 10 Report
PM Peak Hour Page 1

Intersection
Intersection Delay, s/veh 7.9
Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 1 2 2
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 95 254 462 313
Demand Flow Rate, veh/h 98 287 556 329
Vehicles Circulating, veh/h 441 305 173 255
Vehicles Exiting, veh/h 143 424 366 337
Follow-Up Headway, s 3.186 3.186 3.186 3.186
Ped Vol Crossing Leg, #/h 0 0 0 0
Ped Cap Adj 1.000 1.000 1.000 1.000
Approach Delay, s/veh 6.6 9.2 7.9 7.2
Approach LOS A A A A

Lane Left Left Left Right Left Right
Designated Moves LTR LTR LT R LT R
Assumed Moves LTR LTR LT R LT R
RT Channelized
Lane Util 1.000 1.000 0.482 0.518 0.805 0.195
Critical Headway, s 5.193 5.193 5.193 5.193 5.193 5.193
Entry Flow, veh/h 98 287 268 288 265 64
Cap Entry Lane, veh/h 727 833 950 950 876 876
Entry HV Adj Factor 0.972 0.885 0.954 0.715 0.951 0.953
Flow Entry, veh/h 95 254 256 206 252 61
Cap Entry, veh/h 706 737 907 680 832 835
V/C Ratio 0.135 0.345 0.282 0.303 0.303 0.073
Control Delay, s/veh 6.6 9.2 6.9 9.1 7.7 5.0
LOS A A A A A A
95th %tile Queue, veh 0 2 1 1 1 0
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli Port 
From/To Port to Abu Ali 
Jurisdiction North 
Analysis Year 2020 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 260 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 11 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.948 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.0 

 Access Points, A (A/km) 5 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 1.9 

 fA (km/h) 3.3 

 fM (km/h) 0.0 

 FFS (km/h) 94.8 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 152 

Speed, S (km/h) 94.8 

D (pc/km/ln) 1.6 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS

Copyright © 2005 University of Florida, All Rights Reserved     HCS+TM   Version 5.2 Generated:  10/8/2018    3:03 PM

Page 1 of 1MULTILANE HIGHWAYS WORKSHEET(Dir 1)

10/8/2018file:///C:/Users/user/AppData/Local/Temp/u2kF70E.tmp



MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli Port 
From/To Port to Abu Ali 
Jurisdiction North 
Analysis Year 2020 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 261 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 4 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.980 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.0 

 Access Points, A (A/km) 5 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 1.9 

 fA (km/h) 3.3 

 fM (km/h) 0.0 

 FFS (km/h) 94.8 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 147 

Speed, S (km/h) 94.8 

D (pc/km/ln) 1.6 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Abu Ali Roundabout - Biddawi 
Jurisdiction North 
Analysis Year 2020 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 597 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 7 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 3 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.966 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.8 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 0.9 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 92.4 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 228 

Speed, S (km/h) 92.4 

D (pc/km/ln) 2.5 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Abu Ali Roundabout - Biddawi 
Jurisdiction North 
Analysis Year 2020 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 435 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 6 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 3 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.971 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.8 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 0.9 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 92.4 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 165 

Speed, S (km/h) 92.4 

D (pc/km/ln) 1.8 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Biddawi - Abdeh 
Jurisdiction North 
Analysis Year 2020 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 332 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 7 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.966 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.0 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 1.9 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 91.4 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 190 

Speed, S (km/h) 91.4 

D (pc/km/ln) 2.1 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Biddawi - Abdeh 
Jurisdiction North 
Analysis Year 2020 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 322 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 6 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.971 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 2.0 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 1.9 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 91.4 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 184 

Speed, S (km/h) 91.4 

D (pc/km/ln) 2.0 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 1)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Abdeh - Mqaitea 
Jurisdiction North 
Analysis Year 2020 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 265 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 8 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.962 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 1.8 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 2.1 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 91.2 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 153 

Speed, S (km/h) 91.2 

D (pc/km/ln) 1.7 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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MULTILANE HIGHWAYS WORKSHEET(Direction 2)

General Information Site Information

Analyst DJ 

Agency or Company Dima Jawad 

Date Performed 10/1/2018 

Analysis Time Period 10 - 11 PM 

Highway/Direction to Travel Tripoli - Syria 
From/To Abdeh - Mqaitea 
Jurisdiction North 
Analysis Year 2020 

Project Description    Akkar Wind Farms - Without Project  

Oper.(LOS)  Des. (N) Plan. (vp)

Flow Inputs
Volume, V (veh/h) 210 Peak-Hour Factor, PHF 0.90 
 AADT(veh/h) %Trucks and Buses, PT 6 

Peak-Hour  Prop of AADT (veh/d) %RVs, PR 0 
Peak-Hour Direction Prop, D General Terrain: Level 
DDHV (veh/h) Grade      Length (km) 0.00 
Driver Type Adjustment 1.00                 Up/Down % 0.00 

Number of Lanes 2 

Calculate Flow Adjustments

 fp 1.00  ER 1.2 

 ET 1.5  fHV 0.971 

Speed Inputs Calc Speed Adj and FFS

 Lane Width, LW (m) 3.6 

 Total Lateral Clearance, LC (m) 1.8 

 Access Points, A (A/km) 10 

 Median Type, M Divided 

 FFS (measured) 

 Base Free-Flow Speed, BFFS 100.0 

 fLW (km/h) 0.0 

 fLC (km/h) 2.1 

 fA (km/h) 6.7 

 fM (km/h) 0.0 

 FFS (km/h) 91.2 

Operations Design

Operational (LOS)

Flow Rate, vp (pc/h/ln) 120 

Speed, S (km/h) 91.2 

D (pc/km/ln) 1.3 

LOS A 

Design (N)

Required Number of Lanes, N

Flow Rate, vp (pc/h)

Max Service Flow Rate (pc/h/ln)

Design LOS
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 10 -11 pm

Highway Abboudieh Rd
From/To Mqaitea - Abboudieh (Rd E)
Jurisdiction North
Analysis Year 2020

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II 
highway

 Terrain          Level        Rolling
Two-way hourly volume            460 veh/h 
Directional split                         55 / 45
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 10 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 1.7

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.935

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 547

vp * highest directional split proportion2 (pc/h) 301

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, 

fLS (Exhibit 20-5) 
7.5  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 65.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
59.0

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.1

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.990

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 516

vp * highest directional split proportion2 (pc/h) 284

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 36.5

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.1

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
36.6

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.17

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 1278

Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
4600

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 21.7
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Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 10 -11 pm

Highway Abboudieh Rd
From/To Mqaitea - Abboudieh (Rd E)
Jurisdiction North
Analysis Year 2020

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            460 veh/h 
Directional split                         55 / 45
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 10 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 1.7

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.935

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 547

vp * highest directional split proportion2 (pc/h) 301

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
7.5  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 65.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
59.0

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.1

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.990

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 516

vp * highest directional split proportion2 (pc/h) 284

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 36.5

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.1

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
36.6

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.17

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 1278
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
4600

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 21.7

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 3:00-4:00 pm

Highway Chadra Rd (6)
From/To Menjez - Chadra
Jurisdiction North
Analysis Year 2020

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            117 veh/h 
Directional split                         55 / 45
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 10 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 0.71

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 2.5

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.870

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 211

vp * highest directional split proportion2 (pc/h) 116

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
7.5  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 65.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
63.2

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 0.77

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.8

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.926

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 182

vp * highest directional split proportion2 (pc/h) 100

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 14.8

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.8

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
15.6

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.07

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 325
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
1170

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 5.1

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 3:00-4:00 pm

Highway Andeqt Rd (7)
From/To Andeqt - Qobaiat
Jurisdiction North
Analysis Year 2020

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            457 veh/h 
Directional split                         50 / 50
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 30 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 0.93

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 1.9

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.787

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 693

vp * highest directional split proportion2 (pc/h) 347

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
4.9  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 68.4  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
59.8

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 0.94

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.5

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.870

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 621

vp * highest directional split proportion2 (pc/h) 311

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 42.1

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.0

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
42.1

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) B

Volume to capacity ratio, v/c=Vp/ 3,200 0.22

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 1269
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
4570

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 21.2

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 3:00-4:00 pm

Highway Qtalbe Rd (8)
From/To Qobaiat - Qtalbe
Jurisdiction North
Analysis Year 2020

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            84 veh/h 
Directional split                         60 / 40
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 30 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 0.71

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 2.5

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.690

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 191

vp * highest directional split proportion2 (pc/h) 115

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
7.5  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 65.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
63.4

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 0.77

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.8

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.806

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 150

vp * highest directional split proportion2 (pc/h) 90

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 12.4

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 1.9

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
14.2

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.06

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 233
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
840

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 3.7

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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HCM 2010 Roundabout Akkar Wind Farm Traffic Impact Study
Junction 1 October 2018

Future Background Traffic - Year 2020 Synchro 10 Report
PM Peak Hour Page 1

Intersection
Intersection Delay, s/veh 4.2
Intersection LOS A

Approach EB WB NB
Entry Lanes 1 1 1
Conflicting Circle Lanes 2 2 2
Adj Approach Flow, veh/h 86 40 79
Demand Flow Rate, veh/h 95 44 87
Vehicles Circulating, veh/h 19 64 23
Vehicles Exiting, veh/h 89 46 90
Follow-Up Headway, s 3.186 3.186 3.186
Ped Vol Crossing Leg, #/h 0 0 0
Ped Cap Adj 1.000 1.000 1.000
Approach Delay, s/veh 4.3 4.1 4.3
Approach LOS A A A

Lane Left Left Left
Designated Moves TR LT LR
Assumed Moves TR LT LR
RT Channelized
Lane Util 1.000 1.000 1.000
Critical Headway, s 4.113 4.113 4.113
Entry Flow, veh/h 95 44 87
Cap Entry Lane, veh/h 1115 1080 1112
Entry HV Adj Factor 0.904 0.903 0.908
Flow Entry, veh/h 86 40 79
Cap Entry, veh/h 1008 976 1010
V/C Ratio 0.085 0.041 0.078
Control Delay, s/veh 4.3 4.1 4.3
LOS A A A
95th %tile Queue, veh 0 0 0



HCM 2010 TWSC Akkar Wind Farm Traffic Impact Study
Junction 2 October 2018

Future Background Traffic Year 2020 Synchro 10 Report
PM Peak Hour Page 1

Intersection
Int Delay, s/veh 1.8

Movement WBL WBR NET NER SWL SWT
Lane Configurations
Traffic Vol, veh/h 32 16 117 81 13 90
Future Vol, veh/h 32 16 117 81 13 90
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 90 90 90 90 90 90
Heavy Vehicles, % 40 10 10 40 10 10
Mvmt Flow 36 18 130 90 14 100
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 303 175 0 0 220 0
          Stage 1 175 - - - - -
          Stage 2 128 - - - - -
Critical Hdwy 6.8 6.3 - - 4.2 -
Critical Hdwy Stg 1 5.8 - - - - -
Critical Hdwy Stg 2 5.8 - - - - -
Follow-up Hdwy 3.86 3.39 - - 2.29 -
Pot Cap-1 Maneuver 616 848 - - 1303 -
          Stage 1 772 - - - - -
          Stage 2 812 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 609 848 - - 1303 -
Mov Cap-2 Maneuver 609 - - - - -
          Stage 1 764 - - - - -
          Stage 2 812 - - - - -
 

Approach WB NE SW
HCM Control Delay, s 10.8 0 1
HCM LOS B
 

Minor Lane/Major Mvmt NET NERWBLn1 SWL SWT
Capacity (veh/h) - - 672 1303 -
HCM Lane V/C Ratio - - 0.079 0.011 -
HCM Control Delay (s) - - 10.8 7.8 0
HCM Lane LOS - - B A A
HCM 95th %tile Q(veh) - - 0.3 0 -



HCM 2010 Roundabout Akkar Wind Farm Traffic Impact Study
Junction 3 October 2018

Future Background Traffic - Year 2020 Synchro 10 Report
PM Peak Hour Page 1

Intersection
Intersection Delay, s/veh 8.3
Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 1 2 2
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 100 269 489 332
Demand Flow Rate, veh/h 103 304 589 349
Vehicles Circulating, veh/h 469 323 183 271
Vehicles Exiting, veh/h 151 449 389 356
Follow-Up Headway, s 3.186 3.186 3.186 3.186
Ped Vol Crossing Leg, #/h 0 0 0 0
Ped Cap Adj 1.000 1.000 1.000 1.000
Approach Delay, s/veh 6.9 9.7 8.3 7.6
Approach LOS A A A A

Lane Left Left Left Right Left Right
Designated Moves LTR LTR LT R LT R
Assumed Moves LTR LTR LT R LT R
RT Channelized
Lane Util 1.000 1.000 0.482 0.518 0.808 0.192
Critical Headway, s 5.193 5.193 5.193 5.193 5.193 5.193
Entry Flow, veh/h 103 304 284 305 282 67
Cap Entry Lane, veh/h 707 818 941 941 862 862
Entry HV Adj Factor 0.973 0.885 0.954 0.715 0.952 0.955
Flow Entry, veh/h 100 269 271 218 268 64
Cap Entry, veh/h 688 724 898 673 820 823
V/C Ratio 0.146 0.372 0.302 0.324 0.327 0.078
Control Delay, s/veh 6.9 9.7 7.2 9.5 8.1 5.1
LOS A A A A A A
95th %tile Queue, veh 1 2 1 1 1 0



 

 

 

 

 

 

 

 

 

Capacity Analysis 

Future Traffic with Project (Year 2020)  

 



HCM 2010 Roundabout Akkar Wind Farm Traffic Impact Study
Junction 1 October 2018

Future Traffic with Project - Year 2020 Synchro 10 Report
PM Peak Hour Page 1

Intersection
Intersection Delay, s/veh 4.5
Intersection LOS A

Approach EB WB NB
Entry Lanes 1 1 1
Conflicting Circle Lanes 2 2 2
Adj Approach Flow, veh/h 86 83 79
Demand Flow Rate, veh/h 95 98 87
Vehicles Circulating, veh/h 19 64 23
Vehicles Exiting, veh/h 143 46 90
Follow-Up Headway, s 3.186 3.186 3.186
Ped Vol Crossing Leg, #/h 0 0 0
Ped Cap Adj 1.000 1.000 1.000
Approach Delay, s/veh 4.3 4.8 4.3
Approach LOS A A A

Lane Left Left Left
Designated Moves TR LT LR
Assumed Moves TR LT LR
RT Channelized
Lane Util 1.000 1.000 1.000
Critical Headway, s 4.113 4.113 4.113
Entry Flow, veh/h 95 98 87
Cap Entry Lane, veh/h 1115 1080 1112
Entry HV Adj Factor 0.904 0.845 0.908
Flow Entry, veh/h 86 83 79
Cap Entry, veh/h 1008 913 1010
V/C Ratio 0.085 0.091 0.078
Control Delay, s/veh 4.3 4.8 4.3
LOS A A A
95th %tile Queue, veh 0 0 0



HCM 6th TWSC Akkar Wind Farm Traffic Impact Study
Junction 2 October 2018

Future Traffic with Project Year 2020 Synchro 10 Report
PM Peak Hour Page 1

Intersection
Int Delay, s/veh 3

Movement WBL WBR NET NER SWL SWT
Lane Configurations
Traffic Vol, veh/h 78 16 117 91 13 90
Future Vol, veh/h 78 16 117 91 13 90
Conflicting Peds, #/hr 0 0 0 0 0 0
Sign Control Stop Stop Free Free Free Free
RT Channelized - None - None - None
Storage Length 0 - - - - -
Veh in Median Storage, # 0 - 0 - - 0
Grade, % 0 - 0 - - 0
Peak Hour Factor 90 90 90 90 90 90
Heavy Vehicles, % 35 10 10 46 10 10
Mvmt Flow 87 18 130 101 14 100
 

Major/Minor Minor1 Major1 Major2
Conflicting Flow All 309 181 0 0 231 0
          Stage 1 181 - - - - -
          Stage 2 128 - - - - -
Critical Hdwy 6.75 6.3 - - 4.2 -
Critical Hdwy Stg 1 5.75 - - - - -
Critical Hdwy Stg 2 5.75 - - - - -
Follow-up Hdwy 3.815 3.39 - - 2.29 -
Pot Cap-1 Maneuver 620 841 - - 1291 -
          Stage 1 777 - - - - -
          Stage 2 823 - - - - -
Platoon blocked, % - - -
Mov Cap-1 Maneuver 613 841 - - 1291 -
Mov Cap-2 Maneuver 613 - - - - -
          Stage 1 768 - - - - -
          Stage 2 823 - - - - -
 

Approach WB NE SW
HCM Control Delay, s 11.7 0 1
HCM LOS B
 

Minor Lane/Major Mvmt NET NERWBLn1 SWL SWT
Capacity (veh/h) - - 643 1291 -
HCM Lane V/C Ratio - - 0.162 0.011 -
HCM Control Delay (s) - - 11.7 7.8 0
HCM Lane LOS - - B A A
HCM 95th %tile Q(veh) - - 0.6 0 -



HCM 2010 Roundabout Akkar Wind Farm Traffic Impact Study
Junction 3 October 2018

Future Traffic with Project - Year 2020 Synchro 10 Report
PM Peak Hour Page 1

Intersection
Intersection Delay, s/veh 9.0
Intersection LOS A

Approach EB WB NB SB
Entry Lanes 1 1 2 2
Conflicting Circle Lanes 1 1 1 1
Adj Approach Flow, veh/h 100 318 501 332
Demand Flow Rate, veh/h 103 370 613 349
Vehicles Circulating, veh/h 496 323 183 309
Vehicles Exiting, veh/h 162 473 416 384
Follow-Up Headway, s 3.186 3.186 3.186 3.186
Ped Vol Crossing Leg, #/h 0 0 0 0
Ped Cap Adj 1.000 1.000 1.000 1.000
Approach Delay, s/veh 7.1 11.5 8.6 8.0
Approach LOS A B A A

Lane Left Left Left Right Left Right
Designated Moves LTR LTR LT R LT R
Assumed Moves LTR LTR LT R LT R
RT Channelized
Lane Util 1.000 1.000 0.463 0.537 0.808 0.192
Critical Headway, s 5.193 5.193 5.193 5.193 5.193 5.193
Entry Flow, veh/h 103 370 284 329 282 67
Cap Entry Lane, veh/h 688 818 941 941 830 830
Entry HV Adj Factor 0.973 0.859 0.954 0.699 0.952 0.955
Flow Entry, veh/h 100 318 271 230 268 64
Cap Entry, veh/h 669 703 898 658 790 792
V/C Ratio 0.150 0.452 0.302 0.350 0.340 0.081
Control Delay, s/veh 7.1 11.5 7.2 10.1 8.6 5.3
LOS A B A B A A
95th %tile Queue, veh 1 2 1 2 2 0



TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 10:00-11:00 PM

Highway Port Tripoli
From/To Port to Abu Ali
Jurisdiction North
Analysis Year 2020

Project Description:   Akkar Wind Farms - After Mitigation

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            520 veh/h 
Directional split                         60 / 40
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 8 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 1.2

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.984

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 587

vp * highest directional split proportion2 (pc/h) 352

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
7.5  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 65.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
58.5

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.1

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.992

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 582

vp * highest directional split proportion2 (pc/h) 349

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 40.0

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.0

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
40.1

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) B

Volume to capacity ratio, v/c=Vp/ 3,200 0.18

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 578
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
2080

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 9.9

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 10:00-11:00 PM

Highway Beddawi (2)
From/To Abu Ali to Beddawi
Jurisdiction North
Analysis Year 2020

Project Description:   Akkar Wind Farms - After Mitigation

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            1032 veh/h 
Directional split                         50 / 50
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 4 %

% Recreational vehicles, PR  0%

Access points/ km 5





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 1.2

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.992

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 1156

vp * highest directional split proportion2 (pc/h) 578

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
100.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
4.2  km/h

Adj. for access points, fA (Exhibit 20-6) 3.3  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 92.5  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
78.0

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.1

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.996

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 1151

vp * highest directional split proportion2 (pc/h) 576

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 63.6

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.0

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
63.6

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) C

Volume to capacity ratio, v/c=Vp/ 3,200 0.36

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 1233
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
4438

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 15.8

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 10:00-11:00 PM

Highway Abdeh Rd (3)
From/To Beddawi to Abdeh
Jurisdiction North
Analysis Year 2020

Project Description:   Akkar Wind Farms - with project traffic plan

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            654 veh/h 
Directional split                         50 / 50
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 6 %

% Recreational vehicles, PR  0%

Access points/ km 7





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 1.2

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.988

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 735

vp * highest directional split proportion2 (pc/h) 368

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
100.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
4.9  km/h

Adj. for access points, fA (Exhibit 20-6) 4.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 90.4  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
81.2

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.1

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.994

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 731

vp * highest directional split proportion2 (pc/h) 366

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 47.4

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.0

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
47.4

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) B

Volume to capacity ratio, v/c=Vp/ 3,200 0.23

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 908
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
3270

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 11.2

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 10:00-11:00 PM

Highway Mqaiteh Rd (4)
From/To Abdeh to Mqaiteh
Jurisdiction North
Analysis Year 2020

Project Description:   Akkar Wind Farms - with project traffic plan

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            475 veh/h 
Directional split                         55 / 45
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 7 %

% Recreational vehicles, PR  0%

Access points/ km 5





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 1.7

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.953

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 554

vp * highest directional split proportion2 (pc/h) 305

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
100.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
4.9  km/h

Adj. for access points, fA (Exhibit 20-6) 3.3  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 91.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
84.8

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.1

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.993

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 531

vp * highest directional split proportion2 (pc/h) 292

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 37.3

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.1

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
37.4

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.17

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 660

Page 1 of 2Two-Way

10/8/2018file:///C:/Users/user/AppData/Local/Temp/s2k7BE9.tmp



Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
2375

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 7.8

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 10:00-11:00 PM

Highway Abboudieh Rd (5)
From/To Mqaiteh to Aboudieh
Jurisdiction North
Analysis Year 2020

Project Description:   Akkar Wind Farms - with project traffic plan

Input Data

 Class I highway     Class II 
highway

 Terrain          Level        Rolling
Two-way hourly volume            460 veh/h 
Directional split                         55 / 45
Peak-hour factor, PHF               0.90
No-passing zone                         100

 % Trucks and Buses , PT 1 %

% Recreational vehicles, PR  7%

Access points/ km 5





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 10.0

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.7

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.878

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 582

vp * highest directional split proportion2 (pc/h) 320

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
40  km/h

Observed volume, Vf
434 veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
 km/h

Adj. for lane width and shoulder width3, 

fLS (Exhibit 20-5) 
 km/h

Adj. for access points, fA (Exhibit 20-6)  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 46.2  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 6.3

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
32.6

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 4.0

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.964

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 530

vp * highest directional split proportion2 (pc/h) 292

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 37.2

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 21.6

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
58.9

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) C

Volume to capacity ratio, v/c=Vp/ 3,200 0.18

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 639

Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
2300

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 19.6
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Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 10:00-11:00 PM

Highway Menjez (Rd 6)
From/To Menjez to Chadra
Jurisdiction North
Analysis Year 2020

Project Description:   Akkar Wind Farms - with project traffic plan

Input Data

 Class I highway     Class II 
highway

 Terrain          Level        Rolling
Two-way hourly volume            75 veh/h 
Directional split                         55 / 45
Peak-hour factor, PHF               0.90
No-passing zone                         100

 % Trucks and Buses , PT 4 %

% Recreational vehicles, PR  10%

Access points/ km 5





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 4.0

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.7

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.840

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 99

vp * highest directional split proportion2 (pc/h) 54

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
40  km/h

Observed volume, Vf
434 veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
 km/h

Adj. for lane width and shoulder width3, 

fLS (Exhibit 20-5) 
 km/h

Adj. for access points, fA (Exhibit 20-6)  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 46.5  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 2.8

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
42.4

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 1.00

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 4.0

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.885

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 94

vp * highest directional split proportion2 (pc/h) 52

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 7.9

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 22.4

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
30.3

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.03

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 104

Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
375

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 2.5
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Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 3:00-4:00 pm

Highway Chadra Rd (6)
From/To Menjez - Chadra
Jurisdiction North
Analysis Year 2020 with Project

Project Description:   Akkar Wind Farms TIS

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            157 veh/h 
Directional split                         55 / 45
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 24 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 0.71

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 2.5

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.735

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 334

vp * highest directional split proportion2 (pc/h) 184

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
7.5  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 65.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
61.7

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 0.77

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.8

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.839

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 270

vp * highest directional split proportion2 (pc/h) 149

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 21.1

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.6

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
21.7

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.10

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 436
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
1570

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 7.1

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 3:00-4:00 pm

Highway Andeqt Rd (RD 7)
From/To Andeqt - Qobaiat
Jurisdiction North
Analysis Year 2020 with Project

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            523 veh/h 
Directional split                         50 / 50
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 30 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 0.93

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 1.9

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.787

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 794

vp * highest directional split proportion2 (pc/h) 397

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
4.9  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 68.4  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
58.5

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 0.94

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.5

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.870

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 711

vp * highest directional split proportion2 (pc/h) 356

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 46.5

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 0.0

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
46.5

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) B

Volume to capacity ratio, v/c=Vp/ 3,200 0.25

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 1453
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
5230

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 24.8

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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TWO-WAY TWO-LANE HIGHWAY SEGMENT WORKSHEET
General Information Site Information

Analyst DJ
Agency or Company Dima Jawad
Date Performed 10/8/2018
Analysis Time Period 3:00-4:00 pm

Highway Qtalbe Rd (Rd 8)
From/To Qobaiat - Qtalbe
Jurisdiction North
Analysis Year 2020 with Project

Project Description:   Akkar Wind Farms

Input Data

 Class I highway     Class II highway

 Terrain          Level        Rolling
Two-way hourly volume            94 veh/h 
Directional split                         60 / 40
Peak-hour factor, PHF               0.90
No-passing zone                         0

 % Trucks and Buses , PT 35 %

% Recreational vehicles, PR  0%

Access points/ km 10





Average Travel Speed

Grade adjustment factor, fG (Exhibit 20-7) 0.71

Passenger-car equivalents for trucks, ET (Exhibit 20-9) 2.5

Passenger-car equivalents for RVs, ER (Exhibit 20-9) 1.1

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) )  0.656

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 224

vp * highest directional split proportion2 (pc/h) 134

Free-Flow Speed from Field Measurement Estimated Free-Flow Speed

Field Measured speed, SFM
 km/h

Observed volume, Vf
veh/h

Free-flow speed, FFS  FFS=SFM+0.00776(Vf/ fHV )  km/h

Base free-flow speed, BFFSFM
80.0  km/h

Adj. for lane width and shoulder width3, fLS (Exhibit 

20-5) 
7.5  km/h

Adj. for access points, fA (Exhibit 20-6) 6.7  km/h

Free-flow speed, FFS  (FSS=BFFS-fLS-fA) 65.8  km/h

Adj. for no-passing zones, fnp ( km/h) (Exhibit 20-11) 0.0

Average travel speed, ATS ( km/h) ATS=FFS-0.00776vp-fnp
63.0

Percent Time-Spent-Following

Grade Adjustment factor, fG (Exhibit 20-8) 0.77

Passenger-car equivalents for trucks, ET (Exhibit 20-10) 1.8

Passenger-car equivalents for RVs, ER (Exhibit 20-10) 1.0

Heavy-vehicle adjustment factor, fHV=1/ (1+ PT(ET-1)+PR(ER-1) ) 0.781

Two-way flow rate1, vp (pc/h)=V/ (PHF * fG * fHV) 174

vp * highest directional split proportion2 (pc/h) 104

Base percent time-spent-following, BPTSF(%)=100(1-e-0.000879vp) 14.2

Adj. for directional distribution and no-passing zone, fd/hp(%)(Exh. 20-12) 1.7

Percent time-spent-following, PTSF(%)=BPTSF+f d/np
15.9

Level of Service and Other Performance Measures

Level of service, LOS (Exhibit 20-3 for Class I or 20-4 for Class II) A

Volume to capacity ratio, v/c=Vp/ 3,200 0.07

Peak 15-min veh-miles of travel, VMT15 (veh- km)= 0.25Lt(V/PHF) 261
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Peak-hour vehicle-miles of travel, VMT60(veh- km)=V*Lt
940

Peak 15-min total travel time, TT15(veh-h)= VMT15/ATS 4.1

Notes

1. If Vp >= 3,200 pc/h, terminate analysis-the LOS is F.              
2. If highest directional split Vp>= 1,700 pc/h, terminated anlysis-the LOS is F.
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APPENDIX K  
FLORA SURVEY REPORT  
 

  



Annex M. Methodology for Flora Survey 

Based on an initial visit to the project area using a general floristic description of the different habitats, 
the sampling size which consisted of 7 plots was determined. Each plot location was determined in a way 
to be in a natural undisturbed environment (i.e., with minimal anthropogenic activity), and close to sites 
where the turbines are planned to be installed.  

The plots where selected based on accessibility, in a way to cover the different types of habitats that were 
identified in the area. A map of the plot locations is included in Figure 1. 

Plot size adopted was as follows: 

- 10 x 10 m2, for grassland which is the maximum size recommended according to Braun-Blanquet; 
and  

- 20 x 20 m2 in woodlands and forests.  

Figure 1: Locations for the flora baseline survey plots 

 

In each plot, plants were inventoried, covering tree, shrub, perennial and herbaceous strata. Species were 
identified, and their respective degree of dominance (percentage surface cover) was determined visually, 
following Braun-Blanquet classification, according to the Table 1.  



Table 1: Braun Blanquet coefficients for abundance and coverage of plant species 

Abundancy Cover ( %) Coefficient 

Low Minimal + 

High Low 1 

Low < 5% 1 

Very high 5-25% 2 

Random 25-50% 3 

Random 50-75% 4 

Random  > 75% 5 

Abundance is related to the number of individuals per species, while cover is the surface covered by the 
number of individuals as illustrated in Figure 2. 

Figure 2: Braun-Blanquet abundance and dominance classification 

 

 

Species with single specimens, were labeled as “+”, and according to their coverage, in ascending order 
from “1” to “5”. 

The description of the habitats was based on field survey and Abi Saleh et al. (1996) in which the authors 
describe the vegetation levels and their respective flora and plant associations. 

The identification of species followed both Mouterde (1966; 1983) and Tohme & Tohme (2014). Following 
these references, a score for the degree of endemism was attributed for each species: 

  



Table 2: Scores attributed based on the degree of endemism 

Degree of endemism (DE) Score 

Global, common 0 

Mediterranean biome 1 

East Mediterranean 2 

Lebanon and 1 or 2 neighboring countries 3 

Lebanon 4 

Another score was also attributed for its extent of occurrence in Lebanon (how common/rare it is: 
restricted or wide distribution according to altitude, soil type, number of habitats, etc.). The rarer the 
species, the higher the value of the score: 

Table 3: Scores attributed according to the frequency of distribution of flora taxa in Lebanon 

Distribution frequency in Lebanon (DFL) Score 

Common 0 

Restricted to certain environmental range 1 

Restricted to a certain environmental range 
and/or habitat type 

2 

Rare, restricted presence in specific areas 3 

Species were also classified according to their life forms and attributed a score, as per the following table: 

Table 4: Scores attributed for plant life form type 

Life form type (LF) Score 

Annual, biennial, herbaceous 1 

bulbs 2 

Perennial plants 3 

Shrubs 4 

Trees 5 

The rationale behind this scoring is related to the intrinsic ecological value that varies according to life 
forms. In other words, a big tree can be by itself a habitat to other species (flora, fauna, fungus, algae) and 
has a higher functional role in any ecosystem, whereas annual plants are of a limited size, and they host 
a lower number of species, and their individual functional role is lower than superior plants. From another 
hand, annual plants have higher resilience towards disturbances, while trees recovery can be at stake.  

  



The ecological value of the species was calculated as follows: 

𝐸𝐸𝐸𝐸 = 𝐿𝐿𝐿𝐿 𝑥𝑥 (𝐸𝐸𝐸𝐸 + 𝐸𝐸𝐿𝐿𝐿𝐿)  

Where 𝐸𝐸𝐸𝐸 and 𝐸𝐸𝐿𝐿𝐿𝐿 were scored as indicated above and multiplied by a score given according to their life 
form type (𝐿𝐿𝐿𝐿).  

The taxa with high ecological value score (above 10) are considered as sensitive receptors. 

Conservation measures for each species, and their actual status were checked from the IUCN red-listing 
and from the Lebanese law, whenever available. For instance, all conifer trees are subject to protection 
by Law 85. Oregano (Origanum syriacum) exploitation is also subject to license from the Ministry of 
Agriculture. All woody forest trees cutting require a license from the Ministry of Agriculture as well. 
Species targeted by direct conservation measures in situ in Lebanon are not common, but include conifer 
trees (Abies cilicica, Cedrus libani, Cupressus sempervirens, Juniperus spp., Pinus spp.), and few endemic 
species like Rhododendron ponticum, Iris sofrana, Iris cedreti, Iris bismarckia, Dianthus karami, Salvia 
peyronii, Drosera rotundifolia, Cyclamen libanoticum, etc. However, species found in Jabal Akroum are not 
specifically subject to any kind of in situ conservation.  

Conservation status was consequently scored as follows: 

Table 5: Scores attributed according to plant conservation status 

Conservation status Score 

No measures 1 

License for harvesting  1.5 

License for cutting for exploitation 2 

Exploitation prohibited. Species protected 3 

Magnitude was estimated by the scale of presence within the inventoried plot (frequency in plots) and 
within the study area (accounting for outside plots vegetation). Scores varied from 1 to 3. 

Impact analysis considered the CEDRO guidelines, and was estimated as the multiplication of the 
ecological value (receptor sensitivity), the conservation status and the magnitude of the impact. A final 
score was given, and significance categories were considered as follow: 

Table 6: Scores attributed according to plant significance  

Significance  Score 

Negligible  <20 

Minor  20 - 50 

Moderate  50 - 100 

Major  >100 

 



The analysis will describe the type of impact, the significance prior to the mitigation, the suggested 
mitigation measures, the significance of the residual impact post to mitigation, the stakeholders 
responsible for mitigation implementation and monitoring, and eventually their respective cost. 

Flora biodiversity richness, as depicted from the visited plots varied from 11 species (in a single visit on 
the northern plot, which is also the lowest in altitude, and the windiest, and in a grassland), to 28 species 
(in 2 visits, in the southernmost plot, which is the less windy, and in a mixed forest). Plots characteristics 
are provided in the table below. 

 



Table 7. Plots characteristics 

Date: 18/3/2018 18/3/2018 18/3/2018 
 

20/6/2017 20/6/2017 20/6/2017 

Location: Rouaymeh 
(near houses) 

Rouaymeh 
(near houses) 

Rouaymeh near turbine tester in 
Rouaymeh 

Wadi Al Chkif Khokh bziza Wata El Sahleh 

Plot N°: P1 P2 P3 
 

P5 P6 P7 

Geographic 
coordinates: 

N 34°31.378 N 34°31.399 N 34°31.643 N 34°32.110 N 34°32.007 N 34°34.068 N 34°36.609 

 
E 36°18.708 E 36°18.720 E 36°18.334 E 36°19.619 E 36°19.888 E 36°19.658 E 36°20.281 

Altitude (m): 1300 1338 1287 1186 1213 1100 838 

Slope (%): 10-20% 10-20% 10% 5-10% 10% Less than 5% 5-10% 

Substrate: limestone limestone limestone limestone Limestone Limestone Limestone 

Surface area (m²): 400 400 400 400m2 10x10 100 100 

VEGETATION Type: forest edge/ 
grassland 

Juniper 
woodland 

degraded oak 
woodland 

grassland with trees mixed conifer and 
evergreen 
broadleaves 
woodland 

grassland/barren 
land 

grassland/barren 
land 

Strata cover: 
       

• Trees <5% >70% <10% 5-10% >10% null null 

• Shrubs <5% <10% 60% <5% 40% <10% <10% 

• Grasses 80% <10% <30% >70% 10-40% <30% >70% 

• Rocks 10% <10% <5% <10% <10% >60% 10-20% 

RICHNESS (S) 26 22 20 19 28 13 11 

   



The detailed list of species that were encountered within the plots during the two visits are provided 
below in the following table. Some species which were not found but listed in the literature were also 
added, but labeled “0” in the first column. Out of 103 species, only 4 were identified only by the family.  

Table 8. Detailed list of species encountered within the plots during the two visits 

Taxa Present in Plot 
number 

Degree of 
endemism  

Distribution 
in Lebanon 

Life form 
type 

Ecological 
value 

Ajuga chia 1 0 0 1 1 

Alyssum stribrnyi 3 0 1 1 2 

Arabis caucasica 1,2 2 2 1 5 

Asperula arvensis 1 0 1 1 2 

Asphodelus microcarpus 3, 4 0 0 2 1 

Avena sterilis 5, 6, 7 0 0 1 1 

Bellevalia flexuosa 1, 2, 5 2 1 2 7 

Biscutella ciliata applanata 1 2 1 1 4 

Bromus fasciculatus 6 0 0 1 1 

Callicotome villosa 3 1 0 3 4 

Capsella bursa-pastoris 1, 5 0 0 1 1 

Capsella rubella  4 0 0 1 1 

Cerastium brachypetalum 2 0 1 1 2 

Cistus creticus 3 1 0 2 3 

Cistus salvifolius 5 0 0 2 1 

Clypeola jonthlaspi 2, 4, 5 0 0 1 1 

Crepis reuteriana 1 2 1 1 4 

Crepis syriaca 5 3 1 1 5 

Dianthus tripunctatus 6 2 1 1 4 

Diplotaxis tenuifloia 2 0 0 1 1 

Erodium acaule 4 1 0 1 2 

Erodium cicutarium 1, 2 0 0 1 1 

Erophila minima 5 2 0 1 3 



Taxa Present in Plot 
number 

Degree of 
endemism  

Distribution 
in Lebanon 

Life form 
type 

Ecological 
value 

Euphorbia kotschyana 1 3 2 1 6 

Fraxinus ornus* 0 1 2 5 16 

Fumaria densiflora 1 0 1 1 2 

Fumaria judaica 5 2 1 1 4 

Gagea chlorantha 3 2 2 2 9 

Galium samuelsonii 1 2 1 1 4 

Geranium lucidum 5 0 2 1 3 

Geranium molle 1 0 0 1 1 

Geranium rotundifolium 2 0 0 1 1 

Gynantiriris sisyrinchium 0 0 0 2 1 

Hyacinthus orientalis 4 2 1 2 7 

Hypecoum imberbe 1, 4 2 0 1 3 

Juniperus drupacea* 0 3 2 5 26 

Juniperus excelsa* 1, 2, 4, 5 2 2 5 21 

Juniperus oxycedrus* 3, 4, 5 1 1 5 11 

Lagoecia cuminoides 6 0 0 1 1 

Lathyrus blephicarpus 1 2 0 1 3 

Lecoquia cretica 2 2 1 1 4 

Lithospermum arvense 1 0 1 1 2 

Malcomia chia/Aethionema 1, 2 2 1 1 4 

Marrubium radiatum 2, 5 2 1 3 10 

Medicago orbicularis 1 0 0 1 1 

Micromeria juliana 5 1 0 3 4 

Minuartia mesogitana 1, 2, 4, 5 2 1 1 4 

Myosotis sicula 3, 4 0 3 1 4 

Neotinea intacta 0 1 2 2 7 



Taxa Present in Plot 
number 

Degree of 
endemism  

Distribution 
in Lebanon 

Life form 
type 

Ecological 
value 

Origanum libanoticum* 3, 5 4 1 3 16 

Origanum syriacum 6 2 0 3 7 

Ornithogalum arabicum 1 1 0 2 3 

Ornithogalum neurostegium 0 2 1 2 7 

Ostrya carpinifolia* 0 1 2 5 16 

Osyris alba 5 0 0 3 1 

Papaver rhoeas 1 0 0 1 1 

Phillyrea media* 3, 6, 7 1 1 5 11 

Phlomis chrysophylla 2, 7 2 1 3 10 

Pistachia palaestina 5, 6, 7 1 0 5 6 

Pisum fulvum 1 2 0 1 3 

Poa compressa 6, 7 0 1 1 2 

Poa diversifolia 7 0 2 1 3 

Poaceae spp.  5 
  

1 1 

Putoria calabrica 5 1 2 2 7 

Quercus calliprinos 1, 3, 4, 5, 6 1 0 5 6 

Quercus infectoria 3 1 0 5 6 

Ranunculus chius 0 0 2 2 5 

Ranunculus cuneatus* 4 3 2 2 11 

Ranunculus marginatus 
trachycarpus 

1 2 1 2 7 

Rhamnus cathartica* 2, 3 1 3 4 17 

Rhamnus punctata 5, 7 1 0 4 5 

Rubia tenuifolia 2 2 1 2 7 

Rubus hedycarpus 6 1 1 4 9 

Ruscus aculeatus 3 1 1 3 7 



Taxa Present in Plot 
number 

Degree of 
endemism  

Distribution 
in Lebanon 

Life form 
type 

Ecological 
value 

Sarcopoterium spinosa 7 1 0 3 4 

Scilla cilicica 5 2 2 2 9 

Scorzonera cana alpina 3 0 3 1 4 

Scrofulariacea spp. 5 
  

1 1 

Sedum album 1 0 2 3 7 

Sedum caespitosum 3 0 1 3 4 

Smilax aspera 6 1 1 3 7 

Smyrnium connatum 2 3 2 1 6 

Smyrnium olustratum 4 0 0 1 1 

Stachys distans 5, 7 3 2 1 6 

Styrax officinalis 3 1 0 5 6 

Taraxacum laevigatum 2, 4 0 1 1 2 

Taraxacum minimum 3 0 1 1 2 

Taraxacum officinale 6 0 2 1 3 

Taraxacum syriacum 5 1 2 1 4 

Teucrium divaricatum villosum 6 2 1 3 10 

Teucrium polium 7 0 1 3 4 

Thelygonum cynocrambe  1, 2, 5 0 1 1 2 

Thlaspi annum 2, 5 2 0 1 3 

Thlaspi perfoliatum 1, 2 0 0 1 1 

Trifolium formosum 1 2 0 1 3 

Trifolium physodes 4 0 1 1 2 

unidentified Lamiaceae 3 
  

3 1 

unidentified Lamiaceae with 
small blue leaves 

3 
  

3 1 

unidentified thorny sp. 4 
  

1 1 



Taxa Present in Plot 
number 

Degree of 
endemism  

Distribution 
in Lebanon 

Life form 
type 

Ecological 
value 

Valeriana dioscorides 4 2 1 1 4 

Veronica cymbalaria 2, 5 0 0 1 1 

Veronica syriaca 3 2 0 1 3 

*Taxa with the highest ecological value 

Based on these findings, the taxa that have high ecological value (in bold within the table) and considered 
as sensitive receptors are the following: Fraxinus ornus, Juniperus durpacea, Juniperus excelsa, Juniperus 
oxycedrus, Origanum libanoticum, Ostrya carpinifolia, Phyllirea media, Ranunculus cuneatus, and 
Rhamnus cathartica. 

  



Table 9: Classification of taxa according to their impact significance scoring 

TAXA Ecological 
value 

Conservati
on status 

Magnitude Significanc
e score 

Impact 
Significanc

e 
Ajuga chia 1 1 1 1 Negligible 
Alyssum stribrnyi 2 1 1 2 Negligible 
Arabis caucasica 5 1 2 10 Negligible 
Asperula arvensis 2 1 1 2 Negligible 
Asphodelus microcarpus 1 1 1 1 Negligible 
Avena sterilis 1 1 2 2 Negligible 
Bellevalia flexuosa 7 1 2 14 Negligible 
Biscutella ciliata applanata 4 1 1 4 Negligible 
Bromus fasciculatus 1 1 1 1 Negligible 
Callicotome villosa 4 1 1 4 Negligible 
Capsella bursa-pastoris 1 1 2 2 Negligible 
Capsella rubella  1 1 1 1 Negligible 
Cerastium brachypetalum 2 1 1 2 Negligible 
Cistus creticus 3 1 1 3 Negligible 
Cistus salvifolius 1 1 1 1 Negligible 
Clypeola jonthlaspi 1 1 2 2 Negligible 
Crepis reuteriana 4 1 1 4 Negligible 
Crepis syriaca 5 1 1 5 Negligible 
Dianthus tripunctatus 4 1 1 4 Negligible 
Diplotaxis tenuifloia 1 1 1 1 Negligible 
Erodium acaule 2 1 1 2 Negligible 
Erodium cicutarium 1 1 1 1 Negligible 
Erophila minima 3 1 1 3 Negligible 
Euphorbia kotschyana 6 1 1 6 Negligible 
Fraxinus ornus 16 2 1 32 Minor 
Fumaria densiflora 2 1 1 2 Negligible 
Fumaria judaica 4 1 1 4 Negligible 
Gagea chlorantha 9 1 1 9 Negligible 
Galium samuelsonii 4 1 1 4 Negligible 
Geranium lucidum 3 1 1 3 Negligible 
Geranium molle 1 1 1 1 Negligible 
Geranium rotundifolium 1 1 1 1 Negligible 
Gynantlriris sisyrinchium 1 1 1 1 Negligible 
Hyacinthus orientalis 7 1 1 7 Negligible 
Hypecoum imberbe 3 1 2 6 Negligible 
Juniperus drupacea 26 3 1 78 Moderate 
Juniperus excelsa 21 3 3 189 Major 
Juniperus oxycedrus 11 3 1 33 Minor 



Lagoecia cuminoides 1 1 1 1 Negligible 
Lathyrus blephicarpus 3 1 1 3 Negligible 
Lecoquia cretica 4 1 1 4 Negligible 
Lithospermum arvense 2 1 1 2 Negligible 
Malcomia chia/ Aethionema 4 1 2 8 Negligible 
Marrubium radiatum 10 1 2 20 Minor 
Medicago orbicularis 1 1 1 1 Negligible 
Micromeria juliana 4 1 1 4 Negligible 
Minuartia mesogitana 4 1 3 12 Negligible 
Myosotis sicula 4 1 2 8 Negligible 
Neotinea intacta 7 1 1 7 Negligible 
Origanum libanoticum 16 1.5 2 48 Minor 
Origanum syriacum 7 1.5 1 10.5 Negligible 
Ornithogalum arabicum 3 1 1 3 Negligible 
Ornithogalum neurostegium 7 1 1 7 Negligible 
Ostrya carpinifolia 16 2 1 32 Minor 
Osyris alba 1 1 1 1 Negligible 
Papaver rhoeas 1 1 1 1 Negligible 
Phillyrea media 11 2 2 44 Minor 
Phlomis chrysophylla 10 1 2 20 Minor 
Pistachia palaestina 6 1 2 12 Negligible 
Pisum fulvum 3 1 1 3 Negligible 
Poa compressa 2 1 2 4 Negligible 
Poa diversifolia 3 1 1 3 Negligible 
Poaceae sp  1 1 1 1 Negligible 
Putoria calabrica 7 1 1 7 Negligible 
Quercus calliprinos 6 2 3 36 Minor 
Quercus infectoria 6 2 1 12 Negligible 
Ranunculus chius 5 1 1 5 Negligible 
Ranunculus cuneatus 11 1 1 11 Negligible 
Ranunculus marginatus 
trachycarpus 

7 1 1 7 Negligible 

Rhamnus cathartica 17 1 2 34 Minor 
Rhamnus punctata 5 1 2 10 Negligible 
Rubia tenuifolia 7 1 1 7 Negligible 
Rubus hedycarpus 9 1 1 9 Negligible 
Ruscus aculeatus 7 1 1 7 Negligible 
Sarcopoterium spinosa 4 1 1 4 Negligible 
Scilla cilicica 9 1 1 9 Negligible 
Scorzonera cana alpina 4 1 1 4 Negligible 
Scrofulariacea spp. 1 1 1 1 Negligible 
Sedum album 7 1 1 7 Negligible 



Sedum caespitosum 4 1 1 4 Negligible 
Smilax aspera 7 1 1 7 Negligible 
Smyrnium connatum 6 1 1 6 Negligible 
Smyrnium olustratum 1 1 1 1 Negligible 
Stachys distans 6 1 2 12 Negligible 
Styrax officinalis 6 2 1 12 Negligible 
Taraxacum laevigatum 2 1 2 4 Negligible 
Taraxacum minimum 2 1 1 2 Negligible 
Taraxacum officinale 3 1 1 3 Negligible 
Taraxacum syriacum 4 1 1 4 Negligible 
Teucrium divaricatum 
villosum 

10 1 1 10 Negligible 

Teucrium polium 4 1 1 4 Negligible 
Thelygonum cynocrambe  2 1 2 4 Negligible 
Thlaspi annum 3 1 2 6 Negligible 
Thlaspi perfoliatum 1 1 2 2 Negligible 
Trifolium formosum 3 1 1 3 Negligible 
Trifolium physodes 2 1 1 2 Negligible 
unidentified Lamiaceae 1 1 1 1 1 Negligible 
unidentified Lamiaceae 2 1 1 1 1 Negligible 
unidentified thorny sp. 1 1 1 1 Negligible 
Valeriana dioscorides 4 1 1 4 Negligible 
Veronica cymbalaria 1 1 12 12 Negligible 
Veronica syriaca 3 1 1 3 Negligible 
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1. INTRODUCTION 
With the growing environmental problems due to the use of traditional energy sources, efforts are 
being directed on finding alternative, clean and renewable energy sources with supposedly minor 
impacts on the environment. One of these sources is the wind energy, which in turn, is one of the 
fastest rising energy sectors in North America and Europe (Barclay et al., 2007; Voigt et al., 2012; 
Roeleke et al., 2016), as it consumes no fuel thus eliminates greenhouse gas emissions once the 
wind turbines are functioning. 

Like any other source of energy, wind energy has its adverse environmental impacts (Barclay et 
al., 2007) during both phases. Wind farms can affect humans, wildlife as well as landscapes. With 
respect to biodiversity, the effects of wind farms are of two types: direct mortality, as a result of 
barotrauma or collision (Rydell et al., 2010a; Grodsky et al., 2011; Huso et al., 2016; Millon et al., 
2018) and indirect, with habitat loss, behavioral change and reduction in the population viability 
(Zimmerling et al., 2013; Arnett and May, 2016; Frick et al., 2017; Millon et al., 2018). The 
indirect impacts were frequently ignored (Minderman et al., 2012; Arnett and May, 2016) and the 
direct fatalities of bats and birds by wind turbines were the main focus of most studies (Pereira et 
al., 2018). Recently, the impact of wind turbines on bats received an international attention. This 
is credited to the efforts of EUROBATS that demanded to study the effect of wind energy on bat’s 
population and to take the necessary mitigation measures to eliminate or decrease the effect of 
wind turbines on bat populations. Thus two publications entitled "Guidelines for Consideration of 
Bats in Wind Farm Projects" were published in 2008 and 2014 and were adopted by all the 
European Union countries and Member of Parties  

Considering the effects of onshore wind farms on mammals whether direct or indirect, Pereira et 
al. (2018) explained that wind energy affects terrestrial mammals by disturbance and displacement 
of many species mainly during the operation phase. This displacement and future avoidance of an 
exploited habitat can lead to the permanent loss of the habitat; moreover, the roads used during 
construction and the power lines installed can create a barrier effect leading eventually to habitat 
loss (Abi-Said, 2018). Although animals may adjust their behavior and adapt to changes but the 
loss of habitat and human induced disturbance and interference put them at threat and limit their 
access to their niche (Abi-Said, 2018).  

Regarding flying mammals, bats are the only flying mammals that are highly affected by wind 
turbines despite being rarely mentioned in early studies on wind farm effects (e.g., Rogers et al., 
1977). Nonetheless, it is not the case anymore as wind turbines, nowadays, are considered to be 
one of the main causes of bat mortality (O’Shea et al., 2016) mainly assessing direct mortality 
(Arnett et al., 2016).  

Wind farms can create many problems affecting bats, indirectly as well as life-threatening direct 
effects. These effects will be discussed later under the impact of wind farms on bats 
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1.1 Wind Farms in Lebanon 
Studies from around the world, mainly North America and Europe, have confirmed the impacts of 
wind turbines on some bat species. Most of the times, the impacts are species-specific, whether 
related to foraging or migratory behaviors both of which include the choice of roosting, breeding, 
hibernating and feeding sites. Many bat species mentioned by the previously cited studies reside 
in different Lebanese regions where possible future wind farms may be planned. Thus, a detailed 
study must be provided first, even prior to EIA, relating to the behavior and the characteristics of 
each bat species.  

In Lebanon, wind energy has an interesting potential due to sustained strong winds prevailing in 
many regions, however only few installations exist and they are of low power (Abdeladim et al., 
2018). It is worth mentioning that all forms of renewable energy sources in Lebanon account for 
only 2% in the energy market (ADEME. Technical report. 2015). Yet, the government is aiming 
to reach a level of 12% of renewable energy production by the year 2020, with a total of 100 MW 
installed capacity of wind energy specifically (Abdeladim et al., 2018). 

With the increased development of wind farms, whether onshore or offshore, in many countries 
including Lebanon with its new renewable energy projects that are underway, the assessment of 
wind facilities impacts during the pre- and post-construction phases became crucial. 

The current study is a preliminary survey that focuses on obtaining data on active bat diversity and 
highlights any environmental concerns that might arise from the implementation of the planned 
wind farm project in Akroum-Akkar. Accordingly, a very condensed short assessment was 
conducted to have a baseline data on the active bat species in the project site during a trimester 
namely: August, September, and October. These data will help in building up mitigation measures 
to be implemented for bat conservation. 

2. OBJECTIVES 
This condensed short-period assessment study aims to establish a preliminary database on the 
activity patterns of bats within the study area, their diversity, their conservation value, identifying 
risks of the wind turbines and defining mitigation measures to eliminate or decrease their effect.   

3. MATERIAL AND METHODS 

3.1 Field survey 
This study was conducted over the three months between August and October, 2018. The 
assessment is based on a comprehensive literature review, then followed by weekly field visits to 
the project site following the below approaches:  
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3.1.1 Detection of Active Bats 
Using a 4x4 car the area covering the site was surveyed using ANABAT Walkabout Active Bat 
Detector (Plate 1). Whenever a bat frequency was detected, it was recorded with time and GPS 
locality. Bats were identified and data were stored for later analysis 

 

              

Plate 1. Monitoring bats using the ANABAT Walkabout Active Bat Detector 
 

3.1.2 Automated Passive Bat Detection 
ANABAT SD2 Bat Detector was updated to be used as an Automated Passive Bat Detector as it 
gave better results than the bat box previously used and the recorded calls can be identified easily. 
Locations for the passive bat detector were located randomly and as close to the proposed location 
of the Wind Turbine whenever that was possible and accessible. The water-resistant microphone 
adaptor for the ANABAT SD2 was connected with a 15 meters wire to the ANABAT SD2 Bat 
Detector. The microphone wherever installed was tied to a pole facing an open area and the 
ANABAT SD2 was covered in a plastic bag and put in a shelter (Plate 2). The passive detector 
was set to be active between 19:00 hr. and 06:00 hr. from August 1st till September the 15th and 
between 18:00 hr. and 06:00 hr. from 16th of September till the 26th of October 2018. Whenever a 
bat call was detected it was recorded automatically for 15 seconds. 
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Plate 2. Bat detector microphone was either installed on high trees or poles over roof tops. 

The Passive Bat Detector was installed for two consecutive nights at each of the eight selected 
locations (Table 1, Figure 1). The passive detector was installed at least twice at each location. 
Data from the passive detector was downloaded before relocating it to the next site.  

 

Table 1. GPS location of the Automated Passive Bat Detector in the study site 

STATION NORTH EAST 
1 34 31 37.60 36 19 15.12 
2 34 33 44.70 36 19 45.30  
3 34 33 24.10 36 20 56.60 
4 34 31 11.50 36 18 34.40 
5 34 32 03.16 36 19 38.01 
6 34 34 30.10 36 19 48.80 
7 34 35 33.08 36 19 58.82 
8 34 31 35.48 36 18 53.22 
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Figure 1. GPS locations of passive bat detector on the project site 
 

3.1.3 Bat Netting 
Bat netting was carried out at the only accessible water source (GPS: N 34 32 42.55, E36 20 58.88) 
on the project site in Wadi AlSabe’a that bats use for drinking. Mist Net 08M/9, 14mm mesh, 
dimension 9x2.4m with 4 shelves made by ECOTONE was installed at the water source before 
sunset and removed after 3 hours after sunset (Plate 2). Bats netted were directly removed, 
identified, and their frequency was recorded before being released. 

 

 
Plate 2. Setting net for bat capturing over a water source in Wadi AlSabe’a 
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3.1.4 Roosting sites 
During day time some identified caves during the hibernation phase were visited and data on 
findings were recorded. 

 

3.2 Data Recording 
Data on bat frequencies were recorded, bat were identified and GPS point was taken for later 
analysis. 

a- Data of the Active bat detector was downloaded on trip bases 
b- Passive detector data was downloaded before relocation to another place 
c- Bats netted were identified, photographed and recorded 
d- Data on caves finding including species, number, and location were recorded 

4. RESULTS 
4.1 Completeness of Coverage 

Data obtained during the survey for these three months. Namely August, September, October. 
However, the completeness of coverage of bat species and activities remains incomplete since four 
important months (April, May, June and July) were not covered. During these four months several 
bat activities occur like arousing from hibernation, migration, reproduction and extensive feeding. 
It is noteworthy that acoustic survey gives information on bat species and their activities but not 
on their height of maximum flight or the area they cover. Accordingly this needs further in depth 
survey that will not be covered within this project. Undoubtedly, the presence of light source will 
attract nocturnal insects thus increasing bat activity. However, this was not assessed in this project 
due to the absence of light source at the proposed location yet, future studies have to take this into 
consideration 

Even though data decency is expected in covering bat species and their activity during their active 
period. This three month survey identifies the bats that are active and present on the project site 
during this period and does not reflect the long-term coexistence of bats in the area    

 

4.2 Mammal Species 
4.2.1 Non Flying Mammals 
The majority of the survey took place after sunset which is the ideal time for mammals other than 
bat to go out for feeding. Even though the aim of the study was directed towards bat however, 
mammals encountered during the survey were recorded.  Among the recorded non-flying 
mammals six species were encountered namely red fox, common jackal, stone martin, striped 
hyaena and field mouse (Table 2). In addition to wild mammals, domestic mammals like goats, 
dogs and cats were also encountered   
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Table 2. List of mammal species encountered during the night survey (R= recorded, c= common, 
r = rare, nt= near threatened, endemic or endangered on the National level)  

Family Species Scientific Name Status 

Canidae Red Fox  Vulpus vulpus palaestina R, c 

Canidae Common Jackal Canis aures R, c 

Mustelidae Stone Martin Martes foina syriaca R, c 

Hyaenidae  Striped hyaena  Hyaena hyaena syriaca R, c 

Hystricidae Porcupine  Hystrix indica R, c 

Muridae Field mouse Apodemous mystacinus R, c 

 

4.2.2 Bats 
Few studies on mammals in general and bats in particular were conducted in Lebanon and very 
scarce studies on the mammals including bat in the Akkar region and none was reported from 
Akroum. A rapid field survey was conducted during hibernation period of bats between December 
and March 2018 in Akroum resulted in five bat species encounter namely: Greater horseshoe bat 
(Rhinolophus ferrumequinum), lesser horseshoe bat (Rhinolophus hipposideros), Mediterranean 
horseshoe bat (Rhinolophus euryale), a colony of greater mouse-eared bat (Myotis myotis), and 
long-fingered bat (Myotis capaccinii) (Abi-Said 2018).  

During this survey bats were in their active phase. Through the aid of the automated passive and 
active bat detectors we were able to identify 10 bat species (Table 3). The calls of three bat species 
were mostly detected namely pipistrelle (Pipistrellus pipistrillus), Kuhl’s pipistrelle (Pipistrellus 
Kuhlii), and Serotine bat (Eptesicus serotinus). In addition, in many cases more than one species 
were detected at the same time. For example different species of Pipistrelle or Pipistrelle and 
Serotine bat (Figure 2)…  

 

Figure 2. Calls of two species Common Pipistrelle and Serotine bat 
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Table 3. List of bat species present (R= recorded, Vu= Vulnerable, Lc= Least concern, r = rare, c= 
common, endemic or endangered on the National level)  

Family Species Scientific Name Status 

IUCN/Trend 

Status 

Lebanon 

Rhinolophidae Greater 

horseshoe bat 

Rhinolophus 

ferrumequinum 

Lc/Decreasing R, c 

Lesser horseshoe 

bat 

Rhinolophus 

hipposideros 

Lc/Decreasing R, c 

Molossidae European Free-

tailed bat 

Tadarida teniotis Lc/unknown R, r 

Vespertilionidae 

 

Common Noctule 

bat 

Nyctalus noctula Lc/Unknown R, r 

Greater mouse-

eared bat 

Myotis myotis  Lc/Stable R, r 

Long-Fingered 

Bat 

Myotis capaccinii Vu A4bce/ 

decreasing 

R, r 

Serotine bat Eptesicus serotinus Lc/Unknown R, c 

Common 

Pipistrelle 

Pipistrellus pipistrellus Lc/Stable R, c 

Kuhl’s Pipistrelle Pipistrillus kuhlii Lc/Unknown R, c 

Savi’s Pipistrelle Hypsugo savii Lc/Stable R, r 

 

 

4.4.2.1 Greater Horseshoe bat (Rhinolophus ferrumequinum) 

The greater horseshoe bat was encountered while visiting some caves and few calls (Figure 3) 
were recorded at night by the aid of the active bat detector around and near oak forest. Re-visiting 
the caves that were visited during the hibernation survey revealed the absence of this bat species 
from most of the caves where they were encountered. In addition the few incidences of call’s 
recording does not reflect what was encountered during the hibernation survey. No information is 
available on the fate of these population. It could probably be that they use these caves for 
hibernation and they migrate afterwards to their feeding sites.  
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Figure 3. Calls and photo of the Greater Horseshoe Bat (Rhinolophus ferrumequinum) 

 

 

4.4.2.2 Lesser Horseshoe Bat (Rhinolophus hipposideros) 

The Lesser Horseshoe bat was also detected in caves and very few calls (Figure 4) were recorded 
over oak forests. Same speculations for the Greater Horseshoe bat could be apploied to this species. 

 

 

 
 
Figure 4. Calls and photo of the Lesser Horseshoe Bat (Rhinolophus hipposideros) recorded over 

oak forest 
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4.4.2.3 European Free-Tailed bat (Tadarida teniotis) (Plate 3) 

The calls of this bat species (Figure 5) was recorded at Station 1 and 4 (Figure 1, Table 1) with the 
passive detector during late hours of the night.  

 

 

Plate 3. The European Free-Tailed bat (Tadarida teniotis) (Photo by L. Arthur, INPN – MNHN).  

 

 

 

Figure 5. Calls of European Free-Tailed Bat recorded by the Anabat SD2 (Tadarida teniotis) 
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4.4.2.4 Common Noctule Bat (Nyctalus noctula) (Plate 4) 

Few calls (Figure 6) of this species were recorded by the passive bat detector at higher altitude 
close to the proposed wind turbine.  

 

 

 

Plate 4. Common Noctule bat (Nyctalus noctula) (Photo by Branko Karpandza, 
UNEP/EUROBATS) 

 
 

 

Figure 6. Calls of Common Noctule Bat (Nyctalus noctula) recorded by the passive bat detector 
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4.4.2.5 Greater Mouse-Eared Bat (Myotis myotis) 

A big colony of Myotis myotis (Plate 5) was discovered during the first phase of the survey the 
hibernation survey. This colony was considered the largest discovered till now in Lebanon. During 
this survey the cave was visited again to check on the colony presence. Unfortunately, the cave 
was invaded by unknown people where they put fire in the cave (Plate 6) and shot all the bat dead 
(Plates 7). Nonetheless, during the acoustic survey calls of this species were recorded in the area 
of the project (Figure 7).  

  

 

Plate 5. A big colony of Greater Mouse-Eared Bat (Myotis myotis) before it was destroyed 
 

     

Plate 6. Burned wheel, fire torch and an empty bullet box used to kill the Myotis myotis  inside the 
cave  
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Plate 7. Dead Myotis myotis in the cave 
 

Figure 7. Calls of Greater Mouse-Eared Bat (Myotis myotis) 

 

4.4.2.6 Long Fingered Bat (Myotis capaccinii) (Plate 8) 

This bat was reported during the hibernation phase and its calls were recorded during the active 
phase of the survey (Figure 8). Wind turbines affect this species by affecting its foraging habitat 
as mentioned before for the Myotis sp.  
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Plate 8. Long-Fingered Bat (Myotis capaccinii) 

 

 

Figure 8. Calls of Long Fingered Bat (Myotis capaccinii) 

 

4.4.2.7 Serotine Bat (Eptesicus serotinus) 

Serotine Bat calls were recorded frequently at different location on the study site through the active 
and passive bat detectors (Figure 9). In addition, it was captured by the net installed at the water 
source (Plate 9).  

 



18 Rapid Ecological Assessment of Akroum Wind Farm Project: Bat Diversity, ECODIT,  
ABI-SAID, M.R., 2018  

 

 

Plate 9. Serotine Bat (Eptesicus serotinus) captured during the netting survey 
 

 

Figure 9. Calls of Serotine Bat (Eptesicus serotinus) detected through the active survey  
 

4.4.2.8 Common pipistrelle (Pipistrellus pipistrellus) 

Common Pipistrelle was the most common species detected through both the passive and active 
bat detector (Figure 10) as well it was most trapped when netting bats (Plate 10). This species was 
the first bat to appear among all detected bats. It starts its foraging at sunset and continues through 
the whole night with some resting hours.  
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Figure 10. Calls of Common Pipistrelle (Pipistrellus pipistrillus) 

 

 

Plate 10. Common Pipistrelle (Pipistrillus pipistrellus) Trapped on the net 

 

4.4.2.9 Kuhl’s pipistrelle (Pipistrellus Kuhlii) 

Kuhl’s Pipistrelle was the second common bat observed on the study site. Many of its calls (Figure 
11) were recorded both by the passive and active bat detectors during the night drive. In addition 
many individuals were captured by the net installed at the water source (Plate 11).  
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Figure 11. Calls of Kuhl’s Pipistrelle (Pipistrellus Kuhlii) recorded by the active bat detector 
during the night drives 

 
 

 

Plate 11. Kuhl’s Pipistrelle (Pipistrellus kuhlii) captured by the net on the water source 
 

4.4.2.10 Savi’s Pipistrelle (Hypsugo savii)  

Savi’s Pipistrelle Bat was the least detected among Pipistrellus bat species. Its calls were recorded 
few times beside the water source and during the night drive survey with the active bat detector 
(Figure 12).  
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Figure 12. Savi’s Pipistrelle calls that were recorded during the night drive by the active bat 
detector 

5. IMPACTS OF WIND FARMS ON BATS 
Bats are different and more sensitive than any other mammalian species. Bats have special niche 
requirements and a slow reproduction rate as they give birth to only one young per year, which is 
why they are one of the most threatened mammalian species. The low capacity of bats to recover 
from the decline in their breeding populations, makes the increase in their mortality rate caused by 
wind turbines even more problematic (Kunz et al., 2007; Voigt et al., 2012). The impact of wind 
turbine could be indirect or direct 

 

5.1 Indirect impact of wind farms on bats:  
5.1.1 Disturbance due to ultrasound emission 

Some turbines emit ultrasounds up to 32 kHz whereas others none (Schröder, 1997). Bats using 
echolocation for orientation can react to these emitted ultrasounds if the latter’s intensities fall in 
the same range as the bats’ own calls (Simmons et al., 1978; Neuweiler, 1980; Schmidt and 
Joerman, 1986; Bach and Rahmel, 2004); yet this reaction disturbing some bat species remain 
relatively unknown (Bach and Rahmel, 2004). 

 

5.1.2 Loss of foraging habitats  
Another indirect wind farm impact is the loss of foraging habitats (Bach and Rahmel, 2004; Millon 
et al., 2018). Bat species differ greatly in their choice of foraging habitats and their behavior. Most 
species usually return to the same foraging sites annually, thus they will recognize any new 
installed wind turbines due to blades rotation and air turbulences formed by the rotor, and they 
will probably avoid these sites (Bach and Rahmel, 2004). However, a long-term study revealed 
that the behavior to wind turbines is species-specific, for example the Serotine bats, Eptesicus 
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serotinus, abandoned their summer foraging habitat while, Pipistrelle bat, Pipistrellus pipistrellus, 
increased theirs (Bach, 2002; Bach and Rahmel, 2004).  

The construction phase also has its impacts on bats; some species lose their foraging habitats 
during this phase; but, in some cases, it can be only over a short period of time once the vegetation 
regrows, especially if the area is small, therefore it can be used again by these species (Bach and 
Rahmel, 2004). 

 

5.1.3 Barrier effect  
A similar effect to habitat loss on bats is the loss or shifting of flight routes used by bats when 
these routes occur within the wind farm. However, the barrier effect of wind farms is also species-
specific. It is most destructive on species that continue to use the same flight route crossing the 
wind farms (Bach and Rahmel, 2004). 

 

5.2 Direct impact (bat mortality) of wind farms on bats 
5.2.1 Barotrauma 

One direct and fatal effect of wind turbines on bats is barotrauma that induces tissue damage to 
air-containing structures due to rapid pressure change (Baerwald et al., 2008). Baerwald et al. 
(2008) found that barotrauma resulted in high bat mortality rates near wind turbines. Many 
authors suggested that the rapid air-pressure reduction close to moving turbine blades results in 
bats’ fatalities as a consequence to barotrauma (Kunz et al., 2007; Dürr and Bach, 2004; Von 
Hensen, 2004) rather than collision with the blades, given that echolocating bats are able to 
detect objects in motion better than stationary ones (Jen and McCarty, 1978). 

 

5.2.2 Collision with the blades 
One of the most studied cause of bat fatalities by wind turbines is the collision with blades. Many 
studies indicated that the number of bats killed by wind turbines is often higher than that of birds 
(Johnson et al., 2000; Bach and Rahmel, 2004; Dürr and Bach, 2004) although there are no 
suggestions that bats’ flight is better or worse than that of birds (Pennycuick, 1971). Migrating 
species are primarily affected such as Nyctalus spp (N. leisleri) and Pipistrellus nathusii (Bach and 
Rahmel, 2004; Dürr and Bach, 2004). Many factors result in the increased bat fatalities over the 
years upon collision as presented hereafter. 

 

5.2.2.1  Location of wind farms 
A study conducted in Northwestern Europe reported that the number of bats killed per turbine per 
year was closely related to landscape features (Rydell et al., 2010a). The highest mortality rates 
were detected on top of a forested hill and in a marsh area in two different countries (Dulac, 2008). 
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A study conducted in Northwestern Europe reported that the number of bats killed per turbine per 
year was closely related to landscape features (Rydell et al., 2010a). The highest mortality rates 
were detected on top of a forested hill and in a marsh area in two different countries (Dulac, 2008). 
This rate was lower in flat open lands, but then again higher in flat coastal lands (Rydell et al., 
2010a). Bats usually dwell in woody or forested areas and thus become more influenced by wind 
turbines that are currently being built there (Bach and Rahmel, 2004). Endl et al. (2004) and Seiche 
(2008) found that the bats mortality was higher in wind farms located less than 100 m from 
woodlands and lower in farms further away.  

 

5.2.2.2  Characteristics of wind farms 
No significant relationship was found between the number of bats killed per turbine and the 
number of turbines per farm (Rydell et al., 2010a). However, the mortality rate was found 
positively correlated to the turbine tower height and rotor diameter but not related to the distance 
from the ground to the lowest rotor point (Rydell et al., 2010a); Barclay et al. (2007) also found 
that bat fatalities increased exponentially with the increase of turbine height with the highest bat 
fatality rates recorded at turbines with tower height equal or greater than 65 meters, but the fatality 
rate was not affected by the diameter of turbine rotor. Seiche (2008) found as well that taller 
turbines kill more bats. And because of the growing use of wind energy, old turbines are being 
replaced with modernized taller ones and rotor diameter is being increased to create greater energy 
output per turbine, from 18 m diameter rotors of 24 m height towers to 90 m diameter rotors of 94 
m height towers (Barclay et al., 2007). Thus, the risk on bats is predicted to increase (Hötker, 
2006; Smallwood and Karas, 2009; Rydell et al., 2010a), specially that the construction of new 
turbines is made using tubular monopoles which have been hypothesized to mimic potential roost 
trees for bats (Kunz et al., 2007). 

Bats species that fly at turbine rotor height are considered as “high-risk” groups (Ahlén, 2002; 
Endl et al., 2004; Ahlén et al., 2007; Seiche, 2008; Bach and Bach, 2010; Bach and Niermann, 
2010; Rydell et al., 2010a) such as Nyctalus, Pipistrellus, Vespertilio and Eptesicus; they are 
characterized by long and narrow wings, use high-intensity echolocation calls with short and 
narrow-band components in order to detect insects at relatively long distances and forage in open 
areas (Waters et al., 1995). Whereas bats species that fly below the rotors are said to be “low-risk” 
species such as Myotis, Plecotus and Barbastella spp. (Endl et al., 2004; Seiche, 2008; Rydell et 
al., 2010a); they are characterized by more or less broad wings, exhibit high maneuverability in 
their flight and forage close to the surfaces or within vegetation avoiding open and exposed areas 
(Baagøe, 1987). These “low-risk” species however, can still be killed occasionally by wind 
turbines (Rydell et al., 2010a). Some studies suggest that bats are attracted to either the sound or 
the movement of moving blades (Gruver, 2002; Barclay et al., 2007; Kunz et al., 2007), as many 
authors indicated that bats do not collide with stationary blades but rather killed by their rotation, 
in particular at low wind speeds (Fiedler, 2004; Arnett, 2005; Barclay et al., 2007). 
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5.2.2.3 Seasonality and periodicity 
Many studies revealed that bat mortalities are related to weather patterns. Generally, bats limit 
their flight activity during rainy periods, at low temperatures, and when strong winds prevail 
(Eckert 1982; Erickson and West 2002; Arnett et al., 2011). As an example, a study showed lower 
bat activity at some operating wind farms during high wind speeds (> 6.0 m/s) (Reynolds 2006; 
Horn et al., 2008a; Arnett et al., 2011). Arnett et al. (2008) suggested that more bat mortalities       
occur during relatively low-wind periods such as in summer and fall, and revealed that bats death 
rate increased before and after the passage of storms; which proves furthermore that bats restrict 
their flights at high wind speeds with or without the presence of wind facilities. 

While the mortality rate is highly variable and periodic over the years, the peak usually occurred 
late summer and fall (late July till early October) (Barclay et al., 2007; Kunz et al., 2007; Arnett 
et al., 2008; Rydell et al., 2010a);. Moreover, most bat fatalities occurred during autumn migration 
and not during the spring one (Johnson et al., 2003; Bach and Rahmel, 2004; Barclay et al., 2007). 
It is not yet clearly explained but it may be due to bats taking other flight paths in spring and/or 
exhibiting different migrating behavior (Bach and Rahmel, 2004). Also, most bat fatalities at wind 
farms are recorded at night (Arnett et al., 2008; Rydell et al., 2010a; Voigt et al., 2012), of which 
most might be migrants traveling in autumn from breeding to wintering grounds (Voigt et al., 
2012) 

 

5.2.2.4 Species-specific 
Rydell et al. (2010a) postulated that mortality occurs independently of age, sex, resident or migrant 
species. In addition, wind turbines kill bats from non-resident populations located at far distances 
and not only on the local population (Voigt et al. 2012, Lehnert et al. 2014). Nyctalus and 
Pipistrellus species were the main concern of bat fatalities among the migrating species (Dürr & 
Bach, 2004).  

 

5.3 Impact of Wind Turbines on Lebanese Bats 
In Lebanon bats are highly threatened and endangered due to several reasons; First, habitat 
destruction many cases were documented where the roosting sites of bats were destroyed totally 
like the case of the Egyptian Fruit Bats colony (Rousettus aegyptiacus) in Berqayel – Akkar or 
blocking the entrance of their roosting sites as it was documented in Saleh Cave – Amchit. Second, 
killing bats through putting fire in caves or shooting them like the recent case (See above) of Myotis 
myotis in Chaddra Cave – Akkar. Third, drying wet lands or cutting forests which are the main 
feeding sites for bats. Fourth, a newly recognized problem which is the excessive use of pesticide 
that affect bats directly or indirectly through decreasing their food resources (Horáček et al. 2008, 
2009, Benda et al. 2016). Wind turbine could be another factor affecting bats population if 
prevention and mitigation measures were not considered seriously pre- and post-construction 
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phases and most importantly during the operation phase. The Impact of wind turbines on the ten 
identified bat species on the study site is described below 

5.3.1 Rhinolophus sp. 

Both Horseshoe bats species Rhinolophus ferrumequinum and Rhinolophus hipposideros are 
common in Lebanon and were reported from several localities (Benda et al 2016). These species 
practice low flight and forage close to habitat structure hence risk of collision is probably low. 
Only a total of one fatality of each species were reported from the 20 European countries 
(Rodrigues et al. 2015).  However, the lack of causalities does not mean the absence of risk on 
these species especially if they use the study site as a hibernating site rather than a feeding site. 
The wind turbine may have an impact on these bats during their migration. More studies needed 
to confirm this issue  

5.3.2 European Free-Tailed bat (Tadarida teniotis) 

The European Free-Tailed Bat is not that common in Lebanon and is not well distributed (Benda 
et al. 2016). It has a very large foraging distance ranging from 30 – 100 Km and they can rise to 
an altitude between from 10 – 300 meters above ground in search for food and up to 3000 meters 
during their migration (Williams et al.1973). Hence, Tadarida teniotis are at higher risk of collision 
as their activity coincides in the dangerous zone (between 50 – 150 m above ground level) of the 
turbine (Welling et al. 2018). Furthermore, it was reported by Camina (2012) that 3.5% of the total 
bat mortality observed at the wind farms sight were T. teniotis.  

  

5.3.3 Common Noctule Bat (Nyctalus noctula) 

This species is a rare in Lebanon and was recorded from very few localities (Benda et al. 2016). 
Common Noctule cover a large distance up to 26km while foraging for insects. It flies between 10 
to a few hundred meters above ground during their search for food. It was reported that the fatalities 
of this species was among the highest in Europe (Rodrigues et al 2014). It was reported that 
Common Noctule bat was among the bats that were killed by wind turbines in a Spanish province 
since they forage in open air or above tree canopies thus moving in the airspace usually occupied 
by wind turbine blades (Alcalde 2003, Camina 2012, and Rydell, 2010a, 2010b) 

 

5.3.4 Greater Mouse-Eared Bat (Myotis myotis) 

Both Myotis species, the Greater Mouse-Eared Bat (Myotis myotis) and the Longer Fingered Bat 
(Myotis capaccinii) are uncommon in Lebanon and were recorded from very few localities (Benda 
et al. 2016). The Greater Mouse-Eared Bat cover a distance of 25 km and fly up to 50 meters above 
ground in direct flight. However, there is not much information of their foraging distance or height 
of their flight. Myotis sp. are highly affected prior the operation phase of the wind plants since they 
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lose their foraging grounds during this phase that they will return to once the vegetation regrows 
(Bach and Rahmel 2004). Besides Myotis capaccinii is a very sensitive species and wind turbines 
can cause serious damage to it (Tellería, 2009).   

  

5.3.5 Serotine Bat (Eptesicus serotinus) 

The Serotine bat is moderately frequent in Lebanon (Benda et al. 2016). Serotine bats cover a 
medium distance while foraging up to 12 km. They forage above tree canopy and can reach the 
height of the rotor and in direct flight they fly up to 50m above ground. Hence disturbance of their 
foraging sites will affect their persistence in the area. It was reported that E. serotinus abandoned 
their summer foraging habitat after wind farm construction (Bach, 2002; Bach and Rahmel, 2004) 

    

5.3.6 Common pipistrelle (Pipistrellus pipistrellus) 

This species is very common and well distributed in Lebanon (Benda et al. 2016). Common 
pipistrelle cover a small foraging distance up to 5km and they can fly up to the rotor height while 
foraging and 50m above ground during direct flight. Hence, they are highly affected by wind 
turbines. It was reported by Rydell et al. (2010a) that P. pipistrellus were the most commonly 
killed species by wind turbines at higher elevations. It was reported that among different species 
the highest mortality rate (59%) that occurred at the wind farms site in Spain was among P. 
pipistrellus (Alcalde 2003, Camina 2012). 

 

5.3.7 Kuhl’s pipistrelle (Pipistrellus Kuhlii) 

Kuhl’s Pipistrelle is common and well distributed in Lebanon (Benda et al. 2016). Information on 
the foraging distance of Kuhl’s Pipistrelle is deficient. However, they fly very low above ground 
(1m) up to few hundred meters. This will increase the chance of collision with wind turbines. Many 
reports reported the effect of wind turbines on Pipistrellus Kuhlii (Alcalde 2003, Camina 2012). 

 

5.3.8 Savi’s Pipistrelle (Hypsugo savii) 

Savi’s Pipistrelle is a common bat in Lebanon but not well distributed (Benda et al. 2016). Reports 
on foraging distance of Savi’s Pipistrelle is unknown but they can fly up to 100m above ground. 
However, many reported fatalities of Hypsugo savii due to wind turbine. Camina (2012) reported 
that 18% of all bat fatalities at the wind farms were Hypsugo savii. 
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5.4 Collision Risk with Wind Turbines 
Of the ten bat species identified on the study site five are of high risk of collision, one of medium 
risk and four of low risk (Table 4)   

Table 4. The level of collision risk among the ten bat species identified on the study site.  

High risk Medium risk Low risk 
European Free-Tailed bat 
(Tadarida teniotis) 

Serotine bat 
(Eptesicus serotinus) 

Greater Horseshoe bat 
(Rhinolophus ferrumequinum) 

Common Noctule bat 
(Nyctalus noctula)  

 Lesser Horseshoe bat 
(Rhinolophus hipposideros) 

Common pipistrelle 
(Pipistrellus pipistrellus) 

 Greater Mouse-Eared bat 
(Myotis myotis) 

Kuhl’s pipistrelle 
(Pipistrillus kuhlii) 

 Long-Fingered bat 
(Myotis capaccinii) 

Savi’s Pipistrelle 
(Hypsugo savii) 

  

 

6. MITIGATION MEASURES 
It is important to note that this short survey covered trimester of the bat cycle. The survey during 
this period identified the active bat species within the site and aided in recommending the 
mitigation measures to decrease the impacts on the identified species. However, notes on migratory 
bat species and time of arouse remain largely unkonwn due to the fact that these months were not 
covered in the survey and no previous work was conducted. Hence, additional studies should be 
carried out to cover this critical period before the construction phase. It is also highly recommended 
and essential to carry a one-year, preferably two-years, survey to cover all the seasons and identify 
all the bats migratory or sedentary to be able to give a comprehensive mitigation measures before 
the construction phase and determine bat activity index.  

Bats are very sensitive and vulnerable species that is protected by international legislation. This 
urge to consider several mitigation measures to avoid significant adverse impact or mitigate if 
avoidance is not possible. Therefore, the following should be considered  

 

6.1 Avoidance 
The best strategy to conserve bat population is through preventive planning to avoid bat fatalities. 
Avoidance or at least decreasing bat mortality should be a priority for bat conservation. Avoidance 
includes 
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6.1.1 Deciding on site 
In the course of wind farm planning, preferred habitat and commuting paths should be known and 
avoided as preventative measures (Roeleke et al., 2016). To do so, the spatial and foraging 
behavior of each bat species should be studied despite the difficulties that will face this task. Hence, 
it is recommended that wind turbines should not be installed within woodlands and it is 
recommended to have a buffer zone of 200 meters of bat habitat these include: tree lines, hedgerow 
network, wetlands, waterbodies… This needs further assessment during the active phase that was 
not covered through this survey 

6.1.2 Prevention of habitat destruction 
The site area is very rich in potential roosting and hibernating sites. Many caves and suitable rock 
crevices were encountered during the field survey. Moreover, a sinkhole was observed beside one 
of the proposed sites. Hence avoiding such sites and minimizing the destruction of other habitats 
should be avoided. Furthermore, precaution measures such as 1) avoiding construction works 
during sensitive periods such as hibernation and maternity seasons; 2) out of these seasons a bat 
specialist have to be on site to monitor the construction activities and to take necessary actions to 
prevent bat fatality   

6.1.3 Elimination of attraction factors 
Knowing that most of the bat species encountered within site are insectivores and flying insects 
are their main source of food. Many factors including light source, water bodies, garbage … that 
attract insects that will be followed by their predator bats to the site. Therefore, during construction 
and later during operation of the wind farm all factors that are known to attract bat should be 
removed. The areas around the turbine and the turbine itself should be managed in order not to 
attract insects. This include the color of wind turbine to be unattractive to insects, preventing the 
accumulation of garbage, use lighting only when needed or lights that don’t attract insects, avoid 
water accumulation or stagnant water, remove weeds and new shrub, and forests and orchards 
should not be allowed to become established within the 200m buffer zone around turbine. 

6.1.4 Avoid disturbance of bats 
Prevent disturbance of; 1) occupied roosts by restricting construction activities in their vicinity, 2) 
foraging and commuting sites by restricting construction activity during times of the day before 
sunset as it was observed that the Pipistrelle bat starts their activity at sunset when there is still 
light.  

 

6.2 Mitigation 
Mitigation should start and be accounted for during the planning of the project. Mitigation starts 
with the planning or pre-construction, during construction and during the operation phase. During 
the pre-construction or planning phase sites for the wind turbine should be selected to have 
minimum impact on bat habitat and foraging sites    



29 Rapid Ecological Assessment of Akroum Wind Farm Project: Bat Diversity, ECODIT,  
ABI-SAID, M.R., 2018  

 

During the construction phase certain measures should be taken 1) minimize disturbance and sound 
pollution through limited access to the area, 2) Minimize impact on foraging sites by conserving 
the green cover available and abide by the 200 m buffer zone, 3) halt entrance into caves especially 
during the hibernation period, 4) Prohibit personnel from putting fire in the caves especially during 
winter where bats will be hibernating, 5) avoid direct persecution of bats, and 6) provide the 
necessary training and awareness programme for the project employee. 

 

The main aim of the mitigation measures to reduce bat fatality through decreasing the impact on 
their habitats and foraging sites in addition to decreasing direct fatality caused by collision or 
barotrauma during their activity. Thus appropriate mitigation measures should be designed and 
implemented. These include: 

1- The construction of the project should be planned for times where bats are not active. 
During bat hibernation however, precautions should be taken not to disturb bats and their 
hibernating roosts. Moreover, during this survey many bat species were identified and 
started their activity before dusk like the Pipistrellus pipistrellus. Hence, construction 
activities should be scheduled accordingly.  

2- Additionally, the loss of foraging habitat by avoidance as an indirect impact of wind farms 
should as well be considered in the mitigation measures as it does not only affect bats but 
also their role in the ecosystem as pollinator or pest-control, among others. This can be 
compensated by altering and enhancing surrounding habitats through ponds and safe 
corridors creation and through establishing artificial bat boxes or changing land-uses into 
a more suitable niche for bats. Unfortunately, these solutions compensating habitat loss 
near the wind farms will benefit only local populations and not migratory ones, so more 
efforts should be made to include and benefit all species. 

3- Permanent access of roads will allow people access un-accessible places and destroy or 
disturb bat roosts and influence the nocturnal life of certain species especially when car 
trafficking occurs at night. Hence the following should be taken into consideration 

a. Accessibility to wild areas or roosting sites through opening the roads to facilitate 
access to the wind farms will affect negatively many roosting sites of bats as the 
case of Myotis myotis discussed above. Therefore, it is recommended to close these 
caves with a bat free access gates (Plate 12) that allow bats in and out but not people   
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Plate 12. Photo taken from the web1 for an example of  a cave gate 
1“https://www.google.com.lb/search?q=closing+cave+entrance+with+bat+free+access&source=lnms&tbm=isch&s
a=X&ved=0ahUKEwirwrPXg6HeAhUj-
YUKHZCJDHsQ_AUIDigB&biw=1366&bih=608#imgdii=HYfXbeBBLWAGyM:&imgrc=N32H6LP5zVTPOM:” 

 
b. Especially after dusk lights coming out of the cars might attract insects and expose 

bats to accidents in addition to road kills of bats. Hence, avoid night visits to the 
site or use dim light that have a minimal effect. 

4- Further assessment is required for bat’s activity during spring as they arose from their 
hibernation or during their migration. This study showed a great diversity of bats within 
the site and the wind farms has an impact on most of them. Hence it is expected to 
encounter more bat species during the Spring season and mitigation measures could be 
planned accordingly 

5- Further inspection for deserted houses, caves, land depressions in the study area and its 
surroundings during the Winter to determine if they are used as hibernating sites by 
sedentary or migratory bats. 

6- Bats are attracted by their prey and each species feed on different insect prey. Therefore 
studying of nocturnal insect species in the study site is essential to determine the bat species 
that are attracted by these insects to the study site. Many methods could be used for 
example light traps, pheromone traps … 

7- Bat activities are high at low wind speed (below 7.5m/sec) and high temperature above 12 
degrees C. Weather patterns according to which bats alter their activity, can be predicted 
thus periods with high bat fatalities at wind turbines can be predicted and avoided; which 
is why mitigation efforts should focus of periods with high-risk in order to reduce bat 
mortality.  
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a. One measure to reduce bat mortalities is by increasing cut-in speed of the turbines 
when local conditions favor bat activity. However, this might not result in an 
efficient reduction of bat fatalities. 

b. Another way is to use technical innovations at wind facilities in order to deter bats 
from approaching the turbines such as bat discouraging radar or ultrasonic noise 
emission  

c. One way to avoid possible fatalities for this species is to set a start-up speed, as in 
to allow wind plant operations only when wind speeds exceeds 7 m/s. Thus, with 
the lack of efficient deterrents for bats at wind turbines, the regulation of start-up 
speed is one of the most effective measures specially for mitigating bat fatalities at 
tall wind turbines even if the electricity industry will have to sacrifice in terms of 
productivity 

d. Night-time restrictions should be implemented all year-round. However, this 
restriction could be removed in winter months or at certain unfavorable 
environmental conditions for bats after an intensive monitoring of bats on the site 
of the turbine.   

e. Blade feathering where by adjusting the angle of the rotor blade parallel to the wind 
or turning the whole unit out of the wind to slow or stop blade rotation. These are 
proven ways to decrease bat mortality at operating wind farms.  

8- Long-term monitoring the impacts of wind farm after construction. The impact of wind 
farms should also be determined by comparing bats activity prior and post its construction, 
inside and outside the site and for many years following the set-up (Rodrigues et al., 2008). 
Therefore, monitoring have to be ongoing as long as the wind farm is in operation. 
Continuous monitoring of bats for the first five years is a must to mitigate its effect on bats 
and later frequent monitoring is required. The Monitoring programme should include the 
following: 

a. Loss of habitat  
b. Acceptability of bats for the enhanced habitat if any 
c. Monitoring mortality 
d. Searching for bat fatalities 
e. Estimate mortality rate 
f. Survey of migratory species 
g. Behavior, reaction and response of species to wind turbines 

9- Furthermore Mammals and other terrestrial species (Other than birds) were not studied 
during this survey. Few mammal encounters were recorded. Hence it is recommended to 
conduct a comprehensive survey of terrestrial species (amphibians, reptiles and mammals) 
for the mitigation measures to be complete.   
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6.3 Assessing Habitat and Species Sensitivity to Standardized Anthropogenic 
Pressures 

This report uses a method of assessing habitat and species sensitivity to standardized 
anthropogenic pressures following the “Natural England Commissioned Report NECR213 
(2016)”. The work focused on direct effects and expected consequences on the behavior and fitness 
of bats in the project site. Resistance and Resilience scores to standardized pressure intensities are 
here combined into a pre-formulated high level assessments of sensitivity to present or future 
human activities. In line with the above, a sensitive feature is one which has low Resistance (easily 
affected by human activity), and/or low Resilience (recovery time following an impact is long or 
impacts are irreversible). Sensitivity assessments for bats in Akroum have been largely unavailable 
to date, partially due to the complexity caused by avoidance behaviors of the recorded species 
(Table 1), extended species range outside Akroum, complex life cycles and indirect effects on 
supporting habitats and food resources. In part, the complexity of assessing overall effects on bats 
in comparison to habitat can be greatly reduced by making independent assessments of the direct 
effects caused on the bats features themselves and the effects on supporting their habitats and 
attributes by the same pressure. This work follows this strategy and is designed to focus on 
assessing direct sensitivity of bats’ features to anthropogenic derived pressures using best available 
evidence. To achieve the expected outcomes: 

1) Resistance and Resilience information on direct effects of wind turbines on bats were 
reviewed. 

2) A clear and sound high level sensitivity assessment method to identify and score the direct 
effect of wind turbines (construction, disturbance) on bats and mammals was designed and 
applied. 

3) Direct means of impact were acknowledged, the method was applied to suit the bats’ and 
mammals’ composition in the project site area 

 

The high-level initial screening phase and subsequent scoping followed similar steps used in 
Environmental Impact Assessments. It is important to note that this study focused on direct effect 
pathways on bats of Akkar. Therefore, only displacement, and lethal or sub-lethal effects on 
individuals that are likely to have population consequences were assessed. 

 Indirect effects on bats through direct effects on habitats, food resource or more complex biotic 
interactions (competition and predation) are likely to exist and should be considered in addition to 
this sensitivity assessment on direct effects.  

Bats’ avoidance behaviors probably cause greater population decline and over a shorter time period 
within a particular site than population declines caused by direct mortality.  

Less mobile features or features with restricted access to unaffected areas will be more greatly 
affected by mortality or loss of fitness if sub-lethal effects prevail. In general, for a given 
population decline within a site, impacts resulting in the death of a proportion of individuals within 
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a population will have longer population recovery times (bats more than other mammals) (lower 
Resilience) than an equivalent decline driven by the (temporary) displacement of individuals from 
the site (bats less than other mammals).  

Bats have the ability to actively avoid harmful pressures. Thus, some pressures (e.g. visual or noise 
disturbance), may lead to displacement and relocation outside the site boundaries causing 
significant reductions in population numbers within that site but without introducing mortality or 
reproductive failure. Nonetheless such pressures would affect the ability of the site to support the 
bats feature. On the other hand, some pressures which cannot be avoided will lead to direct 
mortality or reduced productivity of a number of individuals in a population. However, for most 
pressures, both displacement and mortality/fitness effect pathways are likely to contribute to local 
population declines. Alternatively, that behavioral flexibility may lead to a higher Resilience score 
via the displacement pathway in comparison with that through the mortality pathway as individuals 
which have not suffered mortality may readily return once the pressure is lowered or ceased. Due 
to the scarcity of direct recovery evidence, Resilience scores have comparatively lower confidence 
levels.  

The following Table (5) summarizes the sensitivity of the species groups to a potential impact of 
anthropogenic development.  

 
Table 5. The sensitivity of the species groups to a potential impact of anthropogenic development.  
Effect Groups of Species Collision 

with 
structures 

Light noise 
& acoustic 
disturbance 

Barrier to 
movement 

Severity 
of 
Impact 

Greater horseshoe bat Low Moderate Low 
Lesser horseshoe bat Moderate Low Low 
European Free-Tailed bat High High High 
Common Noctule bat High High High 
Greater mouse-eared bat High Low High 
Long-fingered bat High Low High 
Serotine bat High High High 
Common pipistrelle High High High 
Kuhl’s pipistrelle High High High 
Savi’s Pipistrelle High High High 

 
 

6.4 Interpretation and Use of the Sensitivity assessment 
It is clear that the outcomes of the animal assessments are subjective in nature. As such the 
assessment provides an indication of sensitivity rather than a precise evaluation. It is also important 
to stress that the sensitivity assessments, other than for the purpose of scoping direct effects, take 
no account of the indirect effects that pressures may have on these bats mediated through 
significant effects on their supporting habitats or other resources on which they depend. The 
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construction work has an indirect impact on bats through the destruction of their habitats (removal 
of roosting or hibernation sites, loss of feeding grounds, loss of their niche habitat). It is also 
important to note that these assessments are simplifications of functional responses which are 
necessarily assessed on hypothetical scenarios representing the average expected condition. 
Clearly the reaction of the species and subsequently group of species should be regarded as a 
reaction to multiple specific activities. However, the sensitivity assessment is not an impact 
assessment it should only be used as a guide to inform the site-specific assessments conducted on 
specific sites and activities. The magnitude of specific activities has not been assessed as the 
sensitivity assessment is based on theoretical benchmarks. Nevertheless, the following Table (6) 
shows the possible reaction of bats to the effects indicated in the Table (5). 

 
Table 6. Possible reactions of bats species identified to the effect indicated in Table (6). 
Effect Groups of Species Collision with 

structures 
Light noise 
& acoustic 
disturbance 

Barrier to movement 

Reaction 
Or 
Impact 

Greater horseshoe 
bat 

Low decrease of 
survival 

Abandonment  Loss of feeding site / 
Hibernating site 

Lesser horseshoe 
bat 

Low decrease of 
survival 

Abandonment Loss of feeding site / 
hibernating site 

European Free-
Tailed bat 

High decrease of 
survival 

Abandonment Loss of feeding 
site/migration route 

Common Noctule 
bat 

High decrease of 
survival 

Abandonment Loss of feeding site/ 
Migration route 

Greater mouse-
eared bat 

High  decrease of 
survival 

Abandonment Loss of feeding site 
or breeding sites 

Long-fingered bat High  decrease of 
survival 

Abandonment Loss of feeding site / 
Breeding site 
/Hibernation site 

Serotine bat High decrease of 
survival 

Abandonment Loss of feeding site/ 

Common 
pipistrelle 

High decrease of 
survival 

Attracted to 
light 

Loss of feeding site/ 
migration route 

Kuhl’s pipistrelle High decrease of 
survival 

Attracted to 
light 

Loss of feeding site/ 
migration route 

Savi’s Pipistrelle High decrease of 
survival 

abandonment Loss of feeding site / 
migration route 

 

The planned development work will affect some bat species as the impact might be critical and 
many species such as Nyctalus noctula, Eptesicus serotinus, and Pipistrellus spp., are directly 
affected through collision or barotrauma. If the cause of disturbance is temporary they may return 
after the source of disturbance is gone as the case of Myotis spp. Otherwise they will desert the 
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site for ever if the disturbance is persisting like the case of Eptisicus serotinus. This is the case of 
the bats that are sensitive to changes. 

Some bats are known to be very fragile in response to human activities. Under any inappropriate 
action they will suffer from human development activities and as such, they may contribute to 
additional declines of the species. Therefore, it will be of high interest to know whether these 
species are found in the area of the project site or not. Their confirmed presence should call for an 
EIA report so that mitigation measures can be developed and implemented. In any case, no work 
should be undertaken under any circumstances on the site during the breeding or hibernating 
season. 
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APPENDIX M  
ORNITHOLOGY SURVEY 
 

  



Training on bird identification and counting 

The below description is applied on all trainees working on windfarms sites. 

The trainees were informed on the possible status of all species encountered in a wind farm: wintering, 
summering, breeding, migrating in autumn, migrating in spring. They were told that numbers of 
individuals per species should be recorded with the distance from the observer, provided that the 
observer’s location is documented with GPS from the mobile. 

The identification of species is crucial for windfarms. One should know how to identify species and 
separate them into two categories: one for priority species and one for non-priority species. The priority 
species are those soaring birds that rely mostly on using thermals. The thermal is similar to a bus 
transporting soaring birds with a blind driver. Some of the birds facing wind turbines may save themselves 
but the others will most probably will need assistance from us, humans. The priority species list should 
include all globally threatened species, and the regionally and nationally species that are categorized 
threatened in accordance with IUCN criteria.  

The training on identification was limited to the priority species of soaring and semi-soaring (cranes and 
pelicans) as well as globally threatened species, especially that Lebanon has no bird red-listing till today. 

Example on training: A Lesser Spotted Eagle generally differs from Greater spotted eagle by having lighter 
front underwing that the secondaries (opposite in Greater) and having bars on the secondaries reaching 
the end of the feathers (half way bars in the Greater). However, the trainees must photograph all bird 
seen and submit them to the ornithologist for indoor WhatsApp identification or confirmation. 

The methodology of Point counts and Vantage points is explained to them. The trainees are requested to 
count each species recorded within the circle of 250 meters radius with indication of each species in the 
circle and record of the number of the individuals per species seen. 

The trainees have to record the wind direction and speed every one hour, the height of the flying birds 
with their direction and the band of height for each species and individual. Since the rotors are varying in 
size with the lowest point reaching 30 meters above ground and the highest point reaching 200 meters 
above ground, any bird flying between 30 meters (easy to judge) and 200 meters should be treated as 
colliding with the rotors. The height above the rotors should also be recorded. 

The trainees learned to develop migratory soaring bird watching, counting and identification skills, and 
acquired an understanding of the migration, threats and priority actions for their monitoring and 
conservation.  

The trainees were given each, a bird guide book in Arabic to make it easy for them to see the description, 
and were provided with binoculars and cameras. All records of the surveyors are evaluated by the Senior 
Ornithologist. Illogical records are omitted and photos taken are double checked by the ornithologist. 

In addition, the trainees were given the attached recording field-sheet to fill one at each point of 
observation. In each case, explanation is given. 

 



 

 Monitoring Sheet – Lebanon Wind Power 
MONITORING 
SHEET 

Name or number of the plot 
(station): 

 إسم المحطة
یوضع رقم النقطة التي من المفترض 
أنھا موجودة على الخریطة وھي تدل 
 على مكان المروحة المستقبلي
Name of the Transect إسم الخط   
…………………………………………… 
…………………………………………… 

GPS coordinates 
 نقطة الإحداثیات

نزل على تلفونك تطبیق 
GPS 

عند كل وتأخذ الإحداثیات 
نقطة وتسجلھا ھنا 
مستخدما ورقة لكل نقطة 
 دراسة

Clouds: غیوم    
Mist: رذاذ    
Fog: ضباب    
No clouds: إنقشاع    
Sunny: مشمس    
Rainy: ممطر 
Vision:  نسبة الرؤیة 

ضع إشارة صح أمام الوضع 
 المناسب

Wind speed: 
Ex: 5 km/h at 2.30PM 
 
Direction of wind: 
Ex: From NNE 
 
Temperature: الحرارة 

إذا كان الھواء عادي فھو 
كلم/ساعة 5أقل من   

 یجب كتابة حرارة الجو

Name of the observer 
 
 
 إسم المراقب
 إكتب إسمك ھنا

Day    الیوم 
 مثلاً الأربعاء
 
Date التاریخ 
 مثلاً 

20/1/2019 . 
 

Starting Time of observation 
 ساعة إبتداء المراقبة

8.00مثلاً:   
Duration of observation: 
From to  إلى -مدة المراقبة من  

8.20-8.00مثلاً:   
 
 

Method used: 
1) Point Count 

 تعداد من نقطة
2) Transect 

 تعداد على مسار خط
3) VP نقطة مراقبة 

ضع علامة صح أمام 
الطریقة المستخدمة. 

) عند نقطة، 1مثلاً 
 3) خلال المشي، 2

(VP) من نقطة ثابتة  
مرتفع من على 

ساعات  8ومدتھا 
 بالیوم.

Add info 
 أضف معلومت أخرى ھنا

أضف أي شيء في بالك یھم 
الدراسة ولیس مذكوراً على 
 ھذه الورقة

Add info 
 أضف معلومت أخرى ھنا

كلم  10مثلاً: مشي بسرعة 
 بالساعة

Add info 
 أضف معلومت أخرى ھنا

كلم  10مثلاً: مشي بسرعة 
 بالساعة

Species  
Recorded 
 النوع المسجل

Name in any language: 
English/Arabic/Latin………. 
Known/Spp/Unknown 

الإسم بأي لغة، معروف، معروف 
 الجني فقط، غیر معروف

# of individuals 
 عدد الأفراد

Direction 
 إتجاه الطیران

Height 
الإرتفاع عن سطح الأرض 
 التي یقف علیھا المراقب

Behavior   تصرفات 
Seen outside the 
windfarm indicate 
the location. 

المنطقة خارج   
Photo taken?  

؟صورة أخذت  



Time during which 
each bird was in the 
study area. 

أمضاه الطائر  الوقت الذي
  تحت مراقبة المراقب

1- 
في منطقة 
 المراوح مباشرة

متر 10 نحو الشمال 4 حسون شوھدوا تم أخذ صورة.  
دقائق قبل أن  3لمدة 

 یرحلوا
2- 

في منطقة 
الشجیرات الخفیفة 
على جانب منطقة 
 المراوح

Cuckoo 1 متر 2 نحو الشمال الشرقي شوھد یطیر لمدة دقیقة ثم  
 إختفى بین الأشجار

3- 
بعیداً عن منطقة 

 600المراوح بـ 
متر في أماكن 
الأحراج الأكثر 
 كثافة.

الشمالينحو الغرب  3 مرطیزة على الأرض ثم طاروا على  
متر 15إرتفاع   

شوھدت في مكان بھ میاه 
دقائق ثم  3أمطار لمدة 

طارت بعیداً لمدة دقیقة قبل 
 أن تختفي عن الأنظار 

على الأرض ثم طاروا على  نحو الشرق 5 دخن أرطلان -4
متر 3إرتفاع   

شوھد لمدة دقیقتان قبل أن 
 یطیر وقتلھ أحد الصیادین

5- Crested Lark 17 متر 100على إرتفاع  نحو الشمال شوھد یرتفع عامودیا أثناء  
فترة التزاوج بشكل متكرر 

 20في نفس المكان لمدة 
دقیقة قبل الإنتقال إلى نقطة 
 دراسة أخرى.

6- Fauvette a tete noire خوري
 وشماس 

متر 3على إرتفاع  نحو الجنوب الشرقي 2 دقیقة قبل  20شوھدا لفترة  
 الإنتقال إلى نقطة أخرى 

متر 200على إرتفاع  نحو الشرق، الخ 2 عقاب الحیات -7 شوھد فوق الرأس یرفرف  
دقیقة ثم طار  12مكانھ لمدة 

دقائق قبل  4إلى الشرق لمدة 
 أن یختفي

8-      
9-      
10-      
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ABSTRACT 

 
Beale and Ramadan-Jaradi initiated in 2001 the first large scale survey in Lebanon 

to trace the main routes of migrating raptors and other soaring birds, aiming at contributing 
to the conservation of flyways and stopover sites through the identification of areas where 
protection is most needed. Nowadays, the study of the flyways and stopover sites at micro level 
becomes necessary following the development of the national wind atlas map that will assist 
among others in locating potential wind farms which on their turn may influence the migratory 
birds’ flyways, especially that the wind farms use winds for their function and the soaring birds 
use wind for their transportation. The present work starts from where the work of Beale and 
Ramadan-Jaradi ended but in an attempt to provide policy makers, scientists and experts with 
a conceptual framework, as well as methodological and operational tools for dealing with wind 
farms impacts and to prevent collisions of birds with blades of wind turbines. The study is meant 
to be conducted during spring and autumn passage of birds. This paper concerns the spring 
migration as at the time of writing it the autumn migration didn’t start yet. The present spring 
season study revealed among others that the migratory soaring birds that may use the wind 
ridge lifts for their soaring travel in windy areas are more influenced by two other main factors: 
1) presence of depressions perpendicular to mountain’s ridges and 2) abundance of the 
thermals in these depressions, a matter that naturally reduces the impact of wind turbines by 
attracting the birds away from their blades. 
 
Keywords: wind farms, migratory flyways, soaring birds, Lebanon 
 

INTRODUCTION 
 

As the demand for clean energy increases, wind power generating stations are being 
constructed across many countries, including Lebanon as their infrastructure is under 
installation in north Lebanon’s mountain since the end of 2011. However, concerns have been 
raised about the possible impact of these power generating stations on birds, especially when 
endangered raptors were observed being injured and killed after flying into wind turbines in 
various wind farms where research has focused primarily on mortality caused by birds striking 
turbine blades and associated wires. Researchers like Airola (1987), Crockford (1992), 
Desholm and Kahlert (2005), McIssak (2001) and Craig et al. (2010) have focused their work 
on the potential impact of wind turbines on bird species. Meek et al. (1993) and Percival (1999 
have attempted, among others, to bring birds and wind turbines to coexist through mitigating 
the wind turbines impact. Unfortunately, Lebanon’s literature is lacking avian studies in relation 
to wind energy, whilst the disturbance to breeding, wintering or staging birds as a result of 
turbines functioning has not been examined in the country yet because these turbines, as 



Lebanese Science Journal, Vol. 16, No. 1, 2015 

indicated above, are still under installation. In this case, this study of the spring flyways at micro 
level over the windy area of Lebanon will not only complement the study of the fall flyways in 
Lebanon of Beale & Ramadan-Jaradi (2001) but will also assist in detecting if the windy areas 
and the soaring bird flyways will overlap and in predicting the specific impact of wind turbines 
on soaring birds in the country. 

 
With respect to avian mortality at wind power generating stations, the greatest 

concern has been for raptors and other soaring birds. The concern stems from the fact that many 
populations are small and thus even a few deaths can lead to declines (Morrison,.1998). 
Subsequent to this, all soaring bird species will be recorded and analyzed in attempt to avoid 
installing wind farms in places where threatened species are at the stake.  

 
The goal of the project behind the present study is fourfold: 1) Trace the micro-bird-

flyways within the windy areas (potential sites of wind farms) in Lebanon, 2) Study the effect 
of wind farms installation on the existing habitats, 3) Recommend ways of reducing potential 
impacts of turbines on birds in windy areas of North Lebanon, including preventing wind farms 
installation on the bird flyways, and 4) Recommend a program whereby potential effects of 
wind turbines on birds can be monitored at the windiest parts of Lebanon that are indicated on 
the Wind Atlas of the country. Most of these goals will not be fully achieved before studying 
the micro flyways of the fall migration. Even though, the first fold is presently fully achieved. 
 

STUDY AREA 
 

The study area lies in an elliptical shape area with a center at a longitude of 
36°15'23.68"E and a latitude of 34°26'27.98"N (Fig. 1). It covers about 800 km2 of mountain 
range running NNE-SSW. The ridge of these mountains varies roughly between 1000 meters 
a.s.l. in the north and 2840 meters in the south of the northern quart. The most important feature 
of the range is its western slopes of mainly NE-SW oriented hills and valleys that provide a 
variety of lift types to soaring birds.  

 
METHODS 

 
To chart the picture of micro migration in the northern quart of Lebanon during the 

spring 2014, three groups of sites were selected (Figure 1) running in a W-E direction across 
the mountain range. The first northern group includes three sites (Aydamoun  34°35'57.48"N 
& 36°16'28.94"E, Oudine Valley 34°35'33.69"N & 36°19'21.98"E and Akroum 34°35'7.69"N 
& 36°21'4.57"E), the second central group of the northern quart contains three sites (Akkar 
Attiqa 34°31'19.23"N & 36°14'32.74"E, Chambouq 34°31'10.29"N &  36°17'55.13"E and 
Bustane 34°30'34.88"N & 36°19'34.39"E) and the third group lies further to the south to 
encompass also three sites (Jroud El Dounniyeh 34°24'28.81"N & 36° 8'23.96"E, Marjhine 
34°24'3.00"N & 36°14'37.39"E and Jroud El Hermel 34°24'28.98"N &  36°21'7.08"E). In 
addition to the three groups, a study was also conducted at a tenth site in Mrebin  34°20'5.73"N  
&  36° 9'41.89"E so that the most important windy sites are covered. From all these sites, one 
gathered information concerning routes, numbers, dates and species diversity. Observations 
took place between the last week of February and the first week of June 2014, and were made 
continuously between 08:30 and 18:00 on 10 days from hillsides where good vision is possible. 
Each group of sites was studied on a similar number of survey days (3 days). Observations 
made during the period of the study involved identification of all species of soaring and semi-
soaring birds. Numbers of individuals were recorded, together with an indication of distance 
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from the observer and approximate direction of flight. Where birds were seen at great distance 
or darkened under brightening sky and could not be specifically identified, they were identified 
to the highest taxa possible, e.g. Falco sp.). 

 

 
Figure 1. Wind map of Lebanon with circled study area and numbered study stations. 
 

RESULTS AND DISCUSSION 
 

During 10 days in the study period, 12397 individuals of soaring birds were counted 
in 10 different sites. They belong to 17 soaring raptor species and 4 non-raptor soaring bird 
species (Ramadan-Jaradi et al., 2008). Of these 21 species, the most abundant and significant 
nine were totalling 10854 individuals, to which were added 10 individuals belonging to four 
globally threatened species (the last 4 species in Table 1) as they are of high significance 
(Birdlife International, 2010) even if they are represented by one individual each (Table 1). 

TABLE 1 
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Number of Birds’ Individuals per Species and Sites 
 

 
Of the raptors, the most abundant are the Lesser Spotted Eagle Aquila pomarina 

(3128 individuals) and the Honey Buzzard Pernis apivorus (3034) followed by the Levant 
Sparrowhawk Accipiter brevipes (1695), Steppe Buzzard Buteo buteo vulpinus (968), Red-
footed Falcon Falco vespertinus (549) and the Short-toed Eagle Circaetus gallicus (376). Of 
the non-raptor soaring birds, the most abundant is the White Pelican Pelecanus onocrotalus 
with 465 individuals followed by the White Stork Ciconia ciconia with 411 individuals and the 
Common Crane Grus grus with 228 individuals. The abundance of these 9 species is visualized 
in Figure 2; whereas the peaks for the most abundant species are given in Table 2. 
 

 
Figure 2. Total recorded numbers of the most abundant soaring bird species in the study 

area of the north Lebanon. 
TABLE 2 
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Number of the most abundant spring soaring birds in the windy area 
of north Lebanon

Species Total Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Site 7 Site 8  Site 9  Site 10 
Lesser Spotted 
Eagle 3128 113 518 38 55 680 213 355 627 239 290 

Honey Buzzard 3034 107 558 89 30 543 180 213 676 254 384 
Levant 
Sparrowhawk 1695 16 450 235 75 254 118 42 116 124 265 

Steppe Buzzard 968 48 195 56 67 175 61 134 161 48 23 

Red-footed Falcon 549 30 93 22 25 106 15 0 200 41 17 

White Pelican 465 14 88 60 33 76 42 16 45 37 54 

White Stork 411 45 150 11 2 64 0 35 31 12 61 

Short-toed Eagle 376 4 18 26 32 59 27 55 81 0 74 

Common Crane 228 12 27 14 0 35 8 7 66 0 59 
Greater Spotted 
Eagle 4 0 1 0 1 2 0 0 0 0 0 

Imperial Eagle 4 1 1 0 0 0 0 0 2 0 0 

Egyptian Vulture 1 0 0 0 0 1 0 0 0 0 0 

Cinereous Vulture 1 0 0 0 0 0 0 1 0 0 0 

Total 10864 390 2099 551 320 1995 664 858 2005 755 1227 
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Peaks Periods for Each of the Most Abundant Soaring Migratory Species in North 

Lebanon 
 

 
 

Generally, Table 2 records show that the most abundant nine species peaked from 
end of March till end of April. This is the case of Lesser Spotted Eagle, Steppe Buzzard, White 
Pelican, White Stork and Short-toed Eagle. The Honey Buzzard, Levant Sparrowhawk and Red-
footed Falcon peak in late April – early May. Only the Common Crane peaks in early March. 
 

The number of migrants in each of the different inspected sites (Figure 2) suggests 
the migratory front in northern Lebanon is wide. Moreover, there were migrants passing 
between the sites of each group (pers. obs.) indicating clearly that our total will be lower than 
the true figure for the entire spring migration in the observed area. Nevertheless, the survey 
allows a clear idea of the pattern of migration. The results in Plate 2 indicate that Oudine Valley, 
Chambouq, Marjhine and to a lesser extent Mrebine which are longitudinally aligned, account 
for 67 % of the total recorded. With the volume of concentration they have between Oudine 
Valley and Mrebine, the birds trace the main route of spring migration in the northern quart of 
Lebanon. This route differs slightly from the fall route in the same quart that was traced by 
Beale & Ramadan-Jaradi in 2001 (Figure 3).  
 

Jabal Akroum is a mountain (Jabal) with many villages on its slopes, one of which is 
also called Akroum (Site 3). The latter represents 5% of the individuals of the most 9 abundant 
species, whereas in the south of Jabal Akroum, more precisely at Bustane area (site 9), the total 
recorded is insignificantly higher (7%). Compared to the 67% at the main spring flyway, the 
sites 3 and 9 of Jabal Akroum hold about 10% of those birds passing in the main flyway. In 
addition, our own observation showed that the migratory soaring birds fly under the effect of 
ridge lift at a relatively high altitude above the recently installed few wind turbines that are 
under testing and waiting for Environmental Impact Assessment (EIA) before they are 
increased to establish wind farms. As for the Oudine Valley that extends along c.14 km in N-S 
direction, it forms an ideal rich in thermals passage that is a depression perpendicular to the 
mountain ridge, where birds prefer to soar either in thermals rising from the floor of the valley 
or in lifts. Such depression may create a bottleneck for the soaring birds Ramadan-Jaradi, in 

     March April May June 

Lesser Spotted Eagle 3128                             
Honey Buzzard  3034                          
Levant Sparrowhawk 1695                            
Steppe Buzzard  968                            
Red-footed Falcon  549                          
White Pelican  465                               
White Stork  411                               
Short-toed Eagle  376                         
Common Crane  228                          
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prep.). The lifts are created by updrafts that are generated when a steady wind strikes a hill, 
cliff, and this is referred to as obstruction lift. The latter is formed on the eastern facing west 
slopes of the valley.   
 

 
 

Figure 3. Fall migration routes traced by Beale and Ramadan-Jaradi (2001) and spring 
migration route determined by the present study. 

 
 

CONCLUSIONS AND RECOMMENDATIONS 
 

These surveys confirmed that the main spring flyway of the soaring bird species is 
not traversing the potential wind farms area in Jabal Akroum. But this finding doesn’t mean 
that an EIA is not a must everywhere there is a plan to erect wind turbines and their accessories.  

 
Recognizing that the migration of soaring birds differs in numbers and pattern 

between autumn and spring, the fall migration needs to be explored during the second phase of 
our project in the study area in order to trace the true flyways within or adjacent to the potential 
wind farms.   

 
Key species found during this study (example: globally threatened species) should be 

covered by conservation activities and their frequented sensitive sites should be determined 
with the hope to incorporate them in a network of sites that are termed important for transiting 
or over flying soaring birds and worthy of management and protection. Further studies in the 
Anti-Lebanon Range would assist in the estimation of the overall size of migrants in Lebanon 
and may identify new hotspots or significant stopover sites for inclusion in the network of 
important bird areas (Evans, 1994) as well as for promoting bird watching as a tool of awareness 
and eco-tourism in the country.    
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PREAMBLE 
The present document develops a final report detailing the results and deliverables of 
all tasks that were used to implement the project intending to identify the migratory 
bird species of importance (passing in large number, restricted to Middle Eastern Area, 
Globally threatened, nationally rare and in need of rescue, flag species, etc) and to 
determine the bottlenecks (narrow areas along the flyway created by various factors) 
and hotspots (such as important areas for roosting or feeding and important spots for 
bird gathering and agglomerating before continuing migration to destination) along 
the flyways of the migratory species over all Lebanon. This final report is for a project 
that ends with a prioritized list of bottleneck and hotspot sites which will be 
incorporated within the NPLP of the CDR. 
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1-INTRODUCTION 
Conservationists are far from able to assist all species under threat, if only for lack of 
funding. This places a premium on priorities: how can we support the most species at 
the least cost? One way is to identify ̀ birds hotspots or bottlenecks' where exceptional 
concentrations of species at risk are undergoing exceptional threats. This opens the 
way for a `silver bullet' strategy on the part of conservation planners, focusing on 
these hotspots in proportion to their share of the world's species at risk. 
Of the 396 known bird species in Lebanon (Ramadan-Jaradi et al., 2008), 40 raptors 
(including at least 1/3 non true-soaring species), 5 soaring non raptor species, 2 semi-
soaring non raptor species are recorded in Lebanon (Ramadan-Jaradi, unpubl.). Apart 
from the falcons, the globally threatened migratory soaring birds are six species: One 
endangered two vulnerable and three near threatened species. Of the pelicans one 
species is vulnerable (Ramadan-Jaradi, 2008). The list of threatened species is subject 
to changes from one year to another and, in all cases, substantial funds are yearly 
spent to keep these threatened species from becoming extinct. Other migratory 
soaring bird taxa are rare or insufficiently known but also in need of protection. 
Otherwise they will end on the list of threatened species before their probable 
disappearance. 
Threatened and rare species management may operate within the Ministry of 
Environment (MoE) policy framework as summarized by the law that defines the 
functions of the Ministry of Environment and its organization. This policy consists of 
interactive relationships between various constituencies which exchange information, 
values and efforts to sustainably manage components of the biodiversity.  Four 
systems of variables can be recognized to drive this policy paradigm: biophysical, 
socio-structural, valuational and institutional/regulatory. Valuational variables can be 
broadly categorized as economical, ecological and socio-psychological. Thus, 
biodiversity, including avian diversity, can provide a significant contribution to the 
spirit, imagination and well-being of Lebanese through socio-psychological values. 
These can be recreational; consumptive (eg. hunting) and non-consumptive (watching 
and enjoying in the wild or through various media); intellectual and scientific 
(including educational); aesthetic, artistic and cultural; and religious and symbolic. 
These values have both a quantitative aspect that can be measured (eg. birdwatching 
tourism) and a qualitative aspect that cannot (eg. beauty). The research and study 
described in this report: “Important migratory species of soaring birds in Lebanon” 
examine relevant values to identify and measure the importance or worth placed by 
people and society on raptor species in Lebanon. 
Due partly to great variation in prevalence, characteristics and distribution in place 
and time of migratory soaring bird taxa, knowledge of individual taxa across Lebanese 
will likely be highly erratic. Some species may be important to both the Lebanese and 
international community due to their charismatic or iconic status; others may hold 
local significance to a single community in a small geographic region or to specialist 
bird conservation groups. The significance of quantity versus quality of social, 
economical and ecological values will be an important and interesting area to explore. 
From a much broader perspective this research went beyond the “important birds” to 
identify for the first time in Lebanon the bottlenecks/hotspots for the migratory 
soaring raptor birds. It is true that the whole Lebanon is a bottleneck but at the micro 
scale there are few bottlenecks which force the birds to agglomerate or be funneled 
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and constitute an easy target to shooters. This identification helps us to better manage 
our conservation of the birds from a national and international perspective.  
Subsequent to the above, the study prioritizes the list of bottleneck/hotspot sites and 
select from them the ones with highest priorities in order to develop guidelines for 
their land-use and recommendations for their inclusion in the existing NPLP.  
 
2-OBJECTIVES 
The present research project provided input to the conservation of birds of Lebanon 
through: 

1) Identification of important migratory bird species in Lebanon (Task1); 
2) Identification of bottlenecks/ hotspots areas in Lebanon (Task 2); 
3) Production of a priority list of the selected areas (Task 3); 
4) Development of recommendations to incorporate the identified sites in the 

existing NPLP (Task 4); 
5) Development of guidelines on land use in relation to the identified 

bottlenecks/hotspots sites (Task 5); 
6) Development of the bottleneck report (Task 6). 

 
Major objectives for this study-research are therefore to: 

• Enhance bird conservation efforts in Lebanon; 

• Provide guidance on land use in relation to the identified bottlenecks/hotspots 
in order to improve equilibrium between land use for conservation of avifauna 
diversity, and land use for other purposes, chiefly economic reasons.  

• Determine the most effective means of government engagement in migratory 
soaring bird species conservation. 

 
3-METHODS 
This study-research is conducted using two methods: 
One is for the scientific and ecological bird study and the second for the involvement 
of locals in the process of information gathering.   
 
3.1. POINT COUNT - TRANSECT BIRD STUDY METHOD 
Observations made over the intensive period and during thrice weekly counts involved 
identification of all species of soaring birds. Numbers of individuals were recorded, 
together with an indication of distance from the observer and approximate direction 
of flight. Where birds were seen at great distance and could not be specifically 
identified, they were identified to the highest level possible, e.g. Aquila sp. 
 
3.2 . ENQUIRY METHOD 
This method is to involve locals in the process of information gathering and most likely 
takes the form of an interpretive/phenomenological enquiry which assumes that 
respondents are operating within and are therefore influenced by social constructs, 
economic components and ecological services which aim to understand, interpret and 
draw insight from human behaviors and requirements. This enquiry method is 
fundamentally different to those typically used in the natural sciences which generally 
take an empirical methodological approach. It is recognized that a challenge in this 
research will be to match this enquiry method and its deliverables with those already 
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obtained results by other methods or techniques, where objectives and outputs are 
expected to overlap.  
 
3.3. Literature review 
The first stage of the research consisted of a literature review which aimed to achieve 
several outcomes including but not limited to: appraisal of the selected migratory 
soaring bird species in question in terms of IUCN Red List status, geographical 
distribution and current conservation priority; analysis of international socio-
economic science literature to scrutinize concepts being used and how issues are 
framed. 
Analysis of international ornitho-ecological science literature provides a global 
overview of the framework within which Lebanese migratory soaring bird species are 
currently being discussed. 
A major objective was be to indentify bottleneck/hotspots. Since criteria for 
bottleneck/ Hotspots have never been identified specifically in relation to birds in 
Lebanon, it will be crucial to define relevant measures early in the research as these 
will broadly inform the scope and direction of the proposed research including its 
criteria for the bottleneck selection.  
 
3.4. Review work and results related to existing IBAs   
Following a three year research and conservation program, the local NGOs, A Rocha 
Lebanon and SPNL discovered 11 new sites classed by Birdlife International as 
Important Bird Areas. These are great sites to visit as they are open to the public and 
have facilities. However a number have little or no protection and no facilities. They 
can still be great places for the bird watchers and ornithol0ogists to visit. 
The consultant reviewed the work and results related to existing IBAs through the 
review of the final report to the MAVA board on the Identification and Conservation 
of New IBAs in Lebanon. 
  
3.5. Review of the existing NPLP (National Physical Land Use Plan) and related maps 
in coordination with the GIS expert.  
The decree-law 5/77 dated January 31, 1977, creates and sets the duties of the Council 
for Development & Reconstruction (CDR). Article 3 of this Decree–Law requires CDR 
to establish “the general framework for urban planning orientations” in Lebanon and 
submit it to the Council of Ministers for approval. Based on this legislative 
arrangement, the Government has made CDR in charge of elaborating, not only the 
framework for urban planning policy, but also a physical Master Plan that will 
constitute the basis for urban planning policy. The plan will also serve as a guideline 
for all stakeholders participating in the national and land use development, starting 
with public bodies, administrations and autonomous offices. The recommendations of 
this study for the urban planning sector, as decreed by the Council of Ministers, will 
be imposed, among others, on local urban planning master plans that will be 
elaborated or reviewed afterwards. In fact, Article 4 of Decree-Law 69/83, dated 
September 22, 1983 and related to Urban Planning, has foreseen that these local 
master plans should be elaborated “in the framework of a national land use master 
plan”. This conformity of local plans would be accomplished progressively. The plans 
that are in force will continue to be in use, until they are reviewed; after which, they 
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will be redesigned in accordance with the “guidelines of urban planning” that were 
defined by the Government, and for which the present National Physical Master Plan 
provides the philosophy and the general consistency. 
Based on a signed MoU between CDR and UNDP on 28 February 2011, the CDR has 
agreed to incorporate the soaring birds’ flyway conservation recommendations and 
data into NPLP and to identify and follow up on the proper mechanism to implement 
this information while taking into consideration the priorities of the national 
stakeholders. Subsequent to the above, the consultant has reviewed the 7 chapters of 
the NPLP that were issued through the decree No. 2366 dated 22/6/2009.  
 

4. STUDY AREA 
The study area encompassed the entire country. 
 
 

5. RESUTLS 
5.1: SOARING AND SEMI-SOARING BIRD SPECIES IN LEBANON. 

 
Of the 396 known species of birds in Lebanon (Ramadan-Jaradi et al., 2008), 40 raptors 
(including at least 1/3 non true-soaring species), 5 soaring non raptor species, 2 semi-
soaring non raptor species are recorded in Lebanon. Apart from the falcons, the 
globally threatened migratory soaring bird are six species: One endangered, two 
vulnerable and three near threatened species. Of the Pelicans one is vulnerable 
(Ramadan-Jaradi, 2008).  
The following list in Table 1, is formed from soaring and semi-soaring bird species in 
Lebanon. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

TABLE 5: All Soaring and Semi-soaring Birds of Lebanon 
Key 
Abbreviations are used to indicate the species status, a question mark indicating uncertain status. Lower 
case abbreviations (eg r, sb, s, wv and pm) indicate that the species is uncommon or rare at the relevant 
season.  
Rows highlighted with dark grey represent species that are omitted from the list of migratory soaring and 
semi-soaring bird species. 
 
R Resident with definite breeding records 
SB Breeding summer visitor 
S Non-breeding summer visitor 
WV Winter visitor 
PM  Passage migrant 

FB Formerly bred (no breeding 
records since 1987) 
v Vagrant 
e Extinct in Lebanon 
I Introduced 
 
 

 
The following abbreviations denote threatened species as per the BirdLife International for 2013. (EN): 
Endangered. (VU): Vulnerable. (NT): Near Threatened. 
SCS: Sea Crossing Species. 

 Scientific 
name 

English name Status 
in 
Lebano
n 

IUCN 
Red 
List 

Soarin
g  

Semi-
soari
ng  

Migration 
Day (D)/ 
Night (N) 

Remarks 
(SCS=Sea 
Crossing 
Species) 

1 Ciconia nigra  Black Stork  PM  X  D  

2 Ciconia ciconia  Western 
White Stork   

PM, s  X  D  
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3 Pelecanus 
onocrotalus  

Great White 
Pelican  

PM   X D SCS 

4 Pelecanus 
rufescens  

Pink-backed 
Pelican  

v   X D African/Arabian
, Traded, 
Dispersal, 

5 Pelecanus 
crispus  

Dalmatian 
Pelican  

pm (VU)  X D Partial migrant 

6 Falco 
naumanni  

Lesser Kestrel  sb, pm, 
s 

  X Mainly D SCS 

7 Falco 
tinnunculus  

Common 
Kestrel 

R, PM, 
WV 

  X D & N SCS 

8 Falco 
vespertinus  

Red-footed 
Falcon  

pm (NT)  X D & N SCS 

9 Falco 
eleonorae  

Eleonora’s 
Falcon  

FB, pm                 X D & N SCS 

1
0 

Falco 
columbarius  

Merlin  pm, wv   X D & N Most mvts dep. 
& arriv. of WVs 

1
1 

Falco subbuteo  Eurasian 
Hobby  

SB, PM, 
wv, s 

  X D & N SCS 

1
2 

Falco biarmicus  Lanner Falcon  pm, wv, 
s, ?sb 

  X D & N SCS 

1
3 

Falco cherrug  Saker Falcon  pm, wv           (VU)  X D SCS 

1
4 

Falco 
peregrinus  

Peregrine 
Falcon  

?FB, 
pm, wv 

  X Mainly D SCS 

1
5 

Falco 
pelegrinoides  

Barbary 
Falcon  

v     Dispersive 
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1
6 

Pandion 
haliaetus  

Osprey  pm   X D & N SCS. Journal of 
Raptor 
Research 
40(2):156-158. 
2006 

1
7 

Pernis apivorus  European 
Honey 
Buzzard  

PM  X  D SCS 

1
8 

Pernis 
ptilorhynchus  

Crested 
Honey 
Buzzard 

v  X  D  

1
9 

Elanus 
caeruleus  

Black-winged 
Kite  

v     Dispersive 

2
0 

Milvus milvus  Red Kite  FB, pm (NT) X  Mainly D SCS.  

2
1 

Milvus migrans  Black Kite  PM, WV  X  Mainly D SCS 

2
2 

Haliaeetus 
albicilla  

White-tailed 
Eagle  

v   X D & N SCS.J.Field 
Ornithol.70(2):2
83-295 

2
3 

Gypaetus 
barbatus  

Lammergeier v  X   Wanderer 

2
4 

Neophron 
percnopterus  

Egyptian 
Vulture  

FB, PM (EN) X  D SCS 

2
5 

Gyps fulvus   Eurasian 
Griffon 
Vulture  

FB,pm,?
w,?r,?b 

 X  D  
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2
6 

Aegypius 
monachus  

Cinereous 
Vulture  

pm (NT) X  D Mainly 
dispersive 

2
7 

Circaetus 
gallicus  

Short-toed 
Snake Eagle  

sb, PM  X  D SCS 

2
8 

Circus 
aeruginosus   

Western 
Marsh 
Harrier  

sb, PM, 
wv 

  X Mainly D SCS 

2
9 

Circus cyaneus  Hen Harrier  pm, wv   X Mainly D SCS 

3
0 

Circus 
macrourus  

Pallid Harrier  pm, wv (NT)  X Mainly D SCS 

3
1 

Circus 
pygargus  

Montagu’s 
Harrier 

pm   X Mainly D SCS 

3
2 

Accipiter 
brevipes  

Levant 
Sparrowhawk  

FB, PM  X  Mainly D SCS 

3
3 

Accipiter nisus  Eurasian 
Sparrowhawk  

?FB, 
PM, wv 

 X  Mainly D SCS 

3
4 

Accipiter 
gentilis  

Northern 
Goshawk  

pm, wv  X  D  

3
5 

Buteo b. buteo  Common 
Buzzard  

PM, WV   X  D  

3
6 

Buteo b. 
vulpinus  

Steppe 
Buzzard  

PM, WV  X  D Considered B. 
buteo 

3
7 

Buteo rufinus  Long-legged 
Buzzard  

R, PM, 
wv 

 X  D  

3
8 

Buteo lagopus  Rough-legged 
Buzzard  

pm  X  D Rather 
accidental 
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3
9 

Aquila 
pomarina  

Lesser 
Spotted Eagle  

PM, wv, 
s 

 X  D  

4
0 

Aquila clanga  Greater 
Spotted Eagle  

pm,?wv (VU) X  D  

4
1 

Aquila 
nipalensis  

Steppe Eagle PM  X  D  

4
2 

Aquila heliaca  Eastern 
Imperial 
Eagle  

?FB, 
pm, 
?wv 

(VU) X  D  

4
3 

Aquila 
chrysaetos  

Golden Eagle  FB, pm, 
?r 

 X  d Rather dispersal 

4
4 

Aquila 
verreauxii  

Verreaux’s 
Eagle  

v  X   Dispersal? 

4
5 

Aquila pennata  Booted Eagle  sb, pm, 
?wv 

 X  D  

4
6 

Aquila 
fasciatus  

Bonelli’s 
Eagle  

R, pm, 
wv 

 X   Rather dispersal 

4
7 

Anthropoides 
virgo  

Demoiselle 
Crane 

pm   X D & N  

4
8 

Grus grus  Common 
Crane  

PM, wv   X D & N  

 
 
5.2 PRIORITAZATION OF THE SIGNIFICANT SIOARING AND SEMI-SOARING MIGRATORY SPECIES 
By ranking the significant soaring species in terms of priority (threatened, rare, noteworthy, etc.), we obtain a Table (Table 2) in which the bird 
species are ranked from the most threatened to less threatened and from rarest to commonest. 
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Table (2): Ranked species in terms of priority 

 Scientific name English name Status in 
Lebanon 

Degree 
of 
threat 

  

1 Neophron 
percnopterus  

Egyptian Vulture  FB, pm (EN) Most 
threatened 
 
 
 
 
 
 
 
 
Less 
threatened 

N
o

 E
n

d
em

ic
 o

r 
In

va
si

ve
 S

p
ec

ie
s 

2 Falco cherrug  Saker Falcon  pm, wv           (EN) 

3 Aquila clanga  Greater Spotted Eagle  pm,?wv (VU) 

4 Aquila heliaca  Eastern Imperial Eagle  ?FB, pm, 
?wv 

(VU) 

5 Circus macrourus  Pallid Harrier  pm, wv (NT) 

6 Falco vespertinus  Red-footed Falcon  pm (NT) 

7 Gyps fulvus   Eurasian Griffon 
Vulture  

FB,pm,?w,?r
,?b 

 Rarest 
 
 
 
 
 
 
 
 
 
 
 

8 Aquila nipalensis  Steppe Eagle PM  

9 Ciconia nigra  Black Stork  PM   

1
0 

Milvus migrans  Black Kite  PM, WV  

1
1 

Buteo rufinus  Long-legged Buzzard  R, PM, wv  

1
2 

Buteo b. buteo  Common Buzzard  PM, WV   

1
3 

Buteo b. vulpinus  Steppe Buzzard  PM, WV  
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1
4 

Circaetus gallicus  Short-toed Snake 
Eagle  

sb, PM   
 
 
Commones

t 

1
5 

Accipiter brevipes  Levant Sparrowhawk  FB, PM  

1
6 

Grus grus  Common Crane  PM, wv  

1
7 

Pelecanus 
onocrotalus  

Great White Pelican  PM  

1
8 

Ciconia ciconia White Stork  PM   

1
9 

Aquila pomarina  Lesser Spotted Eagle  PM, wv, s  

2
0 

Pernis apivorus  European Honey 
Buzzard  

PM  

 

 

 

 

 

 

 

 



 
6. IBAS OF LEBANON 

The period covered by this report enabled us to review the existing data on the 
hotspots/IBAs (Important Bird Areas) of global importance in Lebanon; and to identify 
new bottlenecks/hotspots along the autumnal migratory flyways across the Lebanese 
mountains. Prior to the conduction of the present study, SPNL identified 15 IBAs in 
Lebanon as they are shown in the following map (1). 
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7. IDENTIFIED CRITERIA FOR THE SELECTION OF NEW BOTTLENECKS/HOTSPOTS AT NATIONAL 

LEVEL.  
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According to the BirdLife International, the site is a ‘regional bottleneck’ site where 
over 5,000 storks, or over 3,000 raptors or cranes regularly pass on spring or autumn 
migration. It is an “international bottleneck site where at least 20,000 storks 
(Ciconiidae), raptors (Accipitriformes and Falconiformes) or cranes (Gruidae) regularly 
pass during spring or autumn migration.  
Five other main criteria were followed in order to identify bird bottlenecks at national 
level: 
 
1. The site is already an international bottleneck located within Lebanon. 
2. The site is already a regional bottleneck located within Lebanon. 
3. The site is a depression situated along a mountain ridge that makes easier birds 
crossing. In addition, this depression should be situated above 600 m. 
4. The ridge crossed should be almost perpendicular to the main migratory flow. 
5. The mountain pass might lie on the shortest route between consecutive areas of 
migratory birds concentration or 2 congregatory IBAs. 
6. The bottleneck site lies at the intersection of two main national migratory flyways. 
7. The site could be but not necessarily an old traditional netting site, hunting hide or 
recovery area of birds. 
8. The bottleneck is where higher densities of ringed birds do traditionally occur. 
9. The bottleneck is a recipient of funneled birds at an aerial traditional point into a 
valley, line of hills, valley cliff edges. 
10. The bottleneck is any site where the migration is abnormally concentrated and 
where most birds pass. 
 
7.1 Discussion 

The first 2 criteria above are set by BirdLife International, the third is cited by Fornasari 
et al. (2000) and by Italian Hunting Law 1102/71. The remaining criteria are based on 
our years of experience and personal observation, especially the criterion number 9 
that is not to our knowledge defined as such by the others. The 6th criterion was 
adopted after certain adaptation of the international criterion by replacing the 
intersection of the international flyways by the intersection of the national flyways. 
Sites meeting ≥4 criteria are classified Bottlenecks whereas those meeting ≤3 criteria 
are classified as potential bottlenecks. But additional studies may decide if the site is 
a bottleneck or potential bottleneck. 
 
8. IDENTIFIED CANDIDATE BOTTLENECKS HOTSPOTS AND POTENTIAL BOTTLENECKS BASED ON THE 

CRITERIA SET ABOVE AND THE INTERNATIONALLY EXISTING CRITERIA IF APPROPRIATE THROUGH 

DESK-BASED STUDIES AND FIELD-BASED METHODS. 
 
8.1 THE BOTTLENECK AND POTENTIAL BOTTLENECK SITES (FROM NORTH TO SOUTH). 
 
8.1.1 Oudine Valley (Aand-it/Akkar), Potential Bottleneck Site 
General Description: 
It is a valley of 13 km length and approximately 2 km width, at an average altitude of 
640 m asl. It is situated at 34˚ 34' 39.57"N and 36˚ 18' 56.7"E. The vegetation cover 
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(80-90%) of the slopes is formed from Pinus spp., Oak spp., and shrublands. This site 
responds to seven out of ten criteria set for the characterization of the bottleneck 
sites. 

   
8.1.1.1 Conservation measures taken: Ban on hunting and controlled access policy 
are in preparation by the municipality of Aand-it.  
8.1.1.2 Geographical Coordinates: 34 o 36’ 08.27”N and 26 o 17’ 45.08”E. Surface 
area to be determined beside the various hights of the site. 
8.1.1.3 Habitat coverage: 80-90% vegetation cover. 
8.1.1.4 Threats: C (Critical), M (Major), L (local) 
Critical C level are tourism/recreation, solid waste pollution such as debris and 
garbage. 
Major M level pollution, in addition to overgrazing and overhunting.  
Local L level introduction of non-indigenous fauna/flora.  
There are no direct threats; however tourism and recreational activities pressure are 
increasing. Some illegal hunting does take place and the arson and natural fires are a 
permanent threat to this site that is not only an easier passage for birds but also an 
important roosting site for those birds that at the time of sunset pass over the site. 
8.1.1.5 Number of species recorded on the site: 26 
8.1.1.6 Number of threatened species seen in the site: 2 
8.1.1.7: Surface area: See map 
 
 
 
8.1.2 Marjhine. Bottleneck 
8.1.2.1 General Description: 
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It is a depression of 4 km length and approximately 1 km width, at an average altitude 
of 1700 m asl. It is situated at 34˚ 23' 32.32"N and 36˚ 14' 43"E. The vegetation cover 
(30-35%) of the depression is formed from shrubs, grass and scrub as well as juniper 
stands. This site responds to four out of ten criteria set for the characterization of the 
bottleneck sites.    
8.1.2.2 Conservation measures taken: None.  
8.1.2.3 Geographical Coordinates: 34°23'27.97"N and 
36°14'18.95"E. Surface area to be determined beside the various 
hights of the site. 
8.1.2.4 Habitat coverage: 30-35% vegetation cover. 
8.1.2.5 Threats: C (Critical), M (Major), L (local) 
Critical C level are tourism/recreation, solid waste pollution such as 
debris and garbage. 
Major M level pollution, in addition to overgrazing and 
overhunting.  
Local L level introduction of non-indigenous fauna/flora, and although the site is 
legally protected.  
There are not any direct threats. Some illegal hunting takes place. 
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8.1.2.6 Number of species recorded on the site: 21 
8.1.2.7 Number of threatened species seen in the site: 4 
8.1.2.8 Surface area: See map 
 
8.1.3 Qaa El Reem, Bottleneck 
8.1.3.1 General Description: 
This site lies at the intersection of two main national migratory flyways over Wadi 
Zahle at an average altitude of 1000 m asl. It is situated at approximately 33˚ 53' 
17.04"N and 35˚ 53' 21.02"E. The vegetation cover (40-60%) of slopes is formed from 
shrubs, herbaceous land, mixed oak and pine trees. This site responds to four out of 
ten criteria set for the characterization of the bottleneck sites. 
8.1.3.2 Conservation measures taken: None.  
8.1.3.3 Geographical Coordinates: 33°51'23.47"N and 35°53'33.18"E. Surface area to 
be determined beside the various heights of the site. 

 
8.1.3.4 Habitat coverage: 40-60% vegetation cover. 
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8.1.3.5 Threats: C (Critical), M (Major), L (local) 
Critical C level are tourism/recreation, solid waste pollution such as debris and 
garbage. 
Major M level pollution, in addition to overgrazing and overhunting.  
Local L level introduction of non-indigenous fauna/flora, and although the site is 
legally protected.  
Threats are caused mainly by solid and liquid wastes from local restaurants, 
recreational activities and local people. Some illegal hunting takes place. 
8.1.3.6 Number of species recorded on the site: 26 
8.1.3.7 Number of threatened species seen in the site: 5 
8.1.3.8 Surface area: See map 
 
 
8.1.4 Jabal Moussa, Bottleneck 
8.1.4.1 General Description: 
The Jabal Moussa Biosphere Reserve lies on the shoulders of the western slopes of the 
northern Mount Lebanon Chain where it overlooks the Mediterranean Sea to the 
west, at Ftouh Kesrouane. 
The Jabal Moussa that is an important water-catchment area protects excellent 
representation of the Ibrahim and Dahab rivers that border the core area from north 
and south respectively. Several streams and springs, dense riparian habitats along 
river Ibrahim, undisturbed historic Adonis Valley, landraces and economically 
important plant species areas and rangelands characterize the site. 
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8.1.4.2 Conservation measures taken: A hunting ban and controlled access policy are 
in place reinforced by guards.  
8.1.4.3 Geographical Coordinates: 34˚ 5' 10.31" and 35˚ 48' 4.74"E, with an altitude 
of 1000 m. asl.  
8.1.4.4 Total area: Surface area to be determined beside the various heights of the 
site. 
8.1.4.5 Habitat coverage: 50% Oak & Pine trees, 20% agriculture/cultivation, 20% 
shrubs and 10% barren rocks. 
8.1.4.6 Threats: C (Critical), M (Major), L (local) 
Critical C level are water extraction, canalization, and agriculture intensification. 
Major M level are tourism/recreation, solid waste pollution such as debris/garbage, 
and pesticides and herbicides over use.  
Local L level is overgrazing/over browsing and hunting, although the site is legally 
protected, some degree of shooting still occurs. 
8.1.4.7 Number of species recorded on the site: 28 
8.1.4.8 Number of threatened species seen in the site: 6 
8.1.4.9 Surface area: See map 
 
8.1.5 Nahr Beirut Valley, 
Bottleneck 
8.1.5.1 General Description: 
It is a valley of 22 km length 
and approximately 11 km 
width, at an altitude ranging 
from 360 m. to 1500 m asl, at 
the bottom of the Valley. It is 
situated at 33˚ 51' 37.35"N 
and 35˚ 42' 46.61". The 
vegetation cover is formed 
from Pine and Oak trees 
(70%) and 15% shrub and 
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scrubs. This site responds to all criteria set for the characterization of the bottleneck 
sites.    
 

 
8.1.5.2 Conservation measures taken: none recorded.           
8.1.5.3 Geographical Coordinates: Between  33°49'55.66"N and 35°34'24.89"E and 
33°52'33.45"N and 35°48'43.15"E with a maximum altitude of 1980m 
8.1.5.4 Habitat coverage: 75% woodland/forest, 25% scrub/ bush land  
8.1.5.5 Threats: C (Critical), M (Major), L (local) 
Recreational activities pressure is increasing. Sustainable grazing is not practiced and 
some illegal hunting does take place. 
8.1.5.6 Number of species recorded on the site: 29 
8.1.5.7 Number of threatened species seen in the site: 6 
8.1.5.8 Surface area: See map 
 
 
8.1.6 Aley, Bottleneck 
8.1.6.1 General Description: 
This site is located in middle of Lebanon at elevation of 850 m. asl. It is an urban site 
in which birds are funnelled into a valley as indicated by the arrows of the map below.  
 
The land is used on a primary level for tourism and recreation, while grazing is still 
practiced at the borders of the site.  
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8.1.6.2 Conservation measures taken: A hunting ban and controlled access policy are 
in place but not enforced yet.  
 
8.1.6.3 Geographical Coordinates: 33˚ 46' 38.78"N and 35˚ 35' 53.13"E with an 
altitude of 860m 
 
8.1.6.4 Total area: See map 
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8.1.6.5 Habitat coverage: 35% scrub/ bush land, 35% woodland/forest and 30% 
premises.  
8.1.6.6 Threats: C (Critical), M (Major), L (local) 
There are not any direct threats however tourism and recreational activities pressure 
is increasing. Localized grazing is practiced and some illegal hunting does take place 
from time to another. 
8.1.6.7 Number of species recorded on the site: 25 
8.1.6.8 Number of threatened species seen in the site: 5 
 
8.1.7 Chatine, Potential Bottleneck 
8.1.7.1General Description: 
Site is located in the north, beside a cedar forest and surrounding gorges and valleys. 
The criterion for the selection was the presence of globally threatened species and 
site is a migratory “bottle neck”.   

 
8.1.7.2 Conservation measures taken: Site is in the proximity of a nature reserve 
under the auspices of the ministry of environment, but the site is still under pressure 
of recreational activities and hunting. 
8.1.7.3 Geographical Coordinates: 34˚ 11' 41.15"N and 35˚ 53' 8.88"E with an 
altitude of 1068 m. asl.  
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8.1.7.4 Habitat coverage: 45% woodland/forest, 5% scrubland and 50% barren rocky 
land. 
 
8.1.7.5 Threats: C (Critical), M (Major), L 
(local) 
None indicated in the IBA sheets. 
8.1.7.6 Surface area: See map 
 
 
 
8.1.8 Ebel es-Saqi, Bottleneck 
8.1.8.1 General description:  
The site is in Marjayoun Caza between 
Marjayoun and Hasbaya. Land is owned by the Ministry of Agriculture then 
transferred to the Municipality for 10 years renewable contract.  
Conservation measures taken, the land was declared as Hima by municipal council 
decision and hunting was banned in it, also restriction of grazing to the border line of 
the forest area.   
8.1.8.2 Geographical Coordinates: 33˚ 21' 13.52" 
N - 35˚ 38' 14.68"E, altitude 760 m  
8.1.8.3 Total area: Surface area to be determined 
beside the various heights of the site. 
8.1.8.4 Habitat coverage: 34% shrub/bush land, 
13.4%  woodland/forest of oak and pine trees, 
6.6%  agriculture/cultivation, 38.3% olive groves, 
7.7% Hasbani River Corridor.   
8.1.8.5 Threats: C (Critical), M (Major), L (local) 
Hunting, is a critical C threat there since there is 
excessive or irresponsible hunting. 

 
On critical level threats there is agricultural intensification/ practices, over-
grazing/over browsing as well as uncontrolled recreational activities.   
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M level, development/construction  
L level Introduction of non-indigenous fauna/flora, fires, quarries, and solid waste 
pollution such as debris/garbage pollution. 
8.1.8.6 Surface area: See map 
 
 
 
 
 
8.1.9 Aammiq Wetland, Bottleneck 
8.1.9.1 General Description: 
Site is located in the western side of the Bekaa Valley, about 7 km south of the city of 
Qab Elias at the foot of the eastern slopes of the Mount Lebanon mountain range, on 
the edge of an agricultural flat plain and stretching across to the Litani River. The land 
is privately owned.  
Brief description of the site: The largest natural freshwater wetland in Lebanon 
consisting of (1) wetland, with extensive reed beds (2) creek and irrigation ditches with 
reeds, few willows and poplar trees (3) agricultural lands and (4) seasonally flooded 
open fields of rough grazing grounds. Recorded mammals include the European Otter, 
Swamp Cat, Jackal and Wild Boar with abundant amphibians and reptiles.  
The land is used on a primary level as water resource for people locally, and on a 
secondary level for cultivation and grazing, other land-uses are tourism/recreation 
and wildlife conservation/research. 
Economic, cultural, social values of the site: water source for agriculture, ecotourism.  

 
8.1.9.2 Conservation measures taken: A hunting ban and controlled access policy are 
in place reinforced by guards.  
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8.1.9.3 Geographical Coordinates: 33˚ 43' 44.04"N and 35˚ 47' 59.74"E with an 
altitude of 865 m  
8.1.9.4 Surface area: 280 ha 
8.1.9.5 Habitat coverage: 50% non-marine wetlands, 50% agriculture/cultivation. 
8.1.9.6 Threats: C (Critical), M (Major), L (local) 
Critical C level are water extraction, canalization, and agriculture intensification. 
Major M level are tourism/recreation, solid waste pollution such as debris/garbage, 
and pesticides and herbicides over use.  
Local L level is overgrazing/over browsing and hunting, although the site is legally 
protected, some degree of shooting still occurs. 
 
8.1.10 Roum, Potential Bottleneck 
8.1.10.1 General Description: 
Site is located in the west-southern side of Roum village.  

 
8.1.10.2 Conservation measures taken: Hunting pressure is increasing in absence of 
control and monitoring. 
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8.1.10.3 Geographical Coordinates: 33˚ 32' 26.99"N - 35˚ 30' 53.46"E with an altitude 
of 760 m  
8.1.10.4 Total area: Surface area to be determined beside the various heights of the 
site. 
8.1.10.5 Habitat coverage: 50% mixed forests, 50% barren rocks. 
8.1.10.6 Threats: C (Critical), M (Major), L (local) 
There are not any direct threats; however tourism and recreational activities pressure 
are increasing. Some illegal hunting does take place and the arson and natural fires 
are a permanent threat to this site that is not only an easier passage for birds but also 
an important roosting site for those birds that at the time of sunset pass over the site. 
8.1.10.7 Surface area: See map 
 
8.1.11 Deir Mimas, Potential Bottleneck 
8.1.11.1 General Description: 
The site is located in the eastern side of Litani River before it turns west to reach the 
Mediterranean. This site could be excellent as bottleneck if the sea breeze doesn’t 
disturb the soaring birds. Outside the River Valley, Deir Mimas appears to be an 
important bottleneck, especially that it forms the intersection of two national flyways. 
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8.1.11.2 Conservation measures taken: Not recorded. 

 
8.1.11.3 Geographical Coordinates: 33˚ 16' 58.07"N - 35˚ 32' 6.45"E with an altitude 
of 760 m  
8.1.11.4 Surface area: See map 
8.1.11.5 Habitat coverage: 50% mixed oak, shrub land and herbaceous land , 30% 
barren lands and 20% agricultural lands. 
8.1.11.6 Threats: C (Critical), M (Major), L (local) 
There are not any direct threats. Some illegal hunting does take place and cause an 
intermittent threat to this site that is not only an easier passage for birds but also an 
important roosting site for those birds that at the time of sunset pass over the site. 
 
9. LOCATION OF BOTTLENECKS IN LEBANON 
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It is worthy to note that five of of 7 bottlenecks were already classified Important Bird 

Areas (IBAs) by BirdLife International. This is normal as the IBA can be bottleneck when 

it receives large numbers of birds (see criteria for IBAs in BildLife publications) or can 

be an IBA due to presence of globally threatened species or biome restricted species. 

These IBAs – Bottlenecks are: 

1- Jabal Moussa 
2- Qaa El Reem 
3- Nahr Beirut 
4- Aammiq 
5- Ibl Es Saqi 
 
By examining the status of the above 5 IBAs it appears that they are also IBAs under 
category 4. 
 
In the Map 2 below, 7 bottlenecks, 4 potential bottlenecks and 14 less important 
potential bottlenecks are illustrated.  
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Map 2: Bottlenecks with Land covers 
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10. GUIDANCE MATERIAL SPECIFICALLY DEVELOPED FOR THE IDENTIFIED BIRD 
BOTTLENECKS IN LEBANON 
 

10.1  IMPORTANCE OF BOTTLENECK AREAS 

Recognizing the difficulties to control the hunting activities all over the country’s surface 
area, we believe that the limitation of these activities away from IBAs, PAs and 
Hotspots/bottlenecks beside the areas cited by the Law of hunting as areas in which the 
hunting is banned could ensure proper control of the hunting operation. Accordingly, 
bottlenecks can tell directly or indirectly about where is the place in which the hunting is 
not acceptable. Since bottlenecks are selected on the flyways, fragile and endangered 
birds are more likely to be away from shooting areas. In all cases, the Ministry of 
Environment will certainly make sure that non game species are not targeted by the 
hunters and the latter are not allowed to hunt within bottleneck areas.  

 
10.2  IMPORTANCE OF THE MANAGEMENT OF BOTTLENECK AREAS 

Managing bottleneck areas is important since it will help in conserving bird species and in 
providing the local people a chance to assist in protecting rare and threatened species. 
Involving the community will help make the people more co-operative and concerned 
about their community and their lands. This will also set an example for other 
communities to take initiative in conserving nature, by doing so this will provide the birds 
an opportunity to pro-create. Such mitigation measures will lead to better wildlife 
equilibrium. 
Birds of prey, storks and pelicans are at the end of food chains. They are top predators, 
vital components of a healthy ecosystem. Thus they are excellent biological indicators of 
the state of the environment. Any adverse activity will be reflected in a change in 
population of these top predators. So it was, for example, that the world was alerted to 
the dangers of pesticides. These creatures are also important in their own right. 
Spectacular to watch, they can provide great enjoyment for birdwatchers and tourists 
alike and thus form a component for the attractions of ecotourism: an expanding industry 
that is bringing additional wealth to many developing countries. Also, one should not 
forget the educational value in teaching the wonders of migration and the importance of 
wildlife conservation. So, one can argue, the conservation of soaring birds and the places 
they live in and migrate through is essential for a healthy world. 

 
10.3  Overview of bottleneck area concept abroad 

Throughout the ages, birds and other animals have made epic journeys on their annual 
migrations. Journeys triggered by a time-clock which, almost to the day, starts a 
spectacular movement whose origins are lost in the mists of time. Birds of prey, storks, 
cranes, pelicans and even the rare Bald Ibis are no exception and their dramatic 
migrations - north in the spring and south in the autumn - can be witnessed each year at 
key 'bottleneck' sites throughout the world.  
Raptors are found on all continents of the world except Antarctica and at least 63% (183 
of 292) are migrants (Zalles and Bildstein, 2000). The most spectacular migrations are 
performed by the larger, broad-winged raptors that use a soaring technique, along with 
the other soaring birds (the storks, pelicans and cranes). Soaring birds employ a special 
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technique utilizing local hot air thermals formed over land to provide uplift, enabling them 
to gain height by circling upwards in these rising warm air columns. At the top of a thermal 
the soaring birds - usually in large flocks - glide slowly down until they reach the next 
thermal where they rise again. Thus many can fly over 300 km in a single day, almost 
without a wing-beat: an amazingly energy-efficient migration. Because thermals do not 
form over the sea, where soaring birds need to pass from one land-mass to another they 
do so where the sea is at its narrowest. Thus classic world 'land-bridges' are the Gulf of 
Panama (in the Americas), Falstero, Gibraltar and the Bosphorus (in Europe) and the Gulf 
of Suez and the Bab al-Mandeb in the Middle East. The migration flyways that connect to 
these land-bridges have been studied to a greater or lesser extent at certain so-called 
‘bottleneck’ sites. These are strategic points where the soaring birds are funnelled or 
guided by lines of hills, mountains, edges of valleys and other places where their flying 
height can be maintained by thermals.  
 
10.4  Criteria for bottleneck areas with justification (Table 3)  

# Table 3 Criteria Explanation & justification 

1 The bottleneck is any site where  
the migration is abnormally  
concentrated and where most birds 
pass. 

Where birds concentrate the place is appropriate.  
Birds are usually funneled into it for easy travel.  

2 The bottleneck is a recipient  
of funneled birds at an aerial traditional 
point into a valley, line 
of hills, valley cliff edges. 

Birds usually soar in a thermal at the beginning of a  
valley in order to gather before they glide into a  
valley that is perpendicular to the crossed ridges. 

3 The bottleneck is where higher densities  
of birds or ringed birds do traditionally 
occur. 

High densities normally point to agglomeration of  
birds in a narrow passage. 

4 The site could be but not necessarily an  
old traditional netting site, hunting  
hide or recovery area of birds. 

Traditional sites for hunting or ringing may point to 
a  
passage with high bird densities  

5 The bottleneck site lies at the  
intersection of two main national  
migratory flyways. 

Example: two main flyways may derive from the 
intersection of two valleys. 

6 The ridge crossed should be almost 
perpendicular to the main migratory 
flow. 

The crossed ridge is traversed at it weakest point.  
I mean where the ridge is broken by a valley or  
depression.  

7 The site is a depression situated along a 
mountain ridge that makes easier birds 
crossing. In addition, this depression  
should be situated above 600 m. 

In this case the passage is found between 2 hills. 

8 The site is already an international 
bottleneck located within Lebanon. 

This is the case of Aammiq or Nahr Beirut. 

9 The site is already a regional bottleneck 
located within Lebanon 

This is the case of Aammiq or Nahr Beirut. 

10 The mountain pass might lie on the    
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shortest route between consecutive  
areas of migratory birds concentration 
or  congregatory IBAs. 

 
10.5  OBJECTIVES    
The identification of bird bottleneck is consistent with the priority conservation 
objectives, environmental action plans and policies of Lebanon. It is specifically based on 
the priorities given by the national biodiversity strategies and action plans (NBSAPs) giving 
special recognition to protection and sustainable management of critical bird habitats and 
migratory routes or Flyways. The principal goal of the NBSAP is the conservation and 
sustainable use of biological diversity, including avifauna, protection and management of 
natural resources, promotion of networks for protected areas management, conduct 
research and monitoring on biodiversity including support taxonomic investigation and 
building biodiversity data network. It is true that Lebanon is identified as an international 
bird bottleneck but our nationally identified bottlenecks are to facilitate national 
conservation and to contribute to regional and international conservation activities. 
However, some of our national bottlenecks proved to be of international importance and 
should be accredited priority conservation status on the NPLP.  
At the level of the Convention on Biological Diversity (CBD), our objectives build upon the 
goals and guidance of the Biodiversity Convention through its emphasis on minimizing 
threats and root causes to globally significant and fragile ecosystems. Five other 
international conventions and programs are also particularly relevant to the objectives of 
our project and should be through the CDR pointing to the need for specific conservation 
activities on sites. These are the Convention on Wetlands of International Importance 
(Ramsar Convention), the Bonn Convention on the conservation of migratory species of 
wild animals, the World Heritage Convention; the UNESCO Man and Biosphere Program, 
and the CCD (Convention to Combat Desertification).               
 
10.6  MAIN STAKEHOLDERS INVOLVED IN MANAGING HOTSPOTS/ BOTTLENECK  AREAS AND 

THEIR ROLES  

SPNL (providing trainings, monitoring, evaluation, technical support, scientific solutions). 
SPNL’s role is clearly to train municipalities and other NGOs on the guidelines that they 
should adopt, as well as the techniques and skills necessary to manage the bottleneck 
areas, empower the municipalities and NGOs to raise awareness of local communities 
about importance of bottlenecks and protection of birds. SPNL will provide them with 
technical support and will assist in monitoring.   
MoE (providing overall supervision of the protection operation, including Law 
enforcement and verifying if the provisions of the municipalities, NGOs, etc. are 
acceptable). In addition, the Ministry of Environment will have a role in announcing the 
locations of bottleneck areas and the necessary rules and regulations that the 
municipalities and NGOs should abide by. The most substantial role the ministry of 
environment will have is to help facilitate the necessary procedures and documents that 
the municipalities need to have.  
Municipalities and NGOs (providing infrastructure for Bottlenecks, including parkings, 
trails, signs and resting areas for birdwatchers and scientists; controlling the misbehavior 
and impact, assisting in enforcing the Law and its Applications, supplying friendly 
ecologically services to generate incomes). Their role is also to manage the visitors and 
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monitor the bottleneck areas. They will have to report any illegal violations that take place 
in the bottleneck area or near it, by doing so this will help limit and decrease illegal 
activities and assist birds to adapt to climate change.   
Competent birdwatchers (supplying information on the conduct of the bird taking 
activities if any, hunted species illegally, inappropriate actions undertaken so that the 
regulations could be adapted and measurement within bottlenecks could be rectified.    
The Ministry of Interior and municipalities (assisting municipalities and NGOs in 
enforcing the protection of bird species). The Ministry of Interior should reveal interest 
and support to implementing the sustainable hunting law by keeping hunters away from 
bottlenecks. Officers from the bottlenecks need to ensure monitoring of illegal activities 
and report violated regulations to representatives from the Ministry of Interior. Any Law 
enforcement that is bribed in exchange for permitting violations should be penalized in 
an appropriate manner that suits the Law.  
Centers of Research within or outside universities and individual researchers should 
provide the knowledge related to bottleneck areas to assist municipalities and NGOs in 
awareness, enforcement of protection and monitoring. 
 
10.7  THREATS TO BOTTLENECKS  

Development. The construction of tourism development, industry and urbanization in 
sensitive areas could disrupt migration patterns and destroy necessary stop over and 
landing sites for birds.  The impacts on migratory birds of such developments have often 
not been fully assessed or studied. Infrastructure and operational practices associated 
with such developments, which are known to have negative impacts on migratory birds, 
are waste management facilities and power lines (see below).  Among the harmful 
operational practices noted are the use of chemicals to maintain gardens, use of 
insecticides to control pest species and cultivation of non-native flora in landscaping of 
little benefit to migrating birds. 
Wind Energy Production. Akkar area has some of the highest wind speeds in the region 
and is being identified for wind energy production.  Wind farms established in sensitive 
areas such as bottlenecks are high-risk areas for collisions between migrants and wind 
turbine blades under certain conditions.  
Waste Management Facilities. Waste management facilities for solid and liquid wastes 
are attractions for migratory birds.  Facilities are being designed and constructed without 
sufficient consideration to impacts on migratory species creating hazards causing injury, 
illness and death.  Wastewater treatment ponds have been constructed with steep sides 
and have resulted in birds drowning.  Sludge is not regularly dredged and birds become 
coated or drown in the sludge.  Water at some of the plants is of poor quality and 
potentially toxic to birds and other wildlife. The design and operation of solid waste 
disposal facilities is also hazardous to birds.  There is no sorting of organic and non-organic 
waste, which is dumped in open-air pits and partially buried or burned.  Birds that land 
and consume organic materials are entangled in waste, ingest plastic bags, consume toxic 
materials or are injured by broken glass, barbed wire and other sharp materials.  Open air 
burning of garbage is known to cause injuries to birds.  The soot soils the plumage of birds 
impairing their flight capabilities. 
Power lines and other tall structures. Collisions also occur between migrants and power 
lines, communication towers and other tall structures erected in sensitive areas where 
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there are large numbers of low flying migrants or near areas where large numbers of 
migrants land.  These hazards are often situated next to sewage treatment plants, 
garbage dumps, green areas and other attractions where large numbers of migratory 
birds congregate increasing the risk of collision.   
Hunting. Large numbers of migratory birds are hunted throughout the region for food, 
sport and supplementary income.  All species of migratory birds both game and non-game 
birds are hunted, including birds of prey, storks, water birds, and passerines and near 
passerines. Falcon trapping is prevalent in several parts of the flyway, among others in 
the Egyptian deserts, particularly along the coasts.  Migratory and resident birds are 
caught and utilized as decoys to catch the higher value falcons, most being maimed and 
dying in the process.  Hunting is non-specific; all species of birds of prey are trapped, 
including those listed under the CMS and CITES Conventions.  

 
10.8  GUIDELINES FOR MANAGEMENT OF HOTSPOTS/ BOTTLENECK AREAS   

There are many guidelines necessary for managing hotspots/ bottleneck areas. The 
most crucial ones that need to be adopted are: 
a- Policy and planning environment. Make sure that policy and planning 

environment are supportive. Proper policies and effective management enforcing 
measures and regulatory frameworks supporting bird conservation should not be 
lacking. Proper urban planning like the present cooperation between MOE and 
CDR should always be encouraged. Biodiversity-friendly tourism guidelines and 
effective measures for keeping eco-tourists away from staging and roosting sites 
are crucial. 

b- Tourism and development. The construction of tourism development, industry 
and urbanization in sensitive areas like bottlenecks should not disrupt migration 
patterns and destroy necessary stop over and landing sites for birds (see threats 
above).  The impacts on migratory birds of such developments should be fully 
assessed or studied.  

c- Infrastructure and operational practices.  Avoid or mitigate impact of 
Infrastructure and operational practices associated with tourism developments 
because they are known to have negative impacts on migratory birds: These are 
waste management facilities, power lines, chemicals to maintain gardens, 
insecticides to control pest species and cultivation of non-native flora in 
landscaping. 

d- Awareness. Increase awareness and appreciation in all echelons of society in the 
country of the biodiversity and its importance.  Correspondingly, there are few 
NGOs active in the field of bird and biodiversity conservation. 

e- Energy production. Akkar area has some of the highest wind speeds in the region 
and is being identified for wind energy production.  Wind farms established in 
sensitive areas such as bottlenecks are high-risk areas for collisions between 
migrants and wind turbine blades under certain conditions. 

f- Tall structures. Always erect tall structures away from hotspots/ bottleneck areas 
as collisions also occur between migrants and power lines, communication towers 
and other tall structures erected in sensitive areas where there are large numbers 
of low flying migrants or near areas where large numbers of migrants land.   
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g- Association of structures. Do not erect or install tall structures next to sewage 
treatment plants, garbage dumps, green areas and other attractions where large 
numbers of migratory birds congregate increasing the risk of collision. 

h-  Information. Keep up-to-date information available in Lebanon on modern 
environmental management methods and techniques to mitigate hazards to 
migratory birds.  

i- Incentives. Provide stakeholders at sites with incentives for development and 
management that is sensitive to the needs of soaring birds. Local/national 
authorities and NGOs should be made aware of alternatives to development that 
can mitigate negative impacts (through sensitive design or strategic positioning of 
infrastructure for example). Local communities and their support agencies must 
have information on development options that bring social and economic benefits 
to local people, whilst maintaining biodiversity values. 

j- Hunting. Hunting for any reason is totally forbidden in hotspots/ bottlenecks.  All 
species of migratory birds both game and non-game birds are not allowed for 
hunting in hotspots/ bottlenecks areas, including birds of prey, storks, water birds, 
and passerines and near passerines. 

k- Coordination. Conservation of migrating soaring birds requires a regional 
approach. Poor coordination within the region (due to absence of effective 
information networks and mechanisms for storage and dissemination of data) is 
an obstacle to conservation of soaring birds. 

l- Capacity. Increase capacities at the national level in bird identification and survey 
techniques, as well as in the application of appropriate management and 
conservation measures. Although growing in significance, these problems are not 
yet severe in many areas of the flyway, and could therefore be effectively 
regulated by improving conservation measures, introducing sustainable 
management concepts and creating effective monitoring programs.  

m- Bottlenecks network. Establish a national bottleneck areas network in order to 
strengthen the conservation framework and simultaneously apply conservation 
measures over all bottlenecks or where appropriate. 

n-  Vehicles & Roads. Vehicles, including ATVs, must remain on established roads 
open to public vehicles. Reduce to minimum possible off road circulation types. 

o- The use of Bait. The use or possession of bait, hunting over bait or hunting is 
strictly prohibited in bottleneck areas. Baiting means the direct or indirect placing, 
exposing, depositing or scattering any salt, grain, powder, liquid or other feed to 
attract birds. 

p- Vegetation. Vegetation is important in bottleneck areas, any presence of harmful 
plants that could jeopardize the safety of the birds when they wrongly confuse it 
as food should be avoided. This aspect is important because this will help maintain 
the birds’ habitat; this is one way in assuring that the birds presence in the country 
continues to happen throughout time.  

q- Grazing.  It is important to manage the grazing problem which is increasing and 
because this matter has a negative and indirect effect on bottleneck areas 
especially when it causes changes to the natural landscape. 

r-  Preserving. Preserving lakes, woodlands, olive groves, orchards and pine trees is 
important in bottlenecks including the brushes and shrubs. This can be done by 
making sure no harmful chemicals are being used, because this will not only affect 
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the habitats but the birds as well. The shrubs and hedges also should be cut in a 
certain manner, because certain bird species rely on eating them and so removing 
them completely will affect some birds’ food chain. 

s- Cropping and haying. No person may conduct any heavy cropping, haying, or 
other commercial enterprise on any hotspot/ bottleneck area, except by lease or 
permit issued by the Ministry of Environment. 

t- Noise and disturbance. Group activities in bottlenecks attended by more than 
twenty-five persons are prohibited without a permit issued by MOE. Fireworks, 
model rocket engines or combustible or explosive materials prohibited. 

 
 
 
 
End of the report 
Ghassan 
Ramadan-Jaradi 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Autumn routes of migrating raptors and 
other soaring birds in Lebanon  

COLIN M. BEALE AND GHASSAN RAMADAN-JARADI  

 

 
Lebanon lies on the major flyway for migrant soaring birds in 
the east Mediterranean. Despite detailed studies to the north and 
south of Lebanon, the only surveys of raptor passage through 
the country are either casual observations or short-term counts 
over part of the passage period. In a attempt to gain data on 
routes, timing and numbers of birds passing through the whole 
country, two surveys, one in the north and one across central 
Lebanon, were organised in autumn 2000. Total passage was 
estimated significantly over 107,000 birds between late August 
and mid-October when field work was curtailed due to 
mounting political tension in the region. A important 
concentration of birds was located and their route over the 
western slopes of the Mount Lebanon chain and Bekaa Valley is 
plotted. This route confirmed by casual observations in the 
previous literature, permitting earlier notes to be contextualised. 
Priorities for conservation and future work a outlined in the light 
of our findings.  

 
 
INTRODUCTION  

 
  THE MIGRATION OF LARGE SOARING BIRDS through the Middle 

East is a well-documented phenomenon, with detailed observations available 
from a number of sites; well-known observation points include the Bosphorus 
in Turkey, Eilat in Israel and at Suez in Egypt. There have been a number of 
small-scale observations made in the Lebanon by, e.g., Nielsen & Christensen 
(1970) in 1968-1969, Macfarlane (1978) in 1974-1975 and Khairallah (1991) in 
1981 (with all previous work being summarised by Shirihai et al. 2000). 
However, no large-scale survey has been attempted, and routes used by raptors 
are still incompletely known. 

Conservation of raptors and other large soaring birds is regarded as an 
international priority, due to many species' global scarcity and known 
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population declines (Tucker & Evans 1997, Shirihai et al. 2000, Zalles & 
Bildstein 2000). Counting large soaring birds on migration serves two main 
conservation purposes. Due to the concentration of significant percentages, or 
even the entire population, of some species over narrow corridors because of 
their dependence on thermals, overall numbers may be monitored with relative 
ease. Most species are dispersed over extremely broad areas and at low 
densities in their breeding and wintering grounds, making accurate population 
estimates, and hence monitoring, extremely difficult. It is important to precisely 
determine their routes to ensure adequate protection is provided on migration; 
raptors tend to have low reproductive rates, making them especially vulnerable 
to threats such as illegal hunting at passage bottlenecks. Obviously their 
protection on these routes is a responsibility that Lebanon must assume. Given 
this, two surveys were undertaken in autumn 2000 to assess numbers and routes 
of birds passing over the country. 

 
METHODS  

 

 

To assemble the most complete 
picture of migration in autumn 2000, 
a detailed survey was initiated across 
the centre of the country to provide 
information concerning routes, 
numbers, dates and species diversity, 
with a smaller scale survey further 
north, which was designed solely to 
confirm route choice. The former 
survey was planned to consist of two 
parts: one at low level from late 
August until early November, with a 
second phase targeted to the period 
when most birds were expected to 
pass, namely the last week of 
September and first week of 
October. Observations commenced 
in late August and were made 
continuously between 08.00 and 
18.00 on one day per week, from a 
hillside where numbers of birds were 
known to pass, near Deir el Harf 
above Beirut (see Fig. 1). 
Unfortunately, due to political 
tension in the region from mid-
October, the survey had to be 
curtailed and observations in the 
final period were not possible. 
During the period of intensive field 
work on 25 September-6 October, 
observations were made on 
weekdays between 08.00 and c. 



18.00. Additional volunteers joined 
the survey from the U. K. at this 
time, and observations were made at 
five sites in an approximate line 
across the country, with three sites 
being visited each day. 

Observations made over the 
intensive period and during weekly 
counts involved identification of all 
species of soaring birds. Numbers of 
individuals were recorded, together 
with an indication of distance from 
the observer and approximate 
direction of flight. Where birds were 
seen at great distance and could not 
be specifically identified, they were 
identified to the highest level 
possible, e.g. Aquila sp. 

In the north, six sites running 
broadly east to west across the 
country were watched regularly for 
short periods throughout 9 
September-21 October. Six 
observers participated in this survey, 
watching for periods of 45-150 
minutes at each site before moving 
to another watchpoint. Three to five 
of the six sites were visited on 13 
days during the period. All sites are 
indicated in Fig. 1. Only binoculars 
were used in this survey, resulting in 
a lower percentage of birds being 
specifically identified. 

 
RESULTS AND DISCUSSION  

 
  Dates 

The first day of the survey, 31 August, recorded a passage of 3398 birds over 
Deir el Harf, including 3387 Honey Buzzards Pernis apivorus. This suggests 
that for this species, at least, passage began earlier in August, a hypothesis 
supported by Ramadan-Jaradi & Ramadan-Jaradi (1999). The curtailment of 
observations at this site in mid-October meant that for some late migrants, 
notably Steppe Buzzard Buteo buteo vulpinus and Eurasian Sparrowhawk 
Accipiter nisus, an unknown proportion of individuals will have passed after the 
survey ended. These gaps should be noted when comparing totals from our 
survey with those of other locations along the East Mediterranean flyway. 
Nevertheless, for the principal migrant species it is clear that passage through 



the Lebanon is extended. Table 1 records the dates of peak passage for those 
migrants with over 500 individuals recorded during the main survey. 

Table 1. Dates of peak passage for selected species. 
English name Scientific name Peak passage period  
White Pelican Pelecanus onocrotalus No noticeable peak 

Honey Buzzard  Pernis apivorus Late August to early 
September 

Levant Sparrowhawk Accipiter brevipes Mid-September 
Steppe Buzzard  Buteo buteo vulpinus Early to mid-October 

Lesser Spotted Eagle Aquila pomarina Late September to early 
October 

Red-footed Falcon Falco vespertinus Late September 

As Lebanon has a responsibility for all these species any measures designed to 
protect them on passage must operate throughout their entire passage periods. It 
is clear that such measures must be in place from mid-August to late October. 

Weather 
Weather conditions are known to affect numbers of migrants. With the 
exception of 28-29 September and the final count on 12 October, weather 
conditions were favourable for migration, with varying wind strengths. In line 
with 'poor' weather conditions, lower numbers were seen on these days than on 
those with 'better' weather. With improved conditions on 30 September, large 
numbers of birds were observed passing that afternoon and the following 
morning, unfortunately coinciding with days when systematic counts were not 
undertaken. Minimum estimates of the passage on these days were made, and 
can be added to the totals from the systematic counts. 

Totals 
During the central survey a total of 16,904 birds of 33 species (29 of them 
raptors) was counted. Full details of species, dates and numbers are available on 
request from CB. The most common raptors were Honey Buzzard and Lesser 
Spotted Eagle Aquila pomarina, each with 4046 individuals. Next most 
abundant was Levant Sparrowhawk Accipiter brevipes (2721 individuals), 
while the commonest non-raptor was White Pelican (1365 individuals). 
Additionally, on the afternoon of 30 September at least 7000 birds, probably 
mostly Lesser Spotted Eagle, were estimated to have passed over Aana and 
western Bekaa. Passage continued next morning when another 3000 birds 
(mostly Lesser Spotted Eagle, with smaller numbers of Steppe Buzzard) 
followed Barouk Ridge above Aana. This passage coincided with improved 
weather conditions, following two days of bad weather with poor thermal 
conditions. 

A minimum estimate of total passage during the intensive survey was produced 
by calculating the mean daily totals at each site, multiplied by the number of 
days with counts (see Table 2). For example, at Eastwood, the total number 
counted was 925 birds, on seven days. Therefore the main daily total was 132 
(925 divided by seven). Given that the total number of days of the survey was 



12, the estimated total for Eastwood becomes 1584 (132 multiplied by 12). This 
number can be further adjusted by adding the c. 10,000 additional birds that 
passed Aana on 30 September-1 October, rather than employing the site mean 
for the two days. Overall, an estimated c. 30,500 individuals passed over 
Lebanon during the 12-day period, 25 September-6 October. 

Table 2. Totals per site and estimated total passage of all raptor species. 
Site Total number counted  Days counted  Estimated total  
Eastwood 925  seven  1584  
Deir el Harf 4153  six  8304  
Ain Zahalta 1379  five  3240  
Aana 2183  six  13,660 (includes 10,000)  
Aanjar 2166  six  3708  

Weekly counts were made at Deir el Harf throughout the autumn passage in an 
attempt to determine the overall phenology of migration through Lebanon. 
Provided daily variation is low, one count per week will provide a reasonable 
figure from which to estimate the approximate scale of totals on days between 
points. An overall estimate is therefore possible using linear interpolation to 
estimate passage on days without counts, and their sum provides an overall 
estimate of passage for those periods not covered by the intensive survey. The 
accuracy of this depends on the level of daily variation in totals, which can be 
estimated using data from the intensive survey at Deir el Harf. Daily totals at 
the latter never varied by more than 25% between consecutive days, suggesting 
that an estimate using these data may be acceptable. Interpolation between all 
days with observations during 31 August to 12 October gives a total estimate of 
over 41,200 birds at Deir el Harf. When counts were undertaken simultaneously 
at Deir el Harf and other sites, daily totals at the former were consistently 
higher than at other watchpoints. Assuming such a pattern throughout the 
migration period, an estimate of total passage over Lebanon may be made by 
extrapolating the proportion at this site during the intensive survey. Daily 
means during the intensive observation period revealed that 38.4% of total 
passage over Lebanon passed this site. Taking this proportion as an estimate for 
the entire autumn suggests 107,000 birds passed over the country between 31 
August and 12 October 2000. With passage of some species probably starting c. 
2 weeks before and ending c. 2 weeks after the survey, it is clear that this total, 
if accurate, will be lower than the true figure for the entire autumn migration. 

Routes 
Central survey From numbers of birds at each location it is clear that soaring 
birds move on a broad front across Lebanon. However, a notable concentration 
(c. 40% of total numbers) occurred at Deir el Harf. Here, birds arrived from two 
principal directions, one due north, and the other north-east over Bois de 
Bologne. All tended to depart south-west. Protection of those passing on this 
route is clearly a conservation priority. Smaller concentrations were also noted 
following Barouk Ridge and the eastern edge of the Bekaa (see Fig. 1). 



Northern survey Mean hourly totals were calculated for each of the five sites 
visited. These confirm a broad-front passage, though with a clear peak west of 
the Mount Lebanon chain. This peak, which passed Bustan and Chambouq, 
accounted for c. 60% of the total passage observed during the northern survey. 
These sites are relatively close together and some double counting may have 
occurred, though the general trend is clear. Somewhat higher totals were found 
over El Qaa and Hermel, in the northern Bekaa Valley, than nearer the coast, 
confirming the pattern found by the central survey. The results are illustrated in 
Fig. 1. 

Overall pattern Reference to the few published records of other observers can 
further elucidate the main routes. Nielsen & Christensen (1970) noted passage 
over Harissa, while Macfarlane (1978) watched two streams of raptors at 
Bikfaya, which he believed to converge south of there. Benson (1970) reported 
large numbers of birds near Aley. Our results suggest that a westerly route 
passes from Chambouq and Bustan to Harissa over the slopes of the Mount 
Lebanon chain, thence south to Deir el Harf. This route then turns south-west to 
pass below Aley, and appears to follow land at 750-1500 metres above sea 
level, thus passing inland and at higher altitude than that over Beirut and 
Mansouriye. This route is joined by a second stream arriving from the north-
east, at Deir el Harf, probably consisting of birds passing El Qaa and Hermel, 
and crossing the Mount Lebanon chain north of Mount Sannine. Thus it would 
appear that Macfarlane (1978) observed these two routes prior to the streams 
converging, Benson (1970) recorded the enlarged single stream, and Nielsen & 
Christensen (1970) observed birds on only one of these routes. 

It is interesting to speculate how birds reach the country from the north. 
Observations from Syria suggest that a route runs along the Alawite Mountains 
(Pyman 1953), a stream that clearly forms the passage first noted in Lebanon at 
Chambouq and Bustan. Once this stream and that passing El Qaa and Hermel 
converge south of Aley, the next observations are from Palestine and Israel (see 
Shirihai et al. 2000, Alon et al. in prep.). Counts from watchpoints east of Haifa 
suggest most birds remain at an altitude of c. 500 metres, indicating that the 
stream continues at broadly the same altitude from Aley through south 
Lebanon. Clearly further surveys, particularly in the south of the country are 
required to verify these routes before they can be properly protected at other 
points.  

 
CONCLUSIONS AND RECOMMENDATIONS  

 
  Internationally important numbers of raptors and other large soaring birds pass 

over Lebanon in autumn. Many have a negative conservation status and require 
adequate conservation while on passage. Passage appears to commence in 
August and continues to at least late October. Our surveys revealed a large 
concentration of birds in a narrow corridor over the western slopes of the Mount 
Lebanon range near Bustan and Chambouq, Harissa, Bikfaya, Deir el Harf and 
Aley. This is joined, at Deir el Harf, by a second stream probably from the 
northern Bekaa, crossing the Mount Lebanon range between Mount Sannine 
and Qornet es Sauda. Smaller concentrations occur along Barouk ridge and the 



east side of the Bekaa valley. In order to adequately protect these migrant large 
soaring birds in Lebanon, it is imperative that the hunting ban is rigorously 
enforced during passage periods, especially along these routes. Further studies 
south of Aley should determine the most sensitive sites in the south of the 
country, where protection is most needed. 
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Appendix Q. Results of Avian Survey 

Based on the Point Counts, a species list was generated in a way to account for resident breeding species, 
summer breeding species, wintering, and fall and spring migratory birds – which are provided in in the 
Tables below. 

Table 2 represents the Resident Breeding species (R). Out of 20 species, three are at the same time 
sedentary/resident (R or r) and summer breeding (SB or sb) species. Subsequently the total number of 
the sedentary (resident) species is 20. It is worth noting that 30% of the resident species are common 
and 50% uncommon. 

Table 3 provides the Summer Breeding species (SB). We note the presence of 15 summer breeding 
species. It is worth mentioning that 45.45% of the summer breeding species are common, 36% uncommon 
and 18.2% scarce. 

Table 4 gives the Spring Passage Migrant Species (SPM), Autumn Passage Migrants (APM) and the Winter 
Visitor Species (WV). The table shows that populations of 11 sedentary species are fed/increased by 
migrant populations, 27 summer breeding species are also fed by migrant populations, and 66 species 
pass through transit and/or winter in Lebanon, whilst half of them are winterers. Of the list, 72.7% are 
common, 16.7% are scarce, 7.6% rare, 1.5% are rare and 1.5% are very rare species. 

Table 1. Abbreviations are used in the tables to indicate the species status: 

R Resident with definite breeding record                                             
SB Breeding summer visitor    
S Non-breeding summer visitor    
WV Winter visitor     
SPM Spring passage migrant 
APM Autumn passage migrant     
FB Formerly bred (no breeding records since 1987)    
CR Critically Endangered as per BirdLife International 2016 
EN Endangered as per BirdLife International 2016  
VU Vulnerable as per BirdLife International 2016 
NT Near-Threatened as per BirdLife International 2016    
? Question mark indicates uncertain status.  
Lower case abbreviations (eg. r, sb, s, wv, pm) Indicate that the species is uncommon or rare at the 
relevant season. 
Bold Indicate common species in the relevant season (breeding, migrating and wintering). 
 
  



Table 2: Sedentary Species (R) 

Note Species status (R) and the degree of occurrence (common, uncommon, scarce, rare and very rare) are based on the visits 1, 2, 3, 11, 12 and 
13 during the period 2013-2017 of the avian studies that were undertaken by the ESIA ornithologist. 

  

English Name Scientific Name Status  Migrating and Wintering Degree of Occurrence 
Zones SPM  APM  WV SV Common Un-common Scarce Rare Very rare 

Common Kestrel Falco tinnunculus r, PM, WV  1,2,3 1 1 1    1       
Long-legged Buzzard Buteo rufinus  r, PM, wv  1,2,3 1 1 1   1       
Rock Dove Columba livia  r 3           1       
Eurasian Hoopoe Upupa epops  R, sb, PM, wv 3  1 1 1   1        
Eurasian Jay Garrulus glandarius  R 3         1        
Barn Owl Tyto alba r 3       1   
Tawny Owl Strix aluco r 3       1   
Hooded Crow Corvus cornix  R 3         1        
Great Tit Parus major  r 3          1       
Crested Lark Galerida cristata  r 1          1       
Horned Lark Eremophila alpestris  r 1          1       
Woodlark Lullula arborea R 1,2     1     
Spectacled Warbler Sylvia conspicillata  r, ?pm 2,3         1       
Winter Wren Troglodytes troglodytes  r  3             1   
Western Rock Nuthatch Sitta neumayer  r 3          1       
Eurasian Blackbird Turdus merula  R, pm, wv 3 1 1 1   1        
Western Black Redstart Phoenicurus ochruros semirufa r, sb 3          1       
Mourning Wheatear Oenanthe lugens  r  1,2            1     
Blue Rock Thrush Monticola solitarius  r, pm, wv 2 1 1 1          1 
Rock Sparrow Petronia petronia  r 1,2            1     
Common Chaffinch Fringilla coelebs  r, PM, WV  3 1 1 1    1       
European Greenfinch Carduelis chloris  R, WV, pm 3 1 1 1   1         
Rock Bunting Emberiza cia  r 1,2          1         

Total 23   7 7 7 0 7 10 4 1 1 



Table 3: Summer breeding species (SB or sb) 

Note Species status (SB) and the degree of occurrence (common, uncommon, scarce, rare and very rare) are based on the visits 4 and 5 of the 
period 2016-2017 of the avian studies that were undertaken by the ESIA ornithologist.  

  

English Name Scientific Name Status  Migrating and Wintering Degree of Occurrence 
Zones SPM  APM  WV SV Common Un-common Scarce Rare Very rare 

Short-toed Snake Eagle Circaetus gallicus  sb, PM 1,2,3 1 1     1   
Common Swift Apus apus  SB, PM 2 1 1    1    
Red-backed Shrike Lanius collurio  SB, PM 3 1 1   1     
Barn Swallow Hirundo rustica  SB, PM, wv 3 1 1 1   1    
Lesser Whitethroat Sylvia curruca  SB, PM, ?wv 3 1 1 0  1     
Common Redstart Phoenicurus phoenicurus  sb, PM 2,3 1 1    1    
Northern Wheatear Oenanthe oenanthe  SB, PM, wv 1,2 1 1 1  1     
Black-eared Wheatear Oenanthe hispanica  SB, PM 1 1 1   1     
Rufous-tailed Rock Thrush Monticola saxatilis  SB, pm 1,2 1 1     1   
Pale Rock Finch Carpospiza brachydactyla  SB, pm 2 1 1    1    
Black-headed Bunting Emberiza melanocephala  SB, PM 3 1 1   1     

Total 11   0 11 11 2 0 5 4 2 0 



Table V-1 Passage migrants, Winter Visitors and Summer Visitors 

English Name Scientific Name Status 

 Migrating, Wintering and 
Summering 

Degree of Occurrence 

Zones FB SPM  APM  WV SV Common Un-
common 

Scarce Rare Very 
rare 

Black Stork Ciconia nigra  pm 1,2,3  1 1    1    
Western White Stork Ciconia ciconia  PM 1,2,3  1 1   1     
Great White Pelican Pelecanus onocrotalus  PM 1,2,3  1 1   1     
Common Kestrel Falco tinnunculus r, PM, WV 1,2,3  1 1 1   1    
Red-footed Falcon Falco vespertinus (NT) pm 1,2  1 1     1   
Peregrine Falcon Falco peregrinus  pm, wv 2  1 1 1    1   
European Honey Buzzard Pernis apivorus  PM 1,2,3  1 1   1     
Black Kite Milvus migrans  pm, wv 2,3  1 1    1    
Egyptian Vulture (CR) Neophron percnopterus (EN pm 1,2 1 1 1       1 

 Eurasian Griffon Vulture Gyps fulvus  pm, ?wv, 
?r, ?b 1,2 1 1 1       1 

Cinereous Vulture Gyps monachus pm 1,2  1 1       1 
Short-toed Snake Eagle Circaetus gallicus  SB, PM 1,2,3  1 1     1   
Levant Sparrowhawk Accipiter brevipes  PM 2,3 1 1 1   1     
Eurasian Sparrowhawk Accipiter nisus  PM, wv 1,2,3  1 1 1    1   
Common Buzzard Buteo b. buteo  PM, WV 1,2,3  1 1 1   1    
Steppe Buzzard Buteo b. vulpinus PM, WV 1,2,3  1 1 1  1     
Long-legged Buzzard Buteo rufinus  r, PM, wv 1,2,3  1 1 1   1    
Lesser Spotted Eagle Clanga pomarina  PM, wv, s 1,2,3  1 1 1  1     
Greater Spotted Eagle Clanga clanga (VU) pm, ?wv 2  1 1      1  
Imperial Eagle Aquila heliacal pm 1,2  1 1       1 
Booted Eagle Aquila pennata  sb, pm, wv 2,3  1 1    1    
Bonelli’s Eagle Aquila fasciatus  R, pm, wv 3  1 1     1   
Common Crane Grus grus  PM, wv 1,2,3  1 1 1  1     
Stock Dove Columba oenas  pm, wv 3  1 1 1     1  

Common Woodpigeon Columba palumbus  pm, WV 1,2,3  1 1 1   1    

Common Cuckoo Cuculus canorus  sb, PM 3  1 1    1    

European Nightjar Caprimulgus europaeus  PM, ?sb 2,3 1 1 1    1    

Alpine Swift Tachymarptis melba  pm 1,2,3  1 1     1   

Common Swift Apus apus  SB, PM 2  1 1   1     

European Bee-eater Merops apiaster  PM 1,2,3  1 1   1     

Eurasian Hoopoe Upupa epops  R, sb, PM, 
wv 3  1 1 1   1    



Red-backed Shrike Lanius collurio  SB, PM 3  1 1   1     

Woodchat Shrike Lanius senator  PM 2,3  1 1    1    

Masked Shrike Lanius nubicus  sb, PM 2,3  1 1   1     

Barn Swallow Hirundo rustica  SB, PM, wv 3  1 1 1  1     

Common House Martin Delichon urbicum  SB, PM 3  1 1   1     

Eastern Olivaceous Warbler Iduna pallida  sb, PM 3  1 1     1   

Willow Warbler Phylloscopus trochilus  PM 2,3  1 1    1    

Common Chiffchaff Phylloscopus collybita  sb, PM, WV 2,3  1 1 1   1    

Eurasian Blackcap Sylvia atricapilla  sb, PM, WV 3  1 1 1  1     

Lesser Whitethroat Sylvia curruca  SB, PM, 
?wv 2,3  1 1   1     

Common Whitethroat Sylvia communis  sb, PM 3  1 1   1     

Sardinian Warbler Sylvia melanocephala  r, PM, WV 1  1 1   1     

Eurasian Blackbird Turdus merula  R, pm, wv 1  1 1 1  1     

Fieldfare Turdus pilaris  pm, wv 1,3  1 1 1   1    

Redwing Turdus iliacus  pm, WV 1,2  1 1 1   1    

Song Thrush Turdus philomelos  PM, wv 1,2,3  1 1 1  1     

Mistle Thrush Turdus viscivorus  sb, pm, WV 1,2,3  1 1 1   1    

European Robin Erithacus rubecula  pm, WV 3  1 1 1   1    

Whinchat Saxicola rubetra  PM 3  1 1     1   

Eurasian Stonechat Saxicola torquatus  PM, WV 3  1 1 1  1     

Isabelline Wheatear Oenanthe isabellina  SB, PM, wv 1,2  1 1 1   1    

Northern Wheatear Oenanthe oenanthe  sb, PM, wv 1,2  1 1 1   1    

Black-eared Wheatear Oenanthe hispanica  sb, PM 1,2  1 1    1    

Rufous-tailed Rock Thrush Monticola saxatilis  sb, pm 1,2  1 1      1  

Blue Rock Thrush Monticola solitarius  r, pm, wv 1,2  1 1 1     1  

Spotted Flycatcher Muscicapa striata  sb, PM 3  1 1    1    

Spanish Sparrow Passer hispaniolensis  sb, pm, wv 3  1 1 1   1    

Alpine Accentor Prunella collaris  pm 2,3  1 1      1  

White Wagtail Motacilla alba  sb, PM, WV 3  1 1 1  1     

Tawny Pipit Anthus campestris  sb, PM, wv 2,3  1 1 1  1     

Common Chaffinch Fringilla coelebs  R, PM, WV 3  1 1 1    1   



Notes 

Species status (SPM) and the degree of occurrence (common, uncommon, scarce, rare and very rare) are based on the visits 1, 2, 3, 4, 5, 6, 12, 13, 
14, 15 and 16 during the period 2013-2017 of the avian studies that were undertaken by the ESIA ornithologist. 

Species status (APM) and the degree of occurrence are based on the visits 8, 17, 18, 19 and 20 (20 to be conducted) during the period August – 
October 2016-2017 of the avian studies that were undertaken by the ESIA ornithologist. 

Species status (WV) and the degree of occurrence are based on the visits 9, 10 and 11 during the period 2016 of the avian studies that were 
undertaken by the ESIA ornithologist. 

Below are the results of birds flying at collision risk height recorded during the VP surveys and then the PC surveys. 

European Greenfinch Carduelis chloris  R, WV, pm 3  1 1 1    1   

European Goldfinch Carduelis carduelis  R, WV, pm 3  1 1 1    1   

Corn Bunting Emberiza calandra  R, PM, WV 2  1 1 1   1    

Ortolan Bunting Emberiza hortulana  sb, PM 2  1 1    1    

Black-headed Bunting Emberiza melanocephala  SB, PM 2,3  1 1    1    

Common Reed Bunting Emberiza schoeniclus  pm, wv 3  1 1 1     1  

Total 66 66 66 4 66 66 32 0 22 24 11 7 0 



Flight ID Height 
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Through Wind 
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Surveyor Comments

3 100 30 200 Undefined 75 Y N 1 14:45:00 08/03/13 8km/h SE Kestrel 1 GRJ/Karim Jisr Mid-zone
1 250 200 300 NE to SW 70 N N 1 9:31AM 08/03/13 4km/h E Long-legged Buzzard 2 GRJ/Karim Jisr
2 350 300 400 SSE to NNW 120 N N 1 11:13AM 08/03/13 7km/h E White Stork 17 GRJ/Karim Jisr
5 120 30 200 S to N 150 Y Y 3 10:22:00 25/03/13 6.5km/h NNE Short-toed Eagle 6 GRJ/Karim Jisr Mid-zone
4 350 300 400 S to N 120 N N 3 08:10:00 25/03/13 3km/h NNE Lesser Spotted Eagle 2 GRJ/Karim Jisr Furthest zone
7 350 300 400 SSE to NNW 90 N N 3 14:35:00 25/03/13 10km/h NNE Levant Sparrowhawk 5 GRJ/Karim Jisr Mid zone 
6 450 400 500 SSE to NNW 90 N N 3 12:11:00 25/03/13 9.5km/h NNE Lesser Spotted Eagle 19 GRJ/Karim Jisr

12 0 0 0 0 0 0 0 2 9:30AM 16/03/14 50-100km/h- WNW 0 0 GRJ/Karim Jisr Site left Strong wind
8 150 30 200 SW to NE 60 Y Y 2 07:50:00 16/03/14 8km/h NNE Kestrel 2 GRJ/Karim Jisr

10 150 30 200 S to N 120 Y N 2 8:30AM 16/03/14 10km/h NNE Steppe Buzzard 11 GRJ/Karim Jisr Mid zone 
9 250 200 300 S to N 120 N N 2 8:00AM 16/03/14 9km/h NNE Long-legged Buzzard 3 GRJ/Karim Jisr

11 550 500 600 S to N 150 N N 2 8:40AM 16/03/14 29km/h S Lesser Spotted Eagle 34 GRJ/Karim Jisr
15 100 30 200 S to N 60 N y 3 10:24:00 05/04/14 6.5km/h N Red-footed Falcon 4 GRJ/Sami Sayyed Mid zone 
16 100 30 200 S to N 50 N N 3 13:20:00 05/04/14 6km/h N Cinereous Vulture 1 GRJ/Sami Sayyed Killed/shot at about 2.5 km to the west of the site
14 150 30 200 W to E 70 Y Y 3 10:00:00 05/04/14 6.5km/h N Short-toed Eagle 2 GRJ/Sami Sayyed
13 250 200 300 SSE to NNW 240 N N 3 09:12:00 05/04/14 5km/h N Levant Sparrowhawk 16 GRJ/Sami Sayyed
18 250 200 300 SW to SE 50 N N 3 15:36:00 05/04/14 7km/h N Kestrel 2 GRJ/Sami Sayyed
19 250 200 300 S to N 80 N N 3 15:55:00 05/04/14 7km/h N Lesser Spotted Eagle 18 GRJ/Sami Sayyed
17 650 600 700 S to N 120 N N 3 13:52:00 05/04/14 4.5km/h N White Pelican 45 GRJ/Sami Sayyed
21 150 30 200 S to N 120 Y N 1 08:36:00 06/05/14 5km/h SE Honey Buzzard 15 GRJ Furthest zone
23 150 30 200 S to N 60 Y Y 1 10:20:00 06/05/14 8km/h SE White Stork 1 GRJ
20 250 200 300 S to NNW 150 N N 1 08:13:00 06/05/14 5km/h SE Honey Buzzard 33 GRJ
22 250 200 300 S to N 90 N N 1 08:53:00 06/05/14 5km/h SE White Stork 7 GRJ
24 350 300 400 S to N 180 N N 1 13:25:00 06/05/14 8km/h SE Common Crane 11 GRJ
26 350 300 400 SSE to NNW 150 N N 1 03:55:00 06/05/14 8km/h SE Lesser Spotted Eagle 2 GRJ
25 450 400 500 SSE to NNW 120 N N 1 15:25:00 06/05/14 8km/h SE Honey Buzzard 7 GRJ
27 150 30 200 S to N 120 Y N 3 09:05:00 02/06/14 10km/h WSW White Pelican 4 GRJ/Elie Haj Mid zone 
30 150 30 200 SE to NW 75 Y Y 3 13:47:00 02/06/14 10km/h WSW Long-legged Buzzard 1 GRJ/Elie Haj
29 160 30 200 S to N 90 Y N 3 13:25:00 02/06/14 10km/h WSW Honey Buzzard 2 GRJ/Elie Haj
28 250 200 300 S to N 90 N N 3 12:15:00 02/06/14 7km/h WSW Kestrel 1 GRJ/Elie Haj
33 100 30 200 S to N 70 Y N 2 10:10:00 07/03/16 5km/h N Lesser Spotted Eagle 1 GRJ Mid zone 
31 250 200 300 SSE to NNW 120 N N 2 08:11:00 07/03/16 0.5km/h ENE White Stork 4 GRJ
34 250 200 300 S to N 90 N N 2 10:50:00 07/03/16 5km/h SE Kestrel 1 GRJ
32 350 300 400 S to N 150 N N 2 09:23:00 07/03/16 1.5km/h SE Steppe Buzzard 6 GRJ
35 350 300 400 S to N 75 N N 2 12:21:00 07/03/16 5km/h N Lesser Spotted Eagle 4 GRJ
42 50 30 200 Undefined 240 Y N 1 15:36:00 14/04/16 10km/h SW Long-legged Buzzard 1 GRJ/Joy Jadam
40 90 30 200 S to N 120 Y N 1 12:55:00 14/04/16 9km/h SW Levant Sparrowhawk 21 GRJ/Joy Jadam
41 120 30 200 S to N 50 Y Y 1 14:17:00 14/04/16 10km/h SW Lesser Spotted Eagle 1 GRJ/Joy Jadam
36 250 200 300 S to N 90 N N 1 08:22:00 14/04/16 1km/h SW Steppe Buzzard 7 GRJ/Joy Jadam
37 250 200 300 S to N 120 N N 1 08:43:00 14/04/16 1km/h SW Kestrel 5 GRJ/Joy Jadam
38 250 200 300 SW to NNE 45 N N 1 09:11:00 14/04/16 1km/h SW Booted Eagle 1 GRJ/Joy Jadam
43 250 200 300 S to N 45 N N 1 16:30:00 14/04/16 10km/h SW Honey Buzzard 2 GRJ/Joy Jadam
39 450 400 500 SW to NNE 45 N N 1 10:30:00 14/04/16 1.5km/h SW Greater Spotted Eagle 1 GRJ/Joy Jadam Mid zone 
49 120 30 200 NNW to SSE 120 Y N 1 08:12:00 03/11/16 0.5km/h E Steppe Buzzard 2 GRJ/Elie Haj Furthest zone
51 250 200 300 NE to SW 50 N N 1 12:12:00 03/11/16 6km/h N Kestrel 3 GRJ/Elie Haj
52 350 300 400 N to S 90 N N 1 13:15:00 03/11/16 6km/h N Common Crane 13 GRJ/Elie Haj
50 450 400 500 N to S 90 N N 1 10:25:00 03/11/16 6km/h N White Pelican 21 GRJ/Elie Haj
47 130 30 200 S to N 45 Y N 2 14:17:00 08/05/17 11km/h N Honey Buzzard 1 GRJ Mid zone 
44 250 200 300 SW to NE 180 N N 2 09:30:00 08/05/17 7km/h N White Stork 12 GRJ
45 250 200 300 SW to NE 120 N N 2 10:07:00 08/05/17 9km/h N Honey Buzzard 18 GRJ
46 250 200 300 S to N 90 N N 2 12:17:00 08/05/17 11km/h N Booted Eagle 1 GRJ



48 250 200 300 S to N 70 N N 2 16:17:00 08/05/17 11km/h N Kestrel 1 GRJ
54 150 30 200 NE to SW 60 Y Y 1 09:55:00 07/08/17 11km/h NNE Honey Buzzard 1 GRJ
53 250 200 300 NNE to SSW 75 N N 1 09:14:00 07/08/17 11km/h NNE Honey Buzzard 3 GRJ
55 250 200 300 NE to SW 60 N N 1 10:25:00 07/08/17 11km/h NNE Steppe Buzzard 1 GRJ
56 250 200 300 undefined 75 N N 1 13:40:00 07/08/17 11km/h NNE Long-legged Buzzard 1 GRJ
57 250 200 300 N to S 60 N N 1 15:12:00 07/08/17 11km/h NNE Steppe Buzzard 1 GRJ
61 100 30 200 N to S 180 Y N 2 13:32:00 04/09/17 5km/h N Levant Sparrowhawk 2 GRJ/Elie Haj Mid zone 
64 170 30 200 N to S 75 Y N 2 16:20:00 04/09/17 10km/h N Red-footed Falcon 1 GRJ/Elie Haj Mid zone 
66 170 30 200 N to S 90 Y Y 2 16:35:00 04/09/17 10km/h N Eurasian Sparrowhawk 1 GRJ/Elie Haj
58 250 200 300 N to S 90 N N 2 08:17:00 04/09/17 1.5km/h N Short-toed Eagle 3 GRJ/Elie Haj
60 250 200 300 N to S 120 N N 2 10:35:00 04/09/17 5km/h N Levant Sparrowhawk 8 GRJ/Elie Haj
63 250 200 300 NE to SW 60 N N 2 15:08:00 04/09/17 10km/h N Honey Buzzard 12 GRJ/Elie Haj
59 350 300 400 N to S 70 N N 2 09:10:00 04/09/17 1.5km/h N Honey Buzzard 6 GRJ/Elie Haj
62 350 300 400 N to S 55 N N 2 14:47:00 04/09/17 9km/h N Booted Eagle 1 GRJ/Elie Haj
65 350 300 400 N to S 120 N N 2 16:25:00 04/09/17 10km/h N Short-toed Eagle 2 GRJ/Elie Haj
70 150 30 200 N to S 70 Y Y 3 11:20:00 17/09/17 5km/h N Lesser Spotted Eagle 2 GRJ/Elie Haj
67 250 200 300 N to S 90 N N 3 08:08:00 17/09/17 1.5km/h N Lesser Spotted Eagle 14 GRJ/Elie Haj
69 250 200 300 N to S 70 N N 3 10:05:00 17/09/17 5km/h N Long-legged Buzzard 1 GRJ/Elie Haj
68 350 300 400 N to S 120 N N 3 09:50:00 17/09/17 5km/h N Levant Sparrowhawk 10 GRJ/Elie Haj
71 550 500 600 N to S 90 N N 3 14:20:00 17/09/17 9km/h N Egyptian Vulture 1 GRJ/Elie Haj
72 750 700 800 N to S 240 N N 3 16:00:00 17/09/17 11km/h N Honey Buzzard 14 GRJ/Elie Haj
76 100 30 200 N to S 90 Y Y 2 11:17:00 03/10/17 5km/h N Lesser Spotted Eagle 6 GRJ
75 250 200 300 N to S 80 N N 2 10:45:00 03/10/17 6km/h N Lesser Spotted Eagle 11 GRJ
73 350 300 400 N to S 45 N N 2 09:19:00 03/10/17 6km/h N Red-footed Falcon 1 GRJ
74 350 300 400 N to S 120 N N 2 09:27:00 03/10/17 6km/h N Levant Sparrowhawk 40 GRJ
77 350 300 400 N to S 75 N N 2 13:40:00 03/10/17 5km/h N Steppe Eagle 1 GRJ
84 100 30 200 NE to SW 130 Y Y 3 02:54:00 16/10/17 11km/h N Common Crane 2 GRJ
83 150 30 200 N to S 90 Y N 3 00:44:00 16/10/17 11km/h N Short-toed Eagle 2 GRJ Mid zone 
78 250 200 300 N to S 90 N N 3 08:15:00 16/10/17 5km/h N Lesser Spotted Eagle 4 GRJ
82 250 200 300 N to S 75 N N 3 11:24:00 16/10/17 8km/h N Kestrel 1 GRJ
79 350 300 400 N to S 75 N N 3 09:12:00 16/10/17 6km/h N Eurasian Sparrowhawk 1 GRJ
80 350 300 400 N to S 60 N N 3 09:33:00 16/10/17 6km/h N Imperial Eagle 1 GRJ
85 350 300 400 NE to SW 50 N N 3 04:20:00 16/10/17 11km/h N Steppe Buzzard 2 GRJ
81 450 400 500 N to S 120 N N 3 11:13:00 16/10/17 8km/h N White Pelican 6 GRJ
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102
103
104
105
106
107
108
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2 0 0 0 0 0 0 0 2 08:50:00 14/03/13 1km/h N 0 0 GRJ/Capricia Shabarekh Mid zone
3 0 0 0 0 0 0 0 3 09:30:00 14/03/13 1km/h N 0 0 GRJ/Capricia Shabarekh
5 0 0 0 0 0 0 0 5 11:00:00 14/03/13 5km/h N 0 0 GRJ/Capricia Shabarekh
6 0 0 0 0 0 0 0 6 11:50:00 14/03/13 5.5km/h N 0 0 GRJ/Capricia Shabarekh
7 0 0 0 0 0 0 0 7 12:15:00 14/03/13 6km/h N 0 0 GRJ/Capricia Shabarekh
8 0 0 0 0 0 0 0 8 13:10:00 14/03/13 8km/h N 0 0 GRJ/Capricia Shabarekh
4 90 30 200 Undefined 120 Y Y 4 10:10:00 14/03/13 3km/h N Long-legged Buzzard 1 GRJ/Capricia Shabarekh
1 250 200 300 E to W 40 N N 1 08:15:00 14/03/13 0.5km/h N Kestrel 2 GRJ/Capricia Shabarekh

11 0 0 0 0 0 0 0 3 09:50:00 24/03/13 6km/h SSW 0 0 GRJ
13 0 0 0 0 0 0 0 5 11:45:00 24/03/13 7km/h SSW 0 0 GRJ
16 0 0 0 0 0 0 0 8 14:40:00 24/03/13 9km/h SSW 0 0 GRJ
12 150 30 200 S to N 90 Y Y 4 10:30:00 24/03/13 6km/h SSW Lesser Spotted Eagle 2 GRJ
10 250 200 300 S to N 120 N N 2 09:05:00 24/03/13 4.5km/h SW White Stork 3 GRJ
14 250 200 300 W to NE 45 N N 6 12:25:00 24/03/13 8km/h SSW Kestrel 1 GRJ
9 350 300 400 S to N 90 N N 1 08:30:00 24/03/13 3km/h SW Short-toed Eagle 3 GRJ

15 350 300 400 SSW to NNE 180 N N 7 13:50:00 24/03/13 8km/h SSW Steppe Buzzard 4 GRJ
22 0 0 0 0 0 0 0 6 13:35:00 20/03/14 8km/h SSE 0 0 GRJ/Sami Sayyed
19 250 200 300 S to N 160 N N 3 11:00:00 20/03/14 7km/h SSE Short-toed Eagle 1 GRJ/Sami Sayyed
20 250 200 300 S to N 90 N N 4 11:50:00 20/03/14 8km/h SSE Lesser Spotted Eagle 2 GRJ/Sami Sayyed
23 250 200 300 S to N 90 N N 7 14:10:00 20/03/14 8km/h SSE Booted Eagle 1 GRJ/Sami Sayyed
17 350 300 400 S to N 90 N N 1 09:23:00 20/03/14 4km/h SSE Steppe Buzzard 3 GRJ/Sami Sayyed
21 350 300 400 SW to NE 60 N N 5 12:40:00 20/03/14 8km/h SSE Kestrel 3 GRJ/Sami Sayyed
24 350 300 400 SW to NE 120 N N 8 15:00:00 20/03/14 7km/h SSE Levant Sparrowhawk 6 GRJ/Sami Sayyed
18 550 500 600 S to N 200 N N 2 10:15:00 20/03/14 6km/h SSE White Stork 1 GRJ/Sami Sayyed With brocken one leg, photo taken
29 100 30 200 SSE to N 90 Y N 5 12:20:00 03/04/14 8km/h SSE Lesser Spotted Eagle 5 GRJ/Elie Haj Mid zone
31 170 30 200 S to N 60 Y Y 7 14:30:00 03/04/14 8km/h SSE Steppe Buzzard 1 GRJ/Elie Haj
25 250 200 300 Undefined 150 N N 1 09:00:00 03/04/14 6km/h SSE Long-legged Buzzard 1 GRJ/Elie Haj
30 250 200 300 S to N 120 N N 6 13:55:00 03/04/14 8km/h SSE Steppe Eagle 3 GRJ/Elie Haj
26 350 300 400 S to N 120 N N 2 09:55:00 03/04/14 6.5km/h SSE Short-toed Eagle 2 GRJ/Elie Haj
27 350 300 400 S to N 110 N N 3 10:50:00 03/04/14 7km/h SSE Booted Eagle 1 GRJ/Elie Haj
32 350 300 400 SSE to NNE 180 N N 8 15:11:00 03/04/14 8km/h SSE White Pelican 9 GRJ/Elie Haj
28 450 400 500 SSE to N 180 N N 4 11:30:00 03/04/14 7.5km/h SSE Black Kite 7 GRJ/Elie Haj
34 0 0 0 0 0 0 0 2 09:10:00 10/05/14 11km/h N 0 0 GRJ
35 0 0 0 0 0 0 0 3 10:40:00 10/05/14 11km/h N 0 0 GRJ
37 0 0 0 0 0 0 0 5 12:05:00 10/05/14 11km/h N 0 0 GRJ
40 0 0 0 0 0 0 0 8 14:20:00 10/05/14 11km/h N 0 0 GRJ
39 150 30 200 SSE to NNW 180 Y N 7 13:45:00 10/05/14 11km/h N Lesser Spotted Eagle 11 GRJ Mid Zone
33 250 200 300 Undefined 150 N N 1 08:14:00 10/05/14 11km/h N Long-legged Buzzard 1 GRJ
36 450 400 500 SSE to NNW 120 N N 4 11:23:00 10/05/14 11km/h N Steppe Buzzard 4 GRJ
38 450 400 500 SSE to NNW 240 N N 6 12:40:00 10/05/14 11km/h N Levant Sparrowhawk 30 GRJ
42 0 0 0 0 0 0 0 2 09:18:00 05/06/14 18km/h WSW 0 0 GRJ/Naji Fahd
44 0 0 0 0 0 0 0 4 10:45:00 05/06/14 16km/h WSW 0 0 GRJ/Naji Fahd
43 110 30 200 Undefined 50 Y Y 3 09:55:00 05/06/14 16km/h WSW Kestrel 2 GRJ/Naji Fahd
45 150 30 200 SW to NE 180 Y N 5 12:00:00 05/06/14 15km/h WSW Honey Buzzard 8 GRJ/Naji Fahd Mid zone
41 250 200 300 Undefined 0 0 0 1 08:30:00 05/06/14 21km/h WSW 0 0 GRJ/Naji Fahd
46 250 200 300 Undefined 150 N N 6 11:46:00 05/06/14 14km/h WSW Short-toed Eagle 1 GRJ/Naji Fahd
48 250 200 300 SW to NE 90 N N 8 14:12:00 05/06/14 10km/h WSW White Stork 6 GRJ/Naji Fahd Furthest zone
47 350 300 400 SW to NE 90 N N 7 13:34:00 05/06/14 11km/h WSW Red-footed Falcon 2 GRJ/Naji Fahd
50 0 0 0 0 0 0 0 2 08:50:00 12/03/16 5km/h SE 0 0 GRJ/Naji Fahd
55 0 0 0 0 0 0 0 7 12:15:00 12/03/16 11km/h SE 0 0 GRJ/Naji Fahd
56 0 0 0 0 0 0 0 8 13:10:00 12/03/16 11km/h SE 0 0 GRJ/Naji Fahd
52 150 30 200 SE to NW 150 Y Y 4 10:10:00 12/03/16 7km/h SE White Stork 3 GRJ/Naji Fahd
53 150 30 200 SE to NW 180 0 0 5 11:00:00 12/03/16 10km/h SE 0 0 GRJ/Naji Fahd
49 250 200 300 SE to NW 0 0 0 1 08:15:00 12/03/16 3km/h SE Levant Sparrowhawk 6 GRJ/Naji Fahd
51 250 200 300 Undefined 60 N N 3 09:30:00 12/03/16 5km/h SE Kestrel 1 GRJ/Naji Fahd
54 250 200 300 Undefined 120 N N 6 11:50:00 12/03/16 11km/h SE Long-legged Buzzard 1 GRJ/Naji Fahd
57 0 0 0 0 0 0 0 1 08:05:00 11/04/16 0.5km/h W 0 0 GRJ/Naji Fahd
58 0 0 0 0 0 0 0 2 08:55:00 11/04/16 0.5km/h W 0 0 GRJ/Naji Fahd
60 170 30 200 SSW to NNE 120 Y Y 4 10:00:00 11/04/16 3km/h SW Lesser Spotted Eagle 2 GRJ/Naji Fahd



63 180 30 200 SW to NE 60 Y Y 7 12:45:00 11/04/16 10km/h SW Eurasian Sparrowhawk 1 GRJ/Naji Fahd
59 250 200 300 SSW to NNE 75 N N 3 09:47:00 11/04/16 0.5km/h SW Lesser Spotted Eagle 14 GRJ/Naji Fahd
62 250 200 300 SSW to NNE 90 N N 6 12:10:00 11/04/16 8km/h SW Steppe Buzzard 2 GRJ/Naji Fahd
64 250 200 300 SW to NE 75 N N 8 13:25:00 11/04/16 11km/h SW Honey Buzzard 3 GRJ/Naji Fahd
61 350 300 400 SW to NE 180 N N 5 11:20:00 11/04/16 6km/h SW Levant Sparrowhawk 16 GRJ/Naji Fahd
70 0 0 0 0 0 0 0 6 12:50:00 10/05/17 14km/h SE 0 0 GRJ/Joy Jadam
71 0 0 0 0 0 0 0 7 13:35:00 10/05/17 14km/h SE 0 0 GRJ/Joy Jadam
66 160 30 200 SE to NW 150 Y N 2 09:15:00 10/05/17 3km/h SE Honey Buzzard 14 GRJ/Joy Jadam Furthest zone
65 250 200 300 SE to NW 120 N N 1 08:30:00 10/05/17 1km/h SE Lesser Spotted Eagle 1 GRJ/Joy Jadam
67 250 200 300 SE to NW 150 N N 3 10:00:00 10/05/17 5km/h SE Honey Buzzard 3 GRJ/Joy Jadam
69 250 200 300 S to N 90 N N 5 12:05:00 10/05/17 13km/h SE Hobby 1 GRJ/Joy Jadam
72 250 200 300 SE to NW 90 N N 8 14:15:00 10/05/17 14km/h SE Steppe Buzzard 3 GRJ/Joy Jadam
68 350 300 400 S to N 120 N N 4 11:35:00 10/05/17 11km/h SE White Pelican 4 GRJ/Joy Jadam
75 0 0 0 0 0 0 0 3 10:00:00 02/06/17 8km/h N 0 0 GRJ/Elie Haj
76 0 0 0 0 0 0 0 4 11:35:00 02/06/17 10km/h N 0 0 GRJ/Elie Haj
77 0 0 0 0 0 0 0 5 12:05:00 02/06/17 11km/h N 0 0 GRJ/Elie Haj
78 0 0 0 0 0 0 0 6 12:50:00 02/06/17 12km/h N 0 0 GRJ/Elie Haj
80 0 0 0 0 0 0 0 8 14:15:00 02/06/17 13km/h N 0 0 GRJ/Elie Haj
83 0 0 0 0 0 0 0 3 10:00:00 02/06/17 8km/h N 0 0 GRJ
84 0 0 0 0 0 0 0 4 11:35:00 02/06/17 10km/h N 0 0 GRJ
85 0 0 0 0 0 0 0 5 12:05:00 02/06/17 11km/h N 0 0 GRJ
86 0 0 0 0 0 0 0 6 12:50:00 02/06/17 12km/h N 0 0 GRJ
88 0 0 0 0 0 0 0 8 14:15:00 02/06/17 13km/h N 0 0 GRJ
81 140 30 200 SW to NNE 120 Y N 1 08:30:00 02/06/17 6km/h WSW White Stork 3 GRJ
73 250 200 300 SW to NNE 120 N N 1 08:30:00 02/06/17 6km/h WSW White Stork 3 GRJ/Elie Haj
79 250 200 300 W to E 90 N N 7 13:35:00 02/06/17 13km/h N Long-legged Buzzard 1 GRJ/Elie Haj
87 250 200 300 W to E 90 N N 7 13:35:00 02/06/17 13km/h N Long-legged Buzzard 1 GRJ
74 350 300 400 SW to NNE 80 N N 2 09:15:00 02/06/17 7km/h WSW Honey Buzzard 4 GRJ/Elie Haj
82 350 300 400 SW to NNE 80 N N 2 09:15:00 02/06/17 7km/h WSW Honey Buzzard 4 GRJ
90 0 0 0 0 0 0 0 2 08:55:00 06/08/17 3km/h N 0 0 GRJ
91 0 0 0 0 0 0 0 3 09:48:00 06/08/17 5km/h N 0 0 GRJ
93 0 0 0 0 0 0 0 5 11:13:00 06/08/17 8km/h N 0 0 GRJ
94 0 0 0 0 0 0 0 6 12:00:00 06/08/17 10km/h N 0 0 GRJ
96 0 0 0 0 0 0 0 8 01:40:00 06/08/17 13km/h N 0 0 GRJ
89 150 30 200 S to N 180 Y Y 1 08:16:00 06/08/17 1.5km/h N Honey Buzzard 4 GRJ
92 250 200 300 E to W 90 N N 4 10:34:00 06/08/17 6km/h N Long-legged Buzzard 1 GRJ
95 350 300 400 S to N 80 N N 7 12:48:00 06/08/17 11km/h N Steppe Buzzard 2 GRJ

100 0 0 0 0 0 0 0 4 10:00:00 10/09/17 9km/h NNW 0 0 GRJ/Sami Sayyed
101 150 30 200 W to E 90 Y N 5 10:53:00 10/09/17 10km/h WNW Long-legged Buzzard 1 GRJ/Sami Sayyed Mid zone
97 250 200 300 NW to SE 120 N N 1 08:00:00 10/09/17 8km/h NNW Lesser Spotted Eagle 3 GRJ/Sami Sayyed
99 250 200 300 N to S 140 N N 3 09:18:00 10/09/17 9km/h NNW Steppe Buzzard 2 GRJ/Sami Sayyed

104 250 200 300 N to S 80 N N 8 01:07:00 10/09/17 11km/h N Honey Buzzard 4 GRJ/Sami Sayyed
98 350 300 400 N to S 110 N N 2 08:40:00 10/09/17 8km/h NNW Honey Buzzard 5 GRJ/Sami Sayyed

102 350 300 400 N to S 120 N N 6 23:35:00 10/09/17 10km/h NW Short-toed Eagle 3 GRJ/Sami Sayyed
103 350 300 400 N to S 60 N N 7 12:18:00 10/09/17 10km/h N Eurasian Sparrowhawk 4 GRJ/Sami Sayyed
105 250 200 300 N to S 130 N N 1 08:11:00 29/09/17 11km/h N Black Kite 2 GRJ
110 250 200 300 N to S 120 N N 6 12:15:00 29/09/17 11km/h N Short-toed Eagle 2 GRJ
106 350 300 400 N to S 100 N N 2 08:45:00 29/09/17 11km/h N Booted Eagle 1 GRJ
109 350 300 400 NW to SE 90 N N 5 11:22:00 29/09/17 11km/h N Lesser Spotted Eagle 7 GRJ
111 350 300 400 NNE to SSW 130 N N 7 12:50:00 29/09/17 10km/h N Lesser Spotted Eagle 3 GRJ
112 350 300 400 N to S 75 N N 8 01:50:00 29/09/17 9km/h N Steppe Buzzard 4 GRJ
107 450 400 500 N to S 80 N N 3 09:38:00 29/09/17 11km/h N Honey Buzzard 4 GRJ
108 450 400 500 N to S 180 N N 4 10:35:00 29/09/17 11km/h N Levant Sparrowhawk 8 GRJ
116 0 0 0 0 0 0 0 4 10:35:00 15/10/17 7km/h N 0 0 GRJ
114 100 30 200 N to S 90 Y Y 2 08:53:00 15/10/17 6km/h N Short-toed Eagle 1 GRJ
115 250 200 300 NE to SW 120 N N 3 09:46:00 15/10/17 6km/h N Levant Sparrowhawk 5 GRJ
117 250 200 300 E to W 90 Y Y 5 11:15:00 15/10/17 8km/h N Kestrel 1 GRJ
119 250 200 300 N to S 60 N N 7 12:50:00 15/10/17 11km/h N Steppe Buzzard 3 GRJ
113 350 300 400 NE to SW 100 N N 1 08:15:00 15/10/17 5km/h N Lesser Spotted Eagle 1 GRJ
118 350 300 400 NNE to SSW 90 N N 6 12:10:00 15/10/17 9km/h N Steppe Buzzard 2 GRJ
120 450 400 500 N to S 100 N N 8 01:50:00 15/10/17 11km/h N Levant Sparrowhawk 6 GRJ
121 0 0 0 0 0 0 0 1 08:16:00 04/11/17 0.5km/h W 0 0 GRJ/Sami Sayyed
122 0 0 0 0 0 0 0 2 08:55:00 04/11/17 1.5km/h SW 0 0 GRJ/Sami Sayyed



124 0 0 0 0 0 0 0 4 10:34:00 04/11/17 3km/h N 0 0 GRJ/Sami Sayyed
126 0 0 0 0 0 0 0 6 12:00:00 04/11/17 10km/h N 0 0 GRJ/Sami Sayyed
128 0 0 0 0 0 0 0 8 01:40:00 04/11/17 16km/h N 0 0 GRJ/Sami Sayyed
127 150 30 200 N to S 130 Y N 7 12:48:00 04/11/17 11km/h N Common Crane 11 GRJ/Sami Sayyed Mid zone
123 350 300 400 NNW to SSE 90 N N 3 09:48:00 04/11/17 1.5km/h N Steppe Buzzard 2 GRJ/Sami Sayyed
125 450 400 500 N to S 120 N N 5 11:13:00 04/11/17 6km/h N White Pelican 16 GRJ/Sami Sayyed
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DISCLAIMER 

This report has been prepared by Dr. Charbel Afif with all reasonable skill, care and diligence within the 

terms of the contract with the client, incorporating our General Terms and Conditions of Business and 

taking into account the resources devoted to it by agreement with the client. The information contained 

in this report is, to the best of our knowledge, correct at the time of submittal to the client. The 

interpretations and recommendations are based on our experience, using reasonable professional skill 

and judgment, and based upon the information that was available to us. The author does not guarantee 

the accuracy of the information delivered to him by the client. The author reserves the right to modify 

the contents of this report, in whole or in part, to reflect any new information that becomes available. 

This report is confidential to the client and we accept no responsibility whatsoever to third parties to 

whom this report, or any part thereof, is made known. Any such party relies on the report at their own 

risk.  
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I. Introduction 

Sustainable Akkar (SA) is one of the three private investors, selected to build an  Wind Farm Power 

Plant (WFPP) in Akkar, North of Lebanon (Figure 1). Noise from WFPPs can cause annoyance to people 

living or working in the nearby residences, farms and institutions.  

As part of the ESIA, SA has engaged the services of Charbel Afif to established baseline noise levels in 

the project area in order to identify potential impacted areas related to project activities. In the following, 

a brief description of the noise measurement campaign methodology is presented along with the results 

obtained.  

 
Figure 1. Project location in Akkar - Lebanon 

II. Baseline Survey Methodology 

Baseline noise measurements between 12th and 25th of February 2019. Two (2) locations were chosen 

for the measurement campaign: one in SA and the other in LWP. The coordinates, photos and details of 

the monitoring locations/campaign are presented in Table 1 and shown in Figure 2. Noise was measured 

for an interrupted period of 48 hours at each location as per the IFC guidelines. 

The noise measurements were made by a class 1 Sound Level Meter. The Type 1 sound level meter 

used complies with the latest IEC standards and American National Standards Institute (ANSI). It was 

factory-calibrated in 2018. It was also calibrated before and after each measurement according to the 

manufacturer’s guidelines.  
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Meteorological data was acquired from the nearest meteorological station operated by SA. Wind 

speed was measured at 40.4 m height. The following formula was used to calculate the wind speed at 10 

m height (Institute of Acoustics, 2014) with 0.05 being the standard ground roughness length.  

 

𝑊𝑆10𝑚 =  𝑊𝑆40.4𝑚 ×
ln (10/0.05)

ln (40.4/0.05)
 

 

Table 1. Details of the Noise Monitoring Locations/Campaign 
Monitoring 

Location 
Coordinates 

Details of The 
Monitoring Campaign 

Photos 

NM SA - 
IP34 

Zone 37S/   
34.527319°N,  
36.321035°E 

Start date: 2/12/2019 
8h40 
End date: 2/14/2019 
8h50 
Period 48.16 hours 
Height: 1.5 m above 
ground 

 

NM LWP - 
IP73 

Zone 37S/  
34.473917°N, 
36.268675°E 

Start date: 2/23/2019 
16h50 
End date: 2/25/2019 
17h50 
Period 49 hours 
Height: 1.5 m above 
ground 
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Figure 2. Map Showing the Noise Monitoring Locations (Google Earth®, 2018) 
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III. Baseline Results 

A summary of the 10-min baseline noise levels is provided in Table 2 and Table 3.  

Table 2. Summary of Measured Baseline Noise Levels – 10 min Data/WS Measured at 40.4 m 
IP 34 – wind speed measured at 40.4 m 
 

0<WS<1 1<WS<2 2<WS<3 3<WS<4 4<WS<5 5<WS<6 6<WS<7 7<WS<8 8<WS<9 9<WS<10 10<WS<11 11<WS<12 

Count 2 20 41 47 63 36 25 28 21 4 1 1 

Wind speed (m/s) 0.96 1.54 2.58 3.54 4.48 5.53 6.46 7.51 8.53 9.31 10.18 11.12 

Temperature (°C) 6.49 5.74 5.23 6.17 5.83 6.72 7.59 7.15 8.12 8.39 7.50 8.25 

Wind direction (°) 148.02 144.76 113.78 94.61 151.84 131.72 129.82 137.16 150.97 158.04 130.30 150.20 

Humidity (%) 44.59 61.69 66.39 70.91 81.27 75.29 62.22 68.34 51.91 50.23 58.53 54.10 

Air pressure (mbar) 628.91 629.79 629.34 633.42 634.76 633.44 634.07 632.74 632.23 632.41 631.53 632.13 

Leq - 10 min 
daytime 

- 36.90 35.37 37.13 36.77 36.65 40.79 37.41 46.35 46.66 - - 

LA90 - 10 min 
daytime 

- 34.23 32.92 34.46 34.17 33.76 37.95 34.76 42.79 43.16 - - 

Leq - 10 min 
nighttime 

30.93 30.96 31.01 32.38 32.98 34.81 40.87 46.12 47.31 47.40 50.05 47.82 

LA90 - 10 min 
nighttime 

29.56 28.72 29.20 30.17 30.43 32.49 37.77 42.37 43.44 43.70 45.05 45.37 

IP73 – wind speed measured at 40.4 m 
 

0<WS<1 1<WS<2 2<WS<3 3<WS<4 4<WS<5 5<WS<6 6<WS<7 7<WS<8 8<WS<9 9<WS<10 10<WS<11 11<WS<12 

Count 56 84 55 28 11 8 6 14 18 9 5 0 

Wind speed (m/s) 0.66 1.52 2.42 3.4 4.37 5.54 6.51 7.53 8.42 9.33 10.44 0 

Temperature (°C) 5.31 4.69 4.61 5.03 4.77 4.56 2.92 4.35 3.79 2.79 2.16 0 

Wind direction (°) 320.71 305.37 306.93 240.06 189.34 161.05 149.78 162.73 150.68 144.12 144.13 0 

Humidity (%) 56.64 71.68 75.59 66.63 64.36 70.57 91.43 74.06 89.16 97.5 99.99 0 

Air pressure (mbar) 848.4 848.15 848.34 848.72 848.62 849.14 848.77 848.86 849.04 848.77 848.59 0 

Leq - 10 min 
daytime 

32.86 33.16 33.07 35.52 36.64 32.62 42.1 45.41 38.61 47.67 49.75 - 
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LA90 - 10 min 
daytime 

31.13 31.03 30.95 33 33.83 30.95 40.15 42.06 36.05 44.83 46.78 - 

Leq - 10 min 
nighttime 

30.73 32.53 33.69 33.07 34 34.63 34.8 39.15 39.7 42.28 40 - 

LA90 - 10 min 
nighttime 

29.22 30.82 31.70 31.25 32.05 32.14 32.34 36.35 36.77 39.22 37.8 - 
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Table 3. Summary of Baseline Noise Levels – 10 min data/WS corrected to 10 m 
IP 34 – wind speed corrected to 10 m 
 

0<WS<1 1<WS<2 2<WS<3 3<WS<4 4<WS<5 5<WS<6 6<WS<7 7<WS<8 8<WS<9 

Count 6 34 56 77 43 34 27 10 2 

Wind speed (m/s) 0.85 1.58 2.49 3.46 4.45 5.49 6.42 7.19 8.43 

Temperature (°C) 
5.41 5.51 5.72 5.96 6.78 7.64 7.50 8.18 7.88 

Wind direction (°) 150.80 122.20 107.04 132.27 130.58 133.17 147.00 151.40 140.25 

Humidity (%) 59.32 64.78 68.62 79.18 73.27 63.79 60.25 52.39 56.32 

Air pressure (mbar) 628.64 629.62 631.34 634.84 633.29 634.30 631.80 632.23 631.83 

Leq - 10 min daytime 36.78 36.67 35.83 36.94 36.97 39.02 43.22 47.07 - 

LA90 - 10 min daytime 34.68 34.03 33.28 34.31 34.12 36.32 39.85 43.52 - 

Leq - 10 min nighttime 31.46 30.97 31.72 32.61 35.37 43.81 46.75 47.94 48.94 

LA90 - 10 min nighttime 29.22 29.05 29.70 30.16 32.92 40.57 42.88 43.83 45.21 

IP73 – wind speed corrected to 10 m 
 

0<WS<1 1<WS<2 2<WS<3 3<WS<4 4<WS<5 5<WS<6 6<WS<7 7<WS<8 8<WS<9 

Count 77 98 42 17 10 12 21 12 5 

Wind speed (m/s) 0.63 1.47 2.39 3.33 4.47 5.63 6.47 7.31 8.26 

Temperature (°C) 5.24 4.52 5.01 4.81 4.09 4.17 3.86 3.03 2.16 

Wind direction (°) 314.93 310.88 270.45 193.35 158.10 162.29 152.91 144.61 144.13 

Humidity (%) 59.29 75.03 69.86 63.04 76.46 73.42 87.36 96.03 99.99 

Air pressure (mbar) 848.40 848.09 848.71 848.69 849.06 848.81 848.97 848.88 848.59 

Leq - 10 min daytime 33.07 33.21 33.22 37 32.62 45.33 40.71 44.6 49.75 

LA90 - 10 min daytime 31.23 31.01 31.16 34.22 30.95 42.27 37.65 42.25 46.68 

Leq - 10 min nighttime 31.16 33.23 32.99 34.45 34.4 35.7 39.64 41.8 40 

LA90 - 10 min nighttime 29.55 31.33 31.26 32.59 32.15 32.90 36.59 38.96 37.8 
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Appendix A – Raw Data for IP34
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Date/local time Leq - 10 min L90 – 10 min 
Wind speed 
(m/s) at 40.4 

m 

Wind speed 
(m/s) at 10 m 

Wind 
direction (°) 

Humidity (%) 
Temperature 

(°C) 
Air pressure 

(mbar) 

2/12/2019 8:50 37.81 35.09 3.54 2.80 281.55 78.30 6.63 641.76 

2/12/2019 9:00 39.76 36.77 4.14 3.28 296.79 78.25 6.56 641.77 

2/12/2019 9:10 38.24 35.60 3.86 3.05 286.59 79.95 6.50 641.10 

2/12/2019 9:20 40.24 37.21 4.51 3.57 295.99 83.11 6.48 641.30 

2/12/2019 9:30 39.65 36.86 3.95 3.13 298.00 87.67 5.96 640.72 

2/12/2019 9:40 40.62 37.68 4.41 3.49 287.95 87.72 6.11 640.75 

2/12/2019 9:50 37.58 34.82 4.66 3.69 278.80 84.89 6.42 641.40 

2/12/2019 10:00 37.75 36.98 4.73 3.74 276.70 82.05 6.76 641.74 

2/12/2019 10:10 36.60 33.60 4.88 3.86 283.09 82.46 6.97 641.77 

2/12/2019 10:20 37.84 35.06 4.88 3.86 291.68 89.81 6.15 640.60 

2/12/2019 10:30 37.04 34.63 4.45 3.52 293.06 93.52 5.83 639.18 

2/12/2019 10:40 36.10 33.45 3.41 2.70 292.29 95.98 5.68 635.58 

2/12/2019 10:50 38.46 35.64 4.15 3.28 278.12 98.01 5.49 634.34 

2/12/2019 11:00 38.20 35.85 4.84 3.83 277.29 98.94 5.45 635.09 

2/12/2019 11:10 35.93 33.69 3.71 2.94 283.64 99.72 5.37 635.02 

2/12/2019 11:20 37.03 34.32 4.17 3.30 277.92 99.93 5.34 633.57 

2/12/2019 11:30 38.61 35.74 4.81 3.81 284.23 99.98 5.30 633.87 

2/12/2019 11:40 38.46 35.62 4.22 3.34 274.45 100.00 5.27 634.12 

2/12/2019 11:50 37.62 34.86 4.63 3.66 281.82 100.00 5.35 636.54 

2/12/2019 12:00 39.84 34.86 4.93 3.90 289.85 100.00 5.44 633.21 

2/12/2019 12:10 38.86 34.97 4.13 3.27 287.87 100.00 5.28 632.58 

2/12/2019 12:20 35.61 33.27 4.89 3.87 273.16 100.00 5.15 632.27 

2/12/2019 12:30 35.76 33.65 4.64 3.67 279.75 100.00 5.10 632.13 

2/12/2019 12:40 39.33 35.96 5.25 4.16 277.98 100.00 4.85 631.77 

2/12/2019 12:50 36.80 34.20 4.93 3.90 277.93 100.00 4.47 631.42 

2/12/2019 13:00 35.56 33.04 4.43 3.51 267.85 100.00 4.30 631.42 

2/12/2019 13:10 35.65 33.08 4.77 3.78 277.12 100.00 4.20 631.55 
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2/12/2019 13:20 34.47 32.05 4.19 3.32 277.09 100.00 4.20 631.55 

2/12/2019 13:30 36.69 34.03 3.22 2.55 276.65 100.00 4.27 631.41 

2/12/2019 13:40 37.90 35.90 2.74 2.17 281.91 100.00 4.32 631.27 

2/12/2019 13:50 36.84 34.15 4.41 3.49 286.55 100.00 4.37 631.17 

2/12/2019 14:00 37.97 35.17 4.86 3.85 279.07 100.00 4.37 631.07 

2/12/2019 14:10 41.29 38.20 3.81 3.02 275.37 100.00 4.39 631.04 

2/12/2019 14:20 35.27 32.74 4.63 3.66 277.07 100.00 4.36 630.99 

2/12/2019 14:30 37.87 36.12 3.66 2.90 268.28 100.00 4.34 630.94 

2/12/2019 14:40 34.33 32.50 3.50 2.77 274.48 100.00 4.35 630.88 

2/12/2019 14:50 33.71 32.80 3.71 2.94 272.10 100.00 4.34 630.81 

2/12/2019 15:00 33.52 31.63 2.92 2.31 272.15 100.00 4.35 630.70 

2/12/2019 15:10 31.24 28.12 3.12 2.47 264.92 100.00 4.36 630.67 

2/12/2019 15:20 35.87 32.28 3.03 2.40 259.61 100.00 4.29 630.60 

2/12/2019 15:30 29.86 27.67 2.98 2.36 255.85 100.00 4.28 630.52 

2/12/2019 15:40 35.86 33.84 2.68 2.12 254.32 100.00 4.27 630.48 

2/12/2019 15:50 33.28 30.45 2.01 1.59 227.14 100.00 4.22 630.42 

2/12/2019 16:00 36.44 35.18 4.22 3.34 157.19 100.00 4.51 630.22 

2/12/2019 16:10 33.30 29.97 5.22 4.13 145.92 100.00 4.99 630.07 

2/12/2019 16:20 28.86 26.35 5.54 4.38 142.58 100.00 5.14 630.09 

2/12/2019 16:30 29.87 27.86 4.21 3.33 132.79 100.00 5.15 630.16 

2/12/2019 16:40 34.69 32.29 4.58 3.62 127.91 99.99 5.12 630.13 

2/12/2019 16:50 33.18 30.86 5.35 4.23 123.76 99.99 5.29 630.12 

2/12/2019 17:00 32.45 30.28 5.70 4.51 131.62 100.00 5.35 630.19 

2/12/2019 17:10 32.41 30.56 5.77 4.57 133.10 100.00 5.24 630.19 

2/12/2019 17:20 31.61 29.50 7.82 6.19 126.20 100.00 5.30 630.18 

2/12/2019 17:30 29.93 27.98 7.90 6.25 130.64 100.00 5.29 630.20 

2/12/2019 17:40 31.03 28.97 7.30 5.78 133.94 100.00 5.15 630.15 

2/12/2019 17:50 32.81 29.60 7.61 6.02 133.36 100.00 5.10 630.10 

2/12/2019 18:00 32.35 30.68 7.23 5.72 137.02 100.00 4.98 630.05 

2/12/2019 18:10 33.66 32.80 7.72 6.11 140.10 100.00 4.91 629.98 
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2/12/2019 18:20 33.43 31.60 7.31 5.79 141.40 100.00 4.90 629.95 

2/12/2019 18:30 33.55 31.25 7.25 5.74 143.03 100.00 4.90 629.89 

2/12/2019 18:40 33.29 30.25 6.74 5.33 142.39 100.00 4.88 629.86 

2/12/2019 18:50 35.49 31.80 5.84 4.62 137.97 100.00 4.85 629.81 

2/12/2019 19:00 37.61 34.55 5.62 4.45 141.33 100.00 4.85 629.75 

2/12/2019 19:10 40.29 37.62 5.39 4.27 137.47 100.00 4.96 629.76 

2/12/2019 19:20 39.52 36.80 5.94 4.70 138.64 100.00 5.20 629.78 

2/12/2019 19:30 41.98 38.89 5.64 4.46 138.68 100.00 5.32 629.83 

2/12/2019 19:40 42.14 38.93 5.36 4.24 139.98 99.25 5.43 629.83 

2/12/2019 19:50 43.89 40.50 5.36 4.24 145.63 94.77 5.61 629.83 

2/12/2019 20:00 43.87 39.87 3.99 3.16 137.16 87.15 5.75 629.78 

2/12/2019 20:10 42.89 39.69 1.74 1.38 130.87 82.74 5.48 629.57 

2/12/2019 20:20 39.96 37.90 1.17 0.93 136.40 80.31 5.37 629.19 

2/12/2019 20:30 38.17 35.35 1.30 1.03 156.24 78.44 5.24 628.83 

2/12/2019 20:40 36.92 34.22 2.75 2.18 150.11 75.35 5.42 628.54 

2/12/2019 20:50 34.36 31.63 2.01 1.59 100.10 78.30 5.28 628.59 

2/12/2019 21:00 36.32 33.89 2.31 1.83 104.53 81.46 4.87 628.72 

2/12/2019 21:10 35.89 33.89 2.19 1.73 116.59 81.52 4.79 628.72 

2/12/2019 21:20 36.28 34.60 3.52 2.79 143.34 80.87 4.90 628.73 

2/12/2019 21:30 33.32 31.65 4.67 3.70 139.74 75.81 5.65 628.82 

2/12/2019 21:40 29.95 29.65 4.78 3.78 139.11 75.60 5.52 629.02 

2/12/2019 21:50 29.47 27.56 4.33 3.43 144.70 75.37 5.43 629.16 

2/12/2019 22:00 29.26 27.33 4.42 3.50 157.10 77.07 5.17 629.13 

2/12/2019 22:10 29.13 27.96 5.65 4.47 164.32 73.19 5.31 629.03 

2/12/2019 22:20 30.78 28.90 5.78 4.57 171.46 63.01 5.82 629.05 

2/12/2019 22:30 29.85 27.68 5.29 4.19 181.21 56.39 6.26 629.12 

2/12/2019 22:40 30.65 29.58 2.72 2.15 213.37 49.11 6.41 629.10 

2/12/2019 22:50 29.89 29.54 1.89 1.50 199.07 43.49 6.44 628.76 

2/12/2019 23:00 29.93 27.95 1.87 1.48 216.49 44.19 6.37 628.47 

2/12/2019 23:10 30.82 28.77 2.09 1.65 208.45 43.43 6.53 628.51 
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2/12/2019 23:20 32.28 30.26 1.61 1.27 192.92 42.85 6.60 628.63 

2/12/2019 23:30 31.55 29.35 1.01 0.80 200.48 41.82 6.59 628.87 

2/12/2019 23:40 31.63 28.47 1.00 0.79 212.19 43.64 6.48 628.81 

2/12/2019 23:50 32.33 30.10 1.32 1.04 174.10 45.27 6.47 628.76 

2/13/2019 0:00 31.72 29.50 1.18 0.93 118.07 44.62 6.60 628.96 

2/13/2019 0:10 30.83 28.45 1.59 1.26 116.86 45.47 6.58 629.11 

2/13/2019 0:20 29.98 27.98 1.45 1.15 131.69 45.85 6.54 629.08 

2/13/2019 0:30 30.93 29.56 0.92 0.73 83.84 45.54 6.49 629.01 

2/13/2019 0:40 30.65 27.59 1.81 1.43 68.09 47.08 6.23 628.93 

2/13/2019 0:50 32.04 29.84 2.71 2.14 87.35 50.00 5.95 628.91 

2/13/2019 1:00 31.34 28.60 2.20 1.74 95.97 51.67 5.83 628.84 

2/13/2019 1:10 29.21 27.66 2.42 1.92 93.40 53.79 5.79 628.60 

2/13/2019 1:20 29.49 27.54 2.55 2.02 93.44 57.23 5.74 628.27 

2/13/2019 1:30 30.33 28.97 2.48 1.96 105.65 53.30 5.54 628.05 

2/13/2019 1:40 29.91 27.98 2.62 2.07 142.35 46.67 5.68 627.85 

2/13/2019 1:50 30.19 28.19 2.74 2.17 133.85 42.28 6.26 627.98 

2/13/2019 2:00 30.53 28.40 2.51 1.99 120.96 43.38 6.31 628.42 

2/13/2019 2:10 29.43 27.65 2.67 2.11 124.71 43.30 6.37 628.57 

2/13/2019 2:20 28.58 26.72 2.82 2.23 120.80 42.39 6.63 628.81 

2/13/2019 2:30 28.60 26.90 2.93 2.32 127.42 41.23 6.78 629.01 

2/13/2019 2:40 29.46 28.63 2.42 1.92 155.95 39.04 6.99 629.13 

2/13/2019 2:50 29.73 26.54 1.33 1.05 142.14 37.95 7.18 629.24 

2/13/2019 3:00 30.96 28.94 1.93 1.53 133.02 37.27 7.20 629.35 

2/13/2019 3:10 31.02 30.64 2.34 1.85 117.80 36.58 7.28 629.46 

2/13/2019 3:20 30.98 29.98 2.20 1.74 104.85 35.36 7.29 629.57 

2/13/2019 3:30 30.81 29.79 2.80 2.22 90.83 34.65 7.41 629.67 

2/13/2019 3:40 31.17 29.08 3.30 2.61 90.22 34.29 7.48 629.76 

2/13/2019 3:50 31.12 29.60 3.44 2.72 86.58 33.24 7.57 629.78 

2/13/2019 4:00 31.51 28.36 3.00 2.37 75.83 32.61 7.60 629.80 

2/13/2019 4:10 31.32 29.18 2.71 2.14 78.10 32.72 7.45 629.75 
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2/13/2019 4:20 31.80 29.50 2.87 2.27 72.34 32.20 7.38 629.79 

2/13/2019 4:30 31.17 29.73 3.16 2.50 68.05 31.42 7.52 630.10 

2/13/2019 4:40 30.37 28.70 3.30 2.61 79.04 32.46 7.54 630.41 

2/13/2019 4:50 30.10 28.09 3.89 3.08 90.72 32.49 7.62 631.49 

2/13/2019 5:00 30.15 28.50 3.64 2.88 94.93 32.04 7.76 632.26 

2/13/2019 5:10 33.59 32.23 3.60 2.85 91.63 31.71 7.71 632.01 

2/13/2019 5:20 30.99 28.89 3.93 3.11 124.93 30.74 7.77 631.84 

2/13/2019 5:30 30.43 28.38 5.22 4.13 144.66 31.35 7.56 631.97 

2/13/2019 5:40 31.11 28.96 4.61 3.65 142.97 30.49 7.69 633.01 

2/13/2019 5:50 32.03 29.40 3.81 3.02 143.45 29.65 7.77 632.93 

2/13/2019 6:00 31.85 28.60 3.19 2.52 114.84 28.08 8.27 633.82 

2/13/2019 6:10 30.17 28.67 2.86 2.26 108.89 27.20 8.45 634.87 

2/13/2019 6:20 32.24 30.50 2.81 2.22 108.22 26.63 8.52 635.50 

2/13/2019 6:30 32.84 31.25 3.35 2.65 141.21 25.95 8.63 635.82 

2/13/2019 6:40 32.18 29.69 4.27 3.38 149.91 26.12 8.52 636.14 

2/13/2019 6:50 32.19 29.45 4.71 3.73 153.17 28.50 7.96 636.02 

2/13/2019 7:00 32.09 29.62 4.02 3.18 158.38 30.10 7.62 637.98 

2/13/2019 7:10 32.01 31.03 4.53 3.59 158.56 30.96 7.76 641.23 

2/13/2019 7:20 32.94 29.65 5.20 4.12 156.84 32.71 8.21 643.18 

2/13/2019 7:30 33.55 31.65 7.07 5.60 158.09 37.61 8.35 643.72 

2/13/2019 7:40 35.02 33.50 6.40 5.07 162.79 43.51 8.57 644.15 

2/13/2019 7:50 33.30 30.20 5.76 4.56 159.44 48.56 8.78 644.50 

2/13/2019 8:00 33.52 30.50 5.86 4.64 153.19 53.82 8.48 644.40 

2/13/2019 8:10 32.59 30.33 4.42 3.50 143.11 57.24 8.32 643.69 

2/13/2019 8:20 33.92 30.25 4.76 3.77 133.59 60.23 8.34 643.70 

2/13/2019 8:30 35.13 32.61 3.97 3.14 124.85 63.74 8.24 643.32 

2/13/2019 8:40 33.80 31.42 3.32 2.63 125.84 64.92 8.09 643.10 

2/13/2019 8:50 38.38 35.54 4.42 3.50 115.15 64.21 8.31 643.39 

2/13/2019 9:00 39.91 36.91 4.36 3.45 109.36 66.02 8.10 643.12 

2/13/2019 9:10 40.31 37.80 3.80 3.01 114.03 64.62 8.39 640.66 
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2/13/2019 9:20 39.93 36.82 4.13 3.27 110.77 63.04 8.67 640.61 

2/13/2019 9:30 37.18 33.56 4.19 3.32 85.08 71.00 8.03 640.58 

2/13/2019 9:40 38.09 35.82 4.05 3.21 76.21 77.46 7.33 640.60 

2/13/2019 9:50 40.29 37.69 4.04 3.20 72.37 80.38 7.13 640.72 

2/13/2019 10:00 39.83 36.96 3.53 2.79 66.02 80.68 7.24 640.80 

2/13/2019 10:10 38.77 35.80 3.83 3.03 67.11 78.90 7.36 640.97 

2/13/2019 10:20 37.65 34.88 4.19 3.32 68.57 78.23 7.34 640.86 

2/13/2019 10:30 37.83 35.06 4.23 3.35 79.83 78.40 7.44 640.58 

2/13/2019 10:40 36.26 32.63 4.65 3.68 73.70 78.91 7.60 640.51 

2/13/2019 10:50 38.90 36.01 5.34 4.23 69.78 81.48 7.49 640.43 

2/13/2019 11:00 37.25 35.68 6.00 4.75 74.25 80.98 7.50 640.27 

2/13/2019 11:10 32.36 30.20 6.55 5.18 78.93 81.10 7.45 640.21 

2/13/2019 11:20 32.43 30.22 5.63 4.46 77.83 80.20 7.75 640.08 

2/13/2019 11:30 35.21 32.86 5.34 4.23 72.21 78.96 7.99 640.16 

2/13/2019 11:40 34.88 32.60 6.35 5.03 71.65 76.77 8.21 640.25 

2/13/2019 11:50 36.04 34.65 6.72 5.32 77.29 75.87 8.32 640.26 

2/13/2019 12:00 37.72 34.94 7.46 5.90 81.15 74.98 8.43 640.03 

2/13/2019 12:10 36.72 34.70 7.56 5.98 77.62 74.31 8.59 639.88 

2/13/2019 12:20 40.17 37.50 7.22 5.71 80.43 72.25 8.74 639.85 

2/13/2019 12:30 41.14 38.50 6.67 5.28 83.97 69.44 8.93 639.75 

2/13/2019 12:40 38.84 35.80 6.44 5.10 86.53 66.27 9.29 639.74 

2/13/2019 12:50 35.35 31.90 5.86 4.64 88.24 63.53 9.57 639.81 

2/13/2019 13:00 38.35 35.60 5.74 4.54 78.62 62.80 9.73 639.80 

2/13/2019 13:10 41.27 36.89 5.97 4.72 78.55 62.20 9.84 639.78 

2/13/2019 13:20 42.44 39.16 5.53 4.38 82.25 61.97 9.84 639.60 

2/13/2019 13:30 41.65 38.48 4.68 3.70 82.28 60.58 9.92 639.47 

2/13/2019 13:40 41.56 38.48 3.93 3.11 80.27 59.46 9.96 639.37 

2/13/2019 13:50 40.43 37.92 3.31 2.62 77.29 58.19 10.09 639.31 

2/13/2019 14:00 38.91 35.02 3.01 2.38 78.07 57.41 10.16 639.19 

2/13/2019 14:10 47.49 42.74 3.02 2.39 75.43 57.52 10.11 639.15 



 
Draft final - Noise Monitoring Report                                                         
     

19    Dr. Charbel Afif 

    
 

2/13/2019 14:20 48.04 45.20 2.52 1.99 77.58 57.68 10.11 638.99 

2/13/2019 14:30 41.97 38.78 1.92 1.52 95.05 57.77 10.14 638.82 

2/13/2019 14:40 34.97 32.45 1.87 1.48 133.96 58.63 10.20 638.58 

2/13/2019 14:50 32.97 30.56 3.46 2.74 139.55 59.92 9.84 635.77 

2/13/2019 15:00 32.97 30.67 3.52 2.79 134.37 63.51 9.25 634.65 

2/13/2019 15:10 32.77 31.17 4.01 3.17 131.80 66.25 8.83 634.05 

2/13/2019 15:20 29.60 27.60 3.85 3.05 133.00 65.51 8.58 633.70 

2/13/2019 15:30 30.13 28.50 5.45 4.31 143.91 62.45 8.54 633.45 

2/13/2019 15:40 33.34 30.57 4.15 3.28 136.05 58.12 8.58 633.25 

2/13/2019 15:50 30.00 28.20 5.14 4.07 149.66 52.54 8.43 633.02 

2/13/2019 16:00 31.49 29.60 7.12 5.64 165.57 43.84 8.98 632.98 

2/13/2019 16:10 32.24 30.42 7.28 5.76 166.37 42.28 8.98 633.06 

2/13/2019 16:20 32.49 31.20 8.71 6.89 164.76 41.56 8.96 633.05 

2/13/2019 16:30 37.69 34.53 9.05 7.16 162.78 41.15 8.97 633.07 

2/13/2019 16:40 38.98 36.89 8.42 6.66 160.28 40.66 8.94 633.10 

2/13/2019 16:50 39.77 36.89 8.21 6.50 172.21 39.93 9.00 633.04 

2/13/2019 17:00 35.49 32.96 6.15 4.87 152.50 40.40 9.01 632.98 

2/13/2019 17:10 41.74 38.65 7.53 5.96 134.80 41.28 8.78 632.82 

2/13/2019 17:20 44.66 41.25 8.93 7.07 129.73 43.71 8.74 632.71 

2/13/2019 17:30 46.94 43.54 6.00 4.75 136.09 46.66 8.40 632.74 

2/13/2019 17:40 46.24 42.62 4.28 3.39 141.08 47.83 8.13 632.67 

2/13/2019 17:50 44.97 42.80 6.92 5.48 143.95 47.17 8.14 632.49 

2/13/2019 18:00 45.00 42.50 8.09 6.40 143.66 46.50 8.23 632.40 

2/13/2019 18:10 42.87 39.86 6.32 5.00 145.58 46.86 8.14 632.32 

2/13/2019 18:20 39.47 36.52 5.99 4.74 143.30 45.84 8.23 632.22 

2/13/2019 18:30 46.66 42.90 6.37 5.04 144.65 45.96 8.28 632.23 

2/13/2019 18:40 45.71 42.13 5.90 4.67 141.26 47.45 8.19 632.28 

2/13/2019 18:50 45.07 42.68 7.08 5.60 142.61 47.94 8.23 632.26 

2/13/2019 19:00 46.98 42.90 7.41 5.86 139.50 48.05 8.32 632.36 

2/13/2019 19:10 47.14 43.42 8.61 6.81 141.56 48.04 8.42 632.50 
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2/13/2019 19:20 46.36 41.80 7.45 5.90 142.39 48.61 8.39 632.55 

2/13/2019 19:30 47.56 41.20 7.69 6.09 143.57 49.23 8.23 632.52 

2/13/2019 19:40 48.13 44.18 8.24 6.52 142.11 50.46 8.16 632.43 

2/13/2019 19:50 47.72 43.94 8.41 6.66 144.72 51.09 8.18 632.38 

2/13/2019 20:00 50.20 46.86 7.88 6.24 141.75 51.81 8.10 632.36 

2/13/2019 20:10 51.90 47.80 6.83 5.41 142.37 52.22 8.03 632.33 

2/13/2019 20:20 54.26 48.23 6.77 5.36 144.80 52.39 7.99 632.22 

2/13/2019 20:30 54.41 48.97 8.09 6.40 149.72 53.00 8.01 632.15 

2/13/2019 20:40 50.99 46.96 9.55 7.56 156.49 53.01 8.21 632.17 

2/13/2019 20:50 51.31 47.98 9.01 7.13 154.99 53.39 8.21 632.24 

2/13/2019 21:00 50.88 46.87 8.95 7.08 151.91 54.53 8.05 632.20 

2/13/2019 21:10 50.10 46.90 8.46 6.70 150.44 54.99 8.01 632.15 

2/13/2019 21:20 49.24 44.32 8.78 6.95 154.54 55.28 7.96 632.12 

2/13/2019 21:30 47.21 43.98 8.87 7.02 158.72 54.42 8.00 632.05 

2/13/2019 21:40 50.01 45.01 8.10 6.41 160.36 53.05 8.15 632.03 

2/13/2019 21:50 49.11 45.19 8.74 6.92 161.77 52.28 8.34 632.08 

2/13/2019 22:00 46.73 43.05 8.94 7.08 160.30 52.55 8.34 632.14 

2/13/2019 22:10 47.39 43.69 9.64 7.63 157.91 53.36 8.17 632.15 

2/13/2019 22:20 47.82 45.37 11.12 8.80 150.20 54.10 8.25 632.12 

2/13/2019 22:30 48.80 44.36 8.99 7.12 142.82 55.44 8.02 632.10 

2/13/2019 22:40 44.15 39.74 6.72 5.32 143.74 57.69 7.69 632.02 

2/13/2019 22:50 45.85 42.26 8.28 6.55 141.93 60.27 7.42 631.86 

2/13/2019 23:00 46.49 42.84 7.79 6.17 134.42 61.54 7.25 631.72 

2/13/2019 23:10 44.62 42.56 5.69 4.50 128.66 62.69 7.02 631.62 

2/13/2019 23:20 47.52 43.85 7.77 6.15 133.34 63.70 6.90 631.51 

2/13/2019 23:30 47.62 43.45 8.88 7.03 137.80 62.31 7.08 631.46 

2/13/2019 23:40 47.86 44.08 6.97 5.52 139.04 61.68 7.14 631.44 

2/13/2019 23:50 48.74 45.89 7.48 5.92 131.05 60.49 7.24 631.46 

2/14/2019 0:00 50.05 45.05 10.18 8.06 130.30 58.53 7.50 631.53 

2/14/2019 0:10 47.24 43.67 7.82 6.19 143.99 58.38 7.36 631.63 



 
Draft final - Noise Monitoring Report                                                         
     

21    Dr. Charbel Afif 

    
 

2/14/2019 0:20 47.38 43.87 8.05 6.37 150.91 57.11 7.43 631.61 

2/14/2019 0:30 47.72 43.90 7.91 6.26 149.46 56.26 7.53 631.60 

2/14/2019 0:40 47.54 41.50 7.67 6.07 148.16 56.15 7.47 631.58 

2/14/2019 0:50 45.03 42.10 6.46 5.11 147.98 56.80 7.31 631.49 

2/14/2019 1:00 45.92 42.26 6.03 4.77 143.62 58.69 7.08 631.37 

2/14/2019 1:10 49.86 45.56 6.32 5.00 147.32 61.90 6.99 631.26 

2/14/2019 1:20 46.89 43.25 8.35 6.61 150.09 62.86 7.03 631.21 

2/14/2019 1:30 44.12 40.78 7.76 6.14 155.52 62.58 6.93 631.19 

2/14/2019 1:40 39.62 36.50 7.16 5.67 161.61 62.28 6.87 631.09 

2/14/2019 1:50 36.59 33.58 6.27 4.96 171.73 60.22 7.34 631.07 

2/14/2019 2:00 38.42 35.69 6.78 5.37 169.87 60.56 7.23 631.08 

2/14/2019 2:10 36.80 35.00 6.54 5.18 170.67 58.89 7.46 631.12 

2/14/2019 2:20 41.47 38.32 5.23 4.14 167.76 57.83 7.75 631.16 

2/14/2019 2:30 42.23 38.17 5.23 4.14 146.99 59.84 7.35 631.05 

2/14/2019 2:40 39.24 36.31 4.10 3.24 156.31 59.99 7.12 630.90 

2/14/2019 2:50 31.94 29.57 4.50 3.56 95.36 66.30 6.61 630.67 

2/14/2019 3:00 32.23 28.89 4.57 3.62 95.57 73.19 5.63 630.05 

2/14/2019 3:10 32.11 29.87 6.14 4.86 92.09 76.27 5.26 629.58 

2/14/2019 3:20 31.99 29.79 6.08 4.81 102.20 77.14 5.17 629.42 

2/14/2019 3:30 31.26 29.35 5.16 4.08 104.53 78.52 4.95 629.15 

2/14/2019 3:40 31.77 28.87 4.72 3.74 92.53 84.03 4.27 628.74 

2/14/2019 3:50 33.99 31.56 2.95 2.33 290.50 85.55 4.22 628.48 

2/14/2019 4:00 33.69 30.32 2.48 1.96 344.02 79.94 5.19 628.50 

2/14/2019 4:10 36.29 33.66 3.70 2.93 30.93 84.36 4.23 628.35 

2/14/2019 4:20 36.34 32.75 3.70 2.93 52.68 92.90 2.61 628.18 

2/14/2019 4:30 32.71 30.70 3.86 3.05 63.67 96.77 1.71 628.13 

2/14/2019 4:40 33.48 31.12 5.06 4.00 64.52 98.95 1.57 628.11 

2/14/2019 4:50 31.86 29.68 4.96 3.93 69.56 99.86 1.55 628.10 

2/14/2019 5:00 35.08 31.75 4.69 3.71 69.74 100.00 1.53 627.94 

2/14/2019 5:10 33.00 32 4.79 3.79 72.86 100.00 1.52 628.01 
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2/14/2019 5:20 32.97 29.86 4.41 3.49 85.35 100.00 1.51 628.12 

2/14/2019 5:30 32.54 30.23 4.66 3.69 78.62 100.00 1.60 627.94 

2/14/2019 5:40 33.49 31.14 4.00 3.17 81.00 100.00 1.61 627.90 

2/14/2019 5:50 35.23 32.75 3.33 2.64 75.10 100.00 1.58 627.95 

2/14/2019 6:00 32.46 31.36 2.18 1.73 53.07 100.00 1.59 627.74 

2/14/2019 6:10 32.57 29.98 2.89 2.29 67.93 100.00 1.60 627.75 

2/14/2019 6:20 32.08 29.48 3.14 2.49 17.25 100.00 1.82 627.81 

2/14/2019 6:30 32.13 29.90 3.85 3.05 30.24 100.00 2.00 627.79 

2/14/2019 6:40 32.77 31.26 2.58 2.04 43.99 100.00 1.84 627.78 

2/14/2019 6:50 32.97 30.25 2.48 1.96 93.62 100.00 1.81 627.82 

2/14/2019 7:00 33.47 31.60 3.59 2.84 156.18 100.00 1.73 627.55 

2/14/2019 7:10 34.51 32.54 4.62 3.66 166.25 100.00 1.14 627.12 

2/14/2019 7:20 33.88 32.70 3.74 2.96 131.25 100.00 1.22 626.85 

2/14/2019 7:30 32.64 29.67 2.61 2.07 115.32 100.00 1.43 626.89 

2/14/2019 7:40 33.66 30.29 2.99 2.37 232.97 100.00 1.30 626.97 

2/14/2019 7:50 33.60 31.45 1.18 0.93 154.79 100.00 0.94 627.00 

2/14/2019 8:00 32.96 31.07 2.50 1.98 129.66 100.00 1.25 627.18 

2/14/2019 8:10 32.07 29.86 1.89 1.50 121.06 100.00 1.45 627.52 

2/14/2019 8:20 33.96 31.56 2.39 1.89 73.79 100.00 1.58 628.13 

2/14/2019 8:30 34.81 31.33 1.39 1.10 9.12 100.00 1.55 628.69 

2/14/2019 8:40 34.98 31.28 3.20 2.53 283.14 100.00 1.47 628.88 

2/14/2019 8:50 33.64 31.28 1.41 1.12 287.52 100.00 1.58 629.50 
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Appendix B – Raw Data for IP73
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Date/Local time Leq - 10 min L90 – 10 min Wind speed 
(m/s) at 40.4 m 

Wind speed 
(m/s) at 10 m 

Wind direction 
(°) 

Humidity (%) Temperature 
(°C) 

Air pressure 
(mbar) 

2/23/2019 17:00 33.80 31.24 1.59 1.26 256.94 71.04 4.06 846.47 

2/23/2019 17:10 32.60 30.34 1.38 1.09 260.91 69.52 4.32 846.51 

2/23/2019 17:20 33.90 32.90 0.72 0.57 273.95 67.79 4.86 846.61 

2/23/2019 17:30 31.80 29.60 0.52 0.41 267.78 64.03 5.79 846.67 

2/23/2019 17:40 33.60 31.24 0.45 0.36 270.09 61.96 6.16 846.72 

2/23/2019 17:50 33.90 31.50 0.28 0.22 308.73 59.38 6.91 846.79 

2/23/2019 18:00 31.50 29.50 0.79 0.63 308.63 59.72 6.87 846.89 

2/23/2019 18:10 31.30 29.16 0.83 0.66 312.64 61.31 6.47 847.01 

2/23/2019 18:20 29.90 27.56 1.20 0.95 345.27 62.72 6.16 847.00 

2/23/2019 18:30 33.30 30.35 1.42 1.12 346.03 63.98 5.85 847.04 

2/23/2019 18:40 33.40 31.07 1.34 1.06 335.66 65.08 5.75 847.10 

2/23/2019 18:50 37.40 34.40 1.47 1.16 331.64 66.21 5.54 847.11 

2/23/2019 19:00 31.90 30.87 2.15 1.70 346.53 70.77 4.74 847.16 

2/23/2019 19:10 35.80 33.50 1.75 1.39 342.66 70.46 5.01 847.20 

2/23/2019 19:20 33.80 31.40 2.15 1.70 13.06 70.15 5.09 847.21 

2/23/2019 19:30 35.80 32.70 2.19 1.73 2.61 70.11 4.99 847.21 

2/23/2019 19:40 30.90 28.00 2.60 2.06 305.85 74.25 4.28 847.25 

2/23/2019 19:50 33.70 30.10 2.11 1.67 306.87 78.18 3.85 847.29 

2/23/2019 20:00 30.20 28.90 1.78 1.41 330.39 80.14 3.67 847.32 

2/23/2019 20:10 33.10 30.10 1.74 1.38 321.82 77.24 4.12 847.39 

2/23/2019 20:20 30.90 28.60 2.16 1.71 0.84 78.33 4.35 847.45 

2/23/2019 20:30 33.90 30.51 3.50 2.77 357.24 83.34 3.91 847.47 

2/23/2019 20:40 32.30 30.03 2.81 2.22 323.04 87.33 3.37 847.47 

2/23/2019 20:50 31.80 30.60 2.13 1.69 297.78 87.71 3.27 847.43 

2/23/2019 21:00 33.60 31.20 1.67 1.32 308.29 89.17 3.44 847.45 

2/23/2019 21:10 32.50 30.50 1.85 1.46 10.48 90.90 3.71 847.45 

2/23/2019 21:20 39.40 34.80 2.23 1.76 352.31 92.54 3.19 847.37 

2/23/2019 21:30 32.90 30.50 2.19 1.73 344.82 94.17 3.37 847.34 
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2/23/2019 21:40 32.10 29.63 1.94 1.54 351.87 94.31 3.26 847.32 

2/23/2019 21:50 33.70 31.56 1.69 1.34 322.99 94.84 3.12 847.29 

2/23/2019 22:00 33.00 30.70 1.51 1.20 345.17 95.13 3.29 847.30 

2/23/2019 22:10 31.20 29.03 2.03 1.61 356.68 94.09 3.30 847.26 

2/23/2019 22:20 33.70 32.10 2.20 1.74 354.63 92.47 3.27 847.24 

2/23/2019 22:30 35.40 32.68 2.07 1.64 338.40 93.30 3.31 847.24 

2/23/2019 22:40 34.40 31.22 1.95 1.54 315.29 94.80 3.09 847.26 

2/23/2019 22:50 33.30 30.95 1.90 1.50 323.73 95.45 3.00 847.29 

2/23/2019 23:00 30.10 28.09 1.77 1.40 326.47 95.03 3.22 847.30 

2/23/2019 23:10 33.40 31.40 1.93 1.53 328.36 93.75 3.60 847.31 

2/23/2019 23:20 42.80 39.40 2.03 1.61 354.43 93.84 3.51 847.29 

2/23/2019 23:30 30.90 27.81 2.26 1.79 351.07 94.10 3.38 847.29 

2/23/2019 23:40 33.10 29.79 2.15 1.70 356.60 94.32 3.14 847.33 

2/23/2019 23:50 36.80 34.80 1.68 1.33 351.69 94.99 3.10 847.38 

2/24/2019 0:00 32.70 31.10 1.78 1.41 320.66 95.26 3.18 847.39 

2/24/2019 0:10 37.10 35.20 1.77 1.40 321.85 95.87 3.25 847.38 

2/24/2019 0:20 37.30 34.80 1.78 1.41 317.20 95.26 3.62 847.35 

2/24/2019 0:30 39.90 36.80 2.52 1.99 320.08 94.78 3.43 847.35 

2/24/2019 0:40 32.50 30.56 2.12 1.68 326.30 94.72 3.22 847.42 

2/24/2019 0:50 33.10 30.15 1.97 1.56 336.46 95.06 3.24 847.44 

2/24/2019 1:00 36.70 34.02 1.62 1.28 338.49 95.82 3.30 847.40 

2/24/2019 1:10 37.80 35.05 1.66 1.31 345.19 95.92 3.41 847.41 

2/24/2019 1:20 32.60 30.40 1.53 1.21 354.95 95.97 3.34 847.58 

2/24/2019 1:30 30.60 28.54 0.75 0.59 6.27 95.61 3.58 847.74 

2/24/2019 1:40 31.40 29.50 1.12 0.89 358.36 95.17 3.65 847.68 

2/24/2019 1:50 31.60 29.60 0.72 0.57 22.46 95.23 3.70 847.50 

2/24/2019 2:00 30.70 28.67 0.93 0.74 110.75 94.73 4.11 847.42 

2/24/2019 2:10 31.30 29.68 1.47 1.16 0.80 93.74 4.36 847.46 

2/24/2019 2:20 29.90 29.00 2.38 1.88 355.36 93.48 3.73 847.74 

2/24/2019 2:30 28.90 28.50 1.38 1.09 351.90 95.97 3.27 847.96 
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2/24/2019 2:40 30.10 29.00 0.91 0.72 37.31 96.73 3.28 848.16 

2/24/2019 2:50 29.20 29.00 1.44 1.14 30.38 97.12 3.22 848.30 

2/24/2019 3:00 30.20 29.50 2.74 2.17 302.60 96.66 2.81 848.43 

2/24/2019 3:10 28.70 28.50 2.32 1.84 271.38 97.88 2.18 848.49 

2/24/2019 3:20 31.20 30.00 1.79 1.42 244.86 98.32 2.07 848.48 

2/24/2019 3:30 31.20 29.90 1.62 1.28 170.12 98.82 2.17 848.45 

2/24/2019 3:40 32.00 30.50 1.94 1.54 357.60 98.26 2.28 848.55 

2/24/2019 3:50 31.00 30.10 1.33 1.05 311.79 98.45 1.96 848.60 

2/24/2019 4:00 29.90 29.40 1.64 1.30 161.26 99.27 2.13 848.62 

2/24/2019 4:10 33.90 30.90 1.02 0.81 84.72 98.90 2.49 848.62 

2/24/2019 4:20 31.00 29.50 1.13 0.89 75.86 98.39 2.58 848.61 

2/24/2019 4:30 29.40 29.00 0.61 0.48 102.57 98.30 2.49 848.66 

2/24/2019 4:40 32.60 30.80 1.25 0.99 93.63 98.41 2.40 848.76 

2/24/2019 4:50 41.60 38.56 2.19 1.73 117.37 98.62 2.33 848.79 

2/24/2019 5:00 41.20 38.65 2.84 2.25 118.33 98.91 2.27 848.85 

2/24/2019 5:10 35.80 34.22 3.85 3.05 124.62 99.31 2.21 848.84 

2/24/2019 5:20 33.40 32.50 4.71 3.73 128.10 99.61 2.27 848.88 

2/24/2019 5:30 33.80 31.42 4.93 3.90 126.98 99.78 2.31 848.85 

2/24/2019 5:40 34.80 32.25 5.54 4.38 136.26 100.00 2.30 848.74 

2/24/2019 5:50 36.60 33.94 6.72 5.32 146.33 100.00 2.26 848.68 

2/24/2019 6:00 34.20 32.78 6.09 4.82 151.28 100.00 2.15 848.73 

2/24/2019 6:10 33.90 31.56 6.08 4.81 142.51 100.00 2.25 848.76 

2/24/2019 6:20 34.50 32.09 6.67 5.28 145.94 100.00 2.31 848.69 

2/24/2019 6:30 35.50 33.45 9.02 7.14 138.39 100.00 2.33 848.64 

2/24/2019 6:40 40.00 38.50 9.95 7.87 137.02 100.00 2.30 848.58 

2/24/2019 6:50 40.20 37.16 9.64 7.63 144.38 100.00 2.13 848.53 

2/24/2019 7:00 40.00 37.80 10.39 8.22 140.65 100.00 2.09 848.51 

2/24/2019 7:10 51.50 48.50 10.21 8.08 144.54 100.00 2.10 848.59 

2/24/2019 7:20 53.00 48.90 10.58 8.37 143.22 100.00 2.17 848.60 

2/24/2019 7:30 47.40 44.60 10.64 8.42 146.34 99.98 2.22 848.61 
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2/24/2019 7:40 47.10 44.70 10.36 8.20 145.92 99.97 2.24 848.63 

2/24/2019 7:50 50.50 46.80 9.59 7.59 144.65 99.83 2.27 848.65 

2/24/2019 8:00 45.00 42.90 9.09 7.19 156.26 99.65 2.29 848.63 

2/24/2019 8:10 47.50 44.80 9.03 7.15 159.63 97.99 2.98 848.50 

2/24/2019 8:20 49.50 45.80 8.49 6.72 159.52 93.62 3.64 848.51 

2/24/2019 8:30 34.60 32.67 8.29 6.56 162.37 91.08 3.85 848.55 

2/24/2019 8:40 41.80 39.50 7.83 6.20 160.72 88.17 4.04 848.47 

2/24/2019 8:50 50.20 46.18 8.13 6.43 160.84 85.43 4.16 848.47 

2/24/2019 9:00 50.60 46.28 7.72 6.11 159.51 81.93 4.14 848.42 

2/24/2019 9:10 33.30 30.20 8.10 6.41 161.82 76.20 4.05 848.42 

2/24/2019 9:20 32.30 30.80 8.72 6.90 165.83 69.71 4.24 848.45 

2/24/2019 9:30 41.20 36.80 7.97 6.31 167.68 62.64 4.64 848.46 

2/24/2019 9:40 38.60 35.78 7.55 5.98 170.08 59.42 4.69 848.49 

2/24/2019 9:50 48.00 46.20 7.25 5.74 172.86 58.89 4.72 848.49 

2/24/2019 10:00 58.40 56.20 7.25 5.74 174.88 58.55 4.72 848.45 

2/24/2019 10:10 44.30 40.45 7.33 5.80 178.42 56.33 4.88 848.41 

2/24/2019 10:20 42.10 40.15 6.77 5.36 174.62 54.76 4.95 848.45 

2/24/2019 10:30 51.70 47.86 7.12 5.64 182.31 53.62 5.07 848.44 

2/24/2019 10:40 36.40 34.45 5.58 4.42 189.39 53.14 5.06 848.50 

2/24/2019 10:50 33.20 30.80 3.82 3.02 203.49 55.21 4.71 848.51 

2/24/2019 11:00 46.60 42.68 3.97 3.14 213.26 55.60 4.74 848.55 

2/24/2019 11:10 40.20 37.80 3.26 2.58 227.31 57.85 4.60 848.56 

2/24/2019 11:20 31.60 29.60 2.76 2.18 233.84 57.67 4.62 848.50 

2/24/2019 11:30 39.30 36.20 2.54 2.01 233.13 58.09 4.61 848.48 

2/24/2019 11:40 36.40 34.68 1.16 0.92 281.75 60.29 4.54 848.29 

2/24/2019 11:50 35.80 33.20 0.51 0.40 316.14 62.43 4.41 848.07 

2/24/2019 12:00 38.30 35.70 0.86 0.68 109.79 62.53 4.15 847.95 

2/24/2019 12:10 32.40 30.90 0.18 0.14 292.51 65.13 4.00 847.78 

2/24/2019 12:20 35.60 33.70 0.80 0.63 123.55 65.13 3.89 847.62 

2/24/2019 12:30 39.10 37.60 0.72 0.57 64.69 62.64 4.05 847.56 
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2/24/2019 12:40 43.20 39.80 0.37 0.29 329.97 65.30 4.06 847.57 

2/24/2019 12:50 31.70 29.50 0.52 0.41 332.89 65.98 4.09 847.63 

2/24/2019 13:00 36.20 33.70 0.43 0.34 297.71 66.39 4.04 847.57 

2/24/2019 13:10 42.20 38.16 1.17 0.93 262.32 66.69 4.11 847.55 

2/24/2019 13:20 42.50 39.75 1.38 1.09 266.59 66.01 4.21 847.55 

2/24/2019 13:30 43.00 39.78 1.64 1.30 264.09 65.64 4.26 847.54 

2/24/2019 13:40 36.00 33.50 1.50 1.19 266.10 65.27 4.27 847.53 

2/24/2019 13:50 33.60 31.24 1.55 1.23 277.83 65.24 4.28 847.52 

2/24/2019 14:00 34.20 32.56 1.14 0.90 297.94 64.99 4.24 847.52 

2/24/2019 14:10 33.40 31.40 1.13 0.89 238.84 65.10 4.16 847.54 

2/24/2019 14:20 34.20 32.20 1.12 0.89 256.13 64.73 4.16 847.54 

2/24/2019 14:30 30.80 29.50 0.85 0.67 287.19 64.07 4.20 847.56 

2/24/2019 14:40 39.30 36.32 0.74 0.59 256.09 64.21 4.17 847.59 

2/24/2019 14:50 27.70 27.00 0.90 0.71 264.80 64.77 4.13 847.59 

2/24/2019 15:00 30.00 29.00 0.27 0.21 261.43 65.18 4.05 847.58 

2/24/2019 15:10 38.90 36.20 0.98 0.78 163.08 65.49 3.73 847.57 

2/24/2019 15:20 44.00 40.20 2.41 1.91 166.50 61.92 3.87 847.61 

2/24/2019 15:30 34.40 30.96 1.71 1.35 215.94 58.58 4.13 847.60 

2/24/2019 15:40 35.40 31.86 1.30 1.03 234.73 59.27 4.23 847.62 

2/24/2019 15:50 32.80 30.20 3.35 2.65 175.40 57.99 4.25 847.59 

2/24/2019 16:00 37.00 34.60 4.99 3.95 176.89 56.60 4.66 847.55 

2/24/2019 16:10 44.90 42.20 4.38 3.47 179.88 55.58 4.87 847.54 

2/24/2019 16:20 34.50 31.56 4.11 3.25 179.47 56.19 4.88 847.56 

2/24/2019 16:30 35.10 32.90 3.10 2.45 180.88 57.30 4.84 847.70 

2/24/2019 16:40 31.50 29.80 1.58 1.25 190.97 56.85 4.96 847.80 

2/24/2019 16:50 37.10 34.64 3.24 2.56 176.66 57.00 4.72 847.92 

2/24/2019 17:00 34.20 32.78 3.76 2.98 165.00 54.75 5.07 847.93 

2/24/2019 17:10 34.70 32.45 4.03 3.19 166.56 52.63 5.90 848.22 

2/24/2019 17:20 39.70 36.75 3.84 3.04 176.06 53.79 6.27 848.32 

2/24/2019 17:30 33.80 31.56 1.82 1.44 171.44 53.19 6.74 848.48 
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2/24/2019 17:40 31.80 29.90 1.18 0.93 344.88 52.97 7.02 848.48 

2/24/2019 17:50 34.40 32.16 1.18 0.93 328.16 53.20 6.99 848.52 

2/24/2019 18:00 35.80 33.24 1.02 0.81 313.00 54.05 6.98 848.55 

2/24/2019 18:10 30.40 29.80 1.47 1.16 327.21 54.42 6.89 848.64 

2/24/2019 18:20 29.20 28.90 1.59 1.26 347.19 55.51 6.89 848.72 

2/24/2019 18:30 28.40 27.50 1.68 1.33 318.48 54.64 6.98 848.78 

2/24/2019 18:40 28.70 27.60 1.71 1.35 301.02 54.31 6.88 848.77 

2/24/2019 18:50 30.10 29.80 2.76 2.18 306.09 55.03 6.75 848.77 

2/24/2019 19:00 32.70 30.42 2.69 2.13 314.77 56.70 6.42 848.77 

2/24/2019 19:10 32.00 29.60 2.55 2.02 310.63 57.40 5.88 848.80 

2/24/2019 19:20 32.30 30.25 1.17 0.93 284.25 58.24 5.57 848.83 

2/24/2019 19:30 32.10 29.89 0.96 0.76 278.09 57.48 5.64 848.84 

2/24/2019 19:40 31.30 29.15 1.21 0.96 307.60 59.72 5.61 848.86 

2/24/2019 19:50 32.10 29.64 1.19 0.94 251.29 59.32 5.83 848.86 

2/24/2019 20:00 32.90 29.61 1.56 1.23 226.51 59.38 6.26 848.86 

2/24/2019 20:10 32.10 29.60 1.41 1.12 259.10 61.32 6.07 848.87 

2/24/2019 20:20 27.80 27.20 0.83 0.66 278.11 63.06 5.74 848.88 

2/24/2019 20:30 30.80 29.40 0.75 0.59 329.69 64.48 5.53 848.90 

2/24/2019 20:40 30.40 29.50 0.62 0.49 23.54 64.50 5.67 848.89 

2/24/2019 20:50 31.20 29.90 0.66 0.52 323.62 65.10 5.87 848.91 

2/24/2019 21:00 32.80 30.25 1.03 0.82 301.14 65.74 5.99 848.89 

2/24/2019 21:10 32.00 30.68 1.67 1.32 281.90 67.72 5.55 848.87 

2/24/2019 21:20 31.70 30.45 2.15 1.70 282.66 70.94 5.20 848.90 

2/24/2019 21:30 34.90 32.12 2.35 1.86 290.01 73.14 5.41 848.87 

2/24/2019 21:40 31.90 30.45 2.41 1.91 294.27 75.43 5.78 848.85 

2/24/2019 21:50 31.90 30.78 2.91 2.30 285.03 76.22 5.81 848.82 

2/24/2019 22:00 32.30 31.70 2.98 2.36 278.74 77.49 5.43 848.83 

2/24/2019 22:10 33.30 30.87 3.53 2.79 298.24 79.73 5.15 848.83 

2/24/2019 22:20 33.70 30.33 3.00 2.37 315.33 80.05 5.00 848.84 

2/24/2019 22:30 32.20 30.23 2.22 1.76 291.31 78.82 5.16 848.83 
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2/24/2019 22:40 30.00 29.60 2.43 1.92 301.19 78.16 5.24 848.83 

2/24/2019 22:50 37.00 34.60 2.60 2.06 304.06 77.76 5.26 848.83 

2/24/2019 23:00 31.40 29.60 2.79 2.21 300.22 76.81 5.29 848.82 

2/24/2019 23:10 36.40 33.64 2.16 1.71 324.61 75.59 5.57 848.80 

2/24/2019 23:20 32.70 31.23 3.29 2.60 308.17 76.28 5.73 848.79 

2/24/2019 23:30 31.90 30.80 2.70 2.14 304.37 77.16 5.43 848.80 

2/24/2019 23:40 35.80 33.24 3.00 2.37 304.63 77.43 5.31 848.81 

2/24/2019 23:50 33.10 30.78 2.86 2.26 308.83 79.32 5.22 848.84 

2/25/2019 0:00 33.30 30.28 3.02 2.39 298.50 80.92 5.02 848.88 

2/25/2019 0:10 31.10 29.89 3.06 2.42 288.41 81.77 4.99 848.86 

2/25/2019 0:20 31.40 30.50 3.01 2.38 301.90 84.24 5.03 848.88 

2/25/2019 0:30 30.30 29.68 3.34 2.64 314.20 85.82 5.00 848.89 

2/25/2019 0:40 34.80 32.23 4.08 3.23 293.93 85.95 4.93 848.91 

2/25/2019 0:50 36.00 34.23 3.09 2.45 293.16 85.62 4.93 848.93 

2/25/2019 1:00 31.90 30.40 3.23 2.56 288.32 82.67 5.16 848.92 

2/25/2019 1:10 34.50 32.80 2.28 1.80 284.98 80.45 5.23 848.89 

2/25/2019 1:20 32.80 30.14 2.16 1.71 289.57 76.50 5.32 848.92 

2/25/2019 1:30 31.60 30.20 2.22 1.76 310.21 78.24 5.24 848.98 

2/25/2019 1:40 33.00 30.20 2.40 1.90 292.87 81.23 5.07 849.01 

2/25/2019 1:50 32.20 30.90 1.49 1.18 279.59 82.45 5.02 848.99 

2/25/2019 2:00 31.30 29.96 1.62 1.28 322.27 84.28 4.98 848.95 

2/25/2019 2:10 30.70 29.40 1.07 0.85 322.33 88.05 4.85 848.93 

2/25/2019 2:20 31.20 29.60 1.34 1.06 339.70 89.19 4.84 848.94 

2/25/2019 2:30 30.80 29.80 1.25 0.99 315.81 90.05 4.79 849.05 

2/25/2019 2:40 30.00 29.00 0.82 0.65 282.26 90.61 4.74 849.09 

2/25/2019 2:50 30.30 29.70 0.46 0.36 192.38 90.90 4.90 849.07 

2/25/2019 3:00 33.10 30.24 0.91 0.72 127.60 90.41 4.96 849.03 

2/25/2019 3:10 30.80 30.00 1.61 1.27 141.60 87.95 4.75 849.03 

2/25/2019 3:20 31.00 29.60 2.92 2.31 129.94 90.16 4.24 849.07 

2/25/2019 3:30 31.50 30.10 3.01 2.38 155.46 92.01 3.75 849.14 
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2/25/2019 3:40 30.00 29.70 2.94 2.33 152.33 85.96 3.98 849.17 

2/25/2019 3:50 34.50 32.06 5.10 4.04 135.87 88.64 3.98 849.23 

2/25/2019 4:00 34.60 32.10 5.49 4.34 138.07 92.84 3.65 849.28 

2/25/2019 4:10 34.80 31.32 6.72 5.32 138.68 93.81 3.59 849.31 

2/25/2019 4:20 43.00 39.45 8.02 6.35 138.61 93.56 3.69 849.23 

2/25/2019 4:30 48.70 44.75 8.51 6.74 138.29 93.02 3.74 849.09 

2/25/2019 4:40 48.40 44.58 9.22 7.30 139.03 92.83 3.68 849.04 

2/25/2019 4:50 49.90 45.89 9.31 7.37 139.55 92.79 3.69 849.05 

2/25/2019 5:00 44.60 42.10 8.95 7.08 141.76 93.13 3.74 849.10 

2/25/2019 5:10 36.10 34.26 8.94 7.08 145.87 93.19 3.71 849.21 

2/25/2019 5:20 36.40 33.40 8.24 6.52 146.78 91.89 3.82 849.25 

2/25/2019 5:30 40.90 37.80 7.86 6.22 148.52 90.64 3.83 849.31 

2/25/2019 5:40 39.80 37.15 7.83 6.20 146.97 89.71 3.88 849.45 

2/25/2019 5:50 36.90 34.26 7.56 5.98 139.85 90.50 3.78 849.45 

2/25/2019 6:00 36.80 34.00 8.19 6.48 133.24 92.82 3.54 849.35 

2/25/2019 6:10 39.70 35.73 9.09 7.19 138.36 94.45 3.40 849.29 

2/25/2019 6:20 37.40 34.66 8.81 6.97 148.98 95.06 3.41 849.23 

2/25/2019 6:30 36.40 33.76 8.45 6.69 149.59 94.70 3.48 849.20 

2/25/2019 6:40 37.60 33.84 8.25 6.53 150.83 93.43 3.49 849.27 

2/25/2019 6:50 40.00 37.50 8.12 6.43 147.11 92.58 3.42 849.34 

2/25/2019 7:00 39.00 36.20 7.68 6.08 153.43 91.29 3.49 849.33 

2/25/2019 7:10 35.40 34.50 8.97 7.10 150.59 88.46 3.83 849.33 

2/25/2019 7:20 33.80 31.42 8.21 6.50 156.42 85.15 4.06 849.32 

2/25/2019 7:30 39.80 36.82 8.21 6.50 153.74 81.86 4.36 849.34 

2/25/2019 7:40 40.30 36.27 7.36 5.82 158.85 78.42 4.47 849.39 

2/25/2019 7:50 39.20 35.28 7.03 5.56 163.94 76.76 4.54 849.42 

2/25/2019 8:00 34.40 31.65 5.70 4.51 163.63 70.24 4.93 849.42 

2/25/2019 8:10 32.20 30.65 5.40 4.27 172.80 66.45 4.93 849.43 

2/25/2019 8:20 36.80 32.44 4.57 3.62 167.92 56.97 5.19 849.34 

2/25/2019 8:30 29.70 29.00 5.83 4.61 172.00 49.21 5.57 849.25 
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2/25/2019 8:40 30.40 29.00 5.65 4.47 179.84 44.03 6.03 849.29 

2/25/2019 8:50 36.30 32.50 3.43 2.71 202.38 42.56 5.96 849.28 

2/25/2019 9:00 37.90 34.90 4.05 3.21 224.98 43.10 5.97 849.32 

2/25/2019 9:10 43.00 39.70 3.60 2.85 229.85 45.76 5.87 849.32 

2/25/2019 9:20 37.90 34.20 3.90 3.09 231.48 50.89 5.65 849.36 

2/25/2019 9:30 35.30 32.70 4.00 3.17 238.85 51.38 5.68 849.33 

2/25/2019 9:40 32.00 29.80 4.26 3.37 238.39 50.13 5.75 849.32 

2/25/2019 9:50 30.50 29.80 3.97 3.14 232.21 48.88 5.82 849.31 

2/25/2019 10:00 26.00 23.00 3.30 2.61 239.91 48.49 5.84 849.32 

2/25/2019 10:10 30.80 29.20 3.23 2.56 250.65 48.84 5.85 849.33 

2/25/2019 10:20 30.40 29.20 2.76 2.18 256.47 49.02 5.80 849.30 

2/25/2019 10:30 33.40 31.20 2.28 1.80 262.55 49.05 5.76 849.30 

2/25/2019 10:40 29.80 29.00 2.28 1.80 258.04 48.74 5.74 849.30 

2/25/2019 10:50 31.20 29.00 2.70 2.14 259.87 49.90 5.71 849.30 

2/25/2019 11:00 29.00 28.60 2.72 2.15 255.87 50.39 5.66 849.27 

2/25/2019 11:10 30.90 27.81 2.02 1.60 268.52 51.28 5.57 849.23 

2/25/2019 11:20 34.70 31.20 1.85 1.46 269.92 50.86 5.52 849.22 

2/25/2019 11:30 29.00 26.90 1.73 1.37 259.25 50.44 5.54 849.18 

2/25/2019 11:40 32.20 30.25 1.62 1.28 261.11 50.60 5.51 849.15 

2/25/2019 11:50 29.50 29.10 1.35 1.07 267.80 50.35 5.50 849.12 

2/25/2019 12:00 30.30 29.60 0.99 0.78 253.97 49.46 5.44 849.08 

2/25/2019 12:10 29.60 27.90 0.61 0.48 261.24 48.99 5.38 849.05 

2/25/2019 12:20 31.10 30.65 0.35 0.28 87.12 48.40 5.11 849.02 

2/25/2019 12:30 30.70 30.10 0.27 0.21 91.42 46.59 5.19 849.01 

2/25/2019 12:40 30.90 29.87 0.97 0.77 286.38 48.51 5.06 849.04 

2/25/2019 12:50 29.80 27.69 1.99 1.57 268.99 53.46 5.18 849.06 

2/25/2019 13:00 32.90 29.61 1.71 1.35 262.93 54.23 5.15 849.04 

2/25/2019 13:10 31.30 29.70 1.50 1.19 256.64 52.66 5.15 849.05 

2/25/2019 13:20 35.60 33.05 0.58 0.46 239.79 47.90 5.15 849.03 

2/25/2019 13:30 30.00 29.20 0.58 0.46 90.06 45.64 4.96 849.03 
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2/25/2019 13:40 26.70 25.90 0.49 0.39 74.50 44.86 5.19 849.03 

2/25/2019 13:50 30.10 29.30 0.40 0.32 340.98 46.18 5.06 849.03 

2/25/2019 14:00 34.50 31.05 0.59 0.47 319.08 46.76 5.07 849.04 

2/25/2019 14:10 33.30 29.87 0.81 0.64 321.35 47.76 5.16 849.04 

2/25/2019 14:20 30.90 29.80 0.92 0.73 312.18 49.24 5.19 849.05 

2/25/2019 14:30 30.50 30.10 0.56 0.44 324.98 49.97 5.11 849.05 

2/25/2019 14:40 30.20 29.60 0.76 0.60 358.31 48.51 5.06 849.06 

2/25/2019 14:50 32.60 31.60 0.89 0.70 50.52 44.78 5.26 849.08 

2/25/2019 15:00 33.30 31.50 2.42 1.92 120.92 44.42 5.44 849.08 

2/25/2019 15:10 31.00 30.50 3.39 2.68 130.92 41.51 5.46 849.10 

2/25/2019 15:20 29.90 29.00 1.47 1.16 213.17 19.12 6.19 849.11 

2/25/2019 15:30 34.40 32.69 1.07 0.85 280.60 18.74 6.84 849.11 

2/25/2019 15:40 30.20 30.00 0.38 0.30 279.85 21.62 6.64 849.10 

2/25/2019 15:50 32.90 29.60 0.53 0.42 44.61 22.09 6.15 849.12 

2/25/2019 16:00 35.10 32.56 0.97 0.77 140.18 19.41 6.23 849.14 

2/25/2019 16:10 35.20 32.78 0.71 0.56 175.83 20.42 6.38 849.16 

2/25/2019 16:20 30.80 30.00 0.06 0.05 281.85 21.66 6.30 849.19 

2/25/2019 16:30 30.70 29.98 0.44 0.35 168.00 20.32 6.36 849.21 

2/25/2019 16:40 30.50 29.63 1.22 0.97 135.08 18.21 7.03 849.21 

2/25/2019 16:50 35.10 32.23 2.15 1.70 117.13 17.92 7.69 849.28 

2/25/2019 17:00 33.40 31.40 1.93 1.53 83.98 18.01 8.20 849.31 

2/25/2019 17:10 28.60 28.00 1.88 1.49 92.21 17.72 8.66 849.36 

2/25/2019 17:20 35.00 33.60 1.92 1.52 110.08 17.91 8.85 849.38 

2/25/2019 17:30 33.90 31.00 0.99 0.78 99.76 18.13 9.40 849.35 

2/25/2019 17:40 34.40 31.96 0.78 0.62 87.51 17.40 10.65 849.38 

2/25/2019 17:50 39.90 36.87 0.67 0.53 54.78 16.65 11.74 849.49 
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Project:

18-1-3019

Description:

Akkar Wind Farm 

Licensed user:

Ramboll IMS Ingenieurgesellschaft mbH 

Stadtdeich 7 

DE-20097 Hamburg

+49 40 302020-132

Jonas Feja / jonas.feja@ramboll.com
Calculated:

13.03.2019 12:29/3.2.737

SHADOW - Main Result

Calculation: shadow SA: V150

Assumptions for shadow calculations

Maximum distance for influence

Calculate only when more than 20 % of sun is covered by the blade

Please look in WTG table

Minimum sun height over horizon for influence 3 °

Day step for calculation 1 days

Time step for calculation 1 minutes

The calculated times are "worst case" given by the following assumptions:

The sun is shining all the day, from sunrise to sunset

The rotor plane is always perpendicular to the line from the WTG to

the sun

The WTG is always operating

A ZVI (Zones of Visual Influence) calculation is performed before flicker

calculation so non visible WTG do not contribute to calculated flicker

values. A WTG will be visible if it is visible from any part of the receiver

window. The ZVI calculation is based on the following assumptions:

Height contours used: Höhenraster-Objekt: 18-1-3019-ZB_EMDGrid_2.wpg (13)

Obstacles used in calculation

Eye height for map: 1,5 m

Grid resolution: 1,0 m

All coordinates are in

Geo [deg]-WGS84
Scale 1:125.000

New WTG Shadow receptor

WTGs

WTG type Shadow data

Longitude Latitude Z Row data/Description Valid Manufact. Type-generator Power, Rotor Hub Calculation RPM

rated diameter height distance

[m] [kW] [m] [m] [m] [RPM]

SA 02 36,330964° E 34,587939° N 914,1 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 03 36,329828° E 34,584283° N 949,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 04 36,327887° E 34,580411° N 965,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 05 36,330809° E 34,578547° N 958,6 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 06 36,328890° E 34,574900° N 1.048,0 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 07 36,326668° E 34,571152° N 1.082,0 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 08 36,334428° E 34,570455° N 1.065,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 09 36,324544° E 34,567019° N 1.074,7 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 10 36,333188° E 34,566940° N 1.077,6 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 11 36,322257° E 34,563207° N 1.036,1 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 13 36,320570° E 34,559367° N 1.055,2 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 14 36,330057° E 34,559516° N 1.099,6 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 15 36,318416° E 34,555775° N 1.025,9 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 17 36,319296° E 34,552888° N 1.036,3 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 18 36,321037° E 34,549404° N 1.123,8 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 19 36,320700° E 34,545967° N 1.154,3 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 20 36,322239° E 34,542980° N 1.168,1 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 21 36,329271° E 34,542225° N 1.152,3 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 22 36,320636° E 34,538496° N 1.175,5 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 23 36,320604° E 34,534624° N 1.207,9 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 24 36,317041° E 34,531159° N 1.237,7 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 25 36,325734° E 34,529126° N 1.256,8 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

SA 29 36,323787° E 34,523514° N 1.223,3 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

Shadow receptor-Input

No. Name Longitude Latitude Z Width Height Elevation Slope of Direction mode Eye height

a.g.l. window (ZVI) a.g.l.

[m] [m] [m] [m] [°] [m]

01 SA: 01 house 36,342664° E 34,595375° N 739,3 0,1 0,1 2,0 0,0 "Green house mode" 2,0

02 SA: 02 house 36,340089° E 34,594336° N 745,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

03 SA: 03 house 36,338629° E 34,593927° N 742,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

04 SA: 04 house 36,339883° E 34,593601° N 736,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

05 SA: 05 house 36,337333° E 34,593057° N 754,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

06 SA: 06 house 36,332278° E 34,592306° N 814,9 0,1 0,1 2,0 0,0 "Green house mode" 2,0

07 SA: 07 house 36,339041° E 34,592315° N 753,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

08 SA: 08 house 36,340853° E 34,591672° N 759,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

To be continued on next page...
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Project:

18-1-3019

Description:

Akkar Wind Farm 

Licensed user:
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SHADOW - Main Result

Calculation: shadow SA: V150

...continued from previous page

No. Name Longitude Latitude Z Width Height Elevation Slope of Direction mode Eye height

a.g.l. window (ZVI) a.g.l.

[m] [m] [m] [m] [°] [m]

09 SA: 09 house 36,335836° E 34,591482° N 773,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

10 SA: 10 house 36,336913° E 34,590857° N 779,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

11 SA: 11 house 36,316885° E 34,585207° N 587,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

12 SA: 12 house 36,312379° E 34,576544° N 542,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

13 SA: 13 house 36,345692° E 34,576697° N 869,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

14 SA: 14 house 36,308375° E 34,566215° N 677,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

15 SA: 15 house 36,305997° E 34,560880° N 690,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

16 SA: 16 house 36,349478° E 34,561788° N 918,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

17 SA: 17 house 36,348794° E 34,556554° N 929,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

18 SA: 18 house 36,305468° E 34,554667° N 703,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

19 SA: 19 house 36,325610° E 34,554785° N 1.008,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

20 SA: 20 house 36,325412° E 34,553826° N 1.013,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

21 SA: 21 house 36,325264° E 34,553336° N 1.020,9 0,1 0,1 2,0 0,0 "Green house mode" 2,0

22 SA: 22 house 36,309792° E 34,549615° N 695,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

23 SA: 23 house 36,338111° E 34,541330° N 1.091,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

28 SA: 28 summer house 36,329101° E 34,534886° N 1.157,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

29 SA: 29 house 36,326909° E 34,534279° N 1.176,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

30 SA: 30 house brick factory 36,325632° E 34,531636° N 1.192,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

31 SA: 31 summer house 36,319257° E 34,527638° N 1.252,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

32 SA: 32 summer house (beekeeper) 36,317191° E 34,527530° N 1.233,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

34 SA: 34 house 36,321032° E 34,527326° N 1.274,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

36 SA: 36 house 36,316861° E 34,526472° N 1.250,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

37 SA: 37 house 36,321536° E 34,526544° N 1.270,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

38 SA: 38 house 36,314741° E 34,526375° N 1.268,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

39 SA: 39 house 36,316340° E 34,525495° N 1.265,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

42 SA: 42 summer house 36,317378° E 34,523063° N 1.271,3 0,1 0,1 2,0 0,0 "Green house mode" 2,0

44 SA: 44 house 36,317980° E 34,520157° N 1.283,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

51 SA: 51 small summer house 36,329170° E 34,562376° N 1.085,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

52 SA: 52 house 36,318558° E 34,527166° N 1.244,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

53 SA: 53 house 36,318311° E 34,526671° N 1.245,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

54 SA: 54 house 36,317796° E 34,526388° N 1.247,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

Calculation Results

Shadow receptor

Shadow, worst case

No. Name Shadow hours Shadow days Max shadow

per year per year hours per day

[h/year] [days/year] [h/day]

01 SA: 01 house 26:45  68 0:27

02 SA: 02 house 34:28  72 0:33

03 SA: 03 house 38:10  72 0:37

04 SA: 04 house 36:55  93 0:34

05 SA: 05 house 52:38  84 0:43

06 SA: 06 house 0:00   0 0:00

07 SA: 07 house 33:07  78 0:38

08 SA: 08 house 20:18  47 0:34

09 SA: 09 house 72:18 110 0:55

10 SA: 10 house 61:16 113 0:50

11 SA: 11 house 51:33 156 0:27

12 SA: 12 house 46:15 167 0:21

13 SA: 13 house 54:21 165 0:33

14 SA: 14 house 44:09 150 0:24

15 SA: 15 house 44:20 148 0:25

16 SA: 16 house 28:10  90 0:23

17 SA: 17 house 7:58  31 0:20

18 SA: 18 house 41:49 138 0:27

19 SA: 19 house 108:00 159 0:55

20 SA: 20 house 190:53 252 0:58

21 SA: 21 house 198:10 250 1:01

22 SA: 22 house 51:27 156 0:28

23 SA: 23 house 33:57  62 0:42

28 SA: 28 summer house 64:10 138 0:43

29 SA: 29 house 86:23 134 0:58

To be continued on next page...
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SHADOW - Main Result

Calculation: shadow SA: V150

...continued from previous page

Shadow, worst case

No. Name Shadow hours Shadow days Max shadow

per year per year hours per day

[h/year] [days/year] [h/day]

30 SA: 30 house brick factory 201:59 155 1:57

31 SA: 31 summer house 97:49 126 0:57

32 SA: 32 summer house (beekeeper) 89:31 145 0:49

34 SA: 34 house 79:12  88 1:07

36 SA: 36 house 113:35 212 0:47

37 SA: 37 house 0:00   0 0:00

38 SA: 38 house 40:19 119 0:30

39 SA: 39 house 60:10 138 0:39

42 SA: 42 summer house 42:40  78 0:46

44 SA: 44 house 0:00   0 0:00

51 SA: 51 small summer house 67:41 158 0:41

52 SA: 52 house 120:11 166 0:52

53 SA: 53 house 139:50 178 0:59

54 SA: 54 house 132:16 191 0:55

Total amount of flickering on the shadow receptors caused by each WTG

No. Name Worst case

[h/year]

SA 02 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (424) 219:37

SA 03 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (425) 27:30

SA 04 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (426) 35:14

SA 05 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (427) 20:09

SA 06 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (428) 14:53

SA 07 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (429) 27:10

SA 08 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (430) 19:16

SA 09 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (431) 19:37

SA 10 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (432) 22:15

SA 11 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (433) 57:32

SA 13 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (435) 46:21

SA 14 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (543) 20:01

SA 15 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (437) 168:13

SA 17 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (438) 148:47

SA 18 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (439) 99:43

SA 19 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (440) 19:38

SA 20 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (441) 9:19

SA 21 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (442) 33:57

SA 22 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (443) 30:17

SA 23 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (444) 77:26

SA 24 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (445) 53:33

SA 25 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (446) 302:15

SA 29 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (450) 177:30

Total times in Receptor wise and WTG wise tables can differ, as a WTG can lead to flicker at 2 or more receptors simultaneously and/or receptors may receive flicker from 2 or more WTGs simultaneously.
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SHADOW - Main Result

Calculation: shadow SA: N149

Assumptions for shadow calculations

Maximum distance for influence

Calculate only when more than 20 % of sun is covered by the blade

Please look in WTG table

Minimum sun height over horizon for influence 3 °

Day step for calculation 1 days

Time step for calculation 1 minutes

The calculated times are "worst case" given by the following assumptions:

The sun is shining all the day, from sunrise to sunset

The rotor plane is always perpendicular to the line from the WTG to

the sun

The WTG is always operating

A ZVI (Zones of Visual Influence) calculation is performed before flicker

calculation so non visible WTG do not contribute to calculated flicker

values. A WTG will be visible if it is visible from any part of the receiver

window. The ZVI calculation is based on the following assumptions:

Height contours used: Höhenraster-Objekt: 18-1-3019-ZB_EMDGrid_2.wpg (13)

Obstacles used in calculation

Eye height for map: 1,5 m

Grid resolution: 1,0 m

All coordinates are in

Geo [deg]-WGS84
Scale 1:125.000

New WTG Shadow receptor

WTGs

WTG type Shadow data

Longitude Latitude Z Row data/Description Valid Manufact. Type-generator Power, Rotor Hub Calculation RPM

rated diameter height distance

[m] [kW] [m] [m] [m] [RPM]

SA 02 36,330964° E 34,587939° N 914,1 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 03 36,329828° E 34,584283° N 949,4 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 04 36,327887° E 34,580411° N 965,4 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 05 36,330809° E 34,578547° N 958,6 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 06 36,328890° E 34,574900° N 1.048,0 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 07 36,326668° E 34,571152° N 1.082,0 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 08 36,334428° E 34,570455° N 1.065,4 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 09 36,324544° E 34,567019° N 1.074,7 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 10 36,333188° E 34,566940° N 1.077,6 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 11 36,322257° E 34,563207° N 1.036,1 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 13 36,320570° E 34,559367° N 1.055,2 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 14 36,330057° E 34,559516° N 1.099,6 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 15 36,318416° E 34,555775° N 1.025,9 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 17 36,319296° E 34,552888° N 1.036,3 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 18 36,321037° E 34,549404° N 1.123,8 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 19 36,320700° E 34,545967° N 1.154,3 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 20 36,322239° E 34,542980° N 1.168,1 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 21 36,329271° E 34,542225° N 1.152,3 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 22 36,320636° E 34,538496° N 1.175,5 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 23 36,320604° E 34,534624° N 1.207,9 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 24 36,317041° E 34,531159° N 1.237,7 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 25 36,325734° E 34,529126° N 1.256,8 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

SA 29 36,323787° E 34,523514° N 1.223,3 NORDEX N149/4.0-4.5... Yes NORDEX N149/4.0-4.5_STE-4.500 4.500 149,1 105,0 1.809 10,7

Shadow receptor-Input

No. Name Longitude Latitude Z Width Height Elevation Slope of Direction mode Eye height

a.g.l. window (ZVI) a.g.l.

[m] [m] [m] [m] [°] [m]

01 SA: 01 house 36,342664° E 34,595375° N 739,3 0,1 0,1 2,0 0,0 "Green house mode" 2,0

02 SA: 02 house 36,340089° E 34,594336° N 745,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

03 SA: 03 house 36,338629° E 34,593927° N 742,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

04 SA: 04 house 36,339883° E 34,593601° N 736,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

05 SA: 05 house 36,337333° E 34,593057° N 754,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

06 SA: 06 house 36,332278° E 34,592306° N 814,9 0,1 0,1 2,0 0,0 "Green house mode" 2,0

07 SA: 07 house 36,339041° E 34,592315° N 753,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

08 SA: 08 house 36,340853° E 34,591672° N 759,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

09 SA: 09 house 36,335836° E 34,591482° N 773,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

To be continued on next page...
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SHADOW - Main Result

Calculation: shadow SA: N149

...continued from previous page

No. Name Longitude Latitude Z Width Height Elevation Slope of Direction mode Eye height

a.g.l. window (ZVI) a.g.l.

[m] [m] [m] [m] [°] [m]

10 SA: 10 house 36,336913° E 34,590857° N 779,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

11 SA: 11 house 36,316885° E 34,585207° N 587,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

12 SA: 12 house 36,312379° E 34,576544° N 542,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

13 SA: 13 house 36,345692° E 34,576697° N 869,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

14 SA: 14 house 36,308375° E 34,566215° N 677,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

15 SA: 15 house 36,305997° E 34,560880° N 690,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

16 SA: 16 house 36,349478° E 34,561788° N 918,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

17 SA: 17 house 36,348794° E 34,556554° N 929,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

18 SA: 18 house 36,305468° E 34,554667° N 703,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

19 SA: 19 house 36,325610° E 34,554785° N 1.008,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

20 SA: 20 house 36,325412° E 34,553826° N 1.013,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

21 SA: 21 house 36,325264° E 34,553336° N 1.020,9 0,1 0,1 2,0 0,0 "Green house mode" 2,0

22 SA: 22 house 36,309792° E 34,549615° N 695,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

23 SA: 23 house 36,338111° E 34,541330° N 1.091,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

28 SA: 28 summer house 36,329101° E 34,534886° N 1.157,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

29 SA: 29 house 36,326909° E 34,534279° N 1.176,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

30 SA: 30 house brick factory 36,325632° E 34,531636° N 1.192,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

31 SA: 31 summer house 36,319257° E 34,527638° N 1.252,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

32 SA: 32 summer house (beekeeper) 36,317191° E 34,527530° N 1.233,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

34 SA: 34 house 36,321032° E 34,527326° N 1.274,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

36 SA: 36 house 36,316861° E 34,526472° N 1.250,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

37 SA: 37 house 36,321536° E 34,526544° N 1.270,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

38 SA: 38 house 36,314741° E 34,526375° N 1.268,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

39 SA: 39 house 36,316340° E 34,525495° N 1.265,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

42 SA: 42 summer house 36,317378° E 34,523063° N 1.271,3 0,1 0,1 2,0 0,0 "Green house mode" 2,0

44 SA: 44 house 36,317980° E 34,520157° N 1.283,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

51 SA: 51 small summer house 36,329170° E 34,562376° N 1.085,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

52 SA: 52 house 36,318558° E 34,527166° N 1.244,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

53 SA: 53 house 36,318311° E 34,526671° N 1.245,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

54 SA: 54 house 36,317796° E 34,526388° N 1.247,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

Calculation Results

Shadow receptor

Shadow, worst case

No. Name Shadow hours Shadow days Max shadow

per year per year hours per day

[h/year] [days/year] [h/day]

01 SA: 01 house 26:35  68 0:27

02 SA: 02 house 34:18  72 0:33

03 SA: 03 house 37:41  70 0:37

04 SA: 04 house 36:11  93 0:34

05 SA: 05 house 52:11  84 0:43

06 SA: 06 house 0:00   0 0:00

07 SA: 07 house 32:31  78 0:38

08 SA: 08 house 20:02  47 0:33

09 SA: 09 house 71:07 108 0:54

10 SA: 10 house 60:19 109 0:50

11 SA: 11 house 51:00 155 0:27

12 SA: 12 house 45:36 167 0:21

13 SA: 13 house 47:54 141 0:33

14 SA: 14 house 29:56  99 0:24

15 SA: 15 house 43:39 147 0:25

16 SA: 16 house 22:06  66 0:23

17 SA: 17 house 7:54  31 0:20

18 SA: 18 house 41:23 137 0:27

19 SA: 19 house 106:48 156 0:55

20 SA: 20 house 188:45 249 0:58

21 SA: 21 house 196:12 249 1:00

22 SA: 22 house 50:50 155 0:28

23 SA: 23 house 33:26  62 0:42

28 SA: 28 summer house 63:25 137 0:43

29 SA: 29 house 85:20 134 0:58

30 SA: 30 house brick factory 200:08 155 1:56

To be continued on next page...
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SHADOW - Main Result

Calculation: shadow SA: N149

...continued from previous page

Shadow, worst case

No. Name Shadow hours Shadow days Max shadow

per year per year hours per day

[h/year] [days/year] [h/day]

31 SA: 31 summer house 96:41 125 0:57

32 SA: 32 summer house (beekeeper) 88:30 145 0:48

34 SA: 34 house 78:32  87 1:07

36 SA: 36 house 112:51 212 0:46

37 SA: 37 house 0:00   0 0:00

38 SA: 38 house 39:49 119 0:30

39 SA: 39 house 59:42 138 0:39

42 SA: 42 summer house 42:17  78 0:46

44 SA: 44 house 0:00   0 0:00

51 SA: 51 small summer house 65:42 155 0:41

52 SA: 52 house 119:01 166 0:52

53 SA: 53 house 138:32 177 0:59

54 SA: 54 house 131:21 191 0:54

Total amount of flickering on the shadow receptors caused by each WTG

No. Name Worst case

[h/year]

SA 02 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (694) 218:27

SA 03 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (695) 26:59

SA 04 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (696) 34:49

SA 05 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (697) 19:58

SA 06 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (698) 14:39

SA 07 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (699) 7:13

SA 08 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (700) 19:07

SA 09 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (701) 19:20

SA 10 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (702) 22:06

SA 11 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (703) 56:49

SA 13 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (704) 45:51

SA 14 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (715) 12:40

SA 15 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (705) 167:00

SA 17 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (706) 147:27

SA 18 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (707) 98:45

SA 19 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (708) 19:26

SA 20 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (709) 9:10

SA 21 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (710) 33:26

SA 22 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (711) 29:52

SA 23 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (712) 76:35

SA 24 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (713) 53:03

SA 25 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (714) 300:05

SA 29 NORDEX N149/4.0-4.5_STE 4500 149.1 !O! hub: 105,0 m (TOT: 179,6 m) (716) 176:31

Total times in Receptor wise and WTG wise tables can differ, as a WTG can lead to flicker at 2 or more receptors simultaneously and/or receptors may receive flicker from 2 or more WTGs simultaneously.
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SHADOW - Main Result

Calculation: shadow SA: GE 5.3-158

Assumptions for shadow calculations

Maximum distance for influence

Calculate only when more than 20 % of sun is covered by the blade

Please look in WTG table

Minimum sun height over horizon for influence 3 °

Day step for calculation 1 days

Time step for calculation 1 minutes

The calculated times are "worst case" given by the following assumptions:

The sun is shining all the day, from sunrise to sunset

The rotor plane is always perpendicular to the line from the WTG to

the sun

The WTG is always operating

A ZVI (Zones of Visual Influence) calculation is performed before flicker

calculation so non visible WTG do not contribute to calculated flicker

values. A WTG will be visible if it is visible from any part of the receiver

window. The ZVI calculation is based on the following assumptions:

Height contours used: Höhenraster-Objekt: 18-1-3019-ZB_EMDGrid_2.wpg (13)

Obstacles used in calculation

Eye height for map: 1,5 m

Grid resolution: 1,0 m

All coordinates are in

Geo [deg]-WGS84
Scale 1:125.000

New WTG Shadow receptor

WTGs

WTG type Shadow data

Longitude Latitude Z Row data/Description Valid Manufact. Type-generator Power, Rotor Hub Calculation RPM

rated diameter height distance

[m] [kW] [m] [m] [m] [RPM]

SA 02 36,330964° E 34,587939° N 914,1 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 03 36,329828° E 34,584283° N 949,4 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 04 36,327887° E 34,580411° N 965,4 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 05 36,330809° E 34,578547° N 958,6 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 06 36,328890° E 34,574900° N 1.048,0 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 07 36,326668° E 34,571152° N 1.082,0 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 08 36,334428° E 34,570455° N 1.065,4 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 09 36,324544° E 34,567019° N 1.074,7 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 10 36,333188° E 34,566940° N 1.077,6 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 11 36,322257° E 34,563207° N 1.036,1 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 13 36,320570° E 34,559367° N 1.055,2 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 14 36,330057° E 34,559516° N 1.099,6 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 15 36,318416° E 34,555775° N 1.025,9 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 17 36,319296° E 34,552888° N 1.036,3 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 18 36,321037° E 34,549404° N 1.123,8 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 19 36,320700° E 34,545967° N 1.154,3 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 20 36,322239° E 34,542980° N 1.168,1 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 21 36,329271° E 34,542225° N 1.152,3 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 22 36,320636° E 34,538496° N 1.175,5 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 23 36,320604° E 34,534624° N 1.207,9 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 24 36,317041° E 34,531159° N 1.237,7 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 25 36,325734° E 34,529126° N 1.256,8 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

SA 29 36,323787° E 34,523514° N 1.223,3 GE WIND ENERGY GE ... Yes GE WIND ENERGY GE 5.3-158-5.300 5.300 158,0 121,0 1.819 9,7

Shadow receptor-Input

No. Name Longitude Latitude Z Width Height Elevation Slope of Direction mode Eye height

a.g.l. window (ZVI) a.g.l.

[m] [m] [m] [m] [°] [m]

01 SA: 01 house 36,342664° E 34,595375° N 739,3 0,1 0,1 2,0 0,0 "Green house mode" 2,0

02 SA: 02 house 36,340089° E 34,594336° N 745,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

03 SA: 03 house 36,338629° E 34,593927° N 742,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

04 SA: 04 house 36,339883° E 34,593601° N 736,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

05 SA: 05 house 36,337333° E 34,593057° N 754,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

06 SA: 06 house 36,332278° E 34,592306° N 814,9 0,1 0,1 2,0 0,0 "Green house mode" 2,0

07 SA: 07 house 36,339041° E 34,592315° N 753,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

08 SA: 08 house 36,340853° E 34,591672° N 759,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

09 SA: 09 house 36,335836° E 34,591482° N 773,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

To be continued on next page...
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SHADOW - Main Result

Calculation: shadow SA: GE 5.3-158

...continued from previous page

No. Name Longitude Latitude Z Width Height Elevation Slope of Direction mode Eye height

a.g.l. window (ZVI) a.g.l.

[m] [m] [m] [m] [°] [m]

10 SA: 10 house 36,336913° E 34,590857° N 779,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

11 SA: 11 house 36,316885° E 34,585207° N 587,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

12 SA: 12 house 36,312379° E 34,576544° N 542,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

13 SA: 13 house 36,345692° E 34,576697° N 869,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

14 SA: 14 house 36,308375° E 34,566215° N 677,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

15 SA: 15 house 36,305997° E 34,560880° N 690,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

16 SA: 16 house 36,349478° E 34,561788° N 918,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

17 SA: 17 house 36,348794° E 34,556554° N 929,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

18 SA: 18 house 36,305468° E 34,554667° N 703,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

19 SA: 19 house 36,325610° E 34,554785° N 1.008,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

20 SA: 20 house 36,325412° E 34,553826° N 1.013,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

21 SA: 21 house 36,325264° E 34,553336° N 1.020,9 0,1 0,1 2,0 0,0 "Green house mode" 2,0

22 SA: 22 house 36,309792° E 34,549615° N 695,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

23 SA: 23 house 36,338111° E 34,541330° N 1.091,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

28 SA: 28 summer house 36,329101° E 34,534886° N 1.157,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

29 SA: 29 house 36,326909° E 34,534279° N 1.176,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

30 SA: 30 house brick factory 36,325632° E 34,531636° N 1.192,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

31 SA: 31 summer house 36,319257° E 34,527638° N 1.252,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

32 SA: 32 summer house (beekeeper) 36,317191° E 34,527530° N 1.233,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

34 SA: 34 house 36,321032° E 34,527326° N 1.274,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

36 SA: 36 house 36,316861° E 34,526472° N 1.250,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

37 SA: 37 house 36,321536° E 34,526544° N 1.270,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

38 SA: 38 house 36,314741° E 34,526375° N 1.268,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

39 SA: 39 house 36,316340° E 34,525495° N 1.265,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

42 SA: 42 summer house 36,317378° E 34,523063° N 1.271,3 0,1 0,1 2,0 0,0 "Green house mode" 2,0

44 SA: 44 house 36,317980° E 34,520157° N 1.283,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

51 SA: 51 small summer house 36,329170° E 34,562376° N 1.085,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

52 SA: 52 house 36,318558° E 34,527166° N 1.244,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

53 SA: 53 house 36,318311° E 34,526671° N 1.245,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

54 SA: 54 house 36,317796° E 34,526388° N 1.247,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

Calculation Results

Shadow receptor

Shadow, worst case

No. Name Shadow hours Shadow days Max shadow

per year per year hours per day

[h/year] [days/year] [h/day]

01 SA: 01 house 29:33  72 0:28

02 SA: 02 house 38:53  78 0:34

03 SA: 03 house 43:56  78 0:39

04 SA: 04 house 34:51  80 0:35

05 SA: 05 house 58:45  90 0:45

06 SA: 06 house 6:38  20 0:25

07 SA: 07 house 41:11  95 0:40

08 SA: 08 house 21:57  48 0:35

09 SA: 09 house 70:32 100 0:56

10 SA: 10 house 72:07 122 0:52

11 SA: 11 house 57:08 158 0:28

12 SA: 12 house 48:57 175 0:22

13 SA: 13 house 54:49 163 0:35

14 SA: 14 house 33:35 107 0:25

15 SA: 15 house 48:28 154 0:26

16 SA: 16 house 22:51  64 0:24

17 SA: 17 house 8:55  33 0:21

18 SA: 18 house 46:03 145 0:29

19 SA: 19 house 133:47 201 0:57

20 SA: 20 house 211:47 263 1:01

21 SA: 21 house 215:21 258 1:03

22 SA: 22 house 58:40 169 0:30

23 SA: 23 house 38:04  67 0:43

28 SA: 28 summer house 65:30 139 0:45

29 SA: 29 house 95:54 143 1:00

30 SA: 30 house brick factory 237:11 173 1:58

To be continued on next page...
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SHADOW - Main Result

Calculation: shadow SA: GE 5.3-158

...continued from previous page

Shadow, worst case

No. Name Shadow hours Shadow days Max shadow

per year per year hours per day

[h/year] [days/year] [h/day]

31 SA: 31 summer house 105:10 122 1:00

32 SA: 32 summer house (beekeeper) 106:03 161 0:52

34 SA: 34 house 84:10  83 1:15

36 SA: 36 house 128:32 217 0:52

37 SA: 37 house 0:00   0 0:00

38 SA: 38 house 52:04 130 0:35

39 SA: 39 house 71:21 141 0:46

42 SA: 42 summer house 54:56  85 0:55

44 SA: 44 house 0:00   0 0:00

51 SA: 51 small summer house 136:45 206 1:20

52 SA: 52 house 139:21 176 0:58

53 SA: 53 house 154:00 183 1:03

54 SA: 54 house 145:58 195 0:59

Total amount of flickering on the shadow receptors caused by each WTG

No. Name Worst case

[h/year]

SA 02 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (740) 242:25

SA 03 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (741) 38:26

SA 04 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (742) 36:55

SA 05 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (743) 22:32

SA 06 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (744) 16:34

SA 07 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (745) 8:06

SA 08 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (746) 20:27

SA 09 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (747) 21:34

SA 10 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (748) 24:50

SA 11 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (749) 71:34

SA 13 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (750) 54:17

SA 14 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (761) 66:27

SA 15 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (751) 175:32

SA 17 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (752) 158:23

SA 18 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (753) 115:15

SA 19 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (754) 21:22

SA 20 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (755) 10:15

SA 21 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (756) 38:04

SA 22 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (757) 30:15

SA 23 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (758) 85:42

SA 24 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (759) 58:48

SA 25 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (760) 347:10

SA 29 GE WIND ENERGY GE 5.3-158 5300 158.0 !O! hub: 121,0 m (TOT: 200,0 m) (762) 217:51

Total times in Receptor wise and WTG wise tables can differ, as a WTG can lead to flicker at 2 or more receptors simultaneously and/or receptors may receive flicker from 2 or more WTGs simultaneously.
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SHADOW - Main Result

Calculation: shadow SA: cumulativ

Assumptions for shadow calculations

Maximum distance for influence

Calculate only when more than 20 % of sun is covered by the blade

Please look in WTG table

Minimum sun height over horizon for influence 3 °

Day step for calculation 1 days

Time step for calculation 1 minutes

The calculated times are "worst case" given by the following assumptions:

The sun is shining all the day, from sunrise to sunset

The rotor plane is always perpendicular to the line from the WTG to

the sun

The WTG is always operating

A ZVI (Zones of Visual Influence) calculation is performed before flicker

calculation so non visible WTG do not contribute to calculated flicker

values. A WTG will be visible if it is visible from any part of the receiver

window. The ZVI calculation is based on the following assumptions:

Height contours used: Höhenraster-Objekt: 18-1-3019-ZB_EMDGrid_2.wpg (13)

Obstacles used in calculation

Eye height for map: 1,5 m

Grid resolution: 1,0 m

All coordinates are in

Geo [deg]-WGS84
Scale 1:400.000

New WTG Shadow receptor

WTGs

WTG type Shadow data

Longitude Latitude Z Row data/Description Valid Manufact. Type-generator Power, Rotor Hub Calculation RPM

rated diameter height distance

[m] [kW] [m] [m] [m] [RPM]

HA 01 36,332394° E 34,603649° N 847,5 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 02 36,333189° E 34,606740° N 789,3 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 03 36,335620° E 34,609831° N 804,1 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 04 36,337634° E 34,611975° N 816,1 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 05 36,337789° E 34,616333° N 787,8 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 06 36,339466° E 34,619146° N 740,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 07 36,339759° E 34,623272° N 701,0 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 08 36,341350° E 34,626390° N 709,7 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 09 36,341012° E 34,629105° N 669,8 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 10 36,342218° E 34,632007° N 668,5 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 11 36,343425° E 34,634512° N 637,9 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 12 36,343003° E 34,638163° N 561,1 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 13 36,342989° E 34,640984° N 538,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 14 36,343501° E 34,643735° N 484,1 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 15 36,344782° E 34,647360° N 464,1 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

HA 16 36,343792° E 34,650007° N 407,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 07 36,264865° E 34,495376° N 1.814,3 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 08 36,267003° E 34,492722° N 1.829,7 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 09 36,265293° E 34,488954° N 1.903,8 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 10 36,262879° E 34,485213° N 1.914,9 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 11 36,261147° E 34,481430° N 1.936,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 12 36,261248° E 34,478274° N 1.922,9 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 13 36,260583° E 34,474870° N 1.933,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 14 36,260211° E 34,471455° N 1.851,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 15 36,257625° E 34,467738° N 1.988,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 16 36,251352° E 34,463613° N 2.072,3 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 17 36,245957° E 34,459301° N 2.107,6 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 18 36,242165° E 34,455185° N 2.115,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 19 36,240424° E 34,451469° N 2.139,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 20 36,241245° E 34,448386° N 2.184,4 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 21 36,242901° E 34,445685° N 2.193,3 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 22 36,241779° E 34,442166° N 2.204,1 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4

LWP 23 36,242651° E 34,439372° N 2.149,0 VESTAS V150-4.2 42... Yes VESTAS V150-4.2-4.200 4.200 150,0 105,0 1.905 10,4
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SHADOW - Main Result

Calculation: shadow SA: cumulativ

Shadow receptor-Input

No. Name Longitude Latitude Z Width Height Elevation Slope of Direction mode Eye height

a.g.l. window (ZVI) a.g.l.

[m] [m] [m] [m] [°] [m]

01 SA: 01 house 36,342664° E 34,595375° N 739,3 0,1 0,1 2,0 0,0 "Green house mode" 2,0

02 SA: 02 house 36,340089° E 34,594336° N 745,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

03 SA: 03 house 36,338629° E 34,593927° N 742,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

04 SA: 04 house 36,339883° E 34,593601° N 736,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

05 SA: 05 house 36,337333° E 34,593057° N 754,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

06 SA: 06 house 36,332278° E 34,592306° N 814,9 0,1 0,1 2,0 0,0 "Green house mode" 2,0

07 SA: 07 house 36,339041° E 34,592315° N 753,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

08 SA: 08 house 36,340853° E 34,591672° N 759,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

09 SA: 09 house 36,335836° E 34,591482° N 773,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

10 SA: 10 house 36,336913° E 34,590857° N 779,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

11 SA: 11 house 36,316885° E 34,585207° N 587,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

12 SA: 12 house 36,312379° E 34,576544° N 542,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

13 SA: 13 house 36,345692° E 34,576697° N 869,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

14 SA: 14 house 36,308375° E 34,566215° N 677,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

15 SA: 15 house 36,305997° E 34,560880° N 690,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

16 SA: 16 house 36,349478° E 34,561788° N 918,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

17 SA: 17 house 36,348794° E 34,556554° N 929,5 0,1 0,1 2,0 0,0 "Green house mode" 2,0

18 SA: 18 house 36,305468° E 34,554667° N 703,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

19 SA: 19 house 36,325610° E 34,554785° N 1.008,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

20 SA: 20 house 36,325412° E 34,553826° N 1.013,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

21 SA: 21 house 36,325264° E 34,553336° N 1.020,9 0,1 0,1 2,0 0,0 "Green house mode" 2,0

22 SA: 22 house 36,309792° E 34,549615° N 695,1 0,1 0,1 2,0 0,0 "Green house mode" 2,0

23 SA: 23 house 36,338111° E 34,541330° N 1.091,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

28 SA: 28 summer house 36,329101° E 34,534886° N 1.157,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

29 SA: 29 house 36,326909° E 34,534279° N 1.176,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

30 SA: 30 house brick factory 36,325632° E 34,531636° N 1.192,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

31 SA: 31 summer house 36,319257° E 34,527638° N 1.252,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

32 SA: 32 summer house (beekeeper) 36,317191° E 34,527530° N 1.233,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

34 SA: 34 house 36,321032° E 34,527326° N 1.274,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

36 SA: 36 house 36,316861° E 34,526472° N 1.250,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

37 SA: 37 house 36,321536° E 34,526544° N 1.270,7 0,1 0,1 2,0 0,0 "Green house mode" 2,0

38 SA: 38 house 36,314741° E 34,526375° N 1.268,4 0,1 0,1 2,0 0,0 "Green house mode" 2,0

39 SA: 39 house 36,316340° E 34,525495° N 1.265,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

42 SA: 42 summer house 36,317378° E 34,523063° N 1.271,3 0,1 0,1 2,0 0,0 "Green house mode" 2,0

44 SA: 44 house 36,317980° E 34,520157° N 1.283,2 0,1 0,1 2,0 0,0 "Green house mode" 2,0

51 SA: 51 small summer house 36,329170° E 34,562376° N 1.085,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

52 SA: 52 house 36,318558° E 34,527166° N 1.244,8 0,1 0,1 2,0 0,0 "Green house mode" 2,0

53 SA: 53 house 36,318311° E 34,526671° N 1.245,0 0,1 0,1 2,0 0,0 "Green house mode" 2,0

54 SA: 54 house 36,317796° E 34,526388° N 1.247,6 0,1 0,1 2,0 0,0 "Green house mode" 2,0

Calculation Results

Shadow receptor

Shadow, worst case

No. Name Shadow hours Shadow days Max shadow

per year per year hours per day

[h/year] [days/year] [h/day]

01 SA: 01 house 0:00   0 0:00

02 SA: 02 house 0:00   0 0:00

03 SA: 03 house 0:00   0 0:00

04 SA: 04 house 0:00   0 0:00

05 SA: 05 house 0:00   0 0:00

06 SA: 06 house 0:00   0 0:00

07 SA: 07 house 0:00   0 0:00

08 SA: 08 house 0:00   0 0:00

09 SA: 09 house 0:00   0 0:00

10 SA: 10 house 0:00   0 0:00

11 SA: 11 house 0:00   0 0:00

12 SA: 12 house 0:00   0 0:00

13 SA: 13 house 0:00   0 0:00

14 SA: 14 house 0:00   0 0:00

15 SA: 15 house 0:00   0 0:00

16 SA: 16 house 0:00   0 0:00

17 SA: 17 house 0:00   0 0:00

To be continued on next page...
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SHADOW - Main Result

Calculation: shadow SA: cumulativ

...continued from previous page

Shadow, worst case

No. Name Shadow hours Shadow days Max shadow

per year per year hours per day

[h/year] [days/year] [h/day]

18 SA: 18 house 0:00   0 0:00

19 SA: 19 house 0:00   0 0:00

20 SA: 20 house 0:00   0 0:00

21 SA: 21 house 0:00   0 0:00

22 SA: 22 house 0:00   0 0:00

23 SA: 23 house 0:00   0 0:00

28 SA: 28 summer house 0:00   0 0:00

29 SA: 29 house 0:00   0 0:00

30 SA: 30 house brick factory 0:00   0 0:00

31 SA: 31 summer house 0:00   0 0:00

32 SA: 32 summer house (beekeeper) 0:00   0 0:00

34 SA: 34 house 0:00   0 0:00

36 SA: 36 house 0:00   0 0:00

37 SA: 37 house 0:00   0 0:00

38 SA: 38 house 0:00   0 0:00

39 SA: 39 house 0:00   0 0:00

42 SA: 42 summer house 0:00   0 0:00

44 SA: 44 house 0:00   0 0:00

51 SA: 51 small summer house 0:00   0 0:00

52 SA: 52 house 0:00   0 0:00

53 SA: 53 house 0:00   0 0:00

54 SA: 54 house 0:00   0 0:00

Total amount of flickering on the shadow receptors caused by each WTG

No. Name Worst case

[h/year]

HA 01 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (366) 0:00

HA 02 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (367) 0:00

HA 03 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (368) 0:00

HA 04 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (369) 0:00

HA 05 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (370) 0:00

HA 06 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (371) 0:00

HA 07 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (372) 0:00

HA 08 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (373) 0:00

HA 09 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (374) 0:00

HA 10 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (375) 0:00

HA 11 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (376) 0:00

HA 12 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (377) 0:00

HA 13 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (378) 0:00

HA 14 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (379) 0:00

HA 15 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (380) 0:00

HA 16 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (381) 0:00

LWP 07 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (471) 0:00

LWP 08 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (472) 0:00

LWP 09 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (473) 0:00

LWP 10 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (474) 0:00

LWP 11 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (475) 0:00

LWP 12 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (476) 0:00

LWP 13 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (477) 0:00

LWP 14 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (478) 0:00

LWP 15 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (479) 0:00

LWP 16 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (480) 0:00

LWP 17 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (481) 0:00

LWP 18 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (482) 0:00

LWP 19 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (483) 0:00

LWP 20 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (484) 0:00

LWP 21 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (485) 0:00

LWP 22 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (486) 0:00

LWP 23 VESTAS V150-4.2 4200 150.0 !O! hub: 105,0 m (TOT: 180,0 m) (487) 0:00

Total times in Receptor wise and WTG wise tables can differ, as a WTG can lead to flicker at 2 or more receptors simultaneously and/or receptors may receive flicker from 2 or more WTGs simultaneously.
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Planned WTG
"J total height 200 m

Examination area
15,000 m radius

WTG visibility
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8-13 WTGs visible
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19-22 WTGs visible

23 WTGs visible

Receptor
#* including visualization
#* without visualization

Dipl.-Geogr. Marc Brüning
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Sahle (Hill), panorama towards Hawa Akkar - Current state 
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Sahle (Hill), panorama towards Hawa Akkar - Sketch 
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Sahle (Hill), panorama towards Hawa Akkar - Photomontage 

10         11 

Recommended observation distance: 40 cm  -  Photo exposed: 10.01.2019, 11:57, Geo WGS84 East: 36,339256 North: 34,596480, Panorama field of view: 55.8°, Direction of photo: 338° 
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Sahle (Hill), view towards Sustainable Akkar and Lebanon Wind Power - Current state 
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Sahle (Hill), view towards Sustainable Akkar and Lebanon Wind Power - Sketch 
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Sahle (Hill), view towards Sustainable Akkar and Lebanon Wind Power - Photomontage 

Recommended observation distance: 45 cm  -  Photo exposed: 10.01.2019, 11:57, Geo WGS84 East: 36,339256 North: 34,596480, Lens: 52 mm, Direction of photo: 202° 
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Aandqet, view towards Lebanon Wind Power - Current state 
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Aandqet, view towards Lebanon Wind Power - Sketch 
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Aandqet, view towards Lebanon Wind Power - Photomontage 

Recommended observation distance: 46 cm  -  Photo exposed: 12.12.2018, 11:37, Geo WGS84 East: 36,307072 North: 34,591561, Lens: 48 mm, Direction of photo: 202° 
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Aandqet, panorama view towards Hawa Akkar and Sustainable Akkar - Current state 
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Aandqet, panorama view towards Hawa Akkar and Sustainable Akkar - Sketch 
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Recommended observation distance: 15 cm  -  Photo exposed: 12.12.2018, 11:37, Geo WGS84 East: 36,307072 North: 34,591561, Panorama field of view: 153.3°, Direction of photo: 103° 

Aandqet, panorama view towards Hawa Akkar and Sustainable Akkar - Photomontage 

10                        11 
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Araysih (Qoubaiyat), view towards Hawa Akkar - Current state 
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Araysih (Qoubaiyat), view towards Hawa Akkar - Sketch 



  

Ramboll CUBE GmbH | KASSEL | HAMBURG | HANNOVER | Tel. +49 561 288573-0 

Araysih (Qoubaiyat), view towards Hawa Akkar - Photomontage 

Recommended observation distance: 45 cm  -  Photo exposed: 17.01.2019, 15:50, Geo WGS84 East: 36,273914 North: 34,567095, Lens: 51 mm, Direction of photo: 44° 
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Araysih (Qoubaiyat), view towards Sustainable Akkar - Current state 
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Araysih (Qoubaiyat), view towards Sustainable Akkar - Sketch 
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Araysih (Qoubaiyat), view towards Sustainable Akkar - Photomontage 

Recommended observation distance: 45 cm  -  Photo exposed: 17.01.2019, 15:50, Geo WGS84 East: 36,273914 North: 34,567095, Lens: 51 mm, Direction of photo: 80° 
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Araysih (Qoubaiyat), Panorama view towards Hawa Akkar and Sustainable Akkar - Current state 
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Araysih (Qoubaiyat), Panorama view towards Hawa Akkar and Sustainable Akkar - Sketch 
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Araysih (Qoubaiyat), Panorama view towards Hawa Akkar and Sustainable Akkar - Photomontage 

Recommended observation distance: 19 cm  -  Photo exposed: 17.01.2019, 15:50, Geo WGS84 East: 36,273914 North: 34,567095, Panorama field of view: 118,0°, Direction of photo: 87° 



  

Ramboll CUBE GmbH | KASSEL | HAMBURG | HANNOVER | Tel. +49 561 288573-0 

Araysih (Qoubaiyat), view towards Lebanon Wind Power - Current state 
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Araysih (Qoubaiyat), view towards Lebanon Wind Power - Sketch 

Recommended observation distance: 45 cm  -  Photo exposed: 17.01.2019, 15:50, Geo WGS84 East: 36,273914 North: 34,567095, Lens: 51 mm, Direction of photo: 203° 
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Kfartoun Village, view towards Lebanon Wind Power - Current state 
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Kfartoun Village, view towards Lebanon Wind Power - Sketch 
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Kfartoun Village, view towards Lebanon Wind Power - Photomontage 

Recommended observation distance: 45 cm  -  Photo exposed: 10.01.2019, 12:41, Geo WGS84 East: 36,350491 North: 34,557252, Lens: 52 mm, Direction of photo: 228° 
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Kfartoun Village, view towards Sustainable Akkar - Current state 
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Kfartoun Village, view towards Sustainable Akkar - Sketch 
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Kfartoun Village, view towards Sustainable Akkar - Photomontage 

Recommended observation distance: 45 cm  -  Photo exposed: 10.01.2019, 12:41, Geo WGS84 East: 36,350491 North: 34,557252, Lens: 52 mm, Direction of photo: 285° 
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Kfartoun Village, panorama all three wind farms - Current state 
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Kfartoun Village, panorama all three wind farms - Sketch 
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Kfartoun Village, panorama all three wind farms - Photomontage 

10         11 

Recommended observation distance: 14 cm  -  Photo exposed: 10.01.2019, 12:41, Geo WGS84 East: 36,350491 North: 34,557252, Panorama field of view: 157.1°, Direction of photo: 297° 
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El Rweimeh, view towards Sustainable Akkar and Hawa Akkar - Current state 
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El Rweimeh, view towards Sustainable Akkar and Hawa Akkar - Sketch 
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El Rweimeh, view towards Sustainable Akkar and Hawa Akkar - Photomontage 

Recommended observation distance: 45 cm  -  Photo exposed: 10.01.2019, 13:26, Geo WGS84 East: 36,313214 North: 34,525124, Lens: 51 mm, Direction of photo: 25° 
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El Rweimeh, view towards  Lebanon Wind Power - Current state 
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El Rweimeh, view towards  Lebanon Wind Power - Sketch 
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El Rweimeh, view towards  Lebanon Wind Power - Photomontage 

Recommended observation distance: 45 cm  -  Photo exposed: 10.01.2019, 13:26, Geo WGS84 East: 36,313214 North: 34,525124, Lens: 51 mm, Direction of photo: 227° 
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APPENDIX Q 
INFORMAL SETTLEMENTS MAPPING  
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