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Abbreviations  

Abbreviations  and Definitions  

Abbreviation  Description  

ñMetg¿n-Eze-Atis JVò 
or ñClientò 

Metgün-Eze-Atis Joint Venture 

Metgün Metg¿n Ķnĸaat Taahh¿t ve Ticaret A.ķ. 

Eze Eze Ķnĸaat A.ķ. 

Atis Atis Asfalt Taahh¿t Ķnĸaat Sanayi ve Ticaret A.ķ. 

WSP  WSP Danēĸmanlēk ve M¿hendislik Ltd. ķti. 

AERMOD American Meteorological Society/Environmental Protection Agency 
Regulatory Model 

BAT Best Available Technique 

DEM Digital Elevation Model 

EHS Environmental, Health, and Safety 

EPA Environmental Protection Agency 

EPRP Emergency Preparedness and Response Plan 

FTA Federal Transit Administration 

GHG Greenhouse Gas 

GWP Global Warming Potential 

IPCC Intergovernmental Panel on Climate Change 

KPI Key Performance Indicator 

MoEUCC Ministry of Environment, Urbanization and Climate Change 

NAFZ North Anatolian Fault Zone 

NID National Inventory Document 

PDoEUCC Provincial Directorate of the Ministry of Environment, Urbanization and 
Climate Change 

PGA Peak Ground Acceleration 

PGV Peak Ground Velocity 

PHSA Probabilistic Seismic Hazard Analysis 

SDS Safety Data Sheet 

TUIK Turkish Statistical Institute 
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Abbreviation  Description  

UHS Uniform Hazard Spectra 

UNFCCC United Nations Framework Convention on Climate Change 

WEEE Waste Electronic Equipment 

 



 

Kocaeli North Light-Rail Transit (Körfezray Metro) Project 
Environmental and Social Impact Assessment Report ï Chapter 7.1 - Physical Impact 
2025-05-20 | 25753037_Final_Rev00 10 
 

7. IMPACT ASSESSMENT 

7.1 Physical Components  

7.1.1 Geology and Geomorphology  

7.1.1.1 Impact Analysis 

7.1.1.1.1 Construction Phase  

During the construction phase, impacts will be mainly associated with the following impact factor: 

Â Change in the local morphology 

The project actions related to the abovementioned impact factor are the following:  

Â Surface levelling and grading, 

Â Temporary stockpiling of material, and 

Â Construction of the metro line. 

Additional impacts on geology and geomorphology also related to soil, hydrology, and hydrogeology and 

these are discussed in the relevant sections of this ESIA. 

The impact is mainly related to the changes inflicted on the current morphology of the area due to the 

earthworks and excavations, and for the site preparation (scarified, excavated, filled with proper material, 

and flattened) and the construction of the structuresô foundations. 

7.1.1.1.2 Operation Phase  

As a result of the impact screening, no impacts on the geology and the geomorphological components are 

expected during the operation phase. 

7.1.1.1.3 Decommissioning and Closure Phase  

The decommissioning activities would comprise the removal of the Project Components. Also, the 

foundations of the structures would be removed. The site is expected to be restored for its future use.  

As a result of the impact screening, no impacts on geology and the geomorphological components are 

expected during the decommissioning and closure phase. Decommissioning of infrastructures could have 

a positive impact if the natural state of the land is recovered. 

7.1.1.2 Mitigation Measures 

The mitigation measures, for the impacts on geology and geomorphology, are listed below for the 

construction phase: 
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Â Worksite will be minimized to the smallest extent possible in order to meet Projectôs works and 

activities; 

Â The flattening and excavation operation will be minimized to the extent possible in order to limit the 

morphological disturbances; 

Â Part of the removed material will be re-used as fill material in the Project Area, if it presents the 

suitable geotechnical characteristics, in order to limit the use of raw material; 

Â Soil and Topsoil Management Plan and Landscape Management Plan will be developed for the 

Project, in accordance with the Project Standards, to ensure that identified impacts and risks are 

managed. 

7.1.1.3 Residual Impacts 

7.1.1.3.1 Construction Phase  

The residual impact on the geology and geomorphology component after the implementation of the above-

mentioned mitigation measures during construction phase is presented in the following table. 

Based on the baseline conditions of the assessed components, the Project characteristics, and actions, 

as well as the proper implementation of the mitigation measures proposed above, negligible negative 

impact is expected on the geology and geomorphology component during the construction phase. 

Table 7.1 Impact Assessment Matrix for Geology and Geomorphology During Construction 
Phase After Mitigation  

Impact 
Factor  

Impact Factor Features  Component 
Sensitivity  

Impact 
Reversibility  

Impact Value  Mitigation 
effectiveness  

Residual 
impact 
value  

Changes in 
the local 
morphology 

Duration: Medium 

Low Mid term Negligible  High Negligible  
Frequency:  Continuous 

Geo. Extent:  Project Site 

Intensity:  Negligible 

7.1.1.3.2 Operation Phase  

As stated before, as a result of the impact screening, no impacts are expected on the geology and 

geomorphology component during the commissioning and operation phase. 

Â Client will ensure that the rented areas used for construction activities are restored according to 

the specifications of each area. This restoration will adhere to the agreements made with the 

relevant authorities (i.e. Rehabilitation Plans) or as per the written agreements with the landowners 

(i.e. Contracts for the Rental Land). 

7.1.1.3.3 Decommissioning and Closure Phase  

As stated before, as a result of the impact screening, no impacts on the geology and the geomorphological 

components are expected during the decommissioning and closure phase. 
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7.1.1.4 Monitoring 

To ensure safe tunnel construction and effective control of ground and structural behavior, the following 

monitoring systems are proposed for implementation throughout the construction period. Each component 

provides earlyȤwarning capability and supports verification of design assumptions. 

Different measurements and monitoring techniques will be applied during the construction phase of the 

Project. Some of these techniques are listed below: 

Â 3D total station (reflective prism) measurements can monitor three-dimensional displacements at 

the surface and within the tunnel. The system is suitable for: 

Â Monitoring surface settlements and horizontal displacements, 

Â Measuring tunnel convergence and lining movements, 

Â Providing millimetric early warning in critical zones, 

Â Supporting realȤtime alerts when defined thresholds are exceeded. 

Â Chain inclinometers particularly at portals, shafts, and other highȤrisk locations where distributed 

deformation must be monitored along a continuous profile will be deployed. This method enables: 

Â Recording gradual rotational changes along the installation line, 

Â Detecting shear plane development and progressive deformation, 

Â Continuous automated monitoring in areas with potential instability. 

Â Conventional inclinometers in boreholes along the tunnel alignment are used to monitor deep 

horizontal ground movement. This instrument allows: 

Â Identification of deepȤseated shear zones and slip surfaces, 

Â Tracking lateral ground displacement over time, 

Â Assessing the influence of tunnel excavation on surrounding ground and structures. 

Â Use of MPBX instruments is widely used to monitor deformation of the ground at different depths 

around the tunnel. This instrument allows: 

Â Detection of relaxation zones forming after excavation. 

Â Determination of the depth of influence around the tunnel boundary. 

Â Assessment of support system effectiveness and groundïsupport interaction. 

Â Installation of embedded strain gauges in selected precast segments is used for: 

Â Measurement of stressïstrain development within the lining. 

Â Monitoring effects of TBM thrust forces and backfill grouting. 

Â Early identification of asymmetric loading or potential structural distress. 

Â Verification of segmental lining design assumptions. 
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Â InSAR monitoring is used to observe largeȤarea surface deformation along the tunnel corridor. This 

instrument allows: 

Â Detection of settlement or uplift over wide areas. 

Â Identification of longȤterm, slowȤmoving deformation trends. 

Â Providing regional deformation overview complementing pointȤbased instrumentation. 

Â Effective in urban areas where ground access is limited. 

The final selection and implementation of monitoring techniques will be carried out in accordance with the 

methods deemed most appropriate by the Client, ensuring that all monitoring activities align with project-

specific requirements and safety objectives. 

7.1.2 Geohazard and Seism icity  

7.1.2.1 Impact Analysis 

The definitions of these impact factors are presented below: 

Â Seismic activity: The Project Area is within a seismically active area, which is detailly studied in 

Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets Report, of 

whichôs summary is presented below, was prepared by PROTA M¿hendislik and approved by the 

Ministry of Infrastructure and Urbanization in 2025. 

Â Karst Geohazard: During tunnel construction in karst areas, various forms of karst caverns may 

appear on the construction route, and they can cause hazards - such as water inrush and collapse 

- during tunnel construction. 

During all Project phases, impacts (increase in the impacts of natural disasters) will be mainly associated 

with the following impact factor. 

Â Modification in the local morphology 

The project actions related to the abovementioned impact factor are the following:  

Â Surface levelling and grading (including demolition of existing structures),  

Â Temporary stockpiling of material, and 

Â Construction of the metro line. 

7.1.2.1.1 Seismicity  

Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets Report, of whichôs 

summary is presented below, was prepared by PROTA Mühendislik. This report presents the siteȤspecific 

probabilistic seismic hazard analyses and scaled groundȤmotion selection conducted for the Project. 

Response spectra for 144Ȥyear (DDȤ2a), 475Ȥyear (DDȤ2), and 2475Ȥyear (DDȤ1) return periods were 

generated and compared with the Turkish Earthquake Hazard Map (TDTH) and the Tunnel Seismic Code 

(TDY20), revealing expected differences due to the detailed treatment of local soil and source 

characteristics in the siteȤspecific analysis versus the generalized assumptions in the code spectra. To 
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satisfy TDY20 Clause 2.7.2, envelope spectra that encompass siteȤspecific results while maintaining at 

least 90% of the codeȤbased spectral values were developed. Based on the final target spectra, regionally 

consistent groundȤmotion records were selected and scaled in accordance with TDY20 Clause 2.8.3.2, 

with DDȤ1 level twoȤcomponent records provided in the electronic annexes. The results represent 

seismicȤshaking hazard only and are valid under the assumed geotechnical conditions; any changes in 

subsurface properties will require reȤevaluation. 

7.1.2.1.1.1 Seismic Source Models  

To establish a reliable seismotectonic model for the Project, a comprehensive hybrid approach was 

adopted, fully based on the assessments documented in the Seismic Hazard Calculations and the 

Acquisition of Scaled Seismic Recording Sets Report (PROTA, 2025). In this framework, regional fault 

geometries were defined together with slipȤrate information derived primarily from the elastic block models 

of Aktuĵ et al. (2009) and Reilinger et al. (2006), which served as the main references for slipȤrate 

distribution. Where local geological or seismological studies were sufficiently detailed, conservative 

assumptions were introduced to ensure robustness in the seismic hazard characterization. For offshore 

faults in the Black Sea and regions with limited local datasets, the parametric definitions were taken from 

the EuropeanȤstandard SHARE Project database and supplemented by the nationalȤscale UDAPȤÇȤ13Ȥ06 

Project (i.e. Revision of Turkish Seismic Hazard Map). The fault and basin systems proximal to the Project 

Area were classified within the report under the Marmara Sea, the North Anatolian Fault Zone (ñNAFZò) 

Middle Strand, the NAFZ Southern Strand, and the inland faults of Western Anatolia. Due to their critical 

proximity, the structures within the ¢ēnarcēk Basin and the Armutlu Peninsula were evaluated with high 

precision. 

The ¢ēnarcēk Basin lies approximately 15 km south of the NAFZ and is associated with the ¢ēnarcēk 

PullȤApart Basin. Although tectonic models suggest varying deformation mechanisms, GPSȤbased studies 

indicate an extensional rate of 8ï10 mm/year. However, as summarized in PROTA (2025), a normalȤfault 

slip rate of 4 mm/year was conservatively adopted for hazard modelling. 

The Esenköy, Orhangazi, Yalova, and Yalakdere Faults, located within the wedge between the NAFZ 

Northern and Middle Strands, have limited slipȤrate data. The Esenköy Fault is known to have been active 

during the Pleistocene; however, no definitive Holocene data exist. Therefore, a precautionary slip rate of 

1 mm/year was assigned to each of these faults within the analysis. 

GPS observations generally indicate a slip rate of approximately 5 mm/year for the NAFZ Middle Strand. 

However, Flerit et al. (2004) reported a westȤtoȤeast increase in slip rates, proposing values of 2 mm/year 

for the BigaȤÇan segment, 4 mm/year for the SinekçiȤEdincik segment, and 5 mm/year for the Gençali and 

Geyve segments. For the Sarēköy Fault, situated between the Middle and Southern Strands, a regional 

slip rate of 2 mm/year was proposed by Flerit et al. (2004) and adopted accordingly in PROTA (2025). 

Resulting from the partitioning of regional strikeȤslip deformation, slip rates were assigned as 2 mm/year 

for the Geyve and ĶznikȤMekece faults, 1 mm/year for the Gençali Fault, 3.5 mm/year for the Gemlik Fault, 

and 1 mm/year for the ZeytinbaĵēȤBandērma, Sinekçi, and Edincik faults. The BigaȤÇan Fault Zone 

segments were similarly assigned a rate of 1 mm/year. 

The Southern Strand of the NAFZ is characterized as the least active among the branches, with slip rates 

generally ranging between 2ï3 mm/year (Flerit et al., 2004; Utkucu et al., 2011). In contrast, the elastic 

model by Aktuĵ et al. (2009) suggests values between 3ï6 mm/year. Within the PROTA (2025) seismic 

hazard study, the Ulubat Faultðexhibiting rightȤlateral strikeȤslip combined with reverse faultingðwas 
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modeled with a slip rate of 4 mm/year. The rightȤlateral Mustafa Kemal and Orhaneli faults were also 

assigned a slip rate of 4 mm/year. For the western sections of the Southern Strand, the adopted slip rates 

were 2 mm/year for the YeniceȤGönen Fault, 1 mm/year for the Pazarköy Fault, and 1.5 mm/year for the 

western HavranȤBalya Zone. The Manyas Fault, characterized by normal faulting, was assigned 4 

mm/year, while the eastern HavranȤBalya Zone and the Kepsut and Gökçeyazē segments of the Balēkesir 

Fault were attributed a slip rate of 0.7 mm/year. 

Fault systems extending inland toward southern Western Anatolia were evaluated considering the regional 

extensional regime and strikeȤslip interactions. The Bergama Fault and the SomaȤKērkaĵaç Fault Zone, 

located between the BergamaȤZeytindaĵ Zone and the Simav Fault, strike EïW and exhibit dominant 

normal faulting. Although Paradisopoulou et al. (2010) suggested a slip rate of 3 mm/year and Aktuĵ et al. 

(2009) estimated 4 mm/year, PROTA (2025) adopted a conservative value of 1 mm/year for both 

structures. For the Bursa Fault, an eastȤlying normal fault system with limited available data, Reilinger et 

al. (2006) estimated a slip rate of 0.7 ± 0.3 mm/year; therefore, a safetyȤoriented rate of 1 mm/year was 

used in the analyses. The Eskiĸehir Fault, a major structure with normal and rightȤlateral strikeȤslip 

components, exhibits rates of 1ï2 mm/year (Altunel & Barka, 1998), while Koçyiĵit (2005) reported a very 

low normal component of 0.07ï0.13 mm/year. In the hazard study, slip rates of 1.3 mm/year for the 

Eskiĸehir Fault and 0.7 mm/year for the Dodurga Fault were adopted. 

Although not shown in the active fault maps of MTA, several offshore faults located in the Black Sea to the 

north of the Project Area were included in the hazard assessment for completeness. According to the 

SHARE Project, these structures are characterized by reverse faulting, and PROTA (2025) modeled them 

with slip rates of approximately 2 mm/year. 

For other linear seismic sources within the project region lacking detailed literature data, slipȤrate estimates 

were derived using regional analogues, the SHARE Project database, elastic block models for Türkiye 

(Aktuĵ et al., 2009; Reilinger et al., 2006), and findings from the UDAPȤÇȤ13Ȥ06 Project (Akkar, et al., 

2014), as summarized in PROTA (2025). 
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Figure 7.1 Kinematic Elastic Block Model of Western T ürkiye  (Aktuĵ, et al., 2009) 

7.1.2.1.1.2 Seismic Source Models and Source Characterization  

In the probabilistic seismic hazard calculations conducted within the Seismic Hazard Calculations and the 

Acquisition of Scaled Seismic Recording Sets Report (PROTA, 2025), earthquake recurrence intervals, 

the uncertainties associated with groundȤmotion parameters, and the spatial uncertainties related to 

earthquake locations along the seismic sources were all explicitly taken into account. Through this 

comprehensive probabilistic framework, the groundȤmotion parameters corresponding to the selected 

annual probability of exceedance values were computed in accordance with the methodological principles 

outlined in the report. 

Consistent with the seismotectonic characterization described in the preceding section, the probabilistic 

hazard study implemented two independent sourceȤmodelling approaches, both of which were developed 

and applied separately within PROTA (2025): 

Â the areal seismic source model of ķeĸetyan et al. (2018), and 

Â the linearȤsource model supplemented by spatially smoothed seismicity following Demircioĵlu, et 

al. (2018). 

These two source representations were used independently in the seismic hazard analyses to ensure 

robustness, crossȤverification, and methodological completeness as documented in the report. 
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Earthquake Source Models: Areal Sources  

In the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets Report (PROTA, 

2025), the a and b GR parameters for the areal earthquake sources were calculated. The Gutenberg-

Richter (GR) recurrence model parameters for the obtained areal source model are presented in Table 

7.2 together with the random variabilities (ůa and ůb) in the a and b values defined for each areal source 

(PROTA, 2025). 

Table 7.2 Parameters that Define Spatial Resources in Earthquake Hazard Calculations 
(PROTA, 2025) 

Source Area   a  b  ůa  ůb  Mmax Leve
ls   

Upper 
Depth 
Limit   

Lower 
Depth 
Limit   

Focal 
Depths 
(km)   

BGRAS032  3.455  0.83  0.069  0.041  6.3±0.3  0  20  2, 10, 18  

BGRAS043  3.447  0.83  0.046  0.070  7.3±0.3  0  20  2, 10, 18  

BGRAS048  3.375  0.89  0.046  0.070  7.3±0.3  0  20  2, 10, 18  

BGRAS078  3.000  0.80  0.046  0.070  7.3±0.3  0  20  2, 10, 18  

GEOAS019  4.644  1.14  0.034  0.107  7.3±0.3  0  30  5, 15, 25  

GRCAS053  3.951  0.86  0.134  0.027  7.3±0.3  0  20  2, 10, 18  

GRCAS054  3.774  0.88  0.134  0.027  7.3±0.3  0  15  2, 8, 12  

GRCAS064  3.010  0.72  0.134  0.027  7.3±0.3  0  20  2, 10, 18  

GRCAS080  3.450  0.84  0.073  0.040  7.3±0.3  0  30  5, 15, 25  

ROUAS041  2.330  0.73  0.046  0.070  7.3±0.3  0  20  2, 10, 18  

ROUAS042  4.400  1.10  0.046  0.070  7.3±0.3  0  20  2, 10, 18  

TURAS004  3.011  0.76  0.134  0.027  7.3±0.3  0  20  2, 10, 18  

TURAS005  3.700  0.75  0.069  0.041  8.0±0.3  0  25  5, 12, 18  

TURAS007  3.333  0.95  0.038  0.074  7.3±0.3  0  20  2, 10, 18  

TURAS013  3.587  0.79  0.073  0.040  7.7±0.3  0  20  2, 10, 18  

TURAS034  4.300  1.10  0.038  0.074  6.3±0.3  0  15  2, 8, 12  

TURAS049  3.770  0.91  0.073  0.040  7.3±0.3  0  20  2, 10, 18  

TURAS050  3.190  0.93  0.134  0.027  7.3±0.3  0  20  2, 10, 18  

TURAS051  3.422  0.93  0.134  0.027  6.3±0.3  0  15  2, 8, 12  

TURAS052  4.630  1.01  0.134  0.027  7.3±0.3  0  15  2, 8, 12  

TURAS071  2.600  0.83  0.073  0.040  7.3±0.3  0  20  2, 10, 18  

TURAS072  4.000  1.00  0.134  0.027  6.3±0.3  0  15  2, 8, 12  

TURAS073  3.384  0.87  0.134  0.027  7.3±0.3  0  20  2, 10, 18  

TURAS075  3.600  1.00  0.134  0.027  6.3±0.3  0  20  2, 10, 18  

TURAS077  2.873  0.82  0.073  0.040  7.3±0.3  0  20  2, 10, 18  
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Source Area   a  b  ůa  ůb  Mmax Leve
ls   

Upper 
Depth 
Limit   

Lower 
Depth 
Limit   

Focal 
Depths 
(km)   

TURAS092  3.052  0.83  0.038  0.074  6.3±0.3  0  20  2, 10, 18  

TURAS093  4.026  0.95  0.134  0.027  7.3±0.3  0  20  2, 10, 18  

TURAS094  2.850  0.74  0.134  0.027  7.3±0.3  0  20  2, 10, 18  

TURAS095  3.800  1.05  0.038  0.074  7.3±0.3  0  15  2, 8, 12  

TURAS096  3.501  0.94  0.134  0.027  7.3±0.3  0  15  2, 8, 12  

TURAS097  2.680  0.75  0.134  0.027  6.6±0.3  0  20  2, 10, 18  

TURAS100  3.026  0.83  0.134  0.027  6.3±0.3  0  20  2, 10, 18  

TURAS103  3.925  0.93  0.134  0.027  7.3±0.3  0  15  2, 8, 12  

Earthquake Source Models: Linear Source + Spatially Smoothed Seismic Sources  

The second seismic source type employed in the seismic hazard analyses is the linearȤsource and spatially 

smoothed seismicity model developed by Demircioĵlu et al. (2018). As documented in the Seismic Hazard 

Calculations and the Acquisition of Scaled Seismic Recording Sets Report (PROTA, 2025), a total of 208 

linear fault sources were incorporated for the Project Area. The active fault sources located within a 300 

km radius, used directly in the probabilistic seismic hazard calculations, are presented in Figure 7.2. In 

this figure, concentric circles with radii of 25 km, 50 km, and 300 km illustrate the proximity of individual 

faults to the Project Area, showing that the nearest linear sources lie at distances beginning from 

approximately 3 km. 

The fundamental principle of the linearȤsource and spatially smoothed seismicity modelling approach, as 

applied in PROTA (2025), follows the assumption introduced by Demircioĵlu et al. (2018): earthquakes 

with magnitudes Mw Ó 6.0 occurring within a 15 km buffer zone around mapped linear faults are attributed 

to those linear sources. Earthquakes that do not satisfy this criterion, typically smaller or more diffuse 

events, are assigned to the spatially smoothed seismicity model. This combined methodology ensures that 

both wellȤdefined fault systems and distributed background seismicity are represented consistently within 

the probabilistic seismic hazard framework summarized in the report. 
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Figure 7.2 Linear Seismic Sources used in Seismic Hazard Assessment (PROTA, 2025)  

According to In the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets 

Report (PROTA, 2025) , the contribution of earthquakes that cannot be associated with any of the linear 

sources identified around the Project Area was taken into account using the spatially smoothed seismic 

model (Demircioĵlu, et al., 2018). The spatially smoothed seismic model considers the uncertainty in the 

coordinates of future earthquakes and eliminates the arbitrariness in determining the boundaries of 

earthquake sources by realizing stationary seismicity in space (Kalkan & Gülkan, 2013). 

Time-Dependent Earthquake Recurrence Modelling  

Although the Poisson model is widely applicable for representing earthquake occurrence on a regional 

scale, paleoseismological and historical seismicity studies conducted on individual faults demonstrate that 

large, characteristic earthquakes tend to occur in a quasiȤperiodic manner (Erdik, et al., 2004). As 

emphasized in the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets 

Report (PROTA, 2025), this behavior is more accurately captured using timeȤdependent earthquake 

recurrence models, which better reflect the renewal characteristics observed on faults with 

wellȤdocumented paleoseismic records. 

Within this framework, paleoseismological investigations serve as the primary basis for estimating the 

characteristic earthquake magnitudes that specific faults are capable of generating. These studies provide 

direct evidence of the timing of past major events occurring along a fault, thereby enabling the derivation 

of recurrence behavior. As summarized in PROTA (2025), recurrence intervals may also be estimated 

secondarily by employing the momentȤcapacity method, which relates accumulated tectonic strain energy 

to the expected release through characteristic earthquakes. 
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7.1.2.1.1.3 Ground Motion Prediction Equations and Ground Motion Characterization  

Ground Motion Estimation Equations Considered in the Project  

In seismic hazard analyses performed by PROTA (2025), ground motion variability was considered using 

ground motion prediction equations (GMPEs) to estimate future seismic activity. While the aleatory 

variability inherent in the nature of earthquakes was accounted for via the standard deviations of the 

GMPEs, the epistemic uncertainty (modelling uncertainty) arising from data limitations was addressed 

through ground motion logic tree applications.  

As summarized in PROTA (2025), within the logic tree framework, the GMPEs applied to the Project Area 

were evaluated with varying weights to reflect their degree of compatibility with the seismotectonic 

structure representing the area. To ensure a consistent seismic hazard analysis in the study region, 

equations capable of providing predictions across the specific earthquake magnitude, distance, and 

spectral period ranges relevant to the site were selected. Furthermore, recent studies have observed 

variations in spectral behaviors even among regions with similar seismotectonic characteristics (Boore, et 

al., 2014), (Kale, et al., 2015), (Kotha, et al., 2020). In this context, regional differences were considered 

during the selection of GMPEs.  

Table 7.3 Abbreviations and General Characteristics of Ground Motion Prediction Equations  

Estimation 
Equation   

Abbreviation
s  

Main 
Region(s)   

Mw interval   R type and 
Rmax (km)  *  

Components
 À  

Period 
Interval   

Abrahamson 
et al. (2014)  

ASK14  Global  3.0 - 8.5  RRUP, 300  PGA, PGV, 
PSA  

RotD50  

0 - 10s  

Boore et al. 
(2014)  

BSSA14  Global  3.0 - 8.5  RJB, 300  PGA, PGV, 
PSA  

RotD50  

0 - 10s  

Chiou and Yo
ungs (2014)  

CY14  Global  3.5 - 8.5  RRUP, 300  PGA, PGV, 
PSA  

RotD50  

0 - 10s  

Kale et al. 
(2015)  

KAAH15  Türkiye  4.0 - 8.0  RJB, 200  PGA, PGV, 
PSA  

GM  

0 - 4s  

Akkar et al. 
(2014)  

ASB14  Europe and 
Middle East  

4.0 - 8.0  RJB, 200  PGA, PGV, 
PSA  

GM  

0 - 4s  

* R: distance, Rmax: maximum distance, RJB: Joyner-Boore distance, RRUP: closest distance to the fault rupture 
À PGA: Maximum ground acceleration, PGV: maximum ground speed, PSA: pseudospectral acceleration, GM: geometric mean 
of horizontal components, RotD50: rotation-independent average horizontal component 

Application of the Ground Motion Logic Tree  

In the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets Report (PROTA, 

2025), the ground-motion prediction equations (GMPEs) and the weights assigned to them were identified 

as the key factors influencing the seismic hazard results. To ensure that the median predictions of the 

selected GMPEs represent the center, body, and range of a log-normal distribution, a multi-equation 
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approach was used in the modelling. The assigned weights were selected to reflect the epistemic 

uncertainty in the model as realistically as possible. 

Sensitivity analyses summarized in PROTA (2025) indicated that the KAAH15 equation forms the lower 

bound of the epistemic uncertainty, while the BSSA14 equation forms the upper bound. The GMPEs were 

incorporated into a logic-tree structure as illustrated in Figure 7.3, using the weights given in Table 7.4. 

Table 7.4. Through this approach, the 5%-damped elastic uniform-hazard acceleration spectra for the 

required return periods were obtained. 

 

Figure 7.3 Demonstration of the Logic Tree Implementation of a Ground Motion Model (PROTA, 
2025) 

Table 7.4 Weights of Logic Tree Application of Ground Motion Prediction Equations (PROTA, 
2025) 

Seismitectonic 
Regime   

Ground Motion Estimation 
Equation   

Logic Tree Weight 
TÒ3s  

Logic Tree 
Weight T>8s   

Logic Tree 
Weight PGV   

Active Shallow 
Earthquake 
Tectonics  

Abrahamson et al. (2014)  0.20  0.40  0.15  

Boore et al. (2014)  0.20  0.30  0.05  

Chiou and Youngs (2014)  0.20  0.30  0.15  

Kale et al. (2015)  0.20  -  0.25  

Akkar et al. (2014)  0.20  -  0.40  

7.1.2.1.1.4 Earthquake Hazard Calculations for Tunnels  

This section of the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets 

Report (PROTA, 2025) presents the Probabilistic Seismic Hazard Analysis (ñPSHAò) results, comparing 

site-specific spectra, incorporating soil amplification and near-fault directivity effects, against TDY-20 

(TBDY-2018) standards. 

Assessments Regarding the Project Area Ground  

In the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets Report (PROTA, 

2025), along the 27+460 km alignment, 13 representative tunnel sections were analyzed using MASW and 

ReMi geophysical methods to determine critical Vs30 values in the Seismic Hazard Calculations and the 



 

Kocaeli North Light-Rail Transit (Körfezray Metro) Project 
Environmental and Social Impact Assessment Report ï Chapter 7.1 - Physical Impact 
2025-05-20 | 25753037_Final_Rev00 22 
 

Acquisition of Scaled Seismic Recording Sets Report (PROTA, 2025). Based on these inputs and TBDY-

2018 criteria, it can be said that the soil conditions along the route are predominantly classified as ZD 

(medium dense to dense soil or stiff clay) and ZC (very dense soil or weathered weak rock Table 7.5). 

Table 7.5 Soil Classification for Tunnels  

Tunnel ID   Location   Latitude   Longitude   Representing the Tunnel Level  

VS (m/s)   Soil Class   

01  3+800  40.75809  29.80086  324  ZD  

02  4+460  40.76021  29.80829  266  ZD  

03  6+160  40.75735  29.82714  307  ZD  

04  9+220  40.76228  29.86223  386  ZC  

05  12+740  40.76302  29.90112  182  ZD  

06  14+470  40.76601  29.92357  636  ZC  

07  17+760  40.77442  29.9545  543  ZC  

08  18+780  40.77628  29.96818  301  ZD  

09  20+460  40.7675  29.97823  211  ZD  

10  5+680  40.7582  29.82143  386  ZC  

11  11+440  40.76295  29.88845  388  ZC  

12  22+580  40.75875  29.99169  220  ZD  

13  23+940  40.75676  30.00828  399  ZC  

Probabilistic Earthquake Hazard Calculations  

In the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets Report (PROTA, 

2025), site-specific seismic hazard analyses were initially conducted for the reference rock condition of 

Vs30 = 760 m/s, which is the projected value for the Project Area. The values obtained from this analysis 

were utilized for comparison purposes with the site-independent geometric mean design spectra of the 

Seismic Hazard Map of Türkiye (Akkar, et al., 2018), as recommended in the Turkish Seismic Design Code 

(2020) [TDY-20]. Within the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording 

Sets Report (PROTA, 2025), more precise selections were made, such as discretizing area sources at 5 

km and using a magnitude-frequency distribution interval of 0.1 M. When all these approaches are 

evaluated cumulatively, the occurrence of a certain level of discrepancy is expected. Upon general 

evaluation of the comparisons, it can be concluded that the results of this site-specific study are consistent 

with the regulatory spectral values (PROTA, 2025). 

Table 7.6 Site-Specific Probabilistic Earthquake Hazard Calculations and Ground Effect -
Independent (VS30 = 760 m/s) Equihazards Acceleration and Velocity Values 
obtained from TDTH and TDY20  (PROTA, 2025) 
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Tunnel 
ID  

Seismic 
Surface  

Site-Specific   TDY20  

PGA  

(g)  

SS  

(g)  

S1  

(g)  

PGV  

(cm/s)   

PGA  

(g)  

SS  

(g)  

S1  

(g)  

PGV  

(cm/s)   

T01  DD-2a  0.4445  1.1066  0.2347  30.4  0.3844  0.8973  0.2284  26.2  

DD-2  0.7397  1.8904  0.4449  55.1  0.6800  1.6610  0.4520  58.6  

DD-1  1.2047  3.1803  0.8379  94.2  1.1560  2.9250  0.8430  101.5  

T02  DD-2a  0.4394  1.0934  0.2321  30.1  0.3842  0.8954  0.2282  26.1  

DD-2  0.7283  1.8614  0.4381  54.4  0.6790  1.6560  0.4510  58.4  

DD-1  1.1830  3.1264  0.8215  92.9  1.1520  2.9160  0.8390  101.1  

T03  DD-2a  0.4473  1.1143  0.2359  30.9  0.3879  0.9056  0.2299  26.5  

DD-2  0.7430  1.8998  0.4469  55.8  0.6840  1.6710  0.4550  59.2  

DD-1  1.2087  3.1908  0.8404  95.0  1.1600  2.9370  0.8440  102.2  

T04  DD-2a  0.4380  1.0902  0.2312  30.6  0.3871  0.9029  0.2294  26.3  

DD-2  0.7223  1.8474  0.4352  54.8  0.6800  1.6620  0.4520  58.6  

DD-1  1.1706  3.0891  0.8137  93.0  1.1490  2.9150  0.8360  100.8  

T05  DD-2a  0.4365  1.0866  0.2303  30.8  0.3862  0.9020  0.2294  26.2  

DD-2  0.7179  1.8370  0.4329  55.0  0.6800  1.6620  0.4520  57.7  

DD-1  1.1625  3.0646  0.8084  92.9  1.1460  2.9100  0.8320  98.9  

T06  DD-2a  0.4238  1.0544  0.2243  30.1  0.3847  0.8988  0.2290  26.1  

DD-2  0.6900  1.7641  0.4170  53.2  0.6770  1.6550  0.4500  57.2  

DD-1  1.1155  2.9277  0.7744  89.7  1.1390  2.8930  0.8260  97.8  

T07  DD-2a  0.3990  0.9904  0.2140  28.6  0.3780  0.8835  0.2249  25.5  

DD-2  0.6456  1.6423  0.3902  50.2  0.6660  1.6280  0.4430  55.5  

DD-1  1.0400  2.7132  0.7211  84.5  1.1170  2.8400  0.8110  94.7  

T08  DD-2a  0.3956  0.9816  0.2125  28.4  0.3767  0.8798  0.2247  25.3  

DD-2  0.6394  1.6254  0.3865  49.9  0.6640  1.6230  0.4420  55.0  

DD-1  1.0283  2.6837  0.7131  83.9  1.1130  2.8310  0.8080  93.9  

T09  DD-2a  0.4188  1.0418  0.2224  30.2  0.3864  0.9035  0.2296  26.1  

DD-2  0.6809  1.7388  0.4118  53.1  0.6810  1.6650  0.4530  57.1  

DD-1  1.1003  2.8828  0.7641  89.2  1.1420  2.9050  0.8290  97.3  

T10  DD-2a  0.4452  1.1088  0.2349  30.6  0.3866  0.9019  0.2296  26.3  

DD-2  0.7394  1.8897  0.4447  55.4  0.6820  1.6660  0.4530  58.9  

DD-1  1.2020  3.1736  0.8359  94.4  1.1570  2.9310  0.8430  101.8  

T11  DD-2a  0.4374  1.0888  0.2307  30.8  0.3862  0.9018  0.2294  26.2  

DD-2  0.7202  1.8423  0.4341  55.0  0.6800  1.6610  0.4520  57.9  
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Tunnel 
ID  

Seismic 
Surface  

Site-Specific   TDY20  

PGA  

(g)  

SS  

(g)  

S1  

(g)  

PGV  

(cm/s)   

PGA  

(g)  

SS  

(g)  

S1  

(g)  

PGV  

(cm/s)   

DD-1  1.1665  3.0765  0.8111  93.0  1.1460  2.9090  0.8320  99.3  

T12  DD-2a  0.4408  1.0979  0.2327  32.0  0.3950  0.9240  0.2343  26.7  

DD-2  0.7263  1.8566  0.4378  56.6  0.6970  1.7040  0.4630  58.6  

DD-1  1.1754  3.1022  0.8175  95.0  1.1690  2.9750  0.8470  99.9  

T13  DD-2a  0.4469  1.1139  0.2359  32.5  0.3978  0.9309  0.2358  26.9  

DD-2  0.7392  1.8892  0.4455  57.8  0.7020  1.7160  0.4660  59.1  

DD-1  1.1986  3.1634  0.8347  96.8  1.1770  2.9970  0.8530  100.8  

Near-Fault Directivity Effects for the Project Area 

Near-fault directivity effects arise when the fault rupture velocity approaches the seismic wave propagation 

velocity and create a high-energy pulse in the normal direction during the characterization of ground 

motions resulting from earthquakes. As summarized in the Seismic Hazard Calculations and the 

Acquisition of Scaled Seismic Recording Sets Report (PROTA, 2025), these effects were identified as an 

important parameter influencing the designȤlevel ground motions for the Project Area. 

According to the ASCE 7-22 seismic standard (ASCE, 2022), it is stated that near-fault directivity effects 

must be considered in the seismic hazard calculation if there are faults closer than 15 km (distance 

between fault surface projection and site) to the Project Area. On the other hand, according to CALTRANS 

(2019), this requirement applies if there are faults closer than 25 km (the closest probabilistic distance to 

the fault rupture). However, according to current studies, directivity effects may also induce effects in more 

distant regions (Bayless & Somerville, 2013; Chiou & Youngs, 2014; Shahi & Baker, 2014; Bayless & 

Somerville, 2020. 

Within the scope of the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording 

Sets Report (PROTA, 2025), calculations regarding near-fault directivity effects have been taken into 

account, as the distance between the Project Area and near faults that could contribute to seismic hazard 

is less than 25 km. In Figure 7.4, the area within the 25 km and 50 km range of the defined metro alignment 

were plotted, and the strike-slip and normal faults that may affect it are shown (PROTA, 2025). 
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Figure 7.4 Major Active Faults near the Project Area (PROTA, 2025)  

According to various studies in the literature, several methods have been proposed for the evaluation of 

directivity effects (Somerville, et al., 1997; Abrahamson, 2000; Bayless & Somerville, 2013). For nearȤfault 

effects, the CALTRANS (2019) guidelines recommend an empirical approximate approach that amplifies 

spectral ordinates based on the closest probabilistic distance to the fault plane (determined as the smaller 

of the mean or mode distances obtained from de-aggregation analysis). This method introduces a bilinear 

amplification scheme applied to spectral values for periods greater than T = 0.5 s. Specifically, for sites 

located within 15 km of the fault, nearȤfault effects are reflected as a linear increase in spectral ordinates 

between T = 0.5 s and T = 1.0 s, followed by a constant 20% amplification for periods beyond T = 1.0 s. 

No amplification is recommended for distances greater than 25 km, and amplification values fall below 

20% for probabilistic distances exceeding 15 km.  

As documented in the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets 

Report (PROTA, 2025), the probabilistic distances computed for all earthquake levels in the present project 

are below 15 km; therefore, a 20% amplification is adopted. A simplified version of this method is also 

considered in the seismic regulations for certain special structures prepared by the Ministry of Transport 

and Infrastructure in Türkiye (Design Principles for Highway and Railway Tunnels and Other Geotechnical 

Structures under Seismic Loading, Design Principles for Seismically Isolated and Damped Bridges and 

Viaducts under Earthquake Loading). 

Site-Specific Probabilistic Earthquake Hazard Calculation Results  

In the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets Report (PROTA, 

2025), the probabilistic seismic hazard analysis results (UHS) corresponding to the return periods 

considered within the Project are presented for the earthquake levels TR = 144 years (DDȤ2a), 475 years 

(DDȤ2), and 2475 years (DDȤ1). As summarized in the report, the exceedance probabilities in 50 years for 

the spectral ordinates associated with the DDȤ1, DDȤ2, and DDȤ2a levels are 2%, 10%, and 29.3%, 

respectively (equivalent to the 4%, 20%, and 50% exceedance probabilities in 100 years defined in 

TDY20). 
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The same report provides the siteȤspecific calculations of Peak Ground Acceleration (ñPGAò), Peak 

Ground Velocity (ñPGVò), and spectral acceleration ordinates for each tunnel section, based on the 

relevant shearȤwave velocity values along the alignment. The horizontal groundȤmotion components of 

these calculated ordinates were defined in terms of the geometric meanðor more precisely, the 

orientationȤindependent RotD50 component (Boore, 2010)ðconsistent with the conventions of the 

groundȤmotion prediction equations used in the analysis. Since TDY20 defines horizontal ground motion 

in terms of the maximum direction, the RotD50 (or geometricȤmean) components were converted to the 

maximumȤdirection values through the application of the periodȤdependent coefficients proposed by Shahi 

& Baker (2014), subsequently refined by the smoothing procedures in NEHRP20 (Building Seismic Safety 

Council, 2020). 

Additionally, the siteȤspecific spectral ordinates were made fully compatible with TDY20 by incorporating 

nearȤfault directivity effects, also detailed within the PROTA (2025) report. For each tunnel section, the 

corresponding nearȤfault directivity factors were applied to obtain the final TDY20Ȥconsistent 

maximumȤdirection values. Within this context, the PGA, PGV, siteȤindependent acceleration at T = 1.0 s 

(S1ǋ), and the siteȤdependent shortȤperiod and T = 1.0 s spectral acceleration parameters (SDS and SD1) 

- all including maximumȤdirection and directivity considerations - are listed in Table 7.7 and Table 7.8. 

Table 7.7 PGA, PGV, SDS, and SD1 values obtained according to the soil conditions calculated 
at the foundation level for TR = 144 years (DD -2a), 475 years (DD -2), and 2475 years 
(DD-1) as a result of probabilistic earthquake hazard calculations  (PROTA, 2025) 

Tunnel ID   Seismic 
Surface  

Site-Specific   

PGA  

(m/s 2)  

PGV  

(m/s)   

SDS  

(g)  

SD1  

(g)  

T01  DD2a  6.1807  0.7502  1.5584  0.6677  

DD2  9.7794  1.4015  2.4733  1.2407  

DD1  15.3774  2.4253  3.9519  2.3064  

T02  DD2a  5.9789  0.7947  1.4964  0.7481  

DD2  9.1943  1.4644  2.3236  1.3540  

DD1  14.1676  2.5150  3.5862  2.4518  

T03  DD2a  6.1880  0.7774  1.5573  0.6954  

DD2  9.7232  1.4445  2.4587  1.2845  

DD1  15.2238  2.4900  3.8950  2.3748  

T04  DD2a  6.1193  0.7023  1.5533  0.3078  

DD2  9.7580  1.3006  2.5132  0.5799  

DD1  15.4371  2.2136  4.0218  1.0844  

T05  DD2a  5.3576  0.8787  1.3658  0.8978  

DD2  7.8461  1.5437  2.0215  1.5238  

DD1  11.6404  2.6443  2.9830  2.5897  

T06  DD2a  5.3423  0.5108  1.3505  0.3546  
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Tunnel ID   Seismic 
Surface  

Site-Specific   

PGA  

(m/s 2)  

PGV  

(m/s)   

SDS  

(g)  

SD1  

(g)  

DD2  8.7313  0.9287  2.2611  0.6588  

DD1  14.0476  1.5640  3.7351  1.2240  

T07  DD2a  5.3030  0.5236  1.3649  0.3925  

DD2  8.5221  0.9454  2.2419  0.7139  

DD1  13.5383  1.5950  3.6450  1.3159  

T08  DD2a  5.6366  0.7003  1.4354  0.6392  

DD2  8.6833  1.2525  2.2147  1.1335  

DD1  13.3060  2.0966  3.4461  2.0417  

T09  DD2a  5.4816  0.8199  1.4003  0.8167  

DD2  8.1236  1.4476  2.0695  1.4050  

DD1  12.1246  2.4392  3.1436  2.4312  

T10  DD2a  6.2006  0.7058  1.5715  0.5838  

DD2  9.9559  1.3173  2.5608  1.0935  

DD1  15.7758  2.2606  4.1059  2.0478  

T11  DD2a  6.1132  0.6950  1.5530  0.5717  

DD2  9.7374  1.2688  2.5090  1.0600  

DD1  15.3979  2.1527  4.0147  1.9734  

T12  DD2a  5.7285  0.8631  1.4521  0.8285  

DD2  8.6002  1.5354  2.1673  1.4512  

DD1  12.8909  2.5876  3.3074  2.5427  

T13  DD2a  6.2198  0.7084  1.5840  0.5680  

DD2  9.9689  1.2955  2.5724  1.0608  

DD1  15.7777  2.1951  4.1272  1.9824  

Table 7.8 Probabilistic earthquake hazard calculations yield ground -independent S1' 
acceleration values of VS30 = 760 m/s for TR = 144 years (DD -2a), 475 years (DD -2), 
and 2475 years (DD -1) (PROTA, 2025) 

Tunnel ID   Seismic Surface   Site-Specific  

S1' (g)   

T01  DD2a  0.3126  

DD2  0.5931  

DD1  1.1172  

T02  DD2a  0.3091  
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Tunnel ID   Seismic Surface   Site-Specific  

S1' (g)   

DD2  0.5837  

DD1  1.0950  

T03  DD2a  0.3143  

DD2  0.5960  

DD1  1.1211  

T04  DD2a  0.3078  

DD2  0.5799  

DD1  1.0844  

T05  DD2a  0.3061  

DD2  0.5749  

DD1  1.0723  

T06  DD2a  0.2978  

DD2  0.5536  

DD1  1.0276  

T07  DD2a  0.2828  

DD2  0.5160  

DD1  0.9536  

T08  DD2a  0.2808  

DD2  0.5111  

DD1  0.9431  

T09  DD2a  0.2940  

DD2  0.5449  

DD1  1.0112  

T10  DD2a  0.3129  

DD2  0.5928  

DD1  1.1146  

T11  DD2a  0.3068  

DD2  0.5769  

DD1  1.0772  

T12  DD2a  0.3084  

DD2  0.5804  

DD1  1.0839  
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Tunnel ID   Seismic Surface   Site-Specific  

S1' (g)   

T13  DD2a  0.3124  

DD2  0.5902  

DD1  1.1060  

TDY20 Calculation Results  

In this section, the comparisons between the 5% damped elastic response spectra for the earthquake 

levels DDȤ2a, DDȤ2, and DDȤAðcorresponding to return periods of 144, 475, and 2475 yearsðare 

presented based entirely on the evaluations summarized from the Seismic Hazard Calculations and the 

Acquisition of Scaled Seismic Recording Sets Report. As detailed in the report, the spectral ordinates for 

each earthquake level were obtained through siteȤspecific seismic hazard calculations. For comparison 

with codeȤbased requirements, the design spectra defined in TDY20 were derived by first taking the 

spectral accelerations from the Turkish Earthquake Hazard Maps for reference rock conditions (VS = 760 

m/s) and subsequently adjusting these values to the Project Area conditions using the local soil 

amplification factors determined according to the TDY20 soil classification. All spectral values, soil 

amplification procedures, and comparison methodologies presented in this section are directly taken from 

or summarized from the aboveȤreferenced report (Table 7.9). 

Table 7.9 According to TDY20, the SDS and SD1 values obtained for DD -2a, DD-2 and DD-1 
correspond to the soil types of the tunnels  

Tunnel ID   Seismic Surface   Underground  

SDS (g)  SD1 (g)  

T01  DD2a  1.1514  0.6926  

DD2  1.9932  1.1987  

DD1  3.5100  2.2356  

T02  DD2a  1.1499  0.6922  

DD2  1.9872  1.1961  

DD1  3.4992  2.2250  

T03  DD2a  1.1577  0.6963  

DD2  2.0052  1.2067  

DD1  3.5244  2.2383  

T04  DD2a  1.3002  0.5367  

DD2  2.3933  0.9872  

DD1  4.1976  1.8258  

T05  DD2a  1.1550  0.6949  

DD2  1.9944  1.1987  

DD1  3.4920  2.2065  
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Tunnel ID   Seismic Surface   Underground  

SDS (g)  SD1 (g)  

T06  DD2a  1.2943  0.5358  

DD2  2.3832  0.9828  

DD1  4.1659  1.8040  

T07  DD2a  1.2722  0.5262  

DD2  2.3443  0.9675  

DD1  4.0896  1.7712  

T08  DD2a  1.1378  0.6833  

DD2  1.9476  1.1722  

DD1  3.3972  2.1428  

T09  DD2a  1.1561  0.6954  

DD2  1.9980  1.2014  

DD1  3.4860  2.1985  

T10  DD2a  1.2988  0.5372  

DD2  2.3990  0.9894  

DD1  4.2206  1.8411  

T11  DD2a  1.2986  0.5367  

DD2  2.3918  0.9872  

DD1  4.1890  1.8171  

T12  DD2a  1.1714  0.7070  

DD2  2.0448  1.2279  

DD1  3.5700  2.2462  

T13  DD2a  1.3405  0.5517  

DD2  2.4710  1.0177  

DD1  4.3157  1.8630  

Site-Specific Earthquake Hazard Calculations and Comparisons with TDY20  

In this section, the designȤbasis values were obtained by comparing the siteȤspecific results presented in 

the SiteȤSpecific Probabilistic Earthquake Hazard Calculation Results with the TDY20 values listed in the 

TDY20 Calculation Results. In these evaluations, the TDY20 requirement stating that siteȤspecific 

earthquake groundȤmotion spectra must not fall below 90% of the corresponding codeȤbased design 

spectrum ordinates was taken into account. Accordingly, an envelope spectrum was adopted that covers 

the siteȤspecific seismic hazard calculation results along the project alignment while remaining at least 

90% of the TDY20 uniformȤhazard spectrum. The resulting design parameters for the tunnel lines are 

provided in Table 7.10. 
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Since PGA and PGV values are not explicitly calculated in TDY20, the Peak Particle Acceleration (as) and 

Peak Particle Velocity (vs), corresponding to PGA and PGV, were calculated in accordance with TDY20, 

based on the values provided. Furthermore, the condition that site-specific values cannot be lower than 

90% of the code ordinates, as specified in TDY20, was applied (PROTA, 2025). 

In the comparisons presented in this section, the TDY20 regulatory spectral values generally fell either 

above or below the site-specific spectra depending on the soil shear wave velocity. It can be stated that 

the discrepancies observed are significantly influenced by the fact that the soil coefficients proposed in 

TDY20 represent generic soil classes and do not provide specific soil coefficients tailored directly to the 

project-specific VS30 values. Additionally, it can be inferred that the utilization of a more recent seismic 

source model and a set of ground motion prediction equations in the site-specific study compared to the 

TDTH (Turkish Building Earthquake Code) also impacted the results. Furthermore, the near-fault directivity 

effects and direction conversion coefficients considered in TDY20 tend to keep the calculations on the 

conservative side. Finally, the fact that the code spectrum is an idealized approach dependent on two 

period values is also a significant factor in the observed variations (PROTA, 2025). 

Table 7.10 Design parameters that meet the 90% condition specified in TDY20, taking into 
account the soil characteristics of the tunnel foundation (site -specific and TDY20 
calculations , (PROTA, 2025) 

Tunnel ID   Seismic 
Surface   

Underground V S30  

S1ô (g)  SDS (g)  SD1 (g)  PGA -as 
(m/s 2)  

PGV -vs (m/s)   

T01  DD2a  0.3207  1.5584  0.6677  6.1807  0.7502  

DD2  0.6346  2.4733  1.2407  9.7794  1.4015  

DD1  1.1836  3.9519  2.3064  15.3774  2.4253  

T02  DD2a  0.3205  1.4964  0.7481  5.9789  0.7947  

DD2  0.6332  2.3236  1.3540  9.1943  1.4644  

DD1  1.1780  3.5862  2.4518  14.1676  2.5150  

T03  DD2a  0.3228  1.5573  0.6954  6.1880  0.7774  

DD2  0.6388  2.4587  1.2845  9.7232  1.4445  

DD1  1.1850  3.8950  2.3748  15.2238  2.4900  

T04  DD2a  0.3220  1.5533  0.4831  6.1193  0.7023  

DD2  0.6346  2.5132  0.8885  9.7580  1.3006  

DD1  1.1737  4.0218  1.6432  15.4371  2.2136  

T05  DD2a  0.3220  1.3658  0.8978  5.3576  0.8787  

DD2  0.6346  2.0215  1.5238  7.8461  1.5437  

DD1  1.1681  3.1428  2.5897  12.3323  2.6443  

T06  DD2a  0.3215  1.3505  0.4823  5.3423  0.5519  

DD2  0.6318  2.2611  0.8845  8.7313  1.0779  
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Tunnel ID   Seismic 
Surface   

Underground V S30  

S1ô (g)  SDS (g)  SD1 (g)  PGA -as 
(m/s 2)  

PGV -vs (m/s)   

DD1  1.1597  3.7493  1.6236  14.7124  2.0468  

T07  DD2a  0.3157  1.3649  0.4736  5.3030  0.5413  

DD2  0.6220  2.2419  0.8708  8.5221  1.0591  

DD1  1.1386  3.6806  1.5941  14.4428  2.0058  

T08  DD2a  0.3154  1.4354  0.6392  5.6366  0.7003  

DD2  0.6206  2.2147  1.1335  8.6833  1.2525  

DD1  1.1344  3.4461  2.0417  13.3060  2.0966  

T09  DD2a  0.3223  1.4003  0.8167  5.4816  0.8199  

DD2  0.6360  2.0695  1.4050  8.1236  1.4476  

DD1  1.1639  3.1436  2.4312  12.3112  2.4392  

T10  DD2a  0.3223  1.5715  0.5838  6.2006  0.7058  

DD2  0.6360  2.5608  1.0935  9.9559  1.3173  

DD1  1.1836  4.1059  2.0478  15.7758  2.2606  

T11  DD2a  0.3220  1.5530  0.5717  6.1132  0.6950  

DD2  0.6346  2.5090  1.0600  9.7374  1.2688  

DD1  1.1681  4.0147  1.9734  15.3979  2.1527  

T12  DD2a  0.3289  1.4521  0.8285  5.7285  0.8631  

DD2  0.6501  2.1673  1.4512  8.6002  1.5354  

DD1  1.1892  3.3074  2.5427  12.8909  2.5876  

T13  DD2a  0.3310  1.5840  0.5680  6.2198  0.7084  

DD2  0.6543  2.5724  1.0608  9.9689  1.2955  

DD1  1.1976  4.1272  1.9824  15.7777  2.1951  

Probabilistic Earthquake Hazard Discrimination Analyses  

As summarized in the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets 

Report (PROTA, 2025), the deaggregation analyses provide the mean magnitude and distance values of 

the earthquake scenario contributing to the Project Area. These values were subsequently used in the 

calculation of the vertical response spectrum and were also referenced during the groundȤmotion record 

selection process (Table 7.11, Table 7.12, Table 7.13, and Table 7.14). 

Table 7.11 Results of Probabilistic Earthquake Hazard Decomposition Analysis for T01 Tunnel  
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T (s)  Mw   

DD-2a  

R (km)    

DD-2a  

Mw   

DD-2  

R (km)    

DD-2  

Mw   

DD-1  

R (km)    

DD-1  

PGA  6.6  6  6.5  7  6.6  6  

0.01  6.6  6  6.5  7  6.6  6  

0.02  6.6  6  6.5  7  6.6  6  

0.03  6.6  6  6.5  7  6.6  6  

0.05  6.5  7  6.4  8  6.5  7  

0.1  6.4  7  6.4  9  6.5  7  

0.15  6.5  7  6.4  8  6.5  7  

0.2  6.5  7  6.4  8  6.6  6  

0.3  6.6  6  6.5  7  6.8  5  

0.4  6.7  6  6.6  7  6.9  5  

0.5  6.8  5  6.6  7  7.0  4  

0.75  6.8  5  6.6  7  7.0  4  

1  6.9  5  6.7  7  7.1  4  

1.5  7.0  5  6.7  7  7.2  4  

2  7.0  5  6.8  8  7.3  3  

3  7.1  4  6.9  9  7.4  3  

4  7.2  4  6.9  10  7.4  3  

5  7.3  4  7.0  13  7.4  3  

7.5  7.4  7  7.1  24  7.5  3  

10  7.4  11  7.2  34  7.5  3  

 

Table 7.12 Results of Probabilistic Earthquake Hazard Decomposition Analysis for T05 Tunnel  

T (s)  Mw   

DD-2a  

R (km)    

DD-2a  

Mw   

DD-2  

R (km)    

DD-2  

Mw   

DD-1  

R (km)    

DD-1  

PGA  6.4  9  6.5  7  6.5  7  

0.01  6.4  9  6.5  7  6.5  7  

0.02  6.4  9  6.5  7  6.5  7  

0.03  6.4  9  6.5  7  6.5  7  

0.05  6.3  11  6.3  9  6.4  8  

0.1  6.2  14  6.3  11  6.3  9  

0.15  6.2  14  6.3  10  6.3  9  

0.2  6.3  12  6.3  9  6.4  8  
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T (s)  Mw   

DD-2a  

R (km)    

DD-2a  

Mw   

DD-2  

R (km)    

DD-2  

Mw   

DD-1  

R (km)    

DD-1  

0.3  6.4  10  6.4  8  6.5  7  

0.4  6.5  9  6.6  7  6.6  6  

0.5  6.5  9  6.6  7  6.7  6  

0.75  6.6  8  6.7  6  6.9  5  

1  6.6  8  6.8  6  7.0  4  

1.5  6.7  8  6.9  5  7.2  4  

2  6.8  8  7.0  5  7.3  3  

3  6.8  9  7.1  4  7.4  3  

4  6.9  10  7.2  4  7.4  3  

5  7.0  14  7.3  4  7.4  3  

7.5  7.1  26  7.4  7  7.5  3  

10  7.2  37  7.4  12  7.5  3  

Table 7.13 Results of Probabilistic Earthquake Hazard Decomposition Analysis  for T08 Tunnel  

T (s)  Mw   

DD-2a  

R (km)    

DD-2a  

Mw   

DD-2  

R (km)    

DD-2  

Mw   

DD-1  

R (km)    

DD-1  

PGA  6.4  11  6.5  10  6.7  9  

0.01  6.4  11  6.5  10  6.7  9  

0.02  6.4  11  6.5  10  6.7  9  

0.03  6.4  11  6.5  10  6.7  9  

0.05  6.4  11  6.4  10  6.5  9  

0.1  6.3  12  6.4  10  6.4  10  

0.15  6.4  12  6.4  10  6.5  10  

0.2  6.4  11  6.5  10  6.6  9  

0.3  6.5  11  6.6  9  6.7  9  

0.4  6.5  10  6.7  9  6.9  8  

0.5  6.6  10  6.7  9  6.9  8  

0.75  6.6  10  6.8  9  7.0  8  

1  6.7  11  6.9  9  7.1  8  

1.5  6.7  11  7.0  8  7.2  8  

2  6.8  12  7.0  8  7.3  8  

3  6.9  14  7.1  8  7.4  8  

4  6.9  15  7.2  8  7.4  8  
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T (s)  Mw   

DD-2a  

R (km)    

DD-2a  

Mw   

DD-2  

R (km)    

DD-2  

Mw   

DD-1  

R (km)    

DD-1  

5  7.0  20  7.3  9  7.4  8  

7.5  7.1  32  7.3  13  7.5  8  

10  7.2  44  7.4  19  7.5  8  

Table 7.14 Results of Probabilistic Earthquake Hazard Decomposition Analysis  for T13 Tunnel  

T (s)  Mw   

DD-2a  

R (km)    

DD-2a  

Mw   

DD-2  

R (km)    

DD-2  

Mw   

DD-1  

R (km)    

DD-1  

PGA  6.5  7  6.6  6  6.7  6  

0.01  6.5  7  6.6  6  6.7  6  

0.02  6.5  7  6.6  6  6.7  6  

0.03  6.5  7  6.6  6  6.7  6  

0.05  6.4  8  6.5  7  6.6  6  

0.1  6.4  8  6.5  7  6.5  7  

0.15  6.4  8  6.5  7  6.6  6  

0.2  6.5  8  6.6  7  6.6  6  

0.3  6.5  7  6.7  6  6.8  5  

0.4  6.6  7  6.7  6  6.9  5  

0.5  6.6  7  6.8  6  7.0  4  

0.75  6.6  7  6.8  5  7.0  4  

1  6.7  7  6.9  5  7.1  4  

1.5  6.7  7  7.0  5  7.2  4  

2  6.8  7  7.0  5  7.3  3  

3  6.8  8  7.1  4  7.4  3  

4  6.9  9  7.2  4  7.4  3  

5  7.0  13  7.3  4  7.4  3  

7.5  7.1  25  7.3  7  7.5  3  

10  7.2  36  7.4  11  7.5  3  

 

7.1.2.1.1.5 Earthquake Hazard Calculations for Stations  

Assessments Regarding the Project Area Soil -Type 

As summarized in the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets 

Report (PROTA, 2025), Vs values were determined by the geotechnical design team at each station 

between S04ȤTüpraĸȤPetkim and S22ȤÖzdilek for use in the calculation of designȤbasis earthquake 
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parameters and engineeringȤbedrockȤlevel design spectra. Based on MASW and ReMi geophysical 

measurements, the average shearȤwave velocities (VS30) at each location were derived from the ground 

surface for designȤparameter calculations and at the engineeringȤbedrock level for timeȤdomain 

groundȤmotion analyses. 

The critical VS30 values selected as representative for each station section were used as inputs in the 

seismicity studies. In the calculation of designȤbasis spectra and parameters required by TDY20, the soil 

classes defined in TBDYȤ2018 were applied. 

The stationȤspecific soil properties obtained from PROTA (2025) (Table 7.15) indicate that, along most of 

the alignment, the nearȤsurface soil conditions (Basis for Design Parameter) fall predominantly within the 

ñZD ï MediumȤdense to dense sand, gravel or very stiff clay layers (180 m/s Ò V S30 < 360 m/s)ò and ñZC 

ï Very dense sand, gravel and hard clay layers or weathered, highly fractured weak rock (360 m/s Ò VS30 

< 760 m/s)ò categories. 

Table 7.15 Definitions of Station Locations and Vs Speeds for Each Station  

Station ID  Location  Latitude   Longitude   Bedrock 
VS (m/s)   

Based on Design 
Parameters 
VS30 (m/s)   

S04  T¿praĸ-Petkim  40.77079  29.76153  760  420  

S05  Körfez  40.76197  29.78589  620  365  

S06  95 Evler  40.75831  29.79925  460  324  

S07  Derince Training 
Research Hospital 

40.76027  29.81378  680  338  

S08  Derince  40.75763  29.83063  620  307  

S09  Derince Nationôs 
Garden 

40.76217  29.85316  760  360  

S10  Kuru­eĸme  40.76285  29.87660  460  280  

S11  Seka State Hospital  40.76287  29.90010  760  286  

S12  Seka Park  40.76326  29.91384  695  307  

S13  Cumhuriyet Park 40.76616  29.92869  648  415  

S14  Milli Ķrade Park 40.76635  29.94134  600  247  

S15  Bekirdere  40.77351  29.95121  585  342  

S16  Bus Terminal 40.77557  29.97188  600  301  

S17  Yahya Kaptan  40.76545  29.97639  715  211  

S18  Poyraz  40.75980  29.98254  420  203  

S19  Fēndēklē  40.75705  30.00547  515  255  

S20  Kartepe  40.75382  30.02313  525  277  

S21  Ķzmit Doĵu  40.74966  30.04718  450  316  

S22  Özdilek  40.74726  30.06321  635  311  
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Probabilistic Earthquake Hazard Calculations  

As summarized in the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets 

Report (PROTA, 2025), probabilistic seismic hazard analyses for the stations were performed using the 

same methodology applied to the tunnel sections. Uniform Hazard Spectra (ñUHSò) corresponding to 

return periods of 144, 475, and 2475 years are presented in the subsequent sections of the report. Site-

specific seismic hazard analyses were initially performed for the reference rock condition of VS30= 760 m/s, 

which is the projected value for the Project Area. The values obtained from this analysis were utilized for 

comparison purposes with the site-independent design spectra of the Turkish Earthquake Hazard Map 

(Akkar, et al., 2018), as recommended in TDY20. These comparisons are listed below for the earthquake 

levels defined in TDY20 (Table 7.16). 

Table 7.16 Site-specific probabilistic earthquake hazard calculations and ground effect -
independent (VS30 = 760 m/s) equihazard acceleration and velocity values obtained 
from TDTH and TDY20  (PROTA, 2025) 

Station ID  Seismic 
Surface   

Site-Specific   TDY20  

PGA (g)  SS (g)  S1 (g)  PGA (g)  SS (g)  S1 (g)  

S04  DD-2a  0.4165  1.0342  0.2225  0.3716  0.8683  0.2222  

DD-2  0.6878  1.7565  0.4164  0.6610  1.6110  0.4390  

DD-1  1.1234  2.9506  0.7814  1.1260  2.8450  0.8220  

S05  DD-2a  0.4364  1.0853  0.2309  0.3807  0.8878  0.2267  

DD-2  0.7247  1.8525  0.4365  0.6750  1.6450  0.4480  

DD-1  1.1804  3.1181  0.8206  1.1480  2.9020  0.8370  

S06  DD-2a  0.4440  1.1053  0.2345  0.3844  0.8960  0.2284  

DD-2  0.7389  1.8883  0.4444  0.6800  1.6590  0.4520  

DD-1  1.2033  3.1771  0.8369  1.1560  2.9240  0.8420  

S07  DD-2a  0.4395  1.0937  0.2321  0.3842  0.8965  0.2282  

DD-2  0.7280  1.8607  0.4379  0.6790  1.6570  0.4510  

DD-1  1.1821  3.1237  0.8208  1.1520  2.9170  0.8390  

S08  DD-2a  0.4464  1.1119  0.2354  0.3888  0.9056  0.2309  

DD-2  0.7410  1.8944  0.4455  0.6840  1.6710  0.4550  

DD-1  1.2045  3.1808  0.8370  1.1590  2.9370  0.8440  

S09  DD-2a  0.4376  1.0892  0.2311  0.3871  0.9027  0.2294  

DD-2  0.7218  1.8464  0.4349  0.6800  1.6610  0.4520  

DD-1  1.1701  3.0880  0.8131  1.1500  2.9150  0.8370  

S10  DD-2a  0.4371  1.0879  0.2306  0.3871  0.9018  0.2294  

DD-2  0.7197  1.8414  0.4338  0.6800  1.6610  0.4520  

DD-1  1.1660  3.0755  0.8104  1.1470  2.9100  0.8330  
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Station ID  Seismic 
Surface   

Site-Specific   TDY20  

PGA (g)  SS (g)  S1 (g)  PGA (g)  SS (g)  S1 (g)  

S11  DD-2a  0.4371  1.0881  0.2306  0.3871  0.9022  0.2294  

DD-2  0.7192  1.8399  0.4336  0.6800  1.6630  0.4520  

DD-1  1.1646  3.0707  0.8099  1.1460  2.9110  0.8320  

S12  DD-2a  0.4318  1.0743  0.2279  0.3871  0.9033  0.2294  

DD-2  0.7068  1.8103  0.4266  0.6800  1.6640  0.4520  

DD-1  1.1434  3.0100  0.7934  1.1460  2.9100  0.8310  

S13  DD-2a  0.4221  1.0501  0.2236  0.3855  0.8999  0.2290  

DD-2  0.6869  1.7554  0.4150  0.6770  1.6560  0.4500  

DD-1  1.1101  2.9123  0.7704  1.1390  2.8940  0.8260  

S14  DD-2a  0.4194  1.0433  0.2226  0.3858  0.9012  0.2292  

DD-2  0.6820  1.7421  0.4123  0.6780  1.6580  0.4510  

DD-1  1.1020  2.8885  0.7649  1.1400  2.8970  0.8270  

S15  DD-2a  0.4007  0.9949  0.2147  0.3791  0.8859  0.2260  

DD-2  0.6486  1.6506  0.3920  0.6670  1.6310  0.4440  

DD-1  1.0457  2.7278  0.7246  1.1200  2.8460  0.8130  

S16  DD-2a  0.3975  0.9868  0.2134  0.3771  0.8826  0.2249  

DD-2  0.6429  1.6349  0.3886  0.6660  1.6280  0.4430  

DD-1  1.0349  2.7003  0.7176  1.1160  2.8380  0.8100  

S17  DD-2a  0.4238  1.0545  0.2244  0.3888  0.9078  0.2309  

DD-2  0.6898  1.7632  0.4171  0.6840  1.6730  0.4550  

DD-1  1.1149  2.9257  0.7743  1.1480  2.9200  0.8320  

S18  DD-2a  0.4379  1.0903  0.2313  0.3935  0.9208  0.2329  

DD-2  0.7200  1.8417  0.4344  0.6940  1.6970  0.4610  

DD-1  1.1650  3.0714  0.8102  1.1650  2.9630  0.8440  

S19  DD-2a  0.4459  1.1113  0.2354  0.3976  0.9296  0.2358  

DD-2  0.7373  1.8839  0.4442  0.7010  1.7140  0.4660  

DD-1  1.1948  3.1539  0.8318  1.1760  2.9940  0.8520  

S20  DD-2a  0.4523  1.1280  0.2386  0.4017  0.9393  0.2374  

DD-2  0.7493  1.9172  0.4515  0.7080  1.7310  0.4700  

DD-1  1.2181  3.2138  0.8475  1.1870  3.0220  0.8600  

S21  DD-2a  0.4608  1.1500  0.2432  0.4065  0.9523  0.2403  

DD-2  0.7654  1.9616  0.4620  0.7140  1.7460  0.4750  
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Station ID  Seismic 
Surface   

Site-Specific   TDY20  

PGA (g)  SS (g)  S1 (g)  PGA (g)  SS (g)  S1 (g)  

DD-1  1.2495  3.2935  0.8707  1.1970  3.0480  0.8680  

S22  DD-2a  0.4667  1.1653  0.2465  0.4067  0.9524  0.2408  

DD-2  0.7767  1.9923  0.4698  0.7110  1.7380  0.4730  

DD-1  1.2703  3.3478  0.8874  1.1920  3.0340  0.8640  

Near Fault Directivity Effects for the Project Area 

The methods presented in the previous section were followed for the calculation of near-fault directivity 

effects for the stations. According to the methods considered, the near-fault directivity values calculated 

for DD-2a, DD-2, and DD-1, along with the proposed weighted average model, are presented in Figure 

7.5 and listed in Table 7.17 for the S08-Derince Station, which yielded the most critical results. In this 

context, the final directivity effects modification coefficients have been applied to the site-specific uniform 

hazard spectra obtained for the design basis earthquake levels for all periods and are presented in the 

subsequent stages. 

 

Figure 7.5 Comparison of Spectrum Modification Coefficients for Fault Orientation Effects near 
S08-Derince Station  (PROTA, 2025) 

Table 7.17 Weighted Average Spectrum Modification Coefficients Considered for Near-Fault 
Orientation Effects at S08 -Derince Station  (PROTA, 2025) 
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T (s)  TR = 144 year   

DD-2a  

TR = 475 year   

DD-2  

TR = 2475 year   

DD-1  

PGA  1.000  1.000  1.000  

0.05  1.000  1.000  1.000  

0.1  1.000  1.000  1.000  

0.15  1.000  1.000  1.000  

0.2  1.000  1.000  1.000  

0.3  1.001  1.001  1.001  

0.4  1.003  1.003  1.003  

0.5  1.005  1.005  1.005  

0.6  1.016  1.016  1.016  

0.7  1.027  1.028  1.028  

0.75  1.033  1.034  1.034  

0.8  1.040  1.040  1.040  

0.9  1.053  1.053  1.053  

1  1.066  1.067  1.067  

1.5  1.099  1.102  1.102  

2  1.134  1.140  1.141  

3  1.192  1.206  1.208  

4  1.226  1.250  1.253  

5  1.239  1.272  1.277  

7.5  1.214  1.270  1.280  

10  1.179  1.239  1.253  

Site-Specific Probabilistic Earthquake Hazard Calculation Results  

The probabilistic seismic hazard calculation results (UHS values), obtained by following the stages 

described in the previous sections, are presented in this section, including original and near-fault directivity 

effects. The calculation results are listed for the return periods considered within the scope of the project 

and their corresponding earthquake levels: TR = 144 years (DD-2a), 475 years (DD-2), and 2475 years 

(DD-1). It should be noted that the exceedance probabilities of the spectral magnitudes obtained from 

these calculations in 50 years for the DD-1, DD-2, and DD-2a earthquake levels are 2%, 10%, and 29.3%, 

respectively (defined in TDY20 as exceedance probabilities in 100 years of 4%, 20%, and 50%, 

respectively). Site-specific Peak Ground Acceleration (PGA) and spectral acceleration ordinates have 

been calculated site-specifically to correspond to the relevant shear wave velocity of each station. 

In this context, the PGA, site-independent acceleration for T = 1.0 s (S1ô), and site-dependent short-period 

and T = 1.0 s period acceleration values (SDS and SD1), where maximum direction and near-fault directivity 

effects are considered, are listed in Table 7.18 and Table 7.19, respectively. 
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Table 7.18  PGA, SDS, and SD1 values obtained from probabilistic earthquake hazard 
calculations for TR = 144 years (DD -2a), 475 years (DD -2), and 2475 years (DD -1), 
based on surface -calculated soil conditions  (PROTA, 2025) 

Station ID  Site-Specific   Site-Specific   

PGA  

(m/s 2)  

SDS  

(g)  

SD1  

(g)  

S04  DD-2a  5.7968  1.4843  0.5138  

DD-2  9.3378  2.4069  0.9547  

DD-1  14.9560  3.9277  1.7832  

S05  DD-2a  6.1050  1.5420  0.5996  

DD-2  9.7472  2.4966  1.1185  

DD-1  15.4468  3.9948  2.0890  

S06  DD-2a  6.1752  1.5570  0.6676  

DD-2  9.7693  2.4705  1.2402  

DD-1  15.3635  3.9479  2.3051  

S07  DD-2a  6.1403  1.5510  0.6407  

DD-2  9.7153  2.4724  1.1904  

DD-1  15.2939  3.9429  2.2053  

S08  DD-2a  6.1791  1.5554  0.6944  

DD-2  9.7023  2.4537  1.2809  

DD-1  15.1905  3.8863  2.3655  

S09  DD-2a  6.1276  1.5498  0.6075  

DD-2  9.7184  2.4912  1.1283  

DD-1  15.3212  3.9641  2.0943  

S10  DD-2a  6.0242  1.5134  0.7217  

DD-2  9.2819  2.3535  1.3087  

DD-1  14.3383  3.6586  2.3806  

S11  DD-2a  6.0452  1.5212  0.7118  

DD-2  9.3340  2.3675  1.2909  

DD-1  14.4471  3.6941  2.3508  

S12  DD-2a  6.0383  1.5259  0.6745  

DD-2  9.3745  2.3784  1.2251  

DD-1  14.5975  3.7565  2.2370  

S13  DD-2a  5.8858  1.5098  0.5230  

DD-2  9.3508  2.4155  0.9637  
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Station ID  Site-Specific   Site-Specific   

PGA  

(m/s 2)  

SDS  

(g)  

SD1  

(g)  

DD-1  14.8160  3.8922  1.7780  

S14  DD-2a  5.6994  1.4438  0.7526  

DD-2  8.6411  2.1987  1.3242  

DD-1  13.0345  3.3418  2.3480  

S15  DD-2a  5.7091  1.4534  0.5882  

DD-2  8.8966  2.2844  1.0563  

DD-1  13.7984  3.5867  1.9265  

S16  DD-2a  5.6591  1.4407  0.6413  

DD-2  8.7199  2.2234  1.1389  

DD-1  13.3729  3.4621  2.0521  

S17  DD-2a  5.5157  1.4071  0.8222  

DD-2  8.1860  2.0832  1.4178  

DD-1  12.2352  3.1661  2.4559  

S18  DD-2a  5.5674  1.4155  0.8571  

DD-2  8.2597  2.1059  1.4815  

DD-1  12.3560  3.1765  2.5626  

S19  DD-2a  6.0195  1.5141  0.7724  

DD-2  9.1662  2.3170  1.3913  

DD-1  14.0037  3.5600  2.4945  

S20  DD-2a  6.1697  1.5473  0.7436  

DD-2  9.5356  2.4114  1.3579  

DD-1  14.7721  3.7469  2.4688  

S21  DD-2a  6.3611  1.6047  0.6961  

DD-2  10.0469  2.5399  1.2950  

DD-1  15.7161  4.0236  2.4036  

S22  DD-2a  6.4137  1.6156  0.7110  

DD-2  10.1377  2.5619  1.3275  

DD-1  15.8398  4.0477  2.4623  
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Table 7.19 Probabilistic earthquake hazard calculations resulted in site -specific VS30 = 760 m/s 
ground -independent S1' acceleration values for TR = 144 years (DD -2a), 475 years 
(DD-2), and 2475 years (DD -1) (PROTA, 2025) 

Station ID   Seismic Surface   Site-Specific  

S1' (g)  

S04  DD-2a  0.2946  

DD-2  0.5519  

DD-1  1.0357  

S05  DD-2a  0.3069  

DD-2  0.5807  

DD-1  1.0920  

S06  DD-2a  0.3123  

DD-2  0.5924  

DD-1  1.1159  

S07  DD-2a  0.3091  

DD-2  0.5835  

DD-1  1.0940  

S08  DD-2a  0.3137  

DD-2  0.5941  

DD-1  1.1165  

S09  DD-2a  0.3077  

DD-2  0.5795  

DD-1  1.0835  

S10  DD-2a  0.3070  

DD-2  0.5777  

DD-1  1.0796  

S11  DD-2a  0.3065  

DD-2  0.5758  

DD-1  1.0744  

S12  DD-2a  0.3027  

DD-2  0.5664  

DD-1  1.0527  

S13  DD-2a  0.2968  

DD-2  0.5509  

DD-1  1.0224  
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Station ID   Seismic Surface   Site-Specific  

S1' (g)  

S14  DD-2a  0.2952  

DD-2  0.5472  

DD-1  1.0152  

S15  DD-2a  0.2837  

DD-2  0.5183  

DD-1  0.9582  

S16  DD-2a  0.2820  

DD-2  0.5138  

DD-1  0.9490  

S17  DD-2a  0.2967  

DD-2  0.5519  

DD-1  1.0247  

S18  DD-2a  0.3066  

DD-2  0.5763  

DD-1  1.0748  

S19  DD-2a  0.3118  

DD-2  0.5887  

DD-1  1.1026  

S20  DD-2a  0.3159  

DD-2  0.5980  

DD-1  1.1224  

S21  DD-2a  0.3217  

DD-2  0.6114  

DD-1  1.1522  

S22  DD-2a  0.3260  

DD-2  0.6217  

DD-1  1.1743  

 

TDY20 Calculation Results  

As summarized in the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets 

Report (PROTA, 2025), comparisons are made in this section between the 5%-damped elastic response 

spectra calculated for the earthquake levels DD-2a, DD-2, and DD-1ðcorresponding to return periods of 

144, 475, and 2475 yearsðbased on site-specific seismic hazard analyses, and the design spectra 
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defined in TDY20. . For the project site, the spectral values obtained from the Turkish Earthquake Hazard 

Maps corresponding to reference rock soil (VS30 = 760 m/s) have been adjusted to site conditions by 

multiplying them by the local soil effect factors derived according to the TDY20 project site soil classes 

(Table 7.20). According to TDY20, the ground-independent S1' values obtained for stations DD-2a, DD-2 

and DD-1 are presented in Table 7.21. 

Table 7.20 According to TDY20, the SDS and SD1 values for DD -2a, DD-2, and DD-1 correspond 
to the surface -calculated soil types (PROTA, 2025) 

Station ID  Seismic Surface  TDY20  

SDS (g)  SD1 (g)  

S04  DD-2a  1.2504  0.5200  

DD-2  2.3198  0.9588  

DD-1  4.0968  1.7952  

S05  DD-2a  1.2784  0.5306  

DD-2  2.3688  0.9784  

DD-1  4.1789  1.8280  

S06  DD-2a  1.1504  0.6926  

DD-2  1.9908  1.1987  

DD-1  3.5088  2.2330  

S07  DD-2a  1.1508  0.6922  

DD-2  1.9884  1.1961  

DD-1  3.5004  2.2250  

S08  DD-2a  1.1577  0.6987  

DD-2  2.0052  1.2067  

DD-1  3.5244  2.2383  

S09  DD-2a  1.2999  0.5367  

DD-2  2.3918  0.9872  

DD-1  4.1976  1.8280  

S10  DD-2a  1.1548  0.6949  

DD-2  1.9932  1.1987  

DD-1  3.4920  2.2091  

S11  DD-2a  1.1551  0.6949  

DD-2  1.9956  1.1987  

DD-1  3.4932  2.2065  

S12  DD-2a  1.1560  0.6949  

DD-2  1.9968  1.1987  
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Station ID  Seismic Surface  TDY20  

SDS (g)  SD1 (g)  

DD-1  3.4920  2.2038  

S13  DD-2a  1.2959  0.5358  

DD-2  2.3846  0.9828  

DD-1  4.1674  1.8040  

S14  DD-2a  1.1544  0.6945  

DD-2  1.9896  1.1961  

DD-1  3.4764  2.1932  

S15  DD-2a  1.1425  0.6866  

DD-2  1.9572  1.1775  

DD-1  3.4152  2.1561  

S16  DD-2a  1.1400  0.6838  

DD-2  1.9536  1.1748  

DD-1  3.4056  2.1481  

S17  DD-2a  1.1594  0.6987  

DD-2  2.0076  1.2067  

DD-1  3.5040  2.2065  

S18  DD-2a  1.1690  0.7037  

DD-2  2.0364  1.2226  

DD-1  3.5556  2.2383  

S19  DD-2a  1.1755  0.7106  

DD-2  2.0568  1.2358  

DD-1  3.5928  2.2595  

S20  DD-2a  1.1826  0.7147  

DD-2  2.0772  1.2464  

DD-1  3.6264  2.2807  

S21  DD-2a  1.1918  0.7216  

DD-2  2.0952  1.2597  

DD-1  3.6576  2.3019  

S22  DD-2a  1.1919  0.7229  

DD-2  2.0856  1.2544  

DD-1  3.6408  2.2913  
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Table 7.21 The ground -independent S1' values obtained for stations DD -2a, DD-2 and DD-1, 
according to TDY20  (PROTA, 2025) 

Station ID   Seismic Surface   TDY20  

S1' (g)  

S04  DD-2a  0.3467  

DD-2  0.6848  

DD-1  1.2823  

S05  DD-2a  0.3537  

DD-2  0.6989  

DD-1  1.3057  

S06  DD-2a  0.3564  

DD-2  0.7051  

DD-1  1.3135  

S07  DD-2a  0.3561  

DD-2  0.7036  

DD-1  1.3088  

S08  DD-2a  0.3602  

DD-2  0.7098  

DD-1  1.3166  

S09  DD-2a  0.3578  

DD-2  0.7051  

DD-1  1.3057  

S10  DD-2a  0.3578  

DD-2  0.7051  

DD-1  1.2995  

S11  DD-2a  0.3578  

DD-2  0.7051  

DD-1  1.2979  

S12  DD-2a  0.3578  

DD-2  0.7051  

DD-1  1.2964  

S13  DD-2a  0.3572  

DD-2  0.7020  

DD-1  1.2886  

S14  DD-2a  0.3575  
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Station ID   Seismic Surface   TDY20  

S1' (g)  

DD-2  0.7036  

DD-1  1.2901  

S15  DD-2a  0.3525  

DD-2  0.6926  

DD-1  1.2683  

S16  DD-2a  0.3508  

DD-2  0.6911  

DD-1  1.2636  

S17  DD-2a  0.3602  

DD-2  0.7098  

DD-1  1.2979  

S18  DD-2a  0.3634  

DD-2  0.7192  

DD-1  1.3166  

S19  DD-2a  0.3678  

DD-2  0.7270  

DD-1  1.3291  

S20  DD-2a  0.3704  

DD-2  0.7332  

DD-1  1.3416  

S21  DD-2a  0.3748  

DD-2  0.7410  

DD-1  1.3541  

S22  DD-2a  0.3757  

DD-2  0.7379  

DD-1  1.3478  

Site-Specific Earthquake Hazard Calculations and Comparisons with TDY20  

In PROTA (2025), design basis values were derived by comparing the site-specific values presented in 

Site-Specific Probabilistic Earthquake Hazard Calculation Results with the TDY20 values listed in TDY20 

Calculation Results. In these evaluations, the condition specified in TDY20 Article 2.7.2, requiring that the 

ordinates of site-specific earthquake ground motion spectra must not be less than 90% of the code-based 

design spectrum ordinates, was taken into account (Table 7.22). Accordingly, it can be stated that an 

envelope spectrum may be considered, which encompasses the site-specific seismic hazard calculation 
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results for the project alignment and does not fall below 90% of the uniform hazard spectrum derived from 

TDY20. 

Table 7.22 Design parameters that satisfy the 90% condition specified in TDY20, taking into 
account the surface -measured ground characteristics of the stations (site -specific 
and TDY20 calculations)  (PROTA, 2025) 

Station ID   Seismic 
Surface  

Based on Design Parameters  

S'1  

(g)  

SDS  

(g)  

SD1  

(g)  

PGA-as  

(m/s 2)  

S04  DD-2a  0.3120  1.4843  0.5138  5.7968  

DD-2  0.6164  2.4069  0.9547  9.3378  

DD-1  1.1541  3.9277  1.7832  14.9560  

S05  DD-2a  0.3183  1.5420  0.5996  6.1050  

DD-2  0.6290  2.4966  1.1185  9.7472  

DD-1  1.1751  3.9948  2.0890  15.4468  

S06  DD-2a  0.3207  1.5570  0.6676  6.1752  

DD-2  0.6346  2.4705  1.2402  9.7693  

DD-1  1.1822  3.9479  2.3051  15.3635  

S07  DD-2a  0.3205  1.5510  0.6407  6.1403  

DD-2  0.6332  2.4724  1.1904  9.7153  

DD-1  1.1780  3.9429  2.2053  15.2939  

S08  DD-2a  0.3241  1.5554  0.6944  6.1791  

DD-2  0.6388  2.4537  1.2809  9.7023  

DD-1  1.1850  3.8863  2.3655  15.1905  

S09  DD-2a  0.3220  1.5498  0.6075  6.1276  

DD-2  0.6346  2.4912  1.1283  9.7184  

DD-1  1.1751  3.9641  2.0943  15.3212  

S10  DD-2a  0.3220  1.5134  0.7217  6.0242  

DD-2  0.6346  2.3535  1.3087  9.2819  

DD-1  1.1695  3.6586  2.3806  14.3383  

S11  DD-2a  0.3220  1.5212  0.7118  6.0452  

DD-2  0.6346  2.3675  1.2909  9.3340  

DD-1  1.1681  3.6941  2.3508  14.4471  

S12  DD-2a  0.3220  1.5259  0.6745  6.0383  

DD-2  0.6346  2.3784  1.2251  9.3745  

DD-1  1.1667  3.7565  2.2370  14.5975  



 

Kocaeli North Light-Rail Transit (Körfezray Metro) Project 
Environmental and Social Impact Assessment Report ï Chapter 7.1 - Physical Impact 
2025-05-20 | 25753037_Final_Rev00 50 
 

Station ID   Seismic 
Surface  

Based on Design Parameters  

S'1  

(g)  

SDS  

(g)  

SD1  

(g)  

PGA-as  

(m/s 2)  

S13  DD-2a  0.3215  1.5098  0.5230  5.8858  

DD-2  0.6318  2.4155  0.9637  9.3508  

DD-1  1.1597  3.8922  1.7780  14.8160  

S14  DD-2a  0.3218  1.4438  0.7526  5.6994  

DD-2  0.6332  2.1987  1.3242  8.6411  

DD-1  1.1611  3.3418  2.3480  13.0345  

S15  DD-2a  0.3173  1.4534  0.6179  5.7091  

DD-2  0.6234  2.2844  1.0597  8.8966  

DD-1  1.1415  3.5867  1.9405  13.7984  

S16  DD-2a  0.3157  1.4407  0.6413  5.6591  

DD-2  0.6220  2.2234  1.1389  8.7199  

DD-1  1.1372  3.4621  2.0521  13.3729  

S17  DD-2a  0.3241  1.4071  0.8222  5.5157  

DD-2  0.6388  2.0832  1.4178  8.1860  

DD-1  1.1681  3.1661  2.4559  12.3747  

S18  DD-2a  0.3270  1.4155  0.8571  5.5674  

DD-2  0.6472  2.1059  1.4815  8.2597  

DD-1  1.1850  3.2000  2.5626  12.5570  

S19  DD-2a  0.3310  1.5141  0.7724  6.0195  

DD-2  0.6543  2.3170  1.3913  9.1662  

DD-1  1.1962  3.5600  2.4945  14.0037  

S20  DD-2a  0.3334  1.5473  0.7436  6.1697  

DD-2  0.6599  2.4114  1.3579  9.5356  

DD-1  1.2074  3.7469  2.4688  14.7721  

S21  DD-2a  0.3373  1.6047  0.6961  6.3611  

DD-2  0.6669  2.5399  1.2950  10.0469  

DD-1  1.2187  4.0236  2.4036  15.7161  

S22  DD-2a  0.3381  1.6156  0.7110  6.4137  

DD-2  0.6641  2.5619  1.3275  10.1377  

DD-1  1.2131  4.0477  2.4623  15.8398  
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Probabilistic Earthquake Hazard Discrimination Analyses  

In the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets Report (PROTA, 

2025), probabilistic seismic hazard deaggregation analyses were conducted to examine the contributions 

of seismic sources around the Project Area to the total seismic hazard. The deaggregation analyses were 

performed separately for the design basis return periods of TR = 144 years (DD-2a), 475 years (DD-2), 

and 2475 years (DD-1). In these analyses, performed using the OpenQuake software (Pagani, et al., 

2014), two main earthquake parameters, earthquake magnitude (Mw) and closest site-to-source distance 

(R), were taken into account. 

Taking into consideration the existing soil conditions for the Project and the horizontal ground motion 

earthquake sets, the results of the probabilistic seismic hazard deaggregation analysis performed for the 

intensity measures corresponding to the relevant exceedance probabilities are presented in Table 7.23 for 

the S04-T¿praĸ-Petkim Station, selected to reflect the general behavior. 

Table 7.23 Results of Probabilistic Earthquake Hazard Decomposition Analysis  for Station S04  
(PROTA, 2025) 

T (s)  Mw   

DD-2a  

R (km)    

DD-2a  

Mw   

DD-2  

R (km)    

DD-2  

Mw   

DD-1  

R (km)    

DD-1  

PGA  6.5  7  6.6  6  6.8  5  

0.01  6.5  7  6.6  6  6.8  5  

0.02  6.5  7  6.6  6  6.8  5  

0.03  6.5  7  6.6  6  6.8  5  

0.05  6.5  8  6.6  7  6.7  6  

0.1  6.5  8  6.6  7  6.7  6  

0.15  6.5  7  6.6  6  6.7  6  

0.2  6.5  7  6.6  6  6.8  5  

0.3  6.6  7  6.7  6  6.9  5  

0.4  6.6  7  6.7  6  6.9  5  

0.5  6.6  7  6.8  6  7.0  5  

0.75  6.7  7  6.8  5  7.0  4  

1  6.7  7  6.9  5  7.1  4  

1.5  6.7  8  7.0  5  7.2  4  

2  6.8  9  7.0  5  7.3  3  

3  6.9  10  7.2  5  7.4  3  

4  6.9  11  7.2  5  7.4  3  

5  7.0  16  7.3  5  7.4  3  

7.5  7.1  24  7.3  7  7.5  3  

10  7.2  35  7.4  12  7.5  3  
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7.1.2.1.1.6 Selection and Scaling of Ground Motion Earthquake Records  

Ground Motion Record Database and Identification of Candidate Records  

In the Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets Report (PROTA, 

2025), for the selection and scaling of ground motion earthquake records, the comprehensive PEER-NGA 

database (https://ngawest2.berkeley.edu/), which contains 21,193 records (with all three components) 

recorded in 599 different earthquakes, and the Turkish earthquake database (Sandēkkaya, et al., 2024) 

were utilized. From these databases, candidate records compatible with the earthquake parameters 

obtained as a result of the site-specific probabilistic seismic hazard analysis deaggregation process were 

identified. The criteria and their corresponding limits used for the identification of candidate records were 

determined in accordance with studies in the literature (e.g., (Ay & Akkar, 2012), (Tarbali & Bradley, 2016), 

(Baker, et al., 2021)) as follows: 6.0 Ò Mw Ò 7.8; shortest distance to the ruptured fault plane, 0 km Ò RJB Ò 

50 km; and average shear wave velocity corresponding to the top 30 meters of the soil profile, 200 m/s Ò 

VS30Ò 800 m/s. Additionally, the maximum usable period value of the records was selected as a minimum 

of 2.0 seconds (DD-1). The next stage was proceeded with using the records obtained as a result of these 

criteria. 

For the significant duration of the earthquake, based on the scenarios obtained from the deaggregation 

analysis, median and natural logarithmic standard deviation ů values were calculated as 11.8 - 0.398 and 

15.1 - 0.487 from the studies of Afshari & Stewart (2016) and Sandēkkaya & Akkar (2017), respectively. 

By combining the results of the two studies, a [median - 1ů] lower bound value of 7.9 s was obtained. In 

this context, efforts were made to select earthquake records such that their D5-95% values exhibit a 

distribution above the lower bound of this range. The median and \sigma values for Arias Intensity IA were 

also calculated as 2.590 m/s and 1.289 according to the study by Sandēkkaya & Akkar (2017). The [median 

- 1ů] lower bound value for this parameter was obtained as 0.713 m/s. 

Scaling of Ground Motion Records  

In PROTA (2025), the candidate records were scaled to the target spectral amplitudes for the 2475-year 

return period. The amplitudes of the horizontal resultant spectra of the records to be used in dynamic 

analyses were scaled to 1.0 times the target acceleration spectrum amplitudes within the range of T = 0.2 

ï 2.0 s (DD-1), based on the effective vibration period specified in TDY20. The resultant spectrum, 

Sarecord(Ti), used during the scaling of the records was obtained using the equation below. In this equation, 

SaH1 and SaH2 represent the spectral amplitudes corresponding to the two horizontal components of each 

earthquake record. While scaling the records, both horizontal components were multiplied by the same 

scaling factor. Thus, the original relationship between the horizontal components was preserved after 

scaling (PROTA, 2025). 

Sarecord(Ti) = Ѝ  [SaH1(Ti)]2+[ SaH2(Ti)]2 

Selection of Earthquake Records for Design Purposes  

In the determination of the earthquake record sets to be used in the analyses, criteria regarding the 

maximum scaling value for each record and ensuring that a specific earthquake is not dominant within a 

set were taken into account (PROTA, 2025). The accepted maximum scaling factor for each selected 

horizontal record component was determined primarily within the range of 0.25 ï 4.0, and as 5.0 for 

mandatory cases where this could not be achieved (especially for TR = 2475 years). Additionally, the 
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number of records selectable from the same earthquake within the seven records was limited to two 

(PROTA, 2025). 

As stated in PROTA (2025), the spectra of the scaled candidate records were compared with 1.0 times 

the TDY20-based target spectrum in the period band between T = 0.2 ï 2.0 s (DD-1), and 7 suitable scaled 

records were selected together with their 2 horizontal components. The records selected for the groups 

created in Table 7.24, Table 7.25, Table 7.26, and Table 7.27 (Group-1, Group-2, Group-3, and Group-4, 

respectively) and their corresponding Mw, RJB, VS30, fault mechanism (FM), and scaling factor (SF) values 

are listed. In the FM column, SS represents strike-slip, RV represents reverse, and NM represents normal 

fault types. In the other columns of this table, the maximum usable period values (TU), pulse period (TP), 

significant duration of the earthquake (D5-95%), and Arias Intensity measure (IA) of the records are listed. In 

Table 7.24 (Group-1), Table 7.25 (Group-2), Table 7.26 (Group-3), and Table 7.27 (Group-4), the target 

spectrum, the scaling range of the target spectrum determined according to TDY20, the selected records, 

and their average are presented in terms of horizontal component acceleration and displacement spectra. 

Table 7.24 Earthquake Ground Motion Records and Characteristics to be used in Analyses for 
Group -1 Stations  

TR = 2475 year (DD-1)  

Record 
No 

Earthquake Name   Mw  RJB  

(km)   

VS30  

(cm/s)   

FM  SF  Tu  

(s)  

Tp  

(s)  

D5-95%  IA  

(m/s)   

143  Tabas, Iran  7.35  1.8  767  RV  0.94  8.0  6.2  16.4  11.82  

549  Chalfant Valley-02  6.19  14.0  303  SS  4.10  8.0  -  14.5  0.50  

767  Loma Prieta  6.93  12.0  350  RV  2.02  8.0  2.6  8.5  2.09  

1521  Chi-Chi, Taiwan  7.62  0.0  672  RV  2.51  11.4  -  24.5  3.00  

4881  Chuetsu-oki  6.80  12.0  294  RV  4.93  20.0  -  17.2  0.61  

5836  El Mayor-Cucapah  7.20  29.0  265  SS  3.05  10.0  -  21.0  3.51  

184146  Pazarcēk  7.80  0.0  447  SS  0.64  36.0  1.8  12.6  21.39  

 

Table 7.25 Earthquake Ground Motions and Characteristics to be used in Analyses for Group -2 
Stations  

TR = 2475 year (DD-1)  

Record 
No 

Earthquake Name   Mw  RJB  

(km)   

VS30  

(cm/s)   

FM  SF  Tu  

(s)  

Tp  

(s)  

D5-95%  IA  

(m/s)   

143  Tabas, Iran  7.35  1.8  767  RV  1.48  8.0  6.2  16.4  11.82  

313  Corinth, Greece  6.60  10.0  361  NM  4.82  4.0  -  14.7  0.69  

1521  Chi-Chi, Taiwan  7.62  0.0  672  RV  3.97  11.4  -  24.5  3.00  

4031  San Simeon, CA  6.52  5.1  411  RV  3.57  11.4  -  9.9  1.65  

4866  Chuetsu-oki  6.80  0.0  338  RV  3.71  8.9  -  13.7  1.83  
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TR = 2475 year (DD-1)  

184152  Pazarcēk  7.80  9.6  346  SS  2.34  38.8  3.3  39.8  4.49  

184280  Pazarcēk  7.80  0.4  688  SS  2.27  36.0  9.3  16.5  3.67  

 

Table 7.26 Earthquake Ground Motions and Characteristics to be used in Analyses for Group -3 
Stations  

TR = 2475 year (DD-1)  

Record 
No 

Earthquake Name   Mw  RJB  

(km)   

VS30  

(cm/s)   

FM  SF  Tu  

(s)  

Tp  

(s)  

D5-95%  IA  

(m/s)   

143  Tabas, Iran  7.35  1.8  767  RV  1.52  8.0  6.2  16.4  11.82  

313  Corinth, Greece  6.60  10.0  361  NM  4.97  4.0  -  14.7  0.69  

1521  Chi-Chi, Taiwan  7.62  0.0  672  RV  4.09  11.4  -  24.5  3.00  

4031  San Simeon, CA  6.52  5.1  411  RV  3.68  11.4  -  9.9  1.65  

4866  Chuetsu-oki  6.80  0.0  338  RV  3.84  8.9  -  13.7  1.83  

184152  Pazarcēk  7.80  9.6  346  SS  2.42  38.8  3.3  39.8  4.49  

184280  Pazarcēk  7.80  0.4  688  SS  2.34  36.0  9.3  16.5  3.67  

 

Table 7.27 Earthquake Ground Motions and Characteristics to be used in Analyses for Group -4 
Stations  

TR = 2475 year (DD-1)  

Record 
No 

Earthquake Name   Mw  RJB  

(km)   

VS30  

(cm/s)   

FM  SF  Tu  

(s)  

Tp  

(s)  

D5-

95%  
IA  

(m/s)   

313  Corinth, Greece  6.60  10.0  361  NM  5.00  4.0  -  14.7  0.69  

1521  Chi-Chi, Taiwan  7.62  0.0  672  RV  4.14  11.4  -  24.5  3.00  

4031  San Simeon, CA  6.52  5.1  411  RV  3.73  11.4  -  9.9  1.65  

6890  Darfield, New Zea.  7.00  18.0  204  SS  4.33  13.3  -  17.9  1.10  

6897  Darfield, New Zea.  7.00  5.3  296  SS  4.71  13.3  7.8  18.8  2.07  

184152  Pazarcēk  7.80  9.6  346  SS  2.44  38.8  3.3  39.8  4.49  

184283  Pazarcēk  7.80  0.0  539  SS  2.20  36.0  10.1  11.8  5.87  

 

7.1.2.2 Mitigation Measures 

The mitigation measures of the impacts caused by the natural hazard and seismology component on the 

Project are listed below: 
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Â Related studies (geological, geotechnical, hydrological studies, hydrogeological karst surveys, 

geophysical surveys etc.) will be completed for the Project in order to understand the karst in the 

Project Route, geological and hydrogeological setting causing geohazards such as collapse of 

loose filling (Hata! Baĸvuru kaynaĵē bulunamadē.), groundwater inrush (Figure 7.7), subsidence 

and to apply engineering measures such as pre-grouting, jet-grouting, probe drilling, dewatering, 

drainage piping etc. 

 

Figure 7.6 Collapse of Loose Filling Material and TBM Jamming in a Karstic Cave (Zarei, et al., 
2012) 

 

Figure 7.7 Groundwater Inrush and Tunnel Flooding  (Zarei, et al., 2012)  

Â Controlled TBM operating parameters (face pressure, advance rate, cutterhead torque, and 

grouting pressure) will be adjusted based on geohazard-sensitive areas to reduce face instability, 

prevent excessive inflow, and minimize ground deformation. 

Â Localized structural reinforcement will be used in zones with elevated geohazard risk, such as 

faulted areas, weak geological units, or shallow cover sections. 

Â KarstȤspecific mitigation will involve cavity filling with lowȤmobility grouts, staged excavation in 

highly voided zones, and implementation of contingency plans for unexpected void breakthroughs 

or sudden water inflow. 

Â Emergency Preparedness and Response Plan will be prepared for siteȤspecific geohazards, 

including protocols for sudden inflow, void breakthrough, localized collapses, or slope instability. 

Worker training and evacuation procedures will be implemented. 
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7.1.2.3 Residual Impacts 

The residual impact on the Geohazard and Seismology component after the implementation of the above-

mentioned mitigation measures during all project phases is presented in the following table. 

Impact 
Factor  

Impact Factor Features  
Component 
Sensitivity  

Impact 
Reversibility  

Impact 
Value 

Mitigation 
effectiveness  

Residual 
impact 
value  

Changes in 
the local 
morphology 

Duration: Medium 

Medium Long term Medium  Medium Low  
Frequency:  Single Event 

Geo. Extent:  Local 

Intensity:  Negligible 

7.1.2.4 Monitoring 

Following monitoring activities are foreseen to ensure the implementation and effectiveness of the 

proposed mitigation measures: 

Â Routine site inspections will be carried out by the Client to ensure that the planned construction 

site boundaries are not expanded. 

Â Routine design inspections will be carried in order to ensure structures are constructed according 

to Turkish and international design standards requiring specific structural characteristics related 

particularly to tunnel excavation. 

Â Advance probing and preȤexcavation prediction techniques (e.g., probe drilling, horizontal drilling, 

GPR, TSP, or seismic tomography) will be conducted along the tunnel face in areas with karstic 

voids or weak ground to detect potential hazards before TBM arrival. 

Â Monitoring systems such as piezometers, inclinometers, settlement markers, Automatic Total 

Station (ATS) targets, multiȤpoint extensometers, and faultȤzone instrumentation will be installed to 

provide realȤtime data on ground movement, groundwater fluctuations, and TBMȤinduced 

deformation. Monitoring results will inform adaptive construction decisions. 

7.1.3 Soil and Subsoil  

7.1.3.1 Impact Analysis 

7.1.3.1.1 Construction Phase  

During the construction phase, impacts on the soil and subsoil characteristics component will be mainly 

associated with the following impact factors: 

Â Pollutant emissions to the soil where the magnitude of the impacts on the soil media of spills and 

runoff arising during the construction activities ranges from small to large depending on the 

contamination levels stated in the Turkish Regulation on Soil Pollution Control and Point Source 

Contaminated Sites, 

Â Topsoil and subsoil removal,  

Â Occupation of land, 
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Â Disposal of wastewater/water,  

Â Accidental introduction of hazardous chemicals and 

Â Vegetation disturbance. 

The project actions related to the abovementioned impact factors are the following:   

Vegetation Clearing: Vegetation clearing will be required mainly at the train storage area for the designated 

construction corridor to allow for site access, installation of facilities, and initiation of earthworks. This 

activity will involve the removal of grass, shrubs, and trees where present. Clearing will be limited to the 

minimum area necessary to reduce disturbance to soil and subsoil resources. 

Â Topsoil/ Soil Removal: Construction activities will necessitate the excavation and removal of both 

topsoil and subsoil. All removed topsoil will be transferred to the Kocaeli Metropolitan Municipality 

for reuse in municipal rehabilitation and land improvement works. 

Â Occupation of land: The construction of temporary facilities (such as camp sites), and train storage 

and parking area, will result in land occupation, while the development of stations will also 

contribute to additional land disturbance, further affecting soil integrity. 

Surface levelling and grading (including demolition of existing structures): To ensure stable construction 

conditions, the Project Area will undergo levelling and grading works. These may include slope reshaping, 

compaction, and localized ground modification. Where existing structures lie within the alignment, 

demolition will take place prior to grading, potentially generating rubble and exposed ground surfaces. 

Construction of the temporary and associated facilities: Temporary construction facilities (camp sites, 

concrete batching plants, or segment facility) will require localized clearing and ground preparation. These 

facilities may temporarily alter soil characteristics through compaction, sealing, or contamination risks 

related to fuel and chemical storage and equipment maintenance. As no associated facilities are planned 

for the Project, impacts will be limited to these defined temporary facilities. 

Disposal of waste deriving from construction (including excavated soil): During the construction phase of 

the Project, various types of waste materials will be generated. These include domestic solid wastes, 

excavation wastes, construction wastes, waste electronic equipment (ñWEEEò), domestic hazardous 

waste, combustible waste, non-combustible waste, woods, cement bags, metal scraps, fluorescent tubes, 

paints/varnishes, waste batteries and accumulators, end-of-life tires and waste oil, medical waste, and 

waste vegetable oil. 

Excavation activities to be carried out within the scope of land preparation and construction works of the 

Project will result in the generation of excavated materials. These materials will arise from station 

excavations to be performed using the cut-and-cover method and from tunnel excavation works. During 

the land preparation and construction phase, a portion of the excess excavated material will be reused for 

backfilling and landscaping works. The remaining excess material will be transported either to licensed 

disposal sites designated by the Kocaeli Metropolitan Municipality or to appropriate recycling facilities.  

The generation of construction waste is largely inevitable due to the nature of earthworks, material 

handling, and structural assembly processes. The improper management of this waste, especially 

excavated soil that may contain contaminants or be prone to erosion, can pose environmental risks such 

as soil and groundwater pollution, increased erosion and sedimentation, visual and dust impacts and 

impact on land use and biodiversity. All recyclable construction wastes will be segregated and collected 
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separately on site and will be disposed through the closest Municipality or licensed waste disposal 

company. 

Disposal of wastewater: Wastewater will be generated at the construction sites and camps sites due to 

water consumption of the personnel. No wastewater generation is expected as a result from dust 

suppression and concrete curing activities, since the water to be used for dust suppression and concrete 

curing activities are expected to evaporate. No wastewater generation is expected during the concrete 

production process as the settled wastewater is recirculated to concrete production process. 

It is anticipated that a maximum of approximately 3,400 personnel will be employed during construction 

phase. Based on the 2022 Municipal Water Statistics published by Turkish Statistical Institute (ñTUIKò), 

the average daily water usage per person in Kocaeli is estimated at 235 liters. Accordingly, the total daily 

water consumption has been calculated as 799 m3/day. It is assumed that all the domestic water to be 

used by the Project personnel will be converted to domestic wastewater. As such, the wastewater 

generation per day during the construction period is calculated as 799 m3/day. 

Accidental releases of hazardous chemicals: Potential pollutant emissions to the soil can be caused by;  

Â accidental spill of any chemicals or hazardous materials, 

Â runoff from area where chemical, oil and fuel are temporarily stored (i.e. areas where paving and 

covers are not present), 

Â runoff from the re-fuelling and vehicle/equipment washing areas (if such areas are present; i.e. 

area where paving and covers are not present), 

Â pollution caused by temporary storage of hazardous materials and/or wastes, 

Â disposal of wastes, wastewater and liquid wastes, 

Â emissions from truck traffic and transport of construction materials and excavated materials, 

Â The magnitude of the impacts on the soil media of spills and runoff arising during the construction 

phase ranges from small to large depending on the contamination levels stated in the Turkish 

Regulation on Soil Pollution Control and Point Source Contaminated Sites. 

7.1.3.1.2 Operation Phase  

During the operation phase, impacts on the soil and subsoil component will be mainly associated with the 

following impact factors:  

Â Pollutant emission into the soil; Pollution may arise from several sources, including: 

Â Accidental Leakages: Inadequately stored hazardous materials such as chemicals, oil, and fuel 

can lead to accidental leakages in areas lacking proper paving and closed interception drains. 

Â Machinery and Equipment Leaks: Hazardous materials, products, or chemicals may leak from 

machinery and equipment during operation, contributing to soil contamination. 

Â Runoff from Waste Storage Areas: Runoff from areas designated for the storage of waste, 

particularly hazardous waste, can introduce pollutants into the soil, and 
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Â Leaks and Spills from Storage Tanks: Chemicals, oil, and fuel may leak or spill from diesel or fuel 

storage tanks, pipes, and operational processes, affecting the surrounding soil. 

Â Occupation of land: The establishment of new facilities, including stations, and train storage and 

parking area, will occupy land and increase the extent of artificial surfaces. This alteration can 

disrupt the natural soil profile and affect local soil ecosystems. 

The project actions related to these impact factors will include the operation of metro line and stations, 

maintenance activities, and the disposal of waste generated during operations. 

7.1.3.1.3 Decommissioning and Closure Phase  

Impacts during the decommissioning phase are likely to be similar to the construction phase since the 

activities will be similar to construction activities. Traffic load will increase in the decommissioning and 

closure phase like in the construction phase and heavy trucks will cause emission of dust and pollutants 

on soil. The dust emissions will be increased during the demolition of the buildings, surface levelling, 

grading and temporary stockpiling of the material.  

At the end of the decommissioning phase, the soil restoration in the areas, once occupied by buildings 

and infrastructures might have an overall positive impact on the component. The impact factors: 

occupation of land and topsoil and subsoil removal will not be related to the decommissioning phase.  

For the restoration activities, import soil from outside of the Project Area may be needed. If this will be the 

case; transportation of polluted soil and import of polluted soil is considered as a negative impact. In order 

to avoid such situation-related mitigation measures (listed in the next section such as soil quality 

measurement before the transport of the soil from outside sources) should be taken into consideration. 

7.1.3.2 Mitigation Measures 

The following mitigation measures will be implemented to prevent or reduce the impact factors during the 

construction, operation, and decommissioning phases of the Project: 

Measures incorporated in the Project Design: 

Â The worksite will be restricted to the smallest area necessary to carry out the Projectôs activities, 

thereby reducing potential disturbances to the surrounding environment. 

Â The design of foundations will be carefully planned to minimize excavation depth and footprint, 

thereby reducing physical and mechanical disturbances to the soil. 

Â Excavations and soil abstractions will be kept to a minimum, aligned with construction and design 

requirements, to preserve soil integrity. 

Â Whenever technically feasible, a portion of the excavated material will be repurposed as fill 

material, limiting the need for additional raw materials and reducing waste. 

Â Storage areas for hazardous materials, including chemicals and fuel, will be constructed to prevent 

spills and potential contamination of soil. Features such as secondary containment systems will be 

implemented. 
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Â Areas for washing vehicles and equipment will be constructed with proper drainage systems to 

manage runoff. These areas will be designed to prevent contaminants from entering the soil, using 

sediment traps or oil-water separators as necessary. 

Â Treatment and spill control systems will be strategically placed in sensitive areas, such as water 

crossings and protected zones, to mitigate adverse impacts from surface runoff on soil, surface 

water, and groundwater. 

Â Temporary waste storage areas will be constructed in accordance with relevant regulations, 

including the Regulation on Waste Management issued on April 02, 2015 Official Gazette no: 

29314. 

Â The area will be away from any traffic, the facilities or the buildings.  

Â There will be a designated area for the licensed vehicles to receive the wastes.  

Â Hazardous wastes and non-hazardous wastes will be stored separately, with separate access.   

Â Precautions against possible fires and spills (fire extinguisher, spill kit, etc.) will be available at the 

storage area.  

Â The waste storage areas will be covered at the top and on four sides, shielded from precipitation 

and the elements. Adequate containment and drainage systems will be installed.  

Â Storage area will be closed and locked at all times.  

Â The contact information of the personnel in charge of the waste storage area and warning signs 

will be posted at the temporary storage areas.  

Â The floor will be concrete, the edges of the floor will be raised with concrete walls/parapets for 

hazardous waste containment.  

Â All wastes will be stored separately from each other, in tanks and containers. Labels indicating the 

type of waste will be placed for each type of waste.  

Â Disposal of wastes at sufficient frequencies will be scheduled in order not to exceed the storage 

capacities at the temporary waste storage areas/storage compartments.  

Â Hazardous wastes (except for the medical waste) will be temporarily stored at the waste storage 

areas for a maximum of 6 months and non-hazardous waste for a maximum of one year.  

Â Ongoing assessments of soil quality will be conducted to detect potential contamination early and 

address issues proactively. 

Â Workers will receive training on proper handling and storage of hazardous materials, as well as 

spill response procedures to minimize risks during construction and operation phases. 

Â Regular checks and maintenance of heavy machinery will be performed to prevent leaks and 

emissions that could negatively impact the soil. 

General mitigation measures: 

Â  
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Â The following mitigation measures will be implemented to address both the expected and 

unexpected encounter of contaminated soil: 

Â A proactive risk assessment will be conducted based on the potential for soil pollution along the 

alignment, in compliance with the Soil Pollution Control and Regulated Polluted Areas Directive 

and international best practices. 

Â If any potentially contaminated site is identified during the surveys, a register of findings will be 

prepared, soil samples will be collected, and the relevant authorities will be notified. In such cases, 

the soil investigation methodology, including sampling locations and selection of analysis 

parameters, will be determined by the Provincial Directorate of the Ministry of Environment, 

Urbanization and Climate Change (ñPDoEUCCò). 

Â Prior to construction, discussions will be held regarding potentially contaminated areas located on 

or adjacent to the alignment. Local authorities will be consulted to clarify responsibilities for 

implementing mitigation measures should contamination be confirmed. 

Â Construction crews will be trained to identify potentially contaminated soil during earthworks. Any 

contaminated soil or waste encountered during construction will be reported to the local authorities, 

and additional measures will be implemented as agreed with the competent authorities. Lightly 

contaminated materials will be covered for protection, while heavily contaminated soils and sludges 

will be removed from the site for appropriate treatment and/or disposal at licensed waste facilities. 

Â A methodology will be developed to identify and manage contaminated materials that are 

unexpectedly encountered during construction, until further instructions are provided by the 

competent authorities. This will include appropriate temporary storage of contaminated soils, 

ensuring that such materials do not enter any watercourses and are placed in suitable containers 

with sealed bottoms and covers to prevent runoff and wind dispersion. 

Â Project-specific Soil and Topsoil Management Plan will be implemented. 

Â Vegetation covering the topsoil, can cause difficulty in the removal of specific topsoil depths and 

excessive quantities of vegetative matter in stockpiles may promote chemical and biological 

degradation of the seed reserves that will be the future source of natural regeneration during 

rehabilitation process. Therefore, prior to topsoil stripping process, vegetation will be removed. 

Â The stripping and handling of topsoil will be carried out when the soil moisture content is optimum 

for the soil texture class.  

Â Topsoil stripping will not be conducted during windy and rainy periods. Construction is to be delayed 

24 hours following a 24-hour rainfall of 10 mm or more during the preceding day, after which soil 

condition will be reassessed. 

Â Appropriate equipment will be used for the topsoil stripping activities. Surface grading of stockpiles 

will be performed with lightweight tracked vehicles or wheeled vehicles to prevent soil compaction. 

Â Vehicular traffic will be kept at minimum on the soils to be stripped, in order to prevent soil 

compaction. 

Â Topsoil will be stripped progressively in order to reduce erosion. 

Â  
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Â Topsoil will not be used as a fill material. 

Â Wherever possible, land preparation and construction activities shall be re-scheduled during 

extreme weather conditions to avoid risk of erosion.  

Â Water spraying against wind erosion will be implemented to prevent migration of sediments 

especially in dry seasons. 

Â No fueling of vehicles or equipment will take place within excavated areas. If heavy equipment 

cannot be moved to appropriate fueling points, an impervious surface (such as a drip-tray) has to 

be used for refueling this equipment to hinder accidental spillage to drain into the soil and therefore 

in potential groundwater aquifers.  

Â Subsoil loss will be minimized with appropriate equipment, plan, procedure, and schedule. Also, 

unnecessary soil stripping will not be carried out during construction activities to minimize 

disturbance to vegetation, ground species and soils.  

Â The soil contaminated due to spillages during handling fuel and other hazardous liquids will be 

removed from the site for suitable treatment and/or disposal according to the Waste Management 

Plan. In case of a spill/leakage incident on-site, contamination levels will be identified by means of 

sampling and analyses studies to be conducted by accredited laboratories and the results will be 

compared with baseline concentrations of the related parameters to plan corrective actions where 

necessary. 

Â If construction activities need to be carried out on vegetated and uncontaminated land, the topsoil 

will be temporarily removed and properly stockpiled to minimize topsoil loss during the construction 

phase. All removed topsoil will be transferred to the Kocaeli Metropolitan Municipality for reuse in 

municipal rehabilitation and land improvement works in accordance with the Regulation on 

Excavation, Construction and Demolition Wastes (Official Gazette No. 25406, dated 18 March 

2004). 

Â Domestic wastewater to be generated during the construction phase of the Project will be 

discharged to the infrastructure system of the ISU through connections established at the camp 

and construction sites. The necessary correspondence with ISU regarding wastewater, stormwater, 

and potable water network relocations has been completed, and the required permits have been 

obtained. 

Â Project-specific Pollution Prevention Plan will be implemented for the management of sewage 

wastewater throughout the construction phase. 

Â No untreated wastewater of any kind will be discharged to land. Any polluted water generated as 

a result of accidental leakages will be properly collected and managed to prevent soil 

contamination. 

Â Hazardous material storage areas (e.g., storage tanks for chemicals and liquids) will be designed 

and constructed to prevent potential soil contamination. These areas will include paved surfaces 

with adequate secondary containment, appropriate drainage systems, and storage conditions 

compliant with Safety Data Sheet (ñSDSò) requirements. The Project will also comply with all 

relevant legal and project-specific safety requirements to prevent leakages from hazardous 

material storage facilities. 
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Â Industrial Waste Management Plans for all temporary waste storage areas established by the 

contractors (including hazardous and non-hazardous waste) will be submitted to the relevant 

Provincial Directorate of the Ministry of Environment, Urbanization and Climate Change 

(ñMoEUCCò) in the format defined by the Ministry. 

Â Temporary Waste Storage Permit will be obtained from the related PDoEUCC for temporary waste 

storage sites at the site generating hazardous waste of more than 1,000 kg per month. 

Â Hazardous Materials and Hazardous Waste Compulsory Liability Insurance will be obtained in 

accordance with the relevant provisions of the Regulation on Waste Management for hazardous 

waste temporary storage areas and containers, regardless of the amount of hazardous waste 

stored. 

Â Waste reuse/recycling/recovery/disposal agreements with the Municipality and licensed 

recovery/disposal firms will be executed for the management of hazardous and non-hazardous 

waste. 

Â Official waste declarations for all generated waste will be submitted to the MoEUCC online system 

annually, starting in January and no later than March. 

Â Waste storage out of the designated storage areas will be prohibited. Waste generated in the 

interim storage areas will be transferred to the temporary storage area. 

Â Regular maintenance of vehicles, machinery, and equipment will be carried out to prevent leakages 

of oil, fuel, or any other hazardous materials. 

Â The operation of machinery and vehicles will be strictly limited to designated construction sites and 

access roads to minimize the risk of soil disturbance and contamination. 

Â An Emergency Preparedness and Response Plan (òEPRPò) will be developed in line with 

Environmental, Health, and Safety (òEHSò) Guidelines: General EHS guidelines (IFC, 2007) for 

handling spills of hazardous materials including fuels that will be handled during construction works.  

Â Generators will be equipped with drip trays and to be checked regularly to prevent soil 

contamination. 

Â Secondary containments, ponds and drip trays will be checked regularly, especially during extreme 

weather conditions. 

Â Portable spill containment and clean-up materials (spill kits) will be made available and easily 

accessible at the construction site, instructions on how to use spill containment and clean-up 

materials will be included in the kits. 

Â Training on spill response, use of containment and clean-up material (spill kits) will be provided to 

workers (including the subcontractor workers). 

Â Pumps and transmixers will be washed only at the concrete plants, concrete slurry will not be 

discharged into environment. 
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7.1.3.3 Residual Impacts 

7.1.3.3.1 Construction Phase  

The residual impact after the application of the above-mentioned mitigation measures during construction 

phase is presented in the Table 7.28. 

Table 7.28 Impact Evaluation Matrix for Soil and Subsoil Characteristics During Construction 
Phase After Mitigation  

Impact Factor  Impact Factor 

Features  

Component 

Sensitivity  

Impact 

Reversibility  

Impact Value  Mitigation 

effectiveness  

Residual 

impact 

value  

Pollutant 

emissions to the 

soil  

Duration: Long 

Medium 
Short-mid-

term 
Medium  Medium high Negligible  

Frequency:  Frequent 

Geo. 

Extent:  
Local 

Intensity:  Medium 

Topsoil and 

subsoil removal 

Duration: Medium 

Medium Mid term Medium  Medium high Negligible  

Frequency:  Infrequent 

Geo. 

Extent:  

Project 

Site 

Intensity:  Medium 

Occupation of 

land 

Duration: Long 

Medium-low Long term Medium  Medium high Low  

Frequency:  Continuous 

Geo. 

Extent:  

Project 

Site 

Intensity:  Low 

Disposal of 

wastewater/water 

Duration: Long 

Medium 
Short-mid-

term 
Medium  Medium high Low  

Frequency:  Continuous 

Geo. 

Extent:  
Local 

Intensity:  Medium 

Accidental 

introduction of 

hazardous 

chemicals 

Duration: Short 

Medium-

high 
Short-term Negligible  Medium high Negligible  

Frequency:  Infrequent 

Geo. 

Extent:  

Project 

Site 

Intensity:  Medium 
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Impact Factor  Impact Factor 

Features  

Component 

Sensitivity  

Impact 

Reversibility  

Impact Value  Mitigation 

effectiveness  

Residual 

impact 

value  

Vegetation 
disturbance 

Duration: Medium 

Medium Mid term Medium  Medium high Low  

Frequency:  Frequent 

Geo. 
Extent:  

Project 
Site 

Intensity:  Medium 

 

7.1.3.3.2 Operation Phase  

The residual impact after the application of the above-mentioned mitigation measures during 

commissioning and operation phase is presented in the Table 7.29. 

Table 7.29 Impact Evaluation Matrix for Soil and Subsoil Characteristics During Commissioning 
and Operation Phase After Mitigation  

Impact 

Factor  

Impact Factor Features  Component 

Sensitivity  

Impact 

Reversibility  

Impact Value  Mitigation 

effectiveness  

Residual 

impact value  

Pollutant 

emissions 

to the soil  

Duration: Very long 

Medium-low Short-mid-term Low  Medium Negligible  

Frequency:  Infrequent 

Geo. 

Extent:  
Local 

Intensity:  Medium 

Occupation 

of Land 

Duration: Very long 

Medium-low Long term Medium  Medium Low  

Frequency:  Continuous 

Geo. 

Extent:  
Project Site 

Intensity:  Low 

 

7.1.3.3.3 Decommissioning and Closure Phase  

Decommissioning phase activities are likely to be very similar to the construction phase. The same 

considerations described for soil and subsoil during the construction phase would be applicable to the 

decommissioning phase for the pollutant emissions to the soil. 

At the end of the decommissioning phase, the soil restoration in the areas, once occupied by buildings 

and infrastructures might have an overall positive impact on the component if the natural state of the land 

is recovered. 
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7.1.3.4 Monitoring 

Following monitoring activities are foreseen to ensure the implementation and effectiveness of the 

proposed mitigation measures: 

Â Routine site inspections will be conducted to detect any possible leakages, ensuring immediate 

action can be taken to mitigate risks. 

Â Regular site inspections will ensure adherence to the designated construction site boundaries, 

preventing any unauthorized expansion. 

Â All workers, including subcontractors, will undergo training on spill response and the proper use of 

spill kits (containment and clean-up materials) to enhance preparedness. 

Â Inspections will ensure that an adequate supply of spill-response materials, such as spill kits and 

metal trays, is available at the site and with each piece of heavy machinery. 

Â Routine maintenance program will be established for all vehicles and machinery to minimize the 

risk of leaks and malfunctions. 

Â Soil quality assessment will be conducted if any complaint received from local community and/or 

authorities, and the result will be compared with the baseline measurement conducted in the scope 

of ESIA. 

7.1.4 Hydrology and Surface Water  

7.1.4.1 Impact Analysis 

7.1.4.1.1 Construction Phase  

The impact factors from the Project activities potentially affecting the surface water quality and quantity 

during the construction phase of the Project will mainly be originated from the operations that have the 

potential to pollute surface water, either intentionally or accidentally, or that cause changes in 

flow/circulation in natural water bodies. 

Impacts on the hydrology and surface water quality component during the construction phase are related 

to the following impact factors: 

Â Changes in flow/circulation in natural water bodies (changes in local hydrology and surface water), 

Â Surface water pollution, and 

Â Discharge of wastewater/water. 

The Project actions related to the abovementioned impact factor are the following: 

Â Construction of station entrances and limited surface works associated with tunnel portals, 

Â Minor surface levelling in the vicinity of station entrances, 

Â Temporary onȤsite accumulation of materials required for portal and entrance construction, and 
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Â Disposal and management of wastewater generated from tunnel excavation, equipment operation, 

and construction activities. 

Changes in flow/circulation in natural water bodies (changes in local hydrology and surface water)  

Â Due to the limited surface footprint of the Project, no major alterations to natural flow paths or 

circulation patterns are expected. The Project does not involve the construction of motorways, 

railways, culverts, diversion channels, or other large surface structures that typically impede flow 

or alter floodplain behaviour. 

Â On the other hand, minor and localized hydrological effects may occur around station entrances, 

including: 

Â Small-scale and temporary changes in surface runoff direction due to limited levelling or grading 

near the entrance areas. 

Â Local ponding or shallow runoff accumulation around entrance areas during heavy rainfall events, 

if drainage is not adequately managed. 

Â Potential changes in the timing and volume of runoff discharging from the immediate vicinity of 

station entrances, although such changes are expected to be negligible due to the very small size 

of the disturbed area. 

Â No meaningful impact on natural sedimentation patterns or erosion processes is anticipated, as 

the Project does not involve large open excavations, exposed cut slopes, or extended disturbed 

surfaces. 

Â Suspended sediments in surface runoff are expected to be minimal, originating only from very small 

disturbed areas around portal or entrance works, and will be managed through standard 

goodȤpractice drainage and sediment control measures. 

Â ñAssessment Report on the Interaction of Floodwater Depth with Stationsò was prepared by PROTA 

in 2026. In this report, Floodwater Depts were calculated for each station, and mitigation measures 

were suggested. These assessments were summarized hereunder: 

Â Analysis of the 500-year flood water depth at S04-T¿praĸ/Petkim Station, S05-Körfez Station, S06-

95 Evler- Station, S07- Derince E.A.H. Station, S08-Derince Station, S12-Seka Park Station, S13-

Cumhuriyet Park Station, S15-Bekirdere Station, S19-Fēndēklē Station, S20-Kartepe Station and 

S22-Özdilek Station indicate that there are no flood risks in these area where the stations are 

located. Accordingly, the elevations of surface outlets and ventilation stacks are being adjusted at 

these stations, taking into account the surrounding elevation relationships. Since no flood risk is 

anticipated for each, there is no need to implement additional flood prevention measures for these 

stations. 

Â Analysis of the 500-year flood water depth at the S09-Derince Millet Bahçesi station indicates the 

flood risk. Consequently, flood prevention measures will be implemented for the stationôs surface-

level exit structures and ventilation shafts. In the area where the station is located, the water depth 

in the western part of the expansion joint is approximately 60 cm, while in the eastern part, it is 

approximately 1 meter near the expansion joint and approximately 2 meters in other sections. 

Accordingly, the surface structures in the western section will be elevated approximately 60 cm 

above ground level, while those in the eastern section will be elevated approximately 1 meter and 

2 meters above ground level, respectively. 
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Â Analysis of 500-year flood water depths at the S10-Kuru­eĸme Station reveals that there is no flood 

risk in the area where the station is located; however, a flood risk is observed in the exit structure 

(north) integrated with the tram station. In the area where the northern exit structure is located, the 

water depth is approximately 80 cm where the elevator is situated and 20ï30 cm where the stairs 

are located. Accordingly, the elevator structure will be elevated approximately 80 cm above ground 

level, and the area where the stairs exit will be elevated approximately 30 cm above ground level. 

Â Analysis of the 500-year flood water depth at the S11-Seka State Hospital station reveals that the 

water depth is approximately 50 cm in the area where the ventilation shafts are located, in the 

eastern part of the expansion zone where the station is situated. Accordingly, surface outlet 

structures will be designed at the station taking into account the surrounding elevation 

relationships, and the elevations of the ventilation shafts will be set approximately 50 cm above 

ground level. 

Â Analysis of the 500-year flood water depth at the S14-Milli Ķrade Park Station indicates a flood risk. 

Consequently, flood prevention measures must be implemented for the stationôs surface-level exit 

structures and ventilation shafts. Upon reviewing the water depth data, the water depth in the 

southeastern section of the station appears to be around 1 meter. To mitigate the flood risk, all 

surface structures will be elevated approximately 1 meter above ground level. 

Â Analysis of the 500-year flood water depth at the S16-Otogar station indicates that the water depth 

is approximately 50 cm in the area where the ventilation shafts are located on the western side of 

the expansion joint in the stationôs vicinity. Accordingly, surface outlet structures will be arranged 

at the station taking into account the surrounding elevation relationships, and the relevant 

ventilation shafts will be positioned approximately 50 cm above ground level. 

Â Analysis of the 500-year flood water depth at the S17-Yahya Kaptan station indicates a flood risk. 

In this context, flood prevention measures will be implemented for the stationôs surface-level exit 

structures and ventilation shafts. According to water depth data, the water depth at the station 

appears to be in the range of 2ï2.4 meters. Accordingly, options for flood prevention measures will 

be evaluated during the process. 

Â Analysis of the 500-year flood water depth at the S18-Poyraz station indicates a flood risk. In this 

context, flood prevention measures will be implemented for the stationôs surface-level exit 

structures and ventilation shafts. According to water depth data, the water depth over the station is 

in the range of 1.5ï2 meters, while at the location of the southern exit structure, it appears to be 

around 2 meters. Accordingly, options for flood prevention measures will be evaluated during the 

process. 

Â When the 500-year flood water depth at the Ķzmit East station is examined, no flood risk is observed 

in the area where the station is located; however, a flood risk is identified in the northern exit 

structure. In this context, flood prevention measures will be implemented for the stationôs northern 

exit structure. According to water depth data, the water depth at the location of the northern exit 

structure appears to be around 3 meters. Raising the structure by 3 meters to mitigate the flood 

risk is not suitable in terms of passenger comfort and station access. It is recommended that the 

relevant exit structure be removed and replaced with an overpass for station access. 

Â Flood depth maps for the stations are presented in Figure 7.8ïFigure 7.25, in order from west to 

east. 
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Figure 7.8 S04-T¿praĸ/Petkim Station Q500 Flood Water Depth Map  (PROTA, 2026) 

 

Figure 7.9 S05-Körfez  Station Q500 Flood Water Depth Map  (PROTA, 2026) 
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Figure 7.10 S06-95 Evler  Station Q 500 Flood Water Depth Map  (PROTA, 2026) 

 

Figure 7.11 S07-Derince E.A.H. Station Q 500 Flood Water Depth Map (PROTA, 2026) 
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Figure 7.12 S08-Derince Station Q 500 Flood Water Depth Map  (PROTA, 2026) 

 

Figure 7.13 S09-Derince Public Garden Station Q 500 Flood Water Depth Map  (PROTA, 2026) 
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Figure 7.14 S10-Kuru­eĸme Station Q 500 Flood Water Depth Map  (PROTA, 2026) 

 

Figure 7.15 S11-Seka State Hospital  Station Q 500 Flood Water Depth Map  (PROTA, 2026) 
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Figure 7.16 S12-Seka Park Station Q500 Water Depth Map  (PROTA, 2026) 

 

Figure 7.17 S13-Cumhuriyet  Park Station Q 500 Water Depth Map  (PROTA, 2026) 
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Figure 7.18 S14-Milli Ķrade Park Station Q500 Flood Depth Map  (PROTA, 2026) 

 

Figure 7.19 S15-Bekirdere Park Station Q 500 Water Depth Map  (PROTA, 2026) 
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Figure 7.20 S16-Otogar  Park Station Q 500 Water Depth Ma p (PROTA, 2026) 

 

Figure 7.21 S17-Yahya Kaptan  Station Q 500 Water Depth Map  (PROTA, 2026) 
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Figure 7.22 S19-Fēndēklē Park Station Q 500 Water Depth Map  (PROTA, 2026) 

 

Figure 7.23 S20-Kartepe  Park Station Q 500 Water Depth Map  (PROTA, 2026) 
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Figure 7.24 S21-Ķzmit East Station Q 500 Water Depth Map  (PROTA, 2026) 

 

Figure 7.25 S22-Özdilek  Park Station Q500 Water Depth Map  (PROTA, 2026) 
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Surface water pollution  

Â The Project does not involve large-scale surface excavation, exposed ground surfaces, road 

construction, inȤstream works, culvert installation, diversion channels, or embankment landscaping 

that typically generate significant sedimentȤladen runoff. 

Â However, localized risks of surface water contamination may occur within station entrance areas 

and tunnel portal zones, primarily associated with: 

Â Silty or sedimentȤbearing water generated from small excavation areas near station entrances, 

Â Wastewater originating from tunnel excavation, equipment operation, and routine construction 

activities, and 

Â Accidental spillages of fuels, oils, lubricants, or other hazardous materials used or stored in small 

quantities within the construction footprint. 

Â Potential contamination sources include: 

Â Oil or fuel leaks from machinery, generators, or construction vehicles, 

Â Accidental spills during the handling, transfer, or temporary storage of hazardous materials, 

Â Runoff from small areas where fuels or chemicals are stored without adequate secondary 

containment, and 

Â Improper management or accidental release of wastewater generated during construction 

activities. 

Â Chemical contamination, even at small quantities, may negatively affect surface water quality if not 

properly contained. Spills of cement, fuel, oils, or lubricants could impair watercourses and 

potentially affect downstream users. Although the risk of groundwater contamination exists, such 

risks are minimal due to the limited scale of surface activities and the distance of most Project 

components from natural water bodies. 

Â Overall, surface water pollution impacts are expected to be infrequent and of low intensity, as any 

spills or discharges would need to originate within the confined Project footprint, which is small and 

generally located away from sensitive surface-water receptors. These risks will be mitigated 

through appropriate containment, spill response measures, and wastewater management 

practices. 

Discharge of wastewater/water 

Â Wastewater will be generated at the construction sites and camp sites due to water consumption 

of the personnel.  

Â No wastewater generation is expected as a result from dust suppression and concrete curing 

activities, since the water to be used for dust suppression and concrete curing activities are 

expected to evaporate. No wastewater generation is expected during the concrete production 

process as the settled wastewater is recirculated to concrete production process. 

Â Water demand per capita is estimated as 235 L/person day based on 2022 data from TUIK 

Municipal Water Statistics. It is assumed that all the domestic water to be used by the Project 
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personnel will be converted to domestic wastewater. As such, the wastewater generation per day 

during the construction period is calculated as 799 m3/day. 

Â Domestic wastewater to be generated during the construction phase of the Project will be 

discharged to the infrastructure system of the ISU through connections established at the camp 

and construction sites. The Client has already completed the necessary correspondence with ISU 

regarding wastewater, stormwater, and potable water network relocations and has obtained the 

required permits. 

7.1.4.1.2 Operation Phase  

No significant adverse impacts on surface water hydrology are anticipated during the operation phase of 

the project. The operation phase does not involve earthworks, excavation, or alteration of natural drainage 

patterns. Project components are fully constructed and stabilized; therefore, no changes in runoff 

characteristics, flow regimes, or catchment dynamics are expected. 

Operational activities are limited to routine station and tunnel use, which do not generate hydrological 

modifications. Stormwater generated from station areas will be managed through existing and designed 

drainage systems, ensuring controlled discharge without affecting receiving water bodies. 

7.1.4.1.3 Decommissioning and Closure Phase  

The decommissioning phase impacts will be similar to the construction phase, so the activities will be 

similar to these activities. The same considerations described for this component during the construction 

phase would be applicable to the decommissioning phase. 

A new impact is not expected during the decommissioning and closure phase of the Project, other than 

those listed in the construction phase. 

7.1.4.2 Mitigation Measures 

The mitigation measures related to hydrology and surface water quality for the construction, 

commissioning/operation and decommissioning/closure phases are as follows: 

Incorporated measures in the project design: 

Â A supplemental assessment of stormwater drainage risks to the environment has to be undertaken 

to verify the stormwater drainage designsô effectiveness in mitigating impacts on surrounding land 

use, surface and groundwater or sensitive ecological receptors therein. 

Â The project will comply with safety requirements to avoid leakages from hazardous 

chemicals/materials and liquids (diesel fuel, oil etc.) stored on-site. 

Â Hazardous material storage areas will be designed and constructed to avoid potential 

contamination of the soil (paved areas with sufficient secondary containment, proper drainage 

systems, collection ponds etc.). 

Â The General Directorate of State Hydraulic Works (DSĶ), General Directorate of Water 

Management (GDWM) and General Directorate of Infrastructure Investments (AYGM) will be 

consulted regarding hydrological studies and surface water quality and any additional studies when 

necessary . 
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Â Hazardous materials will not be stored in excavated areas and all handling of all hazardous 

materials will be in accordance with the Hazardous Material Management Plan which will be 

developed for the Project. This plan will be in line with IFC EHS Guidelines. As an example, 

secondary containment structures will consist of berms, dikes, or walls capable of containing the 

larger 110 percent of the largest tank volumes in areas where hazardous materials are handled 

(e.g., fuel stores and loading areas, concrete mixing, hazardous material stores) to prevent 

hazardous materials entering the site drainage. 

Â An Emergency Preparedness and Response Plan (ERP) will be developed in line with IFC EHS 

Guideline for handling spills of hazardous materials including fuels that will be handled during 

construction works. 

Â Pollution Prevention Plan will be prepared and implemented for the Project. 

Â Water and Wastewater Management Plan will be developed and implemented for the Project. 

Â Management of the construction sites during periods of heavy rainfall will be considered. Exposed 

surfaces and stored materials will be covered if necessary to reduce the erosion of sediments into 

surface waters. 

Â Water from concrete batching plant operations and the washing of concrete mixers will be settled 

in sedimentation ponds and recirculated back into the production system to minimize freshwater 

use. In accordance with Wastewater Treatment/Deep Sea Discharge Plant Project Approval 

Circular No. 2018/14, a Technical Report will be prepared and approved by the Provincial 

Directorates of the Ministry of Environment, Urbanization, and Climate Change (MoEUCC) 

regarding the usability of the settled wastewater generated by concrete batching plants. 

Â Vehicle washing activities may generate industrial wastewater at the campsites. This wastewater 

will either be directed to a blind shaft, from which it will be collected by vacuum trucks for disposal, 

or pre-treatment options will be considered before discharge into receiving bodies. To address this, 

vehicle washing facilities will be securely constructed with a recirculatory system to prevent 

overflow, and oil-water separators will be installed in the vehicle washing areas. 

Â The management plans will include the following mitigation measures related to the protection of 

surface water and the control of potential flooding at station entrances: 

Â Existing drainage and irrigation channels, green areas, drainage strips, and erosionȤcontrol 

structures in the vicinity of station entrances will be protected through appropriate measures to 

prevent blockage, diversion, or damage. 

Â Local drainage structures (e.g., small catch drains or perimeter channels) will be constructed where 

required to prevent surface runoff from entering the station entrances, in accordance with the 

previously conducted floodȤdepth analysis and entrance design criteria. 

Â All water generated within the tunnel portals or excavation zones will be collected and conveyed to 

temporary settling ponds (sedimentation units) for the removal of suspended solids prior to 

discharge, in compliance with applicable permits. Any polluted water generated due to accidental 

leaks (e.g., fuel, hydraulic oil) will be contained, collected, and managed to prevent mixing with 

natural water bodies. 
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Â All drainage structures, settlement facilities, and protective measures around station entrances will 

be regularly inspectedðparticularly after heavy rainfallðto ensure effective performance. 

Sediment deposits will be removed and disposed of appropriately. 

Â Disturbance of soil around station entrances will be limited to the minimum necessary for 

construction, in order to reduce surface runoff and prevent localized sediment transport. 

Â Workers, including subcontractors, will receive training on spill response procedures and the use 

of containment and cleanup materials (spill kits) to minimize environmental risk. 

7.1.4.3 Residual Impacts 

7.1.4.3.1 Construction Phase  

The residual impact following above-mentioned mitigation measures during construction phase is 

presented in the following table (Table 7.30).  

Based on the baseline conditions of the assessed components, the Project characteristics, and actions, 

as well as the proper implementation of the mitigation measures proposed above, negligible negative 

impact is expected on the hydrology and surface water quality during the construction phase. 

Table 7.30 Impact Assessment Matrix for Hydrology and Surface Water Quality During 
Construction Phase After Mitigation  

Impact Factor  Impact Factor Features  Component 

Sensitivity  

Impact 

Reversibility  

Impact Value  Mitigation 

effectiveness  

Residual 

impact 

value  

Changes in 

flow/circulation in 

natural water 

bodies  

Duration: Medium 

Low Mid term Negligible High Negligible 

Frequency:  Continuous 

Geo. Extent:  Project Site 

Intensity:  Negligible 

Surface water 

pollution 

Duration: Medium 

Low Mid term Negligible High Negligible 

Frequency:  Reccurent 

Geo. Extent:  Project Site 

Intensity:  Negligible 

Discharge of 

wastewater/water 

Duration: Medium 

Low Mid term Negligible High Negligible Frequency:  Continuous 

Geo. Extent:  Project Site 

Intensity:  Negligible 

7.1.4.3.2 Operation Phase  

No significant adverse impacts on surface water hydrology are anticipated during the operation phase of 

the project. The operation phase does not involve earthworks, excavation, or alteration of natural drainage 
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patterns. Project components are fully constructed and stabilized; therefore, no changes in runoff 

characteristics, flow regimes, or catchment dynamics are expected. 

 

7.1.4.3.3 Decommissioning and Closure Phase  

Decommissioning phase activities are likely to be very similar to the construction phase. Decommissioning 

of infrastructures could have a positive impact if the natural state of the land is recovered. Same 

considerations described for the construction phase are applicable here as well. 

7.1.4.4 Monitoring 

The monitoring program for surface water quality will be based on siteȤspecific risk assessments and 

applicable national water quality standards (Category I and II) consistent with the regulatory framework 

and IFC General EHS Guidelines. The monitoring program for this Project will include the following 

components: 

Â Surface Water Quality & Quantity Monitoring: 

Â Surface water monitoring (quality & flow) will continue at the designated monitoring locations 

identified in the report (see Section 6.1.6). 

Â Monitoring will be bi-annual (one in dry period, one in wet period), reflecting hydrological variability. 

Â Baseline monitoring data will be used to detect any deterioration in water quality. 

Â Results will be periodically reviewed (at least annually) by the JV and/or an independent supervisor. 

Â If significant changes or trends are identified, the root causes will be investigated and corrective 

actions implemented. 

Â All sampling and laboratory analysis will be performed by an independent company or a laboratory 

accredited by MoEUCC. 

Â Monitoring of Surface Runoff & Drainage Effectiveness Near Station Entrances 

Â After heavy rainfall events, the drainage performance around station entrances and portals will be 

assessed. 

Â The efficiency of local water conveyance measures (e.g., small catch drains, portal drainage 

channels) will be evaluated. 

Â Observations will include any ponding, infiltration bypassing, or flow concentration that could 

increase flood risk or introduce contaminants into nearby water bodies. 

Â Verification of Design Measures & Containment Systems 

Â Regular checks will be conducted to ensure that the spill containment systems, wastewater settling 

structures, and temporary drainage elements are installed and functioning as designed. 

Â Where applicable, verification will include:  

Â secondary containment for fuels/oils, 
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Â integrity of concrete or impermeable surfaces in small storage areas, 

Â proper functioning of wastewater collection points, 

Â inspection of minor sediment traps/sumps near portal areas. 

7.1.5 Hydrogeology and Groundwater  

7.1.5.1 Impact Analysis 

7.1.5.1.1 Construction Phase  

Impacts on the hydrogeology and groundwater quality component during the construction phase are 

related to the following impact factors: 

Â Changes in the local hydrogeology, and 

Â Groundwater pollution, and 

Â Discharge of wastewater/water. 

The Project actions related to the abovementioned impact factor are the following: 

Â Tunnel boring activities, 

Â Disposal of waste deriving from construction (including excavated soil). 

All the impact factors identified above are assessed below for the construction phase. 

Â Changes in Local Hydrogeology  

Â With tunnel boring, groundwater inflow can occur when the tunnel constructed in the saturated 

zone. This can be prevented by applying active or passive dewatering operations that aim to reduce 

the groundwater level to a predetermined level, which will change the natural groundwater flow 

regime as a result. In addition, the construction of launch and reception shafts, as well as the 

advancement of the TBM shield and installation of tunnel lining segments, may temporarily act as 

hydraulic barriers, locally altering groundwater flow paths and causing limited drawdown or 

mounding in the vicinity of the tunnel alignment. 

Â If required, groundwater generated from dewatering will be pumped out and collected in settling 

ponds to reduce sediment concentrations. The implementation of total suspended solids (TSS) 

prevention and control strategies should target concentrations of 50 milligrams per litre (mg/L) at 

the point of discharge according to the IFCôs EHS Guideline for Construction Materials Extraction. 

After that a sample will be taken, and if appropriate, it will be discharged to the nearest environment. 

The details of the dewatering plan will be described in the Groundwater Management Procedure 

which will be updated according to the Projectôs requirements. 

Â Discharge of wastewater/water  

Â The potential for groundwater pollution may increase during construction, particularly in areas with 

shallow overburden, if wastewater or constructionȤrelated materials are not properly managed. 

Waste derived from construction activities may cause soil contamination that can infiltrate into 
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groundwater if temporary storage areas for waste and hazardous substances are not adequately 

protected. During construction, pollutants may reach groundwater through infiltration if mitigation 

measures are not fully effective. 

Â Wastewater generated at the construction sites and camps due to personnel water consumption 

may pose a risk to both surface water and groundwater unless improperly managed. Domestic 

wastewater generated during the construction phase of the Project will be discharged into the ISU 

infrastructure network through connections established at the camps and construction sites. The 

Client has completed the necessary correspondence with ISU regarding wastewater, stormwater, 

and potable water network relocations and has obtained the required permits. 

Â Groundwater pollution  

Â The possibility of contamination of aquifers in the event of intentional or accidental discharges of 

hazardous materials to the ground during construction may increase, particularly in sections where 

the groundwater table is shallow or groundwater pressures are elevated. Waste derived from 

construction can lead to groundwater pollution if it is not properly managed. The temporary storage 

of waste and/or hazardous substances deriving from the construction operations, if not properly 

managed, could result in a release of pollutants onto the soil surface/ground.  

Â Accidental leakages from hazardous substances or machine refuelling or maintenance are also 

potential hazards. During construction, pollution may reach groundwater through the soil if the 

effectiveness of the mitigation measures taken cannot be ensured. No particularly hazardous 

material is predicted to be used during construction; accidental spills of pollutants from 

machinery/vehicles would reach groundwater only if the spilt material is in large quantities and the 

material is spilt over a period of time. 

7.1.5.1.2 Operation Phase  

Impacts on this component during the commissioning and operation phase will be same as the construction 

phase and are related to the following impact factors:  

Â Changes in local hydrogeology 

Impacts could be due to the following Project actions:  

Â Presence of the new infrastructure (tunnel). 

All the impact factors identified above are assessed below for the operation phase. 

Changes in local  hydrogeology  

After tunneling construction (i.e.active or passive dewatering operations that aim to reduce the 

groundwater level to a predetermined level), natural groundwater flow could be changed as a result. 

7.1.5.1.3 Decommissioning and Closure Phase  

The impacts during the decommissioning phase are likely to be similar to the construction phase hence 

the activities will be similar to construction activities. The same considerations described for this 

component during the construction phase would be applicable to the decommissioning phase for the 

groundwater pollution impact factor. 
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A new impact is not expected during the decommissioning and closure phase of the Project, other than 

those listed in the construction and operation phases. 

7.1.5.2 Mitigation Measures 

The mitigation measures related to hydrogeology and groundwater quality for the construction, the 

commissioning/operation and decommissioning/closure phase are as follows:  

Â Measures incorporated in the Project Design: 

Â The General Directorate of State Hydraulic Works (DSĶ), General Directorate of Water 

Management (SYGM) and General Directorate of Infrastructure Investments (AYGM) will be 

consulted regarding hydrogeological studies and groundwater quality and any additional studies (if 

needed) will be conducted, where necessary. Hydrogeology will be assessed at sites where 

aquifers may be directly affected or exposed, including tunnel mirrors. 

Â A hydrogeological assessment will be conducted to evaluate potential changes to the regional 

groundwater flow regime resulting from the tunnelling activities. The study will assess whether the 

tunnel alignment, tunnel lining, and associated underground structures may act as partial hydraulic 

barriers that could locally alter groundwater flow paths, create drawdown or mounding, or change 

hydraulic gradient. 

Â Given the presence or potential presence of karstic formations along the tunnel alignment, specific 

attention will be paid to characterizing karst features and conduit flow behavior. The adequacy of 

the proposed tunnel lining, segment gaskets, and support systems in karstic zones will be reviewed 

as part of the hydrogeological assessment to ensure that they provide sufficient resistance against 

potential groundwater inflows and pressure conditions. 

Â In the case of drilling well(s) for water supply or hydrogeological survey, drilling and well 

development operations will be carried out in accordance with American Society for Testing and 

Materials (ASTM) standards. Pollutants (such as oil and fuel) originating from machinery and 

equipment will be prevented from mixing with groundwater. During the preparation of the area 

where the drilling machine can work before drilling, the possible pollutions from the excavation will 

be eliminated. Pumping tests will be performed after drilling operations, within the scope of the 

necessary permits obtained from DSĶ. The most suitable aquifer test for wells will be determined 

according to ASTM D4043-17: Standard Guide for Selection of Aquifer Test Methods in 

Determining Hydraulic Properties by Well Techniques. Hydraulic parameters such as transmissivity 

and storage coefficient will be calculated according to ASTM standards. The effects of continuous 

discharge from wells on the groundwater flow system will be evaluated using the same data. 

Â In case groundwater is encountered during the construction, groundwater will be abstracted from 

the work area by active/passive dewatering studies. Treatment, storage and disposal should be 

done according to regulatory requirements after performing the necessary analyses and obtaining 

relevant permits. 

Â The use of groundwater resources will be subject to DSĶ approval. DSĶ will allow the drilling and 

use of wells for water supply in case the groundwater resource is adequate. Such approvals are 

based on the availability of water supply. 
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Â A Groundwater Monitoring and Management Plan will be prepared and implemented, and the 

impact factor of groundwater depletion will be assessed before any decisions are made regarding 

water supply. 

7.1.5.3 Residual Impacts 

7.1.5.3.1 Construction Phase  

The residual impact on the hydrogeology and groundwater quality component after the application of the 

abovementioned mitigation measures during construction phase is presented in the following table (Table 

7.31). 

Based on the baseline conditions of the assessed components, the Project characteristics, and actions, 

as well as the proper implementation of the mitigation measures proposed above, negligible to low 

negative impact is expected on the hydrogeology and groundwater quality during the construction phase. 

Table 7.31 Impact Evaluation Matrix for Hydrogeology and Groundwater Quality Component 
During Construction Phase After Mitigation  

Impact Factor  Impact Factor Features  Component 

Sensitivity  

Impact 

Reversibility  

Impact 

Value 

Mitigation 

effectiveness  

Residual 

impact 

value  

Changes in Local 

Hydrogeology  

Duration: Medium 

Medium-low Mid term Low  Medium high Negligible  

Frequency:  Continuous 

Geo. Extent:  Local 

Intensity:  Negligible 

Groundwater 

pollution 

Duration: Medium 

Low Mid term Negligible  High Negligible  

Frequency:  Reccurent 

Geo. Extent:  Project Site 

Intensity:  Negligible 

Discharge of 

wastewater/water 

Duration: Medium 

Low Mid term Negligible  High Negligible  

Frequency:  Continuous 

Geo. Extent:  Project Site 

Intensity:  Negligible 

7.1.5.3.2 Operation Phase  

The residual impact on the hydrogeology and groundwater quality component after the application of the 

abovementioned mitigation measures during operation phase is presented in the following table (Table 

7.32). 
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Based on the baseline conditions of the assessed components, the Project characteristics, and actions, 

as well as the proper implementation of the mitigation measures proposed above, negligible negative 

impact is expected on the hydrogeology and groundwater quality during the operation phase. 

Table 7.32 Impact Evaluation Matrix for Hydrogeology and Groundwater Quality Component 
During Operation  Phase After Mitigation  

Impact Factor Impact Factor Features Component 

Sensitivity 

Impact 

Reversibility 

Impact Value Mitigation 

effectiveness 

Residual 

impact 

value 

Changes in 

Local 

Hydrogeology  

Duration: Very long 

Medium-

low 
Mid term Medium  Medium high Negligible  

Frequency:  Continuous 

Geo. Extent:  Local 

Intensity:  Negligible 

7.1.5.3.3 Decommissioning and Closure Phase  

Decommissioning phase activities are likely to be very similar to the construction phase. The same 

considerations described for hydrogeology and groundwater quality during the construction phase would 

be applicable to the decommissioning phase for the groundwater pollution impact factor. 

Decommissioning of infrastructures could have a positive impact if the natural state of the land is 

recovered. 

7.1.5.4 Monitoring 

Since the monitoring measures described in this section apply to both the construction and operation 

periods, they are presented together below. Given that the Project is located entirely within a dense urban 

area, the monitoring programme focuses on shallow groundwater behavior around shafts, stations, and 

tunnel sections, as well as potential interactions with existing underground infrastructure. 

Â Monitoring of groundwater resources will be carried out seasonally in accordance with guidelines 

developed following hydrogeological investigations. These guidelines will be prepared with 

reference to the Guidance on Groundwater Monitoring, Common Implementation Strategy for the 

Water Framework Directive (2000/60/EC) and will include: 

Â Identification of sensitive receptors within the zone of influence, including underground utilities, 

building foundations, basements, and any existing registered wells (if any) in the urban area, 

Â Seasonal periodic monitoring of groundwater quantity and quality at and around shafts and station 

excavations during the construction period, 

Â Monitoring of groundwater discharge points (e.g., drainage manholes, ISU connection points) 

during construction and operation, 

Â Seasonal periodic monitoring of groundwater levels to assess seasonal variability and potential 

construction-related fluctuations in the urban setting. 
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Â Groundwater monitoring will continue at the locations defined in Section 6.1.7 during both 

construction and operation. If the programme is expanded, the shallow groundwater bodies and 

geological units identified in the same studies will be taken into consideration. Collected 

groundwater quantity and quality data will be analysed to identify any trends. The data will be 

reviewed at least annually by the Client and/or an independent supervisor to evaluate site 

conditions and detect any significant changes. If notable trends are observed, potential causes will 

be investigated and corrective measures will be implemented as necessary. 

Â During monitoring, groundwater levels will be measured using manual dip meters or automatic 

internal transmitters. Monitoring and sampling activities will be performed by an independent 

company or a laboratory accredited by the Ministry of Environment, Urbanisation and Climate 

Change (MoEUCC). 

Â Design checks will be conducted to ensure that all environmental protection measures required for 

urban construction works (e.g. concrete pavements in storage areas, containment structures, 

collection pits) are in place. 

Â Training on spill response, containment, and the proper use of cleanȤup materials for workers 

(including subcontractor personnel) will be delivered and recorded. 

Â Routine inspections will be carried out at construction sites to verify that adequate spillȤresponse 

materials (e.g. spill kits, absorbent pads, containment trays) are available onȤsite and in heavy 

machinery. Records of these inspections will be maintained. 

Â A routine maintenance programme will be established for all vehicles and machinery/equipment, 

and maintenance records will be kept. 

7.1.6 Air Quality  

7.1.6.1 Air Quality Modelling Methodology 

The construction phase emissions were calculated, and atmospheric dispersion of air pollutants were 

simulated by using air emission dispersion model, namely AERMOD (American Meteorological 

Society/Environmental Protection Agency Regulatory Model).  

AERMOD is a steady-state Gaussian dispersion model that represents the current state-of-the-science 

and preferred dispersion model of the U.S. EPA (U.S. Environmental Protection Agency). The model 

forecasts dispersion of the pollutants in the atmosphere, through mathematical formulations1 which take 

into account the i) hourly meteorological data (for at least one-year period), ii) topographical data for the 

modelling domain and receptor network, and iii) pollutant source data, which are described below in detail. 

AERMOD, together with these data, estimates the concentration of pollutants at specified ground-level 

receptors surrounding an emissions source. AERMOD model is capable of calculating both short-term and 

long-term averages for any user-defined period. 

AERMOD atmospheric dispersion modelling system includes 3 modules. These are; 

Â AERMOD 

 
1https://www3.epa.gov/scram001/7thconf/aermod/aermod_mfd.pdf 
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Â AERMAP, and  

Â AERMET. 

AERMOD is a linear, steady state Plume modelling. It also has Gaussian Plume characteristics. AERMOD 

Modelling system can be applied in many different resource types. It incorporates advanced algorithms 

such as plume rise and buoyancy, penetration in the rising inversion, surface level at the source, vertical 

profile of the winds, turbulence and heat, and land effect. The performance of the AERMOD program may 

vary according to the land topography and different emission sources. It can give realistic results at high 

concentrations. 

AERMAP is a terrain preprocessor. Its main purpose is to provide a physical relationship between air 

pollution behavior and terrain properties. It generates position and elevation data for each peak location.  

AERMET is a meteorological data preprocessor. It accepts surface meteorological data and upper 

atmosphere layer data. AERMET calculates the atmospheric parameters required for the dispersion model 

such as atmospheric turbulence characteristics, friction velocity and heights. AERMOD requires hourly 

meteorological data in the upper atmosphere layer to simulate pollutant dispersion. 

7.1.6.1.1 Meteorological Data  

AERMOD model uses ñhourly meteorologicalò data in order to define rising pollutant cloud, movement and 

accumulation. AERMET, the meteorological pre-processor of AERMOD model, requires two types of 

meteorological data inputs: hourly surface observations and twice-daily upper air soundings.  

During the evaluation of representative meteorological station and year for the Project, General Directorate 

of Meteorology had been verbally consulted for the determination of the meteorological stations and the 

meteorological data year that is representative of the long-term meteorological conditions in the region. 

The hourly data of Kocaeli Meteorological Station (station number for 17066) 2020 data was used in the 

modelling studies. 

To produce AERMET required data files; meteorological data are obtained from existing meteorology 

stations in the region. For the AERMOD model, hourly surface station data measured at air conditioning, 

synoptic or automatic type stations and meteorological sounding data measured at rawinsonde type 

stations are required. Hourly meteorological data sets had been obtained from Koceli Meteorology Station 

and the upper air meteorological data set from Ķstanbul Regional Meteorology Station. Regional 

characteristics, such as surface roughness coefficient, Bowen ratio and albedo had been determined with 

regards to EPA AERMET user manual. 

The annual and long-term wind roses are presented in Figure 7.26. According to the data from Kocaeli 

Meteorology Station between 2016 and 2025, dominant wind direction is blowing from east (E) direction, 

second degree dominant wind direction is blowing from northeast (NE) direction. 
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Figure  7.26: Wind Diagram Belonging to 20 20 from Koc aeli  Meteorological Station  

 

7.1.6.1.2 Receptors and Topography  

AERMOD model requires the definition of an impact (modelling) domain and the subdivision of this domain 

into receptor points representing environmental receptors. 

To determine the modelling domain, a 1-km buffer zone drawn in all directions from each station and 

storage area was initially defined as the facility impact area. The facility impact areas are presented in 

Figure 7.27 

By combining the individual impact areas at each station, a modelling domain approximately 29 km in 

length and 6 km in width was defined. The overall modelling domain is presented in Figure 7.28  

Within the modelling domain, a total of 1,482 grid receptor points were generated at 200-m intervals. The 

receptor points are presented in Figure 7.29. 

Moreover, the coordinates of the baseline air quality measurement points were defined as discrete 

receptors where the contribution values to air pollution were calculated in the model runs, are given in 

Table 7.33. 

Table 7.33: Coordinates of Discrete Receptors (Sensitive Receptors) Included in the Model  

Measurement 
Locations  

Coordinates  

(X-Y) (WGS 84) 

Settlement  / 
Neighbourhood  

Receptor 
Type  

Nearest 
Project 

Component  

Distance to 
Nearest 
Project 

Component 

(m) 

Status of 
Construction 

Activities 
During the 

Measurement 
Period  

AQ-1 40.770185° 29.760648° Yarēmca Residential Station 5 Ongoing 

AQ-2 40.763685° 29.782658° Yarēmca Residential Station 300 No Activity 

AQ-3 40.761858° 29.803863° Sērrēpaĸa Residential Station 520 Ongoing 
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Measurement 
Locations  

Coordinates  

(X-Y) (WGS 84) 

Settlement  / 
Neighbourhood  

Receptor 
Type  

Nearest 
Project 

Component  

Distance to 
Nearest 
Project 

Component 
(m) 

Status of 
Construction 

Activities 
During the 

Measurement 
Period  

AQ-4 40.757960° 29.815691° Sērrēpaĸa Residential Station 280 Ongoing 

AQ-5 40.763279° 29.833922° ¢ēnarlē Residential Station 680 Ongoing 

AQ-6 40.762975° 29.852489° ¢enedaĵ Residential Station 75 Ongoing 

AQ-7 40.761993° 29.876325° Yenimahalle Residential Station 85 Ongoing 

AQ-8 40.763965° 29.897289° Yenidoĵan Residential Station 125 Ongoing 

AQ-9 40.763384° 29.914775° Kozluk Residential Station 50 Ongoing 

AQ-10 40.766519° 29.926840° Hacē Hēzēr Residential Station 120 Ongoing 

AQ-11 40.767281° 29.941027° ķ.Kadēkºy Residential Station 60 Ongoing 

AQ-12 40.773911° 29.951435° Mehmetalipaĸa Residential Station 15 Ongoing 

AQ-13 40.775732° 29.970483° Mehmetalipaĸa Residential Station 60 Ongoing 

AQ-14 40.765857° 29.974336° Mehmetalipaĸa Residential Station 150 No Activity 

AQ-15 40.764079° 29.981905° Mehmetalipaĸa Residential Station 420 No Activity 

AQ-16 40.759442° 30.016598° Dumlupēnar Residential Station 800 No Activity 

AQ-17 40.754528° 30.024033° 
ķ.Uzunbey 
Kumla­iftliĵi 

Residential Station 30 No Activity 

AQ-18 40.747241° 30.046892° Emekevler Residential Station 250 No Activity 

AQ-19 40.745822° 30.062220° ķ.¢iftlik Residential Station 150 No Activity 

AQ-20 40.789460° 29.945728° ķ.G¿ndoĵdu Residential Camp Site 360 No Activity 

 

The topographic data used as input for the AERMOD model were obtained from the Shuttle Radar 

Topography Mission (SRTM) 1 Arc-Second Global Version 3 dataset developed by NASA. This dataset 

provides a global digital elevation model (DEM) with a spatial resolution of approximately 30 m. 

The topographic data used in the air quality modelling studies conducted within the scope of the project 

were obtained through the AERMAP terrain preprocessor, which calculates the ground elevation and peak 

elevation scale parameters for each emission source and receptor point. These parameters were 

integrated into the AERMOD air quality dispersion model to account for the effects of topography on 

pollutant transport and dispersion. 

Thanks to the Digital Elevation Model (DEM) data processed using AERMAP, the existing elevation and 

slope variations across the project area and the impact area have been represented within the model. 

Accordingly, by taking into account the effects of local topographic conditions on the dispersion of air 

pollutants, a more realistic assessment of the potential impacts on air quality has been ensured. 
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Figure  7.27: Facility Impact Area Map  
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Figure  7.28: Satellite Image showing  the Modeling Area  

 
























































































































































