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Abbreviations

Abbreviations and Definitions

Abbreviation Description

i Met-Gze-At i s | Metgln-Eze-Atis Joint Venture

or ACIient ¢

Metgin Met g¢n Knkaat Taahhg¢gt ve Ticaret A.

Eze Eze Knkaat A. k.

Atis Ati s Asfalt Taahhg¢t Knkaat Sanayi v

WSP WSP Danékmanl ék ve M¢cghendi sl i k Ltd.

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
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/. IMPACT ASSESSMENT

7.1 Physical Components

7.1.1 Geology and Geomorphology

7.1.1.1 Impact Analysis

71111 Construction Phase
During the construction phase, impacts will be mainly associated with the following impact factor:
A Change in the local morphology

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

>

Surface levelling and grading,

>

Temporary stockpiling of material, and
A 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 ofthest r uct ur es® f oundati ons.

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:

Kocaeli North Light-Rail Transit (Kdrfezray Metro) Project
Environmental and Social Impact Assessment Report i Chapter 7.1 - Physical Impact
2025-05-20 | 25753037_Final_Rev00 10
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A - Worksite wildl be minimized to the small est
activities;
A The flattening and excavation operation will be minimized to the extent possible in order to limit the

morphological disturbances;

A 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;
A 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

7.1.13.1 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 Impact Factor Features Component | Impact Impact Value Mitigation Residual

Factor Sensitivity Reversibility effectiveness | impact
value

Duration: Medium

Changesin | Frequency:  Continuous _ o _ o
the local - - Low Mid term Negligible High Negligible
morphology | ©€0- 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.

A 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.

Kocaeli North Light-Rail Transit (Kdrfezray Metro) Project
Environmental and Social Impact Assessment Report i Chapter 7.1 - Physical Impact
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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 earlyZvarning 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:

A

3D total station (reflective prism) measurements can monitor three-dimensional displacements at
the surface and within the tunnel. The system is suitable for:

Monitoring surface settlements and horizontal displacements,
Measuring tunnel convergence and lining movements,

Providing millimetric early warning in critical zones,

Supporting realZime alerts when defined thresholds are exceeded.

Chain inclinometers particularly at portals, shafts, and other highZisk locations where distributed
deformation must be monitored along a continuous profile will be deployed. This method enables:

Recording gradual rotational changes along the installation line,
Detecting shear plane development and progressive deformation,
Continuous automated monitoring in areas with potential instability.

Conventional inclinometers in boreholes along the tunnel alignment are used to monitor deep
horizontal ground movement. This instrument allows:

Identification of deepZeated shear zones and slip surfaces,
Tracking lateral ground displacement over time,
Assessing the influence of tunnel excavation on surrounding ground and structures.

Use of MPBX instruments is widely used to monitor deformation of the ground at different depths
around the tunnel. This instrument allows:

Detection of relaxation zones forming after excavation.

Determination of the depth of influence around the tunnel boundary.
Assessment of support system effectiveness and groundi support interaction.
Installation of embedded strain gauges in selected precast segments is used for:
Measurement of stressi strain development within the lining.

Monitoring effects of TBM thrust forces and backfill grouting.

Early identification of asymmetric loading or potential structural distress.

Verification of segmental lining design assumptions.

Kocaeli North Light-Rail Transit (Kdrfezray Metro) Project
Environmental and Social Impact Assessment Report i Chapter 7.1 - Physical Impact
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A InSAR monitoring is used to observe largezrea surface deformation along the tunnel corridor. This
instrument allows:

A Detection of settlement or uplift over wide areas.
A Identification of longZerm, slowZnoving deformation trends.
A Providing regional deformation overview complementing pointdased instrumentation.

A 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:

A 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
whichés summary is presented bel ow, was prepare
Ministry of Infrastructure and Urbanization in 2025.

A 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.

A Modification in the local morphology

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

b=

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

b=

Temporary stockpiling of material, and

A Construction of the metro line.

71211 Seismicity

Seismic Hazard Calculations and the Acquisition of Scaled Seismic Recording Sets Report, of whic
summary is presented below, was prepared by PROTA Muhendislik. This report presents the siteZpecific
probabilistic seismic hazard analyses and scaled groundZnotion selection conducted for the Project.
Response spectra for 1444ear (DD2Za), 4754ear (DDZ2), and 2475%ear (DDZ) 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 siteZpecific analysis versus the generalized assumptions in the code spectra. To

Kocaeli North Light-Rail Transit (Kdrfezray Metro) Project
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satisfy TDY20 Clause 2.7.2, envelope spectra that encompass siteZpecific results while maintaining at
least 90% of the codedased spectral values were developed. Based on the final target spectra, regionally
consistent groundznotion records were selected and scaled in accordance with TDY20 Clause 2.8.3.2,
with DDZ level twoZomponent records provided in the electronic annexes. The results represent
seismicAhaking hazard only and are valid under the assumed geotechnical conditions; any changes in
subsurface properties will require reZvaluation.

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 slipZate information derived primarily from the elastic block models
of Aktuj et al. (2009) and Reilinger et al. (2006), which served as the main references for slipZate
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 Europeanstandard SHARE Project database and supplemented by the nationalcale UDAPZAZZ2 346
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 Nor t h Anat ol i &AAFZOF)aul
Middle Strand, the NAFZ Southern Strand, and the inland faults of Western Anatolia. Due to their critical
proximity, the struct ur adstheviimutlu Peninsuldweere é\alnated with kighB a s |
precision.

The ¢énarcék Basin |lies approximately 15 km south
PullZApart Basin. Although tectonic models suggest varying deformation mechanisms, GPSzased studies
indicate an extensional rate of 81 10 mm/year. However, as summarized in PROTA (2025), a normalZault

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

The Esenkdy, Orhangazi, Yalova, and Yalakdere Faults, located within the wedge between the NAFZ
Northern and Middle Strands, have limited slipZate data. The Esenkdy 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 west4oZast increase in slip rates, proposing values of 2 mm/year
for the BigaZ;an segment, 4 mm/year for the SinekgiZ=dincik segment, and 5 mm/year for the Gengali and
Geyve segments. For the Saré&ody 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 strikelip deformation, slip rates were assigned as 2 mm/year
for the Geyve and knikaMekece faults, 1 mm/year for the Gencgali Fault, 3.5 mm/year for the Gemlik Fault,
and 1 mml/year for the Zeytinbaj] #Band&ma, Sinekci, and Edincik faults. The BigaZ;an 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 2i 3 mm/year (Flerit et al., 2004; Utkucu et al., 2011). In contrast, the elastic
mod el by Aktu] et al .betwe2ni30@mm/ysau Withia theé BRROTAA2026¢ seismic
hazard study, the Ulubat Faultd exhibiting rightdateral strike&lip combined with reverse faultingd was
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modeled with a slip rate of 4 mm/year. The rightdateral 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 YeniceZs6nen Fault, 1 mm/year for the Pazarkdy Fault, and 1.5 mm/year for the
western HavranZBalya Zone. The Manyas Fault, characterized by normal faulting, was assigned 4
mm/year, while the eastern HavranZBalya Zone and the Kepsut and Gokgeyazésegments of the Bal&esir
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 strikelip interactions. The Bergama Fault and the SomaZé&kaj a¢c Fault Zone,
located between the BergamaZeytindaj Zone and the Simav Fault, strike Ei W and exhibit dominant
normal faulting. Although Paradisopoulou et al. (2010) suggested a slip rate of 3 mm/year and Aktuj 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 east4ying normal fault system with limited available data, Reilinger et
al. (2006) estimated a slip rate of 0.7 £ 0.3 mml/year; therefore, a safetydriented rate of 1 mm/year was
used in the analyses. The Eskikehir Fault, a major structure with normal and rightdateral strike&lip
components, exhibits rates of 1i 2 mm/year (Altunel & Barka, 1998), while Kogyij it (2005) reported a very
low normal component of 0.077 0.13 mm/year. In the hazard study, slip rates of 1.3 mm/year for the
Eskikehir Fault and 0.7 mm/year for the Dodurga Fai

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, slipZate estimates

were derived using regional analogues, the SHARE Project database, elastic block models for Turkiye
(Aktuj et al ., 20009; Reilinger e X236 Project2(Akkag gt,al., a nd
2014), as summarized in PROTA (2025).
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Figure 7.1  Kinematic Elastic Block Model of Western T trkiye ( Akt uj, 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 groundZnotion 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 ground4notion 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 sourceZnodelling approaches, both of which were developed
and applied separately within PROTA (2025):

A the areal seismic source model of k e Kk e t y a (201&),tanda |

A the lineardource model supplemented by spatially smoothed seismicity following De mi r ci o] | u
al. (2018).

These two source representations were used independently in the seismic hazard analyses to ensure
robustness, crossZerification, 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 (J.and {,) 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 Mmax Leve | Upper

BGRASO032 3.455 0.83 0.069 0.041 6.3+0.3 0 20 2,10, 18
BGRASO043 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
BGRASO078 3.000 0.80 0.046 0.070 7.3+0.3 0 20 2,10, 18
GEOASO019 4.644 1.14 0.034 0.107 7.3+0.3 0 30 5,15,25
GRCASO053 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

GRCASO064 3.010 0.72 0.134 0.027 7.3+0.3 0 20 2,10, 18
GRCASO080 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
TURASO004 3.011 0.76 0.134 0.027 7.3+0.3 0 20 2,10, 18
TURASO005 3.700 0.75 0.069 0.041 8.0+0.3 0 25 5,12,18
TURASO07 3.333 0.95 0.038 0.074 7.3+0.3 0 20 2,10, 18
TURASO013 3.587 0.79 0.073 0.040 7.7+0.3 0 20 2,10, 18
TURASO034 4.300 1.10 0.038 0.074 6.3+0.3 0 15 2,8,12

TURASO049 3.770 0.91 0.073 0.040 7.3+0.3 0 20 2,10, 18
TURASO050 3.190 0.93 0.134 0.027 7.3+0.3 0 20 2,10, 18
TURASO51 3.422 0.93 0.134 0.027 6.3+0.3 0 15 2,8,12

TURASO052 4.630 1.01 0.134 0.027 7.3+0.3 0 15 2,8,12

TURASO71 2.600 0.83 0.073 0.040 7.3+0.3 0 20 2,10, 18
TURASO72 4.000 1.00 0.134 0.027 6.3+0.3 0 15 2,8,12

TURASO073 3.384 0.87 0.134 0.027 7.3+0.3 0 20 2,10, 18
TURASO075 3.600 1.00 0.134 0.027 6.3+0.3 0 20 2,10, 18
TURASO77 2.873 0.82 0.073 0.040 7.3x0.3 0 20 2,10, 18
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Source Area Mmax Leve | Upper

TURAS092 3.052 0.83 0.038 0.074 6.3+0.3 0 20 2,10, 18
TURASO093 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
TURASO096 3.501 0.94 0.134 0.027 7.3+0.3 0 15 2,8,12
TURASO097 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 linearZource and spatially
smoothed seismicity model developed by Demircioj lu 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 linear&ource and spatially smoothed seismicity modelling approach, as
applied in PROTA (2025), follows the assumption introduced by Demircioj lu et al. (2018): earthquakes
with magnitudes Mw 06.0 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 wellzlefined fault systems and distributed background seismicity are represented consistently within
the probabilistic seismic hazard framework summarized in the report.

Kocaeli North Light-Rail Transit (Kdrfezray Metro) Project
Environmental and Social Impact Assessment Report i Chapter 7.1 - Physical Impact
2025-05-20 | 25753037_Final_Rev00 18



% Project Site Center
7 ["_-I Boundary 300 km
71 Boundary 50 km

.|~ 2] Boundary 25 km

| =— Fault Sources

| a] Srface

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 ( De mi r ci o] | u. ,The epatially smoothe®seidnic)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 & Gulkan, 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 quasigeriodic 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 timeZlependent earthquake
recurrence models, which better reflect the renewal characteristics observed on faults with
wellZlocumented 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 momentZapacity 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 GMPESs 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 Abbreviation Main M, interval R type and Components | Period
Equation S Region(s) Rmax (km) * A Interval
Abrahamson | ASK14 Global 3.0-8.5 Rrup, 300 PGA, PGV, 0-10s
et al. (2014) PSA
RotD50
Boore et al. BSSA14 Global 3.0-8.5 Rss, 300 PGA, PGV, 0-10s
(2014) PSA
RotD50
Chiou and Yo | CY14 Global 3.5-85 Rrup, 300 PGA, PGV, 0-10s
ungs (2014) PSA
RotD50
Kale et al. KAAH15 Tarkiye 4.0-8.0 R, 200 PGA, PGV, 0-4s
(2015) PSA
GM
Akkar et al. ASB14 Europe and 4.0-8.0 RJB, 200 PGA, PGV, 0-4s
(2014) Middle East PSA
GM
* R: distance, Rmax: maximum distance, RJB: Joyner-Boore distance, RRUP: closest distance to the fault rupture
A PGA: Maxi mum ground acceleration, PGV: maxi mum ground speed,

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 (GMPESs) 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
Kocaeli North Light-Rail Transit (Kdrfezray Metro) Project
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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.

Seismotectonic median model median model median model
Regime T<3.0s 3.0s<T=<10.0s PGV

[0.20) [0.40] [0.15]

ASK14 ASK14 ASK14
[0.20] [0.30] [0.05]

BSSA14 BSSA14 BSSA14
Active Shallow  [[1/1] 1[0.20] [0.15)
Earthquake Tectonics Cris eyl £y1a

[0.20] [0.25]

|
i

KAAH15 KAAH15

[0.20] [0.40]

ASB14 ASB14

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

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

2025)

Seismitectonic Ground Motion Estimation Logic Tree Weight Logic Tree Logic Tree
Regime Equation TO3s Weight T>8s Weight PGV
Active Shallow Abrahamson et al. (2014) 0.20 0.40 0.15
Earthquake
Tectonics 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 (PSHAQ 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
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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
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 144470 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 Turkiye (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 Seismic Site-Specific
ID Surface

TO1 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
TO02 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
TO3 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
TO4 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
TO5 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
TO6 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
TO7 DD-2a 0.3990 0.9904 0.2140 28.6 0.3780 0.8835 0.2249 255
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
TO8 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
TO9 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 Seismic Site-Specific
ID Surface

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 50.1
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 designdevel 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 nearZault
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, nearZault effects are reflected as a linear increase in spectral ordinates
between T=0.5sand 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 Turkiye (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 (DD2a), 475 years
(DD2), and 2475 years (DDZ.). As summarized in the report, the exceedance probabilities in 50 years for
the spectral ordinates associated with the DDZ., DD2, and DDZ2a 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 siteZpecific calculations of Peak Ground Acceleration (fFPGAQ, Peak
Ground Velocity (fFPGVQ, and spectral acceleration ordinates for each tunnel section, based on the
relevant shear4vave velocity values along the alignment. The horizontal groundZnotion components of
these calculated ordinates were defined in terms of the geometric meand or more precisely, the
orientationdndependent RotD50 component (Boore, 2010)d consistent with the conventions of the
groundZnotion prediction equations used in the analysis. Since TDY20 defines horizontal ground motion
in terms of the maximum direction, the RotD50 (or geometricAnean) components were converted to the
maximumd4lirection values through the application of the periodZlependent coefficients proposed by Shabhi
& Baker (2014), subsequently refined by the smoothing procedures in NEHRP20 (Building Seismic Safety
Council, 2020).

Additionally, the siteZpecific spectral ordinates were made fully compatible with TDY20 by incorporating
nearZault directivity effects, also detailed within the PROTA (2025) report. For each tunnel section, the
corresponding nearZault directivity factors were applied to obtain the final TDY20Zonsistent
maximumdZlirection values. Within this context, the PGA, PGV, siteAndependent acceleration at T=1.0 s
(S1Njand the siteZlependent shortzeriod and T = 1.0 s spectral acceleration parameters (SDS and SD1)
- all including maximumZ4lirection 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 Site-Specific
Surface

TO1 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
TO3 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
TO4 DD2a 6.1193 0.7023 1.5533 0.3078
DD2 9.7580 1.3006 2.5132 0.5799
DD1 154371 2.2136 4.0218 1.0844
TO5 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
TO6 DD2a 5.3423 0.5108 1.3505 0.3546
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Tunnel ID Seismic Site-Specific
Surface

DD2 8.7313 0.9287 2.2611 0.6588
DD1 14.0476 1.5640 3.7351 1.2240
TO7 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
TO8 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
TO9 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 24312
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' (9)
TO1 DD2a 0.3126
DD2 0.5931
DD1 1.1172
TO2 DD2a 0.3091
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Tunnel ID Seismic Surface Site-Specific
S1'(9)
DD2 0.5837
DD1 1.0950
T03 DD2a 0.3143
DD2 0.5960
DD1 1.1211
TO4 DD2a 0.3078
DD2 0.5799
DD1 1.0844
TO5 DD2a 0.3061
DD2 0.5749
DD1 1.0723
TO6 DD2a 0.2978
DD2 0.5536
DD1 1.0276
TO7 DD2a 0.2828
DD2 0.5160
DD1 0.9536
T08 DD2a 0.2808
DD2 0.5111
DD1 0.9431
TO9 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'(9)
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 DD2Za, DD2, and DDZAd corresponding to return periods of 144, 475, and 2475 yearsd are
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 site&pecific seismic hazard calculations. For comparison
with codedased 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 soll
amplification factors determined according to the TDY20 soil classification. All spectral values, soll
amplification procedures, and comparison methodologies presented in this section are directly taken from
or summarized from the aboveZeferenced 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

TO1 DD2a 1.1514 0.6926
DD2 1.9932 1.1987
DD1 3.5100 2.2356
TO2 DD2a 1.1499 0.6922
DD2 1.9872 1.1961
DD1 3.4992 2.2250
TO3 DD2a 1.1577 0.6963
DD2 2.0052 1.2067
DD1 3.5244 2.2383
TO4 DD2a 1.3002 0.5367
DD2 2.3933 0.9872
DD1 4.1976 1.8258
TOS DD2a 1.1550 0.6949
DD2 1.9944 1.1987
DD1 3.4920 2.2065
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Tunnel ID Seismic Surface Underground

TO6 DD2a 1.2943 0.5358
DD2 2.3832 0.9828
DD1 4.1659 1.8040
TO7 DD2a 1.2722 0.5262
DD2 2.3443 0.9675
DD1 4.0896 1.7712
TO8 DD2a 1.1378 0.6833
DD2 1.9476 1.1722
DD1 3.3972 2.1428
T0O9 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 designzasis values were obtained by comparing the siteApecific results presented in
the SiteZSpecific Probabilistic Earthquake Hazard Calculation Results with the TDY20 values listed in the
TDY20 Calculation Results. In these evaluations, the TDY20 requirement stating that siteZpecific
earthquake groundZnotion spectra must not fall below 90% of the corresponding codedased design
spectrum ordinates was taken into account. Accordingly, an envelope spectrum was adopted that covers
the siteZpecific seismic hazard calculation results along the project alignment while remaining at least
90% of the TDY20 uniformzhazard 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 Underground V szo
Surface
Sps (9) Sp1 () PGV -vs (m/s)
TO1 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
TO3 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
TO4 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
TO5 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
TO6 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 Underground V szo
Surface

PGV -vs (m/s)

DD1 1.1597 3.7493 1.6236 14.7124 2.0468
TO7 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
TO8 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
TO9 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 25724 1.0608 9.9689 1.2955
DD1 1.1976 41272 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 groundZnotion 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 TO1 Tunnel
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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
15 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 TO5 Tunnel

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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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 TO8 Tunnel

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
15 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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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

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
15 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

7.1.2.1.15 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 S04Z uprakZPetkim and S22ZDzdilek for use in the calculation of designzasis earthquake
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parameters and engineeringzdedrockZdevel design spectra. Based on MASW and ReMi geophysical
measurements, the average shearZvave velocities (Vszo) at each location were derived from the ground
surface for designarameter calculations and at the engineeringdedrock level for timeZlomain
groundZ4notion analyses.

The critical Vs3o values selected as representative for each station section were used as inputs in the
seismicity studies. In the calculation of designasis spectra and parameters required by TDY20, the soil
classes defined in TBDY 2018 were applied.

The station&pecific soil properties obtained from PROTA (2025) (Table 7.15) indicate that, along most of
the alignment, the nearzurface soil conditions (Basis for Design Parameter) fall predominantly within the
fZD i MediumzZiense to dense sand, gravel or very stiff clay layers (180 m/s OV sz < 360 m/s)oand fZC
i Very dense sand, gravel and hard clay layers or weathered, highly fractured weak rock (360 m/s OVszo
< 760 m/s)0categories.

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

Station ID | Location Latitude Longitude Bedrock Based on Design
Vs (m/s) Parameters
Vsso (M/S)
S04 T ¢ p FPatkim 40.77079 29.76153 760 420
S05 Korfez 40.76197 29.78589 620 365
S06 95 Evler 40.75831 29.79925 460 324
S07 Derince Training 40.76027 29.81378 680 338
Research Hospital
S08 Derince 40.75763 29.83063 620 307
S09 Derince Nat i on 6 9 40.76217 29.85316 760 360
Garden
S10 Kur u- ek me 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 Cumbhuriyet Park 40.76616 29.92869 648 415
S14 Mi | | iPaKr ad e | 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 Fendeéekl é 40.75705 30.00547 515 255
S20 Kartepe 40.75382 30.02313 525 277
S21 Kzmit Doju 40.74966 30.04718 450 316
S22 Ozdilek 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 ([JHSQ 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 Vszo= 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 Site -Specific

o

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 Site-Specific

Surface
PGA (9) PGA (9)
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 Site-Specific

Surface
PGA (9) PGA (9)
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.

T, = 144 year-DD-2a T, = 475 year-DD-2
1 1

1 L 1 1 1 1 1 1

L 1 1 1 1 1

1.6 —+—!

Modification Factor

o 1 2 3 4 5 6 7 8 9 10 o 1 2 3 4 5 6 7 8 9 10

CALTRANS (2019)
= = = Shahi and Baker (2013)
Bayless et al. (2020)
Suggested Model

Modification Factor

0 1 2 3 4 5 6 7 8 9 10
Period (s)

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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Tr = 144 year Tr =475 year Tr = 2475 year

DD-2a DD-2 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
15 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 accelerationfor T=1.0s(S:16 ) , a-degendemt shert-period
and T = 1.0 s period acceleration values (Sps and Sp1), 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 1D Site-Specific Site-Specific

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 15134 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

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 24114 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 1D Seismic Surface Site -Specific
SINC);
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
S:' (9)
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-16 corresponding to return periods of
144, 475, and 2475 yearsd based 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 (Vsso = 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

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 41976 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

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

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

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 Based on Design Parameters
Surface

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
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Station ID | Seismic Based on Design Parameters
Surface

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 24114 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 (My) 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 ¢ p rPetkim Station, selected to reflect the general behavior.

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

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
15 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 ( Sandékkaya, et
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, etal., 2021))as foll ow®: 7680 ©OhMrtest distance tosQ he
50 km; and average shear wave velocity correspondi
Vs0 800 m/s. Additionally, the maximum usable peric
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 natur al l ogarithmic s0320%ahéhr d ¢
15.1 - 0.487 from the studies of Afshari & Stewart (2016) and Sa n d € k k a y a20%/), iddpdctvely.
By combining the results of the two studies, a [median-10G] | ower bound value of

this context, efforts were made to select earthquake records such that their Ds.os05 Values exhibit a
distribution above the lower bound of this range. The median and \sigma values for Arias Intensity |, were
also calculated as 2.590 m/s and 1.289 accordingtothe studybySa n d € k k a y §201&). Thk[keatlian
-14] lower bound value for this parameter was obt ai

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
I 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,
San1 and Sawp 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) = |7|_ [SaHl(Ti)]2+[ SaHZ(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 7 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=0.27 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, Rsg, Vsso, 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 (Ds.95%), and Arias Intensity measure (I1a) 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 | Earthquake Name Ds-95%

No

143 Tabas, Iran 735 | 1.8 767 RV 0.94 8.0 6.2 | 164 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 | 202 |8.0 26 |85 2.09
1521 Chi-Chi, Taiwan 762 | 0.0 672 RV 2.51 114 | - 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 |Pazar cék 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 Earthquake Name Ds.-95%

(\[o]

143 Tabas, Iran 735 | 1.8 767 RV | 148 | 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 3.97 114 | - 245 3.00
4031 San Simeon, CA 6.52 | 5.1 411 RV 3.57 114 | - 9.9 1.65
4866 Chuetsu-oki 6.80 | 0.0 338 RV | 371 |89 - 13.7 1.83
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Tr= 2475 year (DD-1)

184152 Pazarcék 7.80 | 9.6 346 SS 2.34 38.8 | 3.3 | 39.8 4.49

184280 Pazarcék 7.80 | 04 688 SS 2.27 36.0 |93 |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

143 Tabas, Iran 7.35 1.52 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 | 4.09 114 | - 24.5 3.00
4031 San Simeon, CA 6.52 | 5.1 411 RV 3.68 114 | - 9.9 1.65
4866 Chuetsu-oki 6.80 | 0.0 338 RV |384 |89 - 13.7 1.83
184152 |Pazar cék 7.80 | 9.6 346 SS | 242 |388 |33 |398 4.49
184280 |Pazar cék 7.80 | 04 688 SS | 234 |360 |93 |165 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 Earthquake Name

No

313 Corinth, Greece 6.60 | 10.0 361 NM | 5.00 4.0 - 14.7 | 0.69
1521 Chi-Chi, Taiwan 762 | 0.0 672 RV 4.14 114 | - 24.5 3.00
4031 San Simeon, CA 6.52 | 51 411 RV 3.73 114 | - 9.9 1.65
6890 Darfield, New Zea. 7.00 | 18.0 204 SS 4.33 133 | - 17.9 1.10
6897 Darfield, New Zea. 7.00 |53 296 SS 4.71 133 | 7.8 18.8 2.07
184152 Pazarcek 7.80 | 9.6 346 SS 2.44 38.8 | 3.3 39.8 4.49
184283 Pazarcek 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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A 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 filing(Ha t a ! Bakvur u kay)equawseuihrusm(&igue d.&), subsidence
and to apply engineering measures such as pre-grouting, jet-grouting, probe drilling, dewatering,
drainage piping etc.
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Figure 7.6  Collapse of Loose Filling Material and TBM Jamming in a Karstic Cave (Zarei, et al.,
2012)
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Figure 7.7  Groundwater Inrush and Tunnel Flooding  (Zarei, et al., 2012)

A 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.

A Localized structural reinforcement will be used in zones with elevated geohazard risk, such as
faulted areas, weak geological units, or shallow cover sections.

A KarstApecific mitigation will involve cavity filling with lowZnobility grouts, staged excavation in
highly voided zones, and implementation of contingency plans for unexpected void breakthroughs
or sudden water inflow.

A Emergency Preparedness and Response Plan will be prepared for siteApecific 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.

N EESIE]
Impact Component Impact Impact Mitigation .
Impact Factor Features B S : impact
Factor Sensitivity Reversibility Value effectiveness value
Duration: Medium
Changes in Frequency: Single Event _ _ _
the local - Medium Long term Medium Medium Low
morphology 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:

A Routine site inspections will be carried out by the Client to ensure that the planned construction
site boundaries are not expanded.

>

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.

A Advance probing and preZxcavation 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.

>

Monitoring systems such as piezometers, inclinometers, settlement markers, Automatic Total
Station (ATS) targets, multiZoint extensometers, and faultZzone instrumentation will be installed to
provide realZime data on ground movement, groundwater fluctuations, and TBMZnduced
deformation. Monitoring results will inform adaptive construction decisions.

7.1.3 Soil and Subsail

7.1.3.1 Impact Analysis

71311 Construction Phase

During the construction phase, impacts on the soil and subsoil characteristics component will be mainly
associated with the following impact factors:

A 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,

A Topsoil and subsoil removal,

A Occupation of land,
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A Disposal of wastewater/water,
A Accidental introduction of hazardous chemicals and
A 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.

A 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.

A 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 el ectr oni ¢ e g ui gomestitthazgrddUAE E E 0
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 ( TUIKO,)
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 m?®/day.

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

>

accidental spill of any chemicals or hazardous materials,

A runoff from area where chemical, oil and fuel are temporarily stored (i.e. areas where paving and
covers are not present),

A 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),

A pollution caused by temporary storage of hazardous materials and/or wastes,
A disposal of wastes, wastewater and liquid wastes,
A emissions from truck traffic and transport of construction materials and excavated materials,

A 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:

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

A 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.

A Machinery and Equipment Leaks: Hazardous materials, products, or chemicals may leak from
machinery and equipment during operation, contributing to soil contamination.

A 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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A 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.

A 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:

A The worksite will be restricted to the smallest area necessary to carry outthe Pr oj ect 6 s
thereby reducing potential disturbances to the surrounding environment.

A The design of foundations will be carefully planned to minimize excavation depth and footprint,
thereby reducing physical and mechanical disturbances to the soil.

A Excavations and soil abstractions will be kept to a minimum, aligned with construction and design
requirements, to preserve soil integrity.

A 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.

A 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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>

>

>

>

>

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.

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.

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.

The area will be away from any traffic, the facilities or the buildings.
There will be a designated area for the licensed vehicles to receive the wastes.
Hazardous wastes and non-hazardous wastes will be stored separately, with separate access.

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

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.

Storage area will be closed and locked at all times.

The contact information of the personnel in charge of the waste storage area and warning signs
will be posted at the temporary storage areas.

The floor will be concrete, the edges of the floor will be raised with concrete walls/parapets for
hazardous waste containment.

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.

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.

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.

Ongoing assessments of soil quality will be conducted to detect potential contamination early and
address issues proactively.

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.

Regular checks and maintenance of heavy machinery will be performed to prevent leaks and
emissions that could negatively impact the soil.

General mitigation measures:

A
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A

A

The following mitigation measures will be implemented to address both the expected and
unexpected encounter of contaminated soil:

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.

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 ( A PDo EUCC0)

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.

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.

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.

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

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.

The stripping and handling of topsoil will be carried out when the soil moisture content is optimum
for the soil texture class.

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.

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.

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

Topsoil will be stripped progressively in order to reduce erosion.
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A Topsoil will not be used as a fill material.

A Wherever possible, land preparation and construction activities shall be re-scheduled during
extreme weather conditions to avoid risk of erosion.

A Water spraying against wind erosion will be implemented to prevent migration of sediments
especially in dry seasons.

A 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.

A 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.

A 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.

A 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).

A 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.

A Project-specific Pollution Prevention Plan will be implemented for the management of sewage
wastewater throughout the construction phase.

A 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 soail
contamination.

A 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 (f’SDSQ 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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A 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
(AVIOEUCC9 in the format defined by the Ministry.

A 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.

A 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.

A 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.

A Official waste declarations for all generated waste will be submitted to the MOEUCC online system
annually, starting in January and no later than March.

A 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.

A Regular maintenance of vehicles, machinery, and equipment will be carried out to prevent leakages
of oil, fuel, or any other hazardous materials.

A 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.

A An Emergency Preparedness and Response Plan (EEPRPQ will be developed in line with
Environmental, Health, and Safety (EHSQ Guidelines: General EHS guidelines (IFC, 2007) for
handling spills of hazardous materials including fuels that will be handled during construction works.

A Generators will be equipped with drip trays and to be checked regularly to prevent soil
contamination.

A Secondary containments, ponds and drip trays will be checked regularly, especially during extreme
weather conditions.

A 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.

A Training on spill response, use of containment and clean-up material (spill kits) will be provided to
workers (including the subcontractor workers).

A 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

7.1.3.3.1

Construction Phase

Residual Impacts

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 Component | Impact Impact Value Mitigation Residual
Features Sensitivity Reversibility effectiveness |impact
value
Duration: | Long
Pollutant Frequency: | Frequent Shortmid.
emissions to the Medium Medium Medium high | Negligible
i Geo. Local term
S0 Extent:
Intensity: Medium
Duration: Medium
Frequency: | Infrequent
Topsoil and . . . . . -
subsoil removal | Geo. Project Medium Mid term Medium Medium high | Negligible
Extent: Site
Intensity: Medium
Duration: Long
Frequency: | Continuous
i f . . . .
Occupation o - Medium-low | Long term Medium Medium high | Low
land Geo. Project
Extent: Site
Intensity: Low
Duration: Long
Frequency: | Continuous
Disposal of . Short-mid- . . .
'SP Medium ! Medium Medium high | Low
wastewater/water | Geo. term
Local
Extent:
Intensity: Medium
Duration: Short
Accidental Frequency: | Infrequent
introduction of ’ Medium- . . . .
Iha argols hi h|u Short-term Negligible Medium high | Negligible
hZ . IIJ Geo. Project '9
chemicais Extent: Site
Intensity: Medium
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Impact Factor Impact Factor Component | Impact Impact Value Mitigation Residual
Features Sensitivity Reversibility effectiveness | impact

value

Duration: Medium
Frequency: | Frequent
Geo. Project Medium Mid term Medium Medium high | Low
Extent: Site
Intensity: Medium

Vegetation
disturbance

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 Impact Factor Features | Component | Impact Impact Value Mitigation Residual
Factor Sensitivity Reversibility effectiveness | impact value
Duration: Very long
Pollutant Frequency: Infrequent
emissions Geo Medium-low | Short-mid-term | Low Medium Negligible
to the soil Extent: Local
Intensity: Medium
Duration: Very long
Frequency: Continuous
O ti . . .
ceupation Medium-low | Long term Medium Medium Low
of Land Geo. Proiect Site
Extent: J
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:

A Routine site inspections will be conducted to detect any possible leakages, ensuring immediate
action can be taken to mitigate risks.

A Regular site inspections will ensure adherence to the designated construction site boundaries,
preventing any unauthorized expansion.

A 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.

A 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.

A Routine maintenance program will be established for all vehicles and machinery to minimize the
risk of leaks and malfunctions.

A Sail 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

71411 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:

A Changes in flow/circulation in natural water bodies (changes in local hydrology and surface water),
A Surface water pollution, and
A Discharge of wastewater/water.

The Project actions related to the abovementioned impact factor are the following:
A Construction of station entrances and limited surface works associated with tunnel portals,
A Minor surface levelling in the vicinity of station entrances,

A Temporary onZite accumulation of materials required for portal and entrance construction, and
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A

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)

A

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.

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

Small-scale and temporary changes in surface runoff direction due to limited levelling or grading
near the entrance areas.

Local ponding or shallow runoff accumulation around entrance areas during heavy rainfall events,
if drainage is not adequately managed.

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.

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.

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
goodzractice drainage and sediment control measures.

fAssessment Report on the Interaction of Floodwater Depth with Stationsd0 was pr epar
in 2026. In this report, Floodwater Depts were calculated for each station, and mitigation measures
were suggested. These assessments were summarized hereunder:

Analysis of the 500-year flood water depth at S04-T ¢ pr a kK / P e t kKSO5aKOrfez Station, S06-
95 Evler- Station, SO7- Derince E.A.H. Station, S08-Derince Station, S12-Seka Park Station, S13-

ed

Cumhuriyet Park Station, S15-Bekirdere Station, S19-Fénd é k| & SarepeiStaton and 2 0

S22-Ozdilek 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.

Analysis of the 500-year flood water depth at the S09-Derince Millet Bahgesi station indicates the
flood risk. Consequently, flood prevention measureswilb e i mpl ement ed f or-
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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A Analysis of 500-year flood water depths atthe S10-K u r u - &Statiomreveals 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 207 30 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.

A 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.
A Analysis of the 500-year flood water depth at the S14-Mi | | i Krade Park Statior
Consequently, flood prevention measur es-lemelbegit be

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.

A 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 stationbs vicinity.
at the station taking into account the surrounding elevation relationships, and the relevant
ventilation shafts will be positioned approximately 50 cm above ground level.

A Analysis of the 500-year flood water depth at the S17-Yahya Kaptan station indicates a flood risk.
In this context, flood prevention measures wilb e i mpl ement ed f or -levehegit st a
structures and ventilation shafts. According to water depth data, the water depth at the station
appears to be in the range of 2i 2.4 meters. Accordingly, options for flood prevention measures will
be evaluated during the process.

A Analysis of the 500-year flood water depth at the S18-Poyraz station indicates a flood risk. In this
context, flood prevention measures wil be i mpl emented f or -levhlexitst at
structures and ventilation shafts. According to water depth data, the water depth over the station is

in the range of 1.51 2 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.

A When the 500-year flood water depth atthe K z mi t staioa is éxamined, 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 measureswillb e i mpl ement ed for t he
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.

A Flood depth maps for the stations are presented in Figure 7.8i Figure 7.25, in order from west to
east.
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Figure 7.10 S06-95 Evler Station Q so0 Flood Water Depth Map (PROTA, 2026)
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Figure 7.11 SO07-Derince E.A.H. Station Q 500 Flood Water Depth Map (PROTA, 2026)
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Figure 7.15 S11-Seka State Hospital Station Q se0 Flood Water Depth Map (PROTA, 2026)
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Figure 7.17 S13-Cumhuriyet Park Station Q so0 Water Depth Map (PROTA, 2026)
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Figure 7.19 S15-Bekirdere Park Station Q so0 Water Depth Map (PROTA, 2026)
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Figure 7.21 S17-Yahya Kaptan Station Q soo Water Depth Map (PROTA, 2026)
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Surface water pollution

A

>

>

The Project does not involve large-scale surface excavation, exposed ground surfaces, road
construction, in&tream works, culvert installation, diversion channels, or embankment landscaping
that typically generate significant sediment4aden runoff.

However, localized risks of surface water contamination may occur within station entrance areas
and tunnel portal zones, primarily associated with:

Silty or sedimentdearing water generated from small excavation areas near station entrances,

Wastewater originating from tunnel excavation, equipment operation, and routine construction
activities, and

Accidental spillages of fuels, oils, lubricants, or other hazardous materials used or stored in small
guantities within the construction footprint.

Potential contamination sources include:
Oil or fuel leaks from machinery, generators, or construction vehicles,
Accidental spills during the handling, transfer, or temporary storage of hazardous materials,

Runoff from small areas where fuels or chemicals are stored without adequate secondary
containment, and

Improper management or accidental release of wastewater generated during construction
activities.

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.

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

Wastewater will be generated at the construction sites and camp 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.

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.

A 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:

A A supplemental assessment of stormwater drainage risks to the environment has to be undertaken
to verify the stormwater drainage designso6 effe
use, surface and groundwater or sensitive ecological receptors therein.

A The project will comply with safety requirements to avoid leakages from hazardous
chemicals/materials and liquids (diesel fuel, oil etc.) stored on-site.

A 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.).

A The General Directorate of State Hydraulic Works (D S)K 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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A 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.

A 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.

A Pollution Prevention Plan will be prepared and implemented for the Project.
A Water and Wastewater Management Plan will be developed and implemented for the Project.

A 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.

A 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.

A 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.

A 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:

A Existing drainage and irrigation channels, green areas, drainage strips, and erosionZontrol
structures in the vicinity of station entrances will be protected through appropriate measures to
prevent blockage, diversion, or damage.

A 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 flood4lepth analysis and entrance design criteria.

A 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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A All drainage structures, settlement facilities, and protective measures around station entrances will
be regularly inspectedd particularly after heavy rainfalld to ensure effective performance.
Sediment deposits will be removed and disposed of appropriately.

A 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.

A 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
7.14.3.1 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 | Impact Impact Value | Mitigation Residual
Sensitivity Reversibility effectiveness | impact
value
Duration: Medium
Changes in -
flow/circulation in Frequency: Continuous
natural water Low Mid term Negligible High Negligible
) Geo. Extent:  Project Site
bodies
Intensity: Negligible
Duration: Medium
Frequency: Reccurent
Surf t . - . L
glrluatli(;enwa er Low Mid term Negligible High Negligible
P Geo. Extent:  Project Site
Intensity: Negligible
Duration: Medium
Discharge of Frequency:  Continuous | Low Mid term Negligible High Negligible
wastewater/water g y: gig 9 g9
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 siteApecific risk assessments and
applicable national water quality standards (Category | and Il) consistent with the regulatory framework
and IFC General EHS Guidelines. The monitoring program for this Project will include the following
components:

A Surface Water Quality & Quantity Monitoring:

A Surface water monitoring (quality & flow) will continue at the designated monitoring locations
identified in the report (see Section 6.1.6).

A Monitoring will be bi-annual (one in dry period, one in wet period), reflecting hydrological variability.
A Baseline monitoring data will be used to detect any deterioration in water quality.
A Results will be periodically reviewed (at least annually) by the JV and/or an independent supervisor.

A If significant changes or trends are identified, the root causes will be investigated and corrective
actions implemented.

A All sampling and laboratory analysis will be performed by an independent company or a laboratory
accredited by MoEUCC.

A Monitoring of Surface Runoff & Drainage Effectiveness Near Station Entrances

A After heavy rainfall events, the drainage performance around station entrances and portals will be
assessed.

A The efficiency of local water conveyance measures (e.g., small catch drains, portal drainage
channels) will be evaluated.

A Observations will include any ponding, infiltration bypassing, or flow concentration that could
increase flood risk or introduce contaminants into nearby water bodies.

A Verification of Design Measures & Containment Systems

A 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.

A Where applicable, verification will include:

A secondary containment for fuels/oils,
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A integrity of concrete or impermeable surfaces in small storage areas,
A proper functioning of wastewater collection points,
A inspection of minor sediment traps/sumps near portal areas.

7.1.5 Hydrogeology and Groundwater

7.1.5.1 Impact Analysis

7.1511 Construction Phase

Impacts on the hydrogeology and groundwater quality component during the construction phase are
related to the following impact factors:

A Changes in the local hydrogeology, and
A Groundwater pollution, and
A Discharge of wastewater/water.

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

>

Tunnel boring activities,

>

Disposal of waste deriving from construction (including excavated soil).
All the impact factors identified above are assessed below for the construction phase.
A Changes in Local Hydrogeology

A 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.

A 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 I FCb6s E
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 Projecto

A Discharge of wastewater/water

A The potential for groundwater pollution may increase during construction, particularly in areas with
shallow overburden, if wastewater or constructionZelated 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.

A 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.

A Groundwater pollution

A 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.

A 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.

7.15.1.2 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:

A Changes in local hydrogeology
Impacts could be due to the following Project actions:

A 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.

7.15.1.3 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:

A Measures incorporated in the Project Design:

A The Gener al Directorate of St at e Hydraul ic W
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.

A 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.

A 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.

A In the case of drilling well(s) for water supply or hydrogeological survey, driling 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 DSK. The most s
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.

A 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.

A-The use of groundwater resources wil/ be subjec
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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A 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

71531 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 | Impact Impact Mitigation Residual
Sensitivity Reversibility | Value effectiveness | impact
value
Duration: Medium
. Frequency:  Continuous
h Local . . . . .
CH::rnges |In oca Medium-low | Mid term Low Medium high Negligible
ydrogeology Geo. Extent:  Local
Intensity: Negligible
Duration: Medium
Frequency: Reccurent
Gglcl’“tri'gr‘]"’ater Low Mid term Negligible High Negligible
poilu Geo. Extent:  Project Site
Intensity: Negligible
Duration: Medium
) Frequency:  Continuous
Disch f . - . -
|sct argte?/ ter Low Mid term Negligible High Negligible
wastewateriwaler I oo 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 | Impact Impact Value Mitigation Residual
Sensitivity Reversibility effectiveness | impact
value
Duration: Very long
Changes in Frequency:  Continuous Medium-
Local low Mid term Medium Medium high | Negligible

Hydrogeology | 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.

A 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:

A 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,
A Seasonal periodic monitoring of groundwater quantity and quality at and around shafts and station

excavations during the construction period,

A Monitoring of groundwater discharge points (e.g., drainage manholes, ISU connection points)
during construction and operation,

A Seasonal periodic monitoring of groundwater levels to assess seasonal variability and potential
construction-related fluctuations in the urban setting.
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A 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.

A 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).

A 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.

A Training on spill response, containment, and the proper use of cleanZip materials for workers
(including subcontractor personnel) will be delivered and recorded.

A Routine inspections will be carried out at construction sites to verify that adequate spillZesponse
materials (e.g. spill kits, absorbent pads, containment trays) are available onite and in heavy
machinery. Records of these inspections will be maintained.

A 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 formulations? 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;

A AERMOD

https://www3.epa.gov/scram001/7thconf/aermod/aermod_mfd.pdf
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A AERMAP, and
A 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.

7.16.1.1 Meteorological Data

AERMOD model uses Ahourly meteorological 6 dat a
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 K s t a mRégiodal 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

7.16.1.2 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

. Status of
Distance to :
; Nearest Nearest Cons_trL_J(_:non
Measurement Coordinates Settlement / Receptor . ) Activities
Locations X-Y) (WGS 84 Neighbourhood Type Project Project During the
XN ( ) Component | Component
(m) Measurement
Period
AQ-1 40.770185° | 29.760648° Yar & mc | Residential Station 5 Ongoing
AQ-2 40.763685° | 29.782658° Yar & mc | Residential Station 300 No Activity
AQ-3 40.761858° | 29.803863° Sér r ép q Residential Station 520 Ongoing
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Distance to Status Qf
; Nearest Nearest Cons_trL_Jg:non
|y Neomemert [ RECSHOU bgen | pgen A
B Component Com(|on(1))nent Measurement
Period
AQ-4 40.757960° | 29.815691° Sér r ép q Residential Station 280 Ongoing
AQ-5 40.763279° | 29.833922° ¢ &nar || Residential Station 680 Ongoing
AQ-6 40.762975° | 29.852489° ¢ eneda]j Residential Station 75 Ongoing
AQ-7 40.761993° | 29.876325° Yenimahalle Residential Station 85 Ongoing
AQ-8 40.763965° | 29.897289° Yeni doj| Residential Station 125 Ongoing
AQ-9 40.763384° | 29.914775° Kozluk Residential Station 50 Ongoing
AQ-10 40.766519° | 29.926840° Hac é& H§ Residential Station 120 Ongoing
AQ-11 40.767281° | 29.941027° k. Kad ék Residential Station 60 Ongoing
AQ-12 40.773911° | 29.951435°| Me h me t a || Residential Station 15 Ongoing
AQ-13 40.775732° | 29.970483°| Me h met a || Residential Station 60 Ongoing
AQ-14 40.765857° | 29.974336°| Me h met a || Residential Station 150 No Activity
AQ-15 40.764079° | 29.981905°| Me h me t a || Residential Station 420 No Activity
AQ-16 40.759442° | 30.016598° Du ml up é| Residential Station 800 No Activity
AQ-17 40.754528° | 30.024033° I': : r;’f un ib Residential | Station 30 No Activity
AQ-18 40.747241° | 30.046892° Emekevler Residential Station 250 No Activity
AQ-19 40.745822° | 30.062220° k. ¢i f t| Residential Station 150 No Activity
AQ-20 40.789460° | 29.945728° k. G¢ ndo| 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
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