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Preliminary Design and Feasibility Study with ESIA for construction of Highway E-80 in Serbia (SEETO Route 7)
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1 Introduction

Project Title: Preliminary Design and Feasibility Study with EIA for
construction of Highway E-80 (SEETO Route 7) in
Serbia

Project Number: WB13-SER-TRA-01

Contractor: COWI-IPF Consortium

Beneficiary: Public Enterprise fRoads of Serbiadand Ministry of
Construction, Transport and Infrastructure

Location: Serbia

Project start date: 11/01/2016

Project Duration: 18 months (32 months, revised work plan)

Anticipated completion: 9/2018

1.1 The Project Stakeholders

For the purposes of this Report and according to the EBRD Performance

Requirements (PR 10, point 8) and EIB Environmental and Social Standards

stakeholders are individuals or groups that are affected or likely to be affected

(both directly and indirecitéyd) byr tthieatpr mj
interest in the project (fiother intereste:l
sub-project the key stakeholders are:

1  Municiaplity Merosina and Prokuplje, with the local citiyens either directly
affected through impacts from land acquisition and resettlement or future
construction activities or have interest in the project.

i External Stakeholders influencing the project design, alignment and
construction,

1  Affected population and enterprises,

1 Vulnerable groups,

Other external Stakeholders with high intetrest in the Project are:

1  National Government and line ministries,

1 Regional and Local Governments, in the project area and along the road
corridor have been identified and considered throughout all the phases of the
ESIA. A detailed analysiss, identification and engagement programm has been
developed as a stand-alone document and it is the Stakeholder Engagement
Plan for this project as appended in Annex 1.

These stakeholders are followed by other important stakeholders listed below:

Koridori Srbije d.o.0. (KSDOO) i as the final beneficiary- Investor:

PE Roads of Serbia (PERS): former end beneficiary i investor (till May 2018)
Ministry of Construction, Transport and Infrastructure (MCT]I): promoter
European Investment Bank (EIB): potential lender

= =4 =4 A

CO C ; I [ I PF WB13-SER-TRA-01_ESIA Draft Final_v5



Infrastructure Project Facility i Technical Assistance 4 (IFP4) - TA2012054 RO WBF
Preliminary Design and Feasibility Study with ESIA for construction of Highway E-80 in Serbia (SEETO Route 7)
PRELIMINARY DESIGN - Environmental and Social Impact Assessment Study (ESIA)

1  European Union / Directorate-General for Neighbourhood and Enlargement
Negotiations (DG-NEAR), Directorate-General for Mobility and Transport (DG-
MOVE), EU Delegation in Serbia

1  Serbian European Integration Office (SEIO), acting also as NIPAC

1 JASPERS i Joint Assistance to Member States and Candidate Countries
provided by EC/EIB/EBRD

The exshaustive list of Stakeholders, their mapping by level of interest and their
power to be exerted over the Project, as well as the Consultation and disclosure
programme is presented in details in the SEP.

1.2 The Team of Experts

The team of experts for the design and study comprises 9 senior and 7 junior
NKEs, led by a Senior Project Manager.

All experts are recruited from COWI IPF Consortium partners and more specifically
from CeS COWI, TRADEMCO and WYG.

All local experts possess relevant to their discipline licenses, as required by the
Serbian legislation.

The overall responsibility of the subproject is upon the IPF4 TA Transport Sector
Key Expert (Yanni Papapanagiotou) who together with the Senior Project Manager
(Iro Dimitriadou) supervises the execution of the activities and coordinate their
execution by the team of experts.

1.3 Project Significance

Improving Highway E-80 (section Nis-Merdare) is without any doubt considered of
great significance. This highway forms part of a wider axis (Route 7) that links
Bulgaria with Adriatic Sea via Serbia, Kosovo* and Albania.

This Route is part of the SEETO core network, a priority highway according to
strategic documentation of Republic of Serbia and recently adopted by the EC as
priority project. As high priority project in view of the Berlin Process it was
discussed and reconfirmed in the meeting of WB6 Prime Ministers in Vienna (27-8-
2015).

COWI | IPF
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Figure 1

Map of SEETO Core Road Network in Western Balkans (source SEETO MAP)
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The construction of a new highway between Nis and Pristina through the

administrative crossing point Merdare is

expected to reduce significantly travel

times, increase level of service and road safety and enhance regional transport

activities, both passenger and freight.

Route 7, in addition to Corridor Xc (Nis-Pirot-Dimitrovgrad- Bulgarian border E-
80/M-1.12), is part of European road E-80, as classified in the European
Agreement on Main International Traffic Arteries and state road IB class no.35.

Ni-e r o gProkuplie-K u r § u-PddujevaaPr i gt i na

and state

216 Prokuplie-Gi t o-Ddjdvac, connection with the state road Al, as classified

within the Serbian network.

Route 7 is one of the main east-west road corridors through Serbia and as such, it
connects not only Nis and Pristina, but also represents the main connection with
Corridor IV (which mainly crosses Bulgaria and Romania) and Corridor X with
Route 6 (Skopje-Pristina) and Route 2b (Sarajevo-Podgorica-Vlora). This
motorway section of E-80 belongs to Trans-European Motorway network (TEM)
and is also a part of TEN-T Corridor X (branch Xc).

Route 7 is included in the Priority Project List of the SEETO Five Year Multi Annual
Plan 2014-2018 as part of the South-East Europe Core Regional Transport
Network Development Plan, together with the link from Pristina to Merdare which
was also proposed for financing from WBIF from Kosovo* (subproject WB11-KOS-

TRA-02).

fPreliminary Design and Feasibility Study with EIA for construction of Highway E-
80 in Serbia (SEETO Route 7): from Kosovo* (administrative crossing Merdare) to

Nis via Prokuplje

beyl (o a pag d@f thehhigswayb(40kmmoutrofe d u

77km initially approved). More specifically the assignment is undertaken for the
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section Nis (point 01 of PFS preferred alignment) to Plocnik (point 07 of PFS
preferred alignment) in a length of approximately 40 km (out of 77 km in total).

Figure 2 Highway alignment under study-design in current T.A (nodes 01-07, red line)

PETLIA
"PROKUPLIE",
PETLJA (SEVER )«
"BELOLJIN' A,

S S 0 B

PETLJA
"PROKUPLJE"
(ZAPAD)

@ PETLA
"MERDARE"

"MEROSINA 1

PETLJA "MEROSINA"
01 (Postojeca)

With respect to different landscape characteristics, the new highway corridor can

be divided into three main sections:
T Mer o ¢ iProkuplie

1  Prokuplje bypass
1  Prokupliei Plol ni k

WB13-SER-TRA-01_ESIA Draft Final_v5
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Section: T Mekumei na

Figure 3 Section Merosina-Prokuplje
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PARKIRALISTE /
4 RESTAREA
. “Atbansce”

“km- 43+050
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The starting point is the existing intercl
75, south of Nig. The alignment passes t hi
plain and hilly terrain conditions. Villages are mostly located along the road and

along water courses. The land is fertile arable land, usually with annual plantings

and to a lesser extent orchards and vineyards.

From the existing junction AMeroginaf E75]
designed highway alignment is using the geometry and corridor of the existing

state road IB-35. On that particular section, the existing road cross section will be

used as one highway lane (with rehabilitation of existing pavement and additional

widening) and a second lane will be fully constructed.

Highway route will be mostly on embankments or cuttings with bridges over
existing watercourses (one 12 m, two 70 m long and one 130 m long), three
underpasses, five overpasses, three viaducts (210, 500 and 250 m long) and three
tunnels, two shorter, 220 and 225 m and one longer, 620 m long.

COWI | IPF
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Section: Prokuplje Bypass

Figure 4 Section Prokuplje Bypass

MAIN CONTROICENTER
km 234850 4 - K, . &

The Prokuplje Bypass is placed on the north side of Prokuplje on a terrain that is
characterized as hilly to mountainous with settlements along the roads that pass
through the valley between the hills.

Slopes of the terrain is very steep and hard to pass. The route of the highway is
placed on high embankments, which turns deep cuts to the structures, bridges and
tunnels. There are two bridges, one 130 m and other 315 m long. There are two
underpasses and four viaducts, respectively 140 m, 150 m, 250 m and 975 m long.
There is one overpass and three tunnels, two of which up to 300 m and one over
1100 m.

The northern part of the Prokuplje bypass is located in favorable terrain conditions
with scattered settlements.
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Section: Prokupliei Pl ol ni k

Figure 5 Section Prokuplie-P | o] ni k
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This area extends along the Toplica River Valley. The first part of the valley up to
Beloljin is much wider and provides opportunities for alternative routes within a
flattened area. The slopes of the surrounding hills are not so steep and not too
complicated to build a highway route. There is one overpass and seven
underpasses on the route, three bridges 35 m long, three bridges 15 m long, one
bridge of 50 m and one of 140 m.

In total the motorway will be mainly on embankments or cuttings, sometimes with
structures such as bridges over water courses and tunnels, and can be considered
as a route through mountainous terrain.

COWI | IPF
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2 Project Description and Project
Alternatives

2.1 Technical Description of the Project

2.1.1 Design speed

By current and prospective traffic load, topography and created conditions, the
highway alignment route is divided into the following sections:

Table 1 Sections of the highway alignment

. . Lenght .
Section Chainage m Terrain Speed

Basic Design
. | Vo[km/h] | Vr[km/h] |

Me r o gE-T5R 0+000,00i 5.500 Lowlands

Merogina 1 5+500,00

Me r o g + Prokuplie | 5+500,00- 8.783 Mountainous 100 130

(Istok) 14+283,84

Prokuplje (Istok)- 14+283,84- 12.812 Highland, 80 100

Prokuplje (Zapad) 27+096.32 mountain

Prokuplje (Zapad)- 27+096.32- 5.553 Lowlands 100 130

Beloljin 32+650.00

Belolin-P1 o | ni k| 32+650.00- 6.769 Lowlands 100 130
39+419.45

2.1.2 Functional and geometric characteristics

Table 2 Geometrical cross-section - full profile
Cross section: Vr =130km/h Vr=100km/h
lane width for continuous drive ts [m] 3.75 3.50
width of emergency lane tz [m] 2,50 2,50
width of the edge strips: [m]
a) between the lane and the median tiv [m] 1,00 0,50
b) between the driving and emergency lanes tiz [m] 0,50 0.50
shoulder width: [m]
a) along the emergency lane thz [m] 1,50 1.50

WB13-SER-TRA-01_ESIA Draft Final_v5
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Table 3 Geometrical cross-section - half profile i possible | phase
lane width for continuous drive ts [m] 3.50 3.25
width of emergency lane tz [m] 1.75 1.65
width of the edge strips: [m]
a) between the lane and the median tiv [m] 0.50 0,35
shoulder width: [m]
a) along the emergency lane thz [m] 1.50 1.50
Table 4 Design elements of the plan and profile - full profile
Vr=130km/h Vr=100km/h
the minimum radius of horizontal curve minR m 800 450
the maximum radius of horizontal curve maxR m 5000 3000
minimum length of transition curve minL m 112,50 84,50
(A=300) (A=195)
Longitudinal profile:
the maximum longitudinal grade max i % 4.0 5.0
maximum slope of twisting ramps max ir % 0.9 0.9
minimum slope of twisting ramps min ir % 0.4 0.4
the minimum radius of convex curvature minRvVE | M 22500 8000
the m|n|mum radius of concave curvature minRvG 11250 4250
minimum cross grade min ipk % 2.5 2.5
maximum cross grade max ip % 7.0 7.0
Visibility:
minimum length of stopping sight minPz 300 180
maximum width zone visibility bp m 14,00 9.20
Table 5 Design elements of the plan and profile - half profile i (possible | phase)
Layout plan: Vr=100km/h Vr=80km/h
the minimum radius of horizontal curve minR m 800 450
the maximum radius of horizontal curve maxR m 5000 3000
minimum length of transition curve minL 112,50 84,50
(A=300) (A=195)
Longitudinal profile:
the maximum longitudinal grade max i
maximum slope of twisting ramps max ir % 0.9 0.9
minimum slope of twisting ramps min ir % 0.4 0.4
the minimum radius of convex curvature minRvA m 22500 8000
the minimum radius of concave curvature minRvG m 11250 4250
| Crosssection | | | | |
minimum cross grade min ipk % 2 5 2 5
maximum cross grade max ip
Visibility:
minimum length of stopping sight minPz 300 180
minimum length of overtaking visibility minPp m 480 600
maximum width zone visibility bp m 14,00 9,00

2.1.3 Junctions and toll-stations

Connections of the new highway with the existing and planned road network will be

realized through junctions/interchanges. The decision about the location of

junctions resulted from the position of the designed alignment route in relation to

the existing road network, in order to reduce transport work and taking into account

the Arhythmo of the intersections along new

The design of the intersections is a result of secondary road ranking. Junctions are
designed with full connections. Orientation of direct and semi-direct ramp is such

WB13-SER-TRA-01_ESIA Draft Final_v5 CO ;; I | IPF
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that corresponds to the distribution of traffic load on the crossing directions. The
dimensions of the layout elements correspond to existing spatial constraints.

All junctions are designed according to closed toll fee payment system and include
control access to motorway through the toll platforms.

Location, concepts and functional level of designed interchanges are shown in the
following table.

Table 6 Location, concepts and functional level of designed interchanges
Interchange Intsetrgtk;grr:ge Conrrcl)zcétion Inte:;;mznge Furllé:\t/iglnal Booths
Mer ogi 0+000 E-75 (mot(Atria A 16 Main toll
Mer ogin 5+215 I B5 (staj]Atrum C 7 Side toll
Prokuplje (east) 17+000 | B5 (staj]Atrum C 7 Side toll
Prokuplje (west) 23+848 I B5 (stal]Atrum C 7 Side toll
Beloljin 324278 I B5 (staj]Atrum C 7 Side toll
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Figure 6 Alignment layout and position of main features
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Figure 7 Layout and position of junctions
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After consultation with PERS about state strategy regarding toll stations, it is
conluded that up to date, State and PERS have a strategy to keep the existing toll
payment system on every existing and nhew motorway section.

That is to say, toll payment collection will be performed by paying directly to toll
staff at booths or by toll card (electronic pre-paid payment system).

2.1.4 Drainage concept

General concept

Drainage design propose such a solution that all storm water from pavement
surface are efficiently collected and taken for the treatment and continue to the
recipient. Rainwater from cut and fill slopes are collected with trenches and
concrete channels along the right of way fence.
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Such a concept implies that drainage of rainwater from pavement surface will be
carried out to the gutters at the edge of the pavement. At certain distances along
the gutters manholes with drain covers will be installed. Atmospheric water goes
into a closed pipe system and from there to the separators for the treatment of
storm water. After passing through the separator for oil products, purified water is
drained by pipeline to the recipient, where the water is discharged.

Closed drainage pipe system collects water from the bridges and the tunnels along
the route. There are bridge drains with drain covers on the bridges, which are
connected to the outlet piping.

The tunnels have drainage systems and fire hydrant network in case of fire fighting.

Hydrant system in the tunnels

Fire pipeline passes through the tunnel tube and continues to ring pipeline for the
second tunnel tube. Branches in the pipeline which connect the two tunnel tubes
are designed. There are branches from the main pipeline to the each hydrant
which are placed above the ground in niches.

Supply of water network is provided from the reservoir for fire fighting purposes.
The required pressure at any hydrant is achieved by pumping station located within
the reservoir. It is enabled filling and emptying of the reservoir and ventilation by
vents.

The tunnels are equipped with a system for the evacuation of runoff water from the
pavement and a drainage system.

Water drainage system in tunnels

Tunnels are equipped with a drainage system for the collection of spillage from the
pavement in case of the incidents. This system consists of linear channels (slotted
gutter type), that are connected to main collector (underneath the pavement)
through siphons. This solution is designed to maintain and prevent fire and
flammable and toxic fluids from spreading inside and between tubes.

Main collector is connected to treatment/storage facility at tunnel portal. In case of
spillage or fire event in the tunnel, regulatory valve (controlled by emergency
control system) routes drained liquid towards a dedicated underground tank which
will be unloaded by specialized vehicles, operated by relevant authorities. During
the normal operation of the tunnel, regulatory valve bypasses the reservoir, and
routes the collected water towards the treatment objects (sedimentation tank and
oil separator), before the outfall to the recipient.

Second part of tunnel drainage system consists of perforated drainage pipes for
the collection of groundwater from the rock. While in short tunnels rock drainage
have a free outfall into the recipient at tunnel portals, in longer tunnels, these pipes
are connected to the second main collector (which is parallel to the collector for
pavement drainage) at required distances.
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Climate change adaptation and resilience

Highway drainage system design is done based on several studies. Most

important, Hydrology study which is updated and prepared for the Preliminary

design preparation and to serve as an input for further technical documentation

and design. Hydrology study took into consideration Climate Change assessment

findings (provide as an Annex to FS) as further design inputs, mostly changing, i.e.
increasing, maxi mum daily precipitation data
and Kurgumlija). AlIl respecti veisthasédl owi ng ca
had these data as an input i.e. flood levels, maximum flows, etc,

2.1.5 Pavement

Rehabilitation and widening of existing road pavement

State road order IBno.35(roadM-25 by the ol d cateBorgtzabhapn)
which begins in the junction "Merosina” on highway E-75, in the southern exit of the

townof Nis.Fr om t he existing junction fAMeroginaf E
km 5+500 the designed highway alignment is using the geometry and corridor of

the existing state road IB-35. On that particular section, the existing road cross

section will be used as one highway lane (with rehabilitation of existing pavement

and additional widening) and a second lane will be fully constructed.

The structure of existing pavement and layer thicknesses are determined by drilling
exploration cores (along the pavement edge), deep enough to reach the natural
ground. The works were carried out in April 2016. Back then, 6 exploration cores
were drilled.

Design solution

(@ Secti on: Juncduonat Menadlfle nagi n
Chainage: km 0+000 - km 5+297

Existing pavement reconstruction

I Preliminary works

U Removal (by milling) existing asphalt layer, d = 13 cm
9 Construction of new pavement layer

U Laying down thermostable mesh

U  Bituminous base course BNS 22 sA, d = 747 cm
U  Stone mastics asphalt wearing course SMA11s, d =4 cm

New pavement construction on widening

9  Preliminary works

U Removal of topsoil
U  Construction of stone aggregate subgrade
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9 Construction of new pavement layer

Crushed stone aggregate layer 0/63 mm, d=25 cm
Crushed stone aggregate layer 0/31 mm, d=20 cm
Bituminous base course BNS 22 sA, d = 7+7 cm

Stone mastics asphalt wearing course SMA11s,d =4 cm

cccc

New pavement construction on stopping lane

I  Preliminary works

U Removal of topsoil
U Construction of stone aggregate subgrade

I Construction of new pavement layer

Crushed stone aggregate layer 0/63 mm, d=25 cm
Crushed stone aggregate layer 0/31 mm, d=20 cm
Bituminous base course BNS 22 sA,d =7 cm

Stone mastics asphalt wearing course SMA11ls,d =4 cm

[ el il

New pavement of main road route

The design of pavement of main road route (driving and overtaking lane),
according to the Terms of Reference, analysed two alternative solutions, through a
strategy of preventive maintenance of high mechanical characteristics of
supporting layers of pavement. Two types of new pavement for the main road have
been examined in accordance with the traffic volumes:

I OPTION 1: Flexible new pavement. New pavement construction with
surfacing of asphalt-concrete and subbase layer of crushed stone aggregates.

OPTION 2: Semi-rigid new pavement. New pavement construction with
surfacing of asphalt-concrete and subbase layer of cement stabilized crushed
stone aggregates.

Economic analysis of alternative solutions includes calculation the cost of
construction and maintenance costs according to the given scenario. Economic
analysis of investment costs is based on - Life Cycle Cost Analysis (LCCA). The
Economic evaluation of alternative solutions for driving showed that OPTION 1
presents higher NPV and Economic uniform annual cost, than OPTION 2.

Therefore, based on the economic analysis of the pavement the designer proposes
for the main road route OPTION 1 to be adopted i.e. flexible pavement structure.
The designer opinion is that the application of cement stabilized layer despite the
lower cost of construction, would not be rational, taking into account the limited
number of construction companies in Serbia who would be able to perform in good
quality (making-initiation of cracks, etc.).

Bearing in mind that, proposed solution is to design flexible new pavement on all
new pavement surfaces, except in two | ong:t
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brdod) where, according to the safety regul a
(concrete) pavement is designed.

Selected option is presented (flexible pavement) in following, by sections and by
pavement structure layers.

Design solution of main road route

(b) Section: Juncfdupnat Men o idunaianiProlaplie 1
East

chainage: km 0+000 - km 5+297 - km 16+233

New pavement construction i driving and fast lane

I  Preliminary works

U Removal of topsoil
U  Construction of stone aggregate subgrade

9 Construction of new pavement layer

Crushed stone aggregate layer 0/63 mm, d=25 cm
Crushed stone aggregate layer 0/31 mm, d=20 cm
Bituminous base course BNS 22 sA, d = 7+7 cm

Stone mastics asphalt wearing course SMA11s,d =4 cm

ccc

New pavement construction i_stopping lane

9 Preliminary works

U Removal of topsoil
U Construction of stone aggregate subgrade

9 Construction of new pavement layer

Crushed stone aggregate layer 0/63 mm, d=25 cm
Crushed stone aggregate layer 0/31 mm, d=27 cm
Bituminous base course BNS 22 sA,d =7 cm

Stone mastics asphalt wearing course SMA11s,d =4 cm

ccc

(c) Section: Junction Prokuplje East - Junction Prokuplje West
chainage: km 16+233 - km 22+809

New pavement construction i_driving and fast lane

9 Preliminary works

U Removal of topsoil
U  Construction of stone aggregate subgrade

9 Construction of new pavement layer
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Crushed stone aggregate layer 0/63 mm, d=25 cm
Crushed stone aggregate layer 0/31 mm, d=20 cm
Bituminous base course BNS 22 sA, d = 7+6 cm

Stone mastics asphalt wearing course SMA11s,d =4 cm

cccc

New pavement construction i_stopping lane

Preliminary works

U Removal of topsoil
U Construction of stone aggregate subgrade

Construction of new pavement layer

Crushed stone aggregate layer 0/63 mm, d=25 cm
Crushed stone aggregate layer 0/31 mm, d=27 cm
Bituminous base course BNS 22 sA, d =6 cm

Stone mastics asphalt wearing course SMA11ls,d =4 cm

[ el il

Section: Junction Prokuplje West - Junction Beljoljin-P I o | ni k
chainage: km 22+809 - km 32+331 - km 42+545

New pavement construction i_driving and fast lane

Preliminary works

U Removal of topsoil
U  Construction of stone aggregate subgrade

Construction of new pavement layer

Crushed stone aggregate layer 0/63 mm, d=25 cm
Crushed stone aggregate layer 0/31 mm, d=20 cm
Bituminous base course BNS 22 sA, d = 7+7 cm

Stone mastics asphalt wearing course SMA11ls,d =4 cm

ccc

New pavement construction i _stopping lane

Preliminary works

U Removal of topsoil
U  Construction of stone aggregate subgrade

Construction of new pavement layer

Crushed stone aggregate layer 0/63 mm, d=25 cm
Crushed stone aggregate layer 0/31 mm, d=27 cm
Bituminous base course BNS 22 sA, d =7 cm

Stone mastics asphalt wearing course SMA11s,d =4 cm

cCccc
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New pavement of main route in tunnels

Following contemporary practice in this area and in EU countries, in addition to the
active measures for the prevention of fires in tunnels (ventilation, extraction and
smoke detectors) the application of passive measures, such as the use of
completely non-combustible materials like cement-concrete is a key issue. Also,
some European countries (Austria, Slovakia, Slovenia, Spain) recommended in its
regulations the application of rigid pavement in tunnels longer than 500 m.

Design solution

Design solution of the new pavement of main route in tunnels is as follows:

New pavement construction i _tunnels "Debelo Brdo" and "Lalinac"

I  Preliminary works
U Construction of stone aggregate subgrade

I Construction of new pavement layer

U  Crushed stone aggregate layer 0/63 mm, d=25 cm

U  Crushed stone aggregate layer 0/31 mm, d=20 cm

U  Bituminous base course BNS 22 sA, d = 7+7 cm

U Stone mastics asphalt wearing course SMA11s, d =4 cm

New pavement constructioni t unnel s " Pl ehane kule"

I  Preliminary works
U Construction of stone aggregate subgrade
9 Construction of new pavement layer
Crushed stone aggregate layer 0/63 mm, d=25 cm
Crushed stone aggregate layer 0/31 mm, d=20 cm

Bituminous base course BNS 22 sA, d = 7+6 cm
Stone mastics asphalt wearing course SMA11s,d =4 cm

cCccc

New pavement construction i tunnels "Bozurna" and "Racunkovo brdo"

I Preliminary works
U Construction of stone aggregate subgrade
9 Construction of new pavement layer
Crushed stone aggregate layer 0/63 mm, d=25 cm
Crushed stone aggregate layer 0/31 mm, d=20 cm

Bituminous base course BNS 22 sA,d =6 cm
Cement concrete slab (class C 35/45 with dowels), d = 22 cm

[l i el
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New pavement on junctions

New pavement constructioni Juncti on Merogi na

9 Preliminary works
U  Construction of subgrade
1 Construction of new pavement layer
Crushed stone aggregate layer 0/63 mm, d=30 cm
Crushed stone aggregate layer 0/31 mm, d=20 cm

Bituminous base course BNS 22 sA, d = 7+6 cm
Stone mastics asphalt wearing course SMA11ls,d =4 cm

cCccr

New pavement constructioni Juncti on Mer odgkast/a 1/ Pr ok up

Prokuplie West/Beloljin

9 Preliminary works
U  Construction of subgrade
I Construction of new pavement layer
Crushed stone aggregate layer 0/63 mm, d=30 cm
Crushed stone aggregate layer 0/31 mm, d=20 cm

Bituminous base course BNS 22 sA, d =10 cm
Stone mastics asphalt wearing course SMA11ls,d =4 cm

[ el i

Other pavement surfaces

Preliminary design provide us design solution for pavements as follows:

U New pavement for service and local roads
U Pavement on bridge structure

Design solution

Service and local roads

Preliminary works
U Construction of subgrade
Construction of new pavement layer
Crushed stone aggregate layer 0/63 mm, d=30 cm
Crushed stone aggregate layer 0/31 mm, d=20 cm

Bituminous base course BNS 22 sA, d =10 cm
Asphalt concrete wearing course AB 11s,d =4 cm

cCccc

Pavement on bridge structure

I Preliminary works

COWI | IPF
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U  Construction of hydroisloation, d =1 cm
9 Construction of new pavement layer

U  Asphalt concrete wearing course AB 11s,d =5 cm
U  Stone mastics asphalt wearing course SMA11s, d =4 cm

2.1.6 The key engineering structures

Structure types which are designed on highway are adopted based on several
factors:

data from highway design (vertical alignment, longitudinal and cross sections)
terrain characteristics (layout and levelling position of structures)

soil type and geotechnical characteristics (deep or shallow foundation)
obstacle characteristics (overhead clearance of state/local/dirt roads, railway
line, river bed width and peak flood level) have influenced the selection of type
and height of main girder and therefore the spans of structures.

During designing attention was paid to adopt as smaller number of structure type,
as possible, in order to uniform technology, and thus to speed up the works.

= =4 =4 A

Solution with two separate structures for each direction is accepted. On sections
where design speed is Vi=130km/h (I, II, IV and V section) width of each structure
is b=15,40m, and where design speed is Vi=100km/h (Ill section) width is
b=14,40m.

Foundation type is accepted according to Geotechnical Survey which is prepared
for Preliminary Design. Foundation type should be checked in next phase of design
based on detail geotechnical investigations. On several structures, where
embankment is high, reinforced earth behind the abutments was adopted.

Guardrails on the structures are provided (according to Preliminary Design for
traffic equipment), space for installation conduct over structures and placement of
lighting poles (interchange area). Also, revision paths on outer cantilevers of
structures are provided.

In the tables bellow, there are lists of structures: bridges, overpasses, underpasses
and viaducts with overview of spans, lengths, obstacles and foundation types:

Table 7 Bridges, viaducts, underpasses
\[o} Chainage LA Obstacle Spans CEISILGIEN Uais (.)f
type type foundation

= 1 0+209.27 Underpass Local road L=15m RC slab Shallow
ol 2 2+990.50 Bridge Dirt road and stream L=12m RC slab Shallow
B Aleksandrovacki potok
| 3 3+512.79 Underpass Local road L=15m RC slab Shallow

4 5+825.00 Viaduct Interchange Merosina 1 L=6x35=210m Precast Deep
_ prestressed
- girder
-% 5 8+095.00 Bridge Local road and stream L=15+20+20+15=70m RC slab Deep
3 Krajkovacka River

6 8+512.99 Bridge Lepajski Stream L=15+20+20+15=70m RC slab Deep

7 13+733.12 Underpass Local road L=12m RC slab Shallow
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Obstacle

Construction
type

Type of
foundation

8 14+030.00 Viaduct Country road, L=10x50=500m Box girder Deep
Jugbogdanovacka river
and ravine
9 116+425.43 Viaduct Ravine L=5x50=250m Box girder Shallow
r16+420.50
10 L17+829.99 Bridge Ravine L=30+35+35+30=130m | Beam( Ho mj Shallow
r17+810.02 Ciganski streem ) girder
11 18+051.33 Underpass Local road L=10+15+10=35m RC slab Shallow
12 L18+413.18 Bridge Country road, Strzavska L=6x50+15=315m Box girder Deep
ri8+412.32 River and state road Il
order no. 216
13 L19+193.64 Viaduct Dirt road L=4x35=140m Precast Deep and
= r19+208.29 prestressed shallow
IS girder
g 14 L19+854.04 Underpass Local road L=10+15+10=35m RC slab Shallow
] r19+877.94
15 L21+556.07 Viaduct Dirt road | L=30+3x35+30=165m Beam( Homhb Shallow
r21+553.29 r L=30+35+35+30=130m ) girder
16 L21+908.08 Viaduct Country roads L=5x50=250m Box girder Shallow
r21+919.75
17 L22+885.84 Viaduct State road Il order | L=35+40+18x50=975m Box girder Deep and
r22+880.95 Trnavska River, railroad, | r L=18x50+35+40=975m shallow
dirt road
18 25+399.60 Underpass Country dirt road L=10+15+10=35m RC slab Shallow
19 L26+463.80 Brigde Country dirt road L=10+15+10=35m RC slab Shallow
> r26+464.47
=1 20 28+631.10 Underpass Local road L=10+15+10=35m RC slab Shallow
2l 21 L29+801.45 Underpass Country dirt road L=10+15+10=35m RC slab Shallow
o r29+797.73
2 30+070.10 Bridge Stream L=15m RC slab Shallow
23 31+790.58 Bridge Dirt road and stream L=10+15+10=35m RC slab Deep
(Zdravinjska River)
24 33+135.77 Bridge Kondzeljska River and L=10+15+15+10=50m RC slab Deep
two dirt roads
25 33+617.50 Underpass Country dirt road L=10+15+10=35m RC slab Shallow
26 34+925.00 Bridge Draguska River L=35m Precast Shallow
prestressed
> .
- girder
-% 27 35+157.52 Underpass State road IIA order L=10+15+10=35m RC slab Shallow
3 28 36+578.73 Underpass Country dirt road L=10+15+10=35 RC slab Shallow
29 37+534.18 Bridge Channel L=15m RC slab Shallow
30 37+970.89 Underpass Local road L=10+15+10=35m RC slab Shallow
31 38+278.07 Bridge Stream L=15m RC slab Shallow
32 | 38+566.58 Bridge Toplica River and L30+40+40+30=140m Box girder Deep
d 38+576.48 channel
Table 8 Overpasses
Chainage Object type Obstacle Construction type Type of
foundation
Beam (Homberg's)
| 1 1+713.84 Overpass Highway E80 L=2x30=60 girder Deep
Il 2 7+600.87 Overpass Highway E80 L=112+152=264m RC slab Deep
Beam (Homberg's)
Il 3 10+567.81 Overpass Highway E80 L=2x25=50 girder Deep
Beam (Homberg's)
Il 4 12+149.26 Overpass Highway E80 L=2x25=50 girder Shallow
1] 5 17+185.75 Overpass Highway E80 L=16+18+20+12=66 RC slab Shallow
Beam (Homberg's)
1] 6 18+985.65 Overpass Highway E80 L=2x30=60 girder Shallow
Beam (Homberg's)
1] 7 20+149.55 Overpass Highway E80 L=2x30=60 girder Deep
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Table 9 Structures in interchanges

Construction

Interchange Chainage Object type Obstacle Spans e
1 L=24,12+27,135+ Beam
0+000 Ramp R1 Highway E75 28,14+25,125+25 (Homberg's) | Deep
=129,52; girder
Mer ogi . L=2x24,12+27,635
Highway E75, Beam
+32,665+4x35,17+
0+000 Ramp R3 Ramp 1 and (Homberg's) | Deep
33,15+30,12=312, .
Ramp 4 girder
49
2 Overpass (ramp Beam
Mer ogi | 5+214.94 bifurcation M-01 | Highway E80 L= 7x30=210m (Homberg's) | Deep
and M-02) girder
3 . Beam
Prokuplje Overpass . Shall
17+000.00 Highway E80 L= 2x25=50m (Homberg's)
east (Ramp R-AB) ) ow
girder
4 Prokuplje . L=16+8x20+16=1 Shall
23+847.62 Overpass Highway E80 RC slab
west 92 ow
5 Beam
Beloljin 32+278.00 Overpass Highway E80 L=(5+6)x30=330 (Homberg's) | Deep
girder
Approach
road to
. . . . L=16+5x20+16+1 Shall
Prokuplje - Viaduct Railway line RC slab
6+6x20+16=284m ow
west
interchange
2.1.7 Tunnels

On highw#Mer Niag e, sied’d toil oan kKNi(gm0O+000 to km39+5
construction of a total of 6 tunnels is planned.

Table 10 Review of tunnels per section
Debelo brdo 9+570.00 9+790.00 220 m
Lalinac 11+625.00 11+850.00 225m
Bogurna 15+300.00 15+920.00 620 m
Vrgnik 19+550.00 19+750.00 200 m
Ralunkovo b 20+250.00 21+425.00 1175 m
Pl ehane kul 22+120.00 22+340.00 220 m

Tunnellin Debel o brdobo

The construction of the tunnel "Debelo brdo" consists of two connected tunnel
tubes. The entrance portal of tunnel construction is located at km 9 + 570, and the
exit portal at km 9 + 790. Length of the tunnel tube is 220 m. Standard cross
section elements of the tunnel are designed for highway alignment design speed of
130 km/h, as per rulebooks, but maximum speed in tunnel will be reduced
according to traffic signalization and safety regulation. The roadway is in one-sided
longitudinal slope of 4.0% toward the entrance portal. Tunnel "Debelo brdo" is less
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than 300 m long, therefore in accordance with the standards for the design and
construction of tunnels on highways, special security measures are not designed,
so pedestrian paths are used as evacuation path.

Construction method

The contour of the clearance gauge is defined by the circles of radius R1 = 8.20 m
and R2 =5.70 m, and the area of clearance gauge of a single tube is 98.54 m?,
The structural character of the tunnel construction is such that it involves
construction in phases and the application of modern tunnel building technology -
the concept of the New Austrian Tunnelling Method 7 i NAT Mo .

Singular type of structure along the entire length of the tunnel is adopted. The
construction process is carried out mainly in the marl and marly clays. The primary
lining consists of shotcrete layer and lattice girders. Secondary lining is made of
concrete C25/30, and is reinforced with calculated rebar. Geotextile and
geomembrane is placed between primary and secondary lining as hydroinsulation.

Figure 8 Tunnel 1 construction

Source: Consultantds design

Tunnel2T ALal i naco

Tunnel "Lalinac" is planned to be built using "cut and cover" method for minimizing
earthworks. The tunnel consists of two connected tubes formed from piles and
beams with slab. The entrance portal of tunnel construction of both tubes is located
at chainage km 11 + 625, while the exit portal at chainage km 11 + 850. The length
of the tunnel is 225 m. Standard cross section elements of the tunnel are designed
for highway alignment design speed of 130 km/h, as per rulebooks, but maximum
speed in tunnel will be reduced according to traffic signalization and safety
regulation. The roadway is in one-sided longitudinal slope of 3.5% toward the exit
portal. Tunnel "Lalinac" is shorter than 300.00 m, so in accordance with the
standards for the design and construction of tunnels on the highways, there are no
specially designed security measures, so pedestrian paths are used as paths of
evacuation.

Tunnel construction

Tunnel "Lalinac" is built in the open excavation, with "cut and cover" method, by
placing three rows of piles, connected with the concrete beams that are
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monolithically linked with the concrete slab. After that, backfill and tunnel
excavation are done. The concrete slab is raised on the higher level than traffic
profile dictates, for the purpose of reducing load of overburden on the construction.
Area of clearance gauge of the left tube is 73.18 m2, while on the right tube it is
68,32m2,

Geological conditions are such that singular construction type can be adopted
along the entire length of the tunnel. The construction is carried out mainly in the
silty ground and marly clay.

Figure 9 Tunnel 2 construction

Source: Consultantdés design

Tunnel3i ABogurnao

Tunnel "Bogurna" consists of two tubes. The
bores is sufficient in order to avoid any loading/vibration/deformation impact arising

from the excavation of one bore to the other.. The entrance portal for both tubes is

at chainage km 15 + 300, while the exit portal is at chainage km 15 + 920. The total

length of the tunnel tube is 620 m. Standard cross section elements of the tunnel

are designed for highway alignment design speed of 130 km/h, as per rulebooks,

but maximum speed in tunnel will be reduced according to traffic signalization and

safety regulation. Vertical alignment is changing from 4% uphill to 4% downhill,

thus tunnel is in vertical curve. Bearing that in mind maximum longitudinal grade in

tunnel is cca 1.50% on entrance, and cca 1.20% on exit of the tunnel. Tunnel
"Bogurna" is longer than 500 m, therefore i
design and construction of tunnels on highways, total of 14 SOS niches and 10

hydrant niches are placed in the two tubes. Two escape cross passages between

the tubes for evacuation of pedestrians are also designed.

Tunnel construction

The contour of the clearance gauge is defined by the circles of radius R1 = 6.80 m
and R2 = 5.30 m, while the area of clearance gauge of a single tube is 80.70 m?2.
Tunnel construction is designed in such way that it involves construction in phases
and the application of modern tunnel building technology - the concept of the New
Austrian Tunnelling Method -A NA T Mo .

COWI | IPF

WB13-SER-TRA-01_ESIA Draft Final_v5



Infrastructure Project Facility i Technical Assistance 4 (IFP4) - TA2012054 RO WBF 29
Preliminary Design and Feasibility Study with ESIA for construction of Highway E-80 in Serbia (SEETO Route 7)
PRELIMINARY DESIGN - Environmental and Social Impact Assessment Study (ESIA)

In accordance with the geotechnical conditions along the tunnel, a single type of
structure is adopted along the entire length of the tunnel. The construction is
carried out in marly environment, with layers of marly clay and gravel in the
overlay. At a preliminary level of design, the primary lining consists of shotcrete
and lattice girders Secondary lining is made of concrete C25/30, and is reinforced
with calculated rebar. Geotextile and geomembrane is placed between primary and
secondary lining as hydroinsulation.

Figure 10 Tunnel 3 construction
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Tunnel4i AVr gni ko

Tunnel "Vrgni k" consists of two tubes. Thi
bores is sufficient in order to avoid any loading/vibration/deformation impact arising

from the excavation of one bore to the other. The entrance portal of right tunnel

tube is at km 19+550.00, and exit portal is at km 19+750.00. The entrance portal of

the left tunnel tube is at km 19+535.00, while exit portal is at km 19 + 755.00. The

length of both left and right tunnel tubes is 200.00 m. Standard cross section

elements of the tunnel are designed for highway alignment design speed of 100

km/h, as per rulebooks, but maximum speed in tunnel will be reduced according to

traffic signalization and safety regulation. The roadway is in one-sided longitudinal

sl ope of 5.0% towards the entrance portal
300.00 m, in accordance with the standards for the design and construction of

tunnels on the highways, there are no specially designed security measures; so

pedestrian paths are used as paths of evacuation.

Tunnel construction

The contour of the clearance gauge is defined by circles of radius R1 =7.70 m and
R2 =5.60 m, and the area of clearance gauge of a single tube is 87.35 m2. The
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structural character of the tunnel construction is such that it involves construction in
phases and the application of modern tunnel building technology - the concept of
the New Austrian Tunnelling Method i i NAT Mo .

Singular type of structure along the entire length of the tunnel is adopted. The
construction process is carried out mainly gneiss and degraded gneisses. The
primary lining consists of shotcrete layer. Secondary lining is made from concrete
C25/30, and is reinforced with rebar. Geotextile and geomembrane is placed
between primary and secondary lining as hydroinsulation.

Figure 11 Tunnel 4 construction
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Tunnel5TARal unkovo brdobo

Tunnel "Ralunkovo brdo" consists of two sepa
between the two tunnel bores is sufficient in order to avoid any

loading/vibration/deformation impact arising from the excavation of one bore to the

other.. The entrance portal of the right tunnel tube is at km 20+250.00, and the exit

portal is at km 21+425.00. The entrance portal of the left tunnel tube is at km

20+200.00, and the exit portal is at km 21+425.00. The length of the right tunnel

tube is 1,175.00 m, while the length of the left tube is 1,225.00 m. Standard cross

section elements of the tunnel are designed for highway alignment design speed of

100 km/h, as per rulebooks, but maximum speed in tunnel will be reduced

according to traffic signalization and safety regulation. Vertical alignment is

changing from 4% uphill to 5% downhill, thus tunnel is in vertical curve. Bearing

that in mind maximum longitudinal grade in tunnel is cca 1.1% on entrance, and

cca 2.80% on exit of the tunnel. As tunnel f
1,200 m, inside the tunnel, in accordance with the standards for the design and

construction of tunnels on the highways, in both tubes 17 SOS niches and 14

hydrant niches are placed. Also, two passages for pedestrian evacuation and one

for vehicle evacuation are designed.
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Tunnel construction

The contour of the clearance gauge is defined by the circles of radius R1 = 6.15 m,
R2 =4.65 m, and R3 = 3.80 m. Area of clearance gauge of a single tube is 65.11
mZ. The structural character of the tunnel construction is such that it involves
construction in phases and the application of modern tunnel building technology -
the concept of the New Austrian Tunnelling Method7T A NAT Mo .

Singular type of structure along the entire length of the tunnel is adopted. The
construction will be built in gneiss environment. At a preliminary level of design, the
primary lining consists of shotcrete layer. Secondary lining is made from concrete
C25/30, and is reinforced with rebar Geotextile and geomembrane is placed
between primary and secondary lining as hydroinsulation.

Figure 12 Tunnel 5 construction
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Figure 13 Tunnel 5 lay-by construction
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Tunnel6i APl ehane kul eo

The construction of the tunnel "Plehane kule
tubes. The entrance portal of the tunnel is located at km22+120, and the exit portal

at km22+340. The length of tunnel tube is 220m. Standard cross section elements

of the tunnel are designed for highway alignment design speed of 100 km/h, as per

rulebooks, but maximum speed in tunnel will be reduced according to traffic

signalization and safety regulation. The roadway is in one-sided longitudinal slope

of 4.0% toward the exitpor t al . Tunnel "Plehane kulie" is |
therefore in accordance with the standards for the design and construction of

tunnels on highways, special security measures are not designed, so pedestrian

paths are used as evacuation path.

Tunnel construction

The contour of the clearance gauge is defined by the circles of radius R1 =7.70 m
and R2 = 5.20 m, while the area of clearance gauge of a single tube is 87.35 m?2.
The structural character of the tunnel construction is such that it involves
construction in phases and the application of modern tunnel building technology -
the concept of the New Austrian Tunnelling Method 7T A NAT Mo .

Accordingly with geotechnical conditions along the tunnel a singular type of
structure is adopted along the entire length of the tunnel. The construction will be
built in gneiss environment. The primary lining consists of shotcrete layer.
Secondary lining is made from concrete C25/30, and is reinforced with rebar.
Geotextile and geomembrane is placed between primary and secondary lining as
hydroinsulation.

Figure 14 Tunnel 6 construction
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Safety measures for long tunnels

Overall standards

Safety measures for Al ongod tunnels (L>500m)
according to the domestic and international standards for such a design. There are
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two such I ong tunnels on the new route: TI
iRal unkovo brdoo.

List of adopted regulations and standards:

1 DIRECTIVE 2004/54/EC OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 29 April 2004 on minimum safety requirements for tunnels in the
trans-European road network

1  Guidelines for designing of roads in Republic of Serbia, Chapter 11-Designing
of tunnels, 2012

1  Regulations for the equipment and operation of road tunnels RABT 2006

1 RVS 09.02.31 Tunnels Tunnel Equipment Ventilation Basic principles i chapter
9

RVS 09.02.22 (9.282) Tunnels, Tunnel equipmentTunnel power
supply

For tunnel power supply two technical centres shall be constructed: technical
centre 1 and technical centre 2. Technical centre 1 shall be constructed in the
vicinity of right tunnel tube portal, at the right side of the road. Technical centre 1
contains transformer substation, back-up power supply (UPS and diesel-
generator), switch board room and local control centre (auxiliary) for control and
monitoring of all tunnel equipment. Technical centre 2 shall be constructed in the
vicinity of the left tunnel tube portal, at the right side of the road. Technical centre 2
contains transformer substation, switch board room and back-up power supply
(UPS and diesel-generator). Transformer substations will provide primary power
supply. Uninterruptible power supply devices will provide continuous power supply
for all necessary consumers (overpressure fans in cross-connections, safety
lighting, automation systems and traffic related devices). Back-up power source for
main ventilation system of tunnel tubes shall be provided by diesel-generators.
Power supply for transformer substations shall be provided via 10 kV cables
according to conditions from local electrical utility company. Transformer
substations shall be interconnected.

Lighting
General and emergency lighting is planned. General lighting is divided into zones:
access zone, threshold zone, transition zone, interior zone and exit zone based on
safe stopping distance, L20 calculations and other elements of tunnel construction.
Symmetrical system of lighting with LED light sources is adopted based on
concrete road surface in the tunnel. Lighting shall be controllable by DALI system
which will provide continuous follow of luminance decrease along tunnel tube (CIE-
curve). Every second luminaire of base lighting row shall be supplied by UPS, thus
forming safety lighting (average illuminance of road of 10Lx shall be achieved).
Lighting of cross-connections shall be provided supplied by UPS. Emergency
lighting shall be positioned at the tunnel wall at height not exceeding 1m and at
regular intervals of less than 25m. Emergency lighting shall be supplied by UPS.

Power distribution

Consumers shall be supplied via distribution boards located in emergency (SOS)
niches and switch boards located in technical centres. All cables used in tunnel
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space shall be of halogen free type. Cables for safety systems shall be of
FE180/E90 type.

Heat cables shall be provided for fire water pipes.
Protection against indirect contact shall be TN-S.

Earthing, equipotential bonding and lightning protection

Equipotential bonding of all metal parts shall be provided. In every emergency
(SOS) niche equipotential bonding bar shall be provided as well as in technical
centres. These bars shall be connected to foundation earthing. Foundation
earthings of technical centres and foundation earthing of tunnel tubes shall be
connected, thus forming one linked complex earthing.

Technical centres shall be provided with complete lightning protection system
(external and internal). Coordinated surge protection shall be used.

Automation

Automation system will be implemented via distribution boards located in
emergency (SOS) niches and technical centres. Automation boards will be
equipped with controllers (with algorithms according to different scenarios) linked
together via tunnel optical cable. All tunnel system will be monitored and controlled.
All data will be transferred to main control centre with a connection to local control
centre (redundant).

Fire detection system

Fire detection system is intended for timely fire detection in the tunnel tubes,
emergency (SOS) niches, evacuation corridors, operating and transformer stations,
as well as for alarming and undertaking protective measures against possible
damages and consequences. For fire detection in emergency (SOS) niches,
operating and transformer stations and evacuation corridors, addressable
signalization system is designed comprised of a fire control unit, automatic
detectors, manual call points, input modules and installation cables.

For fire detection in tunnel tubes, Fibro Laser linear heat detection system is
provided. The detector is a fibre optic sensing cable laid on the ceiling of each
tunnel tube.

Sound system

Audio sound system is intended for informing and warning of tunnel users. The
design envisages digital central device with amplifiers for connecting loudspeaker
sets, and has the ability of connecting microphone combination either for direct
informing of traffic participants in the tunnel or for recording of new messages
which would be emitted as required.

Audio communication system

SOS intercom is used for communication of tunnel users with the nearest control
room and communication of officers and service personnel among themselves and
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with remote control centre. A call to the control centre from the tunnel is made in
case of help needed, incidents, fire, traffic accidents or breakdowns, as well as for
official and service needs for communication among personnel. Personnel on duty
can efficiently undertake all required measures and, if needed, forward the call to
any emergency service. Dialling device (SOS phone) is proposed in each
emergency (SOS) niche and at entrances into evacuation corridors.

I ntrusion detection systemb

Intrusion Detection System is used for detection of unauthorized access to facilities
and detection of occupancy and use of emergency (SOS) niches. Intrusion
detection is performed by:

1  Magnetic contacts for door monitoring
1  Alarm siren.

Magnetic contacts on the doors of emergency (SOS) niches are used for detection
of their use. If so, signal generates, via controller, and this moment is forwarded to
the video surveillance system to zoom in the zone where the alarm was generated.

Air control system

The air control system is intended for air quality monitoring in the tunnel, and in
case of a disturbance, it alarms the monitoring and control centre. The system
consists of:

i1  Air visibility monitoring set
I  Unit for control of CO concentration in the air
I  Air stream speed and direction control set.

Traffic control and signalization system

The traffic controller supports all functions specified in TLS specification and
provides interfaces needed for diverse input-output devices, such as:

Inductive detector

LED VMS with pre-defined signs
LCD displays

freely programmable displays
barrier gates

= =4 4 -4 A

Video surveillance system

The video surveillance system is intended for surveillance of the tunnel system and
documenting of events by recording on an appropriate device. The video
surveillance system consists of:

i Fixed colour cameras
i Mobile colour cameras

The cameras allow for contents analysis, follow-up of incidental situations, vehicle
crossing over to the opposite lane, forbidden overtake. The design envisages
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recording of events, storage, date and time recording and content viewing and
printing.

Radio communication system

Radio system devices and installation have to enable radio communication in the
tunnel with police department, fire department, ambulance and maintenance
services. Radio system installation has to support digital TETRA functional system.
The system basically consists of a receiving antenna system for signals present at
the technical centre location, base station located in the technical centre, repeaters
in the tunnel itself, fibre optic communication infrastructure and radiating cables.

Central system 1 fibre optic ring

The Central Monitoring and Control System is located in a rack in the technical
centre and is used for monitoring and control of all systems in the tunnel,
evaluation of collected data, deciding on actions and visualization of the system.
This design envisages a fibre optic ring which runs along the route of
telecommunication channels on the right side viewed in the driving direction
through both tunnel tubes.

Ventilation systemi iRacunkovo brdobo

Tunnel ARacunkovo br dnglongitudidallventiatongystent. i | at ed u
The longitudinal ventilation system consists of 16 jet fans per one tunnel tube.
Fans are arranged in groups of two (pairs). Distance between fan groups is 100 m.
The distance of the first group of fans from the entrance into the right tube and
exits from the left tube is 120 meters. The distance of the first group of fans from
the exit of the right tube is 100 meters from the entrance to the left tube 75 meters.
Nominal electrical power fan is 18.33 kWe with a achieved flow of 16 m3 / sec. All
fans are reversible and have the ability to achieve full capacity of ventilation in both
directions. During normal operation (free traffic flow without obstruction at speeds
of 20-80 km / h) ventilation system provides air movement speed 1-1.5 m /s in the
direction of the vehicle. In normal operation mode required ventilation can be
achieved in the case of exclusion 4 fans per one tube. During the work in the event
of an emergency or fire, the ventilation system works in the maximum operating
mode in which achieved a critical air velocity > 2.8 m / sec. The fans are arranged
that can be operated at an elevated temperature (400 0 C) for 2 hours.

Ventilation systemi iBozur nao

Tunnel fiBozurnao wil/ b e \ilatiortsystem.tTked usi ng | o
longitudinal ventilation system consists of 8 jet fan at one tunnel tube. Fans are
arranged in groups of two (pairs). Distance between fan groups is 100 meters. The
distance of the first group of fans from the entrance into the right tube and exits
from the left tube is 120 meters. The distance of the first group of fans from the exit
of the right tube and the entrance into the left tube is 100 meters. Nominal output
fan is 25.7 kW achieved with a flow rate of 25.6 m3/ sec. All fans are reversible
and have the ability to exercise of the full capacity of ventilation in both directions.
During normal operation (free traffic flow without obstruction at speeds of 20-100
km / h) ventilation system provides air movement speed 1-1.5 m / s in the direction
of the vehicle. In normal operation mode required ventilation can be achieved in
the case of switching off the fan 2 per one tube. In the event of an emergency or
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fire, the ventilation system works in the maximum operating mode in which
achieved a critical air velocity > 2.58 m / sec. The fans are arranged that can be
operated at an elevated temperature (400 O C) for 2 hours.

System for Pressurization of cross-connections

The system for pressurization of cross-connections for emergency evacuation
should provide the necessary overpressure in the corridor to avoid the penetration
of flames and smoke from the fire zone in the evacuation zone. Pressurization is
done using a pair of axial fans and overpressure dampers. Complete maintenance
system overpressure is designed to work and spare fan. Overpressure inside
evacuation corridor may not cause the force to the door of more than 133 N.

HVAC system in technical centres

Technical centres are fully equipped with an air conditioning system to maintain the
environmental conditions for the work of the staff. Rooms for the diesel-generator
are equipped with a ventilation system.

ITS Installations

In order to provide efficient and safe movement of all road user on future highway,
Intelligent Transportation Systems (ITS) equipment have been designed. ITS
equipment will provide efficient management of traffic flows on the highway as well
as fast reactions in case of the emergencies on the road.

As traffic conditions in tunnels are different from other parts of the highway and risk
of accident is higher, higher concentration of ITS installations is provided in them,
which will reduce risk of an accident through better traffic management. Some of
the major ITS systems that will be provided are Variable Message Signs (VMS),
info panels, SOS phones, data collection systems, traffic lights etc.

At the entrance portals of tunnels, it is planned to install info panels, which will
inform users about certain condition within the tunnel.

In order to provide efficient and safe movement inside the tunnel tubes, by
managing traffic flow, it is planned to use variable message signs, which will be
placed at the distance of about 250 meters along the tunnel. Also, traffic lights for
lane management are planned to be provided. Variable message signs will inform
users about the hazards, speed limit and other valuable information about traffic
conditions inside tunnels.

Right before evacuation cross-connections which are planned for redirection of
vehicles in case of an emergency, it is planned to install traffic lights which will
regulate the flow of oncoming traffic.

To increase the visual guidance, it is proposed to install LED markers on the edge

lines. The typical distance between the LED markers is 25 m in the inner zone of
tunnel and 15m in the zones close to the tunnel portal.
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Inductive loops are planned to be installed at entry and exit portals of the tunnel.
They will collect data on traffic flow that enters and exit tunnel including traffic
counts, categories of vehicles, speed, direction etc.

Monitoring and traffic management inside tunnels is planned from Remote control
centre. Auxiliary control centres (part of technical centres) will be provided in the
vicinity of tunnel tubes. Connection of all tunnel equipment with control centre will
be provided via optical cables.

2.1.8 Other structures

Engineering structures and slope protection

Diverse designed (technical) solutions were adopted considering engineering
structures and slope protection of the highway E 80 on the subject section.
Significant diversity of technical solutions was required considering terrain
morphology, road alignment, clearance gauge of motorway, insight into Basic
geological map, geological characteristics of the ground etc. Deep cuts i notches,
embankment backfilling, quite a few structures along road alignment, retaining and
breast (lining) concrete wall were foreseen.

The basic structure of the designed - technical solutions is as follows:

1  Slope shortening of the highway trunk embankment by adopting reinforced soil
slopes with plastic geo-grids.

I  Stabilization of the slope cut in cohesive (weakly bonded) ground (marlstones),
by adopting a discontinuous retaining structure made of bored piles

1  Shallow - to medium deep slope rock cuts without stabilization measures

i  Stabilization of deep rock cuts, by adopting regular anchoring, placing of steel
wire mesh, and plastic or bi-degradable mats, and construction of the breast
(lining) wall in the toe of the rock cut

Slope shortening of the highway trunk embankment by adopting
reinforced soil slopes with plastic geo-grids

On some sections, slope shortenings of the highway trunk embankment were
designed in order to adopt steeper embankment slopes of (v:h) 1: 1.50r 1: 1
instead if typical embankment slopes of (v: h) 1: 3, 1: 2.5 and 1: 2, and to additional
strengthen the embankment. The embankment strengthening is secured by
designing Reinforced soil (earth) slopes. Reinforced earth - embankment slopes
are designed to be made of plastic - flexible geogrids and backfilled by material
from borrow pits along road alignment, or in the special case of very high
reinforced soil slopes, from coarse and highly permeable soil material

widespread and well graded sandy and gravel soil.

COWI | IPF

WB13-SER-TRA-01_ESIA Draft Final_v5



Infrastructure Project Facility i Technical Assistance 4 (IFP4) - TA2012054 RO WBF 39
Preliminary Design and Feasibility Study with ESIA for construction of Highway E-80 in Serbia (SEETO Route 7)
PRELIMINARY DESIGN - Environmental and Social Impact Assessment Study (ESIA)

Figure 15 View of the typical reinforced earth structures, with the slope inclination of (v:h)
1:1&1.5:1
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Specific care was rewarded to the slope protection of reinforced soil structures
against erosion. Depending on the face inclination of the reinforced soil, slope
protection is carried out at the following two methods:

1 Inthe case of the inclination of the slope reinforced earth (v: h) 1: 1, plastic 3D
geo-grids are foreseen, as well as slope protection by placing vegetative layer
T top soil (Figure 15).

2 Inthe case of reinforced soil slope with the face inclination of (v: h) 1.5: 1,
placing of temporary panels, femnmwork?o
Panels are made of adouble-t wi st ed hexagonal steel Wi
with supports and struts. The wire mesh is galvanized, by zinc alloy and
aluminium (5%) - galvanized or hot galvanized, in both cases coated with thin
polymer layer (PVC coating). In order that vegetation and grass can grow and
develop, it s required to install veget
humus layer (20 cm) mixed with grass seed. The humus layer works as the
first layer of the embankment, right next to the slope and is detached from the
panel elements by bio - degradable jute mat or plastic mat.

Figure 16 Schematic illustration reinforced soil slope protection with inclination (v: h) 1:1
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Stabilization of the slope cut in cohesive (weakly bonded) ground
(marlstones), by adopting a discontinuous retaining structure made
of bored piles

On the section before and after the tunnel "Debelo brdo" from Ch. 9 + 350 to Ch. 9

+ 570 (start of the tunnel) from Ch. 9 + 790 (end of the tunnel) to Ch. 10 + 250 is
designed to shorten slope on the left, hill side of the road, by construction of a
discontinuous support structure made of the large diameter bored piles. The total

length of the pile structure is L = 94.00 m. Support structure is made of reinforced -
concrete bored pile with the diameter of
2.25m. Pile are length of 15.1 m. The piles are connected by reinforced - concrete
beam, with the dimensions of 120x 90 cm. Between the piles, a reinforced -

concrete slab is foreseen, 20 cm thick. On the slab, drainage holes "weep holes"

are designed, with the length of 10m.

In the arrears of the piles, reinforced - concrete channel, with the dimensions of b /
h =0.60/0.50m and concrete quality C 25/30 are designed.

Slopes above the piles are designed at an inclination of (v: h) 1:2.5 and 1:3.

Figure 17 Typical view of the slope cut stabilization measures by bored piles
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Shallow i to moderate deep slope rock cuts, without stabilization
measures

On the sections with shallow i to moderate deep rock cuts, in the complexes of
crystalline schists: mainly gneiss and amphibole -gneiss, mica schist, amphibolic
schist, pegmatite, aplite, quartz and marble (Gn), extensive slope stabilization
measures are not provided. Rock slopes excavation (cuttings) are designed in the
inclination of (v: h) 1: 1. The maximum depth of a rock cut section is h = 6m. After
each cut section, protective 7 berms, with the width of b = 3.0 m, are designed, in
order for proper construction, drainage and maintenance of slopes. In the middle of
the berm, drainage ditch is designed, and inclined berm sides of 4%, to the ditch.
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The only construction works designed for this type of rock cuts, are concreting of
berms and ditches, with the concrete quality of C25/30 and thickness of 10 cm.

Figure 18 Typical view of shallow i to moderate rock cuts without slope stabilization
measures
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Stabilization of deep rock cuts by adopting systematic anchoring,
placing of steel wire mesh, and plastic or bi-degradable mats, and
construction of the breast (lining) wall in the toe of the rock cut

On the motorway sections where road alignment is conditioning deep rock cuts,
stabilization slope measures by systemic anchoring (nailing), and slope erosion,
unwedging i rock falling protection measures are foreseen. Slope protection is
done by placing steel wire mesh and plastic (or bio-degradable) mats and
construction of continuous massive concrete wall in the lowest part of the rock cut.

Bench with the wall is with the maximal depth of h = 6.0m. The wall is in the crown
with the thickness of b = 30 cm, and with the wall face inclination of (v: h) 5: 1.
Excavation temporary slope for the wall construction are designed in inclination of
(v: h) 10: 1 and secured by anchors (nails) in regular secing of r =2.5x 2.5 m.

Rock slopes, above the wall are designed in the inclination of (v: h) 2: 1, 1.5: 1 and
1: 1. The maximum depth of a rock cut section is h = 6 m. After each cut section,
protective berms with the width of b = 3.0 m are designed, in order for proper
construction, drainage and maintenance of slopes. In the middle of the berm,
drainage ditch is designed, and inclined berm sides of 4%, to the ditch. The only
construction works designed for this type of rock cuts, are concreting of berms and
ditches, with the concrete quality of C25/30 and thickness of 10 cm.

Slope stabilization measures are provided by employing steel 1 stiff rock anchors

(passive) on regular spacing of r = 2.5 x 2.5m, and by placing of steel wire mesh,
plastcandbio-d egr adabl e mat s. Anchors are made
with the length of L = 4.0 m. On top of the slopes double - twisted hexagonal mesh

is placed and secured on the slope surface.

On the highest cut bench, with the inclination of (v:h) 1: 1, bio - degradable mats,
made of jute blanket is placed. Bio i mat is product made of 100% natural fibres,
jute, with large and open structure (holes). After 1 to 2 years, mats made of jute
decomposes.
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All rock slope surface, irrespective of the applied method of stabilization, are
designed to be processed by hydro seeding. By applying hydro seeding procedure,
vegetation is growing faster, from 5 to 7 days, and also grass roots are bonded
better to the ground. If the procedure is performed properly and timely, uniform and
lush vegetation of ground surface is obtained in a very short period of time.
Ultimate is vegetation coverage of 50% is expected to develop eventually.

Figure 19 Typical view of deep rock cuts stabilization measures, by applying regular
anchoring, placing of steel wire mesh, and plastic or bi-degradable mats, and
construction of the breast (lining) wall in the toe of the rock cut

214+402.02 KRAJ TUNELA. km 21+425.00 21+425.00

Figure 20 View of principal rock cut stabilization measure by applying regular anchoring,
placing of steel wire mesh, and geo-mats

Noise barrier structures

The noise caused by traffic flow is discontinuous, of variable intensity, with
intermittent pulses. It has a negative impact on the quality of life of the surrounding
population and its health. Since a large number of facilities is located in the
immediate vicinity of the observed section, it is necessary to implement appropriate
protection measures against negative impact of the traffic noise.
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Design of noise barriers envisages the construction of structures for noise
protection, which would eliminate its negative impact.

Acoustic zoning was not conducted during the development of the preliminary
design for subject area, and therefore permissible noise levels are not defined.
Selection of the permissible noise levels was done in accordance with the
Regulation on noise indicators, disturbance and harmful effects of noise in the
environment (Official Gazette of RS, No. 75/2010). Since the newly designed road
belongs to the category of highway, the highest values of the permissible noise
levels are selected regarding the category of the observed roads, and use of the
area directly to the road. The designer has selected the values of permissible noise
levels for residential areas which amount to 65 dB (A) for the daytime period and to
55 dB (A) for the night-time period. In preparation of the Final Design, it is
necessary to determine whether the acoustic zoning has defined permissible
levels, which deviate from the adopted ones for the preparation of the Preliminary
Design, and accordingly determine the need for protection measures.

The project envisaged placing of noise protection walls. The height and length of
noise protection walls is determined based on the noise level analysis, using the
CadnaA software. Required length and height of the walls are obtained as the
result of the analysis.

Height of the walls is defined so that it provides a reduction of the traffic noise
levels below the permissible level in settlements along the planned road. Several
types of solutions were taken into consideration and the proposed solution meet
the following criteria:

Resistance to weather conditions
Rational constructions

Visual effects

Possibility of pre-fabricated construction
Possibility of superstructure

Spatial coherence

Easy maintenance

= =4 =4 -4 -4 -8 -4

Noise barriers are provided on the left or right side, as observed in the chainage
growth direction, in the area of objects which are exposed to the negative impact of
the forecast traffic, at the total length of about 228 m. The height of the walls varies
from 2 meters to a maximum of 2.5 meters.

2.1.9 Road side facilities

The basic road side facility concept includes facilities which are related to the
function of a highway (functional facility) and facilities which are designed to meet
the needs of road users (facility for user needs).

Functional facilities

Functional accompanying facilities include all the services and facilities whose
primary purpose is the maintenance and minor repairs of road structures and
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elements, as well as supporting service equipment. This group includes supporting
facilities and services and / or facilities needed to control and manage the traffic on
the road.

For the E-80 highway the linear spatial distribution base for maintenance and
facilities management and control traffic was adopted, in principle. This solution
takes into account the relationships of standards and the required level of
maintenance.

The following functional accompanying facilities are provided along the highway:

Road maintenance facility are complexes of buildings used to accommodate all
services and equipment for winter and summer road maintenance;

The position of the facility is withint he t ypical junction (Adoubl e
trumpet o) .

Maintenance facility is the basic facility that coverstheso-c al | ed A HiIi ghway uni
sectiond with a Il ength of approx. 40km, acco
system.

Road control and management facility, in accordance with the basic principles
(find out- inform- undertake) which contains:

1  Systems to provide timely information
1  Notification system

The maintenance and contr ol base is | ocated
23+600

Toll collection includes services and facilities intended for the collection,
processing and control of collection. Toll collection facilities, includes:

T Main toll station (GNM): After Merogina
1  Side toll station (SNM): The position of SNM is defined by location of the
junctions. Every junction has one side toll station.

Facilities for the road user needs

Several facilities for road user needs are proposed along the highway alignment:

Rest areas that are used for shorter staying and relaxation (15-30 min.) Parking for
cars is separated from the parking for trucks and buses that are parked in the
same area. In future, if there is a need, these areas can be equipped with an
internal telephone, sanitary facilities, drinking water, billboards with tourist
information etc.

Service areas involve longer staying (30-90 min.), and have a separate area for
parking of passenger cars, buses, trucks and, if need be, tourist vehicles. They
contain parking, public phone, lighting, restaurants, shops, cafes etc. There may be
gas stations and repair facilities for minor service and repair.
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Location of facilities for user so

The main goal in locating the facilities areas is to match the needs of users with
functional safety requirements and spatial possibilities and limitations, with
consideration of the following parameters:

1 traffic-technical conditions;

1  "external overview" of facility;

i1  position relative to the junction;

1 limiting elements of the plan and profile;

1  spatial limitations;

1 natural and historical conditions of micro-location;

9 utility infrastructure;

1  environmental protections.

Table 11 Location of facilities for usersd needs
3+250 | Servicearea | Both sides AALEKSANDROV
13+100 Rest area Both sides AfARBANASCEO®
28+150 Service area Both sides AiMALA PLANAO
37+800 Rest area Both sides APLOLNI Ko

2.2 Road Safety

2.2.1 Traffic and Road Safety implementation

The main aim of the Traffic and Road safety implementation in motorway is to
increase traffic safety and to ensure safe traffic conditions in terms of proposed Level
of Service. By its implementation greater efficiency can be achieved and traffic safety
can be increased on each section of proposed motorway.

Nis-Plocnik motorway Preliminary Design contains several integral parts where
traffic and road safety is implemented. As a part of PD, ITS implementation is
proposed (both on open route and in tunnels), electrical and mechanical installation
are also proposed along the route and in tunnels, traffic signalization and equipment
is proposed for alignment and side facilities. Finally, Road safety audit is performed
for whole Nis-Plocnik proposed alignment.

Highway alignment and all its side facilities are planned and designed according to
local laws, rulebooks and guidelines:

i1 Law on Public Roads (Official Gazette RS no. 101/05 and 123/2007,
101/11, 93/12 and 104/13)

1 Law on Road Traffic Safety (Official Gazette of RS No. 41/09, 53/10,
101/11 and 32/13-CC)

1 Rulebook on the Conditions which Have to be Fulfilled by Road
Structures and Other Elements of Public Road from the Aspect of
Traffic Safety (Official Gazette of RS No. 50/11), and others,

CO ; ; I | IPF WB13-SER-TRA-01_ESIA Draft Final_v5



46

Infrastructure Project Facility i Technical Assistance 4 (IFP4) - TA2012054 RO WBF
Preliminary Design and Feasibility Study with ESIA for construction of Highway E-80 in Serbia (SEETO Route 7)
PRELIMINARY DESIGN - Environmental and Social Impact Assessment Study (ESIA)

and also according to international guidelines and best practise (EU and German
standards and guidelines) such as:

1T Richtlinien fg¢gr die Anl age von Landstr e

2.2.2 ITS equipment on the route of the highway E80

The implementation of intelligent transport systems (ITS) includes measures and
technology that combine information and telecommunication technology which can
increase the level of traffic safety, efficient traffic flow and therefore a lower level of
environmental pollution.

The aims of applying the ITS systems are:

1 Informing drivers about traffic conditions, restrictions, warnings and other
required information which have variable character

i  Traffic control in terms of traffic management

1 Management of traffic flow in case of the incident in order to reduce the
consequences and negative impacts on other vehicles in the traffic flow

Positioning and implementation of equipment and system along the highway
provides certain features and limitations in the exploitation of the highway. For this
reason, in moment of defining location of the equipment it was necessary to ensure,
as far as possible, flexibility and sustainability of the proposed system. Systems that
provide this are as follows:

1 Fully programmable information (graphic) display on the portal with the
ability to display text in the central part and displaying standard traffic signs
T Info tables

i Variable message signs (VMS) with the ability to display predefined traffic
signs

1 Elements to control the height of vehicles that access highway

1 The system for collecting data on traffic flow in the form of inductive loops
that are positioned into the pavement

1 The system for collecting data on weather conditions along the route of the
highway i Meteo stations

1 Weight In Motion System (WIM)

1 The system for detecting the transport of dangerous goods

All ITS equipment is proposed and designed according to:

1 Law on Road Traffic Safety (Official Gazette of RS No. 41/09, 53/10,
101/11, 32/13-CC, 55/2014, 96/2015 - other law and 9/2016 - CC)

1  Rulebook on Traffic Signage (Official Gazette of RS No. 134/14 and
85/17)

1  Manual for Roads Designing - SRDM 6-6 ITS equipment

1  Bestlocal and international practice
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2.2.3 ITS equipment in the tunnels of the highway E80

Along the route of the highway E80 project envisages the construction of 6 tunnels.
Length of the tunnels ranges from 220m to
B o g @& aretwo major tunnels with lengths of 1225m and 620m respectively, while

other smaller tunnels having length of to 300m. In these two tunnels adequate

traffic equipment is provided which will ensure safe traffic in the tunnel tubes and

traffic management in the event of unforeseen circumstances or needs for closing

a tunnel tube for traffic.

At the entrance to the tunnel Raefsisn k ovo b
designed. Barriers are designed for individual tunnel tubes so one tube can be

closed in the case of an incident or closing tube for maintaining. At the entrances to

the tunnel Bogurna there are no ramps pr o
traffic light system.

The following elements of ITS equipment have been implemented in these tunnels:

1 The system for collecting data on traffic flow in the form of inductive loops
that are positioned into the carriageway
i1  Fully programmable information (graphic) display on the portal with the
ability to display text in the central part and displaying traffic signs
according to the current regulations on traffic signalisation i Info tables
1 Variable message signs (VMS) with the ability to display predefined traffic
signs
1 Access control with barriers (Ralunkov
1 Led markers on the carriageway

VMS signalization placed inside the tunnel is planned so that it can provide
information to users, in both directions. This makes possible, if necessary, two-way
traffic in each tunnel tube.

All'ITS equipment is proposed and designed according to:

1 DIRECTIVE 2004/54/EC OF THE EUROPEAN PARLIAMENT AND
OF THE COUNCIL of 29 April 2004, on minimum safety requirements
for tunnels in the Trans-European Road Network

1 Rulebook on the Main Conditions which a Tunnel on a Public Road
Has to Fulfil from the Aspect of Traffic Safety and Suitability of the
Road for Traffic (Official Gazette of RS N0.121/2012)

1 Manual for Roads Designing - SRDM 6-6 ITS equipment

1 Manual for Roads Designing - SRDM 11-5 Tunnel Equipment

1 Law on Road Traffic Safety (Official Gazette of RS No. 41/09, 53/10,
101/11, 32/13-CC, 55/2014, 96/2015 - other law and 9/2016 - CC)

1 Rulebook on Traffic Signage (Official Gazette of RS No. 134/14 and
85/17)

2.2.4 Electrical and safety installations in tunnels

In order to provide efficient and safe movement of all road users on future highway
a number of electrical and mechanical installations have been designed primarily in
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road tunnels. Electrical and mechanical installation will provide safe environment
for all tunnel users. They consist of:

1 Power installations
1 Telecommunication installations
T Ventilation

Power installations comprise transformer substations, back-up power supply (UPS
and diesel generator), power distribution via cabinets, lighting (general and
emergency) and automation as a specific part.

Telecommunication installations comprise fire detection, video surveillance, radio
re-broadcast, emergency telephones and sound information system as well as gas
detection and air movement measurement.

Ventilation system consists of reversible jet fans in pairs at certain distance in
entrance part of the tunnel as well as overpressure fans for cross connections.

All systems are monitored and controlled via SCADA with manual override option.

Tunnels ABogurnafiand ARalunkovo brdofd(longer
Safety installations for long tunnels as per EU regulations, RABT, RVS and Local
regulation and guidelines.

2.2.5 Traffic equipment and signalization

Interchanges and road sections are marked with standard traffic signalisation and
equipment. Road markings are used to divide traffic lines and mark areas that
vehicles should use. Traffic signs will inform users about priorities, speed limits as
well as give them information about destinations in the zones of the intersections.
As main element of passive road safety guiderails are designed along the section
in order to reduce consequences of potential traffic accidents.

All Traffic equipment and signalization equipment is proposed and designed
according to:

1 Law on Road Traffic Safety (Official Gazette of RS No. 41/09, 53/10,
101/11, 32/13-CC, 55/2014, 96/2015 - other law and 9/2016 - CC)

1 Rulebook on Traffic Signage (Official Gazette of RS No. 134/14 and
85/17)

i  Technical guidelines for the implementation of the system for retention
of vehicles on public roads in the Republic of Serbia

COWI | IPF

WB13-SER-TRA-01_ESIA Draft Final_v5



Infrastructure Project Facility i Technical Assistance 4 (IFP4) - TA2012054 RO WBF 49
Preliminary Design and Feasibility Study with ESIA for construction of Highway E-80 in Serbia (SEETO Route 7)
PRELIMINARY DESIGN - Environmental and Social Impact Assessment Study (ESIA)

2.2.6 Road Safety Audit

As a part of Ministry of Construction and PERS road safety audit strategy, along
with some other projects, Preliminary Design for Nis-Plocnik motorway was a
subject of extensive Road Safety Audit (RSA).

RSA Workshop took place in Belgrade, PERS premises, from 28-30. November
2017. RSA was performed through:

TA to Connectivity in the Western Balkans

Sub-Project Code: CONNECTA-TRA-CRM-REG-01

Area: Connectivity Transport Reform Measures

Preparation of Road Safety Inspection and Audit Plans for core/comprehensive
road network in Western Balkans (WB6) and Pilots

St age One Road SafRotlyniAxudiSte,r bE80 Ni ¢

On Day 1 Design team presented the project background and also technical,
environmental and social part of the design. After the presentation RSA team and
Consultant discuss further about some aspects of the highway alignment and other
part of the design.

Figure 21 RSA Workshop and discussion

On Day 2, RSA team performed a Site visit, together with Consultant, in order to
became more familiar with the existing state road (which is close to proposed
highway) and also to see proposed places for major highway objects
(interchanges, tunnels, bridges etc.).
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Figure22Si te visit and design review Ain situ

o

On Day 3, RSA team, together with Beneficiary, performed a meeting and agreed
further steps in audit.

The Consultant received comments from RSA team, in a form of report which was
prepared on 20 December 2017. After reviewing this report the design was improved
taking into consideration the RSA recommendations. Then a report was prepared
describing what is implemented and some of the design solutions were also further
explained. That Report was sent to PERS and to the Ministry on 13 February 2018.

2.3 Transport of the exavated material

For the purposes of the elaboration of the Feasibility Study, rough estimates of the
earthworks have been carried out. Approximate quantities of earthworks were
obtained from the projected cross-section profiles. The mass balance of
earthworks will be attached as an integral part of the highway route project.

The highways ect i on f r o m HNhygcally dividdlintm b (sub® sectisns
(defined among intercanges), however, insight into the layout of the mass, imposes
the following logical unit: Section | and Section Il to represent Lot 1 (Merosina i
Prokuplje), Section Il - Lot 2 (Prokuplje Bypass), Section 4 and Section 5 - Lot 3
(Prokuplje 1 Plocnik). Nevertheless, it must be noted that this is an indicative
separation and that the final elaboration and definition of construction Lots will be
performed during the Detail Design of the project.

Table 12 Review of indicative separation in Lots and sections
Lot 1 Lot 2 Lot 3
| Section Il Section 11l Section IV Section V Section

0+000-5+500 5+500-14+280 14+280-27+096 27+096-32+650 32+650-39+419

It has been assumed that the excavation will be carried out by the excavator
"CATERPILLAR 365C L", and transport by truck "MERCEDES 4144-K ACTROS".
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Based on the practical effects of the above mentioned, the traffic will be carried out
as follows:

1  For atransport distance of 1km excavation, carry one excavator and 5 trucks.

1  For atransport distance of 3km excavation, carry one excavator and 8 trucks

1  For a transport distance of 8km excavation, carry one excavator and transport
15 trucks

1  For transport distance of 10km excavation, one excavator and transport of 17
trucks

Transportation in the construction site is done by a different set of machines
bulldozer and grader.

Transport will be carried out by state road 1B-35, local roads for the needs of the
approach, temporary construction roads for access to the construction site.

fLot 10 Me r eoPFrdkuplge:

Section I, length 5,5 km - one team of workers will work in the site (21049 m?3) for
46 days, the other team will transport the material (37119 m?3) from the borrow pit
17 truck -17 days;

Section Il, length 8,78 km - divided into two parts and with two workers transport
teams will transport exavated material (776034 m?) - 262 days, transport of
materials (98167 m?3) at a distance of 8 km 15 trucks - 44 days, transport of
exavated materijal (117527 m3) in to Section | - 17 Trucks for 52 days, transport of
exavated materials (68096 m3) to the landfill for 30 days.

flLot20 Pr o bypgsd: | e

Section Ill, length 12,816 km - will be divided into three sections.

1  Three sets of machines will work in site (273135 m3) for 124 days.

1  Three sets of machines (15 trucks) will handle the transport of materials (1360
m3) at the transport length of up to 1 km - 1 day

1  Three sets of machines (24 trucks) will carry the transport of materials (26612
m3) at the transport length up to 3 km - 4 days

1  Three sets of machines (33 trucks) will carry the transport of materials (423820
m3) at a transport length of up to 8 km - 62 days

I  Three sets of machines (51 trucks) will handle the transport of materials
(325485 m3) at a transport length of up to 10 km in a landfill-48 days.

fLot30 P r o kRlogrikj e
Section IV, length 5,554 km.

Required quantity of material (775398 m3) will be delivered from a borrow pit with
17 trucks in 341 days.

Section V length 6,769 km.

One set of machines will be transported in site (30362 m?) for 66 days.
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Required quantity of material (1188982 m?) will be delivered from a borrow pit with
17 trucks in 522 days.

Top soil (up to 0.4 m thick) and agricultural subsoil will be stripped and temporarily
stockpiled in dedicated areas for later use (restoration, landscaping, etc.).

Potential borrow pits for gravel, in relative vicinity of the highway, are:

1 Bat ug sonthaf Mdrosina I/C)

T Lokot, near village Mramor, 11 km from Nig

1 Doljevac, 20 kmonsouthof Nig, near vill age Dol jevac

T Krugl e, near eRicgkuplgj e oad3 Nkdp from Nig, o
the road, near village Krugl e

T Plolnik, o n ftoin déhe toadf Rrokuglje-kler guml i j a, 23km
Prokuplje.

Figure 23 Potential borrow pits for gravel close to Merosina I/C
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Potential borrow pits for crushed stone (limestone):

1T Ostrovica, on tRmotroad, @km fsriadmre MNifg Nidol omi
1 Tasil kop, near Prokuplje

Figure 24 Potential borrow pits for crushed stone

The above mentioned locations constitute potential sources of material, but
guarries and borrow pits are not defined in the present stage of the project
(Preliminary Design). This will be initially investigated during the Detail Design
phase, when the final decision regarding the construction lots will be taken, thus
the needs for materials and disposal will be performed. At the Detail Design stage
a closer comparison of environmental and social impacts will be undertaken by the
updated ESIA. These impacts (among others) will include visual intrusion, noise,
sedimentation and transport of materials.
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2.4 Display of emissions

This chapter provides an overview of the types and quantities of gases, liquid and
solid matter emitted by motor vehicles, including discharges into surface and
groundwater, landfill and noise, vibration, heat and ionizing and non-ionizing
radiation.

Pollution effects of the Construction phase can be considered as minor compared
to the operation phase, and they are elaborated in section 5.1. The movement of
motor vehicles is dominating cause of degradation of the present ecological
potentials. Other possible causes of degradation are inorganic leached from the
material storage, wastewater of workers and other anthropogenic emissions. Due
to the adopted immission modeling methodologies, it is appropriate to divide the
emissions from the motor vehicles into three groups:

1  Gaseous substances,
1  Solid and liquid phase,
1 Noise.

From the aspect of the time character of broadcasting, pollution in the wider sense
can be permanent, seasonal and accidental.

Continuous (systematic) pollution is primarily related to the volume, structure and
characteristics of the traffic flow, the characteristics of the road and the climatic
conditions. As a result of traffic flow, permanent emissions of harmful substances
into the atmosphere, are formed.

Seasonal pollution is related to a certain annual period. A typical example of this
type of pollution is the use of salt to maintain the road in the winter months. This
type of pollution is characteristic of the fact that in a very short period of time, large
concentrations of sodium and calcium chloride occur.

Accidental harmful pollution is most often due to the transport of hazardous
materials: oil and its derivatives, although it is not rare very dangerous chemical
products, either liquid or easily volatile. Special problem in this case is the fact that
these are almost instantaneous very high concentrations that can not be foreseen
temporarily or spatially. Consequently, very wide belts, most commonly water
areas, but not rarely and superficial waters of high category, are often protected
from the point of view of protection, as the most risky places on the freeways in the
mentioned sense.

Display of the type and amount of emitted substances is a starting step to
approximate quantification of the effects of traffic on environmental resources.

The significant negative impact of transport in terms of environmental protection is
air pollution. Each liter of combusted fossil fuel produces approximately 100g of
carbon monoxide, 20 grams of volatile organic compounds, 30g of nitrogen oxides,
2.5¢g of carbon dioxide and many other noxious and toxic substances such as
sulfur compounds and particulates. All these compound result in air pollution to a
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certain extent, either by direct effect on the health or globally, causing the
greenhouse effect.

For the determination of the quantity of emitted gaseous pollutants, which come
from the road, the software tool Copert 4 was used. Its development was funded by
the European Environment Agency - EEA in the framework of the activities of the
European Thematic Center on Air and Climate Change.

Gaseous substances
The measurement results obtained by Copert methodology were used for this

research study. Quantities of six dominant components of exhaust emissions in
grams per kilometer are given in Table 12.
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Table 13 Specific emission for road vehicles [g/kg fuel]

Gasoline 221,70 28,39 34,41 1,99 0,00 2720
Passenger car

Diesel 12,66 11,68 3,73 0,12 4,95 3090

Gasoline 305,63 26,58 32,61 1,51 0,00 2590
Light truck

Diesel 15,94 20,06 1,08 0,08 4,67 3090
Heavy duty vehicle |Diesel 11,54 38,34 6,05 0,34 2,64 3090
BUS Diesel 10,61 42,02 5,75 0,44 2,24 3090

Source: Cooakuladicneant sods
Tablel4 Daily emissions (according to AADT forecasts per section for year 2035)

Prokuplje Beloljin-
Me r o g-Prokaplje Prokuplje Istok- Prokuplje Zapad- Interchange

Mer o gMemrao g i Istok Prokuplje Zapad Prokuplje Beloljin Kur guml j

lenght =5.5 km lenght=8.78 km lenght=12.81km lenght=5.55 km lenght=6.77 km

AADT=16348 AADT=15989 AADT=13131 AADT=13742 AADT=11589

Overall Overall Overall Overall Overall
emmisions |emmisions |emmisions [emmisions |emmisions |emmisions |emmisions |emmisions |emmisions [emmisions
per section per section per section per section per section
() () (ka) () ()
Cco 131.43 722.865 128.75 1130.42 106.67 1366.44 110.55 613.55 92.18 624.06
N[0 30.75 169.125 29.97 263.14 23.59 302.19 26.84 148.96 23.08 156.25
NM-
VOC 22.04 121.22 21.56 189.30 17.69 226.61 18.84 104.56 15.66 106.02
CH, 1.24 6.82 1.21 10.62 0.99 12.69 1.04 5.77 0.88 5.96
PM10 2.91 16.005 2.84 24.93 2.27 29.08 2.51 13.93 2.13 14.42
CO, 3685.6 20270.8 3597.4 31585.2 2883 36931.23 3169.2 17589.1 2701.3 18287.8

Source: Consultantsés calculations

Liquid and solid substances

In highway operation it can be expected that liquid and solid emmisions are results
of following processes:

leakage of fuel, oil and lubricants,
deposition of exhaust gases,

tire wear,

pavement wear,

leakage or spilling loads

rejection of organic and inorganic waste.

= =4 -4 A A -5

The chemical composition of these materials are primarily fuel components such as
hydrocarbons, organic and inorganic carbon, nitrogen compounds (nitrate, nitrite,
ammonia). A special group of elements are heavy metals such as cadmium,
copper, zinc, mercury, iron and nickel. A significant part is made of solid matter of
different structures and characteristics that occur in the form of precipitated,
suspended or dissolved particles. It is possible to register the substances that are
the result of use of specific materials for corrosion protection. Another group of
carcinogenic materials are polyaromatic hydrocarbons (benzopyrene) which are
the product of incomplete combustion of fuel and used engine oil.
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For the estimation of quantities, it was assumed that all solid and liquid substances
are deposited in the first time on a pavement, and then, through spraying, rinsing
and other processes coming to the ground, surface and ground waters, etc. In
accordance with this, and based on the foreign experience derived from 20 years
of research, an estimate of emissions of pollutants retained on pavement surfaces
was carried out. The substances gquantities that motor vehicles emit during one
year per hectare of pavement surface for the reference traffic load and the
forecasted traffic, as well as the total amount of pollutants on the highway route at
an annual level are given in the following tables.

Tablel5 Emissions of solid and liquid substances at annual level for section |, year 2035
Section I Mt_e r-og ARAeéeTr_eSn;(;eo Quantities emitteg per unit T(_)Fal emitted _
Mer ogi na vehicles area for AADT =16348 quantities per section
I 7 T S N2
Suspended particles 145.00 272.47 3,446.7033
gé‘ﬁgﬁg"éaég’gge” 6.50 12.21 154.5074
dceh;’;‘rifdaégéygfn 49.00 92.07 1,164.7480
(TTO(t)aé)orga”ic carbon 25.00 46.98 594.2592
Nitrates 0.98 1.84 23.2950
Total phosphorus 0.13 0.24 3.0901
Oils and lubricants 2.25 4.23 53.4833
Copper 0.01 0.02 0.2377
Iron 2.50 4.69 59.3546
Lead 0.04 0.08 0.9984
Zinc 0.08 0.15 1.8779
Source: Consultantsdéds calculations
Table16 Emissions of solid and liquid substances at annual level for section I, year 2035
referent Quantities emitted Total emitted
Sectionll:  Me r o-Brokupke Edst AADT-8700 per unit area for quantities per
vehicles AADT =15989 section
| ghabear | ghayear | kgyear
Suspended particles 145.00 266.48 5,382.9633
Biochemical oxygen demand (BODs) 6.50 11.95 241.3053
Chemical oxygen demand (COD) 49.00 90.05 1,819.0704
Total organic carbon (TOC) 25.00 45.95 928.0971
Nitrates 0.98 1.80 36.3814
Total phosphorus 0.13 0.24 4.8261
Oils and lubricants 2.25 4.14 83.5287
Copper 0.01 0.02 0.3712
Iron 2.50 4.59 92.6983
Lead 0.04 0.08 1.5592
Zinc 0.08 0.15 2.9328
Source: Consultantsdés calcul ations
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Tablel7 Emissions of solid and liquid substances at annual level for section Ill, year 2035
. . Quantities emitted Total emitted
Section Ill:Prokuplje referent AADT-8700 . »
. . per unit area for quantities per
East-Prokuplje West vehicles )
AADT =13131 section
_ kg/halyear kg/halyear kglyear
Suspended particles 145.00 218.85 5,889.2535
Biochemical oxygen
6.50 9.81 264.0010
demand (BODs)
Chemical oxygen
49.00 73.96 1,990.1615
demand (COD)
Total organic carbon
25.00 37.73 1,015.3885
(TOC)
Total phosphorus 0.13 0.20 5.2800
Oils and lubricants 2.25 3.40 91.3850
Copper 0.01 0.02 0.4062
Iron 2.50 3.77 101.4170
Lead 0.04 0.06 1.7059
Zinc 0.08 0.12 3.2086
Source: Consultantsdés calcul ations
Tablel8 Emissions of solid and liquid substances at annual level for section IV, year 2035
. . Quantities emitted Total emitted
Section |V:Prokuplje West- | referent AADT-8700 ; »
. . per unit area for guantities per
Beloljin vehicles .
AADT =13741 section
| e ghalyear glyear
Suspended patrticles 145.00 229.02 2,924.5428
Biochemical oxygen
6.50 10.27 131.1002
demand (BODs)
Chemical oxygen demand
49.00 77.39 988.2938
(COD)
Total organic carbon
25.00 39.49 504.2315
(TOC)
Total phosphorus 0.13 0.21 2.6220
Oils and lubricants 2.25 3.55 45.3808
Copper 0.01 0.02 0.2017
Iron 2.50 3.94 50.3626
Lead 0.04 0.07 0.8471
Zinc 0.08 0.12 1.5934

Source:Consul tantsdés calcul ations
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Table19 Emissions of solid and liquid substances at annual level for section V, year 2035
Quantities emitted Total emitted
. .. referent AADT-8700 . »
Section V:Beloljin-P | o | . per unit area for guantities per
vehicles )
AADT =11589 section
| oo (ghalgod (g/god
Suspended parncles 145.00 193.15 3,0073455
Biochemical oxygen
6.50 8.66 134.8120
demand (BODs)
Chemical oxygen demand
49.00 65.27 1,016.2754
(CoD)
Total organic carbon (TOC) 25.00 33.30 518.5078
Nitrates 0.98 1.31 20.3255
Total phosphorus 0.13 0.17 2.6962
Qils and lubricants 2.25 3.00 46.6657
Copper 0.01 0.01 0.2074
Iron 2.50 3.33 51.7886
Lead 0.04 0.06 0.8711
Zinc 0.08 0.11 1.6385
Source: Consultantsdéds calculations

2.5 Demonstration of the treatment technology for
all types of waste materials

Generation of waste during the construction and operation of the road is one of the
causes of pollution. At the construction site there is waste that is found as a result
of the campsite's existence (municipal waste) and waste found by discarding or
discharging liquid or solid materials. All waste are systematically collected and
tethered, especially in the presence of toxic substances or substances that can
significantly jeopardize the environment.

Table 20 Generating waste on site
Generated waste
Earth works Solid waste and excess material
Current repairs and maintenance Used oil, rubber and metal parts
Construction camp Waste, paper, packaging

The waste generated in the construction site usually has no toxic properties and
consists of paper, plastic packaging, glass, organic waste. According to statistical
data, about 0.3 kg / day is generated per person per day. Hazardous waste will
also occur and its eventual occurrence in the environment is not predictable and
depends exclusively on the management of the site and the construction phase, or
potential accidents.

When the construction of the highway is completed, before it is put into operation,
the quantities of waste asphalt, waste material from excavation and embankments,
and construction waste are usually left.

COWI | IPF

WB13-SER-TRA-01_ESIA Draft Final_v5



Infrastructure Project Facility i Technical Assistance 4 (IFP4) - TA2012054 RO WBF
60 Preliminary Design and Feasibility Study with ESIA for construction of Highway E-80 in Serbia (SEETO Route 7)
PRELIMINARY DESIGN - Environmental and Social Impact Assessment Study (ESIA)

Waste materials resulting from the regular operation of the highway include:

1  Waste oils and sediment from the separator for collection of atmospheric waters
swept from the pavement surfaces, Liquid municipal waste from sanitary
facilities

1  Solid municipal waste within the accompanying contents,

1  Solid municipal waste from uncontrolled emissions of participants in traffic on
the slopes of the road (wild landfills),

1  Waste generated due to regular and periodic road maintenance.

Waste oils and sludges belong to hazardous waste and they are collected and
transported by special tanks and deposited at the designated sites. The dynamics
of cleaning the separator and precipitator depends on the rate of accumulation
(amount of precipitation). The organization responsible for road maintenance is
obliged to regularly monitor the condition of the water treatment equipment and
timely organize the discharge.

Liquid municipal waste is treated depending on the vicinity of the sewerage
network. In the case of the existence of a sewerage network, a connection is built
and the sanitary unit enters the sewage system. Otherwise, wastewater
accumulates in a septic tank, which requires regular maintenance and discharge,
which falls within the competence of the local community organization on the
territory where the sanitary unit is located.

The collection and transport of solid municipal waste from catering and other
facilities within the road belt is performed by a municipal organization in charge of
the area in which the facility is located. The road company is obliged to maintain
the cleanliness of the road belt and collect all solid waste that has been discarded
by road users.

Technological wastewater is purified, and the facility in whose possession the
purification equipment is concerned is responsible for the disposal of waste oil and
sludge. For the removal of waste, caused by the regular and periodic maintenance
of the road structure, the road company is in charge.

2.6 Design Alternatives

The alignment of the project and the technical solutions were selected among
several options examined during the General Design and the Prelinimaty Design.

2.6.1 Highway alternatives analyzed in the General
Design

Alternative solutions were obtained by a combination of options:

1  Location of the loop on the E-75 highway, options: (Nis)Me r o gN onDmljevac-
D

i1  Variant of the Prokuplje bypass, options: north-a, south-b

1  Variant of route Prokuplie-P | o | ni k ;north{,tmedium<, south-3
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The evaluation of alternative solutions and the selection of the preferred one was
performed using Multi-Criteria Analysis (Annex 5). The MCA included the following
criteria:

1  Engineering requirements expressed through construction and maintenance
costs,

Exploitation costs,

Safety of traffic,

Spatial consequences,

Environmental and social consequences

= =4 -4 -

In particular environmental and social consequences included Social Environment
(expropriation of agricultural land and resettlement of inhabitants), Nature Protection
(nature protected zones, impact on water), Cultural heritage, and Climate Change
Adaptation (risk of flooding and risk of landslides). Preliminary assessment of
suitability has been made for all variants of the General Design taking into account
all above mentioned criteria.

The first rank grouping of criterios is between Costs and Impacts with a relative
weight 30% - 70% respectively. Then five groups of Impacts were set, namely:

Environment (20% weight)
Socio-Economic (15% weight)

Safety (15% weight)

Climate Change Adaptation (10% weight)

Strategic Relevance (10% weight)

All examined variants (18 of them, formed as all possible combinations of sections)
were estimated approximately similar from the ecological point of view.

The above mentioned criteria were taken into consideration along with financial,
economical and planning criteria.

As presented in the tables below, the initial estimations for expropriation needs
vary between from 233 ¢ a to 271 Ha, and from 32 to 63 buildings.

Altenative Na2 being

one of the most economic ones,

presenting highest scores in vehicle operating cost and travel time savings,
having the minimum need for acquisition of agricultural land and

one on the less needs for buildings expropriations as well as

total accordance with spatial plan and local planning

= =4 -4 A A

scored higher and has being selected.

This alignment has been further elaborated in the Preliminary Desing.
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Comparing the alternatives with respect to agricultural land and expropriation
needs, the following should be noted:

T ANO to ADO:

N - the selected alignment does not influence the most productive land. Care was
taken to avoid large vineyards, either as part of the vinery itself or as fruit bearing
complexes. It requires less expropriation of buildings and agricultural land.
Moreover the planned highway is on the path of the existing road.

fi a- &lightly higher need for expropriation,i n r e | a fpresent alteroativie b 0
options faod awnsequinterofpioximity @ the saburban zone of
Prokuplje. In this zone there are at least 200 residential buildings, so the maximum
care was taken in order to minimise expropriation needs. Expropriation of houses,
as well as quality agricultural land is reduced by designing a long viaduct on exit
from tunnel 5, which drastically reduces the project footprint (in relation to the
variant of the high embankment in this area). The northern variant for the bypass
was not in accordance with the spatial plans andr the existing project
documentation.

fi 2- &elected as the most favorable because it is sufficiently distant from the
alluvial Toplica (compared to variant 3), and drastically economically more
profitable and ecologically more justified than variant 1, because it passes through
an already built and anthropogenically modified area.

In total, the selected alignment option, in the General Desing stage, does not
influence the most productive land which is spread mainly on the alluvial plains,
river terraces and moderately steep and sunny slopes of Jastrebac Mountain away
from the physical footprint of the Project.
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Figure 25 Variants of the highway route processed in the General Design
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Table 21 Comparison of variants examined during General design (E & S impact)
Cultural heritage Climate Social environment
Section Code Nature protection changes
Passes in length 650m At the beginning passes
through the IPA area Mramor, 1| ocal
"Lalinal ke s/ (17), remains of the
relocate highway outside medieval church and According to | 920m total lenght of
Ni ig the physical boundaries of | necropolis dating from the | Spatial plan, | planed noise barriers.
Prokuplje | IPA, there will still be a thirteenth and fourteenth 3.5kmin 95 ha of agricultural
(N) negative impact (it cuts century (variant semi erosion land and 17 buildings
the connection between motorway (S) is finnished, | area. for expropriation
the parts of IPA) and will and wouldn't have
Autoput E-75 require some measures of | influence on arceological
-Prokuplje protection. site).
According to
Spatial plan,
. Passes near Lukomir, 7.5km in 600m total lenght of
Doljevac . . . .
i remains of Roman erosion planed noise barriers.
Prokuplie No limitations buildings and graves in area, and 103 ha of agricultural
(D)pj agricultural land on the 7.45km in land and 21 buildings
banks of Toplica river (7). potentially for expropriation
floodplain
area.
No 24 ha of agricultural
(ato 1) | No limitations No limitations o land and 15 buildings
limitations L
for expropriation
No 24 ha of agricultural
No limitations No limitations o land and 15 buildings
limitations for expropriation
(@to 2/3) proprt
No 9 ha of agricultural
. No limitations No limitations o land and 1 building for
Prokuplje limitations o
expropriation
bypass :
No 20 ha of agricultural
@) No limitations No limitations o land and 12 buildings
limitations L
for expropriation
520m total lenght of
No planed noise barriers.
(b) No limitations No limitations o 32.5 ha of agricultural
limitations -
land and 7 buildings
for expropriation
According to | 780m total lenght of
North Spatial plan, | planed noise barriers.
1 No limitations No limitations 3.6km in 123 ha of agricultural
erosion land and 15 buildings
area. for expropriation
Prokuplje - In Toplica valley over the .
. According to
Pl ol n entire length. 3 passages Spatial plan 500m total lenght of
) for amphibians and P . pan, planed noise barriers.
Middle . o 9km in .
reptiles under the road No limitations. ) 105 ha of agricultural
2 ) potentially o
will be necessary, ) land and 12 buildings
floodplain L
because the whole route area for expropriation
is on the embankment. )
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66

Climate Social environment

changes

Cultural heritage
Section

Nature protection

On the section between
Kurgumlij a
is desirable to set the
route away from the left
bank of of Toplica River.

a |

According to | 540m total lenght of

River, on average 500m
distance, and several
times passes from one to
the other side of the river.

This requirement of the Spatial plan, | planed noise barriers.
South Institute for Nature o 10.55km in 115.5 ha of
o No limitations. . .
3 Protection is not met. The potentially agricultural land and 4
alignment goes through floodplain buildings for
the valley of Toplica area. expropriation

Table 22 Summary of main parameters examined during General design for section Nis -
Plocnik

Cultural Climate Social Construction  Operation Policy and
Nature heritage change environment Cost Savings/be | Planning
protection : : INTitS
(millior
According 393 full Low benefits | Partly in
to Spatial 1380m total motorway accordance
Passes near | plan, lenght of planed | 259 half
Lukomir, 11.1km in noise barriers. motorway
D a 6 a No limitations remains of erosion 270 ha of
Roman area, and 70hao
buildings 7.45km in agricultural land
and graves | potentially and 63 buildings
floodplain for expropriation
area.
3 passages for According 270 full Low benefits | Partly in
amphibians, to Spatial motorway accordance
reptiles and plan, 7.5km | 1100m total
small Passes near | in erosion lenght of planed
mammals Lukomir, area, and noige barﬁers. 186 half
Da o a Undertheroad | remains of 16.45km in motorway
will be Roman potentially 261ha of
necessary, buildings floodplain agricultural land
because the and graves | area. and 61 buildings
whole route is for expropriation
on the
embankment
According 333 full Low benefits | Partly in
Does not meet | Passes near | t© Spatial 1140m total motorway accordance
th Lukomi plan, 7.5km | lenght of planed
e ukomir, in erosion noise barriers.
Daé a requwer_nent of | remains of area. and 271ha of 246 half
the Institute for | Roman 18km | -ha o motorway
Nature buildings m |_n” agricultural land
Protection and graves potentially and 53 buildings
floodplain for expropriation
area.
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Cultural Climate Social Construction Operation Policy and
Nature heritage change environment Cost Savings/be  Planning
protection ) . matiis
(milliort
Passes near | According 431 full High Not in
Lukomir, to Spatial 1800m total motorway benefits accordance
remains of plan, lenaht of planed
Roman 11.1km in eng tbo plane
e . noise barriers. 283 half
Dbl No limitations buildings erosion 258.5 ha of motorway
and graves area, and icultural land
7.45kmin | @griculturallan
otentiall and 43 buildings
ﬁoo dplairzl for expropriation
area.
Passes near | According 265 full High Not in
;gaﬁisggﬁz for Lukomir, to Spatial 1620m total motorway benefits accordance
P ' remains of plan, 7.5km | lenght of planed
reptiles and ! ; . .
small Roman in erosion noise barriers. 85 half
Db2 | o imals buildings area, and 240.5 ha of 185 ha
under the road | @d graves | 16.45kmin | agricultural land motorway
will be potentially and 40 buildings
floodplain for expropriation
necessary. area.
According | 328 full High Not in
to Spatial 1660m total motorway benefits accordance
tI?]oes not meet Ealfses_ near plan, 7.5km Ien_ght of p_Ianed
reguirement of reum(;riTrlg'of in erosion noise barriers. 245 half
a
Db3 | the Institute for | Roman i;egélfgdin 251 ha of motorway
Protection and graves )
g floodplain for expropriation.
area.
According 405 full High Full
Passes in to Spatial g?%?c}fm?;ne d motorway benefits accordance
length 650m No influence | plan, 3.5km noige barﬁers
Nal through the on in erosion 242 ha of )
IPA area arceological | area and cultural | 267 half
"Lal i nal site 3.6kmin agricultural land | motorway
- ’ s and 47 buildings
slatine erosion A
area. for expropriation
Passes in According 282 full High Full
length 650m to Spatial motorway benefits accordance
through the plan, 3.5km
IPA area in erosion
"Lalinal area and Lzt L] 195 half
L | . . lenght of planed motorwa
slatine". 3 No influence | 9km in . . y
. noise barriers.
passages for on potentially
NG amphibians, arceological | floodplain ggﬁcrzjfjlltl?rfal land
feptiesiand || site area. and 45 buildings
mammals for expropriation
under the road
will be
necessary.
Passes in According 345 full High Full
length 650m to Spatial motorway benefits accordance
through the plan, 3.5km | 1460m total
IPA area No influence in erosion lenght of planed
“"Lalinal on area and noise barriers. 254 half
Na3 | slatine”. Does | _. . . | 10.55kmin | 243.5 ha of motorway
not meet the site 9 potentially agricultural land
requirement of floodplain and 37 buildings
the Institute for area. for expropriation
Nature
Protection
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2.6.2 Re-alignment and alternative options analysis at
Preliminary Design level

During the Preliminary design phase small scale variants of the alignment and of
technical solutions were examined, in order to avoid specific areas and to decrease
impacts to the environment, expropriations etc. Also, the designer was careful to
maximize bypassing populated areas and existing facilities. The assessment of
choosen variant identified 72 physical structures occupying a total area of 1,37 Ha:
60 residential buildings, 10 ancillary structures such as barns, 10 storage houses,
pig stays, outdoor WC, 1 local football stadium and 1 swimming pool are impacted.

The following option analysis were performed:

1  Lalinacke slatine area

1  Plocnik archaeological site area

1  Short tunnels versus open cuts

1  Inclusion of additional interchanges
Lalinal ke sl atine

For the purpose of preparation of the Spatial Plan the Spatial Plan Consultant and

the Preliminary Design Consultant received technical conditions, No. 020-892/2

from 01.06.2016 issued by the Institute for Nature conservation of Serbia. In this

document,iti s mar ked that part of the ecologicall.\
sl atinefdnis within the SP scope border.

Hi ghway alignment is passing through the | PA
length of cca 600m, from km 11+500 up to km 12+100.

Figure 26 Highway alignment in relation to IPA area (marked red)

Bearing in mind that one part of the alignment goes through that area, the
Consultant initiated a meeting with Institute which was held in Institute premises.
Also the Consultant send to the Institute a request for opinion, presenting the exact
position of highway alignment related to the protected area. The Consultant
presented two alternative options for thisarea,a ficut ammhelaf226mr o
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length, or a deep cut, which would go through the protected area. If these solutions
were not considered by the Institute of Nature conservation as adequate,
alternative alignment options would be examined.

After this meeting the Consultant received the opinion from the Institute for nature
conservation No. 020-1429/2 08.10.2016 regarding the fact that the highway route
intersects the periphery of I PA "Lalinal k¢

| PA region "Lalinalke slatine"”™ implies a ¢
and Mramor to Prokuplje. This area encompasses salt marsh and steppe habitats

that are rare as such on the territory of Serbia. Key parts of the area are located

around Lalinac, then around Merosina (habitat type salt marsh) and about

Balinovac where steppe habitat fragments are registered. After site visit the

Institute concluded that the plant species on the concerned section have a

wide distribution in Serbia, and that planned activities will have no impact on

the conservation status of characteristic plant species. On the periphery of IPA

site, uncultivated habitats are dominant with very small fragments of steppes. Both

of proposed technical solutions (deep cut or tunnel 225 m long, which would have

to do ficut and cover o met hfeadihlerajardingt o t he
protection of natural values.

Based on all of this conclusion the Consultant adoptedthefic ut and covero
option for a total length of 225 m, from km 11+625 to km 11+850, and performed a
screening in order to evaluate if Appropriate Assessment is necessary for this case

(Annex 10).

As per the results of the screening process, the project does not affect qualifying

elements of the site - in this case the salt steppe habitat - and it is no likely that a

significant effect will be raised on integrity, possible key values, conservation

objectives and/or biodiversity importance of the area. Therefore, it is concluded

that the site can be screened out as no likely significant effect will be raised on the

key values or integrity of the I PA ALali n:

Based on preliminary geotechnical data received up to date, the overlay of the
tunnel consist of silty sands and sands with layers of marly clay, marl, sandstone
and conglomerate. The lower part of the tunnel is located in marl and marly clay
with layers of sand and sandstone. Longitudinal profile with geological data
represented in the figure below.
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Figure 27 Longitudinal section of tunnel fALalinacodo al o
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Figure 28 3D model of a highway alignment with Acut ani

Figure 29 Cross section of a tunnel AiLalinaco on km 11
—— 11+675.00
7 -;\7] B, e S _
: I I s
36100 S
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U i
Archaeological site Plolnik realignm

For the purpose of preparation of the Spatial Plan the Spatial Plan Consultant and

the Preliminary Design Consultant received a documenti EI abor at e of cul tu
heritage protection zo#®é¢w] nakomg gwiwaly ot h&oES
24.05.2016 issued by the Institute for Cultural Heritage Protection of Serbia. In this

document, several significant cultural heritage zones are marked, along with the

designed highway alignment. These zones are divided according to their priority
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and level of protection. One of them in particular is highlighted as a high level
protection zone, Plol niakows.ettl ement, near

Figure 30 Site in Plolnik, where houses from the Ne

Pl olnik is an archaeological site in the
Serbia. A 120 hectare site belonging to t
5500 BCE until a fire destroyed it in 4700 BCE. The site was first discovered during

railway construction in 1927, but was investigated only sporadically until

excavations carried out by the Prokuplje Museum the National Museum of Serbia
began in 1996. The preliminary dating of
and copper tools to 5,500 BCE, if correct, indicates the Copper Age could have

started in Europe 500 years or earlier than previously thought. *

After the graphical representation of protected archaeological area (parcel lots) and
after it is overlain with initial highway alignment, Consultant realized that one
section of the proposed centreline is in collision with the protected area.

! Source https://en.wikipedia.org
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Figure 31 APl ol ni ko area archaeological site (yellow) .

A meeting with the Institute was initiated and held in their premises, on which it

was agreed that the Consultant will submit an additional request with further
explanation of alignment geometry and its in
that, the opinion of the Institute was received, (No. 3/1419 from 26.07.2016.),

which confirmed the before mentioned archaeological research in this area. After

the completion of the research, and if there are no findings that must be kept in

situ, the Institute approves the proposed motorway route.

Bearing that in mind the Consultant decided to change the route in this part to fully
avoid any potential collision with the archeaological site and protected area.

The realignment was send to geodetic and geotechnical experts in order to prepare
an additional survey. After additional geodetic survey results were received, the

Consultant prepared minor redesign of alignment and of vertical alignment.

Figure 32 Real ignment accor dipnoectadeonsd. he Pl ol ni k site
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As presented on the figure above, the realignment was done from km 36+400 to
km 39+400 (Awhitedo alignment) in order to
zone. The total length of realignment is cca 3 km.

After the draft design of vertical alignment, the positions of several structures were
defined. There are two bridges with span L=35 m, two with span L=12 m, all of
them crossing local roads and streams, and one bridge with a total length of cca
L=140 m, crossing the Toplica River (marked on the figure below).

Figure 33 Longitudinal profile of Plolnik area high
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The bridge over Toplica River is extended because of a small hydro power plant
which is in near area, and its derivation channel with inflow in Toplica River bed.
The bridge will cross over both Toplica and derivation channel river bed.

Figure 34 Micro location of a new bridge over Toplica River
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Testing short tunnel alternatives: tunnel vs open cut

This option analysis is performed in order to compare the constructing of open cuts
instead of constructing three short (L<300m) bored tunnels. It is based on the
Preliminary Design drawings, i.e. draft layout and draft longitudinal profile, internal
discussion and analysis among the design team experts (highway, tunnelling, and
geotechnical expert), preliminary geotechnical data received and site visit held on
the 8th of June 2016.

There are three such tunnels along the alignment:
1  Tunnel 1 at km 9+700 (L=220m),
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1  Tunnel 4 at km 19+650 (L=265m) and
I  Tunnel 6 at km 22+250 (L=220m).

Further examination of the proposed centreline and vertical alignment, as well as
preliminary geotechnical results, brought up another alternative solution apart from
tunnelling. Deep reinforced cuttings, with slopes and berms according to the
preliminary geotechnical results, were also examined.

The selection of the preferred variant was performed according to the following
criteria:

Expropriation needs

Technical difficulties

Financial cost

Environmental impact

Operation and maintenance needs, protection against Climate Change
effects

= =4 =4 -4 A

The table that follows includes the main results of the comparison of the
alternatives examined. Full Option Analysis is presented in Annex 5.

As a result of this option analysis, tunnelling is selected as the most acceptable
solution. With this solution additional land acquisition, negative environmental
impact and impact on agricultural land, as well as additional resources for
maintenance and safe operation, especially in winter months, will be avoided.

Figure 35 Tunnell1 i De b e | o rompbsed layout p
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Figure 36 Tunnel 4 i V r s prapdsed layout

Figure 37 Tunnel 6 i P e h a npopdsed tagoot
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Table 23

Comparison of alternative solutions short tunnels vs open cut

Cost Length Disadvantages
Tunnel Variants m Advantages
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Tunnel
1AiDebel

(]

Significant occupancy of fertile land (about 1.8 ha
AOPENCUT - Lower construction cost of which 0.4 ha is cultivated), due to excavation
Variat A . ) .
o and large space requirements for landfills. This
) issue will yield strong negative environmental,
e social and economic impacts.
~_ % e@? Significant probability of slope instability, during
~L_§ ] & _< execution of excavation and throughout
"\—\ . /_{‘} —. exploitation time
i e = Increased maintenance costs, especially
i because of drifting in the winter months.
i . Significant occupancy of fertile land, due to
B OPEN CUT WITH RETA'N'G STRUCTURE 52 220 Lower construction cost excavation and |a|’ge space requirements for
ikt landfills. This issue will yield negative social and
— economic impacts.
‘*ﬁ\\? 2® Increased maintenance costs due to monitoring
== @ ‘/_ sa= requirements for pre-stressed permanent
_—h P anchors
2| Ratlaa = Increased maintenance costs, especially
T pri=— because of drifting in the winter months
Ererhirt Untypical height of the structure will have a
negative impact on drivers.
C-TUNNEL 6.6 220 Preserving orchards a_nd the existing
- road that cross the highway on the
Variat Tumel site of the tunnel . :
Preserving the existing road (state M_ore Expensive constrgcﬂon
road 1b-M86 o dRiokyglie- High operation and maintenance cost
Kur guml i j a) from
construction and operation of the
1 motorway
s Reducing the impact on agricultural
e land in the tunnel zone (less
expropriations and impact due to

noise and emissions)
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Cost Length Disadvantages
Tunnel Variants m Advantages

Tunnel 4 A-OPEN CUT Not been identified Significant occupancy of fertile land (about 2.1
K ha, of which 1.5 ha are cultivated), due to
AVrsni ki Variant A excavation and large space requirements for
landfills. This issue will yield strong negative
P environmental, social and economic impacts.
K Increased maintenance costs due to periodic
N ’% inspection requirements and repairs of mesh,
p = % Vomes 11 1 Vs i anchors, etc.
N R Increased maintenance costs, especially
16.00m & Ha mm ST reoom e R .
ZEie because of drifting in the winter months
-TUNNEL 3.2 265 Preserving  the household ~ and | pjigh operation and maintenance cost
orchards on the site of the tunnel
Variant Tunnel Preserving the existing two roads that
cross the highway in the zone of the
tunnel
Protection of houses near the tunnel
(about 250m) from the motorway
noise and air pollution
Reducing the impact on agricultural
2 i land in the tunnel zone.
) { ]
Tunnel 6 A-OPEN CUT 33 220 Not been identified Occupancy of land, due to excavation
API h (occupancy of about 1.1 ha) and large space
ehane Variant A requirements for landfills. This issue may yield
negative environmental, and social impacts.
P Increased maintenance costs due to periodic
) inspection requirements and repairs of mesh,
25 £ anchors, etc.
=% S ; ;
1 =%, 1 e N 1 Increased maintenance costs, especially
SN anchors 025 ;‘ Ware mesh % e . .
Fmn =5, \\ because of drifting in the winter months
2 B aa B puee
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Cost Length Disadvantages
Tunnel VEUERS Advantages
(m ) (m)

B-TUNNEL Protection of houses near the tunnel | High operation and maintenance costs
(nearest at about 160m) from the
motorway noise and air pollution
Conservation of agricultural land and
natural habitats at the site of the
tunnel
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Prokuplje West and Merosina 1 junctions

In the General Design, which serves as input for the Preliminary Design
preparation, an interchange at Prokuplje West area was not foreseen.
Nevertheless, the design team, having in mind the very sensitive highway section
of Prokuplje bypass, started to analyse and plan two junctions, one eastern and
one western of the City of Prokuplje, in order to have one highway section which
will fully operate as a city bypass.

Consultation with PE fAiRoads of Serbiabo
official Letter from PERS, which, among other issues, gave opinion on two issues
concerning interchanges (Letter No. 953-15024/16-1 from 30.08.2016):

1  There is a need of design and planning the main toll station immediately after
the existing interchange fiMeroginao.

1 A potential additional junction at Prokuplie West should be justified through
traffic forecast and analysis in subject area.

Traffic assessment

The first issue raises the question of
interchange, as it is close to existing junction and also close to the main toll station,
and the second the issue of a potential Prokuplje West junction.

As a result a traffic analysis and presentation of possible alternative solution
regarding the two proposed junctions:

ne

AMe |

WestfA at a km 26+000 of highway alignment

withoutd(option A) and refanalysedhdnd presemtedi on  B)
through traffic forecasts and the overall benefits were estimated.

I n all exami nevitrdameshiglavay istassemedito lig tolled and

integrated to the national tolling system (in full motorway scenario) and that the

existence of junction AMerogina 10 will, amo
entrance/exit to the tolled facility.

Figure 38 Position of junctions A Merogina lfiandA P
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For the purpose of the amadelwasiusedindidertcAV I SUMi#
analyse the following 3 options (options A):

1 Highway from Nig to Merdare without juncti
2 Highway from Ni g to Merdare without juncti

3 Highway from Nig to Merdare windhdMerjogmnaoiai
1

and to compare with the Awithod junctions opt

Al'l analyses were performed for time horizon
and implementation of toll is assumed for the whole highway. As resulted from the

analysis traffic flows decrease in cases without one or both analysed junctions. The

drop of traffic ranges from 1% to 28% depending on option and section, and the

highest drop is on Prokuplje bypass (28%) in the option when both junctions

wont 6be built.

Decrease in traffic on all sections, in the options without the aforementioned

junctions, practically implies a change in operational indicators on the entire

network, because the vehicles chose other routes. The results show lower values

of vehicle-kilometres and vehicle-hours on new highway in comparison with options

where both junctions will be built. Trafficbo
reduced number of access points, seems to take longer and slower routes making

in total more vehicle-kilometres and vehicle-hours.

Non-implementation of the aforesaid junctions will result in increase of veh-km and

veh-hours on the network and will proportionally reduce the socioeconomic

benefits (comparing to base scenario with both junctions) by about 9% in case

Awit hoouktupl j e West o and by 12% in case fAwitho

Taking into account the results of the PFS stage, were socioeconomic benefits

were estimated around 900 mil Euro (NPV), th
amount to around 80 mil Euro and 100 mil Euro less benefits, respectively. In

contrast the cost of constructing the junct.i
AMerogina lAand 2.0 mil G for AProkuplje Wes

In addition, since the bypass of Prokuplje has been planned and prepared

according to one of the previous Preliminary designs as a highway there is a need

toprovideahi ghway section to serve as a city bypa
WestfhA, the bypass will be really able to ope
to financing limitations the construction of the whole highway will be made in

several stages, first priority being the bypass. This will not be the case if the next to
AProkuplije Eastd, junction, wi-west be ABel ol j
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Figure 39 Position of existing junctions at Merosina

iMerosina 10 junction will serve as
the traffic study, with this junction traffic volumes will increase which will also
increase toll revenues.

Interchanges layout and expropriation needs
On the other hand, there is a potential negative social impact, because of
additional land expropriation due to interchange layout and influence zone.

83

a

Heaving that in mind, when designing the interchange layout, the designers team

tried to minimize those impacts, by defining such functional and layout solutions

which would reserve the minimum land and avoid demilotion of buildings. The

layout of the junction was adopted to serve all these space limits, which resulted in

a unigue geometry of interchange.

Figure 40 Position of additional I/C Merosina 1

€= VERDARE
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Figure 41 Position of additional I/C Prokuplje west
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3 Basis for Impact Assessment

3.1 National Environmental Legal and Policy
Framework

The environmental regulations applicable to this project are numerous and diverse.
Therefore only the key requirements associated with the project have been chosen
to be presented in this section. However, a full and detailed list of legislation
associated with the project will be developed as part of the project management
systems for construction and operation.

Serbia has largely transposed the EU regulatory requirements related to
environmental impact assessment into national legislation, including the EIA
Directive (Directive 92/11/EC, as amended).

The preparation of plans and technical documentation in the field of the road sector
as well as of their Environmental Impact Assessment is regulated by numerous
regulations of the Republic of Serbia, which can be classified into two groups.

The first group refers to regulations on the development of planning and technical
documentation. The key law for the preparation of planning and technical
documentation is the Law on Planning and Construction ("O.G. of the RS" No.
72/09, 81/09-ex., 64/10, 24/11, 121/12, 42/13, 50/13, 98/13, 132/14 and 145/14),
which, inter alia, regulates both the scope and the content of spatial, urban plans
and technical documentation. Strategic Environmental Impact Assessment is an
integral part of the spatial plan of the special purpose area.

The second group of regulations is legal regulation in the field of environmental
protection. The preparation of environmental impact assessment of spatial and
urban plans is regulated by the Law on Strategic Impact Assessment ("O.G. of the
RS", No. 135/04 and 88/10), and the preparing technical documentation by the Law
on Environmental Impact Assessment ("O.G. of the RS" ", No. 135/04 and 36/09).

The Law on Strategic Impact Assessment ("O.G. of the RS ", No. 135/04 and
88/10) regulates the conditions, manner and procedure for assessing the impact of
certain plans and programs, on the environment.

The Law on the Environmental Impact Assessment ("O.G. of the RS ", No. 135/04
and 36/09) regulates:

The process of Environmental Impact Assessment,

The content of the Environmental Impact Assessment Study,

The participation of interested authorities and organizations and of the public,
Cross-border notification for projects that can have significant impacts on the
environment of another state,

1  Supervision, and other issues of importance for environmental impact
assessment.

= =4 -4 A
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Figure 42 Procedure from Project planning to construction and operation according to Serbian
legislation

SPATIAL PLAN OF THE REPUBLIC OF SERBIA
SPATIAL PLAN OF THE UNIT OF LOCAL SELF-GOVERNMENT
SPATIAL PLAN OF THE SPECIAL PURPOSE AREA
GENERAL URBAN PLAN

GENERAL REGULATION PLAN

DETAILED REGULATION PLAN

/';‘)ublic
n0:assessmeiitis needed opinion on the preparing of a assessment is needed / participation
strategic environmental impact — ', public insight /
assessment for the proposed plan N /
the Law on
the Strategic
Environmenta
I Assessment
and the
related
Regulations
»  planning document
location conditions
|
A4
no assessment s needed opssion. o the pert assessment is needed e
of Environmental / public
Impact Assessment participation
Study of the project . public insight /
the Law on the =
Environmental Decision/prescribed P
Assessment and measures and decision on the
the related environmental approval of a study on
ati conditions the environmental
Regul impact assessment

»building permit <

An EIA is required during the Preliminary design stage of a project. The opinion on

the need for an EIA is initiated by a formal screening study in o

rder to identify the

categorization of the project. But in cases where the project categorization is

obviously high due to its nature and scale and the clear require

ment under

international standards and national legislation the screening may be omitted.
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The fulfilment of environmental impact assessment requirements is a prerequisite
for the construction permit. The national EIA procedure comprises the phases of
screening, scoping, impact assessment and public consultation.

The obligation to do an EIA is regulated by the Decree on the List of projects for

which the EIA is mandatory and the List of projects for which the EIA may be
required (Off. Gazette of RS, No. 114/ 200 :¢
an EI'A is mandatory, and aonmstuttppnabmamer s, it
hi ghways and roads with four or more | ane:

The authority in chargef or EI A approval of the ALiIist 1
Agriculture and Environment.

Nature conservation is primarily regulated by the: Law on Nature Conservation
(Off. Gazette of RS. No. 36/2009, 88/2010 and 91/2010) which is harmonized with
the EU Habitats Directive and the Birds Directive. Specific aspects of nature
conservation are regulated by various by-laws. The Decree on Ecological Network
(Off. Gazette of RS, No. 102/2010) identifies ecological network areas in Serbia
and sets the management, financing, monitoring and protection requirements.

Protection of habitats and species is regulated by the:

1  Regulation on the criteria for separation of habitat types, habitat types,
sensitive, vulnerable, rare, and for the protection of priority habitat types and
protection measuresf or t heir prhfes Gravatiten of ARISA N

1  Regulation on cross-border trade and trade in protected species ("Official
Gazette of the Republic of Serbia", No. 99/2009, 6/2014)

I  Regulation on special technical and technological solutions that enable
undi sturbed and safe communication of w
No. 72/10).

1  Regulation on control of use and trade of wild flora and fauna ("Off. Gazette of
RS", N0.31/2005, 45/2005-corr., 22/2007, 38/2008, 9/2010 and 69/2011)

1  Rulebook on cross-border trade and trade in protected species ("Official
Gazette of the Republic of Serbia", No. 99/2009, 6/2014)

1  Regulation on the proclamation and protection of strictly protected and
protected wild species of plants,Noani ma
5/2010, 47/2011, 32/2016 and 98/2016), which contains lists of strictly
protected and protected wild species and protection measures. Strictly
protected species according Regulation are:
i1  species extinct in the Republic of Serbia and reintroduced through a

reintroduction programme;

extremely endangered wild species;

endangered wild species;

relict species;

local endemite;

stenoendemite;

internationally significant and protected wild species;

species requiring strict protection for other reasons.

= =4 4 -4 -8 -4 -9
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The following wild species are protected species according to the Regulation;
vulnerable wild species;

endemic species;

indicator, key and umbrella species;

relict species;

internationally significant and protected wild species;

species that are not endangered, but can easily be confused with an
endangered species, due to appearance.

= =2 4 -4 -4

Standards for surface water quality, groundwater and sediment are regulated
by the Decree on limit values of polluting substances discharged into surface
water, groundwater and sediment and deadlines for compliance (Off. Gazette of
RS, No. 50/2012) setting the limit values of polluting substances and defining five
classes of the ecological status: high, good, moderate, poor and bad. Limit values
of parameters related to general water conditions, oxygen regime, nutrients,
salinity, metals, organic matter, and microbiology are defined by the Regulation on
parameters of the ecological and chemical status of surface water and parameters
of the chemical and quantitative status of groundwater (Off. Gazette of RS,
No0.74/2011). Limit values for priority and priority hazardous substances are set by
the Decree on limit values of priority and priority hazardous substances polluting
surface waters and deadlines for compliance (Off. Gazette of RS, N0.35/2011).

Standards for contaminated soil and groundwater are stipulated by the
Regulation on the program for systematic monitoring of soil quality, indicators for
evaluation of soil degradation and methodology for preparation of remediation
program (Off. Gazette of RS, N0.88/10).

Environmental noise is regulated by the Law on Environmental Noise (Off.
Gazette of RS, No. 36/2009, 88/2010) as the main legislative document. The
permitted noise levels are defined by the Decree on environmental noise
indicators, limits values, assessment methods of the noise indicators, the nuisance
and the harmful effects (Off. Gazette of RS No. 75/2010). This Decree stipulates
the noise levels (Table 24), which must not be exceeded. Annex 2 of the Decree
states that the defined noise limits are applied to the all-encompassing noise
generated by all noise sources at the site. However, it is not stated what the
appropriate noise limit is in the case of a new development, where the prevailing
noise levels already exceed the stated values.
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Table 24 Noise levels in open spaces (limits as defined in Serbian legislation)

Zone | Purpose of the area Noise Level [dB(A

Daytime and Night-time
evening

1 Recreation areas, health institution
areas, cultural and historical sites, large | 50 40
parks
Tourist areas, schools, camps 50 45
Residential areas 55 45

Commercial and residential areas,

children playgrounds 60 %0
5 City centre, workshop area, commercial
area, administrative area with
. 65 55
apartments, zones along highway,
regional roads and city streets
6 Industrial areas, warehouse, and Noise level at the boundary of this zone shall
service areas, transport terminals with not exceed the limit value defined for the zone
no residential buildings it borders

The main legislative document in Serbia regulating the waste management is the
Law on Waste Management (Off. Gazette of RS, No. 36/2009, 88/2010). The Law
is supplemented by 29 by-law documents regulating specific waste management
aspects. In 2015 the Law was revised and amended to more precisely transpose
certain requirements of the Waste Framework Directive and its adoption is
expected shortly. Hazardous waste is primarily regulated by the Law on Waste
Management (Off. Gazette of RS, No. 36/2009, 88/2010) and the Regulation on
Categories, Testing and Classification of Waste (Off. Gazette of RS, No 56/2010).

The Ministry of Agriculture and Environme.]
environmental management. Cities and local municipalities are in charge of local
environmental planning and issuing of local approvals and permits.

The competent authorities and organizations which will issue their conditions and
approvals for the purpose of the Spatial Plan of special purpose infrastructure
corridor highway E-8 0, s e c-Meérdane antl thejPreliminary design are the
following:

Ministry of Construction, Transport and Infrastructure

Ministry of Agriculture and Environmental Protection

Ministry of Health

Ministry of Labour, Employment, Social and Veterans Affairs

Ministry of Mining and Energy

Municipality of Merogina

Municipality of Prokuplje

Municipal departments for Urban planning (both Municipalities)

Nig City Administration for economy, su
environment

=A =4 =4 =4 4 -4 -4 -4 -4

1  Demining centre
1  PE Broadcasting Equipment and Communications
1 PEEMS
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PE Geleznice infrastruktura
PUCAHammeumo Prokuplije
PUC fANaisuso Nig

PE Directorate for construction of Municipality

PE for urban and spatial planning Prokuplje

PE Post

PE Roads of Serbia

PE Hydro meteorological Institute

PE Seismological Institute

Republic Institute for Protection of Cultural Monuments
Statistical Office of the Republic of Serbia.

=4 =4 =4 48 48 8 8 4 5 95 -9

3.2 National Social Legal and Policy Framework

3.2.1 Public consultation and information disclosure
framework

Serbian legislation guarantees to its citizens the right to information, i.e. that
everyone shall have the right to be informed accurately, fully and timely about
issues of public importance. These provisions are included in the Constitution of
the Republic of Serbia: (Official Gazette of the RS, No. 98/2006), as well as in the
Law on Free Access to Information of Public Importance (Official Gazette of the
RS, No. 120/04, 54/07, 104/09, 36/2010).

The Law on Planning and Construction (Off. Gazette of RS, No. 72/2009, 81/2009,
64/2010, 24/2011, 121/2012, 42/2013, 50/2013, 98/2013, 132/2014 and 145/2014)
regulates the development and adoption of spatial and urban plans in Serbia,
which are all subject to a public disclosure and consultation process.

Serbia ratified the Aarhus Convention in 2009. Provisions of the Aarhus
Convention were incorporated into the environmental regulation, including the Law
on Environmental Impact Assessment and the Law on Strategic Environmental
Impact Assessment.

The disclosure of environmental impact assessment documents is regulated by the
respective Law and applies to all three stages (Screening, Scoping, EIA) of the
process. The competent authority is obliged to publicly disclose the documents and
to organise the public consultation in respect to the Environmental Impact
Assessment Study.

It should be noted that the first publication and public consultation activities start
from the Scoping phase of the project. During the Scoping phase of the EIA, the
publication of the announcement of the Application for a decision on the scope and
content of the EIA Study, in the local newspaper, takes place and the Application
with all enclosed documents are available to the public for 15 days. The authorities,
organisations and the public concerned may submit their opinions on the
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application with regards to the application within 15 days from the date of
announcement.

Thereafter the competent authority makes a decision on the scope and content of
the EIA Study, taking into account the opinions of the authorities, organisations and
the public concerned.

Figure 43 Procedure from EIA submission to approval

REQUEST for approval of
Environmental Impact
Assessment Study
within 10 days | The Ministry establishes the Technical PUBLIC NOTIFICATION about 7 days from the
of receipt of the | Commission for the evaluation of the time and place of public access, | - u£t e
Request Study presentation and hearing o o
not before
20 days
20 days PUBLIC ACCESS PUBLIC HEARING from Public,
notification
3 eemme—me i
REPORT with an
30 days from | STUDY EVALUATION AND DECISION overview of the 0 2
documentation | PROPOSAL FROM TECHNICAL pinions of i s o Fue: 3
reception COMMISSION institutions and the 2 &
public
T l
]
%]
v
Deadline for | Submission of NO-OBECTIONS
correction 60 fobjections to the] SHOM
e i TECHNICAL
b % COMMISSION
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The Ministry makes a decision
on approval of the study and 10 days

submit it to the Project holder

%

Informing the public and relevant
institutions on approval of the 10 days
study

3.2.2 Land acquisition

Land in Serbia is legally categorised as construction land or agricultural land.
According to the Law on Planning and Construction (Off. Gazette of RS, No.
72/2009, 81/2009, 64/2010, 24/2011, 121/2012, 42/2013, 50/2013, 98/2013,
132/2014 and 145/2014) agricultural land can be changed into construction land
through the adoption of relevant spatial plans. In the case of traffic infrastructure
(railway) development, the Spatial Plan of the Special Purpose Area needs to be
adopted by the relevant state authority. i.e. the Ministry of Construction, Traffic,
and Infrastructure.

Land needed for construction of the public (state-funded) projects is typically
acquired through expropriation, regulated by the Law on Expropriation (Off.
Gazette of RS, No. 53/95, 16/2001, 20/2009, and 55/2013). The Law enables
government institutions to acquire private property for projects that are deemed to
be of national and/or local interest, while protecting the interests of all project-
affected persons with the legal title (ownership), whose assets are to be

WB13-SER-TRA-01_ESIA Draft Final_v5



92

Infrastructure Project Facility i Technical Assistance 4 (IFP4) - TA2012054 RO WBF
Preliminary Design and Feasibility Study with ESIA for construction of Highway E-80 in Serbia (SEETO Route 7)
PRELIMINARY DESIGN - Environmental and Social Impact Assessment Study (ESIA)

expropriated. The Law also enshrines the principle of fair compensation. The public
interested is declared by the Government through the adoption of the specific law
or decision.

The additional laws regulating certain aspects of land acquisition and property
transaction issues are the following:

1  Law on Fundamentals of Property Relations (adopted in 1980, amended
1990, 1996 and 2005);

1  Law of Planning and Construction (adopted and corrected in 2009, and
amended in 2011);

1  Law of Agricultural Land (adopted in 2006, amended in 2009);

1  Law on State Cadastre (adopted in 2009, amended in 2010).

3.2.3 Labour and working conditions

Serbia was a member state of the International Labour Organisation (ILO) between
1919 and 1992 and restarted its membership in 2000. The country has ratified 72
ILO International Labour Standards (Conventions), including the eight fundamental
Conventions.

Labour and human resource management in Serbia are primarily addressed
through the Law on Labour Off. Gazette of RS, No. 24/2005, 61/2005, 54/2009,
32/2013, 75/2014). Compliance with labour laws is monitored by the Labour
Inspectorate of the Ministry of Labour and Social Policy of the Republic of Serbia.

Other applicable laws include:

1  Law on Amicable Resolution of Labour Disputes (Official Gazette of the RS

No. 125/04, 104/09);

Law on Strikes (Official Gazette of the FRY No. 29/96);

Law on Mobbing (Official Gazette of the RS No. 36/10);

Anti-Discrimination Law (Official Gazette of the RS No. 22/09);

Law on Preventing Discrimination Against Persons with Disabilities (Official

Gazette of the RS N0.33/06);

1  Law on Vocational Rehabilitation and Employment of Disabled Persons
(Official Gazette of the RS No. 36/2009);

1  Pension and Disability Insurance Law (Official Gazette of the RS No. 34/03,
64/04, 84/04, 85/05, 101/05, 63/06, 05/09, 107/09, 101/10).

= =4 =4 A

3.2.4 Occupational health and safety framework

The Law on Occupational Health and Safety (Off. Gazette of RS, No. 101/2005) is
the main legislative document regulating Occupational Health and Safety issues in
Serbia. The Law was enforced in 2005 and incorporated the principles of the EU
Workplace Health and Safety Directive (89/391/EEC).

The Law is based on general principles of prevention and requires: (1) avoiding

risks, (2) evaluating the risks, (3) combating the risks at source, (4) adapting the
work to the individual, (5) replacing the dangerous by the non-dangerous or the
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less dangerous, (6) prioritizing collective protective measures (over individual
protective measures) and (7) giving appropriate instructions to the workers.

Enforcement of the Law is provided by the implementation of the set of by-laws
(regulations and decrees) which stipulate specific requirements related to the
general principles defined by the Law.

The Regulation on manner and procedure of risk assessment at workplace and
working environment (Off. Gazette of RS, No. 72/06, 84/06) is the main legislative
document related to the assessment of health and safety risks at the workplace.

Occupational health and safety are under the responsibility of the Ministry of
Labour and Social Policy. Particularly, the Directorate for Occupational Health and
Safety is in charge of legislation preparation and the Labour Inspectorate is
competent for supervision of the legislation enforcement.

3.3 EIB and EBRD Environmental and Social Policy

Currently EIB and EBRD are considered as potential financiers for the
implementation of the Project. Therefore their Environmental and Social Policy is
presented herebelow.

The EIB Statement on Environmental and Social Principles and Standards,
sets the policy context for the protection of the environment and human well-being.
This framework promotes the EU approach to environmental and social issues,
and is in line with international best practice.

This is reflected in its environmental and social safeguards, through the EIB
Statement on Environmental and Social Principles and Standards. Such
procedures, principles and standards are translated into the routine practices of the
EIB in the Environmental and Social Practices Handbook
(http://lwww.eib.org/attachments/strategies/environmental_and_social_practices_ha
ndbook_en.pdf), which is subject to regular review and revision.

EIB environmental and social standards are listed below:

1. Assessment and Management of Environmental and Social Impacts and
Risks

This Standard applies to all operations likely to have significant and material
environmental and social impacts and risks. These impacts and risks need to be
taken into account at the earliest possible stage in all the technical planning and
decision-making processes.

2. Pollution prevention and abatement

The Standard applies during the environmental and social impacts and risks

identification process. The implementation of the actions necessary to meet the

requirements contained in this Standardismanage d by t he promoter 0
environmental and social management lan, the elements of which are outlined in

Standard 1.
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3. EIB standards on biodiversity and ecosystems
The EIB Biodiversity Ecosystems Standard (2013) is based on the following
principles:

1 Maintenance of the integrity of areas of important biodiversity as well as
the natural functions and processes of ecosystems and their resilience
through the application of the mitigation hierarchy.

1 Internalisation (when possible) of biodiversity and ecosystems values into
the cost benefit analysis and design of the project;

1 Compliance with all relevant EU environmental legislation for projects in
the EU, Candidate and potential Candidate countries and especially the
Directives 2011/92/EU (EIA), 2001/42/EC (SEA), 2009/147/EC (Birds) and
92/43/EC (Habitats).

1 Respect of international conventions and consistency with relevant

provisions and standards contained in the international agreements and

conventions, especially the Convention on Biological Diversity, the

Convention on the Conservation of Migratory Species of Wild Animals

(Bonn Convention) as well as the CITES Convention, the Ramsar

Convention and the UNESCO World Heritage Convention.

Ecosystems and land/seascape approach:

Ensuring the appropriate participation of local communities and Indigenous

communities in the decision-making process, especially where impacts on

ecosystems services adversely impact the livelihood of indigenous
communities.

1 Implement adaptive management measures so as to efficiently protect
biodiversity and ecosystems; and,

19T Efficient monitoring and reporting to tr

= =

For all projects financed by the EIB, the client/promoter must demonstrate that a
range of alternatives and their impacts on biodiversity has been analyzed. The
promoter is also required to apply the mitigation hierarchy, i.e. to take appropriate
measures to avoid, minimize or rehabilitate/mitigate impacts that may damage
biological diversity, regardlessofarea 6 s pr ot ecti on status. I n ar
habitat, mitigation measures must be designed to achieve no net loss of
biodiversity where feasible. Where residual adverse impacts on biodiversity remain,
the promoter may propose biodiversity offsets, where appropriate. The EIB
supports the ongoing work to make operational the selective application of
biodiversity offsets, while recognizing that certain impacts - such as loss of critical
habitat - cannot be offset.

4. EIB Climate-Related Standards

The Standard requires that financing as a whole is aligned with EU climate policy.
Climate change considerations should be taken into account at all stages of the
project cycle.

5. Cultural Heritage

The objective of this Standar d tiesinterms out | i ne
of cultural heritage management, involving the actions taken to identify, assess,

decide and enact decisions regarding the impact on cultural heritage associated ith

operations supported by the EIB.
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6. Involuntary Resettlement

This Standard applies to all components of operations financed by the EIB,

including associated facilities, which result in involuntary resettlement. It may

further apply to activities resulting in i
judgment are (a) directly and significantly related to the EIB-supported project; (b)

necessary to achieve its objectives as set forth in the project documents.

7. Rights and Interests of Vulnerable Groups

Standard 7 sets out to avoid or minimise, or otherwise mitigate and remedy,
potential harmful effects of EIB operations to vulnerable individuals and groups
whilst seeking that these populations duly benefit from such operations.

8. Labour Standards

This Standard applies in full to all workers directly engaged by the promoter
throughout the project life cycle. With regard to workers engaged through third
parties, the promoter will determine that such third parties are legitimate, reputable
and that their workers are protected consistently with these standards.

9. Occupational and Public Health, Safety and Security

Based upon international best practice ant¢
promoter will agree with the EIB on (i) the level of comprehensiveness of the

assessment of the health, safety and security risks and (ii) how occupational and

public health and safety requirements will be best addressed and managed as part

of the promoterds overall environment al a |l
ESMP should be supported by internationally recognized environmental and quality
management systems (ISO 9001, 1SO 14001).

10. Stakeholder engagement

As a public institution, the EIB actively promotes the right to access to information,

as well as public consultation and participation; the right to access to remedy,

including through grievance resolution, is equally acknowledged and actively
promoted by the EI B. Standard 10 affirms f
uphold an open, transparent and accountable dialogue with all relevant

stakeholders at the local level targeted by its EIB operations. This Standard

stresses the value of public participation in the decision-making process throughout

the preparation, implementation and monitoring phases of a project.

The Environmental and Social Policy of the EBRD (https://www.ebrd.com/what-
we-do/strategies-and-policies/approval-of-new-governance-policies.html#al), as
approved by the Board of Directors at its Meeting on 7th May 2014, outlines how
the Bank will address the environmental and social impacts of its projects by:

i1  defining the respective roles and responsibilities of both EBRD and its clients
in designing, implementing and operating projects in line with this Policy and
the Performance Requirements

i1  setting a strategic goal to promote projects with high environmental and social
benefits

1  mainstreaming environmental and social sustainability considerations into all
its activities
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To help clients and/or their projects achieve to environmental and social
sustainability, the Bank has defined specific PRs for key areas of environmental
and social sustainability as listed below:

PR1. Assessment and Management of Environmental and Social Impacts and
Issues

This Performance Requirement outlines the cl
of appraising, managing and monitoring environmental and social issues
associated with projects proposed for EBRD financing. These include the following:

1 identifying and assessing the environmental and social impacts and issues,
both adverse and beneficial, associated with the project;

1 adopting measures to avoid, or where avoidance is not possible, minimize,
mitigate, or offset/compensate for adverse impacts on workers, affected
communities, and the environment;

i1 identifying and, where feasible, adopting opportunities to improve
environmental and social performance;

1  promoting improved environmental and social performance through a dynamic
process of performance monitoring and evaluation.

PR2. Labour and Working Conditions

This PR sets out the clientbds responsibiliti
conditions, including, among other things, the abolition and elimination of child and

forced labour. The provisions of this document are based on the conventions

adopted by the International Labour Organisation (ILO) and are very similar to the

requirements of the Serbian labour legislation. The main difference relates to the
reqguirement for the Bank &ssinvdvédenrtthe projest ensur e
meet EBRD standards.

PR3. Resource Efficiency, Pollution Prevention, and Control

This PR requires from the client to identify project-related opportunities for energy,

water and resource efficiency improvements and waste minimisation, to adopt the

mitigation hierarchy approach to addressing adverse impacts on human health and
the environment arising from the resource and to promote the reduction of project-
related greenhouse gas emissions.

PRA4. Health and Safety

This PR requires the Bank clients to identify and assess community health and
safety risks associated with the project and take appropriate preventive measures.
These measures will favour the prevention or avoidance of risks and impacts over
minimisation and reduction.
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PR5. Land Acquisition, Involuntary Resettlement, and Economic
Displacement

This PR outlines requirements to be met for the projects involving involuntary
resettlement and economic displacement. Involuntary resettlement refers both to
physical displacement (relocation or loss of shelter) and economic displacement
(loss of assets or resources, and/or loss of access to assets or resources that
leads to loss of income sources or means of livelihood) as a result of project-
related land acquisition and/or restrictions on land use.

PR6. Biodiversity Conservation and Sustainable Management of Living
Natural Resources

This PR outlines the clientds responsibildi
biological and landscape diversity in the project area. The client is required to

assess the state of biodiversity, identify sensitive areas and habitats and develop

appropriate mitigation measures designed to avoid/minimize the impact on flora

and fauna. The client needs to adopt the mitigation hierarchy approach, with the

aim of achieving no net loss for priority biodiversity features, and where

appropriate, especially critical habitats, a net gain of biodiversity.

PR7. Indigenous peoples (not applicable to this project)

PRS8. Cultural Heritage

ThisPRsetsout t he clientds responsibilities widf
protection of cultural heritage, both tangible and intangible (including traditional

skills, knowledge, beliefs and/or minor dialects and languages). The presence and

potential for the presence of any cultural heritage assets, both tangible and

intangible, in the Project area will be addressed in the ESIA.

PR9. Financial intermediaries (not applicable to this project)

PR10. Information Disclosure and Stakeholder Engagement

In particular, the EBRD requires the clients to carry out a comprehensive and

systemic identification of stakeholders to identify those parties that are affected or

likely to be affected by the project impacts (affected parties) and those groups that

may have an interest in the project (other interested parties). Also, EBRD

considers stakeholder engagement as a continuous and ongoing process that

starts at a very early stage of the project and continues/evolves throughout the

entire project lifecycle. The Stakeholder Engagement Plan should be developed

and maintained for the Category AAO proje

2 Given the length of the motorway (40km) and that this project involves the construction of new road,
the project is categorised as a Category A.
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3.4 Comparison between International ESIA and
Serbian EIA Processes

The two processes are aligned regarding the requirements for assessment of

environmental impact. However, the international ESIA is a more integrated

process and needs to encompass the requirements associated with regulatory

mechani sms such as those which are part of
outside the formal environmental impact assessment process. For example, issues
associated with local grievances arising from land purchase for the project are

managed locally by local regulatory authorities. In the ESIA process, these local

issues must also be encompassed in the integrated impact assessment. The

Table below summarises the similarities and differences between the ESIA and

Serbian EIA process.

Table 25 Relation with the local EIA procedure
Activity ESIA EIA Comments

Screening Study | 0 o] Due to nature and scale of the proposed project and the clear requirement under
international standards and national legislation the project is a Category A /List |
project and a formal screening study was not produced for this project. The
procedure started from the scoping study.

Categorisation o] o] Formal categorisation in accordance with banking standards and national
legislation indicates that the proposed project is a Category A / List | project and
requires a full impact assessment.

Stakeholder o] A formal stakeholder engagement plan is not required under national legislation.

Engagement However, stakeholder consultation is part of the EIA process.

Plan

Scoping Study o] o] Due to the requirements of the ToR, an International Scoping Study was not
produced for this project. The local Scoping Study was submitted to the local
regulatory authorities. The EIA Scoping Application and Decision are presented in
Annex 4.

Consideration of | 0 o] Both the impact assessment process for investment and national regulatory

alternatives requirements, require the consideration of other feasible approaches, including
alternatives | ocations, technologies,

Environmental o] o] The environmental impact assessment requirements are generally aligned. The

Impact standards adopted in the environmental assessment undertaken for the ESIA

Assessment should be in line with European and other international best practice. The
requirements under the national EIA regulatory process need to ensure compliance
with national legislation and not the regulatory requirements outside of the country.

Environmental o] o] The Serbian EIA legislation requires quite detailed analysis of environmental

impacts impacts in case of accidents which includes specification of hazardous substances

assessment in used, emergency preparedness and response, remediation measures, etc.

cases of

accidents

Socio-Economic | 0 Limit | The impact assessment for investment requirements requires an integrated

Impact ed approach including full deliberation of the socio-economic effects. The national

Assessment regulatory requirements for impact assessment are primarily focused on
environmental requirements with other requirements encompassed in other
regul atory (e.g. Oo6planningd) mechani sn
A formal socio-economic impact assessment is not required under national
legislation. However, the local national legislation does require assessment of
effects where impacts are associated with impacts to human health.

Environmental o] ESMP is not typically included as a requirement according to local legislation. It is

and Social required for Category A projects according to EBRD requirements. ESMP

Management describes the roles, the responsibilities, the key commitments and general

Plan (ESMP) measures which should be implemented. The Approved Study is the base
document for the preparation of ESMP
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Activity ESIA EIA Comments

Non-Technical o] o NTS is required for investment requirements for use as a disclosure document. It is

Summary (NTS) recognised as good practice to produce an NTS to provide readily accessible
summary of the project key features, an assessment of its effects, the proposed
mitigation measures and a summary of the residual impacts.

Public o o The public consultation process for both investment and national regulatory

Consultation & purposes is required. Given the length of the motorway (40km) and that this project

Disclosure involves the construction of new road, the project is categorised in Category A,
requiring the full ESIA disclosure package to be publicly disclosed for a minimum of
120 days.

Management of o A Grievance Mechanism is not a formal requirement under the national regulatory

Grievances and
Objections

requirements. However, grievances are reported under the consultation process
and are encompassed under other regulatory mechanisms( e. g. t he | d
process).
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4 Environmental and Social Baseline

4.1 Environmental Baseline

4.1.1 Topography and relief

NiPl ol ni k highway route passestregibnrough va
Highway route elevation range is from 210 (join to Belgradei Ni ¢ hi ghway) t
m a.s.| (bypass of Prokuplje, fiRalunkovo I

Structural basin bottom is the lowest part of Toplica River course and is
significantly wider on the northern side. It is very uniform and cultivated field crops
are the most important source of income for the rural population. Space from
structural basin foot toward mountain zone could be called hilly chain zone, where
mild forms of relief are dominant.

The altitudinal range within basin indicates that there are more levels of fluvio-

denudation processes appearing in vertical succession and these forms are

dominating in the landscape. These fluvio-denudation forms are modified by fluvial

erosion, so their forms are not well saved. Fluvio-denudation levels have mild

slopes and eastern orientation which is also the direction of all larger water

courses. Drainage network has different density and form. The main water courses

in the area ar e Ju gestaributho/ TaphcaRiveryandaHarget s | a |
number of tributaries of the lower range. Considering former volcano activity which

occurred in Toplica region in far geological past, this area is rich in various

minerals like mica and feldspar, and iron ores.

Toplica-Kosanica structural basin is located between Mali and Veliki Jastrebac
Mountains on the north, Kopaoni k and Pogal
Mountain, Sokolovica, Arbanadgka Mount ains,
on the southwest and south. Toplica valley has complex morphology, and it

consists of more expansions and gorges. It consists of four morphologically

different parts: 1) Gorge from its source to Vlahinje village, west from town

Kur guml i j a rkosanjcki Jome (middtekT aplica gorge) from Vlahinje to

Gubetina village, 3) short gorge between village Gubetina and Prokuplje, and 4)

valley of | ower Toplica, formed in | acust.
homogenous, neither by geological structure nor by terrain configuration. There are

two distinguishable structural basins in

basin, as well as smaller expansions and gorges within the valleys of Toplica River
tributaries. The base of Toplica structural basin is made of lacustrine sediments,
which have been changed by denudation processes.

Exogenous relief

Types of relief and relief process are determined by highway route position which
passes through lowlands and hilly zones. Both, erosional and accumulative types
of relief have been developed within the corridor. Accumulation processes are
especially expressed in the lower part of the Toplica River course, on confluence
with Jugna Morava River.
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Eluvial relief i eluvial processes occur on the whole area except on terrains where
accumulation predominates, although with various effects. The results of these
processes are various deposits of mainly small thickness. The higher thickness of
eluvial material can be found in Miocene formation areas, as well as in other
places, mostly on curved areas between watersheds, on mildly flattened ridges and
similar positions.

Deluvial-proluvial relief - Deluvial-proluvial processes and relief almost dominate on

the highway route. This relief is especially
Prokuplje on the right bank of Toplica River. It is less present in terrains made of

carbonates. According to the intensity of deluvial-proluvial processes, it can be

concluded that the area is characterized with mild to strong process intensity. Mild

process intensity is present in the eastern parts of the region, between Prokuplje

and Ni g, while higher intensity is present i
Prokuplje to Pl ol nik,  Rivam.Mhetedetrdinsardé des of Topl i
characterized by numerous permanent and occasional water courses and a dense

network of gullies. This especially refers to terrains formed from semi- metamorphic

Paleozoic rocks and from Miocene sedimentary rocks.

Main forms of accumulation formed by deluvial-proluvial processes are wide
deluvial-proluvial curtains on almost all bigger valley sides of permanent water
flows and on position with higher altitudinal gradients and deluvial covers on mild
slopes.

Alluvial relief - Alluvial relief is mainly presented with accumulative and some
slighter erodible forms, in the lower part of Toplica River and more erodible forms
in the middle and upper stream of Toplica River and its tributaries. Water courses
valleys are commonly mild and shallow cut in and have U-profiles. There are
following accumulative forms of alluvial relief present in the study area: alluvial
plains, river terraces, and inundated cones. In principle, these formations have
broad distribution and small thickness. In the profile of alluvial sediments
dominating formations of riverbeds are mainly coarse-grained deposits (gravel and
sand). Less common are finer material formations like aleurolithes, sub-clays, and
sub-sands, which usually have a small thickness. Most of the hilly water courses
have small and narrow alluvial plains formed of blocky-gravel material. River
terraces as parts of former alluvial plains are present mostly in the lower and
middle part of Toplica River, where they appear as narrow floors (bottoms) formed
by same or nearly same materials as alluvial plains. Inundated fans (proluvial
cones) are formed in many places in the corridor area primarily on confluences of
smaller water courses and Toplica River. Bigger inundated cones are found on the
left side of Toplica River from Tulare to Mala Plana.

Colluvial relief i forms of colluvial relief in the corridor are rare or practically
missing. There are mostly small landslides and rare escarpments along Prokuplje 1
Mala Plana direction.

Anthropogenic relief i this type of relief is a consequence of human activity. It is
represented by forms of anthropogenic origin (large settlements, landfills, artificial
reservoirs, etc.).
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Endogenous relief

Individually, the phenomena of endogenous relief on the highway route are

present. These characteristics could have great number of faults, especially on the

part of the road from Prokuplje to Plolnil
consequence of the neogene-quaternary vertical tectonic mobility and destructive

erosion processes.

4.1.2 Geomorphology

Hi ghway <bootb@xNisgi ng) is positioned nearby
on the old river terrace without risk of flooding, approximately 1.5 km far from

Jugna Morava River, on approximately 20 m
foll ows an ol d rmweshidorthveest Mreation gassing over Golema

padina and Mala padina toponyms. Terrain elevation is from 200 to 220 m a.s.l up

to the third km of the road, and on following 670 m of the route it rises for additional

15 m, so the elevation is 235 m a.s.l. Terraced relief has 1-3% slope during first

two kilometres of road, and until km 4+120 slope is increasing to 3-5%. From this

point, until km 5+740, route spreads over Taljanka toponym which is located south

and southwest from Aleksadrovo village. Elevation on this part of the terrain is 235-

255 m a.s.l. In this part of highway route dominate slope from 1-5% and southern

and south-eastern aspects.

Figure 44 Morphology of the first section

On approximately km 5+500 km highway | eav
Terraced relief withaslopeof1-3% i s found north f riokm Mer o
7+820). In this part of highway route, terrain descends from 255 to 250 m a.s.l. in a
southeast direction.
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Figure 45 Morphology of the second section

On Zmijarnik toponym, from km 7+820 i km 8+320, the route descends on lower

terrain and rises in front of Drenjak toponym on higher terrain. A bridge is planned

bellow Zmijarnik toponym. In this part of the route, the highway passes over

Lepajski spring eastern from Balilevac vill a
steeper with slopes from 5-8%.

The terrain elevation from 9+090 - km 10+590 of the road is from 265-370 m a.s.l..
This altitudinal increase varies in aspect and slope is from 6-12%, but in
continuation of the road it is even lower than 5% (km 11+630 - km 12+500). A
tunnel 200 m long is planned on km 11+620. The highway crosses over Zavati
toponym and terrain above Konjarnik toponym, and it starts to descend on
Altambara toponym. The terrain has southeastern aspect here.

On aroad section fromkm 13+490-km 13+890 route passes over
River, among Jugbogdanovac and Arbanasce villages. On this part of road route
the construction of a bridge 620 m long is planned.

Figure 46 Position of the bridge km 13+700
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In route continuation, km 13+890 - km 15+410, highway passes through an area
eastern from Djurovac village. Terrain elevation is from 310-370 m a.s.l, and slopes
are up to approximately 6%, and from km 15+000 higher than 10%.

From km 15+410 - km 16+100 of the highway, slopes are slightly greater than
10%, which is avoided by the construction
Babineugi area. Altitude on t hi39npasdt of the

Afterwards the road descends from km 16+100 - km 18+180 from a hill northwest

of Nova Bogurna village. Terrain has sl op:
over Sl ani ¢ tlevatiennfe8E maais.|. A the beginning of this part of

route a 250 m long bridge is planned at 18+000km, and three shorter bridges are

planned at 18+000 km, before, and after it. Also, highway loop Prokuplje is located

at km 16+450 of the highway.

Highway route after descends into a depression on approximately 200 m south of
Donja Stragava viklm alg8e+ 3(8kOnm) 1n8e+alr8 0St r agav s k

In part of the route from km 18+380 - km 20+500, terrain height is from 280 m up to
around 350 m a.s.l. Slopes in some parts of this route are around 9%. Two bridges

are planned (L=325 m and L=140 m) on this location, and one tunnel (L=265).

Hereafter highway route (km 20+500 i 22+270 km) passes north from Prokuplje

and Ralunkovo hill, | o yads atdltitudesupto420m Pr o k u |
a.s.l. In this part of the route, slopes are greater than 15-19%, and therefore tunnel
called ARalunkovo hillo, 1175 m long, is |

one tunnel which leads to lower terrain (303 m a.s.l.) is planned in this part of the
highway route.

Figure 47 Prokuplje bypass, picture and 3D model i tunnel-bridge-tunnel

From km 22+270 to km 22+900 route overpasses ground by bridge 1025 m long
(up to km 23+400).

E80 highway route continues from km 23+400 to the end of route (40+000 km)
across plain terrain from 250-300 m a.s.l., with uniform slope lower than 1%.
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Figure 48 Morphology of the last section

4.1.3 Geology

The route of the future highway passes through a geologically very heterogeneous
terrain of Prokuplje vicinity, made of fine grained gneisses Proterozoic age and
Neogene sediments of foothills i.e. Quaternary sediments in the Toplica Valley and
its smaller river tributaries. On the part of the route around Prokuplje, the solid rock
mass mainly dominates. This solid rock mass is variable quality i.e. tectonic
damaged, with variable thickness of surface weathered zone. Besides, in one part
of the route between Merosina and Prokuplje, in the wider area between 9 and 12
km, potential or conditional instabilities were identified. So, in the case of large
earth excavations, landslides may be activated that would endanger the designed
highway route. Based on this, the zones in which characteristic geological units
dominate were extracted and presented in Table 26 represented geological units
along the highway route are also presented on the engineering geological map
(Figure 49).

Table 26 Engineering geological zones with extracted geological units

; Approximate . .
length Represented geological units

Interchange Nis

southi to km: 0+000 to Alluvial and river-terraced plateaus (al, ty,t, pr)
approximately km: km: 17+000 Neogene hilly terrains (dpr, ed, PI, M-Pl)
17+000

Interchange Nis km: 17+000 to Alluvial and river-terraced plateaus (al, t;)
south i to km:21+000 Crystalline schists complex (Gn, M, Q)
approximately km: km: 21+000 to

23+000 km:23+000

Alluvial and river-terraced plateaus(al, ti,t)

km: 23+000 to Neogene hilly terrains (dpr, dl, pr, ed, Pl, M-PI,
km:39+300 )

Crystalline schists complex (Gn, M, Q)

Prokuplje i Plocnik

COWI | IPF

WB13-SER-TRA-01_ESIA Draft Final_v5



Infrastructure Project Facility i Technical Assistance 4 (IFP4) - TA2012054 RO WBF 107

Preliminary Design and Feasibility Study with ESIA for construction of Highway E-80 in Serbia (SEETO Route 7)

COWI | IPF

PRELIMINARY DESIGN - Environmental and Social Impact Assessment Study (ESIA)

Figure 49 Engineering geological map along the highway route

Alluvial and river-terraced plateaus (al, t1, t2, pr)

Most part of the highway route intersects alluvial plateaus of Toplica tributaries and
river terraces of smaller distribution. On this section, proluvial-deluvial formations
are present, which are occurred by diffuse superficial erosion, transport of
periodical water and gravity. Alluvial area of Toplica is made of sands and gravels
in the riverbed facies, with sandy clays and clayey sands and in the roof flood plain
facies with higher content of silty and clayey fractions is developed. River terraces
have a similar geological structure in the vertical profile. Certain terraced forms,
such as terraced forms south from Mramor, originated in a specific way, by the
action of large delapsion movement. They are presented by silty clays, silty sands,
loess clays, etc. Spacious inundated cones, upstream from Prokuplje, are under
the influence of smaller torrent flows which gravitate from the surrounding terrain.
These alluvial and river-terraced plateaus, beyond the influence of Toplica River
flow and its tributaries, are mostly stable. Potential instabilities are present in the
zone of unregulated riverbed coasts. These instabilities may have importance in
the design and construction of the bridges mostly over the Toplica River and less in
the zone of planned bridges over its tributaries. Regardless of the extreme
heterogeneity, both in composition and physical-mechanical characteristics, these
areas have good to medium resistance deformable characteristics, favourable to
conditionally favourable physical-mechanical characteristics for the structure
construction.

Neogene hilly terrains (dpr, dl, pr, ed, Pl, M-PIl, M)

These terrains are situated around the perimeter of middle and lower Toplica
Valley, where we have two different parts (different in age and composition):
younger Neogene complex downstream from Prokuplje (km: 0+000 to km:17+000)
and older Neogene complex upstream from Prokuplje over which highway route
construction was not planned. They are separated by the crystalline metamorphic
complex of Prokuplje vicinity. They are of a very heterogeneous lithological
composition and are characterized by frequent facial changes. The main
lithological representatives are poorly bonded sandstones, gravels, sands, and
clays with numerous transitional varieties. Younger Neogene complex corresponds
to the upper Miocene and lower Pliocene. There are two horizons: the lower 1 in
which sediments of fine grain composition dominate (clays and silts containing fine
grain sands, coal clays locally, etc.) and the upper i made primarily of sands with
rare layers of sandy clays and gravel lenses. These terrains are mostly covered
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with complex of deluvial, deluvial-proluvial sediments and surface weathered zone
thickness of over 10 m. Also, on the slopes of Debelo Brdo (Balicevac village),
conditional instability in the weathered zone of Neogene sediments is identified.
Also, the appearance of minor instabilities is determined in Pliocene sands and
gravels near Nova Bozurna, north-east from Prokuplje. Regarding terms of
physical-mechanical properties, this sediment unit is medium to good
characteristics. Conditions for the construction in these sediments range from
conditionally favourable to very favourable.

Crystalline schists complex (Gn, Ga, M, Q)

In the structure of this metamorphic complex fine- grained gneisses and liptinites
dominate, and occurrence of amphibole gneisses and amphibole-pyroxene schists
are identified. Within the gneisses, the appearance of marbles and quartz are
registered. In this complex denudation processes are expressed with linear erosion
in some places, only on steep slopes, and products of these processes are
deposited at the bottom of the slopes and on the flattened parts of the terrain.
Slope creations are often mixed with torrential deposit, and thicker layers of
contemporary deluvial-proluvial deposit are formed in the bays. Rock mass of this
complex has in general favourable to conditionally favourable properties. Rocks,
which are the part of this complex composition, have uneven physical-mechanical
properties and decomposition degree. Products of mechanical decomposition are
different thicknesses which are in the range of 0.5 m to over 5.0 m. The stronger
parties of metamorphic complex, such as quartz, marbles and better- preserved
gneisses and amphibolites have thinner or do not have weathered zone and which
make morphologically prominent parts of the terrain.

4.1.4 Hydrogeology

Based on the research it was found that the terrain in the entire area is basically
built from rocks that are watertight. The largest part of the surface water drains by
gravity down the slopes to the local erosion basis - local stream ravines and river
valleys. In addition, due to the steep slope of the terrain, water intensive
transported decomposed material and formed gullies in the middle, and ravines in
the lower parts of the slopes.

The research was carried out in the dry season. That means the accumulation of
groundwater in stronger degraded zones of rock masses and the deluvial layer

during hydrological peaks are possible. Aquifers formed this way are localized,

very small yield, but their discharge is manifested in the form of wetting and low

leakage in the contacts with the rock. Larger accumulations of groundwater are

found in alluvial ®igep daplicad Riverarfd TrBavskaRijverv a | k a

Deluvial, silty - sandy clay with fine-grained debris (dgp, dr) have a maximum
surface distribution. They are characterized by an integrated and subordinated
cracked porosity, uneven and inconsistent water-permeable, and can be seasonal
local water saturated.

Deluvial deposits have the general function of the hydrogeological collector
conductors. Locally, due to the increased content of fine-grained components, is
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unevenly permeable to water, seasonally may be wet, less frequent water
saturated.

Alluvial silty-clayey (alg, p, alp, pr) and gravel-sandy-c | ayey (alp, 9, ¢,
deposition of Str agayv aRikagenerdlly meewsspra and T
capillary porosity and accumulate slightly larger amounts of free groundwater

comes only in gravel deeper part. However, higher dust parts of the area are full of

water most of the year. Water permeability of this material is generally poor, which

is especially true in the area just below the surface.

The groundwater level was determined at the tunnel excavation sites, where the
groundwater regime could be damaged during the construction of the highway.

1. Tunnel fi D e b reedr the ZBrre dfahat tunnel there is a water supply
system for the wells of thechnicall | age of
investigations the groundwater level in the tunnel zone was not registered.
Additional research is recommended in the phase of the Main Design.

2. Tunnel Lalinac - the appearance of underground waters is below the
excavation zone of the bottom of the tunnel, so this digging does not
disturb the regime of underground waters.

3. Tunnel N o v & theBeatgance poréal zone will most likely be in the
zone of groundwater influence. But, in this part of the route, the population
is supplied with water from the city water supply system (Prokuplje area),
so that possible blurring of groundwater during the lowering of their level
for tunnel excavation needs will not have a significant impact.

4. Tunnel Ra | u nnk greaundwdier at@urrence has been recorded
in the tunnel excavation zone.

5. Tunnel Vrsnik - The appearance of groundwater is registered at a depth
below the level of the tunnel excavation

6. Tunnel P | e-lagroendkatei oecurrence has been recorded in
the tunnel excavation zone.

Note: Along the whole section, presence of karst rocks is not registered.

Water supply

Prokuplje water supply is now performed from underground sources (40%) and
from accumulation (water source A B r e s n(60%)a There is a deficit in the
amount of water for water supply.

Solving the problem of water supply of the city of Prokuplje started with the
construction of a dam and reservoir on th
the reservoir is transported to treatment plants by gravity pipeline, from where is

transported by pipeline to the city. The capacity is 70 - 80 I/s. In 1992, from the

spring "Hisar" four wells, depth of 120 - 150 m, ground water is delivered by
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pressure waterpipe L=1.5 km to the pump station Draganja. Further is distributed
directly to the city network, while excess water goes into the tank on the hill Hisar.
The capacity of the spring is 60 I/s.

Figure 50 Water supply system AHi s ar f

>

2

PS-Pump station i Dr a g avells B1pB3, B4 and B5-reservoir A Hi s ar o

The source "Bumburek" has a capacity of 25 I/s and wells and a pumping station
have made so far to put the available amount of water straight into the distribution
network. It is necessary to do pressure waterpipe with a length of 4.5 km.

Municipality Prokuplje water supply will be solved permanently when building a

water supply system "Selova" is completed. Then the town and villages in the
municipality will receive around 400 I/s of drinking water.
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Figure 51 Dam "Selova"

Abottledwaterf r om t hi s area was mineral water 0l
n e ar hhis miaeral water factory is not active now, but it will be open soon.
The project of reconstruction of the pipeline is in the phase of adoption.

4.1.5 Climate settings

Climate character i zati on of a wider ar ePd odfnitkhe shi

preformed using measurements from two syn:
climatological (Prokuplje) station, all owned by the Hydro meteorological Service of

Serbia (HMSS). Observationsareo bt ai ned from t he HMSSdés Y
Climatological Data available at: http://www.hidmet.gov.rs/podaci/meteo_

godisnjaci. Geographical coordinates of meteorological stations and their elevation

are given in Table 25. Normal annual and monthly values climatological

parameters relevant for climate characterization and its possible impacts on the

highway are calculated for the period 1981-2010.

Table 27 Meteorological stations and their location

Station Latitude longitude Elevation (m)
Ni g 43A206 N |[21A546 E 204

Prokuplje 43A146 N |[21A366 E 266
Kurgumlija|43A086 N [21A1606 E 383

The climate of the wider ®i®dnofk thle ahitgm
continental; with moderately warm summers and moderately cold winters. At

altitudes above 1000 m it changes towards a mountain climate, with short and

fresh summers and longer, colder and snowy winters. It is mainly influenced by

orography, with the Kopaonik Mountains on the west and the Toplica River valley

along the highway route.
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According the K° ppen climate classification3 the region has a temperate humid
climate with warm summers (Cfa).

Climate conditions are described through the analysis of normal monthly and
annual values of relevant parameters (minimum, maximum and mean air
temperature, precipitation, humidity and winds) in the period 1981-2010, observed
at meteorological stations Nig,

Mean annual air temperature in the period 1981-2010 measured at the three

met eorol ogical stations is between 10. 3
and the coldest is January. Autumns are warmer than springs due to a mild

influence of the Mediterranean Sea. The temperature gradually rises from west to

east as elevation decreases.

Mean annual precipitation for the same period is about 600 mm, with slightly more
precipitation on the west and less on the east. Precipitation is uniform and it has a
continental regime, with a maximum in summer and minimum in winter.

Temperature

Normal mean annual air temperature in the period 1981-2010 i s 11. 9AC
11AC &wpPi@e and 10.3AC at Kurgumlij a
temperatures gradually rise
elevation decreases. The difference is most pronounced in summer and lesser in
winter. The warmest month is July (201 AC Kur guml i j a,

22.5AC Nig) and the coldest is January

Prokuplije

stati
from west t o

21.4AC Prok

temperature

Nig). Normal seasonal and annual
Table 28 Normal seasonal and annualt e mper at ur es ( AC)-20fl0oatthet h e
meteorological stations in the region
Station Winter Spring Summer Autumn Annual
Ni g 1.7 12.1 21.7 12.0 11.9
Prokuplje 1.2 11.1 20.4 11.3 11.0
Kur gum 0.9 10.4 19.4 10.5 10.3

The annual flow of normal maximum and minimum monthly temperatures generally
follows normal mean temperature, with an exception of the highest maximum
monthly temperature that is recorded in August. Normal mean, minimum and
maximum temperatures are presented in Figure 52, Figure 53 and Figure 54.

8 https://www.britannica.com/science/Koppen-climate-classification
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Figure 52 Normal monthly maximum, minimum and mean temperatures for the period
1981-2010 at Ni g meteorological station

Figure 53 Normal monthly maximum, minimum and mean temperatures for the period
1981-2010 at Prokuplje meteorological station

Figure 54 Normal monthly maximum, minimum and mean temperatures for the period
1981-2010 at Kur guml i jatmn met eor ol ogi cal st

Frost days (days with minimum temperature

stations from October to April. In average,t her e i s 103.3 frost de
station, 92.2 at Prlongdapd(dag withmdximor@ . 8 at Ni
temperaturebel | ow OAC) are noted from November
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