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1. INTRODUCTION

URS Infrastructure and Environment UK Limited, Systas S.A., TTA S.A. and Omikron Kappa
Consulting S.A. were contracted by the Ministry of Transport, Maritime Affairs to develop a route
investment plan for the proposed the SEETO Road Route 4. The consultants signed the contract on
5" March with an effective start date of Monday 12" March. An Inception report was delivered on g™
April 2012

In the Inception report the route was assessed and was segmented into sections based on the
engineering, traffic, environmental and social importance. For each of these sections the technical
options have been studied (including a comprehensive site visit) and a detailed presentation of the
thorough screening of these technical options and their relevant merits is presented in detail as text
and general design drawings (scale 1:25.000, presented in a separate Appendix) in this Technical
Options Report. These options have been carried forward to the Traffic and Economic analysis reports

concluding with a tentative investment plan.

Green-field solutions as well improvements to the existing road, where applicable, have been taken
into consideration. Every effort has been made to optimise the road alignment with the aim of
minimising construction costs and maximizing environmental and social benefits.

The work was carried out by means of desk studies and field visits. Some of the key issues evaluated
per road alignment and the basic design process include:

e areas where local improvement of the alignment is feasible and will increase safety
e areas where improvement or widening of the road cross-section is feasible

e deficiencies in works related with sighage and safety equipment of the road

e ways to increase safety for traffic passing through settlements or urbanized areas
e problems at intersections or access

e areas where the upgrade of the existing road may or may not be feasible due to technical
environmental or social reasons

e the likelihood of phasing of the works, in areas where traffic volumes may dictate it, however
considering the constructability at a later stage as well as the need for climbing or overtaking
lanes

A detailed presentation of the major geological and geotechnical considerations along the route and
their effect on the embankments/cuts of each section and alternative as well as to the major
underground structures is also included in this report. The proposed methodology of construction for
the major bridges and viaducts along each section and alternative are also part of this report.

The above work yields bill of quantities for all major items of each option that form the basis of the
associated cost estimates used in the economic analysis and in the screening process.

Page 1
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1.1. Route segmentation

Further to the proposal of the Inception Report, the segmentation of the route in sections is used as a
basis for the generation and assessment of the alternatives. Each section consists of new links as well
as links to the existing national road network, which if upgraded/rehabilitated can offer in the short and
medium term a more unified and safe road corridor linking the north and south of Montenegro. It is
noted that all route alignment alternatives and associated technical options considered are appropriate
for a dual carriageway motorway or for the future conversion to a dual carriageway motorway when the
traffic needs dictate it.

The segmentation of the route to homogenous sections is shown in Figure 1.1 and has been based on
the following classifying attributes:

e terrain morphology of the investigated corridor (various levels; plain, hilly or mountainous
conditions)

e present and forecasted traffic demand, as well as various external dependencies (as is the
case with sections of the route that are links to new highway projects to neighboring countries)

o type of traffic e.g. using parts of the route as urban by-passes (Podgorica bypass) as well as
high percentage of heavy vehicles traffic in certain sections of the route)

e environmental / social restraints which can be more effectively tackled by following alternative
route options

e the presence of existing road sections which when properly rehabilitated and upgraded can
offer an acceptable single two-way carriageway as a first phase construction of the ultimate
dual carriageway motorway

1.2. Existing route

The existing route forms the reference situation or “Do Minimum” alternative in which no investment is
made on the road infrastructure other than that necessary to maintain the existing infrastructure to its
existing condition. It includes any planned projects of importance to the road network.

In the following sections of this report the Do Minimum alternative, where applicable, is referred to as
Alternative 0.

Sections or links to the existing route are included as alternatives in the corridor.

1.3. Alternatives generation

Technical options are generated taking into account the existing alignments or variants of them or new
alignments and design standards (cross section, design speed, phasing of the construction), as well as
any trade off considerations regarding minor exceptions in the design standards (e.g. longitudinal
slope).

Page 2
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1.4. Design Standards

The road alignment design will conform to the standards set down in Annex Il of the European
Agreement on Main International Traffic Arteries (AGR), of 15 November 1975, these standards were
revised and republished under the reference ECE/TRANS/SC.1/384, 14 March 2008.

EXISTING
BORDER TO SERBIA

Ll 3
1
|
i
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Berane
TO KOSOVO
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Bioce

Smokovac
o | Farmagi
Cetinje *®
ey
. s
| Eectlon I
Virpazar
Bt : Legend
jurmani
- = == EXisting road network
OKM 10KM 20KM msssm Roads sections and alternative alignments

Figure 1.1.: Route segmentation
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These standards are best reflected in the published 3rd Edition Standards and Recommended Practice
for the UNECE-sponsored Trans-European North-South Motorway (TEM) Project. These standards are
commonly used in most countries of Central Europe and the Balkans for the design of new motorways
and have incorporated the latest experience, research and development achievements in the field of
motorway design, construction and operation as well as newly required safety measures in relation to
motorway tunnels.

TEM standards provide the possibility to apply a different design speed to various parts of the road
according to terrain configuration. This flexibility permits reduced design parameters where needed to
minimize the investment costs.

Table 1.1 on the next pages summarises the values for the various design elements (road geometric
characteristics) according to design speeds of 80, 100 and 120 km/hr.

At the present general design stage, the application of standards and the relevant guidelines aims at
confirming the project corridor alternatives and the reliability of the estimation of the roadworks
quantities. Minor geometric issues such as separation of the carriageway in areas of tunnels and
bridges, good range for the ratio of consecutive curves, minimum longitudinal slope for drainage,
design consistency for two lane road etc, will be addressed at the next design stage. These issues
have been discussed with the Montenegrin design institutes to reassure that there is insignificant
impact on the decision making process for the Project Investment Plan as long as the options
proposals are technically feasible and the bills of quantity estimates are reliable to the degree that will
not obscure the alternatives compared and identification of the preferred option.

Page 4
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Tablel.1: Motorway Geometric Design Standards (TEM Standards and Recommended Practice, 3rd Edition)

Design Element Standards Comments Standards Comments Standards Comments

Design speed 80 km/h 100 km/h 120 km/h

M|n_|mum horizontal 240 m 450 m 650 m

radius
6% should be desirable
maximum overall wherever 5% should be desirable 4%  should be desirable
possible maximum overall wherever maximum  overall wherever
1.5% max. for tunnels / possible possible
bridges longer than 3500 m. 1.5% max. for tunnels/bridges 1.5% max. for tunnels/bridges
30% max. for tunnels / longer than 3500 m. longer than 3500 m.

. . . 0 . . 0 0,

Mrg)é'g#tm longitudinal ?nﬁx absolute bridges  1000-3500m in ?nﬁx absolute 3.0% max. for tunnels/bridges fnﬁx absolute 3.0% max. for tunnels/bridges

9 ’ length ' 1000 — 3500 m. in length ’ 1000 — 3500 m. in length
4.0% max. for tunnels / 4.0% max. for tunnels/bridges 4.0% max. for tunnels/bridges
bridges 500-1000m in length 500 — 1000 m. in length 500 — 1000 m. in length
5.0% max. for tunnels / 5.0% max. for tunnels/bridges 5.0% max. for tunnels/bridges
bridges less than 500m in less than 500 m. in length less than 500 m. in length
length

- - 0.5% desirable [In excavation o : , 0 , .

M|n|r_num longitudinal 0.3% absolute | cuts and on fill | 0.39% absolute 0.5% deswable [In excavation 0.3% absolute 0.5% deswa_ble [In excavation

gradient cuts and on fill embankments] cuts and on fill embankments]
embankments]

Minimum vertical crest | 3,000 m| #4500 m.  for two-way 6,000 m | 10.000 ~m. for two-way 12,000 m
carriageway [if construction carriageway [if construction is

curve absolute . absolute absolute
is phased] phased]

Minimum vertical sag | 2,000 m 3,000 m 4,200 m

curve absolute absolute absolute

Minimum stopping | 100 m | 125 m. preferable wherever | 150 m | 175 m. preferable wherever | 200 m | 250 m. preferable wherever

sight distance absolute possible absolute possible absolute possible

Minimum sight

distance for overtaking | 325 M | 475 m desirable 400 M | 600 m desirable

for two-way | absolute absolute

carriageway

Page 5
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Design Element Standards Comments Standards Comments Standards Comments
Design speed 80 km/h 100 km/h 120 km/h
Minimum length  of | 800 m. | 1,000 m. preferable wherever | 800 m. | 1,000 m. preferable wherever | 800 1,000 m. preferable wherever
climbing lane absolute possible absolute possible absolute possible

. . 3.50m. - . 3.75m. 3.75m.
Traffic lane width (3.75m.) par. 1.2.2.9.2. difficult terrain (3.50m.) (3.50m.)

Also to be provided in Also to be provided in tunnels Also to be provided in tunnels
Climbing lane width 3.50 m. tunnels less than 500 m. and | 3.50 m. less than 500m in length, and on | 3.50 m. less than 500m in length, and on
on bridges less than 700 m. bridges less than 700m in length. bridges less than 700m in length
Shoullder (Emer_gency/ See Note 1 See Note 2 See Note 1 See Note 2 See Note 1 See Note 2
stopping lane) width
Central reserve* 3.00 M- 4.00 m. desirable 3.00 M- 4.00 m. desirable 3.00 4.00 m. desirable
absolute absolute absolute

Verge width** 0.5m. min 0.5m. min 0.5m. min
Outer  [right] edge | 5 o5 . 0.25m. 0.25 m.
marking line width
Inner _llef]  edge | o o5, 0.25 m. 0.25 m.
marking line width
Minimum crossfall — 2 5% 2 5% 2 5%
traffic lanes
Maximum crossfall — 7 0% 7 0% 7 0%

traffic lanes

* Central Reservation Area width includes for edge lines of 0.25m each

** A single verge shall be provided on the outer edge of each carriageway.

Note 1:

Shoulder width: 3 m
Emergency Lane (EL): 2.5 m paved plus 0.5 m unpaved
As indicated to TEM cl. 3.2.4 and Fig.3a

Note 2:

In exceptional cases when lay-bys are used instead of EL, the shoulder width must be at least 0.5 m.(TEM cl. 3.2.4)

Page 6
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2. DEFINITION OF ALTERNATIVE ALIGNMENTS

It is apparent through the review of the available data and previous studies on this route that from 2003
a number of alignment alternatives have been considered by consultants and university professionals.
The aim was always, irrespective of the justification from the traffic data in the short and medium terms,
the construction of a new dual carriageway motorway all along the corridor. It is also evident from the
review of the data provided to the Consultant that cost optimisation techniques were not used for the
majority of the sections of the route.

This study has paid close attention to the following areas:
e review of various alignments and design standards

e proposition of construction sequences which aim to balance as far as possible the mass haul
diagram by optimizing the cutffill process, reducing the percentage/cost of tunnels and
bridges/viaducts and utilizing design standards applicable to the terrain and the expected
traffic along the various sections of the route.

For each section the following types of investment alternatives have been taken into consideration:

e upgrade of the existing 2-lane road (with climbing/overtaking lanes and with new 2-lane road
improvement, where appropriate)

e widening the existing 2-lane road to 4 lanes (with new 2-lane road improvements, where
appropriate)

e a2-lane road capable of being upgraded to a 4-lane motorway on a new alignment

e a4-lane motorway on a new alignment

The alternative alignments are described sequentially in the following pages.

Page 7
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2.1. Section I: Djurmani - Virpazar

Alternative |-0: Do minimum alternative

This reference alternative relates to the use of the existing single two-way
carriageway as it is (taking into account the necessary maintenance works)

Alternative I-1: Upgrade of the existing single two-way carriageway, including:

= Extra lay-by provision at appropriate places (due to the lack currently of
Emergency Lane).

= Lateral configuration and drainage network maintenance works

= Cut slopes repair works where necessary

= Upgrade of the existing Toll Station

= Reconstruction where needed of the surface layer

= Maintenance works to the existing bridges and tunnels where necessary.

Alternative I-2: Construction of the second 2-lane carriageway, as proposed in the Existing Final
Study, for the conversion to a full 2x2 lane motorway

Alternative I-3: Construction of the second 2-lane carriageway with a variation of the alignment
(compared to Alternative I-2) from Ch 6+079 to Ch 9+321. Alternative I-3 aims to:

= reduce the length of the RAS tunnel at Ch 8+500 by 110 m
= eliminate the need of the two bridges before the RAS tunnel

It should be noted that construction of the second bore of the Sozina tunnel does not necessarily have
to coincide with the construction of the “open” 2-lane carriageway of the above Alternatives I-2 and I-3.

Also the implementation of the full 2x2 lane motorway has to take into account the progress of the
Adriatic coastal highway.

Page 8
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2.2. Section II: Virpazar - Farmaci

The following alternatives were selected for study.
Alternative II-0; Maintaining the present 2-lane road as it is.

Alternative IlI-1: Construction of a new 2-lane road (Alt. II-1-a) in a new alignment according to
existing preliminary design (east route). The new 2-lane road could be prepared
for 4 lanes.(Alt. 11-1-b).

Alternative II-2: Construction of: a) a new 2-lane road on a new alignment following the route
northwest of Skadar Lake, b) upgrading of existing 2-lane road Farmaci-Cetinje for
a length of 8.2km approximately.

The new and the existing 2-lane roads could be prepared for 4 lanes (II-2-b).

An alternative alignment to the west of the Alternative 11-2 has been examined; this uses a section of
the Farmaci-Cetinje road further to the west. This variant has not been selected for detailed
assessment due to the following:

= Itis 7 km longer than the previous Alt. II-2

= EXxisting road to Cetinje has geometrical characteristics that correspond to a design speed less
than 80 km/hr

» [Interventions and improvement of the existing road will have to tackle serious traffic management
problems and risks.

= Realignment or widening of the existing road, due to the difficult terrain morphology, will demand
very expensive works and structures

Page 9
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2.3. Section Ill: Farmaci - Smokovac

Alternatives options for this section took into consideration:

= Alternative alignments examined in the General Design of the section Farmaci-Smokovac (LB
and Simm Ing., 2008)

= This section functions as the Podgorica west bypass

= The Adriatic-lonic highway, that has a common section of ~12 Km with Route 4 (Durmani-Boljare)
= The different views -to some extent- of the Podgorica Municipality and GRD.

= Traffic demand data for the section that justify the need of a 2x2 lane motorway

= The alignment of the variants of the next section Smokovac-Matesevo and the reduction of the
length and height of the major bridge that was proposed for the crossing of the Moraca river

= Terms of Reference (TOR) requirements for the Podgorica bypass (single alternative beyond
Zelenika hill) and 2x2 lane

According to the above, the following alternatives were selected for further study.

Alternative lll-1:  Construction of a new 4-lane road in a new alignment and connection with
motorway Adriatic-lonic with I/C at Strganica.

Alternative lll-2;:  Construction of a new 4-lane road in a new alignment and connection with
motorway Adriatic-lonic with 1/C at Smokovac.

Page 10
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2.4. Section IV: Smokovac - Matesevo
The reference situation, Alternative IV-0, maintains the present 2-lane road (Smokovac-Kolasin-
Matesevo) as it is.
The existing road cannot form part of the upgraded axis, due to its:
= Difficult terrain
= Large number of accesses
= Insufficient geometrical characteristics
= Difficulty in undertaking traffic management during construction

In addition the existing road that will be utilised by local traffic would need to be upgraded in terms of
traffic safety equipment (signage and markings).

The following alternatives were selected for further study.

Alternative IV-1:  Construction of a new 2-lane road (IV-1-a) on a new alignment The new 2-lane
road could be prepared for 4 lanes (IV-1-b). This alternative is compatible with an
interchange connecting the two motorways at Smokovac.

Alternative IV-2:  Construction of a new 2-lane road (Alt. IV-2-a) on a new alignment. The new 2-lane
road could be prepared for 4 lanes (Alt. IV-2-b). This alternative, with the connecting
I/C at Strganica, includes an eastern branch (2-lane road) to link the I/C with the
existing road and the Podgorica road network at the Smokovac area.

Alternatives IV-1-a and IV-2-b refer to 2-lane roads, this will be examined for the inclusion of “open”
2x2 sections of reasonable cost, that will be proposed for construction from the initial stage and will
enhance the safety characteristics.

Page 11
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2.5. Section V: Matesevo — Andrijevica

The reference situation (Alternative V-0) maintains the existing 2-lane road as is.

The existing road, due to its poor geometrical characteristics, cannot form even temporarily a part of
the axis. In addition, the existing road that will be used by the local traffic requires upgrading in terms
of traffic safety equipment (signing and markings).

The following alternatives were selected for study.

Alternative V-1:  Construction of a new 2-lane road (V-1-a) in a new alignment according to existing
Design. The new 2-lane road could be prepared for 4 lanes (V-1-b).

Alternative V-2: Variation of the new 2-lane road of Alternative V-1, that will have reduced
construction cost.

Page 12
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2.6. Section VI: Andrijevica-Berane-Poda

The following alternatives were selected for study:
Alternative VI-0:  Upgrading of the existing 2-lane road including:

= Provision of lay-bys appropriately placed or local widening for the provision of even a rudimentary
Emergency Lane

= Junctions improvement
= Asphalt layer reconstruction
= Upgrade of the signage and safety equipment

Alternative VI-1:  Construction of a new 2-lane road (VI-1-a) in a new alignment according to an
existing design. The new 2-lane road will be prepared for 4 lanes (VI-1-b).

Alternative VI-2: Variation of the new 2-lane road of Alternative VI-1 that will have reduced construction
cost. The new 2-lane road could be prepared for 4-lane road (VI-2-b).

Alternative VI-3:  Variation of new alignment of the Alternative VI-2 from Ch.3+800 until Ch.6+713.

Alternative VI-4:  Variation of new alignment of the Alternative VI-2 from Ch.13+200 until
Ch.17+500.

The main issue to tackle in this section is the urban development along the corridor of Berane.

Page 13
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2.7. Section VIl Poda - Boljare and Poda - Bijelo Polje - Existing Serbian Borders

The section of motorway inside Serbia has not been finalised yet. To reach the border from Poda,
either a new road will be constructed (Alternatives VII-1, 2 and 3), or the existing road towards the
current Serbian Border (to the north of Bijelo Polje) must continue to serve traffic with best possible
road safety conditions and to meet the capacity demands (Alternatives VII-4).

The following alternatives were selected for study.

Alternative VII-1: Construction of a new 2-lane road in a new alignment according to an existing
design that will have reduced construction cost. The new 2-lane road could be
prepared for 4 lanes (VII-2-b).

Alternative VII-2: Variation of alignment of Alternative VII-1 from Ch.34+000 until Ch.47+000.

Alternative VIII-3: Variation of alignment of Alternative VII-1 from Ch.27+500 until Ch.47+000.

Alternative VII-4-0: Upgrading of existing 2-lane road to the current Serbian Border, including:

= Provision of lay-bys appropriately placed or local widening for the provision of even a rudimentary
Emergency Lane

= Junctions improvement

= Asphalt layer reconstruction

= Upgrade of the signage and safety equipment

= Installation of electric lighting wherever required

= Provision, where possible, of an overtaking lane

= Local re-alignment (where this is feasible)

= Slope repair works wherever required

= Provision of works for rock fall protection or avalanche protection
Alternative VII-4-0 includes the already constructed (Stage A’) By-pass of Bijelo Polje.
Alternatives VII-4-1 and VII-4-2:

These are variations of a possible new alignment of Alternative VII-4-0 between Ch.6+419 and
Ch.32+645 (existing Serbian Border): these alternatives are selected and examined for the case that
the construction of the new motorway Poda-Boljare will be delayed.

Alternative VII-4-2 comprises a new alignment of length 5.64km between the 2 sections of existing
road. With this alternative (a) the total length of route is reduced by 8.26km and (b) the traffic will no
longer pass through Bijelo Polje. This alternative alignment starts at Ch.7+102 of the existing road,
ends at Ch.21+000 (end of the recently constructed Bypass of Bijelo Polje) and it requires the
construction of a tunnel of length about 2000m.

In order to minimize the tunnel length, it was decided to also examine Alternative VII-4-1, which starts
at Ch.6+419 of existing road and ends at Ch.12+516 where it links with an existing road. Thereafter
this existing road links at about Ch.21+000 of Bijelo Polje Bypass. With this alignment, the resulting
new tunnel is about 1200m long, i.e. 800m shorter than Alternative VII-4-2.
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3. SCREENING OF ALTERNATIVE ALIGNMENTS

3.1. Introduction

In this section of the Technical Options report the alignment issues of the various alternatives studied
and analysed for each Section of the route are presented. The comparison among alternatives focuses
on qualitative issues of road characteristics (e.g. speed, gradient, percentage in open road and major
structures, disturbance to urban areas, land expropriation and surplus material dumping issues). In
addition, the screening takes into consideration route and structural characteristics in terms of:

e length,
e new highway (single 2-lane or dual 2-lane) or widening of existing road,

e characteristics of structural elements (major bridges/viaducts, bridges, overpasses,
underpasses, reinforced and/or high embankments, tunnels, culverts) and:

e number of interchanges.

This comparative data are further evaluated and form the basic input to the Cost-Benefit Analysis and
prioritization plan.

Cost estimates have been generated for the various alternatives to assist with the screening process,
and these are presented in Section 7.
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3.2. Section I: Djurmani - Virpazar

The Project starts from the southern entry portal of the already-constructed right branch of the Sozina
Tunnel, which is about 4.19km long. After the tunnel exit, a 2-lane road of length about 5km has been
constructed and it is now in operation. This road will become the left carriageway of the future 2x2 lane
motorway. Today traffic from Podgorica to Bar on this 2 lane road is provided with an additional
climbing lane for part of the road.

After the Sozina Tunnel exit, there is a Frontal Toll Station already in operation.
Two bridges have been constructed at Ch.7+830 and Ch.8+100 of lengths 68m and 196m respectively.

Immediately after the bridge at Ch.8+100, the Ras Tunnel left branch of a length of 665m, has been
constructed.

The existing 2-lane road ends at about Ch. -3+000 of Section Il at the T junction with the road
Podgorica-Petrovac.

For this Section | there is an existing Final Study for a 2x2 lane motorway.
As defined in the previous chapter, four alternatives are examined for this Project section. In particular:

= The first two alternatives, 1-0 and I-1, maintain the existing 2-lane road. This has been
constructed recently

= Alternative I-2 involves the widening of the existing 2-lane road and addition of a second
carriageway for about 9.23km to convert it to a 4-lane motorway, according to the existing Final
Study.

= Alternative I-3 is of a length of 9km, this includes a local variation of Alternative I-2, from
Ch.6+079 until Ch.9+321 (separation of the new right carriageway of motorway), this has the
following key features:

(@) The first section of the new right separated carriageway (serving traffic from Bar to
Podgorica) runs downhill with a gradient of 6% compared to 4.70% of the alignment
proposed in the existing Final Design. The gradient was increased to 6% in order to
lower the carriageway redline across the flat terrain and to replace the two bridges
proposed in the existing Final Design with high embankments.

(b) At about Ch.7+900 an underpass is proposed for the restoration of the existing local
road.

(¢) In comparison with the existing Final Design, the length of new right branch of Ras
Tunnel is reduced by about 110m.

(d) This alternative alignment joins with the alignment of the existing Final Design at about
Ch.9+125.

Alternative I-3 compared to Alternative I-2 (existing Final Design):

(&) has smaller construction costs (cancellation of the 2 bridges of total length 370m and reduction
of Ras Tunnel length by 110m),

(b) has better horizontal alignment (R=800m instead of R=475m and elimination of the S-curve of
the Final Design),
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(c) has smaller length by about 230m
(d) needs more expropriations of agricultural land,
(e) will be constructed without obstructing the traffic of the existing 2-lane road, and
()  bhas a downhill gradient 6% for a length of about 1000m.
Moreover, Alternative I-3 requires:

= Assessment of environmental and social impacts, especially for the section of the separated right
carriageway of motorway.

= Assessment of constructability of the high embankments replacing the 2 bridges of Final Design
as well as of the embankments across short thalwegs. On these locations the construction of
reinforced embankments, if feasible, is preferred.

= Geotechnical evaluation for the new Ras Tunnel that is proposed in quite a distance from the
existing tunnel.

= Investigation of the risks for the existing 2 lane road that would pose the construction of the new
right carriageway in areas of proximity but different level. If such hazards are expected, then
either the new carriageway will be relocated further away from the existing road or retaining
structures will be constructed along the existing road.

Table 1-1 presents a qualitative comparison of route alternatives of Section | while Table 1-2 includes
their roadworks characteristics.

Alternative I-3 is selected as the preferred option for Section |, Djurmani — Virpazar.
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Table 1-2

QUALITATIVE COMPARISON OF THE ALTERNATIVES

Section |

Djurmani-Virpazar
No ISSUE/CHARACTERISTIC

Alternatives

-2 -3
1 Length (m) 9230 9000
2 Horizontal curves number 8 8
3 Percentage of length with speed =100km/h 100,00% 80,58%
4 Percentage of length with speed = 80km/h 19,42%
6 Percentage of length with gradient 3% 68,86% 70,23%
6 Percentage of length with gradient 3%<k5% 31,14% 10,36%
7 Percentage of length with gradient 5%<6% 19,41%
8 Percentage of length with open road 43,47% 47,73%
9 Percentage of length with tunnel 51,57% 51,67%
10 Percentage of length with bridges 4,96% 0,60%
11 Disturbances in urban areas No No
12 Occupations/Expropriation in expensive land No Few
13 Scale of surplus excavated materials Small-medium | Small
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Table 1-3
Section |
Il. ROADWORKS CHARACTERISTICS Unit Q{ferrmngzi;:érpazar
| -2 -3
1. Total length m 9.230 9.000
2. Road Works open road
a. new highway (4 lanes) m - -
b. Widening of existing road m 4.012 4.296
gidé_:)ngth of reinforced & high embankments (both m 430 670
d. Length of high cuts (both sides) m 1.765
3. Major Bridges - Viaducts (per branch)
number pcs - -
length m - -
width m - -
surface m2 0 0
4. Bridges (per branch)
number pcs 6 3
length m 458 54
width m 13,85 13,85
surface m2 6.343 748
5. Overpasses
number pcs 1 1
length m 80 80
width m 10,00 10,00
surface m2 800 800
6. Underpasses
number pcs 2 3
length m 80 120
width m 10,00 10,00
surface m2 800 1.200
7. Tunnel (per bore)
number pcs 2 2
length m 4.760 4.650
8. Culverts pcs
number pcs 9 10
length m 450 500
9. Hydraulic Arrangements
stream regulation m 0 0
river revetment m 0 0
10. Interchanges (major/connecting 2 motorways) pcs 0 0
11. Other Interchanges pcs 0 0
12. Tolls pcs 1 1
13. Length of roadworks for routine maintenance m 4.410 4.410
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3.3. Section II: Virpazar - Farmaci

An existing design was available for this project section, it examined a route close to the existing Old
National Road (O.N.R.), which passes through Lake Skadar as well as through swamp areas
(Alternative IlI-1).

Another alternative alignment was examined: this follows a new north-west route. This Alternative II-2
has the following characteristics:

= Bypasses the Skadar environmentally sensitive area in an optimal way,
= avoids the swamp area,

= does not affect the existing land uses and activities,

» has reliable construction costs,

= does not affect the traffic of the existing O.N.R.,

= utilises a 8.20km long section of the existing road Farmaci-Cetinje,

= reduces the route length and travel time to Cetinje

Alternative II-1 (east route) presented on drawings RDG SYS Il 001 and 002, has the following key
features:

= The alignment is 26.30km long and starts at Ch.10+100 of Alternative I-2 coinciding with
Ch.9+870 of Alternative I-3 of Section I.

= An interchange is proposed at about Ch.-1+300 in order to connect the new motorway with the
existing local road network.

This interchange is located inside the swamp area and very close (about 250m) to the entry
portal of the first tunnel.

= In the first section Ch. -3+541 - Ch.2+000 the motorway runs along the uphill western side of the
existing O.N.R. and the Railway line. This section has 4 successive tunnels for the motorway
passage through the foothills of the massif.

= After the exit of the fourth tunnel, an approximately 1300m long bridge is required where the
motorway passes over the existing O.N.R. & railroad and then over Lake Skadar. The bridge is
followed by an approximately 1460m long tunnel that runs through Mountain Vranjina. After the
tunnel and up to Ch.7+000, the motorway lies on swampy terrain.

= Then the motorway crosses again the O.N.R. & railroad via a second bridge (160m long) at
about Ch.9+000, and afterwards it passes over River Moraca via a 250m long bridge at about
Ch.9+500.

= In section Ch.11+000 - Ch.20+000 the motorway passes through difficult mountainous terrain on
the western side of River Moraca, resulting to many high cuts and embankments. Also, at about
Ch.18+400 a very long and high bridge will have to be constructed. The horizontal alignment of
the motorway consists of successive S-bends.

= At the end of this section, the motorway comprises an S-bend with radii R=450m and R=500m,
and it meets Farmaci Interchange.
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= Due to constructability reasons, the section from Ch.-3+541 until Ch.7+000 (bridge over the lake,
tunnels before and after the bridge, swamp areas) will have to be constructed from the outset
(first stage) as a full 2x2 lane motorway.

Alternative 1I-2 (north-west route), which is presented on the drawings RDG SYS Il 003 and 004, has
the following key features:

= It has the same starting point as Alternative II-1 and it is 28.30km long, i.e. 2km longer than
Alternative II-1.

= An interchange is proposed at about Ch.1+100 in order to connect the new motorway with the
existing local road network in the area of Virpazar.

= From Ch.2+000 to Ch.7+000 the motorway passes through the mountains via two tunnels of
length about 2.25km and 1.14km.

= From Ch.7+000 to Ch.8+700 the motorway runs along the existing hill and on some locations
there will be high cuts and embankments.

= In section Ch.8+700 - Ch.13+000 the motorway runs along hills and at about Ch.9+000 a 465m
long tunnel is predicted for passing through the mountain there. In general, along the open
sections of motorway there will be high cuts and embankments.

= In the next section Ch.13+000-Ch.15+000 the motorway crosses over the western edge of Lake
Skadar via two bridges of big span and height.

= In section Ch.15+000-Ch.19+750 the motorway passes through a relatively gentle terrain and
then joins the existing road Farmaci-Cetinje. This existing 2-lane road will be upgraded to
become the new motorway. In particular:

(a) The existing road will be widened and converted to a 2x2 lane motorway.

(b) In section Ch.23+000-Ch.27+000, the horizontal alignment of the existing road will be
improved if the topographical survey data reveal that such improvements and adjustments
are necessary in order to tackle any geometric deviations from Standards and to adjust
onto the land uses - activities along the new motorway.

(c) At about Ch.19+320 an interchange will be constructed to connect the motorway with the
existing road heading towards Cetinje and Budva.

(d) New local roads will be constructed wherever required to restore the access to properties.

(e) New overpasses/underpasses will be constructed wherever required to restore the link of
the 2 areas either side of motorway.

= Farmaci Interchange is located at the end of section.

Table 2-1 presents the qualitative comparison of alternatives, and Table 2-2 includes their roadworks
characteristics.

Alternative II-2 is selected as the preferred option for Section Il, Virpazor to Farmaci.
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Table 2-1
QUALITATIVE COMPARISON OF THE ALTERNATIVES

Section I

Virpazar-Farmaci
No ISSUE/CHARACTERISTIC

Alternatives

-1 11-2
1 Length (m) 26303 28295*
2 Horizontal curves number 24 34
3 Percentage of length with speed 2100km/h 100% 81,37%
4 Percentage of length with speed = 80km/h 0% 18,63%
5 Percentage of length with gradient 3% 88,32% 57,80%
6 Percentage of length with gradient 3%<K5% 11,68% 23,84%
7 Percentage of length with gradient 5%<i<6% 0% 18,37%
8 Percentage of length with elevation h<400m 100% 100%
9 Percentage of length with open road 77,34% 79,91%
10 Percentage of length with tunnel 12,58% 14,54%
11 Percentage of length with bridges 10,08% 5,55%
12 Disturbances in urban areas Many No
13 Occupations/Expropriation in expensive land Many No
14 Scale of surplus excavated materials Medium-small Medium
15 Scale of borrow materials Medium No

* Alternative II-2 consists of about 20km new alignment and 8km widening/upgrade of existing 2-lane

road into 4-lane motorway
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Table 2-2
Section I
Il. ROADWORKS CHARACTERISTICS unit | Virpazar-Farmaci
Alternatives
Il-1 Il -2
1. Total length m 26.303 28.295
Road Works open road
a. new highway (4 lanes) m 20.343 22.580
b. Widening of existing road m - -
c. Length of reinforced & high emb/ents (both | m 3.140 3.000
d. ILength of high cuts (both sides) m 3.100 1.940
3. Major Bridges - Viaducts (per branch)
number pcs 2 2
length m 2.600 1.600
width m 13,85 13,85
surface m2 36.010 22.160
4, Bridges (per branch)
number pcs 28 10
length m 2.700 1.540
width m 13,85 13,85
surface m2 37.395 21.329
5. Overpasses
number pcs 1 3
length m 60 180
width m 10,00 10,00
surface m2 600 1.800
6. Underpasses
number pcs 7 9
length m 280 360
width m 10,00 10,00
surface m2 2.800 3.600
7. Tunnel (per bore)
number pcs 10 6
length m 6.620 8.290
8. Culverts pcs
number pcs 47 43
length m 2.350 2.150
9. Hydraulic Arrangements
stream regulation m 0 0
river revetment m 0 0
10. Interchanges (major/connecting 2 motorways) | pcs 0 0
11. Other Interchanges pcs 3 3
12. Tolls pcs 0 0
13. Length of roadworks for routine maintenance | m 0 0
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3.4. Section III: Farmaci- Smokovac
For this section (western bypass of Podgorica) existing design documentation is available, which has
examined various alternative alignments.

In the study period the Consultant received plan drawings from the Study of Adriatic-lonic Highway
which concluded that the alignment proposed in this design is the preferred solution for this highway as
it has taken into account the design constraints arising from the existing Urban Plan of the city of
Podgorica, development plans and social impacts. This is Alternative IlI-1.

The Urban Plan of the City of Podgorica confirmed that:

= In the section from Farmaci until Zelenika Hill the alignment is compatible to the recently
received drawing.

= After Ch.61+346 a variant of this alignment has been examined (Alternative IlI-2). This is
described below.

In the area of Farmaci the alignment joins with Alternatives II-1 and II-2 of previous Section II.
Farmaci Interchange location depends on the alternative that will be selected for Section II.

Taking into account the requirements of TOR as well as the data we received for Adriatic - lonic
Highway, it is concluded that for the section from Farmaci (Ch.47+617) until Strganica (Ch.61+346)
there can be only one feasible alignment.

For the next section after Ch.61+346, two alternatives were examined that would modify the alignment
of the Existing Design. These alternatives:

= minimise the span of the bridge at about Ch.60+800
= cancel the 400m long bridge at about Ch.61+500

= minimise the spans and heights of the bridges of Strganica Interchange (connection of the 2
highways)

= minimise the impacts on the semi-urban area.
Alternative Ill-2 has the following key features:

= The interchange connecting Route 4 with Adriatic - lonic Highway is predicted in Smokovac
(instead of Strganica as in Alternative 111-1).

= This interchange (in Smokovac) stretches inside an urban area and on difficult terrain, and
therefore it will impose significant impacts.

= If Alternative Ill-2 is selected, then it must be necessarily followed by Alternative IV-1 of the next
Section IV.

= The new motorway results to demolition of the buildings at about Ch. 63+200, 63+600, 64+280,
64+440, 64+880, 65+100, 65+660.

= The new alignment damages the landscape of Licine hill, which is directly visible from the capital
city of Podgorica.

= The new motorway has high embankments at its proximity with River Moraca (Ch.65+200-
Ch.65+600).
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= After the construction of Adriatic - lonic Highway, the capital city of Podgorica and O.N.R. will
have no direct connection with the Route 4.

Alternative lll-1 has the following key features:

= The interchange connecting Route 4 with Adriatic - lonic Highway is predicted in Strganica
(instead of Smokovac of Alternative 111-2).

= An interchange of simple layout and a new 2-lane road (of length about 2.50km) are predicted so
that, until the completion of Adriatic-lonic Highway, the ONR and Podgorica can connect directly
with Route 4.

= Alternative lll-1 cancels the pre-mentioned disadvantages of Alternative 11I-2 in the section from
Ch.63+200 (area of Strganica) until Ch.66+000 (Smokovac).

= Alternative Ill-1 follows a northern route and is more favourable than Alternative 11I-2 in terms of
(a) length (Alternative Ill-1 is 1.80km shorter),
(b) construction costs,
(c) cost of expropriations (Alternative 1ll-1 passes through an area with less expensive land)
(d) impacts on existing land uses
Alternatives 1ll-1 and 1lI-2 require the following:
= Assessment of environmental and social impacts
= Assessment of conditions for the foundation of embankments, especially in the area of Strganica
= Assessment of the geotechnical conditions in the areas of the 2 tunnels and bridges

= Further detailed design of alignments (mainly concerning the longitudinal profile) in the sections
of Route 4 connecting with Adriatic - lonic Highway where expensive major interchanges are
proposed for future construction.

= Provision of reliable, as possible, technical data (horizontal alignment, longitudinal profile,
locations and layouts of interchanges, etc).

Table 3-1 presents the qualitative comparison of alternatives, and Table 3-2 includes their roadworks
characteristics.

Alternative lll-1 is selected as the preferred option for Section lll, Farmaci to Strganica.
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Table 3-1

QUALITATIVE COMPARISON OF THE ALTERNATIVES FROM FARMACI (CH 48+938) TO
STRGANICA (CH 61+346)

NB : In this section, Alternatives lll-1 & IlI-2 are identical (they are different after Strganica Interchange)

Section IlI
Farmaci-Strganica

No ISSUE/CHARACTERISTIC
Alternatives
-1 & -2

1 Length (m) 12409

2 Horizontal curves number 13

3 Percentage of length with speed = 100km/h 100,00%

4 Percentage of length with gradient 3% 94,58%

5 Percentage of length with gradient 3%<K5% 5,42%

6 Percentage of length with elevation h<400m 100,00%

7 Percentage of length with open road 76,39%

8 Percentage of length with tunnel 17,33%

9 Percentage of length with bridges 6,29%

10 Disturbances in urban areas Many

11 Occupations/Expropriation in expensive land Many

12 Scale of surplus excavated materials Small

13 Scale of borrow materials Medium
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Table 3-2
Section I
Farmaci-Smokovac
Il. ROADWORKS CHARACTERISTICS Unit X
Alternatives
I -1 I -2
1. Total length m 12.408 17.462
2. Road Works open road
a. new highway (4 lanes) m 9.478 14.482
b. Widening of existing road m - -
c. Length of reinforced & high emb/nts (both | m 1.590 2.780
d. Length of high cuts (both sides) m 950 2.100
3. Major Bridges - Viaducts (per branch)
number pcs 2 2
length m 720 720
width m 13,85 13,85
surface m2 9.972 9.972
4, Bridges (per branch)
number pcs 4 5
length m 840 940
width m 13,85 13,85
surface m2 11.634 13.019
5. Overpasses
number pcs 1 2
length m 60 120
width m 10,00 10,00
surface m2 600 1.200
6. Underpasses
number pcs 3 5
length m 120 200
width m 10,00 10,00
surface m2 1.200 2.000
7. Tunnel (per bore)
number pcs 4 4
length m 4.300 4.300
8. Culverts pcs
number pcs 25 38
length m 1.250 1.900
9. Hydraulic Arrangements
stream regulation m 0 0
river revetment m 0 0
10. Interchanges (major/connecting 2 motorways) | pcs 0 0
11. Other Interchanges pcs 2 3
12. Tolls pcs 0 0
13. Length of roadworks for routine maintenance | m 0 0
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3.5. Section IV: Strganica (Smokovac) - Matesevo

For this Project section there is existing Design documentation available. These Design documents
have examined many alternative alignments because of the difficult geomorphology difficulties of the
section.

Alternatives of the existing Design documentation include the following key features:

= The redline of motorway starts at elevation 75m in the area of Smokovac, it reaches elevation
1160m at about Ch.30+000 and then the motorway runs downhill across the valley of Uvac with
its redline elevation decreasing to about 1010m.

= The motorway passage through the valley of Moraca River is accomplished via bridges of large
spans and heights (according to the existing Preliminary Design, in the area of Bioce the
predicted bridge is 1000m long and 200m high).

= The harsh morphology and the requirement to comply with the maximum allowable gradients of
the longitudinal profile resulted to many tunnels and bridges (there are some alternatives whose
tunnels and bridges comprise to 59% of the total length).

= The harsh morphology makes the construction of interchanges almost impossible due to their
cost.

= The starting point of alternatives is highly dependent on the alignment of Adriatic-lonic Highway
and on the location of its major interchange in the area of Strganica-Smokovac.

Taking into account the above issues, two alternatives have been selected for evaluation. Alternative
IV-1 has the major interchange (connecting Route 4 with Adriatic-lonic Highway) in Smokovac and
Alternative IV-2 places this interchange in Strganica.

Alternative IV-1 (interchange in Smokovac) is presented in drawings RDG SYS IV 001 & 002 and has
the following key features:

= Alignment starts from the area of Strganica, at Ch.61+346 of Alternative 1lI-2. (so that alternative
lengths are comparable). The route until Matesevo has total length of 45.93km (40.88km+5.05km
of Alternative Ill-2-ii as shown on Figure 2).

= The first section Ch.61+346-Ch.66+400 of Alternative 1l1I-2 (about 5.05km long) has been already
described in the previous paragraph.

= In the next section from Ch.0+000 (coincides with Ch.66+400 of Alternative IlI-2) until Ch.5+500,
the motorway runs along the southern slopes of Vezesnik hill, following a route parallel to Moraca
River, the railroad and the Old National Road (O.N.R.). This section includes 3 tunnels of large
length and the major interchange that connects the two motorways is located in Smokovac. This
interchange

- will create significant impacts in the adjacent area,

- does not provide direct connection of O.N.R. and capital city Podgorica with the new
motorway of Route 4,

- stretches in a harsh geomorphological area, together with the railroad, Moraca River
and the existing development,

- will consist of long and high bridges, thus deteriorating the landscape there,
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- will create significant impacts imposed on traffic during construction,

- requires the construction from the outset - first stage - of a part of Adriatic-lonic
Highway to connect Podgorica and O.N.R. with the new motorway of Route 4. These
highly expensive roadworks will further increase the costs of Stage A construction.

A temporary interchange must be constructed and operate until the full construction of Adriatic-
lonic Highway. This interchange, which is necessary for connecting Podgorica and O.N.R. with
the new motorway of Route 4, will be expensive and it will create obstructions imposed on the
existing land uses.

= Section Ch.5+500 - Ch.8+000 includes

- a370m long and 70m high bridge across the valley of Moraca River (compared to the 1000m
long and 200m high bridge predicted by the Existing Preliminary Design), and

- 2 other bridges that are about 400m and 350m long.
» In section Ch.8+000 - Ch.33+853:

- The motorway passes through mountainous terrain that is particularly harsh on some
locations (e.g. from Ch.12+000 until Ch.13+000).

- For about 12km the longitudinal profile has a constant uphill gradient of 6%.
- The motorway passes through terrains that have high altitudes (250m~1170m).

- The alignment includes one very long tunnel (L=4.20km) and 5 tunnels of much smaller
length, as well as 5 bridges with relatively large spans.

= In the last section it is proposed to modify the alignment of the Existing Preliminary Design, from
Ch.33+853 = Ch.0+000 (Uvac) until Ch.6+908 (Matesevo).

In comparison with Preliminary Design, the new alignment proposed in the current design:

- reduces the total length of tunnels by about 7080m (2 tunnels of total length 970m compared
with 14 tunnels of total length 8046m of Preliminary Design),

- increases the total length of bridges by about 370m,

- requires borrow materials for embankments and therefore it significantly reduces the deposits
of excavated materials,

- has lower maintenance and operational costs as a result of the reduction of tunnels length,
and

- Is friendlier to the road users as a result of the reduction of tunnels length.

Alternative IV-2 presented on drawing RDG SYS VI 003 (interchange in Strganica) starts from
Ch.61+346 in Strganica area and at Ch.70+100 = Ch.5+370 it connects with Alternative 1V-1. After this
connections point, the 2 alternatives are identical.

In comparison with Alternative V-1, Alternative IV-2 has the following key advantages:

= The motorway follows a route to the north of Strganica Interchange and it passes through an area
that is not visible from Podgorica.

*= The alignment is 1.80km shorter than Alternative 1V-1.
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= The alignment has only one tunnel of length 3.2km (compared with the 3 tunnels of Alternative IV-
1, with same total length 3.2km).

= The alignment avoids the valley of Moraca, the O.N.R. and the railroad.

= Strganica Interchange (connecting Adriatic-lonic Highway with Route 4) stretches in flat terrain
and therefore it is less costly than the interchange of Alternative IV-1.

In the area of Bioce, both alternatives have the same bridge over Moraca valley.

Table 4-1 presents the qualitative comparison of alternatives and Table 4-2 includes their roadwork
characteristics.

Alternative IV-2 is selected as the preferred option for Section IV, Strganica — Matesevo.
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Table 4-1

QUALITATIVE COMPARISON OF THE ALTERNATIVES

Seeto Road Route 4

Technical Options Report

Section IV

Strganica (Smokovac) - Matesevo
No ISSUE/CHARACTERISTIC

Alternatives

11-2(i) + V-1 V-2
1 Length (m) 45931 44145
2 Horizontal curves number 44 42
3 Percentage of length with speed =2100km/h 65,42% 58,48%
4 Percentage of length with speed = 80km/h 34,58% 41,52%
5 Percentage of length with gradient 3% 59,04% 48,95%
6 Percentage of length with gradient 3%<k5% 6,39% 9,54%
7 Percentage of length with gradient 5%<K6% 34,58% 41,51%
8 Percentage of length with elevation h<400m 33,85% 31,17%
9 Percentage of length with elevation 400m<h<700m 10,89% 11,33%
10 Percentage of length with elevation 700m<h<1000m 11,56% 12,03%
11 Percentage of length with elevation h>1000m 43,70% 45,47%
12 Percentage of length with open road 68,95% 69,74%
13 Percentage of length with tunnel 21,12% 19,93%
14 Percentage of length with bridges 9,93% 10,33%
15 Disturbances in urban areas Few No
16 Occupations/Expropriation in expensive land Yes No
17 Scale of surplus excavated materials Very large Very large
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Table 4-2
Section IV
Smokovac-Matesevo
Il. ROADWORKS CHARACTERISTICS Unit X
Alternatives
IV -1+111-2(ii) IV -2
1. Total length m 45,931 44,145
2. Road Works open road
a. new highway (4 lanes) m 31.621 30.785
b. Widening of existing road m - -
c. Length of reinforced & high emb/nts (both | m 3.880 4.710
d. Length of high cuts (both sides) m 6.020 6.040
3. Major Bridges - Viaducts (per branch)
number pcs 2 2
length m 740 740
width m 13,85 13,85
surface m2 10.249 10.249
4. Bridges (per branch)
number pcs 37 36
length m 8.480 8.380
width m 13,85 13,85
surface m2 117.448 116.063
5. Overpasses
number pcs 4 4
length m 240 240
width m 10,00 10,00
surface m2 2.400 2.400
6. Underpasses
number pcs 9 9
length m 360 360
width m 10,00 10,00
surface m2 3.600 3.600
7. Tunnel (per bore)
number pcs 22 24
length m 19.400 17.600
8. Culverts pcs
number pcs 82 85
length m 4.100 4.250
9. Hydraulic Arrangements
stream regulation m 0 0
river revetment m 0 0
10. Interchanges (major/connecting 2 motorways) | pcs 0 0
11. Other Interchanges pcs 2 2
12. Tolls pcs 0 0
13. Length of roadworks for routine maintenance | m 0 0
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3.6. Section V: Matesevo - Andrijevica

For this Project section there is Existing Design documentation available. This documentation
examined alternative alignments. The major feature is that the motorway passage is across the
mountain (with elevation of 1200m) located between Matesevo (elevation of 1010m) and Andrijevica
(elevation of 730m).

The two alternatives presented in the drawings include the following key features:
= Start from Ch.6+908 of previous Section IV and are about 24km long.

= An approximately 3600m long tunnel is predicted for the motorway passage through the mountain
located at about Ch.13+000.

= The alignments pass through harsh geomorphological areas with relatively high elevations.
= Bridges and high embankments are predicted across the valleys

= High cuts and tunnels are predicted along the existing hillsides.

= Two interchanges are predicted for Matesevo and Andrijevica.

Alternative V-1 (presented on the drawings RDG SYS V 001 and 002)

= |t starts from Matesevo Interchange and it is 24.05km long.
= |t passes through the first hillside (at about Ch.1+300) via a tunnel of length of about 690m.
= Then and up to the highest terrain point, 4 tunnels of small length and 6 bridges are proposed.
= Then a very long tunnel (L=3.6km) is predicted at the highest terrain point (altitude of 1200m).
= After this tunnel, the motorway runs downhill towards Andrijevica and it includes

- 2 tunnels of small length

- 4 bridges relatively low

- 6 bridges relatively high

Alternative V-2 (presented on the drawings RDG SYS V 003 and 004)

It starts from Matesevo Interchange and it is 24km long.

= [t passes through the first hillside via a 530m long tunnel.

= In the next section and until the highest terrain point, it includes

- 2tunnels of small length

- 4 segments with high cuts (tunnels may be required if the geotechnical conditions are adverse)
- one bridge only

- high embankments across 5 five thalwegs

= Then a very long tunnel (L=3.5km) is predicted at the highest terrain point (altitude 1200m).

After this tunnel, the motorway runs downhill towards Andrijevica and it includes
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- 3 segments with high cuts
- alow bridge
- 5relatively high bridges

- a 1.2km long segment (at about Ch.22+500) with gradient 5.70% (this specific gradient is
applied in order to reduce the height of embankments and to avoid a long bridge).

Section V has harsh geomorphology and rather high terrain elevation and therefore the two alternatives
examined are essentially equivalent. The two alignments will be finalised in the next design stage,
based on reliable topographical and geotechnical data.

Table 5-1 presents the qualitative comparison of alternatives, and Table 5-2 includes their roadworks
characteristics.

Alternative V-1 is selected as the preferred option for Section V, Matesevo to Andrijevica
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Table 5-1

QUALITATIVE COMPARISON OF THE ALTERNATIVES

Seeto Road Route 4

Technical Options Report

Section V

Matesevo-Andrijevica
No ISSUE/CHARACTERISTIC

Alternatives

V-1 V-2
1 Length (m) 24050 24000
2 Horizontal curves number 21 19
3 Percentage of length with speed 2100km/h 100% 96%
4 Percentage of length with speed = 80km/h 0% 4%
5 Percentage of length with gradient i<3% 53% 53%
6 Percentage of length with gradient 3%<i<5% 47% 43%
7 Percentage of length with gradient 5%<i<6% 0% 4%
8 Percentage of length with elevation 700m<h<1000m 26,5% 27,0%
9 Percentage of length with elevation h>1000m 73,5% 73%
10 Percentage of length with open road 71,1% 73,5%
11 Percentage of length with tunnel 20,7% 19,0%
12 Percentage of length with bridges 8,2% 7,5%
13 Disturbances in urban areas No No
14 Occupations/Expropriation in expensive land No No
15 Scale of surplus excavated materials Large Large
16 Scale of borrow materials Medium Medium
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Table 5-2
Section V
Matesevo-Andrijevica
II. ROADWORKS CHARACTERISTICS Unit X
Alternatives
V-1 V-2
1. Total length m 24.048 24.000
2. Road Works open road
a. new highway (4 lanes) m 17.091 17.633
b. Widening of existing road m - -
c. Length of reinforced & high emb/nts (both | m 4.900 4.880
d. Length of high cuts (both sides) m 3.900 3.890
3. Major Bridges - Viaducts (per branch)
number pcs 2 2
length m 1.520 1.380
width m 13,85 13,85
surface m2 21.052 19.113
4, Bridges (per branch)
number pcs 15 15
length m 2.455 2.255
width m 13,85 13,85
surface m2 34.002 31.232
5. Overpasses
number pcs - -
length m - -
width m - -
surface m2 0 0
6. Underpasses
number pcs 5 5
length m 200 200
width m 10,00 10,00
surface m2 2.000 2.000
7. Tunnel (per bore)
number pcs 10 8
length m 9.940 9.100
8. Culverts pcs
number pcs 67 67
length m 3.350 3.350
9. Hydraulic Arrangements
stream regulation m 0 0
river revetment m 0 0
10. Interchanges (major/connecting 2 motorways) | pcs 0 0
11. Other Interchanges pcs 2 2
12. Tolls pcs 0 0
13. Length of roadworks for routine maintenance | m 0 0
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3.7. Section VI: Andrijevica - Poda

For this Project section existing design documentation is available. The key features include:
(@) urban constraints for 6km along the area of Berane (Ch.8+000~Ch.14+000)
(b) harsh geomorphology of the 2 segments before and after Berane, of a total length of 20km.
The alternatives presented on the drawings have the following key features:
* The alignments begin at the northern area of Andrijevica and are about 26km long.

= In the first section Ch.0+000-Ch.8+000 the alignments are set out considering the following
constraints:

- River Lim

- existing road Andrijevica - Berane

- scattered urban development

- harsh geomorphology on the western side of existing road

= In the next section Ch.8+000-Ch.14+000, the alignments are defined mainly by the existing urban
area, the fixed location of Berane Interchange and the existing airport.

= In the last section, from Ch.14+000 until Poda, the alignments are defined mainly by the relatively
harsh morphology.

Alternative VI-1 is the same as the existing Design.

Alternative VI-2 (presented on drawings RDG SYS VI 001~002) generally follows the same route as
Alternative VI-1 but it has the following variations:

= According to the Existing Design, in section Ch.0+000-Ch.8+000 the motorway crosses River Lim at
4 locations, it moves very close to the river and elsewhere it is placed onto the existing road. This
alignment results to 4 bridges over the river, protection works for the motorway, revetment of the river
and very long restorations of the existing road. On the contrary, Alternative VI-2 cancels the above
roadworks because the motorway is now situated between the river and the existing road.

= In the section Ch.4+200-Ch.5+500 Alternative VI-2 follows a route to the west of existing road and
it passes across the mountain via a 750m long tunnel. This modification of alignment cancels the
demolition of buildings.

* |n section Ch.13+750-Ch.17+000 Alternative VI-2 moves further to the east of Alternative VI-1 by
applying a curve of radius R=500m and then a straight until the exit portal of tunnel. This
modification is proposed for better adjustment of the motorway onto the existing terrain.

Alternative VI-3 (drawing RDG SYS VI 003) is the variation of Alternative VI-2 from Ch.3+800 until
Ch.6+713. This variation improves the motorway geometry and it minimises the interferences with the
existing road and the river.

Alternative VI-4 (drawing RDG SYS VI 004) is the variation of Alternative VI-2 from Ch.13+200 until
Ch.17+500. This variation

= cancels high bridges

= minimises the deterioration of landscape
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= improves the motorway geometry
= avoids high cuts and high embankments

Table 6-1 presents the qualitative comparison of alternatives, and Table 6-2 includes their roadworks
characteristics.

Alternative VI-4 is selected as the preferred option for Section VI, Andrijevica to Poda
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Table 6-1

QUALITATIVE COMPARISON OF THE ALTERNATIVES

Seeto Road Route 4
Technical Options Report

Section VI

Andrijevica-Berane-Poda

No | ISSUE/CHARACTERISTIC

Alternatives

VI-2 VI-3 VI-4
1 Length (m) 26183 26070 25680
2 Horizontal curves number 21 20 20
3 Percentage of length with speed 2100km/h 100% 100% 100%
4 Percentage of length with gradient i<3% 83% 83% 84%
5 Percentage of length with gradient 3%<k5% 17% 17% 16%
6 Percentage of length with elevation 400m<h<700m 40% 40% 41%
7 Percentage of length with elevation 700m<h<1000m 60% 60% 59%
8 Percentage of length with open road 86% 86% 83%
9 Percentage of length with tunnel 12% 12% 16%
10 | Percentage of length with bridges 2% 2% 1%
11 | Disturbances in urban areas Yes Yes Yes
12 | Occupations/Expropriation in expensive land Yes Yes Yes
13 | Scale of surplus excavated materials Medium Medium Medium
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Table 6-2
Section VI
Andrijevica - Poda
Il. ROADWORKS CHARACTERISTICS Unit Alternatives
VI -1 VI -2 VI -3 VI -4
1. Total length m 26.220 26.183 26.069 25.680
2. Road Works open road
a. new highway (4 lanes) m 22.970 22.553 22.389 21.260
b. Widening of existing road m - - - -
c. Length of reinforced & high emb/nts (both | m 2.680 2.680 1.860
d. Length of high cuts (both sides) m 2.320 2.500 1.570
3. Major Bridges - Viaducts (per branch)
number pcs - - - -
length m
width m - - - -
surface m2 0 0 0 0
4. Bridges (per branch)
number pcs 28 4 4 2
length m 1.760 860 860 440
width m 13,85 13,85 13,85 13,85
surface m2 24.376 11.911 11.911 6.094
5. Overpasses
number pcs - 2 2 2
length m - 120 120 120
width m - 10,00 10,00 10,00
surface m2 0 1.200 1.200 1.200
6. Underpasses
number pcs - 13 13 13
length m - 520 520 520
width m - 10,00 10,00 10,00
surface m2 0 5.200 5.200 5.200
7. Tunnel (per bore)
number pcs 8 8 8 8
length m 4.740 6.400 6.500 8.400
8. Culverts pcs
number pcs 29 30 30 27
length m 1.450 1.500 1.500 1.350
9. Hydraulic Arrangements
stream regulation m 0 0 0 0
river revetment m 0 0 0 0
10. Imng?[rc')crr\;vaar;gss (major/connecting 2 ocs 0 0 0 0
11. Other Interchanges pcs 1 2 2 2
12. Tolls pcs 0 0 0 0
13, Lengiy o oRemets  fer  ieme | o 27.400 27.400 | 27.400 | 27.400
maintenance
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3.8. Section VII: Poda - Boljare and Poda - Bijelo Polje - Existing Serbian Border checkpoint

3.8.1. Poda - Boljare

For this Project section, review and optimisation of the existing designs generated the following
Alternatives. These alternative alignments were set out taking account of the following design
parameters:

(@) End of the motorway in the area of Boljare (new Serbian Border checkpoint) where the Serbian
part of the motorway is expected to reach.

(b) Harsh geomorphology

(c) Elevation difference between the start (~ +620m) and end (~ +1270m).

Alternative VII-1 (presented on drawings RDG SYS VII 001 and 002):

= is 25.30km long

* in the first section from Ch.27+500 until Ch.42+328 (High Point):

the redline of motorway starts at 625m and ends at 1224m

the longitudinal profile of motorway runs uphill along the whole section

on 2 segments (of length 9.14km and 2.07km) the longitudinal gradient is 5%
a 700m long tunnel is predicted along a segment with gradient 5%

four bridges are predicted

there are many segments with relatively high cuts and embankments

= inthe last section from the High Point (Ch.42+328) until Boljare:

the motorway has good horizontal alignment (minimum radius R=800m)
on 3 segments of length 2.07km, 2.36km and 1.00km, the gradient is greater than 5%.
a 450m long tunnel and a 100m long bridge are predicted

there are many segments with high cuts and embankments

Alternative VII-2 (presented on drawings RDG SYS VII 003 and 004):

= is the variation of Alternative VII-1 from Ch.34+000 until Ch.47+000.

*= is 30.62km long, i.e. it is 5.33km shorter than Alternative VII-1.

= has better longitudinal profile than Alternative VII-1 (gradient 5% on one segment of length
4.21km and on 2 segments of length 1km and 0.8km the gradient is greater than 5%).

= is not essentially different from Alternative VII-1, as far as tunnels and bridges are concerned.

Page 41



Seeto Road Route 4
---------- Technical Options Report

SYSTAS s

URS Ewmr TTA e

Alternative VII-3 (presented on drawings RDG SYS VII 005 and 006):
» is the variation of Alternative VII-1 from Ch.27+500 until Ch.47+000.
= has almost the same length as Alternative VII-1.
= Its gradients are worse than those of Alternative VII-1.

* has bigger length of tunnels.

Section VII-1is selected as the preferred option for Section VII, Poda to Boljare.
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3.8.2. Poda - Bijelo Polje - Existing Serbian Border checkpoint

Alternatives VII-4 are selected and examined herein for the case that the construction of new section
Poda-Boljare will be delayed. With these alternatives and via the existing road, the new motorway will
end at the existing Serbian Border checkpoint, to the north of Bijelo Polje.

The alternatives examined herein are:
= VII-4-0: It follows the route of the existing road

= VII-4-1: It follows the route of the existing road and it also includes a new alignment, which is
about 6.10km long from Ch.6+419 (Zaton area) until Ch.12+516 where it adjusts onto an
existing urban road.

= VII-4-2: It follows the route of existing road and it also includes a new alignment, which is about
5.64km long from Ch.7+102 until Ch.21+000 of the existing road.

These Alternatives are presented on drawing RDG SYS VII 007.

Alternative VII-4-0
= This follows the route of the existing road that is 32.65km long.
= The existing road has 2 traffic lanes and no emergency lanes.

= It passes through the difficult segment along the canyon of River Lim (length of 3.95km) and
then it runs through the broad urban - commercial corridor of Bijelo Polje (length of 11.25km).

= It follows the recently constructed Bypass of Bijelo Polje, which is 4.80km long (Ch.16+650-
Ch.21+450).

Below follows the detailed description of the key features of the existing route and the feasibility -
constructability of upgrading / widening the existing road.

The road has one traffic lane per direction, it does not have emergency lanes and in general its
longitudinal profile has gentle gradients. According to the morphology and the nature of activities
developed along the route, the existing road can be divided into the following 3 sections:

Section 1: Ch.0+000-Ch.9+500 (L=9.50km)

This is an existing road that has good geometry and passes through settlements and agricultural areas
on hilly-flat terrain. The road runs through Slatina, Brestovik, Pasika Polje & Zaton and it has several
at-grade junctions with local & agricultural roads.

The horizontal alignment of existing road consists of 28 curves; 7 curves have radii R=150m~200m
and 21 curves have radii R=2250m.

Concerning longitudinal profile, the road has gentle gradients and generally it runs on embankments.
On some locations of the right side, there are cuts of relatively medium height.

In the 3 areas Ch.3+500-Ch.4+100, Ch.5+300-Ch.5+900 and Ch.8+700-Ch.9+000, the road runs
through settlements where houses and other buildings lie close to both edgelines of the road, thus not
allowing the widening of road. The other segments of road do not impose any significant limitations for
widening.
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Section 2: Ch.9+500-Ch.13+450, Ribarevine (L=3.95km)

This is an existing road that runs through the canyon of River Lim. At the end (area of Ribarevine) the
road crosses over the river (via a bridge) and it connects (via an at-grade roundabout) with the existing
road Kolasin-Mojkovac-Bijelo Polje.

In this section the road has the following problems of operation and traffic safety:

i. Along the left edgeline of road, which mainly lies on high embankments, the existing safety
guardrails are old and in some areas they are damaged and not replaced. Also there are several
areas without guardrails which are necessary.

ii. Along the right edgeline of road, which has cuts, the side formations are not adequate and in
general the road imposes hazards on traffic. In particular:

= The cuts slopes are unstable & close to the road platform and in many areas there is no
space available between the road edgeline and the toe of cuts for accommodating the
rockfalls. Moreover, some areas have supporting walls but these are old, need to be
repaired and in general they fail withholding the rockfalls.

Note also that the start and end of these walls are not protected with safety guardrails and
therefore the walls impose significant risks for the passive safety of motorists.

= Concentrated rainwater stands still on some parts of the lateral drainage gutter, and also
there are some areas with no gutters at all. In general, the existing infrastructure does not
guarantee effective collection and removal of the rainwater coming from road platform and
external basins.

iii. There are no lay-bys on the right side of road (i.e. for the traffic stream heading to Bijelo Polje).

iv. The bridge over River Lim has only pedestrian fences and it does not have safety guardrails for
vehicles.

For this 4km long section of existing road, any upgrade roadworks (e.g. provision of Emergency Lanes,
new structures for withholding (intercepting the rockfalls, new longitudinal drainage system, etc) require
widening of the existing road but this is particularly difficult due to the following reasons:

i. Existing traffic cannot be served during the construction of new roadworks. Any temporary
interruption of traffic is not feasible because it will cut off the link of the settlements with Bijelo
Polje and the link of the south-west area of Kosovo with Serbia.

ii. The geomorphology of this particular road section is rather difficult. On the right side there are
high cuts (being unstable on some locations) accompanied with some supporting walls, and the
left side includes River Lim with intense vegetation and retaining walls.

In addition to the problems identified above, the high construction costs for widening the current road
must also be evaluated. If the existing road is widened towards the side of river, significant roadworks
and structures will arise such as cantilever semi-bridges, walls with piles, reinforced embankments,
etc). Yet again if the road is widened towards its right upgrade side, then the resulting roadworks will
still be significant and costly (cuts of big height and volume, significant stabilization works for the cuts
slopes, risks of landslides, etc).
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Section 3: Ch.13+450-Ch.32+650 (L=19.20km)

1. In the first segment Ch.13+450 - Ch.16+650 (length 3.20km) the road has urban character since it
enters the city of Bijelo Polje. Houses and commercial buildings lie along both edgelines of road,
thus not allowing widening of the road. Sidewalks and electric lighting poles lie along almost the
whole right edgeline of road.

2. At about Ch.16+650 there is an at-grade T-type intersection that connects the road with the
beginning of the recently constructed Bypass of the city centre. The Bypass is about 4.80km long,
it consists of one traffic lane per direction & sidewalks along both edgelines and it does not have
Emergency Lanes.

The Bypass (along which supplementary roadworks are still being carried out as it was revealed on
our recent site visit there) ends at about Ch.21+450 where there is an at-grade T-type intersection
with the road Bijelo Polje - Existing Serbian Border.

The major constructed roadworks/structures of the Bypass are:
i. Eight (8) at-grade intersections (5 T-junctions and 3 crossroads, i.e. 4-leg junctions).
ii. High retaining and supporting walls.
iii. Two bridges over River Lim and 3 bridges over draining lines.
iv. One overpass of transverse local road.

v. Speed limit signs of 50km/h and signs indicating the pedestrian crossings on the road
platform (level crossings).

vi. Lateral drain inlets (gulleys), which however extend further inside the road platform and
therefore they impose hazards for the traffic.

Along both edgelines of Bypass there are houses having direct access to the road via special
configurations of the lateral sidewalks (i.e. in front of the houses, the typical height of curbs is
lowered down to the level of platform).

The horizontal alignment of Bypass has successive S-curves and the worst segment is Ch.19+000
until Ch.21+450 where small radii had been applied (R=150m, 200m and 250m). Similarly, the
longitudinal profile has successive sag/crest curves (about 2 curves every kilometre). Many vertical
crest curves, in conjunction with the horizontal curves, limit the sight distance posing risks to the
motorists.

Moreover, in the areas of cuts and supporting walls there is evident lack of longitudinal drainage
works (such as external continuity ditches) that however are required in order to intercept the
rainwater of external basins and to protect the road platform against it.

Taking account of
= the level pedestrian crossings,
» the small width of road,
= the poor geometry of road,
= the existence of many junctions, and

= the existence of many entries-exits of the roadside houses
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it is concluded that in the near future the Bypass will not be able to satisfactorily serve the through-
traffic North-South with a acceptable Level of Service and with the appropriate level of safety.

3. Inits last segment (of length 11.20km) the existing road starts from the end of Bypass, it passes
through settlements and ends at the first frontier checkpoint at about Ch.32+645. The existing
railroad runs parallel to the road, on the upgrade area, and at about Ch.29+670 the railroad passes
over the road via an Overbridge.

In the segment Ch.21+450 - Ch.24+700 (L=3.25km) the road passes through an urban area.
Houses and other buildings lie very close to both edgelines of road thus not allowing widening the
road.

In the next segment Ch.24+700 - Ch.27+400 (L=2.70km) the road passes through Sutivan. Along
the right edgeline of road there are buildings and electric lighting poles. On the left side, there is
free space available between the road edgeline and the railroad, and this space can be utilised in
order to provide an additional lane.

In segment Ch.27+400 - Ch.29+670 (kE2.27km), where the road passes through a small
settlement, it is feasible to widen the road across both its edgelines in order to provide additional
lanes.

In the last segment Ch.29+670 - Ch.32+645 (1=2.97km) along its left side the road has cuts &
some local supporting walls, on its right edgeline there are high embankments and on some
location retaining walls. Along the right edgeline of road there are several areas with no safety
guardrails that however are needed. Also the beginning and end of the left supporting walls are not
protected with guardrails and therefore these walls impose hazards for the passive safety of
motorists. In this segment it is rather difficult to widen the existing road due to difficulties of traffic
maintenance during construction, adverse geomorphology and existing walls.

Alternative VII-4-2
= This is 24.40km long and it consists of
(a) 2 sections of existing road of total length 18.80km, and
(b) a new alignment of length 5.60km between the 2 existing road sections
» Itis 8.26km shorter than Alternative VII-4-0.

= The new alignment starts at Ch.7+102 of existing road (Alternative VII-4-0), it follows a new
northwest route passing through the mountain via an approximately 2000m long tunnel and it
ends at Ch.21+000 of existing road (end of Bijelo Polje Bypass).

= This new alignment will have motorway-like characteristics in terms of geometry and cross-
section and also cancels the existing route through Lim canyon and Bijelo Polje. Therefore this
new road will offer better Level of Service and safety conditions to the through North - South
traffic.

= The construction of the new road will affect local agricultural traffic only, in comparison with the
upgrade roadworks on the existing road (Alternative VII-4-0) that will create serious impacts on
urban & through traffic as well as on the commercial activities aside the existing road.

= The new road can be converted into full 4-lane motorway if required in the future (e.g. in case
the completion of new Frontier checkpoint in Boljare is delayed too long, or if the traffic demand
dictates it).
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Alternative VII-4-1

It was decided to examine this alternative in order to minimise the length of the new tunnel of
Alternative VII-4-2.

The new road starts at Ch.6+419 of existing road and ends at Ch.12+516 where it connects with an
existing urban road. Then this urban road connects with Bijelo Polje Bypass at about Ch.21+000.

The resulting new tunnel is about 1200m long, i.e. 800m shorter than the tunnel of Alternative VII-4-2.

The further investigation of Alternative VII-4-1 requires the Montenegro State to provide the Consultant
with the Design of “Stage B” of Bijelo Polje Bypass. If Stage B predicts that the Bypass will extend
further to the north (by 1650m at least), then Alternative VII-4-1 would be the preferred alignment
because it has shorter tunnel (1.20km vs 2.00km of Alt VII-4-2), shorter route and less impacts on the
inhabited environment than Alternative VII-4-2)

Table 7-1 presents the qualitative comparison of alternatives, and Table 7-2 includes their roadworks
characteristics.

Alterntive VII-4-1 is selected as the preferred option for Section VII, Poda to Bijelo Polje to the

existing Serbia Border Checkpoint.
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Table 7-1

QUALITATIVE COMPARISON OF THE ALTERNATIVES

Section VI

Poda - Boljare and

Poda - Bijelo Polje - Serbian Borders
No | ISSUE/CHARACTERISTIC Alternatives

VII-1 VII-2 VII-3
1 Length (m) 25285 30625 25234
2 Horizontal curves number 17 20 13
3 Percentage of length with speed 2100km/h 83,52% 94,09% 67,18%
4 Percentage of length with speed = 80km/h 16,48% 5,91% 14,15%
5 Percentage of length with speed <80km/h 0% 0% 18,67%
6 Percentage of length with gradient 3% 26,56% 45,52% 42,10%
7 Percentage of length with gradient 3%<K5% 56,96% 48,57% 25,09%
8 Percentage of length with gradient 5%<K6% 16,48% 5,91% 14,14%
9 Percentage of length with gradient i>6% 0% 0% 18,67%
10 Percentage of length with elevation 400m<h<700m | 11,13% 9,19% 9,93%
11 Percentage of length with elevation 700m<h<1000 23,73% 27,18% 21,81%
12 Percentage of length with elevation h>1000m 65,14% 63,63% 68,26%
13 Percentage of length with open road 92,21% 95,63% 86,53%
14 Percentage of length with tunnel 4,55% 1,89% 10,03%
15 Percentage of length with bridges 3,24% 2,48% 3,44%
16 | Disturbances in urban areas No No No
17 Occupations/Expropriation in expensive land No No No
18 Scale of surplus excavated materials Small Small Large
19 Scale of borrow materials Medium Medium No
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Table 7-2
Section Vi
Poda - Serbian Borders
Il. ROADWORKS CHARACTERISTICS Unit Alternatives
VIl -1 VIl -2 VIl -3
1. Total length m 25.286 30.626 25.319
2. Road Works open road
a. new highway (4 lanes) m 23.316 29.286 21.919
b. Widening of existing road m - - -
c. Length of reinforced & high embank/nts (both | m 3.340 4.310 1.890
d. Length of high cuts (both sides) m 1.660 1.900 3.290
3. Major Bridges - Viaducts (per branch)
number pcs - - -
length m
width m - - -
surface m2 0 0 0
4. Bridges (per branch)
number pcs 10 14 8
length m 1.640 1.520 1.740
width m 13,85 13,85 13,85
surface m2 22.714 21.052 24.099
5. Overpasses
number pcs 4 6 3
length m 240 360 180
width m 10,00 10,00 10,00
surface m2 2.400 3.600 1.800
6. Underpasses
number pcs 8 10 7
length m 320 400 280
width m 10,00 10,00 10,00
surface m2 3.200 4.000 2.800
7. Tunnel (per bore)
number pcs 4 4 10
length m 2.300 1.160 5.060
8. Culverts pcs
number pcs 74 88 64
length m 3.700 4.400 3.200
9. Hydraulic Arrangements
stream regulation m 0 0 0
river revetment m 0 0 0
10. Interchanges (major/connecting 2 motorways) | pcs 0 0 0
11. Other Interchanges pcs 1 1 1
12. Tolls pcs 0 0 0
13. Length of roadworks for routine maintenance | m 0 0 0
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4. GEOLOGICAL/GEOTECHNICAL CONSIDERATIONS

All available data referenced in the Terms of Reference has been reviewed. In addition we have
considered information available in the geological mapping and undertaken several site inspections,
walk-over surveys and geological reconnaissance at the study areas. Consequently, the main
geological features along the various alternative alignments were identified.

Furthermore, any specific geological features that could pose risks to the project or increase its cost
e.g. landslides, instabilities, phreatic water table, soil formations susceptible to liquefaction, formations
with poor geotechnical properties were identified. The experience gained over the last years by the
design of various projects in the broader area and specifically in Montenegro was also taken into
account.

This section of the Technical Options report focuses to the earthworks and the tunnels of the various
alternative alignments along all sections sections of the Motorway.

4.1. General Geology — Geomorphology of Montenegro

The geological structure of the wider territory of Montenegro is a result of the influence of several
factors like the sedimentation and geodynamics within this part of Mediterranean geosyncline, the
underthrusting of African tectonic plate under the Eurasian one, the intensive neotectonic movements
and the forming of expressed exogenous relief. That is why the project area is characterized not only
by different lithostratigraphic content and complex tectonic structure, but also by unique
geomorphologic, engineering geological, hydrogeological and seismotectonic conditions.

Dinarides

Montenegro belongs to the Dinarides mountain chain where Paleozoic crystalline schist and Middle
and Upper Triassic limestone are distinguished. The main part of Montenegro consists of limestone
formations, covered by diabase-chert formations. The Dinarides formation is characterized by greater
or smaller over-troughs of magmatic rocks and ultramaphites. Referring to its structure, the following
two areas are distinguished: area of the Earth’s crust compression (wide coastal belt in Montenegro,
with numerous napes) and the area of the Earth’s crust opening (the rest part, with numerous horsts
and trenches, as well as confining neo-tectonic faults). In the Dinarides the predominant topographic
type in terrains of carbonate rocks is karst. Karst forms in exposed limestones are particularly well
developed in Montenegro. Prokletije, Durmitor and other high mountains have preserved relics of a
glacial topography; cirques, troughs, moraines, formed during the Pleistocene. The Dinarides consist
predominantly of crushed and karstified Mesozoic limestones. This world famous karst region greatly
differs in hydrogeology and geomorphology from the neighbouring regions. Groundwater flows through
extended systems of karst channels and fractures.

Karst of Montenegro

Over two-thirds of the territory of Montenegro belongs to the karst of south-eastern Dinarides. The
karst in Montenegro differs along the territory, by its distribution, position, its occurrences (various
forms and dimensions) and processes. This comes as a consequence of diverse sedimentation
conditions, as well as different geologic evolution of individual parts of the Dinaric geosyncline (both in
space and time). A segment of the Dinaric geosyncline which forms the terrain of Montenegro is
predominantly (on two thirds of the territory) built up of limestone and dolomite sediments (from
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Devonian to the nowadays). Since the end of Devonian period (ending phase of Caledonian orogeny) it
has been uplifted and lowered by numerous phases of Hercynian and Alpine orogeny. Due to
epeirogenic and orogenic movements in different geological times, since the end of the Devonian
period to the final uplifting of Dinaric geosyncline, when the present territory of Montenegro (end of
Middle Miocene) has been formed, some parts of the geosyncline bottom have been uplifted and
lowered. This caused favourable conditions for sedimentation of different products, among which were
dominant those who have formed limestones and dolomites of great thickness and distribution. It is
easily noticeable that the epeirogenic and orogenic movements have been advancing from north-east
to south-west. The climate was also variable, but mostly favourable for the development of
karstification. Simultaneously with these movements, particularly during the Laramidian orogeny
(Upper Cretaceous - Lower Paleogene), the folding, faulting, over-thrusting and even movements
which caused creating of napes occurred. As a result, the rock porosity increased, favouring the
karstification process and forming today's karst - a geological product of very complex occurrences and
processes.

With the aim to present the most important properties of the Montenegrin karst, its complexity as well
as the characteristic differences of individual parts of the territory, karst zoning was carried out. The
most logical way to do this was to identify the karstic properties of the individual geotectonic units of
Dinarides, which built up the territory of Montenegro. Therefore, the properties of the Durmitor
Overthrust, the High-Karst Zone, the Pindus-Cukali Zone (in the territory of Montenegro Budva-Bar
Zone) and the Adriatic-lonian fold System (in the territory of Montenegro Adriatic fold System) are
presented.

The most common and the most often cited names for geotectonic units of Dinarides have been
deliberately kept. Parts of the Dinaric geosyncline, which formed rocks in general and by this the karst
in the territory of Montenegro, had different and specific geologic evolutions. Subsequently, on the
terrains of cited geotectonic units, specific karsts with present properties and appearance developed.
With development of the karstification processes the karst differences of the geotectonic units became
smaller. This characteristic is notable in the karst of Montenegro.

Karst of the Durmitor nape, although spacious (over 5.000 kmz) and several kilometres thick, with large
aquifers, is divided into several regions among which are significant karst of northern and north-
western Montenegro, karst of Bjelasica and karst of north-eastern Montenegro. Due to the presence of
Late Palaeozoic and Lower Triassic clayey-marly-sandy beds, Middle Triassic eruptive rocks and
Middle and Upper Jurassic diabase-chert formation rocks, karst in these regions does not represent a
unigue entity. Karst of these regions has the characteristic of holokarst. The limestones and dolomites
of these regions are the oldest ones and they have been exposed to karstification for the longest
period. The karstified limestones and dolomites of this geotectonic unit, although mutually separated,
build up the largest and the highest mountain massifs in Montenegro.

Although there are canyons deeper than 1000 m, the karstification of limestone and dolomites of this
geotectonic unit proceeds and descends deeper than fluvial erosion. Karst of this geotectonic unit is
characterized by fluvial erosion (deep canyons), glacier erosion and lacustrine erosion. As a result,
karst of this geotectonic unit, apart from characteristics common to holokarst, has properties of high-
mountain, fluvial, glacial and contact karst.

In the territory of Montenegro, the High-Karst Zone has the greatest extent. The terrain of this
geotectonic unit is mainly built up of Mesozoic (Triassic, Jurassic and Cretaceous) limestones and
dolomites of several kilometres of thickness. This thickness is even larger, due to the reverse faulting
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and overthrusting and thus repeating of carbonate series. The karst of this region is characterised by
all surface occurrences and all processes characteristic for holokarst. Within the karst of this
geotectonic unit exist syncline regions build up of impermeable flysch beds.

The layers of Durmitor flysch of the uppermost north-eastern parts of this geotectonic unit have various
hydrogeological features and functions. In the terrains built up of clayey-marly-sandy beds and at lower
elevations, such as the valley of Vrbnica and Gornja Moraca, the layers of Durmitor flysch are
impermeable and represent a boundary. In the terrains built up of varied limestones, comprising narrow
zone and located at the height of over 1.000 m, as in the case of south-western slopes of the Durmitor
massif, they represent a water permeable medium. It is interesting to mention that the deepest cave
(897 m) in the territory of Montenegro explored by speleologists is located in these rocks. The middle
belt of High-Karst Zone in the territory of Montenegro is built up of Upper Cretaceous-Paleogene flysch
beds. The distribution, position and impermeable conditions cause this flysch to have a function of
elevated and lateral boundary. The karstification of limestones and dolomites in this area is below the
base level of erosion, below the sea level and is deeper than 1.000 m. The High-Karst Zone has all the
prominent characteristics of: fluvial erosion (deep canyons of Komarnica and Moraca rivers with their
tributaries), glacial erosion (on the high mountains), lacustrine, sea and combined erosion. The
spacious Zeta depression with the largest lake on the Balkan Peninsula - Skadar Lake, is situated in
the High-Karst Zone. Parts of the bottom of this lake represent a crypto-depression. Sublacustrine
springs (vruljas) exist in the Lake, with bottoms at depth of over 80 m below water level which is about
6,5 m above sea level. In the Zeta Plain loess deposits are found.

Along the internal belt of Bokokotorska Bay, from Morinj, across Risan, Perast and Orahovac to Kotor,
the High-Karst Zone is in direct contact with the sea. In these terrains the largest vrulja on the Adriatic
coast are located, called Sopot. The vast differences in water-yielding capacity of the constant and
periodic karst springs indicate strong karstification of High-Karst Zone limestones and dolomites. The
difference between minimum and maximum water yielding capacity is over 350 m®.

Karst of the Pindus-Cukali zone, in the territory of Montenegro Budva-Bar Zone, is characterised by
contact and contact-fluvial relatively low karst. Notable within this zone is frequent alteration of
karstified limestones and dolomites with terrains built up of sedimentary and volcanic rocks. The
seepage aquifers and the seepage karst aquifers in the karstic terrains of this zone, outside of the sea
influence, are few and of small depth. Their dynamic reserves are small, providing hardly 5 I/s during
the drought periods. The seepage karst aquifers of this geotectonic unit are, in several places, in
immediate contact with the sea. These are low and shallow aquifers with brackish water. In this karstic
area, water-rich aquifers with dynamic reserves do not exist.

The reason for this is a small distribution of cavernous limestones. In this region there are cavernous
limestones with static reserve which give by pumping, during the drought period of the year, over 50 |/s
of water (Opacica).

Karst of the Adriatic-lonian fold System (in the territory of Montenegro-Adriatic fold System) is
represented by karst with anticline structures and separated by synclinal structures built up of flysch
deposits. These folds, which strike from Albania and across the hinterland of Ulcinj towards north-west,
sink under the sea at the north-western margin of the Bar plain. Only one of them, the anticline
structure of Grbalj and Lustica, appears again in south-eastern marginal part of Mrcevo plain trending
to Dubrovnik. Karst of the Adriatic anticline structures in the hinterland of Ulcinj and external folds of
the Bokokotorska Bay are characterized by the occurrences of exposed, coastal karst. This karst is low
but with deep slope below the sea level.

Page 52



Seeto Road Route 4
nnnnnnnnnn Technical Options Report

Sl

URS Eﬁtf:m?..ar TTA s

4.2. Hydrological Conditions

Regarding the hydrological conditions of the area of Motorway, there is a vast network of rivers that
drains the area of the project, with the main water courses being Moraca, Lim and Tara Rivers.

In its upper and middle part of the flow, Moraca River is a highly mountain river. Its length is 113,4 km
and the area of the river basin, according to the Hydrological Station (H.S.) of Podgorica, is 2628 km®.
The most important tributary of the Moraca River is Zeta. Its length is 85 km, and river basin area
according to the H.S. Danilovgrad, is 1216 km®.

Skadar Lake covers less than 400 km? with minimum water level and up to 525 km2 with maximum
water level registered. The Lake is primarily filled by Moraca River, including Crnojevica River and
Orahovstica Rivers as well as Kiri River in Albania. The Lake is drained by the Bojana River.

Lim River is the most important Montenegrin River from the hydrographical point of view. It flows out of
the Lake Plav, although Vruja and Grncar rivers make a part of its source, which by confluence make
Ljuca River that flows into the Lake Plav. Before the town of Andrijevica, Lim River receives Murino
River and Zlorecica as its left tributaries, and Djuricka River, Rzenicka, Velicka and Komaraca as its
right tributaries. From the town of Andrijevica to the town of Berane, Lim River receives Krastica,
Trebicka, Sevarinska Rivers from the left and Bistrica River from the right. From the town of Berane to
the town of Bijelo Polje, Lim River receives Brzava and Ljubovica Rivers as its left tributaries, Dapsicka
and Ljesnica Rivers at its right tributaries. From Bijelo Polje to Dobrakovo, it receives Bjelopoljska and
Ljesnica Rivers from the left and Bjelopoljska and Bistrica Rivers from the right. The area of the Lim
River basin to Dobrakovo is 2880km2 and its length is 234,2km.

Tara River emerges from the Maglic Kariman peaks. From the source to the Drcka river mouth, the
right basin of the Tara River is more developed than the left one. Major tributaries are Opasanica and
Drcka, Pcinja, Plasnica, Stitarica, Ravnjak and Ljutica springs. From the right side, the River Tara
receives Skrbusa, Svinjaca, Jezerstica, Rudnjaca, Bjelojevicka and Selacka rivers. The area of the
Tara River basin according to the Hydrological Station Scepan Polje, is 2040 km2, while its length is
148,4km.

The Piva River has created a basin at the high massif of Montenegrin Mountains. This river bears
several names along its flow. Its source, part underneath the South-Western slopes of the Durmitor
Mountain up to the town of Savnik, is called Bukovica. It joins Bijela in Savnik and continues further
under the name Pridvorica until it reaches the confluence of Gornja Komarnica into the Pridvorica. The
river continues further downwards under the name Komarnica all the way to relocated Monastery of
Piva, where it receives the tributary Sinjaci and is named Piva. The river flows to the Scepan Polje,
where it meets Tara River and creates Drina River. The area of the Piva River basin is estimated to be
about 1784 km? up to Scepan Polje. Upper Komarnica springs from Durmitor and flows through a
600m deep and about 40 km long canyon. Along the Komarnica flow, karst phenomena are being
created.

The Ibar River originates from the north-eastern slopes of the Hajla Mountain. Main tributaries are
Zupanica, Limnicka, Ibarac, Grahovska, Bukovacka, Balticka and Backa Rivers.

The Cehotina River originates from the Stozer Mountain. It is the second largest tributary of Drina after
the Lim River. It is composed of Koraci and Brezovski streams. Tributaries of the Cehotina River are
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Koricka, Maocnica, Vezisnica and Voloder Rivers. The area of the Cehotina River basin according to
the H.S. of Gradac is 809,8 km? and its length is 128,5 km.

In general no systematic groundwater table is anticipated to be encountered. Only scattered, isolated
and perched water tables of a generally restricted extent, usually distinguished by a moderate hydraulic
potential are envisaged. By taking into account the aforementioned hydrogeological conditions,
underground water inflows or seepages are not expected to generate or develop any critical problems
or triggering conditions regarding the stability of the Earthworks of the project.

4.3. Geotechnical Conditions of the Broader Area of Interest

According to the distribution of the geotechnical formations along various alternatives of the route, to
the results and the findings of the desk studies and of the site visits performed the following main
geotechnical features along each section of the route are mentioned.

Section |: Djurmani — Virpazar

Regarding the Djurmani — Virpazar section mainly conglomerates, peridotite and limestone formations
up to approximately the first few hundred meters of the Sozina Tunnel are expected. The main part of
the Sozina Tunnel is believed to be in limestone and calcareous dolomite formations. After the exit of
Sozina Tunnel mainly limestone and dolomite formations, weathered and relatively of medium
mechanical characteristics as well as surface diluvium and alluvium deposits of 5m ~ 10m thickness
are expected. For the first three to four kilometres after the exit of Sozina Tunnel the presence of soil
like formations is more intense compared to the last kilometres of the Djurmani - Virpazar section.

Section Il: Virpazar — Farmaci

Concerning the Virpazar — Farmaci section, for the first five kilometres of the specific section massive
dolomite formations are expected. The aforementioned formations, as well as limestone formations are
also anticipated north of the Skadar Lake in the area where alternative alignment II-2 stretches.

In the area where alternative alignment Il-1 stretches, east of Skadar lake and for a length of two to
three kilometres, the Motorway passes through a marsh, swamp area with a substratum of poor
geotechnical properties. Afterwards and for approximately four to five kilometres the route passes
through a plain area containing mainly soil like deposits including alluvial, diluvia and terrace deposits.
Then and up to Farmaci, calcareous sediments, limestone and dolomite formations with thin bedding
and karsts with local appearance of surface diluvium, alluvium and cohesive deposits of 5m ~ 10m
thickness are anticipated to be met.

Section lll: _Farmaci - Smokovac (including Podgorica by-pass)

In the specific section mainly calcareous sediments, limestone and dolomite formations with thin
bedding and karsts with local appearance of surface diluvium, alluvium and cohesive deposits of 5m ~
10m thickness are anticipated to be met.

Section 1V: Smokovac — Mateshevo

In the first part of the Smokovac — Mateshevo section, mainly calcareous sediments, limestone and
dolomite formations with thin bedding and karsts with local appearance of surface diluvium, alluvium
and cohesive deposits of 5m ~ 10m thickness are anticipated.
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Approximately 10km to 12km before Uvac, the geology changes and flysch, very fine sand, clayey
marls and sandstone formations are expected. This flysch, known as Durmitor flysch in geological
literature is mainly represented by arenaceous-marly facies, and partly by limestone facies. The basis
of this series of sediments includes calcareous breccia and conglomerate, followed by arenaceous
micrite while arenaceous marl occurs as a permanent member of flysch series of sediments.
Arenaceous marl occurs in form of layers 10-20cm thick, with different colours, from grey-green to dark
red. In addition to arenaceous marl, quartzose sandstone, argillaceous shale, argilloschist, with some
cherts, quartzite and phyllite also occur. Locally appearance of surface diluvium and alluvium deposits
of 5m ~ 10m thickness are also expected.

Section V: Mateshevo — Andrijevica

Flysch, marl, malry limestone, sandstone, shale, claystone as well as conglomerate formations with
local appearance of surface diluvium and alluvium deposits of 5m ~ 10m thickness are expected in the
Mateshevo — Andrijevica section. Marly limestone, limestone, dolomitic limestone and dolomite
formations are expected to be found locally.

Section VI: Andrijevica — Berane — Poda

For the specific section, the geological formations anticipated are similar to the Mateshevo —
Andrijevica section; flysch, marl, malry limestone, sandstone, shale, claystone, as well as,
conglomerate formations. Especially after Andrijevica and up to Poda, that the route runs closely to
River Lim, alluvial formations and locally and for a limited extent some conglomerate, shale and
limestone formations are anticipated.

Section VII: Poda — Boljare/Serbian border

For the specific section, for the first fifteen kilometres mainly terrace and alluvial deposits are normally
expected with the local appearance of some marly sandstone, marly limestone, shale and limestone
formations. Then, for the next approximately ten kilometres marly sandstone and shale formations are
expected with the local appearance of limestone and especially at the beginning of the section alluvial
should be anticipated. For the last approximately fifteen kilometres of the section, limestone and
dolomite are in general the predominant geological formations while locally and for a limited extent
marly limestone and shale may also be found.

In the following figures the geological maps in the area of interest are presented.
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Figure 2: Geological Map of Montenegro — Section I.
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Figure 4: Geological Map of Montenegro — Section Ill.
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Figure6: Geological Map of Montenegro — Section V.
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Figure 7: Geological Map of Montenegro — Section VI.
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Figure 8: Geological Map of Montenegro — Section VII.
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Figure 9: Legends of Geological Maps.
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4.4, Seismicity

During the period 1983-1986, seismic regionalization, as well as detailed microzonation of all urban
environments of the territory of Montenegro was carried out. The following figure illustrates the seismic
hazards of Montenegro in terms of maximum horizontal acceleration for a return period of 200 years and
for a probability of occurrence 70% (Source: Seismological Observatory of Montenegro).

For the entire Motorway the horizontal design seismic acceleration decreases along the route from
Djurmani to Boljare / Serbian Border from a value in the range of 0.30g to a lower value in the range of
0.10g.

Figure 10: Seismic Hazard Map of Montenegro.
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4.5. Geotechnical engineering for earthworks

4.5.1. Road Cuts

General

For the purposes of comparing the various alternative alignments a certain design philosophy of the cut
slopes was developed that took into consideration the need of minimizing the environmental impact, the
excavation volumes and the cost of the project, always inside the boundaries of the short and long term
safe performance of the cuts and in conjunction with the international best practice.

Geometry and Support Measures of Cuts

For the purposes of elaborating comparing the various alternative alignments, seven typical Cuts’
Sections are defined. These sections are indicative and they are used in order to outline the general
concept of the Cuts’ Design (see relevant drawings). During the Design stage of the project and as the
results of the geotechnical campaign will be available; a more detailed evaluation will need to be
performed by considering the specific geometrical and geological characteristics of each cut.
Consequently and by taking into account the available techniques and the best international practice,
the support measures and the detail of the Cuts’ typical sections will be modified accordingly.

By taking into account the different geotechnical/geological formations various slope inclinations are
proposed. Indicatively, for limestone and dolomite the slope inclination is 3:1 (v:h), for flysch formations
the slope inclination varies from 1:1 (v:h) to 3:2 (v:h) and for soil like formations the slope inclination is
1:1 (v:h). For safety reasons and the need for future maintenance by local treatment to any section,
benches of 3m width and of an inward bench gradient of 6%, will be located every 6m~8m of slope
height for slopes steeper than 1:1 (v:h) and every 4m ~ 6m for slope inclinations of 1:1 (v:h) or flatter. In
order for the presence of loose soil material or highly weathered rock to be taken into account, the last
2m of the cuts near the surface, will have a slope inclination of 1:1.

The support measure patterns consist of the following:

l. In competent ground conditions, no systematic support measures are usually required apart
from non systematic (spot) drainage holes according to the local hydrogeological conditions and
the selected removal of small pieces of unstable rock.

Il. In competent massive rockmass (i.e. Limestone, Dolomite) but with a high potential of rock falls
due to detached rock-boulders or due to the presence of steep natural terrain without
vegetation, a rockfall barrier system with energy absorption capacity of 1000kJ ~ 2000kJ and of
height 3m ~ 4m may be installed. No systematic support measures are usually required apart
from drainage holes according to the local hydrogeological conditions and the selected removal
of small pieces of unstable rock.

[l Slope protection with steel wire mesh (Tecco type of GEOBRUGG or similar) with steel
rockbolts fully grouted of various length and diameter, installed in a staggered grid depending on
the conditions.

Wherever a high potential of rock falls is identified then the installation of rockfall protection barriers and
fences has been explored. The functioning principle is identical for all rockfall protection systems. The
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task is to absorb the impact energy by means of elastic ring nets which are fastened to ropes braced
between steel posts. Some of the braced ropes feature devices to transform the energy. This
transformation serves to absorb the energy which cannot be taken up by the net alone any more.

In order to retain the rockfall events and prevent rocks and debris from falling on the roadway, in cases
where the catchment area is too small and the installation of other protection systems, such as barriers
and fences, is not possible, then a steel wire mesh net used as a drapery system can be applied.

The application of the support measured patterns will be based on the cuts’ geometry and on a method
like the Geological Strength Index (GSI) of the rockmass. The GSI is a system of rock-mass
characterization that has been developed in engineering rock mechanics to meet the need for reliable
input data, particularly those related to rock-mass properties required as inputs into numerical analysis
or closed form solutions for designing tunnels, slopes or foundations in rocks. The geological character
of rock material, together with the visual assessment of the mass it forms, is used as a direct input to the
selection of parameters relevant for the prediction of rock-mass strength and deformability. This
approach enables a rock mass to be considered as a mechanical continuum without losing the influence
geology has on its mechanical properties. It also provides a field method for characterizing difficult-to-
describe rock masses.

The areas of application for the Cuts’ typical sections will be defined during the detailed design of the
project when sufficient geological — geotechnical information will be available. The Cut'’s typical sections
may also be modified during the Design Stage. The detailed dimensioning of the retaining measures will
be carried out during the Design Stage of the Project.

4.5.2. Road Embankments

General

Taking into consideration the need of short and long term safe performance of the highway
embankments, the concept is based on using up the most appropriate slope angles and geometries,
minimizing the fill volumes and the cost of the project. In order for the arising environmental impact to be
diminished, appropriate retaining and consolidation measures are adopted, according to the
international best engineering practise, considering the assumptions made in this report regarding the
geotechnical characteristics.
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Geometry and Support Measures of Embankments

For the purposes of elaborating the current Technical Options, four typical Embankments’ are initially
defined. These sections are indicative and they are used in order to outline the general concept of the
Embankments’ Design (see relevant drawings). During the Design stage of the project and as the results
of the geotechnical campaign will be available; a more detailed evaluation will be performed by
considering the specific geometrical and geological characteristics of each embankment. Consequently
and by taking into account the available techniques and the best international practise, the retaining and
consolidation measures and the detail of the Embankments’ typical sections may be modified. Currently,
the areas of application of the Embankments’ typical sections are determined on “one-by-one case” of
the alignment’s sections.

Regarding the general geometry and the main characteristics of the typical cross-sections of the
embankments, the slope inclination is 2:3 (v:h). In case that local conditions require steeper slopes, then
slope inclinations of 1:1 (v:h) and of 2:1 (v:h) with 3m wide benches located every 10m height from the
crest of the embankment and in conjunction with gabion boxes may be suitable.

The necessary stability measures of the cross-sections, described in the following paragraphs,
constitute indicative solutions for specific geometrical configuration of the embankments sections:

l. In sections with embankments of height less than 12.0m, with a slope inclination 2:3(v:h),
geogrid reinforcement requirements are usually not expected. However, appropriate measures
for surface slope protection such as implementation of either 3D geosynthetic grid or vegetation
layer and hydroseeding are considered, in most cases.

Il. In sections with embankments of height greater than 12.0m, with a slope inclination 2:3 (v:h),
geogrid reinforcement requirements are usually expected. Detailed dimensioning (ultimate
design tensile strength, length, locations of implementation) will be executed in the design stage
of the under study project.

[l In sections of embankments with a slope inclination 1:1 (v:h), geogrid reinforcement
requirements are normally expected and gabions (2.0 x 1.5 x 1.0m, length x width x height) will
be foreseen at the slope’s face. Detailed dimensioning (ultimate design tensile strength, length,
locations of implementation) will be executed in the design stage of the under study project.

V. In sections of embankments with a slope inclination 2:1 (v:h), geogrid reinforcement
requirements are normally expected and gabions (2.0 x 1.0 x 1.0m, length x width x height) will
be foreseen at the slope’s face. Detailed dimensioning (ultimate design tensile strength, length,
locations of implementation) will be executed in the design stage of the under study project.

In order to deal with any potential instability problems connected with the existing ground,
improvement/drainage  spurs or discontinuous layer may be provided. Provision for
improvement/drainage spurs or discontinuous layer at the base of the embankment is made, in order for
drainage of the interface between the slope and the embankment to be accomplished.

Aiming to protect fines from being washed into the voids of an adjacent coarser material, filter layers are
usually considered in the interface of the embankments body and the improvement/drainage layer, as
well as in the interface of the improvement/drainage layer and the substratum.

V. In cases where reinforced earth walls are applied, a solution of high strength precast concrete
modular facing units (precast concrete or key block panels), connected to the backfilling soil by
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the use of either steel tendons or by geogrid reinforcement. Detailed dimensioning of the
reinforced earth walls will be executed in the design stage of the project. Reinforced earth walls
have not been considered for overall height greater than 30m.

VI. In cases where reinforced concrete retaining walls are applied, the concrete will be of quality
C20/25 and the quality of the steel reinforcement will be B500c (tensile strength 500N/mm?2).
The retaining wall will be situated above a lean concrete layer of quality C12/15, 10cm thick.
Also, on surfaces of the retaining walls, which are going to be in touch with the ground, a
waterproofing isolation with double layer of asphaltic daub in suitable positions as well as a
drainage pipe surrounded by granular filling material will be applied.

Especially for embankments constructed near the river-bed, like those at the end of Section IV near
Tara River and in the vicinity of Andrijevica near Lim River, special hydraulic protection should be
foreseen. For those embankments foreseen in the broader river bed, the layer of the improvement and
drainage material would have an increased thickness according to the Hydraulic Study. Moreover,
mattresses could be so that the maximum flood level is covered.

The detailed dimensioning of the retaining measures will be carried out during the Design Stage of the
Project.

4.5.3. Ground Improvement

Reasonable provisions have been made for possible ground improvement under the body of certain
embankment stretches for a part of the corresponding zones. Generally, the first layer of topsoil would
be removed. Then an improvement/drainage layer, as defined above, under the base of the
embankments would be constructed. A further examination of the various sections in relation to the
height of the embankment and to the substratum conditions will need to be carried out in detail, during
the design stage of the project. The drainage/improvement layer, of approximately 0.5m ~ 1.0m
thickness according to the local conditions, is foreseen to extent approximately 1.0m from the toe of the
embankment. The material of the improvement layer will usually be granular and will not contain any
organic soils.

If the improvement/drainage system is not sufficient for the satisfaction of the required Factor of Safety,
then the option of implementing geotextiles or geogrids inside is investigated.

Especially for sections of high embankments, double-sided or especially one-sided (abrupt slopes of
existing ground), on formations of poor geotechnical conditions, the possibility of increasing the stability
by the construction of bored piles made of reinforced concrete, may be thoroughly investigated. The
piles are estimated to have a diameter in the order of 1.0m, but their detailed design will be carried out in
the design stage of the under study project, if it is required in accordance to the prevailing geotechnical
conditions.

It is noted, that the improvement/drainage layer, as long as it has a coefficient of permeability higher
than 10 m/sec, it would also act as a drainage layer. With the probable implementation of a drainage
layer the equivalent permeability of the substratum is increased and most importantly the drainage
length is reduced and consequently the required time for the consolidation to be completed is also
reduced. The time for consolidation depends upon the square of the distance the water must travel to
exit the soil.
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In cases where the drainage layer is not sufficient for the consolidation to be completed in the desired
time and the foundation soil is relatively soft (indicatively low SPT values), then vertical band drains may
be installed in square or triangular patterns that would normally shorten the drainage path within the
cohesive soil layer. Indicatively, vertical drains might be installed in the substratum of embankments with
a high water table, where the substratum would have a coefficient of vertical consolidation smaller than
3 x 10"°m/sec and drainage length greater than 10.0m.

By the installation of vertical drains, consolidation is then mainly due to horizontal radial drainage,
resulting in the faster dissipation of excess pore water pressure. Vertical drains installed in the upper soil
layer would enable the embankment to be brought into service much sooner, most settlement can occur
during construction, thus keeping post-construction settlement to a minimum. In case the requirements
for the stability of the embankment are not fulfilled, then the vertical drains can be used in conjunction
with geotextiles or pile rows. The equivalent diameter of the vertical drains would be in the order of
10cm. The detailed dimensioning of the vertical drains will be executed in the design stage of the under
study project.

Especially for the alternative alignment II-1 of the Virpazar — Farmaci section, passing through the
marsh, swamp area after Skadar Lake, the demands of ground improvement such as improvement
layer, geotextiles, reinforced concrete bored piles, and vertical band drains of the substratum for the
foundation of any embankment stretches are believed to be increased.

For that specific section and if there are considerable problems like long required time for the
consolidation of the substratum to be fulfilled, high risk of liqguefaction or a high percentage of organic
soils, then the option of constructing stone columns may not be eliminated.

It is anticipated that very limited part of the understudy area would show soil conditions that would justify
the use of stone columns. It is anticipated that the stone columns would be of 0.8m ~ 1.2m diameter,
their length would be around 15.0m and they would be placed in a rectangular pattern at an axial
distance of 2.0D ~ 3.0D, where D is their diameter. The detailed dimensioning and the areas of
application of the stone-columns will be carried out in the design stage.

By the application of the above mentioned ground improvement measures and by the gradual scaling of
their application, during the detailed design, an efficient design of the embankments is accomplished.
The demands of ground improvement material and the stone quarried are expected to be very limited
and consequently the environmental impact and the disturbance caused, will be limited. Moreover the
combination of the aforementioned technical solutions, that comprise the cutting edge of the
embankment construction technology, would be according to the modern international practise.
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4.5.4. Rock Fall & Avalanches
The main geological features that could pose risks to the proposed project or increase the cost include
landslides, instabilities, soil formations susceptible to liquefaction, rock-falls, and avalanches. .

The assessment of the required support measures to mitigate the hazards posed by rock-falls or
avalanches constitutes a quite specialized and demanding engineering field. The main mitigation
measures against rock-falls are:

e Scaling of loose rock segments.
e Open pit rock-fall barriers
e Anchoring meshes of Tecco or similar type in conjunction with rock anchors.
e Rock-fall drapes.
e Special rock-fall protection barriers.
The main mitigation measures against avalanches these are:
e Snow fences, barriers and bridges.
e Avalanches and snow high energy absorption nets.
e Shed.
e Braking mounds.
o Deflecting dams.
e Catching Dams.

Most of the aforementioned avalanche mitigation measures are usually of significant cost and they are
generally used only where there is a threat to inhabited areas. It is also quite usual to install of
monitoring systems that can detect mass movements and activate an automatic alarm signal when a
certain threshold value is exceeded. If it is also required the avalanches can be artificially released by
the use of remote trigger systems.

A separate detailed design would need to be performed against the specific identified hazards for
specific areas, where specific problems have been recorded in the past due to rock-falls or avalanches.
The specific areas would need to be visited and specific data would need to be collected including:

e Topographical data and slopes of terrain.

o |dentification of major joint and discontinuity sets.

o Estimation of size of loose rock segments.

e Vegetation cover of the slopes.

e Data collection of recorded avalanches and rock-falls.
e Meteorological data.

e Possible avalanches paths.

¢ Mapping of existing protection measures.
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e Identification of areas that could suffer significant potential damages due to an avalanche or a
rock-fall event, like houses, villages, factories etc.

Once the above data are collected then a specific risk — hazard assessment shall be performed, specific
measures and actions shall be proposed for each high hazard area and the required works and
quantities shall be estimated.

It noted that although specific measures have been taken into account as part of the present study, for
mitigating the hazard of rockfalls and avalanches like anchoring meshes, special rock-fall protection
barriers, Cut & Cover structures, in certain areas where high or steep cuts are foreseen from the present
study, special structures (Cut & Cover or Lane Covers) may need to be considered during the Design
stage.

4.6. Concept Design of Tunnels

4.6.1. Basic Data

Based on the layout and the longitudinal profile drawings elaborated as part of the Technical Options
Report, for the various alternative alignment of the seven sections, the following twin-bore underground
tunnels and the respective cut and cover structures of their portals, are foreseen along the alignment.
The main data of tunnels of each alternative alignment of each section are presented in the table below.
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Table 8: Main Tunnel Data.

) Chainage 1st Bore | 2nd Bore
Section Alternative | Tynnel lenath lenath Overburden
Start End (length) (length)
= 1 0+902 | 5+052 | constructed | 4150 >250
-2
% 2 8+355 | 8+965 | constructed | 610 110
5 SUM 4760
& ;
>
. 1 0+875 | 5+025 | constructed | 4150 >250
= Z -3
8 = 2 8+215 | 8+715 | constructed | 500 110
22
wa SUM - 4650
= 1 -0+941 | -0+341 | 600 600 120
2 0+039 | 0+279 | 240 240 50
II-1 3 0+539 | 1+199 | 660 660 100
4 1+489 | 1+839 | 350 350 80
5 3+289 | 4+749 | 1460 1460 220
5 SUM 3310 3310
<
= 1 2+270 | 4+520 | 2250 2250 370
<
m I1-2 2 5+390 | 6+790 | 1400 1400 235
z £
© 3 8+710 | 9+175 | 465 465 50
O o
o
S SUM 4115 4115
= 1 53+200 | 54+600 | 1400 1400 140
-1
0 2 56+250 | 57+000 | 750 750 70
S
o SUM 2150 2150
o
3 1 53+200 | 54+600 | 1400 1400 140
z 5 I11-2
o < 2 56+250 | 57+000 | 750 750 70
-
b < SUM 2150 2150

Page 73



Seeto Road Route 4

URS Eg;ﬁ; TTA OlComrronyszry Technical Options Report
> 1 0+650 1+350 700 700 180
2 1+435 2+735 1300 1300 250
3 2+790 3+990 1200 1200 180
4 12+680 | 13+030 | 350 350 40
5 21+580 | 21+780 | 200 200 50
V-1 6 24+020 | 24+520 | 500 500 60
7 24+995 | 25+295 | 300 300 40
8 26+340 | 26+790 | 450 450 70
9 29+450 | 33+650 | 4200 4200 220
10 36+798 | 36+948 | 150 150 30
11 39+070 | 39+420 | 350 350 120
SUM 9700 9700
1 65+590 | 67+890 | 2300 2300 130
2 12+680 | 13+030 | 350 350 40
3 21+580 | 21+780 | 200 200 50
4 24+020 | 24+520 | 500 500 60
g V-2 5 24+995 | 25+295 | 300 300 40
(L%J 6 26+340 | 26+790 | 450 450 70
g 7 29+450 | 33+650 | 4200 4200 220
S‘_:I) 8 36+798 | 36+948 | 150 150 30
é é 9 39+070 | 39+420 | 350 350 120
0 % SUM 8800 8800
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o 1 1+080 | 1+610 | 530 530 100
<
(ﬁ 2 34900 | 4+120 | 220 220 40
L
E 3 54250 | 5+550 | 300 300 30
a V-1
Z
S 4 10+890 | 14+460 | 3570 3570 200
o
Z T
©) % 5 22+080 | 22+430 | 350 350 40
=
w g SUM 4970 4970
s 1 1+070 | 1+600 | 530 530 40
2 34900 | 4+120 | 220 220 30
< V-2
g o) 3 54260 | 5+560 | 300 300 200
o S
2 T L
O un 2 4 104930 | 14+430 | 3500 3500 90
W
O F 0O
w <z |sum 4550 4550
= 1 4+190 | 44940 | 750 750 80
2 12+640 | 13+040 | 400 400 100
VI-2
3 15+150 | 16+550 | 1400 1400 170
4 17+580 | 18+230 | 650 650 80
SUM 3200 3200
1 4+200 | 5+000 | 800 800 130
2 12+640 | 13+040 | 400 400 100
VI-3
3 15+150 | 16+550 | 1400 1400 170
4 17+580 | 18+230 | 650 650 80
SUM 3250 3250
< 1 4+190 | 44940 | 750 750 80
[a)
2 2 124640 | 13+040 | 400 400 100
< VI-4
@) 3 13+830 | 16+230 | 2400 2400 330
z o
©) 5 4 17+580 | 18+230 | 650 650 80
5 a
Wz SUM 4200 4200
072 < VIl-1 1 37+340 | 38+040 | 700 700 60
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2 45+930 | 46+380 | 450 450 70
SUM 1150 1150
1 34+100 | 34+220 | 120 120 30
ViI-2
2 51+260 | 51+720 | 460 460 60
=WwQg |sum 580 580
< Ww
g =2 1 33+860 | 33+980 | 120 120 40
z o
O . & w w3 2 36+790 | 37+390 | 600 600 100
oo 9 3
mwo =0 3 39+450 | 40+400 | 950 950 100
= 4 41+400 | 41+800 | 400 400 60
- Vil-3
o 5 45+970 | 46+430 | 460 460 80
3 SUM 2530 2530
L
o Vil-4-1 1 8+960 | 10+140 | 1180 1180 130
3w
Q g SUM 1180 1180
Z , o
o o |41 1 8+470 | 10+470 | 2000 2000 250
O O
m
b9 2 | suMm 2000 2000

It is noted that the left bores of the Sozina Tunnel and of the Ras Tunnel have already been constructed.

The typical cross section foreseen for the tunnels by taking into account the TEM standards (third
edition, February 2002) has the following characteristics:

Typical lane widths for tunnel sections (2 lanes):
e 3.75m (left lane) + 3.75m (right lane) + 2x0.50, with 5.0m free height.

The pavement is determined 1.00m wide with free height of 2.50m.

4.6.2. Tunnel Layout

The proposed layout for each tunnel with the arrangements of the pedestrian and vehicular cross
passages, as well as the positions of the lay-bys, should fulfill as a minimum the requirements according
to the European Union Directive 2005/54/EC. Consequently, an emergency exit is required every 500m,
cross connections for emergency services are required every 1500m and lay-bys every 1000m.

The free span of the inner lining of the pedestrian cross-passages is approximately 2.40m; their free
height is approximately 2.75m. The crown curvature of their inner lining is determined by an arch radius
of 1.20m.
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As it regards the dimensions of the inner lining of the vehicular cross-passages, these are approximately
5.20m and 3.80m for the maximum width and the free height respectively. The crown curvature of their
inner lining is determined by an arch radius of 2.60m.

The maximum width of the inner lining of the emergency lay-by cross-section is determined to be 2.50m
greater in comparison to the relative width of the typical main tunnel section.

A certain number of emergency niches with appropriate geometry thus making possible the installation
of required safety and emergency devices (phone and foam - liquid distinguisher,) have been located
along both bores of the tunnels of the project. These niches are always placed in the right sidewall of
each tunnel bore according to the direction of traffic and are distributed in distances (according to the
EU Directive), which do not exceed 150m.

For ensuring the complete control and the maintenance requirements of the tunnel drainage systems,
drainage niches are also foreseen along the left sidewall of each bore of the tunnel according to the
direction of traffic.

For the following tunnels with length greater than 3km one smoke extraction adit for each twin bore
tunnel is assumed to may be needed due to their lengths:

e Section | Alternatives I-2 & I-3 — Tunnel 1 (Sozina), length 4150m.
e Section IV Alternative IV-1 — Tunnel 9, length 4200m.

Alternative IV-2 — Tunnel 7, length 4200m.
e SectionV Alternative V-1 — Tunnel 4, length 3570m.

Alternative V-2 — Tunnel 4, length 3500m.

In order to develop a more economical and cost effective solution, the implementation of single bore
bidirectional tunnels has been considered, leading to a significant reduction in the tunnels’ length.

All tunnel layouts shall satisfy the operational requirements of bidirectional traffic. In order to establish
the aforementioned design concept, the following issues will need to be considered.

» According to international recommendations, which are based on common design practice in
various countries, as well as, on the opinions of the experts on the PIARC WG4 committee, the
total minimum width of the paved area (between the walkway’s curb stone) in bidirectional
tunnels should be 8.50m.

» Since there will be the option of constructing the second tunnel bore at a later stage, where
possible the shortest bore shall be constructed first.

» Where only one bore of each tunnel is proposed to serve as a single bidirectional tunnel, the
emergency niches should be constructed in both tunnel’s sidewalls (one for each traffic lane
direction), by keeping distances of 150m, according to the EU Directive 2005/54/EC. The
drainage niches, shall be foreseen in both tunnel’'s sidewalls.

» According to the EU Directive, the lay-bys in each tunnel longer than 1500m should be placed
every 1000m along the sidewall of each traffic direction lane. Thus, in case of the proposed bi-
directional tunnels, additional lay-bys should also be foreseen in the left sidewall of each tunnel.

» Pedestrian emergency exits (evacuation adits) should be foreseen in tunnels every 500m, for
traffic loads greater than 2000 vehicles per lane, according to the EU Directive.
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» Vehicular emergency exits should be foreseen every 1500m in tunnels longer than 1500m, for
traffic loads greater than 2000 vehicles per lane, according to the EU Directive.

» Certain calculations and E/M ventilation analyses should prove the eventual need for fire smoke
extraction point, by means of either ventilation adits or shafts.

The holistic approach for the final determination of the main characteristics and civil work layouts of the
single tube bidirectional tunnels should be performed during the Design Stage, by considering the
combined operation of the interactive role of both the emergency exits and the smoke extraction points
(if any), in order to provide the best balanced arrangement of the tunnel complex.

Following the aforementioned, in case that a single bore is to be constructed in order to serve
bidirectional traffic, then a cost surcharge of 30% for tunnels longer than 500m is considered.

4.6.3. Design Concept of Main Tunnels

Considering the geological conditions which are expected based on the limited geological / geotechnical
available data, the preliminary design of the typical cross sections of excavations and outer lining of the
main tunnels, the lay bys, the pedestrian and vehicular cross passages and the niches, was executed.

The excavation and outer lining categories are determined according to the available geological data
and having as a basic criterion the GSI index.

Up to eight (8) excavation and outer lining categories are initially determined for the main tunnels.
However, considering the geotechnical investigation program and the «Geological - geotechnical final
evaluation», the overburden thickness and the potential special engineering geology conditions for the
project’s Final design, the criteria for determining the excavation and outer lining categories will be re-
examined. According to the above-mentioned statement, it is clear that the proposed excavation and
outer lining sections are indicative and not restrictive since they will be modified and finalized at the
«Project’s final design».

In the following table the typical details of the main rockmass support class are presented.
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TYPICAL DETAILS OF MAIN ROCKMASS SUPPORT CLASSES FOR TUNNELS

OVERBREAK {em)

A B c o E EF F1 F2
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= A = E
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4.6.4. Tunnel Construction Issues

Formation of tunnel portals

Cut & Cover structures will be constructed in the areas of the tunnel portals. These structures will be
inside the excavated cuts of the highway in the areas of the portals.

The cut and cover structure is predicted to be constructed according to the relative specifications.
Concrete’s quality will be B35 (C30/37) and B500c quality steel will be used for the reinforcement. For
the inner surface formation, the same steelwork with the one used in the main tunnels will be employed.
The concreting of the cut and cover will be executed from the down to the top in zones, in the following
sequence, bottom - sidewall — crown.

Inner lining structure of the tunnels

The geometry of inner lining cross section of the main tunnel is open horseshoe for competent
rock/semi-rock categories and closed horseshoe for fractured semi-rock/earth categories. The inner
surface of the lay bys is of open horseshoe geometry. The geometry of pedestrian and vehicular cross
passages inner lining is vaulted. The inner lining dimension for each case is analytically presented at the
relevant drawings.

The cast in place concrete’s quality along the tunnels of the project will be B35 (C30/37), and the steel
reinforcement will be steel of B500c quality.

Geotechnical Measurement Program during Construction.

It is necessary that during construction, appropriate geotechnical measurements and observations are
executed aiming to the evaluation of the effectiveness of the applied excavation procedure and the
applied immediate support measures as well as the comparison to the predictions of the design, so that
appropriate modifications, are applied to the works, due to the in situ conditions, if required.

Measurements and tests will be appropriately adjusted to the in situ conditions, executed in such a
density and frequency so that a better image is formed, for the encountered and formed conditions after
the excavation.

Beyond all those mentioned above, there is a provision for a systematic geotechnical engineering
mapping of the tunnel face for the existing geological — geotechnical conditions confirmation and a
suitable adjustment of the support measures, where is required.
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5. MAJOR BRIDGES AND VIADUCTS

5.1. Design Standards

Bridges shall be designed in full compliance with Eurocodes (EN with a design life of at least 100 years.
The following main Eurocodes will be used:

EN 1990: Basis of Structural Design

EN 1991: Actions on Structures

EN 1992: Design of Concrete Structures

EN 1993: Design of Steel Structures

EN 1994: Design of Composite Concrete and Steel Structures

EN 1997: Geotechnical Design

EN 1998: Design of Structures for Earthquake Resistance

EN 1337: Structural Bearings

EN 206-1: Concrete: specification, conformance, production and conformity
EN10080: Steel for the reinforcement of concrete

EN10138: Prestressing steels

Regarding the seismic design of bridges, the following figure illustrates the seismic hazard of
Montenegro in terms of maximum horizontal acceleration for a return period of 200 years and for a
probability of occurrence 70% (Source: Seismological Observatory of Montenegro).

From the following figure it is concluded that the horizontal design seismic acceleration varies along the
route from a value in the range of 0.30g to a lower value in the range of 0.10g. The above as well as the
corner periods will be defined in detail during the Detailed Design stage.

Figure 11 horizontal design seismic analysis
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5.2. Concept Design

5.2.1. General

All bridges shall be provided with:
e Approach slabs.

e Vehicular containment systems complying with national standards or, where no national
standard exists, recognised European standards. Safety barriers shall extend over the
approach zones and have similar stiffness to and be fixed rigidly to adjoining bridge deck
parapets.

e Pedestrian parapets not less than 1.0 metres in height, where required.
o Effective bridge deck waterproofing systems allied with positive bridge deck drainage.

e Bridge bearings and expansion joint systems that maximize durability and minimize
maintenance liability.

e Sulphate resisting cement where aggressive ground or ground water conditions are
encountered.

e Corrosion protection for all concrete and steel components exposed to saline water spray from
the road surface.

e Suitable fixing points for light columns, where appropriate.

e 4 x 100 mm service ducts in both outer edges of motorway bridges and 2 x 100 mm service
ducts in both outer edges of other road bridges. Service ducts shall be laid to a continuous fall
S0 as to be self draining.

5.2.2. Bridge Categories

In the current study the route is divided in seven sections. A number of alternative road alignments have
been elaborated for each section. The major bridges/viaducts included in the each section and
alternative of the route are tabulated in Table 12

In addition, the number of overpasses and underpasses for every section are shown in Table 11:
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Table 10: Overpasses and Underpasses per section

Sections

1 Djurmani - Virpazar

Alternative [-2

Alternative [-3

1 Overpass

1 Underpass

1 Overpass

2 Underpasses

2 Virpazar — Farmaci

Alternative II-1

Alternative /-2

1 Overpass

7 Underpasses

3 Overpasses

9 Underpasses

3 Farmaci — Smokovac

Alternative //I-1

Alternative //1-2

1 Overpass

3 Underpasses

2 Overpasses

5 Underpasses

4 Smokovac — Matesevo

Alternative V-1

Alternative V-2

3 Overpasses

7 Underpasses

4 Overpasses

9 Underpasses

5 Matesevo - Adrijevica

Alternative V-1

Alternative V-2

5 Underpasses

5 Underpasses

Alternative Alternative
Alternative VI-2 VI-3 VI-4
6 Adrijevica — Poda
2 Overpasses 4 4
13 Underpasses Underpasses | Underpasses
Alternative Alternative
Alternative VII-1 VII-2 VII-3
7 Poda — Serbain Borders 6 3
4 Overpasses
Overpasses | Overpasses
8 Underpasses
10 Ups 7 UPs
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The main geometric characteristics (length, width, maximum pier height, etc) and the proposed
construction method for each of the major bridges/viaducts are depicted in the relevant tables of the
Appendix.

The major bridges/viaducts can be divided in 3 main categories, with respect to the deck construction
method that is proposed to be adopted:

The first category concerns bridges with a deck consisting of a series of simply supported
precast prestressed concrete I-beams, precast reinforced concrete slabs supported on the
edge of the adjacent beams top flanges and in-situ reinforced concrete deck slab and cross
beams at the ends of each span, over the supports. Each precast beam is supported on the
piers or abutments through one laminated elastomeric bearing anchored to both elements. This
series of bearings offer a considerable seismic isolation of the deck. Continuity slabs, locally
separated from the precast beams, are provided in the intermediate supports.

For usual cases of motorway bridges (no climbing lane), the total deck width for each branch is
13.85m and 5 precast beams are used.

For interchanges bridges, the deck width may vary from smaller to larger than the typical values.

External horizontal action (wind, brake-load and seismic actions) are transferred to the
supporting elements through the bearings. The shear flexibility of the bearings allows limitations
to an acceptable level of the horizontal reactions due to imposed deck deformations (concrete
shrinkage and creep and temperature variation).

For all the bridges of the above type, shallow foundation is proposed, with pad footings.
This category contains most of the project’s bridges, as shown at the relevant table.

The second category regards bridges to be constructed by balanced cantilever method. The
deck section is a single box girder and is fixed to the piers.

The piers section is hybrid, utilizing double blades at the top 20m and a box section at the rest
of the pier height.

The piers are going to be constructed using a climbing formwork.
Regarding the support system of the deck, the deck is fixed to all piers as already mentioned.

The third category regards bridges the deck of which will be cast in-situ using conventional
scaffolding. This category consists of typical reinforced concrete underpasses, overpasses and
single branch motorway bridges at the interchanges. The overpasses deck section will be
prestressed concrete voided slab, while the motorway bridges deck section will be prestressed
concrete box girder.

The piers section will be a solid wall, with appropriate pier head on the top in order for the deck
to lay on it. Since in some cases the pier height is up to 20m, the above piers will be constructed
with climbing formwork, while the short piers with conventional scaffolding supported on the
ground.

The deck will be supported on the piers through anchored laminated elastomeric bearings,
which offer a considerable seismic isolation of the deck.

For all the bridges of the above type, shallow foundation is proposed, with pad footings.
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5.2.3. Proposed arrangement for Bridge Inspection and Maintenance

Envisaged inspections include mainly inspection of bearings, dampers, roadway joints, and drainage

system and road equipment located on the bridge.

Routine maintenance is envisaged for drainage outlets, roadway joints and road equipment. This can be

done from the top of the deck with a minimum intervention in traffic.

Heavy maintenance (replacement) is envisaged for bearings and joints. Measures for bearings
replacement shall be included in the detailed design, such as provision of replaceable parts of bearings,
positions of jacks for synchronized lifting of supports, design of relevant bridge elements (mainly support
cross-beams) to carry the jacking actions without affecting traffic. Replacement of roadway joints shall
require short-term reduction of the number of the usable traffic lanes and shall be carried out at off-peak

hours and on a period of the year with low traffic volumes.
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Max
Height | Construction Method Remarks

(m)

l Motorway RS. or 1200|1385 | 220 I
2

Section
Bridge No
Chainage
(Km)

Type
(UP,OP,BR)

E

7+845

I Motorway R.B. ﬂ 10,00 | 13,85 | 138,50 | 11,00

9+430

Motorway R.B. ﬂ 34,00 | 13,85 | 470,90 m
6 10+025

DJURMANI - VIRPAZAR (ALTERNATIVE_I-2)

SECTION I :
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2 o % Max
c o & a = Height | Construction Method Remarks
5 = g SE co | g2 | 82| 849
o) o x oX e | Y8 | 2 E £
Motorway R.B. BR 1300,00 | 13,85 | 18005,00 | 17,00
1 2+569 Precast prestressed beam TANKI
Motorway L.B. BR 1300,00 | 13,85 | 18005,00 | 17,00
Motorway R.B. BR 40,00 13,85 | 554,00 11,00
2 4+889 Precast prestressed beam
= Motorway L.B. BR 40,00 13,85 | 554,00 11,00
LI Motorway R.B. BR 100,00 | 13,85 | 1385,00 | 9,00
S 3 6+543 Precast prestressed beam
E Motorway L.B. BR 100,00 | 13,85 | 1385,00 | 9,00
i Motorway R.B. BR [50,00 |13.85 |69250 |9,00
H 4 6+908 Precast prestressed beam
3 Motorway L.B. BR 50,00 13,85 | 692,50 9,00
@) Motorway R.B. BR 50,00 13,85 | 692,50 10,00
g 5 7+450 Precast prestressed beam
% Motorway L.B. BR 50,00 13,85 | 692,50 10,00
n Motorway R.B. BR 90,00 13,85 | 1246,50 | 11,00
% 6 8+458 Precast prestressed beam
l<\(| Motorway L.B. BR 90,00 13,85 | 1246,50 | 11,00
& Motorway R.B. BR 160,00 | 13,85 | 2216,00 | 12,00
> 7 8+988 Precast prestressed beam
— Motorway L.B. BR 160,00 | 13,85 | 2216,00 | 12,00
pd
o Motorway R.B. BR 250,00 | 13,85 | 3462,50 | 11,00
5 8 9+439 Precast prestressed beam
(L})J Motorway L.B. BR 250,00 | 13,85 | 3462,50 | 11,00
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c % =k [} < Heig Construction Method Remarks
© > S c ® (@) = et ht
= =~ - [@)] = [
2 2 g SE | g3 | 5| B¢ | 8%
o3 @ @ o¥ 22 | JE | SE E
Motorway R.B. BR 20,00 | 13,85 | 277,00

9 10+058
= Motorway L.B. BR 20,00 | 13,85 | 277,00
ZI Motorway R.B. BR 100,00 | 13,85 | 1385,00
> 10 10+269 Precast prestressed beam
E Motorway L.B. BR 100,00 | 13,85 | 1385,00
zZ
14 Motorway R.B. BR 20,00 | 13,85 | 277,00
= 11 10+830
3:' Motorway L.B. BR 20,00 | 13,85 | 277,00
@) Motorway R.B. BR 20,00 | 13,85 | 277,00
g 12 12+678
Et: Motorway L.B. BR 20,00 | 13,85 | 277,00
LL
' Motorway R.B. BR 90,00 | 13,85 | 1246,50
EE 13 13+158 Precast prestressed beam
'<\El Motorway L.B. BR 90,00 | 13,85 | 1246,50
o
4 Motorway R.B. BR 260,00 | 13,85 | 3601,00
> 14 18+348
- Motorway L.B. BR 260,00 | 13,85 | 3601,00
z
o Motorway R.B. BR 100,00 | 13,85 | 1385,00
'5 15 19+328 Precast prestressed beam
L(})J Motorway L.B. BR 100,00 | 13,85 | 1385,00 | 21,00
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o ) o Max
z o ) X .
5 o @ o < Height | Construction Method Remarks
g g SE | go| 52| 22| 89
. @ x ox 22 | JE | 2 E| £ E
< Motorway R.B. BR 300,00 | 13,85 | 4155,00 | 12,00
S 54+888 Precast prestressed beam
Q Motorway L.B. BR | 300,00 | 13,85 |4155,00 | 12,00
n
O Motorway R.B. BR 120,00 | 13,85 1662,00 | 8,00
<§E = 60+086 Precast prestressed beam
o E'I Motorway L.B. BR 120,00 | 13,85 | 1662,00 | 8,00
LL
w
= ';: Motorway R.B. BR 360,00 | 13,85 | 4986,00 | 87,00
zz
o 60+807
E = Motorway L.B. BR 360,00 | 13,85 | 4986,00 | 87,00
<
ns
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c o 2 a - Height | Construction Method Remarks
= = = £o 00 | B £ @ | (M
8 = S £ & S8 | G2 | S| ¢§
%) m x 0X e | JE | =2 E £
Motorway R.B. BR 370,00 | 13,85 | 5124,50 | 38,00
1 5+669
Motorway L.B. BR 370,00 | 13,85 | 5124,50 | 38,00
. Motorway R.B. BR 400,00 | 13,85 | 5540,00 | 27,00
0 2 6+431 Precast prestressed beam
ZI Motorway L.B. BR 400,00 | 13,85 | 5540,00 | 27,00
E Motorway R.B. BR 350,00 | 13,85 | 4847,50 | 17,00
= 3 7+330 Precast prestressed beam
<Zf Motorway L.B. BR 350,00 | 13,85 | 4847,50 | 17,00
o
L Motorway R.B. BR 350,00 | 13,85 | 4847,50 | 20,00
T 4 15+583 Precast prestressed beam
< Motorway L.B. BR 350,00 | 13,85 | 4847,50 | 20,00
9 Motorway R.B. BR | 170,00 | 13,85 | 2354,50 | 8,00
% 5 19+028 Precast prestressed beam
0l Motorway L.B. BR 170,00 | 13,85 | 2354,50 | 8,00
|_
g Motorway R.B. BR 150,00 | 13,85 | 2077,50 | 5,00
. 6 20+480 Precast prestressed beam
8 Motorway L.B. BR 150,00 | 13,85 | 2077,50 | 5,00
<
8 Motorway R.B. BR 400,00 | 13,85 | 5540,00 | 14,00
¥ 7 23+638 Precast prestressed beam
CED Motorway L.B. BR 400,00 | 13,85 | 5540,00 | 14,00
n Motorway R.B. BR 350,00 | 13,85 | 4847,50 | 38,00
S 8 24+770
- Motorway L.B. BR 350,00 | 13,85 | 4847,50 | 38,00
8 Motorway R.B. BR 400,00 | 13,85 | 5540,00 | 25,00
O 9 27+023 Precast prestressed beam
% Motorway L.B. BR 400,00 | 13,85 | 5540,00 | 25,00
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S o @ o I Height | Construction Method Remarks
2 o 5 £~ 00 | B = S < |(m)
g S S SE | gz | 52| Eg| 89
0 m x 0X £2 | 9E | = £ £
Motorway R.B. BR 150,00 | 13,85 | 2077,50 | 12,00
10 27+692 Precast prestressed beam
Motorway L.B. BR 150,00 | 13,85 | 2077,50 | 12,00
Motorway R.B. BR 240,00 | 13,85 | 3324,00 | 10,00
11 34+814 Precast prestressed beam
Motorway L.B. BR 240,00 | 13,85 | 3324,00 | 10,00
an Motorway R.B. BR 200,00 | 13,85 | 2770,00 | 7,00
< 12 35+335 Precast prestressed beam
= Motorway L.B. BR 200,00 | 13,85 | 2770,00 | 7,00
w
= Motorway R.B. BR 80,00 | 13,85 | 1108,00 | 7,00
> 13 36+422 Precast prestressed beam
< Motorway L.B. BR 80,00 | 13,85 | 1108,00 | 7,00
[
L Motorway R.B. BR 280,00 | 13,85 | 3878,00 | 6,00
= 14 37+174 Precast prestressed beam
< Motorway L.B. BR 280,00 | 13,85 | 3878,00 | 6,00
9 Motorway R.B. BR 140,00 | 13,85 | 1939,00 | 4,00
'(-})J 15 37+757 Precast prestressed beam
ul Motorway L.B. BR 140,00 | 13,85 | 1939,00 | 4,00
|_
g Motorway R.B. BR 170,00 | 13,85 | 2354,50 | 6,00
: 16 38+100 Precast prestressed beam
2 Motorway L.B. BR 170,00 | 13,85 | 2354,50 | 6,00
5 Motorway R.B. BR 100,00 | 13,85 | 1385,00 | 5,00
¥ 17 38+600 Precast prestressed beam
g Motorway L.B. BR 100,00 | 13,85 | 1385,00 | 5,00
a Motorway R.B. BR 120,00 | 13,85 | 1662,00 | 5,00
S 18 39+537 Precast prestressed beam
- Motorway L.B. BR 120,00 | 13,85 | 1662,00 | 5,00
8 Motorway R.B. BR 140,00 | 13,85 | 1939,00 | 5,00
O 19 40+004 Precast prestressed beam
E)J Motorway L.B. BR 140,00 | 13,85 | 1939,00 | 5,00
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> o @ Max
S ) g o < Height | Construction Method Remarks
i > S £~ 0 Q o = c ~
S B! < 8 E o S = T~ oW (m)
07 o i cX 22 | SE | 2E | £ E
Road BR 35,00
Motorway R.B. BR 220,00 | 13,85 | 3047,00 | 6,00
0+860 Precast prestressed beam
Motorway L.B. BR 220,00 | 13,85 | 3047,00 | 6,00
=
>'| Motorway R.B. BR 160,00 | 13,85 | 2216,00 | 11,00
w 2+087 Precast prestressed beam
E Motorway L.B. BR 160,00 | 13,85 | 2216,00 | 11,00
<
§ Motorway R.B. BR 80,00 | 13,85 | 1108,00 | 10,00
| 14+974 Precast prestressed beam
H Motorway L.B. BR 80,00 | 13,85 | 1108,00 | 10,00
<
< Motorway R.B. BR 360,00 | 13,85 | 4986,00 | 41,00
&) 15+584
ﬁ Motorway L.B. BR 360,00 | 13,85 | 4986,00 | 41,00
=
@ Motorway R.B. BR 250,00 | 13,85 | 3462,50 | 21,00
[a) way 16+086 Precast prestressed beam
<ZE Motorway L.B. BR 250,00 | 13,85 | 3462,50 | 21,00
o Motorway R.B. BR 400,00 | 13,85 | 5540,00 | 37,00
> 18+027
th Motorway L.B. BR 400,00 | 13,85 | 5540,00 | 37,00
ul
|_
< Motorway R.B. BR 160,00 | 13,85 | 2216,00 | 18,00
p= 20+610 Precast prestressed beam
S Motorway L.B. BR 160,00 | 13,85 | 2216,00 | 18,00
z
©) Motorway R.B. BR 340,00 | 13,85 | 4709,00 | 22,00
5 21+390 Precast prestressed beam
LJ)J Motorway L.B. BR 340,00 | 13,85 | 4709,00 | 22,00
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> o g Max
c % 2 o - Height | Construction Method Remarks
= > o = 0O | B £ (m)
g 2 g SE | 2o | 5| 22| 9
& @ 4 ox £2 | SE | 2E| £
ON
S s Motorway R.B. BR 210,00 | 13,85 | 2908,50 | 32,00
w -
w
g g 14+821
% ';: Motorway L.B. BR 210,00 | 13,85 | 2908,50 | 32,00
<2
[
AT
S E Motorway R.B. BR 220,00 | 13,85 | 3047,00 | 6,00
% ;:’ 20+036 Precast prestressed beam
[yl
E 8 Motorway L.B. BR 220,00 | 13,85 | 3047,00 | 6,00
m 1
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= o g Max
c % 2 a - Height | Construction Method Remarks
8 = S £ & S8 | G2 | S| ¢§
0 @ x 0oX 22 | SE | =2E < E
Motorway R.B. BR 20,00 | 13,85 |277,00 | 10,00
1 29+680
Motorway L.B. BR 20,00 | 13,85 | 277,00 | 10,00
g Motorway R.B. BR | 30000 | 13,85 | 415500 | 24,00
w 2 34+430 Precast prestressed beam
E Motorway L.B. BR 300,00 | 13,85 | 4155,00 | 24,00
<
=2
> % Motorway R.B. BR 300,00 | 13,85 | 4155,00 | 22,00
E 3 37+090 Precast prestressed beam
;)’ Motorway L.B. BR 300,00 | 13,85 | 4155,00 | 22,00
i
@ Motorway R.B. BR 100,00 | 13,85 | 1385,00 | 10,00
8 4 41+190 Precast prestressed beam
<ZE Motorway L.B. BR 100,00 | 13,85 | 1385,00 | 10,00
2
> '(-})J Motorway R.B. BR 100,00 | 13,85 | 1385,00 | 11,00
8 <;: 5 44+530 Precast prestressed beam
8 8 Motorway L.B. BR 100,00 | 13,85 | 1385,00 | 11,00
0na

Table 11: Bridge Categories
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6. PHASING OF CONSTRUCTION

The hilly or mountainous terrain in most sections of the route dictates that the percentage of tunnels and
bridges/viaducts is significant. It varies in the hilly areas from about 17% in section Il (Farmaci —
Strganica or Smokovac) to more than 50% in section | (Djurmani-Virpazar). In the mountainous areas of
section IV (Strganica or Smokovac to Matesevo) and section V (Matesevo to Andrijevica) it is 30.2% and
26.7% respectively.

As a result there is a need for high investment costs early in the project. European safety standards
place strict controls on the design of tunnels and bridges for a given level of service and safety even
when traffic levels are quite low.

Therefore the possibility of phased construction of carriageways, tunnel bores and or second branches
of bridges has been fully evaluated. The possibilities examined included:

e a single two-lane carriageway with climbing/overtaking lanes where necessary and depending
also on the percentage of heavy trucks (as per the most conservative German standards, i.e.
2+1 lanes in part of the route but with reduced safety considerations)

e a 2 plus 1 lanes scheme with a safety barrier in the median area which offers increased road
safety

o rehabilitation of parts of the existing national road network particularly at the north of the route
(where low traffic volumes are expected)which will pay emphasis to significant improvements to
the safety standards

It should be noted that irrespective of the sub-phasing to be used for the first two of the above
alternatives, the width of the corridor was studied even from this early stage as a dual carriageway
motorway corridor. This will enable future construction of the second carriageway at a later stage.

It is also recognized that the cost of a single two-lane carriageway is more than half the cost of a dual
motorway. Likewise the ultimate cost of a phased dual motorway will be higher than building a dual
motorway at the outset. The economic and financial analyses will determine the optimum timing of the
phasing.

Having all the above in mind the following adoption per section and alternative of single two-lane
carriageway and dual two-lane carriageway is proposed. It takes into consideration:

¢ the difficulties in certain areas, due to the demanding terrain, in executing the second branch of
a bridge or a tunnel

¢ the fact that gradient more than 4% is observed in certain sub-sections of the route resulting to
the need from early on of a climbing/overtaking lane

For example, it can be observed that section Il (Farmaci to Smokovac) should always be considered as
a dual two-lane carriageway, section V (Matesevo-Andrijevica) the adoption of single two-lane
carriageway is applicable to 70% of the section while in section VIl (Poda to Serbian Border the
rehabilitation/improvement of the existing road to higher safety levels is short term and medium term a
plausible scenario.

In general, If the identified zones of single two-lane carriageway are also zones of low traffic volumes
than the likelihood of adopting a phased construction increase significantly since the full dual two-lane
carriageway in this particular section may not be required in the short term or medium term.
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Some notes on the applicability of short /medium term of single bi-directional tunnels and single branch
bridges follow:

Use of single bore bi-directional tunnels

Single bore bi-directional tunnels will also be considered. This can lead to reduction in overall tunnel
length. All tunnel layouts will have to satisfy the operational requirements of bi-directional traffic. In order
to establish this design concept, the following issues will need to be considered.

» According to international recommendations, which are based on common design practice in
various countries, and on the opinions of the experts on the PIARC WG4 committee, the total
minimum width of the paved area (between the walkway's curb stone) in bidirectional tunnels
should be 8.50m.

» Since there will be the option of constructing the second tunnel bore at a later stage, where
possible the shortest bore shall be constructed first.

» Where only one bore of each tunnel is proposed to serve as a single bidirectional tunnel, the
emergency niches should be constructed in both tunnel’s sidewalls (one for each traffic lane
direction), by keeping distances of 150m, according to the EU Directive 2005/54/EC. The
drainage niches, shall be foreseen in both tunnel’s sidewalls.

» According to the EU Directive, the lay-bys in each tunnel longer than 1500m should be placed
every 1000m along the sidewall of each traffic direction lane. Thus, in case of the proposed bi-
directional tunnels, additional lay-bys should also be foreseen in the left sidewall of each tunnel.

» Pedestrian emergency exits (evacuation adits) should be foreseen in tunnels every 500m, for
traffic loads greater than 2000 vehicles per lane, according to the EU Directive.

» Vehicular emergency exits should be foreseen every 1500m in tunnels longer than 1500m, for
traffic loads greater than 2000 vehicles per lane, according to the EU Directive.

» Certain calculations and E/M ventilation analyses should prove the eventual need for fire smoke
extraction point, by means of either ventilation adits or shafts.

The holistic approach for the final determination of the main characteristics and civil work layouts of the
single tube bi-directional tunnels shall be performed by considering the combined operation of the
interactive role of both the emergency exits and the smoke extraction points (if any), in order to provide
the best balanced arrangement of the tunnel complex.

Single branch bridges

In case only one branch of the bridge is to be constructed in the initial phase of the project (with the
second branch following, depending on the traffic volumes) the foundations of the piers and abutments
of both branches shall be constructed during the construction of the first branch. The same applies for
any other item which facilitates the construction of the second branch. For instance, the construction of
part of the piers and/or the abutments of the second branch shall be executed during the initial phase of
the project.

All the above rely significantly on the traffic flow figures with time that will be observed along the route as
they will be predicted in the final report and certainly they will be considered in the evaluation of the
technical options with respect to initial capital expenditure considerations.
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7 COST ESTIMATIONS

7.1 Basis of estimating

Construction cost estimates have been based on the Consultant's knowledge of works in the Balkans
region and with particular referece to the pricing offers for the 2008 Bar-Boljare DBFO scheme. The
Consultant was directly involved with supporting one bidding consortium which reached the final stages
of procurement and therefore there is reason to hold a high degree of confidence in the cost estimates
used in this study. For this reason and in contrast to what might normally be expected, no Optimism
Bias is included in the estimates,.

As described in the previous sections, emphasis has been placed on how to keep costs to a reasonable
minimum by:

e Adopting single carriageway configuration at tunnel and bridge locations

e Adopting dual section configuration where it is economical to do so

e Envisaging efficient design/construction techniques for retaining walls, cuts, crossings etc
e Making a balanced provison for full dualisation at some time in the future

Bearing in mind that this study is conducted at general design level the estimation of land acquisition
costs and social and environmental impact mitigation has been made on the basis of the land footprint of
the scheme(s) on a percentage basis of the construction cost.

Operation and maintenance costs have been taken on per kilometre basis using regional experience.

7.2 Capital construction costs

Table 7.1 sets out the cost estimates of the selected alternatives by Section. Two costings are shown
for each Alternative:

e The first column in orange highlight shows the cost of that Section for a full 2x2 dual
carriageway

e The second column in green highlight shoes the cost of that Section for the chosen engineered
solution adopting cost-saving measures as described above: the “mixed profile”.

When looking at Section VII from Poda to the border, two Alternatives are presented as discussed in the
earlier sections: Section VII corresponds to the Poda — Boljare alignment and Section Vlla represents
upgrading of the existing road, with deviations, from Poda to the existing border crossing.

The summation of the first (orange) columns represents the total estimated cost of a full profile 2x2
motorway between Bar (Djurmani) and a new border crossing at Boljare. This is Euros 2,112 million and
it compares with the preferred 2008 DBFO bid of around US$ 3 billion.

The option to connect by full 2x2 profile to the exisitng border crossing would reduce the cost to Euros
1,951 million.

The summation of the second (green) columns represents the total estimated cost of a mixed profile
motorway between Bar (Djurmani) and either a new border crossing at Boljare or the exisitng border.
These are Euros 1,461 and Euros 1,388 million respectively.
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7.2 Comments on capital construction costs

Table 7.1 also shows average construction costs per kilometre by Section. It is useful to benchmark
these estimated costs against actual out-turn costs in the Balkans region. Fig 7.1 shows graphically
typical per-kilometre costs of 2x2 profile road construction. The 2008 DBFO scheme for Bar-Boljare
(although not directly comparable with a conventional procurement) represented an average unit cost
over the whole 170 km length of Euros 14.4 million/km. This figure is an average over the whole length
and the unit costs in the difficult mountainous areas of Sections IV and V would be in the region of Euros
20 million/km.

Reference to Table 7.1 shows that for the scheme engineered in this study, unit costs for Sections 1V
and V are calculated to be between Euros 15 and 17.5 million/km for the full profile and by engineering a
mixed profile this has been reduced to between Euros 8 and 11 million per km for Sections IV and V and
a little over Euros 8 million/km for the whole 170 km length. These unit costs fit well on the the Fig 7.1
information and reinforce the degree of confidence in the estimating.
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Fig 7.1 Estimates of Costs of Construction

Seeto Road Route 4
Technical Options Report

SEETO 4 - DJURMANI TO SERBIAN BORDER - INVESTMENT COST CAPEX ESTIMATES Option Boljare Option existing border
Section | Section Il Section Il Section IV Section V Section VI Section VII Section Vlla
Djurmani-Virpazar Virpazar-Farmaci Farmaci-Straganica Straganica-Matesevo Matesevo-Andrijevica Andrijevica-Poda Poda-Boljare Poda-Existing Border
Euros million Full 2x2 Selected Full 2x2 Selected Full 2x2 Selected Full 2x2 Selected Full 2x2 Selected Full 2x2 Selected Full 2% 2 Selected Alternative | Selected
scheme scheme scheme scheme scheme scheme scheme Vil-4-1 scheme
TOTAL CAPEX 73.0 73.0 269.8 202.4 145.7 145.7 671.2 469.8 417.7 208.5 283.4 198.4 2513 163.3 89.9 89.9
Section length km 9.0 9.0 283 283 12.4 12.4 44.1 44.1 24.0 24.0 26.2 26.2 253 253 32.8 32.8
CAPEX Cost - per km 8.1 8.1 9.5 7.2 11.8 11.8 15.2 10.7 17.4 8.7 10.8 7.6 9.9 6.5 2.7 2.7
SUMMARY CAPEX COSTS: Euros million Option Option
to Serbi
Proposed Scheme to Boljare 0 seroian
Border
Dual Two-Lane 2,112 1,951
Dual/Single Two-Lane (as appropriate) 1,461 1,388

Page 107




T TEIKNIAS & ASSOCIATES 8 A

Fig 7.2 Typical regional construction costs

Seeto Road Route 4

TTA ENSNEERS Ol omikron SADEA Technical Options Report

Cost per km Euros m

Flat

Balkan Motorway Construction Costs per km

Hilly

Mountainous

Source: Consultant’s research. Represents a 2x2 profile cross section
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SECTION I: DJURMANI - VIRPAZAR

SEETO ROAD ROUTE 4 INVESTMENT PLAN

TECHNICAL OPTIONS - GENERAL DESIGN

All Sections & Alternatives - List of Drawings

No. Doc Type Design Discipl. Originator Section Serial Number Drawing title Scale Revision Date
Layout Plan - Longitudinal profile
ALTERNATIVE 1 -2 1:25006
1 D W G R D G § Y s 1 0o o 1 LAYOUT PLAN & LONGITUDINAL PROFILE 1:25000/4:2500 00 JUNE 2012
CH. 0+870 - CH. 10+100
ALTERNATIVE -3 1:25000
2 D W G R D G § Y 8 1 0o o 2 LAYOUT PLAN & LONGITUDINAL PROFILE 1:25600,1:250,, 00 JUNE 2012
CH. 04870 - CH. 9+870
General Plan
ALTERNATIVE 1-28&1-3
3 D W G R D G S Y S | o o0 3 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 0+870 - CH. 10+100
SECTION lI: VIRPAZAR - FARMACI
No. Doc Type Design Discipl Originator Section Serial Number Drawing title Scale Revision Date
Layout Plans - Longitudinal profiles
ALTERNATIVE Il -1 (1/2) 1:25000
1 D W G R D G § Yy s i o o 1 LAYOUT PLAN & LONGITUDINAL PROFILE 1:25600,1:5000 0o JUNE 2012
CH. -3+541.19 - CH. 9+638.81
ALTERNATIVE Il -1 (2/2) 1:25000
2 D W G R D G s vy s Ll o o 2 LAYOUT PLAN & LONGITUDINAL PROFILE 1:25600,1:5000 0o JUNE 2012
CH. 9+638.81 - CH. 48+937.51
ALTERNATIVE 11 -2 (1/2) 1:25000
3 b w e R D 6 S Y s I o o 3 LAYOUT PLAN & LONGITUDINAL PROFILE 1:25000/1:5000 00 JUNE 2012
CH. 0+100.00 - CH. 15+000.00
ALTERNATIVE 11 - 2 (2/2) 1:25000
4 D W G R D G § Y 8 n ¢ o 4 LAYOUT PLAN & LONGITUDINAL PROFILE ) 00 JUNE 2012

CH. 15+000.00 - CH. 28+395.00

1:25000/1:5000

RDG: Road Geometrical Design-General
SYS: SYSTAS SA
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No. Doc Type Design Discipl.

Originator

Section

Serial Number

Drawing title Scale Revision Date
General Plan
ALTERNATIVE i1 (1/2)
§ D W G R D G s Y S 1} 0 0 5 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. -3+541.19 - CH. 9+638.81
ALTERNATIVE 11-1 (2/2)
6 D W G R D G S Y S n 0 0 6 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 9+638.81 - CH. 48+937.51
ALTERNATIVE I1I-2 (1/2)
7 D W G R D G S Y s ] o o 7 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 0+100.00 - CH. 15+000.00
ALTERNATIVE II-2 (2/2)
8 D W G R D G S Y S [} 0o 0 8 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 15+000.00 - CH. 28+395.00
SECTION [ll: FARMACI - SMOKOVAC (STRGANICA)
No. Doc Type Design Discipl Originator Section Serial Number Drawing title Scale Revision Date
Layout Plan - Longitudinal profile
ALTERNATIVE 1l -1
1 D W e R D 6 s Y s o o 1 LAYOUT PLAN & LONGITUDINAL PROFILE cona s 00 JUNE2012
CH. 48+938- CH. 61+346
ALTERNATIVE 11l - 2
2 b w 6 R D G s Y s m o 0 2 LAYOUT PLAN & LONGITUDINAL PROFILE g 90 JUNE2012
CH. 48+938 - CH. 66+400
00
General Plan 00
ALTERNATIVE llI-1
3 D W G R D G S Y s m 0o o0 3 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 48+938- CH. 61+346
ALTERNATIVE llI-2
4 D W G R D G S Y S m 0 0 4 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012

RDG: Road Geometrical Design-General
SYS: SYSTAS SA

CH. 48+938 - CH. 66+400



SECTION IV: SMOKOVAC - MATESEVO

No. Doc Type Design Discipl. Ornginator Section Senal Number Drawing title Scale Revision Date
Layout Plans - Longitudinal profiles
ALTERNATIVE IV -1 (1/2)
1 D W G R D G s Y S v o o0 1 LAYOUT PLAN & LONGITUDINAL PROFILE 1:2511;53?122000 00 JUNE 2012
CH. -0+116 - CH. 19+291
ALTERNATIVE IV -1 (2/2)
2 D W G R D G s Y s v 0o 0 2 LAYOUT PLAN & LONGITUDINAL PROFILE 1:2;6::?1‘32000 00 JUNE 2012
CH. 19+291 - CH. 6+908
ALTERNATIVE IV - 2
3 D W G R D G s Y s v 6 o 3 LAYOUT PLAN & LONGITUDINAL PROFILE a0 00 JUNE2012
CH. 61+346 - CH. 70+100
General Plan
ALTERNATIVE IV -1 (1/2)
4 D W G R D G S Y S v 0o o 4 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. -0+116 - CH. 19+291
ALTERNATIVE IV -1 (2/2)
5 D W G R D G S Y S w 0 0 5 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 19+291 - CH. 6+908
ALTERNATIVE IV - 2
6 D W G R D G s Y S [\ 0o 0 6 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 61+346 - CH. 70+100
SECTION V: MATESEVO - ANDRIJEVICA
No. Doc Type Design Discipl. Originator Section Serial Number Drawing title Scale Revision Date
Layout Plans - Longitudinal profiles
ALTERNATIVEV -1 (1/2)
1 b W e R D G s Y s v o o 1 LAYOUT PLAN & LONGITUDINAL PROFILE oo s0y 00 JUNEZ012
CH. 0+000 - CH. 12+022
ALTERNATIVE V -1 (2/2)
2 b w e R D 6 s Y s v o 0 2 LAYOUT PLAN & LONGITUDINAL PROFILE oniomasn 00 JUNEZ012
CH. 12+022 - CH. 24+048
ALTERNATIVE V -2 (1/2)
3 bW e R D G s Y s v o o 3 LAYOUT PLAN & LONGITUDINAL PROFILE vosorasgo 00 JUNEZ012
CH. 0+000 - CH. 12+051
ALTERNATIVE V -2 (2/2)
4 D W G R D G S Y S \' o o 4 LAYOUT PLAN & LONGITUDINAL PROFILE 1:25000 00 JUNE 2012

RDG: Road Geometrical Design-General
SYS: SYSTAS SA

CH. 12+051 - CH. 24+000

1:25000/1:2500



No Doc Type Design Discipl Originator Section Serial Number Drawing title Scale Revision Date
General Plan
ALTERNATIVEV -1 (1/2)
5 D W G R D G S Y S v 0o 0 5 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 0+000 - CH. 12+022
ALTERNATIVE V-1 (2/2)
6 D W G R D G S Y S v 0 0 6 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 12+022 - CH. 24+048
ALTERNATIVEV -2 (1/2)
7 b W G R D G S Y S v o o0 7 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 0+000 - CH. 12+051
ALTERNATIVE V -2 (2/2)
8 D W G R D G S Y S v 0o o0 8 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 12+051 - CH. 24+000
SECTION VI: ANDRIJEVICA - PODA
No. Doc Type Design Discipl. Originator Section Serial Number Drawing title Scale Revision Date
Layout Plans - Longitudinal profiles
ALTERNATIVE VI -2 (1/2) 1:25000
1 D W G R D G S Y S vi o o 1 LAYOUT PLAN & LONGITUDINAL PROFILE 1:25600,1:2500 00 JUNE 2012
CH. 0+000 - CH. 12+579.36
ALTERNATIVE VI - 2 (2/2) .
2 D W G R D G s Y s w o 0 2 LAYOUT PLAN & LONGITUDINAL PROFILE ronioos0, 00 JUNEZ2012
CH. 124579.36 - CH. 26+183.00
ALTERNATIVE VI -3
3 b W G R D G S Y s vi 0o 0 3 LAYOUT PLAN & LONGITUDINAL PROFILE 1:2;;::;’1'::500 00 JUNE 2012
CH. 3+800.00 - CH. 6+600.00
ALTERNATIVE VI -4
4 D W G R D G s Y s W o o 4 LAYOUT PLAN & LONGITUDINAL PROFILE oy 00 JUNE 2012
CH. 13+200.00 - CH. 17+000.00
General Plan
ALTERNATIVE VI -2 (1/2)
5 D W G R D G S Y s vl 0o 0 5 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 0+000 - CH. 12+579.36
ALTERNATIVE VI - 2 (2/2)
€6 D W G R D G S Y S Vi 0 0 6 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 12+579.36 - CH. 26+183.00
ALTERNATIVE VI -3
7 D W G R D G S Y s vi o o 7 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012
CH. 3+800.00 - CH. 6+600.00
ALTERNATIVE VI -4
8 D W G R D G S Y S Vi 0 o0 8 GENERAL LAYOUT PLAN 1:25000 00 JUNE 2012

RDG: Road Geometrical Design-General
SYS: SYSTAS SA

CH. 13+200.00 - CH. 17+000.00
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SECTION Vil: PODA - SERBIAN BORDERS

No Doc Type Design Discipl QOnginator Section Serial Number Drawing title Scale Revision Date
Layout Plans - Longitudinal profiles
ALTERNATIVE VIl - 1 (1/2) 1:25000
1 W G R D G S Y S Vil o o 1 LAYOUT PLAN & LONGITUDINAL PROFILE 1:250‘00“:5000 00 JUNE 2012
CH. 27+500 - CH. 40+000
ALTERNATIVE Vil -1 (2/2) 4:25000
2 W G R D G S Y s vil 0o o0 2 LAYOUT PLAN & LONGITUDINAL PROFILE 1:25600“:5000 00 JUNE 2012
CH. 40+000 - CH. 52+785.83
ALTERNATIVE Vil -2 (1/2)
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SECTION: I, I, Il IV, V, VI & VI

No Doc Type Design Discipl Onginator Section Serial Number Drawing title Scale Revision Date

Typical Cross Sections

TYPICAL CROSS SECTIONS
"Dual two-lane" carriageway and 1:100 00 JUNE 2012
Phased Construction
TYPICAL CROSS SECTIONS
"Single two-lane” carriageway 1:100 00 JUNE 2012
with additional lane
TYPICAL CROSS SECTIONS
"Dual two-lane” carriageway 1:100 00 JUNE 2012
with additional lanes
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Limitations

URS Infrastructure & Environment UK Limited (“URS”) has prepared this Report for the sole use of the Montenegrin
Ministry of Transport and Maritime Affairs (“Client”) in accordance with the Agreement under which our services were
performed. No other warranty, expressed or implied, is made as to the professional advice included in this Report or any
other services provided by URS. This Report is confidential and may not be disclosed by the Client nor relied upon by
any other party without the prior and express written agreement of URS.

The conclusions and recommendations contained in this Report are based upon information provided by others and
upon the assumption that all relevant information has been provided by those parties from whom it has been requested
and that such information is accurate. Information obtained by URS has not been independently verified by URS, unless
otherwise stated in the Report.

The methodology adopted and the sources of information used by URS in providing its services are outlined in this
Report. The work described in this Report was undertaken between March 2012 and July 2012 and is based on the
conditions encountered and the information available during the said period of time. The scope of this Report and the
services are accordingly factually limited by these circumstances.

Where assessments of works or costs identified in this Report are made, such assessments are based upon the
information available at the time and where appropriate are subject to further investigations or information which may
become available.

URS disclaim any undertaking or obligation to advise any person of any change in any matter affecting the Report, which
may come or be brought to URS’ attention after the date of the Report.

Certain statements made in the Report that are not historical facts may constitute estimates, projections or other forward-
looking statements and even though they are based on reasonable assumptions as of the date of the Report, such
forward-looking statements by their nature involve risks and uncertainties that could cause actual results to differ
materially from the results predicted. URS specifically does not guarantee or warrant any estimate or projections
contained in this Report.

Copyright

© This Report is the copyright of URS Infrastructure & Environment UK Limited. Any unauthorised reproduction or usage
by any person other than the addressee is strictly prohibited.
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1. ECONOMIC CONTEXT

GDP/capita in Montenegro is estimated to be USD 6,877 in 2012, or USD 11,677 when adjusted to
take into account purchasing power in the country (PPS). Figure 1 below shows how GDP/capita in
Montenegro compares with various other countries. At PPS, Montenegro is slightly above Serbia but
below most other countries in the region. It is at less than 33% of the level of France, Germany and
the UK. Unemployment is estimated to be just under 12%".

Figure 1: Comparison of GDP/capita in various countries, 2012 (forecast)
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Source: www.imf.org

Passenger car ownership was estimated to be 266 cars per 1000 population in 2010. A comparison
with various other countries is shown in the figure 2 below for 2009 (the latest available data for all the
countries). It may be noted that the rate of car ownership in Montenegro in 2009 (289 cars per 1000
population) was apparently higher than in 2010. The rate of ownership is above that of most countries
in the region, even at the lower rate observed in 2010.

' EU Candidate and Pre-accession Countries Economic Quarterly, April 2012
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Figure 2: Comparison of passenger car ownership in various countries, 2009 (cars/1000
population)
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Source: World Bank, EUROSTAT

Since December 2009, Serb and Montenegrin tourists no longer require a visa to visit Schengen
countries. The Montenegrin coast is a popular seaside destination for Serbs and Montenegrins, but it
had been suggested that the change in the visa regime would result in many Serb holidaymakers
going elsewhere, especially to Greek resorts.

Nevertheless, tourism in Montenegro has continued to grow (see in Figure 3 below). In 2010 (after the
change in visa requirements), the numbers of both domestic and foreign tourists grew, although the
number of overnight stays fell. 2011 saw a decline in domestic tourists but this was more than
compensated for by an increase in foreign tourists. This is probably due to other events including:

e the current economic situation which encourages tourists from neighbouring countries to
holiday closer to home

e the specific economic problems in Greece that have led to a reduction in tourism

e unrest in countries such as Egypt and Tunisia which have led to tourists (local and
international) holidaying in Montenegro instead.

Tourism capacity (hotel space) is still very much under-used, in part due to under-investment and
neglect. While the SEETO Route IV corridor does not serve directly the coastal areas with tourism
potential, it would provide improved strategic access.

Page 2
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Figure 3: Tourist arrivals and overnight stays (‘000 persons)
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2007 2008 2009 2010 2011
Arrivals Overnight stays
Foreign [Domestic| Total Foreign [Domestic| Total
2007 984,138| 149,294|1,133,432| 6,442,485| 851,045 7,293,530
2008 1,031,212 156,904 1,188,116| 6,966,279| 828,462| 7,794,741
2009 1,044,014 163,680| 1,207,694] 6,695,674| 856,332| 7,552,006
2010 1,087,794 175,191 1,262,985| 6,977,860 987,033| 7,964,893
2011 1,201,099 172,355 1,373,454 7,818,803| 965,368| 8,784,171

Source: Monstat
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The Port of Bar is a potential generator of traffic for the proposed road corridor. It currently handles
about 1.6m tonnes of freight per year, an amount that has declined since 2007. In 2011
approximately 20 percent of freight was containerised; container traffic increased from 27,095 TEU in
2007 to 34,722 in 2011, but peaked at 43,708 TEU in 2008. RO-RO traffic constitutes about 3 percent
of total freight traffic. In 2011, about 60,000 passengers used the port, down from 85,000 in 2007. The
figures are summarised in table 1 below

Table 1: Port of Bar traffic 2003 - 2011

Units | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011

passengers ‘000 80 65 66 80 85 87 73 68 60
frt. loaded min.ton n/a n/a 1.24 1.06 n/a n/a n/a n/a n/a
frt. unloaded min.ton n/a n/a 0.92 1.15 n/a n/a n/a n/a n/a

total freight min.ton 1.92 1.95 2.16 2.21 2.18 2.00 1.36 1.83 1.64

liquid bulk min.ton 0.37 0.46 0.39 0.39 0.45 0.45 0.22 0.25 0.20

dry bulk min.ton 1.03 0.98 1.04 0.79 0.54 0.52 0.39 0.73 0.67

general cargo | min.ton 0.52 0.51 0.73 1.03 1.19 1.03 0.75 0.85 0.77

containers TEU 8,633 | 11,434 | 12,258 | 17,854 | 27,095 | 43,708 | 34,692 | 30,477 | 34,722

containers min.ton | 0.068 | 0.085 0.094 0.147 0.264 n/a n/a 0.286 | 0.334

RO-RO traffic | min.ton | 0.118 | 0.095 0.080 0.090 0.092 | 0.093 | 0.072 | 0.064 | 0.054

Source: SEETO, MTMAT, Port of Bar

The current capacity of the port is about 5m tonnes per year. Restructuring of the organisation of the
port was finished at the end of 2009. Formally, the decision was put into force on 1 October 2009. The
restructuring process resulted in the forming of two terminal operators:

e Port of Bar (handling liquids, dry bulk, RO-RO and passenger traffic, managing some
warehouses and cold storage facilities for general cargoes; and also operating the Free Zone)
e Container and General Cargo Terminal (handling containers and general cargoes).

Four daughter companies of the Port of Bar (Maritime Affairs, Security and Fire Fighting Service, IT,
and Hotel Sidro) were also established. Maritime Affairs was privatised and is now operated by an
Italian consortium. The plan is to continue the privatisation process and the tendering procedure for
the Container and General Cargo Terminal is under preparation.

The last two years have seen the realisation of the first phase of planned investment in equipment
and infrastructure. Newly acquired equipment includes seven wheel loaders and a mobile harbour
crane for operations with dry bulk. Investment is planned to continue this year with the acquisition of
three forklifts and two material handlers. Reconstruction of the cold storage facility is also planned.
Investment in port infrastructure has not yet begun. However, given that the investment made so far

Page 4
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has been directed towards the replacement of obsolete equipment, no significant increase in overall
port capacity has occurred.

It can be assumed that without an improvement in the strategic road infrastructure, the development
of the Port of Bar will be restricted. With improvement of the road infrastructure, development would
be encouraged but would certainly not be guaranteed. For this reason, further development of the port
is not included in the base assumptions of the current study. However, the assumptions of the
sensitivity tests that relate to traffic are sufficient to take account of traffic resulting from any eventual
development.

The railway in Montenegro consists of 250km of single track. The 160km main line from Bar to the
Serbian border forms the backbone of the network and is electrified. The running speed along the line
is 70-90 km/h, except between Podgorica and Kolasin where it drops to 40-50 km/h.

The remainder of the network is the unelectrified line from Niksic - Podgorica - Tuzi which is used for
freight only at present.

There are two international passenger trains per day in the Bar - Serbian border corridor. In 2011 a
total of 692,000 passengers were carried, down from 755,000 in 2010. This represents a significant
decline from 10 years ago, largely due to a decline in international traffic which now constitutes about
50% of the total. The main cause of this decline is quoted by the railways as being due to poor
maintenance on the Serbian side of the border, resulting in journey times that are longer than parallel
journeys made by road.

In 2011, freight trains carried a total of 1.05 million tonnes on the network as a whole, down from 1.21
million tonnes in 2010. The decline is due to a reduction in the production of steel and a general
downturn resulting from the economic situation.

The railway has significant spare capacity and there are various plans to improve the infrastructure.
During the next two years, loans from IFls including EIB and EBRD will be used to make speed
improvements to 80 km/h and improve reliability (through slope stabilisation reducing landslides) on
the line between Kolasin and Bijelo Polje. It is also expected that a customs agreement with Serbia
will result in reduced border crossing delays from 2013.

Since the splitting up of the state owned railway company in 2008, rail transport has been operated by
four separate companies, which independently handle railway infrastructure, passenger transport,
freight transport and the maintenance of rolling stock. There are plans to privatise Montecargo, the rail
freight transport company, which could potentially result in an increase in productivity.

While investment in and reorganisation of the rail sector could lead to an increase in rail passenger
and rail freight traffic, investment in the road sector could have an inverse effect. However, the
numbers above show that in either case, the overall impact would be rather small.

The number of rail passengers carried in the corridor in 2011 was 692,000, equivalent to an average
of 1896 per day. If all of these passengers travelled by private car, they would add a maximum of 886
cars per day to the traffic. In reality, of course, this would only happen if the railway was closed.
Furthermore, some passengers transferring to road would be likely to use buses rather than private
cars.

It is not known how much of the total freight traffic on the railway is carried in the study corridor, but if
it is assumed to be 50% then the 2011 tonnes of freight would be equivalent to an average of 1438
tonnes per day. This volume of freight could generate 144 truck journeys per day, assuming average
truck loadings including trucks returning empty. This compares with 370 international truck journeys
between Montenegro and Serbia and 0.2% of the overall traffic.

Page 5
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2. ECONOMIC INPUTS TO THE TRAFFIC MODEL

2.1 Population forecast

A census of population was carried out in 2011 and provides more recent population data than that
used in previous studies. In the IFC study, the base population was derived from the census of 2003
and forecast on the basis of the Spatial Plan of Montenegro to 2020. This has been updated by
introducing new base data for 2011 and adjusting the forecast data accordingly. The new forecast

based on 2011 is shown in table 2 below.

Table 2: Population forecast by municipality adjusted to the census of 2011

2003 2011 2012 2020 2035
Andrijevica 5785 5,071 5,072 5,078 5,251
Bar 40037 42,048 42,449 44,956 46,699
Berane 35068 33,970 34,429 37,418 38,967
Bijelo Polje 50284 46,051 46,584 49,991 51,997
Budva 15909 19,218 19,468 21,091 21,958
Danilowgrad 16523 18,472 18,536 18,870 19,526
Zabljak 4204 3,569 3,570 3,562 3,678
Kolasin 9949 8,380 8,384 8,366 8,640
Kotor 22947 22,601 22,710 23,321 24,152
Mojkovac 10066 8,622 8,695 9,146 9,494
Niksic 75282 72,443 73,183 77,852 80,906
Plav 13805 13,108 13,274 14,343 14,929
Pluzine 4272 3,246 3,248 3,243 3,349
Plievija 35806 30,786 30,935 31,771 32,904
Podgorica 169132| 185,937| 188,851| 208,125 217,039
Rozaje 22693 22,964 23,516 27,354 28,677
Tivat 13630 14,031 14,122 14,659 15,197
Ulcinj 20290 19,921 20,100 21,209 22,024
Herceg Novi 33034 30,864 31,008 31,809 32,940
Cetinje 18482 16,657 16,670 16,675 17,225
Sawnik 2947 2,070 2,064 2,015 2,077
Montenegro | 620,145| 620,029 626,867 670,853| 697,629

Source: IFC study of Bar - Boljare Motorway, 2008, based on Spatial Plan of Montenegro until 2020, Table 11; population

census of 2011 (http://www.monstat.org/eng/page.php ?id=394&pageid=57); Consultant’s analysis

Interpolating the data used previously between 2007 and 2016 resulted in a total population for the
country of 662,239 in 2011. The census shows that in fact the population was 620,029 in 2011. The
following differences between the estimated and observed 2011 populations may be noted:

e Qverall, the population in 2011 was 94% of that previously estimated.

e The estimated populations of Bar, Podgorica and Tivat were very close to the observed
population.
The estimated populations of Budva and Danilovgrad were about 10% below the observed.
The estimated populations of Pluzine and Savnik were 25% above the observed.

The estimated populations of other municipalities were 5 - 20% above the observed.

Page 6
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2.2 GDP forecast

Table 3 below shows the forecast GDP/capita used in the IFC study and the latest forecasts available
from the IMF2. While the actual growth in 2008 was higher than forecast, the data for subsequent
years clearly reflects the recent economic downturn. Furthermore, it can be seen that the most recent
IMF forecast (April 2012) is far more pessimistic than that made 6 months previously.

Table 3: GDP/capita annual % change in Montenegro

IFC study IMF forecast
Sept 2011 Apr 2012
2008 5.4 6.9 6.6
2009 2.0 -5.7 -6.1
2010 2.0 1.1 2.0
2011 4.0 2.0 6.6
2012 45 3.5 -0.1
2013 45 3.7 1.2
2014 4.0 3.7 1.7
2015 45 3.8 1.7
2016 45 3.8 1.7
2017 45 - 1.9

Source: IFC study of Bar - Boljare Motorway, 2008

www.imf.org

Beyond 2017, the IFC study forecast GDP/capita growth of 4.5% per year to 2026, 2.5% from 2027 to
2036 and 2.4% from 2037 to 2046. This has been revised downwards to a constant growth rate of
2.5% per year from 2018 for the current study.

In the traffic model, 60.7% of traffic to and from external zones is traffic to or from Albania, 21.7% is to
or from Serbia and 11.2% is to or from Bosnia and Herzegovina. The IMF forecasts of GDP for these
countries to 2017 is shown in the table below. The SEETO route IV is also expected to be important
for traffic to and from Kosovo in the future. However, the IMF data does not include a GDP forecast
for Kosovo and the forecast for Serbia is assumed. Forecasts of GDP/capita for all other countries, for
which the traffic makes up less than 5% of the total, has been assumed to be 2.0% per year.

Beyond 2017, a constant growth rate of 2.5% per year has been assumed for all external zones.

2 www.imf.org
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Table 4: GDP/capita annual % change in neighbouring countries

Albania Bosnia Serbia
2012 0.0 0.2 0.3
2013 1.2 1.2 2.8
2014 2.0 2.7 3.8
2015 2.0 3.7 3.8
2016 2.0 3.7 3.8
2017 2.0 3.8 3.3

Source: www.imf.org

In summary, the following average rates of growth of GDP/capita were used to produce forecasts of

future travel demand shown in Table 5 below.

Table 5: Average GDP/capita growth (% per year)

Montenegro Albania Bosnia Serbia Other
2013 - 2020 2.0 2.1 2.8 3.1 2.0
2021 - 2035 25 25 25 25 25
2036 - 2050 25 25 25 25 25
Source: Consultant’s analysis
These translate into growth factors as shown in Table 6 below.
Table 6: GDP/capita growth factors

Montenegro Albania Bosnia Serbia Other
2020 : 2012 1.168 1.179 1.249 1.278 1.168
2035 : 2020 1.448 1.448 1.448 1.448 1.448
2050 : 2035 1.448 1.448 1.448 1.448 1.448

Source: Consultant’s analysis
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2.3 Regional growth

In the IFC study, the traffic zones were categorised according to four regions. For each region,
variations around the national rate of growth of GDP were proposed based on observations in other
countries. The regional differentials are shown in Table 7 below. From this table it can be seen that
Podgorica is assumed to experience economic growth 30 percent above the average for the country
as a whole, while the coastal region is assumed to have growth 15 percent above the average. The
central region is assumed to grow at the average rate for the country as a whole and the northern
region is assumed to grow at a slower rate. These differential growth rates were retained for the
current update.

Table 7: Assumed regional differentials in economic development: percentage growth in
relation to the national average

-15% 0% +15% +30%
Northern region: Central region: Coastal region: Capital area:
e Pluzine e Niksic e Herceg Novi e Podgorica
e Savnik e Danilovgrad e Tivat
e Kolasin e Kotor
e Andrijevica e Budva
e Plav e Bar
o Zabljak e Ulcinj
e Mojkovac e Cetinje
e Berane
e Rozaje
e Pljevlja
e Bijelo Polje

Source: Consultant’s analysis

2.4 Income elasticity of demand

Economic growth tends to lead to increased travel and transport of goods. In a more rapidly growing
economy, a greater proportion of the population is likely to be working, has more disposable income
and more products are produced which must be transported and for which raw materials must be
supplied.

Growth in real income may result in additional passenger trips being made, given that trips have a
positive elasticity in relation to income. This is because once all essential expenditure is taken into
account, any additional income can be regarded as an increase in disposable income. However,
increased disposable income may also be used for moving up to a more comfortable mode of
transport, rather than extra trips. This could mean, for example, investing in a private car.

In the previous study an elasticity of 1.2 was assumed for passenger trips and 1.0 for freight traffic.
The same elasticities have been used in the current study.
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3. ECONOMIC EVALUATION MODEL

3.1 Introduction

The cost-benefit analysis considers the economic viability of the operation of the transport system
from the point of view of the Montenegrin economy.

Economic evaluations of the proposed investments were carried out using normal cost benefit
techniques. The procedures are consistent with the guidelines set out in the following documents:

e the updated EC guide to cost-benefit analysis3
e the TINA guide to cost-benefit analysis*
e the EC guide to cost-benefit analysis for Cohesion Fund projects to be implemented during the

period 2007 to 2013°, and
e the recommendations of HEATCO®.

3.2 Evaluation Methodology

The following sections present the evaluation methodology, a summary of the input data and the
results that were obtained.

3.2.1 General approach

The economic evaluation compares a “Do Something” (DS) option against a “Do Minimum” (DM)
option.

The DM option is the situation in which no investment is made, other than that necessary to maintain
the existing infrastructure in its existing condition (hence the terminology “Do Minimum” rather than
“Do Nothing”). Thus, the DM option represents the situation in which no project is implemented.

Conversely, the DS option represents the situation in which a project is implemented e.g. the
construction of a new road or motorway.

The economic evaluation compares, on the one hand:

e the additional economic costs incurred by Montenegrin society compared with the economic
costs of the DM option

and on the other hand:

e the economic benefits that infrastructure users (i.e. car and bus passengers, freight transport
companies) gain from using the project compared with the DM option

and in addition:

e external effects.

8 EC Evaluation Unit DG Regional Policy “Guide to Cost Benefit of Investment Projects”

* TINA (1999) “Socio-Economic Cost Benefit Analysis in the context of Project Appraisals for developing a Trans-European
Transport Network”

® EC “Guidance on the methodology for carrying out Cost-Benefit Analysis”, a methodological working document for the New
Programming period 2007-2013

® EC (2006) Developing Harmonised European Approaches for Transport Costing and Project Assessment
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A schematic representation of the approach is shown in Figure 4 below.

Figure 4: Approach to economic evaluation

FUTURE YEARS WITHOUT PROJECT FUTURE YEARS WITH PROJECT
Base year COSTS
traffic
Construction
costs
\
Growth Maintenancej
factors costs
(Residual
\ \ value)
Future year Future year N EIRR
traffic traffic
Y
Vehicle BENEFITS NPV
~
hours
) Economic Vehicle
VOTs T time
savings B/C
 / >  / > H>
Vehicle o | Economic Vehicle
kilometres ~ 1 vocs “1  cost
- savings
Accidents o | Accident Accident
i costs ] savings
> External External
costs cost

The economic cost of a project is the difference between the total economic investment cost of the
DS project incurred by Montenegrin society and the economic investment cost necessary in the DM.
There may also be additional maintenance costs, and infrastructure that has a lifespan greater than
the evaluation period will have a residual value.

Do Something

investment cost
maintenance cost

residual value

Do Minimum

investment cost
maintenance cost

residual value

Do Something

net investment cost
net maintenance cost

net residual value

The economic benefits come from various savings in costs that infrastructure users may enjoy as a
result of the construction of the project. In the following diagram, the example user benefits come from
savings in vehicle operating costs, travel time and accidents. Additional benefits come from savings in
external costs such as noise reduction and climate change.
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Do Something Do Minimum Do Something
Changes in cost of:
vehicle operation vehicle operation vehicle operation
travel time travel time travel time
accidents - accidents = accidents
external effects external effects external effects

The economic evaluation compares the costs and the benefits to establish whether or not the project
is worthwhile i.e. whether or not the benefits outweigh the costs.

Costs ? Benefits
(to society) <> (to users)

Economic costs and benefits are defined as resource costs i.e. all costs and benefits are expressed in
monetary units net of all taxes, duties and transfer payments (fiscal corrections). On this basis
passenger fares, freight transport charges, subsidies and taxes are excluded from the economic
analysis.

Primary economic benefits relate to benefits that accrue directly to the project and the associated
transport sector. Comparing the DS option against the DM option, the following primary economic
benefits are considered:

savings in road vehicle operating and maintenance costs
value of time savings of passengers

value of tonne / hour savings of freight

savings in road accident costs

value of benefits to generated traffic (if any).

In addition, some secondary economic benefits are considered. Secondary benefits are benefits that
result from the implementation of the project but are external to the associated transport sector. The
external costs considered include:

® noise costs
e pollution costs
e climate change costs.

Benefits come about through the effects of reductions in the amount of road traffic noise, air pollution
due to road traffic and climate change due to road traffic.

The benefits are calculated separately for existing traffic and generated traffic, with benefits to
generated traffic being valued at half of those attributable to existing traffic, as dictated by consumer
surplu7s theory and the ‘rule of a half’. (A simplified explanation of this is set out in the footnote
below".)
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3.2.2 Evaluation indicators

The economic evaluation is based on a cash flow analysis of the economic costs and benefits of the
project over a 30 year evaluation period after project opening. The outputs are the following economic
indicators:

e economic internal rate of return (EIRR)
e net present value (NPV)
* benefit / cost ratio (B/C).

For a project to be considered economically viable, the following criteria should be met:

e EIRR greater than the discount rate (a discount rate of 8% has been used)
e NPV greater than €0.00
e B/C greater than 1.

When evaluating several projects the NPV should be determined first. All projects with a positive NPV
should be retained as they are all, in principle, worthwhile. However, NPV tends to favour large
projects, so the retained projects should then be ranked on the basis of their B/Cs. The same ranking
may be produced on the basis of EIRR, which has the advantage that it does not depend on a
predetermined discount rate.

3.3 Project Costs

3.3.1 Investment costs

The construction costs used in the evaluations are based on the cost estimates described in the
Technical Option Report Costs were estimated for each scenario tested in the traffic model - the
scenarios are shown in the figure below and the costs in the following table 8.

Table 8: Scenario definitions

Cost

Benefits to
existing traffic

Cy Benefits to
generated traffic

C.

T Tz
Traffic

The diagram below shows a situation where demand (e.g. road traffic) increases as cost (e.g. travel cost or journey time)
decreases. At cost C; (Do Minimum), the volume of traffic is T,. If the cost decreases to C, (with project), traffic increases to T»
i.e. there is generated traffic of (T, - T4).

The value of benefits to existing traffic is indicated by the shaded rectangle and is calculated by multiplying the change in cost
by the volume of traffici.e. (Cs - Cp) * Ts.

The value of benefits to generated traffic is indicated by the shaded triangle and is calculated by multiplying the change in cost
by the change in traffic volume and taking 50% of the result i.e. ((C1- Co) * (T2- T4)) / 2.
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sub-sections
betwean
Interchanges

Djurrmani-*irpazar
Yirpazar-ZLahljak
ZLabljak-Farmaci
Yirpazar-Cetinje int.
Cetinje int.-Farmaci
Farmaci-Tolosi
Tolosi-Miksic
Smokov ac/Strganica
Smokoy ac/
Strganica-Peley
Pelev-Matesevo
Mateser o-Andrijevica 22
Andrijevica-Berane
Berane-Poda
Faoda-Boljare
Foda-Bijelo Polje
Bijelo Palje-Serbia

Miksic-

=H
=10
311
512
313
514

515

516

S17

518

519

520
Single 2
Combination - Partial Dual 2 and Partial Single 2
Dwal 2

WO — = W I @ O [0

Notes on Scenario definitions:

1. The Scenarios are based on the Route segmentation shown in Fig 1.1 of the Technical Options
Report.

2. Each of scenarios S1 to S14 represents a single construction project for one Section of the Route.

a. From Djurmani to the Smokovac or Strganica interchange (Section I, Section Il and
Section Ill) upgrading to full dual (2x2) carriageway is considered. These are Scenarios
S1, S2, S3 and S9.

b. From Smokovac or Strganica to the Serbian border (Section IV, Section V, Section VI and
Section VII), upgrading to full dual (2x2) carriageway is considered in Scenarios S10,
S11, S12, S13 and S14. Upgrading to partial dual (2x2) and partial single carriageway is
considered in Scenarios S4, S5, S6, S7 and S8.

3. In Scenarios S15 through to S20 various rolling programmes of the whole Route or major parts of
the Route are considered.

4. A variant Scenario S2a was subsequently added to the economic analysis. This Scenario is a
reduced engineering option of a single carriageway through the tunnel and bridge sections between
Virpazar and Farmaci.

5. Scenario 14 was dropped from further analysis as constructing to dual carriageway standard
produces no additional benefits.
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Table 9: Project construction costs (2012 financial prices, EURm)
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